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1. lean u 3agaun AUCHUATIHMHBI

1.1 Henp qucuuruivHel — GopMUpOBaHUE KOMIIETEHIIHIA:

OIIK-1 CniocoGeH aHanM3upOBaTh U HHTEPIIPETUPOBATH PE3YAbTAThl XUMHUYECKUX IKCIIEPUMEHTOB, HAOIIOIE
OIIK-6 CriocobeH mpeAcTaBisATh pPe3ylbTaThl CBOCH pabOThl B YCTHOH M NMHUCHBMEHHOH (opMe B COOTBE!
IPUHATHIMU B IPO(hEeCCHOHATBHOM COOOIIECTBE

1.2 Tumnsl 3a1a4 mpodheCCHOHATBHON ACATENHHOCTH, K KOTOPBIM TOTOBSTCS O0yUaromuecs B paMKax OCBOCHH
- OpraHU3alMOHHO-YIIPABICHYECKUI
- TEXHOJIOTUYECKUI

1.3 JlucuuruinHa OpHEHTHUPOBAaHA HA TOJATOTOBKY OOydYaromuxcs K MpodeCCHOHAIBHON JIESITeIBHOCT
XUMHKO-TEXHOJIOTHYECKOE MPOU3BOJACTBO (B cdepe ONTUMHU3ALMU CYHIECTBYIOIIUX U pa3pabOTKH HOBBI
MOJTyYEHUsl U aHaju3a MPOAYKLIHHU, B cepe KOHTPOJIS KadecTBa ChIPhs, MOIy(HadpHUKaToB M TOTOBOM Mpoa
ceprudukanmu nponykuun), 40 CkBO3HBIE BHABI NMPO(PECCHOHATHHOW NEATEIHHOCTH B TMPOMBIIIICHHOC
OTBITHO-KOHCTPYKTOPCKHUX Pa3pabOTOK U BHEAPEHHUS XUMUYECKOW MPOAYKIMH PA3TUYHOIO Ha3HAu€HUs, B
TEXHUYECKOTO KOHTPOJISI KaueCcTBa MPOAYKIIUN)

1.4 B pesynbrare 0CBOCHHSI TUCIUILUIUHBI Y 00YYaroIIMUXCsl TOJKHBI ObITH CHOPMUPOBAHBI:

O0001IeHHBIC TPYIOBBIE
(hyHKUWY / TPYAOBBIC
(hyHKUWY / TPYAOBBIC

W
npoeccCroHaLHBIC
neiicTBus (pu

HAJTMYHH
npodcrangapTa)

Kon n HaumenoBanue
komnetreHu OI'OC
BO, HeoOxonuMoi a4
(dhopMupoBaHus WNHaukaTtophl TOCTHKEHUS KOMITIETSHITUI
TPYIOBOTO HIIH
npo¢eCCHOHATBLHOTO
JICHUCTBUS

OIIK-1 Crocoben Crocoben OTIMICHIBATH MTOJTyICHHBIC
aHATM3UPOBATH U SKCIIEPUMEHTANILHBIC JIAHHBIC B BUJIC TAOIHUI] T
WHTEPIPETUPOBAThH OTYETOB

pe3yNbTaThl
XUMHYECKIX
JKCIIEPHUMEHTOB,
HaOIIoNeHu n
HU3MEpEHUN
OIIK-6 Cnocoben YMeHHue NpencTaBiIsaTh MONyYEHHBIE PE3YIIbTaThl
NPE/ICTABIATh B YCTHOH M MUCBMEHHOH (opme

Ppe3yNbTaThl CBOEH
paboTHI B yCTHOH U
MUCbMEHHOH Gopme B
COOTBETCTBHU C
HOPMAaMH W TIPaBUIIAMH,
MPUHATHIME B
npoeccruoHATEHOM
cooOriecTBe

1.5 CornacoBanue MEXAUCITUTUTMHAPHBIX CBA3CH MUCIUTIINH, 00€CIIEYNBAIOIINX OCBOCHUE KOMITCTCHITHI:

OIIK-1 CnocobeH aHaauM3UpOBaTh M HHTEPIPETUPOBATH PE3YJIbTAThl XUMHUYECKHX IKC
U3MEpPEHUI

Ne Hanmenosanue ®dopma 0OyueHus
/o JHCIUATLINH, Ounas
OTIpENETAIONINX (cemecrp)
MEXIUCIUTUTHHAD
HBIE CBA3U 314567




1 |AHanmuTHYECKAs + | +
XUMUSA

2 | Texnonoruueckast +
MIPaKTHKA

3 |®usznueckasa + [+ | +
XAMUS

OIIK-6 CriocobeH npeacTaBIATh Pe3yabTaThl CBOCH pabOThl B yCTHOW U MUCbMEHHOH (op
U TIpaBWJIaMU, IPUHATHIMU B TPO(ECCHOHATEHOM COOOIIIEeCTBE

Ne HaumenoBanue ®opma
/1 TACITATIIINH, 0o0ydJeHus
OIIPECACIIAONINX Ouynas
MCXKIUCHUILINHAD (CCMGCTp)
HBIC CBA3H 1 3 4 8
1 [AHanutrueckas + | +
XUMUS
2 [McTopus xumun +
3 (IIpenaumniomMmHuas +
MPaKTHKA
4 [CynpamonexyisipH +
ast XUMus

2. MecTo nucuuiuiaabl B cTpykrype OIl 0akanaBpuara:
JucuumuinHa «Heopranumueckas XuMus» OTHOCHUTCS K 00s13aTenbHOM yacTu yyeOHoro miana OIl o Hanpasn
Hucuunnuna «Heopranmdeckass XuMus» u3ydaercs B 1, 2 cemecTpax.

3.00beM U coep:kaHMe TUCHUILTHHBI
3.1.00beM QUCHHUILUIMHEL: 24 3.€.
Ounas: 24 3.e.

Bun yuebno# paboTsI (Bcce)::zjlcoﬁ
O0mast Tpy10éMKOCTb TUCHHUILIHHBI 864
KonrakTHast pabora 526
Jlexmm (JIextmm) 186
JlaGoparopnsie (J1ab. pab.) 170
[Tpaktuueckue (IIpakr. pab.) 170
CamocrostenbHas padota (CP) 266
DK3aMeH 72
3.2.ConepxaHue Kypca:
Ne HaszBanue pasnena/1 Bua yuebHoit paboty @opMbI TEKyILIEro Ko
TEMBbI Jlexi JIa6.| ITpag CP
uu | pad.| T.
pao.
Ol 00| O
1 cemectp
1 OcHOBHbIE XUMHYECH Brimonnenue
MOHSATHUS U nabopaTopHBIX pad
CTEXHOMETPUIECKUE 81201 6122 PP P
3aKOHBI




2 CrpoeHue aroma 10| - 6 | 22| Pabora Ha ceMuHa]
3 [Tepuognyeckuii 3ak( Pabota Ha cemuHay]
12| - 8 | 24
[Tepuonuueckue GpyH KomnokBuym
4 XUMUYECKas CBS3b. paboTta Ha ceMHHaj
Mexwmonekymsipoe | 12| - | 10| 24
B3aHUMOJENCTBHE
5 KommnekcHsle coenu 114l 101 24 JlaGoparopHast padd
Konnoksuym
6 3HepreTHKa xumuaed ol 10| 10 | 24 JlaGoparophast pad
peaximii
7 CxopocTh peakiuii. 10! 121 101 24 JlaGoparophast pad
XUMHUYECKOE PABHOB
8 PactBopsl. Teopus JlaGoparopHast padd
anexkTponuTuaeckou | 12 | 12 | 10| 24 Pentenue 3amau
JUCCOLUALIUU
9 OxkucnmuTensHO-BOCC] 10! 21 101 24 JlaGopatopnas pabd
TeJIbHBIE TIPOLECCHI
2 ceMecTp
10 Bonopon. p- anement JlaboparopHas padd
VII-IVA rpynn. Onew KoHTpomnpHbIi cpe
VIIIA rpynmnst. KOJUIOKBUYM BOZAOpP
3011301 30 18 OneMeHThI 7A 1 6A )
5A noarpynm u u
COEIMHEHUS
11 p-Onementsr [1I-rpyn 301 30! 30! 13 JlaGopatopHas padd
s-OnemenTsl [-11 rpyi] Pemenue 3amaq
12 d-Onements I-VIII T JlaGopatopHas padd
f-DnemeHTHI 301 30! 30! 18 KoHnTposnbHbIii cpe
KOJUTOKBUYM «DJIEM{
MOOOYHBIX TIOATPY]

Tema 1. OcHOBHBIE XUMHYECKHE TOHATHSA U cTexuomerpuueckue 3akoHbl (OIIK-1)
Jlexknus.

OcHoBHbIE NOHATUSA XUMHUU. AToM. Monekyna. Xumudeckuil 31eMeHT. I30TONHBIN COCTaB XUMHUYECKUX BJIEN
XUMHUYECKUN SKBUBAJICHT.

OCHOBHBIE THUIIBI CTPYKTYP HEOpPraHM4ECKUX coenHeHui. OCHOBHBIE CTEXHMOMETpUYECKHE 3aKoHbI. HecTexy
IIpakTnyeckoe 3ansATHE.

Jlaboparopnasi pa6ora. «IIpueMbl 1 MeTOABI pad0THI B XMMHYECKOI J1a0opaTopumn»

Conepxanue.

OnsIT 1. YeTaHOB/IEHHE COAEPKAHUS KPUCTAUIN3ALMOHHON BOABI B

KPHMCTAJJIOTHAPATAX U UX (popmyJa

Ilpubopvl, peaxmuswvl: pappoposvie uwawiku, CywUIbHbIl WKAD, MexHuYecKue 8echl, MeOHblll KYNopoc

CuSO4 x 5H20.

B3ssate HaBecky menHoro kynopoca (CuSO4 x SH20) 1,00 — 1,50 r. Ha TeXHUYECKHE BecaX C TOYHOCTHIO [

B3BECHTH MyCTyI0 (hapPopoByIo HaliKy (pe3yabTaT B3BEUIMBAHUS 3allMCaTh) U HACHINIATh B HEE C TIOMOLIBIO

MEIHOI0 Kynopoca (pe3yiapTaT B3BEIMBaHUSA CHOBa 3amucarb). llocTaBuUTh yallKy ¢ MEIHBIM KyIOpOC

ANEKTPUIECKYIO TUTHTKY 11si 06e3BoxkuBanus Ha 20 — 30 muH. [Tocne mpocymmBanus (IpOKaTUBAHS) YAl

TUTEJIbHBIX IIUILOB IOCTABUTH B AKCUKATOP s oXJaxaeHus. [locie oxiaxaeHnsi CHoBa B3BECUTD U 3aIIUCE

OTBeTUTH Ha BOIPOCHI U 3aIIUCaTh B TETPAlb:
a) KaKue U3MEHEHMsI IPOUCXOIAT C MEIHBIM KyIIOPOCOM IIPH MTPOKAJIMBAHUU WK npocymnBanuu? I1o kakum



0) Paccunrtarh Maccy Bozbl B rpaMMax B HABECKE MEIHOTO KyIOpOCa, MOJIb3ysAch (GOPMYION U BETUUNHON Ha
B) [lo pe3ynbraraM sKCIEpMMEHTAa PACCUUTATh B MPOLIEHTAX HACKOJIBKO BaM yAAJIOCh 00€3BOIUTH MEAHBIH Ky
') BeluncinTh NpoLEHTHOE COolep)KaHNUE BOJbI B KPUCTAJIOTUAPATE M YUCIIO MOJIEH BOJBI, MPUXOISIINXCS
CoctaBuTh (OpMyITy MEIHOTO KyIIOpPOCa, ONPEACTICHHYIO ONBITHBIM ITyTEM.

OmnpenenuTs OTHOCUTENBHYIO TOTPEIIHOCTH OIBITA, HCXO/S U3 TOTO, UTO peajbHas (opMylia METHOTO KYIIOp

OnbIT 2. OnpenesieHue MacCOBOIi 101M XJIOPU/IA HATPHS B €r0 CMECH ¢ MEeCKOM.

[Ipubopol, peakmugovl.: wmamug ¢ Koabyom, 60POHKA, YUIUHOD (25 M), CYUUnbHbIL wKag, mexnuveckue
secwl, hunbmposanvras obymaea, necok, xaopud nampus NaCl, oucmuniuposanuas eooa.

Cobpatb ycTaHOBKY 15l GuiabTpoBaHus: [[i1st 3TOro B34Th MITATUB, 3aKPENUTh B HEM KOJIBLO, 1MO00paTh
BOPOHKH OyMa)kHBIA QUIBTP (KaK yKa3aHO Ha IUTaKaTe), MOIOTHATh €0 K BOPOHKE, HE CMavyuBas BOIOH.

N3 émkocTr oTBECUTh (MOKHO Ha JIMCTKE Oymaru) 1 r. cMecH mecka ¢ moBapeHHOM COJIbIO (Pe3ysIbTaT B3BEIN
T.e. 63 moTepp, MepeHecTH B CTaKaH, MPWIUTHh 25 MJ Boabl. Bomy OTMEpPUTH C MOMOUILI0 MEPHOTO IIHIIK
MepeMenInBas CTeKISTHHOW Majloukod. BHUMaTensHO mpocienauTe, BCE JIM pacTBOPUIOCH. [lomydeHHbI p:
coOpaHHO# yCTaHOBKOW HJisi (PHUIBTpOBaHUS, Yepe3 MPEABAPUTEIHLHO B3BEIICHHBINM OyMakHBIA (PHIbTp (3
OKOHYaHUsI (PHIBTpOBaHUS, (PUIBTP C OCTAaTKOM BBICYIIUTHh B CYIIMJIBHOM IKady W CHOBa B3BECHTH (3a
BuaumarenbHo cneaute, 94To0b pu GUIBTPOBAHWU OCTATOK B CTaKaHE BeCh OBLI MmepeHeceH Ha GuibTp. On
OTIBITA.

1o pe3ynabraTraM B3BEIIMBAaHUS YCTAHOBUTE (MIPUOIU3UTENHHO) MACCOBYIO JOJII0 TTOBAPEHHON COJIM B CMECH.

JlaGopaTopHasi padora. QuncTKa PACTBOPUMBIX COJIel METOA0M NepPeKPUCTALIU3ANUN
OnbiT. OuncTKa XJI0pHAa KaJAbIMA OT IpUMecH XJopuaa xenaesa (I1I).
IIpubopwvl, peaxmuevl: konba byusena, eopomka biroxnepa, nacoc Komosckoeo, cywunvHblil wkag,

Qunvmposanvras oOymaza, xumuueckue cmaxauvl, Yurumop, apgoposvie uawku, xaopuo ramus KCI,
xnopuo ocenesa (I11) FeCl3, pooanuo xarus KCNS 0,5 .

Bo B3BemeHHsbI crakad €éMkocThio Ha 100 mu1 HackmaroT 20 I. 3arpsi3HEHHOTO XJIOpUJA Kajdus M B3BELIU
3arpsI3HEHHOTO XJIOpUaa Kajlus.

[Tonw3ysick nmpuBenEHHBIMU JaHHBIMU TI0 pacTBopuMocTu KCl B Boze, paccuuThIBalOT 00bEM BOJIBI, HEOOXO;
pactBopa npu 100°C. OTMepuBalOT ¢ NOMOIIBIO HWIMHApPA TpeOyeMblii 00bEM BOABI U NEPETUBAIOT B C
HarpeBaroT 10 KUIIEHUs, NEPEMEINBasl CTEKJISHHON MaJo4Koi, IPU 3TOM BCS COJIb JIOJKHA PacTBOPHUTHCS
HarpeBaHue mIpekpaiaroT. [IoaydeHHbI pacTBOp OXJIAXKIAIOT 1O KOMHATHOW TeMIeparypsl. Beinenusmmec
KaJus OT(UIBTPOBBIBAIOT Ha BOPOHKE BloxHepa, MepeHoCsT B MpeABapUTEIbHO B3BEIIEHHYIO (apdopoBy
mKady, OXJIaXKIAI0T 10 KOMHAaTHOM TEeMIIepaTyphbl, B3BEIIMBAIOT, HAXOAT MACCy BBIJCIUBIICTOCS BEIIECTBA.
ITo naHHBIM O PACTBOPUMOCTH PACCUMTHIBAIOT, CKOJIBKO JOJIKHO OBLIO BBIIEIUTHCS KPUCTAJIJIOB U3 PACTBO]
TeMieparypbl. OTHOCUTEIBHO 3TOTO KOJIMYECTBA PACCYMTHIBAIOT BBIXOJ OUMIICHHOIO XJIOPUAA KU B IIPOL]
3arem OepyT 1 I. ounIeHHON con U | T. HEOYMIIIEHHON COJTM PacTBOPSIIOT 3TU HaBeCKH B 00bEMax Ha 100 m
n00aBIAIOT B Kakabid cTakaH 1mo 5 M KCNS, mepeMenmBarot, CpaBHUBAIOT OKPACKH C STAJIOHHBIMH PaCT
OYHMCTKH COJIH.

JlaGopaTropuast padora. OmnpenejieHue MOJSPHOH MACChl JKBHBAJEHTAa MATHUSI MeETOAOM
BBITCCHCHUII.

[Ipubopui: secwvl ¢ pazHosecom, npubop 0 onpedeneHus MoIApHoU maccol (puc. 1); bapomemp,
mepmomemp (KOMHAMHbIL).

Peaxmuevl: macnuil (nenma), azomuas xucioma HNO3 (4 n); cepunas xucnoma H2SO4 (2 n).

1. Cobpare mpubop (puc. 1), cocrosimuii u3 6ropetku 1 (emkocThio 50 MIT), COEIMHEHHOW MOCPENICTBOM |
pOOUPKOH 3, YKPENUTh €T0 Ha ITaTUBE. BIOPETKY U MPOOUPKY MJIOTHO 3aKPBITh MPOOKAMH CO CTEKIISTHHBIMI
2. [TpoBepuTh MPUOOP HA TEPMETUIHOCTH

3. B3Becuth kycouek JieHThl Maraus BecoM 0,03 1. BeiHyTh NMpoOKy W3 MPOOUPKU U MEPEIBHIKEHUEM BO]
OIOpeTKE Ha HYJICBOM JICJICHUU.



4. 5 M pa30aBIeHHON CEpHON KUCIIOTHI BIUTH B MPOOHPKY yepe3 BOPOHKY. [10NIOKUTH JICHTY Maruus Ha -
MarHuili He COINpHKAcalCs ¢ CepHOH kucnoTol. [IpucoeaMHNUTH MPOOUPKY K MPUOOPY, IUIOTHO 3aKPHIB €€ T
IIPUBECTHU BOAY B OIOPETKE U B BOPOHKE K OJJMHAKOBOMY YpOBHIO. OTMETHUTH U 3alucaTh YPOBEHb BOJBI B 010
MEHHCKY KUJKOCTH C TOUHOCTHIO 10 0,1 M.

5. CTpsiXHYTh MarHuii B CEpHYIO KHUCJIOTY.

6. Ilo okOHYaHHM peaKIMH JaTh MPOOUPKE OCTHITH A0 KOMHATHOM TEeMIIepaTyphbl, MOCIE Yero CHOBA MPUE
OJIMHAKOBOMY YPOBHIO, OTMETHUTD U 3allUCaTh YPOBEHb BOJIbI B OIOPETKE.

Obpabomxka pe3yromamos

1. Berarcnuth 00beM Bozioposia (B MiT), BRITSCHEHHOTO MAarHUEM TP TeMIleparype t U TaBJICHHUH P.
2. BeluncauTh nmapuuaibHOE JAaBJICHHE BOIOPO/A:

p(H2) = patm — h.

3. IlpuBecTn HaWJEHHBIN 00BbEM BOIOPOAA K HOPMAJIBHBIM YCIIOBUSM, HCIIONIB3Yysl OOBEAMHEHHOE ypaBHEI
coOpaH HaJ BOJIOH, MOATOMY B ypaBHEHHE BMECTO p cieayeT noctaButh p(H2)).

4. BBIYMCIUTD MAacCy BBIICIMBIIETOCS BOAOPOA.

5. PaccunTarh 35KBUBaJICHTHYIO U MOJISIPHYIO Maccy MarHusi.

6. Onpenenuth aOCOMIOTHYIO U OTHOCUTENbHYIO OLIHOKY OIbITA.

BrruricnuTe OTHOCHTENIBHYIO OMIMOKY dKCTIEpUMEHTA (€), TPUHUMAST

TEOPETUYECKOE 3HAYEHNE MOJISIPHOM Macchl 3KBHUBaJIeHTa MarHus 3a 100%:

JlaGopaTopHasi padora. OnpenejieHue OTHOCUTEILHOM MOJIEKYJISIPHOM Macchl okcraa yriepoaa (IV).
IIpubopui: annapam Kunna, konbul, yuiuno mepHoiil

Peaxmuevr: mpamop CaCO3, consnasn xucioma (1: 4) ona 3anpasku annapama Kunna.

YcranoBka coctouT u3 annapara Kumnna, 3aps»KeHHOro KyckaMu MpamMopa U COJITHOM KUCIIOTOM.

BbIMBITE U BBICYITUTH KOJOY. [lo00path kK Hel mpoOKYy M OTMETUTH YPOBEHB, /10 KOTOPOTO BXOAMT MPoOKa B
PE3NHOBOE KOJIBIIO WIIM CIIEJIaTh METKY KapaHIAIIoOM 1O CTEKIy). B3BecHTh K00y ¢ MPOOKOW C TOYHOCTI
Hamomauth om0y okcugom yriepona (IV), omycTuB ra300TBOAHYIO TPYOKY /10 JTHA KOJIOBI. 3aKPBITH KOJIOY
Ty K€ TIyOHHY, YTO W MPHU B3BEIIMBAHUHU KOJIObI) U BHOBb B3BECHUTh.

YroObl OBITH YBEPEHHBIM B TOM, YTO BO3IYX M3 KOJOBI TIOJTHOCTHIO BHITECHEH M OHA IEJIMKOM HAITOJIHEHA OK
K010y, elie pa3 Ha HECKOJIBKO MUHYT OITyCTUTh B HEE Ta300TBOAHYIO TPYOKY, IPOITYCTHTh Ta3 U BHOBb B3BECK
MOJIyYeHHUST TIOCTOSSHHOM MAaccChl KOJIOBI ¢ Ta3oM. 3Ha4eHHE Macchl KoJObI ¢ okcuaoM ymiepona (IV) zamw
HAITOJIHUB €€ BOJIOW 10 IPOOKH, U3MEPHTH 3aTeM 00bhEeM BOJIBI MEPHBIM IWJIHHIPOM M 3aIHCATh PE3YJbTaThl
TepMoMeTpa U 6apomMeTpa BO BpeMs OITBITA.

1. O6Bem Bo3ayXa B KOJIOE V MPUBECTH K HOPMAJIBHBIM YCIIOBUSAM

2. BeruucnuTh Maccy Bo3myxa m3, KOTOPBII HaXOJUIICS B KOJIOe, 3Has1, YTO Macca 1 J1 Bo3yxa pu HOpMaJlbH
3. Berunciauth Maccy okcupa yriepona (IV) B konbe

4. BeluncnuTh IIIOTHOCTB okcua yruepoaa (IV) no Bozayxy

5. BBIYMCIUTh OTHOCUTEIBHYIO MOJIEKYIIIPHYIO MacCy OKCUAA

yrepozna (IV):

6. BoruucauTh OTHOCUTEIBHYIO OMIMOKY OIBITA B MPOLIEHTAX:

IIpakTH4yeckoe 3aHsATHE
I[IpakTH4eckoe 3aHATHE.
Pemenue 3aaa4 u ynpaskHeHH .
ConepxaHnue:
1. Mogb. DKBHUBAJIEHT, YKBUBAJICHTHLIC MACCHI.
2. I'a30BBIC 3aKOHBI.
3. OnpenesieHUE aTOMHBIX U MOJIEKYJISIPHBIX Macc
4. Xumunyeckue (HopMybl, pacdeT 1Mo XUMUIECKUM (HOopMyJIaM U yPaBHEHUSIM.
3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1) [TonroToBka K TeKyIieMy KOHTPOJIIO, MPOPadOTaTh TEOPETUISCKUN MaTepUaT: KOHCTICKTHI JICKITE



2) NOATOTOBUTDL JOKJIAX (npeseHTaumo) OT JIMIa BbIJAKOIIUXCH YYCHBIX-XUMHUKOB 0
CoAepKaHUs UX IKCIIEPUMEHTOB U BAKHeNIINX OTKprTHﬁ;

Tema 2. Ctpoenue aroma (OIIK-1)
Jlekumus.
CocraB simpa aroma. M3otonbl u n3o0apel. PannoakTuBHbIe 37€MEHTHI M UX pacmana. VckyccTBeHHas paau
peakusax. JHEPIusi aTOMHOIO sApa U ee ucnoiap3oBanue. [IoHATHE O paAMalMOHHO-XUMUYECKUX PEAKIIUAX.
2JIeMEeHTOB. Peaknuu ¢ yyactneM MEYEHbIX aTOMOB.

Hcropust pa3BuTus MPEACTABICHUM O CTpoeHUH aroma. Teopus bopa.
BosHoBas Teopus cTpoenus aroma. J[BolicTBeHHAs MpUpoaa dIeKTpoHa. [[puHIMI HeonpeaeIeHHOCTH.

[Tonatue 00 37€KTPOHHOM oOONaKe. DJEKTPOHHAs IUIOTHOCTh. PajuanbHOE pacrpenesieHHe 3IeKTPOHHOI
BOJIOPO/Ia B OCHOBHOM M BO30Y>KICHHOM cocTosHusX. [lonsTHe 0 paanyce atoma. KBaHTOBBIE uncIa Kak Xap
atome. s-, p-, d-, f-anexTponsl. [loHATHS: SHEpreTUYeCKuii ypoBEeHb, IOAYPOBEHb, SIEKTPOHHBIN CIIOH, 31eK
(AO). Ipunnun [Maynu u eMKOCTb IeKTpOHHBIX 00omouek. [IpaBuno XyHaa v HOpsIOK 3alOIHEHUS] aTOMHB
000JI04€K aTOMOB JIEMEHTOB.
[TonsaTue 06 3 pexkTUBHOM 3apsie Aapa aroMa. DKpaHUPOBAHUE 3aps/ia IEKTPOHAMH.

IIpakTnyeckoe 3ansATHE.
IIpakTHYeckoe 3aHsATHE.
1. Pemrenue 3a1a4 ¥ ynpaxHeHU
IIpumeps! THIOBBIX 321aHUI:
1. Hanummre »nekTpoHHYy0 GpopMyiy atoma TexHelus. CKOJIbKO 3JEKTPOHOB HAXOAUTCS Ha d-1OJypOBHE IIf
KaKOMY AJIEKTPOHHOMY CEMENCTBY OTHOCUTCS SJIEMEHT?
2. CTpyKTypblI TTOCIEIHETO CII0SI KAKUX DJIEMEHTOB M300pakeHbl: a) 2s22p3; 0) 3s23pl; B) 3d54s2; r) 5527

3. Haiitu uncno opOuTtaneii, onpeneneHHoe CleayonM sHepreTuaeckum cocrosauem: 51, 2s, 3d, 4p. Omnpe,
OJICKTPOHOB, XapaKTCPUIYIOIUXCSA 3TUMHU SHECPICTUICCKUMU COCTOAHUSIMMU.

2. Cemunap «CtpoeHnue aTroMa»

1. N300pa3uTh AMEKTPOHHOE CTPOCHHUE aToMa C MOPSAKOBBIM HOMEpOM Ne  (BOTIpOC TSl KaXKI0T
MPENoIaBaTeNs).
2. DKCHepUMEHTaIbHOE 000CHOBAHUE TIPEICTABIICHU 00 aTOME KaK CJI0KHOHM CHUCTEME:

a) OTKPBITHE 2JIEKTPOHA (3aps] Macca NIEKTPOHA);
0) pannoakTUBHOCTh. OCHOBHBIE XapaKTEPUCTUKH O, B-, Y- U3TyUCHUS,
B) YUEHBIC NIEPBOOTKPHIBATEIH AIEKTPOHA, PATUOAKTUBHOCTH.

3. Monens aroma Tomcona. OneiTel Pesepdopmaa o paccessuuro a-vactuil. [lnanerapras moaens aroma, ee p
aroma 1o Pesepdopay ¢ mopsakoBeiM HOMEpoM Ne (0 3a/1aHMIO TIPETIOAABATEIA).

4. Teopus cBeTa U IJIaHETapHAst MOJICNIb aTOMa:
a) ypaBHeHue M. [InaHka, KBaHTHI.
0) seenne porodrddexra, 0ObICHEHHE €T0 DUHIITCHHOM;

B) KOPIIYCKYJISIDHO-BOJIHOBOW Jyalu3M HW3IY4YCHHS; SKCIEPUMEHTaJbHOE NOATBepkIAeHHE ((PoTodddex
KopnyckynsipHO-BOTHOBOM Jyanu3m (OTOHOB.

5. Teopus aroma Bomopoaa o H. bopy:

a) UCXOJHBIE MPE/ICTABICHHUS;

6) nocrynatsl H. bopa;

B) 00BsicHeHHE npoTuBOopeurii Teopuu Pezepdopma H. Bopom 006 ycroitunBoCTH aTroma, THHEHYATOCTH CIICKT

6. CriektpanbHble CEpUU aTomMa Bogopoaa. Mx pacueT v 3KCIIepuMEHTAIbHOE NMOATBEpKIeHue. DopMyIbl 115
WIEKTPOHA, YACTOTHI U3y YECHUS.

7. Moctouncrsa u Henoctatku H. bopa. Pazutie teopun 3ommepdenbaioM 1 3eeMaHoM.
8. [lepBoHauasbHBIEC MPEICTABICHUS KBAHTOBO MEXAHUKH:

a) ypaBHeHue ae bpoitns;

0) KOPITYCKYJISIPHO-BOJIHOBOH JTyajlu3M JJIEKTPOHA;

B) IPUHIIMII HeonpeaeneHHocTH B. ['elizenbepra.



9. Ypauenue 3. lllpenunrepa. Ananu3 ypaBHeHus. Boianosas gynkius. [Tonstue 06 3nekTpoHHOU 00JaKe 1
10. KBanToBble yncna. [T1aBHOE B OpOUTAIIBHOE KBAHTOBOE YHCJIO.

11. MarautHoe KBaHTOBOE 4Kci0. CIMH 351eKTpoHa. PU3NYECKUI CMBICT KBAHTOBBIX YHCEIL.

12. Atromubie opouTanu. Bua aroMHBIX opOUTAaieii: s, pX, py, pz, dxy, dxz, dx2-y2, dz2. PagunansHoe pacmy

13. MHorosnekTpoHHble aToMbl. COBpeMEHHasi MOZAEIb IEKTPOHHOTO CTPOECHUS aToMa (TP MPUHIMIIA 3aCeT
NPUHIUI HaUMeHblel sHepruu, npuauu Ilaymnu, [Tpasuno I'yana). [IpaBuna KneukoBckoro, 00bsICHUTE Ha

6. Crpoenue sigpa atoma. [Iporonsl, HeUTpoHbI. [IpOTOHHO-HENTPOHHASI MOZIETL CTPOEHUS aTOMA.

7. PannoaktuBHbIiA pacniaz. [lepuox momypacnazna. o- pacnan, - pacmas, 3JIeKTPOHHBIN 3aXBaT, CIIOHTAHHOE

CMEUICHUSI.

8. SAnepusie peakuuu. MickyccTBEeHHAs paAMOaKTUBHOCTh. MeueHble aTOMbI, UX TpuMeHeHue. M30torbl, n3o€
3ananus AJ51 CAMOCTOSITEILHOI padoThI.

1. ITonroroBka k komutokBuyMy Nel «Ctpoenue aroma. I13 u I1C»

2. IloaroToBUTH OTBETHI HA BOIPOCHI

1. Yto takoe atom? M3 yero on cocrout? Uto Takoe maccoBoe ynuciao? YTo Takoe paguoakTUBHOCTh U TIEPHO

peaKIuu palnoaKTUBHOTO pacnaja.

2. YUTo Takoe KBAHTOBBIE YKCJIA, KAKUE 3HAYECHUS] OHU IPUHUMAIOT U KaKWe CBOMCTBA ONPEEISAIOT?

3. Jlaiite onpeneneHne MOHATUIO «OpOUTaIby. KakiuMu KBAHTOBBIMH YUCIIAMU TTOTHOCTBIO OTIPENEISIETCSI Op!

4. Kak nu3mMeHsieTcss OTHOCUTEINIbHAS DHEPTHUsl OpOuTasel, B 4eM cMbIci paBuia KineukoBckoro?

5. Yto onpenensiercst npuHuunoM Ilaynu u npasunamu Xynnaa? [IpuBenute sMeKTPOHHYIO KOHPUTYpaIHio S,

HAuMHAas OT MPEIIECTBYIOIETO OIarOPOIHOTO ra3a.

Tema 3. [lepuonuueckuii 3akoH. [lepuonnueckue pynkuun (OIIK-6)
Jlekumus.
[Tepunonnueckwuii 3akoH. [lepuonuyeckas cuctema. OCOOCHHOCTH 3aMOTHEHUS AIEKTPOHAMH aTOMHBIX OpOUT
p-, d-, f-amemMeHTB W HMX pacrnoNoKeHWe B Tepuoguveckor cucreme. [pynmbel. [lepuoasl. [maBHbIE M
MEePUOTUIECKOMN crCcTeMBbl. Pa3nuunbie hopMbI TaOIUIT TEPHUOTUICCKON CHCTEMBI.

IlepyognuHOCTh CBOWCTB aTtoMoB. Paamycel atomMmoB M MOHOB. MoHu3zanmonHble norteHuuansl. Cponac
WIEKTPOOTPULIATEIILHOCTH IEMEHTOB. [[epHOINYHOCT XUMUUECKUX CBOMCTB 3JIEMEHTOB, IIPOCTHIX BEILIECCTE

IIpakTH4Yeckoe 3aHATHE.
IIpakTH4eckoe 3aHATHE.
1.Pemenue 3ana4 u ynpaxHeHUH.
IIpumep TUIOBBIX 3aaHMI.
1. B cooTBeTCTBHM C BAPUAHTOM 3aJaHus JUIsl 3JIeMeHTa (110 3aJaHUI0 MPENoJaBaTes):
- OMPENIENTUTE MECTO dJIEMEHTa B neproanueckoi cucteMe . . MeHeneeBa u Ha30BUTE AJIEMEHT;
- 3aIUIINTE MOJIHYIO AIEKTPOHHYIO (POPMYITy aTOMa U ONPEACTUTE HEKTPOHHOE CEMENUCTBO AIIEMEHTA;
- U300pa3uTe PHEPTeTUUECKYI0 JUarpaMmy pacrojiOKEHHUs! IEKTPOHOB MO YPOBHSIM U MOAYPOBHSAM U OI
OKHCJICHUS DJIEMEHTA;
- Hanumute (GOpMyJIbl OKCHIOB U TUAPOKCUIOB AIIEMEHTA M 0XapaKTepU3yiTe UX KUCIOTHO-OCHOBHBIE CBOM(
- TaliTe CPAaBHUTEIBHYIO XapaKTEPUCTUKY PUINICCKUX U XUMHUYECKUX CBOMCTB MPOCTHIX BEIIECTB.

2. Ykaxwure, Kak B 33JJaHHOM Ds/Iy DJIEMEHTOB B COOTBETCTBUH C BapUAHTOM 3aJIaHUSI U3MCHSIOTCS (yBeE
WU3MEHSIIOTCS):

- 3apsA Aapa aToMa;

- YHCJIO BAJICHTHBIX AJIEKTPOHOB, B TOM YHCJIE HECIIAPEHHBIX JIEKTPOHOB;

- YHCJIO SHEPTETUIECKUX YPOBHEIA;

- panuyc aToma;

- DHEPTUsl HOHU3AIMU M SHEPTHUSI CPOJICTBA K IEKTPOHY;

- 020 (oTHOCUTENBHAS NEKTPOOTPHUIATEIEHOCTD) M CIOCOOHOCTH MPUHUMATD HIIEKTPOHBI;
- METAJUTMYECKUE U HEMETAJUTNUECKUE CBOWCTBA;

- OKHCIIUTENIbHO-BOCCTaHOBHUTEIbHbIE CBOMCTBA;

- BBICIIAs TIOJIOXKHUTENIbHAS CTETICHb OKHCIICHUS,
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- (hopMyIbI OKCHIOB U UX KUCIIOTHO-OCHOBHOM XapakTep;
- (hopMyIIBI COOTBETCTBYIOIIUX I'MIPOKCUIOB U UX KUCIIOTHO-OCHOBHOM XapakTep.
2. Cemunap «Ilepunognueckuii 3akoH u nepuoauueckas cucrema .M. Menneneesa». Bonpocsl k ceMuHapy.
1 1. I[lepuomnueckwuii 3akoH J[.1. MenzaeneeBa u crpoenne atoma. OObSICHEHHE CYIITHOCTH TIEPUOANIHOC]
2 2. Pa3Butue u o6ocHOBaHue nepuoaudeckoro 3akona J[.M1. MenaeneeBa. PeHTTeHOBCKHE CTIEKTPBI. 3aK(
CoBpeMenHas HopMyIHpOBKa NEPUOAMUECKOTO 3aKOHA.
3 3. [lepuognueckue ¢pynkuuu. [loreHan HOHU3AIMH, JIEKTPOHHOE CTPOSHHE aTOMa, IIEPHUOANYECKHUI
4 4. CpoAcTBO K 3JIEKTPOHY. DIEKTPOOTPUIATEILHOCTh. OTHOCUTENIbHAS AIEKTPOOTPUIIATEBHOCTb.
5 5. Paguycsl aroMOB 1 HOHOB (3 (EeKTHBHbIE U OPOUTAIBHBIE), IEPHOINYECKAs CUCTEMA U AJIEKTPOHHOE
3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.

1. UYewMm ompenensercs NEPHOAUNIHOCTh CBOMCTB AneMeHTOB? [IpuBeauTe COBpeMEHHYIO (OPMYIIHP
2. VYKakuTe MecTa pacrojIoKeHUsI METaJlJIOB M HEMETAJIOB, S-, p-, d-, 1 f-anemenToB B [lepuogny
3. OO6cynuTe cnenyromuye OCHOBHbBIE CBOMCTBA XUMHUECKUX JIEMEHTOB: aTOMHBIN PajIyC, IEPBbI
3JIEKTPOHY, IEKTPOOTPHULATEIbHOCTh. KaKOBbI OCHOBHBIE TEHICHIIUN U3MEHEHUSI 3TUX BEJMYMH B IPYyMNIaX ¥
4. CBs13p MEXly XUMUYECKUMHU CBOMCTBAMHU JIEMEHTOB U UX IOJIOKEHUEM B IIEPUOJUUECKON CUCT
5. Ce3b MedHcOy 21eKMPOHHBIM CIPOEHUEM AMOMO8 U UX NOJIONCEHUEM 8 NePUOOULECKOLL
cucmenme.

Tema 4. Xumunueckas cBsizb. MexmosiekyasipHoe szanmoaeiicreue (OIIK-6)
Jlekumus.

OcHOBHBIE 0COOEHHOCTH XMMHYECKOTO B3aUMOJACHCTBUS W MEXaHH3M OOpa30BaHHS XMMHYECKOW CBS3H. |
XUMHUYECKOU CBsi3u. KBaHTOBOMEXaHMYECKas TPAKTOBKA MEXaHU3Ma 00pa30BaHUS CBS3H B MOJIEKYJIC BOIOPO]

OcHOBHbIE THUIBI XUMHUYECKON CBSI3M: KOBaJeHTHas, MOHHas, MeTayuinueckas. OCHOBHbIE MOJOXKEHHUS 1
OcobeHHOCTH 00pa30BaHUs CBS3EH MO TOHOPHO-AKIIETITOPHOMY MEXaHW3MY. MHOTOIICHTPOBAsI CBSI3b.

BanentHoCcTh XHMMHYeCKHUX 3iieMeHTOB. KoopaMHAlMOHHOE YHCIO XUMHUYECKH CBS3aHHOTO aroma Kak
BaJICHTHOCTh. OJMHOYHBIE W KpaTHbIE CBSI3U. [J- W [J-CBSI3U - PA3HOBUAHOCTU KOBAJEHTHBIX M TOJSA
XapaKTePUCTUKH XUMHUYECKUX CBsI3€H (MOPSIIOK, PHEPrusi, JJIMHA, BAaJCHTHBINH YIroJ, CTENEHb HOHHOCTH).
CBSI3aHHBIX aTOMOB U CTEMI€Hb HOHHOCTH CBS3U. J[UMONbHBIN MOMEHT cBsi3u. KoHuenius rudpuanzanuy aTod
CTpOEHHUE MOJIEKYNl U MOHOB. BiMsiHIE OTTaNKUBaHUS AIEKTPOHHBIX Map HAa MPOCTPAHCTBEHHYIO KOHPUTYpan

Jlokanmu3oBaHHEIE H JCIIOKAJIM30BAHHBIC CBS3H. I[enoxanmaunﬂ [-BHGKTpOHHOﬁ IINIOTHOCTH B MOJICK
KHCJIIOPOACOACPKAMIUX HEOPIraHNYCCKUX KHUCJIOT.

Teopust monexymsipabix opoutaneit (MO). OcHoBHBIE TTONIOKEeHHS Teopun MO. DHepreTudeckas Iuarpamh
MO. Duepreruyeckue auarpamMmMbl MO IBYyXaTOMHBIX MOJIEKYJ 3JIEMEHTOB 2-ro nepuoga. (- u [ -M
JIBYyXaTOMHBIX MOJIEKYJI M COOTBETCTBYIOIIMX HOHOB. CpaBHeHue Teopuit BC u MO.

Cunsl Ban-gep-Baanbsca. OpueHTallMOHHOE, HHAYKIIMOHHOE U JUCIIEPCUOHHOE B3auMoielcTBUsA. BonopoaH:
Kpucrannuueckoe cocrosinue Bemectsa. GakTopsl, ONPEAEISIIOIUE TEMIIEPATYPy IUIABICHHS] HOHHBIX, aTOM
3aBUCUMOCTD (PU3UYECKUX CBOWCTB BEILECTB C MOJICKYJSIPHOU CTPYKTYpOH OT XapakTepa MEXMOJIEKYIspH
IUIaBJICHUSI U KUIEHUS B PAJax BELIECTB CXOAHOTO COCTaBa, 0OPa30BAHHBIX AJIEMEHTAMHU OJHON MOATPYI
Brnusinue BogopoAaHOW CBSI3M Ha (PU3UYECKHE CBOWCTBA BEMIECTB C MOJEKYISPHOH cTpykTypoit. OOmmme (
MOJIEKYJISIPHBIX KPHUCTAJUIOB B CPABHEHUH C MOHHBIMU U aTOMHBIMU KPUCTAJJIaMHU.

IIpakTH4eckoe 3aHATHE.
Cemunap «Xumunueckasi cBsizb. BajieHTHOCTBY.
1. OcHOBHBIE XapaKTEPUCTUKA XUMUYECKON CBSA3U: JUIMHA, YHEPTUS, HAPABIEHHOCTD, MOJIIPHOCTH U TOJISAP
UX KpaTKasi XapaKTepUCTHKA.
2. OcHOBHBIE TIOJIOKEHHS MeTO/1a BasleHTHBIX cBsizell (BC). Mi3meHeHue sHepruu npu 00pa3oBaHUM CBS3H.
3. OOBsiCHEHNE HACKIIIAEMOCTH KOBaJIEHTHOH CBsi3H. KparHOCTh cBs3u. JIOHOPHO-aKIIENTOPHBIM MEXaHU3M O
4. HanpaBieHHOCTbh KOBAJIGHTHOH CBSI3H. S-, p- U d-CUMMETpHS NIEPEKPHIBAHUSL.
5. 'mOpuan3zanus arToMHBIX opOuTaneil. CBA3b MEXAY CTPYKTYPOUH MOJIEKYJ U TUIIOM THOPHUIA3AITHH.
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6. BajleHTHOCTh XUMHUECKHUX 3JIEMEHTOB. Pa3BUTHE MOHATHUS BaleHTHOCTH. PaznuyHble TPAaKTOBKH BaJICHTHC
BC. BaneHntHOCT® s, p, d, f- anemenToB. [locTosiHHAs 1 mepeMeHHAast BalleHTHOCTh. [loHsSITHE O BaIEHTHOM U ¥
BanenTHOCTh M CTEIICHb OKUCIICHUS.

7. Henoctarku metona BC u ocHOBHEBIE mTooxkeHUs MeToga MO.
8. Tunst MO. IlocnenoBaTenbHOCTh YBEIHMUSHHS YHEPTUU MOJIEKYISIPHBIX opOuTaneil. KpaTHOCTH cBsA3HM ¢ 11C
9. O0bsicuenue cBoicTB Monekyn H2+, H2, He2+ u He2.
10. CoiictBa monekyn Li2, Be2, N2, N2+, 02+, O2 u F2 Ha 0CHOBE UX DIIEKTPOHHOTO CTPOCHHS.
11. Ceoticta monekyn CO (B cpaBuenuu ¢ N2), NO (B cpaBHernn ¢ NO+ u NO-) u CN- (B cpaBHeHuu ¢ CN
12. TlonsipHOCTH U MOJIAPU3YEMOCTD CBA3U. JIUMONBHBIM MOMEHT CBSA3U M MOJIEKYJIbI B IIEJIOM. DJIEKTPOOTPHUI
13. Jlokanu3oBaHHBIE W EJIOKAIN30BAHHBIE CBSI3U. TpeXx- U MHOTOLIEHTPOBBIE CBA3U. Jlenmokamuzanus 3¢
Oenszomna, rpadute, MoHaX Kuciaopoxacoaepxammx Heopranmdeckux kuciot (KHK). IlpoctpanctBenHas
Kuciopozacoaepxkamux Monekya u nonos KHK.
14. Nonnas cBs3b. CTpoeHHE U CBOMCTBA MOHHBIX coeqrHEeHUH. CTeneHb HOHHOCTHU CBSI3U KakK (DYHKIUS P
DddexTrBHBIC 3apsAABI AaTOMOB U CTETICHh HOHHOCTH CBSI3H.
15. BomopomHast cBsizb. MexMouneKyssipHble cuiibl BaH-nep-Baanbca. 3aBUCHMOCTh (PU3HUYECKUX CBr
MEKMOJIEKYJISIPHOTO B3aUMOJICHCTBHSL.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. IToaroroBKa K KOJUIOKBUYMY «XHMMHYECKas CBA3b. BaJ€HTHOCTBY, HCIIONB3Ys JIEKIIMH, PEKOMEHIYEMYIO I
2. IloaroroBka KOHCIIEKTA IO TEMe: MeTaaandeckas CBA3b.

Tema 5. Kommiekcubie coequnenns (OIIK-1)

Jlexknus.
KoopauHanmonHasi HEHACHIIIEHHOCTh aTOMOB W BO3MOXKHOCTh OOpa30BaHUSI KOMILIEKCHBIX (KOOPIUH
KOMITJICKCHBIX COCAMHCHUW. BHENIHSsI W BHYTPEHHss KOOpAWHAIMOHHBIE chepbl. KaTHmoHHBIC, aHMOHE
Homenkiiatypa KOMILIEKCHBIX COCUHEHUN.
Tunuuxele KomIuiekcooOpazoBarenu. MaKkTOpbl, ONMpenesIonIie CIOCOOHOCTh AaTOMOB U HOHOB BBICTYHATH |
Koopnunanmonnoe umcino komruiekcooOpasosaresns. M3MeHeHne KOOPIWHAIMOHHBIX YUCENT aTOMOB AJIEM(
cuctembl. [lonokeHre 31eMEHTOB - THIIMYHBIX KOMIUIEKCOoOpa3oBaresieil B mepruoAnIecKoil cucreme.
Tunuynble nuranael. GaKkTOpPEI, OMPEAETAIONUE CTIOCOOHOCTh MOJIEKYJ U MOHOB BBICTYIAaTh B Ka4e€CTBE J
JIUTaH]IBL.
XuMH4ecKas CBSI3b B KOMILICKCHBIX COCIMHEHUSX U OCOOEHHOCTH WX cTpoeHus. IIpocTpaHCTBEHHAs KC
I'mOpunnzanust aTOMHBIX OpOWTaNel KOMIUIEKCOOOpa3oBaTelis W MPOCTPAHCTBEHHAS KOHQUTYpAIUS K
KOMIUJIEKCHBIX COECIUHEHUM.

IIpakTnyeckoe 3ansATHE.
JlaGoparopuas pa6ora. « KomniekcHble coeIMHEHUS»
[Ipubopwvl u nocyoa. 1) Mepuwiii yununop emxocmoio 10 ma. 2) llImamues ¢ npooupxamu. 3) Topenxa.
Peaxmuswi. 1) Luuk. 2) Xnopuo xpoma (I11) CrCI3 x 6H20 (kxpucmannvi).
Pacmeopuwi. 1) [uopokcuo nampus NaOH (2 n.). 2) Ammuax eoonwiti (2 H.). 3) Azomnas kucroma HNO3 (2
H.). 4) Cynogpuo ammonust unu nampusi (NH4)2S (Na2S) (2 u.). 5) Xnopuo oapus BaCl2 (1 u.). 6) Humpam
sucmyma (I11) Bi(NO3)2 (0.5 n.). 7) Cynvgpam owcenesa (1) FeSO4 (0,5 n.). 8) Xnopuo xcenesza (I1l) FeCi
(0,5 n.). 9) Kenezoammonuiinvie xeacyvt NH4Fe(SO4)2 (0,5 n.). 10) Hoouo xanus KJ (hacolwy. u
0,1 n.). 11) I'excayuanogheppam (I1l) kanus K3[Fe(CN)6] (0,5 n.). 12) Pooanuo xarus KSCN (nacviwy. u 0,5
n.). 13) Xnopuo xobanema (II) CoCI2 (0,5 n.). 14) Xnopuo nampus NaCl (2 n.). 15) Tuocynegham nampus
Na2S8203 (1 n.). 16) Xnopuo meou (II) CuCI2 (0,5 n.). 18) Humpam cepeopa AgNO3 (0,1 n.).
1. O0pa3oBaHue ¥ TUCCOIMANMS COETUHEHUI ¢ KOMILUIEKCHBIM KATHOHOM
a) Hamute B mpoOupky 1 - 2 mu pactBopa AgNO3 u no6asuth HemHoro pactBopa NaCl. K o6pazoBasi
aMMuaka 70 ero pactBopeHusi. COCTaBUTh YpaBHEHHS PEaKIUi, YUUTHIBAsl, YTO KOOPAWHAIMOHHOE YHC
MIPOUCXOIAIINE U3MEHEHUSI.
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6) Hanmute B npobupky 1—2 mut pactBopa CuCl2 u npubaBnsTh O KaruisiM pacTBOp aMMHUaka 70 oOpa3osal
M30BITOK PacTBOpa aMMHaKa JI0 pacTBOpeHus ocaaka. CpaBHUTH Okpacky HoHOB Cu2+ ¢ OKpackoil momyde
HMOHOB COO0IIaeT OKpacky pactBopy? Hammcarh ypaBHEHHE peakIiH MOMyYeHUs KOMIUIEKCHOTO OCHOBAHMUS
YYHUTHIBas, YTO KoopauHaimoHHoe yucio Cu2+ paBHO 4deTbipeM. Kakoe ocHoBaHue siBisieTcst Oojee Cu
COOTBETCTBYIOIIEE KOMILIEKCHOE ocHOBaHue? [louemy?

ITomyueHHBIN pacTBOp COXpaHUTh JIsl onbiTa Ne 4.

2. O0pa3oBaHue U IUCCOUMALMS COCTMHEHHUS ¢ KOMILIEKCHBIM AHMOHOM.

0) B mpubupky ¢ 2 — 3 ma pactBopa Bi(NO3)3 nobasnsate no kamism 0,5 H pactBop KJ 1o BeimageHus o
HECKOJIbKO Kamelsb pacTBopa KJ 1o pacTBopeHus mosy4eHHOro ocazaka. Kakoi IIBET IOJyYEHHOTO pacTBC
oOycnoBneHa npucyrctBueM nonos K+, J-, Bi3+? Hanucars ypaBHeHHE peakuuu oOpa30BaHHS U JHCCOL
YUHUTHIBAs, YTO €r0 KOOPAMHANMOHHOE YKciio Bi3+ paBHO ueThipem.

3. Paziuvue Mexkay NpOCTHIMH M KOMILJIEKCHBIMU HOHaMu :kese3a 111

a) K 1 — 2 mu pactBopa FeCl3 npunute Hemaoro KSCN. Hanucaths ypaBHeHHE peakIiuu. JTa peakiys Xapak
JUTSI €T0 OOHAPYKEHUSI.

0) Hoxazarb, ooHapyxuBaetcs i uoH Fe3+ B pactBope K3[Fe(CN)6], mponenaB xapakTepHYIO peakInio, Ka
B) Hanute B onny npoOupky HemHoro pactsopa FeCl3, a B npyryio - K3[Fe(CN)6] u 106aBUTh B KaX1yI0
OOBsCHUTH OTCYTCTBHE W3MEHEHUH B MEpBOI MpoOUpKe M 00pa3oBaHUE BO BTOPOW OCAJKa TaK HA3BIBAEM(
Hanmcats ypaBHEHHE peakiMy B MOJIEKYJISIPHOM U HOHHOH (opme.

Oeakiust 0O6pazoBaHus TypHOYJIEBOI CHU SBJISETCS XapaKTepHON peakuuen 1y komruiekcHoro nona [Fe(Cl
4. IIpoyHOCTH U pa3pylieHNe KOMILJIEKCHBIX HOHOB.

a) [Tomyunts B mpodupke [Ag(NH3)2]Cl, kak 310 ObUTO crienano B onbiTe 1. [TomydeHHBIH pacTBOp pa3uTh
onbiTax 4 0), B) U ).

0) Hamutes B mpobupky 1 — 2 M pactBopa [Ag(NH3)2]Cl, nomydyenHoro B onbite 4 a), U 100aBUTH Tyaa
3anucarth ypaBHEHUE peaklnyu 00pa30BaHMs KOMIUIEKCHOTO aMMHUaKaTa I[IMHKA, YYUThIBasl, YTO KOOPIUHAINO
OOBsCHUTH, MOJIB3YSCh TAONULIEH KOHCTAHT HECTOMKOCTH KOMIUIEKCHBIX MOHOB, MPUYMHY BBITECHEHHUS LI
KOMITJIEKCHOTO MOHA.

B) Hanmute B aBe mpoOupku ommHakoBblie 00beMbl pacTBopa AgNO3. B ogny u3 HUX 100aBUTH pacTBOp
HaOJIFOEHU.

DT peakIny XapaKTepHbl A1 HOHA AZ+ U MOTYT ObITh HCIIOJIB30BaHbI 17151 ero oOHapyxeHus. CocTaBUTD Y
PactBop [Ag(NH3)2]C1, nonyueHHsli B onbiTe 4 @), HATUTH MO 1 MJI B 1Be poOHpKU. B ofHy mpoOHpKYy |
pactBop KJ. Uto npoucxonur? Hanucare ypaBHeHHE AuccolMaui komiuiekcHoro nona [Ag(NH3)2+ u Bbl
Jlatb 0OBsICHEHHE HAOIIOMaeMbIM SIBICHUSM, TOJB3ySICh YPaBHEHHUEM MAMCCOIUAIINN KOMIUIEKCHOTO WC
PacTBOPUMOCTH.

r) Ilonyuuts B mpobupke ocamok AgCl. 3arem moGaBnate 1 H. pactBop Na2S203 10 MOIHOTO pacTBOP:
peakiuu obpazoBanus Na3[Ag(S203)2]. K momyyeHHOMY pacTBOpY KOMIUIEKCHOTO COEAMHEHHs JOOaBHTE
MOJTy4YeHHBIMH B ombITe 4 B). Hamucarh BeIpakeHUs 7151 KOHCTAHT HECTOMKOCTH aMMHUAYHOTO U THOCYIb]ar
0 pe3yJIbTaTaM ONBITOB 4 B) U T'), KaKasi KOHCTaHTa UMeeT OoJibIlee 3HaYCHHUE.

n) Hamute B mpobupky 1 - 2 M pactBopa [Ag(NH3)2]C1, nonyderHoro B ombiTe 4a), U 1006aBIsATh pa3das.
AgC1. OObsicHUTH HAOMIOAAEMbIE SBICHHSI, UCXO/s U3 TOTO, YTO KOHCTAHTHI HECTOMKOCTH MOHOB [Ag(NH:
6,8x10-8 1 6,0x10-10.

¢) Hanmuteh B 1Be mpoOupku oguHakoBeie 00beMbl pacTBopa CuCl2. B ogny u3 Hux no6asuth pactBop NaOH.
00pa3yIomuXxcst 0CaJAKOB. DTH PEAKIIUU MOYKHO MCTIOIB30BaTh Tl OTKPHITHS HoHa Cu2+. COCTaBUTh ypaBHE
PactBop [Cu((NH3)4](OH)2, nonmy4eHHbIld B ombITe 1, pa3faenuTh MOPOBHY B JBe MpoOUpPKU. B omHy mpi
pactBop ((NH4)2S. Uto nabmonaercsa? Hanmrcars ypaBHEHUS TPOUCXOASIINX PEAKITHA.

Jlatb OoObsicHeHUE HaOIOAAEMbIM SBJICHUSM, UCXOJS U3 JAHHBIX O BEJIMYMHAX MPOU3BEACHUN PaCTBOPUMI(
HecroikocTu nona [Cu((NH3)4]2+.

5. lucconuanmsi ABOMHOM cOIM

JHoxkazare Hamuune noHoB NH4+, Fe3+, SO42- B pactBope *xene30-ammoHniiHbIx kBacioB NH4Fe(SO4)
peaxiuu ¢ momouibio pactBopoB menoun, KSCN u BaCl2.

Hanucars nonnsle ypaBHeHUs peakiuii. COCTaBUTh ypaBHEHUE dIEKTPOIUTHYECKON TUCCOLUAIIUY JKeIe30ar
B uem cocTouT cXOACTBO U pa3inuyue MEKIY JBOMHBIMU COMSIMHU U JPYTUMU KOMITJIEKCHBIMU COETUHEHUSMU'
6. BiusiHMe KOHIIEHTPAIMH PACTBOPA HA KOMILIEKCO00Opa3oBaHue
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K neckonpkum kamisim pactBopa CoCl2 B npoOupke npuinTh KOHLEHTpupoBaHHbIH pactBop KSCN. Hab
BcenctBue obOpazoBanust komruiekcHOW comu K2[Co(SCN)4]. Pa30aBuTh MONYyYEHHBIN pPacTBOpP BOIOM.
Hanmcats ypaBHeHue peakiuii. Kakoe BiusiHIE OKa3bIBaeT KOHIIEHTPALUS pacTBOPa HA KOMILJIEKCOOOPa30Bal

IIpakTnueckoe 3ansitue. Penienue 3a1a4 U ynpaxHeHuil.

ConepxaHnue:

1. Homenkiarypa u knaccuduxarus KC.

2. PaBHOBecuHe B pacTBOpax KOMIUIEKCHBIX coenHeHuH. YcToiunBocTh KC.

3. Paccmorpute ¢ momorisio Teopur BC ,TKIT 1 MMO koMmriekcs! (1o 3aIaHuio TPeToaaBaTesis), CPaBHUTE

3agaHus AJ1s CAaMOCTOATEIbHOM PadoThl.
IToaroroBka Kk KOJIJIOKBHYMY 110 BOIIPOCAM

1. OCHOBHBIE TIOJIOKEHUS KOOPIMHAIITMOHHON TEOPUHU. XapaKTEPUCTHUKA OCHOBHBIX KJIACCOB KOMILJ
KOMIUJIEKCHBIX COEIMHEHHIA.

2. N3omepust KOMIUJIEKCHBIX COSIUHEHHUIA.

3. Jlucconumarus KOMIUIEKCHBIX coennHeHni. KoHcTanTa HecTOMKOCTH KOMIUIEKCOB. [IpuunHbI 00]
KOMILIEKCHBIX COCAUHECHUN.

4. XuMH4YecKasi CBsSI3b B KOMIUIEKCHBIX coenHeHusXx. OcHoBHble Teopun (Meton BC, TKII, MMO
5. ['mGpuan3anus aTOMHBIX OpOUTAIEH B KOMIIEKCHBIX coeqnHeHusX. [IpocTpancTBeHHast KOHpI

Tema 6. JHepreTuka XuMHYECKUX peaKIUi.

Jlekuusi. Xumnueckasi cucreMa. BHyTpeHHsIst JHeprus cucrembl. Vi3MeHeHHe BHYTpeHHel JHepruM B
X0J¢ XMMHYeCKHX NpeBpalieHuil.

[Tonsatue o6 >HTambnMKU. COOTHOLICHUE SHTAJIBIIUN ¥ BHYTPEHHEH SHEPTUU CUCTEMBL. M3MeHEeHHe SHTabIIL
BelecTB. 3akoH ['ecca. BiusHue TemnepaTypsl Ha BEJIMYMHY U3MEHEHUS SHTAJIBIINU PEAKIIUH.

[Tonsatue 06 suTponuu. CTaHmapTHast SHTPOIUS BellecTBa. BiusHue Temneparypsl Ha BEIMYUHY SHTPOIIUU
(a30BBIX MPEBpAILEHHUX U NP IPOTEKAHUN XUMUUECKUX peakiuil. i3MeHeHne 3HTpONuH 1 HarpaBiIeHHE I

[Tonsarue 06 sneprun ['m66ca. CooTHOmEHNEe M3MeHeHus YHeprun [ M60ca u M3MEHEHNUH SHTATBINH U SHTP:
I'n66ca oOpaszoBanus BemectBa. M3meHenue sHeprun ['n66ca xumudeckoil peakuuu. COOTHOIICHUE BEY
KOHCTaHTbI paBHOBECHSI.

JlabopatopHas padora. «TensioBbie 3¢ GeKTbl XMMUYECKHX PeaKkuuiny

Onpeoenenue meniogoul ¢hghexm peaxyuu Heumpaiu3ayuu.

Peaxmuewvi: 1 M kucnomui - conanas uau azomuas u 1 M wenouu - NaOH uiu KOH.

Ipubopvl: ynpouennwlil Kaiopumemp.

Xoa padoTbi

1. YrpouieHHbIH KaIOpUMETP, COCTOUT U3 ABYX CTAKaHOB: BHEIIHETO eMKOCThIO 250 — 300 M1 1 BHYTpEHHET
U TepMoOMeTpa ¢ aeneHusaMy Ha 0,1°. BHyTpeHHul cTakaH JUisl yMEHBIIECHUS TEIUIOOTAAYM IOMEIIEH Ha KOPK(
B3Becutb BHyTpeHHMI cTakaH Kajopumerpa ¢ TodyHOcThio a0 0,1 r (ml), 3aTeM HaJuTh B HEro u3 Oroper
MIOMECTHUTh CTakaH oOpaTHO B KanopuMeTp. B apyroii cyxoit crakan HanmuTh U3 6ropetku 25 ma 1 M pactsop:
2. I3meputh TemMneparypy pacTBopa KUCIOTHI ¢ TouHOCThIO 110 0,1°. Temneparypy pacTBopa LIEI0YH MOXK
XpaHATCSA B OJIHOM KOMHAaTe U MMEIOT OJHY M Ty )K€ TeMieparypy. He BbIHMMast U3 pacTBOpa KUCIIOTHI TE]
IIEJI0YH B KUCIOTY. OCTOPOXKHO MIEpeMeIIaTh pacTBOP TEPMOMETPOM, HAOIIO1asl 32 H3MEHEHUEM TeMIIeparyp
IIPEKPATUTCS, OTMETUTHh MAaKCUMAJIbHYIO TEMIIEPATYPY pacTBOpa.

3. Korna pacTBop 0XJ1aguTcsi 10 KOMHAaTHOM TEMIIEpaTypbl, B3BECUTh BHYTPEHHUI CTakaH KaJIOPUMETPa C par
Dopma 3anucu HabOOEHUU U 0OPAbOMKA Pe3YIbMAaAmo8

Macca BHyTpeHHero crakana - ml (r); o6bem pacTBopa KHCIOTHI - VK (MJ1); 00beM pacTBOpa IIEJI0UH - V
(Moib/1); KOHIEHTpanus menoun - Cix (MoJb/J1); HadanpHas Temneparypa - t1 (°C); koHeuHas TeMmneparypa
¢ pacTBOpoM - m2 (T).

1. Terora, BeIIEICHHAS TIPU PEAKIIMA HEUTpaTH3aIlii, pacXoAyeTcs Ha HarpeBaHue pacTBopa: q =m (12 —-
PaBHOM TEIJIOEMKOCTH BOJBI, T.€. €IUHHUIIE. TETUIOTOM, pacXoyeMOl Ha HarpeBaHUE KaJopuMeTpa, IpeHeop«
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2. Maccy pacTtBopa HaiiTi 1o pazHocTH m = m2 — ml. KonnuecTBo BeIAENIMBILIEHCS TEMUIOTHI B KAJTOPHSIX Il
0,025 momnb. TermoBoit 3pdext peakiu OTHOCUTCA K 1 MOJIb 1 BbIpaxaercs B Kkan win KDk (1 kkan = 4,1¢
(KKan/MOB).
3. Paccuurarh TeruioBoi 3¢ (GeKT peakiuu HEHUTpalu3aluid OJHOOCHOBHOW KHCJIOTHI U OMPEISTUTH TPOIT
3HaueHue rpdexra papHo 13,7 KKa.

3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. Cuctema, npencrasisitomniast co00i HaayTHIH BOZOPOIOM BO3IYIIHBIN APUK, SBISETCS OTKPHITOM, 3aKpBIT
IIPUMEP CUCTEMBI APYTOTrO THUIMA.

2. ChopmynupyiiTe IepBhIi 3aKOH TEPMOIUHAMUKH. 3aMUIINTE BEIpKEHUE [-T0 Havyana TepMOJMHAMUKH.
3. Chopmynupyiite 3akoH ['ecca.

4. Kakue ycnoBus B TEPMOIMHAMUKE Ha3bIBAIOT CTaHAApTHEIMU? MOXHO J1M cKa3arb, uto 3HaueHue Ho400 o
BeJIMYUHAM?

5. JlaiiTe onpeneneHne TEPMUHY «IHTAJIBINS 00pa30BaHU».

6. Kakue pakTopbl Ha/l0 yYUTHIBATh, YTOOBI CYIUTH O CAMOIPOU3BOJIILHOCTH MPOIEcca B HEU30IHUPOBAHHBIX (
TepMOAMHAMUYecKash (YHKIIUS CBSI3bIBACT SHTAIBIIUIO U SHTPOIUIO CUCTEMBI?

Tema 6. Jnepreruxka xumnueckux peakuui (OIIK-6)
Jlexknus.
Xumunueckas cucreMa. BHyTpeHHss1 dHeprus cucteMsl. MIsMeHeHne BHyTpEHHEN SHEPTUU B XOA€ XUMHUYECKH

[Tonsitue 06 suTambnuu. COOTHOIICHHUE YHTAIBIIUN U BHYTPEHHEH YHEPTUU CUCTEMBI. MI3MEeHEeHHEe YHTaNIbIIE
BenlecTB. 3akoH ['ecca. BnusHue TemnepaTypbl Ha BEIMYMHY U3MEHEHUS SHTAJIBIIUU PEAKIIUH.

[Tonsitue 06 suTponuu. CtangapTHas SHTPONUS BellecTBa. BiusHue TemnepaTypbl Ha BETUYUHY SHTPOMUU
(ha30BbIX IPEBPALICHUSIX U MPU IPOTEKAaHUN XUMUYECKUX peakluuil. FI3MeHeHne SHTPOIUU 1 HallpaBlIeHUE I

[Tonsitue 06 sneprun ['m66ca. CooTHOIEHNE U3MeHEHUs SHepruu [ MO0ca 1 M3MEHEHHUI YHTAIBITUU U SHTP:
I'u66ca obpa3oBanus BemecTBa. M3amenenne sHeprun ['m66ca xumuyeckoit peakiuu. COOTHOIIICHHE BEIy
KOHCTAHTHI PaBHOBECHSI.

IIpakTH4Yeckoe 3aHATHE.
JladopatopHas padora. «TensioBbie 3¢ GeKTbl XMMUYECKHX PeaKkuuiny
Onpeodenenue meniogoul d¢hghexm peaxyuu Heumpaiu3ayuu.
Peaxmuewvi: 1 M kucnomui - conanas uau azomuas u 1 M wenouu - NaOH uiu KOH.
IIpubopul: ynpouyennblll Kaiopumemp.
Xoa padoTbi
1. YoporieHHbIN KaloOpUMETP, COCTOUT U3 JBYX CTAKaHOB: BHEIIHETO eMKOCTBIO 250 — 300 M1 ¥ BHYTpEHHET
1 TepMoMeTtpa ¢ aeneHusmu Ha 0,1°. BHyTpeHHuUl cTakaH Jyisi YMEHbILICHUSI TETUIO0Taul MTOMEIIIEH Ha KOPK(
B3Becuth BHyTpeHHMI cTakaH Kajopumerpa ¢ To4HOCThio a0 0,1 r (ml), 3aTeM HaJuTh B HEro u3 Oroper
MIOMECTHUTh CTakaH oOpaTHO B KanopuMeTp. B apyroii cyxoit crakan HanmuTh U3 6ropetku 25 ma 1 M pactBop:
2. 3meputh TeMneparypy pacTBopa KUCIOTHI ¢ TouHOCThIO 110 0,1°. Temneparypy pacTBopa LIEI0YH MOXK
XpaHATCSA B OJHOM KOMHAaTe U MMEIOT OJHY M Ty )K€ TeMieparypy. He BbIHMMast U3 pacTBOpa KUCIOTHI TE]
IIEJI0YM B KUCIOTY. OCTOPOXKHO TIEpeMeIIaTh pacTBOP TEPMOMETPOM, HAOIIO1asl 32 H3MEHEHUEM TeMIIeparyp
IIPEKPATUTCS, OTMETUTHh MAaKCUMAJIbHYIO TEMIIEPATYPY pacTBOpa.
3. Korna pacTBop 0XJ1aguTcsi 10 KOMHaTHOM TEMIIEpaTypbl, B3BECUTh BHYTPEHHUI CTaKaH KaJIOPUMETPa C par
Dopma 3anucu HabOOEHUU U 0OPAbOMKA Pe3yIbMAaAmo8
Macca BHyTpeHHero ctakaHa - ml (r); 00beM pacTBopa KHCIOTHI - VK (MJ1); 00beM pacTBOpa Ienouu - Vi (
- Ck (Monb/m); KoHUIeHTpanus menoyn - Cur (Monb/1); HadansHas Temieparypa - t1 (°C); koHeuHas Temrie]
CTaKaHa C pacTBOpOM - m2 (T).
1. Terora, BeIEICHHAS TIPH PEAKIIMA HEUTpATH3aIliK, pacXOAyeTcs Ha HarpeBaHue pacTBopa: q =m (12 —-
PaBHOM TEIJIOEMKOCTH BOBI, T.€. €IUHUIIE. TETUIOTOM, pacXoyeMOi Ha HarpeBaHUE KaJopuMeTpa, IpeHeop«
2. Maccy pacTBopa HalWTH 1Mo pa3HOCTH M = m2 — m1. Konn4ecTBo BbIIETUBIIEHCS TEIUIOTHI B KAJIOPHUAX TPl
0,025 moms. TermmoBoit 3¢ ekt peakiuu OTHOCUTCS K 1 MOJIb U BbIpakaeTcs B kkai win kKJ[x (1 kkam = 4,1¢
(KKaJ/MOJB).
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3. Paccuurarh TemnoBoit 3¢(eKT peakiuy HEHTpanu3aluud OXHOOCHOBHOM KHMCIOTBHI M OINPENENUTh MPOLL
3HaueHue dpdexra paBHo 13,7 Kkal.

3ananus 1J151 CAMOCTOSITEILHOI padoThI.
1. Tepmoxumuyeckue pacyeTsl. 3akoH ['ecca u ero cneacTBus
2. HampaBneHue XUMHUYECKUX peaKIMid. DHTpONUs
3. DHTaNBIUNHBIN ¥ SHTPONUIHBIN QakTopbl. DHeprus [ n60ca
4. CBoOoHas SHEPTHSI ¥ KOHCTaHTa PaBHOBECHS.

Tema 7. Ckopocth peakuuii. Xumudeckoe papaoecue (OIIK-1)

Jlexknus.
I'omoreHHsle U reTeporeHHble peakuuu. [IoHsATHE 0 CKOPOCTH XMMHUUYECKOW pEeaKIK. 3aKOH JEHCTBUS Macc
XUMHUYECKOM peakuinu. KoHCTaHTa CKOPOCTH XUMHUYECKOW PEaKIUu.
MHorocraauiiabsie peakuuu. [1opsanok 1 MONEKyIsIpHOCTb peakuuil. MHOrocTaauitHble MPOLIECCHI U 3aKOH JI€
Brnusinue temnepaTypbl Ha CKOPOCTh XUMHUYECKOM peakiuu. YpaBHEHUE AppeHuyca.
BnusiHue karann3atopoB Ha CKOPOCTh XUMUYECKON peakui. [ OMOreHHbIE U TeTEPOreHHbIE KaTaJIuTHUECKHE
Ilenupie xumuueckue peaxuuu. OOparuMble U HEoOpaTHMble XHMHUYECKHE peakUuu. XUMHYECKOE paB
paBHOBecus. CnBur xumuyeckoro papHoBecus. [Tpunuun Jle [latense.

IIpakTnyeckoe 3ansATHE.
JlabopaTtopnasi pab6ora. CKOpocTh XMMHYECKOH peakunu. XHMHYeCcKoe paBHOBeCHe.
[Ipubopwi u nocyoa: eecwvl ¢ pasHO8ecoM; UWMAMUE € JIANKOU U KOTbYOM, MEMPOHOM UTU CEKYHOOMED; MepMO.
100 °C; wmamue ¢ npobupxkamu, npooupku emxocmoio 50 mn ¢ Homepamu (3 wm.); mMepuviil YUIUHOP OJis
8006l HA 25 M, MepHble YUTUHOPLL eMKOCIbIO 25 M 015 pacmeopos muocyivgama nampus Na2S203 u ceg
kucromer H2SO4; xumuueckue cmaxanwvt emxocmovto 200 mn (2 wm.) u 25 ma (1 wm.); nunemxka, wname.
JYUUHA.
Peaxmusvl: cepuas kucrioma H2S04 (2 n u 1:200); 2) muocyregpam nampus Na2S203 (1 n u 1:20(
nepexucs 600opooa (3 %), oxcuo mapeanya (1V), numpam ceunya Pb(NO3)2, tioouo kanus KI.
1. 3aBHCHMMOCTB CKOPOCTH PeaKUMU 0T KOHLIEHTPALMHN PearnpyonX BellecTB.
a) K 1 1 pactBopy THocynbdara Harpust Na2S203 npunuth 2 H pacTBop cepHoii kuciaotsl H2SO4. Habmrone
BBI3BAHO B3aUMOJICHCTBUEM THOCY/Ib(ara HATPUS U CEPHON KUCIIOTHI C BBICIIEHUEM CBOOOTHOM CEpHl:
Na2S203 + H2S04 = Na2S04 + SO2 + H20 + S.
Bpewmsi, KoTopoe MpoXoauT OT Havyasla peakiiy 10 3aMETHOTO TIOMYTHEHHUS PacTBOPa, XapaKTepHU3yeT CKOPOC
6) B Tpu Oonpiine HyMepoBaHHbIE MPOOUPKHU HaIUTh pa3dasieHHbli (1:200) pacTBop THOCYNIB(aTa HATpI
BTOpYIO - 10 M1, B TpeThio - 15 mi. K conepxumomy nepBoit mpobupku 106aButh 10 M1 Bozibl, a BTOPO -
HaIUTh MO 5 Mt pazbasierHoi (1:200) ceproit kucnotel. B kaxmyto nmpobupky ¢ pactBopom Na2S203
npurotoBieHHor H2SO4 u omnpenenuTs BpeMs ¢ MOMEHTa J00aBICHUS KUCIOTHI 10 MOMYTHEHUS PAacTBO
pe3ynbTarel. Pe3ynbrarel H300pa3uTh rpaduyecku, OTI0KHUB Ha OCH a0CIIMCC YCIOBHBIE KOHLIEHTpauu Na2
peakiuu V = 1/t. Cienarp BBIBOJ O 3aBUCHMOCTH CKOPOCTH PEAKLIUHU OT KOHLIEHTPALUHU pearupyromux Bemle
2. 3aBHCHMOCTb CKOPOCTH PEaKIUM OT TeMIIepPaTypbl
Jlnis onbita B3aTh pazbasiernbie (1:200) pactBopsl Na2S203 u H2SO4. Hanute B Tpu O0MbIIINE HYMEPOB:
Na2S203, B npyrue Tpu - mo 10 Mi1 pacTBOpa cepHO KUCIOTHI U PAa3EIUTh UX HAa TPH Maphl: 1O MPOOUpPKE
Kaxoi mape. OTMETUTh TEMIIEpaTypy BO3AyXa B JaOOpaTOpuH, CIUTh BMECTE PACTBOPHI MEPBBIX ABYX IIf
BpeMsI C MOMEHTa J00aBICHHUS KUCIOTHI 10 IOMYTHEHHUS pacTBOpA.
JlBe npyrue mpoOupKH MOMECTUTh B XUMHUYECKHI CTaKaH C BOIOM U HAarpeTh Boxy 10 TeMmneparypbl Ha 10 °(
CIICIUTH TI0 TEPMOMETPY, ONMYUICHHOMY B Boxy. CIHMTh comepXKUMoe MPOOUPOK, BCTPAXHYTh U OTMETHTD Bf
[ToBTOPUTH ONBIT C OCTABUIMMHUCS JBYMsI MPOOMpPKAMHU, HArPEB MX B TOM K€ CTaKaHE C BOJIOW IO TeMIep:
3anucarh pe3yJabTarhl:
[Toctpouts rpaduk 3aBUCUMOCTH CKOPOCTH PEAKIIUK OT TEMIIEPaTyp: Ha OCH a0CLIUCC HAHECTH 3HAYCHUS TE)
- BEJIMYUHBI CKOPOCTH peakiuu V = 1/1.
3. CKopocTh reTeporeHHbIX XHMHY€CKHX peaKkuui
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B cyxoil cTynke oCTOpOXKHO cMelaTh (He pacTupasi) HECKOJIbKO KpucTaiioB Hutpara cBunua (I1) u omgun
OKpacKu? DHEPTUYHO pacTHpaTh KpUCTALIbL. Uto mpoucxomut? M3 nunerku 106aBUTh K CMECH HECKOIBKO
n3MeHeHue okpacku. OObACHUTH ONBIT. HamucaTrh ypaBHEHHE peakilnu.

4. BiusiHMe KaTaJIM3aTOPOB HA CKOPOCTh peaKI UM
Tomoeennwiii kamanuz. B 0se mephvie konuueckue npooupku Haneume no 1 man 3 %-no2o 600H020 pacmeopa
nepoxcuoa 800opoda. B oowy npobupxy odobasvme oee kanau 0,3 M pacmeopa ouxpomama Kanus
(K2Cr207), a 6 Opyeyio npooupxy — uemvipe kaniu. C nomowpio cekynoomepa uzmepbme 8pems
npomexkanus peakyuu (0m Hauana u 00 OKOHYAHUS 6blOeNeHUs NY3bIPbKO8 2a3a) 6 obeux npooupkax, a
makakce OKpAcKy pacmeopa.

[TpoBenuTe ananornynslii sxkcnepument ¢ 0,3 M pactBopom FeCl3 B kauecTBe karanuzaropa.

OTmeTbTe 11BETa pacCTBOPOB B Ha4alle PeakIMH U MOCIIE €€ 3aBEPIICHHUS.

Brruucnure ycioBHYI0 CKOpOCTh peakiuu 1o gopmyse: u = 100/t, rae T — BpeMs IPOTEKaHHUs PEAKIIHMH.
Cnemnaiite BBIBOA OTHOCUTEIHHO A(P(HEKTUBHOCTH IEHCTBUS PA3IUYHBIX KaTalu3aTOPOB.

Kak Binusier Ha ckopocTs pasznoxkenuss H202 koHueHTpanus karanusaropa?

I'emepocennviii kamanus. B 0eée npobupku nanetime no 3 ma 3 % pacmseopa nepokcuda 6o0opoda. B nepgyio
npooupky 0obagvme HeMHO20 (Ha KOHUUKe winameis) nopowka ouokcuoa mapeanya MnO2 (unu PbO2) u
00HOBpeMeHHO 8Ktouume cekynoomep. Ommemovme 8pems npOMeKaHus peakyuu 00 OKOHUAHUSL GblOeeHls]
nY3bIPbKO8 2a3d.

[ToBTOpHTE OMBIT, T0OABUB B 2 pa3a OOJbIIE KOJIMYECTBAMH JTUOKCH 1A MapTaHIia (MIu JUOKCH/Ia CBHHIIA).
Brruucnure ycioBHYI0 CKOPOCTh peakiuu 1o gopmyse: u = 100/t, rae T — BpeMs IPOTEKaHHUS PEAKIIMH.
CpaBHUTE KaTaJUTHYECKYI0 aKTUBHOCThH JHMOKCHJAa MapraHila U AUOKCHJIA CBHHIA. 32 MEPy aKTHUBHOCTHU
JaHHBIM KaTaJIU3aTOPOM IPH OMHAKOBOM UX KOJMYECTBE.

Cnemnaiite BIBOJ O BIMSHUU KOJMYECTBA KaTalN3aToOpa HAa CKOPOCTh Pa3ioKeHUs MEPOKCUIa BOAOPOAA.

3 XuMu4eckoe paBHoBecHe

OmnbiT.1 CMelmeHne XHMHYECKOI0O pPaBHOBeCHsI NPH HW3MEHEHHMH KOHLEHTPalHWi pearupyroummx

BeIeCTB.

Peaxmuesvt u mamepuanei: xnopuo xanus KCI; xnopuo aceneza (I11) FeCl3 (0,001 1 u nacviwy.); pooanud

kanus KSCN (0,001 n u nacviwy.).

B crakane cmemars mo 10 M 0,001 uH pactBopoB xmopuna xenesa (II1) FeCl3 u ponannaa xanus KSCN. H
pEaKLUU U BbIPA)KEHNE KOHCTAHThI PAaBHOBECHSI.

[Tonmy4eHHbI pacTBOp pa3iuTh MOPOBHY B YEThIpe MpoOUpKHU. B mepByro mpoOupKy A006aBUTh KOHIICHTPH
(IIT), BOo BTOPYIO - KOHLEHTPUPOBAHHOI'O PacTBOpa pOAaHM]A KaJlMs, B TPEThIO - KPUCTAIUIMUECKOIO XJIOf
OCTaBUTH Ui cpaBHeHMA. CpaBHUTH IBET >KUIKOCTEH B mpoOupkax. [1o M3MeHeHHI0O MHTEHCHUBHOCTH OK]
paBHOBecusi. OOBSCHUTh U3MEHEHHE OKPACKU PAacTBOpa Ha OCHOBAHUM 3aKOHA AeWcTBUS macc. CMeCTUTCS
MIOJIyYEHHBIX PacTBOPOB?

OnbiT 2. Biausinme KHCJIOTHOCTH Cpelbl PacTBOpa HA IMOJ0KeHHE T'OMOTeHHOr0 XMMHMYeCKOro

paBHOBeCHs

1. B nBe mpobupku BHecTH pacTBop xpomata Kanus (K2CrO4) u 106aBUTh HECKOIBKO Kareidb pacTBOpa cep
pactBopa. OnHy IpoOUpPKY OCTaBUTH JUISl CPABHEHUS, a B IPYTYIO JOOABUTH PACTBOP LIEIOYH O U3MEHEHUS
2. IToBTOpUTH OMBIT, B35B B JBYX IPOOMpPKax UCXOAHBIM BemiecTBoM auxpomar kamus K2Cr207. Oany npc
APYTYI0 J0OABUTH PACTBOP ILEIOYH 10 U3MEHEHHS OKPACKU PacTBOpA.

Omnucatb onbIT. HanmcaTs MoNeKymnspHbIE YpaBHEHUS MEpexoja XpoMaTra B AUXPOMAT U OOpaTHOTO MpPOIeC
YpaBHEHHS:

2CrO42- + 2H+ « Cr2072- + H20

Cr2072- + 20H- « 2CrO42- + H20

Craenarb BBIBOJ O BIMSIHUU CpPEZibl HA 00pa30BaHKUE XPOMATOB U AUXPOMATOB.

3. BHOBB HanuTh B J1B€ MPOOMPKU PacTBOPBI XpoMaTa U auxpomara kanusi. B o0e n1o0aBbTe HECKOJBKO F
MpoUCXOasIINe U3MeHeHHs. B 000uXx ciyyasx BbIMagaeT OAMH M TOT K€ 0CaJOK MaJIopacTBOPHUMOIO XPOA
pacTBOpuUMOCTH KoTOporo paBHo Lp = 2,4-10-10.



VKakuTe LBET M COCTaB OCAJKOB, BBHINAJAIOUIMNX M3 PACTBOPOB XpoMaTa W JAWXpoMara Kaiaus npu 100aB
MOJICKYJIIDHOM BHJIE€ YpaBHEHMS COOTBETCTBYIOIIMX peakiuid. OObICHUTE MPOMCXOIAIINE MPOLECCHI C TC
paBHOBecusi. O0bsCcHUTE, TOYEMY B 000MX ciydasx oOpasyercs: HepacTBopuMblii BaCrO4.

OmnpIT 3. CMelieHre paBHOBECHS MPH TMCCOMUANUM CJIA0BIX KMCJIOT

B nBe npobupku BHectr mo 1 mi 0,1 M ykcycHO# KUCTOTHL. B Kakayio mpuOaBUTh OIHY KarlIl0 METHIIC
MH/IMKATOp MPUHUMAET PO30BYIO OKpacKy? OIHy MpoOUPKY ¢ KUCIOTOW OCTaBUTh B KaUECTBE KOHTPOJIHHOM
HaTpus U NepeMelarh pacTBOp CTEKISIHHOM nanodkoil. CpaBHUTH OKpAcKy IOJyYEHHOIO pacTBOpa C OKpa
M3MEHEHUE KOHLEHTPALMY KaKMX HOHOB yKa3bIBa€T N3MEHEHUE OKPAaCKU HHAUKATopa?

Hanucars cxemy aucconuaniy yKCyCHOM KHUCIOThI M BBIPAKEHUE KOHCTAHTHI €€ TUCCOLMALNN (KOHCTAHThI
paBHOBECHUS TUCCOIMALMU KHUCIOTHI MPH JA00aBIeHUN K HEll arerata Harpus. Kak u3MeHseTcs mpu 3TOM
KOHIIEHTpalMs KaTHOHOB Boziopona B pactBope? [lonreepaunics nu B onbitax npunuui Jle [arense?

IIpakTuyeckoe 3ansiTue. Pemenne 3a1a4 U ynpa:kHeHui.
ConepkaHue TUMOBBIX 3aJaHUM:

1. JlaiiTe KHHETUYECKYIO XapaKTEPUCTHKY peakiuu (IO 3aJaHUI0 MPETOAaBaTesi), UCTONb3ysl JaHHBIC T¢
(pe3ynbTaThl BHIMOTHEHUS 3a/JaHNUsA).

1.1. Onpenenure TUII IPSIMOI 1 0OPAaTHOM peakiuy 1Mo (pa3oBOMy COCTOSIHHIO Pearupyromux BemecTs (roMo
1.2. Hanmmmmre BBIpaKeHHsI 11 CKOPOCTH MPSAMOU peakiuu U oOpaTHOM, (eCiiu peakmus oOparuMa), B OO
Macc (KMHETHUECKHE YPaBHEHUS PEAKIIHA).

1.3. PaccuwuraiiTe, Kak U3MEHUTCS (BO CKOJIBKO pa3 YBEIUYHUTCS, YMEHBIIUTCS WM HE U3MEHHUTCS) CKOPOCTH T
peakuus HeoOpaTrMa U MPOTEKAET TOIBKO B 00paTHOM HANpaBJI€HUH) MIPU YBEIMUYECHUU:

— KOHIICHTPAIIMH TIEPBOTO M3 pearnpyromux Beniects A (uau D) B Tpu pasa;
— JaBJICHHUA B CUCTCMC B JIBA pa3sa,
— temneparypsl Ha DT K npu 3amanHom v (3agaHue nmpernogaBaress).

2. JInst o6patuMoii XUMHUYECKOM PEaKIUU OXapaKTepU3yHTe COCTOSHUE XUMHUYECKOTO PaBHOBECHUSI M BO3MO:
pe3yJIbTaThl BBITIOJIHEHUS 1).

2.1. Harmmmure BBIPAXKCHUC I KOHCTAHTBI XUMHUYCCKOI'O PaBHOBCCHUA.

2.2. YkaxuTe, KaK CleyeT U3MEHHUTb: TeMIIepaTypy; IaBjIeHHE; KOHLIEHTPAIMIO UCXOIHBIX BEIECTB; KOHLIE
CMECTUTH PAaBHOBECHE B CTOPOHY MPSMOM peaklnu (TIOBBICUTH BBIXOJ IPOIYKTOB PEAKIIUN).

3aganus AJ151 CAaMOCTOSITEJIbHOM PadoThI.
1. OOBsicHUTE, YeM OMpeNEeIeTCs CKOPOCTh XUMHUECKUX peakiuii? B kakux eAuHuIax oHa usmepsiercs?
2. O0BsicHUTE, TOYEMY HE KaX/10€ CTOJKHOBEHUE MEX/1y YaCTHLIAMU MPUBOAUT K OCYILECTBICHUIO XUMYECKI
3. Kax BbI onpeniensere MoHsATHE SHEPTUU akTUBAMK? OT KakuX (pakTOpOB OHA 3aBUCHUT?
4. Yto xapakTepu3yeT KOHCTaHTa paBHOBecus? Kakoil BBIBOJ MOKHO CJI€NIaTh, €CIIN [ HEKOTOPOU pearuu |
5. Ilouemy Karanau3aTop HE CMEIIAET XUMUUYECKOE paBHOBECHUE?

Tema 8. PacTBopbl. Teopus aexkrponurnyeckoii nucconnanuu (OITK-6)

Jlexknus.
Jucniepcusie cucteMbl. MicTunHbIE pacTBOpHI. TBepabie pacTBopsl. [ pydoaucnepcHbie cucteMbl. CyCHeH3HH.
PacTBOopeHne kak (pu3MKo-XxMMHUYECKHH mporecc. MI3MeHeHne SHTaIbIMKU M SHTPONUU NPU PACTBOPEHUU
Oco0Ople cBolicTBa BO/IBI Kak pactBoputess. ['maparsl. Kpucramimoruaparsr.
PactBOopuMOCTH BemecTB. PacTBopeHue TBEpabIX, )KUAKUX U ra3000pa3HbIX BellecTB. BiusHue temneparyp
UX B3aUMHYIO PaCTBOPUMOCT.
Crioco0bl BBIpaKEHHS COCTaBa PaCTBOPOB: MaccoBasi 107151, MOJISIPHOCTb, HOPMAJIbHOCTh, MOJISIBHOCTb, MOJIs

DnekTpoauThYecKas Auccounanus. Mexanusm nucconuanuu. ['maparamnus noHoB B pactBope. OCHOBaHUSA
ANEKTPOTUTHYECKON auccormaru. MoH ruapokconus. AMdortepHbie TUAPOKCUIBL. CHIbHBIE U CIa0bIe 3
ANEeKTPOAUTOB. DaKTOPHI, ONMpENEAIONIne CTeNeHb auccouranud. OCHOBHbBIE TMPEACTABICHUS TEOPUU CH.
KKYIIasiCsl CTENEHU TUCCOLMAIMU B PACTBOpPAX CHIJIBHBIX 3JIEKTPONUTOB. KOHIIEHTpalusi MOHOB B pacTB
pacTBopax cnabbIx 31MeKTponuToB. KoHcTanTa auccoruanui. MakTopel, BIUSIONINE HA BEITUYHHY KOHCTaH
JVICCOIIMAIIIH CO CTETICHBIO TUCCOIMANUU. 3aKOH pa3z0aBieHus. Teopus KUCIOT U ocHOBaHu# bperncrena-Jlo

Huccounarnus Boasl. MonHoe mpoussenenue. BogopoaHslil mokaszarensb.

18
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TpynHopactBopumble 31ekTponuthl. [IpousBenenue pactBopuMocTd. OOMEHHBIE pEaKIUU MEXAy HOHal
MIPOTEKAHUS peaklMy 0OMeHa B pacTBOPax AEKTPOIUTOB. loHHBIE ypaBHEHUSI.

I'mpponns coneit. Crenens ruaponusa. KoHncranTta ruznponusa. BinsHue KOHIEHTpaluu pacTBOpa, TEMI
rUapoaun3a. [ uaponus Kkucisix cosel. I'uaponus TpyaHOpacTBOPUMBIX coseil. COBMECTHBIN MMAPOIU3 COJIEM.

IIpakTH4Yeckoe 3aHATHE.
Jlaboparopnas pabota 8.1. «PactBopsl. [IpuroroBneHune pacTBOPOB».
Conepxanue.
I. CBoiicTBa pacTBOpOB. PacTBOPMMOCTH BELIECTB.
[TpuGops! 1 nocyna: repmomerpsl (Ha 150°C 1 KOMHATHBIN), IITATUB C KOJIBIIOM U JIAMIKOW, CIIUPTOBKA, CTaKa
PeaktuBbl n marepuansl: HuTpar ammonuss NH4NO3, sranon C2HSOH, mutpar narpus NaNO3, anerar
CuS04-5H20, runpokcua HaTpus (TPaHyJIbI)
[.CBoiicTBa pacTBOpOB. PacTBOPUMOCTH BELIECTB.
1. SIBnenus1, HabMONAaEMbIE TIPU PACTBOPEHUH BEIIECTB.
a) U3MEHEHUE TeMIepaTyphbl
B nBe mpobupku HanuTh (0 1/3) BOmbl M M3MEPHUTH €€ Temieparypy. B mepByio mpoOupKy Bchmarh 2 —
nepeMeIaTb TepPMOMETPOM M OTMETHTh CaMyl0 HM3KYIO TemIieparypy. Bo Bropyio mpoOupKy BHECTH HECKC
II0CJIE MEPEMEIINBAHNSA OTMETUTHh CaMyl0 BBICOKYIO TeMIiieparypy. l[Ipum pacTBOpeHMM Kakoro M3 BEIIECT
noroniaercs? OObSICHUTH MPOUCXOASIIHNE SIBICHUS.

0) n3mMeHeHue ooObema

Hamute B mpobupky (10 1/3) Boasl 1 0CTOPOKHO T0OABUTH paBHBIN 00beM criupta. [lonoxeHne BEpXHETo yi
KOJIBIIOM. 3aKpBITh MTPOOKO# M XopoIo nepemerars. [locne oxmaxaeHnuss OTMETUTh YPOBEHb pacTBopa. O0bs

2. 3aBUCUMOCTb PaCTBOPUMOCTH COJIEH OT TEMIIEPATYPHI.

Hamute B mpoOUpKy BOIBI, BCHINIATh B HEE HEOONBIIOE KOJIMYECTBO HUTPATA HATPHUS, UCTOTYCHHOTO B TIO]
pacTBopeHHs cond. J[00aBnsATh HUTpAT HATPUsS M B30ANTHIBATH O TEX IMOp, MOKAa Ha JHE MPOOUPKHU H
pacTBopsitoleiics npu B30anTbiBaHUKM. HarpeTs mpoOupKy 10 pacTBOPEHHS COJNM U MPOIOIKATH JT00aBIIs
MOJTyYeHHUs] HACHIIICHHOTO pacTBopa. UTo yka3bIBaeT Ha oOpa3oBaHHE TAakoro pactBopa? Harpers pacTBo
OXJIAJIUTHCS 10 KOMHATHOM Temmeparypbl. OTMETUTh, KAKO€ KOJIMYECTBO KpUCTAIOB BhinenuTcs. Chopmy
NaNO3 B xo5101HOM U ropsiueid Bojie.

3. [lepechlieHHBIE PACTBOPBI.

B mpobupky Hacelmath 5 T anerara HaTpus, NpuOaBUTH 3 MJI BOABI M HarpeBaTh 10 PACTBOPEHMS COJH. 3¢
BaTOM, MOCTaBUTh MPOOMPKY B CTaKaH C XOJIOAHOW Bomoi. Korna pactBop oxyiaguThes, BRIHYTH BaTy U Opoc
Hatpus. Yto Habmronaercsa? OOpaTuTh BHUMaHKUE Ha pazorpeBanue pactBopa. OObsICHUTH HAOIIOaeMbIe SIB
MU3MEHEHUSI.

4. CBolicTBa KpUCTAJIJIOTUAPATOB.

Bcebimats B IpoOMpPKY HECKOIBKO KPHCTALIOB MEIHOTO KyIopoca. 3aKpernuTh MPOOUPKY B IITATHBE TaK, |
oTBepcTus (3aueM?), M HarpeBarh MpoOupKy. Habmonats 3a n3aMeHeHueM 1BeTa kpuctauioB. Korga Bce B3s
HarpeBaHUe MPEKpaTUTh. Hammcars ypaBHEHHE peaKiny.

[Tocne oxnaxkaeHust IPOOUPKH BIUTH B Hee 2 — 3 Karui Boabl. OOpaTuTh BHUMaHUE Ha Pa3orpeBaHUE COJIH
HaOmogaeMble siBjeHus. Hamucars ypaBHeHHE peakiny.

II. ITpurotoBnenne pacTBOpoB. [IpuroToBneHrne pacTBOPOB ¢ 3aJaHHOM MacCOBOM J10JI€H BEIECTBA.
[TpuGopsl 1 mocyna: Bechl ¢ pasHOBecoM, Habop apeoMeTpoB, Tepmomerp Ha 100°C, mepHas komda eMKoc
eMKoCThI0 50 1 250 M1, ctakanbl emkocThio 100 M, 300Mi1, BOpOHKA, CTEKJISTHHAS TaI0YKa.
PeaxTuBsl 1 Matepuainsl: xnopua 6apus BaCl2 -2H20, kapOonat Hatpus kpuctammuaeckuid Na2CO3-10H2C
r/mi), comstast kuciora HCI[2] (p = 1,19 r/mn).

1 1.  IlpuroroBieHue pacTBOPOB € 3aJaHHOW MacCOBOM J0JIEH BELIECTBA.
a) U3 TBepaoro BeliecTna U BOJbI
[TpuroroButs 200 r 5%-HOTO pacTBopa kapOoHaTa HaTpuUs U3 KpucTarueckon coasl Na2CO3 10H20 u Bo,
Boruncnuts, kakas macca Na2CO3 " 10H20 Ttpelyetcs ans npurotosieHus 200 r 5%-Horo pacTBopa B pacue
OTBecuTh 3Ty Maccy U3MEIBUEHHON CO/bI B IIPEIBAPUTEILHO B3BEIIECHHOM CTAaKaHUMKE Ha BECAX ¢ TOYHOCTh
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PaccuuTars, kakoit 06beM BO/IbI HEOOXOAUM JJISi PACTBOPEHHUS B3SITOM HaBeCKU. OTMEPHUTh MEPHBIM LIMIIMH/Y
B CTAaKaH U PaCTBOPUTH B HEU OTBEILIECHHYIO COJIb.

W3meputh TeMiieparypy NpUIOTOBIEHHOIO pacTBOpa M, €CIM OHA HE paBHA TEMIIEpAType, yKa3aHHOU B Tal
IUIOTHOCTH PaCTBOPOB COJIEN» CIIPAaBOYHHUKA , TOBECTH €€ JI0 YKa3aHHOM BEJIMYMHBI, HArpeBast NN OXJIaX1as

Bbumith pacTBOp B CyXOH (MM OMOJIOCHYTHIN 3TUM PacTBOPOM) BBICOKHMM y3KHUH LIMJIUHAP U ONPENEIUTH C
ApeomeTp MPOMBITH BOZOH, BEITEPETh JJOCYyXa U CAATh 1abopaHTy. PacTBOp BHUIMTH B IPUTOTOBICHHYIO CKIIS

ITo HaiiieHHOM! TIIOTHOCTH, MOJIB3YSICh CIIPABOYHHUKOM, orpenenuTs o (%) Na2CO3 B pactBope. Ecnu B Tabn
€CTh HEMHOT'O MEHBIIIas WX OOJIbIIAs, TO UCIIOIb30BATh METOJ] MHTEPIIOJISAIIHH.

PaccuuTarh MOJISIpHYIO U HOPMAJIbHYIO KOHIIEHTPAIIMU IPUTOTOBICHHOTO PACTBOPA.

0) V3 KOHIIEHTPUPOBAHHOTO PACTBOPA M BOJIBI

1. ITpuroroButs 250 T 10%-HOTO pacTBOpPaA KUCIOTHI U3 UMEIOIIETOCS B JIA0OPATOPHH PACcTBOPA.
OnpenenuTh apeoMeTPOM TUIOTHOCTH PaCcTBOpaA CEPHOM (MJTH COJISTHOM ) KHUCIIOTHI, HIMEIOIIEHCS B TabopaTopu

Haiitn B Tabmune (cM. crpaBouHUK) «IIporieHTHOE copep,aHue W TUIOTHOCTh PAacTBOPOB KUCIOT» ® (%
HalJIEeHHOH IIJIOTHOCTH.

Paccunrarp, Kakyr0 Maccy 3TOro pacTBOpa KHMCJIOThI HYXHO B3ATh g npurotoBieHus 250 r 10%-Horc
MOJYYCHHYIO BEJTMUMHY HAaBECKU Ha 00BEM.

Paccuutars HyXHbII 00bEM BOJIbI, OTMEPUTH €TI0 MEPHBIM LIWJIMHAPOM U BIUTH B CTaKaH.

OTMepuTh MEpPHBIM IMIIMHAPOM PACCUMTAHHBIA OOBEM pacTBOpa KHUCJIOTHI, BIUTH €0 B BOAY (B ciyyae (
CTpyei MpH nepeMenBaHun) U THIATEIbHO MepeMeaTh pacTBOp.

OxJ1aiiB €ro 10 HY»KHOM TeMIepaTyphl (CM. CIIPaBOYHbBIE JaHHBIC) TIEPEIIUTh B CYXOH BBHICOKUHN ITUIMHAP U O
CnuTh NMOJIy4eHHBIH pacTBOP KUCIOTHI B IPUTOTOBICHHYIO CKIISHKY.

[Tonb3ysich cipaBOYHUKOM OIpeneauTh ® (%) NOIy4eHHOrO pPacTBOpa U MPOBEPUTH TAKMM 00pa30M TOYHOCT
BrruncanTs MOJISIpHYIO M HOPMaJIbHYIO KOHIIEHTPAIMHU MOJYyUYE€HHOT'O PacTBOpa.

2. IIpuroroBieHre pacTBOPOB ONPEACIICHHON MOJIIPHON M HOPMaJIbHOW KOHIIEHTPAIUU

a) 13 TBepaoro BeulecTBa 1 BObI

[TpuroroButs 250 mit 0,5 H. pactBopa xmopuna 6apus BaCl12 uz BaC12'2H20 u Bonp!.

Paccunrars, kakas macca BaC12"2H20 TpeGyetcs ans npurotoBnerus 250 mu 0,5 H. pacTBopa Xjopuaa oar

OTBecUTh B MPEABAPUTEIHLHO B3BEHIEHHOM CTaKaHYMKE 3Ty MAacCy COJIM Ha Becax ¢ ToyHOCThio 10 0,01 1
BOPOHKY B MEPHYIO KOJIOy eMKOCThIO 250 MJT M TIIATEIBHO CMBITh TUCTUJUTMPOBAHHON BOJIOM C BOPOHKH O
KOJIOE pacTBOPHUTH B MajioM 00BEME BOJIbI, JOJUThH B KOJIOY BOAY 10 METKH, 3aKPBITh MPOOKOW M XOPOIIIO TI¢
pacTBOp B CyXOM BBICOKHMI LUJIMHAP U OMPEACIUTh apEOMETPOM €ro IJIOTHOCTh U ® (%) ¢ MOMOIIBIO CTIpE
CKJISTHKY. BBIUHMCINTD MOJIIPHYIO U HOPMAJIbHYIO KOHIICHTPAILMU MOJYYEHHOTO PacTBOpa. YCTAHOBUTH pacx
pacTBoOpa € 3aJJaHHOM.

0) VI3 KOHIIEHTPUPOBAHHOTO PACTBOPA U BOJIBI

[Tpurotouts 250 Ma 0,1 M (0,1 H mo 3amaHui0 MpenoaBaTesi) PacTBOpa COJISTHOW (WM CEPHOM) KHCI
JabopaTopuu.

Omnpenenuts apeoMeTpOM IUIOTHOCTh pacTBOpa KUCIIOTHI, uMeromierocs B 1aboparopun. Haiitu ero o (%) ¢
HABECKy, a 3aTeM OObEeM JTOr0 pacTBOpa, HEOOXOAMMBINA [JIsi MPUTOTOBJICHUS 3aJaHHOTrO pacTBopa. (
paccuuTaHHBIA 00BEM PacTBOpA KUCIOTHI.

Hanute B MepHy10 K010y eMKOCThIO 250 MJT OKOJIO MOJIOBHHBI €€ 00beMa BOJIbI M BIUTH B Hee (B CiIydae cep
BOPOHKY PacTBOpP KHCJIOThI, OTMEPEHHBII MEPHBIM LIUIMHIPOM.

CMBITh KHCIIOTY C BOPOHKHM BO/IOH, B30ONTATh pACTBOP M OXJAJUTh €ro JO KOMHATHOW TeMrepaTypbl. Jlom
poOKOi M XOpOIIO NepeMeIaTb. BeUIUTh MOMydYeHHBIH pacTBOp B CyXOM BBHICOKMU IMIMHID, ONPEICTUTh
BBUTUTH B MPUTOTOBJICHHYIO CKIAHKY. Haiitn @ (%), MOJISIpHYI0O ¥ HOPMaJbHYIO KOHLIEHTPAIMH PacTBOpa
KOHIIEHTPAIHIO C 33J]aHHOM, YCTAHOBUTH TOYHOCTH BBIITOJTHEHHUS OTIBITA.

3. Onpenenenne KOHIEHTPALUU PACTBOPOB METOJJOM KHUCIOTHO-OCHOBHOTO TUTPOBAHHUSL.

B nmanHOM ombITe mpesuiaraeTcsi METOIOM TUTPOBAHHUS OMPEAENIUTh TOUYHBIE KOHIEHTPALWU, MPUTOTOBIIEE
pacTBOpa KUCIOTHI.

B kadecTBe cTaHIapTHOrO pacTBOpa MCIOJIB3YIOT PACTBOP LIEJIIOUM C M3BECTHOM KOHIIEHTpAIUell (HampuMe
nepBuuHoMy ctanmapty 0,1 1 HCI.
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JUist 3TOrO K aJIMKBOTE MCCJIEIYyEMOrO pacTBOpa, B3sATOM mumerkod Mopa, 100aBisIOT M3 OIOPETKH CTa
OIIpENENAETCS KOHLEHTpALUs MCCIEAYEMOTO pacTBOpa. MOMEHT HEMTpaiau3aluy yCTaHaBIMBAIOT IO I
(penondranenH, METHIOPAHIK).
Jlyig yBeIMYeHUs] TOUHOCTH ONpPEIENICHNs KOHIIEHTPAIMK PacTBOPOB TUTPOBAHHE HEOOXOAMMO MPOBECTHU H
pe3ysbTar.
W3 sKcriepuMEHTAIBHBIX JTaHHBIX paccYUTaTh HOPMaJbHYIO KOHLEHTPALMIO KUCIOThl.. Hamummwure ypas
MOJICKYJISIPHOU 1 COKpAIICHHOW MOHHOM (hopMax.
JlabopatopHas padota 8.2. « DIEeKTpOTUTHIECKAs JUCCOIHALIIS
[Tpubops! u mocyna: 1) mepHble TUIUHAPHI eMKOCTHIO 10 M1 (21mT) 1 emkocThio 100 it (2 miT); 2) cTakaHbl
npooupKamu;
PeakrtuBsl: 1) sk (rpan); 2) xnopun kanbius CaCl2; 3) aranon C2H20H; 4) xnopun mean
PactBopsr: 1) consnas kucinora HCI (1 1., 0,1 H. u koH11[3].); 2) cepHas kucinora H2SO4 (1 1.); 3) ykcycHas
4) ruapoxcun kanuga KOH (2 n.); 5) runpoxeun Hatpus NaOH (2 u.); 6) AMmuak Boassiit (2 H., 1 H.); 7) X7
KCI (1 n.); 8) xnmopua meau CuCl2 (0,5 u.); 9) xmopun xenesa FeCl3 (0.5 n.); 10) xmopun xo6ansra CoClZ
(0,1 n.); 13) Cynbdar narpus Na2SO4 (1 u.); 14) amerar narpus CH3COONa (1 n.); 15) nmakmyc;
dbenondraneux.

OmnpIT 1. DNEKTPONPOBOAHOCT KUCIIOT, IEI0YEN U COIEH.

a) B tpu crakana Hasmth mo 100 mMa 1 H. pacTBOPOB COJISTHOM, CEPHON M YKCYCHOM KUCIOT. CpaBHUTH JI¢
KHCJIOT, HMCHONb3ysd KOHIYKTOMETpP, U Cc(OpMyIHUpoBaTh 3akKilOueHHe OO0 HMX OTHOCHUTEIBHOM CuIle.
ANIEKTPONPOBOAHOCTD | H. paCTBOPOB T'MJIPOKCHA HATPUS U aMMUaka. CpaBHUTH CTETIEHb AUCCOLUAINH 3T
CpaBHUTH TIOMYUYEHHBIC PE3YJIbTAThl C TAOIUYHBIMU JAHHBIMU, XaPAKTEPHU3YIOIUMHU KOJUYECTBEHHO CTEl
ANEKTPOIHUTOB.

0) WcnpiTaTh 31€KTPONPOBOTHOCTh | H. pacTBOPOB COJEH XJIOpHIa Kaiws, HUTpaTa Kamus, cyibdara Ha
nokaszaHus ammnepmerpa. Caenarh BEIBOJ O CHIIE UCCIIEIOBAHHBIX 3JIEKTPOJIUTOB.

B) Hanute B 1Ba crakaHa 2 H. pacTBOPBI YKCYCHOM KHCJIOTHI M1 aMMHUAKa U MCCIIEOBATh 3JIEKTPOIPOBOIHC
COZIEP’)KUMOE 00OMX CTaKaHOB BMECTE W HCHBITaTh HJICKTPOIPOBOIHOCTH IMOTYYEHHOTo pactBopa. O0bs
ANEKTPOINPOBOHOCTH PACTBOPOB U3YUEHHBIX BELIECTB.

2. Jluccoruanus cojieu

a) Baste HemHorO0 xmopuna meau (I1) m ormeruts 1BeT TBepAOH conu. OHY 4acTh CONMHM PACTBOPUTH B allel
OKpacKy pacTBopa B IIEPBOM U BO BTOPOM ciiyyasx. J[aTb oObsicHEHHeE.

0) Kpucramnuk xmopuna menu (II) pactBoputh B 2 - 3 karmuiax Bogbsl. OTMETHTh OKpacKy pactBopa. JloOar
Habmronats n3mMeHeHne okpacku pactopa. Jlate o0ObsicHeHue. Hammcars ypaBHEHUE peakiny JUCCOIUAIIUN
3. CpaBHEHUE XUMUYECKON aKTUBHOCTH CHIIBHBIX U CIIA0OBIX IEKTPOIIUTOB

a) B onny npobupky Hasmth 5 M 0,1 H. pacTBOpa CONSHON KUCIIOTHI, B IPYTyIO - CTOIBKO ke 0,1 H. pacTs
KKIyI0 TPOOUPKY IO OAMHAKOBOMY KyCOuKy ItmHKa. Kakoii ra3 Beigensercs: B mpoobupkax? Hammcars ypasre
KHCIIOTE TIPOLECC UAET Oosee SHEPTUIHO?

OOBSACHUTH 3TO SIBIICHUE, MOJIB3YSCh JAHHBIMH O CTETICHH JUCCOIUAIINH COJISTHON M YKCYCHOM KUCIOT B uX 0,
0) Hanmute B 1B IpoOMpKH pacTBOp XJIOpHaa Kaiblusa. B ogHy npobupky n00aBUTh 2 H. pacTBOP THIAPOK(
0o0BeM 2 H. pacTBOpa aMMHuaka (pacTBOPHI HE TOJDKHBI coziepkarh kapooHatoB). Uto Habmomaercs? OObscH
Ha XJIOPUJ KaJIbLUS B3STHIX OCHOBaHHM.

4. Okpacka UHAMKATOPOB

a) Hanute B Tpu nmpoOupku 1o 3 MJT JUCTHIUTMPOBAHHOMW BOJBI M IPUOABUTH IO 2 KArUIM pacTBOpa OHOTO M
opamkeBoro u peHondpramenna. OTMETUTH B TAOIUIIE UX IIBET B HEUTpaIbHOU cpene. B kaxmyto mpoOupk
kucnoThl. Habmionars n3MeHeHNs! OKpacKU U 3alucaTh UX B COOTBETCTBYIOIIME I'padbl TaOIUIIBI.

0) [Ipoxenarh TO e camoe, B3SIB BMECTO KHUCIIOTHI PACTBOP KAKOK-JIMOO IIET0UH.

5. Xummnueckoe paBHOBECHE B PACTBOPAX IEKTPOIUTOB

a) TpU MPOOUPKH HAJIUTH MO HECKOJBKY Karejb HACBIIIEHHOTo pacTBopa xjopuaa xobamsra (II) CoCl2,
pacTtBopa. B mepByro mpoOupKy BHECTH HECKOIBKO Karenb KoHleHTpupoBaHHo HC1, Bo BTOpyrO - HECKON
cnupT. Habnronath W3MEHEHHE OKPACKH pacTBOPA BO BCEX CIydasiX.
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K pactBopy, HaxomsIeMycsi B IepBoil MpoOupke, 100aBUTh HECKOIBKO Karelb BOABI 0 U3MEHEHUSI OKPACK
koHueHtpupoBanHoit HC1. Uro nabmonaercs? Hanucats ypaBHenue peaxiuu auccouuarmu CoCl2. O6mbsic
BO BCEX CIIy4asiX, UCXOMsI U3 TOTO, YTO TUApaTupoBaHHbiil noH kobankTa (1) [Co (H20)6]2+ umeer po3oByro
0) Hayimute B mpoOupKy 5 Mi1 Bozbl U ABe Karwik ¢eHondranernHa. Buectn B mpoOUPKY OAHY KarlTi0 KOHIICHT]
M3MEHWIACh OKpacka Genondranenna? Kakoa peakius cpenbl pacTBopa aMMuaka?
Hanucarp ypaBHeHUs peakiuii 0OpaTUMbIX MPOLECCOB, MPOUCXOAAIIUX MPU PACTBOPEHUH aMMHaKa B BOJZ
MoToJjiaM M K OJHOW 4YacTu M00aBuTh mienotky xjopunaa ammonuss NH4CI. Tlepememats pacTBOp CTEKIISE
pacTBOpoB B /IByX mnpoOupkax. OOBSCHUTH CMEIICHHE pPaBHOBECHUS Ipoliecca AUCCOLUAIMN THIPOKCUA &
Hanncarp BbIpakeHHE KOHCTAHThI €r0 INCCOLUALINN.
6. 3aBucumocTh pH pacTBOpa CUIBHOIO AIEKTPOIUTA OT KOHIIEHTPALUH
1. IpurotoButs 100 mu 0,1 M pactBop HCI u onpenenuTs ero KOHIICHTPAIIUIO METOIOM THUTPOBAHHUS (WK
pabote «I[IpuroroBneHue pacTBOPOBY).
2. MeTtonoM mocienoBarenbHOro pazoasienus npurotoButsh 10-2 M, 10-3 M, 10-4 M pactBopst HCI. [{ns
B3ATYI0 MEPHOW MUTIETKOH, MepeHEeCTH B MepHYI0 Koly Ha 100 M1, moBecTH 00beM pacTBOpa AUCTUILTUPOBA
pactBop. [Tonyuennsiit 10-2 M pactBop HCI, B cBOt0 0uepenp, pazdaButs B 10 pa3 u T. 1.
3. PacTBOpBI MEpeHECTH B MPOHYMEPOBAHHBIE CTaKaHbl U U3MepUTh pH, HaYMHAsE ¢ MUHUMAaJIbHON KOHIIE!
«9kcmept- 001». I[IpeaBapuTebHO 03HAKOMBTECH C MHCTPYKIIMEH paboThl Ha aHanmmu3aTope! [IpombiBaTh A1
0oJiee KOHIIEHTPUPOBAHHOTO PacTBOpa HE HYkHO. CpaBHUTH MOTy4YeHHbIE 3HaueHus: pH ¢ paccunTaHHBIMHU.
1. dnsa kakux konnentpamnuii HC1 HaGmrogaetcst coBajeHre pacCUuTaHHBIX M SKCIIEPUMEHTAIBHBIX TaHHBIX
2. B yem nprumHa pa3auums S3KCIEPUMEHTAIbHBIX U PACUETHBIX JAHHBIX JJIs1 HEKOTOPBIX pacTBOPOB?
7. 3aBucuMocTh pH pacTBOpPOB cabbIX KUCIOT OT KOHIICHTPAIUH.
1. ITpurotoButs 0,1 M pacTBOp YKCYCHOUM KUCIIOTHI U ONPEIECIUTh €r0 KOHIIEHTPALIMIO METOAOM TUTPOBAHUSL
2. MeTtomoM mocieoBaTebHOro pazdaBieHus npurotoButh 2-10-2 M, 4-10-3 M, pactBopsl. [{ist aToTO 1Y
MUTETKON MepeHeCTH B MEpHYIo konOy Ha 50 M, JoBecTH 00beM pacTBOpa JUCTUILTUPOBAHHON BOJOHN 110
TakuM oOpaszom 2-10-2 M pacTBop pa30aBUThH elle B 5 pa3 u T. 1.
3. PacTBOpHI IEPEHECTH B IPOHYMEPOBAHHBIE CyXHE CTaKaHbl U U3MEPUTh UX pH, HAYMHAsI ¢ MUHUMAaJIBHOM 1
4. U3 mony4eHHbIX 3HaYeHu pH paccunTarh creneHs aucconuanyu (o) 1 KoHcTaHTy aucconuaruu (Ka) yke
B MPUOTMKEHUN PAaBEHCTBA AKTUBHOCTEH YYaCTBYIOIIMX B PABHOBECHU COCTMHEHUI U MOHOB UX KOHIIEHTPA
tabnuity 12. CpaBHUTH IOTy4YeHHOE 3HaYeHHEe Ka co cripaBoYHON BETHMUHNHOM.

JIaboparopHas padota 8.3. «Peakuiuu B pacTBOpax 31eKTPOIUTOB. [Ipor3BeieHre pacTBOPHUMOCTI
PeakTuBbl 1 MaTepuanbl: HUHK, Tuapokeu] Kanbius Ca(OH)2, denondranenn, ynusepcaibHas HHAUKATOPH.
PactBopsr: comstrast kucinora HCI (2 H.), cepras kucnora H2SO4 (2 u.), ykcycHas kucinora CH3COOH (2
runpokcun kanus KOH (2 u.), anerar Harpust CH3COONa (2 1. u 0,5 H), cynbdar nHarpust Na2SO4 (2 H.),
6apust BaCl2 (0,5 H. 1 Hacei.), xmopua crponius SrCl12 (0,5 H.), cyabdar crponnus SrSO4 (HacklIml.), X
meau (1) CuCl2 (0,5 u.), cynsdar uunka ZnSO4 (0,5 H.), cynbdar xenesa (II) FeSO4 (0,5 H.) cynbdar an
xpoma (IIT) CrCI3 (0,5 u.), HuTpar Bucmyta Bi(NO3)3 (0,5 H.), xmopun ammonwust (0,5 H.), xnopun kanus KC
kamus (0,5 H.), HuTpar cepedbpa (0,1 H.), aurpar cBunua (0,5 H.).

1. Peakuus HeWTpamu3alum.
a) BzanmoneiicTBre CUITbHOM KUCIIOTHI M CUIIBHOTO OCHOBaHUS

Hanute B dapdopoyto yamky 5 mu 2 H. pactBopa HC1 u npubaBisite K HeMy MO KaruisiM 2 H. pacTBO
CTEKJISIHHOM IAaJOYKOM M MCHBITHIBaTh €ro JEHCTBUE Ha JIAKMYC, NIEPEHOCS KaIlJl0 pacTBOpa Ha JIAKMYC
HEHTpanbHOM peaknuu (CHHSAS M KpacHas JIaKMycoBas OyMakka HE M3MEHSET OKpacky). llomydeHHbIN
obpazoBasiocs? Hanmcars MoseKysIsipHbIE M HIOHHbBIE YPAaBHEHHSI PEaKIIHA.

0) B3zaumozeiicTBue c1aboi KMCIOTBI U CUIILHOTO OCHOBAHHMS

Hanmute B mpoOupky 2 M1 2 H. pacTBopa MIEJI0YH U J00aBUTh OAHY Karutio (eHondranenHa. Jlo0aBsaTh 1
KHCJIOTHI 0 0OeCI[BEUMBAaHUs pacTBopa. Hammcarh MoseKynsipHbIe U MOHHBIC ypaBHEHHS peakiuid. O0bsic
pEaKIu, B KOTOPOI MPHHUMAET yYaCTHE CJIA0BIN IMEKTPOIHT (YKCYCHAsI KHCIIOTA), CABUTACTCS B CTOPOHY Of

2. Beljenenue TemIoThl Ipy HENTpaau3anuu
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a) Ormeputs 1o 50 ma 2 H. pactBopoB NaOH u HC1. Beuiuth pacTBOpEI B iBa CTakaHa U U3MEPUTH TEMIIEP
CO MIETIOYbIO B OTHOM U3 CTAaKaHOB U OCTOPOXKHO MEpEeMeEIaTh KUAKOCTh TepMoMeTpoM. Uto HabmonaeTcs?
YPaBHEHUs pEaKIuil.

0) IloBTOpUTH MPEABIAYIIHI OIBIT, B35B 2 H. pacTBOPHI Apyroi menoun (Hanpumep, KOH) u npyroit kucs
MOJIEKYJISIPHbIE U HIOHHBIE ypaBHEHUS peakiuil. Yem oObsSCHAETCS OAMHAKOBOE MOBBIIIEHUE TEMIIEPATypPhI B
3. Ilomy4yeHnre MaiopacTBOPUMBIX OCHOBAHUM

a) Heamdorepusie ocHoBaHus. B Tpu nmpoOupku BHeCTH 1O 2 - 3 KalUIM PacTBOPOB COJICH: XJIOpPHA Mark
Bucmyta (III); B kakayro n00aBUTH THMAPOKCHA HATpus A0 BbIMajgeHHs ocaaka. Omucare ombIT. OTMETY
MaJjopacTBOPUMBIX OCHOBaHMI, HallMCaTh ypaBHEHUS PEaKLUi B MOJIEKYJISIPHOM U HOHHOM BHJIE.

0) Amdotepubie ocHoBaHUA. Hanmomuute 1/4 gacte mpoOupku pactBopom xiopusa xpoma (I11), mo6aButs pa
70 BBIMIaACHUs ocaaka. OcaZok pa3IeuTh Ha JBe YacTh. B ofiHy MpoOHpKy ¢ 0CaIKOM MPHINTH H30BITOK IIIE

Hammcars ypaBHeHUs peakiuuil nmomyueHust ruppokcuaa xpoma (II) u ero BzaumopeiictBust ¢ HCI u Na
HCTIOJIb30BaHUEM Cylb(aTa aJIOMUHUS U Cylb(ara IHUHKA.

4. JleiicTBHE HA COJIb CIA00M KUCIOTHI CHIIBHOM KHUCIIOTOM.

B nBe mpoOupku HaMKUTH IO 5 MJT 2 H. pacTBOpa COJISTHON KHUCJIOTBI M OITYCTUTh B KOKIYIO U3 HUX TI0 OJMHAI
MpOOUpPKAaX YCTaHOBUTCS paBHOMEPHOE BBIJEICHHUE BOJIOPO/A, MPUIUTh B OHY U3 HUX 5 MJI 2 H. pacTBOp:
IpyTyIo - 5 mut Bosl. Uto Habmomaercs? HanucaTs MoJeKyIApHbIC M HOHHBIE YPABHEHHSI PEaKITUH.

[Tpumensisi 3aKkoH NEHCTBHS Macc, OOBSICHUTH, MOYeMYy J00aBICHHE CONM CIa0OW KUCIOTHI K PacTBOPY
PEaKIMOHHYIO CIIOCOOHOCTD MOCIEIHEH.

5. O6pa3oBaHue TPyTHOPACTBOPUMBIX COJICH.

Hanute B Tpu npoOupku mo 2 - 3 M1 paCTBOPOB XJIOPUIAOB Oapusi, CTPOHIIMS U Kajabius. B mepByto npoOupk
BO BTOPYIO - HACBIILIEHHBIN pacTBOp cyib(aTa KaJlus U B TPETHIO - HACBIIIEHHBIN pacTBOP Cylb(ara CTPOHIU
OObsicHUTH HaONIOAaeMble SIBICHUS, MOJB3YSACH MPABUIOM MPOU3BEACHUS pacTBOpUMOcTU. Hamucats Mor
peaKuuii.

6. PaCTBOpeHI/IC ocaaKa JJICKTPOJIUTA IMPHU YMCHBIICHUU KOHIOCHTpAMU OAHOIO U3 €0 HOHOB.

a) Bewmmate B npoOupky HemHoro ruapokcuaa kaneius Ca (OH)2, noGaButhk Bombl U B30onTare. K momy
OCaJIKOM TPHJIUTH pa30aBICHHYIO CONSHYIO KuCIoTy. Uto Halmiomaercs? Hammcarh BbIpaKeHUE NPOU3BE,
OOBSCHUTH MTPOUCXOAIIEE SBICHHUE.

7. 3aBUCUMOCTb PaCTBOPUMOCTH OCAJKOB TPYAHOPACTBOPUMBIX IEKTPOIUTOB OT BEJIMYHUHBI UX IPOU3BEJICH!
[Monyuuts ocanku cynbduaos xenesa (II) u meau. [logeiicTBoBaTh Ha MOMTyYEHHBIE OCAJKU 2 H. paCTBOPOM
pactBopuiica? OOBSCHUTH pa3ivyhe B PACTBOPUMOCTH OCAJKOB, MCHOJB3Ysl 3HAYCHHS IMPOU3BEICHUN De
YPaBHEHUs pEaKIuil.

8. PeaKHI/II/I, naymue ¢ 06p330BaHI/ICM JICTY4YECTO COCIUHCHUS.

B npoGupky HamuTh HEMHOTO PacTBOpa KakoH-HUOyAb CONM aMMOHUs, npubOaBuTh 1 - 2 MJ pacTBOpa
BBIJICIISIONIUECS MTapbl BHECTH BIAYKHYIO KPacHYIO JIAKMYCOBYI0 Oymaxky. Uto Habmonaetcs? Jlate 0ObsicHe!

9. ApobHoe ocaxeHue.
B nByx mpoOupkax moayduth pazaenbHo xjaopua u Hoaus ceuHIa (I). OTMeTuTh IBET 00pa30BaBIIMXCS OC
KaIUTM pacTBOpa MoAMIa Kajusl U CTOJBKO K€ pacTBopa XJiopuaa Harpus. Jlo0aBUTH OHY KaIUll0 PacTBO]
noHamu (I- uam CI-) B mepByro odepens B3auMOIeHCTBYIOT KaTHOHBI Pb2+7?
Hamute u36b1Tok HuTpara ceunna (II). Jare ocaaky orcrositeest. Uto Habmomgaercs? B oTuere onucaTh OB
YpaBHEHHS MPOTEKAOMMX peakiuid. OOBICHUTE (C y4eTOM COOTBETCTBYIOIIMX 3HAYeHMI Lp) mocimemoBar
no6asnennu Pb(NO3)2 k pactBopy, coaepxaremy xiaopu (Cl-)-uonst u fiogun (I-)-MoHBL.
Cnenatp BBIBOJ O MPAKTUYECKOM 3HAYEHUU APOOHOTO OCaXKACHUSI HOHOB.

10. IlepeocaxieHne Maj0pacTBOPUMBIX BELIECTB.
a) [Tomyuenue cynpdhuna ceunna (I1) uz cynbdara ceunmna (II). B mpobupky BHECTH 2 Karid pacTBOpa HUTP
TPH Karuiu pactBopa cynbdara HaTpus. OcaJok Kakoro BeliecTa oopazonacs?
Ocanky nath OTCTOSTBCS U KYCOYKOM (DMIBTPOBAILHON OyMaru WiiM MUNETKOW oToOpaTh kuakyro dasy. K o«
aMMOHHUS ¥ TIEpEMEIIaTh 0CaI0K CTeKJITHHON nanoukoil. Kak n3menwmics et ocaaka? Kakoe BeriectBo oOp
Omnwucars onbIT ¥ HaOMOAaeMble siBlIeHNs. Hanncars HOHHO-MOJIEKYISIpHbIE YPaBHEHUS PeaKklni, BBIPaXKEHU:
YHCJIEHHBIE 3HAYCHUS JUISI TTOJTyY€HHBIX MaJOpPacTBOPUMBIX BEleCTB. B BbIBOJIE OOBSACHUTE MEPEXO]] OJHOTO
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0) [lonyuenune xpomara csurmna (II) uz cynedara csunma (II). IIpoxenars onbIT aHanoruuHo ombITY 10 a 1IC
nepeBectu ero B xpoMat cBuHua (I1). Kak uzmenuncs user ocaaka?

Onwucars ONBIT ¥ HAOMIOACHUS, HANKMCATh ypaBHEHMS peakUuil. 3amucarh YUCICHHBIC 3HAUEHHS MPOHU3BEN
BEIIECTB U 00BSACHUTD Nepexon cynbdara ceunna (II) B xpomar csunua (II).

B) [lonyuenue ionuna cepedpa u3 xpomara cepedpa u cynbpuaa cepedpa u3 onuaa cepedbpa. B mpodupky
no6aButh pactBop AgNO3, ormeruTh IBET oOpa3oBaBierocs ocanka. [locie orcramBaHus oOcaaka )
¢wbTpoBansHON Oymaroit. K ocanky n06aButh 2 - 3 Karuim pacTBopa Hoauaa Kajmusl ¥ epeMelarb ero CTe
1BeT ocaaka? JlonoimHUTeNbHO MpUOaBUTh 3—4 Karum pacTBopa cyiab(ua HaTpUs U BHOBb HAOIIOAATh U3MEE

B oTuere onucarh ONBIT U HAKMCATh YPAaBHEHUS BCEX PEaKLUi, MPOTEKAIOIINX 110 X0y IpeBpateHuii: AgN(
Vcnonb3yst uncineHHble 3Ha4eHus Lp , 00bSICHUTD HAalpaBIeHUE IPOTEKaHUs KaX 10 peaKiH.

Jlaboparopnas padota 8.4. ['maponus comnei
PeakTuBBl 1 MaTepHualibl: MarHui (MopoIok), peHondraiert, yHuBepcanbHas HHIUKaTopHas Oymara, (Gpuib

PactBopsr: consinas kucnora HCI (2 H.), anerat Harpus CH3COONa (2 H. ), cynbdar menu (II) (0,5 H.),
xyopu xenesa (I11) FeCl3 (2 n.), kapoonar natpust Na2CO3 (2 u.), xnopua Harpus NaCl (2 H.), Xjg0puz cyr

1. Peakuus cpeabl pacTBOPOB COJIEH MPU THAPOIIU3E.

a) 13 nmeronuxcs B 1aboparopuul peakTUBOB MOA00PATh pacTBOPHI CONEH, 00pa30BaHHBIX CIIA00M KHUCIOTOR
OJIHY MPOOUPKY pacTBOp COJIM, 00pa30BaHHONW OJHOOCHOBHOM KHCIIOTOH, B APYTYIO - PaCTBOP COJIM, 00pasc
HCCJIENIOBATh PEAKIUIO CPeIbl PACTBOPOB, HAHOCS KAIUIIO pacTBOpPA Ha JIAKMYCOBYIO OyMakKy CTEKJISTHHOM IT:
MOHHbIE YPaBHEHUS peaKIMii TUAPOIN3a B3SITHIX coliell. B kakoM citydae ruponau3 OyJeT NPOUCXOIUTh CTYII

0) Hamucarp ypaBHeHue peakiuu ruapoinsa cyibdara menu (I1) B monmekynspHoit u nonHou dopme. Kax
[TpoBepuTh MPaBUIILHOCTD 3aKITIOUEHHUSI, TTPOJIEIIAB OIIBIT.

Kaxkue nonsl 00ycinoBuiIn n3MeHEHHE 1BeTa JakMyca? B pesynbrare Kakoro mporecca 3TH HOHBI TTOSIBUITUCH
B) Kaky1o peakiuio Ha JakMycC I0JIKEH IT0Ka3bIBaTh pacTBOp XJjJopuaa HaTpusa? [IpoBepuTh NpaBUIBLHOCTH 3a
2. HccnenoBanue npoayKTOB TUAPOIN3a

Hanute B mpobupky HemHoro pactBopa xiopuna xenesa (III) FeCl3 u ucnbitars ero neiictBue Ha JakMyc
peaxiu ruaponusa FeCl3 mo nepBoit ctynenu.

B pactBop FeCl3 BHecTn HeMHOrO nopoiika marausi. Habmonares BeiiesieHue my3bIpbKoB Tra3za. Kakoii ra3 Bl
3. BimstHue Temneparypsl Ha CTENEHb THAPOJIN3A.

Cwmemats B mpobupke mo 3 mu pactBopoB xnopuaa sxenesa (III) u anerara Harpus. 3aMeTHbI JIM BHEIIHUE
peakuun? Harperb xumkocth a0 kunenws. Yto HaOmromaercs? Hamwcarh ypaBHEHHS peakiuii oOpazos
TUIPOJIN3a.

4. Brniusinue pa30aBieHus pacTBOpa Ha CTETIEHb I'HIPOJIN3a.

Hanute B mpobupky 1 mi pactBopa xnopuzna cypsmsl (III) 1 106aBUTH B HEro Mo KarjisiM TUCTUILIUPOBAr
Hanucars ypaBHeHMs peakuuil TMApONIM3a, CUMTAs, YTO A0 pa30aBiIeHUs THUAPOIU3 MPAKTUYECKH MPOTE
pa30aBIeHNs yCUIIMBAETCS BTOpasi CTyIeHb ruaposn3a u odpasyercss SbOCI (mpoayKT pa3noxeHus JUTUApPC
PacTBOp ¢ MOIy4YEHHBIM OCAIKOM COXPAHMUTD IS CIEIYIOIIETO ONbITA.

6. OOpaTuMOCTh THAPOTU3A.

a) K pactBopy ¢ ocaakoMm, moiy4eHHbIM B ombiTe 5, mpuiauth HC1 1o pacTBopeHus ocanka, 3aTeéM CHOBa
HabonaeMbIM siBiieHUsAM. Kak BiIusieT nu3MeHeHne KOHLIEHTPallMi HOHOB BOIOPO/ia B JAHHOM ClIydae Ha pasl
0) Hammucarp ypaBHeHnue peakuuu ruaposiunsa anerara Hatpuss CH3COONa B MonekymsipHOH W HOHHOU (o
cpenbi? K pactBopy CH3COONa no6aButh 2—3 karu denondranenrHa. OTMETHTh HHTEHCUBHOCTD OKpPacl
OTJIUThH B JPYTYIO MPOOUPKY ¥ OCTaBUTH JUIsl CPABHEHHUS, a OCTABIIUNCS pacTBOpP HArpeTh 10 kunenus. Kak
OxnaAuTh pacTBOP U CPABHUTH €TO C KOHTPOJILHBIM 00pa3ioM. J[aTe 00bsicHEHHE HAOII01aeMbIM SIBIICHUSIM.
7.11oHbBINA TUAPOIIHU3.

K pactBopy comnu anoMuHUs B IpoOUpKe MPUIUTH pacTBop kapboHara Hatpus Na2CO3. Harpers npoOupi
0CaJIOK U MPOMBITh €ro Ha (QUIbTpe Topsuyel Bomoil ans ynanenus u30bitka Na2CO3. JlokazaTh OINBITHBI
SBJISICTCS HE COJIBIO YTOJIBHOW KHCIIOTHI, @ THAPOKCUAOM amoMuHus. COCTaBUTh ypaBHEHUs peakuui oopa
TUIPOJIN3a.

IIpakTHueckoe 3aHsTHE.
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. DnexTponutryeckas auccouuanus. lonHoe npousseneHne Boasl. BonoponHblil mokasarens.

1. Onpenenute, BO3MOXKHO JIM MPOTEKaHUE IO KOHIIA PEaKIUi MEXKY:

a) TUAPOKCHUIOM aMMOHHUS U XJIOPOBOIOPOIHOM (COJISHOM) KUCIOTOM

0) cynb(darom Kanusi 1 HUTPATOM HaTpUs

B) XJIOPUIOM MEIHU U TUIPOKCHIOM Kajusi

OTBeTHl TOATBEPAMWTE 3aNUCHIO YPABHEHHH PEAKIMHA B MOJEKYISIPHOM M HMOHHO-MOJICKYJSIpHOU (opme
HE00X0oMO.

2. Hanummrte B MOJEKYJISIPHOM M MOHHO-MOJEKYISIPHON (opMe ypaBHEHHUS PEaKIMi, C MOMOIIBIO KOTOL
cBoiicTBa runpokcuoB xpoma (III), omosa (I1).

3. PaccumraiiTe cTeneHs aucconuanuy (MOHU3alMKM) B PacTBOpe C MaccoBod pojeit ammuaka 10%. [Tmo
1,74-10-5.

4. Crenenp auccoumanuu ykcycHoi kuciotsl B 0,1 M pactBope paBHa 1,32-10-2. HaliTu KOHCTaHTY JUCCOLF
5. PaccunraiiTe HOHHYIO CHITy BOAHBIX pacTBopoB B 1 1: a) 0,01 monb xnmopuna xanus KCl; 6) 0,01 monp x710
cynbdara amromuams Al12(SO4)3.

6. Bomopomuslii mokazarenb oHOTO pactBopa 2,3, apyroro 3,2. Kakoii pactBop 6osee kucibiii? Bo ckombk
HMOHOB Bojiopoaa?

II. Crioco6b! BeIpaKeHUsI KOHIICHTPAIUU

1. K 15%-nomy pactBopy cepHoit kuciotsl (p = 1,1 r/mi) o6semom 800 mu mpuiuin Bogy odbemom 120
CEpPHOU KUCIJIOTHI B IOJYYEHHOM PacTBOPE.

2. B muctummpoBanHoi# Boae pactBopuin muTheByro coxy (NaHCO3) maccoii 4,2 1. Beranciaute MOISpHY
MOJTy4YEHHOM PacTBOpe, eciu ero 00bem paseH 200 mit.

3. [TnotHOCTH 26%-HO0TO pacTBopa KOH paBHa 1,246 r/mi. Cxonbko Mons KOH coaepxutcs B 2 11 Takoro pa
4. Paccuutarp, ckoibko MILTHIUTPOB 30 %- HOro pactBopa coistHOM Kucnotel (p = 1,15 r/mi) HeoOxomw
pacTtBopa.

5. UeMmy paBeH TUTpP pacTBOpa CEPHOM KUCIOTHI, €CIIH JIJISl TIOJYyUYEHHsI 2 JI 3TOTO pacTBOpA B3sIu 25 Mi ce
61,54% u nnotrHocThiO 1,15157

III. T'maponus

1. Hanmumwre no Tpu Gpopmyiibl coneid, pacTBOPUMBIX B BOJIE U COCTOSIIIUX U3 KATHOHA CUIILHOTO OCHOBAHUS
cJ1ab0ro OCHOBaHUS U aHMOHA CUJILHOW KHUCIIOTHI, KATHOHA CUJILHOTO OCHOBAaHUS M AaHMOHA CHUJIBHOW KHCIIO1
CYILLIECTBYIOILIMX B BOIHBIX PACTBOPAX.

2. Hanumute MONEKYISPHBIE U HOHHO-MOJICKY/ISIPHBIE YPaBHEHUS TUIPOJIM3a KapOoHATa HATPUS U HUTpATa
[Touemy rumponus coneit, 00pa30BaHHBIX KATHOHOM MHOTOATOMHOTO CJIA00TO OCHOBAHHS M aHHOHOM CHJIBH
OCHOBaHHS 1 aHHOHOM MHOTOOCHOBHOM C1a00# KHUCIIOTBI, UAET B OOBIYHBIX YCIOBHIX (0€3 HarpeBaHUS U HE
TOJIBKO I10 NIEPBOil CTyNEeHU?

3. Beruucnute Kruap, crenens runponusa (h) u pH 10-3M pactBopoB docdara kamust u xmopuaa menu (
AKTHBHYIO KOHIICHTpaIuio ¢pocdar- noHa U MOHA MEIH CYUTATh PABHOU MOJISIPHON KOHIIEHTPAIIHH.

4. Kak BnusieT MOBBIIICHUE TEMIIEPATYPhI HA CTENEHb THAPOIn3a?

?

5. YTo momy4uTes U CIMBAHUH OIMHAKOBBIX 00BEMOB paCTBOPOB Cylb(aTa aIfOMUHUS U CYIb(HIa HATPHS
KoHIeHTparmu? Kakas mpu 3ToM MoiyduTces cpena: HelTpanbHas, cnabokucnas win ciadomienodnas? Hamm
MOJIEKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM BHJIE.

IV. IIpounssenenue pactBopuMocTH. PacTBOpUMOCTS.

1. B xakoM U3 yKa3aHHBIX BapUaHTOB PACTBOP MAJIOPACTBOPUMOIO AekTponuTa Tuna AB Henaceimen? 1.
3.[JA+] [BT]>T1IP.

2. Kak u3MeHHuTCS pacTBOPUMOCTH MaJOPaCTBOPHUMOIO 3JEKTPOJIUTA MPHU MOBBIIEHUA HOHHOW CHIIBI P
n3MeHuTcs pactBopuMocTth Zn( OH )2 mpu no6aBieHU B pacTBOP XJIOpHIa HATPHs:a) BO3pacTeT ; 0) yMEHB!

3. IIpoussenenue pactBopumocTd PbSO4 pagHo 2,2-1078 . Beryucnure : a) akTUBHYIO KOHIICHTPAIUIO HOHC
PbSO4 B 1/ 1.

4. PactBopumocth Mg( OH )2 npu Hekotopoit Temmeparype pasHa 0,012 r /n. Onpenenute Lp Mg(OH)2.
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5. Cmemanu 2%-Hb1i1 pactBop cynbpuna xkamus (p = 1,02 r/mr) o6semom 100 M u 5%-HbIi pacTBOp HY
oobpemom 150 M. Beimager mu ocamok?

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. TaiiTe onpenenaeHnIo MOHATHIO PaCTBOP, PACCMOTPHTE KIaCCU(UKALINIO PACTBOPOB.
2. Kakue (axTopsl BIUSIOT HAa paCTBOPUMOCTH BEIIECTB?
3. HazoBure Hambonee pacmpOCTpaHEHHBIE CIIOCOOBI BBIPRKEHHUS KOHIICHTpAlMU PacTBOpoB. B uem otn
MOJISIPHOM KOHIICHTPALIMK KBUBAJIEHTOB?
4. OOBSICHUTE OTIIMYUE ICKTPOIHUTOB OT HEIIEKTPOIUTOB. [IpuBeanTE MPUMEpHI BEIIECTB.
5. O0OBsicHUTE, IOYEMY PACTBOPHI U PACIUIABBI AJICKTPOJIUTOB Ha3bIBAIOT MpoBogHuKaMu 1 poma?
6. OOBSCHUTE CYIITHOCTh MPOIECCA JUCCOIHAITHH.
7. Kakas xapakTepucTuka 3jiekTpoiaurta. He 3aBucsinas or KOHIEHTpaUH, MTO3BOJIUT ONPEAETUTh €ro CHTy?
8. Ykaxxurte 3HaueHus pH Kucioro, men04uHOro U HERTPAIBLHOIO PACTBOPOB. YKaXUTE U3MEHEHHE 1[BETA JIAK!
B KUCJIOW U HEUTPaAJIbHOU cpeie.
9. O0OBSCHUTE TIOHSATHE KKHUCIIOTa» U «OCHOBAHUE» C TOYKHU 3peHHs Teopun Appenuyca, bpencrena —Jloypu 1
10. O6BsicHUTE CYITHOCTH TIpoliecca TuIpou3a conet. [IpuBenure mpumepsl

Tema 9. OKuCINTEIBLHO-BOCCTAHOBUTEIbHBIE pouecchl (OIIK-1)
Jlekumus.
OKHCANTENBbHO-BOCCTAHOBUTENbHBIE ~ peakUuu. TUIBl  OKUCIMTEIbHO-BOCCTAHOBHUTEIBHBIX  PEaKIIH
OKHCJIUTEIPHO-BOCCTAHOBHUTEIIBHBIX peakiuii. [lomoop ko3 duIineHToB: METO I AIIEKTPOHHOTO OalaHca, NOH
OKHCANTENHEHO-BOCCTAHOBUTENBHBIE CUCTEMBI. M300pa’keHHEe OKUCIUTEIHbHO-BOCCTAHOBUTENBHBIX (PEIOK
OKHCAUTENBbHO-BOCCTAHOBUTENBHBIM  (PEIOKC-) TOTEHIMal KaK KOJIMYECTBEHHAs XapaKTepUCTHKA
PEIOKC-TIOTEHITMAIBl W CHOCOOBI MX OmpeAcsieHus. BomopomHbIN 3JEKTPOA. DIEKTPOXHUMHUYECKUA P
raJIbBAHUYECKOTO 3JIEMEHTa. XUMUUYECKHUE UCTOUYHUKHU JIEKTPUUECKOTO TOKA. DIEKTPOXUMHUYECKasT KOPPO3H
pEeNoKC-TIOTEHIMalIa CUCTEMbI OT KOHLIEHTPAIlMU HOHOB, TeMIepaTypbl, pH, koMIiekcooOpa3oBaHUs B pacTB(
OKHCANTENHEHO-BOCCTAHOBUTENBbHBIE CBOMCTBA BOABI. YCTOWYMBOCTH OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX CH!
Penokc-moreHImanel M OlEHKAa HAMpPaBICHUS M IOJHOTHI MPOTEKAHUS OKHCIUTEIBHO-BOCCTAHOBUTEbHE
BEJIMYMHAMU PEJOKC-TIOTCHIIMAJIOB CUCTEM M M3MeHeHueM dHepruu [ub6ca. [Tonbop okucnuTeneir u Bocc?
PEAOKC-TIOTEHIIUATIOB.
OKHCANTENHEHO-BOCCTAHOBUTENBHBIE TMPOILIECCHl C YyYAaCTHEM D3JIEKTPUUECKOTO TOKAa. DJIEKTPUUYECKUN TOK
BOCCTaHABIMBAIOIIUN areHT. IHepTHBIE M aKTUBHBIE AEKTPoAbl. CXeMBbI MPOIECCOB Ha ANIEKTpoJax Mpu
pacTBOpPOB.
IIpakTH4eckoe 3aHATHE.
Jlaboparopnas pa6ota.9.1 OKHCIUTETEHO-BOCCTAHOBUTEIBHBIC PEAKITUH.
PactBopbl, peaktuBsl: nepmanranar kanus KMnO4 (0,1 1.), muxpomar kamust K2Cr207 (0,5 H.), cyab(ur =
NaNO2(0,5 n.), ruapoxcun kanus KOH (0,1 u), cepnas kucnora H2SO4 (2 1.), cynbdar xeneza FeSO4 (0,5
ponanun ammonuss NH4CNS(0,5 u.), 6pomun kanus KBr(0,11.), ionun kamus KJ (0,1 H.), ximopung xpoma
SnCl2 (0,5 u.), mutpar BucmyTa(Ill) Bi(NO3)3 ( 0,5 H.), mepokcun Bogopona H202 (3%), xmopHast Bona, au
ammonusi (NH4)2Cr207 (1B.).
1 1. BaustHure cpenbl Ha OKUCIIUTEIbHBIC CBOMCTBA MIEPMaHTaHATa KaJIHs
a) B mpoOupky HanuBatot pactBop KMnO4, pacTBop cepHO#l KUCTOTHI U 100aBist0T pactBop Na2SO3 wn |
ypaBHEHHUE PEAKIMH U MoaA0epUTe KOIDPHUITUCHTHI.
0) B mpoOupky HanuaroT HemHoro pactBopa KMnO4 u no6asmnstor HemHoro pactBopa Na2SO3 wm K2SO
YcranoBute ero popmyity, COCTaBbTE YpaBHEHHUE PEAKIUH.
B) B mpoOupky HammBaroT HeMHOTO pacTBopa KMnO4, npubaBisioT CTOIBKO K€ KOHIIEHTPUPOBAHHOTO |
K2S0O3. OrmeTuTh UBET MOIYYEHHOrO pacTtBopa. UTO MpOMCXOAUT HpH CTOSSHUM pacTBopa? Crenarh BBIB
pactBopa. Hanucate ypaBHeHUsI peaKkyid.
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Jlnst onbITOB a, O, B HaNMIIMTE ypaBHEHMUS PEakIUi B IOJHOW MOHHON M COKpAlIEHHON HOHHOW (opm
JJIEKTPOHHO-MOHHBIE CXEMBbl IIPOLIECCOB OKUCIEHHWS M BOCCTAHOBJIECHMS. Brinmummre wH3 copasBod
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTeHIIHANOB ((¢0) 1 Biiu@Omre REaURHU@eaKMi. B kakoM ciydae,
MHEHHIO, OKHCIUTEIHHO-BOCCTAHOBUTENILHBIN IpoIiece UAET Oosiee MHTEHCUBHO. COIacyiTe 3TO C pe3yibTe

1 2. BoccTaHOBUTEIbHBIE CBOMCTBA HUTPUTA HATPUS
UcneitaiiTe BocctaHoBHUTENbHBIE cBOMCcTBAa NaNO2, B3sB B KauecTBe OKUCauTeNs pactBop KMnO4
a) B kucnoit (H2S0O4) cpene;
0) B HEUTpaJILHOU Cpelie;
B) B menouyHoi cpene (pactsop KOH unu NaOH).
CpaBHHTH MOYYEHHBIC PE3YJbTAThl C ONBITaMH 3 a, 0, B. Chnenarb BeIBOA. HamucaTh ypaBHEHUS peakilnid,
CIIOCOOOM.

1 3. OkucnuTenpHBIE CBOMCTBA AUXPOMATA KAJIUS
a) B mpobupky HanuBator pactBop K2Cr207, pactBop H2S04 u nobasnstor pactBop Na2SO3 mmm K28
ypaBHEHHE pEaKIMU B MOJEKYJISPHOH, MOJHOM HOHHOM M cokpamieHHOW (opmax. CocTaBbTe 3JIEKTPO!
BOCCTaHOBJICHUS.
0) K moakucnennomy ceproii kuciaoroit pactBopy K2Cr207 mo kamsim pactBop FeSO4 no noctmwkenus yc
pactBopa. Ormpenenutre TUN OKHUCIUTEIbHO-BOCCTAHOBUTENBbHON peakuuu. CocTaBbT€ ypaBHEHUE peak
[Tomo6park k03 GHUIMEHTH METOIOM TTOTYPEAKITHIA.

1 4. OkucnurenbHas aKTUBHOCTh TAJIOTEHOB
B nBe npoGupku Hanelte coorBeTcTBEHHO 110 1 M1 pacTtBopoB KJ 1 KBr. B kaxmyro mpoOupky mo6aBbTe TiC
uBeT pactBopoB? [louemy? Hanuiimre ypaBHEHUS peaKIHii.
CpaBHHTE OKHCIHTEIBbHYIO aKTUBHOCTD rajmoreHoB Cl2 ¢ aktuBHOCTHIO J2 1 Br2. Hammumure cxemsl nmpeBpai
YPaBHEHUSIX OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUM.

1 5. OxkucnuTeabHO-BOCCTAHOBUTEIbHAS IBOMCTBEHHOCTD MIEPOKCHIA BOAOPOAA

2 1. B npobupky HanuBaroT pactBop xsopuaa xpoma (II1) u mo karusam go6asmstot pactsop KOH 1o pac
obpa3yromerocs ocaaka. K momygernomy pactBopy K3[Cr(OH)6] (0OTMETHTH OKpacKy) IPUIUBAIOT pac
npOoOUPKY OCTOPOKHO HArPEBAIOT B IJIAMEHU CIIMPTOBKH JI0 MOSIBIICHHS KENTOH oKkpacku pactBopa. Co
nono6parpb ko3¢ ¢unrentsl. Kakue cBoiicTBa mposiBIsSET MEPOKCHT BOAOPOA B 3TON peakiuu’?

3 2. K 1-2 ma pactBopa KI, HOAKHCICHHOTO CEpPHOI KHCIOTOH, T00ABIAIOT TAKOE K€ KOJIUUYECTBO PACTBO]
Habnronaror n3meHenue okpacku. Hanucars ypaBHeHUE peakiiu, 1og00pars Ko3(pUIMEHTH METOIOV

4 3. K nogkucnenHomy pactsopy KMnO4 npunuBaroT no KarisiM pacTBopa IepoKcHia BOAOPOJA 10 MO
Habnronate Beigenenue raza. CocTaBUTh ypaBHEHHE PEAKIIMU, CONOCTaBUTh noBeneHrne H202 B peaxiy
K03 UIMEHTHI METOIOM MOTYPEAKINN, YKa3aTh OKUCINUTENb U BOCCTAHOBUTEIb.

5 4. JlucuponopiroOHUpOBaHUE TIEPOKCHIA BoAopoaa. B mpoOupky moMecTuTh 5-6 Kamenb pacTBopa mepc
BOJIbI. J00aBUTh HECKOIBKO KpUCTALTUKOB TBepaoro MnO2. Uro Habmogaetcs? Hanmucats ypaBHEHHE
BOCCTaHOBMTEJb U TUI PEAKIIHH.

6 6. OkucauTeabHbIE CBOMCTBA HOHOB METAJIJIOB

7 1. Vlon Fe3+ — okucnurens. B npoOupky nomectuts 2—3 kamiu pactBopa xjopuaa onosa (I1I) u no6asu
xkenesa (I11). Jlo6aBuTh K mpomykTaM peakiuu ofaHy karumo ponanuaa amMmonus NH4SCN. Tpu mosiee
pacTBopa 100aBUTH elle ABe-TpU Karuty xyiopuaa onosa (II).

VYpaBHEHUs MPOTEKAIOIIMX PEaKLUU 3amucaTh mocienoBarenbHo. CHavana Harmucarb ypaBHEHHUE KadyeCTBEH
HamMcaTh ypaBHeHue peakuuu BocctanoBienus FeCl3 xmopunom onosa (II) (B cnyuae, ecimu Fe3+ Boccran
pacTtBopa ucuesaet). Cuenarb BEIBOJ 00 OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX CBOMCTBaX MOHOB Fe3+ u Sn2+

1 2. Non Bi3+ — okucautens. B mpobupky nmomectuts 2—3 kartu xjaopuaa oosa (I1), 1o6aBuTh mo kar
HEJI0CTATOK, B pe3yJIbTaTe uero B mpodupke oopaszyercs Oenblii ocamok ruapokcuaa oiosa (II) Sn(OH):
IIEJIOYH JI0 TIOJTHOTO pacTBOPEHUs ocajika ¢ oOpa3zoBaHueM TeTparuapokcoctantnara (I11) marpus no ypa

Sn(OH)2 + 2NaOH = Na2[Sn(OH)4]

K o6pazoBaBmiemycs Terparuapokcocrannary (I1) Harpus mo6aButh 3 -4 Karm pacTBOpa HUTpaTa BUCMYTa !

CocTaBUTh ypaBHEHHE OKHUCIMTEIbHO-BOCCTAHOBUTEIBHON pEaKIUH, YUYUTHIBAs, YTO Cpela LIeIOYHas U

rekcaruapokcoctanar (IV) narpus, Mertaqumiyeckuii BUCMYT (B BHJE OCaJKa YEpHOTO LIBETa) U HUTpAT

K03((UIHEHTHI TIEpe BEIIeCTBaMU JII0OBIM MeToaM. K kakoMy THITy OTHOCUTCS peakiusi? YkazaTb B Hell o
1 7. Tepmuueckoe pa3noxkeHue TuxpomMara aMMOHHUS
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Ha acOecTupoBaHHYIO CETKy HAcChIMaloT Hebomblryio Kyduky cyxoro (NH4)2Cr207. HarpeBator B miamer
BHOCST B Ky4y ¢ AuxpomaroM. IIpu 3ToM ByIKaHOOOpPa3HO MPOMCXOOUT pazjiokeHHe nuxpomara. Hammca
nuxpoMmara. K kakomy THUIy OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMI OTHOCUTCS IPOLECC PA3IOKEHUS

JIaGoparopHast pabota9.2 ["anpBaHHMYECKUE 3TIEMEHTHI. DIEKTPOIIU3.

HpI/I60pBI, nocyna: mraruB C HpO6I/IpKaMI/I, XUMHYECKHE CTaKaHBI eMKOCTRIO 250 MJI, BOJIBTMCTDP, SJICKTPOJIk
HHHKOBBIﬁ QJICKTPOA, SJICKTPOJIU3CP, DJICKTPOAbI Fpaq)I/ITOBBIG, HCTOYHHUK ITOCTOSAHHOI'O TOKA.

PactBopsl, peaktusbl: xsopua Hukenst NiCI2 (0,5 1.), cynsdar mequ CuSO4 (0,5 H.), oaun kanus KJ (0,51
dbenondTanenH, Jakmyc, pactBop kpaxmana. xjaopua aukens NiCl2 (0,5 #.), cynbdar mequ CuSO4 (0,5 H.)
Hatpus Na2SO4 (0,5 H.), denondranens, JaKkMyc, pacTBOp Kpaxmala, jkejae30 (ONMUIIKH), MarHui (CTPYXKK
cBUHEI] (TpaHyJbl), GUIbTpoBaiIbHas Oymara, xsopua maruus (0,5 H.), xnopun unka (0,5 H., 1H.), cynbdar >
nutpat ceunna (0,5 H), cyasdar meau (0,5 H., 1 H.)

1. MccnenoBanue IEKTPOXUMHUYECKON AKTUBHOCTH METAJNIOB

B mecths npobupok HanmuTh 1o 10 kKanenb pacTBOPOB coiel MarHus, ITMHKA, xkene3a (II), omosa (1), cBunIa (
KyCOYKY MarHusi, UCKIIFo4asi MepByIo MpoOupky. OTMETHTh W3MEHEHUs, HaOMoqaeMbie B TPOOUPKAX, HATHCA'

[ToBTOPUTH OMBIT €lIE MATH Pa3, OIycKas IIMHK, JKeJIe30, 0OJI0BO, CBUHEIl M Mellb BO BCEe MPOOUPKH, KPOME T
COJIM TOTO K€ caMoro Metayuia. Hamucarb ypaBHeHHs HaOMIOMaeMbIX peakLnii.

OnbITHBIC TaHHBIC 3aHECTH B TaOJIHILY, TOCTaBHUB 3HAK "+" MO HOHAMU METAJIOB B TEX CIy4asX, KOTIa 3TH
u 3HaK "0", Koraa BEITECHEHUS HE MPOUCXOIUIIO.

B BbIBOZIE OXapakTepH30BaTh BOCCTAHOBUTEIBHYIO CIIOCOOHOCTh M3YyYEHHBIX METAJJIOB M PACIIOJIIOXKHUThH
cBoiicTBa. COOTBETCTBYET JIM PACIIOIIOKEHUE METAIIJIOB B 3TOM PSIIy X PACIIOJIOKEHUIO B PSIY SIEKTPOXUME

2. COopka raibpBaHUYECKOTO 3eMeHTa 1 n3Mepenue ero JJC

1. CoOparp raapBaHMYECKUH JIEMEHT, AEKTPOAAMHU KOTOPOTO CIIYKaT IIUHK ¥ Meb. JIJIst 3TOro B34Th JBa X
pacTBOpaMHu COJI€H C W3BECTHOM KOHIIGHTpAllUEW: ONMH — Cyidb(aroM MHHKA, a JAPYrod — cyabdaror
ANMEKTPOTUTHICCKUM MOCTHUKOM. DJIEKTPOJUTUYECKUN MOCTHK — 3T0 U-oOpa3Has CTeKJIsHHas TpyOka, 3ar
HarpuMep XJIOpHuaa Win CynbdaTa HATPUs, a B MPOCTEHINIEM cllydae dTO JieHTa (UIBTPOBAILHON Oymary
ANEKTPOIUTA.

2. B nepBbIil CTakaH OIMYCTUTh IIMHKOBBIN 3JIEKTPO, BO BTOPOH — MEIHBIM.

3. IoaxII04nTh K KJIEMMaM BOJIBTMETP U 3aMEPUTH HANPSIKEHUE HA AIIEKTPOJax.

O6paboTka pe3yapTaToB

1) 3anucarp 31EKTPOXUMUYECKYIO CXEMY COOPaHHOTO ralbBaHUUECKOTO AJIEMEHTA;

2) HamMcaTh CXEMbI AaHOJTHOTO U KaTOJAHOT'O MPOIIECCOB U ypaBHEHUE TOKOOOpa3yIoIIel peakiuu;

3) BBIYMCIHUTH TeopeTudeckoe 3HaueHue JJ[C, CpaBHUTH €ro C U3MEPEHHBIM M PACCUUTATh MOTPEIIHOCTD OIb
4) B BBIBOJIE OOBSICHUTH, TTOUeMy H3MepeHHoe 3HaueHue DJIC OTInYaeTcss OT TEOPETHUECKOTO.

DnexTponns

1. Dnexrponus xaopuaa Hukens (1I) ¢ uHepTHRIMU A5IeKTpOIAMU

Cobpatp aneKkTponusep, UCIONb3ys TpadUTOBBIE CTEPKHH B KaueCTBE JIEKTPOAOB. 3alUTh B AIIEKTPOIU3
BKIJIFOYUTH 3JICKTPOJABI B CETh MOCTOSHHOTO AJIEKTPUYECKOTO TOKA U BECTH MMEeKTponu3 5—6 muH. Habmron
aNeKTpoje (Kak 3TOT AIIEKTPO]] Ha3bIBaeTCA?) U raza (Kakoro?) — Ha IpyroM 3JeKTpoe (Kak OH Ha3bIBaeTCs?)
B otuete HapucoBaTh CXxeMy 3JEKTpPOJIM3Epa, OMUCATh ONBIT U HaOMIOAeHus. 3anucarh ypaBHEHUS KaTOTHO!
ypaBHeHHUe ueKTponu3a xyuopuaa aukens (II).

2. DnekTponu3 cynbdara HaTpUs ¢ ”HEPTHBIMH JIEKTPOIAMHU.

CoOparp ameKkTponu3ep Tak, Kak 3TO ObUIO C/IETaHO B IEPBOM OIIBITE, U HAMOJIHUTH €T0 PACTBOPOM Cylib(ha
MUH, HaOJIOaTh BbIIEICHUE Ta30B (Kakux?) Ha 000HX 3eKTpoaax. B koHIle onbiTa 0T00paTh MUIETKON TpC
4acTH IEKTPOJIU3epa U yCTAHOBUTD CPEYy PaCTBOPOB.

B oruére onumcare onbIT U HAOMIONEHWS, HAITUCATh CXEMBI TIPOIIECCOB HA AJIEKTPOJAX, «BTOPUUHBIX» TPOII
ANEKTPOIIH3a.

3. DnexTponu3 Hoauaa Kaaus

B snexrponusep HaMUTh pacTBOp HoAMIA Kadusl ¥ T0O0aBHUTH 10 5—6 Kamenb GpeHoIPTaNIenHa B KaTOAHOE MPC
aHOAHOE TPOCTPaHCTBO. OMYCTUTH TPaUTOBEIE STEKTPOIBI U BKIIOYUTH TOK.

OTMeTUTh U3MEHEHHE 1[BETA PACTBOPA B KATOJHOM M aHOJHOM MpocTpaHcTBe. Hanmucars ypaBHEHUS! KaTOIHC
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4. Dnexrponu3 cynbdara menu (I1) ¢ ”HEPTHBIMU IEKTPOAAMU

Cobparb AMEKTpOIU3Ep TakK, KaK 3TO OBUIO CAEIaHO B MEPBOM OIBITE, HAMOIHUTH €ro pactBopom CuSO
HaGmronats BeIIEIEHHE MeTalIa (Kakoro?) Ha KaToJie ¥ ra3a (Kakoro?) Ha aHOIE.

B oTuére onucarh ONbIT U HAOIIOEHUS, IPUBECTH CXEMBI AIEKTPOJHBIX MPOIIECCOB U YPAaBHEHUS PEaKIUil.
5. Dnexrponu3 cynbdara meau (II) ¢ akTHBHBIM aHOIIOM.

Hudero He MeHssI B 3JIEKTPOIU3EPE MOCIE YETBEPTOTO OMBITA, MOBEPHYTH BUJIKY AyeKTponuTanus Ha 180°
ToKa. B 3TOM cityuae 31eKTpo/1, ObIBIIMI KaTOJJOM B YETBEPTOM OIIBITE (MTOKPBITHINA CII0EM ME/IN), CTAHOBUTCS
MUH, OIUCaTh HAONIOACHHUSI, 3alIMCaTh YPaBHEHHs aHOIHOTO U KaTOAHOTO MPOIIECCOB.

Craenarp 00Ul BBIBOJ O 3aKOHOMEPHOCTAX AJIEKTPOJIU3a PA3JIMYHBIX THUIIOB COJICH NMPU MCIOIb30BAHUH 1
aHoJa.

Jlaboparopnas pabota9.3 Kopposus u 3ammura MeTasioB

PeakTuBbl W marepuanbl: UMHK (TpaHyiibl), MeAb (IIPOBOJIOKA), aTIOMUHUN (CTpYKKa), sKene30 (MpOoBOJIC
CTaJIbHBIE TUNIACTUHKHU, YPOTPOIHH, (PUIBTPOBaIbHAS Oymara.

PactBopsr: cepnas kucnora H2SO4(2 1., 0,2 H.), a3otHas kucinota HNO3 (konm. r = 1,52 r/mi), consiHast K
NaOH (2 n.), xnopun Harpust NaCl (3%), cynedar menu CuSO4 (0,5 1.), xmopua mequCuCl2 (0,5 H.), rekca
H.).

1. Xumuyeckas ¥ 3J€KTPOXUMUYECKask KOPpO3Us LIUHKA

B npobupky c 8 - 10 kamisiMu pacTBOpa CEepHOW KUCIOTHI OMYCTHTh TpaHyny IuHKa. OTMETUTH 00pa3oBar
rpa”ynsl. Hanmucars ypaBHEHHE peaklMy B3aUMOJCHCTBUS IMHKA C KUCIOTOM. B Ty ske mpoOHpKy OIyCTUTI
rpa”ynsl MHKA. Yto m3meHmnock? Kakyro (yHKIMIO BBINOJHSET MeAHas npoBojioka? Hamucare cxemy
rajJbBAaHMYECKOTO MUKPOIIEMEHTa U CXeMbI aHOJHOTO M KaTOIHOTO MPOIIECCOB MPH €ro padoTe.

2. BausitHue KOHLIEHTPALIMKM OKUCIIUTENSE HA CKOPOCTh KOPPO3UU

[Iponenarhk OMBIT, aHAJOTHYHBIA OMBITY a) pa30aBUB pacTBOp B 2 pasza. CaenaTh BBIBOJ O BJIMSHUH KOHIT
KOPpPO3UH.

3. Koppo3sus kak pe3yapTar pa3InyHOro AOCTyMa KHUCI0opoaa

XOpOIIO OYUCTHTH CTAIBHYIO MJIACTUHKY HAKJIAKOM, IIPOMBITh €€ U OCYIIUTh (PUIBTPOBAIBHOM Oymaroi.
OOJIBIIYIO KaIUll0 CIHEIHMaJbHO MPUTOTOBIEHHOTO peakTHBa. PeakTuB coctouT u3 3%-ro pacTtBopa XJio
rekcarmanogeppara (I1I) xanus u penondranenna. B reuenne 30 - 40 MuHyT HaOMIOAATH MOSBICHUE OKpAL
Yem oHO BbI3BaHO? COCTaBbTE CXEMY KOPPO3MOHHOIO IPOLECCA, HAMMIIUTE YpaBHEHUE peakuun.4. J{elcTBr
npoOupku, B oqHy HamuTh pactBop CuSO4, B npyryto — CuCl2. B xaxmayio U3 mpoOHUpOK OMyCTHTH MO K
3anMTHOM TuieHKor okcuaa Al203. Ilpu paspyuieHHH 3TOHM IMJIEHKH BO3MOXKHO BBITECHEHHE MEIU M3 P&
MeTaJJIOM (aJIOMHHKEM). BbITecHeHre Meau B 1epBoil MPoOHpPKE HUIET OYEHb MEIIEHHO, BO BTOPON — OBICT]
YpaBHEHHUs MIPOLIECCOB, UAYIINUX HA MJJACTHHAX.

5. Koppo3us antoMuHus Npy yAaJIE€HUH 3aIIUTHON OKCUIHOMN TUIEHKH

[TonoxuTh B IPOOHPKY KyCOUEK aTIOMHUHHEBOW CTPYXKKH, 3aJIUTh TUCTUJUTUPOBAHHON BOJOM M B300JTaTh. |
MPOOUPKY HECKOJBKO Karleidb TUAPOKCUAA HaTpUs, HarpeTh A0 KureHus. [locie 3Toro »xuaKkocTb CIuTh, a0
1 OCTaBHUTh CTOSTH C BOJIOM. Brienenue kakoro ra3a Habmomaercs? Jlare oobsacHenune. Hammcars ypaBHeHN¢
6. ITaccuBanyst METaJUIMYECKON TOBEPXHOCTH.

[Tpu 06paboTKe xee3a KOHIIEHTPUPOBAHHON CEpOil MIIM a30THOM KHCIIOTaMHU Ha €ro MMOBEPXHOCTH 00pa3yeT
Takoit mporiecc Ha3bIBAE€TCS MTaCCUBALIUECH.

Kene3nyro MmIacTUHKY 3a4MCTUTh HAKIAYHOW OyMaroi u omycTuTh B 2 H pactBop H2SO4. OTmMeTHTh MHTEE
JIPYTYIO TPOOUPKY 4 - 5 MJI IBIMAIIEHCS a30THOM KHUCIOTHI, TUIOTHOCTBIO 1,52 1/cM3 (OIBIT MPOBOIUTH B I
KEJIE3HYI0 TIaCTUHY U3 TIEPBOM MPOOUPKH Ha 2 - 3 MUH. 3aTeM CHOBA MEPEHECTH TIACTUHKY B TIEPBYIO MPOC
BBIJICJICHHS BOopoaa?

Hamucare ypaBHeHUs1 maccuBaiuu sxenesa npivsimieiics HNO3 cunras, 4to oOpa3zoBaBmIascs Ha TOBEPXHOC
Fe203.

7. 3amuTa MeTaia OT KOPPO3UH IJIEHKOW OKCH/IA, TOTYYEeHHON IpU TepMOooOpadoTKe

OuucTUTh HAXAYHON OyMaroii 1Be cTajibHble TPOBOJIOYKH. OHY U3 HUX HArpeTh B IUIAMEHH CIIUPTOBKH JIC
€CTb /10 TOSBJIEHUS OKCUIHON IUIEHKH LIBETa «BOPOHOBA KpbLIa». JTa olepanus B TEXHUKE MOTydHsa Ha3
IIPOBOJIOKU B MPOOUPKHU ¢ pacTBopoM cynbdara menu (II). Onucare HaOMIONEHNS U COCTABUTH YPABHEHHS P
ITo ckopocTH NOSABIICHMSI MEIH HA TIOBEPXHOCTH IPOBOJIOKH OLEHUTH 3aLUTHBIE CBOMCTBA OKCUIHOM IIJICHKH
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8. KoHTakTHas KOppo3usl.

JIBe pOOUPKH 3aMOJHUTh HATIOJIOBUHY TUCTHUTMPOBAHHOMN BOAOW M T0OABUTH B KaXAYI0 3 Karuid 2H pact
rekcarnanogeppara (I11) kanus, nepemeriare.

JIBe >keJe3HbIe TPOBOJIOYKH XOPOIIO 3a4UCTUTh HakaakoM. OIHOHN TUIOTHO 3a)aTh KyCOUeK IWHKA, a JIPY
npoOupku ¢ pactBopamu. Uto HabmonaeTcsa? OObsICHUTD, Kak BIUSIET 00pa30BaHUE TaIbBAHMYECKUX Tap Ha

9. Bnustnue mHTHOUTOPA HA KOPPO3HIO METasLIa.

JIBe skese3Hble MPOBOJIOKU 3aYUCTUTh HaX/1a4HOW OymMaroid, mpoOMBITh XOJIOIHOM BOIOM M Ha 2 - 3 MHUH OILy(
npooupku Biuth 1o 10 — 15 kamens 0,2 H pactBopa H2SO4 u no 2 — 3 xarmu K3[Fe(CN)6]. B onny npo6w
00e MpOoOHPKU MOMECTUTH NMPOBOJIOKY. OTMETUTH BpeMsl MOSIBIICHUS OKpAIIMBAHKsI paCTBOPA B CHHUI LIBET B
okpacku. KakoBa ponb yporponuna?

[IpakTuueckoe 3ansTue. Pemenue 3a1a4 v yrnpaxHeHUH.
ConepxaHnue:
1 1. CocraBnennie OBP, ucnonb3yst MmeTos 351. 6aanca U METOJI MOJTyPEaKIIHA.
2 2. Penokc-noTeHIManbl U OLEHKA HAMPABIEHUS U MOJHOTHI MPOTEKaHUSI OKUCIUTEIbHO-BOCCTAHOBUTEI
3 3. Pacuet OJIC raipbBaHMYECKOTO AJIEMEHTA
4 4. DnexTponu3. 3aKOHBI AIEKTPOIIN3A.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. [laiiTe onpeneneHust HOHATHSAM: CTEIIEHb OKUCIICHUS, OKUCIUTEh U TPOIECC OKUCICHHUS, BOCCTAHOBUTEIE

2. Kak cBs13aHbI QJICKTPOHHOC CTPOCHHUC aTOMOB U MOHOB C UX OKHCIIMTCIBbHO-BOCCTAHOBUTCIIbHBIMU CBOM
CCPhI, a30Ta, I'aJIOTCHOB.

3. Knaccudukaiusi OKHUCIUTENBHO - BOCCTAHOBUTENBHBIX TporieccoB. Pomb cpensl B mporekanuun OB pe
BOCCTaHOBUTEIH.

4. BO3HUKHOBEHHUE CKauKa MOTEHILIUAJA Ha AJIEKTPOJIE.

5. HopMaiibHbI€ 3JI€KTPOJHBIE TOTEHIIAAIIBI.

6. [Iporecchl B raibBaHMYECKOM dJIeMeHTe. DneMeHT Jlanuans- Skoou.

7. Onexrponu3 kak OB nponecc. DNeKTponan3 paciuiaBOB U BOAHBIX PACTBOPOB KUCIIOT, IIEJIOYEH U COJICH.
8. IlpakTHueckoe 3Ha4YEHHUE NIEKTPOIIN3A.

9. Kparko chopMynupyiTe OTINIHE JIEKTPOXUMHUUECKON 3aIIUThI OT XMMHYECKOM.

10. Yem BbI3BaHa IEKTPOXUMUYECKAST HEOAHOPOAHOCTh OBEPXHOCTH MeTaia’?

11. KakoBbI NpUYMHBI BO3HUKHOBEHUSI MUKpOTaJIbBaHOTIAP ?

12. Kakue BbI 3Ha€T€ METO/IbI 3aIIUThI OT KOPPO3UH?

Tema 10. Bonopoa. p- 3iemenTsl VII-IVA rpynn. dnements! VIIIA rpynmsl. (OIIK-6)
Jlexknus.
Jlexkuusa.Bonopon. I'mapunaer . Bona
O6mras xapakTepucThKa Bogopona. [lonoxkenne Bomgopoaa B nepuonuueckoi cucteme. Ctpoenne atoma. O
Bojiopoaa. Bomopos kak BoccTaHOBUTENb. BoccTaHOBUTEIBHAS CTIOCOOHOCTH aTOMHOTO M MOJIEKYJISIPHOTO B(
¢ MeTaJulaMu U HeMeTaymaMu. GopMbI HaXOXKICHHUs BOJ0poaa B ipupoae. CriocoObl Moy4eHus] CBOOOTHOT(
Bonopon kak nepcrieKTUBHOE roproyuee.

FPII[];)PII[BI. Twumer THAPHUI0OB: NOHHBIC, KOBAJICHTHBIC, ITIOJITUMCPHBIC, HCCTCXUOMCTPHUICCKHC.

Bopa: xapakTepucTuka XUMUYECKUX M MEKMOJCKYISIPHBIX CBsI3€H, 0COOCHHOCTH (PU3UYECKUX CBOMCTB B(
coenunenusiMu S, Se u Te, xumnueckue cBoiicTBa. Tskenas Bona. MeToabl OUUCTKY MPUPOTHON BOJIBI.

Jlexuusa.Onements! VIIIA-rpynns.

['enuii 1 p -pnemenThl BocbMoOU rpynibl. [lonoxkenne B nepuogndeckoi cucreme. CtpoeHue atoMoB. BaneHt
®u3NYECKUEe CBOMCTBA. XapaKTep MEKMOJICKYIIPHOTO B3auMOIecTBUA. VI3MeHeHne TeMneparyp iaBieHu:

Xumuueckue coenruenns. GTopuasl KCeHOHa M KpunrtoHa. [IpuHnmme! ux nomydenus. ['maponus dropumo
KCEHOHA.

KJ'IanaTHBIC COCIMHCHUA aproda u €ro aHaJIOT'OB.



31
Jlexuus. OnemenTsl VIIA rpynmsl.
O6mras xapakrepuctuka eMeHToB. CtpoeHne atoMoB. OcobeHHOCTH (propa. Pu3nyecKue CBOMCTBA MPOCT
MpocThiX BenlecTB. DOpMbI HAXOXKIEHUS TaJloreHOB B npupoae. OOl NpUHIUI TOTYYeHHs] CBOOOAHBIX Ta.
l"anorenoBoOpOABI. YCTOMYMBOCTh MOJIEKYJ. XapaKTep XMMHUYECKUX CBSI3€H B MOJEKynaxX. XUMUYECKUE C
BoccranoButenbHbIe W KUCTOTHBIE CBOMCTBA. OCOOEHHOCTH (TOPOBOMOPOAHON KHCIOTHI. [IpOMBINIICHE
[IpumeHeHne CoNMsHOM U IJIaBUKOBOM KHUCIIOT.
I'anorenuapl. ['anorenuapl OCHOBHbIE, aM(oTepHbIe, KUCIOTHBIE. [lonnmepHbie ramorenusl. CBoiicTBa. O
pa3HbIX TUNOB. ['uapodTopuasl. Oxeuast propa, xiopa (I, IV, VII), 6poma (1), nona (V).
Kucnoponconep:xaiiie KACIOTH xjopa, Opoma, nona. Crpoenue Monekyn. OKUCTUTENIbHBIE U KUCIOTE
nosyueHuss. Coiau KHUCIOPOJACOAEPKAIMX KUCIIOT rajoreHoB. OKHUCINTENbHbIE CBONMCTBA. CpaBHUTENbHE
[IpuMeHeHNe rUNOXJIOPUTOB, XJIOPATOB, NEPXI0paToB. OKUCIIAIOIINE, TOPIOYHE U B3PhIBUATHIE CMECH HA OCH
Jleknusa. Dnementsl VIA rpynmbl.

OObmas xapakTepuctuka s1emMeHToB. CtpoeHue atomoB. OcobOeHHocTu Kuciopona. IIpocteie BemiecTB
[Tonmumopduble MoaMdUKAIMKY cepbl. XUMUYECKAE CBOMCTBA MPOCTHIX BemecTB. OKUCIUTENEHO-BOCCTAH
MPOCTHIX BEILIECTB K METAUIaM M HEMeTaJljlaM, BOJIe, KUCIOoTaM U I1iesiouaMm. Dopmbl HAXOKIEHUS FIIEMEHTO
KHCJIOpoa U 030Ha. [I[puMeHeHne mpoCThIX BEUIECTB.

[Tepoxcun Bogopona. Crpoenue mosekyinsl. [lomydenne. YcToiunBocTh. OKCIUTENbHO-BOCCTAHOBUTEIBHBIC
I'uppuner Tuna H29. Ctpoenue momnekyn. Tepmudeckas ycronunBocTh. dusnyeckue cBorcTa. M3mMeHenune
pAly BOJA-TEUTYPOBOAOPOA. XUMHUYECKHE CBOMCTBAa. BOCCTAaHOBHUTENBbHBIE W KHUCIOTHBIE CBOWCTBA B
CepoBonmopoa. CroiictBa. TOKCHYHOCTh XaJbKOT€HOBOAOPOAOB. OOIME MPUHIMIBI MX TOJyYCHHS. Xa
xanbKoreHUAbL. ['uaponu3. O6mue npuHIUIb! noaydenus. [I[pumenenue.

I'uppunet cepet H2Sn. Crpoenne mosekysn. YCTOWUUBOCTh. KMCIOTHBIE U OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBI

Oxcuabl. Oxcunnl 3neMenToB (IV, VI). OTHolIeHHEe OKCHAOB K BOAE, KUCIOTaM U IeiodaM. OKUCIUTEN
[IpuMeHeHrne CEepHHUCTOrO rasa M €ro BIMSHUE Ha OKpyxartouryto cpeay. CepHHUCTasi, CEIEHUCTast U TEL
OKHCIIUTETHhHO-BOCCTAHOBUTEIHHBIE CBOMCTBA B PSIIy CEPHUCTAS - TeuTypucTas KuciaoTel. Comu. CynbhuTs
OKHCIUTENEHO-BOCCTAHOBUTENbHBIE CBOMCTBA. [lonmyueHue.

CepHas, ceneHoBas U TeTypoBas KucIOThl. CBoiicTBa pa30aBICHHON M KOHLIEHTPUPOBAHHON CEPHON KH
[Tonucepusie kucnotsl. Oneym. IIpoMbInuIeHHBIE METOBI TONyUeHHs cepHOM KucioThl. Cynbdarsl. ['uapos
Temnyparsl.

Tuokucnoret w ux comu. Tuocynbdarel. [lOTMTHOHOBBIE KHCIOTHI W WX coiu. Ilepokcokucio
OKHCIIUTEIIbHO-BOCCTAHOBUTENbHBIE CBOMCTBA. ["anorenuibl cepbl. CpaBHUTENIbHAS YCTOUUUBOCTh. CBOMCTE
cepbl. JIMOKCOMUXIIOPHT CEPBI.

Jlexuus.OnemenTsl VA- rpymnsbl.

O6mras xapakrepuctuka snemMeHToB. CTpoeHue atomoB. OcobeHHOCTH a3ota. [Ipocteie BemecTBa. Ocobx
MomuduKaui. XUMHIECKHE CBOMCTBA MPOCTHIX BemecTB.. DOpPMBI HaXOXKICHHS JIEMEHTOB B mpupoje. 1
MIPOCTBIX BELIECTB.

T'uppuner OH3. Crpoenne monexyn. OOGpa3oBaHMe M yCTOMYMBOCTH MOHOB aMMHOHUS U ¢ocdonus. 1pr
Ammuak. Ilonydyenune. Xumudeckre CBONCTBA aMMHaka. AMMUHOKOMIUIEKCHI. Cony aMMOHUsL. AMUJIbI, Ul
amMmuaka. [IpuMeHenne ammuaxa.

I'mppasun. Crpoenne monekynbl. CpoiicTtBa. Conu ruzapa3oHusi. ['mapasuH Kak TOIUIMBO. [uapokcual
TUAPOKCUIIAMMOHUS. A30THCTOBONOPOAHAS KHUCIOTa M €€ conu. KHCIOTHBIE M OKHCIUTENbHO-BOCCTA
[Ipumenenue a3uoB.

Oxkcunel azora (I, 11, I, IV, V). Ctpoenne monekyn. OTHoIIEHHE K BoJE, IienodyaM. OKUCIUTETbHO-BOCCT
nosyueHus. Aszorucras kuciaora. Hutpurbl. OKHCINTENBHO-BOCCTAHOBUTEIBHBIE CBOMCTBA KHCIIOTHI
OxucnuTenpHble CBONCTBa KOHIIGHTPUPOBAHHOW M pa30aBIeHHOW a30THOM KHCIOTHL. B3aumoneictBue
JlaGoparopHble ¥ MPOMBIIUICHHBIE METOJbl MOTYy4YeHHUsI a30THOW Kucnothl. Llapckas Bomka. IIpumenenue
KHCJIOTBI, MPOAYKTHI X TEPMHUECKOTO pazioxeHus. [Ipumenenne comnei. A30THbIC y10OpeHusl.

Oxcunsl dpocdopa, MbIIIBsIKA, CYpbMBbI U BUCMyTa. OcobeHHocTH cTpoeHus. OTHOIIEHHE K BOJIE, KHCIOTaM
Kucnoponconep:xaiue kuciaotsl pocdopa u ux conu. PochopHoBarucrtas Kuciora u runopochutsl. Pocd
mu(rupo-)- 1 nonudochopHsie KUCIOTH U UX coin. OprodocdopHas kuciaora u ee cod. CTpoeHHEe MOJIEKY.
OKHCIIUTETHhHO-BOCCTAHOBUTEIbHBIE CBOMCTBA. [lomyueHune oprodocdopHoii kucnotel. Ee npumenenue. dor



I'mapokcuas! Mbimbsika, cypbMbl (111, V) u Bucmyra (III). Mera- u optodopmsl. KuciorHo-ocHOBHBIE
coiictBa. OOmwme npunnumnel nonydeHus. Comu. Apcenarsl (I, V). Ctubarer (III, V). Bucmyrarsr (V).
Oco0eHHOCTH THAPONTU3a CONEH CYypbMbI U BUCMYTA.

I"amorennnbl snementoB (I111,V). x cpaBHUTEIBHAS YyCTOWYUBOCTD. THIBI TaoreHUA0B. OCOOEHHOCTH UX T¥
dbopcdopa (111, V). 'amoreHOKOMIUIEKCHI.

Jlekuua. Dnementsl [VA rpynmsl.

OOm1ast xapakTepucTHKa. YTIIEpo U ero coeanHenus. O01mas xapakrepucTuka 31eMeHToB. CTpoeHne aToMo:
BEIIEeCTBA. AJUIOTPOITHBIE MOAU(DUKAIIMK yIIepoaa. XUMHUECKUE CBOMCTBAa MPOCTHIX BemecTB. Popmbl H
[TpuHIMITEI OMyYeHUs MPOCTHIX BellecTB. [IpuMmenenne. Yronb Kak TOIUIHBO H aacopOeHT. CoearnHeHus
KapOopynz.

Oxkcun yrnepona (II). Xumudeckast cBsizb B Monekyie ¢ no3unuii teopuit BC u MO. [lonyuenue. Bocc
npucoenuHenus. Kapoonwmisl meramnos. @ocren. Obnactu npaktuyeckoro npumenenus. Oxenp yrepoaa (]
K Boje, wmenodyaM. [lomydyenue. Ilpumenenue. YronpHass kuciaora U ee conu. CTpoeHUE MOJEKYJbl Yrol
KabGonarel, runpokapOoHaTbl, ocHOBHBIE KapOoHathl. Ilpumenenue. CoenuHeHHs yriaepoaa ¢ a3otom. L
kucnora. [{nanuael. [{lnaHua-uOHBI KaK JUTaHJbl B KOMIUIEKCHBIX CO€IUHEHUAX. [ uaponu3 nuanuaoB. Tokc
PonanoBonopon u poganuipbl.

Jlekuua.Kpemunii.

Xumuueckue coiictBa. Cunuuuasl. JIMOKCH]T KpeMHHsI, 0COOCHHOCTH €ro CTPOEHUs, aMOp(Hast U KPUCTaL
ctekno. IlepeBon B pacTBopuMeble coearHeHns. KpeMuuesblie kucnotsl. OprokpeMHueBas kuciora. [lonnkpe
ctpoenus. Ilomydyenune. 301 U renu KpeMHHUEBBIX KHCIOT. Cuiukarenb. Cojdu KPEMHHEBBIX KHCIOT
Amomocunukarsl. UckyccrBennbie cunukarsl. Ctekina. Leonutsl. Llement. Bsixymue Bemectsa. Tyromas:
coeanHeHus. CUIIMKOHBI M cuiIoOKcaHbl. OcOOEHHOCTH UX cTpoeHus. CBOMCTBA.

Jlexnus. loarpynmna repmanus. XUMHYECKHE CBOWCTBA MPOCTHIX BEIIECTB. AJUIOTPOITHBIE MOAU(DUKAIIMH O
ceunua (II, IV). Ux cpaBHUTENbHAS YCTOMYUBOCTH. KHUCTIOTHO-OCHOBHBIE 1 OKUCIUTEIBHO-BOCCTAHOBUTEIIb!
K BOJIE, KHCJIO0TaM, IienaodaM. OOmye NpuHIMIIE Tody4YeHus. [ uaponus.

IIpakTn4yeckoe 3ansATHE.
Tema 10. Bonopoa. p- 3iemenTsl VII-IVA rpynn. Xumusi HemeTa110B.

Jlaboparopnas paGora «Bomxopox»

IIpubopvr u nocyoa. 1) I'azomemp, nanonneuwwviti Kuciopooom. 2) Annapam Kunna, 3apsocenHwviii 07
noayuenusi 6ooopooa. 3) Illmamue c nankou. 4) Iopenxa. 5) Ilpobupka c¢ npobroti u mpyoKou c
ommsanymuim KoHyom. 6) Cmexnannvie yurunopor emxkocmvro 100—200 ma (3 wm.). 7) Kpucmannuzamop.
8) Cmaxkan emxocmoto 50—100 mn. 9) Cmexnanunvie nracmunku (3 wm.). 10) [llmamue ¢ npooupkamu. 11)
llonomenye.

Peaxmuevt u mamepuanvi. 1) Lunx (epanyn.), ne codepocawuti mviuibsaxa. 2) Anomunuti (cmpyoicka). 3)
Oxcuo meou (II) CuO. Pacmeopvl. 1) Cepnaa xucnroma H2S04 (1:5). 2) Tuopokcuo mampus NaOH
10%-nvtr). 3) Illepmaneanam xanus KMnO4 (0,1 n.).

Onwit 1. IlonyyeHue Boa0Opoaa AeiicTBHEM MeTAJLIA HA KUCJIOTY.

Cobpatb nmpubop, COCTOAIINN U3 IPOOUPKHU € TTPOOKOH, Uepe3 KOTOPYIO MPOXOAUT CTCKIISTHHAS TPyOKa ¢ OTTS
HECKOJIPKO KYyCOYKOB ITMHKA M MPWINTh Ha 1/3 mpobupku pazdasienHorn H2SO4. IlnotHO BCTaBUTH MPOOI
MPOOUPKY BEPTUKAJIBHO B 3akuMe ImTartuBa. Habmronath BhigeneHue ra3za. YOEIUThCs, YTO BBIXOISALIUI Ue
MpUMecH Bo3yXa. [[j1st 3Toro HaJ0 Ha ra300TBOAHYIO TPYOKY HaJETh MEPEBEPHYTYIO BBEPX THOM MPOOHUPKY,

nepeBopaynBasi, MOJAHECTH K IJIaMEHH ropelku. Eciau B mpoOupKy MOCTYNHI YUCTHIM BOAOPOA, OH 3aropaeT:
cnabprit 3ByK). [Ipu Hamm4mu B mpoOUpKe ¢ BOXOPOAOM MPUMECH BO3ayXa MPOUCXOIUT HEOOJBIIOHN B3PHIB, Ci
3TOM Cllydae UCIBITaHWE Ta3a Ha YUCTOTY CIIEAYyeT MOBTOPUTH, B35B YUCTYIO MPOOHPKY. YOeAUBIINCH, YTO
3a)Keub €ro y OTBepCTUs OTTsAHYyToM TpyOku. Ilogepxarh Hax miamMeHeM Bojiopona cyxyro mpooupky. Kakoe
ropenus Bopopona? Hanucare ypaBHEHUS peaKkUid MOTYyYEHUSI U TOPEHUS BOIOPOIA.

Omnbit 2. IlosryuyeHue Boaopoaa AeiicTBHEM MeTAJJIa HA HIeJ10Yb.

B npoOupky npudopa, omMcaHHOTO B MPEABIAYIIEM OIBITE, BCHINIATh HEMHOTO ATIOMUHHUEBBIX CTPYKEK U H
Hatpus. Habmonats Beinenenue raza. Ecnu peakuus uaer MeIjieHHO, OCTOPOKHO MOAOTPeTh. 3aKPhITh MPO!
1, yOeTUBIIKCH B TOJIHOTE BHITECHEHUS BO3/1yXa U3 MPOOUPKH (KaK B MPEIBIAYIIEM OIBITE), MOKEYb BbIJE
peaxKuuii.
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Ompit 3.

OmnbIT 3. Bocctanosiienune [lepmanranara Kajausi aToOMapHbIM BOJI0OPOIOM.

B pa30aBiieHHBIN pacTBOp CEpHOM KUCIOTHI J0OABUTh HECKOJIBKO Kamleslb pacTBOpa MepMaHraHara Kajaus
OJIHY M3 HUX OpPOCHUTH KyCOYEK IIMHKA, B JPYTYIO MPOMYCTUTh BOMOpoa U3 amnmapara Kunma. CpaBHUTBH CKC
npobupkax. OOBSICHUTH pa3HUIly B CKOPOCTH W3MEHEHHUsS I[BETa. YPaBHEHHE PEaKIUU BOCCTAHOBJICHHS
BOZIOPOJIOM:

2KMnO4 + 10H + 3H2S0O4 ® 2MnSO4 + K2S04 + 8H20

JlaGopaTtopuas pa6oTra «XJiop u x;jaopoBoaopoa. Kucjiopoansie coeTuHeHUs XI0pa»

Peaxmuevt u mamepuanwvi. 1) Oxcuo mapeanya (IV). 2) Juxpomam xanus. 3) llepwaneanam xanusn 4) Okcuo
kanvyus. 5) Kapoonam xanvyu. 6) Xnopuo mampus NaCl. 8) Meov (monxas meonas npoegonouxa).9)
Cypvma (nopowok). 10) Luuk (epanyn.). 14) Unouxamopmuas oymaea. 15) Quiemposanvhas oymaea. 16,
Bama. 17) Jleo. 18) Ilecox. 19) Ilpooxu.

Pacmeopuwi. 1) Conanas kucnoma (r =1,19 e/cm3). 2) Cepnas kucioma (2 w. u p = 1,84 o/cm3. 3) [uopokcuo

nampus (2 H. u 40%-nvut). 4) Humpam cepeopa AgNO3 (0,1 n.). 5) Boouwiii pacmeop naxmyca. 6) Unoueo.

9) Ceposooopoonas 6ooa H2S unu pacmeop Na2§ 10) Cynegham xpoma (111) (0,5 n.). 11) l'uopokcuo xanrus

KOH (2 n.).

Omnbit 1. IToayuyenue xJopa.

a) B Tpu npoOupku HackIaTh MOHEMHOTY CIEAYIONIMX BEIIECTB: B EpBYI0 — okcua maprania (IV), Bo B1c
nepMaHrasara kanus. B kaxmyto npooupky npuiuth o 1 mu konueHtpupoBannoit HC1 (r =1,19 r/em3). Cc
cierka nojorpetb. Habmromare mpoucxozsmue npouecchl. OnpenenuTs BBIACASIOMMNACA Ta3 Mo 1BeTy (
(cobmonare ocTopokHOCTh!). Hamrcars ypaBHeHHs peakivii MOIydeHHUs XJI0pa, COCTABUTh CXEMBI ITepexo/l
ABJISIIOTCA B IpoBeeHHbIX peakuuax MnO2, K2Cr207, KMnO4?

6) B xon0y Bropua nomecture 10-15 r TmiarensHo pactepToro B paphopoBoii CTynKe epMaHraHaTa Kajus

BoJbI (1-2 mut). B KanenbHy10 BOPOHKY HaJIeiTe 1o/ HaOMIOIeHHEM MIPETojaBaTelis KOHIEHTPUPOBAHHOM COJ
JUist oJTy4eHusi paBHOMEPHOTO TOKA MEIJICHHO NMPHOTKPOITE KpaH KarelbHOM BOPOHKH M JOOABISHTE 10 ¥
KHUCJIOTY K TEepPMaHTaHaTy Kajus. (IOJTy4EeHHBIH XJIOP MCIOJIb30BaTh B OMBITaX 2,3 M OMBITE «KHUCIOPOIHB)
’KaBEJICBON BOJIBI.

OmnbIT 2. B3anmoaeiicTBHe XJI0pa ¢ MeTAJNJIAMU.

a) HakanuTh B MmiamMeHW TOpeNKH MyYOK TOHKHX MEIHBIX MPOBOJOYEK M TOTYAC OMYCTUTh MX B COCY[ C
OCTBIBaHHUS COCYy/Ia HAJIUTh B HErO HEMHOTO BOABI U B30onTaTh. KakoB 1Bet noimydenHoro pactBopa? Hamuca
B) Hebonbiioe Kom4ecTBO CBEXKEPacTepToro MOpoIiKa CypbMbl IOCTETIEHHO BCHINATh C JHCTa Oymaru B €
Kakoil cocTaB nosyyaromuxcsi XJopua0B cypbMbl? Hanncars ypaBHEHUS peakLnid.

OmnsiT 3. XiT0pHAas BOJA U ee CBOMCTBA.

a) Hanute B mpoOupKy Ha 2/3 X0JI0IHOM BOABI M HACKITUTH €€ XJIOpOM (TIPOITYCKaTh XJIOp B TeUeHUE 2—4 M
Oenoit Oymaru) u 3arax moJydeHHOU XJIOPHOU Bozbl (ocTopokHO!). [TomydeHHY 0 XJTOpHYIO BOZYy COXPaHUTh
0) K HeOonpI10#i mopIuu mojydeHHON XJIOPHOW BOJIBI MMPUJINTh HEUTPAIBHBIN pacTBOp Jlakmyca. Uto HaOn
HECKOJIbKO Karejb pacTBOpa HUTpara cepedpa. OObACHUTH PE3yNIbTaThl ONBITOB U HANUCATh YPaBHEHHS e
dhopmax.

B) B Tpu npoOupku HaJUTh MOHEMHOTY: B OJHY — PAacTBOpP MHIWIO, B APYTYI0O — pacTBOp (yKCHHA U
¢uoneroBsiMu yepHmIaMu. [IpuauTh BO Bce MPOOUPKH MO HECKOJBbKY Karelb XJIOPHOM BOIBI M B30OJITA
OOBSICHUTH HAOIIOIaeMBbIE SIBIICHUS.

r) Hamute B aBe mpoOupku HEOONbIIONH 00heM XJIOPHOU BOABL. B OgHY M3 HUX M00aBUTH HECKOJBKO Kare
JIPYTYI0 — CEPOBOIOPOIHON BOABI. OTMETUTH MPOUCXOAIINE U3MEeHEHU. COXpaHIAEeTCs JIU 3anax XJIOPHOM
Hanwucare ypaBHeHus peakiuii. K kakuM TUmam OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMH OHU OTHOCSITC
1) B nmpoOupky ¢ pactBopom cyibdara xpoma (III) mpunnute u30BITOK pacTBOpa THAPOKCHIA KalUs U JI(
M3MEHEHHE OKpAcKu pacTBopa. Hamucars ypaBHeHHS peakuuid, UMes B BUAY, 4YTO HOHBI Cr3 + mepexonsr B 1
e) Hanute B mpoOupKy HEMHOTO BOABI M, MOTPY3UB €€ B CHEI WJIM Jiell, HACBITUTh BOAY XJjopoMm. Halr
kpuctamuioB coctaBa Cl12 8H20. BeiHyTh NpoOHPKY ¢ KpHCTalIaMH, HarpeTh €€ OCTOPOKHO pykoid. HaGmox;

OnpbIt 4. IlosrydyeHune XJJOpOBOIOPOIA U €0 CBOMCTBA.
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B xon6y Bropma nomectuts 15—20 r xsopuaa Hatpus. B xaneiabHy0 BOPOHKY BIUTHh KOHIICHTPHUPOBAHHOW
BBECTH B CYXOH cocyd Al coOMpaHHs XJOPOBOJOPOAA TakK, YTOOBl TpyOKa JOXOAMIJIA MOYTH IO JHA. 3ak
KOMOYKOM BaThl. PsioM ¢ mpuOGOpoM NOCTAaBUTh KPHCTAIM3ATOp € BOAOW. M3 KamenbHOW BOPOHKH I
MPOUCXOIAIIMMU U3MEHEHUSIMH PEarupyronmx BemecTB. [ yCKopeHus peakiiuy Koj0y cierka noaorpena:
OTBEPCTHE COCYNa, MOSBUTCS TyMaH (OOBSCHUTH NMPUUMHY €ro 00pa3oBaHMsA), HArpeBaHUE KOJIOBI MpeKpar
OITyCTUTh B KOJIOy C BOOH (nepxarh TpyOKy OJIM3KO Haj BOAOH, HE olycKas ee B BOAy). BeiHYB Bary, TO
XJIOPOBOZOPOIOM CTEKJISIHHOW IIIIaCTUHKOW. IlepeBepHYB cocCyn OTBEPCTHEM BHU3, IOTPY3UTh €TI0 B KpI
wiacTuHKy. OObsICHUTh HabIIonaeMble siBlieHUs. KakoBa pacTBOPHUMOCTH XJIOPOBOJOPOA B Boze?
3areM BBIHYTH COCYA M3 KpUCTAJJIM3aTOpa, 3aKpbIB IPEABAPUTENIBHO O]l BOAON CTEKISHHOW IMJIACTHHKOY
yeTblpe npoOupku. OQHY YacTh pacTBOpa HUCHBITaTh WHAMKATOPHON OyMaxkkoil. /loka3aTh OINBITHBIM 1
XJIOPOBOZOPO/IA SBISAETCA COJISTHOM KUCIIOTOW. BO BTOpYIO MOpLHIO pacTBOpa BHECTU I'PaHyIly LIMHKA, B TP(
YEeTBEPTYI0O — HEMHOTO KapOOHaTa KaJbIHsl.
Habmronare npoucxossmue npoueccsl. Hamucars ypaBHeHHs peakIMi TOMTYYEHUS! COJITHOM KHUCIOTHI M B3
B3SITBIMU BELICCTBAMH.

Omnbit 5. IlosryyeHue kaBesieBoil BOABI.
(PabGoTty mpoBOAMTH B BHITSHKHOM HIKady)

a) Hamute B mpoOupKy pa30aBieHHBIN pacTBOp IEJIOUYH, MMOCTABUTh €0 B CTAKaH C JICASHON BOMOW M HE
pactBop xjop (ombIT ). [Touemy onbIT BemyT npu oxnaxaeHuu? Hamvcars ypaBHeHue peakiuu. CoOXpaHUTh |
OnbIT 6. OKHMCINTEIbHBIE CBOMCTBA KaBeJIeBOil BOIbI.

a) K pactBopy unnuro uinm pykcuHa npuiInTh HEMHOTO 5KaBEJIEBOM BOJIbI, OTY4YEeHHOM B ombiTe | a). YTo Haf
Hammcare ypaBHEeHHE peakiiuy B MOJIEKYISIPHON M HOHHOH opMe.

0) IloBropuTh OmBIT 2 a), B3SB NMOJKWCICHHBIH pacTBOp MHAWro. Kak Bimser 3Ta cpega Ha CKOPOCTh
IIPOUCXOAAIINX PEAKLIUM.

B) Ilo KyCcKy OKpaIleHHOM TKaHU MPOBECTU MAJIOYKOH, CMOUECHHOH MOAKHCICHHOMH jkaBesneBoil Bomoil. O0bsic
XJIOp 00€CLBEYHBACT TOJIBKO BIAXKHYIO TKaHb?

r) K pactBopy cynbdara mapranua (II) mpunuts HeOosbIIoNH 00beM kaBeraeBol Boabl. Uto Habmonaete?
BHUMAaHHME Ha €ro IIBeT U 3anax. Hamucare ypaBHeHHE peakuuu, UMes B BUAY, YTO HOH Mn2+ nepexonut B v
BOJIE.

JlabopaTtopnasi paGora «bpomM, o1 M MX COeTHHEHUSD)

Peaxmuevt u mamepuanvt. Maenuii (nopowiox), oo, Oxcuo mapeanya (IV) MnO2., Xnopuo xanus KCIL,
Bpomuo kanuss KBr, Hoouo xanus K1, benzon C6H6 , Dmunoswiiit cnupm C2H5OH, Huoukamopuas dymaea,
Qunbmposanvrasn bymaza.

Pacmeopvr. Cepnas kucnoma (kony., r =1,84 2/cm3, 70%-nasn u 2 n.), Tuopoxcuo nampus NaOH (2 u.),
bpomuo xanua KBr (0,5 u.), Hoouo xkanus KI (0,1 n.), Humpam cepeopa AgNO3 (0,1n.), Xnopnas

600a, Bpomnas eooa, Hoonas eooa, ®@ocgopuas xucroma H3PO4 (60%-nas). Ceposodopoduas eoda,
Pacmeop unoueo unu ¢pyxcuna, Jlakmyc.

1. Ilonyyenue Opoma u ifona.

(PaboTy mpoBOAUTH B BRITSDKHOM IIKady)

a) Cmemtars HeMHOTO KpucTauioB KBr u nmopomrka MnO2, Bclnarh B IpOOUPKY, MPUINTh HECKOJIBKO Karelr
nogorpeTb. OTMETUTH LBET U 3arax (0CTOPOXHO!) BBIIENAIONUXCS MapoB OpoMa. Hanmcars ypaBHeHuUE peak
0) [Iponenarp ananoruunslii oneiT ¢ KJ. Kakoe BemecTBo BoiAensercs B Buje mapos? KakoB ux mBer u 3anas
Kakyto pons Beimonaser MnO2 B MpOBEICHHBIX PEAKIUAX?

B) K pactBopy KBr npuinBath 1o kamisiM CBEKENPUTOTOBIECHHYIO XJIOpHYIO Boqy. HannuneMm kakoro Beme:
Jlo6aBuTh K pacTBOpy 1 M1 GeH3051a. DHEPTUYHO BCTPSAXHYTH COACPKUMOE NMPOOUPKU. OTMETHUTDH LIBET PACTE
0 pacTBOpUMOCTH OpoMa B BOJIE U B OPraHUYECKOM pacTBopHTese. Hamucars ypaBHEHHE peakuy B3auMo/e!
r) B aBe npobupku Hamuth mo 2- 3 mut pactBopa Kl, B omHy u3 HUX MpUOABIATh MO KaIIsIM CBEXXETPUTOTO
Opomuyto Boxy. HabGmromarhk 3a mpoucxomsimuMu siBIeHUSMH. Jl00aBUTh B KaXKIyr0 MpoOHWpKy mo 1 mi
conepxkumoe mpooupok. Uro npoucxonut? [lats o0bsicaenne. CocTaBUTh YPAaBHEHHS PEAKITUH.

CpaBHUTH OKHCIUTENBHYIO akTUBHOCTH Cl2 u Br2 u mpoBepuTh cBOM HAOMIOACHHUS, MONB3YSACh TaOMUIICT
MIOTEHLIUAJIOB.
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2. CoiicTBa Opoma.
a) Hamute B mpoOupky 2—3 M1 OpOMHOM BO/IBI, OTMETHUTH €€ LIBET M CJIerka HarpeTb. Yto Habmomaere?
6) B pacTBOp MHAMIO MK (PyKCUHA TPUIUTH HEMHOTO OpOMHOM BOJIbI. OOBSICHUTH MPUUUHY MTPOUCXOISAIINX
B) B mpoOupky ¢ 5 Myt 6poMHO# BOJIBI BCHINTATh HEOOJBITUMHU MOPIHSAMHU TIPH MOCTOSTHHOM B30aJITBIBAHUH 110
pacTtBopa. Ha 4To yka3pIBaloT mpoucxosiire n3MeHeHus B pactBope? Hamucarb ypaBHeHHE peakiuu.
r) K HeOomb110M MOPIIMU CepOBOIOPOAHON BOBI (OTMETUTD €€ IIBET M 3alax) MPWIMBATh MO KarjisiM OpOMH
pactBop. 3anucarb HabmoneHus. CoCTaBUTh ypaBHEHHE PEaKIIUU.
3. CpoiicTBa ioa
a) [TomecTuTh B CyXyr0 MpOoOUPKY KPUCTAIIIUK Hoaa. JIHO MPOOUPKH ClierKa HArpeTh B IJIAMEHH TOPENIKH. 3a
32 N3MEHEHUEM I[BETA U arperaTHOIO COCTOSHUS BO3TOHSIOLIETOCS MOAA MTPH OXJIAXKICHUH.
0) ITonoxxuth B MpOOMPKY HECKOIBKO KPHUCTAJUIMKOB MOMA, MPHINTh K HUM 5—10 M BOJBI M CHIBHO B3I
Xopowo au pactBopserca nox B Bone? K BomHOMY pacTBOpY € HEPAaCTBOPUBIUIMMUCS KPUCTAIIMKAMU ¥
pactBopa KI. 3anucars HaOmOneHUs.
B) McnbITarh pacTBOPUMOCTH MOAA B 3THJIOBOM CIUPTE, IS 3TOTO | KPUCTAIUK MOJa OMyCTHUTh B 1—2
OTMeTHUTh UBET pacTBOpA.
r) K 2—3 M1 cepoBoopoHOM BOBI 100aBIATH MPU B30ANTHIBAHUN PaBHBIA 00BEM BOJHOTO PacTBOpPA MOL
PEAKIUK B3aUMOICHCTBHS MEXKy MOJIOM U CEPOBOAOPOAHON BOOM. Hanncars ypaBHEHHE peaKilvu.
Ha ocHoBaHuu NpoBeICHHBIX ONBITOB CAENATh BBIBOA O CBOMCTBAX HOJA.
4. JleiicTBMe XJIOPHO# BOJbI HA CMeCh PACTBOPOB HOAMIAa KAJUs U OpoMuIa KaJIusl.
Bmute B mpoOupky mo 2—3 karmu 2 H. pactBopoB KI m KBr, no6aButs okosno 0,5 mi GeHzoma u mpud
nepeMenInBas K&Kl pa3 coaepkumoe mpooupku. CrieauTs 3a BeToM OeH3oia. CHavaia xjiop okucisieT K
MOJI, KOTOPBIM OKPAIIUBAET CJION OCH30JIa B BUIIHEBBIN IBET. 3aT€M BBIICIUBIINNACS MO OKUCISETCS XJI0PO!
3TOM OeH30:1 obectBeunBaeTcs. [Ipu 106aBIeHNN HOBBIX MOPIMI XJIOPHOW BOJIBI MOSBISIETCS] OPaHKEBasi OK|
0 BbleNieHnu cBoOoaHOTO O6poma. [Ipu nanpHeiem qo0aBiIeHUH XJIOPHON BOJBI U OHA MCYE3aeT BCIEICTBH!
kuciory HBrO3. Hanucars ypaBHeHuUs peakiuil. UTo SBISETCS OKUCIUTENIEM U BOCCTAHOBUTEIIEM B ATUX P€
5. Bonopoanble coennHeHust OpoMa u Hopna.
(PaboTy mpoBOAUTH B BRITSKHOM IIKady)
a) [Tomectuts B cyxyro npobupky 0,5 r KBr u npunuts Hemaoro 70%-noro pactsopa H2SO4, ocTopoxH:
3arpsi3HEH OPOMOBOIOPO/I, MOTYUYEHHBIH 3THUM criocodom? HamucaTs ypaBHEHHS peaKIHid.
B) B mpobupky nomectuts HemHoro KI, 1o6aBuTh k HeMy KOHLEHTpUpoBaHHOH (60%-Hoit) H3PO4 u cnat
Harmncars ypaBHEHUE peakuuu.
6. BocctaHoBUTe/IbHBIE CBOMCTBA raJ10r€HOBOOPOI0B.
B tpu cyxue npobupku monoxuth 1o I r mamensaenasix KC1, KBr u KI u npwmuth B Kaxayro mpoOupt
koHIeHTpupoBanHoi H2SO4. Habmronare mosiBnieHne OebIX MapoB B MEPBBI MOMEHT BO BCEX TPEX MPoOH]
BemectB? CrequTh 3a JalbHEHIIMMHU W3MEHEHUSMHU BEIIECTB B MpoOupkax. OOBSICHUTH IMPOUCX
BoccTaHoBuTeNbHbIE cBoiicTBa HBr m HI. Hanucare ypaBHenusi peakiuii okucienus HBr u HI konp
PacrnonoxuTh raJoreHoBO10po/ibl B MOPSIIKE BO3PACTAHUS X BOCCTAHOBUTEIHHON aKTUBHOCTH.
7. Peakuuu Ha HOHBI Br- u I-.
HcnpiTaTth B OTIAENBHBIX MPOOUpPKaX AeicTBHE HOHOB Ag+ Ha pacTBOphI Opomuaa U noguaa. OTMETUTH 1T
ypaBHEHHsI peaKifii B MOJIEKYJISIPHOI U HOHHOM (opMme.
8. Cosin OpOMHOBATHCTOH KHCJIOTHI.
(PaboTy mpoBOAUTH B BRITSDKHOM IIKady)

K Hebonpiomy koinuyecTBy OpOMHOM BOIBI MPUIIMBATH 10 KAIUISIM PACcTBOP IIETIOUH JI0 OSBJICHUS OJIeTHO->
ypaBHEHHE PEaKIMU B3aUMOACUCTBHUS OpOMa C pacTBOPOM INEJIOYM B MOJICKYISIpHOW M MOHHOU (opme. o
pacTBope THOOPOMHTA, HCIIOIB30BAB IS ATOH LIeIM BOJHBIN PACTBOP MHANIO MU (PyKCHHA.

JlabopaTopHas padora «Kuciaopoa. Oxcuanbl. Ilepoxcuab»
I. Kucaopon. Oxcuabl.

Peaxmuevr u mamepuanwi. 1) Cepa (uepenxogas). 2) Maenuu (nenma). 3) [pesecHviil y2onv (Kycouku). 4)
HKeneso (nposonoka). 5) Ilepoxcuo nampus Na202. 6) Okcuo mapeanya (IV) MnO?2.., 7) KMnO4 (ms), §)
HUnouxamopnas dymaea. 9) @unomposanvuasn oymaza. 10) Jlyuunxu.
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Pacmeopuvr. 1) Ilepoxcuo sooopooa H202 3%-nwviti). 2) Cepnas xucioma (xony. u2 H.). 3) ludpoxcuo
nampusi NaOH (0,5 n.). 4) Hoouo ramusa KI (0,1 n.). 5) Huxpomam wxamus K2Cr207 (0,5 H.). 6)
Ilepmaneanam kanus KMnO4 (30%. u 0.5 n.). 9) Cyrvcpam mapeanya MnSO4 (0,5 u.). 10) Cyasgpuo
nampus Na2S (0,5 n.). 11) Humpam cepeopa AgNO3 (0,1 n.). 12) Humpam ceunya Pb(NO3)2 (0.5 n.). 13)
Humpam xpoma (11l) (0,5 n.). 14) Cynegpam xpoma (111) (0,5 u.). 15) Kpaxmanvroui kneiicmep. 16) Jlakmyc. .
Denongpmaneun.

18) Bpomnas eoda. 19) Hoonas eoda. 20) Ceposodopoonas eéoda. 21) Xnopuas eooa. 13) @yxcun. 14)
Jlaxmyc.

1. ITony4yeHnue kucaopoaa.

VYKpenuTh BEPTUKAIBHO B 3aKMME INTaTHBA CyXylo mpooupky c¢ 0,5 r kpucrammuyeckoro KMnO4 u nHar
TIEIoIIeH JIydnHKor. HanucaTte ypaBHeHHE peakiuu. YKa3aTh OKUCIUTENb U BOCCTAHOBUTEIIb.

2. OkucanTeabHbIe CBONCTBA KHCI0POAA.

a) B kene3Hyro JI0KeUKy MOJ0XKUTh HEOOJBIIOW KyCcOUeK Cephbl, 3aXKe4b €ro B INIAMEHH T'OpPEJIKM U BHECTU
olyckas JIokedKy. CpaBHUTh MHTEHCHUBHOCTb TOPEHUS CEPBI B BO3AyXe U Kuciopozne. [locne cxuranus Bir
COCYZl U XOPOUIO B300JITaTh, YTOOBI pACTBOPUTH MPOAYKT TOPEHHUS CEPBI B BOJE.

B) B cocyn ¢ kucnoponoM BHECTH MIPEIBAPUTEIBHO 3aKKEHHYIO JIEHTY MarHus, JepKa €€ sKeJI€3HbIMH LIUIIL
MarHuii: 3To BpeaHo ains ras!). I[locne cxuranust BIUTh B COCYZ BOIY U, 3aKPBIB COCY/, B30OITATh CONEPHKHI
K kakoMy Kiaccy COETUHEHUH OTHOCATCS MPOIYKTHI TOPEHUS Cepbl, MarHus B kuciopoae? Yto oOpasyercs

Bon10i1? [IpoBepuTh cenaHHbIE IPEANIOI0KEHHS ¢ IOMOIIBbIO MHIMKAaTOpoB. Hanucars cooTBETCTBYIOMINE YP
r) Ha xoHIle TOHKOM CcTaabHON MPOBOJIOKHU, IPUKPEIUIEHHOH K JIyYMHKE, YKPEIUTh MaJI€HbKUI KyCOUEK YIJIA.
3aTeM BHECTH B COCYJ € KMCI0poaoM. OTMETUTB, Kak TOPUT JKeJe30 B kuciaopoae. Hanucars ypaBHEHHE 3TOY
peaxiuu, yuuThiBas, 4to oopasyercs Fe304.

3. O0Hapy:xeHMe EePOKCHIa BOAOPOaA.

Hanuts B mpobupky 1 mn 3%-noro pactBopa H202, no6aButh 1—2 kamnu pactBopa KI u Heckonpko karen
cmecu 1—2 mut kpaxManbHOTO Kieicrepa. Habmonate m3MeHeHune okpacku. Hamucars ypaBHeHHE peaKIuu
4. IlosryyeHune nepoKcuaa BOAOPOaA.

a) Bnmutb B mpoOHpKy OKOJIO 5 MJI AMCTUILITMPOBAHHOM BOJIBI U T00ABUTH TPU TIOMOIIH MATOYKU 3 - 4 KpyIut
107 KpPaHOM U TpUOABIATH 1O KaruisiMm pazbasienHyto H2SO4 no cnabokucioit peakuuu (mpoda JaKMycoMm).
Jokasars Hannuue H202 B nepBoii nopuuu aeiicteueM pactsopa Kl B mpucyTCTBUM KpaxMalIbHOTO KIIEHC
obpazoBanus H202.

5. KarasmTu4yeckoe pasijiokeHue MePoOKCHAA BOAOPOaA.

Hamute B  mpoOupky 1—2 wmn 3%-nHoro pactBopa H202, BcpimaTh HEMHOro  MOpPOLIKa
ra3 UCIbITaTh TNIetouel JyurnHkoil. Hanucars ypaBHenue peakuun. Kakyro pons BeinonHsier MnO2 B 310l p
6. OxkucanTeIbHbIE CBOMCTBA MEPOKCHIA BOAOPOIA.

a) K 2 ma pactBopa Pb(NO3)2 npunute paBHbIil 00beM pacTBopa Na2S, Harpets 10 kuneHus. OOpaTuth BH
Hanucare ypaBHeHue peakiuu. Ciautb pactBop ¢ ocanka. [Ipunmnte k ocaaxy 3 miu 3%-Horo pactsopa H20
okpacka ocaaka? CocTaBuTh ypaBHEHHE peakunu. Kakyro posib BBIIOIHSAET B 3TN peakuuu H202?

0) K 2 M pactBopa Cr(NO3)3 mobasnsars pactBop NaOH 10 pacTBopeHus nmepBoHavYaIbHO 00pa30BaBIIIETO!
N00aBUTH pacTBOp Nepokcuaa Bonopona. Habmonarh M3MEHEHHE OKpacKu pacTBOpa 3a CUEeT mepexoja Tel
xpomart (VI). Kakyto poinb B 310#1 peakiuu BeimonHser H2027?

7. BoccTaHOBUTEJIbHBIE CBOWICTBA NMEPOKCHIA BOAOPOaA.

a) Hamute B mpobupky 2—3 mu pactBopa AgNO3 u no0aBisATh MO KamjisiM pacTBOp amMMHaka (He Of
obpazoBasiueiicss mytd. K momyueHHomy pactBopy npuiuth 3%-Hblii pactBop H202 no obpazoBanus
HcneiTars TICHONIEN TYYHMHKOW BBIACISIIOIINICS Ta3. Hanucare ypaBHEHUS peakui.

0) Hanmute B poOupky 1 mur koHIIEHTpHpoBaHHOTO pacTBopa KMnO4, 2 mi pactBopa H2SO4 u 1—2 mi |
JYYUHKOHW BBIACISIONIMICS Ta3. Habmogare n3meHnenue 1isera pactsopa. CoctaBuTh ypaBHeHHUE peakinu. Ke
nepokcuaa Bogopoaa’?

8. OkucanTeabHbIe M BOCCTAHOBUTEIbHbIE CBOMCTBA NEPOKCH/IAa HATPHUS.
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ITomectuts B ogny npobupky 3—4 mu pactBopa KI B apyryio 3—4 ma pacrBopa KMnO4. TToakucauts
mmarenem 1o menotke Na202. O0patuTh BHUMaHKE Ha U3MEHEHHUE I[BeTa 000MX pacTBOPOB. Beiaenstonuii
TIetonlei Tyunnkoid. Hamucars ypaBHeHHs1 00eMX peakiuil U OTMETHTh, OKUCIIUTENIEM HIIM BOCCTAaHOBUTEIIE!

JlabopaTopnas padora «Cepa. CepoBonopon. Cynbpuabl. Kuciaopoansie coemHeHUs1 cepbh)
Peaxmuevt u mamepuanst. 1) Cepa uepenxosas. 2)XKenezo soccmanognennoe. 3) Cynogpuo nampusi Na2S..
4) Hnouxamopuas bymaea. 4) Qunbmposanvras bymaea.

Pacmeopuwi. 1) Cepnas xucioma H2S504 (2 n.). 2) Cynogpuo ammonus (NH4)2S (0,5 n.). 3) llepmaneanam
kamus KMnO4 (0,1n.). 4) Huxpomam xamus K2Cr207 (0,5 n.). 5) Conu bapus, yuHuka, airoMuHus,
mapeanya, kaomus, ceunya u meou (0,5 u.). 8) Jlakmyc.

1. ITonyyeHHe MOHOKJINHHOI cepbl.

®dap¢opoBkIil TUTEIb, 3aTIOTHEHHBIN TPUMEPHO HA 3/4 KyCOYKaMHU YEPEHKOBOW CEepbl, TOMECTUTH B dapdop
KOJIBIIE ILITATHBA, U MEAJICHHO HAarpeBaTh, CJe/lsd 3a TeM, UTOOkI cepa He moteMmHena. Korna Bes cepa pacruias
OcTaBuTh cepy OXJIaXXAaTbCs 10 TEX MOP, TOKA HA IOBEPXHOCTH €€ Y CTEHOK TUIVI HAYHYT MOSBIATHCS KPHC
cepy B CTakaH ¢ BoAod. PaccmoTpeTh 0Opa3oBaBIIMeCs: HA CTEHKE COCy/Aa ONECTAIINE UrolbdaThle KpUCTa:
yepe3 HEKOTOpOe BPEeMsI CTAaHOBSITCS MAaTOBBIMU, XPYNIKUMH. B Kakyto MoauduKaiyio nepexouT Npu 3TOM M
2. IlosyuyeHne miaacTu4ecKoii cepsbl.

[TpoGupKy HANOJIHUTH JI0 MOJOBUHBI €€ 00beMa KyCOUKaMU YEPEHKOBOU Cepbl, YKPEIUTh B JepiKaTesie U oue
BeTpsixuBas. Cepa HauMHAET IUIABUTHCS, 00pa3ys >KEITYIO, JIETKOMOJABUKHYIO KHIKOCTh. [Ipomomxkars me
cepy, HaOmoaas mocieayoee N3MEHEHHE ee 1IBeTa U BI3KOCTU. OObACHUTH HabmonaeMele siBieHus. Jlor
TOHKOM CTpyeW B KPHUCTAJUIM3aTOp C XOJIOAHON BOJoM. Eciu cepa mpu 3TOM 3aropurcsi, 3aKpbITb OTBEPCT
acOeCcTUPOBAHHOM CETKOM. BBIHYTh MOTyUeHHYIO MacCy W3 BOJABI M yOeTUTHCA B ee anacTuaHocTH. CoxpaHi
cepy 0 KOHLA 3aHSATHI, YTOOBI MPOCIEAUTh MEepexol aMoppHOW MoAUPUKAIMN B KpUCTaIHdecKyro. Ka
HanOoJiee yCTOWYUBOM IIPH KOMHATHOM TeMIiepaTrype?

OOBsACHUTH CBOWCTBA MOTYYEHHOTO BEIIECTBA U MIPOUCXOIAIINE C HUM U3MEHEHHUSL.

3. BzaumoneiicTBue cepbl ¢ MeTALIAMM.

(PaboTy mpoBOAUTH B BRITSKHOM IIKady)

a) BzanmonetictBue cepsl ¢ xenezoM. [IpuroroButs 3,5 T cMecH, coepskalieil 3KBUBaJICHTHbBIE KOJIMYECTBA
B35ITh MOPOILIOK BOCCTAHOBJIEHHOTO jXKeJie3a U cepbl. CMeCh TIIATENBHO MEPEMEIIaTh CTEKISTHHON MaJouKC
MPOOUPKY, YKPEMUTh €€ BEPTUKAIHHO B IMITaTuBe. HarpeTs ciierka BCIO CMeCh, a 3aTeM CHIILHO TPETh B OTHO!
CMECh PACKAIUTCS, TOPENKy OTCTaBuUTh. Habmromarh 3a mpoTekaHuem peaknun. Kakoe BemecTBo 00pa3s
OtMmetuTsh ero uBer. Hanucars ypaBHEHUE peakiuu.

4. BoccTaHOBUTe/IbHbIE CBOIICTBA CEPOBOAOPOAA.

[TonmeiicTBOBaTH CEPOBOMIOPOIHON BOOM HAa OPOMHYIO BOAY M Ha TOJKHUCIECHHBIE PACTBOPHI NIEpPMaHTaHaTa
BHEUIHHUE NMPU3HAKU MMPOTEKAHUSI XMMUYECKHUX PeaKIHil Bbl HabIronaeTe?

CocraButh ypaBHeHHs peakuuid. [Tomoopars k03 HUITMEHTHI.

5. ITony4yeHune U cBOMCTBA Cy/Ib(UI0B METAJIOB.

a) 13 pacTBOpuMBIX cojiell IMHKA, MapraHia, KaaMmus, CBUHIA, MEIU MOJYYUTh OCAIKU CYAb(UIO0B, UCIIONIb
aMMOHUs. OTMETHUTH IIBET 00pa3yromuxcs ocaakoB. Hamucars ypaBHEHHUS peakinii B MOJICKYJISIPHOW U HOHE
OCaJIKOB, TIOJICHCTBOBATh HA HUX COJISTHOM KHUCIOTOH. OTMETHTh, KaKUE OCAJKH PacTBOPHIUCH. J[aTh 00bs
MOJIB3YSICh 3HAYEHUSIMH NMPOU3BEACHUS PACTBOPUMOCTHU ITUX CYJIb(PHIOB.

0) [ToxeiicTBOBaTh Ha PACTBOPHI TEX JKE COJIEH CEPOBOIAOPOIHOM BOMOH. [louemMy He U3 BCceX pacTBOPOB BhIMA
6. 'mapoan3 cynbpunos.

a) Heckonpko kpucTamioB cynbduaa HaTpus pacTBOPUTH B Boje. McciemoBaTh XapakTep cpenbl pacTB:
M3MEHEHHUE OKPACKU WHAuKaTopa. HanmucaTs ypaBHEHHS peakiuii THAPOIIN3a B MOJISKYJIIPHON M HOHHOU (ot
0) K pacTBopy conu amoMHHHS TPWIATH pacTBOpP Cynbhuaa aMMoHus. HarpeTs mpoOupKy, OTHUIETPOBATS -
ero ropsiueid Bojou. JlokazaTh 3KCIEpHUMEHTATBHO, YTO 0OpPA30BABIIMICS OCAJOK SIBISICTCS THIPOKCHUIAOM
peaKIuu B MOJICKYJISIPHON U MOHHOU (hopme.

7. HHoayuenne oxcuaa cepsl (IV).

B kon0y monoxuts 2—3 noxkedku cynbpuTa HaTpusl. B kaneapHyr0 BOPOHKY HaJUTh KOHIICHTPUPOBAaHHYTO |
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[Touemy muist ombITa OEpPYT TBEPAYIO CONIb U KOHLEHTpUpoBaHHYI0 H2S04? Kakum metonom ciemyeT cooup
M0 KaIjIsiM CEpHYIO KUCIOTY B koiOy. CoOpaTh BBIAENSIOUIMICSA ra3 B CTakaH (WIM LWIMHIP) U B JIBE II
HAITOJIHEHHSI Ta30M XOPOIIO 3aKPBITh MPOOKaMH, a CTakaH (LWIMHJP) — CTEKJISHHOW MJIACTUHKON. 3aTeM H
MJT BOJIBIL. J{J151 3TOTO OTBOAHYIO TPYOKY OT MpUOOpPa OMyCTUTH B KOJIOY ¢ BoZoH. ClieiUTh 3a TeM, UTOOBI BOMY
cMmechio. B koHIe ombiTa cMech i moiaydeHuss SO2 MoKHO c¢i1abo mojorpeTs. [IpoOupku U cTakaH ¢ Ok
okcujia cepsl (IV) coxpanuts u1s cneayronmx onsIToB. Hanucars ypaBHEHHE peakuy MOITYYEHHs OKCUAA ©
s nomydeHus: SO2 u3 Na2SO3 consiHOM win a30THOM KUCIOToi? JlaTh 0ObsCHEHUE.

8. CpoiicTBa okcuaa cepni (IV)

a) 3aTyxaHue TopsIIel TydnHKy B okcuze cepsl (IV).

B npobupky, HanonHeHHY0 okcuoM cepsbl (IV), BHecTH ropsmiyto IydnHKy. Yto Habmonaetcs? Jlate 00bsic
0) PactBopumMocTs okcunaa cepsl (IV) B Boze.

ITpobupky ¢ oxcunom cepsl (IV) onpokuHyTh B BaHHY C BOJIOM, OTKPHITH MPpoOKy. Habmronate moaHsATHE B
nokaunBaHuM npoOupku. OObSICHUTH HaOMIOAaeMbIe SIBICHUS. 3aKPBITh MPOOUPKY O] BOIOM MPOOKOH U BE
pacTBop B ABE Mpobupku. B onHy mpoOupky n00aBUTH HEHTpaIbHBIM pacTBOp JIakKMyca, B JPYyryio Opo
HabOmonaere? Ha 0OCHOBaHMM THX OIBITOB CEJIaTh BHIBOJ O XUMHUYECKOM XapaKTepe MOJyYeHHOTO COeInHE]
Hanucarp BeIpaskeHUsI KOHCTAHT CTYIIEHYATOW JUCCOLMALUU CEPHUCTON KMCIIOThI M IOCTABUTh B YPaBHEHHUS
K kakuM 1o cuiie 3eKTpoauTaM OTHOCUTCS CEpHUCTAs KUCJIOTa?

9. OkucanTeJIbHbIC M BOCCTAHOBUTEIbHBbIE CBOMCTBa oKkcnaa cepbl (IV) H cepHUCTOMH KUCJIOTHI.

a) B crakan, HanomHeHHBbIH okcuaoM cepbl (IV), BHECTH TOPSIIYIO JICHTY MarHus, JAepka ee mmumiamMu. Y
coboii 6eroe BeliecTBo, oOpasyrolieecs npu peakuun? Hanucare ypaBHeHHEe peakluu, UMes B BUY, 4TO BT
cepa. Kakue cBolicTBa MpOSIBISIET B 3TOM OMbITe OKCU cepbl (IV)?

6) B mpobupke npoBeCTH OIBIT B3aUMOACHCTBHSI CEPHUCTON KHCIIOTHI, MOMyYeHHOH B onbiTe 1 0), ¢ cepoE
MyTHeeT? Hamucars ypaBHEHHE peaKIMK U CXEMY Iepexofia IeKTpoHOB. Kakue cBOMCTBa B 3TOM OIBITE TPC
r) Hanute B oHy npoOupKy HEMHOTO OpOMHOM BOJBI, B IPYTI'YI0 — HOIHOW BOJBI, B TPETHIO — PAcTBOP IT
pacTBOp IuXpomara Kajus, B IOCIEIHIO MpuOaBUTh HEMHOTo paszbaBneHHoi H2SO4. 3arem Bo Bce mp
OOBSICHUTH U3MEHEHHE 1IBETA PACTBOPOB BO BCEX MPOOUpPKAX.

CocTaBUTh ypaBHEHHS BCEX YETHIPEX PEAKIIMI U CXEMBbI IIEPEX0/IA IEKTPOHOB, UMEA B BULY, YTO HOH MnO4
noH Cr2072- - no nona Cr3 + . Kakue cBoiicTBa MposiBIsET B 3TUX onbiTax H2SO3?

10. O6ecuBeynBanmne PyKCUHA CEPHUCTON KUCJIOTOM

K paszbaBnenHoMy pacTBOpy (yKCHHA B MPOOHpKE NMPHOABUTH PACTBOP CEPHHUCTON KUCIOTHI. YTO Habmomas
OOBSACHUTH TPOUCXOJAIINE SIBICHUS. B KakuxX cilydasx IJis MPOIECCOB OTOCTMBAHMS MPEANOYTUTEIHHE!
okucauTenu, Harpumep xiop? [Houemy?

11. Peakuus na H2SO3 u ee conu.

K cBexenpurorosinennomy pactBopy H2SO3 wmnu xakoit-uuOyapr ee comu npuiauth pactBop BaCl2. Uto
ocanok? Kaxkos ero niser? Mcnsitate pactBopumocTh ocanka B HCI. Hanucars ypaBHeHue peakiumu. OObsc
HC1. Yacro B pactBope npucyTcTByeT HOoH SO42-, oOpa3oBaBmuiics npu okuciaeHun H2SO3, u ocamok mo
OTIBIT JTy4Ille MPOBOAUTH CJIEAYIOIIUM 00pa3oM: B JBE MPOOUPKH IMOMECTUTH MO HEOONBIION, HO OJUHAKOB(
paszbasnennoit HC1, B npyryro — Takoii ke 00beM BoJbl, B30osTaTh. HaOmromaTk, 4T0 MOMYTHEHHE PacTBO]
MEHBIIIE, YEM BO BTOPOU.

12. CBoiicTBa CepHOIl KUCJIOTHI.
a) BzaumojeiicTBHe KOHIIEHTPUPOBAHHOM CEPHOM KUCJIOTHI C HeMeTA/UIAMHU

B dapdopoBbix yamikax npu 0CTOPOKHOM HarpeBaHUU MPOBECTH PEAKIUU MEXKIY KOHIIEHTPUPOBaHHOM F
CEpoii, B Ipyro — C yrieM. YCTaHOBUTH (110 3amaxy), Kakoi ra3 Beiaensercs (octopokHo!). Hammcars y
nposiBisieT KoHeHTpupoBanHas H2SO4 B stux peakuusax?

0) [leiicrBue pa3zdasiaenHoii H2SO4 na meraJibl.

[TonyunTs y mpemnonaBatens oOpa3lbl METaUIOB (MeIb, LIMHK, Xele30, alloMUHUN U T. 1.). Mcxoas u
AIIEKTPOXUMHUYECKOM Py HaNpsOKEHUI METallIoB, CAENaTh IMPENNooKUTENIbHbIN BBIBOI O BO3MOXKHOCTH
MeTaiamMu U pa3oasinerHHoir H2SO4. Jloka3aTh ONMBITHBIM MMYTEM, BCE JIM B3SThIE METAIUTbI B3aUMOACHCTBY IO



OTMeTUTHh paszauuue B CKOPOCTH NPOTEKAaHUS pPEaKUMid M JaTh OOBSICHEHHs, WCIOJB3Ys HaHHBIE Tadl
IIOTEHIUAJIOB.

Jloka3aTb ONIBITHBIM IIyTEM, KaKOW ra3 BBIAEIACTCSA B pe3ylbTare peakuui. Hanucars ypaBHEHMs peakuui
Kakoil HOH sIBJISIETCS B 3TUX PEAKLUAX OKUCIUTENIEM?

B) /lelicTBHe KOHLICHTPHPOBAHHOI CEPHON KMCJI0THI HA MeTAJLIbI.

1) B mpobupke npu cnabom HarpeBaHUM MPOBECTH PEAKLUIO MEKIY MEIbI0 U KOHLEHTPUPOBAHHOM CEpH(
(octopoxHo!), kakoit ra3 Beiaensercs. [locme onpiTa, KOTIa MpoOupKa OCTHIHET, OTIIUTH 2—3 MJI pacTBOpa B
BOJbI M B300naTaTh. OTMETUTH LIBET PAaCcTBOpa U CJlIENaTh BHIBOA, KAKUE MOHBI NPHCYTCTBYIOT B pacTBOpPE
KoHUeHTpupoBaHHOM H2S0O4 ¢ meabio.

2) TlonetictBoBaTh KoHIEHTpHpoBaHHOH H2SO4 nHa mmHK. [IpoOupky HEMHOro MOIOTrpeTh. YCTAaHOBUTH

Bbiiensiercs. [Iponomkars HarpeBanue. Habmronarh moMyTHEHHE pacTBOpa, OOBSICHUTH €ro mpuduHy. Ous
pacTBOPOM COJIM CBMHIIA, MJIU 110 3amaxy (0CcTOpokHO!) 0OHapyKUTh BBIJEIEHUE cepoBogopoaa. Hamucars
MEXy LIUHKOM U KOoHLeHTpupoBaHHOM H2SO4, oTinuaromuxcs Apyr OoT JApyra NpoayKTaMHU BOCCTaHOBIJ
nepexo/ia EKTPOHOB M 0OBSICHUTE MoA00p KoddduimeHToB. OOBSCHUTH Pa3HUIlY B ACHCTBUU KOHIICHTPU
UCIIOJIB3YS JaHHbIE TAOIUIIBI CTAHAAPTHBIX AIEKTPOIHBIX MOTEHINAJIOB .

B yem npuHIMNMaIbHOE OTIMYKE 3TUX PEAKIMA OT peakuuii B3aumoaencTBus pazoasneHnoit H2SO4 ¢ mera

r) Jlernaparupyromnue cBoiicTBa CepHON KHCJIOTHI.

1) JleiicTBue cepHOM KHUCIOTHI Ha KieTtdaTky. CTEKISTHHOW Majoukoi, cModueHHOW pactBopom H2SO4 (1
(bunpTpoBanBEHON Oymaru, a 3aTeM MOACYIIUTh OyMary HaJ TuiameHeM ropeiku. OObsICHUTH HaOIIomaeMbpie
dbopmyina kieruatku (C6H1005)x.

2) [elicTBue cepHOi KHCIOTHI Ha caxap. B xumuueckuit ctakan (100—150 mn) momectuts 10 r Menko Uctol
70 00pa3oBaHUs KAamuWIel 1 4—5 M KoHIeHTpupoBaHHOW H2SO4. PazMernars CTEKISIHHON MaJOYKOH /0
OCTaBUB CTEKIIIHHYIO MAJIOUKy B CTaKaHe, HAOMIOAATh 32 MPOUCXOIAnInM. Hammcars ypaBHEHUE peakiuu,
C12H22011. Kakoii u3 1ByX 00pa3yIoNuXxcs Ta30B MOKHO OOHAPYKUTH 10 3amnaxy? (OcTopoxHO!)

1) B3zaumoneiicTBue cepHO KHCJIOTHI € COMSIMHU APYTHX KHCJIOT.

W3 umMeronmxcst B J1aOOpaTOpUM TBEPAbIX COJIEH MOA00paTh Takue, KOTOpble OyayT B3aHMMOJEHCTBOBATE
[ToMecTUTh MOHEMHOTY TBEPIBIX cojieil B mpooupku. Jlo6aBuTh KoHIEHTpupoBaHHyto H2SO4 u Harperts H:
3amax (OCTOpPOXKHO!) Moyyaromuxcs JIeTydnx BemecTB. C MOMOIIbI0 MOKPOH MHIMKATOPHOH OyMaskKH 3
BemlecTB. Hamucars ypaBHeHHS COOTBETCTBYIOIIMX PEAKIUi U 1aTh OOBSICHEHUSI.

13. Peaxuusa Ha uon SO42-

[Tonw3ysice TaOnuIEel pacTBOPUMOCTH COJICH, yCTAaHOBHUTH, KaKHE€ KATHOHBI MOTYT SBISTHCS PEAKTUB:
COOTBETCTBYIOLIUE PEAKLUU, OTMETUTh L[BET U BUJ OcaakoB. Hamucare ypaBHEHMsI peakUuil B MOJIEKYJIS
oTHouIeHue nonydeHHsx ocaakoB k HCI. Cpasuuts neiictsue HC1 na BaSO3 u BaSO4 Jlatb o0bsicHeHue.

14. cBoiicTBa THOCYIBb(AaTa HATPHS.

0) BoccmanosumenvHble C80UCMBA MUOCYIbGHAMA HAMPUsL.

B aBe npoOupku ¢ pacTBOpOM THOCY/Ib(ara HaTpusi MPUOABUTH: B OAHY — XJIOPHYIO, B APYT'YI0O — OpOME
umerotrcs nonbl SO42- Kak onn obpazoBanucs? Hamucarh ypaBHEHHE PEaKIIMK B3aUMOICHCTBUS THOCYIIb(
y4acTHEM BOJBI M CXeMy Iepexofia MeKTpoHoB. K pacTBopy THOCynb(daTa HaTpust NPUINTH HEMHOTO PACTBO]
Homnyto Boxay. [louemy mcuesaer okpacka uozxa? Hamucarh ypaBHEHHE pEaKLMU MEXAY THOCYIb(HAToM I
teTparnoHara Hatpus Na2S406.

JlaGopaTopHasi padoTa «A30T U ero BOAOPOJAHbIE COeIMHEHU I

Peaxmuswvt u mamepuanvt. [uopoxcuo xanvyus, Humpam ammonus, Cynspam ammornus, Xnopuo
ammonust, humpum nampus, Unouxamopuas oymasxcka, Quibmposanivras dbymaea, Jlyuyunka.
Pacmeopvi. Tuopoxcuo nampuss NaOH (2 n.)., Xnopuo ammonus (nacviy. u 2 n), @enongpmaneun
(cnupmosoti).

1 Iony4yeHnue azora
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[TonoxuTh B MpOOHPKY 2 T U3MEITBYCHHOTO HUTPUTA HATPHS U MPHIUTH 4—5 MJI HACHIIIEHHOTO PAacTBOpa X
poOKOi C Ta300TBOAHOM TPYOKOM, 3aKpENUTh B IITaTHBE M OCTOPOXKHO Harpemarhb. Uepe3 1—2 MuH nocie
BBIJICIISIONIUICS Ta3 B UWIMHAP (LIMPOKYIO MPOOUPKY) Hal Bonoi. [locine HamomHeHUs: HMIMHIAPA Ta30M 32
BBIHYTh U3 BaHHBL. Hamucare ypaBHEHHE peakuuu pa3iokeHHs: HUTpUTa aMMOHUS. OOBSICHUTE, TOYEMY BM
cmeckto coneit NaNO2 u NH4CI.

Oxapakrepu3oBarb (pu3nueckue cBoicTBa a3zora. B nmmmuap (mpoOupKy) ¢ a30TOM BHECTH TOPSIIYIO Jyd
M3BECTKOBO BOMBI M B300NTaTh. VI3MeHsieTcs 11 n3BeCcTKOBast Boza?

2. Ilosyuyenne aMmmuaxa

a) Cobpath U3 CyXux mpoOHUpOK IpuOOP MO PUCYHKY

XJ0pua aMMOHHMS U TAIIEHYI0 U3BECTh B MPUOIM3UTEIHHO PAaBHBIX 00BEMax THIATENBHO MepeMemiaTh B (s
oOpa3zoBaHMe aMMuaka mpu 3TUX ycioBusax? [lomydeHHYIO0 cMeCh BCHINATh B MPOOUPKY (O TOJIIOBHHBI),
ra300TBOJHON TPYyOKOW M 3aKpPENUTh B MITATHBE TAK, YTOOBI THO €€ OBLIO HECKOJIBKO BBIIIE OTBEPCTHUS (T10YE
coOuparb BBIACHAIOMMNACS aMMHak B npoOupky. (ITouemy ee Hamo moBepHyTh BBepx AHOM?) Uepe3 He
HAIOJIHUTCSI aMMHAKOM (KakK B 3TOM yOenuThCsI?), OCTOPOKHO CHATH €€ C TPYyOKH, HEe IepeBOpaunBasi, 3aKpb
CJIEIYIOILIETO OIBITA.

3. CBoiicTBa aMMHaKa.

a) PactBopenne ammuaka B Bozie. [IpoOupky ¢ aMMHaKoOM, IOTY4YE€HHBIM B IPEABIIYILEM ONBITE, OMYCTHTD OT
BOJIOW OTKPBITH POOKY U clieTKa Mmokavyath mpoOupky. Uro Habmonaetcs? Korna Boja nepectaneT nogHuMa
BBIHYTh €€ U3 BaHHBL. VICIBITaTh MOMYYEHHBIH pacTBOP MHAMKATOPHON Oymaxxkoil. OObACHUTH HaOIIOnAE)
peakuuu. YacTh MOJy4EHHOTO pacTBOpPA HarpeTh 10 KUNeHus. VI3MeHsieTcs 11 MHTEHCUBHOCTh 3anaxa’?

[TpoxunsaTuB pacTBOp 2—3 MHH, UCHBITATh €r0 PEAKIMIO MHIAUKATOPHON Oymakkoil. OTMeTuTh ee 1Bet. b
paBHOBECHS YCTaHABJIMBAKOTCS B BOJHOM pacTBope amMuaka? Kak cMenaroTcsi 3Tu paBHOBECHSI IIPU HArpeBa

3. Peakuusi Ha MOH AMMOHHUSL.

B npobupky Hamuth HeMHOro pactBopa coiu ammoHwus, Hampumep NH4CI, npubaButh 1—2 M pacTBc
OTBEPCTHIO MPOOUPKH, HE KacasCh €€ CTEHOK, CMOYEHHYIO BOAOM HHIMKATOpHYI0 Oymaxkky. Kak m3menu
peaKuuii.

Tak kak W3 BCeX ra3oB TOJHKO aMMHAK C BOJIOW OOpa3yeT IIenodyb, TO U3MEHEHHUE I[BETAa WHAMKATOPHOU (€
pacTtBope npucytcryeT noH NH4+

B toMm ciygae, korna 00beM BBIIEISIONIETOCS aMMUAKa JOBOJIILHO OOJIBIION €ro MOXKHO OOHAPYKHUTH T10 3ara
4. Tepmuueckoe pasjioKeHue coJjieii aAMMOHUSI.

a) B crexnannyio Tpyoky (mmunoii 20—25 cm) nomectuts nocepearne NH4CI mioTHBIM ¢10eM TONIIMHOM
CIPECCOBBIBasI COJIb MPH MOMOIIM Majiouek. B kaxaplit KoHel TpyOKH MOJIOKUTH MO KyCOYKY BJIKHON MHJIUI
OyMaKKkH. YKpenuB TPyOKy B IITAaTHBE HAKJIOHHO, HATPEBATh HUKHIOIO YaCTh CIOS (PHUC. ) IO TE€X MOp, TOK
OyMakeK B KOHIIaX TPyOOK HE M3MEHHUT CBOETO mBeTa. [1oa nelicTBUeM KaKuX ra30B MPOH30IILIO0 3TO U3MEHE
3THX ra3oB? Hamucarh ypaBHEHHE peaKkIliy pa3IoKEHUsS XJIOPUIa aMMOHHUSL.

0) I[lonoxuth Heckonbko KpuctamwioB (NH4)2SO4 na kpeimky Tumisi U Harpetb Ha cetke. [Ipu 357 °C (
aMMHaK U IUIaBsCh; pacIulaBlieHHas Macca COCTOUT U3 cMecH ruapocynbdara u cynbdara ammonusa. OOHe
MpoZieNIaB COOTBETCTBYIOLIMII onbIT. Hammcars ypaBHEeHHeE pa3iiokeHus cylb(ara aMMOHHUS,

B) Ha Kkpbiiiky TUIIISE moMecTuTh Heckosbko KpuctauioB NH4NO3 u ocTOpoKHO HarpeTh Ha CETKE MpH €I
OcTaeTcs 11 Ha KPBIIIKE TUTVIS KaKOe-JIMOO BEIIEeCTBO MOCIE Pa3lIoKeHUs Bcex KpucTtamioB? Hamucars ype
AIIEKTPOHOB.

CpaBHHTH pe3yJIbTaThI OMBITOB a), 0) ¥ B) U 00BSICHUTD, KaK BIHMICT MPUPO/Ia aHUOHA Ha XapaKTep pa3IoKeH]
5. Bo3ronka xJjiopuaa aMMOHMSI.

[TomectuB Ha nHO TpoOupku oueHb HemHOro NH4C1, HarpeBath ero, aepka mpoOupKy HakioHHO. Habmk
yacTax npoOupku. OnpenenuTb ONbITHBIM IyTEM, OTJIMYAETCS JIM BO3OIHAHHOE BEIIECTBO IO COCTaBy OT
peaKuuii.

«Kucsiopoanbie coeinHeHUs a30Tay

Peaxmuevt u mamepuanvi. 1) Anomunuti (kycouxu). 2) Meov (cmpysxcku u nposonoka). 3) Onoso
(epamnyn.). 4) Huuk (epanyn.). 5) XKenezo (onunxu). 6) Cepa (kycouku). 7) Humpam xanus KNO3.
8)Humpam meou 9) Humpam wnampus 10) Humpam cepeopa.ll) Huouxamopunas oymaea. 12)
Qurvmposanvhas oymaea. 13) Jlyuunka. 14) Kycouek wepcmsanot mrauu.
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Pacmeopuvl. 1) Azomnasn xucioma (v =141 e/mn, 1:1 u 2 n.). 2) Cepnasa xucioma (2 u.). 3) Consanas
kucroma (2 1) 4) Cynogpam oucenesa (Il) (ceexcenpucomosnennsiii, uacviut.). 5) Hoouo xarus KI (0,1
H.). 6) Ilepwaneanam kanus (0,1 n.). 7) Humpum wumampus (1 wu.). 8) Jlakmyc (unu ¢hyxcun). 9)
1. lonyuyenue u cBoiictBa okcuaa azora (II).
(PaGoTty mpoBOAMTH B BHITSHKHOM HIKady)
Cobparp nipubop 1o pucyHky. B kondy momectuth 10—15 T MEIHBIX CTPYXEK, B KaleJIbHYIO BOPOHKY H
Kkucnoty. [IpunTe HEMHOTO KHUCIOTHI K MEHBIM CTyXKaM. Eciu peakuus cpa3y He Ha4HETCsI, OUeHb €J1abo N
ra3a B kosioe. Korna Berxonsmuii u3 TpyOKH ra3 Ha BO3AyXe HAYHET OKPAIIMBATHCS B OyphIil IIBET (MToYemy?),
Ecnu nmorpebyertcsi, mOHEMHOTY MPWJINBATh KUCIOTY W3 BOPOHKH B KouOy. Ilocne HamonHeHus UMIMHIPOB
BOJIOM CTEKJISHHBIMH IJITACTUHKAMH, BEIHYTh U3 BaHHBI U COXPAaHUTh UX 70 onbiTa 3. OTMETUTH LBET ra3a. Ha
[Tocne BbITIOMHEHUS OMbBITA 3 T') OCTOPOKHO HATPETh COAEPKUMOE KOJOBI J0 IMOJHOTO PACTBOPEHUS OC:
¢buneTpar B hapdopoBoii yarike 10 HEOOIBIIIOr0 00beMa U OXJIAAUTh.
HaGmronats oOpazoBanue kpuctayioB coiu. KakoB ux cocran?
(PaGoty mpoBOAMTH B BHITSHKHOM HIKady)
2. CpoiicTBa okcuaa azora (II)
a) B mummaap (6anky) ¢ okcuzom azota (II) BHecTH ropsiryto ydnHky. Yro npoucxoaut? Jlats oObsicHeHue
B) OTKpbITh IUHID (0aHKy) ¢ okcuaoMm a3orta (II) u Ha hone Gemnoit Oymaru HaOMOAATh 32 U3MEHEHUEM OK
BemiectBa? Hamucars ypaBHeHue peakiuu. Kakoe cBoOMCTBO MposBiIsieT B Hell okcnn azota (11)?
r) Hamute okomno 1 /4 mpoOupku CBEKENPUTOTOBICHHOTO HACHIIIEHHOTO pacTBopa cyibdara xenesa (I1) v
azota (I). OTmMeTuTh, KaK W3MEHSETCS IBET pacTBopa. HamucaTh ypaBHEHHE peakIMu 0Opa30BaHHS HUTP
pactBop. Uto mpoucxoaut? OObsCHUTH HaOmonaeMoe siBjieHue. Jis Kakow 1eIu UCTIONB3YETCs PeaKIusi?
3. ITonyuenue oxcuaa azora (IV)
(PaboTy mpoBOAUTH B BRITSKHOM IIKady)
a) CoOparp mpubop Mo PUCYHKY . B KOOy MOMOKUTH HEMHOTO MEIHBIX CTPYKEK, B BOPOHKY HalUTh 5—
KucnoThl. Kucinoty BnuBaTh B K00y HeOonbuMuy nopuusmMu. CoOparh BBIICISIOMUNACS Ta3 B TPU MIITUHAf
UX CTEKJISSTHHBIMU IUTACTHHKAMU, COXPaHUTh A1 onbiTa 6. Kakoit et raza? Hanucars ypaBHEHHE peakIuu.
(OnpITHI @) ¥ B) MPOBOJIUTH B BBHITSHKHOM MIKady)
a) Wcnertars, ropsat nu B okcuae azora (IV) mneromas nyuumnka.Hanucars ypaBHenue peakuuu. Comoc
pe3yabTaTaMu OIbITa 3, CIIENaTh BBIBOA, KAKOM OKCHUJ a30Ta JIET4e OTAAET KUCIOPO.
0) Omyctuth nuIHHIAP (MPOOUPKY) ¢ okcugoM azota (IV), momy4eHHBIM B OMBITE 5 a), B BAHHY C BOAOH ¥
npoucxoaut? Korna ypoBeHb BOJBI B LMJIMHIPE MEPECTAHET U3MEHSTHCS, 3aKPbITh IWIMHIP CTEKISHHON
HcnpITaTh NOTY4YEeHHBIA PACTBOP MHAMKATOPHON OyMakkoil. OOBsICHUTE HaOMonaemble siBieHus. Hanmcats
4. O0pa3oBaHue U pacnajg a30TUCTON KUCJIOThI.
Oxnanuth B mpobupke 2—3 mi1 pactBopa HuTpuTa Harpust NaNO2 cHerom (J1b0M) U 3aTeM NpUOaBHTH K E
OTMeTHTh BET pacTBOpa W LBET ra3a Haj HUM. OOBSICHUTH, MOYEMY OXJIAXKIAACTCS PACTBOP, KAaKOE BEIIIE(
cocTas rasza. Hamucare ypaBHEHUS peakLyii.
5. OKuCIUTENbHBIE U BOCCTAHOBUTEIIBHBIE CBOMCTBA a30TUCTON KUCIIOTHI.
a) Hanute B npobupky 2—3 mut pactBopa Kl, nogkucnuts ero pazbasnennoir H2SO4 u 3arem npubaBUTE
OOBsicHUTH U3MEHEHHE L1BeTa pacTBopa. Kak jmoka3arh, kakoe BhIAEIMIOCH BemecTBo? Hanucars ypaBHeHHE
6) K noaxucnennomy paszbasnennoir H2SO4, pactsopy KMnO4 npunuts pactBop NaNO2. Yrto mpoucxonuni
B BUJLYy, UYTO OZHUM U3 NPOoAYKTOB siBisieTcst cosib Mn (II). Kakue cBoiictsa nmposiBinsier HNO2 B onbiTax a) u €
6. CBolicTBa 230THOM KHCJIOTHI.
a) Paznoxxenue npu HarpeBanuu. Hamute 1 —2 Mot HNO3, B mpoOupKy ¥ YKpENHTh MOCIEAHIO BEPTHKA.
KHCJIOTY. BHECTH B IpOOUPKY TICIONTYIO JTYYHHKY, Iepxka ee mumiamMu. Uto Hadbmonaetcsa? Hamucars ypaBH
0) /lelicTBre KOHIIEHTPUPOBAHHOW a30THOW KHUCJIOTHI Ha METaUIbl. B OmHY pOOHPKY MOJOKUTH KYCOYEK
3areM npuOaBuTh KoHneHTpupoBanHo HNO3. Kakoii Beinensercs raz? Hanmucars ypaBHEHHS peakiuii, Un
obpazyercst H2SnO3.
B) [leiicTBue pa30aBieHHON a30THOM KUCIOTHI HAa MeTaUIbl. [10MI0KUTH B MPOOHPKY HEMHOTO KEIE3HBIX
ymepenHo pazbasnenHoit HNO3. Kakoii Beiensiercs ra3? Hanmcars ypaBHeHue peakuuu. B oy npooupky
— KYCOYEK 0JIOBa M MPHIUTH B 00€ Mpobupku cuiibHO pa3dasiennyio HNO3. B TeueHne HECKOJIIBKUX MUHY'
pacTBOP C HEMPOPEArupoBaBLIETO METAJIA U JOKa3aTh Hamu4ue B pactBope nona NH4+ Hanucats ypaBHeH:
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r) IlaccuBupoBaHNE ATIOMHUHUS «IBIMSIIEH» a30THOM KHCIOTOM. B mpoOHpKy HalIUTh HEMHOTO 2 H. pacTB
amoMuHus. Uto Habmonaetrcs? 3areM BBIHYTh KyCOUEK aJIOMHMHHUS U3 KHUCJIOTHI, IPOMBITH €r0 BOIOM U, T
onyctuth B HNO3, nonyuennyto B onbite 10. Uepe3 3—4 MUH OCTOPOKHO BBIHYTH aJIOMUHUI U, IPOMBII
norpy3uts B HC1. Beirensiercs nmu teneps Bonopoa? [late oObscHeHMe.

1) JlelicTBUEe KOHLIEHTPUPOBAHHON a30THOM KHCIOTHI Ha HeMmeTauibl. B dapdopoByro yamky HaliuTh HE
OpocuTh Kycouek cepsl U HarpeTb. Uto npoucxoaut? Ilocie oxmaxaeHus KHUIKOCTH BBUTUTH €€ B IPOOUPK
H2S04. Hanucars ypaBHEHUs peakLuil.

k) PaspymieHne opraHMYecKMX BEIIECTB a30THOM KuCIOTOM. Ha Kycodek mmepcTsHOW TKaHW HaHECT
KOHIIeHTpHUpoBaHHOTO pacTBopa HNO3. Habmonarh, 4TO MPOUCXOIUT C MIEPCTHIO.

7. PazjioskeHHe HUTPATOB NIPU HATPEBAHMU.

(OmibITHI 0) ¥ B) MPOBOJUTH B BBHITSHKHOM IKA(]Y)

a) [Ipokaimth B mpoOUpKe, 3aKpeTuieHHON B mtatuBe, okosio 1 r NaNO3. Habmronars Beigenenue rasza. Jok:
BEIIECTBO OCTAaeTCsl B MPOOUpPKeE, MPOAEIIaB OIBITHI MOCie ee oxJaxaeHus. Hamucars ypaBHEHUs peakiuil.
paznaraercsa KNO3.

6) Heckonbko kpucramumkoB Cu(NO3)2x3H20 nomecTuTh B IPOOUPKY, 3aKPETIUTh €€ TOPU3OHTAIBHO B ILIT
KaK/e U3MEHEHUS MPOUCXOIAT ¢ conblo. Kakue Bbiaemsitorcs ra3pl? YTo octaeTcst B MpoOUpKe MOCIIe OIbITa’
B) Hakamutp B mpoOupke Heckonbko KpuctammukoB AgNO3. Kakue Boiaensiorcs rassl? Uto ocTanoch E
PEaKIH.

CpaBHUTB pe3ysIbTaThl ONBITOB M YKa3aTh, KaK 3aBHCUT XapakTep Pa3JIOKEHHUS HUTPATOB OT aKTUBHOCTH I
OOBSICHUTB, TOYEMY TPU HArPEBAHUH ITHX COJIEH 00pa3yloTCs pa3ITUYHbIe TIPOTYKTHI.

JlaGopaTopuasi padora «Coeannenusid®ochopa». «Cypbma, BUCMYT U HX COeTHHEHUS»

Peaxmuevt u mamepuanvl. Kocmanas 3ona (unu gpocghopum), Jueuopoopmodghocgpam nampus NaH2POA.
JTuopoopmoghocipam nampus Na2HPO4.,Cypvma (nopowok), Humpam eucmyma(lll), Xnopuo cypemol
(111), Hnouxamopuas dymaea, Purvmposanvras bymaea.

Pacmeopuer. 1) Azomnaa kucnoma HNO3 (komy u 2 n.),Cepnas xucroma H2SO4 (kony u 1:1),
Vrcycnas kucnoma CH3COOH (2 n.), Opmogocgopuas kucnoma H3PO4 (1 n.). Conanasn xucioma
HCI (kony., r =1,18 e/cm3, Monuboam ammonus (2%-nwuii), Xnopuo karoyus (2 1.), @occham nampus
Na3PO4 (1 u.),[ducuopogoccham nampus NaH2PO4 (1 u.), T'uopoghocgham nampus Na2HPO4. (I n.),
Kapoonam nampus (2 n.), Humpam cepeopa AgNO3 (0,1 n.), Ayemam nampus (0,5 n.)., Xnopuo sxcenesa
(I1ll) FeCl3 (I n.), Cynvgpam antomunus (1 1.), Hoouo xkanus KI (0.1 n.).

Omnbit 1. Peaknun Ha HoHBI (pochopHBIX KHCIOT.

a) K pactBopy runpodocdara varpus npunuth pactBop AgNO3. Uto mpencrasisieT co00i BhIMABIIUN O
OTHOILIEHUE 0CaJIKa K pacTBOPY a30THOM KUCIOTHL. Hamucarh COOTBETCTBYIOLINE YpaBHEHUS pEaKIIUM.

0) K Hebonpiomy o0beMy pacTBOpa MoJnOaaTa aMMOHUS, MOAKKUCIEHHOTO pacTBopoM HNO3, mpubaBuTh
unu ee conu. Cmech HarpeTh. Uto Habmonaercsi? KakoB Bu U IIBET ocaaka?

B) K pactBopam merta- u audocdara HaTpus B OTACHBHBIX NpoOupKax npuiauTh pactBop AgNO3. Kakos 11
oTHoleHue ocaakoB K pactBopy HNO3. Hanucars ypaBHeHHs peakuuil. B kakoi cpenie ocaxaaroTcsi coJ
KHUCIIOT?

r) Hamute B 1Be mpoOupKU HEMHOTO pacTBopa Oenka B Boje. [IpuinTh B 0HY POOUPKY pacTBOp MeTadoc
mudocdara HaTpus, 3aTeM B 00e MpOOHPKU T00ABUTH PACTBOP YKCYCHOM Kucnorbl. HaOmionars, uTo mpo

cMmeckio Metadocdara HATPUS U YKCYCHOM KHCIOTHL. Ha ocHOBaHMM OMBITOB a), 0), B), T) CAENATh BBIBOI, K
PO3-, P2074-, PO43- B pactBOpE?

Omnbit 2. IToayuyenue ¢pochOpHBIX KHUCJIOT.
HHonyuyenue oprodochopHoil KHCIOTHI U3 KOCTIHOM 304161 WK (pochopuTa

[TomecTuTh B IPOOUPKY HEMHOTO KOCTSIHOM 30JIbI UM TOHKO M3MeNbueHHOTO dochoputa u 1006aBUTH pac
MPOKUIISITHTE U 3aTeM OT(QHIBTPOBATH JKUIKOCTh OT OCAJKa, JIOKa3aTh MPHCYTCTBHE B (QUIIBTpaTe OpTOdO!
OTIBITA PACTBOP MOJIMOIaTa aMMOHUs. Hanrcars ypaBHEHUS peakIuii.

OmnpbIT 3. Costu opTodochopHOii KHCJIOTHI.
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a) @ocdarsl Hatpus U uxX ruAponn3. [1o BeaMuMHE KOHCTAHTHI AUCCOLMALUU OpTO(POCHOPHON KHUCIOTHI
rugponusy (ocdarsl menoyHbIX MeTasioB. Ha kakoii CTyneHH JOIKEeH MPAKTUYECKH OCTAaHOBUTHCS THIPOII
[TpoBepuTh CBOM HPEATOJIOKEHUS, UCIIBITAB PAacCTBOPHI TUApo-, Auruapodocdara u docdara HaTpus UHL
ypaBHEHHE peakuuu ruaponusa pocdara Harpus mo neppoil ctynenu. HakorieHne Kakux MOHOB IPENSTCT
comu? Onpenenuts pH pacTBOPOB ¢ MOMOIIBIO YHUBEPCAIbHOW WHANKATOPHOM Oymarm.
0) [Momyuenne docdaroB kanmpiusa. Mcnonb3ys uMeronuecs B 1a0OpaTopyuu PeaKTUBBI, TOIYIUTh THAPO-, 1
Hanwucarpe ypaBHenus peakuuid. Crenars BbIBOA O paCTBOPUMOCTH B BoJie TTosrydeHHbIX cojied. K ocanky C:
KUCJIOThL. Yto mpoucxonut? [lath oObsicHeHue. HanucaTrs ypaBHEHHE peaKIuu.
B) Ilonyuenue ¢ocdarop xene3a u aqoMuHUsA. B oqHy MpoOMPKY HaJUTh HEMHOTO PAacTBOpa XJIOpHIA XK
anmoMuHus. B kaxayio u3 npoOupok 100aBUTh HEMHOTO pacTBOpa arierara HaTpus u ruapodocdara HaTpus
Yro onu coboii npencrasisitor? Kakyro posib UrparoT anerar-uoHsl? Hamucars ypaBHEHHUsT peakIuil Momyye
UcnbiTats oTHOMIEHHE 0caakoB K pactBopy HCI.
Cypbma. BucmyTt

1 1. BzaumopeiicTBre CypbMbI ¢ KOHIEHTPHPOBAHHBIM PACTBOPOM CEPHOIl KHCJIOTBI.
(PabGoty mpoBOAMTH B BHITSHKHOM HIKady)
Brectn B nmpoOMpKy HECKONBKO MaJICHbKUX KPUCTAJUIOB CYpbMbI M J100aBUTh HEMHOIO KOHILIEHTPHUPOBAl
BEPTUKAJIBHO B IITAaTUBE M HarpeTh OCTOPOKHO HEOOIBIINM IJIaMeHeM ropesiki. Kakoi ra3 Beiiensiercs B pe
peakuuu ocTaroTcsl B pactBope? Hanucarb ypaBHEHUE pEaKIUU.

1 2. IloayyeHue u cBoiicTBa ruapokcuaa cypbmbl (11I).
a) [Tomyunts ocamok ruapokcuaa cypbMsal (I11). M36erats n30ObiTka mienoun. OTMETUTH IBET M BUA ocanaka. b
6) Paznenuth momydeHHBIH ocanok Ha aBe yacTtu. Mcmbitate ero ortHomenue K pactBopy HC1 u
terparuapokcoctudara (II1) Harpus Na [Sb(OH)4] coxpanuth mist onbita 3.
Cnenarp BBIBOA 0 XUMHUYECKUX cBOMcTBaxX ruapokcuna cypomsl (I1I). Hanucars ypaBHeHHs peakiiuu B MOJIEE

1 3. BoccranoBuTe/IbHBIE cBOiicTBA TeTparuapokcoctudara (III) narpus.
K pactBopy AgNO3 npu6aBisaTh Mo KarisiM pacTBOpP aMMHaka J0 pacTBOPEHUS MEPBOHAYAIBHO MOSBIISIOL
enouHoi pactBop Terparuapokcocrudara (III) marpus Na [Sb(OH)4], momyueHHslid B onbiTe 8 0), U Harp
Hanucars ypaBHEHHE peakiuu U CXeMy Iepexoa 31eKTpoHoB. Kakue cBolicTBa MPOSIBIIAET TETPAruApPOKCOC

1 4. 'uapoan3 cogeii cypsmbi (I11).
Hewmnoro xnopuna cypemsl (I11) pacTBOpuTh B HECKOIBKUX Karlisix BoAbl. PacTBOp MCHBITaTh HHAMKATOPHO
nBeTa nakmyca. [IpubaBuTh TUCTHIUIMPOBAHHOM BOJBI A0 MOSABICHUS Oocaaka. OOBSCHUTDH, IOYEMY TPH s
ocaznok. Hanmcare ypaBHeHHe peakuuu rugponusa xiaopuzaa cypsmsl (III), yunTsiBas, uro BbIaBLIMIL 0can
cypsMmsl (IIT) SbOCI. Kak on obpa3zyercs?
Jl06aBUTh K MOTYYEHHOMY OCaJIKy HECKOJIbKO Karejb KOHIeHTpupoBaHHoro pacrsopa HC1. Habmronars mp
Habmonaemble siBjeHus. [lpu nanpHeieM pa30aBieHUN pacTBOpa BOJON HAOMIONATh CHOBA BBINAJICHUE OCA;

1 5. Ilony4yeHue cypbMsIHOI KUCJIOTHI U €€ CBOHCTBA.
a) HemHoro mopoiiika cypbMbl HarpeBaTh B IPOOUPKE C KOHIEHTpUpOoBaHHBIM pacTBopoM HNO3 10 Tex mop,
oenbrii, moutn HepactBopuMmblii B H20 m HNO3 mopomok cypbMsiHOM KHCIOTHL. [lomydeHHBIM ocan
Koopaunammonnas ¢opmyrna Hambonee BaxHOW M3 CypbMsHBIX KucioT uMeer Bua H[Sb(OH)6]. Hamuc:
IIPOAYKTHI PEAKLIUH, TIOTYYUBIIMECS IIPU B3aUMOJIEHCTBUU CYPbMBbI ¢ KOHLIEHTPUPOBAHHBIMU pacTBopamu H!
0) Ocafok CypbMsSHOM KWIJIOTBI pa3/elUTh Ha J1B€ MpOoOMpKU. McmblTaTh OTHOLIEHHE OCaJKa K pacTBOPY
pactBopy HCI1. Cnenarb BbIBOA O XMMUYECKHUX CBOMCTBAX CYpbMSIHOM KHCJIOTHI. [lomydeHHBIN pacTBOp X
ombiTa B). Hamncare ypaBHEHUS peakiiuii B MOJICKYISIPHOM U HOHHOM (opMme.
B) OkucnurenbHble cBOCTBa coenuHennii cypbMsl (V). K pactBopy KI npminTh HEMHOTO pacTBOpa XJIOpH,
116). lokazaTh npHCyTCTBHE CBOOOAHOTO Moja. Hammcarh ypaBHEHHE peakiMy U MOKa3aTh MEPEXOJl K]
SbCIS5 B a0l peakunu?
CoequHeHUs1 BUCMYTA

1 1. oayuyenue oxcuaa sucmyrta(Ill).
Heckonpko kpuctammmkoB HuTpara Bucmyta (1) mpokanuTs Ha KpBIMIKEe TUTIISA 10 pasiiokeHus comu. Kak
Otmeruth ux 1BeT. Habmronare nocnenyromiee U3MEHEHUE 1BETa MPOAYKTAa PEAKIMH, IPOUCXOASIIEE MTPH
peakiuu paznoxeHus HuTpara sucmyta (I1I).

1 2. IloayyeHue u cBoiicTBa ruapokcuaa sucmyrta (I1I).
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N3 nurpara Bucmyta (III) nomyuurs rugpoxcun Bucmyra (III). Hanucars ypaBHEHHE peakiyy MOITYy4YEHUS
OTHOUICHHE MOJYYEHHOTO OCaJKa K pa30aBIeHHOMY pacTBOpPY KHCIOTHI M K M30BITKY pacTBOpa ILEiIodu. '
MPOSIBIISICT TUAPOKCUA BUcMyTa? Hamucarb ypaBHEeHHS peakuidi B MOJIEKYISIPHOM U HOHHOHU (opMme.
1 3. F'uapoan3 coseii Bucmyta (II1).
HeMmHoro Hutpara BUCMyTa pacTBOPUTH B HECKOJIBKMX Kalliix BOAbl. IloayyeHHBIN pacTBOp HCIBITATh Wi
M3MEHEHHE 1IBeTa MHAMKaropa. PacTBop pa30aBUTh AMCTHIIMPOBAHHOW BOAON 1O BBIMAJACHUS OCAJKa.
THIPOJIN3a, YIUTHIBAsA, YTO BBINABLIMNA ocalok npencTasisieT coboit BIONO3. Kak on obpasyercs?

JlabopaTopHas paGora. Yriiepoa u ero coeJMHEeHUsl.

Peaxmuevt u mamepuanwvi. 1) /lpesecuviii yeons akmusuposauusiii. 2) Maenuii (nenma).3) Kapoonam
kanvyusa CaCO3. 4) Mpamop (unu men). 5) Kapoonam maenua MgCO3. 6) [uopokapbonam nampusi
NaHCOs3. 7) Kapbonam umampus Na2CO3. 8) l]asenesasn xucroma H2C204. 9) Hnouxamophas
oymaea. 10) Bama. 11) Jlywunku. 12) @uavmposanvuas bymaea. 13) Cmaxamnsl (unu 6anku) emMkocmsio

Pacmeopuwi. 1) Cepnas kucnioma H2S0O4 (konu., pazo. 1:3). 2) Conanasn xucroma HCI (1:4; 2 n.). 3)
T'uopoxcuo nampuss NaOH (2 n.). 4) Kapoonam xanus (2 u.). 5) T'uopoxapboonam nampus (I n.). 6)
Kapoonam nampus (2 u.). 7) Humpam ceunya (0,5 n., 0,01 n.). 8) Hoouo karus KI (0,01 u.). 9) Humpam
cepeopa (0,1 n.). 10) I'uopoxcuo karvyus Ca(OH)2 (naceiw.). 11) Hetimpanvnwiii pacmeop naxkmyca.

12) Pacmeop ¢ykcuna, puonemoswvix uepnun. 13) Ayemam ceunya(0,01 n.).

1 1. Ancop6unoHHasi cIOCOOHOCTH IPEBECHOTO YIJIsl.
a) Bony B xonbe win cTrakaHe ciierka OKpacuTh (DMOJETOBBIMU YepHUJIaMU Wiu GykcuHOM. BHecTn B Hee
YToJIb ¥ CHJIBHO B300nTaTh. 3aTreM oTuiabTpoBarh. Kak m3ameHuscs nset pactsopa? /late oObsicHEeHHE.
0) B mpobupky ¢ Heckonpkumu Karsimu 0,01 H. pacTBopa HuTpata wiu arerara ceunna (1) Baectn 1—2 ki
Uro nabmomaeTcs? Hamucats MOHHOE ypaBHEHUE peakiuuu. B mpyryro mpoOupKy BIUTH 1—2 MIT TOTO Ke
HEro MEJIKO U3MEIBUYEHHOT0 aKTUBUPOBAHHOTO APEBECHOI0 YIIsl. 3aKpbITh MPOOUPKY MPOOKOIl 1 CHIIBHO B3f
¢unprpar BHecTH 1—2 karmum 0,01 H. pacTBopa nonuaa kanus. Beimagaer a1 ocagok B 3ToM ciaydae? O0bsic
00yCIIOBIMBAETCS BRICOKAs aICOPOIMOHHAsI CITIOCOOHOCTD IPEBECHOTO YIIis?

1 2. Monyyenne u cBoiicTBa oxkcuaa yriepoaa (II).
B konOy Bropia momecTtuTs 5 r miaBeneBoi KMCIOTH (MOKHO MYpPaBbHHOI), a B ICIUTEIBHYI0 BOPOHKY Ha
H2SO4. HeGonpmmmu NOpIUSIMUA MPUIIMBATH K IIABEJIEBOI KHCI0Te KOHIIeHTprpoBaHHyt0o H2SO4u cmecs 1
nociie Havyajla peaklyu, coOpaTh BBIACISAIOMIMNACS Ta3 B IMJIUHAP HAJ BOJON. 3aKpBITh MIIMHAP MO BOAOH -
KpHUCTAJJIN3aTOpa U COXPAHUTD IS CIIEIYIOIIETO ONbITA.
6) OTKpBIB IWIMH/P, TOKEYb COOpaHHBIH B ombITe 6 a) ra3. BinuBarh B IMIUMHIP BOAY, IOKA BECh Ta3 HE O
Ha 1BeT iaMeHu. CocTaBUTh YpaBHEHUS peakuuil nonydenus: okcuaa yriepona (II) u ero ropenus. IMou
ymiepoza (II) pasnokeHneM 11aBeneBoil KUCIOTHI €0 CIEAYET MPOITyCKaTh YEPE3 pacTBOP IIEI0UH?
B) Hanmute Ha 1/4 npobupku pactBopa AgNO3u 106aBUTh K HEMY MO KalUIIM BOJHOTO PAacTBOpa aMMHaK:
oOpasyromerocst ocaaka okcuaa cepedpa Ag20. 3areM HarpeTb pacTBOpP M MPOMYCTUTh B HETO TOK OF
MPUMEHSIBILIETOCS B OMbBITE 6 a), MpeABAPUTEIILHO CMEHUB Tra300TBOJIHYIO TPYOKY Ha TpyOKy, COTHYTYIO I
MeTaJNInYecKoro cepedpa B BHJIe YepHOTO nopoika. Hanucars ypaBHeHHe peakiuy. YKa3aTh OKUCIUTENb U

1 3. [Tosryyenne u cBoiicTBa okcuaa yriiepoaa (IV)
a) B ammapar Kunmna nonoxuts Kycouku Mmpamopa 1 Hanuth pactsop HC1 (1:4). HaGmionats BelAeneHHE Tas
uenu pacteopH2S04?
6) Boyrensromuiicss 3 anmapara Kumma ras mpomycTuts B NPOOHPKY C BOAOHM, MOAKPAIIEHHOW HEHTp
Habmonaercsa? Hamucars ypaBHeHUs! peakiuil, nporucxonamux mnpu noiaydennu CO2 u pacTBOPEHHH €ro B
BOJI€, IOAKPALLEHHBIN JJAKMYCOM, IPOKUIATUTH. MI3MeHseTcs 1 1BeT? BbIpa3suTh ypaBHEHUSIMH PaBHOBECHE
okcuna yrnepona (IV). Kak cmectuts 310 paBHOBecue? Kakum cioco6oM MoxkHO cobupars CO2?

B) B3sTh 1151 ombiTa qBa crakaHa (wim 6aHku). OquH u3 HuX HanonHauTh CO2 u3 annaparta Kunma. [Iposepu-
C TMIOMOIIIBIO TOPSIIEH JTyYMHKH, TOJJHECEHHOM K OTBEPCTHIO cTakaHa. B npyroii ctakan OpoCUTh MaJeHbKUN
MOJKEYb €r0 ropsllei TyuynHKoN. 3aTeM ocTopokHO nepenuts CO2 U3 nepBoro craka€a Bo BTopoi. Uro 1
ropsiuieit iyanHku, octaics i CO2 B nepBoM crakaHe. Kakoil BBIBOJ MOXHO clienaTh o miotHoctu CO2?
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r) B crakan, nanonuennbii CO2, BHECTH MOAOAKEHHYIO Ha BO3AYXE JIGHTY MarHus, JepkKa €€ LIUILAMH.
MOJYYEHHBIM MIPOIYKTaM MpHOaBUTh HEMHOTO pazbasienHoro pactBopa HC1 u B36ontars. Ob6a u BemiecTs
coboii wyacTnyku uepHoro 1Bera? Hamucare ypaBHeHHs peakuuid. OTMETUTH pPOJIb OKCHAA YL
OKHCJINTEIbHO-BOCCTAHOBUTENBHBIX MPOLIECCAX.
1 4. O6pa3oBanue cojieii yroJibHONH KHCJIOTHI.

a) B mpoOupKy ¢ M3BECTKOBOM BOIOM MPOITyCKaTh B TeueHne 2—3 MuH ObIcTphIi Tok CO2. Kakue nmpoucxo,
peakmuii. Ha3zBare oOpasyromuecs conu. Hanumcars ux rpadudeckune Gopmynsl. CaenaTs BEIBOI 00 UX pac
pacTBOp OCTABHUTH JIJIS CICIYFOIIETO OTIBITA.

6) PacTBop, moy4eHHBIH B ONBITE a), pa3JIUTh B IBE IPOOUPKH.

OnHy 13 HUX HarpeTh, B IpyTyro 100aBUTh U3BECTKOBOM BoAbl. HamucaTh ypaBHEHMsI TPOUCXOAALINX PEaKIl

B) IIpoOupky, HanonHeHHY0 CO2 1 3aKpHITYIO TPOOKOH, OMPOKUHYTH B KPHCTAJIIN3ATOP C pa30aBICHHBIM |

npooky. O0bsCHUTH Npoucxonsiiee siBinenne. Hanucars ypaBaenue peakiu. (Ilocie mpoBeneHus: TaHHOTO (
1 5. T'uapou3 coseii yroJbHONH KHCJIOTHI.

Ucneitars aerictBue pactBopoB Na2CO3, NaHCO3, K2CO3 Ha HeullTpanbHbIN pacTBOp Jakmyca. Hamuca
MOJIEKYJISIpHOW 1 noHHOU (popme. Kakast conb B 60bIIel crenern moaepraercs ruaponu3y: Na2CO3 uu |

1 6. CBoiicTBa cosieii yroJabHOWH KHCJIOTHI.

a) Mcnerrars otHomenue K Boae U kK pactBopam HCl u CH3COOH cnenyronux coneii:. Na2CO3,MgCO3. (
MOJIEKYJISIPHOHM 1 HOHHOM (hopme. OOBACHUTH HAONIOAaEMBbIE SIBICHUSI.

6) Ucneirars oTHOmeHue K HarpeBanuio Na2CO3, NaHCO3 u CaCO3.

Jy1st 5TOTO HEOOIBIIKE MTOPITUU COJIEH TPOKAIUTH B MPOOMPKaX C Ta300TBOAHBIMH TPYyOKaMH (OMyIIICHHBIMH 1
HabGmronars 3a npoucxoasum. Hanrcars ypaBHEHUS peakIuii.

JlaGopaTopHasi padora «KpeMHMii ¥ ero coeMHEeHM s

Peaxmusvt  u  mamepuanvi.1) Mpamop um wmer CaCO3.2) Huouxamopnas Oymazca. 3)
Qunvmposanvhas bymaea. 4) Cmekianunas mpyoka (neekoniaexas). 5) 3awummsie ouxu.

Pacmeopuvi. 1) Conanas xucnoma HCI (kony., p = 1,19 o/cm3 u paz6. 1:1). 2) Xnopuo ammonus
(nacwiwy.). 3) Cunukam nampus (10%)

1. IlonyyeHue KpeMHHUEBOIl KHCJIOTBI.

a) Ilonyuenue 2uopozens KpemHueso KUCi0masi.

K 5 M5 KOHIIEHTPHUPOBAHHOTO PacTBOpA CHJIMKATa HAaTpUs MpuOaBUTH 2—2,5 Mil pa30aBICHHOTO PacTBOPE
IepeMeIaTh )KUJIKOCTh CTEKIISIHHOW Malloukol. BciiencTBue BbIAENIEHUS KPEMHUEBOW KHUCIIOTHI BCE COIEP
cTyleHb. Hanncars ypaBHEHME peakLnu.

0) [lonyuenue cu0po30/si KPeMHUEBOU KUCIOMbI.

K 3—5 Mz pactBopa cunmkara HaTpus npuOaBuTh HeMHOTo KoHIeHTpupoBanHoi HCI. Tlomydaercs kommor
Harperts ero no kunenus. Yro Habmonaercs?

8) Buimecnenue kpemHuesol Kuciomsl u3 ee cojel.

B pactBop cunukara Harpus npomyctuth Tok CO2 u3 anmapara Kumma. HaGmronats o6pa3zoBaHue KpeMHHU(
npoucxozsmieit peakiuu. Kakas u3 kucnor — H2S103 i H2CO3 — sBnsiercst 6osee cnadbiM SIEKTPOITUTC

2. I'mapoJn3 cosieil KpeMHHEBOH KUCJIOTHI.

a) McnplTare HENTpaIbHBIM PACTBOPOM JIAKMyCa pacTBOp CHJIMKara Harpus. Hamucarh ypaBHEHHs peakr
MOHHOH (opMme.

6) K 1—2 MJ1 KOHLIEHTPHUPOBAHHOTO PAaCTBOPA CHIIMKATa HATPHsI MIPHIUTH TP MOMEIINBAHUH 2—3 MJI HAaChIl
Habmronare o6pazoBanue ocajka u rasa. Hammucars ypaBHEHUs THAPOIM3a B MOJICKYJIIPHON M HOHHOM (hopM«

3. Belmes1aunBaHue cTeKJIA.

Kycouek crekissHHON TpyOKH HarpeTh B IUIAMEHHU TOPEJIKK U OBICTPO OIYCTUTH B CTaKaH ¢ BOJOM. TpyOKa ¢
dbapdopoByIO CTYNKY U, 100aBUB HEOOJBIION 00bEM TUCTUIUIMPOBAHHOMN BOJBI, IEPETEPETh UX B MEJIKHUH 1
3areM B CTYIKy 00aBHUTh HECKOJBKO Kareib pactBopa deHondtanenHa. UYro nadmomaetcsa? Jate oObsc
OOBIKHOBEHHOTO CTEKJIa BhIpakaroT popmyioit Na20O xCaOx6Si02.

3agaHus AJ151 CAMOCTOATEIbHOM PadoThI

1. Hanucatb snekTpoHHyI0 (opMyly aToMa KpeMHHUs. HauepTuTes cxemy pacnpeneneHus 3JeKTPOHOB T10 SHE
2. Kakyto cTeneHb OKUCICHHS MPOSBISAIOT aTOMbl KpeMHHs B coenuHeHusx? [IpuBectu npumepsi. KakoBo
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX peakuusax? Hamucars ypaBHEHUS peakIuiil.
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3. B yeM cXOACTBO M pa3nuyue XMMUYECKUX CBOMCTB BOJAOPOJHBIX COCNMHEHHM yriiepona u kpemuus? Jla
YPaBHEHUN COOTBETCTBYIOIIMX PEAKLIUM.
4. Hanucarb ypaBHEHMs peakLUUi NOTYYEHHUS CUIMLUAOB, okcujaa kpemHus (IV) m kpeMHuEBBIX KHUCIOT
COCIMHECHU.
5. CpaBHUTH CBOMCTBA OKCUAOB M TUAPOKCHUIOB KPEMHHUSI U YIJIEPOAQ, MPUBJIEKAst CBEICHUSI 10 TEOPUU CTPOE
JlaGopaTopHasi padora «OJ10B0, CBUHEIl U MX COeIMHEHMSI»
Peaxmuevr u mamepuanwi. 1) Onoso. 2) Lunk (epanyn.). 3) Ceuney (kycouku). 4) Okcuo onosa (IV)
5) Cypux. 6) Xnopuo onosa (1l). 7). @uremposanvuas bymaea. 8) Unouxamoprnas dymaza.
Pacmeopvi. 1) Cepuas xucioma (xkony., r=1,84 2/cm3u 2 n.). 2) Conaunas xucroma (xouy., p=1,18
e/em3 u 2 H.). 3) Asommuas kucnioma (kouy., v =1,4 2/cm3 u 2 u.). 4) T'uopokcuo nampus NaOH
(40%-nw11i u 2 1.).5) Boousiii pacmeop ammuarka (2 M). 6) Xnopuo onosa (1) (0,5 n.). 7) Xnopuo
onosa (IV) (0,5 n.).8) Humpam eucmyma (III) (0,5 n.). 9) Humpam ceunya (1) Pb(NO3)2 (0.5 u.). 10)
Hoouo kanus (0,1 n.). 11) Xpomam xanus (0,5 n.). 12) Ceposodopoonas éooa. 13) Xnopuo nampus
NaCl (0,5 n.). 14) Cynsgpam nampus (0,5 n.).
OunoBO
1. IosryyeHue oJi0Ba.
a) [lonp3ysich MaHHBIMHM TaONUIBI CTAHIAPTHBIX AJEKTPOAHBIX MOTEHLHMAJTIOB, MOAO0paTh METal, CIOco0
pacTtBopa ero coiu. [Iponenars COOTBETCTBYIOIIMI OMBIT, HCIOB3YsS OAMH M3 UMEIOUIUXCS B Jlaboparopy
onoBa. Hanucars ypaBHeHHE peakiuu.
2. OkucyIeHHe 0/10Ba KHCJI0POAOM BO31yXa.
Harpets kycodek oyioBa B *KeJIe3HOH JIOKeUKe Ha MasuIbHOM ropeske. Habmogars o6pa3oBanue SnO2. Hamuc
3. BzaumoneiicTBue 0;10Ba ¢ KUCJI0TAMMU.
(PaboTy mpoBOAUTH B BRITSKHOM IIKady)
B mecth nmpoOupok MOMECTUTH MO 2 KyCO4Ka OJIOBA M TMOACHCTBOBATh B OTJACIBHOCTH Pa30aBICHHBIMH H
kucnor HC1, H2SO4 u HNO3 cHavana mpu KOMHATHOU Temmeparype, a 3areM Npu HarpeBaHuu. HaOn
CocTaBHUTh ypaBHEHUS PEAaKIMH, yUUTHIBAs, YTO MPU B3aUMOJCHCTBUM ofoBa ¢ pazbasieHHoH HNO3 (Ha x
aMMOHUS, @ IPU B3aUMOJICHCTBUU ¢ KOHLIEHTpupoBaHHOM H2SO4 nponykr peakunn — okcun cepsl (IV).
4. BzaumoaeiicTBre 0J10Ba €O IIeJI09AMM.
[TomecTuth B pobUpKy 2—3 Kycouyka 0JI0oBa M IMPUIUTh KOHLUEHTPUPOBAHHBIN pacTBOp Ienoun. Halmror
JI0Ka3aTh, YTO BBIACISIONINICA ra3 — Bogopo? HamucaTts ypaBHeHHE peakliny, UMes B BUY, 4TO oOpa3yerc
5. Ilosrydyenue u cBoiicTBa rujapokcuaa osgosa(ll)
W3 umetromuxcs B 1a00paTopuul peakTUBOB MOMY4YUTh ruApokcua onosa (II). M36erats n30bITKa TIeT0YH. |
ocanka. Mcneitats nelictBue Ha ruapokcun onosa (II) kucnors! u menoun. Hanucars ypaBHEHMs peakuuii
Jlatb 0OBsiICHEHHE.
6. O10BAIHHBIE KUCJIOTHI M UX CBOMCTBA.
(OmbIT 6) IPOBOAUTH B BHITSHDKHOM IIKa(dy)
a) K pactBopy xmopuna onopa (IV) 100aBiaTh 1o KarwisiM BOJHBIA pacTBOP aMMHaKa 10 0Opa3oBaHUs Ol
KUCJIOTBL. OnpeeuTh ONBITHBIM IIyTEM OTHOILIEHHE €€ K KHCJIoTaM M mienodaMm. Hanucate ypaBHeHus p
dbopme.
6) Kycouek onoBa 06auth B happopoBoii yamike KOHIEHTpHUPOBaHHBIM pacTBopoM HNO3 u Harperts 10 K
6enoro ocanka b-onoBIHHON KuCHAOTHL. [Tocne oxmaxaeHus: conepKMMOe Yalllku pa30aBUTh BOAOH U MPOM
OTHOUICHHE b-0OBSIHHOM KUCIIOTH K KOHIIeHTpupoBaHHbIM pacTBopamM HC1 n KOH. Habmonenus 3amucar
-OJIOBSTHHBIX KHCIIOT?
7. 'mapoam3 xsaopunaa ojxosa(Ill).
Heckonpko kpucrammmkoB SnCI2xH20O pacTBOpUTh B BO3MOKHO MaJIOM O0ObEME BOJbI, IPUOABIISIS €€ 110
WHIWKATOPHON OyMa)kKKH, TTOJIBEPTaeTCs JIU COb THAPONn3y. [1omydeHHBIN KOHIIEHTPUPOBAHHBINA PacTBOP pa
BIMSET pa3OaBiieHHE Ha CTeNeHb Tuaponusza coiau? Hammcare ypaBHeHHE peakiuu ruaponusa. Jlokazar
rUIposun3a sBisieTcst oopaTuMoi. OOBSCHUTH MEXaHU3M MPOUCXOASIIUX ITPOLIECCOB.
8. BoccraHoBuTe/IbHBIE CBOMCTBA Sn2+
0) [Momyuuts pactBOp TuapokcoctanHara Harpus (II) u 106aBUTH K HEMy HEOONBIIONW 00BEM PACTBOPUMOI
CocTaBuTh ypaBHEHHS PEaKIIHii, UMes B BHJY, YTO CHadasa obpasyercs ocalok ruapokcuna sucmyta (I
MeTauindeckuii BucMyT. Kakue cBoiicTBa nposiBiisieT rugpokcoctansar (11)?
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9. llosyuyenue cyab(puaoB 0Ji0Ba.
a) Hamute B nBe mpobupku HeOOIbION 00beM pacTBopa xjopuaa ojosa (II). I[Tomyuuts cynbdua onosa, v
OJHOU MpoOupKe CyTb(pUA aMMOHHUSA, a B IPYyroil — cepoBoAOpOAHYIO0 BoAgy. OTMETUTH LIBET U XapakTep
MOJTHOTY OCAXKJEHUS B TOM U JIpyroM ciydae. OObsICHUTh HaOltogaeMble siBJIeHHs. VIcbITaTh OTHOILIEHUE C}
Hammcare ypaBHEHUsI peakinii B MOJIEKYISPHON M HOHHOH opMme.

CeuHenu.
IIpasuna pabomul co ceuHyOM

Coedunenus ceunya s008umvl, NOIMOMY NOCLE NPOBEOEHUS ONbIMOE C COCOUHEHUIMU CEUHYA
HeoOX00UMO MUAmMeNbHO 8bIMbIMb PYKU B000U C MbLIOM.

10. ITosryuyenne cBMHIA.

O3HaKOMHBIIUCH C TTOJIOKCHHEM CBUHIIA B 3JICKTPOXUMHUYCCKOM PsIYy HANPSHKEHUH M C BETMYUHOW €r0 CTaH
mo100paTh METaJJI, CIIOCOOHBIN BOCCTAHOBUTH MOHBI Pb2+ 13 pacTBOpOB ero com.

[IpoaenaTb COOTBETCTBYIOIIMN OIBIT, UCIONB3YSI OJMH M3 MMEIOIIMXCS B JaOOpPAaTOPUU METAJIOB U PaCT.
ypaBHEHHE peakuu. YKa3aTb OKUCIUTEIh U BOCCTAHOBUTEIb B ATON pPEaKIIUH.

11. Oxuc/IeHrue CBUHIIA KHCJIOPOIOM BO31yXa.

a) Kycouek cBuHIIa pa3pe3aTb HOKOM. UTO IPOMCXOIUT Ha MECTE pa3pe3a ¢ MOBEPXHOCThIO MeTaiia? Hamuc
0) PacrmaBuTh Kycouek CBHHIIA B KEJIE3HOM JIOKKE Ha TUIAMEHH TasIbHON ropenkoit. Habmonars 3a u3mer
Hammucare ypaBHEHUE peakiuu, y9uThIBas, 4To oopaszyercs okcuy cBuHma (I1).

12. B3aumoneiicTBHe CBUMHIA ¢ KUCJIOTAMU.

PaboTy npoBoAUTH B BBHITSDKHOM IKa(y)

B mects npobupox moMecTuTh Mo 2 Kycoyka CBUHIIA U MOJEHCTBOBATH B OTIEIILHOCTH pa30aBICHHBIMU U
HC1, H2SO4 u HNO3 cHadana mpu KOMHATHOW TeMrmeparype, a 3aTeM Ipu HarpeBanuu. HaOmromath 1
YpPaBHEHUS PEAKIIUM.

ITpu 0ObsICHEHNH PE3YIIBTATOB OIBITOB BOCIIOIB30BATHCS TAHHBIMH TAOIUI] PACTBOPUMOCTHU COJIEH M AJIEKTPC
13. ITommy4yenue u cBoiicTBa ruapokcuaa ceunia (II)

N3 umeromeiics B naboparopun pactBopumoi conu cBuHma (II) momyuuts ero ruppokcun. OTMETUTH IT
ypaBHEHHE peakiuu. Pasnenuts ocanok Ha ae npoOupku. B oxHy u3 Hux npubasuth pactBop HNO3, B 1f
ypaBHEHHsI peaKifii B MOJIEKYIIpHOI 1 HoHHOU opme. Kakumu cBoiicTBamMu 001aaeT THIPOKCH] CBUHIIA
14. O0napyxenune nonos Pb2+ B pacrsope.

C nomouipio peakiuii oOMeHa MoxyduTh XJIOpUa, Cyinbdat, noaun cyaspua u xpomar csunua (II). Ormerurs
ypaBHEHHsI peaKifii B MOJIEKYJIIPHOI 1 HOHHOM (opMme.

15. CreneHb oKucJeHNs CBUHIA B CypHKe.

O3znakoMutbes ¢ coenquaenneM Pb304 — cBUHIIOBBIM cypukoM. OTMETHTH €T0 IIBET, OTHOIIIEHHE K Boje. k
pasbasnennbiit pactBop HNO3 u Harpets 10 u3mMeHeHus 11BeTa ocajka (oopasyercs PbO2). Cauth pacTBop ¢
W3 BBIMICIIPUBEACHHBIX PEaKIUi JOKa3aTh HAJUYKME B pacTBOpe noHOB Pb2+. Hammcars ypaBHEeHHE peakiy
VYKka3arp CTeneHb OKHUCICHHSI aTOMOB CBHHIIA B CYpHUKE.

SAJAHUSA TPAKTUYECKHUX PABOT

Bonopon. Boxa. I'mapuabi.

1. M3 mpecTaBIeHHBIX BELIECTB BHIHIIUTE T, KOTOPBIE COOTBETCTBYIOT rHapuaaM. CaenaHHbIi BHIOOP MOT
CH4 ; SnH4 ; NH3 ; NaH; HBr; B2H6 ; AIH3 ; H2S; H2 ; H20; TiH4 ; H202 ; HF.

2. VKaXXuTe, KaKylo poJib B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMAX MOTYT BBITIOIHATS!

a) monekynsl H2;0) monst H+ (H30+ );B) nonst H-. Hanumure ypaBHEHHMSI COOTBETCTBYIOIINX PEAKITUH.

3. XBaTHUT 11 BOJIOPOIA, MOJYUYEHHOTO B3aUMOJCHCTBHEM SOTaIOMUHHEBBIX CTPYKEK C M30BITKOM LIETOUYH
Metamia 36r Cu20? CkoabKo YMCTON MEIU MPU ATOMIIOIYUYHUTCS, €CIIU BBIXOA COCTaBIsIET 95% OT TeopeTnuc
3. Kakoit o0beM BoJOpoJa pacxomyeTcs Ha BOCCTaHOBJICHHE kene3a u3okcuaa keme3a (III) maccoi
npumeceiicocrasiuseT 20%?

4. Kaxoit oObeM 3aiiMeT (H.y.) BOIOpPOI, OOpa30BaBIIMICS MPUB3AaUMOACHCTBHH H30BITKA BOABI CO
HaTpus,coaepxkament 2,3% narpus u 97,7% prytu?
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5. Ilocne B3auMonencTBus cMecH 5 1 Bogopoaa u 4,48 1 xiyiopa (H.y.)IPOIYKT peaklMi pacTBOPWIH B 85.
BHCXOJTHOM cMecH B M30BITKE U KaKOBa KOHIICHTPAIUS TOTy4eHHOrOopacTBopa?

6. OnuHakoBelii 1M 00BEM Bomopofa (H.y.) BBIIEIUTCA NPU PACTBOPEHMM].5ST LMHKA B COJISHOM Kr
OTBeTHOATBEPAUTE PACUETAMM.

7. Cxonbko rpaMMoB 4,2%-Horo pactBopa H202 notpebyetcs msokucnenus 150 ma 1,5M pactBopa FeSO4

8. lmst momHoro oOecuBeunBanus 25mi 0,03M pactBopa KMnO4 BcepHOKHCION cpene MmOTpeOoBar
Boopoaa.Kakosa monsspHocTh nociennenro? Kakoit o0beM KUCIOpOoaa IPH H.Y.IIPUITOM BBIICTUTCS?

JuemenTsl VIIIA-rpynmsbl.

1. PaccmoTtpuTe pacnpocTpaHeHHOCTh OJIAarOPOIHBIX TA30B B MPUPOJIE M UICTOPHUIO UX OTKpbITHsA. Kakoit u3 ra
2. Kak noxy4arot 6:1aropoiHsie ra3bl?

3. Kaknumu yHUKaITbHBIMU (DU3UYECKUMH CBOMCTBAMU 00JIa1aeT KUIKUHA TSITHA?

4. Kaxoit u3 anementoB VIIIA noarpynmnsl painoakTUBEH?

5. ComocraBbTe HMOHU3AIMOHHBIC IMOTCHIHAJIBI a30Ta U XJIOpa ¢ HOHU3AIIMOHHBIMHA IMMOTCHIIMAJIaMU KPHUIITOHE
OTOT'0 COMOCTABJICHHA JICTIIM B OCHOBY ITIOUMCKOB XUMHNYECCKUX COGI[I/IHGHI/Iﬁ 6J'Ial"0p0I[HBIX ra3on?

6. Kem BriepBbI€ OBLIIO CHHTE3UPOBAHO COCTMHEHNE KCEHOHA cO ()TOPOM MOHHOTO Xapakrepa?

7. Kakue creneHn OKHCICHHS MPOSIBIISIET KCEHOH B CHHTE3MPOBAHHBIX (PTOpUAAX KCEHOHA?

8. Kakue Tumnsl peakiuii xapakTepHsI 151 GTOPUIOB KCEHOHA?

9. Kakumu crioco6amMu MOXKHO TOJTyYUTh IEPKCEHATHI?

10. Kakue npoaykTsl 00pasytorcs nmpu ruaposmse XeF6?

11. Kakyro (yHKIHIO BBITONHSAIOT GTOPU/IBI KCEHOHA B OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEeaKLUsIX?

12. IToueMy aTOMBbI I'eJIMsl 1 HEOHA HE MPOSBIISIIOT CTETIEHEH OKUCIIeHUs + 2, + 4 u ap.?

13. Kakyto cTeneHb OKUCIIEHUS MTPOSBISAET KCEHOH B COEJUHEHUH IIEpKCeHaTa HaTpus?

14. KakuMy XMMHUYECKHUMH CBOMCTBAMU (OCHOBHBIMH, KMCJIOTHBIMH, aM(POTEPHBIMH) 00JIaIal0T COSAMHEHUS
15. PaccmoTrpute npuMeHeHue 01aropoHbIX ra3os."

JuemenTsl VIIA rpynnsi.
1. Moxkno i mpumMensTh st ocymenus Cl2 u HCI konnerrpupoBannyo H2SO4 u tBepaprit NaOH?
2. Hanucatsb ypaBHeHus peakiuii rugponusa ZnCI2 u SiCl4.

3. Hanmcats ypaBHeHue peakiuu ruaponu3a Cl2 B momnekynsapHoil 1 noHHON (opme. Kak Bruser Ha par
XJIOPHOM BOJIC: @) pacTBOPa KUCJIOTHI; 0) pacTBOpa MIEI0YH; B) pacTBOpa XJIOPHIa HATPHs?

4. Cxonbko nutpoB Cl2 (npu H. y.) o6pazyercs npu B3aumoaeictsuu 100 mi 36%-noit (r = 1,18 r/mi) constH

5. Nmerotes cnenyromue Bemectsa: pactBop NaOH, teepasiit NaCl, xonnentpuposannas H2SO4, MnO2.
YKaBEJIEBYIO BOLY?

6. Hartucarpb (hopMyIibl KMCIOPOAHBIX COeAMHEHH Xtopa. Kakyio poib OHM UIpaloOT B OKUCIUTENIbHO-BOCCTA

2. Hammucarp ypaBHeHUE peakiuu Opoma ¢ Bomod. B kakoMm HarpaBiIeHUU CMECTUTCS XMMUYECKOE PAaBHOBE
KHUCJIOTBI;, 0) Moauaa Kaaus?

7. B pactBop momuma kanus ObUT 100aBieH HEOONbIION 00beM OPOMHOW BOJBI, 3aT€M HM30BITOK XJIOPH
OCYIIECTBIIATHCS B pacTBOpE?

8. Hamucarpe ypaBHEHUS peakiMid MOTyUYeHUsT HOIMHOBATOM KUCIIOTHI TPEMS CIIOCO0aMHU.
9. 3aKOHYHThH ypaBHEHHUS PeaKUUi U Mog00paTh k03puimeHTs:

a) KBr + KCIO + HCl =

0) KBrO3 + KBr + H2SO4=

B) Br2 + KOH=

r) 12 + HNO3(koHn1)=

n) Br2 + C12+ H20 ® HC1 + ... =

¢) Ba(BrO3)2 + H2SO4®

10. CpaBHUTH CHITy U OKHCIHUTENIbHBIC CBOMCTBA B psaxy kucior HCIO3, HBrO3, HIO3.

11. [loyemy MOA MJIOXO PacTBOPSETCS B BOAE, HO Jy4Ille B OPTaHUYECKHUX pacTBopHUTessix? Jist oObsicHeHUs
MOJIEKYJI MOZIa U BOZBI U JAHHBIE O MEXMOJIEKYJISIPHBIX CUJIaX B3aMMOICHCTBUS B BOJHBIX PACTBOPAX.
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JuiemeHnTs! VIA rpynmnsl.

1. Hanucate ypaBHEHUs peakiui B3aUMOACHCTBHS ¢ BOAOW cieayronux okcuaos: Na20, BaO, N203, N
OTHOCSTCSI 00pa3yIonuecs TuAPOKCHIBI?

2. Hanmcarb popmMyssl OKCHIOB, KOTOPBIE MOXKHO MoayunTh pasznokenueM: Cu(OH)2, Fe(OH)3, Zn(OH)2, E

3. Kakoe xonmuuectBo Bemectsa KMnO4 Hano pas3iioXuTh U1l HAOJHEHHSI KUCIOPOJOM Ta30METPa EMKOCT
HOpPMaJIbHBIX YCJIOBUH.)

4. IloueMy nepokcu]l BOAOPOJA MPOSIBIAET KUCIOTHBIE cBOMcTBa? Hanucars ypaBHEHHs peakluii, B KOTOPBIX
5. Hanmcatb cTpykTypHbIe (pOpMYIBI TEPOKCHIA HATPUS U ITepoKcHIa 6apusi.

6. IIpuBect npumeps! peakuuii, B koropeix H202 sBisieTCSI BOCCTAaHOBUTENIEM, OKUCIIUTEIEM.

7. UTo mpou30iAEeT IpHu NPOIYyCKaHUH CEPOBOJOPOA Yepe3 pacTBop noaa? Hamucars ypaBHeHUE peakuuu. |
8. CocTaBUTh MOHHBIE YPABHEHUS pEaKIUil B3aMMOJIECHCTBUS C KUCIOTON CyNb(UI0B Maprania, HuHKa 1 xkeJ
9. Kakue u3 nepeunciennsix cynbpuaos (Na2S, ZnS, AlI2S3, PbS, Cr2S3) MoryT OBITH MOYYEHBI ITyTEM 001
10. Kakue cBoiicTBa mposBISAIOT coequHeHust cepol (IV) B JaHHBIX OKUCIUTENBHO- BOCCTAHOBUTENBHBIX MPOI
HIO3 + H2S04=

FeCI3 + SO2 + H20 =

HNO3(xon1) + SO2 + H20 =

SO2+C=

NaHSO3 + CI2 + H20=

Jlonmcars ypaBHEHUS peakuui, mogooparb k03)OUITUEHTHI.

11. [ToueMy HeNb3s1 MPUMEHATHh CEPHYIO KUCJIOTY: a) I ModydeHus okcuaa yriepoaa (IV) us kapbonara k:
JNIEUCTBUEM Ha HEE CBUHIIOM?

12. TTouemy nipu mpousBoacTBe H2SO4 xoHTakTHBIM crioco6oM okcup cepsl (VI) pacTBopsioT He B BOjE, a B
13. Kakyro mMaccy BBICOKOMPOIICHTHOTO oieyma ¢ conepxkanueM 60% cBobomnoro SO3 MOXHO MOTYYIHT
conepukaiero 45% cepbi?

14. PaccunTars, kakoit 06bem 3aiimMeT nipu 20 °C u 95 klla oxcun cepsl (IV), momyyeHHbIH qeificTBUEM KHCIO

JJieMeHTHI VA- rpynnsl.

1. OxapakTepu3yiTe U3MEHEHHS paJnyca aTOMOB M HHEPrMU MOHU3AIMU B PALY a30T — BHUCMYT. Onun
¢buznyeckre 1 XMMUYECKHE CBOICTBA COEIMHEHUHN ITUX 2JIEMEHTOB.

2. OxapakTepu3yinTe U3MEHEHNE YCTOMYMBOCTH KHUCIOPOJCOACPKAIIMX COCTUHEHUN 3JIEMEHTOB B CTEIICHHU
BHUCMYT.

3. Kakue BemecTBa 00pa3yloTcss TpH MPOIYCKaHWHM 4epe3 pacTBop ammuaka ra3on: CO2, NO, NO2, S
COOTBETCTBYIOIINX PEAKIIHIA.

4. Hanumurte ypaBHEHHUS peakluid B3aUMOJCHCTBUSA TUOKCHIIA a30Ta C BOJOH M C PACTBOPOM IIEIOUU
OKHUCIIUTEILHO-BOCCTAHOBUTEILHLIM?

5. Hanumure ypaBHEHUsI pe€aKkyid, B KOTOPBIX a30TUCTasi KUCJIOTA SIBISETCS:
a) BOCCTaHOBUTEJIEM;
0) OKHCITUTETIEM.

7. OxapakTepu3yiTe NEHCTBHE KOHLEHTPUPOBAHHON a30THOM KHUCIIOTHI HAa METAJIbl PA3JIMYHOW AaKTUBHO
BOCCTaHABJIMBAETCA 30T B KAKJIOM KOHKpETHOM ciayyae? Uto Takoe naccuanus Merasuia?

8. HanuiunTe ypaBHEHHs peakiyii TEpMUYECKOTO paznoxenus: HuTparos kamus, meau(1l), ceunma u cepedpa
9. Harmucarp rpadudeckue GopmMyssl ruapo- U nuruapodocdaros kanbius, pochura Harpus, Tuapodochut
10. Hanucath ypaBHEHMs CTYNEHYAaTOW AUCCOLMAIMU OPTOPOCHOPHOM KUCIOTHI U BBIPAKEHUS KOHCTAHT
aHMOHBI TPEOOIIAAAIOT B pacTBOpe opTodochopHOit KucIoTh? JlaTh 0ObsICHEHHE.

11. OcyuiecTBUTh MPEBPALEHUS:

a) Ca3(PO4)2® CaHPO4® Ca(H2P0O4)2® Ca3(P0O4)2

12. TlpuBectu naHHbBIE, YKa3bIBAIOIIUE HA 0OJIEe SIPKO BHIPAKEHHBIN METANTMYECKUN XapaKTep BUCMYTa I10 C
13. Hammucate ypaBHeHUs peakuuii ruaponu3a xjaopuaa sucmyta (I11) n ykazars, kKak MOKHO CMECTUTB PaBH(
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14. B pactBope HaxonsaTcst noHbI Bi3+,+ u Sb3 + . JleficTBeM KakuX peakTHBOB MOXKHO Pa3[eNIUTh 3TH MO
YPaBHEHUs pEaKIuil.

15. 3akOHUNTH YpaBHEHUS PEaAKIIHiA, PaCCTaBUTh KOI(PPUIIMCHTHI, YKa3aTh OKUCIUTETh U BOCCTAHOBUTEI!
a) As + K2Cr207 + H2SO4® Cr2(S04)3 + ...

0) Sb203 + KMnO4 + HC1 ® MnCI2 + ...

B) H[As(OH)4] + HNO3(koHi) ® NO +...

r) As+NaClO + NaOH ® NaCl + -

1) Sb203 + Br2+KOH ® KBr + ...

e) Sb+ KC103 + H2SO4®KCI1 +

JuemeHThI IVA-rpynnsi

1. Ha3Barb coeauHeHus yriepona, KOTOpble B XUMUYECKUX PEaKIUAX SBISIFOTCS: a) TOJIBKO BOCCTAHOBHTE
BOCCTAaHOBHTEJSIMU M OKUCTUTENAMU. Hanucars ypaBHEHUSI COOTBETCTBYIOLIUX PEAKIUH.

2. [Touemy nns otaenenuss CO or CO2 cMech 3TUX ra30B MPOITYCKAIOT YEpE3 pacTBOP IIEJIOUH, a HE YEPE3 BC
3. MOXHO JI ¢ TIOMOIIBIO PEAKIUi, TPOTEKAIOIINX B PACTBOPE, IPUTOTOBUTh KapOOHATHI JKeje3a u aTloMUH
4. CocTaBUTHh MOJIEKYJISIPHBIE U MOHHBIE YPABHEHUS PEAKIIUN B3aUMOJCHCTBUSA:

a) NaHCO3 u HC1

6) NaHCO3 u NaOH

B) Ca(HCO3)2 u NaOH

r) Ca(HCO3)2 u Ca(OH)2

5. IloueMy OIacHOCTb OTPABJICHUS YrapHBIM ra3oM IMPU 3aKpbIBAHUU NE€YEH BO BpPEMsI TONKU MOHMXAETCS T
Jliist 0OBSICHEHHSI KCIIONB30BaTh TEII0BOM 3 dekT peakmu odbpazoBanus CO.

6. [Tocne mpomyckanus HaJ| pacKaJeHHBIM yriieM 6e3 noctyna Bozayxa 44,8 nm cmecu CO2 u CO o6bem ee y
MOJYYCHHYIO TOCIE peakiuu ¢ yriem, npomyctunn uyepe3 pactBop Ca(OH)2. Ilpu stom obpaszoaioct
MIPOLIEHTHBINA COCTAB UCXOMHOM ra30Boi cMecH (1o 00bemy).

7. Harucarb ypaBHEHUs peakilii: a) CUiaHa ¢ BOJIOH; 0) crujlaHa C paCTBOPOM THAPOKCH]IA HATPHS.

8 OHpeI[eJII/ITB XapakTep XUMHYECKON CBSI3W U CTEIICHb OKHCIICHHS aToMa KpCMHUA B CICAYIOMIUX COCHMH(
KakoBo INOBCACHHUC 3THUX BCIICCTB B OKHUCIIUTCIBbHO-BOCCTAHOBHUTCIIBHBIX peaKHHHX? HpI/IBeCTI/I IMPUMCPHEIL.

9. Hanmcarb ypaBHEHUS peakiuii, MPOTEKAIOIINX MPU MPOKATHBAHHIH:
a) okcuna kpemuwus (IV) ¢ kapbonaTtom HaTpus;

0) okcuna kpemuus (IV) ¢ ruapoKcHIOM HATPHS,

B) KapOOHATa KaJIUsI C KPEMHHUEBOM KHCIOTOM;

r) okcuaa kpeMuus (IV) ¢ ruipokcuiomM KanbLus.

10. CocTtaB OKOHHOTO CTEKJIa MTPUOIU3UTENBHO BhIpakaeTcs hopmynoit Na20 xCaOx 6SiO2. Berauciauts T¢
M3BECTHSKA M KpEMHE3eMa - [T oiydeHus | T Takoro cTekiia. Hamucars ypaBHEHHE peakiiui B3aUMOICHCT

11. Ilouemy pacTBOpBI COJIEH 0JI0BAa TOTOBAT HAa MOJKUCIECHHON BoAe?

12. 'V kakoro u3 okcuaoB 0oJiee BhIpaXKeHbI OCHOBHBIE cBOICTBA: a) PO mwmm SnO; 6) PO nnmu PbO2? Yewm -
13. Ilpon3oiayT Mu peakiuu MeXIy CleayronmmMu BemectBamMu B pactBope: a) SnCl2 u FeCl3; 6) Pb(NO3
Cu?

14. Kakas u3 cosneii 6omnpie noasepxkeHa ruapoausy: a) Pb(NO3)2 umu Sn(NO3)2; 6) SuCl2 unmu SnCl4? [l;

15. K 5 r cypuka go6asunu 20 ma 60%-noro pactBopa HNO3 (r =1,37 r/cM3). pacTBOp ¢ 0CaJIKOM Harpei
M. OmpenenauTh Maccy 0cajka 1 HOPMaIbHYIO KOHIICHTPAIIHIO COJIU B PacTBOPE.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
«Bomopoa. I'uapuasi. Boga»
1. BoccTaHoBUTEIBbHBIE CBOMCTBA BOJOPO/I IIPOSIBIISIET MPU: ) pACTBOPEHUU B BOJIC
0) B3aMMOJICCTBUH C METaJNIAMH
B) B3aUMOJICUCTBUU C KUCIOPOJIOM +
T') IPY B3aUMOJICHCTBHH C METAJIJIAMHU

2. [Ipucoenuuss >IEKTPOHBI, BOIOPO IPUOOPETALT FIEKTPOHHYIO KOH(PUTYpALHIO



51
a) noHa ¢ropa
0) MOHA JTUTHS
B) aTOMa refnus
') MIOHA HATPHSI
3. 1nst noiay4deHus BOAOPO/ia B IPOMBIIIUIEHHOCTH B KQUE€CTBE ChIPhS UCIIONIb3YIOT
a) COJISTHYIO KHCIIOTY
0) cepoBoIOpPON
B) IPUPOIHBIN Ta3
T') TUAPUJIBI
4. B omiinune OT APYTUX BOAOPOAHBIX COCAUHEHUI 3JIEMEHTOB 6 TPyNIIbI IIaBHOW MOATPYIIIBI BOAA — HKHUJIKO!
a) MaJIol MOJIEKYJISIPHON Maccoi BOJIBI
0) HaTM4YKEM BHYTPUMOJIEKYISIPHBIX MOJIEKYJISIPHBIX BOJIOPOIHBIX CBS3EH
B) HAJTMYMEM MEXKMOJIEKYJIIPHBIX BOAOPOIHBIX CBS3EH
I') BaH-/Iep-BaaJIbCOBBIM B3aUMOJICHICTBUEM
5. Kakue yTBep:k/IeHUS HEBEPHBI:
a) TUAPUBI IIETOYHBIX U HIEJIOYHO3EMENBHBIX METANIOB UMEIOT MOJIEKYJIIPHYIO KPUCTAJUIMYECKYIO PEIIETK
0) MeTajuInyeckue rupu bl — ruapuasl d u f- aeMenToB
B) IIPU THJIPOJIN3€ MOHHBIX THJIPUIOB BBIIEISAETCS KUCIOPO/
') METAUTMYECKHUE TUPHUIbI UCTIONIB3YIOT JIJISl XpaHEHUS BOAOPO/Ia
JuemenTsl VIII A rpynnsi
1. Ykaxute, Kakue u3 01aropoHBIX ra30B HE BCTYMAIOT B XUMUYECKOE B3aUMOICHCTBHE Jaxke co (propom:
1) He, Ne, Ar;
2) He, Rn;
3) Rn, Ar;
4) Rn, Kr, He.
2. BoibepuTe, kakue 13 071aropoJHbIX ra30B MPUMEHSIOT JUIsSl CO3aHMsI CBEPX- HU3KUX TEMIIepaTyp B XUMUYE
1) He, Rn; 2) He; 3) Rn, Ar; 4) Rn, Kr, He.
3. YkaxxuTe, y Kakoro U3 3JIEMEHTOB OJIATOPOHBIX Ta30B CaMbIil BEICOKUH MTOTCHIIMAJ HOHU3AIINH:
1) Rn; 2) Ar; 3) Kr; 4) He.
4. BeiGepuTe, Kakue U3 6JaropoAHBIX Ta30B HAMOOJIEE PEIKO BCTPEUYAIOTCS B MPUPO/IE:
1) He, Rn; 2) Rn, Ar; 3) Kr, He; 4) Xe, He.
5. Ykaxure, kakyro ¢hopMmy umeer mosiekyna XeF4 :
1) okTa’nprUYecKy1o;
2) TeTpa’ipuveCKylo;
3) nuHeliny1o;
4) KBaIpaTHYIO.
6. YKaxuTe MPOAYKTHI TUAPONIN3a TUPTOPUAA KCCHOHA!
XeF2 + H20 —
1) XeO3 + HF + 02 ;
2) Xe+HF+02;
3) XeO3 + HF;
4) XeO3 + Xe + HF.
7. BeiGepuTe, o Kakoi M3 peakuuii nosyyaercs OKCU(pTOpuI KCEHOHA!
1) XeF2 + H20 — XeOF2 + HF + 02 ;
2) XeF4 + H20 — XeOF + XeO3 + 02 ;
3) XeF6 + H20 — XeOF4 + HF;
4) XeF6 + H20 — XeO3F + O2.

«aemenTs! VIIA I'pynnbi»
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1 1.  VkaxuTe rajoreH, KOTOPbI B COCANHEHHUIX HE MPOSIBIISET MOJIOKHUTEIBHYIO CTEIIEHb OKUCIICHUS
a)l
0) Br
B) Cl
r) F
1 2. Kaxoii u3 HOHOB sBJsieTCSl HAUOOJIEE CUIILHBIM BOCCTaHOBUTENEM?
a) Br-
6) F-
B) Cl-
r) [-
1 3. JInd raJoreHoB XapakTEpHBI. ..
a) BBICOKas peakIIMOHHAs CIIOCOOHOCTh, MPUYEM JUJIsl HO/1a OHA MaKCUMaJibHa, a JAJid XJIOpa MUHUMAaJIbHA
0) BOCCTAaHOBUTENIbHAS! AKTUBHOCTb
B) OKHMCIIUTENbHASI aKTUBHOCTh, MaKCUMaJlbHas AJis (hTopa 1 MUHUMAaJIbHAs A7 MoAa
I') Ta3000pa3HOE COCTOSTHUE MPU OOBIYHBIX YCIOBUAX
1 4. Kakue U3 nepeyrciIeHHbIX peakiuii He MOTYT MPOTEKaTh?
a) KC1+12
0) KBr + CI2
B) KI + Br2
r) KF + CI2
15. B paxy HCIO — HBrO — HIO cneBa Hampaso:
a) KUCJIOTHBIE CBOMCTBO OClIa0eBaIOT
0) KUCIIOTHBIE CBOWMCTBA YCHIIUBAIOTCS
B) pacTeT OKHCIUTENIbHAs aKTUBHOCTh
I') CHIDKAeTCsS OKUCIUTENbHAsi aKTUBHOCTD
JuiemeHThl VIA-rpynnsi
1. B paagy O — S — Se — Te — PookucnurenbHble CBOMCTBA 2JIEMKETOB. ..
a) YCUITUBAIOTCS
0) ocnabeBaroT
B) HE MEHSIOTCS
T') JJIS 3TUX SJIEMEHTOB XapaKTePHBI TOIBKO BOCCTAHOBUTEIbHBIC CBOMCTBA

2. KucnotHele cBoiicTBa HanbOoee BIPAKEHBI JIJIS. . .
a) H20

6) H2S

B) H2Se

r) H2Te

3. Kakue BaJleHTHOCTHU IPOSIBIISIFOT KUCJIOPOJ U CEPa B CBOMX COEIUHEHUSX?
a) 2 (kucmopon); 1, 2, 4 (cepa)

0) l(xucmopon); 2, 4, 6 (cepa)

B) 2 (kucnopon); 2, 4, 6 (cepa)

r) 1, 2 (kucnopon); 6 (cepa)

4.CymiecTBYIOT CJIEIYIOIINE aJTIOTPOITHBIE MOAU(DHUKAIINH CEPHI. . .
a) MOHOKJIMHHAsI, pOMOWYECKas, TUIaCTHYECKast

0) ToMOreHHas1, TeTeporeHHas, aMmopgHas

B) KpUCTAJTMYECKasi, HOHHAs1, n30MopdHast

T') IOJIUMEPHASI, MOHOMEPHAs, KOHJICHCUPOBaHHAS



5.Kucnopos Henb3s MOTYYUTh PAa3I0KEHHUEM. . .
a) HUTpAaTa KaJus

0) kapOoHaTa KaabIus

B) Ouxpomara Kajus

T') Iepokcuaa 6apus

6.CepoBonopos siBisieTcs. . .
a) OKHCIIUTENIEM

0) BOCCTaHOBHTEIIEM

B) KHCJIOTOM

) aM(pOIUTOM

7.YKaxure, Kakue yTBEPKACHUA SIBIAI0TCS HeBepHbIMU. BpanySO2 — SeO2 — TeO2...
a) MMPOUCXOMIUT OCIA0JICHNE KUCIOTHBIX CBOHCTB

0) pacCTBOPHUMOCTH OKCHJIOB B BOJIC YBEJIIMUNBACTCSI

B) MPOUCXOAMT OCIA0ICHNE OCHOBHBIX CBOWCTB

') HanOoJiee CUITbHBIE OKUCITUTENIbHBIC CBOMCTBA TTposBiisieT SO2

8.Kakue MeTtasnibl mpu OOBIYHBIX YCIOBUAX HE PEarupyroT ¢ KOHIIEHTPUPOBAHHONW CEPHOM KHUCIOTOM?
a) MeJb

0) xpoMm

B) XKEJE30

) cepedbpo

JiieMeHTbI VA-rpynnsl

1. B psaay N — P — As - Sb — Bi Mmerayinueckue CBOMCTBA. ..

(a) ycunuBarorcs

(6) ocnabeBaroT

(B) HE MEHSIOTCSI

(T) Bce BNIEMEHTHI ATOM MOATPYIIIBI — HEMETAJUIBI

2. B MoseKkyne a30Ta aTOMbI CBSI3aHBI. . .

(a) IByMs s- M OHOM P - CBSI3bIO

(6) IBYMSI p- ¥ OHOM S - CBSA3BIO

(B) KOBaJIGHTHOM MOJISIPHOM CBSI3bIO

(T) KOBaJICHTHOM CBSI3b10, 00Pa30BaHHOM 10 JOHOPHO — aKIIEITOPHOMY MEXaHU3MY
3. Kakas u3 ayutotpornusix Monudukanmii pocdopa sapuseTcst Hauboee peakKIMOHHHOCIIOCOOHOM?
(1) 6emnprit hochop

(2) xpacHsrit pocdop

(3) cepsrii pocdop

(4) uepnslit hochop

4. ®ocdop HaMHOTO PEeaKIIMOHHOCIIOCOOHEE a30Ta, TOTOMY UTO. ..

(a) a3oT sBisieTCst ra3oM, a (hochop — TBEPAbIM BELIECTBOM

(6) bocdop nmeer GompIHil paguyc aToMa

(B) 3HAUEHME PHEPTUHU CBSI3U B MOJICKYJI€ a30Ta HAMHOTO BBIIIIE, YEM 3HAYEHUE SHEPTHH B JTF000H ajsIOTPOITH(
(r) atom dochopa umeer BakaHTHYIO d — opOHUTAITH

5. Ilpu nepexozne oT a30Ta K BUCMYTY IIPOYHOCTH BOJOPOIHBIX COCIUHEHUN. ..

(a) ymenbIaeTcs

(0) yBenmuumBaeTcs
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(B) HE U3MEHAETCS

(T) Bce BOAOPOAHBIE COETUHEHMSI 3TUX IEMEHTOB KpailHe HeCTOMKHU
AuemeHThI IVA-rpynnsi

1. B psany C — Si — Ge — Sn — Pb anexTpooTpunareabHOCTh

a) yMEHbILIAETCS

0) He MEHSEeTCS

B) YBEIMYMBAETCA

T') 9T 3JI€MEHTHI HE Pa3INyaloTCs M0 XUMUYECKON MpUpoe

2. Cpenu snemeHToB [V rpyniibl r1aBHOM MOATPYIIIBI HOHHBIE COSAMHEHHS 00pa3yIoT
a) yriaeposa

0) kpeMHUI

B) OJIOBO

') CBUHEI]

3. B omnuue ot ymiepoaa KpeMHUH

a) SIBIISIETCSI TBEP/IBIM BEIIIECTBOM

0) UMeeT aJTIOTPOITHBIE MOAU(PUKAIINH

B) TIPOSIBJISIET CBOMCTBA BOCCTAHOBUTEIS

') HE BCTPEYACTCSI B CBOOOTHOM COCTOSTHUHU

4. Ot yrieponaa K CBUHILY POYHOCTh BOJOPOIHBIX COSTUHEHUN

a) YMCHBIIIAeTCsI

0) yMEHBIIIAETCS HE3HAUUTEITHHO

0) yBeTUIMBACTCS

') HE U3MEHSETCA

5. Kakue anements! (IV) rpyImibl mIaBHOM MOATPYIIITEI MOTYT B3aUMOJIEHCTBOBATh C pa30aBICHHON CEpHOM K
a) CBUHEI]

0) repMaHHit

B) OJIOBO

') KpeMHHI

Tema 11. p-daemenTtsl III-rpynnsi. s-Jaements! I-1I rpynn. (OIIK-1)

Jlekumus.
Jlexmmst. O6mas xapaktepuctuka p -3neMenToB I rpynmer. bop. Amomunnii. [Toarpymnma ramus.
Crpoenue atomoB. OcoObie cBoiicTBa Oopa. Xumudeckue cBoiictBa 6opa. I'mapuast 6opa. Oxcun 6opa. Op1
cocraB U crpoenue. Cuia kuciot. Opro-, Mera- u noiaudoparsl. bypa. ['anorenuasr Oopa.
Ou3NYeCcKue U XMMUYECKUME CBOWCTBA METAIUIOB psifa AJMIOMHUHMHN - Taumid. HaxoxkaeHuwe B mpupozne.
[Tonyyenue u npumenenue awnoMuHus. ['uapua amomunus. OKCUAbL, THAPOKCUIBI U conn 3aemeHToB(11
Xumuueckue cBoiicta. [Ipuanumne! monydenus. ['maponus. Ocobennoctu coenunenuit Tammus (1).
Jlexmsi. OCOOEHHOCTH CTPOCHHSI aTOMOB S-DJIEMEHTOB. S AyeMeHTSIA-moarpynmnbel BameHTHOCTh M CT¢
MOTCHITHABI. XapaKTep XUMHUECKUX CBSA3EH U CKIIOHHOCTh K 00pa30BaHUIO COSAMHEHUN B KAaTHOHHOM (Popm
MPOCTHIX BelecTB. CBONCTBA OKCUAOB, NEPOKCUIOB, THAPOKCUAOB. XapaKTep U3MEHEHUS CBOMCTB IO TPYIII
Crpoenue aroMoB. OcOOEHHOCTH JHUTHSA. XUMHYECKas aKTUBHOCTh METaioB. Ee mu3MeHue B psly JIHT
METAJIJIOB K HEMETaJIaM, BoJe, KUCIIOTaM. [ uapuabl, OKCUIbI, IEPOKCUIbI, HAIIEPOKCUIBI, O30HUBI, THIP(
OCHOBAaHUU B pALY THIPOKCUIOB IuTHs-1e3us. Comu. Bo3MoxkHOCTH 00pa3oBaHusl ABOMHBIX CONEH U KPHC
kamusi. KapOonarel. Cona KanpIIMHIPOBaHHAS, KpUCTaNINYecKas, mutheBas. [loramr. [maybeposa comb. [Tpun
Jlexms. Xumus snementoB IIA-noarpynmel. CtpoeHue aroMoB. Bo3MOXXHOCTH 00pa3oBaHUsl KOOpAMHAL
OepuLusl.
duznueckue U XUMHUECKUE CBOMCTBA MeTaliIoB. OTHOILIEHHE K HEMETAaJIaM, Bojie, KuciotaM. OTHOLIEHUs
MarHusl.
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I'uapunel, OKCHUIBI, IEPOKCUABI, TUAPOKCUABL. VX cTpykTypa. KucaoTHO-OCHOBHBIE CBOMCTBA. AMQOTEPHO!
nonyueHusi. ['uapokcun kaneius (ramenas usBecthb). Comu. Kpucrammoruaparsl. KoMmruiekcHble coemur
oepwust 1 maraus. Kapoonatel. Cynbgarel. JKecTKOCTb BOIBI U METO/IBI €€ YCTPAHCHHUS.

IIpakTnyeckoe 3aHsATHE.
JlaGoparopuasi pa6ota «bop, aTIOMUHUI U X COETUHEHUSD»
Peaxmuevt u mamepuanvt. 1) Maenuii (nenma, nopowox). 2) Antomunuii (R1GCMUHKU, CIMPYICKA UTU
onunku). 3) Tempabopam wnampus (6ypa). 4) bopnasa wxucioma. 5) Cynvpam antomunus 6)
HUnouxkamopuas oOymaea. 7) @uiemposanvhas oymaea. 8) Haowcoaunas oOymaea.9) Opeanuueckuii
Kpacumenwb (Hanpumep, Memuio8bulll (puoiemossiii).
Pacmeopuwi. 1) Azomuas kucnoma (xowny., (r =1,41 o/cm3 u 2 n.). 2) Cepnas kucioma (komny., (r= 1,84
e/em3 u 2 n.). 3) Consanasn kucnoma (kony., p = 1,18 e/cm3 u 2 n.). 4) I'uopoxcuo nampus (30%-uwiii u
2 H.). 5) Ammuax 6o0uwiti (25%-nuwiit). 6) Tempabopam nampus (Hacviwy.). 7) Xnopuo xodoarema (I1)
(xony.). 8) Humpam rxobarema (1) (0,1 n.). 9) Cynegpam antomunus (0,5 n.). 10) Ayemam nampus (0,5
#H.). 11) Xnopuo ammonus (naceiw.). 12) Cynogpuo ammonus (2 u.). 13) Cynogpam xpoma (I11) (kony.).

1. IlonyyeHue opToOOOPHON KHCJIOTHI M ee CBOIiCTBA.

a) B mpoOupky ¢ HaChIIIEHHBIM pacTBOpOoM TeTpabopara HaTpust (Oypbl) OCTOPOKHO MPUIUTh KOHIIEHTPUPC
CO cMechio oA KpaHoM. OTMETUTH LBET oOpasyrouuxcs kpucrtaioB. Hanucars ypaBHenue peakuuu. O6
OpTOOOPHYIO KUCTOTY. MOXKHO JTH B34Th 17151 3Tor peakmu HCI?

6) HcnbiTath pacTBOPUMOCTH OPTOOOPHOI KHCIIOTHI B BOZIE HA XOJIOJIE U ITPU HarpeBaHuu. BoIBoj 3anucars.

B) HemHOTrO OpTOOOPHOI KHCIOTHI PACTBOPUTH B BOJIE M UCIBITaTh PacTBOP MHAMKATOPHOW Oymakkoi. Pa
M3MEHEHHUIO OKpPacKW WHIMKATOpa clielaTh BBIBOJ O CHIIE OpTOOOpPHOI KHCIOTHL. BBIBOI MONTBEpIUTH 3
Hamucare ypaBHEHHs CTYIEHUATOW JUCCOIMAIMA OPTOOOpHON KHuCHOTHL. [lo kakoit ctynmeHu B Oosbliei
kucnora? [Touemy?

n) B pactBOop OpTOOGOpPHON KHUCIOTHI, MOJYYEHHBIH B OMBITE B), OMYCTUTh KyCOUEK JICHTHI (HJIM MOPOIIK
Hanucars ypaBHeHHE peakuy, YUUTHIBas, YTO MOy4aeTcss MeTabopar MarHusl.

¢) Hakanutp B miaMeHH TOpeskd YIIKO IUIATUHOBOM MJIM HKXPOMOBOI IPOBOJIOKH, KOCHYTHCSI UM pacTep
MPWINIIIMMH YaCTUIIAMH TIOCJIEIHEW BHOBh BHECTHU €T0 B IUIaMs TOPEJIKHU y Kpasi ero BHeUIHero konyca. Hze
ropenkd. OTMETHUTD U 3alucaTh B TETPaAb MOMYYAIOLIUICS BT IJIaMEHH.

2. CBoiicTBa coJieil 00OpPHBIX KHCJIOT.

a) UcnsiTath pacTBop TeTpadbopara Hatpus (Oypsl) JakMycoBoi Oymaskkoil. KakoBa peakuus cpeibl B pacTB
TUIpOJIN3a TeTpabopara HaTpusl.

0) 3axBaTuTh B YUIKO IJIATUHOBOM HJIM HHUXPOMOBOHM IMPOBOJIOKM HEMHOTO KPHCTAJJIOB TeTpabopara Ha
Habmionate 00pa3zoBaHue Mpo3payHOro CTEKJIOBUAHOrO mnepia. Hamumcarhs ypaBHEHHE peakiiH, MPOHCXOA
HarpeBaHuu.

B) [lomyueHHslii mepn TeTpabopara HaTpHsl OMYCTUTh B MPOOUPKY C KOHIEHTPHUPOBAHHBIM PACTBOPOM Ci
OtmeTuTh LBET NOayueHHOro nepia. KakoB xumuueckuii coctas nepna? Kakoe coequHeHne MPUIAET EMY Xé
r) [ToBTOpUTH ONBIT 0). ONMyCTUTH MONYYCHHBIN TIepa TeTpabopaTa HATpUs B KOHIICHTPUPOBAHHBIN PacTBOP
OTMeTuTh LUBET MONy4YeHHOTo nepina. Kakoe coequHenne npuaaeT nepiy OTMEUEHHYIO B OIBITE OKPACKy?

3. BzaumoneiicTBue aIlOMUHHS €O HIEJI0YAMM.

B npobupky nprubopa HackllaTh HEMHOTO CTPYKEK aTIOMUHUS U TpUiIuTh 30%-HbIH pacTBOp THIPOKCHIA H
BBIZIEIsTIONTMICS Ta3 — Boaopoa. (Ilepen momkuranuemM raza nmpoBecTd mpoBepky H2 Ha uncroty.) Hanmucar
B peakluu TMpUHUMAEeT ydacThe Boja. KakoB MexaHW3M pacTBOpeHHs altoMuHus B 1mienoudax? [la
THJIPOKCOKOMILIEKCY.

4. BzaumojgeiicTBue aJJIOMUHUSA C BOIOM.

[TonokuTh B MPOOUPKY HEMHOTO OIMUJIOK aTIOMUHUS U B300NTaTh ¢ 3—5 Mi1 Bogbl. [Iporcxoaut Jin peakiy
OIMUJIKU, TOOABUTH B IPOOHUPKY 2—3 MIT pa30aBICHHOTO PacTBOPA MIEIOYH. 3aT€M CIUTh KHUAKOCTh, HECKOJ
yIAJICHUS IIEJI0YU U OCTaBUTh UX MOCTOSATH C BOAOU. Uepe3 HEKOTOpoe BpeMs HaOMIoaaTh BhIICICHUE ITy3bIp
JlokazaTh ONBITHBIM ITyTEM, KakoW Ta3 BbiAenseTcs. Hamucate ypaBHEHUE peakuy adlOMUHUSA C BOJOH.
peaxkuus?

5. BzaumoaeiicTBHe aIIOMUHUSA C KUCJIOTAMMU.
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a) O3HaKOMUTBCS C TOJIOKEHUEM AJIIOMUHUS B AJIEKTPOXUMHUYECKOM Py HAMPSHKEHUH METANIIOB M C BElll
noTeHnuana amoMuHus. Caenars BBIBOI O BO3MOXKHOCTH B3aUMOJICHCTBUS AIFOMHHHUS C Pa30aBICHHBIMH pac
Kakue npomyKTbl HOJKHBI MONMy4YaThCsl B pe3ynbrare peakiuii? [IpoBepuTh NpaBUIIBHOCTH CIAEIAHHOTO Bl
MPOOUPKH TIOJOKUTh HEMHOTO CTPYKEK aIIOMUHUS U TPUINTH B 0JHY poOupky 2 H. pactBop HCI1, B apy1
aKTUBHOCTH B3aumojeiictus amomuuus ¢ HC1 u H2SO4 na xonone. [logorpets mpobupku ¢ pa3zdoaBieHH
Kakoii ra3 BeimensieTcst B 000uX ciydasx Ha XOJoJe M npu HarpeBanuu? Hamucarh ypaBHEHHUS peakiuil 1
VYKa3aTh OKUCIIHUTENb U BOCCTAHOBUTEIIb B 3TUX

peaKIusx.

0) B mpoOupky OImyCTUTh HEMHOTO CTPYXEK aJTIOMHUHHUS W MPUIUTH KOHIeHTpupoBaHHo H2SO4. Octop
MMOMYTHEHHE pacTBopa 1 00bsCHUTH ero. Hamucars ypaBHEHHE peaKiiH.

B) Kycouek amoMunmst (peaBapuTeIbHO OUUIIEHHBIN HAXXTa9HOW OyMaroif) omyCTuTh B IpoOupkKy. [Ipumut
[IpoucxoauT 11 pacTBOpeHUE amtoMUHUSA B KOHIEeHTpupoBaHHON HNO3 nHa xomome? YUepe3 HECKOIBKO Mi
OCTOPOXKHO, HE BCTpsAXHWBasg MeTauia (rmouemy?), IpOMBITh €ro 2—3 pa3a BOAOW. 3aTeM NPHIUTH KOHIIE
MPOUCXOAUT JIK B3auMoaeiicteue amoMuaus ¢ HCI.

Jlatb 00BsICHEHHE, YTO MMPOUCXOJIUT C TIOBEPXHOCTHIO AJIFOMUHUS MIPH IEUCTBUU HA HEE XOJOJHOW KOHIIEHTP:
MPOMBITH METaJUT BOJAOW M MPWINTh CHOBa KoHIEHTpHpoBaHHYI0 HNO3. OcTopokxHO Harperb MpoOUpKY.
YpaBHEHHUE PEaKIMU AIFOMUHHUS ¢ KOHIIeHTpupoBaHHOM HNO3 nipu HarpeBanum.

Ha ocHoBaHuU TPOBEIEHHBIX OIBITOB ClIENATh BBIBOJ, B KAKMX KHCJIOTaX U MPU KaKUX YCIOBHUSIX MOXHO pac
6. [Tosryyenune ruApoKcuIa aTIOMHUHMS, MCCIeI0BAHNE €r0 CBOWCTB

a) K pactBopy comnu amoMuHusI B TPOOHPKE MPHIMBATH MO KaIUISIM PACTBOP THIPOKCHIA HATPUS 10 00pa30B;
ocanka? Uro oH coboii mpencrasnsger? Hanucars ypaBHEHHE peaklMU B MOJICKYJISIpPHOW M MIOHHOH (opme.
0) Pa3nenuts ocaqok Ha JBe MPOOMPKU M HCCleAoBaTh ero otHomenue K pactBopy HC1 u k pactBopy Na
XapakTepe ruIpOKCHIa amoMuHus. Hamrcars ypaBHEHUs peakifii B MOJICKYJISIPHON U HOHHOM (hopMme.
N300pa3uth cxeMy paBHOBECHS], yCTAHABIUBAIONIETOCS B HACKHIIIEHHOM PAacTBOPE THIPOKCHIA ATIOMUHUS, -
Kak cmemaercst 3To paBHOBecHE TpU 100aBICHUU HU30bITKA MIET0UYH, H30BITKA KUCIOTHI?

B) [lomy4yuth OCaZoOK THAPOKCHIA AFOMUHUS M OTPMIBTpoBaTh ero. [IpoMbITh ocamok Ha ¢uisTpe. Ilpo
C1a000KPAIICHHBII PacTBOP KaKOTO-HUOYIh OPTaHUYECKOTO KPACUTENs, HAIPUMEP METUIIOBOTO (hHOJIETOBC
¢unprpara. Ha xakue cBOICTBa THAPOKCH/IA AITFOMHHUS YKA3bIBAET 3TOT OIBIT?

7. 'maposu3 coJieii aJJIOMUHMS.

a) WcnopiTaTh pacTBOp Cynbdara amOMUHUS HHIUKATOPHOU OyMaxkod. OObSICHUTH M3MEHEHHE IIBETA U C,
AFOMHUHMS KaK OCHOBaHUsA. Hamucats ypaBHEHHS PEaKIUil CTYIIEHYATOT0 THIPOIK3a Cyabdara aTrOMUHUS
OOBsACHUTB, TOYEMY THAPOIIN3 JAHHOW CONU HE UJET JI0 KOHIIA.

0) K pactBopy cynbdara amromuHus npuOaBUTh pacTBOp cyiabduma ammonus. HaGmromaTs BbITIaeHU:
OT(UIBTPOBAThH, IPOMBITH Ha (QHIBTPE BOIOM U pa3fenuTh Ha ABe YyacTu. K ogHON yacTu mpuiauTh paz0as.
NaOH.

Urto npoucxoaut? Kakoil BEIBOA 0 cOCTaBe MOJYUYEHHOIO OCAJKa MOXKHO C/IeJlaTh HA OCHOBAHUM STUX OIIbI
MIPOUCXOSIINX MEXKIY PacTBOpaMH Cyib(ara aliOMUHHS W Cylb(uaa aMMOHUS B BOJHOH cpene B MC
OOpazoBaHue KaKMX BEIIECTB B JAHHBIX PEaKIUsAX OOyCIOBIMBAET TeUeHHE ruaponusa 1o konma? Ilouen
BBIBOJI, MO’KHO JIM TIOYYUTh CYIb(OUT 1 KapOOHAT alFOMUHUS B PE3yJIbTaTe OOMEHHBIX PEaKIUil B BOJHBIX Pé
B) K pactBopy cynbdara anmoMUHUs PUIATH PACTBOP arerara Harpus. OTMEYaroTCs JI BHEITHUE TTPU3HAK
[Mpokunsituth pactBop. Uto mporcxoaut? OOBICHUTH, KaKYIO POJIb B MPOTEKAHUU PEAKIIUU CHITPAIO KUIISY
peakuuii MeXIy pacTBOpaMu Cylib(dhara alFOMHHUS U alleTara HaTpus B MOJIEKYISIpHON 1 noHHOM hopmax. K
r) [TomyunTh pacTBOp THAPOKCOATIOMHHATA HATPUS. 3aTE€M MPUIUTH KOHIIEHTpUpoBaHHBIA pacTBop NH4C1
BHJI U cOCTaB ocanka? Onpenenuts (10 3araxy), Kakoi ra3 Beiaessercs. Hamucars ypaBHEHUST peakIiiid.

JlaGopaTtopHas pa6ora «llle;i0uHBIe MeTANIBI U UX COETHHEHHSD

Peaxmuevr u mamepuanvt. 1) Jlumui. 2) Hampuu. 3) Kanuii. 4) Ilepokcuo nampus (nopowiox). 5)
Xnopuo nampus NaCl. 6) Xnopuo xkanus KCI. 7) Humpam nampus. 8) Humpam xanus. 9) Kapbonam
kamus. 10) Cynvgpuo mampusn. 11) Hnouxamopmas oOymaea. 12) @uiavmposanvuas oOymaca. 13)
Jlyuunku.

Pacmeopuwi. 1) Conanas kucnoma HCI (2 n.).2) Jlakmyc. 3) @enonrgpmaneun (cnupmosot).



IIpu pabome co wenounvimu memaniamu coonooams ocmopodichocms! He 6pams wenounsvie memanivl
pykamu! He svibpacuvieatime ocmamku weiouHblx Memaios 6 mycopocoopuuxu!

1 1. B3aumopneiicTBHe JIMTHSI H HATPHUS € KUCJIOPOIOM BO31yXa
(PaboTy mpoBOIUTH 3a CTEKJIOM BBITSKHOTO IIKada)
a) B ykperuieHHyI0 Ha JAEpEBSIHHON pyuke MaJEHBKYIO JKEJIE3HYIO JIOKKY IOJIO0XKHUTh KyCOUEK METaINYECE
ra3oBoil ropenku. HaOmionaTh mmaBjieHre Merania, a 3aTeM 4yepe3 HEeKOTopoe Bpems ero cropanue. Ot
YpaBHEHHME PEAKIUH, OTMETUTh HA3BAaHUE U IIBET MPOAYKTA PEAKIUH. PacTBOPUTH MOIYYEHHOE COEIUHEH
UCHBITAaTh PacTBOP MHAMKATOpOM. Crienarh BHIBOJ O XMMHUYECKOM XapaKTepe MOJIy4eHHOro coeuHenus. Han
0) BoiHyTh nUHIIETOM M3 OAHKU C KEPOCUHOM KYCOK METAJJIMUECKOT0 HATPHsl, MOJIOKUTh Ha (PUIBTPOBAIBbH
KyCOUYEK BEJIMYMHOI C TOPOLIMHY. XOPOIIO OCYIIUTh C TMOBEPXHOCTH (PUIBTPOBAIBHOM Oymaroil Kycodex 1
Turenb. [IoMeCTUTh THreNb B TPEYTOJIbHUKE Ha KOJIbLIE IITaTUBA U OCTOPOXKHO HArpeBaTh HEOOJBIINM ILITaM¢
BOCIJIAMEHEHHUSI HaTpus, IOCIIE Yero OTCTaBUTh ropenky. Kakoe coequHeHne noinyyminoch B pe3yabTarTe peak
ero rpaduueckyro hopmyiry.
Jlokazatb oOpa3oBaHHE MEPOKCUI-UOHA, ISl Yero 1o0aBUTh B TUreNb [0 HECKOJIbKY Kamesb pactBopa Kl v
KaITi KpaxmaiabHoro kieicrepa. Habmonars n3menenue okpacku. O yeM oHO cBHaeTenbCcTByeT? Hammcarp

2. B3aumoaeiicTBHe 1EeJOYHBIX METAJJIOB C BOIOM.

(PaboTy mpoBOIUTH 32 CTEKJIOM BBITSKHOTO IIKada)

B3ste Tpu dapdopobie yamku ¢ Bomoi. OTpesars Mo MajJeHbKOMY KYCOUKY JTUTHSI, HATPUS U Kalus U, 00c
OpOCHUTH KaX/IbIi B OTJEIBHYIO YallIKy ¢ Bogoi. HabmronaTh 3a X0I0M peakIiiy Yepe3 CTEKIIO BBITSKHOTO 111
BBHJly pa3OpBI3TUBAaHUS PacTBOpA, MPOUCXOMASIIETO B KOHIIE peakuud. OTMETHTh, KaKOi M3 METaNIOB Hau
Bonoil. Kakoil ra3 Beiaenserca? lcnblTaTh WHAMKATOpPOM IOJy4YeHHBbIE pacTBOpbl. Hamucars

3. BzaumoneiicTBue MepoOKCUIAa HATPHUS € BOJOI.

B nmpobupky ¢ He6onbIIUM 00bEMOM BOJBI BHECTH HEMHOTO MOPOIIKA MepOKCUAa HaTpus. JlokazaTh OMBITE
XO0JIe peaKIMK U KaKoe BellecTBO 00pa3yeTcs B pacTBope. Hamucars ypaBHEHUE peaKIUy.

4. I'mapoJin3 cojiei meJJOYHbIX METAJLI0B.

B ueTpIpe npoOupKU MONT0KHUTH MOPO3HB MO HecKoNbko kpructamumkoB KNO3, Na2S, KCl u K2CO3. [Tpunm
Kakue conmn nomxHsl noaseprarbes ruapoansy? JlokazaTs 3TO ONBITHBIM ITyTEM.

Hanmcats ypaBHEHHs peakiyii THIpOJIn3a B MOJIEKYJISIPHOM U HOHHOH opme.

5. OxkpamuBaHue MJIAMEHH COJISIMM LIEJTOYHBIX METAJLJIOB.

Ounmiennyto nytem npombiBanus B HC1 u nmpokainBaHus IUIATUHOBYIO WM HUXPOMOBYIO ITPOBOJIOKY BHECT
a 3aTeM B HECBETSIeeCs IuIaMs ra30Boi ropenku. HabmonaTs okpammBaHue TUIAMEHHU. 3amucarh IBET I1J1a
nutus 1 Hatpus. [IpoBonioky nocne kaxaoi conu npoMbeiBaTh HC1 u mpokanuBarhk 10 MOTHOTO UCYE3HOBEHH

JlaGopaTtopHasi pa6oTa «bepuuinii, Maruui, meJ04H03eMeTbHbIE€ METAJLIbI H UX COeTHHEHUD)
Peaxmuevr u mamepuanvt. 1) Maenui (nenma u nopowox). 2) Kanoyuii (kycouku). 3) Humpam
cmponyusi Sr(NO3)2. 4) Humpam 6apusi Ba(NO3)2. 5) Unouxkamopuas oymaea. 6) @unvmposanvHas
oymaea. 7) Jlyuunxu.

Pacmeopvr. 1) Consnas xucioma HCl (2 n.). 2) Cepuas kucroma H2S04 (5%-nas u 2 u.). 3)
Tuopoxcuo nampus NaOH (2 n., me codepocawuii kapoonama)l. 4) Ammuax 6oouwviii (2 H., He
cooepocawuii kapoonama). 5) Xnopuo maenusa MgCl (I n.). 6) Cynegpam maenus MgSO4 (1 n.). 7)
Xnopuo ammonuss NHCI (2 n.). 8) Kapbonam nampus Na2CO3 (2 u.). 9) Xnopuo kanvyus CaCl2 (1
H.).101) Xnopuo cmponyus SrCI2 (1 n.). 11) Xnopuo 6apus BaCl2 (1 u.). 12) Cyrsgham nampus
Na2S04. (2 u.). 13) Cynvgpam xanvyus CaSO4 (nacvuu.). 14) Xnopuo 6epunnua BeCI12 (0,5 n.). 15)
Denongpmaneun (cnupmosoii).

Coenunenusi Oepuiiius.

1. ITonyyeHue u cBOiicTBA THAPOKCUAA DepuJLIHS.

B nBe nmpoOupku ¢ pacTBOpOM coiu OepUIUIHSI IPUIUTh PACTBOP THIPOKCHUA HATPUS 10 BBINMAJACHUS OCaKa
UccnenoBare otHOmeHue ocaaka k pactBopy HC1 m k' m30wITKy pactBopa NaOH. Caenats BBIBOI O X
OepwTusl ¥ HamucaTb ypaBHEHHUS PEaKIUil B MOJIEKYJISPHOW M HMOHHOW (opMe, YUUTHIBasl, YTO KOODPI
THAPOKCOOepUIIIaTe paBHO YeThipeM. PacTBop TeTparumpokcodepriiaTa HaTpust COXpPaHUTh TSl OTbITa 2 0).
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2. CpaBHeHHe KHCJIOTHBIX U OCHOBHBIX CBOWCTB Ir'IPOKCH/IA OepuJLIus.

a) I'maponu3z xnopuna Oepusung. OnpenenuTh peakiuio cpeibl B pacTBope xyopuna oepusuiva. Hamuca
xJiopuaa OepruIvs B MOJICKY/IIpHOU U HOHHOM opme. Ha kakoit cTyrenn 3akaHuuBaeTcs ruaponu3? Yo my
0) 'maponus TeTparuapoxcodepmiiata HaTpu . K pacTBopy TeTparuapokcoOepuiiata HaTpusi, TOJTYyYCHE
TUCTUJUTMPOBAHHON BOABI U, 3aKPENUB NMPOOUPKY B IITATHBE, HATPETh €€ HEOOBIINM IUIAMEHEM TOPENKH. '
Kaxo#i mporecc mpou3sornen B mpodupke Npu HarpeBaHuu pactBopa? Hamwcarh ypaBHEHHE pEaKIMH B MC
OCHOBAHUU OTBITOB 2 a) U 0) CPaBHUTH KMCIOTHBIC U OCHOBHBIE CBOMCTBA THAPOKCUAA OCPUILIHS.

MarsHmii 1 ero coeJMuHeHH 1.

3. BoccTaHoBHTE/IbHBIE CBOMCTBA METAJJINYECKOT0 MAarHusl.

a) B3aumoneiictBue maruusi ¢ Bogoid. Kycouek JeHTBI MarHus, OYMINEHHBIM HaXIA9YHOW Oymaroi, OmycTH
BOJOW. MOXHO JIn OOHAPYKHUTh BHEIIHUE NMPHU3HAKH MPOTEKaHUs XUMUYECKOM peakiuu Ha xonone? 3akpe:
HEOONBIIUM TIaMeHeM ropenku. Uto Habmiomaercs? Ilocne ocThiBaHUS TPOOMPKHU HCTBITATH TMOTYUYEHHBI
YPaBHEHUE PEAKUMU U OTMETHUTh, IPU KAKUX YCIOBHUSAX OHA MPOTEKAET.

0) BzaumogeiictBue Maraus ¢ kucioraMu. O3HAKOMHUTBCS MO TaOJIMIIE C BETMYUHON CTaHIAPTHOTO JIEKTPO)
BBIBOJT O BOBMOXKHOCTH €0 B3auMoJeicTBus ¢ pa3baBneHHbpIMU pacTBopamu HC1 u H2S04. [Iposeputs ¢
nyteM. Hanucars ypaBHeHMsI peakuui

4. ITonyyeHne U CBOMCTBA OKCUAA M THAPOKCH/IAa MAarHUA.

Cxedb KyCcOYeK JICHThl MarHusi Hajl acOecTOBON CETKOM M coOparh MpoayKThl ropeHus. KakoB 1ser momyue:
OKCHJa MarHus B MPOOUPKY € JUCTUILTUPOBAHHOM BOMOM, THIATENLHO pa3MeIlaTh CTEKISHHON MaJIOYKON

Kanesns pactBopa enondranenna. Yro nabmonaercs? Hanucars ypaBHEHUS peakiuil.

0) ITonyuenue ruapokcuaa Marausi. HaauTes B 1Be MpoOUpKH MOHEMHOTY pacTBOpa KaKOH-HUOYIh COJTM Mart
pacTBOp TMIPOKCHUIA HATpUs, B IPYryl0o — pacTBOp aMMuaka. OTMETUTh IBET U XapakTep 00pa3yIoLIuxc
o0BeM ocaakoB. Hamucars ypaBHEHHS peakiuii B MOJIEKYJIApHON 1 nOHHOUW (opmax. Jlath 00BsACHEHHE, TIC
obeux mpobupkax. OTMETUTh, KOHIIEHTpAIUsl KaKOro MOHA YBeIU4MBaeTcs B pacTBope. Kak HakomeHue >
nona OH- B pacTBOpe aMmmuaka?

[TpoGupky ¢ ocalkoM COXPAHUTH IS CIETYIOIIETO OMbITA.

B) CBoOMCTBa THApOKCcHIa MarHus. B mpoOUpKy ¢ 0cajikoM T'MAPOKCHIA MarHusi, MOJYYSHHBIM B ONIBITE 0),

Yro nabmonaercs? Hanucarb ypaBHEHUS peakivii B MOJIEKYJISIPHON M MOHHOW (opMax M OObSICHUTH MPUYL
pPacTBOPUTH 0CAZOK TMIPOKCHIa MarHus JoOaBlIeHHEM pacTBopa xiopuaa Hatpusi? [lomyduTs 0cagok THIPO
npobupku. Ucnbitats oTHOmEHHE ocaaka K pactBopy HCI u x u30eiTky pactBopa NaOH. Cuenars BbIBOA

Maraus. Hanucars ypaBHeHHE peakiuy.

5. CBoiicTBa coJieid MarHus.

a) [Tonydyenue u cBoiicTBa rugpokcokapoonara maraus. K pactBopy cynbdara Maraus nNpuinTh pacTBOpP COJ
nBer? HamucaTth ypaBHEHHE peaKIMU MOYYSHHUS THAPOKCOKapOOHAaTa MarHusi B MOJIEKYJISIPHON U MOHHOM (
Bobl. JloOaBUTH B MpOOMpPKY pacTBOp xjopuaa amMoHus. Uto nHaOmromaercs? Hamumcate Maremarude
PacTBOPUMOCTH THIPOKCOKapOOHATa MarHus U OOBSICHUTh IPUYUHY PACTBOPEHHUS OCaJKa B PACTBOPE XJIOP
peaKiuu.

0) [lomyuenue runpokapbonara maraus. K o4eHb CHIIBHO pa30aBiICHHOMY PAacTBOPY KaKOW-HUOYIb CONH M
Na2CO3 Kakoe BeniecTBo BbllaaeT B ocagok? PactBop ¢ ocagkom HaceiTuTh CO2 13 anmapara Kunna. He
ocajka. [Touemy oHo mpoucxonut? Hanucars ypaBHEHUE PEAKIUU.

IIlesi0uHO3eMe/IbHBIE METAJJIbI U UX COeIMHEHUSI.

6. BoccTaHOBUTe/IbHBIE CBOICTBA KAJbIUA. B3aumMoneiicTBre KaJbIus ¢ BOIOM.

Bzaumooeiicmsue kanvyus ¢ 6000t. B npobupky na 1/3 obvema naiumo OUCMUIIUPOBAHHYIO 800) U
onycmumu mMaieHvKull Kycouek kanvyus. Kakoi eas evioensemcs? Ilouwemy npoucxooum nomymuerue
pacmeopa? Buecmu 6 pacmeop 1—2 xanau pacmeopa ¢henongpmaneuna. Ymo nabnooaemea? Hanucamo
ypasHenue peakyuu. byoem nu ananocuunas peaxyus npomexams co cmpoHyuem u 6apuem?

7. IlostyyeHne THAPOKCH/IOB IeJT0YHO3eMeJIbHbIX METAaJJIOB.

a) K omunakoBomy o6wemy pactBopoB CaCl2, SrCl2 u BaCl2, B34ThIX B OTJAENBHBIX MPOOUpPKAX, TPUIHUT
cozieprkaIuii npumecH kapoonara. O6paTUTh BHUMaHKE Ha 00bEM BBINABIIETO OCAIKa B KAXKIOH MPOOUPKE.
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6) IloBroputh ombiT, B3B BMecTo NaOH BoaHblil pacTBop (2 H.) aMMuaka, HE COAEp)KAIIUN MPUMECH F
Pe3yNIbTaThl C MPEABLIYIUM onbITOM. /laTh 00bsicHeHne. Hamucars ypaBHEHUs peaklnii B MOJIEKYJISIPHOU U 1
8. IlosryueHnne u cBOIMCTBA Ccoslell EJI0YHO3eMeIbHBIX METAJJIOB.

a) [lomyuenue u cBoiicTBa KapOOHATOB WIEIIOYHO3EMENBHBIX MeTaOB. [1oydnTh B OTAETBHBIX HPOOHPK
Oapusi U3 pacTBOPOB COOTBETCTBYIOIMX coseil. KakoB Bua u 1Betr ocaakoB? Harpers comepkumoe rif
n3MeHeHue Buaa ocaakoB. [Ipumute Bo Bce mpoOupku paszbabineHHbiii pactBop HCI1. Uto mpoucxomut?
MOJICKYJISIPHOW ¥ HOHHOU (popmax.

8) [lonyuenue cynvbghamos wenouHozemMenbHblX Memannos. Ilonyuums 6 omoenvHbiXx npoodupkax
cynoghamol Kanvbyus, cmpouyusi u O6apus u3 pacmeopos coomeemcmsyrowux conet. Ommemums yeem
nonyuenHvlx ocaodkos. Hanucamv ypaenenus peaxyuii. Hcnvimams omHoOuleHue 0caoko8 K
paszoasnenuvim pacmeopam HCI1 u HNO3. Obwvacnums Habnooaembie s671eHUsL.

r) CpaBHUTENbHAS PACTBOPUMOCTD CYNIb(ATOB MIETOYHO3EMETbHBIX MeTa/uI0B. K HaxomsmuMes B Tpex Impe
CaCl2, SrCI2 u BaCl2 no6GaButh moHeMHOTY HachlmeHHbIH pacTBOp CaSO4 (ruricoBoit Boabl). Habmromnal
ocazakoB. Kakoii cynbdar BeImagaeT B 0caJok Haubosee MeuieHHo? B kakoi mpoOupke ocagok He 0OpazyeT
[Tomo6HBIM ke 00pa3om n00aBuTH B Tpu mpodupku ¢ pactBopamu CaCl2, SrCl2 u BaCl2HachImeHHBIH |
Hamucare ypaBHenus peakumii. Cienath BBIBOII O CPAaBHUTEIIBHONW PACTBOPUMOCTH CYIb()ATOB KaJBIU, CTPC
MIPOU3BENIEHUS] PACTBOPUMOCTH CyNb()aTOB KalblLus, CTPOHIMS U 6apus. COOTBETCTBYIOT JIM 3TU BEIHYUHBI C
10. OxpamnBaHue NJIAMEHH COJIAMH KaJIbIUsl, CTPOHIIUSA U Oapus.

OuuCTUTH TJIATUHOBYIO MJIM HUXPOMOBYIO MPOBOJIOKY, omnyckas ee B HC1 u mpokanuBasi B IJIaME€HH Ta3o
pacTBOp COJM KaJIbILUsl U BBECTU B OeclBeTHOE MiaMs ropenku. Habmronats okpalinBaHye IIaMeHu.

[Iponenarh aHAJIOTHYHBIA OMBIT C COJSMHU CTPOHIMS W Oapwus. 3amucarh 1IBET, B KOTOPBI OKpaIIMBAIOT
METaJJIOB.

3AJTAHUA 111 TPAKTUUYECKHUX 3AHATHIA
p-DaeMenTsl III-rpynnsi

1 Hanmucath 31eKTpOHHBIEC THarpaMMbl HEBO30YKJIEHHOTO M BO30YKICHHOTO aToMa Oopa.
2 2. Hanmcars ctpykrypHbie popmyiast H3BO3 u Na2B407.

3 CocraBuTh ypaBHEeHHsI peakiuii roperus bopano B2H6 u B4H10.

4 4. Yto takoe nepisl Oypsl, Kak ux nomayyatot? [IpuBectu mpumepsi.

5 5. 3anmcarh ypaBHEHUS pEaKIMU HEUTpaIU3aIuu OOPHOUN KHUCIOTHI €IKUM HAaTPOM.

6 6.Cxonbko Kr opToOopHOii kucnotel H3BO3 u kakoit 00bem 23%-noro pactBopa Na2CO3 (r = 1,25 r/m
noxyuenus 1t Oypst Na2B40O7x10H20?

7 7. llpu obyuenuu 6opa 105B mMemieHHBIMU HEUTPOHAMH Apa aTOMOB BBIOpAchIBAIM a-yacTUlbl. Ham
peakuuu.
8 8. CocTaBUTb EKTPOHHBIE POPMYJIBI M AIEKTPOHHBIE TuarpaMmbl Al u AI3+.
9. CocTaBUTbh ypaBHEHUS PEAKIIM B3aUMOACHCTBUS aTIOMUHUSI C pa30aBIEHHBIMU COJITHOM, CEPHOM, a30THO
10. IIpuBecTn mpuMepsl ABYX MajlOpacTBOPUMBIX COCAMHEHHUH antoMuHusA. [lonyduTh uxX peakuusMu HOHE
MOJICKYIJISIPHON U HOHHOM (opMme.
1 11. U306pa3uth cTpykTypHO-rpaduyeckue Gopmynsl coenunennii: AI(OH)3 u AIOH(NO3)2.
2 12. TloueMy 1mipu peakiuy XJI0pUia AIFOMUHMS C pacTBOpoM notaia Beiaensiercas CO2? Hanucate ypar
3 13. Kak MeHsieTCsI CTENEeHb OKHCICHHS JIEMEHTOB B MOATPYIIE 0T 6opa 10 Tamums?
4 14. c KakuMH dJI€MEHTaMU EPUOANYECKON CUCTEMBI TaJUIUI IPOSIBIISIET CXOACTBA
5 15. B kakom okcujie cuiibHEee BhIpakeHbl OCHOBHBIE cBoicTBa B T1203 wu T1207?
6 16. MOXXHO JTM C TIOMOIIIBIO OKHUCITUTEIHFHO-BOCCTAHOBUTEIIBHBIX peakiuii nepeBectu coequaerus T1(1)
[IpuBectu npumepsl.
7 17. Coenunenus tamums (I111)0onee ycToitunBo B 1mienouHon cpeae. Hamcars ypaBHEHHE OKUCTICHUS CC
HIEJI0OYHOM cpeie:
T12SO4 + KOH +Br2®...
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118. Kakoli MUHUMAaIbHBIH 00bEM pacTBOpa ¢ MacCOBOM J0JIel ruapokcuaa Kamust 22% u mIoTH
pactBopenust cmecu maccoit 200 1, cocTosiiei u3 anmoMuHus (MaccoBast noist 21,6%), okcuaa antoMuH]
amomunus (68%).

2 19. OnpenenuTe Kakoe KOJUYESCTBO ATFOMUHUS MOXKHO TTOJIYYHUTh U3 1 T GokcuTa, comepskamiero 60% o1
MPaKTHYECKUM BbIXOJ cocTaBisieT 98% oT TeopeTrueck Bo3MokHOTo. Kakoit 00beM kuciopoa npu 3

S 3neMeHThIIA-noarpynmnsel

1. Hanucatp amekTpoHHBIE (OPMYINIBI aTOMOB JIMTHS, HATpUA, Kanusd, pyOouaus u nesus. Kak M3MeHSoT(
MOHM3ALMHN U XMMHYECKasi aKTUBHOCTb ITPOCTHIX BEUIECTB OT JINTUS K LE3HI0?

2. Yem nuTHIA IO CBOUM CBOWCTBAM OTIIMYAETCS OT APYTHX MIEIOYHBIX MeTaioB? J[aTh 0ObsiCHEHHE.
3. Jlutuii, HATPUl ¥ KaJIUid XpaHAT MO clioeM KepocuHa. [louemy?

4. Kakue coeauHeHUs] 00pa3yloTCsl pU B3aMMOJCHCTBUU JIUTHUS HaTpus U Kanus ¢ kuciaopoxom? Kak o
yIIIEKUCIIBIM razom? Hamummure ypaBHEHHS BCEX pEAKILINU.

5. Kak nosy4aroT OKCUAbI Kanusi, HaTpus?
6. a) [ToueMy HaTpHii MOTYYAIOT AIIEKTPOIM3OM paciljiaBa Cojiel, a He BOJHOTO pacTBopa. COCTaBbTE CXEMBI
6) Kanuii u 6osee TsoKenble MIeT0YHbIe METAIIbl OTy4atoT ApyruM MetonoM. [louemy? Kakum? IlpuBenute

7. mutenpHO XpaHuBIuiics B taboparopun pactBop KOH neirpanuzoBanu cepHoit kucioTon. [Ipu aTom F
5710 ra3? Kak MOXHO 0OBSICHUTH 3TO MOsIBIEHUE?

8. C mOMOIIIbIO0 KaKOW Ka4€CTBEHHOMN PeaKIIiu MOKHO ONPEIETUTh MPUCYTCTBUE B pACTBOPE MOHOB IICJIOYHb
9. B yem 3akitouaercs Mmetoa nosydeHus coapl Conbse? [loueMy 3THM METOAOM HE MOJIy4aroT MOTALL.
10. Yto coboii mpeacTaBisitoT aManbraMbl? [ 1e OHU MPUMEHSIIOTCS?

11. ITpu obpabotke 7,6 T cMecH THAPHUIOB HATPUS W Kalus BbLIEIMIOCH 5,6 11 raza (H.y.). Onpenenure M
UCXOJHOU CMECH.

12. 20 r ruapoxcua kanus pactBopuian B 600 M1 BOJBI, pacCUUTaiTe MOJIIPHYIO KOHIEHTPALIUIO U TUTP pac
32 EUHMUILY.

s 3neMeHThIITA-noarpynnst

1) Kakyro peaknuro cpenst Oynet umeth kpuctawtoruapar BeC12x4H20. Hanucars ypaBHeHUE TH
2) YeMm 00bsicHsIETCS OOJIBIIAs CKIIOHHOCTh OSpUILTUS K KOMIUIEKCOOOPA30BAHUIO 10 CPAaBHEHUIO
Hanmcats ypaBHeHune oOpa3oBanust propodepuiara u3 pactBopos coieir BeSO4 u NaF.

3) Kakoe cxomcTBo MOKHO TipocienuTs B xapaktepe noenenus Be(OH)2 u AI(OH)3? 3anucarts yi
4) Kax momyunts Oepriat Harpusa? Kak OTHOCHTCS K COJITHON W cepHOM kucinoram? Hammcare yp
5) IIpuBecTu nmpuMepsl TpeX MaJIOPaCTBOPUMBIX COCIMHEHUN Kanblus. [loaydnTs 3TH BemecTsa ¢

3anucarh ypaBHEHHUsI PEaKIUi B MOJICKYJISIPHOM U HOHHOHM (opme.

6) Kakue peakuny MOryT NpoTekaTh IpU XpaHEHUH KaJlbLUs HA BO31yXe? 3anucarb 3TU PEeaKIUH.

7)  Cpasuauts otHomenue Ca(OH)2, Mg(OH)2 u Be(OH)2k kuciotam | menodaM, HamucaTh YpaBHEHHS
8) VY kakoro u3 Tpex semeHnToB- Be, Ca, Mg- Haubonee BrIpaskeHa CIOCOOHOCTH K KOMILIEKCOOOpa30BaH
9)  Moer 11 KOOPIAUHAIMOHHOE YHCIIO OCPUIUIHS B KOMITJIEKCHOM COCIMHEHUN OBITH Ooubie deThipex? (

10) Kakoit 00beM pacTBopa cosstHOM KUCIOThI ¢ MaccoBoit goneir HCl(mmotHocTs 1,05r/Mim) moTpedy
KanmpIust Maccoit 22,4 r? Onpenennte Maccy COlu, 00pa3yIoIeics MPU 3TOM.

1) Oxcun 6apust, cogeprkanmii B kauectse nmpumecu 10,48% kapOonara Gapusi, oopadboranu 6M pac
Bbenmioch 1,12 nrasa (1.y.). KakoBa Macca B3STOM CMECH M CKOJIBKO JIUTPOB PACTBOPA a30THOW KHUCIIOTHI B

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
BrinmosiHeHne TeCTOBLIX 3aJaHUM.
IIpumepsl.

p-3aeMeHThI IIIrpynner

1. Ykaxxute 21eKTpOHHYIO (opMyTy O0pa B CTETICHH OKUCICHHS +3:
1)1s22s22pl1;2)1s22s02p0;3)1s22s22p0;4)1s22s22p4.

2. VKa)XXuTe, KaKylo CTEIICHb OKUCIICHUS MTPOSBIISET AJIFOMUHHUM B COEJMHEHUH (QTIOMUHUEBBIE KBACIIbI):
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1) +4; 2) +6; 3) +3; 4) +1.

3. Ykaxxure, Kakue mpoAayKThl 00paszytorcs npu pactBopernn okcunaa 6opa(lll) B Boxe:
1) B(OH)4 ; 2) H2B407 ; 3) H3BO3 ; 4) HBO2.

4. YkaxuTe, KaKylo OKpacKy UMeeT MHIUKATOp B pacTBOpE TeTpabopara HaTpHs
Na2B4 O7 :

1) makMyc — KpacHYIo;

2) METWJIOPAHK — KPACHYIO;

3) benondTanenn — MaaTUHOBYIO;

4) dpenondranenH — OECIBETHYIO.

5. Vkaxure, Kakue BelecTBa 00pa3yloTcs P B3aUMOJICHCTBIH PaCTBOPOB XJIOPHIa aTIOMUHUS U KapOOHAT
1) AIOHCO3 + NaCl;

2) AI(OH)3 + CO2 + NaCl;

3) AI(HCO3)3 + NacCl;

4) A12(CO3)3 + NaCl.

6. YkaxxuTe, KaKyro OKpacky uMeeT uHauKkarop B pactBope TINO3 :

1) makMyc — KpacHYIo;

2) METWJIOPAHK — KPACHYIO;

3) benondranenn — MaTUHOBYIO;

4) dpenondranenH — OECIBETHYIO.

7. YkaxxuTe, Kakue NpoAyKThl 00pa3ytoTcs npu B3auMoseiicteun okcuaa rauma(Ill) ¢ pactBopom eakoro Ha
1) Ga(OH)3 ; 2) Na 3[Ga(OH) 6 [;

3) Na[Ga(OH)4 |;

4) NaGaO2.

8. Ykaxxurte nmpoaykThl cruiaBiaeHus okcuaa nHaAusA(I11) ¢ ruapokcumom kamus:

1) In(OH)3 ; 2) K3[In(OH)6 ]; 3) K[In(OH)4 ]; 4) KInO2.

9. YkaxxuTte, Kakue CBOMCTBA MPOSBIAIOT coequHeHns Tautus(l) B OKHCIUTEThHO-BOCCTAHOBUTEIBHBIX PEaKI
1) OKHCIIUTENBHBIE;

2) BOCCTaHOBUTEIIHHBIC;

3) OKUCIINTENBHO-BOCCTAHOBUTEIBHYIO JBOMCTBEHHOCTB;

4) ne yuyactBytot B OBP.

10. Ykaxxute coeiMHEHUE TajuIvs, oopasytromeecs npu B3anmoaeiicteuu T1203 ¢ HCI:
1) TICI2 ; 2) TICI; 3) TICI3 ; 4) TIH3.

s-31eMeHThI I-11 rpynmnsi

1. Ykaxkute XapakTEepUCTHKH, OJUHAKOBBIE JIJISl BCEX IIEIOYHBIX METAJIJIOB
1) yrcno BaEeHTHBIX JEKTPOHOB

2) cuJIbHBIE BOCCTAaHOBUTEIILHBIE CBOMCTBA

3) paamnyc atoma

4) 4MCcI0 SHEPreTUUECKUX YPOBHEHN B aToMe

2. Hatpuii MO)XHO TOJTy4YUTh

1) npu B3auMoaeWCcTBUM T'MIPUAA HATPUS C BOJOU

2) BIEeKTPOJIM30M pacTBOpa XJIOpHIa HATPUS

3) anexTpoau3a paciuiaBa XJI0pHaa HaTpus

4) B1eKTPOIU30M pacIluiaBa THIPOKCHUIA HATPHS

3. Ykaxxute nNpoyKThl B3aUMOACHCTBUS HAaTPUS C KUCIOPOIOM BO3IyXa:
1) Na20; 2) Na202 ; 3) NaO2 ; 4) NaO3.

4. YkaxuTe MPOIyKThl B3aUMOJICHCTBUS KapOuaa INTUS C BOAOK:



1) LiOH + CH4 1 ;

2) Li20 + C2H2 1 ;

3) LiOH + C2H2 1 ;

4) Li202 + C2H2 1.

5. YKa)kuTe HOH, KOTOPBIN OKPAILMBACT ILUIaMsl B JKEIITBIN LIBET:
I)Li+;2)Na+;3)K+;4)Rb+.

6. YkaxuTe NOH, OKpaIIMBAIOIINHI TUIaMs B TEMHO-KPACHBIN LIBET:
1) Mg2+; 2) Ra2+ ; 3) Ba2+ ; 4)Sr2+.

7. YKaxuTe MPOAYKTHI B3aUMOJICHCTBUS KapOua KaJIbIUs C BOJIOM:
1) CaCO3 +H2 1 ;

2) Ca(OH)2 + C2H2 1 ;

3)CaH2 +CO2 1 ;

4) Ca(OH)2 + CH4 1.

8. YkaxuTe mMpoayKThl TUAPOJIM3a HUTpATa Oapusi:

1) BaO + HNO3 ;

2) Ba(OH)2 + HNO3 ;

3) Ba(OH)NO3 + HNO3 ;

4) HE TUAPOTU3YETCS.

9. YkaxwuTe, B pacTBOpPE KaKOTO BEIIECTBA JTJAKMYC MPHOOPETAaET KPAaCHYIO0 OKPACKY:
1) Ca(NO3)2 ;

2) MgS0O 4 ;

3) BeClI2 ;

4) Sr(CH3COO)2.

10. YkaxwuTe, Ipyu pacCTBOPEHUH KAKOTO BEIIIECTBA B BOJIE BBIICIISICTCA aMMHUAK:
1) Ca(NO3)2 ;

2) Mg(NO2)2 ;

3) Ba3N2 ;

4) N2.

Tema 12. d-DaemenTs! I-VIII rpynmn. f-Daementsi (OIIK-1)
Jlekumus.

Jlexums. O6mas xapakrepuctrka d-anemeHToB. Xapakrepuctuka snemenToB [IIb-moarpymnmer CTpoeHue aton
paanycoB, MOHU3ALMOHHBIX MOTEHIMAJIOB, BAJIEHTHOCTh M CTENEHHM OKHMCIEHHUS MO TPyIIaM U Mepuojal
AJIEMEHTOB IO TieproAaM u 1o rpymnmnaMm. OcoderHoctr cBoicTB d-amemenToB III rpymnmbl. CKIOHHOCTH K (
(hopm, KOMIUTEKCOOOpa30BaHUIO, 00PA30BAHHUIO COSTUHEHHM CO CBA3sIMU D-0O-3, KITaCTEPHBIX COCTUHEHUH.

dusnueckue cBorcTBa d-3eMeHTOB. XUMHUYECKasi akTUBHOCTh M €€ H3MEHEHHUE T10 Tpynmnam, neprogam. Ku
rupokcu1oB d-anemenToB KomiiekcHbie coequHeHus d-31eMeHTOB.

Crpoenne aromoB 3neMeHTOB IIIb-moarpynmel.. XapakTtep XMMHYECKUX CBSI3€ B COCAMHEHMSIX. XHUMHUY
W3meHeHune 1o rpymnne XuMruueckoil aktTuBHOCTU. OTHOIIEHHE K KUCIIOPOY, BOJIE, KUCIOTaM.

Okcuapl U TUAPOKCUIBI 3IeMeHTOB 3b-noarpynnel. M3MeHeHne KUCIOTHO-OCHOBHBIX CBOMCTB THIPOKCH]
CKJIOHHOCTB K 00pa30BaHUIO COJICH B KATHOHHOW W aHMOHHOU opmax. /[BoiHbIe comu. KoMmIekcHbie coemt

Jlexums. d-OnemenTtst [V rpynmel. O0mias Xxapakrepructuka 31emMeHToB. CTpoeHre aroMoB. M3MeHeHne Xumy

du3znueckue U XMMUYECKHE CBOMCTBA MPOCTHIX BellecTB. OTHOLIEHUE K KUCIOPOY, BOJIE, KUCIOTaM U III€.
MexaHu3M paCTBOPEHHUS METAJJIOB B CMECH a30THOM M IUIABUKOBOW KUCIOT. [IpumeHenune Turaxa.

Oxcuapl ¥ THIPOKCUIBI THTaHa, nupkonus, raduus (IV). CeoiictBa. X OTHOIIEHHE K BOJE, KHUCIOTaM,
coenuHenus. [Ipunnuns! noayuenus. Oxeuapl u rugpoxkcusl Tutana (I, I1I). Ceoiicta. Turanatsl. Llupkon

I"anorennnbl 3nementoB (1V). [N'anorenuast Tutana (11, I11I). ['uaponus ranorenngos. Oxcoranorenuasl. ['ano
Jlexums. d-Onementsl V rpynmel. OOmias xapakrepuctuka 31eMeHToB. CTpoeHue aToMoB. M3MeHeHne XuMu®

du3nyuecknue U XUMHUECKUE CBOMCTBA MPOCTHIX BelIecTB. OTHOIIEHUE K KUCIOPOY, BOJIE, KUCIOTaM, el
CMECH a30THOM U IJTABUKOBOM KHUCIOT. [I[puMenenne Banaaus.

62



63

Oxcupl 1 TUAPOKCUIBI BaHaaus, HUOOus, TanTana (V). Banagarel. Oxcuasl u ruapokcuast Banaaus (11, 111,
(V). I'anorenn b Banagus (11, I, IV). ['uaponus ranorenugos. OxcoranoreHu b1, ['aioreHOKOMILIEKCHI.

Jlexuus. d-Onements! VI rpynmsl. O01mas xapakrepucTuka 3neMeHToB. CTpoeHne aroMoB. Vi3MeHeHne XuMy
Ouznyeckne U XUMUYECKUE CBOWCTBA MPOCTHIX BEIIECTB. XMMHUYECKas aKTUBHOCThH MPU OOBIYHOM U BBI
KHCIIOPO/Y, TaJloreHaM, Bojie, KUcaoTaM, Ienodam. [Ipumenenue xpoma.

Oxcunpr xpoma (11, III, VI), momubnena u Bonbdhpama (VI). KucIToTHO-OCHOBHBIE M OKHCIUTEIHLHO-BOCCTAl
BOjIe, KUCIOoTaM, menodam. [Ipuntumnel nomyuenus. ['uapoxcuast xpoma (11, 111, VI). M30monukucioTsr Xxpom
Comu xpoma (I1) u (II) B karnonHO¥M M aHMoHHOW (dopmax. Kpucrammoruaparel. KomruiekcHbie coemuHer
xpoma (VI). Xpomartsl, monmuxpomarsl. Conmu monubaena u Bonbdpama (VI). Monubmarsl u Bonbhpamars
Xpomartsl - Boib(pamarsl. [lepokcocoenunenus xpoma. [lepokcun xpoma. Monubaenosast u BoiabhpamoBas 1
Jlexms. d-Onementst VII rpynmel. O0mas xapakrepucTika a1eMeHToB. CTpoenue atomoB. M3meHenne xum

OuU3NYECKUEe U XUMUYECKHE CBOMCTBA MPOCTHIX BEHIECTB. XMUMHUYECKass aKTUBHOCTh. OTHOIIEHUE K KHUC.
[Ipumenenne mapraauna.

Oxcunpl u ruapokcuasl Mapranma (11, III, TV, VII). YcroiunBOCTh, KUCIOTHO-OCHOBHBIE U OKHCIIHUTE.
OTtHoueHue K Boje, kuciaoraM, mmenodam. [IpuHiuns: noxydenus. OKCUIbI U TUIPOKCUIBI TEXHEIUS U PEHU
Comu mapranna (II). Kpucramnoruaparel. Kommnekcueie coequnenus. CporictBa. Conu mapranma (I11LIV
I'uaponus. OKUCIUTEIBHO-BOCCTAHOBHUTENbHBIE cBOMcTBA. [IpuHiunel nomydenus. Comu mapranma (VI
CBOWMCTBA MEPMAHIraHATOB B KUCJIOW, MIEJIOYHON W HEUTpaiabHOU cpenax. [IpuHnunel nomyyenus. [Ipumens
[Teprexnartsl. [leppeHarsi.

Jlexmms. d-Onmementsr VIII rpynmer. O6mias xapakrepucTuka 3aeMeHToB. CTpoeHue atoMoB. DU3HYECKY
koOasbTa, HuKes. deppomarneTnsm. OTHOLIEHHE K KUCIOPOAY, BOJE, KUCIOTaM, 1meiaodam. Kopposus xene
[IpombIieHHBIE METONIBI TTOTYUYeHHUS kene3a. [I[pumenenue xeneza. Yyryn. Cranu.

Oxcupl U TUAPOKCUIBI Kene3a, kobanbra, Hukens(1l, IIT). Cmemanubie okcuapl. CBolicTBa. OTHOIIECHUE K
nonmydeHusi. CoctaB U 0COOCHHOCTH cTpoeHus ruapokcuaa xenesa (II1). KuciaoTHo-oCHOBHBIE U OKHUCTHUT
ruapokcuos (11, II1).

Conu xenesa, kobanwsra, HUKens (II). JIBoitnbie comu. Comu sxenesa, kobanpra, HUKes (III) B karnonHO
0e3BoHBIX XJI0pu10B. JIBoitHBIe conu. OcHoBHBIE conu. CBolictBa. Deppartsl (I11) n ux peppomarHuTHBIC CE
I'uaponus. OxucauTenpHbie cBoMcTBa. [IpuHIMIBEI monydeHus. KoMIiekcHbIe coeTMHEeHHS Kele3a, KoOalbT
[IMaHO-, OKcaslaTo-koMIuIeKchl. Kapoonmibl. depporieH. Xapakrep XMMHUYECKUX CBs3EH B MoJieKyIe (epporic
Ouznyeckne U XMMHUYECKHE CBOMCTBA IJIATUHOBBIX METAJJIOB. XUMUYECKasi aKkTUBHOCThb. OTHOIIIEHUE K K¥
menoyam, napckoil Boake. IIpumenenne niatuHbl. COeIMHEHUS SJIEMEHTOB CEMEHCTBAa IJIATUHOBBIX. OK
Oxcunpr ocmust (VI, VIIT). Ocmater. Oxcuabl 1 tuapokcuabl poaus u upuaus (111). Oxeun u ruapoxrcu mais
ruapokcuasl Tiatuabl (11, V). KommnekcHbie coenuHeHus TiaTuHbl. KaTHOHHBIC, aHMOHHBIE W HEWUTpaJ
AMMUHO- U ITUaHOKOMILJIEKCHI. [ eKcaxoporaaTuHoBasi KUCIOTa U €€ COJIH.

Jlexums. d-Onements! I rpynmel. O0mias xapakTepucTuka 3y1eMeHToB. CTpoeHrne aToOMOB. XHUMHYECKUE CBOM
KHCJIOPOY, BOJIe, KHCIIOTaM, ImesiouaM. PacTBopenue 3050ta B riapckoid Boake. Crioco0sl 1o0kau 3o050ta. If
Oxcunpr meau (LID), cepedpa (I,I1), 3omota (IIII). CBotictBa. OTHOIIEHHE K BOMIE, KUCIOTaM, meiaodam. [1py
(IT), 3omota (III). KucnotHo-ocHoBHBIE cBOMcTBA. OTHOIIICHHE K BOJIE, KUCIIOTaM, miejaodam. [IpuHIUIs! mor
Comu meau, cepedpa, 3omota (I). dororpaduueckue mporeccy Ha OCHOBE TAIOTCHUIOB cepedpa. AMMHHO-
Kommekcasie coegunenust meau(Il). Comu 3omora (III) B kaTtmoHHONW W aHWOHHOW Qopmax. AKBe
Terpaxiiopo300Tas KUCIOTA U €€ COJIH.

Jlexius d-Onements! II rpynmer. OOmias xapakrepucTuka srmeMeHTOB. CTpoeHHE aToMOB. XapakTep XU
dusznueckue U XMMHUYECKUE CBOWMCTBA MPOCTHIX BemlecTB. OTHOILIEHUWE K KUCIOPOIY, BOAE, KUCIOTaM, IT
METaJIOB.

Oxcunbl u rugpokcuabl 1uHka U kaamusi. Oxcuasl pryta (I, II). CoiictBa. OTHOIIEHHE OKCHUIOB K BOJ
MOJTyYEHUSI.

Conu nuHka B KatMoHHOW M aHuoHHOU ¢dopmax. Comm prytu (I, II). Morn Hg22+. OxucautenpbHO-BOCCTAl
I'upponus conelt nuHka, kaamus, pryTd. [{uakarel. KoMmmiiekcHbie coeTMHEHUsI. AMMHUHO-, [IMAHO-, TAJIOTEH(
UUHK-PTYTh.

Jlexius f-Onementsl. O0mas xapakTepucTHka 371eMeHTOB. [lomoxeHue B mepuoandeckoil cucteme. CTpe
BHyTpeHHSIsI TepuoIu4HOCTh CBOMCTB. CXOACTBO U pa3inuue B cBOHCTBax 4f- u 5f -anmemeHToB.
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Jlantanounsl (4f-3memenTsl). BaneHTHOCTD, XapakTep XMMUYECKUX CBsA3eH U (hOpMBI COCTUHEHUH. XUMUYE(
K Kucaopondy, Boae, kucinoram. Okcuasl. ['mapokcuasl. MI3MeHeHME MX KHCIOTHO-OCHOBHBIX CBOMCTB II(
Coenunenus uepus (IV): okeun, THAPOKCU], LIEPATHI.

AxtuHounbl (5f-amemMeHThI). BaneHTHOCTH 37E€MEHTOB, XapakTep XUMHUYECKHX CBs3ed W (OpPMBI cCoell
OCepKIIMIA-TTOypEHCHI. XUMHUECKHE CBOMCTBA METALIOB. VX OTHOIIEHHE K KUCIOPOMy, Bome, Kucioram. C
ventyHust U wiytonus (VI, VII). PaguoaktuBHOCTh Sf-amemenToB. Tumbl peaknuii pagnoakTHBHOTO pac
METOJIOB CHHTE3a TPAHCYPAHOBBIX JIEMEHTOB.

IIpakTnyeckoe 3ansATHE.
JlaboparopHast pabora «XpoMm U ero coequHeHus. MapraHell ¥ ero COeTUHECHHSI.
PeaxTuBbl u marepuansl. 1) Oxcuaa xpoma (I11). 2) Iuxpomar ammonus.3) Juxpomar kainus.4) OuiabTpoBajs
PactBopsl. 1) Cepnas kucnota (2 H.). 2) Consanas kucinora HCI (konu. u 2 H.). 3) I'mapokcun Hatpust NaOH
(3%-mnprit). 5) Cynpdun ammonwust 5) Xpomar kanmus (2 H.). 6) duxpomar kanus (Haceiir. u 1 H.). 7) Hutpur 1
9) Hutpar cepebpa (0,1 H.). 10) Cynbdar xpoma (0,5 u.). 11) Xmopun xpoma (III) (3enensiit, 0,5 H.). 12) bpc
pacTBoOp JIakMyca.
1. ITonyuenue u cBoiictBa okcuaa xpoma (I11).
a) Haceimare B nmpobupky HemHoro uaMensueHHoro (NH4)2Cr207u 3akpenuTh ee HakJIOHHO B mtaruse. OTB
CTOpPOHY OT cebs U OT pyrux padortaronux. [Tox mpodbupky monoxuth Juct Oymaru. Harpets BepxHuii cioi
HarpeBaHue npekparutb. OObACHUTH MpoucxoAsilee siBieHre. Hanucars ypaBHeHHe peakiy. YKa3aTh OKUC
mporecce.
0) Ha momyuennsiit mopomok okcuaa xpoma (I1I) momeiictBoBath Bogoii u pazbasinennoit H2SO4 unmn HNO3
BOJIC U B pa30aBJIEHHBIX paCTBOpPax KUCIOT?
2. Ilonyuenue u cBoricTBa ruapokcuaa xpoma(Ill).

a) B mpobuppy ¢ pactBopom comu xpoma (I1I) mpubaBisTh M0 KaruisiM pacTBOP TUAPOKCHIA HATPUS 10 0Opa3
(III). OTmeTuTs 1BET ocaaka. Hanucarh ypaBHEHHE peakLuy.

0) Pa3nenuth ocanok Ha aABe mpoObupku. B onHy 3 HUX 1006aBUTH pa30aBlIeHHYIO KUCIIOTY, B APYTYI0 — U301
peaxnuii. Kakumu cBoiictBamu o6manaet runpokcua xpoma (111)? IpoaykT B3auMoneicTBHs THIPOKCHIA XP
omnbITa 3 B). OTMETUTH OKPACKy MOIYUYEHHBIX pACTBOPOB.

3. T'maponus conei xpoma

a) K pactBopy conu xpoma (I11) 1o6aBuTh HEHTpaIbHBIN pacTBOp Jakmyca. OObSICHUTH U3MEHEHUE 1IBETA JIa
peakuuu.

6) K pactBopy comnu xpoma (III) no6aBuTh pactBop cynbhuma aMMoHUs 10 oOpa3oBaHus ocaaka. [lomydeHHE
NPOMBITH Ha GuibTpe Bopoil. K oqHOM nmonoBuHe ocasnka B mpoOupke n106aButh pazdasnennyo HC1, k apyr«
OCHOBAHMU TPOJIENIAHHBIX PEAKIIMIA C/IeaTh BHIBOJ, KAKOB COCTAB ocaaka. Hamucarh ypaBHEHHS peakIvid.

B) PactBop runpoxcoxpomara (III), momydeHHsIi B onbITe 2, MPOKUTIATATE. OOBSICHUTH 00pa30BaHUE OCaIKa
Hanucars ypaBHeHHE peakuu. YKa3aTb, 4YTO CUIIbHEE THAPOJIN3YETCSI — pacTBopuMasi coib xpoma (I11) min
Kaxkoe 3Hauenue nmeno HarpeBanue?

4. Oxucnenue u BocctanoBienue coneit xpoma (III).

a) K pactBopy conu Cr (III) mo6asmsite pactBop NaOH 10 pacTBOpeHMs IEpBOHAYATBHO MOSBUBIIIETOCS 0Ca]
Ha 7Be poOupku. B onHy 3 HuX n006aButh 2 - 3 M pactBopa NaOH u 2—3 mu1 6poMHoi#t Bozbl. B apyryto 1
NaOH u 2 - 3 mn 3%-noro pactBopa H202. [Ipocnenuts 3a n3MeHEHHEM OKpacKH B 00enx nmpoOupkax. 3amy
peaKuuii.

6. YcroBUs CyIIECTBOBAaHHUS B PACTBOPE XPOMATOB U TUXPOMATOB.

K 3 - 4 M pacTtBOpa Xxpomara kanust npuinuth pactsop H2S04.

Habmronars nusmenenue okpacku. OObsICHUTH poucxosdiiee siBieHrne. Hanucars ypaBHEHUE peaKIUu.

K nomy4yeHHOMy pacTBOpYy NpHIUTH pacTBOp Ienaoun. Habmionats n3MeHenue 1seta pacrsopa. OObSICHUTD 3
peaxiuu. Hannunem kakux HOHOB 00yCIIOBJICHBI IEPEX0/IbI OKpAacKu pacTBopa? Kakoe paBHOBecHe yCTaHABT
XpomaroB U quxpoMaTtoB? Kak BIuseT cpeaa Ha CABUT 3TOIO paBHOBeCHA?

8. [TomydeHuit coneit XpOMOBBIX KHCIIOT.

6) Hanuts B omHy npodupky pactBop K2CrO4, a B npyryro K2Cr207 u npunuts B 00e npoOHpKU pacTBop A
ciydasix oopasyercs ocamok Ag2CrO4. OOBsACHUTH 3TO SIBIICHUE, MPUHUMAs BO BHUMAaHUE BBIBOJ U3 OTBITA 7
XpoMmara u nuxpomara cepedpa. Hanmmcars ypaBHEHUS peakiuii.

[IponenaTh aHaJOTUYHBIE OMBITHI C XJIOPHUAOM Oapust (M HUTpaToM cBUHIA). OTMETHTH LIBET ocaakoB. Hamuc
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9. OxucnutenbHble CBOMCTBA coenuHeHuit xpoma (VI).

(OnbIT T') MPOBOIUTH IO TATOMN)

a) K 2—3 mn pactBopa K2Cr207 npubaButh HemHoro pazbasnenHoit H2S04 u 2—3 mu1 pactBopa NaNO2. «
M3MEHEeHHe OKpacku. Hammcars ypaBHEHUs peakiuii B MOJICKYJIIPHON M HOHHOM (hopme.

6) K pactBopy K2Cr207, nonkucinennomy H2SO4, npuiuts pactBop Na2SO3. Habnronare n3MeHEeHUE OKpa
Hanmcats ypaBHEHHsI peakifii B MOJIEKYJISIpHOI 1 HOHHOMU (opMme.

B) K xoHuenTpupoBanHomy pactsopy K2Cr207 nobasuts koHueHTpupoBanHoii HC1. Harpets 10 usMeHenn
Boigensiercs? (Hioxars ocTopoikHo!)

r) K 2 -3 mu1 pactBopa K2Cr207 npuiuts pactsop (NH4)2S. JlokazaTs, 4TO NOIyUYEHHBINH 0Ca0K — I'HIPOK
peakiuu. YTo SABIISETCS OKUCIUTENIEM H BOCCTAHOBUTENEM B JAaHHOM peakiuun?

«Maprasern 1 ero CoeIMHEHHSDY

PeaxTuBel u marepuansl. 1) Oxcua ceunna (IV) (wmm cypux Pb304). 2) Oxcun mapranna (IV) (3epHensiit). 3
WNunukaropras Oymara. 5) Jlyunnka.

PactBopsr. 1) AzotHas kucnora ([ = 1,4 r/cm3). 2) Cepnas kucnora ([ = 1,84 r/cm3 u 2 H.).. 3) YkcycHas ki
[laBeneBas kucnota (1 H.). 5) Tunpokcun vHarpust NaOH (40%-ubiit u 2 H.). 6) Cynbhun ammonus (cynbdun
(0,5 u.). 8) bpomup xamust KBr (0,5 H.). 9) [lepmanranar kanus (0,1 1.). 10) Cynbdar mapranna (I1) (0,5 1.).
BbpomMHuas Bona.

1. ITonyuenue ruapokcuaa mapranna (II) u ero cBoiicTaa.

a) [lonyuuts ruapokcua mapranua (II) uz comu Mn (II). Otmeruts ero uset. Hanucars ypaBHeHUE peakluu.
0) YacTh )XMJIKOCTH C OCAJKOM OTIUTH B JPYTYIO MPOOUPKY U OCTaBUTH CTOSATH Ha BO3ayXe. OOBICHUTH H3ME
ypaBHEHHE PeaKlnu.

B) lcnbiTaTh OTHOLIIEHHE MTOJIYYEHHOTO B Ha4aJle OIbITa 0Caaka K pa30aBlIeHHOM KUCI0TE U U30BITKY pacTBO
BBIBOJI MO’KHO CJIeJIaTh O CBOMCTBaxX ruapokcuaa mapranna (I11)? Hanucars ypaBHeHHE peakiuu.

r) K He6onpmomMy komudecTBy ocanka ruapokcuna Mn (II) mpunuts 6pomuoit Bogsl. Uto oOpasyercs? Kakwu
(IT) B aTol peaknuu? Hamcarh ypaBHEHHE pEaKIIUH.

2. Cpoiictsa comneii mapranma (II).

a) K pactBopy conu Mn (II) mpubGaButh pactBop cynbpuaa ammonus. Uto Beimagaet B ocanok? Kakos ero 1t
cTositHUM Ha Bo3ayxe? OObSICHUTH ero n3MeHeHne. Hanmucarb ypaBHEHUS peakinii.

0) Haceimats B mpobupky HemHoro okcuaa ceunia (IV) wmm cypuka Pb304, npubaButh 2—3 M KOHIIEHTPU
pactBopa cynbdara mapranma (I1). Cmech HarpeTs 10 kunieHus. [locae oTcTanBaHusl OTMETHTD LIBET PACTBOL
DTa peakiius UCIOJb3YeTCs B AHAIUTUYECKON XUMUH /17151 KAY€CTBEHHOT'O ONPEEICHUs] COSIMHEHU MapraH
nposBIsoT coiau Mn (II)?

3. BzaumopeiictBue oxcuaa mapranua(lV) ¢ cepHoit kucnotoi.

K HeckonpkuM KpynuHkaM 3epHeHoro MnO2 npuianTh HEMHOTO KOHIEHTpupoBaHHOM H2SO4. OcTopokHO E
MHTEHCHUBHOTO BbIJEIEHUS Ta3a. Jlokas3ars, kakol Beiaensercs ra3. Hanucare ypaBHeHue peakuuu. Kakue cB
MnO2?

4. CBolicTBa IEpMaHIraHaTa Kausl.

a) PaznoxxeHue nepMaHranara Kajiaus npu HarpeBanuu. HarpeTts B mpoOHUpKe HECKOIBKO KPUCTAIIJIOB IEPMaH!
BbIensgeTcs ra3. [lponomkars HarpeBaHue J10 MpeKpalleHus ero Belaenenus. [locie oxnaxaeHus pacTBOpH
HeOobIIOM 00beMe BojIbl. Kakoi 11BeT MMEIOT MOTyUYeHHBIN pacTBOp M ocanok? Hamucarh ypaBHEHHE peakn
0) OkucnuTEeNbHBIC CBONCTBA MIEPMAHTaHaTa Kanus. B Tpu mpoOupku HamuTh 1o 1 - 2 MJI pacTBOpa MEepMaHT:
paz6asnennoit H2SO4. B nepayto npoOupky no6aButh pactBop Na2SO3, Bo Bropyto — pactBop FeSO4, B T
KHCJIOTHI (TPeThio MpoOUpKy Harpersb). Uto Habmonaerca? Hanucars ypaBHEHHS peakiMii B MOJIEKYISPHOM 1
pactBopa KMn04 no6aButh Bogy U 3aTeM pacTBOp cynbpura Harpus. Yto npoucxonut? Hamucars ypaBHEHY
MOHHOM (hopMax.

Hanute B npo6upky HemHoro pactBopa KMmn04, 1o6aBuTh K HeMy KOHIICHTPUPOBAHHBIH PacTBOP ILEIOUH, 3
B300nTaTh. OTMETHTD, KaK M3MEHUJICS LIBET pacTBopa. Yepes HEKOTOpoe BpeMs HabonaTh 00pa3oBaHue oca
peaxiuii B MOJIeKyJIsipHOil 1 nonHo popmax. K pactBopy cynbdara mapranma (II) B mpobupke 100aBIATh I
kanus. Yo npoucxoaut? McnbiTarh peakuuio pactBopa uHaukaropoM. Hanmcares ypaBHenue peakiuu. O0bs
onbITax. Kak BIusieT peakuus cpesibl Ha BOCCTAHOBIIEHUE IIEpMaHraHara Kajius?
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B) BinsiHue KMCIOTHOCTH Cpeibl Ha CKOPOCTh OKuciieHus. Hanmute B 1Be mpoOupkw 1o 2 - 3 miu pactBopa KE
npobupky pazbasiennoir H2SO4, Bo Bropyto — paz6asnenHoit CH3COOH. /[o6aBUTh B KaxkIyt0 MPOOHPKY
OTMeTuTh, OJTHOBPEMEHHO JIM HAaOII0aeTCsl MICUE3HOBEHUE OKPackH B 00enx nmpodupkax. Kak Bausier Kucio’
IIEpMaHraHaToOM Kajus?

Hanucats ypaBHEHHs peakifii B MOJIEKYJISIPHOI 1 HOHHOM (opme.

JlaboparopHas pabora «Kene3o, koOaTbT,HUKEIb U UX COSAMHECHUSDY

PeaxTuBbl u marepuanisl. 1) XKene3o (onmuiku, mpoBOJIOKA HIIA TBO3/b, TNIACTUHKH). 2) Onoso. 3) [{uuk (rpan
ckpenku (2 mt.).5) l'mapokcua kanus. 6) Cynawsdar xenesa (I11). 7) Xnopun sxenesa (II1) 8) Hurpar xobansra |
oymara. 11) Uaaukatopuas Oymara. 12) Jlyunnka.

PactBopsr: 1) A3otHas kucnora (apvsimast, [ =1,4 r/cm3 u 2 H.). 2) Cepras kucnora ([1=1,84 r/cm3 u 2 H.).
r/em3, 1:1, 2 1., 5%-nb1i). 4) Ykcycnas kuciiora CH3COOH (2 1.). 5) T'unpokcun varpust NaOH (40%-Hbrit
Cynbsdun ammonus 8) Xmopun ammonus (2 H.). 9) Cynsdar xkenesa (II) FeSO4 (0,5 H., cBe:KenpUTrOTOBICHH]
11) Hutpur kamus KNO2 (2 1.). 12) I'ekcatmmanodeppat (I1I) kamus (kenras kpossiHas conb) (0,5 H.). 13) I'ex
KkpoBsiHas conb) (0,5 H.). 16) Moaua kanus KI (0,1 u). 17) Ilepmanranar kanus (0,1 H.). 18) Poganua xanus (
20) Xnopun xob6ansta (II) (0,5 1.). 21) Cynsdar menu (II) (0,5 1.). 22) Cynsdat auxens (I11)(0,5 1.).23) bpowv
26) PactBop nns okcuaupoBaHus, coaepxkamuii B 1 1 Boas! 600 r ruapokcuaa HaTpus U 60 T HUTpUTA HATPU
1 Koppo3us xene3a npyu KOHTAKTE €roc UHKOM U OJIOBOM.

B MecTo pacuiensieHus CTaJbHOTO Mepa WU B CKPEIKY JJig OyMaru BCTaBUTh TOHEHbKUN KyCOYEK MEeTaJlTN4
CKpEIIKY) — TaKOM ke Kycouek ojoBa. B 1Be mpoOMpKu HAIUTH BOJBI U TOOABTH 1O 2—3 Karumi pa30aBiieHH
kpoBsiHO# conu K3[Fe(CN)6] —BemiecTBa, KOTOpPOE SIBISIETCSI peaKTUBOM Ha MOHBI Fe2+, 00pasys ¢ HUM coe,
CKPENKH) OMyCTUTh B IPUTOTOBIIEHHBIE pacTBOPHI. Kakyro okpacky mpuoOpeTaer KHUIKOCTh, B KOTOPYIO OITy
MuHYT? Kakue noHsl nosiBWIMCH B pacTBope? Ha uto 310 yKka3piBaer?

B npyroii npoOupke okpanrBaHue MOKHO HaOI0AATh TOJIBKO MOCIIE pacTBOPEHHUs Bcero IuHKa. PazoOpars &
MPUHKMMAs BO BHUMaHHE BETMYMHBI CTAHIaPTHBIX AJIEKTPOAHBIX MoTeHHanoB Fe, Zn u Sn. 3anucarb cxeMsbl
xKeresa.

2. BzaumopeicTBue xene3a ¢ KUCIOTaMHu.

(PaboTy mpoBOAUTH B BRITSDKHOM IIKady)

K HeGonmpII0My KOIUYECTBY KeJE3HBIX OMUIOK B OTIEIbHBIX MPOOUpPKaxX 100aBUTH pa30aBICHHbIC U KOHICH
u HNO3. Te npoOupku, B KOTOPBIX Peakiys Ha X0JI0/e He UAET, HarpeTh. Habmonars mporcxonsime sSBieH!
OTIBITaX PeaKius UAET JIHIIb IPU HarpeBaHuU. HamrcaTs ypaBHEHUS peaKIIHid.

4. ITaccupoBaHue U OKCUIMPOBAHHE JKEJIe3a.

(PabGoTty mpoBOAMTH B BHITSHKHOM HIKady)

a) B mmpokyto npobupky HamuTh ApiMsinyo HNO3 1 BHECTH B HEe XOPOIIIO OUUIIEHHYIO KEIE3HYIO TPOBOS
OCTOPOXKHO, HE KacasCh CTEHOK MPOOUPKHU, BBIHYTh JKE€JI€30 U3 KUCIIOTHI, IPOMBIThH €T0 B CTaKaHE C BOAOHU U B
pacTBOp MEIHOTO Kyrnopoca. Beiaensercs i Ha HeM Mellb? 3aTeM CHJIBHO YAapHUTh TOJICTOM CTEKJISTHHOM Ias
Y CHOBa MOTPY3UTh METAJI B PACTBOP MEIHOTO Kymopoca. Yto Habmonaere?

OObsicHUTB, TOYeMy nociie 00padoTku KoHLleHTpupoBaHHO HNO3 Ha kenese He BoiaesieTcs: Mean. Kakoe
xenesy?

0) /IBa xene3HbIX 00pa3iia OYMCTUTH TOHKON HakaaqHOM Oymaroi. OuH U3 HUX OCTaBUTh JUIsl KOHTPOJIA, a 1
ormycTuTh Ha 1—2 MuH B 5%-HbI1ii pactBop HC1, 3aTeM mpoMBITH €ro BO/10# MO KPaHOM U OCYIIMTH (DUITBTY
HarpeThb 10 KuneHus pactBop, coaepsxamuii B 100 mit Bogsl 60 1 NaOH u 6 r NaNO2, onycTUTh B HETO MPOT
MUH BBIHYTh €TI0 U3 PaCTBOPA, TPOMBITH BOJION M OCYIIUTh (GUIBTPOBaILHOM Oymaroil. OOBSCHUTD, TOUYEMY T
CBOIO OKPACKY.

Ha noBepXxHOCTh UCTIBITYEMOT'0 M KOHTPOJILHOTO 00pa3iia HAaHECTH 110 Karuie pacTBop cyibdara meau. Halnk
MOBEPXHOCTH 00pa3L0B MO Karjieil MpOU30MIeT BhIICICHUE MEH.

JlaTh 0OBSICHEHHE.
5. [Monyuyenue runpokcuna xxenesa (II) u ero cBoiictaa.

a) [IpuroroBuTh pacTBOp cyabdara xene3a (I1) 3 onunok xenesa, B3AThIX B H30BITKE, U Pa30aBIEHHOTO pac’
pacTBOpa OTVIUTH B MPOOHMPKY U MPWIHTH K Hemy pacTBop NaOH. HaGmogare o6pa3oBaHue ocaaka THIPOKCE
Hamucare ypaBHenue peakuun. OObsICHUTE, IOYEMY Ha BO3IyX€, 0CaI0K MeHseT 1BeT (kak?). Hamucars ypa
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6) Ucneirars otHommenue Fe(OH)2 k paz6asnennomy pactBopy HC1 u u30bITKY pacTBOpa eaxoil memnoun. H:
cBoiicTBamu oOnanaet ruapokcun xenesa (1I)?

6. l'unponus coneit xxeneza(Ill).

PactBop comnu xenesa (II) ucneirars naauKaTopom. Uto Habmonaete? Hanucats ypaBHEHHE peaKIIuy THAPOI
7. llonyuenue coneit xenesa (1I).

0) [Tonyuenue cynsdpuna xenesa (II). K pacrBopy cynbdara xenesa (II) mpumuth pacTBop cyibduaa aMMOHE

ypaBHeHue peakuun. [IpunuTh k conepxumomy mpooupku pazdasnennbiit pactsop HC1. Uto mabmonaere? |
pactBop cynbdara xkenesa (I1)? OObsICHUTE pa3nuuKe B IEUCTBUH CYJIb(PHUIa aMMOHHS M CEPOBOIOPOIA Ha P«

8. Peaknust Ha non Fe2+

K pactBopy cynbdara xenesa (II) mpunuts pactBop rexcanmanodeppara (I11) kamus — kpacHON KpOBSHOM C
Habmonaere? [lomyueHHoe BemecTBO HOCUT Ha3BaHue TypHOyneBor cuau KFe+2[Fe+3(CN)6]. Hanucars yt
9. [Monmyuenue u croiicTBa ruapokcuaa xxenesa (III).

a) [Momyunts runpokcun xenesa (I1I). Ormeruts ero Bup u 1set. Mcnsitats otHOmeHne Fe(OH)3 k paz6asi
YPaBHEHUs pEaKIUil.

CeexeocaxeHHslii Fe(OH)3 pacTBopsieTcsl 4aCTUUHO B rOpsSYMX KOHLIEHTPUPOBAHHBIX pAacTBOpaXx LIEI0UeH
10. I'maponu3 coneii xene3sa (I11).

a) PactBoputs B Bozie HemHoro xyopuaa xkenesa (I11). Onpenenuts peakuuto pactsopa. Hanucars ypaBHEHN!
0) B nBe mpoOupku HamuUTH MO 2 -3 M1 pacTtBopa xjopuna xenesa (I1I). B ogHy u3 HUX 106aBUTH HECKOJIBKO

OtMmeTuTh U3MEHEHUE 11BeTa pacTBopa. PactBop xmopuna xene3a (I11) Bo Bropoii mpoOupke pazdaBUTh BOAOI
M3MEHWICS BET pacTBopa? OOBSCHUTH PE3yabTaThl 3TUX OIBITOB.

B) K pactBopy xnopuaa xenesa (I11) npunuts pactBop coasl. Uto npoucxoaur? Hanucars ypaBHEHHE peakiy
MOJTyYEHHBIN 0CAZOK HE SBISETCS CONBIO YTOIBHON KUCIOThI? YKa3ark, kakue conn — Fe (I1) wm Fe (I1I) —
OOBACHUTDH ITOYEMY.

11. Tlonyuenue cynbhuna xemnesa (I11).

K pacrBopy xnopuna xenesa (I1I) mpunuts pactBop cynbdpuna ammonus. Yro npoucxonut? Hanucars ypaBH
12. Peaknus Ha noH Fe3+

a) K pactBopy xnopuna xenesa (I1I) mpunuts pactBop rexcarmanodeppara (I1I) kanus — >xentoit KpoBSHOU
[TomyyenHoe BemiecTBO Ha3bIBaIOT OepauHCKOM azyprio. Ero dopmyna KFe+3[Fe+2(CN)6]. Harucars ypas
6) K pactBopy xsiopuna >xenesa (I1I) npunute pactBop poganuaa kaiaus. OTMETUTH LIBET MOJIYYEHHOTO PACTE
ypaBHEHHE PEaKIIHH.

13. Okucnenue coequnenuit xenesa (1I).

Hanute B Tpu poOupku mo 2—3 M pactBopa cynbdata xenesa (II), B kaxxayro u3 HUX NPUIUTH pa30aBiIeH
n00aBUTH B TIEPBYIO MPOOUPKY HEMHOTO KOHIICHTpupoBaHHOH HNO3 u HarpeTs 10 KUMNEHUs, BO BTOPYIO — (
KMnO4 nnu K2Cr207. YUto nabmogaete? Hanucars ypaBHeHHs peakiuii. Kakoe CBOMCTBO B 3THX pPeaKIIMsIX
pe3ynbTare Bcex Tpex onbIToB HOH Fe2+ oxucnuiics B mon Fe3+.

14. Boccranosnenue coequnenuit xenesa (111).

a) K pacteopy FeCl3 npunuts cepoBogopoanyto Boay. Uro Habmonaere? Hanucars ypaBHenue peakuuu. Jlo
noHoB Fe2+.

6) K pactBopy FeCl3 mpunuts pactBop KI. O0bscHUT H3MEHEHHE I[BETa pacTBopa. Hamucares ypaBHeHuUE pe
ITUX peaKuusax?

16. Ionyuyenue ruapokcuna kodansra (I1) u ero cBoiicTaa.

a) K pactBopy CoCI2 mpumuts pactBop NaOH. OTmMeTuTh 11BeT 00pa30BaBIICCss OCHOBHOM COJIM KOOAIbTA.
W3MEHWICS 1BET U cocTaB ocanka? HamucaTts ypaBHeHHS peakiui. YTO MPOUCXOAUT C OCATKOM T'HIPOKCHIA
Bo3ayxe? Hamucars ypaBHEHHE pEAKIIUH.

6) Ucneitars, pacTBopsieTcs nu ruapokcus kodansta (1) B pazbaBieHHBIX pacTBOpax KUCIOT U B U30BITKE KC
menoun. Harmucars ypaBHenus peakuuid. Kakumu cBoiictBamu o6nagaet rugpokceus kodansra (11)?

17. Tlony4yeHre KOMIUIEKCHBIX COSTUHEHHI KOOabTa.

a) [Tonmyuenne ammuakaToB kobanbra. K pactBopy xmopuaa kobansra (II) mpummrs pactBop NH4CI u pactBo
IIBET pacTBOpa oOpa3oBamiierocs ammuakara kobansra (II). Hamucars ypaBHenue peakiuu. OObsICHUTS, TI0Y
pacTBOp MOCTENEHHO U3MEHSET CBOIl 11BeT. Hanmucarh ypaBHEHHE peakiuu.
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6) ITonyuenue rexkcanutpuroxkodansrara (I1I) kamus. K pactBopy CoC12 npubaButh n3dsirok KNO2, 3atem
Habmronats BeieneHne ra3a (Kakoro?) u BelmaeHue ocaaka. OTMETHTH ero 1BeT. HamucaTts ypaBHeHHE pear
nposeisier KNO2?

18. ITomyyenue runporcuaa aukesns (1) u ero cBoricTaa.

ITomyunTs rugpokeny Hukens (I1I). Otmeruts ero xapakrep u uBetT. Hanucare ypaBHeHue peakuuu. Mcnsitat
KHCJIOTaM U K U30BITKY Ienoun. Hamucars ypaBHeHue peakiuu. Kakumu cBoiicTBaMu 001a1a€T THAPOKCU

19. Ilonyuyenune ammuakara nukens (I1).

K pactBopy cynbdara vukens (I1) mpumth pacTBOp aMMHaKa 0 pacCTBOPEHHS 00pa3yIoNerocs BHaYaje T
OTMeTHUTh LIBET MOJYYEHHOTO pacTBopa ammuakara Hukens (I1).

Hanucate ypaBHEHUS peaKIui.

Jlaboparopnas pabora Menp, cepedpo u ux coenunenus. L{luHk, kagmMuii.

PeaxTuBsl 1 Matepuainsl. 1) Meansie cTpyxku. 2) Meanas npoBonoka. 3) Lunk (rpanyin.). 4) Xeneso Boccra
WunukatopHas 6ymara. 7) @unbTpoBaiibHas Oymara.

PactBopsl. 1) Azotnas kucinora HNO3 (xonir., [1 = 1,4 r/cm3 u 2 H.). 2) Cepnas kucinora H2SO4 (konir., [ =
kucnora HCI (xontr., [1 = 1,18 r/cMm3 u 2 1H.). 4) I'uapoxcun Hatpus NaOH (40%-ub1it u 2 H.). 5) Ammuak NE
menu (I1) (0,5 u.). 7) Cynsdar menu (II) (0.5 1.). 8) Moaun kamus K.I (0,1 u.). 9) ['mroko3a (10%-ubrif).10) K
cepedpa (0,1 1.). 12) Xnopux onosa (II) (0,5 u.). 13) bpomun Harpust NaBr (0,5 H). 14) Xnopun Harpus NaC

1. ITomyyenue menu.
0) BoccranoBreHne HOHOB MeJIM U3 PACTBOPOB €€ COJIei 0oJiee aKTHBHBIM METAJIIOM

Hanute B ipoOupky pactBop conu meau (I1), ormycTUTh B HEro HECKOJIBKO KyCOYKOB METajlia, ClIoCOOHOTO B
Habmronats 3a u3MeHEeHNEM OKpacKy pacTBOpa U MoBepxHOCTU MeTaiia. OObsICHUTH IPOUCXOISAIINE SIBICHU
CTaHJapPTHBIX AEKTPOIHBIX MOTEHIMAIOB. Hanucars ypaBHEHUE peaKlIUU.

2. CBoiicTBa M€eN.

a) BzaumoneiictBue meau ¢ kucioramu. K He00IbIIOMY KOJTMUECTBY MEIHBIX CTPYKEK MPHIIUThH B OTACIbHBI

KOHLIEHTpHUpoBaHHbIE pacTBOphI kuciaoT HC1, H2SO4 u HNO3.

HaGmronate npoucxonsimue siBieHus. Te mpoOUpPKH, B KOTOPBIX peaKIus He Hadyajaack, HarpeTh (OCTOPOXKHO!
B3auMoneicTByeT Menb? OOpaTUTh BHUMaHHUE Ha OKpacKy pactBopa. [IpucyTcTBre Kakoro noHa o0yCIIOBIIHE
XapaKTEepHOMY 3alaxy M OKpacKke BBIICISIONINECS B pe3ybTaTe peaKIUU ra3bl.

Hanmcats ypaBHEHUs peakiuii, 00bICHUTH MOA00DP KO3()(HUIIMEHTOB.
Cnenatb BBIBOJI O BOCCTAHOBHUTEIILHBIX CBOHCTBAX MEJIH.

0) BzaumozeiicTBue Meau ¢ HOHAMH MEHEee aKTUBHBIX METaIJIOB. [10/1b3ysICh AIEKTPOXUMUUECKUM PSJIOM Ha
MOHBI KAKMX METAJUIOB B PACTBOPAX UX COJICH CIIOCOOHBI OKUCIIATH ME/Ib.

B pactBop Hutpara prytH (II) omycTuTs KOHE MEIHOM MPOBOJIOKH, IPEABAPUTEIBHO 3a4UILEHHON HaX1auH
IIPU3HAKU IPOTEKaHUs XUMUYeCKol peakiuun? Hamucars ypaBHEHHE peakLuy.

3. [lonyuenue u cBoiictBa ruapokcuaa meau(Il).
a) [Tomyunts ocamok ruapokcuaa meau (II). OrmeTuts HBET U XapakTep ocaaka. Hamucars ypaBHeHHE peakt

0) Jloka3zarb 3KCIIepUMEHTaNbHO, 4To ruapokcua Meau (1) mpossiser amporepHsie cBoiicTBa. Hamucars ype
MOHHOM (hopMax.

B) [TonyunTh 0canok ruapokcuaa Meau. JKuaKkocTb ¢ 0cagkoM B30OJITaTh U HArpeTh 10 kunenus. [louemy u3
ypaBHeHHE peakiuu. Kakoii BBIBOA MOJKHO clielaTh O TEPMUUYECKON CTOMKOCTH ruapokcuaa meau (11)?

4. Tunponus coneit meau (II).
a) McnoeiTare nHIMKaTOpHON OymMaXkkon pacTBop conm menu (I1). KakoBa peaknus cpeasi? Hamucars ypaBHer

6) K pactBopy cynbdara menu (1) npunuts pactBop kapboHara Harpus. Kakue npusHaky npoTeKaHUs XUMU
Hanmcats ypaBHeHHe peakiuu B3auMojeictBus cynbgara menu (1) ¢ kapboHaTOM HATpHsl IPH yYaCTHH BOJ

5. [lonyuyenue u cBoiicTBa KoMIuiekcHOU conu meau (11).
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K pactBopy cynbdara meau (II) 1o6GaBisATh Mo KarjsiM pacTBOp aMMHaKa 710 PaCTBOPEHHUS BINAIAIOIIETO BH:
Hanmcats ypaBHeHUs peakiuii. B coctaB kakoro noHa BXonsT aroMbl Menn? KakoB 11BeT 00pa3oBaBIIerocs ¥
AIIEKTPOJIMTHUECKON AUCCOUAIMK 00pa30BaBIIeCHCsl KOMIIEKCHOM COJIM M HAIIMCATh BBIPAYKEHUE KOHCTAHTHI
Jloka3aTh OMBITHBIM IyTEM, YTO B PACTBOPE 3TOW COMU UMEIOTCA Cylb(haT-uonsl. [Tonap3ysace Tabnurei mpou:
PEaKTHB, C MOMOIIBIO KOTOPOTO MOXKHO 0OHApYKUTh HOHBI MeaH (I1) B pacTBOpe KOMIUIEKCHON COJIH.
6. [Tonyuenue runpoxkcuaa u okcuna meau (1)
N3 umeromuxcst B 1aOopaTopyuu peakTUBOB MOTYYnTh 0canok ruapokcuaa meau (II). K o6pazoBasimemycs o«
I1EJI0YM U pacTBOP II0K03bl. CMech XOpoLIo nepemenars U HarpeTb. O0pasyercsi cCHadasa 0caoK THIPOKCE
CUJIBHOM HarpeBaHuu nepexoauT B okcua menu (I). OtMeruts okpacky ruapokcuaa meau (1) u okcuga mean
KakoBa posb m1toko3b1 B 3T0i peakiuu? Kakue BBIBOIBI MOXXKHO CIEJIATh O TEPMUUYECKON CTOMKOCTH THAPOKC
7. lMonyuenune romuna meau (1)
K pactBopy CuSO4 npunuts pactBop KI. /late ocanky ocects. OTIUTH YacTh pacTBOpa, pa30aBUTh €T0 BOJIC
KpaxMaJbHOTO Kieicrepa. HabmonaTs n3MeHeHne okpacku pactBopa. Hanucars ypaBHeHHe peakiuu. Peakt
Kpaxman?
K ocraBmemycs pacTBOpy ¢ 0CaikoM J0OABUTh PACTBOP CEPHUCTON KUCIIOTHI 10 HCUE3HOBEHUsI Oypoil oKkpac
OtMmetuthb okpacky noauaa meau (I).
8. [Tomydyenue cepedpa.
ITpu pabote cienyer MOMHHUTB O IEHHOCTH cepedpa U ero COeAMHEHUH, TOITOMY HEOOXOIUMO PUMEHSTH MI
BCE OCTATKH MOCJIE€ PEAaKLUi CIUBAThH B CIIEHUAIBHYIO MTOCY/y, HAXOAAUIYIOCS Y JTabopaHTa.
a) BoccranoBienue noHOB cepedpa U3 pacTBOPOB €ro cosel 6osiee aKTUBHBIMU MeTaiutaMu. [lonoOpars (13 -
METaJUIbl Pa3IMYHON aKTUBHOCTH, KOTOPBIMH MOYKHO BOCCTAaHOBHUTH HOHBI cepedpa U3 pacTBOPOB €T0 COJIEH,
cepebpa u ormycTUTh MeTauibl. CpaBHUTH CKOPOCTH MPOUCXOAANINX peakuuil. JlaTe 00bsACHEHNS, HCTIONb3YS
ANIEKTPOJHBIX MOTEHIMAIOB. Hanncats ypaBHEHUS peakIMid.
9. Ilonmyuenue cepeOpstHOTO 3epKaia. B XopoIIo BEIMBITYIO CyXyIo poOupKy HanuTh pactBop AgNO3, nobat
710 pacTBOPEHHUs BhINaBiIero BHavase ocaaka Ag20 (u36erars u3dbiTKa pactBopa NH3). K momyuennomy pas
IJTIOKO3bI B 00bEMe, paBHOM 00BEMY PacTBOpa, HAXOAIIErocs B podupke. PacTBop nmepeMeniars 1 MoCTaBw
Ha 2—3 muH. Kakoe BemecTBo 00pa3oBajoch Ha cTeHKax npoOupku? KakoBa polib TIIIOKO3BI B 3TOM peakIuy
10. [Tomyuenue okcua cepedpa.
W3 Hutpara cepedpa B3auMOAECHCTBUEM CO LIET0YbIO (THIPOKCUIOM HATPHsl) MOIYYUTh OCAIOK OKCH/IA Cepet
ocaznka. Hanmucats ypaBHeHHE peakinu. Kakoit BEIBOJ MOYKHO C/I€JIaTh O MPOYHOCTH THAPOKCHIa cepedbpa? 3
OCHOBHOM XapakTep MOJIy4eHHOro coequHenus. Kakyro kucnorty cienyer Oparh 11l 10Ka3aTelbCTBA OCHOBH
[Touemy?
11. Tanorenuasl cepedpa.
a) [Tomyuuts ramorenuipl cepedpa. OOpaTuTh BHUMaHUE HA XapaKTep U IIBET MOJTYYCHHBIX coeanHeHuid. Har
Ucneitats otHOMmIEHUE ocankoB K HNO3. ITouemy ramorenuanl cepedpa He pactBopsitorcst B HNO3?
12. Peakuus pacTBOopa HUTpata cepedpa.
OnpenenuTs NHAMKATOPOM PEAKIIMIO pacTBOpa HUTpara cepedpa. Crenars BBIBOJ O CHJIe TMIPOKCHA cepedy

[luHK, KaAMUM ¥ UX COCTUHEHHS

PeaktuBbl u Mmatepuansl. 1) [lunk (rpanyi., crpyxkn). 2) XKene3o (mopomiok). 3) @uiasrpoBanbHas Oymara. 4
PactBopsl. 1) A3otHas kucnora (2 H., 1:1 u [1 = 1,4 r/cm3). 2) Cepnas kucnota (2 H. u [ 1=1,84 r/cm3). 3) Co
r/cm3).4) I'mapoxkcun Harpust NaOH (2 1H.). 5) Ammuak Boguslii (2 H.). 6) Cynbdua ammonunst win Haktpus ((
Cynbpar nuaka (0,5 H.). 9) Xnopua nuaka (0,5 1.).10) Kap6onar natpus (2 H.). 11) CepoBonopoaHas Boza.
IluHK ¥ ero coeAUHEHUS

1. B3aumoelicTBUE IIMHKA C KUCJIOTaMU.

(PaGoTty mpoBOAMTH B BHITSHKHOM HIKady)

B mecTts npobupok NoMECTUTh MO KyCOUKY I'paHyIMPOBAHHOTO IIMHKA U MTOJIEHCTBOBATH B OTIEIIBHOCTH pa3l
pactBopamu kuciaotr HCI, H2SO4 u HNO3. Habmonars npoucxossimue sipjieHus. Harpets e mpobupku, B K
peakmus. [loce pactBopeHus muHka B pazdapinennoit HNO3 nokazaTs npuCcyTCTBHE HOHOB aMMOHHUS B TIOJTY
ypaBHeHUA peakiuii. COCTaBUTh CXeMy Iepexoa IEKTPOHOB.

[Tomo6path koA HUITHEHTHI.

2. B3aumopeiicTBUE IMHKA CO MICTIOYAMH.
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[TomecTuTh B IPOOUPKY HEMHOTO LIMHKOBBIX CTPYKEK U MPWINTH KOHIICHTPUPOBAHHBINA pacTBOp miesnoun. He
Jloka3aTh OMBITHBIM ITyTEM, YTO BBIIEIAIONINICS a3 — BOAOpoA. OOBSICHUTH MEXaHU3M POHCXOIAIINX pea

3. [lonyuyenue u CBOMCTBA THAPOKCUIA IIMHKA.

W3 nmeromuxcs B 1a00paTopuy peakTUBOB MOTYYUTh TUAPOKCUA HMHKA. OTMETUTD LIBET U XapaKTep ocajaka
THAPOKCHU] ITMHKA 00agaeT aMmpOTepHBIMU CBOMCTBaMU. Hamrcars ypaBHEHUS peakivii B MOJIEKYJISIPHOU U

4. Tlonyuenue cynabhuaa MUHKA.

[TomyunTs B ABYX MPOOUpPKaX OCAAOK CyIbpuaa MMHKA. B 0fHON MPpOOMpPKe NCIIOIB30BaTh B KAYECTBE OCATU"
BTOpOil — cynb(ua amMmoHust. CpaBHUTH 00bEMBI 00pa30BaBIIUXCS 0CAAKOB. OOBSCHUTH HAOMIOTACMBIE SBJ
peaKuHuii.

OTcrosiBIIMICS 0CaZoK Cynb(uaa MHKA, 00pa30BaBIIUNICS MPU JECHCTBUU CEPOBOOPOIA, OTPUIBTPOBATH U
arierara Hatpus. OOBsICHUTH HaOMIOaeMoe SIBJICHHE, HalicaTh ypaBHeHne peakiui. Ha ocHoBaHuu nponene
TOM, B KaKOHW Cpejie MOXKHO JIOOUTHCS TTOJTHOTO OCAXICHHS HOHOB Zn2 + B BUE ZnS.

5. KoMmILiekcHEIE COCIUMHCHUA ITUHKA.

K pactBopy conu nuHKa 100aBiIsATh MO KaIUISIM pacTBOP THAPOKCHAA aMMOHHUS 10 00pa30BaHus Ocajka, a 3al
Hanucarp ypaBHeHUs peakiuii, y4UThIBas, YTO KOOPAWHAIIMOHHOE YHUCIIO IUHKA B TOJYYE€HHOM KOMILJIEKCHO!

6. I'maponus cone nuHKa

a) McnpITarh pacTBOPOM HEUTPAIBHOTO JJAKMYCA PEAKIIMIO CPEIbl PACTBOPOB Cylb(haTa MHKA U XJIOpHUIA I
TUIPOJIN3a.

0) B ropsiunii pacTBOp XJIOpUIa HUHKA OMYCTUTh KyCOUEK IIUHKA, TPEABAPUTEIHLHO OYUCTHB €T0 TTOBEPXHOCT
BbIJIeJIeHUE Boiopoaa. OOBACHUTD MEXaHU3M HPOHMCXOIAIINX MpolieccoB. Hamucars ypaBHEHHS peakiyii B 1

Kanmuii 1 ero coequHeHMS.

7. Ilomy4yenue kaaMusa BOCCTAHOBIIEHMEM €r0 HOHOB U3 PacTBOpA.

[Tonb3ysich NaHHBIMH TAOIUIBI CTAHAAPTHBIX 3JIEKTPOMHBIX MOTEHIIMATIOB, TOJ00PATh METAIIBI, CTIOCOOHBIC
pacTtBopoB ero coneil. [IpoaenaTs COOTBETCTBYIOIIHIA OTBIT, HCTIONB3YS OJMH U3 HMEIOIIUXCS B TabopaTopuu
peaKiuu.

8. [TomydeHue u cBOMCTBA THAPOKCUIA KaIMHUSI.

W3 umeromuxcs B 1a60paTopuy peakTUBOB MOMYYUTh THIPOKCUT KaJAMHUS, OTMETUTH IIBET U XapaKTep OCaJIK:
HcnplTarh OTHOLICHHE TUAPOKCHIA KaIMUs K pa30aBICHHOMN COJITHOW KUCIIOTE U M30BITKY 1enoun. Kakue ci
OTMmeTHUTh pa3ianyune B CBOMCTBAX TMAPOKCUAOB LIMHKA U KaJAMMSL.

9. [onmyuenue u cBOMCTBA CynbHUIa KAIMUSI.

[MonmyuuTs cynbhua KagmMusi, UCIIONb3YsI B KAU€CTBE 0CATUTEN CEPOBOJOPOAHYIO Boay. OTMETUTH IIBET U Xaj
ypaBHeHHe peakiuu. CIUTh C 0CajiKa KHUIKOCTh U T00aBUTh K HeMy pa30aBienHsblid pactBop HC1. HaGmona

[Tonp3ysich BeMTUUMHAMHE MTPOU3BEACHUS PACTBOPHUMOCTH, OOBSICHUTD, TOYEMY CYAb(QHI IIMHKA U CYAbGUI Ka]
10. KoMmiiekcHEIE COSTUHEHUS KaIMUS.

K pactBopy cynbhara kagmust 1oGaBIATH 110 KaljIsiM pacTBOp aMMHaKa 710 paCTBOPEHUS IEPBOHAYAIILHO 00p
YPaBHEHUE PEAKLUM, YUUTBIBAsI, YTO KOOPAUHALMOHHOE YHCIIO KaJAMUS B IIOJy4CHHOM KOMIUIEKCHOM COEIVH
YPaBHEHHUE NIEKTPOIUTUYECKON JUCCOLUALUY TI0JyYEHHOTO KOMIUIEKCHOTO COEAMHEHUS U BBIPAKEHNUE KOHC
HOHa.

11. I'maponus coneii kagmusl.

a) UcmpITath pacTBOPOM HEUTPaATIHHOIO JIAKMYCa PEaKIUIO Cpebl pacTBopa cyiabgara kaamus. OObICHUTH H
ypaBHEHHE PEaKuu TUIPOJIN3a B MOJIEKYJIIPHOU U MIOHHOM Qopme.

0) K pactBopy cynbdara kaaMusi MpuIuTh pacTBOp kKapOoHara Hatpus. Habmiogare oOpa3oBanue ocaaka. [1p
sBisieTcss oOpa3oBaBieecs BeuecTBo? HamrcaTs MoeKynspHble 1 HOHHbBIE YpaBHEHHsI peaKklUii THIPOIn3a
12. Pa3znenenue nonoB Zn2+ u Cd2+

s paznenenus noHoB Zn2+ u Cd2+ MOXKHO HUCIIONB30BaTh PA3IUYHYIO PACTBOPUMOCTh UX CYIh(PHUIOB B pa
otaenenus Zn2+ u Cd2+ apyr ot apyra, UCIOJB3Ys CEPOBOIOPO/] UM CEPOBOJOPOAHYIO BOAY, U TIOKA3aTh I1J
CMECh PacTBOPOB COJICH IIMHKA U KaJMUS ¥ MPOBECTH pa3elieHue CMECH IO pa3padoTaHHOMY TuiaHy. OTBIT
d-Dnementsl 111 rpymmb

1. Kakwue anements! 3b -noarpynmnsl otHOCAT K P39?

2. Hanumure o6riee 0603HaueHre JIEKTPOHHOM KOHGUTYpalluy BaJICHTHBIX AIEKTPOHOB B OCHOBHOM
METaJJIOB TPYIIIIbI 3 CKaHAMS, UTTPUS U JIaHTaHa.
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3. B yem nposiBiisieTcst aM(pOTepHOCTh CKaHIUS U €ro coequHEeHni? HanumuTe ypaBHEHHS peaKIHid.
4. Kak n3MeHsieTcst XuMudeckasi akTHBHOCTB 110 psny Sc- Y—Lau kak 0ObSICHSIETCS 3Ta 3aKOHOMEPHOC
5. C xakuMH dJIEMEHTaMH CXOJHBLI CBOMCTBA coeauHeHui Sc,Y,La?

6. B xakux MuHepanax BCTPEUalOTCsl CKaHAUN, UTTPUNA U JTaHTaH?

7. [IpuBenuTe npuMep NPOMBIIIIEHHOTO MOJYUYEHUS METAITIMYECKOTO CKaH U

8. [Ipu kakuX yciaoBUAX 3€MEHTHI 3b MOArpymIbl BCTYNAIOT B COCMHEHUS C TaJOT€HAMU, KHUCIOPO/IC
Hanummure ypaBHEHHS peakiui.

0. Kakyro dynkiuto BeimonseT jantad B OBP?

10. Hanumure ypaBHEeHHE peakUy B3aUMOIECUCTBU JIAHTaHA C BOJOM.

11. Kaxkoe mecto B pany HanpskeHui 3aHumarot Sc,Y,La?

12. Kak uttpuii pearupyer ¢ paz6aBieHHbIMH KHcIoTaMi? Hanuimmre ypaBHeHHS peakiuu ¢ pa30asiic
13. Kakumu cBoiicTBamMu 00J1a1a10T OKUJIBI B TUAPOKCH B Sc,Y,La?

14. [lepeuncnure obmacTu NPUMEHEHHUs JIEMEHTOB 36 MOArpyIIEl U MX COEAUHEHHA.

d-Dnementsl IV rpymmst

1. HazoBuTe crioco0bl, KOTOPBIMH NEPEBOIAT MeTalIbl Tpynibl 4b n3 MuHepanoB B pacTBopbl. Kakue Bemec
IIpuBenuTe npUMeEpHl U YPAaBHEHUS COOTBETCTBYIOIIUX PEAKLUN.

2. Kakue BaJIEeHTHOCTH IPOSBIAIOT MeTallIbl Tpynnsl 4b? Kak u3meHseTcs ux BaJleHTHOCTH 10 IPYIIE CBEPX

3. B xakoit cmecu kuciot Mmetaiuisl rpymbl 4b pactBopstorcs 6omee snepruydo: HCl + HNO3 unu HF + H?
MOJIEKYJISIPHOE YPaBHEHUS PEaKIIHiA.

4. Hanuiure ypaBHEHUS PEAKLIHM, OTPAXKAIOIIMX B3aMMOICHCTBHE METAIIJIOB TPYIIbI 4 C pacriaBoM HIEI0Y
o 00HbIe B3aUMOEHCTBHS B pacTBope 1enoun? Kakue BbIBOABI O IPUPOJIE ITEMEHTOB M UX XapaKTePUCTHUT
Ha OCHOBaHUU 3TOro (hakTa?

5. Kakue okcunpl 00pa3ytoT TuTaH 1 upkoHnii? Kakumu cBoiictBamu oM oOnagaror? Hanuimre ypaBHeHHUs
6. Kak usmensieTcst cpaBHUTEIbHAS XUMUYECKast yCTOMUMBOCTH OkcunoB 1102, ZrO2 u HfO2? Hanummute yp

7. Kakumu crioco6amMu MOXKHO TOJTyYUTh THAPOKCHIBI 3JIEMEHTOB Tpynibl 46, oTBeyaromiye ux BeICIIeH cTer
oHU o0naiaroT? Hanummure ypaBHEHHS peaKIHid.

8. I'mnpoxcun turana(lll) BoccranaBinBaeT HUTPAT HATPHsL B LLENOYHOM cpee 10 aMMuaka. CKoJIbKO MoJiel
peakuun? Hanumumre ypaBHEHHE pEaKLIUU.

9. Kakoif u3 ruipokcuioB mposiBisier 6onee ocHoBHBIE cBoiicTBa: a) Ti(OH)4 wimu Ti(OH)3 ; 6) Ti(OH)4 unmmn
orBeT. Hanmiure ypaBHEHUS peakLuii.

10. Kakoii u3 aneMeHToB Ipymniibl 4 posBiseT Haubosee YeTKo MeTauinyeckue cBoiictea? Kak momydaior ok
rpynnsl 4?7 Kak nporekaer ruiponus ux cojieil? Hanumure ypaBHeHUs peakiuil.

11. CocTaBbTe M HaIMIINTE YPAaBHEHUS PeaKLUil peBpaIleHN, HA30BUTE COEINHEHU:
TiCl4 — TiOCI2 — H2TiO3 — H4TiO4

d-DnemenTs! V rpynmbl

1. Hanummure o61ee 0603HaueHne KOH(DUTYPALMU BaJICHTHBIX 3JIEKTPOHOB B OCHOBHOM U BO30YX/IEHHOM CO
KakoBbI IPOMBIIIIEHHBIE HCTOYHUKH TOTYYECHUSI XUMUYECKHUX 3JIEMEHTOB?

2. Kakue peakiuu MOKHO UCIIOJIb30BaTh, YTOOBI IEPEBECTH B PACTBOPUMOE COCTOSIHUE OKcua BaHaaus(V) O¢
BaHaaug?

3. Hanumnre ypaBHEHUS peaKIMii:

a) V205 + H20 — ... 6) V205 + HCl(koH11.) — ...

B) V205 +Na2CO3 (x) — ...1)V205+C+CI2 — ...

4. Kakumu cioco0amMu MOJTy4aroT METaJUTbl: BaHAIUW, HUOOW 1 TaHTa?

5. HazoBute crioco0sl, KOTOpIMUA OOBIYHO TIEPEBOASAT BaHAIMH, HHOOMI 1 TaHTal B pacTBOphl. Kakue Bemec
IIpuBenuTe npUMephbl YpaBHEHUM COOTBETCTBYIOLIUX PEAKLUH.

6. Harummmre GpopMyssl BceX OKCHAOB BaHAIUS U OXapaKTepU3yHTe UX XUMHUYECKUe cBOMCTBa. [IpuBeauTe
COOTBETCTBYIOLUX PEAKIUN.

7. IlpuBenuTe npuMepsl ypaBHEHUH peaklUi pacTBOpeHHs okcuaa BaHaausA(V) B KUCIOTaxX U IIEI0YaX.
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8. Kakoii u3 mepeyncieHHbIX HIKE OKCHIOB UMEET OoJiee KUCIOTHBIN XapakTep: a) V205 unu VO2 ; 6) V2C
apryMEHTUPOBAHHBINA OTBET.

9. YCTOWYUBEI JIU COEAMHEHUS BaHAIUSI CO CTEIIEHRIO OKUCIeHU +47 Kakne XuUMHUECKHUE CBOMCTBA B OCHOBI

10. OnumuTe U3MEHEHUE KUCIOTHO-OCHOBHBIX CBOMCTB COCMHEHMI BaHAIMsI IIPU MOBBIIIIEHUU CTETIEHU €r0
COOTBETCTBYIOIIKE MPUMEPHL. OTIMYAIOTCS JIM OT HUX CBOMCTBA COSAMHEHUN HUOOMS M TAHTAJIa B COOTBETCT

d-Dnements! VI rpymimsl
1. [IpuBenuTe cXeMy CTPOCHHUS aTOMOB XpoMa, MOJIUO/IeHa, BoJIbGpaMa. YKaKHUTE BBICIIYIO BaJICHTHOCTh 3TH

XJIOPY.
2. VkaxxuTe HauboJee XapakTepHbIe BaJICHTHBIE COCTOSHUS U XpOMa, MOJIMO/IeHa, BoIb(pama.

3. CpaBHuTe HU3NUECKUE U XMMUYCCKHE CBOMCTBA XpoMa, MOJIMOIeHA, BOIb(pama.
4. Kakue KUCIIOTBI MOTYT PacTBOPUTH Boiib(pam? Hanuimre ypaBHEHUs peakLuii.
5. HazoBute okcuapl Xxpoma, MonubaeHa, Bosbppama. Kak oTHOCATCS 3TH OKCHUIIBI K Bojie?

6. Kakue okcupl moayyaroTcs npy NpoKaJIMBaHUM HAa BO3yXe: a) Xpoma; 0) MonubeHa; B) Boiab(pama? Hai
B3aMMOZAEHUCTBUS MTOJIyYEHHBIX OKCHJIOB C TUAPOKCUIOM HATPHSL.

7. Kak nomyuuts u3 okcunaa xpoma(lll): a) xpomar kanus; 6) Ouxpomar Kajusi; B) XpOMUT Kausi?

8. [IpuBeauTe MpUMepbl COCTMHEHUI IByXBAJICHTHOTO XpoMa. Kak MOTYT OBITh MOTY4YEHBI 3TU COSAMHEHUS ?
9. meeTcs 11 pa3nuuue B OTHOLIEHUH THAPOKCUIOB ABYX- U TPEXBAJIEHT-HOTO XpOMa K Liesiouam?

10. B kakoii cpeie MOTYT CyIIECTBOBATh IUXPOMAaT-HOHBI? PaccMOTpuTe MeXaHu3M 00paTuMOro MpeBpaIicH
B PacTBOpax.

11. Kak otHOCHTCs OKcu Bodb(pama(VI) k: a) kucimoram; 0) menodam?

12. Okeup xpoma(VI) maccoii 3 T pactBopuiu B Boze 00bemoM 120 mi (rutotHocts H20 — 1 v/mim). Onpene
kuciotel H2CrO4 B nosryd4eHHOM pacTBOpE.

13. Yro momy4yuTcs npy B3auMOJCHCTBUU MOJIMOICHA C TOpsiueii KOHIIEH-TPUPOBAHHON CEPHOM KUCIOTON?
14. IIpu pacTBOpeHNHU B KOHIICHTPUPOBAHHON a30THOM KUCJIOTE MOJIMOACH MPUOOPETACT BBICIITYIO CTEIIEHb O
BOCCTAHABJIMBAETCSl MUHUMaJIbHO. Paccunrtaiite 00beM ra3a, BbIAEISIOIIEroCs IPU pacCTBOPEHUN MOJIMOIEHA
HMOHHO-3JIEKTPOHHOI0 0ajlaHca COCTaBbTE YPABHEHUE COOTBETCTBYIOIEH peaKIuy.

15. IIpu pacTBOpeHHH B CMECH a30THO U TUIABUKOBOM KHCIIOT BOJIb(hpam MproOpETaeT BHICUIYIO CTETIEHb OK
BOCCTAHABJIMBACTCSI MUHUMaIIbHO. PaccunTaiiTe 00beM rasza, BbIICISIONIErocs Mpu pacTBopeHuu 18,4 r Bosb
MOHHO-3JIEKTPOHHOTO 0ajlaHca COCTaBbTE YPABHEHUE COOTBETCTBYIOIIECH pEaKIiy.

d-OnemenTs! VII rpymnmsl

1. I[IpencraBpTe rpadguueckue KOHGUTYpaLMK BaJCHTHBIX AJIEKTPOHOB B OCHOBHOM U BO30Y>KJIEHHOM COCTOSI!
Kakue creneHnn oknuciaeHus: XapakTepHbI JJI1 aTOMOB Maprasiia Ha IpuMepax OKCHIOB U ruapokcuaos? Hanv
MOJTyYEHUSI.

2. KakoBbl MUHEpAJIbHBIC HCTOYHUKY TOTYYECHUSI XUMUYECKHX 31eMeHTOB rpynnbl 7b? Kakumu ciocobamu 1
7b B IpOMBIIIIIEHHOCTH?

3. Onuimure peaky Mapraiiia u €ro COeAMHEHNH 10 OTHOLIEHUIO K KOHIIEHTPUPOBAHHBIM PacTBOpPaM KHUC)
peaxKuuii.

4. ITpuBeaure GopMyIIbl BCEX U3BECTHBIX OKCHIOB MapraHna. Kak H3MEeHSAI0TCS X KUCIOTHO-OCHOBHBIE U OF
CBOICTBa ITPY BO3pAaCTaHUM CTEIIEHU OKHMCIEHUS Mapranua? Hanummre ypaBHeHUs peakiuiil.

5. Kakue npomyKThl MOTYT 00pa30BaThCs MPHU B3aMMOIECHCTBHM OKCHJIOB MapraHiia C XJIOPOBOAOPOIHON KHUC)
OTBETHI.

6. KakoBbI XMMHUECKHE CBOMCTBA T’MAPOKCUIOB MapraHiia B 3aBUCUMOCTH OT CTEIIEHU €T0 OKUCIICHUA?

7. I1o xKakuM BHELIHUM ITPU3HAKAM MOYKHO OIIPEIEIINTh, B KAKOW Cpesie MPOXOAUIA PEAaKIUsl BOCCTAaHOBJICHUS
[IpuBeauTe mpuMephl TaKUX peakiuil. YeMy paBeH XMMUYECKUI SKBUBAJICHT NIEPMAHTaHATa Kajdus B KaXI0M
8. Kakoe coennHeHne Mapraniia o0pasyeTcst pHu ISHMCTBUU Ha HETO pa30aBIIeHHON a30THOM KuciaoThl HNO3'
BH/IC TIOJTYPEAKIIMA U B MOJIEKYJISIPHOU (hopMme.

9. Kakue coenrHeHMs1 00pa3yloTcs B pe3ysbrare B3aumoeicTBus okcruaa mapranma(lV) MnO2 ¢ ximopom Cl
Harnumure ypaBHeHHE B BU/IE TIONYPEAKIIMNA U B MOJICKYJISIpHOU (hopme.
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10. Kakue coenunaenus: 00pasyroTcs npu AUCIPONOpLIUOHUPOBaHUMMaHTaHaTa kainust K2MnO4 B BogHOI cp:
MOJTYPEaKIMHA U B MOJIEKYJISIpHOU (popMme.

11. Hanumure ypaBHEHUs peakluii paCTBOPEHUS MapraHiia, TEXHEIHMs U peHUs B pa30aBICHHbBIX pacTBOpax
OKHCJICHHS 3THX 2JIEMEHTOB HauboJjee ycroiunBa? 3aKOHUYUTE ypaBHEHUS PEAKIIUMA:

a) MnO2 + Br2 + KOH — ...
0) Mn203 + H2S0O4 — ...
d-Onements! VIII rpymnmst

1. PaccraBbre K0d(purments B mpueneHHbIX cxemax OBP, monb3ysce MeTo0M monypeakiuil. YKaxuTe, K
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLUAX UTPAIOT COeAMHEHUS d -MEeTaJllIOB, B KAKOW CTETIEHU OKUCIICH)

1) PbO2 + Mn(NO3)2 + HNO3 — HMnO4 + Pb(NO3)2 + ...
2) NaClO3 + FeSO4 + NaOH[/Na2FeO2 + ...

2. Kakumu KUCIOTHO-OCHOBHBIMH CBOMCTBaMH 00IaatoT cieayromue coeauenus d -metamon: CrO3, Zn(!(
MPOUJUTIOCTPUPYHTE YPABHEHUSMHU PEAKIIUM.

3. Kak u3meHsieTcst peakiiMoHHAs CIIOCOOHOCTH JKeJie3a, KoOanbTa U HUKEIISA B PEAKIUAX C a30THON KUCIOTON

4. I'mapokcuabl xenesa, kooansra u Hukesst oouieit hopmynst Me(OH)2 nonyvaroT npu AeHCTBUH CHUIIBHBIX |
MOJTYYaroT TPEXBAJICHTHBIE THAPOKCH Bl KOOAJIbTa U HUKeNs? HanumuTe ypaBHEHUS peakIvid.

5. Kak npoTrekaioT BO3MOXHBIE IPOLIECCHI KOPPO3HUH XKeJie3a, koOansTa U HUKes?
6. Kak M0o>xHO 0OHapY>KUTh KAaTUOHBI TPEXH JIBYX3apsAIHOTO Keme3a?
7. Kak MOXHO MOJTyYUTh KOMIUIEKCHYIO rekcanuamkene3nyro(Il) kucnory? SBnsercs 11 oHa CHIIBHOM KHCTI

8. Harmumure ypaBHeHue peakiuu noimydenus coiau K2[PdCl6], koropast mpu HarpeBaHUU pa3iaraeTcs ¢ Bbl)
KOOPJIMHAIIMOHHBIM YHCJIOM KOMILIEKcooOpa3oBares 4.

9 Ilpu pacTBOpEHHH TUIATHHBI B «IIAPCKOM BOJKE» (CMECh KOHIICHTPUPOBAHHBIX a30THOM M XJIOPOBOIOPOIHO]
MJIATHHOXJIOPUCTOBOAOPOIHAS KHCIIOTa (rekcaxiopruiaruHar Bogopoaa H2(PtCl6). B kakom cooTHomeHn: H
XJIOPOBOJOPOTHOM M @30THOM KUCIIOT B YpaBHEHHH STOW PEaKIUH, €CJIM a30THAsl KUCII0Ta BOCCTAHABINBAETC
peakuusi.

d-Onements! 11 rpynmst

1. Ha yem ocHOBaHBI 00IIME MPUHIIMIIBI TOTYYSHHSI IMHKA, KaIMUS U PTYTH BIPOMBILIUIEHHOCTH?

2. Kak cka3bIBaloTCs 0COOEHHOCTH 3JIEKTPOHHOTO CTPOCHUS METAJUIOB TPyIIbl 2b Ha MX XUMHUYECKHUX CBOMC
3. Kak 1 moueMy MEHsSIETCSl XapaKTep THIPOKCHIOB 3JIEMEHTOB I'pyniibl 2b ¢ yBenmnueHnemM nopsigiKoBOro HOM
4. C moMoIIpI0 KaKuX peakIfuii MOXKHO JT0Ka3aTh aM(OTEPHOCTh OKCHIa U TUAPOKCHAa nHKa? Hanummmre yf
5. CpaBHuTe cBOMCTBa (aM(POTEPHOCTh, YCTOWYUBOCTD) THAPOKCUIOB IIMHKA, KaIMHUS U PTYTH.

6. Harmummure GpopMysasl KaJoMesH U cyiaemsl. [1e oHu npumeHstoTcs?

7. Kak pearupyrot IMHK, KAAMUNA U PTYTh C KUCIIOTAMHU-OKUCIUTEIAMU?

8. Kak momyuaioT 1 KakuMU CBOHCTBaMHU 00J1a/1al0T THAPOKCHUJIBI, COJTU CUIIBHBIX KUCIIOT (HUTPAThI, Cylb(haTi
3JIEMEHTOB rpynnsl 25?7

9. Kak cobuparoT pa3iuTyio pTyTh U ee Karim?

d-DOnemenTs! I rpymisl

1. ITonyuaercs mu oxcua menu(Il) mpu npokanuBanuu Maiaxura?

2. U3 kakux MUHEpAJIOB MOIY4YaroT Meb?

3.CocTaBUTh AEKTPOHHYIO (HOPMYITY U JIEKTPOHHYIO AMAarpaMMy aToMa MEIH.

4. Kak momyunts xsnopun menu (1), ucxoast uz CuCl2 u Cu? Hanucats ypaBHEHUE pEaKIIUU.

5. NHorna 3enensblil nBeT rupokcokapoonara meau (1) Mo>kHO BUIeTh Ha MEHBIX MIPEAMETaX; HAUCATh Y
02, CO2.

6. Harmucarp ypaBHenus peakuuii ruapoiusa coneit: CuSO4, CuCl2, Cu(NO3)2.

7. OnuH U3 BUIIOB OPOH3BI CONEPIKUT Melb (MaccoBas gost 85%), onoBo (12%) u uunk (3%). [Tpu neiictBun
KHCJIOTHI Ha 00pasen; Opon3sl Maccoii 30 r Beiaenmics okeun azota (IV). Onpenenure 06beM MOTyYSHHOTO T
8. Ha cmech okcuna memu (I11) u Mmeau maccoit 75 T moaeiicTBoBaau M30bITKOM KOHIEHTPUPOBAHHOM a30THOM
oobemoM 26,68 1 (H.y.). Onpenenute MaccoByro noito okcuaa meau (I1) B ucxomgnoit cmecu.
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9. CocraBuTh ypaBHEHUS PEAKINI pACTBOPEHUS B paCTBOPE aMMHUaKa XJIOpUaa cepedpa 1 pa3pylIeHUs MOy
a30THOM KUCJIOTOM.

10.Bynet nu okuciATs cepedpo napcekas Boaka? Hammucars cOOTBETCTBYIONIEE YpaBHEHUE PEAKIIHH.
11. Yem 00BSICHUTH TOUEPHEHUE Ha BO3AYXe cepeOpsaHbIX nmpeamMeToB? COCTaBUTh YPaBHEHUE PEAKIMHI

f-anemeHTHI

. Hanummmre ypaBHeHus peakuuii momyueHust okcuna u rugpokcuna nepusi(Il). O6nanator nmu onu amporer
. Harmumue ypaBaenue peakiuu okcuaa nepus(I1l) ¢ omHuM U3 KUCITOTHBIX OKCHIIOB.

. Hanummmre ypaBaenue peakiun okcuna repousi(Ill) ¢ P205 u CO2.

. Harmumure ypaBHenue peakiuu okcuaa ragonunus(Ill) ¢ SiO2.

. IlpuBennTe ypaBHEHUS peakiuii, JOKa3bIBaOIUX aMpoTepHble cBoiicTBa okcua nepusi(1ll) B nonno-mos
. Kak pearupyet ypan ¢ kucinoramu? Hanuimmre ypaBHEHUS peakldii B BUJIE MOTYyPEaKIM U B MOJIEKYIISIPH
. Kak pearupyer Topuii ¢ kucnoramu? Hanummre ypaBHEHUs peakliMid B BUJE MOITYPEaKLUi U B MOJIEKYJISAD

00 3 N L LN

. Kakue oxcuapl 006pasyet ypan ¢ kucimopoaom? Kakoit okcuj ypaHa nposiBisieT aMm(oTepHbie cBolcTBa?
9. Hanmmure ypaBHEHUE peakinu ypaHa ¢ ¢TopoM. B kakoM mporiecce 3T0 CBOWCTBO MPUMEHSIOT?
10. Harmummue ypaBHEeHHS peakiuii ypana u okcuaa ypana(IV) ¢ cepoit u ¢ cepHOI KHCITOTOM.

11. C KaKoro XuMHYECKOI0O 3JIEMEHTA HAYMHAET IIPOSIBIISITHCS SIBIIEHUE PaJUOaKTUBHOCTU? KakoBbI IPUUMHBI
XUMHUYECKHUX JIEMEHTOB? YBEIMUMBAETCS WM YMEHBIIAETCS paAMOAKTUBHOCTD B psAly akTUHUJ0B? Kak 310
LIENHBIX peaKlMii, IEPUOIOM IOJIypacnaga U KpUTUYECKON Maccoil AIEMEHTOB?

12. B coCcTOsIHMM METAJUIOB PEIKO3EMEIIbHbIE 3JIEMEHThI ObICTPO OKUCIISIOTCS Ha BO3/IyXe C 00pa30BaHUEM C(
20, D02 ). Kakue cTreneHn OKUCICHUS XapaKTePHBI T JaHTaHU0B? HanummTe npuMepsl peakiuii moayd
penKO3eMEIbHBIX 3JIEMEHTOB.

13. Kak ¢ nomoisio erydero ¢gropuaa odoramaror ypan-238 ypanom-235? Kak nu3MeHsieTcst peakIimoHHas (
YBEJIMUEHUEM MOPSAKOBOTO HOMEpPA XUMUYECKUX JIEMEHTOB?

14. Kak na"taHupl pearupyror ¢ Hemetaiamu? Kakyro BaleHTHOCTb OHM NposABisAtoT? Hanumunre ypaBHEH
3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
11. [ToaroroBka K KOJUIOKBUYMY «JIEMEHTHI TOOOYHBIX MOATPYIII
2 2. TecTtupoBanue

[Tpumepsl TeCTOB

Tect «anements! 3b rpynnel. JJanTaHubl. AKTUHUIBDY

1. VkaxuTe 37eKTpOHHYI0 (hopMyIily atoma cKanaus (OKOHYaHHE (OPMYIIbI):
1)..3s23p64s23d1;2)..3s23p64s13d1;
3)..3s23p64s24p1;4)..3s23p63s13d2.

2. BeibepuTe, KakuM CIocoO0M MOXKHO MOTYYUTh OKCH JJaHTana La203 :
1) paznoxxenuem Hutpata jantana La(NO3)3 ;

2) B3aumoneiicteueM La c H202 ;

3) kunsiuennem La(OH)3 ;

4) repmudeckum paznoxerrem La2(S04)3.

3. YkaxuTe, KaKMH CBOMCTBaMH oOnaaaet ruapokcus tantana La(OH)3 :
1) oCHOBHBIMU; 2) KUCIOTHBIMU; 3) Oe3pa3nuuHbIiMu; 4) aM(pOTEPHBIMHU.

4. Ykaxute, KaKylo OKpacKy UMEIOT COJIM UTTPUS:

1) GienHO-po30BYI0; 2) OECIBETHYIO; 3) TONIyOYyI0; 4) KENTYIO.

5. YkaxxuTe MpOoAyKTHl peaklMy pacTBOPEHUs CKaHaus B pazdasinennoit HNO3 :
1) Sc(NO3)3 + NH4NO3 + H20;

2) Sc(NO3)3 + NO2 + H20;

3) Sc(NO3)3 + H2 + H20;

4) He pacTBOpsETCA
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6. Ykaxure, B ueM jerko pactBopsiercs La(OH)3 :

1) B Kucnorax;

2) B 1mieovax;

3) B OpraHM4YeCcKUX pacTBOPUTENISX;

4) B BOJIC.

7. BeiOepuTe, 1Mo KakoMy THUITY TTPOXOAUT TUApon3 xjopuaa Jantana LaCl3 :
1) no aHnony;

2) TUAPOIN3YETCs OYEHb HE3HAYUTEINIBHO;

3) nonHBIA HEOOPATUMBIH THAPOITU3;

4) 10 KaTUOHY.

8. YkaxuTte, Kakoil U3 OKCHJIOB CKaHIMsI, UTTPUS, JaHTaHA MPOSBISIIOT aM(pOTEpHbIE CBOWCTBA:
1) Bce amboTepHBI;

2)Y203;

3) La203;

4) Sc203.

9. YkaxuTe HEBEPHBIC YTBEPIKICHHS:

1) coequnenus nepus (IV) cuabHbIE OKUCIUTETH

2) oxcup esponus (II) mposiBnsier ampoTepHble cBOMCTBA
3) ruapokcun nepus (1V) amdorepHsiil ruapokcu

4) Eu (2+) BoccTaHOBUTEIb

10. Kakoif u3 mepeuncaeHHbIX HIKE PEIKO3EMENIbHBIX AJIEMEHTOB 00pa3yeT YCTOWYUBBIE COSAMHEHUS, B KO
OoKucieHus +47?

1) Uepwuii; 2) nmpomeTuii; 3) eBponuii; 4) spouii; 5) UTTCpOUH.

d-OnemenTst IV rpynmst

BriOepure onnH npaBUIBHBINA OTBET U3 NMPEIOKEHHBIX.

1. Kakue 3Ha4eHHUs CTETIEHEH OKUCIIEHHs HauboJiee XapakTEepHBI [l aTOMOB TUTaHa B COCTUHEHUAX: a) +1; ¢
l)a, 1, a;2)0,8;3)B,1;4)0,T; 5) B, 1.

2. Kakue 3Ha4eHHUs CTETICHEH OKMCIIEHUS] HanboJiee XapaKTePHBI [yl aTOMa IIUPKOHUS B COSTUHEHUAX ?
1)+1;2) +2; 3) +3; 4) +4; 5) +5.

3. Kakue coenunenus o0pa3yloTcsi B pe3ysbTare peakiuu

Ti+HNO3 + HF —, ...

a) H2[TiF6 ]; 6) NO2 ; B) NO; r) H20; n) Ti(NO3)4?

l)a,1;2)a,B,1;3)a,1,1;4)0,1;5) a, B, 1.

4. Kakue coenuneHust oopasyrorcs B pesynbrare peakuuu Ti + KOH + H20 —, ...

a) K4TiO4 ; 6) K2TiO3 ; B) Ti(OH)3 ; r) H2 ; o) Ti(OH)4?

1)r,n;2)6,8;3)a,0,1;4)0,1;5) B, 1.

5. YKkaxxute HEBEpPHBIE YTBEPKIACHUS:

A) o — TUTaHOBasI KHCIIOTa 001a1aeT aM(OTEPHBIMH CBOWCTBAMH

b) B- onoBstHHAs KHCIIOTa pacTBOPSETCS TOJBKO B KHCIIOTaX

B) B — TuTaHoBas KMCIOTa CO BpEMEHEM CTapeeT 3a CUET MPEBPALICHUS THAPOKCHIBHBIX MOCTHKOB B OKCOJIO
I') cBeskeoCcaXkAEHHYIO TUTAHOBYIO KHUCIIOTY Ha3bIBAIOT - 0L — THTAHOBAs KMCIIOTA

d-DOnemenTs! V rpynms

BriOepure onnH npaBUIBbHBINA OTBET U3 NMPEUIOKEHHBIX.

1. B xakux U3 NepeuncIeHHBIX HUXKE KUCIOTaX Ha XOJOAY pacTBOPsIETCS BaHA Ui

a) HCI; 0) B paz6asnennoit HNO3 ; B) B pazoasnennoit H2SO4 ; 1) B konnienTpupoBananoid HNO3 ; 1) B koH
2. B xakoii U3 nepeyrcIeHHBIX HIKE KUCIIOT Ha XOJI0JIe PACTBOPSIOTCS HUOOUHN M TaHTau?

1) HCI; 2) xonnientpupoBarnroid HNO3 ; 3) konnientpupoBanroit H2SO4 ; 4) B mapckoit Boake (cmech HNO!
3. Ilpu KaKuX yCIOBUAX XUMHUYECKUE IEMEHTHI Tpynibsl Sb pearupyror ¢ CUIBLHBIMH THAPOKCUAAMU?
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1) B pa36aBiieHHBIX PacTBOpax;
2) B KOHIICHTPUPOBAHHBIX PAaCTBOPAX;
3) npu cIUIaBlIEHUY;
4) TIpH CILIABJICHUU B IPUCYTCTBUH CHIBHBIX OKHCITUTEIICH;
5) pu CIUTaBIIEHUU B MPUCYTCTBUH CHUITHHBIX BOCCTAHOBUTEICH.
4. Kakue cTerneHu OKMCIICHUS TPOSBISICT TAHTAI B CBOUX COCTMHCHUSX
a) +1;0) +2; B) +3; 1) +4; o) +5?
5. Kakue coenureHmnst oOpasytorces npu B3aumosencTeun okcuaa Banaausa(V) V2O ¢ kanbiuem:
a) Ca0;6) V203 ;8)VO2;1)VO; n) V?
l)a,n;2)a,r;3)B,1;4)0,8B;5)T1, 1."

d-Onementst VI rpynmsl
1. Kakue mMeTasuisl Tpymiiel 6 He pearupyroT pu KOMHATHOM Temneparype ¢ pa3dasieHHbIMU cepHoil H2SO4
1) Tombko Xpom; 2) TOJIBKO MOJIMOEH; 3) TOIBKO Bob(hpam; 4) XpoM, MOJIUOACH U BoIbdpam; 5) MOTHOIEH |

2. Kakue coenuneHnst 00pa3yroTcs B pe3ysIbTaTe peakiiui pacTBOpeHus: MonubaeHa B cmecu a3o0THoil HNO!
HF xucnor:

a) MoF4 ; 6) H2[MoFS8]; B) NO; 1) NO2 ; 1) H20?

3. Kakoe 13 mepeyuclieHHbIX HIKE COCTUHEHHU He 00pa3yeTcsl B pe3yabTare OKHCIUTEIbHO-BOCCTAHOBUTE
kanmus K2Cr207 u cynbdarom xeneza(ll) FeSO4 B kucnoit cpene (H2SO4 )?

1) Fe2(S0O4)3 ; 2) K2S04 ; 3) CrSO4 ; 4)Cr2(S04)3 ; 5) H20.

4. VKakuTe KOOPIUHALMOHHOE YUCIIO KOMIUIEKCOOOpA30BaTelis B COCAMHEHUH

[Cr(H20)(NH3)4 OH]Br2 :

1)3;2)6;3)4;4)5;5) 2.

5. PacTBOp Kakoro COeIMHEHUS XpOMa UMEET CHHEBATO-3€JIEHYI0 OKpacKy?

1) XxpomuT HaTpus;

2) XpoMaT aMMOHHUS;

3) Ouxpomar Kajius;

4) cynbdar xpoma(Ill).

6. YkaxuTe NeiCTBUE, OKA3bIBAEMOE XOJIOIHOM KOHIIECHTPUPOBAHHOM a30THOM KMCJIOTOM Ha METaNINYECKUN
1) He pearupyer;

2) BBIACISIETCS aMMHUAK;

3) maccuBHMpYeT;

4) Beiaensercs okcup azota(lV);

5) BBIIEISIETCS A30T.

d-OnemenTs! VII rpymnsl

1. Kakoe coeannenmne Mapratua o0pasyercs Ipu AeHCTBUH HA HETO pa30aBiieHHOH a30THOM kucaotel HNO3'
1) MnO; 2) MnO2 ; 3) Mn(NO3)2 ; 4) H2MnO4 ; 5) Mn207.

2. Kakue coenunHenust o0pa3yrorcsi B pesyabrare Baumozenictus Hutpara mapranua(ll) Mn(NO3) ¢ okeu;
(HNO3):

a) MnO; 6) H20; 8) HMnO4 ; r) Pb(NO3)2 ; 1) PbO?

l)a,1,1;2)6,8,1;3)a,0,1;,4)0,1;5)B, I

3. Kakoe M3 mepeunciIeHHbIX HUKe COSAMHEHUI He 00pa3yeTcsl B peakiMyi B3auMOACHCTBUS HUTpATa Mapr
kanus KBrO B menounoii cpene (KOH)?

1) MnO2 ; 2) KNO3 ; 3) KBr ; 4) KMnO4 ; 5) H20.

4. Kakue coequHeHus: 00pa3yroTcs B pe3ynbrare B3aumosencTus okcuaa Mmapradmna(lVv) MnO2 ¢ xinopom Cl
a) KMnO4 ; 6) H20; B) MnO; r) KCI; 1) MnCI12?

l)a,B,1;2)0,B,1;,3)a,0,1;,4)a,0,1;5) a, B, 1.

5. Kakue coenunenns o0pa3yloTcs IpH JUCTIPOIIOpIMOHUpOoBaHUNMaHraHara kanus K2MnO4 B BoziHOM cpe;
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a) MnO2 ; 6) KMnO4 ; 8) MnO; r) KOH; ) O2?
l)a,B,1;2)0,B,1;,3)a,0,1;,4)a,0,1;5) a, B, 1.

d-Onementst VIII rpymms

1. Kakue coenunenust o0pa3yloTcs IpH JeicTBUN Ha xelne30 2%-Horo pactBopa a3oTHo# kuciaotel HNO3 :
a) Fe(NO3)2 ; 6) Fe(NO3)3 ; B) NO; r) NH4NO3 ; n) H20?

l)a,,1;2)0,B,1;3)a,0,1;,4)0,1;5)B, I

2. Kakue coequnenust oopasyrorcs npu criaBieHnu okcuaa xenesa(lll) Fe203 ¢ kapbonarom Hatpust Na2C
a) Fe2(C0O3)3 ;6) Na3FeO3 ; B) CO2 ; r) NaFeO?2 ; 1) Na2FeO4?

l)a,,n;2)B,1;3)a,8B,1;4)0,1;5)B, 1."

3. Kakuie mpoAyKThI MOTyYaroTCsl PU TepMUIEeCcKoM pasnoxeHnn HuTpara kobdansra(lll) Co(NO3)3 : a) Co2(
l)a, n;2)a,r;3)B, 1, 1;4)a,0,B;5)0, B, 1.

4. Kakue coenuHeHust 00pa3yroTcsi B pesynbrare Bzaumozeiictus ruapokcuaa nukensa(Il) Ni(OH)2 ¢ 6pomor
a) NaBr; 6) NiO; B) H20; 1) NiBr2 ;1) Ni(OH)3?

l)a,,a;2)a,B,1;3)a, 0;4)0,r; 5) B, I

5. PacTBOpBI Kakux peakTUBOB SIBIISIOTCS pearcHTaMu JUIsl KaueCTBEHHBIX peakiuidi Ha moH Fe3+ : a) K3[F
KCNS; 1) KMnO4?

l)a,r, n;2)6,8,1;3)a,0,1;,4)0,1;5) B, 1.

d-Onements! 11 rpymnmbr

1. PacTBOpBI METAIOB B KAKMX DIIEMEHTAX HA3BIBAIOTCS aMabraMamMu?

1) B ramnuu; 2) B pryty; 3) B KaamMuu; 4) B CBUHIIE; 5) B 0JIOBE.

2. l'mapokcuapl KaKUX M3 MPUBEICHHBIX HIDKE METAIIOB IPyNIbl 12 HEYCTOWYMBEI TPH KOMHATHOW TEMIIEpal
1) TombKo 1TMHKA; 2) TOIBKO KaJMHUS; 3) TOJIBKO PTYTH; 4) IIMHKA U KaJIMHUsI; 5) PTYTH U KaJIMUsl.

3. Kakue 13 nepeyncaeHHbIX HIXKEe METAJJIOB IpyMIibl 12 00pa3yroT COETUHEHNUS CO CTEIIEHbIO OKUCICHUS +1
1) TonbKo PTYTh; 2) TOJNBKO KaaMUMA; 3) TONBKO IUHK; 4) IIMHK U KaJMHK; 5) PTYTh U KaIMUH.

4. Kakue U3 mepeurciIeHHbIX HUXKe CyTb(UI0B METAJUIOB Tpymiibl 26 pacTBOPSIOTCS B pa30aBIeHHBIX KUCIIO"
1) Tombko 1uHKa ZnS; 2) Tonbko kaamust CdS; 3) Tonbko pryta HgS; 4) munka ZnS u xagmus CdS; 5) kaamr

5. Kakue coenunenust o0pa3yloTcsi IpyU pacCTBOPEHUH LIMHKA B O4YEHb pa30aBiIeHHOM azoTHON kucimore HNC
NO; 1) NH4NO3?

l)a,,1;2)0,B,1;3)a,0,1;,4)0,1;5)B, I

6. Kakue coennnenus oOpa3yroTcs IpH B3aUMOJICHCTBUHU IIMHKA C M30BITKOM KOHLIEHTPUPOBAHHOTO PACTBOPE
a) K2Zn02 ;0) Zn(OH)2 ; B) H2 ; 1) K2[Zn(OH)4]; n) 02?

1)B,1;2)0,8B;3)a,0;4)a,0,1;5)a,B.

d-DOnements! [ rpynmst

1. Kakue u3 aneMeHToB rpyIisl 1b pacTBOpsOTCS B KOHLIEHTPUPOBAHHOM a30THOM kuciore HNO3?

1) TonbKko Menb; 2) TOJIBKO cepedpo;

3) TonbKO 30110TO; 4) Menb U cepedpo; S) Menb, cepedpo U 30J10TO.

2. Kakue 13 351eMeHTOB TpyIibl 1 b HemocpeaCTBEHHO pearupyror ¢ KUCIOPOAOM?

1) Tonpko Mefb; 2) TONBKO cepedpo; 3) TONBKO 30710T0; 4) MeIb U cepedpo; 5) Menb, cepedpo U 30J10TO.

3. Kakoe coequHeHue BhINaAaeT B OCAI0K NMPHU JCHCTBUU HA pacTBOp HUTpaTa cepedpa AgNO3 menoueii?
1) I'mapoxcun cepedpa AgOH; 2) okcup cepedpa Ag20; 3) nmepokcun cepedpa Ag202 ;

4) ocuoBHbIi HUTpaAT cepedpa Ag(OH)NO3 ; 5) cepedpo.

4. Kakum MeTasioM B IPOMBIIIUIEHHOM CITOCO0E MPOM3BOJICTBA BOCCTAHABIUBAETCS 30JI0TO U3 €TO IUAHUIHC
1) Mensto; 2) muaKoM; 3) KanbIiueM; 4) HaTpUeM; 5) KeIe30M.

5. Kakue coenuHeHns o0Opas3yloTcs B pe3ysbTare Bo3zeicTBus cepoponopona H2S Ha cepebpo Ha OTKpHITOM
a) Ag2S; 6) H20; B) S; 1) H2 ;1) SO2?

l)a,,a;2)0,B,1;3)a,0;,4)0,r;5) B, I



4. KoHTpO/Ib 3HAHUI 00yYAKOIIMXCS U THIIOBbIE OLIEHOYHbIE CPeACTBA

4.1. Pactipenenenue 6amios:

TeKylui KOHTpostb — 50 6aioB

1 cemectp

KOHTPOJBHBIE Cpe3bl — 2 cpe3a mo 10 6amioB KaxabIi
npemMuaabHbie 0amisl — 10 6amoB

OTBET Ha dK3aMmeHe: He 0osiee 30 0aiuioB

Pacrnipenenenue 6aioB mo 3aJaHusIM:

78

Ne Hazpanue Dopmbl Max. Mertoauka npoBeJeHUs 3aHITUS U OIIEHKU
T€e | TeMbI/ BHUI TEKyIer | KOJ-BO
MBI y4eOHOH 0 OaoB
paboTsI KOHTPOJ
s/ cpe3sbl
1. OcHOBHEIE Brimona 12 Tema Brmouaer 4 mab. 1 jaboparopmas pabota
XUMUYECKHE eHHe olleHuBaeTcd B 3 Oawra: 1 Oamn BeIDONHEHHME, 2 Oaja
MTOHATHUS U nmabopar coneprkanue (MIPaBUILHOCTH BBIBOJOB, PACIECTOB)
CTEXHOMETPH OPHBIX
YeCcKue pabor.
3aKOHBI
2. Crpoenue Pabota 2 VY4acTtre B ceMruHape (OTBETHI Ha BOTIPOCHI)
aroma Ha
ceMuHap
e
3. |Ilepuommyeck | Pabora 2 VY4acTre B ceMruHape (OTBETHI Ha BOTIPOCHI
Ui 3aKOH. Ha
[lepuognueck | ceMuHap
ne QyHKIUn e
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Kosustoxs

HYM(KOHT

PONBHBINI
cpe3)

10

KomnnoxBuym cnaercst B ycTHOM hopme 110
MpeaBapUTEIbHO 0003HAYCHHBIM
TEOPETUUECKUM BOIIPOCaM U
MaKCHMAaJIbHO olieHnBaercs B 10 0ayUIoB:
9-10 GanoB BHICTABIISIETCS, €CIIN CTYACHT
0OHapy»X1J BCECTOPOHHEE,
CHCTEMaTHYeCcKoe U ITyOOoKoe 3HaHHE
MPOrpaMMHOTO MaTepHala, yMeHHe
CBOOO/IHO BBIMONHSATH 3aJaHN,
MIpeyCMOTPEHHBIE TPOrPaMMOH,
OCBOMBIIHUI OCHOBHYIO, U 3HAKOMBIN C
JOTIONTHUTENBHON uTeparypoil. OTBeT
MIOCTPOEH JIOTUYHO, MaTeprai u3araercs
YETKO, ICHO, XOPOIIHNM SI3BIKOM,
apryMEHTHUPOBAHO, YMECTHO HUCIIONIB3yETCA
WHGOPMATMOHHBIN U WILTFOCTPATUBHBIN
Marepuai (IpuMepsl U3 MPaKTHKH,
Tabnuubl, Tpaguky U T.4.). Ha Bompock
OTBEYAET KPaTKo, apryMEHTHPOBAHO,
YBEPEHHO, MO CYILECTBY.

8-7 06amoB BBICTABISIETCS, €CIIH CTYACHT
0OHapyXHJ JOCTATOYHO TITyOOKHE 3HAHMUS
MPOrpaMMHOTO MaTepHuala, yMeHHe
WCIIONB30BaTh paHee IMOJNY4YEHHBIE 3HAHUS
nprOOPETEHHBIMH, TPUMEHSATh HX

Ha npaktuke. OTBET NOCTPOEH JIOTHYHO,
MaTepuai U3JaraeTcs XOPOIIUM SI3bIKOM,
npuBJeKaeTcss HH)OPMATUBHBIN 1
WTIOCTPUPOBAHHBIA MaTepHal, HO IIPH
OTBETE JI0IyCKAaeT HEKOTOPHIE
MorpemHocTH. Bonpocel, 3anaBaemble
MIpEeToiaBaTeNieM, HE BBI3bIBAIOT
CYLIECTBEHHBIX 3aTPyIHEHUH

5-6 0anIoB: CTYIEHT MTOKA3bIBACT HE
JOCTaTOYHBIH ypOBEHb 3HAHUH Y4eOHOTO U
JIEKIMOHHOTO MaTepuaa, HE B IIOJIHOM
o0beMe BiasieeT MPaKTUIECKUMHU
HaBBIKAMH, YYBCTBYET ceOs1 HEYBEPEHHO
IIpU OTBETE Ha BOIIPOCHL. B oTBeTE HE
BCEr/a IPUCYTCTBYET JIOTHKA, aPTYMEHTBI
MIPUBJIEKAIOTCS HEIOCTaTOYHO Beckue. Ha
ITOCTaBJIEHHBIE BOIIPOCHI 3aTPyAHSETCS C
OTBETaMH, MMOKA3bIBAET HEAOCTATOUHO
IyOOKHe 3HAaHUS

0-4 GanymoB: CTYJACHT MOKA3bIBACT CIIA0BIN
ypOBeHb Npo(hecCHOHANBHBIX 3HAHUH,
3aTpyAHSETCS IPH aHAJTU3€ MPAKTHYECKUX
cutyanuil. He Mmoxxet mprBecTr npuMepsl
13 peasbHOM npakTuku. HeyBepeHnHo n
JIOTUYECKH HETIOCIIE0BATENBHO U3JIaracT
Marepuai. HempaBunsHO oTBeyaeT Ha
MIOCTaBJIEHHBIE BOIPOCHI WIIH 3aTPYIHAETCS
C OTBETOM

C

BHOBb

XuMudeckast
CBSI3b.
MexmMonekyn
SIpPHOE
B3aNMOJICHCTB

ne

pabora
Ha
CEeMHUHAp
e

VY4acTtre B ceMruHape (OTBETHI Ha BOTIPOCHI)
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KommiexcHbI
€ COCIMHEHUSA

JlaGopar
opHas
pabora

1 ©ann BeimonHeHHe, 2 Oajuia cofep:kaHue (MPaBHUIBLHOCTH
BBIBOJIOB, YPAaBHEHUH peaKIInii)

Kosstoxs

HYM(KOHT

PONBHBINI
cpe3)

10

KomnnoxBuym cnaercst B ycTHOM hopme 110
MpeaBapUTEIbHO 0003HAYCHHBIM
TEOPETUUECKUM BOIIPOCaM U
MaKCHMAaJIbHO olieHnBaercs B 10 0ayUIoB:
9-10 GanoB BHICTABIISIETCS, €CIIN CTYACHT
0OHapyX1J BCECTOPOHHEE,
CHCTEMaTHYeCcKoe 1 ITyOOoKoe 3HaHHE
MPOTrpaMMHOTO MaTepHuala, yMeHHE
CBOOO/IHO BBIMONHSATH 3aJaHN,
MIpeyCMOTPEHHBIE TPOrPaMMOH,
OCBOMBIIHUI OCHOBHYIO, ¥ 3HAKOMBIH C
JOTIONTHUTENBHON uTeparypoil. OTBeT
MIOCTPOEH JIOTUYHO, MaTeprai u3araercs
YETKO, ICHO, XOPOIIHNM SI3BIKOM,
apryMEeHTHUPOBAHO, YMECTHO HUCIIONB3yETCA
WHGOPMATMOHHBIN U WILTFOCTPATUBHBIN
Marepuai (IpuMepsl U3 MPaKTHKH,
Tabnuubl, rpaguky U T.4.). Ha Bompock
OTBEYAET KPaTKo, apryMEHTHPOBAHO,
YBEPEHHO, MO CYLECTBY.

8-7 06amoB BBICTABISIETCS, €CIIH CTYACHT
0OHapyXHJ JOCTATOYHO TITyOOKHE 3HAHMUS
MPOTrpaMMHOTO MaTepHuala, yMeHHe
WCIIONB30BaTh paHee IOIY4YEHHbIE 3HAaHUS C BHOBb
nprOOPETEHHBIMH, TPUMEHSATh HX

Ha npaktuke. OTBET NOCTPOEH JIOTHYHO,
MaTepuai U3JaraeTcs XOPOIIUM S3bIKOM,
npuBJeKaeTcss HHYOPMATUBHBIN 1
WUTIOCTPUPOBAHHBIA MaTepHal, HO IIpH
OTBETE JI0IyCKaeT HEKOTOPHIE
NorpemHocTH. Bonpocel, 3anaBaemble
MIpeToiaBaTesieM, He BBI3bIBAIOT
CYLIECTBEHHBIX 3aTPyIHEHUH

5-6 0anIoB: CTYIEHT MTOKA3bIBACT HE
JOCTaTOYHBIH ypOBEHb 3HAHUN Y4eOHOTO 1
JIEKIIMOHHOTO MaTepuaa, HE B IIOJIHOM
o0beMe BasieeT MPaKTUIECKUMHU
HaBBIKAMH, YYBCTBYET ceOs1 HEYBEPEHHO
IIpU OTBETE Ha BOIIPOCHL. B oTBeTE HE
BCEr/a IPUCYTCTBYET JIOTHKA, apTYMEHTBI
MIPUBJIEKAIOTCS HEIOCTaTOYHO Beckue. Ha
MTOCTaBJIEHHBIE BOIIPOCHI 3aTPyAHSETCS C
OTBETaMH, NMOKA3bIBAET HEAOCTATOUHO
IyOOKHe 3HAaHUS

0-4 GanyoB: CTYJACHT MOKA3bIBACT CIIA0BIN
ypOBeHb Npo(hecCHOHANBHBIX 3HAHUH,
3aTpyAHSETCS IPH aHAJTU3€ MPAKTHYECKUX
cutyanuil. He Mmoxxet mprBecTr mpuMepsl
13 peasbHOM npakTuku. HeyBepeHnHo n
JIOTUYECKH HETIOCIIE0BATENBHO U3JIaracT
Marepuai. HempaBunsHO oTBeyaeT Ha
MIOCTaBJIEHHBIE BOIPOCHI WIIH 3aTPYIHAETCS
C OTBETOM

DHepreTuka
XUMHYECKHIX
peakiuit

JlaGopar
opHas
pabora

1 ©ann BeimonHeHHe, 2 Oajuia comepkaHue (MPaBHUIBLHOCTH
BBIBOZIOB, YPAaBHEHUH peaKInii)
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7. CxopocThb Jlabopar 3 1 Gann BeIMONHEHUWE, 2 Oana coaepkaHue (MPaBUIBHOCTh
peakuuil. OpHas BBIBOJIOB, YPAaBHEHUH peaKIInii)
XuMuyeckoe pabora
paBHOBecHe
8. | PactBopEIL JlaGopar 12 Tema Brumouwaer 4 7ab. 1 njaboparopHas pabora
Teopust OpHas olleHMBaeTcs B 3 Oamra: 1 Oamn BeimomHeHWe, 2 Oamia
ANEKTPOITUTH pabora cofiep)KaHue (IpaBUIBLHOCTD BBIBOJIOB, pacyeTos,
YyecKon YpaBHEHUH peaKIyii)
auccounanuy - |PemeHue 2 Pemenune 3anau u ynpaxxHeHUH 10 TeMe.
3a1a4 Kputepun: 2 3agaum, 3a  KaXAyl0  OPaBUIBHO
BBITIOJIHEHHYTO 1 Oamn
9. |Oxucnurensu |JlaGopar 9 Tema BrumouaeT 3 nad.
0-BOCCTAaHOBU opHas 1 ©ann BeImonHeHue, 2 Oajuia comep:kaHue (MPaBHUIBLHOCTH
TEJbHBIC pabora BBIBOZIOB, YPAaBHEHUH peaKIInii)
MIPOLIECCHI
10. | IIpemuansHble OaIBI 10 JlononHuTEeNbHBIE MpEeMUATbHBIE Oamibl  MOTyT  OBITh
HaAYMCIICHBI 32 BBHIIIOJIHEHNE TBOPUECKUX 3aJaHUN Ha BEIOOD
CTYACHTA B 3aBUCUMOCTH OT TEMBI.
11. OTBeT Ha ’K3aMeHe 30 10-17 GamioB — CTYIEHT pacKpbll OCHOBHBIE BOIPOCHI H
3aJaHus OUJIeTa Ha OLICHKY «YIOBJICTBOPUTEIIHLHOY
18-24 GamnoB — CTYIEHT pacKpbll OCHOBHBIE BOIPOCH H
3aJaHus OMJIeTa Ha OLIEHKY «XOPOILOY,
25-30 GamIoB — CTYAEHT PacKpblUl OCHOBHBIE BOMPOCHI U
3aJaHus OMJIeTa Ha OLICHKY «OTIAMYHOY.
12. WHnuBunyanpHBIC 50 BBITIOJIHCHNE OJIOKa 3aJaHuil, BKJIIOYAIOIINM BCE TEMBI
3aJjaHusl, C IOMOUIBIO JUCLUIUIMHBI B BUJE BOIPOCOB U PELIEHUE NMPAKTHYECKUX
KOTOPBIX MOXKHO 3amad.(5 3amaHuit Mo S5 0amwioB), TECT, BKJIIOYAFOIIHIA
HaOpaTh BOIIPOCHI 10 BCEM TeMaM ITUCITUIUIMHBI 25 BOMPOCOB IO 1
JIONIOJHUTEIIbHBIE OaJuty 3a Kaxzoe
0aJulbl Ha SK3aMeHe
13. Uroro 3a cemectp 100
2 cemectp
*  TeKyuuii KoHTposb — 50 GannoB
*  KOHTPOJIbHBIE cpe3bl — 2 cpesa 1o 10 6amoB KaIbIid
* npemuanbHble 6amisl — 10 6annos
* OTBET Ha ’K3aMeHe: He bonee 30 GayoB
Pacrnipenenenue 6aioB mo 3aJaHusIM:
No Hazpanme Dopmbl Max. Mertonuka npoBeJAeHUs 3aHIATUS U OIIEHKH
Te | TeMsl/BHJ TEKyLIer | KoJI-BO
MBI y4ueOHOMH 0 OatoB
paboThI KOHTPOJT
st/ cpe3bl
1. | Bomopox. p- JlaGopar 27 3 Oamra 3a KaxAyo JlabopatopHyio pabory: 1 Oamn
DIIEMEHTHI OpHast BBITIOJIHCHHE, 2 ©Oamna  cojepkaHue  (IIPaBHUIBHOCTH
VII-IVA pabora BBIBOJIOB, YPaBHEHHH pEaKITHii)




TpyTIIL.
D1eMEHTHI

VIIIA
TPYIIIBL

82

Kontpon
BHBIH
cpes -

KOJLJIOKB

HyM
BOJIOPOI.
aeMeHT
bl 7TA R
6A,4A u
5A
MOAT Py
H X
coequHEH
UsSI(KOHTP
OJILHBIH

cpe3)

10

KomnnoxBuym cnaercst B ycTHOM hopme 110
MpeaBapUTEIbHO 0003HAYCHHBIM
TEOPETUUECKUM BOIIPOCaM U
MaKCHMAaJIbHO olieHnBaercs B 10 0ayUIoB:
9-10 GanoB BHICTABIISIETCS, €CIIN CTYACHT
0OHapy»X1J BCECTOPOHHEE,
CHCTEMaTHYeCcKoe U ITyOOoKoe 3HaHHE
MPOrpaMMHOTO MaTepHala, yMeHHe
CBOOO/IHO BBIMONHSATH 3aJaHN,
MIpeyCMOTPEHHBIE TPOrPaMMOH,
OCBOMBIIHUI OCHOBHYIO, U 3HAKOMBIN C
JOTIONTHUTENBHON uTeparypoil. OTBeT
MIOCTPOEH JIOTUYHO, MaTeprai u3araercs
YETKO, ICHO, XOPOIIHNM SI3BIKOM,
apryMEHTHUPOBAHO, YMECTHO HUCIIONIB3yETCA
WHGOPMATMOHHBIN U WILTFOCTPATUBHBIN
Marepuai (IpuMepsl U3 MPaKTHKH,
Tabnuubl, Tpaguky U T.4.). Ha Bompock
OTBEYAET KPaTKo, apryMEHTHPOBAHO,
YBEPEHHO, MO CYILECTBY.

8-7 06amoB BBICTABISIETCS, €CIIH CTYACHT
0OHapyXHJ JOCTATOYHO TITyOOKHE 3HAHMUS
MPOrpaMMHOTO MaTepHuala, yMeHHe
WCIIONB30BaTh paHee IOJIYyUYECHHBIE
nprOOPETEHHBIMH, TPUMEHSATh HX

Ha npaktuke. OTBET NOCTPOEH JIOTHYHO,
MaTepuai U3JaraeTcs XOPOIIUM SI3bIKOM,
npuBJeKaeTcss HH)OPMATUBHBIN 1
WTIOCTPUPOBAHHBIA MaTepHal, HO IIPH
OTBETE JI0IyCKAaeT HEKOTOPHIE
MorpemHocTH. Bonpocel, 3anaBaemble
MIpEeToiaBaTeNieM, HE BBI3bIBAIOT
CYLIECTBEHHBIX 3aTPyIHEHUH

5-6 0anIoB: CTYIEHT MTOKA3bIBACT HE
JOCTaTOYHBIH ypOBEHb 3HAHUH Y4eOHOTO U
JIEKIMOHHOTO MaTepuaa, HE B IIOJIHOM
o0beMe BiasieeT MPaKTUIECKUMHU
HaBBIKAMH, YYBCTBYET ceOs1 HEYBEPEHHO
IIpU OTBETE Ha BOIIPOCHL. B oTBeTE HE
BCEr/a IPUCYTCTBYET JIOTHKA, aPTYMEHTBI
MIPUBJIEKAIOTCS HEIOCTaTOYHO Beckue. Ha
ITOCTaBJIEHHBIE BOIIPOCHI 3aTPyAHSETCS C
OTBETaMH, MMOKA3bIBAET HEAOCTATOUHO
IyOOKHe 3HAaHUS

0-4 GanymoB: CTYJACHT MOKA3bIBACT CIIA0BIN
ypOBeHb Npo(hecCHOHANBHBIX 3HAHUH,
3aTpyAHSETCS IPH aHAJTU3€ MPAKTHYECKUX
cutyanuil. He Mmoxxet mprBecTr npuMepsl
13 peasbHOM npakTuku. HeyBepeHnHo n
JIOTUYECKH HETIOCIIE0BATENBHO U3JIaracT
Marepuai. HempaBunsHO oTBeyaeT Ha
MIOCTaBJIEHHBIE BOIPOCHI WIIH 3aTPYIHAETCS
C OTBETOM

3HaHHMsA C BHOBb

p-OnEMEHTHI
[II-rpynmel.
S-OIEeMEHTHI

I-1I rpynm.

JlaGopar
opHas
pabora

1) 3 Oamna 3a kxaxnayro JaboparopHylo paboty: 1 Oamn
BHIIONIHEHHE, 2 Oamia  coiepkaHue  (TMPaBHIBHOCTH
BBIBOJIOB, YPAaBHEHUH pEaKIHii);

Pemenue
3aga4

Pemenue pacueTHbIX 3a1aHUN.

5 OamioB, ecnu BIMONHEHO BepHO - 90-100% 3amanwmii, 4
6amna — 75 - 90%, 3 6amna — 60 - 75%, 2 6amra 50 - 60%, 1
6ann meHee 50% 3amaHui.
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d-DitemeHTHI
[-VIII rpynm.
f-DneMeHTHI

JlaGopar
opHas
pabora

3 Oamma 3a Kaxngyno JmgabopatopHyro paborty: 1 Oamn
BHIMIONIHEHHE, 2 Oamma  coiepkaHue  (TMPaBHIBHOCTH
BBIBOJIOB, YPAaBHEHUH peaKIInii)

Kontpon
BHBIH
cpes-

KOJLJIOKB

HyM
«JaemMeH
Thbl
MO00OYHDI
X
MOATPY I
»(KOHTPO
JLHBIA

cpe3)

10

KomnnoxBuym cnaercst B ycTHOM hopme 110
MpeaBapUTEIbHO 0003HAYCHHBIM
TEOPETUUECKUM BOIIPOCaM U
MaKCHMAaJIbHO olieHnBaercs B 10 0ayUIoB:
9-10 GanoB BHICTABIISIETCS, €CIIN CTYACHT
0OHapyX1J BCECTOPOHHEE,
CHCTEMaTHYeCcKoe 1 ITyOOoKoe 3HaHHE
MPOTrpaMMHOTO MaTepHuala, yMeHHE
CBOOO/IHO BBIMONHSATH 3aJaHN,
MIpeyCMOTPEHHBIE TPOrPaMMOH,
OCBOMBIIHUI OCHOBHYIO, ¥ 3HAKOMBIH C
JOTIONTHUTENBHON uTeparypoil. OTBeT
MIOCTPOEH JIOTUYHO, MaTeprai u3araercs
YETKO, ICHO, XOPOIIHNM SI3BIKOM,
apryMEeHTHUPOBAHO, YMECTHO HUCIIONB3yETCA
WHGOPMATMOHHBIN U WILTFOCTPATUBHBIN
Marepuai (IpuMepsl U3 MPaKTHKH,
Tabnuubl, rpaguky U T.4.). Ha Bompock
OTBEYAET KPaTKo, apryMEHTHPOBAHO,
YBEPEHHO, MO CYLECTBY.

8-7 06amoB BBICTABISIETCS, €CIIH CTYACHT
0OHapyXHJ JOCTATOYHO TITyOOKHE 3HAHMUS
MPOTrpaMMHOTO MaTepHuala, yMeHHe
WCIIONB30BaTh paHee IOJIyUYECHHBIE
nprOOPETEHHBIMH, TPUMEHSATh HX

Ha npaktuke. OTBET NOCTPOEH JIOTHYHO,
MaTepuai U3JaraeTcs XOPOIIUM S3bIKOM,
npuBJeKaeTcss HHYOPMATUBHBIN 1
WUTIOCTPUPOBAHHBIA MaTepHal, HO IIpH
OTBETE JI0IyCKaeT HEKOTOPHIE
NorpemHocTH. Bonpocel, 3anaBaemble
MIpeToiaBaTesieM, He BBI3bIBAIOT
CYLIECTBEHHBIX 3aTPyIHEHUH

5-6 0anIoB: CTYIEHT MTOKA3bIBACT HE
JOCTaTOYHBIH ypOBEHb 3HAHUN Y4eOHOTO 1
JIEKIIMOHHOTO MaTepuaa, HE B IIOJIHOM
o0beMe BasieeT MPaKTUIECKUMHU
HaBBIKAMH, YYBCTBYET ceOs1 HEYBEPEHHO
IIpU OTBETE Ha BOIIPOCHL. B oTBeTE HE
BCEr/a IPUCYTCTBYET JIOTHKA, apTYMEHTBI
MIPUBJIEKAIOTCS HEIOCTaTOYHO Beckue. Ha
MTOCTaBJIEHHBIE BOIIPOCHI 3aTPyAHSETCS C
OTBETaMH, NMOKA3bIBAET HEAOCTATOUHO
IyOOKHe 3HAaHUS

0-4 GanyoB: CTYJACHT MOKA3bIBACT CIIA0BIN
ypOBeHb Npo(hecCHOHANBHBIX 3HAHUH,
3aTpyAHSETCS IPH aHAJTU3€ MPAKTHYECKUX
cutyanuil. He Mmoxxet mprBecTr mpuMepsl
13 peasbHOM npakTuku. HeyBepeHnHo n
JIOTUYECKH HETIOCIIE0BATENBHO U3JIaracT
Marepuai. HempaBunsHO oTBeyaeT Ha
MIOCTaBJIEHHBIE BOIPOCHI WIIH 3aTPYIHAETCS
C OTBETOM

3HaHHMSA C BHOBb

[IpemuansHbie OaIbl

10

HOHOJ’IHHTGJ’IBHHC MpEMUAJILHBIC Oamsl MOTYT OBITh
HAQYUCJICHBI 3a BBIITOJHCHUC TBOPYCCKUX 3a,[[aHI/Iﬁ Ha BBI60p
CTYACHTA B 3aBUCUMOCTHU OT TCMEIL.
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5. OTBeT Ha ’K3aMeHe 30 25-30 GamaoB — CTYAEHT PacKpblUl OCHOBHBIE BOMPOCHI U
3a/laHus OMJIeTa Ha OLICHKY «OTIIHYHOY.
6. WHnuBumyanpHBIC 50 BBITIOJIHCHNE OJIOKa 3aJaHui, BKJIIOYAIOIINM BCE TEMBI
3aJ]aHusl, C TIOMOIIBIO JMCIIUTUTMHBL B BHJIE BOTIPOCOB M PEUICHUE MPAKTHYECKUX
KOTOPBIX MOXKHO 3amad.(5 3amaHuii Mo S5 0amwioB), TECT, BKJIIOYAFOIIHIA
HaOpaThb BOIIPOCHI 10 BCEM TeMaM ITUCITUIUIMHBI 25 BOMPOCOB IO 1
JIOTIOJTHUTENTLHBIE 0auty 3a Kaxmoe

OaJuTBl HA DK3aMEHE

7. HWroro 3a cemectp 100

Hrorosas ornenka mo sk3ameHy BbicTaBisieTcss B 100-0a/ibHON 1IKajae U B TPAAUITMOHHONW YETHIPEXOaJUIbE
PEUTHUHIOBOM OLIEHKH I10 IUCUUIUIMHE B TPAJAULMOHHYIO YEThIPEX0aUIbHYIO OCYIIECTBIISETCS CAEIYIOIINM O

100-6ayuipHasA cucreMa TpanuimonHas cuctema
85 - 100 6anmoB OTnugyHO
70 - 84 6annoB Xoporto
50 - 69 Gannos YIOBIETBOPUTEIBEHO
Menee 50 HeynosneTrBopurenbHo

4.2 TunoBsie OLIEHOYHBIE CPEACTBA TEKYIIIETO KOHTPOJIS
BoinosiHeHue 1a00paTopHbIX padoT.

Tema 1. OcHOBHBIE XMMHYECKHE ITOHATHS U CTEXHOMETPUYECKHAE 3aKOHBI
Jlabopatopnasi pa6ora 1. «IIpuemMbl 1 MeTOABI PA0OTHI B XUHMHYECKOM JIaOopaTopum»

CryneHT MOJDKEH caTh OTYET IO JIa0OpaTOpHOW paboTe, BKIIOUAIOIMUA odopMiIeHHE (3amUCh HAOIIONCHI
BBIBOJIBI) M OTBETUTH Ha KOHTPOJIbHBIC BOIIPOCHI

KonTposbHbIE BONIPOCHI

1. ITosicHuTe OCHOBHBIE MPABUIIA B3BEILIMBAHMUSL.

2. Pacckaxxute 00 OCHOBHBIX NMPUHIUIIAX GUIBTPOBaHUA. B KakoM ciydae M3roTaBIMBAIOT CKIAA9AThIN (il
3. Kakue BemecTBa Ha3bIBaloTCa Kpuctaiuoruaparamu? [lpuBeanre npuMepsl KpUCTaNIOTHAPATOB.

4. Kak paccuuTtarb NpOICHT 00E3BOKUBAHUS KpUCTAILIOTHIpaTa?

5. Onpenenutb HGopMyny KPUCTATUIMISCKON COJIBI, €CITH MPU HarpeBaHuu 286 r JaHHOU comu 00pa3oBaIoCh

6. Kak moka3arb, 4TO MOJYYEHHBIA OCTATOK IOCJIE BhIMApUBaHMs XJopua Harpus? Hanummure ypaBHe
COKpAIIEHHOM BHUJE.

JlaGoparopnasi pa6ora 2. O4ncTKa paCTBOPUMBIX COJIeil METOA0M NMepPeKPUCTAIH3 AN

CryneHT MOJDKEH cIaTh OTYET IO JIa0OpaTOpHOW paboTe, BKIIOUANOMNA odopMiIeHHE (3amUCh HAOIIONCHI
BBIBOJIBI) M OTBETUTH Ha KOHTPOJIbHBIC BOIIPOCHI

KoHnTposbHbIC BONIPOCHI

11. JlaiiTe onpeaeneHre MOHATHIO paCTBOPUMOTH (KO3 PHUIIMEHT pacTBOPUMOCTH).
2 2. Kaxkoi1 pacTBOp Ha3bIBaIOT HEHACHIILIEHHBIM, HACBHIIIICHHBIM U MEPECHIIIECHBIM?
3 3. B uem cocTouT NpUHIMI IEPEKPUCTAIIIM3ALUU?

4. ITouemy npu NEPEKPUCTALIAZALNN MPOUCXOJUT OUUCTKA OT PACTBOPUMBIX MPUMECEH?
5. Kakue conu Henb3s pa3aenuTb METOA0M NEPEKpUCTAIN3alun?

6. B 500 r Boas! pactBopeHo nipu HarpeBanuu 300 r NH4CI. Kakast macca xjopuia aMMOHUS BBIJICTUTCS |
50°C, ecnu pactBopumocts NH4CI nipu sToit Temneparype paBra 50 r B 100 r Boab1?

.JIaﬁopaTopHaﬂ paﬁoTa 3. Orlpezle.ne}me MO.]IﬂpHOﬁ MAaCChbl JKBUBAJCHTA MAarnusi M€TOA0M
BbITCCHCHUSA.



CTyneHT JOMKEH caaTh OTYET MO JIabopaTopHOH padore, BKIIIOUAIOMIMK OpopMIIeHHE (3amuch HAOIIOACHI
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

KOHTPOJII)HI)IC BOIIPOCHI:
1. I{aﬁTe OMPECACIICHUC ITOHATUAM: MOJIApHAA MacCa METalljla, SKBUBAJICHT, MOJIIpHAA MacCa SKBHUBAJICHTA, 3K

2. Ilpu xakoM naBieHuu (OOJBINE WM MEHbBIIE aTMOC(EPHOT0) OyeT HAXOAUTHCS BOAOPOA B Ipudope 17
MeTajia, €CIIi YPOBEHb BOJBI B YPAaBHUTEIBHOM COCYy/le Oy/IeT: a) BBIIIe YPOBHS BOJBI B OOpeTke, 0) HIKe
YPOBHIO BOJIBI B Or0peTke?

3. BriBenure hopmyny /Tl HAXOKICHUS MOJIIPHON MacChl METaJIJIA, YKa3aB Pa3MEPHOCTh KaK/I0M BETMYUHb
4. OnpenenuTh SKBUBAJICHTHYIO Maccy MeTaiia, eciau 0,195 r ero BeITECHAIOT 56 MII BOIOPO/Ia IIPYU HOPMAJIE

JlabopaTtopnasi paGora 4. OnpenesieHue OTHOCUTENbHON MOJIEKYJISIPHON Macchl OKCHAA YIJIepoaa
av).
CTyneHT JOMKEH caaTh OTYET MO JIabopaTopHO# pabore, BKIIOUAIOMIMK OhopMIIeHHE (3amuch HAOIIOACHI
BBIBO/IbI) M1 OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI
KonTpoabHbie Bonpocs:
1. OT kakux mpuMecel MPOUCXOAUT OYUCTKA XJIOpa MIPU MPOMYCKAHUH YE€pPe3 CKISTHKYU C BOJIOW U KOHLIEHTPH]

2. B anmmapare Kunna ans nonyuenuss CO2 u3 Mpamopa UCHOIb3YyeTcs cosiHas KucioTa. [loueMy Henb3s ucl
KHUCIIOTY?

3. Bo CKONBKO pa3 yIIeKHUCIbIi ra3 Tsokenee Bo3ayxa’?

4. JlaiiTe ompeneneHne OTHOCUTENBHOM MJIOTHOCTH OTHOTO Ta3a mo Apyromy. Hamummure dopmyny pacdert:
BOJIOPOJLY, ITO BO3IYXY.

5. Ilpu HekoTOpOi TeMIiepaType IUIOTHOCTh IO BO3AYXY IMapoB cepbl paBHa 6,62, a mapoB docdopa 4,2
MOJIEKYITBI cephl U pocdopa Mpu ITUX YCIOBUIX?

6. Macca ogHoro Mtpa raza paBHa 2,86 r. Onpeaenure ero MoJIsipHyIO Maccy.
KonsiokBuym

Tewma 3. Tlepuoguvecknii 3akoH. [lepnonnueckue GyHKIINN

1. N300pa3uTh 31eKTPOHHOE CTPOCHUE aToMa ¢ MOPSAKOBBIM HOMepoM Ne  (BOTIPOC [Tt Kax 10T
IIPETOAABATES).
2. DKcnepuMeHTaIbHOEe 000CHOBaHME TIPEACTABICHUI 00 aToMe KaK CI0KHOM CUCTEME:

a) OTKPBITHE JIEKTPOHA (3apsia Macca JIEKTPOHA);

0) pannoakTUBHOCTh. OCHOBHBIC XapaKTEPUCTUKH 0O-, -, Y- H3ITyICHHS,

B) yU€HbIE IEPBOOTKPHIBATEIH 3JIEKTPOHA, PaAHOAKTUBHOCTH.

3. Monens aroma Tomcona. OmnbiTel Pezepdopna mo paccesHuto o-vactuil. [lnanerapaas Moneias atoMa, ee p
aroma o Pesepdopay ¢ nmopsinkoBsiM HOMepoM Ne  (TI0 3aJaHUIO TIPETIOIaBaTeNs).

4. Teopus cBeTa U MJIaHETapHAs MOJIEIIb aTOMa:

a) ypaBHenue M. [1naHka, KBaHTHI.

0) senenue potorddekra, 00bsICHEHHE ero DUHIITSHHOM;

B) KOPIYCKYJISIPHO-BOJIHOBOM yaJIU3M W3IIYYCHHS; SKCIICPUMEHTAIbHOE ToATBepkaeHue (¢pororddex
KopmyckynsipHO-BOTHOBO# ayain3M (POTOHOB.

5. Teopus atroma Bomopoaa o H. bopy:

a) UCXOJ/IHbIE MIPEICTABIICHHUS;

0) moctynatsl H. bopa;

B) 00BsicHeHHe npotuBopeunii Teopun Pesepdopna H. Bopom 06 ycroiiunBocTH atoma, TMHEHYATOCTH CIIEKT

6. CriekTpajibHbIE cepun aroma Bojopoaa. MX pacyeT u sKCepruMEHTAIbHOE MOATBEPKACHUE. DOPMYIIbI 15
AIIEKTPOHA, YACTOTHI U3ITYUCHHUS.

7. HoctounctBa u Hepoctatku H. bopa. Pazsutue Teopun 3ommepdensaom u 3eeMaHoM.
8. IlepBoHauanbHbIE IPEACTABICHUS KBAHTOBON MEXAHUKHU:
a) ypaBHeHue nie bpoitns;
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0) KOpITyCKYJISIPHO-BOJIHOBOM Jyaslu3M 3JIEKTPOHA;

B) IPUHITUTI HeonpeeraeHHocTH B. TeitzenOepra.

9. Ypauenue 3. lllpenunrepa. Ananu3 ypaBHeHus. Boinnosas gynkius. [Toustue 06 3nekTpoHHOM 0OJaKe |1
10. KBaHTOBOCTP KakK CJIEJICTBUE BOJHOBBIX CBOWMCTB 3J1eKTpoHa. KBaHTOBBIC uncia. [1aBHOE U opOUTaIbHOE
11. MarautHoe KBaHTOBOE 4Kci0. CIMH 351eKTpoHa. PU3NYECKUI CMBICT KBAHTOBBIX YHCEIL.

12. Atromubie opouTanu. Bua aroMHBIX opOUTAneii: s, pX, py, pz, dxy, dxz, dx2-y2, dz2. PagunansHoe pacmy

13. MHorosnekTpoHHble aToMbl. COBpeMEHHasi MOZAEIb IEKTPOHHOTO CTPOCHUS aToMa (TpH MPUHIMIIA 3aCeT
NPUHIUI HaUMeHblel sHepruu, npuauun Ilaymnu, [Tpasuno I'yana). I[IpaBuna KneukoBckoro, 00bsICHUTE Ha

14. Ilepuonuueckwuii 3akon J[.M. Menneneesa u crpoenue aroma. OObICHEHHE CYITHOCTH MIEPUOTUIHOCTH H
15. Pa3Butne u o6ocHOBaHue nepuoandeckoro 3akona /.M. MenaeneeBa. PeHTreHOBCKHE CTIEKTpHI. 3aKoH v
(bopMyIMpOBKa NEPUOIUYECKOTO 3aKOHA.

16. [lepuognyeckue GpyHkiuu. [loTeHIMan noHNU3aIKuK, JMEKTPOHHOE CTPOCHHUE aToMa, IIEPUOIUIECKUI 3aKO0
17. CponcTBO K 31EKTPOHY. DAEKTPOOTPUIATEILHOCTh. OTHOCUTENbHAS AIEKTPOOTPUIIATEILHOCTD.

18. Pagnycer atoMOB 1 HOHOB (3 eKTUBHBIC U OPOUTATILHBIE), IEPUOINYECKAS CUCTEMA U DJIEKTPOHHOE CTP
19. Ctpoenue sapa aroma. ITpoToHbl, HeHTPOHBL. [IpOTOHHO-HEUTPOHHAS MOJIENb CTPOCHUS aTOMa.

20. PanmnoaktuBHbIN pacnaf. [lepuon momypacnazaa. o- pacman, B- pacmnas, JeKTPOHHBIA 3aXBaT, CIIOHTAHHO¢
CMEIIICHUS.

21. SInepubie peakiuu. IcKkycCTBeHHas! pauoakTUBHOCTh. MeUeHbIe aTOMbI, UX NTpUMeHeHre. M30Torbl, n3c

Tema 5. KoMmiiekcHEIE COSTUHEHUA
«XumMnueckas cBsizb. BajenTHOCTh. KOMIJIEKCHBIE COeIHHEHHSD)
1. OCHOBHBIE XapaKTEPUCTUKU XUMUYECKOMN CBA3U: JITIMHA, SHEPTHUsl, HAIPABICEHHOCTD, MOJISPHOCTh U MOJISIP
UX KpaTKasl XapaKTepUCTHKA.
2. OCHOBHBIE TTOJIOKEHHS MeToa BaleHTHBIX cBsizeil (BC). Mi3MeHeHue sHepruu npu 00pa3oBaHUU CBSI3H.
3. OObsicHeHUE HACBIIIIAEMOCTH KOBaJICHTHOM CBs13U. KpaTHOCTH cBs3H. JJOHOPHO-aKIIENITOPHBII MEXaHU3M O
4. HanpaBieHHOCTh KOBAJICHTHOM CBSI3U. S-, p- U d-CUMMETpHsI IEPEKPHIBAHHUS.
5. I'mOpuau3anust aToMHbIX opouTaneid. CBA3b MEXIY CTPYKTYpO MOJIEKYI M TUTIOM THOPUAM3ALINY.

6. BaneHTHOCTh XUMHUECKUX JIEMEHTOB. Pa3BUTHE TOHITHS BaJICHTHOCTH. PazmuvHbIe TPAKTOBKH BAJICHTHC
BC. BanentHocTs s, p, d, f- anemenToB. [locTosiHHAs 1 IepeMeHHast BaJIecHTHOCTh. [[oHATHE O BaJIGHTHOH U F
BajeHTHOCTh M CTEIIeHh OKHCIICHHS.

7. Henocrarku Metona BC u ocHoBHEBIE monokeHus metoga MO.

8. Tumsr MO. ITocnenoBareabHOCTh YBEIMUCHUS SHEPTHUH MOJIEKYISIPHBIX opOuTaneir. KpaTHOCTh CBsI3H ¢ TiC
9. O0wsicuenue cBoiicTB monekyn H2+, H2, He2+ u He2.

10. CroiictBa monekyn Li2, Be2, N2, N2+, O2+, O2 u F2 Ha 0CHOBE HX JIEKTPOHHOTO CTPOCHHS.

11. Croiicta monekyn CO (B cpaBuenuu ¢ N2), NO (B cpaBuennn ¢ NO+ u NO-) u CN- (B cpaBHeHuu ¢ CN
12. I1onapHOCTH U NOJIAPU3YEMOCTD CBA3U. JIUIONBHBIM MOMEHT CBSA3U U MOJIEKYJIbI B LIEJIOM. DJIEKTPOOTPHUL
13. Jlokanu3oBaHHbBIE U JI€JOKAIN30BaHHBIE CBSI3U. Tpex- U MHOTOLICHTPOBBIE CBsi3U. Jlenokanuzamus 3¢
OeHzona, rpadure, noHax Kucioponconaepxkamux Heopranmuecknx kucinor (KHK). TlpoctpancTtBeHHas
KHcIIopoacoaepxkaiux Moiekyn u nonos KHK.

14. Nonnas cBsa3b. CTpoeHHE M CBOMCTBA MOHHBIX coequHEeHUN. CTETIeHh HOHHOCTH CBSI3U KaK (QYHKITUS P
D¢ dexTrBHBIE 3apAABI ATOMOB U CTENIEHb HOHHOCTHU CBSI3H.

15. Metannudeckas cBsi3b. BomoponHas cBsi3b. MexmounekysipHbie cuiibl Ban-aep-Baanbca. 3aBUCUMOCTE
XapakTepa MeXMOJIEKYISIPHOTO B3aUMOJICHCTBUSI.

16. OCHOBHBIE TTOJIOKEHUS KOOPIMHAIIMOHHON TEOPUHU. XapaKTEPUCTUKA OCHOBHBIX KJIACCOB KOMILIE
KOMITJIEKCHBIX COEAMHEHUH.

17. N3omepust KOMIUJIEKCHBIX COSIUHEHHUIA.

18. Jucconmanus KOMIIEKCHBIX coenHeHmnit. Koncranra HectoiikocTn koMiuiekcoB. [Tpudaunb 00p:
COEMHEHHUIA.

19. XuUMHUYECKasi CBA3b B KOMIUIEKCHBIX coeuHeHusx. OcHoBHbIe Teopuu (meton BC, TKII, MMO).

20. ['mGpuan3aius aTOMHBIX OpOHUTAIEH B KOMIIEKCHBIX coeqruHeHusX. [IpocTpancTBeHHAs! KOH(HT



KoHTpoabHBIH cpe3 - KOJUIOKBHYM BOAOPOI. JjIeMeHThI 7A 1 6A, 4A u SA noarpynn u ux
COe/INHEeHUsI

Tema 10. Bonopon. p- anements VII-IVA rpynn. Onements! VIIIA rpynns.
Bonopon. dinementsl VIIA u VIA, IVA n VA noarpynn u ux coeJuHeHHs.
1. Bomopoxa: pacnpocTpaHeHHE B NMPHUPOJE, U30TOMHBIM COCTaB, MOJIOKEHUE B MEPUOAUYECKON CUCTEME, M
XMMHYECKHE CBOMCTBA, MpUMEHeHHe. buHapHble coelMHEHNs BOOPOIa: HOHHBIE THIPHIBI, METAIJIONOA00H
Bona: xapakTepucTUKa XUMHUYECKUX M MEXKMOJCKYISPHBIX CBS3€H, 0COOCHHOCTH (PU3NUYECKHX CBOMCTB B(
coenunenusiMu S, Se u Te, xumnueckue cBoiicTBa. Tskenas Bona. MeToabl OUUCTKY MPUPOTHON BOJIBI.

2. OOmas xapakTepHCTHKa aTOMOB M HPOCTBIX BemecTB raisoreHoB. OcobeHHoctn xumuu ¢Topa. Bax
raJioreHoB. MeToIpl TOMy4YeHUs] CBOOOTHBIX TaJoreHoB. PU3NYEeCKre U XUMUYECKHE CBOMCTBA raoreHoB. [1

3. 'a1oreHOBOIOPOIHBIE KUCIOTHI: IIOIY4YEHHE, CBOICTBA, IpUMEHEeHNEe. KpaTkas XxapakTepHCTHKA BayKHEMII

4. Okcupl, KUCIOPOACOAEPKAIIUE KUCIOTHl XJIOpa M UX COJIM: MOJy4YeHHE, KUCIOTHBIE U OKHCIIUTENb
MpaKTHYECKOe HCToNb3oBaHue. Kucnopoacoaepkaiiue coequHeHust OpomMa 1 Hojia: OJyYeHUe, KUCIOTHBIE |
CBOICTBa, CPaBHEHUE C aHAJIOTUYHBIMU COETMHEHUSAMU XJopa. HTepraionHbie COeTUHEHUS.

5. OOmas xapakTepucTHKa IEMEHTOB OA moarpynmnsl. BakHeinue npupomHble COSNUHEHUS XaTbKOTEH(
MPOCTHIX BEIIECTB PA3IUYHBIX aUIOTPONHBIX (GopM. Kucnmopon: xumudeckasi CBS3b ¢ MO3UIUKA MeTOJ0B B
MoNydeHust, pU3NIeCKre U XUMUIECKHE CBOMCTBA, IPUMEHEHHE.

6. Oxcupl: kKnaccuukalys, METOIbI OJyYeHus, cBorcTBa. [lepokcua Bogopona u mepokcuabpl MeTamioB. C
7. Cepa: annoTpornus, HAXOXKIACHUE B MPHUPOJE, MOIYICHHEe B CBOOOIHOM COCTOSIHUHU, (PU3NYCCKUE U XU]
BomoponHbie coenMHEHUs Cepbl, CelieHa M TeJUTypa: TONYy4YeHHE, yCTOMYMBOCTH, (PU3UOIOTUYECKOE I
OKHCIIUTETHbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA. Cylnb(UABI U MOIUCYTH(PUIBI METAIIIOB.

8. CoenqmHeHust cepbl, ceyieHa U Teinypa (+4) (OKCHIbl, KUCIOTHI U MX COJIM): TOJyYeHHUEe, XUMHYECKHUE |
nepexosie OT cephl K Teyypy. TuocepHasi KHCIOTa U TUOCYINIb(ATHL.

9. CoenuHeHnust cepbl, ceineHa U Teutypa (+6) (OKCHUIbI, KUCIOTHl M WX COJIM): BHYTPEHHEE CTPOCHHUE,
MOJTyuyeHue, CBOWCTBA M MpakTHueckoe 3HaueHue. CepHasi KMCIIOTA: CTPOEHUE MOJIEKYJIbl, METOABI MPOM
KOHIICHTPUPOBAHHOM U pa30aBiIeHHONU KUCIOTHL. OneyM U mupocepHas kuciora. Kparkas xapakTepucTHka B
10. Hangcepnast kucnora u mepcyiabarhl: MOTYYSHHE, OKHCIUTEIbHBIE CBOMCTBA, CTpoeHHE Monekyn. [
XapaKTEePUCTUKA COCTUHEHUH TIOJIOHUS.

11. O6mas xapakTeprcTuka 3eMeHToB SA noarpynmsl. CTpoeHre NpocThiX BemecTB. CpaBHUTENbHAS Xape
K 00pa30BaHUIO MOIMMEPHBIX GopM. A30T: XUMHUYECKas CBSI3b B MOJIEKYJIE a30Ta, PEaKIHMOHHAs CIIOCOOHC
dopmax, pu3HUecKre U XUMHYECKHE CBONCTBA, MTOyYeHHE U IPUMEHEHHE.

12. Tugpuasr DH3: cTrpoeHne MONEKYs, MPUHIIMIBI MOJYYCHHUS, U3MEHCHHE (U3MUYCCKUX M XHUMHYECKUX
(Temmeparyp TIIaBICHUS W KWUIICHHS, TEPMUYECKOH YCTOMYMBOCTH, PAaCTBOPUMOCTH, CKJIOHHOCTH
BOCCTAHOBHTEIIbHBIX CBOMCTB).AMMHAK: TEPMOJMHAMHKA M TEXHOJIOTHS TPOMBIIIJICHHOTO CHHTE3a,
MPUCOEIUHEHUS, 3aMeIeHUs M OKUcTIeHus. Coinu aMMOHMS. AMMUHOKOMIUIEKCHI. KUK aMMHUaK Kak pact

13. TugpasuH, THIPOKCUIAMUH M a30TUCTOBOIOPOJHAS KHUCIIOTA: CTPOCHHE MOJIEKYJ, METOMbI IMOJy4YeH]
OKHCJIUTEIHbHO-BOCTAHOBUTEIbHBIE CBOMCTBA, IPUMEHEHUE UX CAMUX U UX MPOU3BOJHBIX.

14. Oxcupsr azota (I, 11, II1, IV, V): ctpoenne mMosekys, OTHOMIEHHE K BOJIE, IIEI0YaM, OKUCIUTEIHFHO-BOCC
MOJTyYeHUsl, TOKCUYHOCTh, BIMSHHE Ha OKpYKAIOIIyl0 cpeny. TepMoaMHaMUKa peakIMM CHUHTE3a OKCHJI:
A3oTHCTast KUCJIOTa U HUTPUTHI: CTPOCHUE MOJIEKYJIBI U HUTPUT-UOHA, OKUCIUTEIHHO-BOCCTAHOBUTEIbHBIE C
15. A3zoTtHasg kucaora: CTPOCHHUC MOJICKYJIbI KHCJIOTBI U HUTPAT-UOHA, OKHUCIIMTCIIbHBIC CBOMCTBa KOHIICHTPI
KHUCIIOTHI. B3aHMOHCﬁCTBHe C MC€TajJlsllaMHu U HEMECTaJIJIaMU. J'[a60paT0prle N IPOMBIIIJICHHBIC MCTOABI I1OJI
Bozika. [IpumeHenne a30THON KuCnoThl. Cou a30THOM KUCIIOTHI, IPOIYKTHI UX TEPMUUYECKOTO PA3I0KEHNUS. £
16. Kucnoponacoaepxkainue Kuciaotel Gocdopa u ux conmn. PochopHoBaTHCTAS KUCIOTA U TUTTOHOCPHHTHI. ¢
Mera-, qu(tupo-)- u nonudocdopupie KUCIOTH U ux comu. OprodochopHas kuciora u ee comu. Ctpoe
OCHOBHOCTH ¥ OKHCJIMTEIIPHO-BOCCTAHOBHUTEIbHBIE CBOMCTBA. [lomydenne oprodocdopHoit kucinotel. Ee mpr
17. ®opdopusie ynodbpenus. IIpocroii cynepdocdar. JIBoitnoit cynepdocdar. Ipermunurar. Pochoputh:
Ammodoc. Azodocka.
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18. Oxcunpl, ranoreHuabl U cynbhuasl Gochopa, MbIIIbsIKA, CypbMbl U BUCMYTa: OCOOCHHOCTH CTPOCHH:
I1eJI09aM, MPUHLIUIBI orydeHust. OcOOeHHOCTH THAPOIN3a TajJoreHuaoB. [anorenuas! azora. Xmopuasl ¢
Oxcoxnopunst. Oxcoxyopua azora. Oxcorpuxiopun docdopa. Mx ruaponus. @ocHOHUTPUIXIOPHI, OC
MBIILIbSIKA U CYPbMBI.

19. Coenunenus ¢ meramiamu. Hurpunel. @ocdunsl. Apceruapl. Ctubuasl. Tunbl HUTpUA0B. OCOOEHHOCT
MBIIIbSIKA, CYpPbMBI  BUCMYyTa. TOKCHYHOCTH (hopchopa, CypbMbl, BACMYTa M UX COeTUHEHUN. [ MIpOKCHIbI
(IIT). MeTta- u oprodopmbl. KHCIO0THO-OCHOBHBIE M OKHCIIUTENIEHO-BOCCTAHOBHUTEIbHbIE CBOiicTBa. OOIIMe I
(IIL, V). Crubars! (111, V). Bucmyratsl (V). OxkcocoequHeHus BUCMYTa U cypbMbl. OCOOCHHOCTH TUIPOIIH3A

20. OO0mas xapakTepuCcTUKa 1eMeHTOB 4A noarpymnisl.. CTpoeHne IpocThIX BemiecTB. CpaBHUTENbHAS Xap:
K 00pa30BaHUIO MOJMMEPHBIX (OpM. AIIOTpONHbIE MOAU(UKAIMK yriepona u onoBa. OCOOEHHOCTH UX
NpOCTHIX BemlecTB. X peakunoHHas criocoOHOCTh. OKUCIUTENFHO-BOCCTAHOBUTENbHbIE CBOMCTBA. OTHOLN
KHMCII0TaM M 1iesiouyaM. @opMbl HAXOXKACHUS DJIEMEHTOB B Npupoe. [IpuHIuUIBI NOTy4eHHs] IPOCTHIX BEILE
VYToIb Kak TOTUIMBO U aJICOPOCHT.

21. 'mgpunet Tuna DH4. CtpoeHne Monekyll. XUMUYECKHEe CBOMCTBA. PeakiimonHas crmocoOHOCTh MeTaHa U
nosyueHus ruapuaoB. ['mapuasl Tuna OnHm. OTHOCUTENBHAS YCTOMYMBOCTh COEAMHEHUH, COAEPKAIIUX CT
1 D°3, 00pa3yeMbIX YIIepOIOM U OCTAIbHBIMH JIEMEHTAMHU.

22. Okcua yraepoaa (II). Xumudeckas cBsizp B Mosekyne ¢ nosunuii Teopuii BC u MO. I[lonyuenue. Boc
npucoenunenus. Kapoonunsr metaumoB. @ocreH. TokcnaHocTh okcuaa yraepozaa (I11). Obmactu npakTudeck:
Crpoenne mosekynbl. OTHOLIEHHE K Bojie, menovyaM. [lonyuenue. [Ipumenenre. BiusiHue yriekuciioro ra:
kucioTa u ee conu. CTpOeHHE MOJIEKYJIBI YTOJIBHOW KUCIOTHI U KapOoHaT-vioHa. CBoicTBa KUCIOTHL. Kad
kapOoHaTbl. OCOOEHHOCTH OCaXJEHHUSI TPYAHOPACTBOPUMBIX KapOOHATOB M3 BOJIHBIX PacTBOPOB. Tepmu
[Ipumenenue.

23. Oxcup kpemuus (IV), ocobennoctu ero crpoenusi, amopdHoe u kpuctaymnueckas ¢popma. Ksapi. Ksap
KpeMHUsl K BOJE, Kucioram, menoudam. llepeBox B pacTBopuMble coennHeHUs. KpeMHUEBbIE KHUCIIO
[TonukpeMuueBbie KUCIOTEL. OcobeHHOCTH X cTpoeHus. [lomydenue. 3011 U reim KpeMHUEBBIX KHCIOT. CH
Conn KpeMHUEBBIX KHCIO0T. OpTO-, M€Ta-, MOIUCUINKATBI. AJFOMOCHIUKATBI. VICKyCCTBEHHbIE CUIIMKATHI. |
crexyorkanu. [leonutel. Llement. Bsoxymue BemecTBa. Kpemuuiioprannueckue CoeIMHEHHUS.

24. Oxcupasl repmanus, onosa, ceuHua (II, IV). Ix cpaBHuTENnbHas yCTOWYMBOCTh. KHCIOTHO-OCHOBHBIE
CBOHCTBa OKCHIOB. VX OTHOILIEHHE K BOJIE, KACIOTaM, mesnoyam. OOme NpuHIUITEL TonydeHus. [uapokcy
CpaBHuUTENbHAs yCTONYMBOCTh, KUCIOTHO-OCHOBHBIE OKHCIMTEIBHO-BOCCTAHOBUTENbHBIE cBoiicTBa. Coi
OTtHOcUTENBbHAS YCTOWYUBOCTbD, TMAPOIN3YEMOCTD.

25. Coenunenus ¢ cepoil. MoHo- u nucynbduabl. Cepoyrnepon. Tuocoenunenus (KUCIOTHI U conu). Tuo
TuocoennHenus kpeMHus, repmanus, onosa. ['anorenunas! anementos (11, IV). x cpaBHuTEnbHas ycToHYn
I'anorenoxomIuiekcsl. I'ekcadTopokpeMHrEeBas KUCIOTa U e COlH. [ eKcaxIopooaoBSIHHAs KUCIOTA U €€ COr
azoroMm. lluanoBonopon. llunanoBomoponHas kuciora. I{uanuabl. LlMaHMI-MOHBI Kak JUTaHObl KOMILIEK
MIOJIyYEHUs [IMAaHUJOB TSDKENBIX METAJUIoB. [ uaponu3 unannnos. PoganoBonopon. PoranoBogopoaHast Kucr
JIMTaH/bl B KOMIIJIEKCHBIX COCAMHEHHUSX.

JlaboparopHnas pabora

Tema 5. KoMmiiekcHbIe COETHHEHUS

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM paboTe, BKIIFOUAOIINi ohopmiieHHE (3amich HAOTIONCHHH, |
BBIBOJIBI) M OTBETUTH Ha KOHTPOJIEHBIC BOIIPOCHI

KoHTpoJibHbIe BONPOCHI IS 321U THI
1. Kakue coeMHeHus ABISAIOTCSA COEAUHEHUSIMU IIEPBOTO MOPAIKA, a KAKUE — BTOPOTro?
2. Ha nmpumepe Co[(NH3)6]CI3 pacckaxxute 0 CTpyKType KOMIUIEKCHBIX COCTMHCHUIA
3. Kakoe ocHoBanue sBinsiercs 6onee cunbHbIM Cu(OH)2 mmu [Cu(NH3)4](OH)2? ITouemy?
4. OnpenenuTe CTENEHb OKUCICHUS U KOOPAMHALIMOHHOE YUCIIO KOMIUIEKCO00pa30BaTesl B CIEIYIOMIHUX KOV
Na3[Ag(S203)2], Ba[Cu(SCN)(CN)3]
5. Harmummre BbIpaskeHHE KOHCTAHThI HECTOMKOCTH KOMIUIEKCHOTO HOHA (TI0 3a/IaHuI0 TIpernoaaBatess). Yto

Tema 6. DHepreTuka XUMUYECKUX peakIni
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JlaGopaTtopnasi paGora

CryneHT MOJDKEH CcIaTh OTYET IO JIa0OpaTOpHOW paboTe, BKIIOUANOMNNA opopMiIeHHE (3amUCh HAOIIONCHI
BBIBOJIBI) M OTBETUTH Ha KOHTPOJIbHBIC BOIIPOCHI

KoHnTposbHbIC BONIPOCHI

1. Kak Ha3bIBaIOTCSl peakuuu, UAYyIIKUE C BBIJCICHUEM Telia, ¢ morionieHueM? Kakoi 3HaK UMEIOT 3HAaYCHUS
2. Ilouemy sHTaNBINS B3aUMOACUCTBUS THAPOKCUIA HATPUS C PA3IUNYHBIMYU CHJIBHBIMU KHCIIOTaMU UMEET O]l
4. Ilouemy npoliecc HEUTpaAIN3aLUK BCETIa MPOUCXOANT C BBIJIETIEHUEM TEIUIA, @ PACTBOPEHUE TBEPABIX COJIE

6. DKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO MPHU B3aUMOACUCTBUM 2,3 T HaTpus ¢ BoJaoH Bbiaensercs 14,0 x/
peakuuu.

Tema 7. CxopocTh peakiuil. XUMHYECKOE PaBHOBECHE
JlaGopaTopHasi padora

CTyneHT NOMKEeH CAaTh OTYET MO JIabopaTopHOil padoTe, BKIOYAOIMNN ohopMieHHE (3amUCh HAOIIONCHI
BBIBOJIbI) M OTBETUTH Ha KOHTPOJILHBIC BOIPOCHI

KOHTPOJ’[I)HI)IC BOIIPOCHI

1. Yto Ha3bIBalOT CKOPOCThIO xuMuueckoil peakinuu? KakoBa ee pasmepHocTh? Kak u mouemy CKOpPOCTE
KOHIIEHTpAIK Pearupyromnx BelecTB U TeMIepaTypbl?

2. Uemy paBHa KOHCTaHTa CKOPOCTH XUMUUYECKOH peakiun? KakoB Gpu3znyeckuii CMBICI 3TOW BETUYUHBI?

3. Uro Takoe 3Heprus aktuBauu? KakoBel €€ MOPSAOK U pa3MEPHOCTD?.

4. Yrto Takoe karann3? Kakue n1Be OCHOBHBIE €r0 pa3HOBUIHOCTH U3BECTHBI?

5. MoeT 1 Katajiu3aTop BIUSITH HA COCTOSTHUE XMMUYECKOTO PABHOBECHS B COOTBETCTBUU C MpuHLIUIIOM Jli
6. Kakue peakiuu Ha3pIBalOT 0OpaTUMBIMH 1 HEOOPATUMBIMU?

7. YTo Ha3bIBaIOT XUMHUUYECKUM paBHOBecueM? [loueMy oHO Ha3bIBaeTcs AMHaMuueckuM? Kakue KoHIeHTpal
paBHOBECHBIMU?

8. UTo Ha3bIBAIOT KOHCTAHTOM XMMHUYECKOTO paBHOBecus? OT KakuX ()akTOPOB OHA 3aBUCHUT?
9. Kak MOXXHO ynpaBiaTh XUMHU4YECKUM paBHOBecueM? Kakue (hakTophl BIUSIOT HA CMEIICHHE XUMHUUYECKOTO

Tema 8. PactBopbl. Teopus 37€KTPOIUTHYECKON TUCCOLMAIIAN
JlabopaTopHas padora «CBoiicTBa pacTBopoB. PactBopumocts BemecTB. [IpuroroBiieHue pactsopos
U ompe/esieHHe UX KOHIIEHTPALNID)
KoHTpoJ/ibHbIEe BONPOCHI IS 321U THI
1. JlaiiTe onpeneneHre pacTBOPY, paCTBOPUTEIIO, PACTBOPEHHOMY BEIIECTBY ?
2. JlaiiTe onpenenaeHne HaCBIILIEHHOMY, TIEPECHIIIEHHOMY pacTBopaM. Kak MOXHO MPUTOTOBUTH NEPECHIILICHH
3. O0OBsicCHUTE, KaK MPOUCXOIUT MPOIIECC PACTBOPEHUSI.
4. Kakue criocoObl BEIpaKeHHsI KOHLIEHTPAILIMN PACTBOPOB BbI 3HaeTe?
5. Yro coboit mpencrasiser apeomeTp? Kak ¢ ero moMoIso onpeneauTh MI0THOCTh pacTBoOpa?

6. B yem 3axirouaercss NpuHIMI TUTpoBaHusA? Hamuimre Bblpa)keHHE OCHOBHOM pacueTHON (GopMyssl on
TUTPOBAHUS.

7. Kak MOXKHO OIIpeeNUTh HEUTPAIBHOCTh CPEAbI?

8. UeMy paBHbI XUMHUYECKHUE SKBUBAJICHTHI TUAPOKCUIA HATPUS, COJISTHOM, YKCYCHOM M CEpHOM KUCJIOT?
JlaGopaTtopHasi paGoTa DJIeKTPOIUTHYECKAS] AUCCOLUALMSA

KonTpoabHbIe BONpOCHI /151 3aIUThI

1. Kakue SJICKTPOJIUTBI HA3bIBAIOTCSA CHUJIIBHBIMU, a4 KaKHUC — caa0bIMH? Hepe‘-II/ICHI/ITC KHCJIOTBI U OCH(
QJICKTPOJIUTAMHU.

2. Hamucatb ypaBHEHHE 3JIEKTPOJIMTUYECKON AMCCOLUALMM CIEAYIOLUIMX BELIECTB U IOKa3aTh, KOIna Mpoll
AICI3, H3PO4, Ca(OH)2, Cu(NO3)2.

3. Ilouemy B pacTBOpE MIEKTPOJIUTHI paciaatoTcs Ha MOHbI HEOINHAKOBO?

4. Kakumu pakTamMu MOKHO TTOATBEPIUTH, YTO JUCCOLUAIIMH MPOIIECC 0OPATUMBIiA?

5. KakoBa B3auMOCBSI3b MEXy TUIIOM XUMUYECKON CBSA3H U AIEKTPOIUTHUECKOM Tucconnannei?

89
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6. Kakas u3 kucnor Haubonee cuibpHas: H2S, H2Se, HCI, HJ. [louemy, orBer MotuBHpyiite. COCTaBBTE
KHUCJIOTBI.

7. CocTaBbTe CXeMy CTYNEHUYATOM IUCCOIMALIMU CEPHUCTON KHUCIOTHI. OOBACHUTE C TOYKH 3PEHHUS XI
JMCCOIMAIUS 110 BTOPOH CTYIEHb MPOUCXOIUT 3HAYUTENIBHO caaldee, YeM Mo nepBoit?

JlaGopaTopHasi padora «Peakuumn B pacTBopax 3j1eKTpoauToB. [IpousBeneHue pacTBOpUMOCTID)
KoHTpoJ/ibHbIEe BONPOCHI IS 321U THI

1. Hanummre momHBIE W KpaTKHE HOHHO-MOJICKYJSIPHBIC YpaBHEHUS PEaKIMi MEXTy: a) CepHOM KHUCT
CEPOBOJIOPOTHOM KUCIOTOW M THIAPOKCHUIOM Harpus. [loyemy kpaTkue HOHHO-MOJIEKYJSpHbIE YPaBHEHUS
OJTMHAKOBBIM TEIUIOBOU (DPEKT ITUX peaknuii HeuTpanu3zanuu? B Kakux ciaydasx MOHHO-OOMEHHas peakl
COCTOSIHUSI paBHOBECHS?

2. Onpenenute, BOBMOXHO JIM TPOTEKAHUE J10 KOHIA PEAKIIUA MEXTY:

a) TUAPOKCHUIOM aMMOHHUS U XJIOPOBOIOPOIHOM (COJISHOM) KUCIOTOM

0) cynb(darom Kaiusi 1 HUTPATOM HaTpUs

B) XJIOPUOM MEIHU U THUIPOKCHIOM Kajusi

OTBeTHl TOATBEPAMWTE 3aNUCHIO YPABHEHHM PEAKIMHA B MOJEKYISIPHOM M HMOHHO-MOJICKYJSIpHOW (opme
HE00X0qMO.

3. Uem onpenensitorcs aMmpoTepHbIe CBOMCTBA THAPOKCHAOB? UTO momyyarcst mpu pacTBopeHur aMdoTepHOr
B MOJICKYJISIPHON ¥ HOHHO-MOJIEKYJISIpHOM (hopMe peaKIK pacTBOPEHUS THAPOKCHAA IMHKA B COJITHOM KHUCIT

5. Kak Bnusier Ha paBHOBECHE B PacTBOpE JJIEKTPOJIHMTA J00aBlIEHHWE BELIECTBA, COAEPMKAILIETO OIHOY
KOHIIGHTpAIMsl MOHOB BOJOpPOJa B PAacCTBOPE YKCYCHOM KHCIOTHI NpU JOOABICHMM alerara HaTpus?
TUJIPOKCHUJI-MOHOB B PacTBOPE I'MIPOKCH]Ia aMMOHUS MTPU 10OaBICHUH

B PacTBOP XJIOpHJla aMMOHHUSA?
6. Mcnonb3ys NOHATHE O IPOU3BEJCHUN PACTBOPUMOCTH, OOBSICHUTh PACTBOPUMOCTD I'MIPOKCHU/IA IIMHKA B Ci

JlaGoparopHasi padora «I'uaposaus cosei»
KoHTpoJ/ibHBbIEe BONPOCHI /IS 321U THI

1. IIpuBenuTe nmpuMepsl paCTBOPUMBIX B BOJI€ COJIEH, Cpeda pacTBOPOB KOTOPBIX HEUTpasbHasl, KACas, I
TUIPOJIN3a B MOJIEKYISIPHOM U HOHHO-MOJIEKYJISIPHOM BH/IE.

2. IlpuBeauTte mMpuUMephl CONEH, TUAPOIU3 KOTOPHIX UJET TOJNBKO MO KaTHOHY, TOJBKO MO aHHWOHY, U IO Ka'
Hanumure ypaBHeHUs MX THIPOIN3a B MOJIEKYISIPHOM U HOHHO-MOJIEKYJISIPHOM BH/IE.

3. IlpuBenute mpuUMepsl COJEH, TUAPOIU3 KOTOPHIX BO3MOXKEH MO OAHOM, ABYM M TpeMm cTymneHam. Ham
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BH/IE.

4. HanummuTe B MOJIEKYJIIPHOM W MOHHOM BHJI€ YPaBHEHUSI COBMECTHOTO THApom3a: a) cyiabdara xpoma (11
ANIOMHUHHUS U CYTb(QHIa Kaausl.

5. Kak Bnuser mo6asnenne pactBopoB KOH, ZnCl2, Na2S, consnoit kucinotel u tBepaoro NaCl Ha ru;
YCHJIMBAET, OCJIA0ISICTCS, BIMSHUS HE HAOMI0gaeTCs).

6. [Touemy comnu, cocrosiue U3 KAaTHOHOB CUJILHOTO OCHOBAHMS U AHMOHOB CHJIBHOM KHCIJIOTHI, HE MOJBEP
npumepa.

7. Kak BBIYMCTUTH KOHCTaHTy Tuaposnm3a conu? Kakas comb mydie ruapoiusyercs: kKapOoHAT HATPHs WUJ
HaTpus Wik GTopua HaTpus (MOJIIPHBIE KOHIIEHTPAIIUH COJIEH OTMHAKOBHI)?

8. Kak BimsieT noBblllIeHUE TEMIIEpATyphl U pa30aBieHNe Ha CTETIEHb THIPOIN3a

Tema 9. OKHCIUTENBLHO-BOCCTAHOBUTEIBHBIE MPOLIECCHI
JlabopaTopHas padora «OKHUCINTEIbHO-BOCCTAHOBHUTE/IbHbIE PeaKIIUN.
KOHTpOJII)H])Ie BOIIPOCHI AJId 3AIIIUTBI
1. ﬂaﬁTe ONPCACIICHUS MOHATUAM: CTCIICHb OKUCJICHU A, OKHUCIIMTCIIb U MPOUCCC OKUCIICHUA; BOCCTAHOBUTCIIE

2. Kak cBsi3aHbI JEKTPOHHOE CTPOEHHWE aTOMOB M MOHOB C MX OKHCIIUTEIHbHO-BOCCTAHOBUTEIHLHBIMH CBOM
Cephl, a30Ta, TAJIOTCHOB.
3. MoOXeT JTi OTHO U TO K€ BEIIECTBO OBITh OKUCIUTEIEM B OJHOM PEaKIii, a BOCCTAHOBUTEJIEM — B IPYTOM'



91

4. ComocraBbTe JBa MeTOAa HAXOXKICHHUA KO3(D(UIIMEHTOB M YKa)XHTE€ OCOOCHHOCTH Ka)XJIOro W3 H
OKHCIIUTEIHHO-BOCCTAHOBUTENBHBIX KOA((PUIIMEHTOB YI0OHO UCIONIB30BATh ISl PeaKUUi, HAYIIUX B Ta30B(
HEBOJHBIX ¥ BOAHBIX pacTBOpax?

5. Ompenennrte, KakUMHU CBOMCTBAMH B OKHMCIHMTEIbHO-BOCCTAHOBUTENIBHBIX pPEAKIMIX O00JaJaroT (
OKHCIIMTEIbHBIMH, TOJIBKO BOCCTAHOBUTEIBHBIMU MM U OKMCIMTEIBHBIMH U BOocCTaHOBUTENBbHBIMU): KCr(
Na2S03, H2S04, HCl, HCIO4, CI2, HNO3, NaNO2, Fe.

JlaGopaTopHasi padora «uekTposau3. [‘aibBaHN4YecKUE JIeMEHTbI»
KoHTpoabHbIe BONPOCHI /151 3aIUTHI
1. Kaxkoii moTeHIMan Ha3bIBAETCS CTAaHIAPTHBIM MOTeHITHaIoM? OT KakuX (paKTOpOB 3aBUCUT BEJTUYHHA JJICK
2. Cpenu METAILJIOB CBUHELI, 30JI0TO, KaJIMHM, KaJIbIIMI, MEJlb YKaXKUTE:
a) B3aMMOJICHCTBYIOIIHE C COJSTHOM U pa30aBIEHHON CEPHOU KUCIOTaMU; 0) BRITECHSIOIINE HUKEIb U3 PACTB

3. BeluncnuTe 3Hau€HUE AEKTPOJHOrO MOTEHIIMAa [IMHKA, €CJIM IUHK HAaXOIUTCS B paCTBOPE CBOEH COMHU ¢
TeMIeparypa pactsopa pasHa 15 °C.

4. [IpuBeauTe NpUMeEphl METAIIOB, KOTOPbIE MOXHO MOTYUUTh 3JIEKTPOIU30M PACTBOPOB UX COJIEH.
5. KakoBa nocnenoBareabHOCTh JIEKTPOAHBIX MPOLECCOB HA KATOE U aHoJe?

6. Bomubrii pacTBOp, comeprKamifnil CMecb HUTPATOB MENIH, CBUHIIA, cepedpa, KaJlvs, IMHKA U JINTUS C OJIMHAK
AMEKTPOIN3Y. YKOKHUTE 3HAUEHHUE MOJIIPHON MAacCChI BEIIECTBA, KOTOPOE OyJeT BOCCTAaHABIMBATHLCS HA KAaTOJE

7. UeM OTIMYAIOTCS IPOLECCHI MTPH IEKTPOJIN3€E C PACTBOPUMBIMU M HEPACTBOPUMBIMU aHOJAMU?

JlaGoparopHasi padora «Koppo3usi u 3amura MeTauI0B)»
KoHTpoabHBIe BONIPOCHI 1JIs1 3aIUThI
. Kparko copmynupyiite oTaudme 3JIeKTPOXUMHUYECKON 3aIIUThI OT XMMHYECKOM.
. UeM BbI3BaHa 3JEKTPOXUMHUUYECKAs HEOAHOPOJHOCTh IOBEPXHOCTH MeTasuia?
. KakoBbI Ipy4KMHBI BO3HUKHOBEHUSI MUKpOTalbBaHonap?
. Kakue BbI 3HaeTe METO/IbI 3a1IUTHI OT KOPPO3UH?
. UTo Takoe aHOAHBIEC U KATOJHBIE 3ALUTHBIEC IOKPHITUS?
. B uem 3akmtouaercs CynHOCTb KaTOAHOMN 3alUThl METAJIJIOB?
. UTo Takoe mpoTeKTOpHas 3amura MeTaoB? Kakue MeTaibl HCIOIb3yIOTCS AJIsl IPOTEKTOPHOM 3alUThI
. Kakoii MeTasu1 pa3pyiiaercs pH 21EKTpOXUMUYECKONH KOPpO3UK B MUKporaibBaHonape: Fe unu Mg, Fe u
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. Kakue mporiecchl mporcxoasT mpu MOBPEKICHUH TOBEPXHOCTHOTO CJIOSI HUKETMPOBAHHOTO Xkele3a?

Tema 10. Bomopon. p- anementsl VII-IVA rpynn. Onementst VIIIA rpynmsl.

CTyneHT JOoJDKeH caaTh OTYET 1Mo 1JabopaTopHoil paboTe, BKIIOYarOMUil oopmiieHHE (3anKch HAOIIOACHI
MOSICHEHHS U (WJIM) OTBETHI HAa BOTIPOCHI K OMBITAM) U OTBETHTH Ha KOHTPOJIbHBIE BOMPOCHI.

JIaGoparopHast pabora «Bomopom»
KoHTposnbHbIE BOIIPOCHI.
1. OOBsICHUTH TOJIOKEHHE BOJIOpO/Ia B epuoanyeckoit cucteme 1. M. Menneneena.
2. CocTaBUTh MOJIEKYJSIPHYIO (DOPMYITY U SHEPTeTUUYECKYIO AUArpaMMy MOJIEKYJIbI
BOJIOPO/IA, TIOJIB3YSICh METOIOM MOJIEKYJISIPHBIX opoutaneid. OObSICHUTH IPOYHOCTH MOJIEKYIIBI BOIOPOA.
3. Vkazare ciocoObl OTy4YeHHs U coOupaHus BoJopoa B Jaboparopuu. Hamucars COOTBETCTBYIOIINE YpaBE
4. [lepeuncnuth (HU3HUECKHE CBONCTBA BOAOPOAA.
5. KakoBbl XuMHUY€CKHE CBOMCTBA Bogopoaa? HamucaTs COOTBETCTBYIOIIME YPABHEHUS pEaKIIUH.
JIabopatopHas padbota «Xiop u Xja0poBoaopoa. Kucnopoaasie coemuHEHUS XI0pay
KoHTposnbHbIE BOIIPOCHI.
1 1. Kak momyyarot xyiop B 1abopatopur. Hanmumunre ypaBHEHUs peakiuii.

2. OnpenenuTb, MOXKHO JIM MOJYYUTh U3 KOHIEHTPUPOBAHHOTO PACTBOpPA COJITHOM KUCIIOTHI XJIOP, UCIOIb
Pb0O2?
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3. Iloyemy ansi MOMYyYEHHUS XJIOPOBOIOPOAA CYIb(PAaTHBIM CHOCOOOM HEOOXOAMMO HCIIONB30BATH TBEPABL
pacTBoOp cepHOil kuciorsl? Hanncars ypaBHEHUE pEaKIIUU.

4. OxapaKTemeBaTb OKHCIIUTEILHO-BOCCTAaHOBUTEIbLHBIE CBOMCTBA OKCHUIOB, THAPOKCUIOB 1 coje XJiopa.

5. Kak u3MeHsI0TCS KUCIOTHBIC M OKUCIUTEIbHBIC CBOMCTBA KUCIOPOACOACPKAIINUX KUCIOT XJIopa B PAAY:
00BSICHEHHE.

6. Yka3aTh 001acTH MPUMEHEHHS KUCIOPOIHBIX COCTMHEHUN XJI0pa.

JIabopatopHas padota «bpom, HOI ¥ KX COSTUHEHHSD)

KoHTpopHBIE BOIIPOCHI.

1. Kak nonyyator 6pom u ioj B m1aboparopuu. Hanumure ypaBHEHHUS PEaKIUi.

2. PacnionoyXuTh rajoreHsl B psAJl IO YMEHBIIEHUIO UX OKUCIUTENBHOM crmocoOHOCTH. OOBSCHUTH HAaOIIOmae!
3. Hamucarp ypaBHEHHS peaKIMi, MOKA3bIBAIOLINX CXOICTBO B CBOWCTBaX OpoMa M MOfa € XJIOPOM.
4. Kak n3meHsieTcss BOCCTaHOBHUTEINIbHAsI clTocoOHOCTh U cuita kuciot B psaae HF, HCI, HBr, HI? Jlate oObsce
5. Kak nonyyaror HBr u HI? Hanucars ypaBHeHMsI peakLiuid.

6. Uem OOBSICHUTH, UTO paCTBOPUMOCTD MOJIa B BOJIC YBEIMUYUBAETCS B pucyTcTBUU K17
JIaboparopnas padora «Kucmnopon. Oxcuapl. [lepoxcuabn

KoHTpopHBIE BOIIPOCHI.

1. Hanmucarp anekTpoHHyI0 (hOpMyTy aToMa KUCIOPO/a.

2. OOBSCHUTDH CTPOEHUE MOJIEKYIbI KUCIOPOAA U TapaMarHeTH3M €ro,

UCIIONB3YS METOJ] MOJICKYJISIPHBIX OpOUTaleH.

3. CpaBHUTH HUBUYECKUE U XUMUYECKHE CBOMCTBA KUCIOPO/Ia U 030HA.

4. Kakue U3BECTHBI JAOOPaTOpHbIE CIIOCOOBI MOTyUeHHsI KHCIopoaa?

5. Kak kiaccuuuupyrorcs U KaKUMUA XMMHUYECKUMH CBOMCTBaMH 00J1a1at0T OKCH/IbI

Y TUAPOKCHUIBI METAIIJIOB U HEMETAJIOB?

6. Onucarb XUMUYECKUE CBOMCTBA BOJIbI, TIEPOKCH/IA BOJOPOA U IEPOKCUJIOB

METAJIJIOB.

Jlaboparopnas pabota«Cepa. CepoBomopoa. Cynbduasl. Kucmopoaasie CoeTMHEHUS CEPBD»
KoHTpobHBIE BOIIPOCHI.

1. Ilepeunciure M3BECTHBIE BaM MOIU(MDUKAIIMU CEPHI, KaKHe M3 HUX SBIAIOTCSA moauMopdHbiMu? Kakas
HanOoJiee yCTOWYUBOM TIPH OOBIYHBIX YCIOBUSIX?

2. Kakue XuMHUY€eCKHE CBOMCTBA MPOSBIISIET CEPa B OKMCIUTEILHO-BOCCTAaHOBUTEIIBHBIX Mponeccax? [Ipusec
3. Ha3Batb coequHEHMsI Cephbl, KOTOPhIE B XUMUYECKUX PEAKIIUSIX SIBISFOTCS:

a) TOJIbKO BOCCTAHOBUTEISIMU: 0) TOJBKO OKUCIUTEISIMHU; B) BOCCTAHOBUTENISIMUA U OKUCIIUTEISIMH.

4. IIpuBecTu MpUMEpHI CTYNIEHYATOTO U TOJTHOTO TUAPOIH3a Cyab(GUI0B MeTauioB. Hamucars ypaBHEHUS |
dopme.

5. MOXHO 1 IPUMEHSTD ISl TIOJy4EHHUSI CEpOBOIOpoa U3 CYIb(UI0B a30THYIO KHCIO0TY? OTBET 000CHO
YPaBHEHUs pEaKIuil.

6. UTo mpou30oiaeT Mpu MpOoImyCKaHWU CEPOBOOPO/IA Yepe3 pacTBop nona? Hamwucath ypaBHEHHE peakiuu. -
7. Kakue u3 nepeuncieHnbix cynbpuaos (Na2S, ZnS, AlI2S3, PbS, Cr2S3) MoryT OBITH MOTYYEHBI ITyTEM 001

8. OxapakTepu3oBarh mnoBeneHue okcuna cepsl (IV) m ero rugpokcuaa B OKUCIUTEIbHO-BOCCTAHOBHUTEM]
IIpuBecTy mpuMepbl COOTBETCTBYIOIIUX YPAaBHEHUN PEaKIUi.

9. B yem cocTout NPUHOHUIINAJIBHOC Pa3JIN4ruC B MCXaHU3MC BSaHMOHeﬁCTBHﬁ
pa30aBIeHHON M KOHIICHTPUPOBAHHOM CEPHOM KHCIIOTHI ¢ MeTaiuiamu? Hamucath
COOTBCTCTBYIOIIUC YPABHCHUA peaKLII/Iﬁ " CXCMBI IICPEXOaa JICKTPOHOB.

10. Tlouemy Henb3s MPUMEHATH CEPHYIO KUCIIOTY: a) JUIsl TToJy4eHus: okcuaa yriepoaa (IV) u3 kapbonara k
JNEUCTBUEM Ha HEE CBUHIIOM?

JlaGopatopHas paboTa «A30T U €ro BOIOPOIHbIE coennHeHus. KucaopoaHbie coeTuHeHHs a30Tay
KoHTpobHBIE BOIIPOCHI.

1. V3 xakux BEIIECTB M MPU KaKUX YCIOBUSAX TMOJTYUYarOT a30T B Jaboparopuun? Hamucats ypaBHEHUH peaKiiui
2. U3 kakuX BEIIECTB U MPHU KAaKUX YCIOBHSIX MOTY4YalOT aMMHaK B laboparopun? Hamucars ypaBHEHUS peak
3. KakuMu peakuusiMu MOKHO OXapaKTepru30BaTh XMMUYECKHE CBOMCTBAa ammuaka? Hanucars ypaBHEHHUS CO
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4. Kakue BeliecTBa NIpUMEHSIOT Ul OCylIeHUs aMmMHaka? Kakue BemecTsa, NOMIOMAOLIUE BIIAry, HEJIb3s 11|
5. I3MeHuTCS JIn KOHIEHTpalys THIPOKCHI-MOHOB B BOJJHOM pacTBOPE aMMMaKa Ipu 100aBIEHUU K HEMY X)
6. Kakum 06pa3zoM MOXKHO OTJIMYUTH XJIOPUJ aMMOHHUS OT XJIopuaa HaTpus? Hamucars ypaBHeHHE peakluu.

7. Ilepeuncnuth criocoObl nomydeHus: okcuaa azota (II), ykaszare, mpu Kakux ycCIIOBHUSX HMPOTEKAIOT peak
ypaBHEHHS.

8. KakoBbl xumuaeckue cBoricTBa okcuaa azota (IV)? Hamucare ypaBHeHue peaxiuu mexay NO2 1 BOIOH 1
9. Kakue cBOMCTBa NMPOSABISAIOT HUTPUTHI B OKUCIUTEIBHO-BOCCTAHOBUTENIBHBIX peakiusax? B kakoil cpexne
IIPUMEPEL.

10. Hanncatp ypaBHEHUS peakiyii IOJy4eHNs a30THOM KUCJIOThI U3 aMMHUaKa U yKa3aTh, IPU KAKUX yCIIOBUSA
11. Kakumu coiictBamu ob6namaer HNO3? Ot kakux ¢akToOpoB 3aBUCUT COCTAB BEIIECTB, 10 KOTOPHIX OHA B

Jlaboparopnas pabota«Docdop u ero coenunenusi. CyppMa, BUCMYT U UX COSTUHEHUSDY

KoHTpobHBIE BOIIPOCHI.

1. Tlepeuncnuth BakHEHIIME XWMHUYECKHE CBoicTBa (ocdopa. Hammcarte ypaBHEHHS peakmuii o1
JTUCTTPOTIOPITMOHUPOBaHUs pocdopa.

2. Harmucarp rpaduueckue popmyibsl okcnnoB hocdopa (I11) u (V). KakoBsr

XMMHMUYECKHE CBOMCTBA OKCUI0B? Hanucars ypaBHEHHsI peakuii CTylIEHYaToON I1ipaTalnun

okcuaa gocdopa (V).

3. Hamucatp rpaduueckue dopmynsl pochopHbIx KUCIOT: (hochopHOBAaTHCTOU, (hocopHcTOid, MeTa-, C
XapakTep XUMHUYECKUX CBS3EU, TUIl THOpUAM3ALNY, KOOpAUHAIMOHHbIE yrcaa (ochopa. Kakosa cuia u o«
KUCIIOTHI ocdopa mposIBISIOT BOCCTAHOBUTENIbHBIE CBOHCTBA?

4. Tlepeuncnuth ciocoObI momyueHus oprohochopHoit kuciaorel. Hanucars ypaBHEHUS peaKITuii.

5. KakoBo otHomienue As, Sb u Bi x Boxe, k HC1, k H2SO4 (pa36.)? late oObsicHeHHUE.

6. Harucarp ypaBHenus peakuuii As, Sb u Bi ¢ koHIieHTprpoBanabiMu pactBopamu H2SO4 n HNO3.

7. Hanmcatpb ypaBHeHUs peakuuil ruaponnsa xyaopujaa Bucmyta (I1I) u ykazars, kKak MOXKHO CMECTUThH PABHOR

JIabopartopHas paboTa«Yriepoa u ero coeAnHeHus. KpeMHuil u ero coeuHeHus»
KoHTponbHbIE BOITPOCHI.

1. IlepedncnuTh U3BECTHBIE AJUIOTPOINHBIE MOAU(HKaIUU yriepoaa. Onucars ux cpoicTa. Kak gokazars, ©
OJTHOTO U TOTO K€ 3JIEMEHTA?

2. CpaBHHUTH KHCIOTHO-OCHOBHBIE U OKHCIIMTEIbHO-BOCCTAHOBUTEIbHBIE CBOICTBA OKCUAOB ymiepoaa (!
Moutekyn. Hanucars ypaBHEHUsI COOTBETCTBYIOIIMX PEAKLIMM.

3. Kakumu cnocob6aMu MOXKHO MOJTydarh KapOOHAThl U ruapokapbonarsl? KakoBa nx TepMuYecKas MpOYHC
peaxKuuii.

4. Hanmcath B MOJIEKYJSpPHOM M MOHHOW (hopMe ypaBHEHHUS peakuuid Tuaponusa cieayrommx conei: K
OOBSICHEHHE.

5. Hamucats cxeMy paBHOBECHs, yCTaHaBJIMBAIOILErOCs B BOOHOM pacTBope okcuaa ymiepona (IV). Kakue »
pacTBope? B Kakyl0 CTOPOHY CMELIAETCsi XMMUYECKOE PAaBHOBECHE NPU MOBBIIIEHUH TEMIIEPATypbl CHUCTE
meno4u’?

6. [Touemy s otnenennst CO or CO2 cMech 3TUX Ta30B MPOITYCKAIOT YEPE3 paCTBOP IIETOUH, a HE Yepe3 BC
7. Kak Hanbosee mpoCcThIM CIIOCOOOM pa3IMuUTh KapOOHAT M CHIIMKAT?

8. Hamucarp ypaBHEHUSI peaklMii MOTYYEHUs CUIUIUIOB, okcuaa kpemHus (IV) M KpeMHHEBBIX KHCIIOT
COETUHEHUN.

JIabopatopHas pa6oTa«O0BO, CBUHEI] M UX COCAMHCHUS)

KoHTpopHBIE BOIIPOCHI.

1. Hanmucarb anekTpoHHbIE (JOPMYITBI aTOMOB a710Ba U CBUHIIA.

2. Kak nmoyty4aroT 0J0BO ¥ CBUHEI] U3 UX OKCHA0B? COCTaBUTh YpPaBHEHHUSI pEaKIMil U yKa3aTh YCIOBUS UX If
3. Hanucarp ypaBHEHUs1 peakifii B3aUMOACICTBUS 0JIOBA U CBUHIIA C COJITHOW, CEPHOM M a30THOM KHUCIOTaM



94
4. OxapakTepHu30BaTh OTHOLLIEHUE OJIOBA M CBMHLA K IienoyaM. Hanmucarh ypaBHEHUS COOTBETCTBYIOLIMX |
dopme.
5. KakoBBI KUCIIOTHO-OCHOBHBIE CBOMCTBA OKCHUJOB U TUAPOKCHUIOB OJIOBA N CBI/IHI_Ia?
[IpuBecTr mpuMepbl COOTBETCTBYIOIINX peakiuii. Hamucars ypaBHEHHs B MOJIEKYJISIPHON ¥ HOHHOH (opMe.

6. Kakyio creneHb OKUCICHUS MPOSBIISIIOT aTOMbI OJIOBa M CBUHIIA B COEAMHEHUSAX? J[aTh XapakTEpHUCTHUKY
CBOWCTB dTUX COECIUHEHUH.

Hamncars ypaBHEHUSI COOTBETCTBYIOIIUX PEAKLIAMN.

7. Kak MoxxHO 0OHapyxuTh HOHBI Sn2+ u Pb2 + , Haxomsamuecss coBMecTHO B pactBope? CocTaBUTh ypaB
MOJICKYJISIPHOW ¥ HOHHOU (popme.

Tema 11. p-Onements! IlI-rpynmel. s-Onementst I-1I rpynm.

CTyaeHT T0DKeH caTh OTYET 1O JabopaTopHOM paboTe, BKIIFOUANOIINi ohopmileHHe (3amich HAOTIONCHH, |
MOSICHEHHS U (MJIM) OTBETHI Ha BOTIPOCHI K OIMBITAM) U OTBETHTH Ha KOHTPOJIBHBIE BOTIPOCHI.

«B()p, AJIIOMUHHUIHN UX COeTUHEHHSD)

1. Hanmcarp snexkTpoHHbIe (hOpMYIbl aTOMOB O60pa 1 aymoMuHusA. Kak U3MeHsIoTcsl paAnychl aTOMOB U 110
maBHoU noarpymnmne 1 rpynmsi?

2. VI3 xakux MPpUPOIHBIX COSAMHEHHH MOTydatoT 0op 1 amoMuanii? Kakue XuMUYecKue Wi AIEKTPOXHMHIYC
Hanucarp ypaBHeHUs peakliii BOCCTAaHOBIIEHUS O0pa U3 okcuaa 00pa U cxeMy 3JIeKTPOXUMUYECKUX MPOIIEeC
AIIEKTPOTUTHUECKOM MPOU3BOJCTBE ATFOMUHUS.

3. Hamucarpe ypaBHeHUS peakiyii noixy4yeHus: Oopuaa MarHus, 1u0opaHa, okcuaa 6opa u OOPHBIX KHUCIOT. |
YCIIOBHS MTOTYYSHUS ITUX COCITUHEHUH.

4. KakoBO OTHOLIEHHE aTIOMUHUS K KUCIOPOAY, Boje, miesnouyaM? Hanucars COOTBETCTBYIOLIUE YPABHEHMSI P
5. Hammucarp ypaBHEHUs peakiyii B3aUMOACHCTBHUS aTFOMUHHMS C pa30aBICHHBIMU U KOHIICHTPUPOBAHHBIMHU [

6. KakoBbl XMMHMUYECKHE CBOMCTBAa OKCHIAa M THAPOKCHIA alioMMHMsA? Hamucarb cOOTBETCTBYOIIKE
aM(OTEepHOCTh THAPOKCHIA ATIOMHHHUS C TIO3UIUHI MTPOTOIIUTHUECKON TEOPHUH.

7. CpaBHUTH XUMHUYECKHE CBOMCTBA OOpa M aIOMUHUSA, UX OKCUJIOB U TUAPOKCUIOB. OOBSICHUTH, TOUYeMy OC
XUMUYECKUM CBOMCTBAM OTIIMYAIOTCS OT MIEMEHTOB IIaBHOU noarpymisl 11 rpynmst.

8. Kak mporekaer ruaponu3 coiei amoMUHUs, 00pa30BaHHBIX PAa3IMYHBIMH IO cuiie Kucioramu? Hamum
peaxiuii B MOJIEKYJISIpHOI U MOHHOM (hopMme.

«lenouHbIEe METAJJIBI M UX COCTUHEHUS
1. KakoBbl 0cOOEHHOCTH MeTaITMuecKoi cBsi3n? Kakue ¢pusnueckre cBOiCTBa METAIIOB €10 00YCIIOBINBAIY

2. Hamucath 3neKTpOHHBIE (OPMYINIBI aTOMOB JIUTHSI, HATpHsl, Kaius, pyounus u uesus. Kax m3aMeHsoT(
MOHM3AIMHN U XMMHYECKasi aKTUBHOCTb MPOCTHIX BEUIECTB OT JINTUS K LE3HI0?

3. OxapakTepu30BaTh OTHOIICHUE IICIIOYHBIX METANIOB K KUCIIOPOY, BOJOPOY, BOJIE U KHCIIOTaM. YeM JuT
OT IPYTUX MEI0YHBIX MeTa/IoB? JlaTh 00BsICHEHHE.

4. CpaBHUTHh (PUBHUECKHE U XUMUYECKHE CBONCTBA THUAPHUIIOB IIEIOYHBIX METAJIJIOB M BOJOPOIHBIX COE,
pasnuyue B CBOMCTBAX, UCTIOIB3YS MPEICTABICHUS O XapaKTepe XUMHUIECKOU CBSI3H.

5. Hanucarb ypaBHEHHUsI peaklMil MOJYYEHHS] OKCHUIOB MU THUIPOKCUJIOB IIEJIOYHBIX MeTauioB. Kak u3:
THAPOKCUIOB OT JUTHS K 11e3uto? JlaTh oObsicHEHHE.

6. CocTaBUTh CXEMBbI AEKTPOXMUMHUYECKHUX MPOIECCOB, MPOUCXOIAIIMX MPU IEKTPOIH3E pacIuiaBa U pac
BOCCTAHOBHTH HOH K+ mIpu moMoIyM XUMHUYECKUX peaKIuii u3 BOAHOTO pacTBopa? /laTh oObsicHEHHE.

7. OxapakTepu30BaTh CTPOCHHE KPUCTAIUIOB XJIOPUAA HATPHUS M XJIOpHIA Ie3us. YKa3aTh THUN XUMHYECKC
HaTpHs U 11e3Us, BeMUYUHBI 3PPEKTUBHBIX 3apsa0B. J[aTh 00bsICHEHHE.

8. KakoBbl ¢u3nueckne W XMMHYECKHE CBOMCTBA COJICH IIEJIOYHBIX METAIOB (pacTBOPUMOCTH, OTHO
OKHCJIUTEIbHO-BOCCTAHOBHUTEIILHBIE CBOMCTBA)?

Bepuiinii, Maruui, meJJ04H03eMJIbHbIE METAJJIbI M UX COeTUHEHUS

1. Hanucatp anekTpoHHbIe (hOPMYIIbl aTOMOB OepUILIHS, MarHus, KajabIus, CTpOHIMS U Oapus. Kak n3mens
MOHU3AINK U XUMUYECKUE CBOMCTBA 3JIEMEHTOB B IIaBHOM noarpymie Il rpymnmsr ot 6epusumms k 6apuro?
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2. OxapakTepu30BaTh KUCIOTHO-OCHOBHBIE CBOMCTBA W IMOJNy4YeHHUE TUAPOKCUAOB Oepuiivs U marHus. Han
peaKuHuii.
3. OOBSICHUTD, TTOYEMY THUIAPOKCU MArHUS PACTBOPSETCS B PacTBOpax coJied aMMOHHS U KaKHe IIEIOYH |
MOJIHOTO OCAXACHUSI HOHOB Mg2+.

4. Kakx MOXHO MNOJIYYUTb THUAPOKCHUIbI HICJIOYHO3CMCIIbHBIX MmetannoB? Hammcars YpaBHCHHA COOTBCTCT
PaCTBOPUMOCTD U CHUJIA TUAPOKCUIAOB MICJTIOYHO3CMCIIbHBIX MCTAJIJIOB OT KAJIBIIUA K 6apmo‘7

5. Kak u3mensercst paCTBOPUMOCTH B BOJIE KApOOHATOB U CyNb(ATOB IIEIOYHO3EMETbHBIX METAJUIOB OT Kallb
6. Kakne nonsl coo0maroT Bojie «kecTKoCTh»? Kak MokHO ee ycTpaHuTh? HamucaTh ypaBHEHHS] COOTBETCTB

Tema 12. d-Onements! [-VIII rpymm. f-OnemeHThI

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoil paboTe, BKIOYaromuil oopmiieHHE (3anich HAOMIOACHNUH, |
MOSICHEHHS U (WJIM) OTBETHI HAa BOTIPOCHI K OMBITAM) U OTBETHTH Ha KOHTPOJIbHBIE BOIPOCHI.

.JIaﬁopaTopHaﬂ paﬁoTa «XpOM H €ro COCaANHCHUA. MapraHeu H €ro COCANHCHUA.»

1. Kak u3mensieTcss Xumudeckasi mpupojia OKCUAOB U ruapokcuioB xpoma B psay Cr (II), Cr (IIT). Cr (VI)? [
YCIIOBHBIX 3apsIIOB M PaINyCOB HOHOB. Hamucars ypaBHEHHUs peakiuii B3aUMOICHCTBHSI THAPOKCHIA XpoMa |
MOJICKYJISIPHOW ¥ HOHHOU (popme.

2. Kakas crerieHb OKHCJIEHUS U KaKHe KOOPAMHAIUOHHBIC YUCJIa XapaKTCPHbI IJIs XpOM@.-KOMHHGKCOOGpEBOB
KOMIIJICKCHBIX COG,III/IHGHI/Iﬁ Xpoma.

3. KakoBbI ycrioBHs CyIIECTBOBaHHS B PACTBOPE XPOMATOB U TuXpoMaroB? OOBSCHUTH M HaNMCATh YPaBHEH
JIUXPOMATHI M 00paTHO.

4. Kakue cporictBa nposiBisitoT coenunenust Cr (I1II) u Cr (VI) B okuciauTenbHO- BOCCTAHOBUTEIbHBIX PEAKIIF
atH npouecchl? IIpuBectu npumepsl. Hanucars COOTBETCTBYIOIUE YPAaBHEHUS PEAKIIUMI.

5. Kak neficTByIOT Ha Mapraner| paz0asieHHbIe U KOHIIeHTpupoBaHHble pacTBopsl HCl, H2SO4 u HNO3 Ha »
YPaBHEHUs pEaKIuil.

6. Kak nosy4arot okcuzabl 1 ruipokcuibl Mapranua? Hanucars ypaBHeHus peakiuil. OTMETUTh, KAKUE U3 HY
7. YKa3aTh, Kak ¢ pOCTOM CTENEHU OKUCIICHUSI MapraHia U3MEHSETCS] XUMUYECKUI

XapakTep ero OKCHIOB ¥ TUAPOKCUIOB. JlaTh 0ObsICHEHHE.

8. Kakue cBoiCTBa B OKUCIUTEIHLHO-BOCCTAHOBUTEIIBHBIX PEAKITUAX MPOSABISIOT coequHenus Mn (11)? Harmm
cpene Hanbosiee yCTOWYUBHI 3TH coeauHenus? [IpuBecTy mpuMepsl.

9. Kakue BemectBa 00pa3yrorcst mpu Bzaumozaeiicteun MnO2 ¢ korneatpupoanabiMu HCl 1 H2SO4 u npu
CBOMCTBA B ATUX peakiusax mnposieisier MnO2? Hanucare ypaBHEHUST peaKkIuid.

10. Kak nony4arot coenqunenus maprania (VI)? Hanucars ypaBHeHUs peakumii. KakoBa yCTOMYHUBOCTD 3THX

11. OT Kakux (aKTOPOB 3aBUCHUT COCTAB MPOTYKTOB BOCCTAHOBJICHUS IIEPMAHTaHATa KaJIHsl, €CIIM PeaKIus M|
YPaBHEHUs pEaKIUil.

JlaGopaTopHasi padora «Kese30, K00AJIbT, HUKEJIb U UX COCTUHEHUD)

1. Hantucarp anekTpoHHbBIE (OPMYITBI aTOMOB XKele3a, KoOanbTa U HUKEIS.

2. Kakue cTeneHM OKHMCIICHHS U3BECTHBI I JKeyesa, koOansTa u Hukens? Kakue u3

HUX HanOoJee XapaKTepHBI I KXKIOT0 U3 ATHX IIEMEHTOB?

3. Kak B 1abopaTopHBIX yCIOBUSX MOJyYaroT jkene30? Kakue yist 3Toro nmpuMeHstoT BocctanoButenu? Ham
4. OOBSCHUTH, B KAKOM citydae OyzeT ObIcTpee pa3pylaThes sKeIe3HbIi 0Opa3ell: a) OH He CONPHKACAETCS C 1
¢ HeH B KOHTakTe. Hanucars ypaBHeHMs peakuuil. J[aTk cXxeMy KOPpPO3UH XKejle3a B KOHTAKTe ¢ MEZbIO, YUUTE
ANEKTPOXUMHUUYECKOM PSTY HAMPSIKEHUNH METAJIJIOB.

5. Kak oTHOCSTCS Kene30, KoOAIBT M HUKEIh K pPa30aBiIeHHBIM M KOHIIEHTpUPOBaHHBIM pacTBopam HCI, H2S
HarpeBaHuu? HamucaTth ypaBHEHHS peaKIui.

6. Kax moxxao nmosmyunth okcuibl ¥ rugapokcuabl Fe (), Co (II) u Ni (II)? Hammucars ypaBuenus peakmuii. Cj
METaJJIOB K KUCJIOpOoAy Bo3ayxa. Hamucars ypaBHEHUS peakiiuil.

7. Kax momy4arot okcuabl 1 runpokcuasl Fe (I11), Co (I1I) u Ni (IIT)? Harucare ypaBHeHus peakmuii. CpaBHi
3TUX MeTauioB. Hamucare ypaBHEHUs peakiuid.

8. OxapakTepu30BaTh CBOWCTBA COJICH Kejie3a, KoOalbTa U HUKENS (IIBET, paCTBOPUMOCTH B BOJIE, THAPOJIN3,



96

9. Kakue coiictBa nposisitoT coenunenus Fe (II), Fe (II1) u Fe (VI) B okucinutenbHO-BOCCTAHOBUTEIBHBIX
k coenunenusMm Fe (I1) u Fe (VI)? Hanmcars ypaBHEHUS peaKITuii.

10. OxapakTepu30BaTh Keie30, KOOAIBT U HUKEIb KaK KOMIIEeKcooOpa3oBaTenu (yKa3arh KOOpAUHAIIMOHHOE
Hanucare ypaBHeHUs peakiinii 00pa3oBaHUs HAanOO0JIee YCTONYUBBIX KOMIUIEKCHBIX COSTUHEHUH ISl KaXKI0!]

JlaGoparTopHuasi padora «Menb, cepedpo. Llunk kagMuii»

Menb. Cepedpo

1. Harucatp anexTpoHHbBIE (hOPMYIIBI aTOMOB MEH, cepedpa u 30J10Ta.

2. Kakyto creneHb OKHCICHUS TPOSIBISIFOT aTOMBI MEIH, cepedpa u 30510Ta B

coenuaeHmsaX? Jlath oObsicunenue. [IpuBecTu npumMepsl.

3. B yem 3akirodaeTcsi CXOACTBO U OTIIMYHE YIEKTPOHHBIX CTPYKTYD U

XUMHUYECKHX CBOMCTB METAJIOB MOATPYIIBI MEIU U IIEIOYHBIX MeTauioB? J[aTh 0ObsCHEHNE.
CpaBHUTH H3MEHEHHE BOCCTAHOBUTEILHOW aKTUBHOCTH METAIJLIOB IT TJIABHOM U

mo6o4HoM nmoarpymnmax I rpymmel nepuogudeckoit cuctemsl 1. V1. MeHneneeBa ¢ yBennueHueM
3apsJI0B sAJIep aTOMOB.

4. KaxoBO OTHOIIIEHHE MEU U cepedpa K COJISTHOM, CEPHOU M a30THON KHUCIIOTaM

pa3IMYHON KOHIICHTPAIIMU Ha XOJIO/e U Ipu HarpeBanuu? Hamucats ypaBHEHUS

peaKuuii.

5. KucnorHo-ocHOBHBIE CBOMCTBA OKCHI0OB U TuapokcuaoB meau (I u II), cepebpa

(I) m 30mota (I u III). Hanmucate ypaBHEHUS peakiiuii B MOJICKYISIPHOM U HOHHOM (opMax.

6. Kakrie koopIMHAIIMOHHBIE YMCIIa XapaKTePHBI A MeIH, cepedpa U 30JI0Ta B

KOMIUIEKCHBIX coequHeHusx? [IpuBectu npumepsl. Hanucats ypaBHEHUS peakiuii MOTy4YeHUs
KOMITJIEKCHBIX COSAMHEHUN MEIH U cepedpa.

7. OKUCIUTEBHO-BOCCTAHOBHUTEbHBIE CBOMCTBA coenunennit menu (I u 11), cepedpa

(I) u 30mota (I u III). [IpuBecT npumepsl.

nak, KAAMUN 1 UX COTUHEHUSD)
1. Harmucatp snexTpoHHbIe (hOPMYITBI aTOMOB ITUHKA, KaIMUS U PTYTH.

2. lluHK ¥ KaAMHMH B JIEKTPOXMMUYECKOM Py HAIPsDKEHUN METAJUIOB PACIIONIOKEHBI JieBee Bogopoza. 1l
OHHU HE BBITECHSIOT BOJOPOJ U3 BOJBI?

4. Hantucatb ypaBHEHMs peakLUii B3aUMOJIEHCTBUS LIMHKA C KUCJIOTAMHU-OKUCIUTEISIMHU.
5. Onucarp CBOMCTBA TMAPOKCUIOB IMHKA, KaAMUS U pTYTH. Hanucarb ypaBHEHUs peakidii B MOJICKYJISIPHOL
6. Kak 13 HUTpaTa LMHKA NOJyYUTh THAPOKCOLMHKAT Kanusa? Hanucars ypaBHEHUS peakliuii B MOJIEKYJISIPHO

7. Hanucatpb ypaBuenue peakiuu B3ammozeicteus Cd(OH)2? ¢ NH4CI, umes B By, 9TO B pe3yJsibTaTe
COCIIMHEHHUE.

PabGora Ha ceMunape

Tema 2. CtpoeHue atoma
YerHblit onpoc (padora Ha ceMuHape)
1. PasButue npencraBnenuii o crpoenun aroma. Pagnoakrusaocts. Monenu aroma 3.Pesepdopaa
HEI0CTaTKH.
2. JIBOMCTBEHHBIN XapakTep U3JIyueHHs U dJeMeHTapHbIX yacTuil. O0bsicHenue Gpotorddexra. Bo.
HEOIPEECIICHHOCTH.
3. Omnucanue cOCTOSHUS AJIEKTPOHA B aTOME BOJTHOBBIM ypaBHEHHEM. DJeKTpoHHOe obnako. Croc
IUIOTHOCTH. [ paHN4Hasi MOBEPXHOCTD.
4. Kakue xapakTeprCcTHKH 3J€KTPOHA U AIEKTPOHHON OpOUTAIN B aTOME OTPaXKaeT IIIaBHOE KBAHT
ANIEKTPOHHYIO KOHPUTYpaIuio aroma 30510Ta. OOBSICHUTE aHOMAJIMIO CTPOEHUS €70 BHEITHETO AIIEKTPOHHOTO
CTPYKTYpP OTHOCHTCS 30710T0? Kakoe KOJIMYECTBO JIEKTPOHOB B aTOME 30J10Ta XapaKTEPU3YETCS KaXKIbIM U3 3
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5. Kakue xapakTeprCcTHKH 3J€KTPOHA U AJIEKTPOHHON OpOUTAIM B aTOME OTpa)kaeT OpOUTAIBHOE
MOXET NpUHUMATH 1? 3anummmre 371eKTPOHHYIO KOH(PUTYyparnio aToMa CypbMbl. CKOJIBKO UMEETCS DIICKTPOHO
1? K kakoMy TUIy 3JIEKTPOHHBIX CTPYKTYpP OTHOCUTCS CypbMa? YKa)KUTE BaJICHTHBIE AEKTPOHBI €€ aroMa. /1
3HAYEHUS BCEX KBAHTOBBIX YHMCEIL.
6. Kakue xapakreprCcTHKH 3J€KTPOHA U AIEKTPOHHON OpOUTAIN B aTOME OTPaKaeT MarHUTHOE KBk
MOXET IPUHUMATh M? 3aNHIIUTE HIEKTPOHHYIO KOHPUTYpaIiio aTroMa Kaamus. [ KaXk10ro 13 3JeKTPOHO!
YKa)KUTE 3HAYCHUS TIIABHOTO, OPOUTAIIEHOTO M MAarHUTHOTO KBAaHTOBBIX YHMCEI.
7. Kakyro nHpopManmio HeceT CIMHOBOE KBaHTOBOE yKciio? Kakue 3Ha4eHus: OHO TPUHUMAET?
8. B yem 3akimouaercs npasuiio Xynna? [Ipusenute rpaduueckue cXeMbl pacpeieIeHus IEKTPC
(opOuTaisiMm) B HeBO30YXIEHHBIX aTOMax MapraHiia ¥ MbIIbsKa. YeMy paBHa CyMMa CIIMHOB 3JICKTPOHOB B K
KBAHTOBBIX SYEEK HA BHELTHEM 2JIEKTPOHHOM YPOBHE Ka)KJ10TO U3 HUX?
0. B dem 3akmtouaercs npuHiui [Taynu? Kakoe MakcMManbHOE YHCIIO JIEKTPOHOB MOTYT COAEPK:
4d, 4 f; 6) yeTBepTHIA KBAHTOBBIN ypoBeHB? [Touemy?
10. Chopmynupytite mpaBuio KineukoBckoro. PacmonoxuTe B mopsiike BO3pacTaHUs YHEPTUH TTOYPOBHH 4 (

Tewma 3. Tlepuoguveckuii 3akoH. [lepnonnueckue GyHKIIUN
YcrHbIi onipoc
1. IlpuBenute coBpemeHHYIO (hopmymupoBKy [lepuomanueckoro 3akona. OOBsSCHUTE, MOYEMY MEPBONPUIHE
s]ipa aToMa >JI€MEeHTa, a He aTOMHasl Macca HJIM MacCOBOE YUCJIO.
2. Yto Ha3bIBAETCS SHEPrUe MOHU3AIMU U TOTEHIHAIOM HoHM3auu? Kak u3MeHsercs nepBbiil MOTEHIIAAI
[0 TPyHIe C yBeIMYEHUEM HMX MOopsAKoBoro Homepa? Kak HM3MEHSAIOTCS BOCCTAHOBHUTENbHbBIE CBOMCTBA 3
[IpuBennuTe 060CHOBaHHBIE OTBETHI.
3. UTo Ha3bIBae€TCSl SHEPTUEH CPOJICTBA K ANEKTPOHY U AMEKTPOOTPULIATENLHOCTHIO? Kak u3MeHsIeTCs AIIeKTL
Ipynmne ¢ yBEJIWYEHUEM MOPSAKOBOrO HoMepa anieMeHTa? OKHUCIUTENbHBIE CBOMCTBAa KaKOTO M3 3JIEMEHT
BbIpakeHbI cuiibHee? [IpuBennTe 000CHOBaHHBIE OTBETHI.
4. KaxkoBbI 1J15 S U P -3JIEMEHTOB OJJTHOTO MEepPHOAa TEHACHIIMH U3MEHEHHsI pajilyca aTOMOB, SHEPTUH HOHH3a
AIIEKTPOOTPULIATEILHOCTH C YBEIMYEHUEM MOPSAIKOBOro HoMmepa snemMeHTa? Kak W3MEHSIOTCSI OKUCIUTENbE
aTOMOB 3JIEMEHTOB TPETHETO Meproa OT HaTpus K xjopy? [louemy?
5. Kakoif U3 ByX CpaBHHBAaE€MBIX JJIEMEHTOB 00J1a/1aeT 00iee BRIPAKEHHBIMU METAUTUIECKUMHU CBOMCTBAMU:
VI MBIIIBSIK; B) BACMYT WIX MBIIIbAK? [Touemy?
6. Kakue BbIcIINE CTENIEHU OKUCIICHUS MPOSBISAIOT 3IE€MEHTHI TpeThero nepuojaa Ilepuoauueckoit cuctemst: |
OKCHUJIOB U TUJPOKCHUJIOB ITUX JIEMEHTOB B BBICIIECH cTeTeHH OKKciieHus. Kak u3MeHst0TCs 1o Nepuoy ¢ yB
AJIEMEHTOB KHUCJIOTHO-OCHOBHBIE CBOMCTBA UX OKCHJIOB U TUAPOKCUI0B? [Touemy?
7. Kak u3MeHSAI0TCA KHUCJIOTHO-OCHOBHBIE CBOMCTBAa OKCHJOB M THIIPOKCHUIIOB AJIeMEHTOB Tpymmbl 2 [leg
MOJIEKYJISIPHOE U HOHHO-MOJIEKYJISIPHOE YpaBHEHUS, WITIOCTPUPYIOIIKe aM(OTEepHOCTh THAPOKCH 1A OSPUILITE
8. Kakue BpicuINe W HU3IIME CTENIEHU OKUCIICHUS MPOSBISIIOT JIEMEHTHI TpeTbero nepuoaa Ilepuoanuecko
MIPUMEpBI, 3aMUIIUTEe (GOPMYIBI COOTBETCTBYIOLINX BellecTB. Kak H3MEHSIOTCS OKUCIUTEIHHO-BOCCTAHOBHTY
stoMm psiay? [louemy?
9. Kakoii u3 IByX CpaBHUBAaEMBIX TUJPOKCUIOB sIBIIsIeTCsl Oosee cunbHbIM ocHOBanueM: a) LiIOH wiu KOH;
win Zn(OH)2? [Touemy?
10. Kakue creneHu OKHCICHHS MPOSBILET XpoM? 3anumure (GopMynbl €ro OKCHIOB U THIPOKCHIIOB.
KHCJIOTHO-OCHOBHBIE CBOMCTBA C BO3PACTAHUEM CTETIEHH OKUCIEHHs XpoMma? C KaKUMU CTENIEHSIMH OKUCIICH!
CBOWMCTBA: a) TOJILKO OKUCIIUTENBHBIE; 0) TOIBKO BOCCTAHOBHUTEIHHBIC; B) KAK OKHCIUTEIBLHBIEC, TAK U BOCCTE
COOTBETCTBYIOLIUX BELIECTB.

Tema 4. XuMnueckast CBA3b. MeXMOIEKYISIPHOE B3aMMOICHCTBHE

1. OcHOBHBIE XapaKTEPUCTUKN XMMHUUECKOH CBSI3U: AJIMHA, SHEPIUsl, HAIPABIEHHOCTD, IOJSIPHOCTD U MOJIAPY
UX KpaTKasl XapaKTepUCTHUKA.

2. OcHOBHBIE TIOJIOKEHHS MeTO/1a BasleHTHBIX cBsizell (BC). Mi3meHeHnue sHepruu npu 00pa3oBaHUM CBS3H.

3. OOBsicCHEHHE HACKIIIAEMOCTH KOBaJIEHTHOM CBsi3H. KparHOCTh cBs3u. JIOHOPHO-aKIIENTOPHBIM MEXaHU3M O
4. HanpaBieHHOCTbh KOBAJIGHTHOH CBSI3H. S-, p- U d-CUMMETpHS NIEPEKPHIBAHUSL.

5. 'mOpuan3zanust arToMHBIX opOuTaneil. CBA3b MEXAY CTPYKTYPOUH MOJIEKYJ U TUIIOM THOPHUIA3AITHH.
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6. BajleHTHOCTh XUMHUECKHUX 3JIEMEHTOB. Pa3BUTHE MOHATHUS BaleHTHOCTH. PaznuyHble TPAaKTOBKH BaJICHTHC
BC. BaneHntHOCT® s, p, d, f- anemenToB. [locTosiHHAs 1 mepeMeHHAast BalleHTHOCTh. [loHsSITHE O BaIEHTHOM U ¥
BanenTHOCTh M CTEIICHb OKUCIICHUS.

7. Henoctarku metona BC u ocHOBHEBIE mTooxkeHUs MeToga MO.

8. Tunst MO. IlocnenoBaTenbHOCTh YBEIHMUSHHS YHEPTUU MOJIEKYISIPHBIX opOuTaneil. KpaTHOCTH cBsA3HM ¢ 11C
9. O0bsicuenue cBoicTB Monekyn H2+, H2, He2+ u He2.

10. CoiictBa monekyn Li2, Be2, N2, N2+, 02+, O2 u F2 Ha 0CHOBE UX DIIEKTPOHHOTO CTPOCHHS.

11. Ceoticta monekyn CO (B cpaBuenuu ¢ N2), NO (B cpaBHernn ¢ NO+ u NO-) u CN- (B cpaBHeHuu ¢ CN
12. TlonsipHOCTH U MOJIAPU3YEMOCTD CBA3U. JIUMONBHBIM MOMEHT CBSA3U M MOJIEKYJIbI B IIEJIOM. DJIEKTPOOTPHUI

13. Jlokanu3oBaHHBIE W EJIOKAIN30BAHHBIE CBSI3U. TpeXx- U MHOTOLIEHTPOBBIE CBA3U. Jlenmokamuzanus 3¢
Oenszomna, rpadute, MoHaX Kuciaopoxacoaepxammx Heopranmdeckux kuciot (KHK). IlpoctpanctBenHas
Kuciopozacoaepxkamux Monekya u nonos KHK.

14. Nonnas cBs3b. CTpoeHHE U CBOMCTBA MOHHBIX coeqrHEeHUH. CTeneHb HOHHOCTHU CBSI3U KakK (DYHKIUS P
D¢ dexTuBHBIE 3apsIbl AaTOMOB U CTETIEHb HOHHOCTH CBSI3H.

15. Meranmnuueckas cBsi3b. Bonoponnas cBsa3b. MexmonekynspHsle cuibl Ban-aep-Baanbsca. 3aBUCHMOCTE
XapaKTepa MEeKMOJIEKYIISIPHOTO B3aUMOICUCTBUS.

Pelnenue 3anau

Tema 8. PactBopbl. Teopus 31eKTpOMUTHYECKON TUCCOLMAIIUN
KonTpoabnas padora

I. Breraucnuts: a) MaccoByto 1oio (o, %), 6) monspayto (CM),
B) skBHuBaJieHTHYIO (CH) KoHeHTpanuu pactBopa CaCl2, momyueHHOro npu

pactBopenuu 20 r conu CaCl2 B 80 ma H20. [TnotHOCTH monrydeHHoro pactBopa 1,178 r/cm3.
2. BbIYHCIUTH HOHHYIO CHJTY YJIEKTPOJIUTA U AKTHBHOCTH HOHOB

B pacTtBope, conepxkarniem 0,01 mons/im MgSO4 u 0,01 mons/n MgCl2.
3. OnuHakoBa i KoHIeHTpauust noHoB H+ B pactBopax HCl

CH3COOH, ecau ux mMoisipHas KOHLIEHTpalus oAuHaKkoBa 1 pasHa 0, 1

MOJIB/11?

4. OO0pa3yeTcs 11 0CaA0K IPU CMELIMBAHUN HACBHIILIEHHOTO pacTBOpa Cyab(ara Kalblus C paBHBIN

KoHIIeHTparmei xmopunaa crpormus 0,001 monb/n (Lp(CaS04) =2,5-10-5, Lp(SrSO4) = 3,
Tema 11. p-Onements! llI-rpynmel. s-Onements! I-11 rpynm.

IIpumepl

1. lnutenpHO XpaHuBLIHiics B 1aboparopun pactBop KOH HeirpanuzoBanu cepHoii kucnoroil. [Ipu stom H
570 ra3z? Kak MO)XHO OOBSICHUTB 3TO MOSBICHUE?

2. IIpu obpaboTke 7,6 T cMECH TUAPUAOB HATPUS U KaldHs BBLACTWIOCH 5,6 1 rasza (H.y.). Onpenenure wm:
UCXOJHOU CMECH.

3. BbluucauTh HOPMAJIbHOCTH COJITHOM KHMCIIOTHI, eciau Ha peakuuto ¢ 0,19062r Na2B40O7 10H20 uszpacxc
KHCJIOTHI.

4. Omnpenennure Kakoe KOJIMYECTBO AJTIOMHMHHUS MOXKHO MONyduTh U3 1 TOOKcuTa, copepskariero 60% okce
BBIXOJICOCTaBIsIET 98% OT TeopeTHueckn BO3MOKHOTO. Kakoit 00beM KucIopoaa mpuITOM BBIIETUTCS?

5. Paccuntars DGO peakuiuy BOCCTAaHOBJIEHMSI AIFOMUHUEM METAIIOB U3 cieayrommx okcunos: FeO. Fe304,
UX NPOTEKAaHUs IIPU CTaHJAPTHBIX YCIOBHSIX.
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npumep 2
1. UmeeTcs St cMecH cosieil HUTPAaTa Kajaus U xJopuaa kaaus. [lpu geiictBum HUTpara cepedpa
BbINaJ0 1.51 ocaaka. OnpenesmTh COCTAB UCXOAHOM cMecH B Y%o.

1 2. Bona obnagaetr HekapOOHATHOM JKECTKOCTBIO: COAEPKUT cyabdaT kanplus (MaccoBas aoist 0,02%) u
o0beM 15%-Horo kapOonara Hatpus (r = 1,16r/Mi1) Hago 106aBUTH K Takol Boje o0bemoM 100 i1 1st y«
)ecTtkocTr? [110THOCTD BOABI IPUHSATH paBHOM 1 T/MII.

3. Hanumure YPaBHCHUA aHOAHLIX U KaTOAHLIX IMPOLECCCOB, IMPOTCKAIOIIHUX IIPU 3JICKTPOJINU3C:
a) pacmaBaCaCl2, pactBopa Ca(NO3)2.

4. cMech alOMUHMS C CYNb(UIOM aTIOMHUHUS pa3feiiv Ha 2 paBHbIe YacT. [Ipyu BHECEHUU OHOW U3 HU
(n.y.). [Ipy BHeCeHUM qpyroi 4acTH CMECH B PACTBOP COJISTHOM KUCIIOTHI, B3ATOW B U30BITKE, BBIIEINUIOCH 1,3
Maccy UCXOJHOM CMECU U MacCCOBBIE JIOJIA BELIECTB B HEH.

5. JIns mogKOpMKH KOMHATHBIX paCTeHHUH MCIONB3YETCsl pacTBOp, B 1 mMi1 kotoporo comepxkutcs 5 10-4 r 60
Hatpus (Oypbl), HeOOXOAMMYTO AJis mpuroToBiieHust 10 11 pacTBoOpa.

4.3 TIpomexxyTouHas aTTecTalus M0 AUCIUILINHE IPOBOAUTCS B OopME IK3aMeHa

Tunosbie Bonpockl 3k3amena (OIIK-1, OIIK-6)

1. Bonopox: pactipocTpaHneHue B pUPOI€, U3OTOMHBIM COCTaB, MOJI0KEHUE B IEPUOANYECKON CUCTEM
U XUMHUYECKHE CBOICTBA, TPUMEHEHHUE.
2. bunaphbie coequHeHNs BOAOPOAA: MOHHBIE THIPHU/IbI, METAJUIONOJ00HBIE THAPUIbI, KOBAJIEHTHBIE T

XUMHUYECKHX U MEKMOJIEKYIISIPHBIX CBsI3€H, 0COOEHHOCTH (PU3NYECKUX CBOMCTB BOJIbI IO CPABHEHUIO C BOO]
XUMHUYECKHE CBOMCTBaA. Tskenas Boga. MeTonbl OUMCTKHA MPUPOAHOUN BOJIBI.

3. BnaropoaHbie ra3pl: HCTOPUS OTKPHITHS, (PU3NUECKHE U XUMUYECKHE CBOWCTBA, puMeHeHue. Coex
IIOJIy4YeHHUE, CBOMCTBA, IPUMEHEHHUE.

4. OO1m1ast XxapaKTepUCTHKA aTOMOB M ITPOCTHIX BELIECTB raJIOreHOB. BaxkHel e npupoHbIe COeTUHE
CBOOOIHBIX TajoreHoB. PU3NUECKHe U XUMHUECKUE CBOMCTBA raoreHoB. [Ipumenenue. OCOOEHHOCTH XMMH
KHCJIOTBI: TIOJIy4€HHE, CBOMCTBA, NpUMeHeHne. Kparkas xapakTepucTrKa BaXKHEMIINX raJOoreHU10B METAILIO0
5. Oxcupl, KUCIOPOACOAEpKAIUEe KUCIOTHI XJIopa, OpoMa U Moa U UX COJIU: IOTyYeHUE, KUCIOTHBIE
OKHCJIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA, MPAKTUYECKOE UCIIONb30BaHue. IHTepragouiHbie COeTMHEHH
6. OO0m1as xapakTepuCTUKa AIEMEHTOB OA MOArpyIbl. BaxxHel e mpupoIHbIe COSTMHEHUSI XaIbKOT
MPOCTBIX BEMIECTB PA3IMYHBIX aJUIOTPOIHBIX GopM. Kucmopoa: xumuueckas cBs3b ¢ mo3uiuii metooB BC 1
MoJTyueHusi, pU3NYecKre U XuMHUYecKre CBOMCTBa, mpuMeHeHne. OKCHUbl: Kiaccuukamms, METOAbl OTyYe:
nepokcuabl MeTauioB. O30H.

7. Cepa: annotponus, HaX0XKICHHUE B IPUPOJIE, MOTyYEHHE B CBOOOAHOM COCTOSHUU, GPUZUYECKUE U X
Bonopoansie coeanHEeHNs cephl, CEJIeHa U TeJUTypa: MOJIy4eHHue, yCTOMUYNBOCTh, (PU3UOJIOTHUYECKOE AEHCTBUE
OKHCJIUTETbHO-BOCCTAHOBUTENbHBIE CBOMCTBA. Cynb(QUAbI U MOIUCYTb(PUABI METAIIIOB.

8. CoenuHenus cepsl, celieHa u tetypa (+4) (OKCHAbl, KUCIOTHI U UX COJIH): MOTYYEHUE, XUMHUYECKHU!
nepexoie OT cepsl K Teyutypy. TuocepHas kucinota u Tuocynbdarel. CoeAMHEHUS Cephl, CelieHa U Telutypa (+
BHYTPEHHEE CTPOCHHE, AJTIOTPOMUS CEPHOTO aHTUAPH/IA, TOJTyUSHHE, CBOMCTBA U MPAKTUYECKOE 3HAYCHUE.
9. CepHas KHCJI0Ta: CTPOEHUE MOJIEKYIIbI, METO/bI TPOMBIIIIIEHHOTO MOTYYeHHsI, CBO HICTBAa KOHLIEHTP
KkucJIoThl. OneyM u mupocepHas kuciaora. Kparkast xapaktepucTika BaxxHeH X cyabdaroB. Haacepnas kuc
OKHCJIUTENIbHbIE CBOWCTBA, CTPOEHUE MOJIEKYIL. [10JMTHOHOBBIE KUCTOTHI.

10. OO01m1ast xapakTepuCTHKA IEMEHTOB SA noarpymnmnsl. CTpoeHne NpocThIX BemecTB. CpaBHUTENbHAS 2
CKIIOHHOCTH K 00pa30BaHUIO OJUMEPHBIX (hOpM. A30T: XMMHYECKasl CBSI3b B MOJIEKYJIE a30Ta, pEaKIIMOHHAS
aromapHoi popmax, pu3uvecKue 1 XUMUIECKUE CBOWCTBA, MOTyYeHHE U IpuMeHeHne. Dukcanus a3oTa u3
11. AMMMaK: CTpOEHHE MOJICKYJI, TEPMOJMHAMUKA U TEXHOJIOTHS MPOMBIIIIJICHHOTO CHHTE3a, 00IACTH TP
3aMeleHus U okuciieHus. Coau aMMOHMSI. AMMUHOKOMIUIEKCHI. JKHUJIKUM aMMHUaK Kak pacTBOpUTENb. M3Men
CBOICTB B psiJly aMMHaK-BUCMYTHH (TEMIIEpaTyp IUIABJICHUS U KUIICHUS, TS PMUUECKON yCTOWYMBOCTH, PacTB
MIPUCOCTUHEHMSI, BOCCTAHOBUTEIHHBIX CBOMCTB).

12. ['mapa3vH, THAPOKCUIIAMHUH M a30THCTOBOIOPOIHAS KHCIIOTA: CTPOCHHE MOJIEKYJI, METOBI MOTYyICHU
OKHCJIUTEIPHO-BOCTAHOBHUTEIIbHBIE CBOMCTBA, MPUMEHEHUE UX CAMHUX U UX MPOU3BOIHBIX.
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13. Oxkcuppl azota (I, 11, II1, IV, V): cTpoenne MoseKys, OTHOIIEHHE K BOJIE, IIeJI0UaM, OKUCIUTEIbHO-BC
MIPUHIUIIBI TOJTYYEHHUs, TOKCHYHOCTb, BIMSHUE HA OKPYKAIOIIYIO cpedy. TepMoIMHaMHKa peaKuyi CUHTE3a (
A30THCTast KUCIO0TA U HUTPUTHI: CTPOCHUE MOJIEKYJIbl U HUTPUT-UOHA, OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE C

14. A30THas KUCJIOTa: CTPOCHUE MOJIEKYJIbI KUCJIOTBI M HUTPAaT-HOHA, OKUCIIUTEIbHBIE CBOMCTBA KOHLICH"
a30THOM KUCIIOTHI. B3anMmozeiicTBre ¢ MeTTanaMu 1 HeMeTaliaMu. JlabopaTopHbIe ¥ POMBIIIJIEHHBIE METO]
[Hapckas Bogka. [IpumeHeHne a30THOM KUCIOTHI. A30THBIC yIOOpEHUSI.

15. Kucnoponconep:xamuie kuciaotsl pocdopa u ux conu. @ochopHoBaTUCTAS KUCIOTA U TUIIOPOCHHUTH
dochurel. Meta-, mu(nupo-)- u noaudochopHsie KUCIOTH U uX coiu. OprodochopHas KHCIOTa U €€ COJIH.
¢bocdopa, uX OCHOBHOCTH M OKUCIIUTEIIbHO-BOCCTAHOBUTEbHBIE CBOMcTBa. [lomyuenue oprohochopHOit Kuc
ynoopenus. [Ipocroii cynepdocdar. JIBoiinoii cenepdocdar. [Iperumnurar. ocdopuraas myka. CMeIIaHHbI
16. Oxcupl, TaJoreHuas! U cynbduast pocdopa, MbIIbsIKa, CYpbMbI U BUCMYTa: 0COOEHHOCTH CTPOCHU
I1eJI049aM, IPUHIHUITEI TToTydeHuss. OcoOeHHOCTH THAPOIIH3a ranoreHu1oB. ['anorenuan! azota. Xmnopuast ¢o
Coenunenus azora u pochopa ¢ meramnamu. ['unpokcuasl Mibsika, cypbmsl (111, V) u Bucmyra (I1I). Mere
Y OKHUCJIMTEIBHO-BOCCTAHOBUTENbHBIE CBOMCTBAa. OCOOEHHOCTH THAPOIIN3A COJICH CypbMbI M BUCMYTA.

17. OO01m1ast XapaKTepUCTHKA HIEMEHTOB 4A MOATrpyIbl. ['epMaHuii U ero aHAJIOTH: X PacIPOCTPAHEHUE
Coenunenus repManusi, 010Ba U cBUHIIA. CIutaBel 0J10Ba U CBUHIIA. KMCIOTHO-OCHOBHBIE U OKUCITUTEIHHO-B!
OKCHJIOB. VIX OTHOIIEHHUE K BOJE, KUCIIOTaM, menodam. OOIIie NpuHIHIG Toay4deHus. [ uapokcuasl repMan
OtHOCHUTENBHASL YCTOMYUBOCTb.

18. XUMHYEeCKHE CBOMCTBA MPOCTHIX BEHIECTB dJIEMEHTOB 4A moarpynmsl. MIX peakimonHas cCrioco0HOCT
cBoiicTBa. OTHOILIEHUS K KUCIIOPOAY, METaJIaM, BOZE, KUCJIOTaM U 1ienodam. DopMbl HAXOKIECHUS SJIEMEHTC
MPOCTHIX BellecTB. [I[puMeHeHne MPOCTHIX BEMIECTB. YTOJb KaK TOIUTUBO U aJICOPOCHT.

19. Oxkcun yrepona (I1). Xumuueckas cBsi3b B Motiekyiie ¢ mozunmii Teopuii BC u MO. [Tonyuenue. Bo«
npucoenunenus. Kapoonunsr MmeramnoB. ®ocren. Tokcuanocts okcuaa yrieposaa (I1). Obmactu mpakTuieck
20. Oxkcun yrepona (IV). Ctpoenne Monexynbl. OTHOIIEHHE K Bojie, miesnodam. [lomyuenue. [Tpumenen

OKpY’KaIOIyI0 cpefdy. YrojabHas KUcioTa u ee coiau. CTpoeHHe MOJIEKYJIbI YTOJIbHOM KUCIIOTHI M KapOOHAT-HC
TUAPOKApOOHATHI, OCHOBHBIE KapOoHaThl. OCOOEHHOCTH OCAXICHHSI TPYTHOPACTBOPUMBIX KapOOHATOB U3 BO,
yCTOMYHUBOCTH KapOoHaTOB. [I[puMeHenue.

21. Oxkcun kpemuns (IV), ocobenHocTH ero cTpoenusi, amopdHas u kpuctaundeckas ¢popma. Kpapir. K
JTUOKCUAA KPEMHUS K BOZE, KucioraM, mienodam. [lepeBoa B pactBopumble coequHeHns. KpeMHreBbIe KUCIIC
[TomukpemuueBbie kucinotbl. OcobeHHOCTH UX cTpoeHus. [lomyuenue. 30mu 1 remu KPeMHUEBBIX KUCIIOT. Cu
22. Conu kpeMHUEBBIX KUCIOT. OpTO-, METa-, HOIUCUINKATBI. AJIFOMOCUINKATHI. MICKyCCTBEHHBIE CHUIIHE
npoctoro crekia. Kpucramnmzanus crexon. Cutamibl. CTEKIIOBOJIOKHA U cTekJIOTKaHu. [{eonutel. Llement. E
23. Coenunenus yriepoaa ¢ azorom. L{uanoopopon. Llnanosogoponnas kucnora. Huanuner. Hunanua-un
coeauHeHusX. ['uaponu3 nuanuaoB. TOKCMYHOCTH HHAHOBOAOPOAA U HHaHUA0B. PonanoBogopoa. Poganoso;
Ponanu1-uoHbI Kak JIMTaHbl B KOMIJIEKCHBIX COCAMHEHUSX.

24. OO6mas xapakTepucTuka MeMeHToB 3A moarpymisl. bop: amnorponus, cBocTBa 1 mpuMeHeHHE. Bo
BopHble KUCTOTHI U UX CONTU. AJTIOMHUHUIN UETO COCIMHEHUS: pacpOCTpaHEHUE, TOTYyUYECHUE, CBOMCTBA U IPU
raJjulis U UX COCIMHEHHUS: TIOJyUYE€HHE, CBOMCTBA U IPUMEHEHNE.

25. OO01m1ast XxapaKTepUCTHKA IIEMEHTOB 2A moArpymnmnsl. bepunnuii, Maruuii, nmeno4Ho3eMelIbHbIe MeTal
pacrpocTpaHeHue B IpHUpojie, ojlyueHue u cpoiictBa. Kanbiuii u ero coequnenus. JKecTkocTh BOJIbI, €€ OIf
ueMeHT. [IpuMeHenne coeIuHEHUH AIIEMEHTOB 2A TOATPYTIIIbL.

26. OO6mas xapakrepucTuka anemMeHToB 1A moarpymmsl. [llenodnsie MeTanabl U ¥ UX COCTUHEHUS: PACIT
CBOMCTBA U IpUMEHEeHUE. [[pOMBINIEHHOE MOyYEeHNE KayCTUYECKOM COIbI M MUTHEBOU COAbl. ['Mapoaus3 con
KHCJIOT.

27. OOmras xapakTepucTka seMeHToB 1b noarpynmnel. Mens 1 ee coeiMHEHHsI: paclpoCTPaHEeHUE B TP
npuMeHeHne. Cepedpo U 30J10TO: paclpoCTpaHEHUE B IPUPOE, CBOMCTBA U MpuMeHeHune. CoeuHeH s cepe
28. OO0m1ast xapakTepucTHKa 3eMeHToB 2b noarpynmnsl. LIUHK 1 ero coemHeHNs: pacpoCcTpaHeHHe B I
npuMeHenue. Kaamuii v pTyTh: pacupocTpaHeHHE B IPUPOJIE, TOIyUEHHE, CBOMCTBA U IpuMeHeHue. Coeun
29. O6mas xapakTepucTuka neMeHToB 3b noarpymnmnsl. CKaHIMi U €ro0 COSAMHEHUS: pacpOoCTpaHEHNE
IIPUMEHEHHE.

30. CemeiicTBa TaHTAaHUIOB U aKTHHUOB. OOIIHME CBOMCTBA 31€eMEHTOB. JlaHTaHOHIHOE CKaTHe. YpaH ¥

IOJIy4CHHC, CBOMCTBA U NPUMCHCHUC.
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Tunossble 3apanns aas 3x3amena (OIIK-1, OITK-6)

Tumnosble 3a1aHNSI KOHTPOJIBLHOM Pad0OTHI

1. Beruucnute pH pactBopa ¢ Mmosnsipaoit konueHTparueit NaOH 0,002 M, npu = 1.

2. Paccuurarp, ckoiabko MULTUIUTPOB 30 %- HOro pacTBOpa coisiHOM kuciotsl (p = 1,15 r/mi) HeoOxoaw

pacTtBopa.

3. Haiinure Lp(PbBr2) mpu 25°C, ecnu pacTBOPUMOCTB COJTK TIPH 3TOit TOMImpoams/pe paBua 1,32

4. Kakue npoayKThl MOTYT OBITH MoNy4YeHsl npH B3aumoneictsun KMnO4 nu K2S03? Kakue gaxTopbl BIusit
YPaBHEHHUSI COOTBETCTBYIOIUX PEAKLINM.

4.4. llIkana oueHMBaHUS TPOMEKYTOUHOM aTTeCTALMKI

Orenka

KommeTenty
15071

JeckpunTops! (YpOBHU) — OCHOBHBIC TIPU3HAKH OCBOCHUS
(mokazarenu JOCTUKECHHUS PE3yJIbTaTa)

COTITHYHOY
(85 - 100 6ammoB)

OIIK-1

JleMOHCTpHUpPYET BBICOKMH YPOBEHb 3HAHUN TEOPUH HEOPTaHUYECKO|
aHAJIM3HUPYET, JeslaeT 000CHOBAaHHbIE BBIBO/IbI. AHATU3UPYET MOTyUd
BBITIOJTHEHUH XUMHUYECKOTo 3KcrepuMeHTa;fCrnoco0eH cocTaBisaTh
MCIOJIB30-BaTh NMPUHLHUI nepuonnyHoctu u llepuonnyeckyro cu-crt
CBOMCTBAa TPOCTHIX M CIIOKHBIX XUMHYECKHX COEAMHEHUUH U 3aj
W3-MEHEHUH;

OIIK-6

JleMOHCTpUpYyeT CBOOOAHOE M YMENIO€ BIaJICHUE JIUTEpaTypHBbIMHU H(
PYCCKOTO fA3bIKA JUIsl OMCAHUS TIOJTYUYEHHBIX 3KCIIEPUMEHTAJIBHBIX Ja
HOPMBI PyCCKOTO SI3bIKa IIPU BBICTPAMBaHUN KOMMYHHMKATUBHBIX OTHO]

«XOPOIIIO»
(70 - 84 6amoB)

OIIK-1

JIeMOHCTpHUPYET NOCTATOYHBIA ypOBEHb TEOPETUYECKUX M MPAKTUY
HaBbIKaMU OObSICHEHHUS B3aMMOCBSI3U OCHOBHBIX MOHATHI U BETUYHH,)
BaXHEHMIIINX MPAKTUUECKUX MPUIIOKEHUSX;

OIIK-6

JIeMOHCTpUPYETXOpOLIEE  BIIAJEHUE JIMTEPATYpPHBIMU HOPMaMU CO
SA3bIKA JUI1 OIMCAHUs IIOJIyYEHHBIX OKCIIEPUMEHTAJIBHBIX JIaHHBI]
IIPUMEHSIET HOPMBI PYCCKOTO SI3bIKA IIPU BBICTPAUBAHUN KOMMYHUKATH

«YIOBJIETBOPUTEIBLHO
»
(50 - 69 6amoB)

OIIK-1

JleMOHCTpUpYeT HE JOCTaTOYHBIH yPOBEHb 3HAHUHA (PU-3UKOA
HEOPraHUYECKOM XMMHUU U OC-HOBHBIX CBOMCTB XMMHUYECKHUX DIIEMEH
coequHeHnil.YHeyBepeHHO omnpenensier B3auMOCBSI3b OCHOBHBIX I
MPUMEHUMOCTH KOHKPETHBIX SIBJICHHM, CBOWMCTB BEIIECTB U U
npakTuke.OTBET He BCeraa JOTUYHO BBICTPOEH, BOIPOCHI, 3a/1aBae-
BBI3BIBAIOT 3aTpyAHEHUAY|

OIIK-6

JIeMOHCTpUPYET YHOBJIETBOPUTEIILHOEU YMEJIOE BIAJAECHUE JIUTED
COBPEMEHHOTO PYCCKOI'O SI3bIKa JJISI ONKUCAHUS MMOJTYYEHHBIX IKCIEPH]
OIMOKAMHU TPUMEHSET HOPMBI PYCCKOTO S3bIKa IMPHU BBICTPAMBAH
OTHOILICHUH.

«HEYJIOBIIETBOPUTEIH
HO»
(menee 50 6amoB)

OIIK-1

He opuentupyercs B 6a30BbIX TEOPETHUECKUX BOIPOCAX HEOPTaHHYS
IIPUMEHUTh TEOPUIO I aHAJIU3a KOHKPETHOM IIPAKTUYECKOU CH
OTBEUYAET Ha IIOCTABJICHHBIE BOIIPOCHI WX 3aTPYAHIETCS C OTBETOMY

OIIK-6

JlemoHcTpHupyeTcnaboe U HEyMmeloe BiaJieHUue JUTEPaTypPHBIMHU HOJ
PYCCKOTO SI3bIKa [UIsl OMHCAHMSI MOJYYEHHBIX SKCIEPUMEHTAIbHBI
MPUMEHSITh HOPMBI PYCCKOTO SI3bIKa MPH BHICTPABAHUHM KOMMYHUKATH

5. Metoanueckue yKkazaHus JJisi 00y4al0UUXCsl 10 OCBOCHHM IO TMCIUILIMHBI (MOXYJIA)
5.1 Meroauueckue yKa3aHus IO OpraHU3aIUN CaMOCTOSITEIbHOI paboThl 00yUYaromuXCs:

[Ipuctynas Kk M3y4eHUIO TUCIUIUIMHBI, B MEPBYIO ouepellb OOydaromMMCs HEOOXOIUMO O3HAKOMHUTHCS (
mucuumuael (PITD), kotopas onpexaenser cogepxaHue, 00beM, a TaKKe MOPATOK U3yUEHHUS U MPernoJaBaHu:

YJacCTH.

Jlist caMOCTOSITENNFHON pabOThl BaKHOE 3HaUEHUE UMEIOT pas3zesibl «O0beM U cofiepKaHue TUCIUILTHHBD), «
nHpOpPMaLMOHHOE 00ecneueHre AUCUUIUIMHB U «MaTepralbHO-TEXHUUECKOe 00eCTIeYeHNE TUCIUTUTUHBI,
npodeccruoHabHbIe 0a3bl JaHHBIX U MH(POPMAIIMOHHBIE CTIPABOYHBIE CUCTEMBD».
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B paznene «O0beM U coiepikaHue TUCHMIUIMHBDY YKa3bIBAIOTCS BCE PA3JENbl U TEMbl M3y4aeMOW AMUCIU
IUTAHUPYEMBbIif 00bEM B aKaJIEeMUYECKHX Yacax.

B pa3znene «YuebHO-MeToqMUECKOE U MHPOPMALMOHHOE OOecreueHNe TUCIUILIMHBD) yKa3aHa PEKOMEHIY

JaUTeparypa.

B pasgene «MarepuanbHO-TEXHHUYECKOE oOOecreueHre MUCIHILIMHBI, MPOrpaMMHOE oOecredeHue, Mpoc
MH(POPMALIMOHHBIE CIIPABOYHBIE CHCTEMBD) COAEPIKUTCS MepeueHb MpOo(peCcCHOHANBHBIX 0a3 JaHHBIX U UH(Q
HEOOXOIUMBIX JUISI OCBOCHUS TUCIIUITIIHHBI.

5.2 Pexomenmanuu o0y4aromuMces 1mo paboTe ¢ TEOPETHICCKUMH MaTepraIaMu 1o TUCIUTIINHE
[Tpu u3ydeHnn 1 mpopadbOTKe TEOPETUICCKOTO MaTepraia HeOOXOaUMO:

- IPOCMOTPETH €llle pa3 npe3eHTanuio Jekuuu B cucteMe MOODLe, moBTOPUTH 3aKOHCIIEKTUPOBAHHBIN F
JIOTIOJIHUTH €T0 C yUYE€TOM PEKOMEHI0BAaHHON JAOMOIHUTENILHOM JINTEPaTyPhI;

- TPU CAMOCTOSITEIIFHOM W3yYEHHH TEOPETHYECKOH TEMBI CJHIeNaTh KOHCIEKT, HCIOJb3Yys PEKOMEH]
npodeccroHanbHbIe 0a3bl JAHHBIX U WH()OPMAITMOHHBIE CITPABOYHBIC CHCTEMBI:

- OTBETUTDH Ha BOIIPOCHI JIsl CAMOCTOATEIILHON pabOoThI, TTO TeMe MpecTaBieHHbIe B myHKTe 3.2 PIT/I.
- TP MOATOTOBKE K TEKYIIEMY KOHTPOJIIO HCIIOIb30BaTh MaTepralibl (hoHa oreHouHbIX cpencts (POC).
5.3 Pexomenmanuu mo paboTe ¢ HayYHOU U y4eOHOM JIUTepaTypoit

PaboTa ¢ OCHOBHOH U JOTIOJHUTEILHON JIUTEPATYpOil ABJsIETCSA TIaBHOM (OpMON caMOCTOSTENbHON paboT
YCTHOMY ONpOCY Ha CEMHUHApPCKUX 3aHATHSAX, K JebaraM, TECTUPOBaHMIO, 3k3aMeHy. OHa BKJIIOYaeT MpOf
PEKOMEHI0BAaHHBIX UCTOYHHUKOB U JIUTEPATYPHI 110 TEMATUKE JICKLIUMN.

KoHcmnekT nexkunu I0KeH coepkarh peepaTuBHYIO 3alMCh OCHOBHBIX BOIPOCOB JIEKIIMH, B TOM YHCJIE C |
MOODLe mnpe3eHTanu, 0CHOBHbIX MCTOYHUKOB M JIUTEPATYphl MO TEMaM, BBIBOJbI MO Ka)KJIOMY BOIIPOCY.
pamMKax pacreyaTKy BbIJauu Mpe3eHTalHi JeKIUi Wi B OTAENbHOM TeTpaau mo npeaMery. OH J0KeH ObIT
cofieparhb He OTHOCSIIYIOCS K TeMe HHGOPMAIUIO WK PUCYHKH.

KoHcrnekTsl HayqHOH JUTEpaTyphbl IPU CaMOCTOSTENbHOM MOATOTOBKE K 3aHATUSAM JTOJIKHBI COJIEPIKaTh OTBE
BOIPOC, UMETh CCHUIKY Ha MCTOYHMK HMH(OpMalMU ¢ 00s3aTeNIbHBIM yKa3aHHWEM aBTOpa, Ha3BaHMS U IO
nuTepaTtypbl. KOHCIIEKT MOXET OBbITh OTIOPHBIM (COAEPKATH JIMIITL OCHOBHBIE KIIIOYEBBIE MTO3UIUH), HO MPH 31
0 BOIIPOCY, MOXKET OBbITh MOAPOOHBIM. OObEM KOHCIIEKTa ONPEAEISETCS CAMUM CTYJCHTOM.

B nporecce paboThl ¢ OCHOBHOM U JOTIOTHUTEIIBHON JTUTEPATYPOH CTYICHT MOXKET:

- JIeNiaTh 3alUCH MO XOAY YTE€HHsI B BUJE MPOCTOrO WM Pa3BEPHYTOro IIaHA (CO3[aBaTh MEPEYCHb OCHOE
HCTOYHUKE);

- COCTaBIATh TE3UCHI (IIUTUPOBaHHE HanOoJee BaXKHBIX MECT CTATbU WIIM MOHOTPaduu, KOPOTKOE U3TI0KEHHUE
- TOTOBUTBH aHHOTAIMH (KpaTKoe 0000IIeHHE OCHOBHBIX BOIIPOCOB PadOTHI);

- co371aBaTh KOHCIIEKTHI (pa3BEPHYTHIE TE3HUCHI).

5.4. PexoMeHJa1iuu 1o NOATOTOBKE K OTACIBHBIM 33/1aHUSM TEKYILEro KOHTPOJIS

CobecenoBanue MpeanonaraeT OpraHu3alnio Oecebl MPEenoaaBaTess co CTYIAEHTaMH 10 BOIPOCAM IMPAKT
OOCTOSITETIHHOTO BBISBJICHUS UX 3HAHWW IO OIpEeNIeHHOMY paszeiy, Teme, npobieme u T.I. Bce unen
00CyXJIeHHH, 100aBIATh HHPOPMALIUIO, TUCKYTHPOBATh, 331aBaTh BOIPOCH! U T.1.

YCTHBIN OMPOC MOKET MPUMEHSTHCS B pa3Nu4HbIX opMmax: GpOHTATBHBIN, HHANBUAYATbHBINH, KOMOUHUPOE
OTBETa MOJIEXKAIIIETO OLIEHKE:

- IPaBUJILHOCTH OTBETA IO COJIEPIKAHUIO;

- IOJIHOTA U TITyOWHA OTBETA;

- CO3HATENIbHOCTh OTBETA;

- IOTUKa U3JI0KECHUS MaTepuaa;

- PalMOHAJIBLHOCTh UCIIOJIb30BAaHHBIX IPUEMOB U CTIOCOOOB PEIlIEHUS TOCTABIEHHON yueOHO! 3a1auu;

- CBOEBPEMEHHOCTh U APPEKTUBHOCTH HCIIOIb30BAHUS HATIISIIHBIX TOCOOMI M TEXHUYECKUX CPEACTB MPH OT]
- HCIIOJIb30BaHNUE JIOMOJHUTEILHOTO MaTepurara;

- pallMOHAJIBHOCTH UCIOJI30BAHUS BPEMEHH, OTBEJICHHOTO Ha 3aJJaHuE.

VYCTHBII OMpoC MOXKET COMPOBOXKIATHCS IMPE3eHTAlMel, KOTopas MOJArOTaBIMBAETCA MO OJHOMY U3 BOMP(
BBICTYIUICHUH C Tpe3eHTanuel Heo0Xoaumo oOpaiiaTh BHUMaHHE Ha TaKW€ MOMEHTHI KaK:
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- COACPIKAHUC MPC3CHTAMU:. AKTYaJIbHOCTb TCMBbI, IIOJHOTA €€ PACKPLITUA, CMBICIOBOC COACPIKAHUC, (
COACPIKAHUTO, COOTBETCTBUC MCTOAUICCKUM Tpe6OBaHI/I}IM (I_IGJII/I. CCBUIKH Ha pCCYPCBIL. COOTBCTCTBHUEC COACP:
HAIIPaBJICHHOCTb, COOTBCTCTBUC COACPIKAHUA 3asIBJICHHOM (I)OpMe, AaACKBATHOCTh HMCIIOJIB30BaHHUA TCXHHNYC
MoCJICAOBATCIIbHOCTD U JIOTUYHOCTD IPE3CHTYCMOT'O MaTCpHraia,

- oopmiieHHE TIpe3eHTAIMU: 00beM (ONMTUMAIbHOE KOJWYECTBO), MU3AHH (YUTAEMOCTh, HAJIMYUE M COO
3ByKOBO€ O(hopMIIeHUE, CTPYKTYpHUpPOBaHNE WH(POPMALIUU, COOTBETCTBUE 3asBICHHBIM TPEOOBAHUSAM), OPHTY
MCTIOJIb30BaHHE BO3MOKHOCTH ITPOTPAMMHOM Cpe/bl, COOTBETCTBHE CTaHAapTaM 0(OpMIICHHS;

- JIMYHOCTHBIC Kad€CTBa: OPATOPCKUC CIIOCOOHOCTH. CO6J'IIOI[€HI/IC perilaM€HTa, SMOLOMWOHAJIBHOCTL, Y
CUCTCMAaTU3NPOBAHHEIC, FJ'IY60KI/IC U1 IOJIHBIC 3HAaHUW 110 BCEM pasaciiaM IIporpaMmai:

- cofiepaHKe BBICTYIUICHUS: JIOTUYHOCTh M3JIOKEHUSI MaTepuaja, pacKphITHE TE€MbI, JOCTYIMHOCTh H3JIOXK(
cpenctB UKT, ciocoObl 1 yclioBUSI TOCTHKEHUS PE3YJIbTaTUBHOCTU U 3((EKTUBHOCTH ISl BHITOJTHEHUS 3
y4eOHOM NesSTeNbHOCTH, 10Ka3aTeIbHOCTh MPUHUMAEMBIX PEUICHHM, yMEHHE apryMEHTUPOBATh CBOU 3aKJIIO¢

6. YueOHO-MeTOnM4YecKoe M HHPOPMALIMOHHOE o0ecriedeHre JUCHMIITHHbI

6.1 OcHoBHas UTEpaTypa:
1. Vrait SI.A. Obutast 1 HeOpraHuyeckasi XuMusl : yue0. JJisi CTEICHTOB BY30B. - 5-€ U311., cTep.. - M.: Boicmr. 1
2. AxmeroB H.C. O0mias u HeopraHudeckasi XuMus : y4e0. JUIs CTy. By30B. - U3n. 7-e, crep.. - M.: Breicias

6.2 JlonosHUTENBHAS IUTEpPATYpA:
1. Anexuna O.B. Heopranudeckast XuMusi: BONPOCHI U 3aJ1aHus : yued mocobue : B 2 4.. - Tam60oB: [M3aart. 1c
2. I'muaka H.JI. O6mas xumus : yaeOHUK 111 OakanaBpoB. - 18-e uzn., nepepad. u gor.. - M.: FOpaiit, 2012.

3. Burnoposuu B.U., Iopenkun WU.U., [To3nusakoB A.Il. I36paHHbIe T71aBbI HEOPTAHHUECKOW XHUMHUH : Yueo
Wzn-so TI'Y, 2001. - 175 c.

6.3 I1Hble UICTOUYHUKH:
1. DnekrponHas Oubnanoreka counonoruyeckoro gaxynsrera MI'Y umenn M.B. JlomoHocoBa - http://lib.soc
2. NaTepHet-3HIIMKIONEANH - http://www.rubicon.com/

7. MaTepuaJbHO-TeXHHMYeCKOe o0ecnedeHHe TUCHUILVINHBI, IPOrpaMMHOe o0ecrnedyeHue,
npogeccnoHanbHbIe 023bI JAHHBIX 1 HHPOPMALMOHHBbIE CIIPABOYHbIE CHCTEMbI

Jlnsi mpoBeAeHUsT 3aHATHU MO AUCIUIUITMHE HEOOXOIUMO CIICAYIOIIee MaTepUaIbHO-TEXHUYECKOE OO0ECII
MPOBEICHMSI 3aHATUH JIEKIIMOHHOTO ¥ CEMUHAPCKOTO THUIIA, TPYIIIIOBBIX U MHAUBUAYAJIbHBIX KOHCYJIbTAIUH,
aTTeCTaIlM{, TIOMEIIECHUS JIJISi CAMOCTOSITEIbHON PabOTHI.

VY4eOHble ayAUTOPHUH M TOMELICHHUSA JUIS CAMOCTOSTEIbHONH pPadOThl YKOMIUIEKTOBAHBI CIEIIHATU3UPOBE
cpeacTBaMH 00yUYeHHs, CITy>KAIUMU JUISl TPEACTaBICHHUS yueOHOM nH(popMannu O0IbIION ayTUTOpUN.

[TomerieHust Al CaMOCTOSATENBHOM pabOThl YKOMIUIEKTOBAHBI KOMITBIOTEPHOM TEXHUKOW C BO3MOKHOCTBIC
o0ecredeHrneM JI0CTya B ANIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTeIbHYIO Cpely YHUBEPCUTETA.

Jlnst mpoBeJieHNs 3aHATHH JEKIIMOHHOTO THUIA HCIOJIB3YIOTCS HAOOpHl JIEMOHCTPALIMOHHOTO 000pYIOBAaHY
WITIOCTpAuK (IPOEKTOp, HOYTOYK, 9KpaH/ MHTEPaKTHUBHAS JOCKA).

JlumeH3noHHOE U CBOOOHO pacpOCTpaHsIeMOe IPOrpaMMHOE 00eCTICUCHHE:

Kaspersky Endpoint Security mis 6usneca - Cranmaptabiit Russian Edition. 1500-2499 Node 1 year Educati
Omneparmonnas cuctema Microsoft Windows 10

Adobe Reader XI (11.0.08) - Russian Adobe Systems Incorporated 10.11.2014 187,00 MB 11.0.08
Microsoft Office [Ipodeccuonanbusiii moc 2007

7-Zip 9.20

ITpodeccronanbhblie 6a3bl JaHHBIX U UHPOPMAITMOHHBIE CIIPABOYHBIE CUCTEMBI:
1. Hayunas snexrponHas 6ubnuoreka Poccuiickoit akamemun ecrectBo3Hanus. — URL: https://www.monogr:
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2. DnexrponHsbli Karanor OynnamentanbHoi Oubanotexu TI'Y. — URL: http:/biblio.tsutmb.ru/elektronnyij-
3. YHuBepcuteTckas OMOIMOTEeKa OHJIAlH: AIeKTPOHHO-O0nbOmoreyHas cuctema. — URL: https://biblioclub.ru

JJIeKTpPOHHAs HH(POPMALIMOHHO-00pa3oBaTe/IbHas cpeaa
https://auth.tsutmb.ru/authorize?response type=code&client id=moodle&s

B3aumoneiicTBue mpenopaBaTtenss M CTy[AEHTa B Tpolecce OOy4EeHHUS OCYLIECTBIISETCS MOCPEACTBOM MY
CETEBbIX, TEJICKOMMYHHKAIIMOHHBIX TEXHOJIOTUH, UCIIOIB3YEMBIX B AJIEKTPOHHON HH(OPMAIIMOHHO-00pa3oBa



