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MeTtoanyeckre yKa3aHus MO BBIMOJIHEHUIO TPAKTUYECKUX U J1a00OpaTOPHBIX paboT pa3paboTaHbl Ha
OCHOBE paboueil mporpaMmbl y4eOHON AUCHUILTUHBI « XUMUS».

ConepxaHue MPaKTUYECKUX U JTa0OPAaTOPHBIX pabOT OPUEHTHPOBAHO HA MOATOTOBKY OOyYarOIIMXCs K
OCBOEHHIO MPO(ECCHOHANIBHBIX MOAYJIEH MpOrpaMMbl ITOATOTOBKM CIELMAIMCTOB CPEIHEro 3BEHa II0
cenmaibHocTH  43.02.15 TloBapckoe M KOHIMTEPCKOE JEN0 M OBIAJCHHIO MPO(ECCHOHATLHBIMU
KOMITETEHLIUSIMU.

ConepxaHue MPaKTUYECKUX U JTAOOPATOPHBIX pabOT OPUEHTHPOBAHO HA MOATOTOBKY OOyYaroIIMXcs K
ocBoeHuto BHaa AestenbHocT [IM.01. Opranusaius U BeieHHe MPOLeCCOB MPUTOTOBIEHHS M TIOJATOTOBKHU K
peanu3amu noryhaOpuKaToB s 01101 KyJTMHAPHBIX M3/IETUH CII0KHOTO aCCOPTUMEHTA;

[IM.02. Opranuzaiyis 1 BeZIeHHe MPOLIECCOB MPUTOTOBJIEHHS, 0QOPMIIEHHS U TIOITOTOBKU K peaTi3aliuu
ropstuMx 001, KyJMHAPHBIX U3IEIHH, 3aKyCOK CII0’KHOTO aCCOPTUMEHTA C YYETOM

MOTPeOHOCTEH pa3NUYHBIX KaTeropuii motTpeduTesei, BUI0B U GOpM 00CITyKUBAHHS;

I1IM.03. Opranu3anust ¥ BeICHHE MTPOLIECCOB IMPUTOTOBIICHUSI, OPOPMIICHHS U TTOJIrOTOBKU K pean3aliu
XOJIOMHBIX OJIFOZ, KYJIMHApHBIX W3/IENMMHA, 3aKyCOK CJIOKHOIO AaCCOPTUMEHTa C Y4YeTOM IOTpeOHOCTEH
Pa3IMYHBIX KaTeropuii MOTpeOuTeNei, BUI0B U (popM 0OCITyKUBAHUS;



I1IM.04. Opranu3anyst ¥ BeZICHHE ITPOLIECCOB MTPUTOTOBIICHUSI, OPOPMIICHHS U TTOJIrOTOBKU K pean3aliu
XOJIOZIHBIX U FOPSIYMX JECEPTOB, HAITUTKOB CJIOKHOT'O ACCOPTUMEHTA € YUETOM

MOTPEOHOCTEH PasIMYHBIX KAaTETOpHid OTpeOuTenei, BUI0B U (hopM 0OCTY>KUBAHMS;

IIM.05. Opranu3zanust ¥ BeA€HHE ITPOLIECCOB IPUTOTOBIICHUSI, OPOPMIIEHHSI U TTOJrOTOBKU K pealu3aliu
X71€000yJIOYHBIX, MYYHBIX KOHAWTEPCKUX M3JENHUNA CIOKHOTO AacCOPTUMEHTAa C YYeTOM TOTpeOHOCTeH
Pa3IMYHBIX KaTeropuil noTpeduTenei, BUiIoB U (popM 00CITyKUBAHUS;

I[IM.07. Bemonuenne pador mo npodeccun padouero IToeap/Konmutep mo crermansHocty 43.02.15
IToBapckoe 1 KOHIUTEPCKOE AEIO.
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1 BBEJAEHUE

BaxHylo yacTh TEOpPETHYECKON M MpOo(heCCHOHATBFHONW MPAKTHUECKOW MOATOTOBKU OO0YYarOIIUXCs
COCTaBJISIIOT IPAKTHYECKUE U JIaOOpaTOPHBIE 3aHATHUS.

CoctaB M conepkaHHe MPAKTHYECKHX M JTAOOPAaTOPHBIX 3aHATHA HAIpPaBICHBl HA peaU3aIlUio
@denepalibHOTO  TOCYJAPCTBEHHOTO  00pa3oBaTENIbHOTO CTaHAApTa CPEAHEro MPOQPEeCcCCHOHANTBHOIO
o0Opa3oBaHMUs.

Benymeit  auaakTHuecKoW — LedIbI0  MPAKTUYECKUX — 3aHATUH  sBhsieTcss  (hOpMHUpOBaHHE
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHIA BBIOJIHATH OINpEesICHHbIE JCHCTBUS, ONEpaluy,
HEOOXOIMMBIE B TOCIEAYIOIIEM B MPO(ECCHOHANIBHON NEATEIBHOCTH) WM Y4eOHBIX MPAKTUYECKUX
yMEHU# (YMEHUH peliath 3a7a4i XUMHH), HEOOXOAMMBIX B TIOCIICAYIONICH yUeOHOM eI TeIbHOCTH.

Benymeit aunaktuueckoil 1enbi0  1a0OpaTOPHBIX 3aHATUN  SIBISIETCS SKCIIEPUMEHTAIIbHOE
IIOATBEP>K/ICHUE U MPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX IOJI0KEHUH (3aKOHOB, 3aBUCUMOCTEMN).

B coorBerctBUM ¢ paboueli mporpamMmoil y4eOHOW JTUCHUIUIMHBI «XHMHS» MPEAyCMOTPEHO
IIPOBEICHUE NMPAKTUYECKUX U J1a00PaTOPHBIX 3aHATUH.

B pe3ynbrare X BBINOTHEHHSI, 00Y4arOIUNACS JOKEH:

ymemp:

- TpPUMEHATH OCHOBHBIE 3aKOHBl XHMHHU JUIsI pEIIeHUs 3a7ad B o0nacT mpodecCHOHATbHOM
NeSITENIbHOCTH;

- HCHOJIb30BaTh CBOMCTBA OpPraHWYECKUX BEILIECTB, JIUCIEPCHBIX W KOJUIOUJHBIX CHUCTEM IS
ONTUMH3AIMUA TEXHOJIOTUYECKOTO MpoIecca, MPOBOIUTH pPACUYETHI 1O XUMHUYECKUM (opMynaM H
YPaBHEHUSIM pPEaKLny;

- UCTIOJIb30BAaTh JIAOOPATOPHYIO MOCYAY U 000PY/I0BaHUE;

- cOOMI0IaTh MpaBUiia TEXHUKU O€30MaCHOCTH MPH paboTe B XUMHUUYECKOI TabopaTopuu

ConepxaHue NPaKTUUECKUX U JJAOOPaTOPHBIX 3aHATUI OPUEHTUPOBAHO Ha IIOATOTOBKY O0yYaroIuXcs K
OCBOGHHIO TPOPECCHOHAIBHOIO MOAYJS MNpOrpamMMbl TOATOTOBKU CIELMAIMCTOB CPEAHEro 3BEHA 110
CIIELIMAILHOCTY U OBJIAJICHUIO HPOPEeCCUOHANbHBIMU KOMNEMEHUUAMU:

I[IK 1.4, OcymectBasTe pa3pabOTKy, afanTalyio peuentyp mnonxydaOpukatoB C ydeToM
noTpeOHOCTEH pa3NUYHbIX KaTeropuil moTpedureneit, BUI0B U (opM 00CTyKUBAHUS;

[IK 2.2. OcymiecTBiaTh NPUTrOTOBIEHHE, TBOpUYECKOE O(POPMIIEHHE W TOJArOTOBKY K pean3aluu
CYIOB CJIOKHOT'O aCCOPTHMEHTA C y4eTOM NOTpeOHOCTEH pa3iIMuHBIX KaTeropuil moTpedurenei, BUIOB U
dhopm o0CTyKUBaHMUS,

IIK 2.3. OcymuiecTBisTh NPUTOTOBIEHUE, HEMPOJAOKUTEIBHOE XPAHEHUE TOPSIYUX COYCOB CIIOKHOTO
aCCOPTHMEHTA;

I1IK 2.4. OcymecTBiaTh NPUTOTOBIEHHE, TBOpUYECKOE O(GOpMIIEHHE U TOATOTOBKY K pealu3aluu
ropssuux OJroA M TapHUPOB U3 OBOILEH, KpyIl, 0000BbIX, MAKAPOHHBIX M3JIENIHUN CII0)KHOI'O aCCOPTUMEHTA C
YYETOM NMOTPEOHOCTEN Pa3IUYHBIX KaTeropuii moTpeduTenei, BuaoB 1 GopM o0CITy)KUBAHUS,

[IK 2.5. OcymiecTBiaTh NPUTrOTOBJIEHHE, TBOpUYECKOE O(POPMIIEHHE W TOJATOTOBKY K pead3aliu
ropsiuux OJIt0J1 U3 SIUILL, TBOPOTa, ChIPa, MYKH CIIO’KHOT'O ACCOPTUMEHTA C YYETOM MOTPEOHOCTEN pa3IMyHbIX
KaTeropuil norpeduTene, BUI0B U GopM 00CTyKUBaHUS;

I[IK 3.2. OcymecTBiaTh HNPUTOTOBIEHUE, HENPOJODKUTEIBHOE XPAaHEHUE XOJIOAHBIX COYCOB,
3aMpaBoK C YYETOM MOTPeOHOCTEN pa3IMuHbIX KaTeropuil morpeduTeneit, BUI0B U GopM 0OCITYyKHUBAHMUS;

IIK 3.3. OcymecTBiiTh TPUTOTOBICHHE, TBOpUYecKoe O(OpMIIEHHE U TOATOTOBKY K peau3aliu
CaJIaTOB CJIOHOT'O aCCOPTHUMEHTA C YYETOM MOTPeOHOCTEN pa3iMyuHbIX KaTeropuil MoTpeduTeNne, BUI0B U
(dbopM 00CTyKUBAHUS;

[IK 3.4. OcyuiecTBiaTh NPUTOTOBIEHHE, TBOpUYeCKOoe O(GOpMIIEHHE W MOJrOTOBKY K peanu3aluu
KaHame, XOJIOJHBIX 3aKyCOK CIJIOKHOTO acCOPTUMEHTa C y4eTOM IMOTPEeOHOCTEH pasziIMuYHBIX KaTeropui
norpedureneii, BUI0B U popM 0OCITyKUBAHUS,

IIK 3.5. OcymecTBiaTh HPUTOTOBIEHHE, TBOpUYECKOe O(GOpMIIEHHE W TOATOTOBKY K pealu3aluu
XOJIOAHBIX OJIFO]T U3 PBIOBI, HEPHIOHOTO BOJHOTO CHIPHS CIIOKHOTO aCCOPTUMEHTA C YYETOM MOTpeOHOCTEH
Pa3NIUYHBIX KaTeropuil moTpedureneit, BUIOB U (OpM 00CTyKUBAHHUS;



IIK 3.6. OcymecTBiiATh HPUTOTOBJICHHUE, TBOpUYECKOE O(GOpMIIEHHME W TOATOTOBKY K pealu3aluu
XOJOAHBIX OJIFOJ U3 Msca, JOMAIIHEH NTHLI, JUYU CI0KHOTO ACCOPTUMEHTA C YYETOM IMOTPEeOHOCTEH
Pa3IMYHBIX KaTeropuil moTpedureneit, BUI0B U GOpM 00CTYKUBAHUSA;

IIK 3.7. OcymecTBiATh pa3pabOTKy, aganTaIliio PEHENTYyp XOJIOAHBIX OJt01, KYJIMHAPHBIX WU3ICIUH,
3aKyCOK, B TOM YHCJE aBTOPCKHX, OPEHIOBBIX, PETHOHAIBHBIX C YYETOM MNOTPEOHOCTEH pa3iIMyHBIX
KaTeropuil moTpeduTeNnei, BumIoB u popm oOCTyKUBaHUS;

IIK 4.2. OcymecTBiiATh HPUTOTOBICHHUE, TBOpYECKOE O(GOpMIIEHHE W TOATOTOBKY K pealH3aluu
XOJOAHBIX JIECEPTOB CIIOKHOTO AaCCOPTHMEHTa € Yy4YyeTOM HOTpPeOHOCTeH pa3inuyHbIX KaTeropui
notpeduTenei, BUA0B 1 (popM o0CITyKUBaHUS;

IIK 4.3. OcymiecTBisTh NMPUTOTOBICHUE, TBOpUYECKOE OGOpMIICHHE W IMOATOTOBKY K pealn3alliu
ropsiuuX JECEpTOB CIIOXHOTO AacCOPTHUMEHTAa € YYETOM [OTPEOHOCTEH pa3iMuYHBIX KaTeropuil
notpeduTenei, BUI0B B GopM 00CTyKUBaAHUS.

IIK 4.4. OcymecTBIATh NPUTOTOBICHHUE, TBOpUYECKOE O(OPMIIEHHME M TOATOTOBKY K peau3aliu
XOJOAHBIX HANUTKOB CJOXHOIO AacCOPTUMEHTAa C Y4YeTOM IOTPEOHOCTEN pas3iIMyYHBIX KaTeropui
notpeOuTenei, BUA0B 1 (popM 00CITy>KUBAHHUSL.

IIK 4.5. OcymecTBiiTh HPUTOTOBIEHHUE, TBOpUYECKOe O(GOpMIIEHHME U MOATOTOBKY K pealu3aluu
TOpSIYUX HANHWTKOB CIIO)KHOTO AaCCOPTUMEHTAa C YYeTOM MOTPEOHOCTEH pas3iIMyYHBIX KaTeropui
notpedureneit, BUIOB U PopM 0OCITyKUBAHHUSL.

I[IK 4.6. OcymiecTBiarh pa3pabOTKy, aJalTalUi0 PELUEeNnTyp XOJOJHBIX M TOPSYUX JECEPTOB,
HAalMTKOB B TOM 4YHCJIE aBTOPCKHMX, OpPEHIOBBIX, PErHOHAIBHBIX C Y4YETOM MOTPEOHOCTEH pa3IMYHbIX
KaTeropuii moTpeduTened, BUIOB 1 HOpM 0O0CITyKUBAHHS.

IIK 5.2. OcymectBiasTh NPUTOTOBIEHUE, XpaHEHUE OTAEIOYHbIX MonypaOpukaTtoB Jis
XJ1e000YIIOUHBIX, MyYHBIX KOHAUTEPCKHUX H3/ICITHIA;

IIK 5.3. OcymiecTBiasATh NPUTOTOBIIEHHE, TBOpUECKOe O(OpMIIEHHE, MOATOTOBKY K pealu3aluu
XJIOOOYIIOUHBIX W3JENUH W TMPa3AHUYHOrO Xjeba CI0KHOTO acCCOPTUMEHTa C YYeTOM IMOTpeOHOCTEH
pa3IMYHbIX KaTeropuit morpedureneit, BUI0B U GopM 00CITyKUBAHMUS;

[IK 5.4. OcymecTBisiTh NPUTOTOBIIEHUE, TBOpUECKOE O(OpMIIEHHE, MOArOTOBKY K peanu3aluu
MYYHBIX KOHJUTEPCKUX U3JENIUHN CII0KHOTO aCCOPTUMEHTA C YYETOM MOTPEeOHOCTEN pa3InYHbIX KaTeropui
norpedurenei, BUI0B U popM 00CITyKUBaHHUS;

IIK 5.5. OcymecTBiasTh NPUTOTOBIIEHHE, TBOpUYECKOe O(OpMIIeHHE, MOATOTOBKY K pealu3aluu
MUPOXKHBIX M TOPTOB CJOXHOTO aCCOPTUMEHTa C YYETOM NOTPEOHOCTEH pa3iMyHBIX KaTeropui
notpeduTenei, BUA0B 1 (opM o0CITyKUBaAHUS;

[IK 5.6. OcymiecTBisTh pazpaboTKy, aJanTallli0 PeLenTyp XIe000yI0UHbIX, MyYHbIX KOHAUTEPCKUX
u3JeNuil, B TOM YHUCIIE€ aBTOPCKUX, OPEHIOBBIX, PETHOHAIBHBIX C YYE€TOM MOTPeOHOCTEH pa3IMYHBIX
KaTeropuil noTpeOuTenei;

I1K 7.1. BBIMONHATE MHCTPYKIIUH U 33JJaHUS IOBapa 110 OpraHu3aluy pabovyero Mecra;

[1IK 7.2. BeinonHsTh 33aHusl IOBapa M0 MPUTOTOBJICHUIO, IPE3EHTALlMU U MTpoJaxke 00|, HAITUTKOB
U KyJMHAPHBIX U3JIENINH;

A Taxxe GOPMHUPOBAHUIO OOUIUX KOMNEM EHYUIL:

OK 01 BriGupats criocoOb! pemieHus 3agad npoecCHuOHaTbHON AesITeNbHOCTH, MPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM;

OK 04 PabotaTh B KOJJIEKTUBE U KOMaH i€, 3PEKTUBHO B3aUMOIEHCTBOBAThH C KOJUIETaMH,

PYKOBOJCTBOM, KJIMEHTAMH.

BrimonHnenue oOydaromuxcsl MPaKTHUECKUX M J1a0OpaTOPHBIX paboT Mo y4eOHOM AMCHUIIIMHE
«XUMHSI» HATPaBIICHO Ha:

- 000Owenue, cucmemamuzayuro, y2uyoneHue, 3aKpeniienue, pazeumue u 0emanu3ayuro Noxy4YeHHbIX
meopemuyecKux 3HaHUll N0 KOHKPEeMmHbIM memMam y4eOHot OUCYUNTUHBL,

- popmuposanue ymeHull NPUMeHAMb NOJYYEeHHble 3HAHUA HA NPAKMuKe, pedarusayuio eOuHcmaed
UHMENIeKMY AnbHOU U NPAKMUYECKOU 0esamelbHOCMU,

- ¢opmuposanue u pazeumue ymeHuil: HabIOO0AMyb, CPAGHUBAMDb, CONOCMABIAMb, AHAIUIUPOBAMD,



denams 6b1800bL U 000OWeHUs, CAMOCMOAMENbHO 8eCMU UCCIe008AHUS, NONb308AMbCA PA3NUYHBIMU
npuemamu usmMepeHull, 0hopMaIAmy pe3yibmamaul 8 8uoe maobauy, cxem, 2papukos;

[pakTtiueckne u 1a0OpaTOpHbIE 3aHATUS TPOBOAATCS B PaMKaX COOTBETCTBYIOLIECH TEMBI, IOCIE
OCBOGHHUSI JTUIAKTUYECKUX EMHUI], KOTOpble OOECHEUMBAIOT HAIMYME 3HAHWM, HEOOXOMUMBIX MJIs ee
BBIIIOJTHEHHUSI.



2METOINYECKHUE YKA3AHUA
Tema 1.1. OcHOBHBIEC MOHATHA U 3AKOHbLI XUMHHU

IIpakTnueckoe 3ansaTue Nel.
YrpaskHeHus1 B pac4eTax OCHOBHbIX 3aKOHOB XMMHH

I_[e.m,: HAaY4YUTBCA OIPCACIIATL MOJIAPHBIC MACChl BEIICCTB, OMPCACIIATH IPOUCHTHOC COACPIKAHUC
KaXXI0ro 5JEMEHTA B BCIICCTBEC, BBIIIOJIHATE PACUCTEI 110 YPABHCHUAM peaKHHﬁ.

Beinosinus patdory, Bel Oyaere:

YMETb:

— OIpEEeNsATh MOJAPHYIO MacCy U KOJIMYECTBO BEUICCTBA,

— OIpEeNeNsaTh NPOLIEHTHOE COAEP KAHUE MIEMEHTOB B BEILIECTBE;
— BBIIOJIHATH PACYETHI 110 YPABHEHUSM PEAKIU.

MaTepnaﬂbnoe odecmeyeHue:
TEMATUYCCKUC I1JIaKaThl U Ta6J'II/II_[LI;

3aganue:

1. Omnpexnenure Kakoe KoarmuecTBO BemecTa coaepkurcs B 1 kr H,O u B 1 kr Zn(NO3),.

2. Ompeznenure MPOIEHTHOE coJepkanue cepbl B okcue cepol (1V).

3. Ompenenute, CKOIbKO cyiabdara Oapus monaydurtcss npu B3aumomeictsuu 20,8 r BaCl, ¢
Na,SOy, eciu:

a) MPaKTUYECKUI BBIXOJ] paBEH TEOPETHUECKOMY;

0) MpakTUYECKHM BBIXOJ] cocTaBisgeT 99% 0T TeopeTndecKkoro.

YpaBHEHHUE peaKIUu BaCl,+Na,SOs—2NaCl+ BaSO,.

4. Ckoapko Bojopona (M, V) MOXKHO MOJIyYUTh NPU B3aUMOAECUCTBUU | KT JKEJIE3HBIX CTPYKEK C
COJITHOM KHCJIOTOM, €ClIM HEMETaNIMYECKUX pUMecei B CTpyxkke 2%, a MpaKTHUECKUN BBIXO]T
BOJI0poAa coctasisieT 99%.

YpaBHEHHUE peaKIUu Fe+2HCI—FeCl,+H,.

ITopsinok BbIMOJTHEHHS Pa0OTHI:

1.03HaKoMbTECH c KpaTKUMU TEOPETUUYECKUMHU CBEICHUSIMH (https://academia-
moscow.ru/reader/?id=400999 c.11-15).

2 3anuImMTe B OTYET 110 MPAKTUIECKOW pabOTe OCHOBHBIC POPMYJIBI ISl PEIICHUS 3a/1a4.

3 O3HaKOMbBTECh C OCHOBHBIMU METOJIaMH PEILICHUS 3a/1a4 HA OCHOHBIC TIOHATHS U 3aKOHBI XUMHH.

4 TIpoaHanu3upyiTe NpUMeEphl PELIEHUS TUIIOBBIX 3a]1a4.

5 BhINONHUTE MHAWBU Y aIbHBIE 3aIaHUSI B COOTBETCTBUU C BAPHAHTOM.

Xon paborhr:

3agava. OnpeaenuTh KOJIMYECTBO BENIECTBA THAPOKCUIA KAJIbIUs, HaxoAsuieecs B 296 1 31oro
BEIIIECTRA.


https://academia-moscow.ru/reader/?id=400999
https://academia-moscow.ru/reader/?id=400999

Hano: Pemenne:

Mca(oH), = 1) OnpenenrM MOJISIPHYIO MacCy THIPOKCH 1A
206 T kanbrus Ca(OH),
Vea(oH) , = ? Hca(on) , = 40+2(16+1) =74 r/monb

2) Onpenenum konndectBo Bemectsa Ca(OH);

_ Mcaony, 296 4 MOJIb
VcaoH), = = =
Hca(o), 74

Omeem: Vca(oH) ) =4 mousa

Jlnist periieHust 3a/1a4 JaHHOTO THIIA HY)KHO UCIIOJIb30BATh MOHATHE MACCOBOM JTOJIM KOMIIOHEHTA B
cMmecu o (omera).

m,

w, = W g, = m, .100%» TZI€ M1; My; M3 — COOTBETCTBEHHO, Macca 1, 2,
m +m,+m;+.. m, +m, +m, +...

3-ero KOMIIOHEHTA.

MaccoBas noiist 6e3pazmepHasi BeTUUIMHA WU U3MepsieTcs: B %o, TOTAa TOBOPSAT O POIICHTHOM
COJIep>KaHUU KOMITOHEHTA.

3a0aua. OnpenenuTh conepkaHue xeesa u kuciaopoaa B okcue xkenesa (1) — FeOs.

HaHno: Pemenue:

Fe,O3 1) IlpenmonmoxkuMm, s pacdera B3aad 1 MOJb
BerrectBa Fe,03,10 ecThb

Mre, 0, = Meveen = Wre, 0, - IMOIB = (56-2 + 16-3)-1 =

160 T
2) OmnpenenyiM MaccoBYIO JIOJIIO JKejle3a B OKCHJE
Fe,O4
0p, =M% 100% = 2221009 — 73%
Meg 0, 160

3) OHpeHCHI/IM MaCCOBYIO JOJIIO KHUCIIOpOJa B OKCHU/IC
Fe,O4

o =100% — 73% = 27%
Omeem: Oe = 13%; wo = 27%.

oFe=7?
o0 ="?
3amayva.

CKOJIbKO BOJIOPOJIa MOKHO MOJIYYHTh, €CJIM C COJITHOM KUCIIOTOM nmpopearupyer 6,5 r HuHKa (OTBET
BBIPA3UThH B JI, T, MOJISIX TIPH H.Y.)

Hano: Pemienue:
mZn=6,5t 1) CocTtaBUTh YpaBHEHHUE PEAKIITHH



My =7 Zn + 2HCI — ZnCl; + H;

VH2 =7? 2) OnpenenuTh YUCIo MoJiel ZN
=9 m
Vi =1 vanizﬁzal
Mz 65 MOJIb

3) CocTaBUTh NPONOPLMIO 10 YPABHEHUIO
PEaKIMK U ONIPEACIUTD Vi)

1 mostb Zn — 1 mons Hy

0,1 moaps Zn — x Mojab Hy

0114y

vip=x 1 MOJIb

4) Beipa3zuM KOJIMYECTBO BOJOPOA BT U JI

MH2 = UWH2'VH2 = 2-0,1 = 0,2 r

V2= vpvip =22,4:0,1 =2,24 1

OtBeT: M2 =0,21; V2 =2,24 1; v = 0,1 Moib

V. 3aaun HA IPUMECH.

3amaua.

Cxonbko HerameHoi u3zectu CaO MOKHO NOJIy4uTh U3 1 T U3BecTHsIKa, coaepskauero 90%
KapOoHaTa KanbLuus ?

Hano: Pemienue:
M, = 1000 1) CoctaBum ypaBHCHHE
KT TEPMHUYECKOT0 pa3jioKeHus KapOoHaTa
Mcaco3 = KaJIbIIUA.
0
0% CaCO; —— Ca0 + CO,
Mcao =7 2) Omnpenenum Maccy KapOoHaTa

KajJdbllUs B 1 T u3BecTHAKA.
Meaco, -100%
@Dcaco, =

mHKB
m . o, .
mcacq — u3B CaC0Oy _ 1000 90 _ 900 KT
100% 100

3) CocraBuM MMPOMOPLHUIO ITO YPABHCHUIO PCAKITUU.

Hcaco3=40 + 12 + 16-3 = 100 r/monb
Hcao=40 + 16 = 56 r/moub
100r — 56r
900 Kr — Mca0
cCa0 = 9(;_%.056 =514 KT

OTBeT: Mcao = 514 k1

3anaya.

Ckoubko xjopuna cepedpa MmoxxHo noiayuuts 1o peakimu AgNO; + KCl — AgCl + KNOg, eciu B
pactBope Ob110 16,9 T HUTpaTa cepedpa, a MPAaKTUYECKUI BBIXO]I IPOIYKTOB cOCTaBisieT 99%.
Hano: PeweHue:

Magno, = 16,9 T 1) Onpenmenum Mager (TEOP.), HCTIONB3Ys
MIPAKT. MIPOTIOPIIHIO.

BBIX01=99% Hygno, = 107+14+48 = 169 r/MomB
tagel = 107+35,5 =142,5 r/monb

169t — 14251

16,9 r — magci (Teop.)




M ager =7 Magoi= 091425 14 55 ¢
169
2) OnpenenuM Mager (IPaxT.)
14,25 — 100%
mMAQCI (mpakr.) — 99%
14,25-99%
100%
Omeem: IpaKTUUECKUN BBIXOJ XJI0pHaa cepedpa cocrasiser 14,1 1.

M ygci (npaxm.) = =141 7T

®opma npeacTaB/ieHus pe3yJbTaTa: odopmieHHas paboTa C BHITIOIHEHHBIMUA WHANBUIYaIbHBIMU
3aJ]aHUSIMU 110 BapHAHTAM.

Kpurepun oneHku:
3a Kax/Iblid TPaBWIIBHBIN OTBET — 1 Ga.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.



1.2 PactBopbl. Crioco0bI BbIpaskeHHsI KOHIEHTPAIMd PACTBOPOB

IIpakTuyeckoe 3ansiTue N2,
YnpaxHeHus1 B pacyeTax no NpUroToBJIEHUIO PACTBOPOB Pa3IHYHOH KOHIIEHTPALMU
I_[e.m,: HAaY4YUTBCA PACCUUTHLIBATH KOJMYCCTBA BCHICCTB JIA HNPUTOTOBJICHHUSA paCTBOPOB 3al[aHH01>i

KOHICHTpAIUK, paCCUUTBIBATE U IIEPECCUUTBIBATh KOHUCHTpaIWU UX OJHUX CAWHUI] B APYTHUC.

Beinosinus patdory, Bel Oyaere:

YMETB:

— OIPEJENATh KOJIMYECTBA BEIIECTB I IPUTOTOBJICHUS PACTBOPOB 3aIaHHON KOHILICHTPALINY;
— PacCUMTHIBATh U NIEPECUNUTHIBATh KOHLIEHTPALIMKA PACTBOPOB UX OJHUX €IVHMIL B IPYTHE.

MaTtepuajbHoe o0ecneyeHue:
TEMATUYCCKUC ITIJIAKAThI 1 Ta6JII/IIII)I

3aganue:

1  Pacuer HaBecku BellecTBa U 00beMa pacTBOPUTENS JJIsl IPUTOTOBJIEHUS pacTBOPA
3aIaHHON KOHIIEHTPALUH.
2  Pacuer KOHLEHTpaLUil pacCTBOPOB.
3  Ilepecuer KOHIIEHTpaUUi paCTBOPOB U3 OJTHUX €IUHUII B JPYyTHE.
ITopsinok BbINoOJIHEHUs padoOThI:
1.03HaKOMBTECH c KpPaTKUMH TEOPETHYCCKUMHU CBEIICHUSMHU (https://academia-
moscow.ru/reader/?id=400999 c.16-18).
2. 3anumuTe B OTYET IO MPAKTHYECKOH padoTe OCHOBHBIE (HOPMYJBI CIIOCOOOB BBIPAKEHHS
KOHLIEHTPaLUi pacTBOPOB.
3. O3HaKOMBTECH C OCHOBHBIMH METOJJAMH PELICHHS 334 Ha CMEIINBAaHIE PACTBOPOB.
4. ITpoaHanu3upyiTe NpUMephl peleHHs TUIIOBBIX 3ajay.
5. BemmonHuTe HHAUBUyalbHbIE 3aJJaHUS] B COOTBETCTBUU C BAPUAHTOM.

Xoa paGoTsI:

3aoaua Nel.

Omnpenenute npoueHTHy0 KoHueHTpanuio NaCl B pactBope, monydenHom mpu pactBopeHuu 20 r
noBapeHHoi conu B 180 r BOJBI.

Aneopumm pewienus:

1) Onpenenum Maccy pactBopa

Mp-pa = MNacl + Meogy = 20 1+ 180 1 =200 r

2) Onpenenum npoueHTHY0 KoHneHTpanuto NaCl

m
Oy = —2L.100% = 20 -100% =10%
bopa 200
Omeem: TIpolieHTHAsI KOHIIEHTpAIIMs TIOBapeHHOH comu B pactBope — 10%.

3aoaua Ne2.

[TpurotoBsre 100 Mi1 pacTBOpa caxapa ¢ MaccoBoi aoneil ®=10%, ecau MIOTHOCTH PacTBOpPA
p=1,06 r/em’.

Aneopumm pewienus:

Jlyia Toro, yToOBl MPUTOTOBUTH PACTBOP, HY)KHO PACCUUTATh MAcCy PacTBOPEHHOTO BEIECTBA U
00BbEM BOJIBL.

1) Onpenenum mMaccy pacTBopa

Mp-pa = Pp-pa *Vppa = 1,06:100 = 106 T
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2) OmnpenenuiM Maccy caxapa U3 BbIpa)KEHHUS:

o, = e 1009
p—pa

M, . @, 106-10
m. = =
=~ 100% 100

=10,6e.

3) Onpenenum 00bEM BOJBI.

Maomer = Mp-pa— Meax = 106 — 10,6 =954 1
T. K. P20 = 11/Mi1, TO V20 = 95,4 M
Omeem: macca caxapa 10,6 r, o6beM Bogbl 95,4 M.

3aoaua Ne3.

Onpenenure: a) MPOICHTHYIO; 0) MOJISIPHYIO; B) HOPMAJIbHYIO; T) MOJISUIBHYIO KOHIICHTPAITHIO
noBapennoii conu NaCl B pacTBope, monydeHHOM npu pactBopenuu 5,85t comu B 100r Boabl. [110THOCTH
MOJIy4YEHHOT O pacTBopa pasHa 1,04 r/em’.

Jano: Aneopumm pewierus.
Myaci=5,85 T a) oy = Mot _ 585 _ g5 WM 5,5%
mHZO =100r My pe 10585
P My o = Myaer + My o = 585r +100r =105,85r;
p—pa
. 3 0) _m,_,. 100+585 -
=1,04r/cm V. = b 104 =101,78cn® =0,1021
V nac My 585 :
= w = = L, =——————=0,98moub/1 '
Dyaci = ? Vo Mua Vo " 5850102
Cy=? M o = 23+ 35,5 = 58,5r/moub
Cn=7?
N_,) B) Cy= Mo 58 = 0,98moJ1b - 3KB/1
Cn=" M., V, e 585-0102

M, anact = Miac -f
1

sNaCl — 1

=58,5-1=58,5 r/mo11b - 3KB

IKB

f =1

r) Cp= Ve _ Mot _ 5851 =] MOJIB/KT
Myo My Myo 58,5r/mMoms -0,1kr

Orser: ®pyey = 0,055 =5,5%; Cm=0,98Mmomb/11; Cm=1Monb/kT;
Cn=0,98 MoiIb 3KB/1.

3aoaua Ne4.
Onpenenure MOJSIPHYIO M HOPMAJIbHYK KOHUEHTpauuu 12%-HOro pacTBopa CEpHON KHCIOTHI,
II0THOCTH KoToporo p = 1,08 r/cm3?
Aneopumm pewienus:
MonsipHast Macca cepHOI KUCIIOTHI paBHa 98 r/mMonb. CieioBaTeNnbHO,
m(HZSO4) =98 u 9(HQSO4) = m(H2804) : f3K =98/ 2 =49.
[ToncraBmnss He0OXOAMMbIE 3HAYEHUSI B (POPMYJIBI
Cvu=(o-p-10)/m
Cx = (o - p - 10)/ M,,, moayanm:
a) MousipHast koHLIeHTpauust 12% pacTBopa CEpHOI KUCIIOTHI paBHA
Cu=(12-1,08-10)/98=1,32 M
6) HopmanbHas koHueHTpanus 12% pacTBopa cepHON KUCIOTHI paBHA
Co=(12-1,08 -10) / 49 = 2,64 H.
Otset: Cy = 1,32 M; C, = 2,64 H.

3aoaua Nos5.
Omnpenenure monsipHocTh 10%-oro pactBopa HaSO4.



JlaHo: ‘ Pewenue:

o, . =10%=0,1 1. s pacueTa npumem v

C,, (H,50,)=? ‘ ITo cipaBo4HuKy p, .. oo =1lr/em®, TOrA
My o2 = Pppa - Vo_pa = LIr/em® -1000ca* =1100r

p—pa

=1n

p-paH,SO,

m .
g0, = WSO, OTCIOA: My, 0 = 0y 50, - M, 5, =0,1-1100 =110r
p-pa

110
98-1

v m
Cy(H,S0,) = "% - H250, =112Moib/1

p—pa(n) M Hs' \%

p—pa(n)

Ortser: c,,(H,50,)=1,12 Mons/1.

3aoaua Neb.
Ckonpko Tpamm 10%- mpoueHTHOro pactBopa coiu Hamo ao6aButh K 300 rpammam 30%-

IIPOLIEHTHOTO PacTBOpa 3TOM k€ coyu, yTOOBl MOoday4uuTh 14%- mpoueHTHBI pacTBop? [IpumeHHTH
MIPAaBUJIO CMELICHHUS.

Aneopumm pewenus:

3agauy MOKHO PELIUTb, UCTIONB3YS (OPMYILYy HPABHJIO CMEIeHHs
m, ( pacmeopa) c@ +m, ( pacmeopa) -,

ml( pacmeopa)+ m, ( pacm@opa)

O6o3naunMm maccy 1 pactBopa uepe3 x. IlogcraBuMm u3BeCTHBIE 3HaueHHS B (OPMYITY HPABUIO

CMELICHHUS:

(O (661/14601’}1661 ) =

0,14 = (x-0,1 + 300-0,3) / (x + 300)
0,1x +90=0,14x + 42
0,04x = 48
x=1200 (T).
OtBet: Macca nobassiemoit conu pasHa 1200 rpamm.

3aoaua Ne7.

Omnpenenure Maccel HCXOJHBIX PACTBOPOB C MacCOBBIMH JOJISIMU ruapokcuna Hatpus 5% u 40%,
€CJIM TPU UX CMEUIMBaHUH 00pa3oBajcs pacTBop Maccor 210 T ¢ MaccoBO# J0Jel THAPOKCUIA HATPUS
10%. ITpuMeHNTH IPaBUIIO KpeECTa.

Aneopumm pewienus:

40% 5% M
10%
5% - "30%  mE210- m,
5/30=m; /(210 - my)
1/6 =my/ (210 - ml)
210 - my = 6my
7m; =210
m;=30r; my=210-m;=210-30=180r

OTBeT: Macchl MCXOOHBIX PacTBOPOB C MAcCOBBIMM AOJSAMHU ruapokcuaa Hatpus 5% u 40%

COOTBETCTBEHHO paBHbI 30 1 180 1.

3aoaua Nes.
Ynapunu 60 T 5%-Horo pacTBopa cynbhara meau a0 50 r. Onpenenute MacCoBYIO OO COJH B
MOJIyYEHHOM pacTBOpeE.
Aneopumm pewienus:
m=60r1; Am=60—-50=10T1; 01 = 5% (v 0,05)
o2 = (0,05 - 60) /(60 —-10)=3/50=0,06 (umu 6%-Hbli1)
OTtBeT: MaccoBast 1011 COJIM B MTOJIy4EHHOM pacTBOpE cocTaBiisAeT 6 %o.



®opma mnpeacTaBieHUs Ppe3yJbTaTa: BBINOJHEHHAs padOTa C pPEIICHHEM WHAWBUAYAIbHBIX
3a7aHuil (3a/1a4 Ha pacyeT U IepecyeT KOHIICHTPAIMiA PaCTBOPOB) TI0 BAPHAHTAM.

Kpurepun oneHku:
3a KaxK[Iblid TPaBWIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA O0TBET — 0 6aIIOB.

Tema 1.3 Teopust 3nexkTpouTnyeckoi qucconnannu. 'mapomaus coseil. Bygepnsie pacTtBopsl

IIpakTuyeckoe 3ansitue Ne 3
Bobrunciienne pH B BOAHBIX pacTBOpPax KUCJIOT U OCHOBAHUM

Henab: HayunThCcs BRIUUCIATH PH cpelibl B BOJHBIX pacTBOPaX KUCIOT U OCHOBAHUH.

Boinosinus padorty, Bel Oynere:

YMETh:
— MIPUMEHATH 3aKOH pa3basienus OctBanbaa PH cpeasl B BOJHBIX pacTBOpax KUCIOT M OCHOBaHHIA;
— BBIYUCIATH PH cpebl B BOAHBIX pacTBOpaxX KUCIOT U OCHOBaHUH.

MaTtepuajbHoe o0ecneyeHue:
TEMATUYCCKUC ITIJIAKAThI 1 Ta6JII/IIII)I

3aganue:
1 Pacuer pH cpenbl B BOAHBIX PacTBOpPaxX CHIBHBIX KMCIOT U OCHOBAaHHH.
2 Pacuer pH cpenpl B BOTHBIX pacTBOpaXxX Ca0bIX KHCIOT H OCHOBAHHA.
ITopsinok BbINoJIHeHUs padoOThI:
1. OsHakoMbTeCh C  KpaTKuMH  TeopeTmdyeckumu  cBemeHusmu  (https://academia-
moscow.ru/reader/?id=400999 c.16-18).
2. IToBTOpUTE OCHOBHBIE TTOJIOKEHUS TEOPUH IIEKTPOITUTHYECKON TUCCOIUAIIIH.
3. 3anuumTe B OTYET MO MPAKTHUECKOW paboTe MaTeMaTHYECKOe BBIPAKEHHE 3aKOHA pa30aBlIeHUs
OcTBasnb/a ¥ BRIpaXEHHE HOHHOTO TIPOM3BEICHUS BOIBI.
4. TlpoaHanu3upyiTe NMpUMEpHl pelIeHUs] TUMOBBIX 337ay Ha ompeneneHue PH cpeasl B BOAHBIX
pacTBOpaxX KUCIOT U OCHOBAHU.
5. BemmonHuTe MHAUBUya bHbIE 3a]JaHHUS] B COOTBETCTBUU C BAPHUAHTOM.

Xon paborhr:
[Tpumeps! pemeHus TUTTOBBIX 3a1a4
3anaga Nel.
Omnpenenure pH 0,01M pactBopa HCL
Hano:
(HCI)
ANTOpPUTM peLIeHUS:
1. HCI=H++Cl- - cusbHBIi 3IEKTPOTHUT

3HaYuT

2. pH=—Ig[H+]=-1¢0,01 = — 1g10-2=2
pH=?

Otser: pH=2.

3agaya Ne2 Onpenenute pH 0,01Mm pactBopa KOH.
Hano:
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(KOH)

pH=?  Aunroputm penieHus:

1. KOH=K+ +OH- - cuJIbHBII 3J1€KTPOIUT
3HaYUT

2.

10-201 [H+]=10-14; [H+]==10-12Monb/n
3. pH=-1g[H+]=-1g10-12=12

OtBet: pH=12.

3agaya Ne3. Onpenenute pH 0,01M pactBopa ykcycnoit kucimotst CH3COOH.

Hano:

CM=0,01 moib/n

(CH3COOH) Anroput™ perieHus:

1. CH3COOH2CH3COO-+H+

[Toatomy it Hero mpuMeHUM 3aKoH OCTBaIbIA:
nmu .OTkyna ;

pH=?

2. [H+]=CU [ =401] K211 0,01=4[] 164
3. pH=-Ig[H+]=-1g 41 104113,5

OtBet: pH=3,5.

®opma npeacraBieHUs pe3yJbTaTa: BbIIIOJIHEHHAs padoTa ¢ penie-HueM HHIUBUAYAIbHbBIX
3aaHui (3a1a4 Ha pacueT pH cpenbl B BOJHBIX pac-TBOpax KUCJIOT U OCHOBAHUI) MO BapHAHTAM.

Kpurtepun ounenku:
3a KaK[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



Tema 1.3. Teopus d1ekTpoanTHYeckoi Aucconuanuu. I'mapoans cosei. bydepnbie pacTtBopbl

IIpakTnueckoe 3ansaTne Ne 4
CocraBjieHue ypaBHEeHHU I peakiuii TUIpPoJmM3a coJiei

Lenap paldoTbl: HAYYUTHCS COCTABJIATH HMOHHO-MOJIEKYJISIPHBIE M MOJIEKYJSpHbIE YpaBHEHUS
TUIPOJIN3a COJIEH, ONIPENENSITh XapaKTep CPEbI [0 TUITY TUAPOJIN3A COJIH.

Beinosinus patdory, Bel Oyaere:

ymemy:

— COCTaBJIATb NOHHO-MOJICKYJISIPHBIC U MOJICKYJIIPHBIC YPABHCHUA T'UAPOJIN3a COJIGfI;
— OIIPENETATh XapaKTeP CPEbl 10 YPABHEHUIO M TUITY THAPOJIN3A COJIH.

3aganue:
1 Onpenenenue xapakTepa Cpe/ipl 10 TUITY THAPOJIN3A CONH.
2 CocTaBiieHHE€ HOHHO-MOJIEKYJIIPHBIX U MOJIEKYJIIPHBIX YPaBHEHUN THPOJIN3a COJIEH.

MaTtepuajbHOe o0ecneyeHue:
TEMATUYCCKUC ITIJIAKAThl 1 Ta6JII/IIII)I

Ilopsinok BbINOJIHEHHS PadOTHI:

1. O3HaKOMBTECH C  KpaTKUMH  TEOPETUYECKHUMH CBEJICHUSIMU (https://academia-
moscow.ru/reader/?id=400999 c.19-20).

1. TloBTOpHTE OCHOBHBIE MOJIOKEHHS TCOPUH DJICKTPOJUTHUCCKON TUCCOIHALINH.

2. 3aKOHCIIEKTUPYHTE OCHOBHBIC TEOPETHUYCCKHE CBEICHHUS M OOIIME CXEMbl YPaBHEHUH peakiiuii
THJIPOJIA3a COJICH Pa3HOTO THUIIA.

3. IlpoaHanu3upyiTe anropyuTM HAIMMCAHUS U IPUMEPHI YPAaBHEHUH THAPOITU3A.

4. BBINOJHUTE UHAWBU Y aJbHBIC 3aJIaHHSI B COOTBETCTBUU C BAPHAHTOM.

Xoa pa0doThI:
Aneopumm nanucanus ypagHeHui 2u0poau3a.
1. OnpenensiemM THUII THAPOIIU3A.
2. CocraBisieM HOHHO-MOJIEKYJISIPHOE YpaBHEHHE TUAPOIIN3A, ONPEACIISEM CPEY.
3. CocTaBisieM MOJIEKYJISIPHOE YPAaBHEHHUE.

3aoanue Nel. CocTaBUTh HOHHO-MOJIEKYJISIPHOE M MOJIEKYJIIPHOE YpaBHEHHUS TMJIPOJIN3A XJIOPUAA
meau (II).

1) CuCl, = Cu** + 2CI-

Conb obpa3oBaHa karnoHoM cj1adoro ocuoBanusi (Cu(OH),) u annonom cuibHo# kucnotel (HCI),
CIIEI0BATENBHO, THAPOIIH3 HACT Mo Katnony Cu’’ ¥ mpoTeKaeT B B CTAIHK ¢ 06PA3OBAHUEM B KAYSCTBE
MIPOMEXYTOUHOTO MPOAYKTa OCHOBHOM couu (cpefia Kucias).

2) CocraBuM ypaBHEHUS 1-ii CTaanMu TUIPOIIN3A COITH:

1 cranusa
— MOHHO-MOJIEKYJIIPHOE YPaBHEHUE THIPOIIH3a COU

Cu*" + H-OH = CuOH" + H*
obpasyetcs xkaTioH ruapokcomesd (I1), B pactBope HakarmuBarotes HoHsl H', cpena kucmas, pH<7;
— MOJIEKYJIIPHOE YpaBHEHHUE THAPOIIH3a COJIN

CuCl; + H,0 <> CuOHCI + HCI.

3) CocTaBuM ypaBHEHUS 2-i CTaHK TUAPOITH3A CONU:

2 cragus
CUOH" + HOH <> Cu(OH), + H" (MOHHO-MOJICKYJISIPHOE YPaBHEHHE)
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CuOHCI + H,0 <> Cu(OH), + HCI  (mornekynsipHOE YpaBHEHHE)

3aoanue Ne2. CocTaBUTh MOHHO-MOJICKYJISIPHOE U MOJICKYJISIPHOE ypaBHEHMS THUAPOSU3a aleTara
HaTpusl.

1) CH3COONa=Na"+ CH3COO

Conp 00pazoBaHa KaTUOHOM CHJIBHOTO OCHOBAHMS M aHUOHOM CJIa00# KHCJIOTHI, ClIeZI0BATENIbHO,
THIPOJIN3 TI0 aHUOHY.

2) CH3;COO+ HOH = CH3COOH + OH’
TUAPOJIN3 BEJET K YBEIMUYEHUIO KoHlleHTpauuu noHoB OH' B pactBope, cpena mienounas, pH>7.

3) CH3COONa + HOH = CH3COOH + NaOH.

3aoanue Ne3. CocTaBUTh MOHHO-MOJICKYJSIPHOE M MOJIEKYJSIPHOE YPaBHEHHS THIPOJIU3a alerara
aMMOHHSL.

1) CH3;COONH, = NH,;" + CH3COO~

Conp oOpazoBaHa KaTHOHOM €J1a00r0 OCHOBAHUSI U aHHOHOM €J1a00H KHCJIOTHI, CJI€I0BATEILHO,
THIPOJIU3 MO KATHOHY U TI0 aHUOHY.

2) CH3COO + NH,;" +HOH = CH3COOH + NH,OH

3) CH3COONH;+HOH = CH3COOH + NH4OH.

B pesynbrare ruaposm3a anerara aMMOHHS TIPOUCXOAUT 00pa30BaHUE IBYX CIA0BIX 3JIEKTPOJIUTOB,
pacTBOp OKa3bIBaeTCs OJIM3KUM K HeHTpaabHOMY, pH~7.

Boanbie pacTtBOpel Takoro THMa COJEH, B 3aBUCUMOCTH OT KOHCTaHTHI JIMCCOLMALINU
00pa3yrIIUXCs CIa0bIX 3JEKTPOIUTOB UMEIOT HEUTPAIBbHYIO, CIIA00KHUCIYIO WIIH CIa0O0IIEI0YHYI0 Cpeny.

Koncranra mucconmarmu ruapokcuaa ammonus (K(NH4OH) = 6,3-10'5) HECKOJIbKO O0JIbIle
KOHCTaHThl nuccormanuu ykcycHoit kucnotel (K(CH3COOH) = 1,75~10'5), II0TOMY pPEaKLHsl BOAHOIO
pacTBopa arerara aMMOHHMSI UMEET CJIa0OIIEI0OYHYIO CPEIy.

dopma npeacTaBjJeHus pe3yjbTaTa: opopMIeHHas paboTa ¢ BBINIOJTHEHHBIMUA UHIUBUYaTbHBIMU
3aJJaHUSIMU IO BAPUAHTAM.

Kputepun onenkn:
3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIN 0TBET — () GayIoB.



Tema 1.4. I'eTeporeHHbIe pABHOBECHS B CHCTEME «PACTBOP—0CAT0K»

IIpakTnuyeckoe 3ausaTue Ne S
Pemenue 3axa4 no reme «IllpousBenenne pacTBOPUMOCTH

Heap padoThl: HAYYUTHCS BBIYUCIATH KOHIIGHTPAIIMM HMOHOB IO MPOM3BEICHUIO PAaCTBOPUMOCTH
AJIEKTPOJIUTA, JENIaTh BHIBOABI O BOZMOXKHOCTH BBITIQJICHUS OCAJKa MPU CMEIIMBAHUKM PACTBOPOB 33/IaHHBIX
KOHIIEHTPAUK U 00HEMOB.

Boinosinus padory, Bel Oyjaere:

ymemy:

— BBIYHCIISTH KOHIIEHTPALIMK HOHOB IO MPOU3BEACHUIO0 PACTBOPUMOCTH JIEKTPOJIUTA;

— JACJaTb BbBIBOJAbI O BO3MOXHOCTH BBIIAACHHA OCaJKa IPU CMCIIMBAHHWKU PACTBOPOB 3aJaHHBIX
KOHIIEHTpalui 1 00bEMOB.

MarepuajbHoe odecriedeHue:
TEMATUYCCKUC ITIJIAKAThI 1 Ta6JII/IIIBI

3aganue:

HayuuThcs peniaTh TUIIOBBIE 3a/1a4U:
1. BeruncieHue nMpou3BeICHUS PACTBOPUMOCTH MAIOPACTBOPHMOTO JICKTPOIIUTA.
2. BbluncieHHe KOHIICHTPAIIMA HOHOB U PACTBOPHUMOCTH MajOpPacTBOPUMOIO 3JIEKTPOJIMTA B €ro
HACBHIIIICHHOM PacTBOpE.
3. YcioBust oOpa3oBaHHs OCAIKOB.

ITopsinox BbINOJIHEHUsI Ppa0OTHI:

1.  OszHakoMbTeCh C  KpaTKuUMH  TeopeTmdeckuMu  cBemeHmsmu  (https://academia-
moscow.ru/reader/?id=400999 c.19-20).

2. TloBTOpHUTE OCHOBHBIE TEOPETUYECKHE IIOJOKEHHS TETEPOTeHHOTO PAaBHOBECHS B CHUCTEME
«pPacTBOP-0CAIOK».

3. 3anummTe obume (HopMyIbl, TPUMEHSIEMbIE U BBIYMCICHHS TPOM3BEICHUS PAaCTBOPUMOCTU U
UCIIOJIb30BAHUS ATOW BEIMYMHBI B pacyeTax MO ONPECICHHIO KOHICHTPAIMi HOHOB U BO3MOKHOCTH
o0pa3zoBaHMs OCajIKa.

4. TlpoaHanM3UpyHTe W OCMBICIUTE AITOPUTMBI PEIICHUS THUIOBBIX 33/a4 Ha OINpe/eCHHUEe
MPOU3BE/ICHUS PACTBOPUMOCTH, KOHIIEHTPALM HOHOB U BO3MOKHOCTH 00pa30BaHMs OCaIKa.

5. BbInonaHNTE MHAMBUIYAIbHbBIC 33/IaHHSI B COOTBETCTBUHU C BAPUAHTOM.

Xox padorbI:
IIpumMeps! pelieHusi THIOBBIX 32124
3aoaua Nel.
PactBopumocts CaCO3 paBHa 0,00069 1/71. Beruuciure [TP(CaCOs).
Aneopumm pewienus.

1. Momnspnas macca CaCO3: M(CaCO3)=100 r/mo7b.

2. Paccunraem monsipayto pactBopumocth CaCOs
S(CaC0s) = L / M(CaCOs) = 0,00069 / 100 = 6,910 moub/m.

3. MosipHasi pacTBOPUMOCTB COBITAIACT ¢ MOJIIPHOM KOHIICHTPAIIMEH COJIA B PaCTBOPE:
C(CaC0s) = S(CaCO3) = 6,9¢10"° mob/1.

4. Haiigem paBHOBECHBIC MOJIIPHBIC KOHIICHTPAIIMH HOHOB B PacTBOPE:
CaCOs¢> Ca”™* + CO3™
[Ca?*] = [CO4* ] =S =6,9¢10" monb/1.


https://academia-moscow.ru/reader/?id=400999
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Torna ITIP(CaCOs) = [Ca®*] * [CO*];
[IP(CaCO3) = 6,910 +6,9¢10° = 4810 7.
Otser: [IP(CaCOs) = 48107

3aoaua Ne2.

ITpouseenecuue pacrBopumoctu Pbl, mpu 18°C paBHO 1,4210°8. Paccuuraiire KOHIICHTPAllMK MOHOB
Pb®* u J™ u pactBopumocts Pbly B /1.

Aneopumm pewienus.

1. PbJ, <> Pb* +2J°

2. TIP(PbJy) = [P** ][I ]

3. OGosnaunm [Pb?*] = X, Torma [J7] = 2x

4. CnenoarenbHO

ITP(PbJ2) = [Pb2+]-[J-]2

ITP(PbJ2) = x(2x)2 = 4x3

1,4¢10-8 = 4x3

8
x=3 L4 jr'o =15-10"°monw/ 1.

5. MousipHasi paCTBOPHMOCTB COJH paBHa 1,5¢10° Mosb/it.

6. KoHueHTpanyu MOHOB paBHBI:

[Pb%]= 1,510 monb/n

[J7]=21,5410"2= 3,010 mous/m.

7. YrtoOBl OT MOJISIPHOM PacTBOPHMOCTH IMEPEHTH K paCTBOPHUMOCTHU B T/JI, HEOOXOAMMO MOJSIPHYIO
PacTBOPUMOCTh YMHOXKUTh Ha MOJISIPHYIO MaccCy BEIleCTBa.

L = S*M(PbJ,) = 1,5¢10 %461 = 0,692 /.

Otser: [Pb?*] = 1,510 mous/i; [J] = 3,0210 % mous/i; L(PbJ,) = 0,692 /.

3aoaua Ne3.
OrmpezienuTe, BHIMAACT JU OCAI0K MPU CMEIIUBAHUK paBHBIX 00beMOB 0,2 M pactBopoB PD(NO3), u
NaCl.
Aneopumm pewenusi.
1. MornekynspHoe ypaBHEHHE PEaKIHH:
Pb(NOs3), + 2NaCl = |PbCl, + 2NaNOs.
2. HonHo-MonekyisipHoe ypasrerue: Pb®* + 2CI~ <> PbCl,
3. Hna ompeneneHus  ycloBHs 0oOpa3oBaHHMs —ocajgka HeoOxoaumo paccumrtath [IK:
TIK(PbCly) = [Pb?*]-[CI']?

4. Jlna vaxoxneHus [TK HY)KHO HaWTH KOHIICHTpAIMU Pb*u CI” mocne cmemmBanus pacTBOpOB
3aJ]aHHON KOHIICHTpAIMK. [Ipy CMEIIMBAaHUU PACTBOPOB OJMHAKOBBIX 00OBEMOB KOHIICHTPAIIUH
HMOHOB YMEHBIIIAOTCS BJIBOC:

[Pb*]1=0,1 mons/r;  [Cl]=0,1 Mons/m.

5. IIK(PbCl,) = [Pb*]-[CI']*=0,1-0,1>= 107,

6. Onpenensem [P mo tabmaumam: ITP(PbCly) = 2,4-10'4.

7. CpaBuuBaem IIK c¢ ITP: TIK(PbCl,) = 10° > ITP(PbCl,) = 2,4-10’4, 3gaunuT ocanok PbCly
BEITIAJIET.

Otser: ocanok PbCl, Beimazer.

3aoaua Ne4.

[TpousBenenne pacTBOPUMOCTH Cyibuaa Maprania mpu 25°C paBHO 5,6°10°. Beimazer 1u ocamok
npu cmemuBaHun 5 M1 0,060 MnSO4 1 4 M 0,011 Na,S?

Pemenue.

MornekynsipHoe ypaBHEHHE peakuu

MnSO, + Na,S = MnS + Na,SO,4

HNonHo-MonekynsipHoe ypaBHEHHE peaKuu



Mn*" +S? = MnS
Jliis onpenienieHrs yciIoBUsl 00pa3oBaHMsl 0cajika Heooxoaumo paccurtarh [TK
[IK(MnS) = [Mn*"][S*].
Jusa Haxoxnaenus I1TK Hy)KHO HAWTH KOHIICHTPALUN Mn? u S mocne cMemmBanus pacTBOpOB
3ajaHHON KoHIeHTparmu. OnpeensieM UCXOIHbIe KOHIICHTPAIMU HOHOB JI0 CITUBAHHS PACTBOPOB:
Jlns ompeneneHUs KOHICHTPAIMA HOHOB Mn?* HY)KHO II€PEBECTH HOPMAJIbHYIO KOHIICHTPAIHIO
MnSO, B MomsipHYIO.
f.x(MnSO4) =1/2 0,061 MnSO,4 = 0,03M MnSQ,
MnSO; < Mn® + SO~
0,03 moae/m 0,03 Moib/n
Jis onpeenieHns KOHIIEHTPAIIMA HOHOB S+ HYXXHO MEPEeBECTH HOPMaJIbHYIO KoHIIeHTpamuio NayS B
MOJISIPHYIO.
f.«(Na;S) =1/2 0,01 Na,S = 0,005M Na,S
Na;S <> 2Na" + S*
0,005 Mo/t 0,005 mons/n
OmnpenensieM KOHIICHTPAIMIO HOHOB TI0CJIC CMEIITUBAHSI PACTBOPOB.
O6beM pactBopa nociie cmemuBanus S Mt MNnSO,4 1 4 mur Na,S cran 9 mo.
KoHnrieHTpanys HOHOB ITOCIIC CMEIIMBAHUS PACTBOPOB

[an*]: 5-0,03 =0,017monv! 2
[S 2_]= % =0,002mo016/ 2

Haxoaum npousBeieHre KOHIIEHTPAIHiA

[IK(MnS) = [Mn?][S*].

[IK(MnS) = 0,017 « 0,002 = 3,4+10

CpasuubaeM 1K c [1P (mpunoxenue, Tab:mn.3)

3,4010°>5,6010°

CnenmoBarenbHo, npu ciauBaamu 5 M 0,006H. pactBopa MnSO4 u 4 mim 0,01 pactBopa NaS
oOpasyercs ocagok MnS.

HcxonHble JaHHBIC ¥ Pe3yJIbTaThl pacueTa 3aHOCHM B TaOJIHILY.

KoHIieHTpaIusi, MOJIb/JI
u . I/IBaII-[II(/)ISI mocJe ITK(MnS) =
OHBI T PaCTEO CIIMBaHUS [Mn*][S*]
poB PacTBOPOB
[ 5:003 _ 4l IIK = 0,017 + 0,002 =
Mn?'] 0,03 9 T[340107
4.0,005
Sl 0,005 o 1 3410°>5610

Otset: npu cnuBanuu 5 Mt 0,006H. pactBopa MnSO4 u 4 mnt 0,018 pactBopa NapS ocamox MnS
oOpa3yercs.

®opma npeacTaBIeHUs pe3y ibTaTa: BHINOJHEHHAs paboTa ¢ peleHreM UHIMBUIYaIbHBIX 3a/1a4
10 BapUaHTaM.

Kpurtepuu ouneHku:
3a Ka)Ibli IPaBUIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBIN 0TBET — 0 6aUIOB.



Tema 1.5. KoMmiekcHbIe cOeNHEHUS
IIpakTuyeckoe 3anaTue Ne 6

BoinosiHeHue ynpamneﬂm”d o COCTABJICHHUIO: ypaBHeHl/lﬁ 3HeKTp0J’[I/ITI/I‘leCKOﬁ AHCCONHNAI MU
KOMIIJIEKCHOI'0 COCAMHEHN U KOMIIJICKCHOI'O MOHA, Bblpa)KeHl/Iﬁ KOHCTAHThI HECTOHKOCTH
KOMIIJIECKCHOI'O MOHA; HA3BAHUH KOMILJIEKCHBIX COeTHHEHNH

He.ﬂb paﬁDTbI: HAY4YUTBCA COCTABJIATH Ha3BaHUA KOMIIJIICKCHBIX COG,Z[I/IHGHI/Iﬁ U YpaBHCHHA HX
aucconan, COCTaBJIATH BBIPAXKCHUA KOHCTAHTBI HECTOMKOCTH U CpaBHHUBATbL KOMIIJICKCHBIC
COCAUHCHUA I10 YCTOﬁqHBOCTH.

Brimoraus paboty, Bel Oynere:

ymembs:

— COCTaBJISITh Ha3BaHUS U (POPMYJIbl KOMIUIEKCHBIX COSAMHEHUN, YPaBHEHUS UX AUCCOIUAIINH;

— COCTaBIIATh BBIPAKCHUS KOHCTAHT HECTOHMKOCTH, CPAaBHUBATh KOMILJICKCHBIE COEAMHEHUS IO
YCTOWYUBOCTH.

MaTtepuajbHOe o0ecneyeHue:
TEMATUYCCKUC IIJIAKAThI 1 Ta6JII/IIII)I

3ananne:
Hay4uTbCs BBIOTHATH TUIIOBBIC 33/1aHHS:
1 CocraBnenue Ha3BaHUHA U POPMYI KOMIUIEKCHBIX COCTUHEHUH.
2 CocraBneHHe ypaBHEHMH JUCCOLMAIIMM W  BBIPAKCHUH  KOHCTaHTHl  HECTOWKOCTH
KOMIUIEKCHBIX COCTUHEHUH.
3 CpaBHEHME KOMIUIEKCHBIX COETUHEHHUS IO YCTOWYMBOCTH.

ITopsinok BbINOJHEHHS PadOTHI:

1. OszHakoMbTeCh C  KpaTKuMH  TeopeTmdeckumMu  cBemeHmsmu  (https://academia-
moscow.ru/reader/?id=400999 c.21-22).

2. IloBropuTe OCHOBHBIE TIIOJIO)KEHUS KOOPAMHAIMOHHOM TEOPUH CTPOEHUS KOMIUIEKCHBIX
COCIMHECHU.

3. 3aKkOHCHEKTHpPYWHTE Ha3BaHUs OCHOBHBIX JIMTAaHIOB U TIpaBWJIa COCTaBJICHUS Ha3BaHUU
KOMIUIEKCHBIX COEIMHEHUH.

4. TlpoaHanu3upyiiTe ¥ OCMBICIUTE MPUMEPHI BBHIMOJIHEHUS TUIMOBBIX 3a/laHUM 10 COCTABJICHUIO
Ha3BaHUU M yPaBHEHUH JUCCOLMANNHA KOMIUIEKCHBIX COETMHEHUM.

4 BpINoJIHATE UHAUBHUYAJIBHBIE 3a/1aHUsI B COOTBETCTBUU C BAPUAHTOM.

Xon paborhr:

[IpuMeps! BBITTOTHEHUS TUIIOBBIX 3a1aHUN

3aoanue Nel.

VkaxuTe: a) KOMIUIEKCOOOpa3oBaTenb, 0) JHMraHIbl, B) KOOPAMHAIIMOHHOE YHCJIO, T) CTETICHBb
OKHCIICHHS KOMIUIEKCOOOpa3zoBaressi, 1) 3apsA] KOMIUIEKCHOIO HOHA, €) Ha3BaHHE KOMIUIEKCHBIX
coenunenniit Ky[Fe(CN)g], [Cu(H20)2(NH3);,]SO,.

Peuwenue.
1. K+4[Fe+2(CN_)5 1+ - rexcarmaonogeppat (1) kamus.


https://academia-moscow.ru/reader/?id=400999
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KoopaunarimonHoe 4uciio B JaHHOM npuMepe: 4=2+2 (onpeaenseTcs CyMMOU JIUTaH/I0B).

3aoanue Ne2.

Hanummure xumudeckrne Gpopmyibpl KOMIUIEKCHBIX coeluHeHul: a) rekcarmaHoxpomat (l11) kamus;
0) 6pomu rekcaammun kobanbsta (111); B) HuTpar quakBarerpaammud Hukess (11).

Pewenue.

a) rekcarmanoxpomar (1) kamus — K3[Cr(CN)g];

0) 6pomuy rekcaammuH kobanbTa (111) — [Co(NH3)6]Brs;

B) Hutpar auakarerpaamMmmue Hukens (1) — [Ni(H20)2(NHsz)4](NO3),.

3aoanue Nes.

Hanuiinre ypaBHEHHsS] TUCCOLMAIMK YKA3aHHBIX KOMIUIEKCHBIX COCJAMHCHUH, BBIPOKCHUS
KOHCTaHT HECTOMKOCTH H, IOJIb3YSCh TAOJMYHBIMU 3HAUYCHUSIMH KOHCTAHT HECTOMKOCTH, CPaBHUTE ITH
coenunenus mo ycronunBoctd: [Ag(NH3)2]Cl, K[Ag(CN),].

Aneopumm pewenus.

1. KoMIieKCHbIE COCIMHEHHs TPHU SJICKTPOJUTHYECKON TUCCONUAIIMUA 00Pa3yroT KOMIUIEKCHBIC
HOHBI M HOHBI BHEITHEN C(hephbl KaK CHIIbHBIE JJIEKTPOJIHTHI:

[Ag(NHs)2]Cl <> [Ag(NH5),]" + CI -

2. KoMIuieKCHbIE HMOHBI TOABEPrarOTCsA IUCCOLMMAIMK KaK Ciaalbble SJIEKTPOJIUTHL. Y IIPOIIEHHO
JMCCOIMAIINIO BHYTPEHHEH Cepbl MOKHO TPEICTABUTH TAKUM 00Pa3oM:

I::A\g(NHg)z]+ > Ag+ + 2NH;

3. TlpumeHsst 3aKOH JIEHCTBYIOMIMX MacC K OOpPaTUMBIM IIPOIECCAM JHUCCOIMAIME KOMIUIEKCHBIX
HOHOB, 3aIHIIIEM BBIPAKEHHUSI KOHCTAHThI HECTOUKOCTH:

N 2
K, {[ﬁAQ ] NH. T .10
Ag(NH3)2]
4. Tlo Toii 5Ke CXeMe BBIIOJHSIEM JASHCTBHS CO BTOPBIM IIPUMEPOM KOMIUIEKCHOTO COSANHEHHMSL:

K[Ag(CN),] <> K" + [Ag(CN),]”
[Ag(CN)2] <> Ag’ + 2CN~

Ao llen F o
o %[Ag«:—wm —he

5. KoHcTanTa HECTOMKOCTM KOMIUIEKCHOTO HOHa XapaKTepu3yeT NpPOYHOCTh (YCTOHYMBOCTD)
BHYTpEHHEH c@epbl KOMIUIEKCHOTO MOHA. YeM MeHbllle KOHCTaHTa HECTOHMKOCTH, TEM MpOYHEee
KOMILIEKCHBIN HOH.

Ky = 1110% < K, = 9-10® | spaunr xommuekcreri mon [Ag(CN).]~ Gomee npounsii, dem
[Ag(NH3)2]" .

(I)opMa npeacraBjaeHUus pe3yJabTara: O(I)OpMJICHHa}I pa60Ta C BBIITOJIHCHHBIMHA
WHAUBUAYAJIbHBIMHA 3aJIaHUAMU 110 BApUAHTaAM.

Kpurtepun onenkmn:
3a KaXkJplii MpaBUIIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIN 0TBET — () GaIoB.



Tema 1.6. OKHCIUTEIBLHO-BOCCTAHOBUTEIbHbIE PeAKIIHU

IIpakTHyeckoe 3ansaTHe Ne 7
OnpenesieHne OKUCIAUTEIC U BOCCTAHOBUTEJIEH.

Heanb paGoThl: HAYUYUTHCS ONPEETSATh CBOMCTBA COCIMHEHHM 110 CTETICHH OKUCIICHUS AJIEMEHTOB,
COCTABJISITh YPABHEHUSI OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIU, PacCUUTHIBATH OKHUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE ~ MOTEHUMANbl IO  ypaBHEeHHMIO  HepHcTa,  omnpeaensTy  HampaBJICHUS
CaMONPOU3BOJIBHOTO MPOTEKAHUS PEAKIIUM.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MO0 CTEeNeHH OKHUCJICHMSI SJIEMEHTOB NPOrHO3UPOBATh CBOMCTBA COCAMHEHHMH B pEaKIUsiX C
JPYTMMHU BEIIECCTBAMU;

— pacCUMTHIBATh OKHCIUTEIBHO-BOCCTAHOBUTENbHBIE MOTSHIINAIIBI 110 YpaBHeHHIO HepHcTa;

— COCTaBJIATH YPAaBHCHHA OBP u OIIPCACIIATH HAIIPABJICHUSA CAMOIIPOU3BOJIBHOI'O UX IMPOTCKAHUA.

MaTepnaﬂbnoe odecmeyeHue:
TEMATUYCCKUC I1JIaKaThl 1 Ta6J'II/II_[LI

3aganme:
Hay‘-II/ITI)Cﬂ BBIIIOJIHATH TUITIOBBIC 3aJaHUS 110 I[aHHOﬁ TEMCE:
1 OnpeneneHnue CTENECHU OKUCIICHHS 3JIEMEHTOB B BEIIECTBAX, MPOTHO3UPOBAHUE UX CBOWMCTB B
peaKkuusax ¢ APYrUMH BELIECTBAMM.
CocraBiieHre ypaBHEHUN OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIHIA.
Pacqu OKHUCIUTCIBbHO-BOCCTAHOBUTCIIBHBIX ITOTCHIIUAJIOB 110 ypaBHCHI/IIO HCpHCTa.
4  Omnpenenenve HaMpaBIeHUS CAMOIPOU3BOIBLHOTO MTPOTEKAHUS PEAKITUH.

w N

ITopsinok BbINOJHEHHS PadOTHI:

1. OszHakoMbTeCh C  KpaTKuMH  TeopeTmdeckumMu  cBemeHmsmu  (https://academia-
moscow.ru/reader/?id=400999 c.32-42).

2. TloBTOpHTE OCHOBHBIE NOHATHUS, H3YyUeHHbIE B TeMme «OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIC
peaKkum».

3. 3aKOHCIIEKTUPYWTE  YCJIOBHE CaMOIIPOMU3BOJIBHOTO  TPOTEKAHUS  OKHUCIUTEIBHO-
BOCCTAaHOBUTENIBHON peakiuu, ypaBHeHue HepHcera 11t onpeeneHus 3IeKTPOIHbIX MOTEHIINATIOB HOHOB
U OKHCJIINTENBHO-BOCCTAHOBUTENBHBIX T1aAP.

4. TlpoaHanu3upylTe W OCMBICIUTE TPUMEPHl BBIMOJHEHUS THUMOBBIX 3aJaHUNA  TIO
IIPOrHO3UPOBAHUIO CBOMCTB COEIMHEHUH, cOocTaBiIeHHUIO ypaBHeHU OBP u onpenenennio HanpaBieHUs
CaMOITPOU3BOJILHOTO UX MPOTEKAHUSI.

5. BrinonHuTe MHIMBUAYaTbHBIE 33/1aHUS B COOTBETCTBUU C BAPUAHTOM.

Xon paborsr:

3aoanue Nel.

Omnpenenure CTENeHb OKUCICHHS BCEX AJIEMEHTOB B coeauHeHusax: P20s, MNnSO4, MNO;, KMNOy,
KNO,, NH4NO3, KNO3, K,Cr,07, KoCrOy4, NaySOs.

Aneopumm pewerus.

CremneHb OKHUCIICHUS — (OPMANBHBIN 3apsa aroma B Mojekyie. Cymma 3apsjioB BCEX aTOMOB B
monekyne pasHa O. CyMMa 3apsiioB aTOMOB B MOHE paBHA 3apsily HOHA.
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8 2 +2 +6 2 2

P,0s Mn(SO4)* MnO,
(+5)-24(-2)-5=0 (+2)+[(+6)H-2)-4]=0 +4+(-2)-2=0

+1 <7 2 + 432 341 =852
+1+74(-2)-4=0 +143+(-2)-2=0 34+ 1-445+(-2)-3=0
ol 45 2 +1 +& 2 =1 +6 2 +1 +4 -2

KNO; K.Cr:0, K2CrQy Na,S0,

3aoanue No2.

yKa)KI/ITe, KaKO€ COCAMHCHUC MOXET 6BITB TOJIBKO OKHCJIIMTCICM, TOJIBKO BOCCTAHOBUTCIIEM, UJIM U
TEM, U IPYIrUM: KNO,, HNO3, CTC|3, K>CrOy4, H,S, SO,, H2SO4, MNSOy, MnOz, KgMnO4, KMnO,.

Aneopumm pewienus.
Ecnu creneHp okucIeHUs: HU3MIAs OTPHUIIATEIbHAs, TO aTOM MOKET OBITh TOJILKO BOCCTAHOBUTEIIEM,

OTAACT 3JICKTPOHLI, IPUHUMATh UX HC MOXKCT.
Ecnu crenenb OKHMCIEHHUS BBICIIAS IIOJIOKUTCIIBbHAsA, TO aTOM MOXET OBITH TOJIBKO OKHCIIMTCIIEM,

MPUHUMACT JJICKTPOHLI, OTAABATb €EMY YK€ HCUCTO.
Ecau cremeHp OKUCICHUS 3aHUMAaET IPpOMCIKYTOYHOC 3HAUYCHUC,

OKHCJIUTEJIEM U BOCCTAHOBUTEIIEM, TO €CTh U IPUHUMAThH, X OTAABATh JJIEKTPOHBI.
ol #3
HNO; - oxkucanrens (-3, 0,+1, +2, +3, +5)
+3
CrCly — oxucnutens / soccranopnTens (0, 3, +6)

K2(23r04 — oxucanrens (0, +3, +6)

TO aTOM MOJET OBITb

H2S ~ Boccranosurens (-2, 0, +4, +6)

-

8926 — OKHCIMTENs / BOCCTaHOBHTENS (-2, 0, 44, +6)
H%SO4 — oxucanTens (-2, 0, +4, +6)

MnSOq - BoccTanosurens (+2, +4, +6, +7)

"

MnO; - okHCIHTENS, BOCCTAHOBUTEND (+2, 44, +6, +7)
O

KaMnO, — oxucnurens, soccranosurens (+2, +4, +6, +7)

+7
KMnO4 ~ OKHCauTens (12, +4, +6, +7)

3aoanue Ne3.
Ornpenenure MOTEHIMAI OKHCIUTEIbHO-BOCCTAHOBUTEIHHOM Taphl Sn*#/sn*? MpU TEMIIepaType

25°C u KOHIIEHTPaLUIX Con ~0,1 Mo/, Cone ~0,001 moub/i.

Aneopumm pewienusi.
0,059, [ox]

g
n " [Redox] e

0

1. 3anaya pemiaercs ¢ MCTOJIb30BaHUEM ypaBHeHUs HepHcra: EeE

[0x]- KOHILIEHTpaIMsI OKUCIEHHOM (POPMBI, B MOJIB/JI.

[Redox] _ KOHIICHTPAIIUsI BOCCTAHOBJICHHOMN (bO})MI)I, B MOJIB/JI.

2. OKHCTIEeHHO} (hOopMOif ABIAIOTCA HOHBI SN | TaK KaK OJOBO CTOMT B UeTBEPTOI IPyTIIIE, HMeeT
YEThIPE JIEKTPOHA HA BHEILIIHEM CJIO€ U MOH Sn** Goxblue oTaaTh 3JIEKTPOHBI HE MOXKET.

BoccranosnenHoii popmoit SBIsSETCSI HOHBI Sn*2.

CrnenoBaTesbHO:

[ox]=[ Sn™*]=0,1 moub/1

[REdOX]=[ Sn*?1=0,001 mous/n

3. ITo Tabnuitam HAXOAUM CTaHAAPTHBIN DJIEKTPOAHBIA MOTEHITHAT.

E? =015B

Sn*4/sn*?
4. Ilo ypaBHeHuro HepHcTa paccunThiBaéM MOTEHIIMAT OKUCIUTEIbHO-BOCCTAHOBUTEIBHON Maphl

pu 25°%C (298K) 1 3a1aHHBIX KOHLIEHTPALUIX:

E= 0,15+£259 lg-L —0,15+0,02951G10 = 0,15+ 0,0295(+2) = 0,15+ 0,059 = 0,2098 B

0,001 Orper Eaisr = 0,200B




3aoanue Ne4.

CoCTaBUTh ypaBHEHHE OKHCIUTEIHHO-BOCCTAHOBUTECILHOW pEaKIMM, MPOTEKAMOMEH MEKIY
MEpMaHTaHATOM KaJIusi ¥ HOJUIOM Kajus B KUCJION CPe/ie M ONPEIe/INTh BO3MOKHOCTh €€ MPOTCKAHUS B
CTaHIAPTHBIX YCIOBHSX.

Aneopumm pewrenusi.
+1 +7 2 +1-1 +1 +6-2 +2 46 -2 0 +1 +6 -2 +1 -2

KMnO4s+KI1+H2S04 > MnSOs+12+K, SO4+H20

OKHUCIIUTEND 2
+7 - +2
Mn+5e — Mn

Boccranosurenn 5
21 -2e > 1,
[To Tabnuine HaXOOUM CTaHAAPTHBIC IMOTEHIMAIBI OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX TMap:

=1518 E° =054B

0
E 1,217

Mn*7/Mn*?
EO +7 +2 Eo _
3.1 =%y - BOy= MM L T2 =1 51-0,54=0,96>0
OTBCTI OKHUCIUTCIBHO-BOCCTAHOBUTCIIbHAA peaKHI/Iﬂ HpOTeKaeT CaMOHpOI/ISBOHLHO B HpSIMOM
HaHpaBJ‘IeHI/II/I.

®opma  mpeacTaBjieHMsA  pe3yabTara:  odopmieHHas ~ paboTa ¢ BBIIOJHEHHBIMHU
MHJUBUAYAJIbHBIMH 33JaHUSIMU 110 BapUaHTaM (3a/1auil U yIpa)XHEHUs 10 Ha3BaHHOM TeMaTHKe).

Kpurtepun ounenku:
3a KaXkIpIi TpaBUJIbHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



Tema 1.6. OKHCIUTEIBLHO-BOCCTAHOBUTEIbHbIE PEAKIHU

IIpakTuyeckoe 3anaTHe Ne 8
OnpenesieHne HaNpaBJIeHUs] MPOTEKAHUS PeaKUM i

Heab padoThl: HAYYUTHCS ONPENEATh HAPaBICHUE TPOTEKAHUS PEAKIHii
Boinosinus 3ty padory, Bbl Oynere:

yMeTh:
- IPOBOJUTH PACUEThI, ONPEAEIISIONINE IPOTEKAHNE PEAKIINIA

MarepunanbHoe obecneyeHue:
TEMaTHUYECKHE TUIAKaThl U TAOJIUIIbI

3aganme:
1.Pacuet oKMCIUTETHEHO-BOCCTAHOBUTEIIBHBIX TTOTEHIIMAJIOB 110 ypaBHeHHIO HepHcTa.
2.0npeneneHyue HapaBaCHUs CaMOITPOU3BOJILHOTO MTPOTEKAHUS PEAKIUM.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. OsHakoMbTeCh C  KpaTKuMH  TeopeTuueckumu  cBenenusmu  (https://academia-
moscow.ru/reader/?id=400999 c.32-42).

2. lTloBTOpHTE OCHOBHBIC MOHATHS, H3y4eHHbIE B TeMe «OKHUCIUTEIbHO-BOCCTAHOBUTEIHHBIC
peaxuum.

3. 3aKOHCIEKTUPYITE yCIIOBHE CaMOIIPOU3BOJIBHOTO MIPOTEKaHUs OKHCIIUTENBHO-
BOCCTAaHOBUTENIBHON peakiuu, ypaBHeHue HepHcera 11t onpeeneHus 3IeKTPOAHbIX OTEHIINATIOB HOHOB
1 OKHUCITUTEIbHO-BOCCTAHOBUTEIIBHBIX T1Ap.

4. Tlpoananu3upyilTe W OCMBICIUTE TPUMEPHl BBIMOJHEHUS THUMOBBIX 3aJaHUNA IO
MIPOTHO3UPOBAHUIO CBOMCTB COEIMHEHUM, cocTaBieHUI0 ypaBHeHu OBP u onpenenenuto HanmpaBieHUs
CaMOIIPOU3BOJILHOTO UX MPOTEKAHUSI.

5. BemmonHuTe MHAUBUya bHbIE 3a]JaHHUS B COOTBETCTBUU C BAPHUAHTOM.

Xoa padoThi:

[Tpumep 1. Beruucnuts TemnoBoii a¢dext peakiyu (AH p-1iuun) npu cTaHIapTHBIX YCIOBUSAX:
4NH3 + 502 4NO + 6H20
Pemenue:

a) B Tabmuiie HaxoaMM 3HAYCHHs CTAHAAPTHBIX SHTANbIHA oOpasoanus: AH°00p (NH3) = -46
k/[x/mMonb; AH® 06p(NO) = 91 x/Ix/mons; AH® 06p(H20) = -286 k/[»/Monb. CTaHAapTHBIE SHTATBITHH
o0pa30BaHMsI MPOCTHIX BElIECTB paBHBI 0.

6) CornacHo nmepBOMY CIJIEACTBHIO U3 3aKOHa ['ecca TemioBoil 23 PekT XuMHUUECKOH peakii paBeH
CyMMe SHTajJblUil 00pa3oBaHHUs MPOAYKTOB pPEaKIMHU 32 BBIYETOM CYMMbl SHTalbIHNI 00pa3zoBaHUs
UCXOJIHBIX PpEareHTOB C YYEeTOM CTeXuoMmerpuueckux kodpduuuenroB peakmun 10 AH°p-uum =
[4AH°00p(NO) + 6AH°00p(H20)] - [4AH°00p(NH3) + 5AH°00p(02)] = = [491 + 6(-286)] - [4(-46) +
5:0]=-1168 xJlx.

[Ipumep 2. Beruncantbh cBOOOJHYIO SHEPTHUIO Mpoliecca MNIMKOIN3a MPOUCXOJISAIIEr0 B OpraHu3Me
KHUBOTHBIX. MOKET JIM OH MPOTEKATh CAaMOIIPOU3BOJILHO MPH CTaHAAPTHHIX ycinoBusax. COH1206(p-p) —
2C3H603(p-p) monounas kuciaora AG 0 00p -917 -539 x/[x/Monb (TabIMYHBIC JaHHBIE)

Pewrenue:

M3meHeHne cBOOOTHON SHEPTUU B XOJ1€ PEAKLIMHU ONPEAEIAeTCA KaK pa3HOCTh CBOOOIHBIX 3HEPTH
00pa3oBaHMs MPOIYKTOB PEAKLIMH 32 BBIYETOM CBOOOIHBIX SHEPTUil 00pa30BaHMsI HCXOIHBIX PEareHTOB C


https://academia-moscow.ru/reader/?id=400999
https://academia-moscow.ru/reader/?id=400999

yueToM crexuomerpuueckux kodpdummentoB AG 0 p-uum = 2AG 0 o6p(C3H603) - AG 0
06p(C6H1206) = 2(-539) - (-917) = -161 /)¢ Peakuus MOKET MPOTEKATh CAMOIIPOU3BOJILHO.

[Tpumep 3.

[Ipu B3ammopmeiicTBuM 3 T yriiepoaa ¢ Kuciopojnom c¢ obpaszoBanuem CO2 Bwimenmnoch 98 kJx
sHepruu. Paccumraiite sHTanpnuio oOpasoBanuss CO2. Pemenue: OHtanmsnus oOpazoBanus CO2
cootBercTByeT peakiuu C(1) + O2(r) = CO2(r) Otcroma: 31 C — 98 xJIx 12 v C — x xJIx, (1 Monp) X =
392 x/Ix. CnemoBarensHo AHO 06p (CO2) = -392 k/[x/mMomnb

[Ipumep 4. DHepreTUUecKre 3aTpaThl KOPOBHI HAa 0Opa3oBaHue 1 1 Mosoka coctaBisitoT 3000 k.
Kakoe kommdecTBO TIOKO3bI OyneT 3aTpadeHo Ha oOpasoBaHue 20 J1 MOJOKa, €CIIM JOMYCTUTh, YTO
MIPOLIECC MOJIOKOOOPA30BaHUS SHEPreTUUECKH 00EeCIeYnBaAETCS TOJIBKO 32 CYET OKUCIICHHS TIIOKO3bI 0
ypaBuenuto: C6H1206(k) + 602(r) — 6CO2 (r) + 6H20(k) 5. Wcxons U3 cTaHAapTHBIX 3HAYEHUU
SHTAJIBIIUN CrOpaHUs BEUIECTB, paCCUUTANTE CTAaHAAPTHYIO SHTAJIBINIO0 00pazoBaHus npomnanoia-1. 11 6.
Kakoii myTp pa3nokeHus: TIIOKO3bl TepMOIMHAMUYECKH Hambosiee BepositeH? Kakoil peanmusyercs B
opranusme? [Touemy? a) COH1206(x) + 602(r) — 6CO2 (1) + 6H20(x) 6) C6H1206 — 2C2H50H (k)
+ 2C0O2 (1) 7. Moxet nu okcun azora (I), ucnonp3yemblii B MEIMLMHE U BETEPUHAPUM B KayeCTBE
HApKOTUYECKOTO CPECTBA, BHI3BIBATH OTPABJICHUE B PEe3yJIbTaTe MPEBPAILICHUSI B TOKCUYHBIN OKCUJT a30Ta
(II). 2N20(r) + O2(r) = 4NO(r) 8. Ilomp3ysch CHPaBOYHBIMU JAHHBIMH, PACCUUTATh H3MEHEHUS
SHTAJIBIINU, SHTPOIUU U CBOOOJIHOM SHEPrUu B MpOIECCe adpOOHOT0 OKHUCIEHHS TIIIOKO3bI B OpraHUu3Me
KUBOTHbIX. Peakuus maer B coorBercTBuu ¢ ypaBHeHuem: CO6H1206(p) + 602(p) — 6CO2 (p) +
6H20(x) 9. Kakoe KOJIMYEeCTBO TEIJIOTHI MOTJIOTUTCS MPH PACTBOPSHUH B BoJe 25 T OpoMuaa Kajus,
eciit AHo pacts.(KBr) = 17 kJ[»x/Moib.

dopma  mnpeacraBjeHusi  pesyabrara:  odopmiieHHAas ~ paboTa ¢ BBIIOJIHCHHBIMU
WHUBUAYAIBHBIMH 33JaHUSIMU 110 BapuaHTaM (3a/1a4il U YIPa)XHEHHs 10 HA3BaHHOM TeMaTHKe).

Kpurepun oneHku:
3a Ka)kJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.



Tema 2.1. TeopeTnueckne OCHOBbBI OPraHM4YeCcKOM XMMHUU

IIpakTuyeckoe 3ansaTue Ne 9
CocraBJ/ieHHe CTPYKTYPHBIX (p)OPMY.J1 H30MEPOB

Heab padoThl: HAYYUTHCS COCTABIISITH U30MEPhI OPraHUUECKUX BEILIECTB

Boinosinus 3ty padory, Bbl Oynere:

yMeTh:

— COCTaBJIATH (POPMYJIbI OPraHUYECKHUX BEUIECTB (YIIeBOIOPOAOB);

— Ha3bIBATh 110 CUCTEMATHYECKOM HOMCHKJIATYpC NPCACIbHBIC YTITICBOAOPOABLI U UX IMTPOU3BOAHLIC,

— IPOCTPAHCTBEHHO MPEJICTABIATh CTPYKTYPY MOJIEKYII MIPeIeIbHBIX YIIIEBOAOPOI0B HOPMAILHOTO
Y U30CTPOCHHS.

MaTtepuajibHOe o0ecneyeHue:
HaGop 1st mOCTpOCHHUS MAPOCTEPIKHEBBIX MOJIECIICH MOJIEKYJI, TPAHCIIOPTHP. TEMATUYECKUE TUIAKAThI U
TaOIALBI

IMopsiok BbINOJIHEHUS PA0OTHI:

1. O3HaKOMbTECh c KpaTKUMHU TEOPETUUECKUMHU CBEACHUSIMU
(https://new.znanium.com/read?id=80002. c. 2-6)

2. IOCTPOIATE MIAPOCTEPKHEBBIE MOJIENIM MOJIEKYJI ME€TaHa, 3TaHa, OyTaHa, n300yTaHa, IEHTaHa U
M30IICHTAHOB;

3. HAIUIINUTE CTPYKTYpPHBIEC (POPMYIBI U POPMYIIBI COCTaBA ITUX BEIIECTB;

4. Ha30BUTE BCE BEILECTBA 10 CUCTEMATUYECKON HOMEHKIIATYPE;

5. n300pazute MOJIeIH MOJIEKYJI 3TUX BEIIECTB MPOCTPAHCTBEHHO HA OyMmare;

6. U3MEpPUB TPAHCIIOPTUPOM YTIIBI MEXKY HAIIPABJIICHUSIMHU CBS3€H, YOSIUTECh, YTO BCE OHU PABHBI
109°28';

7. BBITIOJTHUTE UHAUBUAYATHLHOE 3aJaHuE.

IIpumep HHAMBHUAYATBHOIO 3aaHUS
1. HazoBuTe BemecTBa o CHCTEMaTHYECKONH HOMEHKIIAType, 110 YKa3aHHOMY BBIILIE aJITOPUTMY.
CHs

|
1) CH3—(|?—CH2—CH2—CH2—CH2
|

CH; Cl
2) CH; - C|H — (|JH —CHs
CH; CHs
CH; - CH3

|
3) CHszlfCHszHg—CH3

CH; - CH3
4) CHz — CH, — CH, — CH, — CH; — CH3
2. CocTraBbTe COKpAIIeHHbIE CTPYKTYpHBIE ()OPMYJIBI BEIIECTB MO0 YKa3aHHOMY BBIIIE aITOPUTMY: 2,
2 — muMeTnI-3-xJI0p-0yTaH; 4 — STHII-OKTaH.
3. Ykaxute u3oMepsl JUOpomMOyTaHa.


https://new.znanium.com/read?id=80002

Br
a) CH3 — (F — CHz — CH3
Br |
Br
a) CH3 — %— CH2 — CHz-CHg |
r

0) CH; — CH - CH — CH3
| |
Br Br

®opma npeacrabJieHus pe3yJbTara: opopmiieHHas paboTa ¢ BHINOJIHEHHBIMU
WHJIMBUIyAJIbHBIMU 33IaHUSIMU 10 BapHaHTaM (3a7a4i U YIPaKHEHH 10 Ha3BaHHON TeMaTHKe).

Kpurtepun ounenku:
3a KaXkIpIi TpaBUJIbLHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN O0TBET — () OasUIOB.



Tema 2.2. Yraesogopoasl
IIpakTyeckoe 3ansaTue Ne 10

CocraBjieHHe U Ha3BaHUE CTPYKTYPHBIX (OPMYJI AJIKAHOB, AJIKEHOB, AJIKUHOB. Pelienune
3aJa4 Ha HaXO0KJIeHUue UCTHHHOM GopMYyJIbI YIJIeBOAOPO/10B

Leab paGoTbl: HAYYUTHCS COCTABISTh CTPYKTYpPHBIE (POPMYJIbI U30MEPOB JJIsi BEUIECTB AJIKAHOB,

QJIKCHOB, AIKUHOB. HaxouTh HCTUHHYIO (OPMYITY YTIIEBOJAOPOIOB.

BoinoJsinus 31y padory, Bbl Oynere:

ymembp:

— COCTaBIIATH (HOPMYJIBI HEMPEIENIbHBIX YITIEBOJOPO/IOB;

— Ha3bIBaTh HENPEAEIbHBIE YIIIEBOJOPOIBI 10 CHCTEMAaTUYECKOW HOMEHKIIATYPE;

— OIpeleNATh MOJIEKYJSIpPHYIO (hopMyily YIiIeBOAOpOJa IO €ro IUIOTHOCTH M MacCOBOH zoIe

3JICMCHTOB.

MaTtepuajbHOe o0ecneyeHue:

TEMATUYCCKUC IIJIaKaThl 1 T216J'II/IIII)I

3aganua

1. Hammmmure cTpyKTYypHBIE (HOPMYIIBL:

| — ankeHOB: a) 2-MeTUIOyTeHa-2; 0) 2-MeTuimporneHa-1; B) 2,3-IMMETHUIITEKCEHA-
r) 2,5,5-TpuMeTHIIreKCeHa-2; n) 2,2,6-TpuMeTHI-4-3THIIrenTeHa-3;
Il — ankagneHoB: a) 2-MeTuaneHTaaneHa-1,3; 0) 2-meTuirekcaauena-1,5;
B) 2,4-muMeTHINICHTaIneHA-2,4; r) 2,5,6-TpuMeTUIOKTaIueHa-1,3;
n) 2,4-nuMmetwirentagneHa-1,5;
[l — ankuHOB: a) 3-meTunneHTuHa-1;  0) 4,4-nUMeTUNINEHTUHA-2;  B) 3-MeTUI-4-3TUIIOKTHHA-
T) 4-3THITeKCHHA-2; n) 2,2,5-TpUMeTUITeKCHHA-3;
2. HazoBwure cienyromnme ajaKeHbI:
a) (.‘lh—Cll;-r-(l'.'—CH*(_ill‘; 6) CHy—CH—CH—CH,—C=CH,
CH,—CH, CH; CH;—CH; CH;
CH CH; CHy
») CH;=CH—C—CH;~CH, 1) CHy~C—CH=CH—C—CH,
CHy;—CH; CH,—CH;  CH,—CH,

a) CH,=CH—CH=CH—CH, 6) CHy=CH- CH—CH—CH=CH,

CH;—CH, CH;
M HC=C—CH=C—CH; 1) CHy-CH=C—C= CH—CH—CH,
CH; CH; HyC—CH, CH,—CH; CH;

3. HazoBwute cienyroriue TUeHOBBIE YTIIEBOIOPOIBI:

4. Ha3oBuTe CleayroIme aKuHbIL:



CH; (l,.'H; ?Il;.
L. .
a) CH;—C=C—CH-CH; 6) CH;—CH—C=C—CH—CH,—CH;

(l':H, gu-. cu;%tn_\
)
B) (,?H;--(I'?--(I"—:C—lc—CH3 1) CHy—C—CH—C=C—CHj
CH; CH; CH,—CH;

5. Kakue ankeHbl MOT'YT OBITh [TOJy4YEHbI IPH JETUAPUPOBAHUU: a) U30-0yTaHa;

0) 2-metmnOyraHa; B) 2-MeTWJIEHTaHa;, T') nponaHa? Hamummre coKpalleHHbIE CTPYKTYpHBIE
(hopMyIIBI.

6. Kakme yrieBogopoabl MU B KAaKOM KOJMYECTBE MONydaroTcs mpu aeruapataruu 10 kxr: a)
stunosoro cnimpra CH3—CH>—OH; 6) nponunosoro ciimpra CH3—CH,—CH,—OH?

7. CKOJIBKO TpaMMOB OpomMa MOTYT MPUCOEAMHUTH: a) OyTeH-2 maccoil 2,8 r; 0) meHTeH-2 Maccoi
3,5 1; B) rekceH-2 maccoit 4,2 1 ?

8. Kakoii o0beM Bomopona HEOOXOIWUM /sl TUAPUPOBAHHMS CMECH Tra3oB wmaccoi 124 r,
coliepkammx TwieH (maccoBas gons 22,58%), mpomen (32,26%) u Oyren-2 (45,16%)? Hanumute
COOTBETCTBYIOIINE YPAaBHEHHS PEaKIIHIA.

9. CkonbKO TIpaMMOB TIaJOr€HONPOM3BOJHOIO oO0Opa3zyercs B pe3yibTaTe B3aUMOACHCTBUS
npornwiena obvsemoM 1,12 1 ¢ xyopoBomopoaoM? Bripazure peakiuio B CTPYKTYPHBIX (opmyliax,
YUUTBIBas MpaBuiio MapKOBHUKOBA.

10. CkoybKO TpaMMOB YKCYCHOTO aJbJETHIa MOXHO IOJIY4UTh U3 aneTwieHa oobemom 50 1 1o
peakuuu KyuepoBa, yuuThiBasi, 4TO BBIXOJ alpaeruaa coctasisieT 90 % ot TeopeTuueckoro?

11. Kakoii 00beM areTuiieHa He0OX0IUMO 3aTPaTUTh IJIs TToJTydeHus: 6en3o0sa maccoit 40 kr?

12. Ckonbko rpaMMOB OpoMa MOXKET NPUCOEAMHUTHCS K JTUIEHY oO0bemoMm 1,12 51 mpu
HOPMAaJIbHBIX YCIOBUSX (H.Y.)?

13. CkonpKO JIMTPOB 3TaHA HPU H.y. NOJYUYUTCS MPH B3aUMOJEHCTBUU aleTuieHa maccoil 39 r ¢
BOA0poJOoM 0O0beMoMm 50 n?

14. CxosbKO JUTPOB KUCIIOpOJia (H.y.) MOTpedyeTcs A MOJHOTO CTOPaHMs: a) aleTHIIeHa Maccoil
6,5 1; 0) 1 Moab pornueHa?

15. IIpu cxuranuu raza oobemom 4,48 11 obpaszoBancs okcun yriepoza (1V) maccoit 13,44 r u Bona
maccoir 10,8 r. Macca omHoro nurpa 3TOoro raza npu H.y. paBHa 1,875 r. Onpenenutre UCTHHHYIO
¢dopmyiy raza.

— OIpeneNsaTh MOJIEKYISAPHYIO (opMylly yriieBoJOpojaa IO €ro IUIOTHOCTH W MAacCOBOHM Joie
3JIEMEHTOB.

AJITOPUTM pelnieHusi TUIOBOI 3a1a4n

3amaua. [Ipu cxxuranuu ra3000pa3HOTO yriaeBoA0poaa 00beMoM 2,24 1 TOJIy4eHO OKCHJIa YTiiepoia
(IV) maccoit 13,2 t u Boasl Maccoit 7,2 r. IlmoTHocTh Ta3a mo BO3AyXy cocramiseT 1,52 (H.Y.).
Omnpenenute MOJEKYISIpHYIO (hopMyITy Tasa.

Pewenue.

D:osa(B-Ba) = M(B-Ba)/M(B031) = M(B-Ba)/29.

1. MonsipHas macca raza paBHa: M(B-Ba) = M(B031) * Dyosx(B-Ba).

M(Bo3n.) =29 r/monb;  Dggsn(Taza) =1,52;

M(raza) =29 r/monbe1,52 = 44 r/mMOnb.

2. Macca yriepoja u BoJioposa B 2,24 11 yrieBogopo/ia COCTaBIISIET:

12 r yrnepona obpazyer 44 r CO;

~13,22-122

x »yraepoma  »  132» CO, T % ©
2 1 Bogopoaa obpazyer 18 r H,O

y= 7,22-22 —08: H.
y » BOJOpoJa » 7,2 » H.0 182

3. Macca yriepoaa U BOJ0Opo/ia B COKKEHHOM raze cocrasiisieT 3,6r+0,8T = 4,4r
4. Paccunraem Maccy 2,24 11 yrieBojopoJa:
44 1T yriaeBoaopoja 3aHUMAIOT 00beM 22,4 1



Z » yrieBoaopoja » » 224 »
_ 2,245-442
22,42
5. 3HauuT, ra3 COCTOMUT TOJIbKO U3 yrieponaa u Bogopoaa. CieaoBarenbHO,
H :%:?:0,3:0,8:1:2,66,

otkyna npocreimas popmyna CHzgs (My = 14,66). OTHOIIEHHE MacChl HCTHHHOTO COSAUHEHUS K

Macce npocreimero cocrasiseT 44/14,66 = 3. CnenoBaTenbHO, MPOCTEHITYIO GOPMYITy HAl0 YBETHYUTD
'H :§:%:0,3:0,8:1:2,66:3:7,98:3:8,

B 3 pa3a, 12 1

oTcrofa uctTuHHas ¢popmysa raza CsHs.

[IpuMeuanue: ecinu B YCJIOBUU 3aJauM JlaHa OTHOCUTENbHAS IJIOTHOCTh BELIECTBA IO BOJIOPOIY,
TOTJJa MPUMEHSIOTCA (DOPMYIIBI:

DHy(8-Ba) = M(B-Ba)/M(H) = M(B-Ba)/2.

M(B-Ba) = M(H;) * DHa(B-Ba) =2 * DHy(B-Ba).

=4,4.:.

Ilopsinok BbINOJIHEHHS PadOTHI:

1. O3HaKOMBTECH c KpPaTKUMH TEOPETUIECKUMHU CBEICHUSIMU
(https://new.znanium.com/read?id=80002. c. 11-16)

2. HANMIINTE CTPYKTYpPHBIE GOPMYITBI B (POPMYJIIBI COCTaBa STHUX BEIIECTB;

4. Ha30BUTE BCE BEIIECTBA [0 CUCTEMATHYEeCKONH HOMEHKIIAType;

3. BBITIOJIHUTE WHAWBUYAIbHOE 3a/1aHHE.

4. ITonb3ysch aJrOpUTMOM PEIICHHS TUIIOBOM 3a/1a4M, BBITIOJHUTE 3a/1aHUS.

3amanus

1. BoiBenuTe MonekynspHyo (GOpMyIly BElIECTBa, COAEpKaIlero yriepo (MaccoBas a0is 85,7 %)
u Bogopona (14,3 %). IlnoTHoCTs MapoB 1o Bogopoay paBHa 21.

2. BeiBeaute MomnekynspHyo (Gpopmyny BellecTBa, colepskamiero yriaepos (maccosas nomus 81,8%)
u Bozopoz (18,2%).

3. Ompenenute MOJEKYISIpHYIO (GOPMYIy BEIIEeCTBa, COAEpIKaIIero yriepoa (MaccoBas nois 83,72
%) u Bogopon (16,28 %), ecau MoJiekysipHasi Macca BelecTa paBHa 86.

4. BpruucnuTe MiIOTHOCTh 3TaHa MO BO3YXY M BOJOPOY.

5. Omnpenenute MOJEKYISIpHYIO (BopMyly Ta3000pa3HOTO BEIIECTBA, €CIM €ro IUIOTHOCTh IO
BO3JlyXy paBHa JIBYM, a MaccoBas a0 yriepona 82,76 % u sogopona 17,24 %.

6. [Ipu cxxuranuu ra3o00pa3HOTo yrieBoaopoaa oopazoBaics okcun yriaepona (1V) maccoit 3,3 r u
Bosia Maccoit 2,02 r. IInmotHoCTh ero mo Bo3ayxy cocramiser 1,04. Hanummure cTpykTypHyo Gopmyny
YII€BOI0POAA.

dopma  mpeacraBjeHusi  pe3yabrara:  odopmiieHHas ~ pabora ¢ BBIIOJHCHHBIMU
WHIUBUAYAIbHBIMU 33JaHUSIMU 110 BapUaHTaM (3a/1a4l ¥ YIPaKHEHUS 10 HA3BaHHOW TEMATHKE).

Kpurtepun onenkmn:
3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBWIbHBIN 0TBET — () GaIoB.


https://new.znanium.com/read?id=80002

Tema 2.3. Kuciaopogocoaep:kamme oprannyecKue BelecTna

IIpakTyeckoe 3ansaTue Ne 11.
CocTaBieHHe 1 Ha3BaHHMe CTPYKTYPHBIX (GOPMYJI KHCJIOPOACOAEPKAMX OPraH HYeCKUX
BelecTB. Pemenne 3a1a4 Ha HaX0KIeHHe MCTUHHON GopMy bl

Heap padoTbl: HAYYUTHCA COCTABIATH CTPYKTYPHBIEC (DOPMYIIBI U30MEPOB IS BEIIECTB CIUPTOB,
QJIBJICTHJIOB, KAPOOHOBBIX KHCIOT. HaxoauTh HCTUHHYIO (OPMYITY YIiIeBOIOPOIOB.

BoinoJsinus 31y padory, Bbl Oynere:

ymembs:

— COCTaBJIATH (POPMYIIBI AIbJIETU/IOB U KAPOOHOBBIX KUCIIOT;

— Ha3bIBaTh AJIbJETH/IBI U KAPOOHOBBIE KUCIIOTHI [0 CHCTEMAaTHYECKOH HOMEHKIIATYPE;

— pemath pacyeTHBIC 3a/1a4d MO0 YPABHEHUSM pPEaKUUil MPEeBPaIICHUs albJIETUI0B U KapOOHOBBIX
KHCIIOT.

MaTtepuajbHOe o0ecneyeHue:
TEMATUYCCKUC IIJIAKAThI 1 Ta6JII/IHI)I

3aganus
1. Hamummre cTpykTypHble (OpPMYNBl CIACAYIOUUX COSAMHEHUN: a) 2,2-auMeThinOyTaHalb; O)
2,2,3-TpUMEeTWINIEHTaHANb; B) 2,4-IMMETHINIEHTAHANb: T) 3-METHIOYyTaHAb.
2. HazoBute o MexayHapoAHONH HOMEHKIIAType CIEAYIOIINEe COSTUHEHHUS:
CH; Lo GHy 0
a) CH;—C—CH;=CHy~C__ 6) CHy—C—CH,—C*
CH, H CH, H
u) CHy~CH;—CH (‘fo r) CH; z’.',jlfl{;-('kl>—1.?(.l
CHy~CH, M oy, oy
3. Hanummre cokpaiieHHble JUHEHHbIE CTPYKTYpHBIE (POPMYIIbI albAErHI0B, 00pa3yOUIMXCs PU
OKHCJIEHUU CIIUPTOB: a) MPOIMIIOBOTO; 0) OYyTHIOBOTO; T') aMUIIOBOTO.
4. Hanumwure ypaBHEHUs peakUMH B3aUMOJIECWCTBUS C BOJOPOJOM B MPUCYTCTBUU HHUKEIEBOTO
KatanuzaTopa: a) TaHais; 0) hopMalibieTuaa; B) MaclIsTHOTO alibJIeru/a.
5. Hanummure ypaBHEHMs peakUMH KaTaJIUTUYECKOTO OKHUCIEHHUS KHCIOPOJOM BO3JyXa IpH
BBICOKOH TeMIepaType CIEeIYIONUX CIIUPTOB: a) Mpornanoia-1; 0) MeTaHoa; B) TaHOJIA.
6. Hanummure ypaBHEHUS peakUud TOIYYEHHS CIEAYIOUMX  albJeru0oB  OKHCICHHEM

H

Y Ao /O A

;ncn,—c—c’\ 6) CHy=CHy—=CHy;=C__ ») CHy=CH—C__
CH, H H H

COOTBETCTBYIOIIUX CIIUPTOB:

7. Kakoii 006beM BoJopoJa HEOOXOAMMO 3aTpaTUTh Ha IpeBpallleHHe 3TaHais Maccoi 11 kr B
9TaHON?

8. Ilpu okucieHun anpjeruaa mMaccoit 8,6 r aMMUadyHBIM PACTBOPOM OKCHJa cepedpa BBLAEISIIOCH
cepedpo Maccoit 21,6 r. Bberumcioute MoNeKyISpHYHO Maccy anblaerujaa. Hamummre cTpyKkTypHBIE
(bopMyIIbI BO3MOXKHBIX H30MEPOB M HA30BUTE X I10 )KEHEBCKOW HOMEHKIIATYpe.

9. B nByx mnpoOMpKax HaxoIATCS YKCYCHBIM aibAeruj] W STWICHNHKOIb. Kak mpu momoruu
runpokcuna menu (II) ompenenuts, rae kakoe BemecTBo? HanmummmTe ypaBHEHHS COOTBETCTBYIOLIMX
peaKkuuid.

10. Hanmummure ypaBHEHUs peakuuid B3auMopaeWcTBusa ¢ ruapokcuaom meau (II): a) ykcycHoro
anpjaerua; 0) nponaHais; B) OyraHams; T) 2-MeTUIOyTaHaS; 1) 3-METHIIICHTaHAIIA.



11. Ilpu oxkucneHMHM TEXHHYECKOrO IMpenapara yKCyCHOro anpiaeruga maccou 0,5 r aMMuayHbIM
pactBopoM okcuma cepebpa (I) oOpazoBancs meramn maccoit 2,16 r. Omnpenenutre MacCOBYIO JOJIO
aleTanberua B TEXHUIECKOM Iperapare.

CH, L"ll_. (l_‘H-.
a) ('H~—(;’—(‘H;»- COOH 6) ('Il.—CH—LI'H—(_'H COOH
CH, H;C~-CH,
CH;=CH; Ll"H-.
B) (:H_.—?-‘-(:H;— (‘H;—(,‘.—COOH r) C‘H,—(I_”H—(l‘.H"(:()L)H
CH;—CH; CH; CH; CH,—CH;

12. Ha3oBuTe 10 MEXIyHAPOIHON HOMEHKJIATYpPE CleIyIoIIe KapOOHOBbIE KHCIOTHI:

CHy—CH—COOH (’N.'—(’_'H— CH,—COOH
|

I[) CH; e) CH:

13. Hanumure CTpyKTypHBIE (HOPMYJIBI M30MEPOB BajepUAHOBOW KHCIOTHI M HA30BUTE UX IO
MEXYHapOAHOM (CUCTEeMaTHUECKON) HOMEHKIIATYpeE.

14. Hanumute cTpyKTypHBIE GOPMYIBI CIAEAYIONIUX KAPOOHOBBIX KUCIIOT:

a) 2-MeTHI0YTaHOBOM; 0) 2,2-TMMETHUIINIPONIaHOBOH; B) 2,4,4-TpUMETHIITEKCAHOBOM;

r) 2,2,4,4-TeTpamMeTni-3,5- TUITHITeITAHOBOM.

15. Kakoe coeqHeHHE OMYyYUTCS PU BOCCTAHOBJICHUH BOJOPOJIOM 3TaHOBOW KUCIIOTHI?

16. Kakoe coeauHeHME MONY4YUTCS IMPU BOCCTAHOBJIEHUU BOJAOPOJIOM OJEHMHOBOM KHCIOTHI
C17H33COOH?

17. Kakas mnpenenpbHas OJHOOCHOBHAs KHCIJIOTa MOJIYYMTCS TPH OKHCJICHUHU: a) dTaHoya; O)
METaHoJa; B) MPOIMHUOHOBOIO abaeruaa’?

18. CxonbKO rpaMMOB KHCJIOTHI M CIIUPTA HAZIO B3SATH IS MOTYYCHUS MYyPaBbHHO-3TUIOBOTO d(upa
Maccoit 37 r?

19. Kakoii 00bemM BO10OpoAa MPU HOPMAIBbHBIX YCIOBHUSX BBIIEIUTCS NPHU JAEUCTBUU HA YKCYCHYIO
KHMCIIOTY MarHusi Maccou 8 r?

20. CKonpKO TpaMMOB MYpPaBbUHOM KHCIIOTHl OKHCIMJIOCH aMMHAauHbIM pacTBOPOM OKCHJIa
cepebpa, ecnu B pe3ynabTaTe peakiuu MoyyueHo cepedpo komumdecTBoM BemectBa 0,1 monbs? Kakoit
o0weM okcuna yraeposa (1\V) mpu aTom BeigearICs?

HOpﬂlIOK BBIINNOJIHCHUA paﬁon:

1. O3HaKOMBTECH C KpaTKUMH TCOPCTUUCCKUMU CBCIACHHUSIMU
(https://new.znanium.com/read?id=80002. c. 27-34)

2. HaNUIINTE CTPYKTYpHBIE GOPMYIIBI U (POPMYJIIBI COCTaBa 3TUX BEIIECTB;

3. HA30BUTE BCE BEIIECTBA IO CHCTEMATHIECKON HOMEHKIIATYPE;

4. BBITIOJIHUTE WHIANBUAYAJIIbHOC 3a/IaHUC.

®opma  mpeacTaBjieHMs  pe3yabTara:  odopmieHHas ~ paboTa ¢ BBIIOJHEHHBIMHU
MHIUBUAYAJIbHBIMH 33JaHUSIMU 110 BApUaHTaM (337a4u ¥ YIPaKHEHUS 110 Ha3BaHHOM TeMaTHKe).

Kpurepum ouenku:
3a Kax[Iblid TPaBUIBHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () O6asUIoB.


https://new.znanium.com/read?id=80002

Tema 3.2. XumMnueckass TepMOIMHAMHKA

IIpakTnueckoe 3ansaTue Ne 12
Pemenne 3ana4 no reme: «TepmoaguHaMuvecKue pacyerb»

Leab padoThl: HAYYUTHCS PACCUUTHIBATH TEIUIOBBIC A(P(PEKTHI PEaKIUii U TEIIOTH 00pa3oBaHuUs
BEILIECTB, ONPEICIATh HAIIPABJICHUE CAaMOIIPON3BOJILHOTO TEUECHHUS XUMHUECKUX PEaKIIUii.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MPOBOJIUTH NPOCTEHIINE TEPMOIUHAMUYECKUE PACUETHI;

— ONpEENATh HAIIPaBJICHUE CAMOIIPOU3BOJIBHOTIO TEUCHUSI XUMUYECKUX PEAKIUH.

MaTepnaﬂbnoe odecmeyeHue:
TEMATUYCCKUC I1JIaKaThl 1 Ta6J'II/II_II>I

3apanmue:
HayuuTscs pemars TUIIOBBIE 3a1a4U:
1 IlpumeHeHue ciencTBus U3 3aKoHa [ 'ecca.
2 OmpeneneHue BO3MOXKHOCTH — CaMOTPOM3BOJIBHOTO  NPOTEKAHUS  (DU3UKO-XUMHUIECKOTO
mporiecca.
IMopsiiok BbINOJIHEHUS PA0OTHI:

1.  OsnakoMbTeCh C  KpaTkuMmMu  TeopeTmueckumu  cBemeHusmu  (https://academia-
moscow.ru/reader/?id=400999 c.46-48).

2. TloBTOpHTE OCHOBHBIE MOHSTHS, H3YUCHHBIC B TeMe «XUMHYECKass TEPMOIMHAMHUKAY, 3aKOHBI
TEPMOXUMHUH U TEPMOJANHAMHKH.

3. 3aKOHCIEKTHPYHTE YCIOBHE CaMOMPOHM3BOJLHOTO TEUCHUS (PH3UKO-XMMHUYECKHUX MPOIECCOB,
OCHOBHBIE (POpMyITBI (MaTeMaTHYECKUE BBIPAKCHHS 3aKOHOB TEPMOIMHAMUKH, CIICICTBUS U3 3aKOHA
I'ecca).

4. TIpoaHanmu3uWpyHTe W OCMBICIHMTE AITOPUTMBI PEIICHHS THUIIOBBIX 3aJa4 Ha MPUMCHCHHUE
CICCTBUSI W3 3aKOHA l'ecca W OmpeNeliCHHEe HANpPaBJICHHUS CaMOIIPOM3BOIBHOTO MPOTEKAHHS (DU3HKO-
XUMHYECKHUX MPOIIECCOB.

5. BbINONHUTE WHAXBHyaIbHBIC 3aJaHUSI B COOTBETCTBHH C BAPHAHTOM.

Xoa paGoTsI:

3aoaua Nel.

HOJ'H)SYSICB JaHHBIMH Ta6.]'H/H_U)I MMPUITOKCHUA B KOHIIC MCTOANYKH, BBIYUCINTH AHO pCaKkuun:

2MQ1e) +CO20)=2MGO e+ Cir)

Aneopumm pewerusi.

[To naHHBIM TaOIMIBI IPUIIOKEHUSI CTAHIAPTHBIC DHTAIBIIUK O00pPAa30BaHUs YIJICKUCIOrO ra3a |
OKCHaa Maruvs paBHBI.

AHOCO 2 =—393,5 k/I>x/MoIb

AR yg0= — 601.8 xIi/MOITH

CranyapTHble SHTAIBIINU 00pa30BaHMs MPOCTHIX BEIIECTB PaBHBI HYIIO, T.€. AHOMg:AHOCZO.
CTaHI[apTHaSI OHTAJIBIIUSA PCAKIUHU paBHA:

AH®, ; =2-AH g0 — AH o2 =2-(—601,8)—(~393,5) = —810,1 ]Ik

Otser: AH’, ;= -810,1 xJIx.
3aoaua Ne 2.


https://academia-moscow.ru/reader/?id=400999
https://academia-moscow.ru/reader/?id=400999

ITonp3ysichk CIpaBOYHBIMU JJTaHHBIMM, YCTAaHOBHUTE, BO3MOKHO JIM IIpH Temneparypax 298 K u 2500
K BoccraHOBIEHHME AMOKCHIA TUTAHA JI0 CBOOOJIHOIO METaJlIa IO CXEMeE:

T|02 (TB)+2C(TB)=Ti(TB)+2 CO(r)

3asucumoctsio AH® u ASC or TeMITepaTyphl MpeHeOpeYb.

Aneopumm pewienus.

o Tabnuue npuIOKEHNUs HAXOIUM:

AGOTiO 2 = —888,6 xJx/Monb SOTio 2=50,3 x/I>x/M0JIb

AGOCOZ —137,1 xJIx/mMoib SOC=5,7 kJ>x/MOIb
AHOTio 2 =-943,0 x/Ix/Monb SOTF —-30,6 xJI>x/Monb
AHO(;O: —110,5 xJIx/mMoib SOCO=197,5 kJ>K/MOIb

CranmapTHbIC DHTAIBIUU 00pa3oBaHHs W dHepruu ['MOOca MpPOCTHIX BEHIECTB PAaBHBI HYIIO, T.€.

AH’c = AH;; =0
Cc— Ti =Y.

o 3akony I'ecca s paccMaTpruBaeMon peakiyu:

AG’, , =2AG’co-AG rip 2 = 2:(~137,1)~(-888,6) = 614,4 KJIx.

[Tockonbky AG%>0, Boccranosienne TiO, mipu 298 K rpaguToM HEBO3MOKHO.

Jlst pacueta AGZ5OOX,p, = AHOX,p, - T~ASOX,p, = AHOX,p, - 2500~ASOX,p,.

Haxonnwm:

AH®, ,=2-AH’co — AHri02 = 2:(~110,5) — (943,0)=722,0 k.
AHAIOTMYHO BBIYUCIISIEM.

AS, = (S%ri+2:8°co) — (Srio2— 2-S%) = (30,6 + 2.197,5) — (50,3 — 2:5,7)=363,9 [Ix/K.

N3menenue sneprun ['m60ca peakuuu npu temmneparype 2500 K pasHo:

AG®P=AH’, , — 2500-AS’, 107 = 722,0 — 2500-363,9 10> = —187,75 xJIx

AG®P= 187,75 kJ[x<0, crmemoBarensHo npu T=2500 K Boccranosimenue TiO, rpadurom
BO3MO>KHO.

OTBeT: AGox_p.z 614,4 x>0, BoccranoBienue TiO, pu 298 K rpadurom HEBO3MOKHO. AG®P=
—187,75 xJIx<0, cnenosatenpro npu T=2500 K Boccranorierue TiO, rpaduToM BO3MOXKHO.

dopma  mpeacraBjeHusi  pe3yabrara:  odopmiIeHHas ~ paboTa ¢ BBIIOJHCHHBIMU
WHJMBUIyaJIbHBIMU 33/IaHUSIMU IO BapHaHTaM.

Kputepun onenkn:
3a KaXkJplii MpaBUWIIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.



Tema 3.3. XumMHuecKass KHHETHKA

IIpakTnueckoe 3ansaTue Ne 13
Pemenne 3a1a4 u ynpaxHeHui 10 TeMe KHHETHYECKHe pacyeTbl. XHMHYECKOe paBHOBeCHe

Lenp pabdoTbl: HayuuTbCS BBINOJHATH KUHETHMUYECKHWE PpAcCyeThl, ONPEIENISITh KOHCTaHTY
paBHOBECHs peaklM, Ha OCHOBE PAaCyeTOB JIeJIaTh BBIBOABI 00 M3MEHEHUHM CKOPOCTH W HalpaBlICHUs
CMELICHUS XMMUYECKOTO PABHOBECUS PEAKLIUM.

Beinosinus patdory, Bel Oyaere:

ymembp:

— OPpOBOANUTH KUHCTHUYCCKUC PACUYCThI;

— npumensats npuHuun Jle-Illarense g onpeneneHuss yCIOBUN CMEIIEHUS XUMHUYECKOTO
paBHOBECHS.

MaTepnaﬂbnoe odecmeyeHue:
TEMATUYCCKUC I1JIaKaThl 1 Ta6J'II/II_II>I

3aganue:

1 TIlpumenenue 3akoHa Baut-I'odda, 3akona neicTByromMX Macc B pEIIEHUMH 3ajad Ha

M3MEHEHUE CKOPOCTH XUMUYECKUX PEAKLIUN.

Omnpenenenne CKOPOCTH, KOHCTAHTBI PABHOBECUSI XMMUUECKOHN PEaKIIHH.

3 Ipumenenne npunnuna Jle-lllarense mis onpeneneHust YCIOBHA CMEMICHUS XHUMHUYECKOTO
paBHOBECHS.

N

ITopsinok BbIMOJTHEHHS Pa0OTHI:

1.  OsnakoMbTeCh C  KpaTkuMu  TeopeTmueckumu  cBemeHusmu  (https://academia-
moscow.ru/reader/?id=400999 c.49-54).

2. IloBTOpUTE OCHOBHBIE TIOHATHS XHUMUYECKON KHHETHUKH.

3. 3aKkoHCHeKTUpYHTEe (QOpPMYNBl Ui ONpPEAENCHUs CKOPOCTH pPEAaKIMH B TOMOTEHHBIX U
reTeporeHHbIX CHCTEeMaX, OCHOBHbIE mojokeHus npuHiuna Jle-lllarenwse, 3axkon Baut-I'odda, 3axon
JeWCTBUS MAacC U BbIpaKEHHE KOHCTAHThI pABHOBECUS] XUMHUUECKOM peakluu B 00IEeM BHIE.

4. Ilpoananu3upyite U OCMBICIUTE MPUMEPHI PELICHHUS] TUIOBBIX 3aJady Ha MPUMEHEHUE 3aKOHOB
Bant-T'odda u neiicrByromux macc, mpunuuna Jle-Illarense.

5. BeimonHuTe HHAUBUyalbHbIE 33JJaHUS] B COOTBETCTBUU C BAPUAHTOM.

Xox pa0doThI:

[Iprmeps! BHIIOTHEHUS TUIIOBBIX 3324

3aoaua Nel.

TemnepaTypHblii K03pGuUIUEHT peakuu paBeH 2,5. Ompenenurte, Kak H3MEHUTCS CKOPOCTh
peaxkuuu npy NoBbILIEHUH TeMneparypsl oT 60 1o 100°C?

HaHo: Aneopumm pewienus.

Yy=25 3aBUCHUMOCTb  CKOPOCTH  PEAaKIUH  OT

T1=60°C TeMIepaTypbl OINUCBIBACTCA npasuiom Banm-

T-Ty

T, =100°C | Ioghoa:

VTz = VTl' Y ,



https://academia-moscow.ru/reader/?id=400999
https://academia-moscow.ru/reader/?id=400999

12 Vi Vi
T, _ 5 rge " U " - CKOPOCTH PEAKLUUU IIPH
Vr, temrieparypax T1 m Ty, y - TemmeparypHbli
KO3 puIueHT.
v T,—T, 100-60
T> _ 10 _— 10 _— 4 _
—y 10 =25 10 —25%_3906.
VTl

OTtBeT: ckopocTh peakiuu u3mMeHuTcs B 39,06 pas (ypenmuuutes B 39,06 pas).

3aoaua Ne 2.

[Ipu HexoTopol TemmepaType peakiusa 3akaHuuBaercs 3a 90 cexkyna. Ha ckonbko rpamaycoB
M3MEHUJIach TEMIlepaTypa CHUCTEMBI, €Clii peakius 3akoHumnack 3a 10 cexkyna. TemmepaTypHblid
kod(duiment ckopoctu y = 2,5.

Aneopumm pewienus.
VYCTaHOBUM CBSI3b MEXKAY BPEMEHEM M CKOPOCTBIO MPOTEKaHMS PEaKLUUHU: YeM OOJbIe CKOPOCTh
1
V==
(V), Tem Menbmie Bpems (T) peakiM, TO €CTh ©, ucrnons3ys npaswio Bant-T'odda momyqmm:
T,-Ty AT
V—Z:i:y 10 %:2’55 g ZE
in , TIOJICTAaBUM IM(POBbIC AaHHbIC 3amaun 10 , Tpojorapumupyem: 10 1g2,5.
AT 4 3979

Orkyma 0,9542 =10 " AT=24°

Taxk kak t1>72, V1 < V2, cienoBareiabHo, TEMIIEpaTypa MOBBICKIIACh Ha 24°,

Otser: AT=24°.

3aoaua Ne 3.

Onpenenure CKOPOCTh PEAKIMH, €CIW 3a 2 MHUHYTHl KOHIIEHTPAIMs MCXOJHOTO BEIIECTBA
H3MEHMIACH ¢ 2 MOJIb/1 10 0,2 MOJIB/JI.

[aHo: Aneopumm pewienus.
At =2 MuH Cpennss CKOpPOCTH OIIMCHIBACTCS
Ci = 2| ypaBHeHHEM
MOJIB/II 5 _+AC
C, = 0,2 At
MOJIb/TT
v="7

O CKOPOCTH peaKIMK MOXKHO CYAUTh, U3MEPss KOHLIEHTPALIMIO HCXOJHBIX BEIIECTB MU MPOTYKTOB.
KoHneHTpamust HCXOAHOTO BEIIeCTBa ¢ TEYEHHEM BPEMEHH MOCTENeHHO yMeHbImaeTcss 1 AC numeet 3HaK
«-», a KOHIEHTpalus nNpoaykTa yBenuunpaeTcst U1 AC UMeeT 3HaK «+».

1) Onpenenenre N3MEHEHUsI KOHLIEHTPALUH:

AC=C,-C1=0,2—-2=-1,8 MOIIB/1.

2) OnpeneneHne CKOPOCTH PEaKI|U:

At =2 muH = 120 cex

-1,8 Mo/
T 120cex
Otset: v = 0,015 momnb/(1-cex).

= 0,015 Mostw/(J1 - cek).

3aoaua Ne 4.
Onpenenure, Kak U3BMEHUTCS] CKOPOCTh MPSIMOM peaKIUU
Nz(r) + 3H2(r) < 2N H3(r),
€CJIM KOHIIEHTPAII0 BOJOPOJIa YBEIUYUTH B 2 paza?
Aneopumm pewienusi.
1) 3amureM BeIpaKEHUE 3AKOHA OCUCMEUs MACC TS JAHHOM MPSIMON pEaKIiHm:
v’ = k[Nz]'[H2]3_
2) Ilpu yBenuueHHH KOHIICHTPAIMK BOJOPOJA B 2 pa3a CKOPOCTh MPSMOM peakiuu OyaeT paBHa:
L= k[Nz]'[2H2]3 :Bk[Nz]' [H2]3-



3) Ompenenum, Kak U3MEHUTCS CKOPOCTh MPW YBEIMYECHHH KOHLEHTPALMH BOJIOPOAa B 2 pasa:
v 8k[N2]'[H2]3
0 o 1T B 8.
v k[Nz ] : [H 2]
OtBeT: IIpHu YBCIUMYCHHUUN KOHICHTpAIlMKU BOAOPO/Ia B 2 pa3a CKOpPOCTh pCaKIIUN YBCINYNBACTCS B 8
pas.

3aoaua Ne 5.

Omnpenenure KOHCTaHTY paBHOBECHA CHUCTeMBl 2Aq) + B <> C(), ecium paBHOBECHBIE
KOHIEHTPALUH BeIECTB PaBHBL: [A]pasn = 2 MONB/I, [Clpass = 0,2 MOMB/I1.

Aneopumm peuterusi.
3anuiiemM BBIPAXKCHUC KOHCTAHTBI PaBHOBCCHUA IJIA JIaHHOM PC€aKkuu U pacCYUTACM CC:
_Ic]. . 02_02_ e
aen 27 = = — = , .
P [A] paen 22 4

Otset: Kpapu = 0,05.

3aoaua N6 .

IIpu Hexotopoil Temnepatype B cucTeMe CptCO2p2 2CO() paBHOBECHBIE KOHUEHTpALMU
BemiectB paBHbl CO,=0,5 monw/n. [COJ=0,2 mMonb/1. BelYMCIUTh KOHCTAHTY PaBHOBECHS U HAYAIbHYIO
koHuenrpanuo CO;.

Aneopumm pewenus.
_[cof _ 02°

K =
rer—[co,] 05

=0,08

1. BbluncanM KOHCTaHTY PaBHOBECHS:

2. Onpenennm ucxoaHyr KoHuentpanuo CO;.

VYcnoBuMcsl cunTaTh, YTO K Ha4ally pPEeaKlMyd OTCYTCTBOBAIM NMPOAYKTHI peakiuu. [lo ypaBHeHUIO
peakuuu BUIHO, 4TO 2 Mot CO nonywaercss u3 1 monst COg, 3nauut 0,2 mons CO nomyuutes u3 0,1
moist CO,. CnenoBarensHo mpopearupoBaiio 0,1 mons/n CO,, Torna HavanbHash KOHIIEHTpalus ObLia
0,5+0,1=0,6 Moab/11, Tak Kak ocTanoch 0,5 MOIb/.

Pemenue yno6H0 ohopmitsiTh B Bujie TaOJIUIIBL:

PaBHOBE
Hasrams IIpopearn O6pa3zo | cHBIE
Be | nas pop Iy p
€CTBO KOHIIEHTPAIIUS oBalo BaJoCh KOHIIEHT
" MOJIB/JI MOJIB/I | panun
MOJIB/JT
MOJIB/T
0,5+0,1
CO; =06 0,1 - 0,5
S 0 - 02 02

OtBer: Kpasu = 0,08; [CO2) 1120 =0,6 MOMB/I1.

3aoaua Ne 7.

Koncranra paBaoBecus peaxiun Ho+Cl,22HCI mpu nexoropoit Temmneparype pasua 0,4. CKOIBKO
MIPOIICHTOB BOJIOPOJia TOJIBEPracTCsl MPEBPAICHUIO B XJIOPOBOJIOPOJ TPU ITOM TeMmIeparype, eciu
cMeniaTh 2 MoJisl BOJIOpo/ia ¢ 3 MOJIsIMU XJjiopa?

Aneopumm peutenusi.

1. Bripa3um paBHOBECHBIE KOHIIEHTPALMKM PEArUPYIOMIUX BEIIECTB U MOACTABUM HUX B BBIPAXKEHHUE
KOHCTaHTHI paBHOBecHs. st 3TOro crenaemM mpeanooKeHne, 4To mpopearupoBaio x mojei Hp, Torma
1o ypaBHEHHUIO peakiuu BuaHO, uto Cl, mpopearupoano crombko ke, a HCl o6pa3zoBamock 2x Mouis.
CrnenoBaTenbHO, pAaBHOBECHBIE KOHIIEHTPAIUH:

[HCIP (2x)?
as. - Teg 1 T~1 1 0’4 0,4 i —
" ICLl T orcroma | @--G-%)
1,8x%+x—1,2=0

x1=—1,2; x,=0,58



Koneun OtpunarenbHO
Hauanp
Be | mas [Ipopearup O6pa3o | bie € 3HAaueHHE KOpHA
0BaJIo BaJIOCh (paBHOBE oTOpackIiBaeM,
LIECTBO KOHIIEHTPALUS
MOJIB/JI MOJIB/JI | CHBIE) KOHII. 3HAYHT,
MOJIB/TT
MOJIB/JT IpOpearupoBajio
H, 2 X - 2-x 0,58 monst Bogopoa.
Cl, 3 X - 3-x 2. Beipasum
HCI 0 — 2x 2y popearupoBaBIIee
KOJIMYECTBO
0,58
BOJIOPOZa B MpOIEHTax OT HavdambHOro 2 -100%=29%, to ecth 29% BOAOpOIA MPEBPATUTCS B
XJIOPOBOAOPO/L.
Otset: 29% BOAOPOAA IPEBPATUTCS B XJIOPOBOJOPO/I.
3aoaua Nes .

VYKaxkuTe, Kak CABUHYTh BIIPABO XMMHUECKOE PABHOBECHE CUCTEMBI:

CaC03(TB) v d CaO(TB) + COZ(Fag) — Q’)

Aneopumm pewienus.

Jlnist penieHus 3a1aud HeoOX0AUMO OTBETHTh HA BOIIPOC: Kakue (DakTopwl (Temrieparypa, 1aBjiceHuUE,
KOHIIEHTPAIlMK) U KaKUM 00pa3oM (TIOBBICUTh UM IOHU3HUTH) HY>KHO H3MEHUTH, YTOOBI CIBUHYTH BIPaBO
XMMHUYECKOE paBHOBecHe cucTembl? HampaBieHue cMeleHnss XMMUYECKOrO PaBHOBECHS OIPENEseTCs
npunyunom Jle-Illamenve:

Buewmnee sozoeticmsue (t, P, C) na pasnosecnyio cucmemy cosuecaem pagnogecue 6 HanpasieHuu
Mou peakyuu, Komopas npUEOOUm K YyMeHbUEHUIO 91020 8030eLCMBUSL.

[Ipumennm npunyun Jle-Illamenve 11 penieHus 3a1a4u:

1. Peakuusg B mpsIMOM HaIpaBJICHUU MPOTEKAET C YMEHBIICHHEM TeMIepaTyphl (TEIUIO MOTJIONIaeTcs),
3HAYUT, 4YTOOBI paBHOBECHE CIABUMHYTH BHpaBo mno npuHuuny Jle-lllarense Temmneparypy HYX)HO
YBEJIMYUTH, TO €CTh HAaIPEBATh CUCTEMY.

2. Peaknyist BOpaBo MAET C YBEIMYCHHEM YHCIA Ta30BBIX MOJIEKYJ, TO €CTh C YBEIWUYCHHEM JIaBJICHUS,
3HA4YMT, YTOOBI CABUHYTh PABHOBECHE BIPABO HY)KHO JaBJIEHUE YMEHBIUIHTb.

3. HyxxHo ymeHbmuTh KOoHIIeHTpanuio CO2, 9TOOBI paBHOBECHE CIIBUHYTH BIIPABO.

dopma  mpeacraBjeHusi  pesyabrara:  odopmiIeHHAas ~ pabora ¢ BBIIOJHCHHBIMU
MHIUBUAYAJIbHBIMH 33JaHUSIMU 110 BapHaHTaM (33a4u ¥ YIPa)KHEHUS 110 Ha3BaHHOM TEMAaTHUKe).

Kpurepuu onenkmn:

3a Ka)kJplii MpaBUIIbHBIN OTBET — 1 Oa.
3a HenpaBUWIbHBIN 0TBET — () GayIoB.



Tema 3.4.Teopusi pacTBOPOB 3J1eKTPOJINTOB U HEAJIEKTPOJIUTOB

IIpakTHyeckoe 3ansaTue Nel4.
Pemenne 3ana4: «Pacuyerpl 0CMOTHYECKOT0 AaBJieHUs». Pemenue 3agau: «Pacyersl Temmneparyp
KHUIIEHHs, 3aMep3aHus PACTBOPOB.

He.ﬂb paﬁDTbI: HAY4YUTBCA OHNPEACIATE 3aBHCHMOCTH CKOPOCTH pPEAKIKMKU OT KOHIOCHTpalWunu
pearupyromux BCIICCTB U TEMIICPATYPhI OIIBITHBIM ITYTCM.

Bbinosinus padory, Bel Oyjaere:

ymemy:
— OIpEleNsTh 3aBUCHUMOCTH CKOPOCTHM PEaKkIMHM OT KOHILICHTpAlUMM PEearupyrolux BEUIECTB U
TEMIIEPATyPhI ONBITHBIM IIyTEM.

MarepuanbHoe obecrieyeHnne:
TEMaTHYECKHE TUIAKAThI U TAOJIHIIBI, CTOJIBI JIJAOOPATOPHBIC
HancraBku st crona;

3aganue:

1. Onpenenenue 3aBUCUMOCTH CKOPOCTH PEaKIUK OT KOHLIEHTPALUU pearupyroliyx BelecTB.
2. OnpeneneHre 3aBUCIMOCTH CKOPOCTH PEAKLUHU OT TeMIEpaTyphbl
3. Onpenenenre 3aBUCUMOCTH CKOPOCTH PEAKLUU OT TeMIEpaTypbl

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

1 Cuctemarusupyiite 1 0000IIKTE 3HAHUSA 110 TEME, 3aKOHCIIEKTHPOBAB B OTYET IO JIAOOPAaTOPHOM
paboTe KpaTKue TEOPETUUECKUE CBEICHMS.

2 BoInoiHUTE NPaKTHYECKYIO YacTh PaOOTHI.

3 3anonHuTe TAONMIBI, MOCTPOWTE TIpadUKH, HCIOJIb3YsS IOJYYEHHYIO ONBITHBIM IyTEM U
pacueTHyro HH(OpMaIHIo.

4 CpaBHHTE JaHHbBIE, IOJTYYECHHBIE ONBITHBIM IIyTEM, C TAOJIUYHBIMU.

5 Odopmure otuet, chopMyaupyiiTe BEIBOABI O MPOIEIaHHON paboTe.

Xoa padoThI:

Onwvim Nel. Onpeoenenue 3a8ucumocmu CKOpoCmu peaKyuu

om konyenmpayuu NayS;03.
IMopsiaok BHIMOJTHEHHS ONBITA:
1. IlponymepyiiTe 4eThIpe CTAKaHYMKA, B KOTOPBIX OyeTe MPOBOAUTH PEAKITHH.
2. B kaxnpiii ctakaHduk HayrerTe mo 2 M pactBopa HoSO4 (0,2 M KOHIIEHTpaIyH).
3. IIponymepyiiTe ueThipe OTTpaIyHpPOBAHHBIX MPOOMPKH M HAJEHTE B HUX COOTBETCTBEHHO
pactBopa NazS;03 (0,2 M xoHIIEHTpaIi#) ¥ TUCTHUTMPOBAHHOHN BOJIBI KaK YKa3aHO B TaOJHIIE.

Konuenrparm
= A
E Obrem B MOMEHT /
é peaKImu A vl K'=t K:[Hfgo]
g HZS Na S T At ga 29U,
:’I O, H, 02 2 HoS | Na,S,
=102 |0 0 23M o Os
M 1
MOJ | MOJIB/ 1
M | MII MJI /i I c|c
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4, Bneiite B 1-BIii CTAaKaHYMK COACPKUMOE 1-0H TPOOUPKH, OJHOBPEMEHHO BKIFOYUTE
CEKYHJIOMEp.

5. OrmetpTe Bpemsi At (cek) mo mosiBiaeHHs Oenoro ocajaka (JIydiie J0 MEepBOTO MOMYTHEHUS,
HCIOJIb3YSl YEPHBIN IKpaH).

6. AHaJOTMYHO MPOJIETANTE OMBIT C OCTAIILHBIMU PACTBOPAMHU.

7. BBIOTHUTE pacdeThl U MOCTPOUTE IrpaduK:

— paccyMTaiTe KOHIEHTPAUIO CEPHON KUCIOTHI U TUOCYNb(aTa HaTpHsl B peaKIIMOHHBIX CMECSX IO

dbopmynam:

_ [H 2804]'\/stoA (MOHB/JI)

cm

[Hs0,]

cMecH

[Na S.0 ] _ [’\lazszos]'vr\lazszo3 (MOJII)/JI)
223 dem T

. cMecH -1
— paccunTaiTe CKOPOCTh PEAKUMK B YETBIPEX CTaKaH4IMKax: 1 (¢7)
At
— [OCTPO¥iTe rpaduK B KOOPAMHATAX |, _ Ai u [Na;S,03]
T

— OINpPEJENNTE TAHTCHC YTJIa HAKJIOHA IPSIMO tga:L ZK/,
A[Na'ZSZO3:|
§ 1
v )
T
tga=CA
OA
B S —
C
|
|
a I
0 ' >
A [Na28203], MOJIB/JT
— OIIpeIeTUTEe KOHCTAHTY CKOPOCTH peaknuu: K=_ K "
[H,80,]

8. Pe3ynbTarhl pacyeToB 3aIUIIUTE B TAOIHILY.

Onwvim Ne 2. Onpedenerue 3a8Ucumocmu CKOpOCmMu peakyuu om
memnepamypbl (onpeoeneHue dHepeuu akmueayuu peaKyuu).

ITopsiiok BHINOJIHEHHS ONbITA:

1. B getsIpe nmponymMepoBaHHBIE TIpoOupkH HanelTe mo 2 mit 0,2 M pactBopa H,SO4 1 3 M H,O, B
ApyTHUe YeThIpe IpOHYMEepoBaHHbIe Tpooupku Haneire mo 2 mia 0,2 M pactBopa NaxS;O3 1 o 3 Mt Bozbl
(IMCTUITUPOBAHHOM).

2. Bce mpoOupKu 1MocTaBbTe B BOJISHYIO «OaHIO» MM TepMocTar. Mi3MepbTe TeMmepatypy «OaHu»
WJIA TEPMOCTATa, 3aIHUIIUTE.

3. IlpoBenuTe peakiyio OJHOBPEMEHHO CIUB PACTBOPHI B CTAKAHUYMK U3 00€UX MEPBHIX MPOOUPOK U
BKJTIOYHB CEKYHJIOMED.

4. OTMeTbhTe BpeMs JI0 Hayajia BBINAIeHHs 0CaJIKa YJIEMEHTApHOH cepbl (IOMYTHEHUE).

5. Tor e ompIT TpojenalTe emie TP pasa, MOJHSIB TeMIEpaTrypy Ha 10°. 20° 30° Bbime
nepBoHayasibHOM. (IIpoGupkM ¢ pacTBOpamMy HpU Kaxa0i TemmepaType BblIEp)KUBaiiTe B TepMocTaTe
HECKOJIbKO MHHYT).

6. Pe3ynbTarhl onbITa 3aHECUTE B TaOJIHILY.
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7. TlocTpoiite rpaduk B KOOpAMHATAX |9Ai_% , BBIOpaB COOTBETCTBYIOIIUN MacIITal.
T
Ig— A
At
\ 1
T -
8.  Ompenenute " TAHIEHC yIVIa HAaKJIOHA MPAMOM tgo M paccuuTaiiTe SHEPIUIO
aktuBanuu peakmun: E=2,3-R- tga; (Ix/Mo:1b) (R:8,3ﬂ79’ck)
MOIJb -

Cnemnaiite BBIBOJ 1O J1a00paTOpHOI padoTe.

®opma mnpeacTaB/ieHUsl pe3yJbTaTa: OTYET O MPOJEIAHHOW paboTe, 3amoHEHHbIC TaOIUIBL,
MMOCTPOCHHBIE TPaQUKH, BBIBOIBI.

Kpurtepun ounenku:
3a KaXkIpIi TpaBUIbHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN O0TBET — () OasUIOB.



Tema 5.5. OcHOBBI IPOBEAEHUA KOJIUYECTBEHHOT0 AHAJIN3A

IIpakTyeckoe 3ansaTue Ne 15
BrinoJiHeHHe pacyeToB B KOJIHMYECTBEHHOM aHaJIu3e (BeCOBOM) aHAJIM3e

Ienp paldoTbl: HAayuuTbCS BBINOJHATH pacueThl B TI'PaBUMETPUUYECKOM (BECOBOM) aHAJU3E,
HaXOJUTh IPAKTUYECKOE IPUMEHEHNE IPAaBUMETPUUECKUM METOJIaM aHaIn3a.

Beinosinus patdory, Bel Oyaere:

ymembo:

— BBIIOJIHATH PacyYeThl B IPAaBUMETPHUUECKOM (BECOBOM) aHAJIU3E.
MarepunanbHoe obecrnieyeHue:

TeMaTUYEeCKHE IIaKaThl U TAOJINIbI

3aganue:

1. OmpeneneHuie Macchl ¥ MPOLEHTHOTO COAEPIKAHUSI OIIPEEIISIEMOIO BEIIECTBA.
2. OrmpezaeneHue Macchl U MPOLIEHTHOTO COACPKAHUs IPUMECEH B BEILIECTBE.
3. OmnpeneneHrne Macchl U MPOIIEHTHOTO COJIEPKAHUS BJIark B BEIIECTBE.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

1.  OsnakoMbTeCh C  KpaTkuMmMu  TeopeTmyeckumu  cBemeHusmu  (https://academia-
moscow.ru/reader/?id=400999 c.79-84).

2. TloBTOpUTE CYNIIHOCTH ¥ OCHOBHBIC OTIEPAIMU TPABUMETPUICCKOTO aHAIH3A.

3. [IpoaHanu3upyiTe U OCMBICIHUTE AITOPUTMBI PEIICHUS TUTIOBBIX 33/1a4 HAa POBEICHUU PacyeTOB
B TPaBUMETPHYECKOM aHAITH3E.

4. BBINOTHNUTE UHUBUAYATbHBIC 331aHHS B COOTBETCTBHU C BAPHAHTOM.

Xoa padoThi:

IIpumepul peuienuss munogvix 3a0au

Pacuersl B BECOBOM aHaJIM3€ BBINOJHSKTCA C TOYHOCTBIO, KOTOpAsl ONPEAENSIETCS] TOYHOCTBIO
B3BECIIMBAHNS HA AHAIIUTUYECKUX BECAX.

Pacyer pesynbTaToB I NEPBOIO M BTOPOrO BapHUAHTOB BECOBOIO AHAJIM3a CBOJUTCSA K
OINPEIETICHUIO, KAKYIO JOJI0 OT MAacChl B3ITOM HAaBECKU COCTABIIAET MACCA BBIIEICHHON COCTAaBHON YacTH.

3aoaua Ne 1.

Jlnst onpenenenus coiepkaHus BlIaru B3siTa HaBecka xyopuaa Harpus 2,08 r. [Tocne BeIcymBaHus
710 TIOCTOSIHHOM Macchl rontydeHo 1,99 r. Paccuuraiite cogepxanue Bnaru W (%).

Aneopumm pewenus.

Paccuntaem conepkanue Biaru mo gopmyse

W%gar = 100% - (M1 — my)/my,

r7ie M; 1 My — Macca HaBECKH XJIOpU/Ia HATPHs 10 U TIOCJIE BBICYIIUBaHUS, COOTBETCTBEHHO, T.

W%;arm = 100% - (2,08 — 1,99)/2,08 = 4,33%.

OtBet: W%, 0ru = 4,33%.

3aoaua Ne 2. Jlns onpeniesieHUs COAEp KaHUs 30116l B3siTa HaBecka kKameHHoro yrist 0,9214 r. Ilocne
MPOKATMBAHUS JI0 MOCTOSTHHOM Macchl monydeHo 0,0103 r. Paccuuraiite conepxanue 30061 X(%).
Aneopumm pewenusi.


https://academia-moscow.ru/reader/?id=400999
https://academia-moscow.ru/reader/?id=400999

Paccuutaem conepxanue 30ibl 10 Gpopmyne: X%som = 100% - my / my, rie mp u M, — Macca
HaBECKH KaMEHHOTO YTJIS JIO ¥ TI0CJIe TPOKAIMBAHUS JI0 IOCTOSTHHOM MacChl, COOTBETCTBEHHO, T.

X%s0m = 100% - 0,0103 /0,9212 = 1,118%.

OtBeT: X%50m = 1,118%.

Pacqu pe3ynLTaTa JJISL TpCTI)eFO BapuaHTa BECOBOI'O aHalin3a COCTOUT U3 ABYX ‘IaCTeﬁi

a) CHayaja OMNpEJNENSAI0T, CKOJIBKO IPaMMOB OIPEACIIIEMOr0 KOMIIOHEHTA COJIEPKUTCSI B BECOBOM
dopwme;

0) 3aTeM onpeAeNsoT, KaKOi MPOIEHT COCTABIISIET KOMIIOHEHT OT MacChl B3SITOW HABECKH.

3aoaua Ne 3. 13 naBecku 0,2017 r craBa kemne3a 1mociie COOTBETCTBYIOIIMX ONEPAIMii OTYyYEHO
0,0871 r Fe,O3. Onpenenute, CKOIBLKO MPOLIEHTOB Kejie3a COAEPKUTCS B CILJIaBE.
Aneopumm pewrenusi.
1. B xozae aHanmu3a CIjIaB pacTBOPSIIOT B KHUCIIOTE, 3aT€M KaTHOHBI Fe** ocaxmaror pacTBOpOM
aMMHaKa " rmosrydeHHbIi amopdHusbiii ocanok Fe(OH)s BeicymmBaroT u mpokanusaroT 10 Fe,O3
Y B3BEIIMBAIOT 10 IOCTOSIHHOM MAacChI.
Fe** + 30H — Fe(OH)3;
2Fe(OH); — Fe,03 + 3H20.
2. CnenoBarensHo, 1 MoJb BecoBO# popmbl Fe,O3 MOXKHO mosrydnTs U3 2 Mosiei xkenesa Fe.
CocraBisieM MPOTOPIIMIO U peliaeM ee:
M(Fe,03) =2-55,8+16-3 = 159,8 r/monb; M(Fe) = 55,8 r/moib.

L _1117-0,0871
111,7 r (Fe) - '159,8 r (Fe,03); 1598
x r (Fe) — 0,0871 r (Fez03).
3. 3areM HaxO[MM MPOIEHTHOE COMEPIKAHKE IKENE3a B CILIIABE:
111,7-0,0871

W%(Fe) = === 22 .100% = 30,20%.
159,8-0,2017

OtBet: W%(Fe) = 30,20%.

Ecnu 0603HaunTh: Maccy HaBecku — g (T); Maccy BecoBoi (popmsl — G (T); aHATUTUYECKHUM (aKkTop
nepecueTa — F = Moup. comn./Maecosoit opus TO TIOITYIHM 00110 (pOpMyITy pacueTa B BECOBOM aHANIU3E:

Wnnp. (%) = anp./ﬁe(. 9 100%'
Y

dopma npeacrabJieHus pe3yJbTaTa: BHIIOJIHEHUE HHANBUAYAIbHBIX 3a/JaHUH 110 BapHaHTaM.
Kputepun onenkmn:

3a Kak[blid MPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OaJUIOB.



1.1 OcHOBHBIC MOHATHSA U 3aKOHbI XUMHH

JlaGopaTopHoe 3ansitue Nel
«PeaKkmu HOHHOI'0 0OMEHA»

Ilesb padoThI: HAYYUTHCS IPOBOAUTH PEAKLIUN HOHHOTO 0OMeHa. COCTaBIIATh YPABHEHUS peakluil B
MOJIEKYJISIPHOM MOHHOM U KpaTKOi HOHHOH (opme.

BbinoJsinus 31y padory, Bbl Oynere:
yMeTh:

—OIpeAEIATh CPEY PACTBOPOB BEILIECTB;

—COCTaBJISITh YPaBHEHUS pEeaKlUii B MOJIEKYJISIPHOM Y HOHHOM BHUJIE;

—TPOBOJHUTDH PEAKLINU B3aUMOJICHCTBUS COJIEH C KUCIOTAaMH, IIETI0YaMU U MEXITy COOOii.

O6opynoBaHME M PEAKTUBBI: PEAKTUBHBIM IITATUB C HA0OPOM PEaKTUBOB (IIEIOYU, KHUCIOTHI,
COJIN ), UHIUKATOPBL, TPOOUPKH, MUIIETKH, IPOMBIBAIKA C TUCTUILIIMPOBAHHOMN BOJOM.

MarepunanbHoe obecrnieyeHue:
Croubl nabopaTopHble, HAJICTABKU IS CTOJIA, TEMAaTUYECKUE Tu1akaThl ¥ Tabnuibl, [lkadsr 11 mocyasr u
obopynoBanusi; Illkad s xpaHeHuss xumudeckux peaktuBoB, (450%900*2100 wmm.); lxadsr
cyurmiibhble; [unist Turensasie; [kad BHITSKHONU ¢ MOWKOM;

O6opynoBaHKe U PEaKTHBBI: MEPHbIE KOJIOBI, BOPOHKH, OOWKH, QuKkcaHas cepHOi KuciaoTel HpSO4,
muctuiuinpoBaHHas Boja (a. HoO), mpombiBanka, kapaHjaaml MO CTEKIy, KOHUYECKHUE KOJIObI, MEpHBIE
MUTIETKH TPaJyHpOBaHHBIE M HErPaJyMpOBAaHHBIE, KaleJIbHUIA, COUPTOBOWM pacTBOp (eHondranenHa,
OropeTka, TEXHOXMMHMUYECKHE BEChl C pa3HOBECKaMM, CTaKaH XUMHYECKHH cTekysHHbIN, cyxoii KOH
(enxoe Kanu), CTEKJITHHAs NaJI0YKa.

3aganue:
1 Onpenenenrie MPOIEHTHOTO COJIEPKaHUSI KHUCIOTHI B 00pasIle UCCIEeyeEMOTO PacTBOpa.
2 OmpepneneHue MPOIEHTHOTO COJEPKaHUS IIEI0YH B 00pa3ile UCCIelyeMOro pacTBoOpa.

HOpﬂ}IOK BbIITOJTHCHU A paﬁoTbI .

1 Cucremarusupyiite ¥ 000OIIMTE 3HAHHUA MO TEME, MOBTOPUB HW3YYECHHBI Ha JEKIMOHHOM
3aHATUN MaTCpUal.

2 BpInonHUTE IPAKTHYECKYIO YaCTh paOOTHI.

3 IIpoBeauTe pacyer.

4 ChopmynupyiiTe oOIIHe BEIBOJIBI O IPOAETIaHHOM padoTe.

OmnpiT Ne 1. BzaumopelicTBue KMCIOT M OCHOBAHUH (peakiusi HeUTpaau3aiun).

[Topsanox BeIMONIHEHUS PaOOTHI:

1. Haneiite B npobupky 5-10 kamenb pacTBopa Imenouu u 1-2 xamim pactBopa (eHoiadTanenHa.
HaoOmronaiite n3MeHeHUE 1[BETA.

2. 3arem nobainsiite mo 1 karie pactBopa kuciaotel (HCl umum HpSO,), BeTpsixuBas npoOHpKy.
OTMeThTE H3MEHEHHE 1[BETa C MAJIMHOBOI'O 0 OECIIBETHOT'O TIOCie MPUOaBIIeHUsI HEKOTOPOTO KOJIMYECTBA
KHCIIOTBHI.

3. [Touemy pacTBOp oOeciBETHIICS HE Cpa3y?

4. Hanmumure ypaBHEHUE PEaKIIMM B MOJIEKYJISIPHOM U HOHHOM BHJIE.

5. CnenaiiTe BBIBOJI O TOM, YTO 00pa3yeTcsl B pe3yJbTaTe PEaKIMi HEUTpaTU3aliH.



Omnpit Ne 2. JleficTBHE Ha pacTBOPBI COJIEN pacTBOPaMU IIEJIOUEH.

[TopsiA0K BHIMOTHEHUS OMBITA:

1. B onny npobupky Haneilite 5-10 kamens pactBopa coau xenesa (I11)-(FeCls), B apyryio conu
meau (11)-(CuSQy).

2. B 06e npoGupku o karisiv npuiuBaiite pacteop menoun (KOH wiu NaOH).

3. HaGmonalite o6pazoBaHue 0caakoB Oyporo u rojyooro mera.

4. Hammummmte ypaBHEHUS PEaKIUil B MOJICKYISIPHOM U HOHHOM BHJIC.

5. ChenaiTe BBIBOJ O B3aUMOJEHCTBUHU COJIEH CO IIETOYAMU.

OmnbiT Ne 3. JleiicTBUE Ha pacTBOPBI COJIEH PACTBOPAMU KHUCIIOT.

[TopsiTOK BBIMOTHEHUS OTIBITA!

1. B npo6upky Haneiite 10 kanenb pactBopa coasl — kapooHaTa Hatpus Na,COs.

2. Jlo6aBbTe o KarisaM pactBopa kuciaotsl (HCI wiu H,SOy).

3. HaOumromaiiTe BeIIEIEHUE Ta3a.

4. HamucaB ypaBHEHUE PEaKIMH B MOJICKYJSIPHOM M MOHHOM BHJIE, OOBSICHHUTE, My3bIPHKH KaKOTO
ras3a BBIJIEIISIFOTCS.

5. Cnenaiite BBIBOJ] O B3aUMOJICHCTBUHU COJIEH C KUCIIOTAMHU.

Omnsit Ne 4. BzaumoselictBue coneil Mexay coOoil.

[Topsa0K BBIMOJHEHHUS ONBITA:

1. Hanetite B mpobupky 2-3 kamau pactBopa conii Pb(NOjz), (Pb(CH3COO),) u npuneiite 1-2
Karu pactBopa uoauaa kanus Kl. HaGmogaiite o6pasoBanue xentoro ocaaka noauaa ceunia (11) Pbl,.

2. HanmmuTe ypaBHEHHE peakIWd B MOJICKYJSIDHOH M HOHHOM (opmax, OTMEThTEe IBETa
00pa3oBaBIIMXCS OCAIKOB U UCXOIHBIX PACTBOPOB M Ha3BaHUSI BEIICCTB.

3. CnenaliTe BEIBOJI O B3aUMOJICHCTBHHU COJICH.

OmbrT Ne 5. JleficTBHE pacTBOPOB COJIEH, KUCTOT U MIENOYeH HAa MHAUKATOPHL. [ maponus comnei

ITopsinoK BbIMOIHEHHs pabOTHI:

1. Ha monocky yHuBepcaqbHOM MHIMKATOPHOM OyMa)KKM HaHEeCHTe 1Mo 1 Karuie pacTBOpa COJISTHOM WM
ceproit kuciotel (HCI, H,SOy), pactopa mienoun (KOH mm NaOH) u muctisimpoBanHoii Bogpl. OTMEThTE
1BeT, 3anuiuTe B Tadmmuily. [lo mikane yHuBepcaabHON MHAMKATOPHON OyMaru ompenenute 3HadeHue pH
PacTBOPOB, 3aMULINTE B TAOJIHUILY.

2. B omny mpoOupky HaneiTe 5 Kamenb KHUCIOTHI (Jit000#), BO BTOPYIO NPOOHMPKY 5 Kamenb
pacTBopa IIEJIOUH, B TPEThIO TUCTUIUIMPOBAHHbIN Bo/ibl. JJ00aBbTe BO Bce mpoOupku HemHoro 1. HoO u
o 1-2 kannu pactBopa ¢eHon-pranenHa. OTMETHTE LBET pacTBOpPA. 3alULINTE B TAOJIUILY.

3. Ha monocky yHHBepCaIbHOW HMHIMKATOPHOH Oymakku Hanecute 1o 1 kamute pactBopa Aly(SOs)s
(FeCls, Fep(S0y)s, FeS0,), pactBopa Na,CO3; (K,CO3, NaCH3COO) u pacrteopa NaCl (KCl, Na,SO,).
OtmetbTe 11BeT, 3anuimre B Tabmuily. [lo mikane yHHBepcalbHOW MHIUKATOPHON Oymaru ompenenuTe
3HaueHue PH pacTBOpOB, 3aMULINTE B TAOJIHUILY.

4. CnenaiitTe BBIBOJ O JEHCTBUU PACTBOPOB BEIECTB HA MHIMKATOPHI, ONMPEACITUTE PEAKIHIO CPEIbl
pacTBOpOB, YUHUThIBas, 4To ipu PH = 7 — cpena HelTpanbHas, npu PH> 7 — cpena menoynasi, a npu pH <
7 — cpena kuciasi. 3aroJIHUTE MOCIEIHUIN cTOIOeL TaOIHIIB.

5. Ilo 3Ha4yeHuIo cpeibl paCTBOPOB 3aMOJIHUTE B TaOJINIIE CTPOKH CTOJIOLA, YKA3bIBAIOIIETO Ha IIBET
uHAMKaTopa ¢eHondrantenHa B pacTBopax cojeil. I[logTeepanre cBou BBIBOABI ONBITHBIM MyTeM. B Tpu
MPOOUPKH HajeiTe 1Mo 5 Kamesnb pacTBOPOB COOTBETCTBYIOIIMX COJIEH, ncnoib3yembIx B 1. 3. JloGaBbTe
BO Bce npoOupku HeMHoro A. HoO u no 1-2 karum pactBopa denongranenHa. OTMETbTE LIBET pacTBOpA.

Tabnuma HaOnroAeHUIN:

I{BeT nnaMKaToOpa pH pactBopa
no mkane | Cpena
PactBop ( peal
®enondran | YHUBEpcan YHUBED. pactB
BEleCcTBa 9
euH BHBIH MHMKAT. opa
OyM.)




HCI
(H2S04)

KOH
(NaOH)

H,O

Al2(SOy)3
(FeCly)

Na,CO3

NaCl
(NaxSOy)

dopma npeaocTaBieHnss pe3yJibTaTa
Otuer o mpojenaHHoi padoTe, ypaBHEHUE PEaKLUU B MOJEKYISIPHOU U HOHHOM (hOopMax, BHIBObBI

Ha KaXX]IbIi OIBIT, BRIBOJI IO BCEH 1abopaTopHOil padore.

6. Hanummure ypaBHEHHS
ANIEKTPOJINTUYECKON JIMCCOLMALIUN
KaXKII0T0 U3 BEILECTB.

7. O0BsicHUTE, TPUCYTCTBHEM
KaKUX MOHOB O0YCJIOBJICHBI KHCIIAs
cpela M LIEJNIOYHAas — cpena
pacTBOpPOB.

8. Hanumure ypaBHEHUs peakuuii
TUPOJIN3a COJIEH B MOJIEKYJIAPHOU
Y MOHHOH (opmax

Kpurtepnu onmeHkM: oLleHKAa MHAMBUAYAJIBHBIX 00Pa30BaTENbHBIX JOCTHXEHUH IO pe3yibTaTaMm
TEKYIEro KOHTPOJI YCIIEBAEMOCTH M IPOMEKYTOYHOM aTTECTAllMH IPOU3BOAMTCS B COOTBETCTBUH C
YHUBEPCAIBHOMN LIKAJIOMN:

[TporneHT KavecTBenHast WH/IUBUyaTbHBIX

PEe3yIBTATUBHOCTH | 00pa30BATENbHBIX JOCTHKCHHUN
(MpaBUIIBHBIX
OTBETOB)
Oasn (0OTMETKA) BepOaJIbHBIN aHAJIOT

90 + 100 5 OTJIMYHO
80 +~ 89 4 XOPOIIO
70 =79 3 YIOBJIETBOPUTEIIBHO
menee 70 2 HE YJIOBJICTBOPUTEIHHO




Tema 1.1 OcHOBHBIEC MOHATHSA U 3AKOHbI XUMHUH

JlabGopaTopHoe 3ansiTue Ne 2
Ka4yecTBeHHbBIE peakuM HA XJIOPU/I-, CYJIb(AT-, CAIUKAT- U KAPOOHAT- HOHBI.

Henabp padoTbl: HAYYUTHCS COCTABISATH YPAaBHEHUS PEaKIU B MOJIEKYJISIPHOM U HMOHHOM BHJIE;
MPOBOJIUTH PEAKLUU B3aUMOJICUCTBUS COJIEH C KHCIOTaMU M MEXKIY COOOM; MPOBOJUTH KauE€CTBEHHbIC
peaxkuuu B3auMOJeCcTBYS Ha Ha XJIOPHU-, CylIb(aT-, CUIHKAT- U KapOOHAT-aHUOHBI.

Bbinosinus padory, Bel Oyaere:
YMETh:
— COCTaBJISITh YpaBHEHUS PeaKlMii B MOJIEKYJISIPHOM U HIOHHOM BHUJIE;
— MPOBOJMTH PEAKIIUU B3AMMOJICUCTBHS COJIEH C KUCIOTAMH M MEXKYy COOO0ii;
— TPOBOAMTH KAYECTBEHHBIC pPEaKIMHM B3aMMOJCHCTBHS Ha Ha XJIOpUI-, CyidbdaT-, CHIUKAT- U
KapOOHAT-aHUOHBI.

MarepunanbHoe obecrnieyeHue:
Croubl nabopaTopHble, HAJICTABKU IS CTOJIA, TEMAaTUYECKUE TulakaThl ¥ Tabnuiibl, [lkadsr 11 mocyasr u
obopymoBanusi; Illkad mis XpaHeHuss xuMudeckux peaktuBoB, (450%900*2100 wmm.); Ilkadwr
cyunmuibhble; unuer turenvheie; Illkad BbITSHKHONW ¢ MOiKo#; PeakTuBHBI mTAaTUB € HabOpOM
PEaKTHBOB (IEJI0YH, KHCIIOTHI, COJIH), TPOOUPKHU, ITUIIETKH.

3aganue:
1. BcnoMHUTh npaBuiia o TEXHUKE 0€30M1aCHOCTH IIPH IPOBEAECHUH JJaOOpaTOPHBIX PadoT.
2. IIpounTaTh HHCTPYKIIHIO 11O TIPOBEICHHUIO OTBITOB.
3. IIpuroToBUTH HEOOXOAUMYIO XUMHUECKYIO TOCYly U 000pyJOBaHUE JIIsl IPOBECHHUS OTIBITOB.
4.1IpoBecTH OMBITHI.
5. OopmMuTh 1a6OPaTOPHYIO PAOOTY.
Xon pa6oTsi:

Onvim Ne 1. Oonapysicenue xnopuo-anuona Cl.
[TopsA0K BBINOJIHEHUS ONBITA:
1. Haneiite B mpooupky 2-3 karumm pactBopa coiau NaCl (KCI unu pactBopa constHO# KHCIOTHI
HCl) u npuneiite 1-2 karum pactBopa Hutpara cepedpa AgNOs;. Habnromaiite oOpazoBaHue 0ernoro
TBOPOKUCTOTO Ocajika xjmopuaa cepedpa AgCl.
2. HanummmuTe ypaBHEHHE peakIMM B MOJIEKYJSIPHOM M MOHHOM (opMax, OTMEThTE IIBETa
00pa30BaBIIMXCS OCAIKOB M UCXOIAHBIX pAaCTBOPOB M Ha3BAHMUS BEIICCTB.

Onwvim Ne 2. Oonapysicenue cynvpam-anuona SO

[Tops10K BBIMOJHEHUS OIIBITA:

1. Haneiite B mpoGupky 2-3 Kamumd pacTBopa, cojepxamero cymbdar-annon SOs2 (NapSOs,
ZnS0O,4, FeS0O4, HSO4 u T.11.) m mpuneiite 1-2 kammm pactBopa xjopuna Oapus BaCl,. HabGmromaiite
oOpa3oBaHue 0EJIOro KPUCTAIUTHUECKOTO ocajka cyiabhara 6apus BaSO;,.

2. HanwmuTe ypaBHEHHE peakiMd B MOJICKYJISIPHOH M HOHHOW (opMax, OTMEThTEC IIBETa
00pa30BaBIIMXCS OCAIKOB M UCXOIHBIX PACTBOPOB U Ha3BaHMS BEIIECTB.

Onvim Ne 3. O6napyscenue cunukam-aHuoHa Sios”>.
ITopsiA0K BBITOJIHEHUS ONBITA:
1. Haneiite B mpoGHupKy 2-3 KaIUIM PacTBOpa, coiepikauiero cuinkar-anuoH SiOs> (Na,SiOs,
K5SiO3 u T.11. Wit KIeil CHITMKaTHBIA KaHUENApCKuil) u npuiieiite 1-2 karmu pactBopa consiHoit HCI wmu



cepHoii kuciotel HpSO4. Habmromaiite oOpazoBanue kpeMHueBo# kuciotel HoSiO3 B Buae cTyaHs Win
OeJIbIX XJIOMBEB.

2. HanummuTe ypaBHEHHE peakIMM B MOJICKYJISIPHOH M HMOHHOM (Qopmax, OTMEThTE IIBETa
00pa3oBaBIIMXCS OCAJKOB U UCXOIHBIX PACTBOPOB M Ha3BaHMSI BEIIECCTB.

Onvim Ne 4. Oonapyscenue kapoonam-aHuona CO5>".

[TopsiTOK BBIMOTHEHUS OTIBITA!

1. Haneiite B mpoOupky 2-3 Kamjiu pacTBopa, COACpIKaIero KapOOHAT-aHHOH COs> (Na,COs,
K>CO3, NaHCO3 u 1.11.) u mpuneiire 1-2 kamam pactBopa cosissHoit HCl mnm ceproit kucinotsr HpSOs4.
HaGmronatiTe BhIieieHre mMy3bIpbKOB Ta3a. Kakoii ras BeiaenseTcs?

2. Hanumure ypaBHEHUE peakIMK B MOJIEKYJISIPHOM M HOHHOU popMaxX, OTMETHTE [BETa MCXOTHBIX
1 00pa30BaBIINXCS PACTBOPOB U Ha3BaHUS BEIIECTB.

dopma npegocTaBieHHs pe3yJibTaTa

Ot4er o mpojenanHoi padoTe, ypaBHEHUE PEAKIUHA B MOJIEKYIISIPHOW U HOHHOW (DOpMAax, BHIBOJIBI
Ha Ka)/IbI} OIBIT, BEIBOJI IO Beell 1abopaTopHOil paboTe.

Kpurepun oumeHKH: OLieHKa MHIMBUIYaJIbHBIX 00pa30oBaTENbHBIX JOCTHXEHHUI IO pe3ysibTaTaM
TEKYIIET0 KOHTPOJIS YCIIEBAEMOCTH U IMPOMEXKYTOUHON aTTECTallMM MPOM3BOAMUTCA B COOTBETCTBUU C
YHUBEPCAIbHOM IIKAJION:

[Tponent KauecTBeHHast ~ OleHKAa  WHAWBUIYAIbHBIX

pe3yNbTaTUBHOCTU | 00pa30BaTeNbHbIX JOCTH)KEHUN
(MpaBUIIBHBIX
OTBETOB)
Oas (OTMETKa) BepOaIbHBIN aHAJIOT

90 + 100 5) OTJINYHO
80 +~ 89 4 XOpOIIO
70 +79 3 YJIOBJICTBOPUTEIILHO
MmeHee 70 2 HE yJIOBJIETBOPUTEIIBHO




Tema 1.2 PactBopbl. Cioco0bl BbIpa:KeHHs] KOHIEHTPAIUil PACTBOPOB

JlaGopaTopHoe 3ansaTHE Ne 3
OnpenesieHue MIIOTHOCTH PACTBOPOB PA3JIMYHOM KOHUEHTPAUM

Hean padoThl: HAYYUTHCHA ONPeEAEISTH IVIOTHOCTH PACTBOPOB
Boinosinus padorty, Bul Oynere

ymemy:

1. OnpenenuTh OTHOCHTEIBHYIO ILIOTHOCTH 33/IaHHOTO PAacTBOpA C IMOMOIINBIO MHUKHOMETpa (CM.
TEOPETUYECKYIO YacTh). PacueTsl MPUBECTH B TETPAJIH.

2. OnpenenuTh OTHOCHTEIBHYIO INIOTHOCTH 33JaHHOTO PACTBOPA C MTOMOILBIO apEOMETPA.

3. CpaBHHUTH OTHOCUTENBHBIC INIOTHOCTH PACTBOPA, MOTYICHHBIC Pa3HBIMU METOJAAMH U
CPaBHUTbH CO CIIPABOYHBIMHU JAHHBIMHU.

MaTtepuajbHOe o0ecneyeHue:

Cronbl J1abOpaToOpHBIC, HAJICTABKHM UIS CTOJIA, TeMaTHYECKUE TUIakaThl M Tadmuipbl, [lkadsr s
nocyasl U obopyaoBanus; Llkad mas xpaHeHUus XUMUYECKUX peakTHBOB, (450*900*2100 mm.); lkads
cyurmiibhble; [unmsr Turensusie; [lkad BoITsSHKHON ¢ Moiikoil; OO0OpyAoBaHHE U pEaKTHUBBI: HAOOP
apeoMEeTpOB, MTUKHOMETPHI, ATHH/IPBI TUTST

OIpEeeeHUs] IUIOTHOCTH C IOMOIIBKO apeoMeTpa, XHM. BOPOHKH, pacTBOPBHI  HEKOTOPHIX
BertectB (CuSO4, KoCrO7, Na SOy).

3aganue:
1 Onpenenenrie MPOIEHTHOTO COJIEPKaHUSI KHUCIOTHI B 00pa3Ile UCCIEeyeEMOTO PacTBOpa.
2 OmnpepneneHue MPOIEHTHOTO COJEPKaHUS IIEeJI0YU B 00pasIle UCCIeyeMOro pacTBopa.

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbI:

1 Cucremarusupyiite ¥ 00O0OIIMTE 3HAHHUA TO TEME, MOBTOPUB HW3YYECHHBI Ha JEKIMOHHOM
3aHATUN MaTCpual.

2 BpInonHUTE IPAKTHYECKYIO YacTh paOOTHI.

3 IlpoBeauTe pacuer.

4 ChopmynupyiiTe oOIIHe BEIBOJIBI O IPOJIEIaHHOM paboTe.

Xox pa0doThI:

KuakocTh, TNIOTHOCTH KOTOPOUM HAIO ONMPEAETUTh, HATUBAIOT B IMJIMHIP. APEOMETp MOTrpyKaTh B

KHUJIKOCTB CJIETyeT OCTOPOIKHO, HE BBITYCKAasl €0 U3 PYK JIO TeX IOp, TTOKA HE CTaHET OYCBUIHBIM, YTO OH
miaBaer. Torma apeoMerp OCTOPOKHO OTIYCKAaIOT, W apeoMeTp NPHHHMAET HYXKHOE IOJIO0XKEHHE.
ApeOMeTp JOJDKEH HAaXOAWTBHCA B LHCHTPE HMUIMHAPA, HU B KOEM ClIyda€ HC KacaTbCd CTCHOK HUJIMHApPA
Wik OBITh K HUM OYeHb OJNIM3KO, T.K. MOJIOKEHHWE apeoMeTpa B IIWIIMHAPE OTPakaeTCs Ha TOYHOCTHU
noka3aHuid. TOYHO Tak ke COBEPIIEHHO HE TOIMYCTUMO, YTOOBI apeoMeTp Kacaics JHA IMIHHAPA.
OTder MPUBOAAT MO JACNEHUSM MIKanbl apeoMeTrpa. [leneHue, MPOTHUB KOTOPOTO YCTaHABIUBAETCS
BEPXHUH MEHHCK (B ClIydae OKpalI€HHBIX PAcTBOPOB) WJIM HUXHMA MEHHUCK >KUIKOCTH (B ciydae
HEOKpAIIIEHHBIX PACTBOPOB) XapaKTepU3yeT BEIMYUHY IUIOTHOCTU. llocie ompeneneHus apeoMeTp
0OMBIBAIOT BOJIOM, BEITUPAIOT M YOUPAIOT CHEIUATBHBIN (QYTIISAp WIH B SIIHK.



Ecnu omnpenensroT OTHOCHUTENIBHYHO IUIOTHOCTh KUIAKOCTH HE PACTBOPUMOM B BOJE, TO apEOMETP
O0OMBIBAIOT KaKUM-HUOY/Ib pacTBOpUTENeM. ApeoMeTp TpeOyeT OCTPOKHOTO OOpalleHus, TaK KaK ero
JIETKO Pa30UTh.

dopma npeacTaBJieHus pe3yJbTaTa: OTYET O MPOIeTIaHHON padoTe, BHIBOIBI.
Kpurtepun onenku:

3a KaxK/Iblid TPaBWIIBHBIN OTBET — 1 Ga.
3a HenpaBWIbHBINA O0TBET — O 6aIIOB.



Tema 2.3. Kuciopoagocoaep:kammye oprannyecKue BeliecTa

JlabGoparopHoe 3ansTue Ne 4
OmnpenesieHue cpel pACTBOPOB PA3JIMUYHBIX KJIACCOB BEIIECTB € MOMOIIBLIO PA3JINYHBIX
HHIMKATOPOB.

eab paborbl: onpeneneHue pH pacTBOpOB KHUCIOT, OCHOBAHUN M COJEH pPa3IMYHBIMU METOJaMHU
(pacTBOpHI HMHIWKATOPOB, YHUBEpPCAIbHAsS WHIUKATOpHAs Oymara); W3yudeHHE HEKOTOPBIX CBOWCTB
BOJHBIX PAaCTBOPOB COJIEH, CBSI3aHHBIX C MPOLIECCOM THAPOIIN3A, ONPEAETUTh, OT KaKuX (DaKTOPOB U Kak
3aBUCHUT IIyOMHA THAPOJIH3A.

Bbinosinus padory, Bel Oyaere:
YMETb:
— Omnpenenste pH pacTBOpOB;
— Omnpenenenne pH pacTBopa mnpu mMomMoIy yHUBEpCaIbHOM UHIUKATOPHOM Oymaru;
— Omnpenensats Peakiuio cpeipl pacTBOPOB Pa3IMUHbIX CPETHUX COJICH;
— OnwuceiBaTh Cliy4ad MOJHOTO THIPOJIK3A.

MarepunanbHoe obecrnieyeHue:

Crounbl nabopaTopHble, HAJICTABKHU IS CTOJA, TeMaTHYeckue IutakaTel W Tabmuiel, [kadsr ams
nocyasl 1 obopynoBanus; LlIkad s XpaHeHUsS XUMAYECKUX PeakTHBOB, (450*900*2100 mm.); Llkadsr
cyurmuibHble; [unuel turensuele; Illkad BBITSXKHOM C MOWKOW; pEaKTUBHBIM IITaTUB C HabOpOM
PEaKTHBOB (IEJI0YH, KHCIIOTHI, COJIH), TPOOUPKHU, TTUIIETKH.

3aganue:
6. BcmoMHUTH TipaBuiia O TEXHUKE 0€30MaCHOCTH MPHU MPOBEACHUH Ta00PaTOPHBIX padoT.
7.TIpounTaTh MHCTPYKIIMIO TI0 TTPOBEJICHHUIO OITBITOB.
8. IIpuroToBUTH HEOOXOIUMYIO XUMUYECKYIO TIOCYLY B 000PYIOBaHHE ISl IPOBEICHUS OTIBITOB.
9.TIpoBecTH OMBITHI.
10. OpopmuTh 1abopaTopHyIO padoTy.
Xon paboThi:

OcHogHble nonamuA: NIOHHOE MTPOU3BEIECHNE BO/IbI, BOJOPOIHBIN MoKa3arenb cpeasl pH, runponus.
PeakTusbi:
1. 0,1 H. pacTBOp cosstHOM KucioTsl HCI,
2. 0,1 H. pactBOp ruapokcua Hatpust NaOH;
3. 0ydepnsie pactBopsl ¢ pH 5,0 u 8,0;
4. xnopun kanust KCl kpucraminyeckuii;
5.cynbdar amromunus Al2(SO4)3 kpucTamuIMuecKuid;
6.cuunkar Hatpust Na2SiO3 KpucCTaUIMYeCKHiA;
7. anerar Hatpuss CH3COONa kpucTaminiecKuii;
8. anerat ammonnss CH3COONH4 kpucramindeckuii;
9. 0,5 M pactBop kapOonata HaTpusi Na2CO3;
10. 0,5 M pactBop cynbdara amomunus Al2(SO4)3;
11. pacTBOpHI PpeHonPTaNEnHA, TAKMyCa, METUIIOBOIO OPAaH)KEBOI'0, METHIIOBOTO KPACHOTO;
12.yHuBepcaibHasi MHIUKATOpHAs Oymara.
BcnomorartesnbHoe 000py/10BaHue:
1. mpoOupkw;
2. CTeKJIsIHHAs MaJI0YKa.
OmnbiT Nel. BuzyanbHo-koopumMeTpudecknii Metos onpeneseHus pH pacrsopa.



https://pandia.ru/text/category/vodorod/
https://pandia.ru/text/category/bufer/
https://pandia.ru/text/category/alyuminij/

CymecTBYIOT paszinuuHble MeToAbl ompeneneHuss pH pactBopoB. OZHUM U3 METOOB SIBISETCS
KOJOPUMETPUYECKUII METO/, OCHOBAaHHBIM Ha MPUMEHEHUU PEAreHTOB, KOTOPbIE M3MEHSIOT OKPACKy B
3aBHCUMOCTH OT KOHIICHTpAallMd MOHOB BOJAOpona. Takuwe peareHThl Ha3bIBAIOT KHCIOTHO-OCHOBHBIMHU
uHaukatopamMu. OHM  TPEACTaBISIIOT Cco0O0Ml  ciiabble OpPraHUYeCKHWEe KHCIOTHI WM OCHOBaHUS,
HE/IMCCOLMUPOBAHHbBIE MOJIEKYIIBI U MOHBI KOTOPBIX MMEIOT Pa3HyI0 OKPAaCKy MPH Pa3IHYHBIX 3HAYEHUSIX
pH. UurtepBan pH, B KOTOpOoM MHIMKATOp MEHSET CBOIO OKPAacKy, Ha3bIBAIOT MHTepBajioM pH mepexona
OKpAacKy MHIUKATOPA.

Hanpumep, paBHOBecHs: HOHU3aIMK JakMyca U ¢eHodTarerHa B pacTBOpax MOTyT ObITh MTPE/ICTaBICHbI
CIICAYIOIIMMHU CXEMaMH:

a) JJaKMycC:

0) dbenondranens:

PaBHOBecue aucconuanuy HHANKATOPa MOKET CMEIIaThCs MO/ JEHCTBHEM KUCIOT UM OCHOBAaHUMN
BJIEBO WJIM BIIPaBO COOTBETCTBEHHO. Tak, B pacTBOpe JakMyca B nHTepBaiie 3HaueHuil pH ot 0 1o 5,0 (mo
WHTEpBaJla Tepexona) B pacTBope OyAeT NpeBalvpoBaTh NPOTOHHUPOBAaHHAs (GOpM HHAMKATOPA, U
pacTBop okpacutcs B KpacHbIi mBet. [Ipu pH > 8,0 (3a uHTEpBaioM Iepexo/a) B pacTBOpe B OOJBIIEM
KOJIMYECTBE MPUCYTCTBYIOT NEHPOTOHUPOBAHHBIE YACTHIBI HMHIMKATOpPA M PACTBOP HMEET CHHIOIO
OKpacky. B wmHTepBane mepexoma W MPOTOHUPOBAHHAS, W ACTIPOTOHHPOBAHHAA (POPMBI MHIMKATOpA
MPUCYTCTBYIOT B COM3MEPHUMBIX KOJIUYECTBAX, MOAITOMY PACTBOP MMEET MPOMEXYTOUHYIO OKPACKy, TO
ectb (¢uoneroByr. ComocTaBiisisi ACUCTBUE HCCIEIYEMOTO0 pPAacTBOpa Ha pPAa3JIMYHbIE WHIAMKATOPHI
HETpYAHO omnpeaenuTs pH uccnegyemoro pactsopa (cm. Tabm. 1).

Ta6auna 1. UaTepBaJibl nepexoga OKpacku HEKOTOPbIX KMCJI0THO-OCHOBHBIX HHIHKATOPOB

Okpacka 110 Okpacka B Okpacka 3a
WNurepsan pH p A p p
WNuaukatop WHTEpBaJa WHTEpBaJe UHTEPBAJIOM
nepexojia OKpacKu
repexojia nepexoja nepexoja
METHJIOBBIN o o o
. 3,1-4,4 KpacHBI OpaHKeBBIN OpaHXeBO-KENThIN
OpaHXeBBIN
METHJIOBBIN . o o
. 4,4-6,2 KpacHBIH OpaHKEBBIN HKEJITHIN
KpacHBI
JTAKMYC 50-8,0 KpaCHBIH (hrOoJIeTOBBIN CHHHUI
denondranenH 8,0-9,8 O€eCIIBETHBII 0JIeTHO-PO30BHIi MAaJIMHOBBINI

Jlnist mpoBeIeHHsI SKCIIEpUMEHTa OJIY4YHUTe Y IpenoiaBaTess uccieayeMslii pactsop. Bozsmure 4
npobupku. [lomecture B Kakayro NpoOUpKy OAMHAKOBOE KOJINYecTBO (2-3 cM3) pacTBopa U 100aBbTE 110
KaIule pacTBOPBI UMEIOIUXCS MHANKATOpoB. OTMEThTE 1IBET PacTBOPA B KaXKA0H npodupke. Pe3ynbTarel
I/ICCJ'ICI[OBaHI/Iﬁ O(i)OpMI/ITe B BUJIC Ta6J'II/IIIBI. Ha ocHoBanun MOJIYYCHHBIX JAHHBIX ONPCACTIUTEC 3HAYCHUC
pH BbLIaHHOTO pacTBOpAa.

Tabauna 2. Pesyabtarsl ucciaenosanus pH pacTtsopos

Oxkpacka ITopsnox pH uccnenyemoro
Nunukarop HACCIENYEMOTO BenmurHbI pH pacTtBopa
pacTtBopa pacTtBopa

MeTunoBsIit
OpaHKEBbIN
MeTunoBsIit
KpaCHBIN
Jlakmyc
denondranent

OmnbiT Ne2. Onpenenenne pH pacTBopa npu noMouu yHMBepCcaJdbHON HHANKATOPHOM
Oymarm.




pH ucciaenyemoro pactBopa MO>XKHO OIIPENEIUTHh HE TOJIBKO C MOMOILBIO MHIMKATOPA, HO U C MOMOILBIO
WHIUKATOPHOW Oymaru, Hampumep, JakMycoBoil. JlakmycoBas Oymara mpeacTaBiisieT COOOW TMOJIOCKY
¢wibTpoBaNbHOM ~ Oymaru, TNPONUTAHHOM  PAacTBOPOM  JIAKMYCa, KOTOPBI  MpEIBapUTEIBHO
MOJIKPAIINBAIOT JOOABICHHEM OYEHb MAJIOr0 KOJMYECTBA KUCIOTHI (“KpacHasi JakMycoBas Oymara’) uin
menoun (“‘cuHsis nmakMmycoBas Oymara”). Ecnum mpu HaHeCeHHMM CTEKISIHHOM MalloYKOM Ha CHHIOHO
JTAKMYCOBYIO Oymary Kariud UCCIIEeyeMOro pacTBOpa OHa KpacHeeT, TO peakiusi pactBopa kucias pH. 5.
[Tocunenne KpacHOW JTaKMYCOBOHM OyMmaru OT KaIuld UCCIIEAYyEeMOTO pacTBOpA IMOKA3bIBAET, YTO OH UMEET
uienounyto peakuuio pH 8. Ilpumenenue Oymaru TpeOyeT MeHbIlIEH 3aTpaThl pacTBOPA, OJHAKO OKPACKU
MOJIy4yaTcss MEHee SPKUMHU M, KPOME TOro, HECKOJBKO H3MEHSTCS B CBS3U C ajacopOumeit Oymaroii
pPacTBOPEHHBIX BEIIECTB. Y J0OHEE MOJIb30BATHCS TaK HA3bIBAEMBIMHU “‘YHUBEPCAIbHBIMU MHIUKATOPAMU,
3TO CMECH OTHENIbHBIX HHAMKATOPOB, HM3MEHSIOUIME OKpacky B wmupokoM wuHTepBane pH. Taxxke
UCHOJIB3YIOT HMHAMKATOPHYIO OyMary, NpONUTAaHHYIO pPAcTBOPOM YHHMBEpPCAIbHOIO HWHAMKATOpa U
BbICylleHHYl0. K rmaduke Oymarum mnpuiaraercss LBETHas IIKaja, IOKa3blBalollas, KaKUe OKpPacKu
MpUHUMAET OyMara MpH pa3Iu4HbIX BenuunHax pH.

JI1st mpoBeieHNs ONbITA CTEKJISTHHOM ITAJIOYKOM HAHECUTE HA ITOJIOCKY YHUBEPCAIbHON
MHAMKaTOpHOU Oymaru 1-2 xaruu uccienyemoro pacrsopa. Cpasy »ke CpaBHUTE OKPACKY ChIpoil Oymaru
¢ BeTHOM 1mkanoi. CnenaiTe BbIBOJA 0 3HaueHuu pH uccienyemoro pactBopa. YKaKUTE PEakivio ero
Cpelibl M BBIUUCIUTE KOHLEHTPALMIO HOHOB BOAOPO/A.

OmnbiT Ne3. Peaknusi cpebl pacTBOPOB Pa3JIHYHBIX CPEIHHUX COJICH.

[IpakTukKa MOKa3bIBAET, YTO HE TOJBKO PACTBOPHI KUCIOT U OCHOBAHUMW, HO U COJIEH MOTYT UMETh
LIEJIOYHYIO WIIA KHCITYIO PEAaKLUIO, IPUUNHON YETO0 SBIISIETCA MTPOLECC THAPOIN3a.

OO0MeHHOe B3auMoO/JelCTBHEe MOHOB COJIM BOJ0ii, B pe3yJibTaTe KOTOPOro o0pasyrrcsi ciaadblil
3JIEKTPOJIUT M MPOUCXOAUT CMEICHHE PABHOBECHS JUCCOMALMHI BO/bl, HA3bIBACTCH I'MAPOJIM30M.
[Ipouecc runaponusa, ONPENENAOIIMNACA B IMEPBYID O4YEpenb MPUPOJONH CONM, NPEUMYLIECTBEHHO
IIPOTEKAET 110 HOHY CJ1a00r0 AIEKTPOJINUTA!

1. Conu CHUIBHOTO OCHOBAHMSI U CWJIBHOM KHCIOTHI IIPU PAaCTBOPEHHUU B BOJIE€ HE THAPOJU3YIOTCA, U
pacTBOp COJIM UMEET HEUTPAIBbHYIO PEAKLIUIO;

2. Conu CHJIBHOTO OCHOBaHUS U C1a0OM KUCIIOTHI MOABEPratoTCs THAPOIU3Y 110 aHHUOHY, pacTBOP COJIU
MMEET IIEI0YHYIO PEAKIHUIO;

3. 'maponu3 conu cinaboro OCHOBAaHUS U CUIILHOW KUCIIOTHI OyJeT MPOTEKaTh 110 KaTHOHY, PacTBOP COJIU
MMEET KUCIIYIO PEAKIIMIO;

4. I'upponu3 conu, oOpa3oBaHHON CIAOBIMU OCHOBAaHMEM U KHCJIOTOW MPOTEKAET OJHOBPEMEHHO M IO
KaTHUOHY, U 110 aHUOHY, PEAKIMs CPe/Ibl B pacTBOpaxX MOJOOHBIX COJIEH 3aBUCUT OT OTHOCHTEIBHOMN CHIIBI
KHMCIIOTBI 1 OCHOBAHHUS.

Peakuuu ruzaposnusa, Kak MpaBuio, oOpaTuMbl. HeoOpaTUMO TMIpONIM3YIOTCS TOJIBKO T€ COJIH,
MPOJAYKTHl THAPOJU3Aa KOTOPBIX YXOJSAT W3 pacTBOpa B BHUJAE HEPACTBOPUMBIX WM TIa3000pa3HbIX
npoaAyKTOB. Takoi THII TMIPOIN3a XapaKTepeH Ui colieil, 00pa30oBaHHBIX cIa0bIM OCHOBaHHMEM M c1aboii
kucnotol. Ilpu pacTBopeHum B BoJe Takux cojiell 00pa3yroTcs MalOAMCCOLMUPYIOIIME KHCIOTa U
OCHOBAHHUE.

B mects mpoOupok HanelWTe HEUTpambHBIN pacTBopa Jakmyca. OmaHY W3 MPOOMPOK OCTAaBHTE B
KayecTBE KOHTPOJBbHOH, a B OCTaJbHbIE /J100aBbTE€ MO OJHOMY MHUKPOIINATENIO COJEH: B MEPBYIO —
anerata Hatpusi CH3COONa, Bo BTOpyro — cynbbara amomuaus Al2(SO4)3, B TpeTbio — cuUIUKaTa
Hatpus Na2Si03, B uerBepTyto — anerara ammonust CH3COONH4, B niATyto — XJj0pua Kanusl.

Kakoii peakiiuu cpezbl ciielyeT 0KuAaTh B pacTBOpaxX yKa3aHHBIX CPEIHUX COJIEeH?

Pazmemraiite pacTBOp B KaXaod NpoOMpKe OTAeNbHOM mnamoukod. Kak HM3MeHmnach okpacka
pacTBopa JjakMmyca IMpu Jo0aBieHUM Kaxaol conu? Kakas peakuust cpenbl XapaKTepU3yeTcs
MIOJIyYMBIIMMCS IIBETOM JIaKMyca?

[ToBTOpPUTE OMBIT, UCMHOIB3Ys] BMECTO KpHUCTauiMueckux coyied ux 0,1 H. pacTBOpBI, a pacTBOp
JIaKMyca 3aMEHUTE YHUBEpCabHOW MHANKATOPHOM Oymaroi.

Pesynbprarel HabmoneHnt ohopmMuTe B BUIE TAOJIUIIBI.



Tabauna 3. PesynbTaTsl nccienosanus pH pacTBopoB HEKOTOPBIX CPeIHUX COJICH €
HCI0Jb30BAHHEM PACcTBOpPa JaKMyca.

Oxkpacka

[Mopsamox .
No 11/ ®dopmyna Okpacka pH o | YHHBEPCATLHO pH
cosn JTaKkMyca MHIMKaTOPHOH | pacTBOpa
pacTtBope

Oymaru

OXugacmas (baKTI/I‘leCKaH

B pesynbrare kakoro mpoiiecca MOIJU MOSBUTHCS U30bITOUHbIE MOHBI H+ mnun OH— B BoAHBIX
pacTBoOpax CpeaHUX COei?

Hanumure B MOJEKyIsipHOM U MOHHOM BHJIE YPaBHEHUS T'MAPOJIM3a COOTBETCTBYIOIIMX coiiei. B
cllydae CTYNEHYaTOro IMApOJIM3a HANMIIWTE YPaBHEHHME PEaKLMM JIMIIb JUIsl NEPBOM CTYNEHM, TaK Kak
MPAKTUYECKH NpPU JaHHOM KOHIIEHTPAIMM pacTBOpa MOCIEAYIOUIME CTYMEHU TUAPOJIM3a MPOTEKAIOT
oueHb cnabo. Chopmynupyiite onpenencHue mporecca ruapoin3a U caeaiiTe oOIIuii BEIBOM O PEAKIIUU
BOJIHBIX PACTBOPOB COJIeH, 00pa30BaHHBIX:

a). CUJIbHBIM OCHOBAaHUEM U CHIIbHOU KHCJIOTOM
0). CHJIbHBIM OCHOBAaHHMEM M CJIA00M KHUCIOTOM;
B). cJIaOBIM OCHOBAaHUEM M CHJILHOW KHCIIOTOMH;
). ci1abbIM OCHOBaHUEM U C1a00H KHCIIOTOM.
OnbIT Ne 4. Ocodble c1ydan MOJTHOT0 THAPOJIN3A.

B nBe mpoOupku BHecuTe Mo 6-8 Kamelb pacTBopa TpUXJIOpUIa altoMuHH. B ogHy mpoOupky
n00aBbTEe TAaKOW ke 00BeM pacTBopa cynb(ara aMMOHHA, B JPYTyI0 — pacTBOp KapOoHaTa HATpHSL.
Habmonaiite B o0eux mpoOupKax BBIMAJACHHE OCaJKa THAPOKCUAA aTIOMUHUS, COIPOBOXKAAIOIIEECS B
MEPBOM CiIy4ae Ta3000pa3HOro cepoBoaopojia (OTMEThTE 3arax), B JAPYroM — Iy3bIPbKOB JAHOKCHIA
yriaepoja.

Hanumure moinekynsipHble W MOHHBIC ypaBHEHHsS peakiuil. [lodyemy B JaHHBIX pPEAKIUAX HE
oOpa3yroTcs cyiabbua u kapooHat amomuaus? [lodemy Xiopu aaTrOMUHUS TTOJIBEPTraeTCsl CTYMIEHYaTOMY
TUAPOIH3Y, a CYIbGU ATFOMUHUS — TTOJIHOMY?

dopma npenocTraBieHus pe3ybTaTa

Otuer o nmpojenaHHoOi padoTe, ypaBHEHUE peakLUU B MOJEKYJISIPHOW U MOHHOU (hopMax, BBIBOJIbI
Ha Ka)/IbIi OMBIT, BEIBOJI MO Beel 1abopaTopHoil paboTe.

Kpurtepun oueHku: OlleHKAa WHIWBHUIYAJIbHBIX OOpa30BATENBHBIX TOCTIXKCHHH MO pe3ysbTaTaM
TEKYILEro KOHTPOJIsl YCIEBAEMOCTH U MPOMEXKYTOYHOM aTTeCTallud MPOU3BOAMTCS B COOTBETCTBUH C
YHUBEPCAIbHOM IIKAJION:

[Tponent KadyecTBeHHast ~ OlleHKa  HMHIMBHUIYaJbHBIX

pe3yIbTaTUBHOCTH | 00pa30BaTENIbHBIX JOCTHKEHUIN
(MpaBUIIBHBIX
OTBETOB)
6a1 (oTMeTKa) BepOaJIbHBIN aHAJIOT

90 + 100 5 OTIMYHO
80 + 89 4 XOpOIIOo
70 +79 3 YJIOBJIETBOPUTEIHHO
menee 70 2 HE Y/I0BJIETBOPUTEIHHO




Tema 2.4 AMUHBI. AMUHOKHCJIOTEI. Beakn

JlabopaTopHoe 3ansitue Ne 5
«O0Hapy:KeHHe OPraHNYeCKUX BellecTB cnenu(puuecKuMHU peakiusMm».

Hean paboThI:

1. HayunThCsi MpOBOIUTH HECIIOKHBIE pEaKLUU 0 OOHAPYKEHUIO Oellka B 00bEKTax;

2. HayuuTtbcsi onpenensiTs MO MOSBICHHIO COOTBETCTBYIOIEIO OKpAIIMBAaHUS pa3inyus Oenka B
00BEeKTax
Beinosinus patdory, Bel Oyaere:

YMETh:

— IIpoBoAMTH HECTIOKHBIE PEAKIIUH 110 OOHAPYKEHUIO OeKa B 00bEKTax;
— HayuuThcs ompenenars Mo MOSBICHUIO COOTBETCTBYIOIIETO OKpAalIMBaHHUS Hanuuue Oelika B
00BEKTaX;

MarepuajibHoe o0ecnieyeHue:
Cromnbl T1abopaTopHbIe, HAACTABKH I CTOJIA, TEMATHYECKUE TUIaKaThl ¥ Tabmuisl, [Ikadsr ams mocyas! u
obopynoBanusi; Illkad mna xpaneHuss xumudeckux peaktuBoB, (450%900*%2100 wmm.); Hlxadsr
cyunibHble; [lumiet Turensabie; [lkad BRITSKHONU ¢ MOWKON

- PEaKTUBHBIN IITATHB,;

- IpOOHPKH;

- HarpeBaTeJIbHBIN AJIEMEHT;

- pacTBOpHI OenKa;

PacTBOpbI ruapOKCHIa HATPUS WK Kalus, cyibdaTa Meau (COMM TsHKEIbIX METaJUIoB (Hampumep,
CBHHIIA);

- KOHLIGHTPUPOBaHHAsl a30THAsI KUCIIOTa;

- TUCTUTMPOBAHHAS BOJIA.

3aganue:
1. BcnoMHUTH npaBuiia Mo TEXHUKE 0€30MaCHOCTH MPH MPOBEACHUH J1a00paTOPHBIX padoT.
2. IIpounTaTh HHCTPYKIIHIO 11O MIPOBEJCHUIO OTIBITOB.
3. IIpuroToBUTH HEOOXOAMMYIO XUMHUECKYIO ITOCYAY M 000py10BaHKE /IS IPOBEICHUS OBITOB.
4.1IpoBecTH OMBITHI.
5. OopmMuTh 1a6OPaTOPHYIO PAOOTY.
IMopsinok BbINOJIHEHUS PadOTHI:

1. M3yunTe nNopsaI0K BHIMOJHEHUS ONBITOB
2. CocTaBbTe ypaBHEHHS PEAKIUN K KaXKJIOMY OIIBITY.
3. Cnenaiite BBIBOIBI 110 paboTe

Xoa pabdoThI:
IIBeTHBIC peaknuu 0€JIKOB
B tpu npoOupku Haneite no 0,5 M1 pacTBopa SIMYHOTO OelKa.

OmnpbiT Nel. O0Hapy:keHHe MeNTHIHBIX CBA3ell (OMypeToBasi peaKkuusi)
B niepByto mpobupky HamneiTe mo Heckonbko Kamnens menoun (KOH wiu NaOH) u pactBopa
CuSO,. Habnromaiite mosiBIieHHuE KPaCHO-(UOJIETOBOTO OKPANTUBAHUS.

OnbiT Ne2. O0Hapy:xeHne 0€H30JIbHbIX KoJIel (KCAHTONPOTENHOBAsI peaKkuus)
Bo BTOpYyI0 nmpobupky 1010aBbTE HECKOIBKO Kalelh KOHIIEHTpHpOBaHHOU a30THON KuciaoTel HNO;
(Octoposxno!). HabGmronaiite mosiBieHue IPKO-KEITOT0 OCAAKa, JOKA3bIBAIOIIETO HATMYHE OCH30IbHOTO
KOJIbIIa B MOJIEKYJIEe OenKa.

OnbiT Ne3. O0HapykeHHe cepbl B MOJIeKYyJIaxX 0eska (Cyab(pruapuibHas peakums)



1. B TpeTho mpoOupKy 100aBbTE HECKOJIBKO Karenb pacTBopa anerara ceunia (I1)- (CH3COO),Pb
u 1menoun, Harpeite. Habmromaiite Beimaaenue yepHoro ocaaka PbS. Jloka3siBaromiero Haltu4Iue cephl B
MOJIeKYyJe Oerka.

2. Cnenaiite 3aKII0YEHUE O PEAKIMAX OOHApYKEHUs OeKa B 00bEeKTaxX.

dopma npeacTraBJieHus pe3yabTarTa:

Ot4er o mpojenaHHoi padoTe, ypaBHEHUE PEaKIIMU B MOJEKYJISIPHOU U HOHHOU (hOpMax, BBEIBOJIBI
Ha Ka)</IbI} OIBIT, BEIBOJI IO BCel 1abopaTopHOil padoTe.

KpuTepun oueHKH: OLIEHKA WHIWBUIYaTbHBIX 00pa30oBaTENbHBIX TOCTIKEHHUH MO pe3ylibTaTaM
TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U IMPOMEKYTOYHOW aTTecTaliy MPOU3BOJUTCS B COOTBETCTBHH C
YHUBEPCAIbHOM IIKAJION:

[porneHt KadyecTBeHHass  OlleHKa  HMHIUBHUIYaJbHBIX

pe3yIbTaTUBHOCTH | 00pa30BaTEeNbHBIX JOCTHKCHUN
(MpaBUIIBHBIX
OTBETOB)
Oast (OTMETKa) BepOaIbHBINA aHAJIOT

90 + 100 5) OTJINYHO
80 +~ 89 4 XOPOIIIO
70 +79 3 YIOBJICTBOPUTEIILHO
menee 70 2 HE Y/IOBJICTBOPUTEIHHO




Tema 2.4 AMUHBI. AMUHOKHCJIOTEI. Beakn

JlabopaTopHoe 3ansitue Ne 6
«O0Hapy:KeHHe OPraHNYeCKUX BellecTB cnenu(puuecKuMHU peakiusiMu».

Leab padoThl: HAYYHUTHCSI 0OHAPYKUBATH OPraHUYecKue BelecTsa
Beinosnus patdory, Bel Oyaere:

— MPOBOJIUTH HECIIOXKHBIE PEaKLUU 0 0OHAPYKEHUIO TIIFOKO3bI (alIbJIETUI0B), KpaxMasa 00beKTax;
— COCTAaBJISITh CXEMbI ITPEBPAILICHUI BEIIECTB PA3JIMUHbBIX KJIACCOB.

MarepuajibHoe o0ecrnieyeHue:

Croubl nabopaTopHble, HAJICTABKU IS CTOJIA, TEMAaTUYECKUE TulakaThl ¥ Tabnuibl, [1kader 11 mocyasr u
obopynoBanusi; Illkad s XxpaHeHus xumMudeckux peaktuBoB, (450%900*%2100 wmm.); Hlxadsr
cyurmiibhble; [lunie! Turensabie; Lkad BRITSKHONM ¢ MOMKOMA.

PeakTuBHBI TATUB, TPOOWPKH, IHIICTKH, HArpEeBaTEIbHBIA JJIEMEHT, PacTBOPHI TIIOKO3BI,
caxapo3sbl, KpaxMaia, pacTBOPHI THAPOKCUIA HATpHs UK Kanusd, cynbdaTta meau (1), autpara cepebpa,
aMMUaka, 1oJa, TMCTUJIMPOBAHHAS BOJIA.

3aganue:

OO6Hapy>keHue TII0K03bl, caxapo3bl, Kpaxmaia

Ilopsinok BbINOJIHEHHS Pa0OThHI:

1 Cucremarusupyiite ¥ 00OOIIMTE 3HAHHUA MO TEME, MOBTOPUB HW3YYECHHBI Ha JEKIMOHHOM
3aHATUN MaTCpual.

2 BpInonHUTE IPAKTHYECKYIO YacTh paOOTHI.

3 IlpoBeauTe pacuer.

4 ChopmynupyiiTe oOIIMe BEIBOJIBI O IPOAETIaHHOM padoTe.

Xoa pa0doThI:

Onwvim Ne 1. Obnapysicenue 2n0Ko3vl
20
(anvoezuonoii epynnei —C N H
IMopsiiok BHINOJIHEHNUS ONBITA

1. B TIiaTensHO BBIMBITYIO TIpoOupKy Hajeite 0,5 M1 pacTBopa HUTparta cepedpa.
2. lobGaBbTe B Hee pa30aBICHHBIN pacTBOp aMMHUaKa J0 PacCTBOPEHHs oOpasyrorierocs ocaaka Ag,0.
3. 3arem nobGaBbTe B MpOOMPKY pacTBOpa (popMalbAeruia, alleTalbJeruaa WIH TJIIOKO3bI U OCTOPOXKHO
Harpewmre.
4. HaGmronaiite oOpa3zoBaHue «CepeOpsSHOTO 3epKajia» Ha CTeHKaX MPOOHPKHU.
5. CocraBbTe CXEMY IIPEBPAILCHHUS.
6. Bo Bropyro mpooupky Hanelite 0,5 mit cynbdara meau (11) — CuSO,.
7. NobaewTe pactBopa menoun KOH mim NaOH o o6pazoBanus roydoro ocajka.
8. 3aTem HaueiiTe pacTBOp opManbAeriia, aleTaabAeriia Win TII0K03bl, Harpeifre.
9. HaGmromaiite oopasoBanue kpacHOro ocajaka okcuaa meau (1) Cu,0.
10. CoctaBbTe CXEMY NPEBPAIICHUN.



Onwvim Ne2. Ceoticmea caxapo3vl
IMopsiiok BHINOJIHEHHS ONBITA
1. B npobupky Haneiire 3—4 karau pactBopa cynbdara meau (11) — CuSOg..
2. Jlo6aBwTe pactBopa mienoun KOH uin NaOH no o6pa3zoBanms roimy6oro ocajaka.
3. JlobGaBbTe B mpoOUpPKY 3 MII pacTBOpa caxapo3bl B CMeCh B30OJITalTE.
4. Ilpu BcTpsXMBaHWUW HAOIOMANTE pacTBOpEeHUE royryooro ocanaka ruapokcuaa meau (1) m oo6pazoBanue
cuHero pactBopa caxapara meau (11).
5. CnenaiiTe BBIBOJ O CBOMCTBAxX Caxapo3bl.

Onvim Ne3. Obnapycenue kpaxmana
IHopsaoK BbINOJHEHHS ONBITA
1. B npo6upky Haneiite 0,5 M pacTBopa Kpaxmana (KpaxMajabHOTO Kiencrepa).
2. Jlo6aBbTe K HEMY HECKOJIBKO Karelb CIIMPTOBOTO PacTBOpa HOJA.
3. HaGmronaliTe 00pa3oBaHUe CHHETO OKpaIlIMBaHUSI.
4. HarpeiiTe mpoOupKy 1 HAOIIOMATEe UCUC3HOBCHUE OKPACKH.
5. [Tocne oxnaxkaeHus COAECPKUMOT0 BHOBb HaOII0JaiiTe MOsSBICHIE CUHEH OKPACKH.

®opma npeacTaBaeHus pe3yJbTaTa: OTUET O MPOJCIAHHON pabOTe, BEIBOIBI.
Kpurepun oneHku:

3a KakIpIi TpaBUJIbLHBIN OTBET — 1 GasuI.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



4.3. KoatonaHbpie CHCTEMBI

JlabopaTopHoe 3ansitue Ne 7
IMosryyeHne KOJJIOMIHBIX PACTBOPOB: 30J151 KAHM(OJIHM, MAPTraHIa AMOKCH/A, JKejle3a
THAPOKCH/A

Henp padoTbl: HayuyUThCS MONYy4aTh KOJUIOMAHBIE PAcTBOPBI; MPOBOAUTH WX KOATYJISLUIO U
3alIUTY; HaOJII0JaTh SBJICHUE PACCESIHUS CBETA KOJJIOUHBIMH PACTBOPAMHU.

Bbinosinus padory, Bel Oyaere:

ymemy:

— MOJy4YaTh KOJUIOUIHBIE PaCTBOPHI;

— IPOBOAUTD UX KOAr'yJIIIHUIO MU 3alIUTY,

— [0 UHTEHCHUBHOCTH PaCCESHHOTO CBETa CPABHUBATH KOJUIOMIAHBIE PACTBOPHI B 3aBUCUMOCTHU OT UX
KOHICHTpAIHH.

MarepuanabHoe odecrneyeHue:
Croubl nabopaTopHble, HAJICTABKU IS CTOJIA, TEMaTUYECKUE Tu1akaThl U Tabnuibl, [lkader 11 mocy sl u
obopynoBanusi; Illkad mis XxpaHeHus xumMudeckux peaktuBoB, (450%900*%2100 wmm.); Hlxadsr
cyurmiibnble; [lunie! Turensabie; Lkad BRITSKHONM ¢ MOMKOMA.

[Tepuoanueckas cucrtema xumudeckux 3nmementoB 1.1, Menneneesa, Tabiuiia paCTBOPUMOCTH.

OO0opyIoBaHWEe M PEAKTUBBI: DJIEKTPOILTUTKA, BOASHAs OaHs, MPOOUPKH, PEAKTHBHBIA IITATHB,
CTaKaHYMK, TUCTUUTUpOBaHHAs Boja, 1 % pactBop xiopuaa xenesa (I11) — FeCls; 1M pactBopa NaCl,
Na,SOy4, NazPOy, AICI;, kommouanslii pactBop ruapokcua keiaesa (1) u3 onsita 1; 1%-b1ii pacTBOp
xenatuna, 1%-bI1il pacTBop Kpaxmana.

3ananne:
1 IlomydeHue KOMIOMIHBIX PACTBOPOB, IPOBEACHUE UX KOATYIISALIUN U 3alUTHI.
2 HaOnroneHnue sBICHHS paccesHus cBeTa (OTaIeCeHINs ) KOJUIOUAHBIMHA PACTBOPAMH.

KpaTkue TeopeTnyeckue cBeIeHUS:
Memoowvi nonyuenus KoanoUOHbIX pacmeopos (3o.eti)

MeToap! morydeHust 3051 JeNATCS Ha IBE TPYIIIBL:

1. Hucnepeuposanue — npoblieHnEe KPYMHBIX YaCTHI] A0 KOJUIOMIHOMN
JIMCTIEPCHOCTH:

a) MEXaHU4eCKOe IPOOJICHNE B MENTbHUIIAX U B CIIEUATIBHBIX IPOOMIIKAX;

0) npobJyieHre MmoJ JeHCTBUEM YJIbTpa3ByKa (THIPO30JU Ccephl, rpaduTa, MOJIUMEPOB, OPraHO30JIH
JIETKOIIJIAaBKUX METAJIIOB);

B) 2JIEKTPUYECKOE AUCIICPTHPOBAHKE ITPU ITOMOIIN BOJIETOBOM JTyTH;

I) YCIOBHO K MeETOJaM JUCIEPTUPOBAaHUS OTHOCUTCS  nenmusayus: J00aBJIeHHE K
CBEXKENPUTOTOBIICHHOMY PBIXJIOMY OCaJKy IHCIIEPTUPYEMOTO BEIIECTBA AIIEKTPOINTA — CTAOMIM3aTopa,
MO/ JEHCTBHEM KOTOPOTO YaCTHUIBI OCaJKa OTACNSIOTCS IPYr OT ApPyra W MEpexXolsT BO B3BEIICHHOE
COCTOSTHUE.

2. Konoencayus — 370 METOJ MOTYYEHUS 30JI€l YKPYMHEHHUEM YacTHUIL
(MoJIeKys1, aTOMOB, HOHOB) JIO pa3Mepa KOJIJTOWTHBIX YaCTHII:

a) KOHJEHCAIHsl MapoB (TyMaH, JbIM);

0) 3ameHa pacTtBopuTens (Mpu J00aBIEHUH K HCTUHHOMY PacTBOPY PacTBOPHUTENS, B KOTOPOM
BEIIIECTBO HE PACTBOPSETCS, IPOUCXOAUT YKPYITHEHUE YACTHI] (arperaTupOBaHHeE));

B) B pe3y/IbTaTe XUMUYECKON PEAKITHH ¢ 00s3aTeIILHBIMH YCIIOBUSMHU:

— o0pazoBaHKHe MAJIOPACTBOPHMOTO BEILIECTBA;
— MaJyiasi KOHIIEHTpAIHsI PearupyroIX BEIIeCTB;
— U30BITOK OJTHOTO M3 PEareHTOB B KAYECTBE CTA0MIM3ATOPA.



OO01mue yciaoBHsl MOTYYCHHs KOJUIOUIAHBIX CHUCTEM HE3aBUCUMO OT MPUMEHSIEMBIX METOOB:

1) HepacTBOPUMOCTbH BEILIECTBA AUCIIEPCHOM (a3bl B TUCIEPCUOHHON CpeE;

2) JOCTH)KEHHME YaCTULIAMU KOJUIOMJIHOW TUCIIEPCHOCTH;

3) Hajgu4ue cTabuiIn3aTopa, KOTOPbIN COOOIIAET CUCTEME arperaTUBHYIO YCTOMYUBOCTbD.

Koaeynayusa konnouonvix pacmeopos — 310 NMpoLecc YKPYNHEHU (CIUNaHUs) KOJUIOUIHBIX YaCTHUI]
C TIOCIIEAYIOIIE NoTepel YCTOMYMBOCTH KOJUIOUAHOTO pacTBOpa.

Merto/ibl KOaryJisiiuu:

1. JloGaBieHne »5JIEKTPOIUTOB TMPUBOAUT K YMEHBIICHHIO 3apsaja KOJUIOMTHOM YacTHLbI, a,
CJIEIOBATEIIbHO, K YMEHBIICHUIO CHJIbI OTTAJIKMBAHUS MEK/ly HUMHU.

MuHuMalIbHAsE KOHUEHTpALUsl 3JEKTPOJINTa B PAacTBOPE, BBI3BIBAIOIIAS KOArYJISLUIO HA3bIBACTCS
nopozom koazynsayuu. Koarynupyromei cnocoOHOCTBIO 00J1a/1al0T TOJIBKO MOHBI, UMEIOIINE TOT K€ 3HAK
3apsifa, 4YTO M NpOoTUBOMOHBI. Koarymmpytomias cnocoOHOCTh YMEHBILIAETCS C YMEHbIIEHHEM 3apsjia
HMOHA-KOaryyisTopa.

Hanpumep:
3- 2- -
PO4 > 804 > ClI AI3+ > Ca2+ > Na+
KOAryJInpyroIas ClioCOOHOCTh YMCHBIIIACTCS KOaryJaupyrolas CioCOOHOCTh YMEHbBILIAETCS

CocrosiHue KOJUIOUIHOM CHUCTEMBI, KOTJa 3apsij KOJUIOMIHBIX YaCTHUI[ CTAHOBUTCS PaBEH HYIIIO
HA3bIBACTCS U302/IEKIMPUUECKUM COCMOSHUEM.

2. KO&FYJUIIH/IIO KOJUIOMJHBIX  paCTBOPOB  MOXKHO  BbI3BATb HArpC€BaHHWEM WU
3aMOpPa’)KMBAHHUECM.
3. KO&FYHHHI/ISI KOJUIOMAHBIX PAaCTBOPOB MOXKCT IMPOXOAWUTH ©W IIOA  BJIMAHHUCM

MECXaHHUYCCKHX BO3H€I‘;ICTBHIZZ ICpEeMCIIMBAHUS, HeHTpI/I(i)yrl/IpOBaHI/IH UT.AO.

VY CcTONYMBOCTD KOJIJIOUAHBIX PACTBOPOB 00YCIIOBIIEHA:

1) HanmuuueM 3apsA0B OJMHAKOBOIO 3HaKa Ha KOJUIOMJAHBIX 4YacTHULaX, II03TOMY OHHU
OTTaJIKUBAIOTCA U HE MOTYT YKPYITHUTBCSI U CEAUMEHTHPOBATD;

2) HaJIMYMEM THIPATHBIX (MM COJIbBATHBIX) 000JI0YEK, MPENSTCTBYIOUUX CIUIAHNIO0 KOJJIOUTHBIX
qacTull (00pa3yroTCs, €CM JUCTIEPCUOHHAs Cpeia MMeeT NoJsipHble MoJekyisl — HoO, cupr);

3) HaJIMYMeM B KOJUIOMJHBIX PacTBOpax BBICOKOMOJIEKYJIIPHBIX BEIIECTB, KOTOPbIE, aICOPOUPYSICH
Ha MOBEPXHOCTH YACTHULBl, 00pa3yloT 3aIUUTHBINA CIOH. DTO SIBIEHUE MOJIYUYMIIO HAa3BaHHUE KOJIOUOHOU
3auumal.

Onmuueckue ceoticmesa KO]ZJZOM()HlepClCI’I’lGOpOG

[Tpu npox0KaE€HUH CBETA Yepe3 JUCIEPCHYIO CUCTEMY MOXET HaOII0AaThCs:

1) TOTJIOIIEHHE Jy4Yel ONpeIeNeHHbIX JUIMH BOJH, YTO CBOMCTBEHHO JIOOBIM CUCTEMAM;

2) OTpa)kK€HUE CBETa MOBEPXHOCTHIO YACTHII, €CIM pa3Mep YaCTULl 3HAYUTENIbHO OOJbIlE JIMHBI
BOJIHBI CBETA (MPOSIBIIIETCSI B MyTHOCTH CYCIIEH3HH, IMYJIbCUH);

3) paccesHUE CBETOBBIX JIyyeil BO BCEX HAIIPaBJICHUAX HMEET MECTO, €CIU JUIMHA HMX BOJHBI
COM3MEpPUMA C BEIMYMHON YACTHUL, YTO XapAKTEPHO JUIsl KOJUIOUIHBIX PACTBOPOB.

1 — UCTOYHUK CBETA; 2 — INH3bI;

3 — cocyA C KONNOUAHbLIM

7 pacTBOPOM.
Pucynok 1 — Cxema s dexra Tungans
[IyTh TPOXOXKACHHUS CBETOBOTO Mydka dYepe3 KOJUIOUIHBIA pacTBOP
BUJEH Tipu HaOmoJAeHWH COOKY CBETAIIAMCS KOHYCOM (xonycom

Tunoans), 9T0O OBLTO HA3BAHO ONAIECYEHYUEIL.

Ilopsinok BbINOJHEHHSI PadOThHI:



1 Cucrematusupyiite u 0000IUTE 3HAHUS TIO TEME, 3aKOHCIIEKTUPOBAB B OTYET IO JIAOOpaTOPHOU
paboTe KpaTKue TEOPETUICCKUE CBEICHHS.

2 BpINoiHUTE TPAKTHYECKYIO 9acTh PaOOTHI.

3 OrmerbTe HAOMIOACHUS, 3aNOJIHUTE TaOIHIly, cOPMYITUPYIHTE W 3alUIIMTE B OTYET OTBETHI HA
BOIIPOCHI IO KaXKIOMY OIIBITY.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHON paboTe.

Xox padoThI:
Onvim Ne 1. [lonyuernue 3015 cuopokcuoa sxcenesa (I11)

HOpﬂI[OK BbIINIOJIHCHHUA OIIBITA:

1. Bekunsiture 10 Mi1 JMCTUIIMPOBAHHOM BOJIBI B CTaKaHUMKE Ha 50 mil.

2. He mnpekpamass HarpeBaHus, mpuieidTe mo kKamisiM K 3Tod Boje 1 mi 1%-ro
pactBopa FeCls.

3. HabGmonalite  oOpa3oBaHuMe  KpacHO-KOPUYHEBOTO  KOJUIOMJHOTO  pacTBOpa
ruapokcuaa xenesa (I1).

4, Hanummre ypaBHenue ruaponusa conu xiuopuna xenesa (I1I).

S. CocTaBbTe CXeMY CTPOCHMSI MULIEIUIbI [TOJIyY€HHOTO 30715, I10JIb3YACh aJITOPUTMOM
(cm. [TpakTuueckoe 3ansatue Ne 10)

6. Komnonaneiili pactBop oxnagute, W paszieilre B 6 nmpoOupok: 4 npoOupku s

OTbITa 2 M JIBE MPOOMPKH JIJIsl OTIbITA 3.

Onvim Ne 2. [Ipogedenue koazynsyuu cuopokcuoa sicenesa (111)
IEKMPOTUMAaAMU

IMopsi10K BBHINOJTHEHHS ONBITA:

1.  Cuwuras xamm, npuneiite pactBop NaCl k komtounnnomy pactBopy Fe(OH)s B 1-mpobupke

110 00pa30BaHUs PEDKETO OCaiKa (YMCIIO Kalellb 3alHIUTE B TAOIHILY).

ToT e onbIT poJeNaiTe ¢ APYTUMHU IEKTPOIUTAMH, PE3YIbTaThl 3aNHUIINUTE B TAOIUILY.

3. 3Has 3apsa KOJUTOWIHOW YacTHIB 3071 (OMBIT 1) yKakWTe, KaKue WOHBI SIBISIFOTCS JUIS
JAHHOTO 307151 KOAryIsTHTaMH.

4.  CpaBHHTE KOAryJUPYIOIIYIO CIOCOOHOCTh YKA3aHHBIX BBINIE MOHOB-KOATYJISTHTOB, 3aIllCaB
WX B PSJ 110 BO3PACTAIOIICH.

5. OOBsCHUTE, OT YEero, 3aBUCUT KOATryJIUPYIOIIasi CIIOCOOHOCTh MOHOB.

N

Ne Komnmonanuerit DIeKTp Yucno kanenb
POOUPKHU pacTBop OJIUT AJIEKTPOJINTA
1 Fe(OH); NaCl
2 FE(OH)g Na SOy
3 Fe(OH); NazPO,
4 Fe(OH);3 AICl;

Onvim Ne 3. [Iposederue KonlouoHo 3aujumaol

IMopsiiok BHINOJIHEHNUS ONBITA:

1. B nBe npoGupku ¢ ruaposoinem xenesa (111) npubassre no 5 xanens B onny — 1%-
ro pacTBOpa Kpaxmaia, B Apyryro — 1%-ro pacTBopa kejaaTuHa.

2. B xaxnayro npoOupky, B30anThiBas, npubapistiite mo kamisiM pacTBop NapSOa.
[ToacuuraiiTe ynCIO Kamnenb, MOABEPTIINXCS KOATYJISIIUNA B KaXI0U MPoOUpKe.

3. OObsicHUTE C TOYKM 3pEHMs SBJICHHUA KOJUIOWIHOM 3allluThl, IOYEeMy Ha
KOAryJIsiUI0 THAPO30JISE B PasHBIX MPOOHMPKaxX TMOTPeOOBANIOCH PA3IUYHOE KOJIUYECTBO
AJIEKTPOJINTA.

Onwvim Ne 4. Henenue pacceanus ceéema KOIIOUOHBIMU PACMEOPAMU
I[HopsaoK BbINOJHEHHUS ONBITA:



1. Hanefite B tpu mpoOupku 1, 2, 3 kammu pactBopa AgNOs, mpuneiite B HuX
JTUCTUJLTUPOBAHHOM BOBI 10 OJIMHAKOBOT'O 00BhEMa 110 METKE, ¥ IO JIeCSTh Karenb pactBopa K.

2. [IponabmnioaiiTe BO BceX MNPOOMpPKAX OMAJECICHIIMIO, BBI3BAHHYIO PACCESIHUEM
CBETa KOJUIOWAHBIMH YacTuiiamu Agl.

3. Hanumure ypaBHeHHE peakuuu OOpa3oBaHUS M CXEMy MHLEIUIBI 3011 HOIuaa
cepeOpa, eclii HOIM]T KaIus B3AT B U30BITKE.

4. CpaBHHTE MHTEHCHUBHOCTH PAcCESHHOTO CBETa B 3aBHCHUMOCTH OT KOHIIEHTPAIIUH
30J1s Homua cepedpa.

ChopmynupyiiTe oO1iye BEIBOABI 110 JIAOOPATOPHOU padoTe.

®opma npeicTaBJieHUsl pe3yJabTaTa: OTYET O MPOJEIaHHON paboTe, 3amoiHeHue TaOIUIbL,
COCTaBJICHHBIC CXEMbl YpaBHCHHI HAOTIOJACMBIX IPOIECCOB, CXEMbl MHIICIUT TOTYy4YaeMbIX 30JIeH,
BBIBOJIBI.

Kpurepun oneHku:
3a Kax bl MpaBUWIbHBIN OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.



Tema 4.4. MukporereporeHHbie CUCTEMbI

JlabopaTopHoe 3ansitue Ne 8
HN3y4denue npoueccoB HAOYXaHUs U CTYAHe0OPa30BaHMs KPaxMaJia, )KeJAaTUHHA U Pa3JIUYHbIX
BH/I0B 3epeH

Leap padoThl: M3yueHHE BIUSHUS MPUPOJBI PACTBOPEHHBIX BEIIECTB Ha HaOyXaHUE JKeJIaTHHA,
BIIUSIHUSL KOHIICHTPAIMH MTOJIMMEpa Ha CKOPOCTh CTYJHEOOPa30BaHUs

Bbinosinus padory, Bel Oyaere:
ymemy:

— OTIpeeNIsATh 3aBUCMOCTh CTENeH! HaOyxaHus skeraTtiuHa ot PH cpenpr;
— OnpezeNICHHe 3aBUCUMOCTH CKOPOCTH CTYAHE0Opa30BaHus OT KOHLIEHTPAIMH MOJIMMEpa.

MaTtepuajbHoe o0ecneyeHue:

Croubl JTabopaTopHbIC, HAJICTABKH JUIS CTOJA, TeMaTHYecKue TutakaThl U Tabmuipel, [kader ams
nocyasl 1 obopyaoBanus; lkad mis xpaHneHus XuMu4eckux peakTuBoB, (450%*900*2100 mm.); Ikadsr
cymmibHble; [Ilunier Turensabie; [kad BBITSKHONW ¢ MOMKOM.

Ilepuonuueckas cucremMa xumuueckux 3mneMeHToB J[. 1. Menneneena.

O6opynoBaHue W pEaKTUBBI: NPOOMPKH, INTATUB, JHMHEIKa, NUCTULIMPOBAHHAs BOJA, PAacTBOP
KHUCJIOTBI, PAacTBOP IIEJIOYM Pa3IMYHBIX KOHIEHTpAIM, >KEIaTUH CYyXOW, Kpaxmall, 3epHa; TepMOCTar,
MIPOMBIBAJIKA ¢ JUCTHJUTMPOBAHHOW BOJOH, BOJIsiHASI OaHs, CEKyHAOMED (Jachl).

3aganue:
1 Omnpenenenne 3aBUCUMOCTH CTEIIEHN HaOyXxaHus xenaTtuHa oT PH cpenpl.
2 OmnpezneneHue 3aBUCUMOCTH CKOPOCTH CTYAHEOOpa3oBaHUS OT KOHILIEHTpPAILUH
noJimMepa.

Kpartkne Teopernyeckne cBegeHHs:

Habyxanue nonumepos

Habyxanue — 3T0 caMONPOU3BOJIBHBIN MPOLIECC MOTJIOMEHHS PACTBOPUTENS BBICOKOMOJIEKYIISIPHBIM
BEIIIECTBOM, COIPOBOXKIAIONINICS YBEITNUYEHHEM MACChl 1 00beMa MoJINMepa.

B pesynbrare orpannyeHHOTo HaOyxaHMs MMOJKUMED MPEBPAIIAETCS B cMmyOdeHb, HEOrPAaHMUECHHOTO —
MIEPEXONT B paCTBOP. XapakTep HaOyXaHUs 3aBUCHT OT TEMITEPATYPHI.

Habyxanue npezcrasiser coboil mporecc 0HOCTOPOHHETO CMEIINBAHUS, TIPU KOTOPOM MOJIEKYJIbI
pactBopuTelns Oiaronapsi MOJBMKHOCTH TIPOHUKAIOT B MPOCTPAHCTBO MEXKIAY MOJICKYJIAMHU HITH YacTSIMHU
moutekyn BMC.

Crenenp HaOyxanus ,, _ M — M, ,
m

o
rae M u m, — Macca mojuMepa mociie u 10 Ha0yXaHus.
Crenenp HaOyxaHusI 3aBUCUT OT pH pacTBopa, /i OETKOB OHA MUHMMAaJIbHA B M303JICKTPHUECKON
TOYKE.
Cmyoneobpazosanie u cuHepesuc
Cmyonu — 3TO MHOTOKOMIIOHCHTHBIE HETEKYyYHE CHCTEMBI, COICPIKAIINE BHICOKOMOJIEKYIISIPHBIC
BEIIIECTBA M HU3KOMOJICKYJISIPHBIA PACTBOPHUTEIIb.



OCHOBHOE CBOMCTBO CTyJHEH — OTCYTCTBHE TEKYYeCTH OOBSCHSACTCS OOpa3oBaHHEM CET4aTOM
CTPYKTYpBl M3 MAaKpOMOJICKYJ HOIMMEpa M ero 4vacred. CBA3M MEXIy HUMH SBIIIIOTCS PE3YJIbTATOM
B3aMMOJICHCTBYS MOJISIPHBIX TPYIIL. B s4elKax 3TOM CeT4aToil CTPYKTYpbl HAXOAUTCS HU3KOMOJIEKYJIIPHAS
KHUJKOCTb.

CryneHb MOYKHO IOJIyYUTh NP OIPAaHMYEHHOM HaOyXaHMM IOJUMEpPA B PACTBOPUTEIIE WIIU IOTEPE
TEKy4eCTH pacTBopa mnonuMepa. OCHOBHBIM YCJIOBHEM OOpa30BaHMs CTYAHS M3 pPacTBOpa SBIISIETCS
OrpaHUYEHHAs! paCTBOPUMOCTD ITOJIMMEPA B PACTBOPUTEIIE.

@dakTOopbl, BIUAIOIINE HAa CTYAHEOOpa3oBaHue:

a) IMOHI)KEHHUE TEMIIEpaTypbl CIOCOOCTBYET CHMIYKEHUIO PACTBOPUMOCTH, IEPEXOJ pPacTBOpa B
CTYZECHb OCYILECTBIISIETCS] HENIPEPBIBHO U HE XapaKTEPU3YyETCs ONPENEICHHON TEMIIEPATypOH;

0) 3acTyJHEBaHUE HAYMHACTCS NPU ONPEAEIECHHON KPUTHYECKON KOHIIEHTPALUU JJIsl CUCTEMBI,
IIPY KOHIICHTPALUU HUXKE KPUTHUECKOH CTyZeHb He o0pa3yeTcs;

B) 3aCTyJHEBAHUE JIyulle npoTekaeT npu pH, OJU3KUX K N303JIEKTPUIECKON TOUKE.

Cunepesuc — OTACIEHUE U3 CTYAHS KUIKOCTH, CONPOBOKIAEMOE YMEHBIICHUEM €T0 Pa3MEpPOB IIPU
COXpaHEHHH (POPMBI.

Ilopsinok BbINOJHEHHS PadOTHI:

1 Cucrematusupyiite u 0000IUTE 3HAHUS IO TEME, 3aKOHCIIEKTUPOBAB B OTYET IO JIAOOpATOPHOU
paboTe KpaTKue TEOPETUUCCKUE CBEIICHHS.

2 BoINoJIHATE IPAKTHYECKYIO 9aCTh PaOOTHI.

3 OtmeTbTe HAOMIOICHUS, 3aM0IHUTE TabJHILy, TOCTPONTE rpaduK, CHOPMYITUPYHTE U 3alUIIUTE B
OTYET OTBETHI HA BOIPOCHI 110 KAXKJIOMY OTIBITY.

4 Odopmute otueT, chopMyTupyiiTe 00IIKE BEIBOBI O IPOACIaHHON padoTe.

Xoa paGoTsI:

Onvim Ne 1. Onpeoenenue cmenenu Habyxanus dxcenamuna u enusnue Ha nee pH cpeovi

HOpﬂ)IOK BBINIOJJHCHHUA ONIbITA:

1. Otrpagyupyiite mo BbICOTE YeTblpe MPOOMPKH M BHECHTE B HHMX HEOOJBIIOE OMHAKOBOE
KOJIMYECTBO CYXOT0 »elaTHHa Ny,

2. B nepByto npobupky Haneire 5 mi. pactBopa coistHoi (HCl) xucnotsl ¢ konuentpanueit 0,1
MOJIB/JT; BO BTOpPYIO — 5 M. pactBopa mmenoun (KOH) ¢ xonuentparueit 0,1 Monb/ 11; B TpeThio — 5 M
JIUCTUILTMPOBAHHOM BoAbI; B yeTBepTyto — 0,001 mi pacrBopa HCL

3. Conepxumoe MpoOUPOK TepeMeniaite W ocTaBbTe HaOyxatb Ha 1 wdac. I[lepmommdecku
[IEPEMEIINBANTE PACTBOPHI.

4. Tlo ucreyeHUH yaca U3MEPHTE BHICOTY CJI0sI HAOYXIIIETo KeJlaThHa B Kax10M npodupke h2.

5. Pe3ynbTarhl ONbITa 3aMUIINTE B TAOIUILY.

6. PaccumraiiTe cTernieHb HaOyXaHUS JKETaTHHA B KOKIOW TPOOHpPKE 10 hopMme:

a= hz;m*lOO
Ne Bricota Konmentpamus pH Bricora cnosy Crernenb
ciost H*
MpOOUPKY KEIATHHA KelaTHHa, | HaOyxaHus,
(h) | Moumb/n (hy) ()
cM cM %
1 107 1




2 1083 13

3 107 7

4 103 3

7. O0wsicuute Biusinue pH cpenbl Ha crernieHb HaOyxanust. [Ipu kakom 3Hauennn pH HaOmomaercs
camasi OobIIas cTereHb HaOyxaHus OeIKOB?

Onwvim Ne 2. Onpedenenue 61usiHus KOHYEeHMpayuu noaumepa Ha
CKOPOCMb CIMYOHe00paA306aHUsL
IMopsiiok BHINOJIHEHNS ONIBITA:

1. B Tpu oTrpanyupoBaHHbIE IPOOMPKHU HACBHIIBTE Pa3HOE KOJUYECTBO KeIaTHHA 1o BbicoTe 0,25
cMm, 0,5 cm, 0,75 cm. Haneilite Bo Bce mpoOHpKH N0 5 MJT TUCTHIIIMPOBAHHOW BOJIBI M OCTaBbTEe HaOyXaTh
Ha 20-30 MUHYT.

2. HarpeiiTe npoOMpKH B KUIIAIICH BOISHON OaHE JI0 TIOJIHOTO PACTBOPCHHMS JKeJIaTHHA.

3. TpoGupku B30ONTAITE M TOCTABBTE OXJIAKAATHCS B TepMocTat 10 —10°C.

4. OtMeThTe BpeMs OT MOMEHTA Haydaja OXJIKICHH 10 00pa30BaHUs CTYIHS B KaXI0M mpodupke
— BpeMsI 3aCTY/THEBAHMUSI.

[IpuMeuanue: mpolecc 3acTyJHEBAHUS CUUTACTCS 3aKOHUYECHHBIM, €CIIM PAcTBOpP KEJIaTHMHA HE

BBUIMBAETCS NIPU NI€PEBOPAUMBAHUM ITPOOUPKH.

5. Pesynbrarel onbiTa 3aMIINTE B TAOJIUILY.

No Konuenrpanu Bpewms 33553?;’;:;;{ Mexanunue
npoGup by 3aCTy/IHEBaH s CKHe
KNI JKeJlaThuHa ust 1):’1 i CBOMCTBA
(%), 00 (t), Mmun MHH.f CTYIHS
1 0,25
2 0,50
3 0,75

6.IToctpoiite rpaduk 3aBUCHMOCTH CKOPOCTH HaOyXaHUs OT KOHIICHTPAIUH JKeJIaTHHA B 00bEMHBIX
MPOLIEHTAaX, CAEJIaiTe BHIBOJ.
ChopmymnupyiiTe oO1re BEIBOIBI TT0 JIAOOPATOPHOU padoTe.

dopma mnpeacTraBjieHUusl pe3yJbTaTa: OTYET O MPOJEIaHHONW paboTe, 3amoJIHEHHbIE TaOIUIBL,
MIOCTPOEHHBIN rpauK, BHIBOIBI.

Kpurtepun onenkmn:
3a Kaxk[blid TPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIoB.



Tema 5.2. OcHOBBI IPOBeIEHUS KAYeCTBEHHOT0 aHaAn3a. KauecTBeHHbIN aHAJIN3 KATHOHOB.
KauecTBeHHBIH aHAJIN3 AHHOHOB.

JlaGopaTopHoe 3aHsiTue Ne 9
KauyecrBenHnblie peakuuu katuonos K, Mq, Fe

Heab padoThl: HAYYUTHCS MPOBOIUTH KAYECTBEHHBIE PEAKIIMHM OOHAPY>KEHUSI OCHOBHBIX KaTHOHOB.
Bbinosinus padory, Bel Oynere:

yMmemy:

— MPOBOJIUTHh KAYECTBEHHBIC peaKIuu OOHapykeHusi ocHoBHBIX katwonoB |, I, 11, IV, V u VI
AHATUTUYECKUX TPYIIIT,

— COCTaBJISATh CXEMbI YPABHCHHUI KaYSCTBCHHBIX peaKkIuii 0OHAPYKEHHSI OCHOBHBIX KaTHOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[lepuoanueckas cucrtema xumudeckux snementoB [[.1. MenpeneeBa, Tadiauia pacTBOPUMOCTH.

O6opyIOBaHKWE W PEAKTHBBI: MPOOUPKH, MATOYKU, MUIETKU, BOPOHKH, (DUIBTpOBaibHAs Oymara,
neHTpudyra, MEKTPOIUINTKA, BOASHAs OaHs, PEaKTHBHBIA INTATHB C HAOOPOM HEOOXOIAMMBIX KHUCIIOT,
1ienouei, cosei, peareHToB, HHIMKATOPOB.

3aganmue:
O6mnapyxenue karuonos |, 11, 111, IV, V u VI ananutuyeckux rpymii.
IMopsiiok BbINOJIHEHUS PA0OTHI:

1 CucremaTusupyiite U 0000IIMTE 3HAHUS TIO TEME, 3aKOHCIIEKTUPOBAB B OTYET IO JJaOOpaTOpHOI
paboTe KpaTKue TeOpeTUIECKIE CBEICHUSI.

2 BBINOIHUTE MTPAKTUYECKYIO YaCTh PabOTHI.

3 OTMeThTe HAOMIOACHHUSI, COCTaBbTE YPAaBHEHUS IPOBEJCHHBIX peakiuii 0OHAPYKEHHSI KATHOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOM padoTe.

Xoa paGoTsI:

Onvim Ne 1. Beinonnenue peaxyuii obnapysicenusn kamuona Ag™

K HeckoIbKUM KaruisiM pacTBOpa COJIM HUTpaTa cepedpa, HOMEIIEHHBIX B IBE MPOOUPKH, IPUIUTh B
onHy pactBop coyssHoM kucinotel HCI, a B nmpyryro — pactBop xpomara kamusa KoCrOs. B mepsoi
npobupke HabroaliTe 00pazoBaHue OEIOro TBOPOKHUCTOrO, a BO BTOPOH — KUPIIUYHO-KPACHOTO OCAJIKA.
CocraBbTe ypaBHEHUS MMPOJICTAaHHBIX PEAKIINH.

Onwim Ne 2. Boinoanenue peaxyuu obnapyscenus kamuona Pb**

K 4-5 kamsam pactBopa conu ceuniia Pb(NO3), no6aBbte 4-5 kamens noauaa kaaus. Habmogaiire
oOpa3oBanue xenroro ocaaka Pbl,. CocraBbre ypaBHEHHE peakiny.

Ilpumeuanue: ecnu TIONTYYEHHBIH OCATOK OTIEIUTh, TMPU KUISYCHUH PACTBOPUTH B YKCYCHOU
kuciore CH3COOH, To npu memieHHoM oxnaxaeHuu Phl; BeimazeT B BHIE 30JOTHCTHIX KPUCTAILIOB-
Yenryex.

Onvim Ne 3. Bvinonnenue peakyuii 0OHapy’ceHUus KAmuoHa Ba**

B nBe mpoOupku Haneite mo 4-5 xanenb pactBopa comu O6apus (BaCl, wiu Ba(NOs),). B onny
npoOUpKy 1006aBbTE HECKOIBbKO Kamesb pactBopa NapySOs mn HoSOy, a B 1pyryto — pacTBopa xpomara



kamust KoCrO4. B mepBoii npobupke HaOmogaiiTe BbIMageHHEe 0€10ro KpUCTAUIMYECKOTO OCalka, a BO
BTOpO# — kentoro ocaaka BaCrO,. CocTaBpTe ypaBHEHHS TPOJICTAHHBIX PEAKITUN.

Onvim Ne 4. Beinonnenue peakyuu 0OHApy#ceHUss KAMuoHa Ca*

B npobupky Haneiite 4-5 kamens pactBopa conu CaCl,, m00aBbTe HECKONBKO Kallellb OKcajara
ammonust (NH,)2C,0,. Habmronaiite oopaszoBanue 6enoro ocaaka CaC,04, HEPACTBOPUMOIO B OTIHUHE
ot BaC,04 B ykcycHoit kucinore CH3COOH. CoctaBbTe ypaBHEHHE peaKIIMu OOHAPYKEHHUS.

Onvim Ne 5. Beinonnenue peakyuu 0OHApy#ceHUs KAamuoHa APP*

Ha momocky ¢uiasTpoBanHoil Oymaru Hanecute | kammo pactBopa conu amoMuHus (AlCl; wim
Alx(SO4)3), moMecTHTE 3TO MATHO HAJ CKISIHKON C KOHIIECHTPUPOBAHHBIM pacTBopoM ammuaka (NH4OH)
Ha 1-2muH. Hanecute 1 Kamio COUpPTOBOrO pacTBOpa ajv3apuHa WIK allOMUHOHA. OCTOPOXHO
noJicymuTe Oymary U HaOIo1aiiTe MOsIBIICHHE KPACHOTO TISTHA.

Onwvim Ne 6. Boinonnenue peakyuu 0OHApy#CeHUss KAMUOHA Zn**

K 1-2 xamusam pactBopa conu nuHka (ZnSO4) npubassre 1 mi aneratHoit OydepHoil cmecH, 2-3
karmu | H pactBopa Tuocynbgarta Hatpus U 1 Mia pactBopa auTtu3oHa. Habmionmaiite oOpasoBaHue
MaJIMHOBO-KPACHOI'O pacTBOPa KOMILJIEKCHOM COJIN.

Onwvim Ne 7. Boinoanenue peaxyuu obrapyascenus kamuona Fe**

K 2-3 karuisiv pactBopa conu Fe?* (marpumep, FeSO,) npu6assre 1-2 kammm pacrsopa HCl i 1-2
karmu rekcanuanodeppara (1) kamus Kz[Fe(CNg)]. Habmonaiite o6pa3oBaHrne TEMHO-CHHETO OCaJiKa
TypHOyneBoil cuHu. CocTaBbTe ypaBHEHHUE PEAKIIUH.

Onvim Ne 8. Buinonnenue peaxyuii oonapysicenus Fi et

B B¢ mpoGHMpKH HANCHTE MO HECKOoNbKO Kamenb comn Fe®* (mampumep, FeCls), satem B ommy
poOupKy n100aBbTEe HECKOJIBKO Kareib pacTBopa ponanuaa ammonus NH4CNS, a B npyryo npooupky —
1-2 kammm pactBopa HCI um 1-2 karum pacrBopa rekcarmanodeppura (1) kamus Ks[Fe(CN)g).
Habmronaiite B nepBoii mpoObupke o6pazoBaHue KPOBABO-KPACHOTO OKPALIUBAHUS, a BO BTOPON — CHHHIA
ocaJok OepinHCKol 1a3ypu. CocTaBbTe ypaBHEHUS POBEACHHBIX PEAKLIUM.

Onvim Ne 9. Bvinonnenue peakyuu 0OHapys’ceHUs KamuoHa Cu**

K HeckobKUM KarisM pacTBopa cou Mean (Hampumep, CuSO,4) mprimBaiTe 1Mo KarisiM pacTBOP
ammuaka NH4OH no nosiBinenust rony6oro ocagka Cu(OH); u nansiie nu3dsitok NH4OH 1o o6pazoBanus
pacTBopa KpacuBoro cuHe-puosneToBoro 1sera. CocraBbTe ypaBHEHUS ABYX MPOTEKAIOUINX PEAKIIHI.

Onwim Ne 10. Boinonnenue peaxyuu obuapyscenus kamuona NH,"

a) B mpoOupKy Hajeire 2-3 karmutu pactBopa conu ammouust (NH4Cl nmmn (NHy),SO4), mob6aBsTe 4-5
Kanenb peaktuBa Heccnepa, HaOmromaiite oOpazoBaHue KpacHO-Oyporo ocajka.

0) Ha yacoBoe cTeKJIO Wik B (aphopoByI0 YalIeuKy HaJIeWTe HECKOJBKO Karellb pacTBOpa COJHU
NH,", mpuneiite 4-5 kanens pactBopa NaOH 1 GbICTpO HAKpOHTE CTEKIOM ¢ HPUKIEEHHOI ¢ BHYTpeHHel
CTOPOHBI CMOYEHHOUN NUCTWITUPOBAHHOW BOJION MHAMKATOpHOU Oymakkoil. [lomorpelite peakiimoHHYIO
CMeCh, MHJIMKATOpHAs OyMaKka MOJKHA M3MEHUTH I[BET: JIAKMYCOBas WJIM YHUBEpCalbHAas MOCHHETb,
(dbeHondTanenHOBasi — MOKPACHETD.

OObsicHUTE, TOYEeMy MEHSAETCS [BET WHAMKATOPHOW OyMakKH, COCTaBbTE€ ypaBHEHHS
MPOTEKAIOIINX PEAKIUI.

Onvim Ne 11. Boinonunenue peaxyuu obuapyicenus K=

K HeckoNBKMM KaruisiM pacTBopa comepxkamiero K* (cpena nomkHa ObITh HEWTpaIbHas), MPHOABbTE
HECKOJIbKO Karenb pacTtBopa rekcanutpo-kodanbrata (1) Harpus Naz[Co(NO,)s], moTpuTe majoukoit o
crenku npooupku. Habmronalite oOpa3oBanue xentoro ocaaka. CoctaBbTe ypaBHEHUE PEAKITUU.

Onvim Ne 12. Boinonunenue peaxyuu obHapysicenus Na*

K HecKoNmbKHM KaIlIaM pacTBOpa, coeprkantero Na® (cpesia 1o/kHa OBITh HEHTpabHON), 106aBbTe
HECKOJIbKO Karmellb pacTBopa auruapoantumonara kamuss KH,SbO,. Habnromalite oOpasoBanue Oenoro
MEJIKOKPHUCTaINYeCcKOro ocaika. CocTaBbTe ypaBHEHUE PEAKIINU.

Caenaiite BbIBOJ 110 TabOpaTOpHO# padoTe.

@opma mpeacTaBlieHUs] pe3yJbTaTa: OTYET O MPOJICTAHHON paboTe, COCTABICHHBIE CXEMBI
ypaBHEHUN HAOIIOAEMBIX PEAKIIHH, BIBOIBI.



Kpurtepun onenkn:
3a KaX bl MPaBWILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



Tema 5.2. OcHOBBI IPOBeIeHUS KAYeCTBEHHOI0 aHa/n3a. KauecTBeHHbIN aHAJIN3 KATHOHOB.
KauecTBeHHBIN aHAJIN3 AHHOHOB.

JladopaTtopnoe 3ansitue Ne 10
KauecTBennble peaknuu katuonoB Ca, Al, Mn

Heab padoThl: HAYYUTHCS MPOBOJIUTH KAYECTBEHHbBIE PEAKIIMA OOHAPYKEHHUSI OCHOBHBIX KATHOHOB.
Bbinosinus padory, Bel Oynere:

yMmemy:

— MPOBOJIUTHh KAYECTBEHHBIC peaKIuu OOHapykeHusi ocHoBHBIX katwonoB |, I, 11, IV, V u VI
AHATUTUYECKUX TPYIIIT,

— COCTaBJISITh CXEMbI YPABHCHUH KaYECTBCHHBIX PEaKIuii OOHAPYKEHUSI OCHOBHBIX KATHOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[Tepuoanueckas cuctema xumuieckux 3meMentoB J|.1.MenpaeneeBa, Tabnuia pacTBOPUMOCTH.

O6opyIoBaHWE W PEAKTHBBL: MPOOUPKH, MATOYKU, MUIETKH, BOPOHKH, (DUIbTpOBaibHas Oymara,
neHTpudyra, MEKTPOIUINTKA, BOASHAs OaHs, PEaKTHBHBIA IITATUB ¢ HAOOPOM HEOOXOIUMBIX KHCIIOT,
1ienouei, cosei, peareHToB, HHIMKATOPOB.

3aganue:

O6mnapyxenue karuonos |, 11, 111, IV, V u VI ananutuyeckux rpymii.

ITopsinok BbINOJHEHHS PadOTHI:

1 Cuctemarusupyiite 1 00001mMTE 3HAHUSA 110 TEME, 3aKOHCIIEKTUPOBAB B OTYET MO J1abopaTOpHOI
paboTe KpaTKue TEOPETUUECKUE CBEICHUSI.

2 BbInoiHUTE NPaKTHUECKYIO YacTh PaOOTHI.

3 OtMeThTe HAOMIOACHUSI, COCTaBbTE YPAaBHEHUS IPOBEJCHHBIX peakluii 0OHApYKEHUsI KATHOHOB.

4 Chopmynupyiite oO1me BEIBOBI O IPOIEIaHHON paboTe.

Xoa padoThI:

Onvim Ne 1. Boinonnenue peaxyuti obnapysicenus kamuona Ag™

K HeckoIbKHM KaIjisiM pacTBOpa COJIM HUTpaTa cepedpa, IOMEIIEHHbBIX B IBE€ IPOOUPKH, TPUIIUTH B
onHy pactBop comnstHo kucinotel HC1, a B nmpyryro — pactBop xpomara kanusa KpCrOs. B mepsoit
npoOupke HabIOMalTe 00pa3oBaHue OEIOTO TBOPOKHUCTOTO, @ BO BTOPON — KUPITUYHO-KPACHOTO OCAJIKa.
CocTaBbTe ypaBHEHMsI IPOJICITAHHBIX PEAKIUH.

Onwvim Ne 2. Boinonnenue peaxyuu 0OHApy#CeHUss KAMuoHa Pb*

K 4-5 xannsm pactBopa conu cBuniia Pb(NO3); no6asete 4-5 kanens noauna xamusi. Habmomaiite
oOpa3oBanue xearoro ocaaka Pbl,. CoctaBbTe ypaBHEHHE peaKIny.

Ilpumeyanue: ecny TIOTY4YEHHBI OCAaJOK OTHENINTbH, NPU KUISIYEHUU PACTBOPUTH B YKCYCHOM
kuciaore CH3COOH, To mpu MeaieHHOM oxjaxaeHuu Pbl, Beimazer B BHIE 30JI0THCTHIX KPHCTAILIOB-
Yelryexk.

Onwvim Ne 3. Boinonnenue peakyuii 0OHApy#ceHUss KAMUOHAa Ba**

B nBe mpoOupku Haneite mo 4-5 xanenb pactBopa comu 6apus (BaCl, wim Ba(NOs),). B onny
poOUpKy 100aBbTE HECKOJIBKO Kamenb pactBopa NapSO4 mmm HoSO4, a B 1pyryro — pacTtBopa xpomara



kamust KoCrO4. B mepBoii npobupke HabmoaiiTe BhIMageHHe O€I0ro KpUCTATMYECKOTO 0CajKa, a BO
BTOpO# — kentoro ocaaka BaCrO,. CocTaBpTe ypaBHEHHS TPOJICTAHHBIX PEAKITUN.

Onvim Ne 4. Beinonnenue peakyuu 0OHApy#ceHUss KAMuoHa Ca*

B npobupky Haneiite 4-5 kamens pactBopa conu CaCl,, m00aBbTe HECKONBKO Kallellb OKcajara
ammonust (NH,)2C,0,. Habmronaiite oopaszoBanue 6enoro ocaaka CaC,04, HEPACTBOPUMOIO B OTIHUHE
ot BaC,04 B ykcycHoit kucinore CH3COOH. CoctaBbTe ypaBHEHHE peaKIIMu OOHAPYKEHHUS.

Onvim Ne 5. Buinonnenue peakyuu 0OHApy’ceHUst KAMuoHa APt

Ha momocky ¢uiusTpoBanHOil Oymaru Hanecute | karmmo pactBopa conu amomuaus (AlCl;3 wim
Alx(SO4)3), moMecTHTE 3TO MATHO HAJ CKISIHKON C KOHIIECHTPUPOBAHHBIM pacTBopoM ammuaka (NH4OH)
Ha 1-2muH. Hanecute 1 Kamio COUpPTOBOrO pacTBOpa ajlv3apuHa WIM aIIOMHUHOHA. OCTOPOXKHO
noJicymure Oymary u HaOo1aiiTe mosBICHHE KPACHOTO ISATHA.

Onwvim Ne 6. Boinonnenue peakyuu 0OHApy#CeHUss KAMUOHA Zn**

K 1-2 xamusam pactBopa conu nuHka (ZnSO4) npubassre 1 mi aneratHoit OydepHoil cmecH, 2-3
karmu | H pactBopa Tuocynbgarta Hatpus U 1 Ma pactBopa auTu3oHa. HalGmronmaiite oOpasoBaHue
MaJIMHOBO-KPACHOI'O pacTBOPA KOMILJIEKCHOU COJIN.

Onvim Ne 7. Boinoanenue peaxyuu obrapyscenus kamuona Fe**

K 2-3 karuisiv pactBopa conu Fe?* (marpumep, FeSO,) npu6assre 1-2 kammm pacrsopa HCl i 1-2
karmu rekcanuanodeppara (1) kamus Kz[Fe(CNg)]. Habmonaiite o6pa3oBaHrne TEMHO-CHHETO OCajlKa
TypHOyneBoil cuHu. CocTaBbTe ypaBHEHHUE PEAKIIUH.

Onvim Ne 8. Buinonnenue peaxyuii oonapysicenus Fi et

B B¢ mpoGHMpKH HANCHTE MO HECKoNbKo Kamenb comn Fe®* (mampumep, FeCls), sateM B ommy
poOupKy 100aBbTEe HECKOJIBKO Kareib pacTBopa ponanuaa ammonus NH4CNS, a B npyryro npobupky —
1-2 kammm pactBopa HCI um 1-2 karum pacrBopa rekcarmanodeppura (1) kamus Ks[Fe(CN)g).
Habmronaiite B nepBoii mpoObupke o6pazoBaHue KPOBABO-KPACHOTO OKPAILIUBAHUS, a BO BTOPOH — CHHHIA
ocaJok OepinHCKOH a3ypu. CocTaBbTe ypaBHEHUS MPOBEACHHBIX PEaKIUil.

Onvim Ne 9. Bvinonnenue peakyuu 0OHapys’ceHUs KamuoHa Cu**

K HeckobKUM KarisM pacTBopa cou Mean (Hampumep, CuSO,4) mprimBaiTe 1Mo KarisiM pacTBOP
ammuaka NH4OH no nosiBinenust rony6oro ocagka Cu(OH); u nanbiie nu3dsitok NH4OH o o6pasoBanus
pacTBopa KpacuBoro cuHe-puosneToBoro 1sera. CocraBbTe ypaBHEHUS ABYX MPOTEKAIOUINX PEAKIIH.

Onwim Ne 10. Boinonnenue peaxyuu obuapyscenus kamuona NH,"

a) B mpoOupKy Hajeire 2-3 karutu pactBopa cosi ammouust (NH4Cl nmmn (NHy),SO4), nob6aBsTe 4-5
Kanenb peaktuBa Hecciepa, HabmoaaiiTe oOpazoBaHHe KpacHO-Oyporo ocajka.

0) Ha yacoBoe cTeKJIO Wik B (aphopoByI0 YalIeuKy HaJIeWTe HECKOJBKO Karellb pacTBOpa COJHU
NH,", mpuneiite 4-5 kanens pactBopa NaOH 1 GbICTpO HAaKpOHTE CTEKIIOM ¢ MPUKIEEHHOH ¢ BHYTpeHHeit
CTOPOHBI CMOYEHHON NUCTWIITMPOBAHHOW BOJOW MHAMKATOPHON Oymaxkkoil. [logorpeiiTe peakimoHHYIO
CMeCh, MHJIMKATOpHAs OyMaKka MOJKHA M3MEHUTH I[BET: JIAKMYCOBas WJIM YHUBEpCalbHAas MOCHHETb,
(dbeHondTanenHOBasi — MOKPACHETD.

OObsicHUTE, TOYEeMy MEHSAETCS [BET WHAMKATOPHOW OyMakKH, COCTaBbTE€ ypaBHEHHS
MPOTEKAIOIINX PEAKIUI.

Onvim Ne 11. Boinonnenue peaxyuu o6uapysicenus K=

K HeckoNBKMM KaruisiM pacTBopa comepxkamiero K* (cpena nomkHa ObITh HEWTpaIbHas), MPHOABbTE
HECKOJIbKO Karenb pacTtBopa rekcanutpo-kodanbrata (1) Harpus Naz[Co(NO,)s], moTpuTe majoukoit o
crenku npooupku. Habmronalite oopazoBanue sxentoro ocanka. CocTaBbTe ypaBHECHUE PEAKITUH.

Onvim Ne 12. Boinonunenue peaxyuu obHapysicenus Na*

K HecKoNmbKHM KaIlIaM pacTBOpa, coeprkantero Na® (cpesia 1o/kHa OBITh HEHTpabHON), 106aBbTe
HECKOJIbKO Karmellb pacTBopa auruapoantumonara kamuss KH,SbO,. Habnromaiite o6pazoBanue Oenoro
MEJIKOKPHUCTaINYeCcKOro ocaika. CocTaBbTe ypaBHEHUE PEAKIINU.

Cnenaiite BbIBOJ 110 TaOOpaTOpHO# padoTe.

@opma mpeacTaBlieHUs] pe3yJbTaTa: OTYET O MPOJICTAHHON paboTe, COCTABICHHBIE CXEMBI
ypaBHEHUN HAOIIOAEMBIX PEAKIIHH, BIBOIBI.



Kpurtepun onenkmn:
3a KaX bl MPaBWILHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



Tema 5.2. OCHOBBI IPOBEJACHUA KAYeCTBEHHOr0 aHam3a. KauecTBeHHbIN aHAJIN3 KATHOHOB.
KadyecTBeHHBII aHAJIU3 aHHOHOB.

JladoparopHoe 3ansaTue Ne 11
KauvecTrBennblie peakuuu annonon CI, Br, I

Heab padoThl: HAYYUTHCS MPOBOAUTH KAYECTBEHHBIC PEAKIINH OOHAPYKEHUS OCHOBHBIX aHUOHOB
I, Il u [l aHanuTHYECKUX TPyIIIL.

BbinosinuB padory, Bel Oyaere:

ymemy:

— MPOBOJUTH KAYECTBEHHBIC PeaKIMK 0OHapyXeHHUs1 OCHOBHBIX aHWOHOB |, |l u 11l ananmuTHuecknx
Ipymn;

— COCTaBJISITh CXEMbI YPaBHECHHUI KaYECTBEHHBIX PeaKIfii 00HAPYKEHHSI OCHOBHBIX aHUOHOB.

MaTepnaﬂbnoe odecmeyeHue:

[Teproanyeckas cucteMa XxumMudeckux snemenToB J{. M. MenneneeBa, Tabnuia pacCTBOPUMOCTH.

OOopy/ioBaHWE W PEAKTUBBI: MPOOMPKH, MAJOYKH, MUMETKH, BOPOHKH, (PUIBTPHI, HeHTpudyTa,
ANEKTPOILINTKA, BOJIsSIHAS OaHs, pEaKTUBHBIN IITATUB C HAOOPOM HEOOXOAUMBIX KHUCIIOT, IEJI04eH, COJIeH,
peareHToB M WHANKATOPOB.

3aganue:
Oo6napyxxenue annoHoB |, Il u Il ananuTryeckux rpymm.

ITopsinok BbINOJHEHHS PadOTHI:

1 Cucremarusupyiite ¥ 0000IIMTE 3HAHHUA MO TEME, MOBTOPUB H3YYEHHBI Ha JIEKIUOHHOM
3aHATHN MaTepUal.

2 BpInosHUTE IPAKTUYECKYIO YacTh PaOOTHI.

3 OTmeThTe HaOIOICHHS, COCTaBbTE YPAaBHEHUS IPOBEICHHBIX PEAKIMi 0OHAPYKEHHsI aHUOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJICTaHHOM padoTe.

Xoa paGoTsI:

Onwvim Ne 1. Buinonnenue peakyuil 0oHapysicenus cynvham-aHuona S0,%

HarteiiTe B MpoGHPKY HECKOIBKO Kallelb pacTBOPA, cojepsKaitero cyibar-uon SO42, mpueiite
HecKosbKo Kamenb pactBopa HCI, mo xucnmol cpeapl MO yHHUBEpCATbHON WHIUKATOPHON OyMa)Kke |
nobaBbpTe 2-3 Karmumm pactBopa peacenma BaCly (xnopuoa 6apus). Habmonalite obpa3oBanue 0enoro
Kpuctaimmieckoro ocajnka BaSO,. CocTaBbTe ypaBHEHUE pEaKIUH.

Onvim Ne 2. Boinonnenue peakyuii 0OHApys#ceHUs KapOoHam-aHuoHa COs*

CO, B npoGupky ¢ razoorBoHON TpyOKo# Hanelite 4-5 kanenb pactBopa NaCOs,

/ nobaBbTe HECKOJBbKO Kamenb kuciomsl HCI, Beiaenstomuiics yriekucnbiit raz3 CO,

nponycTure 4epe3 u3BectkoByto Boay Ca(OH),. HaGmronaiite momyTHeHue u3-3a

BeimazieHus ocagka CaCOs. CocTaBbTe ypaBHEHUS ABYX MPOTEKAIONINX PEAKITUH.

N\ Onvim Ne 3. Bvinonnenue peakyuil 0OHAPY’CeHUs CUTUKAM-AHUOHA Si0g*

1\‘:§ [Ipy 10GABICHHHM K PACTBOPY, COLEpIXKALIEeMy CHIHKar-aHuoH SiOs?, a)
kucinoTel uiau 0) comu ammonus NH4C1 obOpa3yercst kpemMHHEBas KUCIOTa B BUJIE

CTYIHS WK O6enbIX XJonbeB. CocTaBbTE ypaBHEHUE PEaKLIUU.

Onvim Ne 4. Bvinonnenue peakyuu 00Hapy’ceHus cyib@uo-anuona i

B mpoOupky HanelTe HECKOJIBKO Kameslb pacTBopa coiu NapS, mobaBbTe HecKoJibko Kamenb 2 H
pactBopa HCIl u npuxpoiite mpoOupky (GuIbTpoBaibHOW OymMarod, CMOYCHHOW pPAacTBOPOM aleTarta

Ca({Ct



ceuna Ph(CH3COO),. Habmoaiite mouepHenne OyMaru B pe3yiabTaTe 00pa3oBaHUs YEPHOTO Cyinbduaa
ceuHia PbS. CoctaBbTe ypaBHEHHS ABYX MPOTEKAIOIIUX PEaAKIIHi.

Onvim No 5. Bvinonnenue peakyuu oonapyscenus xaopuo-anuona Cl-

K Heckonpkum karumsiM pactBopa NaCl mpuiieiite HECKOIBKO Karelb pacTBOpa HUTpaTta cepedpa
AgNO3. Habmonaiite oOpasoBanme Oenoro TBOpoxkuctoro ocagka AgCl. CocraBpTe ypaBHEHHE
pEaKIIHH.

Onvim Ne 6. Beinonnenue peakyuu ooHapysicenus numpam-auona NOs

Ha yacoBoe crekno Hanecute 2-3 kaminu pactBopa NaNOsz, mOMECTUTE B LIEHTP KPHUCTAUIMK
xene3noro kymopoca FeSO4-7H,0 u I xammo konn. H,SO4. HaGmromaiite BOkpyr kpucramia Oypoe
OKpalllMBaHUE B BHJIEC KOJIbIIA B pe3ysbrare o0pa3oBanus komiuiekca [Fe(NO)]SO,.

Onvim Ne 7. Beinonnenue peaxyuu oonapyaicenus ayemam-anuona CHzCOO™

Haneiite B mpoOupky 4-5 kamens pactBopa conu arerara Hatpus CH3COONa, nob6aBbTe
Heckoubko Karesb HCI, onryture 3amax ykcycHoi Kuciotsl. COCTaBbTE YpaBHEHHE PEAKIIUH.

Cnemnaiite BbIBOJ 10 1a00paTOpHO padoTe.

dopma mpeacTaBlieHUs] Pe3yJbTaTa: OTYET O IMPOJICITAHHON paboTe, COCTABICHHBIC CXEMBI
ypaBHCHHI HAOJFOIa€MbIX PEAKIIHiA, BBIBOJIBI.

Kpurepun oneHku:
3a Kax bl MPaBUWIbHBINA OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.



Tema 5.2. OcHOBBI IPOBeIeHUS KAYeCTBEHHOI0 aHa/n3a. KauecTBeHHbIN aHAJIN3 KATHOHOB.
KauecTBeHHBIN aHAJIN3 AHHOHOB.

JladopaTropnoe 3ansitue Ne 12
KauectBennbie peaknun anuonoB NO3, SO4, SO3

Ilesab padoThI: HAYYNUTHCS MPOBOAUTH KAUECTBEHHbIE PEAKIMM OOHAPYKEHUSI OCHOBHBIX AHHOHOB
I, Il u Il ananuTnueckux rpymnm.

Beinosinus patdory, Bel Oyaere:

ymems:

— MPOBOJIUTH Ka4eCTBEHHBIC peaknu oOHapyxeHus ocHOBHBIX aHHOHOB |, Il u |1l ananuTHaecknx
IpymIL;

— COCTaBJISITh CXEMbl YPaBHEHHUH KaYeCTBEHHBIX PEaKIfii 0OHApyKEHUsI OCHOBHBIX AaHHOHOB.

MaTtepuajbHoe o0ecnieyeHue:

[lepuoanueckas cuctema xumuieckux 3meMenToB [1. V1. Menneneena, Tabiniia paCTBOPUMOCTH.

O6opyIoBaHWE M PEAKTUBBI: MPOOMPKH, MATOYKH, MUIETKH, BOPOHKH, (PHUIBTPHI, IEHTpudyra,
AJIEKTPOIUINTKA, BOJISIHAS OaHs, peaKTUBHBIN IITATHB C HAOOPOM HEOOXOAUMBIX KHUCIIOT, IIEI0UeH, COJeH,
pEareHTOB M MHIMKATOPOB.

3ananne:
Oo6napyxenue auuoHos |, |l u 11l ananuTueckux rpymni.

Ilopsinok BbINOJHEHHS padOTHI:

1 Cucremarusupyiite U 0000LIUTE 3HAHHUS IO TEME, MOBTOPUB HM3YyYEHHBIM Ha JIEKIMOHHOM
3aHATUU MaTepual.

2 BoInoiHUTE NPaKTHYECKYIO YacTh PaOOTHI.

3 OtMeThTe HAOMIOACHUSI, COCTaBbTE YPABHEHUS IPOBEACHHBIX peakluii OOHApYKEHHsI aHHOHOB.

4 Chopmynupyiite oO1ime BEIBOABI O MPOJIEIaHHON padoTe.

Xoa pa0doThI:

Onwvim Ne 1. Boinonnenue peakyuii 00OHApys#ceHus cyibham-aHuoHa S0,%

Haneiite B mpoOUpKy HECKOJIBKO Kalejb pacTBOpa, COAEPIKaIlero cyiabhaT-uoH 50,7, npuieiTe
Heckosibko Karenb pactBopa HCI, mo xucioi cpeabl MO YHHUBEPCATbHON WHIUKATOPHON OyMa)Kke M
nobaBbTe 2-3 Kammu pactBopa peacenma BaCly (xnopuda 6apus). Habmromaiite obpazoBanue 6enoro
kpuctammmaeckoro ocagka BaSO4. CocTaBbTe ypaBHEHHE PEAKIUH.

Onvim Ne 2. Buinonnenue peakyuii 0OHapyiceHUus KapooHam-aHuoHa COs*

CO, B mpoOupky ¢ razooTBoHOM TpyOKol Haneite 4-5 kamens pactBopa Na,COs,
n00aBbTe HECKONBKO Karenb xuciomsl HCI, Beinenstomuiics yrnekucisiit raz CO;
npornyctute yepe3 u3BectkoByto Boay Ca(OH),. HaOmromaiite moMmyTHeHue u3-3a
Boinazenus ocaaka CaCOs. CoctaBbTe ypaBHEHUS JIBYX MPOTEKAIOLINX PEAKLIUH.

N\ Onvim Ne 3. Boinonnenue peakyuii 00HApY’ceHUst CUTUKAM-AHUOHA SiOs*

1\% [Ipu nobGaBneHMHM K pacTBOpPY, COJEpXKalleMy CHIMKAT-aHUOH Si0s%, a)
kucyoTel uiu 6) comu ammouus NH4C1 oOpa3yercst kKpeMHUEBass KUCJIOTa B BUJIE

CTy/HS WK OembIX xJ1onbeB. COCTaBbTE ypaBHEHUE PEAKIIMH.

Onvim Ne 4. Beinonnenue peakyuu 0OHApy#ceHUs Cyabhuo-aHuoHa s>

B npoGupky HayieiiTe HECKOIBKO Kareib pacTBopa coiu NapS, mo6aBbTe HECKOJIbKO Karenb 2 H
pactBopa HCI| u mpukpoiite mpobupky (GuiabTpoBaabHOW Oymaroif, CMOYCHHON pPacTBOPOM aIerara

Na;CO4
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ceunna Ph(CH3COO),. Habmoaiite mouepHenne Oymaru B pe3yibTare 00pa3oBaHHs YEPHOTO CyIb(puaa
ceuHia PbS. CocraBbTe ypaBHEHHS IBYX MPOTEKAIOIIUX PEaAKITHH.

Onvim No 5. Bvinonnenue peakyuu oonapyscenus xaopuo-anuona Cl-

K Heckonpkum karumsim pactBopa NaCl mpuiieiite HECKOJIBKO Kareib pacTBopa HUTpaTa cepedpa
AgNO3. Habmonaiite oOpasoBanme Oenoro TBOpoxkuctoro ocagka AgCl. CocraBpTe ypaBHEHHE
pEaKIIHH.

Onvim Ne 6. Beinonnenue peakyuu ooHapysicenus numpam-auona NOs

Ha yacoBoe crekno Hanecute 2-3 kaminu pactBopa NaNOsz, mOMECTUTE B LIEHTP KPHUCTAUIMK
xene3noro kymopoca FeSO4-7H,0 u I xammo konn. H,SO4. HaGmromaiite BOkpyr kpucramia Oypoe
OKpalllMBaHUE B BUJIC KOJIbIIA B pe3ysbrare 00pasoBanus komiuiekca [Fe(NO)]SO,.

Onvim Ne 7. Beinonnenue peaxyuu oonapyaicenus ayemam-anuona CHzCOO™

Haneiite B mpoOupky 4-5 kamens pactBopa conu anerara Hatpuss CH3COONa, nob6aBbTe
Heckoubko Karesb HCI, onrytute 3anax ykcycHoi KucioTel. COCTaBbTE ypaBHEHHE PEAKIIHH.

Cnemnaiite BbIBOJ 10 1a00paTOpHO padoTe.

dopma mpeacTaBlieHUs] Pe3yJbTaTa: OTYET O IMPOJICITAHHON paboTe, COCTABICHHBIC CXEMBI
ypaBHCHHI HAOJIFOIaEMBIX PEAKIHA, BHIBOIBI.

Kpurepun oneHku:
3a Kax bl MPaBUWIbHBINA OTBET — 1 Oas.
3a HempaBWIbHBIN 0TBET — () OanioB



Tema 5.3. KauecTBeHHBII aHAJIN3 HEN3BECTHOI0 BellleCTBA

JlaGopaTopHoe 3ausitue 13
AHAJIN3 HEM3BECTHOTO BellecTBa

Heas padoTbl: HAyYUTHCS MPOBOAUTH CUCTEMATHMUECKHI aHAM3 HEU3BECTHOT'O BEIIECTBA IO
KHCIIOTHO-ILIEJIOYHON KIIacCU(PUKAUU 1 OOHAPY>KUBATh OCHOBHBIE KATHOHBI, aHUOHBI B X CMECH.

Beinosinus padory, Bel Oyaere:

ymemn:

— TMPOBOJUTH CUCTEMATHUYECKUW aHaJIM3 HEU3BECTHOTO BEMIECTBA I10 KHCIOTHO-IIEIOYHOM
KJIaCCU(PUKAIIHH;

— 00HaApyXMBATh OCHOBHBIC KATHOHBI 1 aHUOHBI B UX CMECH;

— COCTaBJISITh CXEMbI YPAaBHEHUI Ka4eCTBEHHBIX PEAKIMii OOHAPYKCHUS OCHOBHBIX KATHOHOB W
AHHOHOB.

MarepuajibHoe obecneyeHue:

[Teproanyeckas cucreMa Xxumudeckux snemenToB J{. . MenneneeBa, Tabnuia pacTBOPUMOCTH

OOopy/ioBaHWE W PEAKTUBBI: MPOOMPKH, MAJOYKH, MUMETKH, BOPOHKH, (PUIBTPHI, HeHTpudyTa,
ANIEKTPOILIUTKA, BO/sSIHAs OaHs, pEaKTUBHBIN IITATUB C HAOOPOM HEOOXOANMBIX KHCIIOT, IIEJI0YEH, COeH,
peareHToB M WHANKATOPOB.

3ananmue:

1 Omnpenenenne KaTHOHOB B COCTaBe MPOOBHI.

2 OmpeneneHre aHHOHOB B COCTaBe MPOOBHI.

[Topsnox BeINONIHEHUS PaOOTHI:

1 Cucremarusupyiite U 0000LIUTE 3HAHUS IO TEME, IOBTOPUB M3YYEHHBIH Ha JIEKIIMOHHOM
3aHATUU MaTepual.

2 BoInoiHUTE NPaKTHUECKYIO YacTh PaOOTHI.

3 OrmMeTbTe HAOJIOIEHUS], COCTAaBbTE YPAaBHEHHUS MIPOBEIEHHBIX PeaKI1il OOHApyKEHUS KaTHOHOB U
aHMOHOB.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJIETaHHOM padoTe.

Xox pa0doThI:

1.ITomyuuTe OT mpenoaaBaresns Npody HEM3BECTHOTO BEILIECTBA.
2. IlpoBeuTe BU3yaJIbHBIE UCCIIETOBAHMS.
3. IlpoBenuTe nccieOBaHUS IPU PACTBOPEHUH B BOJIE.
4. ITpoBenuTe UCCIEOBAHUS TPU PACTBOPEHUH MPOOBI B KUCIIOTE.
5. [IpoBeauTe uccienoBanus MpU ACHCTBUU HA TTPOOY PaCTBOPOM IIETOUH.
6. BeIrmosHUTE cHUCTEMAaTHYECKUN aHAJIN3 HEM3BECTHOTO BEIIECTBA, €CIIH B PE3yNbTaTe MpeABAPUTEIbHBIX
UcHbITaHUN Bbl HE CMOTJIHM ONIpeIeUTh COCTaB MPOOKI.
Xoo cucmemMamuyecko2o ananusa cmecu KamuoHos nocne

npeosapumenbHuiX UCNbIMAHUU

1) otgemsitor | anamuTiueckyro rpymmy (Agt, Pb%*, Hgo?") neiicreuem HCI (¢pumbtpar comepxur |,
I, 1V, V, VI rpymisn).



2) otnenstor |l ananutuueckyro rpynny (Ba®*, Sr**, Ca?") neiicrerem H,SO, (punbTpar comepKuT
I, 1V, V, VI rpymmsn).

3) ocaxmaror: |l anamuiaeckyio rpymmy (AIY, Zn?*, Cr®); IV anamuruueckyio rpymmy (Fe®,
Mn*", Mgz+); V aHaTuTHYECKYIO TPyIIy (Cu2+, Ni*, C02+) B BHJIC THIAPOKCUJIOB JACHCTBHUEM IICIIOYH
KOH (¢unstpat conepxut VI rpynmy).

4) 3atem otnenstor |l rpynmy pacTBopeHHeM ocajka B H30BITKE IIEITOYH.

50 ocagok ruapokcunoB IV u V rpynn obpabateiBator pactBopom NH,OH, katuonst V rpynmsi
yxonaT B puibTpat. Ha ¢uibTpe ocraercst ocagok katTuoHoB [V rpymimbl.

6) KaXIyi OTACIbHYIO TPYIITY aHAJIU3UPYIOT, HCIONB3Yys CHenu(pUUecCKrue W KadyeCTBCHHBIE
pEaKIIHH.

Xo0 cucmemamuyueckoeo ananu3a cmecu aHUOHO8 NOCie NPed8apumenbHblX UCHbIMAHUL

1) otaensrot |l anamuTHYECKYIO TPYIITY (SO42*, C0327, PO437, Si0327) nevicreuem BaCl,.

20 orgensiror | amanurraeckyro rpymmy (CI, Br,I7, ) neiicteiem AgNOs.

3) ocaxxnarot Il anamurrueckyro rpymmy (NO3 -, NO,, CH3;COQO).

4) KaXAYyI0 OTIENbHYIO TPYNIy aHAIM3HPYIOT, WCHOIB3Yys CHEIU(PHUECKHe M KaueCTBEHHBIC
peaKIIHH.

7. Caenaiite 3aKIIOYEHUE O COCTaBE IPOOBI BEUIECTBA.

@opma mpeacTaBlieHUs] Pe3yJbTaTa: OTYET O MPOJICITAHHON paboTe, COCTABICHHBIC CXEMBI
ypaBHCHHI HAOJIFOIa€MbIX PEAKIIHiA, BBIBOJIBI.

Kpurepun oneHku:
3a Kax bl MpaBUWIbHBINA OTBET — 1 Oas.
3a HenmpaBWIbHBIN O0TBeT — () OaoB.



Tema 5.6. 'paBuMeTpuyeckuii(BecoBoii) MeTO aHAJIN3A

JlabopaTopHoe 3ansitue 14
OnpenesieHue coepKaHUS BJIArd B MHIIEBBIX MPOAYKTAX

I_[e.m, paﬁoTbI: HAaYy4YUTBCA IOJB30BATHCA AHAIUTUYCCKMMU BCCaAMH, BBLIIIOJIHATE OCHOBHBIC
orcpany BECOBOIo aHalil3a.

Beinosinus padory, Bel Oyaere:
ymembo:

— IIOJIB30BaThCA aHAJIMTHYCCKUMHU BCCaAMHU,
— BBIIIOJIHATH OCHOBHBIC OII€pallii BECOBOI'O aHAIMU3a.

MaTtepuajbHoe o0ecneyeHue:

O6opynoBaHHe U PEaKTHUBBI: aHAIMTUYECKHE BECHI, TEXHOXMMHUYECKHUE BECHI, CYIIMIBHBIN HIKad,
OIOKCBHI, TEPMOMETP, DKCUKATOp, MIUIIIBI, UCCIeqyeMble 00pasubl (xy1e000yIouHbIe W3EIUs Pa3HOTO
BUJIA, IEYCHBE, CYXapH).

3aganue:
OrnpezeneHne MpoIeHTHOTO COAEPKaHMS AHAIMTUYECKOU BJIard B 00pasiie MUILEeBOro MpoyKTa.
IMopsiiok BbINOJIHEHUS PA0OTHI:

1 Cucremarusupyiite U 0000IIMTE 3HAHHWA MO TEME, MOBTOPUB H3YYEHHBI Ha JEKIHMOHHOM
3aHATHN MaTepUal.

2 BpInosHUTE IPAKTUYECKYIO YacTh pabOTHI.

3 IIpoBenute pacyer.

4 Chopmynupyiite 00IIHE BBIBOJIBI O TIPOJIETaHHOM padoTe.

Xoa paGoTsI:

1. Bo3pMuTE B YKCTHIN JIOBEIEHHBIN 70 MOCTOSTHHOM Macchl OlOKC quamerpoM 35-40 MM HaBECKY
HCCIIEIyeMOr0 BEIIeCTBAa Ha aHAJMTHYECKUX Becax ¢ TouHocThio 10 0,001 r. Benuunna HaBecku ~2 T,
TOJILIHA CJI0SI HABECKH B OIOKCE HE JJOJDKHA OBITH O0JIbINE 5 MM.

2. OTkpeIThI OroKC momemniaroT B HarpeTslid g0 105°C cymmnbHBIA mKad M BBIACPKHUBAIOT B
TeueHue | yaca.

3. BeiHEMAaOT OIOKC M3 CYIIWJIBHOTO MIKada IIUIIaMH, MOMEINAIOT B JKCHKAaTOp U B HEM
OXJIaKIAI0T.

4. B3BennBaoT 0XJIaXKICHHBIH OIOKC Ha aHATUTHIECKUX BecaxX ¢ ToyHocThIo 0,001 1.

5. IIpoBOJAT KOHTPOJIBHYIO MPOCYIIKY B TedeHHe 30 MHUHYT, CHOBAa OXJAXJAKOT B SKCUKATOPE U
B3BeIIBatOT. KOHTPOIBHBIE MPOCYIIKK MOBTOPSIOT 0 TEX MOP, MOKa yObIIb Macchl oopasua oyzaer 0,001
T UJIM MEHBIIIE.

6. PaccumraiiTe MpoleHT aHAIMTHYECKOM Biaru B obpasie rno gopmyie:

woe, =% "% 1000,

G
rze (i 1 2 — Macca o0pasia J10 ¥ Mociie MPOCYIIKHU, COOTBETCTBEHHO, T.
7. ChopmynupyiiTe BEIBOJ 1O JabopaTOpHOH padoTe.



®opMma npeacTaBJIeHus pe3yJbTaTa: OTYET O MPOJICTaHHON PaboTe, BHIBOIBI.
Kpurepun oneHku:

3a Kablii MpaBWIbHBIN OTBET — 1 Oas.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



Tema 5.7. TurpumeTpuyeckuii (00beMHBIIT) METOI aHAJIM3A

JlaGopaTopHoe 3ansTue 15
Onpenesnenue copepKaHUs KHCIOTHI U 1IEJI0YH METOI0M HeHTpaaIu3anuu

Heab padoThl: HAYYUTHCS ONPENEIATH COAEPHKAHUE KUCIOTHI U ILEI0YH METOI0M HEUTpaIU3auu
Beinosnus padory, Bel Oyaere:
ymembo:

— IIOJB30BaThCA aHAJIMTHYCCKHUMU BCCaAMHU,
— BBIIIOJIHATH OCHOBHBIC OII€palvn HefITpaHHSaHHH pPacTBOPOB.

3apanmue:

OrmpezenieHne MPOIEHTHOTO COAEPKaHUsI AHAIMTUYECKON BJIark B 00pasiie MUILEBOT0 MPOIYKTA.
IMopsiiok BbINOJIHEHUS PA0OTHI:

Xox pabdoThI:

1. Bo3pMuTE B YUCTHIN AOBEIECHHBIN 10 4 /TIOCTOSTHHOM Macchl O10KC n1uamMeTpoM 35-40 MM HaBECKY
UCCIIEyeMOro BEIIeCTBA HAa AHATUTHYECKHX Becax C TOYHOCTHIO 10 0, BrimonHuB 3Ty paborty, Bol
Hay4YuTeCh pabOTaTh C MEPHOM MOCYI0H, TUTPOBATH, IPOBOJIUTH OMPEACICHUS METOJIOM HEUTpATH3aIIHH,
TOTOBUTH pabOYUE PaCTBOPHI.

MarepuajibHoe o0ecnieyeHue:

O6opynoBaHME U PEAKTHUBbI. aHAIMTUYECKHE BECHI, TEXHOXMMHUYECKHUE BECHI, CYIIMJIBbHBIN HIKad,
OIOKCBI, TEPMOMETp, DKCHUKATOp, IIUIIIBI, HCCIEIyeMble 00pa3ibl (X1e000yI0UHbIE U3JEIUs Pa3HOTO
BUJA, TIEUYEHbE, CyXapH). MEpHbIE KOJIOBI, BOPOHKH, OOWKH, ¢ukcaHan cepHOl KHCIOTB HySO4,
muctTuiuiMpoBaHHas Boja (a. HoO), mpombiBanka, KapaHjaaml MO CTEKIy, KOHMYECKHE KOJIObI, MEpHBIE
MUIETKH TpajyMpOBaHHbIE M HErPaJyMpOBAaHHbIE, KaleJIbHHUIA, COUPTOBONW pacTBOp (eHosdTanenHa,
OropeTka, TEXHOXMMHYECKHE BECHI C Pa3HOBECKAMH, CTAaKaH XMMHUYECKUH CTeKJIAHHBIH, cyxoii KOH
(enkoe Kanu), CTEKJITHHAs MaloYyKa.

1. Tonyuure 3a7aHue y npenoaaBarTess.

2. [TpuroroBbTe CTaHIAPTHBIN (YCTAHOBOYHBII) PACTBOP CEPHON KUCIOTHI U3 (PHKCaHAama.
J1s 5TOTO B TIpEIBAPUTEIIHHO THIATEIHHO BBIMBITYIO MEepHYIO KosiOy (200 umm 250 mur) mepeHecure
KOJIMYECTBEHHO C TIOMOIIIHI0 BOPOHKH M OOiKa conepxumoe amimyibl ¢ukcanana H,SO,, moneiite
1. H,O no metku, nepemeraiite. [loanummre Ha konde GopMyny ¥ KOHIIEHTPAIIUIO pacTBOpA.

3. B xaxayro u3 Tpex 4MCThIX KOHMYECKUX K00 orOepute amukBoTy (10 mmm 15 M)
MEPHOM MHUIETKONH MCCIEAYyEeMOTo pacTBopa, 100aBbTe AUCTUIUTMPOBAHHOW BOJABI MPUMEPHO JI0
obbema 100 w1, TpuiIeTe MO HECKOJBKO Kameidb CHUPTOBOTO pacTBOpa HWHAMKATOPA
dbenondranenna.

4. Ecin B uccnenyeMoM pacTBOpe HYXKHO ONPEAENUTh COJIEpXaHHe UIeNoud, TO
YHCTYIO0 OIOpPETKY 3aloJHUTE MPUTOTOBICHHBIM CTaHAApTHBIM pactBopoM HySO, 1o HyneBoit
OTMETKH U OTTUTPYWTE BCE ATMKBOTHI MCCIETYEMOIO pacTBOpa MO MCYE3HOBEHHIO MAJIMHOBOM
OKpPAcKH, OTMETHTE 0OBEMBI KHCIIOTHI, MTOMIESIIICH Ha TUTPOBAHUE.

5. Eciu B uccnenyeMoM pacTBOpe HYKHO OINPEAETUTh COJEp)KaHUuE KUCIOTHI, TO
CHayaJla HY)XHO MpPHUTOTOBUTH pPa0O4YMii THUTPOBAaHHBIA pacTBOp Imenouyn. Jlius sToro B



m1actMaccoBoi nocyzae rorossaT pactBop KOH npumepHoii konnentpanuu. Ha TexHudyeckux
Becax otrBemmBaroT 0,56 r cyxoro KOH u pactBopsitor B crakane B 100 man a. H,O npu
NEepEeMEIIMBAaHNH CTEKJISHHOM manoukoi. CiMBalOT pacTBOpP B MOJMATUIICHOBYIO OaHKY,
HNOJNMCHIBAIOT. 3alOJHAIT OIOPETKY ATUM PpAacTBOPOM IIEJIOYM M OTTHUTPOBHIBAIOT UM 11O
denondranenny 2 anukBoThI 1o 10 M1 cTangapTHOTO pacTBopa KUCI0Th HySO4.
PaccunTeiBaroT HOpMaILHOCTH PabOYEro pacTBOPA IIEN0UH 10 hopmye:
N = Ny -V .

HIIN
w b
Vv,
T N -V, “ 3, xom) NV, -56
KOH — - )

Von -1000 Vion -1000
6. Korna pabounii pacTBOp 1I€JI0YM IPUTOTOBIICH, U KOHIIEHTPAIUS €r0 YCTaHOBIICHA,
BO3BMHUTE TPH AIMKBOTHI MO 10 MII McciaeqyeMoro pacTBopa B KOHWYECKHE KOJOBI, pa30aBbTe
1.H,0 no ~100 mi, mobGaBeTe 2-3 Kamau pactBopa (eHondrarenHa u OTTUTPYHTE pacTBOPOM
I1€JI0YH JI0 MOSBJICHUS YCTOWYMBON MaJIMHOBOI okpacku. OTMEThTE MOIIEALINEe Ha TATPOBAHUE

00BbEMBL.
7. [TpoueHTHOE co/iep:kaHre KOMIIOHEHTA paccUuTanTe o Gopmyne:
N VPO
X(%)Kfmbl — p p m(k—mbt) 100%,
1000-10
N -V*.O
X(%)meaow = : L 2ero ) 100% .
' 1000-10
8. PaccuuTaiiTe MpOLEHT OTHOCUTEIHLHOW OIIMOKH:
np _Xmeop
Yoomu.owuou = —— ——-100% .
Xmeop

®opma npeacTaBiaeHus pe3yJbTaTa: OTUET O MPOJCIAaHHON paboTe, BEIBOIbI.
Kputepun onenkn:

3a Kak[blid MPaBUIIbHBIN OTBET — 1 Ga.
3a HernpaBWIbHBIN 0TBET — () OasUIOB.



