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VY IIpTHOBCKMI TOCY1apCTBEHHBIH YHUBEPCUTET

®-Paboyas nporpaMma o TUCHUIIINHE

1. HEJIX U 3AJAYU U3YUYEHUSA JUCHUITJINHBI:

e ocBOeHUS AW CIUIIMHBI:

- (opmupoBanue GyHIaMEHTAIBHBIX 3HAHUN O CBOMCTBAX XMMHYECKUX AJIEMEHTOB M X
COCIMHEHUM Ha OCHOBe mnepuoaudeckoro 3akoHa J[.MI. MeHnneneeBa, COBpPEMEHHBIX
MPEJCTAaBICHUH O CTPOCHHUM BEIECTBA, C MCIOJb30BAaHUEM TOHATUM  XUMHUYECKOM
TEPMOJMHAMUKY, XUMHUYECKON KUHETUKH M DJIEKTPOXUMHH, a TAKKE CIIOCOOOB TONyYEHUS U
MPAKTUYECKOTO UCIOIb30BaHUS BaKHEUIIIUX SJIEMEHTOB U UX COCTMHEHUN.

3agauyu ocBOEHMS IMCHUIIMHbI:

- OCBELIEHUE KIIOUEBBIX BOIPOCOB MPOTPaMMBbl; MaTepuall JICKIUNA MpU3BaH CTUMYJIHUPOBATH
CTYJICHTOB K TOCIIEAYIOIICH caMOCTOsATEILHOM padoTe.

- (opmupoBaHNEe YMEHUI 1 HABBIKOB JJIs PEIICHUS MPOOJIEMHBIX M CUTYaIllHOHHBIX 3a]1a4;

- (hopmupoBaHHNE MPAKTUYECKUX HABBIKOB TIOCTAHOBKHU U BBIIOJIHEHUS SKCIIEPUMEHTAIbHOM
paboThI.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII:

1. Jucnumnuaa «Heopranuueckass XMMHS» OTHOCUTCS K TNPO(EecCHOHAIBHOMY IHKITY,
6a3oBas yacth (b.1.5.23.).

2. I[J'DI HU3YyUCHUA JHUCHUILIAHBI HCOGXOI[I/IMBI 3HAaHUA BOIPOCOB MPCAMICCTBYIOIIUX
W3Yy4aeMbIX TUCIHILUIMH — IIKOJIBHOTO Kypca XUMHH, (GU3UKU U MATEMaTHKH.

3. I[I/ICI_[I/IHJII/IHa ABJISACTCSA HpeI[HIGCTBYIOH_Ieﬁ AJId U3YyUCHUA CICAYIOIIUX TUCHUIIIMH
0a30BOii  YacTH  TPOPECCHOHATBHOTO  IHMKJIA:  aHAJUTHYECKas  XUMHS,
KpUCTAJUIOXUMHS, CTPOCHUC BCHICCTBA, KBAHTOBAsd MCXAdHUKA W KBAHTOBAasA XHUMUH,
KOJIJIOWIHAS. XMMUsI, METOJIMKA TIPENOJaBaHHsT XUMHUH.

3. ITIEPEYEHb IIVTAHUPYEMbBIX PE3YJIBTATOB OBYYEHHMA 11O
AUCHUILIMHE, COOTHECEHBIX C IIJTAHUPYEMBIMHU PE3YJIbTATAMHA
OCBOEHMS OBPA30OBATEJIbBHOMU ITPOI'PAMMBbI

No | Munexc Coneprxanue B pesynbprare nuzydeHus: yueOHON AUCIUTUTAHBI
I/TI| KOMIIET KOMTIETCHIINH 00yJaromuecs JOJHKHBI:
SHITUH (nnn ee yacTH) 3HATh YMETh BJIQJIETh
1 | OIIK-1 | CnocobeH aHanU3UpPOBaTh | OCHOBHBIE AHAIM3UPOBATh | HABBIKAMU
U MHTEPIPETUPOBATH METO/TBI U | pe3yabTaThl UHTEPIIPETAIN
pe3yNbTaThl XUMUYECKUX | IPUOOPHI XUMHUYECKHUX U Ppe3yJbTaToB
IKCIIEPUMEHTOB, XUMHUYECKOTO OKCIIEPUMEHTOB | XUMHUYECKOTO
HAOJIOJICHUI ¥ M3MEPEHUH | DKCIIEPUMEHTA SKCIIEPUMEHTA
2 | OIIK-2 | CiocobeH MPOBOIUT  C | METOJBI HCII0JIb30BaTh OCHOBHBIMH
COOTIOIEHUEM HOpM | Oe30macHOM MepbI METONaMU
TEXHUKA  0€30macHOCTH | pabOTHI € 0€3011acCHOCTH 6e3omacHoi
XUMUYECKUN XUMHUYECKUMH pu padoTe C paboThI ¢
OKCIIEPUMEHT,  BKJIIOYas | BEIIECCTBAMU OCHOBHBIMH XUMHUYECKUMHU
CUHTE3, aHallu3, U3y4YeHUe KJIacCaMH BEIIECTBAMHU
CTPYKTYpHl U  CBOWCTB XUMHYECKHX
BEIIECTB U MaTepuaioB, BEIIECTB
UCCIICIOBAaHUE IPOLIECCOB
C X y4acTHEM
OIIK-3 | CniocoGeH MIPUMEHSATH | OCHOBHBIE BBITIOJIHATH HaBBIKAMH
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MI/IHPICTepCTBOVHayI(PI U BBICLIETO 96p330BaHHH PO Dopma
VIIbSIHOBCKUI TOCyJapCTBEHHBIM YHUBECPCUTET
®-Paboyas nporpaMma o TUCHUIIINHE
pacyeTHO-TEOPETUUECKUE | PACUETHbIC CTaHJapTHbBIC HCIIOJIb30BaHU
METOABl JUIi  W3YYEHHUs | METOMBI JJIs pacyeTsl ¢ 1  pacyeTHo-
CBOICTB BEILIECTB U | U3y4eHUs UCIIOJIb30BAHUE | TEOPETUUYECKU
IIPOLIECCOB C UX YYaCTHEM | BELIECTB U M X METOJOB JJIA
c UCIIOJIb30BAHUEM | COCIMHEHHI BBIYHCIIUTENLHO | U3YYCHUS
COBPEMEHHOM 1 TEXHUKHU CBOICTB
BBIYHCIIUTENILHON TEXHUKHU BEIL[ECTB u
IIPOLIECCOB €
WX y4acCTHEM
3 | OIIK-6 | CriocoOeH MpeAcCTaBIsITh CIIOCOOBI IIPEOCTaBIIATE HaBBIKaAMH
pe3yNbTaThl CBOEH pabOTHl | MPEACTABICHUS | PE3yJIbTaThI MIpPEICTABICHUS
B YCTHOM U MMMCbMEHHOMN pe3yabTaToOB paboThI B BUJIe | pe3ysbTaToOB
dbopMe B COOTBETCTBHH C cBOCH paboThI B | OTYETA MO CBOCH paboTHI B
HOpPMaMH U MIpaBUJIaMH, YCTHOU U | CTaHIApPTHOU YCTHOU U
IPUHATBIMU B IIACbMEHHOU dopme MIACbMEHHOU
po¢eCCHOHATTBHOM dbopme dbopme
coobuiecTBe
4. ObIIAA TPYAOEMKOCTD JUCHUIIJIMHBI
4.1. O0beM TUCUMILIMHBI B 3a4eTHBIX efuHUNAaxX (Bcero): 15 3E
4.2. mo BuaaM y4e0Hoil padoThl (B yacax): 540
Buna yueonoii KouanyectBo yacos 720 (popma o0yueHusi__ouHasi )
padoThI Bcero no niiany B T.4. 10 CEMeCTPam
1 2
1 2 3 4
KonTakTHas pabora
00ydJaromuxcs ¢ 330 234 96
Mpeno/iaBaTesieM
Aymopiic 330 234 96
Jleknun 86 54 32
IIpakTrueckue u
CEMHHAPCKHUE 72 72 -
3aHATHUS
JlaGopaTopHbie
padote! y 172 108 64
(;1aGopaTopHBIA
MPaKTUKYM)
CamocrosiTenpHas 138 90 48
pabota
Texymui KOHTPOJIb
(KOJIMYECTBO M BUJI;
Tectuposanue, Tectuposanue, Tectuposanue,
KOHTpOJIbHast padoTa,
KOHTpOJIbHAs paboTa | KOHTPOJbHAs paboTa | KOHTpoJbHas paboTa
KOJUIOKBUYM,
pedepar)
KypcoBas pabora Kypcogas pabora - Kypcogas pabora
Buer . 3K3aMeH /72 3K3aMeH /36 3K3aMeH /36
IIPOMEKYTOUHON
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aTTecTaluu
(’x3ameH, 3a4eT)

Bcero yacoB no
UCIUAIIINHE

540

360
10 3E

180
53E

4.3. Conep:xkanue nucuumnanHbl. Pacnpenesnenne 4acoB mo teMaM M BHAAM Y4eOHOM

padoThI:

®dopma 00yueHHUs OUHAS

Ha3zBanue pa3aesioB u
TEM

Bcero

Buabl yueOHbIX 3aHATHI

AyIuTOpHBIE 3aHATHSA

B T.Y.

JICKIIMHA

IIpakTnyecku
e 3aHATHs, | PHbIe
CeMHHapbI | padoThI

Jaboparto

BaHATHUS B
[MHTEPaAKTUB
HO¥ hopme

CamocrosiTeab
Has padoTa

3

4 5

6

Pazgen 1.

OO01ast XuMus

1. llenu n 3a1aun XUMUHU.
OCHOBHBIC  TOHATHS U
3aKOHbI XUMHH.

28

2

4 6

10

2. Baxmneiimne
HEOPraHUYECKUX
COEIMHEHUH.

KJIacCChl

34

10

3. Ctpoenue aToma

Ilepuonuueckuii 3akoH Hu
MEPUOJIUYECKAsl  CHCTeMa
J.N. MenneneeBa B cBeTe
TEOPUH CTPOCHHS aToOMa.
Xumuueckass  CBSI3b U
CTPOCHHE MOJICKYIL

36

10

4.0OcHOBBI XUMHUYCCKOU
TEPMOJANHAMHUKH.
XuMudeckass KHHETHKA H
paBHOBECHE.

56

12 16

12

10

5. Teopuss pacTBOpoB U
pacTBopuTeneit.
KonnuratusHeie cBoicTBa
pacTBOpOB. PactBOpBI
3JIEKTPOJIUTOB.
Bonopoanslii  mokazaTeinb.
T'mnponus COJEMN.
BydepHbie pacTBOpEL

69

10

16 18

10

15

6. OKHCIUTEABLHO-
BOCCTAaHOBHUTEJIbLHEIC
nporeccel. CTaHAApTHBINA U
peanbHBI  AIEKTPOIHBIN
IMOTEHIIHAIL. O6mme
CBOMCTBA METAJIJIOB.

69

16 18

10

15

7.Teopus  KOMILUIEKCHBIX
COEIMHEHU.

34

4

8 6

10

Pazmen 2

. Heopranmueckas xumus

1. Bogopoa.

14

4

2. DNeMEeHTHI VIIA
rpynmsl: GTop, XyIop, Opom,
Hoz.

18

4

3. Onementsl VIA rpymimsr:
KUCIIOPOA, cepa, CeJeH,
TEJLTYP.

18

4. DnemenTs! VA rpynmsl:

16
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azoT, (ochop, MBIIIBIK,
CypbMa, BUCMYT.
5. DOnementsl IV Tpymmsr:
yriepos, KpEMHUH, 16 2 6 6 2
TrepMaHUi, 0JIOBO, CBUHEII.
6. bop. 16 2 6 6 2
7. Onementsl IIIA rpynmsl:
AJTIOMUHUH, TaJUIAi, 16 2 6 6 2
MHIUH, TaJIui.
8. Onementsl 1A rpynnsr: 14 ) 6 4 )
MCJIOYHBIC METAJLIBL.
9. Onements! IIA rpynmsi:
6ep14m11:m, MarHu, 14 ) 6 4 )
KaJIbIHA, CTPOHIINH,
Oapuii.
10. Dnementst Ib Tpymmbr: 14 ) 6 4 )
MeJlb, cepedpo, 30J10TO.
11. BHCMGHTI:I IIb rpymmsr: 14 ) 6 4 )
[WHK, KaIMUH, PTYTb.
12. OneMeHTHI IVB
Tpynmbl: TUTAaH, HHpKOHHﬁ, 10 2 2 2 4
radHui.
13. 9Hf3MeHTI>I YB TPYIIIIBL: 10 5 5 5 4
BaH/IW, HUOOWI, TaHTaJ.
14. DeMEeHTbI VIb
TpYINBL XPOM, MOJMOJEH, 16 2 6 4 4
BOJIb(pam.
15. DneMEeHTbI VIIb
TPYILIBL: Maprasen, 16 2 6 4 4
TEeXHELHH, peHHH.
16.  Dnementst  VIIIb
TPYIIIBL: JKee30, KOOANbT, 12 ) 6 ) 2
HUKEJb, IUTATHHOBBIE
METaJLITBI.
17.  Omnementrsr  VIIIA
TPYIIIIBL: 0JIaropoTHBIC 10 2 4 2 2
rasbl.
18. DieMeHTHI MOATPYIIIEI
ckaHmus  (dJIeMeHTHl 3 8 2 2 2 2
rpynnel). JJanTaHUABL
19. AKTHMHAH U aKTHHUIBL. 8 2 2 2 2
2(0.buoreHHbIe 2JIEMEHTHI. 8 2 2 2 2
BCEI'O 468 86 72 172 136 138
IToaroToBka K 3K3aMeHy 72 - - - - -
UTOTI'O 540 68 72 172 136 138
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5. COJAEP)KAHUE JUCHUILJINHBI (MOLYJIS)

Paznen 1. Oo1mas xuvmst

Tema 1. Lesm v 3a1aum xumMun. OCHOBHBIE OHSITHS U 3AKOHBI XUMMH.
Xumust kak Hayka. [ IpermvieT, 3a1aum v METOITbI XM,
AtomHast 1 MorteKyssipHast Maccbl. Marb. MarstpHast Macca. [ IpocToe 1 CloyHOE BELLIECTBO.
XyMAYecKasT peaKiyist. XUMUAYECKUA AKBUBATIEHT. (COOTHOIIEHHE MEXTy aTOMHOM MAcCOM, SKBUBAICHTOM U
BJICHTHOCTBIO. DKBUBAICHT CJIOXKHBIX BEINIECTB (KWCTIOT, OCHOBAHWM, COJIEH, OKCHIIOB, OKHCIATENICH U
BOCCTAHOBHTEJICH).
Mertonp! orpeiernieHrst aTOMHBIX, SKBUBATIEHTHBIX 1 MOJIEKYJISIPHBIX Macc.
CTexOMETpUYECKHE 3AKOHBL, YCJIOBUSI MX TPUMEHMMOCTH. CTEXHIOMETPUYECKUE M HECTEXHOMETPUUECKUE
COCIIMHEHNSL

Tema 2. Kitacchl HeOPraHU4eCKuX CoeMHEHNIA.

BaxHeiilime KIacchl HEOPraHMYeCKWX —coeuHeHM. OKCHIBI (KWCTOTHBIC, OCHOBHBIC, aM(oTepHbIe,
OC3paTMYHBIE), CTPOCHHE, (PU3HHUECKHE, XMMAYECKHE CBOHCTBA, CTIOCOOBI HIX TTOTyUCHYIS.

OcHoBaHWsL, CTpOSHHE, (DMBHIHUECKIE, XMMAYSCKHE CBOVICTBA, CTIOCOOBI FIX TOMTYUCHYIS.

Kucrorsr, crpoenvie, prsrbeckyie, XMMAYECKHIE CBOKCTBA, CIIOCOOBT FIX TIQITyUCHHSL.

Corm, cTpoenve, (hr3HHecKrie, XMMIYECKUE CBOVCTBA, CIIOCOOBI FIX TOTyYEHHSL.

Tema 3. Crpoenne aroma. [lepromreckuii 3aKkoH 1 nepuomrdeckasi cucrema /L. MennenieeBa B
cBeTe TeOpUM CTPOeHHSI aToMA. XUMUYecKasi CBSI3b M CTPOeHHEe MOJIEKY.T

Crpoenue aroma. OCHOBBI KBAHTOBOW MeXaHHKU. KBAHTOBBIE YMCIIa U CTPOCHHE WIEKTPOHHBIX 00O0JIOUEK
aroma. [ IpyHIMITBI 3aroNmHeH s aTOMHBIX OPOUTAICH.

HUcropust cosmanmst miepuopdeckoro 3akoHa. CIpyKTypa TEpUOIMUecKod cucTeMbl. BeprvikanmbHas,
TOPY3OHTATHHAT M TMArOHATBHAS TIEPUOIMUYHOCTS. BropruHas nepromiHocTs. [ lapamerpbl atoMa v neproIMiHOCTb
HX I3BMEHEHus B cucteMe wiemeHToB M. Mennerneesa.

T oHstTvie XuMITIecKast CBSI3b M MEXaHH3MBI ©¢ O0pa3OBaHsI.

MerToz1p! ONHCAHHS XMMUYECKOM CBSBU: METOJT BATICHTHBIX CBSI3eH M MOJIEKYIISIPHBIX OPOUTAICH.
(OCHOBHBIE XapaKTEPUCTUKN XUMIUYECKOM CBSBU.

Pa3sHOBHITHOCTY XMMITUECKOM CBSI3U: KOBAICHTHASI, TOHHAST, MCTAITUECKASL.
MeXMONEKYIISIPHOE B3aMOJICHCTBYE.

Tema 4. OcHOBBI XMMHYECKOH TePMOIMHAMMKH. XUMIYecKas KHHETHKA U PABHOBECHE.

(OCHOBHBIE MOHATYS XUIMAYECKON TepMOIMHAMUKHL. [ IepBbIii 1 BTOPO 3aK0H TepMOMHAMUKK. 3akoH [ ecca
U ero crencTsrst. CBoOoHast SHeprvst [ O0ca Kak KPUTEpHi CAMOTPOM3BOITBHOTO IMPOTEKAHKST XUMIUIECKUX PCAKITHI.

T onsrvie CKOpOCTY XMMHUYECKOM PEAKIIH.

@akTopbl, BIVSTOLIME HA CKOPOCTb PEAKLM: MPUPOJA PEArVPYIOLMX BEILIECTB, KOHLIHTPALMS PEArEHTOB,
TEeMIIEpaTypa U JaRjIeHYe.

T lonsTIvie XMMIYECKOro paBHOBECHS Y TIPUHLIAI €70 CMELLICHHS.

Karanms. [ oMOreHHbIH ¥ TeTepOreHHbI KaTamis.

Tema 5. Teopusi pactBopoB u pacrBopuTesieil. KoumraruBable cBoiicTBa pactBopoB. PacTBopbI

NIEKTPO/MTOB. Bonopomnbiii mokazaresns. [ wipoyms costeid. BygepHbie pactBopbI
OO11e MOHSTHS O PacTBOpax 1 PACTBOPUTEISIX.
CriocoObI BbIPOKEHIIS KOHIICHTPAITH PACTBOPOB.
TepmomHamMyKa 00pazoBaHKS PACTBOPOB.

KommrarviBable CBOWCTBA pacTBOPOB: OCMOC M OCMOTHMECKOE JIARTICHHE, TeMIleparypa KWTCHUST W
3amepsanvist. [ Iepsbiit 1 BTopoi 3axkoH Payis.

Teopwst aneKkTpormTUeckoi auccormamy Appennyca. CiibHbIe U craOble eKTpormThL. KoHeraHTa 1
CTereHb Jpccolpaii. 3akoH pastariiennst OctBambaa. Teopust CHIIBHBIX 3MIEKTPOSITOB, TIOHSTHE AKTHBHOCTD.
I IponsBenieHre pacTBOPHIMOCTH.

Iereporenroe paBHOBecHe B pactBopax. [IporsBeieHre pacTBOPHMOCTH. Y CIIOBUST OOPa3OBAHKST OCAITKOB.
Bonopommbiii iokazaress. [ ipoms corteit. bytepHbie pacTBOpBL
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Tema 6. OKuCIMTE TLHO-BOCCTAHOBUTE/IHLHBIE NpoLiecchL. CTAHIAPTHDI M PeAIbHbIA VIeKTPOIHBIH
noreHima. O01pe CBOICTBAa METALIOB.
OxucTTeN-HO-BOCCTaHOBUTETBHBIE  Tporiecchl.  Crenenb  oxkucnenns.  CriocoObl  ypaBHHUBAHUS
OKHCIIATEITBHO-BOCCTAHOBHTENFHBIX Peaktivii. Kitaccrukarivist OKMCTMTeTHO-BOCCTAHOBUTEIIBHBIX PEAKIIFI.
Cranzmapmielii ¥ peabHbI IEKTpOIHbIA ToTeHIMa. YpasHeHne Hepuera-llerepca v HarnparieHve
OKHICJMTETHHO-BOCCTAHOBUTEIIBHOIO — Tpotiecca.  CpaBHUTENbHAS CIa  OKHMCIMTESIE W BOCCTAHOBUTEJICH.
OKMCIMTENTBHO-BOCCTAHOBUTEIIBHBIE IPOLIECCHI 1 YKU3HEISATEIBHOCTD.
DNEKTPOXUMUYECKHIA PsifT HAMPSKEHUST METAUIOB.
ONeKTpOI3.
Oco0eHHOCTY METATTTIYECKO CBS3HL.
OOr11e CBOVCTBA METATIOB: KOBKOCTb, TEIUIOMPOBOIHOCTB M AIEKTPOIPOBOIHOCTD.
Kopposust Metara, BuzibI KOPpO3HH, CIIOCO0bI 3aIATHI OT KOPPO3UKL.
Tema 7. Teopust KOMILIEKCHBIX COSMHEHMIA
OcHoBHblIe MOHSTTYS Teoprn BepHepa.
Jluranyp v vix KimaccuuKars.
BaytpriopOrTaibHbIe 1 BHEITTHEOPOUTATHHBIE KOMITICKCHL.
Kraccrdurarwist i HOMEHKIIATypa KOMITIEKCHBIX COSHEHHIA.
I onstivie KOHCTaHTa HECTOUKOCTH.
Paznen 2. Heopranuieckasi Xumusi
Tema 1. Bonopon,
OcoOEHHOCTY AIEKTPOHHOTO CTPOSHKST aToMa M HOHOB Boziopozia. [ IposieisieMast BanieHTHOCT. V30TONHBI cocTaB
BOZIOPOZIA.
DBIYecKre U XMMUYECKHE CBOKCTBA CBOOOTHOTO Boziopozia. CriocoObI €ro Moy eHHsL.
CoemmHeHust BOZOpOJA C HEMETAUIAMU M MeTaviaMi. BomoporHas cBsiBb, € mpupora, MpouHOCTh. BrvsHie
BOJIOPOHBIX CBS3Ei HA CBOMCTBA M CTPOSHHE BOJIOPOIICONIEPAKAIIIAX COSTUHEHH.
Bora kak BaxHelIIee coearHeHre Bonioporia. CTpoeHre MOTEKYTbI BO/IbL XUMUUECKUE CBOKMCTBA BOIL
Ilepoxcrt Booporia, €ro CTpoeHHE, CBOKCTRA, CTIOCOOBI TIONTYUEHHS, IPUMEHEHHE.
Tema 2. Snemenrs! VIIA rpymmst: drrop, xi1op, OpoM, ifoz.
OO111as1 XapaKTepUCTUKA ATIEMEHTOB: AIEKTPOHHAS KOH(HUT ypallyis, pasMep aTOMOB, SHEPIVIS HFOHM3ALIMH U CPOZICTBO K
EKTPOHY, MEKTPOOTPHLIATEIBHOCTH aTOMOB. | IprporHbIe MUHEpaTTBL
®rop. CriocoOb! TIomydeHnst 1 cBokicTBa iropa. Crolictea 1 monyderre (hropoonoporna. CoenpiHenust dyropa ¢
MeTaulaMl M HeMerawiamvi. Kucnopomsple coemvHeHnst (ropa, ux crpoenue. [lpumvenenne ¢mopa u ero
COCITHEHIIA.
Xitop. drBryecKie N XMMAYECKUE CBOKCTBA XJI0pa. XJI0pOBOJIOPO], CBOMCTRA, ToimydeHue. CorsHas KUCJIOTa U &
CBOWCTBA, TIPMMEHEHHE, CrIoco0b! TionmydeHnst. KucnopomHsie coemuenrst xopa. Okenripl xiiopa. Bzarvoneiictere
XJ10pa ¢ BoZoH ¥ 1mieriodamu. CBOKCTBA, CIIOCOOBI TIOMTyHEHHST M IPUMEHEHHE KFCIOPOTHBIX KHCIIOT XJI0pa M X COIICH.
I prmenenvie XJ10pa v €ro MPOM3BOIHBIX.
Bpom. CeoiictBa u mionydenrie Opoma. CoemvHeHvsT OpoMa ¢ MeTaviaMi M HeMeTawiaMi. bpoMoBomopon 1
OpomoBonioporHast kucrora. Okcrrpl OpomMa. bpomrast Boma. Kucopomoconepikartivie KUCIOThI OpoMa M UX. CONH.
Iprmenenrie Gpoma 1 €ro COSMHEHHIA.
Hon. Ceoiictsa 1 normyuenre vozia. CoeMHEH s MoMa ¢ METUIaMU 1 HeMeTarmami. CBOKCTBA, CTPOCHHE U CTIOCOOBI
nonmydeHust nofooziopora. Oxenpl noma. Kucioponoconepkaipe KAcioTs! vorma M ux com. [ pakmueckoe
TpHMEHEHNE HOTa.
Tema 3. diremenTtnl VIA rpynmbL: KHCIOPOT, cepa, ceJieH, Te/LTyP.
Kucnopon. Pactipoctpanennocts kuciiopoza. M3otonHsiii cocta kucsopona. OrznyecKre U XMMAYECKHUE CBOMCTBA
CBOOOIHOTO KricTiopozia. CriocoObI MOMTyHeHFs CBOOOTHOTO KHCTIOPOTIA.
Baxrelime coeMHEHNST KUCTIOpOTa ¢ JIpyrMMK ieMeHTamMi.  Kraccnukaimsi OKCHZIOB TI0 XMMHYECKUM 1
¢srkeckim  cBokictBaM. [lepokcrpl u Hammepokerabl. O30H. Ero crpoeHue, CBOICTBA, METOIBI TOMYHCHIS,
nipuveHenre. O30HUIBL, MX TOMy4EHHE, CTPOSHHE, CBOKCTBA U ITEPCTICKTUBBI IMPUMEHEHHISL
Cepa. Dusrueckuie CBOFCTBA CBOOOIHOM cepbl. EE armioTporHblie MomppuKa pn.
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Torny4enue, crpoerre 1 cBoiicTBa cepoBoziopora. CymbhupL, THIPOCYTH(HITBL TOMCYITHMUIBL
CepHHCTBIIA Ta3, CTPOCHHE €r0 MOJIEKYJTBI, CTIOCOOBI TIOMyHEHHs, XUMUYeckre 1 (prsrdeckue cBovicTBa. CepHICTast
KUCTIOTa, e€ CTPOSHHE, CIIOCOObI TOIYUEHHST, OKUCTUTEIIHHO-BOCCTAHOBUTE THHBIE CBOVICTBA.
CepHpiii aHrvpw, ero crpoerrie. CepHast KUCTIOTa, e€ CTpoeHHe, (DMBUUeCKIE M XUMUYECKHE CBOMCTBA. OCHOBHBIC
TPUHLAIBI METOZIOB MPOM3BOZICTBA CepHOM KHUaIoThL. [ Inpoceprast kuciiora. Comi cepHOM KUCOThL TrocepHast
KHCIoTa. Trocynb(har HaTpusi, CrocoObI TOMyHUeHHs], CTPOCHHE, CBOMCTBA. | IepOKCOKMCTIOTHI Cephl M X COJIHA.
Crpoenuie, omydeHue, CBOYCTBA.
Ceren. Terwyp. BaxxHeime KUCIopoIHbIe ¥ BOIOPOIHBIE COSIMHEHMS CEJIeHa U TeUTypa.

Tema 4. JnemenTs1 VA rpymibI: a30T, (hoc(hop, MbIIILSIK, CYypbMa, BUCMYT.
OOr111ast XapakTeprcTiKa wieMeHTOB. CTereH! OKUCTICHHSL.
Azot. Dr3HYecKrie U XMMUYECKYE CBOKCTBA CBOOOTHOIO a30Ta. Crioco0bI MOMy|eH st CBOOOTHOTO a30Ta.
AMMU2K, €10 CTpOCHHE, CITOCOOBI TIOy4eH s U cBokcTBa. CBOMCTBA 1 TIPUMEHEHHE KHIKOTO aMMuaKa. BomHbIA
pactBop avmmaka. Cor aMMOoHYL, MX NormydeHue. HUumprripl, amuzibl, avvuakarsL. J{pyrvie BOIopoIHbIe COSMHEHNS]
a30Ta - TWIPA3VH, TWIPOKCIWIAMIH, a30TUCTOBOIOPOIHAs KUCToTa U e€ co. [lomydenvie, crpoeHue, cBoiicTBa 1
TPUMEHEHNE 3TVIX COCIMHEHHM.
Oy azota (). CriocoOw1 mommydenwst, xumideckue cBorctsa. Okcrt azota (IV), ronmydeHye, CTpoeHHe, CBOCTBA.
Jveprzarmst okera azota (IV). Oxenn azora (I), crpoerwie, criocoOb! momyuerwst, cokictea. Oxernt azota (11D,
CIpOCHHe, TIONyYeHHE, CBOMCTBA. A3OTHCTas KUCJIOTA, CIocoObl MOMydeHwsi, crpoeHue. OKUCTUTENBHOE U
BoccTaHoBHTeNbHOE  fickictBre. Com azotrctoid kucioTel. Okern azota (V), CBOWCTBA, CTPOCHHE, CIIOCOOBI
TIOJTYCHIESL.
AzotHas kucrora. OrBryecKre 1 XMMIYeCKHE CBorCTBA. Paznonkerrie HUTparoB. COBpEMEHHBIE METO/IbI TOTYYEHHS
A30THON KUCTIOTBL. A3OTHBIE YIOOpEHUSL.
®Doctop. ArmmorporHbie Mompdukarn dochopa. Coemmuenrst pocdopa ¢ BOIOPOIOM, UX TIOMy4YeHHE, CBOMCTBA.
Pazmmmie B cTpoeHMM 1 CBOVCTBAX ammuaka M (hocdmHa, coreid amvorrst U (hochormst. Dochurp, namydeHue u
CBOICTBA, PUMEHEHHE.

Okenn docopa (V), crpoerre ero mornekyrbL. Opro-, Hpo- 1 MeTahocopHble KUCTOoThL, uX comi. CTpoeHue
dochopapix kucior u - ocaro. Docoprpie ynooperns. Oxcun doodopa (1), ero crpoeHyre, CBOIHCTBA,
nionydenrie. CBoiicTBa U momydeHre (hochoprcToil KUCTOThL, o€ CTPYKTypa, OCHOBHOCTB.  DocopHoBaTUCTas
KHICJIOTa, CTI0COOBI TIOTY|EHHSI, CTPOCHHE, OCHOBHOCT.
Mbmbsik, cyppMa, BacMyT. OOIasi XapakTepucTuka 3reMeHToB. CrerieHn okucyeHus. CTIpoeHHe M CBOMCTBA
TPOCTHIX BeltiecTB. OCHOBHBIE IPUPOITHBIE COSHEHISL, IPHHIIHTIBI TIOJTYUCHHST M3 HUX TIPOCTBIX BEILICTB.
Menmubsik. ApcrH. ApceHHIBL, FX cBokCTBA U cTpoeHue. CoemHerst MpITibsika (111). MBIIIBSKOBHICTBIA aHTATPHITI,
MBIIIBIKOBUCTAS KUCTIOTA, apceHUTHL CoenpHeH st MBIIIBSKA (V). MBIIIBIKOBBIA aHTWIPHIT, MBIIIHSIKOBAS KHCTIOTa,
apceHaTbL.
Cypbsma. Coemrennst cypsMbl (II1) 11 (V). Oxerzipl cypbMbL. CypbMSHACTAS M CypbMSIHAS KHCTIOTBI, MX CTPOCHHE.
Buemyt. Oxenn v repapokern BrcmyTa (ID). Comm Bremyta (I11). Coemprenmst BucmyTa (V) - BUCMYTOBASI KHCIIOTA
e€ mpomsBoHbIe. OKUCTIMTEIHHBIC CBOKMCTBA MPOM3BOMHBIX BrcMyTa (V). TTpuMeHeHre TpocThIX BEINECTB U MX
COCIMHEHUM.

Tema 5. Jsrementn1 IV rpynmbI: yryiepon, KpeMHMid, TepMAaHUiA, 0JI0BO, CBUHEIL
OO01mast XapaKTeprCTVIKa YIEMEHTOB. XapaKTepHbIC CTEIeHN OKUCTeHHSL. Yiepon, Momidukaimy CBOOOTHOIO
YITIEpOZIa, OCOOCHHOCTY CTPOCHHST KPUCTATUTMYECKON PEIIETKY armMaza, Tpadmra, kaponHa, (yrwiepeHa. Kapoump
MeTamIoB, nx Kiaccuukaryst. [Ipiverenne kapouno MetamioB. Okernt yriiepora (IV), momydenye, crpoeHue,
(rBIYeCKre ¥ XMMUYECKHIE CBOMCTBA. YTOIBHAS KUCTIOT, €€ CTPOCHKE M CBOKCTBA. KapOoHAThI, THPOKapOOHATH,
ocHoBHbIe kapooHarsL. Oxern yriiepora (10). [omyuenne. Xumiraeckrie coticsa. [ Ipuvenenve.
Kpemnnit. Kpucramwmeckast crpykrypa kpemanst. CBOMCTBA UM TIONydeHHe CBOOOIHOTO KpeMHusl. CoenvHEHusT
KPEMHUSI C BOZIOPOTIOM, CTIpOcHHE, criocoObl momydeHwst. Crmimnpl Kapoopyrn, CoemmHeHuss KpeMHHS C
rasoreHav. Okerm kpemawst (IV), ocoOeHHOCTH CTpoeHrst ero nommMopdHbIX Mommdukaimid. OTHOIIeHHE
JIOKCHIA KpEMHHMSL K BOJIe, Kucyiotay, mieniodaM. [lepeBon B pactBoprmoe coctosiHre. KpeMHueBble KHCTIOThL
Iomydenue. CumkarsL.
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I'epmanmit. Ceoictsa repmannst. Oxerp repmanst (IV), repmanarst. Coempnenrst repmanys (I1). Onoso. Ceoiictea
Merardeckoro ooBa. Okernt ornosa (IV). OnoesiHABIE KHUCToThL, X crpoerre. Okcr onosa (1), rupar okera
oropa (). BoccranopuressHbIe cBoricTsa oioBa (II). Ceuretr, CotictBa MeTarmmdeckoro cBuHIia. Okeryt ceuriia (11).
I'vpar oxerra ceunta (I1).coma curta (I).Oxenn ceumma (IV). Cypuk. [prporHble coeMHeHrs TepMaHyst, 07I0Ba,
CBUHIIQ; TIPUHIMITHI TIOITyYEHHSI [IPOCTBIX BEIIICCTB.
Tema 6. bop.
C1poenmie, CBOVCTBA H TTOITy4eHHE Oopa.
['vpurte 6opa. Vix cocras. Jlpoopas. OcoOSHHOCTH XMMHYECKHX CBSI3CH B MOJIEKYJIE TMOOpaHa. Y CTOMYMBOCT
|PeAKIIMIOHHAST CTIOCOOHOCTH THIPUTIOB O0pa.
Oxcun 6opa. OcoderHocTH cTpoeHwst. CBokcTBa. OTHOITICHHE K BOJIE, ITIETIOUAM.
Opro-, MeTa-, IonMOOpHBIe KUCTOTHL VX cocras 1 ctpoenye. bypa.
I ormyuenme Gopa 13 IPUPOITHBIX coerHeHHH. [ IprMeHerrie 6opa 1 €ro COSMHEHHIA.
Tema 7. Snemenrs! IIIA rpynmb1: amoMyIHWMIA, FATLTHI, MHIWIH, TATUIMIA.
OO111as1 XapaKTepHCTIKA VIEMEHTOB IO PYITIIbI ATFOMUHHSL
OBIYecKre M XUMUYECKHE CBOKCTBA METATIOB Psifia ATIOMUHUN — TaUHil. OTHOIIEHHE K KUCTIOPOAY, BOJIE,
KHCIIOTaM, ILEI0YaM.
Haxoxnenve B ipupore. I IppHimns: osmydenys Merarwios. 1 lonrydeHye 1 puMeHeHre amoMUAHYSL
Tumpust. Iirpu amomunms. OcodeHHocTv cTpoerust. CBoicTBa.
Oxcupt anemenToB (I11). Xevideckie cBovCTBa, PUHIIHTBT riomyderrst. Oxcrt Tarmmwst (1).
Tunpokerpr anemertoB (1) CoctaB M ocoOeHHOCTH  CTpoeHUs..  KHICIOTHO-OCHOBHBIE CBOKMCTBA B DSy
TWIPOKCHIIOB AITFOMUHIS - TATTHSL
I'mmpokenn tarms (). Com. KomiviekcHble coemuHeHns. OKACTMTETBHO-BOCCTAHOBUTEIIBHBIE  CBOMCTBA
coemyHenni Tt (1) v armast (1I0).
Tema 8. Jnnements1 A rpynnb!: 1e/104HbIe METALTBL
OO111251 XapaKTepUCTHKA AeMEHTOB. [ lomyteHre 1efiouHbIX METATIIOB 13 TIPUPOITHBIX COSTMHEHHI.
Disryeckrie ¥ XIMIHECKUE CBOMCTBA MPOCTHIX BertiecTB. OcOOCHHOCTH B3aMMOJICHCTBISI ITIETIOYHBIX METATIOB C
BOJIOM IO PSITY ATV - LIE3HI.
3aKOHOMEPHOCTH B CTPOCHUH ¥ CBOWCTBAX OCHOBHBIX THITIOB COGIMHEHHIA: OKCHIOB, TIGPOKCHIOB, TUIPOKCHIIOB,
KapOOHATOB, TATIOTEHHIOB.
I IprveHeHne ENOYHBIX METAVIOB U MX COSIMHEHUI.
Tema 9. Jsrementn1 HA rpynmb1: Oeprumii, MArHHii, KATHLLMIA, CTPOHIMIA, Oapuii.
OOr11a51 XapaKTeprCTHKA WIEMEHTOB. | lorTydeHyie IpoCThIX BEIIECTB U3 IPUPOIHBIX COSTMHEHNIA.
DBIecKkre ¥ XUMIYECKHe CBOKCTBA MeTawioB. OcoOeHHOCTH Oeprrmvst. OTHOIIGHHE K HEMETaviaM, BOJIS,
KHCIIOTaM.
I'unpunpl, CTpyKTYypa, CBOKCTBA, MOTyYEeHHE.
Coemmnenmst ¢ kucioponoM. Oxenpl. [epokerbl. Vx crpykTypa. CpaBHUTETBHAS YCTOMYHMBOCTD, CBOVCTBA.
OrHoltieHre K BOZIE, KucrioTam, 1eriodam. [ apokennpl. [lomydenue.
Tprmenenrie OeprymvsL, MArHUs, IIEIOYHO-3EMEITHHBIX IEMEHTOB M MIX COGIMHEHHM.
Tema 10. nementsi Ib rpynmb1: Meab, cepedpo, 30J10TO.
OO0Iast XapaKTepriCTiKa 3JIeMEHTOB. Menb. Merammueckast Melb, € TQTydeHHe, CBOVCTBA, IMPUMEHEHHE.
Coemmnernst memi (I) u (I). Oxcwmpr Memy. Twmpokern memm (II). Com memu. T anmorenmpLKomimiekcHbie
coemyHeryst e (1) mmemu (D).
Cepebpo. Merammueckoe cepedpo. Oxcun u mumpokedn cepedpa (I). Tamorenmmpr. Comt. KomroiekcHpie
coemHeHsL. PacTBOpeHrie MariopacTBOPHIMBIX COMEH 32 CUET KOMITIEKCOOOPA30BAHKIS.
3ornoto. Merarmmdeckoe 3071070, €ro TiomydeHue, cBokictsa 1 npuMerenre. CoempHenwst 3omota (1) u 3omota (I).
Oxkern 1 Tupoken 3omora (1), KomriexcHbie coemrenyst 3omota. [ IpakTrdeckoe HCons30BaHMe MeH, cepedpa,
30710Ta ¥ X COCTIMHEHHH. | IprHIMITBI TiepepaOoTKe OCHOBHBIX MAHEPATIOB MEIIH, cepedpa, 3010Ta.

Tema 11. dnements1 1B rpynmbI: IMHK, Ka/IMUi, PTYTh.
OOI11251 XapaKTePUCTHKA AEMEHTOB. PacrpocTpaHEéHHOCTh AIEMEHTOB, OCHOBHBIC MUHEPATBL.
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[ymk. Merarmdeckii 1MHK, €ro MoMyyeH e, CBOKMCTBA 1 rpuMeHeHre. OKCHI ¥ TAPOKCHT IMHKA. ColM 1IMHKA.
KomrekcHble coemuenns IMHKA. [ [ppveHeHre [MHKA 1 €70 COSIMHEHHI.
Kagvmit. Merawmueckuii KamMuii, €ro ToTydeHre, CBOMCTBA M TpuMeHeHre. OKCHIl M TWIPOKCHT KaMUSL
KomMrmiekcHbIe COSTMHERNS KAIMISL
Prym. Ilomydenne merawmmeckod prymd. Amanerambl. CBOICTBA M IPUMEHEHME METADIMUECKOM PIYTH.
Coemmnermst prymi (). Okewn prym (II). Coma pryru (1), ux mumpomas. Cynedun prymi. KomroiekcHbie
coemuHenyst prymi. Coemunenust pryd (I). [prveHeHne coenyHeHuii pryTi.
Tema 12. Jnementsi IVD rpynmb1: TUTAH, IMPKOHWIA, radHmii.
OO111ast XapaKTeprICTIKA VIEMEHTOB.
Turan. Meramyeckuii TUTaH, €0 TIOMy4YeHE M3 TIPUPOHOTO ChIPbsl, CBOMCTBA, MpriMeHeHue. CIuiaBbl TUTaHA.
Cocrosiue Tvrana (IV) B BomHbIX pacTBopax. KoMITIeKCHbIE COSTMHEHMS] TUTAHA.
Oxkcyp rrana (IV), coiicTsa. CoeIMHEHYIS TUTAHA B HEBIINX CTETCHSIX OKHCTICHISL.
Caoiicrsa coneit Tutana (11I), cocrosame roHoB TvTaHa (I1I) B BOTHBIX pacTBOpaXx.
['upoxcr Terana (I0). TTporsomsbie Turana (11).
Iypronmii v radamii. CBocTBa M IIONydeHHe METTIOB. OKCHIIBL, THIPOKCH/IBL, KOMITICKCHBIE COSIMHEHUS.
Tema 13. Jnements1 VB rpynmnbi: Banmii, HHOOMIA, TAHTAL
OOr1as1 XapaKTeprICTHKA eMeHToB. Banammii. Metarumueckuil BaHaIIH, MoTydeHre 1 npuMerenue. 1 Ipuporssie
COCIIMHEHNSL
CoemyHeHnsi BaHMS B Pa3yMuUHbIX CTEMEHsX OKUCTeHWs. OKCUIpL, TWIpAThl OKCHIIOB, COMM. be3BomHbIe
ranoreypl. CoctosiHre moroB Banamys (V), (IV), (II), (I) B BomHbIX pactBopax. KoMmrmiekcHbIe coemUHEHMs
BaHATSL
HuoGwit u TanTan. CeolicTBa, METOMBI TIOMy4YeHHs 1 TprMeHeHue MetarnioB. Coctosiave Hroows (V) v Tantana (V) B
BOTHBIX pactBopax. Oxcryipl HHoowst (V) v TanTana (V).
Tema 14. Jnements1 VIB rpynmbL: Xpom, MOJ0IeH, BO/Ib(pam.
OO111251 XapaKTepUCTHKA EMEHTOB. XpoM. MuHepaibHoe ChIphé xpoMa. [lommydeHre 1 CBOKCTBa METATTTYECKOrO
Xpoma. XpOMHPOBAHKE.
Coemmnennst xpoma (II). Oxer xpoma (D). Tumpokenn, okcarar, xiopu xpoma (IT). Coemprennst xpoma (I11). Oxer,
ruapokern, coma xpoma (III). Komrmiekcapie coemnenmst xpoma (1), amvimakarst, keacibl. Okernt xpoma (V)
XPOMOBAS KHCJIOTA, TIOITy4EHHe, CBOMCTBA. COJM XPOMOBOM KACIIOTHL
Morm6rier. Borbhpam. Munepanst mormiozieHa 1 Bonbgpamva. OKCHIbI 1 raioreHH I MOTMOZIeHa M BOrbgpama.
MoaomioeHoBbIe 1 BorbhpamoBble Kuciiotsl. Coctosiarie MormozeHa (VI) u Bobghpama (VI) B BOTHBIX pacTBopax.
CoemHenyst MOTMOzIeHa 1 BON(hpama B HUBILIMX CTETICHSIX OKUCTICHISL
Tema 15. Jnements1 VIIB rpynmbi: Mapraselr, TexHemii, peHuii.
OOriast xapakrepricTvka aneMeHToB. Maprasett, [Tpuporbie coemvtenyst. [lormydeHue v cBOKCTBA METATTYECKOrO
MapraHIia.
Coemmennst Maprannia (II). Oxenn, anpokern u com Mapradia (1), vx nomygerwe u cBotictsa. CoeuHeHMS
mapraniia (III). Tumporern, corm mapranria (I1I). Coempmenvist maprarria (IV). Oxcrn mapranria (IV), ero ceoticrea n
CIPOCHHE, HAXOXKIIEHUE B IPUpOLIE. MaHraHUTHL
Coemmnennst Mapraara (VI) u (VII). Cocrosane mapranra (VI) u (VII) B BomHOM pactBope. MaprasrioBuctas 1
MapraHLOBast KUCTIOTBL. MaHTaHATHI Y TIEPMAHTaHATBL
OxucrerHO-BoccTaHOBUTENbHBIE peaktvi Mapraana (IV), (VI) u (VII).
Texuermii, pernid. OOIIAs XapakTepUCTUKA TEXHEIMST U peHHsl. METombl TONMydeHust TEeXHEIMsI M PeHus,
niprMeHenvie. CBOMCTBA TEXHELHS Y PEHISL
Tema 16. dniements1 VIIIB rpynmbI: sxkese30, KOOAIBT, HUKe/Th, INIATHHOBbIE METALIBL
OO111251 XapaKTepHUCTHIKA eMeHTOB. JKerie30. MeTarmmdeckoe Jkefieso, ero (prBudecKie W XMMIYUECKUE CBOKCTBA.
Momdmkarmn xenesa. [pupomsble coempHeryst sxeresa. Coerpnenus sxernesa (I1). Oxen v rupoken sxeresa (10).
Com >xenesa (). Comp Mopa, kapoonar, rvipokapooHar skeriesa (II). Komruiekenple coemmuenrst sxeresa (10).
Coemmnenmst xeniesa (I). Oxenn u emeransble okenmp xeniesa. Com sxenesa (I1D), ux ruaporms. [umpokenn
xere3a (IT). Kommnexchbie coemmuenyst sxernesa (1), OxvcmrensHo-BoccTaHOBUTENBHBIE peakiiu sxeriesa (1) u

(I1I). Depparsl, MX HOTy4EHHE, CROKCTBA 1 CTpoeHHe. KapOoHIbI »keriesa.
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Kobarst. [Tpupommsie coemmnenmst kodamsra. ColicTBa MeTarmmueckoro kodansta. CoemuHenns kodasTa (ID).
Oxcnn kooarsTa (IT). Cpenarie 1 ocHoBHbIe comm kooabTa (11). KomruiexcHbie xiopupt 1 ammviakatsl kooasTa (11).
I'unpoxenn kodansta (1I). Coemymenwst kodarbta (1), Ok kobarsTa (1), CrpoeHre KOMITIEKCHBIX COSIMHEHHN
koOarsTa. KapOoHet kobaribTa. [ IprveHeH e MeTaTTyeckoro KoOabTa M €10 COSIMHEHHIN.
Huxene. Tlpupomssle cocmvmeHuss Huked [lonmydenue, CBOWMCTBA M IPUMEHEHHE METAUIMYECKOIO HUKEI
(ankermposanve, crviasbl). Coemyuennst Hukesst (II). Oxcun, rumpokern u coma mukentst (I1). KomriekcHpie
CoeTMHEHMS! HUKETsL. KapOOHMITb! HUKEITSL.
IInarvHOBBIe MeTaAUILL DOHBHYeCKHE M XMMIYSCKHE CBOMCTBA IUIATMHOBBIX METaIoB. OTHOIICHHE K KHCIIOTaM,
1IeTI04YaM, KUCTIOpOTY, BOZIOPOALY, BOJIE, Liapckoit Borke. I Iprivenenuie roiarviabl. CoeMHEHNs 7IEMEHTOB ceMericTBa
riatmHOBBIX. Okcryipl pyrenust (IV, VI). Pyrenarst. Oxeript ocmust (VI VIID). Ocmarst. OKCHIBI ¥ THIPOKCHIIBT
pomust 1 upust (111). Oxer v Tumpoxen arwiamyst (11). Comi marmamwast (I1). Oxcrpt v rvnpokcupt Twiatisb (11
IV). KoMruiekcHbIe CoeTMHEHHS TUIATHHBL
Tema 17. Jnementsi VIIIA rpynnbi: GiiaropoaHbie rabl
ONeKTpOHHAs KOH(UTypaIist, BEIMUHHBI PaIyCOB Y SHEPIVN HOHH3ALN aTOMOB QIaropo/IHbIX Ia3oB.
Tonydenue, cTpoeHue, CBOMCTBA GaropoIHbIX Ta30B: Temrieparypa (pasoBbIX MEPEXOIOB, PaCTBOPUMOCTD B BOIE,
KJIaTpaThl, B3aMMOJICHCTBHE CO (DTOPOM.
Cunres coemmHennii  OnmaropormHbIx TasoB. Crpoenue, cBoiictBa (ropunoB KeeHoHa XeFo, XeFs, XeFs
(B3auMOIEHCTBIE C BOJIOH, IMCTIPONIOPLIMOHAPOBAHNE, OKUCITUTEITHHO-BOCCTAHOBUTENBHBIE CBOKCTBA). KucnoporHsie
COG/TMHEHISL.
Iprmenenyie Gl1aropoHbIX Ta30B.
Tema 18. JriemeHTHI O PYIIIBLI CKAHIMSE (VIeMeHTbI 3 rpyrmbl). JIaHraHub L
CpaBHeHrie aTOMOB WIEMEHTOB TIOMIPYIIBI CKAHMS 1 TATUSL MEKTPOHHAS KOH(DUTypalst, PaIyChl, SHEPIUN
VIOHV3ALIMH, XapaKTepHbIE CTETEHH OKHCIIEHHSI 1 KOOPIMHALIMOHHBIE YrCyIa aTOMOB. J[aHTaHMTHOE CKaTvie.
XUMHYECKHE CBOMCTBA YIEMEHTOB IO PYITIII CKAHIVS Y JIAHTAHUZIOB. XAPAKTEPHBIE CTETICHN OKUCTICHHSL.
3aKOHOMEPHOCTY B CTPOCHUH 1 CBOMCTBAX OKCHIIOB, THIIPOKCUIIOB. KOMITIEKCHBIE COSTIMHEHUSL.
Tema 19. AKTVHWIA 1 AKTHHWTBL
3aKOHOMEPHOCTM B VMBMCHEHHMHM ICKTPOHHONH KOH(MTYpaIlK, BEJIMYMH PalyCOB, SHEPIVIM HOHMBAIH,
XaPAKTEPHBIX CTETICHEH OKHICTICHHST, KOOPIMHAIIMOHHBIX YFICEIT JIAHTAHHIOB U aKTHHHTIOB.
[omrpyrms! Topust 11 6eprrmst. [ lormydenme, drBrdeckrie 1 XUMIUECKHE (B3aMMOJICHCTBIE C KHCJIOTAMH, TTICTIOHYAMH,
HEMETATTAMU) CBOKCTBA IMPOCTHIX BEILIECTB.
CornocTraBlieHre COSIMHEHNI aKTUHUZIOB CO CTETIEHBIO OKHCIIEHUS +6 C OIHOTWITHBIMU COCIMHEHUSIMU XPOMA,
MOIHOTIEHA, BOMb(pama.
Tomyuenne coemrenmii U(VI) 1 comocTapieHre X CBOKCTB € OMHOTUITHBIMI COSMHEHHSIMA YIEMEHTOB 6 TPYTITIBL.
Hcronp3oBaHyie aKTHHATIOB B sTIEpHOIA SHepreTvke. CHHTES TPaHCYPaHOBBIX JIEMEHTOB.
Tema 20. bruoreHHbIe J1eMeHTbL
[Nonsvie  OWOTEHHOCTMT  XMMHYECKHMX — WIeMEHTOB.  briocepa, KpyroBopor — OMOTEHHBIX — JIEMEHTOB.
KoHrieHTprpoBaHye OMOreHHbIX JIEMEHTOB YKUBbIMH CHICTEMAMH.
Kraccngukarpist GHOreHHbIX MEMEHTOB TIO MX (DyHKIMOHATBHON POJIA: OPraHOIeHbI, MIEMEHTBI IEKTPOIMTHOTO
¢oHa, MUKpoaTIeMeHThL. [IprMecHbIe 2NIeMEeHTBI (AKKYMYJTPYOIIFeCS T HeakKyMmymmpyromecsi). OCHOBHBIC
WCTOUHMKA TIOCTYIUICHUSI TIPMMECHBIX YIEMEHTOB B OpraHM3M YeJIOBEKA. XHMHYSCKHIC ACTIeKTBI OXPAHBI
OKPYKAFOITIEH CPETTBL.
Komriekcpl  kamioHOB s-MeTarmioB.  Xuoporoot.  bronorvdeckast poitb  HATpuisl, KaTsl, KBS, MArHSL
XHAMHYECKOE CXOJICTBO ¥ OMOTIOrMUECKII aHTArOHM3M (HATPHM-KATTHH, MArHUI- KATTHLIHIA).
Hanbonee pakHble OHMOreHHBIC wieMeHTHI d-Onoka: XpoMm, Memb, MomoneH. CHcTeMbl METATT-OCNIOK
(METAIIONPOTENHBI ¥ OCTIKH, aKTUBUPYEMbIEC METUTTAMH).

6. TEMbBI IPAKTHYECKNX U CEMUHAPCKUX 3AHATUN
Paznen 1. Oo1as xuvmst
Tema 1. OcHOBHDBIE IOHSTHSI M 32KOHBI XMMMH.
Borpocs! k Teme
1. AtomHast u MoneKyIsipHast Macchl. Morb. MorsipHast macca.
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2. Tlpocroe 1 CloKHOE BEIeCTBO. XUMUUECKas PEaKIvsL. XUMUUECKUNA SKBUBATIEHT. (COOTHOILICHHE MEKITY
ATOMHOM MAaCCOH, SKBUBATICHTOM 1 BAJICHTHOCTEFO.
3. DKBUBICHT CJIOXKHBIX BEITIECTB (KHMCTIOT, OCHOBAHMM, COJICH, OKCHIOB, OKHICTUTESIC M BOCCTAHOBHTEIEH).
Merorp! Onpe/IeNeHrst aTOMHBIX, SKBUBATICHTHBIX M MOTIEKYJIIPHBIX MAcC.
4.  CrexviOMETPHUECKUE 3aKOHBI, YCIIOBHS MX MPUMEHMMOCTH. CTEXHOMETPUUECKHE I HECTEXUOMETPHUYECKIE
COE/TMHEHMSL.
Tema 2. Kizacchbl HeOPraHM4IeCKHX COCMHEHMIA
Borpocs! k Teme:
1. Baxneliime KIacChl HEOPraHMHMECKUX CoemvHeHnA. OKCHIb! (KWICIOTHBIE, OCHOBHBIC, aM()OTEPHBIE,
OC3paTMYHBIC), CTPOCHHE, (PU3HHUECKHE, XMMAYECKHE CBOHCTBA, CTIOCOOBI IX TTOTyUCHYIS.
2. OcHoBaHus1, CTpoeHHE, (DHBHIHUECKIIE, XMMAYECKHE CBOKCTBA, CTIOCOOBI FIX TOMTYUCHYIS.
Kucrorsr, crpoenrie, (prsrHecKrie, XMMAYECKHIE CBOHCTBA, CIIOCOOBT FIX TIOITyUEHHSL.
4.  Com, crpoenue, (PrBudecKyie, XFMMITIECKHIE CBOVCTBA, CTIOCOOBI X TTOTyUEHHS.
Tema 3. Ctpoenne aroma. [lepuomueckuii 3axoH 1 nepuomyeckas cucrema /LU, Menneneesa B
cBeTe TeOPHH CTPOCHHSI AaTOMA
Borpoce! k Teme:
o KopryckyrisipHo-BOiTHOBOH Ty MUKpooObekToB. Dopmyra Jle Bpoitst. CootHornenye [ efizenOepra.
o DiBIMeCcKHiA CMBICTT BOTHOBOM (DYHKIIMH. XapaKTePHCTUKA BOTHOBOM (DYHKITHH C TIOMOITIHEO KBAHTOBBIX YHCEIL.
e [T1aBHOE KBAHTOBOE YHCIIO 7. JHEPIETUUECKU YPOBEHb, UHCIIO SHEPrETHHUECKUX YPOBHEH y aroMa JIAHHOTO
XUMHYECKOIO YIEMEHTA.
e  OpOuTaTbHOE KBAaHTOBOE YHMCIIO /. DHEPreTMuecKHil TOMypOBEHb. UMCIIO SHEPreTHHYecKrX TOMypOBHEH Ha
JIAHHOM YPOBHE.
e  MarnutHble KBAHTOBbIE YHCIIA 77 Y 1 SHAYEHVSL, TIPUHAMACMbIE STUMU KBAHTOBBIMM YHCTIaMU. ATOMHas
opourarb. Dopma aToMHBIX opOuTarieit. Ynciio atoMHBIX OpOHTasieli Ha JAHHOM TOTyPOBHE.
o [lpympmer [laym. MakcumansHOe YMCIO 2MIEKTPOHOB HA  OpOWTAM, TIOMypOBHE, YpoBHE. [IpuHImm
HAUMEHBIIIEN SHEPIVINL.
e [lpapwio Kreuxosckoro. I'padrmeckast dopma sroro npaswia. Vckmodenre m3 npaBwia KieukoBckoro.
IpaBwro [ 'yHra.
¢ DJeKTpoHHbIE (POPMYITBI TTOTIOKUTENBHO F OTPHLIATEITBHO 3apSHKEHHOTO HOHA JAHHOTO S/IEMEHTa.
e  [lepromueckuii 3akoH 1.1 Menneneca. Ou3HUeCcKuii CMBICI TIEPHOIMUECKOTO 3aKOHA.
e Pamyc aroma. II3MeHCHME METAUIMUECKMX W HEMETAUIMYECKMX CBOWCIB, DJHEPIVM HOHM3ALMU U
OTHOCUTEITBHBIX IEKTPOOTPULIATETIBHOCTEH aTOMOB B IIEPHOJAX M TPYIIAX (IVIABHBIX MOATPYIIIAX).
Tema 4. Xummueckasi CBSI3b U CTPOeHre MOJIEKYJT
Boripocs! k Teme:
e [lonsmie xumuydeckast cBsBb. [IpuumHa M MexaHM3MBI OOpa3OBAHMS XUMIHYECKON CBs3U. PasHOBHIHOCTH
XUMHAYECKOU CBST3U.
o KoBaieHTHas CBsBb. MexaH3M 00pa3OBAHUSI KOBAICHTHOW CBSBU. XApAKTEPUCTUKA KOBAICHTHOW CBSBU
(HarpaRIIEHHOCTh, HACHIIIIAEMOCTb, TIOMSPHOCTB, KPATHOCTD, [TTHHA CBS3H, SHEPIVSI CBS3HL.
e  Merompl ONMMCAHMST XUMIYECKUX CBS3CH: METOI BAICHTHBIX CBS3EH M METOM MOJISKYJIIPHBIX OpOWTATICH.
OCHOBHBIE OJIOYKEHNS1 IAHHBIX TeOPHIA, JJOCTOMHCTBA M HEZIOCTATKH.
e  Meron BareHTHBIX cBsBer (MBC) (rubprmpBaiist aroMHBIX OPOMTATIEH 1 PACTIONIOMKEHHE MX B TIPOCTPAHCTBE,
TeOMETPHST MOJIEKYI).
e Meron MonekysipHbIX  opouraneii (MMO). VYenosus BammoneiictBust AO u obpasoanne MO.
CBsBhIBAOILIME, HECBBBIBAOILME U pa3pbixstoye MO.
e  DHepremmueckrie uarpaMmMbl MO 1st TOMOSTIEPHBIX MOJIEKYIT 3 aroMoB 1 1 2 tieprozioB. Yem 00ycrioRieH
TrapamarHenizM Mostekyit B, u Oo?
o Kax 00BsICHSIET TeopHis MOJIEKYTIIPHBIX OpOMTAICH M3MEHEHHE ITMHBI ¥ SHEprvn cBsi3u B psity Oz, Op, O ?
e  Vonnast cBmb. XapakTeprcIvka HOHHOU CBsBU. [loueMy HOHHBIE KpUCTAUTHI 0OTIee YCTOIMYUMBEL, YeM HOHHBIC
MOJIEKYITbI?

e
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¢  BonopomHas cesb. BonopoiHpie CoeMHEeH S KaKFX WIEMEHTOB CKJIOHHBI K OOPa30BAHHEO BOJIOPOIHBIX CBS3CH?

Kak ckasbiBaeTCst Ha4me BOIOPOIHBIX CBS3EH B TAKMX COSIMHEHMSIX HA X CBOMCTBAX?

e Buipl MexxMoneKyTsIpHbIX B3aMoziecTBHN. VX SHeprvist. 3aBUCHMOCTE MEXMOTIEKYIISIPHBIX B3aUMOJICHCTBIIA

OT TIOJBSIPH3YEMOCTH M O0BEMA MOJICKYJT.

e Merawmueckas CBsBb. UeM OHAa OTIMYAETCS OT KOBAIGHTHOW cBsBU? Kakue CBoiCTBA METAUIOB OHA
oOycroRBaet?

Tema 5. OCHOBBI XUMH4€CKOI TEPMOTMHAMMKH
Boripocs! k Teme.

1. OcHOBHBIC TIOHSTUS TEPMOIMHAMUKH (TEPMOMHAMHUYCCKAS CHCTEMa, TapaMeTpbl CHUCTeMBL,  (haza,
KOMITOHEHTBI CHCTEMBL, TIPOITece). Kitacchukar st TepMOIMHAMITIECKIX CHCTEM.

2. Bayrtpennsis sHeprvis Bertectsa. DyHKIMEH KakVX MapaMeTpoB SIRSETCS BHYTPEHHSIS SHEPIVsl BEILIECTBA?
IepBoe Havano TepmommHaMuki. [IpuMeHeHre TepBOr0 Hayaia TEPMOIMHAMUKA K OHMOJOTMHECKM
CHCTEMaM.

3. Dwranbmvs kak QyHKIws coctosHvs. CTaHIapTHBIE YCIOBHS B TEPMOIMHAMIKE. VI3MeHeHNe SHTATHINN B
PATHUHBIX XMMIYECKHX 1 (DMBUKO-XMMHUYECKHX TTPOLIECCaX.

4. TeroBoit (et XrMIUeckol peakiii. OcoOSHHOCTH TEPMOXHMIUECKHX YPABHEHHI F PACUETOB IO HAM.
3axod I 'ecca 1 cliecTBYS 13 HETO.

5. Bropoii 3akoH TepMomHamMuKy. [ IoHsTve SHTpormn.

6. CrobomHast sreprust [ no0ca Kak KpUTeprid CaMOIPOM3BOITHHOTO TTPOTEKAHHST PEAKIIHHL

Tema 6. Xummyeckasi KUHETHKA U PABHOBECHE
Borpocs! k Teme.

1. T onsvie ckopoCTv XUMHHECKOU peaktik. DakTopbl, BIHSOLLIKE HA CKOPOCTb XUMAYECKON PEAKLIVH.

2 BrisiHre KOHIEHTpalmy pearvpyroL X BEILIECTB HA CKOPOCTb XMMHYECKOH peaktii. KoHeraHTa ckopocv
XUMIUECKON peakiiy, ee (rsrueckuid cMbIci [Tpocteie 1 cioxkHbie peakiii. MoneKyssIpHOCTb M TIOPSIOK
PEaKLIMHL.

3. 3aBUCMMOCTH CKOPOCTH PEAKIH OT Temrieparypsl. [ Ipasiio Baat-I odda. TemmeparypHbiit koaddrnmpieHT
CKOPOCTH PEaKLIIH.

4. DOHepIvist aKTUBAIK. Y paBHEHHE AppeHHyca.

5. XUMHYECKOE PABHOBECHE. YCIIOBUE XMMHYECKOrO paBHOBeCHS. (CMEICHME XUMHYECKOTO PABHOBECHSL
Iprxiwn Jle larermse.

6. 3aKOH JICHCTBYFOITMX Macc. KOHCTaHTa XMMIYECKOrO PaBHOBECHSL.

7. Karamsaropel. ['omoreHHelii 1 rereporeHHpld  Katam3. CeeKIMBHOCTD  JIGHCTBUS  KATAIM3ATOPA.
ABTOKaTaI3.

Tema 7. Teopust pacTBOPOB ¥ pacTBOpHTEIIEH
Borpock! 115t 00Cy>KIIeHST:
1. OOume MoHsATVsI O PacTBOPaX M PACTBOpUTEBIX. UeM OTMYaeTcs pacTBOp OT MEXaHMUYECKUX

CMeCei, OT XMUMIYeCKHX coerHeHni? KitacchrKaryst pacTBOPOB TIO arperatHoMy COCTOSIHHFO

JPaCTBOPEHHOTO BEILIECTBA M PACTBOPHTENISL.

CriocoObI BBIPOKEHIS KOHLICHTPALTH PACTBOPOB.

TepmomuHaMIKa 00pa3oBaHus! pacTBOPOB. OrperierieHHE TPOLIECCOB TVIPATAIN U CONTBATALTN.

Kaxkwie paxTopb! BIHSFOT Ha paCTBOPUMOCTb TBEPIIBIX V1 SKHIKUX BEITIECTB?

Kak BmstroT maBneHvie U Temreparypa Ha pacTBOPUMOCTb Ta3oB? 3akoHb! ['enpy, JlaisToHa u

Ceuenopa.

6. KomwmrammBHble CBOKCTBA pacTBOPOB: OCMOC 1 OCMOTUYECKOE JIaBTIEHUE, TEMIIEpATypa KUIEHHS 1
3amep3aHpist. | lepBbiid 1 BTOpoid 3aKoHbI Paysisi.
Tema8. Teopust 31eKTPOIMTHYCCKOH JMCCOLALN
Borpock! 1715t 00Cy>KIIeHHST:

1. Teopur kucnor v ocHoaHuH (Appenryca, bpercrena u Jloypy, JIstouca).

2. CwibHble ¥ CTa0ble WICKTPOIMTHL DNEKTpoNTHYecKas yccormarisl. CreneHs pccormami. KoHcranTa

JICCOLMAITIL. 3aKOH paz0armieHust OCTBALIA.

Wbk w
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3. Monnoe npowssernieHre BombL Bonopombiii nokazarers (pH) pactsopa.
4. Tuccormaryst CUTHHBIX EKTPOTTOB. AKTBHOCTS. KoaddrmenT aktiBrOCTH. MIOHHAs Ciia pacTBopa.

Wbk Ww

Sl

Nk L=

Tema 9. PH pacrsopos. I naposns coteil. By(epHbie pactBopbi
Borpock! w15t 00Cy>KIIeHHST:
1. VoHHble ypaBHEHVSI peakLMi. Y CTIOBHS IIPOTEKAHVES] PEAKLIMIA B PacTBOpaX.
2. Bsmmcrnenne pH B pacTBopax CHITBHBIX U CITA0BIX WICKTPOITATOB.
3. Tunpoms coneil. CrerieHb M KOHCTAHTA TWIPOITA3aA.
4. TereporeHHOE paBHOBECHE. OCAIOK — HACHIIEGHHBIA pacTBOp. KOHCTaHTa pactBOpUMOCTH (WM
TIPOVBBE/ICHUE PACTBOPHIMOCTH).
VcroBuist 00pazoBaHKIs! M PACTBOPESHHST OCAIIKOB.
Bybepubie cicrempl. Kiaccnukarmst OydepHbix cricteM. MexaH3M JISHCTBUS.
Tema 10. Oxuc/MTE ILHO-BOCCTAHOBUTE/IbHBIE IPo1iecchl. CTerneHb OKUCIeHHUS.
Boripocs! k Teme.
TWIbI OKHCIIUTEITHEHO-BOCCTAHOBUTENTBHBIX PEAKIIMI. THITMYHBIE OKUCTMTENA M TUITMYHBIE BOCCTAHOBHTEH.
@DaKTopbl, BIVSIOLIHE HA POTEKAHNE OKUCUTETBHO-BOCCTAHOBUTENIBHBIX PEAKLIMIL.
Mertorpl COCTaBIICHHST OKUCTATETHO-BOCCTAHOBUTEIIBHBIX  PEAKIHI (METOM TIOMYPEAKIA WA METOT
MIOHHO-3JIEKTPOHHOTO OaIaHca).
Krtaccnukar st OKMCITU T TBHO-BOCCTAHOBUTENIGHBIX PEAKLIHI.
Orperernienre 1 KITacCHUKAI S JEKTPOXMMAYECKHIX TPOIECCOB. DNEKTPOXUMHIYIECKUN SKBUBICHT.
CranzapTHbIi BOIOPOIHBIN AIEKTPOI] M ATIEKTPOXUMUUECKHN PsiT HAPSDKEHHS METATIOB.
ONEKTpO/HBIA TOTEHIMAT CTAaHIAPTHBIA M pealbHbll. MexaHm3M BOSHUKHOBEHHSI JIEKTPOIHOIO
TIOTEHLMAIA.
M3veHenrie OKUCTMTETbHO-BOCCTAHOBUTEITHHOTO TIOTEHIMATA. Y paBHeHre HepHera.
HanparneHye okrcMTeNTsHO-BOCCTAaHOBUTENTbHOM peakiiu. DJ1C peaktuid.
Tema 11.sekTposs.3axonb1 Dapajiest. Oo1me coricrBa Mera/uioB.Kopposusi Mera/uioB.
Boripocs! k Teme.
DNEKTPOXUMUYECKHA PsiTT HAMPSDKEHNST METAUIOB.
Onextporms. 3akoHb Dapanest.
OcoOEHHOCTY METATITIHUECKOH CBSI3U. METOI MOJIEKYIISIPHBIX OpOHTATIEH B ONMACAHII METATUTIUECKOM CBS3UL.
OOr11e CBOVCTBA METATIOB: KOBKOCTb, TEIUIONPOBOIHOCTB M AIEKTPOIPOBOIHOCTD.
Kopposust Metaria, BuzibI KOPpO3HH, CIIOCO0bI 3alIATHI OT KOPPO3UH.

SAIS

7. JABOPATOPHBIE PABOTHI, IPAKTUKYMBbI
Pa3zgen 1. O6mas xumus
TEMA 1. HEJIU U 3AJIAYA XUMHUHN.
OCHOBHBIE TIOHATHUSA U 3BAKOHBI XUMHMN.

YACTD A. IABOPATOPHAS ITOCYJA

Heab padoThl: 03HAKOMIICHHE C JIA0OPATOPHOU MOCYIOM.

Conep:xxanue padoThbI:

KnaccudunumpoBaTs npeanoxeHHbIi Ha0Op XUMUUECKOM MOCY IbI
3apucoBaTh U ONPEAETUTh Ha3HAYEHHE TIOCY/AbI B TaOOPAaTOPHOM MPAKTHKE
IIpuGopsl U peakTHBBI: HAOOP CTEKIITHHON U (hap(opoBoii MOCYIBI.

Kparkue TeopeTnueckue cBeeHHs
HJ’IH MPOBCACHUS PA3JIMYHBIX OIIBITOB MPUMCHACTCA CIICHUAJIbHAA XUMHUYCCKAA ITOCYyda U3

TOHKOCTEHHOTO WJIM TOJICTOCTEHHOTO J1abopaTopHOro crekia. [locya u3 TOHKOCTEHHOTO CTeKIa
JOJKHA OBITh YCTOWYHMBA MO OTHOIICHHIO K XMMHYECKOMY B3aUMOJCHCTBHIO U K KOJIEOAHUSIM
temneparypsl. [locyna, B KOTOpOil MPOBOJSATCS pEaKIMH MPU HArpeBaHUM, U3TOTOBISETCS U3
YKapOCTOMKOr0 MUPEKCHOTO CTEKJIa U KBapIIa.

[MupexcHoe ctexno comaepxkut ~80% nByokucu KpemHHs, ~5% menodyei u obnagaer

HU3KUM KO3((PUIIMEHTOM pacipeHus; MocyAa W3 HEro o0J1aJaeT BBICOKOH TEePMHUYECKOU
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ycToiuMBOCThIO. Temmneparypa pasmsirueHus crekia okosno 620° C. Jlns mpoBeaeHUs] peakluii
npu Oosiee BBICOKOI TeMmmepaType XMMHUYecKas MocyAa M3rOTOBISIETCS M3 KBaplEBOIO CTEKIIA.
KBapuesoe crekiio cogepxut ~99,95% NByoKUCH KpEMHHUSI, OTIIMYAETCS BBICOKOW TEPMHUUECKOM
CTOMKOCTBIO, HHEPTHOCTHIO 110 OTHOIICHHUIO K Py XMMHUYECKUX PEareHTOB (KpoMe IIaBUKOBON
u GocdopHoii kucnot). Temneparypa pa3MsardeHus KBapieBoro crexia okono 1650° C.

1. CrexnsiHHAs mocyaa.

Haunbonee wacto B XMMHUYECKUX JIaOOPATOPHUSAX YHOTPEOJIETCS CTEKJISHHAs IOCYy/a,

g T 5%%’
A”E\ I g
(O] Yﬁaﬂg

18 19 20 21

Puc. 1. CrexisHHas XMMHUYECKasl IOCYAa U3 TOHKOTO CTEKJIA:
1 — mpobupku, 2 — cTakaH, 3 — KOJIOBI TJIOCKOJOHHBIE, 4 — KOJIOBI KPYIJIOJOHHBIE, J — KOJIOa
Bropua, 6 — mpoGupka Bropiia, 7 — nmepexonuuk, 8 — TpoviHukH, 9 — OrOKChl, /() — yacoBoe
crekno, /1 —4amka [lerpu, /2 — BOopoHKa XUMHUYECKasl, /3 — BOPOHKA JJIsI ChIMyYHX BEIIECTB, /4
— BOPOHKHM CO CTEKJSIHHBIM (QHUIBTPYIOIIUM JaHOM, /5, /6 — KamenbHble BOPOHKH, [7 —
XOJIOIUJIBHHUK,
18 — annowxwy, 19 — xnopkanbuueBas Tpyoka, 20 — U-oOpa3Has TpyOka, 2/ — ocylInTeNIbHas
KOJIOHKA.

Toncroe cTeks10 UCMIONMB3YIOT 11 U3TOTOBJICHHUSI MACCUBHBIX U MIPOYHBIX U3ENUH (pHC.

2).

1

Puc. 2. CrexiisHHas XMMHUECKasl IOCyAa U3 TOJICTOIO CTEKIIA:
1 — sKcuKaTopsl, 2 — Kpucramum3arop, 3 — kojoa byn3ena
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Okcuxamopwi 1 TIpelHa3HAYEHBl JJs BBICYIIMBAHUS BEUIECTB MPH KOMHATHOU
TEMIEpAaType C HCIOJb30BAHUEM pA3IUYHBIX OCYIIMTEIbHBIX CPEACTB: @ — BaKyyMHBIN
OKCUKATOP; 6 — OOBIUHBIA BSKcukarop. Kpucmannuzamop 2 TPUMEHSIOT JUIS OXJIQKICHUS
pacTBOpoB M TIpH cOope Ta3oB moa Bomol. Koanba bBynsena 3 WCHIONB3yeTCs B KadecTBE
pUeMHON KOJOBI 1T (PUIBTPOBAHUS O MOHWKEHHBIM JIaBIICHUEM.

2. ®apdoposas nmocyza.

Kpome crexisiHHOW mocynbl B J1TaOOpaTOpHOW MpaKTUKe MpuMeHseTcs (apdoponas
nocyna (puc. 3)

Puc. 3. ®apdopoBas xumuueckas nocyzaa:
1 — xpyxka, 2 — crakaH, 3 — CTyIKa ¢ IECTUKOM, 4 — TUIJIM C KPbIIKaMH, 5 — BbITIApUTEIIbHAS
yaimika, 6 — BopoHka broxHepa, 7 — 1ogouku, 8§ — 10xkKa, 9 — mmnarens, /() — TpeyroibHUK

Jiis pa®oThl ¢ HEOONBITMMH KOJIUYECTBAMU BEIIECTB MPUMEHSETCS XUMUYECKas 1mocyia
MaJbIX pa3MepOB U EMKOCTEH, HarpuMep, KotObl EMKOCThIO 25, 10 Mut; ctakansl — 20, 10, 5 M u
T. 1.

3. Mepnas nocyaa.

B nmaGopatopHbix paboTax 1O HEOPTaHUYECKOW XHMHH OOBIYHO HCIOIB3YeTCs
CJIeAYIONIast MEpHas TIOCy/1a: KOJIObI, MUTIETKH, OFOPETKH, MEH3YPKH.

Mepusbie K0onObI (puc. 4) cayXaT JJisi IPUTOTOBIICHUS PACTBOPA TOYHOW KOHIICHTPAIH H
NPEICTaBISIOT COOOH TUIOCKOJOHHBIE KOJOBI C JUIMHHBIM W Y3KUM TOpPJOM, Ha KOTOPOM
HAHECEHAa TOHKas dYepra. JTa OTMETKAa I[IOKa3blBae€T TPAHUIy KUAKOCTH, KOTOpas Tpu
OTIPENICTICHHON TeMIepaType 3aHUMaeT yKa3aHHBIM Ha Kojioe o0BheM. ['opiio MepHOW KOJIObI
JIeNAloT y3KUM, MMO3TOMY CPAaBHUTEIBHO HEOONbIIOE M3MEHEHHE 00beMa JKUAKOCTH B KOJIOe
3aMETHO OTPaXKaeTCsl Ha IOJIOKEHUM MEHHCKAa. MepHbIe KOJIOBI MMEIOT MPUTEPTHIE MPOOKH.
OO6b1yHO IpEMEHsTFOTCS KonobI Ha 50, 100, 250, 500 u 1000 mur.
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) ﬂl;g........................ 1

51
Puc. 4. Mepnas nocyza:
1 — mumngp, 2 — O6ropeTka ¢ KpaHoM, 3 — OropeTKa ¢ MapuKoM, 4 — MUINEeTKa rpayupoBaHHas, 5
— nurneTka Mopa, 6 — mepHas kojba

[MuneTkn ciyXatr Ui TOYHOTO OTMEPHBAHUS OIPENEICHHOrO0 00BheMa JKHUIKOCTH H
MPEJICTaBISIIOT CO0O0M CTEKIISIHHBIE IMIIMHAPUYECKHE, OTTSIHYThIE CBEPXY U CHU3Y y3KHE TPYOKH.
B BepxHell yacTu THUIETKHM HMMEETCS OTMETKa, MOKAa3bIBAaIOLIasi, /10 KAKOrO0 YPOBHS HYXXHO
3aMOJIHUTh CHU3Y MUIETKY, YTOObI BBUIMTAs U3 HEe KUAKOCTh MMena o0beM, yKa3aHHBIH Ha
nurnerke. Yamie Bcero mnoJyib3yroTcss numnetkol emkoctbio 10 wim 20 miu. CymiecTByroT
U3MEpUTENIbHbIE MUMETKU, UMEIOIINE BU]I Y3KOI rpalyupoOBaHHON TPYOKH.

broperku mpenHa3HaueHBbl A BBUIMBAHUS M3 HHUX CTPOTO OMNPEICIICHHBIX O0BHEMOB
xuakocTd. OHU MPenCTaBiIsAIOT coOOl JJIMHHBIE CTEKJISHHbIE TPYOKH, Ha KOTOpbIE HaHECEHa
HIKaia ¢ aeneHussMu. Yaie Bcero moib3yroTces OropeTkaMu eMKOCThI0 50 MJI, rpayupoBaHHBIMU
Ha JIecAThIe JOJIM MUJUTHIUTpPA. B HIDKHEN yacTu OropeTku nMeercs kpaH. MHoraa B GropeTkax
HET KpaHa, TOTJa Ha KOHEI] ee HaJeBaIOT OTPE30K PE3NHOBOU TPYOKH CO CTEKIISTHHBIM MIAPUKOM
BHYTPH U CTEKJITHHOW OTTSHYTOW BHHU3Y TPyOKo#l. OTTATMBas MajbllaMd PE3NHOBYIO TPYOKY OT
[IapHKa, MOXKHO CITyCKaTh JXKUAKOCTh M3 OropeTkn. HeoOxomumo cieautb 3a TeM, UYTOOBI
OTTAHYTBIN KOHEI] TPYOKH OBbLIT HAIIeJIO 3aTI0JHEH CIMBAEMON KHUAKOCTHIO.

MepHble TpagyupoBaHHbIC MIJIUHAPHI U MEH3YPKH (PHC. 5) MPUMEHSIOTCS IS TPyOOoro
OTMEPHUBAHUS JKUJKOCTEH M OBIBAIOT pa3MU4HBIX eMkocrteit: 5, 10, 25, 50, 100, 150, 250, 500,
1000 u 2000 mu1.

4. MbIThE TTOCYABI.

XuMuueckasi mocyna mepe]] MPOBEICHUEM OIbITa JODKHA OBITh TIIATEIHHO BHIMBITA.
Bnayane ee mpoMbIBalOT BOAOMPOBOJIHOM BOJOM; €CJIM MPHU 3TOM 3arpsi3HEHUS] HE YAAISIIOTCS,
HY)KHO NPUMEHUThH CHEIUaIbHYIO WIETKY - €pmi. Hu B koeM ciiydae He pa3pemiaercsi MbITh
MOCYAY BOJOM C MECKOM, TaK Kak Ha CTEKJ€ MOTYT MOSBHUTHCS L[apalliHbl, BCIECICTBUE YETO OHO
TEpsIET CBOIO MPOYHOCTb.

VYaanuTe 3arpsA3HEHHS MOXXHO U XUMHUYECKHMM IIyTeM — IPOMBIBAHUEM TOCY/IbI
XPOMOBOW CMEChI0 (CMECh PaBHBIX OOBEMOB HACBHIIIEHHOIO Ha XOJOIY BOJHOTO pPacTBOpa
nuxpomara kanusi KoCroO7 u KoHIIeHTpupoBaHHO# cepHOM kucioTel H2SO4). D10 0becneunBaer
XOpOIIYI0 CMauuBaeMOCTh cTekJia. Ilociie mpombIBaHUSI MOCYIbI XPOMOBYIO CMECh BBUIMBAIOT
0o0paTHO B CKJISHKY (HO HE B BOJONPOBOAHYIO PAaKOBHHY), TMOCYAYy TIIATEIBHO MOIOT
BOJIOTIPOBOJAHOM BOJIOM, a 3aTeM 2—3 pa3a OIOJACKMBAIOT JUCTWUIMpOBaHHOW. WHorma nms
MBITbSI TIOCY/Ibl TPUMEHSIIOT CIIMPTOBON PACTBOP LIECIIOYH.
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XUMHYECKYI0 TIOCYQYy HHKOTJAa HE BBITUPAIOT TMOJIOTEHLEM U3HYTPH, B Clydae
HAJ00HOCTH €€ BBICYIIMBAHHE MPOU3BOAAT B CYIIMILHOM IIKady (KpoMe MEpHOH MOCYIbI,

KOTOPYIO HUKOT/]a HE BBICYIIMBAIOT HATPEBAHUEM).

|

\\& \§'% @

ikl

AR

MEH3YPKH

JKCNepUMEHTAIbHAS YaCTh
[IpemioskeHHBIE HA0Op XWUMHYECKOM TMOCYIbl KiIacCU(PUUIUPOBATh, 3apHCOBAThH

oTpeeNuTh Ha3HAYeHHE B 1a00paTOPHOM MpaKTUKE.

ITopsinok paGoTbI:
[TomyuunTs OT npenoaaBaTens 3aJaHue.
BbImoHUTE paboTy COrNIACHO METOANYECKHM PEKOMEHIALIUSM.
OdopmuTh MPOTOKO pabOTHI.
Bbututhk 0TpaboTaHHBIE PacTBOPHL, TOCYY BEIMBITE. CliaTh pabouee MecTo.

Conep:xanue oryera:
1. Tema u nenb paboTHI.
2. HabGnroneHus, ypaBHEHHS PEAKIIUN TTO KaXI0W YaCTH PaOOTHI.
3. BbIBoBI O IpoIEIaHHOM paboTe.
KoHTposbHbIE BOIPOCHI:
1. Kakas xumudeckas JiabopaTopHas ocy/ia peiHa3HaueHa JIIs POBEACHUSI XUMHUYECKHIX
peaxkumii?
2. B xakoil XuMHueCcKOl J1abopaTopHOi Mocy ie HE0OX0IUMO TOTOBUThH PACTBOPHI C BEICOKOM
TeMnepaTypon?
3. Kakas xumuueckas 1aboparopHasi ocya UCTIOIb3YETCs sl IPUTOTOBICHUS! pAaCTBOPOB
KOMHATHOMW TeMnepaTypbl?
4. J171st 4ero UCTOIb3YIOT OFOKC?
5. HazoBuTe XxuMu4decKyro J1abopaTopHyIO TOCYy, KOTOpas MPeICTaBIsIeT COO0M cocy ¢
BBITSIHYTHIM TOPJIBIIIIKOM U UCIIOJIB3YETCS JIJISl IIPUTOTOBJICHUE PACTBOPOB TOUHOTO 00bhema?
6. B xakoM XMMHYECKOM COCYZE XPAHSAT KUJIKHUE BelecTBa?
7. V13 xakux MaTepualioB JIENal0T XUMUYECKYIO JJaOOpaTopHyIo mocyny?
8. OnumuTe NPUMEHEHNE XUMHYECKON CTYIKHU?

el

Puc. 5. MepHble TUIMHIPHI H

u
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YACTbH b. OIIPEJIEJIEHME MOJISIPHOM MACChI OKCHJIA YIJIEPOJIA (IV)
Heanb padoThl: onpeaciieHHe MOJISPHOM MacChl Ta3000pa3HOr0 BEIIECTBA C MCIOJIb30BAHHUEM
pa3JIMYHBIX METOJIOB.
Conep:xxanue padoThbI:
Onpenenuth MOJSIPHYIO Maccy okcua yrinepona (IV), ucrmonb3yst pa3muaHbIE METOIBI.
[TproGpecTu HaBBIKM pacyeTra Mo ra30BbIM 3aKOHAM.
IIpu6Gopsl u peakTuBbl: annapar Kummna, cyxas konba ¢ pe3smHOBOM NMpoOKOH, BECkl, Mpamop,
20%-usrii pactBop HCI, xonuentpupoBanHoii pactBop H2SO4.
Kpartkue TeopeTnyeckue cBeleHUs

Boruncnenne MoNsipHOM Macchl ra3000pa3HBIX BEIIECTB MOXKHO IPOBECTH TpPEMs
METOJIaMH, KOTOPBIE M UCIIOJIb3YIOTCS MTPH BBITOJIHEHUH JIA0OPATOPHBIX padoT.
L. [To MonsipHOMY 00BEMY

N3 3akoHa ABOTrafipo BHITEKACT BaXXHOE CIEACTBHUE. MPU OOUHAKOBLIX YCIOBUSIX OOUH
MONb 1100020 2a3a 3aHuUMaem OOUH U mom dice 00vem. ITOT 00BEM HA3BIBACTCS MOJISPHBIM
o0BeMoM ra3a u 0003HadaeTcs Vm.

L VX)

v(X)

Monsapuuiii 00vem eaza — 3TO OTHOIICHHE OOBeMa MOPIUHU raza X K KOJUYECTBY
BeIeCTBA B 3TOU nopuuu. [lpu nopmanvuwix ycrosusx ( T=273K u P =101325I1a ) monsipubIii
006beM Taza paBeH: Vi = 22,41/Momb unu 22,4 M>/K MOTIb.

Obvem nopyuu 2aza X npsamo nponopyuoHaileH KoIu4ecmasy ewecmaa 3moi nopyuu 2a3sd.
V(X)=Vmev(X)

CrnenoBaTenbHO, npU HOPMATbHBIX Ycrosusx 1 monv 11006020 2asa 3anumaem o0veM,

pasHulti 22,4 qumpa.

V(X)=Vmev(X)=22,41/ monv ® lmone = 22,41

3Hasg MacCy HCKOTOpPOIro 061;eMa raza IPU HOPMAJIbHBIX YCJIOBHAX, MOXHO BBIYUCIUTH
MOJIIPHYIO MacCy 3TOTO rasa:
m(X) m(X) e Vm m(X) e 22,4 ms(CO) e 22,4

v(X) Vo(X) Vo(X) Vo(CO2)
rie Vo (X)—o6beM raza X npu HOpMajJbHBIX YCIOBUAX (H.Y.), JI;
m(X) — Macca 3Toil mopuuu raza X, T WiH KT;
Vm - MoJIsipHBI 00BEM ra3a npu H.y., JI/MOJIb
11 ITo oTHOCHTENBHON IIOTHOCTH
CornacHo 3akoHy ABOTaJpo B paBHBIX 00BEMax pPa3lIMYHBIX Ta30B IMPHU OJMHAKOBBIX
YCIIOBUSX COAEPKUTCS OAMHAKOBOE YHCIIO MOJIEKYJI. Torma MOKHO 3amucarh, 9To

V(X)=V(¥) u N(X)=N()
CrnenoBaTenbHO, B 3TUX 00BeMax OyJeT OJIMHAKOBOE KOJWYECTBO BEIIECTRA.
v(X)=v(Y), aTorma

Vm

M(X) =

mX) = m(Y) m(X) = M(X)
MX) M@) MY) M)
OTHOIIEHUE MacChl OMPEACICHHOTO 00BbeMa Tra3a K Macce TaKoro ke o0beMa Jpyroro

ra3a npu Tex xe (PU3MYeCcKHX YCIOBUSX HA3BIBACTCS NIOMHOCHbIO NEPBO2O 2A3d NO 6MOPOMY U
o0o3Hagaercs D.

Eom €9

=Dy(X)

M((CO
— Dgo3n(CO2) u M(CO2)

m(8030) M (803

= Dgo3a(CO2)
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X
u cienoBatensHo, M(X) =D e M(Y) = My(CO2)= _msX)

M3(8030.)
MonsipHass Macca rasa paBHa €ro IUIOTHOCTH MO OTHOLIEHUIO K JPyroMmy Trasy,
YMHOKEHHOM Ha MOJISIPHYIO Maccy BTOpPOTIO rasa.
III. ITo ypaBueHuro Menaeaeesa-Kiamneiipona
m(X) m(X)RT

RT nim M(X) =
M X) PV

PV =

rae P - naBnenwue rasa, Ila;

V — 06beM raza, m>

m (X) — macca rasa, KT WIH T;

M(X) — MomsipHast Macca rasa, Kr/MOJIb WM I/MOJb;

R — yHuBepcanpHas ra3oBas nocrosHHad, 8,314 ITa m>/(mons K)
ms(CO2)RT

PV

JKCNEePUMEHTAILHAS YaCTh

M3(CO2) =

OnucaHue yCTaHOBKH
Oxcun yriepona (IV) wmnmm yrimekucnbelii raz monmyyatroT B amnmapare Kwuma (puc.l)
JIEHCTBUEM pacTBOpPA COJSHOM KHUCIOTHI ¢ Maccoil noneit 20% Ha Mpamop:

CaCO; + 2HCI = CaCl,+ CO» T + H,0
[Tony4yeHHBIH AMOKCHI YIJEpOJia OUYHUINAIOT OT MHPUMECH XJIOPOBOAOpona (CosHas
KHCJIOTA — JIETy4asi KHCJIOTa) IMyTeM MPOITYCKaHUS MOJIYYEHHOTO ra3a 4epe3 CKIISTHKY C BOJIOM.

OcymIaroT ras, MpoITycKas 4epe3 CKISHKY, 3all0JHEHHYIO KOHIIEHTPHPOBAHHOM KHUCIIOTOM:
H>SO4komn) + 1 © H2O = H2SO4 @ (H20),

2 CO,
Caco,
A 5
20% HCI N H,SO
— : 2 4

Puc. 6. YcranoBka ajis nmonydenus okucu yriepoaa (IV):
I — cpennuii pesepByap ammnapata Kumma, 2 — BepxHHii pe3epByap, 3 — TyOyc, 4 — CKISHKU
Hpexkcens, 5 — ra3oBasi NUIeTKa

2. IIpoBeneHue 3KkCepuMeHTa

YucTyro u cyxyro KoJIOy IUIOTHO 3aKPOWTE PE3MHOBOW MPOOKOW M OTMETHTE PE3MHOBBIM
KOJIBLIOM HJIM BOCKOBBIM KapaHJAIIOM YpPOBEHb, O KOTOPOTO BOILLIA MPOOKA B TOPIO KOJOBI.
B3BecbTe K0I0Y C BO3MYXOM Ha TEXHHMYECKHX Becax ¢ TouyHOCTHIO 10 0,01 rpamma. 3anumure
pe3yNbTaT B3BEIIMBAaHUS B Tabnuily 1. 9To 3HaueHue (M) Macce KoJobI ¢ Bo3ayxoM. HamomHuTe
K00y yriaekuciabiM razom wu3 ammapara Kunma. Jlig storo omycrure B KoiaOy 10 JHA
ra300TBOAHYIO TPYOKYy, OTKpOWTE KpaH ammapara Kumma u mpomyckaiTe ra3 B Te4eHHH 2-3
MUHYT. 3aTeM, HE 3aKpbIBas KpaHa, MEJIEHHO BBIHBTE Ta300TBOJHYIO TPYOKY M3 KOJIOBI
3akpoiite kosn0y nmpobkoit 10 ormeTku. Ilocie storo 3akpoiite kpan Kunma. Konby ¢ CO2
B3BECHTE Ha TEX K€ BECAX U C TOH K€ TOUHOCTHIO.
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Onpenenure 00beM KOJIOBI, HAJMB B HEE BOAY /10 OTMETKH, Ky/la BXOAUJIa MPoOKa.
Tabmuma 1. DkcnepuMeHTAIbHBIC U PACUETHHIC TAHHBIC
HasBanne BenmuanHbI 3HaueHue
Macca k01051 ¢ BO3TyXOM, m{, T
Macca k0a6n1 ¢ CO2, ma T
O06beM K0IOBI TPH TAHHBIX YCIOBHSX, V MIT
ATtmocdepHoe nasienue, P, I1a
Temneparypa, T, K
O0beM K0I0BI, TPUBEACHHBIN K H.Y., Vo, MJI
Macca Bo3ayxa B 00beMe KoObl, m3, T
Macca mycToi KoJIObl, m4, T
Macca nuokcuaa yriaepoja B o0beme Koiobl, ms,r
Mosnsipaast macca COz, T/MOITBb
Mi1(COz2)1 o MonsipHOMY 00BbEMY
M2(CO2)2 MO OTHOCUTEILHOM TIOTHOCTH
M3(CO2)3 no ypaBHeHnuto Menaeneesa-Kianeiipona
[MorpemocTs onpenenennst M(CO»), %

3. O6paboTKa pe3yabTaToB

1.Beruncnute 00beM ra3za IpH HOPMAJbHBIX YCIOBUSX, HCIONB3yS OOBEIUHEHHBIA Ta30BBIN
3aKOH:

PolV o PV . V. PiViTo

= s o

To 71 TP
2.Bpruucnure Maccy Bo3ayxa (ms,) B 00beMe KOJIObI, YUUTBIBAS, UTO MIPU HOPMAIIBHBIX YCIIOBHSIX
Macca | nutpa Bo3ayxa pasna 1,293r.
M3 (sosnyxa)= 1,2931/11 ® Vo
Maccy Bo3ayxa B K0J0€ MOKHO BBIYMCIIHMTD U 1O yYpaBHeHUI0 MeHneneeBa-Knamneiipona,
YUMTBIBAs 1AaBJIIEHUE U TEMIIEPATYPY, IIPU KOTOPBIX IPOBOJUIICSA DKCIIEPUMEHT:
M (s030yxa) PV . 29 e PV

RT RT

m3, (sozmyxa)™=

3.BerauciaunTe Maccy mycToit Koiosl ( M4 ): Ma(once) = M1 - M3
4.Berauciure maccy COz B konnbe ( ms): ms (CO2) = my - mg4
5.Mcrionp3yst JaHHBIC OTBITA, BRIYUCIUTE MOJISIpHYIO Maccy okcuaa (IV) tpems criocobamu (cwm.
pauee).
6. OnpenenuTe NOrpelHOCTh U3MEPEHUIT
Mr (€O,)Teop— Mr(CO,)onsrT

= 10009
Mr (CO,)Teop ’

ITopsinok paGoTbI:
[ToyuuTh OT MpenoaBaTelis 3alaHue.
BbImonHUTE paboTy COrNTaCHO METOANYECKHM PEKOMEHIALIUSIM.
OdopmuTh MPOTOKOI pabOTHI.
BbutuTh 0TpaboTaHHbIE PacTBOPHL, TOCYY BEIMBITE. CliaTh pabouee MecTo.
Conep:xanue oTyera:
Tema u enb paboTHI.
XUMUYECKUE YPABHEHUS PEAKIIUH.
BriBoab1 O IpoienaHHOM paborTe.
KonTposbHbie BONpochl
L. ATOMHas1 11 MOJIEKYJIpHAs MACChL.
2. Morb. MonsipHast Macca.
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IIpocToe 1 CII0KHOE BELIECTBO.

XyMUYeCKast peaktivisl. XUMUYECKUIA SKBUBATICHT.

CooTHol1IEHNE MEXKITY aTOMHOI MacCOH, 3KBUBAIEHTOM 1 BATIEHTHOCTHIO.

OKBHUBAICHT CIOYKHBIX BEITIECTB (KKICTIOT, OCHOBAHHIA, COTIEH, OKCHIIOB, OKHCIIATETICH M BOCCTAHOBHTENICH).

Wbk Ww

YACTH B. OIIPEJIEJIEHUE MOJISIPHO MACChI DKBUBAJIEHTA METAJIJIA
eanb padoThI: onpenesieHre MOJISIPHON MacChl SKBUBAJICHTA METasla
Coaep:xanue padoThbI:
l.onpenenuth MOJSPHYIO MacCcy OSKBUBaJ€HTa MeTalla Mo 00beMy BOAOPOIa,
BBIJIETIMBLIETOCS IIPU B3aUMOAECUCTBUM METaJlIa C KUCJIOTOM.
2. YCBOUTb OCHOBHBIE TIOHATHUS, CBSI3aHHBIE C SKBUBAJICHTOM BEIECTBA, W 3aKOH
HKBHUBAJICHTOB.
IIpuGopsl U peakTHBBI: TIPUOOP JJIA ONpPENCTICHUS MOJISIPHOW MAacChl SKBHBAJICHTa METasla,
15%-np1it pactBop HCI, onpenensemsrit metamn (Zn, Al, Mg).
KpaTkue TeopeTnueckue cBegeHHs
B cooTBercTBHM € 3aKOHOM SKBHUBAJIEHTOB, MACChl pPEarupyrollMX BEIIECTB, MPSIMO
MPONOPIUOHAIBHBI MOJISIPHBIM MaccaM SKBUBAJICHTOB BELIECTB.
m(Me) MQA/Z* Me) )
m(H2) MQO/Z* H>)
VYuuThiBasi, 4TO BOJOPOJ, BBIIEISIOMIMUICST B pe3yjibTaTe B3aMMOJECHUCTBHS MeTalla U
KHCJIOTBI, - Ta3, 3aKOH SKBUBAJIEHTOB MOXHO 3alUCaTh CIEAYIOIIUM 00pa3oMm:

m(Mg)  M(Q1/Z*Mg)
V(H2) V3K8.(H2)

@)

rae Voks.(H2) — skBuBasieHTHBIH 00BeM Bomopona, paBHbii 11,2 m/mons wimm 11200M1/Mo0mb,
W3MEPEHHBIN NP H.Y.

B cootBercTBUU ¢ ypaBHEHHEM (2) MOIIpHAs Macca SKBHBAJIICHTA MeTaJlia Oy/IeT paBHa:

m(Me) ® Vors.(H 2)
Vo(H2)

O6bem BbienuBHierocss H> HeoOX0AMMO TPUBECTH K HOPMAJbHBIM YCJIOBUSM,

UCTIONB3YSl O0bEMHEHHBIN T'a30BbIi 3aKOH:
Po(H2)Vo(H2) P(H2)V(H?2)
7o T ’

rae Po(Hz), Vo(Hz), To — 3HadeHus naBieHus , oObeMa W TeMIIEpaTyphl BOJOpOJA TPH
HOopManbHbIX ycinoBusax (Po=101325 Ila, To=273 K);

P(H») — naBnenue Bogopoaa B mpudope;

T — TeMniepaTypa ombITa;

V(Hz) — 06beM BOIOpOIa TIPH YCIOBUSX OIIBITA.

Hasnenue Bogopozaa B npubope P(H2) Oyner paBHO BHemHeMy JaBieHuio P 3a BbrueToM
nasnenus rmapa Boasl P(H2O) npu nannoi temneparype (tadauna 1) P(Hz)=Parwm. - P(H20)

JKCNEePUMEHTAIbHAS YaCTh

Meton ompenenaeHus MOJSIPHOM Macchl SKBHBAJEHTa MeTajula (MarHus, aJlOMHHUS,
[[MHKA) OCHOBaH HAa W3MEPEHHH 00bEeMa BOJOPOJA, KOTOPBIA BBIACNSETCS U3 KHUCIOTHI TpU
NEUCTBUM €€ Ha METaJ.

1. Onncanue yCTAaHOBKH

MQA/Z* Me) =
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DKCIEPUMEHTAIBHOE ONPEEICHIUE MOJISIPHON
Macchl PKBUBAJIEHTa METajula MPOBOAMUTCS Ha
npubope, cxeMa KOTOpPOro Hu300paxkeHa Ha
pHUCYHKeE 7.

Puc.7. IlpuGop nmst onpeneneHuss MOJISIPHON MacChl SKBUBAJICHTA
1-6ropeTKa; 2-BopoHKa; 3-poOupKa;

[Tpubop coctouT M3 MpoOUPKHU 3, COCNMHEHHON PE3MHOBHIM IIIAHTOM C OropeTkoi 1,
KOTOpasi B CBOIO OY€peb COCAMHEHA C BOPOHKOW 2, BBIMOJHSIONICH, pOJIb YpaBHUTEIHLHOTO
cocyzaa. Bce yactu ycraHOBKM 3akperuieHbl Ha mTaTtuBe. [Ipobupka u GropeTka depes IUIOTHO
NOJJOTHAHHBIE PE3MHOBBIC MPOOKU COCAMHEHBI MEXIy co00i pe3MHOBBIM IIIJTaHTOM. B Groperke
Y YPaBHUTEIHHOM BOPOHKE HAXOJMTCS BOJA, YPOBEHb KOTOPOW MPH OTCOSTUHEHHON MPOOHpKe
OyZeT OMH U TOT *ke, Kak B cooOmmaronmxcs cocyaax. [lepemerieHueM BOpPOHKH BBEpX WU
BHHM3 MOXXHO M3MEHHTH YPOBEHb BOJIBI B OrOpeTKe. B mpoOupke, moacoeMHEHHOW K OrOpeTKe,
IPOMCXOIUT PEAKIHsI MEXy KHCIOTOW M METAJIOM, MOJISIPHYIO MacCy 3KBHUBAJIEHTa KOTOPOTO
HeoOxoauMo ornpeaenuTb. C MOMOIIBI0 OIOPETKH 3aMepsIOT 00HEM BOJIOPO/1a, BBIACIUBIIETOCS B
pe3yabTaTe peakluu.

2. IlopsaioK BbINOJHEHHSI PadOThI
1. TlomyuuTe HaBeCKy HEM3BECTHOro MeTajuia, Maccod 20-25 wmr, y nabopaHTa WiIn
npenonaBarens. HaBecka mertamia jo/bkHa OBITH TOMeleHa B (GYHTHK (WM KyJIEYeK) W3
¢GmIbTpOBaHHOM Oymar.

2. OtcoenuHuTe MPOOUPKY OT OIOPETKH W HAJCHTE B MPOOUPKY 4-5 MII COJSTHON KHUCIOTHI C
maccoBoi foneit 10%. Cmounte Karmei Boabl GuibTpoBaHHYIO0 Oymary ¢yHtuka. [Tomecture
€ro B MPOOHMPKY C COJSTHOM KHCIIOTOM TaKMM 00pa3oM, 4ToObl (YHTHK TMPUIIUI K BHYTPEHHEH
noBepxHocTu mnpoOupku. Ilepememath (QYHTHK BHYTPh HPOOUMPKH HYKHO C TOMOIIBIO
CTEKJISTHHOW MaJOYKH, MPUKUMasl €ro K cTeHKe MpoOupku. OyHTUK NOKEH HaXOAUTHCS BBIIIE
YPOBHSI KMCJIOTBI IPUMEPHO Ha 1 cMm.

3. IlpucoenuauTte mMpoOUPKY uUepe3 TMpoOKy ¢ PEe3MHOBBIM HUIAaHTOM K Oroperke. [IpoOkoi
IUIOTHO U HA/ICKHO 3aKpOHTE MPOOUPKY.

4. IIpoBepbTe TepMETUYHOCTH TIprbOpa. i1 3Toro moguumMute BopoHky Ha 10-15 cm. Eciiu npu
3TOM YpPOBEHb BOJABI B OIOpeTKe HE MEHSAETCS CO BpEMEHEM, TO Npubop repmernyeH. B
IPOTUBHOM CIIy4ae MpPOBEPHbTE HAIEKHOCTh BCEX COCAMHEHUM, IMJIOTHEE 3aKpoWTe MpoOKaMu
OropeTKy U MpoOUpKY.

5. YcraHoBUTE OJMHAKOBBIE YPOBHHM BOJIbI B OIOpETKE M BOPOHKE, MEpemMelias BOPOHKY Ha
mratuBe. 3aMeTbTe YpoBeHb B Oroperke (Vi) ¢ TouHocThio a0 0,1min. Pesynprar 3anummre.
YpoBeHb BoIbI B OIOpETKE OIpenesseTcss M0 HIKHEMY MEHHUCKY, MpPHUYeM HIKHUN YpOBEHb
MEHHCKa JI0JKEH OBITh Ha YpOBHE IJ1a3.

6. [IpuBeauTe B KOHTakT KHCIOTY U MeTal. JlJis 3TOro HakJIOHWUTE MPOOUPKY TaK, YTOObI
KHCTIOTa Tomnana BHYTPh (QyHTHKA. HaumHaeT BBIAENSATHCS BOJOPOJ M BBITECHSET BOIY U3
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Oroperku. Korma peakiiusi 3aKOHYUTCSI, IPUOOP OCTaBbTe B MOKOe Ha 5-10 MUHYT, OIS TOTO,
YTOOBI ra3 OXJIAIHIICS 10 KOMHATHOM TEMIIepaTyphI.

7. Omyckast BOPOHKY BHHU3, YCTAHOBUTE HA OJTHOW BBICOTE YPOBEHH BOJBI B OIOPETKE M BOPOHKE.
B sTOoM monokeHuu naBieHWEe BHYTpH mIpubopa (B mpoOuwpke W B OropeTke) OyneTr paBHO
BHEIITHEMY JIaBJICHUIO BO3/lyXa. 3aMHUIIINTEe HOBOE 3HAUEHUE YPOBHS BOJIBI B OtopeTke (V).

8. Onpenenute 1o GapomeTpy arMocepHOe TaBICHUE W 10 TEPMOMETPY TeMIIeparypy, Mpu
KOTOPOU MPOBOMIICS YKCIIEPUMEHT.

Parm.= T= P(H20)=
Tabnuna 1. JlaBneHne HaChIIIEHHOTO BOJSHOTO mapa B paBHoBecuu ¢ Bojoii P(H>0)
Temnepatypa,’C JlaBiieHre BOASHOTO Temmnepatypa,’C | JlaBieHue BOASHOTO Napa,

napa, klla klla

0 0,61 21 2,49

5 0,87 22 2,64

10 1,22 23 2,81

15 1,68 24 2,99

16 1,73 25 3,17

17 1,81 26 3,36

18 2,07 27 3,56

19 2,20 28 3,75

20 2,33 30 4,21

9. Bce pe3ynbTaThl OMbITa BHECUTE B TAOIHUILY 2.
10.ITo maHHBIM OMBITA ONIPEAETUTE MOJISIPHYIO MacCy SKBUBAJICHTa MeTasa.

3. PacyeT MOJIIpHOI MacChl IKBUBAJIEHTA MeTAJLJIa
Tabnuua 2. DkcnepuMeHTaIbHBIE U PACUETHBIC TaHHBIC

Ha3sanue BeTnunHbI Enunuier namepenust 3HaueHusa
Macca HaBeCcKH MeTajIa, m r
YpoBeHb BOJIBI B OIOPETKE 710 OMbITa, Vi MUIT
YpoBeHb BOBI B OIOPETKE 110 OTBITA, V2 MII
OO0beM BBIICTUBIIETOCS BOJOPO/IA,

VH)=Vi-V» MJT
OOBeM BBLICTHMBILETOCS BOJOPOJA, MPUBEICHHBI K

HOPMaJIbHBIM ycitoBusiM, Vo(H>) MJT
Temneparypa, T K
AtMocdepHoe naBinenue, Patm Ila
JlaBnenue HacwImeHHOro BojsiHOrO napa, P(H>0) Ila
[MapumansHOE MaBICHUE BOAOPOJIA B CMECH,

P(H»)=P - P(H,0) Ila
Teopernueckoe  3HAYEHUE  MOJIIPHOM  MAaccChl

skBUBaieHTa Metauia, M(1/z*X)reop.

Maruaus M(1/2 Mg)

Amomuaus M(1/2A1) T/MOJIb
IMuaka M(1/2Zn)

OnbITHOE 3HAYEHHE MOJIIPHOM MAcChl 3KBHUBAJIICHTA

Metamta, M(1/z*X)onbeITHOE I/MOJIb
[TorpemnocTs, 11 %
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O06beM BOIOpO/a, BRIACIUBIIETOCS B pe3yIbTaTe PEaKkiluu, IPUBEICHHBIA K HOPMaTbHBIM
yCJIOBHSIM, OY/IET paBeH:
P(H YW (H2)T o
T ® Po(H>2)
3areM MO 3aKOHY SKBUBAJICHTOB BBIYHCIISIEM MOIISPHYIO MacCy SKBHBAJIEHTA HCCIIEIyEeMOTO
MeTaa:

Vo(H?2) =

m(Me) ® Vors.(H 2)
Vo(H2)
IIo nomydeHHBIM NaHHBIM OINPEIEIUTE, KAKOM METaul MPOpPearupoBall ¢ KUCIOTOH, 3alUIINTE
ypaBHEHME peakluu. Beruucianre 3HaueHne OMMOKY B IPOLIEHTAX:
L MU/ Z* Meyneop. - M1/ Z* Me)onum.
M/ Z* Me)meop.

MO/ Z* Me) =

n = *100%
ITopsinok paGoTbI:
[TomyuuTh OT MpenoaBaTelis 3alaHue.
BbImoHUTE paboTy COrNIACHO METOANYECKHM PEKOMEHIALIUSIM.
OdopmuTh MPOTOKOI pabOTHI.
. Boumtk orpaboTaHHBIE pacTBOPEI, MOCYAY BBIMBITE. CaTh pabodee MecTo.
Conep:xanue oTyera:
Tema u 11enb paboTHI.
XUMUYECKUE YPABHEHUS PEAKIIUH.
BriBoabI O TIpOI€TIaHHOM paboTe.
KonTposbHbie BOpochl

B

1. Mertonp! orpeiesieHIst aTOMHBIX, SKBUBATICHTHBIX M MOJIEKYJISIPHBIX MACC.
2. CrexroMeTprUYecKre 3aKOHBI, YCTIOBHS KX TTPUMEHUMOCTHL
3. CrexuoMeTprUecKHe ¥ HECTEXMOMETPUUECKHE COSIMHEHVL.

YACTB I'. METO/IbI OYMCTKHU BEILIECTB
esab padoTbI: 03HAKOMJIEHHUE C METOJIAMH OYMCTKH BEIIECTB.
Coaep:xanue padoOThI: W3YYUTh METOABI OYHCTKH BEIIECTB HA mNpuMepe (QHUiIbTpamuu,
JUCTHIIISIINY, CYOIUMAIH U BHICAIBAHMUS.
IIpuGopbl M peakTUBbI: OyMaxkHble QUIBTPHI (Oenas JeHTa), CTEKISIHHBIE CTaKaHbl 00bEMOM
50, 100 u 1000 mn, xpyriaomoHHas koiba oovemom 500 mui, cCIUPTOBKA, acOECTOBasi CETKa,
ANIEKTPOIUINTKA, (QapdopoBas Halika, CTEKJISHHAs BOPOHKA, MPHOOp A JUCTHIULSILKAN BOJIBL;
kpuctaumnaeckue NaCl, I, KI, KMnOg4, 6en3oitnas kucinota, men, HoO guctu.

KpaTkue TeopeTnyeckue cBeIeHHA

MeToapl OYMCTKM BEIIECTB Pa3IMYHbl M 3aBUCAT OT CBOMCTB BELIECTB M UX
NpUMEHEHHS. B XUMUYecKol NpaKkTHKe HauOoliee paclpOCTPAHEHBI CICAYIOIINE METOMIbL:
bunbTpoBaHUe, NEPEeKPUCTALIM3ALMS, TUCTHUIAIMSA, BO3roHka. OuHCTKa Ta30B OOBIUHO
OCYIIIECTBIISIETCS TIOTJIONICHHEM Ta3000pa3HBIX MPUMECEH BEIIeCTBAMHU, pPEarHpyIONIMMH C
STUMU MPUMECIMHU.

Unctple BemecTBa OONANAIOT TPUCYIIMMHA UM XapaKTEPHBIMH (PU3UYECKUMH U
XUMHUYECKUMH cBoicTBamu. CleoBaTeNbHO, CTENEeHb YHCTOTHI BEIECTBA MOXHO IMPOBEPUTH
KaK (QU3NYECKUMH, TaK U XUMUYECKUMHU METOJaMU. B miepBoM ciiydae onpeaenstoT IIOTHOCTb,
TEMIEpaTypbl IUIABJICHUS, KHUIEHMsS, 3aMep3aHus U Jp. XHUMHUYECKHE METOJAbl IPOBEPKU
OCHOBaHbI Ha XUMHUYECKUX PEAKIHSIX U MPEACTABISAIOT COO0I METOABI KAYECTBEHHOTO aHAIIM3A.

B cootBercTBuu co cranmaprom (I'OCT) mo creneHn YUCTOTHI PEAKTUBBI JAESISTCS Ha:
a) XUMUYECKH YUCThIC (X.4.), 0) UMCThIC Ui aHAMK3a (4.11.2.), B) YUCTHIC (U.) U IpyTHE.

Jns nabopaTopHbIXx paOOT N0 HEOPraHWYEeCKOW XHUMHUU MPHUTOAHBI BEUIeCTBa C
MapKHUpPOBKOH X.4. ¥ 4.1.4.
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PuibTpOBaHKE

Jis oTneneHust OCagKOB HCHOJNb3YIOTCA (uiabTpel. B mpakTukyme mNpuUMEHSIOTCA
OyMaKHBIE ¥ CTEKJISTHHBIC TOPUCTHIE (PUITBTPHIL.

bymaswcnoiti  punomp TOTOBAT M3 (QUIBTPOBAIBLHONW OymMaru pa3HON IJIOTHOCTH H
CHOJB3YIOT PU (PUIBTPOBAHUHU HA XUMHUYECKOW BOPOHKE MM BOpoHKe BroxHepa. Brimyckarorces
U TOTOBBIE (WIBTPHI, HAPE3aHHbIE KPYraMH pa3HOro auamerpa U3 (pUiIbTpoBaIbHOM Oymaru
pa3HoOM INIOTHOCTH, KOTOPYIO MOKHO ONPEACTUTD MO IBETY JIEHTHI, CKPEIUIAIONICH MauKy.

[TpunsTa cnenyromas MapkupoBKa Oymaru o e€ njaoTHOCTH:
Yepnas nenma — 6p1CTpOPUIBTPYIOLINE (DUITBTPHL;
benas nenma — Gymara cpenHei MpoOHUIIAEMOCTH;
Cunss nenma — TIIOTHBIE (UIIBTPHI TS OT/IEICHUS! METIKO3EPHUCTBIX OCAIIKOB.
HenocraTtok OyMaxHbIX (PUIBTPOB — HU3KAs XMMUYECKask CTOMKOCTb K arpECCUBHBIM PEeareHTaM.
CmexnanHbli nopucmsiti punrbmp ¢ BIUIABICHHON (QUIBTPYIOIIEH IIIACTUHON U3 MPECCOBAHHOTO
(MOpUCTOro) CTEeK/Ia YCTOWYMB K JEHCTBUIO arpecCUBHBIX PEAreHTOB M NPUTOAEH IS
(GMIBTPOBAHMS KUCIIOT U HIETIOYCH.

BeimyckaroTcst puIbTphI 4EeTHIPEX TUIIOB C IOPAMU PA3HOM BEJIMYMHBI, YTO 0003HAYAETCS
COOTBETCTBYIOIIUMH HOMEpaMH (pUiIbTpa.

OunbTpOBaHKE YEPE3 XUMUUYECKYIO BOPOHKY

Jlst GuIIbTpOBaHUS Uepe3 XMMHUYECKYIO BOPOHKY UCHOJB3YIOT 21a0KUL WA CKAA04amblil
OyMakHBIH QUIBTP. B 3aBUCUMOCTH OT 3a/1a4 SKCIIEpUMEHTA MPOBOAUTCS (DUIBTPOBAHUE Yepe3
BOPOHKY KaK IIpd KOMHAaTHOH, Tak M TpU MOBBIIIEHHONW TemmepaTrype («ropsuee
(GUIBTpOBAHHEY).

I naoxuii ounemp TOTOBST U3 KPYriaoro GUIbTpa, COOTBETCTBYIOIIETO pa3MePy BOPOHKH,
WIN BBIPE3aIOT U3 KBAJPaTHOrO JUCTa (GUIBTPOBaNbHON Oymaru. /i 3TOro GpuiabTpoBaIbHYIO
OyMmary CKJIa/bIBalOT IIONIOJIaM M €lIe pa3 MOoMojaM M 00pe3aroT Mo Jyre Mo pasMepy BOPOHKH.
ITony4yeHHBIN KOHYC BCTaBJISAIOT B BOPOHKY M CMayUBaIOT JUCTUIUIMPOBAHHON BOMOH. DUiIbTp
BCEH MOBEPXHOCTBIO JOJDKEH IJIOTHO MpPUJIEraTh K CTEHKaM BOPOHKH. CTEKIITHHYIO BOPOHKY C
OyMaXHBIM (HIBTPOM TOMEIIAIOT B KOJBLO INTATHBA TakK, 4YTOOBl HIDKHUI KOHel €
COTIPHKACAJICS CO CTEHKOW CTakaHa, B KOTOPBIM (pUIBTPYIOT pacTBop. OUIBTpyEeMBIid pacTBOp ¢
B3MYUYEHHBIM 0Ca/IKOM MEPEHOCAT Ha GMIBTP MO CTEKJISHHOM nayouke (puc. 8, a).

Crnaduamoiii ¢ounbmp UCTIONB3YIOT 711 YCKOPEHUs (UIBTPOBAHUS, OCOOCHHO TOPSIYETO,
KOTJa HENOMYCTHMMO OXJaXAeHue (uiabTpyemoro pactBopa. Ckiaamdarblii (UIBTP MOXKHO
MPUTOTOBUTh M3 Tiaakoro (puc. 8, 6). PexomeHmyemblii pa3mMep CKIAIOK MO Kparo (GuibTpa
0KOJIO 5—8 MM.

Topsuee ghunomposanue POBOAAT Uepe3 CKIANUATHIM (QUIBTP B CTEKJISHHONW BOPOHKE C
KOPOTKO 00pe3aHHON TPpyOKOH, TOMEIIEHHOW B AJIEKTPUIECKUI 000TpeBaTeb.
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WA
W

a 0
Puc. 8. ®unbprpoBanue: a — QUIbTpOBaHKUE Yepe3 XUMHUYECKYIO BOPOHKY, 6 — W3TOTOBIICHHUE
cKJayaroro GpuibTpa

IHepexpucrausanus

OuncTka TBEpPIBIX BEHIECTB MEPEKPUCTAIUIM3AIMEd OCHOBaHA Ha Pa3IUYHON
pacTBOPUMOCTH BEILIECTBA B JAaHHOM pacTBOPUTENIE B 3aBUCHUMOCTH OT Temmeparypsl. [lox
PacTBOPUMOCTBIO TOHUMAIOT COAEPKAHUE PACTBOPEHHOTO BELIECTBA B HACHIIIEHHOM pPacTBOPE.
PacTBOpHMMOCTh OOBIYHO BBIpa)KaeTcs B rpaMMax pacTBopeHHoro BemiectBa Ha 100 rpammoB
pactBoputens, uHoraa Ha 100 r pactBopa. 3aBHCMMOCTh pPAacCTBOPUMOCTH BEIIECTB OT
TEMIIEPATYPHI BBIPAXKAETCsl KPUBBIMHU pacTBOPUMOCTH. Eciin coiib cozeprkarna Maibple KOJIM4eCcTBa
JOPYTUX pacTBOPUMBIX B BOJE BEIIECTB, HACHIIIEHWE OTHOCUTENILHO TIOCJIEIHUX He Oyaer
JOCTUTHYTO MpPH TMOHWKEHUM TEMIEPATypbl, IO3TOMY OHM HE BBINAAyT B OCAJOK BMECTE C
KPHUCTAJUIAMU OYMIIIAEMOM COJIH.

[Ipouecc nepekpucTaIM3allid COCTOMT M3 HECKOJBKHX JTaloB: IPUTOTOBIEHUS
pacTBopa, (GUIBTPOBAHUS TOPSYETO PACTBOPA, OXJIAXKACHHUSA, KPUCTAIIU3ALUU, OTIEICHUS
KPUCTAJIJIOB OT MAaTOYHOI'O PAcTBOPA.

YToObl NEpEeKpUCTAIITN30BaTh BEIIECTBO, €T0 PACTBOPSAIOT B IUCTUIUIMPOBAHHOMN BOJE
WM B MOAXOMAIIEM OPraHUYECKOM PACTBOPUTENE NIPU ONPEACIICHHON Temmeparype. B ropsuuit
pacTBOpuUTENb HEOONBIIUMU MOPLUUIMUA BBOJAAT KPUCTAUIMYECKOE BEIIECTBO 0 TEX IMOp, MOKa
OHO TMEPEeCTaHeT pacTBOPATHCH, T.e. OOpa3yercss HACBHIIICHHBIM NpU JaHHOM TemIeparype
pactBop. ['opsumii pacTBOp OTQHUIBTPOBHIBAIOT HA BOPOHKE MJSi TOpsiuero (GuibTpPOBaHUS.
@unpTpaT cOOMPAIOT B CTaKaH, MOCTABICHHBINA B KPUCTAILIU3ATOP C XOJIOAHON BOAOH CO JIbJIOM
WIM ¢ oxJaxjaawouied cmecbio. llpum oxmaxaeHuum u3 OT(UIBTPOBAHHOIO HACHIIIEHHOTO
pacTBopa BBINAAAIOT MEJIKHE KPUCTAJUIBL, TaK KaK pacTBOp IpH Oojee HU3KOW TemIiepaTrype
CTaHOBUTCA MEPECHILEHHBIM. BhImaBime KprcTamisl OTGUIBTPOBBIBAIOT HA BOPOHKE broxHepa,
3aTeéM TIEPEHOCAT WX Ha CJIOKEHHBIH BIBOE JHCT (GUIbTpoBalbHON Oymaru. CTEKISHHOU
NAJIOYKOM WM IINATeNIeM PpacHpelessiloT KPUCTAUIbl POBHBIM CJIOEM, HAKPBIBAIOT APYTUM
JUCTOM (PHIBTPOBATIBLHOW OyMaru M OTXKUMAIOT KPUCTAJUIBI MEXY JIMCTaMU (PUIBTPOBaIbLHON
Oymaru. Ormepanuio MOBTOPSAIOT HECKOJBKO pa3. 3aTeM KpHCTaibl mepeHocat B Owokc. Jlo
MOCTOSTHHOM Macchl BEHIECTBO JIOBOJIAT B 3JIEKTPUUECKOM CYIIUILHOM IIKady Mpu TeMIeparype
100-105°C. Temmepatypy B mikady D0 3TOro mpejena CleAyeT MOBHINATh MOCTeeHHOo. J[is
MOJIy4EHHUSI OYE€Hb YMCTOT0 BELIECTBA MEPEKPUCTAIUIM3ALNIO IOBTOPSIOT HECKOJIBKO pas3.

Bo3ronka (cydammanust)

[Tpouiecc HEMOCPENCTBEHHOTO TMPEBpAILlEHUS TBEPAOro BellecTBa B map 0e3
00pa30BaHUs JKUAKOCTH HA3bIBAIOT BO3TOHKON. OT MEpeKpUCTAIIU3aMH BO3TOHKA OTIMYACTCS
0oJiee BBICOKUM BBIXOJIOM YHCTOTO MPOAYKTAa M MPOUCXOAUT MpH OoJiee HU3KON TeMmIeparype,
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4yeM TeMIeparypa IUIaBJIEHUs BelllecTBAa. Ee NpUMEHSIOT TOrAa, Korja Henb3s OYHCTHUTh
BEIIECTBO NEPEKPUCTAIN3ALMEN, TAK KAaK OHO pa3jlaraeTcs NpH TEMIIEpaType ILJIaBICHUS.
Bosrousiemoe BemecTBo HarpeBaroT. JloCTUTHYB TeMIiepaTypbl BO3TOHKH, TBEPAOE BEIIECTBO O3
IJIABJICHUS NEPEXOAUT B Map, KOTOPBIA KOHIAEHCUPYETCS B KPHUCTAJUIBI Ha IOBEPXHOCTHU
OXJIAXKJEHHBIX ITpeaMeToB. C TOMOLIBI0 BOSTOHKM MOKHO IOJIYYUTh B UUCTOM BUJE, HAIIPUMED,
OCH30MHYI0 KUCIOTY, HaQTaJIMH, XJIOPUI aMMOHUS, MO W HEKOTOpPbIE Jpyrue BElIecTBa, MpHU
YCIIOBUH, YTO IPUMECH HE BO3TOHAIOTCA. OAHAKO 3TOT METOJ] OUMCTKU BELLIECTB OTPAaHUYEH, TaK
KaK HEeMHOT'HE TBEP/IbIE BEIlIeCTBA CIIOCOOHBI CYOIIMMHUPOBATHCS.

Ileperonka (AUCTHIIISAIIHA)

[leperonka — 3TO mpouecc OTIAEIEHUS KUJIKOCTU OT PAaCTBOPEHHBIX B HEW TBEPIBIX
BELIECTB MJIM MEHEE JIETyuuX >KUAKocTel. [leperonka ocHoOBaHa Ha MPEBPAIEHUN KHUAKOCTU B
nap ¢ nocjaeayroued KOHIeHcalen mapa B )KUAKOCTh. 110 cpaBHEHHUIO ¢ mepeKkpucTalIn3auei
IEeperoHKa NMpH MEHBIIUX 3aTpaTax BPEMEHHM JAeT, KaK IMpaBUJIO, OONBIIMN BBIXOA YHCTOTO
npoaykra. [leperonkoil moyib3yroTCs TOrAa, KOrJa MeperoHseMble BEIIECTBA TP HarpeBaHUU HE
IPETEpIeBAIOT  KAaKUX-THOO W3MEHEHMH WM KOI/Ia OYMIIAEMBbIe JKHUAKOCTH HMEIOT
ONPENIETICHHYIO PA3HULLY TEMIIEPATYP, HO HE CIUIIKOM BBICOKYIO TEMIIEPATYPy KUIICHHUS.

Paznuyaior Tpu crioco6a neperoHKu KuIaKoCTei:

a) mpu aTMOC(HEPHOM JaBJIeHUH (IIPOCTask IEPEroHKa),
0) Mpy YMEHBIIICHHOM JIaBJICHUH (BaKyyM-TI€PETOHKA),
B) MIEPErOHKA C BOJASHBIM MapOM.

[Ipocrast meperoHka NpuUMEHSETCS TOrAA, KOI/a HaJ0 OTACIHUTH LEIEBOM MPOIYKT OT
IIPaKTUYECKU HeNeTy4uXx npumeced. Harmpumep, ouncTka BOJAbI OT HENETYYUX COJIeH. [l aToro
CcOOMpaIOT TPATUIIMOHHYIO YCTAaHOBKY, COCTOSIIIYIO M3 IEPEroHHOW KojoObl (KonObl Bropia),
IPSIMOTO XOJIOMJIbHHKA U TpueMHUKA (puc. 10).

[leperonnyto koj0y 3amoJIHAIOT MEPEroHsEMOM KUIKOCThIO He Oosiee yeMm Ha % ee
o0beMa, HO U He MeHee yeM Ha 2 oObema konObl. Korma Beck mpubop coOpaH, TIIATEIBEHO
MPOBEPSIOT, XOPOLIO JIU NOoA00paHbl MPOOKH, MPABUIBHO JIM YCTAaHOBJIEH TEPMOMET.
Brutoyaror BoOAy Ui OXJaXKICHHUA XOJOAMIbHHKA. [lopcTaBisior mnpueMHUK g cOopa
MEPErOHsIeMON KUAKOCTH M HAauYMHAIOT HAarpeBaTh pacTBop A0 kuneHus. Konly HarpeBaroT Ha
BOJISTHOU (TIECHYaHOM WIIM MaclisiHOM) OaHe, peke Ha TIaMEHU TOPENIKH Yepe3 acOECTOBYIO CETKY.
TemnepaTypy napoB OTTOHSIEMOTO BEIIECTBA U3MEPSIOT TEPMOMETPOM, YCTAHOBIIEHHBIM Ha 1 cM
HIDKE OTBOJHOM TpyOku KonObl Bropma. Jlns mpemoTBpalleHHss BHE3AMHOTO BCKUIAHUSA
NEPErOHsIeMON JKUAKOCTH M TMOMaJaHHusl €€ B XOJOJWJIBHUK B KOJIOY KIaayT JAJUHHBIC
KalWJUISIPBI, 3allassHHbBIE ¢ OJTHOTO KOHIIA UM HEOOIbINe Kycouku dapdopa (kurmenkn).

[leperoHky mpu HHU3KOM JaBJICHUU (BaKyyM-IIEPETOHKY) MPUMEHSIOT, €CIIA KHUIKOCTb,
HoJyIeXkalasi eperoHke B OOBIYHBIX YCIOBHSIX, HE BBIACP)KUBACT HArpEBaHUS 10 TEMIEpPaTypbl
€e KHUIIeHMs. YCTaHOBKa JJIA TaKOW TEperoHKu Oosee ciokHas. IS OTTOHKH BEIIECTB,
HEPACTBOPUMBIX B BOJIE, HCIIOJIb3YIOT IEPETOHKY C BOASHBIM IIapOM.

JKCNepUMEHTANbHAS YaCTh

OnebIT 1. O4yncTKa BOABI, coAep Kallell MeXaHNYeCKHe NpuMecH, GUJILTPOBaHNEM U
MUCTHILIISII M el

B xumnueckuii crakan HanuTh 400-500 M1 BOJONPOBOIHOM BOJBI M BHECTU B Hee 2-3 T
M3MEIBbYEHHOTO Mena. PacTBop pasMeniarh CTEKJISIHHOM MallOYKOW, MPUTOTOBUTH CKJIAT4aThIi
(GWIBTP, COOTBETCTBYIOLINI pa3Mepy BOPOHKH. [lJii €ro M3roTOBJIEHUS B3ATh TOTOBBIA HIIU
BbIpe3aTh U3 (QUIBTPOBAIBHON Oymaru Kpyriblii (UIBTP, CIOKUTH €ro IMOMOojaM, MOCie Yero
CKJIaJIBIBAaTh MO PAInyCy C IIEHTPOM B CEpeAMHE JUHHUHU Mepernda Kpyra To B OJHY, TO B IPYTYIO
ctopony. [lonyd4eHHYIO CIIO)KEHHYI0 KOHYCOOOpPa3HYI0 TapMOHHKY BJIOKHUTh B CTEKIISIHHYIO
BOPOHKY M 00pe3aTh HIMPOKYIO0 CTOPOHY (HIIbTPAa HOXKHHIIAMHU C TAKUM pacyeToM, YTOOBI Kpas
bunpTpa ObTM Ha 3-5 MM HIKE Kpas BOpPOHKH. [locie 3Toro pa3BepHYTh MHOTOTPAaHHBIN
CKJIaq4aThlii GUIBTP M OMYCTHTH €r0 B BOPOHKY, HAXOJAALIYIOCS B KoJiblie mTaTuBa. [loncraButh
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10T BOPOHKY ITYCTO# CTaKkaH TakK, 4TOOBI KOHEI] BOPOHKHU KAacaJICs CTEHKM CTaKaHa M HaXOIWJIcs
Ha 2-3 CM HUXE Kpasi CTaKaHa.

[IpuroroBnenHyo s (QUIBTPOBaHUS BOAY
OCTOPO’KHO, IO CTEKJITHHOM IMaJlo4Ke CIUBAaTh
B Quuptp (puc. 9), cimens 3a TeMm, 4YTOOBI
YPOBEHb KHMJIKOCTH B BOPOHKE, OBUI HIKE
KkpaeB QuiabTpa Ha 4-5 mMM. [l oKuUCIEHHS
OpPraHMYECKUX BEIIECTB K MPOQHIBTPOBAHHOMN
BOJIE N00aBHUTH 3-4 KpHUCTAJIIINKA
IepMaHraHaTa Kaius.

[IpopunbTpoBaHHYl0O BOJXY NEpPENIUTh U3
ctakana B KkosOy Bropma, Opocute B Hee
HECKOJIBKO KaWUISIPOB, YTOOBI KUTIEHUE BObI
IPOMCXOJWIO PAaBHOMEPHO. 3aKpbITh KOJIOY
npoOKOH C TEpPMOMETPOM U YKpPEHHUTh Ha
KOJIBLIE ILITAaTHBA Ha aCOECTUPOBAHHOM CETKe.

Puc. 9. ®unbrpoBanue npu aTMOCHEPHOM JaBICHHUH.

Ha orpoctok koi0bl Bropria HazmeTs mpoOKy M COeIMHUTH KOJOY C MPUTOTOBJICHHBIM
XoJoauapHUKOM JInOuxa, mpHCOeIMHEHHBIM K BOJONPOBOAHOMY KpaHy. Ha npyroit konen
xonoaunbHuKa (puc. 10) HazeTh MpOOKYy C aJIOHXKEM, KOTOPBIM OIYCTUTh B KOJIOY-TIPUEMHHUK.
3aIoJHUTh XOJIOAMIBHUK BO/IOM, IyCTHUB HE OYEHb CHIIbHYIO CTpyto. Harpets Bony B konbe 1o
kuneHus u, noiaydus 200-300 M iucTUILIATA, IPEKPATUTh IEPETOHKY.

T IR T T,

)
i
T Y l(ﬁr
Puc. 10. I[Tpubop a1t TUCTUIUISIINN BOJIBI:
1 - xpyrnmomoHHas koiba; 2 - xojmomwneHuK JlubOuxa; 3 - dopmroce; 4 - aIOHXK;
5 - Kon6a-pUEeMHUK.
JUia ynajieHus paCTBOPEHHBIX ra30B MPOKUISATUTH NoaydeHHYo Boay 10-15 mun. Ilocne
ATOTO 3aKPBITh KOJIOY MPOOKOW ¢ TpyOKO#H, HANOJHEHHOW HATPOHHOW HM3BECTHIO, U OCTABUTH
oxyaxaatecs. [locne oXIakaeHns: IPOYHO 3aKPhITh KOJIOY XOPOIIO 1M0100paHHOM TPOOKOH.
CpaBHUTH YHUCTOTY MOJYYEHHOW BOIBI C BOAOMPOBOJIHOMW. [[71s 3TOro Ha JiBa 4acOBBIX
CTEKJIa HAJTUTh 10 | MII OUMIIIEHHOW U BOJAOIPOBOJIHON BOJBI M BBIIAPUTH €€ JOCYXa Ha BOASTHOU
O6ane. CpaBHUTH pe3yibTaThl BhIMapuBaHusa. OmnucaTh MNpoJAETaHHYIO padoTy. 3apucoBaTh
pudop.
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OnpiT 2. O4yucTKa 0€eH30i1HOM KHCJI0THI BO3TOHKOM

JUis  BO3TOHKM BEIIECTB MNP HOPMAJIbHOM [JAaBJICHMM BEIIECTBO IOMEIIAIOT B
baphopoByio yaliKy, KOTOPYIO HaKpBIBAIOT MEPEBEPHYTON CTEKISTHHON BOPOHKON. OTBOJHYIO
TpyOKy BOpPOHKH 3aKpBIBAalOT KYCKOM BaTbhl. MEXIy 4YalmlKoM ¥ BOPOHKOW TOMEIIAIOT
GuIbTPOBAIbHYIO Oymary ¢ HEOONBIIUMH OTBEPCTUSMH BO MHOTHX MECTax JUJIsl MPOIMyCKaHUS
napoB. JTO JIeNaioT JJii TOro, YTOObl KPHCTAUIBl BELIECTBa, 0Opa3oBaBIIMECS Ha XOJOJHOU
MOBEPXHOCTU BOPOHKH, HE MaJaldd OMSATh Ha BO3TOHSEMOE BEIECTBO. BOPOHKY OXJIaKIaroT,
MPUKIaIbIBasi K HAPY>KHOM MOBEPXHOCTH CMOYEHHBINM B BOJE KyCOK TKaHH. Eciau HeoOXxoaumo
OUHCTUTH HEOOINBIIOE KOJIMYECTBO BEIIECTBA, TO BMECTO BOPOHKH MOXHO HCIOJIB30BaTh
4acoBOE€ CTEKJIO0, KOTOPOE BBIMYKJIOW MOBEPXHOCTHbIO KIAAyT Ha 4Yamky (wid crakas). Jlns
OXJIQXJACHUS Ha YaCOBOE CTEKJIO MOKHO TOJIOKUTh CMOUYEHHBIN BOJOU KYCOYEK BaThI.

®apdopoByro 4HalIKy € BEIIECTBOM MEJIEHHO U OCTOPOXXHO HAarpeBaloT Ha OaHe.
HeobxonmuMo MOMHUTH, YTO Ja)Ke€ HEOOINBIION MEPEerpeB MOXKET MPHUBECTH K TEPMHUECKOMY
Pa3I0KEHUI0 OUMIIAeMOr0 BEIIeCTBa.

Buvinonnenue onwvima. Oxono 1 T OEH30HHONW KHUCIOTBI TMOMECTHTh B OOJBINON
CTEKJISTHHBIA CTaKaH M HAKPBITh CBEPXY YAIIKOH, KPUCTAIIU3ATOPOM MJIM TAPEIKON C XOJOIHOMN
Bofoi. IlocTaBuTh cTakaH Ha 3JIEKTPOIUIUTKY M CHauyajga OCTOPOXXKHO, a IOTOM CHUJIbHEE
HarpeBaTh OE€H30IHYI0 KHCI0Ty. Krcinora HaYMHaeT UCTapsaThCs, U BHYTPU CTaKaHa TOSBIISCTCS
00J1aKO KPHUCTAJIOB, TMOMOOHBIX CHEXHMHKaM. KpHCTaibIl MOCTENEHHO OO0pa3yroT XJOMbS W
caasaTcs Ha XOJOJHBIE 4YacTH crakaHa. Korma HawyHeTcs 0oOpa3oBaHUE XJIONBEB, HAarpeBaHUE
npekpatuTh. CTakaH HE OTKPBIBATH JI0 MOJHOTO OXJIAXKIACHMS!

OmnpiT 3. O4ucTKa HOAa METOA0M CYOIMMALINH

Ha gno Hm3koro crakana (wmm cyboaumaropa) (puc. 11) momectutp 1,0 T
KpucTtaimuueckoro uoga u 0,2 r woauga Kamus. 3aKphITh CTakaH MaJeHbKOW Koi0oi ¢
OTPOCTKOM, 3aIIOJITHEHHON XOJIOJHOM BOAOHM €O JbJ0M. [loMeCTHTh cTakaH Ha acOECTOBYIO CETKY
U OCTOPOKHO HArpeBaTh IIaMEHEM CIUPTOBKU. Eciu BO3roHKa MPOBOIUTCS B CyOIUMATOpPE, TO
K HEMY IMOJBOIMUTCS XOJOJHAs BOJa M JTHO cyOIuMaTopa HarpeBaercsl IUIAMEHEM CIHPTOBKH.
HarpeBanue npoBoauTCst 10 MOJHOM BO3TOHKHM MoAa. KpucTamibl OUMILIEHHOTO 0/1a TOMECTUTD
B OIOKC U B3BeCHUTh. PaccunTarh BBIXOJ MPOJYKTa B MPOLIEHTAX OT UCXOAHOM HaBeCKH ioja.
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Puc. 11. Ilpubops! 1u1st cyOnuManiu noja.
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a: I — crakaH, 2 — kKonba ¢ OTpoCcTKOM, 3 — acOecToBasi CeTKa; 6 — CydoIMmMaTop

OmnbIT 4. OUHCTKA XJIOPH/IA HATPUSA METOI0M BbICAJIMBAHUS

[Tpu nepexpucCTaUIM3AIMKN BEIIECTB, PACTBOPUMOCTh KOTOPBIX Mallo M3MEHSETCS C
M3MEHEHUEM TEeMIIEpaTyphl, MPUMEHAIOT METO]l BhicaiuBaHus. K pacTBopaM TakuX BEIECTB
00aBJISIOT BEIIECTBA, TOHKAIOIIUE UX PACTBOPUMOCTD.

PacTBOpUMOCTh 3JIEKTPOJUTAa YMEHBIIAETCSI MPU BBEACHUM B PaCTBOP JAPYroro
SIIEKTPOJIUTA C OJHOMMEHHBIM noHOM. I1pu BBeseHnn noHOB XJjopa Cl B HACBIIIEHHBIN PaCTBOP
XJOpHUAa HATPUs

NaCl(x) - Na*+ CI™
paBHOBECHE CMEILIAETCs BJIEBO, B PE3yJIbTAaTE YEero BbIMAIal0T KPUCTAJUIBI COJIU, HE COJIEpIKallue
IIpUMeceH.

[IpuroToBbTE HACHIMICHHBIA pPACTBOpP XJopuaa HaTpus (TOBApEHHOW COJM) TpHU
KOMHaTHOW Temneparype. s 3Toro pazorpute B crynke okoso 20 r conu u pactsopure ee B 50
MJI BOJIbI. PacTBOp OTUIbTpyiiTe Uuepe3 CKiIaqdaThiid (PYIIBTP B YUCTHIA CTaKaH.

B BeITSDKHOM mmkady K HACHIIIEHHOMY pacTBOPY XJIOpPHIA HATPUS MEJICHHO
HEOOJIBIIMMH TIOPUUSIMH T00aBbTE 25 MJI KOHIIEHTPUPOBAHHOW COJISTHOM KHUCJIOTHI (IIJIOTHOCTH
1,19 r/cM®) npu HempephIBHOM IepeMENMBAHKH PACTBOPA CTEKISHHON Manoukoi. Brimapime
KpUCTAUTBI OTHUIBTPYHTE HA BOPOHKE broxHepa.

BricymiTe nmony4eHHyIo coJib B CYIIMIBHOM IIKa(y U B3BECHTE.

BbruncnauTe BBIXOJ] COJM B MpoOLeHTax. Pe3yabTaThl ONbITa 3aMUIINTE B TAOIHILY.
Tabnuua 3. DkcnepuMeHTaIbHBIE U PACUETHBIC TaHHBIC

BemectBo OO0beM BOJBI, M Macca comu, T Brixon comn, %
UCXOHAs MOJTyYeHHast

IMopsinoxk padoThI:
[TonyuuTs OT mpenogaBaTens 3aJaHue.
BbImoaHuTE paboTy cOracHO METOIMYECKUM PEKOMEHAIUSIM.
OdopMHUTH TPOTOKOIT PAOOTHI.
. BputuThk oTpaboTaHHbIE pacTBOPHI, IOCYY BBIMBITH. CliaTh pabouee MecTo.
Conepxanue oTyera:
Tema u 11e1h paboOTHI.
XUMHUYECKUE YPABHEHUS PEAKLUN.
BrIBOIBI 110 TIPOIETaHHOM padoTe.
KoHnTpoJsbHbBIE BOPOCHI
1. Kak Ha3bIBalOT METO/, KOTOPBIA UCMOJIB3YIOT JJIs1 Pa3ICIICHUSI CMECEl HEPACTBOPHUMBIX B BOJIE
TBEPBIX BEIIECTB C PA3HOM MIOTHOCTHIO?
2. Kak Ha3pIBaeTCst METOI, TPU KOTOPOM HAET HAKOTUICHHE OJHOTO BEIIECTBA HA TOBEPXHOCTH
JIPyroro BeniecTna?

B

3. Kak Ha3piBaeTcs crocod, OCHOBaHHBIN Ha PAa3IMYHOM ITOTJIOMICHUH Pa3/IesIeMbIX BEIIECTB
MOBEPXHOCTBIO IPYroro BeuiecTsa?

4. KaKM METOJIOM MOKHO Pa3JeisiTh CMECU HEPACTBOPUMBIX JAPYT B APYre KUAKOCTEH C
Ppa3IMYHON IIOTHOCTHIO?

5. Kak oTIM4uTh CMECh BEUIECTB OT MHAMBUIYaIbHOTO BEIIECTBA?

TEMA 2. BAJXHEHIIIUE KJACChI HEOPTAHUYECKUX COEJJUHEHUI
Heab padoThl: U3yueHHE OCHOBHBIX CBOMCTB OKCHIOB, KUCJIOT, OCHOBAHHM U COJIEH.
Conep:xxanue padoThbI:

1. OnpenenuTh OTHOIIEHUE OKCUIOB K BOJE, KUCIOTaM U OCHOBAHUSIM.
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2. OnpenenuTs yCTOMYUBOCTh U KUCIIOTHOCTh OCHOBAHUH.
3. OnpeaenuTs CUTy KUCIOT U OCHOBAHUH.

IIpuGopsbl M peakTUBBI: IPOOHPKHU, YHUBEPCAIbHBIN HHIUKATOp, pacTBopbl: NaOH 2M, H2SOs 1M u
KOHIeHTpupoBaHHbIi, ZnSO4 0,25M, AgNO;3; 0,1M, CuSO4 0,25M, HCl 2M, CoSO4 0,25M;
nopomku CrOs, Al,O3, CaO.

KpaTkue TeopeTnueckue cBegeHHUs.

Pazmen «Kimaccel XMMHUYECKMX COCIMHEHUN» SBISETCS HanOoliee BaXHBIM B Kypce
xumui. [Ipexae uem BBIMOIHUTH IKCIIEPUMEHTAIbHYIO padoTy M0 3TOMY pa3feny, HaJo TBEPIO
YCBOUTh Ha KaKH€ KJIACChl JIESATCS HEOPTaHMYECKUE BEIECTBA, KAaK COCTaBIISAIOTCS Ha3BaHUS
BEIIECTB, MPUHAAJECKAIIUX PA3TUYHBIM KjaccaM COEIWHEHUH, Kakhe OCHOBHBIE peaKlUu
XapaKTepHBI IS KaXK0T0 Kjacca XUMHYECKUX COSIUHEHUN.

XUMUYECKHE COEAMHEHHUS pa3fesiioTcs Ha KJIAacChl MO COCTaBy UM IO XUMHUYECKUM
CBOMCTBaM, KOTOPbIE 3TH BEUIECTBA MPOSIBIISIIOT B XUMUYECKHUX PEAKLIUSIX.

1. OIMH M3 KIAacCOB HEOPraHUYECKHUX COCAMHEHUM BKIIIOYAET BEUIECTBA, COCTOAIIME W3
JIBYX 3JIEMEHTOB, OJIMH M3 KOTOPBIX KUCIOPOJ, TAKUE COCAMHEHUS HA3bIBAIOTCS okcuoamu. Vx
Ha3BaHMsI OOpa3yIOTCs OT KOpHS JIATMHCKOIO Ha3BaHMsI KUCIOPOAA C OKOHYAHUEM «-HUI» U
PYCCKOTO Ha3BaHUsI BTOPOrO 3J€MEHTa B POAUTEIbHOM Majexe. Eciau 31eMEeHT MOXKET UMETh
pa3HbIe CTETIEHU OKUCIICHUS, TO MOCIIE €r0 Ha3BaHUs B CKOOKaX YKa3bIBAIOT pUMCKUMU IU(ppamMu
crenenb okucienus. Hampumep, C1,07 — okcua xiopa (VII), Cu,0O — oxeun meau (1).

[Io xuMuYeCKHM CBOMCTBAM OKCHJIbI ITOAPA3AEIIAIOTCS:

Oxcumst
/ \
Heconeo6pasyrolue Coneobpa3sywouiue
(6e3pa3IUYHbBIE) — T,
OCHOBHbIE AM@oTepHbBIE KucnoTtHbie
CO, NO, N,O Na,O, BaO, Zn0O, Al,)0,, CO,, N,Os,

FeO, MgO u np. Cr,0;, Fe,O; u np. SO;, Cl,0, 1 ap.

/
HeconeoOpasyrolye oKkcuabl He B3aUMOJICHCTBYIOT HU C KUCIIOTaMH, HU C OCHOBaHHSIMH.

OcHo6éHbiMuU HA3BIBAIOTCA OKCHUIBI, KOTOpBIE 00pa3yloT COJIM MPHU B3aUMOJEHCTBHH C
KACIOTAMM WJIM KHCIOTHBIMM OKCHAAMU. B OCHOBHBIX OKcHAaxX M DJEMEHTa, €ro
00pa3yIoiero, XxapakTepHa Hu3Kas CTeTeHb OKUCIeHus: +1, +2, peako +3.

Kucnomusimu Ha3pIBalOTCS OKCUABI, KOTOPblE 00pa3yloT CONM MPU B3aUMOJEHCTBHHU C
OCHOBAHMSAMHU WJIM C OCHOBHBIMH OKCHIaMH. B 3TOM citydae asneMeHT, 00pasyroliuii OKCHJ,
UMEET CTEIIEHb OKUCIIEHUS +4 U BBILIE.

Am@pomepnvimu HAZBIBAIOTCA OKCUIBI, KOTOPBIE 00Pa3yIOT COJU MPH B3aUMOJCHCTBUU
KaK ¢ KUCJIIOTaMH, TaK U C OCHOBaHUSIMH, T. €. IPOSBIISIIOT JBOWCTBEHHYIO IPUPOY.

Cpeny CIOXKHBIX COEAMHEHUH, COCTOAIIMX M3 JIEMEHTA, KUCIOpOJa M BOIOPOJA, BAXKHYIO

TpymIty 00pa3yloT eudpokcuovl. HeKoTopble U3 HUX — OCHOGHblE 2UOPOKCUOb! — TIPOSBISIIOT
cBoiictBa ocHoBanuiit — NaOH, Ba(OH),, Fe(OH), u T. n. JIpyrue — kuciomuuie 2udpokcuost
— nposBIsAioT cBoiicTBa KucioT — HaSO4, H3PO4, HCIO4 1 1. . CytmiecTByIOT U amgpomephoie
2UOPOKCUObL, KOTOPBIE B 3aBUCUMOCTH OT YCJIOBUIl MPOSIBIISAIOT KaK OCHOBHBIE, TAK U KUCIOTHBIE
croiictBa A1(OH)3, Zn(OH), Fe(OH)3, Cr(OH)3 u mp.
2. BaxxHbIil KJ1acCc HEOPraHMYECKUX COCAUHEHM, BBIICISEMBIA 10 XUMUYECKUM CBOWCTBAM,
COCTaBJISIOT Kuc1omol. K HUIM OTHOCSTCS BELIECTBA, CIIOCOOHBIE JUCCOIMUPOBATH B PACTBOPE C
00pa30BaHUEM HOHOB BOJIOpPOJA. XapaKTEPHbIM CBOMCTBOM KHCIOT SBISETCA MX CIIOCOOHOCTB
B3aMMO/ICHICTBOBATh C OCHOBaHMSMHU, OCHOBHBIMU U aM(OTEpHBIMU OKCHUIAMHU C 00pa3oBaHHEM
COJIEH.
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I1o Hanmuuwuio KHCJIOpOJa B CBOEM COCTABC KHUCJIOTBI ACTIATCA:

Kucnorsr

— T

BeckuciaoponHeie Kucnoponconepxaiiue
HCI, HBr, HI, H,S  H,S0,, HNO,, H,PO,, H,CO,; u T.1L.

-

[lo umcny copepkammxcsi B MOJIEKYJE KUCIOT aTOMOB BOJOPOJA, CHOCOOHBIX 3aMEIIAThCS
aToMaMH MeTaula, pa3inudaoT kuciomsl oonoocrosnvle (HCl, HNO3), dgyxocnosnvie (H2SOs,
HaS), mpexocnosnwvie (H3POs).

HasBanust KuCIOT MNPOUCXOOAT OT dJeMeHTa, oOpasyromiero kuciaory. Hazpanus
KHCJIOPOICOEPKAIIMX KHCIOT 3aBUCAT OT CTEMEHU OKHCICHHUS OHIIEMEHTa, O00pa3yroIlero
KHUCTIOTY. MaKkcUMallbHOM CTETIEHU OKUCIICHHS 3JIEMEHTa, paBHOM HOMEpY IpYMIbl B IEpUOIuYe-
CKOW CHCTEME 3JIEMEHTOB, COOTBETCTBYET CYPUKC «...H(as)» min «-oB(as)», Hapumep HCl1O4
— xuiopHag kucinora, HoCrOs — xpomoBasg kuciota. [lnsg Ha3BaHUS  KHUCIOTHI,
COOTBETCTBYIOIIEH HUBIIEH CTETIEHU OKUCIICHUS 3JIEMEHTa, UCTOoNb3yeTcs cyhduke «-uct(as)»:
HNO; — a3zotucras kucnora, H>SO3 — cepHucras kuciora.

3. Eme onuH BakHBIN KilacC HEOPraHMYECKUX COCAMHEHHUH, XapaKTepU3YIOUIHHCS OOIUMHU
CBOMCTBaMH, 00pa3yioT ochoganusa. K HUM OTHOCATCS BEIIECTBa, CIIOCOOHBIE TUCCOLUUPOBATH B
pacTBope ¢ 00pa30BaHUEM T'HAPOKCH]I-HOHOB.

XapakTepHbIM CBOWCTBOM OCHOBAaHHH SIBJISIETCSI UX CIIOCOOHOCTh B3aMMOJICHCTBOBATH C
KHCJIOTaMH, KUCIOTHBIMH M aM(OTEpHBIMU OKCHAAaMHU C oOpa3oBaHHeM coisiell. AMQoTepHbIe
TUAPOKCUABI 00Pa3yIoT COJIU MPHU B3aUMOJICHCTBUU KaK C KUCJIOTaMH, TaK U C OCHOBAHUSIMHU.

Zn(OH), + 2HCI1 = ZnCl, + 2H>O
Zn(OH), + 2NaOH = Na,Zn0O; + 2H>0
PaccmarpuBast OCIIEHIO PEaKIMIo, caeyeT 0OpaTuTh BHUMAHKUE, YTO MOHBI TAKMX aKTUBHBIX
METaJIJIOB, KaK HATPUH, KA B COJIIX BCErJa CTOST Ha MEPBOM MECTE.
ITo pacTBOpUMOCTH 1 110 CIOCO0Y UX MOYYSHHUSI OCHOBAHHMS JEIISATCS:

OcHoBaHUs
PacTtBOpuMmbIE HepactBopumsie,
(wenoun) BKJII04asl aM(pOTEPHbBIE
NaOH, KOH, BA(OH), Fe(OH),, Mg(OH),, Fe(OH);, Al(OH),

N3yunB Takue KIacChl HEOPTAaHMUECKHUX BEIIECTB, KaK OKCHIBI, OCHOBAHUS, KUCIIOTHI, Cr1edyem
3aNOMHUMb, YTO B XUMUYECKUX PEAKIMIX B3aMMOJICHCTBHE HIET TOJIHKO MEXIY BEIIECTBAMH C
HpOTI/IBOHOJIO)KHBIMI/I CBOfICTBaMI/I, T. €. MG)K,Z[y BCIIECTBAMU OCHOBHOI'O 1 KHUCJIOTHOI'O xapaKTepa.

Cawmplii OOJTBITION KJTACC HEOPTAHUYECKUX COSTMHEHUN COCTABIISIIOT COJMMU.

CO.HI/I MOXHO paCCManI/IBaTI: KakK HpOI[yKT ITIOJTHOI'O UJIX 4YaCTUYHOT'O 3aMCIICHHUSA aTOMOB
Bonopoz[a B MOJIGKy.He KHUCIIOTBI aTOMaMH METallJla NJIN KAaK HpO,Z[yKT IIOJIHOT'O HUJIXN YaCTUYHOI'O
3aMEIeHHs THIPOKCOTPYII B MOJIEKYJIE OCHOBHOTO THAPOKCHAA KHUCIOTHBIMHU ocTtaTkamu. [Ipu
MOJTHOM 3aMEIIEHUU AaTOMOB BOJOpPOJa B MOJEKYylle KHUCIOTHI O00paszyloTcs cpeoHue
(HopmanvHble) conu, TPU HEMOTHOM — KuUCAble coau. llpu dYacTHYHOM 3aMelleHUHN
THJIPOKCOTPYII B MOJIEKYJ€ OCHOBHOTO THJIPOKCHIA KHUCIOTHBIMH OCTaTKaMU OOpa3zyroTCs
OCHOBHbIE COJU.

CneznyeT 3alIOMHUTDH, YTO KHCJIBIC COJIH MOI‘YT GBITB 06p3.30BaHI>I TOJIBKO KHUCJIOTaMH,
OCHOBHOCTh KOTOpPBIX paBHa JBYM MM O0o0jiee, a OCHOBHBIE COJIM — THAPOKCHIIAMH,
COJIep>KalIMHU JIBE U 00JIee THAPOKCOTPYIIIIHL.
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Ha3BaHus coseil cocTaBiIAIOT U3 Ha3BaHUI aHHMOHA KHUCJIOTHI B UMEHHUTEIHLHOM IIagcxKe u
Ha3BaHU KaTHOHA B POTUTEIHHOM majexe. [Ipu 3ToM Ha3BaHHWE aHMOHA TIPOM3BOIAT OT KOPHS
JIATUHCKOIO HanMMeHOBaHHA djeMeHTa. CTeleHL OKUCIEHUS MEeTalia, OGpﬁSyIOH.[GFO KaTHuoH,
YKa3bIBAIOT, €CJIM 3TO HEOOXOUMO, PUMCKUMH IIUPPaMH B CKOOKaX.

Conu
Kucneie Cpennue OcCHOBHEBIE
NaHS, NaH;POq4 NaBr, K>S, Na3;POg4 (ZnOH)>S04, Fe(OH),Cl

B cnyuae GeckuCIOpOIHBIX KHUCIOT aHUOH MMeeT okoHdaHue «ua» (NaBr — Opomun HaTpus,
K>S - cynpdun xanus).

B cnyyae aHHMOHOB KHCIOPOJIOCOAEPkAIIUX KHUCIOT HCIONb3YIOTCS TOJBKO JIBa
OKOHYAHUS; «-aT», €CIIU DJIEMEHT UMEET BHICOKYIO CTENICHh OKHCICHUS, U «-HUT», €CIIA DJIEMEHT
nMeeT Oojee HU3KYIO creneHb okucieHus (NaxSOs4 — cynbdar Hatpus, NaxSO3 — cynbpur
HaTpUs).

Ecnu snement, oOpa3yromuii KUCIOTY, UMEET 0ojiee YeM JBE MOJOKUTENIbHBIX CTEIEHH
OKHUCJICHUS (HaIrpumep, XJIop, OpoM, o), Toraa B Ha3BaHUM COJEH JOOABISIFOTCS MPHCTABKY;
«TUNO» — JUIsl CAMOM HH3KOM CTENEHHW OKHCIICHHMS, «Iep» — JUIsl CaMOM BBICOKOM CTEIEHU
OKHCIICHUS.

Hazpanust xucibix comneil 00pa3yroTcsl Takke KakK U CpPelHUX, HO MPHU 3TOM JT00aBISIOT
MPHUCTABKy «TUAPO», YKA3BIBAOIIYI0 HAa HAIMYME HE3aMEIIEHHBIX HOHOB BOJOPOJ]A, YHUCIO
KOTOPBIX 0003HAYAIOT TPEUYECKUMH YUCIUTEIbHBIMU (1, TpU U T. 1.). Hanpumep, Na,HPO4 —
ruapodocdar narpus, KH,PO4 — nuruapodocdar kamms.

Ha3Banust o0CHOBHBIX coJjieii 00pa3yroT MoJ00HO HA3BaHUSAM CPEIHUX COJICH, HO TIPH 3TOM
NOOABISIOT  TPUCTABKY  «THAPOKCO»,  YKa3bIBAIOIIYI0 HAa  HaIWYMe  HE3aMEIICHHBIX
TUAPOKCOTPYII, YKCIIO KOTOPBIX 0003HAYAIOT IpeuecKUMU YucauTenbHbIMU. Tak, (ZnOH)>SO4
— cynbdar ruapokconunka, Fe(OH)>Cl — xnopun aguruapokcoxkenesa (I1I).

JKCNepUMEHTAIbHAS YaCTh

OmnbiT 1. OTHOLIEHNE OKCH/IOB K BOJe

B tpu nmpobupku BHectn mo 10-20 mr okcumoB: B mepByr — okcuaa xpoma (VI), Bo
BTOPYIO — OKCHJIa AIFOMHUHHUS, B TPETHIO — OKCU/IA KAIBIIKA. 3aTeM B KOKIYIO MPOOUPKY MPUITUTH
no 3-4 MJ BOABI, TUIATENbHO BCTPSXHYTh B TEUYEHHE MHHYTHI U OTMETUTH HaOI0/laeMble
u3MeHeHus. icbpITaTh MHAUKATOPOM PEAKIIHIO BOJIHOM CPEIbl B KaXkI0H mpodupke.

OnbIT 2. OTHOLLIEHME OKCHIOB K KHCJI0TAM H OCHOBAHUAM

B nBe mpobupku BHecTH no 10-20 mr okcuaa anromuaus. B oqHy n3 Hux n06aButs 7-10
Mi 1 M pacTBopa cepHOM KHUCIOTHI, B Apyryto — 7-10 kanenb 2 M pacTBopa THAPOKCUIA HATPHUS.
OTMeTuTh HAOMIOJaeMbIe H3MEHEHUSI.

OmnpiT 3. YCTOMYMBOCTH OCHOBAHMH

B3ste Tpu npobupku. B onny 3 HUX BHecTu 5 xamens Bojsl, 2 kamm 0,1 M pactBopa
HUTpaTa cepedpa u 2-3 Kamau pa30aBICHHOTO pacTBOpa THAPOKCHIA HATPHs, BO BTOPYIO — 2
karum 0,25 M pactBopa cynabdara meau (II) m 10-12 xamens pas30aBieHHOro pacTBOpa
TUAPOKCUAA HaTpus, B TpeTbio — 10 Kamens pa30aBIeHHOrO pacTBOpa THAPOKCHUAA HATPHSL.
Otmetuth HabmOgaeMble W3MeHeHus. [locie 3Toro coaep:KuMoe MPOOUPOK HATPETh MOYTH 0
KUIICHUS Ha TJIAMEHU CIIUPTOBKUA M OTMETHTh U3MEHEHHUS.

OmnbiT 4. Cuiia OCHOBaHM

Braectn B mpoOMpKYy Kycodek OKcuaa Kaublus Mmaccod 5-10 mr, pacTBOpuTh B
MHUHHMAaJIbHOM 00beMe BOABI M MpuOaBuTh | Kammo ¢genondranenta. [1onoBUHY MoIydeHHOTO
pacTBopa TEpPEHECTH MHIETKOM B APYrylo mnpoOupky. B mepByro mpoOupky mnpubOaBUTH IO
KarsiM 2M pacTBOp COJSTHOM KUCIIOTHI 10 MCYE3HOBEHHSI OKPACKH MHIWKATOPA, BO BTOPYIO —
Takoi ke 00beM 2M pactBopa ruapokcua HaTpusi. OTMETUTH HAOIIOAaeMbIe U3MEHEHUS.
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B crnenyromue nBe mpodbupku momectuTh S5 kamenb 0,25M pacTBopa COJIM LUHKA U TIO
KalulsiM pa30aBJIeHHBI pacTBOp TUAPOKCHJA HATpus OO0 oOpa3oBaHMs ocaaka. B oxHy u3
npobupok 106aBuTh 2-3 karmum 2M pacTBOpa COJNSIHOM KHCIOTHI, B JApYyrylo — 2M pacTBop
THJIPOKCUA HATpUsl 10 McYe3HOBeHMs ocagka. ColaepKUMoe MPOOMPOK XOpOLIO IepeMelaTh
BCTPSXUBAHUEM M OTMETUTH HAa0JI0JaeMble N3MEHEHHS.

OnbIT 5. KHCI0THOCTH OCHOBAaHUI

B nBe mpobupku nomectuts no 1 mi 0,25M pactBopa cynbdara kobansta (II), BHECTH B
HUX IPU BCTPSAXMBAHUU 110 KaIIIM pa30aBJIEHHBIN pacTBOP MMIAPOKCUIA HATPUS 10 00pa30BaHUs
CHHEro ocajika. B onHy mpoOupKy 1006aBUTh MO KaIuIIM KOHLIEHTPUPOBAHHBIN pacTBOp CepHOU
KHCJIOTBI, B JPYTYI0 — KOHLIEHTPUPOBAHHBIN PacTBOpP TMIAPOKCHIA HaTpus. UTo mpencrasisger
co0oi cuHMI 0camoK?

OnebIT 6. OKHCIANTEIBHBIE CBOHCTBA KHCJIOT

B 1Be npoOupku MOMECTUTh MO OJHON rpaHyie HUHKA. B oHY U3 HUX NPUIUTH 3-5 Ml
2M pacTBOpa COJSAHOW KHUCIOTHI, B APYTyI0 — 2-3 MJI KOHIIEHTPUPOBAHHOTO PacTBOpa a30THOM
kucinoTel. OOpaTuTe BHUMaHME Ha LBET Ta30B, BHIICISIOMINXCS B IPOIIECCE PACTBOPEHHUS IIMHKA.
IHlopaook paoomuwi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.
2. BpIMOAHUTH pabOTy COTTACHO METOJUUYECKUM PEKOMEHAALIMSIM.
3. OdopMUTH TPOTOKOI PabOTHI.
4. BpbumuTh 0TpabOTaHHBIE PACTBOPHI, OCYAY BBIMBITE. CliaTh pabouee MECTO.
Conepxanue oTyera:

1. Tewma u nienp paboOTHI.

2. XuUMHYECKHE YpPaBHEHHUS PEaKLUH.

3. BbIBOABI IO MpOICIaHHON padoTe.
KonTpoJsbHbBIE BOPOCHI
5. Baxneiimme kiacchl HEOpPraHWYECKUX COeIUHEHHH. OKCUabl (KUCIOTHBIC, OCHOBHBIC,
amdorepHble, 0e3pa3NuuHbIe), CTpoeHUE, (U3NYECKHUE, XMMUYECKHE CBOMCTBA, CIOCOOBI HMX
MOJIyYEHUSI.

6. OcHoBanusl, cTpoeHue, pu3ndeckue, XMMIUIECKHE CBOMCTBA, CITOCOOBI UX MOTYYCHHS.
7. Kucnotsl, crpoenue, pusznyueckune, XAMAYECKUE CBOMCTBA, CIIOCOOBI UX TIOTyUCHHUS.
8. Counu, cTpoenue, pusnueckne, XUMHYECKHUE CBOMCTBA, CIIOCOOBI X MOIYUCHUSI.

TEMA 3. OCHOBbI XUMHWUYECKOW TEPMOJIUHAMUKH.
XUMHNYECKASA KHHETUKA U PABHOBECHE.
YACTbD A. DHEPTETUKA XUMHNYECKUX TTPOLIECCOB. OITPEJEJIEHUE TEIJIOBOT'O
[TPOIIECCA PEAKIIMU HEUTPAJIN3ALIMMN.
Heapb padoThI: onpeesieHre TEMIOBOTO MPOIECcca peaKui HEUTpaTU3aliu.
Coaepixanue padoThbI:
1. OcBouTh HaBBIKM TEPMOJUHAMHYECKHX PACUYETOB, CBSI3aHHBIX C YHEPrEeTHKON XMMHUYECKUX
peaKuHuii.
2. DKCHepUMEHTAIBHO ONPEACIUTh TeTIOBOM 3P hEKT peakiuu HEHTpaTu3aIiu.
3. OnpenenuTh OTHOCUTENBHYIO U a0COTIOTHYIO OTPEITHOCTH U3MEPEHUSI.
[Ipubopsl U peakTHBBI: KaJOPUMETP, MEPHBIE LUIUHJPHI, BOPOHKA, TEPMOMETP, CEKYHIIOMED
WINA TIECOYHBIE Yachl, PacTBOPHI THIPOKCHAA HATPUA C KOHIIGHTpauueil 2 MOJb/I u CepHOU
KHUCIIOTBI
1 Moub/m.
KpaTkue TeopeTnueckue cBegeHHs

.HIO6I:I€ XUMHUYCCKUC  pCaAKIUHN Bceraa COIIPOBOKAAKOTCA TEMU HJIn HHBIMHN

SHEpreTU4YecKUMH P (PeKTaMu: BIICICHUEM WU MOTJIONIEHUEM TEIUIOThI, CBETa, COBEPIICHUEM
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AIIEKTPUUYECKON WIIM MeXaHMYeCKOW paboThl. M3yueHHeM »HEpPreTHUecKUX H3MEHEHHWH mpu
XUMHMYECKHX pEeakLUUsAX 3aHMMAaeTCsl HayKa, Ha3blBacMas XUMHYECKOH TEPMOJUHAMHKOM.
OCOOEHHOCTBI0O XMMUYECKON TEPMOAMHAMUKHN KaK HAyKH SIBISIETCS PACCMOTPEHUE XUMHUECKUX
peaKIii B COCTOSIHUM PaBHOBECHS, KOTJA peakiys J100 He Hayallach, JUOO0 YK€ 3aKOHYMIACh, U
MU3MEHEHUS BO BHEIIIHEU CPelie OTCYTCTBYIOT.

Xumuueckas TepMOAMHAMUKA 0a3UpYeTCsl Ha IBYX OCHOBHBIX 3aKOHAaX.
Ilepeguviii 3aKon mepmoounamuKky U3BECTEH KaK 3aKOH COXpaHEHUs >Hepruu. MzMenenue
BHYTPEHHEHN HEPTHH 3aKPBITON CUCTEMBI ONIPEAEIAETCS KOJINYECTBOM BBIIEICHHON TEIUIOTHI U
COBEPILIECHHOHN paboTHI.

AU=Q-A
KonndecTBO TEmnoThl, BBIACIUBILEHCS WM TMOTJIOMIEHHOW B pe3yJbTaTe XUMHUYECKOM
peaKiuu, Ha3bIBACTCS MENna08vim Iphekmom. DK30TepMUUYECKAs pEaAKLUsd — TeIioTa

BBIJIETISIETCS, SHAOTEPMHUUECKask — MOTJIOIIAETCsl.

Yamie Bcero B OMOJOTMYECKMX CHUCTEMax XMMUYECKHE TNPEBPAIICHUS MPOTEKAIOT MpU
MOCTOSTHHOM JaBjieHUU ( M300apHBIE MPOIECChI) B 3TOM CiIydae TEIIOBOM 3(dekT peaxiuu
OyzeT paBeH M3MEHEHHUIO BHYTPEHHEH SHEprUu CHCTEMBbl IUIIOC paboTa HaJ BHEUIHUM
JaBiieHueM pAV:

Q=AU + pAV

Cymma U + pV HasbIBaeTCs IHmansnueil N sBiseTcsi QyHKIHEH COCTOSHUS CHCTEMBI
WJIM MEPOH €€ TETUIOCOAEPKaHHUS.

JU1st XUMHYECKOW peakLUK MPOTEKAOIIEH IIPU IIOCTOSIHHOM JIABJICHUM DHTAJIbIIUS PaBHA
TerIoBoMy 3 dexTy.

3a cmandapmmuyto Inmansnuto 06pa3oBaHUs IPUHUMAIOT SHTAJIBIIMIO TOW PEaKLnu, B
KOTOpoii 1 MoJb BemecTBa o0pa3yeTcs U3 MPOCThIX BEUIECTB, KaXKI0€ U3 KOTOPHIX HAXOAUTCS B
TEPMOJNHAMHYECKOM COCTOSTHUH.

3akoH ['ecca u ciaeacTBUA U3 HETO.

TernoBoit 3pdexr peakuu 3aBUCUT TOJBKO OT HAYAIBHOTO M KOHEYHOTO COCTOSHUS
CUCTEMBI HO HE 3aBUCUT HU OT IyTU MPOTEKAHUs peaKIMH, HU OT €€ MEXaHU3Ma.

Crnencrsug us 3akoHa I'ecca.
1) u3MeHeHue SHTATIBITNY XUMHYECKON peaky He 3aBUCUT OT YKCiia IPOMEXYTOUHBIX CTa Ui
2) DHTANBIUS PEaKIMKA paBHA CyMME DHTAIBIUN 00pa30BaHUs MPOIYKTOB 32 BHIYETOM CYMMBI
SHTAJIBNUNA 00pa30BaHUS UCXOIHBIX BEIIECTB.
Tennoma neimpanu3zayuu — 3TO TEIIOBOM >PdekT peakuuu odpazoBanus 1 moms H2O wu3
vonoB H" u OH".

H" (pp) + OH™ (p-p) = H20;  AHa9s = -55,9 kJI/MOIb

[Ipu HelTpanu3auuy CUIbHBIX KHCIOT CUIIBHBIMUA OCHOBAaHUSIMU TEIIOBOM 3((HEKT 3TOro
npolecca o4YTH OJAMHAKOB B pacueTe Ha 1 MOJIb 3KBUBAJICHTA KUCIIOTHI WX LIEIOYH.
OkcnepuMeHTalbHOE onpeaenenne AH HeWTpanmu3anuu OCI0KHEHO TEM, YTO NPHU CIMBAHUHU
pPacTBOPOB UMEET MECTO IpoIecc pa30aBICHUS:

AH([lpa36aBi) = AHueiirp + AHpass.

Hetitpanu3zanust ciraboit KUCIOTHI WU €1a00r0 OCHOBAHUS COMPOBOXKIAETCS THAPOIH3OM
00pa3yIoIelicss oM, B pe3yldbTaTe 4Yero M3MEHAETCs KOHIeHTpauus uoHoB H' m OH™ B
pacTBope, cle0BaTEIHbHO U TEIIIOBOU 3 deKT mporiecca OyAeT HHBIM.

C wnenpio TPOBEpKM CIPaBEUIMBOCTH 3aKoHAa ['ecca, B JMaHHOW paboTe NPOBOAUM
peakuuto Helrpanuzanun HoSO4 menousto NaOH B nBe ctaguu.

Pesynbrarom peakuuu nepBoi ctaauu (Ipu HegoctaTouHoM Koiandectse NaOH)

H>SO4 + NaOH = NaHSO4 + H,O; AH;
SBJISIETCSI pacTBOp Tunpocyiabdara Hatpus NaHSO4 B Bojte.
PesynbraroM peaknuu 1o BTOPOU CTaguu
NaHSO4 + NaOH = NaxSO4 + H2Op);  AH2
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sBisieTcss oOpa3oBaHue cynbdara HaTpHUsL.

B kaxnoil craguu Temieparypa YBEIMYMBACTCS 110 CPAaBHEHUIO C TEMIIEpATypou
ucxonnoro BemiectBa (pactBopa H2SO4). I[loaTOMy NpOMCXOOUT HM3MEHEHHE SHTAIBIINU B
npolecce peakuuu. Ero Mbl MOXeM OIpeneauTs Il KaXI0i ctaauu no popmyie:

A
AH =K o2 (xIx/mMo1b),
n

rae K= 0,96 xJI>x/Mob — MOCTOSIHHASL KaJTopUMeETpa (KOJIMYECTBO TETUIOTHI, HEOOXOAMMOE /st
HarpeBaHus KaJJOpUMETpa ¢ TEpPMOMETPOM, Melasikoi, pactBopoM HaSO4 Ha 1 K);
n=C -V — kommyectBo BemecTBa NaOH;
C — MousipHas koHueHTpanus Bemectsa NaOH;
V — o6bem pactBopa NaOH B nutpax.
OOmiee KOIUYECTBO TEIJIOTHI, BBIAEIMBILIEICS B pe3yiabTaTe peakiuu, OyaeT pPaBHO
CyMMe€ U3MEHEHUN SHTANbNUN Kaxaou ctaguu: AHsen= AH; + AHo.
Jlist oripeniesieHust MOTrpelHOCTH U3MEPEHHsI TETUIOBOTO 3 deKTa Bocmonb3yemcst (popMyIioii:

AH . —AH
77 — JKCn ucm P 100%
AH

ucm

3a AHucr mpuHUMaeM TabnuaHoe 3HaYeHne AH 1y1st peakiiuu, mpoTeKaromie B OJTHY CTaIHIO:
H>SO4 + 2NaOH = NaxSO4 + 2H2O0x) + 137,43 x>/ Mob;

JKCNepUMEHTAIbHAS YaCTh

Hanuts B ogun nunuaap 100 mn ogaoMosssproro pactsopa HaSOq.

Hanuts B 1Ba nmmaApa nmo S0 mu apymodisipaoro pactsopa NaOH.

3anuts B kanopumetp 100 mit ogHOMOIsipHOTO pactBopa H2SO4.

BxirounTh Melanky.

B Teuenme 5 mMuHyT yepe3 kaxnable 60 CeKyHJ CHUMAaThb MOKa3aHHUS TEPMOMETpa U

3aHOCHUTH 3HAUEHHUS TEMIIEPaTyphl B IEPBYIO CTPOKY TaOIULIBI |

SNk W=

6. Baute B xanopumetp 50 mut gymosnsipaoro pactsopa NaOH u3 nepBoro nuiusipa.
7. B TeueHune 5 MHMHYT CHHUMaTh MOKa3aHUA TEepMOMETpa uepe3 Kaxzasie 60 cekyHa u
3aHOCHUTB BO BTOPYIO CTPOKY TaOIuUIIbI 1.
8. Bmute B kasmopumerp 50 M aeymodsipHoro pactsopa NaOH. B teuenne 5 MUHYT CHUMaTh
NIOKa3aHUs TepMOMETpa yepe3 Kaxible 60 ceKyH ¥ 3aHOCUTh UX B TPETHIO CTPOKY TaOIHIIbI 1.
9. Paccuurate 3HaueHnss AH 17151 KaK10¥ cTaiuy peakiyy | 3aHECTH B TaOIHITy 2.
Tabnuya 1
T, Mun 1 2 3 4 5
t° C, H2SOq4

T°C, 1 cragun
T°C, 2 cramuu

Tabnuya 2
1 ctagus 2 cTagus
T e = ‘ t®kon = t%hay = ‘ t®kon =
At° = At° =
AH; = AH; =
10. Boutnth oTpaboTaHHbIE pacTBOPHL, TOCYY BEIMBITE. ClaTh pabouee MecTo 1abopaHTy.
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Cxema J1a00paTOPHON YCTAHOBKH

3

2

Puc. 12. Cxema kanopumerpa:

I — BKIIOYATENh MEMIAJKHU; 2 — TEPMOU3OJUPYIOIINE CTAKaHbl; 3 — PEAKIMOHHBIN cTakaH; 4 —
TEPMOMETP; 5 — BIEKTPOJBUTATENb MEIIANKH; 6 — IITaTUB; 7 — BOPOHKA; & — MemIalka; 9 —
OCHOBaHUE IITATHBA.

OcHOBHOI 4acThIO0 1a0OPATOPHON YCTAHOBKH SIBJISIETCSl KAJTOPUMETP, TPEICTABIISIOIINI
co00il M30JIMPOBAHHBIN OT OKpYXaromled cpeasl BHyTpeHHHU cocyn (3). ns uzmepeHus
TEMIEPaTyphbl pearupyroUINX BEIIECTB UCIOIb3YeTCs PTYTHBIN TepMmomeTp (4). [lepememinBanue
pacTBopa OCYyIIECTBIsieTCsl Memankoi (8) ¢ momombio 3nekTpoasurarens (5). Boponka (7)
CILY’KMT JUIsl 3JIUBKU PACTBOPOB.

Ilopaook pabomeur:

1. TlodyuuTts OT mpenojaBatens 3aJaHue.
2. BbIOAHUTE PabOTY COINIACHO METOAMYECKHM PEKOMEHAALIUSM.
3. OdopMUTH TPOTOKOI PabOTHI.
4. BTk 0TpaboTaHHBIE PACTBOPHI, OCYAY BBIMBITh. CliaTh pabouee MeCTo.
Conepxanue oTyera:
Tema u 11e1b paboTHI.
XUMHUYECKUE YPABHEHUS PEAKLIUMN.
Taomumsr Nel 1 Ne2.
Pacuers AH u norpemnoctu n %.
BrIBo1BI 110 TIpOIETIAHHOM padoTe.
KoHTpoJsbHbIe BONIPOCHI:
OCHOBHBIE TIOHATHS TEPMOJMHAMMKHM (TEpMOJMHAMUYECKAs CHCTEMA, IapaMeTpsl
cucTeMbl, (haza, KOMIOHEHTHI CHCTeMBI, Imporecc). Knaccudukanus TepMOIUHAMHYECKUX
CUCTEM.

Buytpennsas sHeprus BemecrBa. DyHKIMEH KakuX NApaMETPOB SIBJISETCS BHYTPEHHS
sHeprus BemectBa? llepsoe Hauano TepMoauHaMukH. IIpumeHeHMe nepBOro Hadasia
TEPMOJIMHAMUKH K OMOJIOTMYECKUM CUCTEMaM.

OHTanenus Kak ¢QyHKuus coctosHus. CTaHIapTHBIE YCIOBHS B TEPMOJIMHAMHMKE.
M3MeHeHHe SHTaNbIINU B Pa3IMUHBIX XUMHUUECKUX U (PU3MKO-XUMUYECKHUX MPOLIECCAX.

TennoBoil 3 dexT xumuueckor peakuu. OCOOEHHOCTH TEPMOXUMHUYECKUX YpaBHEHUIM
Y pacyeToB IO HUM. 3aKkoH ['ecca u CIIeICTBUS U3 HETO.

Bropoii 3akoH TepmoarHaMuKU. [loHsATHE SHTpOIIUN.

CBoOopgnas sHeprus [ m60ca kak KpUTepuil CaMOTIPOU3BOJIBHOTO MMPOTEKAHUS PEAKIIHH.

Nk W=

YACTD b. XUMHUYECKAS KUHETUKA U XUMNYECKOE PABHOBECHUE
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Hesab padoThl: U3yueHHE BIMSAHUS PA3IHMYHBIX (PAKTOPOB HA CKOPOCTh XMMHUECKOW pEeakluu U
Ha COCTOSTHHE XUMHUYECKOTO PABHOBECHSL.
Coaepixanue padoThbI:

1. N3y4nTh 3aBUCMOCTH CKOPOCTH XMMUYECKOM PEAKIIMU OT KOHLIEHTPALIMU PEArupyrONInX
BEIIECTB.

2. N3y4nTh 3aBUCUMOCTH CKOPOCTU XMUMHYECKOW PEAKIIMU OT TEMIIEPATYPhI

3. N3yunTh 3aBUCUMOCTH CKOPOCTH XMMUUYECKON PEaKLUU OT MPUCYTCTBUS KaTaIN3aTopa.
4. M3yunth pa3nuyHbiXx (AKTOPOB HA XUMHYECKOE PABHOBECHE U pacdyeT KOHCTAHTHI

paBHoBecus. [IpoBeputs BoinosHeHWe npuHnuna Jle [larense.

[IpuGopsl M peakTHUBBI: MEpHbIE LWIMHIPHI, XUMHUYECKHE CTaKaHbl, OIOPETKHU, BOPOHKA,
TEPMOMETP, CTEKJISTHHAS MMaJouykKa, IPOOUPKH, JTa0OPATOPHBIA IMITATUB, CEKYHAOMED, AepKaTelb
JUTsl IpOOHMPOK, TToporiok okcuaa mapranma (IV), mopormok okcuaa ceunma (IV), xmopua kanus
(kp.), Boa AMCT. (KOMHATHOW TeMIlepaTypsl U ropsidas), pacTBOpbl THocynbdara Hatpus 0,1
MOJIB/JI, CEPHOM KHUCJIOTHI | MOJIB/J, IepoKcu T Bogopoa, ximopuaa xenesza (I1I) 0,025 mons/nm u
HACBIIICHHOTO, poAanua Kaus (niau amMmoHus1) 0,025M0I1b/1T 1 HACBIIIEHHOTO.

Kparkue Teopernyeckue cBeleHUs

XUMHYECKHUE pEeaKMH NPOTEKAIOT C pa3IMYHBIMU CKOpocTsMu. Pasznen xumuu
M3Y4YaOUMKA CKOPOCTh XUMUYECKOW PEAKLIMH HA3bIBAETCSA XMMHUYECKON KUHETUKOM.

Ckopocmb Xumuueckux peakyuii - 5TO YHUCIO SJIEMEHTapHBIX AKTOB XHMHYECKHUX
MPEBpaICHU, TPUBOIIIMX K OOPa30BaHHUIO MPOIYKTOB DPEAKIUH, B EAMHHIY BPEMEHU B
eAnHHIIe 00beMa WK Ha eIMHUIIE TTOBEPXHOCTH.

[TockoabKy 4YHMCIIO 3J€MEHTAapHBIX AKTOB HE IEePecYUTaTh, TO CKOPOCTh, OYEBUIHO,
MO>XXHO H3MEPSTh Yepe3 M3MEHEHHE KOHLEHTpPAlUUW PEearnpyroniux BEIIECTB WA MPOIYKTOB
peaKiu B €AMHUILY BPEMEHH.

v = -AC/At-

COOTBETCTBEHHO IOl CKOPOCMbIO 20MO2EHHOU peaKyuu TIPUHATO IOHUMAaTh U3MEHEHNE

KOHIEHTPAIlUU pearupyroNIiX BEIIeCTB B €UHUILy BpEMEHH B €IUHUIE 00bEeMa.
v =-AC/ (At- AV), Mmonb/1 - ¢

JIisi reTeporeHHON peakUud H3MEHEHUWE KOHLEHTpAlMUd pearupyronux BEIIECTB B
€IMHUIlY BPEMEHU Ha €IMHUIIE TUIONIA/IH.

v =-AC/ (At- AS), Mmons/1 - M2,

K Baxneimum (akTopaM, BIUSIOMAM Ha CKOPOCTh XMMHYECKOW PEaKIMH, OTHOCSTCS:
NpUPOJAa pPEArupylolIMX BEIIECTB, KOHIICHTPALMS pPEarupyrolux BEIIECTB, TEMIIepaTypa,
JIaBJICHUE, HAIMYHE KaTaJlIn3aTopa.

Brusinue KoHIEHTpali pearupyromux BeIecTB.

OCHOBHBIM 3aKOHOM, XapaKTEPU3YIOIIMM BIIMSHUE KOHUEHTpAlMU pearupyromux
BEILECTB HA CKOPOCTb XUMHUUYECKOU PEAKLIUH, SBJISAETCS 3aKOH JACUCTBYIOLIUX MAcC, OTKPBITBIA B
1867 romy HOpBEe)XCKMMHU XUMUKamu [ ynpnoeprom u Baare

Ckopocmb  Xumuueckou — peakyuu  NpPsAMO  NPONOPYUOHANbHA — NPOU3EEOEHUIO
KOHYEeHmMpayuu peazupyomux euecms.

st peakiuu aA +bB = ¢C+ dD ckopocTs peakuuu paBHa

v=k[AT'[B]’
r7i€ V- CKOPOCTh XUMHYECKOU peakiui,
[A] u [B] - paBHOBECHBIE MOJISIPHBIE KOHIIEHTPAIlMU BeniecTBa A u B,
k - KOHCTaHTa CKOPOCTH peakIuu (YUCIECHHO paBHA CKOPOCTU IMPH BCEX KOHIICHTPAIUSIX
PaBHBIX CIMHHMIIE).
DTO BBIPAKEHUE HA3BIBACTCS KUHETHUYECKUM YPABHEHUEM PEAKIUU.

[Tokazarenn cremeHel NpU KOHIEHTPAUAX B KHUHETHYECKOM YypaBHeHuu (a, b)
Ha3bIBAIOTCSl TOPSAJIKAMH PEAKIMHU IO JaHHOMY BEIIECTBY, a MX CyMMa - OOIIUM TMOPSIKOM
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peakuuu. Ilopsnku  peakumii  yCTaHaBIMBAIOTCS ~ AKCIEPUMEHTAlIbHO, a HE IO
crexuoMeTpuueckuM KodddpummerTam. [Topsaok MokeT ObITh B IPOOHBIM.

Peakiium OOBIYHO WAYT MO CTagusIM, IOCKOJBKY HEBO3MOXKHO IMpPEICTaBUTH cebe
OJTHOBPEMEHHOE CTOJKHOBEHHE OO0JIBIIOro umcia Mosiekyin. CKOpOCTh peakiuu ONpeaesseTcs
camMoi  MeJUIeHHOM craamed. OTtcroga pasinuus MeXIy [MOpSAKOM  peakluu U
CTEXMOMETPUUECKIUMHU KO3 PHUITMCHTAMH.

JUia  ynpolleHuss pacueToB II0Ka3aTelu CTENEHH B KUHETUYECKOM YPAaBHEHHMH
IPUPABHUBAIOT K KO3(PULIMEeHTaM B ypaBHEHUU XUMHUYECKOTO IpoIiecca.

Binsaue remneparypsl Ha CKOPOCTb XUMUYECKOU pEaKIny.

He xaxxnoe coypapeHue 4acTHIl IPH XUMUYECKOW PEAKIIUU MPUBOIUT K €€ MPOTEKAHHUIO.
MTrHOBEHHBIX ITPOLIECCOB B IPUpPOJIE HE cyliecTByeT. CorjaacHO TEOPUH MEPEXOJHOTO COCTOSHUS
WINA aKTUBUPOBAHHOI'O KOMILJIEKCa, JIt00asi XMMHUYECKas peakliis MpOoTeKaeT yepe3 o0pa3oBaHUe
IIPOMEXYTOUHOTO COEIMHEHNUs, KOTOPOE HAa3bIBAETCsl aKTMBHPOBAaHHBIM KoMmIuiekcoM. Ilpu ero
00pa30BaHUM MPOMCXOIUT OJJHOBPEMEHHOE pa3pylIEHUE CTapbhIX CBs3€il 1 00pa30oBaHUE HOBBIX.
OHeprusi 00pazoBaHMs HOBBIX CBsI3eil MIET Ha pa3pbiB cTapbiX. /g Toro, 4rodbl oOpazoBacs
AKTUBUPOBAHHBIM KOMIIJIEKC YAacCTHMIIBI MCXOJHBIX BEIIECTB JOJKHBI 001aJaTh MHUHHMAIbHBIM
3aracoM 3HEPIuM, KOTOpas U MOJIyYnsIa Ha3BAaHUE IHEPIUN AKMUCAUUU.

DOHeprusi akTUBAIMK HANPSIMYIO 3aBHCHUT OT Temrmeparypbl. Yem Oosblie Temrmeparypa,
TEM MEHBIIIE DJHEPrus akTUBalu. CBA3b MEKIY TEMIIEPATYPON U DHEPrUil aKTUBALMU OTPaKEHA
B KMHETUYECKOM YPaBHEHUH AppeHuyca:

f= Z-el-AE/RT) . o(ASR),
rae: k - KOHCTaHTa CKOPOCTH pEakllMd; e — OCHOBaHHE HaTypajbHOro Jjorapudma, Z -
IPEIIKCIIOHCHIIMAIBHBI MHOXHTEb, XAPAKTEPU3YIOIIUNA YHUCIO BEPOATHBIX CTOJIKHOBEHHN
yactull; AE — sHeprust aktuBanuu; AS - SHTPOIHUS peaKkuu

Jliia pacdera BIMSHUSA TEMIIEPATYPbl HA CKOPOCTh XMMHUYECKOIO IPOLECCA UCIONIB3YIOT
ypaBHeHue Bant-I'odda. Ilpu yBenmuenun temmepaTypbl Ha Kaxable 10 rpagycoB CKOpOCTb
peakuuu Bo3pactaet B 2-4 paza.

(t,—1,)

Av=y 1

XUMHUYECKOE PAaBHOBECHE.

XHWMHMUYECKHE PEaKkUMM MOTYT WITH B JBYX IPOTHUBOIIOJOKHBIX HampamieHusx. [lpu
PaBHOBECHH KOHLIEHTPAILMU BCEX YYACTHUKOB PEAKIIUU OCTAIOTCS MOCTOSSHHBIMU U HE MEHSIOTCS
CO BpEMEHEeM, XOTs OJHOBPEMEHHO HAYT M MpsiMas M oOpaTHas peakuuu. T.e. paBHOBecue
SIBJSIETCS. AUHAMUYECKUM.

XHUMHUYECKOE PABHOBECUE XapaKTEPHU3YETCS PABEHCTBOM CKOPOCTEH peakluil MpsiMON |
00paTHON peakuui Vip = Vos.

Hanpumep, nnsa peakuuu

aA +bB=dD + {F
kap - [A]* - [B]” = kos - [D]* - [F]"

JUis ogHOM M TOHM K€ TEMIEPATypbl OTHOLICHHWE IIPOU3BEICHHUNM PaBHOBECHBIX
KOHIIGHTpauid (B CTEMEHSAX HMX CTEXMOMETPUYECKHUX KOI(PPHUIIMEHTOB) BEIICCTB B MPABOU W
JIeBOM YacTAX ypaBHEHUS XUMHUYECKOW peakIu MpEeACTaBIsieT cO00i MOCTOSHHYIO BEIWYHHY.
DTO 3aKOH JIEMCTBYIOIIMX Macc.

_[D]? o[FY
LAY o[BY
KpaBH. = koo/ kr{p = ([D] : [F])/ [A] : [B],

rac K — xoHCcTanTa PAaBHOBCCUA XUMHYCSCKOMN pCaKkuu.
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KoHcranta paBHOBecHs NOKa3blBaeT TINIyOMHY TNpoTekaHus mpouecca. Ecom K>>1,
MPOIIECC CHIILHO CABHUHYT B CTOPOHY MOJydeHHs MPoayKToB peakiuu. Ecoum K<<1, Hao6opor,
IIPOLIECC CIIBUHYT BJIEBO U NMpaKkTUUYecKu He uieT. K=1 - ycraHOBUIIOCH paBHOBECHE.

Crnenyer pasnuyarh MCTUHHOE DPaBHOBECME M MHHUMOE WM Kaxylleecs, KOTOpOe
Ha3bIBAIOT €I 3aTOPMOXKEHHBIM PAaBHOBECHEM WJIM METacTaOWIbHBIM cocTosHueM. llpu3Haku
VMCTUHHOI'O XUMHUYECKOTI'O PAaBHOBECHS:

1) npu coxpaHEHUH BHEIIHUX YCIOBUIN COCTOSIHME CUCTEMBI HE MEHSIETCSI BO BDEMEHH.

2) mpu W3MEHEHUM YCJIOBHU (BBEAECHHME JOMOJHUTEIBHBIX KOJMYECTB PpEarupyrolluX BeEIEeCTB,
W3MEHEHHUE JaBJICHNS UM TEMIIEPATYPhl) CUCTEMA IPUXOIUT K HOBOMY COCTOSIHUIO PaBHOBECHSL.

3) K COCTOSTHUIO PaBHOBECHS MOKHO MOJOUTH C MPOTUBOIIOJIOKHBIX CTOPOH.

PaBHOBecHe MOXHO CABHraTh, U3MEHsAS yCIOBUA. UTOOBI KauyeCTBEHHO OMNPEAEIHUThH, B
KAaKyl0 CTOPOHY OHO CMECTHUTCS, MOXHO BOCNOJb30BaThcs npuHuunoM Jle Illarense: eciu na
cucmemy, HAxX00AWYIOCS 6 PABHOBECUU, OKA3bIGAEMCs 6HeuiHee 6030elcmeue, pasHogecue
cmewaemces 8 CMoOpoHy mou peakyuu, Komopas ociadsem 3mo eosoelicmsue.

Karanuz

KaranuszaTop yckopsieT peakuuio, IpoBOJs €€ MO0 IPYyromMy IyTH, KOTOPOMY OTBEYAET
MEHBIIIasi SHEPTUsl aKTUBAIIUH, WU, KaK (DePMEHTHI B OMOJIOTMUECKUX CHCTEMaX, OPUCHTUPYIOT
MOJIEKYJIbl COOTBETCTBYIOIIMM 00pa3oM, MpHCOennHssA uxX K cebe. Karanus MoKHO mpencTaBUTh
CJIEIYIOIINUM 00pa3oM:

A+K=A*
A*+B=C+D+K

Karanu3 MokeT ObITh TeTepOreHHbIM U FOMOTEHHBIM. | eTeporeHHbIN Katanu3 ymoOeH
TE€M, YTO HE HAJO0 OTIEIATh NPOAYKTHl PEaKkUHUH OT Karainmsatopa. Kataius mpoucxoauT Ha
MOBEPXHOCTH 32 CUET XEMOCOPOIUH.

JKCNepUMEHTAIbHAA YaCTh

OnbiT 1. 3aBHCHMOCTH CKOPOCTH PpeakHuH OT KOHLIEHTPAIMHM pearnpyroimmx
BeLEeCTB.

Tuocynbpar Hatpus NaxS;O3 pasmaraercst B pacTBOpe CEpHOM KHCIOTHI TO YpPaBHEHHUIO
peaKuu:

Na28,03 + HaS04 = NazSO4 + H20 + 8Os + SI

Peaknus nporekaer no cIeayronmM CTaausIM:
S203% + 2H" = H2S,0;3 (oueHs GbICTpO)
H2S>03 = H>SO3 +S (MennenHo)
H>SO3 = H2O + SO, (6picTpo) CKOPOCTHh NAaHHOW PEeaKIUH OMpPEeaesieTcss BTOPoil (MeIJIEHHOM)
CTaguen.
Buinonnenue pabomol
1.B Tpu xumnueckux crakana Hanenrte 0,1 M pactBop NaxS>03 1 AMCTUIUIMPOBAHHYIO BOAY, B
o0Bemax, ykazaHHBIX B Tabmure 1.

Tabnuya 1
Ne V(NazS:03) V(H20) C(NaxS203) Bpems 1, ¢ Ckopors 1/t
1 10 M 20 mn
2 20 M 10 M
3 30 M 0 M

2. Haneiite B MmepubIil mmmuaap 20 ma 1 M pactBopa H2SOs. OTMepeHHOE KOTUYECTBO KMCIOTHI
BbUICHTE B TEPBBbIl CTakaH C PAacTBOPOM THOCYyJb(aTra HATpUs U OJHOBPEMEHHO BKIIOYHTE
CEKYHJIOMED.

3. IlepememiaiiTe pacTBOp CTEKJISIHHOM Majnoudkoil. OmnpeaennTe BpeMs peakiud B CEKyHAaX Kak
BpEMsl, IIPOLIEIIEE 10 MOSBICHUS IEPBBIX BUAMMBIX CIIEJJOB CEPBI - IOMYTHEHHS PACTBOPA WJIN
MOJIHOM MOTepe MPO3pavHOCTH pacTBopa. [loBTOpUTE OMBIT C APYTMMHU CTaKaHaMU THOCYyJb(darta
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4. Bpluucnante MOJISIpHbIE KOHLEHTPAIMHM THOCYNb(aTa HATPUs B KaXIOM M3 TPEX CTAaKaHOB
nocie J00aBJIeHUs] CEPHON KUCIOTHL. BBIYMCINTE OTHOCHUTENbHBIE CKOPOCTH peakUui Kak v =
1/t. Pesynbrare! 3anumute B Tadbmauiy. [loctpoiiTe rpaguk 3aBUCHMOCTH CKOPOCTH Pa3IOKEHHUS
THOCYylb(aTa HaTpUsi OT €ro KoHUeHTpauud. Ha ocu alGcuucc OTIOXKHUTE MOJIIPHBIE
KOHIIGHTPALlMU THOCYNIb(arTa, a Ha OCH OPAMHAT - OTHOCUTENBHBIE CKOPOCTH peakiuu. Caenaiite
BBIBOJI O XapaKTepe 3aBUCUMOCTH CKOPOCTH pPEaKUUU OT KOHIEHTpPAlUU TUOCYNb(aTa HATpus.
Kakoit mopsiiok TaHHOH peakiuu 1o THoCyabdary HaTpus?
OnpIT 2. 3aBHCHMOCTH CKOPOCTH PeaKIMHU OT TeMIIepaTypbl.
3aBUCUMOCTb CKOPOCTH pE€aKLUU OT TEMIEPATypbl MOXHO TakKXe IMPOCIECIUTh Ha
npumMepe peakuuu NaxS>03 ¢ cepHON KMCIOTOM.
Buinonnenue pabomol
Haneiite B ogay mpooupky 5 ma 0,1 M pactBopa NaxS»0s3, a B apyryro - 5 mi 1M
pactBopa H2SOx.
O6e mpoOMpKH TMOCTaBbTE B CTAaKaH C BOJOW M Yepe3 3 MHUHYTHI H3MEpbhTE
TEMIIepaTypy BOJbI B CTaKaHEe. 3aTeM cJeTe pacTBOPHI B OJIHY MPOOUPKY M OINPENEINUTE BPEMs
MOSIBJICHUS CEPBI - BpeMs peakluu B ceKyH1ax. Pe3ynbTaTsl (TemnepaTypy U Bpemsi) 3alUIINTE B

Tadnuiy 2.

Tabauya 2
No V(Naz2S203) V(H2S0s4) T°,C | Bpemst,c Ckopoctb v =1/t
1 5 Mmn 5 Mmn
2 5 mn 5 mn

[IpuneiiTe B cTrakaH HEMHOTO TOpsSYeH BOJABI TaK, YTOOBI TEeMIIEpaTypa BOJBI B CTaKaHE
yBenuuniack Ha 12-13°C. Hauneiite B mpoOupku mo 5 ma pactBopoB NaxS203 u HzSOa.
Briiepxure 3T MpoOUpPKH B CTakaHe 3 MUHYTHI, MIOKAa PAa3HOCTh TeMIIEpaTyp BOJbBI B CTaKaHE
coctaBut 10°C ¢ mpenpinymuM onbiToM. Ilocie yero moBTOpuTE SKCIEPUMEHT. Pe3ynbTaTsl
3aMuIIMTe B Ta0IHITy 1.

Boruucnure temmnepaTypHblii ko3 duimeHT peakuumu y, y = vo/vi. Cnemaiite BBIBOJ O
3aBHCHUMOCTH CKOPOCTH PEAKIUH OT TEMIIEPaTyphl.

OmnbIT 3. I'eTeporeHHblil KaTaan3

B nBe npo6upku HaneiTe mo 1 M pactBopa nepokcuaa Bogopoaa H>Ox. B ogny BHecuTe
HEMHOro mopoiuka okcuna mapranua (IV), a B apyryimo - croibko ke okcuaa cBunma (IV).
Habmionast yBenmueHre MHTEHCUBHOCTH BBIACNICHUS rasa, clelaiTe BBIBOJA O POJIM OKCUIOB B
peakuusax pasinoxkeHus nepokcuaa Bopopoma: 2H>O> = 2H,O + O27. Jlokaxkute, 4TO
BBIJICTISTIOLIUIICS Ta3 ABISETCS KUCIOPOIOM.

OmnpiT 4. CMelIeHne XUMHYECKOT0 PABHOBECHS

CMmenieHre  XMMHYECKOTO  pPAaBHOBECHS  BCIIEJCTBHE HW3MEHEHHUS  PABHOBECHBIX
KOHIIGHTPALUI pearupyromuxX BeIIeCTB HM3Y4aeTcsl Ha NMpUMepe OOpaTUMON peakiuu MEXITY
xnopuaom >kenesa (II1) u poganuaom kanus wim aMMoHus. B pesymnbpTaTe peakiun odpasyercs
coeanHenue - popanua xenesa (II) - pacTBop kpoBaBO-KpacHOTO LIBETA!

FeCl3 + 3KSCN = Fe(SCN)3 + 3KCl1

MHTEHCUBHOCTh OKpAacKHU 3aBUCUT OT KOHIIGHTpAIlMM 3TOrO COEAMHEHHS B PACTBOpPE
FeCls u Fe(SCN)3 SBISIFOTCS KOMIUIEKCHBIMHM COCTUHCHUSIMH.
Ilopsook evinonnenus onvima.
3. Bossmute mo 10 mu 0,025M pactBopoB xnopuzaa skene3a (III) m pomanmpa xanus uiau

aMMOHHUSI U CMEIIAlTe UX B XUMUYECKOM CTaKaHe.
4. Tlocne cMemeHHs COAEPKUMOE CTakaHa pasjelte B yeTklpe npobupku. [lepByto mpobupky ¢
pPacTBOPOM OCTaBbTE KaK KOHTPOJIbHYIO /Ul CPAaBHEHUSI.

5. Bo Bropyro npobupky n106aBpTe 2-3 Karuid HaCBIIICHHOTO pacTBopa xyopuna xeneza (II0).

CpaBHUTE MHTEHCUBHOCTh OKPAcCKHW C OKPAcKOW pacTBopa B MEpBOiM mpoOupke. B TpeThio
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npOOUPKY MpuiieiTe 2-3 Kaluld HACHIIEHHOTO PacTBOpa POAaHWAa Kaus (MM aMMOHHUS).
OTMmeThTe, Kak U3MEHSIETCsl OKpacka pacTBopa. B yetBepTyro mpoOupky nprubaBbTe HEMHOTO
KPUCTATHYECKOTO XJIOpUIa Kajaus. 3aluimre, yTo Halroaaere B Tabmuie 3

6. HanummTe BbIpaskeHUE AJi KOHCTAHTHI PaBHOBECHUS 3TOM peakIUH U OOBSCHUTE, NMOUYEMY
MEHSIETCSl OKpacKa pacTBOPOB BO BTOPOM, TPEThel U YeTBEPTON MPOOUpKax.

Tabnuya 3

Ne Bemecrso, KOHLIeHTpauus | MI3MeHeHue Hamnpasnenue caBuUra
KOTOPOT'0 YBEIMYHBAETCS OKpacKu paBHOBECHS

1 FeCl;

2 KSCN

3 KCl1

BbutuTh oTpaboTaHHbBIE PacTBOPHIL, TIOCYTY BEIMBITE. ClaTh pabodee MecTo 1ab0paHTy.
Ilopaook pabomeur:

1. IlodyuuTts OT mpenonaBatens 3aJaHue.
2. BBIMOAHUTH pabOTy COTTACHO METOJUUYECKUM PEKOMEHAALIHSIM.
3. OdopMUTH IPOTOKOI PabOTHI.
4. BbumuTh 0TpaboTaHHBIE PACTBOPHI, OCYAY BBIMBITE. CliaTh pabouee MeCTo.
Conepxanue oTyera:
1. Tema u nienp paboTHI.
2. XUMHYECKHE YpPAaBHEHHUS PEaKLUH.
3. TaOmunbr Nel m Ne2, Ne3.
4. Pacyerbl KOHIIGHTpalWd, TEMIIEpaTypHOro Kod3(pQHIMEeHTa CKOPOCTH peakiuu, rpaduk
3aBHCHUMOCTH CKOPOCTH PEAKIIUHU OT KOHIIEHTPAIIH.
5. BbIBOBI O TpOIETaHHOM paboTe.
KonTposbHbie BOnpochl
1. Ilonstvie CKOPOCTM XUMHYECKON PEAKLIANL.
2. dakTopbl, BIMSIOLLIME HA CKOPOCTb PEAKLIVIK: TIPUPOZIA PEATMPYIOLIMX BEIIECTB, KOHLICHTPAIMSI PEarcHTOB,
TEMIIEPATypa U JABJICHVIE.
T onsTvie XMMITYECKOro paBHOBECHST M TIPUHLIMIT €70 CMEILICHHS.
4. Karams. [ oMoreHHbIi 1 reTepOreHHbIN KaTas.

e

TEMA 5. TEOPHSI PACTBOPOB U PACTBOPUTEJIEN
YACTbD A. [IPUTOTOBJIEHUE PACTBOPOB 3AJTAHHOM KOHIIEHTPAITUN
Lean padoThi:
Hayuutcst roTOBUTBE pacTBOPHI 3aJaHHON KOHIEHTPALIUH.
[TproGpereHne HaBBIKOB pacueTa U rnepepacyeTa KOHIEHTPAIUi pacTBOPOB.
Coaepixanue padoThbI:
[IpuroToBieHUs paCTBOPOB PA3IUYHON KOHIIEHTPAIIMU U3 CYXOU COJIH.
[IpurorosneHus: pacTBOpoB U3 Oosiee KOHIEHTPUPOBAHHOTO PacTBOPA.
[IpuroroBneHus: pacCTBOPOB CMELIEHUEM JIBYX PACTBOPOB Pa3HbIX KOHLEHTPALUH.
Ilepepacuer MaccoBOM [0JM pacTBOPOB B MOJSIPHYIO KOHIIEHTpALMIO, MOJIIPHYIO
KOHIIEHTPALMIO 3KBUBAJIEHTA, B MOJISUIBHOCTb.
IIpuGopsl M peakTUBBI: MEPHBIC KOJIOBI (KOHWYeckre Ha 250 Mi1); MEpHBIE LIUIHHIPHI
Ha 50, 100 m 250 wmu, CTEKJISIHHBIC TMAJIOYKH, BEChl TEXHOXHMHYECKHE, Pa3HOBECHI, HaOOp
apeoMETPOB, XJIOPU HATPHSL.
MeToanuyeckne peKOMEHIAIUN U ONUCAHME JIA00PATOPHOH PadoThI
a) IlpuroroBienne pacreopa NaCl 3a1aHHOl KOHIIEHTPALMH U3 HABECKH
CyXO0ro BelecTBa
ITopsinok paGoTbI:
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. [lonmyunTts 3amaHue OT mpernoaaBaTess: MPUTOTOBUTH onpeeneHHoe koaudecTBo (100-500 mur)

pacTBoOpa XJopuaa HaTpusl ¢ KoHLeHTpauuen 5—15%.

. PaccunTtarh HEOOXOAMMYIO ISl IPUTOTOBJICHUS 33JaHHOTO OOBEMa PAacTBOpa HABECKY CYXOM

COJIX ¥ 00BEM BOJIBL.

. OTBecuTh HaBECKY XJIOpH/Ia HATPUs HA TEXHOXUMHUYECKUX BECax U MEPEHECTHU €€ B KOJIOY.
. OT™MepuTh HEOOXOIMMOE KOJMYECTBO BOJBI MEPHBIM IWIMHIPOM WM BBUIUTH BOIY B COCYH C

CyXO# combpio. PazMenmars cMech MaJIOYKOM J10 TTOJTHOTO PACTBOPEHHUSI COJIH.

. JJIs1 KOHTPOJISL IPABUIIBHOCTU IPUTOTOBJICHUS] PACTBOPA U3MEPUTH €T0 INIOTHOCTh APEOMETPOM:

B MWIMHIP eMKocThio 50/100 My HaMMBArOT MONYYEHHBIH pacTBOp (2/3 00BbemMa) U OCTOPOIKHO
OIIyCKAIOT TyAa apeoMeTp (B MPUCYTCTBUHU npenoaasaress). CpaBHUBAIOT peasibHYIO TNIOTHOCTh
¢ HeoOXoaMMOM (TabJIHIIA) U JETAI0T 3aKIF0YCHUE O TPABUILHOCTH BBITIOJTHEHUS PAOOTHI.

. OdopMuTh TPOTOKOJ PabOTHI M BBIPA3UTh COAEPIKAHUE XJIOPHJA HATPUS BO BCEX EAMHUIAX

KOHIeHTpauuu (%, MOJIsIpHas J0J1s1, MacCoBasi KOHLIEHTPALUs, TUTP, MOJIIPHOCTb, MOJISIBHOCTb,
HOPMAaJIbHOCTB).

. PacTBOp Xs10pMa HAaTpUsl OCTAaBUTH JJIs AabHEHIEH pabOThl, HCIIOIF30BaHHYIO IOCYY BEIMBITD.

0) IlpuroroBienne pacreopa NaCl pazéaBieHuem 0o/1ee KOHIEHTPHPOBAHHOIO PACTBOPA
IMopsinoxk padoThI:

. Illonmyunuts OT mpenojaBaress 3aJaHue — IPUTrOTOBUTH omnpeneneHHoe koaudyecTBo (100-500 mo)

pacTBopa XJopuJa HAaTpus HHU3KOW KoHUeHTpauuu (2—-8%) u3 Oojee KOHLEHTPUPOBAHHOTO
pacTBopa.

Paccuntarh 00beM KOHIICHTPHUPOBAHHOTO pPAacTBOpa, HEOOXOJUMOTO Ui TNPHUTOTOBJICHUS
3aJaHHOr0 00BbEMA M KOJIMYECTBO JOOABOYHOU BOJEI.

OTMepuTh HEOOXOAMMOE KOJIMYECTBO KOHIEHTPHUPOBAHHOTO pacTBOpa M J100AaBOYHOW BOJIBI,
CJINTh UX B KOJIOY U TILATEJILHO ME€pEeMEIaTh pacTBOP.

. 17151 KOHTpOJIA MPaBUIIBHOCTH IIPUTOTOBJICHUS pACTBOPA U3MEPUTH €r0 IJIOTHOCTh apEOMETPOM B

IIPUCYTCTBUH IIPETIOABATEIIA.

. Ogopmuth mpoToKoN paboThl U BBIPA3UTh COAEPKAHHME XJOpUAA HATPUS BO BCEX EIUMHHIIAX

KOHIIEHTPALUH.

PactBop xmopupa HaTpus OCTaBUTH ISl JajbHEHIEH paboOTHI, HCIOIB30BAHHYIO TOCYIY

BBIMBITb.

B) [Ipurorosienue pacreopa NaCl cMemenneM AByX pacTBOPOB 3aJaHHbIX KOHIIEHTPAUii
ITopsinok paGoTbI:

1. TTosmyuuTh OT TIpenoaBatesis 3a1aHue.

Paccunrtate TpeOyemble 00BEMBI O0OMX pPacTBOPOB, HEOOXOAWMBIX Ui TNPUTOTOBJICHUS

3aJJaHHOTO PacTBOpa.

. OTMepHTh paccUMTaHHBIC KOJUYECTBA CMEIINBAEMBIX PACTBOPOB M CMEIIATh MX B KOJIOE.
. JIsIg KOHTpPOJIsI NPAaBUIIBHOCTH PAcUye€TOB M MPUTOTOBJIEHUS PACTBOPA U3MEPUTH €0 IUIOTHOCTH

ApCOMETPOM B MIPUCYTCTBHUU ITPCTIOAABATCIIA.

. OgopmMuth mpoToKoN paboThl U BBIPA3UTh COAEPKAHHME XJOpUAA HATPUS BO BCEX EIUMHHIAX

KOHIICHTpAaInH.
6. BBUIHTE pacTBOPHI XJIOPHUIA HATPHS, TOCYLy BEIMBITE. CliaTh pabodee MecTo Ja00paHTy.
Ilopaook pabomeut:

1. TlomyuuTh OT mpernoaaBatTens 3aJaHue.

2. BpIMOAHUTH pabOTy COTTACHO METOJUUYECKUM PEKOMEHAALIMSIM.

3. OdopMUTH IPOTOKOI PabOTHI.

4. BpbumuTh 0TpaboTaHHBIE PACTBOPHI, OCYY BBIMBITE. CliaTh pabouee MeCTo.
Conep:xanue oT4yera:

Tema u 11e71h paboTHI.

Pacuersl o kaxkaoii yactu paboTHL.

3. 3HaueHHUs IIOTHOCTEH: TeOpEeTHIECKOe (M3 TabJIUIIBI) M SKCIIEPUMEHTAITHHOE.

N —
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4. Pacuer norpemHocTy [ % nNpUroToBIEeHUs paCTBOPOB.

5. BbIBOABI IO MpOICIaHHON padoTe.
KoHTpoJsbHbIE BONIPOCHI:
1. Kakue crnocoObl BeIpaXe€HUs KOHIICHTPAIIUA PACTBOPOB BaM M3BECTHBI?
2. Kak nepeiTu OT OJHOTO BHJIa KOHLIEHTPAIMH K JPyroMy (Ha KOHKPETHOM mpumepe)?
3. Kakwue cymecTByIoT crocoObl TPUTOTOBICHUSI PACTBOPOB?
4. Onumure X0 paboThI 1O JI000MY CITOCOOY MPUTOTOBJICHHUS PACTBOPOB.

YACTD b. DJIEKTPOJIMTUYECKA S JUCCOLIMALIMS U TUIPOJIN3 COJIEN
Iesab padoThI: U3yYEHUE SJIEKTPOJIUTHIECKON TUCCONMAIIUN U THIPOJIA3a COJICH.
Coaepixanue padoThbI:

OnpenenuTh 3aBUCUMOCTD CTETICHH TUCCOITUAIIMN OT IMPUPOJIBI DJICKTPOIIHUTA.

2. I/IBY‘-II/ITB BJIINAHNUEC OJHOMMCHHOI'O MOHA HAa CTCIICHb JUCCONAIINN cna60ro BHGKTpO.HI/ITa.
3. N3yunTh noOHM3UpYIOIEE 1EUCTBUE BOJIBI HA CTENIEHDb JUCCOLUALIUU AIIEKTPOITUTOB.

4. Onpenenuts BOAOPOAHBIN [TOKA3aTeNb CPEABI IPU THAPOIU3E COIEH.

5. N3yunTh BIUsIHUE TEMIEPATYPhI HA TPOIIECC TUAPOJIN3A.

IIpudopsl U peakTHUBBI:
HITatuBel 1 npoOHpPOK, mpoOupku Ha 10 M, nepkartenb Uis MPOOUPOK, MUMETKH, BOISHAS
OaHsl, MpeIMETHBIE CTEKJIa, CTEKJITHHBIE MMaJOYKH.
PactBophI: consiHON KHUCTOTHI (2 H), YKCYCHOH KHCIOTHI (2 H), THAPOKCHAA aMMOHUS (2 H);
arerata HaTpus (2 H); CyXue coiu: kKapOoHaT HaTpus, hocdaT HATPus, XJIOPUA HATPHsI, CyIbdaT
amromuHus, xnopun xkeneza (III), kapOoHaT amMMOHHWS, IIaBeleBas KHUCIOTA, alleTaT HATPHS,
XJIOpUJT AMMOHHUS;, METANIMYECKUIl [MHK; HHIMKATOPbl: METWJIOpaHXk, (eHondranent,
YHHUBEpCaTbHasi HHIUKATOpHAs OyMara.

Kparkue Teopernyeckue cBeleHUs

Bce pacTBOpBI MOKHO pa3/ieiuTh Ha ABE OOJBIINE TPYIIIHI 0 OTHOIICHUIO K
BO3MOKHOCTH IPOITYCKAaHHMSI SJIEKTPUYECKOIO TOKA: 3JIEKTPOJIUTHI U HEDJIEKTPOIUTHI.

B 1887 r CBanTte Appennyc GopMyIHpYyeT CBOIO TEOPHIO SJIEKTPOTUTHUYECKON
JUCCOLMALMY, T/I€ OH MPEIONIAraeT, 4YTO IPU paCTBOPEHUH AIEKTPOIUTA ONPECICHHAs €r0
YacTh AUCCOLMUPYET HA MOHBL. [10J10KUTENbHBINA — KATUOH, OTPULATENbHBIA — aHUOH.
[IprunHO TUCCOLMAIMU SIBISETCS MHTEHCUBHBIN MPOIECC B3aUMOICHCTBUS pACTBOPEHHOIO
BEIL[ECTBA C MOJICKYJIAMH PACTBOPHUTEIIS, T.€. COJIbBATALIMS.

B 3aBHCHMOCTH OT CTPYKTYpPBI PACTBOPSIOLIETOCS BEIIECTBA MPOLECC JUCCOLMUALIMY TPOTEKAET
o pazHomy. Hanbonee THIUYHEI 1Ba CIydasi:

1. Huccoyuayusn seujecme ¢ UOHHOU CB53bI0

Bce BemiecTBa ¢ pKO BBIPAKEHHON HOHHOU CBS3bI0 JUCCOLMUPYIOT IOJHOCTBIO
Na>SO4=2Na" + SO4*

2. Huccoyuayus eewyecms ¢ Ko8anenmHou NOAPHOLU CE:3bI0.

H,SO4 =H' + HSO4

HSO4 = H™ + S04

H>SO4 =2H" + SO4

HO JIMIIb 4aCTh BHGKTpOJII/ITa B paCTBope paCHaI[aeTCSI Ha MOHBI U B CUCTCMC HaCTyHaeT
COCTOSHME JWHAMUYECKOTO pABHOBECHsA, TIJe HAapady C HMOHAMHM  [IPUCYTCTBYIOT
HEIMCCOLIMMPOBAHHBIE MOJIEKYIIBI. [TapaMeTp, KOTOPBIA XapaKTepU3yeT pachas JIeKTPOIUTa Ha
HOHBI, HAa3bIBACTCA CTCIICHBIO AMCCOIMAIINH, KOTOpBIﬁ IMOKAa3bIBACT OTHOIICHUE YK CJIa MOJICKYJI
Z-)JIeKTpOJII/ITa, paCHaBLHeFOCSI Ha UOHBI, K O6H1€My LH/ICHy MO.HeKyH S.HGKTPOHI/ITa HaxXoAIIerocs B
pacTBope.

a =11 100%
n,
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Bce anekTponuTsl 1o CTENeHu AUCCOLMAIIMN MOKHO Pa3eiUuTh Ha IBE IPYMIbl: CUJIbHbBIE
u cnabpie. CWIbHBIC SJIEKTPOJIUTHI JUCCOIMUPYIOT TPAKTUYESCKH TOTHOCTBIO M CTENEeHb HX
mucconuanuu npubnmxaercs k 100%, T.e. MOHITHE CTEICHU AUCCOIMAIMHA K HUM TPAKTHYECKU
HE TPUMEHHUMO, a OTKIOHEHHE W30TOHHYECKOTO KOd(h(dHIMeHTa OT I1eJ0oro 3HaYeHUs
OOBSICHAETCS IPYTUMHU PUIMHAMH (aKTUBHOCTB ).

B pactBOpax ciaGbIX JJIEKTPOJIUTOB YCTAaHABIMBACTCS JIUHAMHUYECKOE PaBHOBECHE
MEXIy HOHAMHU U HEJUCCOIIMUPOBAHHBIMHU MOJIEKYJIAMH.
CH3COOH = CH3;COO + H*

w _lerrcooller|
» lc ;7 ,.cooH | °

Koncmauma pasnosecus, xapaxmepusyrowas ouccoyuayuto ciabo2o 31eKmpoiumad,
HA3bl6aemcs. KOHCMAaHmou ouccoyuayuu. Jlauuvili napamemp 3as8ucum om  Hpupoobl
9NeKMpOoaUma, pacmeopumes, memnepamypsl, HO He 3asucum om Konyenmpayuu. OHa
XapaKTEepU3yeT CIOCOOHOCTh JTAaHHOTO OJJICKTPOJUTA pacmaaarbcsi Ha HOHBL. Yem Oosblie
BCJINMYHMHA KOHCTAHThI JUCCOIMAlINK, TEM CHJIBHCC BHCKTpO.HI/IT pacna;[aeTCH Ha MOHBKI.

MHOTrOOCHOBHBIE KHCIJIOTBI, @ TAaKK€ OCHOBAHHS JIBYX WM 00Jiee BaJICHTHBIX METAJJIOB
I[I/ICCOI_[I/II/IpyIOT CTYHGH‘-IaTO. 4! JUUIA Ka)KI[Oﬁ CTyHeHI/I MOXXHO 3aIIiucaTb KOHCTaHTy paBHOBeCI/IH.
H>CO3=H"+HCO; Kn=[H'] « [HCO3] / [H2CO3] =Km
HCO; =H' + COs* Ka = [H*] » [CO3?2] / [HCO3"] =Km
Cymmaproe ypasaenne HoCO; = 2H" + COs*
CymmapHas KoHcTaHTa paBHOBecHs paBHa Kiie Kno

JHokazano, uro Kmi >> Kmp. D10 00BSICHSETCS TEM, YTO SHEPTHUSI, KOTOPYIO HEOOXOIUMO
3aTpPaTUTh Ha OTPHIB MOHA MHUHMMAJIbHA B CIy4ae HEUTPAJIBHOW MOJIEKYJBI U CTaHOBUTCS
0OJIBIIIE TP TUCCOITUAIIAHN T10 KaXKIOM CIEAYIOIICH CTYIICHH.

MG)K,Z[y CTCIICHBIO U KOHCTaHTOﬁ aucconuannun CyH_IeCTByeT onpe;[eneHHa;I B3alMOCBA3b,
KOTOpass BbIpaXkaeTcss B 3aKoHe pa3daBjeHuss OcBajibla, KOTOPbIA MNPWIOKHUI 3aKOH
JIEMCTBYIOIIMX MACC K MPOIIECCY JUCCOIHAIUU.

2
K - C «a
‘-«
JUiist cnabbIX 3IEKTPOIMTOB, Korja o << 1, Beipaxkenue 3akona Ocsanbaa ynpomiaercs K = Co?.

Teopust CUITBHBIX AIEKTPOTUTOB. AKTUBHOCTD.

B Hepaz0aBiIeHHBIX PAacTBOPAX CHIIBHBIX JJIEKTPOJIUTOB KOHIICHTPAIUS TEOPETHUECKAS
OTJIMYAETCA OT MPAKTUYECKH HaWJIeHHOW. KouraTuBHbIE CBOMCTBA PACTBOPOB CHIIBHBIX
AJNIEKTPOJIUTOB TaKXK€ OTIUYAIOTCS OT TEOPETUUYECKU HaWJeHHbIX. [IpuyemM mnpakTUyecKku
HaliJICHHbIC 3HAUYEHUSI OCMOTHYECKOTO JIaBJICHUS, JaBICHUs HACBILIEHHOTO Mapa U T.J. MEHBIIIE,
YeM paccuuTaHHble. JlaHHOE HECOOTBETCTBHE APPEHHYC OOBSCHSI MPOLECCOM AaCCOLHUAINH
MOHOB B MouyieKyjdbl. OJHAKO H3MepeHHe JIEKTPONPOBOJAHOCTH PACTBOPOB  CHIIBHBIX
CBUJETEIBCTBOBAIO O IPAKTUYECKH IIOJHOM Juccouuanuu MoJekyd. JlaHHoe sBieHue
o0bscHseT Teopus Jledas- Xwokkes.

Bbiaensor TEOpeTHUECKYyH0 MM pAcUYETHYK0 KOHILIEHTPALMI0 U pPEaIbHYI0 WIH
3¢ exTrBHYI0, KOTOpasi Ha3bIBaeTCs aKTHUBHOCTHIO. MeEXIy HUMU CYLIECTBYET ONpeesIeHHas
B3alMOCBS3b

A=1C
B paz0aBieHHBIX pacTBOpax CHIBHBIX JJIEKTPOJIMTOB HPUPOAA HMOHOB HE3HAUUTEIHHO
BJIMSET Ha 3HaYeHUE KOAIPPUIUEHTOB aKTUBHOCTHU, MMOCKOJIBKY MEXKHOHHOE B3aHMOJICHCTBHE B
NEpPBYI0 O4YEpeb ONpeleNsieTcs 3apsiioM HOHOB W WX KoHUeHTpamued. I[lpu sToM
KOJINYECTBEHHOW XapaKTEPUCTUKONW MEKMOHHBIX B3aUMOJCUCTBUU CIIYKUT BEJIWYMHA MOHHOMN
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CHJIBI PacTBOPA, KOTOpasi ONPEAEIAETCS KaK I10JyCyMMa IIPOU3BEACHNS KOHLIEHTPALUA HOHOB Ha
KBaJpaT UX 3apsja.

. .2 . .2 . .2
Ci, - Zi;” + Ci, - Zi,” + Ciy - Zi,
2
Jlns pa3z6aBieHHBIX PACTBOPOB CUJIBHBIX 3JIeKTpoauToB rae x4 < 0,01

ﬂ:

2w
lof =05 7>V
1+ u
st paz6aBieHHBIX pacTBOpoB rae i < 0,005

lgf ==05-Zi*u

[Tpu pa3baBiaeHnn pacTBOPOB KOAPPHUIIMEHTHI aKTUBHOCTH CTPEeMATCS K 1, a appexTruBHAs
KOHLEHTPAaLUs K TEOPETHIECKOM.

Juccouuanus BoAsl. BonopoaHslii TOKa3aTelb.

Yucrast BoAa oueHb MJI0X0 IPOBOJUT IEKTPUUECKUI TOK, HO OJHAKO, 00Ja1aeT
U30MpaTeTbHON NEKTPOIPOBOTHOCTHIO, KOTOPAst 00BICHSIETCS MAJION TUCCOIMAIIMEH BOABI Ha
VOHBI.

HO=H" + OH

KoncranTta nuccounanuu Boibl ipu 298 K onpenenena MeTo10M 3JE€KTPUIECKON
npooauMocTH pasHa 1,8*107'® momns/m.

Crenens aucconranuy BOJAbl OYEHb Maa, IOATOMY aKTUBHOCTH IPOTOHOB BOJIOPOJA U
TUAPOKCHI-aHUOHOB MOKHO CYMTATh PABHBIMH MX KOHIIEHTpauuu. [lockonbKy Bosia B
pacTBopax MPUCYTCTBYET B 3HAUUTEIHHO OOJIBIINX KOJINYECTBAX, TO €€ KOHLIEHTPALIMIO MOXKHO
CUMTATh BEIMUMHOM nmocTossHHOM. Ha 1 mutp 1o 1000/18 = 55,6 Mob/11.

[Toacrasnsis 3TO 3HaUEHHUE B BBIPAKEHNE KOHCTAHTHI IMCCOLMALINHY, TTOTy4aeM
[H][OH] = 10" npu 298 K. JlanHOE BBIpa)keHHE TIOTYIHIIO HA3BAHUE UOHHO20 NPOU3ECOCHUS
600b1. B umcroii Boge [H] = [OH] = 107 . PacTBOpEI, 1711 KOTOPBIX COXPAHAETCS 3TO
BBIPAKEHHE, Ha3bIBAIOTCS HEUTPATIbHBIMHU.

[Tpu noGaBneHUN K HEUTPATBHOMY PAaCTBOPY KUCIIOTHI, KOHIIEHTPALMS IPOTOHOB
BOJIOPO/Ia BO3PACTAET, & KOHLIEHTPALUS THAPOKCH]I - aHUOHOB YMeHbIaeTcs. OJTHaKO HOHHOE
Mpou3BeIeHNE Beeraa OyIeT BETMIMHON TOCTOSTHHOM.

PacTtBOpHI, y KoTophix [H'] > 107 Ha3bIBalOTCSA KUCIBIMH, Y KOTOPBIX < 107 —
HIEJIOYHBIMH. 3Hasl KOHLIEHTPALUIO POTOHOB BOJIOPOJA BCEr1a MOXKHO ONPEAEIIUTD
KOHIIEHTPAIUIO THAPOKCHI-aHUOHOB U HA000POT.

Mepoii KHCIIOTHOCTH CPeIbl IPUHATO CYUTATh BOJOPOAHBIN MOKazaTenb (pH), KoTopsIii
pasen pH = - Ig[H'] .

Honnoe npousBeieHue BOJIbI B JOTapu(PMUPYEMOM BUJIE BBITJISIIUT CJIECTYIOIIUM
obpazom pH + pOH = 14.

Pacuer pH nis cJIBHBIX KUCTIOT M1 OCHOBAHUIM.
[H'] = Cm kucnorsr; [OH] = Cm ocHOBanus
Pacuer pH st cnabpIx KUCIOT U OCHOBAHUM.
[H+] = \"H}c'uecunrm-ra: ) CMK“E‘UTE[; [DH_] = \'If}c'uDEHI:IEEHHH ) CMUEHUEEHHH

IM'maponus coneit
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Bo MHorux cimydasx Boja BBICTYIIAET HE TOJILKO B POJIM PAaCTBOPUTEIS], HO U KaK
AKTUBHBIM KOMIIOHEHT XUMUYECKOU peakiun. Peakiiuym B3anMoIeCTBUSI C BOJOW MOJTYYHIIN
Ha3BaHU rujpoinsa. ['uaponus — oOumii ciyyail cobpBOIN3A.

B o6mem cirydae mo ruaApoIM30M TOHUMAKOT PEAKITUUA B3aUMOACHCTBHS COJICH C BOJOM,
npuBosMe kK u3MeHeHuto pH pacrsopa. IlpudnHa runponunsa nosipusyromniee 1eicTBue
KaTHOHOB M aHMOHOB Ha UX THJIPaTHYIO 00O0JIOUKY.

MoO:KHO BBIIEIUTH TPU Caydas TUAPOIU3A.

T'uoponus no kamuony.

KaTtnonsl B BOJHOM pacTBOpE CYIIECTBYIOT B BUE KATUOHHBIX aKBAKOMILJIEKCOB,
00pa30BaHHBIX 3a CUET JTOHOPHO-AKIIETITOPHOTO B3aUMOICUCTBUS MEXK1Y KATHOHOM U
MOJIEKYJIaMH BOJIbl. AKBAKOMIUIEKCHI B CBOIO OU€pE/Ib THAPATUPOBAHBI MOJIEKYJIAMH BOJIBI.
MOo>HO cUUTaTh, YTO YEM MEHbIIE paArycC U OOJbIe 3apsil KaTHOHA, TEM CHIIbHEE BbIpaXKeHa
€ro aKIEeNTOpHAs CIOCOOHOCTh, U TEM CAMBIM MPOYHEE CBSA3b, TEM HHTCHCUBHEE MOJIIPU3YETCS
CBSI3b B MOJIEKYJIE BOJIbl. Bce 3TO MOKET MPUBECTH K pa3phIBY CBSI3U B MOJIEKYJIE BOJBI U
OCBOOOKJICHUH IMPOTOHA BOJIOPO/IA.

M(H,0)n*" <>M(H20)n-1 (OH)@D* + H*

B cooTBeTcTBHU C OCIEIOBATEILHBIM YCUJIICHHEM aKIIEITOPHON CITOCOOHOCTH KATHOHOB
BO3MOKHO JIBa CIIyJasi:

- OTCYTCTBHE 3aMETHOT'0 Pa3JI0KEHUS BOJIbI €CIIU MaJIeHbKHM 3aps/] U TIOCTaTOUYHO OO0JIBIION
paanyc KaTuoHa (IIEeJTOYHBIC U MIET0YHO-3eMeNIbHBIC METAILIBI, T.€. METAJUIBI 00pa3yIoIuit
CUJIbHBIC OCHOBAHUS).

- o0paTuMoe pa3oKEHUE BOJBI B CTydae OOJBIION 3apsTHOCTH U MAJIOTO pajgnyca KaTHOHA

(d- anemenTsl, oOpasyromue ciaadbbie ocHoBaHUs). COOTBETCTBEHHO, COJIb 00pa30BaHHAS CIIa0bIM
OCHOBAHHUEM U CHJIbHOM KHCJIOTOH IOABEPracTCs TUAPOJIM3Y 110 KaTHOHY. pH Takoro pacteopa <
7.

Tuoponus no anuony.

[TockonbKy TUapaTalisg aHHOHOB OCYIIECTBIISIETCS 3a CUET BOJAOPOIHBIX CBSI3EH, TO B
3aBUCHMOCTH OT THIIa aHHOHA BOJIOPOJIHAS CBS3h MOXKET MEPEUTH B KOBAJICHTHYIO. UeM Oosbiie
3apsijl aHHOHA, TeM B OOJIbIIIEH CTENIEHH MPOSBIIAETCS JOHOPHAs CIOCOOHOCTh aHMOHA K IPOTOHY
BOJIOPOJIa. DTO MPUBOIUT K OCBOOOKICHUIO THAPOKCHI aHUOHOB. Takoii CrmocCOOHOCTHIO
00J1a1af0T aHUOHBI CIIA0BIX KUCIIOT.

CoOOTBETCTBEHHO: COHM 00pa30BaHHBIC CHIIHHBIM OCHOBAHUEM H CITa00H KHUCIOTOM
MOJIBEPTalOTCs TUAPOIIN3Y IO aHUOHY.

O0Ho8pemeHHbI 2UOPOU3 NO KAMUOHY U AHUOH).

Conb, oOpazoBaHHas CJ1a00i KUCIOTON U C1a0bIM OCHOBAaHUEM THIPOJIU3YETCS 10 KATHOHY U
AQHUOHY OJHOBPEMEHHO.

Pacuet pH pacTBOpOB rHApOIU3YIOIIUXCS COJEH.
Cnaboe OCHOBaHUE - CHIIbHASI KUCIIOTA

—14
)= 10 Cn pH =7 pK —~ tgC
KOOCH 2 2

“14
1110 -C. 1 |

= |2 ccom H=7+—pK+—/(gC

[OH] K()KMCJZ P 2p 2 &

Cimabas kruciora - ci1adoe OCHOBAaHHUE:
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-14
. . Kucn
[H ]: 10 K{) pH:7+lpKKum_lpK(’C”
K ocr ? ’

Crenenp ruponunsa
Cnaboe ocCHOBaHHUE - CHIIbHAS KHCIIOTa (CHJIbHOE OCHOBAHHE clla0ast KMCIIOTA)

107

K o Ccmlu

Crnabas kucinoTa - ci1ad0e OCHOBAHUE
1071,
K xkucn- K ocu-C,,,

JKcnepuMeHTanbHas 4YacTb

OnpIT 1. 3aBHCHMOCTD CTeNEHH JHCCONMALIMH OT MPHPOJBI JIEeKTPOJINTA

[IpoBoauTCs peakiusa B3aUMOJEHCTBUSA METATIMYECKOTO IIMHKA C COJITHOM M YKCYCHOM
kucinoTaMu. KOHIEHTparuu KHCIOT OIUHAaKoBbl. CKOpPOCTh peakuuu OylneT 3aBHCETh OT
KOHIIEHTPAllUl MOHOB BOJIOPOJAa B PACTBOPE, TO €CTh OT CTEMEHH AMCCOLUAINH HCCIIEIYyEMbIX
KHCJIOT.

B oany mpoGupky Hamelite 1-2 M pacTBOpa COJITHOW KHCIOTHI (2 H), B APYTryHO —
CTOJIBKO K€ pacTBOpa YKCYCHOH KHCIOTHI (2 H). B kaxayio mpoOUpKy OMyCTUTE MO KYCOUKY
METAJITMYECKOT0 IIMHKA MPUMEPHO OAMHAKOBOIO pazmepa. Onuinre HabI0 eHUS.

Hanumure ypaBHeHUsT peakuuM B3aUMOJEHCTBUS KHUCJIOT C METAUIMYECKUM IIMHKOM B
MOJIEKYJISIPHOM Y HOHHOM BHU/IE.

OnbiT 2. /leiicTBMe OJHOMMEHHOIO HOHA Ha CTeNeHb JAUCCONUAIMH CJIA00ro
IEKTPOJINTA.

a) B nBe mpoOupku HazneiTe no 5—6 kamenb 2 H pacTBOpa YKCYCHOM KUCIOTHI ¥ TpHOaBbTe
10 OJHOM Karjie MHANKaTopa MeTmiopanxa. OIHy NpoOUPKY OCTaBbTE IJISI CDAaBHEHUSI, a B
IpYrylo 1006aBbTE€ HEMHOI'O CyXOro aleTaTa HaTpus U nepememiaite. OnumuTe u
00BSICHUTE CBOU HAOIIOACHUS.

0) AHQJIOTHYHBIA OMBIT BBIMIOJIHUTE C PAcTBOPOM THAPOKCHAA aMMoOHMs. Mcmomb3yiTe
uHANKaTOp (peHondranenH, a B Ka4eCTBE CHIIBHOTO JJICKTPOINTA — KPUCTAJUIMYECKUN XIIOPH]T
ammoHnus. Kak n3mensiercs uBetr uHIMKaTtopa u nouemy? Hanuimmre ypaBHEHMs IHCCOLMALIAN
JIEKTPOJINTOB.

OnbiT 3. UoHu3upyomiee aeiicTBre BOAbI

Jucconumanus 3J€eKTPOJIUTOB HA MOHBI B BOJHOM PacTBOPE NMPOMCXOAUT IO ACHCTBUEM
MOJIIPHBIX MOJIEKYJ BOJbl. YTOOBI yOenuThCsS B 3TOM, CMEIIMBAIOT KPUCTAIITMYECKHE KapOOHaT
HATpUS U IIABEJIEBYIO KUCIOTY. B 3THUX ycIOBHAX CBOOOTHBIX MOHOB HET, U PEaKLUs HE HJIET.
[Tpu noGaBneHUU BOMABI K MOJYYEHHOM CMECH AJIEKTPOJIUTHI IUCCOLMHUPYIOT, U HAYMHAETCS
MOHHAs peaKLus.

B cyxoili mpobupke cMmemaiiTe HeOOJbIINE KOJIUYECTBA KPUCTAUIMUECKUX KapOoHaTa
HATpHS U LIaBeJIeBON KUCIOTHI. 3anummurte Ha0moneHus. K nomyyenHnoit cmecu no6asbre 2—3 mit
BOJBI. 3anuiuTe HabmojeHus. Hamummre ypaBHEHUs PEaKIMi MEXTY COJbI0 M KUCIOTOW B
MOJIEKYJISIPHOM U HWOHHOM BHJE. YKaXuTe MpHU3HAaKU peakiuil. Mcxonas u3 crnpaBOYHBIX
3HAYEHU KOHCTAHT JUCCOLMALMU YTOJbHOW M IIABEJIEBOM KHCIOT, CIEJIaiTe BBIBOJ, Kakas U3
9TUX KHUCIIOT CUJIbHEE.

OnbIT 4. Onpenenenne peakuy cpeabl NPU TMAPOJIHM3E COJIei

B ornenpHBIX mpoOupkax pacTBOpuUTe B 1-2 MJI AMCTHITHPOBAHHOM BOJIBI HECKOJIBKO
KPUCTANIOB CJEAYIOLMX CcoJei: kapOonara Harpus, ¢ocdara HaTpus, XJIopHaa HATpUA,
cynbdara amromunwms, xjaopuna kenesa (IIl), kapbonata ammonus. Ha mpemmerHoe crekio
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MOJIOKUTE KYCOUKH YHUBEPCAIbHON MHIAMKAaTOpHOU Oymaru. C OMOIIBIO YHCTON CTEKISHHOU
MajJoykK CMOYWTE WHIWKATOPHYIO Oymary pacTBOpoM Kaxaod wu3 coieil. Ilo mBety
uHAMKaTopHOW Oymarm ompenenute pH pactBopa, mpenBaputensHo omnpenenus pH
JUCTHIIMPOBAHHOW BOJbl. Pe3ynpTaThl SKcrepuMeHTa 3amumuTte B Tabnuue. Hamummwre
YpaBHEHUs peaklMii THAPOIN3a COJIEH B MOJIEKYIIPHOM U HOHHOM BHJIE.

No Couib pH pactBopa Peakuus cpenpl
1 H-O

2 NaCOs3

3 NazPOy4

4 NaCl

5 Alx(SO4)s

6 FeCls

7 (NH4)>COs

OnpIT 5. BiusiHue TeMiiepaTtypbl Ha THAPOJIN3

Peakuust rupponmza — 3TO SHIOTEPMUYECKHH TPOIECC, IMOITOMY B COOTBETCTBHU C
npuniunom Jle [latenbe mNOBbILIEHHE TeMIEpaTypbl pacTBOpPAa COJHM YBEJIHMYUBAET CTEHECHb
ruaponusa. Jlnst onpenenenust pH pacTBopa amerara HaTpusl TOTOBAT €€ PacTBOP M MPUOABISIOT K
Hemy wHAUKaTop (¢peHondranenH). [lo M3MEHEHUIO MHTEHCHMBHOCTH OKPACKU WHIAMKATOpA TPU
HarpeBaHUM WM OXJIAKAECHUHM PacTBOpa CYIST 00 YBEIWYEHUHM WM YMEHBIIEHUH KOHIIEHTpaIuu
noHoB OH™ u, crnenoBaTenbHO, 00 U3MEHEHUHU CTETICHH THIIPOIIH3A.

Haneiite B mpoOupky 1-2 M pacTBopa arerata HaTpusi W TpwiedTe K Hemy 1—2 Karum
denondranenna. Harpeiite pactBop Ha BozisiHOM Oane. Kak MeHsieTcsi ”HHTEHCHBHOCTB OKPacKH pacTBOpa
¢enondranenna? Hammimre ypaBHeHUs THAPOIN3a alleTaTa HATPYs B MOJIEKYJISIPHON M MOHHOHU (hopmax.
3anuimyTe HAOJTIOICHNS ¥ OOBSICHUTE M3MEHEHNE OKpacky (peHomdrasienHa mpy HarpeBaHUH.

Ilopaook pabomeur:

1. TMonmyuuTs OT mpenoaaBaTelis 3aaHue.
2. BBIMOAHUTH pabOTy COTIACHO METOJUUYECKUM PEKOMEHAALIMSIM.
3. OdopMUTH POTOKOI PabOTHI.
4. BpbumuTh 0TpaboTaHHBIE PACTBOPHI, OCYAY BBIMBITh. CliaTh pabouee MeCTo.
Conepxanue oTyera:
Tema u 11e1h paboOTHI.
Habmionenus, ypaBHEHUS peakiuil Mo Kakaoi 4acTu paboThI.
BrIBOIBI 110 TIPOIETAaHHOM padoTe.
KoHnTpoJsbHBIE BOIPOCHI
1.  Teopus 3AE€KTPOJUTHUUECKON qUCCOLUALIMU AppeHunyca.
CunbHbIC U ClIa0bIe IIEKTPOIUTHIL.
KoHcTaHTa 1 cTeneHp qucconuanuu.
3akoH pa3basnenus OcTBaibaa.
Teopust CUIIBHBIX 3JIEKTPOJIMTOB, IOHATHE aKTUBHOCTB. [Ipon3BeaeHne pacTBOPUMOCTH.
Bonopoansliit nokaszarens. [ uapoaus coseu.

AN

YACTbD B. MOHHBIE PEAKIIMM B PACTBOPAX, 'TETEPOI'EHHBIE PABHOBECH A
B PACTBOPAX DJIEKTPOJIMTOB
Leasb padoThi: 0O3HAKOMIICHHE C OOIIMMHU CBOMCTBAMU MaJIOPACTBOPUMBIX 3JIEKTPOJIUTOB.
Conep:xxanue padoThbI:
H3y‘1PITI: ycCJioBus 06pa3013aH1/1;1 0CaJIKOB MaJIOpaCTBOPHUMBIX CUJIBHBIX 3JICKTPOJIMTOB U UX
PacTBOPUMOCTH.
IIpudopsl U peakTHUBBI:
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HITatuBsl U1t TpOOUPOK, TPoOUpKH Ha 10 M, MUIETKH.

2 H pacTBOpHL: XJOpUAA KalbllWs, XJOPUAA HATpUs, XJOpuIa Oapus, OKcajara aMMOHUS,
COJITHOM KHCIIOTBI, HUTpaTa Oapus, XpomaTa Kaius, YKCYCHOW KHCIOTHI, HUTpaTa cepeopa,
cynb(duaa HaTpUsl. PacTBOP XJIOpUAa KajbIUs, PACTBOP OKcajlaTa aMMOHUS, pacTBOp XJIOpHIa
WK HUTpata Oapusi, 2H pacTBOP COJSIHOW KHCIIOTBI, 2H PacTBOP YKCYCHOW KHCJIOTHI, pacTBOP
HUTpaTa cepedpa, pacTBOp Xpomara Kajus, pacTBOp XJOpHAa HATpHs, pacTBOp cyibduua
HATpUs, PACTBOp arerara HaTpHs, PacTBOpP XJIOpHIAa aMMOHWHS, pacTBOp (ocdhopHoil wim
A30THOW KHCJIOTHI, PACTBOP TMAPOKCUAA HATpPHUs, pacTBOp KapOoHATa HaTpHsl, pacTBOP XJIOpHa
KaJbIUs, PACTBOP CEPHON KHUCIOTHI, pacTBop cynbdara meau (1), pactBop cynbdaTta HUKENS,
pactBop cynb(dara win xjaopuaa KobanbTa, KapOoHaT HAaTpus (KPHUCT.), THAPOKApOOHAT HATPHS
(kpuct.), HIaBeneBas Kuciaora (KpucT.), pactBop xiyopuma kenesa (III), pactBop cunmkara
HaTpUs, PACTBOP COJITHON KUCJIOTHI, PACTBOP XJIOPHJIa aMMOHHUS.

KpaTrkue TeopeTnyeckue cBeeHHA
IIpouzeedenue pacmeopumocmu.
IIpu pacTBOpEeHUH TBEPJOTO BELECTBA B pACTBOPUTETIE, PACTBOPEHHE NTPEKPAILAETCS
Korza oOpa3yercsl HaChIILEHHBINH pacTBop. Eciu TBepaoe BelecTBO OTHOCUTCS K TPYIHO
PacTBOPUMBIM, TO KOHIIEHTPAIUS €T0 HOHOB B PACTBOPE B MOMEHT HACTYILJICHUS
TEPMOJMHAMHYECKOI0 PABHOBECHS 3HAYUTEIILHO MEHbILIE YeM HEAUCCOLMUPOBAHHBIX MOJIEKYIL.

AgCl < Ag" +CI

Kp = M T.K. [AgCI] =const = Kp-[AgC]] = [Ag+]- [le]

[4gCT]
K, [4gci]= P = |ag” | |cr]

Taxum 00pa3oM, B HACBIIIIEHHOM PacTBOPE TPYIHO PACTBOPHUMOTIO JIEKTPOIUTA
IPOU3BEICHNE KOHIIEHTPANii €r0 HOHOB BEJIMYMHA TIOCTOSIHHAS M 3aBUCSIIAS TOIBKO OT
IPUPOIBI PACTBOPEHHOT'O BEILIECTBA, PACTBOPUTEIIS U TEMIIEpaTyphl. JJaHHBIN mapameTp
HOJTy4YWIT Ha3BaHuUe npousBeneHne pactsopumoctu (I1P). Dta BennunHa OTHOCHTCS K HOBOMY
TUIYy KOHCTAHT, KOTOPbIE MOTYyYHJIM Ha3BaHHE HOHHBIX IPOU3BEICHUM.

3HaveHMsI IPOM3BEICHNS PACTBOPUMOCTH TTO3BOJISIIOT PEIIATh BOIPOCHI, CBA3aHHBIC C
00pa30BaHUEM OCAJKOB IMPU XUMHUECKUX PEAKLIUAK, YTO OCOOCHHO Ba)KHO ISl aHATTUTUYECKON
xumuu. Ocagok obpaszyercs TOIbKO Toraa, koraa BeinununHa ero MIT 6omsimne wem [TP. Hano
UMETb B BUY, YTO IPOU3BEIEHUE PACTBOPUMOCTH 03 yueTa KOd(PHUIIMEHTOB aKTUBHOCTH
MOYKHO TIPUMEHSTH TOJIBKO IS MAJIOPACTBOPUMBIX COSAMHEHUI.

I1o 3Hauenuro MMPOU3BCACHUSA PACTBOPUMOCTU MOKHO BBIYUCIIUTL pACTBOPHUMOCTD
BEIIECTBA U HA0OOPOT.

Jnst GuHapHBIX 35eKTposuToB P =/ IIP

Jlnst HeOMHAPHBIX JIEKTPOUTOB AmBn P = n+m —
m"-n

JKcnepuMeHTanbHas 4YacTb

OmnbiT 1. O0pa3zoBaHue ocagka M yCJIOBHE €r0 pacTBOPEeHHS.

B npo6upky HaneiTe 4-5 Karens pacTBOpa XJIOpHIa KalbIUs U MPUOABbTE MO KaIlIsiM PacTBOP
OKcaJiaTa aMMOHHsI 10 oOpa3oBaHus Oenoro ocanka. McnbiTaiiTe pacTBOPUMOCTh OCaaka B 2 H
pacTBope CONSIHOW KHCIOThl. Hamummre MomekynspHble U MOHHBIE ypaBHEHUS XUMHYECKUX
peaKuHnii.

OmnbIT 2. OnpeaesieHue HANPABJIEHUSI XUMUYECKUX peakuuil (pacTBOPeHUE 0CATKOB).

Dopma A Crpanuna 51u3 106




MMUHHCTEPCTBO HAYKH U BhICIIEro oopa3oBanust PO

o N ®dopma
VY IIpTHOBCKMI TOCY1apCTBEHHBIH YHUBEPCUTET

®-Paboyas nporpaMma o TUCHUIIINHE

Haneiite B mpoOupky 6—8 Kamenb pacTBOpa XJOpHAa WM HUTpaTa Oapus W mpubOaBbTE IO
KaIuIsIM pacTBOp Xpomarta Kajus 70 oOpa3oBaHuUs kKenToro ocagka. Ocagok paslenure Ha JiBe
yactu. K omHOM dactu mpubaBbTe 2 H PACTBOP COJITHOW KHCJIOTHI, a K JIPYyro — 2 H pacTBOp
YKCYCHOW KHCJIOTHL. B omHOM M3 mpoOupok HaOIrogaeTcsi pacTBOPEHHE OCaAKa. 3amlHIIuTe
HaOmoieHus, caenaite BbiBoA. CocTaBbTe MOJIEKYJSPHbIE U MOHHBIE YPAaBHEHUS XUMHUYECKUX
peaKLHii.

OnbiT 3. HanpasjieHHe XHMHMYECKOH peaklud B CTOPOHY o0OOpa3oBaHUsl MeHee
PacTBOPUMOrO COe/IMHEeHHUSI.

Haneiite B mpoOupky 2—3 karum pacTBopa HHUTpaTa cepedpa u mpudaBbTe K HeMmy 2—3
KaIUTM pacTBOpa XpoMaTa Kaius. 3alHIIuTe IBET MOJIYYEHHOr0 0CajKa, IOCie Yero J00aBbTe B
npoOupky 2-3 Kamiu pacTtBopa xjopuja HaTtpus. Kak wu3MensieTcs mBeT ocanaka (as
HaOJNIOZICHUST IIBETa OCaJKa PACTBOP MOXKHO OCTOPOXKHO CIUTh)? A Temepb npubOaBbTE K
COJCPKUMOMY TPOOMPKH 2—-3 Karuid pacTBOpa CyiabGuaa HATpUs M OMATh 3alUIIMTE IBET
ocagka. CocraBbTe MOJIEKYJSIpHBIE W  HOHHBIE  ypaBHEHHUS BCEX  IPEBpALCHH.
[To TaGnUYHBIM 3HAYEHUSM BBIMUIIATE MPOU3BEACHHE PACTBOPUMOCTH IOJIYYEHHBIX OCAKOB.
[To ero 3HaueHUIO ONMpeAeNUTE: KAKON U3 BHIMABIINX OCAJKOB SIBJISIETCS MEHEE PaCTBOPUMBIM?
OmnbIt 4. ITosryuyenne ra3oo0pa3HbIxX BelecTB.

A) B omHy mpoOupky moMmecTHTe 2 KallJld pacTBOpa aimerara HaTpus, B JPYTylO0 —
CTOJIBKO K€ pacTBOpa XJjopuaa amMMmoHus. B mepByio mpubaBpTe 2-3 Kammm ¢dochopHoil mim
A30THOM KHCIJIOTHI, BO BTOPYIO- 2-3 pacTBopa mienouu. Mcneitaiite Ha 3amax o0e MpoOUpKH.
Hanummure MosieKyisipHbIe U MOHHBIC YPaBHEHUSI XUMUYECKUX PEAKITUH.

b) Ilomectute B nBe mpobupku mo 5—7 kamenb pactBopa coabl NaxCOs. IIpoBepnTe
HaJIM4Me B pacTBOpe KapOOHAT-UOHA, /Ui YEero B OJHY MPOOHMPKY 100aBbTE HECKOIBKO Karlesb
xjopuaa kanbius. Kakoe BemiectBo BbINano B ocanok? Hanuimimre MOJIEKYJISIPHOE M MOHHO-
MOJICKYJISIpPHOE YpaBHEHUS peakuuu. /[o6aBbTe BO BTOPYIO MPOOUPKY HECKOIBKO Karelb CepHOU
KHCJIOTHI 10 BBIAENeHH ra3a. [lomorpelite cierka mpoOupKy, J10KIUTECh KOHIIA BbIJICICHUS Ta3a
U 700aBbTE HECKOJIBKO Karellb pacTBopa Xjopuia Kanblus. [lodemy He BbIMazaeT ocagok
CaCO0Os?

Hanummure MonekynspHOe U HOHHO-MOJIEKYJIIPHOE YPAaBHEHUSI XUMHUUECKUX PEaKIIUM.

OmnbIt 5. ITosryyeHne HepaCTBOPUMBIX cOeJUHeHH d-3JIeMeHTOB.

[TomecTuTe B Tpu mpoOUpPKU MO 3 Karuik pacTBOpoB: B oaHy cyiabdara meau (II), B mpyryio
cynbdara nHukens (1), B Tperpro- cynbdaTa uam xjiopuga kKoOaibTa. 3aTeM B KaKAYIO U3
MpOoOUPOK MPUOABUTH 10 3 KAl pacTBopa cynbuaa HaTpus. OTMEThTE IBET 00Pa30BaBIIUXCS
0CaJIKOB U HAMMIINTE MOJIEKYISIPHO-UOHHBIE YPaBHEHUS PEAKLIUH.

OnbIT 6. Biiusinne BOAbI HA MPOTEKAHUE HOHHBIX XUMHYECKHUX PeaKIuil.

B mepByto npoOupky moMmecTHTe TBEpAblii KapOOHAT HATpHs, a B JPYTylo- THApPOKapOoHAT
HaTpus. B kaxmyro mpoOupky n00aBbTE IIaBENEeBYH KHCIOTY (kpuct.). [Ipomcxomut s
peakmus? 3areM 100aBbTe B Kaxayro mpoOupky mo 1 mi Boxsl. Uto Habmomaere? OOBsICHUTE
pa3HUIly B HAaOJIONCHUAX 10 100aBlIeHUs M BOJBI U mocie. Mexy KakuMyu MOHaMU IPOTEKaeT
peakuusa? Hanummure nOHHbBIE YPaBHEHMSI peaKLIUM.

OmnbiT 7. O0pa3oBaHue MAJOPACTBOPUMBbIX BelIECTB.

B Tpu nmpobupku BHecuTe 1o 2—3 Kari CIeIYyIONNX PAaCTBOPOB: B MEPBYIO0 — XJIOPH/IA JKelle3a
(III), BO BTOpYIO — CHJIMKATa HATPHs, B TPEThIO — pa30aBICHHON CEpHOM KHUCIOTHL. J[06aBbTe B
HUX o TaKOMY xKe KOJIMYECTBY pacTBOpOB: B IIEPBYIO npoOupKy
— TUAPOKCHUA HATPHsI, BO BTOPYIO — COJISHOM KUCJIOTHI, B TPETHIO - XJopuaa Oapus. Yto
HaOmomaere? Hamummre B MOJNEKYJISIPHOM W HMOHHO-MOJICKYJSIPHOM BHJIE ypaBHEHHUS
MPOTEKAIOIINX peakluii, HapaBJIeHHBIX B CTOPOHY 00pa30BaHMs MalOpPaCTBOPUMBIX BEILIECTB.
OmnbIT 8. O0pa3oBanue cJ1adbIX KUCJIOT U OCHOBAHMIA.

B nBe mpoOupku BHecuTe 1o S—7 Karelnb: B IepByr0 — pacTtBopa anerara Hatpuss CH;COONa,
BO BTOpYI0 — xJyiopua aMMoHus. J[06aBbTe B MEpBYIO NMPOOMPKY HECKOJIBKO Kareib CEpPHOU
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KHCJIOTHI, IIEpEMEILIANTE pacCTBOP CTEKJISIHHON MAJIOUKOW M ciierka nogorpeire. Onpenenure no
3amaxy, 4YTO peakLus IpoTeKansa B CTOPOHY OO0pa3oBaHMs CJ1a0OH YKCYCHOW KHCIIOTBHI.
Hanumure MonexyJIsipHOE ¥ HOHHO-MOJIEKYJIIPHOE YPABHEHUS PEAKLUU.

Bo Bropyro npoOupky no0aBbTe pacTBOp I'MJIpPOKCHIA HATpUs M MOJOTPENUTE pacTBOD.
Onpenenure 1o 3amaxy BblACJIEHHE amMMmHuaka. Hanumumre MOJEKyJasIpHOE U HOHHO-
MOJIEKYJISIPHOE YPaBHEHMSI PEAKIIMK C 00pa30BaHUEM ra3000pa3HOro aMMHaKa.

IHlopaook paoomowi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.

2. BpImonHATH pabOTy COTITACHO METOJUYECKIM PEKOMEHIAIIHSIM.

3. OdopMuTH TPOTOKOI pabOTHI.

4. BbuuTh 0TpaboOTaHHBIC PACTBOPEHI, MOCYY BBIMBITH. CliaTh pabouee MecTo.
Conep:xanue oTyera:

l. Tema u enb paboTHI.
2. HalGmronenus, ypaBHEHUS peakIiii 10 KaXKI0i 4acTh paboThI..
3. BriBoiBI IO TIpO/IETaHHOM padoTe.

KoHTpoJibHbIEe BOIPOCHI

l. HoHHbIe ypaBHEHHUs peakui. Y CIIOBUs IPOTEKAHUS PEAKI[UN B PACTBOPAX.

2. ['eTeporenHoe paBHOBECHE: 0CAIOK — HACKIIIEHHBIN pacTBOp. KOHCTaHTa pacTBOPUMOCTH
(MM IPOM3BEZICHUE PACTBOPHUMOCTH)

3. YcnoBust 00pa3oBaHus M paCTBOPEHUS OCAIKOB.

4. Bnusiaue o6miero MoHa Ha pacTBOPUMOCTh MajopacTBopuMoro BemiecTBa. CoineBoi
adexr.
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TEMA 6. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE ITPOLHECCHI

Heab padoThl: U3y4YeHNUE OKUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX CBONCTB METAJIOB, HEMETAJIIIOB
U UX COCTUHEHUMN.
Coaepixanue padoThbI:

N3y4unTh OKHUCIAUTETbHBIE U BOCCTAHOBUTENIbHBIE CBOMCTBA IEPOKCHIA BOJIOPO/A.
2. N3y4nTh OKHCTUTENBHBIE U BOCCTAHOBUTEIHHBIE CBOMCTBA MOHOB P- U d-3JIEMEHTOB.
3. N3y4nTh OKUCIIUTENIbHBIE CBOMCTBA IEPMAHTaHATA KaJus B Pa3jIMYHbIX Cpeax.
IIpudopsl U peakTHUBBI:
[TpoOupkwu, MUMIETKH, AepKATENb 1711 TPOOUPOK, BOASTHAS OaHsI, Toperka.

2 M pactBopsl xinopuga xpoma (III), ruapokcuna HaTpusi, HoAMAA Kailus, MepMaHraHara
Kanmus, cynbdura Hatpus, HuTpara Mapranua (II), xnopuna onosa (II), 3% pacTBOp mepekucu
Bozopoza, 2H pactBop cepHoil kucnotsl, 2H pactBop a30THO# kucnotsel, 0,1 H pacTBop constHON
KHCJIOTBI, pacCTBOP 0/1a, MOPOIIOK TUOKCH/Ia CBUHIIA.

Kparkue TeopeTuueckue cBeleHHs

Bce xuMunueckue peaknuu MOXKHO pa3fieNiuTh Ha JIB€ OOJNbIINE TPYMIbL: MPOTEKAIOLINe
0e3 M3MEHEHHUsI CTETNEHU OKHUCICHHS M C MU3MEHEHHEM CTENECHHM OKUCIIEHUS — OKHUCIUTENIbHO-
BOCCTaHOBUTEIIbHBIE.

K okucimurenbHO-BOCCTaHOBUTENBHBIM OTHOCSITCS BCE PEAKLMM 3aMEIEHUS U Te PEeaKLUH
COCJIMHEHHS M PA3JIOKEeHHs, B KOTOPBIX yJacTBYET XOTs Obl OJTHO MPOCTOE BeliecTBo. Bee peakuuu
oOMeHa POTEKAIOT 03 U3MEHEHUS! CTENICHU OKHUCIICHHSI.

[Ton cTemeHb OKHUCJIEHHS] TOHUMAIOT (AKTUYSCKUI 3aps] aroMa B MOJIEKYIE
oOpa3yromuiics B pe3ysibTaTe nepepacrnpeaeaeHus 3JIeKTPOHHON TNIOTHOCTH.

Okuc/IeHHeM Ha3bIBAIOT TPOIECC MOTEPHU IJICKTPOHOB, MPUBOMASIINN K TMOBBIIICHUIO
CTETNeHH OKHUCIIeHHs. BeriecTBa, aTOMbl WJIM HMOHBI KOTOPBIX OTHAIOT 3JEKTPOHBI, HA3bIBAIOT
BOCCTaHOBUTEISIMH. BOCCTaHOBUTEIh, OT/AAaBAasI SJICKTPOHBI, OKUCIISIETCS.

Zn° -2e — Zn"?

BoccranoBiieHHe — TIpOLIECC MPUCOSTMHEHMS SJIEKTPOHOB, MPUBOASAIIMI K TOHMKEHHIO
CTENICHU OKHUCIIeHHs. BeliecTBa, aTomMbl WJIM HOHBI KOTOPBIX TPHCOEIUHSIOT AIIEKTPOHBI,
Ha3bIBAIOTCS OKUCTUTENSIMHA. OKHUCITUTEND, IPUCOSAUHSS JIEKTPOHBI, BOCCTAHABIUBACTCSL.

Cu+2e — Cu°

OOmiee YUCIIO SIEKTPOHOB, OTIAHHBIX BOCCTAHOBUTENEM, PAaBHO YHUCIY 3JIEKTPOHOB,
MPUHSTHIX OKUCIUTETIEM.

Jlis  mporHo3a  MPOAYKTOB W HANPABICHHWS  MPOTEKAHHWS  OKHCIUTEIBHO-
BOCCTAHOBUTEJIBbHBIX MPOLIECCOB HAJIO 3HATh, YTO THNMYHBIMHU OKUCIUTEISIMHU SBIISIOTCS:

1. mpocThie BemecTBa, aTOMBI KOTOPBIX HMEIOT OOJBIITYIO 3JIEKTPOOTPULIATEIBHOCTD (3JIEMEHTHI
VIA wu VIIA rpynn). U3 aux Haubonee cunbhbie okuciautenu F, O, CI;

2. BeIIeCTBa, COJEpI)KAIIME OJJIEMEHTHI B MaKcHUMalnbHOW creneHu okuciaeHus: (KMnOs,
K>Cr207, HC1O4, H2SO4 1 1p.;

3. KaTHOHBI METaJIOB ¥ BOJOPO/IA

K TUNIMYHBIM BOCCTAHOBHUTEJISIM OTHOCSTCS:

l. mpocThie BemIeCTBa, aTOMbI KOTOPHIX HMEIOT MAIYI0 JJIEKTPOOTPHUIATeNbHOCTh < 1,5
(omemenThl [A u [IA rpynmn u HEKOTOpBIE IPYTrHUe METAJLTHI).
2. BEIIECTBA, COAECPXKAIINE 3JIEMEHTHI B HU3IIKX cTeneHsix okucnenus: (H2S, NH;3 u nip)

BemecTBa, cofeprkaiire aToMbl B IPOMEXYTOUHBIX CTEIEHSIX OKUCICHHS, CTIOCOOHBI KakK
MOBBIIIATh, TAK U TIOHWKATh CTENEHb OKUCIICHHUSI, T.€. MOTYT OBITh KaK BOCCTAHOBUTEISIMH (TIpU
JeHCcTBUM 00JIee CUIILHOTO, YeM OHH, OKHCIIUTENS), TAK M OKUCIHUTEIIMH (TIPH IelCcTBUM OoJee
AKTUBHOTO, Ye€M OHH, BOCCTAHOBUTENs). TakWe BEIIECTBA MPOSIBISIIOT OKUCIUTEIHHO-
BOCCTAaHOBUTEJbHYIO JBOMCTBEHHOCTb.

[Tpu cocraBieHNH peaKIfii OKUCIUTETFHO-BOCCTAHOBUTEIBHBIX MPOIIECCOB UCTIONB3YIOT:
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1. MeToj 37eKTpOHHOTrO OanaHca
2. METOJ MOJypPEeaKIfil WM HOHHO-3JIEKTPOHHBIN CIIOCO0.
[IpaBuna  HanmucaHus  OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX  pEAKIM  METOJIOM
MOTypEaKIni:
BrIsSICHSIIOT NPUHIMNHAIBHYI0 BO3MOXXHOCTh mporekanus Ox/Red mpomecca - HaxomsT
MOTEHIIMANBHBIM OKHUCIIUTEIb U BOCCTAHOBHUTEb.
OrnpeaenstoT TPOyKThl OKUCICHHS 1 BOCCTAHOBIICHUS.
[TuiryT monypeakuuu OKUCIECHHUS M BOCCTAHOBJICHUS, PACCMATPHUBAs BCE UMEIOIIUECS MOHBI
u cpeny - HoO, H uin OH", Ho Hu B KoeM ciydae He H' 1 OH™ - BMecTe OHM COCYIIECTBOBATh
HE MOT'YT.
CBopaT MaTepHaIbHBIN OaNaHC MOTypeaKui.
CBOIAT AIEKTPOHHBIN OajaHC, MOJCYHMTAB, 3apsIbl CJIeBa W CpaBa W J00ABUB WU BBIUTS
AJIEKTPOHBL.
Haxonmar oOmmii MHOXHUTENh JIg 00CMX MOJYpPEakIWid, ¢ y4e€TOM TOro, YTO, CKOJBKO
AJIEKTPOHOB OBLJIO OTHSITO Y BOCCTAHOBUTEISI, CTOJILKO MPUOABUIIOCH K OKUCITHTEIIIO.
PaccraBnsroT ko3hGHUIMEHTH B ypaBHEHUHN U JOMHUCHIBAIOT HETOCTAIOIINE MTPOTYKTHI.
KMnOg4 + NaxSO3 + H2SO4 = MnSO4 + NaxSO4 + K2SO4 + H2O
Peakiist mporekaeT B BOJAHOM pacTBOPE, COOTBETCTBEHHO KOMIIOHEHTBHI —PpEaKIUU
JTIUCCOLTUMPYIOT:
K+ MnOy4 + 2Na" + SOs* + 2H" + SO4* = Mn?" + SO4* + 2Na* + SO4> + 2K* + SO4* + H,0
Jlnst  cocTaBieHUsT TIONYPEAKIMd BBIOMpaeM WOHBI, KOTOPBIE COJIEpP)KAT AaTOMBI,
W3MCHSIOIINE CBOM CTEIICHU OKUCIICHHS.
2 |MnOgs + 8H™+ Se — Mn*" + HoO okucnuTens/ BOCCTAaHOBHTEND
5] SO3* + H0 - 2e — SO4> +2H'" BocCTaHOBHUTENIE/OKHCIUTEND

2MnOys + 16H'+ 5805% + 5H,0 = 2Mn?* +5S04% + 10H" + 8H,0

Cokpamass KOMIOHEHTBHl B MPAaBOM W JIEBOW YACTH, MOJIYYa€M COKpAIIEHHOE€ HMOHHOE
ypaBHEHUE JaHHOW OKUCIUTENbHO-BOCCTAHOBUTEIHHOM PEAKIINH:
2MnOy4 + 6H'+ 5805 = 2Mn?*" +5S04* + 3H,0

[ToxcraBuB K HOHAM HEOOXOUMBIC TPOTUBOMOHBI, MTOJYIUM MOJICKYJISIPHOE YpaBHEHUE C
TOTOBBIMHU KOd(ppuIImeHTaMu.

2KMnO4 + 5NaxSO3 + 3H2SO4 = 2MnSOs4 + 5NaSO4 + K2SO4 + 3H,0

Cymbar xamis He y4acTByeT B OKHCIUTEIbHO-BOCCTAHOBUTEIILHOM IIPOLIECCE, MOITOMY MU
COCTABJICHHH TIOJTPEAKIIMI HE YUUTHIBAICS, OTHAKO YUUTHIBAECTCS TIPH 3aITUCH MOJIEKYIISIPHOTO YPABHEHHUS.

BinsiHue cpenpl Ha OKMCIUTENbHO—BOCCTAHOBUTEIBHBIE ITPOLIECCHI.

pH cpenbl oOka3bIBaeT BIUSHHE HA HANpPaBICHUE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peakuuii U XapakTep 0Opa3yloIIMXCs MPOAYKTOB. UeM MeHbIlle KHCIOTHOCTb Cpebl, TeM, Kak
npaBuiIo, MeHee riyooko uzet npouecc. Hanpumep, KMnO4 mposiBiIseT OKUCTUTENIBbHBIE CBOWCTBA
3a cuer Mn'’ ¥ BOCCTaHABIMBACTCS: B KHCIIOM cpene — 1o Mn™?, B HeUTpasibHON — 10 MnO»> ; B
LIEJOYHON CpeJie 10 MaHTraHaT-uoHa - MnO»*>

XpoMar ¥ IUXpOMAT Kajvs BBICTYNAIOT B KAadeCTBE OKHUCIMTENECH B KHUCIOW cpee,
BOCCTAHABNIHBAsACH 10 uoHa Cr>,

B nmpupozae Haunbosnee pacnpocTpaHeHbl COSIMHEHHUSI MapraHila cO CTETEHbIO OKHCICHHUS
+2. B opranusme 4enoBeka MapraHell TaK)Ke HAXOAUTCSA B CTETIEHH OKUCIEHUS +2, HO, y4acTBYS B
OMOXMMHYECKUX TPOIEccax, OH HE MEHSET CBOEH CTENEHH OKHCIIEHHS. JTO CBS3aHO C TEM, YTO B
OpraHu3Me HET CUJIbHBIX OKUCIUTENEH.

N3menenune pH cpeabl MOXKET pa3BepHYTh peakuHio. Tak IUCIPONOPIMOHUPOBAHMS
xJyiopa B menounoit cpene Clz + KOH = KCl + KCIO; + H20 uner B 0OpaTHOM HarpaBlieHUH
IIPU MOJIKUCIIEHUH pacTBOpa.

HCI + HCIO; = Clx + H20
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JKCNepUMEHTATbHASA YaCTh

OnbIT 1. Oxkuciaenue uona Cr3* 10 BoicIIeii cTeNeHN OKUCIeHHSs

K 6-8 kamnsm pactBopa CrCl3 nmpubasbre mo xamisaM pactBop NaOH no pactBopenus
oOpazyromerocs ocanka Cr(OH)3 u 3atem 3-4 xamum 3% pactBopa H2O2. Cmech nepemeraiite
U, TIpU HEOOXOAMMOCTH, HarpeiTe Ha BOASHOW OaHE WJIM TOpelKke B Te4YeHHe 1-2 MUH.
OkpanmBaHUe pacTBOpa B JKENTHI I[BET CBUJETENLCTBYET 006 o6pazoBamuu noHa CrO4>".
PaccraBbTe KO3 GUITMEHTHI B ypaBHEHUH PEAKIIMA METOJIOM IMOTYPEAKIIHI U CACIalTe BBIBOJ,.

CrClz + NaOH + H20;2 = NaxCrO4 + NaCl+ H.O

OnpiT 2. OKUCMTEBHBbIE M BOCCTAHOBUTEILHbIE CBOMCTBA MEPOKCH/IA BOIOPOIa
a) K 3 kamnsam pacrBopa Kl npubassre 2 xaru 2H pactBopa H2SO4 u 3ateM no kammsm 3%-blit
pactBop H>O» 1o mosiBneHHst xenTod OKpacku. PaccraBbTe KOA(QHUIMEHTH B YpaBHEHHUH
pEaKIUKX METOAOM MOJIyPEaKIIUK U CIIETANTEe BHIBOI.

KI + H202 + H2oSO4 = I + K2SO4 + H20
6) K 5-6 kammsim pactBopa KMnOs4 mpubasTe 3-4 kammm 2H pactBopa HoSOs m 3atem
HeckoJbKo Kamenb 3%-ro pactBopa H2O». HabGmiomaercs obecuBeunBaHHE pacTBopa U
BbIJICJIEHHE ra3a. lchblTaiiTe BBIACSIOMMICA Ta3 Tieloned JayduHkoud. PaccraBbre
KOd((UIIMEHTHI B ypaBHEHUU PEAKIIMHA METOIOM MOTYPEaKIUuil U clIealiTe BBIBO/I.
KMnOs + H2SO4 + H202 = MnSO4+ O+ K2SO4 + H2O

OnpIT 3. OKHCIHMTE/IbLHBbIE CBOMCTBA MEPMAHTAHATA KAJIMS B PA3JIMYHbIX Cpenax

B tpu npobupku nHaneiire mo 5-6 kanenb pactBopa KMnOs4. 3ateM B mepByro MpoOHPKY
npubaBbTe 3-4 karum 2 H pactBopa H>SOs, Bo BTOpYIO - HUYero, a B Tperbto - 3-4 karmmm 2H
pactBopa NaOH. Ilocne 3Toro B kaxayro mpoOUpKy mpuOaBbTe Mo KamisMm pacTBop NaxSOs wmmu
cyxyto conb. HabOmomaiitTe w3MeHeHHe OKpacKd pacTBOpoB. PaccraBbTe KOX(PQHUIMEHTH B
YPaBHEHUSIX PEaKIUii METOJOM TONYpPEaKIMid U CHIENaiiTe BBIBOABI 00 OKUCIUTEIBHBIX CBOMCTBAX
repMaHraHaTa Kaiusi.

a) KMnO4 + H2SO4 + NaxSO3 = MnSO4 + K>SOs+ NaSO4 + HoO
0) KMnO4 + H,0O + NaxSO3 = MnO> + NaxSOs+ KOH
B) KMnO4 + KOH + NaxSO3; = KoMnO4 + NaxSOs+ H,0

OnbIT 4. Oxkucjaenne KaTuoHa d-3JieMeHTA 0 BbICIIIEH CTeNeHH OKUCIEHU ST

Oxucienue MoHa Mn?" nuokcumoM cBuHIA. BHecuTe B MpoOMpPKY HEMHOTO MOPOMIKA
PbO,, nmpubaBere 2 Ma 2H pactBopa HNOs; m HarpeiiTe Ha BOJsSHOW OaHe WM TOpEIKE JO
kunenus. [locae storo mpubasbre B mpobupky 1-2 kammu pactBopa MnSOs mepemeriaiite u
cHOBa HarpeiTe. HabmogaeTcst mosiBIeHUs MAIMHOBOW OKpacku oOpa3zoBaBiierocs nona MnQOy™.
PaccraBbTe KO3 GUITMEHTHI B ypaBHEHUH PEAKIIMUA METOJIOM MOYPEAKIIHI U CACIalTe BBIBOJ,.

PbO; + HNO3 + Mn(NO3)>» = HMnO4 + Pb(NO3), + H>O

OneIT 5. BocCcTaHOBHTEILHBIE CBOMCTBA KATHOHA p-3JeMenTa (Sn*)

Haneiite B mpobupky 3-4 xammm pactBopa SnClo, 1 karmmo pactBopa mprOaBbTe MO KaIuisiM
2u pactBop KMnOs HaOmronaercss HCue3HOBEHHE MAaIMHOBOM OKpacku. PaccraBbre
K03 (UIIMEHTH B ypaBHEHUHU PEAKIIMKU METO/IOM MOIYypeaKkuil U caienaiTe BHIBO/.

SnCl, + KMnO4 + HCI = SnCls + MnCl,; + H,O+ KCl

OneIT 6. BoccTanoBHTEILHBIE CBOICTBA aHMOHA p-3JaeMenTa (SO3%)

ITomectute B mpodupky 3-4 karum pactBopa NaxSOs, pudassre 2-3 karwm 2H pactBopa HxSOq4
u 1-2 karum pactBopa b, Berpsixaure npobupky u HabmoaiiTe obecriBeunBaHue pactBopa. PaccTaBsre
K0A((ULIMEHTHI B YpaBHEHHUHM PEAKIMF METOIOM TIONypPEaKIIMii 1 clienaiite BpiBoI. KakoBa porb cepHOit
KHCJIOTBI B JAHHOW peaKiyu?

NaxSO3 +Ix + HoO = Na;SO4 + HI
IHlopaook paoomowi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.
2. BbIMoAHUTE PaboOTy COTVIACHO METOAMYECKHM PEKOMEHIALIUSM.
3. OdopMuTH TPOTOKOI pabOTHI.

Dopma A Crpanuna 56u3 106




10.

11.

moe

MMUHHCTEPCTBO HAYKH U BhICIIEro oopa3oBanust PO

o N ®dopma
VY IIpTHOBCKMI TOCY1apCTBEHHBIH YHUBEPCUTET

®-Paboyas nporpaMma o TUCHUIIINHE

4. BbuuTh 0TpabOTaHHBIC PACTBOPEI, MOCYTY BBIMBITE. ClaTh pabouee MecTo.
Conep:xxanue oTyera:

1. Tema u nenb paboOTHI

2. HaOmronenus, ypaBHEHHsI peaKIuil IO K01 YacTH paOOTHL..

3. BwIBoxBI IO MpozeNaHHO paboTe.

KoHTpoJibHBIE BOIPOCHI.

TUIBI OKUCTUTETFHO-BOCCTAHOBUTENBHBIX peakiuil. THITMYHBIC OKUCIUTETN U THITHYHBIC
BOCCTaHOBUTEIH. DaKTOphl, BIUSAIONMIME HA TMPOTEKAHHE OKHCIUTEIBHO-BOCCTAHOBUTEIHHBIX
peaKLHii.

MeTtoapl  COCTAaBICHHS  OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX  peakmuii  (METoj
MOJTypeaKIuii WK METOJI MOHHO-3JIEKTPOHHOTO OanaHca).

Knaccudukanmsi OKMCIUTETbHO-BOCCTAHOBUTEIBHBIX PEAKITUI

TEMA 7. TEOPUSI KOMILIEKCHBIX COEIUHEHUI

Ileanb padoThl: N3ydyeHNE CBOMCTB KOMIIJIEKCHBIX COEIUHEHUI.
Conep:xxanue padoThbI:

OcBoUTH peaklUy NOJyYEHUSI KOMIUIEKCHBIX HOHOB.

N3y4nTh CBOKCTBA IOJIYyYEHHBIX KOMIUIEKCHBIX COCAMHEHUMN.
IIpubopsbl U peakTUBBI:
[Tpobupku, MuNeTKy, AepKaTenb A IpoOUpOK, BOsSHAS OaHs, TOpeKa.
1 M pactBopsl xmopuaa kenesa (IIl), pomanmpa xamumsi, rekcarumanodeppara (+3) kamus,
rekcanuanodeppara (+2) kamus, jKele30-aMMOHMUHBIX KBAaclOB, Cyjib(ara Meau, aMMHaKa,
COJITHOW KHCJIOTBI, HUpaTa cepedpa, XJIopuaa HaTpus, Hoauaa Kams, cyibdaTa [UHKA, CEPHON
KUCIIOTHI, cylb(haTa HUKENs1, OpoMua Kanusi, IepMaHraHara Kajius, XJopuaa KoodanbTa, XJIopuaa
aMMOHHMs, IIEPOKCHAA BOJOPOJA, KOHUEHTPUPOBAHHBIC PACTBOPHl aMMHAaKa, HACBHIICHHBIN
pacTBOp pOAAHK]IA KAIHsl, METAJNINYECKUI LINHK.

KpaTrkue TeopeTndyeckue cBeeHHs.

ITocne co3paHus y4eHMsI O BaJCHTHOCTH BCE COCIMHEHUS YCIOBHO CTaJIM pa3lesiaTh HA
IPOCTBIE WM aTOMHBIE WJIM IEPBOrO MOpPsAKA M KOMIUIEKCHBIE WM MOJIEKYJSIPHBIE WM
BBICILIETO MOpsiAKa. Takoe feleHne BbI3BaHO, NMPEXKIE BCETO, TEM, YTO MHOTHE MOJIEKYIIBI YXKE C
peaTn30BaHHBIMM XMMUYECKHMHU CBSI3SIMU CIIOCOOHBI BCTYNATh B JalibHEHIee B3aMMOICHCTBHE
¢ oOpa3zoBaHHeM 0o0Jjiee CI0XKHBIX COEAMHEHUH, MPOSBISIOIINX a0COIIOTHO HOBbIE XUMUYECKHE
CBOMCTBA, HEXapaKTEpHbIC I COCIMHEHUM IEPBOro Mopsaka. Takue COCIMHEHMs MOJy4HIIU
Ha3BaHHS KOMIUJICKCHBIX.

B nacrosiiee Bpems He CYIIECTBYET KaKOro JIMOO OJHO3HAYHOTO OIpPENENICHHUs 3THX
COEIMHEHUH, KOTOPBIE MOTJIO ITOJIHO OXapaKTEPU30BaTh UX CTPYKTYPY U XUMHUYECKHE CBOMCTBA.

Hekortopslie u3 Hux:

Komnnexcnoimu — naszviearomcs — onpeoenenHvle  MONEKYIAPHble — COeOUHEeHUs,  npu
couemaHuu KOMNOHEHMO8 KOMOPbIX 00pA3VIOMcs NONONCUMENbHO UMY  OMPUYAMENbHO
3apsdHCeHHbIE UOHDL, CNOCOOHbBLE K CYUWECMBO8AHUIO, KAK 8 KPUCMALle, MAK U 8 pacmeope.

Komnnexchvimu  Haswiearwomes MoNeKyiapHble COeOUHeHUs, He NoKa3vléaiowue 6
pacmeope 6cex CBOUCME XapaKmepHvix 05 UX COeOUHEeHUL NePeo20 NopAoKa.

Komnnexchvimu Hazviéaiomes coeOuHeHus, 6 y31ax KpUCmanlos KOMOpblX HAXOOSMCs
KOMNJIEKCHble UOHbL, CHOCOOHbIE CAMOCMOSIMENbHO CYWeCm808ams 68 pacmeopax.

KommiekcHbIe COeIMHEHHS — 3TO CaMblii OOIIUPHBINA KJIacC HEOPraHMYECKUX
COEMHEHUH, UMEIOIIHUX OTPOMHOE OMOJIOTNYECKOE 3HAUCHHE: XJIOPO(PUIUIBI B PACTEHUSIX,
TeMOTJIO0MH Y )KUBOTHBIX, Pa3IMYHBIC LIUTOXPOMBI, BATAMUHBI.

[TepBoii ynaunoii Teopuel, mo3BoJIsIONIEH 00BICHUTh 00Pa30BaHNE KOMILIEKCHBIX
COCMHEHUH U3 BaJICHTHOHACBIIICHHBIX MPOCTHIX MOJIEKYII, ObLIa KOOPIUHAIIMOHHAS TEOPHS
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Anbdpena Bepuepa, npemioxxennas B 1893 roay.
1) CorylacHO 3TOW TEOpWH, aTOMBI MOTYT MPOSIBIATH HE TOJBKO OOBIYHYIO «TJIIABHYIO»
BAJICHTHOCTH (YMCIIO 3JEKTPOHOB, KOTOPHIE MPUHUMAIOT ydyacThe B 0Opa30oBaHHWE XUMHUYECKOU
CBSI3M 10 OOMEHHOMY MEXaHU3MY), HO U «IO000YHYIO», CBSI3aHHYIO C HaJIWYMEM BaKaHTHBIX
aTOMHBIX OpOuTaNeil WM He MOAENCHHBIX MEKTPOHHBIX Map. I 1aBHas BaJCHTHOCTh Y KATHOHOB
METAIJIOB ~ HACHIAETCS  TOJNBKO MNPOTHBOMOHAMHM, IOOOYHAs  MPOTHBOMOHAMH  HIIH
HEUTpaTbHBIMU MOJIEKYJIAMHU.

I'maBHas 1 MOOOYHAS BaJICHTHOCTH B KOMIUICKCHOM MOHE HE Pa3INYalOTCs IO CBOCH
npupoze. B yacTHOCTH Bce aToMBI BOJOPO/Ja B KATUOHE aMMOHUS OJIMHAKOBBI KaK IO
PacIoI0KEeHHIO, TaK U TI0 SHEPTHUHU CBS3H.

2) B kaxaoM KOMIUIEKCHOM HWOHE HMEETCS IEHTPAIBbHBI aToM, BO KPYr KOTOpPOTO
pacmojiararoTcst KOOpJUHUPOBAHHBIC UM UOHBI HJTH HEHTPaTbHBIC MOJICKYJIBI.
3) Uuciio MOHOB MM MOJIEKYJ, KOTOPbIE KOOPAMHHMPOBAHBI BOKPYI LICHTPAIBLHOIO aroMa
Ha3bIBaCTCs Koopounayuonnvim yuciom (K4). KU cBs3aHO ¢ 3apsiioM IEHTPATBHOTO aTOMA.
3apsn +1 +2 +3 +4
K.U. 2 2,4 4,6 8

4) KoopaunupoBaHHbIe aTOMBI, HOHBI UM MOJIEKYJIbl HAXOIALIUECS BOKPYT LIEHTPAIBHOTO
aToMa Ha3bIBAlOTCS aueanoamu uiu aoenoamy. COBOKYMHOCTb LIEHTPAIBHOIO aTOMa M JIMTaHI0B
Ha3bIBaeTCsl BHyTpeHHEH cdepoil. Ecnm BHyTpeHHsAs cdepa 3apspkeHa, TO HMEETCS ele U
BHEIHAs cepa, KOTopas NpeAcTaBlIeHa MPOTUBOMOHOM. B 1enom Mojekyna KOMIJIEKCHOTO
COCIMHEHUS IEKTPOHEUTpalIbHA.

B BoAHBIX pacTBOpax KOMIUICKCHBIE COCIUHEHUS KaK U BCE COJIU MOJBEPraroTCs
JUCCOLMAlMY HA QaHUOH U KaTUOH:
[Cr(H20)6]Cls = [Cr(H20)6]*" + CI
Hapsiny ¢ 3TUM KOMIUIEKCHBIM MOH TaK K€ ITOABEPraeTcs pacnagy Ha COCTaBHBIE YAaCTHU:

[Cr(H20)6]*" = Cr** + 6H.0
Tak Kak B 3TOM CUCTEME HACTYIAET COCTOSTHUE JUHAMUYECKOTO PAaBHOBECHUS, TO K HEN
MPUMEHHUM 3aKOH JEHCTBYIONIUX MAaCC:
K :[Cr3+]~[[—[20]6 :K ~-98.10"°
7 erH,0) ] S

Uem MeHbIIIE 3HAYCHNE KOHCTAHTHI HECTOMKOCTH, TEM MPOYHEE KOMILIEKC.

Benuunna oOpaTHass KOHCTaHTE HECTOMKOCTH, HAa3bIBACTCS KOHCTAHTOW YCTOMYMBOCTH.
Jyist GONBITMHCTBA KOMITJIEKCOB 3TUX MapaMeTPhI OMpeIeIeHbl U OTOOPaKEHBI B XUMUYECKUX
CIPAaBOYHHKAX.

JKCNEePUMEHTAIbHAS YaCTh
OnpiT 1. Paziinyue Mexxay 1BOMHON U KOMILUIEKCHOH COJIBIO.

a. Haneiite B nmpoOupky 10-12 kamens pactBopa FeCl; m no0GaBpTe mo KaruisiM pacTBOp
ponannaa kanus KCNS. HaGmrogaiiTe mosiBieHne KPOBaBO-KPACHOTO OKPAIIMBAHUS BCIICIACTBUE
oOpa3zoBanus popanuaa xenesza Fe(CNS)s. [lanHast peakiius no3BojsieT 0OHAPYKUTh B pacTBOpe
HOHEI kenesa Fe',
b. B oany npobupky Hanelite 10-12 kanens kanus rexcarmanodeppara(3+) Ks[Fe(CN)g], a
B npyryto — 10-12 xamens pactBopa xene30-aMMOHHHHBIX KBAcIioB (NH4)2SO4-Fex(SO4)3. B 06e
npoobupku no kamsM no6assTe pactBop KCNS. HaGmonaiite et pactBopoB B npodupkax. Ha
OCHOBaHUU ATOTO CJENIaTh 3aKII0UEHUE, KaKkas U3 B3STBIX COJEH sIBIseTCs NBOMHOMN, a Kakas —
KOMIUIEKCHOM.
OnbiT 2. O0pa3oBaHue U pa3pylieHHe KOMILJIEKCHBIX HOHOB.
2.1. llonyyeHHWe aMMHAYHOTO KOMILIEKCA MEJIH.

a) Hameilite B mpoOupky 10-12 xamens pactBopa cynbdara memau(ll) m moGaBbTe MmO
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KarwsiM  25%-i pactBop ammuaka. HaOmionaiite mnepBoHauanbHOE OOpa3oBaHHME OCaJKa
TUApOKcocynb(ara MeOu U TOCHeAYIollee €ro pacTBOpeHHE B M30BITKE aMMHUaka ¢
00pa3oBaHUEM OKPAIIEHHOTO PAacTBOpa KOMIUIEKCHOU conu. Yacme pacmeopa ocmasums 014
onvima 3.3.

0) K momydeHHOMY pacTBOpy 100aBbTE€ HEOOIBIIOE KOJIUYECTBO PACTBOpA COJISTHOMN
KHCJIOThl. HaOmromaliTe W3MEHEHHE OKpackd pacTBopa. Hamuwmmre ypaBHEHHS peakIHid,
YUMTBIBas 4TO KOOpAuHaHoHHOoe uncio Cu?’ pasno 4.

2.2. llonyyeHue aMMHAaYyHOTO KOMILJIEKca cepebdpa.

a) Haneiite B mpoOupky 1-2 M pacTBOopa HHUTpara cepedpa M CTOJIBKO e pacTBOpa
xjgopuna Hatpus. [losydeHHBIH OCagOK pPacTBOPUTE, MOJYYUMB PACTBOP KOMIUIEKCHOW COJIM
cepebpa. Jlns sToro 106aBbTE HECKOJBKO Kareidb KOHIIEHTPUPOBAHHOTO PAcTBOpPAa aMMHMAKA.
Yacmv pacmeopa ocmasumsp 05 onvima 3.2.

0) [Tony4eHHbIH pacTBOp KOMIUIEKCHOW COMM cepedpa pasiieiiTe B 1Be npoOupku. B onny
npoOUpKyY 100aBBTE PACTBOP XJIOPHU/IA HATPHS, B IPYTYIO — pacTBop Hoauaa kaims. Habmonaiite
OTCYTCTBHE OCaJgKa B IEpBOM NMPOOUpPKE M €ro Hajauuue BO BTOpoi. Hammmute ypaBHEeHUs
peaKIyii, yYUTHIBAs YTO KOOPAUHAMOHHOE YhCIo Ag™ paBHO 2.

2.3. llonyyeHue rUAPOKCOKOMILIEKCA IIUHKA.

a) Haneiite B mpoOupky 2-3 mi pactBopa cyibdara IIMHKa U 100aBbTE MO KaIUIIM
pacTBOp THAPOKCHUIA HATPUs 10 mosBieHus ocaaka. K pacTBopy ¢ ocagkoM n06aBbTe U30BITOK
MIET0YM 10 TIOJHOTO PACTBOPEHHsI OCajiKa B pe3ysbTaTe 00pa30BaHUS PacTBOpa KOMILIEKCHOU
COJIN.

0) K mnonyyenHoMy pactBopy mo00aBbTe 3-4 Kaluid pacTBOpa CEPHON KHCIOTHI.
Hab6nronaiiTe mosiBjieHUe ocajika B BUJIe IOMYTHEHUS pacTBOpa. Harmuimure ypaBHEHUST peakiinid,
YUHTHIBAS YTO KOOPAMHALMOHHOE urciIo Zn?' paBHo 4.

2.4. llonydyeHue pOaHUIHOIO KOMILIEKCA JKeJie3a.

B nepByio npoOupky Hajeiite 2-3 mi pactBopa xjopuna xenesa (I1I), a Bo Bropyro —
CTOJIBKO JK€ pacTBopa Kamusi rekcanuanodeppara (3+). B kaxnmyro mnpoOUpKy 100aBbTE
HECKOJIBKO Karesb pacTBOpa poaaHuaa kamus. HabmionaliTe n3MeHeHre 1BeTa pacTBOPa TOJIBKO
B TiepBoOi mpoOupke. Ha ocHOBaHMU ombITa clieiaiTe BBIBOJ O TOM, KAKOW U3 ABYX KOMIIJIEKCOB
xene3a (3+) 6osee ycTOMUUB — IIUAHUHBIN UM POJAHUIHBIN? 3anMIINTe ypaBHEHUS PeaKkLnil.
2.5. llonyyeHHWe aMMHMAYHOI'O KOMILUIEKCA HUKEJIS.

Hanefite B mpobupky 1 mi pactBopa cynbdpaTa HHUKENS W J00aBbTE IO KaIUISIM
KOHIICHTPUPOBAHHBIM pacTBOp ammuaka. HaOmiomaiite ocagok cynbdara HHUKEIS U
NOCJIEIYIOIIEee €r0 PAaCTBOPEHHE BCIIEACTBUE 00Pa30BaHUs pacTBOPa KOMIJICKCHON COJIH.

K momydyerHoMy pacTtBOpy 100aBbTE paBHBIN 00BEM HACHIIIICHHOTO pacTBOpa OpoMua
Kanus 1 Habmomaiite oOpa3oBaHue ocajaka TekcaamMuHHHKENs (2+) Opommuma. 3aTeM K Ocaaky
n00aBbTE€ pPAcTBOpP COJISTHOW KHUCIOTHL. OTMEThTE pacTBOPEHHE OCaJKka M W3MEHEHHE IIBETa
pactBopa. Ha oCHOBaHMH pe3ylbTaTOB OMNBITA CHENAWTE BBIBOA O TOM, KaKOE COCTUHEHHE
ammuaka — [NHs]" wmm [Ni(NHs)6]*" Gonee ycTOWYMBO B JAHHBIX YCIOBMAX. 3alMIINTE
YPaBHEHUs PEaKLIUiA.

OmnwIT 3. OKHCIUTEIHHO—BOCCTAHOBUTEIbHbIE peakuuu c yyacTtueM
KOMIIJIEKCHBIX COeTUHEeHUIA.
1. Haneiite B mpobupky 1 mi pacTBopa mepMmaHraHara Kajaus, 700aBbT€ PaBHBIM OO0BEM

pacTBOopa CEepHOM KHUCIOTBI, a 3aTeM MO KalUlsIM PacTBOp Kaius rekcaruaHodeppara (2-+).
Hab6nronaiiTe m3aMeHEeHHE OKPACKH PacTBOpa.

1. Ionyuute muamunaprento (1+) xmopua (OnweiTr 2.2a). B pacTtBOp omycTuTre KyCcOYek
MeTauInyeckoro nuaka. Yro madmromaercs?

2. Tlonyuute Terpaamuumenu (2+) cymnbdar (OmeiT 2.1.2). B pacTBOp omycTute KycOYek
MeTaJIJIMYECKOro uHKa. YTo HabonaeTcsi Ha MOBEPXHOCTH LIMHKA?
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3. Haueifite B mpobupky | mi pactBopa Xjopujaa KobaiabTa M 2 MJI pacTBOpa aMMHUaka.
OTMeTbTe LBET OOpPa30BABIIErOCS aMMHAYHOTO KOMIUIEKca KoOambTa (2+). K momydeHHOMY
pacTtBopy nob6aBbTe 1 M1 pacTBOpa XJIOpUAAa aMMOHHUS M 2 MJI pacTBOpa MEPOKCHIA BOJIOPOJA.
Conepxxkumoe mpoOupku Harpeite. Kak w3MeHsieTcss IIBET pacTBOpa BCIICACTBHE OKHCICHUS
Co*" 10 Co** ? HanuiuTe ypaBHEHHUs peakiuil, yauThIBas 4TO KOOpAMHAIMOHHOE uncio Co?' u
Co’" paBHo 6.

OnbIT 4. BinsiHMe KOHIEHTPAIMH PACTBOPAa HA KOMILIEKCO00pa3oBaHmue.

Hanetite B mpobupky 10-12 xamens pactBopa CoCly, 106aBbpTe 10 KarwisiM HaCBIIEHHBII
pactBop KCNS. Habmionmalite m3mMeHeHHe IBeTa pacTBopa. K moiydeHHOMY pacTBOpY IO
KaIIsiM 100aBiisiiTe JUCTUJUITMPOBAHHYIO BOAY U HaOo1aliTe 3a ©3MeHeHneM 1Beta. Hanummure
ypaBHEHHs peaKiMii, yUUTHIBAs YTO KOOPAMHAIMOHHOE yucio Co>" pasHo 4.

IHlopaook paoomowi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.
2. BwImorHATH pabOTy COTITACHO METOJUYECKIM PEKOMEHIAIIHSIM.
3. OdopMuTH TPOTOKOI pabOTHI.
4. BbuuTh 0TpabOTaHHBIC PACTBOPEI, MOCYY BBIMBITH. ClaTh pabouee MecTo.
Conep:xanue oTyera:

1. Tema u nienp paboTHI.

2. XuUMHYECKHE YpPaBHEHHUS PEaKLUH.

3. BbIBOABI IO MpOICIIaHHON padoTe.

KoHnTpoJbHBIE BOIPOCHI.

1) Krnaccudukanus 1 HOMEHKIATypa KOMIUIEKCHBIX COCIMHEHHM. XeJlaThl U KOMIUICKCOHBI.
H30Mepus KOMIUIEKCHBIX COEIMHEHUN
2) OcHOBHBIE TIOJOKEHUSI TEOpPUM KOMIUIEKCHBIX coenuHeHuit A. Bepnepa. CocraB
KOMIUIEKCHBIX ~ COCJMHEHMI: IIEHTPAIbHBI aToM - KOMIUIEKCOOOpa3oBaTenb, JIUTaHI,
BHYTPEHHSIS1 U BHEIIHSS chepbl KOMIUIEKCa.
3) 3apsa xkoMiuiekcHOro MoHa. KaTnoHHbIE, aHMOHHBIE M HEUTPAIbHbBIE KOMILIEKCHI.
4) KoopawHaIlmoHHOE YHCIO KOMIUIeKcooOpa3oBaress. CBs3b KOOPAWHAIMOHHOTO YHCA C
3apsiIoM LEHTPAIBHOTO aToMa.
5) Juccoumanusi KOMIUIEKCHBIX coeauHeHnd. KoHcTaHTa HECTOMKOCTH KOMIUJICKCHBIX HOHOB.
3aBUCHMOCTh JUCCOIUAIMN KOMIUIEKCHOTO MOHA OT KOHIICHTPAIMH CBOOOJHBIX MOJICKYJ (WA
HWOHOB) JIUTAH/IA.
6) [enraraocts muranna. Kinaccudukaius KOMIUIEKCHBIX COSIMHEHUH IO COCTABY JINTAH/IOB.
7) Ilpupona XuMHUUYECKOW CBS3M B KOMIUIEKCHBIX COeTMHEHMIX. OCHOBHBIC MOJIOKEHUS TEOPUHN
BaJICHTHBIX CBsi3ei. THUII CBS3M MEXITy KOMILUIEKCOOOpA30BaTEIeM U JINTaH/IaMHU.
8) MarHuTHBIE  CBOMCTBa  KOMIUIEKCHBIX  coeAuHeHWH.  BHemHeopOWTanmbHBIE |
BHYTPHOPOUTAITbHBIE KOMITIEKCHI. OKpacka KOMIUIEKCHBIX COSIMHCHHIA.
9) Kakue KOMIUIEKCHI, COTJIaCHO TEOPHUU BAJICHTHBIX CBSI3€H, SBISIIOTCS HEYCTOMYMBBIMH W
AKTUBHBIMH, a KAKUE€ - YCTOWYMUBBIMU U HEAKTUBHBIMU?

Pa3nen 2 Xumus 3jieMeHTOB
Tema 1. BOAOPO/
Hean padoTsi:
1. MByunTh XMMHUYECKHE CBOMCTBA BOAOPO/IA.
2. 3HaKOMCTBO C Ja0OpaTOPHBIMHU CIIOCOOAMH MOITYYESHHUS BOJOPO/IA.
Conep:xanue padoTbI:

l. [Tony4yenue Bogopoaa U3 BOJBL.
2. BoccranoBinenue okcuaa MeIu.
3. [Tonyuyenue Bogopoaa U3 MIETOYHOr0 pacTBOpa. CpaBHEHUE AKTUBHOCTH MOJIEKYJISIPHOTO

¥ aTOMapHOTO BOJIOPO/IA.
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4. [Tony4yenue u B3pbIB «TpEMydei CMECH.

IIpubopsbl U peakTUBBI:

1. TlpoOupku, CHHpPTOBKA, [EpKaTeNb Ui MPOOUPOK, MHUIETKH, JIOMATOYKA, KareabHas
BOPOHKA, Ta300TBOJHAsI TPYOKa, XUMUYECKUM CTakaH, Koyiba, Oymara (TIOJIOCKH), JTaKMyCOBast
Oymakka, GHIbTpOBaIbHAS OyMaXKKa, CTEKIITHHAS TAJI0YKa, JIYUUHKA, CITHYKH.

2. [Tepmanranar xamus (0,1 M pactBop), comnsiHas Kuciotra (KOHIL), CEpHas KHCIIOTa
pazbaBiennas (2M), xmjopua kamblus (cyxoil), ruapokcun Hatpus (1 M pacTtBOp),
eHoyIpTaJIenH, MeTHasI TTPOBOJIOKA, IIMHK METaJUTMYECKHUI, HATPUH METAUTHYECKUM, ATFOMUHUN
METAITMYECKHi, OeH3UH (MU KepocuH), okcua menu (11).

OIIBIT 1. TIOJYYEHUE BOJOPOJA 13 BOJIbI
A. C noMouib10 nuHKa. B mpoOupky Hamuth 1 M1 BojbI, 100aBUTh 3 Karum ¢eHodraienna, u
MOMECTUTh KYCOUEK OYMINEHHOro (C TMOMOINBI0 HaXTa4HOW Oymaru) uuHKa. Harpetsb
npobupky. Uto Habmomaercs?
b. C nomompio kaasuus. CoOpaTh ycTaHOBKY (pHC. 1), 3alOJHUTH KPUCTAJUIM3ATOP H
MpoOUPKY BOJOW. 3aBEPHYTh KYyCOYEK METATMYECKOTO KalbIUs (pa3MepoM C TOJICTIMYKH) B
MapJIo U C IOMOIIBIO IIUMIIIOB OBICTPO MOABECTH K OTBEPCTHIO MpoOupku. Uto Habmogaercs?
[locne MONHOTO BBITECHEHHS BOJBI U3
MpoOUPKH 3aKphITh (HE TIepeBopaunBas!) ee
OTBEpPCTUE TalbleM M COOpaHHBIH Ta3
MEPENUTh B IPYryI0 IPOOUPKY, EPEBEPHYTYIO
BBEpX JHOM (TIepeUBaTh B TCUCHUE TPUMEPHO
40 c). [TogHocst mo ouepenn 06e MPOOUPKH K
OTHIO, BBISICHUTD, TIEPEITTUT JIU Ta3.
Uro oOHapyXuBaeTcsi Npu pa3BOpadyMBaHUU
MapJu, B KOTOPOI ObLI KalbIuii?
[TonBepruyTh aHaAJINU3Y KHUIKOCTh B
Kpucramzatope. Jns uero otoOpaTh B
npobupky 1 M ee W 100aBHTH JIBE KarulH
¢denondranenna. Uro nadbmonaercsa? Iouemy?

Puc.1. [lonydyeHnune Bonopoaa U3 BOJIbI
B. C nomomnbio HaTpusi. B crakan nHa 100 mur Hamute 30 Ma Boabl, JA00aBUTH 6 Kareib
¢denondranenna u nepeMemniate. 3aTeM OCTOPOXXHO NMpWinTh 20 Myl OEH3UMHA WM KepOoCUHA U
OIYCTUTh B CTaKaH KyCOYEK OUMIIEHHOTO HaTpus (BEIWYMHON C TopouinHy). Uto Habmomaercs
u mnouemy? Kak wmensercs uBer Boasl B xonxe d3kcnepumeHta? Ilouemy? CpaBHUTB
WHTEHCUBHOCTh OKpacku (peHomdramenHa B pactBopax mociie onbiToB A, b, B u 00bsicHUTH
paznuumusi.

OIIBIT 2. BOCCTAHOBJIEHUE OKCUJA MEJUA(II)
(OmBIT BBITIOHSACTCS MO TATOH!)
A. Ilonyyenune Bomopoaa. CobpaTh yCTaHOBKY, MpECTaBICHHYIO Ha puc. 2. [IpenBapuTtensHO
3aMOJIHUTh XJOPKAJIBIEBYI0 TPYOKy (2) TpaHyIMpPOBAaHHBIM XJIOPHAOM KaibLus (3auem?), B
TpyOKy (3) moMecTUTh (C TOMOIIBIO JUIMHHOTO OyMakHOTO «KoBIMKay) 0,1 r okcuaa meau(Il), a
B OTBEPCTHUE BBHIXOAHOH TpYOKH (4) BCTABUTH TOHKYIO MEHYIO ITPOBOJIOKY.
[IpoBepuTth repMeTHIHOCTH Mpubopa. 3areM B kosOy (1) BHectn 30 rpanyn nuHKa, TprwidTh 80
M1 2M cepHOl KUCIIOTHI U 3aKpPbITh K00y npookoii. (IIpociaenuTs, 4ToOBI Ta300TBOIHAS TPYOKa
ObLTa OJIM3KA K MTOBEPXHOCTH pacTBopa. [louemy?)
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Puc.2. YcranoBka mis BocctanoBiieHus: okcuaa meau(Il).
b. IlpoBepka Boaopoaa Ha 4yucToTy. CoOpaTh Ta3 W3 Ta300TBOAHON TPYOKH (4) B CyXylo
npoobupky, oobemMom He Oonee 10 mu (cobuparb B TeueHHe HpuUMepHO 1-2 MuHYT). 3areMm
3aKpBITh TPOOUPKY MaJbIeM (HEe MepeBopavyurBas €€) U MOJIHECTH, OTHSB TaJIell, €€ OTBEPCTUE K
orHto. Uro Habmogaercs u nouemy? IlyHkt b moBTopsATh 10 Tex mop, moka coOpaHHBIN ra3 He
HAa4YHET croparb 0Oe3 Ppe3Koro 3ByKa, YTO W YKaXET Ha €ro CPaBHUTEIbHYIO YHUCTOTY OT
KHCIIOpOJa.
B. I'openue Bogopoaa.
Y06enuBIIncy B OTCYTCTBUH KUCIOPOAA (BO B3PHIBOOIIACHBIX KOJMYECTBAX) B BBIICTISIONMIEMCS
BOJIOPOJIe, MOJPKEYb €ro y BbhIXxoaa u3 nmpubopa. OTMETHTH LBET IUIAaMEHU U B MPUCYTCTBUU
TPYNIBl ONPEIEIUTh KAYeCTBEHHBIM COCTaB MPOIYKTOB CropaHus. [|Jis 3TOro OMpOKWHYTH HAJl
IJIaMEHEM XOJIOJHYIO CTEKJIIHHYIO BOPOHKY. UTo HaOI0gaeTcs u nouemy?
I'. BoccranoBienne mMeau(Il). C moMomipi0 CIUPTOBKKA OCTOPOXKHO NMPOrpeTh Tpyoky (3) mo
BCEH JUTMHE, a TOTOM CHJIBHO HarpeTh Ty €€ 4acTh, rae HaxoauTcs okcua meau(1l). 3auem?
Cnenuth 3a TJIAMEHEM: €CIIM OHO TOTacHET — MPEKPaTHTh HArpeBaHHe M OOpaTHTbCA K
MPenoAaBaTesio Wik Jab0paHTy.
Korma okcun menu BOCCTaHOBUTCS IMOJIHOCTBIO, 3aKOHUUTH HAarpeBaHHWE M OCTABHTH MPHOOP
OCTBhIBaTh, HE MpeKpallas Toka BoaopoAa (rmouemy?). 3aTeM CIHUTh KUCIOTY C FPaHyN LIMHKA B
crienHanbHyIo 0aHKY, TPOMBITh UX BOJOW M CIaTh JTa0OPaHTY.

OIIBIT 3. [IOJIYYEHME BOJOPOJA 13 LIEJTOYHOI'O PACTBOPA. CPABHEHUE

AKTUBHOCTU MOJIEKYJIIPHOI'O U ATOMAPHOI'O BOAOPOIA

(OmBIT BBITIOTHAETCS TIOJT TATOM!)
A. ITosryyenue Bogopoaa. CoOpaTh YCTaHOBKY, CXeMa KOTOPOI MpeCTaBiIeHa Ha puc. 3.

2 |m| [Tomoxute B mpobupky (1) 3-4 xycouka

; amtoMuHus U npuwinTh 4 mu 1M runpokcuaa
. \_Hj___g HATpUsA. 3aTKHYTh NPOOUPKY MPOOKOH ¢
z J ra300TBOAHON TPyOKoii (2) M Ha MOCIIETHIO

HazeTh npooupky (3). OcTopoXkHO HArpeThb

: npobupky (1) cmnupToBKOM © coOMpaTh
BBIJICTISIIONIUICS Ta3 B TEUCHUE MpUMeEpHO 3-4
MUHYT. JlokazaTh, dYTO cOOpaHHBIH Ta3
COJIEPXKUT BOAOPO. (Kak?).

-~ MatH

Puc.3. [lonydyeHnne Bonopoza U3 1IEI0YHOIO pacTBOpa.

b. BoccranoBiieHHe mepMaHranara kajaus. B 1Be uucteie nmpoOupku HamuTh 1mo 3 mia 20%-
HOHM CepHOM KUCIOTHI, U 100aBuTh 1o 2 karum 0,1M nepmanranara kanusi. B onHy mpoOupky
NOMECTUTh 4 TpaHy/lbl LMHKA, a Yepe3 pacTBOP BO BTOPOH — MpOMYCKaTh BOJIOPOA U3
ra300TBOJHONU TPYOKH (2), OIMYCTHB €€ A0 AHA MPOOHMPKH; CICAUTh, YTOOBI KUAKOCTH HE
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3acocasio B TpyOky. Uepe3 10 MUHYT CpaBHHTH OKpPacKy pacTBOPOB B 00eHUX MpoOOUpKax u
CeNaTh BBIBOJ.
B. Onpenenenue u3MeHeHHs MIEJTOUYHOCTH pacTBopa. U3 mpobupku (1) (puc. 3) ¢ moMorbio
MUTIeTKH oToOpath 1 mu pactBopa B crakaH Ha 50 mi. (I'panyner Al cpasy ke TpPOMBITH
BOJIOTIPOBOAHON BOAOH W crnaTth jabopaHTy.) B nmpyroil Takoil e crakaH mOMeCTHTb 1 Ml
ucxonnor 1M menmoun. 3arem B o0a crakaHa n006aBuTh 1mo 20 My BOABI M u3MepuTh pH
MOJIYYEeHHBIX PacTBOPOB ¢ momoiibio pH-Merpa.

OTIBIT 4. TIOJIYYEHUE U B3PbIB «PEMYYEN CMECH»
A. Tlonyyenue Bogopoaa (mo merony Kapenwaumma). B xonly ¢ razoorBogHol TpyOKOu
noMectuTh 10 TpaHyn muHKa U OpUIUTh 20 M KOHLEHTPUPOBAHHOM XJIOPOBOAOPOIHOM
KUCTOTHL. ['a300TBOMHYIO TPYOKY IOABECTH TOJ KOHCEPBHYIO OaHKy, OMPOKHUHYTYIO BBEPX
nHoM. B nHe GaHKM JOMHKHO OBITH OTBEPCTUE AMAMETPOM MPUMEPHO 3 MM, KOTOpOE Ha BpeMs ee
3aI0JIHEHHUS 3aKJIEUBACTCS JIEUKOIIIACTBIPEM.
b. O6pa3oBanue u B3pbIB «rpemyueii cMecuw». [locie 3anmonHenus 6aHKH BOAOPOAOM (UTO
YCTaHABIIMBAETCS TO BBIICICHHUIO W3-TI0J] HEE <«/IbIMay), Ta300TBOJHYIO TPYOKYy VyIalWTh,
OTBEpCTHE OaHKU OTKPBITh M Cpa3y K€ BBIXOJAIIMM M3 HEro BOJOPOA MOJKEUb IJIUHHOU
JTYYUHKOH (CTOSITHh KAk MOKHO Aanablue!). Uto Habmomaercs? [Touemy?
Bompocsr k maboparopHoii padore:
1. Kakum 06pa3om mpoBepsItOT MOTydeHHBIH BOAOPO HAa yucTOTY? Kakne XumMudeckue
MpEBPAILCHHS] TIPU 3TOM MPOUCXOJAT
2. [oueMy npu MOTYyYEHUHU BOJIOPOAA U3 METAIIMYECKOTO KAJIbLIKS MPOOUPKY 3aMOIHSIOT BOJOM
Y TIEPEBOPAYMBAIOT OTBEPCTUEM BHU3?
3. Ilouemy npu MOJYYEHUU BOJIOPOAA MPH B3AMMOACHCTBUY IIMHKA U KUCJIOT UCIIONIB3YIOT 2M, a
HE KOHIICHTPUPOBAHHBIA PACTBOP CEPHOU KHCIIOTHI, a COJITHYIO KUCIOTY OepyT
KOHIIEHTPUPOBAHHYIO?
4. IToueMy CKOPOCTb peaKIMK MOJYUYEHHUs BOJIOPOA IIPU B3aUMOISHCTBUM aTIOMUHUS U IIET0YH
CO BpEMEHEM BO3pacTaeT?
5. Urto HaOmro1aeTcs B XO€ PEaKIMy B3aUMOACHCTBUS HATPHSI C BOAOW B IPUCYTCTBHH
HETIOJIAPHBIX pacTBOpUTEEH 1 noueMy? Kak MeHsieTcsl IIBET BOJIbI B XOJI€ DKCIIEPUMEHTA?
[Touemy? CpaBHHTE HHTEHCUBHOCTb OKpPAacKu )eHOI(TaIenHa B pAaCTBOPAX TOCIE OMBITOB
[UHKA, KaJbIHs U Kalius ¢ BoJoi. OObSICHUTE pa3inuyus B OKpacKe.

Tema 2. dnements! VIIA rpynnsi: ¢prop, xJj0p, Opom, ioz.
esab padoThi:
3. M3yuuTh XUMHUYECKHE CBOWCTBA IAJIOTEHOB U UX COEAMHEHUH.
4. 3HAKOMCTBO C J1Ja0OPaTOPHBIMHU CIIOCOOAMU TTOTYUEHUS TAIIOTCHOB M KX COCTMHEHUH.
Coaepixanue padoThbI:

1. [Tonydyenue xjopa U UCCIIEIOBAHUE €0 XUMUYECKUX CBOMCTB.

2. [Tonyyenue xJI0pOBOIOPOA U UCCIIEJOBAHUE €0 XUMUYECKUX CBOMCTB.

3. UccnenoBanne BOCCTaHOBUTEILHON aKTUBHOCTH IraJIOT€HUI-HOHOB.

4. KauecTBenHble peakiiy Ha rajlOreHUuI-UOHBI.

IIpubopsbl U peakTUBBI:

1. Armmapar ajisi IpoBeIeHUsT XUMUYECKUX PeaKnii, MPOOUPKH, CIIUPTOBKA, ACPKATEIh IS

NpoOMPOK, MUIETKH, JIONaToyka, KarejabHas BOPOHKA, Ta300TBOJHAs TPYyOKa, XMUMHUYECKUN
CTakaH, Koiba, Oymara (IIOJIOCKM), JlaKMycoBasi OyMmaxka, (uIbTpoBajbHasg OyMakka,
CTEKJISTHHAS MMaJloyuKa, JTYYHHKA, CIIUYKH.

2. Jluxpomat kanwus (CyXoii), COJIsTHast KUCJIOTa (KOHIL. ), cepHasi KUCI0Ta KOHIICHTPUPOBAHHAS U
paszbaiieHHas (2H), moauI Kayvs (PacTBOp), MOAMA Kanus (CyXoi), XJOpua HaTpus (Cyxon),
XJIOpuJ Hatpus (pacTBOp), IEpMaHraHar Kajaus (pacTBOp), JIAKMYC, METHJIOPAHXK, KyCOYEK
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MarHusi (WM IMHKA), HUTpaT cepebpa (pacTBop), OpoMua Kanus (cyxoif), OpomMun Kaius
(pactBop), xnopuna xenesa (III) (pactop).

OmnpIt 1. [TosryyeHue u uccjie0BaAHUE

3 CBOIICTB XJIOpa
3 AnmapaT Il NPOBENCHUS XHWMHYECKHX PpeaKIui
-y LHI/IpOKO I/ICHOHB3y€TC}I B XHUMHNUYCCKUX na6opaT0pH;1x.

OH mnpumeHsercs s ciaydaeB, KOorja HeoOXOJUMO
IIPOBECTH HECKOJIBKO IIOCIENOBATEIbHBIX PEaKUHUU C
OJIHUM M T€M e razoo0pa3HbIM BemiecTBOM. [IpuHuImn
Yy _ JEHCTBHUSI OCHOBAH HAa TOM, 4YTO TIIOJy4aeMbId ra3
)

aedl] s

_ IIPOXOJUT Y€pe3 MHOTOYPOBHEBYIO CHCTEMY PAaCTBOPOB
= WIM TBEPABIX BEILECTB, € MPOUCXOAUT XMUMMUECKas
peakiust. M30bITOK Tra3a HayMHAaeT MOJHUMATbCA Ha
Ht7 CICNYIOIUNA  YpOBEHb. YUHMCIO Takux  YypOBHEH
ONpPEACIAETCS KaK MPABWIO KOJMYECTBOM XHMHYECKUX
peakIuii, KOTopble HEOOXOAUMO MTPOBECTH.

Cobepure anmapar Aias MPOBEACHHUS XMMHUYECKHX
peaKuHuii.

B konGy-peaktop (1) HeoOxomumo mobaButh 25-30 1
quxpomara Kanus. B cucreMy cocyAoB A SKUIKHUX
MOTJIOTUTENICH 3aIUTh CIEAYIOUIME PAaCTBOPBI, HAUMHAS
CHM3Y, 100aBJIsisl KaKIBIN pa3 HOBBIM COCYA:

1) pacTBOp OpoMHIa KaJTHS;

2) pacTBOp MoauIa KaIus;

3) IucTUIIMPOBaHHAs BOAA, OAKPALIEHHAs JIAKMYCOM;
4) pacTBOp XJIOpUAA KaIus;

5) pacTBOp THApPOKCHIA HATpUsA, IOJKPALIEHHOTO

T ==

denondrazenHom.
Puc. 1. Atmapar 11 poBeIeHHS AIIXP 3akpemisitoT B IITaTUBE, YCTAHABIMUBAIOT
XHMHYECKHX peakiuii (AIIXP) JCTUTETIbHYI0 ~ BOPOHKY,  KOTOPYK  3alOJHSIOT

1- Ko16a-peakTop;2-pacTropk! KOHIIEHTPUPOBAHHOM COJISIHON KUCIOTOM.
peaKTI/IBOB;:;-COCyﬂ JJIA TBEPABIX

HOTTIOTHTeNeH: 4-BOPOHKA JICTHTCTbHAS; HaunnaroT sKCcriepuMeHT: ISl 3TOrO COJISIHYIO KHCJIOTY

5-cocy/1 AU KUAKUX NOMIOTUTeNel; 6,7- | TPUIMBAIOT K qUXpoMary Kanus. 110 OKOHYaHUIO OIbITa
ra300TBOAHBIN cocyn; 8,9-Komayku OTBCTHTC Ha CJICAYIOINEC BOIIPOCHI:

A) 4TO HaOMIOATH B KaXI0M cocye?

b) Kak n3menunacey okpacka Bcex pacTBOPOB?

Hanummre ypaBHEHUS peaknid BCEX MPOUCXOAAIIMX MTPOLIECCOB.

1.2 B mpobupky momectute HeOONbIIOe KOTM4IecTBO okcuaa mapranma (IV) u moGaBbre 1 M

KOHIIEHTPUPOBAHHOW COJITHOM KHUCIOTh. OTMeEThTE BbIICICHHE XJopa. Kakyioo oxpacky

npuoOpen pacTBOp B MNpoOHpKe Mo 3aBepuieHHH peakiuu? Hebomipiioe KoIMuecTBO

00pa3oBaBIIETOCSI pacTBOpa TMEpENIEUTe B JPYryl0 MpoOUpKY M pa3daBbTe BogoW. OTMEThTE

u3MeHeHue 1BeTa. Uto Moruio cofepxkarhes B pactBope? Hanummre ypaBHEHUS peakiuil.

1.4 TlomecTuTe B MpoOMpPKY HEMHOTO XJIOPHOW M3BECTH W 100aBbTE 1 MJI KOHIIEHTPUPOBAHHON

coJisiHOM kucnoTsl. Kakoii ra3 Beiaensercsa? Hanumunre ypaBHEHUE peakLnu.

OmnpIT 2. XJ10paT KaJus — CHJIbHbII OKMCJIUTE/b

A. Baecure B mpoOupky HEOOJBIIOE KOJIMYECTBO XJjopaTa Kamus W Ao0aBeTe | M

KOHIIEHTPUPOBAHHOU COJISTHOM KUCTOTHI. UTo mpoucxoaut? Hanumure ypaBHEHUE peakivu.

1.5.2. B npoGupky n06aBbTe 0KOJI0 2 T XJIoparta Kaius (6eproieroBa conb). [IpoOupky 3axmure

B mTatuBe. HeoOXoauMo MOACTaBUTh €MKOCTh C MECKOM moj mpoOupky. Harpeiite xmopar
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KaJHsl 710 COCTOSIHUS JKUIKOCTH (paciiiaBa), MOCIE Yero OCTOPOXKHO N00aBbTE B MPOOHUPKY C
MOMOIIbIO TUTEIbHBIX IIUIIOB WU MUHIIETa KYCOYEK MapMelaa, COEPIKaIEro II0K03Y.

UYem oOycioBieHa Takas OypHas peakiusi? OTBeT nosiciute. Hanummure ypaBHeHHE peaklnu.

b. [TomectuTe B mpoOUpKy HEMHOTO CYXOH CMECH XJIopHuaa HaTpus U okcuaa Mapranna (IV) u u3
IUMETKH OCTOPOXXKHO J00aBbTE€ HECKOJBKO Kamelb KOHIIEHTPUPOBAHHOW CEPHOM KHUCIIOTHI.
Cwmecs ciierka nogorpeiite. Uto Habmonaere? Hanummre ypaBHEHHE peaKIuy.

Omnsrt 3. ITosryuyenne 6poma

B 6oxbmyro mpobupky Bropma 1 (pucyHok 2) momectute 5 T OpomMuaa Kaiaus u 2,5 T TuxpoMara
Kadus ¥ mpuieite 2 Mt Bojbl. ['a300TBOHYIO TpYOKY 2 OIycTUTE B MPOOUPKY-TIPUEMHUK 3,
OXJIAXIaeMyl0 B JeAsHOW Oane 4 Bomoil co JmpaoM. OCTOPOXXHO NMpuOaBbTE B MPOOUPKY 7 ¢
PCaKIIMOHHONW CMEChI0 5 MJI KOHLIEHTPUPOBAHHON CEPHOM KHUCIOTHI M 3aKpOWTe MPOOHPKY
CTEKJITHHOU NMPUIIUTH(OBAaHHOU MPOoOKoi. OCTOPOKHO HArperTe peaKIMOHHYI0 CMECH TIJIaMEHEM
ra3oBOil ropelku M OTTOHHUTE 0Opa3oBaBIIMiics OpoM B mpoOupKy-npueMHHK 3. Hamummute
ypaBHeHUs peakuuid. [ToaydeHHbIH OpOM UCIIOIB3YUTE B ONBITAX 1O U3yYEHUE €ro CBONCTB.

OmnbIT 4. CBolicTBa Opoma
A. B3aumogeiictBue Opoma ¢ MeTajuIaMu
(OKCHIEpUMEHTHI C KUAKUM OpOMOM CIIeAyeT MPOBOAMUTH
B BBITSDKHOM ImnKady 3amuTHOM Macke (Oouykax) u
nepyaTkax B MPUCYTCTBUHU MPETOaBaTes).
3akpenuTe TPOOMPKY B JIANKE INTaTHBAa Haja OaHed C
MECKOM U HaJleiiTe B Hee HeOombIoe KommuecTBo (0,5 mir)
Opoma. Bo3pMuTe TUTEIbHBIMU IIUNIAMHU WIH JUTHHHBIM
NUHIIETOM Y3KYIO TIOJOCKY aJIOMHHHMEBOH (ponbru,
MPEABAPUTEIIPHO 3aYUIIICHHON HaXTA4HOW OymMaroi wmiu
CKajbmeneM, W OpocbTe B MPOOHPKY C Opomom.
(Octopokro!  Peakumst  CHIBHO  SK30TEpPMHYHA |
HauuHaercs He cpasy!) Ilo 3aBepmieHMM peakuuu
OTMEThTE LBET M arperaTHOE€ COCTOSIHHE MPOJIYKTA.
Hamnumunre ypaBHeHHE peakiuu.
b. [Tonyuenue u cBoiicTBa OPOMHOM BOIBI

Puc.2. ITpubop st monmyvenust bpoma:

1- npo6upka Bropia; 1) B mpobupky HaneliTe oHy-1Be Karum OpoMa n3baBbTe
2- ra300TBOHAS TPYOKa; S5 M JaUCTWIIMpOBaHHOM  BoAel.  Ilepememaiite
3- mpobupKa-MPHEMHHK; COJIEP’KUMOE CTEKJITHHOM Manoukoii. OTMEThTE OKpacKy
4-bamsi co IbJIoM H BOOfH BoaHOro cinost. Otieiite 1 - 2 MII TIOJIY4EHHOTO pacTBOpa

B JIpyryto npoOupky. Jlo6aBpTe HEOOJIBIIOE KOTUYECTBO
(cmoit 5 MM) HEMOJSIPHOTO pacTBOpHTeNs (OeH30ja, TeTpaxJIopHaa Yriiepojaa) M TIIATEIbHO
nepemMenainTe coaepKUMoe MPOoOUPKH.
[Tocne paccrnamBaHUSl KHUAKOCTEH OTMETHTE OKPAcKy BOJHOTO CIIOSI M CIIOS HEMOJSPHOIO
pactBoputensa. Ilo kammsam nobGaBeTe 1M pacTBOp THAPOKCHIA HATpuUs, TIHIATEIBHO
nepeMenInBas KHUAKOCTU MOCie KaK10M HOBOM KaIlju HIeNI0OYH, OTMEThTE M3MEHEHUSI OKPACKU
CJ10s1 HETIOJIIPHOM KUAKOCTU. Hanuimure ypaBHEHUE peakuu.
B o0OpazoBaBmiyrocs cMech mpubaBbTe MO KarusiMm 1M pacTBOp CepHOM KHUCIOTHI, TIIATEIBHO
nepeMenuBas cojepkumoe NpoOupku. OTMETbTE W3MEHEHHME OKPACKHU CJ0s HEMOJISPHOTO
pactBopuTens. Hanummure ypaBHeHUE peakiiH.
KakoBa pactBopumocTs 6poma B Bozie? Kak oHa 3aBUCHT OT TemIieparypsi?
2) K pactBopy Opoma B Bojie (OpoMHOM Bojie) 100aBbhTE MO KAIUIAM pacTBOp Hoauaa Kamus. Uto
HaOmoaere? HanmuiunTe ypaBHEHUS peaKIIHid.
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3) K Opomuoii Bozme, coaeprkaiieil HepacTBOpEHHBIH OpoM, 100aBbTE HEMHOI'O pacTBOpa
OpoMuma kamusi U nepemernnaiite. OTMEThTE M3MEHEHHE OKpacKd pacTtBopa. PactBopuics nu
OpOM MOJTHOCTHIO?

OnpIt 5. IlosryyeHue u cBOMCTBA HOAA
A. K 20 mn pactBopa, cozaepkamiero 3,5 r uoauaa Kaius, 100aBbT€ PACCUUTAHHOE IIO
YPABHEHUIO PEaKIMM KOJIWYECTBO CEpHOM KHUCIOTHI U 15 mu 3%-HOro pactBopa mepokcuaa
BOZIOpOAA. DBrImaBmmii 0ocagok HOAAa OTACIWTE U IPOCYLIUTE HA CTEKISHHOM ITOPUCTOM
buneTpe, 3aTeM MOMECTUTE B OIOKC W B3BechTe. Hamummre ypaBHeHme peakiuu. Paccuuraiite
BBIXOJ] NIPOJIYKTa B IPOLEHTaX OT TEOPETUYECKOTO OTHOCUTEIBHO B35ATOr0 KOJWYECTBA MOAMA
KaJIAS.
b. B yetbipe npoOupku HaneiTe Mo 5 M1 JUCTUITMPOBAHHOM BOJBI PacTBOpa XJIOpUIa HATpUs,
pacTBopa OpomMuaa Kajausi W pacTBopa HoaMja Kamusd. B kaxayio mpoOupKy OMyCTHUTE IO
HECKOJIbKO KPYIHMHOK MaJICHbKUX KpUCTAUITMKOB Hona. CoaepKumoe MpoOUpOK MepemeraiiTe.
Yro nabmrogaere? Hanummre ypaBHEHUS peaKIluii.
B. B npoOupky C AUCTWITUPOBAHHON BOJOM MOMECTHTE KPUCTAUIMK HoJa M HarpeiTe.
OtmeThTe OKpacky oOpa3yrolierocsi mpyu HarpeBaHuM pacTBopa. Kak m3aMeHseTcss okpacka mpu
OXJIaXKJIEHUH pacTBopa’?
OOBscHUTE M3MEHEHHS OKPACKU MOCie OXJaXACHUs pacTBopa. KakoBa pacTBOpUMOCTH MO/AA B
Bojie? B kakoit opme monm HaxonuTcs B BOJHOM pacTBope? Kak 3aBUCHUT pacTBOPUMOCTH MOAA
ot Temrieparypsl? CpaBHHTE C TEMIIEpaTYPHOIl 3aBHCUMOCTBIO PACTBOPUMOCTH XJIOpa U Opoma.
I'. Haneiite B mpoOupky 2 M pa30aBIICHHOW CEpHOW KHCIOTHI, JT00aBbTE ABE-TPU KaIUId
KOHIICHTPUPOBAHHOT'O pacTBOpa Opomara Kajaus U MaJEHbKUN KpHCTALIUK Hoja. Copepkumoe
OpoOMpPKH THIATEIBHO TepeMeniaiite W MpuOaBbTe HECKOJIBKO Kamelb HEHOJISPHOIo
pactBoputens 10 oOpa3oBaHus TOHKOro ciost (5 mm). BerpsixHute comepKumoe MpoOHpKH.
OTMeThTE OKpACKy CJ10s HEMOJSPHOTO pacTBopuTens. Hanummure ypaBHeHHE peakiiu.

OmnbiT 6. 'anoreHnIbI METALIIOB

A. MasiopacTBOpUMBI€ TaJIOT€HUIbI
1) K pactBopam xyopuaa HaTpusi, OpoMHuaa Kalnusg W HOAMIA Kayus A00aBbTE MO HECKOJIBKO
Kalejab pacTBopa HuUTpara cepedpa. OTMeThTe LBET OOPa3yIOIIMXCS OCAIKOB M HAIUIINTE
ypaBHeHus peakuuii. [Iponenaiite ciaenyomuye OnbIThI ¢ IOJIYYCHHBIMUA OCaIKaMH.
2) UcneiTaiiTe ACCTBUE HA OCAJIKH XJIOpHAA cepedpa KOHIICHTPUPOBAHHOM COJITHOW KUCIIOTHI U
HaCBILIEHHOI'O pacTBOpa Xxjopuaa HaTpusd. Yto npoucxoaut? Hanummre ypaBHEHUsI peakLuil.
3) HcnbrTaiiTe neiicTBue Ha ocajku OpoMuza cepedpa HACBIIIEHHOTO PacTBOpa OpoMHUa Kajus
Y KOHIICHTPUPOBAHHOM a30THOM KUCIOTH. UTo HabmonaeTe? HanuimmTe ypaBHEHUS peakIuil.
4) K ocanky wonuma cepedpa m1006aBbTe M30BITOK pacTBOpa noauaa kamus. Yrto Habmomaere?
Hanumure ypaBHeHuE peakuuu.
5) K pactBopam xmopuaa HaTpus, OpoMuaa Kajdus W WOAHMAA Kaius J00aBbTE MO HECKOJIBKO
Kameslb pacTBOpa HUTpaTa CBUHIA. OTMEThTE LBET OOPA3YIOIIMXCS OCAIKOB W HAMMIIUTE
ypaBHEHUS PEAKIUM.
b. Oxucnenue ranoreHu1-nuoHOB
1) K pactBopam xmnopuaa HaTpusi, OpoMuaa Kajdus W WOAMAA Kaius J00aBbTE MO HECKOJIBKO
Kaleab pacTBOpa IepmaHraHata kanus. OTMerbTe OKpacKy pactBopoB. Ompenenute pH
pacTBOPOB YHHMBEPCAJIbHOW WHIWKATOPHOW Oymaroit. Kakme XMMHUYEeCKHE MPOILECCHl MOTYT
IIPOTEKATh B ATUX yciaoBUsAX? Hanummre ypaBHEHUS peaKkIMii.
K monydeHHbIM pacTBOpaM TO KarusiM Jo0aBisiite 5 M pacTBOp CEpHOW KHUCIOTHI 0
IPEKPALEHUs] M3MEHEHUs OKpacku pacTBopa. Kak wH3MeHseTcs OKpacka pacTBopa Ipu
YBEJIMYEHUH KoinyecTBa JoOaBnsieMoil kucioThl? Kakue XumMudeckue MpeBpalieHus
IIPOUCXOIAT Npu 3ToM? Hanummre ypaBHEHUS peaKkLUi.
2) K pactBopam OpomMuia Kaius ¥ WOAWAA Kaius J00aBbTE PACTBOpP IUXpOMara Kaius W
HOJKUCIIUTE 10 KarusiM 5 M cepHOU KUCIOTOU A0 MpeKpalieHus u3MeHeHHs okpacku. Jlo6aBbTe
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B IIPOOMPKU HECKOJBKO Kamellb HEMOJSPHOTO pacTBopuTelis (OEH30I1a, TeTpaxIopHia yriiepoaa)
Y OTMETHTE OKPACKY CII0S1 HEMOJISIPHOTO pacTBOopUTensl. Hanummure ypaBHEHUS peakuil.
3) K pactBopam OpoMuaa Kaiaus U HMOAMIA Kajus 100aBbTE pacTBOp NEpPOKCHIA BOAOPOAA U
MOJKUCIIUTE CEPHOM KUCIOTOM. UTo npoucxoant? Hanummre ypaBHEHUS] XUMUYECKUX PEAKITUM.
CpaBHHUTE CTaHAAPTHBIE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE MOTEHIMANIBI TAJIOT€HUA-UOHOB U
UCIIOJIb3YEMBIX OKHCIUTENEH U O0BSICHUTE HA0JII01aeMbI€ SBJICHUS.
B) BsaumopeiictBue xsopuaa HaTpusi, OpoMuUa Kajus U HOAUAA KU ¢ KOHIEHTPUPOBAHHOM
CEpHOM KMCIOTOU
B tpu npobupku nomectute HemHoro (0,5 T) cyxux cosei: xjopuaa HaTpusi, OpoMuaa Kainus u
nonuaa kanus. [1oAroTroBbTe MHAUKATOPBI: @) YBIaKHEHHBIE MTOJIOCKA OyMaru ¢ yHUBepCalbHbIM
UH/INKATOpOM; 0) TMOJOCKM (QHUIBTPOBAILHONW Oymaru, CMOYCHHbIE MOJKUCICHHBIM PAacTBOPOM
NepMaHraHaTta Kajusi; B) MOJOCKH (pUIBTpPOBaIbHOW OyMarv, CMOUYEHHBIE PAaCTBOPOM HUTpaTa
WJIM arleTaTa CBUHIIA.
B kaxmyro u3 mpoOupok 100aBbTE MHUIETKON OAHY-IBE Kallsld KOHIEHTPUPOBAHHOW CEPHOMU
kucioTsl. [looyepenno nomemniast B MpoOMPKU MOJIOCKH MHIMKATOPOB, OTMETHTE U3MEHEHHUS UX
LIBETOB.
[loBTOpUTE STOT OJKCHEPUMEHT C OpOMUIOM U HMOAWJOM Kaiusi, J00aBUB H30BITOK
KOHLIEHTPUPOBAHHOW CEPHOM KHCIIOTHI.
CpaBHuTe mony4yeHHbIe pe3ynbTaThl. CrenaiiTe BBHIBOJIBI O COCTaBe ra3zo00pa3HbIX MPOIYKTOB
peakuuu. Hanummure ypaBHEHHs peaKkiuil.
Yem MOTYT OBITh 3arpsiI3HEHBI OPOMHKT ¥ MOJIU]T BOJOPO/A, TIOTyUYEeHHBIE 3TUM criocooom? Kakoii
U3 TaJIOT€HOBOJIOPOJIOB ABIsiETC Oojiee CHIIbHBIM BoccTaHoBHTENeM? Kakue rajJoreHoBoJopoIbl
B YHUCTOM BHJE MOXKHO MOJYYUTh JEHCTBHEM KOHIEHTPUPOBAHHONW CEPHOW KHCIIOThI Ha
COOTBETCTBYIOIIUH TaloreHua’?
I') BzaumopneiicTBue OpoMHIa W HOAWIA KaiWsl C KOHIICHTPUPOBAHHOW opTodochopHOH
KUCJIOTOM
B nBe mpoOupku momecTuTe HEOOJBIIOE KOJIMYECTBO CYXMX OpomMuaa u moauaa kamus. B obe
npoOUpKH 100aBbT€ KOHIECHTPHPOBaHHYIO opTodochopHyto kucnoty. Ilpu HeoOxomummocTu
npoOupku mogorpeire. s onpeneneHus: coctaBa BBIIACISIIONIETOCS Ta3a UCIOJIb3yNUTe, Kak U B
IpPEIbIAYIIEM ONBITE, YBJIAKHEHHBIC IMTOJIOCKU OyMaru yHUBEPCAIbHOTO WHAMKATOPA M MOJOCKU
¢unbTpOBaNILHON OyMarv, CMOYEHHBIE PACTBOPAMM IOJKHCICHHOTO IMEpMaHraHaTa Kaius U
HUTpaTa cBuHIA. YTo HabmonaeTe? HanummTe ypaBHeHUS peakLni.
OOBsicHUTE pa3Iuure MPOAYKTOB B3aWMOJICHCTBUS TAJIOTCHHIOB C cepHOMl u dochopHOH
KHCIIOTaMHU.

Bonpocel no meme nadopamopnoii pabomer:
1. Onumure npuniun padotsl AIIXP (anmapara ams mpoBeaeHUs XUMUYECKUX peakiuii). Yto
MPOUCXOIUT MPH MPOMYCKAHUU XJIOpa Yepe3 pacTBOPBI Opomuaa, Hoauaa U XJiopua Kaius?
2. Yem oOycinoBieHa OypHas peakiysi HarpeToro xJjopaTa Kauusi c Tiroko3oi? Hammmure
YPaBHEHUS MPOTEKAIOIINX PEAKIUU.
3. Tlowemy nnsi peakuuu Opoma C adrOMUHUEBOW (onbroit HeoOxomumo e€ o0paboTath
HaXAa49HOW Oymaroit? OnmUIIUTE IIBET U arperaTHoe COCTOSTHUE MPOyKTa PEeaKIuu.
4. Yro mnpoucxoauT IMpH [J00aBICHUHM K OpOMHOI BOJE HEMOJSPHOIO PACTBOPHUTEIS H
BCTpsIXuBaHUM TMpoOupku? Kak wu3MeHseTcs OKpacka CJIosSi HEMOJSIPHOW KUAKOCTH TIpH
no6asieHuu 1M pacTtBopa ruApoKCcHIa HATPHS?
5. Uto mpoucxomut mpu J00aBJICHHH KPUCTAUIMKOB HoJa K IUCTWUIMPOBAHHOW BOJE W
pacTBopam XJIOpUaa HATpHsl, OpOMHUIA KAIHS U UOIUA KaIns?
6. KakoBa pactBopuMOCTh Ho/a B Bojie? Kak 3aBUCUT pacTBOPUMOCTh MOJA OT TeMIEepaTypbl?
CpaBHHTE C TeMIIepaTypHOIl 3aBHCUMOCTBIO PACTBOPUMOCTH XJIOpa H Opoma.
7. UTO MPOUCXOIUT TIPH ICUCTBUHU HA OCAJIOK XJIopuja cepebpa KOHIICHTPUPOBAHHON COJITHOU
KHCJIOThI, HACHIIIIEHHOTO pacTBOpa XJIOpUia HATpusi?
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8. UTo mpoWCXOAWUT TpU JACUCTBUM HA OCATOK Opommia cepebpa HACHIIIEHHOTO pacTBopa
OpoMu/ia Kajvs, KOHIICHTPUPOBAHHOW a30THOM KUCIIOTHI?

9. Uto mpoucxXoauT mpu A00aBIEHUH K MOJKHUCICHHBIM pacTBOpaM OpoMHaa Kalus W MOIUAA
Kanusi nepokcunaa Boaopona? OObsicHUTE HaONIoJaeMble SIBICHMS, ONMUpasCh Ha CpaBHEHUE
CTaHJApTHBIX OKHCJIIUTCIIBHO-BOCCTAHOBUTCIIBHBIC IIOTCHIIMAJIOB raJJIOrceHUuA-UOHOB n
UCIIOJIb3YEMOTO OKUCITUTETIS.

10. Yem MoryTt OBbITH 3arpsi3HEHbl OPOMUA U HOJIUJ BOJOPOJA, MOJYYCHHbIE NPU JIEHCTBUU
KOHIICHTPUPOBAaHHOW CEpHOW KHCJIOTHI Ha Cyxue coim Opomuaa u Hoamma kamus? Kakoit u3
TaJIOTCHOBOJOPOIAOB ABJIACTCA 60.]166 CUJIBHBIM BOCCTaHOBHUTEIEM?

11. YTo mponCXOIUT TIPH JACHUCTBUU KOHIIEHTPUPOBAHHOU (PocOpHOM KUCIOTHI Ha CyXHe COJIU
Opomuaa u Homuna kamus? OOBSCHUTE pa3nuyue MPOJYKTOB B3aWMOJICHCTBHS TalOI€HUIOB C
cepHoii 1 pocopHOI KUCTOTaAMH.

Tema 3. JaemenTsl VIA rpynnsi: KHCJI0PO, cepa, ceJieH, TeJIyP.
Heab paboThi:

N3yunTh XMMHUYECKHE CBOMCTBA KUCIOPOJIa U €70 COCAMHEHUI

N3yueHne XuMHUYECKUX CBOMCTB CEPBI U €r0 COCIUHEHUN.

3HAKOMCTBO C TAOOPATOPHBIMU CIIOCOOAMH TTOJIYICHUS KUCIOPOIa U COSTUHEHHI Cephl
Conep:xxanue padoThbI:

[TonydyeHue u CBOMCTBA KUCIOPO/IA.

OKHCINTENEHO-BOCCTAHOBUTEIHHBIC CBOMCTBA MEPOKCH 1A BOJOPOA.
BoccranoButenbHbIe CBOMCTBA CEPBI U CEPOBOJIOPOA.

BoccranoButensHBIE CBOMCTBA pacTBOpa TUOKCUIA CEPBI U CyIb(UTa HATPHS.

. CpaBHHTENIBHAsT OIlEHKA PacTBOPUMOCTH CylbpuTa M cynbdara Oapus B KHCIOTE.
OO6HapyxeHue cynbhar-uoHa.

IIpubopsbl U peakTUBBI:

Nk W=

JlaGopaTopHBIN MITaTUB, NPOOWUPKU, THIETKH, CIHPTOBKA, JEp)KaTeiab s TMPOOUPOK,
JIOTIaTOYKA, TYYHHKA, CITUYKH.

[lepmanranar kanus (TB.), pacTBop nepmanranara kanus, 3% u 30% pactBop H202, amokcun
Maprasua, JUXpoMaT Kajus (Hachllll. pacTBOp), HOIUA Kalus, cepHas KuciuoTa (pa3d. pacTBop),
KpaxMaJbHBIM KJIEHCTEep, HUTpAT cepedpa, pacTBOp aMMMaKa, a30THas KHUCIOTa (KOHIIL.), cepa,
xJyiopua 6apusi, cyabhua HaTpus (pacTBop).

Onwvim 1. Ilonyuenue u ceoiicmea Kucnopooa

B cyxyro mpoOupky momectuTe NpuOIM3UTEIHHO 2 T IepMaHTaHaTa Kajaus. Y KpernuTe MpoOupKy
B JIAIIKE IITATUBA U HAarpEUTe ee.

Boinensronuiics ra3 UCTIBITANTE C TOMOIIBIO TICIOUIEH JTyYUHKH.

CocraBbpTe ypaBHEHHE PEAKLIUU.

Onvim 2. Kamanumuueckoe paznoxcenue nepokcuoa 6000pooa

Haneiite B mpo6upky 8-10 kamens 3%-Horo pactBopa H2O2 u BHecute B mpoOHpPKY HECKOJIBKO
KPUCTAJUIOB AMOKCHA MapraHiia B Ka4eCTBE KaTalM3aTopa. Belaensromuiics ra3 UCIbITauTe ¢
MOMOILBIO Teromen JTyduHKA. CocTaBbTe ypaBHEHHE peakunu. K kakoMy THUITy OKHCIUTEIBHO-
BOCCTAHOBUTENBbHBIX PEAKLUN OHA OTHOCUTCS?

Haneiite B mpoOupky 6-7 Kamenb HACBIIIEHHOTO pacTBOpa IuUXpoMara Kalus | ClIeTKa
nogorpeite. JloGaBpTe 2 kamum 30%-HOro pacTtBopa mnepokcuaa Bonopona. Ilpoumcxomur
MOYEPHEHHUE PACTBOpA 3a CUET OO0pa3oBaHUS MPOMEXKYTOUHBIX coeaumHeHuW Tuma Ko[CrO7 o
H>02]. Yepes 1-2 MUHYTHI MPOUCXOAUT OypHOE pPa3IOkKEHHE MPOMEKYTOUHBIX COCTUHEHHUH C
BBIZICJICHMEM KHUCJIOpoaa. BHecute B TpoOHMPKY TICKOIIYIO JYYUHKY. YTO Tpoucxoaut?
CocraBbpTe ypaBHEHHE peakuMH. K KakoMy THIYy OKHCIUTEIbHO-BOCCTAHOBHUTEIBHBIX pEaKLUN
OHa OTHOCUTCA?
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Onvim 3. OKucaumenvHbvle C6OUICHMEA NEPOKCUOA 6000POOa

B npoOupky k 3 KarisiM pacTBOpa MOAUAa Kayus MprOaBbTe 2 Karuiy pa30aBlIeHHOTO pacTBOpa
CEepPHOM KHCIOTHI M 3aTeM N0 KamisaMm npubasisiite pactBop HoO> 10 mosBieHHs KenTon
okpacku. OOpa3oBaHHe HoJa CTAHOBUTHCS Oojiee 3aMETHBIM, €CIM K PacTBOPY B NpPOOHpKE
N00aBUTh HECKOJIBKO Kalejdb OpPraHM4YeCKOr0 pPAaCTBOPUTENS WJIM HECKOJIBKO —Karlejb
KpaxMaJbHOTI'O KJIEHCTEPA.

CocTtaBbTe ypaBHEHUE PEAKIIMH.

Onwvim 4. BoccmanosumensHule ceoiicmea nepokcuoa 6000pooa

B npobupky BHecute 2-3 Karuid pacTBOpa IepMaHraHata Kanus M 2-3 Karim pa30aBiIeHHOTO
pacTBopa CepHOI KUCIOTHL. 3aTeM K MOJy4eHHOMY B MPOOHpPKE pacTBOpPY 100aBbTE€ HECKOJBKO
Karelyib pacTBOpa MEPOKCHIA BOJOPOJA A0 U3MEHEHHUs OKPAaCKH pacTBopa. Breiaenstonuiics ra3
HCTIBITANTE C TOMOIIBIO TICIOMIEH TydnHKUA. COCTaBbTE YPABHEHUE PEAKIUH.

K 4-5 kammsam pactBopa HuTpara cepebpa 100aBbT€ IO KaljIiM pacTBOp aMMHaka 0
pacTBopeHus: oOpa3oBaBuieiics MyTu. K nonydeHHOMy pacTBopy npubaBbTe Mo KaruisiM 3%-Hblii
pacTBOp MEepOKCHIA BOJOPOAa. 3aMUIITUTE HAOIIOACHUS U COCTABbTE YPAaBHEHUS PEAKIIHIA.
[Tomyunte (B BBITSDKHOM mikady!) ocagok cynb(huma CBUHIIA B3aMMOJICHCTBHEM pPacTBOPOB
HUTpara (amerara) cBUHIA U cylbduna ammonus (Hatpus). Hebonpimoe KOITUYECTBO OCajKa,
MPOMBITOTO BOJON MyTeM AeKaHTamuu, oOpaboTaiiTe pacTBOpOM Mepokcuaa Bogopoaa. Uto
HaOmonaeTe? HanmuimmTe ypaBHEHHsI peaKITuu.

Onwvim 5. BoccmanosumenvHuie ceoiicmea cepbl

Taza!

B npoOupky Haneire 1-2 My KOHIIEHTPUPOBAHHOTO PAacTBOPA a30THOM KHCIOTHI U BHECHUTE B
poOUPKY HEOOJBIITON KyCOUYEK CEPHI.

Copnepxxumoe poOUpKU HarpeiTe. A30THas KHUCJIOTa MPH 3TOM BOCCTAHABJIMBAETCS 10 OKCHAA
azora (II), a cepa okucnsercs 1o cynabdar-uoHa, KOTOPbIH MOXKHO JIETKO OOHAPYKUTh, J00ABHUB K
NOJy4YEeHHOMY pacTBOPY HECKOJIBKO KaIleslb pacTBOpa Xjopuaa oapusi.

CocraBbTe ypaBHEHHS peaklUii OKUCIICHUS Cepbl M OOHApyKeHUs Cyb(daT-uoHa.

Onwvim 6. Boccmanosumenvhule ceoiicmea ceposooopooa.

B npo6upky BHecuTe mo 2-3 Karig pacTBOpa: a) epMaHraHaTa Kajus, 0) AuxXpomara Kaius.

B mpobupky moGaBpre mo 2-3 Kariu pa30aBJICHHOW CEPHOM KHCIOTHI M HECKOJHKO Karelb
pacTBopa Cyib(puIa HATpHUs 10 U3MEHEHUS OKPACKU PacTBOPA.

CocTaBbTe ypaBHEHHE PEaKIUU.

Onwvim 7. BoccmanosumenvHuie ceoiicmea pacmeopa OUOKcuoa cepovl U cyivuma Hampus

B mpoGupky Haneiite mo 2-3 Kamiau pacTBOpa JUXpoMaTa Kajus W pa30aBICHHONW CEpHOM
kucnothl. K cMecu 106aBbTe HECKOJBKO Kalleldb pacTBOpPA CEPHUCTONM KHUCIOTHI HJIM HECKOJIBKO
KpUCTAIJIOB cynbpuTa Harpus. OTMEThTE H3MEHEHHE I[BeTa pacTtBopa. Kakue cBoiicTBa
MPOSIBIISIET CEPHUCTass KHUCIOTa WM €€ Ccoib B A3ToM peaknuu? CoCTaBbTE ypaBHEHHE
OKHCITUTEIbHO-BOCCTAHOBUTENbHON peakuuu. (/[laHHas peakius MOXKET CIYKUTh peakiuen
oTKpbITUA HoHA SO3>” B OTCYTCTBUH JPYTHX BOCCTAHOBHUTETEH).

B mpobupky ¢ 3-5 xamisMu pacTBopa CEpHHCTOM KHCIOTHI MM Cylb(uTa HATpHUs T00aBbTE
HECKOJIbKO Karelnb 3%-HOro pacTBopa nepokcuaa Bojaopojaa. Kakum o6pa3oM MOXKHO JT0Ka3aTh
npucyrctue nona SO4> B mpoaykTax peaknun? CocTaBbTe ypaBHEHHE PEaKIHH.

Onwvim 8. Paznuunaa pacmeopumocms cyivpuma u cyivhama dapus 6 Kuciome.
Oonapyscenue cynvham-uona

B onny mpoOupky BHecute 2-3 Kamiiu pacTBopa cyib(ara HaTpus, B APYrylo — 2-3 KaIud
pacTBopa cyiab(huTa HaTPHs.

B o6e mpobupku mobaBbre 1-2 kamiam pactBopa xsopuaa Oapus. B oleux nm mpoOupkax
BEINAJAEeT 0CaIOK?

JloGaBbTe B 00€ mpobupku 1o 2-3 Karau pa30aBIeHHONH a30THOM (COJSTHON ) KUCIIOTHI.
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OObsicHuTe HAOIIOTaeMBbIC SIBIICHUS.

CocraBbTe ypaBHEHHS pPEaKIUi MOJdydyeHus cyiabdara u cyabdura Oapus W pacTBOPEHUS
MOCIIEHETO B KUCIIOTE.

Onwvim 9. Tuocynvgham nampus

[Tonryuenue THocynbdara HATpUs

PacTBopuTe B HEOONBIION KOHUYECKOH KosiOe 2 T cynb(uTa HaTpus B 25 Mi Boabl. M3MenbpunTe
B dapdopoBoii crynke 1,5 T cepbl, CMOYUTE CIIHUPTOM M TMEPEHECUTE B KOJOY C PacTBOpOM
cynbdura Hatpus. Cmech Harpeiite a0 kuneHus. [IpU3HaKOM OKOHYAHUS PEAKLIUH CIYKHUT
HEWUTpalbHasl peaKIusl pacTBOpa MO YHUBEPCATbHOW MHIMKATOpHOU Oymare. JloGaBbTe erie aBa
pasza o 2 r cynb(ura HaTpHs C MPOAODKEHUEM KUIITYCHUS /IO HEUTPaIbHOW PEaKIMU B KaXI0M
ciydae.

[MonmyuyeHHslil ropstuuii pactBop npouiIbTpylTe 4Yepe3 OyMaKHBIH (PUIBTP HAa BOPOHKE JUIS
ropsiuero (GpUIBTpOBaHMS W yHapbTe Ha BOAsSHOW OaHe 10 1/3 mepBOHAYaIbHOTO OOBEMA.
BrimaBmme mocnie oxiaxaeHus KpUCTauibl oT(uiabTpyiiTe Ha BopoHKe broxnepa. Hamummre
ypaBHEHUE PEaKIUH.

CoiicTBa THOCYIb(aTa HATPUS

PacTBopuTE HECKOJIBKO KPUCTAIIOB THOCYIb(haTa B HEOOIBIIOM KOJIUYECTBE BOJBI U 0OaBbTE
1-2 M1 constHOM KucaoThl. YTo Habmomaere? Hanmumumre ypaBHEHHE peaKIuy.

[TomecTuTe B HEOONBIION THrelb HECKOJIBKO KPUCTAUIOB THOCYJIb(ara HaTpus WU CHadaja
OCTOPO’KHO, a 3aTeM CHUJILHO HarpeiTe. Uto Habmonaere? Hanummre ypaBHEHHE peaKIny.
[IpoBeauTe OMBITHI MO HM3YYCHHUIO B3aUMOJCHCTBUS THOCYIb(paTa HATPHUS C PACTBOPHUMBIMH
comssmu meau (1) u (II), muuka, cBunna, xene3a (1) u (IID).

Ilopaook pabomeut:

[omyunTts OT mpenoaaBaTens 3aAaHue.

BBIOTHUTE paboTy COTTIAaCHO METOIMYECKUM PEKOMEH IAITHSIM.

OdopMHUTH TPOTOKOIT PAOOTHI.

BbutuTh 0TpaboTaHHBIE PaCTBOPHI, IIOCYAY BBIMBITE. CoaTh pabouee MecTo.
Cooeporcanue omuema:

Tema u 11enb paboTHI.

HabGnronenust, ypaBHEHHS pEeaKIIUi 1O K0 4aCTH PaOOTHI.
BriBobI O TIpOI€TIaHHOM paboTe.

Konmponsnoie éonpocut

1. UTo mpouCXOaUT NMpyY NMPOKATMBAHUK KPUCTAIIJIOB IIepMaHranara kanus? Kak qoka3arb, 4To
BBIICIISIFOLTUICS Ta3 — KUCIOpOA?

2. UTo NMpOUCXOIUT MpHU JEHCTBUM HA PACTBOP THOCYJIb(aTa HATPUS CONTHON KUCTOTHI?

3. UTo MpOUCXOIUT MPHU MPOKATUBAHUY KPUCTAIUIOB THOCYNIb(aTa HaTpus?

4. YTo npouCXOAUT MIPHU B3aUMOJICHCTBUHU PacTBOPOB CyibdaTa U cylb(ura HaTpUs C XJIOPUAOM
6apusi? KakoBo OTHOIIEHHE OCAIKOB K COJISTHOM KHCTIoTe?

5. Kak nposiBIsiFOTCS BOCCTAaHOBUTEIBHBIE CBOMCTBA MEPOKCHIa BOJIOPOIA B PEAKIINU C
Cynb(huI0M CBUHIIA?

6. Kak mposiBIsIFOTCS BOCCTAHOBUTEIIBHBIE CBOMCTBA CEPOBOOPOA B PEAKIIMU C PACTBOPAMH
nepMaHraHaTa Kajaus U AuxXpomara Kajaus?

Tema 4. dnemenTsl VA rpynnsi: a3or, ¢pocdop, MbIIIBSAK, CypbMa, BUCMYT.
Heab padoTsi:

N3yunTh XuMHUYECKHE CBOMCTBA COCIUHEHHUN a30Ta.
N3yunth xumMudeckue cBoricTBa ocdopa u ero coenmHEHUIA.
Coaepixanue padoThbI:

[Tonydyenue a3ora u cojieli aMMOHUSI, UCCIEA0BAHUE UX XUMHUYECKUX CBOMCTB.
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[Tonyuenue oxcuna azora (1I).

HccenenoBanue OKUCIUTENBHBIX CBOMCTB @30THOM KUCIOTHI.

Xumuyeckue cBorictBa (hochopHOM KUCIOTHI, moidydeHue pocdartos u ruapodocdaron
IIpubopsbl U peakTUBBI:

[TpoOupku, cupTOBKA, Aep)KaTeidb JUIsl MPOOUPOK, MUIETKH, JOMAaTOuKa, KanelbHas BOPOHKA,
ra300TBOAHAS TPyOKa, XMMHYECKHI CTakaH, Koiba, Oymara (IIOJIOCKH), JIAKMYyCOBasi OyMmakka,
¢unbTpoBasibHAasg OyMaXkka, CTEKJISHHas Majloyka, Jy4YHMHKA, CIHYKH, YHHBepcaibHas
WHAUKATOpHAs Oymara, ITaTUB.

Juxpomar kamusi (Cyxom), CoJisiHas KucioTa (KOHIL.), CEpHas KHUCIOTa KOHIIECHTPHUPOBAHHAS H
pazbaBienHast (2H), uomuj Kamus (pacTBOp), MOMUJ Kamus (CyXoi), XJIopu] HaTtpusi (Cyxoi),
xJopu Hatpus (pacTBOp), MEpMaHraHaT Kaius (pacTBOp), JaKMyC, METHUJIOPaHXK, KYyCOUYeK
MarHusi (WM IMHKA), HUTpaT cepebpa (pacTBop), OpoMua kKamus (cyxoif), Opomun Kaius
(pactBop), xnopuna xenesa (III) (pactop).

Boxnbie pactBopel ¢ocdara nHarpus, ruapodocdara HaTpus, auruapodocdara HaTpus,
cynbdara xenesa (II1), pomanmaa kammst KSCN, xmopuma Gapusi, CONSTHOW KUCIOTHI, a30THOU
KHUCIIOTHI, YKCYCHON KUCIOTBI, THIPOKCHIa aMMOHHSI.

Onwvim 1. Ilonyuenue anmuaxa

K 4-5 xammsim pactBopa xiopuia WM cyilb(ara aMMOHHs TpWIEHTE pPaBHBIM 00BEM
pa30aBIEHHOI0 pacTBOPA MMAPOKCUIA HATPUSI.

PactBop cierka nogorpenre.

K oTBepcTrio mpoOHpKH MOJHECUTE BIAXHYIO JAKMYCOBYIO (YHHUBEPCAIbHYIO) OYMaXKKy WIIH
NOJIOCKY (MIBTPOBaIbHON Oymaru, cMoueHHyI0 QenondranenHom. bymaroit He kacaiitech
CTEHOK MTPOOUPKH.

Kak n3mensiercs user Oymaru u nouemy? (KagecTBenHas peakiysi HA MOH aMMOHHS).

Onvim 2. BoccmanosumenvbHbule c0iicmea amMmuarka

Buecute B mpoOupky 2-3 Kamum pacTBOpa IepMaHraHata Kaimusg W 3-5 Kkamens
KOHILIEHTPUPOBAHHOTO pacTBOpa aMMHUAKa.

[Tonydennyto cMmech cierka nojgorpeite. Kak nsmensercst okpacka pactsopa’?

Hammmure YpaBHCHUC PCAKIWH, YIHUTHIBAA, YTO aMMHUAK OKHUCIACTCA OO CBO60,Z[HOI‘O a3oTa, a
NepMaHraHaT KaJlis BOCCTaHABIIMBAETCS A0 AUOKCHIa MapraHiia.

Onvim 3. Omuouwtenue conieit AMMOHUA K HAZPECAHUI)

[TomecTuTe B Cyxyl0 MpOOHMPKY HEMHOTO KPHCTAIIMYECKOTO XJIOpHIAa aMMOHHUS U HarpenTe
npobupky. OO6parutre BHUMaHHE Ha 00pa3oBaHue OEJIOT0 HaJleTa Ha XOJIOAHBIX CTEHKaX BEpXHEH
yactu npoOupku. CocTaBbTe ypaBHEHHE PEAKIIHH.

Bo3bMmuTe Ha KOHYMKE IIMAaTeiass HEMHOTO Cyib(ara aMMOHUS, MIPEIBAPUTENILHO PacTepToro B
CTYIIKE, U BBICBHIIIBTE COJb B CyXylo mpobupky. IIpoOupky nHarpeiite. OOpatute BHUMaHHUE Ha
3amax, MOSIBUBLIMICA BO Bpemsi HarpeBanus. [logHecuTe K OTBEPCTHIO MPOOMPKU BIAKHYIO
JakMycoBylo Oymaxkky. Uto mpoucxomaut? OcrtaBiieecs BEIIECTBO B MPOOHPKE PACTBOPUTE B
BOJIE U ONpEIENINTE XapaKTep Cpelbl B pacTBope. Hamumure ypaBHEHUs! peakiuil pa3ioKeHus
cyib(ara aMMOHHSI M JIUCCOLMAIIMA B PAcTBOPE BEILECTBAa, OOPa30BaBUIETOCS B pe3yibTare
Pa3oKEHUs COJH.

B cyxyio npoOupKy HachIllbTe HEMHOTO TUXpOMaTa aMMOHUS. 3aKpenuTe NPOOUPKY B IITATHBE
BEPTUKAIbHO, 1 HEMHOTO mojorpeite. Kak Tonpko HauHeTCs pa3ioeHHE COJIM, HarpeBaHUeE
npekparure. Yto Habmiomaercs? MMeroT &M 3amax MPOIYKTHl PEaKLUUU PA3JIOKEHHUs comu?
CocTaBbTe ypaBHEHHE peaklMu. B 4yeM OTiamume MoBeAeHUs 3TOW COJIM OT COJIEH B OIBITax,
IpOJIeTaHHBIX 10 3Toro. Kakue coiim aMMOHHUS pa3iaraioTcs noJo0HO AUXPOMATy aMMOHUS?

Dopma A Crpanuna 71u3 106



o

SNk W=

o

MMUHHCTEPCTBO HAYKH U BhICIIEro oopa3oBanust PO

o N ®dopma
VY IIpTHOBCKMI TOCY1apCTBEHHBIH YHUBEPCUTET

®-Paboyas nporpaMma o TUCHUIIINHE

Onvim 4. I'uopoau3 coneii ammonusn

C nomorpio pH-MHIUKATOpHON OymMaru OnmpeenuTe XapakTep Cpellbl B pacTBOPE XJIOpUAA WIN
cynbpara ammoHus. Hamumure ypaBHeHHE peakuuu ruaposvza conu. EcTe nm pa3Huna B
TUAPOIN3E ITUX COJIEH.

Onwvim 5. Ilonyuenue oxkcuoa azoma (1)

B mpo6upky ¢ ra300TBOIHON TPYOKOI TOMECTHTE HEMHOTO MEIIKHX CTPYXKEK MEIU U MpUOaBbTe
HECKOJIBKO Karelnb pa30aBIeHHOH a30THON KUCIOTHI (p = 1,2 r/mi).

3akpoiiTe TpoOUMpPKY TMpoOKON U cierka ee HarpeiTe. OOpaTuTe BHHUMaHUE Ha IBET
BBIJICTISIONIETOCS Ta3a.

["a3 mpomycTuTe B IpoOUpKY ¢ 5-6 KarisiMu pacTBopa cynbdara xenesa (11).

Onvim 6. Ceoiicmea azomnoii Kuciomul. Bzaumooeiicmeue ¢c memannamu

[Tomecture B TPOOMPKY HEMHOTO IMWHKOBOM MBUIM WM CTPYXEK MarHus W mpuOaBbTe
HECKOJILKO Karellb 0YeHb pa30aBICHHON a30THOU KUCIIOTHI.

B30oaTaiiTe cMech.

ITo 3anaxy onpenenure, Kakou ra3 BbIACISETCA.

CocraBbTe ypaBHEHHE pEAKLUU.

Onwvim 7. B3aumooeiicmeue azommnoii KUciomol ¢ HemMemaiiamu

B ¢dapdoposyro yamiky HaneiTe HEMHOTO KOHIIEHTPHUPOBAHHOM a30THOM KUCIIOTBHI.

[TooxuTe B KUCIOTY HEOOIBIION KYCOUYEK CEPHI.

[TocraBuB yariky Ha acOECTOBYIO CETKY, OCTOPOXKHO ee Harpeire. Uto Habmonaercs?

OxJnaauTe peakImOHHYIO CMECH.

Heckonpko Kamenab cMecH MOMECTUTE B MPOOMPKY W 100aBbTe 2-3 Kaluld pacTBOpa XJIOpuia
Oapwsi.

CocraBbpTe ypaBHEHUS pEaKLIUM.

Onwvim 8. OkucnumenvHbvle c60UCMEA A30MHOU KUCTOM bl

K 3-4 karmisim cBEKENpUTOTOBIEHHOTO pacTBopa cyibdarta xkenesa (1), moakucienHoro karien
pa30aBIEeHHON CEPHOM KUCIOTHI, MpubaBbTe 5-6 Kareiab KOHIEHTPHUPOBAHHOM a30THOM KHCIIOTHI.
Cwmech HarpenTe 10 Hayajia KUIEeHUs.

Heckonbko Karemns MoJIydeHHOTO pacTBopa pa3daBbTe BOMOM U 100aBbTE OJHY KA pacTBOpa
pomanuaa aMmmoHus (kanwus). Yto mpoucxoaut?

[IpenBaputenbHO yOeIuTech B TOM, YTO MCXOIHBINA pacTBop cynbdara xenesa (II), He gaer wim
MIOYTH HE JJA€T OKpAIIMBaHUs C POJAHUIOM AMMOHHS.

Onwvim 9. Ilonyuenue u ceoiicmea azomucmoii KUciomul

PactBopure 0,3 T HuTpuTa Kamus B 2-3 MJI BOJBI, OXJIAJUTE PAacTBOpP B OaHE CO JIBIOM H
npubaBbTe K HEMY 2-3 MIT OXJIaXkIeHHOM BO b1y 30%-HOM cepHOil kucnoTsl. Yto Habmonaere?
Haneiite B mpoOupky 2-3 M1 pacTBOpa HUTPUTA KaJHsl, OAKUCIUTE €ro pa30aBIeHHON CepHOM
KHUCIIOTOM U J100aBbTE€ HECKOJBKO Karellb pa30aBJIeHHOrO pacTBOpa MepMaHranara kamus. Uto
Habmromaere? [IpoBeauTe aHATIOrMYHBIN OIBIT C PACTBOPOM JUXpOMAaTa KajIHsl.

K 2-3 My moAKMCIEHHOTO pacTBOpa MOAMA Kaius JT00aBbTE HECKOJBKO Kamenb Kpaxmayia v
pactBopa HuTpuTa Kanus. Uro HabGmonaere? I[IpoBeauTe aHAJOTHMYHBIA OMBIT C PacTBOPOM
HUTpAaTa Kajusl.

K monpkucnennomy pactBopy 2-3 M OpoMuaa Kaius J00aBbTE HECKOIBKO Karelb HUTPHUTA
KaJIUsl ¥ HECKOJIBKO Kallellb TeTpaxJopuaa yriaepoaa uiu 0eH30ja U SHEPTUYHO BCTpsixHUTE. YTO
HaOmronaete?

Hanummure ypaBHEHHS peakiui.

Onwvim 10. I'uoponus coneii pocgpopnoin Kucromaot

Comu dochopHOl KUCIOTHI, PAaCTBOPUMEIE B BOJIE, TUIAPONH3YIOTCS. [ HIponu3 mpoTekaeT
HEOJMHAKOBO Yy CPEIHMUX U KHUCIBIX coyied. [Ipyu ruiponnse KUCIbIX COJIEH IIETOYHBIX METANIOB
OJIHOBPEMEHHO C THJIPOJIN30M AaHHOHOB MTPOTEKAET X TUCCOIUAIUS:
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H,PO4 + H,O — H3PO4 + OH; HPO4* + HO — HoPO4+ OH-

H.PO4+ — HPO4> + H'; HPO4* —» PO + H'

C momoIp0 yHUBEPCATPHOW MHAMKATOPHONW OymMaru mpoBEphTE XapakKTep Cpeibl B pacTBOpPax
coneil Na3PO4, NaHPO4, NaH;PO4. TTonyueHHble OKpacku MHAWKATOPHOW OymMaru CpaBHUTE C
IIBETHOU 1Kanoi pH- nnaukaropHoii Oymaru. Pe3ynbrarsl onbiTa 0OpMHUTE B BUAC TAOTHUIIHI.

PactBop conn pH cpenst BriBo1

NazPOq

NaHPO4

NaH,POq4

Peakuust o6pazoBanusi pacTBOpUMBIX (PochaToB MIMPOKO UCHOIB3YETCS B AHATTUTUYECKON XUMUN
KaK KayecTBEeHHas peakius Ha ¢pochaT-uoH.
Onvim 11. Oopazosanue pocpama scenesa (I11)

K 3-4 xamnsm pactBopa cynbdara xenesa (II1) mpuneiite 2-3 karum pomannna kamus KSCN u
HECKOJIBKO Karlellb pacTBopa, conxepxkaiiero gpocpar-uon NaHPOy.

KpacHas oxpacka pacTBopa Hcue3aeT B pe3ylbTarTe Iepexoja poJaHuga Kele3a B
MaJIopacTBOPUMBIiA (hocdart, UMEIOLTH c1a00-KENTHII LIBET.

Onvim 12. Oopa3zosanue cuopogocpama oapus

K 2-3 kammsim NapHPO4 npubaBpTe Heckonmbko Kamenb xyopuaa Oapust BaCla. OGpasyercs
Oenbiii ocamok BaHPOs, pactBopumsenii B comstHoi HCl u asorHoit kuciaore HNO3 u
HEPACTBOPUMBIN B YKCYCHOM.

[IpoBepbTe pacCTBOPUMOCTH OCAJKA B KUCIOTAX.

CocTaBbTe YypaBHEHUSI PEAKIIHIA.

Onwvim 13. Oopaszosanue gpocpama cepeopa

K 3-4 xamnsim pacrBopa Na2HPO4 no6asbre 1-2 xarum pactBopa HuTpata cepedpa AgNOs.
O6pa3yetcs xentbiid ocamok AgzPO4, pacTBopuMBIA B pa3daBiieHHON a30THOU Kuciaore HNO3 u
pactBope ammuaka NH4OH.

IHlopaook paoomowi:

[TomyuuTh OT MpenoaBaTelis 3a/laHue.

BrImomHUTE paboTy COrIacCHO METOIUYECKUM PEKOMEHIAITUSIM.

OdopmuTh MPOTOKOI pabOTHI.

Boeutnth 0TpaboTaHHBIE PacTBOPHI, TOCYAY BBIMBITE. CHaTh pabodee MecTo.
Cooeprcanue omuema:

Tema u 11e1h paboTHI.

Habmionenus, ypaBHEHUS peakiuil Mo Kakaoi 4acTu padoThI.
BrIBOIBI 110 TIPOIETIAaHHOM padoTe.

Konmponsnoie éonpocut

1. Kakas peakuus siBisieTcs KaueCTBEHHOM Ha MOH aMMOHUs? Kak ee mpoBecTH U 4TO MpU 3TOM
HaOmrogaercs?

2. Bce 11 conv aMMOHMS TTPU TEPMUUYECKOM Pa3I0KEHUH OKPAILIMBAIOT BIAXKHYIO JJAKMYCOBYIO
O6ymary? B yem oTinuue npoayKToB pa3iioKeHUs XJIOpUaa, cyib(ara u AUXpoMaTa aMMOHUS.
Kakue conn aMMOHUS pa3nararoTcsi mogo0HO TUXPOMATy aMMOHUS?

3. Kakue nmpoayKThl MOKHO MOJIYYUTh MPU B3aUMOICCTBUM IIMHKOBOM MBUIM U OYE€Hb
pa30aBlIeHHOM a30THOM KUCIO0THI? Beeraa i oHU MMEIOT 3amnax?

4. EcTp 11 pa3HuIa B MPOAYKTaX peakluy KPUCTAUIMUECKOTO HUTPUTA KaJIUsI U €ro pacTBOpa ¢
oxJlaxaeHHO! BO Jbay 30%-HOM cepHOMl KUCTOTHI?

5. OnrHakoBa JiM peakius cpeabl B pactBopax cojeid Na3PO4, Na2HPO4, NaH2PO4 ?
[Touemy?

6. Uto mpoucxoaut npu B3aumoaecTuu pacrBopa Na2HPO4 u pactBopa xmopuaa Oapus
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BaCl2? Kak orHocutcs ocagok BaHPO4 k cossiHOM, a30THOM M YKCYCHOM KHCIIOTam?
7. Kakas peakuus siBisieTcs: kKauecTBeHHOM Ha Gocdar-uon? CymiecTByeT Jin KaTHOH, C
MOMOIIBI0 KOTOPOTO MO>KHO 00HapyXuTh pocdat-, ruapodocdat- u auruapodochar-uoHb?

Tema 5. DnemenTs! 1V rpynmnsi: yriepoa, KpeMHHUii, repMaHuii, 0J10BO, CBHHeIl.
Hean padoTsi:

N3yueHne XuMHUYECKUX CBOMCTB yIJIEpOJa, KPEMHHUsI, 0J10Ba, CBUHIA U UX COEAUHEHUN
O3HakoMIIeHHE € JJAOOPATOPHBIMU CIIOCOOAMHU MOTY4YEHUsI KapOOHATOB U KPEMHUEBOW KHUCIIOTHI.
Coaepixanue padoThbI:

[Monmyuyenue u paznoxeHue KapOOHATOB.
[TonydyeHnne KpeMHUEBOM KHUCIOTHI.
IIpudopsl U peakTUBBI:

[IpoOupku, NUMETKH, MTATUB, TA300TBOIHAS TPYOKa, KOJI0a, CTEKJISTHHAS MMallouKa, CIIUPTOBKA,
JepKaTelb JUIsl IPOOUPOK,

Bopnbie pacTBopsl Xsopuaa 6apusi, cynbdara nuHka, xaopuaa xenesa (I11), kapobonara Hatpus,
cunukara Hatpus, xjopuna onoBa (II), mepmanraHata Kaaus, CEpHOW KHCIIOTBHI, COJITHOW
KUCTOTHI (pa30.), a30THOM KuCHOTHI (pasd.), TUAPOKCHIA HATpus, Cylbduma HaTpus, HOAHIA
Kausi; U3BECTKOBas BOJa, KapOOHAT aMMOHHS (TB), KOHIICHTPUPOBAHHAs COJISHAs KHCIIOTA,
MeTayuTMaeckuit 1uHK, okcun ceuHma (II).

1. Yenepoo u ezo coeounenusn

OmnbiT 1. Cotu yroJIbHOM KHCJIOTBI

B mtatuBe 3aKpemisfiOT HAKJIOHHO OTBEPCTHEM BHH3 CyXYyI0 HPOOHPKY C Ta300TBOJHOM
TpyOKkoii, momemaroT B Hee (NHs)>CO; m HarpeBaror. ['a300TBOAHYIO TpPyOKY OITyCKalOT B
cTakaH4HK ¢ u3BectkoBoi Bojou Ca(OH),. Habmomator momytHeHue pactBopa. [Ipomomxkaror
MIPOITYCKATh ra3 10 pacTBOpeHUs ocaaka. Hanumure ypaBHEHHS peakiuil.

HcnbiTath oTHOMIEHNE KapOOHATOB Pa3HBIX METAJUIOB K HarpeBaHUIo. JlJis 3TOr0 MPOKAIUTh B
TUTJIAX CIEIyIOIINUEe CONM: KapOoHAT Kajbllus, KapOoHAT HaTpus, THApokapOoHaT HaTpus. Uto
Habmromaercs? HanumunTe ypaBHEHHS peaKIIHid.

K 2-3 mn pactBopa xmopuma Kaimbliusi J00aBbT€ pacTBOp THApoKapOoHarta HaTpus. Yrto
npoucxoaut? Hanumure ypaBHEHUs peakiuil.

OnpIT 2. [TonnyyeHue kapOOHATOB

B mpoOupku HamuBaroT pactBopsl cojieii: a) BaCly; 6) ZnSOs4; B) FeCls u mpunuBaioT K HUM
pactBop Na2COs.

HabmionaroT ocakJeHHe BEIIeCTB M OTMEYAIOT OKPAacKy IOJIy4eHHBIX OCaJIKOB KapOoHara
BaCO:; (a), runpokcokapbonara (ZnOH)2COs (6), ruapokcuaa Fe(OH)s (B).

Hanummure ypaBHEHUS peakiui.

11. Kpemnuii u e2o coeOunenus

OmnbIT 3. 'mapo/u3 cujaMKaTa HaTpUus

[IpuroToBbTe pacTBOp >XHUAKOrO crekia B Boxae. Ompepenute pH pactBopa ¢ IOMOIIBIO
WHIUKATOPHOU Oymaru.

Pazneiite pactBop B nBe mpoOupku. B mepByio npubaBbTe paz0aBIeHHYIO COISHYIO KHCIOTY.
Yro mnpoucxomutr? Bo BTOpyr0 mpoOMpKy A00aBbTE€ HEMHOI'O CYXOTO XJIOpHUJA aMMOHHS.
Copnepxumoe npoOUpKH Xopoluo nepemeraiite. KakoB cocraB Beinasiiero ocaaka? Hamumure
ypaBHEHUS PEaKIUM.

OmnbIt 4. ITosryuyeHne «KHEOPraHMYECKOI0 CaJa»

[Momectute kpucTabl coneil kobanbTa, xene3a (1), amroMuHUs, HUKENS W KaIbIUS HA JTHO
MPO3pavyHOTr0 CTakaHa W OCTOpokHO mpumienTe 30-50 My pacTBOpa <«CWKHAKOro cTekia». YUto
Habmonaete?
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Kpucramnsr coneit MoKHO T0OaBISTh B pacTBOP CBEPXY.
OmnpIT 5. I'uaporesb ¥ rTHAP030J1b KPEMHUEBON KHCJI0ThI

Tuopoecenv kpemnuesou kuciomol. Hanmelite B mpoOUpPKY 5 MJT KOHIICHTPHUPOBAHHOTO PacTBOpa
«OKUJIKOTO CTEKJIa», ObICTpO mpuiieiite K HeMy 3 M 24%-HOro pacTBOpa COJSTHON KHCIOTHI U
nepeMeInIanTe CTeKITHHON naoykoi. Uto Habmomaere?

Tuoposzonv kpemuuesou kuciomel. K 6 M1 KOHIEHTPUPOBAHHOTO PACTBOPA COJSHOW KHCIOTHI
npuieite 1 M «kuakoro crekiay. Uro Habmomaere? [IpoXomuT M MONYYCHHBIA KHUCITBINA
pactBop yepe3 OymaxkHblii puiabTp? Harpeiite pacTBOp MOUTH 10 KHIIEHUS, a 3aTE€M OXJIAIHTE.
UYro npoucxoaut?

I11. Onoeo, ceuneu u ux coeourHenus

OmnbIT 6. [TosryyeHne 0,10Ba BOCCTAHOBJIEHHEM ITUHKOM

B pacrBop xnopuna osnosa (II) onyctuTe niacTHHKY METAITMYECKOTO IUHKA. UTO MPOUCXOAUT?
Hanummure ypaBHEHHS peakiui.
OmnsiT 7. CBolicTBa 0J10BA.

IIpoBenure peaknuu 0JI0Ba C a30THOW, CEPHOM M COJIIHOM KHMCIIOTaMU B Pa3HBIX YCIIOBHSX
(Temmeparypa, KoHIIeHTpaus ). PacTBopsieTcs 1 0510BO B pacTBope mienodyu? Yro Habmomaere?
Hanumure ypaBHEeHUs peakLiuii.

OmnbiT 8. 'mapoxkcun onosa (I1).

Ocanute B mpobupke ruapokcu oiosa (I1) u3 pactBopa xiopuaa ooBa. YeM cienyeT ocaxaaTh
TUJIPOKCHU]T 0J10Ba?

Hanumure ypaBHeHUE peakuuu.

OnbIT 9. [lonnyuenue u cBoiicTBa ruapoxkcocranHara (II) narpus

K pactBopy xmopuma omoBa (II) mpuielite HEOONMBIIMMH TOPUMSIMH H30BITOK pacTBOpa
rupokcuaa Hatpus. Uro npoucxoaut? Harpeiite momy4yensslii pactsop. Urto Habmronaete?
OcamuTte THAPOKCH]I BUCMYyTa M BHECHUTE €ro B pacTtBop ruapokcocranHara (II) marpus. Yro
HaOmronaete?

Hanummure ypaBHEHHS peakiui.

Omnbit 10. ITonyyenue u cBoiicTBa f—0JI0BAHHOM KHCJIOTBI

Ob6pabortaiite 0,5 r 010Ba KOHIIEHTPUPOBAHHBIM PACTBOPOM A30THOM KHMCJIOTHI MPH HAarpeBaHUU
(B BEITSDKHOM mKady!). Uro Habmomaere?

TmarenbHO IPOMONTE MOIYYEHHBIN 0CaOK BOAOU IIyTEM JICKAHTALUH.

HcnbrTaiiTe oTHOIIEHUE B—0JIOBSIHHOM KUCIOTHI K PACTBOpaM IIEIOYEH M KUCTIOT.

Hanumure ypaBHEeHUs peakLiuii.

OmnpiT 11. Cyasguabl 1 THOCOJH 0JI0BA

Ocamute cynbdua oyioBa nedcTBHeM cyiabduma HaTpus Ha pacTBop xjopuaa osioBa (II).
[oneiicTByiiTe Ha OCagOK HM30OBITKOM KOHIEHTPHPOBAHHBIX PACTBOPOB COJISTHOM KHCIIOTHI H
rUApoKcHaa Hatpus. Uto Habmomaere?

[IpoBepbTe neiicTBHE HEAOCTaTKAa M M30BITKA Cylb(duaa HATpUs Ha ocagok cyinbhuma onosa. K
HEOOJIBIIOMY KOJMYECTBY PAaCTBOPOB IMOJIYYEHHBIX THOCOJEH 0j0Ba N00aBUTH pa30aBICHHYIO
COJIIHYIO KUCIIOTY. YTO Mpoucxoant?

OnpiT 12. [TosryyeHHe CBUHIIA BHITECHEHUEM IIUHKOM

B pacTBop anerara uim HATpaTa CBUHLA OMYCKAOT IPaHyly METAIIMYECKOTO [IMHKA.
HabmiogaroT BbIieeHne KpUCTAIUTMYECKOTO CBUHIIA U3 PACTBOpA.

Omnsit 13. CBoiicTBa CBUHIA

HcnbrTaiiTe neiicTBue pa30aBiIeHHBIX paCTBOPOB COJISTHOM, a30THOM M YKCYCHOM KHCJIOT, a TaK¥Ke
10%-Hor0 pacTBOpa ruApPOKCHU]IA HATPUS HA METAJUIMUECKUI CBUHELL.

OObsicHUTE TPOUCXOAIINE SBJICHUS U HAIMMIINTE YPAaBHEHUS PEaKIuil.
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OnbiT 14. CBOMCTBA OKCUA0B CBUHIIA

Bosbpmurte nBe mpobupku. B ogHy momectute HeOonbioe KommuecTBO okcuaa cBuuia (II), B
npyryio - okcuga ceuHna (IV). B xaxmayro mpoOupky HajeiTe 3-5 M KOHIEHTPHUPOBAHHOTO
pacTBopa coyITHOM KUCIOTHI (B BHITSDKHOM mmikady!). Ilepememaiite conepxumoe npoOHUpOK U
Harpeiire. Uro nabmrogaete? Kakoii ras Boiaesnsiercs?

Ucneiraiite aeiictBue 10%-ro M KOHLEHTPUPOBAHHOIO PACTBOPOB THMAPOKCHAA HATPUS HaA
okcunbsl cBuHIA. Yto Habmromaere?

Omnsbit 15. I'mapokcua ceunua (1)

Ocaaute B mpoOUpPKe THAPOKCUI CBUHIA U3 PacTBOpa HUTpATa U alerata CBUHIA. UeM clieqyer
OCaXXJ1aTh TUAPOKCHUJ CBUHIA?

Hanumure ypaBHEeHUs peakLiuii.

[TonelicTByiiTe Ha MOJYYEHHBIH OCATOK A30THOM KUCIOTOM M KOHIIEHTPUPOBAHHBIM PACTBOPOM
rupokcuaa Hatpus. Uro Habmogaere?

OmnbiT 16. Cosiu CBMHIIA M MX CBOICTBA

Hoouo ceunya. B mpobupky ¢ 1-2 M pacTBopa amerara CBHHIIA, MOJAKUCIEHHOTO YKCYCHOM
KUCIIOTOH, mpuieiite 1-2 mu pactBopa moauaa kamus. Yto naOmonmaere? Ilepenelite wacth
pactBopa ¢ ocagkoM (okosio 1 mi1) B ctakad, 1o06aBbTe 10-15 Mt Boasl u Harpeiite. Kakoit et
nojiyueHHOro pactBopa? OcTaBbTe CTakaH C PAaCTBOPOM OXJIXJAaTbCid Ha BO3AyXe U
HaOJI0TalTe 32 BBIMAJICHIUEM KPHUCTAIIOB («30JI0TOU JTOKIBY).

Cynvguo ceunya. Ilomyante B BBITSHKHOM IIKady 0CaaoK Cyab(umaa CBHHIIA B3aMMOJICHCTBHEM
pacTBOpoB HUTpaTa (aueraTa) CBUHIA U Cyabpuaa aMMoHus (HaTpus). HeOomnpIimoe Konu4yecTBo
ocajJka, TMPOMBITOTO BOJOM TyTeM JeKaHTaluh, oO0paboTaiiTe pa30aBICHHBIM U
KOHIIEHTPUPOBAHHBIM PAaCTBOpPAMH a30THOM KucNoThlL. UTo Habmomaere? Hamummre ypaBHEHUs
peaxkuuii.

Ilopaook pabomeur:

[omyunTts OT mpenoaaBaTens 3aAaHue.

BBIOTHUTE paboTy COTTIAaCHO METOIMYECKUM PEKOMEHIAITHSIM.

OdopMHUTb TPOTOKOI PAOOTHI.

BbutuTh 0TpaboTaHHBIE PaCTBOPHI, IIOCYAY BBIMBITE. CnaTh pabouee MeCTo.
Cooeporcanue omuema:

Tema u enb paboTHI.
Hab6nronenust, ypaBHEHHS pEeaKIIUi MO K0 4aCTH PaOOTHI.
BriBoabI O TIpOIETIaHHOM paboTe.

KonTposbHbIe BONpochl

1. Kak kapOoHaTBI pa3IUIHBIX METAUIOB OTHOCITCS K HarpeBaHuio? UTo MpoUCXOANT Mpu
poKauBaHUU KapOoHata aMMoHMs? Kak qoka3aTh, 4TO MPU MPOKATMBAHUU BBIICTSETCS
YTJIEKUCIIBIN Ta3?

2. Kakue XxuMHYeCKHE BEIIECTBA HA3bIBAIOT «KUIKUM CTEeKI0oM»? Kak «BbIpacTUThY
«Heopranndeckuit caay»? Kakne XxuMuieckue npeBpamnieHus pyu 3TOM NPOUCXOIAT?

3. KakoBbI 0COOCHHOCTH PEakIuii METAJUTHYECKOTO OJIOBA C A30THOW, CEPHOM U COJISTHOMN
KHCJIOTaMU B Pa3HBIX YCIOBUAX (TeMIiepaTrypa, KOHIeHTpauus)? PactBopsieTcs 1 0J0BO B
pactBope menoun? Uro Habmogaere?

4. Kak momyuuTh f—0J0BsSHHYIO KHCJIOTY? KakoBO ee OTHOIIEHHEe K pacTBOpaM IIeI0ueH U
KHUCIJIOT?

5. Kak momyunts cynsdun onoBa? Kak neiicTByIOT Ha 0cafiok Cyib(duia 0JioBa H30bITOK
KOHILICHTPUPOBAHHBIX PACTBOPOB COJITHOW KUCJIOTHI U TUAPOKCUAA HATPUs?

6. KakoBbl 0COOCHHOCTH peakIfii METALTHYECKOTO CBUHIIA C pa30aBIICHHBIMU PAaCTBOPAMH
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A30THOM, YKCYCHOM U COJITHOU KUCIIOT? PacTBopsiercst u 01080 B 10%-HOM pacTBope mienoun?
7. Kak BenyT ceb6s okcuapl cBunia (II) u (IV) B mpucyTcTBUM KOHIICHTPUPOBAHHOTO PAacTBOpa
COJITHOU KUCJIOTHI? YTO MPOUCXOIUT IPH B3aUMOIEHCTBUU 3TUX OKCUAOB € 10%-HbIM U
KOHIEHTPHUPOBAHHBIM PaCTBOPAMU THIPOKCH]IA HATPUS

8. Kak monyuuts ocanok cynbpuaa cBuama? YTo mpouCcXoauT MpH BO3IECHCTBUN HA HETO
pa30aBIEHHOIO U KOHIIECHTPUPOBAHHOTO PACTBOPOB a30THOM KUCIOTHI?

Tembl 6-7. bop. daements IIIA rpynnbi: a1lOMUHUN, A, HHAWNA, TAJJIHIA.
Heab paboThi:

N3yunTh XMMHUYECKHE CBOMCTBA aTFOMUHHUS U €TI0 COSTMHEHUH.
Coaepixanue padoThbI:

1. M3yuenue aM(OTEpHBIX CBOWCTB ATIOMUHUS: B3aUMOJCHCTBUE C KHUCIOTaMH M BOIHBIMU
pacTBOpaMH IIEIOYECH.

2. HccnenoBanue BIUSHUS XJIOPUA-UOHOB HA KOPPO3ZHUIO ATFOMUHUS.

IIpubopsbl U peakTUBBI:

[lITatuB, mpoOUpKH, KepKATENb 711 TPOOUPOK, BOIsTHAS OaHs,

Hutparta cepebpa, cynbdara menu, cyiabdara amOMUHHS, XJIOpUAAa MEIH; CepHas KUCIOTa
(xoHII.), Bozia, (heHoN(TaNenH, 2 H. pacTBOPHI COJISIHOM, CEpHON U a30THOW KHCIIOT, THIPOKCHA
HaTpHs; KOHIICHTPUPOBAHHBIEC KUCIIOTHI: COJISTHAsI, CEPHAsl M A30THAsI; aTlFOMUHIEBas oIbra.
Omnsit 1. I'maposaus Terpadopara HATpUS

l. B npoGupke B HEOOIBIIOM KOJTUYECTBE BOJBI PACTBOPSIOT HECKOJIBKO KPUCTAIUIOB OypHI
NaxB4O7¢10H,O m k momydeHHOMY pacTBOpy mpuimBaroT 2-3 kamiu ¢deHondranenHa. Kak
M3MEHUJIaCh OKpacka pactsopa?

2. Hanucate ypaBHeHHs peakuuMud CTYNEHYaToro TUIpOjiu3a TeTpabopara HaTpus,
YYUTBIBAs, YTO B pe3yibTaTe MEpPBOW CTYNEHHM THUApOJM3a oOpaszyercs OopHas KHUCIOTa H
meTtabopat HaTpusi NaBO»> u 1o BTopo# cTyrneHu — OopHasi OpTOKUCIIOTA U €KW HATP.

Omnbit 2. ITosryuyenne 60pHOI OPTOKHCIOTHI

1. B mpoOupky ¢ 5-6 KamisiMu TOpsiuero HachlIeHHOro pacTBopa Oypbl NaxB4O7¢10H20
BHecTH 2-3 Karum KoHIeHTpupoBaHHOW HaSO4. OTMETHTBH OBICTpOE BBINMAICHUE KPUCTAIIOB
OOpHOIi KHCIIOTHI.

2. Hanucate ypaBHeHUE peakiuu.

Omnbit 3. [TosryuyeHne MaI0pacTBOPUMBIX O00PATOB

1. B tpu mpobupku BHeCTH 1o 3-4 Karuik HackllieHHOro pactBopa Na;B4O7 u 1006aBuThH 1O
HECKOJIbKO Karlellb PaCTBOPOB: B MEPBYIO — HUTpaTa cepedpa, BO BTOPYIO — cylbdara Meau, B
TPEThIO — Cyb(aTa amoMuHus. OTMETUTH [IBETA BIMABIINUX OCAIKOB.

2. Hanucate ypaBHEHUS NPOTEKAIOMIMX PEAKIHM, YYUTBIBAas, YTO BO BCEX pPEAKIMUAX

y4acTBYET BOJIa M TMOJIydaeTcsi OOpHasi KUCIOTA; BHINAIAIONINE OCAJIKH MPEACTABISIOT COO0H B

nepBoil mpobupke Meradopar cepedpa, Bo BToporr — ocHOBHYIO coinb CuOHBO> — merabopar

THUAPOKCOMEIU, B TPEThe MPOOUpPKE — TUIAPOKCH] amoMmuHHs. [lodeMy B JIBYX MOCIEIHHUX

CIIy4asix He MOJYYMINCh CPEeIHUE COIU — OopaT Meau U 0opaT alfOMUHHUS?

3. OTBeT OOBSICHUTD, HATTUCAB YPABHEHHS COOTBETCTBYIOIIUX PEAKITUH.

OnoIT 4. B3anMojaelicTBHe aJJIOMUHHUSA C KHCJI0TAMU

Bzaumooeiicmsue antomunus ¢ pazdoaenieHHbiMu KUCTIOMAMU.

B Tpu npoOupku BHECTH 110 5-8 Kamnenb 2 H paCTBOPOB KUCIIOT: COJISTHOM, CEPHOM, a30THOIA.

B kaxnayro npoOHpKy ONycTUTh IO MaJE€HbKOMY KyCOUKY aJlOMHUHUEBOH (onbru. Bo Becex nu
CIIy4asiX IPOTEKaeT peaklys Ha X0I01y?

Harpets npoOupku Ha BoasiHOM Oane. UTo Habmomaercs?

Hanucars ypaBHEHHUs peakiuil.
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Kakoii ra3 Beiensercs npu B3auMOACHCTBUH aIFOMUHUS ¢ pa30aBieHHON a30THOM kucinoToir? C
pa30aBIICHHBIMU CEPHOM M COJISTHOM KHUCIOTaMH?

Bzaumooeiicmsue antomunus ¢ KOHYEHMPUPOBAHHLIMU KUCTIOMAMU.

B Tpu mnpoOupku BHecTH mO 5-8 Kamenb KOHIEHTPUPOBAHHBIX KHCJIOT: COJISTHOM, CEpHOM,
a30THOM.

B xaxayro mpoOMpKYy OMyCTUTh MO MAaJeHBKOMY KYyCOYKY altoMuHuEeBOW ¢onbru. Kak
MPOTEKAIOT peaknu Ha xonoay? C Kakoi KUCIOTOH anmtoMuHuit He pearupyet? [louemy?
Harpets npobupku Ha BoasiHOM Oane. Kak BiusieT HarpeBanue?

Hanucare ypaBHeHUsT peakuui, Y4YUThIBas, 4YTO NpPU HArpeBaHUM Aa30THAs KHUCIOTa
BOCCTAHABIIMBAETCSl B OCHOBHOM JI0 TMOKCH/Ia a30Ta, a CepHasi 10 CEPHUCTOro raza Ha XOJIOAY U
YaCTHUYHO CBOOOJTHOM CephI MPU HATPEBAHUU.

Bnusier nu M3MeHeHHe KOHLEHTPALUU COJITHOM KHCIIOTHI Ha XapakTep ee B3auMOJEHUCTBHUS C
ATIOMUHHEM?

OnbIT 5. PacTBopeHne ajJJlOMUHKSI B BOJHOM PAcTBOpe LIeJ0YH

1. BHectu B MpoOMPKY MOJOCKY aTIOMUHHEBOU (DOIBTU U J00aBUTH 3-4 KaIljIu BOJIbI.

Harpets npoOupky Ha BojsHOI Oane. Habmomaercs i BblAeIeHNE BOAOpoa?

JobGaButh B TmpoOMpKYy 5-8 kamenmb 2 H pacTBopa eakoro Harpa. OTMETUTh WHTECHCHBHOE
BbIJIEJICHHE BOJIOPO/IA.

OTcyTcTBUE peakLUy ATIOMUHUS C BOJOM OOBSICHSACTCS HAJMUYUEM Ha €r0 MOBEPXHOCTHU IUIOTHOU
OKCHJIHOM IJIEHKH, KOTOpasi 3aTpyJHSET JOCTYN BOJAOPOAHBIX MOHOB K IMOBEPXHOCTHU METaJlIa.
JloGaBneHHas 1IeNoYb PacTBOPSIET OKCHAHYIO IUIEHKY C 00pa3oBaHMEM THIPOKCOATIOMHUHATA U
CO3/1a€T BO3MOXKHOCTh HETIOCPEICTBEHHOTI'O B3aUMO/ICHCTBHS aTFOMUHUS C BOAOH.

Hanucars ypaBHEHMS peakiyii.

OnbIT 6. BiiusiHne XJI0p-MOHA HA KOPPO3UIO AJTIOMHUHUS

B nBe mpoOupky mOMecTUTh MO KYCOYKY aJlOMUHUS M J100aBUTh B OJHY M3 HHUX 5-8 Kamelnb
cynbdara Meau, a B IPYTYIO - CTOIBKO KE pacTBOpa XJIOPUA MEIIH.

OTMETUTh PA3IUYHBIA PE3yJbTaT B OOOMX CIIydasX: B TO BpeMs Kak B TEPBOM MPOOHpKE
QATFOMHHHNA OCTAeTCs MOYTH 0€3 U3MEHEHHsI, BO BTOPOU OH OBICTPO TOKPHIBACTCS HATIETOM METH.
Hanucate ypaBHEHUE peakivu.

Omnbit 7. Coin aJIIOMUHUSA

1. Omnpenenute pH pactBopa cynbdara aTOMUHUSL.

2. K pactBopy cynbdara amroMuHHS B JBYX MpoOuMpKax NpuOaBbTE pacTBOPHI KapOOHATa
HaTpus, Cyab(puIa aMMOHUS WU CyIb(uaa HATPUS COOTBETCTBEHHO. YTo Habmoxaere?

3. Hanwucate ypaBHEHUE pEaKIUH.

Ilopaook pabomeut:

1. TMonyuuTh OT mpenoaaBaTelis 3aAaHue.

2. BpIMOAHUTH pabOTy COTIACHO METOJUUYECKUM PEKOMEHAALIMSIM.

3. OdopMUTH POTOKOI PabOTHI.

4. BpvumuTh 0TpaboTaHHBIE PACTBOPHI, OCYAY BBIMBITE. CliaTh pabouee MeCTo.
Cooeporcanue omuema:

1. Tema u nenb paboTHI.
2. HalGnroneHus, ypaBHEHHS PEaKIIUN TTO KaXI0W YaCTH PaOOTHI.
3. BbIBoabI MO IpoEIaHHOM paboTe.

KonTpoJsbHbBIE BOPOCHI

1. Hanmmure ypaBHeHUs THApOIH3a TeTpadbopara Hatpus. Kakas peakuus cpeibl HaOIo1aeTcst
y JAaHHOTO pacTBOpPa M Y€M 3TO JI0Ka3aTh?

2. ManopactBopuMbie 60paThl. UeM 00BSICHSETCS pa3HHIIA B PEAKITUAX MEXITY TETpabopaTomM
HATpUs U HUTPATOM cepelpa, Cyab(paToM MeaH U Cylb(paTom aTrOMUHUSA?
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3. Kak B3auMo/ieiicTByeT alnfOMUHUH ¢ pa30aBIeHHBIMU KUCIOTaMH (COJISIHOM, CEpHOI,
azoTHoH). Kakue nmpoaykTsl 00pa3yroTcsi Mpu 3TOM M KaK JI0Ka3aTh UX?

4. Kak B3auMOAEMCTBYET AIFOMUHUN C KOHIIEHTPUPOBAHHBIMU KHCJIOTaMH (COJIsiHAs!, CEpHasi U
a3oTHas). Bo Bcex cimyuasx mpotekaer peakuusa? OObsICHUTE SIBIIEHUE TACCUBALIUN AJTFOMUHMUSL.
5. Kak B3auMoielicTByeT allroMUHU ¢ pacTBopoM 1i€noun? W kak B3auMOJIEHCTBYET allOMUHUI
C KOHLEHTPUPOBAHHBIM TMIPOKCUIIOM HATpHs?

6. Kakum 006pa3zom XJIOpUA-MOH BIMSIET Ha Koppo3uio amomuausa? Kak ato nokazats? (pex.)

7. Kakue npoayKThl peakiiy NOJydaroTcs MEXIY CyIb(PaToM aTlOMUHUS U CIEAYIOIUMHI
COJISIMM: a)KapOoHaT HaTpus 0)cyabpua HaTpus?

Tembl 8-9. DuemenTsl A rpynnsl: meso4nbie MeTawIbl. JiaeMeHTsl IIA rpynmnsi:
OepuJUIHii, MATHUH, KAJILIMA, CTPOHLMH, Oapuil.

Heab paboThi:

1. M3y4nTh XMMHUYECKHE CBOMCTBA MIETOYHBIX METAIIOB M UX COCTMHEHUN.

2. W3yuuTh XMMUYECKHE CBOMCTBA LIEIOYHO3EMENIbHBIX METAJIJIOB U UX CBOWCTBA.

3. Os3HakomIIeHHE C JIAOOPATOPHBIMH CIIOCOOAMU TOIYYCHHUSI THAPOKCHIIOB U COJIEH METaJJIOB
IA u IIA rpynns.

Coaepixanue padoThbI:

1. HccnemoBaHne XUMHUYECKUX CBOMCTB HATPHUS U €r0 COSAMHECHH (B3aMMOJICHCTBUE C BOJIOH,
TOPEHHE).

2. IlomydyeHue rUAPOKCH]IA MATHUS U €r0 PACTBOPEHUE B KUCJIOTE U B COJISIX aMMOHHUS.

3. Tlomydenue kapOOHATOB, CyIb(HATOB U XPOMATOB MIEITOYHO3EMEIbHBIX METAIOB U U3yUEHHUE
UX XUMHYECKHUX CBOMCTB.

IIpubopsbl U peakTUBBI:

3aluTHBIE OYKH, KPUCTAJUIN3ATOpP, TUHIIET, PUIbTPOBaJIbHAS OyMara, MeTaJUIMuecKas JIOKeuKa,
¢daphopoBbIil TUTENb, CIUPTOBKA, MUMIETKH, TPOOUPKH, TPOBOJIOKA C METEIBKOM.
®denondranenn, Boaa, HATpUM (MET.), COIb MarHus, Kpaxmall, 2 H pacTBOP COJISTHOM KHCIIOTHI, 2
H pacTBOp XJIOPUJA aMMOHHSI, PACTBOPHI MOAM/Ia KAIHsI, CEPHON KUCIIOTHI, THAPOKCUAA HATPHUS,
KapOoHaTa HaTpHsl, XJIOpHUJIa KaIbIUs, XJIopuaa 0apust (BO3MOXKHEI JTFOObIE pAaCTBOPUMBIC COJIH
Kanplusi U Oapus), cynbdara HATpUs, XpoMmara Kaius, YKCYCHOW KHCIIOTHI, HUTpaTa Kajus;
COJISTHAs KUC0Ta (KOHIL. ).

OnmnbiT 1. B3anmoaeiicrBue HaTpus ¢ Booii. (Pabotars mox TAroi B 3aIIUTHBIX OUKax!)

B kpucrammmzarop ¢ Bojoil 100aBISAIOT HECKOIBKO Karenb (heHonpTarenHa.

[TuHIETOM JOCTaTh KyCOYEK LIEIOYHOIO METAJlIa M BBICYIINTh (MIIBTPOBAIBHOM OyMaroii.
OTnenuTh KycOoueKk HATpHUsl pa3MEpoOM CO CIHYCYHYIO TOJIOBKY M IHHIETOM II€PEHECTH B
KpPHUCTaNIN3aTOpP.

Habmronarot nmpoTekaHue peakliuu U OKPaIIMBaHUE BOJIBI.

Hanucate ypaBHeHHE TPOTEKAIONIEH PEAKIUH.

OmnsIt 2. 'openue Hatpus. (PaGorats mox Tsroi!)

1. B merammyeckyio joxeuky win (ap(opoBblii THrenb MOMEIIAal0T HEOOJBIION KyCcouyek
HATpHsl, IPEIBAPUTEIHLHO BBICYIICHHBIN (QUIBTPOBAILHONW OyMaroii.

2. Jloxeuky WM THUTEIb HarpeBalOT CHU3Y HEOOJBIIMM IUIAMEHEM CIIMPTOBKH, 3aTeM
MOJKUTAOT INIAMEHEM PaCIUIaBICHHBIN METAIII CBEPXY.

3. HabGmromaroT ropeHue HaTpusl.

4. IIpomyKTbl OKHCIEHUS OCTABIAIOT JUISl CIEAYIOLIETO OMbITA.

5. Hanucarte ypaBHEHHE peaKLUU FOPEHUs HATPUSL.

OnbiT 3. B3aumogeiicTBue KUCJIOPOAHBIX COeITMHEHU HATPUS € BOIOI.

1. Tlomy4yeHHble B MpEAbIAYIIEM OMNbITE MPOAYKTHl OKHUCIEHHUS HATpUs PpacTBOPSAIOT B
HEOOJIBIIIOM KOJIMYECTBE BO/IBI.
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2. K nomyuyeHHOMY pacTBOpPY HPWINUTh pPAcTBOpP HMOAMAA Kajlus MOAKHCIEHHOTO CEpHOMU
KHUCJIOTOM M HECKOJIBKO Karellb pacTBOpa Kpaxmala.

3. HalGnromaroT u3MeHEeHHe OKpacKu pacTBOPA.

4. Hanucarbs ypaBHEHHE MPOTEKAIONIEH peaKIvu.

Onbit 4. [TosryyeHne rUAPOKCHAA MATHHUS U €r0 PACTBOPEHHE B KUCJIOTE U B COJISIX

aMMOHMSI.

1. Bnectu B ABe mpoOUpKHU MO 3 KAy pacTBOpPA COJHM MarHus U B KaXAyI0 U3 HUX JO0OaBUTh
1o 4 Karuii pacTBOpa €IKOro HaTpa.

2. B omHy u3 mpoOWpOK, TMOMENIMBasi COACPKUMOE CTCKISTHHOM TalIO4YKOW, MPUOABUTH I10
KalisiM 2 H. pacTBOP COJSIHOM KHCIJIOTBHI /10 MOJIHOIO PACTBOPEHHS OCAJKa, MOJCYUTHIBAsS
KOJIMYECTBO Karellb.

3. B npyroii mpobupke TakuM ke CIOoCOOOM PAcCTBOPUTH OCAIOK THAPOKCHIA MarHus B 2 H.
pacTBope XJIopuaa aMMOHHUSI.

4. B kakoM cirydae JUIsl paCTBOPEHUs 0caIKa MOTpedyeTcst O0bIlee KOJIMIECTBO PEaKkTuBa’?

5. Hanummure ypaBHEHUS IPOTEKAIOIIUX PEAKIUH.

OmnbIT 5. Kap0oHaThI 11€JI09H03eMeJIbHBIX METAJJIOB.

[Momyunts ocagku KapOOHATOB Kalbllusg ©  Oapus  B3aWMOJCHCTBHEM  PAacTBOPOB
COOTBETCTBYIOIIMX COJIEH C paCTBOPOM COJIBI.

HcnpiTaTh OTHOIIEHHE MOJIYYEHHBIX KapOOHATOB K COJISTHOM KHUCIOTE, 100aBisis €€ OCTOPOXKHO
MO KarlIsiM.

3anucarbh ypaBHEHUS MPOTEKAOIIUX PEAKIIHIA.

OmnbIT 6. Cyabdarsl HeJ09H03eMeJIbHbIX MeTAJLIO0B.

B nBe mpoOupku BHECTH 1O 2-3 KaIuld pacTBOPOB coJIei Kalblys U Oapusl.
B kaxxnyro mpoOupky 106aBUTh Mo 3-4 KarIu pacTBopa cyibdaTa HaTpHs.
Uro nabmomaercst? OTMETUTD Pa3ITUUHYIO0 CKOPOCTH 0Opa30BaHUS OCAIKOB.
HcnbiTath 1elicTBUE COJITHOM KUCIIOTHI Ha TIOJTYyYEHHBIC CYIIb(aThI.
3anucath ypaBHEHHS TPOTEKAIOIINX PEAKIIHIA.

OHLIT 7. XpoMaThl 1IeJI04YH03eMeIbHbIX METAJLJI0B.

DR =

1. B nBe mpoOupku BHECTH 1O 3-4 KaIutk pacTBOPOB COJICH Kaablius U Oapwusl.

2. B xaxmyro mpoOupKy 100aBUTH 1O 4-5 Kamenb pacTBOpa XpoMaTa Kawsl.

3. HaGmromaroT BbINaieHHE OCAJAKOB, OTMEYAIOT UX LBET M HUCHBITHIBAIOT JEHCTBUE Ha HUX
YKCYCHOM U COJITHOM KHCJIIOT.

4. 3anucaTh ypaBHEHUS MPOTEKAIOIINX PEAKIIUM.

OmnbIT 8. OkpammBaHNe IJIAMEHU PACTBOPAMH COJIel 1IEJOYHBIX U IIEJT0YHO3eMeIbHbIX

MeTaJlJI0B.

1. TIpoBOnOYKY C METENbKONM Ha KOHIE BHECTH B KOHIICHTPUPOBAHHYIO COJIAHYIO KHCJIOTY U
3aTeM NPOKAIUTH B INIAMEHH CIUPTOBKU. UncTas mpoBOJIOKa HE JOKHA OKPAILLIMBATH IJIaMs.

2. OvuuiieHHYIO TMPOBOJIOKY OIIYCTUTh B PAacTBOpP COJM HATpUs W CHOBAa BHECTH B ILIaMs
crnupToBKUA. OTMETUTD LIBET IJIAMEHH U 3aITUCaTh B TETPAb.

3. OnsIT MOBTOPHUTH C PACTBOpPAMH COJICH Kaymsi, Oapusi U Kajblus. [lepen KaxapiM OMbITOM
IIPOBOJIOYKY IIPOMBITh KOHLIEHTPUPOBAHHOM COJITHOM KMCIIOTOM U 3aTEM IIPOKAJIUTD.

OnpIT 9. IosryyeHHe THAPOKCHIA HATPUS U3 KAPOOHATA HATPUSA

PactBopute B KpyriomoHHoW koioe (emkocthio 250-300 mi) 14 r Ge3BomHOro KapOoHaTa
HaTpud B 100 M1 AMCTUIUIMPOBAHHOM BOJIBI.

Ha gHo k06w moMectute 5-6 KycoukoB 6uToro gapdopa B KaueCTBE KKHUIIEIOK.

3akpenure KOJIOy B JamKe MITAaTHBA TaKUM OOpa3oM, YTOOBI MEXTY CETKOW M JHOM KOJIOBI
OCTaBaJIOCh MPOCTPAHCTBO 2-3 MM (HaJIeHbTE OUKH!)

Harpeiite pactBop B koinbe 10 KHIEHHS W NpuUOaBbTe K HEMY HEOOJBUIMMU TMOPHUSMH
u3Menp4YeHHylo ramenyto uzsects Ca(OH)s, B3sTyto ¢ 20% M30BITKOM.
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BcraBpTe B ropio Koia0bl BOPOHKY ISl PEAOTBPAIICHUS pa30phI3TUBAHUS PACTBOPA U KHUITSITHTE
pacTBOp B TeYEHHE uyaca, J00aBiiAs BpeMs OT BPEMEHHM JUCTHIUIMPOBAHHYIO BOAY IS
COXpPaHEHHUS MOCTOSIHHOTO 00beMa.

[Tocne oxmaxkaeHWs pacTBOpa MPOPUIBTPYHTE €ro depe3 OyMaKHBIA CKIATJIaThlid (UIBT.
N3mepbTe 00BEM U IUIOTHOCTH TONydeHHOro ¢uibrpata. [lo pesynbTaTam H3MEpeHUs
IUIOTHOCTH TIO TaOJuIle OMNpeNesuTe KOHIEHTPAIMIO TMOJXy4eHHON 1enouyd. Hamummre
YpaBHEHHE PEAKITUH.

Hlopaook paoomowi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.

2. BeImonHATH pabOTy COTITACHO METOJUYECKIM PEKOMEHTAIIHSIM.

3. OdopmMuTh TPOTOKOI pabOTHI.

4. BbumuTh 0TpabOTaHHBIC PACTBOPEI, MOCYY BBIMBITE. ClaTh pabouee MecTo.
Cooepicanue omuema:

1. Tema u nienp paboOTHI.

2. HabmioneHus, ypaBHEHUS peakuil 0 KakKI0i 4acTH padoThI.

3. BbIBoBI IO MpOICIIaHHON padoTe.

KoHnTpoJsbHBIE BOIPOCHI

1. Onumure BHENIHNE IPU3HAKY PEAKLIUU METAJUIMUECKOTO HaTpus ¢ Bojxoi. [louemy mocne
pEaKIUK HATPUS C BOJIOM U3MEHSIETCS LIBET pacTBOpa?

2. B kakoii IBET OKpaIleHo IJ1aMsi, B KOTOPOM IropAT coequHeHus Hatpusi? Kakoe coequHeHue
o0pasyeTcs IpHU FTOPEHUU METAITMYECKOro HAaTpus?

3. Kakue gusnueckue siBIeHUs HAOIIOJAI0TCS IPU PACTBOPEHUH MTPOAYKTOB FOPEHHUS HATPHS B
BoJie? Kak okpacuTcst OIMy4eHHBIH pacTBOp MpH J00aBIEHUN MOANA KU TOJAKUCIEHHOTO
CepHOM KHCIOTON M HECKOJBKUX Karelb pacTBopa Kpaxmana? OO0bsCHUTE HAOII0JaeMbIii
ahdexr.

4. Kak MOXHO MOJTy4uTh rHApoKcua Maraua? Kak Beger ce0st MoTy4eHHBIA THAPOKCU IPU
N00aBJICHUH COJITHOW KUCJIOTHI M XJI0puAa aMMOHUA? OObsICHUTE HAaOII0JaeMble SIBJICHHUS.

5. KakoBa 0cOO€HHOCTh 00pa30BaHUs OCAIKOB CYIb(aTOB KabIUA 1 Oapusi? Onumure
OTHOLICHHE MOJyYEHHBIX OCAIKOB K ACUCTBHUIO COISTHON KACIIOTHI.

6. OnummTe pe3ynbTaT IHCTBUS XpoMaTa Kajld Ha PacTBOPHI COJIeH KaJbIHs U OapHsl.
PacTtBopuMBI 11 TTOTydeHHBIE OCaIKH (OCaJ0K) B COJISTHON M YKCYCHOW KHCIIOTaX?

7. B Kakol 1IBET OKPALIMBAETCSI IJIaMsl IIPU BHECEHUU B HETO COJIEd MeTaJlIoB 1 1 2 rpynn
IJ1aBHBIX TOATpyNI?

Tema 10. DnemenTtsl Ib rpynnsi: Meab, cepedpo, 30J10TO.
Heab paboThi:

1. W3ydyeHue CBOMCTB Meau U cepedpa 1 UX COSANHEHUH.
2. H3yueHue CBONCTB LIMHKA U €T0 COETUHEHUM.
Conep:xxanue padoThbI:

1. HccnenoBanue B3aUMOIEHUCTBUS MEIHU C KUCIOTaMU. B3auMoaeiicTBHEe COEIUHEHUNA MEIU C
KHCJIOTaMHU 1ICJI04YaMU, KOHI.[CHTpI/IpOBaHHBIMI/I paCTBOpaMI/I aMMHUaKa, KOMIIJIICKCHBIMH
COEIMHEHHUSAMU.

2. BsaumopelicTBHe HMTpara cepedpa C IIel0YaMH, KUCIOTaMH, COJISIMUA TaJIOTeHBOAOPOIHBIX
KHCJIOT, THOCYJIb(haTOM HATPHUS.

IIpudopsl U peakTUBBI:

1. Xumuueckue crakaHbl, IPOOUPKH, TUIETKHU, IITATHB.
2. PactBopsl cymbpara Meaw, THUAPOKCHAA HATpWs, HOAWAA Kaiuus, OpomMuaa Kaiwd,
THOCYNb(aTa HATpus, KapOoHaTa HaTpus, rekcanranodeppara (II) kanus, ConsIHON KUCIOTHI,

Dopma A Crpanuna 81u3 106



A)

b)

MMUHHCTEPCTBO HAYKH U BhICIIEro oopa3oBanust PO

o N ®dopma
VY IIpTHOBCKMI TOCY1apCTBEHHBIH YHUBEPCUTET

®-Paboyas nporpaMma o TUCHUIIINHE

CepHOW KHCJIOTHI, aMMHaKa, HUTpaTa cepebpa; 2 H pacTBop XJIOpOBOIOPOIHOW KHCIOTHI,
KOHIIEHTPUPOBAHHBI BOJIHBIA pacTBOp aMMHaKa.
Omnpbit 1. [losryyeHue u cBolicTBa Meau

[IpuroroBpTe 5 MIJI HACHIIIEHHOTO NpPU KOMHATHOM TeMIlepaType pacTBopa cyibdara Memu.
[Tepeneiitre pacTBOp B daphopoByIO YaliKy W J00aBbTE PACCUUTAHHOE KOJIMYECTBO ITUHKOBOM
nbUIH. [ yBenMUYeHHs CKOPOCTH PEaKLMOHHYIO CMech HarpeiTe Ha BojsHOW Oane. Ilocie
3aBEPIICHUS] PEAKIUHU PACTBOP CIIEHTE, a MOJYYEHHBIM 0CaJoK MpomouTe 5%-HbIM pacTBOPOM
COJIAHOM KHCIIOTBI METONOM JekaHTauuu. [lomydeHHyr0 Menp IBaKIbl IPOMOMTE BOILOW U
BBICYIINTE HAa (GUIBTPOBATHHOM Oymare.

UcnpliTaiite nefictBe Ha MeAb pa30aBICHHBIX M KOHIICHTPUPOBAHHBIX PAcTBOPOB CEPHOIA,
a30THOM, COJNISIHOM KHCIOT (Ha XOJIONYy M IpPH HarpeBaHUM); KOHLIEHTPUPOBAHHOIO pacTBOpa
IIEJI0YM; KOHLIEHTPUPOBAHHOIO pacTBOpa aMMMaka (Ui 3TOr0 INOMECTUTE HEMHOIO MENU B
ctakaH ¢ 10 M KOHIEHTPHUPOBAHHOTO pacTBOPa aMMMAKa U MPOIYCTUTE TOK BO3/1yXa).
Hanumure ypaBHeHUsI BCeX peaKLUid.

OnbiT 2. [TonnyyeHue u cBoiictBa okcuaa meau (I)

1. Haneiite B mpobupky 3-5 mn 10%-ro pactBopa cynabpara menu, 100aBbTe K HEMY B
HeOonbioM u30bITKe 20%-HBII pacTBOp THUApoKcuaa Hatpus. K pacTBopy ¢ ocaakom
no0aBbTe W30BITOK TIIOKO3BI W mepemeniaiite. CMech Harpete MOYTH A0 KUIEHUS H
OCTaBbTE CTOATH /IO 3aBEpIICHUS peakiuu BoccTaHoBieHus. [lomydyennsiit okcun menu (I)
HECKOJIBKO pa3 MPOMOWTEe BOJIOM METOAOM JACKAHTAIMH U pa3AenuTe Ha 4 mMpoOUpKH.

2. Hcnprraitte aeiictBue Ha okcua meau (1): pacTBOPOB CEpHOM KUCIOTHI (KOHIIEHTPUPOBAHHON
U pa30aBIEHHOI, HA XOJIOAY ¥ MPU HArpeBaHWM); KOHIIEHTPUPOBAHHOTO PACTBOpAa aMMHUAKa
(MoMy4YeHHBI pacTBOp OCTaBbTE Ha BO3AyXe W OTMETbTE U3MEHEHUE OKPACKH);
KOHI[EHTPUPOBAHHOTO PACTBOpPA COJSHOW KHUCIOTHI (KUCIOTY AOOABISIATE MO KaIuLsIM [0
MOJIHOTO pacTBOpeHus ocajika); 20%-HOro pacTBopa Iea04yd, KOTOPbIN MO KaIuisiM 100aBbTe
MPH OXJIAKICHUH K MOTYYCHHOMY COJITHOKUCIIOMY pacTBOpy. PacTBop ¢ ocagkom Harpeiite.
OTMETBTE IBET OCAIKOB.

Omnpbit 3. [losrydyenne u cBoiicTBa rajoreaun1oB meau (I)

Xnopun menu (I).

1. PactBopute 1 1 xmopuma memu (II) B 12 M Boawl, mo0GaBbTe B pacTBOp 2 MI
KOHLEHTPHUPOBAHHOM COJISIHOM KUCIOTHI U 1,5 T Meau.

2. PeaknmoHHyI0 cMech HarpeBaiTe, MoKa Mmpoda pacTBopa, BHECEHHAs B MPOOMPKY C YUCTON
BOJIOM, HE MMEepecTaHeT OKPAIINBATh BOJY B TOJIy0Oil LIBET.

3. Jlnsa coxpaHeHust o0bemMa pacTBOpa NEPUOIUUYECKH TOOABISIATE BOIY.

4. Ilo oxOHYaHUU PEAKIMH NTEPENIEHTE pacTBOP B cTakaH ¢ 50 MJI XOJI0HOW BOABI.

5. Tlomy4eHHBIH 0CagOK OTPUIBTPYHTE HA CTEKISHHOM MOPUCTOM (DHIIBTPE M TIPOMOMTE BOIOM.

6. Hanummure ypaBHEHUs peakLuu.

Nomua menu (I).

[IpuroroBbTe MO 5 MJI pacTBOPOB, COJEPKAIIMX SKBUBAICHTHBIC KOJIMYECTBA MOAUJIA KaJIUs U
cynbdara meau (1I).

[TomyyeHHbIe pacTBOPHI CIEiTE, TOJKUCINTE CEPHON KUCIOTON M J00aBbTE PacTBOp CyabpuTa
HATpHs A0 UCYE3HOBEHMS OKPACKHU HOAA.

Ocanok OTMWIBTPYITE HA CTEKISTHHOM ITOPUCTOM (HIIBTPE U IPOMOMTE BOJOM.

Hanummre ypaBHeHUs peakiuu.

Caoticta ranoreHuoB meau (I)

HcnpiTaiiTe NeiicTBHE HA MOJYYEHHBIE TajJOT€HUJbl: KOHUEHTPUPOBAHHOM COJISIHOW KHCIIOTHI,
PacTBOPOB raJIOTeHUIOB Kajusl, KOHIIEHTPHPOBAHHOTO pacTBopa aMMmuaka. Uro Habimrogaere?
Hanummure ypaBHEHHS peakiui.

OctaBpTe npoOsI ranmorenunoB menu (I) Ha Bo3ayxe. Uto HaOmonaere? Hanummre ypaBHEHUs
peaxkuuii.
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[Momectutre nHeOombmme KonwuecTBa ramoreHunoB Mmeau (I) B turmu um Harpeiire. Uto
HaOmogaeTe? Hanmuimmre ypaBHEHHsI peaKITuii.
Omnbit 4. [Tosryyenne u cBoiicTBa oxkcuaa u ruapoxcuga meau (II).

K 2-3 ma ropsiuero 5%-HOro pacTBopa THAPOKCHIA HATpUsi B NMPOOUpPKE 100aBbTE TOPSIUYHiA
pactBop cynbdara Memu. PeaknnoHHyr0 cMech HarpeBaiite B TedueHwe 10 muH. UTo
Habmoaete? [lomydeHHbIN 0caoK MPOMONTE BOIOW METOIOM JICKAHTAIIUH.

K 2-3 mn pactBopa cynbhara Meau OCTOPOKHO IpHU IEepeMelIUBaHUU A00aBbTe 2%-HBIN
pactBop ruapokcuaa Harpus. Yro HaOmogaere? IlomyueHHBIH OCaJoOK MPOMOKNTE BOIOM
METOJ0M JEKAHTALNH.

Ocanku oxkcuaa u rugpokcuaa meau (II) ucneitaiite AeiicTBUEM KUCIOT, KOHIEHTPUPOBAHHOM
miesioun (Ha XOJOAy W NMPU HAarpeBaHWHU), TIIMIIEPHHA, pacTBOpa ammuaka. UYrto Habmromaere?
Hanumure ypaBHeHUs peakLiuii.

OnpIT 5. CBoiicTBa coJeiit meau (II).

Haneiite mo 1-2 M pactBopa cynasdara meau (I1) B 1Be mpoOUpKu ¥ IOACHCTBYHTE pacTBOpaMu
kapOoHara u cynbpuaa Hatpus. Uto Habmogaere? Hamumure ypaBHEHUS peaKIii.

B npobupky npunuBaroT pactBop CuSOs m mo KamisiM J00aBISIOT KOHIIEHTPHUPOBAHHBIN
BOJIHBIN pacTBop ammuaka NH3. Uto nabmonaere? Hanelite mo 1-2 M1 moJy4eHHOTO pacTBOpa B
JIBE MPOOHMPKU M MOJCHCTBYHTE pacTBOpaMHu IIEJIO4YM U cyiabpuaa Hatpus. Yto Habmromaere?
Hanummure ypaBHEHUS peakiui.

KauectBennas peakuus na Cu?",

K pactBopy CuSOs m00aBisitoT HEOOJBIIOE KOIMYECTBO pacTBopa rekcammanHodeppara (II)
kamusi K4[Fe(CN)g]. Beigensiercst ocanok rekcannanodeppata (1) meau (1) Cuz[Fe(CN)s].
Henst ocanok Ha 4 mpoOupKkH W HCHBITBIBAOT AeiicTBue Ha ocagok HCI, H>SOs4, pactBopa
NaOH u BoxHoro pactBopa ammuaka NH3. Urto nabGnronaere?

OmnbIT 6. [TosnyueHue u cBoiicTBa cepedpa

[IpenBapuTENbHO OUMIIEHHYIO MEIHYIO TUIACTUHKY WJIM MPOBOJIOKY MOMECTHUTE B MPOOUPKY C
0,01 M pacTBOpOM HUTpaTa cepedpa.

Yro gabmromaere?

HWcnsiTaiiTe neiictBue Ha cepeOpo a30THOM KHCIOTHI.

Hanummure ypaBHEHUsI peakiuii.

Omnbit 7. Coennuenus cepedpa

Okxcuo cepeopa (1).

B npobupky, conepxantyto 1 ma pactBopa AgNOs, npuieiite 1 mit 0,1 M pactBopa NaOH.
OTMeThTe LBET OCAIKA.

[TonydeHHbIl 0caloK TPOMOMTE BOJOKW METOJOM JIEKAHTAIIMU M UCIBITANTE JEHCTBUE HA HETO
pacTBopa aMMHuaKa.

Hanummure ypaBHEHUS peakiui.

TI'anozenuowt cepebpa.

B tpu mpobupku HammBaror mo 1 mi pactBopa AgNOs3 u A00aBISIOT MO HECKOJBKO Karelb
pacTBopa xjopuaa, Opomuaa u Homumma kamus. OTMeThTe [BeTa OcankoB. [lomydeHHBIE
raJOreHu bl MPOMOMTE BOJION METOJOM JIEKAaHTALlMU, KK/IbII U3 HUX pa3/IeIUuTe Ha TPU YACTH U
MIOMECTUTE B OTJEIbHBIE TIPOOUPKH.

K mepBoii cepuu npo0 npuiieliTe KOHIIEHTPUPOBAHHBIM pacTBOpP aMMHUaka (CHadajga HEMHOTO, a
noToM M30BITOK) M THIATENBHO mepememaiite. K mpo3pauyHoMmy pacTBopy n00aBbTe HEMHOTO
a30THOH KHUCIOTEL. YTo HaOmonaere?

Ko Bropoii cepuum mpoO mobaBpTe pacTBOp THOCYIb(ara HaTpusi. OIUH H3 PaCTBOPOB
npokunsaTute. Yto Habmomaere?

K tperbeii cepun npod 106aBbTe M30BITOK KOHLIEHTPUPOBAHHOTO PACTBOPA COJISTHOM KUCIIOTHI.
Yro nabmrogaere? Hanummre ypaBHEHUS peaKIluii.
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Ilopaook pabomeur:

[omyunTtsb OT mpenoaaBaTens 3aAaHue.

BBIOTHUTE paboTy COTTIAaCHO METOIMYECKUM PEKOMEHTIAITHSIM.

OdopMHUTH TPOTOKOIT PAOOTHI.

BbutuTh 0TpaboTaHHBIE PaCTBOPHI, IIOCYAY BBIMBITE. CoaTh pabouee MeCTo.
Cooeporcanue omuema:

Tema u 11enb paboTHI.

HabGnronenust, ypaBHEHHS pEaKIIUi 1O K0 YaCTH PaOOTHI.

BriBoabI O TIpoieaHHO# paborTe.

KonTposbHbie BONpochl

1. C xakuMu U3 KUCIOT — COJIsTHAs, CEpHAsi, a30THAsI — ME/lb pearupyeT Npu HOPMaIbHBIX
ycinoBusax? KakoBa moypkHa OBITh KOHIICHTPALMS KUCTIOTHI (KucaoT) mpu 3toM? Kak Biuser
HarpeBaHue Ha MPOIIECC B3aMMOCHCTBHS KOHIICHTPHUPOBAHHBIX M Pa30aBICHHBIX KHCIIOT C
MeObIo?

2. OnummuTe aeiicTBre HAa Meb U OKCu Meau (1) KOHIIEHTPUPOBAHHBIX PACTBOPOB IIETOYU U
aMMHaKa. YKaXuTe I[BeTa MOJYYEHHBIX PACTBOPOB (OCAIKOB).

3. CymiecTByeT 1 OTIUYME B ICHCTBUM Ha XJIOPUA U Hoau 1 cepedpa KOHIIEHTPHUPOBAHHOM
COJISTHOM KHMCJIOTBI, pACTBOPOB XJIOpU/A U 01M1a Kalius, KOHLIEHTPUPOBAHHOTO pacTBOpa
aMMHuaka?

4. B ueM nposIBISIETCS pa3HUIIA B3aMMOICHCTBHS pAaCTBOPOB TUAPOKCHIA HATPUS U CylbdaTa
MeJI1 PU KOMHATHOM TeMIepaType 1 Py HarpeBaHUM?

5. OnummTe peakuy B3auMOACHUCTBUS pacTBopa cyibdara menu (1) ¢ pactBopamu kapOonara
U cynbduaa HaTpus.

6. Kakue BemecTBa HEOOXOAMMBI JIJIsI TPOBECHUS Ka4eCTBEHHOM peakuuu Ha Cu2+ ?

7. OnumuTe OTHOIIEHHUE 0CAKOB T'aJIOTEHUA0B cepedpa K KOHIIECHTPUPOBAHHOMY PacTBOPY
aMMUaKa U pacTBOPY THOCYIb(aTa HATPUSI.

Tema 11. Duementsl 1Ib rpynnel: nMHK, KaAMHUH, PTYTh.
Heab padoTsi:

N3yueHne XuMUYECKUX CBOMCTB LIMHKA, KaAMUs, PTYTU U UX XapaKTEPHBIX COCIUHECHUMN.
IIpubopsbl U peakTUBBI:

1. IlrtaruB, nmpoOWpKH, MUNETKH, MUKPOIINATENlb, CHUPTOBKA, JEp)KaTeib s MPOOHPOK,
MaJIeHbKUE TUTIH (2 mT).

2. lluHKoBas TbUTb, MeIHAS (oJIbra, 2 H pacTBOPBI CEPHOM M COJITHOW KHCIIOTBI, 2 H PacTBOP
TUAPOKCUAA HaTpus, | H pacTBOp COJNSHOM KHUCIOTBI, 2 H pacTBOp aMMHaKa,
KOHIICHTPHUPOBAHHAsI CEPHAsI KUCJI0TA, PACTBOP COJIM ITMHKA (7100asi pacTBOpUMAs), pacTBOP
wutpara pryta (II), pactBop cynbdara Kagmusi, pacTBOp HUTpaTa KaJIMHUs, PacTBOP
KapOoHaTa HaTpus, PacTBOp HoauAa Kanus, HACBHIIEHHBIH pacTBOp Cylb(uaa aMMOHHS
(HaTpus), CONMb LMHKA (Kp.), KpHCTAIBl KpacHOW Momudukamuu okcuna pryta (1),
KPUCTAJIJIbl HUTpaTa KaJMHsl, KPUCTAJIBl HUTpaTa PTYTH, BOJAA, JIAKMYC, YHHUBEpCAJIbHAs
UH/IMKaTOpHas Oymara.

Ilpu pabome ¢ pmymvio u ee coeOUHEHUAMU HEOOXOOUMO NPUOEPHCUBAMBCI Ce0YIOUUX
npasuL:

- 6ce pabomovl ¢ pMymbvlo U pMYMHbIMU COCOUHEHUAMU NPOBOOUMb 8 8bIMANCHOM wKady!

- 8ce npubopsl U NOCyoy, KOMopvle CO0epiHcam pmyms, 8ce20d ciedyem Cmasumsv HA 0COOVIO
IMANUPOBAHHYIO NOOCMABKY (UNU NOOHOC), COENAHHYIO U3 Jcelle3d, C 8bICOKUMU OOpmamu.

- 6Ce ocmamKu pmymu u pacmeopos, COOePHCAWUX COeOUHEeHUs PIYMU, BbLIUBAMb 6 CKIAHKU,
coasams 1aO0paAHmy.
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- nocie pabomuvl ¢ pmymsto He0OX0OUMO MUAMENbHO 8bIMbIMb PYKU C MBLIOM.

- Kaniu CIy4atiHo pasiumot pmymu HeoOxo0umo momuac xee coopanms nbliecocoM Uil YUcmou
NOBEPXHOCMbIO YUHKOBOU JHCECMU, UIU WEeMKOU, BOPCUHKU KOMOPOU COeNaHbl U3 MOHKOU
meonoi nposonoku. Coopannyio pmyms nepenecmu 8 CReyuaibHyio nocyoy OJisi 3a2psA3HEeHHOU
Ppmymu, YCMAaHO8IeHHYI0 Ha NOOHOCe, U 3a1Umb 8000

- HU 6 KOeM Clyuae pmymbu Uil ee COlU He GbLIUBAMb U He 8bl0paAChleams 8 paKosuHbvl!

Omnpit 1. ITonnyyeHue KaAMUA U PTYTH

1.B onHYy KOHHMYECKYIO MPOOHMPKY MOJOXHUTh MAJIEHBKUN KyCOUYEK METAJNTMYEeCKOro IIMHKA, B
JIPYTyI0 — Kycodek MeaHou ¢donbru. B mepByro mpodupky BHectu 10 kamenb pacTBopa cyibdara
KaaMmus, Bo BTopylo (c menpio) — 10 kamens HuTpara pryru. Yro nHaOmomaercsa? Jlate
00BSICHEHHUE C MTOMOIIBIO Psijia CTAHAAPTHBIX 3JEKTPOIHBIX MOTEHIAIOB.

2. Hebonbuioe kosnmdecTBO KpacHoi Monu¢pukamuu okcuga prytu (II) marpers B mpoOupke,
YKPEIJICHHOW TOPU30HTAIBHO B mTaTuBe. J[okazaTh pasnoxkenue okcuaa prytu (II), ooHapyxuB
IPOAYKTHI peakuuu. Hanmucars ypaBHEHHE peakiu.

OnpIT 2. PacTBOpeHne HUHKA B KMUCJOTAX M HIEJ04YaX

1. Hamute B mpoOupky 4-5 kamenb 2 H. pacTBOpa CEPHOM KHUCIOTHI, 100aBUTH 1
MUKpPOLINATENb [IMHKOBOM MbUIN U CJIETKA MOJOTPETh.

2. To ke mponenaTs ¢ KOHLIEHTPUPOBAHHOW CEPHOM KMCIIOTOM W IO 3amaxy OIpPEeleIUThb
BBIJICJICHHE CEPHUCTOTO ra3a.

3. Taxum ke 00pa3oM NMPOBEPHUTH PACTBOPUMOCTH IIMHKA B 2 H. paCTBOPE COJISTHON KUCIOTHI
Y B 2 H. paCTBOPE €KOM IIETOYH.

4. Omnucars HaOIIOJaEMOE.

5. [Touemy paszbaBnenHas u koHueHtpupoBaHHas H>SOs mo-pazHOMYy pearupymT C

uuHkoM? Kakoil aToM U B KakOW CTENEHH OKUCIEHUS SIBISIETCS OKUCIHUTENIEM B TOM U B APYTOM
ciay4ae?

Omnpbit 3. [losryyeHne OKCHI0B IMHKA U KAAMUS

1. B ManeHbkre TUTIIN MOJOKUTH HECKOJIBKO KPUCTAJIJIOB HUTPATOB LIMHKA U KaJMHUsS, HAarpeTh
MX BHaYaJle OCTOPOKHO, a 3aT€M CUIIbHO IIPOKAJIUTD.

2. Uto Habmromaercs? Kakoil iBET MMEIOT MOTYYUBITNECS OKCHUIBI?

3. Hanmcatb ypaBHEHHUS peakuil.

OnbIT 4. ITosnyyeHHe U CBOIICTBA THAPOKCHA0B IMHKA, KAAMHS U PTYTH

1. B nBe mpoOUpKH MOMECTHUTH 1O 5 Kareidb PACTBOPOB COJICH ITMHKA M KaJMUSI.

2. B kaxnayto 106aBUTh MO 2 KaIuld pacTBOpa LIEIOYH.

3. TlomydeHHble OCaAKU pa3AeIUTh Ha TPU YACTH U UCCIIEOBATh B3aUMOIEHCTBHE THIPOKCHIOB
C pacTBOPaMU COJISTHOM KHCJIOTBI, IIEJI0YM U aMMHUaKa.

4. Hanucarb ypaBHEHUs peakluii B MOHHOM U MOJIEKYJISIPHOM BHJE, IPUHUMas BO BHUMaHHUE,

YTO B KOMIUIEKCHBIX COEMHEHUSIX KOOPAMHAIIMOHHOE YUCIIO IMHKA paBHO 4, a KaaMus — 6.

Crnenatb BBIBOJI O KUCJIIOTHO-OCHOBHBIX CBOMCTBAaX TMIPOKCH]IOB IIMHKA U KaIMUS.

6. B xoHmyeckyio mpoOupky Hamuth 5-7 kamenb HuTpata pryru (II), moGaBute 2-3 karmm
pactBopa menoun. Crenath BEIBOA 00 ycToHunBOCTH THapokcuaa pryTH (11)

e

OmnbIt 5. IHosryyeHne MaI0pacTBOPUMBIX COJIeH HIUHKA M KaAMUS

1. TlomecTuTh B TpU MPOOHMPKH OTHEIHHO MO S5-7 Kamenb pacTBOpa COJEH IHMHKA, KaJIMUS U
PTYTH ¥ MOJEHCTBOBATh HA HUX 2-3 KaIUISIMH CyJIb(pHAa aMMOHHUS UITH CYNIb(pUAA HATPUSL.

2. OTMmeTuTh IBET 00Pa30BABIINXCS OCAIKOB.

3. B kaxnaywo mnpoOMpKy m00aBUTh 2—3 Karjd COJISTHOW KHCIOTHL. B kakoit mpoOupke
HaOJIr01aeTCsl pacTBOpEHUE ocaaka’?

4. Hammcarp ypaBHEHHUsI peakIuii B MOJICKYJIIPHON U MOHHOU (hopme.
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OmnbIT 6. 'maposus coJieil HUHKA, KaAMHUS U PTYTH

1. UcopiTaTh C OMOIIBIO YHUBEPCATbHOW MHIMKATOPHOM Oymaru peakuuio cpelbl pacTBOPOB
cynb(ara [MHKA U XJI0pHuaa quHKa. Hanucats ypaBHeHUs peakiuil ruponsa.

2. WcnpiTaTh YHUBEpPCATbHBIM HHAMKATOPOM PEAKIUIO CPEIbl PacTBOpa cyib(paTa KaJMUS.
OO0bsicHuTh HaOMIOAaeMoe siBJieHre. Hamucats ypaBHEHHE peakiuy THAPOIN3a B MOJIEKYISPHON
¥ MOHHOH (opme.

3. K pactBopy cynbdara kaaMus IPHWIATh pacTBOp KapOoHarta HaTpus. Habmogars o6pa3zoBanue
ocagka. [IpomykToM KakoWl CTyNmeHHM THUIAPOJIHM3a SBISETCS OOpa30BaBIIEeCs BEIIECTBO?
Hanucarh MonekyssipHble U MOHHBIE YpaBHEHHS peakiuil TuAposin3a KapOoHaTa KaaMus IO
CTYTICHSIM.

4. Heckonpko kpuctaioB cyiabdara wimm HuTpara pryta (II) pactBoputh B 3-5 Karmsx
TUCTHIUTMPOBAHHONM BOAbl. HabOmiomaTe BbhIManeHue ocaaka OCHOBHOW conu. Ompenenuthb
peakuuio pacTBOpa [0 YHHUBEpPCAIbHOMY HHAMKAaTopy. Hammcarh ypaBHEHHE peaklHH
TUAPOIN3A.

OnbIT 5. KoMIuieKcHbIE COeIMHEHUS IUHKA, KAAMMUS U PTYTH.

B nBe mpoOupKy MOMECTHUTH 1O 3 Karuid pacTBOPOB COJIEH ITMHKA U KaMHUSI.

JloGaBuTh 2 Karum pacTBopa ammuaka. HaGmronaTs BeIaJeHUE 0CaIKOB.

B kaxnyro npoObUpKy 1o KarusiM NpudaBUTh H30BITOK pacTBOpa aMMHaKa.

B kakoit mpoOupke ocagok He pacTBOPUIICS?

Onwucath ONBIT. YpaBHEHHSMU pEaKUUil IMOKa3aThb 0Opa3oBaHUE THAPOKCHAOB IIMHKA U

KaJMHsI ¥ paCTBOPEHHS UX B M30BITKE aMMHAKA.

B konundeckyto mpobupky Hamuth 3-5 xamens pactBopa Hutpara prytH (II), 106aBnsaTh Mo

KaIuIsIM B HETO PacTBOP COJIM MOAWAA KaJvsl 10 00pa30BaHUs OCaIKa.

7. OTMeTUTh LBET OcaJKa. 3aTeM MPOJODKATh HATUBATH MO KAIISIM MO KaJlUs 10 OJIHOTO
pacTBOpEHUs OCaJIKa.

8. Hammcath ypaBHeHuss peakuuid. KoopauHAmMOHHOE 4YHCIO PTYTH B KOMIUIEKCHOM
COCIMHEHUH TaK)KE PABHO YETHIPEM.

Ilopaook pabomeur:

SNk wh =

o

1. TMomyuuTs OT mpenoaaBaTelis 3aAaHue.

2. BBIMOAHUTH pabOTy COTTACHO METOJUUYECKUM PEKOMEHAALIHSIM.

3. OdopMUTH TPOTOKOI PabOTHI.

4. BpvumuTh 0TpaboTaHHBIE PACTBOPHI, OCYAY BBIMBITE. CliaTh pabouee MeCTo.
Cooeporcanue omuema:

1. Tema u nenb paboTHI.

2. HalOnroneHus, ypaBHEHHS PEAKIIUN TTO KaXI0W YaCTH PaOOTHI.

3. BbIBoBI O TpoIEIaHHOM paboTe.

KonTposbHbie BONpochl

1. [Touemy BBIZENIEHHE PTYTH BO3MOXHO U HA METAJUIMYECKOM IIMHKE ¥ Ha MEIHOU (oIIbre, a
METaJUTMYECKOTO KaJMUs - TOJBKO Ha MeTa/uTHYeckoM UHKe? OOBSCHUTE C TTOMOIIBIO psijia
HaIpsKEHUsI METAJIOB.

2. Uto npowusoiiaer npu HarpeBanuu okcuaa pryTtu (I1)? Kak moka3ate, 4T0 Mpon301LIO0
pasiioxkeHue okcuaa?

3. [Touemy pazbaBneHHas u KoHIIeHTpupoBanHas H2SO4 mo-pa3HoMy pearupyroT ¢ ITUHKOM?
Kaxkoit aTom 1 B Kakoi CTENIEHU OKUCIICHUS SIBJISIETCS] OKUCIIUTENIEM B TOM U B IPYroM ciy4dae?
4. YTo NpOUCXOAUT MPHU NPOKATUBAHUU KPUCTAIUIOB COJIEH KaaMUs U IUHKA? KaKOW LIBET UMEIOT
IPOAYKTHI peaKkIHii?

5. Kak oTHOCSTCSA THAPOKCUIBI KaAMUS U LIMHKA K JECHCTBUIO PAaCTBOPOB COJISTHOM KUCIIOTHI,
IIEeJIOYH U aMMuaka?
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6. Kakue npoaykTsl 06pa3ytoTcs Ipy B3aUMOJCHCTBUN COJIEH IIMHKA, KaMHSI U PTYTH C
pacTBOpoM cyib(puaa HaTpusA? YKaKuTe 1iBeTa 00pa30BaBLIMXCS OCAIKOB.

Tema 14. Dnementsl VIb rpynnsi: Xxpom, Mo1u0aeH, Bojabdpam.
Heab pabdoThi:

1. M3y4nTh XMMHUUYECKHE CBOMCTBA XpOMa U €r0 COCTMHEHUN.

2. O3HaKOMJIEHHE C JIaDOPATOPHBIMU CIOCOOAMH TIOJTYYECHHUSI OKCHIOB, TUPOKCHIIOB U COJEH
Xpoma.

Coaep:xanue padoThbI:

1. TMonyuenue okcuaa xpoma. I[loaydeHue U uccneoBaHUE XUMHUYECKUX CBOMCTB TMAPOKCH]IA
xpoma (III).

2. TlomyueHune MalOpacCTBOPUMBIX XpOMAaTOB Oapusi, CBUHIIA U cepedpa.

3. MHccnenoBanue OKUCIUTENBHBIX CBOMCTB XpOMATOB U IMXPOMATOB.

IIpudopsl U peakTHUBBI:

1. [raTuB, mpoOUPKH, MUNETKH, AepP>KaTENb sl MPOOUPOK, CIIUPTOBKA.

2. buxpomart amMoHus (Kp.), paCTBOPHI XpoMaTa U Ouxpomarta Kajus, XjJopuaa oapus, HUTpaTa
CBHUHIIA, HUTpaTa cepeOpa, noauaa Kauus; KpaxMal, 2 H pacTBOp THAPOKCHIA HATpus, 2 H
PacTBOp COJSTHOM KHUCIIOTHI, 2 H paCTBOP CEPHOM KUCIIOTHI, COJIIHAs KUCIO0Ta (KOHIL. ).

Omnpit 1. ITonyyeHue okcuaa xpoma

B mpoOupky moMecTuTh HEOOJBIIOE KOJUYECTBO OMXpoMaTa aMMOHHUSI U OCTOPOXKHO HarpeTh.
Habmiogaercs OypHoe pasiioskeHue COJu.

Kaxoit niBet umeet nosrydeHHbIin okcua xpoma (I111)?

Hanwucare ypaBHEeHHE peaklUu Pa3ioKeHUs], yIUTHIBasI, YTO OJHOBPEMEHHO 00Pa3yIOTCs a30T U
BOJIA.

Omnbit 2. ITosryyenne u coiicTa ruApoxcuaa xpoma (I1I)

1. Homyuuts B AByX mpobupkax ruapokcus xpoma (III) B3aumoneiictBuemM pacTBopa XJopuaa
xpoma (III) (3-4 xamm) ¢ 2 H. pacTBOpoM mienouu (1-2 xarm).

2. HWcmpiTaTh OTHOIICHHWE THAPOKCHAA XpoMa K KHCIOT€ M K HW30BITKY MICNOYH, IJII YETO
M00aBJISITH B OJHY MPOOUPKY MO KaruisiM 2 H. pacTBOP COJSTHON WJIM CEPHOW KHCIIOTHI, B
JIPYTyI0 — 2 H. pacTBOP IIEJIOYH IO PACTBOPEHUS OCA/IKA.

3. Hanmcate ypaBHeHUs peakiUi, YYUTHIBAsA, YTO MPU B3aUMOAECHCTBUU THIPOKCHUIA XpOMa C
KMCJIOTOM U CO LIET0YBI0 MOTydaeTcst KoMIekcHblil anuon [Cr(OH)4]>.

OnbIT 3. XpoMaTbl M1 OMXPOMATHI.

A) nepexoo xpomama kanusa 6 ouxpomam.

K pactBopy xpomara xanus (3-4 xarim) npruOaBiIsTh MO KAIUIsIM 2 H. paCTBOP CEPHOM KHCIIOTHI.
OTMETHUTH OKpPACKy B3SITOrO U MOJTYYEHHOIO PACTBOPOB M yKa3aTh, KAKUMHU MOHAMU 3TH OKPACKU
00yCIIaBTUBAIOTCA.

Hanucatb ypaBHeHHE peakIuu.

nepexoo duxpomama Kanus 6 Xpomamnt.

K pactBopy Omxpomara kamus (3-4 kamiu) mpuOaBiATh MO KalisM pacTBOpP MIEIOYH IO
U3MEHEHHSI OKPACKH.

Hanucatb ypaBHeHHE peakIuu.

OmnbIt 4. ITosryuyeHne MaI0pacTBOPHUMBIX XPOMATOB 0apusi, CBHHIIA U cepedpa

1. B Tpu mpobupku ¢ pacTBOpoM Xpomara kamus (2-3 karum) npubaButh mo 2-3 Karum
pacTBOPOB: B MEPBYIO — XJIopuja 6apus, BO BTOPYIO — HUTpaTa CBUHIIA, B TPEThbIO — HUTpaTa
cepebpa.

2. OTMETHUTH IIBETA OCATIKOB.

3. Hamnucate ypaBHEHUS peaKLUil.
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OmnbIT 5. OKHCAUTENbHBIE CBOHCTBA XPOMATOB

A) OKHCIIEHUE MOAMIA KAJIHSL.

K moakucinenHomy cepHoii kuciotod (1 kamisg) pactBopy Omxpomara kKamus (4-5 Karmenb)
n00aBUTh 3-4 Karu pacTBOpa HOAMIA KaJusl.

OTMETUTHh U3MEHEHHE OKPACKHU.

Jloka3aTh ¢ MOMOIIBIO PacTBOpa Kpaxmaia BhIIEIEHUE CBOOOIHOTO o/a, A Yero B MPOOUPKY
¢ 5-6 KamIsIMU Kpaxmalia BHECTH OJHY KaIUTI0 MOJYyYEHHOTO B OMBITE pacTBOPA.

Hanucars ypaBHEHHUs peakiuil.

OKHCJICHHUE COJITHOM KHCIIOTBHI.

K pactBopy Ouxpomara kamus (1-2 xamnum) npubaButh 10-12 kamenb KOHIEHTPHUPOBAHHOM
COJITHOW KHUCIIOTHI.

Cwmech HarpeTh J10 Mepexo/ia OpaHKEeBOM OKPACKH B 3€JIEHYIO.

OTMeTUTE BeIIeIeHNE ra3a. Kakoi ra3 Beinensercs?

Hanmucars ypaBHEHHE peakiuu.

IHlopaook paoomuwi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.

2. BwImoTHATH pabOTy COTITACHO METOJUYECKIM PEKOMEHTAIIHSIM.

3. OdopMUTH TPOTOKOI PabOTHI.

4. BpvumuTh 0TpabOTaHHBIE PACTBOPHI, OCYAY BBIMBITh. CliaTh pabouee MeCTo.
Cooeporcanue omuema:

1. Tema u nenb paboTHI.

2. HalOnroneHus, ypaBHEHHS PEAKIIUN TTO KaXI0W YaCTH PaOOTHI.

3. BbIBoIBI MO IpoO/IETaHHOM paboTe.

KonTposbHbie BONpochl

1. Ilpu npoTekaHuu KakKuX peakuuii BO3SMOXKHO oOpa3oBaHue ruapokcuaa xpoma (I111)? Kax
noka3aTh aM(pOTEepHBINA XapakTep 3Toro coeAuHeHus? OTBET NOATBEPAUTE YpaBHEHUSIMU
peaKuHuii.

2. Ilpu kakux yCIOBHUSAX BO3MOXEH MEPEXOJ XPOMATOB B TUXpOoMaThl 1 006paTtHO? OTBET
MOATBEPAUTE YPABHEHUSIMU PEAKIIHIA.

3. Harumure ypaBHEHUS peakiuii MOTyYeHUs XpOMaToB Oapwsi, CBUHIIA U cepedpa. Kakoro
L[BETA MOJTYYEHHBIE OCATKU?

4. Kakum 00pa3oM MpOSIBISIIOTCS OKUCIUTEIBHBIC CBOMCTBA IUXpOMAaTa Kalus B PEaKIIUH C
MOJAKUCIIEHHBIM PACTBOPOM HOJUAA KaTusi?

5. OnuuuTe Npouecc B3auMOACHCTBHS AUXpOMAaTa Kajlus ¢ KOHIEHTPUPOBAHHOMN COJISTHOM
KHUCJIOTOM.

Tema 15. Duementsl VIIB rpynnei: Mapranen, TeXHelui, peHui.
Heab padoTsi:

1. W3yyeHue XMMUYECKUX CBOMCTB COEIMHEHUIN MapraHua.

2. O3HakomyeHHE ¢ JIAOOPAaTOPHBIMH CIOCOOAMH TIOJYYECHHS] MajOpacCTBOPUMBIX —COJIeH
mapranua (II) u n3ydyeHne ux XuMU4YECKUX CBOMCTB.

Conep:xxanue padoThbI:

1. HccnemoBanue OKMCIUTEIBbHBIX CBOMCTB cojielt Mapranma (II) ¢ amomuamEM.

2. HccnenoBaHue OKMCIUTEIBHBIX CBOUCTB coenuHeHuit mapranma (VII).

3. THomyuenue rumpokcuaa mapranna (I1) u uccnenoBanme ero XUMHYECKUX CBOMCTB.

4. TlomyueHue XxpomaTa Maprasiia, kapOoHaTa Maprasiia, cyJib(uaa Maprania u UCClIeOBaHNE
XUMUYECKHX CBOMCTB 3TUX COCIMHEHHM.
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IIpudopsl U peakTHUBBI:

HlratuB, mnpoOMpPKM, THIETKH, CTEKJISAHHAs TaJo4yka, MHUKpPOIINATENb, CIHPTOBKa,
MPOOUPKOIEPIKATETb.

PactBop conmu mapranma (II), amromunmMeBast ¢oibra, 2 H pacTBOp THAPOKCHAA HATpuUi 2 H
pacTBOp CEpHOM KHCIOTHI, paCTBOPHI XpoMmara Kajus, kKapOoHaTa HaTpus, cylb(una aMMOHUS,
cynbpara mapranmna (II), pactBop mepmanranata kamus, cyiabGutr Hatpus (kp.), 10%-HOrO
pacTBOp MEPOKCHAAa BOJIOPOJA, STHJIOBBIN cnupt, okcua cBuHIa (IV), 2H pacTBop a30THOM
KHCJIOTBI, 2H pacTBOP aMMHAaKa, HACHIIIEHHbII pacTBOP XJIOpHUJa AMMOHHUS.

OmnbIT 1. BoccranoBienue couam mapranua (II) anrroMmuauem

1. Hamute B nmpobupky 5-8 kamenb pactBopa conu Maprasia (II) u omycTuTs B HETO Kycodek
anmoMuHueBor ¢ponbsru (5x30 Mm).

2. Yepe3 HekoTOopoe BpeMmsi HaOIIOJaTh BbIJCIEHHE METAUIMYECKOr0 MapraHia Ha
MOBEPXHOCTH AJTFOMUHHUSL.

3. Hanwucate ypaBHEHUE pEaKIUH.

Omnbit 2. I'mapoxcun mapranna (II) u ero cBoiicrBa

1. B aBe nmpoOupku BHecTH mo 3-4 karau pactBopa comu mapranma (II) u mo 2-3 xammm 2 H.
pactBopa menoun. KakoB 11BeT momxyuyuBierocs ocaaka rugapokcuaa mapranma (I1)?

2. Pa3memarh o0cagoK CTEKJISHHOW TAJIOYKOW W OTMETUTh €ro MOOypeHHE BCIEICTBUC
okucnenus mapranna (II) ro Mn (IV).

3. Bo BTOpyI0 NMpoOHpKy C OCaAKOM THIPOKCHAA MapraHia 100aBUTh 2-3 Kaljiu 2 H. pacTBopa
cepHoit kucinoTel. Uto Habmoaaere? Kakue cBoiicTBa XapakTepHbI s ruapokcuaa Mn (11)?

4. Hammcarp ypaBHEHUs peakIuii: a) mojydeHus ruapokcuna mapranna (II) u ero okucnenuus
KHCIIOPOJIOM Bo3AyxXa B mpucyrctBur Bojsl B MnO(OH)2; 6) B3auMonelcTBUs THAPOKCUAA
Maprasiia ¢ CepHON KUCIOTOM.

Omnpbit 3. [TosryyeHne HEKOTOPBIX MAJT0PACTBOPUMBIX coJieil mapranna (1)

1. B Tpex mpoOupkax MOIXy4uTh: a) XpOMaT Mapranua; 0) xkapOOHAT MapraHia; B) CyIb(pHI
Mapraiiia B3aMMOJICWCTBHEM XpoMmaTa Kanus, KapOoHaTa HaTpus U Cylb(una aMMOHHUS C
cynbdarom mapranma (II).

2. PactBopsl OpaTh 10 3-4 kamu. OTMETHTH IIBETA OCAIKOB.

3. PactBOp C ocamkom cynabpuaa MapraHia pasMmemarbh CTEKISIHHON mnanoykoil. OTMETHUTh
WU3MEHEHUE [IBETA OCa/IKa.

4. JloGaBUTH K KOXKIOMY OCaIKy 2-4 Kariy 2 H. pacTBOpa KUCIOTHI.

Caenatb BBIBOJ O pACTBOPUMOCTH MOJYUYEHHBIX COJIEH MapraHiia B KUCJIOU cpefie.

6. Hamwmcats ypaBHEHUs peakiuii: a) MOJXYYCHHs] XpoMaTa, KapOoHaTa U Cylnb(uaa MapraHia;
0) okucieHus cyiabpuaa Mapraniia KMCIOpOAOM BO3[yXa B MPUCYTCTBUU BOJbI, YUUTHIBAS,
YTO MpHU 3TOM mosydaetrcs ruapokcun Mn (IV); B) pactBopeHus xpomara, kapOoHara u
cynbduaa mapranna (I1) B kucnore.

e

OnbIT 4. U3yyeHne BOCCTAHOBHUTEIbHBIX CBOMCTB HOHA Mapranua (II)

1. B npobupky BHEecTH 2-3 MuKpommnaress okcuaa ceunna (IV), mobaButs 4 kaniau
pacTBopa a30THOM KHMCIIOTHI M Karuiio (He Oouiblie) pacTBopa cyiabpaTa MapraHiia.

2. Conepxxumoe MpoOUPKH OCTOPOKHO HATrPETh M 1aTh OTCTOATHCS. KakoB 1BeT pacTBopa?
Hanwucares ypaBHeHHE peakiiui B MOJICKYISIPHOM U MOHHO-MOJIEKYJISIpHON (hopMax.

3. Jlob6aBuTh emie 3-4 karumm pacTBopa cyiab(dara Mapraaia u Harpets. Uto Habmomaercs?
Ipumeuanue: B npucyrcTBun u30bITKa HOHOB Mn?* BO3MOXKHO UX OKHCIeHHe HoHaMu MnOy4
MIPU HAarpeBaHWM ¢ 00pa3zoBaHKWEeM OKcuia Mapranmna MnOs:

3Mn2* +2 MnO 4 + 2H,0 = 5MnOs| +4H"
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OmnbIT 5. OxucauTe/IbHbIE CBOIicTBA coenHennii mapranma (VII).

A) Bnuanue pH cpedvl na xapakmep 60cCman06/1eHUA NEPMAHZAHAMA.

B 3aBucumocTH OT cpenpl — KHCJIOW, HEWTpanbHOW wim 1ienodHo — wapraner; (VII)

BOCCTAHABIIMBAETCS [0 pA3JIMUHBIX CTeneHed okucieHus. B xucnoir cpege mon MnOg

mepexoauT B MOH Mn?*, B HelTpanbHOM, crabomienouHoit um crmabokucnoii — B MnQOz , B

CUJIBHOILIEJIOYHOM IIPU HEAOCTATKE BOCCTAHOBUTEISI — B MOH MnO4>.

B Tpu mpoOupku BHecTH mo 3-4 KarmuiM pacTBopa NepMaHTaHata Kaius. B ogHy mpoOupky

N00aBUTH 2 Karuiy 2 H. pacTBOPa CEPHOM KHUCIIOTHI, B APYT'YIO — CTOJIBKO K€ BOJIBI, B TPETHIO — 3-

4 xari 2 H. pacTtBopa Iienodd. Bo Bce Tpu mpoOMpKHM NMpuOaBUTH MO | MUKPOIIMATEIO

KPUCTANIMYECKOTO Cylnb(puTa HaTpusa Wi Kanmua. OTMETUTh pa3iiiyHOe HU3MEHEHHE

MEPBOHAYAJIBHOM OKpacKW pacTBOpa IEepMaHraHaTa B KaxaoMm ciydae. Yem 3TO BBI3BaHO?

Hanucars ypaBHEHUs peakiuil.

OKucnenue nepmanzanamom Kaausa nepokcuoa 6000pooa.

B mpobupky BHecTH 3-5 Kamenb pacTBOpa NMEpMaHTaHaTa Kajmus M 2-3 Kamim 2 H. pacTBOpa

CEpPHOM KHUCJIOTHI.

Jo6aButh 3-4 karu 10%-HOro pacTBOpa MepoKcuaa BOIOPOIA.

Kaxkoii ra3 Beigensierca? Kak uamMeHunach CTeNeHb OKUCIECHUS Mapradia’?

Hamnncats ypaBHEHUE peaklyH.

OKucnenue nepmanzanamom Kaaus CRUpma é KUcaoil u uie104Hoil cpeoe.

1. B nBe mpoOupku BHECTH 1O 2-3 Karulk pacTBOpa MepMaHraHaTa Kajusl.

2. B oxny mpobupky n00aBUTH 2 Karik 2 H. pPacTBOpPa CEPHOM KHUCIOTHI, B IPYTYIO - CTOJIBKO
K€ 2 H. pacTBOpa IIEIOUH.

3. B mpoOupky ¢ NOIKUCIEHHBIM pAacTBOPOM IIepMaHraHata Kajius [J0O0aBUTh 3 Karuiud
3TUJIOBOrO cnupTa. PacTBOp MOAOrpeTh MaJEHbKUM IJIAMEHEM CHUPTOBKH. OTMETHUTH
U3MEHEHHe OKkpacku. Kak n3MeHunach cTeneHb OKUCIEHUS Mapradmna’?

4. B nmpyryroo npoOWpKy K IIEIOYHOMY pPacTBOpPY IE€pMaHTaHaTa TakXe 00aBHTh 3 Karuld
3TUIIOBOTO crupTa. HabmonaTh mocTeneHHOe BOCCTAHOBJICHUE MEPMaHraHaTa CHadajaa Jio
MaHraHaTa, a 3aTeM J0 JUOKcuja MapraHua. OTMETUTh MOCIIENOBAaTEIbHOCTh M3MEHEHUS
OKpPacKH pacTBOpa.

5. Hanmcare ypaBHEHMSI peakiMii: BOCCTAHOBJICHUS MEpMaHTraHaTa KaJUsl COUPTOM B KHCIIOU
cpene cHauajia 1o MaHraHaTa, a 3aTeM MaHraHaTa — /10 IMOKCHIa MapraHia, yYuThIBasi, 4ToO B
KQKJIOM CIIy4ae CIUPT OKHUCIIAETCS B aJIbIETUL.

OmnbIT 6. U3yueHue geiicTBUS aMMHUAKA HA COJIH IBYXBAJIEHTHOT0 MAPTraHIAa B OTCYTCTBUM

U B IPUCYTCTBHH COJIeil aMMOHUSA

l. B nBe npoOupku BHECTH 1O 3 KaruiM 2H pacTBOpa aMMuaka. B oy u3 npobupox

00aBUTH 3 Karid BOJIbI, B IPYTYIO — CTOJIBKO YK€ HACHIIIEHHOT'O PaCTBOPA XJIOPUJIa aMMOHHUS.

CrnenoBarenbHO, B OIMHAKOBBIX 00BEMAaxX MCCIETYEMBIX PACTBOPAX COAEPIKUTCS OAMHAKOBBIC

KOJIMYECTBA aMMHAKa.

2. B 00e npoGupku BHeCTH 10 3 Karii pacTBopa Cyib(ara Maprania, OTMETUTh
BBINAJICHHUE 0CaJIKa B OJTHOM U3 IPOOUPOK.
3. Hanucats: a) ypaBHeHue peakuuu B3aumoeiictsust MnSO4 ¢ NH4OH B MonekymsipHoit

¥ HOHHO-MOJICKYJISIPHOH (hopMax; 0) ypaBHEHHUE ICKTPOTUTHUSCKON JUCCOIMUAIIIH THIPOKCHIA
aAMMOHUHA.
4. OOBSCHUTD, TOYEMY B OJTHOM ClTydae 0caJok rujpokcuaa mapranna (II) ve Bemant.

Ilopaook pabomeur:

5. IlonyuuTts OT mpenoaaBaTess 3aJaHue.

6. BrbimonHUTH paboTy COMNIACHO METOAMYECKUM PEKOMEHIALIUSIM.

7. O¢opMUTH TPOTOKOI PabOTHI.

8. Bwumuth oTpaboTaHHBIE paCTBOPHI, TOCYY BRIMBITh. CaTh pabodee MecTo.
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Cooeporcanue omuema:

1. Tema u nenb paboTHI.

2. HabGnroneHus, ypaBHEHHS PEAKIIUN MO KaXI0W YaCTH PaOOTHI.

3. BbIBoABI O IpoIEIaHHOM padoTe.

KoHTposbHbIE BOPOCHI

1. OnummTe mporecc B3auMoieicTBUs pacTBopa coyu Maprania (1) u metannmaeckoro
amomuHus. Kakoe BemecTBo B JaHHON PeakIuu BHICTYIIUT OKUCIUTEIEM?

2. YkaxuTte criocoOsl nomydenus ruapokcuaa mapranua (1I). Kakoii et umeer 3To BemecTBo?
Yrto mpou3oiieT, eciau ocTaBuTh THpokcuaa mapranna (I1) Ha Bo3apyxe Ha HEKOTOpoe BpeMsi?
OxapakTepu3yiTe KUCIOTHO-OCHOBHBIE CBOMCTBA ruipokcuaa Mn (II)?

3. [Touemy B PUCYTCTBUU XJIOpUa AMMOHUS HE MPOUCXOIUT 00pa30BaHUE OCaKa THIPOKCHIA
mapranna (II) mpu B3aumoneiicteuu mapranma (II) ¢ pactBopom ammmaka?

4. YxkaxuTe I[BeTa XpoMara Mapraniia, kapooHaTa Maprania, cyib@uaa Mapranna. Yto
POM30UIET, €CIT OCTaBUTh Cynb(u Mapranua (II) Ha Bo3ayxe Ha HekoTopoe Bpemsi? Kak
W3MEHUTCS IIBET ocagka?

5. Kak nposiBisitoTCsSl BOCCTaHOBUTEINbHBIE CBOMCTB MOHA Mapranua (II) B peakuuu ¢ okcuaom
ceuHia (IV) B azoTHOKHCTO#M cpene? UTo mpou3oiieT, eciim 3aTeM B TPOOUPKY BHECTHU CYJIbdaT
MapraHiia 1 HarpeTh?

6. OnummTe B3aNMOJICHCTBHE pacTBOpa MepMaHTaHaTa Kajaus ¢ KPUCTALUTUIECKUM CYITb(PUTOM
HaTpUsl B Pa3HbIX Cpefax: KUCIOW, HEUTPAIbHOM U IIEJIOYHOM.

7. Kakoii ra3 BblieIsI€TCS NPU Peakliii pacTBOPOB IMEpMaHraHaTa Kajlus U MEPOKCUa BOJAOPOIa
B Kucnou cpene? Kak u3sMeHHIach CTENEHb OKUCICHHS MapraHua?

8. OnuiuTe IpoLecchl B3auMOICUCTBHUS ATHIIOBOTO CIIUPTA C IEPMAHTAaHATOM KaJlusl B KUCJION U
nienouHoi cpenax. Kak usmMensercs cTeneHb OKUCICHHs MapraHila i OKpacka pacTBOPOB B
KaXJIOM ciryyae?

Tema 16. duementsl VIIIB rpynnsi: :kene30, K00aabT, HUKe/b, INIATUHOBbIE METAJLIbI.
Hean padoTsi:

1. V3yueHWe XUMHUYECKUX CBOMCTB COSAMHECHH JKene3a, KoOaIbTa U HUKEIS.
2. O3zHakomieHHE C JA0OPATOPHBIMU CIOCOOAMHU TIONYYEHHUS COCIUHEHUM JKele3a,
KOOaTbTa M HUKEJIS.
Conep:xxanue padoThbI:

[IpoBeneHre KaUeCTBEHHBIX PEAKIIUMI 110 ONPEACICHUIO HOHOB Fe?" u Fe?'.

[Tonyuenne runpoxcuna xenesa (I1I) u ucciaenoBanne ero XMuMU4YECKUX CBOMCTB.

[Tomyuenue runpokcua xenesa (I11I) u nccnegoBanue ero XUMUYECKUX CBOMCTB.
HccnenoBanre OKMCIUTEILHBIX CBOMCTB coequHennit sxene3a (I11).

[Tomyuenue komriekcHoro ocdara xenesa (III).

[Monyuenue ruapoxcunoB kobambra (II) m wHukens (II), W3yuyeHMe XMUMHYECKHUX CBOWCTB
NAHHEIX COCIUHEHUI.

7. KowmruiekcHble COeTMHEHUS KOOATbTa U HUKEIIS, U3YYeHNE XUMHUECKUX CBOUCTB.

IIpubopsbl U peakTUBBI:

S e e

1. Irarus, mpoOUpPKH, MUMETKH, CTEKIISIHHAS M1aJ0YKa, CIUPTOBKA, AeprKaTesb AJs MPOoOpOK,

2. Conp Mopa, pactBopbl rekcanmanodeppara (III) xamwms, xmopunma sxenesa (IID),
rexkcannanodeppara (II) kanus, aHurpata cepebpa, noauaa Kanus, Cyiab(hUTa HaTpUs, COJNCH
koOanbTa U HUKens; 0,01H. pacTBOp pomaHuga aMMOHHS (WM Kaius), BoJa, 2 H. pacTBOP
TUAPOKCUAA HATPHs, 2 H. paCTBOP COJISTHOM KUCJIOTHI, KOHIIEHTPUPOBAHHAs a30THAs KUCJIOTa,
2 H. pacTBOpa cepHOM KUCIOTHI, 3%-HOro pacTBOpa MEPOKCHAA BOJIOPOJA, 2 H. pacTBOpa
oprodochopHoit KucaoThl, 25% pacTBOp aMMHaKa, pacTBOp CylIbpuaa aMMOHUS
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Omnpit 1. XapakrepHble peakuuu Ha uoHbl Fe?* u Fet

A) JeiictBue Ha coun xkesie3a (II) rekcanmanogeppara (I11) kaaus

1. Hamute B mpoOupky 5-8 kamenb pactBopa coinu Mopa u go0aBuTh 1 Karumo pacTtBopa
rexcarmanodeppara (I1I) kanus (kpacuoit kpossiHOU conu K3[Fe(CN)g]).

2. OrMeruTh 1BET oOpa3oBaBIIerocs ocaaka (TypHOyleBa CHHB), YKa3aTb XHUMHYECKOE
Ha3BaHWE U (POPMYITy MOJIYIEHHOTO BeriecTBa. JlaHHAs peakius SIBISICTCS XapaKTepHOU Ha
non Fe?".

3. Hammcate MONEKyIIpHOE ¥ MOHHOE YPAaBHEHHUS PEaKIIUH.

HeiictBue Ha coJm kese3a (III) rekcanuanodeppara (I1) kaaus

[Tomectuts B mpoOupky 2-3 kamuu pactBopa xjiopuga skene3a (III) m moGaButh 1 karumo

pactBopa rekcanmanodeppara (II) xamms (kentoit kpomsHOM comu K4[Fe(CN)g]). Uro

HabmoaeTcs?

OTMeTuTh 1IBET 00pa3oBaBIIerocs ocaaka (OepiauHCKas J1a3yph), yKa3aTh XUMHUYECKOE Ha3BaHUE

1 GOpMyITy MOTYICHHOTO BEIIECTBA.

Hamucartp ypaBHEHHE peakiuy B MOJIEKYIISIPHONW X HOHHOM (opMme.

HeiicrBue Ha couu xkeqae3a (II) ponannga ammonns (Wi KaJms)

[TomecTuTh B IpoOUpKy 5-6 Karmu pactBopa xyuopuaa xenesa (I11) u mod6asuts 1 kamo 0,01 H.

pacTBopa poaaHuAa aMMOHUS (VUTH KaJIHsl).

Takol e OIBIT IPoJeNnaTh C pacCTBOPOM costi Mopa.

[TepeHecTn Kamio MOJIYYEHHOTO B TIEPBOI MPOOUPKE pacTBOpa B APYTyIO MPOOUPKY U T0OABUTH

8-10 xamens BOIbI.

Hamucate ypaBHenuwe peakumu ¢ mnonydeHueM Fe(SCN)s, cooOmaromero pacTBopy sIpKo-

KpacHyIo okpacky. OTMETHTb, 4TO OKpacKa XapakTepHa TOJIbKO It conu kenesa (111).

Yem o0BsicHsACTCS OCnabiieHne OKpacKH Mpy pa3z0aBiIeHUN?

Omnbit 2. 'uapoxceun xeseza (1)

1. B mpoGupky c¢ 3-4 kamisiMu pacTBopa coiv Mopa mpuiauBaTh 2 H. pacTBOP IIEJIOYU [0
BBITIQZICHUS 3€JICHOTO OcajKka ruapokcua xenesa (II).

2. TlepememiaTe MOJTYYEHHBIH OCAIOK CTEKISIHHOM MaJIOUKON M HaOmoAaTh uepes 1-2 MUHYTHI
noOypeHue ocajaka BCIEICTBUE OKHCIEeHHS Tuapokcuna xenesa (II) B ruapokcuna sxenesa
(IIT) Fe(OH)s.

3. IIpoBepuUTh OMBITHBIM MYTEM, KaK B3aUMOJICHCTBYET CBEKEOCAKICHHBIN THAPOKCHU] Kele3a
(IT) ¢ 2 H. pacTBOPOM COJISTHON KUCIIOTBHI.

4. Kaxkue cBoWCcTBa MPOSBIISET B 3TOM peakiuu ruapokcu xenesa (11)?

Hanucare ypaBHeHMs peakmuii: a) oOpasoBanusi ruapokcun xenesa (II); 0) oxucienus

MOJTY4YeHHOTO OCHOBaHUs B ruapokcun xeneza (III) mox geiictBuem kucimopoaa Bo3ayxa u

BOJIBI.

OnpiT 3. BoccTaHOBUTE/IbHBIE CBOWICTBA coequHeHni keje3a (1I)

e

Boccmanoenenue azomnoii kuciomul

B nBe npo6upku HanuTh 1o 1 M1 pactBopa coiu Mopa.

B onny u3 HUX 100aBUTH | Karuio KOHIEHTPUPOBAHHOW a30THOW KHMCIJIOTHI, TIOJIOTPETh PAacTBOP
JI0 TIPEKPAILICHUs] BBIJICJICHUS Ta3a U JaTh €My OCTHITb.

3atem B 00e mpoOupku 106aBuTh 1o 1 karute 0,01 H. pacTBOpa pogaHua AMMOHHS.

B kaxoii nmpobOupke HabmIOgaeTCS KpaCHOE OKpAIIMBaHKUE PACTBOPA U IToueMy?

Hanucarp ypaBHeHHWE peakUuu, CYHMTas, YTO a30THAs KHUCIOTa BOCCTAHABIUBAETCS
npeumMyiiecTseHHO 10 NO.

Boccmanoenenue nepoxcuoa 600opooa

B nBe npo6upku HanuTh 1o 1 M1 pacTBopa coiau Mopa.

B oany nmpobupky n06aBuTh 2-3 Kar 2 H. pacTBOpa CEpHOM KHUCIOTHI U 2-3 kamiu 3%-Horo
pacTBopa nepoKkcua BoJOpoa.

3atem B 00e mpoOupku 106aBuTh 1o 1 karute 0,01 H. pacTBOpa pogaHua aMMOHHS.
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B kakoit npoOupke HabII0AaETCS KpaCHOE OKpAIIMBaHUE U TOYeMY?

[IpoBepUTH OMBITHBIM MyTEM, KaK MPOTEKAaeT BOCCTAHOBJIEHHWE IMEPOKCHIIa BOAOPOJA COJIBIO

xenesa (II) B menouHoit cperne.

OTMeTUTh BBITIaJICHUE ocaaka ruapokcua xemnesa (I11).

Hanucars ypaBHEHHUs peakiuil.

Boccmanoenenue numpama cepeopa

1. Tlomectuts B ABe nmpobupku mo 1 mi pactBopa cosn Mopa.

2. B omny w3 HuX no0aBuTh 6-7 Kamenab pacTBOpa HUTpaTa cepebpa M clierka HarpeBaTh
HEOOJIBIINM TIJIAMEHEM TOPENIKH, HE JOBOS KUKOCTh IO KUTICHHSI.

3. Ha xakoii mporiecc yka3bIBaeT MOSBJICHUE HAa BHYTPEHHUX CTEHKaX MPOOMPKHU CepeOpsHOTO
3epkajna?

4. OxnaauB mpoOUpPKy, N00aBUTh B HEE W B KOHTPOJbHYIO TpoOupky mo 1 kamie 0,01 H.
pacTBOpa poJAaHU]Ia AaMMOHHSI.

5. B kaxoit npoOupke HaOII0AaeTCs OKpAIIMBAHUE B IIOYEMY?

6. 3anucaTh ypaBHEHHE PEaKIIMU BOCCTAHOBJICHUSI HUTpaTa cepedpa coiblo xenesa (II).

OnbiT 4. I'uapoxcus xenaesa (111)

1. B naBe mpoOupku BHeCTH 1o 5-6 Karenb pactBopa xyopuaa xenesa (III) m mobasuts mo 3-4
Karu 2 H. pacTBopa menoun. Yto Habmomaercs?

2. B onny npoOupky m1006aBUTh pa30aBIEHHOW KUCIOTHI 0 PAaCTBOPEHHUsS OCajKa, BO BTOPOU
IpoOUpKe MPOBEPUTH PACTBOPUMOCTH OCAAKA B ILIEJIOYH.

3. Hamucare ypaBHeHus peakuuil: a) B3aumojeiicTBus xiopuaa xkenesa (III) c pactBopom
mesioun ¢ oopazoBanueM rugpokcuaa xxenesa (I1I); 6) pactBopenus runpokcuaa xenesa (11I)
B KUCIIOTE.

OnpIT 5. OKHCANTENbHBIE CBOMiCTBa coequHeHnH keae3a (I1I)

Okucnenue uoouoa Kaius

B npobupky ¢ 3-4 karusimu pactBopa FeCls no6asuts 1-2 kaniau pacTBopa HOAMIA Kalusl.

B kakoil 1BeT u moyemy OKpamimBaeTcsi pacTBOp?

Hanmcars ypaBHEHHE peakiuu.

Oxucnenue cyrbpuma nampus

B npoGupky ¢ 3-4 kammsmu pactBopa FeCls 1006aBUTh HECKOJIBKO KPUCTAIIUKOB CYJIb(pHUTA
HaTpud. [Ipu sTOM BHavane nosBiseTcss Oypo-KpacHOE OKpallMBaHUE BCIEACTBHE 00pa3OBaHUs
MaioyctoitunBoro cynbdura xenesa (I11), koTropoe ncuesaet npu HarpeBaHUU.

Y0enuThCs B BOCCTAHOBJIEHUH JKEJIE3a 10 CTEIIEHU OKUcieHus +11.

Kaxoii peakTuB cienyer uist 3TOro NpUMEHUTH?

Hamucatp ypaBHEHHsI peaKkIiuy OKHCIICHUs CyabhuTa HaTpus xjopuaom xenes3a (I11), yauteisas,
YTO B pEAKIIUU IPUHUMAET y4acTUe BOJA.

OnbIT 6. KommuiekcHblie coequnenus sxkee3a (III). [Tonyvyenne kommiaekcHoro gpocgara
skeqte3a (I1T)

B mpobupky ¢ 3-4 xamisamu pactBopa FeCls nobasuths 1 kxammo 0,01 H. pacTBOpa pomaHuia
aMMOHHUS Y 3aTeM 2 Karui 2 H. pacTBopa GocPopHOit OPTOKUCITIOTHI.

UYro nabmonaercs?

YYuTeIBas, uTO YCTOWYMBBEIM KomruiekcHbli noH [Fe(PO4):]’" OecupereH, OOBACHHUTH
Ha0Jr01aeMoe SBJICHUE U HAIIMCATh YPaBHEHUE COOTBETCTBYIOIICH pEeaKlny.

OmnbiT 7. F'uapokcuasbl kodaasTa (I) m nukesns (I1)

IHlonyuenue cuopokcuoa kooanema (Il) u e2o oxucnenue.

B nBe mpoGupku momecTuTh Mo 2-3 Kamiy pacTBOpa COJIM KoOanbTa W J00ABIATH MO KaIUISIM
pacTBOp €IKOM IIET0YM; CHayaia MOABISETCS CUHUM OCaJ0K OCHOBHOM COJIM, KOTOPBIM 3aTeM
CTaHOBHUTCS PO30BBIM, UTO yKa3bIBaeT Ha 00Opa3oBaHue ruapokcuaa kodaasra (1I).
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Ocamok B OAHOM MpOOMpKE THIATEIBHO pa3MellaTh CTEKISIHHOM NajJo4yKoi, a B JPYTyIo
npubaBuTh 2-3 kammm 3%-HOro pacTBOpa MEepPoKCHaa BOJAOPOIA.

B kakoii u3 npoOupok HabII0aeTCs OKUCICHHE THAPOKCHIa KobanbTa?

Hanucate ypaBHeHUsI peaKInid.

CpaBHUTB NOJTYyYEHHBIE PE3YJIbTATHI C PE3YJIHTATOM OIBITA 2.

Kaxkoii noH siBiseTcs 60s1ee SHeprudHbIM BoccTanosuTenem: Co?’ u Fe
Honyuenue 2uopokcuoa nukensa (Il) u eco okucnenue.

B Tpu npobupku momecTuTh Mo 2-3 Kaljik pacTBOpPa COJM HUKENS U J00aBISATH MO KarlisaMm
pacTBOp €IKOM 110U A0 BbIMaJeHus ocafok ruapokcua Hukesns (II).

Ocamok B TEpBOM MpOOHWpPKE TINATEIHLHO pa3MellaTh CTEKJISHHOM TMajoYKoi, BO BTOPYIO
npubaButh 2-3 kamu 3%-HOro pacTBopa Iepokcuaa Bogopoaa. Habmogaercs 1 M3MeHEHHe
nBera ocanka? Ilpoucxoaut nmu okucieHue ruapokcuna aukens (II) kucimopomom Bozayxa u
NEPOKCHUIOM BoJopoa?

B tpeThto mpobupky nmpubaBuTh 1 Karmo 6poMHON Boabl. UTo HabmogaeTcs?

Hanucars ypaBHEHUs peakiuil.

OnoiT 8. KoMiekcHbIe coefMHEHNS KOOAJILTAa H HUKEJIS

2+?

Ilonyuenue komniekcnozo pooanuoa Kodvanvma.

[TomecTuTh B TpOOMPKY 2 Karuid HACBIMIEHHOTO pacTBopa coym kobanbra (II) m mobaButh 5-6
KareJb HACBIIIICHHOTO PACcTBOPA POJIaHUa AMMOHHUS; YUECTh, YTO IMPU ITOM 00pa3yercs pacTBOP
komrekcHoi comu (NHa)2[Co(SCN)4]. KommekcHsie nousl [Co(SCN)4]* okpallieHsl B CHHHUIA
uBert, a ruapatuposannbie HoHbI [Co(H20)s]*" — B po30BEIii.

OTMETHUTH LIBET MOJIyYEHHOTO pacTBOpa.

Pa36aButh ero BOMIOI 0 M3MEHEHHUs OKPACKH, JOOABUTH 2 KAaIUIM CMECU CIupTa ¢ 3upom,
pa3MeniaTh pacTBOp CTEKJISIHHON MaJIOYKOW U BHOBBH HAOIIOAATh H3MEHEHHUE OKPACKH.

3areM B Ty € TPOOMPKY NPUIUBATh AWCTUUIMPOBAHHYIO BOAY, HAOMIOMas TOCTENEHHOE
U3MEHEHHE OKPACKH.

Onucath HAOTIOAAEMBIE SIBICHUS.

Hanucarb ypaBHeHHsI JuCCOLMALMN KOMIUIEKCHON COMM K0OaIbTa U KOMIUIEKCHOTO HOHA.
Hebonbmoe xomuuectBo conu Hukens (1) pactBopuTh B 5 Karuisax BOJbI.

JloGaBuTtsk 5 kanens 25%-Horo pacrBopa ammuaka. Kak usmensercs user pactsopa’?

Jlo6aBuTh K pacTBOpY 2-3 Kariu pacTBopa Cyib(una aMMoHHs. YTO BhINagaeT B 0Caa0K?
Hanucarp ypaBHeHus peakiuii: a) o00pa3oBaHHsS KOMIUIEKCHOIO aMMHakKaTa HUKes
(KOOpIMHAIMOHHOE YUCIIO HHUKENS paBHO 6); 0) AuccOmManui KOMIUIEKCHOTO COCOAMHEHUS U
KOMIUIEKCHOTO MOHA; B) B3aMMOJEWUCTBUS MOJYYEHHOTO KOMILJIEKCHOTO COEIMHEHHUs HUKENS C
Cynb(hUI0M aMMOHHUS.

IHlopaook paoomowi:

1. TlomyuuTh OT mpenoaaBaTens 3aJaHue.

2. BwImonHATH pabOTy COTITACHO METOJUYECKIM PEKOMEHIAIIHSIM.

3. OdopMuTH TPOTOKOT pabOTHI.

4. BbuuTh 0TpabOTaHHBIC PACTBOPEHI, MOCYY BBIMBITH. ClaTh pabouee MecTo.
Cooepicanue omuema:

1. Tema u nienp paboOTHI.

2. Habmionenus, ypaBHEHUS peakuil 0 KaKJ0i 4acTH padoThI.

3. BbIBOABI IO MpOICIaHHON padoTe.

KonTpoJsbHbBIE BOPOCHI

1. Kakue peakiuu gBistoTCS KaueCTBEHHBIMH Ha Fe?" u Fes: ? Kakue He0OX0auMO
MCII0JIb30BaTh PEAKTUBBI ISl POBEICHUS KaUeCTBEHHBIX peakuuii? Kakue npoaykTsl Ipu 3TOM
obpazyrorcsi?

2. Yro HabmromaeTcs npu B3auMoaeicTBIH conu Fe2+ co menoyamu? Yto npousoiiaer, eciau
OCTaBHTh MOJTYYECHHBIN pacTBOp Ha BO3yXe?
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3. Kakue peakiuy IoATBEPsKIal0T BOCCTAHOBUTENIbHBIE CBOMCTBA coneii Fe?"? Kakue npomxyKThl
00pa3yroTcs B 3TUX peaklUgX U KaK MOJATBEPAUTh UX 00pa3oBaHUE B pacTBOpax?

4. Kakue peakiuy HOJTBEPKIAI0T OKUCIUTEIbHBIE CBOMCTBA coneii Fe*'? Kakue npomykTsl
00pa3yroTcs B 3TUX peaklUgX U KaK MOJITBEPAUTh UX 00pa3oBaHUE B pacTBOpax?

5. Kakue nporuieccsl MpoUCXOAT Ipu B3auMoieiictBun conu kobasnbta (1) ¢ enkoii menousio?
Yro npousoitner npu npudasieHnu 3%-HOro pacTBopa NepoKkcuaa BOA0Opoia K THIAPOKCUIY
kobOanbTa (II)?

6. Kakue nmporeccsl mpoucxoasaT npu B3anmoeiicteuu conu Hukens (I11) ¢ enkoit menousto? Uto
IpOM30UIeT Ipu npubaBieHNH 3%-HOT0 pacTBOpa MEPOKCHIA BOAOPOAA K THIPOKCUIY
kobanbTa (II); OpomHOIt Bonbl? HabmrogaeTcst in M3MEHEHUE 1[BETa OCaIKa IIPH €T0
IEpEeMELINBAaHUU Ha BO31yXe?

7. Kak momyunts KomiiekcHyIo coitb (NHa4)2[ Co(SCN)4]? Uto mpousoiiner mpu pa3doaBiecHUN
pactBopa Bojoii? EcTh 1 pa3HuIIa B OKpacke 0€3BOIHOTO U THAPATHPOBAHHOTO KOMILIEKca?

8. TEMATUKA KYPCOBBIX PABOT

1 Oxcuapl ceunna (11, IV).

2. Okcunusl onosa (11, IV).

3. TerpaTuoHatr HaTpus.

4. ®ocdar HaTpuUs, KPUCTAIUIOTUIPAT.

5. Xjopua Kajmus.

6. OcHosHoli kapOoHat menu (II).

7.  Cynbdat KajabIys, KpUCTAUIOTHAPAT U OE3BOIHAS COJIb.

8. OcHOBHOI1 KapOOHAT MarHusl.

9. Anerar Kaiablus.

10. TTony4yenue U ycTaHOBJICHHE COCTaBa KpucTautoruapara ¢pocdara nmuHKa.

11. TTony4yenue nucynbhuma MUHKA U H3YYCHUE €TO CBOMCTB.

12. Tlony4yenne kapOOHAaTa IIMHKA.

13. Okcun meau (I).

14. Xnopug meau (I).

15. Tuocynwdar HaTpus.

16. bopnas kucinora.

17. Conb Mopa.

18. XnopxpoMaT aMMOHUSI.

19. AmroMOaMMOHHMHEIE KBACIIEI.

20. XKenezoaMMOHUITHEIE KBACIIBI.

21. XpoMaMMOHUHBIE KBACIIBI.

22. XpoMOKaJINEBbIE KBACILIBI.

23. AJTIOMOKaJIMEBELIE KBACIIE.

24. Tpuoxcanatopeppat (I1I) kamus.

25. Xnopun aHutpornenrammuHokobansTa (I11).

26. Xumus 01aropoJHbIX Ia30B (CTpOEHHE COCTUHEHNN, CPABHUTEIbHBIN aHAIN3 COCMHEHUH,
CBOMCTBA, CITIOCOOBI MOJTYYCHHS ).

27. Kommiekcubie coeauaenust kodanbta (I1) u (II): cpaBHUTENbHAS (XapaKTEPUCTHKA CTPOCHHUS
Y CBOMCTB B 3aBUCUMOCTH OT IIPUPOJIbI JIUTAHIA.

28. KapOoHMIIBI METAJIIOB: CTPOEHHUE, CBOWCTBA, MOJIyYeHHE, IPUMEHEHHUE.

29. KoMIuieKCHBIC COSTMHEHUS Kene3a: MOJIyIeHHE, 0COOCHHOCTH CTPOCHHMS, CBOMCTRA.
30. Hurpat rexcaammunko6ansta (I11): ctpoeHue, crmocoObl moryueHus U UCCle0BaHNe
cBoifcTB (ctpoenne nona Co(NH3)s®" husnueckne n XuMudeckue CBOWCTBA, METOBI MOMYYEHHUS
Y OYUCTKH, IPUMEHEHUE).
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31. XuMHus HEOpraHMYECKUX THIPATOB (KPUCTAUIOTUIPATHI, aKBAKOMIUIEKCHI CTPOEHHUE,
CBOMCTBA, CITIOCOOBI MOJTYYCHHS ).

32. AnnorponHsle MoauduKanuu yriaepona: GpyuiepeHsl, rpadeH, yriepoJHble HAaHOTPYOKH:
CTPOEHUE, CBOICTBA, CIOCOOBI MOTY4EHUS.

e

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.

9. HIEPEYEHb BOITPOCOB K OK3AMEHY

OCHOBHBIE KJIACChI HEOPraHMYECKHX coeAuHeHu. OKCuapl U OCHOBaHUsA. [IpuHIUIIBI
KJIacCU(UKALINN, XUMUYECKUE CBOMCTBA U CIIOCOOBI MOTy4YeHHsI. B3auMOCBSI3b CTPYKTYPHI
OKCHJIOB OT BaJIEHTHOCTH 3JIEMEHTOB U UX PACIOJIOKEHHUE B IEPUOJUUYECKON CUCTEME
OcCHOBHbIE 3aKOHBI M TIOHSATUS XUMHUHU (3aKOH COXpPAaHEHMS] MAcChl M HHEPIrUM, 3aKOH
MOCTOSTHCTBA COCTaBa M KPAaTHBIX OTHOIICHUH, 3aKOH SKBUBAJIECHTOB). MOJIb - KOMYECTBA
BellecTBa. 3aKOH ABarajpo 1 €ro CjieICTBUS.

Kucnoret u comu. [lpuHnumsl kinaccupukarmuu. XUMHYECKHE CBOMCTBA W CIOCOOBI
IIOJIy4EHUS COJICH.

AToMHO-MOJIEKyIIsipHOE yueHue. Teopusi Pesepdopna, e€ TOCTOMHCTBA M HEIOCTATKH.
KBanrtoBas teopust atroma H. bopa, ocHOBHbIE TIOJI0KEHUS], JOCTOMHCTBA U HEJOCTATKHU.
[TpuHIHITBI 3aTTOTHEHUST ATOMHBIX OPOHTATICH.

[lepuonuueckuii 3akOH W mepuoauueckas cucrema syemeHtoB [[.M. Mennaeneena.
Hcropus u 3Tanel co3aaHusl.

[TapameTpsl aTOMa ¥ NEPUOAUYHOCTh UX U3MEHEHUSI B TIpEEIaX CUCTEMBI AJIEMEHTOB.
3aKOH COXpaHEHUsi MacChl W PHEPruHU, €ro 3HAYeHUE B XMMHUUYECKHX pacuerax. 3aKoH
MOCTOSIHCTBA COCTaBa M KPATHBIX OTHOIICHUH.

3akoH ABOraJipo U €ro CJIEACTBUS. 3aKOH 3KBUBAJIECHTOB.

. XMMHUYECKasl CBA3b U CTPOCHUE MOJIEKYJ. MeToa BaJ€HTHBIX CBA3EH, €ro JOCTOMHCTBA U

HEJ0CTaTKH.

Meroa MONEKyISIpHBIX opOuTaneit. Ero 1ocTomHCTBA M HEAOCTATKH.

KoBasienTHas cBsA3b. MexaHU3MBbl 00pa30BaHMsI XUMUYECKOM CBSI3H.

['mOpummzamuss aromMHbIX opOutaneid. Tumbl rubpuam3anuu. [IpocTpaHcTBeHHOE
pacrosiokeHue THOPUIHBIX AaTOMHBIX OpOUTaIIeH.

Honnas cBs3b.

Meramnueckas CBA3b.

MesxmorekyisipHoe BzaumozencTeue. [Ipupona Ban-nep-BaanbcoBbix cui.

IlepBbit 3axkoH TepmoauHaMuku Ilonsatue oHranmenud. [IpuHOMNBL pacdera 3TOro
TEPMOJUHAMHMYECKOI 0 TapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CUCTEMaM.

Bropoii 3akoH TtepmoauHaMuku. [loHarue osHTpomms. IlpuHOuNBL pacyera 3TOro
TEPMOJUHAMHMYECKOI 0 ITapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMaM.

CBobonHas sHeprust [ 'ub0ca, Kak KpUTEpUil OLIEHKH BO3MOXKHOCTH CaMOIPOU3BOJIEHOTO
IIPOTEKAaHUs XUMHYECKUX MPOLIECCOB.

3aKkOH JEHCTBYIOIIMX MAacC. 3aBUCUMOCTb CKOPOCTM XHUMHUYECKOM peakLuu OT
KOHLEHTPALUU 1 IPUPOBI PEarupyIOINX BEIIECTB.

Oueprust aktuBanuu. [loHATHE aKTUBUpPOBaHHBIM KomIuiekc. 3akoH Bant-T'odda.
Karanus.

Xumnueckoe paBHoBecue. [Tpunnun Jle-Illatense. KoHcTanTa paBHOBECHS KaK KpUTEpUI
OLICHKH OJJHOCTOPOHHETO NMPOTEKaHUsI XUMUYECKOTO ITPoLIecca.

OOmast Teopuss pacTBOpoB M pactBoputreneid. CrocoObl BBIpaKEHUS KOHIEHTpAIUU
pactBopoB. [ToHsTHE pacTBOPpUMOCTb. PAaCTBOPMMOCTB Ta30B B KHUJKOCTSX, 3aKOH ['eHpH.
B3aumHas pacTBOpUMOCTb JKUJKOCTEH, TOHITHE KOHCTAHTHI PaCIPEIEICHHUS.

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

Temneparypsl KUIIEHUs U 3aMEp3aHMsl pacTBOPOB U pacTBopuTeinei. llepswlii U BTOpOU
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26.

27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41

42.

43.
44.
45.
46.
47.
48.
49.

50.

51.
52.
53.
54.

55.
56.
57.
58.
59.
60.
61.
62.
63.

64
65
66
67

3aKkoH Payus.

OcHOBHbIE TPUHIUNBI KJIaCCU(PUKAUU pacTBOpUTENEH (MOISPHOCTh, MOHU3UPYIOIIAS
CIOCOOHOCTh, KUCIIOTHOCTD U T.J.).

Teopust FAEKTPOTUTAYECKON AUCCOIUALIIH.

Kucnorel u OCHOBaHUS C TOYKH 3pEHUS TEOPUU DJIEKTPOJIUTUYECKOW JTHUCCOLUALNU
Appennyca, Teopuu bpencrena u Jloypu, anektponHoit Teopun JIprounca.

CunpHbIC U ClTa0ble IIEKTPOIUTHL. JIMHAMUYECKOE PAaBHOBECHE B PACTBOPaX.

Kaxymasics u agpdextrBHas konueHTpauus. [lonaTre akTHBHOCTH.

HoHHbIE peakunu B pacTBOpax.

[Ipou3sBeneHne pacTBOPUMOCTH.

HNonHoe npounsBeieHne BOAbI, BOLOPOAHBIN TOKA3aTENb.

I'maponus coneil.

Bydepnoe aevicteue. BydepHbie pacTBOpPHI.

Kommnekcusie coenunenus. OOmias xapaktepuctuka. [loHsTHEe KOOpAMHAILIMOHHAS CBSI3b.
Teopus KOMIUIEKCHBIX coeiHeHU A. BepHepa.

[IpocTpaHCcTBEHHOE CTPOCHHUE M N30MEPHSI KOMIUIEKCHBIX COEUHEHUM.

Meton BaneHTHBIX CBA3EH B ONUCAHUY KOMIUIEKCHBIX COCTUHEHUH.
OKHCIUTENbHO-BOCCTAHOBUTENbHBIE Tpoliecchl. CTENEeHb OKUCICHHUS U CTPOCHHE aToMa
3JIEMEHTA.

. Kmaccuuxanms okucIuTenbHO-BOCCTAHOBUTENBHBIX PEAKITHIA.

CnocoObsl  paccTaHOBKM  KOX(DPUIIMEHTOB B  OKHUCIUTEIHHO—BOCCTAHOBUTEIHHBIX
peakiusx. MeTopl 3JIeKTPOHHOTO Oananca 1 HOHHO-3JIEKTPOHHBIN.

DONEeKTpOAHBIA MOTEHIUAT U PSJ HAIPSHKEHUST METAJIOB.

CrangapTHBIN U peasbHbINA AIEKTPOAHBIN noTeHan. Y paBHeHue HepHera.

@akTOpHI BIUAIOIINE HA IPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIIUN.
XUMHYECKUE UCTOYHUKHU TOKA. ['albBAaHUYECKUE DIIEMEHTBI.

[Ipoueccsl, mpoucxXoAsIIME NPU 3aPAJIKE U pa3psIKe CBUHIIOBOTO aKKyMYJISTOPA.
OneKTpoan3. 3aKOHbI DJIEKTPOJIN3A.

OO6mme cpoiicTBa MeTauIoB. MeTamnyeckas CBs3b. KOppo3usi METaNIOB U CIIOCOOBI
OOpBOBI C HEH.

Bomopoa. Mecto B MepUOIUYECKON CHUCTEME XHMHYECKHX 3JIEMEHTOB. XUMHUYECKHUE
cBoiicTBa. [lonyuenue.

CoenuHeHuns BOJOpOAA: BOJA U IEPOKCU]T BOAOPO/IA.

I"anorensl. O0mas xapakrepucTuka. XuMuieckue cBoictaa. [lonydenue.

CoenrHeHusI TajloreHoOB: raJIor€HOBOAOPO/IbL;, KUCIOPOAOCOAEPKAINE COSTUHEHUS TAJIOT€HOB.
[Moarpymnmna xucnopona. OOmias xapakrepuctika. Pu3ndeckue U XUMUYECKHE CBOUCTBA.
[Tonyuenue.

O30H. ®u3nueckre U XxuMudeckue cpoiictsa. [lomyuenue.

Cepa. ®uznueckue cBoiicta. Ayorponus. [lonydenue.

Cepa. Haxoxnenue B mpupoje. Xumudeckue cBoricta. [Ipumenenue.

Ceposoaopoa. [Tonmyduenue. duznueckne u xuMudeckue cBorictBa. CynbQuisbl.

Oxkcuabl cepbl. PuU3nueckue U XuMuueckue cBoictna. [lomyuenue.

Cepnas kucnora. [lonyyenue u cBoiicTsa.

[Moarpymma azora. O6mas xapakrepuctuka. A30t. Puznyeckre 1 XuMHUUECKUE CBOMCTBA.
Ammuak. Conu aMMOHMS.

Heconeobpasyromie oKCUabl a30Ta.

. A3OTHCTBIN M a30THBIA aHTUAPUJIBI. A30THCTasi KUCJIOTA.

. AzotHag kucnora. [lomyuenue. CoiicTBa. Pa3noxxeHne HUTpAToOB.

. ®ochop. Ammorponus. [Tomyduenune. Xumudeckue CBOMCTBA.

. Coenuuenus pocdopa: pochun, okcua pocdopa (I1I), okcua pocdopa (V).
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68. ®ochopHbIE KUCITOTHI.

69. [logrpynmna yriepoaa. O0mas xapakTepucTuKa. AJUIOTPOIIHS.

70. XuMu4ecKre CBOMCTBA yIiiepoia. YToJIbHasl KMCI0Ta U €€ COJIH.

71. Okcuapl yriiepoaa.

72. Kpemnuii. Pactipoctpanenue B npupone. Amnorponus. I[Tonyuenue. CpoiicTa.

73. CoenuHeHUsI KPEMHUS: CUJIaH, OKCHUJT KPEMHUSI, KDEMHHUEBBIE KHCIIOTBHI.

74. 'epmanuii, 0J10BO, CBUHEII.

75. Amtomunuii. [Tonydyenune. CBoiicTsa.

76. CoeMHEHUSI AIFOMUHUS: OKCUJT, TUIPOKCU, TUJIPHUIL.

77. llenounsie Metautbl. O0mIast xapakrepuctuka. [lomyuenue. CBoiicTRBa.

78. CoelMHEHHUSI 1IETTOUYHBIX METAILJIOB.

79. lllenouno - 3eMenbHbIe MeTauibl. O0mas xapakrtepuctuka. [lomydenue. CBoricTBa.

80. CoeuHeHus EI0YHO - 3eMEIbHBIX METAJIOB.

81. [Moarpynma menu. O6mas xapakrepuctuka. [lomyuenne. CBoiicTBa.

82. CoenuHeHus OAHO- U ABYXBAJICHTHON ME/IH.

83. Cepebpo u ero coeqHEHUs. 30JI0TO U €TI0 COCTMHCHHUS.

84. [loarpynmna nuuka. Obmas xapakrepuctuka. Llunk. Ilonydyenue, cBOHCTBa, cOeTMHEHUS
nuaka. Kagmuii.

85. Pryrb. CoequHeHus1 OJHO- U IByXBaJICHTHOM PTYTH.

86. [loarpymnmna xpoma. O61mas xapakrepuctuka. [lomyueHue u cBoicTBa Xxpoma.

87. CoequHEHHs] NBYX- U TPEXBAJIEHTHOIO XpOMa.

88. CoenMHEHUs YEThIPEX- U IMIECTUBAJIEHTHOIO XpoMa.

89. [loarpynma maprania. O0mue cBoiicTBa eMeHTOB. [lomydenne MeTamioB. XUMHUYECKHE
CBOMCTBA.

90. CoenuHeHus IBYX- M TPEXBAJIEHTHOTO MapraHIa.

91. CoenuHenust Maprasua, TEXHELUs U pEHUs C BAJIGHTHOCTHIO [V.

92. CoenuHeHUs: CEMUBAJICHTHOrO Maprania. Coyii Mmaprasiia.

93.BocbMmas rpynma mobounas mnoarpynmna. OOmias xapaktepuctuka. [loarpymma sxenesa.
[TonydyeHnune u XuMHUYECKHE CBOMCTBA, aJZIOTPOIHS KEe3a.

94. CoequHeHMsl JBYXBaJEHTHOIO XKeEJE3a.

95. CoenuHeHUs1 TPEXBAJICHTHOTO KENe3a.

96.IlonsiTHe OMOTEHHOCTH XHMHYECKHX 3JeMEHTOB. buocdepa, KpyroBopoT OMOTeHHBIX
aneMeHToB. KoHlleHTprupoBaHUE OMOTEHHBIX AJIEMEHTOB KUBBIMU CHCTEMaMHU.

97. Knaccudukaiusi OMOTEHHBIX SJIEMEHTOB MO UX (DYHKIMOHAJIBHOW POJIM: OpPraHOTEHHI,
3JIEMEHTBHI 3JIEKTPOIUTHOTO (POHA, MUKPOIIIEMEHTHI.

98.IlpumecHble 3J1eMEHTHl (aKKyMyIHUpyolecs T Heakkymynupymommecs). OCHOBHBbIE
VMCTOYHMKH MTOCTYIJICHUS IPUMECHBIX 3JIEMEHTOB B OPTraHN3M YeJIOBEKaA.

99. XuMundeckue acreKTbl OXpaHbl OKPYKAIOLIEH Cpebl.

100. KoMruiekcbl KaTHOHOB  S-METAWIOB  (MOHOGMOPHI, KpayH-3(DHUPBI, KpHUITAHBI.
Xnopoduii.

101. buonornueckas posib HaTpUsl, KJIKs, KLU, MarHusl.

102. XUMHUECKOE CXOACTBO M OMOJOTMUYECKUI aHTaroHW3M (HaTpHUil-Kaauid, MarHuii-
KaJIBITH ).

103. Haubonee BaxHbie OWOTeHHBIE 3MeMEHTHI d-0J0Ka: XpoMm, Meab, MOIUOJCH.

Cuctembl MeTaLT-0€10K (METAITIONPOTEHNHBI M OCTTKH, aKTUBUPYEMbIC METAJLIIAMH ).
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9. CAMOCTOATEJIBHASA PABOTA CTYJIEHTOB

obecrieyeHus TUCIUILIAHBL.
[MoxroToBka K KOHTPOJIBHOI padoTe.
IToaroToBKa K ciaye sK3aMeHa.

Ha3Banue pa3aesioB u Bup camocrosTeIbHOI padoThI Oo0BeMm B ®opMa KOHTPOJIA
TeM yacax
1.Ilemn u 3amaun xumuu. |[Ipopabotka ydeOHOro MaTepuansa C 10 BKJIFOUEHHUE BOITPOCOB HA
OCHOBHBIC TIOHATHS H|HUCIIONB30BAaHMEM  PECypcoB  y4deOHO- CeMHHAapax, KOHTPOIBHBIX
3aKOHBI XUMUH. METOIMYECKOTO W HWH(POPMAIHOHHOTO paboTax, TECTHUPOBAHHUH,

OK3aMCHEC

obecrieueHus TUCIUILIAHBL.
[MoxroToBka K KOHTPOJIBHOI padoTe.
IlogroroBka K cimade SK3aMcHa.

2. Baxneiimme xmaccel|IIpopaboTtka ydeOHOTO MaTepuansa C 10 BKJIFOUEHHE BOITPOCOB HA
HEOPTraHMYECKUX HCTIONB30BaHUEM  PECypcoB  y4eOHO- CeMHHApax, KOHTPOIBHBIX
COCIMHEHUI. METOIMYECKOTO W HWH(POPMAIHOHHOTO paboTax, TECTHUPOBAHHUH,
obecrieueHU JUCIUTUTNHEL. JK3aMeHe
[ToaroroBka K KOHTPOJLHOM padoTe.
IloaroroBka k claue sK3aMeHa.
3. Ctpoenne aTomMa IIpopabotka ydeOHOrO MaTepuansa C 10 BKJIFOUEHHUE BOITPOCOB HA
[lepronnveckuii 3aKOH ¥ [MCIIOIB30BAaHUEM  PECypcoB  ydeOHO- CeMHHApax, KOHTPOIBHBIX
MePUOINIECKasi CHCTEMa|METOANYECKOT0 ¥ MH(OPMAIMOHHOTO paboTax , TECTHPOBAHUH,
JAN. MenngeneeBa B|oOeCrCUCHHUS JUCIUTIINHBL. JK3aM€EHE
cBere Teopun cTpoeHus |I[loAroToBKa K KOHTPOJILHOM padoTe.
aToma. Xumnueckas |Iloaroroska k caaue 3K3aMeHa.
CBSI3b u CTpOEHUE
MOJIEKYJI.
4. OcHoBbl xumuueckoii|[IpopaboTka ydeOHOro Mmarepuanga c 10 BKJIIOUEHHUE BOIIPOCOB HA
TEPMOJIUHAMUKHU. HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO- CEeMHUHApax, KOHTPOIbHBIX
XuMuueckasi KHHETHKA ¥ [METOAMYECKOTO0 U MH()OPMAIMOHHOTO paboTax , TECTUPOBAHHH,
paBHOBecHE. o0ecrieucHHs JUCIUTUTNHBIL. JK3aMeHe
[MoxroToBka K KOHTPOJIBHOI padoTe.
IToaroroBka K claue SK3amMeHa.
5. Teopus pactBopoB u|llpopaboTka yd4eOHOro Marepuana cC 15 BKJIFOYEHHUE BOIPOCOB Ha
pacTBopuTenei. UCTOJNB30BAHUEM  PECYpCOB  Y4eOHO- CEeMHUHApax, KOHTPOIbHBIX
KomnnuraTupHeie METOJMYECKOTO0 U HMH(POPMAIMOHHOTO paboTax , TECTUPOBAHHH,
CBOWCTBa PacTBOPOB. |00ECTIEYCHNS TUCIUIIINHEL. JK3aMeHe
PacTtBops! [ToaroroBka K KOHTPOJLHOM padoTe.
3JIEKTPOJIUTOB. [ToxroToBka k caade SK3aMeHa.
Bopopoansiii
nokaszareib. [ uaponus
coJre. Bydepnsie
PacTBOPEI.
6. OxucnutensHo- [[IpopaboTka yde6HOro Mmarepuaia ¢ 15 BKJIFOUEHHUE BOITPOCOB HA
BOCCTAaHOBUTEIIEHBIE HCTIONB30BaHUEM  PECypcoB  y4eOHO- CeMHHApax, KOHTPOIHHBIX
TIPOIIECCHI. METOIMYECKOTO W HWH(POPMAINOHHOTO paboTax , TECTHPOBAHUH,
CrannapTHBIN 1| obecrieueHNs TUCTIATUIHHEL JK3aMeHe
peaNbHBIN 3ieKTpoaHbIH | [IoaroTOBKa K KOHTPOJILHOM padore.
IMOTEHIIHAIT. O6mue | [Toaroroska K caaue SK3aMeHa.
CBOWCTBAa METAJLJIOB.
7.Teopust xomruiekcHbix |[Ipopabotka yueOHOro Martepuana c 10 BKJIIOUEHHUE BOIIPOCOB HA
COEJMHEHUII. HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO- CEeMHUHApax, KOHTPOIbHBIX
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO paboTax , TECTUPOBAHHH,

OK3aMCHEC
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1. Bogopoa.

IIpopabotka ydeOHOrOo MaTepuamsa C
WCTIOJIb30BAHUEM  PECypcoB  y4eOHO-
METOJWYECKOTO W HH()OPMAIMOHHOTO
obecreueHus JUCIUIIINHEL,

[MoxroToBka K KOHTPOJIBHOI padoTe.
IloaroroBka k caade 7K3aMeHa.

BKJIFOYEHHE BOIIPOCOB HA
CeMHHapax, KOHTPOJIbHBIX
paboTax , TECTUPOBAHHH,
9K3aMeHe

2. DOnementst  VIIA
rpynnsl:  ¢rop, XJop,
opom, Hioj.

IIpopabotka y4yeOHOrOo MaTepuaga c
HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecreyeHus JUCIUIIINHEL,

[MoxroToBka Kk KOHTPOJIBHOI padoTe.
IlogroToBka K cimade SK3aMeHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
JK3aMeHe

3. DJIeMEHTBI VIA
TPYIIIBL: KHCIOPOJ, cepa,
CeJICH, TeILTYP.

IIpopabotka y4yeOHOrOo MaTepuaga cC
UCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecreueHus JUCIUIIINHEL.

[MoxroToBka Kk KOHTPOJIBHOI padoTe.
IlogroroBka K cimade SK3aMcHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
JK3aMeHe

4. DeMEHTHI VA

IIpopaboTka ydeOHOrOo MaTepuamsa C

BKIIFOUCHHEC BOITPOCOB Ha

rpynmel: a3ot, (ocdop,|ucrmonp3oBaHUEM  pecypcoB  ydeOHO- ceMrHapax, KOHTPOIbHBIX
MBIIIBSIK, CypbMa, |METOAUYECKOTO ¥ MH(OPMAIOHHOTO paboTax , TECTUPOBAHUH,
BUCMYT. oOecrieueHns: TUCIUILTHHEL 9K3aMEHE

[ToaroroBka K KOHTPOJLHOM padoTe.

IToxroToBka k caade SK3aMeHa.
5. OneMeHTsI IV|IIpopabdotka y4eOHOro Marepuana C BKJIIOUEHHUE BOIIPOCOB HA
TPYIIIBL: YIJIEpO, |MCTIONb30BAaHUEM  PECypcoB  ydeOHO- CeMHHapax, KOHTPOJIbHBIX
KpPEMHHH, repMaHui, | METOIMYECKOr0 M MH(OPMALMOHHOTO paborax , TECTUPOBaHHH,

0JIOBO, CBUHCII.

obecrieyeHus TUCIUILIAHGL.
[MoxroToBka K KOHTPOJIBHOI padoTe.
IToaroToBKa K ciaye PK3aMeHa.

OK3aMCHEC

6. bop.

IIpopabotka ydeOHOrO MaTepuamsa C
HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecreueHus JUCIUIIINHEL.

[MoxroToBka K KOHTPOJIBHOI padoTe.
IloaroroBka k caade sK3aMeHa.

BKJIFOUEHHUE BOITPOCOB HA
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
JK3aMeHe

7. DJIeMEHTBI IITA
TPYIIIIbI: ATOMUHUH,
TaJUTHH, WHAWH, TaJIan.

IIpopabotka ydeOHOrO MaTepuamsa C
WCTIOJIb30BAHUEM  PECypcoB  y4eOHO-
METOJNYECKOTO W HH()OPMAIMOHHOTO
obecreueHus JUCIUIIINHEL,

[MoxroToBka K KOHTPOJIBHOI padoTe.
IloaroroBka k caade 7K3aMeHa.

BKJIFOYEHHE BOIIPOCOB HA
CceMHHapax, KOHTPOJIbHBIX
paboTax , TECTUPOBAHHH,
9K3aMeHe

8. OneMeHTsI IA [TIpopaboTka y4eOHOrO Marepuana C BKJIIOUEHHUE BOIIPOCOB HA
TPYIIIBL: IIEJIOYHbIE [ UICTIONB30BaHUEM  PECYpcoB  y4eOHO- CeMHHapax, KOHTPOJIbHBIX
METaJLIBL. METOIMYECKOT0 M MH(OPMALMOHHOTO paborax , TECTUPOBaHHH,

obecrieueH s TUCIUILTHHBL. JK3aMeHe

[MoxroToBka K KOHTPOJIBHOI padoTe.

IToaroToBka k caade dK3aMeHa.
9. OneMeHTsI ITA|TIpopaboTka ydeOHOro Marepuaiga cC BKJIIOUEHHUE BOIIPOCOB HA
TPYIIIBL: OepwJLIHH, | HCTIONIB30BAHMEM  PECypcoB  ydeOHO- CeMHHapax, KOHTPOJIbHBIX
MarHuy, KaJbLUi, | METOANYECKOTO M HH()OPMAIHOHHOTO paboTax , TECTUPOBAHUH,

CTPOHITUH, OapHid.

obecrieyeHU TUCIUTUTNHEL.
[ToaroroBka K KOHTPOJLHOM padoTe.
IToaroroBka Kk caave sK3aMeHa.

OK3aMCHEC
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10. DNeMEeHThI Ib
TPYIIBL: Melb, cepedpo,
30J10TO.

IIpopabotka ydeOHOrOo MaTepuamsa C

WCTIOJIb30BAHUEM  PECypcoB  y4eOHO-

METOJWYECKOTO W HH()OPMAIMOHHOTO

obecreueHus JUCIUIIINHEL,

[MoxroToBka Kk KOHTPOJIBHOI padoTe.
IloaroroBka k caaue sK3aMeHa.

BKJIFOYEHHE BOTIPOCOB HA
CeMHHapax, KOHTPOJIbHBIX
paboTax , TECTUPOBAHHH,
9K3aMeHe

11. DJIEeMEHTBI 11
TPYIIbL: OUHK, KaJMUH,
PTYTh.

IIpopabotka y4yeOHOrOo MaTepuaga c
HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecreyeHus JUCIUIIINHEL,

[MoxroToBka K KOHTPOJIBHOI padoTe.
IlogroToBka K cimade SK3aMeHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
JK3aMeHe

12. DOnementst IVb
TpYIIBL: TUTaH,
LUPKOHUH, raHuii.

IIpopabotka y4yeOHOro MaTepuama c
HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecreueHus JUCIUIIINHEL.

[MoxroToBka Kk KOHTPOJIBHOI padoTe.
IlogroroBka K cimade SK3aMcHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
JK3aMeHe

13. DJIEMEHTBI Vb
TPYIIIbL: BaH/IHH,
HHOOMM, TaHTAaJ.

IIpopaboTka ydeOHOrOo MaTepuamsa C
HCTIONB30BaHUEM  PECypcoB  y4eOHO-
METOIMYECKOTO W HWH(POPMAIHOHHOTO
obecrieueHU JUCIUTUTNHEL.

[ToaroroBka K KOHTPOJLHOM padoTe.
[ToxroToBka K caaye SK3aMeHa.

BKJIFOYEHHE BOTIPOCOB HA
CeMHHapax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
9K3aMeHe

14.  Dnementrst  VIb
TPYIIIBL: XpOM,
MOJHOICH, BOJIb(paM.

IIpopabotka y4yeOHOrOo MaTepuaga c
HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
o0ecricucHHs JUCIUTUTNHBL.

[MoxroToBka Kk KOHTPOJIBHOI padoTe.
[ToaroroBka K criaye SK3aMeHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
JK3aMeHe

15. Onementst VIIBb
TpyIIbL: Mapraset,
TeXHELUH, peHuil.

IIpopabotka y4yeOHOrOo MaTepuaga cC
UCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecrieyeHU JUCIUTUTNHEL.

[ToaroroBka K KOHTPOJLHOM padoTe.
IloaroroBka k claue sK3aMeHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
dK3aMeHe

16. DOnementst VIIIb
TPYIIIBL: Keseso,
KOOaJbT, HUKEb,
IUTATHHOBBIC METAJIIBL.

IIpopabotka y4yeOHOro MaTepuama c
HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO-
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO
obecrieueHU JUCIUTUTNHEL.

[ToaroroBka K KOHTPOJLHOM padoTe.
IloaroroBka k claye sK3aMeHa.

BKJIIOUEHHUE BOIIPOCOB Ha
CEeMHUHApax, KOHTPOIbHBIX
paboTax , TECTUPOBAHHH,
dK3aMeHe

17. DOnementsr VIIIA

IIpopabotka ydeOHOrOo MaTepuansa C

BKIIFOUCHHEC BOITPOCOB Ha

TPYHIBL:  OJaropoHBIC [MCIIONB30BAaHNEM  PECypcoB  ydeOHO- CEeMHHApax, KOHTPOIBHBIX
rasbl. METOIMYECKOTO W WH(POPMAIHOHHOTO paboTax , TECTHPOBAHUH,
obecrieyeHU TUCIUTUTNHEL. JK3aMeHe
[ToaroroBka K KOHTPOJLHOM padoTe.
[ToxroToBka K caaye SK3aMeHa.
18. Onementsl |[IpopaboTka ydeOHOTO Marepmana C BKJIFOUEHHUE BOITPOCOB HA
MOJTPYIIIBI CKaH/WS |NCIIONB30BAHUEM  PECypcoB  y4eOHO- CeMHHApax, KOHTPOIBHBIX
(a;meMeHTBl 3 TPYNIBI). |METOAMYECKOTO W HH()OPMAIMOHHOTO paboTax , TECTUPOBAHHH,

JlaHTaHUBI.

obecnedenrs TUCIUTUINHBL.
[MoxroToBka K KOHTPOJIBHOI padoTe.
IToaroToBka K ciaye PK3aMeHa.

OK3aMCHEC
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19. AKTHHUT u|llpopaboTka y4eOHOTO Marepwaina C 2 BKJIFOUEHHUE BOITPOCOB HA
AKTUHUBL. HCTIONB30BaHUEM  PECypcoB  y4eOHO- CEMHUHapax, KOHTPOJIbHBIX
METOJWYECKOTO W HH()OPMAIMOHHOTO paboTax , TECTUPOBAHHH,
oOecricueHHs JUCIUTUTNHBIL. JK3aMeHe
[MoxroToBka K KOHTPOJIBHOI padoTe.
[ToaroroBka K claue SK3amMeHa.
20.buorennsie [Tpopabotka yueOHOro MaTepuana c 2 BKJIIOUEHHUE BOIIPOCOB HA
9JIEMEHTHI. HCTOJNB30BAHUEM  PECYpCOB  Y4eOHO- CeMHUHapax, KOHTPOJIbHBIX
METOJMYECKOTO0 U HMH(POPMAIMOHHOTO paboTax , TECTUPOBAHHH,
o0ecrieueHHs JUCIUTLTNHBIL. JK3aMeHe
[MoxroToBka K KOHTPOJIBHOI padoTe.
IloaroroBka k claue sK3aMeHa.

10. YHEBHO-METOAUYECKOE U THOPOPMAIIMOHHOE OBECIIEYEHUE

JANCHUIIINHBI
a) CniMcoK peKOMeHyeMoil JTuTepaTyphl
OcHoBHaf :
1.CyBopoB, A. B. Oo0mas n Heoprannmdeckas XuMus B 2 T. ToM 1 : yueOHHK HJI9 aKaJeMHUICCKOTO
baxanaBpuata / A. B. CysopoB, A. b. Hukonbckuii. — 6-¢ m3a., uchp. U jgon. — MockBa :
WznatensctBo HOpaiit, 2019. — 343 ¢. — (bakanaBp. Akagemmueckuii kypc). — ISBN 978-5-534-
09094-9. — Tekcr : anexktpoHHb // ObOpazoBatenbHas miaatdopma HOpaiit [caiitr]. — URL:

https://urait.ru/bcode/427129 .

2. Huxonbckuii, A. b. OOmas u Heopranuyeckas Xxumus B 2 T. Tom 2 : y4eOHHMK st
akagemudeckoro 6akamaBpuata / A. b. Hukonbckuii, A. B. CyBopoB. — 6-€ u31., UCHp. U JOIIL.
— Mockga : U3marensctBo HOpaiit, 2019. — 378 ¢. — (bakamaBp. AkageMHU4YeCKUid Kypc). —
ISBN 978-5-534-09096-3. — Texkct : anexkrponHslid // OOpa3oBarenbHas miatdopma HOpaiit
[caiiT]. — URL: https://urait.ru/bcode/427130

3. Adonuna, JI. . Heoprannyeckas xumus : yuyebnoe mocodbue / JI. M. Adonuna, A. W.
AmapneB, A. A KazakoBa. — HoBocubupck : HoBocuOupckuii rocy1apcTBEHHbBIN TEXHUYECKHUMA
yauBepcuret, 2013. — 104 c¢. — ISBN 978-5-7782-2172-7. — TekcT : 31€KTPOHHBINA //

DIIeKTPOHHO-OMOINOTEUHAS cucTeMa IPR BOOKS : [caitT]. — URL:
http://www.iprbookshop.ru/47698.html
JlonosHuTeILHAS

1. [IpakTukyM 10 O0IIEH XMMUH : yueOHOe TTocoOue A akaJeMUYecKoro OakajiaBpuara
/ H. JI. I'munka, B. A. Ilonkos, A. B. badkos, O. B. HecrepoBa. — MockBa : N3gaTenbcTBO
HOpaiir, 2019. — 248 c. — (bakanaBp. Akanemuueckuit kypc). — ISBN 978-5-9916-4058-9. —
Texcr : oanmektponnbii //  OOpaszoBatenbHass 1miatdgopma IOpaiit [caiit]. — URL:
https://urait.ru/bcode/444652 .

2. J/lpozoos, A. A. Heoprannyeckas xumusl : yaeOHoe mocooue / A. A. [Ipo3ngoB. — 2-¢
u3n. — CaparoB : Hayuynas kuura, 2019. — 158 c. — ISBN 978-5-9758-1753-2. — Tekcr :
SJIEKTPOHHBIA // DnekTpoHHO-OuOmoreunas cucrema IPR BOOKS : [caiit]. — URL:
http://www.iprbookshop.ru/81031.html

3. llesnuywvina, JI. B. Heopranuueckass XuMus : 3a1a4¥ U YIPAKHEHUS 1JI BBITTOJTHEHUS
KOHTpoJbHBIX padot / JI. B. llleBuunsina, A. M. Anapues, P. E. Cunuypuna. — HoBocubupck :
HoBocubupckuii rocyaapcTBeHHBIN TexHUUeckuit yauBepeuret, 2011. — 107 c. — ISBN 978-5-
7782-1574-0. — Tekcr : 31MeKTpOHHBIN // DnekrponHo-6uOmmoTeynas cuctema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/44672.html

4. CyBopoB, A. B. OO0mas u Heopranuueckas xumus. Bompocsl u 3amaun : yueOHOE
nocobue s akagemudeckoro OakamaBpuara / A. B. CyBopos, A. b. Huxkonbckuii. — 2-e u3f.,
ucnp. U jgon. — MockBa : MsgarensctBo [Opaiit, 2019. — 310 c. — (bakanasp.
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Y4eGHo-MeTONHYECKAS
1. NBanoBa JI. A. Heopranuueckas XuUMHS: METOJWYECKUE YKa3aHWUS JJIst
CaMOCTOsITeNIbHOW paboThl OakanaBpoB HampaBieHus noarotoBku 04.03.01 Xumumsa / JI. A.
NBanoBa; Ynl'VY, Okoin. dak. - Yaesaosck : Yal'Y, 2019. - 3ari. ¢ skpana; HeonmyOamkoBaHHBIN
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http://lib.ulsu.ru/MegaPro/Download/MObject/8395
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2. OC Windows Professional
3. Awntumnaruar BY3

IIpogpeccuonanvuvie 6a3vl OanHbIX, UHGOPMAYUOHHO-CNPABOUHBIE CUCTIEMDL

1. DJ1IeKTPOHHO-0UOIHOTEYHbIE CHCTEMbI:

1.1. Iudposoii obpazoBaTenbHbi pecypc I[PRsmart : s1nexTpoHHO-OMOIMOTEUHAS
cucremMa : cabt / OOO Kommanus «A#u Ilu Ap Menmma». - Caparos, [2022]. — URL:
http://www.iprbookshop.ru. — Pexxum mocrtyma: st 3aperucTpup. mojib3oBaTeneid. - Tekcr :
3JIEKTPOHHBIMN.

1.2. O6pazoBarenshas mwiathpopma FOPAMT : oGpasoBaTenbHbIl pecypc, dIeKTPOHHAs
6ubamorexa : caiir / OO0 DrexrponHoe m3garenbctBo FOPAWT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pexxum goctyna: 1uis 3aperucTpup. nojib3oBarenei. - TeKCT : 3JeKTpOHHBIH.

1.3. ba3a nannbpIx «JnexkTpoHHas oubnmoreka Texauaeckoro BY3a (ObC «KoncynbTanT
CTYACHTa») : 3JEKTPOHHO-OMOIMoTeuHas cuctema : caidt / OOO Ilonurexpecypc. — Mocksa,
[2022]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum gocryma: ans
3apPETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIIEKTPOHHBIN.

1.4. KoHcynbTaHT Bpada. DJIEKTPOHHAS METUIIMHCKas: OnOmoTeka : 0a3a JaHHBIX : calT /
OOO Bpicmias 1mKoNa OpraHM3alMM W YOpPaBIEHUS 3paBooXpaHeHHEM-KOMIIIEKCHBIN
MEIUIMHCKUN KoHcanTuHT. — MockBa, [2022]. — URL: https://www.rosmedlib.ru. — Pexum
JIOCTyna: JUIsl 3apETUCTPUP. MOJIb30BaTeNeh. — TEKCT : JJIEKTPOHHBIN.

1.5. bonpmias MeguMHCKas OMOTUOTEKA : AJIEKTPOHHO-OMOIMOTEYHAs CHCTEMa © CalT /
00O bykan. — Tomck, [2022]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum nocryma:
JUISL 3aPETUCTPHUP. IOJIb30BaTeNIel. — TEeKCT : 3JIEKTPOHHBIM.

1.6. OBC Jlansb : anekTponHO-O0ubOIMOTeuHas cuctema : cait / OOO DBC Jlanp. — CaHKT-
[etepOypr, [2022]. — URL: https://e.lanbook.com. — Pexxum pnoctyma: s 3aperucTpup.
nosib3oBaTenen. — TeKCT : 3JIEeKTPOHHBIM.

1.7. OBC Znanium.com : 3J1eKTpOHHO-OnOIMOTEuHas cucrema : cadt / OO0 3HaHuyM. -
Mocksa, [2022]. - URL: http:/znanium.com . — Pexum noctyma : sl 3aperucTpHp.
MOJIb30BaTeNEN. - TEKCT : JIIEKTPOHHBIM.

1.8. Clinical Collection : Hayuno-undopmarmonnas 6aza ganasix EBSCO // EBSCOhost

[mopran]. — URL: http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3el-
1191-414b-8763-e9782819f7e1%40sessionmgrl02 . — Pexum pgoctyma : il aBTOPH3.
II0JIb30BaTeNe. — TEKCT : AIEKTPOHHBIN.
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1.9. baza nanubIx «Pycckuii Kak HHOCTPAHHBII : AIEKTPOHHO-00pa30BaTEIbHBINA pecypc
JUIST MTHOCTpaHHBIX CTyneHToB : caT / OOO Kommanus «Au Ilu Ap Meama». — Capatos,
[2022]. — URL: https://ros-edu.ru. — Pexxum noctymna: juis 3aperucTpup. nojab3oBarenei. — TekcT
: DJIEKTPOHHBIM.

2. Koncyasrantlliatoc [DnekTpoHHBIH pecypc]: cnpaBouHas mpaBoBas cucrtema. /000
«KoucynpranT [Tntoc» - DnekTpoH. naH. - Mocksa : KoncynsrantlIimtoc, [2022].

3. ba3bl JaHHBIX NEPUOANYECKUX U3TAHUIL:

3.1. baza pannbIX nepuoanueckux m3nanuii EastView : snextponHsie xypHAIB / OO0
NBUC. - Mockaa, [2022]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum nocryna :
JUJIs aBTOPHU3. TOJIb30BaTeNe. — TEKCT : AJIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snektpoHHas Oubmmoreka : caiir / OOO Hayunas
OnektponHas bubmmoreka. — Mocksa, [2022]. — URL: http://elibrary.ru. — Pexxum noctyna : mjs
aBTOPU3. NIOJIb30BATENEH. — TEKCT : AIEKTPOHHBIN

3.3. DnexTponHas 6ubimoreka «M3narensckoro goma «I'pedernukoB» (Grebinnikon) :
anekTpoHHass Oubmuoreka / OOO W] I'pebennukoB. — Mocksa, [2022]. — URL:
https://id2.action-media.ru/Personal/Products. — Pesxum mgoctyna : Jyisi aBTOpU3. MOIh30BaTECH.
— Tekcr : 3JEeKTPOHHBIN.

4. ®enepanbHasi rocyaapcrBeHHass nmHpopmanuoHHasi cucremMa «HamuonaabHas
3JIEKTPOHHAasi O0M0JIMOTEKay : dJIeKTpoHHAs OnbnmoTeka : caiit / ®I'BY PI'b. — Mocksa, [2022].

— URL: https://H36.pd. — Pexxum goctyna : 11 nmoiap3oBaTenei HayyHoi 6ubnnoTeku. — TeKcT :
3JIEKTPOHHBIMN.
5. SMART Imagebase : HayuHo-uHGopManmonHas 6a3a ganaeix EBSCO // EBSCOhost
[mopTan]. — URL: https://ebsco.smartimagebase.com/?TOKEN=EBSCO-

1a2{f8¢552a76d8229047223a7d6dc9c&custid=s6895741. — Pexxum pocTyma : JUisi aBTOPUS3.
noJsib30oBateseil. — 3o00pakeHue : 3JeKTPOHHBIE.

6. ®enepanbubie ”HPOPMAIMOHHO-00pPa30BaTeIbHbIE MOPTAJIbI:

6.1. EnnHoe okHO focTyma kK 00pa3oBaTelbHBIM pecypcaM : ¢efepalbHbI mopTail . —
URL: http://window.edu.ru/ . — TeKCT : 31€KTPOHHBIH.

6.2. Poccuiickoe oOpa3oBanue : denepanbubiii moptan / yupeaureinb OIAY «OUL[TO».
— URL: http://www.edu.ru. — TekcT : 31eKTpOHHBII.

7. O0pa3oBaTeabHble pecypenl Yal'y:

7.1. DnexTponHas 6ubnuoreyHas cucrema Yiul'Y: Moaynb «JIeKTpoHHAs OMOIHOTEKa»
ABUC Mera-ITPO / OO0 «/lara Dxcnpeccy». — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexxum
JIOCTYTA : I MOJIb30BaTesel HayqHoi OnbmuoTexu. — TeKCeT : 3JeKTPOHHBIN.

CormnacoBaHo:
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10 MATEPUAJIBHO-TEXHUYECKOE OBECHHIEYEHUE HAYYHO-
NCCIEJOBATEJBCKOU PABOTbBI

VYuebnas aymutopuss 216 nmns mpoBeneHHs] JTaOOPATOPHBIX 3aHATHH J1aOOPaTOPHOTO
TUMA, TPYNNOBBIX H  WHAWNBUAYAIBHBIX  KOHCYIbTAI[Mi, TEKYIIETO KOHTPOJS W
MIPOMEKYTOUYHON arrectanm  (C  HA0OpPOM JEMOHCTPAIIMOHHOTO OOOpYIAOBaHUS ISt
oOecrieyeHnss TEMAaTHYECKHX WUIIOCTpAllMid B COOTBETCTBUU C pabodell mporpaMmoii
nucuurnHbl).  [loMernieHne yKOMIUIEKTOBAHO —CHEIMaIU3UpPOBAHHONW MeOenpio Ha 18
MOCAJOYHBIX MECT U TEXHHYECKUMH CpPEICTBAMH: 3KpPaH HACTEHHBINA, JOCKAa ayIuTOpHAas.
Pa6ouee mecto npenonasarens, WI-FI, uarepner. [Lnomanp 42,93 kB.M.

VYuebHas ayauTOpHs ISl CAMOCTOATENIbHOM paboTsl cTyaeHToB 230 ¢ noctynom k DBC.
JUIST  CaMOCTOSITENIbHOM  paboThl  cryaeHToB, Wi-Fi ¢ moctymom x DHOC, 3BC.
KomnbroTepHblii  Kiacc yKOMIUIEKTOBaHHBIM — CIIEIIMATU3UPOBAHHONH MeOenbio Ha 32
MOCAJOYHBIX MECT U TEXHHUYECKMMH cpelacTBamMu oOydenuss (16 mepcoHambHBIX
KOMIIBIOTEPOB) ¢ 1ocTynoM k cetu «Muteprer», DUOC, OBC. ITnomane 93,51 kB.M.

UuTanpHbIN 371 HAyd9HOW OmOMmoTeku (aynuropus 237) ¢ 30HON IJIsi CaMOCTOSTEIbHOM
pabore, Wi-Fi ¢ gmocrynom k DOHOC, DOBC. Aymutopus  yKOMILJIEKTOBaHA
CHelHaNu3upoBaHHON MeOenbio Ha 80 MOocajouHBIX MECT M OCHAIleHa KOMITBIOTEPHOM
TEXHHUKOHU ¢ JocTynoMm k cetu «MutepreT», DMOC, DBC, s3xpanoM u npoektopoM. [Inomanp
220,39 kB.M.

11 CHEIUAJIBHBIE YCJIOBUSA AJISA OBYYAIOIIIUXCSA C
OI'PAHUYEHHBIMU BO3MOKHOCTSAMMU 310POBbBA (OB3) U
NHBAJINJIOB

Obyuarommecs ¢ OB3 u WHBAIMAB TMPOXOMAT MPAKTHKY COBMECTHO C APYTUMH
obyvaronumucs (B y4eOHOH Tpymme) WIM HWHIUBUIYAIbHO (IO JUYHOMY 3asiBICHHIO
oOyuJarorerocs).

OmpeneneHne MeCT MPOXOXKACHUS TMPAKTUKH st oOydwarontuxcs ¢ OB3 u mHBammmoB
OCYIIIECTBIISIETCS C YY€TOM COCTOSIHUS 3JI0POBbS M TPEOOBAHUN K MX JAOCTYITHOCTH JUIS JaHHOU
Kareropun oOydaromuxcs. [Ipu omnpenenennn MecT W ycloBUM (C y4€TOM HO30JIOTHYECKOM
TPyOnbl ©W  TPYNIbl  WHBATUAHOCTH  OOYYalONIErocs) MPOXOXKIACHHUS  yu4eOHOW W
MIPOM3BOJCTBEHHOW MPAaKTUK Ui JAaHHOW KAaTErOpHH JIMI[ YYUTHIBAIOTCS WHIWBUIYyalbHbIE
OCOOCHHOCTH OOYYaromMXcs, a TakKe pPEeKOMEHJAIMH MEINKO-COIMALHON IKCIEePTH3BI,
OTpaXCHHbIE B MHIUBUIYaIbHON MMPOrpaMMe peabuInTaI[ii, OTHOCUTEILHO PEKOMEHI0BAaHHBIX
YCIJIOBHMM U BUOB TPy/a.

[Ipu ompenenennn Mecta mpakTUKU a1 oOywaromuxcs ¢ OB3 u mHBammmoB ocoboe
BHUMaHHE yJenseTcss 0€30MacHOCTH TpyJa U OCHAIIECHUIO (000pymoBaHHIO) pabouero Mecrta.
PabGoune mecta Ha MPAaKTUKY MPEAOCTABIAIOTCS MPOPUIHHOM OpTraHW3alield B COOTBETCTBHH
CO CIIEAYIOUIMMHU TPEOOBAHUSMHU:

—  naa odyyawmuxcs ¢ OB3 u mHBaIMI0B MO 3PEeHUI0 - CJA0OBHAALIMX: OCHAILICHUE
CIeIUaIbHOTO pabodero Mecra OOMMM W MECTHBIM OCBEIICHHEM, OOCCIECYHBAIOIIAM
OecrpensTCTBEHHOE HAXOXICHWE YKa3aHHBIM JIMIIOM CBOEro pabodero Mecra M BBINOJHECHUE
MHAUBUAYAJIHOTO 3aJ]aHus; HAIMYKE BUICOYBEINUUTENCH, TYII;

—  gaaa odyyawmuxcss ¢ OB3 v uHBaNMI0OB 1O 3pEeHHI0 - CJeNbIX: OCHAIECHHE
CHEeHMaIbHOTO paboyero Mecra THQIOTEXHUYECKUMH OPHEHTHpPAaMH U YCTPOWCTBaMH, C
BO3MOXXHOCTBIO HCIIOJIb30BAaHUSI KPYITHOTO pelIbe(HO-KOHTPACTHOrO IMIpU(pTa U mpudTa
bpaitns, aKyCTHYECKUMHU HABUTAIIMOHHBIMU CpeacTBamH, o0ecreunBaroIMMHU
OecrpensITCTBEHHOE HAXOXICHWE YKa3aHHBIM JIMIIOM CBOEro pabodero Mecra M BBINOJHECHUE
WHAUBUAYAJILHOTO 3aJaHMUS;
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—  pas odyvyarommxcsi ¢ OB3 n MHBaIMAOB MO CJAyXy - €1a00CHABIIIAIIMX: OCHAICHUE
(obopynoBaHue) creMUaIbHOTO  paboyero MecTa 3BYKOYCHJIMBAIOUICH — ammaparypoi,
TenedoHaMU TSI CITa0O0CIIBIIIAIINX

— 4 odyvyaromuxcsi ¢ OB3 u uHBAIUAOB MO CJIYXY - IJIYXHX: OCHAIIEHUE CIIEHUAIBHOTO
pabouero Mecra BU3yaJbHBIMH HWHIMKATOpaMH, NpeoOpa3yloONMMU 3BYKOBBIE CHTHAJIBI B
CBETOBBIE, pPEUYEBBIE CUTHAJIBI B TEKCTOBYIO OETyIIyl0 CTPOKY, s OeclnpensiTCTBEHHOIO
HAaXOXXIACHUA YKa3aHHBIM JIMIIOM CBOCTO pa60qer0 MCECTa MW BBIIIOJIHCHUSA HWHAWBUAYAJIBHOI'O
3aJlaHus;

— pas odyvyarommmxess ¢ OB3 um umHBaaIMaoB ¢ HapyumieHueM (YHKOMI OIOPHO-
ABUTaTeJIbHOI0 anmapara: o0opyaoBaHHE, 00ECIeUNBAIOIIee PEAN3aLUI0 IPrOHOMUYECKUX
MPUHIIMIIOB (MaKCUMAaJIbHO YA0OHOE JIJisi MHBAIKUA PACIOJIOKEHUE 3JIEMEHTOB, COCTaBIISIONINX
pabouee MecTo); MEXaHHM3Mbl M YCTPOWMCTBA, MO3BOJISIONIME HM3MEHATH BBICOTY M HAaKJIOH
paboyeil MOBEPXHOCTH, MOJIOKEHHE CUICHBS paboyero CTyja MO BHICOTE U HAKJIOHY, YIoi
HAKJIOHA CIUHKH pabodero CTyla; OCHAIIEHHWE CHEIHAIbHBIM CHIIEHBEM, O0ECIIeUHBAIOIINM
KOMIIEHCAIINIO YCHIIUS NIPU BCTaBaHUU, CIICUAIBHBIMU MPUCTIOCOOIECHUSAMU ISl YIIPABICHUS U
00CITy’)KUBaHUS 3TOT0 000PYIOBAHUS.

VYcnoBus opraHuzaliii M MPOXOXKIACHHS MPAKTUKH, IOATOTOBKH OTYETHBIX MaTepHasoB,
IPOBEICHUS TEKYIIEr0 KOHTPOJIS M MPOMEKYTOYHOM aTTeCTalllu M0 MPAKTUKE 00ECTIeYNBAIOTCS
B COOTBETCTBHUH CO CJIETYIOIIUMHU TPEOOBAaHUSIMHU:

— OOwem, Temn, (GOpPMBI BBINOJHEHHUS HHIUBUAYAJIBHOTO 3aJaHUs HA IEPUOJ TMPAKTHKH
YCTAQHABJIMBAIOTCS WHAMBUIAYAIbHO I KaXAOro oOydyaroIierocss yka3aHHBIX KaTeropuil. B
3aBHCHUMOCTH OT HO30JIOTUM MaKCHMAaJbHO CHIKAIOTCS IPOTHUBOINOKAa3aHHBIE (3pUTENbHEIE,
3BYKOBBIE, MBIIIEUHBIE U Ap.) Harpy3KH.

—  VYyeOHble M Yy4eOHO-METOAMYECKHE MaTepHuajbl 10 MpPaKTUKE MPEICTaBISIOTCS B
pasnmuuHbIX Gopmax Tak, 4ToObl oOydwarontuecs ¢ OB3 u wHBaMUIBI C HApYHNICHUSAMH CiIyXa
noJjrydyajin I/IH(bOpMaI_[I/IIO BU3YaJIbHO (I[OKyMeHTaI_[I/IH IO MNPAKTHUKEC MEYATACTCA YBCIMYCHHBIM
mpudToM; MPEAOCTABISIOTCS BHUJEOMATEpHallbl W HAIJISIAHBIE MaTepUajbl IO COJCPKAHUIO
IIPAKTUKHU), C HapYLUIEHUSIMHM 3pEHUSl — ay[AHaJbHO (HApuUMeEp, C UCIOJb30BAaHUEM IPOTrPaMM-
CHHTE3aTOPOB PEUM) WIIH C TTIOMOIIBIO TUHIOMHPOPMAIIMOHHBIX YCTPOUCTB.

—  @opMa NnpoBeACHUS TEKYLIEro KOHTPOJIS YCIEBAEMOCTH U IPOMEKYTOUHOU ATTECTALMU
st oOydarommxcss ¢ OB3 M WMHBaNUAOB YCTaHABIMBAETCS C YYETOM WHIMBUAYAIbHBIX
ncuxopu3nuecknx ocobeHHocTel (YCTHO, MMCBMEHHO, TIPH MOMOIM KOMITBIOTEPa, B GopMme
TecTUpoBaHus M T.I.). Ilpm HeoOXoauMocTH  OOydaroLIIEMYyCs MIPEIOCTABIIAETCH
JOTIOTHUTEILHOE BpeMsl /11l IOJATOTOBKM OTBETA U (UJIK) 3aIUTHI OTYETA.

PazpaboTunku: 7l /7 nouent JI.A.MBanosa
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