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1 HOACHUTEJIBHASA 3AIIMCKA

1.1 Heab aucuumiannbi: chopMUpOBaTh PyHIAMEHTANIbHbIE 3HAHUS B 00J1aCTH O0IIeH U
HEOPraHUYECKOW XUMUHU.

1.2 MecTo aucuunimHbl B cTpykrype OOIT

HucuummuHa «OO0mas XUuMUs» OTHOCUTCS K JUCHUIUTHHAM 00s3aTeNbHOM YacTh Tpe-
METHO-METOIMYECKOT0 MOYJIs 110 mpoduitto «Xumusi» 6:10ka b1: 51.0.08.01.

Copepxanue TUCIUTUIMHBI 0a3UPyeTCsl Ha 3HAHUSX 10 XUMUH, (DU3UKE U MaTeMaTHKE 3a
Kypc o01eo0pa3oBaTelibHOM MIKOJBL. [11y00oKoe ycBOeHUE JaHHOM JUCHUILINHBI SIBIISIETCS OCHO-
BOM ISl U3YUEHHUS BCEX TUCLHUILTUH XUMUYECKOTO

1.3 lucuunjuHa HanpaBJjieHa Ha GopMHUpoOBaHHe CJeyIIIuX komneTeHuuii: YK-1;
OIIK-8; TIK-2:

- YK-1. CnocobeH ocylecTBIATh MOUCK, KPUTHUECKUN aHAIU3 M CHUHTE3 MH(OpMaIuu,
MPUMEHSATh CUCTEMHBIN MOAXOJ JJI PELICHUs MOCTABICHHBIX 3a7a4, HHAMKATOPOM JIOCTHXKE-
HUSL KOTOPOU SIBIISIETCS:

e VK-1.2 Haxoaut u KpUTHYECKU aHATU3UPYET WH(POPMAIIHIO0, HEOOXOIUMYIO IJIs pe-
[ICHUsI IOCTABJICHHOM 3a/1a4H.

- OIIK-8. CriocoOeH OCyIIecTBIATh MeJarornyecKyro JIesTeIbHOCTh Ha OCHOBE CIICIIH-
AIbHBIX HaYYHBIX 3HAHUN, HHAMKATOPOM JOCTIKEHUSI KOTOPO SBISETCS:

e OIIK-8.3 [IeMOHCTpHUpYET ClieUAbHbIC HAYYHBIC 3HAHUSI, B TOM YHCJIE B MPEIAMET-
HOU 00J1acTH.

- IIK-2. Cnoco0OeH OCyHIECTBISTh MEAArOTUYECKYIO ACSITENBbHOCTh MO MPOGUIHHBIM
npeaMeTaMm (JUCHUILTHHAM, MOJYJISIM) B paMKax MpOrpaMM OCHOBHOTO OOIIEro M CpeaHero 0o-
1iero 00pazoBaHus, HHAMKATOPOM JOCTH)KEHHUS KOTOPO SBIISETCS:

o [IK-2.2 [IpuMeHsieT OCHOBBI TEOPUHU (PYHIAMEHTAIBHBIX U MPUKJIAIHBIX Pa3AeiIOB XU-
MUU (HEOPTaHWYECKOM, aHAJIUTHUECKOH, opraHuyeckoi, pusmdeckoid, xumuun BMC, xumuue-
CKHUX OCHOB OMOJIOTMUECKUX MPOIECCOB, XUMUYECKON TEXHOJOTUM) JUISl PEIIeHUs TeopeTHde-
CKHX Y TIPaKTUYECKUX 3a]1a4.

1.4 IlepeuyeHb MIIAHUPYEMBIX Pe3yJIbTATOB 00y4eHHs. B pe3ynbrare usyueHus IUCLH-
TJTUHBI CTYACHT JIOJKEH

- 3HATh:

- COBPEMEHHYIO HOMEHKJIATypy XUMUUECKUX COCTUHEHU;

- OCHOBHBIE KJIACChl XUMHUUYECKUX COCAMHEHUHN U TUIbl XUMUYECKUX PEAKIIUN;

0COOEHHOCTH XUMHYECKOU (POPMBI OpraHU3alMN MAaTEPUHU

- OCHOBBI ITOMCKa, KPUTHUECKOTO aHaIM3a U CHHTEe3a WH(OPMAIIUU, CUCTEMHOTO MOAX0/1a
JUTSL peIlIeHUs MOCTaBJIEHHBIX 3a/1a4 B paMKax JUCIUILIINHBI 00IIast XUMHUS;

- OCHOBBI KAUE€CTBEHHOT'0 aHAJIW3a HEOPTaHUYECKUX COCTUHEHUI;

- OCHOBHBIE COBPEMEHHbBIE METO/IbI CCIIEIOBAaHUS HEOPTAaHUYECKUX BEILECTB;

- METOHBI U crocoObl 00paboTKK MHPOPMAIMK PE3yThTATOB XUMUYECKOTO IKCIIEPHUMEH-
Ta, Pe3yJIbTaTOB HAOIIOICHNI U U3MEPEHUI,

- “H(pOPMAIMOHHBIE UCTOYHUKU CIIPABOYHOTO, HAYYHOTO, HOPMAaTUBHOTO XapaKTepa;

- OCHOBHBIC XUMUYECKUE TTOHSTHUS,

- OCHOBHBIE 3aKOHBI XUMUHU;

- 001I1e CBEIEHNS 0 XUMUYECKOM DJIEMEHTE;

- TOJIOKEHHE XMMHUUYECKOro 3emMeHTa B [lepuonnueckoii cucreme;

- CTpPOEHHUE aTOMa JIEMEHTA;

- CBOICTBa MPOCTOTrO BEIIECTBA, 00Pa3yeMOro JaHHBIM 3JIEMEHTOM;

- YMeThb.

- CTaHJApPTHBIE ONEepalliU MO NpeIaraéMbIM METOANKAM;

- BBIOMPATh METO/IbI TUATHOCTHKHU BEIIECTB U MaTepUasoB, IPOBOAUTH CTAH- TaPTHbHIE
U3MEpEHMUS.

- IPUMEHATh U aHAJIU3UPOBATH OCHOBBI MOMCKA, KPUTHUECKOTO aHAJIM3a U CUHTE3a WUH-
dbopMaruu, CHCTEMHOTO MOAX0/1a JUIS PEIICHHUsI TOCTABIICHHBIX 3a1a4;
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- AQHAJM3MPOBATh 3aj]lauy, BbIJIENAA ee 0a30Bble COCTABIISIONIME U OCYHIECTBISET JEKOM-
MO3UIUIO 33]1a4H;

- TPaMOTHO, JIOTUYHO, apryMEHTHPOBAHHO (OPMHPOBATH COOCTBEHHBIC CYXKICHHUS H
OLICHKU;

- OoTIMYaTh (PaKThl OT MHEHUH, HHTEPIPETALNH, OIICHOK U T.JI. B PACCYXACHUAX APYTHX
YYaCTHUKOB JESITEbHOCTH;

- OTPENENATh U OLEHUBATH MPAKTUUYECKUE TIOCIEACTBUS BO3MOXKHBIX PEIICHHIA;

- COMNOCTaBJISET pa3Hble UCTOYHHKU MH(OPMALUU C LENbIO BBISBICHHUS WX MPOTUBOpE-
YU U MTOMCKA JOCTOBEPHBIX CYXKICHUI;

- POBOJIUTH AHAIM3 HEOPraHUYECKUX COCTUHEHUN M UMHTEPIPUTHPOBATH MOTyYCHHbBIE
pe3yJbTaThI;

- 00pabaTpIBaTh, aHATM3UPOBATH U 0000IIATH PE3YJAbTATHl HAOIIOACHUN U U3MEPCHUI;

- BBIIBJIAATH CBSA3b MEXIY (PH3NUYECKUMHU U XMMHUYECKUMH IPOLIECCAMH, MEXITY CTPOCHU-
€M M CBOMCTBAMU HEOPTAaHUYECKUX BEILECTB,

- pemaTh 3a/1a41, UCIIOJIb3Ys MPUHIIUITBI U METO/IbI HEOPTaHUIECKON XUMHH;

- OOBSACHATHD U aHAIM3UPOBATH HAa OCHOBE JKCIEPUMEHTAIbHBIX JAHHBIX CBOWCTBA Be-
IIECTB | MPOIECCHI, MPOTEKAIOIINE PU UX B3aUMOICHCTBHH;

- CTaBUThb XMMHUYECKHUI SKCIIEPUMEHT, aHaJIU3UPOBATh U OLICHUBAThH JIaDOpPATOPHBIE HC-
CJICZIOBAHUS;

- BJIa/1€Th:

- HaBbIKAMH aHAJIN3a, IPUMEHEHHs] OCHOB IIOMCKA, KPUTHYECKOTO aHaIn3a M CHHTE3a WH-
dbopMaruu, CUCTEMHOTO TMOAXO0Ja AJISl PEIICHUs MOCTABIECHHBIX 33/1a4 B paMKax IUCIUTUIMHBI
00111as1 ¥ HEOpraHUYeCcKasi XUMHS;

- HaBBIKaMHU aHaJM3a 3aJla4d, BbIAEIss ee 0a30BbI€ COCTABISIONINE W OCYILECTBIISS Je-
KOMITO3UITUIO 33/1a4H;

- HaBBIKaMHU TPAMOTHO, JIOTUYHO, apTyMEHTUPOBAHHO (OPMHUPOBATH COOCTBEHHBIE CYK-
JICHUS U OIICHKH,

- HaBBIKaMHU OTINYaTh (aKThl OT MHEHHUI, MHTEPIpETAIlii, OLIEHOK U T.I. B paccyxje-
HUSX IPYTHX YYACTHUKOB JICATEIHHOCTH;

- CHOCOOHOCTBIO ONPEENATh U OLIEHUBAThH MPAKTUYECKHE TOCIEICTBUS BO3MOXKHBIX pe-
IICHUM;

- HaBBIKAMH JENaTh 3aKIIOYCHHs] W BBIBOJBI MO PE3yiabTaTaM aHalIM3a JUTEPATypPHBIX
JTAHHBIX, COOCTBEHHBIX KCIIEPUMEHTAIBHBIX U PACYETHO-TEOPETHUYECKIX PadoT 10 HeopraHmye-
CKOM XHMMHUU;

- HaBBIKAMU CHCTEMATHU3MPOBATH M AHAIU3UPOBATH PE3YIbTAThl XUMUYECKUX JKCIIEPH-
MEHTOB, HAONIOACHMIA, U3MEPEHUHN, a TakKe pe3yabTaThl PAacUueTOB CBONCTB HEOPTaHHMUYECKHUX
BEIIECTB U MAaTepHAIIOB Ha X OCHOBE;

- OCHOBHBIMHU 3aKOHAMH U 3aKOHOMEPHOCTSIMU HEOPTAaHUYECKOW XUMUU U IPUMEHSATh UX
NIpY pelIeHUN 3ajad, IPH aHaJN3e YKCIEPUMEHTAIBHBIX TaHHBIX, TIOJYUYEHHBIX TIPU HCCIIE0Ba-
HUWY;

- crocobamMu OpUEHTalMK B MPO(EeCCHOHATBHBIX MCTOYHUKAX MHGOpMaluu (KypHabl,
caifTbl, 00pa3oBaTeNbHbIEC MOPTAIbI);

- HaABBIKAMH ITOCTAHOBKH SKCIIEPHMEHTA, aHAJIN3a U OIICHKH Pe3yJIbTaTOB J1a00paTOPHBIX
HCCIICIOBAHUM;

- METOJaMHU ONpeeNICHHsI BO3SMOXHOCTH TIPOTEKAHUSI XMMHUYECKHX MPEBpAIICHUI B pa3-
JUYHBIX YCIOBUSAX U OIIEHKH UX TOCTIEICTBUL;

- TEOPETUYECKHMHU METOJAaMHU OIMCAHHS CBOWCTB MPOCTHIX W CIIOKHBIX BEIIECTB Ha OC-
HOBE UX noJjoxeHus B [lepuoauueckoii cucteMe XUMHUYECKUX JI€MEHTOB;

- criocobamu 6e30macHOro OOpalieHus ¢ TOPIOYMMHU U TOKCUYHBIMH BEIIECTBAMH, J1a00-
paTopHbIM 000pPYIOBAHUEM;
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- HaBBIKAMHU WHTEPIPETAINH PACCYMTAHHBIX 3HAUEHUH TEPMOIMHAMHUYECKUX (DYHKIIUN U
Ha WX OCHOBE IMPOTHO3MPOBATHh BO3MOXKHOCTh OCYIIECTBIICHUS M HANpPaBJICHUE MPOTEKAHHUS XH-
MHUYECKHX MPOILIECCOB.
1.5 O6masi TpynoeMKoCTh JUCHUIIHHBI «OQO0masi XMMHUSD» COCTaBISAET / 3a4ETHBIX
enuaul (nanee — 3E) (252 wacoB).
[Iporpamma npenycmaTpuBaeT U3y4eHHE MaTepraja Ha JICKIUIX U JaOOpaTOPHBIX 3aHs-
tusx. [IpemycMoTpeHa camocTosiTenbHas padoTa CTYACHTOB MO TeMaM H pazzaenam. [IpoBepka

1.6 O0bem QMCHUIIMHBI U BUABI Y4eOHOMH 1eATeJIbHOCTH

O0beM TUCUMIVIMHBI M BB Y4e0OHOH 1eATeJILHOCTH (0UHasA (popMa 00ydeHuUs)

Buja yueOHoii padboThl Bcero yacosn Cemectp 1
OO0m1ast TpyA0EMKOCTh 252 252
KoHnTtakTHas pabora 128 128
Jlexknnu 44 44
JlaGopaTopHbie pabOThI 84 84
CamocrosiTenpHas pabora 88 88
By uTOroBoro KOHTpOIIS: 36 9K3aMeH

2 YYEBHO-TEMATHUYECKOE IINTAHUPOBAHUE

Y4eOHo-TeMaTHYeCKHUi IJIaH
OuHnas gopma 00yueHHs

No HaunmeHnoBanue TeM (pa3aesioB) Bcero AyauTopHbie Camo-
n/m 4acoB 3aHATHSA CTOSI-
Jlekuun | JlaGopatop- | TejlbHasi
Hble 3aHsATHs | pabora
| cemecTp
1 | Beenenne 12 4 4 4
1.1 | [Ipeamer u 33724 XUMHUH 6 4 - 2
1.2 | Jlabopamopnas paboma Nel. 6 - 4 2
OcHoBHbIe TipHUeMbI paboThI B J1abopa-
TOPHUH
2 | OcHOBHBIE IOHSTHS U 3aKOHBI XH- 22 2 8 12
MHU
2.1 | OcHOBHBIE MOHATHUS U 3aKOHBI XUMHHU. 10 2 - 8
ATOMHO-MOJIEKYJIIPHOE YUEHHUE
2.2 | Jlabopamopnas paboma No2. 6 - 4 2
OnpeenieHre OTHOCUTEIILHON MOJICKY-
JsipHOM Macchl okcupa yriepoaa(lV)
2.3 | Jlabopamopnas paboma No3. 6 - 4 2
Omnpenenenre YKBUBAJICHTHOW MacChl
MarHus
3 | llepuoanyeckuii 3aKOH KaK OCHOBa 16 4 4 8
xummnuyecko cucrematuku. Cospe-
MEHHbI€ TMpPeJICTABJIEHUSI 0 TMepHo-
JTUYHOCTH CBOJNCTB 3JIEMEHTOB
3.1 | Ilepuognueckuii 3aK0H U IEpUOANYE- 4 2 - 2
ckas cucrema /(.. Menneneena.
3.2 | Ctpoenue atoma 4 2 - 2
3.1 | Jlabopamopuas paboma Ne4. 8 4 4
[Tepuonuueckuii 3aKOH U MEPHOIUYE-
ckas cucrema J.. Menneneesa. Ctpo-




CHHUC aTOMa

Peakuuu B HeOpraHm4ecKo XMMUM

24

SN

12

oo

4.1

Peakiuiyu B HeOpraHu4ecKou Xu-

muu. Knaccudukarus XuMAYECKuX pe-
akiui. Kitaccel HeOpraHuuecKkux co-

e TUHECHUMN

S

4.2

Jlabopamopuas paboma Nes.
Krnaccudukanus XuMHUECKUX peaKini

4.3

Jlabopamopuas paboma Neb.
KauecTBeHHBIC peakIiy Ha KATHOHBI U
AHHOHBI

4.4

Jlabopamopnas paboma Ne7.
Kiacchl HeopraHu4eckux coeTMHeHUH

XuMuuyeckasi CBA3b

5.1

XuUMH4YeCKas CBI3b

KoMmiekcHble coeTuHeHU S

22

Kommnekcueie coennnenus. Knaccu-
¢ukanusa. Homenknarypa. CBoiicTBa.
Y CTOWYHUBOCTh

10

DO |ININ

OO~

6.1

Jlabopamopnas paboma Ne§
Komriekcubie coemuuenus. [lomyde-
HUE U YCTOWYHBOCTD

6.2

Jlabopamopnas paboma No9.
KomruiekcHbie coeiuHeHMsI. XUMHUe-
CKHE CBOMCTBA

3aKOHOMepHOCTI/I MPOTCKAHUS U THUIILI
XUMHYICCKHUX pealcum?i

28

14

7.1

Knaccudukanus XuMHUYECKUX PEaKIIUiA.
TepMoaMHaMHUUECKHE U KUHETUYECKUE
XapaKTEPUCTUKU PEAKIIAN

7.2

CKOpoCcTh XMMHYECKOH pPEAKLIUU MU
(akTopBbl, BIUAIOIINE HA €€ U3MEHEHHUE.
OHeprus akTHBalMU. MexaHU3MbI XH-
MHYECKHUX PEaKIHN

7.3

XUMHYECKOE paBHOBECHUC. Koncranra
XUMHUYCCKOTO PAaBHOBCCHA. CMGHIGHI/IG
XUMHYCCKOI'O PaBHOBCCHUSL

7.4

Jlabopamopuas paboma Nel().
CKOpOCTh XMMHUYECKOHN peaKkIInu.

7.5

Jlabopamopnas paboma Nel 1.
XUMUYECKOE PABHOBECHE.

PacrBopbl. CriocoObI BbIpaskeHus1
COCTaBa PacTBOPOB

8.1

PactBopbl. CriocoObI BBIpaXXKeHHUS CO-
CTaBa PacCTBOPOB

8.2

Jlabopamopnas paboma Nel2.
[TpuroroBiieHHe PacTBOPOB Pa3TMUHOMN
KOHIICHTPAIIUU

8.3

Jlabopamopnuas paboma Nel 3.
[IpuroToBneHue pacTUTEILHBIX UWHIH-
KaToOpOB




9 | CeoiicTBa pacTBOPOB J1€KTPOJIH- 14 2 4 8
TOB.Teopust JIEKTPOIUTHYECKOH
AUCCOHANMU
9.1 | CpoiicTBa pacTBOPOB JIEKTPOIUTOB. 6 2 - 4
Teopust FIEKTPOTUTAYECKON AUCCOIHU-
aruu
9.2 | Jlabopamopnas paboma Nel4. 8 4 4
CBoiicTBa pacTBOPOB JIEKTPOIUTOB.
DIEKTPOIUTUYECKAs AUCCOIUAITHS
10 | F'maposu3 10 2 4 4
10.1 | 'maponus. 4 2 - 2
10.2 | Jlabopamopnas paboma Nel 5. 6 - 4 2
IM'uaponus.
11 | OxucaurenabHo- 18 6 8 4
BOCCTAHOBHTE/IbHbIE PeaAKINHU
11.1 | OxucnuTeabHO-BOCCTAHOBUTEIbHbBIE 5 4 1
peakiumn
11.2 | Jlabopamopuas paboma Nel6. 7 1 4 2
OKHCIUTENTbHO-BOCCTAHOBUTEIHHBIC
peakuuu
11.3 | Jlabopamopnas paboma Nel7. 6 1 4 1
OKHCINTENHEHO-BOCCTAHOBUTEIIHLHBIC
peakimn
12 | Daexrposau3. XuMHYecKHe HCTOY- 26 4 16 6
HHUKH TOKA
12.1 | Dnexrponu3. XuMHU4ECKUEe UCTOUHUKHI 5 4 2
toka. Kopposus
12.1 | Jlabopamopnasa paboma Nel8 10 - 8 2
DIEeKTPOIH3
12.1 | Jlabopamopnas paboma Nel?9. 9 - 8 2
Kopposus u 3ammra MeTaiios
JK3aMeH 36
Bcero: 252 44 84 88
HNHTepakTHBHOE 00yUYeHHe MO TUCIUTIINHE
Bun ®opma Koui-Bo
No HaumenoBanue TeM (pa3aesioB) HHTEPAKTUBHOIO
3aHATHSA 4acoB
3aHATHSA
1. | IlpenmMer u 3a1aun XUMUHU JIK Jlekuusi-nuckyccust 24,
2. | OmnpeneneHue OTHOCUTEIHHON MOJIe- JIP PaGora B ManbIx 44,
KYJISIPHOUM MacChl OKCHJIA rpymmnax
yriepona(1V)
3. | Onpenenenue SKBUBAJICHTHON MacChl JIP Pabora B MaJbIx 44,
Mar"us rpynmax
4. | Ilepuoanyeckuit 3aKOH U MEPUOJIU- JIK Jlexuus ¢ omurOkamMu 24
yeckas cucrema /.M. MenpeneeBa
5. | Kimaccel HeOpraHMYeCKUX CoemuHe- JIP PabGora B MmaseIx 44,
HUM rpynmnax
6. | [IpuroroBieHue pacTBOPOB Pa3IHY- JIP Pabota B manbIx 44,
HOW KOHIIEHTPAIUU rpymnmax
7. | CBoOICTBa pacTBOPOB JICKTPOJIUTOB. JIP Pabota B manbIx 44,




DNEKTPOMTHYECKAsT JUCCOIHAITHS rpynmnax
8. | OKHUCIUTEIBLHO-BOCCTAHOBUTEIHHBIE JIP Pa0Gora B MasbIx 4y,
peakIu rpynmnax
9. | Dnekrponu3. XuMUYECKUE HCTOUHU- JIK Jlekuus- 4.
ku Toka. Koppo3us KOHCYJIbTAITUS
Bcero: 32/128=25%
3 COAEP) KXAHUE TEM (PA3/JIEJIOB)
1 BeBenenue

[Ipeamer u 3amaun xumuu. [Tonsitue o marepun. CpoiictBa Marepuu. BeniectBo u nose.
OnemenTapHble yacTHIbl. OCHOBHBIE (DOPMBI JBMKEHUS MaTepuu. XUMU4eckas ¢popma JBUKE-
Hus Matepuu. Crnenuduka XUMHUIECKON (OPMBI IBUKEHUS] MATEPHH.

MeTo bl TO3HAHUS B COBPEMEHHOM XUMUHU. DKCIEPUMEHTAIbHOE N3YYEHUE HEOpraHuie-
CKUX COCIMHEHUU U MaTepHaloB (XMMHUYECKUN aHanu3; Tu(dpaKIMOHHbIE, CIEKTPAIbHBIE U Tep-
MHUYECKHE METO/bI, MUKPOCKOMNHS). 3HAYCHHE XUMUYECKUX 3HAHHUH 10 JUCHUILTUHE 1T OyIy-
HIUX y4uTeNnei OMOIOTHH U XUMHH.

2 OCHOBHBbIE MOHSATHSA M 3AKOHbI XUMHUH

ATomHO-MoNeKynsapHoe yueHue. Pabotst M.B. JlomoHocoBa.

CrexroMeTpuuecKue 3aKOHbl XMMHHU: 3aKOH COXPAaHEHHUS MAacChl U SHEPIUU BEIIECTB,
3HaYeHHE €ro B XMMUU; 3aKOH moctosiHcTBa coctaBa (K. IIpycr), OepTommuasl U JanbTOHUADL;
3aKOH KpaTHbIX oTHOmmeHui (J[k. JlanbToH); 3aKk0oH ABOraapo U CIEICTBUS U3 HETO; 3aKOH 00b-
emHubIx otHomeHui (K. I'eli-JIroccak); skBUBaneHT, 3akoH skBuBaneHToB (M. Puxtep).

OcCHOBHbIE BEJIMYMHBI, IPUMEHSIEMbIE B XUMUU: aTOMHBIE U MOJIEKYJISIPHBIE MACChl, YHC-
70 ABorajipo, 1 a.e.M. (aToMHasi €IMHUIIA MacChl), Macca aTOMa U MOJIEKYJIbl; KOJMYECTBO BEIlle-
CTBAa, MOJIb — €IMHUIIA U3MEPEHUsl KOJIMYECTBA BELIECTBA; MOJIIPHAs Macca, OIpPEIEICHUE MO-
JSIPHOM Macchl BELIECTBA, MOJISIPHBIN 00beM ra3000pa3HbIX BEILECTB.

XHAMHYECKUH A3bIK. XUMUYECKasl HOMEHKJIATypa. XUMUYECKas TEPMUHOJIOTHs. XUMUYe-
CKasg CHUMBOJIMKA. XWMHUYECKUH 3HaK, XuMmuueckas (opmyna (mpocTeilinas, MoOIeKylIspHas,
CTPYKTypHasi, CTepEOXUMHUYECKas), XUMUUECKOe ypaBHEHHE. PacueTsl Mo XxumMuueckuMm Gpopmy-
J1aM ¥ XUMHYECKUM yPaBHEHUSIM.

HekoToppie OCHOBHBIE MOHATUS XMMHHU: aTOM, aTOMHbBIE YaCTHIbl (ATOMHBIM paauKal,
ATOMHBIN MOH, aTOMHBII HOH-PaIWKal), MOJEKYJa, MOJEKYIsSIpHbIe YacTHUIIBI (MOJEKYISpPHBIN
paauKa, MOJIEKYJISIPHBIN HOH, MOJIEKYJISIPHBIN HOH-PauKal) XUMUYECKHI 3JIEMEHT, POPMBI €ro
CYIIECTBOBaHMS: CBOOOIHBIE aTOMBI, IPOCTHIE U CIIOXKHBIE BEIIECTBA.

Knaccudukanms npocteix Bemects. Mertamibl. HemeTanibr.

Knaccugukanus cioXHbIX BEIIECTB M0 cOCTaBy. buHapHbIe coeqUHEHUs. DIEKTPOOTPHU-
LaTeJIbHOCTh. BaneHTHOCTh. BasleHTHBIE BO3MOKHOCTH aTOMOB XMMHYECKHX 3JieMeHTOB. Cte-
NEeHb OKUCIIEeHUs. 3apsn uoHa. HomeHknaTypa OMHApHBIX coequHEHUH. TpexiaieMeHTHBIE CO-
eauHeHus. [ uapokcuapl U comnu.

Krnaccudukanus cnoXHbIX COeIUHEHUN MO (PYHKIMOHAIBHBIM Tpu3Hakam. OKCUABI CO-
neobpasyroniue u HecosieoOpaszyromue. OKCHJIbI KUCIOTHBIE, OCHOBHBIE U am@oTrepHble. HomeH-
kiaTypa okcuJoB. [lonydenne. CoiictBa. OcHoBaHMs. OJHO- U MHOTOKHCIIOTHBIE OCHOBAHUS.
[[lemoun. Homenknatypa ocHoBanwmii. [lomydyenue. CroiictBa. UnnukaTopel. Kuciorer. beckuc-
JIOpOJIHBIE U KHcIopoAcoAepkamue. OJHO- 1 MHOTOOCHOBHBIE KHCIO0Thl. HoMeHKkaTypa Kuc-
not1. Ilomyuyenue. CBorictBa kucinor. Conu. Cpennue, kucibie, ocHOBHbIE. [lomydyenue. CBou-
ctBa. HomeHkuatypa coseil. I'eHeTH4eCKUE psi/ibl METAJUIOB U HEMETAJUIOB. I'eHeTnyeckas CBA3b
MEXIy MPOCTBIMU BEIIECTBAMU U KJIACCAMU HEOPTaHUYECKUX COETMHEHUM.

3 llepuoanyeckunii 3aK0OH KaK 0CHOBA XMMHY€ECKOH CHCTEMATHKH.
CoBpeMeHHbBIE NIPeACTABJICHHUS 0 IEPUOAUYHOCTH CBOMCTB 3JIEMEHTOB

OTtkpbiTue nepuoanyeckoro 3akona /[.J1. MenaeneeBbiM. OTamnbl OTKPBITHS NEPUOIUYE-
ckoro 3akoHa. [lepuonnueckuii 3aKkoH. @U3NUECKUN CMBICT aTOMHOIO HOMEpa, HOMEpa TPYIIIbI,
HoMepa nepuosa. CoBpeMeHHas (popMyIMpOBKa mepuoanyeckoro 3akona. Ilepuoanyeckas cu-
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CTeMa XUMHUYECKHX JJIEMEHTOB KakK IpauuecKoe BBIPAKEHUE MEPUOINIECKOro 3akoHa. Kopot-
KOMEPHUOIHBIA U JJIMHHONEPUOAHBIN BapUaHThl IEPUOANYECKON CUCTEMBI 3J1EMEHTOB. CTPYKTY-
pa MepuoaUYECKON CUCTEMBl. BHUIbI aHAJIOTUI XMMHYECKHUX 3JIEMEHTOB, BBIICIISIEMBIX B IIEPUO-
nuueckoi cucreme. [IpuunHa MeprUOAUYHOCTH CBOMCTB XMMHUYECKHX 3JIEMEHTOB. DU3MYECKUI
CMBICT MEPUOJAMYHOCTH. BTOpHUYHAS M BHYTPEHHSS NEPUOAUYHOCTH XMMHUYECKUX SJIEMEHTOB.
3HayeHUe MePUOIMYECKOTO 3aKOHA U IEPUOANYECKON CUCTEMBI.

4 Peakuuu B HEOPraHN4eCKOW XUMHUH

Knaccudukanus xumuueckux peakiuid. [IpusHaku kiraccupukanum XUMHYECKUX pPeak-
nui. Peakiuu, uaymue 0€3 U3MEHEHHS COCTaBa BEIIECTB. AJUIOTPONUS U aJUIOTPOIHBIC BHUJIO-
n3MeHeHus. Peakuyu, uaynme ¢ M3MEHEHHEM COCTaBa BEIECTB. Peakuuu coequHEeHus, pa3iio-
JKEHUS, 3aMelIeHus] 1 00MeHa B HEOPTaHWYECKOW XUMHUU. DIIEKTPOXUMHUYCCKHIA PSJl HaIpsHKe-
HUM METaJUIOB, €r0 MCIOJIb30BAaHHUE /JI MPOTHO3UPOBAHUS BO3MOXKHOCTH MPOTEKAHUS PEAKIINI
MEXIy METaUIaMH U pacTBOpaMH KUCIOT. OKUCIUTEILHO-BOCCTAHOBUTEIIbHBIE peakiuu. Kiac-
cu(UKanUs OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX peakiuii. OKUCIeHne U BOCCTAHOBJICHHE, OKHC-
JUTENh U BOCCTAaHOBHUTENb. OCHOBHBIE OKUCIUTEIN U BOccTaHOBUTENH. [IpaBuia cocraBieHuUs
YPaBHEHUN OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX peakuuil. MeTobl 3JEKTPOHHOTO M HOHHO-
JIEKTpOHHOTO Oananca. Poib cpeapl B MPOTEKaHUHM OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX IPO-
IIECCOB.

5 Xumuueckas CBA3b

ObpazoBanue cnoxHbIX yacTull. [Ipupona xumuyeckoii cBsizu. Mosekynbsl. Buasl xumu-
YECKOM CBSI3U. DIEKTPOOTPULIATEITLHOCTD.

KoBasieHTHas cBs3b. JJOHOPHO-aKIIENTOPHBIN MEXaHU3M 00pa30BaHUs KOBAJICHTHOM CBSI-
3u. HaceimmaemMocTs 1 HanpaBIeHHOCTh KOBAJICHTHOH cBsi3u. @opma Moneky:n. ['ubpuauszanus. -
u - cBsi3u. [lossipHas m HemosisipHash KOBaJIeHTHasl CBsi3b. MoHHas cBsi3b. BopopoaHas cBs3b.
Merauueckas CBA3b. MEXKMONEKYIAPHOE B3aUMOJACHCTBHE. XHUMHUYECKAs CBSI3b M BAJIEHT-
HOCTb.

6 KoMmmiekcHbIe coeJUHEHUS

[ToHsiTHE O KOMIUIEKCHBIX COeTMHEHUsSIX. OCHOBHBIE MOJIOKEHUSI KOOPIUHALIMOHHOM TEO-
puu A. Bepuepa. KommiekcoobpazoBatenb U JUraHpl. BHemHsAsS 1 BHYTpeHHsIST chepbl KOM-
TJIEKCOB. XapaKTepUCTHKA TUTaHa0B. KoopauHalMoHHOE YKciIo KOMILIeKcooOpa3oBaTens. 3a-
PA1 KOMIJIEKCHOTO HOHA.

OcHOBHbBIE KJIaCChl KOMIUICKCHBIX coenuHeHuil. ['uapatel (akBakomruiekcel). Kpu-
CTAJUIOTHIPATHl KaK YaCTHBIA CIIydail akBaKOMIUIEKCOB. OHMEBbIE MOHBI. AMMHAKaThl. AIUI0-
KOMIUIEKCHI. JIBOMHBIE COJIM KaK YaCTHBIM Cilyyal aluuIoKOoMIuIeKcoB. [lomuranorennast. [1onu-
KHCJIOTHI U X COJIH.

N30oMepust KOMIUIEKCHBIX coeqMHEeHUI. ['uapaTHas u koopanHalMoHHas uzomepus. Luc-
Y TPaHC- U30MEPHUSL.

Howmenkiiatypa KOMIUIEKCHBIX COEUHEHH.

[Tpupona xuMUYeCKOW CBSI3M B KOMIUIEKCHBIX COEIMHEHUSAX. PaccMoTpeHue ee ¢ mo3u-
IHAM METOJIa BAJICHTHBIX CBA3EH. TeopHsi KPUCTAJUIMYECKOrO IMOJS U MOJI JUTaHA0B B TEOPUHU
XUMHYSCKOM CBSI3U KOMIIJICKCHBIX COCIUHCHHIA.

Oxkpacka 1 MarHUTHbIE CBOMCTBA KOMILIEKCHBIX COEIMHEHUM.

7 3aKOHOMEPHOCTH NPOTEKAHUS U THUIIbI XMMHYEKCUX pPeaKkuuii

Krnaccudukarms xumudeckux peakiuid. OKUCIUTENbHO-BOCCTAHOBUTEIBHBIE U OOMEHHBIE
peakuu. Y cIIOBUSI TPOTEKAHUSA XUMUYECKUX Peaknid. TepMOIMHaMUYECKUE U KHHETUYECKUE Xa-
PaKTEpUCTUKH PEaKIIUil.

DJIEeMEHThl XUMUYECKOW TepMmoauHaMuku. [Ipeamer u 3agaum tepmoanHamMuku. OCHOB-
HBIE XapAKTEPUCTUKHU TEPMOJINHAMUYECKON CUCTEMBI.

TemnnoBoit 3pdexT xumueckon peakiuy U TepMoXuMuIeckre pacuersl. Termaora obpaszo-
BaHUs BelecTBa. [lepBoe Hauano TepmoMHaMuKu. DHTanbIus. 3akoH ['ecca.

HampaBneHHOCTh XMMHYECKHX PEaKIuii. DHTPOMHUS M CBOOOIHAS SHEPTUsl cucTeMbl. M30-
0apHO-M30TEPMUIECKHUI TOTECHITUAIL.
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XUMUYECKASA KUHETUKA

Ckopocte xuMuueckor peakiuu. Ee konnuecTBeHHOE BhlpaxeHue. VIcTuHHAs U cpeaHss
CKOPOCTH.

@akTopbl, BIUSAIONIME HA CKOPOCTh XMMUYECKUX PEaKUUN. 3aBUCUMOCTh CKOPOCTH PeaK-
[MA OT KOHIICHTPALIUU PEarupyroniux BelIecTB. 3aKOH AeHCcTBUA Macc. Ero mpumeHeHue s
TOMOTEHHBIX M TeTeporeHHbix cucreM. KoHcranta ckopoctu peakuuu. Biushue dakropa mo-
BEPXHOCTH Ha CKOPOCTh PEAKLIMU B TETEPOTCHHOM Cpelie.

3aBUCUMOCTH CKOPOCTH PEAKIMH OT TeMIIepaTyphbl, TemnepaTypHbliil ko3dduuuent. [Tons-
THE 00 aKTUBHBIX MOJIEKYJIaX ¥ SHEPIUH aKTUBALIMH MPOIECcca.

BiusiHne karanm3atopoB Ha CKOPOCTh peaklMH. Buabl kaTanusa: TOMOT€HHBIN, Fe€TEpO-
TeHHBIA ¥ MHUKPOTETEPOTEeHHBIN KAaTaIN3, aBTOKATAIIN3; MOHATHE 00 MHTHOUTOpaXx.

XUMUYECKOE PABHOBECHE

HeoOpaTtumMbie 1 00paTuMble XUMUYECKUE PEaKMU. Y CIOBUsI 0OpaTUMOCTH M HEOOpaTH-
MOCTH XMMHYECKHUX IPOILIECCOB. XMMUUYECKOE paBHOBecue. KoHCTaHTa XMMHMUYECKOTO paBHOBE-
cusl.

[punuun Jle larense. CmelieHne XMMUYECKOIO PAaBHOBECUS MPU W3MEHEHUU KOHLEH-
Tpalui pearupyroniux BEIIECTB, aBJICHUS U Temneparypsl. Karanuzatopsl B 0OpaTUMBIX MPO-
eccax.

8 PacTBopsbl. Crioco0bl BbIpaKeHHS COCTaBa PACTBOPOB

Boga. CoctaB 1 31€KTpOHHOE CTpOEHUE MOJIEKYJbl BoAblL. [lonsgpHocTs Monekyibl. Ou-
3UYECKHE CBOMCTBA BOJbI. AHOMAINK (PU3NYECKUX CBOWMCTB BOJbI. Boma — yHUBEpCcabHBIN pac-
TBOpUTETh. XUMHUUYECKHE CBOMCTBA BOJbIL. Posib BOABI B OMOJOTrHYECKHX Mpolreccax. PacTBOpEIL.
OO0m1as XxapakKTepUCTUKa pacTBOPOB. Crioco0bI BBIpaKEHHUSI COCTaBa pacTBOpoB. KoHIICH-
Tpauusi pacTBOpoB. MaccoBas J10J1s1 paCTBOPEHHOI'O BEIIeCTBa B MpoLeHTaX. MosipHas U HOp-
MajbHas KOHIIEHTpalus. PacueTsl i mpUTOTOBICHUS PACTBOPOB PA3IMYHONM KOHIIEHTPAIUU.
Meroavka TpPUTOTOBIEHUS PACTBOPOB pa3HON KoHUEeHTpauuu. llepexon OT OgHOrO Koivue-
CTBEHHOT'O BBIPAKEHHS COCTaBa pacTBOpPA K APYyroMy.

9 CaoiicTBa pacTBOPOB 2J1eKTPOJIUTOB. Teopusi 31eKTPOJIUTHYECKOH AUCCOIUATMT

DNEKTPONUTHI U HEANEKTPOIUTH. OCHOBHBIE MOJOXKEHUS JECKTPOJUTUUECKON JTUCCOIIH-
anuu. MexaHu3M AMCCOLMALMM 3JEKTPOJIUTOB C PA3IMYHBIM TUIIOM XMMHYECKOU cBsi3u. Cre-
NEHb JIEKTPOIUTHUECKOH aucconanuy. CUIbHBIE U ClIa0ble JIEKTPOJIUTHL. Kucnorer, oc-
HOBaHUs, COJIM B CBETE TEOPHUH IIEKTPOJUTUUYECKOHN nucconmanuu. CTyneH4aras Juccouanusi.
OCHOBHBIN M KHCIIOTHBIM THUIIBI JUCCOIMAIIMU TUAPOKCUAOB. AMdoTepHbie THapokcuabl. ['ui-
poinin3 conell. Paznuunblie ciydan rufpoiaun3a coneil. Peakuus cpeapl B BOAHBIX pacTBOpax COJei.
OOpatumslii 1 HeoOpaTUMBbI ruAponn3sl coneil. CtyneHyarsiii THApoan3. DaKkTOpbI, CMEIalo-
e paBHoBecue ruAponn3a. COBMECTHBIM THIIPOSIU3 COJIEH pa3HbIX THUMHOB. Poiib ruaponusa B
XUMUYECKUX M OMOJIOTUUYECKHX Tpolieccax. Peakiuu B pacTBopax dJIeKTPOIUTOB. Peakium non-
HOTO OOMeHa. Y CIIOBUS IPOTEKaHUs PEeaKIfii 0OMEeHa B pacTBOpax J0 KOHIIA.

10 M'uapoau3

Peakums rugponusa. ['maponus coseii. Pasnuunble ciiydaum ruaposmsa cosied. Peaknus
Cpelbl B BOJHBIX pacTBopax coiyieii. OOpaTUMBbI U HEOOPATUMBIN THIPOIU3bI conieid. CTeneHp u
KOHCTaHTa ruaponuza. OObsCHeHHe TUApoNu3a coied U aM(POTEepPHOCTH THIPOKCUIOB C TOUYKHU
3pEHHS AIEKTPOJUTHYECKON TUCCOLMALINKA aKBAKOMIUIEKCOB W MPOTOJMTHYECKON TEOPUH KHC-
JIOTHO-OCHOBHBIX paBHOBecuil. MakTophl, cMemarome paBHoBecue ruaponusa. Ponb ruaponusa
B XUMHYECKHUX, OMOJIOTHYECKUX MPOIECCaX W BHIBETPUBAHUN MUHEPAJIOB U TOPHBIX MTOPOI.

PaBHOBecHe B HACBIIIEHHBIX PACTBOPAX MAJIOPACTBOPUMBIX 3JEKTpOUTOB. [IponsBenenue
PacTBOPUMOCTH. Y CJIOBHS 00pa3oBaHUS W PAaCTBOPEHUS OCanKoB. Peaknum B pacTBOpax dJeK-
TPOJIUTOB (MOHHBIE peakiyu). MeXaHW3M MPOTEKaHHWs PEaKlUid B pacTBOpax JIIEKTPOIUTOB.
HampaBneHHOCTH OOMEHHBIX PEaKIIMid B PACTBOPAX JIEKTPOJIUTOB.

11 OKuCAUTENIBLHO-BOCCTAHOBUTEIbHBIE PEAKINU

OKHCANTENbHO-BOCCTAHOBUTEbHBIE  peakuuu.  Kimaccudukamuss — OKUCIUTENBHO-
BOCCTAHOBUTEIbHBIX peakiuil. OKUCIEHHEe U BOCCTAHOBJIEHUE, OKUCIUTEIh U BOCCTAHOBUTEIID.
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OCHOBHBIE OKHUCIHUTENN U BoccTaHOBHUTENHW. [IpaBmiia cocTaBieHUs ypaBHEHUN OKUCIHTEIHHO-
BOCCTAHOBUTEJIBHBIX peakiuidi. MeTopl 3JICKTPOHHOTO U MOHHO-3JICKTPOHHOTO OanaHca. Poib
Cpe/Ibl B MPOTEKAHUH OKUCITHTEIFHO-BOCCTAHOBUTEIHHBIX ITPOIIECCOB.
12 DyexTposu3. XuMuyecKkue HCTOYHUKH TOKA

lanpBaHWYECKUH JEMEHT. DJIEKTPOAHbBIE MOTCHIIMAIBL. P CTaHAaPTHBIX AJIEKTPOTHBIX
noTeHIMaNoB. OKHUCIUTEIIEHO-BOCCTAHOBUTEIBHBIC MOTCHIIMANBL. HampaBieHne W TiayOHHA
OKHUCJIUTEITbHO-BOCCTAHOBUTEIIBHBIX peaxiui. DneKTpoau3 KaK OKHCIIUTEBHO-
BOCCTaHOBHUTEIIbHBIN mporiecc. KomndecTBeHHbIE COOTHOIIEHUS TIpU 3JeKTponu3se. [Ipumenenne
ANIeKTpoNin3a. XUMHUYECKUE HCTOYHHUKH ToKa. Koppo3us MeTaiioB. DIEKTPOXUMHUYECKAs KOPPO-
3Ws. 3alIuTa OT KOPPO3UH.

Jlureparypa

1. AxmeroB, H.C. O6mas n Heoprannyeckas xumus: yaeOHuk / H.C. AxmeroB. — 8-¢
u3a., ucnp. — M. : Jlanp, 2014. — 752 c. (10 3k3.).

2. I'munka, H. JI. OGmmas xumus : [yue6.mocobue s By3o] / H. JI. ['nunka ; mox pex. :
A. . Epmakosa. — 30-¢ uzn., ucnp. — M. : Unarerpan-Ilpecc, 2010. — 727 c. (6 3k3.).

I'munka, H. JI. O6mas xumus : [yae6.mocodue] / H. JI. I'munka. — M. : KHOPYC, 2011. —
746 c. (8 7K3.).

3. Vraii, S.A. O6mas u HeopraHM4ecKast XUMUS: y4eOHUK IS CTY/I. BY30B, O0y4arOInX-
Cs TIO HAINpaBJICHHIO U crell. «Xumus» / S.A. Yrait. — 4-¢ u3z., crep. — M. : Beicmr. mik., 2009. —
526 c. (18 3k3).

4. ®pomnos, B.U. IIpakTukym no oOmield 1 HEOpraHMYECKOH XUMHUH: ydel. mocodue ass
CTY/. BY30B, OOYYaIOLIMXCS MO HANpaBiICHUIO «MeTanyprus», «XUMUYecKas TEXHOJIOTUS U
ouorexunonorus» / B.U. ®ponos, T.M. Kypoxrtuna, 3.H. [IsimoBa ; mox pen. H.H. I1aBnosa, B.U.
®ponoa. — 2-¢ uz., nepepad., gom. — M. : [Ipoda, 2002. — 301 c. (31 3k3.).

5. 3agaun u ynpaxHeHHs 1o oOmie xumuu : y4ed. mocobue mis cryn. Byzos / H. JI.
['munka; mox pen. B. A. PabunoBuua, X. M. Pybunoii. - M. : Unrerpan-IIpecc, 2011. - 240 c.
(16 5x3.).

4 METOANYECKHUE PEKOMEH/JALMH (YKA3AHUA) 1JIAA CTYJAEHTOB
IO U3YYEHUIO JUCHUITJINHBbI

[Tpuctynas Kk U3y4eHHUIO AUCHUILIMHBI, HEOOXOIUMO B IIEPBYIO OYEPEb O3HAKOMUTHCS C
coJiepskaHueM paboueil nporpammbl. OgHON U3 (GOpM OpraHu3aliy yueOHOW AESTEIbHOCTHU SIB-
JSETCs JIEKIMS, UMEIoIasl LENbl0 JaTh CUCTEMAaTU3MPOBAaHHBIE OCHOBBI HAayUYHBIX 3HaHWM IO
JOUCLIAILIIMHE.

[Tpu nzyuennu u npopaboTKe TEOPETUYECKOTO MaTepHraIa He0OX0AUMO:

® JIOBTOPUTH SaKOHCHeKTHPOBaHHBIfI Ha JICKOMOHHOM 3aHATHU MaTCpual U JOIOJIHUTH
€ro ¢ y4eTOM PEKOMEHJOBAHHOM M0 JAaHHOM TeMe JINTepaTyphbl;

® IIpU CaMOCTOSITEIbHOM H3Y4EHMHM TEOPETHMUYECKOH TEMbI HCIOJIB30BaTh PEKOMEHO-
BaHHYIO JINTEPATYPY;

® OTBCTHUTH Ha KOHTPOJIBHBIC BOIIPOCKHI, IPEACTABIICHHBIC B KOHCIICKTC J'IeKHI/Iﬁ 10 COOT-
BETCTBYIOLLIEH TEME.

JlaGopaTopHble 3aHATUS MPOBOASATCS C LIENbI0 YIIIyOJeHUS U 3aKperyieHHUs] 3HaHUH, T0-
JYYEHHBIX Ha JIEKIMAX U B IMPOIecce CaMOCTOATENbHOM paboThl. [lpu moaroroske k jgaboparop-
HOMY 3aHSITHIO HEOOXOIUMO:

® U3Y4YUTh, IOBTOPUTH TEOPETUUECKHUI MaTepHrall IO 3aJaHHOU TEME;

® U3Yy4NTh MaTEpUajbl IPAKTUKYMA 10 3aJaHHON TEME,

® IIpU BHINIOJHEHUM JOMAIHUX 3a/1aHUl, IOBTOPUTH TEOPETUUECKUN MaTeEpUa JEKIIHH.

CryneHTaM peKOMEHAYEeTCS M3Yy4HTh MO Y4eOHOH JHuTeparype M KOHCIEKTaM JIKIHH
KOHKPETHBII BOIPOC M CaMOCTOSITENIBHO BBINIOJIHUTH IPEIIOKEHHbIE 3a1anus. [Ipennararorcs
AJITOPUTMBI U XapaKTCPUCTUKHU (I)I/I3I/I‘-IGCKI/IX U XUMHUYECKUX CBOMCTB MMPOCThIX BCUICCTB, CAU-
HBI METOJIMYECKUI MOJX0/ K U3YYEHUIO XUMUYECKUX CBOMCTB KJIACCOB COCTMHEHUM.


http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
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Ilo oxOHUaHMM KaXXOTO 3aHATHUSA CTYACHTHI IOJIy4alOT JOMAllHEE 3aJaHue, KOTOpbIE
BKJIIOUAIOT HECKOJIBKO BOIPOCOB /MU PacyeTHHIX 3aAad. [Ipexkae ueM MpucCTYNMUTh K BBINOJ-
HEHMIO 3aJlaHUi Ui CaMOKOHTPOJIS, CTYIEHTaM HEOOXOAMMO M3YYHUTh PEKOMEHIYEMYIO II0
KaXJI0i Teme auTeparypy. OOmuii criucok yudeOHoM, y4eOHO-METOAMYECKON U HAyIHO! JTUTEpa-
TYpBI MIPEJCTABICH B OTAEIBHOM pasnene nporpammsl. Ilpu odopmienun otuetoB mo mabopa-
TOPHBIM paboTaM U MHAUBUIYaJbHBIX 33JJaHUI ClIeAyeT MOJIb30BaThCS CIIPABOYHOM XUMUYECKON
JIUTEPATYPON U XUMUYECKOUN SHIIUKIIONEIUEH.

Jlj1s onepaTUBHOTO KOHTPOJISI YCBOGHHUSI Y4EOHOTr0 Marepualia MpoBOJUTCS ONPOC, MHUCh-
MEHHOE BBINIOJIHEHHUE 3aJlaHUsl TEKYLIET0 KOHTPOJISA. YPOBEHb YCBOCHUSI Pa3/esiOB IUCLUILIMHbI
OILICHUBAETCSA C MOMOIIbIO KOHTPOJIbHBIX pabot. [Inanupyercs npoBeaenue sx3ameHa. s pe-
HICHUS 33/1a4 CTYJCHTHI 00ECIIEUNBAIOTCS CIIPABOYHBIMH JTAHHBIMH.

[TocTpoenne AUCUMILTUHBI TO3BOJIIET UCHOIb30BaTh B O0OYYEHUH OINEPALMU MBIIIICHHUS:
aHaJu3, CHHTE3, CPABHEHUE M aHAJIOTHIO, CUCTEMATU3alUI0 1 00001IeHNE.

O PexkTUBHOCTD M3YUYEHHS] TUCHUILUIMHBI OOECIeYMBAETCS MPABUIBHOM OpraHU3anueit
CaMOCTOSITENIbHOW paboThI, aITOPUTM €€ BbIpabaThiBaeTcsi B paboTe ¢ y4yeOHOW M CIpaBOYHOMN
JIMTEpaTypou.

CucreMaTH4ecKOe BBIOJIHEHHUE 33JaHU CAMOCTOSATEIBHON pabOThl (OPMHUPYET HABBIKH
pELIEHUs] PACUETHBIX 3a7a4, COCTABJIICHUS CIIOKHBIX YPAaBHEHUHN pEaKLUN.

VYopakHeHus: 10 HOMEHKJIATYpEe CJIOKHBIX BEILECTB, COCTABICHUIO YPaBHEHUM OKUCIIH-
TEIbHO-BOCCTAHOBUTENBHBIX PEAKIUil HOHHO-3JIEKTPOHHBIM METOJOM (POPMHUPYIOT XUMHUYECKOE
MBIIUIEHUE U YMEHUE T0JIb30BaThCsl XUMUUECKUM $I3bIKOM (CHMBOJIMKA, HOMEHKIIATYypa, TEPMU-
HOJIOTHS).

Pexomenoayuu no pabome ¢ nayunoti u yueonou iumepamypou

PaGora ¢ yueOHOI 1 Hay4dHOUH JUTEpaTypOl SIBIISIETCA IIaBHOW (popMoil caMocToATENb-
HOU paboThl U HEOOXO0JUMa IIPH MOATOTOBKE K YCTHOMY OIIPOCY Ha JIaDOpAaTOPHBIX 3aHATHSIX, K
KOHTPOJIbHBIM paboTaM, TeCTUPOBaHMIO, 3k3aMeHy. OHa BKJIIOYAET MPOpadOTKY JIEKIIMOHHOTO
Marepuana — KOHCIEKTbl PEKOMEHJOBAaHHOM JINTEpaTyphl IO 3afaHHOM TeMaruke. KoHcmekT
JIOJKEH OBITH BBHIMOJIHEH B OTAEIBHON TETpa, COep>KaTh OTBETHI Ha KaX bl TOCTABICHHBIN B
TE€ME BOIPOC, UMETh CChUIKY Ha MCTOYHUK MH(pOpMalUu ¢ 005f3aTelIbHBIM YKa3aHHEM aBTOpa,
Ha3BaHUS U TOJ1a U3JaHUS MCIIOJIb3yeMON HayuyHOU nuteparypbl. KoHCIIEKT MOXeT ObITh ormop-
HBIM (CO/Iep>KaTh JINIIb OCHOBHBIE KIIFOUEBBIE MO3UIIMN), HO TIPU 3TOM MO3BOJISIOIIUM J1aTh MOJI-
HBII OTBET MO BOIPOCY, MOXKET OBbITh MOAPOOHBIM. OObEM KOHCIIEKTa ONpPENENIeTCs CAMUM CTY-
neHToM. B mporiecce paboThl ¢ ydeOHOM U HAYIHOU JTUTEPATYPOU CTYACHT MOXKET:

e JIeNaTh 3aIIMCH 110 XOAY YTE€HUS B BUJE IPOCTOIO WM Pa3BEPHYTOrO IJIaHa;

® COCTaBIATH TE3UCH! (LUTUPOBAHUE HAUOOJIee BaXKHBIX MECT CTaThH WJIM MOHOTrpaduu,
KOPOTKOE M3JI0’KEHHE OCHOBHBIX MBICIIEH aBTOpA);

® TOTOBUTH aHHOTAIMH (KpaTKoe 0000IIeHNe OCHOBHBIX BOIIPOCOB paboThI);

Heo6xoauMo oTMETHTb, YTO paboTa C JUTEpPaTypoil HE TOJIBKO MOJIE3HA KaK CPEICTBO
Oosee TyOOKOTr0 M3Y4YEeHMsI AUCLUIUIMHBI, HO U SIBISETCS HEOThEMJIEMOW YacThlO Mpodeccuo-
HaJIbHOW J€ATENbHOCTU OYIyIEro YUuTes.

Memoouueckue ykazanus no op2aHu3ayuu 6HeayOUmopHoU camocmoamenbHol padomsi.

CamocrosaTrenbHas paboTa CTyAEHTa CHOCOOCTBYIOT OpraHH3allMM IOCJIEI0BATEIBHOTO
M3YYEHHUS MaTepHalia, BHIHECEHHOI'O Ha CAMOCTOSTEIbHOE OCBOEHHE B COOTBETCTBHH C YYEOHBIM
IUTAaHOM, MpOrpaMMoi yueOHo# aucuuiuinHbl. B kauecTBe (hopM caMoCTOATENbHOIN paboThl MpU
M3YYEeHUHU JUCHMILTUHBI IPEIaraloTcs:

e paboTa ¢ HAy4YHOI U y4yeOHO IUTEepaTypoii;

MOJTrOTOBKa pedepara, KOHCIEKTA;
MOJrOTOBKA K TECTUPOBAHUIO U DK3AMEHY.
odopmieHue 1abopaTopHO pabOTHI
MOJTrOTOBKA OTYETa MO JIabopaTopHOU paboTe
pEIlIEHNE PAaCUETHBIX 33134

3ajaun caMOCTOSITEIBHOU PaOOTHI:



anmy.
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e o0OpeTeHHEe HAaBBIKOB CAMOCTOSITENIbHON HAayYHO-UCCIIEI0BATEIbCKONW pabOThHl Ha OCHO-
BaHUU aHAJIN3a TEKCTOB UICTOYHUKOB U IPUMEHEHHUS Pa3IMYHBIX METOOB HCCIICIOBAHU;
® BBIPAOOTKA YMEHHUS CAMOCTOSITEIIFHO U KPUTUYECKH TOAXOJUTh K U3y4aeMOMY MaTepu-

HCHOJ’IB?)YCTCH TECTOBBIHN KOHTPOJIb, INCbMECHHBIC KOHTPOJIbHBIC pa6OTBI.

YueOHO-MeTOANYeCKOE o0ecTieYeHrne CAMOCTOSITeIbHONH padoThI CTY/IeHTOB 0 JUCHHUIINHE

KoaunuecTBO 4a-

Ne HaumMmeHnoBaHnue COB, B COOTBeET-
pasnesa (TemMbl) @®opMbI/BUIbI CAMOCTOATEILHON PadoThI CTBUM € YU4eOHO-
AUCHUIINHBI TeMaTH4YeCKUM
IUVIAHOM
1. | Beenenue N3yueHne 0CHOBHOM JIUTEpATyphI 4
W3yueHue nONOIHUTENBHOM TUTEPATYPhI
2. | OcHOBHBIE MTOHS- N3ydyeHne 0CHOBHOM JINTEPATYPhI 12
TUS U 3aKOHBI XU- | M3yueHue 10noIHUTENbHON JIUTEPATypPhl
MUH Odopmnenue madbopaTopHoi pabOTHI
[ToaroroBka oTuera mo adbopaTopHOt paboTe
[Toxgroroska pedepara
3. | [lepuoguueckuii N3yueHne 0CHOBHOM JIUTEpaTyphl 8
3aKOH KaK OCHOBa | M3yueHue 1OMOIHUTENBbHON TUTEpaTyphl
XUMUYECKOH CH- Odopmnenne nabopatopHoit paboThI
crematuku. Co- [ToaroroBka pedepara
BpeMmeHHbIe Tipea- | [loaroroBka oryera mo nabopatopHoi padote
CTaBJIEHUA O nepu- | PelieHue pacueTHbIX 3a/1a4
OJIMYHOCTH
CBOJCTB 2JIEMEHTOB
4. | Peakuuu B Heopra- | M3ydeHne OCHOBHOM JUTEpaTyphl 8
HAYECKON XUMUHU N3yueHne nONOIHUTENBHON INTEPATYPBI
Odopmiienne nabopaTopHoil paboThI
[ToaroroBka otyera mo jgabopaTopHOil paboTe
Pemenue pacueTHbIX 3a1a4
5. | Xumnueckas cBsizb | M3ydueHue OCHOBHOM JIUTEpaTyphl 4
N3ydeHue nONONHUTEIBLHON JIUTEPATYPhI
ITonroroska pedepara
Odopmienne mabopaTopHOil padOTHI
ITonroroBka otuera no aboparopHoii padorte
ITonroroBka KOHCIIEKTa
6. | Kommuiekcusle co- | M3ydyeHue OCHOBHOM JIUTEpaTypHI 8
€UHECHUA N3yueHne nONOIHUTENBHON IUTEPATYPBI
[Tonroroska pedepara
Odopmnenne naboparopuoii padotsr [loaro-
TOBKA OTYETa 10 JabopaTOpHOI paboTe
7. | 3aKOHOMEPHOCTH N3yueHnne 0CHOBHOM JIUTEpATyphI 14
MPOTEKaHWs M TUIIbI | MI3yueHune TONOIHUTENBHOM TNTEpaTyphl
xuMHUeckux peak- | Odopmiienue mabopaTopHOi pabOTHI
005078 Pemenue pacueTHpIx 3a1a4
[ToaroroBka otyera mo gabopaTopHOi paboTe
8. | PactBopbl. Cnioco- | M3yueHne OCHOBHOU JTHTEPATYpPHI 8

OBI BRIPOKECHHS CO-
CTaBa pacTBOPOB

N3ydeHue 1ONOJIHUTEIBLHON IUTEPATyPhI
Odopminienne 1abopaTopHOit pabOThI
Pemenue pacyeTHbIX 3a1a4
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[ToaroroBka oryera mo jabopaTopHOi paboTe

9. | CnoiictBa pacTBo- | M3yueHue OCHOBHOM JIUTEPATYPHI
POB 3JIEKTPOIUTOB. | M3ydeHue HOnOITHUTENBHOMN JINTEPATYPhI
Teopus snexTpo- Odopmnenue nabopatopHoii paboThHI
JUTUYECKOH auc- Pemenue pacueTHsIX 3a1a4
colaIun [ToaroroBka otyera 1o gadbopaTopHOil padboTe
IloaroroBka pedepara
10 | l'mpponwms N3yueHne 0CHOBHOM JINTEpATyphI
N3ydeHue 1ONOJIHUTEIBHON IUTEPATypPhl
Odopmnenue nabopatopHoii paboTHI
Pemenue pacueTHsIx 3a1a4
[ToxroroBka otyera no aboparopHoii padore
IloaroroBka pedepara
11. | OxucaurenpHo- N3yueHne 0CHOBHOM JIUTEpATyphI
BOCCTaHOBUTEJIb- N3ydenue nOMoNMHUTEILHON IUTEPATY P
HBIE pEeaKIUU Odopmnenue madbopaTopHoii pabOTHI
Pemenue pacueTHsIx 3a1a4
[ToaroroBka otyera 1o jgabopaTopHoOil padboTe
12. | Dnexrponus. Xu- N3ydyeHune 0CHOBHOM TUTEPATYPhI
MHUYECKHE HCTOY- W3ydenne qOMOTHUTENBHON JINTEPATYPhI
HUKH TOKa Odopmnenne nabopatopHoit paboThI
[ToaroroBka otyera 1o jgadbopaTopHOil padboTe
[ToaroroBka pedepara
IloaroroBka xoHCIIEKTa
5 IPAKTUKYM IO JUCHUIIJINHE
IInan n1aGopaTopHBIX 3aHATHH
Ne Tewma 3anaTHA JIuteparypa 3anauu sl CaMOCTOATENb-
HOT'O pelIeHUs
1 | Jlabopamopnas paboma Nel. 4. c. 6-32.
OcHoBHbIE IPUEMBI paOOTHI B
nabopatopuu (4 4).
2 | Jlabopamopuas paboma No2. 2. c. 18-29, 34-37. 5.¢.25
Omnpenenenne oTHOcUTENbHON | 3. ¢. 5-23, 204-208. Ne 104, 109, 113, 124, 127,
MOJIEKYJIIpHOM Macchl okcuaa | 4. ¢.48-51. 132.
yraepoaa(lV) (4 u). 5.c. 12
Ne 29, 32, 35, 36, 45, 48,
57, 64, 66, 87.
3 | Jlabopamopuas paboma No3. 2.c.25-27. 5c¢9
Omnpenenenue >kBuBasieHTHOM | 3. ¢. 19. Ne 5,7,8, 13,16, 18, 38.
Macchl Maraus (4 ). 4.c¢.51-55.
5.c.7-9.
4 | Jlabopamopnas paboma Ne4. 1. c.5-46. 4.c.47 Ne 1,2,4,7.
[lepnonnueckuii 3aKoH U Tie- 2. c. 37-96.
puoamueckas cucrema J[. 1. 3. c. 23-56.
MemngeneeBa. Ctpoenue aroma. | 4. 56-60.
(4 3).
5 | Jlabopamopuas paboma No5. 3.¢.239-292. 4.¢.33-40. |4.c. 47 Ne 1,2,4,7.
Knaccudukanmst xumuueckux | 5. ¢. 29-36. 5.c¢. 36
peakiuii (4 4). Ne 140, 144, 148, 160, 161,
164.
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6 | Jlabopamopuas paboma No6. 1. ¢.201-210. 6.c.37 Ne 1-3.
KadectBennsle peakiuu Ha | 2.c. 245-254.

KaTUOHBI U AaHWOHBI (4 U). 3.c. 159-162.
5. c. 29-36.
6. c. 37.

7 | Jlabopamopnas paboma Ne7. 4. c. 40-47. 4.c.47 Ne 3.,5,6.
Kiaccel HeOpraHu4ecKux co- 5. c. 29-38.
eauHeHun (4 u).

8 | Jlabopamopuas paboma No§. 2. c. 354-378. 5.c¢. 191
KommiekcHele  coemubenus. | 3. c. 103-132. Ne 717, 720, 721, 722, 752.
[Tony4yenue u ycroituuBocts (4 | 5. c. 189-203.

).

9 | Jlabopamopuas paboma No9. 1. c. 107-114. 5.¢. 196
Kommiekcusle  coemmuenus. | 4. c. 104-108. Ne 729, 731,733,
XUMHYECKUEe CBOMCTBA (4 ). 741,743,750.

10 | Jlabopamopnas paboma Nel(). | 1. 212-214. 4, c.68 Ne 1,4,5,6,7.
Ckopocth xumuueckod peak- | 3.c. 188-198. 4. c. 62-70.
uuu (4 4).

11 | Jlabopamopnas paboma Nell. | 1.c.210-212. 4.c.73 Ne 1-4.
Xumudaeckoe paBHoBecue (4 4). | 3. c. 198-208. 4. c. 70-72.

12 | Jlabopamopuas paboma Nel2. | 2. c.211-231. 5.c. 107
[IpuroToBieHue pacTBOpoOB 3. c. 144-152. Ne 393, 400, 403, 407, 422,
Pa3IUYHON KOHIIEHTPAIIH 5. ¢.103-107. 429, 443, 450, 451, 479,
(4 9). 488.

13 | Jlabopamopnas paboma Nel 3. JIOTI. JTUCT
[TpuroroBieHHE PacTUTEIb-

HBIX UHJIUKATOPOB (4 ).

14 | Jlabopamopuas paboma Nel4. | 4. c. 88-96. 4.c.94 Ne 4,5,6.
CBolicTBa pacTBOpPOB 3JIEKTpo- | 5. c. 120-127.

JUTOB.  DJEKTPOIUTHYECKAS
nuccormanus (4 4).

15 | Jlabopamopuas paboma Nel5. | 1.c.227-234. 5. Ne 585, 587, 588, 591.
T'unponus (4 u). 4. c.97-99.

5.c. 141-148.

16 | Jlabopamopnas paboma Nel6. | 1. c. 234-240. 4.c. 118 Ne 2,7
OKHUCIUTENBHO- 2.¢.259-273. 5.c. 148
BOCCTAaHOBUTENIbHBIE peakiuu | 4. ¢. 114-118. Ne 580, 583, 584, 609, 611,
(4 9). 5. c. 151-153, 155-164. 614, 636.

17 | Jlabopamopnas paboma Nel7. | 2. c.259-269. 4.c.94 No 4,5,6.
OKHCIUTENBHO- 3.¢. 170-174. 6.c. 75 Ne 1-4.
BOCCTAHOBUTEIIbHBIE PEAKIIUN 6. c. 76.

(4 q).

18 | Jlabopamopnas paboma Nel8. | 2. c. 281-288. 5.c. 181

Onextponus (8 u). 3.c. 181-185. Ne 673, 674, 687,690, 963,
4. c. 129-131. 699, 700, 706.
5.c. 179-181, 183-187.

19 | Jlabopamopnas paboma Nel9. | 2. c. 685-693. 4.c.103 Ne 3,4,5.

Kopposust u 3anmura meramios | 4. ¢. 126-128.

(8 u).
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1. AxmeroB, H.C. O6mas n Heoprannyeckas xumus: yaeOHuk / H.C. AxmeroB. — 8-¢
u3 ., uctp. — M. : Jlanp, 2014. — 752 ¢. (10 7k3.).

2. I'muuka, H. JI. O6mas xumus : [yue6.nmocodue mis By3os] / H. JI. I'munka ; mox pen. :
A. . Epmakosa. — 30-¢ uzn., ucnp. — M. : Unarerpan-Ilpecc, 2010. — 727 c. (6 3k3.).

I'muuka, H. JI. O6mas xumus : [yue6.nmocobue] / H. JI. 'muaka. — M. : KHOPVYC, 2011. —
746 c. (8 7K3.).

3. Vraii, S1.A. OOmas u HeopraHudeckass XUuMus: Y4eOHHUK IS CTY/. BY30B, 00yJaroImmx-
Csl TIO HampaBJiIeHHIO U crer. «Xumus» / .A. Yrait. — 4-e u3z., crep. — M. : Beicmr. mik., 2009. —
526 c. (18 3k3).

4. ®pomnos, B.U. IIpakTukym no oOmield 1 HEOpraHMYECKOH XUMHUH: ydel. mocodue ass
CTYJ. BY30B, OOy4arouuxcs Mo HampaBlieHHI0 «Metamtyprusy», «XuMudeckash TEXHOJIOTHS U
ounorexnonorusy / B.U. ®ponos, T.M. Kypoxrtuna, 3.H. [IsimoBa ; nox pexn. H.H. [TaBnosa, B.U.
®ponoa. — 2-¢ u3., nepepad., gom. — M. : Ipoda, 2002. — 301 c. (31 3k3.).

5. 3agaun u ynpaxHeHHs 1o oOmier xumuu : y4ed. mocobue mis cryn. Byzos / H. JI.
['munka; mox pen. B. A. Pabunosuua, X. M. Pybunoii. - M. : Unrerpan-IIpecc, 2011. - 240 c.
(16 2k3.).

6. Eropoa, U.B. Ilpaktukym mo o0uieid 1 HEOpraHU4ecKol XUMHUH: YdeOHoe mocodue
s cryneHToB By30B / 1.B. Eroposa, B.B. XXunkos, JI.C. /IBopuukoBa. — briarosemenck: 13-
Bo BI'TIY, 2014. - 162 c. (25 7k3.).

Jlabopamopnan paooma Nel.
OcHoBHbIE IpueMbl padoThl B J1adopaTopuu
Ilpasuna mexnuxku 6e3onacrocmu npu pabome 8 XuMuUyeckol 1abopamopuu u oOKazaHue
nepeou NOMowu
[lenb: MO3HAKOMUTD CTYJEHTOB ¢ 000pyI0BaHUEM JIAOOPAaTOPHH, C IPaBUIIaMH TEXHUKH 0€3-
ONACHOCTH, C IIPUEMAMHU OKa3aHUs IEPBOM MEAUIIMHCKON ITOMOIIH.

Pabora B xumHueckoii 1abopaTopuu CBsi3aHa ¢ HEKOTOPOIl OIaCHOCTBIO, TOCKOJIBKY MHO-
r'Ue BEIEeCTBA B TOW MJIM MHOM CTENEHU S0BUTHI, OTHEONACHBI M B3PbIBOOIIACHBI.

OnbIT MOKa3bIBaeT, YTO OOJNBIIMHCTBO HECYACTHBIX CIy4yaeB, MPOUCXOAAIINX B jabopa-
TOPUH, SIBJSIETCS CIEICTBUEM HEOPEKHOCTH M HEBHUMATEIBHOCTH pabOTaONINX.

B03M0OKHOCTh HECHACTHBIX CIIy4aeB MOKET ObITh UCKJIIOUEHA MPH BHITIOJIHEHUH BCEX MEp
nperocTopoxkHOCTU. OOBIYHO XapakTep MpeaylnpennTenbHbIX Mep, 00ecreunBaomux oe3omnac-
HOCTb BBIIIOJTHEHUS HKCIIEPUMEHTA, 3aBUCUT OT BHJIa paOOTHI.

OpHako CylIecTBYIOT 00IME TPaBHUIIa, BBHIIOJHEHHE KOTOPBIX 005S3aTEIbHO ISl KaXK10T0
paboTaroliero B 1a00paTopuu HE3aBUCUMO OT TOTO, KaKOM SKCIIEPUMEHT OH BBINOJIHSET:

1. PaGorath ogHOMY B J1abOpaTOPUH KaTErOPUUYECKHU 3alpeliaeTcs, Tak Kak B cllydae HECYACTHO-
ro ciayvas OyneT HEKOMY OKa3aThb IOMOIIb MOCTPaJaBIIEMy M JIMKBUIUPOBATH IOCIIEACTBUS
aBapuH.

2. Bo Bpems pa0oThl B jabopaTopuu HEOOXOOUMO COOIIOAATH YHUCTOTY, THIIUHY, MOPSAOK U
IpaBWJia TEXHUKH O€30MacHOCTH, TaK KaK IOCIHENIHOCTh, HEPSAIUIMBOCTh YacCTO MPHUBOIAT K
HECYACTHBIM CIIy4asiM C TSKEJIBIMU TIOCIEACTBUSIMU.

3. Kaxnprii paboTaromuii T0JDKEH 3HATh, TNI€ HaXOAATCs B 1abOpaTopuu CpencTBa MPOTHUBOIIO-
YKapHOM 3aIlUTHI U arTeyka, coJepiKalias Bce He00X0AMMOoe JJIsl OKa3aHus IEPBOM MOMOIIH.

4. Kareropuyecku 3ampenaercsi B 1abopaTopuu KypuTh, IPUHUMATD MUILY, TUTh BOXY.

5. Henp3s npuctynath kK paboTe, MOKa yJaniiecs He YCBOST BCEH TEXHUKH €€ BBITIOTHEHUSI.

6. OMBITEI HY’KHO MPOBOJAUTH TOJIBKOB YACTOM nocy/e. Ilociie okoHYaHus SKCIIEpUMEHTA MTOCy 1y
CJIEyET MBITh Cpa3y Xke.

7. B mpouecce paboTbl HEOOXOIUMO COOJIIO/IaTh YUCTOTY, aKKypaTHOCTb. CleuTh, 4YTOObI Be-
IIIECTBA HE MONAJAJIN Ha KOXKY JIMLA U PYK, TAK KAK MHOTHE BEILECTBA (raJIOT€HONPOU3BOHBIE,
(beHOIBI, HUTPOCOECTUHEHHUSI, HENPEIEIbHbIE COSAMHEHUS U AP.) BBI3BIBAIOT Pa3ApaKeHHUE KOXKHU
U CITU3UCTHIX 000JI0YEK.
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http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
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8. Hukakux BemiecTB B jJabopaTopuu He MpoOOBaTh Ha BKyc. HioxaTh BemiecTBa MOXKHO, JIHIIb
OCTOPOKHO HaIlpaBiIss
Ilepsas nomowb npu 0d#co2ax u OMpaGLEHUAX.

1. [Ipu TepMUYECKHX OKOTax HEMEJICHHO JIEeJal0T OOMJIbHBIC TPUMOYKH CIIUPTOBBIM pac-
TBOPOM TaHHHA, 3TUJIOBBIM CIIMPTOM WJIM PACTBOPOM IEpMaHTaHATa KaJusl.

2. [Ipu okorax KHCIOTaMU HEOOXOJIMMO Cpa3y e MPOMBITh MOPAKEHHOE MECTO OOJIBIINM
KOJIMYECTBOM BOJIbI, a 3aTe€M 3-TIPOIICHTHBIM PacTBOPOM THApPOKapOOHATa HATPHUS U OMATH BO-
JIOH.

3. [Tpu oxorax eIKMUMH IIEI0YaMH XOPOIIO U OOWIBHO MOMBITH OPAKEHHOE MECTO IPO-

TOYHOH BOJOHM, 3aTeM pa30aBIEHHBIM PAaCTBOPOM YKCYCHOW KHCJIOTBHI, a IOCIE 3TOTO OISTh
0O0JIBIIIMM KOJIMYECTBOM BOJBI.

4. [Tpu nonagaHuy KUCIOTHI WIIH ILEJIOYH B IJ1a3a CIEIyeT cpa3y ke UX MPOMBITh. Jlist aTo-
r'0 HAIpPABJISIOT HEOOJBIIYIO CTPYIO BOABI TO B OAWH, TO B JIPYrod IJia3 B TCYCHUE 3—5 MHUHYT.
3areM rJ1a3a He0OX0IMMO MPOMBITh UM PACTBOPOM T'MIpOKapOOHaTa HATpus (B Cllydae KHCIO-
ThI), WM PAcCTBOPOM OOpPHOM KUCHOTHI (B ciayyae menouu). [lociie 3Toro HyHO 0OpaTUTHCS K

Bpady.
S. [Tpu oxorax (eHOJIOM MOPAKEHHOE MECTO 00pabaThIBAIOT CITUPTOM.
6. [Tpu oxxorax GPOMOM KOXH €ro OBICTPO CMBIBAIOT CIIUPTOM WJIM Pa30aBIEHHBIM PacTBO-

pom menouu. ITocne 3TOro mopakxeHHOE MECTO CMa3bIBAIOT CIIEUAIbHOM Ma3bl0 OT O0XOIOB.

[Tpu BIpIXaHUM NApOB OpoMa HYKHO ITyOOKO MOJBIIATh HAJ COUPTOM. A 3aTeM BBIIUTH MOJIO-

Ka ¥ BBIUTH HA CBEKUNBO3YXIO

7. Koy, nopa)xeHHYI0 CHJIbHO JAECHCTBYIOLIMM OPraHUYECKHM BEIECTBOM, HYXKHO OBICTPO

IPOMBITH OOJIBIIMM KOJUYECTBOM PACTBOPHUTENS M OCTPAJABILETO TOCTABUTH B MEITYHKT.

Tywenue mecmnoeo nodxcapa u 20paujeti 00excobi.

1. [Ipr BOBHUKHOBEHHH IOKapa HEMEIJICHHO OTKIIIOYHTH T'a3 U AJIEKTPONPUOOPHI IO Beelt 1abo-

paropuu. beicTpo yOpaTh Bce roprouMe BellecTBa MOoJalbllle OT OTHS, a IIaMsl TYyLIIUTh OTHETY-

HIMTEIEM, IECKOM MJIM HUCIIONb3ys MPOTUBOMNOXKapHoe ozaesio. He cneayer 3anuBarh miams Bo-

noi. Bo MHOTHX ciydasix 5TO MPUBOJUT JIMLIb K OOJIbIIEMY pacIpOCTPAHEHUIO IIJIAMEHH U pac-

HIMPEHUIO oyara rnoxapa.

2. Ecnn Ha xoM-1100 3aropenach 0/1€X/1a, HY’)KHO IOCTPa/IaBLIero MOBAJIUTh Ha MOJ U ObICTPO

MOKPBITh BOMJIOYHBIM ofiessioM. Hu B koeMm citydae Henb3si OekaTh, Tak Kak B 3TOM cllydae IJia-

MS TOJIBKO YCUJIUTBbCA. MOXKHO TYIIMTh Ha ce0e oexay OOJMBaHUEM BOJOW MIIM OBICTPBIM IIe-

peKaTbIBaHUEM I10 MOJY.

Jlabopamopnas paboma Nel
OcHoBHbIE IpUEMBI pabOTHI B T1abOpaTopun

1. Owumncrka cyabgpara meau(Il) nepexpucranansanmeii

Llenv padomobi:03HaKOMUTHCSI C OCHOBHBIMU IIpUE€MaMu padOThI B 1TaOOPaTOPUHH.

Ilepexpucmannuzayus.O4uCcTKa TBEPAOTO BELIECTBA METOAOM INEPEKPUCTAIIIN3ALMA OCHOBaHA
Ha TOM, 4TO MPH OXJIAXKICHUH HACBIIIIEHHOTO PACTBOPa OCHOBHOE BEIIECTBO, COJIEprKaIleecs B U30bITKE,
paHbllie JOCTUTAET Mpe/ieia paCTBOPUMOCTH U BBINIAAAET B ocadoK. [Ipumecs ke ocTaercs B pacTBOpE,
MOCKOJIbKY OTHOCHUTENIBHO HEE PAcTBOP IMPOJOJIKAET OCTaBaThCAd HEHAChIIeHHbIM. Ha TexHuueckux
BECax B3BECHTE MPUMEPHO 3 T MEIHOTO KYIOpoca, MOMECTUTE B MPOOUPKY M J0OABBTE 5 MIT IUCTUILTH-
poBaHHO# Bosbl. [Ipobupky Harpeiite B IiaMeHH ropesky Ipy NOCTOSSHHOM BCTPSAXUBAHUU J0 KUTICHHUS.
[Tocne mpekpaiieHus HarpeBaHusi MPOOUPKY OXJAJUTE JO KOMHATHOW TeMIepaTyphl Ha BO3IyXe, a
3aTeM B JICISTHON BOJIe. BhImaBiime KpucTamibl OTQUIBTPYITE Ha CKIIATIaTOM (DHIIBTPE.

Kpucramisl MeqHoro Kyrnopoca ¢ (uibTpa BBICYIINTE MEXKIY JUCTaMH (PUIBTPOBAILHOM Oymaru 10
TIOJIHOTO yJaIeHHs! Blary (1oka Ha Oymare He MepecTaHyT HOSBISATHCS ChIpbIe TsITHA). B3BechTe momyueHHbIN
KPUCTAIUIOTUIPAT U ONPEIEIMTE MACCOBYFO JIOJIFO BBIXO/IA.

[lepexpucranauzanus IMXpoMaTa KaJaus

Huxpomar kamust K2Cr.O7 yacto conepkut npumech cynbdarta Kajausi, OT KOTOPOTO OH MOKET
OBITh OUUIIEH NEPEKPUCTAIIN3ALHEH.
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B3Becuts Ha Becax 9 r quxpomarta Kajusi U BBICHINIATh B XUMUYECKUH cTakaH. Paccunrtarh, kakoe
KOJIMYECTBO BOJABI HAJIO MPUOABUTH, YTOOBI MOMYYUTh HachIeHHBIH Tipu 70 °C pactBop. OTMEpUTH
MEpHBIM IIWIMHAPOM BOJY M BBUIMTH €€ B CTaKaH C HAaBECKOM auxpomara kanusa. Harperb crakaH c
IIPUTOTOBJIEHHOM CMECHIO A0 KUIIEHUs, [IOMEUINBasl pacTBOP CTEKJISIHHOW Majoykoil. Eciu B mostydeH-
HOM pacTBOpE €CTh HEPACTBOPHUMBIE IMPUMECH, TO €ro HaJ0 NPOoQHIBTPOBATH, MOJIb3YSCh BOPOHKOU
ISt Topsiuero punpTpoBanud. ['opsunii pacTBOp OXJIaJUTh, TOMECTUB CTaKaH C PACTBOPOM B YAIIKY C
XO0JOAHOM BomoW. M3MepuTh Temmeparypy OXJaXISHHOTO pacTBopa. OOpasyrommecss KpHCTaJUIbl
OT(QUIBTPOBATH, BHICYIIUTH MEX]Y IBYMS JTUCTaMH (UIBTPOBAIbHON Oymaru u moctaBuTh Ha 30 - 40
MUH B CymmipHBIA mkad, Harpersii no 100 °C. Ilocnme oxnakaeHHs NOIYYECHHBIH JAUXPOMAT
B3BeCUTh. ONpeaennTh BbIX0/ B IPOLUEHTAX 10 OTHOLIEHUIO K UCXOIHOI HaBECKE.

HccnenoBaTh MaTOYHBIM PacTBOp M OYHMINEHHYIO COJIb Ha MPHUCYTCTBUE TaM Cyib(aTa Kajus.
s »TOro B OJHY MpOoOHMPKY HATUTh HEMHOTO MaTOYHOTO pacTBOpa, B APYroil pacTBOPUTH B BOJE
HECKOJIBKO KPUCTAJJIOB MEPEKPUCTAIUIM30BaHHON conu. K momyyeHHbIM pacTBopaM npudaButh 1o 1 -
2 Karuid KOHIEHTPUPOBAHHOM COJSHOW KHMCIOTHI M pacTBopa Xjopuctoro Oapus. Hammuue ocanka
CBHUJICTEIILCTBYET O MPUCYTCTBUH CyIb(aTa Kajwsl.

2. Bo3ronka (PaboTa nmpou3BOAUTCS IO TATOMN)

Mox uacto comepxur Buary u coequnenus ICL, IBr, ICI3 u T. 1. JI1s TOro 4to0bl OYHCTUTH €r0
OT 3TUX IPUMECEH, BO3TOHKY IIPOBOJSAT B MPUCYTCTBUM OKCHJIa KAJIBLIUS M HOUIa Kausl.

OtBecuth Ha Becax | T kpucramimueckoro iona, 0,1 r oauma kamust u 0,5 T OKCUIa KaabIHs.
[Tonoxxutk Bce 3TU BelecTBa Ha AHO (hapdopoBO YAIIKK U MEpeMenaTh CTEKISTHHON MaJOYKOM.
HakpbITh gamky JTHOM KOHUYECKOW KOJOBI, HAIOJTHEHHOH Ha 1/3 Xo01H0M Bo1oi. Yamky OCTaBUTh
Ha acOECTOBYIO CETKY M OCTOPOXKHO HArPETh.

Bozornannsie KpucTamisl Hojma coOpaTh ¢ Hapy>KHOW CTEHKH JHA KOoJObl M B3BecHTh. Paccuu-
TaTh MPOLIEHT BBIX0/a HoAa.

3. [leperonka (IUCTUILISAIUS) BOJBI

Cobpats pubop 1715 meperoHku Boabl. B kon0y Bropuia Hanuts 1/3 ee o0bema BOIOMPOBOIHOIM
BO/bI, 00aBUTh TyJa HEMHOIO pPacTBOpa MEIHOIO KyHOopoca M Ha JHO IOMECTUTb HECKOJIbKO
CTEKJISTHHBIX KaIUJUISIPOB UIS TOTO, YTOOBI )KUJIKOCTh KHIena paBHOMepHO. Konly 3akphITh MPOOKOIA,
B KOTOPYIO BCTaBJIEH TEPMOMETpP TaKUM OOpa3oM, 4TOObI PTYTHBIM HIAPUK €ro ObUl HEMHOI'O HIXKE
YPOBHSI OTBOJIHOM TpYOKHU KOJOBI. 3allOJIHUTH XOJOIUIBHUK BOAOW, U B MPOJOJDKEHHUE BCETO OMBITA
BO/Ia JIOJDKHA TI0JIaBaThCsl B HUYKHEE €ro OTBEPCTHE U BBIXOJIUTH uepe3 BepxHee. Harpers pactBop 10
KHIIEHHS U OTOTHATh 25 - 30 MJI BOJBI.

Ha yacoBoe cTeks10 HaIuTh HECKOJIBKO Karellb MMOJy4eHHON AUCTUIUINPOBAHHOM BOJBI U BbINa-
puTh Ha ropenke. Ha npyrom crekie caenars TO ke ¢ UCXOIHOM KUAKOCThI0. CpaBHUTH PE3YNIbTATHI
BBITIAPUBAHUA.

4. OnpenesneHne TeMnepaTypbl MJIaBJACHUS
CoOpatb ycTaHOBKY IO PUCYHKY
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ToOHKO pacTepeTh B CTYNKE THOCYJIb(AT HATPUS M 3aMOJIHATh UM KOHYUK TOHKOCTEHHOTO, 3ara-
SHHOTO C OJIHOM CTOPOHBI Kamwjuisipa. 3aTeM MPHUKPENUTh IOCIECTHUI pPE3HHOBBIM KOJBLIOM K
TEPMOMETPY, KaK YKa3aHO Ha PUCYHKE. TepMOMETpP OMYCTUTh B CTaKaH C BOJON. MeIJIEHHO HarpeBarhb
BOJy, IEPEMEIINBAsl €€ BCE BPEMs MELIAIIKOW, U HAaOII0JaTh 3a BEIIECTBOM B Kanuiuisape. Kak Tonpko
COJICP’)KUMOE TIOCTICTHETO CTAHET MPO3PAYHBIM, OTMETUTH TEMIIEPATyPy, KOTOpast U OYJET TeMIIepaTy-
PO MIIaBJIEHHS UCCIIeyeMOoro BemiecTBa. CpaBHUTH MOJIYUYEHHYIO BEJTMUYHMHY C YKa3aHHON B CIIPaBOY-
HUKE.

5. Onpenesienne NPOLEHTHOIO COJEP:KAHUA OKCH/IA MeIU B MaJlaxuTe

[Ipu npokayiMBaHUU MaJAXUT pa3jaraeTcs Ha OKCHJI MEIU, BOJY U TUOKCHU]L yrieposa

(CuOH).CO3=2 CuO +H20 1 +CO2 1

JBa mocnenuux BemectBa jgeryune. OKCUI MeIU HEJIETYyYui, OH OCTAaeTCA B TUTJIC B BUJE Yep-
HOTO TIOpOIIKA. 3HAas Maccy MallaxuTa M Maccy OKCHIAa MEIH, MOXXHO BBIYHCIHUTH MPOIEHTHOE
conepxanue CuO B Manaxure.

B3Becuts myctoil Turens ¢ TouHocThio 10 0,01 r. Haceimate 1-2 r manaxura B TUrelb U B3Be-
cuth ¢ TouHocThio 10 0,01 T. BeraBuTh THUrenb B KepaMHMUECKH TPEYroJIbHHUK, MMOMECTUTh Ha
TPEHOKHUK U IPUCTYIUTh K NPOKATMBAHUIO.

Bnauane HarpeBaTh MeJIEHHO, HE BBIITYCKasi TOPEJIKU U3 PYK, TaK KaK IPU OYPHOM pa3JIOKEHUN
MajaxmTa yJIeTy4MBAIOIIUECs ra3bl MOTYT yBJI€Ub 4acTh BemecTBa. [Ipokanmus 15 - 20 MuH., oX1aauTh
U B3BECHTHh THUTENIb. 3aT€M BTOPUYHO MPOKAIUTH TUTEIb 5 MHUH, OXJIAUTh W B3BECUTh. Ecnu nBa
MOCTIEHUX B3BEUIMBAHUS pacxoastcs He Oonee yeM Ha 0,02 r, MPUCTYMUTH K BBIYUCICHUSM; €CITU
pacxoxaenue 6osee 0,02 r, mpokaTMBaHWE U B3BEIIMBAHUE MTPOJIOJIKATH JI0 TOCTOSSHHON MAcCCHI.

Dopma 3anucu HabaOOeHUll

Macca nycToro Turis, T
Macca TuTIs ¢ MallaXuToOM, T
Macca manaxura, T
Macca TUrIsl ¢ OKCHJIOM MEJIH, T
Macca okcuga meau, T
OkcnepumeHTanbHbIi poueHT CuO
Teopernueckuii npoueHt CuO
OtHOcHTeNbHAsS oInoKa, %

Buiuucnenus

Bo Bpemst mpokanuBaHus BBIYUCISIIOT TEOPETUUECKUM MPOIICHT OKCHAa Meau B Majaxute. s
3TOTO B CHPABOYHUKE HAXOJAT OTHOCUTEIbHBIE MOJEKYJISPHBbIE MAcChl MajaxuTa M OKCHUJA MEJH,
COCTABJISIFOT TIPOTIOPITHIO U TPOU3BOIAT CTEXHOMETPUUECKUE BHIYUCIICHHUS.

AHAJIOTMYHO BBIYMCIISAIOT IPOLIEHT OKCH/IA MEJIU 110 SKCIIEPUMEHTANIbHBIM JaHHBIM. 3Has Teope-
THYecKni U HanaeHHbii npaktudecku mpoueHThl CuO B (CuOH)2CO3, MOKHO BBIYHCINUTH OTHOCH-
TEJIbHYIO OIIMOKY B %0

NN E
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K_(T—3)xum96
N T

rae K - otHocuTenbHas ommobka, %; T - TeopeTHuecKuil MPOIEeHT OKCUa MEIU B MaJIaxuTe; D -
9KCHEPUMEHTAJIbHBIN MIPOLEHT OKCHUJIA MEU B MAJIaxHTe.
[Tpu npaBUIIBHOI U TIIATETHLHON pabOTe OTHOCHTENbHAS OIIMOKA HE TOJKHA MpeBbimarh + 1 %.
Jlabopamopnan paooma No2,
Bonpocul cobecedosanus:

1. OCHOBHBIE TOJI0KEHUS aTOMHO-MOJIEKYJIIpHOE ydeHHe. ATOMHUCTHKA JlanbToHa.
2. OcCHOBHbBIE 3aKOHBl XMMHH. 3aKOH IOCTOSIHCTBA COCTaBa. 3aKOH KPATHBIX OTHOIICHUH.
3aKk0oH 00bEMHBIX OTHOIICHUH.
3. OcHOBHBIE IOHATHS XUMUU. ATOMHBIE U MOJIEKYJIsipHbIe Macchl. KonnuecTBo BemecTsa. Mo-
JsIpHAs Macca M MOJISIpHBIM 00beM BelecTa. OrpeieneHue MOJISIPHBIX Macc BEIIECTB, HaXO/As-
IIMXCS B ra3000pa3HOM COCTOSHUM.
I'a30BbIC 3aKOHBI:

3akon botina-Mapuomma;

3axon [eii-J/lloccaxa-Lllapns;

3axon A6o2adpo u 6618600vl U3 He20.
4. Moub — eIMHUIA KOJIMYECTBA BELIECTBA.
5. Ctpykrypa Heopranuuyeckux euiecTB. IlocTostHHBIM M mepemeHHbI coctaB. DopmMynbHas
Mmacca.
6. YpaBHenue MenneneeBa-Knaneiipona. OmnpenesneHue OTHOCUTENIbHBIX aTOMHBIX U MOJEKY-
JISIPHBIX Macc.

OnpenesieHHe OTHOCUTEILHON MOJIEKYJISIPHOI Macchl okcuaa yriepoaa (1V)
Llenwv padompr:3yunTh METOJ ONPEAEICHUSI OTHOCUTEIBbHOM MOJIEKYISIPHON Macchl BEILIECTBA B
ra30BOM COCTOSIHUHU.

Xox paboTshl.

1. Cyxyto konOy (200 — 250 M) TUIOTHO 3aKPbITh KPBIIIKOM, OTMETHTh KapaHJalllOM YPOBEHb.
B3Becuth k0510y ¢ BO3yXOM - Mi.
2. Hanonuuts kon0y CO2 u3 annapara Kunna (4 - 5 mus). 3akpbITh MPOOKON U B3BECHUTb.
3. IToBTOpHO 3aMOJHUTE U B3BECUTH (T) — Mo.
4. 3meputh 00bEeM KOJIOBI, HAIIOJHUB €€ BOJIOW U BBUIUTH B MEPHBIN LMIAMHID - V (MI1).
5. Temnepatypy nepesectu B (K) - 7.
6. JlaBnenue ormetuTtsh B (klla) — P.
7. Ilo ypaBHeHuto MenaeneeBa — Knaiinepona paccuutath Maccy Bo3ayxa - mas.
8. PaccunraTh Maccy koGl Mg = M1 — M.
9. Onpenenuth maccy CO2ms = Mz — M.
10. [IpuBectu 00beM raza K CTaHJapTHBIM

V,P, VP

T, T

VOZVPR
TP,

11. Berancnuts MmonsipHyto maccy COz:
1) Mo OTHOCHTENBHOM TNIOTHOCTH 110 BO3AYXY

M (C02)= erI\r/]leosb :

3
2) o MoJsIpHOMY 00BEMY Ta3a

M(co,)= T2,

0
3) mo ypaBueHuo MeneseeBa — Knaitnepona
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m,RT
PV

12. Paccuutath cpeanee 3HaueHue MOJsipHOi Maccbl CO2
13. BBIYHCIUTh OTHOCUTEIIBHYIO OITHOKY

M(CO,) =

- M -M
e=TC% " 100%.
meop

14. Pe3ynbTaThl 0)OPMUTH B BUIE TAOIHUIIBI

my m2 m3 my ms \Y t T P Vo Mep

(r) (r) (r) (r) ® | o | (°C) | (K) | (ITa) | (1) | (r/momb)

Ilpocmeniumue cmexuomempuyeckue pacienvl
IIpumep.
BeruriciiuM TpoOLEHTHBINA COCTaB kKapOoHaTa kaius. MosnekyspHas macca M(K2COs) = 2

(—78’2 -100)

391+ 12+ 3 - 16 = 138,2. CiienoBateabHO, CoiepKaHUe Kanus paBHO 56,59 % 138,2 ,

i.loo)

cojxepkanue yriepoga — 8,68 % (138,2

(4_8 . 100)
138,2 .

Ecnu M3BECTHO MPOIEHTHOE COJEPKAHNUE KaXKIOTO AJIEMEHTa, BXOJSAIIETO B COCTaB JIaHHOTO
BEIIIECTBA, MOKHO YCTAaHOBUTH ()OPMYITY 3TOTO BELIECTBA.

IIpumep.

Beisenem ¢dopmyny yriaeBogopoaa, conepxaiero 83,72 % yrnepoaa u 16,28 % Bogopoaa.
[1noTHOCTB MapoB ATOTO YIIIEBOOPOa MO BOJOPOAY paBHa 43.

[Tpenmnonoxum, 4To B MOJIEKYILY 3TOTO YIJIEBOJOPO/a BXOAAT X aTOMOB YIJIEPOAA U 'y aTOMOB
BOJZIOpO/a, T. €. yraeBogopoa umeeT dopmyny CxHy. Macca yriaeposa B 5TOM COETMHEHHH CO-
ctaBuT 12 - X, a Bogopoaa 1 - y. OueBuaHO, COOTHOIIEHUE Macc yriepoja U BoJopoaa Oyaer
PaBHO COOTHOIIIEHHIO MPOLEHTHOTO COICPIKAaHMS STHX DJIEMEHTOB B YTIIEBOJIOPOJIE:

12x :y=83,72 : 16,28.

Pa3nenuM coOTBETCTBYIOIINE WICHBI STOW MPOIOPIIMU HAa aTOMHBIE MAcChl yIiiepoJa 1 BOJIO-

pona:

comepxanue kucinopona — 34,73 %

12x y 8372 16,28
21 12 1
PEBI[CJ'II/IM B HpaBOﬁ YaCTH IpOonopuru Ha MCHBIIIEC U3 HUX:

x:y=1:233,
a 3aTCM YMHOXXHUM 4YUCJia B HpaBOﬁ YaCTHU IpONOopHHUN HA 3:
X:y=3:6,99.

W3 HaliieHHOTO BUIHO, YTO B MCXOJHOM YTJIEBOJOPOJIE Ha 3 aToMa yriiepoja MpUxXoauTcs 7
aTOMOB BOJIOpOa. DTOMY yCIIOBHIO oTBedaeT psi coequnenuit: Ca3H7z, CeHia, CoHor m T. 11.

Xumuyeckasi ¢opMmyna, MOKa3bIBAIOIIAass COOTHOIIEHHWE aTOMOB B MOJIEKYJE, BBIPAXKEHHOE
MUHUMAJIBHBIMU YHCIIaMH, Ha3bIBaeTcst npocmetiueni. CnenosarenbHo, CsH7 smBisiercs mpo-
cTeifmeit (opMyIoil HCKOMOTO YTIIEBOJOPO/IA.

JInst HaxOXKJIEHUS UCTMUHHOU XUMUYIECKON (DOPMYIIBI COeTMHEHHUST HEOOXOMMO 3HATh €r0 MO-
JeKyIspHyto maccy. Ilo ycimoBuiO 3aadu TUIOTHOCTH YTIIEBOAOPOAA MO BOAOPOAY paBHa 43.
CremoBaTenbHO, €T0 MOJICKYJISIPHASE Macca coryiacHo ypaBHeHnio M = 2 Dy Oyner paBHa 2 - 43
= 86.
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HaiineHHas BelM4YMHA BIBOE IIPEBBIIIACT MOJIEKYJIIPHYIO MAcCy, OTBEYAIOLIYIO IIPOCTEHUIIECH
dbopmyne C3H7, cnenoBarenbHO, HCTUHHAS (hopMylia uckomoro yriaeoaopoaa CeHaia.

IIpumep.

BriBegem mpocreiinnyio hopmynny coeauHenus, coaepsxkamiero 17,1 % xansuus, 1,7 % Bogo-
pona, 26,5 % dochopa u 54,7 % xucnopona. 3anuiiem GopMyay HCKOMOTO COCIUHEHUS Cle-
nyromuM oopazom: CaxHyPzOy. [IpuHumas BO BHUMaHUE MPOLIEHTHBINM COCTAB COETUHEHUS, 3a-
IIUCBIBAEM:

40x :y:31z:16v=17,1:17:26,5:54,7,
U janee:
171 1,7 26,5 54,7
x:y:z:v= 40 1 31 16
X:y:z:v=043:17:0,86:3,42.
Pa3nenuB uncna B mpaBoil 4acTU COOTHOUIEHUSI HA MEHBUIEE U3 HUX, [OTYyUYUM:
X:y:z:v=1:385:2:7,95.

[TomyueHHbIe NaHHBIE MO3BOJSIOT 3aKIIOYUThH, YTO MpocTeiias GopMylia HCKOMOTO COEIU-

Henust — CaHsP20g nim Ca(H2POg)2.

I'a3oBbIe 3aKOHBI

ITpumep.

BbraucnuTe MOISIpHYIO Maccy MOHOOKCHJIA a30Ta, IJIOTHOCTh KOTOPOTO IO BOJIOPOJYy pPaBHA
15. M(NO) =2 -15 =30 r/m0b.

Bbrunciants MOJISIpHYIO Maccy OyTaHa, i €ro INIOTHOCTh 10 Bo3ayXy paBHa 2. M(C4Hio) =
2 29 = 58 r/MOb.

Jliist onpenieneHust MOJISIPHOM Macchl I'a3a MOXKHO MCIIOJIb30BaTh MPEJICTABIEHUE O €r0 MOJISIP-
HOM o0beme. Moiib 11000r0 raza mpo HOpMaJbHBIX YCIOBHSIX 3aHMMaeT oobeM 22,4 1. CrnenoBa-
TEJIbHO, €CIM U3BECTHA Macca m HEKOTOporo oobeMa V raza nmpu HOpMajibHBIX YCIOBHSX, TO M
MOYKHO BBIYUCIUTB 11O MPOTIOPIIHIH:

V I ra3a uMeroT Maccy m r

22,4 1-"- XT
22,4-m
x= V :M=xr/momb

Ipumep.
BeraucnuTh MOJIIPHYIO Maccy 3TaHa 5,6 J1 KOTOPOTO MPH HOPMAIBHBIX YCIOBUSX HMEIOT Mac-
cy 7,5 .
5,6 11 3TaHa UMEIOT Maccy 7,5 T,
a224m1-"- Xr
22,4-75

x= 96 =30
3Ha}1 MOJ'ISIpHyIO Maccy ra3a JICTKO BBIYUCIUTH €TI0 IIJIOTHOCTH IIO BO,Z[OpOILy, Bo3ﬂyxy nimn
T000MY IpyromMy rasy, MOJIIpHasi Macca KOTOPOTO M3BECTHA.
BBI‘-II/ICJ'II/ITB IIJIOTHOCTH IIO BO,[[OpOI[y TEMHUOKCHUIa a30Ta.

M(N,0O) B (2-14+16)
Du(N20)= 2 2 =22
Haiit mmoTHOCTB 110 BO3ayXY TeTpadTopuaa KpeMHUS.
M(SIF,) B (28+4-19)

Daoss (SiF2) = 29 29 =3,59.
H3mepenus 00beMOB ra30B OOBIYHO MPOBOAST IMPH YCIOBUSAX, OTIMYHBIX OT HOPMAaJIbHBIX.
Jns npuBenenns o0bemMa ra3a K HOpMaJIbHBIM YCIOBHSIM UCIIOJIB3YIOT YpaBHEHHE 00beANHEHHO-
ro razoBoro 3akona boins-Mapuortra u I'eli-JIroccaka:
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P,V PV
T0 =T
B sToM ypaBHeHun V — 00beM TaHHOW MAacChl Ta3a MPH 33/IaHHBIX JAaBICHUU P U TEMIIEpa-
type T (B KenbBunax); Vo — 00beM 3TOH ke Macchl ra3a IpU HOPMAJIbHBIX YCIOBUSX (IIPH /1aB-
nenuun 101325 Ia, wim 760 MM pt. ct. 1 Temneparype 273 K).
Ecnmu V, 03HauaeT 00beM, 3aHMMAEMBbI TP HOPMAJIBHBIX YCIOBUAX 1 MojeMm rasa, T. e. 22,4
PO VO

J1, TO JIJIs1 BCEX Ta30B COOTHOILIEHUE Ty OyIeT NOCTOSTHHOW BEJIMYMHON. DTa BeJIMYMHA Ha3bl-
BaCTCSA YHUBEPCANbHOU 2A3080U NOCMOSAHHOU, 0003HaydaeTcs OykBOMl R, mmeer pasmepHOCTH
equanna >Heprun/(KenpBuH -Monb). UncineHHOe 3HaueHHe R 3aBUCHT OT €IUHMII, B KOTOPBIX
BEIpaXKaeTcsi 00bEM U JIaBJICHUE Ta3a.

B Mexnynapoanoii cucreme enunul (CHU) naBnenue Boipaxaercs B nackansx (Ila, 1 Tla =1
H/M?), o6beM B KyOmdeckmx MeTpax (M%), cleqoBaTeNnbHO 3HAYEHHWE YHHBEPCANBHOH Ia3oBOi
MTOCTOSTHHOM OTNPEIEIACTCS 3HAUCHUEM:

1,013-10°-22,4-10

R= 273 1,013 -10°-22,4 -103/ 273 = 8,314 JIx/(K -MoJB).

B nmpakTuke XMMHYECKMX HCCIIEOBaHUI 00BbEM M JAaBJIEHHE YacTO BBIPAXAIOT B €AMHUIAX
JPYTUX CUCTEM: 00BEM — B JIMTpaxX WM MILIMIUTPAX, AaBJI€HUE — B aTMOcdepax Uil MUJUIU-
JUTpax pTyTHoro cronoba. [l nmepeBoaa pe3ynbTraToB usMepeHuid B eauHuibl CU nonbs3yrores
COOTHOILIEHUSIMHU:

1 arm =760 MM pt. cT. = 101325 I1a
1 mm pr. cT. = 1,31 -10~%arm = 133,322 Ia.
Ecnu naBnenue po BeIpaxkeHo B atMocdepax, a o00beM Vo — B JIUTPaX, TO:
1.22.4
R= 273 =0,082n -arm/(K -MoiB).
Jnist cimydast, KorJa po BRIPQXKEHO B MIJUTMMETpPaX PTYTHOTO CTOJ0a, a 00beM Vg — B MUJLIIHU-
JTUTPaXx, MOJTYIHUM:

760- 22400
R= 273 = 62360 mu -MmMm pr. cT./(K -MOmB).
P,V PV PyVy
[ToxcraBuM B ypaBHEHUE To = T gmecro To MOCTOSTHHYIO R W moiryunM ypaBHEHHE
i 1 Motst rasa:
PV

T =R, umpV=RT
Jlnst n Moseit raza 9To ypaBHEHHE MPUOOPETAET CIASAYIOIINA BU:
pV =nRT
DTO ypaBHEHHE TOJIY4YWUIIO Ha3BaHUe ypaeHeHue Knaneipona—Mendeneesa. YIuThiBas, 4TO
YHCJIO MOJIEH Ta3a N paBHO OTHOILIEHUIO MacChl ra3a B rpaMMax K €ro MOJbHOW Macce, T. €. n =
m/M, ypaBuenue Knanelipona—MeH/eneeBa 4acTo MPUMEHSIOT B BUJIC:

(E)RT
pV= M .

VpaBuenne Knaneiipona—MeHeneeBa Mo3BoJs€T pACCUNTATh MOJISIPHYIO MAaccy, a CJIeI0Ba-
TEJIBHO U MOJIEKYJISIPHYIO Maccy JItoOOro BEIIECTBA, HAXOSAIIEroCs B ra3000pa3HOM COCTOSHUU:

mRT

M= PV
IIpumep.
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Bbraucnute MOJIEKYISIPHYIO MacCy TUATUIIOBOTO 3dupa, ecau 215 mi ero napos mpu 77°C u
napienuu 700 mm pt. ct. umerot maccy 0,51 r.

mRT 05162360350

M= PV = 700-215 =74 r/Monb
MonsipHasi Macca AMATUIOBOTO 3Qupa paBHa 74 r/MOIb, ClIeOBATEIbHO, €r0 MOJEKYJIsIpHAas
Mmacca 74 a.e.M.
Haiitu monekynsipHyro maccy okcuza yraepona (IV), ecnu 73,3 1 ero npu 27 °C Haxomsch B
cocyne eMkocThio 10 11, coznatot nasnenue 4,1 atm:

73,3-0,082- 300

M= 4,1-10 = 44 r/mMOo7b.
CrnenoBarenbHO MOJIEKYJISIpHAs Macca TMOKCUAA yriaeposaa paBHa 44 a.e.M.
Jlabopamopnan paooma Ne3
Onpeodenenue IK6UBATEHMHOU MACCHL MACHUA
Bonpocwl cobecedosanus:

1. XuMu4ueckui 3KBUBAJICHT:
- DKBUBAJIEHT dJIEMEHTA
- HKBUBAJICHT CJIOKHOI'O BEILIECTBA: OKCHJIA, KUCIIOTHI, OCHOBAHHMS, COJIU
DKBUBaJICHTHAs Macca.
DKBHUBaJIECHTHBIN 00BEM.
CoOOTHOIIIEHHE MEXIY MOJSIPHOW MacCOW, SKBUBAJIEHTOM M 3KBHUBAJIEHTHOM Maccoil Be-
IIECTBA.
5. Mertoapl onpeieneHUs] SKBUBAJICHTA 3JIEMEHTA:
- METOJ TIPSIMOTO OIIPECIICHHUS;
- METOJ] KOCBEHHOT'O OIIPE/ICIICHNS,
- METOJ] BLITECHEHUS.

o

Jlabopamopuaa paboma

Llensv padomui:i3yduTh METO]1 OTIpEACTICHUSI MOJISIPHON Macchl SKBUBAJICHTAa METaIJIa.
Xoxa paboThl.
1. Paccuntarh HEOOXOIUMOE KOJIMUYECTBO CEPHON KHCIOTHI
Mg + H2SO4 — MgSO4 + H21.

2. [IpoBeputh npubOp HA FEPMETUYHOCTD.
3. IlomecTuTh MeTaI B MPOOUPKY U IUIOTHO 3aKPHITh MIPOOKY.
4. IlpousBecTy B3auMOIEHCTBUE METaJlIa C KUCIOTOM.
5. VI3mepuTh 00b€M BBLACTUBILErOCs rasa.

Cobpats mipubop 1o pucysky. [Ipubop, cocrosimuit u3 6ropetku 1 (emrocThio 50 mi),
COEMHEHHOW MOCPECTBOM PE3UHOBBIX TPYOOK C BOPOHKOM 2u MpOOHPKOM 3,yKpernuTh B LITa-
TuBe. bropeTky u mpoOHpKy MIOTHO 3aKPbITh MPOOKaMU, Yepe3 KOTOPbIE MPOXOJAT CTEKIISHHBIE
TPYOKH.

[lepen HavaIOM OMbITA MPOBEPUTH MIPUOOP HA TEPMETHUUHOCTb.

IIposedenue onvima

B3Becuth kycouek seHThl Maraus okoiyio 0,03 r. BeiHyTh pOOKY U3 IPOOHPKH U MepeaBu-
KEHHEM BOPOHKM YCTAHOBUTH YPOBEHb BOJbI B OIOpPETKE HA HYJIEBOM JEJICHHH HJIM HEMHOI'O
HUXKE.

OtmepuThb 5 M1 pa30aBiIeHHON CEpHON KHCIIOTHI U BIUTH B MPOOMPKY yepe3 BOPOHKY (Tove-
My?). Ilo0KUTh NIEHTY MarHus Ha CyXyl0 CT€HKY MpOOMPKH TakK, YTOObl MarHWi HE CONpHUKa-
caiicsi ¢ cepHoit kucnotoi. [IprcoennHuTh MPOOUPKY K MPUOOPY, MIOTHO 3aKPBIB €€ MPOOKOH.
3areM mepeBUKEHHEM BOPOHKU MPUBECTHU BOJY B OIOPETKE M B BOPOHKE K OJMHAKOBOMY YPOB-
HIO (3auem?). OTMETUTH U 3alucaTh YPOBEHb BOJABI B OIOPETKE, MPOU3BE/S OTCUET M0 HUKHEMY
MEHHUCKY JKMJKOCTH C TOYHOCTBIO 10 0,1 muI.

CTpsIXHYTh Marauii B cepHyIo KuciaoTy. Uto npoucxoaut?
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[lo okOHYaHUM peakUuu JaTh MPOOHPKE OCTHITH J0 KOMHATHOM TeMIeparypsl, OCIe Yero
CHOBA IIPUBECTU BOAY B OIOPETKE U BOPOHKE K OJMHAKOBOMY YPOBHIO, OTMETUTh M 3alucaTh

YPOBEHBb BOJBI B OIOpETKE.

OTMeTuTh U 3anucaTh MOKa3aHUs KOMHATHOrO TepmMomeTpa u 6apomerpa (1 MM pT. cT. =

133,3 [1a) Bo BpeMs ombITa.

1

Vaiiisiiii
\\\__ .

@Dopma 3anucu HabIOOeHUll
Macca marauss — m(T).
Temnepatypa — t°(C).
Atmocdepnoe nasnenune — p(klla).

Sk owpdpE

Obpabomka pe3yibmamos

[TpuGop nist onpeneneHus SKBUBAJICHTHON
Macchl MeTajuIa:

1 - Bropertka; 2 - BOPOHKa; 3 - IpOOHpKa.

Jns Toro, 4ToObl IPOBEPUTH MPUOOP Ha
TepPMETHYHOCTh, HEOOXOOUMO B OIOpPETKY
HAJIUTh BOAY, KOTOpas 3aloJIHAET Takke U
PE3UHOBYIO TPYOKY, COCTUHSIONIYIO0 OIOPETKY
C BOPOHKOM. 3aTeM OIOpEeTKY 3aKpbITh MPOO-
KOW, COCIMHHUTH C MPOOUPKOH M 3aMETHUTh
ypoBeHb BOJbl B Oroperke. OnyckaHueM
KOJIbI[a IITaTHBAa IIEPEMECTUTh BOPOHKY
BHU3. Eciii mpubop repmeTHyeH, TO B IEPBbIH
MOMEHT TIpH OIYCKaHHH BOPOHKH YPOBEHBb
BOJIbl B OIOpETKE HEMHOT'O MOHM)KAeTCs, HO
MIOTOM OCTaeTcsl MOCTOSTHHBIM. Ecii sxe ypo-
BEHb BOJIbl OYy/I€T MOHMKATHCS HENPEPHIBHO,
3TO O3HAYaET, YTO MPUOOP MPOITyCKAET BO3-
IyX U cieqyeT UCIpaBUTh AEPEKThI, TOMy-
IIEHHBIE TIPU €ro cOOpKe.

JlaBjeHUE HACBIIIEHHOTO BOAssHOTO mapa (tabmn. 1) — h(kIla).
YpoBeHb BOABI B OIOPETKE 10 peakiuu — ai(Mii).
VYpoBeHb BOABI B OIOPETKE MOCIE peakuuu — az(Mi).

1 Bseruucnuts 006eM BoAOpOa (B MIT), BRITSCHEHHOTO MarHHEM

IIpU Temueparype t v 1aBieHuu p.

N

Bbrurcuth napipiansHoe 1aBlieHne Bogoposa: Py~ Patm - h

3. TlpuBecT HaiiIeHHBII 00BEM BOJIOPOIa K HOPMATIBHBIM YCIIOBHSIM, UCTIONB3YS O0BETIHEH-
HOE YpaBHEHHUE ra30Boro coctosiHus. Creyer y4ecTs, UTO BOJIOPO]I COOpaH HaJl BOIOH,
IIO3TOMY B YPaBHEHHE BMECTOP CIIEAYET OCTABUTb Px.

o~

Brerauciouts MaccCy BbLACIMBHICTOCA BOAOPOAA.
Paccumnrath OKBHUBAJICHTHYIO MAaCCy MarHus.

6. Omnpenenuth aOCOMIOTHYIO U OTHOCUTENBHYIO OIINOKY OMBITA.
Pacyersl 10 ypaBHEHMAM XUMHMYECKHX PeaKIUH

IIpumep.

Onpenenutb KOJIUYECTBO TpaMMOB (ocdara Kaaus, KOTOPbIH MOTyYUTCs MpU HERTpaTu3aluu

docdopHOii KUCTOTHI 42 T TUAPOKCUIA KAJTHS.

B cooTBeTcTBUM C IPUBECHHBIM BBIIIE XUMUYECKUM YPAaBHEHUEM PEIINM IPOHNOPLHUIO:
168 r runpokcuaa kamust oopasyror 212 r pocdara kanus,
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13

a42r rugpokcuaa —‘— xr QocdaTa
x =42 -212/168 =53 r.

B ypaBHeHuu peakuuu KO3(QQGHUIMEHTHI Iepel Ta3000pa3HbIMH BEIIECTBAMH MOKa3bIBAIOT HE
TOJIBKO COOTHOIIIEHHE MAcC pPearupyromux ra3oB, HO U UX 00BbEMHBIE COOTHOIIIEHHUS. DTO TO3BO-
JSIET paccyuTaTh O0BEMBI YyYACTBYIOIIMX B PEAKLIMU T'a30B HEMOCPEICTBEHHO 0 yPaBHEHUIO
MUHYS BBIYMCIIEHUS MACChI ra3a.

IIpumep.

[Ipu B3auMOJCHCTBUN METALTMYECKOTO HATPUsI ¢ BOJIOH BhIAemiIock 280 Mi1 Bogopoaa (pu
H. y.). CKOJIbKO IpaMMOB HaTpHUsl BCTYIUJIO B PEAKIUIO?

3anuiieM ypaBHEHHUE PeaklMi B3aUMOJEHCTBHS HATPHUSL C BOJOM:

2 Na+2 H;0 =2 NaOH + HT
46 36 80 22,4
W3 ypaBHeHUs cienyeT, 4To 2 Moust HaTpust (2 23 r) BBITECHSIOT U3 BOABI 1 MOib BoAopoaa
(22,4 n mpu H. y.). KonndecTBO BCTYMUBIIETO B PEAKIHIO HATPUS MOKHO HAUTH MO IPOMOPIIUU
46 r HaTpUs BBITECHSET U3 BOABI 22,4 11 BOJIOPOA,

a x r Hatpus ——0,28 1

x =46 -0,28/22,4=0,575 1.

Jlabopamopnan paooma N4,

Ilepuoauyecknii 3aKkoH U nepuoandeckas cucrema /I.1. Menneneesa.
Crtpoenue atoma

Bonpocwl cobecedosanus:

1. DkcniepuMeHTaNbHBIE 000CHOBAHUS MPEJCTABICHUNM 00 aToMe Kak CIO0XHOW CHUCTEME.
OTKpBITHE 2IEKTPOHA.

2. Monens atoma Tomcona. OmbiTel Pesepdopaa nmo paccesHuro o-dactuil. [lnanerapnas
Mojenb atoMa. Ee gqoctounHcTBa 1 Hepoctatku. McxonHble TeopeTndyeckrue U AKCIepUMEHTaIbHbIE
IIPEIIIOCBUIKY Pa3pelIeHNs] BHYTPEHHUX POTUBOPEUNI TUIAHETAPHON MOJIENH.

3. KopriyckysipHO-BOTHOBOM Jyann3m usnydenus. KBantel. Ypapaenue I[lnanka.

Oo6mwsacHenue Gporodddexra JitHmTeitHOM. DOTOHBI.

4. Teopus aroma Bonopoza o H. bopy (ocHoBHbIe nocTynaTsl). CriekTpsl aToMOB. O0bsiC-
HEHUE CIIEKTpa aToMa BoJopoja. BHyTpeHHue npotusopeunst Teopun aroma sogopoza no H. bo-
Py Y HOMBITKU UX YCTPAHEHUS.

5. KopnyckynspHo-BosIHOBOM ayanu3m vactull. Bonnsl Jlyn ne bpoins. Ilpunnun He-
onpezaeneHHocrel I'eiizenOepra.

6. KBaHTOBO - MexaHuueckast MoJIeJIb aToMa BoJiopoza. KBaHTOBbIe unciia Kak mapaMerpsl,
OIIPEICIISIIONINE COCTOSHUE AJIEKTpoHa B aroMe. [naBHoe(n), opourambroe (1), MmarautHOE (M)).
DU3NYECKUI CMBICII KBAHTOBBIX YUCEIL.

7. Atomubie opOutanu (AO). OcHOoBHOE M BO30YXJIeHHOE cocTOosiHUE. BhIpoXKaeHHbIE CO-
cTosiHus. Bun atoMHBIXS-, -, d-, f-opOuTaseii.

8. CoOCTBEeHHBIH YIII0BOM M MarHUTHBI MOMEHTHI AJIEKTpOHA (CIIMH) ¥ CITUHOBOE KBaHTO-
BOE YMCIIO Ms. EMKOCTB 3JIEKTPOHHBIX CIIOEB.

9. MHOTO3IeKTPOHHBIE aTOMBI. TpH NMpUHIMIA 3aNOJTHEHHsT OpOUTANeH B aTOMaX: MPUHIIAT
HauMeHbIIeH 3Heprun, npuHuun (3anper) [laynu, npasmwio Xynaa. Ilopsnok 3amnonHeHus aTrom-
Heixopouranei. [IpaBuna KneukoBckoro. DnekrpoHHsie hopmyssl. CuMBoaudeckas u rpadude-
cKasi OPMBI 3aITUCH AIIEKTPOHHBIX POPMYII.

10. CgoticTBa N30JUPOBAHHBIX ATOMOB:

a) aTOMHBIE PaJInyChl (KOBAJIEHTHBIE, METAJITUUYECKHUE);

0) PHEPTHUs NOHU3AINH;

B) CPOJICTBO K DJIEKTPOHY;

T') AJIEKTPOOTPULIATETLHOCTh. OTHOCUTENBHAS ANEKTPOOTPHULIATEIHHOCTb.

1) MarHUTHBIE CBOWCTBA aTOMOB. J[naMarHeTusm, napamMarHeTH3M.

11. Orkpertrie nepuoaryeckoro 3akona J[. . Menneneesbim. [IpuHIMTT TOCTPOSHNST €CTECTBEHHON CH-
creMsl neMeHToB. Mcnons3zoBanue /. 1. MenzaeneeBblM MeToa MHTEPIONALMA VI UCIPABICHUS
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ATOMHBIX MacC U MPEACKa3aHusI CBOMCTB €I1I€ He OTKPBITHIX 3JIEMEHTOB. DKCIEPUMEHTATLHOE TTO/ITBEP-
JKIEHUE TeopeTHueckux npeackazanuii 1. . Menneneesa.

12. Borpockl, TOCTaBICHHBIEC TIEPUOIITISCCKUM 3aKOHOM M TIEPUOIIIECKON CHCTEMOM, X pa3pellieHue ¢
MO3UIIMH TpeICTaBIIeHHI O CTpoeHuH aroMoB. CoBpeMeHHast (POpMyTMPOBKa EPHOIMTYECKOT0 3aKOHA.

13. Tlepuoanyeckasi cucTeMa Kak eCTECTBEHHAsI CHCTEMa AJIEeMEHTOB. JITMHHAS U KOPOTKask JOPMBI Tie-
puoaudeckux Tadmuil. [lepropl, rpymibl, HOArpyIbL.

14. ®dusznueckas ocHOBa MEPUOANYECKOrO 3aKoHA. CBs3b MOJIOKEHUS JIEMEHTA B NIEPUOAMYECKON CH-
CTeMe C 3JIeKTPOHHBIM CTpoeHHEeM ero aroma. OCOOEHHOCTH 3JIEeKTPOHHBIX KOH(UIypaluii aToMOB 3J1e-
MEHTOB IJIaBHBIX M MOOOYHBIX MOATPYIIIL. DJIEMEHTHI S-, P-, d- 1 f- cemelicTs.

15. CBs13b CBOICTB 2JIEMEHTOB C UX MOJIOKEHUEM B IIEPHOANYECKO cucteme. M3meHnenne BennyuH pa-
JINYCOB, SHEPTHI MOHU3ALIMH, CPOJICTBA K AIIEKTPOHY U 3JIEKTPOOTPHUIIATEIBHOCTH aTOMOB 3JIEMEHTOB C
POCTOM 3apsAJI0B UX SEP.

16. ITeproaAMYHOCTH M3MEHEHUS CBOMCTB AJIEMEHTOB KaK TPOSIBIICHHE TIPHOIMIHOCTH U3MEHEHHS HJICK-
TPOHHBIX KOH(HUTYypalyii aToMOB. Db EKT MPOHUKHOBEHHUS JICKTPOHOB K SIPY, KalHOCHMMETpus, O-
u f- oxarue.

CrpoeHue BeniecTBa U ONpeIeJIEHUE CBOMCTB aTOMOB U BELIECTB, CBSI3aHHBIX C X CTpOE-
HUEM.

[Ipy KBaHTOBOM IEpPEXOJE M3 OJHOIO HEPreTUYECKOTO COCTOSIHUS B JPYIrO€ BBIAEISAETCS
WJIU TIOTJIOIIAETCSI IHEPTHUSA, YTO OOBACHICT MPOUCXOXKICHUE aTOMHBIX CHEKTpOB. CHEKTp Ciy-
JKUT OJTHOM M3 BaXKHEMILINX XapaKTEPUCTUK aTOMA U OTPAXKAET €ro BHYTPEHHEE CTPOCHHE.

Hanpumep, pu BHECEHHHM MeTalllla WM €r0 COJU B TUIaMsl TOPEJIKH OOpa3yroIuiics map
B35TOI'O BEIIECTBA, COCTOSIIUN U3 aTOMOB WJIM HOHOB METAJUIOB, MOTJIOMIAET U UCITyCKaeT (hoTo-
HBI C OINpEACNICHHON UIMHOW BOJHBI A.Eciu A COOTBETCTBYeT BUAMMOMN OOJACTH CHEKTpa, TO
Iiamsi OKpaliMBaeTcsl B onpeaeneHHbli upet. [lo nBery miaMeHu, cpaBHUBAsl €ro CO CIEKTPOM
BUIUMOM oOnactu (puc. 1, a), onpenensieM A U pacCUUTHIBAEM SHEPTUI0 aKTUBALUU L 31EeKTpo-
HOB B aTOMax WJIM MOHAX UCCIEeAyeMOoro MeTaia o ¢popmyne [lnanka:

Es=ho =hc/k,
rae h = 6,626 - 103 I - ¢ — mocrosinnas [Tnanka; ¢ =3 - 10® m/c — CKOPOCTb CBETA.

MHorue pu3nKo-XUMHUYECKHUE CBONCTBA KPUCTAJUIMUECKUX BEIIECTB OMPEIEISIOTCS TUIIOM
XUMHUYECKON CBSI3U MEXAY 00pa3yIoNIMMH UX YacTUIlaMU. B cOOTBeTCTBHM C 3TOM Kitaccugurka-
[MeN KPUCTAUIBI TTOAPA3ACISIOT HAa MOJIEKYJISIPHBIC, aTOMHBIEC, MOHHBIE, METAJUTHIECKHUE.

Haubonee npouHble KpUCTaNIMYECKUE PELIETKH — aTOMHBIE M MOHHBIE — MPHUIAIOT Bellle-
CTBaM TYTOIUIABKOCTh. ATOMHBIE KPHUCTAJLJIBI HEPACTBOPHUMBI, & HOHHBIC KPUCTAIUIBI PacTBOPS-
I0TCS TOJBKO B TOJISIPHBIX PACTBOPUTENSAX (Hampumep, B BoJe). Kpuctamindeckue pemeTky Th-

MAYHBIX META/VIOB MPUIAIOT UM JIETKOIIJIaB-

A, BM - KOCTh U PaCTBOPUMOCTb B JKHJIKOH PTYTH C 00-
pa- ':_4_00 ¢uoneronsit «— senemo-kenTnii - 30BaHMEM amasibraM. HanMmeHnee npodHble KpH-

E-450 S —— CTAJUIMYECKHE PELIETKH — Yy MOJIEKYJISIPHBIX
Kpu- [ _— CTaJIJIOB, YTO OOBSICHSET UX JIETKOIUIABKOCTh U

= OPAELHE :
XO0- T 500  benemmut «— mypnypEe#i  POLIYIO PACTBOPMMOCTB JTHOO B MOJIAPHBIX (BO-
na), - o b0 B HEMONAPHBIX (OEH301) PACTBOPHTEIAX
(B — 550 ronerosucst - 3ABHCHMOCTH OT MOJIAPHOCTH CBOHMX MOJIEKYII).

E WenTHl «— coumf o . ILleny pabomui:

—600 opamkesndt . Pacuer sHepruu axTUBanUU JJIEKTPOHOB,
HC- - e i ‘clieloBaHUE MPOYHOCTH KPHUCTANJIMUECKUX Pe-

C 650  RpacERdi<«— &dEe-selemal P P P
mie- = i .. .. ., .y . . TOK pa3HOrO THIIA.

-

- Puc.1. Jlyimaa BOTHBI A BUIUMOTO CBETA

- CIIEKTpa HUCIYCKaHUS (a) U COOTBET-

~ CTBYIOIME UM JOIOJIHUTENIBbHBIE I[BETA

) fa - Obopyoosanue u peakmuebi:
I"a3oBas ropenka. [IpoGupku. Turens. CranbHas npoBosioka. HacklleHHBIE pacTBOPHI CO-
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JIeH: TUTHUS, HATPUS, KallUsl, PYOUIUs, 11e3Us, KaJIbLIUs, CTPOHIUs, Oapus, Mean. OKCUI KPEeMHUS
(IV). Okcun amomunmst. Caxaposa (B Buze caxapHoro mecka). Moa. OmoBo. MeaHbI#i Kymopoc.
XJ1opu HaTpusl.
OIIBIT 1. Onpenenenuie 3HEPTrUU aKTUBAITUH (BO30YXKICHUS) JICKTPOHOB
(o uBeTy NJIaMeHH)

UucTyro U MpeiBapUTEbHO MPOKAIEHHYIO CTalbHYIO IIPOBOJIOKY MOTPY3UTh B HACBILICH-
HBI PacTBOP COJIM METAJlIa, & 3aT€M BHECTH B HEKONTSAIIEE IIaMs Ta30Boi ropenku. OTMETUTh
uBer riaMenu. [lonw3ysch puc. 1, a (cnekTpoM BUAMMON 001acTH), ONPEAESIUTh JUIMHY BOJIHBI
UCITYCKaeMbIX (DOTOHOB M PACCUUTATh DHEPTUI0 aKTHBALMU DJICKTPOHOB aTOMa HCCIEIYeMOTo
MeTaya. Pe3ynbTaTel HAOIIOIEHUI U pacueToB 3aHECTH B TAOJIUILy 1O GopMe:

Katnon meramna Me®  |I{BeT nmnamenu JlmuHa BOJIHEI A, HM DOHeprusi aKkTUBALMM  JJICK-
TPOHOB Eq4, Ik

[Iponenars OMBITHI C HACBHIIIEHHBIMU PACTBOPAMU COJICH JTUTHUS, HATPUS, Kalus, pyOuus,
€31, KalblMsl, CTPOHIMS, Oapust U Meau. [l KakJ10i COJIM UCIIONIb30BaTh YUCTYIO CTAJIbHYIO
MIPOBOJIOKY.

CpaBHUTh E,JUisl ENOYHBIX UIIEIIOYHO-3EMEJIbHBIX METAIJIOB.

OIIBIT 2. UccnenoBanue GU3MIECKUX CBOMCTB KPUCTAIIOB PA3IMYHOTO THITA

A.B nBe npoOHpKU MOMECTUTH HECKOJILKO KPYITMHOK HCCIIeyeMoro BemiecTsa. B onny mo-
0aBUTH BOIY, B APYTYIO — O€H30II.

B36oarare. BeIBOI 0 pacTBOPUMOCTH 3aHECTH B TaOIMILY: + XOpOIIo, + c1abo U — Hepac-
TBOPHMO.

Jlns uccnenoanusi B3tk okeua kpemuus (IV) SiO2 (B Buue mecka), OKCHI aTrOMHHUS
A1203, xmopun natpust NaCl, kpucramioruapar cynsdara meau CuSOs - 5H20 (MenHblit Kymo-
poc), caxapo3y C12H22011 (B BUje caxapHOTO MecKa), 10T U OJIOBO.

HcneiTanue
BemectBo [BeT HA IUIABKOCTh HA pacTBOPUMOCTh
B BOJIE B OeH30I1e
SiO2
A1203
NaCl
CuSOs4 - 5H20
C12H22011
2
Sn

b. TlomecTuTh BEmIECTBO B TUTENIb M, HATPEB €r0 Ha IJIAMEHHM TOPEJIKU, IPOBEPUTH, CIO-
COOHO JIM OHO IJIaBUThCA. Pe3ynbTaThl HaOMI0A€HUI OTMETUTH B TaOIUIIE.

Ha ocHoBaHMM pe3ynbTaToOB SKCIIEPUMEHTA C/IETaiiTe BBIBOJ O TOM, Y KaKUX BEUIECTB KpH-
CTaJulM4ecKas peleTka Haubolee M y KaKuX HauMeHee MpOoyHas, uMesl B BHJY, YTO OKCHJbI
KPEMHUS U aJIIOMUHUS UMEIOT aTOMHBIE PELIETKU; XJIOPUJ HATpusi U Cylb(aTr Meau — HOHHbIE;
MEAHBIN KYIOPOC, caxap U HOJ — MOJIEKYJISIPHBIE, a 0JIOBO — METAJUIMUECKYIO PELLIETKY.

3aoauu no meme: Cmpoenue amoma

1. Harummre mnosiHele 3J€KTPOHHBIE (POPMYIIBI aTOMOB 3JIE€MEHTOB C MOPSAKOBBIMH HOME-
pamu 17 u 25. HazoBute GpopMupyromye 31eKTPOHbI ATHX aTOMOB.

2. HanumuTe >1MeKTpOHHbIE (GOPMYIIBI aTOMOB KpeMHUs U THTaHa. K kakoil rpymnme sie-
MEHTOB (110 (POPMUPYIOMIMM 3IEKTPOHAM) OTHOCUTCS KaXAbIi U3 3TUX DJIEMEHTOB?

3. Hamumure mosHBIE AJIEKTpOHHBIE (OPMYIBI aTOMOB jkene3a u ¢ocdopa. HazoBure
(bopMHpYIOITHE HIEKTPOHBI ITHX aTOMOB.

4. HanumuTe TOJHEIE 3EKTPOHHBIE (JOPMYIIBI AaTOMOB AIFOMUHHS M CKaHHs 1 HOHOB Al
, Sc?* u Sc¥.
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5. KakoBa snextponHas Gpopmyina atoma kucioposaa? CKOJIbKO 3IEKTPOHHBIX Map M Hecma-
PEHHBIX JIEKTPOHOB y aTOMa KHCJIOPOJa U KaKhe aTOMHbIE OpOUTAIN OHU 3aHUMAIOT?
3ajava 1. Hamummmre 31eKTpOHHBIE KOH(HUIYpALKA aTOMOB CIEIYIOIIMX 3JIEMEHTOB B OCHOBHOM
cocrosaun: N, Si, Fe, Kr, Te, W.
Pemenune. DHeprust aTOMHBIXOPOUTANICH YBETMUMBACTCS B CIICTYIOLIEM MTOPSIIKE:
15 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 65 4f 5d 6p 7s 5f 6d.

Ha kaxnoii s-o0omouke (ogHa opOUTAh) MOKET HAXOJUTHCS HE Oojiee JIBYX 3JIEKTPOHOB,
Ha p-000s10uKe (TpH opOuTaiK) - He Ooiee 1mecTd, Ha d-000mouKe (IsTh opouTaeii) - e 6onee 10 u
Ha f-o0os10uKe (cemb opOuraneii) - He 6osnee 14.

B 0OCHOBHOM cOCTOSHMM aToMa 3JIEKTPOHBI 3aHMMAlOT OpOUTAIM C HaUMEHbLIEH SHepruen
(cM. pUBEIEHHBIN BbILIE psifL). YUCIIO 37IEKTPOHOB paBHO 3apsiay s/ipa (aTOM B LIE€JI0M HEUTpaJIeH) U
HOPSAZAKOBOMY HOMEPY HJIEMEHTA.

Hanpuwmep, B aTome a30Ta - 7 3JEKTPOHOB, JIBa U3 KOTOPBIX HAXOJATCA Ha | S-opOurtany,
JiBa - Ha 2S-opOMTaIN, U OCTaBILMECS TPU IEKTPOHA - HA Z2p-OpOUTasX. DIIEKTPOHHAS KOHPUIY-
parwst aToma a3ora:
+7 N: 152252 2p°.

DIeKTpOHHBIE KOH(PHUTYPAIIMU OCTAITBHBIX JJIEMEHTOB:
+14Si: 15225 2p° 32 37,

+ 26 Fe: 152252 2p° 35 3°3p° 4s? 3,

+ 36 Kr: 152252 2p° 352 37 4s23d%4p°,

+ 52 Te: 1% 25 2p° 362 37745230 1%4p®5524d1%5p?,

+ 74 W: 1% 252 21° 35> 3745230 045552401 05p®6s24f145d%,

3agaua 2. Kakoif HHEpTHBIM ra3 U UOHBI KaKUX 3JIEMEHTOB UMEIOT OJJMHAKOBYIO 3JIEKTPOH-
HYI0 KOH(UI'ypaluio ¢ yacTulleil, oOpa3syroleiics B pe3yabrare yAaleHUs: U3 aToMa KajlbLHs BCEX
BAJICHTHBIX AJIEKTPOHOB?

Pelntenne. DyeKTpoHHas 0607104Ka aTOMa Kalblius UMeeT cTpykTypy 1s? 252 2pb 3s? 3p 4s?,
Ipyu yaneHnn IByX BaJeHTHBIX SIEKTPOHOB oOpasyercs non Ca®" ¢ xoHpurypammeii 1s? 22 2p°
3s? 3p5. Takylo ke 2MeKTPOHHYIO KOH(MUIypaIuio uMeroT atoM AT u nonst S%°, CI', K*, S¢3* u np.

3amaua 3. Moryt 1 >nextpors! HoHa APt HaxoauThes Ha creayromux
opburansix: a) 2p; 6) 1p; B) 3d?

Perrierne. DneKTpoHHas KOHMUTYpalws atoMa amoMuHns: 152 257 2p° 3s? 3pt. Von
AP obpasyeTcs TIpy ylaTeHHH TpeX BAJIeHTHBIX SMIEKTPOHOB U3 aTOMA ATIOMUHKS H IMEET HIEKTPOHHYIO
KoH(purypamuo 1s? 2s% 2p°.

a) Ha 2p-opOuranu 37eKTpOHBI yKe HaXOAsATCs.

0) B cooTBeTCTBMM C  OrpaHMYEHHSIMH, HAKJIaJbIBAEMBIMA Ha  KBAaHTOBOE
uucio | (I= 0, 1,... n-1), mpu N = 1 BO3MOXXHO TOJbKO 3HaueHue |= 0, cnemoBatenbHO, p-
opOUTAallb HE CYIIECTBYET.

B) Ha 3d-opOutamm snekTpoHBl MOTYT HaXOAUTHCS, €CITH UOH - B BO30Y)KJICHHOM CO-
CTOSTHUH.

3amaua 4. Hanummre 37eKTPOHHYIO KOH(UTYpaIMio aToMa HEOHA B IEPBOM BO30YKJIEHHOM
COCTOSTHUH.

Peltenye. DeKTpoHHAs KOH(GUIypalMs aToMa HEOHA B OCHOBHOM COCTOSHUH — 187 252 25,
[TepBoe BO30YKIEHHOE COCTOSIHUE TIOTYy9aeTCs TIPH TIEPEXO0/Ie OHOTO IEKTPOHA C BBICIIICH 3aHATOM
opOutamu (2p) Ha HU3LIYIOCBOOOIHYIOOpOUTAIH (3S). DNeKTpoHHAss KOH(Uryparus aToMa HEOHa B
TIEPBOM BO30YXKIEHHOM COCTOSHHUH - 15% 282 2p° 35,

3amgaya 5. KakoB cocTa siiep H30TOIMOB 2Cy 13C, "N u BN?

Pemenwne. Yrcio IpOTOHOB B sIpe paBHO MOPSIKOBOMY HOMEPY JIEMEHTa M OJTMHAKOBO IS
BCEX M30TOIOB JIAHHOT'O AieMeHTa. YHcno HeWTPOHOB paBHO MAacCOBOMY YHCITY (yKa3bIBaEMOMY CJie-
Ba BBEPXY OT HOMEpA JIEMEHTA) 32 BEIYETOM YHCIJIa IPOTOHOB. Pa3HbIe M30TOIBI OTHOTO M TOTO XKe
HJIEMEHTA UMEIOT Pa3HbIe YKcIia HEUTPOHOB.

CocraB yKka3aHHBIX S7€Ep:

L2C:6p + 6n;
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13C:6p + 7n;

YN: 7p + 7n;

BN: 7p + 8n.

Jlabopamopnas pavoma NeS.
Knaccupukauusa XuMuYeCKMX peakiumid.

®ponos, B.U. [IpakTukym mo o011eit 1 HEOpraHUYECKOW XUMHUHU: y4e0.1mocodue st CTy/I. By30B,
00yyJarouuxcsi o HampaBJIeHHIO «MeTaimyprus», «XUMHUYecKass TEXHOJIOTHS U OMOTEXHOJO-
rusi» / B.U. ®ponos, T.M. KypoxTtuna, 3.H. [{simoBa ; mox pexn. H.H. I1aBnosa, B.1. ®pomnosa. —
2-e u3n., nepepad., nom. — M. : Ipoda, 2002. — c. 33.

Jlabopamopnas paboma N6
KauecTBeHHbIE peaKIIUM HA KATHOHbI M AHHOHBI.

Ilenb pabomoi: 3HAKOMCTBO C KQUECTBEHHBIM aHAJIM30M Ha NMPUMEPE NOHHBIX PEaKIIHid,
UCIIONIb3YEMBIX I OOHAPYKEHUS HEKOTOPHIX MOHOB B PACTBOPE U U3MEHEHHEM OKPACKHU MHJIU-
KaTOpPOB B Pa3HBIX Cpe/Iax.

AHaJuTHYecKHe MPU3HAKH BelleCTB M AHAJINTHYECKHE PeaKIuu

[Tpu mpoBeACHUHM KAYeCTBEHHOTO M KOJMYECTBEHHOTO aHAIM3a UCTONB3YIOT aHAIUmuye-
CKUe NPU3HAKU 8elyecms U AHATUMUYecKue peakyuu.

AHanumuueckue npu3HAKU — TAKUE CBOMCTBA aHATTM3UPYEMOTO BEIIECTBA HITU TPOIYKTOB
€ro MpeBpalleHus, KOTOPbIE MO3BOJSIOT CYAUTh O HAIMYUK B HEM TE€X WUJIM MHBIX KOMIIOHEHTOB.
Xapaxkmephvle ananumuyeckue npu3HaKu — IBET, 3aIaX, YroJl BPAICHUS IIOCKOCTHU MOJIIPU3a-
I[UU CBETA, PAIMOAKTUBHOCTb, CIOCOOHOCTh K B3aMMOJACHCTBUIO C 3IEKTPOMArHUTHBIM H3ITyue-
HUEM (HampuMep, HaJTudue XapakTepucTudeckux mosioc B MK-crekrpax morioneHus Wil Mak-
CUMYMOB B CIIEKTpax MOTJIOIIEHHs] B BUIUMOM 1 Y D-00acTu ciekTpa) u Jip.

AHanumuueckas peakyus — XUMUICCKOE TIPEBPAIICHUE aHATM3UPYEMOT0 BEIIECTBA MPH
JENCTBUM aHATUTUUYECKOTO peareHTa ¢ o0pa3oBaHUEM MPOIYKTOB C 3aMETHBIMU aHAIUTUYECKH-
MU MPU3HAKaMH. B KadecTBe aHATMTUYECKUX PEAKIIMI Jallle BCEro UCIOIB3YIOT peakinuu o0pa-
30BaHUS OKPAIICHHBIX COSAMHEHUI, BhIICICHUE WM PACTBOPEHUE OCAKOB, Ta30B, 00pa30BaHUe
KPUCTAJJIOB XapaKTEPHOH (OpMBI, OKpaIllMBaHHUE IJIAMEHH Ta30BOI TOpENKH, 00pa3oBaHUE CO-
eMHEeHUH, JIIOMUHECIIUPYIONIUX B pacTBopax. Ha pe3ynbTaThl MpoBeaeHUS aHATUTUYECKUX Pe-
aKIU{ BIVSIOT TEMIIEpaTypa, KOHIICHTpAIMs pacTBOpoB, pH cpenbl, MpUCYTCTBUE IPYTHX Be-
1iecTB (MEMIAIINX, MACKUPYIOIIHNX, KaTATU3UPYIOIIUX TPOIECCHI).

Hanpuwmep:

Oopasoeanue OKpaueHHbIX COCOUHEHU.

Honsl memu Cu?* B BOIHBIX PacTBOpax, B KOTOPHIX OHH CYIIECTBYIOT B (JOpME aKBAKOM-
nnekcos [Cu(H20)n]?*, mpy B3anMoseficTBIM ¢ aMMHAaKOM 0Opa3ylOT PacTBOPUMEI KOMILIEKC
[Cu(NH3)4]?" sipkoro ciHe-romy60ro 1BETa, OKPAIIMBAIOIIHNII PACTBOP B TOT K€ I[BET:

[Cu(H20)n]?" + 4NH3 = [Cu(NH3)4]** + nH20

C moMoIIp0 3TON peakiui MOKHO HUIECHTU(DUIIMPOBATH UOHBI MEIHN Cu®* B BOAHBIX pac-
TBOpAX.

Ecim B BOJHOM pacTBOpE MPHCYTCTBYIOT HMOHBI TPEXBAJICHTHOTO Xkene3a Fe’" (takxke B
dopme akpaxommnekca [Fe(H20)6]®", To npu BBeJeHMH THOIMAHAT-UOHOB (POJAHUI-MOHOB)
NCS™ pactBop oOKpammBaeTcss B KpacHBIH I[BET BCIIEJICTBHE OOpa30BaHUS KOMILICKCOB
[Fe(NCS)n(H20)6-n]* " xpacHoro 11BETa:

[Fe(H20)6]%" + NNCS™ = [Fe(NCS)n(H206-n]* " + nH20
rzie N< 6. ITpu 3ToM, B 3aBHCHMOCTH OT OTHOIIeHHs KoHuenTpauuii [Fe(H20)s]*" n NCS™, o6pa-
3yeTcs paBHOBECHAsi CMECh KOMIUIEKCOB ¢ n= 1; 2; 3; 4; 5; 6. Bce oHM OKpameHbl B KpACHBIN
I[BET. DTa peakIus UCIOIb3YeTCs s OTKPhITHS nOHOB xere3a(lll).

3aMeTHM, YTO MHAMBHIyadbHBIE MHOTO3apsIHbIE HOHEI, Hanpumep, Cu?’, Fe?’, Fe*', Co®",
Ni?* u T. 1., TaK e, KaK 1 HOHBI Bozopoaa H' (T. e. mpoToHBl — si/ipa aroMa BOIOPO/a), B BOJI-
HBIX PaCTBOPAX B OOBIYHBIX YCIOBUSIX CYLIECTBOBATh HE MOTYT, TaK KaK OHU TEPMOAMHAMHUYECKU

e3*
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HEYCTOMYMBBI M B3aMMOJICHCTBYIOT C MOJIGKYJIaMH BOJbI WJIM C IPYTMMHU YacTHIIaMHU C 00pa3o-
BaHMEM aKBaKOMILUIEKCOB (MJIM KOMIUIEKCOB HHOTO COCTaBa):
M™ + nH20 = [M(H20)n]™" (akBakoMILIeKc)
H* + HoO = H3O" (xaTHOH ruapOKCOHMs)

Jisl KpaTKOCTUB XMMHUYECKHX YPAaBHEHMSX HE BCETJa YKa3bIBAIOT MOJIEKYJIbl BOJBI, BXO-
JISIIIIME B COCTAB aKBAKOMIUIEKCOB, CIIEAYET IIOMHHUTb, OJIHAKO, YTO Ha CAMOM JIeJIe B PEaKIUsIX B
pacTBOpax y4acTBYIOT COOTBETCTBYIOIIME KOMIUIEKCHI, @ HE «TOJbIe» KaTHOHBI METAJIOB WU
Bogopoza. Tak, w1 npocrotsl, umryt H, Cu?*, Fe?* u 1. 1. BMecTo Gonee npasuibHOro H3O,
[Cu(H20)4]?", [Fe(H20)6]**, cooTBeTCTBEHHO, 1 T. 1.

Buvioenenue unu pacmeopenue ocaoxkos.

Wonbl Ba®*, npucyrcTBytomme B BOZHOM PacTBOPE, MOKHO OCAIMTh, TIPHOABIIAS PacTBOP,
cozmepxamuii cyapdar-nonsl SO?* B hopMe MaopacTBOPHMOTo 6EI0ro ocanka cyinbdara Gapus:

Ba?" + SO4* — BaSOs—(6emblii 0canok)

AHanornyHas KapTHHA HAOII0NAETCs TIPH OCAXKIEHUH HOHOB Kanbims Ca?t pacTBOpHMBI-
MU KapOOHaTaMu:

Ca?" + CO3% — CaCOs — (6enblii ocanoK)

benbiii ocagok kapOoHaTa KaiblMsl pacTBOPSETCS MPHU JIEHCTBUU KHUCIIOT, HAIIpUMEp, I10
cxeme:

CaCOz + 2HCI — CaCl; + CO21 + H20

[Tpu 3TOM BBIIEISICTCS Ta3000pa3HBIN TUOKCH]] YTIIEPOIa.

Xnopomarunar-uonsl [PtCls]*” 06pasyior ocaaku sKenToro nseTa npy IpuOaBIeHHU pac-
TBOpa, cojepskamero karnonsl kaaus K mim ammonuns NH™. Eciu Ha pacTBOp XJ10poruiatuHara
natpusi Nao[PtCle] (3Ta cosb 0BOJIEHO XOPOIIIO PACTBOPUMA B BOJIC) MTOICHCTBOBATH PACTBOPOM
xmopuga kamust KCl wmu xmopuma ammonust NHsCl, To BbImamaroT skenThle OCaakd Te-
kcaxsoporiatuHata kanusi Ko[PtCle] mmu ammonust (NH4)2[PtCle], coorBeTcTBeHHO (3TH COMH
MaJIopaCTBOPUMBI B BOJIE):

Naz[PtCle] + 2KCI — K>[PtCls]| +2NaCl
Naz[PtCle] + 2NH4C1 — (NH4)2[PtCle]| +2NaCl

Peaxkuuu c evioenenuem 2azoe (2a3zosvioeumenvHvle peakyuu)

Briie yxe npuBoaMiach peakiivs pacTBOpeHHUs KapOoHaTa KaiubIus B KHCIOTax, MPH KO-
TOPOM BBIICISIETCS Ta3000pa3HBIN TUOKCH]T yIIIepoaa. YKakeM elle Ha HEKOTOPhIe Ta30BbIICIIH-
TebHBIC PEAKIIHH.

Ecnu k pacTBOpy KakoW-JIMOO COJTM aMMOHUS TPUOABHUTH IEJI0Yb, TO BBIJEISETCS Ta3000-
pa3HbIil aMMHUaK, YTO MOXKHO JIETKO OMPEAENUTh MO 3amaxy WM M0 MOCHHEHHUIO BIAXHOW Kpac-
HOM JTaKMycOBOi1 Oymaru:

NHsz + OH™ = NH3-H20 — NHz1 +H20
Ota peaxiys UCIOIb3YeTCs KaK B KAYeCTBEHHOM, TaK U B KOJMYECTBEHHOM aHAIIN3E.
Cynbhuas! npu 1eHCTBUN KUCIOT BBIIEISIOT ra3000pa3HbIi cEpOBOIOPOL:
S* + 2H" — HyS?
YTO OIIYIIAETCs MO crenuduyeckoMy 3amaxy cepoBoI0poa.

Obpaszosanue Kpucmaninoe xapakmephoi gopmuvl (MUKPOKPUCMANIOCKONUYECKUE pe-
akuuu).

Wousl Hatpust Na* B Karuie pacTBopa NpH B3aUMOJEHCTBHH C Tekcaruapokcoctubar(V)-
nonamu [Sb(OH)e]~ oOpasyror Oemble KpucTamisl —rekcaruapokcoctudara(V) HaTpus
Na[Sb(OH)e] xapakTepHoii hopMbI:

Na* + [Sb(OH)e]” = Na[Sb(OH)s]

dopma KpHCTAIIIOB XOPOIIO BHIHA MTPH PACCMOTPEHUH HX IO MHUKPOCKOIIOM. JTa peak-
I[USl UCTIOJIB3YETCS B KAUECTBEHHOM aHAIH3€ TSl OTKPBITHS KATHOHOB HATPHSL.

HWousl kamus K™ mpu peakunu B HERTPAIBHBIX WM YKCYCHOKHCIIBIX PACTBOPAX ¢ pacTBO-
pumMbiM rekcanutpokynparoM(ll) Harpus u ceunna NazPb[Cu(NO2)s] oOpasytoT uepHbie (Win
Kopu4HeBbie) KpucTauibl rekcanuTpokynpata(ll) xamus u curma KoPb[Cu(NO2)s] xapakrep-
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HOU KyOm4eckoil popMbI, KOTOpPBIE TAK)KE MOXHO YBHUIETH MPH PACCMOTPEHHMU IMOJI MHUKPOCKO-
noM. Peaknus mpoTekaer 1o cxeme:
2K" + NazPb[Cu(NOz2)e] = K2Pb[Cu(NO2)s] + 2Na*

Ona nmpuMeHseTcs B KaYeCTBEHHOM aHaJIN3€ JUIsl OTKPBITHUS KATHOHOB KaJIHsl.

MUuKpOKpHUCTaUIOCKOIIMUECKUN aHaJIU3 BIIEPBbIE BBEJ B AHAJUTUYECKYIO IIPAKTHKY B
1794—1798 rr. unen IlerepOyprckoii akagemun Hayk T. E. JloBuir.

OKpawiueanue niameHnu 2a3060ii 20penKu.

[Tpu BHECEHNU COEIMHEHHI HEKOTOPhIX METAJIOB B IIaMs I'a30BOM ropeiku HaOIroAaeTcs
OKpalllMBaHUE IJIAMEHU B TOT WJIM MHOM LBET B 3aBUCUMOCTHU OT IPUPOJbl MeTailIa. Tak, coau
JUTHS OKPALIMBAIOT IUIaMsl B KAPMUHOBO-KPACHBIN 1IBET, COJIM HATPUsL — B JKEJIThIN, COJIM Kalus
— B (DMOJICTOBBIN, COJIM KaJbIUA — B KUPIIUYHO-KPACHBIN, COJIN OapHst — B KENTO-3€JICHBIHA U T. 1.
OTO sIBJIEHUE MOXHO OOBSICHUTH CleLyroluM oopazom. Ilpu BBejeHUH B 11aMsi ITa30BOM ropei-
KM COCJUMHEHHUS JAHHOTO MeTaiuia (HampuMmep, €ro COJM) 3TO COCIMHEHUE pa3iaraercsi. ATOMBI
MeTajuia, 00pa3yroluecs Mpu TEPMUYECKOM pa3iokKEHUN COEAMHEHUs, IPU BBICOKOW TemIepa-
Type IJIaMEHHU ra30BOM T'OPEJIKU TEPMUYECKH BO30YKIAOTCS, T. €., NOIJIOLasi ONpPEIEICHHYIO
HOPLMIO TEMJIOBOM 3HEPruM, MEPEeXOoIsIT B KAKOe-TO BO30YKACHHOE 3JEKTPOHHOE COCTOSHHE,
oOanaromee OOJbIIEH YHEPrHUEH 10 CPAaBHEHHUIO C HEBO30YKIEHHBIM (OCHOBHBIM) COCTOSTHHUEM.
Bpemst jxu3HN BO30YXK/I€HHBIX 3JIEKTPOHHBIX COCTOSIHUNA aTOMOB HUYTOXKHO Majio (OYeHb Majible
JIOJIU CEKYH[Ibl), TaK YTO aTOMbI MPAKTUYECKH MTHOBEHHO BO3BpAIIAlOTCS B HEBO30OYKIECHHOE
(OCHOBHOE) COCTOSIHHE, UCITYCKasi MOIJIOIEHHYIO SHEPTUIO B BUJI€ CBETOBOI'O M3JIy4eHUs C TOH
WIM UHOM JUIMHOM BOJIHBI, 3aBUCALIEH OT pPa3HOCTH 3HEPIMU MEXKIY BO30YKJIEHHBIM U OCHOB-
HBIM SHEPreTUYeCKUMHU YPOBHIMHU atoMa. [lJis aTOMOB pa3HbIX METAVIOB 3Ta Pa3HOCTb SHEPIH
HEOJIMHAKOBA M COOTBETCTBYET CBETOBOMY M3JIyUYEHHUIO ONPEIEIEHHON UIMHBI BOIHBL. Eciu 310
U3JIy4YEeHUe JISKUT B BUIUMOM 00JacTh crekTpa (B KpacHOH, YKENTOW, 3eJIeHOW MM KaKoW-TO
JPYToii ee 4acTH), TO YeJIOBEYECKH T1a3 (GUKCUPYET Ty WM MHYIO OKPACKy IITAMEHH TOPEIIKH.
OxpalmBaHye MJIaMeHH — KPaTKOBPEMEHHO, TaK Kak aTOMBI METalljla YHOCSTCS ¢ Ta3000pa3HbI-
MU IPOAYKTaMHU TOPEHHUS.

OxpammMBaHue IIAaMEHU I'a30BOM TOPENKU COCIMHEHUSMHU METAJUIOB MCIIOJIB3YETCSl B Ka-
YECTBEHHOM aHaJIM3€ JJIs OTKPBITUS KAaTHOHOB METAJUIOB, JAIOIIMX M3JydeHUE B BUJIMMOM 00a-
CTH CIIEKTpa.

B tabnuue 2 npuBeneHsl MpUMEphl OKpAIIMBAHMS IJIAMEHU TOPEJIKH HEKOTOPBIMM 3Jie-
MEHTaMHU.

Tabnuna 2. OkpalivBaHye IUIAMEHN COETMHEHUSIMU HEKOTOPBIX 3JIEMEHTOB

DneMeHT [[BeT nnamenu DneMeHT [[BeT nnamenu
JIntuin KapMuHOBO-KpacHbI Wunii Cune-(puoseToBbIit
Harpuit Kenterit Tannmui W3ympyaHO-3€5eHbIi
Kannii DuoneToBbIN CBuHert bnenno-cunuit
Py6ouamit Po3oBo-hroneToBsrii MBbIIbSIK bienno-cunmnit
[e3uit Po3oBo-(puoneroBsiit Cypbma bnenno-cunmii
Kanpnuit KupnuyHo-kpacHbIi Cenen biiegHo-cuamit
Crponiuit KapmnHOBO-KpacHbIN Temryp W3ympyaHO-3€5eHbIi
bapuii Kenro-3eneHsiil Menb 3eseHsblil, rony0oii
bop 3eseHbli Monubnex Kenrto-3enensiii

Oébpaszosanue coeOuHeHUl, THOMUHECUUDPYIOUUX 6 PACIEOPAX

WMHorna B Ka4eCTBEHHOM WJIM KOJIMYECTBEHHOM aHalM3€ MPOBOJAT aHATUTUYECKHUE Peak-
IIUH, TIPOIYKTHI KOTOPBIX 00JIaIal0T CBOMCTBOM JIIOMHUHECIIEHIIMH B PAacTBOpax, T. €. TIPU 00ITy-
YEHUHU UX CBETOM B YIbTpadHoIeTOBON MM BUIMMON 00JacTu criekTpa (Bo30yxaaromiee 0oiy-
YEHHE) OHM MCITYCKAIOT CBETOBOE M3JIYYCHHE B BHIAMMOW OOJIACTH CTIEKTpa C HECKOJIBKO 0O0JIb-
el JJTMHOM BOJIHBI IO CPAaBHEHHIO ¢ BO3OYKIaromuM o0iyuyeHreM. BusyanbHo 310 Habmoa-
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€TCsl KaK OKpAIlIEeHHOE CBEYEHHE pacTBOPA, B KOTOPOM MPOBEACHA JTIOMUHECLIEHTHAs aHAIUTHYE-
CKasl peakiusl.

Tax, npu B3auMoeiicTBUH KaTHOHA JIUTHsE Li* ¢ 8-OKCHXMHOIMHOM WITH ypaHUIAIETATOM
[UHKa 00pa3yloTCcs MPOAYKTHI PEaKIMK, 001aJal0lie COOTBETCTBEHHO TOIy00ii 1 3eJIeHOMH Jito-
muHectennuei. [Ipu peaknuu karnoHoB Hatpus Na* ¢ ypaHHIIalieTaToM IIMHKA B YKCYCHOKHUC-
JIOW cpeJie pa3BUBAETCS JKENTO-3eIeHas TtoMuHecteHus. [10J00HBIX peakiuii H3BECTHO MHOTO.

Paznuunbie BemecTBa JTIOMUHECIUPYIOT B TOM MM MHOM YacTH BHIMMOW 00JAacTH CIIEK-
Tpa, T. €. UX U3JIyYEHHUE JIFOMUHECUEHUNN CEIEKTUBHO — OKpAIEeHO Mo pazHoMy. [lo xapakrepy
OKpAcKM (3KenTasl, 3€JIeHas U T. J.) CYIAT O IPUCYTCTBUM B PACTBOPE COOTBETCTBYIOLIETO COEIU-
HEHHUs, @ 10 UMHTEHCUBHOCTH W3JIy4€HUs JIOMHHECLICHIMU JEJIal0T BBIBOJ O KOJUYECTBEHHOM
COJIEp’KaHUU ITOI'0 COETUHEHMS B paCTBOPE.

B HEKOTOpBIX cilydasX, HAlPOTUB, WCIOJIb3YIOT TralleHUe JIIoMuHecueHuu. Hampumep,
JIOMUHECLICHTHOE CBEYEHME aleTaTa ypaHWJa ucde3aeT (racurcs) B INPUCYTCTBUU XJIOPUI-,
Oopomua- win noaua-anuonos (C17, Br, I7), 4To MOXHO MCTIOIB30BaTh AJSI OTKPBITHS TUX aHH-
OHOB.

JlroMuHeCIIEeHIIUMSI MOKET aKTUBUPOBATHCS U BCJIEACTBUE MPOTEKAHUS ONPENEICHHBIX XHU-
MHUYECKHX MPOLECCOB. B 3TuX citydasx ee Ha3bIBalOT xemuntomunecyenyueu. Tak, nromuHon (3-
aMUHO(TaNBIUAPa3u) B MIETOUYHBIX PacTBOpax B MPHUCYTCTBUH mepokcuaa Bogopoaa HoO: re-
HEPUPYET SIPKYI0 XEMUIIOMUHECICHIINIO, YCUIMBAIOUIYIOCS T10J] BO3JIEHCTBUEM KaTaau3aTOPOB
(comu menu, MapraHia, >kenesa, kodanbTa u Jp.). XeMHJIIOMUHECLIEHTHBIE PEaKIUU TaKKe HUC-
MOJIB3YIOTCS B XUMHUECKOM aHaJIn3e.

Tunwt ananumuyecKkux peakyuii u peazeHmos

AHAIIMTHYECKUE PEAKLIUU W aHATUTHYECKUE PeareHThl 4acTO MOAPA3ICIAIOT Hacneyudu-
yeckue (cneyuguunvie, xapakxmepmwie), ceieKmugHvle (U3bupamenvhvie), 2pynnoswie.

Cneyughuueckue peareHTbl U PEAKIMU MO3BOJSIOT OOHAPY)KUBATh JaHHOE BEHIECTBO HIIU
JTAaHHBIN MOH B NIPUCYTCTBUU JAPYTUX BELIECTB WJIK HOHOB.

Tax, HanmpuMep, eclii B pacTBOpE MPUCYTCTBYET MOJIEKYJISIpHBIN Hox 12 (TouHee — Tpuiio-
JUA-MoH |37, To mpu npuOaBlIeHUU CBEKEMPUTOTOBICHHOIO BOJAHOTO pacTBOpa Kpaxmala Hc-
XOJIHBIM pacTBOp OKpammBaeTcs B cuHUI 1BeT. IIporecc — oOpaTuMblii; IpyU MCUE3HOBEHUH B
pacTBOpe MOJIEKYJISIpHOronosia (HampuMmep, MpU €ro OKHUCICHHWH A0 HOAWI-MOHOB |7) cuHsA
OKpacKa TakKe HMCYe3aeT W pacTBOpP OOECIBEUMBAETCA. DTa PEAKIUs IIUPOKO HCIIOJIb3YETCs B
KaueCTBEHHOM M KOJIMYECTBEHHOM XMMHUYECKOM aHanu3e. Briepsrie ee onncan B 1815 r. Hemen-
kui xumuk O©. [Itpomeiiep.

CuHee oKkpallliBaHUE PacTBOpa KpaxMala B IPUCYTCTBUU NOJA (TPUHOAMI-NOHOB; YUCTBIN
MOJIEKYJISIpHBIM HoAl2 B OTCYTCTBUM HoauA-noHOBI™ He OKpalnBaeT Kpaxmai) 0ObsSICHSIOT 00pa-
30BaHUEM aJCOPOIIMOHHOIO KOMIUIEKCA MEXAY KOJUIOMJHBIMH MakKpOMOJEKYyJIaMH Kpaxmaia
(bpaxuusMu Hepa3BETBICHHON aMUJIO3bl) U TPUHOIUI-HOHAMH.

Crermuduueckum peareHToM Ha HUTpUT-MOHBI NO2™ sBistercs peaktus I pucca—MnomBas
(cmech a-HapTHTamuHaC10H7/NH2 u cymedanmnoBoii kucimotel HO3SCsHsNH3), ¢ xoTopsiM
HUTPUT-UOH (OOBIYHO B TPHUCYTCTBUM YKCYCHOH KHCIOTBI) 0OOpa3yeT a30KpacuTelslb
HO3SCsH4sN=NC10H7NH: kpacHoro mBera:

HO3SCsHsNH2 + HNO> + C10H7NH2 — HO3SCeHsN=NC1o0HsNH> + 2H.0

Cmech a-HapTHIIaMUHA € CYNIb()aHUIOBONM KUCIOTON B KaUeCTBE CIELU(PUUECKOro peareH-
Ta Ha HUTPUTHI ObUIa BrepBbIe npeioxkena B 1879 r. nemenkum xumukoM I1. I'puccom. Ilo3za-
HEe ATa peakius U3ydajiach BeHrepckuM xuMukoM JI. Mnomsaem. B coBpemeHHOW aHAIUTHYE-
CKOM XMMHUH yKa3aHHYIO CMECh OOBIYHO Ha3bIBAIOT «peakTuB (peareHt) I pucca—MnomBas» umu
MPOCTO «peakTuB ['pucca», a COOTBETCTBYIONUIYIO peaknui — «peakmued ['pucca—MimomBas»
Wi «peakuueit I'pucca». Bmecto a-HagTHIaMUHA TPUMEHSIOT Takke Ha(TObI.

B kadecTBe crenu(pHIEcKOro pearenTa Ha HoHbI Hukens Ni%" ucrmoms3yior peaktus Uyra-
eBa — IMMETHIITTHOKCHM, KOTOPHIi B mpucyTcTBuM Katuonos Ni%* B aMMuauHoii cpene 06pasyeT
MaJIOpaCTBOPHMBIH B BOJE KOMIUIEKC KpPacHOro mnpera — Oucammerwiarinokcumar Hukess(ll),
KOTOPBIA TPaJNLIMOHHO HA3bIBAIOT HUKEJIbIUMETHITIINOKCUMOM:
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Ty
» HC—C=NOH HC—C=Ny N=C-CH .,
Ni +2 i - - Ni + 2H
H,C—C=NOH H,C—C=N \III=C_CH3
0O—H--0

JIMMETHIITIINOKCHM KaK crenr(uyeckuid M1 O4eHb YyBCTBUTENIbHBIA PEareHT Ha WOHbI HU-
kenst Ni%* GbI1 BrIepBEIe TIpeIoxkeH pycckuM xuMukom JI.A. UyraessiM B 1905 r. 1 Ha3BaH BIIO-
CJIEJICTBUU €r0 UMEHEM («peakTuB Yyraesay).

Crenuduueckux aHATUTUYECKUX PEAreHTOB U peaKUil H3BECTHO MaJIO.

Cenexmugnvie peareHThl U Peakuy MO3BOJISIOT OOHAPY)KUBATh HECKOJBKO BEIIECTB WU
MOHOB. Takux peareHToB U peakLUil U3BECTHO 3HAYUTENBHO OOJIbIIIE, UM CIIEHU(PHUECKUX.

I'pynnogvie peareHThl U peakuy (YaCTHBIM CITy4yail CEeNEKTUBHBIX) MO3BOJISIIOT OOHAPYKH-
BaTh MOHBI OIPEJECIICHHON aHATUTUYECKOM rPyIIIbIL.

Tak, Hanpumep, xsopoBojaopoaHas kuciaota HCl u pactBopumsbie B Boje xsopusl (NaCl,
KCI, NH4Cl u T.1.) SBISIOTCS IPYyIIOBBIMUA PEarcHTaMu Ha TPYIIY KaTHOHOB, COCTOSIIYIO M3
HOHOB OJIHOBAJICHTHOTO cepebpa Ag*, «oaHOBaIeHTHOW» pTyTH HQ>" M ABYXBaJeHTHOrO CBHHIIA
Pb?". Tounee roBops, B PoJIH TPYHIIOBOIO PEareHTa 3jech BBLICTYNAOT Xnopua-uousl Cl-, o6pa-
3YIOIIKE ¢ YKa3aHHBIMU KaTHOHAMH METAJJIOB MaJlOPaCTBOPUMBIE B BOJIE O€IIbIe OCAJKH XJIOPH-
JIOB 3TUX KaTHOHOB:

Ag’ +ClI" > AgCld
Hgl* +2C1" - Hg,CL, 4
Pb** +.2C1" - PbCL,

Ananornuno cepHas kucnora HxSOs u pactBopumbie cynbharel (NaxSOs4, KzSOs,
(NH4)2SO4 u T.1.) SBISAIOTCS TPYIIOBBIMH PEareHTaMH Ha IPYINY JBYXBAJICHTHBIX KaTHOHOB
kanpius Ca?*, crponmusa Sr?* u Gapus Ba®'. C ykazaHHBIME KaTHOHaMM CyibdaT-aHuon SO
(COOCTBEHHO TPYMIIOBOM peareHT) JaeT MaOpPACTBOPUMBIEC B BOJIE CYIb(}aThl, BHITIAJAIONINE B
BuUjie OEBIX OCa/IKOB:

Ca® + SO — CaSO, |

Sr** + 807 - 880, 4
‘Ba® + S0 —» BaSO, ¢

Cy11ecTBYIOT TPYIIIOBBIE PEareHThl U JUISL APYTUX TPYII KATHOHOB U aHUOHOB.
Bonpocul cobecedosanus:

1. Uto Ha3bIBaeTCs aHATUTUYECKUMU MPU3HAKAMH U aHATUTUYECKOM peakiueit?

2. Kakue Bam H3BECTHBI aHAIUTHYECKUE peakiuu? [TpuBennuTe npuMepsl.

3. [IpuBeanTE TUIIBI AHATUTUYECKUX PEAKIIUN U PEareHTOB.

Ilenv padbomoul. 03HAKOMUTHLCS C PEAKIHSIMH JUIS ONPE/ICTICHUS KaTHOHOB W aHUOHOB B
pacTBopax.

OmnpiT 1. Peakiuu ¢ oOpazoBaHueM ocajaka

A. C nomotsto Ta0aHIBl PACTBOPUMOCTH PELIUTh, KAKHE PEAKTUBBI MOKHO MCIOIb30BaTh
nst ocaknenns nonos Ca?t, Zn?*, Fe?*. TIponenaTs 5TH peakimy. YKasarh IBeT ocaakos. Hamm-
caTh YpaBHEHHs] B HOHHOM BHUJIE.

b. IMoxeiictBoBath pactBopoM cynbduaa Harpust NaxS miam cynbbumaa ammonuns (NHa)2S
Ha PacTBOPEI, COZiepKallNe CIeAyIoNmue KaTHoHbl: Zn%*, Cd?*, Mn?*, Cu?*, Sh3*. Ykasats user
ocakoB. Hanucarh ypaBHEHUS peakiinii B HOHHOM BuJe. [lepedrciieHHbIe KaTHOHBI MOTYT OBIThH
oOHapyXeHbl B PaCTBOPE MO XapaKTePHOMY IIBETY UX CYIb(PHUAOB, UYTO MCIOIb3YyeTCS B aHAIU-
TUYECKOM XUMUH IPU KAYeCTBEHHOM aHAJIN3¢ BEIICCTB.

B. ITo peakiuu oOMeHa moyyuuTh ocafok xiopuaa ceuHia PbCly, nelictBys pactBopom
xyopuaa Hatpust Ha pactBop comu cBuHIAa PD(NOs)2. Jlate ocamky ocects. CIMTh MATOYHBIH
pacTBOp (HaZOCATOUHYIO )KUIKOCTB). B skuakocTu nomyckaercss HeOobIIas Macca B3BECH. 3a-
TEM B 3TOT pacTBOp 100aBuTh pacTBop noauaa kamus Kl. Jlate ocanky ocects. CHOBa CIIUTh Ma-
TOYHBIN pacTBOp M JOOABUTH K HEMY pacTBop cynbpuaa Hatpust NazS wmu cynbpuna aMMOHHS
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(NHa)2S. Ykazath 1BeT nosyvaromuxcs ocagkoB. OObsICHUTh BO3MOKHOCTh MPOTEKAHUS ITHUX
peakiuii Ha ocHOBaHMM Tpou3sBeneHusi pactBopumoctu (IIP) oGpasyrommuxcs coneil cBUHIIA.
Hanmcars ypaBHEHHs peakiuii B MOHHOM BHJE.

OmnpbIT 2. YacTHBIE peakUi KaTHOHA Ca%

Oxcanat ammonust (NH4)2C204 (u apyrue pacTBOpUMBIC COJTH I1IaBEICBOM KHUCIOTHI) 00pa-
3y10T ¢ KaTHoHoM Ca®* Gelblii KpHCTaIHYECK i 0CaIoK:

CaCl2 + (NH4)2C204 — CaC204 + 2NH4C1
Ca?* + C204*” — CaC20a.

B mpobupky nHaneiite 3 xarum pactBopa CaCl, m mo0aBbTe Karulio pacTBoOpa YKCYCHOMH
KHCJIOTHI, 3aTeM mpuieite 3 karmiu okcanata aMMoHus (NH4)2C204 1 1-2 kammu pactBopa am-
Muaka. Beimagaer 0emplii KpUCTAIUTHYECKHUA OCaIOK.

OnsiT 3. YacTHble peakuun katnona Mgt

®ocar narpus NasPO4 o6pasyer ¢ katnonom Mg?* Genblit ocanok:

3MgCl2 + 2NazPO4 — Mgs(POs)2 + 6NaCl

B npobupky Haneiite 2-3 karum pactBopa xiopuaa maraust MgClz, nmpubasbre 2-3 karim
pactBopa (ocdara Harpus. Beimager Oenblit ocaiok.

Onpit 4. YacTHble peakiuy KaTUMOHA xene3a F

Ponanun xanus KSCNoGpasyer ¢ noHoM sxemne3a Fe®* coeauueHus, OKpaIllCHHBIC B Kpac-
HBIN LBET:

et

3KSCN + FeCl3 — Fe(SCN)3z + 3KC1
3(SCN)™ + Fe** — Fe(SCN)3

B npobupky HaneiiTe 2-3 Kamm pacTBopa XJIOpuaa *keie3a U npubaBbTe 2-3 Karuiu pac-
TBOpa ponanuaa kanus. O0patuTe BHUMaHKUE Ha IIBET PacTBOPA.

Onpit 5. YacTHble peakuuyu katuuona mean Cu?*

Ammuak Bogubii NH4sOHoGpasyer ¢ xatrnonom menu (Il) pacTBop MHTEHCHBHO-CHHETO
1[BETA.

CuSO4 + 4NH4OH — [Cu(NH3)sSO4] + 4H20

B nmpobupky HanelTe 2-3 kaniau pacTBopa cyib(aTra MeAu U npuieiTte 6-7 Kareiab pacTBO-
pa ammuaka. OOpaTuTe BHUMaHHE HA IBET pacTBOpa. 3aTeM MPHJIEHTE HECKOJIBKO Kareilbh KOH-
HeHTpupoBaHHoro pacrsopa ammuaka NHiOH. OtmersTe 1BeT oOpa3oBaBiierocs pacTBopa
KOMILJIEKCHOW COJIH.

Ombit 6.YactHble peakimu xiaopua-anuona Cl~

Hutpar cepedpa AgNOszo0pasyer ¢ annornom Cl™ Oelblii TBOPOXKUCTBIA OCATOK XJIOpPHIA
cepebpa, HEpaCTBOPUMBIH B BOJIE U B KUCIIOTaX.

B nmpoGupky Hanelite 2-3 kamin pacTBopa XJopuia HaTpusl U npubaBbTe MO KaIulsIM pac-
TBOp HHUTpara cepebpa. ObOpa3yercst Genblif TBOpOKUCTHIN ocanok. K ocanaky mpuneiite 1 min
BOJTHOTO pacTBOpa aMMHaKa, TMPH 3TOM 00pa3yeTcss KoMIUIeKcHas coiib cepedpa [Ag(NH3)2]Cl.
[ToneiicTByiiTe Ha oOpa3oBaBIleecss COeIMHEHNE 1M KOHLIEHTPUPOBAHHON a30THOW KHCIOTOM.
KommuiekcHbIi HOH pa3pylaeTcs U XJIopuJ cepedpa CHOBA BbIMalaeT B ocalok. Peakuuu npore-
KalOT B TAaKOM MOCJIEI0BATEIBHOCTH:

ClI" + Ag" — AgCl|
AgCl + 2NH40OH — [Ag(NHs3)2]Cl + 2H20
[Ag(NH3)2]Cl + 2 H*— AgCl| + 2NH4*

OmnsIT 7. YacTHble peakuuu Opomua-aHuoHa Br-

Hutpat cepedbpa AgNOszobpa3yer ¢ OpoMHI-aHHOHOM >KEITOBATHIN 0CaZok Opomuma ce-
pebpa AgBr, pacTBOpHMBIl B a30THOM KHCIIOTE U TJIOX0 PACTBOPUMBINM B aMMHAKE.

AgNO3 + KBr — AgBr| + KNO3
Ag"+ Br — AgBr|

B npo6upky Hanelite 2-3 xarm pactBopa OpoMuja HaTpusi HnpuOaBbTe MO KarlisiM pac-
TBOp HHUTparta cepedpa. OOpazyercs )KeATOBATHIN TBOPOKUCTHINA OCATOK.

OmnepiT 8. YacTHbIE peakiuu noaua-annoHal™
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Hutpat cepebpa AgNOs00pasyer ¢ HoOAWI-aHUOHOM SKENTHIM OCaloKk moauaa cepeodpa,
Agl He pacTBOpUMBIIi B a30THOW KUCIIOTE U B paCTBOPE aMMHaKa.
AgNOs + Kl — Agl| + KNO3
Ag'+ Im — Agl|
B npo6upky Hanelite 2-3 Kamim pacTBoOpa HOAWIA HATPUsl UIPUOABBTE 110 KAIUIIM PacTBOP
HUTpaTa cepedpa. OOpazyercs )KeNThlil TBOPOKUCTBIN OCaIOK.
Omnwit 9. YacTHble peakiuu cybdar-aanonaSOs>
Xnopun 6apus BaCl06pasyer ¢ annonom SO4%~ 6enslif ocanok BaSOa:
BaClz + Na2SO4 — BaSOa4 |+ 2NaCl
B npobupky Hanelite 3-4 karu pactBopa cynbdarta HaTpust NaxSOsu no6aBeTe 2-3 Karum
pactBopa xnopuna O6apus BaClo. OOparute BHUMaHHEe Ha XapakTep OcajKa W €ro pacTBOpHU-
MOCTb.
Omnmit 10. Yactuble peakiuu dpocdar-aauona PO+~
Monu6aat ammonus (NH4),MoQO406pasyer ¢ anuonom PO4* xenThiit ocafok.
H3PO4 + 12(NH4)2M004 + 21HNO3 — (NH4)3H4[P(M0204)6] |+ 21NH4sNO3 + 10H.0
B npobupky Haneiite 3-4 xarum pactBopa ¢ocdaTta HaTpusi, npudaBbTe 7-8 Karenb KOH-
LEHTPUPOBAHHON a30THOM KHCJIOTHI M pacTBOp MoiuOgaTa aMMOHMs. Beimamaer »xentelil oca-
JIOK.
Omnpit 11. MI3MeHeHre OKpacky HHIMKATOPOB B paCTBOPAX KUCJIOT U LIEN0YeH
1 Haneiite B Tpu npoOupku 1o 1 M AUCTUIIIIMPOBAHHOM BOJIBI M PUOABbTE PacTBOP
JaKMyca JI0 XOpOIIO 3aMeTHOH okpacku. OTMEThTe LBET JaKMyca B BOIHOH cpene. B omny u3
IpoOUPOK C PacTBOPOM JIAKMyca IpUOaBbTE HECKOJIBKO Kallelb KUCIOTBI, B JPYIyIO ILIETOYH.
HaGmoaiite n3menenue 1BeTa MHIUKaTopa.
2. Iponenaiite TO e camoe, B35IB BMECTO JIakMyca (heHOI(PTAIEHH, a 3aTeM ITOBTOPHTE OITBIT C
METHJIOBBIM OpaH)XeBbIM. HabmrogeHnst momMecTure B TaOIUIy:

Nupukarop Oxkpacka uHANKATOpa
B BOJIE B IIEIOYHU B KHCJIOTE
JaKMyc
dbenondranens

METHUJIOBBIM OpaHKe-
BBIH

Hamvmvre ypaBHEHMsT peakimii AJIEKTPOIMTUYECKOM TUCCOLMAIIN KUCIOTHI U IIETI0Yn. Y Ka-
JKUTE, KaKUEe MOHBI BIUSAIOT HA U3MEHEHUE [IBETa MHIUKATOPOB.
Jlabopamopnasa paboma Nel.
Kiaccbl HeopraHm4eckux coeinHeHU
Bonpocwt cobecedosanus:

1. XUMHUYECKUU A3bIK. XUMHUUYECKass HOMEHKIATypa. XUMUYECKask TEPMUHOJIOTUs. XUMHUYE-
CKasl CHUMBOJIMKA. XWMHUYECKHH 3HaK, XUMHUUYecKass ¢opmyrna (MpocTeiInas, MoJeKyJspHas,
CTPYKTypHasi, CTEPEOXUMUYECKas), XUMUYECKOE ypaBHEHHE. PacueTsl Mo XxuMuueckuM opmy-
J1aM ¥ XUMHYECKUM YPaBHEHUSIM.

2. Knaccudukanus Heopranmueckux coequHeHnii. Knaccudukanus npocteix BeniecTs. Me-
Taiiel. Hemerasuibl.
3. Krnaccudukanus cloXHBIX BEUIECTB [0 COCTaBy. buHapHbBIE COeNUHEHUS. DIEKTPOOTPH-

LIaTEJIBHOCTh. BaneHTHOCTh. BajleHTHBIE BO3MOKHOCTH aTOMOB XMMHMYECKHX 3JeMeHTOB. Cre-
NEeHb OKUCIIEHUS. 3apsn uoHa. HomeHknaTypa OMHApHBIX COeqUHEHUH. TpexianeMeHTHBIE CO-
eauHEeHHs. [ MIpOKCHIbI U COMH.
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4. Knaccugukanus CloXKHBIX COEAUHEHUH MO0 (PYHKIMOHAIBHBIM npu3HakaM. OKCHIBI CO-
aeobOpa3yrouue 1 Hecoseoopasyromue. OKCUIbl KUCIOTHBIE, OCHOBHBIE U aMpoTepHble. Homen-
kiarypa okcusioB. [lonydyenue. CBolicTBa.

5. OcHoBanusg. OgHo- U MHOTOKUCIOTHbIE ocHOBaHMs. Illenoun. Homenkiarypa ocHoBa-
Hull. [lonydyenue. CBolicTBa. IHIUKATOPBI.
6. Kucnotel. beckucnopoaneie u kuciopoacoaepxamye. OIHO- ¥ MHOTOOCHOBHBIE KHUCIIO-

Tbl. HomeHkiaTypa kucinot. Ilomyuenue. CBolicTBa KOHLIEHTPUPOBAHHBIX U pa30aBICHHBIX KHC-
JIOT.

7. Comu. Cpennue, kucnsle, ocHoBHBIC. [lonyuenue. CoiictBa. Homenkiarypa coneit. Ka-
YECTBEHHbIE PEaKIIMK Ha KAaTUOHBI M AHHOHBI.
8. I'eneTnueckue pAAbl METAJIJIOB 1 HEMCETAJIJIOB. I'eneTnueckas cBSI3b MCXKAY NPOCTbIMU

BEILECTBAMM M KJIACCAMH HEOPTraHUYECKUX COCIMHEHUM.

Leny pabomur: 03HAKOMUTHCS CO CBOMCTBAMU OCHOBHBIX KJIACCOB XMMUYECKUX COCTMHEHUM.
3anonHuth Tabnuiy 1. OTMETUTH 3HAKOM «+» rpadbl, eciu MeXAy peareHTaMu BO3MOXKHO XU-
MHUYECKOE B3aUMOJEHcTBHE. XUMUYECKHE CBOMCTBA BELECTB MOATBEPIAUTh YPABHEHUSIMH peak-
IMiA, MCHOJB3Ys mMpemtoxkennsie peareHtel: CuO, ZnO, CO2, NaOH, Ca(OH)z, Cu(OH),
NH4OH, HCI, H2SO04, CH3COOH, Zn, Al, CuSQO4, CaCO3, BaCl..

B rpadax «MnaukaTtop» OTMETHTh U3MEHEHHE I[BETA.

B rpade «Ilomyuenue» cTaBuTh «+», a peakluu MOJyYeHHUs COSAMHEHUI MPUBECTH IO Ta0JIu-
L.

Tabmuna 1. CBoiicTBa KI1aCCOB HEOPTaHUYECKUX COCTMHEHUI

PearenTst Oxcubl Nupukarop
3 S KON
o) W R »= O
g 2 | E | § | 4 = | 53 .| &
4 T o T % m Al o 4 o
= = ) < = = o o X = o
s |5 |€ |2 |5 |§|E_|c& 2 |§|¢%
5 g o = 3 ) S
O L =l 9
Knaccer 2 = |2 |6 |2 |S|BE 28 5|5 |8
3 OCHOBHBIE
=
= KHCJIOTHBIE
= am¢oTepHbIe
OcHoBaHus
Kucnotsl

Jlabopamopuaa paboma NeS.
Kommnuexkchble coenunenusi. [losryuenne u ycToH4uBoCTH
Bonpocul cobecedosanus:
1. Chopmynupyiite onpeneineHue KoMnieKcHoe coeouHerue U pacCCMOTPUTE CTPOCHHUE KOM-
IUIEKCHOTO COEeIMHEHMsI corjacHo Teopun Anbdpena Bepuepa (1892 r) Ha mnpumepe
Ks[Fe(CN)s] u [Fe(NH3)e]Cls. Onpenenute MOHATHS: KOMNIEKCOOOPA306ameinb, Ueano, GHym-
DEHHAS U BHEUWIHAS Chepbl KOMNIEKCHO20 COeOUHEHUs, CIenetb OKUCIEHUs U KOOPOUHAYUOHHOE
YUCTI0 KOMNIEKCO0OPA308aMeis.
2. Jaiite knaccu(puKauo KOMIUIEKCHBIX COSMHEHHH 1o XapakTepy 3apsaa. KakoBo oriu-
yhe B uX crpoeHuu. ChopMynupyiTe mpaBuia HOMEHKJIATYpbl KOMIUIEKCHBIX COEIMHEHUI Ha
npumepe: [Al(H20)6]Cls, Naz[Zn(OH)s], [Co(NHz3)s]Cls, K:[Be(COs3)2], Na>SOs, Hz[SiFs],
K3[Ag(S203)2], [Pt(NH3)2Cl2], [Co(NH3)s][Fe(CN)s], [Ag(NH3)2](OH), H[AuCl4]. IIpoananu3u-
pyiTe MX NPUHAJIEKHOCTh K ONpPEIENICHHOMY KJIACCy COCIMHEHHH: KOMILJIEKCHBIM KHCIOTaM,
KOMIUIEKCHBIM OCHOBAHUSIM WJIM KOMILJIEKCHBIM COJISIM.
3. KakoBa knmaccudukarus auranioB. Cpenn yKa3aHHBIX NMPUMEPOB BBIIEIUTE KOMIUIEKCHI
C MOHO- U OM/IEHTaTHBIMUJIUTaHJaMH.
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4. O6bscHuTe 06pazosanue kommiekcos [Co(H20)s]" u [AU(CN)2]" ¢ mosummii Teopun Ba-
JICHTHBIX CBsi3ei. OmnpenennuTe MOHATHS GHEUHEOPOUMAIbHblen HYMPUOpOUmaibHvle KOMNJIEK-
cvl. B uem npuumnHa napamacnemusma n ouamazHemusma xomruiekcoB? Kakoi tun ruGpuamnsa-
[IUU MOXHO MPUITUCATh OPOUTAIISIM LIEHTPAIBHOTO aToMa, IPUHUMAIOIIUM ydacTue B 00pa3oBa-
HUH CBS3H, ¥ KAKOBA IPOCTPAHCTBEHHASI KOH(PUTYpAIUs TaHHBIX KOMILIEKCOB?
5. Hanwumure quccornumanuio komiuiekcuoro coeaunerust [Ag(NHz)2](OH). duccormariys Ha
WOHBI BHEIITHEH 1 BHYTpeHHEH cdepbl. Jluccolmarist KOMIUIEKCHOTO HOHA B BOJTHOM PAacTBOPE KaK Peak-
1M1 3aMeILEHNUS JIMTaHIOB MOJIEKYJlaMU BOJIbl. Beipazurte xoncmanmy Hecmouxkocmu KOMIUIEKCHOTO
MOHA.
6. VY CTOMYMBOCTS KOMIUIEKCHBIX MOHOB B pacTBopax. OOpa3oBaHue U pa3pylIeHUe KOMILIEKCHBIX
MOHOB B pacTBopax. Mcromnb3ys TabIn4Hble 3HAUCHHUsI KOHCTAHT HECTOMKOCTH, OIIPEIEIINTE KaKue
KOMIUIEKChI HanboJiee yCTONYHBBIL.
7. [Iepeuncnure BUabl ”30MEPUM KOMIUIEKCHBIX coeMHeHUN. [IpuBeauTe npumepsl.
8. KaxoBa Guonornyeckast pojib KOMIIJIEKCHBIX COSTUHEHH?

Ilenvpabomer:11onyunTh KOMILJIEKCHBIE COEIUHEHUS U U3YUUTh UX YCTOMUMUBOCTD.

O6opynoBaHue: MTATUB ¢ TPOOUPKAMH, MEPHBIE TPOOUPKH, CTEKIISTHHBIC TTAJIOUKH, IH-
HETKH.

PeakTuBbl: 6en3oi, rekcarmanodeppar(lll) xamus kpucranudeckuii, poJaHul aMMOHUS
KpUCTAJIIMYECKUM, pacTBOpbl: HUTpaT BUcMyTa 0,5 H, monun kamus 0,5 H u 0,1 H, HUTpaT
prytu(ll) 0,5 1, runpokcun Harpus 2 H, cynbdat (wu xmopuna) Hukersi(ll) 0,5 1, 25% pactBop
ammmuaka, rekca-unanodeppar(ll) kamus 0,5 1. cynpdar meau 0,5 H, consiHas KucaoTa 2 H, mep-
manrasar kanus 0,5 H, xjaopug (cynsdar) kodansta(ll) 0,5 H.

Xon paOoTsl:

Omnpit 1. [Tonydyenue coequHEHUH ¢ KOMIUJIEKCHBIM aHHOHOM.

a) [lonyuenue terpanonosucmyrara(lll) xanus.

B npo6upky k 3-4 xarusam 0,5 H. pacTBopa HUTpaTa BUCMYTa IpUOaBbTE MO KAIUIIM pac-
TBOp 0,5 H. pacTBOp MOAMAA KAIUs /10 BBINA/IEHUs TEMHO-0Yporo ocajika noauja BucMmyra. Pac-
TBOPHUTE 3TOT OCAJIOK B U30BITKE pacTBOpa HoAM A Kanus. OTMEThTE IBET MOJIyYEHHOTO PacTBO-
pa. Moxer nm 9Ta OKpacka oOycIoBIMBaTECA prcyTcTBreM noros K*, I, B13*? Kakoit 3 »tmx
HMOHOB MOXeET ObITh KOoMILIeKcooOpa3oBaTeneM? C KakKUMUWJIMTaHJaMH OH MOXKET 00pa3oBaTh B
JTAHHOM PacTBOPE CIOKHBIM HOH?

Hanuumre popmyiny KOOpIMHAIIMOHHOTO COEIMHEHNS U YPABHEHUS peaKkIMil ero moxydeHusl.

0) [Tomyuenue terpanogomepkypara(lll) xanus.

B nBe npobupku nomecture no 2-3 karm 0,5 H. pactBopa Hutpara prytu(ll). Onny npoGupky
OCTaBbTE B KaueCTBE KOHTPOJIbHOM, a B JIpyryto aobaspTe 1-2 kamuu 0,5 H. pacTBopa moauaa
KaJus 10 00pa3oBaHus opaHXeBoro ocazaka noauaa prytu(ll). 3atem npunelite n36pITOK HOIU-
Jla KaJlus J10 MOJIHOTO pacTBOpeHus ocaaka. VcmeitaiiTe pacTBOphl B 00enx MpoOupkax Ha MpH-
cyTcTBre noHoB HY?", 106aBUB B KaXIylo TIPOOUPKY 110 2 KaIlIH pacTBOPA FHAPOKCHIA HATPHSL.
N3 xakoro pactBopa BbIMaaaeT kenThiid ocanok okcuaa prytu(ll)? Tlouemy Bo BTOpOi# mpoOupke
[pY ACUCTBUM LIEIOYU OCA/IOK HE BbINagaeT?

Hanummre ypaBHEeHHs NMPOBENEHHBIX peakiuii: o0pa3oBaHUs HOJIUAA PTYTU U €T0 B3aUMOJEH-
CTBHS ¢ H30BITKOM HOIHA Kaus (KOOpAMHAIMOHHOE uncio noHa Hg?* paBHO ueThpem).
Hamummre ypaBHEHHS AJIEKTPOIUTHYECKON Aucconmanuu HUTpata prytu(ll) m momydeHHOM
KOMILJIEKCHOU coiH - TeTpanoapmepkypara(ll) xanus.

Hanummure BbipaxkeHre KOHCTaHThI HECTOWKOCTH /1711 KOMIUIEKCHOTO CO€TUHEHMUSI.

OmnpiT 2: [lonydyeHue coeTMHEHUH ¢ KOMIUIEKCHBIM KaTHOHOM. [loiydyeHne aMMuadHoro

KOMILIEKCA HUKEJIS.
[Tonyuure ocamok ruapokcuaa Hukens(ll), Buecs B mpobupky 1-2 mut 0,5 H. pacTBopa cyibdara
HUKEJSI U TaKoW e 00bheM 2 H. pacTBopa ruapokcuaa Harpusa. K gactu ocagka nqob6asste 0,5-1
M1 25%-Horo pacTBopa ammuaka. Uro npoucxoaut? Cpasuute okpacky nonos Ni%* B pactBope
cynb(daTa HUKEIsS ¢ OKPacKoM MOJy4eHHOTo pacTBopa. [IpucyTcTBre Kakux MOHOB OOYCIIOBIIH-
BAeT OKPAcKy pacTBopa?
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Hanumure MonekyasipHble ¥ HOHHBIC YPaBHEHHs peakiuii 00pa30BaHMs KOMIUIEKCHOTO COelu-
HEHUS HUKEJIS.

OmnpiT 3. IonydyeHne KOOPAMHAMOHHOTO COSAMHEHUS ¢ KOMILICKCHBIMH aHHOHOM M Ka-
THOHOM.

B npobupky Baecute 1 mim 0,5 H. pactBopa rekcaunuaHodeppara(ll) kamus, Ks[Fe(CN)e], u
nBoiiHoe kosmmuectBo 0,5 H. pacTtBopa cynbbara Hukens(ll). K momydeHHOMy ocanky mpuiieite
pactBop ammuaka (25 %) 10 MoTHOTro pacTBOpeHus ocaaka. Comep)umoe MpoOUpKHU mepeme-
HIaiTe CTEKISHHON NaJIOUKOi.

Habmronaiite mocreneHHoe 0Opa3oBaHWE MEIKUX OJICAHO-JTMIIOBBIX KPUCTAJUIOB KOMIUIEKCHOM
comu [Ni(NH3)s]2[Fe(CN)s]. Hanmmure ypaBHeHHE peakiluy MOJYyYCHHS KOMILIEKCHOTO COEIH-
HEHHUS.

[Tonryuenue u pa3pylieHue KOMIUIEKCHBIX COeIMHEHUN

OOpa3oBaHue U paspyleHHe KOMITJIEKCa OOBICHACTCS CMEIICHUEM PaBHOBECHSI €T0 JIHC-
connanud U oO0bscHsercs mnpuHiunoM Jlelllarense. PaBHOBecume aucconuanuu HOHA
[Ag(NH3)2]" = Ag™ + 2NH3 cMelaercs B CTOpoHy 00pa3oBaHus KOMILIEKCA (BJIEBO) IIPH YBEJIH-
yeHun KoHueHTpauuu noHoB Ag® u NHa. Ilpu 5T0M 00pasyroTcs coeqMHEN s, B KOTOPHIX II€H-
TPaJbHBI aTOM WJIM JIMTaHJ CBS3aHBI OoJiee MPOYHO, YEM B HMCXOIAHOM KOMIUIeKce. MHorue
KOMIUIEKCHBIE COSIMHEHHs XOPOILIO PACTBOPUMBI B BOJIE, IOITOMY KOMILIEKCOOOpa30BaHHE HC-
MOJIB3YETCS ISl IEPEBO/IA B PACTBOP TPYJHOPACTBOPUMBIX COCTNHEHHA.

Xnopua cepebpa pacTBOpseTCs B U30BITKE IIMAHUA KAJIHS:

AQCI + 2KCN = K[Ag(CN)] + KCI

AgCl1 +2CN =[Ag(CN)2] +CI'

10 CBsI3aHO ¢ TeM, 4To MOoH cepedpa B moHe [AQ(CN)2]™ cBszan Gonee mpouno, yem B AgC| =
Cl'+ Ag" +2CN = [Ag(CN)2]

ITIP(AQCI) = 5:108 K4[Ag(CN),]- = 1-10%

[Tpu nobasnenun asotHor kucnotel K [Ni(NH3)e]Cl2 mpoucxoauT paspyiieHue KomIuiekca, o
YeM CBHJIETEIbCTBYET M3MEHEHHUs OKpPAacKH pacTBOpa. JTO CBSI3aHO ¢ 00pa30BaHUEM KaTHOHA
aMMOHHUSI, B KOTOPOM aMMHAaK CBs3aH C KaTHOHOM BOJopoja Oosiee MPOYHO, YeEM C KaTHOHOM
HUKEJIS.

[Ni(NH3)s]?* = Ni?* + 6NH3 + 6H* = 6NH4* + Ni%*

Ku[Ni(NH3)s]*"= 1-10 Ku[NH4]* = 61010

[Ipu wu30biTkE H+ KOMIUIEKCHBIE COEAMHEHHS MOTYT Y4YacTBOBaTh B OKUCIHTEIHHO-
BOCCTAaHOBUTEIILHBIX peakiusx. [Ipi 5ToM U3MEHsIETCSl CTENEHbh OKMCIICHUS IEHTPAIBHOTO aTo-
Ma.

Bo03MOKHBI peakiuu ByX THIIOB:

a) VI3MeHeHMe cTeneHu OKUciIeHus 0e3 pa3pyleHns KoMILIeKca

2K3[Fe®*(CN)s] + 2KI = 2K3[Fe** (CN)g] + I2

0) M3MeHeHMe CTeNeHN OKHUCIIEHHs C pa3pylleHHEeM KOMIUIEKCa B pe3yJbTaTe BOCCTAHOBIICHHS
HEHTPaJIbHOTO HOHA JI0 MeTaia

Zn + 2K3[Au(CN)2] = 2Au° + K2[Zn(CN)4]

[TopsiioK BITOTHEHHUS PAOOTHI

Onpit 4. Paznnune Mexay ABOWHON M KOMITJIEKCHOW COJIBIO.

Haneiite B mpooupky 10-12 kanens pactBopa FeClz u 100aBbTe MO KaruisiM pacTBOp po-
nanuga kanus KCNS. HaOmronaiite mosiBieHHe KpOBaBO-KPAaCHOTO OKPAIIUBAHMS BCIIE/ICTBHE
obpaszoBanus poganuaa xenesa Fe(CNS)s. JlanHast peakiius MO3BOJISIET OOHAPYKUTH B PaCTBOPE
MoHBI xkenesa Fedt.

B oxny npo6upky Haneiite 10-12 kanens kanus rexcanuanodeppata (111) Ks[Fe(CN)s], a B apy-
ryto - 10-12 kanens pactBopa xene3o-aMmMOHUHHBIX KBacloB (NH4)2SO4-Fe2(S04)3. B 06e mpo-
Ooupkwu 1o karisaM go6aseTe pactBop KCNS. Habmromaiite nBet pactBopoB B mpodupkax. Ha oc-
HOBAHUU 3TOT'0 CHEJIATh 3AKIIOUYCHUE, KAKas U3 B3ATBIX COJICH SBJISETCS ABOMHOM, a Kakas - KOM-
IIJIEKCHOM.

OmnpiT 5. O6pazoBaHue U pa3pylIeHHE KOMIUIEKCHBIX HOHOB.
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Tonyyenue ammuaunozo Komniexca meou.

a) Haneiite B npobupky 10-12 xanens pactBopa cynbdara meau(ll) u nodbasbre no karmisam 25%-
il pactBop ammmaka. HalOmiomaiite mepBoHauanbHOE OOpa3oBaHHE OCajlKa THUAPOKCOCYJbdara
MEIHM U TMOCIEAYIOLEe ero pacTBOPEHUE B M30BITKE aMMHUaka ¢ 0Opa30BaHHEM OKpPAIlIEHHOTO
pacTBOpa KOMIIEKCHOM COJIH.

6) K nonmyuenHomy pacTBopy 100aBbTe€ HEOOJBIIOE KOJIMUYECTBO PACTBOpA COJITHON KHUCIOTHI.
HabGmronaiite naMeHeHre OKpacku pacTBopa.

(Koopaunarmonsoe uncio Cu?*pasHo 4.)

Ilonyuenue ammuaunoco komniekca cepeopa.

a) Haneiite B mpoOupky 1-2 mu1 pacTBopa HHUTpaTa cepedpa M CTOJIBKO K€ pacTBOpa XJIOpuia
Hatpus. [lomydeHHbI 0caoK pacTBOPHUTE, MOIYYHUB PACTBOP KOMIUIEKCHOW coiu cepedpa. s
3TOro 100aBbTE HECKOJIBKO Kareab KOHIIEHTPUPOBAHHOTO PAaCTBOpA aMMHAaKa.

0) [TomydeHHBI pacTBOpP KOMILIEKCHOM coyi cepedpa pasieiite B aBe nmpoOupku. B ogHy mpo-
OupKy /100aBbTE€ PACTBOP XJIOpUIA HATPHsl, B JAPYrylH0 - pacTBOp Honuaa kanus. HaGmromaiite
OTCYTCTBHE OCaJIKa B IEPBOI1 MPOOUPKE U €r0 HAJIMYKUE BO BTOPOH.

(Koopaunarmonnoe uncio Ag* pasuo 2, [TP(AgCI) = 1-1071°, TTP(Agl) = 1-10°%6,

Tlonyuenue 2uopoxcokomniexca yunka.

a) Hanelite B mpobupky 2-3 mi pactBopa cyibdaTa IIUHKA U 100aBbTE MO KAIIsIM PacTBOpP THI-
pOKcHIa HaTpUs A0 MOsBJICHUs ocanka. K pactBopy ¢ ocaakom 100aBbTe M30BITOK IIEIOYHU 10
MOJIHOTO PACTBOPEHUS OCaKa B pe3yabTaTe 00pa3oBaHus PacTBOPA KOMILJIEKCHOM COJIH.

6) K nomydennoMy pactBopy no6aBbTe 3-4 Kamim pactBopa cepHoil kucioTel. Habmromaiite mo-
SBIIEHUE OCAJIKa B BUJE IOMYTHEHUS PacTBOPA.

(KoopauHaimonHoe uncio Zn?* pasno 4.)

Tlonyuenue pooanuono2o Komniekca sxicenesa.

B nepByto npobupky Haneite 2-3 M pactBopa xsopuja xenesa (I11), a Bo BTopyro - CTOIBKO ke
pacTBopa Kaius rekcanuanogpeppura (3+). B kaxayro npoOupky 1006aBbTe€ HECKOJIBKO Kalellb
pacTtBopa poaanuaa kanus. Habmonaiite n3MeHeHue 1BeTa pacTBopa TOJbKO B EPBOM MpoOup-
ke. Ha ocHOBaHUM ombITa clienaiiTe BHIBOJ O TOM, KaKOW U3 JIByX KOMIUIEKCOB enesa (3+) 6o-
Jiee YCTOWYMB - IIUAHUIHBIA WU POJAHUTHBIN?

Tlonyuenue ammuauno2o KOMNIEKCA HUKEJAL.

Haneiite B nmpobupky 1 mi pactBopa cyibdara HUKeNs U 100aBbTE MO KaIIsM KOHLUEHTPUPO-
BaHHBIN pacTBop amMmMmuaka. Habmromalite ocasok cyiabdaTa HUKENS U MOCIIEAYIOIIee ero pacTBo-
peHue BCleACTBIE 00pa30BaHUs pacTBOpa KOMITJIEKCHOM COJIH.

K noxydenHoMy pacTBOpy A00aBbTE paBHBI 00bEM HACBILIEHHOTO pacTBOpa Opomuia Kajlus U
HaOmroaiiTe 00pa3oBaHWe OcajKka TreKcaaMUHHUKeNs (2+) Opommuaa. 3aTeM K OCaliKy 100aBbTe
pacTBOp COJIIHOM KucaoTel. OTMEThTE pacTBOPEHHME OCaJKa U M3MEHEHHE LiBeTa pacTBopa. Ha
OCHOBAHHH PE3YJILTATOB OIBITA CIENAiiTe BBIBOJ O TOM, Kakoe coenunenne ammuaka [NH4]" wim
[Ni(NH3)s]?* 6omee ycTOIUMBO B TaHHBIX YCIOBHSX.

OnbIT 6. OKUCIUTETBHO - BOCCTAHOBUTEIBHBIE PEAKIIUU C YYACTHEM KOMIIJIEKCHBIX COCTMHEHUH.
a) HaueiiTe B mpoOupky 1 mMi1 pacTBOpa nepMaHraHaTa Kajusi, 100aBbTe paBHbIM 00beM pacTBOpa
CEpHOI KHUCIJIOTHI, a 3aTe€M IO KaIulsIM pacTBOp Kaius rekcanuanodeppara (2+). Habmonaiite
M3MEHEHNE OKPACKH pacTBOpa.

6) Ilonyuure nuamunaprenTo (1+) xmopua (OnsIT 3.2.2a). B pacTBOp onmycTute Kycouek Mera-
JMYecKoro uHKa. Yro Habmogaercs?

B) I[lomyuute terpaamunmenu (2+) cynedar (OnsiT 3.2.1.a). B pacTBOp omycTtute Kycouek Mme-
TAJJTMYECKOTro IUHKA. YTo HabIoaaeTcsi Ha HOBEPXHOCTH IIMHKA?

r) Haneiite B mpobupky 1 mi pactBopa xjiopuaa kobdaibTa U 2 Ml pacTBopa aMmMmuaka. OTMeTbTe
I[BET 00pa30BaBIIErocsi aMMHUAYHOTO KOMIUIEKca KobanbTa (2+). K momyueHHOMY pacTBOpY J0-
O6aBbTe 1 MJI pacTBOpa XJIOpHAA aMMOHHUS U 2 MJI pacTBopa mepokcuaa Bogopoaa. Coaepxumoe
npobupku Harpeiite. Kak u3MeHsercss HBeT pacTBopa BeiencTBue okucienus Co?* no Co®*
?(Koopaunarmonnoe uncio Co u Co paBHO 6.)

OmnpIT 7. BriusiHue KOHIEHTpALUU pacTBOPa Ha KOMILJIEKCOOOpa30BaHHeE.
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Haneiire B mpooupky 10-12 kamnens pactBopa CoClz, 1o6aBbTe 1Mo KaruisiMHACBHIIICHHBIN pacTBOP
KCNS. Habmronalite n3aMeHeHuUE 1[BETa PacTBOpaA.
K noxydenHOMy pacTBOpYy IO KaruisiM J00aBisiiTe NMCTHIUIMPOBAHHYIO BOJYy M HaOIIOJaiTe 3a
n3meHenneM 1seta.(Koopaunanuonnoe uncno Co?* pasro 4.)
Jlabopamopuasa paboma Ne9.
KoMmiekcHble coequHeHnsi. XMMHUYEeCKHe CBOHCTBA

Ieny pabompl: OTYYNTHKOMIUIEKCHIPA3TMHHOTO TUIIA U O3HAKOMHUTBCSA CO CBOWCTBAMH
KOMILJIEKCHBIX COSTMHEHUN U JBOMHBIX COJIEH.

O6opynoBaHue U PEAKTHBBI:

[ratus ¢ npodbupkamu. Xmopua xpoma(lll). Tuormanat ammonusi. PactBopsl: xiopuaa
aMMOHHUs (Hachkll.), THouuaHaTa ammonusd (0,1 M), xnmopuna Hatpus (0,1 M), xnopuna kanus
(0,1 M), tnonmanata xanus (0,1 M), Tnocynsdara narpus (0,1 M), cynedura Hatpus (0,1 M),
nonuna kamus. (0,1 M), cynedara menu (0,1 M), aurpata cepedpa (O M), cynbdara nuHKa
(0,1 M), cynsdara xkaamus (0,1 M), autpata prytu(ll) (0,1 M), xnopuna 6apus (0,1 M), cynb-
¢ara amromunus (0,1 M), xiopuaa omosa(ll) (0,1 M), nutpata ceunna (0,1 M), cynbdara xpoma
(0,1 M), comu Mopa (0,1 M), xnopuna xxeneza(lll) (0,1 M), cynsdara kobansta (0,1 M), xmopu-
na kobanbTa (HackIl. ), cyiabgara Hukens (0,1 M), constHON kucnoThl (KoHII. ), ammuaka (0,1 M),
rexkcanmanodeppara(lll) xamus, rexcanma-nodeppara(lll) kanus, aMMOHHUEBO-)KEIIE3HBIX KBacC-
110B. CepoB0oIOpO/IHAS BOJIA.

OIIBIT 1. CBolicTBa ABOMHBIX U KOMILIEKCHBIX COJIEH

B Tpu npoOupkum momecTHTh MO 3 KAl pacTBOpa aMMOHHMEBO-)KEIE3HBIX KBACIOB
NHsFe(SO4)2:12H20. B 4etBepTyro npobupky nmomecTuth 3 Karum rekcaimanodeppara(lll) ka-
st K3[Fe(CN)g]. B mepByio mpoOupky nmpubaBuTh 2 Kaluld pacTBOpa THOIMAHATA aMMOHHMSI
NH4SCN, Bo BTOpYy!O - 2 Karuiu pactBopa xyopuaa 6apus BaCly, B Tpethio - 3 karmim pactBopa
THJIPOKCUIA HATPHUs (COAEPKUMOE ITON MPOOUPKH HATPETh 10 MOSIBICHHS 3alaxa aMMHaKa), B
YEeTBEPTYIO - 2 Karlld THOIIMaHATa aMMOHHUSI.
Bo Bcex nmu mpoOupkax mpoucxoaut peakuusi? HamucaTh ypaBHEHHUS AUCCOLMAIMKM IBOMHOU U
KOMILJIEKCHON COJIel, MOJIEKYJIsIpHbIE U MOHHBIE YPAaBHEHHs PeaKLUi, C MOMOIIbIO KOTOPBIX 00-
Hapy>KUBAJIMCh MOHBI COJIeH B pacTBope. Hamucarh BhIpaxeHHE KOHCTAHTBI HECTOHKOCTH KOM-
nnekcHoro nona [Fe(CN)s]>, Haiftm B TabnmIe ee YMCIOBOE 3HAYEHHE M CIENATh BHIBOJ 00
YCTOMYMBOCTH 3TOTO MOHA B PACTBOPE.

OIIBIT 2. CpoiicTBa aKkBaKOMIIJIEKCOB
A. Tlomectuth B HeOONBILIONW THredb | MUKpoIINaTelb MEIHOTO Kynopoca. Cinabo mpokanuTh
cogepxumoe Turiig. OOpaTuTh BHUMaHKE Ha U3MEHEHHe 1iBeTa KpHucraios. [locie Toro kak TH-
rellb OCTBIHET, T00aBUTH 1-2 Karum BOJBI, OTMETUTh M3MEHEHHE OKpacku pactBopa. HammcaTs
YpaBHEHHUS PEaKIUH.

b. B mnpobupky momectuth | MHKpoIINaTeab Kpuctawioruapara xiopuma kobambra(ll)
CoCl2x6H20, octopoxxHo Harperb. HaOmronath M3MeHEHHE IBETa, COOTBETCTBYIOIIEE PEAKIINU
ormierenus Boabl: 2[Co(H20)s]Clo — Co[CoCls] + 12H20

OxnaauTh NpoOUPKY U MPUOABUTh HECKOJIBKO Karenb pactBopa NaOH. 3anucare HabmroaeHusI.

OIIBIT 3. [TonyuyeHne u CBOMCTBA HEKOTOPBIX aMMHAKATOB
A. TTomectuts B mpobupky 3 kamau cyibdara meau(ll) CuSOs, 3atem npubaBuTh 2 Kariu Tuj-
poxcuaa ammonust NH4OH.

Habmonate Beimanenue ocanka ruapoxkcuaa meau Cu(OH)z. OTMeTuTs 1BET 0OcajKa U 3amucarb
ypaBHEHHE PEaAKIINN.

K nonydennomy ocaaky npuOaBuTh HM30BITOK KOHLEHTpupoBaHHOro pactsopa NHsOH. Yto
HaOmoqaercss? 3amucarth ypaBHEHHE peakiuu MoiydeHus cyiabdara Tterpammuaomeau(ll)
[Cu(NH3)4]SOa.

[TpubaBUTh K TOJTY4EHHOMY pacTBOpY 3-5 Kamenb cepoBomoponHoi kuciotel HpS. Hamucarte
YpaBHEHUE PEAKIINHN U OOBSICHUTH BBIMACHIE YEPHOTO 0CAJIKA, YUUTHIBASI, YTO

b. K 1 kame pactBopa Hutpata cepedpa AGNO3 mpubaBuTh 2 Karii pacTBoOpa XJIOPHUIA KU
KCI wnn narpus NaCl. K nmonmydeHHOMY ocaiky mpuOaBHTh PacTBOP THAPOKCHIA aMMOHUS
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NH;OH no monHoro pactBopenus ocanka xyuopuna cepedopa AQCl. Hamucars ypaBHEHUs peak-
UH.
B npobupky ¢ nonyueHHbIM pacTBopoM xsopuiaa quammunocepeopa [Ag(NH3z)]C1 npubasists
M0 KaruisiM pa30aBiIeHHOM a30THOW KucioThl (3-5 kamens). HamucaTe ypaBHEHHE peakIuu U
00BsICHUTB 00pa3zoBanue ocaaka rnpu npudasiennd HNOsz.
B. K 3 kamnsam pactBopa conu Hukens(ll) mo6aBiasaTe 1Mo KamisM BOJHBIM pacTBOp aMMHaKa
NH4OH no pactBopeHus Bbllafjaroliei B 0caJJOK OCHOBHON COJIM. OTMETUTH LBET MOJIY4YMBIIIE-
rocsi pacTBOpa. 3anucaTh ypaBHEHUs peakiuii (KOOpAMHAMOHHOE Yncio M?* pasHo 6).
OIIBIT 4. [Tonyuyenue u cBOMCTBA aLlUJOKOMILJIEKCOB
A. B npobupky BHectu 2-3 karutu pactBopa Hutparta pryta(ll) Hg(NO3)2 u 106aBinsath mo Kar-
M pactBop nonuaa kanus K1, 1o oopasoBanus ocaaka uoguaa pryta Hgly. OtmeTuTs 1BeT
ocanka. K ocaaky no6aButhk u36bIToK pactBopa K1 no pactBopenus ocanka. HamucaTth ypaBHe-
HHUe peakuuu B3aumoeiicteus Hgl, ¢ m30sITKOM Houaa Kanus (KoopauHaIMoHHoe yncio Hg?
paBHO 4). Hanucath ypaBHeHHE TUCCOLUAIIUYU TOTYYSCHHOTO KOMIUIEKCHOTO HOHA.
[Tosryuennsiit pactBop terpanoaorunpaprupara(ll) xamus Ko[Hgls] pasnenuts Ha nBe wactu. K
OJIHOH YacTu 100aBUTh HECKOJBKO Karellb pacTBOpa LIEJIOUH, a K IPYroi -CepoBOIOPOIHON BO-
16l HoS. OTMeTuTs HaOMIOIeHUS ¥ OOBSICHUTH TIOTyYeHHBIC PE3YIIbTaThI.
b. Ionyuuts ocamok AQCI. 3areM mo KarmjisiM NpuOaBlIATH PacTBOP THOCYNb(]ara HATPUS 10
IIOJIHOTO pacTBOpeHusi ocajka. Hamucare ypaBHEHHE peaKIMM IOJY4YEHUs TUTHOCYJbdaroap-
renrara Harpus. (Koopaunanuontoe yucio nona Ag™ pasHo 2.)
B. K 1 - 2 xaruam pactBopa cynbdara mean CuSOs 106aBUTH CTONBKO K€ pacTBOpa reKcalua-
Ho(eppara(ll) kamus Ka[Fe(CN)s]. OTMeTuTh 1IBET 00pa30BaBIIEroCs OCaIKa U HAIKMCATh ypaB-
HEHUsl peaKIyil.
I'. K 1 -2 kamwisim pactBopa xmopuza xese3a(lll) FeCls mpubaBuTh CTOIBKO K€ pacTBOpa IreK-
carmmanodeppara(ll) xamust Ka[Fe(CN)e]
K 1 - 2 xamisM CBeXeIpHroTOBIECHHOrO pactBopa cynbdara xenesa(ll) FeSOs npubasuts 1-2
karun rexcarmanodeppara(lll) xamus Ka[Fe(CN)s]. OT™MeTuTh HaOMIOACHHUS W HAMKCATh LIS
00OMX OIBITOB ypaBHEHUS PEAKIMH, YUYUTHIBAs, YTO B IIEPBOM OIBITE MOJYUYUTCS I'eKCallMaHO-
deppar(ll) sxeneza(lll) kamus KFe[Fe(CN)s] («OepnuHCKas ga3ypb»), a BO BTOpOM — TeKcalfa-
Hoeppat(l1) sxene3za(IT) kamus («rypHOyNIEBa CHHBY), UMEIOLIETO TaKyIO ke GOpMyIy.
OIIBIT 5. O6pa3oBaHue rUAPOKCOKOMITIIEKCOB
B Tpu npoOupku moMecTuTh pas3ieiabHO pacTBOpHI cosiedl nuHka, xpoma(lll) u amomunus. B
KXY U3 HUX J00aBJATh MO KaIulsiM pacTBop mienoun. HabmtonaTe BHavyae BbINaiIeHUE Ocajl-
KOB, a 3aT€M MX pacTBOpeHHE B M30bITKE mienoun. HanucaTh ypaBHeHHE peakiuu 0o0pa30BaHUs
PACTBOPHMEBIX THAPOKCOKOMITIEKCOB, coepkammx HoHs! [ZN(OH)4]%, [Cr(OH)s]* [A1(OH)e]*.
OmnbiT 6. KommuiekcHble coelnHeHHMs B peakuusx oOMeHa. BsaumoneilicTBue rekca-
nranodeppara(ll) xamus ¢ cynsharom meau(ll).
B npo6upky BHecute 1-1,5 mi 0,5 H. pacTBopa cynbdara Meau u 1o06aBbTe Takoil sxe 00bem 0,5
H. pactBopa komiutekcHoi comu Ka[Fe(CN)s]. OTMeThTe BeT 00pa30BaBIIErocs 0CaIKa recariu-
ano¢eppara(ll) menu. Hanummre MonekyasipHOe U HOHHOE YPaBHEHUE PEAKIINU.
OmnpiT 7. KOMIUIEKCHBIE COSMHEHUS B OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUSIX.
a) Boccranosnenue rekcaunanodeppata(lll) xamus.
B nmpo6upky Baecute 1,5-2 mit 0,1 H. pacTBopa noauna kamus, 0,5-1 mit 2 H. CONSAHOM KUCIOTHI U
0,5 mu 6enzona. OTmeTbTe, YTO OEH301 OcTaeTcs OeciBeTHHIM. [[00aBbTEe HECKOIBKO KpHUCTA-
noB komrutekcHou comu kene3a(lll) Ks[Fe(CN)s] n nepememnaiite pacTBOp CTEKISHHOW Maioy-
koil. [To n3mMeHeHnto okpacku 6eH3osa yoeruTech B BbIJICIIEHHH CBOOOIHOTO HOJA.
Hamummre ypaBHeHHe peaknuu B3ammojneicTBus rekcamuaHodeppara(lll) xamus ¢ moammom
kanust, yautbiBas, uto Ks[Fe(CN)s] nepexoaut npu 3tom B K4[Fe(CN)e]. YkazaTh okucIUTEIb U
BOCCTaHOBUTEb.
Kakue MoHBI B KOMIIJIEKCHOM COEIMHEHUH U3MEHWIN CTETIEHb OKUCIICHUS?
0) Oxucnenue rexcarmanodeppara(lll) kamus
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[Tomecture B mpobupky 0,5-1 mia 0,5 H. pacTBOpa mepmaHranarta Kaiaus, 100aBbTe HECKOJIBKO
Karejb 2 H. pacTBOpa CepHOU KUCIOTHI M 00aBUTh 1o kariaM 0,5 H. pacTBop rekcanuaHodep-
para(ll) kamus 10 oGeciBeUnBaHMs pacTBOpa.

OO6ecuBeunBaHre pacTBOpa MPOMCXOAUT BCIEACTBHE BOCCTAHOBIICHUS MEPMaHraHaTa Kajlus 10
cyiabdara mapranma(Il). Ilpu stom kommiekcHoe coenunenue Ka[Fe(CN)g] okucasiercs o
K3[Fe(CN)s].

Hanumure ypaBHeHHE peaKLIMU OKUCICHUS. YKaKUTE OKHCIUTEIh U BOCCTAHOBHUTEIb.

OmnpiT 8. YCcTOHYMBOCTH KOMIUJIEKCHOTO MOHA. Peaknuu oOMeHa nurangamu. Brecute B
npobupky 1 mi xnopuna (cynsara) kodansra(ll) m npubaBbTE HECKOIBKO KPHCTAIIIOB PACTBO-
pa ponaanaa ammonus NHsCNS. HaGmronaiite o6pazoBaHrne KOMIIJIEKCHOTO COSAMHEHUSI CHHE-
o IBeTa:

[Co(H20)4]Cl2 + 4ANH4CNS = (NH4)2[Co(CNS)4] + 2NH4ClI + 4H>0.

Jlo6aBbTe B mpobupky Boabl. Uro Habmonaere? CpaBHHUTE MOJYYECHHBIH PacTBOpP C PacTBOPOM
xyopuja kobanpTa. CpaBHUTE YCTOMYHUBOCTH POJAAHUIHOTO U aKBAKOMILIIEKCA KOOAbTa.
KomrutekcHble coequneHns d-MeTauioB

OmnpiT 9. BnusHue >MeKTPOHHON KOH(PUTypalluu KOMIUIEKCOOOpa3oBaTeNsi Ha OKPACKY
KOMIIJIEKCOB
B cunbpHO monkucienHsie pacTBophl coequuenus tTutana(lV), monmubaara (mosmmonn6aara) am-
MOHUS U BOJb(ppaMaTa aMMOHHsI BHECHTE 110 OJIHOW TpaHyie nuHka. [Ipu HeoOxoaumocTu pac-
TBOPBI KPaTKOBPEMEHHO Harpeire a0 kumneHus. OObACHUTE M3MEHEHHE OKPAaCKH PacTBOPOB,
uMes B BUIy Bocctanopienne Ti** no Ti**, MoO4? 1o MoOs u WO* no WO*",

Onpit 2. a) BiusiHue npupobl IMTaHI0B Ha OKPACKY KOMILIIEKCOB

besoansiii cynbdar menu(Il) pacrBopute B Bome. 3aTeM K MOITYYEHHOMY PAacTBOPY NPHIICHTE
pactBop ammuaka. OOBICHUTE OKpPacKy MOJYUYEHHBIX pacTBOopoB. Hamummre peakiuu oOpaszo-
BaHMS COOTBETCTBYIOIINX KOMIUIEKCHBIX KATHOHOB.

6) CpaBHEeHME OKPACKH KpUCTAJUIOTUAPATOB U Oe3BOJHBIX cosiell. B dapdopoBbix Turigx (Jjo-
noukax) HarpeBaite Kpuctamutoruapatsl coctaBa CoCl2:6H20, CoSO47H20, CrCls-6H20,
NiSO4-7H20 1o obpa3zoBanust 6e3BOIHBIX conieil. OTMETbTE pa3IHyKe B OKPACKE UCXOIHBIX KPH-
CTAJJIOTUAPATOB U oOpa3oBaBIIMUXCS 0e3BOAHBIX cosied. [locie oxnaxaeHus cmouute 6€3BOA-
Hble cou Boj1oi. OOBsicHUTE HaOIr01aeMble M3MEHEHUSI OKPACKHU.

OmneiT 10. PacTBOpeHHEe OCaJKOB MajlOpPACTBOPUMBIX COEIMHEHUHU 32 CUET KOMILAEKCO-
o0Opa3oBaHUs
a) Ocanok AQBr, mosy4eHHBIN 110 0OMEHHOM peakiiuu, pa3AesiiTe MonojaaM U TOMECTUTE B JBE
npobupku. Ha oqHy vacTh mojeicTBylTEe pacTBOPOM aMMHaKa Ha BTOPYIO - PacCTBOPOM THO-
cynbdata HaTpusi. OOBICHUTE MPOUCXOAIIEE U HAMUIIINTE PEAKIIHH.

6) OObsicHHUTE, TIOYEMY M3 PacTBOPa, COJEPIKAIIEro KOMIUIeKCHbIe HOoHbI cocTaBa [AQ(CN)2],
cepedpo(l) B popme AQCI He ocaxkmaercs, Toraa Kak B3aMMOACHCTBHE C CYJIb(OUI-HOHAMH TIPH-
BOJIUT K 00pazoBaHuIo ocaaka AQzS.

OmpiT 11. CpaBHUTENBHAS YCTOWYHUBOCTH KOMIUIEKCOB. B Tpex nmpoOupkax moayduTe am-
MUAYHBIN, THOCYTb(ATHBIA U HUTPUTHBIN KoMIUTeKchl cepedpa(l). K pacTBopaMm momydeHHBIX
KOMIUIEKCHBIX COEMHEHHH MPUIICHTE TI0 KaIlIsiM PacTBOp XJIOpuaa HaTpus. B aBe mpoOupku, B
KOTOPBIX HE BBINAJ 0Ca/10K, 100aBbTe pacTBOp Opomuaa kanus. B mo
CJICTHIOI0 TIPOOUPKY 0e3 ocajaka mpuiieiTe pacTBop noauaa kamus. O0bsicHUTe HaOII0JaeMoe ¢
Y4ETOM DPA3NUYMi B 3HAYEHUSAX OOLIMX KOHCTAHT YCTOHYMBOCTH KOMIUIEKCOB M MPOU3BEICHUN
pactBopuMocTu TanoreHusoB cepedpa(l). Omeir 5. OKuCIUTENbHBIE CBOWCTBA TEepMaHTaHAT-
MOHA
a) B tpu mpobupka nomectute paBHbIe 00BbEMBI pa3zdaBieHHOTO pacTBopa KMmOg4. 3aTeM B ogHy
U3 HUX NpHiIeiiTe pa30aBlIeHHYIO0 CEpHYIO (MU COJIIHYIO0) KUCIIOTY, BO BTOPYIO - BOIY U B Tpe-
TBIO - KOHIIEHTPUPOBAHHBII PAaCTBOP IIEIOYH. 3aTeM B KOKAYIO U3 MMPOOHPOK MPUIICHTE PacTBOP
Na;SO3. (B mpoOupky cO WIETOYHBIM PACTBOPOM CIEAYET A00aBUTH OOJBIION WU30BITOK
Na2SO3). O0wsicHuTe paznuuHoe noBeaeHUe pactBopa KMNOs B 3aBucumocTtu ot pH cpensr u
HAIMIINTE COOTBETCTBYIOIINE PEAKIIHH.
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6) Oxucnenne mpou3BOIHBIX MN nmepmanranat-uonamu. K paszbasiennomy pactBopy KMnOg
npuieiite pactBop MnSOs. OOBACHUTE MPOUCXOIAIISE, HAMMUIINTE U YPABHIUTE COOTBETCTBY-
IOLIYIO PEAKLUIO.
OmeiT 12. CoiictBa coenunenuii xenesa(ll) u sxxenesa(lll)
a) BoccranoBurensHbie cBoiicTBa coequnenuit xxenesa(ll). K pactsopam conu sxenesa(ll) moa-
KHUCJICHHBIM pa30aBJICHHON CEpPHOM KHCIOTOM, B OTAEIbHBIX MPOOUpPKaxX MpUJIEHTE pacTBOP
KMnO4 u KoCr207. Onummnre Habm01aeMble H3MEHEHHS U 3aITUIIIATE COOTBETCTBYIOIIUE PEaK-
117078
6) CpaBHHTEIbHAS YCTOMUYUBOCTH POAAHUIHOTO, (PTOPUAHOTO U IIMAHUIHOTO KOMILJIEKCOB XKeJle-
3a(lll). K pactBopy conu sxeneza(lll) mpuneiiTe HecCKoabKO Kareilb pacTBOpa POJAHHMIA Kajus
wii aMmMmonus. K nonydennomy pactBopy nobasere (ropua Harpus. O0bsacHUTE HaOII01aeMble
M3MEHEHUS U 3aMUIINTE PEAKIIHH.
B) K pactBopy rekcanmanodeppata(lll) xanmus noGaBpTe pacTBOp poJaHUAa Kajlus WIA aMMO-
Hus. OOBACHUTE HEU3MEHHOCTh OKPACKH pacTBoOpa.
r) KauectBennbie aHanutuueckue peakiuu Ha xene3o( 1) u sxeneso(l11)
K cBexenonyuenHomy pactBope FeSOs mpuieiiTe B OTAENbHBIX MPOOMPKAX pacTBOPb
Ka4[Fe(CN)e] (;xentast kpoBsinast coinb) U Ka[Pe(CN)s] (kpacHas kpoBsiHasi coyib). B kakom ciryuae
HAOIOIAI0TCA U3MEHEHHsI M B YeM UX mpuuuHa. [IpuBennTe cOOTBETCTBYIOUIYIO XMMHUYECKYIO
peaKkuuio.
Te e caMble OMBITHI TPOBEIUTE B OTHOLICHUH pacTBopa conu xene3a(lll). OtmeTsTe, B KakoM
cilydyae HaOJI0JIal0TCAd M3MEHEHHUS U B 4eM UX NpuuuHa. [IpuBenuTe cOOTBETCTBYIOUIYIO XUMHU-
YEeCKYI0 peaklMio. YKaKUTe, Kakas U3 KOMILUIECHBIX COJIeH SBIISETCS CEIEKTHUBHBIM KaueCTBEH-
HbIM pearenToM Ha xene3o (I1) u sxemnezo (I11). [TpuBenure Ha3BaHUS 0O0PA3YIOMIUXCS OCAIKOB
XapaKTEepHOTO 1IBETA.
Jlabopamopnas paboma Nel 0.
CkopocTh XMMHYECKO peakuuu
Bonpocwt covecedosanus:
3akonomeprocmu npomexanus U Munvl XUMUYECKUX PeaKyuti

1 DOnemenThl XuMuueckoil TepmoanHaMuku. [Ipeamer u 3an1aun TepmoarHaMuKu. OCHOBHbBIE
XapaKTEPUCTUKU TEPMOJINHAMUYECKOU CUCTEMBI.

2. TennoBoi 3@ PeKT XUMUUECKON peaklud U TEpMOXUMUYECKUE pacueThl. Terora odpa-
30BaHMs BelecTsa. IlepBoe Havyano TepMoIMHAMUKU. DHTanbNMA. 3akoH l'ecca. Pacuer sHeprum
XUMHUYECKON CBSI3U T'a3000pa3HbBIX BEIIECTB C OAMHAPHOM CBSA3BIO. PacueT sHeprum Kpucraumye-
CKOU PELIETKH.

3. HampaBneHHOCTh XMMUYECKUX PEAKLMN. DHTPONHUS U CBOOOHAS 3HEPTrHs cucTeMbl. M30-
06apHO-M30TePMUYECKHI MOTEHIHAI.

Xumuueckas Kunemuxa

1. CkopocTh XxuMu4eckoi peakiuu. Ee konmmuecTBeHHOE BbIpakeHHe. MIcTuHHas u cpenHss
CKOPOCTH.

2. ®aKTOpbl, BAMSIOIINAE HA CKOPOCTh XMMHUYECKUX PEAKINN. 3aBUCUMOCTh CKOPOCTH PEaK-
UM OT KOHLIEHTPALIMM Pearupyroniux BemlecTB. 3akoH AeiicTBus Macc. Ero mpumenenue nmns
TOMOT'€HHBIX U TeTepOreHHBIX cucTeM. KoHcTanTa ckopocTH peakuuu. Briusiaue daktopa moBepx-
HOCTHU Ha CKOPOCTh pPEaKIMH B FETEpOTreHHON cpeie.

3. 3aBUCHMOCTh CKOPOCTH PEAKIMM OT TEMIIEpaTypbl, TeMIeparypHbii koddduuuent. Ilo-
HAATHE 00 aKTHBHBIX MOJIEKYJIaX U SHEPTUH aKTHUBALIUU IIpolecca.

4. IIpocToii, MOHHBIN U paAUKAJIbHBIA MEXAHU3Mbl XUMUYECKHUX PEAKLIUN.

5. BnusiHue katanau3aTopoB Ha CKOPOCTh peakinu. Buapl kaTtanus3a: rOMOTeHHbIN, FeTepo-
TeHHBIM U MHKPOTETEpOTreHHbIN KaTajau3, aBTOKaTalIu3, MOJIOKUTENbHBIA 1 OTPUIATEIbHbIN Ka-
TaJau3; MOHATHE 00 MHTHOUTOpAX.

Xumuueckoe pasrnosecue
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1. HeobpaTtumblie 1 oOpaTHUMble XUMHUECKUE PEaKIUH. Y CIOBUS 00paTUMOCTH M HeoOpa-
TUMOCTH XMMHUYECKUX MpOIlecCOB. XUMUYECKOe paBHOBecHe. KoHcTaHTa XMMHYECKOTO pPaBHO-
BECHS,

2. [Tpuamun JlelllaTtense. CMeleHne XUMUYECKOTO PAaBHOBECHSI TIPH M3MEHEHHH KOHIICH-
Tpaluii pearupyromux BeUIeCTB, 1aBJICHUS U TEMIIEPATYPhI.

3.KaTtanuzaTopsl B 00paTUMBbIX MTPOIECCaX.

ILleny pabomur:

DKCIepUMEHTaIbHO J0Ka3aTh 3aBUCUMOCTh CKOPOCTH XUMHUYECKOW peakluu OT pa3jiny-
HBIX (DAKTOPOB M NMPOAHATU3HPOBATH CMEIIEHWE XMMHUYECKOTO PAaBHOBECHS NPU U3MEHEHUHU
KOHIIEHTpAIMil pearupyoiux BellecTB.

[TpuGops! u nmocyna:

Becnr ¢ paznoBecom. Cekynaomep. Tepmometp Ha 100 °C. IItaTtuB ¢ npodbupkamu. [Ipo-
Oupku eMkocTbto 50 M1 ¢ HoMepamu (3 WT.). MepHbI HMIMHAP 1A BOJbI HA 25 Miul. MepHble
HWIMHAPKI 175 pacTBopa Tuocyiabdara Hatpuss NaxS;03 emkoctbio 25 mi (1 mit.) U ans pac-
TBOpa cepHOi KnucaoTel H2SO4 emkocThio 25 mit (1 mit.). Xumuueckne cTakanbl eMKocThio 200
M1 (2 wt.) u eMmkocThio 25 M (1 mt.). Crynka. [Tunerka. [lmatens.

Peaxmusvr u mamepuanoi:

[{uHK rpaHy MpoBaHHBIA (IpOTpaBieHHbI) W B mopomike. Hutpar ceunma Pb(NO3)».
Nonun xanus Kl. Men.

Pacmeopur:

Ykeycnas kucinora CH3COOH (0,11.). Constnas kucinora HCI(0,11.). Cepnast kuciaora
H2SO4 (2u. u 1:200). Xmopun xene3a(ll1)FeCls (0,001n. u Haceim.). Poganug kamus KSCN
(0,001H. m Hacem.). Tuocynbdat Hatpus NaxS203 (11, u 1:200).

OIIBIT 1.BnusHue npupoasl pearupyromyx BEMIECTB HA CKOPOCTh XUMUUECKON peakiuu

Jlist mpoBeZieHHUsT OTBbITa OAHY MPOOUPKY 3amoiaHuTh Ha 2/3 obbema 0,1H. pacTBOpoM
YKCYCHOW KHUCIIOTBI, 3aT€M BHECTH TyJa 2 — 3 rpaHyibl LUHKA, IPEJBAPUTEIBEHO IPOMBITHIE BO-
JIOM U BBICYILIEHHBIE (QUIBTpOBaIbHONW OymMaroil. Bropyro nmpoOupky 3amoinHuTh Ha 2/3 o0Obe-
Ma 0,1H. pacTBOPOM COJISIHOM KUCIOTHI, 100aBUTh 2 — 3 rpaHylnsl IMHKA. (Macca nuHKa JOMK-
Ha OBITH OJIMHAKOBA U B TIEPBOM U BO BTOPOI MPOOHpPKax).

CpaBHUTH CKOPOCTH B3aUMOJIEMCTBUS C IMHKOM COJISHOM M YKCYCHOM KHCIIOT OJMHA-
KOBOI KOHIIEHTPALIUU U OOBSICHUTH HAOIIIOTaeMbIE SIBIICHHSI.

[To okOHYaHUU OTBITA BBUIUTH KUCIOTY, MPOMBITh IIUHK, BBICYIIUTH €T0 (PUIBTPOBAIb-
HOM Oymaroi.

OIIBIT 2. 3aBUCUMOCTh CKOPOCTH PEAKIUU OT KOHIIEHTPALlMH PEATUPYIOLINX BEIIECTB

a) K 11. pactBopy tHocynbhara Harpus NaS;03 mpunute 2H. pacTBOp CEpHOI KUCIIO-
TbI H2SO04.

HabmoaTh MOMyTHEHHE PAacTBOpa, KOTOPOE BBI3BAHO B3aMMOCHCTBHEM THOCYIb(]ara
HATPUS U CEPHON KUCIIOTHI C BBIIETIEHHEM CBOOOIHOI Ccephl:

Na25203 + H2SO04 = NaxS04+S02 + H2O+S

Bpewms, koTopoe mpOXOAUT OT Hayala peakiud OO 3aMETHOTO MOMYTHEHHMs pacTBOpa,
XapaKTEepPU3yeT CKOPOCTh PEAKIUH.

0) B Tpu Gonbiine HymepoBaHHbIE TPOOUPKH HAMUTH pazdasnenHbiid (1:200) pacTBop
trocynbdara HaTpus NaxS203: B mepByro —5 M1, Bo BTopyro — 10 mi, B TpeThio — 15 mu. K
COZepXKUMOMY NepBoif mpoOupku 100aBuTh 3aTeM 10 MJ BOJbI, a BTOpOit — 5 mu1 Boxbl. B
TpU Apyrue npoOUpKU HaIUThH Mo 5 miu pazbasieHHoi (1:200) cepHoit kucnotel. B kaxayro
npobupky c¢ pactBopoM NaxS:03 npuianTh Npu MOMEUIMBAHMM MO 5 MJI MPUTOTOBJICHHOMN
H2SO4 u onpenenuTs BpeMsi ¢ MOMEHTa J00aBJICHHS KHUCIOTHI IO IOMYTHEHHUS pacTBOpa B
KaXkJ10# mpoOHpKe.

3amucaTh pe3ynbTaThl 10 cieayromen Gopme:

Ne  mpo- O6vem  O06B- O6bem  OOmmit  YcmoBHas Bpewms CkopocTb
OupKu pacTBo- €M pacTtBo-  o0BeM KOHIICHTpAa- MpoTeKa- peakmumn
pa H20, pa pactBo-  1ma Na:S;03  Hua peak- B yCJIOB-
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Na2S,03  wmn H2S0q, pa, M UHA OO0 II0- HEBIX €1U-
, MII MJI SIBJICHUS HHIIAX,
MYTH, T v=1/1.
1 5 1 5 20 1C
2 10 O 5 20 2C
3 15 5 5 20 3C

Te xe pe3ynbraThl H300pa3uTh rpaduuecKu, OTIOKUB Ha OCH aOCLHCC YCIOBHbBIE KOHIICH-
tpauuu NaxS;03, a Ha OcH OpJIMHAT — CKOPOCTH peakiuu V=1/.

Cnenatb BBIBOA O 3aBUCUMOCTU CKOPOCTH PEAKLUHMH OT KOHIEHTPAIMU Pearupyrolnx
BeulecTB. CornacyroTcs i Ballld HaOJIIOAEHUS ¢ 3aKOHOM JIelicTBUS Macc?

OIIBIT 3. 3aBUCHUMOCTH CKOPOCTH PEAKIIMU OT TEMIEPATYpPhI

Jnst oreita B3sTh pasbasnennbie (1:200) pactBopbl NapS;03 u HoSO4. Hammmte B Tpu Gonbiime
HyMepoBaHHbIe ipooupku 1o 10 mit pactBopa NaxS203, B apyrue Tpu mpobupku — o 10 M pactBopa
CEPHOM KHCIIOTBI M Ppa3/IeNUTh X Ha TPH Mapsl: 110 mpodupke ¢ pactBopoM NaxS;03 1 H2SO4 B kaxkmoid
nape.

OrMeTuTs TEMIEpaTypy BO3/1yXa B JaOOpaTopuu, CIUTh BMECTE PacTBOPHI MIEPBBIX IBYX MPOOH-
POK, BCTPSIXHYTb U ONPEETUTH BPEMsl C MOMEHTA JT00aBIEHHS KMCIIOTHI JI0 TIOMYTHEHHS pacTBOpa.

JlBe npyrue npoOHpKU MMOMECTUTH B XUMUUECKHI CTaKaH C BOJIOM M HArpeTh BOAY JI0 TEMITEpaTy-
pbl Ha 10 °C Bbllle KOMHATHOM. 3@ TEMIIEpATypOU CIEAUTD 110 TEPMOMETPY, OMYIIEHHOMY B BOXY.
Cnuth conepkuMoe MpoOUPOK, BCTPSIXHYTh M OTMETUTH BPEMs OT CIMBA JI0 MOSBICHUS MY-
TH.

[ToBTOpPUTH ONBIT C OCTaBUIMMHUCS ABYMSI IPOOMPKAMHU, HArPEB UX B TOM K€ CTaKaHE C
BOJIoM 10 Temmeparypsl Ha 20 °C Bplllle KOMHAaTHOW. 3anmucaTh Pe3yJbTaThl MO CIEAYIOIIEH

dbopme:

Ne npo- OO0beM O6Bem Temnepatypa, Bpewms no nmo- CkopocTb peakuuu B
OupKHU pactBopa pactBopa °C SIBJICHUSI MY- YCIJIOBHBIX €IMHHUIAX,
Na2S203, H2SOq4, ™, T v=1/1.

MUIT MIT
1 10 10 °C
2 10 10 °C + 10°
3 10 10 °C + 20°

CocraBuTh rpaguk, WITIOCTPUPYIOLIUNA 3aBUCUMOCTh CKOPOCTH peakluu OT TemIepa-
TYpbl A JaHHOTO ombITa. [[1s 3TOoro Ha ocu abcuucc HAHECTH B ONpEAeIeHHOM MacluTade
3HA4YEHUs TEeMIEpaTyphl ONBITOB, @ HA OCH OPJAUHAT — BEJIMYUHBI CKOPOCTHU peakiuu V = 1/1.

Cnenatb BBIBOJI O 3aBUCHUMOCTU CKOPOCTH XMMHYECKOM peakiuu oT Temneparypsl. Ka-
KH€ 3HAYCHUs NMPUHUMAET TEeMIIepaTypHbIH Kod(hduuueHT ans OONBIIMHCTBA XMUMHYECKHX
peaxkuuii?

OIIBIT 4. BausHue NOBEPXHOCTH PEATUPYIOIINX BEIIECTB HA CKOPOCTh T'€TEPOTr€HHOMN pe-
aKIUH

YpaBHOBECUTHh Ha TEXHOXHMHUYECKHX Becax Kycouek Mpamopa (WM MeJia) U TaKylo e Mac-
Cy mopouika Mpamopa (uiu mena) — npubnusutensHo 0,5 r. B 1Be npoOupKu HAIUTH 1O 5 M
pa30aBIeHHON CONSTHOM KHUCIOTHI MU BHECTH B HUX OJHOBPEMEHHO HaBECKH Mpamopa WM Me-
Ja: KyCOo4eK — B OJJHY MPOOUPKY, MOPOUIOK — B Apyryt0. OTMETUTH BpeMsi, KOTOpoe MoTpedyeT-
sl JUTsl TIOJTHOTO pacTBOpPeHUsI MpaMopa (Mena). B kakoil mpobupke peakiius NpoTeKaeT ObICTpee
U mouemy?

Hamucate ypaBHeHHE peaklMM M MaTeMaTHYeCKO€ BBIPAXKEHHE 3aKOHA JEHCTBYIOLIUX
macc. CrenaTh BBIBOJI O BIMSHUM MMOBEPXHOCTU PEArvpylOIIMX BELIECTB HA CKOPOCTh PEaKLUH,
MPOTEKAIOIeH B TETEPOreHHOI cucTeMe.

OIIBIT 5. CkopocTh reTepOoreHHbIX XMMUUECKUX pPEaKLIUi

a) B cyxoii cTynke oCTOpOXHO cMemaTh (He pacTupasi) HECKOJIbKO KPHCTAIJIOB HUTpaTa
ceunua (Il) u moguna kanus. [IpoucxoauT 1U U3MEHEHUE OKPACKU?
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DHepPruyHo pacTuparb Kpucramibl. Uto npoucxoaut? U3 numerku 100aBUTh K CMECH
HECKOJIBKO Kareib BOJbl; 00paTUTh BHUMaHUE Ha M3MEHEHHE OKpacku. OOBSCHUTH OIBIT.
Hanucare ypaBHEeHHE peakuu.

Jlabopamopnas paooma Nel 1.
XuMH4YecKoe paBHOBecHe
Bonpocwl covecedosanus:

1. HeobpaTtumble 1 oOpaTHMble XUMHYECKUE PEaKLUH. Y CIOBUS 00paTUMOCTH M HEeoOpa-
TUMOCTH XMMHUYECKUX MpOIlecCOB. XUMUYECKOe paBHOBecHe. KoHcTaHTa XMMHUYECKOTO paBHO-
Becus,

2. ITpunun Jlelllarense. CmenieHne XMMHUYECKOTO PaBHOBECHS MPU U3MEHEHUH KOHIICH-
TpaluMil pearupyrouux BEeLECTB, 1aBJIECHUS U TEMIIEPaTypBhl.

3.KaTanuzaTopsl B 00paTHUMBbIX MTpOIEcCax.

OIIBIT 1. CMmemieHre XUMUYECKOTO PABHOBECHSI IIPY U3MEHEHUN KOHLIEHTPALUM pearu-
PYIOIIUX BEIECTB

B HeGounbiom crakanyuke cmemmath mo 10 ma 0,001H. pactBopoB xmnopuaa xenesa (1)
FeClz u poganuna kamus KSCN. Hamucath ypaBHEHHE 3TOH 00paTUMO#l peakilMu U BhIpake-
HUE KOHCTaHThl paBHOBECHUSI /1JIs HEE.

[TonyueHHBIN pacTBOP pa3luTh MOPOBHY B YEThIpe MpoOupku. B mepByro npoOupKy mo-
0aBUTb HEMHOI'O KOHIIEHTPUPOBAHHOI'O pacTBopa xyopuaa xenesza (ll1), Bo BTopyro — KOH-
[EHTPUPOBAHHOT'O PACTBOpPA POJIAHHUAA KK, B TPEThIO — HEMHOI'0 KPHUCTANIMYECKOTO XJIO-
puia Kanus, a Y4eTBEpTYI0 NPOOUPKY OCTaBUTH JJisl cpaBHEHUSA. CpaBHUTH LIBET JKUJKOCTEH B
npooupKax.

[lo u3MeHEeHN0 HHTEHCUBHOCTU OKPACKHU CYIAT 00 U3MEHEHUH KOHUEHTpPALUU POJIaHU-
na skeneza(lll) Fe(SCN)z, T.e. 0o cmemenun paBHoBecHs. OOBSICHUTH M3MEHEHHE I[BETA HA
OCHOBAaHHH 3aKOHa JelicTBHUs Macc. CMECTHTCS JIn paBHOBECHE NMpHU pa30aBICHUU IMOIYYCH-
HBIX pacTBOpPOB?

Tema: Xumuyeckass KHHeTHKAa. XHMHUYECKOe paBHOBeCHE

1. Bo cKkobKO pa3 U3MEHUTCS CKOPOCTh MPSIMOI 1 0OpaTHON peakluii B cucteme

2S02(r) + O2(rg=2503(1),

ecii 00beM T'a30BOM CMecH YMEHBLIUTh B TpH paza? B Kakyro CTOPOHY CMECTUTCS PaBHO-
BECUE CUCTEMBI?

2. Bo ckonbKo pa3 yBeIHYHUTCS CKOPOCTh peakiiy, IpoTeKaroleil B ra3oBoi ¢ase, mpH I1o-
BhIieHnu Temreparypsl oT 30 1o 70 °C, ecnu TemnepaTypHbIi KO3GOUIIMEHT peakiui paBeH 27

3. KoHcTanTa paBHOBECHSI TOMOI'€HHOM CUCTEMBI

CO(r) + H20(g=%02(r) +H2(1)

pu 850°C paBHa 1. Beruncinre KOHIEHTpAMU BCEX BELIECTB IIPH PAaBHOBECHM, €CIIU HC-
xoHbIe KOHIEHTpAu# C(Co) uex=3 MOJB/I, CH20Mmex = 2 MOJIB/II.

4. DHIoTepMUYecKas peakis paszIoXKeHus MeHTaxyuopuaa Gocdopa mporekaeT Mo ypas-
HEHUIO

PCls(@=PCls(r) + Clo(r) ; AH%g5 = 92,59 kJIK/MOTb.

Kak namo m3meHuTh: a) Temrepatypy; 0) JaBieHHE; B) KOHIEHTPAIMIO, YTOOBI CMECTUTD
paBHOBecHEe B CTOpOHY peakiuu paznoxenus PCls?

Jlabopamopnas paooma Nel2,
IIpurorosjieHHEe PacTBOPOB Pa3IMYHON KOHLEHTPALUHU

Pacmeopumocmpio BelecTBa Ha3bIBAETCS €r0 CIOCOOHOCTH 00pa30BBIBaTh OJHOPOJHYIO
CUCTEMY C JIpYTUM BEIIECTBOM, SIBIISIFOIIMMCS PACTBOPUTEIIEM.

PacTBOpUMOCTH KMIIKOCTEH B MKUAKOCTU ObIBA€T HEOTPAHMYEHHOHN M orpaHuyeHHOU. [ns
NEPBOT0 BUJA 3TO CUCTEMA «CHUPT — BOJA», Ui BTOpPOro — «3¢up — Boga». Ilocne BcTpsxuBa-
HUs ¢upa ¢ BOJAOU MPOUCXOIUT PACCIOEHUE, YTO MOYKHO HAOIIOAAaTh Ha OMbITE MO 00pa3oBa-
HUIO TPaHMIIBI pa3jiesia MeXy IBYMs pacCTBOpPaMHU: BOJHBIN pacTBop 3dupa (BHU3Y) U 3PUPHBII
pacTBOp BOJIBI (BBEPXY).
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PacTBOpMMOCTBIO BeIIECTBA MOXHO TaK)K€ HAa3BaTh €ro KOHIIEHTPALMIO B HACBIILIEHHOM
pactBope. Konyenmpayus pacmeopa — 3TO KOJIMYECTBO PACTBOPEHHOI'O BEILIECTBA B CUCTEME B
OTIpeNie]IeHHOM O0BbeME WJIM Macce pacTBOpa WM pacTBopuTens. OT KOHIEHTpAIMU 3aBHCAT
MHOTI'M€ CBOMCTBA pacTBOPOB.

[IpumeHnsitoTcst pa3inuuHble CIOCOObI BBIPAXXEHUSI KOHLEHTPALlUU pacTBOPOB, MCIOJb3Yye-
MBbIE€ MPEUMYILIECTBEHHO B KOHKPETHBIX O0JACTSIX HAayKu U TeXHUKU. K HUM OTHOCAT cienyro-
ue:

1) maccosas oonss pacmeopenno2o sewjecmsa: OTHOIICHUE (MPOIICHTHOE) MACChl PaCTBO-
PEHHOTO BEUIECTBA K Macce pacTBOpa. DTOT CIOCOO BBIPAKEHUSI KOHIIEHTPAIIUN YacTO HUCIOJb-
3yeTcsl B TEXHUKE, XUMUYECKON TEXHOJIOTUH, CTPOUTEIILHON ITPAKTHUKE.

2) B XMMHUYECKHX MCCIIEJJOBAHUSAX W JIADOPATOPHOW NPAKTUKE Yalle MPUMEHSIOT MOJAp-
HOCMb, WIH MOJAPHYIO KOHYyeHmpayuio. MonsgpHocThio pacTBopa (M) Ha3biBaeTcs KOJIUYECTBO
MoJIeH BEIIeCTBa, cojepskalieecs B 1 J1 pacTBopa.

3) B aHANUTUYECKUX U3MEPEHUSX M pacueTax MPUMEHSIOT HOPMAIbHYI0, U dKGUBAIEeHN-
Hyl0, KOHIIeHTpauto. HopmanbHas KOHIIEHTpausl pacTBOpa OIpPENEseTCs] KOJIUYECTBOM 3KBU-
BaJICHTOB PACTBOPEHHOIO BelllecTBa B 1 J1 pacTBOpa.

PactBopbl paBHOMMOSPHOCTUB3aUMOICHCTBYIOTIPYT € APYroM B 00BbEeMax, MPOMOPIHO-
HAJIBbHBIX CTEXHOMETPHUECKUM Kod(h(pHIIMeHTaM B ypaBHEHUAX peakiuii. PacTBopsl oanHaKoBOM
HOPMaJIbHOCTH PEArupyroT B OJIMHAKOBBIX 00beMax (B COOTBETCTBUH C 3aKOHOM 3KBHBAJICHTOB).
Boo0ri1e ke pacTBOpHI pearupyroT B XUMUYECKUX PEAKIUAX COTTIACHO MPABHIIY HOPMAJbHOCTEH

4) B XUMHUYECKOM aHaJinu3e (B TOM YHCII€ COCTaBa BOJIbI) UCTIOJIB3YIOT mump pacmeopa — T,
KOTOPbII MTOKa3bIBAET KOJIMUECTBO PACTBOPEHHOI'O BEILIECTBA, COAeprKalerocs B 1 Mi pactsopa.

5) monsnbHas kKowyenmpayus, WA MOJSILHOCMb PACTBOPA, BBIPAKACTCS YUCIOM MOJICH
pactBopenHoro BemiectBa B 1 kr (1000 r) pactBopuTtens. JTa BeIWYMHA, B OTIUYHE OT IPYIHX
CII0COOOB BBIPAXKEHUSI KOHIIEHTPALMH, HE U3MEHSETCS ¢ TEMIIEpaTypoH, Tak Kak JJisl ee onpee-
JICHUs] HEe UCTIONB3YIOT 00beM. Macca BelecTBa U pacTBOPHUTENS, B OTJIMYHE OT 00beMa, He 3a-
BUCST OT TEMIIEPATYPHI.

ITo Macce pacTBOPEHHOTO BEIIECTBA PACTBOPHI MOPA3ACIAIOT HApa30asieHHble U KOHYEH-
mpuposannvie (ycioBHO). K paz6aBieHHbBIM MOKHO OTHECTU PacTBOPBI, COJIEpIKaIe OJUH WU
MEHEe MOJIb pacTBOPEHHOro BemiecTBa B 1 1 pactBopa. IIpu 3TOM HACHIIIEHHBIM HA3bIBAETCS
pacTBOp, KOHLEHTPAlKs KOTOPOIo MpHU ONPEEICHHON TeMmIepaType OTBEYaeT pacTBOPUMOCTHU
BemlecTBa. Ecnu amst pacTBOpeHHs B3SITO OOJBIIE STOTO KOJIUYECTBA, TO U3OBITOK OyaeT Haxo-
JTUThCS B ocajike. Mex1y 0caJkoM M pacTBOPOM YCTaHABIMBAETCS MOJBUKHOE paBHOBecHe. B
HEHACBIIIEHHOM pacTBOPE KOHUEHTpAIUsl PaCTBOPEHHOI'O BEIIECTBA HUXKE €r0 PacTBOPUMOCTH.
B 3aBucumocTu OT pacTBOPUMOCTH COJEp’KaHUE PACTBOPEHHBIX BEIIECTB MOXKET OBITH OUEHBb
pa3HbIM, HanipuMep, B pactBopax Ag2CrOs nmm AgNOa.

Copep:xaHue BEILIECTBA B HACBIILIEHHOM PacTBOpE MPH JIaHHOW TeMIiepaType sIBISIeTCs KpH-
TEpPHEM €ro PacTBOPUMOCTH. Yallle BCEro 3Ty BEIMYMHY BHIPAXKAIOT KaK Maccy B TpaMMax 0e3-
BOJIHOTO BeIlleCTBa, cojaeprkamierocs B 100 r pacTBopuTens B HAChIIEHHOM pacTBope. Ee Ha3bI-
BaIOT KO3 Puyuenmom pacmsopumocmiu.

B HekoTOphIX ciaydasX BO3MOKHO TakKe 0Opa30BaHUE nepechbliyeHHbIX PacTBOPOB, KOTO-
pbie coiepkaT W30BITOK PACTBOPEHHOTO BEMIECTBA. Takue pacTBOPHI 0OpPa3yIOTCs MyTEM [JTH-
TEIbHOTO OXJIAXK/IEHUS HACBHIIIEHHBIX PAacTBOPOB M MPEACTABISAIOT cOOOW HeycToluuBhIe (J1a-
OWIIbHBIC) CUCTEMBI, IPH BHECEHUH B KOTOPBIE 3aTPaBKU B BUJI€ KPUCTAILTUKA COJIA WU APYTOTO
COCTMHECHUS, a TaK)Ke NMPU BCTPSIXUBAHWU WM COTPSCEHUHM PACTBOpPA TMPOUCXOJIUT JIaBUHHAS
KPUCTAIITU3AIMsI OCHOBHOW MacChl paCTBOPEHHOTO B M30BITKE BEIIECTBA.

[To xapakTepy B3aMMOJEHCTBHS PacCTBOPEHHOTO BEIIECTBA C PACTBOPUTENIEM pazIUYaIOT
UOHHblEe U MOJIeK)IsipHble PACTBOPBI. B NEPBBIX pacTBOpsAEMOE BELIECTBO MPEACTABIEHO B BUJE
MOJIEKYJ ¥ IPOAYKTOB UX TUCCOLIMAIIMU HA HOHBL. BO BTOPBIX — B BHJI€ MOJIEKYJ U UX accollya-
ToB. Hanpumep, BOJHBIE PacTBOPHI COSTHON KUCIIOTHI, Cylib(aTa KaabIus, THIPOKCHIA KA —
HMOHHBIE, PACTBOPHI IIIOKO3bI, aIbOYMHHA, KUCIOPO/ia B BOJIE — MOJIEKYJISIPHBIE.
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HonHbIE pacTBOPBI, UM PACTBOPHI AIEKTPOIUTOB, OTHOCSITCS K MPOBOJHUKAM JIEKTpUYE-
ctBa Il pona, T. €. UM mpuCyIIa HOHHASI TPOBOAUMOCTh. DTO PAaCTBOPHI COJIEH, KUCIOT, OCHOBA-
HUH, a TaK’K€ UX PacIllaBbl U HEKOTOPbIE COETUHEHUS B BUJIE TBEPAbIX TEIl.

«IIpucomosnenue pacmeopos ¢ 3a0aHHOU MACCOB0U 001ell 8eujecmsd 8 pacmeopey
Ilenp: Hay4UTHCS IPUTOTABIMBATE PACTBOPHI C 3aJaHHON KOHLEHTPALUEH.
a) I[Ipucomoenenue pacmeopos usz meepooco eeujecmaa u 600bl

[TpurotoBute 200 r5%-Horo pactBopa kKapOoHAaTa HATPUS U3 KPUCTAUIMYECKOH COJBI
Na2COs - 10H20 u BOAEL.

Boruncnute, kakas macca Na;COs - 10H20 tpebyercst st mpurorosienust 200 r 5%-
HOTO pacTBOpa B pacuete Ha 6e3BoHY0 coiib NaxCOs.

OTBecuTh 3Ty Maccy U3MENbUYEHHON COJIbI B IIPEIBAPUTEIBHO B3BEIIEHHOM CTaKaHYMKE Ha
Becax ¢ ToyHocThio 10 0,01 1.

Paccuurarp, kakoit 00beM BOABI HEOOXOAUM JUIsl PaCTBOPEHMs B3ATOM HaBecku. OTme-
PUTH MEPHBIM IIMIIMHIPOM 3TOT 00BeM BOJbL. BBUINTH BOJY B CTakaH W PacTBOPHUTH B HEMl OT-
BELIEHHYIO COJIb.

H3meputh TemmepaTypy NpUTrOTOBICHHOTO pacTBOpa M, €CIIM OHA HE paBHA TeMIleparype,
KOTOpasi yka3aHa B TaOJMIle, JOBECTU €€ J0 YKa3aHHOM BEJIMYMHbBI, HarpeBas WIH OXJIaXKIas
pacTBop.

Boumuth pacTBOp B CyXOM (MM OMOJIOCHYTBI 3TUM PacTBOPOM) BBICOKMM Y3KHM [UIUHAP
U ONPEIENUTh C MOMOIIBI0 apeOMEeTpa €ro IMJIOTHOCTh. APEOMETP MPOMBITh BOJOH, BBHITEPETh
J0cyXa U cliaTh JabopaHTy. PacTBOp BBUIMTH B IPUTOTOBJICHHYIO CKIISTHKY.

[To wHalineHHOW IUIOTHOCTH, MOJB3YsICh Tabmuueil, ompeaenut ® (%) NaxCOs
10H20BpactBope. CpaBHUTH MOTYYCHHYIO BEJTHUHHY C 33JJaHHOM.

Paccunrtars MONSIpHYIO U HOPMAIbHYIO KOHIIEHTPALlUU PUTOTOBICHHOTO pacTBOPA.

0) I[Ipucomoenenue pacmeopa uz KOHYEHMPUPOBAHHO20 PACMEOPA U 800bl

1. IIpurotoButh 250 r 10%-moro pacTBOopa KHUCJIOTHI M3 MMEIOLIETocs B J1aOOpaTOpHH
pacTBopa.

OmnpenenuTs apeoMeTpOM IMIOTHOCTh PAaCTBOPA CEPHON (MM COJISTHOM) KUCIOTHI, UMEIO-
nieiics B 1abopaTopuu.

Haiitu B Tabnune o (%) pacTBopa KMCIOTbI, OTBEYAIOIIYI0 HAallIEHHOH IIIOTHOCTH.

Paccunrarte, kakyro Maccy 3TOro pacTBOpa KHCJIOTBI HY>KHO B3STh Ui IPUTroTOBIeHUs 250
r 10%-Horo pacTBOpa, U 3aTeM MEPECUUTATh MMOJYUEHHYIO BEJIMYMHY HAaBECKU Ha 00BEM.

Paccuntarh HyXHBII1 00bEM BO/IbI, OTMEPUTDH €0 MEPHBIM IIMJIMHIPOM U BIUThH B CTaKaH.

OTMepHUTh MEPHBIM IIMJIMHIPOM PACCUUTAHHBIA 00bEM PACTBOPA KUCIIOTHI, BIUTh €r0 B BO-

Iy (B cily4ae CEpHOM KHCIIOTHI BBUIMBATh TOHKOW CTpyel MpH MOMENIMBAaHUM) U TIIATEIBHO TIe-
pemelaTs pacTBop.

OxJytamuB €ro 10 TeMIiepaTyphl, YKa3aHHOW B TaOJWIle, TIEPETUTh B CyXOW BBICOKHH ITHU-

JUHAP U ONPEJEINUTD IIJIOTHOCTh APEOMETPOM.

CnuTh NOTY4YEHHBIN PacTBOP KUCIOTHI B IPUTOTOBJICHHYIO CKIISIHKY.

[Tonw3ysck Tabnuueit, onpenenuTbo (%) NOTYYEeHHOT0 pacTBOpa U MPOBEPUTH, TAKUM 00-

pa3oM, TOUHOCTH BBITTOJIHEHUS OTIbITA.

BrruncnuTe MOJISPHYIO 1 HOPMAJIBHYIO KOHLIEHTPALMU OJIYYEHHOIO PacTBOpa.

2. TIpurotoButs 200 M pacTBOpa ruapokcuaa Hatpus (p=1,050 r/cM®) U3 KOHIEHTPHUPO-

BaHHOTI'O pacTBOPA U BOJIBI.

Onpenenutb apeoMeTpOM IIOTHOCTh KOHIIEHTPUPOBAHHOTO pacTBOpA.

Haiituo (%) runpokcuna Hatpust (Tabiuia) B UCXOJHOM U IOJTy4aeéMOM PacTBOpaXx.

Boruncnuth maccy pactBopa. PaccunTath HaBecKy, a 3aTeM 00beM KOHIEHTPUPOBAHHOTO

pacTBopa 1 00bEM BO/IbI, HEOOXOAUMBIE JJIsl IPUTOTOBJICHUS 3aJJaHHOTO PacTBOPA.

OTmepuTh MEpHBIM LWIMHJPOM BBIYUCIIEHHbIE OOBEMBI

KOHLIEHTPUPOBAHHOTO PacTBOpa W BOJbI, CIUTh UX, TIIATEIBHO NEpEMENIaTh XHUAKOCTh, MOCIE
OXJIKJCHUS BBUIMTH B CyXOW BBICOKMM LMIMHIP U OMPEAEIUTh apeOMETPOM IUIOTHOCTh MOJY-
YEHHOI'0 PacTBOPA, a 3aTEM BBUIUTH €T0 B CKIISHKY.



50

OrnpenenuTtb pacxoxIeHue HalIEHHOM MIIOTHOCTH U 33JJaHHOM B MPOIEHTAX.

Bbruncnuth MOJISIPHYIO M1 HOPMaJIbHYIO KOHLIEHTPAlMU MTOJIy4Y€HHOTO pacTBOpa.

3aoauu no meme: «Pacmeopovr»

Pacmeop — 3T0 MHOTOKOMITOHEHTHAsi TOMOT€HHasA (PU3MKO-XUMHUYECKasi CUCTEMa, COCTOSI-
miasi U3 paBHOMEPHO PACIPEICICHHBIX YACTHUIl JIBYX WJIM HECKOJbKHX BemiecTB. OJHO U3 3THX
BEILECTB — PACTBOPUTEIIb, & IPYrUe - PACTBOPEHHBIE BellecTBa. [ paHuIa MeX 1y pacTBOpUTETIEM
U PaCTBOPEHHBIM BEIIIECTBOM JOCTATOYHO yCJIOBHA (0COOEHHO, eclii 00a KOMIIOHEHTA YKHUIKO-
ct). Ho ecniu B pacTBOpe mpoTekaeT Kakas-In0o XuMU4ecKasi peakiiusi, TO paCTBOPUTEIEM CUHU-
TAIOT KOMIIOHEHT, HE IPUHUMAIOIIMI B HEW y4acTusl.

BaxHeilias xapakTepUCTHKa pacTBOpa — €ro KOJWYECTBEHHBbINM cocTaB. OTHOCUTEIBHOE
COJIep’)KaHHEe PAaCTBOPEHHOTO BEIIECTBA B PACTBOPE HA3BIBAIOT KOHIIEHTpamuei. CrocoOoB BBI-
pakeHUs1 KOHLIEHTPALMHU CYIIECTBYET MHOT'O, HO Yallle IPUMEHSETCS MPOLICHTHAs! KOHLUEHTpalus
WJIM MacCoBasi 10715 BELIECTBA B PaCTBOPE.

Maccosas 0ons sewecmsa 6 pacmeope
DopmyJibl U1l PaCYETOB MACCOBOM J0JIM BEIIECTBA B PACTBOPE:

Haxosx1ieHne MaccoBOl A0JM PACTBOPEHHOI'O BEILLIECTBA:

% (B-Ba) = M(6-64) ~.100% (1)
m(p — pa)
HaxoxaeHne maccbl paCTBOPEHHOIO BEMIECTBA MO U3BECTHOM MACCOBOM J10JI€ BEILIECTBA:

m (B-Ba) = w%(6 —6a)-m(p — pa) (2)

100%

Haxoxpaenue maccol pacTBopa:
m (p-pa) = m(e — ea) -100% (3)
w%(6 — 6a)
HaxoxaeHne Macchl pacTBOPHUTEIIS:
m (p-ns1) = M (p-pa) — m (B-Ba) 4)
Haxox1eHrne MaccoBO# 10JIM paCTBOPUTES:
®% (p-11s1 ) = 100% - ®% (B-Ba)  (5)
3aoauu nepsoco muna — onpeodeneHue Maccogoll 00U 8eecmad 8 pacmeope no U3eecm-
HbIM MACCam pacmeopumens u pacmeopenHo20 euecmea
3aoaua 1.
Brruucnure maccoByro 1oit0 (B %) XJIOpHaa HATPUs B PacTBOpE, MOJIYYCHHOM B PE3yJIbTa-
Te pacTBOpeHus 44 T MOBapeHHOM COJH B IBYX JTUTPaX BOJBI?
Pewenue:
1. Macca pacTBOpEeHHOT0 BelIeCTBa U3BECTHA U3 YCIOBUS 3amaun: 44 r. 3Has Maccy pacTBOpH-
tenst [p(H20) = 1 xr/n]; m (H20) = pV; m (H20) =1 - 2 =2 (xr), u ucnons3ys dhopmyny (4),
paccurTaeM Maccy pacTBopa:
m (p-pa) =44 + 2000 r = 2044 ().
2. Ilpumensis hopmyny (1), HalizeM MacCcoBYIO JOJIO XJIOPUIA HATPHUS:
% (NaCI) = 44-100 =215(%) -
2044
Oteet: ©% (NaCl) = 2,15%.
3adauu emopozo muna, 6 KOMoOpPwIX MPeOYemcs BbINUCIUMb MACCY PACHBOPEHHO20 8elye-
cmea
3aoaua 2.
Boeruncnute mMacchl conu U BOJbI, HeoOXoaumble ans mpurotoBieHus 300 © pacTtBopa ¢
MaccoBOH noJeit conn 15%.
Pewenue:
1. Ucnonezyem popmyny (2) uist pelieHus dTON 3a1auu:

m (comu) —300-15 _45 (1),
100

2. Maccy Boabl (p-Jist) BEIAUCTUM 110 dhopmyie (4):
m (H20) =300 — 45 =255 (7).
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OTBeT: Macca cosi 45 r; Macca BoabI 255 T.
3aoauu mpemve2o muna, 6 KOMmopvlx Mpedyemcs Haumu Maccy pacmeopa no e2o napa-
Mempam
3aoaua 3.
YmMmecturcst u B MepHOU koabde Ha 500 mut 20%-Hbli pacTBOp conu, coaepxkamuii 120 r
pacTBopeHHoro BemiectBa? IlnorHocTs pacTBopa paBHa 1,15 r/min?
Pewenue:
1. Maccy pactBopa ¢ 3aJaHHBIMU [TapaMeTpaMHu MOXKHO paccuuTarthb 1o ¢popmyie (3):

m (p-pa) — % _600 ().

2. Haiinem o6beM pacTBopa:
V (p-pa) - 600 _ 522 .
115

Otger: B kos10e 00bemMoM 500 MJT CTOIBKO pacTBOpPA HE IIOMECTHUTCH.

3aoauu no meme: «Pacmeopumocmuy

[Tpouiecc pacTBOpeHUs: — CIOXHBIA (PU3NKO-XUMUYECKUU mporecc. PactBopumocTs Be-
[IECTB Pa3JInyHa U 3aBUCUT OT WX (DM3MUECKUX U XUMUYCCKUX CBOUCTB. CienyeT MOMHHUTB, YTO
pacTBOp, B KOTOPOM JOCTHUTHYTa MakCHUMaJbHO BO3MOXHAasl MPHU JAHHBIX YCIOBHUSX MaccoBas
JI0JI1 PaCTBOPEHHOI'O BEILECTBA WM PAaCTBOP, HAXOJALIMICS B PAaBHOBECHU C PAaCTBOPEHHBIM
BEIIIECTBOM, Ha3bIBAIOT HACHIIIICHHBIM.

3aoaua 1.

PactBopuMocTs auxpomata kanus B Boje mpu 80°C cocrapnsier 73 r B 100 r Bogs! (koad-
bunueHT pacTBOpuMOcTH). PaccunTtaiiTe MaccoByr0 JOJIO HACHIIIEHHOTO MPU JIaHHOW Temrepa-
Type pacTBOpa AUXpomara Kajusl.

Pewenue:
Haxomum maccy pactBopa KoCr207:
M (p-pa) =M (-Ba) + M (p-1);

m (p-pa) = 100 + 73 =173 (1),
orcrona o popmyse (1) paccuuTbiBaeM MacCOBYIO JIOJIIO TUXpOMATa Kalus:

®% (K2Cr207) = 73-100 42,2(%) .
173

Obpamnas 3a0aua.

Paccuuraiite korddunmeHT pactBopuMocTH HUTpaTa kanus npu 20°C, ecnu MaccoBas 10-
JIsl HACBIIIIEHHOTO MPHU JaHHOM TeMIlepaType pacTBOpa 3TOM coiiu paBHa 24%.

Pewenue:

Cnocob 1.

KoadduimeHT pacTBOPHUMOCTH TMOKA3bIBAET, CKOJIBKO COJH MOXET PACTBOPUTHCS MpPH
JnaHHbIX ycinoBusax B 100 r Bozbl, mo3TOMy Macca pactBoputena pasHa 100 r.

O0603HauMM Maccy pacTBOpeHHOTO BemiecTBa x (T). Torma macca pactBopa coctaBuT (100
+ Xx) r. YuuThIBas, 4TO MaccoBas J0Ji1 HUTpaTa Kajlus WM3BECTHA, ¢ MoMoIIbio GopMyibl (1)
MO’KHO 3aIMcaTh YpaBHEHHE:

% (KNO3) = m(KNQ,) -100%

m(p - pa)

249 = *x-100%

(100 + x)
x=31,6T.
Cnocob 2.

B 100 r pactBopa comepxutcst 24 T HUTpara Kaius, 3Ha4uT B 76 T Boabl (100 r — 24 1)
pacTBopsieTcs 24 T HUTpaTa Kajusl.
Paccyxnaem Tak:

B 76 r Boas! pactBopsierca 24 TKNOs

6 100 2 600vl pacmeopsiemcs x 2 KNO3
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COCTaBUB MPOMOPIHUIO, HAXOAUM, 4yTO X = 31,6 T.
Kpucmannocuopamot

PactBop — 3T0 (U3HMKO-XMMHUECKas cucTeMa. B pe3ynbTare B3auMOJICHCTBUS MOJEKYII
pPacTBOPUTENIS U PACTBOPEHHOI'O BEIIECTBA BOSHUKAIOT COEIMHEHMSI, Ha3bIBa€MbIE COJIbBaTaMU (B
BOJIHBIX pacTBOpax — rujparamu). HOTa Takue COSAMHEHUS OKa3bIBAIOTCS HACTOIBKO YCTOM-
YUBBIMH, YTO MOTYT OBITh BbIIE€JICHBI U3 PACTBOpA IPHU OCTOPOKHOM BhImapuBaHuu. Coaepxa-
miasicss B HAUX BOJA HA3BIBACTCS] KPHCTAJUIM3AIMOHHOW, a caMH O0pa3yIomuecs: COSAUHCHUS —
Kpuctayoryapatamu. [lo cBoeMy CTpOEHHIO KpUCTAUIOTUAPATHI PA3JIMYHBL: OJHHU COJIEPKaT
BOJIY HEMOCPEACTBCHHO B KPUCTAJUTMUECKON PEIIETKE U TEM CaMBIM MOJIHOCTHIO COOTBETCTBYIOT
cBoeMy HazBaHuio (Mupadmmut NaxSO4-10H20), npyrue npeactaBisitoT co00r KOOPAHMHAIIMOH-
HBIC COeAWHCHMs (Hampumep, GopMyay MEIHOTO Kylopoca MpaBHIIbHEE 3alChIBaTh B BUIE
[Cu(H20)4]S04-H20). BHe 3aBUCHMOCTH OT CTPOCHHS, KPUCTAJUIOTUAPATHI — COCAUHEHHMS, JIETKO
00€e3BOKMBAIOIIUECS MPU HATPEBAHUU.

3aoauu na onpedenenue gpopmynvl Kpucmaniocuopama

3aoaua 1.

[Tpu momHOoM oOe3BoKMBaHWU 48,3 T Kpucrauoruapara moinydeHo 21,3 r cymbdara

HaTpus. Onpenenure GopMylly KpUCTaJUIOTUIPATA.

Pewenue:
1. U3 ycnoBus 3amauu cienyer, uto ¢popmyna kpucramwioruapara NaxSO4 -xH20.
Haxomum MonsipabIe Macchl Cyiib(aTa HATPHUS ¥ BOJIBI:
M (NaxSO4) = 142 r/monb; M (H20) = 18 r/moib.
B 48,3 r xpuctramoruapara coaepxurcs 21,3 r cynbdara HaTpus, ocTayibHOE (27 T) — BoJIA.
2. Haiinem, ckoilbKO BOJIBI MpuxoguTcs Ha 1 Monb cynbdarta HaTpusi: Ha 21,3 r cynbdara
HATpUS IPUXOAUTCS 27 T BOABI
Ha 142 r cynbdara HaTpUs — y T BOJBL;

y=180r
Boruncnsiem, ckosbko modieit coaepxutcs B 180 r BoIbl
n= M(H,0) 1
M(H,0)
n= % =10(monp) 1

T.€. Ha 1 Monb cynbdara HaTpust npuxoautcs 10 Mok BOABIL.
Otgert: ¢popmyna kpucramuoruapata NazSOq - 10H20.
3a0auu na npucomosnenue pacmeopos KpUCmaniiocuopamos
[Tpu pacTBOpeHUU KPUCTAJUIOIMIPATOB KPUCTAIIM3AaLMOHHAS BOJA NIEPEXOJUT B PACTBOP
U TEM CaMbIM YBEJIMYHMBAET MACCY PACTBOPUTEIIS.
3aoaua 2.
Ckonbko BojbI U anrnuiickoit comu MgSO4- 7H20 HeoOxoaumo B3STh Ui IPUTOTOBIICHUS
440 t pacTBOpa cyab(dara MarHus ¢ MacCcoBOH JoJiel paBHOH 8%.
Pewenue:
1. Haunem pemate 3aa4y ¢ KOHIIA.
I[To ¢popmyse (2) B pacTBOpE JOIKHO COJIEPKATHCA:
m(Mgs0 ) = ML Pal: 0%} S8 352 (r).
100% 100
2. Berunciaum mossipabie Maccbl: M (MgSQOs- 7H20) = 246 r/monb; M (MgSOas) = 120
I/MOJIb.
3. Haiinem maccy anrnuiickoit conu, TpeOyemoil 11 MpUroToBIEHHUs pacTBopa. Paccyx-
JTaeM CIIeAYIOLUIUM 00pa3oM:
B 246 1 anrnuiickoit conu coaepxurcs 120 rMgSO4
B X T aHIJIMICKOM comu — 35,2 1 MgSOq4
COCTABJISIEM TPOTIOPLIUIO M HAXOAUM X:

x = 35,2-246 — 72’2 (F)

120
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Haiinem Maccy BOABI U1 IPUTOTOBIICHUS pacTBOPA:

m (H20) = m (p-pa) — m (MgSOQa);

m (H20) =440 - 72,2 = 367,8 (1).

OTBeT: Macca aHTIMMCKON cou - 72,2 1; Mmacca Boabl — 367,8 T.

Heiicmeusn ¢ pacmeopamu

OuyeHp 4acTo B NMOBCEAHEBHOM >KM3HU IPHUXOAUTCS MPOBOAUTH Pa3IMYHbIE IEHUCTBHS C
pacTBOpaMH, HE COIMPOBOXK/AIOIIUECS MPOTEKAaHUEM XHMHMUYECKUX PEakluid: pa3zdaBieHue, yra-
puBanue u T.1. [Ipu 3T0M HYHO yMETh MPOU3BOJIUTH BBIYHMCICHUS] MACCOBOM JIOJIM BEILIECTBA B
pacTBope.

Pazb6aenenue

3aoaua 3.

K 120 r 15%-noro pactBopa conu nob6asuiu 80 r BoAbl. BeuucIuTe MacCcOBYIO OJIO
COJIM BO BHOBbB ITOJIYUEHHOM PacTBOpE.

Pewenue:

1. BeiBegem opmyny ISl pacyeTa MacCOBOM JIOJIM BEIECTBA B Pa30aBIEHHOM PacTBOpE.
O6o3HauuM ee ®(B-Ba)1, Maccy pactBopa — M (p-pa)i, a Maccy pacTBOPEHHOTO BellecTBa - M (B-
Ba)1. B pe3ynbTare pa3baBieHus MOIyYrM HOBBIA pacTBOp C MapameTrpamu o (B-Ba)z2;M (p-pa)z;
m (B-Ba)>.

Torpa:

(6 — 6a), = m(s —6a) -100%
m(p - pa),
m(p — pa), - ®%(s —6a),
100% '

[Tpu noGaBieHnH BOABI Macca paCTBOPEHHOTO BEIIECTBA HE U3MEHHUTCS, CIIEOBATEIBHO,
m (B-Ba)1 = M (B-Ba)2, a Macca BHOBb IMOJIYYEHHOTO pacTBOpa OyJeT paBHa CyMMe MaccC MCXOJI-
HOTO pacTBOpa M MPHJIUTOHN BOJbL. Bocmonbs3oBaBiuch GopMymnol A ompeaeneHus MacCOBOM
JIOJIH, TIOCJIE COKPAIICHUS TTOITYIUM:

m(s—sa), =

m(p — pa), - @(6 — 6a),
m(p — pa), + m(H,0)
2. [oacraBuM B 3Ty (hOpMYIy JaHHBIE U3 YCIOBUS 3a/1a4H:
120-15

0)%(6 - ea)z = M = 9(%)

OTtBeT: ®% (comu) B HOBOM pacTBope paBHa 9%.
Ynapueanue

w(6—6a), =

3aoaua 4.

N3 400 r 20%-HoT0 pacTBOpa conu ynapusanueM ynanuiau 100 r Bogel. Yemy crana pas-
Ha MaccoBas J0JIs COJIM B ITOJIyY€HHOM pacTBope?

Pewenue:

1. Bo3bmeMm Bce yciioBHbIE 0003HaueHUs U3 mpenslaymeit 3agaun, m (H20) - 3To mMacca Bbina-
peHHOl BoAbl. B 3TOl 3a7aue, Kak ¥ B paCCMOTPEHHON paHee, Macca pacTBOPEHHOI'O BEILECTBA
HEM3MEHHA, CIIeI0BaTEIbHO!
m(p — pa), - %(s —6a),

100%

m(eé —6a), =m(s —6a), =
A Tak kak m (p-pa)2 = m (p-pa)1- m (H20), To nomyuum:
m(é —6a), -100%  m(s - sa), -100%
m(p - pa), m(p - pa), —m(H,0)
[Tocne cokpanieHuit MOKeM 3aIncaTh:

®%(6 —6a), =

m(p — pa), - o(6 —6a),
m(p — pa), —m(H,0)

(s —6a),
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2. IlonctaBuM B  TMOJYYEHHOE  BBIPAXKEHUWE  YHCIOBBIE  3HAYEHUS  BEJIMYUH:
w%(6—s6a), = _400:20 _ 27,6(%) .
400-100
OtBeT: MaccoBas 10715 BELIECTBA B pacTBOpe paBHa 27,6%.
Konyenmpuposanue
3aodaua 5.

K 200 r 4%-noro pactBopa ruapokapOoHaTta HaTpus no0aBwid 5 T ruapokapOoHaTa

HaTpus. Onpenenure MacCOBYIO JIOJIO BEUIECTBA B IMOJYYEHHOM PacTBOpE.
Pewenue:

1. Beenem o0o3HaueHue: Me — Macca 100aBIeHHOM conu. Macca pacTBOPUTENS B JaHHOM
Cllyyae HE MEHSETCS, 3HAYHT:

m (p-pa)2 = M (p-pa)it m;

m (B-Ba)2 = M (B-Ba)1 + Mc, a TaK KaK
m(p — pa), - @%(s —6a),

100%
m(s—6a),-100% m(e—ea), +m, B
m(p — pa), a m(p—pa)1+mc-100%_

m(e —6a), =

w%(6—6a), =

m(p — pa), - @%(s ~6a), m,
100% m(p — pa), +m, -100%
2. [loacTaBUM B MOTYYEHHOE BBIPAKEHUE YMCIIOBBIC 3HAUCHHS:
®%(6—6a), = 200-4 + > =6,3(%) .
100  200+5-100
OtBeT: MaccoBasi 1015 THAPOKApOOHATa HATPHS B MTOJYYEHHOM pacTBope paBHa 6,3%.

Cnusanue 08yx pacmeopos

3aoaua 6.
K 120 r 20%-noro pactBopa cepHoil kucnotsl 1o6aBuian 40 r 50%-Horo pacTBopa cepHO
kucnoThl. KakoBa MaccoBas 105151 BelleCTBa BO BHOBB IOJTYYMBILIEMCS pacTBOpe?
Pewenue:
1. B naHHOM city4yae U3MEHsIeTCs BCe: Macca paCTBOPEHHOT'0 BEIIECTBA, Macca pacTBOPH-
TEJsl U Macca pacTBopa:
m (B-Ba)3 = M (B-Ba)1 + M (B-Ba)2;
m (p-pa)s = M (p-pa). + M (p-paje.
Toraa MaccoBast 10J1 BELlIECTBA B 00pa30BaBIlIEMCs pacCTBOPE paBHa!
m(s —sa), -100%

m(p — pa)s
CrnenaeM COOTBETCTBYIONIYIO TIOACTaHOBKY:
— . Y —
wh(e — ga), = M2~ Pa)y @%(s —a);
100%
m(p - pa), -w%(s —6a), .
+ :m(p — pa), -100%
100% (p— pa),
2. [MoacTaBUM B MOTy4E€HHOE BBHIPAKEHUE 3HAUCHUS BETTUYHH:
120-20 40-50
+———:120+40-100 = 27,5(%) .
100 100
OTtBeT: ® (B-Ba) B HOBOM pacTBope paBHa 27,5%.
pyaue cnocodul gvipasicenus KOHYeHmpayuu
Wuorna B 3a1auax cojiep:KaHrue paCTBOPSHHOTO BEIIECTBA BRIPAKAIOT B IPYTHX €IUHHUIIAX
usMepenus. B nepByro odepens 3To MonspHas KoHieHTpamus (Cy), KoTopasi paBHa OTHOIICHHUIO
KOJIMYECTBA PACTBOPEHHOTO BEIIECTBA (B MOJISX) K 00BEMY pacTBOpa, paBHOMY 11

Cw:_
SV

0%(6 —6a), =

:m(p - pa), +

w(6—8a), =

3agaua 7.
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Boruncnute MomsipHyro  koHueHTpanuiro 20%-Horo pactBopa xsopuiga Kanusa (o=
1,13r/m).
Pewenue:
1. Haiinem Maccy 0JJHOTO JIUTpa pacTBOpa XJIOpUJIa KaIus:
m (p-pa)= 1000 - 1,13 = 1130 (7).
2. Haiinem maccy BeliecTBa — XJ0pUaa Kajlus:
m(p — pa) - ®%(6 — 6a)
100%

M(s —6a) = % 226 (1),

m(e —ea) =

3. HaiineM KoJIMYECTBO BELIECTBA XJIOPUIA KAJIHS:
M (KCI) =39 + 35,5 = 74,5(r/mou1b);

n=-11 (KCI) = 225 _3(,0m)
M 74,5
Ortger: kounentpaims KCI B pactBope cocrasnsier 3 M, wim Cy (KCI) = 3 mounb/i1.
Bonpocwl covecedosanus:

1. JlaiiTe onpeienieHre pacTBOP, paCTBOPEHHOE BEIIECTBO, PACTBOPHUTEINb.

2. [IpuBenuTe GakThl, KOTOPHIE YKa3bIBAIOT HA TO, YTO B BOAHBIX PACTBOPAX CyIIle-
CTBYIOT XUMHUYECKHE COCTMHEHHS PACTBOPEHHOTO BEUIECTBA C BOJOW, M (DAaKThI, KOTOpHIE COMH-
KAIOT PACTBOPBI C MEXaHHYECKHMHU CMECSIMHU.

3. ConbBarauus. ConbBaTupoBaHHbIE HOHBI. Kpucrammoruaparsl.

4, PactBopumocts. KoaddumueHT pactBopumMocTH.

S. HacplmieHHbIi, HEHACBIICHHBIM U IIEPECHIIEHHBIA pacTBOPbl. KOHIIEHTpUPOBaH-
HBII ¥ pa30aBICHHBIA PACTBOPHI.

6. KonnuecTBeHHOE BBIpaKEHHE COCTaBa PacTBOPA:

- MmaccoBas 10111 ® (%) BelecTBa B pacTBOPE;

- MmossipHast o715t N BerecTBa B pacTBODE;

- MOJIsIpHAsi KOHILIEHTpalus pactsopa Cw;

- HOpMaJibHas KOHIeHTpalus pactBopa CH;

- TUTp pacTtBopa T;

- MOJISLITBHOCTD pacTBopa CMy.

3aga4u AJ151 CAaMOCTOSITEIbHOTO PeIICHUs!

1. B xumuueckuii crakal, cogepkamuii 200 My BOABI, TOCIEI0BATENbHO BHEeCHU 28,4 T
dochopHoro anruapuaa u 33,6 r ruapokcuaa Kanus. Beruucinte MaccoBbie JOIM BEIIECTB, CO-
JIeprKaIIUXCs B PACTBOPE 110 OKOHYaHUH BCEX PEAKIIMM.

OtBet: ©% (KH2PO4) = 10,38%; ©% (K2HPO4) = 13,28%.

2. Koappumment pacrBopumoctu xinopuga ammonus npu 100°C cocrasnsier 77 1, a ipu 0
°C — 37 r B 100 r Boabl. CKONBKO CONM BBIIECIUTCS MPHU OXJIAKJICHUH 60 I HACBIIIEHHOTO MPH
100°C pactBopa xiopuna ammonus a0 0 °C? Otsert: 13,6 T.

3. ITpu ocropoxxHoM ymapuBanuu 120 r 16%-Horo pactBopa xJiopuaa Kajablus ObUIO MO-
aydeno 37,9 r kpucramioruapara. Onpeaenure ero Gopmyiy.

Ortger: CaClz- 6H20.

4. Tpebyercs npurotoButh 1 kr 15%-Horo pactBopa ammuaka. CKOJIBKO HYXHO B3SITh JUIS
ATOTO BOABI M KOHLIEHTPUPOBAHHOTO 25%-HOT0 pacTBOpa amMmmuaka?

Otser: 600 r 25%-noro pactsopa ammuaka u 400 r BoJbI.

5. 120 r 10%-noro pactBopa noBapeHHo# conu ynapuwiu a0 80 r. KakoBa maccoBast 1o
COJIM B PacTBOPE NOCIE yIapyuBaHUs? Otser: 15%.

6. [TnotHOCTH 20%-HOrO BOAHOrO pacTBOopa xjopuaa 6apus npu 20°C pasna 1,2 r/min. Bol-
YHUCIUTE MOJISIPHYIO KOHIIEHTPALMIO ATOI0 pacTBOpa.

Otser: 1,15 M.
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7.Kakas mMacca LMHKAa MOXET IpPOpEearupoBaTh C COJITHOW KUCIOTOH oObemoM 50 mi u
MI0THOCTRIO 1,1 T/Mi1, MaccoBasi OJs COJSTHOM KHUCIOTHI B KoTopoM coctaBisieT 20%. Kakoi
00beM BoJI0poa (H.y.) BBIACIUTCS IPHU 3TOM?

Ortser: 9,8 rZn; 3,4 1H>.

8. Ckonbko TpaMMOB 5 %-HOTO pacTBopa HHTpaTa cepebpa Tpedyercs ajiss 0OMEHHOH pe-
akiuu co 120 mut 0.6 H pactBopa xyopuaa antoMUHUS?

9. Beraucnute Cy, Cy u Cyx 98 %-Horo pactBopa cepHoit kuciotsl (o = 1.84 r/mn).

10. Cxonbko sutpoB 0.1 H pacTBopa cepHON KUCIOTHI MOXHO MPUTOTOBUTH U3 70 Ml
ee 50 %-noro pactBopa?

Jlabopamopnas paooma Nel3.
IIpuroroBJ/jieHHe pacTUTEIbHBIX HHAUKATOPOB
Bonpocwl covecedosanus:
1. UnukaTopsl.
2. Tunbsl UHAUKATOPOB.

Wupukaropsr (ot sat. Indicator — ykasarenb) — coelMHEHHE, TIO3BOJISIONICE BU3YAIU3H-
pOBaTh M3MEHEHHE KOHIICHTPAIIMU KaKOro-Iu00 BellecTBa WM KOMIOHEHTa. UToOb! Kakoe-11u0o
BEIIECTBO MOTJIO CIYKHTh MHIUKATOPOM, OHO JIOJDKHO YIOBJIETBOPSATH CIETYIOIIUM HEOOXOIH-
MBIM YCJIOBHSIM: JOJKHO OBITh CJ1a00i KHCIOTOM WM ClIa0blM OCHOBaHHEM; €ro MOJEKYIbl U
MOHBI JOJDKHBI UMETh Pa3HYI0 OKPAacKy; OKpacKa UX JIOJKHA ObITh YPE3BbIYAHO WHTEHCHUBHOM,
4TOOBI OBITH 3aMETHOM MpHU 100aBKE K UCIBITYEMOMY PacTBOPY MaJlor0 KOJMYECTBA MHAUKATO-
pa. [IpoGnema nonyyeHuss UHAUKATOPOB JOCTATOYHO aKTyallbHA, TAK KaK MPUPOIHBIC MHIANKATO-
PBI UTPAIOT OOJIBIIYIO0 POJIb U MIKUPOKO UCIOIB3YIOTCS MPU XUMHUYECKHUX HcciaenoBaHusx. Muau-
KaTOpbl IIUPOKO HCIIONB3YIOT B TUTPOBAHUHM B AHAIMTUYECKOW XMUMHHU M Omoxumuu. Ux mpe-
MMYILECTBOM SIBIISETCS ACIIEBU3HA, OBICTPOTA M HATJIATHOCTh UCCIIEIOBAHUSI.

CaMblil 4acTO UCIIONIBb3yEMbII U U3BECTHBIM B XUMUU PACTUTENbHBIN KUCIOTHO-OCHOBHOM
uHanKaTop — nakmyc. OH Obul u3BecteH yxe B JlpeBHem Erunte u B JpeBHem Pume, rae ero
HCIIOJIb30BAJIM B KauecTBE (PHOJIETOBOM KPAaCKU - 3aMEHUTENIS JJOPOTOCTOSIIETO MypIypa.

ITo3xe nakmyc O6bUT OTKPHIT B 1663 roay. OH npeacTaBisi coO0H BOJHBIN pacTBOp JIH-
maitHuka, pactymiero Ha ckainax B lllormmanauu. Pobept Boiiias nmpuroToBmsl BOAHBIN pacTBOP
JAKMYCOBOTO JIMIIAHHUKA JJI1 CBOMX ONBITOB. CKIISIHKA, B KOTOPOIl OH XpaHWJI HACTOM, MIOHAJI0-
Omnach ISl COJMITHOM KHUCIOTHI. BBUTMB HacToM, Boiisib HAMOMHWII CKIISTHKY KUCJIOTON U C YIAUB-
JeHrueM OOHapyXWII, YTO KHCIOTa MOKpacHeNa. 3anHTEPECOBABIINCH ATUM sBIIeHHEM, boilns Ha
po0y 100aBUII HECKOJIBKO Karellb K BOJAHOMY pacTBOPY TMAPOKCHIA HATpUs U OOHAPYKUJI, UTO
B IIENIOYHOM cpefie JaKMyc CHUHeeT. Tak ObLT OTKPBHIT MEPBbIM MHIUKATOP AJsi OOHAPYKEHHS
KHUCJIOT W IIeJI0OYEH, HA3BaHHBINA 10 MMEHHU JIMIIaiiHuKa JJakMycoM. C TeX Mop ATOT UHIUKATOP
SBIISIETCS OAHUM M3 HE3aMEHHMMBIX MHAMKATOPOB B PA3JIMUYHBIX UCCIENIOBAHUSX B OONACTH XH-
MUH.

CyliecTBYIOT CIAEAYIOIINE BUAbl XUMUYECKUX UHANKATOPOB:
KucioTHO-OCHOBHBIE.
YHuBepcanbHbIe
KommnekconomeTpuieckne
AnicopOIMOHHbIE
®yopeclieHTHBIE
XeMUITIOMUHECIIEHTHBIE
KucnoTHO-OCHOBHBIE — 9TO OPraHMYECKHE COEAMHEHHUS, CIIOCOOHBIE M3MEHSThH LIBET B pac-
TBOpE MPH U3MEHEHWU KHUCIOTHOCTH. TaKue WHIAMKATOPHI PE3KO U3MEHSIOT CBOM I[BET B JIOCTa-
TOYHO y3KHX rpanunax pH.
VYHuBepcaTbHbIE UHANKATOPHI — ATO CMECh HECKOJIBKUX WHJWBHUAYAIbHBIX WHIUKATOPOB,
MoI00paHHBIX TAK, YTO UX PACTBOP MOOYEPEAHO MEHIET OKPACKY, TPOXO/Is BCE IIBETA.
KommiekcoHomeTpruyeckue WHIMKATOPhl — BEIIECTBa, 0Opasyiollie ¢ MOHAMH METaJlJIOB,
OKpaIlIeHHbIE KOMIUIEKCHBIE COETMHEHUSI.


http://ru.wikipedia.org/wiki/Концентрация

57

AnCOpOIIMOHHBIE HHAMKATOPHI — MHIMKATOPHI, KOTJIa HEKOTOPbIE BEIECTBA aJICOPOUPYIOTCS
Ha MTOBEPXHOCTH 0CAJIKa, U3MEHsS €ro OKpacKy.

DyopecleHTHbIE HHIUKATOPBl — TaKue WHAMKATOPHI CBETATCS ((IyopecuupyroT) pa3sHbIM
1[BETOM B 3aBUcUMOCTH OT pH pactBopa. OHM y1OOHBI IIPU UCCIIEOBAHUN MYTHBIX WM OKpa-
HIEHHBIX PACTBOPOB, B KOTOPBIX MPAKTUYECKH HEBO3MOXKHO 3aMETHTh HM3MEHEHUE OKpPACKU
OOBIYHBIMHU KHCJIOTHO-OCHOBHBIMHU MHMKATOPaMHU.

XeMIITIOMUHECIIEHTHBIE WHAUKATOPhl — BEIIECTBA, CIIOCOOHBIE B TOYKE 3KBHUBAJICHTHOCTU
CBETUTBHCS BUAMMBIM CBETOM M MCIIOJIb3YyEMbI€ NPU TUTPOBAHUHM CUJILHO OKpPAIIEHHBIX PAaCcTBO-
pOB.

[TpryrHa n3MeHeHusl LIBeTa UHAMKATOPOB B TOM, UYTO NPUCOEANHEHHE UM OT/la4ya IPOTOHOB
€ro MOJICKYJIaMH CBSI3aHBI C 3aMEHOI OJTHMX XpOMO(GOPHBIX TPYII JPYTUMH WK C TMOSBICHUEM
HOBBIX XpOMO(OPHBIX I'PYIII.

XpoMopOpbl — HEHACHIIICHHBIC TPYIILI aTOMOB, 00YCJIAaBIMBAIONIME IIBET XUMHUYECKOTO CO-
equnenus. K xpomodopam otnocsat azorpynny —N=N—, autporpynmy —NO2, HuTpo3orpym-
ny —N=0, kap6onmnsHyto rpymmny =C=0, cOnpsHKEHHbIE CUCTEMbI JBOWHBIX CBSI3€H, XMHOMU/I-
Hbl€ TPYIIIMPOBKH U JP.

BBenenue npyrux rpymm, HasbiBaeMbIx aykcoxpomamu (—OH, —NH2 u np.), cnocobcrByer
YIIIyOJeHUIO OKPACKH.

Ecnu namukaTop - cnabas kuciora HIn, To B BomHOM pacTBope umeer mecto paBHoBecue: HIn +
H20/In" + H3O™". Ecnu ungukarop - cinaboe ocosanue In, to: In + H2O/HIn® + OH™. B 061mem
BHJIE MOKHO 3anucats: Ina + HoO/Inp + H30™, rne Ina 1 Inp - cOOTB. KuCIas 1 OCHOBHAs bopMBI
UH/IMKaTopa, KOTOpble OKpalleHbl pa3nnyHo. KoHcranTa paBHOBecus 3Toro mnpouecca Kin =
[Inp][H3O™]/[Ina] HassiBaeTcst KOHCTaHTON MHAMKATOpa. L[BET pacTBOpa 3aBUCHT OT COOTHOIIIE-
Hus [Ina]/[Ins], koTopoe ompenensiercst pH pactBopa. CuuTarot, 4To LBET OXHOI (HOPMBI HHAHU-
KaTopa 3aMeTeH, eCM ee KOHIeHTpanus B 10 pa3 mpeBbImaeT KOHICHTPALUIO OpYyroi (GopMsl,
TO ecTh ecau oTHomeHue [Ina]/[Iny] = [H3O*)/Kin paBuo <0,1 wiu >10. U3menenue Haubonee
otueriuBo, koraa [Ina] = [Iny] u Kin = [H30]", 1.e. npu pH = pKin. K coxanienuro, npupojaHbie
UH/IMKAaTOpbl HE UMEIOT MHTEpBaja Mepexoja n3-3a CBOErO CIOXKHOro cocTaBa. MIHTepBajbl me-
pexojia HEKOTOPbIX U3BECTHBIX CUHTETHUECKUX UHIMKATOPOB CMOTPH HUXKE (puc. 1).

MHaukatop O 1 2 3 4 5 6 7 8 9 10 11 12 13

TUMONOBIA CHHUY - —
MeTunopaHx
Bpomkpezonoewlit 3enéHbIA |
MeTUNOBLIH KpacHEIW
BpomTUMONOBLIA CUHUA
DOeHondTanemH
TumondgraneuH

ANUzapuHOBLIA KENTEIA R

|
Puc. 1. I3MeHeHue 1iBeTa CHHTETUUECKUX UHIUKATOPOB B 3aBUCUMOCTH OT PH.
Kuca0THO-0CHOBHBIE MHIMKATOPBI MOXHO HAWTH cpelld MPUPOJHBIX 00beKTOB. [Iurmen-
Thl MHOTHX PACTEHUH CIIOCOOHBI MEHATH LIBET B 3aBUCUMOCTH OT KUCJIOTHOCTH KJIETOYHOTO COKA.
CrneznctBue, TUTMEHTHI ABIISIOTCS MHIAMKATOPaMH, KOTOPbIE MOKHO INPUMEHUTH JUIsl UCCIIEI0BA-
HUSL KUCJIOTHOCTH JIpyruXx pactBopoB. OOIiee Ha3BaHHE TaKUX PACTUTEIbHBIX MUTMEHTOB (uia-
BoHOU1bI. DnaBoHoU B! (OT NaT. flavus - xKenThlit) — rpyIna NPUPOIHBIX OMOIOTUYECKH aKTHB-
HBIX COEJMHEHUN — MPOU3BOJHBIX OEH30raMManupoHa, B OCHOBE KOTOPBIX JICKUT (hEHUIIIPOIIa-
HOBBI CKEJIET. DTO IeTEPOLUKINYECKHE COETMHEHUS C aTOMOM KHCIIOPOAA B KOJIBIIE.
Konbio A cunTesupyercs U3 Tpex akTUBUPOBAHHBIX MOJIEKYJ MaJIOHOBOM KHCIOTHI.
Kounb1o B (cM. puc.2) u npuMbIKaromui K HeMy Tpexyriepoanbiid ¢pparment (atomel C-2, C-3 u
C-4 u O, o6pa3yronue koibiio C) CHHTE3UPYIOTCS U3 MUKUMOBOW KUCIOTH U (OCHOCHOITHPO-
BUHOTPAIHON KUCIIOTHI C IPOMEKYTOUYHBIM 00pa3oBaHHEM 4epe3 (eHHIATaHUHKOPHUHYIO KHC-
JOTY.
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Puc. 2. O6mas ctpykTypa ¢haaBoHOB (MMeHa apoMaTuyeckux kojeil: A - C - B).

[Tpou3BOIHBIME 3THUX BEIIECTB SIBJISIOTCS KAaTEXHWHBI,0€TallMaHUHbBI, aHTOIIUAHBI M aHTO-
[IUaHUMHBI. AHTOIIMAHBI — 00IIee Ha3BaHUE (TABOHOMAHOTO MUTrMeHTa. OHU COCTOST U3 yIJie-
BOJIa (caxapa) U arjiMKOHa — HEYIJIEBOAHOM COCTABIISIONICH, B KAYECTBE KOTOPOTO Y aHTOI[MAHOB
BBICTYIAIOT aHTOLUMAHUIUHBI — 2-(DEHUIXPOMEHBI, KPOME TOTO, BO MHOTHX CIIy4asX OHH UMEIOT
aluIbHYIO0 Tpynmy (puc. 3).

aHTOLWaH aHT OLMaHWOWH

Puc. 3. CtpykrypHble (pOpMyJibl aHTOLIAHA U AHTOLMAHUINHA.
HauOonee pacnipocTpaHEeHHBIMU SBIISIOTCS IMAHUIUH, 1eNIb(OUHUINH, TEOHUIUH (Tadu. 1).

AnTonmanuaua R1 R2 R3 R4 R5 R6 R7
Aypantunuaus -H -OH -H -OH -OH -OH -OH
[{naHuanH -OH -OH -H -OH-OH -H -OH
Jenbpuamaun  -OH  -OH-OH -OH-OH -H -OH
Esporuanmma  -OCHsz -OH -OH  -OH -OCH3 -H -OH
Jlroreommammua -OH  -OH -H -H -OH -H -OH
[lenapronuans -H -OH -H -OH-OH -H -OH
ManbBUANH -OCHz -OH -OCH3 -OH -OH -H -OH

Ileonnanu -OCH3 -OH -H -OH -OH -H -OH
[eryHuamH -OH -OH -OCH3; -OH -OH -H -OH
Posunnana -OCH3 -OH -H -OH -OH -H -OCHs;

Ta6mn. 1. TunuuHble MpeaCTaBUTENN AaHTOIIMAHOB.

[{BeT aHTOIMaHUANHOB siBigeTcs pH 3aBUCUMBIM. AHTOLIMAHUANHOBAs CHCTEMA MpeTep-
IeBaeT Pa3M4Hble MOJIEKYIspHbIE MTpeoOpa3oBaHus, CBs3aHHbIE ¢ n3MeHeHrneM pH. B BomHbIx
pacTBopax CyIIECTBYET MITh MOJIEKYJSPHBIX BHJIOB XMMHUYECKOTO PAaBHOBECHUS aHTOLMAHUIM-
HOB: KpacHasi MUPUJIKEBasi COJb, OECIBETHOE NICEBIOOCHOBAHUE, CUHAS XUHOUAHAs (hopMa, myp-
MypHBIA PEHONIT XUHOUIHON (HOPMBI, JKENTHIN XalnKoH (puc. 4).


http://ru.wikipedia.org/w/index.php?title=Аурантинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Цианидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Дельфинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Европинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Лютеолинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Пеларгонидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Мальвидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Пеонидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Петунидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Розинидин&action=edit&redlink=1
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CHETT XHHOHIHZT Sopua 0 XEHOHIEOH GopMEL
foH = 6-T) 0OH (pH =7-8}
Puc. 4. IIaTh MONEKYIAPHBIX BUIOB XMMUUYECKOTO PABHOBECUS AHTOLMAHUIUHOB.

Ha kucneix pH = 1-3, aHTOIIMaHUIUH CYLIECTBYET MPEUMYILIECTBEHHO B BHJIE KPaCHOU
NUPWINEBON conu. YBenudeHue pH NPUBOIUT K CHMIKEHUIO MHTEHCUBHOCTH LIBETA, TaK Kak
nepBasi popma rmoaBepraeTcs TUApaTaliy, BCISICTBIHE KOTOPOil moiyvaercs: OecuBerHas. M3-3a
HYKJICO(UIbHON aTaku BOJbl HA 2-110JI0’KEHHE aHTOLMAHUIMHOBOTO CKeJleTa M ObICTpOi IOTepH
POTOHA y ()JIABMIIMEBBIX KATHOHOB PAaBHOBECHE CMEIIACTCS B CTOPOHY CHHEH XMHOMIHOU (pop-
mbl ipu pH <7 u x mypnypHoMy (enonsTy xunougHoi ¢opmsl npu pH <8. Ilpu nanpneitmem
yBenudeHud pH nosrydaercs CBETIO-KENThIMXaNKOH. [laHHOE NIpeBpalleHHe MPOUCXOIUT 3a
CYET OTKPBITUS LEHTPAJIBLHOrO Kojiblia. L[BeT 1ienodHsM pacTBOpaM MOTYT OBITh BO3BPAILCHbI
nyreM u3MeHeHus pH k kucioil. AHTOLIMaHUIMHOBAsE (popMa paBHOBECHUS MEPEXOJ K paBHOBE-
CHIO, IJie KOHLEHTpalsl KpacHbIX MOHOB (pIaBMJIMEBOro KaTHOHA Ipeobnanaer. OQHAKO, eciu
3HaYeHrne pH CIMIIKOM BBICOKO W HEYCTOHuUMBas MOHHas opma XajakoHa yxe chOopMUpOBaHA,
BOCCTaHOBJIEHHE B (hOpPMY KPacHOM MUPUIMEBOI COJM HE MOXKET OBITh IOCTUTHYTO IyTEM IpO-
CTOr0 TIOBTOPHOT'O MOJAKUCIEHUS. B 3TOM citydae XainkoH nmpeoOpaszyeTcsi B IUKETOH 3a CUET Ke-
TO-€HOJIBbHOH TayToMepHuH (puc. 5).

0
anbaerva,
g \l’B‘ |” kap6oHoBas
"\ v“'_:_;l_'v__ . 6-_’.23 NN KUCNOoTa
anbga-anketon | N " “ E ’
OH “"*~~|"""'A"""|21H
OH

Puc. 5. Obmas cxema mpeoOpa3zoBaHus XaaKoOHA
HekoTtopsie MeTamisl, Takue kak Fe*" u AI®* o6pasyroT cTabuinpHble ITy6OKOHACHIIIEH-
HBIC IBECTHBIC KOOPAUHAIIMOHHBIC KOMIIJICKCHI C aHTOIIMAaHAMH, KOTOPBIC HECYT }II/IFI/I}IPOKCI/I(be-
HUJI CTPYKTYPBI B OPTO-TIONIOKeHUU B-kombia (puc. 6). 9T0 mpUBOIUT K OATOXPOMHBIM CJIBH-
ram! B UX crekTpax mornomenus. Kommnekcsl Toxke sBistorcs pH 3apucuMbivu. OHHE TIPHHH-

KpacHslii, unu 6aTOXpOMHBIN, CIIBUT — CIBUT MOJIOCHI B CTOPOHY JJTUHHBIX BOJIH.
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MAIOT Y4acTH Kak B 00pa30BaHUM IBETHBIX, TaKk W OecuBeTHOH (hopmbl. Takum obpazom, pas-
JTrYHBIe (PAKTOPBI, BKIIOYAs KOHIICHTPAIIUIO U TIPUPOIY aHTOIUAHHIUHOBOTO, aHTOIIHAHHTUHO-
BOTO paBHOBecHs ()OPMBI, CTCIICHH TIMKO3WIMPOBAHKS aHTOIMAHOB, AIMUIMPOBAHKE, PUPOIA U
KOHIICHTPAIUsl MUTMEHTOB, METAIUTMYECKHE KOMILUIEKCHI, BHYTPH- U MEXMOJICKYJISIPHBIX MeXa-
HU3MBI aCCOIUAINH — BIMSIFOT HA U3MEHEHHUE I[BETA M €T'0 HACBIIEHHOCTb.

['maBHast poyib aHTOLIMAHOB B OOpa30BaHMM I[BETA B I[BETKAX PACTEHUH — IPUBJICUCHHE
ompUIHTENEH. B 1uIoax ke — JJis MpUBJICUEHUST BHUMAHUS KHUBOTHBIX, KOTOPBIE MOTYT ChECTh
UX U TEM CaMbIM ITIOMOYb B PACIIPOCTPAHEHUU CeMsiH. B poToCMHTEeTHYECKUX TKaHAX (TaKUX KaK
JUCThS) AHTOIIMAHBI UMCIOT «COJIHIIC3AIMUTHYI0» (DYHKIIHMIO, MOTJIONIAs CUHE-3EICHBIH U Yilb-
TpauOJIETOBBIN CBET, 3alMIIas TKaHH OT (OTOMHTHOMPOBaHUs. B KieTke aHTOLMAaHBI pacrio-
JIOKEHBI B BaKyOJISIX. YBEJIMYCHUE BaKyoJsIpHON pH B jemecTkax I[BETOB CBSI3aHO C aKTHBHBIM
tpancrnoprom Na* u/win K* 13 uuro3ois B MeMOpaHy BaKyoJld Yepe3 HATPUM-KaJMEBbIA KaHal.
Ota cucremMaTuyeckas TPaHCIOPTUPOBKA MOHOB MOJAJECPKHUBACT ciadomienounyo pH Bakyonu,
NPOM3BOJIsi HEOECHO-TOTyOBIC JICTIECTKH.

Karexunsl — nonudeHoabHbIe COSAUHEHUS B COCTaBe Yas. TUMUYHbBIC MPEACTABUTEIN —
TaHUHBL. Taxke MEHSIOT CBOIO OKPAacKy B 3aBUCUMOCTH OT pa3MyHbIX 3HaueHuil pH. B kucnoii
Cpelie OHU CBETJICIOT, B LIEIOYHON — TEMHEIOT. biin3kue no okpacke K aHTOLIMAaHAM MUTMEHTbI

Bberanmanuns (betterave — cBekia (¢p.)) HUKOTIa HE BCTPEYAIOTCS BMECTE C aHTOI[MAHA-
MH B OJIHUX M TexX ke pacTeHusXx. CTpykTypa OeTalluaHMHOB JIOJIO€ BpeMsl HEe IMO/J1aBajlach
pacumdpoBke U OblJIa OJHOW M3 CaMbIX 3araJIoYHbIX TallH OMOXWUMHM pacTeHui. HecMoTpst Ha
CXOJICTBO B OKpacke, XpoMO(pOpHBIM PparMeHT OeTallMaHMHOB COBEPIICHHO HE MOXO0XK Ha Xpo-
Mo(op aHTOIIMAHOB, XOTSI TOKE MMEET MOJOXKHUTEIbHBIN 3apsii. beranmaHuHb 0OUYe€Hb XOPOIIO
pacTBOPUMBI B BOJie U OoJiee YCTOWYHMBEL, UeM aHTOI[MaHbl. Hanbonee U3BECTHBIN UCTOUYHUK Oe-
TallMaHUHO-00bIYHAsL CTOJIOBAs CBEKIIA.

AHTOLIMAHBI COAEPKATCS B BaKyOJIIX KJIETOK pacTEeHHUH, I MOAAEPKUBACTCA MOCTOSH-
HBIMPH. {11 Toro 4T06BI MOMYYUTh UHIUKATOP TpeOyeTcs u3BjiIeub UX U3 KiIeTku. CyliecTByeT
HECKOJIBKO CIIOCOOOB C/IeNlaTh 3TO: ¢ MOMOIIBI0 MEXaHUYECKOT0 BO3/IelcTBuUS (pa3pe3aTh), ¢ Mo-
MOIIBIO TEIJIOBOTO I1I0Ka (OTBApUTh), C IOMOIIbIO SKCTPArupoBaHMsl (JIydlle BCEro MCIOJIb30-
BaThb NOJIIPHBINA PACTBOPUTEID).

OH rNK033 rMOKO33a AN
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Puc. 6. [Ipumep komIuiekca, 06pa30BaHHOTO METAJUIAMU M aHTOLIMAHAMHU.
B kaudecTBe ChIpbs JIydllle BCErO HCIOJIb30BATh JIENECTKU WM 3pelible MmIoabl. B To xe
BpEMsI MOXKHO MCIIOJIb30BaTh 3arOTOBJIEHHBIE HA 3UMY BapeHbsl, KOMIIOTHI, KOTOPbIE COXPAaHSIOT
OKpAacKy pacTBOpa, HalpuMep, YEPHYI0 CMOPOANHY, MauHy. HekoTopslie copTa yas Toxe sSBis-
I0TCs MHAMKaTopamMu. Hemnoxo moaxoasT pa3iuyHble COKH (KEJIATENbHO CBEXKENPUTOTOBIICH-
HBI€), Hanpumep, u3 BUHOrpaaa (Konkopaa uim MycKaTHOTO) UM BUIIHH.
K coxanenuio, u3-3a HEYCTOWYMBOCTH AHTOI[MAHOB, OTBAPHI OBICTPO IJIECHEBEIOT U CKHUCAIOT,
IIOTOMY F'OTOBUTh TaKHE MHAUKATOPBI HA/10 HEITOCPEICTBEHHO Mepe] paboTON ¢ HUMHU.
Memoouk ons nonyuenus pacmeopos npupoOHbIX UHOUKAMOPOS:
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1) B34Tb HEMHOTO 3aMaCEHHOTO CHIPhS (TOUYHOE KOJIMYECTBO HE UMEET 3HAUEHUS ), MOJOXKUTh B
IpoOUPKY, HAIUTh BOJbI, IOCTaBUTh HA BOJASHYIO OaHIO M HarpeBarthb J10 TeX I0p, I10Ka PAcTBOP
He okpacutcs. Kaxplii pacTBOp mocie OXJaKIeHUS HE0OXOAUMO MPO(UIBTPOBATH U CIHUTH B
IPUTOTOBJICHHYIO 3apaHee YUCTYIO CKISHKY C TUKETKOH.

2) B3sTh HEMHOT'O 3aMIACEHHOT0 ChIPhS (B IAaHHOM CITydae JICTIECTKOB), pacTOJIOYb UX B CTYIIKE U
9KCTParupoBaTh B 3TWJIOBOM CIHUpTE WM yauT-criupure. [losyueHHbI pacTBOp HmpodmibTpo-
BaTh U CJIUTH B 3apaHee MOJrOTOBICHHYIO YUCTYIO IOJIHCAHHYIO TPOOUPKY.

Tak ke MOXHO U3rOTOBUTh MHIMKATOPHYIO Oymary, IpoIHUTaB MOJOCKH (pUIbTPOBAIBHOM Oyma-
T'H PacTBOPaMH MOJYYEHHBIX KCTPAKTOB (YHHBEpCATbHBIM HHIUKATOpPOM). Jlist Gojee TOYHOTO
OIpeieNIeHus MOJIyYEHHbIM P HAaHECEHNH KaIlIM pacTBOpA IIBET MHAWKATOPHON Oymaru HeoO-
XOJHMMO HEMEJUIEHHO CPAaBHUTH C ATAJIOHHOM I[BETOBOM IIKanou. Kpome Toro mis ucrnoias3oBa-
HUSl MHIMKATOPOB M3 MPUPOJHOIO ChIPbS HYXKHO 3HaTh, YTO HEKOTOPbIE MHAMKATOPBI MOXHO
UCTIOJIB30BaTh TOJIBKO OJIMH pa3, TaK Kak MOoCje MEPBOTO K€ M3MEHEHUS pa3pylIaloTcs U mepe-
CTalOT pearupoBaTh (LBETKH KUIpes), a APYyrHe — MHOIOKPATHO (K MpPUMEpPY, SKCTPAKT 1[BETOB
KOJIOKOJIbYHKA).

3) CeipbeM Juist U3BJICUEHUSI AHTOLMAHOBOT'O KPACUTEINS CIYXKaT N3MEIbUEHHbIE SIr0JIbl YePHUKH,
IUTO/T CBEKJIbI, KPACHOKOYAHHOM KaITyCThl, MOPKOBHBIA W BUIIIHEBBI COK, BAPEHbE M3 KITFOKBBI,
JHUCThs YEPHOT'O yasi, COLBETUS Kapkaje. B kauecTBe 3KCTpPareHTOB NMPUMEHSIM JUCTUILIUPO-
BaHHYIO BOJly, a Takxe OyraHou-1.

Hasecky chIpbs Maccoii 10 I morpykaroT B 9KcTpareHT oobemMoM 120 cm®. ITomydeHHsle JKc-
TPaKTHl (QUIBTPYIOT C TIOMOIIBIO (PHIBTPOBAIBHONW OyMard M MOJy4YeHHBIH (UIBTPAT HAIUBAIH
B 3apaHee MOArOTOBICHHYIO KOJIOY.

Omnpenenenne 3(h(HEKTUBHOCTH WHAWKATOpA — aHAJUTHYECKAs PEaKius, KOTOPYIO HEOOXOIUMO
IPOBOJUTH IPH CTPOTO ONpPE/IEIeHHOM 3HaUYeHUH PH, KOTopoe JOIKHO COXPaHATHCS BCEro Mpo-
1ecca npoBeIeHUsT peakuuu. st coXxpaHeHusl IOCTOSTHHOTO 3Ha4deHus PH mpumenstor Oydep-
HbI€ PacTBOpHI. YHHUBepcalbHbI OydepHbIit pacTBOp (T.e. OydepHbIil pacTBOp, obnajgaromuit
Oombmroi Oydeproit eMkocthio) 3 H3POs, CH3COOH, H3BO3, monsprocts 0,04 MOib/1, KOH-
neHtpanus kuciot 100%. danuelid pactBop uMmeeT OydepHyro emkocts oT pH =2 no pH = 12
(o Jlypse).

Pacuets! 17151 OyepHBIX pacTBOpPOB:

[Tpu pacuete Ha 0,1 1 6ydepHOro pacTBOpa UMEEM:

m (HzPOa4) = 0,04 mons/a % 0,11 x 98 r/mons = 0,392 T;

m (CH3COOH) = 0,04 moss/n % 0,111 x 60 r/moas = 0,240 T;

m (HzBO3) = 0,04 Mo/ x 0,11 % 62 r/mMons = 0,248 1.

B kauectBe THTpanTta uctonb3oBaics NaOHmomspHocThio 0,2 MOJTB/II.

m (NaOH) = 0,2 mons/a % 0,1 11 x 40 r/momas = 0,8 1.

Jnst mpuroToBieHns Oy(GepHBIX paCTBOPOB MCIIONIB3YIOT CMeCh KUCIOT. C IMTOMOIIBIO BECOB OT-
MEpUTh HEOOXOMMYIO, COTJIIACHO pacyeTaM, MacCy KHCIIOT, CMeIIaTh UX B MepHOM ctakaue ¢ 0,1
J ITUCTHJUTMPOBAaHHOW Bonbl. K MoMydeHHOMY pacTBOpY NOOABUTH HEOOXOAMMOE KOJIHYECTBO
NaOH (cMm. Tabn. 2). 3atem B3aTh anukBoty (10 M) momydeHHoro Oydepnoro pactBopa. [lo-
cienHue 2 onepanuu noTopsTs emle 10 pa3 ais 6ydepHbIX pacTBOPOB C pa3nudHbIMPH.
[TpuroroBnenue 6y(pepHbIX paCTBOPOB:

V cmecH KUCIIOT

(mepBOoHAYATHLHOTO V NaOH, mn V nonygyennoro 6ydepa, mn | pH
Oydepa), mi

100 5 105 2
95 11,8 106,8 3
96,8 4,9 101,7 4
91,7 8,1 98,9 5
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88,9 4,7 93,6 6
83,6 6,2 89,8 7
79,8 4 83,8 8
73,8 3,7 77,5 9
67,5 4 71,5 10
61,5 1,9 63,4 11
53,4 4,84 58,2 12

Tab6nuia 2. PacyetHas Tabnuna Juisi pUroToBIeHUS Oy EpPHBIX PaCTBOPOB.

1.YepHuxa.

O06paser sroa YepHUKH IKCTParupoBTh Boaol (25°C) B Teuenue 10 muH. [[o0aBUTH B mpoOUpKU
o 0,5 mu 6ydeproro pactBopa u 0,8 M1 TOTydeHHOTO dKCTpakTa. Habmrogare n3MeHeHUE 1Be-
Ta (puc. 7).

TEMHO-RpPACHBIH PO30BbLIA trroneToBbIA TEMHO-PHONETOBBIN
pH 2 3 4 5 il 7 8 a9 10 11 12

Puc. 7. I3aMeHeHne OKpacku 3KCTpaKTa YEPHUKHU B 3aBUCUMOCTH OT Pa3INyYHbIX 3HaueHuil pH
2. Kapkane (rubuckyc).

OG6paserr conBeTuii ruducKyca SKCTparupoBTh Bojoi (85°C) B TeueHnue 5 muH. J1o0aBUTH B Mpo-
oupku o 0,5 mn O6ydepnoro pactsopa u 0,8 M momydeHHOro SKcTpakTa. Habmonats n3mene-
Hue 1BeTta (puc. §).

KpPacHbIA 6nepnHo-kpacHbii  GecuseTHbIN cHpeHeskIi TemHo-puoneTosbIn
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 8. 3MeHeHne OKpacKu 3KCTpaKTa rHOMCKyca B 3aBUCMOCTH OT Pa3JIMYHbIX 3HaueHuil pH
3. Ceexkina.

[Tnox cBekbl mope3aTh Ha KyCOUKH U SKcTparupoBabd Bonoit (25°C) B teuenue 20 muH. [loGa-
BUTH B npodupku no 0,5 mu Oydepa u 0,8 mi nomydeHHoro pactsopa. HaOmroaTh n3MeHeHue
nBera (puc. 9).

TEeMHO-KPacHbIi KpacHbIN Apro-puonetosbili  TEMHO-PUONETOBbLIN
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 9. I3MeHeHne OKpacKu SKCTPaKTa CBEKJIbI B 3aBUCUMOCTH OT pa3IMYHbIX 3HaYeHuu pH

4. Yaii yepHbIN

OO0pasen TUCTHEB YEPHOTO Yasi IKCTparupoBaTh Bojoi (85°C) B Teuenue 5 muH. [[o6aBUTH B
npobupku 1o 0,5 M OydepHoro pactopa u 0,8 M1 mosrydeHHOTo SKcTpakTa. Habmoars n3me-
HEHUE OTTEHKa UCXO0AHOro 1BeTa (puc. 10).
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6negHO-EenTbil  CBETN0-KOPUYHEBbIN KOPUYHEBbIN TEMHO-KOPUYHEBbIH

T T [
8 9 10 11 12

pH 2 3 4 5 6 7

Puc. 10. U3meHeHne okpacku SKCTpaKTa yas B 3aBUCUMOCTH OT Pa3IMYHbIX 3HaYeHU pH

5. Cok BUIITHEBBIN

Cok pa3z0aBuTh qucTHUIMpoBaHHOU Bojoi B 10 pa3. Jlob6aButs B mpobupku no 0,5 mi 6ydepa u
0,8 M mosryuennoro pactBopa. Habnronars nsmenenue nsera (puc. 11).

BUMIIHEBbI APKO-KPacHbii  APKO-PO30BbIA PO30BbliA 6nepHO-po30BbIA
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 11. VI3meHeHne OKpacku SKCTpaKTa BUILIHU B 3aBUCUMOCTH OT pa3jIN4HbIX 3HaUYeHuil pH

6. KittokBeHHOE BapeHbe

DKCTparupoBaTh CIIUPTOBBIM pacTBOpoM. JloGaBuTh B mpodupku 1o 0,5 mi O6ydepa u 0,8 M mo-
JY4EHHOT'O pacTBOpa. Ha6moz[aTb n3MeHeHue 1sera (puc. 13).

KOPWYHEBO-0paH o i BnegHo-KpacHbli KDacHbIN TEMHO-KPacHbli
pH 11

Puc. 12. VI3meHeHNe OKpacKy 3KCTPaKTa KJIIOKBbI B 3aBUCUMOCTH OT Pa3IMYHBIX 3HaueHui pH

7. KpacHOKOYaHHasI KammycTa

O0pa3zer] TUCThEB KPACHOKOYAHHON KaITyCThl MEJIKO TIOPE3Th M AKCTPArupOBaTh CIIUPTOBBIM pac-
TBOpoM. Jl06aBuTh B mpodupku 1o 0,5 ma Oydepa u 0,8 M nosyueHHoro pactsopa. Habmonate
n3MeHeHue 1sera (puc. 13).

KpacHbiit 6nenHO-pO30Bbiii rony6oit duonerosbIit 3eneHbli
pH 2 3 4 5 6 7 8 9 10 11

Puc.13. MI3MeHeHue okpacku IKCTpaKTa KpaCHOKOUYAHHOM KamyCThl B 3aBUCUMOCTH OT pa3yiny-
HBIX 3HaYeHui pH

8. KommekcHslit nHAMKaTOp ¢ noHamu A"

[TpuroToBuTh pactBops ¢ noHamu A" O6bem pactBopa 0,01 1. MoNAPHOCTE PAacTBOPOB PaBHA
0,1 momaw/n, 0,01 mois/n, 0,001 Moas/n u 0,0001 MoJs/m.

PacueTsl st npUrOTOBICHHS pacTBOpA.

B nepecuere na AlClzx 6H20

m (AIClz) = (131,5 + 6 x 18) r/moinb x 0,0151 % 0,1 moss/m = 0,36 T

Kpucramnoruapar maccoit 0,36 r pactBoputs B 0,015 n1 nuctunmmupoBanHor Bojabl. [lomyduTs
pactBop MoJssipHOCTBIO 0,1 MOJb/1. PacTBOpHI ¢ MEeHbIIEH MOJSPHOCTHIO MOTyYaTh MOCIe0Ba-
TeTBHBIM pa3BeaeHueM (Opasm 10 Mt pacTBopa ¢ O0JIbIIIEeH MOJISIPHOCTRIO U pa3daBisum ero 90
MJT JUCTHJUTHPOBAHHOU BOJbI). JI00aBIATH MOMyYeHHBIE PACTBOPHI K SKCTPAKTy U3 KPACHOKO-
yaHHOM KamycThl. [IpoBepuTh AEWCTBHE MOTYy4YEHHBIX pacTBOpoB Ha Oydepax ¢ pH = 7
(ueiitpanbHas cpena), pH = 3 (kucnas cpena), pH = 9 (menounas cpena). Habmronate nusmene-
HHUE OKPACKH, OTIIMYHOE OT OCTaIbHBIX (puc. 15).
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monb/n
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KPacHbIN 6neaHO-po30BbLIN rony6on duoneTosbiin 3eneHbli
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 14. 3meHeHne OKpacKH SKCTpaKTa KPACHOKOYAHHOM KalycThl B 3aBUCUMOCTH OT pa3iIvy-
HBIX 3HaYeHUH PH U KOHLEHTpaly HOHOB ATFOMHHUS.

9. KommiekcHbIi nHauKaTOp ¢ noHamu Fe®*

[IpurotoBuTsh pacTBOphl ¢ HoHamu Fe**. O6nem pacTtsopa 0,01 ;1. MONAPHOCTH PACTBOPOB PaBHA
0,1 moms/i1, 0,01 moms/i1, 0,001 Mmoms/1 u 0,0001 Mo/,

Pacuets! 7151 IpUTrOTOBJIEHUS PacTBOpa

B nepecuere na FeClsx 6H,0

m (FeCl3) = (162,5 + 6 x 18) r/mounb x 0,0151 x 0,1 mons/n = 0,4057 T

Kpucramnoruapar maccoit 0,4057 r pactBopunu B 0,015 1 quctummmpoBanHoit Bojsl. [lomyunTs
pactBOp MossipHOCTBIO 0,1 MOJB/11. PacTBOpBI ¢ MeHbIIEH MOJIIPHOCTBIO MOJIYYUTh MOCIIEI0BA-
TEJIBHBIM pa3BeneHueM (B3aTh 10 mMi pacTBopa ¢ Ooublieil MOJMSPHOCTBIO U pa30aBiATh ero 90
MJI TUCTUIUIMPOBAHHOM BO/bI). Jl06aBUTh MOJIydYE€HHBIE PACTBOPHI K SKCTPAKTY U3 KPACHOKOYAH-
HOU KamycThl. [IpoBepuTh 3((EKTUBHOCTH MOTYYEHHBIX PAaCTBOPOB B OYy(EpHBIX pacTBOpax C
nokasaresaeM KuciaotHocTd 3, 7, 9. HaOnronaTe M3MeHEeHHE OKPACKH, OTIMYHOE OT OCTaJIbHBIX

(puc. 15).
mons/n
AN .
0,1 rony6on $puoneTosbii A
/N 8
P p
3
n p 3 5
e K H o &
"
bl C ” 4
ﬁ ¥ GnegHo-
3 7 9
KpacHbIf 61eaH0-pO30BbIN rony6on dbuonetosbii 3eneubin
pH 2 - . > 6 7 8 9 10 11 12

Puc. 15. 3MeHeHne OKpacKu SKCTPAKTa M3 KPAaCHOKOYAHHOW KaIlyCThl B 3aBUCMMOCTH OT pa3-
JUYHBIX 3HaYeHUH PH ¥ KOHIIEHTpaIKi HOHOB XKele3a.

KommnekcHpie 00pa3oBaHusi ¢ HOHaMU METaJIOB. PacTBOpHI ¢ MOHAMU METAJUIOB UMEIOT CBOIO
KHCJIOTHOCTb, Hampumep, pactBop ¢ mMoispHoctbio 0,1 mons/n umen pH pasusbiii 4, a 0,0001
MoJb/T — PH paBHBIN 6. I3MeHEeHNE OKpaCKH, OTIIMYHOE OT U3MEHEHHUS OKPACKU IKCTPaKTa, Ja-
CTHUYHO BBI3BaHO HE3HAUMTENTbHBIM M3MeHeHneM PH. Kpome 3Toro — aHTonMans! SBISIFOTCS (hia-
BOHOHMAaMH, a OHM B CBOIO OYepellb — MPOM3BOAHBIMU (heHonoB. KadecTBeHHOW peakiueil Ha
(eHobl sBIISIETCST UX B3aumoeicTBre ¢ pactBopoM FeCls, mpu 3ToM 00pa3yroTcss HHTEHCUBHO
OKpallleHHbIe KOMIUJIEKCHBIE COEIMHEHNS. AHAIOTHYHAs peakIusl MpOoTeKaeT y (pIaBOHOUIOB U C
AICl3z. Tem cambiM Ha H3MEHEHHE OKPACKHU BIHSET HE TOJIBKO PH, HO M KOJIMYECTBO HOHOB XKe-
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Je3a U aJIOMUHUSL B PACTBOpE, CIIEIOBATEIHHO, IMOTYYCHHBIE YKCTPAKTHI MOKHO HCIOIB30BaTh
JUTSL OTIPENICIICHUS] KOJIMYECTBA JAHHBIX METAJNIOB B PACTBOPaX.
Onpedenenue Haruyus AHMOYUAHOE 8 UCCeOVEeMbIX 00bEKmMax

3Hast 0 CIIOCOOHOCTH aHTOIIMAHOB U3MEHSTh CBOKO OKPACKy B Pa3JIMYHBIX Cpelax, MOKHO
JIOKAa3aTh WX MPUCYTCTBUE WU OMPOBEPTHYTH. [[1s1 3TOro HEOOXOAMMO HCCIeayeMbId MaTeprall
nopes3arhb WM MOTEPETh, 3aTEM MPOKHIIATUTH, TaK KaK 3TO MPHBOIHUT K Pa3pyIICHHIO MEMOpaH
KJIETOK, U aHTOLIMAHbl CBOOOHO BBIXOMST M3 KIIETOK, OKpaIIuBasi BOAYy. PacTBOpHI HaTUBAaIOT B
NPO3pavHyIO OCYly U JOOABISIOT B OJJHY TIOPIIMIO PACTBOP COJIBI, a B IPYTYIO HAJMBAKOT YKCYC.
Ecnu okpacka U3MEHUTCS IO UX BO3ACHCTBHEM, 3HAYUT MPOJYKTHI COIEPKAT aHTOIIMAHBI M OHU
0COOEHHO TOJIC3HBI.

Onpedenenue cpedvl pacmseopos MOWUX CPeOCms 01 NOCYObl C NOMOWBIO pACMUmMensb-
HbIX UHOUKAMOPOB

C nOMOIIBIO MTPUTOTOBIICHHBIX PACTBOPOB MPHUPOIHBIX HHIUKATOPOB MOXHO TPOBEPHTH,
KaKyI0 Cpely HMEIOT Pa3IMYHbIC MOIOIIUE CPEICTBA JUISI IOCY/IBL.

PesynbTathl onpeaeneHus 3aHECEHBI B TAOIUILY.

Peaxiusi cpelibl pacTBOPOB MOIOIIUX CPEIICTB JUISI TOCY/IbI

Cpena

«Fairy» «Karsi»
pacTBopa

Srospl YepHUKH

SITOIBI KITFOKBBI
KpacHokouanHas kanycra
Caexkia

MopkoBb

UYepHsblii yail

UYepHb1il BUHOTpAJ

Jlabopamopnas paboma Nel4.
CBolicTBa PACTBOPOB YJIEKTPOJUTOB. JJIEKTPOJIUTHYECKAS JUCCOLUALUS
Bonpocwt covecedosanus:

1. DOnexktponutsl U HEdNEKTponuThl. OcHOBHBIE monoxkeHuss TOJl. MexaHusm mpoiecca
JIMCCOITMAIIMY BEIECTB C PA3TUYHBIM TUIIOM XUMHUYECKOM CBSI3H.

2. Ponb MOMSIPHBIX MOJIEKY BOJBI B MpOLieccax AUCCOIUAIMMA M MOHU3ALMU BellecTB. Me-
XaHU3M THUJpaTallii aHUOHOB W KAaTHOHOB. BimsHue Ha Trujparanuio pa3MepoB U 3apsioB
HOHOB.

3. O6pa3oBaHre MOHA THAPOKCOHUS. DHEPTETUKA MPOLIecca TUCCOIIUAIINH.

4. CremneHb dEKTPONUTUYECKO auccouunanyu. CHIbHBIE U clladble AIeKTPOiIuThl. DakTo-
PBI, BIMSIONIME HA CTETEHBb JICKTPOJIUTHYECKON nuccoruanuu. VIcTuHHAs cTeneHb JUCCOoIHa-
M.

5. CunpHble anekTponuThl. Kaxymascs crenenb aucconnanuu. [Torstue o koaddurmente
AKTHBHOCTH.

6. [IpumeHenne 3aKoHa JACHCTBUSA MacC K MPOIECCY AMCCOIMAIMHU CIA0bIX JIEKTPOJIUTOB;
KOHCTaHTa qucconuanui. CMelleHne paBHOBECHUS AUCCOIUAINH CIIA0BIX SJICKTPOIHUTOB.

KucnoTsl, o0cHOBaHMSI, COJIM B CBETE TEOPUHU IIEKTPOIUTUUECKON JUCCOIHAIIHH.

7. Crynenuatas auccoruanysi. OCHOBHOM U KMUCIOTHBIN TUITBI TUCCOIUAIIMN THIPOKCHIOB.
AmMdoTepHbIe THAPOKCUIBI. 3aBUCHUMOCTh THIA JUCCOIMAIMNA U CUJIBI TUAPOKCHIOB OT OTHOCH-
TETHHOU MOJSIPHOCTH XUMHUUECKUX CBs3el B Mosiekynax. [loHsaTue 06 MOHHOM MOTEeHIIHATIE.

8. DnekTponuTHYecKas Aucconuanus Boapl. loHHOe npon3BeneHre Boabl. Bimsaue Tem-
nepaTypbl Ha MPOLIECC AUCCOLMALIMY BOIbI. BO1OpOIHbIN TOKa3aTesb. 3HaU€HHUE MOCTOSTHCTBA
BenM4YMH pH B XUMHUECKMX U OMOJIOTHYECKUX MPOIIECccax.

[Ipomiecc pacmama BEmIeCTB HA MOHBI MOJ JCWCTBUEM TOJSPHBIX MOJIEKYT PAaCTBOPHUTEINS
(HampuMep, BOJBI) HA3BIBAIOT AJICKTPOJUTHUYECKON aucconuanuei. CleacTBUEeM AJIEKTPOIUTH-
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YEeCKOW TUCCOIMAIINN SIBIISIETCS AJIEKTPUYECKasi TPOBOAUMOCTh PACTBOPOB IEKTPOIUTOB (KHC-
JIOT, OCHOBAHUH, CoJIei).

DNEKTPOIUTHYECKAST TUCCOIMANNS — MPOIECC 00OpaTHMBIH, U B pacTBOpax 3JEKTPOJIUTOB
UMEET MECTO paBHOBECHE MEXAYy HOHaMH U MousieKyinamu. OTHOIIEHHE Yncia MOJIEKYII, pacias-
mmxcss Ha uoHbl (Nj), kK obmemy uncity pactBopeHHbIX Moyiekyn (N)anekrposinTa Ha3bIBaeTCs
cmenenvro ouccoyuayuu o

o = Ni/N.

CreneHp AMCCOIMAIIMM 3JIEKTPOJIUTA OMPEAENAeTCsS YKCIEPUMEHTAIbHO U BBIpAXaeTcs B
JOJISIX SIMHUIBI MU B TiporieHTax. CTeneHb AUCCOIMAIIMH 3aBUCUT OT MPUPOJIBI SICKTPOIIHTA,
€ro KOHIICHTpAIUH, IPUPObI PACTBOPUTEJIS, IPUCYTCTBUS B PACTBOPE OJHOMMEHHBIX HOHOB.

[To cremeHu nucconManvy SIEKTPOIUTHI JCNSATCS HA: CHIIbHBIE, cpemnHue U ciabeie. K
CUJIBHBIM 3JIEKTPOJIMTAM OTHOCSATCS Takue, Kotopeie B 0,1 M pactBope umeror o > 30%. Cuiib-
HBIMH 3JICKTpOJMTaMu sBsitoTcst: 1) moutu Bce conmu (kpome HQCly, CdCly, Fe(SCN)s,
Pb(CH3COO)2 u HekoTopsie Apyrue); 2) MHOTHE MUHepaibHble KHCiI0ThI, Harmpumep HNO3z,
HC1, H2SOs4, HI, HBr, HC10O4 u np.; 3) ocHOBaHHSI MICIIOYHBIX U IIEI0YHO-36MEIbHBIX METaJl-
soB, Hanipumep KOH, NaOH, Ba(OH)2 u ap.

VY cpeanux snexktponautoB o = 3 — 30% B 0,1 M pacTBOpax; K HUM OTHOCSTCS, HalpuUMeEp,
H3PO4, H2SO3, HF, Mg(OH):..

s cnabeix snextponauToB B 0,1 M pactBopax o < 3%; c1abbIMH 3JIEKTPOTUTAMHE SBIISIFOT-
csa H2S, HoCO3, HNO2, HCN, H3SiO3, H3BO3, HCIO u ap., a Takke OOJBIIMHCTBO OCHOBAHHIA
MHoroBajaeHTHEIX MetaiuioB, NH4OH u Bona.

OO0 OTHOCHUTENIbHOI CUJIe ANIEKTPOIUTOB MOXKHO CYIUTH MO JMEKTPUUIECKON MPOBOIUMOCTHU
ux pactBopoB. [Ipu pazdaBieHrUn pacTBOPOB CTENECHB IEKTPOJIUTUUECKON JTUCCOLUALINU 0, YBE-
nnuuBaercs. [IpucyrcTBre B pacTBOpe OJHOMMEHHBIX HOHOB MTOHMKAET CTENEHb AUCCOIHAIIIH.

MHOTOOCHOBHBIC KHCJIOTBI ¥ MHOTOKHCIIOTHBIC OCHOBAaHUS AMCCOIMHPYIOT CTYIICHYATO.
CryneHuaTocTh AMCCOIMAIMK 00YCIOBINBAET BO3MOKHOCTh 00pa30BaHMs KHCIBIX U OCHOBHBIX
COJIEH.

Kpome crenenu nucconmanuu COCTOSHHUE CIaObIX 3JIEKTPOIUTOB B PACTBOPE XapaKTepU3Y-
€T KOHCmanma pasHoeecus MexX Iy Mojekynamu u nonamu. Hanpumep: mis HNO2 = HT + NOy™
Kp = [H][ NO2 J/[HNO2],
rae K— KoHCTaHTa paBHOBECHS WM KOHCTAHTA JIEKTPOJIUTHUYECKON TUCCOIMAIIUHU, HE 3aBUCS-
11ast HU OT KOHILIEHTPAIIUK PacTBOpa AJIEKTPOJIUTA, HU OT MPUCYTCTBUS B PACTBOPE IPYTHX DIIEK-
TposuTOB. KOHCTaHTa ANEKTPOIUTHUECKON TUCCOIMAIMU J1aeT Oosee OOIIyr0 XapaKTepUCTUKY
AIIEKTPOJINTA, YEM CTETIeHb Jucconuanuu. KoHcTaHTa Tucconuaniy 3aBUCUT OT TEMIEPaTyphl U

TIPUPOJIBI PACTBOPUTEISL.

Mesx 1y KOHCTaHTOM M CTEMEHBIO TUCCOLUAIIMU CIa00T0 SIEKTPOIUTA CYIIECTBYET B3aUMO-
CBSI3b:

K =a?C/(1 - o).

DTO ypaBHEHHE — MaTEMaTUUECKOE BRIpAKECHHE 3aKoHa pa3z0aBieHus OcTBalIba.

Jiis ciaboro 3neKTposuTa mpy HeOONbIIUX pa30aBIeHUSX 0 OYeHb Maia, a BenuunHa (1 -
o) oymska k eauamIe. [loaromy K = o?Cunn o, = VK/C.

CwMmernieHrie HOHHOTO PABHOBECHS, KOTOPOE MPUBOJIUT K YBETUYCHHUIO HIIM YMEHBIIIECHUIO
CTEIMEHU TUCCOIMAIINU CJIa00T0 AIEKTPOIINTA, ocyliecTBisieTcs o npuHiuny Jlelllatense. Bee-
JIEHUE B PACTBOP OJHOMMEHHOTO HOHA, T. €. YBEJIHMUEHHUE KOHIICHTPAIIMH OJHOTO U3 MPOAYKTOB
peaKIiy, MPUBOJIUT K CMEIICHUIO HOHHOTO PAaBHOBECHsSI BJIEBO, B CTOPOHY 0Opa3OBaHHS MOJIE-
KyJI WU K YMEHBIICHHUIO CTETIEHU IUCCOIUAIUH deKTpoauTa. Hao60opoT, cBSI3bIBaHHE OAHOTO
W3 MOHOB B MAaJOJIMCCOIMUPOBAHHOE BEIIECTBO BEJET K TOBBINICHUIO CTEMEHU THUCCOIUAIIIN
AIIEKTPOJIUTA.

Lleny padbomowi:

N3ydeHne 3eKTpuvecKkoil TPOBOAUMOCTH PACTBOPOB AJIEKTPOJIIUTOB M 3aBUCUMOCTH €€ OT
pa3ianyYHbIX (PaKTOpPOB, YMEHHUE IMpe/ICKa3blBaTh HampaBieHHE OOMEHHOM peaklMHu B pacTBOpax
AIIEKTPOJIUTOB.
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Obopydosanue u peakmuegbl:

[Ipubop A MCHIBITAaHUS AIIEKTPUYECKOW MPOBOIMMOCTH pPacTBOpoB. Kpucrammuzarop.
[TpomsiBanka. llltaTuB ¢ npodupkamu. broperka. Xmopua ammonus. @enondranenn. PactBops:
ykcycHo# kuciotsl (0,1 M), ammuaka (0,1 M), runpokcuna Hatpus (0,1 M), a30THOH KHCIIOTHI
(0,1 M), consinout kucnotsl (0,1 M), runpokcuna xanus (0,1 M), cepuoit kucnotst (0,02 M),
ruapokcuaa 6apus (0,02 M), cynbdara amromunus (0,1M), xmopuna kaneius (1H.), xmopuaa
nuHka (11.), xmopuaa xenesa(ll) (11.), xnopuna kanmus (11.), xsopuaa maprasua (11.), xaopu-
na meau (11.), xmopuna cypeMmbi(H1) (11H.).

OIIBIT 1. U3yueHue 371€KTPUUYECKON TPOBOJIUMOCTH PacTBOPOB

[Tocne ka)KAOro HCHBITAHUS BBIKIIIOYATh MPUOOP U3 INEKTPUUYECKON CETH U MPOMBIBATH
AJIEKTPOJIbI TUCTUIUIMPOBAHHON BOJOM.

A. B npubop 115 MCTIBITaHUSI SJIEKTPUYECKOM MPOBOIUMOCTH PacTBOPOB (puc. 1.) HATUTH AU-
CTHJUIMPOBAHHON BOJIBI, OITYCTUThH MPEIBAPUTEIBHO TPOMBITHIE JUCTHILTMPOBAHHON BOIOM
YTOJIbHBIE 3JIEKTPO/Ibl, BKIIFOUUTH BUJIKY TPUOOpa B AJIEKTPUYECKYIO ceTh. OTMETUTH BU3YalbHO
CTETIeHb HaKaJla JIAMITHI.

b. VccnenoBarh 31eKTPUYECKYIO POBOAUMOCTD (cM. or. 1.A) kaxaoro u3 mectu 0,1 M pactBo-
pos: CH3COOH, NH4OH, HNO3, HC1, NaOH, KOH.

Pucynok 1 — [Ipubop /i ucnibiTanuit
AIEKTPUUYECKOMN MPOBOJUMOCTH
pacTBOPOB.

3anucarh pe3yabTaThl HAOMIOJEHHUM, OTMedas cre-
NeHb Hakazia jgamibl. [lo cTeneHu Hakasa J1aMIibl cenaTh
BBIBOJI: CHJIBHBIM WJIM CIaOBIM 3JIEKTPOJIUTOM SIBIISETCS
TOT WJIM UHOW PacTBOP.

B. Cmemats paBHbIE 00BEMBI pacTBOPOB: 1) CHIIb-
HOM KHCTIOTHI U CHJIBHOTO OCHOBaHWs; 2) cinaboi KHCIOTHI U ciaaboro ocHoBaHus. VcmwiTath
AIIEKTPUUYECKYIO MPOBOJUMOCTh MOJIYYEHHBIX PAcTBOPOB. 3amucaTh HAOMIOJACHUS U COCTABUTh
YpaBHEHUS PEAKIMUA B MOJIEKYJISIpHOM W MOHHOU dopmax. Crenath BBIBOJ 00 3JEKTPUUYECKON
IIPOBOAMMOCTH TOJTYYEHHBIX PACTBOPOB.

OIIBIT 2. 3aBUCUMOCTD 3IEKTPUIECKON TPOBOJTUMOCTH PacTBOpa (CTETICHU TUCCOIUALIUN DJIEK-
TPOJHUTA) OT pa3zdaBiIeHUs

B npubop HanuTh MUHUMAaNbHBIA 00bEM KOHLEHTPHUPOBAHHOIO PacTBOpa YKCYCHOM KHUCIIO-
ThI, HEOOXOAUMBIN Ul MOTPY>KEHUS AIIEKTPOAOB, BKIIOUUTH MPUOOP B JIEKTPUUECKYIO CETh U
OTMETHUTh CTENEHb HaKaja JIaMIIbl. 3aTeM KHUCIIOTY pa30aBUTh, 100aBIss MOCTETIEHHO AUCTUILIN-
poBaHHYI0 Boay. Kak meHsiercst crenenp Hakana jamnbl? YeM oObsICHUTH HaOlroaeMoe siBjie-
HHe?

[TpuGop ¥ 37EKTPOJIBI MPOMBITH BOJOIPOBOJIHON BOAOH, 3aTeM AMCTUIIMPOBAHHOM U TO-
BTOPUTH OIBIT C KOHIIEHTPUPOBAHHBIM pacTBOpOM amMMHaka. Crenarb oOIIHil BBIBOJ U3 HAOIIO-
JICHUH.

OIIBIT 3. U3MeHeHune 3IeKTPUIECKOM MPOBOJMMOCTH B PE3yJIbTAaTE CMEIIEHUS HOHHOTO PaBHO-
BECUs

HccnenoBath OTAEIBHO EKTpUUECKyO ITpoBoauMOocTh 0,02 M pacTBopa cepHOM KHUCIOTHI
u 0,02 M pactBopa rugpokcuaa 6apus. 3aTeM Hccae10BaTh MEKTPHUECKYI0 MpoBoauMocTs 0,02
M pactBopa Ba(OH), B pucyrctBuu 0,02 M pactopa H2SOs. [{iist 3T0TO B IPUOOP TOMECTUTH
pactBop Ba(OH)2 u nob6aButh 2 — 3 xarum pactBopa ¢enondranenna. PactBop H2SOs nobas-
JATH MO KaIjIsiM U3 OIOpPETKH 4Yepe3 BOPOHKY, BCTABIEHHYIO B KpbIIIKY mpubopa. Habmonate 3a
M3MEHEHHEM OKPACKHM MHIMKATOpa U CTEIIEHU HaKaJla JaMIIbl.
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KakoBa snexTpuieckas IpoOBOJUMOCTh PaCTBOpAa B MOMEHT MCUE3HOBEHUSI OKPACKH WHIM-
KaTopa (B TOYKE 3KBHBAJIEHTHOCTH)? UTO MPOUCXOAUT MpHU A0OABICHUU K pacTBOPY M30BITKA
cepHolt KucIoThI? OOBSICHUTH HAOIIOTaEMbIC SIBIICHUSI.

OIIBIT 4. BiusiHue 0THOMMEHHOTO HOHA Ha CTETICHb JMCCOLUAIIMH CJIA00T0 JIEKTPOIHTA (CMe-
IIICHUE PaBHOBECHS JUCCOLUALIIN)

B npoGupky HanuTh pa30aBiIeHHBIN PaCTBOP aMMHUaka U 100aBuTh 2 — 3 karum ¢genondra-
neuHa. PactBop pasznenuts Ha aBe yacTh. OHY OCTaBUTH JUIsl CPABHEHMS], @ B APYTYIO BCHIIATh
HemHoro tBepnaoro xjopuaa amMmmonuss NH4Cl u xopomo pa3zmemars. OObACHUTh W3MEHEHHE
1IBETa pacTBOpa, ucxoas u3 npuHiuna JlelllaTtenbe u KOHCTaHTHI IUCCOLMALIMH.

CnenaTb BBIBOJ O BIMSHMM OJJHOMMEHHOT'O MOHA HA CTENEHb JUCCOLMALUYU CIaboro 3JeK-
TPOJIUTA.

®enongrasnienH sABIAETCs UHAUKATOpoM Ha noHbl OH™, koTopele 00pa3yroTCs MpHU AUCCO-
[UalKU c1aboro OCHOBAHUS — TUAPOKCHIa aMMOHHS:

NH4OH (umu NH3 - H20) = NH4* + OH™

[Mpu no6asnenuii k pacteopy NH4C1 konuenrpanust monoB NH4" Bospacraer, paBHoBecue
JIMCCOLIMALIMU CMEIAaeTCsl B CTOPOHY OOpaTHOM peakiuu, KOHLIeHTpanus noHoB OH™ ymensIa-
eTcs U OKpacka (eHosdrarenHa ncyesaer.

OIIBIT 5. CmenieHre HOHHOTO PaBHOBECHUS B HACBILIEHHOM PacTBOpe aM()OTEPHOTrO IEKTPOJIH-
Ta

K pacTBopy conu afoMHHUS NPUIMBATH 110 KaruisaM pa3dasieHHbIi pactBop NaOH 1o no-
aBJieHUs1 ocaznka rujgpokcuja amomunus A1(OH)s. Pasnenuts ocagok Ha ase yactu. K ogHoit
YaCTH MPUIUTh U30BITOK COJIIHOM KMCIIOTBI, K IpYroil — U30bITOK KOHIIEHTPUPOBAHHOTO PacTBO-
pa menoun. Yto Habmomaercs B TOM U apyrom ciiydae? OOBsSCHUTD MIPOUCXOJISIINE SBICHUS C
TOYKU 3PEHUS CMEILEHUs] MOHHOI'O PAaBHOBECHS B HACBIIIEHHOM PacTBOPE I'MIPOKCHAA ATIOMHU-
HUs. COCTaBUTh MOHHBIE YPABHEHUS PEAKIUH, YUUTHIBas, 4TO aM(OTEPHBIH TUAPOKCHIL IIIOXO
pacTBOpPUM B BOJE.

OIIBIT 6. Peakiuu ¢ o6pazoBaHreM ocaka

A. C nomotipto TabauIsl paCTBOPUMOCTH PEIINTh, KAKME PEAKTUBBI MOXKHO HUCIOJIb30BATh
ans ocakaenus nonos Ca?t, Zn?*, Fe?*. TlponenaTs 5TH peakimu. YKasarth IBeT ocaakos. Hamm-
caTb ypaBHEHMs B MOHHOM BHJIE.

b. TloneiictBoBaTh pacTBOpoM cyibduaa Hatpust NaxS wim ammonust (NH4)2S Ha pactBo-
pBI, cofepiKaIye cleayromume KaTHousl: Zn2*, Cd?*, Mn?*, Cu?*, Sb*". Ykasare mBer ocamkos.
Hanmcars ypaBHeHHs peakiiuii B MOHHOM BHe. [lepeunciieHHbIe KaTHOHBI MOT'YT OBITH OOHApY-
JKEHbI B PaCTBOPE 10 XapaKTEPHOMY I[BETY UX CYIb(HIOB, UTO HCIIOJIB3YETCS B aHATUTHYECKON
XUMHUH B KAUYECTBEHHOM aHAJIN3€ BEIIECTB.

B. ITo peakiuu oOMeHa MOJIyYuTh Ocanok xyopuaa ceuHia PbCly, neiicTByst pactBopom
xyopuaa Hatpus Ha pactBop coim cBuHIa PB(NO3).. [late ocanky ocecth. COUTh MaTOYHBIN
pacTBOp (HaJOCATOUYHYIO )KUIKOCTB). B sxuakocTu nomyckaercss HeOoblas Macca B3BECH. 3a-
TEM B 3TOT pacTBOp 100aBUTH pacTBop noauaa kanus Kl. late ocaaky ocects. CHOBa CIUThH Ma-
TOYHBIN pacTBOp M JOOABUTH K HEMY pacTBop cynbpuaa Hatpus NaxS umu cynbpuna aMMOHUS
(NH4)2S. Ykazarh nBeT mosydaronmxcsi ocaakoB. OObSICHUTH BO3MOXHOCTh MPOTEKAHHS 3THX
peakuuii Ha OCHOBaHUM Npou3BeneHus pactBopumoct (IIP) oOpazyrommuxcs coneil cBUHIA.
Harnncate ypaBHEHUs peaklvii B MOHHOM BH/IE.

I'. Hanmuts 1/3 oO0beMa npoOupku pacTBopa cuirkara Hatpus (ckuakoro crekxna) NaxSiOs u
MPOIYCTUTH Yepe3 Hero JUokcua yriepona. Uro Habmrogaerca? Kakue BbIBOJBI MOKHOCIEIATh
OTHOCHUTEJIBHO CTETIEHH JAMCCOLMAIMN KPEMHHUEBOM U yroiabHOH kuciaoT? Kakas u3 Hux crnabee?
HanmcaTh ypaBHEHHE peakiini 1 HOHHOM BHJIE.

/l. B nBe npoOupku HaiuTh pactBop cyiabdarta menu CuSO4. B ogny no6aBuTh pacTBOp
runpokcuaa Hatpust NaOH, a B npyryro pactBop ruapokcuna 6apus Ba(OH),.. Uem oOBsICHUTS,
4TO OCaJika BO BTOpoii mpodupke Oonpine? HanncaTs ypaBHEHHs peakivii B MOHHOM BUJIE.

Jlabopamopnas pavoma Nel 5.
I'mpponus
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Conu, 0Opa3zoBaHHBIC CHIILHEIMU OCHOBAHHSIMH U CHIIBHBIMU KHCJIOTaAMH.

OIIBIT 1. Haneiite B oTAc/IbHBIC MPOOMPKH PACTBOPHI XJIOPHIA HATPHUS, XJopuaa Oapws,
cynbdara HaTpUs ¥ HUTPATa KaJlus U UCIBITAlTEe peakui PacTBOPOB C MOMOIIBIO YHUBEPCAIIb-
HOM MHIUKATOpHOU Oymaru. J{Jis 3Toro pa3pexbTe MOJIOCKY HHIUKATOPHOW Oymaru Ha 4 — 5 4a-
CTEH, H, YI0XUB UX Ha MOJIOCKY Oenoil GpuiabTpoBaabHON OyMaru, KOCHUTECh KycOYKa MHAMKA-
TOPHOM OyMaru CTEKJISHHOH IMaJIOYKOW, CMOYEHHOW UCIBITYeMBIM pacTBopoM. [Ipexe yem uc-
IBITATh CIEAYIOLINH PacTBOP, HEOOXOIMMO CTEKIITHHYIO MaJIOYKy OTOJIOCHYTh BOZOH.

CozepiKar M pacTBOPLI B3ATBIX I ONbITa coseil u30biTok nonos H™ uan OH™? IToxsep-
raroTCs JIM TaKUe COJIU TUAPOINU3Y?

Conu, oOpa3zoBaHHbIE CUIIBHBIMU OCHOBAHHSIMH U CIIa0bIMH KHCIIOTaMH.

OIIBIT 2.naneiite B npoOupKy 3 — 4 Karum pacTBopa arerara HaTpus u onpeaenure pH
pacTBopa ¢ MOMOUIbI0 YHUBEPCATbHON UHAUKATOPHON OyMaru.

OxpammBaeTcs I pacTBOp alerara HaTpus mocie godasneHus 1 — 2 kanens penondrane-
nHa?

Hcxons u3 koHueHTpauuu pactopa C, Bbrunciaute ero pH u cpaBHUTE ¢ ONBITHBIMU JjaH-
HBIMU. 3aMIOJTHUTE CJIECTYIOIIYIO TaOIuILy:

dopmyia conu [OH Tssmer= VKb * C pH

BBIYHCIICHHBIN 10 JaHHBIM OIIbITa

Hanumvre mosiekynsipHO-MOHHOE ypaBHEHHE THAPOK3a alerata Harpus. [IpuBeaure nBa
— TpU IIpUMepa IPYTuX aleTaToB, THIPOIN3 KOTOPHIX OTBEYAET STOMY YPaBHEHHUIO.

OIIBIT 3. Hauneiite B o1y IpoOupKy 5 — 6 Kamnenb pacTBopa KapOoHaTa HaTpus, B APYTYIO
— TaKoM e 00beM Cynb(puTa HATPHS U CPAaBHUTE OKPACKY 0OOUX pacTBOPOB MOCie MPUOABICHUS
K HUM | — 2 kanens ¢peHonTalenHa Wik MPOBEPhTE PEAKIIHIO PACTBOPOB C TIOMOIIBIO YHUBEP-
CaJIbHOM MHIMKATOPHOMN Oymaru.

Hanumvre MonekynsipHO-HOHHBIE ypaBHEeHUs THaposin3a. CpaBHHUTE TIOBEICHHE 00EUX CO-
Jieil B pacTBOpE U, HE MPOU3BO/IS BHIYUCICHHH, OMPEeIUTe B KAKOM U3 JIBYX PACTBOPOB OTHOCHU-
TeIbHO OOJIbIIEE:

a) cTeneHpb ruaposu3a h; 0) KOHIEHTpaIHs THAPOKCHIbHBIX noHOB [OH]; B) 3HaueHue pH.
Kaxoii annon — COz?” umu SOz - sBnsercs 6onee CHIBHBIM OCHOBaHHeM? BrIuncimiTe KOHCTaH-
ThI TUAPOIIN3a 00€UX cojell. 3amoaHuTe TaOIuILy:

Coub h [OH] pH Kh =Ky /Ko

OIIBIT 4. Te e cpaBHUTEIBHBIE OMBITHI POJIETANTE C PACTBOPAMHU T'MAPOCOJIEN — FHUAPO-
kapOoHaTa u ruapocynbpuTa Hatpus. K pactBopy nepBoii conu no6aspTe 1 — 2 xamiu ¢eHosn-
¢dTanenna, a Kk pacTBopy BTopod — 1 — 2 xarum jakMyca, MpeBapuTelIbHO YOEAUBIIUCH B TOM,
YTO B pacTBOpE Tusipocyiabdara HaTpus HeHoaPTaIeHH 0cTaeTCss 0ECIBETHBIM.

Hanummre MosieKkynsipHO-MOHHBIE YpaBHEHUS THAPOJIN3a 00enXx coyiell U 00bACHUTE pas-
JM4YMe B CBOWCTBAX UX pacTBOpoB. Kakas QpyHKIMS — OCHOBAHUS WM KUCIOTHI — IPeo0IagaeT y
nona HCO3 u y nona HSO3? Pe3ynbpTaThl OonbITa COMOCTaBbTE C BBIYMCICHHBIMU JaHHBIMH,
cpaBHuB BennunHbl Kp 1 Ko. 3anonnure Tabnuny:

Counp OnbITHBIE TaHHbIE PacueTHble TaHHBIE BriBoib1
peakuus pac- | pH (6ompme | Ky =Ko / Ki K2
TBOpa WIJIA MEHbIIIE
7)
NaHCOs
NaHSO3

Counn, 00pa3oBaHHbIE CUIIBHBIMU KUCIIOTaMU U C1a0BIMH OCHOBAHUSIMHU.
OIIBIT 5.0mpenenute ¢ MOMOIIBIO YHUBEPCATbHOW MHIUKATOPHOW OyMaru peakuuio BOJ-
HOT'O pacTBOpa XJIOpUAA WM cyiabpaTa aMMOHUS. Hanumure MoJIeKyIsIpHO-HOHHOE ypaBHEHHE
peakuuy ruIposIun3a.
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OIIBIT 6.0npenenute ¢ MOMOIIBIO JIAKMYCa PEAKIIMIO pacTBOpa XJIOpHUAa IIMHKA, CylbdaTa
[UHKa U cyibdaTa aqoMuHusa. Hanummure MoJekyaspHble U MOJEKYJISIpHO-UOHHbIE ypaBHEHUS
TUAPOIIN3A COJIEH.

OIIBIT 7.K 3 — 4 xamusM pacTBOpa XJOpHJa CypbMbI WJIM BUCMYyTa MPUOABBTE TAKOW Ke
o0beM Boabl. Uto Habmogaercs npu 3tom? [lonkucianre pacTBOP HECKOJIBKUMHU KaIUIIMH KOH-
HEHTPUPOBAHHOMN COJISTHOW KHMCIIOTBHI, I1OCJIe YeTO BHOBb pa3z0aBbTe pacTBop. UTo Habmonaercs?

Hanummre MonekylnsipHO-MOHHOE ypaBHEHHME THIPOJIHM3a XJIOpHUIa CYpbMbI HJIM BUCMYTA,
YYHUTBIBAs, YTO MPH 3TOM 00pa3yeTcsi MaIopacTBOPUMbIX xyopu okcocypbMbiSDOCI 1, coot-
BETCTBEHHO, XJI0puJ okcoBucMyTaBiOCI.

BsaumopeiicTBue pacTBOpOB COJIE, B3aUMHO YCUIIUBAIOLIUX THAPOIIU3 APYT APyTa.

OIIBIT 8.HaseliTe B KOHUYECKYIO TPOOUPKY 5 — 6 Karelb pacTBOpa XJIOpUIa WK Cylabda-
ta xpoma (I11) 1 mpubaBbTE MO KarUIsIM pacTBOp KapOOHATa HATpHs 10 0O0pa30BaHMs OCaKa Ma-
JIOpaCTBOPUMOTO COEIMHEHUS.

OTtaenute 0cajiok OT pacTBOpa M MPOMOMTE OJUH — JiBa pa3a 5 — 6 KarIsiMH BOJIBL.

Kakumu peakuusMu MOXHO J0Ka3aTh, YTO 00pa30BaBIIMECS MAJIOPACTBOPHUMOE COE/IMHE-
HUE MpeacTaBisaoT coboit ruapokcua xpoma (l11), a He mpoayKT 0OMEHHOTO B3aUMOJIEHCTBUS
UCXOAHBIX cojeii? [loueMy npu B3auMOAENWCTBUN PACTBOPOB ATHX COJEH THAPOIMU3 UX IMPOTEKa-
eT MpakTuYecku HeoOpatuMo? KakoB MexaHnW3M B3aMMHOTO YCUIJICHUS TUAPOIH3a?

Jlabopamopnas paboma Nel6.
OKuUCIANTEIHLHO-BOCCTAHOBHUTE/IbHbIE PeaKIHU
Bonpocul cobecedosanus:
1.  Xumudeckue peakiyy 1 uX KIacCH(HUKaIMA MO XapaKTepy B3aMOJICHCTBUS pearrpyroIInX BEIIECTB
(OOMEHHBIE, OKHICITUTEITLHO-BOCCTAHOBUTEIILHBIE, KOMITIEKCOOOPA30BaHHS).

2. Peaxiym, wiynmpe ¢ I3MEHeHHEM U Oe3 U3MEHEHHs CTeIEeHH OKHCIICHHsI aTOMOB 3JieMeHTOB. Kiiac-
cu(uKanus OKHUCIUTEIIHEHO-BOCCTAHOBUTEIIHHBIX PEAKIINA. DJIEKTPOHHASI TEOPHST OKUCIICHUSL
OKHCIUTENM U BOCCTAaHOBUTEITH.

3. TlpaBmia cocraBiicHHSI YpaBHEHHN OKHUCIUTEIHLHO-BOCCTAHOBUTEIILHBIX pEakiyii. MeTombl 3JieK-
TPOHHOTO OajaHca W  ANEKTPOHHO-MOHHBIM. Pomb  cpempl B MPOTEKAHMM  OKUCIIMTENBHO-
BOCCTAHOBUTEJTbHBIX PEAKIIU.

4. BsaumopeiieTBUe METAUIOB C KUCJIOTaMH M COJIIMU B BOJIHBIX PAacTBOpax KaK OKUCIUTENIBHO-
BOCCTAHOBUTEJTLHBIN TPOLIECC.

5. DNeKTpOXMMUYECKMH  psa HanpsokeHMd — MetawioB.  CTaHmapTHble — OKHUCIIUTENBHO-
BOCCTaHOBHUTEIILHBIE TIOTCHIHABL.

Ileny pabomor:

[IpoBeeHne Ka4eCTBEHHBIX OMBITOB, PACKPBIBAIOIINX OKUCIUTEIBHBIE M BOCCTAHOBUTEIb-
HbI€ CBOMCTBA OT/IEJIbHBIX BEILECTB.

ObopyoosaHue u peakmuebi:

[ratuB ¢ npobupkamu. bpomuna kanus. Noaun kanus. Cynsdut Hatpus. Tpuruapar HUT-
para meau(ll). PactBopsr: xiaopuaa xenesa(lll) (1 M), xmopuma xeneza(ll) (1M), xmopuaa oo-
Ba(lV) (1 M), xnopuna onosa(ll) (1 M), rekcauimanodeppata(lll) xanmus (1 M), cepHOi KUCTOTHI
(2M).nepmanranara kanus (0,05 M), nuxpomara kamus (1 M), runpoxcuna xamust (40 %-Herii),
cyne¢ura Hatpus (0,1 M), nonuna xanwus (0,1 M), aurputa Harpus (0,1 M), conmun Mopa, Tuomu-
anata ammoHus (0,1 M), cepHolt kucnoTsl (koHL.), rekcaunanodeppara(ll) kamus (0,1 M), xio-
puaa xamus (0,1 M), cynedara mequ(ll) (0,1 M), xnopuaa 6apus (0,1 M). CepoBomopoaHast Bo-
J1a, XJOpHas BoJa, OpoMHasi BO/ia, MOJIHasl BOJIA.

OIIBIT 1. OxkucnuTenbHbIE CBOWCTBA IEPMAHraHaTa Kajlus B Pa3HbIX cpeaax

B tpu npoOupku BHECTH 110 3 — 4 Karum pacTBopa rnepmanranara kaiuust KMnOjs. 3atem
B IepBYyI0 100aBUTh 3 — 4 Karum pazdasineHHoro pactsopa H2SOs, Bo BTOpyto — 3 — 4 karmm
BOJIBI, B TPETHIO — 3 — 4 KAl KOHIICHTpUpOBaHHOTO pacTBopa KOH.

B kaxnayto npobupky BHecTH pacTBop cynbpura Hatpust NazSO3z 10 n3MeHeHus 1BeTa pac-
TBODA.
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Otmeruth HaOmonaemble u3MeHeHus. Hamucare ypaBHeHus peakiuii mexay KMnOs u
Na>SOs B kuCIIOH, HEUTpaIbHOU M IenoyHou cpemax. Paccumtare DJIC peakiuii, UCIOIB3Ys
Ta0NUILy CTaH/IAPTHBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTEHIIMANOB. CellaTh 3aKJII0UeHHE
00 OKHCIUTEIHHON CIOCOOHOCTH MepMaHTraHaTa B pa3HbIX cpeax.

OIIBIT 2. OkucnurtenbHbIE CBONCTBA AUXPOMATa KaJlUs

Onpenenutb BO3MOXHOCTh MPOTEKAHUS peaKluu

Cr,07% + 14H" + 6e” = 2Cr** + 7TH.0

IIPU MCIIOJIb30BaHUU B KadecTBe BoccTaHoBUTeNeH — nonuaa kanusa Kl, cepoBogopoaHoii Bob
H>S u aurpara Hatpus NaNO2, paccuntaB DJIC kaxnoi peakuuu. [lonTBepauTh mpaBUILHOCTH
OTBETAa ONBITHBIM IyTeM. /{7151 3TOr0 B Tpu MpOOUPKH BHECTH 10 3 — 4 Kariu pacTBOpa JuXpoma-
ta kanusa KoCro.07 u o 3 — 4 karum paz6aBnerHoro pactBopa H2SOs. B mepByro npoOupky J1o-
6aBuTh pacTBOp Moauaa kanus Kl, Bo BTopyro — pactBop cepoBogopona HzS, B TpeTsto — pac-
tBop HuTputa Hatpus NaNO: 1o mosiBIeHUsS yCTONYMBOW OKpackd. 3amvcaTh HAOMIOACHUS U
YpaBHEHUS PEaKIUi.

OIIBIT 3. OxucnuTebHbIE CBONCTBA FAJIOTEHOB

[Tonb3ysch Tabmuiell CTaHOAPTHBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX IMOTCHIIMAJIOB,
ONPENIETUTh, C TTIOMOIIBI0 KAaKHX TaJIOT€HOB, B3STHIX B KAUECTBE OKUCIHUTEIS, MOXKHO MPOBECTU
nporiecc okuciaenus xeaeza(ll) B sxeneso(l11):

Fe?* — Fe®*

[ToaTBepAUTh TPABUIBHOCTH OTBETA JKCIEPUMEHTANbHO. st 3TOro B TpH MPOOUPKH
HAJIUTH 110 4 — 5 Karesb CBESKEMPUroToBIeHHOro pactBopa cosin Mopa (NHa)2Fe(SO4). - 6H20
(pacTBOp cofepkuT HOHKI Fe?*); B mepByIo — 106aBUTE 4 — 5 Kamenb XJIOPHO BOJIBI, BO BTOPYIO
— OpOMHOIi BOJIBI, B TPETHIO — HOMHON BOIBL. B Kaxayro mpoOupky A00aBHUThH 1Mo 2 — 3 Karum
tronmanata aMmmoHust NHsSCN, siBisrorerocst peakTHBOM Ha MOHBI Fe®*. OTMeTUTh, B KaKux
npoOUpKax MOSBWIOCH KPACHOE OKpalllMBaHHe pacTBopa. Hamucars ypaBHEHUs HAOII01aeMbIX
peaKuuu.

OIIbIT 4. BoccraHOBUTENBHBIE CBOMCTBA TAJIOTEHUIIOB

(OmbIT MPOBOUTH MO TSATOH.)

CpaBHUTH BOCCTAaHOBHTEIHHYIO CIIOCOOHOCTh HOHOB BI™ m |™ 10 3HaYCHHSIM CTaHIapTHBIX
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX MOTEHIIUATIOB.

Yo6eauThest B pa3uyHON BOCCTAHOBUTEIHHOM CITOCOOHOCTH TaJIOT€HU-HOHOB IO B3aUMO-
JNENCTBUIO X C KOHIIGHTPHUPOBaHHBIM pacTBopoM H2SOs. Ilyis »TOro B ABE MPOOUPKH MOMe-
CTUTh 10 | MuUKpormaTeno KpuctauioB 6pomuna kanus KBr u nonuna xanus Kl u no6aButh
HECKOJIBKO Kareab KOHIIEHTpUpoBaHHOTO pacTBopa H2SOs.

O xo0/1€ peakIuu CyUTh M0 U3MEHEHUIO OKPACKH PACTBOPOB M IO 3aMaxy BBLACISIOIINXCS
ra3oB (CepHHCTOrO Tra3a u cepoBofopoa). HamucaTts ypaBHeHHs peakuid.

OIIBIT 5. Bniusiane xomIiekcooOpa30BaHUSHAOKHUCIUTETFHO-BOCCTAHOBUTEILHBIE CBOM-
CTBa BEIIIECTB

CraHmapTHBIN OKUCITUTEIbHO-BOCCTAHOBUTEIHHBIA MOTEHIIUAN ISl TIPOCTHIX HOHOB XKeye3a
OoJbIIIe, YeM I IUAaHUAHBIX KOMITJIEKCHBIX HOHOB.

ITo 3Hauenusam E° onpenenuTs:

1) xakue nonsI — Fe? wmm [Fe(CN)s]*” — MoryT GBITH OKHCIIEHBI HOITHOI BOIOH;

2) xaxne nousl — Fe** mmm [Fe(CN)s]®™ — crmocoOHBI OKMCIUTE HOAUA-HOHBL. OTBET MOJI-
TBEPAUTDH IKCIIEPUMEHTATBHO.

Jlyig aTOrO B 1BE NMpOoOMpPKHU BHECTU MO 3 — 4 Karum HojHoM Boabl. B onHy npobupky no-
6aBUTH 3 — 4 KamuM pacTBOpa COMM, cojepkamei Fe?*, B apyryio — 3 — 4 kammm pacTBopa
Ka4[Fe(CN)e]. B kakoit mpoOupke Hab01aeTcst 00ecIBeUMBaHUE HOTHOW BOIBI?

B nBe apyrue mpoOupku BHectu 3 — 4 karum pactBopa uoauna kamus Kl, mogkucauts
pa3baBiieHHBIM pacTBopoM H>SOs. 3atem B 0oHY TpoOHMpKY 100aBUTh 3 — 4 KaIid pacTBopa
xnopupa xene3a(lll) FeCls, B npyryto — 3 — 4 kamu pactBopa rexcanuanogep-para(lll) kamms
Ks[Fe(CN)e].
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B kakoii mpoOupke BblaesieTcs cBOOOAHBIN noa? Crenath BBIBOJ O BIUSHUUA KOMIUIEKCO-
06pa3oBaHMs HA OKHCIUTENBHEIE CTIOCOOHOCTH HOoHOB Fe®',

OIIBIT 6. OKHCIHTEIbHO-BOCCTAHOBHTCILHBIC CBOWMCTBA COCIAUMHCHHUN DJICMCHTOB,
HAXOJSIIUXCS B MPOMEXKYTOYHON CTEIIEHH OKUCIICHUS

YO0enutbcs B OKUCIUTENBHO-BOCCTAHOBUTEIBHOW JBOMCTBEHHOCTH HUTPUTA HATPHS
NaNO:.

Jlnst 5TOro B OJHY HPOOUPKY MOMECTUTh 3 — 4 Kalid pacTBOpa MEepMaHraHaTa Kajaus
KMnO4, noakucauth pa3zdaBieHHBIM pacTBopoM H2SOs4 m no6aButh pactBop NaNO2 mo obec-
[[BEYMBAHUS PAaCTBOPA.

B npyryro npobupky BHecTH 3 — 4 karmu pacTBopa noauaa kanus Kl, moakucauts pazoas-
aenHbIM pactBopoM H2SO4 u no6aButh pactBop NaNO2 10 n3MeHEeHUsT OKpACKH.

Kak oObscHuTh HaOmM0MaeMbIe sBieHUA? HanucaTh ypaBHeHHs peaknuii. B kakoMm cirydae
HUTPUT-UOHBI MPOSBISIOT BOCCTAHOBUTEIBHBIE U B KAaKOM — OKHCIHTEIbHBIE cBoiicTBa? Ilpu
BOCCTAHOBJICHMHM HUTPUT-UOHOB BBIIEISETCS a30T, a MPHU UX OKUCICHUHU OOpa3yloTCs HUTpAT-
MOHBI.

OIIBIT 7. Peakuust qucnponopiimoOHUpOBaHU

B npo6upky nmomectuts 2 — 3 xkpucraiia cynbpurta Hatpust NaSOs. 3akpenuts npooup-
Ky B LITaTUBE M HarpeBaTh B TeUeHUE 5 — 6 MuH. B ocThIBIIYIO pobupKy n06aBuTh 8§ — 10 Ka-
Helb AUCTHIUTMPOBAHHON BOJIBI M PACTBOPHUTH MPOIYKTHI PEaKIUH.

C nomompto pactBopa cyiabhara meaqu CuSOs oOHapyk HUTh 0Opa3zoBaBiIecs CyIbhuI-
nonsl S2°. CpaBHUTH jeiicTBre pactBopa CuSO4 Ha pacTBOp McxoaHO# comu. Kakoe eme Beme-
CTBO, KpoMme cynb(duna HaTpus, o0pa3oBajioch MPH TEPMUUYECKOM DA3IOKEHHU CyTb(puTa
HaTpus? Kak ero OOHapYXUTh? Hamnmcars yYpaBHEHUE peakuuu
nuctpornoprimoHupoBanusIiNa;SO3 pu mpoKaTMBaHKUH.

OIIBIT 8. BHyTpuMOJIEKYJISIpHbIE OKHCIUTEIbHO-BOCCTAHOBUTEIIbHbBIE IIPO-

LIECCBI

B nipobupky BHecTH Heckoabko KpuctauioB Hutpata Mean CU(NO3). - 3H20. Bakpenutsb
npoOUpPKyY B IITaTHBE M OCTOPOXKHO HarpeBaTh, HaOJ0Jasi U3MEHEHUE 1[BETa KPUCTAIJIOB U 11BE-
Ta BblAENsAtonierocs rasa. Hanucate ypaBHeHue peakiuu pasznoxkeHus Hutpara Meau(ll), yaurtor-
Basi OKPAacKy BO3MOXHBIX MpoaykToB peakiuu: 6e3Boanblii CU(NO3)2 — 6enbrit; Cu(NO2)2 — He
cymectByet; CUO — uepnslit; Cu — kpacHsiid; N2, NO u Oz — 6ecuBerHbie ra3er; NO2 — Oypbrii.
VYka3arh OKHCIUTEb U BOCCTAHOBHUTEIb B MoJieKysie Hutpara Meau(ll).

3anauu no teme: OKHCIUTETLHO-BOCCTAHOBUTEIbHBIE PeaAKIIUT
1. Peakiiuu mpoTeKaroT Mo CXeMam:
P+ HIO3 + HO — H3POs + HI
H2S + Cl; + H2O — H2SO04 + HCI

PaccraBpTe KO3()(PUIMEHTH B ypaBHEHHMSX pPEaKUMHA. YKaXWUTe I KaKIOW peakuuu
OKHCJIUTENb U BOCCTAHOBUTEITh; KAKOE BEIIECTBO OKUCIISAETCS, KAKOE BOCCTAaHABIMBACTCS.

2. Kakue u3 peakuuii, IpOTEKarIUX 110 CXeMaM:

K2Cr207 + H2SO4 (ko) — CrOsz|+ K2SO4 + H20
KBr + KBrOs + H,SO4 — Br, + KxSO4 + H20O
Na>SO3z + KMnOs + H20 — NaSO4 + MnO2 + KOH
SIBJISIFOTCSL  OKUCIIUTEIIbHO-BOCCTAHOBHUTENLHBIMU. PaccraBbTe K0I(D(GUIMEHTH B YpaBHEHHUSX
OKHCIIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKI HOHHO-3JIEKTPOHHBIM METOJIOM. YKaKUTE JUIs Kax-
JIOW peaKIny OKUCIIUTENb U BOCCTAHOBHUTEIb.

3. Ilo crenenun okucnenust pocdopa B coenunenusax PHs, HsPOs, H3POs onpenenure, ka-
KO€ M3 HUX SBIISETCS TOJBKO OKHCIUTENEM, TOJFKO BOCCTAHOBUTEIIEM M KaKO€ MOXET IPOsB-
JSTh KaK OKUCIHUTEJbHbIE, TAK U BOCCTAaHOBUTENbHBIE cBoiicTBa. [louemy? PaccraBpre K0a(ddu-
IIMECHTHl B YPAaBHEHUH PEAKIIUH, AYIIECH 10 CXeMe

P + HNO3 + H20 — H3PO4 + NO

4. Peakuuu MpoOTEKaOT MO CXEeMaM:

KMnO4 + Na;SO3 + KOH — KoMnOg4 + Na;SO4 + H20



73

PbS + HNO3z — S + Pb(NO3)2 + NO + H20
PaccTtaBpTe K03(DPHUIIMEHTHI B ypaBHEHHIX peakuil. Y KaKUTe AJs KaXJA0H peakllMi OKUCIUTENb
¥ BOCCTaHOBUTEb, KAKOE BEIIECTBO OKHUCIISIETCS, KAKOE BOCCTAHABIIMBACTCSI.

5. YkaxuTe, Kakoi MpoLecc — OKUCIEHHE WA BOCCTAaHOBJIEHHE — MPOUCXOIUT MPHU CIEAYIO-
nmx npeppamenuax: Mn®* — Mn?*; C1%* — CI; N® — N°'. PaccraBbTe kod(uiueHTs B
YpaBHEHUHU PEAKIINH, IPOTEKAOIIEH IO CXeMe

Cu20 + HNO3z — Cu(NOs3)2 + NO + H20.
6. Peakunu mpoTekaroT 1o cxemam:
HNO3 + Ca — NHsNO3 + Ca(NO3). + H20
K2S + KMnOg4 + H2SO4 — S + K2SO4 + MNSO4 + H20.
PaccraBbre K03(DPUIMEHTHI B ypaBHEHUSX PEAKIMH. YKAKHUTE I KAKIOW PEaKIMH OKHCIIH-
TeJIb ¥ BOCCTAHOBUTEIb, KAKOE BEILIECTBO OKHUCIISIETCS, KAKOE BOCCTAHABIMBACTCSI.

7. Ucxons W3 CTENEHHM OKHCIEHUs Xpoma, moja u cepsl B coequHeHmsx KoCr07, Kl,
H2SOs3, onpenenure, kKakoe U3 HUX SBIISETCS TOJIBKO OKUCIUTENEM, TOJIHKO BOCCTAHOBUTEIIEM U
KaKO€ MOJKET IMPOSBIIATh KaK OKUCIUTEILHBIC, TAK ¥ BOCCTAHOBUTEIILHBIC CBOMcTBa. [louemy?
PaccraBbTe K03(p(puIIMeHTHI B ypaBHEHUH peakiuuu (METOIOM MOIypeakiuii), MpoTeKarIen mo
cxeme

Na2CrO2 + PbO2 + NaOH — NaxCrO4 + NazPbO2 + H20

Ilpunosncenue k nabopamopnoii pabome Neb
1. 2KMnOg4+ 5NaNO; + 3H2S04 — 2MnSO4 + 5NaNO3 + 3H20 + K2SOg,
(MnQ4)™ + 8H*+ 5e —Mn?* + 4H,0 | 2
(NO2)” + H20 — 2e — (NO3)” + 2H"|5

2(MnO4)” + 16H*+5(NO2)” + 5H20 —2Mn2* + 8H20 + 5(NO3)” + 10H*

2. KMnQOg4 + 3NaNOz + 2H20 — MnO2 + 3NO2 + 3NaOH + KOH,
(MnOs)” + 2H20 + 3e —> MnO2 + 40H |1
(NO2) —e > NO2| 3

3. KMnOs+ NaNO2 + KOH — K2MnO4 + NaNOs + H20,
(MnO4)” + e — (MnO4)* |2
(NO2)” +20H —2e — NOs + H20| 1

4. 2NaNO2 + 2KI + 2H2S04 — 12 + 2NO + 3H20 + K>SO4 + NaxSOs,
(NO2)” + 2H" + e — NO + H20| 2
20N —2e—>1L |1

5. KMNnO4 + 3MnSO4 + 2H20 — SMnOz+ K2S04 + 2H,S04,
(MnO4)™ + 2H20 + 3e — MnO; + 40H™ | 2
Mn2* + 2H,0 — 2 — MnOz + 4H* |3

6.2KMnO4+ 10KI + 8H2S0O4 — 2MnO> + 312 + 8KOH,
(MnQ4)™ + 8H™+ 5¢ —Mn?" + 4H,0 | 2
20N -2 —>1 |5

7.2KMnOg+ 6KI + 4H20 — 2MnSO4 + 512 + 8H20 + 6K2SOq4,
(MnOs4)™ + 2H20 + 3e > MnO2 + 40H" | 2
2(N —2e— 12 | 3

8. 2NaNO; + 2KI + 2H20 — I + 2NO + 3H20 + 2KOH + 2NaOH,
(NOz)™ + Ho0 + ¢ — NO + 20H | 2
20 —2e—>1L |1
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9.K2Cr207+ 6NaNO2 + 7H2SO4 — Cr2(S04)3 + 6NO2 + 7H20 + K2SO4s + 3NazS0s4,
(Cr.07)* + 14H™+ 6e —2Cr3* + 7TH.0 | 1
(NO2)” —e — NOq| 6

10.

2KMnOy+ 5K 805+ 3H,504 = 2Ma S04+ 6K 504 +3HO
MATHHOELIT DecUEeTHELT

MnOy +8HT+ 58— Ma +4H,0
SO5+H,0-28 — SOy +2HT

2 — OEMCHMTENE, BOCCTAHOEBIIICA

lD

—BOCCTAHOEHNTENE, OFFICIIIIICA

MO 6T+ 5505 H5H,0— M 31,0+ 5S04 LIl +

11.
+ 47 -2 + 342 o+ 2 +4 2 ey I N,
2KMnOy+2K,503+ HyO = 2Mn0, +2K,504+ 2KOH

MATMHOELDT Ex'pmi

_"v'[tl':h + F’HF;D + 38— ‘v’h‘lDF,+—1DH
SD3+H‘}D 2B — SD4 +F’H+

2 - OFEICNUTENE, BOCCTAHOBHIICT

3 —BOCCTAHOBWTENE, OFJICIIIICA

) - 2
2MnO4 + AH,0 + 3503 £3H;0—+ 2MnO,+ 3504+ §0H + 68
_6H0

i

12.

+ 27 2 242 +.2% + 26 2 63 L 3
2KMnOy+ K803+ 2KOH = 2K)MnOy + K504+ HyO
MATHHOEBT SEMEHRLT

1"--']:t'l':}l_Al+]_v.3 — 1".-'[110_1
SO; +20H-28 — SOj + Hy0 |

2 — OEMICTIHMTENE, BOCCTAHOBIIICA

l BOCCTAHOBHUTENE, OFTICIHIICA

2MnO4 + SO5 + 20H — 2MnO} + S0y + H,0

Jlabopamopuas paboma Ne 17
OKuCIANTEBbHO-BOCCTAHOBHUTE/IbHbIE peaKINU
Bonpocw cobecedosanus:
1. HarpaBieHHOCTh OKHCITMTETbHO-BOCCTAHOBUTENIBHBIX PEAKIIUIA B PACTBOpAX.
2. YcioBus NpOTEKaHUs XMMHUYECKMX peakuuil. TepMoauHaMUYecKue U KMHETUYEeCKHUE XapakTe-
PUCTHKH pEeaKLU.
3. DIeMeHThl XMMUYecKoi TepMonuHaMuku. [lpeamer u 3anaun TepmoguHaMuKi. OCHOBHBIE Xa-
PaKTEPUCTUKU TEPMOIMHAMUYECKON CUCTEMBI.
4. TenoBoi 3(PEeKT XUMHUECKON peaklui U TEPMOXUMHUYECKHE pacyeThl. Temnora o0pa3oBaHus
BemecTsa. [lepBoe Havaio TepmoimHaMuKky. DHTanbNMs. 3akoH ['ecca.
5. HanpaBneHHOCTh XMMUYECKHUX peaKuil. DHTPONHS U CBOOOHAS SHEPTUS CUCTEMBI.
6. N3006apHO-130TepMUUECKH TOTEHIIMAN. XUMUYecKasi TEPMOJAMHAMUKA B MPHIIOKEHUU K OHO-
JIOTUYECKUM CHCTEMAaM.
OIIBIT 1.
CpaBHuTENTbHAS AKTHBHOCTH METAILIOB.
Hamts B oTnesbHbIe ipoOrpku 1o 1 MiT pacTBOpOB costeld MHKA, skerie3a (IT), omosa, kamvust, memu(1l) u ce-
pedpa. OrmycTUTh B pacTBOpPHI (KPOME PacTBOPa C OTHOMMEHHBIMI HOHAMH) TIACTAKHA METITYECKOTO [IHKA.
Orveruts HaOmozeHus. [I0BTOpUTH OMBITHI € TIACTUHKAMH SKele3a, CBHHIIA M Meu. VI3 Kakux pacTBOpoB
BBITECHSIIOTCSL MeTaiuibl? Harmicarb ypaBHEHHsI COOTBETCTBYIOLIMX PEAKIIMIA. 3anucarh METAUIbI OI yObIBa-
HHIO MX BOCCTAHOBUTEIILHOM CTTOCOOHOCTH, OIPEICTICHHOM SKCIIEPMMEHTATHHO. BhInvicars 3HaueHHs MX CTaH-
JIAPTHBIX TIOTEHIIMATIOB U3 TIPHJIOYKEHHL.
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COOTBETCTBYET JIM SKCTIEPUMEHTATHHBIA PSiT METAUIOB MX TIOJIOXKEHHUIO B AIEKTPOXMMUYECKOM PSITY Harpsi-
JKEeHMit?
Onprr 5.
Namepenne 3/1C ranbBaHnyecKoro aeMeHTa u onpezerieHne AG B OKACIUTEIbHO-BOCCTAHOBUTEIBHOM peaK-
LML
Co0parh ralbBaHIYECKHI JIEMEHT T10 CXEME:
(-)Zn| ZnSO4||CuSO4|Cu (+)

IM 1M
TP 3a/IaHHBIX KOHIIeHTparwsix conelt ZnSOsu CuSOs.
B yKkazaHHOM rajibBaHH4EeCKOM 3JIEMEHTE IMPOTEKaeT IMPOLIecc:
Zn+Cu*=Zn*" +Cu
J171s1 31010 B CTaKaHbI ¢ PacTBOpPAMH COJIel METAUIOB OITYCTUTh IUIACTHHBI COOTBETCTBYHOIIMX METAIUIOB, 3a-
MKHYTb TIOJTyJIEMEHTBI COJIEBBIM MOCTUKOM M COEAMHUTB IEKTPO/bI C IOMOILIIBIO IIPOBOAHNKOB ¢ MUJUIH-
BonbT™MeTpoM. M3meputs DJIC mocie ycTaHORNIEH!S! CTAIMOHAPHOTO 3HAUECHHST HATIPSDKEHS Ha KIS TIPH-
oopa.
CpaBHHTH OTBITHBIE IAHHBIE C TEOPETUYECKH BHIYUCIICHHBIMI. OMPEIeUTh IPOLIEHT OIIHOKH.
o nHaiinenHoMy 3HaueHMIO D/IC ralbBaHMYECKOrO JIEMEHTAa PacCUMTaTh M3MeHeHwe Heprun [ mbbca B
OKHCJIUTETHHO-BOCCTAHOBUTENTHHON PEAKIIH.
PesynbTars! H3MepeHuii ¥ pacCUMTaHHbIEC TAHHBIE MPEZICTABUTE B (DOPME MPOTOKOIA:
Konnientparwst pactBopa ZnSOs, MOIB/I . . .
Komrerrparmwist pactBopa CuSOs, MOTB/T . . .
3 1Cakecn MeTHO-LIMHKOBOI O 37IeMeHTa, B . ..
AGoaker, JIx ...
3J1Creop, METHO-IIMHKOBOIO 2JIeMEeHTa, B ...
[orpermocts I1, % . ..
AGreop, Ik ... .
[Norpenmocts I1, % ...
OIIbIT 2.
HUccnenoranue 3apucrmMocty DJ1C rayibBaHAUECKOro AMIEMEHTA OT KOHIIGHTPAITH COJTH.
Pa0oTy mpoBOJISIT € ra/TbBAHMYECKHM YIEMEHTOM.
Znzn?|Cu?|CuP
B crakan namts 10-20 Mt 1M pactBopa CuSOs, KOHIIEHTpaLsi KOTOPOTO B XO/IE U3MEPEHN HE M3MEHSETCSL.
B ocranbhble cTakansl HAMTH pacTBOpbl ZnSO4 B Topsizke Bozpacranwst konreHTparmn (0,01, 0,1 u IM). B
pactBop CuSO4 OITyCTUT MEHBIN MEKTPOLL; LIMHKOBBIH JIEKTPOZL OITYCTUTH B pacTBOp ZnSO4 HAMMEHBILIEN
KOHLEHTpatwu. [TomyaneMeHTs! COeMHUTB CONEBBIM MOCTUKOM U M3MepUTh DJIC ralbBaHUYECKOro ieMeH-
Ta C MOMOIIIHIO MAJUTUBOJIETMETPA.
He orxmroyast MWIIMBOIBETMETD, IIEPEHECTY LIMHKOBBIN AIEKTPOJT M COOTBETCTBYIOIIMIA KOHELL COJIEBOTO MO-
CTHKa B 00Jiee KOHIIEHTPHPOBAaHHBIH pacTBop ZnSO4 u cHoBa mmeputh D]IC, 3ateM Toxke mpozenarts ¢ 1M
ZnSOs.
Pe3ynbrars! m3MepeHuii 1 pacCUMTaHHbIE JAHHBIE 3aITHCaTh B TAOIHITY TIO (hopMme:
C(Cu?"), moms/m C(Zn?"), Mons/1 AEskcr, B AGoke, B AErteop, B AGreop,B T, %
1 1
01
0,01
Kakoit n3 (pakTopoB — mpupo/ia MeTasiia Wik KOHIICHTPAIWS €70 MOHOB B pacTBOPE B OOJIBIIIEH Mepe Orperie-
JIET 3HaUEHHUE IEKTPOIIHOTO TIOTEHIMA A MeTala |, cienioBatestbHo, DJ1C raibBaHMUIecKOro sfieMeHTa?

Jlabopamopnas paboma Nel8.
JIEKTPOJIN3
Bonpocwt cobecedosanus:

1. OneKTpoIn3 Kak OKUCIUTENBHO-BOCCTAHOBUTEIIBHBIN MPOLIECC.
2. DIIEKTPOJIN3 PACTIaBOB.
3. DJIEKTPOIN3 BOJHBIX PAaCTBOPOB KUCIIOT, LIEJIOUEH, COMEHL.



76

4. I IpakTryeckoe 3HaYCHUE MIEKTPOIII3A.
Lenb: M3yuuTh 31MEKTPOIN3, KaK OKUCIUTEILHO-BOCCTAHOBUTEIBHBIN IIPOIIECC.
OIIBIT 1.
OnbIT IPOBOAUTCS B 3JEKTpoIM3epe, npeacTasisomeM codoit U — oOpa3Hblil cocyl ¢ pacTBO-
POM 3JICKTPOJINTA, B KOTOPBIA MOTPYKEHO JBa AJIEKTPOAA, OJUH U3 KOTOPBIX MOIKIIOUEH K I0-
JIOKUTEIBHOMY, APYTOil — K OTpUIATEIbHOMY MOJIF0CaM UCTOYHUKA TOCTOSTHHOTO TOKA.
Onekrponu3 pactBopa CuSOs. B anmekrponusep Hanmuth 0,5 M pactBop cynbdara memu (II).
OnyctuTh B 00a KOJIeHa 3JIEKTPOIU3Epa YroJIbHBIE AIEKTPOIbI, IPUCOSAUHUTD UX K UCTOUYHUKY
MOCTOSIHHOTO TOKa U IMPOIYyCKaTh TOK B TeueHue 5-10 muH. K pacTBOpy Ha aHOIHOM ydacTke
n00aBUTh pacTBOp Jakmyca. COCTaBUTh ypaBHEHHUS peaklui, MPOTEKAIOUIMX Ha 3JEKTPOJax.
[TpOMBITB 3JEKTPOJIBI U DIEKTPOIIU3EP.
OIIBIT 2.
Dnextponu3s pactopa NaxSOs
B anekrponuzep nanuth 0,5 M pactBop cynbdara HaTpusi, mpudOABUTH B 00a KOJEHa cocyaa Mo
3-4 KammM pacTBOpa JAKMyca M MPOITYCKaTh TOK B TeueHHe 5-1 muH. Kak m3aMeHHTCsS OKpacka
pacTBopa Ha KaTOJHOM U aHOAHOM yuactkax? Kakue ras3pl BeIICISIOTCS Ha 3nekTponax? Hamwm-
caThb ypaBHEHHS AJIEKTPOIAHBIX IPOIECCOB.
B. Dnexrponus pacrsopa KI. B anexrponuzep Hanuts 0,5 M pactBop noauaa kamusi, npuOaBuTh
B 00a KoJIeHa cocyza 1o 3-4 xarm pactBopa gpeHondraienHa. [Ipomyckars Tok B Teuenue 5-10
MuH. Habrogath BblieNieHue My3bIpbKOB raza U OKpalluBaHue pacTBopa y karoaa. K pactBopy B
AHOJTHOW YacTh MpuOaBUTH 2 KAl pactBopa kpaxmama. Otrmeruth HabmoneHus. CoCTaBUTh
YpaBHEHHUS pPeaKIuii, MPOTEKAIIINUX Ha AIEKTPOAAX.
Jlabopamopnas paboma Nel9.
Koppo3us
Bonpocwl cobecedosanus:
1. ITonstue koppo3uu. Busl kopposun.
2. buokoppo3susi.
3. DKoJIOrn4YecKre acreKTbl OMopa3pyleHHs.
4. 3ammTa OT KOPPO3HH.
buokopposus (ot rped. bios - )KH3Hb U MO3JHENAT. COITOSIO - pa3belaHue), pa3pylIeHHe KOH-
CTPYKIIMOHHBIX MAaTEpUAIOB U TMPOTUBOKOPPO3HOHHBIX 3alIUTHBIX MOKPBITHH TOJ JEHCTBHEM
IOPUCYTCTBYIOLIMX B Cpele€ MUKPOOPraHU3MOB (OakTepuid, rpuOOB, BOIOPOCIEH, IPOXIKEil).
[lepBbie cBeneHUs 00 y4acTUH MUKPOOPTAaHU3MOB B KOPPO3UU MATEPUANIOB MOSBIIIUCH B KOHIIE
19 B. OcBoeHME BO3AYIIHOTO U BOAHOTO MPOCTPAHCTB, HEP 3€MJIIM CONPOBOXKIACTCA HEU30exk-
HBIM pacnpoCTpaHEHHEM MHKPOOPTaHU3MOB M YBEJIMUYEHHEM MacliTaboB OMOKOpPpO3UU. 3aMeT-
HBI yliepd HaHOCUT OMOKOpPpO3usi B HedTe- U ra30J00bIBAIOLIEH MPOMBIIUIEHHOCTH (OKOJIO
70% Bcex KOPPO3MOHHBIX pa3pylIeHHil), TpyOOIPOBOAHOMY TPaHCIOPTY, MOpPCKOMY (ioTy,
CpEeCTBaM CBSI3U M BOJOCHAOKEHUSI.
B mpormecce xu3HeneATEILHOCTH MUKPOOPTaHU3MOB 00pa3yrOTCsl MPOAYKTHI OOMEHA BEIIECTB,
MOBBIIIAIONINE KOPPO3UOHHYIO aKTHBHOCTH Cpefbl (MUHEpaJbHBIE U OPraHUYECKHE KHCIIOTHI,
nienouu, nepokcuipl, H2S u ap.). B wactHocTH, OBICTPBIN BBIXOA U3 CTpOs He(dTe- U ra3onpoBo-
0B  OOYCIIOBJIEH JEATEIbHOCThIO CyJb()aTBOCCTAHABIMBAIOMIMX OaKkTepuil, TOBBIIIAIOIINX
arpecCMBHOCTH TPYHTA M TPYHTOBBIX BOJ B pe3yibTare mpoaynupoBanus H2S. HekoTopeie BB
THOHOBBIX OakTepuii BbipabarbiBatoT H2SO4, monmxas pH moussl u rpyHra g0 ~ 0,5. ['pudsl,
IPUCYTCTBYIOIIME B BOAHOH (ha3ze aBHAIIMOHHOTO TOTLTUBA, IPUBOAT K OMOKOPPO3UH aTFOMHHHU-
€BBIX 0aKOB caMoJIeTOB. BHOKOPpO3Hs MOJIMMEPHBIX MaTE€pPHUAIOB CBA3aHa C BhIpaOaThIBAEMBbIMU
MHUKPOOpPTaHu3MaMu (pepMEeHTaMH, PE3KO YCKOPSIFOIIUMH JIECTPYKIIUIO MAKPOMOJIEKYJI.
Tlonamue 6uoxopposuu.
buokoppo3us (buonoruueckass KOppo3us) - TUI KOPPO3UOHHOTO PA3pyIIECHUS B YCIOBUAX BO3-
JeHCTBUS. MUKPOOPTaHU3MOB. [IpOIYKTHI JKU3HEAEATENBHOCTH PAa3IMYHBIX MUKPOOPTaHU3MOB,
KOTOpBIE MIPUCYTCTBYIOT B BOJIE, IPYHTE, MHTEHCU(PHUIIUPYIOT MPOIIECC KOPPO3UHU.
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Bbuoxoppo3rio MOXXKHO paccMaTpuBaTh, KAk CAMOCTOSITEIbHBIN BU pa3pylLIEHUs, HO Yallle BCEro
MPOLECCHl OMOJIOTHYECKON KOPPO3UH MPOTEKAIOT MapalljieNIbHO C JPYTUMHU, HalpUMep, MOYBEH-
HOU (TPYHTOBOI), MOPCKOH1, aTMOC(EPHOIA, KOPPO3UEH B HEAIEKTPOIUTAX, BOJHBIX PACTBOPAX.
[ToBpexxaeHusiM 0T GMOKOPPO3UH MOABEPralOTCS pa3INYHbIe M0A3EMHbIE KOHCTPYKIMH (TpyOo-
IIPOBO/IBI, PE3EPBYaApPHI, CBaU, METPO U T.II.), COOPY>KEHUSI U TPYOOIIPOBObI, HAXOSALINECS B BO-
ne. buokopposus — HEOTbEMHBI CIYTHUK He(Te- U ra30MpPOMbIIIICHHOCTH.

[lepBble moTagKu O BIMSHUU Ha MPOLECC KOPPO3MOHHOTO Pa3pylIeHHs OMOIOTHYECKUX Opra-
HU3MOB IOSIBUINCH TOJBKO B KOHIle XIX Beka.

B pesynbrare nporekaHus OMOKOPpPO3MM Ha MOBEPXHOCTH METa/lla MOSBIAIOTCS HEOOJbLINE
yrayonenus (Oyectsmuye au00 IIepoXoBaThie), PAKOBUHBI, HEPOBHOCTH, KOTOPHIE MOTYT OBITh
3aroJIHEHbl MPOAYKTAaMH KOPpO3uH. BHOKOppo3us B OONBIIMHCTBE CIIydyaeB HOCUT SI3BEHHBIN
a1n00 MUTTUHTOBBIN XapakTep. Yale Bcero OMOKOppO3Hs SIBISIETCA JOKAIBHBIM Pa3pyLICHHEM.
Buner Guonornyeckoii Koppo3un(OHOKOPPO3UN).

buokoppo3usi moapasnensiercs Ha OakTepHalbHYI0, MUKOJOTHYeckyro. MHorma paspyiieHue
MOXET OBITh BBI3BAHO MPHCYTCTBHEM B KOPPO3UOHHOU Cpee APONIKEH, IPYruX MUKPOOPTaHH3-
MOB. Bce MUKpoOpraHusmbl JIesTcsl Ha a’3poOHble U aHa’poOHbIe. ASPOOHBIE CYIIECTBYIOT U
Pa3MHOXKAIOTCS TOJIBKO IMPU HAMYUU KUCIIOPOAA. AHAIPOOHBIM XKeE JJI1 HOPMaJbHOW JKU3HEIes-
TEIBHOCTU KUCIOpo He Tpedyetcs. Cpenu a3poOHBIX MUKPOOPTaHW3MOB HauOojee OnacHbIMU
SBJISIIOTCS CepoOaKTepUn U kKenezo0akTepuu (00uTaroT B 1noyse). B mpupoaHsix cpenax a’poo-
HBIE U aHA3POOHBIE MUKPOOPTaHU3MBI CYIIECTBYIOT COBMECTHO.

Yame Bcero mporekaer OaktepuanbHasOuokopposus. OHa ke W Hambojee pa3pylIuTeIbHa.
JlanHblif BuJ BCTpedaeTcss B BOJE, MOYBE, TOIUIMBE MPU HAIW4YMM OakTepuil. baktepuu odeHb
OBICTPO Pa3MHOXKAIOTCSI U JIETKO IPUCIIOCAOIMBAIOTCS K BCEBO3MOXHBIM YCJIOBUSIM OKpYXKaro-
niei cpeapl. bakrepuanbHas Ouokoppo3ust MoxkeT npoTtekats npu pH cpenst ot 1 10 10,5 u Tem-
nepatype (4dame Bcero) 6 — 40 °C npu HaTU4MKM Pa3IMYHBIX OPTaHUYECKUX W HEOPTaHUYECKHUX
BEULIECTB, COAEPKALUX KUCIOPO, YIIEPO, BOLOPOJ, KENE30, a30T, KaJlUi, cepy U T.1.
Lenvpadompr: N3ydnth KOPpO3UI0, KAK OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIN MPOILIECC.

OIIBIT 1.

Koppo3usi OLIMHKOBAHHOTO U JTy>KEHOT0 JKene3a

B ckpenky ans Oymaru BCTaBUTh TOHKHM KyCOUEK METaJNIMYECKOTO IIMHKA, B JIPYTYIO — TaKOU
K€ KyCcO4eK 0JioBa. B 1Be mpoOHpKU HATUTH BOJBI U 100aBUTH 2-3 Karin pa30aBIeHHON CepHOM
KHCIIOTBI U PacTBOpa KpacHoi kposiHoii conu — Kz[Fe(CN)g] —BemiectBa, KoTOpoe siBsieTcst pe-
aKTHBOM Ha HOHEI Fe?*, 06pasys ¢ HUM coelMHeHNe CHHETO IIBETA.

O0e CKpenku OMyCTUTh B IPUTOTOBICHHBIE PacTBOPHL. Kakyto okpacky mproOpeTaeT )KHUIKOCTh,
B KOTOPOE OMYIIEHO NEPO C 0JIOBOM, YEPE3 HECKOIBKO MUHYT?

Kakue noHBI MOSIBUIIHCH B PACTBOPE, U HA UTO 3TO YKa3bIBaeT?

B npyroii npoGupke okparrBaHie MOXXHO Ha0JI0/1aTh TOJIBKO MOCJIE PAaCTBOPEHUS BCEro IIMHKA.
Pazo0path Bce mpoTeKaronue peakiiuu, IpUHUMas BO BHUMaHUE BEJIMYMUHBI CTAHIAPTHBIX DIICK-
TPOJHBIX MOTeHIHaIoB Fe, Zn, Sn.

CocTaBuTh ypaBHEHUS peaKlUii aHOAHBIX M KaTOMHBIX MPOIECCOB MPH ACHCTBUH TadbBaHOMAp -
Fe—Zn u Fe—Sn ¢ BotopoqHOM ACTIOISpU3AIHCH.

Jlst cpaBHEHUSI COCTAaBUTh CXEMY JCMCTBHS ralibBaHOMApbIFE—SN ¢ KUCIOPOAHON Jemospusa-
IHAEH.

OIIBIT 2.

BnusiHue ranpBaHomaphl, BOSHUKAIOUIEH B pe3yibTaTe XMMUYECKOW peakluu ,Ha Mpolecc pac-
TBOPEHHUS METaIa.

Buectu B mpobupky 5-6 kanens pazbaBieHHoro pactsopa H2SO4 u rpanyny nunka. OTMETUTh
BBIJICJIEHUE BOJIOPOAA U OOBSICHUTH BO3MOXHOCTH NMPOTEKAHHs PEaKIMK C TIOMOIIbIO 3HAYEHUS
CTaHJAPTHOIO JIEKTPOJHOr0 NoTeHIMana. KocHyTbcsl MeHOM POBOJIOKOM IpaHyibl HHHKA. Ha
KakoM Meraiyie OyneT HaOmoJaTbesi BBIACNIEHHE BOAOposaa? 3amucarh CXeMy KOPPO3HMOHHOTO
MEJIHO-IIMHKOBOT'O raJIbBAHMYECKOTO 3JIEMEHTa ¢ BOAOPOIHON Jenospu3alieil Ha KaToe.
OIIBIT 3.
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[IpoTekTopHas 3ammTa
B crakan c¢ pa3z0aBieHHBIM PacTBOPOM YKCYCHOW KHMCIOTBI IPUOABUTh HECKOJIBKO Kallellb pac-
TBOpa KI 1 momMecTuThs B HErO INTACTUHBI IMHKA M CBUHIA B KOHTAaKTe APYr ¢ aApyroMm. Monsr I-
WTPaOT POJIb MHIMKATOPa Ha HOHBI Pb?* | 06pa3sys ¢ HUMH MaJopacTBOpHMOe coenuHerue Pbl2
xenToro usera. /s cpaBHeHHE B IPOOUPKY € TAKUM K€ PACTBOPOM IIOMECTUTH TOJIBKO CBUHEII.
B kakom ciyuae ckopee oOpazyercs moaua cBuHua? CocTaBUTh CXeMy JEHCTBHSI FajlbBaHOINA-
pbIPb — Zn. Kakoii MeTain urpaet poiab npoTeKTopa?
OIIBIT 4.
[TaccuBupOBaHUE METAIUIOB U POJIb 3AIIUTHBIX IUIEHOK B IIPOLIECCE KOPPO3HH.
A. O4uCTUTh HAXKAAKOM JBa CTalbHBIX IBO31sa. OOUH I'BO3[b MACCUBUPOBATH, OIYCTUB €r0 B
npoOUPKY ¢ KOHIEHTPHUPOBAHHBIM pacTBOpoM a30THOM kucinoTel HNO3. 3anucats cBou HabI0-
neHust. ONoNOCHYTh I'BO3/1b BOJOW U BHOBb OITYCTUTB B a30THYIO KUCIIOTY.
[TpoMBITH TACCUBUPOBAHHBIN T'BO3/b M OMYCTUTH B MPOOUPKY € pa30aBIEeHHBIM PaCTBOPOM Cep-
Hol kuciotrel H2SO4. OTMETUTh CKOPOCTH BBIJIETICHUS BOAOPO/IA.
J5ist cpaBHEHHS OIYCTUThH B PACTBOpP CEpHOU KUCIOTHI HeoOpaboTaHHBIN rBo31b. Ha kakom 00-
pasie ckopee BblAenseTcs Bogopoa? OTMETUTh pojib OKCUAHOM IUIEHKH, 00pa30BaHHOI Ha Me-
Taye npu 00paboTKe KOHIIEHTPUPOBAHHON a30THOW KUCIIOTOH, IO OTHOIIEHHUIO K KOPPO3UH.
b. amomuHMii ciocoOeH NpOosBIATh BBICOKYIO XUMHUYECKYI0 aKTUBHOCTb, €CJIM C €0 TOBEPXHO-
CTH CHSThb 3alUTHYIO OKCHJIHYIO IJIEHKY. YTOOBI yIanuTh OKCHJIHYIO IIJIEHKY, ONYCTUThH aJIIO-
MHUHHMEBYIO IUIACTUHKY B PACTBOP LIEJIOYH, IPOMBITh BOJIOW M OCYIIUTh (HIBTPOBAIBHON Oyma-
TOM.
3arem nomecTuTh Ha 1 MuH B pactBop cosu pryTu(Il) 1 BHOBE IPOMBITH MIIACTUHKY BOOH. [Ipu
3TOM UJET peaKuus

Al + 3Hg?" = 2AIP* + 3Hg
U Ha MOBEPXHOCTU aJIOMUHUS 00pa3yeTcs amajbrama - €ro pacTBOp B METAJNIMYECKOW PTYTH.
Ha amanpramMupoBaHHOM QJIIOMMHHMM OKCHIHAs IUIEHKA HE yJIEp)KUBAETCS M IOBEPXHOCTH Me-
Tajla Ha BO3/lyXe ObICTPO MOKPHIBAETCS XJIONbsAMHU. CHATH XJIOMbs (PUIBTPOBATIBLHON Oymaroil u
IOMECTHUTD IJIACTUHKY B MPOOUPKY ¢ Booil. Hamucarh ypaBHEHUs! COOTBETCTBYIOLINX PEAKIIUMA.
VYckopsitoniee BIMSHUE HAa KOPPO3UIO ATIOMUHMS OKa3bIBAaeT TaK)K€ BO3HHUKAIOILIAsrajbBaHONA-
paAl-Hg. Hamucats cxemy ee 1eHCTBHSL.
OIIBIT 5.
TepMuueckoe OKCUIUPOBAHUE CTATIU
Hanecenmne OKCHIHBIX MJIEHOK Ha METAJUIbl Ha3bIBa€TCs OKCUIMPOBAHUEM, a B CIIydae CTajal —
BOpoHEHHEM. OUHUCTUTh HAXKIAKOM JBE CTaJbHbIE IJIACTUHKU. [IpoBecTH TepMuueckoe OKCHIU-
pOBaHHE OJHOW W3 HUX, JJISl YETO HATPETh IJIACTUHKY B IJIAMEHH TOPEJIKU JI0 MOSBICHUS LIBETOB
n00EXanoCTH, T.€. 10 NOSABICHUS OKCUIHBIX IJICHOK, KOTOPBIE BBUY CBOEH pazIMUHON TOJIIH-
HBI BBI3BIBAIOT MHTEPQEPEHIINIO CBETA U IIOTOMY OKpAaIllMBaIOTCs B pa3Hble LiBeTa. HanecTu mo 1
Karute pactBopa cynbdara menu CuSO4 Ha OKCHUAMPOBAHHBIA M HEOKCHIUPOBAHHBIN 0Opa3Ibl.
[To ckopocTy MOSBIEHHS TEMHOT'O MSATHA MEIHM Ha 00pa3liax OLIEHUTH 3alUTHBIE CBOICTBA 00pa-
30BAHHOM IJIEHKU.

6 IMJAKTUYECKHUE MATEPHAJIBI VIS KOHTPOJISI (CAMKOHTPOJIS)
YCBOEHHOI'O MATEPHAJIA

6.1 OneHo4HBIC CPEACTBA, MOKA3ATEJH M KPUTEPHH OLICHUBAHUS KOMIIETEHIM I

Nuaexc Onenounoe IToxa3zaTenn Kpurepun oueHuBanus
KoMmIIe- CpeacTBo OLlCHMBAHUSA c(hopMHPOBAHHOCTH KOMIIETCHIUHI
TEeHINHU
YK-1 Ortuer no na- | Huskuit — Heyno- CTaBUTCS, €CJIU JIOMYILEHBI CYILIECTBEHHBIE
OIIK-8 | 6bopaTopHO# | BJIETBOPUTEIHHO OmMOKH (B X0OZ€ IKCIIEPUMEHTA, B 00BsICHE-
[1K-2 pabote HUH, B 0OpMIICHUU PabOTHI, IO TEXHUKE
0€30IMacHOCTH, B pabOTe C BEIIECTBAMU U
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npudopamu), KOTOPbIE HE HCTIPABIISIOTCS
Jla’Ke M0 YKA3aHUIO MPernoaBaTels.

[ToporoBsliii — yno-
BJIETBOPUTEIIHHO

CTaBHUTCS, €CIIM JIOMYIIEHBI OJHA-IBE CYIIe-
CTBEHHBIE OIMMOKH (B XOA€ IKCIIEPUMEHTA, B
o0bsicHeHUH, B o(opmIIeHHH pabOThI, IO
TeXHUKE O0e30MacHOCTH, B padoTe C Bele-
CTBaMH M NPHUOOPAMHU), KOTOPHIC HCIPABIIs-
I0TCS C TIOMOIIBIO MPETNoaBaTells.

ba3oBblii — x0po110

a) paboTa BBITIOJTHEHA MTPABHIILHO, O€3 CyIIle-
CTBEHHBIX OIIMOOK, C/ICIIaHBI BBIBOJIBI,

0) IOMyCTHMBI: HEMOJHOTA MPOBEICHUS WU
oopmIleHHSsT DKCIIEPUMEHTa, OJHA-JIBE HECY-
IIIECTBEHHBIC OIIMOKM B TPOBEICHUU WA
oopMIICHUU SKCIIEPUMEHTa, B TpaBWIIaX pa-
OOTHI ¢ BEIIECTBAMH M ITPHOOpaMu

Bricokunn —
JIAYHO

OoT-

a) paboTa BBITIOJTHEHA MTOJIHO, IPABUIILHO, 0€3
CYIIIECTBEHHBIX OIIMOOK, C/ICJIaHbl BHIBOJIBI,

0) SKCIEPUMEHT OCYIIECTBJIEH MO IUJIaHy C
Y4ETOM TEXHUKHU OE30MaCHOCTH W IMPaBUII pa-
0OTBI €  BeImIECTBAMH U  TpUOOpamu;
B) UMCIOTCSI OpPTraHU3allMOHHBbIC HABBIKU (TIOA-
JCP)KUBACTCSI YUCTOTa PabOYero MecTa M Io-
PSIIOK Ha CTOJIE, SKOHOMHO HMCIOJIB3YIOTCS pe-
AKTHBBI).

Tecr Huszkuit — no 60 3a BEPHO BBIIOJHEHHOE 3a/laHuE TeCTUpye-
O0ayIoB (HEYOBJIE- | MBI TIOJMy4aeT MaKCHUMaJIbHOE KOJUYECTBO
TBOPUTEIILHO) 0ayuI0B, MPETyCMOTPEHHOE Ul 3TOTO 3aja-
[ToporoBerit — 61- | HUSI, 32 HEBEPHO BBINOJIHEHHOE — HOJb Oall-
75 Gannos noB. Ilocne mpoxoxaeHHs TecTa CyMMUDY-
(ynosnerBopu- 10TCS Pe3yJIbTaThl BBIMOJIHEHMSI BCEX 3aJaHH.
TEJIbHO) [loncunTsiBaeTCs MPOLEHT PABUIBHO
Bazoseiii — 76-84 BBITIOJIHEHHBIX 3aJaHUM TECTa, IOCJIE Yero
0aju1oB (XOpoIIo) | OTOT MPOLEHT NEPEBOJUTCA B OLEHKY, PYKO-
Bricokuit — 85-100 | BOACTBYACH YKa3aHHBIMH KPUTCPUIMHU Olie-
0aIoB HUBaHUS.
(oTHMYHO)

Konrtponbnas | Huskuii — Heyno- JOTYCTHJI YUCJIO OUIMOOK M HEI0YETOB

pabora BJIETBOPUTEIILHO MIPEBOCXOIALIEE HOPMY, IIPU KOTOPOM MOXKET

OBITH BBICTABJIEHA OLIEHKA «3»

IToporossrii — €CJIM CTYJEHT IIPaBWJIbHO BBIIIOJIHUI HE
YIOBJIETBOPUTENIb- | MEHEE MOJOBUHBI padOThl WM JAOMYCTUI: HE
HO Oosee 1ByX IpyObIX OomMOOK; UM He Oonee

OJTHOW TPYOOH M OJTHON HErpyoou OITMOKH U
OJTHOTO HEJ0YeTa; WM He Ooliee JABYX-TPex
HerpyObIX omMOOK; WM OIHOW Herpyooii
OLIMOKHM M TpeX HEeI0YEeTOB; WIU MpPHU OTCYT-
CTBHH OINMOOK, HO TNPH HAIWYHHA YETHIPEX-
1T HEJI0YETOB.

ba3oBblii — x0po1110

CTYJICHT BBIMOJHUI paboOTy IOJIHO-
CTBIO, HO JIONYCTHJI B HEil: He Ooyiee OIHOMA
HErpyOOil OMMOKH W OJHOTO HEJouYeTa HIH
He 06osiee TBYX HET0YETOB
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Bricokuit — oTiiny-
HO

paboTa BBITIOJIHEHA 0e3 OmuooK, yKa3a-
HBI BCE pacueTHbIC (OPMYIbI, SIUHUIIBI U3-
MepeHusi, 0e3 ONmMOOK BBITOJHEHBI MaTeMa-
TUYECKUE PACUETHI

CobecenoBa-
HUE

Huzkuii — - He3HAHHE NMPOrPaMMHOI0 MaTepuaa;

HEY/IOBJICTBOPH- - IPY OTBETE BO3HUKAIOT OLIMOKY;

TEIBHO - 3aTpyJHEHHs NPU BBIIOJHCHHH NpaKTHYe-
CKHUX padoT.

[Toporossrii — - YCBOGHHE OCHOBHOT'O MaTepuaa;

YIOBJICTBOPHUTEINb- | - IPU OTBETE JIOIYCKAIOTCS HETOYHOCTH;

HO - IIPY OTBETE HEJIOCTATOYHO MPABHIIbHBIC
(OopMyYIHPOBKH;
- HapYILICHUE MOCIIEIOBATEIBHOCTH B U3JI0-
’KEHUH [TPOrPAMMHOT0 MaTepHaa;
- 3aTPY/IHCHUS B BBIIIOJIHCHUH IPAKTUYECKHUX
3a/IaHMI.

ba3oBbIii — XOpO- | - 3HAHKE MPOrPAMMHOI0 MaTepHaa;

110 - TPAaMOTHOE U3JIOKEHHE, 0€3 CYIIECCTBCHHBIX

HETOYHOCTEH B OTBETE Ha BOIPOC;

- MPaBWJIBHOE TPUMEHEHUE TEOPETUUECKHUX
3HAHUM;

- BJIaJICHUE HEOOXOIMMBIMU HAaBBIKAMHU TPHU
BBITIOJIHCHUH M MPAKTHYECKUX 3a/1a4.

Bricokuii — oTim4-
HO

- TIIy0OKO€ M ITPOYHOE YCBOECHHE IPOrPaMM-
HOI'O MaTepuaa;

- TIOJIHBIE , TOCJIEOBATENbHBIE , TPAMOTHBIE U
JIOTUYECKHU M3JIaraeMble OTBETHI ITPU BUIOU3-
MCHCHUU 3a1aHUA,

- CBOOOIHO CIIPABJISIONIMECS C TIOCTABJICH-
HBIMHU 3aa4aMU, 3HaHHUA MaTepI/IaJ'Ia;

- IPaBUJILHO 00OCHOBAHHBIE TIPUHSTHIE Pe-
IICHMS,

- BJIaJICHHE Pa3HOCTOPOHHUMH HaBBIKAMHU U
HpI/IeMaMI/I BBITIOJTHCHU A HpaKTI/I‘ICCKI/IX pa-
0oT.

Huskuit —
HEYJOBJIETBOPH-
TEILHO

JOTTYCTHJT YHCIIO OIMMOOK W HEJ0YETOB TIpe-
BOCXOJSIlIEe HOPMY, MNPH KOTOPOH MOXKET
OBITH BBEICTABJICHA OILICHKA «3»

IToporosslii —
YIIOBJIETBOPUTEIb-
HO

CTY/ICHT MPaBWIBHO BBHIMOJIHUI HE MEHee IMOo-
JOBUHBI PabOThl MM JONMYyCTWI: He Oonee
JBYX TPyOBIX OIIMOOK; MU He Oojee OaHOMN
rpy0oii u oaHON HerpyOoi OMUOKK U OJJHOTO
HejloueTa; UM He 0osiee ABYX-TpeX HerpyObIx
OIMOOK; WJIM OJHOW HerpyOoil omuoOku u
TPeX HEJ0YETOB; WJIM MPHU OTCYTCTBUHU OILIU-
OOK, HO TP HAJIMYMHU YETHIPEX-TISATH HelTo4e-
TOB.

ba3oBblii — x0po11o

CTYJICHT BBIOJHWI PabOTy IOJHOCTHIO, HO
JOMYCTHJI B HEW: He Ooliee OHOU HerpyOoii
OIIMOKY W OOHOIO HEIo4deTa WM He Ooliee
JIBYX HEJI0YETOB

Bricokuii — oTimu-

paboTa BhINONIHEHA 6€3 OMIMOOK, YKa3aHbl BCE
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HO

pacueTHbIe (GOPMYJIBI, €AMHUIBI M3MEPCHHS,
0e3 omuOOK BBIMOJIHEHB MATEMATUYECKUE
pacyeThbl

Pedepar
(KOHCTIEKT)

Hwuskuii — Heyno-
BJICTBOPUTEIHHO

TeMa pedepara (KOHCIIEKTa) He PacCKphITa,
OOHapY)KUBAETCS CYIIECTBEHHOE HETIOHNMa-
HUE IPOOJIEMBI.

[ToporoBsiii —
YIIOBJIETBOPHUTEIb-
HO

UMEIOTCS CYIIECTBEHHbIE OTCTYIIJICHUS OT
TpeboBaHMil K pepepupoBaHuio (KOHCTICKTH-
poBanuio). B wactHoCTH: Tema ocBelleHa
JIMIIb YaCTUYHO,; JOIMYIICHBI (baKTI/I‘ICCKI/IC
OLIMOKHU B COJiep>KaHuu pedepara WiM npu
OTBCTC HA OJOIIOJHHUTCIBHBIC BOIIPOCKHI; BO
BpeMsl 3aIIUTHI OTCYTCTBYET BBIBOJ.

ba3oBblii — x0po1o

OCHOBHbIE TpeOoBaHUs K pedepaTy (KOHCIEK-
TY) M €r0 3alIUTE BBIIOIHEHBI, HO IIPU 3TOM
JIOTYILIEHbI HeJoueThl. B yacTHOCTH, HMEIOT-
Csl HETOYHOCTH B U3JIOKEHUU MaTepHana; oT-
CYTCTBYET JIOTHYECKasl 10CJIE0BATEIbLHOCTh
B CYXKJIEHUSIX; HE BbIIEp)KaH 00beM pedepara
(KOHCIIEKTA); UMEIOTCA YITYIIEHHS B 0(OPM-
JICHUU; Ha JIONIOJHUTEIbHbBIE BOIIPOCHI IPU
3aIUTE JIaHbl HEMIOJIHbIE OTBETHI.

Bricokuit — oTimu-
HO

BBINOJIHEHBI BCE TPEOOBAHUS K HAMCAHUIO U
3amuTe pedepara (KOHCIIEKTa): 0003HaUCHA
npo0JemMa U 000CHOBaHa €€ aKTyalbHOCTb,
c/IeNlaH KPaTKUil aHAIN3 PA3IMUHBIX TOYCK
3peHus Ha paccMaTpUBaeMyIo pobdiIemMy u
JIOTUYHO M3JI0KEeHA COOCTBEHHAS TTO3UITHS,
c(hOpMyIHUPOBAHBI BBIBOJBI, TEMA PACKPHITA
TOJTHOCTBIO, BBIJIEPKaH 00BEM, COOTIOICHBI
TpeOoBaHUS K BHEITHEMY 0(OpMIICHHIO, Ja-
HBI ITPAaBUJIBHBIC OTBCTHI HA JOIMOJIHUTCIIBHBIC
BOTIPOCHI.

CamocTros-
TelbHas pa-
oora

Hwuzkuii — Heyno-

A0IMYCTUIT YHCIIO omuOoK U HEO0YCTOB IIpcC-

BJIETBOPUTEIILHO BOCXOJIfIllee HOPMY, INPU KOTOPOH MOMKET
OBITh BBICTABJIEHA OLIEHKA «3»

IToporosbrii — €CITU CTY/EHT MPABUJIBHO BBIIIOJHHUI HE Me-

YIOBJIETBOPUTENIb- | HEe MOJOBUHBI PabOThI UM JOMYCTUI: HE 00-

HO jee IByX TpyObIX OIIMOOK; MU He Ooee oJI-

HOM rpyOoOi M oHONM Herpy0Ooil omHMOKu u
OJTHOTO HEJ0YeTa; WM He Ooliee JABYX-TPex
HerpyObIX omMOOK; WIM OJHOW Herpyooii
OLIMOKHM M TpeX HEI0YEeTOB; WU MpPHU OTCYT-
CTBUU OLIMOOK, HO MpPH HAJUYUU YEThIpEX-
1T HEJI0YETOB.

ba3oBblii — x0po11o

CTYJICHT BBITIOJIHWI PabOTy TOJHOCTBIO, HO
JOMYCTHII B HEW: He Ooliee OHOU HerpyOoii
OIIMOKKM M OJHOTO HEJouYeTa WU He Oolee
JIBYX HEJIOYETOB

Bricokuii — oTinu-
HO

paboTa BhINoONIHEHA 6€3 OIMMOOK, YKa3aHbl BCE
pacdeTHble (OPMYIBI, €AWHHUIBI U3MEPEHUS,
06e3 omMOOK BBIOJHEHBI MaTeMaTHYECKUE
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pacyeTsl
KommoxkBuym | Huzkuii — - HE3HAHUE NPOTrPaMMHOI0 MaTEPHUAa;

HEY/0BJIETBOPH- - IPU OTBETE BO3HUKAIOT OIINOKH;

TEJIBHO - 3aTPyJHEHUS IPU BBIIOJIHEHUH ITPAKTHYE-
CKHX paboT.

IToporossrii — - YCBOCHUE OCHOBHOI'O MaTE€pHAIa;

YIOBJIETBOPUTENb- | - IPU OTBETE JIOIYCKAIOTCSI HETOYHOCTH;

HO - IPA OTBETE HEAOCTATOYHO IIPABUIILHBIE
(hopMyITUPOBKH;

- HApYHUICHUC IMOCJICAOBATCIILHOCTU B U3J10-
KCHHU IIPOrpaMMHOI'0 MaTepuala,
- 3aTPpYAHCHHA B BBIIIOJHCHUUN IMPAKTUYCCKUX

3aaHUN.
ba3oBbIi1 — XOpoO- | - 3HAHHE IPOrPAMMHOIO MaTEpPHUAIIA;
1o - [PaMOTHOE U3JI0kKEHHE, 0€3 CYIIeCTBEHHbIX

HETOYHOCTEN B OTBETE Ha BOIIPOC;

- IPaBWJIBHOE TPUMEHEHNE TEOPETUUECKUX
3HAHUI;

- BIIaJIcHHE HEOOXOIMMBIMH HaBBIKAMHU MpPH
BBITIOJIHEHUH M IPAKTHYECKUX 3a/ady.

Beicokuii  — 0T- | - IIy0OOKOE M IPOYHOE YCBOCHHE MPOrPaMM-
JTUYHO HOT'O MaTepuala,

- ITOJIHBIE, MTOCIIEA0BATEIbHBIE, TPAMOTHBIE U
JIOTUYCCKHU U3JIara€MbI€ OTBECThI HpI/I BHUION3-
MEHEHUH 3a/1aHHUS;

- CBOOOJTHO CITPABIISIOIINECS C ITOCTABJICH-
HBIMU 3a/1a4aMU, 3HAHWsI MaTepUaa;

- MPaBWJIBHO 0OOCHOBAHHBIE IPUHSTHIC Pe-
IICHUS;

- BJIAJACHUC pa3HOCTOpOHHI/IMI/I HaBBIKAMHU H"
NpUEMaMH BBIMIOJHCHHS TPAKTHYECKUX pa-
0OT.

6.2 HpOMe)KyTO‘IHaﬂ arTrecTanus CTYACHTOB 10 TUCHUIIJIMHE

IIpomexxyTouHast arrecTanus ABISIETCS NPOBEPKOM BCEX 3HAHWM, HABBIKOB M YMEHUU
CTYJEHTOB, MPUOOPETEHHBIX B MpPOLECCe U3YUEeHUS AUCIUIIIMHBL. DOopMOl MpOMEKYTOUHOM aT-
TECTALUHU 10 AUCLUIUIMHE ABJISIETCS 3K3aMEH.

JInst oLleHMBaHUs pe3yabTaTOB OCBOCHUS IHUCLUMIUIMHBI IPUMEHSIOTCS CIEAYIOIINE KpHU-
TEPUU OLICHUBAHUS.

Kpurtepun oneHMBaHHMs YCTHOI'O OTBETA HA IK3aMeHe

oyenka «5» (OTJIMYHO) CTAaBUTCS, €CIIH:

1. mOJIHO pacKphITO cofiepKaHUe MaTepuasa OuseTa;

2. marepual HM3J0XKEH I'PaMOTHO, B OIPENEICHHON JIOTUYECKOW IOCIIEI0BATEIbHOCTH,
TOYHO HCIOJIb3YETCSI TEPMUHOJIOTHS;

3. MOKa3aHO yMEHHE WUIIOCTPUPOBATH TEOPETHUECKUE IMOJIOXKEHUS KOHKPETHBIMU IIPH-
Mepamu, IPUMEHATh UX B HOBOW CHUTYyalUu;

4. NpPONEMOHCTPUPOBAHO YCBOEHUE DPAHEE MH3YUYEHHBIX COIYTCTBYIOLIUX BOIPOCOB,
c(hOpMUPOBAHHOCTh U YCTOMYHUBOCTh KOMITETCHIINM, YMEHUN U HABBIKOB;

5. OTBET NMPO3BYYaJ CAMOCTOSTEIHHO, 0€3 HABOSIIUX BOIPOCOB;

6. OMyIIEHBI OJHA — JBE HETOYHOCTU IIPU OCBEIIEHUH BTOPOCTENEHHBIX BOMPOCOB, KO-
TOPBIE UCIIPABJIAIOTCS 110 3AMEYAHHUIO.
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oyenka «4» (Xopo1o) CTaBUTCS, €CIIU:

OTBET CTYACHTA yJOBJIETBOPSIET B OCHOBHOM TPEOOBAHUIM Ha OLEHKY «5», HO MIPH 3TOM
UMEEeT OJIUH U3 HEAOCTATKOB!

1. B M3MI0’KEHUU AOMYIIEHBI HEOOJbIINE TPOOEIIbI, He UCKA3UBILIKE COJEPKaHUE OTBETA;

2. IOTyIIEHBI OJJH — JBa HEJ04YeTa IPU OCBEUICHUH OCHOBHOTO COJICPKAHUS OTBETA, HC-
[IPaBJICHHBIE 110 3aMEYAHUIO IK3aMEHATOPA;

3. nomymieHsl ommOKa WK 0ojiee IByX HEI0UETOB MPH OCBEIIEHUH BTOPOCTEIIEHHBIX BO-
IIPOCOB, KOTOPBIE JIETKO UCIIPABJIAIOTCS 110 3aMEUYaHUIO dK3aMeHaTopa.

ouenka «3» (y10BJIETBOPUTEIbHO) CTABUTCSI, €CIINU:

1. HEMOJIHO WJIM HETOCJIEOBATEILHO PACKPBITO COAEp)KaHHE MaTepuaia, HO MOKa3aHO
o011ee MOHUMAaHKE BOIIPOCA U MPOJEMOHCTPUPOBAHBI YMEHHSI, JOCTATOUHBIE JJIsl TAIbHEHIIero
YCBOGHHUS MaTepuaa;

2. UMEHUCh 3aTPYAHCHUS WU TOMYIICHBI OIMMUOKH B ONMPEACIICHUH MOHSATUH, HUCIIOIb30-
BaHUU TEPMUHOJIOTUH, UCTIPABJICHHbIE MOCIIE HECKOJIbKUX HABOSIIUX BOIPOCOB;

3. IpH HEMOJHOM 3HAaHUHM TEOPETHUYECKOTO MaTepuayia BbISBIEHA HeIOCTaTOYHAs chop-
MHUPOBAHHOCTh KOMIIETEHIIMH, YMEHUH U HABBIKOB, CTYICHT HE MOKET MPUMEHUTH TEOPHUIO B HO-
BOM CUTYallVH.

oyenka «2» (Hey10BJIeTBOPUTEIBbHO) CTABUTCS, €CIIU:

1. HE pacKpBITO OCHOBHOE COJIEP)KAHUE YyUeOHOr0 MaTepuara;

2. o0Hapy)XeHO HE3HAaHHWE WU HEMOHMMaHHe OoIblIed wiu Hauboliee BaXKHOM 4YacTU
yueOHOro MaTepuana;

3. JomyiieHbl OMMOKH B ONPENCICHUU MOHITHHA, MPU HCIOJIB30BAHUU TEPMHUHOIJIOTUH,
KOTOPBIE HE MCIIPABIICHBI TIOCIIE HECKOJIBKUX HABOSIIUX BOIIPOCOB.

4. He chOpMHUPOBAHBI KOMIIETCHIIUN, YMEHUS U HABBIKH.

Kputepun oneHKH pelieHHs Pac4eTHBIX 33124

OyeHKa «OMmJIUYHO» BBICTABIACTCS CTYACHTY, eciau paboTa BhINONHEHa 0e3 OIUOOK,
YKa3aHbI BCE pacdyeTHBIE (OPMYJIIBbI, SAUHHUIIBI U3MEPEHHS, 0€3 OMMOOK BHIMOTHEHBI MaTeMAaTH-
YeCKHe pacyueThl,

OUEHKa «XOPOoui0» €CiV CTYJEHT BBIMOIHWI paboTy MOJHOCTBIO, HO IOIYCTUJI B HE: HE
Oonee ogHOM HErpyOOii OMMOKK U OJTHOTO HEeJOoUeTalIn He Oosiee ABYX HEI0UYETOB;

OUEeHKa «Y00671emeopumenbHoy» eCly CTYACHT NPAaBUIbHO BBIIIOJIHUI HE MEHEE MOJIOBU-
HbI pabOTHI MJIM JIOMyCTUII:HE OoJiee ABYX IpyObIX ommOOK; nin He Oosee oaHOM rpy0oif u oa-
HOUM HerpyOoOl OIMMOKH U OJHOTO HEIOYETa;MJId He OoJiee NBYX-TPEX HErpyObIX OIMMUOOK;UIIH
OJIHOI Herpy0oil OmMOKH U TpeX HEAOYETOB;WUJIH MPH OTCYTCTBHH OIIUOOK, HO MPH HATUYUU
YETBIPEX-TISITH HEJIOUETOB.

OUEeHKAa «Hey00e81emeopumeIbHo» IOyCTUII YUCIIO OUIMOOK M HEeI0YeTOB MPEBOCXO/s-
1ee HOpMY, ITPH KOTOPOH MOXKET OBITh BHICTABIICHA OIIEHKA «3».

6.3 TunoBbie KOHTPOJIbHbIE 32IaHUS UJIH HHbIE MaTEePHUAJIbI, HeOOX0AUMBbIE JIS OLEHKHU
pPe3yJbTATOB OCBOCHMS JUCHMILIUHBI

KOMILJIEKT 3AJIAHUHM 1JIs1 KOHTPOJIbHOM PABOTHI
KOHTPOJIBHASI PABOTA Nel
Bapmuanr 1

1.  Brpasure B rpammax: a) Maccy 1 - 10?2 aTOMHBIX eIMHHMI] MacChl; 6) Maccy JIeKTPOHa,
cocrasisitoiyto 0,00055 aroMHO# €IMHUIIBI MAcChl; B) BO CKOJIBKO pa3 o- YaCTULA TsxkKe-
Jiee DIIeKTpoHa (Macca o- 9acTHIlsl cocTaBisieT 4,002 aToMHOM € TMHUITBI MacChl)?

2.  BpraucauTh MONEKyIspHYIO Maccy dkBuBasieHTa H3PO4 npu peakiusx oOMeHa B pe3yiib-
TaTe KOTOPBIX 00Pa3yIOTCs KUCIIbIE 1 HOPMAJIbHBIE COJIH.

3. Haiigute npocretinnyto popmMyny COeIMHEHUS, UMEIOIIETO cleayrommii coctas (%): meau
25,48, cepsl 12,82, kucinoponaa 25,64, Boast 36,06.

4.  AToMmy, KaKoro >JIeMeHTa OTBEYaeT >JIeKTpoHHas Gopmyia 1522522p°®3s23p°?
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5. KaxoB cocTtaB siiep U30TOIOB %0 u 1’0, °He u “He?
KOHTPOJIBHAS PABOTA No2
Bapuant Nel
3agaua 1.
[TpoananusupoBate ¢ no3uuui Merona BC 3iIeKTpOHHOE CTPOEHHE M T'€OMETPUIO MOJIEKYJIbI
CCla,
3amaua 2.
Yepes HekoTOpoe Bpems mocie Hadana peakuuun 3 A + B =2 C + D KOHIIEHTpalluu BEIIECTB
cocraBsuin: [A]=0,03 moms\r, [B]=0,01 moas\i, [C]=0,008 monp\in. KakoBbl HCXOAHBIE KOHIICH-
Tpauuu BemecTB A u B? PaccunrtaiiTe KOHCTaHTY XUMHUYECKOTO pPABHOBECHSI.
3amaua Ne3.
Hasoswure xommiekcHoe coenunerne Ks[Fe(CN)e] u ykaxwure:
a) LIEHTpaJIbHBII HOH,
0) TuraHapl,
B) BHYTPEHHIOIO U BHEIIHIOK KOOPAWHALMOHHbIE CPEPHI,
T') 3aps] KOMIUIEKCHOTO HOHA,
1) KOOPJIMHALIMOHHOE YUCIIO LIEHTPAIbHOIO HOHA.
[Tpoananusupyiite crpoeHne KoMIuieKcHOro nona ¢ nosunuu MBC. Onpenenute ero TUIl TH-
Opuau3anuu, reOMeTPHUI0, MAarHUTHBIE CBOKCTBA.
3amaua Ne4.
Hazosure coemunenns: [CU(NH3)4]SOs, K2[PtCle], K[Ag(CN)2]. Hanummre ypaBHeHHS TUCCO-
[UAINH 3TUX COCUHEHUH B BOJIHOM PacTBOpE.
3agaua NeS.
13 gactun Cr¥*, H,0, C1™ u K* MOXHO cocTaBUTh 4eThIpe (hOopMyITbl KOMILIEKCHBIX COEMHEHMI
Xpoma (C yKazaHMeM XHMMHUECKUX cBsi3eil), onHa u3 KoTopsix [Cr(H20)e]ls. CocraBbre hopmyiibi
JIPYTUX COeNMHEHHM M HANUIIKUTE YPAaBHEHHUS MX JMCCOIMAIIMU B BOJHBIX pacTBopax. HazoBure
COETUHEHMUSI.
KOHTPOJIBHAS PABOTA Ne3
Bapuant Nel
3agauya Nel
KoHcTanTa qucconuanuy xnopHoBatuctoii kuciorst HOCI pasra 5.0 - 108, Beruncnute cre-
neHs ee qucconnanuu B 0.2H. pacTBope.
3agaua Ne2
CocTaBbTe MOJIEKYISIPHOE ¥ MOHHBIE YpaBHEHUS THAPOIU3a KapOoHaTa TUTHs. Beiuucinure KoH-
cranTy ruaponusa u pH 0.2M pactBopa gaHHOM COJIH MO TIEPBOM CTYIICHH.
3amaua Ne3
PaccraBpTe KO3 PHUITMEHTH B ypaBHEHUAX HOHHO-3JIEKTPOHHBIM METOIOM:
KNO2 + KMnOQO4 + H2S04 = KNO3z + MnSO4 + K2SO4 + H20
Cl2 + H2S + H20 = H2SO4 + ..
3amaua Ned
MOo>kHO 7T TIEpMaHTaHATOM KaJlis OKUCIUTh HUTpaT kobanbTta (1) B kucnoii cpene?
3amaua Ne5
Hanwumure ypaBHeHus snextponutuaeckoit quccorpanuu Cu(OH)Cl, KHSO4 KHSO3, Fe(OH)s.

PACUYETHBIE 3AJIAYAN
Tepuoouueckuii 3axon u nepuoouyeckas cucmema J/[.U. Menoeneesa. Cmpoenue amoma
1. HanwmmmmTe 35mexkTpoHHbIe KOHGUTyparmu cieayrorux 3nementoB: N, Si, Fe Kr, Te, W.
CKONbKO HECTIAPEHHBIX AIIEKTPOHOB COJIEpKaT HeBO30Y KaeHHbIe aToMbl B, S, As,Cr?
3. Kakwue 3nmeMeHThI MOTYT MPOSBIATh KaK METAUIMYECKHUE, TaK M HEMETALTMUECKHE CBOMCTBA?
[IpuBenrTe HE MEHEe TPEX MPUMEPOB.
4. Kak M3MeHsIIOTCSI HEMETAUTMIECKHE CBOMCTBA 3JIEMEHTOB B TIEPHO/IAaX MEPUOIMUECKON CUCTEMBI?
IIprBenuTe KOHKPETHBIE IIPUMEPBI COCIMHEHUH YIEMEHTOB, ITOATBEPKIAIOIINE ITH CBOMCTBA.

N
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5. B arome kakoro 3eMeHTa - JUTUS WK LE3Us - CBSI3b BAJICHTHOTO 3JIEKTPOHA C SIAPOM CHJIb-
Hee? OOBsCHUTE, TTOYEMY.

6. Ilouemy B rpyNIbl JIAHTAHOUIOB ¥ AKTUHOMIOB BXOJUT 110 14 sneMeHToB?

7. Kakwue o6mme cBoiictBa uMerot anemeHTsl Mn u Cl, Haxopsiiecst B 0JJHO# TpyIine NepHoIn-

YECKOU CUCTEMBI?

KaxkoB coctaB simep 130TONoB 0 u 170 , SHe u “He?

9. Usoton #°Po, u3myuaroniuii o-4acTHITI, HCTIONMB3YETCA B CMECH ¢ OEPUILIHEM B HEHTPOHHBIX HC-
TouHUKaX. Yepe3 kakoe BpeMs HHTEHCUBHOCTh TAKMX UCTOYHUKOB YMEHbIIUTCS B 32 paza? [lepu-
on nonypacnazna 2°Po pasen 138 musm.

©

IMPUMEPBI TECTOBBIX 3ATAHUI
TECT 1O OBIIEN XUMUH Nel
WHcTpyKuus 1)1 CTYICHTOB

Tecm cocmoum u3 yacmeu A, B, C u cooepoicum 25 3a0anuil, u3z vux 15 3adanuii — uacmo
A, 5 3a0anuti — wacmo B, 5 3a0anuii — yacme C. Ha eco evinonnenue omeooumcs 135 munym.
3adanus pexomendyemcs 8blNOIHAMb NO NOPAOKY, HE NPONYCKASL HU OOHO20, 0adce camozo jee-
kozo. Ecnu 3a0anue ne yoaemcs evinoinume cpasy, nepeioume k creoyioujemy. Eciu ocmanem-
¢l 8peMsl, 6epHUMECH K NPONYWEHHOMY 3A0AHUIO.

YactpA

K xasxcoomy 3a0anuto vacmu A 0ano HeCKoIbKO 0meemos, u3 KOmopwvlx moibko 0OUH Om-
eem @epHulll. Bvibepume eepnulii, no Bawemy mnenuro, omeem. B 6nanke omeemoe nanpomus
HoMepa 3a0anus nocmasbme Homep ulu OYK8y, KOmopvie COOMEemcmayiom Homepy Ul OyKee
8blOpanHo2o0 Bamu omeema.

Al. Ilpu cropanuu 5.00 r metamia oopaszyercs 9.44 r okcuna metamia. OnpeaenuTe dKBU-
BaJICHTHYIO Maccy MeTalia:

a) 4.50 r/monp; 6) 9.01 r/momnb; B) 18.02 r/MOAB?

A2. TIpu 7°C naBneHue rasa B 3akpbIToM cocyze paBHo 96.0 kIla. Kakum craner naBnenue,
ecim oxyaguth cocy o -30°C:

a) 41,2 xIla; 6) 82,3 xIIa; B) 112.4 xI1a?

A3. Belpa3uTe B rpaMMax Maccy OJHOM MoJieKyIbl okcua cepbl (1V):

a)2.12-102% 6)1.06-10%; B)6.02 - 102%?

A4. Onpenenute peakinio cpebl B pactBope nocie B3anmoeiicteust 90 NaOHc73 rHCI:

a) HeWTpanpHas; O) Kucnas;, B) mIeIOYHAs?

AS. Kakas u3 nepeqrclIeHHBIX KUCIOT 00pa3yeT KUCIbIE COJIU:

a) HNOs, 6) H2S, B) HCI, r) CH3:COOH?

A6. CKOJIBKO HECTIapEHHBIX JIEKTPOHOB cojepkaT HeBo30yxkaeHHble aToMbl AS u Cr co-
OTBETCTBEHHO:

a)3u6;0)5u4;8)3ud?

A7. Kaxkoii xapakTep uMeroT cBsizu B MoJiekynax: a) CSau 6) OF»:

1) a- noHHas, O- KOBaJIeHTHAs MOJspHast; 2) a-, 0- KOBaJIEHTHAs MOJIIpHAsi;

3) a- KOBaJIeHTHAsI HETIOJSIpHAasi, 0- KOBaJICHTHAs MOJIIpHAas?

A8. Yxaxute Tun rudpuauzanuu AO kpemuusi B mosiekyie SiHa. TTonspua mu sTa Mose-
KyJna:

a)Sp- rubpuaM3aINs, HETONApHA; 6) SP’-rHOPUAN3aINS, TOJIAPHA;

B) SP>-rHOpU N3, HETONApHA; ) SP°-rHOpHaM3aIMs, TTonspHa?

A9. Tlouemy (c mo3unuit Mmeroga MQO) He MOXET CyIIECTBOBaTh yCTOMYMBAsl MOJIEKYJa
Bey?

[ToToMy 4uTO: a) MOJIEKyJa COAEPKUT YETHOE YHCIIO AJIEKTPOHOB; 0) CyMMAapHBIM CIIMH MO-
JIEKYJIbI PaBeH HYJIIO; B) YHCIIO AJIEKTPOHOB Ha CBsi3bIBatonX MO paBHO YUCITY AJIEKTPOHOB Ha
paspsixssitonmx MO.
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A10. B cucreme CO + Clz = COCl, xonnentparnuo CO yenmuuman ot 0.03 mo 0.12
MOJIB/JI, @ KoHIeHTpanuto xjopa — ot 0.02 1o 0.06 monb/n. Bo ckoyibko pa3 Bo3pociia CKOPOCTh
IIPSIMOM peaKkIuu:

a)4;0) 8;B) 127

All. VYBenuueHue CKOpOCTH pEaKLUU C IOBBIILIEHUEM TEMIIEPATYyphl, BbI3bIBACTCS IJIaB-
HBIM 00pa3oMm:

a) YBEIMYCHHEM CpeIHEH KMHETHYECKOW SHEPrHH MOJEKYN; 0) BO3pacTaHHEM 4YHCIIa aK-
TUBHBIX MOJIEKYII; B) POCTOM YHUCJIa CTOJTKHOBEHU?

A12. KoncranTa aucconuanuu xiaopHosatuctoi kuciorst HOCI 5.0 - 108, Brrumciure
crenens ee qucconuanuu B 0.2 H pactope:

a)5-10%6)6-103 )7 -102%?

A13. Kakoe MONEKyIsIpHO-UOHHOE ypaBHEeHHE rujipon3a anerata Hatpuss CHsCOONa sB-
asieTcst BepHbIM? BhIuMcinTe KOHCTaHTY FHAPOIN3a JaHHOU COJIH.

1) CH3COONa + H.0 = CH3COOH + NaOH

CH3COO™ + H20 = CH3COOH + OH"

2) CH3COONa + H20 = CH3COOH + NaOH

Na* + H20 = NaOH + H",

a) Kr=5.88-10%% 6) Kr=7.2 - 101 ) Kr=5.9 - 107%.

Al4. U3 400 r 50 %-noro (no macce) pactBopa H2SO4 BemmapuBanuem yganuiau 100 T Bo-
nbl. Uemy paBHa maccoBas noist HoSO4 B ocraBiemcst pactBope:

a) 66.7 %; 0) 77.4 %; B) 82.6 %?

A15. Haitnure maccy NaNOsz, Heooxonumyro mist mpurotosierust 300 vt 0.2 M pacTtopa:

a)3.2r;6)4.51;B) 5.1 17

YacrsB
byovme enumamenvhul! 3adanus vacmu B mozym dvime 3-x munoas:
1) 3a0anus, cooepacaujue HeCKOIbKO 8EPHBIX OMBEMO8;
2) 3a0aHUsl HA YCMAHOBIEHUE COOMBEMCMBUSL;
3) 3a0aHUsl, 8 KOMOPBLIX Omeem 00J14CeH OblMb 0aH 8 GUde YUCia, Clo6d, CUMBOIA,

Gopmynsi.

Omeemul 3a0anuil wacmu B 3anuwume na baanke omeemos Hanpomue Homepa 3a0aHusl.

B1. Kakoe Bo3aeiictue Ha cuctemy 4 HCI (r.) + O2 (r.) =2 Cl2(r.) + 2 H20 (r.) npuBenet
K CMEIIICHUIO PAaBHOBECHSI BIIEBO:

a) yBenuueHue KoHreHtpanuu O2; 0) MOBBIIIEHNUE JAaBJICHUS; B) BO3pacTaHHe oObeMa pe-
aKIIMOHHOTO COCYy/1a; T) yBenudeHue Konmentpauu Clo?

B2. BonHbie pacTBOPBI KaKUX COJIEH UMEIOT IIETOYHYIO PEaKIHI0 CPE/IbL:

a) NaF; 6) (NH4)2S04; B) KI; ) K2S?

B3. Hanumure ¢popmyny claenyromero COeAMHEHNS: TeTParuApOKCOIMHKAT (+2) HATpHsl.

B4. YcranoBuTe COOTBETCTBHE MEXIY CTOJIOMKAaMU. B CTpOroM COOTBETCTBUU C TOCIIEO-
BaTEJIbHOCTHI0O HOMEPOB JIEBOTO CTOJOMKA BBHIMHUIINTE OYKBBI BHIOPAHHBIX OTBETOB U3 MPABOTO
cTonbuka. [lepeHecuTe MONMy4eHHYIO MMOCIIEIOBATENILHOCTh OYKB B OJlaHK OTBETOB (0€3 mudp,
3amsThiX U nmponyckos). Hanpumep, BAD.

BemecTtBO CpoiicTBa

1. H.S A. OKUCIUTETBHBIE

2. NaNO b. BoccranoBureapHbIE

3. KMnOg4 B. OkucnIuTeIbHO-BOCCTAHOBUTEIILHAS JTBONCTBEH-
HOCTb

BS5. Cymma ko3¢ GHUIIEHTOB B MOJIEKYJISIPHOM YPaBHEHUH PEAKIIUU:
KNO; + KMnOg4+ H2SO4 = KNO3 + MnSO4 + K2SO4 +H20 paBHa:
a) 18; 0) 21; B) 26?

YacrsC
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Omeemul k 3a0anuam yacmu C ¢hopmyaupyiime 6 c60600HOU KpamKkou hopme U 3anuchi-
eatime 6 O1AHK OMBEMO8.

C1. Hanmumure ypaBHeHue 3ekrponutiyeckoit quccorumanuu Cu(OH)CI.

C2. HanumuTe MOJIEKYISIPHOE U COKpAILlEHHOE HOHHOE YPABHEHUS pPEeaKLUu:

AgNO;3 + FeCls =

C3. CocraBbTe B MOJICKYJSIPHOM (hopMe ypaBHEHHE PEAaKLMU, KOTOPOE BbIpa)KkaeTcs clie-
JYIOIIAM HOHHO-MOJIEKYIsipHbIM ypaBHenuem: NO2” + HY = HNO>,

C4. Hazosute xommiekcHoe coequnenne: [Ag(NH3z)2]Cl. Hanumvre ypaBHEHHE AUCCOIH-
aI KOMIUIEKCHOTO MOHA B BOAHOM PAacTBOPE KaK PEaKLUIO 3aMEIICHUS JINTaHI0B MOJICKYJIaMU
BOJIbl. BeIpa3znuTe KOHCTaHTY HECTOMKOCTH KOMITJIEKCHOTO MOHA.

CS5. 3akoHuMTe ypaBHEHHE peakIuu U moaoepure Kod3(pPHUIMEHTH MOHHO-3JIEKTPOHHBIM
meronoM: Kl + KoCroO7+ HoSOs= 12 + ...

BOITPOCHI K KOJIVIOKBUYMY
OcHOBHBIE MOHATHSA M 32aKOHbI XUMHHU. ATOMHO-MOJIEKY/ISIPHOE YYeHue

1. Bo3HUKHOBEHHE W Pa3BUTHE ATOMHO-MOJIEKYJISIPHOTO y4eHHs. OCHOBHBIC TMOJIOKCHHS
aTOMHO-MOJIEKYJISIPHOTO yueHHsI. ATOMBI U MOJIEKYINbI. VIX pa3Mepsl U Macchl.

2. Atomuctuka Jlanmerora. OTHOCHUTEIBHAS aTOMHAs Macca.

3. OCcHOBHBIE 3aKOHBI AaTOMHO-MOJICKYJISIPHOTO YYEHUS:

3akoH mocTosHCTBa cocTana [Ipycra;

3aKOH KpaTHBIX OTHOLIEeHUH /lanbToHAa;

3aKoH MpoCThIX 00BEMHBIX OTHOLEHUH [ eli-Jlroccaka.

['paHuLIbI IPUMEHUMOCTH ITHX 3aKOHOB.

4. 3axoH ABorajapo. Yucio ABoraapo.

5. Moub — eauHUIA KOJIMYECTBA BeliecTBa. MoJisipHas Macca M MOJIIpHBII 00beM rasa.

6. CTpykTypa HeopraHmueckux BemecTB. [1ocTOsSHHBIN 1 nepeMeHHbIi coctaB. DopmyIib-
Has Macca.

7. Pacuetsl o xumudeckum opmynam. OnpeneneHre UCTUHHONW (GOpMYIIbl XUMHUYECKOTO
COEIMHEHUS.

8. BeruncneHus 1Mo ypaBHEHHUSIM XUMHYECKIX PEaKInii.

9. BrruncneHust Macchl OTAEIbHBIX ATOMOB U MOJIEKY.

BOITPOCHI JIs1 KOHCIIEKTUPOBAHMUS

Pa3BuTuHe npeAcTaBIeHU O XUMUYECKOH CBSA3H.
THITBI KPUCTATUTMYECKHUX PEIIETOK.
CpaBHMTENbHAS XapaKTEPUCTUKA TUIIOB XUMHUECKOM CBA3H.
buokoppo3susi.
[TpompbItieeHOE 3HAYCHHE DIIEKTPOIIN3A.

g~ E

TEMBI PE®OEPATOB
Ban-nep-BaanbcoBbl B3anMoAeCTBUS
Bonopoanas cBs3b
Kommiekcasie coequaeHus. icTopust OTKpBITHS.
Kiarpats
Kpucrannmaeckoe cocTosiHE BEIECTBA
bepromnuaet
JanbTOHUIBI
PaagnoakTuBHBIN pacniaj BELIECTB
Komnekcusie coennnenus. buonornyeckas poib.
10 TpaHCypaHOBBIE 2JIEMEHTHI
11. 3HaueHue HMEKTPOTUTHICCKOMN AUCCOMAIINH JIJISl KUBBIX CUCTEM.
12. Dnexrponus. MIcTopust OTKpBITUS

©CoNoR~WNE

BAPUAHTBI CAMOCTOATEJIbBHBIX PABOT
Camocmosmenvnas paboma
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«OcHo6Hble 3aKOHbl AMOMHO-MONEKYAAPHO20 YUEHU)
Bapuant Ne 1
3anaya 1.
CdopmynupyiiTe 3aK0H MOCTOSHCTBA COCTABA U PELIUTE 33/1a4y:
coenuHenue couepxkut 54.50% yrnepona, 36.34% xucnopoaa U BOAOPOA. ITO COSTUHEHUE MAC-
coit 0.39 T pu 27 °C u naBnernu 1.013x10° ITa umeer o6bem 220 mit. Haiimute MoIeKyIapHYO
bopMyITy COeTMHECHHS.
3agaua 2.
Onpenenure Maccy MeTaula, BCTYNMBILETO B PEAKIIMIO C KUCIOTON, €CJIM IIPU 3TOM BbLIEIHIOCH
260 mu (H.y.) Bogopoaa. DKBUBaJEHTHAs Macca MeTauia 9 1/MoJib.
3anaya 3.
Brruncnute Maccy MOJIEKYJbI a30Ta M IMOKCUIA a30Ta.
Camocmosmenvnas paboma
«Homenxnamypa u knaccuguxayusi Xumuyeckux coeOuHeHu»
Bapuanm 1
3adanue 1.
Ha3zoBute coenunenus:
NaH2SbO4
KH2P2.07
Al(OH)2NO3
CaCrOq
K3AsO4
K202
K2[Pt(OH)sCl]
MgsN2
NOF
10. UO2(NO3).
3aoanue 2.
[TpuBenute GopMyIibl CIEAYIOIUX COETUHEHUN!
TerpaGopat kamus
I'mnoxnoput xanus
MeraapceHuT KanbLus
JIByXxpomoBas KMCIIOTa
Huruapodocdar-uon
MasnranaT-uoH
docdut kamus
Tuocynbdar xamus
TuokapOoHat Kamus
BonbdpamoBas kuciora.

CoNoOA~WNE

LCoNoOARWNE

[EN
o

COBECEJJOBAHHE

Bonpocwt pazoena: «OcnogHvie ROHAMUA U 3AKOHBL XUMUU»
1. OcHOBHBIE TIOJIOKEHUST aTOMHO-MOJIEKYJIIpHOE yueHue. AtomucTtika J{anpToHa.
2. OCHOBHBIE 3aKOHBI XMMHUH. 3aKOH IOCTOSTHCTBA COCTaBa. 3aKOH KPATHBIX OTHOILIEHHUHU.
3aKOH 00bEMHBIX OTHOIICHUH.
3. OCHOBHBIE IOHATUSA XUMHUH. ATOMHBIE U MOJIEKYJIsIpHbIE Macchl. KonmuecTBo BemecTBa. Mo-
JsIpHAs Macca ¥ MOJISIpHBIM 00beM BemiecTBa. OrnpeieneHne MOJIIPHBIX MacC BELECTB, HAXO/Is-
HIUXCS B Ta3000pa3HOM COCTOSIHHH.
I"a3oBble 3aK0HBI: 3aKk0H bolinsa-Mapuotra; 3akoH I'eli-JIroccaka-Illapns; 3akoH ABoraapo u BbI-
BOJIbI U3 HETO.
4. Moub — eMHUIA KOJIMYECTBA BELIECTBA.
5. Crpykrypa Heopranndeckux BemecTB. [IocTOSHHBIN U mepeMeHHbIN cocTaB. DopMyrbHas
Macca.
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6. YpaBueHnue MenpaeneeBa-Knanelipona. OnpeneneHne OTHOCUTENBHBIX aTOMHBIX U MOJIEKY-
JISIPHBIX Macc.

7. XUMHYECKUM DKBHBAJICHT: SKBUBAJICHT YJIEMEHTA, SKBUBAJICHT CJI0KHOT'O BEIIIECTBA: OKCHJIA,
KHCJIOTBI, OCHOBAHHS, COJIU.

8. DKBUBaJIEHTHass Macca. DKBUBAJIECHTHBII 00beM. COOTHOLICHHE MEXIY MOJSPHOM Maccoi,
SKBMBAJICHTOM M SKBUBAJICHTHOM MacCOM BEIECTBA.

9. Metoibl onpeeneHus SKBUBAJIEHTA JIEMEHTA: METO/] IIPSIMOTO OIPEAETICHUS], METOJ KOCBEH-
HOT'O OIIPENIETICHHS], METOJ BBITECHEHUSI.

10.  Xumuueckuii s3bIK. XUMHUUECKasi HOMEHKIATypa. XUMUYECKas TEPMUHOJIOTUS. XUMHUYe-
CKas CHUMBOJIMKA. XMMHUYECKMH 3HAK, XuUMHuYecKas (opmyna (mpocreiias, MoJeKyJspHasd,
CTPYKTYpHasi, CTEPEOXHMMHUYECKas ), XUMUYECKOe ypaBHeHHe. Pacuersl mo XxuMudeckuM (opmy-
JaM U XUMUYECKUM YPaBHEHHUSM.

11. Knaccudukanus Heopranudeckux coenuHenuid. Knmaccuukanus mpocTsix BemecTB. Me-
Tajuibl. Hemeraisl.

12. Knaccudukamnusi CI0XKHBIX BEHIECTB 10 COCTaBY. buHApHBIE coeqUHEHUS. DICKTPOOTPHUIIa-
TENbHOCTh. BasleHTHOCTH. BaneHTHBIE BO3MOXHOCTH aTOMOB XMMHUYECKUX 3JIEMEHTOB. CTENeHb
okucieHud. 3apsan moHa. HoMmeHkiaTypa OMHapHBIX COE€AMHEHMH. TpexaieMEeHTHbIE COeIuHe-
HUs. ['UApOKCUIBI U CONH.

13. Knaccudukanus c10KHBIX COSTUHEHUH 10 (PYHKIIMOHAIBHBIM npu3HakaMm. OKCHIBI CONe00-
pasyroliue u Hecoseoopaszyromue. OKCHJIbl KUCIOTHBIE, OCHOBHBIE U amdoTrepHble. HoMeHka-
Typa okcunoB. [lonyuenue. CBoiicTsa.

14. OcnoBanus. OqHO- U MHOTOKUCIOTHbIE ocHOBaHMs. Illenoun. Homenknarypa ocHOBaHUIA.
[Tonryuenue. CoiictBa. UHaMKaTOpPHI.

15. Kucnotsl. beckucnopoansie u kucinopoacoaepxamie. OQHO- 1 MHOTOOCHOBHBIE KUCIIOTHI.
Homenxknarypa kucnor. [lonyuenue. CBoiicTBa KOHIIEHTPUPOBAHHBIX U pa30aBICHHBIX KUCIIOT.
16. Conu. Cpennue, kucnele, ocHoBHbIe. [Tonyuenne. CoiictBa. Homenkiatypa coneil. Kaue-
CTBEHHBIE PEAKIIMN HA KATHOHBI U aHUOHBI.

17. T'enetnueckue psabl METAJUIOB U HEMETAJIOB. ['eHeTHUecKasi CBsI3b MEXIY MPOCTHIMH Be-
[IECTBAMH U KJIACCAMM HEOPTaHMYECKUX COECTUHEHU.

Bonpocwt pazoena: «Ilepuoouueckuii 3aKoH KaKk 0CHOGA XUMUYECKOU CUCHEMAMUKU.
Cospemennvie npedcmagieHus 0 NEPUOOULHOCHU CEOUCHE ITIEMEHIN08))

1. Otxpertue nepuommdeckoro 3akona J[. 1. Menneneebim. [IpuHimn nocTpoeHns: eCTeCTBEHHOM CH-
creMbl 2nemMeHToB. Mcnons3zoBanue . 1. MenzaeneeBbiM MeTO @ MHTEPIIONALMU I UCIPABICHUS
aTOMHBIX MacC M MPEACKa3aHusi CBOMCTB €Ille He OTKPBITHIX JIEMEHTOB. DKCIIEPUMEHTATLHOE TTO/ITBEP-
JKZIeHHe TeopeTndecKkux npenckasanuii 1. . Menneneesa.
1. Bompocsl, mocTaBieHHbIE TIEPHOIMYSCKUM 3aKOHOM U TIEPUOAMYECKON CHCTEMOM, MX pa3pelieHue ¢
TMIO3UIIMH TIPEICTaBIICHHIA O CTpoeHUH aTroMoB. CoBpeMeHHast (POpMyITMPOBKA IEPHOTTUECKOTO 3aKOHA.
2. Tlepmomndeckas cHCTeMa Kak €CTECTBEHHAS CHCTEMa 3JIeMEHTOB. J[THHAas 1 KopoTKast (hOpMBI T1e-
puoanIecKkux TaduiL. [leprobl, TpyIIbl, HOATPYTIIHL.
3. ®wusnueckas OCHOBA TIEPUOIMICCKOro 3akoHA. CBS3b TIOJIOXKEHHS DJIEMEHTAa B TIGPHOIMISCKON CH-
CTeMe C 3JIeKTPOHHBIM CTpOeHHEeM ero aroma. OCOOSHHOCTH 3JIeKTPOHHBIX KOH(HUTYpallii aTOMOB 3J1e-
MEHTOB TJIaBHBIX M TOOOYHBIX MOATPYIIIL. DIIEMEHTHI S-, P-, d- 1 f- cemelicTs.
4. CBs3b CBOMCTB 2JIEMEHTOB C X TOJIOXKEHHUEM B MIEPUOINUECKOl cucTeMe. M3MeHeHne BeMuuuH pa-
JINYCOB, SHEPTHI MOHU3AIINH, CPOJICTBA K AJIEKTPOHY U AJIEKTPOOTPHUIIATEIEHOCTH aTOMOB 3JIEMEHTOB C
POCTOM 3apsJI0B UX SEp.
5. TlepuoanuHOCTh M3MEHEHHS CBOMCTB 3JIEMEHTOB KaK IMPOSIBIICHUE TIEPHOITIHOCTH N3MEHEHHS AJICK-
TPOHHBIX KOH(HTYpaImii aToMOB. DP(EKT MPOHMKHOBEHHS HIICKTPOHOB K sIPY, KaiHocumMmMeTpus, d-
u f- cxarue.

MMPUMEPHBIN NEPEYEHD BOITPOCOB K DK3AMEHY
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1. Ilpenmer u 3anaun xumun. [lonstue o matepun. CpoiictBa maTepuu. BemectBo u nosue. Die-
MeHTapHble yacTullbl. OCHOBHbIE (DOPMBI IBHXKEHUS MaTepuH. XuUMHYecKas (opMa JBHKEHUS
marepun. Crierduka XUMUYeCKOi (OPMBI IBHKECHHUS MAaTEPHH.

2. AtoMHO-MoIekysipHOe yueHue. Pa6oter M.B. JlIomoHocoBa.

3. CTexuoMeTpUUECcKHUEe 3aKOHBI XMMUU: 3aKOH COXPAHEHMsI MacChl U SHEPIUU BELIECTB, 3HaUe-
HUE €ro B XMMUU; 3aKOH nocTtosgHcTBa coctaBa (XK. Ilpycr), Oepromnuasl U 1anbTOHUABL; 3aKOH
KpaTHbIX oTHomeHu (k. J[anbToH); 3akOH ABOrajipo U CJIEACTBUS U3 HETO; 3aKOH 00bEMHBIX
otHomenuii (K. I'eii-JIroccak); skBUBaJIeHT, 3aK0H 3KBUBaJIeHTOB (M. PuxTep).

4. OCHOBHBIE BEJIMYMHBI, IPUMEHSEMbIE B XMMHUU: aTOMHBIE M MOJEKYJISPHBIE MacChl, YHUCIO
ABorajipo, 1 a.e.M. (aTOMHasi €IMHULIA MACChl), Macca aTOMa M MOJIEKYJIbI; KOJMYECTBO Bellle-
CTBa, MOJIb — €MHUIIA U3MEPEHUsI KOJIMYECTBA BELIECTBA; MOJISIPHAsl Macca, OIpENEIeHUE MO-
JISIPHOM Macchl BEIIECTBA, MOJISIPHBIN 00BEM ra3000pa3HbIX BEIIECTB.

5. X¥MHYECKUH A3bIK. XMMHUUYECKAasi HOMEHKIIATypa. XUMHUYECKash TEPMUHOJIOTUSA. XUMHAUYECKast
CUMBOJIMKA. XUMHUYECKUH 3HAK, XUMUYecKas (popmyrna (mpocTeiinasi, MOJIeKyIspHas, CTPYKTYyp-
Hasl, CTEPEOXUMHUECKas), XMMUYECKOe ypaBHEHHE. PacyeTsl mo xumMudeckuM (opMmyinaM U XH-
MUYECKHM YPaBHEHUSIM.

6. OCHOBHbIE MOHATUS XMMMH: aTOM, aTOMHBIE YacCTHIIbl (ATOMHBIN paauKaj, aTOMHBIM HOH,
ATOMHBIN MOH-paJUKall), MOJEKYyJa, MOJIEKYJISIPHBIE YaCTULBI (MOJEKYISPHBIA pajuKa, MOJe-
KYJISIPHBIM MOH, MOJIEKYJISIPHBIN MOH-PaJUKal) XUMHUUECKUN AJIEMEHT, (POPMBI €ro CYIIECTBOBA-
HUS: CBOOOHBIE AaTOMBIL, IPOCTHIE U CIIOKHBIE BEIIECTBA.

7. Knaccudukaius npocTsIX BemecTB. Meramibl. Hemeramisl.

8. Knaccudukamus CloXXHBIX BELIECTB MO COCTaBy. buHapHble coeAMHEHUS. DIEKTPOOTPHUIIa-
TeNbHOCTh. BasieHTHOCTh. BaneHTHbIE BO3MOXHOCTH aTOMOB XUMHUYECKUX 3JIEMEHTOB. CTENeHb
okucieHud. 3apsn vwoHa. HoMmeHkiaTypa OMHApHBIX cOoeqUHEHHH. TpexaieMeHTHBIE COoeluHe-
Hud. ['uapokenipl u conu.

9. Knaccudukaius clioxHbIX COeAMHEHUH TT0 (QYHKIIMOHATBEHBIM MIPU3HAKAM.

10. Oxcunsl coneobpaszyromue u Hecoseoopasyromiue. OKCUabl KUCTOTHBIC, OCHOBHBIE U aM(}o-
tepHble. Homenknatypa okcunoB. [lonydyenne. CpolicTBa.

11. OcnoBanus. OgHo- U MHOTOKMCIOTHBIE ocHOBaHus. lllenoun. Homenkinarypa ocHoBaHUM.
[Tomryuenue. CoiicTBa. UHOMKATOpPHI.

12. Kucnotel. beckucnopoansie u kucinopoacoaepxamue. OgHO- © MHOTOOCHOBHBIE KUCIJIOTHI.
Howmenknarypa kucnot. IToxydyenue. CBoiicTBa KOHIIEHTPUPOBAHHBIX U Pa30aBIEHHBIX KUCIIOT.
13. Comu. Cpennue, kucnble, ocHoBHBIE. [lomyuenne. CBorictBa. Homenkmnarypa cosneit. Kaue-
CTBEHHBIE PEAKIIMU HA KATUOHBI U aHUOHBI.

14. I'eneTnueckue pspl METAIIOB M HEMETAJUIOB. [ 'eHeTndeckas CBsA3b MEKIY ITPOCTHIMU Bellle-
CTBaMH M KJIaCCaMU HEOPTaHUYECKUX COEIMHEHUM.

15. OtkperTHe nepuoauyeckoro 3akona JI.M. MenneneeBbIM. DTarbl OTKPBITUS MEPUOTUIECKOTO
3akoHa. [lepnoanueckuii 3akoH. PU3NYECKUII CMBICT AaTOMHOT'O HOMEpA, HOMEpa I'PyMIbl, HOME-
pa nepuojia. CoBpeMeHHas (OpMyIHPOBKa NEPUOANUECKOTO 3aKOHA. 3HAYEHHE MEPHOTUIECKOTO
3aKOHA U IEPUOANYECKON CUCTEMBI.

16. Knaccuduxarus xumudeckux peakiuil. [Ipu3znaku knaccupukanum XUMUYECKUX peaklni.
17.  OKHCIUTENbHO-BOCCTAaHOBUTENbHbIE  peakuumu.  Knaccudukanuss — OKHUCIHUTENBHO-
BOCCTAHOBUTENBHBIX peakiuid. OKHUCIeHNEe U BOCCTAHOBJIEHNE, OKUCIUTENb U BOCCTAHOBUTEIIb.
OcCHOBHBIE OKHUCIUTENN U BoccTaHOBUTENU. [IpaBmiia cocTaBieHHs ypaBHEHUI OKUCIMTEIBHO-
BOCCTAHOBUTENBbHBIX peakiuil. MeToabpl 3JIEKTPOHHOTO M MOHHO-AJIEKTPOHHOTO OanaHca. Poinb
Cpelibl B IPOTEKAHUH OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIX ITPOLIECCOB.

18. OGpa3oBanue cinoXHBIX YacTHll. [Ipupoaa xummudeckoir cBsi3u. Momekynbl. Buasl xumuue-
CKOH CBSI3U. DJIEKTPOOTPULIATENBHOCTD.

19. KoBanentHast cBsi3b. JJOHOPHO-aKIIENTOPHBIN MeXaHU3M 00pa30BaHUSI KOBAJECHTHOW CBS3U.
HacplaemocTs 1 HampaBiIeHHOCTh KOBAJIEHTHOU cBsi3u. @opma Monekyn. ['ubpuanzanus. 6- u
7- csi3u. [lonsipHas u HEnoJIsIpHas KOBAJICHTHAS CBS3b.
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20. MonHas cBsa3b. BogopoaHas cBsa3b. Meraumnueckas cBs3b. MeXMOJIEKYIIPHOE B3aUMOEH-
cTBUE. XMMHUYECKas CBA3b U BAJICHTHOCTD.

21. Boga. CocTaB U 3J1€KTPOHHOE CTPOEHHE MOJIEKYJbl BOAbI. [lonspHocTs Monekymbl. Pusnue-
CKHE CBOWMCTBa BOJABL. AHOMaNMHU (U3HMYECKUX CBOMCTB BOJBI. Boga — yHHMBEpCaIbHBIN PacTBO-
putenb. XUMUYECKUE CBOMCTBA BOJABI. Poiib BoMbI B Onosornyeckux mnporeccax. PactBoper. O0-
111as1 XapaKTEpUCTHUKA PACTBOPOB.

22. Cnioco0Obl BeIpaKeHHsI cocTaBa pacTBopoB. KoHIleHTpamus pacTBopoB. MaccoBas 1omsi pac-
TBOPEHHOI'O BeUIECTBA B IpoueHTax. MoisipHas U HOpMaibHas KOHUEeHTpauus. Pacdersr mis
IIPUTOTOBJIEHUSI PACTBOPOB Pa3IMYHON KOHIEHTpaluu. MeToauka IPUTOTOBJIEHUS PacTBOPOB
pa3HOI KoHUeHTpauuu. [lepexon OT OHOTO KOJMYECTBEHHOI'O BBIPAYKEHUS COCTaBa pacTBOpa K
APYroMy.

23. DAECKTPOIUTHI U HEIIEKTPOIUTH. OCHOBHBIE ITOJIOKEHHS dJIEKTPOIUTHYECKON TUCCOLMALINN.
Mexanusm AMccOLUaM 3JEKTPOJIUTOB € Pa3jIMYHbIM TUIIOM XHMHUYECKOH cBs3H. CTeneHb
NEKTPOIUTHYECKOH uccoruanuu. CHUIIbHBIE U c1a0ble 3JIEKTPOJIUTHI.

23. Kucnotsl, OCHOBaHHS, COJIU B CBETE TEOPUHU AIEKTPOJIUTUUECKON aucconuanuu. CryneHya-
Tas nucconuanys. OCHOBHBI M KUCJIOTHBIM THUIBI JTUCCOLMALMU TMIPOKCUIOB. AM(pOTEpHbIE
TUIPOKCHU/IBI.

24. I'maponn3 coneid. PaznuuHble ciaydau ruapoinsa cosied. Peaknus cpensl B BOIHBIX PacTBO-
pax coneil. O6paTuMbIil 1 HEOOpaTUMBIN rUAPOIIN3bI coniell. CTyneHuyaTslid ruapoan3. PakTopsl,
CMellalue paBHoBecrue rupoansa. CoBMECTHBINM TMAPOIN3 COJNEH pa3HbIX TUNOB. Ponb rua-
poHM3a B XMMHUYECKUX M OMOJOTMUYECKUX Tpoleccax. Peaknuu B pacTBopax 3JIeKTpoIUTOB. Pe-
aKLMY HOHHOTO OOMEeHa. Y CIIOBUS MPOTEKaHUs peakiiii oOMeHa B pacTBOpax /10 KOHIIA.

25. 'anpBaHUYECKUI 3JIEMEHT. DJIEKTPOAHbIE NOTEHIUANBI. Pl CTAaHIAPTHBIX 3JIEKTPOJIHBIX IO-
TeHIMaa0B. OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIE OTEHIMABI. HanpaBienue u riryOuHa OKuc-
JINTENIbHO-BOCCTAHOBUTEIbHBIX PEAKLIUNA. DJIEKTPOIU3 KaK OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIN
npouecc. KonmuecTBeHHbIE COOTHOLIEHUS MTPH leKTpoause. [Ipumenenne anexrponusa. XuMu-
YECKUE UCTOYHHUKH TOKA.

26. Koppo3us MeTauioB. DIEKTPOXUMHUUYECKAs KOPPO3Us. 3alIUuTa OT KOPPO3HH.

7 HEPEYEHb TH®OPMAILMOHHBIX TEXHOJIOTUI, UCHOJIb3YEMbBIX
B NPOLECCE OBYYEHUSA

NudpopmanuoHHble TEXHOJOIrHU — 00yUeHHE B 3JIEKTPOHHON 00pa3oBaTenbHOI cpesie ¢
LEeNbI0 pacIIMpPEeHHs] TOCTyna K 00pa30BaTENIbHBIM pecypcaM, YBEJIWYEHHUs] KOHTAaKTHOTO B3au-
MOJICHCTBUS ¢ MpenojaBaTeiaeM, NOCTPOCHHUS WHIAUBHIYyaIbHBIX TPAEKTOPUHN MOATOTOBKHU, 00b-
€KTHBHOI'O KOHTPOJII U MOHUTOPUHTAa 3HAHUH CTYJIEHTOB.

B ob6pa3zoBarenbHOM mpoliecce Mo AUCHUILIMHE HCIOIb3YIOTCS ClIeAYIoIHe HH(OopMaIy-
OHHbIE  TEXHOJIOTMH, SBJISIOLIMECS  KOMIIOHEHTaMH  DJEKTPOHHOW  HMH(OpMalMOHHO-
oOpasoBatensHOU cpeabl BITIY:

1) Odunmansusiii caitt BITIY;

2) Cucrema snekrpoHoro o0ydenuss ®I'6OY BO «BI'TIY »;

3) Cucrema TecTHpOBaHHs Ha OCHOBE €IMHOTO mopTana «MHTepHeT-TeCTHPOBaHUs B cepe
oOpa3oBaHUs WWW.i-exam.ru». Mcronbs3yercss 6a3a TeCTOBBIX 3aiaHuil no «Heopranuue-

CKOM XMMHU», BKIIIOYAIOIIAsl TECTOBBIE 3a/1aHUs CIETYIOIINUX THIIOB:

e C BBIOOPOM OJHOT'O MPABMIILHOTO OTBETA U3 MPEAT0KEHHBIX;

e C BBIOOPOM HECKOJIbKUX MPaBUJIbHBIX OTBETOB U3 MPEAJI0KEHHBIX;

e Ha yCTaHOBJICHHE NIPABWIBHOM MOCJIEI0BATEIILHOCTH B NIPEAIOKEHHON COBOKYITHOCTH;
e Ha yCTaHOBJIEHHE COOTBETCTBHUS MEXKIY OOBEKTaMH JIByX MHOYKECTB;

e C KpaTKUM OTBETOM (BBOJ JIFOOBIX CUMBOJIOB);

4) DneKkTpoHHbIE OMOINOTEYHBIC CHCTEMBI,

5) MynbTHMEANHHOE COPOBOXK/ICHHE JICKIIUI U MPAKTUYCCKUX 3aHITHH.
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8 OCOBEHHOCTH U3YYEHUA JUCHUIIVIMHBI UHBAJIMJIAMMU U JIMIIAMU
C O'PAHUYEHHBIMH BO3MOKHOCTAMMU 310POBbSA

HpI/I O6y‘IeHI/II/I Jin ¢ OrpaHM4YCHHBIMA BO3MOXXHOCTAMHU 3J0POBbA IIPUMCHAIOTCA aaall-
TUBHBIC 00Pa30BaTEIIbHBIC TEXHOJIOTHH B COOTBETCTBUHU C YCIOBUSIMH, U3JI0OKEHHBIMH B pasjiese
«Oco0eHHOCTH peann3anruu 00pa3oBaTENIbHON MPOrpaMMBbI JIIsl MHBAIUIOB U JIUI] C OTPaHUYCH-
HBIMH BO3MO>KHOCTSIMH 3JI0OPOBBS» OCHOBHOH 00pa30BaTENbHOW MPOTrpaMMBbl (HCIOJIb30BAHUE
CIIeuaJIbHbIX y‘-Ie6HBIX HOC06H1>'I U IUAAKTUYICCKUX MATCPUAJIOB, CIICHUAJIBHBIX TCXHUYCCKHX
CpeACTB O0YYCHHUsI KOJUIEKTUBHOTO M MHIUBHIYAJIBHOTO IOJIb30BAHMSI, MPEIOCTABICHUE YCIYT
accucTeHTa (NMOMOIIHWMKA), OKa3bIBAIOIIET0 OOYYAOMIMMCS HEOOXOAMMYIO TEXHUYECKYIO II0-
MOIIIb H T. I1.) ¢ Y4ETOM WHIMBHIyaTbHBIX 0COOCHHOCTEH 00yUarOMMXCsl.

9 CIIMCOK JIMTEPATYPbI U UH®OOPMALIMOHHBIX PECYPCOB

9.1 JIuteparypa

OcHoBHas JUTEpaTypa
1. AxmertoB, H.C. O6mas u Heoprannueckas xumus: yueonuk / H.C. Axmeros. — 8-e uza., ucnp.
— M. : Jlanb, 2014. — 752 c. (10 5k3.).
2. I'nmunka, H. JI. OGmiast xumus : [yde0.mocobue misa By3os] / H. JI. I'munka ; mox pen. : A. W.
EpmakoBa. — 30-e u3zn., ucnp. — M. : UaTerpain-Ilpecc, 2010. — 727 c. (6 2k3.).
3. I'nunka, H. JI. O6mas xumus : [yue6.mocobue] / H. JI. I'munka. — M. : KHOPVYC, 2011. — 746
c. (8 7x3.).
4. Vraii, S.A. OOmas u HeopraHudeckas XUMHUS: YIeOHUK ISl CTyA. BY30B, OOyUYaIOIIUXCS IO
HaNpaBIIeHUIO U crerl. «Xumus» / S.A. Yraid. — 4-e u3z., crep. — M. : Beicur. mik., 2009. — 526 c.
(18 2K3.).
5. 3amaum U ynpaxHeHus 1o o0meil xumuun : yued. mocodue s cryn. By3os / H. JI. ['uHka,
nox pen. B. A. Pabunosuua, X. M. Py6ounoii. - M. : Unaterpan-Ilpecc, 2011. - 240 c. (16 5k3.).

JlonoJHUTeIbHAA JINTEPaTypa
1. Apremenko, A.1. CnpaBouHoe pykoBoacTBo 1o xumuu / A.M. Apremenko, 1.B. TukyHosa,
B.A. ManeBanHsIid. — 2-¢ u3/., nepepad. u gom. — M. : Beicrr. mik., 2003. — 366 c. (27 2k3.).
2. I'munka, HJL. 3amaumn u ynpaxkHeHus mo oOmield XuMmMuu: y4deO. mocobue Ais CTyJ. HEXHM.
crierl. By30B / mox pena. B.A. PaburoBrnua, X.M. PyOunoii. — 26-¢ uzj., crepeornrr. — JI. : Xumus,
1988. — 272 c. (15 3x3.).
3. Epeirun, J1.I1. MeTonuka penieHus 3a1ad o XUMHAH: y9e0. ocodue i CTy 1. TIe/1. HH-TOB 110
ouon. u xum. crer. / JI.II. Epeirun, E.A. Hlumkua. — M. : IIpocsemienue, 1989. — 176 c. (15
9K3.).
4. 3aiiues, O.C. MccnenoBaTenbCKuil MpakTUKYM 10 00miei xumuu: yued. mocoOue uist CTyI. 1Mo
crert. «Xumus» / O.C. 3aitie. — M. : Uza-so MI'Y, 1994. 480 c. (1 3k3.).
5. Knoteko, A.B. Xumus TBepaoro tena: yued. mocobue s CTyA., 00YJaromuUXcs MO CIiel.
«Xumus» / A.B. Kaoteko, U.A. Tlpecnsikos, F0.J[. TpetssikoB. — M. : Akagemus, 2006. — 301 c.
(19 7k3.).
6. KoopauaanuonHas xumus: y4ded. mocooue it crya. By3oB / B.B. Ckomenko [u ap.]. — M. :
Axanemknura, 2007. — 487 c. (10 ak3.).
7. Kopoeun, H.B. O0mas xumust: yaeOnuk s crya. By3oB / H.B. Kopoun. — 10-e u3n., mepe-
pab. — M. : Beicm. mik., 2008. — 556 c. (5 2k3.).
8. JIugun, P.A. Heopranmueckast Xumusi B peakiusx: cnpaBodnuk / P.A. Jlunun, B.A. Monouxko,
JLJI. AunpeeBa. — 2-e u3., nepepad., gon. — M. : [Ipoda, 2007. — 637 c. (5 2k3.).
9. ®posno, B.U. IIpakTikyM 1o oOmiell 1 HEOPraHUYECKOH XUMHUH: y4eO. mocodue i CTY/I.
BY30B, 00YJarOMIMXCS 1O HAMpaBIeHUIO «MeTamtyprusy», «XuMHIecKkas TeXHOJIOTUs U OHOoTeX-
Honorus» / B.M. ®ponos, T.M. Kypoxtuna, 3.H. J[pimosa ; nox pea. H.H. ITasnosa, B.U. ®po-
JoBa. — 2-€ u3., nepepad., nom. — M. : ipoda, 2002. — 301 c. (31 2x3.).
10. Xayckpodt, K. CoBpemennsiii kypc obmeit xumuu. B 2 1. / K. Xayckpodt, 3. Koncreoin ;
nox pex. B.I1. 3nmomanoBa ; nep. ¢ anri. — M. : Mup, 2002. — (JIy4mmii 3apyOe:KHbIil y4eOHHUK).
—T.1.-539c¢c., T.2-528 c. (13 2k3.).
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9.2 ba3bl JaHHBIX U HHGOPMAIMOHHO-CIIPABOYHbIE CHCTEMBbI

1. Caiit o xumuu http://www.xumuk.ru/ - 3aech MOKHO HalTH HHGOPMALIHIO 110 Pa3InY-
HBIM paszzenam XxuMuu. MHTepdeiic B BBICHICH CTENEHU IPYKECTBEHHBIH, MPSMO C TIaBHON
CTpaHMIIBI IOCTYIIHA ObICTpasi HABUTALUSA 0 «XUMHUYECKONW SHIUKIIONIEIUI).

2. Karasor oOpa3oBatebHbIX HHTEpHET-pecypcoB http://www.edu.ru

3. IonynspHas OubiInoTeKa XMMUYECKUX 3JIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/

4. DnexTpoHHas 6ubnmoreka mo xumuu MI'Y http://www.chem.msu.su/rus/elibrary/

9.3 DJ1IeKTPOHHO-0M0JINOTEeYHBbIEe pecypChl
1. Polpred.com O630pCMU/Cnpasounuk http:// polpred.com/news.
2. OBC «Opaiit» https://urait.ru/.
dnekmponnwvie rxncypuanvl

Kypnan neopranuueckoit xumun http://www.maikonline.com — exxemecsiyHOe TIEpHOAHU-
4yecKoe U3JaHue, KoTopoe BbIXoauT ¢ 1956 roga. TemaTuka sKypHaia: CUHTE3 U CBOMCTBA HEOp-
FaHUYECKUX COEJUHEHHMH, KOOpJMHALIMOHHBIE COECIUHEHHS, BBICOKOTEMIIEPATYPHBIE CBEPIIPO-
BOJIHUKH, (PU3MKOXMMUYECKUN aHAIN3 HEOPraHUUYECKUX CHCTEM, (GU3NUYECKUE METOIbl UCCIIeN0-
BaHUS U (U3UYECKasi XMMHUS PACTBOPOB. PErynsipHO MOSIBIISIOTCS TeMaTH4YeCKHue 0030pbl, peIeH-
3MM Ha KHUTH ¥ COOOLIeHUs 0 KOoHpepeHIMsX. [loaHOTeKCTOBas 3/1eKTpOHHAs Bepcusl JOCTYIHA
10 TIO/NUCKE C caiiTa Hay4yHOU 3JIeKTpOHHO# Onbnmoreku http://elibrary.ru.

Kypnan obmeit xumun http://springeronline.com/journal/11176 — sto kpymHeHmuii xyp-
HaJl B 00JIaCTH HaY4YHOH XuMuH. [IpeamecTBeHHUKOM 3TOTO )KypHaia OblT MEPBBIH POCCHICKUN
XUMHUYECKHH KypHan «KypHan pycckoro XuMu4eckoro oOuiecTBay, OCHOBaHHBIA B 1869 mns
OCBEIICHHUsI BCeX MpoOiieM B o0yiacTH XUMHUH. B HacTosmiee BpeMs KXypHall OpHEHTUPYETCs Ha
MEXUCUUIUITMHAPHBIE 001aCTH XUMHH (METAIJIOOPraHUYEeCKHE COEMHEHUs, OPraHMYECKUe CO-
€MHEHUSI METAJIJIOUJI0B, OPraHUYECKHE U HEOPraHMYECKUE KOMILJIEKChI, MEXaHOXUMHUS, HAHO-
XUMHUSA U T. ]1.), HOBbIE TIOCTHXKEHHUS U JOJITOCPOUYHBIE PE3yJIbTaThl B KaKI0l obOnactu. B xypHa-
Je myOnuKyrTcs 0030pbl, TEKyIUE Hay4yHbI€ CTaThbU, IMUCbMa K PENAKTOPY, TUCKYCCHOHHBIE
CTaTbu, 0030pbl KHUT, COOOIIEHHUS U JOKJIabl O Hay4HbIX KoHpepeHHsIx. Coaepx aHus U aHHO-
TaIlMU CTaTeil PyCcCKOM BEpCHH XKYpHAJIa MOXKHO MOCMOTpEeTh Ha caite http://elibrary.ru. ITomn-
HOTEKCTOBBIE BEPCUU CTAaTEH JIOCTYIHBI HA caiiTe MO MOJIHCKE.

Yenexu xumum http://rcr.ioc.ac.ru/ukh.htm - caiir xypnana Poccuiickoit AkageMun
Hayk numeet HauBBICIINI UMIAKT-(AKTOP CPEIN POCCUNCKUX HAYUHBIX KYPHAIOB IO XUMUHU

Xumusa n xm3Hb - XXI Bek http://www.hij.ru/ - exxemecsuHbIli HAYYHO-TIOMYJISIPHBIH
KypHaJ.

Xumus http://him.1september.ru/index.php - snekTpoHHas BepcHsi ra3eThl.

Xumudeckas u Ouosoruueckas 6esomacHocTh http://www.cbsafety.ru/ - undopmanmon-
HO-aHAJMTUYECKUN KypHaI.

Yenexu  xumun http://www.uspkhim.ru/ukh_frm.phtml?jrnid=rc&page=ft - xypnan
myOIuKyeT 0030phI TT0 aKTyallbHBIM MPOOJIeMaM XUMHUU M CMEKHBIX ¢ Heto Hayk. C 2004 r. mo-
SIBUJIACh BO3MOXKHOCTB IOJIUCATHCS HA AJIEKTPOHHYIO (on-line) Bepcuio ypHana YClexu Xu-
MUU U ONEPATUBHO MOJy4yaTh HOBBIE CTAThU C CaiiTa 3a 3 HEJENU JI0 BBIXOJla B CBET OYEPETHOTO
HoMepa kypHana. C 2006 r. mosBUIIach BO3MOXKHOCTh MPUOOPETaTh MOJHBIE TEKCTHI CTaTeil B
Bune PDF-gaiinos. [logpoOuoctu B pasaene «lloanucka». Beimyck /Ui 03HAKOMIIEHUSI B CBO-
0607HOM J1ocTyTe. AHIIL. M pyC.BEpCHSl.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jns mpoBeneHus 3aHATUHN JIGKIHUOHHOTO M CEMUHAPCKOTO THUMA, TPYNIIOBBIX U WHIUBU]Y-
AJIBHBIX KOHCYJII)TaIII/IfI, TEKYHIECTO KOHTPOJA U HpOMe)KYTO‘—IHOI\/’I aTTeCTallu HCIIOJB3YHOTCA
ayJUTOPUH, OCHAIEHHBIE y4eOHON MeOeNnbio, ayJUTOPHOW IOCKOW, KOMITBIOTepOM(pamu) C
YCTaHOBJICHHBIM JIMIIEH3MOHHBIM CIIEHUAIU3UPOBAHHBIM MPOTPAMMHBIM OOECIIeueHuEM, KOMMY-
TATOPOM JIJISl BBIXOJIa B 3JIEKTPOHHO-OMOIMOTEUHYIO CUCTEMY U 3JIEKTPOHHYIO HH(POPMAIIMOHHO-
obpasoBarenbHyto cpeay BITIY, MynbTUMEAMIHBIME MPOEKTOPAMH, SKCIO3UIIMOHHBIMU JKpa-
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HaMU, Y4€OHO-HATIISTHBIMUA MMOCOOUSMU (TaONHUIIBI, MyTbTUMEANIHBIE TIpe3eHTaluu). s mpo-
BEJICHUS JTAOOPATOPHBIX 3aHATHI TaKKe UCIOIB3YETCS:

Ayn. 103 «A» YueOHas J1aOopaTOpHsi HEOPraHMYECKON XMMMH, KOTOpas OCHAlIEHa
CIEeyIOIUM 000pYAOBaHUEM:

e KoMIUIEKT ayIuTOpHOI Mebenu

e AynuTopHas 10CKa

e KomnpioTep ¢ yCTaHOBJICHHBIM JIMLEH3UOHHBIM CHEIUAIN3UPOBAHHBIM ITPOTrPAMMHBIM
obecrieueHuem (2 1iT.)

e [Ipunrep (1 wr.)

e KoMIIbI0TEp C YCTAaHOBJICEHHBIM JIMIIEH3UOHHBIM CIIEHUAIIN3UPOBAHHBIM IPOTrPAMMHBIM
obecnieueHreM

e MynpTUMeANIHBINA poekTop (1 mIT.)

e DKCITO3MIIMOHHBIN 3KpaH (HaBecHOM) (1 mT.)

Cron naGoparopHslii (3 mT.)

CymunpHbIi mkad

Becwt EK-410 (Texnuueckue)

[taTuBel 111 MPOOUPOK, HArpeBaTEIbHBIC TIPUOOPHI, TabOpaTOpHAs TOCyaa
XUMHUYECKUE PEAKTHBBI TI0 TEMATHKE JIAOOPAaTOPHBIX paboT

¢ YyeOHO-HATJISIHBIC TOCOOUS - CITal/Ibl, TAOIUIIBI, MYJIbTUMEINIHBIC TIPE3ECHTALIUH 110
mucruminae «O0mast XuMus».

CamocrosTenbHas paboTa CTyJCHTOB OPraHU3yeTCs B ayJUTOPHSX, OCHAIICHHBIX KOM-
NBIOTEPHON TEXHUKON C BBIXOJAOM B DJIEKTPOHHYIO HMH(POPMAIIMOHHO-00PAa30BATEIbHYIO CpPEly
By3a, B CHEIHATN3NPOBAHHBIX Ja00OpaTOpHsX IO JAUCIHUILIMHE, a TaKKe B 3ajax JOCTyIa B JIO-
kanpHYy!0 ceTh BI'TIY, B maboparopuu ncuxoaoro-neaarorndeckux UCCieI0BaHui u ap.

Hcnonszyemoe nporpammuoe odecrneuenue: Microsoft @ WINEDUperDVC AllLng Up-
grade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year;, Mi-
crosoft®OfficeProPlusEducation AllLng License/SoftwareAssurancePack Academic OLV
1License LevelE Platform 1Year; Dr.Web Security Suite; Java Runtime Environment; Calculate
Linux.

Pa3zpaborumk: Eroposa U.B., nokTtop xumuueckux Hayk, npodeccop kadeapbl XUMUU.
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11 IUCT UIBSMEHEHUHA U JONTOJTHEHUM

YrBepxkaeHue nsmenenuid u gonoqHenuii B PII/I nuas peanuzauuu B 2023/2024 yu. r.

PIT/] oOcyxnena u onodbpena amns peanusanuu B 2023/2024 yu. r. Ha 3aceqanuu Kadeapsl
xuMuH (rpotokos Ne ot 2023 1.). B PIIJ] BHeceHbI cienyromue U3MEHEHUS U JOTOJI-
HEHUS:

Ne uzmenenus:
Ne cTpanuIbl ¢ U3MEHEHUEM:

UcknrounTs: Bxirouunts:




