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1 HIOACHUTEJIBHASA 3AIIMCKA

1.1 Heasb aucuumiadHbl: GOPMUPOBAHUE CHCTEMATH3WPOBAHHBIX 3HAHUW MO OOIIEH XH-
MUU JiJIs1 00eCTIeUeHUsI HaygyHOTro 0a3uca AanbHei e mpodeccnoHalbHOM MOATOTOBKH.

1.2 MecTo qucuunnubl B cTpykrype OOII

Huctummuaa «OCHOBBI OOIIEH XUMUK» OTHOCHTCS K IUCIUIUIMHAM 00s3aTEIbHON YacTu
osoka b1 (b1.0.13).

Copepxanue MUCIUIUIMHBI 0a3UpyeTcs Ha 3HAHUSX MO XUMHH, (PU3UKEe U MaTeMaTHKE 3a
Kypc o01ieo0pa3zoBaTesibHON HIKOJbL. [1y0oKoe ycBOeHHE JaHHON JUCHMILIUHBI SBJISETCS OCHO-
BOM ISl U3YYEHUS BCEX TUCLUHUILIUH XUMUYECKOTO ITUKJIA.

1.3 lucuuniuHa HanpaBjeHa HA (popMUpPoOBaHHUe cieayrommux kommnerenmuii: OITK-1,
YK-1:

- OIIK-1. Cnocoben mpuMeHsTh 0a30Bble 3HAHUSA (DyHIaMEHTAIbHBIX Pa3[eoB HAyK O
3emiie, €CTECTBEHHOHAYYHOT'O0 M MAaTEeMaTHYECKOTO IIUKJIOB MPHU PEUICHUH 3a7a4 B 00JaCTH KO-
JIOTUH U MIPUPOAOIONIE30BAHNUS, HHAMKATOPAMHU JOCTUKEHHS KOTOPOU SBISIIOTCS:

e OIIK-1.1. [TornMaeT OCHOBHBIC TIPHUHIIUITBI, 32KOHBI, METOIOJIOTHIO (PH3UKH, MaTeMa-
THUKH, XUMHH, OUOJIOTHH, reorpaduy;

e OIIK-1.2. Bnageer o0mieHay4YHO! TEPMHUHOJIOTMEN; UCHOJIB3YET (yHIaMEHTaIbHbIE
MOHSITHS HAyK O 3eMile, €CTECTBEHHOHAYYHOTO M MAaTEMAaTHYECKOTO IIUKJIOB B CBOEH mpodeccu-
OHAJILHOU NI TENBHOCTH;

e OIIK-1.3. ITpumenHsier METOABI HAYK O 3eMJie, ECTECTBEHHOHAYYHOT'O0 U MaTeMaTH4e-
CKOT'O IIUKJIOB JIJIsi UHTEPIPETALMH MTOTYyYEHHBIX PE3YIbTaTOB.

- YK-1. CnocobeH ocyIecTBIATh MOUCK, KPUTUYECKUN aHAIU3 U CUHTE3 HH(popmanuu,
MPUMEHSATh CUCTEMHBIN MOJXO JIJIsl PEeUICHUs TTOCTABJIICHHBIX 3a/a4, HHANKATOPAMM JIOCTHXKE-
HUSL KOTOPOU SIBIISIOTCSA:

e VK-1.1. JlemoHCTpUpYyeT 3HaHHE OCOOEHHOCTEH CHCTEMHOTO M KPUTHUYECKOTO MBIIII-
JICHUSI ¥ TOTOBHOCTh K HEMY;

e VK-1.2. HaxoauT ¥ KpUTUYECKH aHAIM3UPYET WH(OPMALINIO, HEOOXOIUMYIO JUIs pe-
IIEHUs TOCTaBICHHOM 3a/1a4u;

e VK-1.3. ApryMeHTHPOBaHHO (OPMHUPYET COOCTBEHHOE CYXJECHHUE M OLIEHKY HH(Op-
Malliu, TPUHUMAET 000CHOBAHHOE PEeIlIeHNE

1.4 Tlepeyens MJIaHMPYeMbIX pPe3yJbTATOB 00yueHusi. B pesynbprare uzydeHus auc-
[UTTUHBI CTYJEHT JT0HKSH

3HATh:

O0COOEHHOCTH XMMHUYECKOW (DOpMBI OpraHu3aliyd MaTepuu; Pojb XUMHUYECKOIO MHOT0o0pasus
BEILECTB Ha 3€MJI€; OCHOBHBIE MOHATUS U 3aKOHBI XMMUHU; COBPEMEHHYIO HOMEHKJIATypy XUMHU-
YECKUX COCIMHECHUM;, OCHOBHBIC KJIACCHI XMMUYECKUX COCIUHEHUN M THUIIBI XUMUYECKHUX peak-
LWHA; OCHOBBI XUMHYECKON TEPMOJMHAMUKHU; XUMUYECKYI0 KUHETUKY U KaTaJll3; OCHOBBI JJIEK-
TPOXUMHH.

yMeTh:

MPUMEHATh XUMHUYECKHE TEOPHUHU U 3aKOHBI, KOHIICTIIINH O CTPOCHUH U PEaKIIMOHHON CIIOCOOHO-
CTH HEOPTaHMYECKHUX BEIIECTB; CBSA3bIBATH OCOOEHHOCTH CTPOCHUS MOJIEKYJ CO CBOMCTBAMHU Be-
IIECTBA; MUHTEPIIPETUPOBATh (PU3UKO-XMMHUYECKHE CBOMCTBA BEIICCTB HA OCHOBE IMOJYYEHHBIX
TEOPETUYECKUX 3HAHWMW; WCIOJB30BaTh 3HAHWE TEOPUU sl OOBSCHEHUS MEXaHHW3Ma XUMHUYe-
CKHX pEaKIMi U PEIICHUS pacueTHBIX 3a/1a4.

BJIaJIeTh: TMPAKTHUYECKUMU HAaBBIKAMH JKCIIEPHUMEHTAIbHOU PaOOThI; METOJAMH PEIICHUS
pacUeTHBIX 3aJ1a4.

1.5 O6mas Tpy10eMKoOCTh AUCHUIIUHBI «OCHOBBI 00IIEll XUMUMY) COCTaBJIsEeT 5 3auert-
ueix eaunuil (ganee — 3E) (180 gacos).

[TporpamMma mpenycMaTpruBaeT U3ydeHHE MaTepraia Ha JIEKIUIX U 1a00paTOPHBIX 3aHSITH-
ax. [IpenycmoTpena camocTosTenbHas paboTa CTyAEHTOB 10 TeMaM U pazzaenam. [Iposepka 3Ha-
HUH oCyIIecTBIsIeTCS (PPOHTANBHO, HHANBUIYAIBHO.



1.6 O0beM AMCUUNIUHBI M BU/IbI Y4eOHOM 1eATeTbHOCTH

O0beM JUCUMIITIMHBI M BUIBI Y4e0HOM 1eATeJIbHOCTH

Buja yueOHoii padboThl Bcero yacos Cemectp 1
OO01mast Tpy10eMKOCTh 180 180
AyIUTOpHBIE 3aHATHS 86 86
Jlexknun 42 42
JlaboparopHbie pabOTHI 44 44
CamocrosiTenpHas padoTta 58 58
By uToroBoro KOHTpOIIS: 36 9K3aMeH

2 YYEBHO-TEMATHUYECKOE IINIAHUPOBAHHUE

Y4eOHO-TeMaTH4YeCKHH TU1aH (0uHast popma o0yueHus )

AyIuTOpHBIE Camo-
No HaunmenoBanune Bcero 3AHATHSA cTosI-
) TeM (pas3/1eJioB) yacoB | Jlek- | JlaboparopHble | TelbHas
11070)1 3aHATHS pabora
1 Pa3znea 1. Beeaenmne. 8 4 2 2
1.1 | [Ipeamer u 3a7a4ul XUMHH. 3 2 - 1
1.2 | OcHOBHBIC TPHEMBI paOOTHI B JaOOpaTO- 5 - 4 1
pumn.
2 Pasznea 2. OcHoBHBIE IOHATHSA H 3aK0- 10 4 4 2
HBI XUMHH.
2.1 | OcHOBHBIE NOHATHSA U 3aKOHBI XUMHHU. 5 4 - 1
ATOMHO-MOJIEKYJISIPHOE YUEHHUE.
2.2 | OmpeneneHue MOJIEKYJIIPHON MacChl OK- 5 - 4 1
cuna yriepona(lV).
3 | Pazgea 3. Ilepnoauyeckuii 3aK0H KakK 16 4 4 8
OCHOBAa XHMHYECKOH CHCTEMAaTHKH.
CoBpeMeHHbIE MPEICTABJIEHUSI O Tie-
PHOAUYHOCTH CBOICTB 3JIEMEHTOB.
3.1 | IleppogmuecKkuii 3aKOH U MEPHOANYECKAsT 4 2 - 2
cuctema /.M. Mengaeneena.
3.2 | CtpoeHune aToma. 4 2 - 2
3.3 | [lepuoanyeckuii 3aK0H U IEPUOANYECKAS 8 4 4
cuctema. CTpoeHue aToma.
4 | Pa3nea 4. Peakuiuu B HeopraHu4eckom 12 4 4 4
XHMMHH.
4.1 | Peakuuu B HEOPraHMUECKON XUMUHU. 6 4 - 2
Knaccudukanmss XuMHUuecKuX peakiiuid.
Kracchel HEOpraHMYECKUX COSAMHEHUI.
4.2 | Kimaccel HEOpraHMYECKNX COCTMHEHUH. 6 - 4 2
5 Pa3nen 5. Xumuueckasi CBf3b. 4 - 2 2
5.1 | Xumuueckas CBSI3b 4 - 2 2
6 | Paznea 6 KommiekcHbIe coeTHHEHHUS. 16 4 4 8
6.1 | Kommekcusle coequnenus. Knaccudu- 8 4 - 4
kanus. Homenkiarypa. CBoiicTsa.
Y CTOMYUBOCTb.
6.2 | KommnekcHbie coenqunenus. [Tonydenue 8 - 4 4
U YCTOWYUBOCTD.
7 Paznen 7 ®u3nKo-XUMHYECKHE 3aK0- 16 4 4 8




HOMEPHOCTH NMPOTEKAHUS XMMHYEeCKHX
peakumii.

7.1 | CkopoCcTh XMMHUYECKON peakiuu u (ak- 2 1 - 1
TOpBI, BIUSAIOIIAE Ha €€ W3MCHEHHE.
DHeprus akTUBAlIUU.

7.2 | Xumndeckoe paBHOBecue. KoncraHTa 2 1 - 1
XUMHUYECKOro paBHOBecus. CwmelieHue
XUMHYECKOTO PABHOBECHSI.

7.3 | DHepreTuka XMMHUYECKUX IPEBPAIICHUH. 4 2 - 2
TepMOXUMHYECKHUE PACYETHI.

7.4 | CKOpoCTh XUMHUYECKOHN PEAKITUH. 8 - 4 4

8 Pa3nen 8. PactBopbl. Cioco0bl BbI- 8 2 4 2

pa’KeHHs1 COCTaBa PACTBOPOB.

8.1 | PactBopbl. CrtocOOBI BBIpa)KEHHUS COCTA- 3 2 - 1
Ba PaCTBOPOB.

8.2 | IlpuroToBiieHHE PaCTBOPOB Pa3IMYHOMN 5 - 4 1
KOHIICHTPAIUH.

9 Pa3pnen 9. CoiicTBa pacTBOPOB 3JIeK- 10 4 4 2

TponTOB. Teopus 31eKTpOINTHYE-
CKOM JHUCCOLHALINM.

9.1 | CgoiicTBa pacTBOPOB AICKTPOJIUTOB. 5 4 - 1
Teopust 3MeKTPOIUTHYECKOM TUccona-

UH.

9.2 | CBoiicTBa pacTBOPOB DJIEKTPOJIMTOB. 5 - 4 1
DNEeKTPOTUTHYECKAsT TUCCOIMAIINH.

10 | Pazmen 10 I'maposus. 12 4 4 4
10.1 | Tuaponms. 6 4 - 2
10.2 | Tuaposns coei. 6 - 4 2

11 Pasznea 11. OxkucianreabHo- 16 8 4 4

BOCCTAHOBHTEJIbHbIE PEAKIMU.

11.1 | OxucnuTeabHO-BOCCTAHOBUTENBHBIE pe- 8 4 - 4
aKIIWH.

11.2 | OxucnuteabHO-BOCCTAHOBUTENBHBIE pe- 8 - 4 4
aKIINH.

12 Pazpnen 12 Daexrposn3. XumMudeckue 16 4 4 8

HCTOYHUKH ToKa. Koppo3usi.

12.1 | DnexTponu3. XUMUYECKUE HCTOTHUKHI 8 4 - 4
toka. Koppo3sus.

12.2 | Dnexrponus. 8 - 4 4
Bcero: 144 58 42 44
WToroBerii KOHTpoIh (DK3aMeH) 36
O0mas Tpy10éMKOCTh 180 4

HNHTepakTHBHOE 00yUYeHHe MO TUCIUIINHE

HaumeHoBaHue Bun Popwa Koa-
Ne HHTEPAKTHBHOI'0 BO

TeM (pa3esioB) 3aHATHA N 4ACOB
1. | [Ipeamer u 3a7a4u XUMHUH JIK Jlekuus-nuckyccust 24,
2. | OnpeneneHre MOJIEKYISIPHOM Macchl yrie- JIP Pabora B ManbIX Tpyn- 2 4.

KHCJIOTO ra3a nax

3. | OmpeneneHue SKBUBAJICHTHOM MacChl Me- JIP PaboTa B MasbIX Tpyn- 2 4.




TajIa nax

4. | Ilepuoanueckuii 3aKOH U EPUOANYECKAS JIK Jlexuus ¢ ommOKaMu 2 4.
cuctema JI.11. Menneneena

5. | Peakuuu B Heoprannyeckoit xumuu. Kiac- JIP Pabora B ManbIX Tpyn- 4 u.
cU(pUKaAIMsI XMMUYECKUX peakluil nax

6. | [IpuroroBieHne pacTBOPOB pa3IMIHON JIP Pabora B ManbIX Tpyn- 4 u.
KOHILIEHTPAlLlUH nax

7. | CBoiicTBa pacTBOpPOB 3JEKTPOIUTOB. Teo- JIP Tpenunr 2 4.
Pl AIEKTPOIUTUYECKON IMCCOLUALNN

8. | OkucIuTENbHO-BOCCTAHOBUTEIBHBIC PEaK- JIP Pabora B ManbIX Tpyn- 4 u.
11U nax

9. | XuMHYECKHE HCTOYHUKH TOKA. DIJICKTPOJIU3 JIK Jleknusg-koHCyIbTalUs 4y,
Bceero: 26 4

(21%)

3 COAEPKAHUE TEM (PA3AEJIOB)

Paznen 1 Beenenue

Tema 1. [Ipeamer u 3aaun XUMHH.

[lonsitue o marepuun. CBoiicTBa Marepuu. BemecTBo u nosie. DaeMEHTapHbIE YACTULIBL.
OcHoBHbIE (HOPMBI TBMKCHHS MaTepuu. XuMudeckas (opma nBwkeHust Matepun. Crenuduka
XUMHUYECKOH (DOPMBI IBHKEHUS MaTEPHH.

Pa3nen 2 OcHOBHBIE NOHATHS U 32AKOHBI XMMUH

Tema 1. OcHOBHBIE IOHATHUS U 3aKOHBI XUMUU. ATOMHO-MOJIEKYJISIPHOE YUEHHE.

ATomHO-MoneKysgpHoe yueHue. Padotst M.B. JlomoHocoBa.

CrexuoMeTpuuecKre 3aKOHbl XUMHUHU: 3aKOH COXPAHEHHS MAacChl M SHEPTrUU BEIECTB,
3Hau€HUE ero B XUMHUHU; 3aKoH noctosiHcTBa cocrtaBa (K. Ilpycr), OepTomnuasl U JanbTOHUB;
3aKOH KpaTHbIX oTHOIIeHUH (k. JlanbToH); 3akoH ABOTajpo U CIEACTBHS U3 HETO; 3aKOH 00b-
emubix otHommeHuit (OK. I'eit-JItoccak); sxBuBaneHT, 3akoH skBuBaieHTOB (M. PuxTep).

OCHOBHBIE BEJIMUMHBI, IPUMEHSIEMbIE B XUMUU: aTOMHbBIE U MOJIEKYJISIPHBIE MAacChl, YHC-
70 ABorajipo, 1 a.e.Mm. (aToMHasi €IlMHUIIA MacChl), Macca aTOMa U MOJIEKYJIbI; KOJIMYECTBO Belle-
CTBa, MOJIb — €JIMHUIIA U3MEPEHUs KOJIMYECTBAa BELIECTBA; MOJIAPHAs Macca, ONpe/ieJIeHue MOo-
JISIPHOM Macchl BEIECTBA, MOJISIPHBINA 00BEM ra3000pa3HbIX BEIIECTB.

XUMUYECKUH SA3bIK. XUMUYECKass HOMEHKIIATYpa. XUMHUYECKasi TEPMUHOJIOTUS. XUMHUYE-
CKasg CUMBOJIMKA. XHUMHUYECKUN 3HAK, XUMHuecKas (opmyna (mpocTeilias, MoJeKyJspHas,
CTPYKTypHasi, CTepEOXUMHUYECKas), XUMUYECKOe ypaBHeHHE. PacyeTsl mo XuMuyeckuMm opmy-
J1aM ¥ XUMHYECKUM YPaBHEHUSIM.

Hekotopbie OCHOBHBIE MOHSTHS XMMHH: aTOM, aTOMHBIE YacTUIIbl (ATOMHBIA pajuKal,
ATOMHBIM MOH, aTOMHBI MOH-PaIUKal), MOJICKYJIa, MOJICKYJISIPHBIE YACTHIHI (MOJEKYISIPHBIN
paauKal, MOJIEKYJISIPHBIN HOH, MOJIEKYJISIPHBIA HOH-PAUKaT) XUMUYECKHI dTIEMEHT, POPMBI €ro
CYIIECTBOBAaHMs: CBOOOIHBIE aTOMBI, IPOCTHIE U CII0KHBIE BEIIECTBA.

Paszpnen 3 Ilepuoanyeckuii 3aKOH KaK 0CHOBA XUMU4YecKoi cucreMaTuku. CoBpeMeH-
Hbl€e NMPeJICTABJIEHUS O EPUOAUYHOCTH CBOICTB 3JIEMEHTOB

Tema 1. Ilepuoanueckuit 3aKoH u nepuoauyeckas cucrema .M. Menneneena.

OtkpeiTHe nepuogudeckoro 3akona J.M. MenaeneeBbiM. DTamnbl OTKPHITHS TEPHOIUYE-
ckoro 3akoHa. [lepunonnueckuii 3aKoH. PU3NUYECKHUI CMBICI aTOMHOTO HOMEpa, HOMepa TPYIIIIHI,
HoMmepa niepuoaa. CoBpeMeHHasi (HOpMYIHPOBKa MepHOaUYEecKoro 3akoHa. [lepuonudeckas cu-
cTeMa XMMHUYECKUX DJIEMEHTOB KaK IrpauiyecKoe BRIpAKEHHE MEPUOIUYECKOoro 3akoHa. Kopot-
KOIEPUOJHBINA U TIMHHONIEPUOAHBIM BAPUAHTHI MEPUOANIECKON CUCTEMBI 3J1IeMEHTOB. CTPYKTY-
pa MepruoauyYecKor cucTeMbl. BHibl aHAJIOTUN XUMHYECKHUX 3JIEMEHTOB, BBIICIISIEMBIX B MIEPUO-
aurueckoi cucreme. [IpuunHa NEpUOIMYHOCTH CBOMCTB XMMHUUYECKUX 3JIEMEHTOB. PU3HYECKHI
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CMBICJI IEPUOJUYHOCTH. BTOpHYHAsE M BHYTPEHHSS MEPUOJUYHOCTH XUMHUUYECKHX DIIEMEHTOB.
3HaveHHE EPUOANYECKOr0 3aKOHA U NIEPUOANYECKON CUCTEMBI.

Tema 2. Ctpoenue atoma

[lepBbie moKa3aTenbCTBA CIOKHOTO cTpoeHus atoma. OTkpeiTue siBjaeHus GoTodddexTa.
Kartognast TpyOka u xatogusie yun Yuibsima Kpykca. OTKpeITHE pEHTT€HOBCKHX Jyden. OT-
KPBITHE PaIn0aKTUBHOCTU. OTKPBITUE 3JIEKTPOHA.

[TepBbie monenu crpoenust aroma. Kau Ileppen (1901), Yunesam Tomcon (Jiopa Kenb-
BuH) (1902), ®umunm don Jlenapa (1903), Xanrapo Haraoka (1904), Ix. I)x. Tomcon (1904).
Mopnens atoma Pesepdopna. [Tocrymarer bopa. Kopmyckynsipao-BoHOBO# nyanu3m. KBantoBas
Mojenb crpoeHus aroMma. KBantoBble umcia. Ilpunnun Ilaynu. IlpaBunmo Xyuna. IlpaBuna
KiteukoBckoro.

Snpo aroma u paguoakTuBHbIE TpeBpanieHus. CTaOuiabHbIe U HEYCTOMUMBBIE U30TOIIBI.
Bunel pannoaktuBHoro pacnajga. CKopocTh paguoakTHUBHOIO pacnaja. IIpumenenne paauoak-
THUBHBIX U30TOIOB.

Pa3nes 4 Peakniuu B HeOpraHu4ecKoil XuMuu

Tema 1. Peakiiuu B Heopranuueckoi xumun. Knaccudukanus XuMAYECKUX PEaKIUil.

Knaccudukanus xummudecknx peaxiuid. [Ipu3Haku kiaccuukanuym XUMHYECKHX peakx-
nuit. Peakiuu, uaymue 6e3 U3MEHEHHsI COCTaBa BEIIECTB. AJUIOTPOMUS U aJIOTPOIHBIE BUIO-
u3MeHeHus. Peakuuu, uaymue ¢ U3MEHEHHEM COCTaBa BellecTB. Peakuuu coenuHeHus, pasio-
JKEHUS, 3aMelIeHrs] 1 oOMeHa B HEOPraHWYECKOW XMMHUU. DIEKTPOXUMHYECKHM Al HaIpshKe-
HUN METAJUIOB, €r0 MCIOJIb30BaHUE ISl IPOTHO3UPOBAHUS BO3ZMOKHOCTH MPOTEKaHUS peakuuit
MEXIy METaUIaMH U PacTBOPaMH KHUCIOT. OKUCIUTENbHO-BOCCTAHOBUTEINbHBIE peakiuu. Knac-
cupuKalysg OKUCIUTEIbHO-BOCCTAHOBUTENbHBIX peakuui. OKUCIEHHEe U BOCCTAaHOBJICHUE,
OKUCIIUTENb U BOCCTAaHOBUTENb. OCHOBHBIE OKUCIUTENHN U BoccTaHOBUTENHU. [IpaBuna cocrasie-
HUSl YPaBHEHUN OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIMI. METOAbI AEKTPOHHOI'O U MOHHO-
AJIEKTPOHHOrO OanaHca. Ponb cpeapl B MPOTEKaHUM OKUCIUTENBbHO-BOCCTAHOBUTENBHBIX MPO-
LIECCOB.

Tema 2. Kitaccel HeOpraHM4eCKMX COEIUHEHUM.

Knaccudukanus npocteix BemecTs. Meramuibl. HemeTtamibr.

YeTbIpe OCHOBHBIX KJIacCa HEOPraHMYECKUX COCIUHEHUN: OKCHU/IbI, KUCIIOThI, OCHOBAaHUS,
COJIN.

Knaccugukanus cioxHbIX BEIIECTB O cocTaBy. buHapHble coeMHEHUs. DIeKTPOOTpH-
LaTeJIbHOCTh. BaneHTHOCTh. BasleHTHBIE BO3MOXKHOCTH aTOMOB XHMHYECKUX 3J1eMeHTOB. CTe-
NeHb OKUCIeHUs. 3apsan vnoHa. HomeHknaTypa OMHapHBIX coequHEHUH. TpexiaieMeHTHBIE Co-
eauHeHus. [ uapokcuipl U conu.

Krnaccudukanus cioXHbIX COeTUHEHUI MO (PYHKIMOHANBHBIM Mpu3HakaMm. OKCHABI CO-
neoOpasyroiue 1 HecosieoOpasyromue. OKCUIbI KUCTOTHBIE, OCHOBHBIE U aM(oTepHbie. Homen-
kiaTypa okcuJoB. [lonydyenne. CoiictBa. OcHoBaHMs. OJHO- U MHOTOKHCIIOTHBIE OCHOBaHUS.
[Ilenoun. Homenknatypa ocHoBanuii. [lomyuenue. CoiictBa. Muaukartopel. Kucnotel. beckuc-
JIOPOJIHBIE U KHcIIopoacoaepkamue. OQHO- 1 MHOTOOCHOBHBIE KUCIOTHL.. HOoMeHKkaTypa Kuc-
not. [lonyuenue. CBolicTBa KOHLIEHTPUPOBAHHBIX M pa3daBiieHHBIX kucioT. Comu. CpenHue,
kucisle, ocHOBHBIE. [lonyuenne. CpoiictBa. HomeHknaTypa coneil. KauecTBeHHbIE peakuu Ha
KAaTUOHBI M aHUOHBL. ['eHeTHueckue psiibl METAJUIOB U HEMETAJUIOB. [ 'eHeTndeckas CBsI3b MEXAY
IIPOCTBIMU BELIECTBAMU U KJIACCAMHU HEOPTaHUYECKUX COECTUHEHUM.

Pazgen S Xumunueckasi CBA3b
Tema 1. Xumuueckas CBA3b.
OO6pazoBanue cnoxHBIX YacTull. [Ipupona xumudeckoit cBsa3u. Mosekynsl. Buabl Xxumu-
YECKOU CBA3U. DNEKTPOOTPUIIATETLHOCTb.
KoBanenTHas cBs3b. JlOHOPHO-aKIENTOPHBI MEXaHU3M 00pa30BaHusl KOBAJICHTHOM CBsI-
3u. HachlmaeMocTh 1 HampaBJIEHHOCTh KOBAJIGHTHOH cBs3u. @opma mostekyn. [ ubpuaunsanus. c-
u m- cBsa3u. llossipHas m HenossipHas KoBaJeHTHasA CBsA3b. MoHHas cBsa3b. BomopoaHas cBs3b.
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Meramnnueckast cBsi3b. MEXMOJIEKYJISIPHOE B3aUMOJCHCTBUE. XHMMHMUYECKasi CBSI3b U BAJICHT-
HOCTb.
Pa3nes 6 KommiekcHble coeinHeHUsI

Tema 1. KommiekcHbie coenunenus. Kinaccudukanus. Homenknatypa. CBolicTBa.
Y CTONYUBOCTSD.

[ToHsiTHE O KOMIUIEKCHBIX COeIMHEHUIX. OCHOBHBIE MOJIO0KEHUS KOOPINHALIMOHHON TE€O-
pun A. Bepuepa. KommuiekcooOpa3zoBarenb U JuraHabl. BHEmHAS U BHYTpeHHsISI cepbl KOM-
IUIEKCOB. XapaKTepuCcTHKa JuranaoB. KoopauHannonHoe 4uciao KomIuiekcooOpa3oBartens. 3a-
PA KOMIUIEKCHOT'O HOHA.

OcHoBHbBIE KJIaCChl KOMIUIEKCHBIX coenuHeHuil. ['mapatel (akBakomiuiekcel). Kpu-
CTAJJIOTUAPATHl KaK YaCTHBIM Cilydail akBakoMIUIeKCOB. OHHEBbIE MOHBI. AMMMaKaThl. ALUI0-
KOMILIEKCHI. J|BOWMHBIE COJIM KaK YaCTHBIA ciiydail auuaokoMiuiekcoB. Ilonuranorennasr. [lonu-
KHCJIOTBI M UX COJIU.

N3omepust KOMILIEKCHBIX COeIMHEHMI. ['upaTHas u koopauHanuoHHas usomepus. Luc-
Y TPAHC- U30MEPHSI.

HomMmeHnkiiatypa KOMIUIEKCHBIX CO€UHEHUM.

[Ipupoa XMMHUYECKON CBSI3M B KOMIUIEKCHBIX COCIMHEHMSAX. PaccMoTpeHue ee ¢ mosu-
IMHA METOJla BAJIEHTHBIX CBsi3el. Teopuss KpUCTAIUIMYECKOrO MOJIA U IOJs JMraHAOB B TEOPUU
XAMHYECKOM CBSI3M KOMIUIEKCHBIX COCIMHEHUM.

Okpacka 1 MarHUTHbIE CBOMCTBA KOMILIEKCHBIX COEIMHEHUI.
Paznesn 7 ®u3uko-xuMuyecKre 3aKOHOMEPHOCTH NMPOTEKAHUS XMMUYECKHUX PeaKumii.

Tema 1. CKOpoCTh XUMHUYECKON PEeaKIUH U (DAKTOPBI, BIUSIONINE HA €€ U3MEHEHHUE.
DHeprusi akTUBAIUH.

XuMudeckas KWHETHKa. PeakiimoHHast ciocoOHOCTh. ['OMOTeHHBIE U T€TePOTeHHBIE XU-
Muyeckue peakunu. CKOpoCcTh XUMUYECKOM peakliuu. 3aBUCUMOCTb CKOPOCTH XMMHUECKOM pe-
aKLMX OT IIPUPO/IBI PEArNpPYIOIINX BEIIECTB. DHEPTUs aKTUBALIUUA. 3aBUCUMOCTb CKOPOCTH XH-
MUYECKOW peakIuy OT KOHIIEHTpaIHil pearupyromux BemecTB. CKOpOCTh peakiuu B reTepo-
TEHHON CUCTEME. 3aBUCUMOCTh CKOPOCTH XMMHYECKOM pEeaKIIMK OT TEMIIEpaTyphl. Temmneparyp-
HbIi ko3¢ dunment. [IpaBuno Baut-I'odda.

Karanus. 'omorenHslii u rereporenssii karanus. Karanuzaropsl. Maruoutopst. dep-
MEHTBHI.

Tema 2. Xumndeckoe paBHoBecue. KoHcTaHTa XMMHUYECKOrO paBHOBeCHs. CMEILIEHUE XU-
MHYECKOT0 PaBHOBECHSI.

Heobpatumble 1 oOpaThMble XMMHUYECKHE peaklnu. XUMUuueckoe paBHoBecue. KoHcranra
XUMHUYECKoro paBHoBecus. CMereHne xumudeckoro paBHoBecus. [Ipunnun Jle [latense. Hapy-
LIIEHUE PAaBHOBECHS BCJIEICTBUE U3MEHEHMsI KOHIIEHTpaluu. Hapyienre paBHOBECHs BCIIEICTBHE
W3MEHEHUs JaBiieHus. HapylieHre paBHOBECHS BCIEACTBUE U3MEHEHUS TEMIIEPATYPBHI.

Tema 3. DHepreTrka XUMHYECKUX MTPEBPALIEHUHN. TEpPMOXUMHUECKHUE PACUETHI.

BuyTtpennss sHeprus. OHTansnus. Tepmoxumuueckue pacdyeTsl. 3akoH I'ecca. @akTopsl
OTIpeIeNIAIONINe HAallPaBJIeHUE MPOTEKAHU XUMUYECKUX peakiuid. DHeprus I m60ca. Xumuko-
TEPMOJIMHAMUYECKUE PACUETHI.

Pa3nea 8 PacTBopbl. Cioco0bI BhIPasKeHHs COCTaBAa PACTBOPOB

Tewma 1. PactBopbl. CriocoOBI BBIpaXKEHUSI COCTaBa PACTBOPOB.

Boga. CocTaB 1 31€KTpOHHOE CTpOEHHE MOJIEKYJBI BOAbI. [lonsgpHOCTh Monekyibl. Pu-
3MYECKHE CBOWCTBA BOJBI. AHOMaMK (U3UYECKUX CBOMCTB BOJABL. Boma — yHUBepCcaIbHBIN pac-
TBOpUTENb. XUMUYECKHE CBOUCTBA BOABI. Poib BO/bI B OHMOJOrMYECKUX Mpoleccax. PacTBopsl.
OO0m1as XxapakTepuCcTUKa pacTBOPOB. Cnioco0OnI BeIpakeHHUsI cocTaBa pacTBOpoB. Konien-
Tpauusi pacTBOpOB. MaccoBasi 10151 paCTBOPEHHOTO BEIIECTBA B MpoLeHTax. MossgpHas U HOp-
MaJibHasi KOHLEHTpauus. Pacyersl 71 MpUTOTOBIEHUS PacTBOPOB Pa3IMYHON KOHIIEHTPALIMU.
Meroauka HMpPUrOTOBICHUS PACTBOPOB Pa3HOM KOHUeHTpauuu. llepexon or oxHoro komaudge-
CTBEHHOI'O BBIPAXKEHUS COCTABA PAcTBOpA K IPYromy.
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Pa3nea 9 CoiicTBa pacTBOPOB 3/1eKTPOJINTOB. Teopus 3/1eKTPOJIMTHYECKOM 1N CCOLH-
anuu

Tema 1. CBoiicTBa pacTBOPOB 3JIEKTPOIUTOB. TeOpHs 3IEKTPOIUTUUECKOMN TUCCOLMALINN.

DJIEKTPOIUTHI U HEIIEKTPOJIUTHI. OCHOBHBIE MOJOKEHHUS AIEKTPOIUTUUECKON TUCCOIU-
anuu. MexaHu3M JUCCOLMALUU 3JIEKTPOIUTOB C PA3IMYHBIM THIIOM XHMUYeckoi cBs3u. Cre-
MEHb JIEKTPOIUTHUECKOH nucconranuu. CuabHbIe U cladble JEKTPOIUTHIL. Kucnorel, oc-
HOBaHMsI, COJIM B CBETE TEOPUU BJIEKTPOIUTUUECKOHN auccouuanuu. CTyneHuyaTas JucCoLUanusl.
OCHOBHBIH M KUCJIOTHBIA THUIIBI JUCCOLMALMU THAPOKCUAOB. AMQOTEpHbIE THAPOKCUABL. ['n-
pouin3 conell. PasimuHele ciydan rufponusa cosei. Peakuus cpeasl B BOOHBIX paCTBOPAX COJICH.
OOpatuMbIii 1 HEOOPATUMBIHA THAPOIH3BI cojiel. CTyneH4yaTslid ruApoan3. PakTopsl, CMea-
1mye paBHoBecHue rujponnusa. CoOBMECTHBIN THIPOIMU3 COJIEH pa3HbIX TUIOB. Poiib ruaponnsa B
XUMHYECKHX U OMOJIOTHYECKUX Tpoleccax. Peakunu B pacTBOpax 31eKTpOIUTOB. Peakiyu noH-
HOro oOMeHa. Y ClIoBUs IPOTEKAHUS PEAKIMI 0OMEHA B pacTBOpax /10 KOHIA.

Pazgea 10 I'maposus

Tema 1. 'uapomnus.

Peaxkuwms rugponusa. I'maponns conei. Pasnmuunble ciiydau ruaposdsa cosei. Peakuust cpe-
JIbl B BOAHBIX pacTBopax coseid. OOpaTuMbIil 1 HEOOpAaTUMBINA TUAPOIU3bl coneld. CTeneHpb U KoH-
ctanTa ruaponu3a. O0bsiICHEHUE THAPOIIH3a coliel 1 aM(DOTEPHOCTH TUIPOKCUIOB C TOUKH 3PEHUS
ANEKTPOIUTUYECKON AMCCOLMALNNN AKBAKOMIUIEKCOB M IIPOTOJIMTUYECKOM TEOPUM KHUCIIOTHO-
OCHOBHBIX paBHOBecHil. DakTOphI, CMEIIAIINE paBHOBECUE TUApOin3a. Posb ruaponnsa B Xu-
MHUYECKHX, OMOJIOrMUECKUX MPOIECCaX U BIBETPUBAHUU MUHEPAJIOB U TOPHBIX MTOPOJ.

PaBHOBecue B HACBILIEHHBIX PACTBOPAX MaJOPACTBOPUMBIX 3JEKTpoJUTOB. IIpousBenenue
pacTBOPUMOCTHU. Y CIIOBUSI 00pa30BaHUsl U PacTBOPEHMsI OCAJKOB. Peakium B pacTBOpax 3Jiek-
TPOJIUTOB (MOHHBIE peakiyu). MexXaHW3M MPOTEKaHWs PEaKUUd B PacTBOpax HIIEKTPOIUTOB.
HamnpaBneHHOCT, OOMEHHBIX peakluid B PacTBOPAxX dSJIEKTPOJUTOB. Mcrosnb3oBaHue 3HAUYEHUI
CTaH/JAPTHBIX SHTAIBIMNA U CTaHAAPTHBIX N300apHO-U30TEPMHUECKHX MOTEHIMATIOB Ui OLIEHKU
HaIpPaBJIECHHOCTH UOHHBIX PEaKIINH.

Pa3znen 11 OxucanTe1bHO-BOCCTAHOBHUTEIbHbIC PEeaAKIIUA

Tema 1. OKUCIUTENTBHO-BOCCTAHOBUTEIHHBIC PEAKITHH.

Knaccugukaius OKHCIUTENIbHO-BOCCTAHOBUTENbHBIX peakuuil. OKucieHue U BoccTa-
HOBJIEHHE, OKUCIIUTENb U BOCCTAaHOBUTENb. OCHOBHBIE OKUCIUTENHN U BoccTaHOBUTENU. [IpaBuna
COCTAaBJIEHUS] YPAaBHEHUIN OKHUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX peakUi. MeToabl JIEKTPOHHOTO
U HOHHO-3JIeKTpOoHHOro Oamanca. Ponp cpeapl B NPOTEKAHMM — OKUCIMTEIBHO-
BOCCTAaHOBUTEJIBHBIX ITPOLIECCOB.

Paznen 12 JaexTponu3. XuMu4ecKue HCTOUYHUKHA TOKA

Tema 1. Onexktponns. XumMudeckre HCTOUHUKH Toka. Koppo3sust.

lNanpBaHnYeCcKUil 37€MEHT. DNEKTPOAHbIE MOTEHIHANBL. Psii cCTaHIAPTHBIX AJIEKTPOIHBIX
noTeHIHaIoB. OKUCIUTENIbHO-BOCCTAHOBUTENbHbBIE MMOTEHIMansl. HampaBnenue u riyouHa
OKHCIIUTEIBHO-BOCCTAHOBUTEIBHBIX peaKuil. DnekTponns KaK OKHCIIUTENBHO-
BOCCTaHOBUTENBHBIN Npouecc. KonnuecTBeHHbIE COOTHOILIEHUS NpU 3eKTponuse. [Ipumenenne
ANEKTPOJIN3a. XUMHUYECKHE UCTOYHHUKHU TOKA. Koppo3ust MeTamuioB. DIEKTPOXUMHAYECKAsT KOPPO-
3us. 3alIKUTa OT KOPPO3UH.

4 METOANYECKHUE PEKOMEH/JJALIUU (YKA3ZAHUA) 1JIA CTYAEHTOB
O N3YYEHUIO JUCIUIIJIMHBbI

Pabouas mporpamMma nmpu3BaHa MoMoYb CTyJE€HTaM B OpraHU3alii CaMOCTOSITEILHOM pa-
O0TBI 10 OCBOCHMIO JAUCHUIIUHBI «OCHOBBI 001Ie XuMum». CTyeHTaM pPEeKOMEHIYeTCsl U3y-
YUTH 10 y4eOHOH JIUTepaType U KOHCHEKTaM JIEKIIMA N3Yy4aeMyl0 TEMY U CaMOCTOSITENIbHO BbI-
IIOJIHUTD IIPEJUIOKEHHBIE 3aJaHus.
IIo OKOHYAaHMM KaXIOTO 3aHATHA CTYICHTHI IIOJYYarOT IOMAalIHEEe 3aJaHUe, KOTOpBIE
BKJTIOYAIOT HECKOJIBKO BOMPOCOB M/MJTM PAaCUETHBIX 3ajad.
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[Ipexne yeM MpUCTYNMUTh K BBITOJHEHHUIO 3alaHUM U1 CAMOKOHTPOJIS, CTyJICHTaM HEeo0-
XOJUMO M3YYHUTh PEKOMEHIYEeMYI0 IO KaxJIoW Teme yurtepaTypy. OOIuUN CIUCOK y4yeOHOH,
y4eOHO-METOIMYECKON U HAYYHOH JTUTepaTyphl MPEICTaBIICH B OTACIHHOM pa3/elie MPOrpaMMBl.
[Tpu odopmiieHun 1a060paTOPHBIX OTUYETOB M MHAMBUAYAIBHBIX 3aJlaHUN ClIeAyeT MOJIb30BATHCS
CIIPaBOYHOM XMMHUYECKOH JIMTEPATYPON U XUMMUYECKOM SHIMKIIONEIUEH.

Jlis onepaTMBHOIO KOHTPOJIS YCBOEHHUS y4eOHOIro MaTepuasa MpPOBOAMTCS ONPOC, MHUCh-
MEHHOE BBITNIOJIHEHUE 3a[JaHHsI TEKYIIET0 KOHTPOJS. YPOBEHb YCBOCHHS PA3/IEIOB JUCIUILTHHBI
OLIEHUBAETCS C MOMOIIBIO KOHTPOJIbHBIX pa0doT. [lnanupyerca nposenenue sk3ameHa. s pe-
HICHUS 33/1a4 CTYJCHTHI 00ECIIEUNBAIOTCS CIIPABOYHBIMH JTAHHBIMH.

ITocTpoeHre AMCUUIUIMHBI MO3BOJISIET UCIOJIB30BaTh B OOYUYEHUM ONEpalMy MBIIUICHHS:
aHaJM3, CHHTE3, CPAaBHEHUE U aHAJIOTHUIO, CUCTEMATU3aIMI0 U 0000I1IeHHE.

D¢ hekTuBHOCTh U3yUEHMs JUCLMIUIMHBI 00ecreunBaeTcs MPaBUIbHON OpraHu3aluen ca-
MOCTOSATEIBHON PabOThI, aJITOPUTM €€ BbIpabaThIBaeTCs B paboOTe ¢ y4eOHOH U CIIPaBOYHOM JIH-
TepaTypou.

CucreMaTH4ecKOe BBIIOJIHEHHUE 33JaHUI CAMOCTOSATEIBHON padOThl (OPMHUPYET HABBIKH
pelLIeHHs PacYETHBIX 3a/1a4, COCTABJICHUS CIOXKHBIX YPAaBHEHUN peakLuil.

VYnpakHeHUs] T0 HOMEHKJIATYpE CIIOKHBIX BEIIECTB, COCTABJICHUIO YPAaBHEHHH OKHCIIH-
TEJIbHO-BOCCTAHOBUTENBHBIX PEAKIMA MOHHO-3JIEKTPOHHBIM METOAOM (HOPMUPYET XUMHUYECKOE
MBIIICHHE U YMEHHE TOJIb30BaThCSl XUMUYECKUM SI3bIKOM (CHMBOJIMKA, HOMEHKJIATYpa, TEPMHU-
HOJIOTHS).

Hcnonp3yeTcst TECTOBBIM KOHTPOIIb, 0000IIar0INe KOHTPOJIBHBIE PA0OTHI.

Y4eOHo-MeTOoAMYECKOE 00ecIieYeHHe CAMOCTOATEIbHON padoThl CTYAEHTOB 110

AUCUMILTHHE
KosaunuectBo
4acoB, B COOT-
Ne HanmeHnoBanue ®opMbl/BHABI BETCTBHH €
B pasaesa (TemMbl) CaMOCTOSITEJIbHOM PadoThI y4eOHo-
TEMATHYECCKUM
IJIAHOM
1. Paznen 1. BBenenue. N3ydyeHne OCHOBHOW U JOTOJHUTEb- 2
HOM JINTEpaTyphl
Odopmienne mabopaTopHOil pabOTHI
[TonroroBka oryera 1o gabopaTopHOL
pabore
2. Pa3znen 2. OcHoBHBIe MOHSI- | MI3yueHHe OCHOBHOM U JOMOIHUTENb- 2
THUS ¥ 3aKOHBI XUMHHU. HOM JIUTEPATyPHI
Pemenue pacueTHsIX 3a1a4
Odopmierne mabopaTopHO pabOTHI
ITonroroBka oryera 1o gabopaToOpHOI
pabore
3. Pa3znen 3. Ilepuoamueckuii | 1I3yueHue oCHOBHOM W JOIOJIHUTENb- 8
3aKOH KaK OCHOBa XHMHYe- | HOM JIUTEpaTyphl
ckoii cucremaruku. Cospe- | OpopmieHue 1abopaTopHOil paboThI
MeHHbIe mpeacrabjgeHusi o | [loaroroska otuera mno sadboparopHoOit
MEePHOIUYHOCTH  CBOWCTB | paboTe
3J1€EMEHTOB.
4 Pa3nen 4. Peakuuu B Heop- | I3yueHue OCHOBHOM M JOIOJIHUTENb- 4
TAaHUYEeCKOH XHUMHUM. HOM JIUTEPATypHI
Odopmiienne mabopaTopHoil paboThI
[ToaroroBka oTdera mo JabopaTOpHOMH
pabote
5 Paznen 5. Xumuueckasi | MI3yuyeHue oCHOBHOM JIUTEPaTyphl 2
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CBAI3b.

N3ydeHue qOnoJHUTEILHON IUTEpa-
TYpBI

Odopmierue 1abopaTopHO padOTHI
[MonroroBka oryera mo gabopaTopHOI
pabote

6 Paznen 6. KommiekcHbie N3ydyeHne OCHOBHOW M JOMOJIHUTEINb-
COeUHEHHUS. HOM TUTepaTypsl
Odopmnenue nabopatopHoii paboThI
[ToaroroBka otyeta 1o 1ab0paToOpHOI
pabore
7 Paznen 7. ®u3uko- | 3ydyeHne OCHOBHON M JTONOJHUTEIb-
XMMHMYeCKHe 3aKOHOMEPHO- | HOM JINTEPATypPhl
cTH mnporekanusi xummude- | Opopmiienue nabopaTopHOt pabOThI
CKHMX peaKkumi. [ToaroroBka oTdera 1o JabOpaTOpPHOU
pabote
8 Pa3znen 8. PacrBopbl. Cno- | V3yueHue oCHOBHOM IUTEpaTyphbl
co0bI BBbIpa:KeHHs1 cocTaBa | 3yueHue AOMOJHUTENbHON IUTEpa-
PacTBOpPOB. TYpBI
Pemenue pacueTHbIx 3a1a4
Odopmnenue madbopaTopHoii pabOTHI
[ToaroroBka otueta 1o n1abopaTopHO
pabore
9 Paznen 9. CaoiicTBa pac- | MI3yueHue OCHOBHOM U JOINOIHUTEINb-
TBOPOB 3JIEKTPOJHUTOB. | HOM JIUTEpaTyphl
Teopusi  saexTposuruye- | Opopmiienue nabopaTopHOt paboThI
CKOM THCCOIMAIIMH. [ToaroroBka oTdera mo JabopaTOpHOM
pabote
10 Pa3nea 10. 'uaponus. N3yueHne OCHOBHOW M JOIOIHUTEINb-
HOM JINTEpaTyphl
Odopmienne mabopatopHOil pabOTHI
[ToaroroBka otueTa 1Mo n1abopaTopHOI
pabore
11 Pazgen 11. OxkucanTtesbHO- | VI3yueHue OCHOBHOW U JOIOJIHUTEINb-
BOCCTAHOBHTEJbHBIE PeaK- | HOM JINTEpaTypbl
111078 Odopmiienne nabopaTopHoil paboThI
[ToaroroBka oTdera mo JabopaTOpHOM
pabote
12 Paznen 12. Duekrposus. | MI3ydeHHne OCHOBHOW M JOIOIHUTEINb-

XuMH4YecKmne
TOKA.

HCTOYHHUKH

HOM JINTEpaTyphl

Pemenue pacueTHbIx 3a1a4
Odopmiienne nabopaTopHoit paboThI
[ToaroroBka oryeta mo JabopaTopHOI
pabote

5 IPAKTUKYM IO JUCHUIITINHE

IIpaBuiia TexHuKH 0€30MaCHOCTH

1. CryneHt nomyckaercst K paboTe B 1a00paTOpu TOJIBKO MOCIE MHCTPYKTaXKa MO TEXHUKE

0€30I1aCHOCTH, YTO MOATBEPIKIACTCS POCIHCHIO CTYACHTA U JIMIA, TPOBOIUBIIEIO HHCTPYKTAK,
B CIICIIUAJIBHOM JKypHAJ€.
2. Bce cTyneHThl, NpOLIEANINE WHCTPYKTaX, JOJDKHBI CTPOTO MPHUAEPKHUBATHCS IPaBUI
TEXHUKU 0€30MacHOCTH. 32 HECOOIIOEHUE MPABUJI YCTAHOBJIEHA OTBETCTBEHHOCTh B aJIMUHMU-
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CTPAaTHBHOM HJIU CYy/1I€OHOM MOPSIIIKE.

3. PaGora cryneHTa B 1ab0opaTOpUM pa3peliaeTcs B 4achl, OTBEICHHbBIE 10 PACHUCAHUIO, A
TaKXKe B JONOJHHUTEIBHOE BPEMs, COrJIACOBAHHOE C IMpEroiaBaTesieM, 1Mo/ HaOII0IeHHEM TIpe-
nojaBatesst UK JadopaHTa.

4. 3anpemaercs MpUHUMATH MUITY B J1a0opaTopuu, MpoOOBaTh HAa BKYC XUMHUYECKHUE Bellle-
CTBa, OCTaBJIATh KaKUe-JINOO PEaKTUBBI B IIOCy e 0€3 COOTBETCTBYIOLIEH HAIHCH.

5. Bce pacTBOpbI, HE TOAJIEKAIINE CIMBY B KaHAJIU3AIUIO (OPraHUYECKUE PaCTBOPHUTEIH,
COJIM PTYTH U cepelpa, JIErKOBOCIUIAMEHSIFOIMECS HKUIAKOCTH, KOHLIEHTPUPOBAHHbBIE KUCIOThl U
IEJIOYH U T. 1.), CJIeyeT BbUIMBATh B 0COObIe OAHKH IS CJIMBA, MOJIYYUB yKa3aHUE JJaDOpaHTa.

6. KoHlleHTpUpOBaHHbIE KHUCIOTHl U WLIEJIOYM, CUIbHOAEHUCTBYIOUIME pEakTHBBI (OpoM U
Jp.) HAJ0 XPAHUTH B BBITSDKHOM HIKaQy MO TATON Ha MOJIHOCE M HE BBIHOCUTH MX OTTY/A.

7. Ilpu Bcex paboTax ¢ €IKMMHU BEIECTBAMM (KUCIIOTHI, LIEJIOYU U JIp.) HEOOXOAUMO CO-
0J1t0/1aTh MAKCUMAJIBHYIO OCTOPO’KHOCTb, UMESI B BUJly, UYTO HECUACTHBIE CIy4Yau BCEr/la IIPOHC-
XOJIST B pe3y/bTaTe HEOCBEJOMIICHHOCTH, HEBHUMATEIbHOCTH MM HEOPEXKHOCTU pabOTarOILEro.

8. beps BemiecTBO Ui OMNbITa, CIEAYET BHUMATEIbHO IMPOYUTATh 3TUKETKY U IPOBEPUTH
COJIEPKMMOE 10 KaueCTBEHHBIM IIpU3HaKaM (1IBET, 3amax, KOHCUCTEHIUS U JIp.).

9. Ilpu nomaaHuy €AKOro BEIIECTBA HA CTOJI UJIM HA IOJI CIEAYET ITO MECTO Cpasy XKe 3a-
ChIIIaTh MECKOM, 3aTe€M I1eCOK coOpaTh M BbIHECTH U3 momemieHus. OO0IMToe KUCIOTOH MEeCTo
IIPOMBITH PACTBOPOM COJIBI.

10. Peakuuu, KOTOpbIE MOT'YT COIPOBOX/IAThCSI CUIIBHBIM Pa30rpeBoM (pacTBOPEHHUE KHC-
JIOT, 1IeJI04el), ClAelyeT MPOBOJUThH TOJIBKO B MOCY/AE U3 XMMUYECKOTO CTEKJIA, a HE B TOJICTO-
cTeHHou nocyze. Ilpu 3ToM peakimoHHbIN COCyl TOMEIAIOT B KPUCTAIIIM3ATOP.

11. 3acacbiBaTh €KH€ KUJIKOCTH B IMUIIETKY HEOOXOIUMO TOJBKO C MOMOIIBIO TPYLIN WU
ITHEBMOHACOCA, & HE PTOM.

12. HarpeBaTh pacTBOpHI Ha IUIUTKE CIEAYET TOIBKO B IIOCY/E U3 XUMUYECKOTO CTEKIIa Oe3
npoOku. Ilpu sToM nocyna nomkHa OBITh CyXoi cHapyxu. bpath Harpersle mpeaMeTsl HE0OX0-
JUMO C TIOMOIIIbIO TIOJIOTEHIA WK CHEeIHMaIbHBIX HalaJIbYHUKOB.

Pasznen 1 Beenenne.
Tema 2 OcHOBHBIE IpHeMbl PadOThI B JIaopaTopumn
Jlabopamopunaa paboma: «Ilpaguna mexnuxku dezonacnocmu npu padome ¢ XumMuieckou na-
Oopamopuu u oKa3anue nepeoii NOMOuLU»
[lenb: MO3HAKOMUTD CTYJEHTOB ¢ 000pyI0BaHNEM J1a0OPAaTOPHH, C MPaBUIIaMH TEXHUKH Oe3-
ONACHOCTH, C IIPUEMAMHU OKa3aHUs IEPBOM MEAUIIMHCKON ITOMOIIH.

Pabota B xumHueckoii 1abopaTopuu cBsizaHa ¢ HEKOTOPOI OMACHOCTbHIO, OCKOJIBKY MHO-
r'Ue BEIeCTBA B TOW MJIM MHOM CTENEHU SI0BUTHI, OTHEOACHBI M B3PbIBOOIIACHBI.

OnbIT MOKa3bIBAET, YTO OOJNBIIMHCTBO HECYACTHBIX CIy4yaeB, MPOUCXOAAIINX B Jabopa-
TOPUH, SIBJISIETCS CIEICTBUEM HEOPEKHOCTH M HEBHUMATEIbHOCTU PabOTAOIINX.

B03M0OHOCTh HECHACTHBIX CIIy4aeB MOXKET ObITh UCKJIIOUEHA MPH BHITIOJIHEHUH BCEX MEp
npenocTopoxHocTU. OOBIYHO XapakTep MpeaylnpennTenbHbIX Mep, 00ecreurnBaImux oe3ormac-
HOCTb BBIIIOJTHEHUS DKCIIEPUMEHTA, 3aBUCUT OT BUJIA paOOTHI.

OpHako cylecTBYIOT 001IMe MpaBiia, BHITOJHEHHE KOTOPBIX 0053aTeNbHO I KaX10TO
paboTaromiero B 1a00paTopuu HE3aBUCUMO OT TOTO, KAKOM SKCIIEPUMEHT OH BBINOJIHSET:

1. PaGorath ogHOMY B JTaOOpaTOpPUM KaTErOPUUYECKHU 3alpeliaeTcs, Tak Kak B CIly4ae HeCYacTHO-
ro ciayvas OyneT HEKOMY OKa3aTh IMOMOIIb IMOCTPaJaBIIEMy M JIMKBHJIUPOBATh MOCIEACTBUS
aBapuH.

2. Bo Bpems paboThl B jabopaTopuu HEOOXOOUMO COOIIOAATH YHUCTOTY, THIIHHY, MOPSAOK U
IpaBUJia TEXHUKH O€30MaCHOCTH, TaK KaK IOCHEIIHOCTb, HEPSIIJIUBOCTh YacTO MPUBOIAT K
HECYACTHBIM CIIy4asiM C TSKEJIBIMU MOCIEACTBUAMM.

3. Kaxnprii paboTaromuii T0JDKEH 3HATh, TNI€ HaXOAATCs B J1abopaTopuu CpencTBa MPOTHUBOIIO-
YKapHOM 3aIlIUTHI U alTedka, coJepiKalias Bce He00X0AMMOoe ISl OKa3aHuUs IIEPBOM MOMOIIH.

4. Kareropudecku 3ampeniaercsi B 1abopaTopuu KypUTh, IPUHUMATh MMULLY, IUTh BOLY.

5. Henp3st mpuctymath k paboTe, MOKa y4dalirecs He yCBOST BCEH TEXHUKH €€ BBITOJHECHUS.
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6. OnBITHl HY’)KHO TIPOBOAMTH TOJIBKO B YHCTOM mocyze. [locie okoHYaHust SKCIepUMEHTa MOCY-
Iy CIIEZYET MBITh Cpa3y Ke.
7. B mpouecce paboThl HEOOXOAUMO COOIIOAATH YUCTOTY, aKKypaTHOCTh. ClenuTh, 4TOOBI Be-
IeCTBa HE IMOTMAaJalId Ha KOXKY JIUIA U PYK, TAK KaK MHOTHE BellecTBa (raloreHOMPOU3BOIHEIC,
(eHOIIbI, HUTPOCOEIMHEHHS, HETIPEICIbHbIE COSMHEHUS U JIP.) BBI3BIBAIOT Pa3IpaKCHUE KOXKHU
U CITU3UCTHIX 000JIOUEK.
8. Hukakux BemiecTB B jaboparopuu He mpoOoBaTh Ha BKyc. HioxaTh BemiecTBa MOXKHO, JIUIIb
OCTOPOYKHO HAIPaBJISIS

Ilepsas nomows npu 0#co2ax u OMpaAGIEeHUSX.

1. HpI/I TEPMHUYCCKUX OXKOIraxX HEMEAJICHHO ACIIAI0T O0OUJIbHBIE IMPUMOYKH CIIMPTOBLIM pac-
TBOPOM TaHHWHA, STUJIOBBIM CIIMPTOM WJIM PACTBOPOM II€pMaHIaHaTa KaJIvsl.
2. HpI/I OXXorax KucCjaoTaMHu HCO6XO,I[I/IMO Cpa3y K€ IMPOMBITH IMOPAXKCHHOC MECTO 0OIBIINM

KOJINYECTBOM BOJIbI, @ 3aTEM 3-TIPOIIEHTHBIM PacTBOPOM THAPOKapOOHATa HATPUS U ONSATH BO-
JTON.

3. HpI/I 0O)KXorax €AKMMHU HICJI0YaMU XOpOUIO U OOMJIBHO ITOMBITH MMOpa’)XCHHOC MECTO IIPO-
TOYHOW BOJIOM, 3aTeM pa30aBICHHBIM PACTBOPOM YKCYCHOM KHCIOTBI, a HOCJIE 3TOTO OISTh
0O0JIBIIINM KOJINYECTBOM BOJBI.

4. IIpu nmomagaHuy KUCIOTH! MIIM LIEJIOYM B TJ1a3a CIelyeT cpas3y ke UX NpOMbITh. i 3To-
r0 HAMPaBJISIOT HEOOJBIITYIO CTPYIO BOJIBI TO B OJIMH, TO B JAPYrOM TJia3 B TEYCHUE 3—5 MHUHYT.
3areM rJ1aza He0OX0IMMO MPOMBITh WJIM PACTBOPOM THApOKapOOHaTa HATpus (B cilydae KHCIO-
ThI), WM PAcTBOPOM OOpPHOM KUCHOTHI (B ciayyae menouu). [locie 3Toro HyHO 0OpaTUTHCS K

Bpady.
S. [Tpu oxorax (eHOJIOM MOPAKEHHOE MECTO 00padaTHIBAIOT CITUPTOM.
6. [Tpu oxxorax GPOMOM KOXH €ro OBICTPO CMBIBAIOT CIIMPTOM HJIM pa30aBJIeHHBIM PacTBO-

pom menouu. Ilocne 3TOro mopakxeHHOE MECTO CMa3bIBAIOT CIIEHUAIBbHOM Ma3bl0 OT O0XKOIOB.
[Tpu BIpIXaHMM MAapoOB OpoMa HYKHO TTTyOOKO MOJBIIIATh HAJ CHUPTOM. A 3aTeM BBIITUTH MOJIO-
Ka ¥ BBIUTH HA CBEKUNUBO3YyXIO
7. Koy, nopakeHHYI0 CHJIbHO JACHCTBYIOLUIMM OPraHUYECKHM BEIECTBOM, HYKHO OBICTPO
IIPOMBITH OOJIBLINM KOJIMYECTBOM PACTBOPUTENS U IMOCTPAJABIIETO JOCTABUTh B MEJITYHKT.
Tywenue mecmuoco nosxtcapa u 2o0paugeti 00eHCcobi.
1. IIpy BOZHUKHOBEHHUH I0’Kapa HEMEAJIEHHO OTKIIIOYUTH I'a3 U AJIEKTPONpuOOpsI 1o Beel 1ado-
paropuu. beicTpo yOpaTh Bce roproure BelecTBa MOAAJbIIE OT OTHS, a MIaMsl TYyLIIUTh OTHETY-
HIMTEIEM, TECKOM MJIU UCIIONb3ys MPOTUBOMNOXKapHOe ozaesuto. He cneayer 3anuBarh miams Bo-
noi. Bo MHOTHX ciy4asx 3TO NMPUBOJUT JIMIIb K OOJIbIIEMY paclpOCTPaHEHHIO IUIAMEHH U pac-
HIMPEHUIO oyara rnoxapa.
2. Ecnn Ha xoM-1M00 3aropenach 0/1€Xk/1a, HY)KHO IOCTpa/IaBLIEro MOBAJIUTh Ha MOJ U ObICTPO
MOKPBITh BOMJIOYHBIM ofiessioM. Hu B koeMm citydae Henb3sl OekaTh, Tak Kak B 3TOM cllydae IJia-
MS TOJIBKO YCUJIUTbCA. MOKHO TYIIUTh Ha cebe 0/1exk 1y 0OJMBaHUEM BOJIOM MM OBICTPBIM Iie-
pEeKaThIBAHUEM I10 TOITY.
OcHoBHbIE IpHEMBI padoThI B J1a00paTOPHH

1. Oumucrka cyasdara meau(Il) nepexpucramimzaumei

Ilenb pabomwi: 03HAKOMHUTHCS C OCHOBHBIMU IIPUEMaMU pabOTHI B J1aOOPaTOPUH.

llepexpucmannuzayus. OUnUCTKa TBEPAOTO BELIECTBA METOIOM MEPEKPUCTAIIN3ALUN OCHO-
BaHa Ha TOM, YTO IIPH OXJIAXKJEHUH HACBILIEHHOIO PacTBOPAa OCHOBHOE BELIECTBO, COJEPIKAIIEECs
B U30BITKE, paHbllle JOCTUTaeT MpeJesia pacTBOPUMOCTH M BbIIaJaeT B ocajok. [Ipumech xe
OCTaeTCsl B paCTBOPE, MOCKOJIBKY OTHOCUTEIILHO HEE PAaCcCTBOP MPOJOJIKAET OCTABATHCSI HEHACHI-
nieHHbIM. Ha TeXHu4ecKnX Becax B3BEChTE MPUMEPHO 3 T METHOTO KyIopoca, IOMECTHUTE B MPo-
OupKy 1 100aBbTE 5 MJ AUCTHIUIMPOBaHHOU BO/bL. [IpoOupKy HarpeiTe B INIaMEHU TOPENKU MPH
MOCTOSIHHOM BCTpsIXMBaHUU J10 KurieHus. [locie npekparienusi HarpeBaHus IpOOUPKY OXJIaUTe
J10 KOMHAaTHOM TeMIIepaTypbl Ha BO3JyX€, a 3aT€M B JICASHOM BOJE. BhInaBimue KpUCTALIbI OT-
GUIBTPYITE HA CKJIAT4aTOM (QHIIBTPE.



14

Kpucranns! meaHoro kymnopoca ¢ (puiibTpa BBICYIIMTE MEXITy JUCTaMU (DHIBTPOBATILHON Oymaru
JI0 TIOJHOTO y/IAJIeHHs Bllary (1oka Ha Oymare He MepecTaHyT MOSIBIISIThCA ChIpble TsITHA). B3BeckTe mo-
JIy4EHHBII KpUCTAJUIOTUAPAT U ONPEIEUTE MACCOBYIO JOMIO BHIXO/IA.

Ilepexpucramm3anusi AUXPOMaTa KaJIus

Huxpomar xamust KoCr.O7 gacto coaepuT npuMech cyiabharta Kalus, OT KOTOPOTO OH MO-
JKET ObITh OUMILEH MEePEKPUCTAIUTUIAINECH.

B3Becuth Ha Becax 9 r nuxpomaTa Kajus U BBICHINIATh B XUMUYECKUI cTakaH. PaccunTars,
KaKoe KOJIMYECTBO BOJBI HaJ0 MpUOaBUTh, YTOOBI MOIY4YUTh HacbhieHHbIH npu 70 °C pacTBop.
OTMmepuTh MEpHBIM LWJIMHJIPOM BOAY U BBUIMTH €€ B CTaKaH C HABECKOM IuXpomara Kalus.
Harpetb cTakan ¢ IpUroOTOBICHHOM CMECHIO 10 KUIIEHUS, [IOMELINBAsi paCTBOP CTEKJIIHHOW Ia-
Jo4koi. Eciy B momydeHHOM pacTBOpe €CTh HEPACTBOPHMBIE IPUMECH, TO €r0 HaA0 MPOoduis-
TPOBAaTh, MOJIb3YSACh BOPOHKOMU Ui ropsyero GuiabTpoBaHus. ['opsuuil pacTBOp OXJIaAHUTh, MO-
MECTHUB CTAKaH C paCTBOPOM B YalIKY C XOJIOJHOW BOAOW. MI3MepUTh TEMIIEpATYPy OXJIAXKIAECHHO-
ro pactopa. Obpa3zyromecs: KpUcTaibl OTQUIBTPOBATH, BBICYIIUTh MEXKIY ABYMS JHCTaMU
¢mipTpoBaNbHOM Oymaru u octaButh Ha 30 - 40 MUH B CymmiIbHBIN mKkad, HarpeTsiil 1o 100
°C. Ilocne oxyaxaeHus MOIYyYEHHBIN JUXpoMaT B3BECUTh. ONpenenuTh BbIXOI B MPOIEHTaX 10
OTHOILICHHIO K UCXOJTHON HaBECKeE.

HccnenoBaTh MaTOYHBIA PacTBOP M OYMILIEHHYIO COJb Ha MPHUCYTCTBUE TaM cylb(dara Ka-
must. J{ist aToro B 0iHY MpOoOMPKY HAIUTH HEMHOT'O MaTOYHOT'O PacTBOpa, B IPYroil pacTBOPUTH
B BOJIE€ HECKOJIbKO KPUCTAJJIOB MEPEKPUCTAIUIN30BAHHOM cos. K MoaydyeHHbIM pacTBOpaM IpH-
06aBuTh 10 1 - 2 KaruM KOHLIEHTPUPOBAHHOM COJISTHOM KHCIIOTHI M PacTBOpa XJIOPUCTOTO Oapus.
Hanuuue ocagka CBUAECTENHCTBYET O MPUCYTCTBUU CyIb(haTa Kaausl.

2. Bo3ronka (PaGota npou3BOaUTCs MO TATOM)

ﬁon yacto conepkut Brary u coeaunenus ICl, IBr, IC13 u 1. n. [{ns TOro 4T00B OYUCTUTH
€ro OT ATUX IPUMECEH, BO3TOHKY MPOBOJAT B IPUCYTCTBUM OKCHJA KAbLMS U HOAWIA KAJIHSL.

OtBecuth Ha Becax |1 r kpucrammueckoro Moxaa, 0,1 r ionuna xamus u 0,5 T oKcHUIa Kajlb-
nus. [lonoxuts Bce 3TH BemiecTBa Ha JHO (aphopoBOi YAk U MEepeMellaTh CTEKJISHHOMN Ma-
7o4koi. HakpbITh yaliky JHOM KOHHYECKOH KOJObI, HalOJHEHHOW Ha 1/3 XoyonHOW BOAOIL.
Yamky noctaBuTh Ha acOECTOBYIO CETKY M OCTOPOKHO HArpETh.

Bo3ornannble kKpucTamuibl Hojxa coOpaTh ¢ HApY)KHOM CTEHKH J1HA KOJIObI U B3BeCUTh. Pac-
CUMTATh MPOLEHT BbIXOJa Hofa.

3. Ileperonka (IMCcTHLIANMSA) BOABI

Cobpats ipubop aia neperonku Bojasl. B kon0y Bropna namuts 1/3 ee oO0bema Bogompo-
BOJIHOM BOJIbI, J00ABUTH TyJa HEMHOI'O PacTBOpa METHOIO KyIOpoca U Ha JIHO MOMECTUTh He-
CKOJIBKO CTEKJISTHHBIX KalWIISPOB AJI TOTO, YTOOBI JKUJKOCTh KHIena paBHoMepHo. Konby 3a-
KPBITh MPOOKOMH, B KOTOPYIO BCTAaBJIEH TEPMOMETP TaKUM 00pa3oM, 4TOOBI PTYTHBIN IIAPHUK €ro
OBbLJI HEMHOTO HHXKE YPOBHSI OTBOJAHOH TPYyOKH KOJIOBI. 3alOJHHUTH XOJOJIWIBHUK BOJOH, W B
IIPOJOJDKEHHUE BCETO OIBITA BOJA JOJIKHA II0JIaBaThCsl B HIDKHEE €r0 OTBEPCTHE M BBIXOAUTH Ue-
pe3 BepxHee. HarpeTs pacTBop 10 KUMEHUS U OTOTHATH 25 - 30 MJ1 BOJBI.

Ha yacoBoe cTekyi0 HaIUTh HECKOJBKO Kalelb MOJIYY€HHON AUCTHIUIMPOBAHHON BOJBI U
BbIMapuTh Ha ropenke. Ha apyrom crekiie caenaTth TO K€ ¢ UCXOAHOM KUAKOCThIO. CpaBHUTH
pe3ynbTaThl BHITAPUBAHUS.
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4. OnpenesieHue TeMnepaTypbl IJIaBJIeHUS
CobpaTh yCTaHOBKY I10 pUCYHKY

ToHKO pacTeperh B CTYIKE THOCYIb(AT HATPHUS U 3aMOJHUTH UM KOHYHK TOHKOCTCHHOTO,
3aMassHHOTO C OJTHOM CTOPOHBI KamWjuIsIpa. 3aTeM MPUKPETHUTh MOCICIHUA PE3NHOBBIM KOJIBIIOM
K TEPMOMETpPY, KaK yKa3aHO Ha pUCyHKe. TepMOMeTp OmyCTUTh B CTakaH ¢ BOJOW. MemsieHHO
HarpeBaTh BOJY, MEpEMEIINBas €¢ BCe BpeMsl MELIAIKOW, U HabI0JaTh 3a BEIIECTBOM B KalluJl-
nsipe. Kak TOJIBKO CONIEP)>KMMOE TMOCIEAHEr0 CTAHET MPO3payHbIM, OTMETUTh TEMIEPaTypy, Ko-
Topas u OyAeT TeMrepaTypoil TUIaBlIeHUs uccienyeMoro Bemectsa. CpaBHUTh OTYyYEHHYIO Be-
JUYUHY C YKa3aHHOW B CIIPaBOYHUKE.

5. Onpenesienne MPOIEHTHOTO COEPKAHUS OKCHIA MeI B MaJIaxuTe

[Ipu mpokanuBaHUM MaJaxuT pasiiaracTcs Ha OKCUJ MEIH, BOJLY U TMOKCH]T yTIEpoaa

(CuOH)2C0O3 =2 CuO + H,0 1+ CO2 1

JBa nmocneanux BemniecTa getyurne. OKCH MEU HEJETY4nid, OH OCTAETCsl B TUTJIE B BUJIC
YEpHOI0 MOPOUIKA. 3HAsI MACCY MaJlaXUTa U MacCy OKCHJIa MEAH, MOXKHO BBIYUCIHUTH MPOLEHT-
Hoe conepkanre CuO B Manaxure.

B3Becutb myctoil Turens ¢ TouHocTeio 10 0,01 r. Hackmate 1-2 r manaxura B TUrenb U
B3BECUTH ¢ TOUYHOCTHIO 710 0,01 1. BcTaBuTh THTENh B KEpaMUUECKHUI TPEYTrOJIbHUK, TIOMECTUTH
Ha TPEHOKHUK U MPUCTYIHUThH K MPOKAITUBAHUIO.

Bnauane narpeBaTh MEJICHHO, HE BBIITYCKasl TOPEJIKH U3 PYK, TaK Kak Mpu OypHOM pas-
JIO’)KEHUU MajlaxuTa yIeTyqUBaIoLIUecs ra3bl MOTYT YBJeUb 4acTh BemecTBa. [Ipokanus 15 - 20
MUH., OXJQJUTh U B3BECUTh TUTE]h. 3aT€M BTOPUYHO MPOKAIUTH TUTENIbh 5 MHUH, OXJAJUTh U
B3BECHUTbh. ECITH J1Ba MOCIEAHUX B3BEIIMBAHUS pacxonaarcs He Oonee yem Ha 0,02 r, mpUCTYNUTH
K BBIYHCIICHUSIM; €clii pacxokenue 6omee 0,02 r, mpokaauBaHKWe W B3BEIIMBAHUE MPOI0KATH
JI0 IOCTOSIHHOM MacChI.

Dopma 3anucu HabIOOeHUl

Macca mycToro Turis, T

Macca Turis ¢ MalaxuToM, T

Macca manaxura, T

Macca TuIIs ¢ OKCHUJIOM MEIH, T

Macca oxkcnga Meau, T

OkcnepuMeHTaNbHBIN pouieHT CuO

Teopetnueckuit mporeHT CuO

OrHocurenpHas omnokKa, %
Buiuucnenus
Bo Bpemst npokanuBaHus BEIYUCIISAIOT TEOPETUUECKUM MPOIIEHT OKCU/IA MEJIM B MaJlaXHTe.
J{71s1 5TOTO B CIIPAaBOYHHMKE HAXOSAT OTHOCHTEIIbHBIE MOJICKYJISIPHBIE MACChl MaJaXWTa U OKCHIA
M€Y, COCTaBIIAIOT IPOIMOPIUIO U TPOU3BOAAT CTEXUOMETPUUECKIE BHIYMCIICHHUS.

N~ WNE
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AHAJIOTUYHO BBIYUCISAIOT MPOLEHT OKCUIA MEAH IO IKCIEPUMEHTAIbHBIM TaHHBIM. 3Hast
TeopeTrndeckuil u HalaeHHbIN npakTuyecky mpoueHThl CuO B (CuOH)2CO3, MOKHO BBIYUCIUTH
OTHOCHUTEJIbHYIO OIIUOKY B %0

_ (T—23)x 100 %
N T

K

rae K - otHocutenbHas ommoOka, %; T - TeopeTHuecKuil MPOLEHT OKCHIa MEJIU B Malaxu-
T€; D - DKCIIEPUMEHTAIIBHBIN ITPOLIEHT OKCHJIa MEIM B MaJaXUTe.

[Tpu mpaBUIIBHOM U TIIATENBHOM paboTe OTHOCHTEIbHAS OMIMOKA HE JOJDKHA MPEBBIIIAThH
+ 1 %.

Pa3gen 2 OcHOBHBIE NOHATHSA M 3aKOHBI XUMHH
Jlabopamopuasa pavoma: «OnpeneneHrne OTHOCUTEJIbHONH MOJIEKYJISIPHOH MAaCChl OKCH/IA
yraepoaa (1V)»
Llenv pabomei: N3yunTh METOJ ONPEEICHHUS] OTHOCUTEIBHON MOJIEKYJISIPHOM Macchl BEIeCTBa
B I'a30BOM COCTOSIHUHU.
Xon paboThlI.

1. Cyxyto kon0y (200 — 250 mu1) IUIOTHO 3aKPbITh KPBIIIKOM, OTMETUTh KapaHIalllOM YpOBEHb.
B3Becuts kon0y ¢ BO3AyXOM - My.

2. Hanonuute kos10y CO2 u3 annapara Kunmna (4 - 5 MuH). 3akpbITh IPOOKOW U B3BECUTb.
3. IIoBTOpHO 3alIOJHUTH U B3BECHUTSH (T) — M2.
4. U3meputh 00beM KOJIOBI, HAIIOJIHUB €€ BOJOW U BBUIUTH B MEPHBIN LuiauHap - V (mi).
5. Temnepatypy nepesectu B (K) - 7.
6. laBnenue ormetuts B (klla) — P.
7. ITo ypaBHeHnto MeHneneesa — KialinepoHna paccunTars Maccy Bo3yxa - Ma.
8. PaccumTaTh Maccy KOJIObI Mg = Mg — M.
9. Onpenenuts Maccy CO2ms = mz — M.
10. IIpuBectu 00BbEM raza K CTaHAAPTHBIM

VoPy VP

T, T
v, = VPT,
TP,

11. Beraucnuts MossipHyto Macecy COz:
1) mo oTHOCHUTENBHOMN MIOTHOCTH 110 BO3AYXY

m;M
M (C02 ) _ 15" 6030 :
m3
2) o MossipHOMY 00BEMY rasza
mg 22,4
M(CO,) ==
VO
3) mo ypaBHeHuto MenpeneeBa — Knaitnepona
m,RT
M(CO,)=——.
(C0,) = =27

12. PaccunTaTh cpenHee 3HaueHHe MoJsIpHOM Maccsl CO2
13. BBIYMCIUTH OTHOCUTENIBHYIO OIIUOKY

- M, -M
e=—"%2—"100%.

meop

14. Pe3ynbTaThl 0OPMHUTH B BUJIC TAOIHIIHI

m [ om [ mg | me [ ms [ V[t [T | P [V ]| Mg
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(r) (r) (r) (r) ® | m | (°C) | (K) | (x[Ta) | (1) |(r/mons)

Pa3nes 2 OcHOBHbBIE NOHATHS U 3aKOHBI XMMHHU
Jlabopamopnan paooma: «Onpedenenue IK6USANEHMHOU MACCHL MACHUAY)
Llenv padomoi: N3y4nTh METO] OIIPENETICHUS MOJISIPHON Macchl 3KBUBAJIEHTa MeTaJljla.
Xon paboThI.
1. Paccuntars HEOOXOIMMOE KOJTMUECTBO CEPHON KUCIOTHI
Mg + H2SO4 — MgSO4 + H21.
2. IlpoBeputh npubOOp Ha TEPMETUYHOCTD.
3. IlomecTuTh MeTa B IPOOUPKY U IUIOTHO 3aKPbITh IPOOKY.
4. IlpousBecTy B3aUMOICUCTBUE METAILIA C KUCIOTOM.
5. I3mepuTh 00b€M BBLACIUBILErOCs rasa.

CoOpats mpubop mo pucynky. Ilpubop, cocrosmmii u3 6ropetku 1 (eMkocThio 50 M),
COEMHEHHOW MOCPECTBOM PE3UHOBBIX TPYOOK C BOPOHKOM 21 MpoOUpKOH 3,yKpenuTh B IITa-
TuBe. bropeTky u npoOUpKy MJIOTHO 3aKPbITh IPOOKaMH, Yepe3 KOTOPbIE MPOXOAAT CTEKIIIHHbIE
TPYOKHU.

[lepen HauaIOM OMbITA IPOBEPUTH IPUOOP HA TEPMETHUUHOCTb.

IIposedenue onvima

B3Becuth kycouek jeHTbl Maraus okoisio 0,03 r. BeiHyTh npoOKy U3 IpOOUpPKHU U IEpeBU-
KEHHEM BOPOHKM YCTAHOBUTH YPOBEHb BOJbl B OIOpPETKE HA HYJIEBOM JEJIEHUH HJIM HEMHOI'O
HUKE.

OtmepuThb 5 M1 pa30aBiIeHHON CEpHON KMCIIOTHI U BIUTh B IPOOUPKY Yepe3 BOPOHKY (Tove-
My?). Ilon0XUTh IEHTY MarHus Ha CyXyl0 CTEHKY MPOOMPKH TakK, YTOObl MarHUil HE CONpHUKa-
caiicsl ¢ cepHolt kucnotoil. [IpucoennHuTh NPOOUPKY K NpUOOPY, IIIOTHO 3aKPBIB €€ MPOOKOH.
3areM nepeBUKEHHEM BOPOHKU IPUBECTU BOJY B OIOPETKE M B BOPOHKE K OJIMHAKOBOMY YPOB-
HIO (3auem?). OTMETUTH U 3alucaTh YPOBEHb BOJBI B OIOpPETKE, TPOU3BE/IS OTCUET MO HUKHEMY
MEHUCKY >KHJIKOCTH € TOYHOCThIO 110 0,1 mut.

CTpsiIXHYTbh MariHuii B CEpHYyI0 KUCIOTY. UTO IPOUCXOIUT?

[To okoHYaHUM peakuuu JaThb NPOOMPKE OCTHITH A0 KOMHATHOM TeMIIEpaTyphl, IOCIE YEro
CHOBA IPUBECTU BOAY B OIOpETKE U BOPOHKE K OJJUHAKOBOMY YPOBHIO, OTMETUTh M 3alMcaTh
YPOBEHB BOJbI B OIOpETKE.

OTMeTHTh U 3amucaTh MOKa3aHUsl KOMHAaTHOTO TepMoMeTpa u 6apometpa (1 MM pT. cT. =
133,3 [1a) Bo BpeMs omBbITA.




Sk~ owbdpE

N

o 0~

T T

e

/_T
N

Dopma 3anucu Hab0eHUll
Macca maruus — m(1).
Temnepatypa — t°(C).

Atmocdepnoe naBnenne — p(klla).
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[Tpubop ass onpeeneHus 3KBUBAICHTHON
Macchl METaJUIA:

1 - Broperka; 2 - BOpOHKa; 3 - IpOOHpKa.

Jlst Toro, 4ToOBI TPOBEPHUTH PUOOP Ha
TePMETHYHOCTh, HEOOXOIUMO B OIOPETKY
HAJIMTh BOJY, KOTOpas 3alOJIHSET TaKkKe H
PE3UHOBYIO TPYOKY, COSTUHSIONTYIO OIOPETKY
C BOPOHKOH. 3aTeM OOpeTKy 3aKphITh Mpo0-
KO, COEIUHHUTH C IPOOMPKOM U 3aMETUTH
YpOBeHb BOABbl B Oroperke. OrmyckaHuem
KOJIbI]a IITaTHBAa TEPEMECTUTh BOPOHKY
BHM3. Eciu mpubop repmeTHyeH, TO B TIEPBBIit
MOMEHT MpH OITyCKAaHWH BOPOHKH YPOBCHb
BO/IBI B OIOpETKE HEMHOTO TOHMXKACTCSs, HO
MOTOM OCTaeTcsi MocTosHHBIM. Eciu ke ypo-
BEHb BOJIbI OYZIET TIOHMKATHCS HETIPEPBIBHO,
9TO O3HAYAEeT, YTO NMPHUOOP MPOIYCKAET BO3-
IyX ¥ CIeQyeT UCTIPaBUTh Ne(EKTHI, JOIy-
LIEHHBIE [IPU €r0 COOpKE.

JlaBjieHUE HACBIIIEHHOTO BOAssHOTO mapa (tabmn. 1) — h(kIla).
YpoBeHb BOABI B OIOPETKE 10 peakiuu — ai(Mii).
VYpoBeHb BOABI B OIOPETKE MOCIE peakuu — az(Mi1).

Obpabomka pe3yibmamos

Beraucnuth 00beM BOAOpOaa (B MJ'I), BBITCCHCHHOI'O MaroHmcm

IIpU Temueparype t u 1aBieHuu p.

. Berumcnuts napimaibHoe AaBineHue Bogopoaa: Py~ Patm - h
[TpuBectu HaiiieHHBII 00BEM BOJOPO/Ia K HOPMAJIbHBIM YCIOBHUSM, UCIIOJIB3YSI OObEAMHEH-
HOE YpaBHEHHUE ra30Boro coctosiuus. Crenyer y4ecTh, YTO BOJIOpOJl coOpaH Haj BOAOH,
MI03TOMY B YpaBHEHUE BMECTOP CJIEAYET MOCTABUTD Py
BoruncnuTh Maccy BBIIEIUBILIErOCs BOJIOPOAA.
Paccunrtarh HKBUBaJIEHTHYIO Maccy MarHusl.

. Omnpenenuth aOCOMIOTHYIO U OTHOCUTENBHYIO OIINOKY OIBITA.

Pazpnen 3 Ilepuoanyeckuii 3aK0H KaK 0CHOBA XMMHU4YeCKOi cucreMaTuku. CoBpeMeHHbIe

NnpeacraBjaCHus 0 IEPUOAUIHOCTH CBOMCTB 2JIEeMEHTOB.
Jlabopamopuasa paboma: «CTpoenne aToma»

CTpoeHue BeliecTBa U ONpeie/ieHue CBOWCTB aTOMOB W BEIIECTB, CBS3aHHBIX C UX CTPOE-
HHUEM.
[Ipy KBaHTOBOM TEepeXOjie M3 OJHOTO YHEPreTUYECKOTO COCTOSHUS B JIPYTrO€ BBIICIISICTCS
WM TIOTJIOIIAETCSl SHEPTHUSl, YTO OOBSACHSIET MPOUCXOXKACHUE aTOMHBIX CIIEKTpoB. CIEKTp Ciy-
JKUT OJTHOU U3 BOKHEHIIINX XapaKTEPUCTUK aTOMA U OTPakaeT ero BHYTPEHHEE CTPOCHUE.

Hanpumep, mpu BHECEHUHM MeTalljla WM €r0 COJU B TUIaMsi TOPENKHU O0pa3yIoluiics map
B3STOT'O BEIIECTBA, COCTOSIINUN U3 aTOMOB WJIM HOHOB METAJUIOB, MOTJIONIACT M MCITYCKaeT (OTO-
HBI C ONpEAENCHHONW UIMHOW BOJHBI A.Ecim A cOOTBETCTBYyeT BHIMMOW OOJIACTH CIIEKTpa, TO
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IUIaMsl OKpAaIllMBAETCsl B ONpeAeacHHbIN 1BeT. [1o 1BeTy miuameHu, cpaBHUBAs €r0 CO CIEKTPOM
BUAMMOI oOnactu (puc. 1, a), onpenenseM A U pacCUMTHIBAEM SHEPTUI0 aKTUBALUU E3IEKTpO-
HOB B aTOMax WJIM HOHAX UCCIeayeMoro Meraa rno gopmyne [lnanka:

E.= ho =hc/k,
rae h = 6,626 - 102* JIx - ¢ — mocrosunas [Tnanka; ¢ = 3 - 108 m/c — ckopocTh cBeTa.

MHorue pU3NKO-XMMHYECKHE CBOMCTBA KPUCTAUNIMYECKUX BELIECTB ONPEIEISIOTCS TUIIOM
XUMHUYECKON CBS3HM MEXAY 00pa3yIONIMMHU WX YacTHIIAMU. B cooTBeTCTBHU € 3TOH Kiaccuduka-
LMed KPUCTAJUIbI MOAPA3IEISIIOT Ha MOJIEKYJISIPHBIE, aTOMHbBIE, HOHHBIE, METAJTINYECKHE.

Haunbonee nmpoyHble KPUCTAIIIMUECKUE PEIIETKH — aTOMHbBIE U MOHHBIE — MPUIAIOT Belle-
CTBaM TYT'OIUIABKOCTb. ATOMHBIE KPHUCTaJIbl HEPACTBOPUMBI, @ HOHHBIE KPUCTAJIJIBI PACTBOPS-
I0TCS TOJIBKO B IOJISIPHBIX PACTBOPUTENSAX (Hampumep, B Boje). Kpucramuiueckue pemerku Ta-

IUYHBIX METAJUIOB NPUIAIOT UM JIETKOILIaB-

A, BM * KOCTh U PaCTBOPUMOCTb B KHJIKOH PTYTH C 00-
pa- ':_4_00 ¢uoneronnit «— senemo-menrTmil - 30BaHMEM amaybraM. Haumenee npouHsle Kpu-

E 450 cummti N CTAJUIMYECKUE PELIETKH — Yy MOJIEKYJISPHBIX
Kpu- - CTaJUIOB, YTO OOBACHSET UX JIETKOIIABKOCTh U
X0- 500 kejeHHIt «— mypmypmm#i  POLLIYIO PAaCTBOPHMOCTB JIMOO B MOJISIPHBIX (BO-
na), - o * | -nn0bo B HENONAPHBIX (OEH30I]I) PaCTBOPHUTENAX
(B — 550 dHoneroseilt . . 3aBUCHUMOCTH OT HOJIIPHOCTH CBOUX MOJIEKYJ).

= WeATHE «— cmmaii = . Llenwv padomur:

——600 opamxesudt P Pacuer sHeprum akTHUBAIMK SJIEKTPOHOB,
uc- - o e - udiiT UcnenmoBaHUE MPOYHOCTH KPHUCTAJUIMYECKUX pe-

- —— sefiepHIl ’
mie- - 650  xpacEu - ' TOK Pa3sHOro THIIA.

—

- Puc.1. [linHa BOJHBI A BUAUMOTO CBETa

- CIIEKTpa HCIyCKaHWs (a) U COOTBET-

~ CTBYIOILIAE UM JIOTIOJHUTENIBHBIC 1IBETA

o ERE S Obopyooeanue u peakmugol:

I"azoBas ropenka. [IpoGupku. Turens. CtanbHas npoBosioka. HackleHHbIe pacTBOPBI CO-
JeW: TUTHS, HATPUS, KaJusl, pyOuans, 1e3usi, KaJlblus, CTpOHIMs, Gapusi, Mmeau. OKCHJl KpeMHUs
(IV). Okcun amomunust. Caxaposa (B Buje caxapHoro mecka). Moa. OmoBo. MeaHblit Kymopoc.
XJopua HaTpus.

OIIBIT 1. Onpenenenue 3Heprun akTUBALUU (BO30YKI€HUS) JIEKTPOHOB E,
(1o 1BETY IJTAMEHH)

YucTyro U MpenBapuTeNbHO MPOKAIEHHYIO CTABHYIO MPOBOJIOKY MOTPY3UTh B HACBIIICH-
HBII pacTBOp COJIM METaJlIa, a 3aT€M BHECTH B HEKOMNTsLIEe MiaMs ra30Boi ropenku. OTMETUTh
nBeT rmiameHu. [lomp3ysich puc. 1, a (criekTpoM BHIUMON 00JIACTH), ONPEACTUTD JJTUHY BOJHBI
UCITYCKaeMbIX (DOTOHOB M pacCUUTATh PHEPTUIO0 aKTHBALUU DJIEKTPOHOB aToMa HCCIEAYyeMOro
MeTasuia. Pe3ynbrarel HaOJIIOACHHI B pacyeTOB 3aHECTH B TaOIHILy TTO hopMe:

Karunon merammia Me®™  |L[Ber miamenu JlinHa BOJIHBI A, HM OHeprusi akTUBALUU DJIEK-
TPOHOB Eq, Ik

[Iponenars OMBITHI ¢ HACBHIIIEHHBIMU PAacCTBOPaMU COJIEH JUTUS, HATPUs, Kalaus, pyOouaus,
1e3usl, KaJdblius, CTPOHIMA, Oapus u Menu. s KakI0i COJM MCIOIb30BATh YUCTYIO CTAIbHYIO
IIPOBOJIOKY.

CpaBHuUTh E, U151 ENOYHBIX HIIEIOYHO-3EMENIBHBIX METAJJIOB.

OIIBIT 2. UccnenoBanue pu3NYECKUX CBOMCTB KPUCTAIIIIOB Pa3IMYHOIO THUIIA

A.B nBe mpoOMpPKH MOMECTUTh HECKOJIBKO KPYIMHOK MCCIIEyeMoro BeniecTsa. B onHy no-
0aBUTH BOJY, B IPYTyIO — OCH30JI.

B30onTars. BeiBoa 0 pacTBOPUMOCTH 3aHECTH B TAaOJIMILy: + XOpOILIO, + c1abo U — Hepac-
TBOPHMO.
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Jlns uccnenoBanus B3saTh okcun kpemuus (1V) SiO2 (B Buae mecka), OKCH aTFOMUHUS
A1203, xnopun Harpus NaCl, kpucramnoruapar cynbdara meau CuSOs - 5H20 (MeaHbIi Kymmo-
poc), caxapo3y C12H22011 (B Bue caxapHOTo necka), HoJ1 U OJIOBO.

Wcnbiranue
BemecTtBo LBeT Ha IIaBKOCTh Ha PACTBOPUMOCTH
B BOJIE B OcH30IIC
SiO2
A1203
NaCl
CuSOs - 5H0
C12H22011
I2
Sn

b. TlomecTuTh BEMIECTBO B TUIENb M, HAIPEB €r0 HA IUIAMEHHU T'OPEJIKH, IIPOBEPUTH, CIIO-
COOHO JI OHO IJIaBUThCA. Pe3ynbraThl HaOM0AEHUI OTMETUTH B TaOJIUIIE.

Ha ocHOBaHMM pe3yJIbTaTOB HKCIIEPUMEHTA CHIEJIANTEe BBIBOJ O TOM, Y KaKMX BEIIECTB KPH-
CTaJuIMYecKas peleTka Haubosee M y KakuX HauMeHee IpOouHas, UMes B BHUJIY, YTO OKCHbI
KPEMHUS ¥ aJIIOMUHUSI UMEIOT aTOMHBIE PELETKH; XJIOPUJ HATpusl U Cyib(aT MeIu — UOHHbIE;
MEAHBIN KYIOPOC, Caxap U HOJ — MOJIEKYJISIPHBIE, a 0JIOBO — METAJUIMYECKYIO PEILIETKY.

Paznen 4 Peakuum B HeOPraHu4eckoil XuMmuu
Jlabopamopnan paooma: «MloHHBIE peaKIMU B PACTBOPAX 3JIEeKTPOJAUTOB. OKpacka MHAM-
kaTopoB. KauecTBeHHbIE peaKIIUM HA KATHOHBI H AHHOHbD)

Llenv pabompl: 3HAaKOMCTBO C KQU€CTBEHHBIM aHAJIM30M Ha NMPUMEPE MOHHBIX PEaKIINH,
UCIIONIb3YEMBIX I OOHAPYKEHUS HEKOTOPHIX MOHOB B PACTBOPE U U3MEHEHHEM OKPACKHU MHJIU-
KaTOpOB B Pa3HBIX Cpeliax.

AHaTUTHYECKHE NPU3HAKH BEIIECTB U AHAJINTHYECKHE PeaKunu

[Ipu mpoBeAeHNU Ka4eCTBEHHOTO M KOJIMYECTBEHHOTO aHAJIM3a WCIIONB3YIOT aHalumuie-
CKUe NPU3HAKU 8elecms U AHATUMUYecKue peaxKyuu.

Ananumuueckue npu3HaKu— TaKUE CBONCTBA aHAIM3UPYEMOTO BEIIECTBA MJIM MPOIYK-
TOB €ro NPEBPALIEHUs, KOTOPBIE MO3BOJISIIOT CY/IUTh O HAIMYMHU B HEM TE€X WJIU UHBIX KOMIIOHEH-
TOB. Xapakmephvie anaiumuieckue npu3HaKy — IBET, 3aIlax, yroJl BpalleHUsl TNIOCKOCTH TOJIs-
pHU3alluu CBETa, PaJAMOAKTUBHOCTH, CIIOCOOHOCTh K B3aUMOJICHCTBHUIO C AJIIEKTPOMATHUTHBIM H3-
JTydyeHUeM (HampuMep, HATHMYHUE XapaKTepucTudeckux mosnoc B MK-crekTpax MoromeHus win
MaKCHMYMOB B CIIEKTpaXx MOTJIONIEHUS B BUANMON 1 Y ®-001acTu criekTpa) u Ap.

Ananumuueckan peakyus— XUMUYECKOE MPEBpAIEHNE aHATU3UPYEMOT0 BEIeCTBa MPHU
JNEHCTBUYM aHATUTUUYECKOTO peareHTa ¢ o0pa3oBaHUEM MPOIYKTOB C 3aMETHBIMU aHATUTHYECKU-
MU TIpu3HakamMu. B kadecTBe aHATUTHYECKUX PEAKIUH Yalle BCETO MCTOIB3YIOT Peakinuu 0opa-
30BaHUS OKPAIICHHBIX COSIMHEHUN, BBIIETICHUE WM PACTBOPEHUE OCAIKOB, T'a30B, 00pa30BaHUe
KPUCTAJUIOB XapaKTepHOH (HOPMBI, OKpallTMBaHHWE TIAMEHH Ta30BOM TOPEJIKH, 00pa30BaHHE CO-
€IMHEHUH, JTIOMUHECHUPYIOIINX B pacTBopax. Ha pe3ynbTaThl npoBeAeHUSI aHATUTHYECKUX pe-
aKIMil BIMSIIOT TeMIepaTrypa, KOHIICHTpaIus pacTBOpoB, pH cpenbl, mpucyTCTBUE APYTHX Be-
HIECTB (MEMIAIOIINX, MACKUPYIOIIUX, KaTaJTU3UPYIOUIUX MPOIECCHI).

Hampuwmep:

Ooépa3zoeanue OKpauieHHbIX COCOUHEHUIL.

Honsl mexu CU?'B BOJHBIX PacTBOpaX, B KOTOPHIX OHH CYIIECTBYIOT B (hopMe aKBaKOM-
miekcoB [CU(H20)n]?*, npu B3auMOAEHCTBHM ¢ aMMHAKOM OOpa3ylOT PACTBOPUMBIH KOMILIEKC
[Cu(NH3)4]?" sipKkoro cHHe-roy6oTo 1BETa, OKPAIIMBAIOIIHII PACTBOP B TOT K€ I[BET:

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

C moMoIIp0 3TON peakiMi MOKHO HIECHTH(UIIMPOBATH UOHBI MEIN Cu?* B BOIHBIX pac-

TBOpax.
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Ecnu B BOJXHOM pacTBOpE NPHCYTCTBYIOT MOHBEI TpeXBaleHTHOTro kene3a Fed* (takxke B
dopme akpakommiekca [Fe(H20)6]®", To npu BBeIeHMM THOIMAHAT-MOHOB (POJAHUI-HOHOB)
NCS™ pactBop oOKpammBaeTcss B KpacHBIH IIBET BCICJACTBUE OOPAa30BaHMS KOMILIEKCOB
[Fe(NCS)n(H20)6-n]* " kpacHoro 11B€TA:

[Fe(H20)6]®" + NNCS™ = [Fe(NCS)n(H206-n]* " + nH20
rae N< 6. IIpu 3ToM, B 3aBUCHMOCTH OT oTHoIIeHus koHnentparmii [Fe(H20)s]*>" u NCS, o6pa-
3yeTcs paBHOBECHAs CMECh KOMILIEKCOB ¢ n= 1; 2; 3; 4; 5; 6. Bce oHU OKpallleHbl B KPacHbBIN
I[BET. DTa peaKiys UCIIOIb3YETCs s OTKPhITH HOHOB xee3a(lll).

3aMeTuM, 4TO MHAMBHIYyalbHbIE MHOTO3apsaHbIe HOHBI, Hanpumep, Cu?*, Fe?*, Fe** Co®,
Ni%" u T. 1., Tak e, KaKk ¥ HOHBI Bogopoaa H* (T. e. mpoTOHEl — s/1pa aToMa BOJOPO/A), B BOJ-
HBIX PACTBOPAX B OOBIYHBIX YCIOBHSIX CYIIECTBOBATh HE MOTYT, TaK KaK OHU TEPMOJAMHAMHYECKU
HEYCTOWYMBBI M B3aMMOJICHCTBYIOT C MOJICKYJIaMU BOJIbl WJIM C PYTUMU YaCTHIIaMHU ¢ 00pa3o-
BaHHEM aKBAKOMILUIEKCOB (MJIM KOMILIEKCOB HHOTO COCTABA):

M™ + nH20 = [M(H20)n]™" (axBakoMILIEKC)
H* + H20 = H3O" (kaTvoH ruapOKCOHUS)

Jisl KpaTKOCTUB XMMHYECKMX YPAaBHCHHSX HE BCETJa YKa3bIBAIOT MOJICKYJIbI BOJBI, BXO-
JSIIIKE B COCTAB aKBAKOMIUIEKCOB, CIIEAYET IIOMHHUTD, OJTHAKO, YTO HA CAaMOM JIeie B PEAKIHAX B
pacTBOpax y4acTBYIOT COOTBETCTBYIOIIME KOMIUICKCHI, @ HE «TOJIbIe» KATHOHBI METANIOB WA
Bogopona. Tak, mus npocrotsl, umryt H, Cu?*, Fe?* u 1. 1. BMecTo Gonee npasumsHOTo H30",
[Cu(H20)4]%*, [Fe(H20)6]%*, cooTBeTCTBEHHO, 1 T. 1.

Bvioenenue unu pacmeopenue ocaoxos.

Wonsl Ba?*, npucyrcTBytomme B BOZHOM PacTBOPE, MOXKHO OCAJUTh, TIPHOABIIAS PacTBO,
comepxamuii cyabdar-nons SO?* B hopme MaopacTBOPHMOTo 6EIOro ocanka cyinbdara Gapus:

Ba?" + SO4*” — BaSOs—(6enblii 0canok)

AHanoruyHas KapTHHA HAaOMIOAeTCs PH OCAXKIEHUH HOHOB Kanbims Ca?* pacTBOpUMBI-
MU KapOoHaTaMH:

Ca?" + CO32” — CaCOj3 — (6emblit ocamoK)

benpiii ocagok kapOoHaTa KadbIMsl PacTBOPSETCS MPHU IEHCTBUU KHUCIOT, HampuMep, Mo
cxeme:

CaCOs3 +2HCI1 — CaCl2 + CO21 + H20

[Tpu TOM BBIAETSETCS Ta3000pa3HBIN THOKCH YTIIEPOIa.

Xnopomnarunar-uonsl [PtCls]* 06pasyroT ocaaku 5KenToro 1seTa npy NpuOaBIeHUN pac-
TBOpa, cojiepskaniero katuonsl kaaus K* mim ammonust NH™. Ecin Ha pacTBop XstoporuiatiHara
Hatpus Naz[PtCle] (3Ta cosb 10BOJIBHO XOPOIIIO PACTBOPUMA B BOJIE) MOAECHCTBOBATH PACTBOPOM
xyopuaa kamuss KCl wmn xmopuma ammonust NHiCl, To BbIMagaroT >KeNThle OCAIKUA TIe-
kcaxyoporaruaara Kanusi Ko[PtCls] mnmm ammonus (NH4)2[PtCls], cooTBeTcTBEHHO (3TH COJH
MaJlopacTBOPUMBI B BOJIE):

Naz[PtClg] + 2KCIl — K>[PtClg]| +2NaCl
Naz[PtCle] + 2NH4C1 — (NHa4)2[PtCle]| +2NaCl

Peakyuu c evloenenuem 2azoe (2azosvloenumensHvle peaKyuu)

Beiire yxxe nMpuBOIMIIach peakiis pacTBOPEHUsS KapOoHAaTa KaJbIUs B KHCIOTaX, MIPH KO-
TOPOH BbIIEISAETCS Ta3000pa3HbI THOKCU Yriepoaa. YKaXeM ellle Ha HEKOTOPbIe Ta30BbIIEIH-
TEJbHBIC PEAKIINH.

Ecnu x pacTBopy Kakoi-1u0o coau aMMOHHS IPUOABUTH IIENI0Yb, TO BBIACISETCS ra3000-
pa3HBIi aMMHAaK, YTO MOKHO JIETKO OIPENIENIUTH T10 3araxy Wi MO0 TIOCHHEHUIO BIIAXXHOH Kpac-
HOM JJaKMYCOBOM Oymaru:

NHsz + OH™ = NH3-H20 — NH31 +H20
DTa peakIiys UCIOIb3yeTCs KaK B KAYeCTBEHHOM, TaK U B KOJMUYECTBEHHOM aHaJH3e.
Cynbdunpl npu 1eHCTBUHA KUCIOT BBIJCISIFOT Ta3000pa3HbIN CEPOBOIOPOI:
S* + 2H* — H,St
YTO ONIYIIAETCS MO CIEUPHISCKOMY 3a1axy cepoBOAOPOIA.
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Obpa3zosanue Kpucmannoe xapakmepnoi (opmuvl (MUKPOKPUCMANIOCKORUYECKUE pe-
axkuuu).

HWousl Hatpust Na* B Karuie pacTBopa NpH B3auMOJEHCTBHU C rekcaruapokcoctroar(V)-
nonamu [Sb(OH)s]” oOpasyror OGenble KpucTtamuibl —rekcaruapokcoctubarta(V) —HaTpus
Na[Sb(OH)s] xapakrepHoii (GOpMBI:

Na* + [Sb(OH)s]” = Na[Sh(OH)e]

dopma KpHCTAIJIOB XOPOIIO BUHA MPU PACCMOTPEHUH HX MOJ MUKPOCKOIOM. DTa peak-
U1 UCTIOJIB3YETCA B KAUECTBEHHOM aHAIM3€ 71l OTKPBITHSI KATHOHOB HATPHSL.

Wous! kanmus K mpu peakuuu B HEUTPAIBHBIX MM YKCYCHOKHCIIBIX PacTBOpax ¢ PacTBO-
puMbIM rekcanutpokymnparom(ll) marpus u cBunia NaxPb[Cu(NO2)s] o6pasyror uepHble (Miau
KopuuHeBble) kpuctawibl rekcanutpokymnpara(ll) xamus u ceunna KoPb[Cu(NO2)s] xapakrep-
HOM KyOm4eckoi (hOpMbI, KOTOPbIE TaKXKe MOXHO YBUAETH NPU PACCMOTPEHUU O] MUKPOCKO-
oM. Peaknus nporekaer 1o cxeme:

2K* + Na2Pb[Cu(NO2)s] = K2Pb[Cu(NO2)s] + 2Na*

Ona nmpuMeHseTCs B KaYeCTBEHHOM aHAJIM3€ JUTSl OTKPBITHS KATHOHOB KaJIHsL.

MUKpOKPUCTANTIOCKOIMYECKUN aHallu3 BIIEPBbIE BBEJ B AHATUTHUYECKYIO MPAKTHUKY B
1794—1798 rr. unen IlerepOyprckoii akanemun Hayk T. E. JloBu.

OKpawiueanue niameHnu 2a30601i 20peiKu.

[Tpu BHECEHNH COCAMHEHUI HEKOTOPHIX METAJUIOB B IUIaMs Ta30BOM TOPENKA HAOIIOIaeT-
Csl OKpallliBaHUE MJIAMEHHU B TOT WJIM MHOM LIBET B 3aBUCUMOCTH OT IPUPOJIbI MeTaluia. Tak, co-
JI¥ JIUTHS OKPAIIMBAIOT TUIaMsi B KADMHUHOBO-KPACHBIH I[BET, COJIM HATPHS — B XKEITHIH, COJIH Ka-
7Sl — B (PUOJIETOBBIM, CONIM KallbIUsl — B KUPIIUYHO-KPACHBIHA, CONIM Oapus — B JKEITO-3€JCHBINA U
T. 1. OTO SIBIIEHUE MOXHO OOBSICHUTH clieaytomumM obpasom. [Ipu BBeneHHU B TutaMsi ra30BOM
TOPENIKM COSAMHEHMs TaHHOTO MeTaula (HampuMep, €ro COJIM) 3TO COEIMHEHHUE pa3liaraercs.
ATOMBI MeTayuta, 00pa3ylonHecs MpU TEPMHUUECKOM PA3JIOKEHUH COCINWHEHHS, TPU BBICOKOU
TeMIepaType IIaMeHH Ia30BOI rOpeski TepMUYECKH BO30YKIaroTcs, T. €., MOrJjouias onpese-
JICHHYIO TIOPITUIO TEIUIOBOW DHEPTUH, MEPEXOaiT B KaKoe-TO BO3OYKICHHOE IIEKTPOHHOE CO-
CTOsiHUE, oOJafaronee 6onblIel sHeprueil mo cpaBHEHUIO C HEBO30YKAEHHBIM (OCHOBHBIM) CO-
CTOsiHUEM. Bpewms xu3HH BO30YKICHHBIX SJIEKTPOHHBIX COCTOSSHUH aTOMOB HHYTOXKHO Majo
(o4eHb MaJible JOJM CEKYHJbI), TaK YTO aTOMbl IPAKTUYECKH MICHOBEHHO BO3BpAIAlOTCS B HE-
BO30YKJ€HHOE (OCHOBHOE) COCTOSIHUE, UCITYCKasl MOTJIOIIEHHYIO SHEPTHIO B BUJIE CBETOBOTO M3-
JY4EHHUs ¢ TOM WJIM MHOW JUTMHOM BOJIHBI, 3aBUCHILEH OT pa3HOCTH SHEPIUU MEX]y BO30YKICH-
HBIM M OCHOBHBIM JHEPreTHYECKHUMHU YPOBHSMH aToMa. JlJisT aTOMOB pa3HBIX METAJIOB 3Ta pa3-
HOCTb DHEPruil HEOJMHAKOBA M COOTBETCTBYET CBETOBOMY H3JIYYEHHUIO OIPEEIEHHON JITMHBI
BOJIHBL. ECIK 3TO U3IydeHue JIeKUT B BUTUMOMN 00J1acTh crieKTpa (B KpacHOM, KEeNITOH, 3eJIeHOM
WIN KaKOW-TO IPYroi ee 4acTH), TO YEJIOBEUECKUH I1a3 PUKCUPYET Ty UM UHYIO OKPACKy IUIa-
MeHH ropenkd. OKpalmBaHue TNIAMEHH — KPaTKOBPEMEHHO, TaK KaK aTOMBI METaJlIa YHOCSTCS C
ra3o00pa3HbIMU MPOTYKTaMU TOPEHHUSL.

OxpammBaH#e MJIAMEHU T'a30BOM TOPENKH COSAWHEHHMSIMH METAJIJIOB MCIIOJB3YeTCsl B Ka-
YECTBEHHOM aHaJIN3e JJIsl OTKPBITUSL KATHOHOB METAIJIOB, JAIOIIMX U3JIydYeHHE B BUIUMON 001a-
CTH CHIEKTpa.

B Tabnuue 2 npuBeneHsl NpUMEpPHl OKPALIMBAHUS TUIAMEHH TOPENIKM HEKOTOPBIMHU Hie-
MEHTaMHU.

Tabmuua 2. OxpanvBaHue MIaMeHNU COeAMHEHUSIMA HEKOTOPBIX 3JIEMEHTOB

DJIeMEHT [[Bet mnamenu DNeMeHT [BeT miamenu
JIntun KapMuHOBO-KpacHbI WNupnii Cune-(uoneroBblit
Harpuit Kentslit Taumi W3ymMpynHO-3€JIeHbII
Kamui duoseToBBIN CBuHel bnenno-cuuuit

PyOunuii Po3oBo-(roneroBsrit MEBIIIBSIK braenno-cunnii
[e3nit Po3oBo-(huoneToBsIii Cypbma brenno-cunuit

Kanpmnit Kupnununo-kpacHblii Cenen bnenno-cuuunit
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CrpoHumit KapmuHOBO-KpacHbIN Tennyp N3ympynHO-3e1eHbIi
bapunii JKenro-3eneHslii Menb 3eseHsblii, rory0oii
bop 3eneHbli Monun0nen Kenro-3eneHplii

Oopasoeanue coeOunenuil, TIOMUHECUUPYIOUUX 8 PACMEOPAX

WHorga B Ka4eCTBEHHOM WJIM KOJMYECTBEHHOM aHaIM3€ MPOBOJAST aHAJIUTHUYECKUE peak-
IIUH, TPOJYKTHI KOTOPBIX 00JIa/Ial0T CBOMCTBOM JIFOMHUHECLIEHIIMH B PACTBOpax, T. €. MPU 00Iy-
YEHUU MX CBETOM B YJIbTPa(HOJECTOBOW MM BHAMMOM 00JaCTH crieKTpa (Bo30ykaaromee o0y-
YEeHHE) OHHM MCITYCKAIOT CBETOBOE HM3JIyUY€HHE B BHAMMOM OOJACTH CHEKTpPa C HECKOJIBKO 0OJb-
HIei JUIMHOM BOJIHBI IO CPABHEHUIO C BO30YX»AaromumM obimydeHneMm. BusyanbHo 3T0 Habmo1a-
€TCs KaK OKpAIlleHHOE CBEYEHHUE PacTBOpa, B KOTOPOM IIPOBEIEHA JIIOMUHECLIEHTHAs aHaJIUTHYe-
CKas peakxiusl.

Taxk, npu B3auMoeiicTBUH KaTHOHA JIUTHsE Li* ¢ 8-OKCHXMHOIMHOM WITH ypaHUIAIETaTOM
[IUHKa 00pa3yIoTCsl MPOIYKTHI PeaKIMK, 00IaJalolIie COOTBETCTBEHHO royy0oil U 3€JIeHOi Jro-
muHectennuei. [pu peakunu karnoHoB HaTpus Na* ¢ ypaHWIIalieTaToM IIMHKA B YKCYCHOKHUC-
JIOU cpelie pa3BUBAETCS JKENTO-3eeHas TtoMuHecteHus. [1oJ00HbIX peakiii U3BECTHO MHOTO.

Pasznuunbie BemiecTBa JIIOMHHECIUPYIOT B TOM WM MHOM YacTH BHIMMOW 00JAacTH CIIEK-
Tpa, T. €. UX U3Iy4YeHUE JTIOMUHECIEHIINH CEJIEKTHBHO — OKpaIllIeHo 1o pazHomy. [lo xapakTepy
OKpAacKH (3keiTasi, 3€JIeHasi U T. J.) CYJIAT O IPUCYTCTBUM B PACTBOPE COOTBETCTBYIOILEIO COE/IU-
HEHUS, a IO UHTEHCUBHOCTU HM3JIY4YCHHs JTIOMUHECIICHIIMH JENal0T BBHIBOJ O KOJIMYECTBEHHOM
COJIEp’)KaHUU ITOI'0 COETUHEHHS B paCTBOpE.

B HekoTopbIX ciy4asix, HallpOTUB, WMCHONB3YIOT TallleHue JIOMHUHecHeHnud. Hampumep,
JIOMUHECIICHTHOE CBEYEHME aleraTa ypaHWJa Hcue3aeT (racurcs) B IMPUCYTCTBUHU XJIOPUI-,
Opomua- win noaua-anuonoB (C17, Br, |7), 4To MOXKHO HCTIONB30BATh JIJIsl OTKPHITHUS STUX aHU-
OHOB.

JlroMuHeCIIeHIINST MOKET aKTUBUPOBATHCS M BCIEICTBUE MPOTEKAHUS OMPEICICHHBIX XU-
MHUYECKHX MPOIECCOB. B 3TuX ciiydasx ee Ha3bIBalOT xemunromunecyenyueu. Tak, nromuHon (3-
aMHHOQTAIBIUIPAa3U/I) B IIETOYHBIX PACTBOpaxX B MPUCYTCTBUU nepokcunaa Bogopona H2O:2 re-
HEPUPYET SPKYI0 XEMUIIOMUHECICHIINIO, YCUIMBAIOIIYIOCS T0J] BO3JEHCTBUEM KaTaln3aTOpPOB
(conmu Menu, Maprasua, sxenesa, KooaabTa U Jp.). XeMUIIOMUHECIICHTHBIE PEaKIIMU TaKXKe HC-
MOJIB3YIOTCS B XMMHUECKOM aHaJIn3e.

Tunwvl ananumuueckux peakyuii u peazenmos

AHaJIUTHYECKHE peaKlU U aHAJUTHUYECKHUE PeareHThl 4acTo MOJPa3AEsAoT Hacneyugu-
yeckue (cneyuguunvie, xapakxmepmwie), celeKmugHvle (U3dupamenvbHvle), 2pynnogule.

Cneyughuueckue peareHThl U PEAKIMK MO3BOJISIOT OOHAPYKUBATH JAHHOE BEIIECTBO WU
JTaHHBII MOH B IIPUCYTCTBUU JIPYIHX BELIECTB WM HOHOB.

Tax, HanpuMep, eclii B pacTBOpE MPUCYTCTBYET MOJIEKYJISIpHBIN Hox 12 (TouHee — Tpuiio-
JUI-MoH |37, To mpu npuOaBIEHUU CBEKEMPUTOTOBICHHOTO BOJAHOTO pacTBOpa Kpaxmania Hc-
XOJIHBIM pacTBOp OKpammBaeTcs B cuHHUI 1BeT. [Iponecc — oOpaTuMBIii; Npyu HUCYE3HOBEHUH B
pacTBOpe MOJIEKYIpHOronojia (HampuMmep, MpU €ro OKHUCICHHWU 10 HOIUA-UOHOB |7) cuHAA
OKpacKa Tak)Ke HCYE3aeT U PacTBOp OOecCIBEUMBAETCA. JTa peakiusl IIHUPOKO HCIONb3yeTCs B
KaueCTBEHHOM U KOJIMYECTBEHHOM XMMHUYECKOM aHanu3e. Briepsrie ee onucan B 1815 r. Hemen-
kui xumuk O©. [Itpomeiiep.

CuHee okpallliBaHUE PacTBOpa KpaxMala B PUCYTCTBUU NOJA (TPUHOAN-UOHOB; YUCTBIN
MOJIEKYJISIpHBIN HoAl2 B OTCYTCTBUM HoauA-nOHOBI™ He OKpalInBaeT Kpaxmai) OObSICHSIOT 00pa-
30BaHUEM aJCOPOIIMOHHOIO KOMIUIEKCAa MEXAy KOJUIOMIHBIMH MaKpOMOJEKYJIaMU Kpaxmala
(bpaxusMu Hepa3BETBIECHHON aMUIIO3bI) U TPUHOIU-HOHAMH.

Crermuduueckum peareHToM Ha HUTpUT-MOHBI NO2™ sBistercs peaktus I'pucca—WnomBas
(cmech a-HapTHTamuHaC10H7/NH2 u cymedanmnoBoiit kucmoret HO3SCsHsNH3), ¢ xotopsim
HUTPUT-UOH (OOBIYHO B TMPHUCYTCTBUU YKCYCHOM KHCJIOTBI) O00pa3yeT a30KpacuTelb
HO3SCeH4N=NC10H7NH; xpacHoro mnBera:

HO3SCsHsNH2 + HNO> + C10H7NH2 — HO3SCsHasN=NC10HsNH> + 2H.0
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CwMmech a-HapTHIAMHHA C CyTb(haHUIOBOM KUCIOTOH B KayecTBE CHenn(UIEecKoro peareH-
Ta Ha HUTPUTHI ObLTa BriepBble TpeaiokeHa B 1879 r. vemernkum xumukom I1. I'puccom. Ilo3a-
HEE 3Ta peaklus U3ydajlach BEHrepckuM xuMukom JI. MiomBaem. B coBpeMeHHON aHamuTH4E-
CKOM XMMHH yKa3aHHYIO CMeCh OOBIYHO Ha3bIBalOT «peakTuB (peareHt) ['pucca—UnomBasy» uin
MPOCTO «peakTuB ['pucca», a COOTBETCTBYIOUIYIO pEaKUMI0 — «peakiuen ['pucca—HMnomBas»
win «peakuueii ['pucca». BMecto a-HadTHIaMUHA TPUMEHSIIOT TaK)Ke HA(TOIIBI.

B kauecTBe crenupuuecKoro peareura Ha nousl Hukens NiZ* ucrnonssytor peaktus Uyra-
eBa — IMMETHITTHOKCHM, KOTOPKIi B pucyTcTBHM KaTnoHoB Ni?* B amMuauHoii cpene o6pasyer
MaJIOpACTBOPUMBI B BOJE KOMIUIEKC KpacHOro nBera — Oucaumerwiarinokcumat aukessi(ll),
KOTOPBIN TPAJAULIMOHHO Ha3bIBAIOT HUKEJIbIUMETUITIUOKCUMOM:

Oy
» HC—C=NOH HC—C=Ny _N=C-—CH, .
Ni + 2 i - o Ni | + 211
H,C—C=NOH  H,C—C=N \1~IJ=(:~<:H3

JIMMETHIITIINOKCHM KaK crenr(uyeckuii M1 09eHb YyBCTBUTEILHBIA PEareHT Ha MOHBI HU-
kens Ni%* w11 BriepBble peioxken pycckum xumukom JILA. Uyraessiv B 1905 r. 1 Ha3BaH BIIO-
CJIEJICTBUU €r0 UMEHEM («peakTuB Uyraepay).

Crienuduueckux aHATUTUYECKUX PEAreHTOB U PEaKLUi U3BECTHO MaJIO.

Cenexmugnvie peareHThl U PEaKUH TO3BOJIIOT OOHAPY)KUBATh HECKOJBKO BEIIECTB HIU
MOHOB. Takux peareHToB U peakLUil U3BECTHO 3HAYUTEIBHO OOJIbIIE, YeM CIIeHU(pHUECKUX.

I'pynnosvie peareHThl U peaklUu (YaCTHBIN Cy4yail CEeleKTUBHBIX) MO3BOJIIOT OOHAPYXKHU-
BaTh MOHBI OIIPEICIIEHHON aHAIUTUYECKOMN IPYIIIbI.

Tak, Hanpumep, xsopoBojgopoaHas kuciaora HCl u pactBopumsbie B Boje xsopust (NaCl,
KCI, NH4Cl u T.1.) SIBIAIOTCS IpYyNIOBBIMU pearcHTaMH Ha TPYIIY KaTHOHOB, COCTOSIIYIO H3
MOHOB OJIHOBAJIEHTHOTO cepebpa Ag*, «oqHOBaIEHTHOW» pTyTH HY2" M IBYXBaJEHTHOrO CBMHIIA
Pb?". TouHee ToBOps, B PO TPYHIIOBOIO PEAreHTa 3/ech BBHICTYNAOT Xaopua-Housl Cl-, o6pa-
3YIOILIUE C YKa3aHHBIMU KaTHOHaMU METAJUIOB MaJlOpacTBOPHMBIE B BOJIe O€jble OCaJKU XJIOPH-
JIOB 3TUX KaTHOHOB:

Ag’ +Cl" > AgCld
Hgl* +2CI" - Hg,CL, 4
Pb?* +2C1" - PbCl, ¥

AnanornyHo cepHas kuciaora H2SOs u pactBopumsbie cyibdarbl (NaxSOs, KzSOg,
(NH4)2SO4 u T.1.) SBISAIOTCSI TPYIIOBBIMU PEareHTAMH Ha TPYINY JBYXBAJICHTHBIX KaTHOHOB
kanpius Ca?*, crponmus Sr?* u Gapus Ba®'. C ykazaHHBIMM KaTHOHaMu cyibgar-aHuon SO
(COOCTBEHHO TPYMIIOBOM peareHT) JaeT MaOpPaCTBOPUMEBIEC B BOJIE CYIb(}AaThl, BHINIAJAIONINE B
BUjIe OENBIX OCa/IKOB:

Ca® +S0O! — CaSO, 4

Sc** + 802 — 8180, 4
‘Ba® +S0? — BaSO, +

CyIIecTBYIOT IPYIIOBBIC PEAreHThI U JJIS IPYTHX TPYIII KATHOHOB M AHHOHOB.

I[env pa6omoi: 03HAKOMUTHCS C PEAKUUSAMH ISl OTNPENEICHHsST KaTHOHOB M aHHOHOB B
pacTBOpax.

Omeit 1. Peakuuu ¢ oOpa3zoBaHreM ocaka

A. C nmoMoIibio TabJIuIbl pACTBOPUMOCTH PEIINTh, KAKHE PEaKTHBBI MOKHO HCIIOJIb30BaTh
nns ocaxkaenus nonos Ca®*, Zn?*, Fe?*. TIpoxenaTh 3TH peakiuu. YKasaTh BT ocankos. Hamu-
caTh ypaBHEHHS B HOHHOM BHJIC.

b. IlogetictBoBath pacTBOpoM cynbduna Hatpuss NaxS wmm cynbduna ammonust (NHas)2S
Ha PacTBOPHI, COZiepIKaIie cIeaylomme KaTHoHel: Zn%*, Cd?*, Mn?*, Cu?*, Sb*". Vka3ats uBer
ocaskoB. HammcaTh ypaBHEHUs peakuuii B FOHHOM Bujie. [lepeunciieHHbIe KaTHOHBI MOTYT OBITh
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OoOHapy>KeHbl B PACTBOPE MO XapaKTEPHOMY I[BETY UX CYJIb(PHIOB, YTO UCIOIb3YETCS B aHAJH-
TUYECKOM XMMUH MPU KaUeCTBEHHOM aHAJIN3€ BEIIECTB.

B. ITo peakiuu oOMeHa mosyduTh ocanok xmopuaa csunua PhCly, metictBys pactBopom
xyopuaa Hatpus Ha pactBop coiu cBuHila PD(NO3).. [ate ocanaky ocects. CiaMTh MaTOYHBIN
pacTBOp (HaIOCaAOYHYIO KUIKOCTh). B sxuakocTtu nomyckaercst HeOoJibllias Macca B3BeCH. 3a-
TEM B 3TOT pacTBOp 100aBUTh pacTBop Hoauaa kanus Kl. Jlate ocanky ocectb. CHOBaA CIUTh Ma-
TOYHBIN PacTBOpP M JOOABUTH K HEMY pacTBop cynbpuaa Hatpust NazS wmu cynbhumga aMMOHHS
(NH4)2S. Ykazarh nBeT nosydaromuxcsi ocagkoB. OObSICHUTh BO3MOXKHOCTh MPOTEKAHUS 3THUX
peakiuii Ha ocHOBaHWM Tpou3BeneHus: pactBopumoctu (IIP) oOpasyrommuxcst coneil cBHHIIA.
Hanucarp ypaBHeHUs peakiiuii B MOHHOM BH/JIE.

Omnwit 2. YacTHsle peakiuu katuona Ca?*

Oxkcainat ammonust (NH4)2C204 (1 apyrue pacTBOpHMBIE COJIH IABEIEBOI KHUCIOTHI) 00pa-
3y10T ¢ kKatuonoM Ca?* GeJiblii KpHCTAIIMYECKHiT 0CaIOK:

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

B npobupky naneiite 3 kamnu pactBopa CaClz u mo6aBbTe Kamio pacTBOpa yKCYCHOM
KHCJIOTHI, 3aTeM mpuiente 3 karumu okcanara aMMouus (NH4)2C204 1 1-2 kammu pactBopa am-
Muaka. Beimagaet Oesblii KpUCTATUTMUECKUNA 0CaIOK.

Omwit 3. YacTHsle peakiuu katuona Mg?*

®ocar marpus NasPO4 ob6pasyer ¢ katnonom Mg?* Genblit ocanok:

3MgCl2 + 2NazPO4 — Mgs(POs). + 6NaCl

B npobupky Haneire 2-3 karmiu pactBopa xsopuaa maraus MgClo, npubasete 2-3 Karm
pactBopa ¢ocdara HaTpusi. Bermager OeinbIii ocaiok.

OmnmiT 4. YacTHBIE peakiuy KaTHHOHA kene3a Fedt

Ponanuz xamuss KSCNoGpasyeT ¢ monom xenesza Fe3* coequuenns, okpaieHHbie B Kpac-
HBIY IIBET.

3KSCN + FeClz — Fe(SCN)s + 3KC1
3(SCN)™ + Fe** — Fe(SCN)3

B npoOupky Haneiite 2-3 kamiu pacTBOpa XJIOpUJa kee3a U npubaBbTe 2-3 KaruM pac-
TBOpa poJanuaa kanus. OOpatuTe BHUMaHHUE Ha LIBET pacTBOpA.

OmpIT 5. YacTHbIE peakIiuy KaTUHOHA METU Ccu®*

Ammuak Bogubii NH4sOHoGpasyer ¢ xatrnonom menu (ll) pacTBop MHTEHCHBHO-CHHETO
IBETA.

CuSOs + 4NH40OH — [Cu(NH3)4SO4] + 4H20

B npoOupky Haneiite 2-3 kamim pactBopa cyibdaTa Meau U MpuiieiTe 6-7 Kanenb pacTBO-
pa ammuaka. OOpaTuTe BHUMaHUE Ha IBET pacTBOpa. 3aTeM MpHIeHTe HECKOJIbKO Kamelb KOH-
neHTpupoBanHoro pacrsopa ammmuaka NHiOH. OtmersTe mBer oOpa3oBaBIierocs pacTtBopa
KOMILJIEKCHOU COJIH.

OmnpiT 6.YacTHble peaknuu xjaopua-annona Cl™

Hurpar cepedpa AgNOszobpasyer ¢ annonom Cl~ Oenblii TBOPOXKUCTBIN OCAOK XJIOpHIA
cepebpa, HEpaCTBOPUMBIHN B BOJIE M B KUCIIOTaX.

B npobupky Haneiire 2-3 Karm pacTBopa XJIOpUAa HaTpus U npuOaBbTe MO KaruisM pac-
TBOp HUTparta cepedpa. Obpaszyercst Oenblii TBOpOXKUCTHIN ocanok. K ocanky mpuneiire 1 mi
BOJIHOTO pacTBOpa aMMHaKa, IpHU STOM o0paszyercs KoMmIiuiekcHas coib cepeopa [Ag(NHS3)2]Cl.
[ToneiicTByiiTe Ha 0Opa3oBaBIIeecs CoeMHEHUE |MJI KOHLIEHTPUPOBAHHON a30THOW KHUCJIOTOM.
KommiekcHbIi HOH pa3pyliaeTcs U XJOpH] cepedpa CHOBa BhINAZaeT B 0cagok. Peakuuu npote-
KalOT B TAaKOM MOCJIE€10BaTEIbHOCTH:

ClI"+ Ag" — AgCl|
AgCI + 2NH4+OH — [Ag(NH3)2]Cl + 2H,0
[Ag(NH3)2]Cl + 2 H"— AgCl| + 2NH4"
OmneiT 7. YacTHbIe peakiuu OpoMui-annoHa Br
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HuTtpat cepedpa AgNOs006pasyer ¢ OpoMHI-aHHOHOM JKEITOBATHI 0cajok OpomMuaa ce-
pebpa AgBr, pacTBOprMBIil B a30THOM KUCIIOTE U IJI0X0 PAaCTBOPUMBII B aMMHaKe.
AgNOs + KBr — AgBr| + KNO3
Ag*+ Br — AgBr|
B npobupky Haneiite 2-3 xamim pacTBopa Opomua HaTpus UIpuOaBbTE MO KaIUIAM pac-
TBOp HUTpaTa cepedpa. OOpazyercs )KeITOBAThIN TBOPOKUCTHIN OCATOK.
Onpit 8. YacTHble peakuuy noaua-anuoHal™
Hutpat cepedpa AgNOszo00pa3yeT ¢ HOauI-aHMOHOM JKENTHIM OCaJoK Moauaa cepedpa,
Agl He pacTBOpUMBII B @30THOM KUCIOTE U B PaCTBOPE aMMHAaKa.
AgNQOs3 + KI — Agl] + KNO3
Ag'+ Im — Agl|
B npoOupky HaneiTe 2-3 kamiu pacTBOpa HOUAA HATPHUs UIIPHOABBTE 110 KAIJIsIM pacTBOP
HUTpaTa cepedpa. OOpazyercs )KeNThIi TBOPOKUCTHIN OCAJIOK.
OneiT 9. YacTHble peakuuu cyabdar-annonaSOs>
Xnopun 6apus BaCl206pasyer ¢ annonom SO4>~ Genblit ocanok BaSOs:
BaCl2 + Na;SO4 — BaSO4|+ 2NaCl
B npobupky naneiite 3-4 xamm pactBopa cyiabgara HaTpusi NazSO4 u nobasbre 2-3 Karm
pactBopa xjiopuna 6apust BaClz. OGpaTure BHMMaHHE Ha XapakTep OCajlka M €ro pacTBOPHU-
MOCTb.
Onet 10. Yactuble peakuun pocdar-anunona POs>~
Monu6aar ammonus (NH1)2MoOs06pasyet ¢ annonom PO#> xenthiil ocafok.
H3PO4 + 12(NH4)2M00O4 + 21HNO3z — (NH4)3H4[P(M0204)s]|+ 21NH4NO3 + 10H20
B mpobupky nanelite 3-4 karm pactBopa ¢ocharta HaTpus, TpudaBpTe 7-8 Karenb KOH-
LEHTPUPOBAHHOM a30THOW KHUCIOTHI U PAcTBOp MoOJIMOIaTa aMMOHMs. Bblmamaer xenTwlit oca-
JIOK.
OmnsiT 11. M3MeHeHre OKpacku MHIUKATOPOB B pacTBOpaxX KUCIOT U IIeT04en
1 Haneiite B Tpu npoOupku 1o 1 M JUCTUIUIMPOBAHHON BOJIbI U NIPHUOABbTE PacTBOP
JaKMyca JI0 XOpOIIO 3aMeTHOH okpacku. OTMEThTe LIBET JJaKMyca B BOJHOMU cpene. B onny u3
pOOMPOK C PacTBOPOM JIAKMyca NpHUOaBbTE HECKOIBKO Kamelb KHUCIOTHI, B APYIYIO IIEIOYM.
Habmonaiite n3MeHeHue 1BeTa HHUKATOPA.
2. Iponenaiite TO ke camoe, B35B BMECTO JIakMyca ()eHON(TAIEHH, a 3aTeM ITOBTOPHTE OITBIT C
METUJIOBBIM OpaHXeBbIM. HabmoieHns noMecTure B Ta0IUILy:

NuaukaTop Oxpacka uHAMKaTOpa
B BOJIE B ILIEJI0YU B KUCJIOTE
JaKMyc
dbenondranenn
METHUJIOBBIN OpaHKEBBII

Harmimre ypaBHeHHS! peakiyii 3EeKTPOIUTUYECKON AMCCOIMAIIMM KUCIIOThI U IIEJIOun. Y Ka-
KUTE, KAKME MOHBI BIUSIOT Ha N3MEHEHHUE 1[BETa NHIUKATOPOB.

Pa3nen 4 Peakuum B HeOpraHu4ecKoil XumMum
Jlabopamopuasa padoma: «OCHOBHBIE KJIACCHl XMMHUYECKHUX COeIMHEHMII»
I]enb pabomui: 03HAKOMUTHCS CO CBOMCTBAMU OCHOBHBIX KJIACCOB XMMUYECKUX COCTMHEHUM.
3anonHuTh Tabauny 1. OTMETUTh 3HAKOM «+» Tpadbl, €CIH MEXIy peareHTaMH BO3MOXKHO XH-
MHUYECKOe B3aUMOJEHCTBHE. XUMUUECKHE CBOMCTBA BELIECTB MOATBEPIAUTh YPABHEHUSIMH Peak-
Ui, ucrmonb3ys npemnokeHHsie peareHtel: CuO, ZnO, CO,, NaOH, Ca(OH)2, Cu(OH),
NH4OH, HCI, H2S04, CH3COOH, Zn, Al, CuSO4, CaCOs, BaCl..
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B rpagax «MHAMKATOP» OTMETUTH U3MEHEHHUE 1IBETA.

B rpade «Ilomydenue» cTaBuTh «+», a peaklUuy MOJIYYCHHUS COSTUHEHUM TPUBECTH MO TabIu-
LICH.

Ta6mmma 1. CBolicTBa KJ1aCCOB HEOPTAaHMYECKUX COSAMHEHUIN

PearenTel Oxkcubl Nunukarop
o o)
) o = = N )
s |2 |2 |E |z S 1 EE .|z 5
= & ) < = = 86| & E | o
0 ) 5 a = v = 5 2| S = 2
o = 5 2 = om| K = | B
K 5 |2 T |8 |S |3|8=88¢8 |28
acchl o) %) = ©) e O | &=l =5 = | =
= OCHOBHBIE
S
5 KHUCJIOTHBIE
M
O am(poTepHbIC
OcHoBaHUs
Kucnotsl
Pa3nes 6 KomiuiekcHble coeinHeHUs!

Jlabopamopnasa pavoma: «KoMmiuiekcHble coeuHenns. Ilosryuenue u ycTroi4mBoCcTh»
Ilenv pabomei: 1101y4nTh KOMILUIEKCHBIE COEIMHEHUS U U3YYUTh UX YCTOWYUBOCTD.
O6opynoBaHue: MTATUB ¢ TPOOUPKAMH, MEPHBIE TPOOUPKH, CTEKIISTHHBIC TTAJIOUKH, MH-

MIEeTKH.

Peaxtussl: Oenzon, rekcauuanopeppat(lll) kamus kpucranuyeckuid, poJaHu] aMMOHUS
KpUCTAJTIMYECKUM, pacTBOpbl: HUTpaT BUcMyTa 0,5 H, moaun kamus 0,5 H u 0,1 H, HUTpaT
prytu(ll) 0,5 1, ruapoxkcun Hatpus 2 H, cyabdat (wu xnopun) aukensa(ll) 0,5 H, 25% pactBop
ammuaka, rekca-nanodeppat(ll) xkamus 0,5 H. cynsdat meau 0,5 H, consiHas KUcIoTa 2 H, Mep-
manranar kanus 0,5 H, xaopug (cynedar) kodansta(ll) 0,5 H.

Xox paboThI:

OmnpiT 1. [TonyyeHne coeJMHEHNH ¢ KOMIUIEKCHBIM aHHOHOM.

a) [lonyuenue terpanonosucmyrara(lll) xanus.

B npo6upky k 3-4 xaruam 0,5 H. pacTBOpa HUTpaTa BUCMYTa NMpUOaBbTE MO KarlisiM pac-
TBOp 0,5 H. pacTBOp MOMIA KaJIHsl 10 BBIAJCHNUS TEMHO-0YpOTo ocajka noauaa BucMmyra. Pac-
TBOPHUTE 3TOT OCAJI0K B U30BITKE pacTBOpa HoAM A Kanus. OTMEThTE IBET MOJyYEHHOTI'O PacTBO-
pa. Moxer nm 9Ta OKpacka oOycIoBIMBaThECA prcyTcTBHeM noros K, I, B13*? Kakoif u3 »tux
HMOHOB MOXeET ObITh KoMILIekcooOpa3oBatesneM? C KaKMMWIMTaHJIAMH OH MOXET 00pa3oBaTh B
JTAHHOM PACTBOpPE CIIOKHBIN HOH?

Hanumute GopMyny KOOpAWHAIIMOHHOTO COEAMHEHHSI U YPABHEHUS PEaKIUil ero MoJydeHHU .

0) [Tomyuenue terpanogomepkypara(lll) xanus.

B nBe npoOupku nomecture no 2-3 kamu 0,5 H. pactBopa HUTpaTa prytu(ll). Onny npodupky
OCTaBbTE B KayeCTBE KOHTPOJIbHOM, a B Jpyryio aobaseTe 1-2 kamnu 0,5 H. pacTBopa moauaa
Kaius 10 oOpa3oBaHusl opaHxeBoro ocajka noauaa prytu(ll). 3atem npunelite n36bITOK MOIH-
Jla KaJus JI0 MOJTHOTO PAacTBOPEHMUs ocanka. McmeitaiiTe pacTBOpPH B 00enX MpoOMpKax Ha MpH-
cyTcTtBre noHoB HY?", 106aBUB B KaXIylo TIPOOUPKY 110 2 KaIlIi pacTBOPa FHAPOKCHIA HATPHSL.
N3 xakoro pactBopa BeIMaaaeT xkenTeiid ocanok okcuaa prytu(ll)? Ilouemy Bo BTOpOit mpodupke
pY ACUCTBUM LIEIOYU OCAJIOK HE BhINagaeT?

Hanummre ypaBHEHMs NPOBEIECHHBIX peakluii: 00pa30BaHUs MOAMA PTYTH U €ro B3aUMOCH-
CTBHS ¢ M30BITKOM HOAMA Kajlusl (KOOPAMHALIMOHHOE 4KciIo nona Hg?* paBHO ueThipem).
Hamumuire ypaBHEHHS AJIEKTPOJUTHYECKON aucconmanuu HUTpata prytu(ll) m momydenHoin
KOMIUIEKCHOU coiu - TerpanoapMepkypata(ll) xamms.
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Hanummre BeIpakeHNE KOHCTAHTBI HECTOMKOCTH JIJIsl KOMIUIEKCHOTO COSTUHEHHUSI.

Omneit 2: [lonyuyeHue coelMHEHU C KOMIUIEKCHBIM KaThoHOM. [lomydyeHne amMmmuayHoro
KOMILJIEKCA HUKEJIS.
[Tomyuute ocanok ruapokcuna Hukesns(ll), Baecs B mpobupky 1-2 mu 0,5 H. pacTBopa cyib(ara
HUKEJA ¥ TaKko# ke o0beM 2 H. pacTBopa rujapokcuaa Harpus. K gactu ocaaka no6asste 0,5-1
M1 25%-Horo pacTBopa ammuaka. Uro mpoucxomut? CpasHuTe okpacky nonoB Ni%* B pactBope
cynbdara HUKENs ¢ OKPacKoi MOIyd4eHHOro pactBopa. [IpucyrcTBue Kakux MOHOB O0YCIIOBIIH-
BaeT OKpacKy pactopa?
Hanumure MonekyasipHble ¥ HOHHBIC YPaBHEHHs peaKkiuii 00pa30BaHMs KOMIUIEKCHOTO COCIH-
HEHUS HUKEJIS.

OmnpiT 3. IonydyeHne KOOPAMHALMOHHOTO COSAMHEHUS ¢ KOMIUIEKCHBIMM aHHOHOM M Ka-
THOHOM.
B npobupky Baecute 1 mi 0,5 H. pactBopa rekcanuanodeppara(ll) xamus, Ks[Fe(CN)g], u
nBoitHoe konuyectBo 0,5 H. pacTtBopa cynbhara Hukensi(ll). K momyuennomy ocaaky mpuseiite
pactBop ammuaka (25 %) no moaHoro pactBopenus ocaaka. Comepxumoe MpoOUPKH TEepeme-
LIANTE CTEKISAHHON MMATIOYKOM.
Habumonalite nocreneHHoe 00pa3oBaHUE MENKUX OJIETHO-TMIIOBBIX KPUCTAJIOB KOMIUIEKCHON
comu [Ni(NHz)s]2[Fe(CN)g]. Hamumute ypaBHeHHE peakiMy MOJYyYSHUS] KOMIUICKCHOTO COEIHU-
HEHUSI.
[Tomyuenue u pa3pyiieHUe KOMIUIEKCHBIX COeTMHEHUI

OO6pazoBanue U pa3pylieHne KOMIUIEKCA OOBSICHSAETCS CMEIICHUEM PAaBHOBECHSI €TI0 JIHC-
connanud U oObsicHsercs mnpuHiunoMm Jlelllarense. PaBHOBecue mucconuanuu HOHA
[Ag(NH3)2]" = Ag™ + 2NH3 cMelaercs B CTOpoHy 00pa3oBaHus KOMILIEKCA (BJIE€BO) P YBEJIH-
yeHun KoHueHTpauuu noHoB Ag* u NHa. ITpu 510M 00pasyroTcs coeMHEN s, B KOTOPHIX II€H-
TPaJbHBI aTOM WJIM JIMTaHJ CBS3aHbI OoJiee MPOYHO, YeM B MCXOJHOM KOMIUIEKce. MHorue
KOMIUIEKCHBIE COSMHEHHs XOPOIIIO PACTBOPUMBI B BOJIE, TIOITOMY KOMILIEKCOOOpa30BaHUE HC-
MIOJIB3YETCS JUIsI IEPEBO/IA B PACTBOP TPYJHOPACTBOPUMBIX COSTMHEHH.
Xnopua cepebpa pacTBOpseTCs B U30BITKE IIMAHUA KAJIHS:

AQCl + 2KCN = K[Ag(CN)2] + KCI
AgC1 +2CN =[Ag(CN)2] +CI'
D10 CBsI3aHO C TeM, 4To noH cepebpa B none [AQ(CN)2]” cBsi3an 6osiee mpouHo, yem B AgCI =
Cl'+ Ag" + 2CN" = [Ag(CN)2]
ITP(AQCI) = 5:10®8 K4[Ag(CN),]- = 1-10%
ITpu noGasnenuun azotHoi KUCAOTHI K [Ni(NH3)s]Cl2 mpoucxoaut paspyiieHne KOMILIEKCa, O
YeM CBHUJETENBCTBYET M3MEHEHHS OKPAaCKH PacTBOpa. JTO CBA3aHO ¢ 00pa30oBaHMEM KaTHOHA
aMMOHHSI, B KOTOPOM aMMHaK CBS3aH C KaTHOHOM BOJAOpoja Oojee MPOYHO, YeM C KaTHOHOM
HUKETIS.
[Ni(NH3)6]?* = Ni?* + 6NH3 + 6H* = 6NH4* + Ni?*
Ku[Ni(NH3)s]*= 1-10 Ku[NH4]* = 61020
[Ipu u30biTke H+ KOMIUIEKCHBIE COEAMHEHHS MOTYT Y4YacTBOBaTbh B OKUCIHTEIHHO-
BOCCTAHOBUTEIIFHBIX peakiusax. [Ipi 5TOM M3MEHSETCSl CTENeHbh OKUCIICHUS IEHTPAITBHOTO aTo-
Ma.
B03MOHBI peaKIiH IBYX THIIOB:
a) Vi3MeHeHMe cTeneHu OKUCIIeHus 06e3 pa3pyleHHst KOMIUIEKca
2K3[Fe®*(CN)e] + 2KI = 2K3[Fe**(CN)g] + I2
0) MI3MeHeHne CTeneHu OKHUCIICHUsS C pa3pyIIeHHeM KOMILJIEKCa B PE3yNbTaTe BOCCTAHOBJICHHUS
HEHTPaJIbHOTO HOHA JI0 MeTaia
Zn + 2K3[Au(CN)2] = 2Au° + K2[Zn(CN)4]

[Topsiok BBITOTHEHUS PaOOTHI
Onpit 4. Paznnune Mexay ABOWHON M KOMIIJIEKCHON COJIBIO.

Hauetite B mpo6upky 10-12 xamens pacrBopa FeClz u qo6aBbTe MO KarisiM pacTBOp po-
nanuga kanuss KCNS. HaOmronaiite mosiBieHHEe KpOBaBO-KPAaCHOTO OKPAIIUBAHHS BCIIEICTBHE



29

obpazoBanus ponanua xenesa Fe(CNS)z. Jlannas peakius mo3BossieT OOHAPYKUTh B paCTBOPE
HoHBI Kenesa Fed*,

B onny npobupky Haneite 10-12 kanens kanus rexcauunanogpeppara (111) Ks[Fe(CN)s], a B apy-
ryio - 10-12 kamenp pacTBopa keae30-aMMoHuIHBIX KBAcioB (NH4)2S04-Fez(SO4)s. B 06¢ mpo-
Ooupku o karsM go6aseTe pactBop KCNS. HaGmrogaiite nBet pactBopoB B mpodupkax. Ha oc-
HOBAHHH 3TOTO C/eaTh 3aKII0YCHHE, KaKas U3 B3SATHIX COJICH sBJIsIeTCs IBOMHOM, a Kakas - KOM-
IIJIEKCHOM.

Omnpit 5. O6pa3oBaHue U pa3pylIeHUE KOMIUIEKCHBIX HOHOB.

Tlonyuenue ammuauno2o KomMnieKca meou.

a) Haneiite B nmpoOupky 10-12 kanens pactBopa cynbdara meau(ll) u nodasere o kammsam 25%-
il pactBop ammuaka. HaOmromailite mepBOoHaYaibHOE OOpa3oBaHUE OCaJlKa TUIPOKCOCYyb(ara
MEIM U TMOCIEAYIOIEe ero pacTBOPEHUE B M30BITKE aMMHUaka ¢ 00Opa30BaHMEM OKpPAIlIEHHOTO
pacTBOpa KOMIUIEKCHOM CcOJu.

06) K nonmyuenHoMy pacTBOpy n00aBbTE€ HEOOJBIIOE KOJIMYECTBO PACTBOpA COJITHON KHUCIOTHI
HabGmronaiiTe naMeHeHre OKpacku pacTBopa.

(Koopmuzamuonnoe uncio Cu?*pasHo 4.)

Tlonyuenue ammuaunoco komniekca cepeopa.

a) Haneiite B mpoOupky 1-2 mu pacTtBopa HHUTpaTa cepedpa M CTOJBKO K€ pacTBOpa XJIOpHIa
Hatpus. [lomydeHHBIH 0CaloK PacTBOPHTE, IMOJYUYUB PACTBOP KOMIUIEKCHOU comnu cepedpa. Jlis
3TOro 100aBbTE HECKOJIBKO Karedb KOHIIEHTPUPOBAHHOTO PACTBOpA aMMHAKa.

0) [lonyueHHbIN pacTBOpP KOMILJIEKCHOM COJIU cepedpa pasieiiTe B JABe nmpoOupku. B ogny mpo-
OupKy 100aBbTE€ PACTBOP XJIOpHUIA HATpHs, B JAPYTyIO - pacTBOp Honuaa kanusi. HaGmromaiite
OTCYTCTBHE OCaJIKa B IEPBOI MPOOUPKE U €r0 HaJIMUKE BO BTOPOH.

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

Tlonyuenue 2udpoxcokomniexca yunka.

a) Hanetite B mpoOupky 2-3 M pacTBopa cynbdaTa IIMHKA U J00aBbTE MO KaIljsM pacTBOpP TH/I-
pOKcHIa HAaTpUs A0 TOsBJICHUs ocaaka. K pacTBopy ¢ ocaakoM 100aBbTe M30BITOK MIETOYH 10
MOJTHOTO PacCTBOPEHHUs 0Cajika B pe3ysibTaTe 00pa30oBaHMs pacTBOpa KOMIUIEKCHOM couu.

6) K nmomydenHoMy pacTBopy n06aBbTe 3-4 Kamm pacTBopa cepHoil kucioThl. Habmronaiite mo-
SBJICHHE OCaJIKa B BUJIE IOMYTHEHHUS PacTBOpA.

(KoopamrarmonHoe uncio Zn?* pasHo 4.)

Tlonyuenue pooanuonoeo Komniekca sicenesa.

B nepByto npobupky Haneite 2-3 M pactBopa xsopuaa xeinesa (l11), a Bo BTopyto - cTonbko xe
pacTBopa Kaius rekcanuanogeppura (3+). B kaxayro npobupky 1006aBbTe HECKOJIBKO Kamellb
pacTtBopa ponanuaa kainus. Habmonalite n3aMeHeHue 1BeTa pacTBOpa TOJIBKO B EPBOW MpooOup-
ke. Ha ocHOBaHUM ombITa clienaiiTe BHIBOJ O TOM, KaKOM U3 IBYX KOMILJIEKCOB xene3a (3+) 6o-
Jiee YCTOWYMB - IIUAaHUIHBIA WU POJAHUTHBIN?

Tlonyuenue ammuauno2o KOMNIEKCA HUKEIIA.

Hanelite B mpoOupky 1 mi pactBopa cynbharta HUKENS U J00aBbTE MO KAIUISIM KOHIIEHTPUPO-
BaHHBIN pacTBOp amMMmuaka. HaOmromaiite ocasok cyiabgara HUKENIS U MOCIEAYIOIIee ero pacTBO-
pEHHE BCIIeACTBHE 00pa30BaHMs PacTBOPa KOMITJIEKCHOM COJIH.

K noxydenHoMy pacTBOpy 100aBbTe paBHBIN 00BEM HACHIIIEHHOIO pacTBOpa OpoMuia Kaius U
Habmo1aliTe oOpa3oBaHUe Ocajika rekcaaMUHHUKeNs (2+) O6pomuaa. 3aTeM K ocaaky A00aBbTE
pacTBOp CONSTHOW KHCIOThL. OTMEThTE PacTBOPEHHE OCa/lka U M3MEHEHHe lLiBeTa pacTBopa. Ha
OCHOBAHHH PE3YJILTATOB OIBITA CIENATe BBIBOJ O TOM, Kakoe coenunenne amvuaka [NHa]" vwim
[Ni(NH3)s]?* 6omee ycTOIUMBO B TaHHBIX YCIOBHSX.

OnbIT 6. OKUCAUTETBHO - BOCCTAHOBUTEIBHBIE PEAKIIUN C YHACTUEM KOMITJIEKCHBIX COCTMHEHUN.
a) Haneiite B mpoOupky 1 mi1 pacTBOpa rnepmMaHranata Kaiwus, 100aBbTe paBHBIN 00BEM pacTBopa
CEpHOI KHUCIJIOTHI, a 3aTe€M M0 KaIulsIM pacTBOp Kaius rekcanuanodeppara (2+). Habmonaiite
U3MEHEHHE OKPACKHU pacTBOpA.

0) [Momyunte nuamuHaprenTo (1+) xmopua (OmbiT 3.2.2a). B pacTBOp omycTUTE KycOYeK METalI-
JMYecKoro uHKa. Yro Habmomaercs?
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B) [lomyuute terpaamuamenu (2+) cynedar (OmbiT 3.2.1.2). B pacTBop omycture Kycouek me-
TaJNIMYEeCcKOro KUHKA. YTo Habr01aeTcsl Ha MOBEPXHOCTH LIMHKA?

r) Haneiite B mpoOupky 1 M pacTBopa xsopuia kodansTa 1 2 MJI pacTBopa aMMuaka. OTMeTbTe
BET 00pa30BaBILErocs aMMHa4YHOTO KoMIliekca kobanbsTa (2+). K monydeHHomMy pactBopy no-
OaBbTe 1 MJI pacTBOpa XJIOpHUJa aMMOHMS U 2 MIJI pacTBopa nepokcuaa Boxopoaa. Coxepxxumoe
npobupku Harpeiite. Kak m3MeHsieTcsl IBeT pacTBopa BcieacTBhe okucienus Co®" go Co’t
?(Koopaunarnmonnoe uucio Co u Co paBHO 6.)

OmnpiT 7. BnusiHue KOHIIEHTpAIMK pacTBOpa Ha KOMILJIEKCOOOpa30BaHue.

Haneiitre B mpooupky 10-12 kamnens pactBopa CoClz, 1o6aBbTe 1o KaruisiMHACBIIICHHBIN pacTBOP
KCNS. Habmronalite m3aMeHeHHUE 1[BETa pacTBOpA.

K noxydenHOMy pacTBOpYy MO KaruisiM J00aBisiiTe AMCTHIUIMPOBAHHYIO BOJy M HAOIIOJaiTe 3a
n3meHenneM 1seta.(Koopaunanuonnoe uncno Co?* pasro 4.)

Pa3zgen 6 KommiekcHbIe coefMHEHUS
Jlabopamopnan paooma: «KoMiuiekcHble coeJUHeHUsI. XMMUYECKHE CBOMCTBAa»

Ilens pabomoi: ONYUINTH KOMIUIEKCHI PA3IMYHOTO THUIIA U 03HAKOMUTHCS CO CBOMCTBaAMHU
KOMIUIEKCHBIX COEIMHEHUH U JBOMHBIX COJICH.

O6opynoBaHNe U PEAKTHUBBI:

[ratuB ¢ npodbupkamu. Xnopua xpoma(lll). Tuonranar ammonus. PactBopsl: xiopuaa
aMMOHUs (HachIml.), THonranara ammoHus (0,1 M), xmopuna watpus (0,1 M), xmopuaa kamus
(0,1 M), tnounanara kanmus (0,1 M), tuocynedara marpus (0,1 M), cynedura narpus (0,1 M),
nonuna kamus. (0,1 M), cynedara menu (0,1 M), aurpata cepedbpa (O M), cynbdara nuHka
(0,1 M), cynsdara kagmus (0,1 M), autpata pryru(Il) (0,1 M), xmopuaa 6apus (0,1 M), cyns-
data amomunus (0,1 M), xnopuna onosa(ll) (0,1 M), aurpata ceunna (0,1 M), cynbdara xpoma
(0,1 M), comu Mopa (0,1 M), xnopunaa xeneza(lll) (0,1 M), cynsdara kobansra (0,1 M), xmopu-
na kobanbTa (Hachkll. ), cynbdara Hukens (Ol M), consHoit kucnoTs! (koHIl.), ammuaka (0,1 M),
rexcanuanodeppara(lll) xamus, rexcanua-nogeppara(lll) kanus, aMMOHHMEBO-KENE3HBIX KBac-
110B. CepoBOIOpOAHAs BOJA.

OIIBIT 1. CroiicTBa ABOMHBIX U KOMILJIEKCHBIX COJIEH

B Tpu mnpoOupku mnoMecTuTh No 3 KalUIM pPacTBOpa aMMOHHEBO-)KEJIE3HBIX KBAacCIOB
NH4Fe(SO4)2:12H20. B gerBepTyro npobupky nmomecTuth 3 Karum rekcaimanodeppara(lll) xa-
nust K3[Fe(CN)s]. B nepByro mpoOHpKy npuOaBuTh 2 Kallld pacTBOpa THOLMAHATA aMMOHHS
NH4SCN, Bo BTOpYy!O - 2 Karuti pactBopa xyopuna 6apus BaClz, B Tpethio - 3 karumm pactBopa
THJIPOKCUIA HATpus (COAEpKUMOE 3TOM MPOOMPKMU HArpeTh J0 MOSABICHMS 3araxa aMMHaka), B
YEeTBEPTYIO - 2 KAl THOLMAaHATa aMMOHHSI.
Bo Bcex nu npobupkax npoucxoaut peakuus? Hanmucate ypaBHEHHs AMCCOLMAIMM JBOWHOM U
KOMIUIEKCHOU COJIEH, MOJIEKYJISIpHBIC M MOHHBIE YpaBHEHHS PEaKIUi, C MTOMOIIBI0 KOTOPBIX 00-
Hapy>KUBAJIMCh MOHBI coyiel B pacTBope. Hamucarh BbIpakeHHE KOHCTAHTHI HECTOMKOCTH KOM-
nnekcHoro nona [Fe(CN)e]>, Haiftu B Tabnuie ee UmMCIOBOE 3HAYEHHE M CHENATh BBHIBOZ 00
YCTOMYUBOCTH 3TOTO HOHA B PACTBOPE.

OIIBIT 2. CBoiicTBa aKkBaKOMIIJIEKCOB
A. TlomecTuth B HeOONBIION TUTENb | MHUKpoIIIareiab MenHOro Kymnopoca. Crnabo MpoKaiuTh
conepxumoe Turist. OOpaTuTh BHUMaHNE Ha M3MEHEHHE [BeTa KpucTawioB. [locie Toro kak TH-
refib OCTBIHET, 100aBUTh 1-2 Karuld BOJbI, OTMETHTh W3MEHEHHE OKpacku pactBopa. Hamucarte
YPaBHEHUS PEAKIIUM.

b. B mpobupky mnomectuth | MHKpommarenb KpucTautoruapara xmopuaa kodambra(ll)
CoCl2x6H20, ocropoxtno Harpets. Habiromats n3MeHEHHE IBETa, COOTBETCTBYIOIIEE PEAKIIUU
OTUICTIJICHUS BOJIBI.

2[Co(H20)6]Cl2 — Co[CoCls] + 12H20

Oxaauth MpoOUPKy U PUOABUTH HECKOJIBKO Karenb pacTBopa NaOH. 3anucars HabmoneHus.
OIIBIT 3. [Tony4yeHue u cBOMCTBA HEKOTOPBIX aMMHAKaTOB
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A. ITomectuts B mpobupky 3 kamu cyibdara meau(ll) CuSOs, 3aTem npubaBuTh 2 Kariu TUi-
pokcuna ammonust NH4OH.
Hab6monate Beimanenue ocanaka rugpokcuaa meau Cu(OH)2. OTMeTuTh 1IBET OCajiKa U 3alucaTh
YpaBHEHUE PEAKIIH.
K mnomydenHomy ocaaky npuOaBUTh M30BITOK KOHIEHTpupoBaHHoro pactBopa NH4OH. Yto
HaOromaercs? 3amucarth ypaBHCHHE peaknuu moinydeHus cyiabdara terpammubomenu(ll)
[Cu(NH3)4]SO4.
[TpubaBuTh K MOTYy4EHHOMY pacTBOpY 3-5 Kamenb cepoBonopoaHoi kuciaoTel HpS. Hamucats
ypaBHEHHE PEAKLUU M OOBSICHUTH BBINAJCHNE YEPHOTO OCAIKa, YUUTHIBAS, UTO
b. K 1 kamie pactBopa Hutpata cepedpa AGNO3 mpubaBuTh 2 Karid pacTBopa XJIOpHIa Kalus
KCI wnu narpuss NaCl. K monydeHHOMY ocajaky npuOaBHTh pacTBOP THIAPOKCHIA aMMOHUSI
NH4OH 1o monuoro pactBopenus ocaaka xjaopuaa cepebpa AQCl. Hanmcats ypaBHEHHS peak-
1005178
B npobupky ¢ mosydeHHbIM pacTBOpoM xsopuaa auammunocepedpa [Ag(NH3)]C1 npubariath
[0 KaruisiM pa30aBiieHHOW a30THOM KucnoTel (3-5 kamens). HanucaTe ypaBHEHHE peakuuu U
00BsiIcHUTH 00pa3oBanue ocaaka mpu rnpuodasieHud HNOs.
B. K 3 kammsm pactBopa conu Hukemsi(ll) noGaBmaTe 1o KaruisiM BOAHBIA PAacTBOpP aMMHUAKa
NH4OH no pactBopeHus BbIllafaromieil B 0caJJok OCHOBHOM coid. OTMETUTH LIBET MOJTyYHBIIIE-
rocsi pacTBOpa. 3amucaTh ypaBHEHHUs peakiuii (KOOpAMHAIMOHHOE Yncio M2* pasHo 6).
OIIBIT 4. [TonyuyeHue u CBOMCTBA allUJIOKOMILJIEKCOB
A. B npobupky BHectu 2-3 karum pactBopa Hutparta prytu(ll) HQ(NOs)2 u no6ansrs mo kar-
asMm pactBop uoaunaa kanusa K1, o obpazoBanus ocagka noauna pryta Hgl.. OTmeruts uBer
ocaznka. K ocanky nmo6aButh n30sITOK pactBopa K1 no pacrBopenust ocanka. Hamucars ypaBHe-
HHe peaKiuu B3aumoeiicTsus Hglo ¢ n36bITKOM Hoauaa Kanus (KoopAuHauonHoe uncito Hg?
paBHO 4). HantucaTth ypaBHEHHE TUCCOLMALUN TIOTYYEHHOIO KOMIUIEKCHOTO HOHA.
[Tonyuennsiit pactBop Terpaunonorunpaprupara(ll) kamus Ko[Hgls] pazpenuts Ha ase yactu. K
OJIHOH YacTu 100aBUTh HECKOJIBKO Kalellb pacTBOpa LIEJIOUH, a K IPYroi -cepoBOJOPOIHON BO-
abl HoS. OT™MeTuTs HabM0ieHNs U OOBSCHUTD MOJTYYEHHBIE PE3YIbTaThI.
b. IMomyuuts ocamox AQCI. 3aTteM mo KaruisiM mpuOaBisATh PacTBOpP THOCYJIb(ara HATPHUS 10
IIOJTHOTO PacTBOpeHHUsl ocaaka. HammcaTh ypaBHeHHE peakiMM MOJY4YeHHUs AUTHOCYIb(aToap-
renrara Harpus. (Koopaunanuontoe yncio nona Ag™ pasro 2.)
B. K 1 - 2 xamuisam pactBopa cynbdara Mean CuSO4 1006aBUTH CTOJIBKO )K€ pacTBOpa rexcara-
Ho(eppara(ll) kamus Ks[Fe(CN)s]. OTMeTuTh 11BET 00pa30BaBILIErocs 0Caaka U HaIKUCaTh ypaB-
HEHUS PEaKLU.
I'. K 1 -2 kamisim pactBopa xiopuna xerne3a(lll) FeCls mpubaBuTh cTOIBKO K€ pacTBOpa rek-
cannanodeppata(ll) kamus Ka[Fe(CN)g]
K 1 - 2 kamisiM CBEXKENPUTOTOBICHHOTO pacTBopa cyibdara xenesa(ll) FeSOs npubasuth 1-2
karun rexcarmanodeppara(lll) kamus Ka[Fe(CN)s]. OT™MeTuTh HaOMIOJCHHUS W HAMUCAThH IS
000MX ONBITOB YpPaBHEHUS PEaKIMH, YUUTHIBasi, YTO B IEPBOM OIBITE MOJYYUTCS T'€KcallMaHo-
deppar(ll) sxeneza(lll) kamus KFe[Fe(CN)s] («OepnuHckas 1a3ypb»), a BO BTOPOM — reKcalia-
Hodeppat(LL) xeneza(Il) kamus («TrypHOYIUIEBA CHHBY), UMEIOIIETO TaKYIO XKe GOpMyITy.
OIIBIT 5. O6pa3zoBaHue rUIPOKCOKOMITIIEKCOB
B Tpu nmpoOupku moMecTuTh pa3ienabHO pacTBOpHI coieil nunHka, xpoma(lll) u amomunus. B
KaX/1yI0 U3 HUX J00aBIATh MO KaluIsIM pacTBop mienoun. HabmogaTe BHavase BbIaICHUE OCal-
KOB, a 3aT€M MX pacTBOpEHHE B U30bITKE 1iernouyn. Hanmucarh ypaBHeHHe peakiuu oOpa3oBaHUs
PACTBOPHMBIX THAPOKCOKOMILIEKCOB, cosiepskamux nousl [ZN(OH)4]%, [Cr(OH)s]® [A1(OH)6]*".
OneiTr 6. KoMIuiekcHble COeIUMHEHHs B peakuusix oOmeHa. B3aumopeiicTBue rekca-
nranodeppara(ll) xamus ¢ cynsparom meau(ll).
B npoOupky Buecute 1-1,5 M 0,5 H. pacTBOpa cynbdaTta Menu u 100aBbTe Takoi ke o0bvem 0,5
H. pactBopa komruiekcHoi conu K4[Fe(CN)s]. OTMeThTe 11BET 00pa30BaBIICrocs OcajKa recarm-
anodeppara(ll) menu. Hanummre MoIeKysspHOE M HOHHOE YPAaBHEHHE PEAKITHH.
Omnpit 7. KOMIUIEKCHBIE COEAUHEHUS B OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIHIX.
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a) Boccranosnenue rexcaunanodeppata(lll) xamus.

B npo6upky Baecute 1,5-2 mi 0,1 H. pactBopa noguaa kamus, 0,5-1 Mi1 2 H. COISTHON KUCTOTHI U
0,5 mu 6enzona. OTmerpTe, 4TO OEH30M OcTaeTcs OeciBeTHBIM. [|00aBbTE HECKOJIBKO KPUCTAII-
a0 komiuiekcHou comu xene3a(lll) Ks[Fe(CN)s] u mepemermaiite pacTBOp CTEKISHHOMN MMaaoy-
koil. [To n3mMeHennto okpacku 6eH3osa yoenuTech B BBIICICHHH CBOOOIHOTO HOJA.

Hanumure ypaBHeHHe peakuuu B3aumopeictBus rekcaunanodeppata(lll) xamus ¢ moaumom
kanusi, yautbiBast, 4To Ka[Fe(CN)s] nepexoaut npu 3tom B K4[Fe(CN)g]. Yka3zath okucautens u
BOCCTaHOBUTEb.

Kakue noHBI B KOMIUIEKCHOM COCIMHEHUU U3MEHWIH CTETICHh OKHCIICHUS?

0) Oxucnenue rexcarmanodeppara(lll) kamms

[Tomecture B mpobupky 0,5-1 mia 0,5 H. pacTBOpa mepMaHranarta Kaius, 100aBbTe HECKOJIBKO
Karejb 2 H. pacTBOpa CepHOU KUCIOTHI M 00aBUTh 1o kariaM 0,5 H. pacTBop rekcanuaHodep-
para(ll) kamus 10 oGeciiBeUnBaHMs pacTBOpa.

OO6ecuBeunBaHre pacTBOpa MPOUCXOAUT BCIEACTBHE BOCCTAHOBIICHUS MEPMaHraHaTa Kajlus JI0
cynbdara mapranma(Il). Ilpu stom kommiekcHoe coemuHenne Ka[Fe(CN)s] okmcasiercs o
Kz[Fe(CN)s].

Hanumwre ypaBHeHHE peaKIMK OKACICHHSI. Y KOKUTE OKHCIUTENb U BOCCTAHOBUTEITD.

OmnpiT 8. YCcTOHYMBOCTH KOMIUJIEKCHOTO MOHA. Peaknuu odmena nurannamu. Buecute B
npobupky 1 mi xnopuna (cynsara) kodansta(ll) 1 npubaBbTE HECKOIBKO KPUCTAIIOB PACTBO-
pa ponaamaa ammonus NH4CNS. HabGmronaiite oOpa3oBaHre KOMIIJICGKCHOTO COCIMHECHHS CHHE-
O IBETa:

[Co(H20)4]Cl2 + 4NH4CNS = (NH4)2[Co(CNS)4] + 2NH4ClI + 4H>0.

JoGaBbTe B mpoOupky Boasl. UTo Habmogaere? CpaBHUTE MOJYUYEHHBIH PAaCTBOP C PacTBOPOM
xJyiopua kobanpra. CpaBHUTE YCTOHYMBOCTD POJAHUAHOTO U aKBaKOMILIEKCA KOOAIIbTA.
KommekcHble coetnHeHus d-MeTaiioB

OmneiT 9. BausHue 30€KTPOHHOM KOH(PUIypaluu KOMIUIEKCOOOpa3oBaTeisl Ha OKpacKy
KOMIIJIEKCOB
B cunbpHO moakucieHHsie pactBophl coenuuenus tutana(lV), monmubaara (monmumonubaara) am-
MOHHMSI U BOJb()pamMaTa aMMOHHUS BHECUTE TIO OJIHOM rpaHyne nuHka. [Ipu HeoOXxoaumocTu pac-
TBOpPBI KPAaTKOBPEMEHHO HarpeiiTe no kureHus. OOBSICHUTE W3MEHEHHE OKPAacKH PacTBOPOB,
uMes B BUAY BOCCTAHOBJICHHE Ti* no Ti**, Mo0O4* 1o MoO3z” u WO* io WO?*,
Omnpit 2. a) Biusinve npupobl JIMraH/10B Ha OKPACKy KOMILJIEKCOB
besoanslil cynbdar menu(Il) pactBopute B Boje. 3aTeM K MOITY4YEHHOMY PacTBOpY IpuieiiTe
pactBop amMmMmuaka. OOBsICHUTE OKpacKy MOJIyYeHHBIX pacTBopoB. Hamumure peakiuu oOpaszo-
BaHUS COOTBETCTBYIOIINX KOMIUIEKCHBIX KATHOHOB.
06) CpaBHEHHE OKpAcCKU KpUCTAIIOTUAPATOB U 0€3BOAHBIX coneil. B dapdopoBbix TUIISAX (J10-
noukax) Harpemaiite kpuctamwioruaparel coctaBa CoCly'6H20, CoSO47H20, CrCls-6H20,
NiSO4-7H20 1o oOpa3oBanus 6€3BOAHBIX cojicii. OTMEThTE pas3aHune B OKPACKe UCXOIHBIX KPH-
CTAJUIOTUAPATOB M 00Opa3oBaBLIMXCS 0e3BOAHBIX coieil. Ilocne oxnaxaeHus cmounte 0e3BOA-
HbIE COTN BOI0M. OOBsICHUTE HAOIIOTaeMble U3MEHEHHUST OKPACKH.

OmnbiT 10. PacTBopeHue ocaakoB MajJOpacTBOPUMBIX COEIMHEHHMM 3a CUET KOMILIEKCO-
o0Opa3oBaHUs
a) Ocanok AgBr, nonay4deHHbIH 0 0OMEHHON peakiny, pa3AeauTe MOMojIaM U IIOMECTUTE B JIBE
npobupku. Ha oqHy vacTh mojedcTBylTE pacTBOPOM aMMMaka Ha BTOPYIO - PacTBOPOM THO-
cynbdara HaTpust. OOBICHUTE MPOUCXOJIAIIEE U HATUILIUTE PEAKIIUH.
0) OOBsicHHTE, MMOYEMyY M3 pacTBOpa, COJAEPIKaIIero KoMruieKcHbie noHbI coctaBa [AQ(CN)2],
cepedpo(l) B popme AgCI He ocaxkmaercs, Toraa Kak B3aMMOJICHCTBHE C CYJIb(OUI-HOHAMHU TIPH-
BOJIUT K 00pa3oBaHMIO ocagka AQ2S.

OmnpiT 11. CpaBHHTENbHAs YCTOHYMBOCTH KOMILJIEKCOB. B Tpex mpoOupkax momydute
aMMHUAYHBIN, THOCYIh(AaTHBI U HUTPUTHBIN KoMILieKchl cepedpa(l). K pacTBopam mosrydeHHBIX
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KOMILIEKCHBIX COEAMHEHUH MpUIIeHTe MO KarisiM pacTBOp XJopuia HaTpus. B aBe mpoOupku, B
KOTOPBIX HE BbINAJ 0Ca/10K, 100aBbTe pacTBOp Opomuaa kanus. B mmo
CJICIHIOI0 MTPOOMPKY Oe3 ocaaka mpujieite pacTBop noauaa kamus. OObsicHUTE HabII0JaeMoe C
YYETOM DPa3IU4Uil B 3HAYEHUAX OOLIMX KOHCTAHT YCTOHYMBOCTU KOMILUIEKCOB U IPOU3BEICHUIN
pactBopumocTu ranoreHusoB cepedpa(l). Ombir 5. OxucnauTeNnbHbIE CBONCTBA MEpMaHTraHaT-
HOHA
a) B tpu npobupka nomectute paBHbie 00beMbl pazdaBieHHoro pactBopa KMnOs. 3aTem B oHy
U3 HUX NpuiieiiTe pa30aBIeHHYIO CEpHYIO (WU COJIIHYIO0) KUCIIOTY, BO BTOPYIO - BOLY U B Tpe-
TBIO - KOHLIEHTPUPOBAHHBII PAaCTBOP LIEIOYH. 3aTeM B KOKAYIO U3 MMPOOHPOK MPUIICHTE pacTBOp
Na>SOs. (B mpoOupky coO IIEIOYHBIM pPAacCTBOPOM CIIEAYET J100aBUTH OOJBIION H30BITOK
Na2S03). O0bsicuute paznuuHoe noseneHue pactBopa KMnO4 B 3aBucumoctu ot pH cpensl u
HaMMIINTE COOTBETCTBYIOIIUE PEAKIIHH.
6) Oxucnenne mpou3BoIHBIX MN nepmanranat-uonamu. K paszbaBiennomy pactBopy KMnOg
npuieire pactBop MNSO4. OOBsICHUTE NPOUCXOJSINEE, HAMUIIUTE U YPaBHINTE COOTBETCTBY-
IOLIYIO PEaKLHIO.

Omeit 12. Coiicta coeaunenuii sxenesa(ll) u xenesa(lll)
a) BoccranoBurenwsHbie cBoiicTBa coequnenuit xxenesa(ll). K pactsopam comu xenesa(ll) moa-
KHCJIEHHBIM pa30aBJICHHON CEepHON KHUCIOTOM, B OTHENBHBIX NpOOMpKax HpuieilTe pacTBOp
KMnO4 n KoCr207. Onmmnre HabmoqaeMble H3MEHEHHS U 3aITUIIIATE COOTBETCTBYIONIUE PEaK-
LUH.
0) CpaBHUTEIbHAS YCTOMUYNBOCTh POAAHUIHOTO, PTOPUAHOTO U IIUAHUIHOTO KOMILIEKCOB XKelle-
3a(lll). K pactBopy conu sxene3a(lll) mpuneiite HeCKOIBKO Kamelb pacTBOpa poJaHUIa Kaaus
wi aMmMmonus. K nmoimydenHomy pactBopy nobasete (ropua Harpus. O0bscHUTE HaOIIO1aeMble
U3MEHEHUS U 3alMIIUTE PeaKLnu.
B) K pactBopy rekcanmanodeppata(lll) xanmus noGaBeTe pacTBOp pojaHWAa Kallusl WIH aMMO-
HUsl. OOBACHUTE HEM3MEHHOCTh OKPAaCKU pacTBOpA.
r) KauectBenHble aHanuTuueckue peakiuu Ha xene3o( 1) u sxemneso(111)
K cBexenonyueHHomy pactBope FeSOs mpuieiiTe B OTAENIbHBIX HPOOHMPKaX pacTBOPb
Ka[Fe(CN)e] (;xenTast kposinast coinb) U K3[Pe(CN)s] (kpacHas kpoBsiHasi conib). B kakom ciryuae
HaOJI01al0TCS U3MEHEHHS U B UYeM UX NpuurHa. [IpuBenTe COOTBETCTBYIOUIYIO XMMUYECKYIO
peakuuio.
Te »xe caMmble ONBITHI TPOBEAUTE B OTHOIIEHUH pacTBopa conu xkene3a(lll). OrmersTe, B KakoM
cilydae HaOJIIOJAI0TCSl M3MEHEHHsS M B YeM HMX npuunHa. [IpuBeauTe COOTBETCTBYIONIYIO XHMH-
YECKYI0 PEaKLUIo. YKaXuTe, Kakas U3 KOMIUIECHBIX COJIEH SIBIISETCS CEIEKTHBHBIM KaueCTBEH-
HbIM peareHToM Ha sxene3o0 (l) u xeneso (I11). [IpuBeaure Ha3BaHMs 0OPa3yIOMIUXCS OCATKOB
XapaKTEpHOTO L[BETA.

Paszoen 7 @uzuko-xumuueckue 3aKOHOMEPHOCMU NPOMEKAHUA XUMUYECKUX PeaKUUll
Jlabopamopnasa paboma: «CKopocTb XUMHYECKUX PeaKkuii»

Ilenv pabomei: DKCIEPUMEHTAIBHO JOKA3aTh 3aBUCUMOCTb CKOPOCTH XMMHMUYECKON peak-
IIUU OT Pa3jIM4HbIX (AKTOPOB M MPOAHATU3UPOBATh CMEIIEHNE XUMHUYECKOT'0 PaBHOBECHS MPU
W3MEHEHUH KOHUEHTPALUH pearupyrouux BEIecTB.

[Tpubopsl u nocyxa:

Becnl ¢ paznoBecom. Cexkynnomep. Tepmomerp Ha 100 °C. Illtatus ¢ npodupkamu. ITpo-
Oupku eMkocTbio 50 M1 ¢ HoMepamu (3 mT.). MepHBI HUIHMHAP 71 BOJBI HA 25 Miul. MepHble
IWIMHIPHI 1715 pacTBopa THocynbdara HaTpus NazS203 emxocthio 25 mut (1 mT.) U ans pac-
TBOpa cepHOi KnucaoTel H2SO4 emkxocThro 25 mit (1 mt.). XuMuueckue ctakanbl eMKocThio 200
M1 (2 mt.) u eMkocThio 25 M (1 mt.). Crynka. [Tunerka. [lmatens.

Peaxmuevt u mamepuarnvl:

LluHK rpaHyIMpOBaHHBIA (NPOTpaBieHHBIH) W B mopomke. Hutpar cBunma Pb(NO3)2.
Nomnn xamus Kl. Me.

Pacmeopuwi:
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Ykeycnas kucinora CH3COOH (0,11.). Constnas kucinora HCI(0,11.). Cepnast kuciora
H2SO4 (2u. u 1:200). Xmopun xene3a(l11)FeCls (0,001n. u Haceim.). Poganug kamus KSCN
(0,0011. u Hacem.). Tuocynbdat Hatpus NaxS203 (11. u 1:200).

OIIBIT 1.BnustHue npupo/ibl pearupyrolyx BEMIECTB HA CKOPOCTh XUMUYECKON peaKIuu

JUis mpoBeZieHUsT OmbITa OJHY MPOOUpPKY 3amoiaHuTh Ha 2/3 obbema 0,1H. pacTBOpOoM
YKCYCHOM KHUCJIOTBI, 3aT€M BHECTH TyJa 2 — 3 TpaHyibl UHKA, IPEABAPUTEIHHO MPOMBITHIE BO-
JIOW ¥ BBICyIIEHHBIE (pUIbTpOBabHON Oymaroil. Bropyio mpoOupky 3amoiaHuTh Ha 2/3 00be-
Ma 0,1H. pacTBOPOM COJISTHOM KHCJIOTHI, 100aBUTh 2 — 3 rpanynbl uHKa. (Macca 1uHKa J10JDK-
Ha OBITh OJIMHAKOBA U B MIEPBOM U BO BTOPOI MpOOHpKax).

CpaBHHUTH CKOPOCTH B3aUMOAEUCTBUS C IIMHKOM COJISIHOM M YKCYCHOM KHUCJIOT OJHMHA-
KOBOI KOHLIEHTPALUU U OOBSICHUTH HAOJIIOJaeMbI€ SIBIICHHS.

[To okoOHYaHUU OTBITA BBUIUTH KUCIOTY, IPOMBITh LIMHK, BHICYHIUTh €ro (GHIbTPOBAIb-
HOH Oymaroi.

OIIBIT 2. 3aBUCMMOCTH CKOPOCTH PEAKLUU OT KOHIIEHTPALIMH PEarupyIOINX BEIIECTB

a)K 1H. pactBopy THocynbdara HaTpust Na2S>O3 mpmwimTh 2H. pacTBOp CEPHON KHCIIOTHI
H2SOs.

HabmonaTh MOMyTHEHHE PacTBOpa, KOTOPOE BBI3BAHO B3aUMOJICHCTBHEM THOCYIb(]ara
HATPUS U CEPHOU KUCIOTHI C BBIIEICHUEM CBOOOIHON CEpHI:

Na2S203 + H2S04 = NaS04+S02 + H20+S

Bpewmsi, koTopoe mpOXOAMT OT Hayayia pPeakiuH JI0 3aMETHOr0 MOMYTHEHHUs pacTBOpa,
XapaKkTepU3yeT CKOPOCTh PEAKIUH.

0) B Tpu Oosbliire HyMepoBaHHbIC TPOOUPKH HATUThL pa3dasneHHbIi (1:200) pactBop
trocynbdara HaTpus NaxS203: B mepByro —5 M1, Bo BTopyro — 10 mi, B TpeThio — 15 mu. K
COZEpXKUMOMY NepBoil mpoOupku n00aBUTh 3aTeM 10 MI BoAbI, a BTOpoil — 5 mu1 Bojbl. B
TpU Apyrue npoOUpKH HaIUTh Mo 5 miu pazbasieHHoi (1:200) cepHoit kucnoTel. B xkaxayo
npobupky c¢ pactBopoM NarS;O3 mpunuTe npu MOMEMIMUBAHUH TO 5 MJI MPUTOTOBICHHOM
H2SO4 u onpenenuts BpeMsi ¢ MOMEHTa J00ABICHHS KHCJIOTHI 0 TOMYTHEHHSI pacTBOpa B
KaXkJ10# mpoOupKe.

3anucarh pe3yJbTaTHl 1O caeAylomei Gopme:

Nemmpo- | O6vem | O6B- | OOvem | OOwmwmi YcnoBHas Bpewms CkopocTb
Oupku pacTtBo- eM pactBo- | 00BEM KOHIICHTpa- MpoTeKa- | peakuu
pa H-0, pa pactBo- | g Na;S203 | HuUS peak- | B yCIOB-
Na2S203 MJT H2S0q, pa, M IIUH 10 TIO- | HBIX €IHU-
, MJT MUT SIBIICHUSI HUIIAX,
MYTH, T v= 1/t
1 5 10 5 20 1C
2 10 5 5 20 2C
3 15 - 5 20 3C

Te xe pe3ynbTaThl H300pa3uTh rpaduyecku, OTIOKHUB Ha OCHU a0CIMCC YCIOBHBIE KOHIICH-
tparmu NaxS>03, a Ha OCH OpJIMHAT — CKOPOCTH peakiuu V=1/T.
CnenaTh BBIBOJ O 3aBUCHMOCTH CKOPOCTH PEaKIMU OT KOHIEHTPAIMU Pearupyromux
BenlecTB. CornacyroTcs M Balllk HaOJII0AeHUs ¢ 3aKOHOM JIecTBUS Macc?
OIIBIT 3. 3aBUCHUMOCTH CKOPOCTH PEAKIIMH OT TEMIIEPATYPHI
Jlns ombita B3sTH pazdasnennsie (1:200) pactBopbl NaxS203 n H2SOs. Hanmute B Tpu Gosbimme
HymMmepoBaHHbIe pooupku 1o 10 mit pactBopa NazS203, B 1pyrue Tpu npodupku — o 10 mi1 pactBopa
CEPHOI KUCIIOTHI M Pa3/IeNUTh UX Ha TPH Maphl: 1o ipodupke ¢ pactBopoM NaxS203 n H2SO4 B kaxmoit

nape.

OtMeTuTh TEMIEpaTypy BO3/yXa B JaOOpaTopuu, CIUTh BMECTE pacTBOPHI MEPBHIX IBYX MPOOU-
POK, BCTPSIXHYTh U OIPEIETUTh BPEMsI C MOMEHTA JI00aBJIeHHs KUCIIOTHI JI0 TOMYTHEHHUS PacTBOpa.
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JBe npyrue npoOHpKU MOMECTUTh B XUMUUECKHIIA CTAKaH C BOJIOM U HAarpeTh BOAY J0 TeMIIepary-
pbl Ha 10 °C BblIe KOMHATHOM. 3a TEMIEpaTypoi CIEAUTh 0 TEPMOMETPY, OMYIIIEHHOMY B BOZY.
Cinutb conepxuMoe NpoOUPOK, BCTPSIXHYTh U OTMETUTh BPEMsI OT CIMBA JI0 HOSIBICHUS MY-

TH.

[ToBTOPUTH ONBIT C OCTABIIMMHUCS ABYMS NMPOOMpPKaMH, HATPEB UX B TOM K€ CTaKaHE C
3anucarb pe3yabTaTsl 10 CIEAyHOLIEH

BOJ10i 10 Temneparypsl Ha 20 °C BblllIe KOMHATHOM.

dbopwme:

Ne npo- | O6vem O6bvem Temnepatypa, | Bpemst 1o no- | Ckopoctb peakuuu B
Oupku pactBopa | pactBopa | °C SBJICHUSI MY- | YCIOBHBIX €IUHUIIAX,
Naz5203, | H2SOq, TH, T v=1/1.

MUI MUI
1 10 10 °C
2 10 10 °C +10°
3 10 10 °C + 20°

CocTaBuTh rpaduk, WUTIOCTPUPYIOLINI 3aBUCHMOCTh CKOPOCTH PEaKIMH OT TemIlepa-
TYpbl JUIsl JAHHOTO onbiTa. J{Jyig 3TOro Ha ocu abcuMCC HAHECTHU B ONPENEIEHHOM Maciutale
3HAUEHUs TeMIIepaTyphl OIBITOB, a HA OCH OPAMHAT — BEJIMUMHBI CKOPOCTH peakiuu V = 1/1.

Crnenatb BBIBOJI O 3aBUCUMOCTH CKOPOCTH XMMHUYECKOW peakiuu oT Temmneparypsl. Ka-
KM€ 3HAYeHUs NMPUHUMAET TEeMIlepaTypHbI Ko3(pduuueHT ans OONbIIMHCTBA XMUMHUYECKHX
peaxumii?

OIIBIT 4. BausiHue noBEpXHOCTH PEArupyIOLIMX BELIECTB Ha CKOPOCTh T'€TEPOTrE€HHOM pe-
AKIUH

VYpaBHOBECUTH HAa TEXHOXUMHUYECKUX Becax KyCOUeK MpamMopa (WK Mella) U TaKylo e Mac-
Cy mopoiika Mpamopa (uiau mena) — npuommusutensHo 0,5 r. B n1Be mpoOupku HamuTh 1Mo 5 Ml
pa30aBICHHON COJIIHOM KMCIIOTHI MU BHECTH B HMX OJIHOBPEMEHHO HaBECKHM Mpamopa WU Me-
Ja: KyCOueK — B OJIHY MPOOUPKY, NOPOLIOK — B Apyryto. OTMETUTH BpeMsi, KOTOPOE MOTpedyeT-
s JUIs TIOJTHOTO PAacTBOPEHUs: Mpamopa (Mena). B kakoii mpobupke peakius mpoTekaer ObicTpee
U mouemy?

Hanucate ypaBHeHHME peakIMd M MaT€MaTHYEeCKOE BbIpAXKEHUE 3aKOHA JEHCTBYIOLIUX
Mmacc. CenaTh BBIBOJ O BIHMSHHUU MMOBEPXHOCTU PEArupyrollirX BEIIECTB Ha CKOPOCTh PEAKIMH,
IIPOTEKAIOUIEN B TETEPOr€HHOM CUCTEME.

OIIBIT 5. CkopocTh rereporeHHbIX XUMUUECKUX peaKIni

a) B cyxoit cTynke ocTOpoXKHO cMelaTh (He pacThpas) HECKOJIbKO KpUCTAJUIOB HUTpaTa
ceuHna (1) u nonuna xanus. [IpoucxoauT 1M U3MEHEHHE OKPACKU?

DHepruyHo pacTuparh Kpucramibl. Uto npoucxoaut? W3 nmumnerku 100aBUTh K CMECH
HECKOJIBKO Karelb BOJbl; 0OpaTUTh BHUMaHUE Ha M3MEHEHHE OKpacku. OOBSCHUTH OIBIT.
HanucaTte ypaBHeHHE peaKIinu.

OIIBIT 6. CMmenieHne XMMUYECKOTO PAaBHOBECHS MPH U3MEHEHUN

KOHLEHTpAIMil pearupyomux BeecTB

B HeGonbiom crakanyuke cmerrath mo 10 ma 0,001H. pactBopoB xnopuaa xenesa (1)
FeClz u poganuna kanus KSCN. HamucaTts ypaBHeHHE 3TOH 00paTHMOil peakiuy U BhIpaKe-
HUE KOHCTaHThl paBHOBECHUSI /1JIs HEe.

[Tony4yeHHBIN pacTBOp pasziuTh MOPOBHY B UeThIpe Mpobupku. B mepByto npoOupky 1o-
0aBUTh HEMHOTO KOHIIEHTPHUPOBAHHOIO pacTBopa xJyopuaa xenesza (ll1), Bo BTopyro — KOH-
LEHTPUPOBAHHOTO PAcTBOpA POAAHM/IA KA, B TPEThIO — HEMHOTO KPHUCTAIIMYECKOTO XJIO-
pua Kajaus, a YeTBEPTYI0 NPOOUPKY OCTaBUTH ISl cpaBHEHUA. CpaBHUTH LIBET JKUJIKOCTEH B
npoOupKax.

[To u3MeHeHn0 NHTEHCUBHOCTU OKPACKHU CYIAT 00 U3MEHEHUHN KOHIEHTPALUU POJIaHU-
na sxene3a(lll) Fe(SCN)s, 1.e. 0o cmemenun paBHoBecusi. OOBICHUTh M3MEHEHHUE I[BETA Ha
OCHOBAHMM 3aKOHa JieicTBUs Macc. CMecTUTCA JIM paBHOBECHE MPU pa30aBIEHUU MOTy4YEH-
HBIX pacTBOpPOB?
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Pa3nes 8 PacTBopbl. Cioco0bl BhIpaskeHHsl COCTABA PaCTBOPOB.
Jlabopamopnas paooma: «IIpuroroBjieHre PACTBOPOB PA3JIUYHON KOHUEHTPAIUN»

Pacmeopumocmuio BelecTBa Ha3bIBACTCS €0 CIOCOOHOCTH 00PAa30BBIBATH OJHOPOIHYIO
CHUCTEMY C JIPYTUM BEILIECTBOM, SIBJIIOLIMMCS PACTBOPUTEIIEM.

PacTBOPHMOCTD JKUAKOCTEH B JKUAKOCTH ObIBACT HEOTPAHWYEHHOW W OrpaHu4eHHOW. [l
MEPBOro BUJA 3TO CUCTEMa «CIHPT — BOJay, AJid BTOporo — «adup — Bogay. I[locie Berpsixuba-
HUS 3(upa ¢ BOJOI MPOUCXOAUT PACCIOCHHUE, YTO MOXKHO HAOJIIOJaTh HA OMbITE MO 00pa3oBa-
HUIO TPAHUIIBI pa3ziesia MeXay ABYMsI paCTBOpPAaMHU: BOJHBIN pacTBOp 3dupa (BHU3Y) U dPUPHBI
pacTBOp BOJbI (BBEPXY).

PacTBOpuMOCTBIO BelIECTBA MOXHO TakK€ HAa3BATh €r0 KOHIEHTPALMIO B HACBIILIEHHOM
pactBope. Konyenmpayus pacmeopa — 3TO KOJIUYECTBO PACTBOPEHHOI'O BEIIECTBA B CHCTEME B
onpezieiecHHOM O0beMe WM Macce pacTBopa WM pacTBopuTenss. OT KOHLEHTpAalUHU 3aBUCAT
MHOTHE CBOMCTBA PaCTBOPOB.

[IpuMeHstoTCsl pa3iuyuHble COCOObI BBIPAXKEHHUS KOHILIEHTPALUUA PACTBOPOB, UCIOIb3Yye-
MbI€ MPEUMYILECTBEHHO B KOHKPETHBIX 00JACTSIX HAyKuW U TeXHUKU. K HUM OTHOCAT cienyro-
nue:

1) maccosas dons pacmeopenno2o seujecmea: OTHOIIEHHE (TMIPOIEHTHOE) MAcChl PacTBO-
PEHHOI0 BelIecTBa K Macce pacTBOpa. DTOT CIOCOO BBIPAXKEHUS KOHIIEHTPALMHU YacTO HCIONb-
3yeTcsl B TEXHUKE, XMMUUYECKOM TEXHOJIOTUH, CTPOUTEIBHON IPAKTHKE.

2) B XMUMHUYECKHX HCCJIECIOBAHMIX W J1a0OpAaTOPHOM MpaKTUKE Yalle MPUMEHSIOT MOJAp-
HOCMb, WIA MOAAPHYIO KOHYyeHmpayuio. MonspHocTbio pacTBopa (M) Ha3pIBaeTCs KOJIUYECTBO
MOJIEH BellleCcTBa, coAeprkalleecs B 1 1 pacTBopa.

3) B aHATUTUYECKUX MU3MEPEHUSAX U pacueTax MPUMEHSIOT HOPMANbHYIO, U IKEUBAIEHN-
Hy10, KOHLIEHTpaluio. HopmanbHas KOHLEHTpaLusl pacTBOpa ONpeeisieTcss KOJIUIECTBOM SKBU-
BaJICHTOB PACTBOPEHHOI'O BellecTBa B 1 J1 pacTBOpa.

PacTBOpBI paBHOI MOJISIPHOCTH B3aMMOJEHCTBYIOT APYT € APYroM B 00bEMax, MPONOPLHO-
HaJIbHBIX CTEXMOMETPUUECKUM Ko3(h(PHIIMEeHTaM B ypaBHEHUX peakiuil. PacTBopsl o1lMHaKOBOI
HOPMAaJIbHOCTH PEarupyroT B OJIMHAKOBBIX 00beMax (B COOTBETCTBUU C 3aKOHOM SKBHBAJICHTOB).
BooO11e jxe pacTBOpHI pearupyroT B XMMHUUYECKHUX PEAKLUAX COIJIACHO MPaBUILy HOPMaJIbHOCTEH

4) B XUMMUYECKOM aHaJIu3e (B TOM YMCJIEe COCTaBa BOJAbBI) UCIONB3YIOT mump pacmeopa — T,
KOTOPBIN MMOKA3bIBAET KOJMYECTBO PACTBOPEHHOT'O BEIIECTBA, COJEpIKalIerocs B 1 Mi pacTBopa.

5) monsnbHas kowyenmpayus, WA MOJSILHOCMb PACTBOPA, BBIPAKACTCS YHCIOM MOJICH
pactBopenHoro BemiectBa B 1 kr (1000 r) pacTBoputens. JTa BeIWYUHA, B OTIUYUE OT JPYTHX
CHoco0O0B BBIpaKEHHsI KOHIIEHTPALUK, HE U3MEHSETCS C TEMIIEPATypOo, Tak Kak JUIsl ee orpese-
JIEHUsI HE UCHOJb3YIOT 00beM. Macca BelecTBa U pacTBOPUTENS, B OTJIMYME OT 00beMa, HE 3a-
BUCAT OT TEMIIEPATYPHI.

Ilo macce pacTBOPEHHOI'O BEILIECTBA PAaCTBOPHI MOJPA3ACNAIOT HA pa3dasienHvle U KOH-
yenmpuposantvle (ycinoBHO). K pa30aBIeHHBIM MOXXHO OTHECTU PACTBOPBI, COAEpXKAle OJUH
WJIM MEHEee MOJIb PaCTBOPEHHOTO BellecTBa B 1 11 pactBopa. [Ipu 3TOM HachIlIEeHHBIM Ha3bIBAETCS
pacTBOp, KOHLEHTPALUsI KOTOPOTO IPHU ONpPEAEIEHHOW TEMIIEpaType OTBEYAET PACTBOPUMOCTHU
BemecTBa. Ecnu st pacTBOpEeHHs B3STO OOJBIIE ITOTO KOJIMYECTBA, TO M30BITOK OyIeT Haxo-
JUTBCS B ocajke. MexXny 0cagkoM M pacTBOPOM YCTAaHABIMBAETCS NOJBUKHOE paBHOBecHe. B
HEHACBIIIEHHOM PAacTBOPE KOHIIEHTpAIMsl pAaCTBOPEHHOT'O BEIECTBA HIXKE €r0 PacCTBOPUMOCTH.
B 3aBucMMOCTH OT pacTBOPUMOCTH COJEp)KaHUE PACTBOPEHHBIX BELIECTB MOXET OBITH OYCHb
pa3HbIM, Hanipumep, B pactBopax AgoCrO4 nmm AgNOs.

CopepxaHue BELIECTBA B HACBIILIEHHOM PacTBOPE IIPH JaHHOM TEMIIEpaType SIBISIETCS KpU-
TEpPHEM €ro pacTBOpUMOCTH. Yallle BCEro 3Ty BEIMYMHY BhIpaXKarOT Kak Maccy B rpamMmax 0e3-
BOJIHOT'O BEILECTBA, coaeprkaierocs B 100 r pacTBOpuTesns B HaChILIEHHOM pacTBope. Ee Ha3bl-
BalOT KO3 puyuenmom pacmeopumocniu.

B HEKOTOpHBIX CllyyasX BO3MOXKHO TakKke 0O0pa30BaHHE nepechbliyeHHbIX PacTBOPOB, KOTO-
pble cofepxaT M30bITOK PACTBOPEHHOTO BeIleCTBA. Takue pacTBOPHI 00Opa3zyloOTCs MyTEM M-
TEJIBHOTO OXJIQXKJCHHUS HACBIIICHHBIX PACTBOPOB M IPEICTABISAIOT COOOW HEyCTOWYMBBIE (J1a-
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OUIIbHBIE) CUCTEMBI, IPH BHECEHUH B KOTOPBIE 3aTPABKHU B BUJI€ KPUCTAITUKA COJHM UITH IPYTOTro
COEIMHEHMS, a TaKXKe€ NPU BCTPSIXUBAHUU WJIH COTPSCEHHM PACTBOpPA MPOUCXOJUT JIABUHHAsS
KPHUCTAJTU3AIMs] OCHOBHOW MacChl paCTBOPEHHOTO B U30BITKE BEIIECTBA.

[lo xapakTepy B3aMMOJEHCTBUSA PAaCTBOPEHHOI'O BELIECTBA C PACTBOPUTENIEM pPA3IUYAOT
UOHHbIE U MONEKYIApHble PACTBOPLL. B IepBBIX pacTBOpsAEMOE BELIECTBO IIPEICTABICHO B BHJIE
MOJIEKYJI M IPOJYKTOB UX JHCCOLMALNUA HAa HOHBL. BO BTOPBIX — B BHJI€ MOJIEKYJ U X acCOLMa-
ToB. Hampumep, BOJHBIE PacTBOPHI COJISTHOM KUCIIOTHI, Cynb(ara KajablHs, THAPOKCHIA KT —
WOHHBIE, PACTBOPHI [IIOKO3bI, ATbOYMHHA, KUCIOPO/ia B BOJIE — MOJIEKYJISIPHBIE.

HonHble pacTBOPBI, UM PACTBOPHI AIEKTPOIUTOB, OTHOCSITCS K MPOBOJHUKAM AJIEKTpUYE-
ctBa Il pona, 1. . UM npucya HOHHAs TPOBOJUMOCTb. DTO PACTBOPHI COJEH, KUCIOT, OCHOBa-
HUH, a TAaK)K€ X PacIllaBbl U HEKOTOPbIE COETUHEHUS B BUJIE TBEPAbIX TEIl.

Ilenp: Hay4UTHCS IPUTOTABIMBATE PACTBOPHI C 3aJaHHON KOHLEHTPALUEH.
a) Ilpucomoenenue pacmeopos uz meepoozo eewecmaa u 600ul

[TpuroroButs 200 r 5%-HOro pacTBopa KapOOHATa HATPUS M3 KPUCTATUIMYECKOH COJIBI
Na2COs - 10H20 u BOAEL.

Boerancnuth, kakas macca NapCOsz - 10H20 Ttpebyercs mis mpurotosinerus 200 v 5%-
HOT'0 pacTBoOpa B pacuete Ha 6e3BoaHYI0 colib Na2COs.

OTBecuTh 3Ty Maccy U3MENbUEHHON COJIbI B IIPEIBAPUTEIBHO B3BEIIEHHOM CTaKaHYMKE Ha
Becax ¢ ToyHocThio 10 0,01 1.

Paccuurarp, kakoilt 00beM BOABI HEOOXOAUM JUIsl PACTBOPEHHMs B3ATON HaBecku. OTme-
PUTb MEPHBIM LIUJIMHIPOM 3TOT 00BEM BOAbI. BBUINTH BOAY B CTakaH M PacTBOPUTH B HEll OT-
BELIEHHYIO COJIb.

W3meputh TeMIiepaTypy NpUroTOBJICHHOTO PAacTBOPA M, €CIIM OHAa HE paBHA TeMIIepaType,
KOTOpasi yka3aHa B TaOJMIle, JOBECTH €€ /10 YKa3aHHOM BEJIMYMHBI, HarpeBas WIM OXJIaKIas
pacTBop.

Boumith pacTBOp B CyX0i (MM OMOJIOCHYTBIN 3TUM PAacTBOPOM) BBICOKMM Y3KHM IUIUHAP
U ONPENENUTh C IMOMOIIBI0 apeOMETpa €ro IJIOTHOCTb. APEOMETp MPOMBITh BOJOH, BBITEPETh
Jocyxa U cJiaTh 1abopaHTy. PacTBOp BBUIUTH B IPUTOTOBIEHHYIO CKIISHKY.

[To HaliieHHOW TMJIOTHOCTH, MOJIB3ysch Tabmuuei, onpeaeauts ® (%) Na2COs
10H20BpacTBope. CpaBHUTH MOTYYCHHYIO BEJTMUUHY C 33aHHOU.

PaccunraTe MOJISIPHYIO U HOPMaJIbHYIO KOHILIEHTPALlUU IIPUTOTOBIEHHOTO pacTBOPA.

0) Ilpucomoenenue pacmeopa u3 KOHYEHMPUPOBAHHO20 PACMEOPA U 800bl
1. IIpurotoButh 250 r 10%-moro pacTBOopa KHUCJIOTHI M3 MMEIOLIETocs B J1aOOpaTOpHH
pacTBopa.

OnpenenuTs apeoMeTpoM IJIOTHOCTh pacTBOpa CEpHOM (MM COJISTHOM) KUCIIOTHI, UMEIO-
nieiics B 1abopaTopuu.

Haiitu B Tabnuie o (%) pacTBopa KHCIOTHI, OTBEYAOLIYI0 HAallIEHHOH MIIOTHOCTH.

Paccunrtath, Kakylo Maccy 3TOro pacTBOpa KMCIOTHI HYXHO B3STh JJIsl MPUroToBIeHUs 250
r 10%-HOr0 pacTBOpa, U 3aTeM MEPECUUTATh MMOJYUCHHYIO BEJIMYMHY HAaBECKU Ha 00BEM.

Paccuurtarh HY>KHBIM 00bEM BOJIbI, OTMEPUTH €TI0 MEPHBIM LIMJIUHAPOM U BIUTH B CTaKaH.

OTMepHUTh MEPHBIM IIMJIMHIPOM PACCUUTAHHBIA 00BbEM PACcTBOpA KHCIIOTHI, BIUThH €r0 B BO-
Iy (B cilydae CEepHOI KHCIOTHI BbUIMBATh TOHKOW CTpyel MpU MOMENIMBAHUM) U TIIATEIBHO I1€-
pemelaTs pacTBop.

OxyamuB €ro 10 TeMIlepaTyphl, YKa3aHHOW B TaOJWIle, TIEPETUTh B CyXOW BBICOKHH ITH-
JUHAP U ONPENEINUTD IIJIOTHOCTh APEOMETPOM.

CnuTh NOTY4YEHHBIN PacTBOP KUCIOTHI B IPUTOTOBJICHHYIO CKIISTHKY.

[Tonw3ysck Tabnuieit, onpenenuts o (%) MOTY4EHHOTO pacTBOpa U MPOBEPUTH, TAKUM 00-
pa3oM, TOUHOCTH BBITTOJIHEHUS OTIbITA.

BoruncnuTh MOJISPHYIO 1 HOpMAJIbHYIO KOHIIEHTPALMU OJIYYEHHOIO PacTBOpa.

2. TIpurotosuts 200 M1 pacTBOpa rumpokcuaa Hatpus (p=1,050 /cM°) U3 KOHIEHTPHPO-
BAHHOI'O PacTBOpAa U BOJBL.
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Onpenenuts apeoMeTPOM TUIOTHOCTh KOHIICHTPUPOBAHHOTO PAaCTBOpA.

Haiitu o (%) runpokcuna Hatpus (Tabiuiia) B MCXOAHOM U TIOJIYy4aeMOM pacTBOpax.

Beruncnuth Maccy pactBopa. PaccuurtaTh HaBecKy, a 3aTeéM 00beM KOHIIEHTPUPOBAHHOTO
pacTtBopa 1 00beM BOJIbI, HEOOXOAUMBIE JJIsl IPUTOTOBIICHUS 3aJaHHOTO PacTBOpA.

OTMepUTh MEPHBIM IMJIMHIPOM BBIYUCICHHBIE 00bEMBI
KOHIEHTPUPOBAHHOTO PAcTBOPA M BOJIbI, CIUTh UX, TIIATEIbHO MEpeMenaTh XHUJIKOCTb, IOCIE
OXJIQKJCHHUS BBUIMTH B CyXOW BBICOKH LWJIMHIP U OMPEACIUTh apeOMETPOM TUIOTHOCTh TOIY-
YEHHOI'0 PacTBOPA, a 3aTE€M BBUIUTH €0 B CKIISHKY.

OrnpenenuTb pacxox/IeHUEe HalIEHHOM TUIOTHOCTH U 3aJaHHOM B MPOIEHTAX.

BbraucanTs MOJSPHYIO M HOPMaJIbHYIO KOHIIGHTPAIMH [TOJIy4€HHOTO pacTBOpA.

Paszgea 8 PactBopbl. CiocoObI BHIpaKeHUS COCTABA PACTBOPOB.
Jlabopamopuaa paboma: « IlpuroroBieHue pacTuTeJbHbIX HHAUKATOPOB
Wupukarops! (ot nat. Indicator — ykaszarenb) — coelMHEHHE, TO3BOJIAIONIEE BU3YAIU3H-

poBaTh U3MEHEHUE KOHLIEHTPALMK KaKOro-IM00 BEllecTBa UM KOMIIOHEHTa. YT0oObI Kakoe-I11bo
BEIIIECTBO MOIJIO CIY)KUTh MHJIUKATOPOM, OHO JIOJKHO YIOBJIETBOPATH CJEIYIOLIUM HEO0O0XOaU-
MBIM YCJIOBHSIM: JOJUKHO OBITH Ci1a0O0M KHCJIOTOM MM ClIa0bIM OCHOBaHUEM; €r0 MOJIEKYJIbl U
HOHBI JOJKHBI MIMETh Pa3HYIO0 OKpPAacKy; OKpacka MX JOJDKHA OBbITh Upe3BBIYAHHO MHTEHCHBHOM,
YTOOBI OBITH 3aMETHOW TPH T00ABKE K UCIBITYEMOMY PacTBOPY Majoro KOJHMYECTBa MHAWKATO-
pa. IIpobnema nostyueHus: ”HIUKATOPOB JOCTATOYHO AKTyallbHA, TAaK KaK MPUPOIHbIE HHAUKATO-
PBI HTPAOT OOJBIIYIO POJIb U HIMPOKO MCIOIB3YIOTCS MPU XUMHYECKHX HCCIIeAoBaHUsIX. NHau-
KaTopbl IIUPOKO HCHOJb3YIOT B TUTPOBAHUU B AHAIUTHYECKOM XMMHUHM W Omoxumuu. Mx mpe-
MMYILECTBOM SIBJIIETCS ACIIEBU3HA, OBICTPOTA U HAIJIAIHOCTh UCCIIEI0BAHUSI.
CaMblil 4acTO HUCIIOJIB3YEMbIM U U3BECTHBIN B XUMUU PACTUTEIIbHBIN KUCIOTHO-OCHOBHON MHIU-
katop — Jlakmyc. OH ObUT U3BecTeH yxke B JIpeBHem Erunre u B JIpeBHem Pume, rie ero ucnosib-
30BaJId B Ka4eCTBE (PHOIETOBOM KPACKHU - 3aMEHUTENS TIOPOTrOCTOSIILEr0 MypIypa.
[Toz>ke makmyc ObUT OTKPHIT B 1663 roxy. OH npeacTasisii cO00# BOAHBIN pacTBOP JHUIIANHUKA,
pactymiero Ha ckanax B lllotnanauu. PoGept boitnb mpuroToBui BoJHBIN pacTBOpP JJAKMYCOBOTO
JUIIaiHUKA JIJIs1 CBOMX ONbITOB. CKIISTHKA, B KOTOPOM OH XpaHWJI HACTOM, MOHa00MIach JIIs CO-
JSTHOM KUCIIOTHI. BBITHB HacToi, bolib HaMmoNHMII CKISHKY KUCJIOTOH U € yIUBJIEHUEM OOHapy-
JKHWJI, YTO KUCJIOTA MOKPACHeNa. 3auHTEPECOBAaBIINCH ITUM sIBJIEeHHEM, boiine Ha npoly nobasui
HECKOJIBKO Kamellb K BOJHOMY PacTBOPY TMAPOKCHIA HATPUS U OOHAPYKWJ, YTO B IIETOYHOMH
cpene JakMyc cuHeeT. Tak ObUT OTKPBIT MEePBbII MHAMKATOP Vi1 OOHAPYKEHUS KUCIIOT U ILIENOo-
4el, Ha3BaHHBIM 110 UMEHU JIUIIAWHUKA JJaKMycoM. C TexX Iop 3TOT UHAMKATOP SABISAETCS OJHUM
U3 HE3aMEHUMBIX HHAMKATOPOB B Pa3JIMYHbIX UCCIEIOBAHUIX B 00JaCTH XUMHH.
Cy11ecTBYIOT ClIEyIOIINE BUIbl XUMUYECKUX UHAUKATOPOB:

e KHCIOTHO-OCHOBHBIE.
YHuBepcanbHbIe
KommnekconomeTpuieckne
AncopOIoHHbIE
@I1yopeCIIEHTHbIE
XEeMUITIOMUHECIICHTHBIE

KucnoTHO-OCHOBHBIE — 3TO OpraHHMYECKUE COEAMHEHUS, CIIOCOOHBIE M3MEHSTH IIBET B pac-
TBOpPE MpPHU U3MEHEHUU KUCIOTHOCTH. Takue MHAWKATOPHI PEe3KO M3MEHSIOT CBOM IIBET B JIOCTa-
TOYHO Y3KHMX rpaHunax pH.

YHuBepcalbHble WHIUKATOPbl — 3TO CMECh HECKOJIbKHUX WHIUBUAYAIbHBIX HWHIUKATOPOB,
0J00paHHBIX TAK, YTO UX PACTBOP MOOUEPETHO MEHSET OKpPACKy, MPOXO/Is BCE LIBETA.

KommiekcoHomeTpruyeckue MHIAMKATOPhl — BEIIECTBA, 00pasyiolle ¢ MOHAMH METaJIOB,
OKpaIllEHHbIE KOMIUIEKCHBIE COETUHEHMUSL.

AncopOIMOHHBIE HHAUKATOPBl — MHIMKATOPBI, KOTJJa HEKOTOPhIE BEIIECTBA aJCOpOHpYIOTCs
Ha MIOBEPXHOCTH OCa/IKa, U3MEHSIS €70 OKPACKY.


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

39

@yopecleHTHbIE HHIUKATOPbl — TaKue WHAMKATOPBI CBETATCS ((IIyopecuupyloT) pa3HbIM
1[BETOM B 3aBUcUMOCTH OT pH pactBopa. OHU y1OOHBI IIPU UCCIIEOBAHUM MYTHBIX WM OKpa-
HIEHHBIX PACTBOPOB, B KOTOPBIX MPAKTUYECKH HEBO3MOXKHO 3aMETHTh HM3MEHEHUE OKpPACKU
OOBIYHBIMHU KHCJIOTHO-OCHOBHBIMHU MHMKATOPaMHU.

X eMUITIOMUHECIIEHTHBIE WHAUKATOPhl — BEIIECTBA, CIIOCOOHBIE B TOYKE 3KBHUBAJICHTHOCTU
CBETUTBHCS BUIMMBIM CBETOM M MCIIOJIb3yEMbI€ NPU TUTPOBAHUM CHUIBHO OKpAIIEHHBIX PacTBO-
pOB.

[TprunHa n3MeHeHus LIBeTa UHAUKATOPOB B TOM, YTO NPUCOEANHEHHUE WM OT/1a4ya IPOTOHOB
€ro MOJICKYJIaMH CBS3aHBI C 3aMEHOM OJTHUX XpPOMOGOPHBIX TPYII JPYTUMH WK C TMOSBICHUEM
HOBBIX XpOMO(OPHBIX I'PYIII.

XpoMopOpbl — HEHACHIICHHBIC TPYIIIBI aTOMOB, 00YCIAaBIMBAIONIME IIBET XUMHYECKOTO CO-
equHenus. K xpomodopam otHocsT azorpynny —N=N—, aurporpynmny —NO-, HuTpo30TpyII-
ny —N=0, kap6onmibnyto rpymnmny =C=0, conpspKeHHbIE CUCTEMbI JBOWHBIX CBSI3EH, XUHOU/I-
Hbl€ TPYIIIMPOBKH U JP.

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

Ecnu namukaTop - cnabas kuciora HIn, To B BomHOM pacTBope umeer Mmecto 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. KuCnast ¥ OCHOBHAs (bopMBI
UH/IMKaTopa, KOTOpble OKpalleHbl pa3nuuHo. KoHcraHTa paBHOBecus 3Toro mpouecca Kin =
[Ins][H3O*)/[Ina] HassiBaeTCst KOHCTaHTOW MHAMKATOpa. L[BET pacTBOpa 3aBHCHUT OT COOTHOLIE-
Hus [Ina]/[Ins], koTopoe onpenensiercst pH pactBopa. CUnTaOT, 4TO LBET OJHOH (HOPMBI MHIH-
KaTopa 3aMeTeH, eciH ee KOHueHTparus B 10 pa3 mpeBblacT KOHICHTPALUUIO APYroi (HOpMBI,
TO ecTh ecnu otHowmenue [Ina]/[Iny] = [H3O*]/Kin paBro <0,1 mnm >10. U3menenue naubonee
otueiuBo, koraa [Ina] = [Iny] u Kin = [H30]", 1.e. npu pH = pKin. K coxanienuro, npupoaHbie
UH/IMKAaTOpbl HE UMEIOT MHTEpBaja Mepexoja n3-3a CBOETO CIIOKHOro cocTaBa. MIHTepBaibl me-
pexojia HEKOTOPbIX U3BECTHBIX CUHTETHUECKHUX UHIUKATOPOB CMOTPH HUXKeE (puc. 1).

Migukatop © 1 2 3 4 5 6 7 8 9 10 11 12 13 |

TUMONOBLIA CHHUIA - —
MeTunopaHnx
Bpomkpezonoeslid 3enéHbIA 5
MeTHNoBLIH KpacHbIH
BpomMTUMONOBLIA CUHUIA
OeHondTaneuH
TumondgTaneuH

ANU3apUHOBLIA KENTEIM R

Puc. 1. I3MeHeHue 1iBeTa CHHTETUUECKUX UHIUKATOPOB B 3aBUCUMOCTH OT PH.
Kuca0THO-0CHOBHBIE MHIMKATOPBI MOXKHO HAWTH cpelld MPUPOJHBIX 00beKTOB. [Iurmen-
Thl MHOTHX PAaCTEHUH CIIOCOOHBI MEHSTH LIBET B 3aBUCUMOCTH OT KUCJIOTHOCTH KJIETOUYHOTO COKA.
CrneznctBue, TUTMEHTHI ABIISIOTCS MHIAUKATOPaMH, KOTOPbIE MOKHO INPUMEHUTH JUIsl UCCIIEI0BA-
HUSL KHUCJIOTHOCTH JIpyruXx pacTtBopoB. OOI1iee Ha3BaHHE TAKUX PACTUTEIbHBIX MUTMEHTOB (uia-
BoHOU1bI. DnaBoHou B! (OT NaT. flavus - xKenThlit) — rpyIna NPUPOIHBIX OMOIOTUYECKH aKTHB-
HBIX COEJMHEHUN — MPOU3BOAHBIX OEH30raMManupoHa, B OCHOBE KOTOPBIX JICKHUT (hEHUINPOIIa-
HOBBII CKEJIET. DTO IeTEPOLUKINYECKHE COETUHEHNS C aTOMOM KUCJIOPOZA B KOJIBIIE.
Konbio A cuntesupyercs U3 Tpex akTUBUPOBAHHBIX MOJIEKYJ MaJIOHOBOM KHCJIOTHI.
Konbuo B (cM. puc.2) 1 npuMbIKaloNUuii K HeMy TpexyriepoaHbiii ¢pparment (atomsl C-2, C-3 u
C-4 u O, o6pa3yromnue koibiio C) CHHTE3UPYIOTCS U3 MTUKUMOBOW KUCIOTHI U (OCHOCHOITTHUPO-
BUHOTPAJHON KUCIIOTHI ¢ IPOMEKYTOUYHBIM 00pa3oBaHHEM depe3 (eHUITATaHUHKOPHUHYIO KHC-
JOTY.
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O

Puc. 2. O6mas ctpykrypa ¢1aBoHOB (MMeHa apoMaTHieckux konei: A - C - B).

[Tpon3BOIHBIMU 3TUX BEIIECTB SIBISIOTCS KaTEXHHBI, OCTallMaHUHBI, aHTOIIUAHBI M aHTO-
[MUAHUJIUHEL. AHTOIIMAHBI — o0lee Ha3BaHWe (IABOHOMIHOTO MUrMeHTa. OHHU COCTOST U3 yriie-
BOJIa (caxapa) U arjiiKOHa — HEYIJICBOJAHOM COCTABIISIONICH, B KAYECTBE KOTOPOTO Y aHTOI[HAHOB
BBICTYIAIOT aHTOIIMAHUINHBI — 2-(DeHUIXPOMEHBI, KPOME TOTO, BO MHOTHX CITydasX OHH UMEIOT
aluIIbHYIO Tpynmy (puc. 3).

aHTOLWaH aHT OLMaHWIMH

Puc. 3. CtpykrypHble popMysIbl aHTOLIMAHA U AHTOIIMAHUIMHA.
Haubonee pacripocTpaHeHHBIMU SIBIISTFOTCS IMAHUIWH, AeTbQUHUINH, TEOHUTUH (Tabm. 1).

AnTomuanuaun R1 R2 R3 R4 R5 R6 R7
AypantunuauH -H -OH -H -OH -OH -OH -OH
Huanuaua -OH -OH -H -OH-OH -H -OH
Hemspuangua -OH  -OH -OH -OH -OH -H -OH
Esporuanaua -OCHs -OH -OH -OH -OCH3 -H -OH
Jroreonuanana -OH -OH -H -H -OH -H -OH
[lenapronuann  -H -OH -H -OH -OH -H -OH
MabBUIHH -OCH3z -OH -OCH3 -OH -OH -H -OH

[Teounanu -OCH3; -OH -H -OH -OH -H -OH
[eryannnx -OH -OH -OCHs3 -OH -OH -H -OH
Posunnann -OCH3 -OH -H -OH -OH -H -OCHs

Tabn. 1. TunuyHble IPEICTABUTENN aHTOLIUAHOB.

L{BeT aHTOIIMAaHUIMHOB sBIseTC pH 3aBHCHMBIM. AHTOLIMAHUIMHOBAs CUCTEMA TpeTep-
NIeBaeT Pa3IMIHbIC MOJICKYJSIPHBIE MTPeoOpa3oBaHus, CBsI3aHHbIE ¢ M3MeHeHneM pH. B BomHBIX
pacTBOpax CYyILIECTBYET IMATh MOJEKYISIPHBIX BHIOB XMMHYECKOI'O PABHOBECHUS AaHTOILMAHUIH-
HOB: KpacHasi MUPUIIMEBasi COJIb, OECIIBETHOE TICEBIOOCHOBAHNE, CHHSISI XUHOUIHAS (hopMa, TTyp-
NypHBIN (PEHONAT XUHOUAHON (POPMBI, KENTHIN XAIKOH (pHcC. 4).
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- H,0
+H,0

HO
] JESTTEIH XaTEOH

O i p=—4
CHEAT XHEOHIHZT fopua XHHOHIHOH $opuE (©H>5)
feH=6-Th OH (pH=T7-8) OH OH

Puc. 4. I1aTh MOJEKYASPHBIX BUIOB XMMUYECKOTO PABHOBECHUS AaHTOIIMAHUIUHOB.

Ha kucneix pH = 1-3, aHTOIMAaHUANH CYIIECTBYET MPEUMYIIECTBEHHO B BUJE KPACHOW MUPUIIH-
eBoil conu. YBenuueHue pH NpuUBOAUT K CHHUKEHHIO MHTEHCHBHOCTH IIBETA, TaK KaK IepBas
dbopMa moaBepraercsi TUApaTald, BCIEACTBUE KOTOpPOW monydyaeTcs: OecuBerHas. M3-3a Hyk-
71eo(UIBHON aTaku BOJBI Ha 2-TIOJIOKEHHE AaHTOLUMAHUIUHOBOTO CKEJeTa W OBICTPOW MOTEpH
MPOTOHA Y ()JIaBUITUEBBIX KATHOHOB PAaBHOBECHE CMEIIAETCS B CTOPOHY CHHEH XUHOUTHOU (op-
mbl ipu pH <7 u x mypriypHOMy (henomnsiTy xunougHor ¢opmsl ipu pH <8. [lpu nanpHeiimem
yBenuueHUH pH momydaercss cBeTIO-KeNThIMXankoH. /laHHOe mpeBpallleHHe MPOUCXOIUT 3a
CYET OTKPBITUSI LEHTPAILHOTO KOJbLA. L[BeT menodnsiM pacTBOpaM MOTYT OBITH BO3BPAIICHBI
nyTeM u3MeHeHus pH k kucnoil. AHTOIIMaHUIUHOBAsE OopMa paBHOBECHUS MEPEXO0] K paBHOBE-
CHIO, TJIe KOHIEHTpAIHMs KPAaCHBIX HOHOB (DIaBHIIMEBOTO KaTHOHA Ipeobnanaer. OQHAKO, €Ciu
3HaueHue pH CIMIIKOM BBICOKO M HEyCTOWYMBAs MOHHas (opMa XallkoHa yxe cOopMHUpPOBaHa,
BOCCTAHOBJIEHHE B ()OpPMY KpAaCHOW MUPHUIUEBOM COJIM HE MOKET ObITh JOCTUTHYTO MyTEM IIpO-
CTOTO MOBTOPHOTO MOJKUCIIEHUS. B 3TOM ciydae XankoH npeodpa3yercsi B IMUKETOH 3a CUET Ke-
TO-CHOJILHOUN TayToMepHH (puc. 5).

OH

anbaerng

\II/E\ kap6oHoBas
l Kucnota

anba-ANKeToH |

e N oH

Puc. 5. Obmas cxema mpeoOpa3oBaHMsI XaTKOHA
HekoTtopsie MeTamisl, Takue kak Fe** u AI®* o6pasyroT cTabunpHble rTy6OKOHACKIIICH-
HBIC IIBCTHBIC KOOp)II/IHaHI/IOHHBIe KOMIIJICKCBI C aHTOIIMaHaMU, KOTOpI)Ie 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 nornomenns. KoMmiekcsl Toxe sBisiorcs pH 3aBucuMbivu. OHE TIPUHH-

enhtyzz
KpacHpiit, i 6aTOXpOMHBIN, CIBUT — CIIBHT MTOJIOCHI B CTOPOHY JUTMHHBIX BOJIH.
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MAIOT Y4acTH Kak B 00pa30BaHUM IBETHBIX, TaKk W OecuBeTHOH (hopmbl. Takum obpazom, pas-
Jau4HbIe (HaKTOPBI, BKIKOYAsi KOHIEHTPALUIO U MPUPOAY aHTOIUAHUAMHOBOTO, aHTOLIMAHHUIUHO-
BOTO paBHOBecHs ()OPMBI, CTCIICHH TIIMKO3WIMPOBAHKS aHTOIMAHOB, AIMUIMPOBAHKE, IPUPOIA U
KOHIEHTpAUsl MUTMEHTOB, METAJUIMYECKUE KOMILIEKChI, BHYTPH- U MEXKMOJIEKYJISIPHBIX MeXa-
HU3MBI aCCOIUAINH — BIMSIFOT HA U3MEHEHHUE I[BETA M €T'0 HACBIIEHHOCTb.

['maBHas poyib aHTOIMAHOB B O0Opa30BaHUU 1IBETAa B LIBETKAX PACTCHHUM — MpPUBIICYCHHE
ompUIHTENEH. B miiomax ske — i MPUBJICYCHUS BHUMAHUS )KHUBOTHBIX, KOTOPBIE MOTYT ChECTh
UX ¥ TEM CaMbIM IIOMOYb B paclpoCcTpaHeHHH ceMsiH. B (oTocuHTeTHUECKHUX TKaHAX (TaKMX Kak
JUCThS) AaHTOIIMAHBI UMCIOT «COJIHIIC3AIMUTHYIO» (DYHKIIMIO, MOTJIONMAsi CUHE-3€JICHBI U YIib-
Tpa(UOJIETOBBIN CBET, 3alUINas TKaHU OT (POTOMHTHOMpoBaHUs. B KieTke aHTOLMAHBI pacmo-
JIOKEHBI B BaKyOJISIX. YBEJIMYCHUE BaKyoJsIpHON pH B jemecTkax I[BETOB CBSI3aHO C aKTHBHBIM
tpancrnioprom Na* u/umn K* U3 nuro3ois B MeMOpaHy BaKyoJIlM Yepe3 HATPHH-KaIUEBbIA KaHaJl.
Ota cucremMaTnyeckas TPaHCIIOPTUPOBKA MOHOB MOJAECPKUBAET ciadormienoynyo pH Bakyoun,
MPOU3BO/Isl HEOECHO-TONYObIE JTIEMECTKH.
Karexunbpl — monuQeHoIbHBIC COSTUHEHUS B COCTaBe Yasi. TUITMYHBIC TPEICTABUTEIIH — TAHUHBI.
Takxke MEHSIOT CBOI OKPAacKy B 3aBUCMMOCTU OT pa3iIU4HbIX 3HaueHuid PH. B kucnoii cpene
OHHM CBETJICIOT, B IIEJIOYHON — TEMHEIOT. biIM3KHe 10 OKpacKe K aHTOIMaHAM ITUTMEHTBI

beranmanunsl (betterave — cBekia (¢p.)) HUKOTIa HE BCTPEYAIOTCS BMECTE C aHTOI[MaHa-
MH B OJHUX U TeX ke pacTeHusx. CTpykTypa OeTallMaHWHOB JIOJITO€ BpEMs HE IO/J1aBajach
pacundpoBKe U OblIa OJHOW M3 CaMbIX 3araJOYHBIX TallH Ouoxumuu pacteHuil. Hecmotps Ha
CXOJICTBO B OKpacke, XpoMO(GOPHBIH (PparMeHT OCTaIIMaHMHOB COBEPIIICHHO HE TMOXO0XK Ha XpPO-
MO(Op aHTOIIMAHOB, XOTS TOXXE MMEET IMOJOXKHUTEIbHBIN 3apsa. beranmaHuHbl OYEHB XOPOILIO
PacTBOPUMBI B BOJIEC U O0JIee YCTOWYUBEI, YeM aHTOIMaHbl. Hanboiee H3BECTHBI HCTOYHUK Oc-
TallMaHUHOB — OOBIYHAS CTOJIOBAs CBEKJIA.

AHTOIMAHBI COJIEPIKATCS B BAKYyOJISIX KIETOK PACTEHUH, I TOICPKUBACTCS ITOCTOSH-
HBIMPH. {11 Toro 94T06BI MOTYYUTh UHAUKATOP TpeOyeTCs U3BJIeUb MX U3 KIeTKH. CylIecTByeT
HECKOJIBKO CIIOCOOOB CJIeNIaTh 3TO: C TIOMOIIBI0 MEXaHUYECKOTO BO3ACHCTBHS (pa3pes3ars), ¢ 1o-
MOIIBIO TEIJIOBOTO II0Ka (OTBApUTH), C TIOMOIIBIO AKCTPArupoOBaHUs (JIy4Ille BCETO MCIOIB30-
BaThb NOJISIPHBIA PACTBOPUTEID).

OH rNKosa rNKoza o

- '-3+-' .......-
Al

Cl
©
Puc. 6. [Ipumep komIuiekca, 06pa30BaHHOTO METAJUIAMU M aHTOLIMAHAMHU.
B kaudecTBe ChIpbs JIydllle BCErO KCIOJIb30BATh JIENECTKU WM 3pelible MmIoabl. B To xe
BpEMsI MOXKHO MCIIOJIb30BaTh 3arOTOBJIEHHBIE HA 3UMY BapeHbsl, KOMIIOTHI, KOTOPBIE COXPaHSIOT
OKpAacKy pacTBOpa, HallpuMep, YEPHYI0 CMOPOMHY, MaluHy. HekoTopsie copTa yas Toxe sSBJs-
I0TCs MHAMKaTopamu. Hermnoxo moaxoasT pa3inuyHble COKH (XKEJIaTENbHO CBEXKENPUTOTOBIICH-
HBI€), Hanpumep, u3 BUHOrpaaa (Konkopaa uim MycKaTHOTO) UM BUIIHH.
K coxanenuio, n3z-3a HEyCTOMUMBOCTH aHTOLIMAHOB, OTBAphbl OBICTPO IUIECHEBEIOT U CKHUCAIOT,
MIOTOMY TOTOBUTH TaKHe€ WHAMKATOPHI HA/10 HEITOCPEJICTBEHHO Mepe]l paboToN ¢ HUMHU.
Memoouk 011 nonyyerus pacmeopos nPupoOHbIX UHOUKAMOPOB:
1) B34Tb HEMHOTO 3aMaCEHHOTO CHIPhS (TOYHOE KOJIMYECTBO HE MMEET 3HAUCHHS), MOJOXKUTH B
NpOOUPKY, HAJTUTh BOJABI, IOCTABUTH HA BOJSHYIO OaHIO U HarpeBaTh J0 Te€X MOp, TOKa PacTBOP
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He okpacurcs. Kaxplii pacTBOp mocie OXJaKIeHUs HeoOXOAUMO Mpo(UILTPOBATH U CIHUThH B
IPUTOTOBJICHHYIO 3apaHee YHCTYIO CKIISHKY C TUKETKOH.

2) B3sTh HEMHOT'O 3aMIACEHHOT0O ChIPhS (B IAaHHOM CITydae JICTIECTKOB), pacTOJIOYb UX B CTYIIKE U
9KCTParupoBaTh B 3TWJIOBOM CIHUpTE WM yauT-criupure. [losyueHHbI pacTBOp nmpoduibTpo-
BaTh U CJIUTH B 3apaHee MOJrOTOBICHHYIO YUCTYIO IOIIHCAHHYIO TPOOUPKY.

Tak ke MOXHO U3rOTOBUTh MHIMKATOPHYIO Oymary, IpoIHUTaB MOJOCKH (pUIbTpOBaIbHOM Oyma-
T'H PacTBOPaMH MOJYYEHHBIX KCTPAKTOB (YHHBEpPCATBbHBIM HHIUKATOpPOM). J{ist Gojiee TOYHOTO
OIpeieNIeHus MOJIyYEHHbIM P HAaHECEHNH KaIlIM pacTBOpA L[BET MHAMKATOPHON Oymaru HeoO-
XOJHMMO HEMEJUIEHHO CPAaBHUTh C ATAJIOHHOM I[BETOBOM IIKanou. KpoMe Toro mis ucrnoias3oBa-
HUSl MHIMKATOPOB M3 MPUPOJHOIO ChIPbS HYXKHO 3HaTh, YTO HEKOTOpPbIE MHAMKATOPBHI MOXHO
UCTIOJIB30BaTh TOJIBKO OJIMH pa3, TaK Kak MOCJe NEePBOTO e M3MEHEHHs pa3pyIIaloTcs U mepe-
CTalOT pearupoBaTh (LBETKH KHUIIpes), a APYrHMe — MHOIOKPATHO (K MpPUMEpPY, SKCTPAKT L[BETOB
KOJIOKOJIbUHKA).

3) CeipbeM Juist U3BJICUEHUSI AHTOLMAHOBOT'O KPACUTEINS CIYXKaT N3MEIbUEHHbIE SIr0JIbl YePHUKH,
IUTO/T CBEKJIbI, KPACHOKOYAHHOM KaITyCThl, MOPKOBHBIA W BUIIIHEBHII COK, BAPEHBbE M3 KIFOKBBI,
JMCThsl 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®. ITomydeHHbIe JKc-
TPaKTHl (QUIBTPYIOT C TOMOIIBIO (PHIBTPOBAILHONW OyMaru W MOJy4eHHBIH (PUIbTpAT HAIMBAIA
B 3apaHee MOArOTOBIECHHYIO KOJIOY.

Omnpenenenne 3¢(HEeKTUBHOCTH WHAWKATOpPA — aHATUTUYECKAs PEAKIHsl, KOTOPYI0 HEOOXOIMMO
IPOBOJUTH IPH CTPOTO ONpPE/IEIEHHOM 3HaUYeHUH PH, KOTopoe JOIKHO COXPaHATHCS BCEro Mpo-
1ecca npoBeIeHUsT peakuuu. JIsi coxpaHeHus: OCTOSTHHOTO 3HadeHus: PH mpumenstor Oydep-
HBIE PacTBOPBL. YHUBEpcalbHBIM OydepHbIii pacTBop (T.e. OydepHBI pacTBOp, 00JIaTarONIHiA
Oompmroi Oydeproit emkoctrio) u3 H3POs, CH3COOH, H3BOs3, monsprocTs 0,04 Mob/I1, KOH-
neHtpanus kuciot 100%. lanuelid pactBop uMmeeTr OydepHyro emkocts oT pH =2 1o pH = 12
(o Jlypse).

Pacuets! 17151 OyepHBIX pacTBOpPOB:

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

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

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

m (HzBO3) = 0,04 mome/1 x 0,11 X 62 r/mMonb = 0,248 T.

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

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

Jnist mpuroToBieHus: Oy(GepHBIX paCTBOPOB MCIIONIB3YIOT cMeCh KHCIOT. C IMOMOIIBIO BECOB OT-
MEpUTh HEOOXOMMYIO, COTJIACHO pacyeTaM, MacCy KMCJIOT, CMeIIaTh UX B MepHOM cTakaue ¢ 0,1
7 ITUCTHJUTMPOBAHHOW BOIbl. K MOMydeHHOMY pacTBOpPY NOOABUTH HEOOXOAMMOE KOJIHYECTBO
NaOH (cMm. Tabn. 2). 3atem B3sTh anukBoty (10 M) monydernHoro OydepHoro pactBopa. [lo-
cienHue 2 onepanuu noTopAats emie 10 pa3 ans 6ydepHbIX pacTBOPOB C pazaTudHbIMPH.
[TpuroroBnenue 6y(pepHbIX paCTBOPOB:

V cMecH KUCIIOT

(mepBOoHAYATBEHOTO V NaOH, mn V nonyyenHoro o0ydepa, M 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
88,9 4,7 93,6 6
83,6 6,2 89,8 7
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79,8 4 83,8
73,8 3,7 77,5
67,5 4 71,5 10
61,5 1,9 63,4 11
53,4 4,84 58,2 12

Tab6nuia 2. PacyetHas Tabnuna 1yt pUroToBiIeHUs Oy(GepHBIX PaCTBOPOB.

1.YepHuxa.

OO6pa3ser aroa YepHUKH SKCTParupoBTh Bojaol (25°C) B Teuenne 10 muH. J06aBUTH B IPOOUPKHU
no 0,5 mu O6ydeproro pactBopa u 0,8 M OTydeHHOTO dKCTpakTa. Habmrogare n3MeHeHUE 1Be-
Ta (puc. 7).

TEMHO-HPACHBINA PO30BbIA duoneToBLIA TEMHO-DHONETOBLIH
pH 2 3 4 5 6 ¥ 8 9 10 11 12

Puc. 7. I3MeHeHne OKpacku 3KCTpaKTa YEPHUKU B 3aBUCHMOCTH OT pa3jIM4HbIX 3HaueHuil pH
2. Kapkane (rubuckyc).

O06pasern conBeTHii ruOUcKyca 3KCTparupoBTh Boaoi (85°C) B Teuenue 5 muH. J[06aBUTH B Ipo-
6upku o 0,5 ma 6ycdeproro pactBopa u 0,8 M1 oy4eHHOTO dKCTpakTa. Habmongate n3mene-
Hue 1BeTa (puc. 8).

KpacHbIi 6nepno-kpacHblit  GecuBeTHbI cupeHesbii TEMHO-DNONETOBbIN
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 8. I3MeHeHne oKpacku 3KCTpakTa TMOMCKyca B 3aBUCUMOCTH OT pa3/InYHbIX 3HaueHui pH
3. Ceexua.

[Inox cBexibl mope3aTh Ha KYCOUKH U 3KkcTparupoBab0 Bosoi (25°C) B teuenue 20 muH. Jloba-
BUTH B mpodbupku o 0,5 mu 6ydepa u 0,8 mi nosyueHHoro pactopa. HabGmonTe n3MeHeHue
uBera (puc. 9).

TEeMHO-KPacHbli KpacHbIi apro-buoneTosbiit  TEMHO-PHUONETOBbIN
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 9. I3MeHeHne OKpacKu SKCTpaKTa CBEKJIbI B 3aBUCUMOCTH OT pa3MYHbIX 3HaueHui pH

4. Yaii yepHbIN

OO0pasen TUCTHEB YEPHOTO Yasi IKCTparupoBaTh Bomoi (85°C) B Teuenue 5 muH. [[o6aBUTH B
npobupku 1o 0,5 M OydepHoro pactopa u 0,8 M1 mosrydeHHOTO SKCTpakTa. Habmonre nzme-
HEHUE OTTEHKa UCXOAHOTO 11BeTa (puc. 10).
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6neaHO-MenTbil  CBETN0-KOPUYHEBbIN KOPUYHEBbIN TEMHO-KOPUYHEBbIN
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 10. I3meHeHne OKpacKku SKCTPAKTa Yasi B 3aBUCIMOCTH OT Pa3JIMYHbIX 3HaUYeHui pH

5. Cok BULIHEBBIN

Cok pa306aBuTh AUCTIILIMPOBaHHOM BoAoH B 10 pa3. [lo6aButs B mpodupku mo 0,5 mia Oydepa u
0,8 mu1 mommyuenHoro pactBopa. HaGmonars nsmenenue nsera (puc. 11).

BUWIHEBbI APKO-KPacHbiii  APKO-PO30BbiiA pO30BbIH 6negHo-po30BbLIA
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 11. VI3meHeHNe OKpacKu IKCTPAKTa BUILIHU B 3aBUCUMOCTH OT Pa3IMYHbIX 3HaYueHUi pH

6. KimtokBeHHOE BapeHbe

OKCTparupoBaTh CIUPTOBBIM pacTBOpoM. Jlo0aBuTh B podupku no 0,5 mi 6ydepa u 0,8 mi no-
JTy4deHHoro pactBopa. HaGmromnate nsmMenenue nsera (puc. 13).

KOPWUHEBO-OPAH3KEBbIii OPaHKEeBblii  0N1€AHO-KPacHbIN KDacHbIN TEMHO-KPacHbIi

-:.—‘

pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 12. VI3meHeHNe OKpacKu 3KCTPAKTa KJIFOKBBI B 3aBUCUMOCTH OT Pa3JIMYHBIX 3HaueHui pH

7. KpacHOKOYaHHasI KammycTa

O0pa3zer] TUCThEB KPACHOKOYAHHON KaIyCThl MEJIKO TIOPE3Th U AKCTPArupOBaTh CIIUPTOBBIM pac-
TBOpOM. Jl06aBuTh B podupku 1o 0,5 mia Oydepa u 0,8 mi nmomyyenHoro pacrsopa. Habmronare
n3MeHeHue 1sera (puc. 13).

KpacHbIN 6neaHO-poO30BbIA rony6oi duoneTosblit 3eneHblit
pH 2 3 4 5 6 7 8 9 10 11 12

Puc.13. 3MeHeHHe OKpacKH SKCTpaKTa KPAaCHOKOYAHHOM KaIyCThl B 3aBUCUMOCTH OT pa3iIvy-
HBIX 3HaYeHu pH

8. KoMmuiekcHbIi nHANKATOp ¢ HOHaMu A
I[TpurotoBuTh pacTBopkl ¢ HoHaMu Al¥* O6sem pactBopa 0,01 1. MOTAPHOCTE PACTBOPOB PAaBHA
0,1 moms/m1, 0,01 momns/i1, 0,001 Mmons/1 u 0,0001 Momb/m.

PacueTs! a1 IpUroTOBIEHUS PACTBOPA.

B nepecuere na AlClsx 6H20

m (AICI3) = (131,5 + 6 x 18) r/moms % 0,0151 x 0,1 mons/n = 0,36 T

Kpucrannoruapar maccoit 0,36 r pactBoputs B 0,015 1 nuctminupoBanHoi Boabl. Ilomyunts
pactBop MoJisipHOCTHIO 0,1 MOB/n. PacTBOphI ¢ MEHBIIIEH MOJSPHOCTHIO TOJIY4aTh IMOCIEA0BA-
TEJIbHBIM pa3BefeHneM (Opanmu 10 mur pacTBopa ¢ 60blIeii MOJISIPHOCTBIO U pa30aBisiu ero 90
MJI IUCTHIIIMPOBAHHONW BOJbI). JI0OABIATH MOJyYEHHBIE PACTBOPBI K SKCTPAKTY U3 KPACHOKO-
yaHHOW KamycTel. [IpoBepuTh mAelicTBHE MONy4YEHHBIX pacTBOpoB Ha Oydepax ¢ pH = 7
(mewtTpanbHas cpena), pPH = 3 (kucnas cpena), pH = 9 (menounas cpena). Habmronats n3mene-
HHUE OKPACKH, OTIIMYHOE OT OCTAJBHBIX (puc. 15).

|3+.
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Puc. 14. 3meHeHne OKpacKH SKCTPaKTa KPACHOKOYAHHOM KamyCThl B 3aBUCUMOCTH OT pa3iny-
HBIX 3HAYCHHUIA PH ¥ KOHIIEHTPAIIMYA HOHOB AJTFOMUHHUSL.

9. KoMIUIEKCHBIN UHIUKATOP C HOHAMU Fed*

[IpurotoBuTH pacTBOpH! ¢ noHamu Fe3*. O6wem pactBopa 0,01 1. MoONSIpPHOCTH PaCTBOPOB PaBHA
0,1 moaw/n, 0,01 momas/n, 0,001 moas/n u 0,0001 Moibs/m.

Pacuets! ni1st IpUroTOBIEHUS PACTBOPA

B nepecuere na FeClzx 6H20

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

Kpucramnoruapar maccoit 0,4057 r pactBopuiu B 0,015 1 auctrimupoBanHoit Boabl. [lonyunTs
pacTBop MOJSpHOCTHIO 0,1 MOB/11. PacTBOPBI ¢ MEHBIIIEH MOJSIPHOCTHIO MOJTYYUTH MTOCIICIOBA-
TeNbHBIM pa3BefeHueM (B3sTh 10 M1 pacTBopa ¢ OOJbIIEH MOJIAPHOCTHIO U pa3daBisiTh ero 90
MJT JIUCTUJUTMPOBAHHOMN BOJIBI). JJ0OABUTH TOTyYEHHBIC PACTBOPHI K IKCTPAKTY U3 KPACHOKOYAH-
HOM KamycThl. [IpoBepuTh 3(hPeKTUBHOCTH MOTYyYEHHBIX PACTBOPOB B Oy(epHBIX pacTBOpax C
nokasaresieM kKucioTHoctu 3, 7, 9. HaGmionaTe u3MeHEHHE OKPAacKd, OTIIMYHOE OT OCTaJIbHBIX

(puc. 15).
monb/n
0,1 rony6oit duoneTosbIi A
'
/N A
P p
3
0,01 e - b : - : .
P " 2
% o
e K i o 2
"
0,001 H o ﬁ B T
bl C tl :
" "
v ¥ GnegHo-
90001 b duonerossin
3 7 9
KpacHbli 6neagHO-pO30BbIi rony6Goi duoneTosbiit 3eneHblit
PH & 3 4 5 6 7 8 9 10 11 12

Puc. 15. I3MeHeHune OoKpacku dKCTpakTa U3 KPaCHOKOUAHHOW KalyCThl B 3aBUCMMOCTHU OT pas-
JIMYHBIX 3HaYeHUH PH U KOHIIEHTpal1 HOHOB XKeJle3a.

KommuiekcHbple 00pa3oBaHusl ¢ HOHAMU METaJIOB. PacTBOPHI ¢ HOHaMU METAJJIOB UMEIOT CBOIO
KHCJIOTHOCTb, HapUMep, pactBop ¢ MousisspHocThio 0,1 monbs/n umen pH pasusbiii 4, a 0,0001
MoJb/11 — PH paBHbIi 6. I3MeHeHne OKpacKu, OTIMYHOE OT U3MEHEHHsI OKPAaCKU IKCTPaKTa, 4ya-
CTHUYHO BBI3BaHO HE3HAUMTEIbHBIM U3MeHeHneM PH. Kpome 3Toro — antouuansl sBisitoTcs ¢uia-
BOHOHJ/IaMH, & OHM B CBOIO OYepe/lb — MPOM3BOJHBIMU (peHosoB. KauecTBeHHOHN peakiuen Ha
(beHoBI sIBIIETCSA UX B3auMojeicTBue ¢ pactBopoM FeCls, mpu 3ToM 00pa3yroTcsi HHTEHCHBHO
OKpaIlleHHbIE KOMIJIEKCHBIE COSMHEHUS. AHAJIOTMYHAas peaKIys NpoTeKaeT y (hJaBOHOHUIOB U €
AICls. Tem cambIM Ha H3MEHEHHE OKPACKH BIIMSAET HE TOJBKO PH, HO M KOJIMYECTBO HOHOB JKe-
J€3a U aIIOMUHUS B PAacTBOpPE, CIIEJOBATEIbHO, IMOITYYEHHBIE IKCTPAKTHI MOKHO HCIIOJIB30BATh
JUIs OTIpEZIENIEHUs KOJMYECTBA JaHHBIX METAJIOB B pacTBOPAx.
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Onpeoenenue HanU4Uus AHMOYUAHOB 8 UCCIEOVEMBIX 00bEKmMAax
3Has 0 CITOCOOHOCTH aHTOIIMAHOB U3MEHATH CBOIO OKPACKY B PA3IMYHBIX CPEaax, MOXKHO
JI0Ka3aTh WX MPUCYTCTBUE WJIM OMPOBEPTHYTH. [[JIsl 7TOr0 HEOOXOAMMO HCCIISIyeMbli MaTepHral
nmope3aTh WU MOTEPETh, 3aTE€M IMPOKHUIISATUTh, TaK KaK ATO MPUBOJUT K Pa3pyIICHUI0O MeMOpaH
KJIETOK, U aHTOLMAHBI CBOOOJHO BBIXOMAT M3 KIETOK, OKpaIlluBasi BOAY. PacTBOphI HAIMBAIOT B
MIPO3PAYHYIO MOCYAY U J00ABISIOT B OJHY MOPIIMIO PACTBOP COMBI, a B IPYTYIO HAJTUBAIOT YKCYC.
Ecnu okpacka H3MEHUTCS O] KX BO3JCHCTBHEM, 3HAUYUT MPOAYKTHI COJCPIKAT AHTOIIMAHBI U OHU
0COOCHHO TOJIC3HEL.
Onpeoenenue cpedvi pacmeopos MOUWUX CPeOCm8 OJist NOCYObl C ROMOWBIO PACMUMENb-
HbIX UHOUKAMOPOB
C nOMOIIBIO MTPUTOTOBIICHHBIX PACTBOPOB MPHUPOIHBIX HHIUKATOPOB MOXHO TPOBEPHTH,
KaKyI0 Cpely UMEIOT Pa3JInYHbIC MOIOIIHNE CPEJCTBA JIsl TIOCY/BI.
Pe3ynbrathl onpenencHus 3aHECEHBI B TA0HITY.
Peakuust cpeibl paCTBOPOB MOIOIIUX CPEACTB JIJIS TTOCYIbI
«Kammsay» Cpena
pacTBopa

«Fairy»

Srospl YepHUKH

SITOIBI KITFOKBBI
KpacHokouanHas kanycra
Caexkia

MopkoBb

UYepHsblii yail

UYepHb1il BUHOTpAJ

Pa3nen 9 CoiicTBa pacTBOPOB 3J1eKTPOJIUTOB. Teopus 3/1eKTPOJIUTHYECKOI
AUCCOLMALMH.
Jlabopamopnasa paboma: « IAEKTPOJUTHIECKAS THCCOLMATUSDY

[Ipouiecc pacnana BemiecTB HAa MOHBI MOJ JCWCTBUEM MOJSPHBIX MOJEKYN PAacTBOPUTENS
(Hampumep, BOJBI) HA3BIBAIOT AJIEKTPOJUTHUYECKON aucconuanueit. CiencTBUEM 3IEKTPOJIUTH-
YEeCKOW JTMCCOLMAIIUN SABISETCS AJIEKTpUYecKas MPOBOJAUMOCTh PACTBOPOB SJIEKTPOIHUTOB (KHC-
JIOT, OCHOBAHUH, CoJIei).

DNEeKTPOIUTHYECKAsT TUCCOIHMAIMS — MPOIlecC 0OpaTHUMBIH, U B PacTBOpax SJIEKTPOIUTOB
MMEET MECTO PaBHOBECUE MEXKy HOHAMHU M MOJIeKyJiaMu. OTHOIIIEHHE YHCIIa MOJIEKYJI, paciaB-
mmxcss Ha uoHbl (Ni), kK 00meMy unciy pactBopeHHbIX MosieKysn (N)amekTponnTa Ha3bIBaeTCs
cmenenvro ouccoyuayuu o

a = Ni/N.

CremneHb JUCCOIMAIIMH IJICKTPOJIATA ONPEACIACTCS SKCIICPUMEHTAIBHO M BBIPAKACTCS B
JOJISIX €IMHUIBI U B TporieHTax. CTeneHb AUCCOIMAIIMU 3aBUCHT OT MPUPOJBI AIEKTPOIINTA,
€ro KOHIICHTPAITUH, PUPOJIBI PACTBOPUTEIIS, PUCYTCTBUS B PACTBOPE OJTHOMMEHHBIX HOHOB.

[To cremeHW muccouMaliy SIEKTPOIUTHI NEIATCS Ha: CHIIbHBIE, cpenHue u ciadeie. K
CHJIBHBIM 3JIEKTPOJIMTaM OTHOCSTCS Takue, koTopeie B 0,1 M pactBope umerot o > 30%. Cunb-
HBIMH DJIGKTpOJMTaMu sBJstoTCs: 1) moutu Bce comu (kpome HQCly, CdCly, Fe(SCN)s,
Pb(CH3COOQ)2 u HekoTopsie Apyrue); 2) MHOTHE MHUHEpanbHble KUCIOTHI, Hampumep HNO3,
HC1, H2SOs, HI, HBr, HC104 u np.; 3) ocHOBaHHS MIETOYHBIX U MIEIOYHO-3€MEIbHBIX METa-
noB, Hanpumep KOH, NaOH, Ba(OH)2 u ap.

VY cpeanux snexkrponautos o = 3 — 30% B 0,1 M pacTBOpax; K HUM OTHOCSTCSI, HAIpPUMED,
H3POa, H2SO3, HF, Mg(OH)a.

s cnabeix snexktponuToB B 0,1 M pactBopax o < 3%; c1aObIMH 3JIEKTPOTUTAMHE SBIISIFOT-
cs H2S, HoCO3, HNO2, HCN, H3SiO3, H3BO3, HCIO u ap., a Takke OOJBIIMHCTBO OCHOBaHHI
MHOrosajieHTHbIX MeTaiioB, NH4OH u Bona.
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OO0 OTHOCHTENBHON CUJIE DTEKTPOIUTOB MOXKHO CYJUTh IO 3JIEKTPUUECKON MPOBOIUMOCTH
ux pactBopoB. [Ipu pazbaBieHnn pacTBOPOB CTENEHb JIEKTPOIUTHUECKON JUCCOLUAIUNH 0 YBe-
nnuuBaercs. IlpucyrcTBue B pacTBOpe OJJHOMMEHHBIX HOHOB TOHMKAET CTEIIEHb AUCCOLUALNH.

MHOroOCHOBHBIE KHCJIOTHl ¥ MHOTOKHCJIOTHBIE OCHOBaHUS JUCCOIMHUPYIOT CTYIEHYATO.
CryneH4arocTh TUCCOIUALNN 00YCIIOBIMBAET BO3MOXKHOCTh 00pa30BaHUS KUCIBIX U OCHOBHBIX
COJICH.

Kpome cTenenu aucconmanuy COCTOSHUE CIIA0BIX 3JIEKTPOIUTOB B PACTBOPE XapaKTEepH3y-
€T KoHCmanma pasHoeecus Mexay Moiekynamu v nonamu. Hanpumep: mis HNO2 = HT + NOy™
Kp = [H][ NO2 J/[HNO2],
rae K— koHcTaHTa paBHOBECHS MJIM KOHCTaHTA 3JIEKTPOJIUTHYECKON TUCCOLMAIUU, HE 3aBHCS-
11ast HU OT KOHLIEHTPALUK pacTBOpa AJIEKTPOJINTA, HU OT NMPUCYTCTBUS B PaCTBOPE APYIUX dJIEK-
TpoauToB. KoHCTaHTa 3/IEKTPOIMTUUECKON TUCCOLMALUMU JaeT Oosee OOIIyI0 XapaKTepUCTUKY
AJIEKTPOJINTA, YEM CTENEHb Juccounanuu. KoHcTaHTa qucconyanuy 3aBUCUT OT TEMIEPATYPhl U

MPUPOJIBI PACTBOPUTEISL.

Me:x /1y KOHCTaHTOM U CTENEHBIO TUCCOLMALUMU CIa00ro 3JIEKTPOIUTA CYIIECTBYET B3aUMO-
CBSI3b:

K = a?C/(1 - ).

DT0 ypaBHEHHE — MAaTEeMaTUYECKOE BhIpaKEHUE 3aKoHa pazbaBieHus OcTBaiba.

st cnaboro 3reKkTposuTa Mpu HeOONMbIINX pa30aBIeHUAX O OYeHb Maja, a BennyuHa (1 -
o) 6nmska k eaunuie. [lostomy K = o?C nm o = VK/C.

CMmenieHre MOHHOTO PaBHOBECHS, KOTOPOE MPUBOAUT K YBEIUYECHHUIO WM YMEHBIIECHUIO
CTETNEeHH JUCCOIMAINU cTab0ro 3JIeKTPOINTa, ocyliecTiusercs no npunnumny Jlelllarenne. Bee-
JIEHUE B pacTBOpP OJHOMMEHHOI'O MOHA, T. €. YBEJIMUYEHUE KOHLIEHTpAIMM OJHOI0 U3 MPOAYKTOB
peaKkuu, IPUBOAUT K CMEIIEHUI0O HOHHOTO PAaBHOBECHS BJIEBO, B CTOPOHY OOpa3oBaHUsI MOJie-
KyJl WA K YMEHBIICHHUIO CTETICHU AMCCONMANNU dJeKTponnTa. Hao0opoT, CBsI3pIBaHUE OHOTO
U3 MOHOB B MaJIOAMCCOLMUPOBAHHOE BEILECTBO BEAET K IOBBIIMICHUIO CTENEHU IUCCOLMALIN
AIIEKTPOJINTA.

ILlenv pabomur:

N3ydeHue 3nekTpudyeckoi IpOBOAMMOCTH PAaCTBOPOB AJIEKTPOJIUTOB U 3aBUCHUMOCTH €€ OT
pa3nYHbIX (PAKTOPOB, YMEHHE MpEICKa3bIBaTh HalpaBlieHUe OOMEHHOM peakIuu B pacTBOpax
AIIEKTPOJIUTOB.

Obopyoosanue u peakmugul:

[IpubGop ans MCHBITAaHUS 3JIEKTPUUYECKONW MPOBOJMMOCTH pacTBOpoB. Kpucrammuzarop.
[TpomsiBanka. llltaTus ¢ mpobupkamu. broperka. Xnopun ammonusi. denondranens. PactBopsr:
ykcycHol kucnotsl (0,1 M), ammuaka (0,1 M), ruapokcuaa Hatpust (0,1 M), a30THOI KUCIIOTBI
(0,1 M), consnoit kucnotsl (0,1 M), ruapokcuna kamus (0,1 M), cepnoit kucnotst (0,02 M),
ruapokcuaa 6apus (0,02 M), cynbdara amromunus (0,1M), xinopuna xansuus (1H.), xnopunga
nuHka (18.), xmopumaa xxene3a(ll) (11.), xnopuna kanmus (1H.), xmopuaa mapranma (11.), xaopu-
na menu (11.), xnopuna cypsmsi(1) (11.).

OIIBIT 1. U3yueHue 31eKTpUUYECKON TPOBOJUMOCTH PacTBOPOB

[Tocne ka)kAOro MCHBITAHUS BBIKIIOYATh MPUOOP U3 INEKTPUUYECKOM CETH U IPOMBIBATH
IIEKTPO/IbI TUCTUILIMPOBAHHON BOJOM.

A. B mpubop 11t UCIIBITAHUS NEKTPUYECKON MTPOBOAUMOCTH pacTBOPOB (puc. 1.) HaIUTH uU-
CTHJUITMPOBAHHOMN BOJIbI, OITYCTUThH MPEIBAPUTEIBHO IPOMBITHIE JUCTHIITMPOBAHHON BOIOM
YTOJIbHBIE 3JIEKTPO/Ibl, BKIOUUTH BUIIKY TPHOOpa B AJIEKTPUUECKYIO ceTh. OTMETUTH BU3YaJIbHO
CTETeHb HaKaJla JIaMIIbI.

b. VccnenoBarh 3EKTPUUYECKYIO TPOBOIUMOCTD (CM. OII.
1.A) xaxpgoro u3 mectu 0,1 M pactBopos: CH3COOH,
NH4OH, HNOs, HC1, NaOH, KOH.

Pucynok 1 — Ilpubop it ucnbITanuit
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AIEKTPUUECKON MPOBOJUMOCTH
pacTBOPOB.

3anucarh pe3yibTaThl HAOMIOJAEHUH, OTMeuas cTeleHb Hakaja jgammsbl. [1o crenenn Hakana
JIAMITBI CAENaTh BHIBOJ: CHIIBHBIM HJIU CIa0BIM 3JIEKTPOJIMTOM SIBIISICTCS TOT HJIM MHOM pacTBOP.

B. CMmemath paBHBIE 00BEMBI PACTBOPOB: 1) CHIIBHOM KUCIOTHI U CHIIBHOTO OCHOBAaHHS; 2)
cJ1a00# KUCIIOTHI U ¢1a00ro OCHOBaHMs. VICIIBITATh AMEKTPHUECKYIO MTPOBOAUMOCTD MOTYYEHHBIX
pacTBOPOB. 3anucaTbh HAOJIIOJCHHS U COCTABUTh YPAaBHEHUS PEAKLIMNA B MOJIEKYJISIPHOM U MOHHON
¢dopmax. Crenars BIBOA 00 3IIEKTPUYECKON MPOBOAMMOCTH OTYYEHHBIX PACTBOPOB.
OIIBIT 2. 3aBUCUMOCTD 3IEKTPUIECKON TPOBOJIUMOCTH pacTBOpa (CTEIICHH TUCCOIUAIIUN dJICK-
TPOJIUTA) OT pa30aBIICHUS

B npu0op HauTh MUHUMAJIBHBIH 00bE€M KOHLIEHTPUPOBAHHOI'O PACTBOpPA YKCYCHOM KUCIIO-
TBI, HEOOXOAUMBIN JUIsI TIOTPYKEHHS JIEKTPOJIOB, BKIIOUUTH MPUOOP B ANMEKTPHUUECKYIO CETh U
OTMETHTb CTEIIeHb HaKaja JaMIlbl. 3aTeM KHCIOTY pa30aBUTh, J00ABIIAA NOCTENEHHO AUCTHILIN-
poBanHyto Boay. Kak MeHsiercs crerneHp Hakana jaMibl? UeM oOBsCHUTH HaOIrOgaeMoe siBie-
Hue?

[TpuGop ¥ 37EKTPOIBI MPOMBITH BOJOIPOBOJIHON BOAOH, 3aT€M AMCTHUILIMPOBAHHOW U TO-
BTOPHUTH OIBIT ¢ KOHLIEHTPUPOBAHHBIM pacTBOPOM amMuaka. Caenarb oOIIUI BBIBOJ U3 HA0JIO-
JICHUH.

OIIBIT 3. M3MeHeHue 31eKTPUUECKOM TPOBOUMOCTH B pe3yJIbTaTe CMELICHUS HOHHOTO PaBHO-
BeCuUs

HccnenoBaTh OTAEIBHO AIEKTpUUECKyI0 poBoauMocTh 0,02 M pacTBOpa CepHOM KUCIOTHI
u 0,02 M pactBopa ruapokcuna 6apus. 3aTeM HCCIe0BaTh MIEKTPHUECKYIO MpoBoanMocTs 0,02
M pactBopa Ba(OH). B npucyrctBun 0,02 M pactBopa H2SO4. Ins1 3TOr0 B pubop NOMECTUTh
pactBop Ba(OH)2 n no6aButh 2-3 xammu pactBopa ¢enondranenna. PacrBop H2SO4 no6aBisaTh
[0 KaIUIsIM U3 OIOPETKU Yepe3 BOPOHKY, BCTaBJIEHHYIO B KphIIIKY npubOopa. Habmonars 3a usz-
MEHEHHEM OKpacKu MHAMKATOpa U CTENIEHH HaKaJla JIaMIIbI.

KakoBa anextpruueckas IpoBOJAUMOCTb paCTBOpa B MOMEHT MCUE3HOBEHUS OKPACKH MHIU-
Karopa (B TOYKE SKBMBaJIEHTHOCTH)? UTO mMpoMCXOAWUT HpU 100aBIEHUU K PacTBOpPY M30bITKA
cepHO KUCIOTHI? OOBSCHUTH HAONIOIaEMBbIE SIBIICHUSL.

OIIBIT 4. BiusiHue 0THOMMEHHOTO MOHA Ha CTETICHb JAUCCOLUAIINU CITA00TO IIEKTPOJIHTA (CMe-
IIEHUE PAaBHOBECUS TUCCOLUAIINN)

B npobupky HanuTh paz0aBieHHbIN pacTBOp aMMHuaka U 100aBUTh 2 — 3 karu ¢eHondra-
neuHa. PactBop pasznenuts Ha aBe yacTH. OHY OCTaBUTH JJIsl CPaBHEHMS, a B APYTYIO BCHINIATh
HemHOTO TBepnaoro xyopuaa ammoHuss NHiCl u xopomo pazmemars. OObSICHUTh W3MEHEHHE
L[BETa pacTBOpa, ucxoas u3 npuHiuna JlelllaTenbe 1 KOHCTaHTHI TUCCOLMALINN.

Crnenatp BBIBOJ O BIMSIHUM OJIHOMMEHHOI'O MOHA Ha CTENEeHb JMCCOLMALINU CJIadoTro AJIeK-
TPOJIUTA.

®denondranenn sBisieTcss HHAUKaTOpoM Ha MOoHBI OH™, KOoTOpBIe 00pa3yrOTCs TIPU AMCCO-
[IUalKU c1ab0ro OCHOBAHUS — THAPOKCHIa aMMOHMSL:

NH4OH (wm NH3 - H20) = NH4* + OH™

[Mpu no6asnenwuii k pacteopy NH4C1 xounenrpanust monoB NH4" Bo3pacraer, paBHoBecuHe
JIUCCOITMAIIMN CMEMIAeTCsl B CTOPOHY 00paTHOM peakiuu, KoHIeHTpamus nonoB OH™ ymensbIma-
eTcs U OKpacka (eHosraienHa ucyesaer.

OIIBIT 5. Cmenierre HOHHOTO PaBHOBECHS B HACHIIIICHHOM PAacTBOpPE aM(POTEPHOTO IEKTPOITH-
Ta

K pactBopy conu aioMUHUS TPUIMBATH 110 KaruisiM pa3zOasieHHbIN pactBop NaOH mo mo-
aBieHus ocaaka ruapokcuaa amomunus A1(OH)s. Pazgenuts ocagok Ha nBe yactu. K ogHoi
YacTU NPUIUTh N30BITOK CONSIHOM KUCIIOTHI, K IPYrofl — U30bITOK KOHIIEHTPUPOBAHHOTO PacTBO-
pa menoun. Uto Habmogaercs B ToM U Apyrom ciydae? OObsICHUTH MPOUCXOAALINE SIBICHUS C
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TOYKU 3PEHUS CMEILEHHUs] HOHHOTO PAaBHOBECHS B HACHIIIEHHOM PacTBOPE TMIPOKCHAA ATIOMHU-
Husl. COCTaBUTh MOHHBIE YpaBHEHUS pPeakIUil, yYUTHIBasA, YTO aM(QOTEPHBINA TMAPOKCH] IIIOXO
pacTBOPUM B BOJIE.

OIIBIT 6. Peakniuu ¢ 06pazoBaHreM ocaka

A. C nomo1ipio TabauIsl paCTBOPUMOCTH PEIINTh, KAKHE PEaKTUBBI MOXKHO HCIOJIB30BATh
ans ocaxaeHns nonos Ca?*, Zn?*, Fe?". TIpoaenaTs 3Tu peakiuu. YKa3aTh 1BET ocaakos. Haru-
caTb ypaBHEHHS B MOHHOM BHJIE.

b. TlopetictBoBath pactBopoM cyinbhuaa Harpus NaxS win ammonuns (NH4)2S Ha pactso-
PBI, cozlepKaIye CIeaylomMe KaTHoHsL: Zn2*, Cd?*, Mn?*, Cu?*, Sb®*. Vka3aTs nBer ocamkos.
Hanucars ypaBHeHus peakiuii B HOHHOM Buje. [lepeunicieHHble KaTHOHBI MOTYT ObITH OOHApY-
JKEHBI B PACTBOPE 10 XapaKTEPHOMY IIBETY UX CYJIb(HIOB, UTO HCIIOJIB3YETCS B aHAIUTHYECKOM
XUMHUH B KAUECTBEHHOM aHAJIN3€ BEIIECTB.

B. Ilo peakuuu oOMeHa MOJy4uTh OcagoK xyopuaa ceunua PbClo, nmeiicTBys pacTBopom
xyopuaa Hatpus Ha pactBop coiu cBuHila PD(NO3).. [ate ocaaky ocects. CiauTh MaTOYHBIN
pacTBop (HaIOCATOUHYIO KUJKOCTh). B skuakocTu gormyckaercs HeOobIas Macca B3BECH. 3a-
TEM B 3TOT pacTBOp 100aBUTh pacTBop Hoauaa kanus Kl. Jlate ocanky ocectb. CHOBa CIUTh Ma-
TOYHBIN PacTBOpP M JOOABUTH K HEMY pacTBOp cynbduaa Hatpust NazxS wmu cynbhumga aMMOHHS
(NH4)2S. Ykaszath nBeT mosydaromuxcsi ocagkoB. OObSICHUTh BO3MOXKHOCTh MPOTEKAHUS 3THX
peakuuii Ha OCHOBaHUM TpousBeneHus pactBopuMoctu (I1P) oOpasyrommxcsi coyield CBHHIIA.
Hanucatp ypaBHeHUs peakiinii B MOHHOM BH/JIE.

I". Hanmutp 1/3 oObema npoOupku pactBopa cuimkata HaTpus (kuakoro crekia) NaSiOz u
MPOIYCTUTH Yepe3 Hero Juokcua yriepona. Uro Habmogaerca? Kakue BbIBOJIBI MOKHOCAETIATD
OTHOCHUTEJIBHO CTENEHH JUCCOLMAUU KPEMHUEBOM U yronbHOU kucnot? Kakas u3 Hux cnabee?
Hanucatp ypaBHeHHE peakIIuy 1 HIOHHOM BHUJIE.

/l. B nBe npoOupku HauTh pactBop cyiabdara menu CuSOs. B omgny mo6aBUTH pacTBOp
runpokcuaa Hatpust NaOH, a B gpyryto pactBop ruapokcuna 6apust Ba(OH)2. Uem 00bsCHUTB,
YTO 0CaJIKa BO BTOpoi npobupke Oonpbuie? Hanucars ypaBHEHUS peakivii B HOHHOM BUJIE.

Pazoen 10 I'uoponus
Jlabopamopuasa paboma: «I'mapoaus»

Conu, o0pa3zoBaHHbIE CHIIBHBIMU OCHOBAHUSIMH U CUJIBHBIMU KHUCJIOTaMHU.

OIIBIT 1. Hanelite B oTHe/nbHbIe MPOOUPKHU PacTBOPHI XJIOpUAA HATpHs, XJopuaa Oapus,
cynb(arta HaTpHsl U HUTpaTa Kajausl U UCIbITAlTe peakllMi pacTBOPOB C MOMOIIbIO YHUBEPCAIIb-
HOW MHJIMKAaTOpHON Oymaru. J[ist 3TOoro paspexbTe MOJIOCKY MHAMKATOpHOW Oymaru Ha 4-5 va-
CTei, U, YI0XKHUB UX Ha MOJIOCKY 0esoil GpuibTpoBaabHOW OyMaru, KOCHUTECh KyCOUKa MHAMKA-
TOpHON OyMaru CTEKJISTHHOM Majo4yKod, CMOYEHHOM UCHIBITYeMbIM pacTBOpoM. [Ipexae yem uc-
NBITAaTh CIEAYIOIUN PACTBOP, HEOOXOIMMO CTEKIITHHYIO MAJIOUKY OMOJIOCHYTH BOJOM.

Copepskar 1 pacTBOPBI B3SITBIX IS OMbITa coiel n30sTok noroB H mm OH™? Tloxsep-
TaroTCs JIM TAKUE COIM TUAPOIU3Y?

Comnu, 06pa3oBaHHbIE CUJIBHBIMU OCHOBAHUSAMH U CIIAOBIMH KHCIIOTaMH.

OIIBIT 2.naneiite B mpoOupky 3 — 4 Kamiu pacTBopa ainerata HaTpus U onpenenure pH
pacTBopa C MOMOIIBIO YHUBEPCATLHON MHIMKATOPHOM OyMard.

OxparuBaercs 1 pacTBOp aleTaTta HaTpus nocie ngodasneHus 1-2 xanenb gpeHonadTanen-
Ha?

Hcxons u3 konuenTpauuu pactBopa C, Berauciante ero pH u cpaBHUTE ¢ ONBITHBIMU J1aH-
HBIMU. 3allOJIHUTE CIIETYIONIYIO TaOIHILy:

d)opMyna com [OH-]BLI'-H/ICJ'I: \/Kb *C pH

BBIYHCJICHHBIN 110 JaHHBIM OIIbITa

Hamummre MonekynsipHO-MOHHOE ypaBHEHHE TMApoNN3a anerata Hatpus. [IpuBeaure nBa
— TpU IpUMeEpa JIPYruX aleTaToB, THIPOIN3 KOTOPBIX OTBEYAET ITOMY YPaBHEHHUIO.
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OIIBIT 3. Haneiite B oqHy npobupky 5-6 xamnens pacTBopa kapOoHaTa HATpus, B IPYTYIO —
TaKOM e 00beM Cylib(hUTa HATPHUS U CPABHUTE OKPACKY 00OMX PaCcTBOPOB IOCIIE MPUOABICHUS K
HUM 1-2 kamens QenondranerHa Wi NpoBepbTE PEAKIIUI0 PACTBOPOB C MOMOIIBI0 YHUBEPCATIh-
HOUM MHAMKATOPHOW OyMarw.

Hanummre MoneKynsipHO-MOHHBIE YpaBHEHUS THIpoan3a. CpaBHUTE TOBeIeHUE 00EUX CO-
JIel B pacTBOpE |, HE MPOU3BO/IS BBIYHUCIICHUH, OTPE/ICIUTE B KAKOM H3 JIBYX PACTBOPOB OTHOCH-
TEJIbHO OOJIbINeE:

a) crenenp ruaponusa h; 0) KoHIeHTpalus TuAPOKCHIbHBIX noHOB [OH]; B) 3nauenue pH.
Kaxoit annon — CO3?” umu SOz - sBnsercs 6onee CHIBHBIM OCHOBaHHMeM? Brruncinre KOHCTaH-
TBI THIIPOJIA3a 00EUX COJIeH. 3arOTHUTE TaOJIHITY:

Couib h [OH] pH Kh =K,/ Ko

OIIBIT 4. Te >xe cpaBHUTEJIbHBIC OIBITHI IPOJIEIANTE C PACTBOPAMH THAPOCOJICH — THAPO-
kapOoHaTa u ruapocynbduta Hatpus. K pactBopy nepBoii conu qo6aBere 1 — 2 Kamau ¢GpeHo-
¢dranenHa, a K pacTBopy Bropoi — 1-2 xaru jakMmyca, mpeBapuTeIbHO YOSIUBIIUCH B TOM, YTO
B pacTBOpe ruapocynibdaTa HaTpus GpeHoapTanenH ocTaeTcsi 0eCIBETHBIM.

Hanumire MonekynsipHO-HOHHBIE YPAaBHEHMS THAPOJIM3a 00€HX COJIeH U OOBSICHUTE pa3-
JM4YKe B CBOWCTBAX UX pacTBOpoB. Kakast GyHKIMS — OCHOBAHUS UM KUCIOTHI — MpeodiIaiaeT y
nona HCO3  u y nona HSOs™? Pe3ynbTaThl OMBITa COMOCTaBHTE C BBIYMCICHHBIMH JTaHHBIMH,
cpaBauB BennunHbl Kp 1 Ko. 3anonnure Tabnuny:

Comnb OnbITHEIC TAHHBIC PacuerHbie naHHBIC BriBo1BI
peakmus pac- | pH (6ompmre | Ky =K,/ Ky K>
TBOpA WJIH MEHBIIIE
7)
NaHCOs3
NaHSOs

Comnm, oOpa3oBaHHbIE CHIIBHBIMUA KUCJIIOTAMHU U CJ1a0BIMA OCHOBAHUSIMU.

OIIBIT 5. OmpenenuTte ¢ MOMOILBIO YHHBEPCAJIbHOM HMHIUKATOPHON OyMmMaru peakuuio
BOJIHOTO pacTBOpa XJIOpuJa WiH cyibdaTta aMmMoHus. Hanmumure MoJaeKyaspHO-HOHHOE ypaBHE-
HUE PeaKlMy T'MIpOJIn3a.

OIIBIT 6. Omnpeaenute ¢ MOMOIIBIO JJAKMYCa PEaKIUIO0 pacTBOpa XJIOpUAA IMHKA, CyIbda-
Ta IIMHKA U cyhabdaTa anoMuHus. Hanmumure MosiekylspHble U MOJEKYJISIPHO-UOHHbBIE ypaBHe-
HUS TUAPOJIN3A COJIEH.

OIIBIT 7. K 3-4 xamisM pacTBopa XJIOpHAA CYpbMbl MJIM BUCMYyTa MpUOaBbTE TAKOM ke
0o0Bvem Bonbl. Uto Habmogaetcs npu 3toM? [lonkucauTe pacTBOp HECKOJIBKUMH KaIUISIMU KOH-
LEHTPUPOBAHHOM COJISTHON KUCIIOTHI, [TOCTIE Yero BHOBb pa30aBbTe pacTBop. UTo Habmoaercs?

Hanummre mMonexynsipHO-MOHHOE ypaBHEHHUE T'MAPOJIM3a XJOPHUAA CYypbMbl WM BUCMYTA,
YYHUTBIBAs, YTO MPH 3TOM 00pa3yeTcss MalopacTBOpuUMbIX xyopun okcocypbMbISHDOCI u, coot-
BETCTBEHHO, XJI0pu okcoBrcmyta BiOCI.

B3aumopeiicTBue pacTBOPOB COJIEH, B3aMMHO YCHIIMBAIOLIMX TUAPOJIN3 APYT Ipyra.

OIIBIT 8.HaseiliTe B KOHUYECKYIO MPOOUPKY S5- 6 Karmenb pacTBOpa XJIOpU/a Ui cyabdara
xpoma (I11) u mpubaBeTe MO KarusiM pacTBOp KapOoHaTa HATpHUs O 00pa30BaHMs OCaJKa Mao-
pPacTBOPUMOTO COEIMHEHUSI.

Otnenute 0casiok OT pacTBOpa M MPOMONTE OJUH — ABa pa3a 5-6 KaruisiMU BOJBI.

Kakumu peakumsiMu MOXKHO J10Ka3aTh, YTO 0Opa30BaBIIHMECS MajlOpacTBOPUMOE COEIMHE-
HUE TMPeACTaBIAOT coboit ruapokcua xpoma (l1l), a He MPoAYKT OOMEHHOTO B3aUMOJIEHCTBUS
UCXONHBIX coiieri? IloueMy mpu B3anMOJENCTBUH PACTBOPOB 3TUX COJIEN TMAPOJIM3 UX IPOTEKa-
eT nmpakTHuecku HeoOpatumo? KakoB MexaHU3M B3aMMHOTO YCUJICHUS THIpon3a’?

Pazoen 11 OxkucauTeIbHO-BOCCTAHOBUTE/ILHbIE PeaKINHU
Jlabopamopnas paooma: «OKMCJINTEIbHO-BOCCTAHOBUTEIbHbIE PEAKIIMI)




52

Ilenv pabomer: TlpoBeieHNE KaYeCTBEHHBIX OMBITOB, PACKPHIBAIOIIUX OKUCIUTEIBHBIC U
BOCCTaHOBUTEJIbHBIE CBOWCTBA OT/ICIbHBIX BEIIECTB.

Obopydosanue u peakmuegbi:

[ltatus ¢ mpoobupkamu. bpomun kanus. Mogua kanus. Cynbdut Hatpus. Tpuruapar HUT-
pata menu(ll). PactBops: xmnopuaa xeneza(lll) (1 M), xnopuna xenesa(ll) (IM), xmopuna oJo-
Ba(lV) (1 M), xnopuna omnosa(ll) (1 M), rekcanmanodeppara(lll) xamus (1 M), cepHOI KUCTOTBHI
(2M).nepmanranara kanus (0,05 M), nuxpomara kanus (1 M), runpoxcuna xanus (40 %-Hbiif),
cynbduta Hatpus (0,1 M), noguaa kanus (0,1 M), aurpura Harpus (0,1 M), comu Mopa, Thonu-
anara ammonus (0,1 M), cepnoii kucnots! (koH1.), rekcannanodeppara(ll) xamus (0,1 M), xio-
puna kanus (0,1 M), cynedara mequ(ll) (0,1 M), xnmopuna 6apust (0,1 M). CepoBoiopoHast Bo-
1a, XJIOpHasi BoAa, OpoMHas BOja, MOHAs BOJIA.

OIIBIT 1. OxkucnutenbHbIE CBOMCTBA MIEpMaHraHaTa Kajaus B pa3HbIX Cpeaax

B tpu mpobupku BHEecTH 1o 3-4 Karum pacTBopa nepmanranata kamus KMnOy. 3arem B
nepByto 100aBUTh 3-4 karuu pazbasieHHoro pactsopa H2SOas, Bo BTopyto — 3-4 Karu BOJbl,

B TPETHIO — 3-4 Karuii KOHIICHTPUPOBaHHOTO pacTBopa KOH.

B kaxnyro mpobupky BHecTH pacTBop cyibbuta Hatpus NaxSO3z 10 u3MeHeHus 1BeTa pac-
TBODA.

Otrmeruth Habmogaemble M3MeHeHusa. Hamucath ypaBHeHus peakuuid mexay KMnOs u
Na>SO3z B KHCIOi, HEUTpAIBHON M IIenouyHou cpenax. Paccuurtats DJIC peakiuii, HCHonb3ys
TaOJIMIly CTaHJAPTHBIX OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAIOB. Caenarh 3aKIr0ueHre
00 OKHCIHUTEIHHON CLIOCOOHOCTH MEPMaHIaHaTa B Pa3HbIX cpeaax.

OIIBIT 2. OxkucnuTtenbHbIE CBOMCTBA IUXpOMATa Kaaus

OnpenenuTb BO3MOXHOCTh TIPOTCKAHUS PEaKIIUN

Cr07% + 14H" + 66~ = 2Cr®* + 7TH,0

IIPH KCIIOJIb30BAHUU B KadecTBe BoccTaHoBHTeNel — nonuna kams Kl, cepoBogopoiHOit BOIBI
H2S u nutpara varpus NaNOz, paccunta 3/[C xaxnoit peakiuu. [lonTBepauTh NpaBUIbHOCTH
OTBETAa ONBITHBIM ITyTeM. [[J1sl 3TOTO B TpM MPOOUPKH BHECTH 10 3 — 4 KaIlTd pacTBOpa TUXpoMa-
ta Kaiaust KoCr207 u no 3-4 xannu pasoasienHoro pacrsopa H2SOs. B nepByro npoOupky no6a-
BUTH pacTBop noaua kamus Kl, Bo Bropyro — pactBop cepoBogoposa HzS, B TpeThio — pacTBOp
Hutputa Hatpust NaNO2 10 mosiBieHHs: yCTOWYUBOM OKpacku. 3anucaTth HaOIIOJACHHS U ypaBHe-
HUs peaKIyil.

OIIBIT 3. OxkucnuTenbHbIE CBONCTBA FAJIOT€HOB

[Tonb3ysick TaOMUIEH CTAaHTAPTHBIX OKUCIHTEIHHO-BOCCTAHOBUTEIBHBIX ITOTCHIIHAJIOB,
OTIPEIeNIUTh, C MIOMOIIBI0 KAKUX TaJIOTEHOB, B3ATHIX B KAUYECTBE OKHCIUTENS, MOKHO MPOBECTH
nporecc okucienus xenesa(ll) B xenezo(11):

Fe?* — Fe*

[ToaTBepAWTh TPABWIBHOCTH OTBETA 3KCIEPUMEHTANBHO. [[IsT 3TOro B TpW MPOOUPKH
HaJMTh 10 4 — 5 Kamenb CBeXKENPHUroTOBICHHOTO pacTBopa conm Mopa (NHa)2Fe(SO4). - 6H20
(pacTBop comepkuT HOHBI Fe2*); B mepByio — 100aBUTh 4 — 5 Kamesb XJIOPHOH BOJIEI, BO BTOPYIO
— OpOMHOIi BOJBI, B TPEThIO — HOJHOW BOJABL. B Kaxkayro mpoObupky m00aBuTh 1o 2 — 3 Karum
trormanara aMMoHus NH4SCN, siBistrorierocss peakTHBOM Ha MOHBI Fe®*. OTMeTuTh, B Kakux
MpoOUpKax MOSBUIIOCH KPAaCHOE OKpallMBaHHE pacTBOpa. HamucaTh ypaBHEHUs HaOJIOIaeMbIX
peaKkui.

OIIBIT 4. BoccTaHOBUTENBHBIE CBOMCTBA TAaJIOTEHUIOB

(OnBITHIPOBOAUTH MOJ TSATOM.)

CpaBHUTH BOCCTAaHOBHUTEIHHYIO CIIOCOOHOCTh MOHOB BI™ 1 |” mo 3HaYeHHsIM CTaHIapPTHBIX
OKHUCJIUTEITHLHO-BOCCTAHOBUTEIBHBIX ITOTCHIIHAJIOB.

Y06enuThes B pa3mMyHOM BOCCTAHOBUTENHHON CIIOCOOHOCTH TaIOT€HU-MOHOB 10 B3aHMO-
JEHCTBUIO MX C KOHIICHTPHPOBAaHHBIM pacTBOpoM HzSOs. JIyis 3TOrO B JIBE MPOOUPKHU MOME-
CTUTH 1O | MuKpommarento kpuctamioB opomuna kanmus KBr u nomuna xamust Kl 1 mo6aButh
HECKOJILKO Karellb KOHIIEHTpUpOBaHHOTO pacTBopa H2SO4.
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O xoze peakuuu CyaIuTh M0 U3MEHEHHIO OKPACKH PAaCTBOPOB U IO 3aMaxy BBLACISIOMINXCS
ra3oB (CEpHHCTOro ra3a u cepoBojopoja). Hanucars ypaBHEHUs peakLUid.

OIIBIT 5. BriusiHre KOMIUIEKCOOOpA30BaHUs Ha OKUCIUTEIIbHO-BOCCTAHOBUTEIBLHBIC CBOK-
CTBa BELIECTB

CraniapTHBIA OKUCIUTETFHO-BOCCTAHOBUTENBHBINA MOTEHIMAN JIJIsl IPOCTHIX HOHOB XKele3a
Oosblie, YeM JJIs IUAHUAHBIX KOMIUIEKCHBIX HOHOB.

Io 3uayenusm E%onpenenuts:

1) xaxue nons — Fe?* mmm [Fe(CN)s]* — MOryT GBITh OKHCIICHBI HOJIHO#H BOMIOI;

2) kaxue nousl — Fe3* umm [Fe(CN)s]® — crnocoOHBI oKMCIUTh HOAUA-HOHBI. OTBET MOJI-
TBEPJUTH SKCIIEPUMEHTAIIBHO.

Jlyis 3TOTO B ABE IPOOHMPKH BHECTH 10 3-4 Karu HoaHoU Boabl. B ogHy nmpobupky moba-
BUTh 3-4 KaIuld pacTBOpa CONHM, coiepkamieii Fe?*, B npyrylo — 3-4 kamum pacTBopa
K4[Fe(CN)e]. B kakoii mpoOupke Habo1aeTcst 00eclBEeYMBaHUE HOIHOW BOIBI?

B nBe npyrue npobupku BHecTH 3-4 Karmum pactBopa noauaa kanus Kl, mogkuciuts pas-
OaByieHHBIM pacTBopoM H2SOs. 3ateM B oaHy npoOUpKy 100aBUTH 3 — 4 Karulk pacTBOpa XJIO-
puna xenesa(lll) FeCls, B npyryto — 3-4 kamnu pactBopa rekcammanodeppara(lll) xamus
Kz[Fe(CN)s].

B kakoiif npoGupke Bbiaessiercs cBoO0AHBIN Hon? CrenaTh BbIBOA O BIMSHUUA KOMIUIEKCO-
006pa30BaHNs HAa OKUCIHTENbHBIE CIIOCOOHOCTH HOHOB Fe3*,

OIIBIT 6. OKUCIUTEILHO-BOCCTAHOBUTEIBHLIE CBOHCTBA COSOUMHEHHH JJIEMEHTOB,
HAXOJAIMXCS B TPOMEKYTOUHOM CTETIEHN OKHCIICHUS

VYO0enurbcs B OKUCIUTEIBbHO-BOCCTAHOBUTEJIBHOW JBOMCTBEHHOCTH HUTPUTA HATPHS
NaNO-.

Jlis 3TOro B OAHY NPOOMPKY IMOMECTUTHh 3-4 Kalju pacTBOpa I[E€pMaHraHaTa Kalus
KMnOg4, noakucauts pasdasieHHbiM pactBopoM H2SOs4 u nobasute pactBop NaNO: no obec-
[[BEYHMBAHUS PacTBOPA.

B npyryio npoOupky BHecTu 3-4 kamiu pactBopa monuaa kanusa Kl, moakucnute pa3das-
aeHHbIM pacTBopoM H2SO4 n no6aButh pactBop NaNO2 10 n3MeHeHUs: OKpacKu.

Kak oOwpsacuuth HaOmomaemble sBieHus? HanucaTs ypaBHeHHs peakiuid. B xakom ciydae
HUTPUT-UOHBI NPOSBISIOT BOCCTAHOBUTEIbHBIE M B KAKOM — OKMCIHMTEIbHbIE cBoiicTBa? Ilpu
BOCCTAaHOBJICHUH HHUTPHUT-MOHOB BBIJIEISAETCS a30T, a MPH MX OKHUCICHHH OOpa3yroTCs HHUTPAT-
HOHBI.

OIIBIT 7. Peakuus nucnponopuroOHUpPOBaHUS

B npoGupky nomectuts 2 — 3 kpucraiia cynbpura HaTpust Na2SOs. 3akpenuts npooup-
Ky B IITAaTUBE U HarpeBaTh B TeueHue 5 — 6 MuH. B ocTeIBIIYIO TTpOoOUpKY M1006aBUTH 8§ — 10 Ka-
ek AUCTUIUITMPOBAHHON BOJIBI M PACTBOPUTH MPOIYKTHI pEaKIUHy.

C nomomipio pactBopa cyiabpara meaqu CuSOs oOHapy UTh 00pa3oBaBIIHecs CyIb(OUI-
nonbl S*°. CpaBHUTH AeiicTBUe pacTBopa CUSOs Ha pacTBOp McXoaHO# comu. Kakoe ele Benre-
CTBO, KpoMme Cyib(puma HATpus, 00pa3oBaIOCh MPH TEPMHUUECKOM PA3JIOKEHUH CYyIbPHTa
Hatpusi? Kak ero oOHapyxuTh? HammcaTh ypaBHEHHME peakIUH AMCIPONOPLMOHHPOBAHUS
Na>SO3 nmpu mpoKaMBaHUH.

OIIBIT 8. BHyTpHUMOJIEKYISIPHBIE OKHCINUTEIBHO-BOCCTAHOBUTENIBHBIE IIPO-

LIECChI

B npoGupky BHecTH Heckonbko kpuctaiwioB Hutpara meaun CUu(NOs)2 - 3H20. 3akpenutsb
NpoOMPKY B MITATHBE M OCTOPOXKHO HarpeBarh, HAOIOJasi N3MEHEHNE 1[BETa KPUCTAIJIOB H IIBE-
Ta BBIJEIIONIerocs ra3a. Hanucare ypaBHeHHe peakuuu paszinoxenus Hutpata meau(ll), yautsr-
Basi OKPacKy BO3MOXKHBIX MpoaykToB peakiuu: 6e3Boaubiii CU(NO3)2 — 6enbrit; Cu(NO2)2 — He
cymectByet; CUO — uepnslit; Cu — kpacHblil; N2, NO u Oz — 6ecuernbie ra3er; NO2 — Oypblii.
Yka3aTh OKHCIIUTENb U BOCCTAHOBUTENb B MoJIekyse Hutpata meau(ll).

Pazoen 11 OxkucaUTEIbHO-BOCCTAHOBUTEIbHbIE PEAKINH
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JlabopaTopHas padora: «OKHCIANTETbHO-BOCCTAHOBHUTEIbHbIEC PeAKIIUN. JHEPTreTHKA U
HaNpaBJieHHe XMMHYEeCKHX NpoueccoB. XHMHKO-TePMOAUHAMUYECKHE pAcyeThD)
Onprr 1.
CpaBHuTeNTbHAS aKTHBHOCTH METAILIOB.
Hamuts B otienbHbIe poOupku 1o 1 MiT pacTBOpoB costeid 1uHKa, sxerne3a (II), onosa, kamqvust, memu(Il) u ce-
pedpa. OrmycTuThb B pacTBOpPBI (KPOME PacTBOpa C OJHOMMEHHBIMU HOHAMH) TIACTUKH META/ITYECKOTO LIHKA.
Ormeruts HaOmozeHus1. [I0BTOPHUTE OIBITHI C IITACTUHKAMM KeJIe3a, CBUHIIA M MeIH. VI3 KakuxX pacTBOpOB
BBITECHSIFOTCSI MeTaLThI? Hanmcars ypaBHEHHsSI COOTBETCTBYIOIIMX PEAKIIMIA. 3anycarh METAUIBI TI0 YObIBa-
HUIO MX BOCCTAHOBHUTEIIHOM CIIOCOOHOCTH, OIPEJIENIEHHON SKCIIEPUMEHTATIBHO. BhIHcaTh 3HaUeHsI X CTaH-
JIAPTHBIX TIOTEHIMAIIOB U3 TIPHIIOKEHHSL.
CoOTBETCTBYET JIM 3KCIIEPUMEHTATBHBINA PsI METALIOB UX IOJIOYKEHHUIO B AJIEKTPOXMMUYECKOM Py Halps-
JKEeHnit?
OnbiT 2.
M3amepenne D/1C ranpBaHUYECKOro 3MieMeHTa U ornpezeieHre AG B OKUCIIMTEIIbHO-BOCCTAHOBUTEIILHOM peak-
LUN.
CoOpath rabBaHUYECKUI JIEMEHT I10 CXEME:
(-)Zn| ZnSO4||CuSO4Cu (+)
M IM
TP 3aJIAHHBIX KOHTIeHTparwsix conert ZnSOs vt CuSOs.
B yKazaHHOM raibBaHH4eCKOM 3IIEMEHTE MPOTEKaeT IMPOLIecc:
Zn+Cu* =Zn*" +Cu
JI71s1 31010 B CTaKaHbI C PacTBOPAMH COJIEH METAUIOB OITYCTUTh IUIACTHHBI COOTBETCTBYIOIIMX METAILIOB, 3a-
MKHYTb TIOJTyJIEMEHTBI COJIEBBIM MOCTHKOM M COSAMHUTD IEKTPO/bI C IMOMOIIIBIO IIPOBOAHNUKOB ¢ MUIUIH-
BonbT™MeTpoM. M3meputs DJIC mocie ycTaHOBNIEHHSI CTAlMOHAPHOTO 3HAYEHHST HAMPSHKEHNS Ha TIKATIE MPH-
oopa.
CpaBHUTH ONIBITHBIE JJAHHBIE C TEOPETUUYECKH BBIYMCIICHHBIMU. OMPeIeNTh MPOLEHT OIMOKH.
o naitnenHomy 3naudeHnio DJIC rambBAHUYECKOTO AIEMEHTa PacCudTarh M3MEHeHHe dHepruu [ 1ooca B
OKHCIIMTEIIbHO-BOCCTAHOBUTEIILHOM PEAKLIVM.
Pesynbrars! m3Mepentii 1 pacCUdTaHHbIE TAHHBIE MPEZICTABUTH B (DOpME TPOTOKOIA:
Konnentparms pactBopa ZnSOs, MOIB/JT . . .
Kontienrparmwist pacrBopa CuSOs, MOIB/T . . .
3 Coxen METHO-IIMHKOBOI'O 71eMeHTa, B . . .
AGoern, JIX . ...
OJ1Creop, METHO-LIMHKOBOTO JIEMEHTA, B . ...
[Norpenmocts I1, % . ..
AGreop, JIK ... .
[Norpenmocts I1, % . ..
Orprr 3.
HUccnenoBanve 3aBrcumoctr 3/1C rayibBaHMYECKOro 3JIeMEHTa OT KOHIEHTPALIMH COJTH.
Paboty npoBOIT € raTbBaHIYECKHM YIEMEHTOM.
ZnZn?|Cu?*|CuP
B crakan Hammts 10-20 M1 1M pactBopa CuSO4, KOHIIEHTpaLsl KOTOPOTO B XOJIE M3MEPEHNI HE M3MEHSIETCSL.
B ocranbHbIe cTakanbl HATTH pacTBOpbl ZnSO4 B mopsiyike Bo3pactanust kourenTparmu (0,01, 0,1 u 1IM). B
pactBop CuSO4 OITyCTUTH MEHBIN AEKTPOT; LIMHKOBBIH JIEKTPOJL OITYCTUTH B pacTBop ZnSO4 HAaMMEHBILIEN
KOHLIEHTparwy. [1oimy3ieMeHTsI COEIMHNTE CONIEBBIM MOCTHKOM M M3MeprTh D/IC rallbBaHUYECKOrO JIEMEH-
Ta C NOMOILIbIO MJLTMBOJIBTMETPA.
He otximovast MUIUTMBOIBTMETP, TIEPEHECTH LIMHKOBBIM AIEKTPOJT M COOTBETCTBYIOIIMI KOHELT COJIEBOIO MO-
cTHKa B Ooree KOHIIEHTpUpoBaHHbI pacTBop ZnSO4 1 cHoBa m3Meputh JJIC, 3areM Toxxe mpozenars ¢ 1M
ZnSOa.
Pe3ynbTars! H3MepeHuii 1 pacCUMTaHHbIE JAHHBIE 3aITHCaTh B TAOIHITY TTO (hopme:

C(Cu?), C(Zn*), APsken, B | AGoker, B | AEteop, B | AGreop, B | I1, %
MOJIB/IT MOJIB/ T
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1 01
1 0,01
1 1

Kakoit 113 pakTopoB — prpo/ia MeTasia Wik KOHIICHTPAIIHSI €r0 MOHOB B PACTBOPE B OOJIBILICH Mepe orperie-
JISIET 3HAYEHHUE IEKTPOIHOTO MOTEHIMAIA METAILIA 1, Clie0BaTelbHO, DJ{C rajbBaHNUecKOro AeMeHTa?

Pazoen 12 Inekmponu3. Xumuueckue ucmounuxku moka. Kopposzua
Jlabopamopnas paboma: « IAeKTPOIU3»

Llenb: U3yunTh 371€KTPOIN3, KaK OKUCIUTEIbHO-BOCCTAHOBUTENBHBIH ITpo1iecce.
OIIBIT 1.
OnbIT NPOBOAMUTCS B 3JIEKTpoOSU3Epe, npeacTasisdomem codoit U — oOpa3Hblil cocyl ¢ pacTBO-
POM 3JIEKTPOJINTA, B KOTOPBIM MOTPYKEHO JIBAa IEKTPOAA, OJUH U3 KOTOPHIX MOAKIIOYEH K IO-
JOXKUTEIBHOMY, IPYroil — K OTpULIATEIbHOMY IOJIF0CAM UCTOYHHKA ITIOCTOSTHHOT'O TOKA.
Onextponu3 pactBopa CuSOs. B anmexrpommsep Hamute 0,5 M pactBop cynbdara memu (II).
OnycTuth B 00a KOJIEHA IEKTPOJIM3Eepa YTOJIbHBIE 3JIEKTPO/bl, IPUCOECAUHUTh UX K UCTOYHUKY
IIOCTOSIHHOT'O TOKa M Ipomyckarh TOK B TeueHue 5-10 muH. K pacTBopy Ha aHOJHOM ydacTke
n06aBUTh pacTBOp jakmyca. COCTaBUTh YpaBHEHHs PEAKIMH, NPOTEKAIOUUX Ha 3JIEKTPOAAX.
[TpOMBITH 37EKTPOABI U DIEKTPOIU3EP.
OIIBIT 2.
Dnextponu3s pactBopa NaxSOs
B snextponuzep Hanuth 0,5 M pactBop cynbdara HaTpus, NpuOaBUTH B 00a KoJieHa cocya 1o
3-4 Kammm pacTBOpa JJaKMyca U MPOITYCKaTh TOK B TeueHue 5-1 muH. Kak m3aMeHUTCsS OKpacka
pacTBOpa Ha KaTOJHOM M aHOJHOM ydacTkax? Kakue rassl BbLAEIAIOTCS Ha 3nekTpoaax? Hamu-
caTh YpaBHEHMsI 3JIEKTPOIHBIX MPOIIECCOB.
B. Dnexrponus pacteopa KI. B anekrponuzep Hanuts 0,5 M pacTBOp Hoauaa Kauus, NpubaBUTh
B 00a KoJIeHa cocyja 1o 3-4 xarm pactBopa gpeHondrarenHa. [Ipomyckars Tok B Teuenue 5-10
MuH. Habmronate BelienieHe My3bIPHKOB I'a3a U OKpallMBaHue pacTBopa y karonaa. K pactsopy B
aHOJIHOM yacTu mpuOaBUTH 2 Kallik pacTBopa kpaxmana. OtMmeruTs HaOmtogeHus. CoCTaBUTH
YPaBHEHHUS PEAaKLUil, IPOTEKAIOIINX HA AIEKTPOAAX.

Paszoen 12 Inekmponu3. Xumuueckue ucmounuxku moka. Kopposua
Jlabopamopuasa paboma: «Koppo3us»

buokopposus (ot rped. bioS - )KH3HB U MO3JHENAT. COITOSIO - pa3belaHue), pa3pylIeHHe KOH-
CTPYKIIMOHHBIX MaTEpUAIIOB M TMPOTUBOKOPPO3MOHHBIX 3alIMTHBIX TOKPBITHH IO/ JeiCTBHEM
IOPUCYTCTBYIOLIMX B Cpele MUKPOOPraHU3MOB (OakTepuii, rpuOOB, BOIOPOCIEH, IpOXKeil).
[TepBble cBeneHUs 00 y4acTUM MUKPOOPTraHM3MOB B KOPPO3MM MaTepuaioB MOSIBUIKNCH B KOHIIE
19 B. OcBoeHME BO3AYIIHOTO U BOJAHOTO MPOCTPAHCTB, HEAP 3€MIIM CONPOBOKAAETCS] HEU30EK-
HBIM pacnpoCTpaHEHHEM MHKPOOPTaHU3MOB M YBEJIMUYEHHEM MaciiTaboB OMOKOpPpO3WU. 3aMeT-
HBI yiiepd HaHOCUT OMOKOpPPO3usi B HedTe- U ra30700bIBAIOLICH MPOMBIIUIEHHOCTH (OKOJIO
70% Bcex KOPPO3UOHHBIX pa3pylleHHil), TpyOOIPOBOIHOMY TPaHCHOPTY, MOPCKOMY (IoTY,
CpEeICTBaM CBSI3U M BOJOCHAOKEHUSI.

B nporiecce xu3HeneATeIbHOCTH MUKPOOPIaHU3MOB 00pa3yloTcs MPOAYKTHl OOMEHa BEIECTB,
MOBBIIIAIONINE KOPPO3UOHHYIO aKTMBHOCTH Cpebl (MMHEpaJbHbIE U OPraHUYECKHE KHCIIOTHI,
nienouu, nepokcuipl, H2S u ap.). B wactHoCTH, OBICTPBIN BBIXOJ U3 CTpOst He(Te- U ra30npoBo-
0B OOYyCIIOBJIEH JESTEIbHOCThIO CYNIb(aTBOCCTAHABIMBAIOMINX OaKTEpUil, TMOBBIIIAIONINX
arpecCMBHOCTH TPYHTA M TPYHTOBBIX BOJ B pe3yibTare mpoaynupoBanust H2S. HekoTopeie BubI
THOHOBBIX Oaktepuii BbipadarbiBatoT H2SO4, monmxas pH moussr u rpynTa a0 ~ 0,5. I'pu0sl,
IPUCYTCTBYIOILIME B BOAHOM (ha3e aBUALIMOHHOTO TOIIMBA, IPUBOJAT K OMOKOPPO3UH ATFOMUHU-
€BBIX 0aKOB CaMOJIeTOB. BHOKOPPO3Hs MOJIMMEPHBIX MAaTEpPUAIOB CBS3aHa C BIpAaOaThIBAEMBIMU
MHUKPOOpPraHu3MaMu (pepMEeHTaMU, PE3KO YCKOPSIIOIUMU JIECTPYKIIUIO MAaKPOMOJIEKYI.
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Tonamue 6uoxoppo3uu.

buokoppo3us (buonoruueckass KOppo3us) - THUI KOPPOSHOHHOTO Pa3pyLICHUsI B YCIOBUSAX BO3-
JNEUCTBUS MUKPOOPTraHU3MOB. [IpOAYKTHI KU3HEACSITEILHOCTH PA3IUYHBIX MHKPOOPTaHH3MOB,
KOTOpBIE IPUCYTCTBYIOT B BOJIE, IPYHTE, MHTEHCU(PUIIUPYIOT MPOIIECC KOPPO3UHU.

buoxoppo3rio MOXKHO paccMaTpuBaTh, KaK CaMOCTOSTEIbHBIN BUJI pa3pyIIEHUs, HO Yalle BCEro
MPOLIECCHl OMOTOTHYECKON KOPPO3UH MPOTEKAIOT MapauiebHO C APYTUMU, HAlpUMED, TOYBEH-
HOU (TPYHTOBOIf), MOPCKOH, aTMOC(EepHOH, KOPPO3Ueil B HEINEKTPOIUTAX, BOAHBIX PACTBOpAX.
[ToBpexaeHussM OT OMOKOPPO3UH MOABEPTaIOTCS pa3IMYHbIC TOJ3€MHbIE KOHCTPYKIUU (TpyOo-
MIPOBO/IBI, PE3EpPBYaphl, CBal, METPO M T.II.), COOPYKEHHUS U TPYyOOIPOBO/IbI, HAXOIAIIMUECS B BO-
ne. buokopposus — HEOTbEMHBII CIYTHUK He(Te- U ra30MpPOMbIIIICHHOCTH.

[lepBble mOTaAKU O BIMSAHUU HA MPOIECC KOPPO3UOHHOTO Pa3pyIICHUs OMOJOTMYECKHX Opra-
HU3MOB MOSIBUINCH TOJBKO B KOHIIE XIX Beka.

B pesynbrare mporekaHus OMOKOPPO3WH HA TOBEPXHOCTH METaslia IMOSBIISIFOTCS HEOOIBIIHE
yray6nenus (6nectsmue 1100 MIepoXoBaThie), PAKOBHUHBI, HEPOBHOCTH, KOTOPHIE MOTYT OBITh
3aM0JIHEHBI MPOAYKTaMH KOPPO3UH. BUOKOPpO3us B OOJBIIMHCTBE CIY4aeB HOCUT S3BEHHBIN
a1n00 MUTTUHTOBBIN XapakTep. Yale Bcero OMOKOPPO3Hs SIBISIETCA JOKATBHBIM Pa3pylICHHEM.
Buapl 6nonornueckoii Koppo3uu(OHOKOPPO3UN).

buokoppo3usi moapasnensiercs Ha OakTepuadbHYI0, MHUKOJIOTMYecKyro. MHorma paspyuieHue
MOJKET OBITh BBI3BAHO MPUCYTCTBUEM B KOPPO3HOHHOM Cpeie APOXKIKEH, IPYrUX MUKPOOPTaHH3-
MOB. Bce MUKpOOpraHusmbl JesTCs Ha a’3poOHbIe U aHa’pOOHbIE. ASpPOOHBIE CYIIECTBYIOT U
Pa3MHOKAIOTCS TOJIBKO MPU HAIMYUHU KUCJIOPOia. AHAIPOOHBIM K€ JIJIsl HOPMAJIbHOM JKU3HEIes-
TEIBHOCTU KUCIOpoa He TpedyeTcs. Cpeau a3poOHBIX MUKPOOPTaHW3MOB HanOojee OnacHbIMU
SBJISIIOTCS CepoOaKTepun U xKenezobakrepuu (00uTaroT B 1moyse). B mpupoansix cpenax a’poo-
HBIE U aHa3POOHBIE MUKPOOPTaHU3MBI CYIIECTBYIOT COBMECTHO.

Yame Bcero mpotekaer OakTepuanbHas Onoxoppos3us. OHa ke W Hambojee pa3pyIIUTENbHA.
JlanHbIi BUA BCTpeuaeTcs B BOJE, MOYBE, TOIUIMBE MPH Hanuuuu OakTepuil. baktepun oueHb
OBICTPO PAa3MHOXKAIOTCSI U JIETKO MPHUCIIOCAOIMBAIOTCA K BCEBO3MOYKHBIM YCJIOBHSM OKPYXKaro-
nieii cpeapl. bakrepuanbHas Guokopposust MoXxeT nmpotekaTsh npu pH cpeast ot 1 10 10,5 u Tem-
nepatype (4damie Bcero) 6-40 °C mpu HaTWYUU PA3THYHBIX OPTAHMYECKUX U HEOPTaHUYECKHUX
BELIECTB, COIEPKALUX KUCIOPO, YIIEPO, BOAOPOJ, )KENE30, a30T, KAJIUH, cepy U T.J.

Llenwv padomoi: N3yanth KOppo3uI0, KaK OKUCIUTEILHO-BOCCTAHOBUTEIBHBIN IIPOILECC.

OIIBIT 1.

Koppo3ust OLIMHKOBAHHOTO U JTy>KEHOT0 JKeje3a

B ckpenky ans Gymaru BCTaBUTh TOHKHM KyCOUEK METaNIMYECKOTO IIMHKA, B JIPYTyI0 — TaKOU
K€ KyCcO4eK 0JioBa. B 1Be mpoOHpKU HATUTH BOJBI U T0OABUTH 2-3 Kariu pa30aBiIeHHON CEpHOM
KHCIIOTBI U pacTBOpa KpacHoi kpossiHoi conu — Kz[Fe(CN)g] —BemiectBa, KoTOpOe sIBIsETCS pe-
aKTHBOM Ha HOHEI Fe?*, 06pasys ¢ HUM coelMHeHNe CHHETO IIBETA.

O0e CKpemnKy OMyCTHTh B IPUTOTOBICHHBIE PacTBOPHL. Kakyto okpacky mproOpeTaeT )KHUIKOCTh,
B KOTOPOE OMYIIEHO MEPO C 0JIOBOM, YePEe3 HECKOIbKO MUHYT?

Kakue MoHBI TOSIBUIIHCH B PACTBOPE, U HA UTO 3TO YKa3bIBaeT?

B npyroit mpobupke okpainBaHie MO>KHO HaOJI0JaTh TOJIBKO MOCJIE PACTBOPEHUS BCETO IIMHKA.
Pazo0path Bce mpoTeKaroue peakiiui, IpUHUMas BO BHUMaHHE BETMUYMUHBI CTAHIAPTHBIX DJIEK-
TPOJHBIX MOTeHIHaIOB Fe, Zn, Sn.

CocTaBuTh ypaBHEHUS peaKlUii aHOJAHBIX M KaTOMHBIX MPOIECCOB MPHU JEHCTBUU TallbBaHONAp -
Fe—Zn u Fe—Sn ¢ Bo1opoqHOM ACTIOISpU3AIHCH.

Jlist cpaBHEHHS COCTAaBUTh CXEeMY JEHCTBHS rajibBaHomapbl Fe—Sn ¢ kuciaopoaHoil aemomnsipusa-
IHAEH.

OIIBIT 2.

BnusiHue ranpBaHomapbl, BOSHUKAIOUIEH B pe3yiabTaTe XMMUYECKOW peaklMu ,Ha Mpolecc pac-
TBOPEHHUS METaJLIA.

Brectn B mpobupky 5-6 xamens pazbaBiaeHHoro pactBopa H2SOs u rpanyny nmaka. OTMETHTH
BBIJICTICHHE BOJIOPO/Ia U OOBSCHUTH BO3MOKHOCTh MPOTEKAHUS PEAKIIMU C MTOMOIIBIO0 3HAYCHUS
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CTaHapTHOIO 3JIEKTPOAHOIO noTeHnuana. KocHyTbcs MeqHON MPOBOJIOKON IrpaHyiibl HuHKa. Ha
KakoM Mertaiie Oyner HaOroJaTbes BblelIeHHE BoAopoaa? 3amucarbh CXeMy KOPPO3HMOHHOIO
MEJHO-IIMHKOBOT'O TAJIbBAHUYECKOTO 3JIEMEHTA C BOJOPOAHON IEHOIsIpU3ael Ha KaToAE.
OIIBIT 3.
IIporexTopHas 3amura
B crakan ¢ pa3z0aBieHHBIM pPacTBOPOM YKCYCHOW KMCJIOThI IPUOABUTh HECKOJIBKO Kalleslb pac-
TBOpa KI M NOMECTUTH B HETO IUIACTHHBI IMHKA U CBHUHIIA B KOHTAKTe Apyr ¢ apyrom. Monsr I’
MTPAIOT POIb MHAMKATOPA Ha MOHBI Pb%" | 06pa3sys ¢ HuMu ManopacTBopuMoe coenuHenue Pbl,
xenToro useta. /s cpaBHeHHE B IPOOUPKY C TAKUM K€ PACTBOPOM ITOMECTUTH TOJIBKO CBUHEII.
B kakoM ciydae ckopee ob6paszyercsa noaus cBuHua? CocTaBUTh CXeMy J€HCTBUS rajlbBaHONAPbI
Pb — Zn. Kakoii meTasu1 urpaer poJib npoTeKTopa’?
OIIBIT 4.
ITaccuBupOBaHKME METAIUIOB U POJIb 3ALIUTHBIX IUICHOK B IIPOLIECCE KOPPO3HH.
A. O4uCTUTh HAXKIAKOM JBa CTalbHBIX rBO31A. OJUH IBO3Jb I1ACCUBUPOBATH, OIYCTHB €r0 B
npoOUPKY ¢ KOHIIEHTPUPOBAHHBIM pacTBOpoM a3oTHOW kucinoTel HNO3. 3anucats cBou HaOII0-
neHust. ONoNOCHYTh I'BO3/1b BOJOW U BHOBb OITYyCTUTB B a30THYIO KHCIIOTY.
[TpoMBITh TAaCCUBUPOBAHHBIN I'BO3/Ib U OIYCTUTh B IPOOUPKY C pa30aBIEHHBIM PacTBOPOM CEp-
HoM kucnoTsl H2SO4. OTMETUTH CKOPOCTH BBLAEIEHUS BOIOPOJIA.
J5is cpaBHEHHS OIYCTUThH B PACTBOpP CEPHOU KMCIIOTHI HeoOpaOoTaHHBIN rBo3/1b. Ha kakom 00-
pasie ckopee BblaenseTcs Bogopoa? OTMETUTh POiib OKCHIHOW IUIEHKH, 00pa30BaHHOM Ha Me-
Tayie npu 00paboTKe KOHIIEHTPUPOBAHHON a30THOW KHUCIIOTOH, IO OTHOIIEHUIO K KOPPO3UH.
b. amomuHMii ciocoOeH MPOSBIATh BBICOKYIO XUMHUYECKYIO0 aKTUBHOCTb, €CJIM C €0 TOBEPXHO-
CTH CHATH 3alIUTHYIO OKCHIHYIO IJICHKY. UTOOBI ylaluTh OKCHUAHYIO IUICHKY, OMYCTHTH allfo-
MHUHHEBYIO IUIACTUHKY B PACTBOP ILLIEJIOUH, IPOMBITh BOJIOM M OCYIIUTH (PUIBTPOBAIBHOM Oyma-
TOM.
3arem nomecTuTh Ha 1 MuH B pactBop conu pryTu(Il) 1 BHOBE IPOMBITH MIaCTUHKY BOOH. [Ipu
9TOM MJIET PEaKLMs

Al + 3Hg? = 2AIP* + 3Hg
U Ha MOBEPXHOCTU AJIOMHUHUS 00pa3yeTcsl amajibrama - €ro pacTBOp B METaNIMYECKOW PTYTH.
Ha amansramMmpOBaHHOM aJIOMMHHMM OKCHUJHAs IIEHKA HE YAEPKUBACTCS U MOBEPXHOCTH Me-
Tajla Ha BO3/lyXe ObICTPO MOKPHIBAETCS XJIOMbsAMHU. CHATH XJI0Mbs (PUIBTPOBATIbLHON Oymaroil u
MOMECTHUTH IJIACTUHKY B POOUPKY ¢ Bojoil. Hamucarh ypaBHEHUS] COOTBETCTBYIOLIUX PEaKLUIL.
VYckopsroliee BIMSHUE Ha KOPPO3UIO ATFOMUHUS OKA3bIBAET TaK)KE BOZHUKAOIIAS TAJIbBAHOIIApA
Al-Hg. Hamicatpb cxemy ee JeiiCTBHSL.
OIIBIT 5.
TepMuueckoe OKCUIUPOBAHUE CTAIU
Hanecenne OKCHMIHBIX IJIEHOK HAa METAJUIBI HA3BIBACTCS OKCHIMPOBAHUEM, A B CIydae CTAIN —
BOpoHEeHHEM. OUHUCTUTh HAKIAKOM JBE CTaJIbHbIE IJIACTUHKU. [IpoBecTH TepMUUeCcKOe OKCHUIU-
pOBaHUE OJHOW U3 HUX, /U1 YETO HArpeTh IUIACTUHKY B IIJIAMEHU TOPEJKHU 10 MOSIBICHUS 1IBETOB
00EXKaN0CTH, T.€. 10 MOSABICHUS OKCUIHBIX IJICHOK, KOTOPbIE BBUIY CBOEH pazIMuHON TOJIIIH-
HBI BBI3BIBAIOT MHTEP(EPEHIINIO CBETA U TIOTOMY OKpAaIllMBalOTCs B pa3Hble 1BeTa. Hanectu mo 1
Karute pactBopa cyiabdpaTta Meaun CuSOs4 Ha OKCHIUPOBAHHBIM M HEOKCHIMPOBAHHBIN 0Opa3IIbl.
[To ckopocTy MOSBIEHHS] TEMHOTO MSITHA MEIM Ha 00pa3liax OLEHUTh 3alllUTHBIE CBOWCTBA 00pa-
30BaHHOM IJICHKHU.

6 IMJAKTUYECKHUE MATEPUAJIBI UISI KOHTPOJISA (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPHUAJIA

6.1 OueHouHbIe CPeICTBA, MOKA3aTEIH U KPUTEPHHU OIIEHUBAHUS KOMIIETEHIIU

Hupexc | OneHouHoe IToxka3aTenn Kpurepun ouennBanus
KOMIIe- CpeacTBO OLlCHUBAHMS copMHUPOBAHHOCTH KOMIIETEHNH
TEeHINH

OIIK-1, | Otuer o Hwuzkuii — HEeyOByIe- | CTAaBUTCS, €CJIM HOMYIIEHBI CYIIECTBEHHBIE
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YK -1

nabopaTop-
HOM paboTe

TBOPHUTCIIBHO

OomMOKH (B X07Ie IKCIIEPUMEHTA, B 00BsICHE-
HUM, B 0pOpMIICHUU PAOOTHI, MO TEXHUKE
Oe3omacHoCTH, B paboTe ¢ BElleCTBaMU U
pudopamu), KOTOpPbIE HE UCIIPABIIAIOTCS J1a-
K€ 110 YKa3aHUI0 IPEeroiaBaTesl.

IToporosenii — yno-
BIIETBOPUTEIIBHO

CTaBUTCS, €CJIHM JIOMYIICHBI OJIHA-TBE CYIIE-
CTBEHHBIC OIMMOKM (B XOJ€ JKCIICPUMECHTA, B
oObsicHeHHH, B odopmieHUH padOTHI, IO
TeXHHKE Oe30macHoCTH, B paboTe ¢ Bele-
CTBaMH M IPUOOpPaMu), KOTOPIC UCTIPABIISIIOT-
Cs C TIOMOIIBIO MPEIoAaBaTesl.

ba3oBblii — x0po1o

a) paboTa BBITIOJIHEHA MPABUIIBHO, O€3 CcyIIe-
CTBEHHBIX OIIMOOK, C/ICJIAaHBI BHIBOJIBL;

0) IOMYCTHMBI: HETOJIHOTA TPOBEACHUS WU
oopmIteHHsT IKCIIEPUMEHTA, OJHA-IIBE HECYIIIE-
CTBEHHBIC OIIMOKU B MPOBEACHUH WIH OPOpM-
JICHUM DKCIIEPUMEHTa, B MpaBHiax paboThl C
BEIIECTBAMU U NTprOopamu

Bricokuit — oTiIM4HO

a) paboTa BBITIOJTHEHA TTOJIHO, TIPABUJILHO, 03
CYIIECTBEHHBIX OMIMOOK, C/ICIaHbl BHIBOIBI,

0) PKCIIepUMEHT OCYIIECTBIIECH IO IUIaHy C y4e-
TOM TEXHHKH O€30MTaCHOCTH ¥ TPaBHJ PaOOTHI C
BEIIECTBAMHU u npudopamu;
B) UMEIOTCS OpraHU3alOHHbIE HaBBIKU (TIOA-
JEpKUBAETCS] YUCTOTa pabodero Mecra u mopsi-
JIOK Ha CTOJIe, 5)KOHOMHO HCIOJIB3YIOTCS] pEaKTH-
BBI).

KoHnTposns-
Has paboTa

Hwuskuii — veynosie-
TBOPHUTEIIBHO

JIOMYCTUJI YUCIIO OMIMOOK M HEJO0YEeTOB Ipe-
BOCXOJII1Iee HOPMY, IIPU KOTOPOI MOKET OBITh
BBICTABJIEHA OLIEHKA «3»

[Toporossrii — yno-
BJIETBOPUTEIIBLHO

€CITH CTYJICHT MPABUIIBLHO BBHITTOJIHIII HE MEHEE
MOJIOBUHBI pabOThI WM JOMYCTHII: He OoJiee
JBYX TpyObIX OIINOOK; 1K He OoJiee 0JTHOM
rpy0oii 1 oHOI HerpyOoil OIMOKH U OJJTHOTO
He/lo4ueTa; Wi He OoJiee NBYX-TpeX HerpyobIx
OLIMOOK; MJIM OJJHOI HerpyOoi omMOKH U Tpex
HE/IOYETOB; WJIM TIPU OTCYTCTBHH OIITUOOK, HO
pY HAJIMYMU YETHIPEX-TISITH HEJI0UETOB.

ba3oBblii — x0po11o

CTYJICHT BBITIOJIHIJI Pa0OTY TOIHOCTHIO, HO
JOTTYCTHII B HEl: He OoJiee 0JHOM HerpyOoit
OIIMOKY ¥ OJTHOTO HEJ0YeTa Uil He OoJiee
JIBYX HEJIOYETOB

BrIcOkHiT — OTIIMYHO

paboTa BbINIOJIHEHA O6€3 OLIMOO0K, yKa3aHbl BCE
pacueTHbIe (HOPMYIIBI, €IUHUIBI U3MEPEHUS,
0e3 OIMOOK BEITTOJHEHBI MATEMATHYECKHIE
pacueTsl

Tect

Huskuit —
HEYJOBJIETBOPU-
TEIBLHO

KonuyecTBO npaBUIIbHBIX OTBETOB HA BOIPOCHI
Tecta MeHee 60 %

[ToporoBssiii — yao-
BJICTBOPUTCIILHO

KonuuecTBo MpaBUIIBHBIX OTBETOB HA BOIPOCHI
Tecrta oT 61-75 %
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bazoBblii — xopomo | KonnuecTBo mpaBUIIbBHBIX OTBETOB Ha BOIPOCHI
tecTta oT 76-84 %

Bricokuii — otinuno | KonndecTBO MpaBHIBLHBIX OTBETOB HA BOIPOCHI
tecta oT 85-100 %

Huskwii — KonmuecTBo MmpaBUIIBHBIX OTBETOB Ha BOIIPOCHI
HEYJI0BJIETBOPHU- tecta MmeHee 60 %
TEIBHO
YueOHble Huskwii — JONYCTHI YHUCIO OUMOOK W HEJOYETOB IIpe-
3a7a4un HEY/I0BJICTBOPU- BOCXO/ISIIIIEE HOPMY, IIPU KOTOPOH MOXKET OBITh
TEILHO BBICTABJICHA OIICHKA «3»
IToporoselii — yno- CTYIEHT MPABWIbHO BBIIIOJIHWI HE MEHEE IIO-
BJIETBOPHUTEIBHO JIOBUHBI pabOThI MJIH JIOMYCTHII: He OoJiee qBYyX

rpyObIX omuKOOK; 1K He OoJjiee 0JHOU rpyOoi
U OJIHOM HerpyOol OMMOKH U OJJHOTO HEI0ue-
Ta; WIM He OoJiee MBYX-TpeX HETrpyObIX OIIH-
O0OK; WM OJHON HErpyOOW OMIMOKU U Tpex
HEJIOYETOB; WM TPU OTCYTCTBUU OIMIMOOK, HO
NPY HAJTMYUU YETHIPEX-TISTH HEJIOYETOB.

ba3oBbI1i1 —xopomio CTYJEHT BBINOJIHWI pab0OTy MNOJIHOCTHIO, HO JI0-
OycTHJI B Heil: He Ooznee oaHON HerpyOoit
OmMOKK W OJHOTO HemoueTa WM He Ooee
JIBYX HEJI0YETOB

Bricokuii — otnuuHO | paboTa BbIMOJHEHa 0e3 OMMOOK, YKa3aHbI BCe
pacueTHble (HOPMYJIbI, €IUHUIIBI HU3MEPEHUS,
0e3 OomMOOK BBIMOTHEHBl MaTeMaTUYECKUE
pacyeTsl

6.2 IIpoMeskyTOYHASI aTTECTALUS CTYAEHTOB MO JIMCHUIINHE

IIpomexxyTouHast arrecTanys ABISIETCS NPOBEPKOM BCEX 3HAHWM, HABBIKOB M YMEHUU
CTYACHTOB, MPUOOPETEHHBIX B MPOLECCE U3YUEHUS TUCHMITIMHBL. POPMOI MPOMEKYTOUHOM aT-
TECTalWH 10 AUCLUIUIMHE ABJISIETCS YK3aMEH.

Jl1s OLlCcHUBaHUS PE3YJIbTaTOB OCBOCHUS AUCLUIUIMHBI IPUMEHSETCS CICAYIOIINUE KPUTe-
pYH OLICHUBAHMSL.

Kpurepun onieHUBaHNs YCTHOTO OTBETA HA JK3aMeEHe

Ouenka «5» (OTJIMYHO) CTABUTCS, €CIIU CTYAECHT:

1. IOJHO PacKphITO COjiep KaHUE MaTepuana OueTa;

2. Marepual W3JI0KEH T'PaMOTHO, B OMNPEACICHHOM JIOTMYECKOW MOCIEA0BATEIbHOCTH,
TOYHO UCIIOIb3YETCS TEPMUHOJIOTHS;

3. IOKa3aHO yMEHUE WILIIOCTPUPOBATh TEOPETUUYECKHE MOJOKEHHSI KOHKPETHBIMU IPHUMeE-
paMu, IPUMEHSTh UX B HOBOW CUTYyallUU;

4. IpOIEMOHCTPUPOBAHO YCBOEHUE PAaHEE M3YUYEHHBIX COIMYTCTBYIOIIMX BOIPOCOB, Cop-
MHUPOBAaHHOCTb U YCTOMYMBOCTb KOMIIETEHIIUN, YMEHUI U HABBIKOB;

5. OTBET MPO3BYyYaJl CAMOCTOSTENBHO, 0€3 HABOSAIINX BOIIPOCOB;

6. TOMyIIEHB! OJIHA — JIBE€ HETOYHOCTH IIPH OCBEIIEHUN BTOPOCTENEHHBIX BOIPOCOB, KOTO-
pBI€ UCIIPABIISIOTCS 0 3aMEYAHUIO.

7. IpaBUIILHO pPELIEHA pacyeTHas 3a7ada.

Ouenka «4» (Xo0pouo) CTaBUTCS, €CJIH:

OTBET CTY/IEHTa YJOBJETBOPSIET B OCHOBHOM TPEOOBAaHUSAM Ha OLIEHKY «5», HO MPU ITOM
MMEET OJINH U3 HEJOCTATKOB:

1.B U3J10KEHUU JIOMYILEHBI HEOObIINE TPOOEbI, HE HCKa3UBILUE COAEPKaHIE OTBETA;

2.10NyIIEHbl OIMH — JIBA HEJOYETa IPH OCBEIICHUH OCHOBHOI'O COJEP’KAaHMS OTBETA, HC-
IIpaBJICHHBIE 110 3AMEYAHUIO K3aMEHATOPA;
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3.70myIIeHsl ommoKa Wi 0oyiee IBYX HEJOUYETOB MPH OCBEUICHHH BTOPOCTENEHHBIX BO-
IIPOCOB, KOTOPBIE JIETKO UCIPABJIAIOTCS 110 3aMEYaHUIO dK3aMeHaTopa.

4. B pacueTHOI1 3a/1aue 10oMylLIeHa OMIHOKa.

Ouenka «3» (ya10BJIETBOPUTEJIbHO) CTABUTCS, €CIIU:

1 .HeTOJIHO WJTM HETIOCJICIOBATEIILHO PACKPBITO COJACPKaHUE MaTepuana, HO MOKa3aHo 00-
niee MOHMMAaHUE BOMPOCA M MPOJAEMOHCTPUPOBAHBI YMEHHUS, JOCTATOUHBIE NS JallbHEHIIero
YCBOEHUSI MaTepuana;

2.MMEJNCh 3aTPYAHECHUS WU JOMYIICHBl OIIMOKU B ONMpEeNIeHUU MOHATUN, UCTIOIb30Ba-
HUU TEPMHUHOJIOTHH, UCTIPABIICHHBIE MOCIIE€ HECKOJIbKUX HABOISIIUX BOIPOCOB;

3.1IpH HETIOJIHOM 3HAHUM TEOPETUUYECKOro MaTepHalia BhIABIIEHA HeJOCTaTO4YHas chopmu-
POBAaHHOCTH KOMITETECHIIMM, YMEHUN U HABBIKOB, CTYJICHT HE MOXET IPUMEHUTH TEOPUIO B HOBOM
CUTYallUH.

4. pelieHUE pacueTHOM 3a/1a4M BBI3bIBACT 3aTPYyIHCHHUSL.

Ouenka «2» (Hey10BJIETBOPUTEJIbHO) CTABUTCS, €CIIN:

1.He pacKpBITO OCHOBHOE COJIEp’KaHNE YUYEeOHOr0 MaTepurarna;

2.00Hapy>KeHO HE3HAHUE WM HeTIOHUMaHKe Ooblei nin Hanboiee BayKHOM YacTu yueo-
HOTO MaTepHaa;

3.70MyIIeHbl OMMOKH B ONPEISICHUN MOHITUA, IPU UCIOJIB30BaHUU TEPMUHOIIOTUH, KO-
TOpPBIC HE UCITPABJICHBI ITOCJIE HECKOJIBKUX HABOISIINX BOIIPOCOB.

4.1e chopMHUpOBaHBI KOMIETSHIIMH, YMEHUS U HABBIKH.

5. pacdeTHas 3a7]a4ya HE perieHa.

6.3 TunoBble KOHTPOJILHBIE 32 IAHUSI HJIH HHbIE MaTePHAJIbl, HE00X0IMMBbIE J1JIsl OLEeHKH
pPe3yJabTaTOB OCBOEHMS IV CHUNIIHHBI

TPEBOBAHUS K ®OPME OTUETA 110 JIABOPATOPHOM PABOTE
Kaxxaplii cTyIeHT 10JKeH BecTH J1abopaTOpHBIN KypHall. Bece 3anucu 10mKHBI OBITH YeT-
KHMH U aKKypaTHBIMH. B KypHaie 3anuchIBalOT cXeMy IPOBEIEHUS aHallu3a, Pe3yJbTaThl pabo-
Thl U YPAaBHEHHSI XUMHUYECKUX PEAKIIUM.

JlaGopaTopuas padora Ne 1
OcHoBHBIE PUEMBbI Pa00THI B JIA0OPATOPUM.

®opma otvera. OTUET TOJDKEH COAEPIKATh HAa3BaHUE, IIeNTb PadOThI, ONMMCAHNE X0/a pa-
0O0ThI, pUCYHOKH MPUOOPOB, HAOIIOICHNUS, YPABHEHUS PEAKIINiA, BHIBOIBI.

JlabopaTopnasi paGora Ne 2
OnpenesieHue MOJIEKYIAPHO Macchl okcuaa yriepoaa(lV).

®opma otyera. OTYET JOJDKEH COAEpKATh Ha3BaHUE, 11eTb PabOThI, OMUCAHKE XOa pa-
0O0THI, PUCYHOK MPUOOpa ISl TIOJIYYSHHS YTICKUCIOTO Ta3a, HAOIIOACHUS, BEIYUCICHHUS, BHIBO-
JIBL.

JlabopaTopnasi paGora Ne 3
Ilepuoanyecknii 3aK0H U nepuoanyeckas cucrema. CTpoeHue aroma.

(I)opMa otuera. Otuer JOJIKCH COACPKAaTh HAa3BaHUC, LICIIb paGOTLI, OIMMCAaHUC XOJa pa-
6OTBI, H€06XOHI/IMBI€ BBIYMCJICHUSA, BBIBOAbI.

JlabGoparopHnasi padora Ne 4
Knaccpl Heopranm4eckux coe{uHeHuil.

®opma otyera. OTUET JOJDKEH COAEpKAaTh Ha3BaHUE, LIeJb paboThl, OMUCAHKUE XOa pa-
0OTBI, ypaBHEHUS pEaKI1ii, BEIBOIbI.

JlabopaTopnasi paGora Ne 5
XHuMH4YecKas CBA3b.

®opma otyera. OTYET JODKEH COACPKATH HA3BaHUE, LIeJh PabOTHI, ONMUCAHKE XOa pa-
OOTEI, BEIBOJKI.
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JlaGopaTopHasi padota Ne 6
KommnexkcHble coenunenusi. [losryuyenne u ycToH4uBOCTD.

®opma otvera. OTUET JOHKEH COACPKATh Ha3BaHUE, 1Ie]db PaObOThI, ONMCAHUE XOJa pa-
00TbI, ypaBHEHUS PEAKIINil, BHIBOBI.

JlabGoparopHnasi padora Ne 7
CxopocTh XMMHUYECKON peaKkium.

®opma otyera. OTUET TOJDKEH COAEPIKATh Ha3BaHUE, 11eJb PadOThI, OMCAHNE X0Ja pa-
0OTHI, ypaBHEHHs PEaKIMii, 3alOJHEHHbIE TAOMUIBl, TpaUKU U3MEHEHUSI CKOPOCTH PEaKIIHH,
BBIBOJIBI.

JlabGoparopHasi padora Ne 8
IIpuroroBjieHUe pacTBOPOB PA3JIMYHON KOHIEHTPAIIUH.

(I)opMa otuera. OrueT JOJDKCH COACPIKATh HA3BAHUC, LCJIb pa6OTI>I, OIMMCAaHUC XOJa pa-
6OTI)I, H€O6XOZII/IMI)I€ BBIYMCJICHHSA, BBIBOIbI.

JlabopaTopHasi padora Ne 9
CBoiicTBa pacTBOPOB YIEKTPOJIUTOB. JJIEKTPOJIUTHYECKAS THCCOLUALUH.

®opma oryera. OTYET JODKEH COJCPKATh Ha3BaHUE, LIeNb pabOThI, ONMMCAHUE X0/1a Pa-
0OTBI, pUCYHOK MPHUOOPA JIJIsl UCIIBITAHKS IEKTPHUUECKON MPOBOJIUMOCTH, YPAaBHEHHS PEAKIINY,
BBIBOJIbI.

Jladoparopnasi padora Ne 10
I'mapoJus coei.

®opma oryera. OTYET JOHKEH COJCPKATh Ha3BaHUE, LIeNb PabOThI, ONMMCAHUE X0/1a Pa-
0OTBI, ypPaBHEHUS PEAKITHH, BHIBOIBI.

JlabopaTopnasi padora Ne 11
OKuCAUTETbHO-BOCCTAHOBUTEIbHbBIC PEAKIIHH.

(I)opMa otuera. OTUer JOJIKCH COACPKAaTh HAa3BaHUC, LICIIb pa6OTI>I, OIMMCAaHUC XOJa pa-
6OTBI, YpaBHCHHA pCaKn, BBIBOABI.

JlabopaTopnas padora Ne 12
DJ1eKTPOJIH3.

®opma oryera. OTUET JOKEH COJCPKATh Ha3BaHUE, [IeNIb pabOThI, ONMMCAHUE X0/1a Pa-
0OTBI, YpPaBHEHUS PEAKITHH, BHIBOIBI.

IIPUMEP 3AJIAHUM 1JIs1 KOHTPOJILHOM PABOTHI
Konmponvnas paboma Ne 1
Bapmuanr 1
1. Cxonbko Monekys conepxutcs B 102 M® MeTana, Haxonsmerocs npu 4 °C u npu naBnenuu
1,0133 - 10° ITa?
2. Beruucnute MONEKyIspHYIO Maccy dkBuBanieHTa H3PO4 pu peakuusx oOMeHa B pe3yibTare
KOTOPBIX 00pa3yloTcs KUCIIbIe U HOpMabHbIE COJIH.
3. Haiigute mpocreiinryio ¢popMyiny COEAMHEHUs, UMEIoUIero cienayoumii cocra (%) meau
25,48, cepsl 12,82, kucnoponaa 25,64, Boasl 36,06.
4. AToMy, KaKoro 31eMEeHTa OTBeYaeT deKTpoHHas popmyna 1522s22pf3s23p8?
5. HaliguTe xonnMuecTBa BEUIECTB DKBHBAICHTA JIJIi OPOMHIOB HATPHS, KaJbIUs, ATFOMUHUS,
B3sThIX Maccou o 100 r.
Koumponvnasa paooma Ne 2
Bapmuanr 1
1. K 950 r Boasl npubasmin 50 M 48%-noro pactopa HoSO4 (p=1,38). Beraucaure mporeHT-
Hoe coaepkanne HoSO4 B momydeHHOM pacTBope.
2. Kakum o6bpemom 28%-noro pactsopa KOH (p=1,26) moxxno 3amenuts 600 mi 7,5 H. NaOH?
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3. 3aKOHYUTH ypaBHEHUE OKHCIUTEIIEHO-BOCCTAHOBUTEILHOTO MpoIiecca

KMnO4+Zn + HSO4 —

4. Kakue W3 MepedyrCICHHBIX HUXe cosied momseprarorcs ruapoiusy: NaCN,KOCI, NaNO.,
NH4CH3COO, CaCl,, NaClO4, KBr? s kakaoi U3 THIAPOIHU3YIOIIMXCS COJIel HAIKCATh ypaB-
HEHUE TUPOJIH3a B HOHHO-MOJISKYIISIPHON (JOpME U yKa3aTh PEaKIUIo €€ BOJHOTO PacTBOpA.

5. BBIYHCIUTE KOHCTAHTY THIAPOJW3a (GTOpHJA KaIHs, ONMPEACIUTh CTCICHb TUIPOIU3a dTOU
comu B 0,01 MpactBope u pH pactsopa.

ITPUMEPHI TECTOBBIX 3ATAHUI
TECT I1IO OBIIEN XUMHU
WHcTpyKUus 1)1 CTYICHTOB

Tecm cocmoum u3 yacmeu A, B, C u cooepoicum 25 3a0anuil, u3 nux 15 3adanuii — uacmo
A, 5 3a0anuii — yacmo B, 5 3a0anuii — wacme C. Ha eco evinonnenue omsooumcs 135 mumnym.
3adanus pexomendyemcs 8blNOIHAMb HO NOPAOKY, HE NPONYCKASL HU 0OHO20, 0adce camozo jee-
kozo. Ecnu 3a0anue ne yoaemcs evinoinume cpasy, nepeioume k creoyioujemy. Eciu ocmanem-
csl 8peMsl, BepHUMECH K NPONYWEHHOMY 3A0aHUIO.

Yactb A

K xasxcoomy 3a0anuto vacmu A 0ano HeCKonIbKO 0mMeemos, U3 KOmopwvix mojabKo 0OUH Om-
eem @epHulil. Bvibepume eepnvlii, no Bawemy muenuro, omeem. B bnanke omeemos nanpomue
HoMepa 3a0anus nocmasbme Homep ulu OYK8Y, KOmopvle COOMEemMcmayom Homepy Ul OyKee
8bl0panHo2o0 Bamu omeema.

Al. Ilpu cropanuu 5.00 r metamia oopaszyercs 9.44 r okcuna metamia. OnpeaenuTe dKBU-
BaJICHTHYIO Maccy MeTalia:

a) 4.50 r/moub; 6) 9.01 r/mMonsb; B) 18.02 r/Mmonb?

A2. TIpu 7°C naBnenue rasa B 3aKpbIToM cocyje paBHo 96.0 kITa. Kakum craner naBieHue,
ecim oxyaguth cocy 1o -30°C:

a) 41,2 xIla; 6) 82,3 xIIa; B) 112.4 xI1a?

A3. BeipaszuTe B rpaMMax Maccy OJHOM MoJIeKyIbl okcuza cepsl (1V):

a)2.12-102%; 6) 1.06 - 102%; B) 6.02 - 102%?

A4. Onpenenute peaknuio cpeasl B pacTBope mocie B3aumoneicteus 90 r NaOH ¢ 73 r
HCI:

a) HeWTpanpHas;, 0) Kucjas; B) IIETOYHAs?

AS5. Kakas u3 nepeyucieHHbIX KUCIOT 00pa3yeT KUCIbIe COIU:

a) HNOs3, 6) H2S, 8) HCI, r) CH3COOH?

A6. CKoIIbKO HECHapeHHBIX AIEKTPOHOB CO/AepKaT HeBO30yxkAeHHbIe aToMbl AS u Cr co-
OTBETCTBEHHO:

a)3u6;0)5u4;8)3ud?

A7. Kakoii xapakTep UMEIOT cBs3H B MoJiekyiax: a) CS;u 6) OF2:

1) a- noHHas, 0- KOBaJIeHTHAs TOJSIpHAsT; 2) a-, 0- KOBAJIEHTHAs OJISIPHAS;

3) a- KOBaJIeHTHAs HETIOJISIpHAsI, O- KOBaJIEHTHAS TTOJISIpHAS?

AS8. Ykaxure tun rudpunusainun AO kpemuus B Mojekyie SiH4. I[Monspra nu 31a Mose-
KyJna:

a)Sp- rudpuaM3anus, HENoIsIpHa; 0) sz-m6p1/1;[1/13au1/15{, MOJISIPHA;

B) SP>-rUOpU N3, HETONAPHA; T) SP°-rHOpUAM3aIMS, TTONsIpHa?

A9. Tlouemy (¢ mosunuit Metoga MO) HE MOXET CYIIECTBOBAaTh YCTOHYHMBAs MOJIEKYJa
Be,?

[ToToMy 4uTO: a) MOJIEKYJa COAEPKUT YETHOE YHCIIO AIIEKTPOHOB; 0) CyMMAapHBIN CIIMH MO-
JICKYJIBI PaBeH HYJIIO; B) YHCIIO AJIEKTPOHOB Ha CBs3bIBaronmXx MO paBHO YUCITY 2JIEKTPOHOB Ha
pazpsixiistromux MO.

A10. B cucreme CO + Cl; = COCI; konnenrpanuto CO yBemwumnmu ot 0.03 mo 0.12
MOJIb/T, @ KoHIleHTpanuto xyopa — ot 0.02 mo 0.06 momnw/n. Bo ckombko pa3 Bo3pocia CKOPOCTh
MPSAMOM pEeaAKIIUHN:
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a)4; 6) 8; B) 127

All. VBenuueHne CKOPOCTU PEAKIMHU C IMOBBILICHUEM TEMIIEPATYyphl, BBI3bIBACTCS TJIaB-
HBIM 00pazom:

a) yBEJIMYCHUEM CpeJHEHl KMHETUYECKOW PHEepruH MOJIEKYIN; 0) BO3pacTaHHMEM YHUCIIa aK-
TUBHBIX MOJIEKYJI; B) POCTOM YHUCJIa CTOJIKHOBEHUI?

A12. Koucranra muccormanuu xjaopHoBatucroi kuciaotsl HOCI 5.0 - 108, Berumciure
crenenb ee aucconuanuu B 0.2 H pactBope:

a)5-10%6)6-10%;8) 7-10%?

A13. Kakoe MOeKyIsSIpHO-HOHHOE ypaBHEeHUE ruapoausa anerata Hatpust CH3COONa sB-
nsieTcsl BepHbIM? BhIYnCIINTEe KOHCTAHTY TUIPOJIM3a TAHHOU COJIH.

1) CH3COONa + H20 = CH3COOH + NaOH

CH3COO™ + H,O = CH3COOH + OH"

2) CH3COONa + H20 = CH3COOH + NaOH

Na* + H20 = NaOH + H",

a) Kr=5.88-101% 6) Kr=7.2-10%% ) Kr=5.9 - 10%°,

Al4. 13 400 r 50 %-noro (mo macce) pactBopa H2SO4 BeimapuBanuem ygamwmm 100 T Bo-
ne1. Uemy paBHa maccoBas noiist HoSO4 B ocTaBiemcs pactBope:

a) 66.7 %; 6) 77.4 %; B) 82.6 %?

A15. Haitnure maccy NaNO3z, Heobxonumyro ams npurotosierust 300 mu 0.2 M pactBopa:

a)3.21;06)4.51;B) 5.1 17

Yacts B
byovme enumamenvuul! 3a0anus uvacmu B mozym 6vims 3-x munos:
1) 3a0aHUs, COOepAaCaufue HeCKOIbKO BEPHBIX OMEENnos;
2) 3A0aHUS HA YCIMAHOBIEHUE COOMBEMCMBUSL;
3) 3a0aHUsL, 8 KOMOPBLIX Omeem 001JdHCeH OblMb 0aH 8 GUude YUCId, C108d, CUMBOIA,

gopmynoi.

Omeemul 3a0anuil wacmu B 3anuwume na 61anke omeemos Hanpomue Homepa 3a0aHUsL.

B1. Kakoe Bo3aeticteue Ha cucremy 4 HCI (r.) + O2 (r.) =2 Cl2(r.) + 2 H20 (r.) npuBenet
K CMEIICHHUIO PaBHOBECHS BJIEBO:

a) yBenuueHue KoHieHtpanuu Oz; 0) MOBBIIICHUE JaBJICHUS;, B) Bo3pacTaHue oO0beMa pe-
aKIIMOHHOT'O COCY/a; I') yBenuueHue KoHuentpauuu Clz?

B2. Bognbie pacTBOpHI KaKUX COJIEH UMEIOT IIEIOYHYIO0 PEAKIINIO CPEJIbI:

a) NaF; 6) (NH4)2S0s; B) Kl; 1) K2S?

B3. Hanumure Gpopmyiy ciaenyromero COeAMHEHNs: TeTparuapoKCOLMHKaT (+2) HaTpusl.

B4. YcranoBuTe cOOTBETCTBHE MEXy CTOIOMKaMHU. B cTporom cooTBeTcTBUU € MOCIENO0-
BaTEJIbHOCTHI0O HOMEPOB JIEBOTO CTOJOMKA BBHIMMIIUTE OYKBBI BHIOPAHHBIX OTBETOB U3 MPaBOrO
cronbuka. [lepeHecure mosydyeHHYIO MOCIEI0BATENLHOCTh OYKB B OlaHK OTBETOB (6e3 1udp,
3anaThIX U nponyckos). Hanpumep, BAB.

BewecTtBO CsoiicTBa

1. H».S A. OKUCITUTETBHBIE

2. NaNO b. BoccraHoBUTEBHBIE

3. KMnOg4 B. OxucnuTensrHO-BOCCTAHOBUTEILHAS IBONCTBEH-
HOCTb

B5. Cymma k03¢ (HULIHEHTOB B MOJIEKYJISPHOM YPAaBHEHUHU PEAKIIMU:
KNO:z + KMnO4 + H2SO4 = KNO3 + MnSO4 + K2SO4 +H20 pasna:
a) 18;6) 21; B) 26?
Yacts C
Omeemul k 3a0anusim yacmu C ghopmynupyiime 8 c60600HOU KpamKou hopme u 3anucol-
satime 6 O1AHK OMBEMO8.
C1. Hanmmute ypaBHeHHE d1eKTponTHaeckoi aucconuanuun Cu(OH)CI.
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C2. HanumuTe MOJIEKYSPHOE U COKpAIIEHHOE HOHHOE YPABHEHUS PeaKIiu:

AgNO3 + FeCls =

C3. CocraBbTe B MOJCKYISIpHOU (popMe ypaBHEHHE PEaKIUU, KOTOPOE BBIPAKAETCS Cie-
JYIOIMM MOHHO-MOJIEKYIspHbIM ypaBaenueM: NO2” + HY = HNO.

C4. Hazoute xomiuiekcHoe coepunenue: [Ag(NHaz)2]Cl. Hanummre ypaBHeHue nuccomnu-
aluy KOMIUIEKCHOTO HOHA B BOJIHOM PacTBOPE KaK PEaKIUI0 3aMELICHUS JINTAaHI0B MOJIEKYJIaMH
BOJIbl. BbIpazuTe KOHCTAHTY HECTOMKOCTH KOMIUJIEKCHOT'O MOHA.

CS. 3akoHuMTe ypaBHEHHE peakIHMH U noadepure KodpQGUIUEHTH MOHHO-3JIEKTPOHHBIM
merogoMm: Kl + KzCr207+ HaSO4= 12+ ...

YYEBHBIE 3AJAYH K 3AHATUAM
Pa3zoen 2. Ocnognvie 3aKOHbl U NOHAMUA XUMUU
PacueTbl 10 ypaBHeHHAM XUMHUYECKHX peakuuii

IIpumep.

OnpenenuTs KOJIMYECTBO TPaMMOB (ocdaTa Kausi, KOTOPBIN MOJXYIUTCS TIPU HEUTPaTH3aIUN
dbochopHO KHCIOTHI 42 T THAPOKCH/IA KU,

B cooTBeTcTBUY C TPUBEIEHHBIM BBIIIE XUMUYECKUM YPABHEHHUEM PEIIUM IPOTIOPLHIO:

168 r rugpokcua kanus oopasytotr 212 r ¢pocdara kamus,
a 42 r rugpokcuna —“—x 1 docdara
x=42-212/168 =53 r.

B ypaBHeHnu peakuuu Kod(QQHUIMEHTHI Iepel Ta3000pa3HbIMH BEIIECTBAMH MOKA3bIBAIOT HE
TOJIKO COOTHOILLIEHHE MAcC pearupyrolnx razoB, HO ¥ UX 00bEMHbBIE COOTHOLIEHUS. DTO MO3BO-
JSET paccYUTaTh OOBbEMBI YYaCTBYIOIIMX B pPEAKLMU ra30B HENOCPEACTBEHHO IO YPABHEHMIO
MUHYS BBIYMCIICHHUS MacChl rasa.

IIpumep.

[Tpu B3aMMOAEHCTBUM METANTMYECKOT0 HATPHs ¢ BOJOM BhIenuiock 280 mi Bogopoaa (mpu
H. y.). CKOJIBKO TpaMMOB HAaTpHs BCTYIUIJIO B PEAKINIO?

3amnuiieM ypaBHEHUE peaKkIuK B3aMMOICHCTBHSI HATpHUsl C BOJIOM:

2 Na+2 H;0 =2 NaOH + HT
46 36 80 22,4
W3 ypaBHeHUs cieayeT, 4To 2 Mot HaTpust (2 -23 1) BBITECHSIOT U3 BOABI 1 MOJIb BOJgOpoa
(22,4 1 mpu H. y.). KomnuecTBO BCTYNUBIIETO B pEAKLMIO HATPHSI MOKHO HAMTH MO IPOMOPLIUU
46 r HaTpHs BBITECHSET U3 BOJBI 22,4 11 BOJIOPO/A,
a x r Hatpus —“—0,28 n
x =46 -0,28/22,4=0,575 .
Ilpocmeiimiue cmexuomempuueckue pacuemal
IIpumep.
BbruncnuM nponeHTHbIH cocTaB kKapOoHara kanmus. Monekymsipaas macca M(K2COgz) = 2
(ﬂ . 100)
3,91 +12 + 3 - 16 = 138,2. CnenoBarenbHO, coiepKaHue Kanusi paBHO 56,59 % 138,2 ,

coziepkanue yriepoga — 8,68 % (138,2

(i . 100)
138,2 _

Ecnu 1u3BECTHO MPOLIEHTHOE COJIepKaHUE Ka)KJOTO 3JIEMEHTA, BXOJSIIETO B COCTAaB JIAHHOTO
BEIIECTBA, MOKHO YCTAaHOBUTH (POPMYITY ATOr'O BELIECTBA.

Ipumep.

Brienem dopmyny yrieBopopona, coaepxaiiero 83,72 % yrnepona u 16,28 % Bogopona.
[1noTHOCTH MAapOB ATOTO YIIIEBOAOPOA MO BOJOPOAY paBHa 43.

cojepxanue kucinopoga — 34,73 %
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IIpeanonoxum, 4To B MOJIEKYILY 3TOTO YIJIEBOAOPOAA BXOIAT X aTOMOB yIiIepoJa U y aTOMOB
BOJIOpOJIa, T. €. yrieogopoa umeer popmyny CxHy. Macca yriaeposia B 3TOM COEIMHEHUH CO-
craBut 12 - x, a Bogopoxa 1 - y. OueBuHO, COOTHOIIEHUE MAacC yriiepoja U Bogopoaa Oyaer
PaBHO COOTHOILIEHHUIO IPOLIEHTHOT'O COIEP>KAHUS ITUX IEMEHTOB B YIJIEBOAOPO/IE:

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

Pa3znenum cooTBETCTBYIOIIME YIEHBI 3TOM MPONOPLUN HAa aTOMHBIE MACCHI YIJIEpo/ia U BOJO-

poxa:

12 "1 12 1
PaBI[eJ'II/IM B HpaBOfI qacTu HpOHOpHI/II/I Ha MCHBIICEC U3 HUX.:

12x 'y 83,72.16,28

x:y=1:2,33,
d 3aTCM YMHOXHM 4YHCJia B npaBoﬁ 4aCTU IpOIIOPpLHHHU Ha 3:
X:y=3:6,99.

W3 HaliieHHOTO BHIHO, YTO B MCXOJHOM YTJIEBOJOPOE Ha 3 aroma yriiepoja NpuXoguTcs 7
aTOMOB BOJIOpOa. DTOMY yclIoBUIO oTBedaeT psin coenuuenuit: Ca3Hz, CeHig, CoHor m 1. 11.

Xumuyeckasi ¢opMmyla, MOKa3bIBaIOIIas COOTHOIIEHHE aTOMOB B MOJIEKYJE, BBIPRXKEHHOE
MUHHUMQJIbHBIMUA YHCIIaMU, Ha3bIBaeTcsl npocmeuwen. CnepoparenbHo, CsH7 saBmsercs mpo-
cTeifmeit (opMyIoil HCKOMOTO YIJIEBOJOPO/IA.

Jis HaXOKIIEHUST UCMUHHOU XUMUYECKON (hOPMYJIIBI COSTMHEHUSI HE00X0AUMO 3HATh €r0 MO-
JeKynsapHyto maccy. Ilo ycnoBuio 3aauu IJIOTHOCTH YIIIEBOAOPOAA MO BOAOPOIY paBHa 43.
CrnenoBarenbHO, €ro MOJICKYJISIPHAS Macca COrJIacHO ypaBHeHUI0O M = 2 Dy Oyzer paBHa 2 - 43
= 86.

Haiinennast BenmuurHa BIBOE MPEBBIIIAET MOJIEKYJISIPHYIO MacCy, OTBEYAOIIYIO MPOCTEeHIIei
dopmyne C3H7, cnenoBatenbHo, HCTUHHAS (hopMylia uckomoro yriaeoaopoaa CeHaia.

IIpumep.

BeiBeniem npocteiiiyto ¢popmyiny coeaunenus, cogepxamero 17,1 % xaneuus, 1,7 % Bono-
pona, 26,5 % dochopa u 54,7 % xucnopona. 3anuiieMm GOpMyITy HCKOMOTO COSAMHEHUS Clie-
nytouM obpazom: CaxHyP;Oy. [IpuHrMas Bo BHUMaHUE MPOLEHTHBIA COCTaB COEAMHEHUS, 3a-
MUCBIBAEM:

40x :y:31z:16v=17,1:1,7:26,5:54,7,
U janee:
171.1,7 26,5 54,7
X:y:z:v= 40 1 31 16
X:y:z:v=043:1,7:0,86:3,42.
PaznenuB yncna B mpaBoii YacTH COOTHOILICHUS HAa MEHbILIEE U3 HUX, TOTYUHM:
X:y:z:v=1:385:2:7,95.

[Tony4yeHHble JaHHBIE MMO3BOJIIOT 3aKIIOUUTh, YTO MpOCTelInas (GpopMmysia HCKOMOTO COEIH-

Henunst — CaH4P20g mmi Ca(H2PO4)o.

I'azoBbIE 3aKOHBI

IIpumep.

BbIaucinTh MOJISIPHYIO MacCy MOHOOKCHJIA a30Ta, IUIOTHOCTh KOTOPOTO 10 BOJOPOJY paBHA
15. M(NO) =2 -15 =30 r/mMm0b.

Bbruncnaute MoISIpHYIO Maccy OyTaHa, €M ero INIOTHOCTB 1Mo BO3ayxy paBHa 2. M(CsHio) =
2 -29 = 58 r/mMoub.

Jis onpeneneHust MOJISIPHOM Macchl ra3a MOYKHO HCIOJIBb30BATh MPEICTABIEHHE O €ro Mo-
JAsipHOM 00BEMe. Mot J11000r0 raza mpo HOPMaJbHBIX YCIOBUSAX 3aHMMaeT 00béM 22,4 1. Cre-
JIOBaTEJIbHO, €CIIM M3BECTHA Macca m HEKOTOpOoro oobéma V rasa npu HOPMAJIBHBIX YCIOBUSX,
TO M MO>XHO BBIYHUCIIUTB IO IPOMOPLUU:

V 11 ra3a umMerT Maccy m r
224 1-7- X1
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22.4-m

x= V ;M=xr/monb
IIpumep.
Brrauciuth MOJIIpHYIO Maccy 3TaHa 5,6 1 KOTOPOTO IMPYU HOPMAJIBHBIX YCIOBUSX UMEIOT Mac-
cy 7,5 .
5,6 1 3TaHa umeroT maccy 7,5 T,
a224n1-’- xr
22,4-75

X = 5,6 =30r.
3Has MOJIIPHYIO MacCy rasa JIETKO BBIYMCIIMTH €r0 IJIOTHOCTH IO BOJOPOIY, BO3IYXY HIH
TH000MY IpyroMmy rasy, MOJIsipHasi Macca KOTOPOTO U3BECTHA.
BBIYUCIUTH TUIOTHOCTH IO BOJOPOAY TEMHUOKCH/IA a30Ta.
M(N,0) (2-14+16)

DH(N20) = 2 2 =22
HaiiTi mioTHOCTh MO BO3AYXY TeTpadTopuaa KPeMHHUS.
M(SiF,) (28+4-19)

Daosn. (SiF4) = 29 29 = 3,59.
H3mepenunss 00bEMOB T'a30B OOBIYHO MPOBOJAAT MPU YCIOBHUSAX, OTIUYHBIX OT HOPMaJbHBIX.
Jns mpuBeaeHus: 00bE€Ma raza K HOpMaJIbHBIM YCIIOBUSIM MCIIOJIB3YIOT YPaBHEHHE 00BHETMHEHHO-
ro razoBoro 3akoHa boins-Mapuotra u I'eli-Jlroccaka:

PVo  pv
T, =71
B stom ypaBHeHun V — 00bEM JaHHON Macchl rasa NnpH 3aJaHHbIX JaBJICHUU p U TeMIlepa-
type T (B KenbBunax); Vo — 00bEM 3TOM e Macchl raza Ipu HOPMaJIbHBIX YCIOBUSX (IIPH /JaB-
aenun 101325 Ia, umu 760 mm pt. cT. 1 Temmneparype 273 K).
Ecnmu V, 03Hauaer 00bEM, 3aHIMaeMBbIi TPH HOPMAJTBHBIX YCIIOBUAX 1 Mojewm rasa, T. €. 22,4
POVO

J1, TO JUIsl BCEX Ta30B COOTHOLLIEHUE T OyZAeT MOCTOSTHHOM BEIMYMHON. DTa BEeTMYMHA Ha3bl-
BACTCS VHUBEPCANbHOU 2a3060lU NOCMOsAHHOU, 0003HadaeTcss OykBod R, mMeeT pa3MepHOCTb
enununa sHeprun/(KenbpBuH -Moib). UncnenHoe 3HayeHHe R 3aBUCHT OT eIWHUIL, B KOTOPBIX
BbIpa)kaeTcst 00bEM U JaBlIeHHE rasa.

B Mexnaynaponnoii cucteme enunul (CU1) napnenue Boipaxaercs B nackansax (Ila, 1 ITa =1
H/Mm?), 06bEM B KyOHueckux MeTpax (M°), ClIeIoBaTelbHO 3HAYEHHE YHMBEPCAIbHOM Ta3oBOi
MOCTOSTHHOW OMpe/IeNIeTcsl 3HaYCHUEM:

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

B IMMPAKTUKE XUMHUYCCKHUX I/ICCHG)IOBaHI/Iﬁ 00BEM U JaBJICHUC YaCTO BBIPAXKAIOT B €IWHHUILIAX
JPYTUX CUCTEM: 00BEM — B JIMTpaxX WIM MIJUTHIUTPAX, AaBICHHE — B aTMOc(epax WiH MUJITU-
JUTpax pTyTHOro cronba. J{is mepeBoaa pe3ynbTaToB u3MepeHuid B eauHuibl CU mons3yrores
COOTHOUICHUSIMU:

I atm =760 mm pr. cT. = 101325 I1a
1 MM pr. c1. = 1,31 -103at™m = 133,322 ITa.
Ecnu naBnenue po BeIpaxkeHo B atMocdepax, a 00beM Vo — B JIUTpax, TO:
1.22.4
R= 273 =0,082 n -arm/(K -Moib).
Jlns cimyyasi, KOrja po BRIPaXEHO B MIJIUMETpaxX pPTYTHOTO CToJi0a, a 00bEM Ve — B MHIUITH-
JTUTPaX, MOJTYIUM:
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760- 22400
R= 273 = 62360 mu -Mm pr. cr./(K -MOIb).
PV, pv PV,
TlofiCTABUM B ypaBHeHHe 10 = T swmecro Lo HOCTOSHHYIO R 1 HonyuuM ypaBHeHuUe
it 1 moiist rasa:
ﬂ

T =R, wmpV=RT
Jlyist n MoJieit raza 3To ypaBHEHUE MPUOOPETACT CICTYIOIINA BU/I:
pV =nRT
OTO ypaBHEHME NOJY4YWIIO Ha3BaHUe ypasHenue Knanevipona—Menoeneesa. YuuTsiBasi, 4To
YHCJIO MOJIEH Ta3a N PaBHO OTHOILIEHUIO MACCHI ra3a B 'paMMax K €ro MOJIbHOM Macce, T. €. N =
m/M, ypaBaenue Knaneiipora—MeneneeBa 4acTo IpUMEHSIOT B BUJIE:

(Ej RT
p-V= M :

YPaBHeHI/Ie KHaHeﬁpOHa—MeHﬂeHeeBa MO3BOJIACT paCCUUTATh MOJISIDHYIO MACCy, a CJIEA0Ba-
TEIBHO U MOJIEKY/ISPHYIO MAacCy JIF000r0 BENIECTBA, HAXOISIIEr0Cs B ra3000pa3HOM COCTOSHMU:

mRT

M= PV
ITpumep.
BobluncnuTh MONEKYIISIPHYIO Maccy JUATHIIOBOTO 3dupa, eciau 215 mia ero nmapos npu 77°C u
nasneHun 700 mM pt. ct. umerot macey 0,51 r.

mRT  0,51.62360- 350
M= PV = 700-215 = 74 t/monb
MonsipHast Macca AMATUIOBOTO 3upa paBHa 74 r/MOIb, CleOBATEIBHO, €r0 MOJEKYIsIpHas
Mmacca 74 a.e.M.
Haiitu Monekymsipayro maccy okcuga yriepona (IV), ecniu 73,3 r ero npu 27 °C Haxonasach B
cocyne émkocthio 10 11, coznatot nasnenue 4,1 atm:
73,3-0,082- 300

M= 4,1-10 = 44 r/monb.
CrnenoBaTenbHO, MOJICKYJISIPHASI Macca IMOKCH/IA yriiepo/ia paBHa 44 a.e.m.

3ana4m U189 CaMOCTOATEILHOTO PellICHUs
1. B 2,48 r okcuaa oJHOBAJICHTHOTO MeTallia cojepxkutcs 1,84 r metamia. Beraucnure sxkBrBa-
JIEHTHBIE MAacChl METAJUIA U €r0 OKCHUJA.
2. Paccuuraiite kakoif 00BEM 3aliMET PU HOPMAJIBHBIX YCIOBHIX 5 MOJIb METaHa, KaKoe KOJH-
4eCTBO MOJIEKYJI coiep>kUTes B 1 muTpe aToro raza? KakoBa OTHOCHTENBHAS IJIOTHOCTD ra3a 1o
BO3AYXY?
3. IIpu HOpMaNBHBIX YCIOBUAX Ta3 3aHuMaeT 00beM 100 1. Kakoif 00beM cTaHeT 3aHUMATh ATOT
K€ ra3 IpHu MoBbIIIEHUHU Temneparypsl Ha 200 u gaBineHuu 850 mm prt. CT.?
4. PaccuuTaiiTe 1aBieHue B OasIoOHe C KHCIOPOJoM, eciau S0 KI ra3a npu cTaHJapTHOM TemIie-
patype 3aHuMaroT 0obeM 10 M3.

Pazoen 3. Ilepuoouueckuii 3aKkon KaKk ochosa xumuueckoui cucmemamuxu. Coepemen-
Hble npeocmasnienus 0 nepuoOUYHOCHU CE0ICIME IJ1IEMEHM0E.
3agaya 1. Harmmmmmre snekTpoHHBIE KOH(DUTYpAI aTOMOB CIIEAYIOIIMX JIEMEHTOB B OCHOBHOM
cocrostaun: N, Si, Fe, Kr, Te, W.
Pemmenne. DHeprus aTOMHBIX OpOUTAJICH YBETMYUBACTCS B CIICTYIOIIEM ITOPSIKE:
15 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d.
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Ha xaxnoit s-o6omouke (ogHa opOUTATb) MOKET HAXOAUTHCS HE OoJiee IBYX AJIEKTPOHOB,
Ha p-000s10uKe (TpH opOuTaiK) - He OoJiee 1mecTd, Ha d-0000uKe (IsTh opouTaeii) - e 6onee 10 u
Ha f-o0o110uKe (cempb opOuranei) - He 6osnee 14.

B 0CHOBHOM COCTOSIHUM aTOMa 3JIEKTPOHBI 3aHUMAIOT OpPOMTAIM C HAMMEHbIIEH SHepruei
(cM. pUBEIEHHBIN BbIIIE psif). YUCIIO 37IEKTPOHOB paBHO 3apsiay sipa (aTOM B LIE€JI0M HEUTpaJIeH) U
MOPSIIKOBOMY HOMEPY JIEMEHTA.

Hanpumep, B aToMe a30Ta - 7 3JI€KTPOHOB, J1Ba U3 KOTOPBIX HAXOJATCA Ha | S-opOuranmy,
JIBa - Ha 2S-opOUTAalU, U OCTABIIMECS TPU DJIEKTPOHA - HA 2p-OpOUTAIIsIX. DIEeKTPOHHAsT KOHDUTY-
parus aToMa a3oTa:
+7 N: 152252 2p°.

DJeKTPOHHBIC KOH(PUTYPAITH OCTATHHBIX JIEMEHTOB:
+14Si: 15?25 2p° 32 37,

+ 26 Fe: 157 25*2p° 35> 3p73p° 4s? 3d°,

+ 36 Kr: 1% 25> 2p° 35° 3/7452301%4p®,

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

+ 74 W: 1% 252 21° 36> 3745230 048552401 05p 06524114504,

3agaua 2. Kakoii HHEpTHBIN a3 U MOHBI KaKHUX 3JIEMEHTOB UMEIOT OJIMHAKOBYIO 3JIEKTPOH-
HYI0 KOH(UTYpaIHio ¢ 4acTullei, oOpa3yroleiicss B pe3yibTaTe yaaleHHus |3 aToMa KalbIUs BCeX
BAJICHTHBIX AJICKTPOHOB?

Pemmenne. DeKTpoHHAs 000I0UKA aToMa Kalblis UMeeT cTpyKTypy 1s? 2% 2p8 3s? 3p° 42,
Ipyu yanenun IByX BaJeHTHBIX SIEKTPOHOB oOpasyercs non Ca®’ ¢ xoHpurypamueit 1s? 22 2p°
32 3p6. Taxyto ke 2IeKTPOHHYIO KOH(UTYPAIHIO UMEIOT aTOM Al U HOHBI S% CI', K*, Sc®t u Ip.

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

Perrierne. DneKTpoHHas KOHMUTYpalys atoma amoMuHns: 152 257 2p° 3s? 3pt. Von
AP obpasyeTcs TIpy ylaTeHHH TpeX BATEHTHBIX SMIEKTPOHOB U3 aTOMA AMIOMUHKS H IMEET HIEKTPOHHYIO
KoH(purypammio 1s? 2s? 2p°.

a) Ha 2p-op6uranu 37eKTpOoHBI yKe HaXOAsATCs.

0) B cooTBeTCTBMM C  OrpaHMYEHMSIMH, HAKJIAJBIBAEMBIMA HAa  KBAaHTOBOE
uucio | (I= 0, 1,... n-1), mpu N = 1 BO3MOXKHO TOJbKO 3HaueHue |= 0, cnemoBatenbHO, p-
opOUTAallb HE CYIIECTBYET.

B) Ha 3d-opOutaiu 371eKTpOHBI MOTYT HAXOAUTBCS, €CITH HOH - B BO30YXK/ICHHOM CO-
CTOSTHUH.

3anaua 4. Hanummre 37eKTPOHHYIO KOH(UTYpaIMio aToMa HEOHA B IEPBOM BO30YKJICHHOM
COCTOSIHUH.

Peltenye. DieKTpoHHAs KOH(DUIypalus aToMa HEOHA B OCHOBHOM cocTosHHH — 187 252 2pP,
[TepBoe BO30YKIEHHOE COCTOSIHUE TIOTy9aeTCs TIPH TIEPEXO0/Ie OJHOTO IEKTPOHA C BBICIICH 3aHATOM
opOutamu (2p) Ha HU3MIYIOCBOOOIHYIOOpOUTAIH (3S). DNeKTpoHHAss KOH(Urypalysi aToMa HEOHA B
TIEPBOM BO30YXKIEHHOM COCTOSHHUH - 15% 282 2p° 3s?,

3anada 5. KakoB cocras siiep H30TONOB 2Cy 13C, "N u BN?

Pemenne. Yrco MpOTOHOB B Spe PaBHO MOPSIKOBOMY HOMEPY JIEMEHTa W OJJHHAKOBO JIJIST
BCEX M30TOIOB JIAHHOT'O AieMeHTa. Y1cno HeWTPOHOB paBHO MAaCCOBOMY YHCITY (yKa3bIBaeMOMY CJie-
Ba BBEPXY OT HOMEpA JIEMEHTA) 32 BEIYETOM YHCIIa IPOTOHOB. Pa3HbIe M30TOIBI OTHOTO M TOTO XKe
3IIEMEHTa UMEIOT Pa3HbIe YKciia HEUTPOHOB.

CocraB yKka3aHHBIX sJIEp:

L2C:6p + 6n;
13C:6p + 7n;
YN: 7p + 7n;
N: 7p + 8n.
3agaum /181 CAMOCTOSITEJILHOTO PellieHust
1. HamuimmTe 37eKTpoHHBIE KOHHTyparun cieayromumx mementos: N, Si, Fe Kr, Te, W.
2. CKOJbKO HECIIapEeHHBIX JEKTPOHOB COZIeprKaT HeBO3OY KieHHbIe aToMbIB, S, As,Cr?
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3. Kakme »neMeHThI MOTYT TpOSIBIISTh KaK METAUTMUYECKUE, TaK U HEMETAUIMYECKHe CBOWCTBA?
[IpuBenuTe HE MEHEe TPEX MPUMEPOB.

4. Kak U3MeHsIIOTCSI HEMETAJUIMYECKHE CBOMCTBA 2JIEMEHTOB B MEPHO/IAX MEPUOMUECKON CUCTEMBI?
[TpuBenuTe KOHKPETHBIE TPUMEPBI COSTMHEHUI AIEMEHTOB, MTOATBEPKIA0IIUE 3T CBOICTBA.

5. B arome Kakoro sneMeHTa - JIMTUS WK LI€3Us - CBA3b BAJIEHTHOIO 3JIEKTPOHA C SIIPOM CHJIb-
Hee? OOBsCHUTE, TTOYEMY.

6. Ilouemy B rpyNIbl JIAHTAHOUIOB ¥ AKTUHOMIOB BXOJUT 110 14 sneMeHToB?

7. Kakwue o6mme cBoiictBa uMetoT anemMeHTsl Mn u Cl, Haxopsiiecst B 0JJHO# rpyrine meproIn-

YECKOU CUCTEMBI?

KaxkoB cocrtaB simep n30TOnoB 0 u 170 , SHe u “He?

9. Usoton #°Po, mmyqaronmyii o-4acTHITB], HCTIONMB3YETCA B CMECH C OEpHILTHEM B HEHTPOHHBIX HC-
TouHMKaX. Yepe3 kakoe BpeMsi MHTEHCUBHOCTh TAKUX UCTOYHMKOB YMEHbIIMTCS B 32 pa3za? [lepu-
on nonypacnazna 2°Po pasen 138 musm.

©

Pa3nes 4 Peakniuu B HeOpraHu4ecKoil XuMuu
3agaum 11 CAMOCTOSITEJIbHOTO PellieHus

1. Ucxons u3 3Ha4eHUH 3J€KTPOOTPULIATEILHOCTH aTOMOB 3JIEMEHTOB, OIPEEIUTE TUIl CBSA3U B
monekynax: HCI, CHa, H2S, CO2, KCI.
2. Kak metos BajleHTHBIX CBsi3ell 00BSCHSET JIMHEHOe cTpoeHue MoseKyibsl BeCl2u terpasapu-
yeckoe cTpoeHue Mosekyiasl CHg ?
3. CKOJIbKO HECTIAPEHHBIX 3JIEKTPOHOB UMEET aTOM CEPbl B HOPMAJILHOM U BO30YKJIEHHOM CO-
crosiHum? Pacnpenenure 371eKTpOHBI IO KBAHTOBBIM svelikaM. YeMy paBHa BaJIECHTHOCTb CEpbI,
00ycCJIOBJIeHHAsI HECTIapEHHBIMHU AieKTpoHamu? Harmmmmre hopmMysbl COeIMHEHHH cepbl, B KO-
TOPBIX OHA MPOSBIISET BBICUIYIO U HU3ILYIO CTENEHN OKHCIICHHUS.

Pazoen 7 @u3zuko-xumuuecKue 3aKOHOMEPHOCIU NPOMEKAHUA XUMUYECKUX PEAKUUIL

3anauu 1J191 CAMOCTOSAITEIbHOTO PellieHUst

1. PaccunTaiite cranaaptHblii TeroBoit agdext peakiun 2NOz (1) <> N20 (1) npu 298 K
Ha MoJb N20.

2. PaccumraiiTe cTaHIApTHYIO TEIJIOTy o0pa3oBaHus auokcuaa azora NO2 (r), eciau cTaH-
napTtHeIi TerutoBoi 3¢ dekt peakiuu 2NO2 (1) <> N20s npu 298 K na Mo N204 paen —58,4
kJ>K/MOb.

3. CranmapthHbiii TemnoBoi 3gdext peakuuu 2NO2 (1) <> N204 (1) Ha Monb N204 (T) pu
298 K paBen —58,4 k/[x/monb. Paccunraiite ctangapTHyto Terioty oopazoBanust N2Os (T) mpu
298 K.

4. CraupapTHbIii Temnosoit sddext peaxmun Ho0;, (k) <> Ho0(k) + Y202 (r) mpu 298 K
paBeH —98,8 xJl>x/Monb. Paccunraiite cTannapTHyto TemioTy oOpazoBanus H20 (x).

5. Bo CKOJIBKO pa3 U3MEHHUTCS CKOPOCTh MPSMOM U 0OpaTHOM peakiuii B cucreMme

2S02(r) + Ox(r) = 2S05(r),

eclii 00beM ra30BOM CMeCH YMEHBUIUTh B TpU paza? B kakyr cTOpOHY CMECTUTCS paBHO-
BECUE CHCTEMBI?

6. Bo ckoJbKO pa3 yBeIUYHUTCSI CKOPOCTh peakllvu, IPpOTEKarolel B ra3oBoil ¢ase, Impu mo-
BhIIeHUH TemriepaTypsl oT 30 1o 70 °C, ecnu TemneparypHblit k03D PHUIIMEHT peakiuu paBeH 27

7. KoHcTanTa paBHOBECHSI TOMOTE€HHON CUCTEMBI

CO(r) + H20(r) €= COx(r) +Ha(r)

pu 850°C paBHa 1. BeluncinTe KOHIEHTPALMU BCEX BELECTB IIPU PAaBHOBECHM, €CIIU HC-
xoJiHbIe KOHIEHTpauuu C(co)ucx=3 MOJb/1, CH20)mex = 2 MOJIB/II.

8. DHpOoTepMHUUEcKasi peaklys pa3lioKeHus NeHraxjopuna ¢ocdopa mpoTekaer Mo ypas-
HEHUIO

PCls(r) €= PCls(r) + Cla(r) ; AH 08 = 92,59 Kk J[k/MOJb.

Kak Hano n3MeHuTh: a) Temreparypy; 0) AaBieHHE; B) KOHIICHTPALUIO, YTOObI CMECTHTh

paBHOBECHE B CTOPOHY peakiuu pasnoxenus PCls?
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Pazoen 8 Pacmeoput. Cnocoo6ul eviparxcenus cocmaea pacmeopos.

Pacmeop — 3T0 MHOTOKOMITOHEHTHAsI TOMOT€HHAsT (DU3UKO-XUMUYECKasi CHCTEMa, COCTOSI-
nias U3 PaBHOMEPHO PACHPEIEIICHHBIX YaCTHUIL JBYX WJIM HECKOJbKHMX BemecTB. OQHO U3 3THUX
BEILIECTB — PACTBOPUTEIIb, & IPYTHE - pACTBOPEHHBIE BellecTBa. ['panuiia Mexay pacTBOpUTeseM
U PacTBOPEHHBIM BEILIECTBOM JOCTATOYHO YCJIOBHA (OCOOEHHO, eciiu 00a KOMIIOHEHTa KHJKO-
ct). Ho eciiu B pacTBOpe mpoTeKaeT Kakas-Tn00 XUMUIECKasi peaKilusi, TO pAaCTBOPUTEIIEM CUH-
TalOT KOMIIOHEHT, HE IPUHUMAIOIINI B HEM y4acTHsl.

Baxkneiiiasi xapakTepucTHKa pacTBOpa — €ro KOJMWYECTBEHHBINH cocTaB. OTHOCUTEIBHOE
coJlep’KaHHEe PacTBOPEHHOT'O BEIIECTBA B PACTBOPE HA3BIBAIOT KOHIEHTpaluei. CrnocoOoB BBI-
pakeHUs! KOHILIEHTPALIMU CYIIECTBYET MHOT'O, HO YaIlle IPUMEHSIETCS MIPOLICHTHAs KOHIEHTpaIus
WJIM MaccoBas J10J1s1 BELIECTBA B PACTBOPE.

Maccoeas d0ona eewyecmea é pacmeope
@opMyIibl Ul pacy€TOB MAaCCOBOM /101U BELIECTBA B PACTBOPE:
Haxoxxnenne MaccoBoy 0J1d paCTBOPEHHOTO BEIIECTBA:
% (B-Ba) = M(6=6a) <100% (1)
m(p — pa)
Haxos1eHre Macchl paCTBOPEHHOI'O BELLIECTBA 110 U3BECTHOM MAacCOBOM JI0JI€ BEILIECTBA:
m (B-Ba) = w%(6 —sa)-m(p — pa) (2)
100%

Haxoxpaenue maccol pacTBopa:
m (p-pa) = m(s — 6a) -100% (3)
w%(6 —6a)
HaxosxaeHre Maccel pacTBOPUTEIIS:
m (p-ns1) =M (p-pa) —m (-Ba)  (4)
Haxoxaenne maccoBoi 10U paCTBOPUTENS:
®% (p-n1s1 ) = 100% - ©% (B-Ba) (5)
3adauu nepsoco muna — onpedeneHue Maccogoll 00U 8ewecmaa 8 pacmeope no U3eecm-
HBIM MACCaMm pacmeopumerns u pacmeopenHo20 euecmed

3aoaua 1.

Brruucnure maccoByro moimt0 (B %) XJopuaa HaTpUst B pacTBOpE, MOJYIEHHOM B PE3yibTa-
Te pacTBOpeHus 44 T MOBapeHHOM COJM B IBYX JTUTPaxX BOJBI?

Pewenue:
1. Macca pacTBOpEHHOTO BEIECTBA M3BECTHA U3 YCIOBUA 3anadn: 44 r. 3Has mMaccy pacTBOpHU-
tenst [p(H20) = 1 xr/n]; m (H20) = pV; m (H20) =1 - 2 = 2 (kr), u ucnions3ys dhopmyny (4),
paccuuTaeM Maccy pacTBopa:
m (p-pa) =44 + 2000 r = 2044 ().
2. [Mpumensis popmyny (1), HaiineM MacCOBYIO JOJIO XJIOpUIA HATPUS:
®% (NaCl) _ 44-100 _ 2,15(%) -
2044

Otget: ©% (NaCl) = 2,15%.

3aoauu emopozo muna, 6 KOMoOpLIX Mpebyemcs BbIYUCTUMb MACCY PACHBOPEHHO20 Belje-

cmea

3aoaua 2.

Breruucnure mMaccel conu W BOABI, HeoOxoaumbie it nmpurotoBienus 300 T pacTBopa ¢
MaccoBol poneut conn 15%.

Pewenue:

1. Ucnionb3yem popmyity (2) amst pemieHus 3Toi 3a1auu:

m (comu) _300-15 _45 (1),
100

2. Maccy Boapl (p-7151) BEIauciaIuM 1o dopmyse (4):
m (H20) =300 — 45 =255 (7).
OTBeT: Macca conu 45 ; Mmacca Bogbl 255 T.
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3aoauu mpemveco muna, 6 KOMmopvix mpebyemcs Haumu Maccy pacmeopa no e2o napa-
Mempam
3aoaua 3.
Ymectures nu B MepHoi kosbe Ha 500 mu 20%-HbIil pacTBOp cond, conepskamuii 120 r
pactBopeHHOrO0 BemlectBa? [moTHOCTH pacTBOpa paBna 1,15 r/mn?
Pewenue:
1. Maccy pacTBopa ¢ 3aJJaHHBIMHU TTapaMeTpaMH MOXHO paccuuTarh 1o ¢popmyne (3):

m (p-pa) — % _600 ().

2. Haiinem o06bem pacTBopa:
V (p-pa) _ 800 _522 mu.
115

OtBert: B K0s10€ 06beMoM 500 MJI CTOJIBKO PacTBOpa HE TIOMECTHTCSI.

[Tpouiecc pacTBOpeHUs: — CIOXHBIA (PU3UKO-XUMUYECKUI mpouecc. PactBopumocTs Be-
IIECTB pa3InYHA M 3aBUCUT OT MX (PU3MUYECKUX M XUMHYECKUX CBOUCTB. CiemyeT MOMHHUTH, YTO
pacTBOp, B KOTOPOM JOCTHUTHYTa MakKCHUMaJbHO BO3MOXKHAs MPHU JAHHBIX YCIOBHUSX MaccoBas
JI0JI PaCTBOPEHHOI'O BEILECTBA WM PAaCTBOP, HAXOJSAIIMICS B PAaBHOBECUU C PAaCTBOPEHHBIM
BEIIIECTBOM, Ha3bIBAIOT HACHIIIICHHBIM.

3aoaua 1.

PactBopuMocTs auxpomata kanus B Boje mpu 80°C cocrapnsier 73 r B 100 r Boas! (kodd-
¢unueHT pacTBopuMocTH). PaccunTtaiiTe MaccoByIO JJOJII0 HACHIIIEHHOTO MPU JIaHHOW Temiepa-
Type pacTBOpa AUXpomara Kajusl.

Pewenue:
Haxoaum maccy pactBopa K2Cr207:
m (p-pa) = M (8-Ba) + M (p-11);

m (p-pa) =100 + 73 = 173 (1);
otctona o gopmyiie (1) paccunThiBaeM MacCOBYIO JOJIO TUXpOMaTa Kalvs:

o% (K2Cr207) = 73100 42,2(%) .
173

Obpamnuas 3a0aua.

Paccuuraiite koapunment pactBopumoctu HuTpara kanus rnpu 20°C, ecnu MaccoBas J10-
JIs1 HACBIIIEHHOT O TIPY JaHHOM TeMIIepaType pacTBOpa 3TOM coiu paBHa 24%.

Pewenue:

Cnocob 1.

Koaddumment pacTBOpUMOCTH TOKa3bIBAECT, CKOJIBKO COJIM MOXET PACTBOPHUTHCS IpHU
naHHbIX ycnoBusax B 100 r Bogsl, moaTomy Macca pactBoputens pasHa 100 r.

O06o03HaunM Maccy pacTBOpeHHOro BemiecTBa x (T). Torma macca pactBopa coctaBuT (100
+ X) r. YuuThIBasg, 4TO MaccoBas JOJS HHUTpaTa Kajus HM3BeCTHa, ¢ MOMOIIbI0 (opmyisl (1)
MO’KHO 3aIicaTh YpaBHEHHE:

©% (KNO3) = m(KNG;) -100%

m(p - pa)

24% = x-100%

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

B 100 r pactBopa coxepxurcs 24 r HuTpara Kanus, 3Ha4uT B 76 T Boasl (100 r — 24 1)
pacTBopsieTcs 24 T HUTpaTa Kajusl.
Paccyxnaem tak:

B 76 r Boasl pactBopsierca 24 1 KNOs

B 100 r Bozb! pactBopsiercst X T KNO3

COCTaBUB MPOMOPIHUIO, HAXOAUM, 4yTO X = 31,6 T.
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Kpucmannozuopamoi
PactBop — 3TO0 (u3MKO-XxMMUYecKasi cuctema. B pesynbrare B3aMMOJECHCTBUS MOJICKYI
pacTBOpPUTENS M PACTBOPEHHOTO BEIIECTBA BOSHUKAIOT COCMHEHNUS, Ha3bIBaeMbIe COJIbBaTaMH (B
BOJIHBIX pacTBopax — rujpatamu). MHorja Takue coelMHEHHUs OKa3bIBAIOTCS HACTOJIBKO YCTOM-
YUBBIMU, YTO MOTYT OBITh BBIJEICHBI U3 PacTBOpa MPU OCTOPOXKHOM BbinapuBanuu. Cojepika-
niasicss B HUX BOJA HA3bIBACTCSl KPHUCTAJUIM3ALMOHHOM, a caMH OOpa3yIoLIUecs] COSAUHEHUS —
KpuctaoryaparamMu. 11o cBoeMy CTPOCHHIO KPUCTAJUIOTHAPATHI PA3IWYHBI: OJHHU COJIEpIKaT
BOJ1y HEMOCPEACTBEHHO B KPUCTAJUIMYECKOM PEIIEeTKE U TEM CaMbIM MOJHOCTbIO COOTBETCTBYIOT
cBoeMy HazBaHuio (Mupabuimut NaSO4-10H20), npyrue npencraBisitor coO0l KOOPAWHAIIMOH-
HbIE coeAUHEeHMs (Hampumep, GopMysiay MEIHOTO Kylmopoca IpaBHJIbHEE 3alKChIBaTh B BUJE
[Cu(H20)4]S04-H20). BHe 3aBUCHUMOCTH OT CTPOSHHSI, KPUCTAJUIOTUAPATH — COSTUHEHHMSI, JICTKO
00€3BOKMBAIOLIMECS IPU HArPEBAaHUHU.
3aoauu Ha onpedenenue hopmynvl Kpucmaiiocuopama
3aoaua 1.
[Tpu momnom oOe3BokuBaHuu 48,3 r Kpucramwioruapara nomydeno 21,3 r cynbdara
HaTpud. Onpenenure GopMyIly KpUCTaUIOTUIpaTa.
Pewenue:
1. U3 ycrmoBus 3amauu cienyer, 9to popmyna kpucrtammioruapara NaxSO4 -xH»0.
Haxoaum mMomnsipabie Macchl cyibgaTa HaTpHs U BOJBL:
M (Naz2S04) = 142 r/monb; M (H20) = 18 r/mous.
B 48,3 r kpuctamnoruapara conepxkurcs 21,3 v cynsdara HaTpus, octanbHoe (27 T) —
BOJIA.
2. HaiineM, ckOJIbKO BOABI MPUXOAUTCS Ha 1 Mok cynbdara HaTpus: Ha 21,3 T cynbdaTa
HATpUS IPUXOAUTCS 27 T BOABI
Ha 142 r cynbdara HaTpUs — y T BOJBL;

y=180r
Boeruucnsiem, ckonbko mosiet coaepxutcs B 180 r Boibl
n= mHO)
M (H,0)
n = 180

8 10(monv) s

T.€. Ha 1 Monb cynbdara HaTpust npuxoautcs 10 Mok BOABIL.
Otgert: ¢popmyna kpucramutoruapata NazSOq4 - 10H20.
3aoauu na npucomosnenue pacmeopos KpUcmaiiocuopamos

[Tpu pacTBOpEeHHH KPUCTAUIOTHAPATOB KPUCTAJUIM3AIMOHHAS BOJA MEPEXOUT B PACTBOP
U TEM CaMbIM YBEJIMYHMBAET MACCY PACTBOPHUTEIIS.
3aoaua 2.

Cxkonpko Bojbl U anramiickoi conmu MgSQOs- 7H20 HeoOxoauMo B34Th AJIs IPUTOTOBJIE-

Hus 440 r pactBopa cyiab(hara Mariusi ¢ MaccoBoil nosel paBHou 8%.

Pewenue:

1. HauneM pemars 3a7a4y ¢ KOHIA.

ITo hopmyie (2) B pacTBOpe JOIHKHO COJIEPIKATHCS:

m(MgSO ) = m(p — pa) - ®% : 440-8 _35,2 ().

100% 100
2. Beruucium Momsipabie Maccel: M (MgSOgs- 7H20) = 246 r/mons; M (MgSQOs4) = 120
I/MOJIb.
3. Haiinem maccy aHTJIMICKON coyid, TpeOyeMoW HJisi MPUTOTOBJIEHUS pPacTBOpA.
Paccyxnaem cienyromum o0pazom:
B 246 1 anrnuiickoit conu conepxkutcs 120 rMgSO4
B X I aHrmiickoi comu — 35,2 r MgSOq
COCTaBJISIEM MPOMOPIUIO U HAXOIUM X:
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x =220 =722 ),

120

Haiinem Maccy BOABI U1 IPUTOTOBIICHUS pacTBOpA:

m (H20) = m (p-pa) — m (MgSOQa);

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

Omeem. macca aneauickou coau - 72,2 2;
Mmacca 600wt — 367,8 2.
Jeitcmeusn c pacmeopamu
OueHb 4acTo B MOBCEIHEBHOM JKU3HU MPUXOJUTCS MPOBOJIUTH PA3IUUHbIC JIEUCTBUS C

pacTBOpaMH, HE COMPOBOKIAIOIIMECS MPOTCKAaHUEM XUMHUYECKUX PEaKIMid: pa3OaBicHHE,
ynapuBaHue u T.1. [Ipy 3TOM HYXHO yMeTh MPOU3BOJUTH BBIYUCICHUS MAacCOBOM J0JIU
BEIIIECTBA B paCTBOPE.

Pazbasnenue
3aoaua 3.
K 120 r 15%-noro pactBopa conu no6aBunu 80 r Boabl. Beiuncianre MaccoByro A0JIO CO-
JI1 BO BHOBbB TTOJTYYEHHOM PacTBOPE.
Pewenue:

1. BeiBeem opMyiry Jisi pacdera MacCOBOH JIOJIM BEIIECTBA B pa30aBICHHOM PacTBOPE.
O6o03HauuM ee m(B-Ba)1, Maccy pacTBopa — M (p-pa)i, a Maccy paCTBOPEHHOIO BEILIECTBA -
m (B-Ba)1. B pe3ynbrare pa3daBieHus MOJydyuM HOBBIA PacTBOp C MapameTpaMu o (B-
Ba)2;M (p-pa)z; M (B-Ba)2.

Torna:

m(s — ea) -100%

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

[Ipu noGaBneHUU BOJABI Macca paCTBOPEHHOTO BEIIECTBA HE M3MEHUTCS, CIEAO0BATEb-
HO, M (B-Ba)1 = M (B-Ba)2, a Macca BHOBH MOJIYYEHHOTO pacTBOpa OyJeT paBHA CyMMeE Mace
HCXOJHOTO pacTBOpa M MPUIUTON BOABI. Bocmnonb3oBaBimuch GopMymnoi Ui onpeneneHus
MacCOBOMH JI0JTH, TIOCTIE COKPAIICHUSI TIOTYUHM:

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

(6 — a), = % — 9(%)
+

OtBet: ©% (coy) B HOBOM pacTtBope paBHa 9%.
Ynapusanue

®%(6 —6a), =

m(s—sa), =

w(6—6a), =

3adaua 4.
N3 400 r 20%-H0TO pacTBOpa conm ynapuBanuem ynammim 100 r Bogsl. Uemy crana paBHa
MaccoBas 10Ji COJIM B TIOJIyYEeHHOM pacTBOpe?

Pewenue:

1. Bo3bMeM Bce ycnoBHBIE 0003HaYeHHSI U3 IpeAblAyIiei 3aaauu, m (H20) - 3To Macca Bbina-
pEeHHOI Bo/bI. B 3T0I 3a71a4e, Kak U B paCCMOTPEHHOM paHee, Macca paCTBOPEHHOTO BEIIECTBA
HEU3MEHHA, CIIe0BaTEIbHO:

m(p — pa), - ®%(s — 6a),

m(e —ea), =m(g —6a), = 100%

A Tak kak m (p-pa)2 = m (p-pa)1- m (H20), To nomyuum:

— . 0, _ . 0
w%(6 —6a), = m(s —6a), -100% _  m(s —sa), -100%
m(p — pa), m(p — pa), —m(H,0)
[Tocne cokparnieHuit MOKEM 3aIucaTh:
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m(p — pa), - @(s — 6a),
m(p — pa), —m(H,0)
2. IToxacraBum B MOJTYYCHHOE BBIpOKCHHUE YHCIIOBbIE 3HAYEHUS BEJINYHH:

o%(6 —6a), = _400-20 =27,6(%) .
400-100
OtBeT: MaccoBasi 10115 BELIECTBA B pacTBOpe paBHa 27,6%.

Konyenmpuposanue

(6 —6a),

3aoaua 5.
K 200 r 4%-noro pactBopa ruapokapOoHaTta HaTpusi a00aBWwIM 5 T rUApoKapOOHATa
HaTpus. OnpenenuTe MacCOBYIO JIOJIO BEIIECTBA B MOJYY€HHOM PacTBOpE.
Pewenue:
1. Beenem o0o3HaueHue: Me — Macca 100aBIeHHON conu. Macca pacTBOPUTENS B JaHHOM
cllyyae HEe MEHSETCS, 3HAYHT:
m (p-pa)2 = m (p-pa)i+ M;
m (B-Ba)2 = M (B-Ba)1 + M, a TaK Kak
m(p — pa), - @%(s — 6a),
100%
m(s —ea), -100% m(e—ea), +m, _
m(p — pa), a m(p—pa)1+mc-100%_
m(p — pa), - ®%(s —6a), 4 m,
100% m(p — pa), +m, -100%
2. IloacTaBUM B MOTYYE€HHOE BBIPA)KEHUE YHCIIOBHIC 3HAUCHHS
004, 5 _g3m).
100  200+5-100
OtBeT: MaccoBasi 1015 THAPOKApOOHATa HATPHS B MTOJYYEHHOM pacTBOpe paBHa 6,3%.
Cnusanue 08yx pacmeopos

m(s —e6a), =

o%(s—sa), =

®0%(6—86a), =

3aoaua 6.
K 120 r 20%-Horo pacTtBOpa cepHoil kucinotsl fo6aBuian 40 r 50%-Horo pacTBopa cepHOM
kucnoThel. KakoBa MaccoBas 10151 BelllecTBa BO BHOBB MOJTYYHMBILIEMCS pacTBope?
Pewenue:
1. B naHHOM cily4ae M3MEHSETCSl BCEe: Macca pacCTBOPEHHOTO BEIIECTBA, Macca PacTBOpUTE-
JI1 M Macca pacTBopa:
m (B-Ba)3 = M (B-Ba)1 + M (B-Ba)2;
m (p-pa)s = m (p-pa)1 + M (p-pa).
Toraa MaccoBasi 1015 BelllecTBa B 00pa30BaBIIEMCs pacCTBOPE paBHa:
m(s — 6a), -100%

m(p — pa)s
CrnenaeM COOTBETCTBYIONIYIO TIOACTaHOBKY:
— Y —
o%(6 — 6a), = m(p — pa), - ®%(s —6a),
100%
m(p — pa), - @%(s —6a), .
:m(p — pa), -100%
100% (p - pa),
2. [MoacTaBUM B TOTy4€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 cnocobul evipasicenus KOHYeHmpayuu
WNuorna B 3aauax cojiep:kaHue paCTBOPSHHOTO BEIIECTBA BRIPAXKAIOT B IPYTHX €IUHU-
ax u3MepeHus. B mepByro ouepenp 310 MmossipHas koHieHtpamus (Cy), KoTopas paBHa
OTHOIIICHUIO KOJMYECTBA PACTBOPEHHOTO BEIIECTBA (B MOJISX) K 00beMY pacTBOpa, paBHO-
My li:

0%(6 —6a), =

:m(p - pa), +

+

o(6—6a), =
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3amgaua 7.
Boruucnaure wmossipayro  koHuentpanuio 20%-HOro pactBopa xJjopuaa Kaius (o=

1

,131/m).

Pewenue:

1. Haiinem maccy oJIHOTO JIUTpa pacTBOpa XJIOpUAa Kaus:

3

m (p-pa)= 1000 - 1,13 = 1130 (7).

2. Haiinem maccy BeliecTBa — XJI0pUAa Kajlus:

m(p — pa) - %(6 — sa)
100%

m(s — 6a) :%:226 ).

m(s —ea) =

. HaitneM KoJIMuecTBO BELIECTBA XJIOPUIA KAJIHS:

M (KCI) =39 + 35,5 = 74,5(r/mo1b);

n

= 3(monwb)

M- n(KCly _ 226
M 74,5

Ortger: kounentpaims KCI B pactBope cocrasnsier 3 M, wim Cy (KCI) = 3 mounb/i1.

3adauu ona camocmoamenbHozo peuieHus

B xumuueckuit crakaH, cogepxkamuid 200 mi1 BOJBI, MOCIENOBATEIbHO BHECHH 28,4 T

dochopHoro anruapuga u 33,6 T TUAPOKCHIA KaWs. BhIUUCINTE MacCcOBBIE JOJH Be-

HIECTB, COJICPKANTUXCS B PACTBOPE 110 OKOHYAHUH BCEX PEAKIIHA.

OtBet: ©% (KH2PO4) = 10,38%; 0% (K2HPO4) = 13,28%.

. Koo dumment pacrsopumoctu xiaopuaa ammonus mnpu 100°C cocrasnsier 77 1, a npu 0

°C —37 r B 100 r Boabl. CKONBKO COJIM BBIICTUTCS MPHU OXJIKIeHUU 60 T HACBIIIEHHOTO
npu 100°C pactBopa xsopuaa ammonus a0 0 °C?  Ortser: 13,6 T.

ITpu ocropoxxHoM ymapuBanuu 120 r 16%-Horo pactBopa xJIopuaa Kajablusg ObUIO MO-
aydeno 37,9 r kpucramioruapara. Onpeaenure ero Gpopmyiy.

Ortser: CaCl- 6H20.

Tpebyercsa npurotoButh 1 Kr 15%-Horo pactBopa ammuaka. CKOJIbKO HYXKHO B3SITh JUIS
ATOrO BOJABI M KOHIIEHTPUPOBAHHOTO 25%-HOT0 pacTBOpa amMmmMuaka’?

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

120 r 10%-nHoro pactBopa noapeHHoi conu ynapuiau a0 80 r. KakoBa maccoBas noins
coJiu B pacTBope nociue ynapusanusa?  Otset: 15%.

[TnotHOCTH 20%-HOTO BOAAHOTO pacTBOpa Xjopuaa 6apus npu 20°C pasna 1,2 r/mi. Bei-
YHUCIUTE MOJSIPHYIO KOHIIEHTPALIMIO 3TOTO pacTBOPA.

Otser: 1,15 M.

Kakas macca nMHKa MOXET IpOpearupoBaTh C CONSIHON KuciaoToW oobemMoM 50 M u
MI0THOCTRIO 1,1 T/MJ, MaccoBast TOJIsI COJITHOW KUCTIOTHI B KOTOpoM cocTasisieT 20%.
Kakoit 06bem Bojjoposa (H.y.) BBIIEIUTCS MPH 3TOM?

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

Ckosbko TpaMMOB 5 %-HOTO pacTBOpa HUTpaTa cepedpa TpedyeTcs /uis 0OMEHHOH pe-
akuu co 120 mut 0.6 H pactBopa xmopuaa anroMuHusA?

Boraucnute Cy, Cx 11 Cyx 98 %-HoT0 pacTBOpa cepHoit KUCIOThI (o = 1.84 r/mui).

. Cxonpko nutpoB 0.1 H pacTBopa cepHOI KMCIOTBI MOKHO TPUTroTOBUTH U3 70 Mi ee 50

%-Horo pacTBOpa?

Pa3znesn 9 CoiicTBa pacTBOPOB 3J1eKTPOJUTOB. Teopus 3J1eKTPOJIUTHYECKOH TUC-
conranumn
3anauu /191 cAMOCTOSATEIbHOTO PellleHUst
1. Paccuwmraiite kounentpanuio nonos H' 8 0,01 M CH3COOH mpu 298 K.
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2. Paccuwmraiite kounentpanuu nonoB H u OH™ B Boze mpu 298 K. Beruunciure akTus-
noct nonos H u OH 8 0,01 MNaOH npu 298 K.

3. Onpenenure akruBHoctr noHoB H™ u OH™ B 0,001 1. HCI mpu 298 K.

4. Beraucaure konuentpanuto nonos NHs™ B 0,005 MNH4OH npu 298 K.

5. Beruucnure KOHCTaHTY TUCCOIMAIIMH TUAaHUCTOBOAOpOoAHOM krcioTel HCN, ecnu
crenenb quccormaiuu ee B 0,01 MHCN paBHna 2,83+ 107,

6. Berauciure crenens auccoruanuu NHsOH B 0,05 M u 0,5 M pactBopax npu 298 K.
Kak BrusieT KOHLIEHTpalus pacTBOpa Ha CTENEHb JUCCOIMAIIMY THIPOKCHUA aMMOHUS?
7. BeraucnuTe KOHCTaHTY AUCCOLMAIMY TUAPOKCHIIA AaMMOHHUSI, €CITU €T0 CTEIICHb JHCCO-
numamun B 2-10° M pactope pasHa 10%.

Pazgea 10 'mapoans

3agauu 17151 CAMOCTOSITESILHOTO PelieHNs
1.CocraBbTe MOJEKYIIPHOE U MOHHBIE YpaBHEeHUS ruiponnza NaNO; onpenenuTs XapakTep
TUIPOJIN3A U PEAKITHIO CPEIBL.
2. PaccuuraiiTe crenenb U KOHCTaHTY ruaponusa 0,1 M pacTBopa kapOoHaTa Kaus.
3. Kakue conu moaseprarotes ruaponusy mo katuoHy: Pb(NO3)2, NazPOs, NH4Cl, K2SOs,
AICI3? OTBeT moaTBepANTE YPAaBHEHUSMH PEAKIIHIA.
4. CocTaBbTe HOHHO-MOJICKYJISIPHOE M MOJICKYJISIPHOE YpaBHEHUE THAPOJIH3, TPOUCXOISIIECTO
npu cMemuBanuu pactBopoB KoS u CrCls. Kaxknas conps ruponmnsyercs 10 KOHIa ¢ 00pa3oBa-
HUEM COOTBETCTBYIOIIUX OCHOBAHHS U KHCIIOTHI.
5. K pactBopy FeCls no6asunu Bemectsa: HCI, KOH, ZnClz, Na,COz3. B xakux cimyyasx ruapo-
3 FeCls yeunmusaercs? [louemy? CocTaBbTe HOHHO-MOJICKYJISIPHBIC YPaBHEHUS THIPOJIH3a CO-
nen.
6. Kakue u3 coneii moaseprarorcs ruaponunsy: NaBr, KCl, CuSOas, Na;S? Hanmmure ypaBHEHUS
TUIPOIIN3a B MOJIEKYJISIPHOM M HOHHOM BHJIE.
7. Kakoe 3nauenue pH (BoopoHOTO TTOKa3aTesisi) U COOTBETCTBEHHO, KaKyIo cpeay (HeHuTpalib-
HYIO, KHCITYIO, IIETOYHYI0) HMEIOT BOIHBIE pacTBOpbI coeit: NasPOs, AlCls, KC1? Hanummte
COKpAIllCHHBIC MOHHBIE YPAaBHEHHUS THIPOJIH3A.

Pazgen 11 OKuc/IMTEIbHO-BOCCTAHOBUTE/IBHBIC PEAKLIMU
3ana4m 1J19 CAaMOCTOATEILHOTO PellICHUsT

1. Peakuyuu poTeKaroT Mo cxemam:
P + HIO3 + H O — H3PO4 + HI
H2S + Cl; + H2O — H2SO04 + HCI
PaccraBpTe KO3()(PUIMEHTH B ypaBHEHHMSX peakUMd. YKaXWUTe I KaKIOW peakiuu
OKHUCJIUTEIb U BOCCTAHOBUTEIID; KAKOE BEIIECTBO OKUCIIAETCS, KAKOE BOCCTAHABIMBACTCSL.
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
ABJISIIOTCSL  OKUCIIMTEIbHO-BOCCTAHOBUTEIbHBIMU. PaccTaBbTe KOA(QQHUIMEHTH B ypaBHEHHSX
OKHUCJIUTEIIbHO-BOCCTAHOBUTENBHBIX PEAKLIMI HOHHO-JIEKTPOHHBIM METOJOM. YKaXKUTE JUIS KaxkK-
JIOM peaKuy OKUCIUTENb U BOCCTAHOBUTENb.
3. ITo crenenun okucnenust pocdopa B coenunenusix PHz, H3POs, H3POs onpenenure, ka-
KO€ M3 HUX SIBJISIETCS TOJIBKO OKHCIUTEJIEM, TOJIBKO BOCCTAHOBUTEIEM M KAaKO€ MOJKET IMPOsIB-
JSTh KaK OKUCIHUTEJbHbIE, TAK U BOCCTAaHOBUTENbHBIE cBoicTBa. [louemy? PaccraBpre k0a(ddu-
LIMEHTHI B YPABHEHUH PEAKIINH, TYLIEH 110 cXeMe
P + HNO3 + H,0O — H3PO4 + NO
4. Peakuuu MpoOTEKaOT MO CXEeMaM:
KMnO4 + Na2SO3 + KOH — KoMnOg4 + NaxSO4 + H20
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PbS + HNO3z — S + Pb(NO3)2 + NO + H20
PaccTtaBpTe K03(DPHUIIMEHTHI B ypaBHEHHSIX PEAKIMM. YKaKUTE IS KaXKI0H peakluy OKUCIUTEINb
Y BOCCTAHOBUTEIIb, KAKOE BEIIECTBO OKHUCIISIETCS, KAKOE BOCCTAHABIMBACTCSI.

5. VkaxuTe, Kakoi mpolecc — OKUCICHUE WK BOCCTAaHOBJIEHHE — MPOUCXOJUT MPHU CIEAYIO-
mmx npeppamenuax: Mn®* — Mn?*; C1%* — CI; N> — N°'. PaccraBbre kK03(QuIMeHTs B
YpaBHEHUHU PEAKIINH, IPOTEKAOIIEH IO CXeMe

Cu20 + HNO3 — Cu(NO3)2 + NO + H20.
6. Peakunu mpoTekaroT 1o cxemam:
HNO3 + Ca — NHsNO3 + Ca(NO3). + H20
K2S + KMnOg4 + H2SO4 — S + K2SO4 + MnSO4 + H20.
PaccraBbre K03()PUIMEHTH B ypaBHEHUSX PEAKIMH. YKAKHUTE IS KAXKIOW PEaKIMH OKHCIIH-
TeJIb ¥ BOCCTAHOBUTEIb, KAKOE BEILIECTBO OKHUCIISIETCS, KAKOE BOCCTaHABIIMBACTCSI.

7. Vcxons W3 CTENEHHW OKWCIEHUS Xpoma, moja u cepsl B coequHeHusx KoCr07, Ki,
H2SOs3, onpenenure, kKakoe U3 HUX SBIISETCS TOJIBKO OKUCIUTENEM, TOJIHKO BOCCTAHOBUTEIIEM U
KaKO€ MOXET MPOSBISATh KaK OKHUCIUTEIbHBIC, TAK WU BOCCTAHOBUTENbHBIC CBOMCTBA. [louemy?
PaccraBbTe K03()(pUIIMEHTHI B ypaBHEHUU peaklUuu (METOIOM MONTYpEeaKiyii), MPOTEKaoen mo
cxeme

Na2CrO2 + PbO2 + NaOH — NaxCrO4 + NazPbO2 + H20

IIpunoxenne
1. 2KMnO4+ 5NaNO2 + 3H2S0O4 — 2MnS0O4 + 5NaNO3 + 3H20 + K2S04,
(MnO4)— + 8H++ 5¢ »Mn2+ + 4H20 |2
(NO2)—+H20 — 2e — (NO3)— + 2H+| 5

2(MnO4)— + 16H++5(NO2)— + SH20 —2Mn2+ + 8H20 + 5(NO3)— + 10H+

2. KMnOQOg4 + 3NaNO2 + 2H20 — MnO2 + 3NO, + 3NaOH + KOH,
(MnQ4)™ + 2H20 + 3e — MnO2 + 40H | 1
(NO2)” —e > NO2| 3

3. KMnO4+ NaNO;, + KOH — K>2MnO4 + NaNO3 + H»0,
(MnO4)” + e — (MnO4)* |2
(NO2)” + 20H —2e —» NO3 + H20| 1

4. 2NaNO; + 2KI + 2H2504 — I> + 2NO + 3H20 + K2SO4 + NaxSOq,
(NO2)” + 2H* + e — NO + H20| 2
2N —-2e—1 |1

5. KMnOg4 + 3MnSO4 + 2H20 — 5MnO2+ K2SO4 + 2H2S04,
(MnQg4)™ + 2H20 + 3e — MnO2 + 40H | 2
Mn?* + 2H,0 — 2e — MnO2 + 4H" |3

6.2KMnO4+ 10KI + 8H2SO4 — 2MnO3 + 312 + 8KOH,
(MnQg4)~ + 8H*+ 5e —Mn?* + 4H,0 | 2
2(M—2e—1> |5

7.2KMnOg4+ 6KI + 4H20 — 2MnSO4 + 512 + 8H20 + 6K2S04,
(MnOs4)” + 2H20 + 3e — MnO2 + 40H" | 2
2N —2e—1 |3

8. 2NaNO; + 2KI + 2H,0 — 1> + 2NO + 3H20 + 2KOH + 2NaOH,
(NO2)” + H2O +e — NO +20H | 2
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20 —2e—1L |1

9.K2Cr207+ 6NaNOz + 7TH2S04 — Cr2(S04)3 + 6NO2 + 7H20 + K2SO4 + 3NaxSO4,
(Cr207)* + 14H™+ 6e —2Cr* + 7TH,0 | 1
(NO2) —e > NO2| 6

10.

11.

12.

+ 27 2 + 242 + 6 -2 42 +6-1 + 6 7 - -2
2KMnO,+ 5K,503+3H,50, = 2MnS0,+6K,50, +3H,0
MATHHOELT D ecIIERTHRIN

MnOy +8H ™+ 52 — \{n '+4H,0

.

SD}'FH’;D 8 — 5[3_1 +F’H+

2 — OEMICHUTENE, BOCCTAHOBILIICA

l{]

—BOCCTAHOEMTENR, OFIICIIICA

MO 16T ++ 5505 £55,0 — M BH,0+ 5505 Lol +

+ 47 -2 + 442 2 2 +4 .2 s i I, gt
2KMnOy+2KS03+ HyO = 2Mn0, +2K,50,4+ 2KOH
MAMHHOEBLT Eﬁ,‘pm"{

MnOj +2HpO + 38— MnO,+ 40H
SO3+Hy0-28 — SOy +2HT ‘

2 - OEIICTIHMTENE, BOCCTAHOBMICA

3 —BOCCTaHOBHTENE, OEIICIIIIICA

) - 2
2MnO; + 4H,0 +3503 £3H0— 2Mn0,+ 350 + BOH +66 7
_6H50

o

+ 47 2+ 42 + 2+ < 2§ 2 =62 = 2
2KMnOy+ K$03+ 2KOH = 2KyMnOy + K504 +Hy0
MATHHOEBIT SEM2HBIT

1".-']'.1'1(:]_1 + 18 —+ 1".-']—.1104
SD3+F’DH -1 —+ 504 +H’:D

2 — ORMCIMTENE, EOCCTAHOBILICA
2

1 —BOCCTAHOBHWTENR, OFTICIHIICA

2MnO4 + SO5 + 20H — 2MnO} "+ S0} + Hy0

Pasnen 12 Jnexrposm3. XuMuuecKne HCTOYHUKH Toka. Kopposus
3agaum U1 CAMOCTOSITE/ILHOTO PellIeHUs

1. CocTaBUTh CXEMBI KOPPO3HMOHHOTO TabBAHUYECKOTO AJIEMEHTa, 0Opa30BaHHOTO KEJIE30M B
KOHTaKTe C MEJIbIO: a) B KUCJION cpezie; 0) BO BIAXHOUM aTMoc(epe; a) B paCTBOPE COJIM ME[IH.
Hamucats ypaBHeHHS peakiinii, MPOTEKAIONINX HA AHOJHOM M KaTOJHOM Y4acTKaX dJIEMEHTa.

2. OOBSICHUTH CYNTHOCTH MPOIECCOB KOPPO3UH Kejie3a, MOKPHITOTO IIMHKOM, U JKejie3a, IIOKPBI-
TOTO 0J0BOM. Hamncars COOTBETCTBYIONINE YPABHEHUS PEAKITHIA.

3. CocTaBHTh CXEMBI JBYX KOPPO3HOHHBIX TaJIbBAHWMYECKUX IJIEMEHTOB, B OJJHOM U3 KOTOPBIX
HUKETb SBJISAETCS KaTOJOM, B IPYroM - aHoaoMm. [IpuBectu mpumepsl U OOBICHUTH CYIIHOCTH
AQHOJTHOM M KaTOJHOM 3alIUThl METAJIJIOB OT KOPPO3HUH.

4. B KOHTaKTe C IIMHKOM WJIU C YKEJIE30M KOPPO3Usi MarHus OyJeT MpoucXoauTh cuibHee? [1pu-
BECTH CXEMY IpOIlecca KOPPO3HUH.

TPEBOBAHHUSA K ®OPME OTUETA IO IABOPATOPHOI PAEOTE

Kax /bl CTyIeHT JOJKEH BECTH J1a0opaTopHBbIi KypHai. Bce 3anmucu A0KHBI OBITH YeT-

KMMHU U aKKypaTHBIMH. B ’KypHalie 3anuchIBalOT cXeMy MPOBEICHUS aHaIu3a, pe3yabTaThl pado-
Thl ¥ YPABHEHHSI XUMUYECKUX PEAKLIHIA.

JlaGoparopHnas padora Ne 1
OcHoBHbBIE IpHEeMBbI Pad0ThI B 1a00paTOpHH.
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®opma otvera. OTUET TOJKEH COAEPKaTh Ha3BaHUE, 1IeTb PadOThI, ONMCAHUE XO/a pa-
00TbI, pUCYHOKH MPUOOPOB, HAOIIOACHUS, YPABHEHUS PEAKIIHiA, BHIBOJIBI.
JlabopaTopnasi paGora Ne 2
OnpeneneHue MOJEKYJIAPHOIT Macchl okcuaa yriepoaa(lV).
®opma oryera. OTUET TOJKEH COAEPKATh HA3BaHUE, LI€Ib PabOThI, OMCAHHUE XO/a pa-
00ThI, pUCYHOK TIpUOOpa i MOJY4YEHHUs YIJIEKUCIIOro ra3a, HabNMIOeHUs, BBIYUCICHHUS, BbIBO-
JTBL.
JlaboparopHasi padora Ne 3
Ilepuoanyecknii 3aK0H U nepuoanveckas cucrema. Ctpoenue aroma.
®opma otyera. OTYET JOJDKEH COAEpKaTh Ha3BaHUE, LIeJb PabOThl, OMUCAHHE XOa pa-
00TbI, HEOOXOIMMBIE BHIUNCIIEHMSI, BBIBO/IBI.
JlabGoparopHasi padora Ne 4
Kiaccpl HeopraHu4ecKHX coeIUHEHUI.
®opma otyera. OTYET JODKEH COAEPKATh Ha3BaHUE, L1eJb PabOThI, OMUCAHKUE XOa pa-
00TbI, ypaBHEHUSI PEAKIINI, BHIBOJIBI.
JlabGoparopHnasi pabora Ne 5
XuMHUYeCKas CBA3b.
®opma otyera. OTYET JOJDKEH COAEPKATh Ha3BaHUE, L1eJb PabOThl, OMUCAHKUE XOa pa-
0OTBI, BEIBOJEI.
JlabGoparopHnasi pabora Ne 6
KommekcHble coenunenusi. [losryuenne u ycToH4uBOCTD.
®opma otyera. OTUET TOJDKEH COAEPKATh Ha3BaHUE, L1eJb paboThl, ONMUCAHKUE XOa pa-
00TbI, ypaBHEHUS PEAKIIU, BHIBOJIBI.
JlabGoparopHnasi pabora Ne 7
CxopocTh XUMHYECKOIl peaKkuuu.
®opma otyera. OTUeT T0JDKEH COAEP)KAaTh Ha3BaHUE, 11eJb padoThl, ONMCAHNE X0Ja pa-
00ThI, ypaBHEHUSI pEaKIMi, 3al0JHEHHbIE TAaOJIUIbl, TpaUKU W3MEHEHUS CKOPOCTH peakluu,
BBIBOJIBI.
JlabopaTopnasi padota Ne 8
IIpurorosjieHre pacTBOPOB Pa3IMYHON KOHIEHTPALMH.
®opma otryera. OTUET JTOJKEH COAEpKAaTh HA3BaHUE, L1eJb pabOThl, OMMCAaHHE XOa pa-
00TbI, HEOOXOTUMBIE BEIUMCIICHHSI, BHIBOJIBI.
JlabGopaTopnasi padora Ne 9
CBoiicTBa pacTBOPOB JIEKTPOJIUTOB. JJICKTPOJIUTHYECCKAS TUCCOLUALHH.
®opma otryera. OTUET JOJKEH COAEpKATh HA3BaHUE, L1eJb pabOThl, OMMCAaHHE XOa pa-
00ThI, pUCYHOK TIpUOOpa AJISl UCIBITAHUS DIEKTPUUYECKON MPOBOJAMMOCTH, YPaBHEHUS PEaKIu,
BBIBOJIBI.
JlabopaTopnasi padora Ne 10
I'mapoJus couei.
®opma otyera. OTUET TOJDKEH COAEPIKAaTh Ha3BaHUE, 11e7b PadOThl, OMUCAHUE X0Ja pa-
00ThI, ypaBHEHUS PEAKIINH, BHIBOJIBI.
JlabopaTopnasi padora Ne 11
OKuCAUTETbHO-BOCCTAHOBUTEIbHbIE PEAKIHH.
®opma otyera. OTUeT TOJDKEH CO/EPKaTh Ha3BaHUE, 11eJb PadOThI, ONMCAHUE XOa pa-
00TbI, ypaBHEHUS PEAKIINH, BHIBOJIBI.
JlabopaTopnasi paGora Ne 12
DIeKTPOJIN3.
®opma otyera. OTUET TOJDKEH COAEPIKAaTh HAa3BaHUE, 11e7b PadOThI, ONMCAHUE X0Ja pa-
00TbI, ypaBHEHUS PEAKIINH, BHIBOJIBI.

BOITPOCHI K OK3AMEHY
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1. Ilpenmer u 3amaun xumud. [lonsatue o marepun. CBoiicTBa Matepuu. Bemectso u nose. Die-
MeHTapHble yacTullbl. OCHOBHBIE (POPMBI JIBHXKEHUS MaTepuH. XUMHUecKas (opMa JIBHXKEHUS
marepun. Crierduka XUMUYeCKOi (OPMBI IBHKECHHUS MAaTEPHH.

2. AtoMHO-MoIekysipHOe yueHue. Pa6oter M.B. JlIomoHocoBa.

3. CrexroMeTpHUECKHE 3aKOHbI XMMUU: 3aKOH COXPaHEHUsI MacChl M SHEPTUHU BELIECTB, 3HaUe-
HUE ero B XMMUU; 3aKOH nocTostHcTBa cocTtaBa (JK. lpyct), 6epTomnuabl u JalbTOHUABI; 3aKOH
KpaTHbIX oTHOIIEeHUH (/. JanbToH); 3aKOH ABOraipo U CIEACTBUS U3 HETO; 3aKOH O0BEMHBIX
otHomenuii (K. I'eii-JIroccak); sKBUBaJIEHT, 3aK0H 3KBUBaJICHTOB (M. PuxTep).

4. OCHOBHBIE BEJIMYMHBI, IPUMEHSAEMbIE B XUMUU: aTOMHBIE U MOJIEKYJISIPHBIE MACCBI, YUCIIO
ABorajipo, 1 a.e.M. (aTOMHasi €IMHUIIA MACChl), Macca aTOMa U MOJIEKYJIbI; KOJIMYECTBO Bellle-
CTBa, MOJIb — E€MHMIIA U3MEPEHUS KOJIMYECTBA BEIIECTBA; MOJSPHAs Macca, ONpPEJEIeHUE MO-
JISIPHOM Macchl BEIIECTBA, MOJISIPHBIN 00BEM ra3000pa3HbIX BEIIECTB.

5. X¥MHYECKUH A3bIK. XMMHUUYECKAasi HOMEHKIIATypa. XUMHUYECKash TEPMUHOJIOTUSA. XUMHAUYECKast
CUMBOJIMKA. XUMHUYECKUH 3HAK, XUMHUYecKas (popmyrna (mpocreiinas, MOJIEKYIsIpHas, CTPYKTYp-
Hasi, CTEpEOXUMHUYECKasi), XUMHUUECKOE ypaBHEHUE. PacueTsl Mo XxuMuueckuM popmynam U Xu-
MUYECKHM YPaBHEHUSIM.

6. OCHOBHbIE MOHATUS XMUMMH: aTOM, aTOMHBIE YacCTHIIbl (ATOMHBIN paauKaj, aTOMHBIM HOH,
ATOMHBIN MOH-paJUKall), MOJEKYyJa, MOJIEKYJISIPHbIE YaCTULbI (MOJEKYISAPHBIA pauKai, MOJe-
KYJISIPHBII MOH, MOJEKYJISIPHBIA HOH-PAJNKAT) XUMUYECKUN 3JIEMEHT, (POPMBI €ro CymecTBoBa-
HUS: CBOOOHBIE AaTOMBIL, IPOCTHIE U CIIOKHBIE BEIIECTBA.

7. Knaccudukaius npocTsIX BemecTB. Meramibl. Hemeramisl.

8. Knaccudukamus CloXHBIX BEUIECTB MO cOcTaBy. buHapHble coeAMHEHUs. DIEKTPOOTpHUIIa-
TENbHOCTh. BasleHTHOCTh. BaneHTHbIE BOBMOXKHOCTH aTOMOB XMMHUYECKUX 3JIeMEHTOB. CTeneHb
okucieHud. 3apsn moHa. HoMmeHknatypa OMHApHBIX coequHEHHM. TpexiaieMeHTHBIe CoeluHe-
Hud. ['uapokenipl u conu.

9. Knaccuguxarust C10KHbIX COeAMHEHHUH M0 (PyHKIIMOHAIBHBIM IPU3HAKAM.

10. Oxcunsl coneodpaszyromme u Hecosieoopazyrorniue. OKCUAbl KUCTOTHBIE, OCHOBHBIE U aM(o-
tepHble. Homenknatypa okcunoB. [lonydyenne. CpolicTBa.

11. OcnoBanus. OgHo- U MHOTOKMCIOTHBIE ocHOBaHMs. Illenoun. HomeHnkmarypa ocHOBaHUHU.
[Tosryuenue. CoiicTBa. UHOUKaTOpPHI.

12. Kucnotsl. beckucnopoansie u kucnopoacoaepxamue. OaHO- © MHOTOOCHOBHBIE KUCIJIOTHI.
Howmenknarypa kucnot. IToxydyenue. CBoiicTBa KOHIIEHTPUPOBAHHBIX U Pa30aBIEHHBIX KUCIIOT.
13. Comu. Cpennue, kucible, ocHoBHBIE. [lomyuenne. CpoiictBa. Homenknatypa coneit. 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. PU3NUECKUII CMBICIT ATOMHOTO HOMEpa, HOMepa IPyIIIbI, HOMe-
pa nepuojia. CoBpeMeHHas (OpMyIHpPOBKa NEPUOANUECKOTO 3aKOHA. 3HAUEHHUE MTEPUOINIECKOTO
3aKOHA U IEPUOANYECKON CUCTEMBI.

16. Knaccuduxamus xumudeckux peakiuil. [Ipuznaku kinaccupukanyy XMuMHYECKUX PEAKIIHM.
17.  OKHCIHUTENBbHO-BOCCTAaHOBUTENbHbIE  peakuuu.  Kiaccupukamuss — OKHUCIUTENBHO-
BOCCTAHOBUTENBHBIX peakiuid. OKHUCIeHNEe U BOCCTAHOBJIEHNE, OKUCIUTENb U BOCCTAHOBUTEIIb.
OcCHOBHBIE OKHUCIUTENN U BOoccTaHOBUTENU. [IpaBmiia cocTaBieHHs ypaBHEHUIN OKUCIHUTEIBHO-
BOCCTAaHOBUTENBHBIX peakiuil. MeToabpl 3JIEKTPOHHOTO M MOHHO-AJIEKTPOHHOTO OanaHca. Poinb
Cpelibl B IPOTEKAHUH OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIX ITPOLIECCOB.

18. OGpa3oBanue cinoXHBIX YacTHll. [Ipupoaa xummudeckoir cBsi3u. Momekynbl. Buasl xumuye-
CKOH CBSI3U. DJIEKTPOOTPULIATENIBHOCTD.

19. KoBanentHas cBsizb. JJOHOPHO-aKIIENITOPHBIN MeXaHU3M 00pa30BaHUS KOBAJEHTHOM CBSI3H.
HacplaemocTs 1 HampaBiIeHHOCTh KOBAJIEHTHOU cBsi3u. @opma mMonekyn. ['ubpuanzanus. 6- u
7- csi3u. [lonsipHas u HEnoJIsIpHas KOBAJICHTHAS CBS3b.
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20. MonHas cBsa3b. BonopoaHast cBs3b. Merayunyeckas cBsizb. MeEXMOJIEKYISIPHOE B3aUMOJIEH-
cTBUE. XMMHUYECKas CBA3b U BAJICHTHOCTD.

21. Boga. CocTaB u 31€KTPOHHOE CTPOEHHE MOJEKYJbl BoAbl. [lonspHocTs Monekysbl. dusnue-
CKHE CBOWMCTBa BOJABL. AHOMaNMHU (U3HMYECKUX CBOMCTB BOJBI. Boga — yHHMBEpCaIbHBIN PacTBO-
putenb. XUMUYECKUE CBOMCTBA BOABI. Posib BoMbI B Omomorndeckux mporeccax. Pactsoper. O0-
111as1 XapaKTEpUCTHUKA PACTBOPOB.

22. Cnioco0Obl BeIpaXKeHHsI cocTaBa pacTBopoB. KoHIleHTpanus pacTBOpoB. MaccoBast 10is pac-
TBOPEHHOT'O BEUIECTBA B NpouLeHTax. MoispHas M HOpMaibHas KOHLEHTpauus. Pacdersr mms
IIPUTOTOBJIEHUSI PACTBOPOB Pa3IMYHON KOHIEHTpaluu. MeToauka NpUrOTOBIEHUS PAacTBOPOB
pa3HOI KoHUeHTpauuu. [lepexon oT OHOTO KOJMYECTBEHHOI'O BBIPAKEHUS COCTaBa pacTBOpa K
APYroMy.

23. DAEKTPONUTHI U HEIEKTPOIUTEL. OCHOBHBIE MTOJIOKEHHUS 3JIEKTPOIUTHYECKON TUCCOLMALINN.
Mexanu3m AMcCOLMAMM 3JEKTPOIUTOB C PAa3jIMUHBIM THUIIOM XUMHUYECKOM cBs3u. CTeneHb
NEKTPOIUTHYECKOH uccoruanuu. CHUIIbHBIE U c1a0ble 3JIEKTPOJIUTHI.

23. Kucnotsl, OCHOBaHUS, COJIU B CBETE TEOPUHU DJIEKTPOJUTHUYECKON aucconuanuu. CryneHya-
Tas pucconuanus. OCHOBHBIN M KUCIIOTHBIM THIBI JUCCOLMALUU TUAPOKCUIOB. AMpoTepHbIe
TUIPOKCHU/IBI.

24. I'maponn3 coneid. PaznuuHble ciaydyau ruapoinsa cosied. Peakius cpensl B BOIHBIX PacTBO-
pax coneil. O6paTuMbIil 1 HEOOpaTUMBINM ruApPoIK3bl cosel. CTyneHyaTslii ruapoans. PakTopsl,
cMelnarue papHosecue ruipoansa. CoBMECTHBINM TMAPOIU3 COJIEH Pa3HbIX TUIOB. Poib run-
poiHM3a B XMMHUYECKUX M OMOJOTHUYECKUX Tporeccax. Peaknuu B pacTBopax 3JIeKTpoIUTOB. Pe-
aKLMY HOHHOTO OOMEeHa. Y CIIOBUS MPOTEKaHUs peakiiii oOMeHa B pacTBOpax /10 KOHIIA.

25. IloHsiTHE O KOMIUIEKCHBIX COeAMHEHUSIX. OCHOBHBIE MOJIOXKEHUS KOOPINHALIMOHHON TEOpUu
A. Bepuepa. KommuiekcooOpa3oBaTeinp 1 JUrasibl. BHelHsAs u BHyTpeHH:s cepbl KOMIIJIEKCOB.
XapakTepucTuka JUrasaoB. KoopanHalMOHHOE YHCIO KOMIUIEKCOOOpa3oBaTels. 3apsia KOM-
IUIEKCHOTO HOHA.

26.0cHOBHBIE KJIaCChl KOMIUIEKCHBIX coeAuHeHud. [mapartel (axBakomiuiekcel). Kpu-
CTAJJIOTUAPATHI KaK YaCTHBIM ClIydald akBakOMIUIEKCOB. OHMEBbIE MOHBI. AMMMAaKaThl. ALUI0-
KOMIUIEKCBI. JIBOWHBIE COJIM KaK YacTHBIA CiIydall anuaoKoMIuiekcoB. ITommranorennaer. Ilomm-
KHCJIOTHI M UX coi. HOMEHKIaTypa KOMIUIEKCHBIX COEJUHEHUM

27. Tlpupoaa XMMUYECKON CBSI3M B KOMIUIEKCHBIX COCIMHEHMsIX. PaccMoTpeHue ee ¢ mo3uIui
METO/Ia BAJIEHTHBIX CBsA3€i. TeopHs KpUCTAIIIMYECKOrO MO U MO JUTaH0B B TEOPUH XUMHU-
YECKOM CBS3U KOMIUIEKCHBIX COCIMHEHHMN.

28. PaBHOBecuE€ B HACBILICHHBIX pPacTBOpax MajlOPacTBOPUMBIX MIEKTposauToB. [IpousBeneHue
pacTBOPUMOCTHU. Y CIIOBUSI 00pa30BaHUsl M PacTBOPEHMsI OCaJKOB. Peakiuu B pacTBOpax 3Jiek-
TPOJIUTOB (MOHHBIE peakuuu). MexaHu3M NpOTEKaHUs pPEakUuil B pacTBOpax 3IIEKTPOJIUTOB.
HamnpaBneHHOCT, 0OMEHHBIX PEAKIINIl B paCTBOPAX AJIEKTPOIHUTOB.

29. 'anbBaHUYECKUM PTIEMEHT. DIEKTPOAHBIE TOTEHIUANBI. Psii cTaHAApTHBIX 2JEKTPOJHBIX 10~
TeHuanoB. OKHUCIUTETbHO-BOCCTAHOBUTENbHBIE TOTEHIIMANBI. HanpaBienue u rimyOuHa OKuc-
JIMTENIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMNA. DJIEKTPOIN3 KaK OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIN
npouecc. KonuuecTBeHHbIE COOTHOIIEHUS MU dJekTponuse. [IpumeHenue anekTponusa. XuMu-
4eCKUE UCTOYHHUKH TOKA.

30. Koppo3zus meTaiioB. DIEKTPOXUMHUYECKask KOPPO3Hs. 3aluTa OT KOPPO3HUH.

7 IEPEYEHb HHO®OPMAIIMOHHBIX TEXHOJIOTUI, NCIIOJIb3YEMBIX
B NTPOINECCE OBYYEHUA

HNudopmanuonHbie TeXHOJIOTMH — 00yueHUE B 3JIEKTPOHHOM 00pa3oBaTeIbHON cpenie ¢
LIEJIBI0 PACIIMPEHHUsl JIOCTyNa K 00pa3oBaTeIbHBIM pecypcaM, yBEJTHUEHHUs] KOHTAaKTHOTO B3aM-
MOJICHCTBUS € IpenojaBaTeieM, NOCTPOCHHUSI HHINBUAYAIbHBIX TPAEKTOPUN MOATOTOBKH, 00b-
CKTUBHOI'O KOHTPOJII U MOHUTOPUHTA 3HAHUM CTYACHTOB.
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B o6pazoBarensHOM TpoIiecce Mo TUCIUTUIMHE UCIIONIB3YIOTCS CIeAyonue nH(OopMaIin-
OHHBIC  TEXHOJIOTHH, SBJISIONIMECS  KOMIIOHGHTaMH  ODJEKTPOHHOW  WH(GOPMAIMOHHO-
obpazoBarenbHoi cpeabl BITIY:

e Odumnumanshsiii caiit BI'TTY;

¢ Cucrema snextporHoro ooydenuss ®I'bOY BO «bI'TIY »;

e (Cucrema TECTUPOBAHHS Ha OCHOBE eauHOro mnopraia «MHTepHeT-TecTUpOBaHUS B
cdepe 00pazoBaHUS WWW.i-exam.ruy;

e Cucrema «Autuiniaruatr.BY3y»;

e DJIEKTPOHHBIEC OMOINOTEUHBIE CHCTEMBI;

o MynbTUMEIUIHOE COMPOBOXKICHUE JICKIIUM U TIPAKTUUECKUX 3aHSATHM.

8 OCOBEHHOCTHU U3YYEHUA JUCHUIITIMHBI UHBAJIMJIAMMU U JIMINAMU
C O'PAHUYEHHBIMH BO3MOKHOCTAMMU 310POBbSA

HpI/I O6y‘IeHI/II/I JaL ¢ OIrpaHUYCHHBIMU BO3MOKHOCTAMHA 3J0POBbA INPUMCHAIOTCA ajdall-
THUBHBIE 00pa30BaTeIbHbIC TEXHOJIOTHH B COOTBETCTBUH C YCIIOBHSAMH, U3JIO)KEHHBIMH B pazfieiie
«OCO0EHHOCTH peanu3alui 00pa30BaTeIbHON MPOrpaMMBLIJIS UHBAIUIOB U JIUI] C OTPaHUYEH-
HBIMH BO3MOJKHOCTSIMH 3JIOPOBBSI» OCHOBHOW 00pa30BaTeIbHOM NMPOrpaMMbl (MCIIOIB30BAHUE
CIiICuaJIbHBIX y‘~IC6HI)IX rnocobuii u JUOAKTUYCCKUX MAaTCpUajioB, CIICHUAJIBHBIX TCXHHUYCCKUX
cpeAcTB 00y4eHUs] KOJUIEKTUBHOTO M MHIMBUIAYAJIFHOTO IMOJB30BaHMS, IPEIOCTABICHHE YCIYT
accucTeHTa (IIOMOIIHHMKA), OKAa3bIBAIOLIETO OOYYAIOIIUMCS HEOOXOIUMYIO0 TEXHHYECKYIO MO-
MOIIB U T. I1.) C Y4E€TOM HHANBUAYAIBHBIX OCOOCHHOCTEH 00ydJaroImuxcsl.

9 CIIUCOK JIMTEPATYPBI U UHO®OPMALIMOHHBIX PECYPCOB

9.1 JIuteparypa

1. AxmeroB, H.C. O6mas u Heopranuyeckass xumus: yueOHuk / H.C. AxmetoB. — 8-¢
u3 ., ucnp. — M. : Jlanp, 2014. — 752 c. (10 7k3.)

2. I'munka, H.JI. O6mas xumus: yae6.mocodue nmis By3oB / H.JL. 'munka; mon pea. A.W.
EpmakoBa. — 30-e u3zn., ucnp. — M. : Uaterpan-Iipecc, 2005 — 727 ¢. (21 3k3.)

3. VYraii, S.A. OOmas 1 HeopraHM4eckass XUMUsS: Y4eOHHUK N7 CTyA. BY30B, oOyuaro-
IIUXCS TI0 HarpaBlieHuto U creml. «Xumus» / S.A. Yrail. — 4-e usn., crep. — M. :Beicul. k.,
2009. — 526 c. (18 7k3.)

4. ®ponos, B.U. Ilpaktukym mo oOuieil 1 HEOpraHMYeCcKONH XUMHH: y4yeO.mocodue ass
CTYZA. BY30B, 00YYalOLIMXCs MO HampaBlIeHHI0 «MeTamnyprus», «XuMUdeckas TEXHOJIOTHs U
o6uorexnonorus» / B.U. ®ponos, T.M. Kypoxtuna, 3.H. /{pimoBa ; nox pexn. H.H. [TaBnosa, B.U.
®ponosa. — 2-e u3za., nepepad., rom. — M. : lpoda, 2002. — 301 c. (32 3k3.)

5. 3amaun U ynpaxHeHus o odueit xumuu: Yueb.nmocobue s By3oB / I'munka H.JI. —
JI. : Xumus, 2011. - 264 c. (16 7k3.)

6. Apremenko, A.W. CrpaBoynoe pykoBoacTBo mo xumun / A.U. Apremenxko, 1.B. Tu-
KyHOBa, B.A. ManeBanubiii. — 2-¢ u3n., nepepad. u gon. — M. :Beicm. mik., 2003. — 366 c. (6
9K3.)

7. Jlunun, P.A. Heopranuueckass Xxumusi B peakuusx: crnpaBoynuk / P.A. Jlugun, B.A.
Momouxko, JI.JI. Auapeesa. — 2-e u3g., nmepepad., noi. — M. : JIpoda, 2007. — 637 c. (5 3x3.)

9.2 ba3bl JaHHBIX U HHGOPMALIMOHHO-CIIPABOYHbIE CHCTEMbI

1. ®enepanbubiii moptan «Poccuiickoe obpazoBanue» - http://www.edu.ru.

2. Tlopran Hay4HOI1 AneKkTpoHHOM OnbIHoTekH - http://elibrary.ru/defaultx.asp.

3. Caiit o xumuu - http://www.xumuk.ru/ - 3mecs MOXXHO HaiiTh WHGOPMAIIHIO IO pa3-
JUYHBIM pazfenam XxumMun. MHTepdeiic B BbICIIEH CTENEHH IPYKECTBEHHBIH, IPAMO C TJIaBHON
CTpaHMIIbI IOCTYINHA ObICTpasi HABUTALUSA 0 «XUMHUYECKONW YHIUKIIONETI.

4. TonynspHas 6MOIMOTEKa XUMUYECKHX 3JIEMEHTOB -

https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/


http://www.i-exam.ru/
http://www.xumuk.ru/
https://web.archive.org/web/20161021151915/http:/n-t.ru/ri/ps/
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5. DnekTponHas 6ubnmoreka mo xumun MI'Y http://www.chem.msu.su/rus/elibrary/
9.3 DJIeKTPOHHO-0U0JIHOTEYHbIE PeCypPChl

1. Polpred.com O630p CMU/Crnpasounuxk http:// polpred.com/news.

2. DBC «}Opaiit» https://urait.ru/.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jliig mpoBeieHus 3aHATHH JIGKIIMOHHOTO THIIA, IPYIIOBBIX U MHAUBUAYAIbHBIX KOHCYIIb-
TaIMi{, TEKYIIEro KOHTPOJIA M MPOMEXKYTOUHOW aTTECTAlMH HCIIOJIB3YIOTCS ayJUTOPUHU, OCHA-
niéHHbIE Y4eOHOI MeOenblo, ayAUTOPHON JOCKOM, KOMIIbIOTEpOM(pamMH) C YCTaHOBJICHHBIM JIU-
[IEH3MOHHBIM CIIEHUAIN3UPOBAHHBIM POTPAMMHBIM 00ECIIEYeHHEM, KOMMYTaTOPOM JUISl BBIXO-
J1a B DJIEKTPOHHO-OMOIMOTEUHYIO CUCTEMY U 3JIEKTPOHHYIO HH(DOPMAIIMOHHO-00pa30BaTEIbHYIO
cpeny BITIY, MynpTUMETUIHBIMH MPOEKTOPAMH, HKCHO3ULIMOHHBIMU HKpaHaMH, Yy4eOHO-
HalISITHBIMA TIOCOOUSIMU (TaOIUIBI, MYJbTUMEIUIHBIC TIpe3eHTauu). st mpoBeaeHus 1a0o-
paTopHBIX 3aHATUH Takke ucrnonbdyercs: Aya. 109 «Ay. JlaGoparopust oOmieil XuMuu, yKOM-
IJIEKTOBAHHAS CJIEIYIOIINM 000PYIOBAHUEM:

e KOMIUIEKT CTOJIOB 1a00paTOPHBIX
Croun npenogaBatens
[TrouTp
AynuropHas JocKa
dotornexrpokagopumetp (1 mr.)

Bononarpesarens (1 mT.)

HarpeBatenb nyst mpoOupoxk (1 mT.)

[Mkad BeITsAHON (1 1IT.)

XUMHUYECKUE PEAaKTHBBI TI0 TEMATHKE JIAO0OPAaTOPHBIX paboT

Hectunsrop (1 mr.)

Becwt EK-410 (Texnuueckue) (1 mrT.)

OnekrporuTa (3 mrT.)

Jocka qist cymiku nocysl (1 mr.)

HaGop nocyapl npuHaanexHoCTel U1 IEMOHCTPAIIMOHHBIX OIBITOB 10 XUMHH
HaGop neraneii 1151 MOHTaXka YCTaHOBOK, WIITFOCTPUPYIOIUX XUMUYECKHE TPOU3BO/I-

CTBa
Cronuk nogbemHusbIit (1 mrT.)
[taTuB A geMoHcTpaunoHHbIX npoodupok [1X-21 (10 mt.)
[Irarus metammuueckuit LLJIB (10 mt.)
OkpaH (HoHOBBIN YepHO Oenblil (ABycTOpoHHMIT) (1 mIT.)
Amnmnapar Kunmna (1 mmr.)
Mukpockon «Muxmen-1» (6 mr.)
ABtoknas (1 mr.)
Bapowmerp (1 mT.)
Komuartusiit Tepmomerp (1 mT.)

e YyeOHO-HArJsAHbIE TOCOOUS - CIal/Ibl, TAOIUIIbI, MYJIbTUMEIUIHBIC IPE3EHTALIUH 110
mucauiuinae «OCHOBBI OOIIEN XUMUM

CamocrodarenbHas paboTa CTYJEHTOB OpraHM3YyeTCsl B ayJUTOPUSAX, OCHALICHHBIX KOM-
NBIOTEPHON TEXHUKON C BBIXOJOM B 3JIEKTPOHHYIO MH(POPMAIMOHHO-00pa30BaTEIbHYIO CpPEay
BYy3a, B CHEIHAIN3UPOBAHHBIX Ja00OpaTOpUsAX MO JAUCLUILIMHE, a TaKkKe B 3ajax JOCTyMa B JIO-
KanbHYyI0 ceTb BITIY.

JIunleH3MOHHOEe TporpaMMHOe OOecreueHHe: ONepalioHHbIe CHCTEMbl CEMEHCTBa

Windows, Linux; oducusie mporpammel Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.

Paszpa6orumk: [Tanosa JI.I1., kaHmuaaT XuMHUYECKUX HAYK, TOIICHT Kaeapbl XUMHH.


http://www.chem.msu.su/rus/elibrary/
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11 IUCT UIBSMEHEHUHA U JONTOJTHEHUM

Yr1Bepaxnenue usmenenuii B PIIJI nas peanusanum B 2021/2022 yu. r.

PIIJ] mepecmoTpena, obcyxaeHa U ogoOpeHa s peanmsanuu B 2021/2022 yuyebHOM TOIY
Ha 3acenanuu kKadeapsl xumuu (mpotokos Ne 1 ot 8 centsiops 2021 r.). B pabouyio nmporpammy
BHECEHBI CIIEYIOIUE U3MEHEHUS U JONOTHEHUS:

Noe u3menenns: 1
No cTpanwuiipl ¢ u3sMeHeHueM: 83

HNcknrounTs: Brirounts: B 11. 9.3

OBC «Opaiit» - https://urait.ru.

PII/] mepecmoTpeHa, obcyxkieHa u ogoopena st peanu3anuu B 2021/2022 yae6HOM roay
Ha 3acenanuu kadeapsl xumuu (mpotokon Ne 4 ot 29 nexadps 2021 r.).
B pabouyro nmporpamMmy BHECEHBI CIICTYIOIINE U3MEHECHHUS U JOTIOJTHECHUS:

Ne usmenenns: 2
No cTpaHuilpl ¢ UBMEHEHUEM: 83

HckmrounTh: BxirounTs:

B nynxr 10:

Aya. 118 «A». JlaGopaTopusi eCTeCTBEHHO-
HAY4YHOH HANPABJIEHHOCTH MeIaroru4ecKo-
ro texnonapka «Kpanropuym-28» nm. C.B.
JlankuHa

» Jlocka 1-anemeHTHas menoBas MarHuTHas (1
IIT.)

 [lapra maGopatopHasi ¢ HAJCTPOUKOMN U BBI-
JBUKHBIM OJIOKOM (2 IIT.)

 [lucemennsrii cron (4 mr.)

e Cron npUCTeHHBIN XUMUYecKHii (3 mIT.)

o Cron s npernoaaBaTesst (yriioBOi) mpaBo-
ctoponnuii (1 mrt.)

o Cremnax KHUXHBIH, 12 sueek (1 mT.)
 Ilonka HaBecHas, 6enas (1 mit.)

e Ily¢ 80*80 (2 mT.)

o Ilyd 52*52 (2 wt.)

o Jluan TpéxmecTHbIi (1 mrT.)

» Kpecno nans pykoBoautens AupekT mioc (1
IIT.)

» Tymb0a c MoiiKkol HaKIaJHOM IJIs1 KyXOHHOTO
rapuutypa (Oenast) (2 mr.)

« Kymnep Silver Arrow 130 (1 mt.)

» Hoyt0yxk (4 mrT.)

¢ M®YV npunrep Brother DCP-L5500 (1 mit.)
» Amnnapar Kunna (2 mr.)

o Crepunusarop ais 1ab0paTOpHON TOCY/IbI
BO3MyIIHBIN (1 mIT.)

 JlabGoparopHoe 000pyI0BaHuUE 110 XUMHH (6
IIT.)

e MarnutHas memanka (1 mr.)




85

o I[ludponas madoparopust M0 XUMHUA
«Releony (6 mT.)

 Iludporas nmabopartopus mo dpusuke «Rele-
ony (6 mir.)

o [udposas madoparopus Mo OHOIOTHH
«Releony (6 mT.)

» VYuyeOHo-uccenoBaTenbcKas 1adoparopust
OMOCUTHAJIOB U HEUPOTEXHOJIOTUH (6 1IT.)

* VYueOHas 1abopaTOpusi TOUHBIX U3MEPEHUN
(6 mT.)

o MukpockoI y4eOHbIi «IBpHKay (6 1mIT.)

YrBepxkaenue nsmenenuid u gonoqHenuii B PII nas peanu3zanun B 2022/2023 yu. 1.

Pabouas mporpamMma AMCHMILTAHBI TIEPECMOTPEHa, 00CYKIeHAa U 0JJ00peHa IS peann3a-
uu B 2022/2023 yyebHoM roay Ha 3acemanuu kadenps (mpotokon Ne 8 ot 26 mas 2022 r.). B
PIIJI BHECEHBI CneAyOMME U3MEHEHHS U TOTIOJTHEHHUS :

Ne u3menenuns: 2
No ctpaHuilbl ¢ UBMEHEHUEM: 82

B Paznen 9 BHeceHbI N3MEHEHHS B CITUCOK JINTEPATYPHI, B 0a3bl TaHHBIX U HHPOPMAITMOHHO-
CIIPaBOYHBIE CHCTEMBI, B 3JIEKTPOHHO-OMOIMOTEUHBIE pecypChl. YKa3aHbl CChUTKH, 00ecIeyn-
BaIOIIUE JIOCTYI O0YYAIOIIUMCS K JJICKTPOHHBIM YIEOHBIM M3JaHMSIM H JICKTPOHHBIM 00pa-

3oBaresibHbIM pecypcaM ¢ caiita @I'BOY BO «bI'TIY ».




