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1 HOACHUTEJIbBHAS 3AIIMCKA

1.1 Heab aucuMmiInHbl: cOpMUPOBATh PYHIAMEHTAILHBIC 3HAHUS B 00JIACTH OOIICH U
HEOPraHMYeCKOW XMMUHU.

1.2 MecTo aucuunjunnsl B crpykrype OOIT

HucuuiuinHa «OOmass XuMus» OTHOCUTCS K AUCLUILUIMHAM O0A3aTEeNIbHOW YacTH Ipel-
METHO-METOJUYECKOT0 MOAYJIs o poduitio «Xumus» 6moka b1: 51.0.08.01.

ConeprkaHue TUCHUIIMHBI Oa3UPYETCs HAa 3HAHUAX 110 XUMUH, GU3UKE U MaTeMaTHKe 3a
Kypc o0mieoOpa3oBarenbHO mKkoibl. ['my0okoe ycBoeHHEe JaHHOM AUCHUILTUHBI SBISIETCS OCHO-
BOM U1 U3y4eHMsI BCEX JUCLUIUIMH XUMUYECKOTO

1.3 Iucuuniuea HanpasjeHa HA popMupoBaHMe cieaylmux komnerenuuii: YK-1,
OIIK-8; TIK-2:

- YK-1. CniocobeH ocymecTBIsATh MOUCK, KPUTHUECKUI aHAINU3 U CHHTE3 WH(POpPMAIINH,
IPUMEHATh CUCTEMHBIN MOJXOJ JUIsl PEIIEHUs] NOCTaBJICHHBIX 33/1a4, HHAUKATOPOM JOCTHKe-
HUsL KOTOPOU SABJISIETCS:

e VK-1.2 HaxoauT ¥ KpUTUYECKH aHAIM3HPYET MHPOPMALNIO, HEOOXOIUMYIO JUIs pe-
LICHUS ITOCTABICHHOW 3a/1a4u.

- OIIK-8. Cnoco0OeH OCyIIeCTBIIATh MEAarorMYecKylo JesATeIbHOCTh HA OCHOBE CIIELH-
aJIbHBIX HayYHbIX 3HAHUN, HHAMKATOPOM JIOCTH)KEHUSI KOTOPOU ABIISETCS:

e OIIK-8.3 [IeMoHCTpHpYET ClieNMAIbHBIC HAYYHBbIC 3HAHUS, B TOM YHCJIE B MPEAMET-
HOM 0071acTH.

- TIIK-2. CrnocobeH OCymecTBIATh MENAarornyecKylo NesTeNIbHOCTh MO MPO(QHUIHLHBIM
npeaMeram (AMCUUIUIMHAM, MOAYJISIM) B paMKax IPOrpaMM OCHOBHOT'O OOIIEro U CpeAaHero oo-
1ero o0pa3oBaHusl, HHAMKATOPOM JOCTIKEHHUS KOTOPOH SIBIISIETCS:

e [IK-2.2 [Ipumensier 0CHOBbI TeOpUH (PyHAAMEHTAIbHBIX U MPUKJIAJHBIX PA3JIEIOB XU-
MUU (HEOPTaHMYECKOW, aHAIMTUYECKOW, OpraHuyecko, ¢usmueckon, xumuu BMC, xumunye-
CKHUX OCHOB OMOJIOTMUECKHX IPOILIECCOB, XUMUYECKOW TEXHOJOTMM) I PElIeHUs TeopeThye-
CKHX M NPAKTUYECKUX 3a]a4.

1.4 TlepeyeHsb NJIAHMPYEMBIX pe3yJbTaTOB 00yueHHs. B pesynbrare n3ydeHus aucuu-
IUIMHBI CTYAECHT JOJIKEH

- 3HATh:

- COBPEMEHHYIO HOMEHKJIATYPy XUMHUYECKUX COEANHEHU;

- OCHOBHBIE KJIaCChl XUMUYECKUX COEIMHEHUHN U TUIIbI XUMUYECKUX PEaKIuil;

0COOEHHOCTH XMMHUYECKON (POPMBI OpraHU3aluyi MaTepuu

- OCHOBBI [TIOMCKa, KpUTHUECKOIO aHaIN3a U CUHTEe3a HH(OPMALIUU, CUCTEMHOIO MOAX0/1a
JUISl PEeLIeHUs] IOCTaBJIEHHBIX 3a/1a4 B paMKax JTUCIHUILIMHBI O0Ias XUMHUS;

- OCHOBBI KAUYECTBEHHOI'O aHAJIN3a HEOPTaHUYECKUX COETUHEHUI];

- OCHOBHBIE COBPEMEHHBIE METO/IbI UCCIIEJOBAHUS HEOPTaHUYECKUX BELIECTB;

- METOJbI U crocoObl 00pabOoTKK MHPOPMAIMK PE3YIbTATOB XUMUYECKOTO IKCIIEPUMEH-
Ta, pe3yJIbTaTOB HAOIIOJEHUN 1 U3MEPEHU;

- MH(OPMAaIMOHHBIE HCTOYHUKHU CIPAaBOYHOI0, HAYYHOT0, HOPMaTUBHOT'O XapaKTepa;

- OCHOBHBIE XMMHUYECKNE TIOHSTHSI,

- OCHOBHbBIE 3aKOHbI XUMUU;

- 001IMe cBeIeHUS 0 XUMUYECKOM JJIEMEHTE;

- TIOJIOKEHHE XMMHUYECKOro areMeHTa B [lepuonnueckoil cucreme;

- CTPOEHHUE aTOMa JIEMEHTA;

- CBOMCTBA MPOCTOr0 BElIeCTBa, 00pa3yeMoro JaHHBIM JIEMEHTOM;

- YMeTb.

- CTaHJapTHBIE ONEPaLMU 1O MpearaéMbIM METOIUKAM;

- BBIOMpATh METOBI IMaTHOCTUKU BEIIECTB U MAaTepHAJIOB, TPOBOJIUTH CTAH- JapTHBIE
U3MEpPEHUs.

-+ IPUMEHATH U aHAJIU3UPOBATH OCHOBBI IOMCKA, KPUTUUYECKOTO aHAIU3a U CUHTE3a MH-
(dopmanuu, CHCTEMHOTO NTOIX0/A Ul PELIEHUs IOCTABICHHBIX 3aa4;
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- AQHAJIM3MPOBaTh 3ajJlauy, BbIJIENAA €€ Oa30Bble COCTABIISIIOIINE U OCYLIECTBISET JEKOM-
MO3UIMIO 33]]a4H;

- I'PaMOTHO, JIOTUYHO, apryMEHTHPOBAHHO (OPMHPOBATH COOCTBEHHBIE CYXICHHUS U
OLICHKU;

- OTIMYaTh (PaKThl OT MHEHUH, UHTEPIPETALNH, OLIEHOK U T.. B PACCYKICHUSX IPYIUX
YYaCTHUKOB J€SITEIHOCTH;

- OIPEIENATh U OLICHUBATH IIPAKTUYECKHE MTOCIEACTBHS BO3MOKHBIX PELICHU;

- COTOCTAaBJISIET pa3Hble MCTOYHUKU WH(POPMALUU C LEIbI0 BBISBICHUS WX MPOTHUBOpE-
YU U [TIOMCKA JOCTOBEPHBIX CYXKICHU;

- IPOBOJIUTh AHAJIM3 HEOPraHUYECKUX COECIUHEHUH M MHTEPIPUTUPOBATH MOJIYUYEHHBIE
pE3yJIbTaTHI;

- 00pabaThIBaTh, AaHAIM3UPOBATH M 0000IIATh Pe3yIbTAaThl HAOIIOACHUIN U U3MEPEHUIT;

- BBIIBJIATB CBSA3b MEXJIY (QU3NUYECKUMHU U XUMUUYECKUMHM IPOLIECCAMH, MEXIY CTPOCHH-
€M M CBOMCTBAaMU HEOPTaHUYECKUX BEILECTB,

- pemarth 3a1a4u, UCIOJIb3Ysl IPUHILIMIIBI M METO/IBI HEOPraHUYECKON XUMMUH;

- OOBSACHATHh U AaHAIM3UPOBATh HAa OCHOBE 3KCIEPHMEHTAJbHBIX JJAHHBIX CBOWCTBA Be-
LIECTB U IIPOLIECCHI, IPOTEKAIOLIUE IIPU UX B3aUMOJCHCTBHY;

- CTaBUThb XMMHUYECKUH SKCIIEPUMEHT, aHAJU3UPOBATh U OLIEHUBAThH JIAOOPATOPHBIE HC-
CJIeI0OBaHUS;

- BJIa/IeTh:

- HaBBIKAMH aHAJIN3a, IPUMEHEHHs OCHOB ITOMCKA, KpUTHUECKOTO aHAJIN3a U CUHTE3a UH-
(dopMaruy, CUCTEMHOrO IMOJAXO0JA JJIsl PELICHUs MTOCTABJIEHHBIX 33/a4 B paMKax JUCLUIUIMHBI
o0111as1 ¥ HeOpraHUYecKast XUMUS;

- HaBbIKaMU aHaJM3a 3aJaui, BbLAEIAS e 0a30BbI€ COCTABIIAIOIINE U OCYILIECTBIISAS Jie-
KOMITIO3ULUIO 33J]a4H;

- HaBBIKAaMU I'PaMOTHO, JIOTUYHO, apTyMEHTUPOBAHHO (POPMHUPOBATH COOCTBEHHBIE CYXK-
JIEHUS U OLEHKU;

- HaBBIKaMHU OTJIMYaTh (pakThl OT MHEHHI, UHTEepHpeTalyil, OLIEHOK U T.A. B paccyxie-
HUSX IPYTMX yYaCTHUKOB J€ATEIbHOCTH;

- CIIOCOOHOCTBIO OMPEEIATh U OLIEHUBATh MPAKTHUECKUE TOCIEICTBUS BO3MOKHBIX pe-
LICHUI;

- HaBBIKAMM JI€JIaTh 3aKJIIOYEHMs] W BBIBOJBI IO pE3yJjbTaTaM aHalIM3a JUTEPaTypPHBIX
JTAHHBIX, COOCTBEHHBIX IKCIIEPUMEHTAIBHBIX U PACUETHO-TEOPETUYECKHX padoT 10 HeopraHuye-
CKOM XHNMUU;

- HaBBIKAMHU CHCTEMAaTU3MpPOBaThb U AHAIW3UPOBATH PE3YJbTATHl XUMUYECKUX DKCIEPHU-
MEHTOB, HAOJIOACHUM, U3MEPEHUN, a TaK)Ke Pe3yJIbTaThl PacyeTOB CBONCTB HEOPraHMYECKHX
BELIECTB U MaTEPUAIIOB HA UX OCHOBE;

- OCHOBHBIMHU 3aKOHAMHU U 3aKOHOMEPHOCTSIMU HEOPTaHUYECKON XUMHUU U MPUMEHSTh X
IIPY PELIEHUN 3a/1a4, IPU aHAJIN3€ IKCIIEPUMEHTAIbHBIX JaHHBIX, IOJyUYEHHBIX IIPU UCCIIEI0BA-
HUUY;

- cnoco0aMH OpHEHTAIMM B NMPO(ecCHOHAIBHBIX UCTOYHUKAX MH(OpManuu (KypHAabl,
caiiTsl, 00pa3oBaTeIbHbIE OPTAJIbI);

- HaBBIKAMHU MTOCTAHOBKH KCIIEPUMEHTA, aHAJIN3a U OLIEHKU Pe3yJIbTaTOB JIAOOPATOPHBIX
HCCIICIOBAHUII;

- METOJIaMHU OIIPENEICHHS] BO3MOKHOCTH MTPOTEKAHNS XUMHUUYECKUX IIPEBPAILCHUN B pa3-
JIMYHBIX YCIOBUSAX U OLIEHKH UX MOCIIEICTBUM;

- TEOPETUYECKMMH METOAAMH OIMCAHMS CBOWCTB IPOCTBIX U CIIOXKHBIX BEIIECTB HA OC-
HOBE UX NoJjoxxeHus B [lepuonnueckoil cucremMe XUMUYECKUX 3JIEMEHTOB;

- cnoco0amu 6€30MacHOro 0OpaleHHs C TOPIOUYMMH U TOKCUYHBIMH BEIIECTBAMH, J1abo-
paTOpHBIM 000PYIOBaHUEM;



3HaHUH OCYIIECTBISIETCS (PPOHTAIBHO, NHANBH Y ATHHO.
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- HaBbIKaMU WHTEPIpETAIH PAaCCYMTAHHBIX 3HAUEHUN TePMOIMHAMUYECKUX QYHKIUN U
Ha WX OCHOBE MPOTHO3UPOBATH BO3MOXXHOCTH OCYIIIECTBIICHUS] M HAIPaBJICHHE MPOTEKAHUS XH-
MHUYECKHX MTPOLIECCOB.
1.5 O0mas TpynoeMKoCTh AUCHUIIMHBbI «OQ0mIasi XUMHUS» COCTaBIsSET / 3a4E€THBIX
equnun (nanee — 3E) (252 vacos).
[IporpaMma mpeaycMaTpuBaeT U3yYCHHE MaTepraia Ha JCKIUAX U JTa00paTOPHBIX 3aHS-
tusx. [Ipenycmorpena camocrositenpHas paboTa CTy/I€HTOB 10 TeMaM U paszaenam. [Iposepka

1.6 O0beM QMCHUNJIMHBI M BUbI Y4€OHOI 1eITeIbHOCTH

O0beM IMCHMIJIMHBI M BU/ABI Y4e0OHOI 1esiTeIbHOCTH (04Hast (popMa 00ydeHHUs1)

Bujx yueOHoi padoThl Bcero yacos Cemectp 1
OO01m1as TpyJ0EMKOCTh 252 252
KonTakTHas paborta 128 128
Jlekuun 44 44
JlaboparopHbie pabOTHI 84 84
CamocTtosTenbpHas paborta 88 88
Bu HTOrOBOrO KOHTPOJIS: 36 9K3aMeH

2 YYEBHO-TEMATHUYECKOE IINTAHUPOBAHHUE

Y4ebHO-TEeMaTHYECKHUII TJIaH
Ounas gopma 00yueHust

Ne HaumenoBanue Tem (pa3iesioB) Bceero AyauTOpHBIE Camo-
/11 4yacoB 3aHATHSA cTOSI-
Jlekuun | JlaGoparop- | TellbHasi
Hble 3aHATHS | padora
| cemectp
1 | BeBenenue 12 4 4 4
1.1 | Ilpeamer u 3a1aul XUMUHU 6 4 - 2
1.2 | Jlabopamopnas paboma Nel. 6 - 4 2
OcHoBHBIE pUEMBI PabOTHI B J1abopa-
TOpUHU
2 | OcHOBHBIE IOHSITUS U 3AKOHBI XH- 22 2 8 12
MHH
2.1 | OCHOBHBIC TTOHATHUS U 3aKOHBI XUMUHU. 10 2 - 8
ATOMHO-MOJIEKYJISIPHOE YUCHHE
2.2 | Jlabopamopnas paboma No2. 6 - 4 2
Omnpenenenre OTHOCUTENLHON MOJIEKY-
JsipHOM Macchl okcua yriepoaa(lV)
2.3 | Jlabopamopnas paboma No3. 6 - 4 2
OnpefeneHre SKBUBAJICHTHOW MAacCChI
MarHus
3 | llepuoanyeckuii 3aKOH KaK OCHOBa 16 4 4 8
xumnueckoii cucrematuku. CoBpe-
MEHHbIE€ TPEJICTABJIEHUS O TepPHuo-
JAUYHOCTH CBOICTB )JIEMEHTOB
3.1 | Ileppoamueckuii 3aKOH U IEPUOINIEC- 4 2 - 2
ckag cucrema /.M. Menneneena.
3.2 | CtpoeHue atoma 4 2 - 2
3.1 | Jlabopamopnas paboma No4. 8 4 4
[leproanueckuii 3aKOH U EPHOINYE-
ckas cucrema JI.M. MenneneeBa. Ctpo-




CHHC aTOMa

Peaknuu B HeOpraHu4ecKoi XuMHUM

24

S

12

4.1

Peaknun B HEOpraHU4YECKOU XU-
muu.Knaccudukanus XuMu4eckux pe-
akiui. Kiraccel HEOpraHn4ecKux co-
€IUHEHNN

SN

4.2

Jlabopamopnas paboma No5.
Knaccudukanmsi XuMHUIeCKHX peakIni

4.3

Jlabopamopnas paboma No6.
KauecTBeHHbBIC peaKIii Ha KATHOHBI U
AQHHOHBI

4.4

Jlabopamopuas paboma Ne7.
Knaccel HEOpraHM4eCKuX COEIMHEHUI

XuMHYecKasi CBA3b

5.1

XUMHYECKasl CBSI3b

KoMmniekcHble coeMHEHUs

22

Kommnekcusie coennuenns. Kinaccu-
¢ukamus. Homenkinarypa. CBoiicTa.
VY cTOouYuBOCTh

10

DO ININ

Ao D>

6.1

Jlabopamopnas paboma No§
Kowmrmnekcusie coenunenus. [Tomyye-
HHE U YCTOWYUBOCTh

6.2

Jlabopamopuas paboma Ne9.
KomruiekcHbie coequHeHus. XUMUYe-
CKHE CBOWCTBA

3aKOHOMEPHOCTH NMPOTEKAHUS U TUIIbI
XHMHYECKHX pPeaku

28

14

7.1

Krnaccudukanus XuMHYeCKUX peakinui.
TepMoauHaMUYecKue W KHUHETUYECKUE
XapaKTEPUCTUKH PEAKIIHA

7.2

CKopocTh XMMHYECKOM peakluu U
(bakTophl, BIUAIOLIME HA €€ U3MEHEHHUE.
OHeprus axkTUBalMK. MexaHU3Mbl XU-
MUYECKHUX PEaKLUi

7.3

Xumnueckoe paHoBecue. KoHcraHTa
XMMHMUYECKOTO0 paBHOBecus. (CMenieHue
XMMHYECKOTO PABHOBECHSI

7.4

Jlabopamopnas paboma Nel ().
CKOpOCTh XMMHUYECKOM pEaKIUH.

7.5

Jlabopamopnas paboma Nel 1.
XHUMHUYECKOE PABHOBECHE.

PactBopsbl. Crioco0bI BbIpaKeHHs
COCTaBa PacTBOPOB

8.1

PactBopbl. ClocOOBI BBIpaXKEHUS CO-
CTaBa pacTBOPOB

8.2

Jlabopamopuas paboma Nel?2.
[IpuroToBneHue pacTBOPOB PA3IUIHON
KOHIICHTPAIAN

8.3

Jlabopamopnas paboma Nel 3.
[TpurotoBiieHHE PACTUTEIBHBIX HHIH-
KaTopoB




9 | CaoiicTBa pacTBOPOB 3J1€KTPOJIHU- 14 2 4 8
ToB. Teopus 3J1eKTPOJTUTHYECKOM
AUCCOHALMHU
9.1 | CpoiicTBa paCTBOPOB AJIEKTPOJUTOB. 6 2 - 4
Teopus 31EKTPOIUTHUECKON TUCCOLH-
aruu
9.2 | Jlabopamopnas paboma Nel4. 8 4 4
CBoiicTBa pacTBOPOB AIIEKTPOJIUTOB.
DNEKTPOIUTUYECKASL AUCCOLUALIMS
10 | I'uapoau3s 10 2 4 4
10.1 | Tuaponus. 4 2 - 2
10.2 | Jlabopamopuas paboma Nel 5. 6 - 4 2
['uaponus.
11 | OxkucauTeabHO- 18 6 8 4
BOCCTAHOBHTE/IbHbIE peaKINU
11.1 | OkucIUTENbHO-BOCCTAHOBUTEIHHBIC 5 4 1
peakuuu
11.2 | Jlabopamopnas paboma Nel6. 7 1 4 2
OKHUCINTENHEHO-BOCCTAHOBUTEIIHLHBIC
peakuuu
11.3 | Jlabopamopuas paboma Nel?7. 6 1 4 1
OKHCINTENBHO-BOCCTAHOBUTEIbHBIE
peakuuu
12 | DaexkTpoyn3. XuMHYeCKHe HCTOY- 26 4 16 6
HHUKH TOKA
12.1 | DOnexrponu3. XuMUIECKHE HCTOUHUKH 5 4 2
toka. Kopposus
12.1 | Jlabopamopnas paboma Nel8 10 - 8 2
DnexTponus
12.1 | Jlabopamopnas paboma Nel?9. 9 - 8 2
Koppo3us u 3amura MeTajiios
JIK3aMeH 36
Bcero: 252 44 84 88
HNHaTepakTHBHOE 00y4YeHHE IO NUCHHUIINHE
Bun ®opua Kou-Bo
Ne HaumenoBanue Tem (pa3jaesioB) HHTEPAKTUBHOI'O
3aHATHSA 4acoB
3aHATHSA
1. | [Ipeamer u 3a7a4u XUMHH JIK Jlekuus-nuckyccust 24,
2. | OmnpeneneHue OTHOCHTEIHHON MOJTe- JIP Pabota B manbIx 44,
KYJISIPHOM Macchl OKCHJa rpymnmnax
yraepoaa(lV)
3. | Ompenenenue S5KBUBAJICHTHON MacChl JIP PaGora B ManbIx 44,
MarHus Tpymmax
4. | Ilepuoanveckuii 3aKOH U NEPUOTHU- JIK Jlexuus ¢ omOKaMu 24,
yeckas cucrema /.M. Menpaeneera
5. | Knaccel HeopraHM4ecKux coeuHe- JIP Pabora B ManbIx 44,
HU rpynnax
6. | [IpuroroBneHue pacTBOPOB pa3iIny- JIP Pabora B ManbIx 4 u.
HOM KOHLIEHTpALUU rpynmnax
7. | CBoiicTBa pacTBOPOB 3JIEKTPOIUTOB. JIP Pabora B MasbIx 4 u.




DIEKTPONMTHYECKAs] AUCCOLMALIHS rpynmnax
8. | OKUCINUTEIFHO-BOCCTAHOBUTEIBHBIE JIP PabGora B MmaneIx 4y,
peakiumn rpyImnax
9. | Duektponu3. XuMHUYECKHE UCTOYHH- JIK Jlekug- 4y,
ku Toka. Koppo3us KOHCYJIbTaIUs
Bceero: 32/128=25 %
3 COAEP) KAHUE TEM (PA3JIEJIOB)
1 BeBenenue

IIpenmer u 3anaun xumuu. [lonsatue o matepun. CBoiicTBa MaTepuu. BemecTBo u noie.
OnemeHTapHble yacTullbl. OCHOBHBIE (DOPMBI ABMXKEHUS MaTepuu. XUMU4eckas Gopma JIBHKe-
Hus Matepuu. Criennpuka XuMHIECKo (YOPMBI ABIKEHUS] MaTEPUH.

Meroabl IO3HAHUS B COBPEMEHHOM XMMUHU. DKCIIEPUMEHTAIBHOE U3YUEHUE HEOpraHuye-
CKUX COEIMHEHUHN U MaTepHalioB (XUMUYECKUHN aHANU3; TU(PPaKIUOHHbIE, CIIEKTPaJIbHbIE U TEpP-
MUYECKHE METObl, MUKPOCKOIHS). 3HAUCHUE XUMHUYECKUX 3HAHUU MO IUCHUIUIMHE IS Oymy-
MIUX YYUTENIeH OUOIOTUN U XHUMUH.

2 OcHOBHbIE MOHATHSA M 3AKOHbI XUMHUH

AToMHO-MoJeKyIsipHOe yueHue. Pabotel M.B. JlomoHocoBa.

CrexnomMeTpruecKue 3aKOHbl XMMHUHU: 3aKOH COXPAHEHHMS MAacChl M SHEPIHMM BEILECTB,
3Hau€HUE €ro B XMMHUU; 3aKOH nocTtosHcTBa cocrtaBa (K. Ilpycr), 6epTomiuabl U JanbTOHUADL;
3aKOH KpaTHbIX oTHomeHu# (k. [lanbToH); 3akoH ABOTaipo M CIEICTBUS U3 HEro; 3aKOH 00b-
emubix otHomenuit (K. I'eit-JIroccak); sxBUBaneHT, 3akoH skBuBaieHTOB (M. PuxTep).

OCHOBHbBIE BEJIMUMHBI, IPUMEHSEMbIE B XUMHUHU: aTOMHBIE U MOJIEKYJISIPHBIE MAcChl, YUC-
70 ABorajpo, 1 a.e.M. (aTOMHas €IMHUIIA MAcChl), Macca aToOMa M MOJIEKYJIbI; KOJMYECTBO BEIlle-
CTBa, MOJIb — €JIMHUIIA U3MEPEHHUs KOJIMYECTBA BEILLECTBA; MOJISIPHAs Macca, ONpPENesIeHue MOo-
JISIPHOM Macchl BEIECTBA, MOJISIPHBINA 00BEM ra3000pa3HbIX BEIIECTB.

XUMUYECKUH A3bIK. XUMUUYECKasi HOMEHKIAaTypa. XUMUYECKAasT TEPMUHOJIOTUs. XUMHUYE-
CKasg CUMBOJIMKA. XHMMHUYECKUH 3HAK, XuUMHueckas (opmyia (mpocTeiiias, MOJIEKyJIspHas,
CTPYKTYpHas, CTEpEOXMMUYECKas), XUMUUECKOe ypaBHeHHe. PacueTsl Mo XumMudeckuMm ¢Gopmy-
JaM U XUMHUYECKUM YPaBHEHUSIM.

Hekotopble OCHOBHBIE MOHATHS XMMHHU: aTOM, aTOMHBIE YacTHIIbl (ATOMHBIA pajuKal,
ATOMHBIN MOH, aTOMHBIM MOH-PagUKall), MOJIEKYJa, MOJEKYJSpHbIE YaCTULIBI (MOJEKYJISPHBIN
pauKai, MOJEKYJISPHbIM HOH, MOJIEKYJIIPHBII MOH-paIKal) XUMUYECKHH 31€eMEHT, (POpMBI ero
CYILLIECTBOBaHUsI: CBOOOIHBIE aTOMBI, IPOCTHIE U CIIOKHBIE BEILIECTBA.

Knaccudukanus npocteix Beniects. Mertamisl. Hemeras.

Krnaccugukanys cioXHbIX BEUIECTB 110 COCTaBy. buHapHbIe coeMHEHUs. DIEeKTPOOTPH-
LIaTEJIBHOCTh. BaneHTHOCTh. BasleHTHBIE BO3MOXKHOCTH aTOMOB XMMHMYECKHX 3JeMeHTOB. Cre-
NeHb OKHucieHus. 3apsan umoHa. HomeHknatypa OuMHapHbBIX coelvHeHUH. TpexaaeMeHTHbIE Co-
eaAUHEHUs. [ MIpOKCHUIBI U COMN.

Krnaccudukanus cioXHbIX cOeTUHEHUH M0 (yHKIMOHAIBHBIM Npu3HakaMm. OKCHIBI CO-
neobpa3yromue 1 Heconeoopasytomue. OKCUIbI KUCIOTHBIE, OCHOBHBIE U aMpoTepHble. Homen-
kiarypa okcuaoB. [lomyuenue. CorictBa. OcHoBaHus. OIHO- 1 MHOTOKHCIOTHBIE OCHOBAHUS.
[Ienoun. Homenknarypa ocHoBanuii. [lomyuenue. CoiictBa. Mnaukartopsl. Kucnorel. beckuc-
JOopoAHbIe U Kuciopoacoaepxkamue. OTHO- 1 MHOIOOCHOBHBIE KUCIOThL. HomMeHkaTypa kuc-
not. Ilonyuenue. CoiictBa kucior. Comu. Cpennue, kucible, ocHOBHbIE. [lomyuenne. CBoii-
ctBa. HoMenknatypa coneil. ['eneTnueckue psiapl METAIIIOB U HEMETAJUIOB. [ 'eHeTHYeCKas CBA3b
MEXJly POCTHIMU BEIIECTBAMHU U KJIaCCAMU HEOPTaHWUYECKUX COEAMHEHUH.

3 [epuoanyecknii 3aKOH KaK 0CHOBA XMMHYECKOW CHCTEMATHKH.
CoBpemeHHBIE NPeICTABJICHHUS 0 NIEPHOJIMYHOCTH CBOMCTB 3JICMECHTOB

OtkpseiTHe nepuoandeckoro 3akona J[.M. MeHneneeBbiM. DTanbl OTKPBITHS TIEPUOANYE-
ckoro 3akoHa. Ilepuonnyecknii 3akoH. @U3NYECKUM CMBICII aTOMHOI'O HOMEPA, HOMEpa IPYIIIbL,
HoMmepa nepuoaa. CoBpeMeHHast (hopMyIHpOBKa mepuoaudeckoro 3akoHa. [lepuonuyeckas cu-
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CTeMa XUMHUYECKHX 3JIEMEHTOB Kak rpa)MuecKoe BbIpa)KEHHE MepHoruecKoro 3akoHa. Kopot-
KONEPUOAHBIN U JJIMHHOIEPUOIHBIM BapUAHTHI IEPUOANUECKON CUCTEMBI 2JIEMEHTOB. CTPYKTY-
pa MepuoIUYECKON CUCTEMBI. Bupl aHAIOTHH XMMHUYECKUX DJIEMEHTOB, BBIIEISIEMBIX B IIEPHO-
auueckoit cucreMe. [IpuunHa NMEpUOIUYHOCTH CBOMCTB XMMHUUYECKUX 3JIEMEHTOB. DU3MUYECKUI
CMBICI NEPUOJUYHOCTH. BTOpMYHAS M BHYTPEHHAA NEPUOAUYHOCTH XUMHUYECKHX JJIEMEHTOB.
3HaueHue NepUOINYECKOro 3aKOHa U MEPUOJUUYECKON CUCTEMBI.

4 PeakuMy B HEOPraHUYECKOH XUMHHU

Knaccupukanus xumuuecknx peakiuil. [lpu3Haky KiacCH(pUKaMM XUMHUECKUX PEak-
uil. Peakuuu, uaynpe 6e3 M3MEHEHUs COCTaBa BEILECTB. AJUIOTPOIUS U aJUIOTPOIHbIE BHUJIO-
n3MeHenus.Peaknuu, uaymye ¢ M3MEHEHHMEM COCTaBa BELECTB. Peaknuu coeluMHEHHUs, pasio-
KEHHUs, 3aMeIIeHUs] 1 OOMeHa B HEOPraHMYECKOW XUMMH. DICKTPOXUMHUUECKUH Pl HampsiKe-
HUW METaJUIOB, €r0 MCIIOJIb30BAHKE JUIS IIPOTHO3UPOBAHUSA BO3MOYKHOCTH IPOTEKAHUS PEAKLUN
MEXJly METaJllaMU M pacTBOpamMu KUCI0T. OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE peakunun. Kiac-
cu(uKalysg OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX peakiuil. OKUCIIEHNE U BOCCTAHOBJIEHHUE, OKHC-
JUTENIb U BOCCTaHOBUTENb. OCHOBHBIE OKUCIMTEIN M BoccTaHoBHUTeNM. lIpaBuia cocraBiieHus
YPaBHEHUN OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX pPEakUUid. MeToIbl 3JIEKTPOHHOTO W HOHHO-
3JIeKTpoHHOro OasaHca. Posib cpelpl B MPOTEKAHUHM OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX IPO-
L[ECCOB.

5 XumMnueckasi cBsi3b

O6pazoBanue cloxHBIX Yactuil. [Ipupoga xumMuueckon cBs3u. Monexysbl. Buasl xumu-
YECKOU CBA3H. DJIEKTPOOTPULIATEILHOCTD.

KoBanenrtHas cBsi3b. JlOHOpHO-aKIIENTOPHBINA MEXaHNU3M 00pa30BaHUs KOBAJIEHTHOW CBSI-
3u. HacellliaeMocTh 1 HanpaBJIeHHOCTh KOBaJIeHTHOU cBsi3u. Dopma monekyin. I'mbpuauzanus. o-
u - cBA3u. [lonsgpHas v HenomsipHass KOBaJeHTHas CBsA3b. VloHHas cBA3b. BomoponHas CBs3b.
Mertannuueckas cBsi3b. MeXMONEKYJIIpHOE B3auMOJECHCTBHE. XHMMHUUYECKas CBA3b M BAJICHT-
HOCTb.

6 KomniekcHbIe coeTHHEHUS

[ToHsITHE O KOMIIEKCHBIX cOeIMHEHUAX. OCHOBHBIE MOJIOKEHUSI KOOPAMHALIMOHHON Teo-
pun A. Bepuepa. Kommuiekcoobpa3zoBarenb U JUraHabl. BHEmHAS U BHYTpeHHssI chepbl KOM-
IUIEKCOB. XapaKTepUCTHKa JUranaoB. KoopauHannoHHoe 4nciao KomIuiekcooOpa3oBaTens. 3a-
PAI KOMIIJIEKCHOTO HOHA.

OcHOBHbBIE KJIacChl KOMIUIEKCHBIX coeauHeHuil. ['mapatel (akBaxommuiekchl). Kpu-
CTAJJIOTUAPATHI KaK YaCTHBIM Cily4aill akBakoMIUIEKCOB. OHMEBbIE MOHBI. AMMHMAaKaThl. ALUIO-
KOMIUIEKCBHI. JIBOWHBIE COJIM KaK YacCTHBIA Cilydall anuaoKoMIuiekcoB. ITommranorennaer. [1onm-
KHCJIOTBI U UX COJIU.

N3omeprst KOMILIEKCHBIX COEIMHEHMI. [ napaTHas nu koopauHanmoHHas uzomepus. Lnc-
U TPAHC- U30MEPHS.

HomMmeHkitatypa KOMIUIEKCHBIX COEMHEHUM.

IIpuposa XMMHUYECKON CBSI3M B KOMIUJIEKCHBIX COCIMHEHUSAX. PaccMoTpeHue ee ¢ mosu-
U METOJIa BAJECHTHBIX CBs3el. Teopus KpUCTAIUIMYECKOrO MOJIA U IOJS JMTaHAO0B B TEOPUU
XUMUYECKOHU CBA3U KOMIIJIEKCHBIX COCIUHEHUM.

Oxkpacka 1 MarHUTHBIE CBOMCTBA KOMIUIEKCHBIX COEIMHEHHM.

7 3aKOHOMEPHOCTH NPOTEKAHUS U THIBI XMMHYEKCHX PeaKuii

Knaccuduxamnus xumudeckux peakunid. OKUCIUTENbHO-BOCCTAHOBUTEIbHBIE U OOMEHHBIE
peakuuy. Y ciIoBUs IIPOTEKAHUs XUMUYECKUX peakiuii. TepMOaMHAMUYECKUE U KUHETUYECKUE Xa-
PaKTEpUCTUKH PEAKIUH.

DOneMeHTbl XMMHUYECKOW TepMoanHamuku. [IpenMer u 3agaum tepmoauHaMuKu. OCHOB-
HBIE XapaKTEPUCTUKU TEPMOANHAMUYECKON CUCTEMBI.

Tennooit apdpexT XxumMuyeckoil peakuu U TepMoXUMHUYEecKHe pacueTsl. Ternora obpa3zo-
BaHMs BellecTBa. [lepBoe Havasio TepMOMHAMUKHY. JHTaIbINA. 3aKoH ['ecca.

HanpaBieHHOCTh XUMHUYECKUX PeaKIHii. DHTPOIHs U CBOOOIHAS 3HEprus cucremsl. M3o-
0apHO-U30TEPMUUECKUI TOTCHLIHAL.
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XUMUNYECKAA KNHETHUKA

CkopocTh XxuMudeckou peakunu. Ee konnuecTBeHHOE BbipakeHue. VIcTUHHAS U cpenHss
CKOPOCTH.

@DaxTOophl, BIUAIOLIUE HA CKOPOCTh XUMUYECKUX PEAKLUN. 3aBUCHMOCTb CKOPOCTH peak-
MU OT KOHILIEHTPALlUU PEarupyrolux BeEIIEeCTB. 3aKOH AEHCTBUA Macc. Ero mpumeHeHue s
TOMOTEHHBIX M TeTepPOreHHBIX cucTeM. KoHcTaHTa CKOpOCTH peakuuu. Bnumsuue dakropa mo-
BEPXHOCTH Ha CKOPOCTb PEAKI[UU B TETEPOrC€HHON Cpee.

3aBUCHMOCTh CKOPOCTH PEAKLIMU OT TeMIIEpaTyphbl, TeMIiepaTypHblid koddduuuent. ITons-
THE 00 aKTUBHBIX MOJIEKYJIaX U DHEPIHH aKTUBAILIMH IIPOLIecca.

BiisiHue xaranm3atopoB Ha CKOPOCTh peakUMH. Buipl kaTainusa: TOMOT€HHBIN, Ie€TEpO-
TeHHBIA U MUKPOT€TEPOTreHHBIN KaTalln3, aBTOKATANIN3; MOHATHE 00 MHIHOUTOpaX.

XUMMNYECKOE PABHOBECHE

HeoOpatumblie n o6paTtumble XUMUYECKHE PeaKIUU. Y CIOBHsI 00paTUMOCTH U HEOOpaTH-
MOCTH XMMHUYECKHX IpOLIecCOB. XUMUUECKoe paBHOBecue. KoHcTaHTa XMMUYECKOTO paBHOBE-
cusl.

[Mpunamun Jle Hlatense. CmenieHne XUMHUYECKOTO PaBHOBECHUS! TPU M3MEHEHUU KOHIIECH-
Tpaluii pearupyomux BelecTB, AaBIeHUS U TeMiieparypbl. KaTanuzatopsl B 00paTUMBIX MPO-
eccax.

8 PactBopsbl. Crioco0bl BbIpaKeHHs COCTaBa PACTBOPOB

Boga. CocraB U 35IeKTPOHHOE CTpOEHHE MOJEKYJbl BoAbl. [lonsspHOCTE MoOsieKybl. Du-
3UYECKHEe CBOMCTBA BOJbI. AHOMAINU (PU3NYECKUX CBOWCTB BOJIbl. Bosa — yHUBepcallbHBIN pac-
TBOPUTEIh. XUMUYECKHE CBOMCTBA BOJbI. POJIb BOJIBI B OMOJIOTUYECKHX Tpoiieccax. PacTBopsl.
OO011ast XxapakTepUCTHKa paCTBOPOB. Crioco0Obl BbIpaskeHUsl cocTaBa pacTBopoB. KoHiieH-
Tpauusi pacTBOpoB. MaccoBasi 10151 paCTBOPEHHOI'O BEILIECTBA B IpoleHTax. MossipHast U HOp-
MajbHas KOHILIEHTpauus. PacueTsl s mpUTrOTOBIEHUS PACTBOPOB PA3IMYHON KOHLIEHTPALUU.
Metouka TpUrOTOBIEHUS PAacTBOPOB pa3HOM KoHILEHTpauuu. Ilepexon or omHoro xonude-
CTBEHHOTO BBIPAJKEHUS COCTaBa PACTBOPA K IPYrOMY.

9 CpoiicTBa pacTBOPOB 3J1eKTPOJIUTOB. Teopusi 3JIeKTPOTUTHYECKOH TUCCONMAINT

ONEKTPOIUTH U HEIIEKTPOIUTHI. OCHOBHBIE MOJIOKEHUS IEKTPOIUTUYECKON TUCCOLU-
aruu. MexaHu3M JUCCOLMAIUU 3JEKTPOIMTOB C Pa3jIMYHbIM TUIIOM XMMHYECKO#l cBs3u. Cre-
NEHb MEKTPOIUTUYECKOH uccoruanui. CHUIIbHBIE U C1a0ble 3JIEKTPOJIUTHI. Kucnotsl, oc-
HOBaHMsI, COJIU B CBETE TEOPUU BJIEKTPOIUTUYECKOMN aucconmanuu. CTyneHyaTas JucColUalus.
OCHOBHBIA M KUCIIOTHBIA THIIBI TUCCOLHUAIMU THAPOKCUIOB. AM(pOTepHbIe THApPOKCcUIbl. ['na-
posn3 coiield. PasnuuHble citydan ruipoaunsa coieil. Peakuus cpeapl B BOJAHBIX pacTBOpax COJEH.
OOpatumslii 1 HeoOpaTUMBINA THAPONIN3EI costell. CTyneHuaTsiil ruapoan3. PakTopsl, CMEIa-
e paBHoBecue ruAponn3a. COBMECTHBIM TUIPOIU3 COJIEH pa3HbIX THMOB. Poib ruaponusa B
XUMHMYECKHX U OMOJOrMYEecKHX IMpoleccax. Peakuun B pacTBOpax 3JIeKTPOIMTOB. Peakiuy HoH-
HOro oOMeHa. Y ClIoBUs IPOTEKaHUs peakiiii oOMeHa B pacTBOpax /0 KOHIIA.

10 I'mapou3

Peakuust rugponuza. ['maponus coseil. Pasnuusble ciydaum ruzaposmsa cojied. Peakiust
cpenbl B BOJHBIX pacTBopax cojieid. OOpaTHUMbIi U HeoOpaTUMBIN TUAPOIHM3B! coneld. CTeneHb U
KOHCTaHTa rujaponusza. OObsicCHeHHe Tuapoiu3a coied U aM(pOTepHOCTH THIPOKCHUIOB C TOYKU
3pEHUs IIEKTPOIUTUYECKOW JUCCOLMALMH aKBAKOMILUIEKCOB M IPOTOJIMTUYECKONW TEOPHM KHC-
JIOTHO-OCHOBHBIX paBHOBeCHM. DakTOphI, CMELIAIOIINE PaBHOBECHE TUaponn3a. Poib rugponusa
B XUMHYECKHX, OMOJIOTMUECKUX MPOIeccax U BBIBETPUBAHUU MUHEPAJIOB U TOPHBIX MOPO/I.

PaBHOBecue B HaCBHIIIEHHBIX PACTBOPAaX MaJlOpaCTBOPUMBIX 3JIEKTpoJuTOB. [Ipon3Benenue
pPacTBOPUMOCTH. YCIOBHsS 00Opa30BaHUS U PacTBOPEHUsS] OCAIKOB. Peakiuu B pacTBOpax dJiek-
TPOJIUTOB (MOHHBIE peakiuu). MexaHu3M MNPOTEeKaHWsI peaklUUid B pacTBOpax 3JIEKTPOJIUTOB.
HanpaBieHHOCTh 0OMEHHBIX PEaKIMii B PACTBOPAX JIEKTPOJIUTOB.

11 OKHCIAUTEIBLHO-BOCCTAHOBUTEIbHbIE PeaKIHU

OKUCINTENbHO-BOCCTAHOBUTENIbHBIE  peakiuu.  Knaccupukanuss — OKHUCIUTEIBHO-
BOCCTAHOBUTEIBHBIX peakiuil. OKUCIEHNEe U BOCCTAHOBIIEHHUE, OKUCINUTEIb U BOCCTAHOBUTEID.
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OcHOBHbBIE OKUCIUTENN U BoccTaHOBHUTENU. [IpaBuiia cocTaBieHus ypaBHEHUIN OKUCIMTEIBHO-
BOCCTAHOBUTEJIBHBIX peakuuidl. MeTo/Ibl 3JIEKTPOHHOTO U MOHHO-3JIEKTPOHHOTO OanaHca. Poib
Cpelibl B MPOTEKAHUU OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX IPOLIECCOB.
12 DaexTpoau3. XuMmuyeckue HCTOUYHUKH TOKA

lNanpBaHnYecKuil 37€MEHT. DNEKTPOAHbIE MOTEHIMANBL. P cTaHAapTHBIX AJEKTPOAHBIX
noteHnuanoB. OKHUCIUTEIBHO-BOCCTAHOBUTENIbHBIC TMOTEHIMANB. HampaBienwe u riayOuHa
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX peaxuuii. DeKTponIu3 KaK OKHCIIUTENBHO-
BOCCTAaHOBUTEJIBHBIN Mporiecc. KonuuecTBeHHbIE COOTHOLIECHUS TIPH AiekTpouse. [Ipumenenue
AJEeKTpoIn3a. XUMUUECKHEe UCTOYHUKHU ToKa. Koppo3us mMeTamioB. DieKTpoXuMuieckas Koppo-
3usl. 3aliKUTa OT KOPPO3UH.

Jlureparypa

1. AxmeroB, H.C. O6mas u Heopranmueckass xumus: ydyeOnuk / H.C. AxmeroB. — 8-e
u3 ., ucnp. — M. : Jlanp, 2014. — 752 c. (10 3k3.).

2. I'muuka, H. JI. O6mas xumus : [yue6.mocobue mis By3o] / H. JI. ['mueka ; mox pen. :
A. U. Epmaxkosa. — 30-e u3., ucrtp. — M. : Uurterpan-Ilpecc, 2010. — 727 c. (6 3k3.).

I'munka, H. JI. O6mas xumus : [yge6.mocobue] / H. JI. 'munka. — M. : KHOPVYC, 2011. —
746 c. (8 7K3.).

3. Vraii, S.A. O6mas u HeopraHM4ecKast XuMuUs: y4eOHUK JUIsl CTY/1. By30B, O0yUarOL1X-
Cs1 110 HaIpaBJeHUIo U crell. «Xumuss» / S.A. Yraii. — 4-¢ uzn., crep. — M. : Beicur. mk., 2009. —
526 c. (18 3k3).

4. ®ponos, B.U. IIpakTukym 1o oOmield 1 HeOpraHUYeCKOW XUMUHU: y4eb. mocodue s
CTYJIl. By30B, OOyYalOIUXCs IO HAMpaBJICHUI0 «MeTamutyprus», «XUMHYECKass TEXHOIOTHS U
ouorexnonorus» / B.U. ®ponos, T.M. Kypoxrtuna, 3.H. /IsimoBa ; nox pexn. H.H. [TaBnosa, B.U.
®poosa. — 2-¢ u3., nepepad., gom. — M. : JIpoda, 2002. — 301 c. (31 3k3.).

5. 3agaun u ynpakHeHus Mo oOmiei xumuu : yded. mocodue qis ctyn. ByzoB / H. JL.
I'munka; nox pen. B. A. PabunoBuua, X. M. Pybunoii. - M. : Unrerpan-Ilpecc, 2011. - 240 c.
(16 5k3.).

4 METOANYECKHUE PEKOMEHJAIIUU (YKA3ZAHUA) 1JIA CTYAEHTOB
ITO U3YYEHUIO JTUCHUIIJIMHBI

[Ipuctynas kK U3y4eHUIO TUCHUTIINHBI, HEOOXOIUMO B MEPBYIO OUEPEIh O3HAKOMUTHCS C
coJiep>kanueM padoueit nporpammbl. OHOM U3 GopM opraHU3aK yY4eOHOU JAeSITENbHOCTH SB-
JA€TCs JIEKUMs, UMEIOIAas LENbI0 JaTh CUCTEMAaTU3MPOBAHHBIE OCHOBBI HAyYHBIX 3HAHUW IO
JMCIIUTIINHE.

[Tpu uzyyenuu u npopaboOTKe TEOPETUIECKOTO MaTepHaia HEOOXOIUMO:

® [OBTOPHUTH 3aKOHCIIEKTUPOBAHHBIN HA JICKIMOHHOM 3aHSITUH MaT€pUall U JOMOJHUTH
€ro C y4eTOM PEKOMEHAOBAHHOM MO TAHHOU TEME JIUTEPaTyphl;

® [IpU CAMOCTOSITEIBHOM HW3YyYEHUH TEOPETHUUYECKOM TEMBI HCIIOJIB30BaTh PEKOMEHJIO-
BAHHYIO JIUTEPATYPY;

® OTBETUTH HAa KOHTPOJIbHBIE BOMPOCHI, MPE/ICTABICHHBIE B KOHCIIEKTE JIEKIIHI 110 COOT-
BETCTBYIOILIEH TEME.

JIaGopaTopHble 3aHSATUSI TPOBOASITCS C IENBI0 YIUIyONEHUS U 3aKperyIieHus] 3HaHUH, T0-
JYYEHHBIX Ha JIEKIHUSIX U B TIPOIIECCE CaMOCTOSATENbHON paboThl. [Ipu moaroToBke k 1aboparop-
HOMY 3aHATHIO HEOOXOIUMO:

® H3Yy4YUTh, IOBTOPUTH TEOPETUUYECKUI MATEPHAII 110 3aJJaHHON TEME;

® H3y4YUTh MAaTEpHaJIbI IPAKTUKYMa 110 3aJaHHOU TEME,

® [IpH BBINOJHEHUU JOMAIIHUX 3aJaHUM, TOBTOPUTH TEOPETUUECKUI MAaTEpHaIl JICKLUMN.

CryneHTaM pEeKOMEHAYEeTCs H3Y4YUTh MO Y4eOHOM JUTEpaType W KOHCIEKTaM JIEKIIHMA
KOHKPETHBII BOIPOC U CAMOCTOSITEIBHO BBIIIOJHUTH NPEAJIOKEHHbIE 3ananus. [Ipennaratorcs
AITOPUTMBI JIJISl XapaKTEPUCTUKH (QU3HMUECKUX U XUMHUUYECKUX CBOMCTB MPOCTHIX BEIIECTB, €1IU-
HBI METOJINYECKUI MOAX0/I K U3YUYEHUI0 XUMUYECKUX CBOMCTB KJIACCOB COCIMHEHUM.


http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
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Ilo OKOHYAaHUM Ka)XIOro 3aHATHs CTYAEHTHI IMOJIy4alOT JOMAlllHee 3aJaHue, KOTOphIe
BKJIIOYAIOT HECKOJIbKO BOIIPOCOB W/MJIM pacueTHhIX 3afad. [Ipexae 4eMm MpHCTYyNUTh K BBINOJ-
HEHMIO 3a/laHUi Ul CaMOKOHTPOJIS, CTyJE€HTaM HEOO0XOAMMO M3Y4YHThb PEKOMEHIYEMYIO II0
KaXx/10i1 Teme nurepaTypy. OOmmii cniucok yueOHoH, yueOHO-MEeTOINYECKON 1 HaAy4IHOU JTTepa-
TYphbl IIPEJCTABIEH B OTAEIBHOM pasjene nporpammsl. [Ipu odopmienun orueroB no jgadopa-
TOPHBIM pad0OTaM U MHAMBUIyaJIbHBIX 33JJaHUI CIIEAYET I0Jb30BaThCs CIIPAaBOYHOM XUMUYECKON
JUTEPATYPON U XMMUYECKOUN SHITUKIIONECIUCH.

Jlj1g onepaTUBHOTO KOHTPOJISI YCBOEHUSI YYEOHOIO MaTepuaia IpoBOAUTCS ONPOC, MUCh-
MEHHOE BBINIOJIHEHUE 3a[JaHMsl TEKYLEro KOHTPOJIs. Y POBEHb YCBOEHHS Pa3/ieioB JAUCIUILIUHBI
OLIGHUBAETCS C MOMOIUIbI0 KOHTPOJBHBIX padoT. [Inanupyercs mpoBeneHue sk3amena. s pe-
HIEHUs 33124 CTYJIEHThI 00€CIIeYNBAIOTCS CIIPAaBOYHBIMU JTAHHBIMH.

[TocTpoeHre AUCIUIUIMHBI TTO3BOJISIET MCIIOJIB30BaTh B O0YUYEHHH OTEPALUU MBIIIIJICHHUS:
aHaJIu3, CHHTE3, CPABHEHUE U AaHAJIOTUIO, CUCTEMATU3alUI0 U 00001IeH e,

D¢ dhexkTuBHOCT M3yUYCHHS AUCUUIUIMHBI OOECIIEYMBAETCS MPABWIIBHOW OpraHU3allue
CaMOCTOSITENIbHOW paboThl, AITOPUTM €€ BbIpabaThiBaeTcsi B paboTe ¢ yuyeOHOH U CIpaBOYHOM
JIUTEPATYpPOil.

CucrtemMaTH4ecKkoe BBIIOJIHEHHE 33JaHUI CaMOCTOATEIbHOM paboThl (OPMUPYET HABBIKH
peLIeHUs pacueTHBIX 3a7a4, COCTABJICHUSI CJIOKHBIX YPAaBHEHUHN peaKlUi.

VYnpakHeHus: 10 HOMEHKJIATYpe CJIOKHBIX BEIECTB, COCTABICHUIO YPaBHEHUH OKUCIIU-
TEJIbHO-BOCCTAHOBUTENIbHBIX PEAKIUII HOHHO-3JIEKTPOHHBIM METOJOM (DOPMUPYIOT XUMHUUECKOE
MBILJIEHHE U YMEHHE MOJIb30BAaThCsl XMMUYECKUM S3bIKOM (CHMBOJIMKA, HOMEHKJIATYypa, TEPMHU-
HOJIOTHSI).

Pexomenoayuu no pabome c nayunoii u yuebnou 1umepamypoui

Pabora ¢ y4eOHOW ¥ HAyYHOU JTUTEPATYPOU SIBISICTCS TIaBHOW (OPMOM CaMOCTOSTEb-
HOU paboThl U HEOOXOUMA MPU MOATOTOBKE K YCTHOMY ONPOCY Ha J1a0OpaTOPHBIX 3aHATUAX, K
KOHTpPOJIbHBIM paboTaM, TECTUPOBaHMIO, dk3aMeHy. OHa BKIIOYaeT MpopaboTKy JEKIIMOHHOIO
MaTepuana — KOHCIEKTbl PEKOMEHJOBAHHOM JIMTEPATyphbl IO 3alaHHOM TemaTuke. KoHcnekr
JIOJIKEH OBITh BBIMIOJIHEH B OTJIEBHON TETPaH, COAEPKATh OTBETHI HA KaXAbIi IOCTABICHHBIN B
TE€Me BOIPOC, UMETh CCBHUIKY Ha MCTOYHHMK HMH(OpMAIMU C 00sS3aTeNIbHBIM yKa3aHUEM aBTOpaA,
Ha3BaHMS U ToJia U3/aHUS UCIOJb3yeMOM HayuHOH nuTeparypbl. KOHCIIEKT MOXET OBbITh Omop-
HBIM (COZIep>KaTh JIMILIb OCHOBHBIE KIIFOUYEBbIE MO3ULIMH), HO IIPU ITOM MO3BOJISIONIUM JaTh MOJ-
HBI OTBET MO BOINPOCY, MOXKET ObITh MOAPOOHBIM. OOBEM KOHCIIEKTa ONPENESIeTCS] CAMUM CTY-
neHToM. B mporecce paboTsl ¢ yueOHOM U HaydHOI JTUTepaTypoil CTyIEHT MOKET:

e JIeNaTh 3aIMCH 110 XOAY YTE€HUsS B BUJE MPOCTOTO WIX Pa3BEPHYTOIO IIAHA;

® COCTaBIATH TE3UCH! (LUTUPOBAHUE HAUOOJIee BaXKHBIX MECT CTaThH WMJIM MOHOTrpaduu,
KOPOTKOE U3JI0)KEHHE OCHOBHBIX MBICIIEH aBTOpA);

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

HeoOxonumo oTMeTuTh, yTO paboTa ¢ JUTEPATypoil HE TOJBKO IMOJIE3HA KAaK CPEICTBO
6osiee rIyOOKOro M3y4YeHHs IUCIHMILUIMHBI, HO U SBISETCS HEOTHEMIIEMOW 4acThio Mpodeccuo-
HaJIbHOM JI€ITEeIbHOCTU OYAYLIEro YUUTEs.

Memoouueckue ykazanus no opeanuzayuu 6HeayoOumopHou camoCcmosmenbHol pabomei.

CamocrosiTenbHasi paboTa CTyA€HTa CHOCOOCTBYIOT OpraHM3alluu MOCJIEI0BaTeIbHOTO
U3yUYeHHs] MaTepuaia, BHIHECEHHOT'O HA CAMOCTOSTEIbHOE OCBOEHHE B COOTBETCTBUH C YUEOHBIM
IUTAHOM, MPOrpaMMoil yueOHO! AucUUIUIMHBL. B kauectBe hopM camocTosITeNbHOM paboThl pU
U3yYEHUH JUCLHUIUTMHBI TPEUIaratoTCs:

e paboTa ¢ HAy4YHOU U yueOHOW TUTEpaTypoit;

MOJTrOTOBKA pedepara, KOHCIEKTA;
MOJArOTOBKA K TECTUPOBAHUIO U K3aMEHY.
odopmieHue 1abopaTopHON paboTHI
MOJTrOTOBKA OTYETa MO JIabopaTopHOU paboTe
pEIlIEHNE PaCYETHBIX 3a/1a4

3amaun caMOCTOSTENbHON pabOTHI:



aiy.
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e o0OpeTeHHE HAaBBIKOB CAMOCTOSITENIbHON HAayYHO-UCCIIEI0BATEIBCKOW pabOThHl Ha OCHO-
BaHUU aHAJIN3a TEKCTOB UICTOYHUKOB U IPUMEHEHUS Pa3IMUHbIX METOI0B UCCIIEI0BAHUS;
® BBIPAOOTKA YMEHHUSI CAMOCTOSITEIIFHO U KPUTUYECKH TOAXOUThH K U3y4aeMOMY MaTepu-

Hcnonp3yercst TeCTOBBIM KOHTPOJIb, MIUCbMEHHBIE KOHTPOJIbHBIE PA0OTHI.

Y4eOHO-MeTOAMYECKOE O0ecTedyeHHe CAMOCTOSATEILHOM Pa0oThI CTYJAEHTOB O AUCIHUIIINHE

KoaunuyecTBo 4ya-

Ne HaunmenoBanmue COB, B COOTBET-
pasjiena (Tembl) @ opMbI/BH/IBI CAMOCTOSITEILHOM PadoThI CTBHUH € y4eOHO-
AUCHUILIUHBI TeMaTH4YeCKUM
IJIAHOM
1. | Beenenue H3ydyeHne 0CHOBHOM JIUTEPATYPBI 4
W3ydenue 1OMOIHUTEIBHON JINTEpaTyPhl
2. | OcHOBHBIC MOHS- N3ydeHne oCHOBHOM JIUTEpaTyphl 12
THUS ¥ 3aKOHBI XU- | VI3ydeHue qOmoIHUTEBbHON JINTepaTyphl
MHUH Odopmnenue nabopatopHoit paboThI
[ToaroroBka otyera 1o jgadbopaTopHOil padboTe
[ToaroroBka pedepara
3. | [lepuoanueckwii N3ydyeHne 0OCHOBHOM JINTEPATYPBI 8
3aKOH KaK OCHOBa | V3yueHue NOMOTHUTENBHOMN TUTepaTyphI
XUMUYECKOH CH- Odopmnenue madbopaTopHoil pabOTHI
crematuku. Co- [ToaroroBka pedepara
BpeMeHHbIe ipen- | [loaroroBka otuera mo JabopaTopHOi padboTe
CTaBJICHUSA O nepu- | Pemenue pacyeTHbIX 3a1a4
OJTMIHOCTH
CBOMCTB 2JI€MEHTOB
4. | Peaknuu B Heopra- | M3yueHune OCHOBHOM JIUTEpaTyphl 8
HUYECKOU XUMHUH N3yyenne nonomHUTEILHON TUTEPATYPhI
Odopmienue 1adbopaTopHOit pabOTHI
ITonroroBka otuyera no aboparopHoii padore
Pemrenne pacueTHbIX 3a7a4
5. | Xumuyeckas cBsi3b | M3yueHue OCHOBHOMW JIUTEpaTyphbl 4
N3yyenne nonomHUTEILHON TUTEPATY P
[ToaroroBka pedepara
Odopmiienne nabopaTopHoil paboThI
[ToaroroBka otyera 1o jJadbopaTopHOit padboTe
ITonroroBka KOHCIIEKTA
6. | KomruiekcHble co- | M3yueHue OCHOBHOM JIMTEPATyPhI 8
eIMHEHUS N3ydenne qOMOTHUTETLHON JTUTEPATY P
[Toarororka pedepara
Odopmienne nabopatopHoit padots! [Toaro-
TOBKA OTYETA MO JabopaTopHOI paboTe
7. | 3aKOHOMEPHOCTH N3y4yeHre 0OCHOBHOM JIUTEPATYPHI 14
MPOTEKAHUS ¥ TUITBI | VI3ydueHne JONmOTHUTEIBHOM TUTepaTyphl
XUMHUYECKHX peak- | OdopmieHue 1abopaTopHoil paboThI
i Pemenue pacueTHbIx 3a1a4
ITonroToBka otyera no jaboparopHoii padore
8. | PactBophl. Cioco- | M3yueHue OCHOBHOM JIHTEPATyPhI 8

ObI BBIPAXKEHUS CO-
CTaBa pacTBOPOB

N3ydeHne NONOIHUTEBHON JINTEPATyPBI
Odopmierne mabopaTopHO padOTHI
Pemenue pacyeTHbIX 33134
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[ToaroroBka oTueTa 1Mo J1adopaTopHOM paboTe
9. | CpoticTBa pacTBO- | M3yueHne OCHOBHOM JIUTEPATYPHI
POB IEKTPOIUTOB. | M3ydeHue NOIOIHUTEIBHON JIUTEPATYPbI
Teopus 31exTpo- Odopmierue 1abopaTopHO pabOTHI
JINTUYECKOM JUC- Pemenue pacueTHbIx 3a1a4
COLIMALIUU [ToaroroBka oTuera no 1abopaTopHOi padboTe
[ToaroroBka pedepara
10 | T'maponus H3ydyeHne 0OCHOBHOM JIMTEPATYPhI
W3ydenue 10MOIHUTENHHON JINTEPATy P
Odopmierue 1abopaTopHO pabOTHI
Pewrenne pacueTHbIX 3a1a4
[ToaroroBka oTuera mno abopaTopHOi padboTe
[ToaroroBka pedepara
11. | OxucauTensHo- N3yyeHre 0CHOBHOM JINTEPATYPHI
BOCCTAHOBUTEIIb- N3yueHne nonoJHUTEIbHON JIMTEPaTyphl
HBIE peaKuu Odopmnenne nabopatopHoit paboThI
Pemenne pacueTHsIX 3a1a4
[ToaroroBka oTuera 1o 1adopaTopHO paboTe
12. | Dnexrponus. Xu- N3ydeHne 0CHOBHOM JINTEpATypPhI
MUYECKHE UCTOU- N3yyenne nonomHUTEILHON IUTEPATYPHI
HUKH TOKa Odopmnenue mabopatopHoi pabOTHI
[ToaroroBka oTuera mo abopaTopHOt paboTe
[ToaroroBka pedepara
[ToaroToBka KOHCIIEKTA
S IPAKTUKYM 1O JUCHHUAIIVIMHE
IInan 1abopaTopHBIX 3aHATHH
Ne Tema 3ansiTus Jlutepatypa 3amauu 7151 CaMOCTOATENb-
HOT'O PEHICHHUs
1 | Jlabopamopnas paboma Nol. 4. c. 6-32.
OcHOBHBIE IIpUEMBI paObOTHI B
nabopaTtopuu (4 4).
2 | Jlabopamopnas paboma Ne2. 2.c. 18-29, 34-37. 5.c.25
Omnpenenenne oTHOCUTENBHON | 3. ¢. 5-23, 204-208. Ne 104, 109, 113, 124, 127,
MOJIEKYJISIpHOM Macchl okcuaa | 4. c.48-51. 132.
yriepona(lV) (4 q). 5.c. 12
Ne 29, 32, 35, 36, 45, 48,
57, 64, 66, 87.
3 | Jlabopamopuas paboma No3. 2.c.25-27. 5.¢9
Omnpenenenue >KBuBasieHTHOW | 3. ¢. 19. Ne 5,7,8, 13, 16, 18, 38.
Macchl Maraus (4 9). 4.¢.51-55.
5.¢.7-9.
4 | Jlabopamopnas paboma Ne4. 1. c.5-46. 4.¢.47 Ne 1,2,4,7.
[Tepnomuyeckunii 3aK0H U T1e- 2. c. 37-96.
puoanueckas cucrema J[.1. 3. c. 23-56.
MenneneeBa. Ctpoenue aroma. | 4. 56-60.
(4 9).
5 | Jlabopamopuas paboma No5. 3.¢.239-292. 4.¢.33-40. |4.c.47 Ne 1,2,4,7.
Knaccudukarnus xumuueckux | 5. c. 29-36. 5.c.36
peakuuii (4 4). Ne 140, 144, 148, 160, 161,
164.
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6 | Jlabopamopnas paboma No6. 1. ¢c.201-210. 6.c.37 Ne 1-3.
KavectBennsle peakiuu Ha | 2.c. 245-254.

KaTHOHBI M aHUOHBI (4 ). 3. c. 159-162.
5. c. 29-36.
6.c.37.

7 | Jlabopamopuas paboma Ne7. 4. c.40-47. 4.c.47 Ne 3,5,6.
Kiacchl HeOpraHu4ecKux co- 5. ¢. 29-38.
eauHeHuu (4 u).

8 | Jlabopamopnas paboma No§. 2. c. 354-378. 5.¢. 191
Kommiekcusle  coemmuenus. | 3. c. 103-132. Ne 717, 720, 721, 722, 752.
[Tomyuyenue u ycroitumBocts (4 | 5. ¢. 189-203.

).

9 | Jlabopamopuas paboma No9. 1. c. 107-114. 5.¢. 196
Kommnekcusie  coemunenus. | 4. c. 104-108. Ne 729, 731,733,
XuMuyeckue cBoicTna (4 ). 741,743,750.

10 | Jlabopamopnuas paboma Nel(. | 1.212-214. 4.c.68 No 1,4,5,6,7.
Ckopocth xumHu4ueckoi peak- | 3.c. 188-198. 4. c. 62-70.
uu (4 4).

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

12 | Jlabopamopnas paboma Nel2. | 2. c.211-231. 5.¢. 107
[TpuroroBneHne pacTBOPOB 3. c. 144-152. Ne 393, 400, 403, 407, 422,
Pa3IMYHON KOHIICHTPAIIUH 5. ¢.103-107. 429, 443, 450, 451, 479,
(4 9). 488.

13 | Jlabopamopnas paboma Nel 3. JOTI. JIUCT
IIpuroroBneHue pacTUTEINb-

HBIX MHAUKATOPOB (4 ).

14 | Jlabopamopnas paboma Nel4. | 4. c. 88-96. 4.¢.94 No 4,5,6.
CaolicTBa pacTBOpPOB 3JEKTpo- | 5. c. 120-127.

JUTOB.  DIEKTPOJUTUUYECKAS
quccormanus (4 4).

15 | Jlabopamopnas paboma Nel5. | 1.c.227-234. 5. Ne 585, 587, 588, 591.
['unponus (4 4). 4.c.97-99.

5.c. 141-148.

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

17 | Jlabopamopuas paboma Nel7. | 2. c.259-269. 4.c.94 Ne 4,5,6.
OKHUCIUTENBHO- 3.c. 170-174. 6.c. 75 Ne 1-4.
BOCCTaHOBUTENbHBIE peakuuu | 6. c. 76.

(4 9).

18 | Jlabopamopuasa paboma NelS§. | 2. c. 281-288. 5.c. 181

Onexrponu3 (8 1). 3.c. 181-185. Ne 673, 674, 687,690, 963,
4.c. 129-131. 699, 700, 706.
5.c. 179-181, 183-187.

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

Kopposzus u 3ammra meramios | 4. c. 126-128.

(8 ).




16

JIUTEPATYPA

1. AxmeroB, H.C. O6mas u Heopranmuyeckass xumus: ydyeOnuk / H.C. AxmeroB. — 8-e
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ouorexnonorus» / B.U. ®ponos, T.M. Kypoxtuna, 3.H. [IsimoBa ; mox pen. H.H. ITaBnosa, B.1.
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Jlabopamopuasa paboma Nel.
OcHoBHbIE IpUeMbI Pad0THI B J1a0OpaTOpUHU
Ilpasuna mexnuxku 6e3onacnocmu npu pabome 8 Xumuyeckou 1abopamopuu u oKazaHue
nepeoi nomowju
[lenb: MO3HAaKOMHTH CTYJIEHTOB C 000py0BaHUEM JTabOpaTOPUH, C PABIIIAMH TEXHUKH 0€3-
OMAacCHOCTH, C TPUEMaMHU OKa3aHUs NEPBOM MEAUIIMHCKON TOMOIIH.

Pabora B xummnueckoi 1abopaTopuu CBsA3aHa ¢ HEKOTOPOH ONMACHOCTHIO, TOCKOJIBKY MHO-
rUe BEUIECTBA B TOM WJIM UHOW CTENEHU SIOBUTHI, OTHEONACHBI U B3PBIBOOIIACHBI.

OnpIT MOKa3bIBAaET, YTO OOJBIIMHCTBO HECUACTHBIX CIy4aeB, MPOUCXOASIINX B jJabopa-
TOpUH, SBJSETCS CIAEICTBUEM HEOPEKHOCTH M HEBHUMATEIHLHOCTH PabOTAONINX.

B03M0XXHOCTh HECUACTHBIX CTy4aeB MOXKET OBITh UCKJIIOUYEHA TIPH BBHIMIOJTHEHUU BCEX MEP
npenocTopoxkHocTu. OOBIYHO XapakTep MpeAyNnpeauTeIbHbIX Mep, o0ecrneunBarImux oe3omac-
HOCTbH BBITIOJIHEHHUS SKCIIEPUMEHTA, 3aBUCUT OT BUIa PAOOTHI.

OpHako CyIIecTBYIOT 00IIME MPaBIIa, BEITOTHEHHE KOTOPBIX 0053aTeIbHO ISl KaXI0T0
paboTarouiero B 1abopaTOpUH HE3ABUCUMO OT TOTO, KAaKOM SKCTIEPUMEHT OH BBIMIOJIHSET:

1. PaGorath ogHOMY B J1abOpaTOPUU KaTETOPUUYECKU 3aMpeliaeTcs, Tak KaK B ClIy4ae HECYaCTHO-
ro ciydas OyAeT HEKOMY OKa3aThb MOMOUIb MOCTPaJaBIIEMy U JUKBHIUPOBATH IOCIEICTBUS
aBapuu.

2. Bo Bpemsi paboThl B JabOpaTOpur HEOOXOIUMO COOIIOJATh YUCTOTY, THIIHWHY, TOPSIOK U
MpaBUJia TEXHUKH O€30MacHOCTH, TaK KaK TOCIHENIHOCTh, HEPSIUIMBOCTh YACTO MPHUBOIAT K
HECYACTHBIM CITyYasiM C TSDKEJIBIMU TIOCIICICTBUSIMHU.

3. Kaxnapiii paboTaromuii JOMKEH 3HaTh, TJI€ HAXOATCS B JIAOOPATOPUU CPEICTBA MPOTHBOIIO-
’KapHOM 3alllMThI U anTeuKa, coJieprKaliasi Bce He0OX0AUMOe /ISl OKa3aHUs MePBOI MOMOIIIH.

4. Kareropudecku 3ampemniaeTcsi B 1ab0paTopuu KypuTh, IPUHUMATD MUIILY, TTUTh BOJY.

5. Henw3st mpuctynath K paboTe, TOKa ydaluecs He YCBOST BCEH TEXHUKU €€ BHITIOJIHCHHUSI.

6. ONBITEI HYKHO MPOBOAUTH TOJIBLKOB YUCTOM nocye. [lociie okoHYaHus HKCTIEpUMEHTa MOCY 1y
CJIETyeT MBITh Cpa3y XKe.

7. B mporuecce paboTbl HEOOXOIUMO COOIIOAATh YUCTOTY, aKKYpaTHOCTb. ClieAuTh, 4TOOBI Be-
[IeCTBa HE MOMNaJail Ha KOXY JIMLA U PYK, TaK KaK MHOTHE BEIeCTBa (raJIor€HONPOU3BOIHbIE,
(heHOIBI, HUTPOCOCTUHEHHSI, HEMPEICTbHBIC COSAMHEHHS U AP.) BBI3BIBAIOT PA3APAKCHUE KOXKH
U CIIU3HUCTHIX 000JI0YEK.
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http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
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8. Hukakux BemecTB B JabopaTopuu He 1poOoBaTh Ha BKyC. HioxaTh BemecTBa MOXHO, JTUIITh
OCTOPOKHO HaIIPaBJIsAs
llepsas nomowb npu odxirco2ax u ompagieHusx.

1. [Tpu TepMUYECKHX 0KOTaX HEMEUICHHO JENAlOT OOMIbHBIE IPUMOYKH CIIUPTOBBIM pac-
TBOPOM TaHHWHA, THJIOBBIM CITUPTOM HJIM PACTBOPOM IIEpMaHraHaTa KaJus.

2. [Tpu oxorax KMUCJIOTaMU HEOOXOIUMO cpa3y e MPOMBITh MOPAKEHHOE MECTO OOJIBIINM
KOJIMYECTBOM BOJIbI, @ 3aTeM 3-TIIPOICHTHBIM PacTBOPOM THApPOKapOOHATa HATPUS M OISATH BO-
JIOi.

3. [Ipu oxorax €IKMMHM IIEJI0YaMH XOPOIIO U OOMJIBHO IOMBITh HOPAKEHHOE MECTO IPO-

TOYHOHM BOJIOW, 3aTeM pa30aBJICHHBIM PACTBOPOM YKCYCHOW KHCJIOTHI, a IOCJIE 3TOTO OIATh
OOJIBIIMM KOJIMYECTBOM BO/IBI.

4. [Ipu nmonagaHum KUCIOTHI WIIK 1IEJI0OYH B TJIa3a CIEAYET Cpa3y ke UX NPOMBITh. JlJis 3To-
IO HaIpaBJISAIOT HEOOJBIIYIO CTPYIO BOJBI TO B OJMH, TO B JAPYroi a3 B TeUeHUE 3—5 MHUHYT.
3areM TJ1a3a HEOOXOUMO TTPOMBITH MITU PACTBOPOM THApoKapOoHaTa HaTpus (B Cllydae KHUCIIO-
ThI), WK PACTBOPOM OOpHOM KUCIOTHI (B ciayuae mmenoun). [ocie 3Toro Hy»HO 0OpaTUTHCS K

Bpauy.
5. [Ipu oxxorax heHoI0M MOpakKeHHOE MECTO 00padaThIBAIOT CITUPTOM.
6. [Tpu oxxorax GPOMOM KOXH €ro OBICTPO CMBIBAIOT CIIUPTOM WIIA pa30aBIIEHHBIM PAacTBO-

pom mienouu. [locae 3TOro mopakeHHOE MECTO CMasbIBAIOT CHEIMAIbHOM Ma3bl0 OT 03KOTOB.

[Tpu BapIxaHUM MapoB OpoMa HYKHO TITyOOKO MOJBIMIATH HaJl CHUPTOM. A 3aTe€M BBIIIUTH MOJIO-

Ka U BBIMTU HA CBEXKUUBO3IYXIO

7. Koy, mopakeHHYI0 CHIIHO JACHWCTBYIOIIUM OPTaHWYECKHM BEIIECTBOM, HYXHO OBICTPO

MPOMBITH OOJIBIINM KOJMYECTBOM PACTBOPUTEJIS M MOCTPAJABIIETO JOCTABUTh B MEIITYHKT.

Tywenue mecmnoeo nodcapa u copsauwett 00exHcobl.

1. IIpu BOZHUKHOBEHHUH I0Kapa HEMEAJIEHHO OTKIIOYUTH T'a3 U NEKTPONpUOOpPHI MO Beeil 1abo-

paropun. BeicTpo yOpaTs Bce roprodme BEmecTBa MOJANbIIE OT OTHs, a TUIaMs TYIIUTh OTHETY-

HIMTENIEM, [TIECKOM HJIM MCIIOJIB3Yys MPOTUBOIIOKapHOe ofesu1o. He cnenyer 3anuBaTh miaMs Bo-

noi. Bo MHOTHX ciTy4asix 9TO MPUBOUT JIMIIb K OOJBIIEMY pacpOCTPAaHEHUIO IJIAMEHHU U pac-

HIMPEHUIO ouara mnoxapa.

2. Ecnn Ha KOM-1H00 3aropenach 0/IeXk/1a, Hy)KHO ITOCTPAIaBIIEr0 MOBAJIUTH HA IOJ U OBICTPO

HOKPBITh BOMJIOUHBIM ofiestsioM. Hu B koeM ciiydae Hemb3s 0exaTh, TaK Kak B 3TOM Cilydae Iuia-

MS TOJIBKO YCHIIUTBhCS. MOXKHO TYIIUTh Ha ce0e oexay OOJMBaHUEM BOJOW I OBICTPBIM TIe-

peKaTbIBaHUEM I10 TOJY.

Jlabopamopnas paboma Nel
OcHOBHBIE IpHUEMBI PaOOTHI B 1a00OpaTOpUn

1. Oumucrka cyasdara meau(Il) nepexpucramimzanmeit

Ilenb padomol:03HAKOMUTHCS C OCHOBHBIMU ITpUE€MaMU paboThI B 1a00OpaTOpUUH.

Ilepexpucmannuzayus. O4UCTKA TBEPAOTO BEIIECTBA METOAOM IEPEKPUCTAIUTM3AIMA OCHOBAaHA
Ha TOM, YTO MPH OXJIAXKJICHUN HACBIIIEHHOT'O pacTBOpa OCHOBHOE BEILIECTBO, COZIEprKallieecs: B U30bITKE,
paHbIIIe TOCTUTACT Tpeieia pACTBOPUMOCTH U BBITIA/IaeT B 0Ca/IOK. [IpuMech e ocTaeTcst B pacTBOpE,
MOCKOJIBKY OTHOCHTENILHO HEe pacTBOP MPOAOJDKAET OCTaBaThCs HEHACBHINIEHHBIM. Ha TexHuueckux
BECax B3BECHTE MPUMEPHO 3 T MEIHOTO KYIIOpOCca, MOMECTUTE B TPOOUPKY M T0OABBTE 5 MIT IUCTHILTH-
poBaHHOM BoJIbI. [IpoOUpKy HarpeiiTe B IaMeHH FOPENKH MPU MOCTOSIHHOM BCTPSIXMBAHUU JI0 KUTICHUSI.
[Tocrie mpekparieHnst HarpeBaHUsl MPOOMPKY OXJAIUTe IO KOMHATHOW TeMIepaTyphl Ha BO3AyXe, a
3aTeM B JIEASHOM Bojie. Brimasime KpucTamisl OTGUIBTPYHTE Ha CKIIaI4aToM (PUITbTpE.

Kpucramisl MeHOro Kymopoca ¢ (priibTpa BBICYIIUTE MEXTY JUCTaMU (DUIBTPOBATIBHON Oymaru 10
TIOJTHOTO Y/IaIeHus BIary (Toka Ha Oymare He MepecTaHyT MOSIBIISATHCS ChIpble MsITHA). B3BechTe Momy4eHHbIi
KPUCTAJUTOTUIPAT M ONPEIESTTE MACCOBYFO JIOJIO BBIXO/IA.

[Mepexpucranau3anus AUXPoMaTa KaJIus

Huxpomar kammust KoCr,O7 gacto comepXuT npuMech Cyibdara Kamausi, OT KOTOPOTO OH MOXKET
OBITH OUHMIIICH NEPEKPUCTAITH3AIHEH.
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B3Becuts Ha Becax 9 I 1uXpomara KaJlus U BBICBIIIATh B XUMHUUYECKHUI cTakaH. PaccunTaTe, Kakoe
KOJINYECTBO BOJBI HAZ0 MPUOABUTh, YTOOBI MOXY4YHUTh HachimeHHbIH pu 70 °C pactBop. OT™MepuTh
MEPHBIM LMWJIMHAPOM BOJY U BBUIMTH €€ B CTaKaH C HABECKOW auxpomara kKanus. Harpers crakan c
MIPUTOTOBJIEHHON CMECBHIO 1O KMIIEHUS, TOMELIMBASI PACTBOP CTEKJISHHOW Najnoukoil. Eciau B momyyeH-
HOM DPacTBOPE €CTh HEPACTBOPUMBIC MPUMECH, TO €ro Hajlo MPO(UIBTPOBATH, MOJIB3YSICh BOPOHKOM
TSt Topsiaero punbTpoBanus. ['opsamii pacTBOp OXJIaIUTh, IOMECTUB CTaKaH C PACTBOPOM B HYAIIKY C
XOJIOHOM Bomoil. M3Meputh Temmeparypy oOxJaxaeHHOro pactBopa. OOpasyrommecs KpHUCTaIbI
O0T(UIBTPOBATH, BBICYIIUTHh MEXAY ABYMS JIUCTaMH (PUIBTPOBaIbHONW Oymaru u mocraBuTh Ha 30 - 40
MUH B CymwibHBIA mikad, Harpetsid mo 100 °C. Ilocnme oxiaxaeHUs MOJYYEHHBIA IUXpPOMAT
B3BeCUTb. ONpeeuTh BBIXO/ B MPOIEHTAX M0 OTHOILIEHUIO K UCXOIHOM HaBECKeE.

HccnenoBaTh MaTOUHBIM pacTBOpP M OUMIIECHHYIO COJIb Ha MPHUCYTCTBUE TaM CyJb(dara Kaus.
st 5TOrO B OJHY MPOOHMPKY HAIUTH HEMHOTO MaTOYHOTO PacTBOpA, B JAPYrod pacTBOPUTH B BOJIE
HECKOJIBKO KPHUCTAJUIOB MEPEKPUCTAUIN30BaHHOM conu. K momyueHHbIM pacTBOpaM npubaBuTh 1o 1 -
2 Karuid KOHIIEHTPUPOBAHHOHN COJISTHOW KHCIOTHI M pacTBopa XJopuctoro Oapus. Hammuume ocamka
CBUJIETENLCTBYET O MPUCYTCTBUHU Cylib(aTa Kamus.

2. Bo3ronka (Pabora npou3BoauTCs 10JA TArON)

ﬁon yacTo conepxuT Biary u coeauHenus ICl, IBr, IC13 u 1. n. /[ Toro 4ro0sl OYUCTUTH €T0
OT 3TUX IPUMECEH, BO3TOHKY MPOBOAAT B MPUCYTCTBUM OKCHJIa KAJIBIIMS M MOIUIa KaJIusl.

OtBecuTh Ha Becax | r kpucramumyeckoro onaa, 0,1 r oauna kanus u 0,5 r okcuaa Kajablusl.
[TomoxxuTh BCEe 3TH BemiecTBa Ha JHO (apPopoBOW YAIIKK U TEpeMeliaTh CTCKISTHHON TMaJIOYKOM.
HakppITh yamiky 1HOM KOHHYECKON KOJObI, HAMOMHEHHOH Ha 1/3 Xo01H0M Booi. Yalky MOCTaBUTh
Ha acOECTOBYIO CETKY M OCTOPOYKHO HATPETh.

Bozornannele KpucTa/uibl Homa coOpaTh ¢ HAPYKHOWM CTEHKH JHA KOJObI U B3BeCUTh. Paccuu-
TaTh MPOLICHT BBIXOAA HOAa.

3. [leperonka (IMCTHIISIHS) BOIBI

Cobpats ipubop it meperonku Boabl. B k010y Bropria Hanuts 1/3 ee 06beMa BOIOIIPOBOIHOM
BOJBI, N00aBUTh TyJa HEMHOTO pPAacTBOpa MEIHOrO KyMmopoca W Ha JHO TMOMECTUTh HECKOIBKO
CTEKJIIHHBIX KalWUIAPOB ISl TOTO, YTOOBI JKUJIKOCTh KHMelia paBHOMepHO. KonOy 3akpbITh MpOOKOH,
B KOTOPYIO BCTaBJIEH TEPMOMETP TaKUM 0Opa3oM, uTOOBI PTYTHBIM MIAPUK €ro ObLT HEMHOTO HIDKE
YPOBHSI OTBOJHOW TPYOKH KOJIOBI. 3armOJHUTH XOJIOAMJIHBHUK BOJIOW, U B MPOJIOJKEHHE BCETO OIBITA
BOJIa JIOJKHA MO/IABaThCsl B HM)KHEE €ro OTBEPCTHE M BBIXOJUTH 4epe3 BepxHee. HarpeTs pactBop 1o
KHUIIEHUSI ¥ OTOTHATh 25 - 30 MJ1 BOJIBI.

Ha yacoBoe CTEKII0 HaTUTh HECKOJIBKO Kareib MOJIYyYeHHON AUCTHILIMPOBAHHOM BOJbI M BhITIA-
puTh Ha Topenke. Ha npyrom crekiie cienaTth TO e ¢ HCXOAHOM XHAKOCThI0. CpaBHUTH PE3YIbTaThI
BBINIAPUBAHUA.

4. Onpenenenne TemMnepaTypsl IIaBJICHUS
CobpaTh yCTaHOBKY 110 PUCYHKY
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ToHKO pacTepeTh B CTyNKe THOCYIb(}AT HATPUS U 3aMOJHUTh UM KOHYMK TOHKOCTEHHOTO, 3ara-
SHHOTO C OJHOW CTOPOHBI Kamwuigpa. 3aTeM MPUKPENUTh MOCIEAHUN PE3UHOBBIM KOJIBIIOM K
TEPMOMETPY, KaK yKa3aHO Ha pUCyHKe. TepMOMeTp OMyCTHTh B CTaKaH ¢ BOJOW. MeaieHHO HarpeBaTh
BOJly, TIEPEMEIIIMBAs €€ BCE BPEMs MEIIAJIKOM, U HAOIIOAaTh 3a BEIIECTBOM B Kamuuisipe. Kak Toibpko
COJIEP’)KUMOE TIOCTIEAHETO CTAHET MPO3PAYHBIM, OTMETHTH TEMIIEpaTypy, KOTOpas U OyJeT TemrepaTy-
poii maBieHus ucciexyemMoro Bemectsa. CpaBHUTH MOJIYYCHHYIO BEJIMYMHY C YKa3aHHOM B CIIPaBOY-
HHKE.

5. Onpenesnienne NPOIEHTHOTO COEPKAHUA OKCHIA MeIH B MaJlaxuTe

[Tpu npokaiMBaHUU MaaxuT pa3jaraeTcs Ha OKCHJI MEIIU, BOAY U JUOKCH] yIiiepoaa

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

JIBa mocnequux BemecTBa jetyune. OKCH MEIH HENETYYUi, OH OCTAeTCs B THIJIE B BHJIC Yep-
HOTO TMOpOoIKa. 3Has MacCcy MallaxuTa MU MacCy OKCHJIAa MEAH, MOXHO BBIUUCIUTH MPOIEHTHOE
coaepxkanue CuO B Manaxure.

B3Becuts mycrtoit turens ¢ Tounocteio 10 0,01 r. Haceimate 1-2 r Manaxuta B THTenb U B3Be-
cuth ¢ TouHocThio 10 0,01 1. BeraBuTh THUrenb B KepaMHMUECKHI TPEYrOJIbHUK, NMOMECTUTh Ha
TPEHOKHUK U IPUCTYIUTH K MPOKATIUBAHUIO.

Bnauane HarpeBaTh MEJJICHHO, HE BBIITyCKasl TOPETKU U3 PYK, TaK Kak MpU OYPHOM Pa3ioKeHUH
MaJjaxuTa yJIeTy4HBAIOIIUECs Tra3bl MOTYT yBJ€Ub 4acTh BemecTBa. [Ipokamus 15 - 20 MuH., OXJIaaUTh
U B3BECUTh TUI€Nlb. 3aT€M BTOPUYHO MPOKAIUTh TUTEJNb 5 MHUH, OXJaJWTh M B3BEeCUThb. Eciu nBa
MOCJICTHUX B3BEIIMBAHUSI pacxoastcs He Oonee yem Ha 0,02 T, IPUCTYNHUTHh K BBIYUCICHUSIM; €CIIH
pacxoxaenue 6onee 0,02 r, mpokaluBaHUEe U B3BEIIMBAHUE MPOAOKATH 0 TOCTOSHHONW MacCCHI.

Dopma 3anucu HabIOOeHUl

Macca nmycToro Turis, T
Macca Turiis ¢ MaJIaxuToM, T
Macca manaxuTa, T
Macca Turis ¢ OKCU0M MEAH, T
Macca oxkcnga Meau, T
OkcnepuMeHTaNbHBIN npouieHT CuO
Teopernueckuii mporeHT CuO
OrHocurenpHas omnoka, %

Buviuucnenus

Bo Bpewmst npokalnBaHus BBIYUCISAIOT TEOPETUUECKUN NPOLEHT OKCUAAa Meau B Manaxure. s
3TOr0 B CHPABOYHHKE HAXOISAT OTHOCHTENbHBIE MOJIEKYJSpPHBbIE MAacchl MajlaxuTa U OKCHIA MEHH,
COCTaBJISIOT IPOIOPLHUIO U IPOU3BOIAT CTEXMOMETPUUECKHUE BBIUNCIICHMSL.

AHaJOTMYHO BBIYUCIISIIOT MPOIEHT OKCHA ME/IU M0 3KCIEPUMEHTAIbHBIM JIaHHBIM. 3Hasi Teope-
TH4ecKuil U HaineHHslil npaktudecku mnporeHTsl CuO B (CuOH)2CO3, MOXKHO BBIYMCIUTH OTHOCHU-
TebHYIO OIIKOKY B %0

N~ WNE



20

K= (T —23) x 100 %
N T

rae K - orHocutenbHas ommoOka, %; T - TeopeTHdecKuil MpoIeHT OKCH/Ia MM B MajlaXxHTe; O -
AKCIIEPUMEHTAJIbHBIN IIPOLEHT OKCUJIa MEU B MaJaXUTe.
[Tpu npaBuIbHOM U TIIATENBHOM paboTe OTHOCUTEIbHAS OLUINOKA HE JOJHKHA MpeBbIaTh + 1 %.
Jlabopamopuasa paboma Ne2.
Bonpocwl covecedosanus:

1. OCHOBHBIE MOJIOKEHUS aTOMHO-MOJIEKYJIIPHOE yueHue. AToMUCTHUKA J{anbToHa.
2. OcHoBHbIE 3aKOHBI XMMHH. 3aKOH IOCTOSIHCTBA COCTaBa. 3aKOH KPATHBIX OTHOLICHHA.
3aKoH 0O0BEMHBIX OTHOIICHUM.
3. OCHOBHBIE IOHATUS XUMHUH. ATOMHBIE U MOJIEKYJIsIpHbIe Macchl. KonnuecTBo BemecTBa. Mo-
JsipHAs Macca U MOJISIpHBIN 00beM BemiecTBa. OmnpeaeneHne MOJIIPHBIX MacC BEIIECTB, HAXOIS-
HIUXCS B Ta3000pa3HOM COCTOSIHHIH.
["a30BbIe 3aKOHBI:

3axon botina-Mapuomma;

3axown I'eti-/lroccaxka-1llapns,

3axon Aeoeadpo u 6160061 U3 He2O.
4. Moub — eIMHUIA KOJIMYECTBA BEIIECTBA.
5. CtpykTypa Heopranudeckux BemiecTB. [locTosiHHBIN U mepeMeHHbI coctaB. DopmybHas
Mmacca.
6. YpaBuenne MenneneeBa-Kianeiipona. OnpeneneHne OTHOCUTEIbHBIX aTOMHBIX M MOJIEKY-
JISIPHBIX Macc.

OnpeesieHue OTHOCHTEIbHOM MOJIEKYJISIpPHOH Macchl okcuaa yriaepoaa (1V)
Llenv pabomui:i3yunTh METOJ ONPEAETICHUS OTHOCUTEIHFHON MOJIEKYISIPHONH MacChl BEIIECTBA B
ra30BOM COCTOSIHUH.

Xoxa paboThl.

1. Cyxyto koa0y (200 — 250 mu1) TUIOTHO 3aKPbITh KPBIIIKOM, OTMETUTh KapaHIalllOoM ypOBEHb.
B3Becuth K00y ¢ BO3AYXOM - M.

2. Hanonuute kon10y CO2 u3 anmnapara Kunmna (4 - 5 Mun). 3akpbITh IPOOKOW U B3BECUTb.
3. IIoBTOpHO 3aMOJTHUTH U B3BECHUTH (T) — Ma.
4. U3meputh 00bEM KOJIOBI, HATIOJTHUB €€ BOJOW U BBUIUTH B MEPHBIN nuauHap - V (mi).
5. Temnepatypy nepesectu B (K) - 7.
6. laBnenue ormetuts B (klla) — P.
7. ITo ypaBHeHnto MeHaeneesa — KialinepoHna paccuuTars Maccy Bo3ayxa - Ma.
8. PaccuuTaTh Maccy KOJIOBI M4 = Mg — Ma.
9. Onpenenuts Maccy CO2ms = mz — M.
10. IIpuBectu 00BbeM raza K CTaHAAPTHBIM
V,P, _ VP
T, T
V. = VPT,
° TP,

11. Beruncnuts MossspHyto maccy COz:
1) Mo OTHOCHUTENBHOM MIOTHOCTH 110 BO3IAYXY

m.M
M (C02 ) _ 15" 6030 :
m3
2) no MossipHOMY 00BeMy raza
m; 22,4
M(CO,)=—""—;
V0

3) mo ypaBHeHuto MenpeneeBa — Knaitnepona



21

m.RT
PV
12. PaccuuTaTh cpeanee 3HaueHue MoJisipHoit maccel CO2

13. BBIUUCIHTH OTHOCUTEIIBHYIO OIINOKY

M, . —-M
—="100%.

meop

14. Pe3ynbraThl 0GOpMUTH B BUAE TAOJIHUIIBI

M(CO,) =

E =

m1 mo ms Mg Ms V t T P Vo Mcp

(r) (r) (r) (r) @ | ) | (°C) | (K) | (xITa) | (n) |(r/mons)

Ipocmeiimue cmexuomempuueckue pacuemot
ITpumep.
BbruncnuM mponeHTHbIH cocTaB kapOonarta kanmus. Mosekyisipaas macca M(K2COz) = 2

(ﬂ . 100)
391 +12 + 3 - 16 = 138,2. CnenoBaTenbHO, COJIepKaHue Kalus paBHO 56,59 % 138,2 :

1_2.100

conmepxkanue yriaepoma — 8,68 % (138’2 ), comepxkanue kuciaopoma — 34,73 %
(4_8.100)
138,2 .

Ecnu u3BeCTHO MPOILIEHTHOE COAEPIKAHUE KaXKIOTO 3JIEMEHTa, BXOSIIET0 B COCTaB JAaHHOTO
BEIIECTBA, MOKHO YCTAaHOBHUTH (POPMYJITYy STOTO BEIIECTBA.

Ipumep.

BriBenem dopmyny yriaeBomopoaa, comaepkamero 83,72 % yrinepona u 16,28 % Bomopona.
[110THOCTH MapoB ATOTO YTIAEBOAOPOAA IO BOJOPOAY paBHa 43.

[TpenroiokumM, 9TO B MOJICKYJTy 3TOTO YIIICBOOPOIa BXOIAT X aTOMOB yTIiIepojia U y aTOMOB
BOJIOpOJa, T. €. yrierogopoa umeetr Gopmyny CxHy. Macca yriepoga B ’TOM COETMHEHUU CO-
craButT 12 - x, a Bogopoaa | - y. OueBuAHO, COOTHOIIEHUE MacC yriepoja U Boaopoaa Oyaer
PaBHO COOTHOIIIEHHUIO MPOIEHTHOTO COIEPIKAHUS ITHX DJIIEMEHTOB B YTJIEBOAOPO/IE:

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

Pa3znenuiM cOOTBETCTBYIOIIKE YICHBI 3TOW MPOMOPIIMN HA ATOMHBIE MACChl YIJIepo/ia U BOJIO-

pona:

12°1 12 1

Pa3nennm B mpaBoii 4aCTH NPONOPLIMH HA MEHBIIIEE U3 HUX:

12x y 83721628

X:y=1:2.33,
a 3aTeM YMHO>XHMM YHCJIa B IPABOM YAaCTH NMPONOPLUHN Ha 3:
X:y=3:6,99.

W3 HaliieHHOTO BHIHO, YTO B MCXOJIHOM YTJIEBOJOPOE Ha 3 aTroma yriiepoja MpuxoauTcs 7
aTOMOB BOJIOpOa. DTOMY YCIOBUIO 0TBedaeT psin coenunenuit: Ca3Hz, CeHig, CoHor u 1. 1.

Xumuyeckas ¢opmylia, MOKa3blBaloOIIass COOTHOIIEHHWE aTOMOB B MOJIEKYJe, BBIPA)KEHHOE
MUHMMAaJIbHBIMH YHWCIIaMH, Ha3bIBaeTcs npocmetiuien. CnenoBatenbHo, CsH7 sBnsercs mpo-
cTeifmeit GopMyIi0ii HCKOMOTO YTIJIEBOJOPO/IaA.

JUis HaXOKJACHUST UCmUHHOU XUMUYECKON (POpMYJIIbl COETUHEHUSI HE00X0AUMO 3HATh €0 MO-
JEeKyJIsipHyt0 Maccy. [lo ycnoBuio 3amauu MIOTHOCTH YIUIEBOAOPOAA IO BOJOPOAY paBHa 43.
CrnenoBartenbHO, €r0 MOJIEKYJISIpHAsl Macca coryiacHo ypaBHeHuto M = 2 Dy Oyner paBHa 2 - 43
= 86.
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Haiinennas Benu4nHa BIBOE MPEBBIIIAET MOJICKYJISIPHYIO MaccCy, OTBEYAIOIIYI0 POCTEHIIEH
dopmyne C3H7, cnenoBarenbHO, HCTHHHAS (hopMyIia HCKoMOoro yrieBogopoaa CeHia.

IIpumep.

BriBenem npocreitmyro hopmyny coeaunenusi, conepxamero 17,1 % xanpuus, 1,7 % Bomo-
pona, 26,5 % dochopa u 54,7 % xucnopona. 3anumieM GopmMysy UCKOMOTO COEIUHEHUs Cle-
nyromumM oopazom: CaxHyP,Oy. [Ipuaumas BoO BHUMaHUE MPOIICHTHBIA COCTAB COCTUHEHUS, 3a-
MUCBIBAEM:

40x 1y :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=043:17:0,86:3,42.
Pa3nenuB yncia B mpaBoil YacTH COOTHOILICHHS HA MEHBIIIEE U3 HUX, TOJyYUM:
X:y:z:v=1:385:2:7,95.

[Tony4yeHHbIe TaHHBIE TIO3BOJISIFOT 3aKIIOUUTH, YTO MPOCTEHIIast OpMysa HCKOMOTO COEIH-

nerust — CaHsP20g nau Ca(H2POs),.

I'a3oBbIe 3aKOHBI

IIpumep.

BbluncinuTh MOJIIpHYIO MacCy MOHOOKCH[IA a30Ta, INIOTHOCTh KOTOPOTO MO BOJOPOJY paBHA
15. M(NO) =2 -15 =30 r/mMm0b.

BbIurcIuTh MOJISPHYIO Maccy OyTaHa, eCild ero MIOTHOCTD Mo Bo3ayXy paBHa 2. M(CsHio) =
2 -29 = 58 r/MOb.

[ onpenieneHust MOJISIPHOM Macchl ra3a MOKHO MCIIOJIb30BaTh IMPEICTABIECHUE O €r0 MOJISp-
HOM 0O0beme. Moiib 1000r0 raza mpo HOPMaJdbHBIX YCIOBHIX 3aHMMaeT oobeM 22,4 1. Crienoa-
TEJbHO, €CIIM U3BECTHA Macca m HEKOTOPOro oobema V rasza mpu HOpMaJibHBIX YCIOBHUSX, TO M
MO>KHO BBIYMCIIUTH MO MPOTIOPIUU:

V 1 ra3a umeror Maccy mr

224 1-’- XT
22,4-m
x= V :M=xr/mMoup

IIpumep.
BeruuciuTh MOJISIpHYIO Maccy 3TaHa 5,6 1 KOTOpOro NMpy HOPMaJIbHBIX YCIOBUAX UMEIOT Mac-
cy 7,5 T.
5,6 1 3TaHa UMEIOT Maccy 7,5 T,
a224n1-"- xr
224-75

x= 56 =301
3Ha$I MOJ'ISIpHYIO Maccy ra3a JICI'KO BBIYUCIIUTHL €TI0 IIJIOTHOCTH I10 BO)IOpOJIy, BOS]IyXY NJIn
J'IIO6OMy I[p}/FOMy ra3y, MOJ'ISIpHaSI Macca KOTOpOFO HN3BCCTHA.
Bpraucinuth mI0THOCTH IO BOAOPOLY FT€MHUOKCH/IA a30Ta.

M(N,O) _ (2-14+16)

DH(N20) = 2 2 =22
Hawnitu ITIJIOTHOCTH 11O B03,Z[yXy TeTpa(I)TOpI/II[a erMHI/Iﬂ.

M(SiF,)  (28+4-19)
DBOSZI. (S|F4) = 29 29 = 3,59

N3mepenuss 00beMOB ra3oB OOBIYHO MPOBOJAT MPHU YCIOBUAX, OTIMYHBIX OT HOPMAJbHBIX.
Jlns npuBeneHns o0beMa ra3a K HOpMajibHbBIM YCIIOBHSIM UCHOJIB3YIOT ypaBHEHHE O0BEINHEHHO-
ro razoBoro 3akoHa boins-Mapuorra u I'eii-JIroccaka:




23

P,Vo PV
T, =T
B sTOoM ypaBHeHun V — 00beM JaHHOW Macchl ra3a MpH 3a/laHHbIX JIaBICHUU P U TEeMIepa-
type T (B KenpBunax); Vo, — 00beM 3TOi ke MacChl Tra3a MPH HOPMAIBHBIX YCIOBUSX (IIPH J1aB-
nenuun 101325 Ia, wim 760 mMm pt. cT. 1 Temnepatype 273 K).
Ecnu V, o3Hagaer 00beM, 3aHMMaeMblil TPU HOPMAJIBHBIX yCIOBUAX | MoyeM rasa, T. €. 22,4
POVO

J, TO JUIsl BCEX Ta30B COOTHOIIEHUE T, OyJIeT MOCTOSIHHOM BETUYMHON. JTa BEJIMYMHA HA3bI-

BACTCSl VHUBEPCANILHOU 2a3080l NOCMOAHHOU, 0003HaudaeTcs OykBod R, mmeer pasmepHOCTBH
eaununa >Heprun/(KenbBun -Monb). UucnenHoe 3HaueHue R 3aBUCHUT OT eQMHMI], B KOTOPBIX
BbIpa)kaeTcsi 00bEeM U JaBJICHUE Ta3a.

B Mexnynapoanoii cucteme equnuil (CH) naBnenue Beipaxaetcs B nackaysax (I1a, 1 [la =1
H/m?), o6beM B Kybmuecknx merpax (M°), clel0BaTeIbHO 3HAUCHHE YHHUBEPCATBHOH Ia3oBOif
MOCTOSTHHOM OMpe/eNAeTCsl 3HAYCHUEM:

1,013-10°-22,4-10°°

R= 273 1,013 -10° 22,4 -10-3/ 273 = 8,314 Jlx/(K -MoD).

B IMPAKTUKC XUMHYCCKUX I/ICCJ'IG,I[OBaHI/Iﬁ O6’bCM U AaBJICHUC Y4CTO BBIPpAKAKOT B CAMHHUIAX
I[pyrI/IX CUCTCM. O6”I)CM —B JH/ITan NN MI/IJIJII/IJII/ITan, IAaBJICHUC — B aTMOC(l)ean NI MUJIJIN-
JIMTpax pTYTHOI'O CTOJ'I68.. I[J'IFI nepeBoa pe3yjbTaToOB I/ISMCpeHI/Iﬁ B €AWHUILBbI CI/I MOJIB3YIOTCA
COOTHOILICHUAMM .

1 atm =760 mm prt. c1. = 101325 [1a
1 mm pr. c1. = 1,31 -10~%arm = 133,322 Ia.
Ecnu naBnenue po BbpaxkeHO B aTMoc(epax, a 00beM Vo — B JIUTpax, TO:
1.22.4

R= 273 =0,082x-atm/(K -MOmB).
Jnist ciydasi, Korja po BEIpQKEHO B MHJUIMMETpPaxX PTYTHOTO cToj0a, a 00beM Ve — B MUJLIU-
JINTpax, HOJIy4uM:

760- 22400
R= 273 = 62360 M1 -MMm pr. cT./(K -MOIB).
PV, PV PV,
[TojicTaBUM B ypaBHEHHUE Ty = T Bmecro Do MOCTOSIHHYIO R ¥ MOJIyYrM ypaBHEHHE
s 1 Moiist rasa:
H

T =R, umpV=RT
Jlist n Mozieit raza 3To ypaBHEHUE MPUOOPETAET CIETYIOIIHIA BHI:
pV =nRT
DTO ypaBHEHHE MOJIY4YWIIO Ha3BaHUEe ypaeueHue Knaneipona—Mendeneesa. YIuThiBas, 4TO
YKCJIO MOJIEH ra3a n paBHO OTHOLIEHUIO MAcChl ra3a B rpaMMax K €ro MOJbHOM macce, T. €. n =
m/M, ypaBHenue Knaneiipona—MeneneeBa 4acto IpUMEHSIOT B BUJIC:

m
(et
p-V= M .
VpaBuenne Knaneiipona—MeHieneeBa Mo3BoJsET PACCUNTATh MOJISIPHYIO MAaccy, a ClIeI0Ba-
TEJILHO U MOJIEKYJISIPHYIO Maccy JitoOOro BEIIECTBA, HAXOISIIET0Cs B ra3000pa3HOM COCTOSIHUU:

mRT

M= PV
Ipumep.
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BrrauciuTs MOJEKYISIPHYIO Maccy AUATHIIOBOTO 3dupa, ecinu 215 mit ero mapos npu 77°C u
nasnenun 700 mMm pt. cT. umerot macey 0,51 r.

mRT  051-62360- 350
M= PV = 700:215 =74 r/moms
MonsipHasi Macca AMATUIOBOTO 3(Qupa paBHa 74 r/MOIb, CleA0BATEIbHO, €r0 MOJIEKYJIIpHas
Mmacca 74 a.e.M.
Haiitu monekymnsipayto Maccy okcuza yriepona (IV), ecnu 73,3 t ero npu 27 °C Haxomsach B
cocyne eMkocTbio 10 11, coznatot nasnenue 4,1 atm:
73,3-0,082- 300

M = 41-10 = 44 v/MOb.
CrienoBaTenbHO MOJIEKYJISIPHAs Macca AUOKCUAA yIiiepoaa paBHa 44 a.e.M.
Jlabopamopuasa paboma Ne3
Onpeodenenue IKGUBATIEHMHOIU MACCHl MAZHUA
Bonpocul cobecedosanus:
1. XuMHUYECKHIl SKBUBAJICHT:
- DKBUBAJICHT JJIEMEHTA
- SKBUBAJICHT CJI0KHOT'O BELECTBA: OKCHU/IA, KUCIIOThI, OCHOBaHUs, COJIU

2. DKBHUBaJICHTHAs Macca.
3. DKBHUBAJICHTHBIN 00BEM.
4. CoOTHOILIEHUE MEXy MOJSPHONH MAaccoil, SKBUBAIEHTOM M 3KBUBAJEHTHOM Maccoi Be-

HIeCTBA.

5. Meronpb! onpeneneHust SKBUBAJICHTA JIEMEHTA!

- METOJI IPSIMOTO OTIPEICIICHUS;

- METOJ1 KOCBEHHOT'0 OIIPE/IEIICHHUS;

- METOJI BBITECHEHUSI.

Jlabopamopnasa paboma
ILlenv padompi:n3yduTh METOJT ONIPEAEIIEHUS MOJISIPHOM MacChl SKBUBAJICHTAa METaJlIa.

Xox paboTshl.
1. Paccuntars HEOOXOUMOE KOJIMUECTBO CEPHON KUCIOTHI
Mg + H2SO4 — MgSOs + H21.

2. IlpoBeputh NprOOP HA FEPMETUYHOCTD.
3. I[TomecTuTh MeTAL1 B MPOOUPKY U MJIOTHO 3aKPHITh IPOOKY.
4. IlpousBecTy B3aMMOIEUCTBUE METAIIA C KUCITOTOM.
5. U3MepuTh 00beM BBIIETUBIIETOCS ra3a.

Cobpats mpubop mo pucynky. [Ipubop, cocrosmmii u3 6ropetku 1 (emxocteio 50 mi),
COCIMHEHHOW TIOCPEJICTBOM PE3UHOBBIX TPYOOK C BOPOHKOH 2 MpOOHPKOH 3,yKpEruTh B IITa-
TUBE. BIOpeTKy U NMpoOHPKY IUIOTHO 3aKPBITh MPOOKAMH, Yepe3 KOTOPhIe MPOXOAT CTEKISHHbIE
TPYOKH.

[Tepen HavaoM OIBITA MPOBEPUTH MPUOOP HA TEPMETUUHOCTb.

IIposedenue onvima

B3Becutp kycouek neHTsl MarHus okosio 0,03 r. BeiHyTh IPOOKY M3 MPOOHPKU U NEPEaBH-
’KEHHEM BOPOHKH YCTaHOBUTH YPOBEHb BOJBI B OIOpPETKE Ha HYJIEBOM JEJICHUU WM HEMHOTO
HUXKE.

OtMepuTh 5 MJT pa30aBIeHHON CEPHOM KUCIOTHI M BIUTH B MPOOUPKY Yepe3 BOPOHKY (IodUe-
My?). [1o0KUTh IEHTY MarHusi Ha CyXyl0 CTEHKY NMPOOUPKH Tak, YTOOBl MarHuil He CONpHUKa-
caycst ¢ cepHod kucnotoi. IlpucoennHuts mpobUpKy K IpudOpy, MIOTHO 3aKPHIB €€ MPOOKOH.
3arem mnepeBHKEHUEM BOPOHKH MPUBECTH BOJly B OIOpETKE M B BOPOHKE K OJIMHAKOBOMY YpPOB-
HIO (3aueM?). OTMETUTH U 3amucaTh YPOBEHb BOJAbI B OI0PETKE, MPOU3BE/S OTCUET IO HUKHEMY
MEHHUCKY >KMJIKOCTH C TOYHOCTBIO 10 0,1 mu1.

CTpAXHYTh MarHui B CEpHYIO0 KUCIOTY. UTOo mpoucxoaut?
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[To okoHYaHUM peakuu AaTh NPOOHPKE OCTHITH 0 KOMHATHOM TeMIlepaTyphl, OCIE YEro
CHOBa MPUBECTH BOJLy B OIOPETKE U BOPOHKE K OJMHAKOBOMY YPOBHIO, OTMETUTh U 3aIUCaTh

YPOBEHB BOJbI B OIOpETKE.

OTMETHUTH U 3alucaTh MOKa3aHUsi KOMHATHOTO TepMoMeTpa U 6apomeTpa (1 MM pT. cT. =

133,3 Ila) Bo Bpems ombITA.

Dopma 3anucu HabIOeHUl
Macca marauss — m(r).
Temneparypa — t°(C).
AtmocdepHoe naBnenne — p(klla).

Sk~ wpdE

Obpabomxa pe3ynomamos

[TpuGop mu1st onpeeneHns: SKBUBAICHTHON
Macchl MeTajlIa:

1 - bropetka; 2 - BOpoHKa; 3 - mpoOupKa.

st Toro, 4ToObI IPOBEPHUTH MPUOOP HA
TepPMETHYHOCTh, HEOOXOJAMMO B OIOPETKY
HAJIUTh BOJY, KOTOpasl 3alOJHSAET TaKXKe M
PE3UHOBYIO TPYOKY, COSTUHSIIONIYIO OIOPETKY
C BOPOHKOM. 3aTreM OIOpETKY 3aKpBITh MPOO-
KOI, COETUHHUTH C MPOOUPKOM U 3aMETHTh
ypoBeHb BOJbI B Oroperke. OmyckaHuem
KOJIblla INTaTHBAa IE€PEMECTUTh BOPOHKY
BHU3. Ecnu npubop repmeTnyeH, To B IEPBbII
MOMEHT TpPHU OIMYCKAaHUH BOPOHKH YPOBEHb
BOJIbI B OIOpETKE HEMHOTO TMOHM)KAETCs, HO
MIOTOM OCTaeTcs MOCTOsSHHBIM. Eciu ke ypo-
BEHb BOJIbI OYZET MOHMKATHCS HEMPEPHIBHO,
3TO 03HAYAET, YTO MPUOOP MPOMYCKaeT BO3-
IyX W CJIeIyeT MCIPaBUTh AC(PEKTHI, OIy-
IICHHBIE NTPU €ro cOOpKe.

JlaBlieHHe HACBHIIICHHOTO BOASHOTO mapa (tadiu. 1) — h(kIla).
YpoBeHb BOABI B OIOPETKE 10 peakiuu — ai(Mi).
YpoBeHb BOJIBI B OIOPETKE MOCIIE peakIuu — az(Mi).

1 Bpruucnuts 00beM BOAOPOA (B MIT), BRITECHEHHOTO MarHueM

npu Temrneparype t v gaBIeHUH p.

N

. Beramcnuts napuuanbHoOe aaBieHue Bogopoaa: Py~ Patv - h

3. IlpuBecTu HailleHHBIN 00BEM BOJIOPO/Ia K HOPMAJIbHBIM YCIIOBHUSIM, UCIIONIB3Ys 00BbEJMHEH-
HOE€ ypaBHEHHE ra3oBoro coctosHus. CleayeT yuecTb, 4To BOJOpo/1 coOpaH HaJl BOJIOM,
[I03TOMY B YPaBHEHNE BMECTOP CIIEAYET MOCTABUTD Py

o B

Brrancnnth MacCy BBIIEIMBILIETOCS BOJOPO/IA.
PaccunTaTh SKBUBaJIEHTHYIO MacCy MarHus.

6. Omnpenenuth aOCOMIOTHYIO U OTHOCUTEIHHYIO OIIMOKY OTIBITA.
Pac4yersl 10 ypaBHEHUSAM XUMHYECKHX PeaKIuii

IIpumep.

OnpenenuTb KOJIMYECTBO IPpaMMOB (ocdaTa Kausi, KOTOPBIN MOXYYUTCS IPU HEUTpaTH3aluu

dbochopHOI KUCIOTH 42 T THAPOKCUIA KU,

B cooTBeTcTBHU C MPUBCACHHBIM BBIIIIC XUMUYCCKHUM YPABHCHUCM PCUHIUM IIPOMOPHHALIO:
168 r ruapokcuaa kams 06pa3yrot 212 r pocdara kanms,
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a42r rugpokcuaa —“‘— xr d¢ocdara
x=42-212/168 =53 r.

B ypaBHeHuu peakuuu ko3¢pGuueHTs nepes ra3000pa3HbIMUA BEIIECTBAMU MTOKA3bIBAIOT HE
TOJIKO COOTHOIIEHUE MACC PEarupyroux ra3oB, HO U UX 00bEMHBIE COOTHOILIEHHUS. DTO MO3BO-
JSET PacCYUTaTh O0ObEMbl YUACTBYIOIIMX B PEAKIMHU Ta30B HEMOCPEIACTBEHHO IO YpPaBHEHUIO
MUHYS BBIYMCIICHHS] MacChl rasa.

IIpumep.

[Ipu B3auMOJEHCTBUU METALNTMYECKOTO HATpUsl ¢ BOJIOM Bbiaenmiiock 280 M Bogopoaa (pu
H. y.). CKOJIbKO TPaMMOB HaTpHsl BCTYIUJIO B PEAKIINIO?

3anuiieM ypaBHEHHUE PEaKIMU B3aUMOJICHCTBUS HATPHUS C BOJOM:

2 Na+ 2 Hz0 =2 NaOH + HT
46 36 80 22,4
W3 ypaBHeHus ciemyeT, yTo 2 Mol HaTpus (2 -23 T) BBITECHSIOT U3 BOALI | MOJIB BOJIOpOa
(22,4 n npu H. y.). KommuecTBO BCTYNUBILETO B pEaKIMIO HATPUS MOKHO HAalWTH MO IPONOPLIUU
46 r HaTpUs BBITECHSIET U3 BOJIbI 22,4 71 BOAOPOJA,

a x r Hatpust —“—0,28 n

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

Jlabopamopuasa paboma Ne4.

Ilepuoauyeckuii 3akoH u nepuoanyeckasi cucrema /.M. Menaeneena.
Crpoenue aTroma

Bonpocwl covecedosanus:

1. DxcnepuMeHTa/IbHbIE 0OOCHOBAaHMSI MPEACTABICHUN 00 aTOME KaK CJIOXHOW CHUCTEME.
OTKpBITHE TEKTPOHA.

2. Mopens atoma Tomcona. Omnbitel Pezepdopaa no paccesnuto a-uactuil. [Inmanerapuas
Mojenb atoMa. Ee goctonHcTBa 1 Henoctatku. McxomHpie TeopeTnyeckue U SKCIIepUMeHTaIbHbIe
MIPEANOCHUIKY pa3pelIeHNs] BHYTPEHHUX MTPOTUBOPEUH TUTAHETAPHON MOJIETH.

3. KopniyckynsipHO-BOJTHOBOM yanu3M u3nydeHus. Ksantel. YpaBHenue Ilnanka.

Oo6wbscuenue Gpotordpdexra DitHIITEHHOM. DOTOHBI.

4. Teopus aroma Bonopoza o H. bopy (ocHoBHbIe mocTynaTel). CriekTpsl aToMOB. O0bsic-
HEHHUE CIIEKTpa aToMa BOJIOpOJia. BHyTpeHHUEe poTUBOpeUrs Teopuu atoma Bojgopozaa no H. bo-
Py U MONBITKK UX YCTPaAHEHUSI.

5. KopnyckynspHo-BoiHOBOUM nyanu3m vactuil. Bomnsl Jlyn ne bpoitns. [IpuHnun He-
omnpenenenHocreil ['eifzenOepra.

6. KBaHTOBO - MexaHMUYECKasi MOJIeb aTOMa BoJIopo/ia. KBaHTOBBIE YKclia KaK IMapaMeTphl,
OTPEIETISIIOIIME COCTOSTHUE JJIEKTpoHa B aroMme. ['nmasHoe(n), opouramsroe (1), MmarautHOE (M)).
DU3HYECKHI CMBICT KBAHTOBBIX YMCEIL.

7. Atomubie opoutanu (AO). OcHOBHOE U BO30YKJIEHHOE COCTOsSIHUE. BBIpOXKIeHHbBIE CO-
cTosiHus. Bua aToMHBIXS-, -, d-, f-opOuTasei.

8. CobOcTBEeHHBIN YIIIOBOM M MarHUTHBI MOMEHTHI 3JICKTPOHA (CIHMH) M CIUHOBOE KBAaHTO-
BOE YHCII0 Ms. EMKOCTB 3JIEKTPOHHBIX CIIOEB.

9. MHOT02JIeKTpOHHBIE aTOMBI. TpH TIPUHIUIIA 3aMIOTHEHUsT OpOUTaell B aToMax: MPUHIIUIT
HauMeHbIIel 3Hepruu, npuHuun (3anper) [laynu, npasuno Xynaa. Ilopsiok 3amnonHeHus: aTom-
Heixopouraneii. [Ipasuna KneukoBckoro. Dnekrponnsie hopmyinbl. CUMBONIMYECKas: U Tpaduye-
cKast pOPMBI 3aITUCH DIIEKTPOHHBIX (POPMYIL.

10. CBoiicTBa U30IMPOBAHHBIX ATOMOB:

a) aTOMHBIE PaJNyChl (KOBJIEHTHBIE, METAJUTMUECKUE);

0) PHEprus NOHU3AIINY;

B) CPOJICTBO K AJIEKTPOHY;

T') 3JEKTPOOTPULIATENBHOCTh. OTHOCUTENbHAS AIEKTPOOTPUIIATEIBHOCTD.

1) MarHUTHBIE CBOWCTBA aTOMOB. J[naMarHeTusm, rnapamMarHeTH3M.

11. OtkpebrTrie nepuommueckoro 3akoHa /. 1. MenneneeBbiM. [IprHIMIT OCTpOEHHST €CTECTBEHHON CH-
cTeMbl AieMeHToB. Mcnons3oBanue JI. Y. MenaeneeBbIM MeTO/Ia UHTEPIIONSALMU I UCTIPABICHUS
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aTOMHBIX Macc U MpPeJICKa3aHus CBOKMCTB €I1IE HE OTKPBITBIX JIEMEHTOB. DKCIEPUMEHTAIBLHOE TIOATBEP-
JKICHUE TeOpeTHUYECKUX Ipeackazanuil 1. . Menneneesa.

12. Bonpochl, OCTaB/IEHHbIE NMEPHOAMYECKAM 3aKOHOM U MEPHOIMYECKOM CHCTEeMOM, NX pa3pelleHue ¢
MO3MILIMIA MPEICTABICHUI O CTpOeHNH aToMOB. CoBpeMeHHast (pOpMyIIMpPOBKa IIEPUOANYECKOTO 3aKOHA.

13. [epuoauueckast cucTeMa Kak €CTECTBEHHAsl CUCTEMa 3J1eMEHTOB. [{iMHHas 1 kopoTkas (popMbl I1e-
puomyeckux Tabmu. [leprosibl, rpyrbl, MOATPYTIIbL.

14. ®usnueckas 0CHOBA MEPHOIMYECKOrO 3aKoHA. CBsI3b MONOKEHUS IEMEHTa B MEPHOIMYECKON CH-
CTEME C JIEKTPOHHBIM CTpOEHHEM ero aromMa. OcOOEHHOCTH AMEKTPOHHBIX KOH(HIYpaIii aTOMOB 3Jie-
MEHTOB IIaBHBIX U TOOOYHBIX TTOATPYIIL. DIIEMEHTHI S-, P-, d- 1 f- cemelicTs.

15. CBs13b CBOICTB 2JIEMEHTOB C UX MOJIOKEHUEM B IIEPHOANYECKON cucteMe. M3menenne Benn4uH pa-
JIMYCOB, SHEPIUil MIOHU3ALIMH, CPOZCTBA K JIEKTPOHY U AEKTPOOTPHULIATEIIBHOCTH aTOMOB 3JIEMEHTOB C
POCTOM 3apsiIOB UX sIIIEp.

16. IlepnoauYHOCTb U3MEHEHHSI CBOMCTB HJIEMEHTOB KaK IPOSIBIIEHUE NEPUOIMUHOCTH U3MEHEHUSI K-
TPOHHBIX KOH(pHUTYpaLKii aTOMOB. (P (PEKT TPOHUKHOBEHHUS JICKTPOHOB K SIPY, KalHOCUMMETpus, 0-
u f- cxarwe.

CrtpoeHne BelecTBa U ONPE/ICICHNE CBOMCTB aTOMOB M BEUIECTB, CBSI3aHHBIX C MX CTpOe-
HUEM.

[Ipu KBaHTOBOM MEPEXOAE U3 OJHOTO IHEPTETHUECKOTO COCTOSHHS B JPYTO€ BBIJIEISACTCS
WIN TOTJIOIIAGTCSI SHEPrHsi, YTO OOBSACHSIET MPOUCXOKIACHUE aTOMHBIX CIeKTpoB. CIEeKTp ciy-
KHUT OJTHOW U3 BAXKHEHIIINX XapaKTEPUCTHK aTOMa M OTPa)KaeT ero BHyTPEHHEE CTPOCHUE.

Hanpumep, npu BHeCeHHM MeTajlyla WM €r0 COJU B IUIaMs TOpENIKM 0Opa3yroluiics nap
B3SITOTO BEIIECTBA, COCTOSIIIUI U3 aTOMOB MJI HOHOB METAJUIOB, TIOTJIONIAET U UCITYCKaeT (oTo-
Hbl C ONpeAeTeHHON JunHONW BoiHBI A.Ecium A cooTBeTcTBYyeT BUAMMOI 00jacTu CHeKTpa, TO
IUIaMsi OKpaIIuBaeTCs B OnpeaesieHHbIi nBeT. [1o nBeTy miaMeHn, CpaBHUBAs €ro CO CIIEKTPOM
BUAMMOI oOnactu (puc. 1, a), onpenenseM A U pacCUMTHIBAEM SHEPTUI0 aKTUBALUU E3IIEKTpo-
HOB B aTOMaxX WJIM MOHAX UCCIeayeMoro Meramia o gopmyse [lnanka:

Es= ho =hc/k,
rae h = 6,626 - 1073 JIx - ¢ — mocrosunas [Tnanka; ¢ = 3 - 108 m/c — ckopocTh cBeTa.

MHorue pU3NKO-XMMHYECKHE CBOMCTBA KPUCTAUNIMYECKUX BEIIECTB OMPEIEISIOTCS TUIIOM
XUMHUYECKOHN CBSI3U MEXAY 00pa3yIolMMH UX YacTuliaMu. B cooTBeTcTBHM C 3TOM Kilaccu(urka-
el KpUCTaIIbl OJPA3JIENIAI0T Ha MOJIEKYJIIPHbIE, AaTOMHbIE, HIOHHbIE, METAJUINYECKHE.

Haunbonee mpoyHble KpUCTAIIMYECKHE PEIIETKA — aTOMHBIE ¥ HOHHBIE — MPUIAIOT Belle-
CTBaM TYTOIUIAaBKOCTb. ATOMHBIE KPHUCTAJUIbI HEPACTBOPUMBI, & MOHHBIE KPHCTAJIbl pacTBOPS-
IOTCSI TOJIBKO B TIOJIIPHBIX PACTBOPHTENSIX (Hampumep, B Boje). Kpucramimueckue pemerku TH-

IOUYHBIX METAJUIOB NPUAAIOT UM JIETKOIIaB-

""“:'00  KOCTh Y paCTBOPUMOCTb B JKUJKOH PTYTHU C 00-
pa- F— " ¢MoxeroBnilt «— 3ememo-xenTmdi - 30BaHMEM amaiibraM. HanMeHee mpouHble Kpu-

E 450 coEmik N—— CTAJUTMYECKHE PEIIETKH — y MOJIEKYJISPHBIX
Kpu- o _—~ CTaJUIOB, YTO OOBSACHSET MX JIETKOIJIABKOCTh U
XO0- — 500 Senembrt «— TypmypEstf  POLIYIO PACTBOPMMOCTB JIMOO B TMOJISPHBIX (BO-
na), - ' /1160 B HemoJSApHBIX (OEH3011) PaCcTBOPUTEIAX
(B — 550 dHonerosRIlt . 3aBUCHUMOCTH OT MOJIIPHOCTH CBOUX MOJIEKYII).

F WeATHEE «— cEuRl . Lenwv pabomuvr:

——600 opamgesdt ) Pacuer sHeprum akTHUBAIMU DICKTPOHOB,
HcC- - o e ‘cle0BaHUE MPOYHOCTU KPHUCTAUIMYECKUX pe-

T 650 RpacHBl «~— ¢ige-seienmts P P p
mie- - L - 4+ ... .y .  TOKPa3sHOIO TUIA.

-

C Puc.1. JliimHa BOJHBI A BUIMMOTO CBETA

- CIIEKTpa HWCITyCKaHUS (@) U COOTBET-

~ CTBYIOLLME UM JOIOJIHUTENbHBIE 1[BETA

) 2 - Obopyodosanue u peakmugol:
l"azoBas ropenka. [Ipo6upku. Turens. CranbHas npoBoJsioka. HacklmeHHbIe pacTBOPHI CO-
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Jeil: TUTUS, HATPUsL, Kallus, pyOuans, 1e3usl, Kalblius, CTpoHIus, 6apusi, Mmeau. OKCU KpeMHUs
(IV). Okcupn amomunust. Caxaposa (B Buje caxapHoro necka). Moa. OnoBo. Meanblit Kynopoc.
XJ10puJ HATPHS.
OIIBIT 1. Onpenenenue 3Heprun akTUBaLUU (BO30YXKIE€HUS) JIEKTPOHOB Ey
(To BETY IJIaMEHN)

YucTyro U MpenBapuTeIbHO MPOKAICHHYIO CTAIBHYIO MPOBOJOKY HOTPY3UTh B HACBILICH-
HBI PacTBOP COJIM METalljla, a 3aTeM BHECTH B HEKONTSIee IiaMsi ra3oBoi ropenku. OTMETUTh
nuBeT riaMmeHu. [lonw3yscek puc. 1, a (CnekTpoM BUAMMON 00IaCTH), ONPEACIUTh JUIMHY BOJHBI
UCIyCKaeMbIX (DOTOHOB M PACCUUTATh SHEPTUIO0 AKTUBALMU DJIEKTPOHOB aToMa HMCCIEAYEeMOTo
MeTaya. Pe3ynpTaTel HAOMIOIEHUI M pacueTOB 3aHECTH B TAOJIUITY 11O hopMe:

Karuon metaiia Me*  |L{Ber muiamMenu JlmHA BOJIHEI A, HM DHeprusi aKkTHBALMU 3JICK-
TpOHOB Eq4, Ik

[Iponenarh OMBITHI C HACBIIICHHBIMHA PACTBOPAMH COJICH JINTHS, HATPUs, Kalus, pyOouans,
€31, KaIbIIMsl, CTPOHIIMS, Oapust U Meau. [ KaXkJ10i COM MCMONIb30BaTh YUCTYIO CTATBHYIO
IIPOBOJIOKY.

CpaBHuTh E, U1 MIENOYHBIX UIIETOYHO-3EMENIbHBIX METAIIJIOB.

OIIBIT 2. UccnenoBanne GU3NIECKUX CBOMCTB KPUCTAILIOB PA3IMYHOTO THIIA

A.B nBe npoOUpKU MOMECTUTHh HECKOJIBKO KPYIUHOK UCCIIEyEeMOro BeuecTBa. B onny no-
0aBUTH BO1Y, B APYTYIO — O€H30I.

B36oaTars. BeBol 0 pacTBOPUMOCTH 3aHECTH B TaOIHILY: + XOpOIIO, + c1abo U — Hepac-
TBOPHUMO.

s uccnenoBanus B3saTh okcuna kpemuus (IV) SiO2 (B Buae mecka), OKCHI ATIOMHHUS
A1203, xnopun mHarpus NaCl, kpucramnoruapar cynbdara meaun CuSOs - SH20 (MeaHbIi KyTIO-

oc), caxaposy Ci12H22011 (B BuIE caxapHOro necka), Mo U OJIOBO.

Ucnerranue
BemecTtBo Ber Ha IJIaBKOCTh Ha pacTBOPUMOCTD
B BOJIE B OeH30IIe
SiO2
A1203
NaCl
CuSOs - 5H20
C12H22011
2
Sn

b. TlomecTuTh BEIIECTBO B TUTENIb M, HATPEB €r0 HA IJIAMEHHM TOPEJIKH, IPOBEPUTH, CIIO-
cOOHO JIM OHO IJIaBUThCA. Pe3ynbTarel HaOM0IeHUI OTMETUTH B TaOJIHIIE.

Ha ocHOBaHMHM pe3yIbTaTOB dKCIIEPUMEHTA CAEIANTE BBIBOJ O TOM, Y KaKUX BEIIECTB KpH-
CTaJZTMYecKasl pelieTka HauOojiee M Yy KaKuX HauMeHee MpOdYHas, uMes B BUIY, YTO OKCHUIbBI
KPEeMHHUS U aJIOMHUHUS UMEIOT aTOMHBIE PEIIeTKU; XJIOPHU HATpHsl U Cyib(aT MeIu — HOHHBIE;
MeAHBIN KyIOpoc, caxap U O — MOJIEKYJIIpHBIE, a 0JIOBO — METAJUTMUECKYIO PEILIETKY .

3adauu no meme: Cmpoenue amoma

1. Hanumure noiHble 37€KTPOHHBIE ()OPMYJIBI aTOMOB AJIEMEHTOB C MOPSAKOBBIMUA HOME-
pamu 17 u 25. HazoBute popmMupyromiye 3J1eKTpoHbl ITUX aTOMOB.

2. HanumuTe 35neKTpoHHbIE (OpMYIJIBI aTOMOB KpeMHMsI M TUTaHa. K kakoi rpymmne aie-
MEHTOB (110 (POPMUPYIOUIUM 3JIEKTPOHAM) OTHOCUTCS KaXAbIH U3 ITUX 3JIEMEHTOB?

3. Hamumure mosiHble 3JEKTpOHHBIE (HOpMYIBI aTOMOB jkeie3a u ¢ocpopa. Hazosure
dbopMupytoLINe IEKTPOHBI 3TUX ATOMOB.

4. HanumuTe moJHbIE 3JIEKTPOHHbIE (POPMYJIIBI aTOMOB aJTIOMUHMS U CKAHIUS M HIOHOB A
. Sc? u S,

13
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5. KakoBa snekrponHast popmyna atoma kuciaopoaa? CKoJIbKO 3JIEKTPOHHBIX Map U HecCIa-
PEHHBIX JIEKTPOHOB y aTOMa KHCIOpOJa U KaKHe aTOMHBIE OPOUTAIIN OHU 3aHUMAIOT?
3amava 1. Hammmmre 31eKTpOHHBIE KOH(MHIYpAIlMA aTOMOB CIICIYIOIIMX 3JIEMEHTOB B OCHOBHOM
cocrostaun: N, Si, Fe, Kr, Te, W.
Pemenne. DHeprus aTOMHBIXOPOUTAIICH YBEITMUMBACTCS B CIICITYOIIIEM MTOPSIIKE:
15 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d.

Ha xaxnoi S-o0osouke (0jHa OpOUTAIb) MOYKET HaXOIUThCS HE 0oJiee IBYX AJICKTPOHOB,
Ha p-000J0uKe (Tpu OpOUTAIH) - HEe OoJee mecTH, Ha d-000s0uKe (IIsITh OpOUTANei) - He Oosee 10
Ha f-obomouke (cemb opouTaneii) - He 6oee 14.

B OCHOBHOM COCTOSIHMM aTOMa 3JIEKTPOHBI 3aHMMAIOT OpOUTAIM C HAUMEHBIIEH SHEprueH

(CM. TIpHBENICHHBIH BhIIIE psi). UNCIO 37IEKTPOHOB PaBHO 3apsiay siapa (aToM B IEJIOM HEHTpasieH) 1
HOPSAKOBOMY HOMEpY 3JIEMEHTA.

Hanpuwmep, B aToMe a30T1a - 7 3JIEKTPOHOB, JIBa U3 KOTOPBIX HAXOJATCS Ha 1 S-opOuTam,
IIBa - Ha 2S-OpOUTaM, U OCTABIIMECS TPU IEKTPOHA - HAa 2p-OpOUTAIIX. DIIEKTPOHHAsT KOH(HTY-
pars aToma a3oTa:
+7 N: 1s% 252 2p8.

DJIEKTPOHHBIC KOH(PHUTYPAIIMU OCTATHHBIX JIEMEHTOB:
+14Si: 15 25° 2° 382 317,

+ 26 Fe: 15?25 2p° 32 3773p® 4s2 3,

+36 Kr: 157 25? 2p° 36> 3p74523d'%4p®,

+ 52 Te: 15228 2p° 35° 374523d104p®5524d105p*,

+ 74 W: 152 25? 2p° 35 3745230104 p55s24d105pb6s24f1454*,

3ajava 2. Kakoit HHEPTHBII ra3 ¥ HOHBI KAKHX 3JICMEHTOB MMEIOT OJIMHAKOBYIO DJICKTPOH-
HYIO0 KOH(QHTYpaIMIO C YacTUIIeH, 00pa3yromieiicss B pe3ysibTare yaaleHUsI U3 aToMa KaJlbIHsl BCEX
BQJICHTHBIX AJICKTPOHOB?

Permenne. DneKTpoHHAsA 000I0UKA aTOMa KAkl UMeeT cTpykTypy 1s? 2s? 2p® 3s? 3p° 42,
TIpn ynaneHnn JByX BaJeHTHBIX SIEKTPOHOB oOpasyercst non Ca®" ¢ xoHpurypamueii 1s? 2s? 2p°
3s2 3p°. Takyro e IMeKTPOHHYI0 KOHGUTYpAIMIo UMeroT aToM Al i monsl S&, CI', K¥, Sc* u np.

3aznaua 3. MoryT 1u 2nekTponbI HoHa Al** HaxomuTECA Ha CeTyIOIMX
opOuTansx: a) 2p; 6) Ip; B) 3d?

Pernenne. DneKTpoHHAs KOHGUIypanus atoMa amomuHus: 157 257 2p° 3s? 3pt. Mon
AP 06pazyeTcs py yaaneHny TpeX BaleHTHBIX HIEKTPOHOB U3 aTOMA AMOMHHHS M UMEET HIEKTPOHHYIO
KkoH(uryparmio 1s? 252 2p°,

a) Ha 2p-opOutanu 21eKTpoHBI y’Ke HaXOIATCS.

0) B cooTBeTcTBMM C  OrpaHMYCHUSIMH, HAKJIaJbIBAGMBIMA Ha  KBAaHTOBOE
gucio | (I= 0, 1,... n-1), mpu N = 1 BO3MOXKHO TOJBKO 3HauYeHue |= 0, ciemoBatenvHO, Ip-
OopOuTab HE CYIIECTBYET.

B) Ha 3d-opOutaiy 31eKTpoHbl MOTYT HAXOIUTHCS, €CIIH HOH - B BO30YKICHHOM CO-
CTOSIHHU.

3amayda 4. Harmummre 37eKTpOHHYIO KOH(GUTYpAIHIO aTOMa HEOHA B TIEPBOM BO30YKICHHOM
COCTOSIHUHU.

Pemenne. DNeKTpoHHAs KOHMUTYpaIis aTOMa HEOHA B OCHOBHOM COCTOSHHH — 182 252 2p°,
I[TepBoe BO30ykIEHHOE COCTOSIHUE TOY4aeTCs MPU MEPEX0/Ie OJHOTO IEKTPOHA C BBICIIEH 3aHATOM
opOuTamm (2p) Ha HU3IIYFOCBOOOIHYOOPOUTAIH (3S). DIeKTpoHHAs KOH(HUTYpaIisl aToMa HeoHa B
TIEpBOM BO30YXKIEHHOM cocTosHuN - 182 252 2p° 3st.

3azaua 5. Kaxos coctas syiep m3orornos 2Cu 3C, “N u PN?

Pemenue. Yucnno NpoTOHOB B spe paBHO MOPSAKOBOMY HOMEPY 3JI€MEHTa M OJIMHAKOBO IS
BCEX W30TOIOB JIAHHOTO AJIeMeHTa. YHCII0 HEWTPOHOB PABHO MAacCOBOMY YHCITY (YKa3bIBAEMOMY Clie-
Ba BBEPXY OT HOMepa 3JIeMEHTa) 33 BEIYETOM YHMCIIa IPOTOHOB. Pa3HbIe M30TOIBI OJTHOTO U TOTO e
9JIEMEHTa UMEIOT Pa3HbIC YMCIIa HEUHTPOHOB.

CocraB yka3aHHBIX si7IEp:
L2C.6p + 6n;
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13C:6p + 7n;

YUN: 7p + 7n;

®N: 7p + 8n.

Jlabopamopnas paboma Ne5.
Knaccupukauus XuMuuecKuX peakiuid.

®ponos, B.U. IIpakTiky™m no oO1iel 1 HEOPraHUIECKOH XUMHUH: y4e0.11ocoOue is CTy. By30B,
oOyyaroIuxcs Mo HampaBlIeHHI0 «Mertamtyprusy, «XUMU4ecKkas TEXHOJOIMs U OMOTEeXHOJIO-
rusi» / B.M. ®@ponos, T.M. Kypoxtuna, 3.H. IpimoBa ; mox pen. H.H. [1aBnosa, B.I1. ®ponosa. —
2-e u3 ., nepepad., nom. — M. : lIpoda, 2002. — c. 33.

Jlabopamopnan pavoma No6
KauecTBeHHBbIE peaKIIUM HA KATHOHBI M AHUOHBI.

Ilens pabomer. 3HaKOMCTBO C KQU€CTBEHHBIM aHAJIM30M Ha MPUMEPE HOHHBIX PEaKIIUid,
UCIIOJIB3YEMBIX IS OOHAPYKEHUS HEKOTOPHIX MOHOB B PACTBOPE M U3MEHEHUEM OKPACKW MHJIH-
KaTOpOB B Pa3HBIX Cpe/ax.

AHaTUTHYeCKHE MPU3HAKH BelleCTB U AHAJINTHYECKHE PeaKINu

[Tpu mpoBeAeHNM KaYeCTBEHHOTO M KOJIMYECTBEHHOI'O aHalIM3a UCHONB3YIOT aHaiumuie-
CKUe NPU3HAKU ewecms U AHATUMUYecKue peakyuu.

AHnanumuyeckue npu3HaKu — Takue CBOMCTBA aHATTM3UPYEMOTO BEIIECTBA WU MPOAYKTOB
€ro MpPEeBpaIECHUs, KOTOPbIE MO3BOJISIOT CYIUTh O HAJTMYUHM B HEM TE€X WMJIU MHBIX KOMIIOHEHTOB.
Xapaxmepnvie ananumuyeckue npu3Haxy — 1BET, 3aIlaxX, Yroji BpalleHUs TUIOCKOCTH MOJsIpr3a-
[IUU CBETA, PAIMOAKTUBHOCTH, CIOCOOHOCTh K B3aHMMOJCHCTBHIO C AJICKTPOMArHUTHBIM H3ITyde-
HUEM (HampuMmep, HaJudue Xapaktepuctudeckux nonoc B MK-crekrpax moriouieHuss Uin Mak-
CHMYMOB B CIIEKTpax MOTJIOMIEeHUs B BUAUMOM 1 Y D-0051acTu CrieKTpa) U Ap.

AHnanumuyeckaa peakyusa — XUMUYECKOE MPEBpaICHHE aHATN3UPYEMOro BEIIEeCTBa MPH
JIEWCTBUM aHAJTUTUYECKOTO peareHTa ¢ 00pa3oBaHUEM MPOIYKTOB C 3aMETHBIMU aHAIUTUYECKH-
MU MpU3HaKaMH. B kaduecTBe aHATUTUYECKUX PEaKIMi Yallle BCero MCIONIb3YIOT peakiuu oopa-
30BaHUs OKPAIIEHHBIX COCTMHEHUN, BBIJICTICHUE UM PACTBOPEHUE OCATKOB, Ta30B, 00pa3oBaHue
KPUCTAIIJIOB XapakTepHOi (OpMbI, OKpallliBaHHE MJIaMEHH Tra30BOi Topelku, 00pa3oBaHUE CO-
eIMHEHUH, JJIOMUHECIUPYIOIIUX B pacTBopax. Ha pe3ynbrarhl mpoBeieHUs aHATUTUYECKUX Pe-
aKIU{ BIMSIOT TEMIIepaTypa, KOHIIEHTpAIMs pacTBOpoB, pH cpenbl, MpUCYTCTBUE IPYTHX Be-
HIECTB (MEMIAIOIINX, MACKUPYIOIINX, KaTATU3UPYIOUIUX MPOIECCHI).

Harmpumep:

Ooépaszoeanue OKpaueHHbIX COCOUHEHUL.

Honsr Menu Cu?* B BOJHBIX pacTBOpax, B KOTOPHIX OHHM CYIIECTBYIOT B (JOpMe aKBAKOM-
mrekcoB [CU(H20)n]?*, mpy B3amMOeHCTBHM ¢ aMMHAKOM 0Opa3ylOT PacTBOPUMBINH KOMILIEKC
[Cu(NH3)4]?" sipkoro cure-romy60ro 1BeTa, OKPAIINBAIONINIA PACTBOP B TOT XK€ I[BET:

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

C TIOMOIIBIO 3TOH PEeaKIMK MOXHO MICHTHHIMPOBaTh HOHBI Mean CU?* B BOAHBIX pac-
TBOpax.

Eciu B BOJHOM pacTBOpE TPHCYTCTBYIOT HOHEI TpeXBaleHTHOTO kene3a Fed' (take B
dbopme axBakommuekca [Fe(H20)6]**, To mpu BBemeHHMM THOIMAHAT-MOHOB (POJAHHI-HOHOB)
NCS™ pactBop oOKpammBaeTcss B KpacHBI I[BET BCIEJICTBHE OOpa30oBaHUS KOMILIEKCOB
[Fe(NCS)n(H20)6-n]* " kpacHoro 11B€TA:

[Fe(H20)6]®" + NNCS™ = [Fe(NCS)n(H206-n]* " + nH20
rae N< 6. IIpyu 3ToM, B 3aBHCHMOCTH OT oTHoIIeHus kKoruentparmii [Fe(H20)s]>" u NCS, o6pa-
3yeTcsl paBHOBECHAsI CMECh KOMILIEKCOB ¢ n= 1; 2; 3; 4; 5; 6. Bce oHM OKpallleHbl B KpacHBIN
[BET. DTa peakiys UCTIONb3yeTCs it OTKpbITHs nOHOB kene3a(lll).

3aMeTHM, Y4TO MHAMBHYalbHEIE MHOTO3apsIHEIE HOHBI, Hampumep, Cu?t, Fe?*, Fe3*, Co®,
Ni?" u T. 1., TaK e, Kak U HOHbI Bogopoaa H* (1. e. mpoToHBI — si/1pa aToMa BOZOPOAA), B BOJI-
HBIX PaCTBOPAX B OOBIYHBIX YCIOBHSIX CYIIECTBOBATh HE MOTYT, TaK KaK OHU TEPMOAMHAMHYECKU
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HEYCTOWYMBBI M B3aUMOJICHCTBYIOT C MOJICKYJIaMH BObI MM C IPYTHMH YacTHIIAMH C 00pa3o-
BaHHMEM aKBAKOMILJICKCOB (MJIM KOMILIEKCOB HHOTO COCTABA):
M™ + nH20 = [M(H20)n]™" (axBakoMmILiekc)
H* + H.O = H3O" (kaTuoH ruapoKCOHus)

JInst KpaTKOCTHB XUMHUYCCKUX YPABHCHUSAX HE BCETa YKa3bIBAIOT MOJICKYJIbI BOJbI, BXO-
JSIIEE B COCTAB aKBAaKOMIUIEKCOB, CIIIyeT IOMHUTb, OJJHAKO, YTO HA CAMOM JIeJIC B PEaKIUsX B
pacTBOpax y4acTBYIOT COOTBETCTBYIOIIME KOMIUIEKCHI, & HE «TOJIbIe» KATHOHBI METAJUIOB HIIH
Bogopona. Tak, a1s npocrotsl, mumryT HY, Cu?*, Fe?* u 1. 1. BMecTo Gonee npasunbsHoro HsO,
[Cu(H20)4]%*, [Fe(H20)6]**, cooTBeTCTBEHHO, 1 T. 1.

Buioenenue unu pacmeopenue ocaokos.

Wonsl Ba®*, mpucyTcTByIomme B BOXHOM PacTBOPE, MOKHO OCAIHTh, IPHOABIISA PacTBOP,
comepxkamuii cyabdar-nons SO?* B hopme MaopacTBOPHUMOTo HEIOro ocanka cynbdara Gapus:

Ba?" + SO4*” — BaSOs—(6emblii 0canok)

AHanoruyHas KapTUHA HaOIIOAeTCs MPH OCAXKIEHUH HOHOB Kanbius Ca?* pacTBOpUMBI-
MH KapOOHATaMu:

Ca?" 4+ CO3% — CaCO3 — (6emnblif 0caaoK)

Benblii ocagok kapOoHaTa KajblUsA PACTBOPSIETCS MPH JICUCTBUU KHCJIOT, HAIPUMED, IO
cxeme:

CaCOs3 + 2HCI — CaCl; + CO271 + H20

[1pu 3TOM BBIIEIACTCS Ta3000pa3HbIN TUOKCH]L YTIIEpPO/Ia.

Xnopomnarunar-uonsl [PtClg]? 06pa3syioT ocaaxu 5KenToro 1seTa mpy NpuOaBIeHUU pac-
TBOpa, cojepskamniero katrnonsl kaaus K mim ammonnst NH™. Eciu Ha pacTBop XsioporuiatuHara
Hatpus Naz[PtCle] (3Ta cosb TOBOIBHO XOPOIIO PACTBOPUMA B BOJIE) MOACHCTBOBATH PACTBOPOM
xmopuaa kamuss KCl win xmopuma ammonusi NHiCl, TO BbImagaroT >KenThie OCaIKH TIe-
kcaxioporuiarunara kamusi Ko[PtCls] mam ammonust (NH4)2[PtCle], cootBeTcTBEHHO (3TH COMH
MaJlopacTBOPUMBI B BOJIE):

Naz[PtClg] + 2KCIl — K[PtCls]| +2NaCl
Naz[PtCls] + 2NH4C1 — (NHa)2[PtCle]| +2NaCl

Peaxyuu c evloenenuem 2azoe (2azosvloenumenbHhole peaKkyuiu)

Belimie yxe mpuBOAMIaCh PEaKIUsl PACTBOPEHUS KapOOHATa KalbIlMsl B KUCIOTaX, IPH KO-
TOPOH BBIAENISIETCS ra3000pa3HbIi AUOKCH] YIIepoaa. YKaKeM elle Ha HEKOTOpBIE Ta30BbIICIH-
TEIBHBIC PEAKIIUH.

Ecnu k pacTBOpy KakoW-JIMOO COJTM aMMOHUS TPUOABHUTH IIEJI0Yb, TO BBIJIEISETCS Ta3000-
pa3HbIil aMMHAaK, YTO MOYKHO JIETKO OTPEIENIUTh 110 3araxy MM M0 MOCUHEHUIO BIAKHON Kpac-
HOM JJaKMyCOBO# Oymaru:

NHs + OH™ = NH3-H20 — NH37 +H20
Ota peakIys UCIOIb3yeTCsl KaK B KAYECTBEHHOM, TaK U B KOJJMUECTBEHHOM aHAJIN3E.
Cynbshunb! npu 1eHCTBUHA KUCIOT BBIJCISIIOT Ta3000pa3HbIN CEPOBOIOPO:
S* + 2H* — H,S1
YTO OIIYIIAETCS MO CIEH(PUISCKOMY 3araxy cepoBOAOpOIa.

Ob6pazoseanue Kpucmainoe xapaKkmepHoi opmel (MUKPOKPUCMAINOCKONUYECKUE pe-
akuuu).

Wonbl Hatpus Na* B Kamuie pacTBopa NpH B3aMMOJEHCTBUH ¢ rekcaruapokcoctubar(V)-
nonamu [Sb(OH)s]” o6Opasyror Oenble KpucCTaulbl rekcaruapokcoctrbarta(V) Harpus
Na[Sb(OH)e] xapakrepHoii (GOpMBI:

Na® + [Sb(OH)s]” = Na[Sb(OH)e]

dopma KpHCTAIJIOB XOPOIIIO BUHA MIPU PACCMOTPEHUH UX TMOJ MHUKPOCKOIIOM. DTa peak-
IHsI UCTIOJIb3YETCS B KAUECTBEHHOM aHAJIN3¢ JUIS OTKPBITHS KATHOHOB HATPHSL.

Wonbl kanus K' npu peakuuu B HEHTPaIbHBIX MM YKCYCHOKHMCIIBIX PACTBOpPax ¢ pacTBO-
puMbIM rekcanutpokynparoMm(ll) marpust u cBunia NaxPb[Cu(NO2)s] ob6pasyior uepHbie (Miau
KopuuHeBble) kpuctawibl rekcanurpokynpara(ll) xamust u ceunna KoPb[Cu(NO2)s] xapakrep-
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HOW KyOn4eckoi (OopMbl, KOTOpPBIE TAKXKE€ MOYKHO YBHJETh IPU PACCMOTPEHHUH O] MHUKPOCKO-
oM. Peakuus nporekaer 1o cxeme:
2K + NazPb[Cu(NO2)s] = K2Pb[Cu(NO2)s] + 2Na*

Ona npuMeHseTcsl B KAUECTBEHHOM aHaJIM3€ JUIsl OTKPBITUS KATUOHOB KaJIusl.

MUKpPOKPHUCTAIITIOCKONMYECKHI aHalu3 BIEpPBblE BBEJI B AHAJIUTUYECKYIO IPAKTUKY B
1794—-1798 rr. unen IlerepOyprekoii akagemun Hayk T. E. JloBuil.

OKpawiueanue niamenu 2a3080i 20peaKu.

[Tpu BHECEHNHU COETMHEHUI HEKOTOPHIX METAJIJIOB B IJIaMs Ta30BOM TOPEIKU HAOJII01aeTCs
OKpalllMBaHUE MJAaMEHU B TOT WJIM MHOH LBET B 3aBUCUMOCTHU OT NMPUPOAbl MeTaiuia. Tak, conu
JUTHS OKPALLMBAIOT IJIaMsl B KAPMUHOBO-KPACHBIN LIBET, COJIM HATPUs — B JKEITHIH, COJIU KaJlus
— B ()MOJICTOBBIN, COJIM KaJlblUs — B KUPIIUYHO-KPACHBIN, COJIN OapHsl — B KEJITO-3€JIEHbIH U T. 1.
370 sIBIIEHUE MOXXHO OOBSICHUTH CIEAYyIomuUM o0pazom. IIpu BBeeHHH B TIaMsl Ta30BO ropen-
KU COEAMHEHUs JJaHHOI'O MeTajlia (HalpuMep, €ro COoIM) 3TO COeJUHEHUE pasiaraercs. ATOMBI
MeTaJla, 00pa3yroUIecs Mpu TEPMUYECKOM Pa3I0KEHUN COEAUHEHMS, IIPU BBICOKOW TeMmIepa-
Type IUITaMEHH T'a30BOM TOpEeiKH TePMUYECKH BO30YXKAAIOTCS, T. €., HOIJIONasl ONpe/eleHHYI0
NOPLUIO TEIJIOBOM 3HEPruu, NEPEXOoJIT B KAaKOE-TO BO30YKIEHHOE 3JEKTPOHHOE COCTOSIHHE,
oOnanaroiee 0osbIeii SHEprUeil Mo CpaBHEHUIO ¢ HEBO30YKICHHBIM (OCHOBHBIM) COCTOSIHUEM.
Bpewmst xu3HM BO30YXKIEHHBIX 3JIEKTPOHHBIX COCTOSSHUN aTOMOB HMYTO>KHO MaJslo (OUY€Hb MaJjble
JIOJIM CEKYHJIbl), TaK YTO aTOMBbl IMPAKTUYECKH MTHOBEHHO BO3BpAILlAlOTCS B HEBO30YKICHHOE
(OCHOBHOE) COCTOSIHME, UCITyCKasl MOIJIOIIEHHYIO SHEPIHI0 B BUJIE CBETOBOIO M3IYUYEHUS C TOM
WIA WHOW JUIMHOW BOJIHBI, 3aBHCAILIEH OT Pa3HOCTHU SHEPrHUHM MEXAy BO30YKICHHBIM M OCHOB-
HBIM 3HEPreTUYECKUMU YPOBHSAMHU atoma. J[Jil aToMOB pa3HbIX METAJIJIOB 3Ta Pa3HOCTh dHEPTUuit
HEOJIMHAKOBA U COOTBETCTBYET CBETOBOMY M3JIyUYEHHUIO ONPEEeNCHHON UIMHBI BoJHBI. Eciu 310
U3JIy4YCHUE JIOKUT B BHIMMON 00JacTh crieKTpa (B KpacHOH, YKENTOW, 3€JIEHOW HIIM KaKOW-TO
JpyToi ee 4acTH), TO 4eJIOBEYECKHH I1a3 GUKCUpyeT Ty WU MHYIO OKPAcKy IJIAMEHU TOPEJIKH.
OxkpammBaHue TIaMEHU — KPaTKOBPEMEHHO, TaK KaK aTOMbl METaJula YHOCSTCS C ra3000pa3Hbl-
MU NPOYKTaMU TOPEHHUSL.

OxpammBaHye MJIaMEHU T'a30BOM TOpPENKU COEIMHEHUSMU METaJNIOB MCIIOJIb3YETCsl B Ka-
YECTBEHHOM aHaJI3e JJIsl OTKPBITUSl KAaTHOHOB METAIJIOB, JAIOIIMX U3JIyuYeHHe B BUIUMON 001a-
CTH CIIEKTpa.

B Tabnuue 2 mpuBeaeHb! NMpUMEphl OKPAIIMBAHUS IUIAMEHHM TOPEJIKH HEKOTOPBIMU 3ile-
MEHTaMH.

Tabnuua 2. OxpanmBaHue MIaMeHHU COeAMHEHUSIMU HEKOTOPBIX 3JIEMEHTOB

OnemMeHT [IBeT uiamMeHn OnemMeHT [IBeT muiamMmeHn
JIntun KapmnHOBO-KpacHbIN WNunii CuHe-(huroseToBbli
Harpuit Kentsrit Tajumui N3ymMpyaHO-3€JIeHbIN
Kannit duoJIeTOBBIN CauHer brenno-cuamnii
Py6unuii Po30B0-(hroneToBsIit Mpeissk bnenno-cunuit
[e3uit P030B0-(101€TOBBII Cypbma biiegno-cunmit
Kanbuuii KupnunyHo-kpacHblii Cenen bienno-cuanit
CrpoHuuii KapMuHoBO-KpacHbIi Temryp W3ympyaHO-3€s1eHbII
bapwit Kenro-3eneHnii Menb 3eneHblid, Toayooi
bop 3esieHbIi Monubnex Kenrto-3eneHsiii

Obpa3zosanue coeOunenuil, 1HOMUHECUUPYIOUUX 6 PACEOPAX

I/IHOF)Ia B KQUCCTBCHHOM HJIM KOJIMYCCTBCHHOM aHaJIM3€ MPOBOJAAT AHAJIUTHYCCKUC PCaAK-
IIUH, POJTYKThl KOTOPBIX 00JIAJJAIOT CBOWCTBOM JIFOMHHECIIEHIIUU B PACTBOPAX, T. €. Ipu 00Iy-
YEHUW MX CBETOM B yJIBTPa(HOIETOBON MM BHAMMON 00JACTH crieKTpa (Bo30yrkmaroriee o0my-
YEeHHE) OHM MCITyCKAaIOT CBETOBOE M3JIyUYECHHE B BHAMMOM 00JACTH CIEKTpa C HECKOJIBKO OOJIb-
e IJTMHOM BOJIHBI TI0O CPAaBHEHUIO C BO30YKIaromuM o0mydeHrneM. BuzyansHo 310 HaOm01a-
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€TCs KaK OKpAIIeHHOE CBEYEHHE PacTBOpa, B KOTOPOM MPOBEICHA JTIOMUHECIIEHTHAs! aHAIUTHYe-
CKasl peaKiusl.

Tax, npu B3auMOAEHCTBUY KaTHOHA JUTUS Li* ¢ 8-OKCUXMHOJIMHOM WM YPaHUIALETATOM
IIUHKAa 00Pa3yIOTCs MPOAYKTHI PEaKIiH, 00J1aal0IHe COOTBETCTBEHHO TOIYOOH U 3€JIeHOH JIIo-
muHectennuei. [Ipu peakuuu katnoHoB HaTpuss Na* ¢ ypaHWIIaleTaToM IIMHKA B YKCYCHOKHUC-
JIOM cpesie pa3BHBAETCS JKENTO-3eNeHast JIOMUHeCHeHIMA. [[000HbIX peakinii H3BECTHO MHOTO.

Pasznuynble BeniecTBa JIIOMHUHECHIUPYIOT B TOW MM MHOW YacTH BUIAMMON OOJIACTH CIEK-
Tpa, T. €. UX U3JyUYEHHUE JIOMUHECUEHIIMM CEJIEKTUBHO — OKpalIeHo 1o pa3HoMy. 1o xapakrepy
OKpackH (3KenTasi, 3eJIeHast U T. JI.) CYAST O MPUCYTCTBUU B PACTBOPE COOTBETCTBYIOIIETO COEH-
HEHUS, a 10 MHTEHCUBHOCTU U3JIy4YEHUS JIIOMMHECLEHIMH JI€Jat0T BBIBOJA O KOJUYECTBEHHOM
COJIep’KaHUU ITOTO COCTUHEHHS B paCTBOpE.

B HekoTopbIx ciyuasix, HalpOTHUB, HUCIIOJIB3YIOT ralleHue JroMuHecneHuu. Hamnpumep,
JIOMUHECIICHTHOE CBEUEHHE alleTaTa ypaHWIa ucye3aeT (racuTcsl) B NMPUCYTCTBUU XJIOPUI-,
Opomua- niu noaua-anuonos (C1-, Br, I7), 4To MOKHO MCHOIb30BaTh AJIs1 OTKPBITHSI 3TUX aHU-
OHOB.

JIrtoMuHeCHEHIMST MOKET aKTHBUPOBATHCSI M BCJEICTBUE NMPOTEKAHUSI ONPEACIIEHHBIX XU-
MHUYECKHX MPOIECCOB. B 3TUX ciyyasx ee Ha3bIBAIOT xemuntomunecyenyuetl. Tak, nromunon (3-
aMHHO(PTABIUPA3KU/) B MIETOYHBIX PACTBOpaxX B MPUCYTCTBUH Mepokcuaa Bogopoaa H202 re-
HEPUPYET SIPKYI0 XEMUIIOMUHECICHIINIO, YCUIUBAIOIIYIOCS O] BO3/ICHCTBUEM KaTaau3aToOpOB
(comu Memu, Maprasiia, >keies3a, KodaJbTa U Ap.). XEMUITIOMHUHECIICHTHBIE PEAKIIUU TaK)Ke HC-
MOJIb3YIOTCSA B XUMHUUECKOM aHaln3e.

Tunwvl ananumuueckux peaxKyuii u peazennos

AHaJIUTHYECKHUE PeaKlMyd U aHATUTHYECKHE PEareHThl 4acTo MOJpa3AeiaioT Hacneyugu-
yeckue (cneyuguunvle, Xapakmepmvie), celeKmusHvle (U3oupamenbhvie), 2pynnosoie.

Cneyuguueckue peareHTbl U peaklUy MO3BOJSIOT OOHAPY)KUBATh JAHHOE BEIIECTBO HIIU
JTAaHHBIN MOH B MPUCYTCTBUU JAPYTUX BEIIECTB WK HOHOB.

Tak, HarIpuMep, €cu B pacTBOpPE MPUCYTCTBYET MOJIEKYIApHBIH oz 12 (TouHee — Tpuiio-
TUA-UOH |37, TO mpu NMpUOaBIEHUU CBEXKENPUTOTOBIEHHOTO BOJHOIO pacTBOpa Kpaxmaia Hc-
XOJHBIN PacTBOp OKpalluBaeTcs B CMHMH 1BeT. IIpouecc — oOpaTuMelii; Mpu UCUE3HOBEHUHU B
pacTBOpe MOJEKYJISIpHOronoJa (HalpuMmep, MpU €ro OKHCIEHUU 10 HOJUA-UOHOB |7) cuHsA
OKpacKka Tak)e HCUe3aeT M pacTBOp 0OecHBEUYMBAETCS. DTa peaklus IIUPOKO HCIOJIb3yeTcs B
KaueCTBEHHOM M KOJMYECTBEHHOM XMMHUYECKOM aHaym3e. Briiepsrie ee onucan B 1815 1. Hemerr-
kil xuMuk O. IlItpometiep.

CuHee oKkpallliBaHUE pacTBOpa KpaxMmaia B IPUCYTCTBUU NOJA (TPUHOAUI-NOHOB; YUCTHIN
MOJIEKYJISIpHBINA nojil2 B 0TcyTCTBUM HOAUI-MOHOBI™ HE OKpamuBaeT Kpaxmai) oObsICHAIOT 00pa-
30BaHHEM aJICOPOLIMOHHOIO KOMILJIEKCa MEXAy KOJUIOMIHBIMM MAaKpOMOJIEKYJIaMH Kpaxmala
(ppakusamMu Hepa3BETBICHHON aMUJI03bl) U TPUHOANI-MOHAMHU.

Criermudrueckum peareHToM Ha HUTpUT-HOHBI NO2™ siBisiercst peaktuB [ pucca—MnomBast
(cmech a-HadpTHmamuHaCi0H7NH2 u cynsdannnoBoit kucnorst HO3SCsHaNH3), ¢ xoTopsim
HUTPUT-UOH (OOBIYHO B TPUCYTCTBHUM YKCYCHOM KHCJIOTBI) OOpa3yeT a30KpacuTellb
HO3SCsH4sN=NC10H7NH2 xpacnoro 1Bera:

HO3SCsHsNH2 + HNO> + C10H7NH2 — HO3SCsHaN=NC10HsNH> + 2H.0

CwMmech a-HapTHIAMHHA € CyTb(aHUIOBON KUCIOTON B KayecTBE CHEM(PHUECKOro peareH-
Ta Ha HUTPUTHI Oblia BriepBble mpenioxkeHa B 1879 r. nemenkum xumukom I1. I'puccom. Io3z-
HEE dTa peaklvs U3ydanach BEHrepckuM xuMukoM JI. MnomBaem. B coBpeMeHHON aHamuTHye-
CKOW XMMHH YKa3aHHYI0 CMECh OOBIYHO Ha3BIBAIOT «peakTuB (peareHt) I 'pucca—MnomBas» umu
IIPOCTO «peakTuB I'pucca», a COOTBETCTBYIOLIYIO peaklMio — «peakuuen ['pucca—Momsas
i «peaknueit ['puccay. BmecTo a-HadTHIaMUHA TPUMEHSIOT Tak)Ke HA(TOIBI.

B kauecTBe cHenu(pUIecKoro pearenTa Ha noHsl Hukens NiZ* ucrmons3yior peaktus Uyra-
eBa — IMMETHIITITHOKCHM, KOTOPEIi B pucyTcTBUM KaTnoHoB Ni?* B aMMuadHoii cpene o6pasyer
MaJIOpaCTBOPUMBI B BOJE KOMIUIEKC KpacHOro nBera — Oucaumerwiariuokcumat Hukess(ll),
KOTOPBIN TPaJIUIIMOHHO HA3bIBAIOT HUKEIbIUMETHITIINOKCUMOM:
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2
2 HC—C=NOH HC—C=Ny N=C—CH,
Ni +2 ! - SN +2H
H,C—C=NOH  H,C—C=N \1]1=<:—CH3
O—H-0

JIMMETHIIIIINOKCUM Kak creuu(Uyeckuidi 1 O4eHb YyBCTBUTEJIbHBIA PeareHT Ha MOHbI HU-
kens Ni%* 6bU1 BrepBbIe mpeoxkeH pycckuM xumukoMm JI.A. Uyraessim B 1905 r. 1 Ha3BaH BIO-
CJIEZICTBUU €ro UMeHeM («peakTuB Uyraeay).

CrienuduuecKkux aHATUTHYECKUX PEAareHTOB U PeaKuii U3BECTHO MAJIO.

Cenekmugnvie peareHTbl U pPeakLUy MO3BOJISIIOT OOHAPYKUBATh HECKOJBKO BEIECTB WIN
MOHOB. Takux peareHToB U PeaKUUil U3BECTHO 3HAYUTEIHHO OOJIBIIIE, YeM CIICHU(PHUCCKUX.

I'pynnogvie peareHThl U peakuu (YaCTHBIM cilydyail CeIeKTUBHBIX) MMO3BOJISIFOT OOHAPYKH-
BaTb MOHBI ONIPECIICHHON aHATUTUYECKOM IPYIIIIBL.

Tak, Harpumep, xnopoBogopoanas kuciora HCl u pacrBopumsie B Boae xnopust (NaCl,
KCI, NH4Cl u T.1.) SBISIOTCS TPYyNIIOBBIMUA PEAreéHTaMU Ha TPYIIY KaTHOHOB, COCTOSIIYIO U3
MOHOB OJTHOBAJIEHTHOTO cepedpa Ag*, «0qHOBAIEHTHOWY pTyTH HY2" 1 IBYXBalleHTHOTrO CBUHIIA
Pb?*. Tounee ToBOpS, B PO IPYNIIOBOIO PeareHTa 37ech BHICTYNaoT xiaopua-uonsl Cl-, o6pa-
3yIOIIKE C YKa3aHHBIMU KaTHOHAMHU METAJUIOB MaJOpAacTBOPUMBIE B BOJIE OeJble OCaJIKU XJIOPHU-
JIOB 3TUX KaTHOHOB:

Ag'+CI - AgCld
Hgl* +2CI" - Hg,ClL, 4
Pb** +2C1" — PbCl,

Ananormano cepHas kwcimora HxSOs u pactBopumbie cynbhatel (NaxSOs, KoSOg,
(NH4)2SO4 u T.1.) SBIAIOTCS TPYIIOBBIMHA peareéHTaMH Ha IPYIITY IBYXBAJICHTHBIX KaTHOHOB
kanbius Ca?*, crponmus Sr?* u Gapus Ba?*. C ykasanHbIME KaTHOHAMH cyibhaT-anuoH SO
(cOOCTBEHHO TPYIIIOBOW peareHT) JaeT MajJopacTBOPUMBIC B BOJIE CYJIb(aThl, BBINAIAIONINE B
BUJIE O€JIBIX OCa/IKOB:

Ca™ +SO! — CaSO, |
Sr** + 80 — 880, 4

‘Ba®* +S0? —» BaSO, ¢

CyIecTByYIOT TPYIIIOBBIE PEAreHTHI U JJISl IPYTHX TPYII KATHOHOB M aHUOHOB.
Bonpocwi cobecedosanua:

1. Yro Ha3bIBaeTCS aHAIUTUYECKUMU MPU3HAKAMH U aHATUTUYECKOM peakiuei?

2. Kakue BaM HM3BeCTHBI aHaTUTHUYECKUe peakiuu? [IpuBeanTte npumepsl.

3. [lpuBeauTe THITHI AHATUTHYECKUX PEAKIIHA U peareHTOB.

Ilenv pabomobr: 03HAKOMUTHCS C PEAKLUSAMHU JUIsI ONpEIeNeHUs] KaTHOHOB M aHHOHOB B
pacTBopax.

OmnsiT 1. Peakuuu ¢ o6pa3zoBaHuem ocajka

A. C moMoIIpio TabIUIIBI PACTBOPHUMOCTH PEIINTh, KAKUE PEAKTUBBI MOKHO HCITOJIE30BAThH
nns ocaxkaenus nonos Ca®*, Zn?*, Fe?*. TpoxenaTh 3TH peakiuu. YKasaTh IBET ocankos. Hamu-
caTb ypaBHEHHS B MOHHOM BH/JIC.

b. IlogetictBoBatk pacTBOpoM cynbduna Hatpus NaxS wmm cynepuna ammonus (NHas)2S
Ha PAacTBOPHI, COZiep KaIlie ceaylonme KaTHoHs: Zn%*, Cd?*, Mn?*, Cu?*, Sb**. Vkasarts mser
ocaakoB. Hanucare ypaBHeHUs peakuuii B MOHHOM Buje. [lepeuncieHHble KaTHOHBI MOTYT OBITh
oOHapy>KeHBI B PAaCTBOPE 1O XapaKTEPHOMY IBETY WX CYJIb(HUIOB, YTO UCIOIH3YETCS B aHAIH-
TUYECKOM XMMHMHU IIPU KaUeCTBEHHOM aHAJIN3€ BEIIECTB.

B. ITo peakiuu oOMeHa mosrydnTh ocafok xiopuaa ceunma PbCly, meiictBys pactBopom
xyopuga Hatpus Ha pactBop coiu cBuHIa PH(NO3).. [late ocagky ocects. CIMTh MaTOYHBIN
pacTBOp (HaIOCaAOUYHYIO KUIKOCTh). B skumkocT momyckaercss HeOoJbIass Macca B3BeCH. 3a-
TEM B 3TOT pacTBOp A00aBuTh pacTBop moauna kanus Kl. [late ocagky ocects. CHOBa CIMTh Ma-
TOYHBIA PACTBOp M 100aBUTH K HeMy pacTBop cyibduma HaTtpus NaS wmm cynbdpuga aMmmoHus
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(NH.)2S. Ykazath 1BeT nojgydarmonmxcs ocaakoB. OOBICHUTH BO3MOKHOCTh MPOTEKAHUS ITHX
peakiuii Ha ocHOBaHWM Tpou3BeneHusi pactBopumoctu (IIP) oOpasyromuxcsi coneil CBHHIIA.
Hanucarb ypaBHeHMsI peakliiii B MOHHOM BHJIE.

Omnwit 2. YacTHsle peakiuu katnona Ca?*

Oxkcainat ammonust (NH4)2C204 (1 apyrue pacTBOpHMBIE COJIH IIaBEIEBOM KHUCIOTHI) 00pa-
3y10T ¢ katuonoM Ca®* Geiblii KpECTAIIMYECKHiT 0CA/IOK:

CaClz + (NH4)2C204 — CaC204 + 2NH4C1
Ca®* + C204%" — CaC20a.

B npobupky nHaneiite 3 kamam pactBopa CaClz m mo6aBbTe Kaluilo pacTBOpa YKCYyCHOM
KHCIIOTHI, 3aTeM mpuieite 3 karmmu okcanata aMMouus (NH4)2C204 1 1-2 kammu pactBopa am-
MHuaka. Beimamaer Genblii KpUCTAITMYECKUN OCa/IO0K.

Omnwit 3. YacTHsle peakiuu katuona Mg?*

®ocdar natpus NasPOs o6pasyer ¢ karnoHoM Mg?* Genblif ocagok:

3MgCl + 2NazPOs — Mgs(POs). + 6NaCl

B npobupky Haneiire 2-3 kariu pactBopa xsopuna maraus MgClo, npubaBbre 2-3 Kariu
pactBopa ¢ocdara HaTpusi. Beimager OelbIii ocaiok.

OmnmiT 4. YacTHBIE peakiuy KaTHHOHA kene3a Fed*

Ponanuz xamus KSCNoGpasyer ¢ monom xenesza Fe3* coequuenns, okpaieHsbie B Kpac-
HBIH 1IBET:

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

B mpobupky HaneliTe 2-3 Karum pacTBopa XJIOpuza xkeieza U npubasbTe 2-3 Karum pac-
TBOpa pojganuaa kanusi. OOparute BHUMaHUE Ha LIBET PacTBOpA.

Omwit 5. YacTHble peakiuy Katurona mexu Cu?*

Ammuak Bogubiii NH4OHoG6pasyer ¢ katnonom meau (ll) pacTBop MHTEHCHBHO-CHHETO
IBETA.

CuSOs + 4NH4OH — [Cu(NH3)4S04] + 4H20

B npobupky HaneiTe 2-3 kamim pacTBopa cyib(paTa Meau U MpuiieiTe 6-7 Kanenb pacTBO-
pa ammuaka. OOpaTure BHUMaHUE Ha IIBET PacTBOpa. 3aTeM INpHIIEHTEe HECKOJIBKO Karelb KOH-
neHTpupoBanHoro pacrsopa ammuaka NHiOH. OtmersTe mBer oOpa3oBaBiierocs pacTtBopa
KOMILJIEKCHON COJIH.

OmebiT 6.YacTHble peakiuu xiopua-anuona Cl™

Hurpar cepebpa AgNOso6pasyer ¢ annoHoM Cl™ Gemnblit TBOPOKHUCTBIN 0CAI0K XJIOpHIA
cepebpa, HEpaCTBOPUMBIHN B BOJIE M B KUCIIOTaX.

B npoOupky Haneire 2-3 kamim pacTBopa XJopHuaa HaTpus U npuOaBbTe MO KaIuisM pac-
TBOp HHUTpara cepedpa. OOpaszyercst Oenblii TBOPOXKUCTHIN ocanok. K ocanky mpuneiite 1 min
BOJHOTO pacTBOpa aMMHaKa, MPH 3TOM oOpasyeTcs KoMIuiekcHast coib cepeopa [Ag(NH3)2]Cl.
[ToneiicTByiiTe Ha 0Opa3oBaBIIeecs coeMHEHUE |MJI KOHLIEHTPUPOBAHHON a30THOW KHUCIIOTOM.
KommiekcHbIi HOH pa3pyiaeTcs U XJIOpH]l cepedpa CHOBA BBINAAAET B 0ca oK. Peakuuu npote-
KalOT B TaKOM MOCJI€I0BAaTEIbHOCTH:

Cl"+ Ag" — AgCl|
AgCI + 2NH4+OH — [Ag(NH3)2]CI + 2H,0
[Ag(NH3)2]Cl + 2 H*— AgCI| + 2NH4*

OmneiT 7. YacTHbIe peakiuu OpoMu-annoHa Bro

HuTtpat cepedpa AgNOs00pazyer ¢ OpomMHI-aHMOHOM KeNTOBaThId 0cagok OpoMuaa ce-
pebpa AgBr, pacTBOpUMBIH B a30THON KHUCIIOTE ¥ IIOXO PACTBOPUMBIN B aMMHUAKE.

AgNOs + KBr — AgBr| + KNO3
Ag*+ Br  — AgBr|

B mpobupky Hanelite 2-3 kamim pacTBopa OpoMuja HaTpus UIpUOaBbTE MO KaIuIAM pac-
TBOp HUTpaTa cepedpa. OOpa3yeTcs KEITOBATHIN TBOPOKUCTHIN 0CAOK.

OmnpiT 8. YacTHble peakuu noaua-anuoHal™
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Hutpat cepedbpa AgNOszo0pasyeT ¢ Hoaua-aHMOHOM JKENTHIM OCaJOK Moaumaa cepedpa,
Agl He pacTBOpUMBII B @30THOM KUCIOTE U B PaCTBOPE aMMHaKa.
AgNO3 + KI — Agl] + KNO3
Ag'+ I — Agl|
B npobupky HanelTe 2-3 karim pacTBOpa HOUAA HATPHUs UIIPHUOABBTE 110 KAIJIsIM pacTBOP
HUTpaTa cepedbpa. OOpazyercs KeNAThIi TBOPOKUCTHIN 0CAIOK.
OmnsiT 9. YactHble peakiuu cyabdar-annonaSO4>
Xnopuz 6apus BaClyo6pasyer ¢ annonom SO4>~ 6emsiii ocamok BaSOs:
BaCl, + Na;SO4 — BaSO4|+ 2NaCl
B mpo6upky nanelite 3-4 xamm pactBopa cynbgata HaTpus NazSO4u nobasbre 2-3 Karm
pactBopa xnopuzaa OGapus BaCly. OOparute BHUMaHHE Ha XapaKTep OcajJka U €ro pacTBOpPH-
MOCTb.
Omnsit 10. Yactasle peakiuu pochaT-annona POs>~
Momu6aar ammonus (NH4)2MoO406pasyer ¢ annonom PO4> xenTslii ocanok.
H3PO4 + 12(NH4)2M004 + 21HNO3 — (NH4)3sH4[P(M0204)s]|+ 21NH4NO3 + 10H.0
B mpobupky naneiite 3-4 kamm pactBopa ¢ocharta HaTpus, TpudaBpTe 7-8 Karenb KOH-
LEHTPUPOBAHHOM a30THOW KHUCIOTHI U PAcTBOp MojubOIaTa aMMOHMs. Belmagaer xenTslit oca-
JIOK.
OmnsiT 11. M3MeHeHre OKpacku MHAUKATOPOB B PaCTBOpaX KUCIOT U IIeI0den
1 Haneiite B Tpu npoOupku 1o 1 M JUCTUIUIMPOBAHHON BOJIbI U NIPHUOABbTE PacTBOP
JaKMyca JI0 XOpOIlIO 3aMeTHOM okpacku. OTMEThTe LBET JJaKMyca B BOJHOMU cpene. B onny u3
npoOUpPOK C PacTBOPOM JIAKMyca MpUOaBbTE HECKOIBKO Karelb KUCIOTHI, B APYIYIO IIETOYH.
Habmopaiite n3MeHeHue 1BeTa UHMKATOPA.
2. Iponenaiite TO e camoe, B35B BMECTO JIakMyca (DeHON(TaIeHH, a 3aTeM ITOBTOPHTE OITBIT C
METUJIOBBIM OpaH)XeBbIM. HabmtoaeHus nomecture B TaOIULLY:

WNupaukarop Oxpacka WHAMKATOpa
B BOJIE B IIIEJI0YH B KHCJIOTE
JaKMyC
dbenondranenn

METHJIOBBIN OpaHKe-
BBIN

Hammmre ypaBHEHMsT peakumii AJIEKTPOIMTUYECKON TUCCOLMALIMM KUCIIOTHI U IIETIOUM. Y Ka-
KUTE, KAaKME MOHBI BIUSIOT Ha N3MEHEHHUE 1[BETa NHIUKATOPOB.
Jlabopamopnas paboma Ne7.
Knaccbl Heopranmueckux coeuHeHuit
Bonpocwl cobecedosanus:

1. XHWMHMUYECKUH S3bIK. XUMUYECKass HOMEHKIATypa. XUMUYECKas TEPMUHOJIOTHs. XUMUYe-
CKasg CHUMBOJIMKA. XWMHUYECKUH 3HAK, XuUMHuecKas ¢opmyna (TpocTeifias, MOJEKyJspHas,
CTPYKTYpHas, CTEpPEOXUMHYIECKas), XUMHUIECKOEe ypaBHEHHE. PacyeTsl mo xuMuueckum (hopmy-
JaM ¥ XUMUYECKUM ypaBHEHUSIM.

2. Krnaccudukanus Heoprannueckux coenunenunil. Kiaccugukanus nmpocTeix BemecTs. Me-
Tajuibl. Hemeraisl.
3. Krnaccudukanus cioXHbIX BEUIECTB [0 COCTaBy. buHapHble coenHeHus. DIEeKTPOOTPH-

IaTeIbHOCTD. BanentHocts. BaneHTHBIE BO3MOKHOCTH aTOMOB XUMHYECKUX 3j1eMeHTOB. Cre-
MeHb OKWCJIeHMs. 3apsa moHa. HomeHkmaTypa OWHApHBIX COCMWHEHUU. TpexdaeMeHTHBIE CO-
CAUHCHUS. FI/II[I)OKCI/IIILI " COJIN.
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4. Knaccudukanus cioXHpIX coequHEHUN MO (PyHKIMOHAIBHBIM Ipu3HakaM. OKCUabl co-
neobpasyromue U HecosieoOpasyromme. OKCHIIBI KUCIOTHBIC, OCHOBHEIE U am(oTrepHbie. HomeH-
Kiarypa okcuaoB. [Tomyuenue. CBoiicTBa.

5. OcunoBanus. OnHO- U MHOTOKHCIIOTHbIe ocHOBaHud. Lllenoun. Homenknarypa ocHoBa-
Huil. [lonyuyenue. CBolicTBa. UHaAUKATOPHI.
6. Kucnotsl. beckucinopoausie u kuciopoacoaepxamue. OIHO- 1 MHOTOOCHOBHbBIE KUCIIO-

Thl. Homenknatypa kuciot. [Tomyuenue. CBoiicTBa KOHIIEHTPUPOBAHHBIX U pa30aBICHHBIX KHC-
JIOT.

7. Counu. Cpennue, kucibie, ocHoBHbIE. [Tomyuenue. CpoiictBa. Homenknarypa couneit. Ka-
YECTBEHHBIE PEAKIIMU HA KATUOHBI U AHHOHBI.
8. ['eHeTnyeckue psabl METANIOB U HeMeTa/uloB. ['eHeTuuyeckas CBsI3b MEXIY IMPOCTHIMU

BELIECTBAMM U KJIACCAMH HEOPraHUYECKUX COETUMHEHUM.

Ilenv padomoi: 03HAKOMUTHCS CO CBOWCTBAMU OCHOBHBIX KJIACCOB XMMHYECKHUX COCIUHEHUM.
3anomHuTh Tabaumy 1. OTMETUTH 3HAKOM «+» Tpadbl, €cIu MEXIy pearecHTaMH BO3MOXKHO XH-
MHUYECKOE B3aUMOZCHCTBHE. XMMUYECKHE CBOMCTBA BELECTB MOATBEPIAUTh YPAaBHEHUAMH peak-
Ui, UCHonB3ys npemiokeHHbie pearentol: CuO, ZnO, CO,, NaOH, Ca(OH)2, Cu(OH),
NH4OH, HCI, H2SO4, CH3COOH, Zn, Al, CuSO4, CaCOs, BaCl..

B rpadax «MHOuKaTOp» OTMETUTH U3MEHEHHUE [IBETA.

B rpade «IlomyueHue» cTaBUTh «+», a peakKluM NOJIYYeHUs] COSANHEHHUH MPUBECTU MOJ TabIu-
Len.

Tabmuua 1. CBoiicTBa KJ1acCOB HEOPraHUYECKUX COCTMHEHUIN

Pearentnl Oxkcuabl Nuaukarop
o )
o ) w =N o
e |2 L |: |z 2 |23, |z|E
= 3 O s = = 86l | B | o
E |c |5 |2 |eg |=|% |2E g|3|¢%
o 3] =2 T 3 = e e E| = 5 E
Q = Q = o O =| O o
Kmaccer o) s 5 ®) o Q S = = 8‘ = = =
o OCHOBHBIE
¢
s KHUCJIOTHBIE
= am(oTepHbIe
OcHoBaHus
Kucnotsl

Jlabopamopuasa paboma Ne§.
Kommnuiekcusble coequnenus. [losryuyenue u ycroifuuBocTh
Bonpocwt cobecedosanus:
1. Cdhopmynupyiite onpeneneHne komnieKcHoe coeduteHie U pacCMOTPUTE CTPOECHHE KOM-
MJIEKCHOTO COENUHEHMs corjlacHo Teopun Amnbdpena Bepuepa (1892 1) Ha mnpumepe
Ks[Fe(CN)s] u [Fe(NH3)e]Cls. Onpenenute NOHATHS: KOMNIEKCOOOpazosameib, 1UeaHO, GHYM-
DEHHAS U 8HeWH s chepbl KOMNIEKCHO20 COeOUHEeHUs], CIeneHb OKUCIeHUsl U KOOPOUHAYUOHHOE
YUCIIO0 KOMNAEKCO0Opazoeamels.
2. JaiiTe kiraccupuKkamio KOMIUIEKCHBIX COSAMHEHUH M0 XapakTepy 3apsaa. KakoBo otinu-
yrie B X cTpoeHnd. ChopMynupyiTe mpaBuiia HOMEHKIATYPhl KOMIUIEKCHBIX COCIMHEHHA Ha
npumepe: [Al(H20)6]Cls, Naz[Zn(OH)s], [Co(NH3)e]Cls, K:[Be(CO3)2], Na2SO0s, H[SiFe],
K3[Ag(S203)2], [Pt(NH3)2Cl2], [Co(NHz3)s][Fe(CN)e], [Ag(NH3)2](OH), H[AUCl4]. ITpoananu3u-
pyHTe MX MPUHAICKHOCTh K OMPEICIICHHOMY KJIacCy COCIMHECHUN: KOMIUIEKCHBIM KHCIIOTaM,
KOMIUIEKCHBIM OCHOBaHUSIM WJIH KOMITJIEKCHBIM COJISIM.
3. KaxoBa kiaccudukanus aurangos. Cpeau yKa3aHHBIX IPUMEPOB BBIICIUTE KOMIUIEKCHI
C MOHO- U OM/ICHTaTHBIMUJIUTaHJAMH.
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4. O6bsicHuTe 06pazosanue komrmiekcoB [Co(H20)s]" u [AU(CN)2]" ¢ mosummii Teopnu Ba-
JICHTHBIX cBsized. OmnpenenuTe NOHATHS 6HeUHeopOUmaibHblen 6HYMmpUoOpoOUMalbhvie KOMNIEK-
cbl. B uem npuunHa napamacnemusma n ouamazHemuzma xomiekcon? Kaxoit Tun rudpunusa-
UM MOYKHO MPHUIHCATh OPOUTAISIM IIEHTPAJIBHOTO aTOMa, IPUHUMAIOIIUM yJacTHe B 00pa3oBa-
HUU CBSI3U, M KAKOBA MPOCTPAHCTBEHHAs! KOHPUTYypallus JaHHBIX KOMITJIEKCOB?
5. Hanwumure mucconuanuio komiuiekcHoro coenuaenus [Ag(NH3z)2](OH). duccormanust Ha
WOHBI BHEIIIHEN U BHyTpeHHei cdepbl. Juccolmariis KOMIUIEKCHOIO HOHA B BOJTHOM PAacTBOPE KaK Peak-
1M1 3aMELLEHNS JIMTaHI0B MOJIEKYJIaMU BOIbl. Belpazure xoncmanmy necmouxkocmu KOMIUIEKCHOTO
HOHA.
6. Y CTOHUMBOCTh KOMIUIEKCHBIX HOHOB B pacTBopax. O0pazoBaHKE U paspyllEHUE KOMILUIEKCHBIX
MOHOB B pacTBopax. Vcronp3yst TabinyHble 3HAUE€HUSI KOHCTAHT HECTOMKOCTH, ONPE/ICINTE Kakue
KOMIIJIEKCHI HanOoJiee yCTONYNBEI.
7. [lepeuncnurte BUbI H30MEPUH KOMILJIEKCHBIX coequHenuii. [IpuBennure npumMepsl.
8. KakoBa Ononorudeckasi pojib KOMITJICKCHBIX COCIMHEHUI?

Ilenvpabomor:110nyuuTh KOMIUJIEKCHBIE COCTUHEHUS M U3YYUTh UX YCTONUHUBOCTD.

OO6opynoBaHue: MTATHB ¢ TPOOUPKaMH, MEpHBIE IPOOUPKH, CTEKIISTHHBIE TTAJIOYKH, M1~
MEeTKU.

Peaxtusnl: 6enson, rekcarmanodeppar(lll) xamus kpucranuueckuii, poJanusl aMMOHUS
KpUCTAJUIMYECKUH, pacTBOpbl: HUTpaT BucmyTa 0,5 H, moaun kamusa 0,5 v u 0,1 H, HUTpar
prytu(ll) 0,5 1, rugpoxcun Harpus 2 H, cynbdar (wm xnopun) Hukens(ll) 0,5 v, 25% pacTtBop
ammuaka, rexca-manodeppat(ll) kamus 0,5 1. cynsdat meau 0,5 H, consHas KUCIOTa 2 H, Tep-
manranar kanus 0,5 H, ximopun (cynsdar) kodamsra(ll) 0,5 1.

Xom paboThI:

Omnpit 1. [TonydyeHne coequHEHU ¢ KOMIIJIEKCHBIM aHUOHOM.

a) [lonyuenue terpanonoBucmytara(lll) xamus.

B npobupky k 3-4 xamisim 0,5 H. pacTBopa HUTpaTa BUCMyTa pHOaBbTE MO KaIJIsM pac-
TBOp 0,5 H. pacTBOp MOJMA KaJKsl A0 BbINAJeHUs TEMHO-OYpOro ocajaka noauaa sucMmyTa. Pac-
TBOPUTE 3TOT OCAJ0K B U30BITKE pacTBOpa noaua Kaiaus. OTMEThTe 1IBET MOJTYUYEHHOTO PacTBO-
pa. MoxeT 1iu 95Ta okpacka o0ycI0BINBaThCA MpucyTcTBHeM HonoB K*, 17, B13*? Kaxoii u3 stux
MOHOB MOXET OBbITh KoMILIekcooOpazoBarenemM? C KaKMMUWIMTaHAaMH OH MOKET o0pa3oBaTh B
JTAHHOM pacTBOPE CIIOKHBINA HOH?

Hanummure popmyiny KOOpAMHALIMOHHOTO COEIMHEHUS U YPaBHEHUS peakLUi €ro MoayyeHHs.

6) ITonyuenue rerpanonomepkypata(lll) xamus.

B nBe npoOupku nomecture no 2-3 kamu 0,5 H. pactBopa Hutpara pryTH(ll). Onny npobupky
OCTaBbTE B KauecTBE KOHTPOJBHOW, a B Apyryto Ao6asbre 1-2 kamam 0,5 H. pacTBOpa Moaujaa
Kajus 10 o0pa3zoBaHUs opaHkeBoro ocajaka noauaa prytu(ll). 3arem npuneiite n36bITOK HOAU-
Jla KaJIMs /10 MOJTHOTO pacTBOPEHHUs ocazika. McmpiTaiiTe pacTBOphl B 00eUX MpoObUpKax Ha Mpu-
cyTctBue noHoB HG?, 106aBMB B KaXkIyro MPOOMPKY MO 2 KAIUIH pacTBOPa THAPOKCHAA HATPHS.
13 kakoro pacTBopa BbIMagaeT xenTolit ocanok okcuna prytu(ll)? [louemy Bo BTOpOit mpoOupke
IpU JEHCTBUM 1IEJI0YH 0Ca/I0K HE BbIMAIaeT?

HanumuTe ypaBHEeHUs MPOBEIEHHBIX peakivii: 0Opa3oBaHus MOJUAA PTYTH U €ro B3auMoJIeii-
CTBHS ¢ M30BITKOM HOAMAA Kaus (KOOPAMHAIMOHHOE diciIo nona Hg?* paBHO ueTspem).
Hanumure ypaBHEHMs 3JIEKTPOIMTHYECKOM mucconuanuu Hutpara prytu(ll) u momydenHoit
KOMILIEKCHOM conr - TeTpanoapmepkypara(ll) xamms.

HanumuTe BbIpa)keHne KOHCTAHThI HECTOMKOCTH JIJIs1 KOMIUIEKCHOTO COETUHEHNSI.

OnbiT 2: [TonydyeHne cCOeMHEHNI C KOMIUIEKCHBIM KaTHOHOM. [lomydyeHue aMMuaqyHOro

KOMILJIEKCA HUKEJIS.
[Tomyuute ocanok ruapokcuna Hukens(ll), Baecs B mpobupky 1-2 M 0,5 H. pacTBopa cyibdara
HUKENA M Takoi ke o0beM 2 H. pacTBopa rujapokcuaa Hatpusi. K gactu ocagka nob6asete 0,5-1
M1 25%-HoTo pacTBopa ammuaka. Uro mpoucxomut? CpaBHuTe 0KpacKy nonHos Ni%* B pactBope
CyJib(ara HUKENS ¢ OKPacKol MOJIY4eHHOro pacTtBopa. [IpucyTcTBHe Kakux MOHOB 00YCIOBIIH-
BaeT OKpacky pactBopa?
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Hanumure MonekynsipHble 1 MOHHBIE YPaBHEHHs peakiuil 00pa30BaHUs KOMIUJIEKCHOTO COEIH-
HEHUS HUKEJIS.

Omnpit 3. [lonyyeHne KOOPAUHAIIMOHHOTO COEIMHEHHUS C KOMITJIEKCHBIMU aHMOHOM U Ka-
THOHOM.

B npobupky Baecute 1 mu 0,5 . pactBopa rekcarmanogeppara(ll) xamus, Ka[Fe(CN)e], u
nBoiinoe konmvectBo 0,5 H. pactBopa cynbdara Hukens(ll). K nomydennomy ocanky mpuieiite
pactBop ammuaka (25 %) a0 moiHoro pactBopeHusi ocaaka. CoaepkuMoe MPOOUPKHU Mepeme-
IANTE CTEKISSHHOW MAJIOYKOM.

Habmronalite nmocreneHHoe oO0pa3oBaHUE MENKUX OJIEHO-THIOBBIX KPUCTAJIOB KOMIUIEKCHOU
comu [Ni(NHz3)s]2[Fe(CN)g]. Hanumure ypaBHEHHE peakiiuy MOJyUeHHs] KOMIUIEKCHOTO COCIH-
HEHUSI.

[Tony4denue u pa3pynieHre KOMIUIEKCHBIX COCIUHEHUIN

OO6pazoBanue U pazpylieHue KOMIUIEKCa 00BICHSAETCS CMEIICHHEM PaBHOBECHUS €T JIHC-
comuanuu U oObsicHsercs npuHiunom Jlelllatenre. PaBHOBecue nucconumanud HOHA
[Ag(NH3)2]* = Ag* + 2NH3 cMemiaercst B CTOPOHY 00pa3oBaHus KOMILIEKCa (BJIE€BO) IIPU YBEIHU-
yeHnd KoHueHTpanuu noHoB Ag™ u NHa. TIpu 3ToM 00pa3yroTcst COeIMHEHNS, B KOTOPBIX IEH-
TpaJIbHBIM aTOM WJIM JIMTaH] CBA3aHbl OOjiee MPOYHO, YeM B HCXOJHOM KoMIuiekce. MHorue
KOMILIEKCHBIE COETMHEHHSI XOPOIIO PACTBOPUMBI B BOJIE, TOITOMY KOMIUIEKCOOOpAa30BaHHUE HC-
MOJIb3YETCS AJIsl TIEPeBO/ia B PACTBOP TPYIHOPACTBOPUMBIX COCIMHEHUH.

Xopun cepedpa pacTBOpsieTCsl B M30BITKE IUAHU/IA KAJTUS:

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

AQC1 +2CN =[Ag(CN)2] + CT’

D10 CBsI3aHO ¢ TeM, uTo HOH cepedpa B moHe [AQ(CN)2]" cBs3an Gosee mpouno, yem B AgCl =
ClI'+ Ag" +2CN =[Ag(CN)2]

[TP(AQCI) = 5108 K,[Ag(CN)2]- = 1-10%

[Mpu no6asnenunn azotnou KucioThl K [Ni(NH3)s]Clo mpoucxoaut paspyiienune komriekca, o
YeM CBUJIETENIbCTBYET M3MEHEHUs OKPAaCKU pacTBOpa. JTO CBA3aHO ¢ 0Opa30BaHUEM KaTHOHA
aMMOHUS, B KOTOPOM aMMHaK CBS3aH C KaTHOHOM BOJOpoJa Oosiee MPOYHO, YeM C KaTHOHOM
HUKETIS.

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

Ku[Ni(NH3)s]?>"= 1-108Ku[NH4]* = 6-:10°1°

[lpy wm30bITKE H+ KOMIUIEKCHBIE COCIMHEHHS MOTYT Yy4YacTBOBaTh B OKHCIIHTEIBHO-
BOCCTAaHOBUTENBHBIX peakiusax. [Ipu 5ToM u3MeHsieTcs CTeneHb OKUCIEHHUS IEHTPaIbHOTO aTo-
Ma.

B03MOXHBI peakiiu JByX THUIIOB:

a) VI3MeHeHne cTerneHn oKucieHus 06e3 pa3pyeHns KOMILIEKca

2K3[Fe®*(CN)g] + 2KI = 2K3[Fe®*(CN)g] + 12

0) I3MeHeHHe CTeTIeHn OKHUCIICHHS C pa3pylIeHHeM KOMIUIEKCa B Pe3yJbTaTe BOCCTAHOBIICHHS
[EHTPaIHLHOTO MOHA JI0 MeTalia

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

[Topsimok BeITTONHEHUS PaOOTHI

Omnbit 4. Paznuune Mexay TBOMHON U KOMIUIEKCHOW COJIBIO.

Haneiite B mpooupky 10-12 xamens pactBopa FeClz u 1o6aBbTe Mo KarisiM pacTBop po-
nmaamaa kamuss KCNS. HaOmronaiite mosiBieHHE KPOBaBO-KPACHOTO OKPAITUBAHUS BCJICICTBHC
oOpazoBanus ponanuia xenesa Fe(CNS)z. Jlannas peakius mo3BosisieT OOHApYKUTh B pacTBOPE
noHsI Kenesa Fed*,

B onny npodupky naneiite 10-12 kanens kanus rexcannanogpeppara (111) Ks[Fe(CN)s], a B apy-
ryto - 10-12 kamesp pactBopa xene30-aMMoHUIHBIX KBAcIoB (NH4)2S04-Fe2(SO4)s. B 06e mpo-
Ooupku o karsMm gobaseTe pactBop KCNS. Habmrogaiite iBetT pactBopoB B mpodupkax. Ha oc-
HOBAHHH 3TOTO C/EJaTh 3aKII0YCHHE, KaKas U3 B3STHIX COJIeH sIBIsIeTCs IBOITHOM, a Kakasl - KOM-
TJIEKCHOM.

OmnpiT 5. O6pa3oBaHue U pa3pylIeHNe KOMIUIEKCHBIX HOHOB.
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Tlonyuenue ammuayno2o Komniexca meou.

a) Haneiite B mpo6upky 10-12 xanens pactBopa cynbdara meau(ll) u nodbasere no xamism 25%-
i pactBop ammuaka. HaGmiomaiite mepBoHauanbHOE 0Opa3oBaHUE Ocajika THAPOKCOCylbdara
MeIu M TOCIEAYyIoIIee ero pacTBOpeHHe B M30BITKE aMMHaka ¢ 0Opa30BaHHMEM OKpAIIEHHOTO
pacTBOpa KOMILIEKCHOM COJH.

0) K nonmyueHHoMy pacTBOpy 00aBbTe HEOONBIIOE KOJIMYECTBO PACTBOPA COJITHON KHCIIOTHI.
Habmroalite u3MeHeHHEe OKPacku pacTBOpA.

(Koopaunarmonsoe uncio Cu?*pasHo 4.)

Tonyuenue ammuauno2o komniexca cepedpa.

a) Haunelite B mpoOupky 1-2 mur pacTBopa HHTpaTa cepedpa M CTOIBKO K€ pacTBOpa XJIOpuaa
HaTpud. [lomyueHHBI 0caJOK pacTBOPUTE, MOJIYUYHUB PACTBOP KOMILJIEKCHOM conu cepebpa. s
3TOro 00aBbTE HECKOJIBKO Kalleb KOHIIEHTPUPOBAHHOTO pacTBOpa aMMHMAKa.

0) [TomyueHHBII pacTBOpP KOMILJIEKCHOW COJIM cepebpa paszieiiTe B aBe MpoOUpku. B omHy mpo-
OupKy 100aBbTEC PACTBOP XJIOpHJA HATPHS, B JAPYTyIO - pacTBOp Homuna kamus. HaGmromaiite
OTCYTCTBHE OCaJIKa B MIEPBOIl MPOOUPKE U €ro HaTM4Kue BO BTOPOU.

(Koopaunammonnoe uucio Ag* pasno 2, ITIP(AgCI) = 1-10°%°, T[TP(Agl) = 1-107%°,

Tlonyuenue 2udpoxcokomniexca YuHka.

a) Haielite B mpoOupky 2-3 Mi1 pacTBopa cyibdaTa IIUHKA U T00aBTE 110 KAIUISIM PacTBOP THI-
poKcHa HaTpus 10 MosiBieHus ocaaka. K pacTtBopy ¢ ocaakom no0aBbTe U30BITOK LIENOYU O
MIOJIHOTO PACTBOPEHUS OCaJIKa B pe3yJibTaTe 00pa30BaHus PACTBOPA KOMILJIEKCHOM COJIH.

0) K monyuenHomy pactBopy A06aBbsTe 3-4 Kariu pacTBopa cepHoit kucnotel. Habmonaiite mo-
SIBJICHHE OCaJIKa B BUJIC IOMYTHEHHUS PacTBOPA.

(KoopauHarmonHoe uncio Zn?* paBHo 4.)

Tlonyuenue pooanuonozo komniekca sienesa.

B nepByto npobupky Haneiite 2-3 My pactBopa xiopuna xeinesa (111), a Bo BTopyto - CTOIBKO ke
pactBopa kanus rekcanmanodepputa (3+). B xaxayro npoOupky n00aBbT€ HECKOJBKO Karelb
pacTtBopa pojaHuaa kanus. HaGnrogaiite n3MeHeHHE 1[BETa pacTBOpa TOJIBKO B MIEPBOM MPoOup-
ke. Ha ocHOBaHMM OmbITa caenaiiTe BBIBOJ O TOM, KaKOM M3 JBYX KOMILJIEKCOB xene3a (3+) 0o-
Jiee YCTOMYMB - IIMaHUAHBIA UM POJAHUIHBIN?

Ilonyuenue ammuayno2o Komniekca HUKes.

Haneiite B mpoOupky 1 mn pactBopa cynbhara HUKENs U J00aBbTe MO KarulsiM KOHIICHTPUPO-
BaHHBIN pacTBOp aMmMuaka. Habmonalite ocaiok cynbdara HUKENS U MOCIEAYIOIIEee ero pacTBo-
peHue BcIeACTBHE 00pa30BaHus PaCTBOPA KOMITJIEKCHOM COJIH.

K nmonyuennomy pacTBOpy 100aBbTE paBHBIM 00bEM HACHIIIEHHOTO pacTBOpa OpoMHaa Kallus U
Habmo1aiiTe oOpa3oBaHKue Ocajika rekcaaMuHHUKeNs (2+) Opomuaa. 3aTeM K ocaaky A00aBbTE
pacTBop coJyiiHOM KucnoThl. OTMEThTE pacTBOPEHHUE OCaaKa M M3MEHEHHe IBeTa pacTBopa. Ha
OCHOBaHHU PE3YJILTATOB OIBITA CENATE BBIBOJ O TOM, Kakoe coenunenne ammuaka [NHa]" wium
[Ni(NH3)s]?* 607ee ycToiunBO B JaHHBIX YCIOBHSAX.

OnbIT 6. OKUCIUTENBHO - BOCCTAHOBUTEIbHBIE PEAKIIUU C YUaCTUEM KOMIUIEKCHBIX COETMHEHUH.
a) Haneiite B mpoOupky 1 mu1 pacTBopa nepmaHraHata Kaiwusi, 100aBbT€ paBHbBIN 00bEM pacTBOpa
CEpHOI KHUCIIOTHI, a 3aTe€M IO KaIulsiM pacTBOp Kaius rekcanuanodeppara (2+). Habmronmaiite
M3MEHEHHE OKPACKH pacTBoOpa.

0) I[Monyuure nuamunaprento (1+) xmopua (OmneiT 3.2.2a). B pacTBOp omycTUTe KycO4eK MeTa-
Jnuyeckoro nueka. Yro Habmromaercs?

B) [lomyuute Terpaamuamenu (2+) cymedar (OnsiT 3.2.1.2). B pacTBOp omycTuTe Kycouek me-
TaJNIMYECKOro MHKA. YTo Habro1aeTcss Ha MOBEPXHOCTH LIMHKA?

r) Haneiite B mpobupky 1 mi pactBopa xjiopuaa kodanbTa u 2 Ml pactBopa ammuaka. OTMeTsTe
[[BET 00pa30BaBIIETOCS aMMHAYHOIO KOMIUIeKca KobaibTa (2+). K moigydenHomy pactBopy J10-
0aBpTe | MJI pacTBOpa XJIOpUIa aMMOHHS U 2 MII pacTBopa nepokcuaa Bonopoaa. Comepxumoe
npoGupkyu Harpeiite. Kak M3MeHsleTcs IBET pacTBopa BeienctBue okmcienus Co?t mo Co’t
?(Koopaunanmonnoe uncio Co u Co paBHO 6.)

OmnpiT 7. BriusiHue KOHIIEHTPAIMK pacTBOpa Ha KOMIUIEKCOOOpa30BaHHUE.
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Haneiite B mpooupky 10-12 kamens pactBopa CoClz, mo6aBbTe 1Mo KarIIMHACBIIICHHBIH PacTBOP
KCNS. HabnronaiiTe n3aMeHeHHE I[BETa pacTBOpa.
K nomydenHoMy pacTBopy Mo KaruisiM JoOaBisiiTe TUCTUIMPOBAHHYIO BOAY M HaOnoganTe 3a
m3MeneHneM 1seta.(Koopuaanuonnoe yncno Co?* pasHo 4.)
Jlabopamopnan paooma Ne9.
KommuiekcHbie coennHennsi. XuMHYeCKHe CBOMCTBA

Ilens pabomel: TOTYYUTHKOMIUIEKCHIPA3IMHHOTO TUIIA U O3HAKOMUTHCSA CO CBOMCTBAMU
KOMIUIEKCHBIX COEIMHEHUH U JBOMHBIX COJIEH.

O6opynoBaHue U PEaKTHUBBIL:

ratus ¢ npodupkamu. Xnopuxn xpoma(lll). Tuonnanar ammonus. PactBopsl: xmopuaa
aMMOHUs (HackIml.), THonnanara ammonus (0,1 M), xnopuna warpus (0,1 M), xmopuaa xamus
(0,1 M), tnounanara xkanmus (0,1 M), Tuocynsdara narpus (0,1 M), cynsura narpus (0,1 M),
noauaa kamus. (0,1 M), cynedara menu (0,1 M), autpara cepedbpa (O] M), cynbdaTta nuHKA
(0,1 M), cynsdara kagmus (0,1 M), autpara prytu(ll) (0,1 M), xmopuna 6apus (0,1 M), cymnb-
data amomunus (0,1 M), xnopuna onosa(ll) (0,1 M), aurpata ceunna (0,1 M), cynbdara xpoma
(0,1 M), comn Mopa (0,1 M), xnopuna >xene3a(lll) (0,1 M), cynsdara kobansra (0,1 M), x10pu-
na kobaspTa (Hackll.), cyibdara aukens (0,1 M), comstHo# Kuca0Th (KoHIL ), ammuaka (0,1 M),
rexcanuanodeppata(lll) xamums, rexcanua-nodeppara(lll) xamusi, aMMOHHEBO-)KEJIE3HBIX KBaC-
110B. CepoBOIOpOAHAS BOJIA.

OIIBIT 1. CroiicTBa ABOMHBIX U KOMILJIEKCHBIX COJIEH
B T1pum mnpoOupku mnomecTuTr TO 3 Kaluid pacTBOpa AaMMOHHEBO-)KETE3HBIX KBacllOB
NHsFe(SO4)2:12H20. B derBepTyto npobupky nomectuth 3 karum rekcanuanodeppara(lll) xa-
must Kz[Fe(CN)es]. B mepByro mpoOupky npuOaBuTh 2 Kaluld pacTBOpa THOIMAHATA aMMOHUS
NHsSCN, Bo BTOpYIO - 2 Karutu pactBopa xyopuna 6apus BaClz, B TpeThio - 3 karmmm pacTBopa
TUAPOKCUAA HATpHsl (COAEPKUMOE ITON MPOOMPKH HArPETh N0 MOSBICHHS 3amaxa aMMHUaka), B
YETBEPTYIO - 2 KaIUId TUOLIMaHATa aMMOHHUS.
Bo Bcex nu npoOupkax npoucxoauT peakius? Hanucare ypaBHEHHs AMCCOLMAIMM JBOWHON U
KOMIUIEKCHOW COJIel, MOJIEKYJIIpHbIE U NOHHBIE YPAaBHEHMsS PEaKIUi, C TOMOILBIO KOTOPBIX 00-
Hapy>XUBAJINCh MOHBI COJIEH B pacTBope. HanucaTh BbIpaK€HHE KOHCTAHTBI HECTOMKOCTH KOM-
nnekcHoro nona [Fe(CN)g]*, maiftu B TabmuIe ee UMCIOBOE 3HAYEHME U CHENATh BBHIBOZ 00
YCTOMYMBOCTH 3TOI'O MOHA B PACTBOPE.

OIIBIT 2. CBoiicTBa aKBaKOMILIEKCOB
A. TlomecTuth B HeOONBIION TUTeNb | MMKpoIIIareiab MeIHOro Kymnopoca. Ciabo MpoKaauTh
conepxkumoe TuriIs. OOpaTuTh BHUMAaHKUE HAa U3MEHEHUE 1[BeTa KpucTayuioB. [locne Toro kak Tu-
refib OCTBIHET, 100aBUTh 1-2 Karui BOJbI, OTMETUTh U3MEHEHHE OKpacku pacTtBopa. HammcaTsb
YPaBHEHUS PEaKIIUM.
b. B mpoOupky mnomectuts | MHKpoIImnarenb KpHcTaaioruapara xiopuaa kobambra(ll)
CoCl2x6H20, ocropokno Harpets. HabOaromate M3MEeHEHHE I[BETAa, COOTBETCTBYIOIIEE PEAKIHH
ormierienus Bojbl: 2[Co(H20)s]Cl2 — Co[CoCls] + 12H20
Oxuaguth npoOupKy U MpuOaBUTH HECKOJIbKO Karenb pacTBopa NaOH. 3anucats HaOI0eHMS.

OIIBIT 3. [Tony4yeHue u cBOMCTBA HEKOTOPBIX aMMHAKaTOB
A. TTomecTuth B ipodupky 3 karumu cyiabdara meau(ll) CuSOs, 3aTem npubaBuTh 2 Karim TU-
pokcuna ammonust NH4OH.
Hab6nronats Beimagenue ocanaka ruapokcuaa meau CU(OH)2. OTMeTuTs IBET ocaika v 3ammcaTth
YPaBHEHHE PEAKIUH.
K mnonydyenHomy ocaaky mnpuOaBuTh HM30BITOK KOHLEeHTpupoBaHHOro pactsopa NH4OH. Urto
HaOmoaercsa? 3amucarth ypaBHEHHE peakIuH MoiydeHus cynbgpara terpammuaomenu(ll)
[Cu(NH3)4]SOa4.
[TpubaBuTh K MOJTYYEHHOMY pacTBOpYy 3-5 Kamenb cepoBojopojHoi kucinorsl HoS. Hamucarts
ypaBHEHUE PEAKIMHN U OOBSCHUTH BBINAJICHUE YEPHOTO OCAIKaA, YUUTHIBAS, YTO
b. K 1 kanne pactBopa Hutpara cepedpa AGNO3 npubaBuTh 2 Kariy pacTBOpa XJIOpUIa Kaaus
KCI uwnmun marpus NaCl. K momydeHHoMy ocaiaky HpuOaBHTh PacTBOP THAPOKCHAA aMMOHHS
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NH4OH 1m0 monHoro pactBopenus ocaaka xjaopuaa cepedbpa AgCl. Hanmcats ypaBHEHUS peak-
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B mpoOupky ¢ moay4eHHbIM pacTBOpOM xjopuaa auamMuHocepeopa [Ag(NH3)]C1 npubaBisTsh
IO KarisiM pa3z0aBiieHHOW a30THOM Kucnothl (3-5 kamens). Hamucath ypaBHEHHE peakiuu U
00BICHUTH 0Opa3oBaHue ocajaka npu npudasaeHud HNOs.
B. K 3 kamnsm pactBopa conu Hukens(ll) mobaBisTe mo KamasM BOJHBIM pacTBOp aMMHUaKa
NHsOH 1o pacTBopeHus BbINAAAIOIICH B 0CAJJOK OCHOBHOU coJId. OTMETUTD IIBET MOJYUYHUBIIIE-
rocsi pacTBOpa. 3anucaTh ypaBHEHHUs peakiuii (KOOpAMHALMOHHOE Yncio M2* paBHoO 6).
OIIBIT 4. [TonydyeHue u CBOMCTBA allMI0KOMIIJIEKCOB
A. B npobupky BHectu 2-3 karum pactBopa Hutpata prytu(ll) HQ(NO3)2 1 nodaBmnsars no kar-
asm pactBop uoaunaa kanug K1, no obpazoBanus ocanka noauna prytu Hglo. Otmeruts uset
ocaznka. K ocanky nmo6aButh u30sITOK pactBopa K1 1o pacrBopenust ocanka. Hamucars ypaBHe-
HHE peaKiuu B3aumoeiicTeus Hglz ¢ n36bITKOM HoaMaa Kanus (KoopAuHauonHoe uncio Hg?
paBHO 4). HanucaTh ypaBHEHUE 1MCCOLMALIMY TTOJYUYEHHOTO KOMILJIEKCHOTO HOHA.
[Tomryuennsiit pactBop Terpanoaorunpaprupara(ll) xanus Ko[Hgls] pasnenuts Ha nBe yactu. K
OJIHOH YacTu 100aBUTh HECKOJIBKO Kalellb pacTBOpa LIEJIOUH, a K JPyroi -cepoBOAOPOJIHON BO-
11 HoS. Otmetuts HaOMOqeHUS M OOBSICHUTD MOMYyYEHHBIE PE3YIbTATHI.
b. IMonyunts ocamox AQCl. 3arem mo karuisiM npuOaBiIATh PacTBOpP THUOCYJb(ara HATPHUsS 10
MOJIHOTO pacTBOpEHUsl ocajka. HamucaTh ypaBHEHHE peakIMH IOJY4YeHUS TUTHOCYIbdaroap-
redrara Harpus. (Koopaunanuontoe uncio nona Ag* paBro 2.)
B. K 1 - 2 xarusim pactBopa cynbdara menu CuSOs 100aBUTH CTOJIBKO JK€ pacTBOpa reKcaima-
Ho(eppara(ll) kamus Ks[Fe(CN)s]. OTMeTuTh 1IBET 00pa30BaBIIErocs Ocaaka U HAIKUCaTh ypaB-
HEHUSI PEaKInil.
I'. K 1 -2 kamwsim pactBopa xnopuna xene3a(lll) FeCls npubaBuTh cTOIBKO K€ pacTBOpa rek-
canuanodeppata(ll) kamus Ka[Fe(CN)g]
K 1 - 2 kamisiM CBEXXENPUTOTOBICHHOTO pacTBopa cyibdara xenesa(ll) FeSOs npudasuth 1-2
karun rexcarnmanodeppata(lll) kamus Ks[Fe(CN)s]. OT™MeTHTh HaOMIOACHUS W HAMUCAThH IS
00OMX OIBITOB ypaBHEHMS PEAKIIMHA, YUUTBIBAsI, YTO B TIEPBOM OIIBITE MOJIYYUTCS Te€KCAIIHAHO-
deppat(Il) sxenesza(lll) kamus KFe[Fe(CN)g] («OepnuHcKast 1a3ypby»), a BO BTOPOM — TeKcalna-
Hodeppatr(lll) xeneza(Il) kamus («TypHOYIUIEBa CHHBY ), UMEIOIIETO TaKyIO Ke GOpMYITy.
OIIBIT 5. O6pa3zoBaHue rMIPOKCOKOMITIIEKCOB
B 1pu npobupku momecTuTh pa3AenbHO pacTBOphl cosied 1uHKa, xpoMa(lll) u amomunus. B
KaX/1yl0 U3 HUX J00aBIATh MO KalUIsIM pacTBop mienoun. HabmogaTe BHavase BbIaieHUE 0Cajl-
KOB, a 3aT€M MX pacTBOpEHHE B U30bITKE 1Ieiaouu. Hanmucarh ypaBHeHHE peakiuu o0pa3oBaHUs
PACTBOPHMBIX THAPOKCOKOMILIEKCOB, coepkanux nous! [Zn(OH)4]%, [Cr(OH)s]* [A1(OH)6]*".
OneiTr 6. KoMmIuiekcHble cOeqUMHEHMs] B peakuusix oOmeHa. BsaumopeiicTBue rekca-
anodeppara(ll) kanus ¢ cynsdarom memu(ll).
B npoOupky BHecute 1-1,5 M 0,5 H. pacTBOpa cynbdara Meau u 100aBbTe Takoi e o0vem 0,5
H. pactBopa komiuiekcHoi conu K4[Fe(CN)s]. OTMeThTe BeT 00pa30BaBIIETOCs 0CaIKa recallu-
anodeppara(ll) menu. Hanummre MonekyisipHOe U HOHHOE YpaBHEHUE PEaKIINU.
OmnpiT 7. KOMIUIEKCHBIE COEMHEHUS B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUSAX.
a) Boccranosnenue rekcannanodeppara(lll) xamus.
B npo6upky Baecute 1,5-2 mn 0,1 H. pacTBopa noauna xanus, 0,5-1 M 2 H. CONTHON KUCIOTHI U
0,5 M 6enzoma. OTMeThTe, YTO OCH30JI OCTaeTCsl OecIBETHBIM. J[00aBbT€ HECKOJIBKO KPUCTAI-
noB komruiekcHou comu kene3a(lll) Ks[Fe(CN)s] u nepememaiite pacTBop CTEKJISIHHOW MaJioy-
koi. [To m3MeHeHnIo okpacku OeH301a yOeAUTeCh B BBIICIEHUH CBOOOIHOTO HOIA.
HanumuTe ypaBHeHue peakuuu B3auMojaelcTBHs rekcanuanogeppara(lll) xamus ¢ moaumom
kanusi, yautbiBasi, uTo Ka[Fe(CN)s] nepexoaut mpu 3tom B Ka[Fe(CN)g]. YkazaTe okucaurens u
BOCCTaHOBUTEITb.
Kakue noHbl B KOMIUIEKCHOM COEIMHEHUU U3MEHWIN CTENIEHb OKUCICHUS?
6) Oxucnenue rexcannanodeppara(lll) xamus
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[Tomectute B ipodbupky 0,5-1 mur 0,5 H. pacTBOpa nepMaHraHaTa Kayusi, J00aBbT€ HECKOJIBKO
Karespb 2 H. pacTBOpa CEPHOM KHUCIOTHI M 100aBUTH 1o KarursiM 0,5 H. pacTBOp rekcanuaHopep-
pata(ll) xamus 1o oGecrBeunBaHMsI pacTBOpA.

ObeciBeurBaHUE pacTBOpa MPOUCXOAUT BCIEJACTBHE BOCCTAHOBIICHHS MEpPMaHTaHATa KaJUs 10
cyabdara mapranma(Il). IIpu stom kommiekcHoe coemuHenne Ka[Fe(CN)s] okmcasiercs 1o
Ks[Fe(CN)s].

Hanummure ypaBHeHUe peakllud OKUCICHUS. Y KaXXUTe OKUCIUTENb U BOCCTAHOBUTED.

OmnpIT 8. YCTOWYNMBOCTHh KOMIUIEKCHOTO MOHA. Peakiiuu obmena nuranjnamu. Buecute B
npobupky 1 mi xnopunaa (cynbdara) kodanpra(ll) m mprudaBbTEe HECKOIBKO KPUCTAIIIOB PACTBO-
pa pomanuaa ammonuss NH4CNS. Habmronalite 06pazoBaHue KOMIUIEKCHOTO COSIMHECHUS CUHE-
ro 1BeTa:

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

Ho6aBbpTe B nmpobupky Boxbl. Uto Habmomaere? CpaBHUTE MOTYUYEHHBIH pacTBOP C PaCTBOPOM
xyopuaa kobanpra. CpaBHUTE YCTOHYMBOCTD POAAHUIHOTO U AKBAaKOMILIEKCA KOOAIbTA.
KomrutekcHbie coequneHns d-MeTaion

OmnbiT 9. BiausiHue 37eKTPOHHON KOH(UTypanuu KOMILIEKCOOOpa3oBaTessi Ha OKpPaCKy
KOMILIEKCOB
B cunbHO mokuciIeHHbIe pacTBOphI coenuueHust Tutana(lV), monnbaata (monuMonubdaTa) am-
MOHHMSI U BOJb()pamMaTa aMMOHHUS BHECUTE MO OJIHOM rpanyie nuHka. [Ipu HeobxonuMocTu pac-
TBOPBI KPaTKOBPEMEHHO Harpeite a0 kuneHus. OObICHUTE M3MEHEHHE OKPACKH PAaCTBOPOB,
uMes B BUAy Bocctanopienue Ti** no Ti**, MoO4? 1o MoOs 1 WO* no WO?",

Onpit 2. a) BiusiHue npupobl JIMFaH/10B HAa OKPACKy KOMILIEKCOB

besBonusiii cynsdar meau(Il) pactBopure B Boje. 3areM K MOJYyYEHHOMY PacTBOPY MpHIIEHTE
pactBop amMmmuaka. OOBsICHHTE OKpacKy MOJYYEHHBIX pacTBOpoB. Hamummre peakuuu oOpaso-
BaHUs COOTBETCTBYIOIINX KOMILIEKCHBIX KATHOHOB.

6) CpaBHEHHE OKpAcKU KpUCTAIIOTUAPATOB U 0e3BOAHBIX conel. B dapdopoBbix TUIISLX (J10-
noukax) HarpeBaite kpuctamutoruapatsl coctaBa CoCly:6H20, CoSO047H20, CrCls-6H:0,
NiSO4-7H20 1o oOpa3oBanus 6€3BOAHBIX cojicit. OTMEThTE pa3nune B OKPaCKe UCXOHBIX KPH-
CTAJIJIOTHAPATOB U 0O0pa3oBaBIIUXCS 0e3BOAHBIX coneld. [locie oxmaxkaeHus cMouute 0€3BOA-
HbIE COJIU BOIoM. OOBsICHUTE HAOJIIOTaeMble U3MEHEHUST OKPACKH.

OmnpeiT 10. PacTBOopeHHE OCaJKOB MallOPACTBOPUMBIX COEIWHEHUHU 32 CUET KOMILIEKCO-
o0pazoBaHUs
a) Ocanok AQBr, nmony4eHHBIN M0 OOMEHHOHN peakiuu, pa3fAequTe MomnojaM U MOMECTHTE B JIBE
npobupku. Ha oqHy 4acTe mojeicTBYHTE pacTBOPOM aMMMaka Ha BTOPYIO - pacTBOPOM THO-
cynbdara HaTpus. OOBACHUTE MPOUCXOASIIEE U HAMTUIITUTE PEaKIUH.

0) OOBsicHHTE, MMOYEMy M3 pacTBOpa, COJAEPIKAIIero KOMILIeKCHbIe HOHBI coctaBa [AQ(CN)2],
cepebpo(l) B popme AgCI He ocaxmaercs, TOra Kak B3aUMOJIEHCTBHE C CYJIb(OUA-HOHAMHU TTPHU-
BOJIMT K 00pa30BaHUIo ocaaka AQ2S.

Omnpit 11. CpaBHUTETBHAS YCTOMYHUBOCTh KOMIUIEKCOB. B Tpex mpoOupkax moixy4duTe aM-
MUAYHbIN, THOCYIb(GATHBIH U HUTPUTHBIN KoMmIuiekchl cepedpa(l). K pacTBopaM mosydyeHHBIX
KOMIUIEKCHBIX COCTMHEHUI MpHUIEHTE MO KaIljisM pacTBOp XJIopuja HaTpus. B nBe mpobupku, B
KOTOPBIX HE BBIMMAJI 0CAJIOK, T00aBbTE pacTBOp Opomuaa Kamusi. B mo
CJIEZIHIO0 MTPOOUPKY Oe3 ocajka mpuieite pacTBop noauaa kamus. OObsicHUTE HabmM01aeMoe ¢
YYEeTOM Pa3InIiil B 3HAYCHHUSIX OOMIUX KOHCTAHT YCTOMYMBOCTH KOMIUIEKCOB W TPOU3BEICHUN
pactBopumocTtu rajoreHuaoB cepedpa(l). Omeir 5. OxkucnauTenbHbBIE CBOWMCTBAa NEpMaHTaHAT-
MOHa
a) B Tpu npobupka momectute paBHbIEe 00beMbI pa3zdbaBneHHOro pactBopa KMnOs. 3aTem B oqHY
W3 HUX TIPWICHTE pa30aBiICHHYIO CEPHYIO (WU COJISHYIO) KHCIOTY, BO BTOPYIO - BOAY U B Tpe-
TBIO - KOHIIEHTPUPOBAHHBIN PACTBOP MIEIOYH. 3aTeM B KaXAYI0 U3 IPOOUPOK MPHUIIEHTE pacTBOP
Na>SOs. (B mpoOupky coO IIETOYHBIM PACTBOPOM CIEIYET J00aBUTH OOJIBIION H30BITOK
Na2S03). O0bsicuuTe paznuuHoe noseneHue pactsopa KMnOs B 3aBucumoct ot pH cpeast u
HAIUIIATE COOTBETCTBYIOIINE PEAKIIUH.
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06) Oxwucienue npou3BOIHBIX MN mepmanranat-uoHamu. K paz6aBinennomy pactBopy KMnOg
npuieiite pactBop MNSO4. OOBsICHUTE TPOUCXOSIIEE, HAMUIINTE U YPABHANWTE COOTBETCTBY-
IOIIYI0 PEaKIHUIO.
OmnpiT 12. CBoiictBa coenunenuii xenesa(ll) u xxenesa(lll)
a) BoccranoBurensHbie cBolicTBa coequnenuid xenesa(ll). K pactsopam comm sxenesa(ll) moa-
KHCIICHHBIM pa30aBJICHHON CEpPHON KHCIOTOH, B OTACIBHBIX MPOOMpPKAX MPUIICHTE pacTBOP
KMnO4 u K>Cr07. Onumute HabMt01aeMble M3MEHEHHS U 3alHMIIATE COOTBETCTBYIOIINE PEak-
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0) CpaBHUTENbHAS YCTONYMBOCTh POAAHUIHOTO, (TOPUAHOTO U IIUAHUIHOTO KOMILIEKCOB KeJjle-
3a(lll). K pactBopy conu xene3a(lll) mpuneiite HECKOJIIBKO Kameslb pacTBOpa poAaHUAa Kallus
win ammonud. K nonyuennomy pactBopy no6aBbte Gpropua Hatpus. O0bsicHUTE HaOII0qaeMble
M3MEHEHUS U 3aMUIINUTE PEAKIIUH.
B) K pactBopy rekcammanodeppara(lll) xamus nob6aBbTe pacTBOp poJaHMIa Kaaus WIA aMMO-
HUsA. OOBSCHUTE HEU3MEHHOCTh OKPACKH PacTBOpA.
r) KauectBennsie ananutnyeckue peakuuu Ha xkene3o(1l) u xemezo(l11)
K cBexenomyueHnomy pactBope FeSOs mpuiedite B OTAEIBHBIX MPOOMPKAX pacTBOPb
Ka[Fe(CN)e] (xentast kposinast coiib) U K3[Pe(CN)s] (kpacHas kpoBsiHasi coib). B kakom cirydae
HaOIIOAI0TCA M3MEHEHHS W B YeM UX npuuuHa. [IpuBenuTe COOTBETCTBYIOIIYIO XUMHUYECKYIO
PEaKIuIo.
Te e caMble ONBITHI IPOBEIUTE B OTHOLIEHUH pacTBopa conu xene3a(lll). OtmersTe, B KakoM
ciy4yae HaOJFOJIal0TCA M3MEHEHHUS U B YeM UX NpuuuHa. [IpuBenuTe cOOTBETCTBYIOUIYIO XUMHU-
YECKYI0 PEaKIuio. YKaXHUTe, Kakas U3 KOMIUIECHBIX COJICH SIBISIETCS CEJIEKTUBHBIM KaueCTBEH-
HbIM pearenToMm Ha xene3o0 (l1) u xeneso (I11). [IpuBeaute Ha3BaHus 0OPA3YIOMIKUXCS OCATKOB
XapaKTEepHOTO IIBETA.
Jlabopamopnas pavoma Nel 0.
CkopocTh XMMHYECKO# peakuuu
Bonpocwl cobecedosanus:
3akonomeprocmu npomekanus U munvl XUMUYECKUX peaKyuti

1 DnemeHTH XUMHUECKOM TepMoanHaMuku. [Ipeamer u 3anaun TepmoanHaMuKu. OCHOBHBIE
XapaKTEPUCTUKHA TEPMOJIUHAMUYIECKON CUCTEMBI.

2. TennoBoii 3 PeKT XUMUIECKON peakllui U TePMOXUMHUYECKUE pacueTsl. Ternora obpa-
30BaHUs BellecTBa. [lepBoe Havano tepMoauHaMukH. DHTambnus. 3akoH ['ecca. Pacuer sHeprum
XUMHYECKON CBSI3M Ta3000pa3HbIX BEIIECTB C OAMHAPHON CBsA3bIO. PacueT sHeprum Kpucraimye-
CKOU PEIIETKH.

3. HampaBneHHOCTh XUMUYECKUX PEAKIUiA. DHTPOMHUS U CBOOOHAS SHEPTHs cUcTeMbl. M30-
0apHO-U30TEPMUYECKUN TTOTEHITHAT.

Xumuyeckas KuHemuxa

1. CxopocTh xuMuyeckor peakuuu. Ee konmnmuecTBeHHOE BbIpakeHue. MIcTuHHas u cpeaHsst
CKOPOCTH.

2. ®aKkTOpHI, BIMSIIONIAE HA CKOPOCTh XUMHUYECKUX PEaKIMil. 3aBUCUMOCTh CKOPOCTH peakK-
UM OT KOHIIGHTPAIIMH PEarupyroNIuX BellecTB. 3aKOoH AeicTBus Macc. Ero mpumeHneHnue amns
TOMOTEHHBIX M T€TEPOreHHBIX cucTeM. KoHcTanTa ckopoctu peakiuu. Bimsaue daktopa moBepx-
HOCTH Ha CKOPOCTh PEAKIIMHU B TETEPOTCHHOMN Cpejie.

3. 3aBHCHMOCTb CKOPOCTH PEaKIMH OT TeMIIEpaTyphl, TemreparypHblii koaduiuent. [1o-
HsATHE 00 aKTUBHBIX MOJIEKYJIaX ¥ YHEPTHH aKTUBAILIUU TIPOIecca.

4. IIpocToii, MOHHBIN U PaJUKAIbHBIM MEXaHU3Mbl XHMHUYECKUX PEAKIIUN.

5. BausiHue KaTamu3aTopoB HAa CKOPOCTh peakiuu. Buabl katamu3a: TOMOTEHHBIN, TeTepo-
TE€HHBIA U MUKPOTETEPOTCHHBIN KaTaln3, aBTOKATaln3, MOJOKUTEIIbHBIM U OTPHUIIATEIbHBINA Ka-
Tanu3; TOHATHE 00 UHTUOUTOpaX.

Xumuyeckoe pasrnosecue
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1. HeoGpatumbie 1 oOpaTUMble XUMHUYECKHE PEAKIIMH. Y CIOBHS O0OpaTUMOCTH M HeoOpa-
TUMOCTH XMMHYECKUX MPOILEecCOB. XUMHUYECKOe paBHOBecue. KOHCTaHTa XMUMHYECKOTO PaBHO-
Becus,

2. ITpunmun Jlelllarense. CMmenieHne XMMHYECKOTO PABHOBECHS MPU M3MEHEHUH KOHIICH-
Tpaluii pearupyomux BeIEecTB, TaBICHUS U TEMIIePaTyphl.

3. KaranuzaTopbl B 00paTHMBIX ITpoIieccax.

Lenv pabomer:

DKCIIEPUMEHTAIBHO JJOKa3aTh 3aBHCUMOCTb CKOPOCTH XMMHYECKOH peakluu OT pas3iind-
HBIX ()AaKTOPOB U MPOAHAIM3UPOBATH CMEIICHHE XMMUYECKOTO PaBHOBECHS IMPU U3MEHEHUU
KOHIIEHTpAIMil pearupyomux BeIecTs.

[Tpubops! u nocyxa:

Becsol ¢ paznoBecom. Cexkynnomep. Tepmometp Ha 100 °C. Illtatus ¢ npobupkamu. ITpo-
Oupku eMKOoCcThIO 50 M1 ¢ HOMepam# (3 1IT.). MepHBIA HUIUHIP I BOABI HA 25 M. MepHbIe
WIMHIPH 17151 pacTBopa THocynbdara HaTpus NazS203 emxocthio 25 M (1 mT.) u ans pac-
TBOpa cepHoi KucaoThl H2SO4 emkocTho 25 Mt (1 1mT.). XuMudeckue cTakanbl eMKOCThI0 200
M1 (2 wt.) u eMkocThio 25 M (1 wr.). Crynka. [Tunerka. [lnarens.

Peaxmusvr u mamepuanoi:

LluHk rpaHyaMpoBaHHBIA (IpOTpaBieHHBI) W B mopomike. Hutpar ceunma Pb(NO3)».
Honun xamus Kl. Me.

Pacmeopuwi:

Vkcycuast kucinora CH3COOH (0,11.). Consnas xkucinora HCI(0,11.). Cepnas kuciora
H2SO4 (21, u 1:200). Xnopun xene3a(ll1)FeCls (0,0011. u Haceim.). Poganua kamus KSCN
(0,0011. 1 Hack. ). Tuocynsdar Hatpust NaxS203 (1. u 1:200).

OIIbIT 1.BnusiHue npupoabl pearupyromux BEecTB Ha CKOPOCTh XUMUUECKONW peakluu

Jlist mpoBeieHusl OMbITa OJHY MPOOUPKY 3amoidHUTh Ha 2/3 ob6bema 0,1H. pacTBopoM
YKCYCHOW KHUCIIOTHI, 3aT€M BHECTH Tyna 2 — 3 TpaHyJIbl IWHKA, TPEIBAPUTENEHO TPOMBITHIE BO-
JIOW ¥ BbICyIlIEHHBIE (PUIBTPOBaNIbHON Oymaroil. Bropyro mpobupky 3anoiaHuTh Ha 2/3 00be-
Ma 0,1H. pacTBOPOM COJISTHOM KUCIIOTHI, 00aBUTh 2 — 3 rpaHyJisl IuHKa. (Macca nMHKa JOJK-
Ha OBITh OIMHAKOBA U B NIEPBO U BO BTOPOIl MpoOUpKax).

CpaBHUTH CKOPOCTH B3aUMOJEHUCTBUS C IIUHKOM COJISSHOM M YKCYCHOM KHCIIOT OJMHa-
KOBOI KOHILIEHTPALUU U OOBSICHUTH HA0JI0/JaeMbl€ SIBIICHHSL.

[To okOHYaHUU OMBITA BBUIUTH KHCIOTY, TPOMBITh IIUHK, BBEICYIIUTh €T0 (UIBTPOBAIIb-
HOM OyMmaroii.

OIIBIT 2. 3aBUCHUMOCTH CKOPOCTH PEAKIIUU OT KOHIIEHTPAIMUPEATUPYIOIINX BEIIECTB

a) K 1H. pactBopy tHocynbshara Hatpus Na:S:03 npunuth 2H. pacTBOp CEpHON KUCIIO-
ThI H2SO4.

HabmtoaTh MOMyTHEHHE PAacTBOPA, KOTOPOE BBI3BAHO B3aMMOJEHCTBUEM THOCYJb(ara
HATPUS M CEPHOW KHUCIIOTHI C BBIIEIICHHEM CBOOOIHOI CephI:

Na>5203 + H2SO4 = NaxS04+S02 + H2O+S

Bpewmsi, koTopoe TpOXOAWT OT Hadaia PeakiuH 0 3aMETHOTO MOMYTHEHHUS pacTBOpa,
XapaKTepHU3yeT CKOPOCTh PEAKIUU.

0) B Tpu Gonbine HyMepoBaHHbIE TPOOUPKH HAMUTh pa3dasneH bl (1:200) pacTBop
tuocyibdara Hatpusi Na2S203: B nmepByto —5 mu1, Bo BTopyto — 10 mi1, B TpeTsio — 15 M. K
COJIEP)KUMOMY TIEepBOH MpoOUpKku 100aBUTH 3aTeM 10 M BOABI, @ BTOpOil — 5 M Boabl. B
TpU JApyrue NpoOUpKH HaIuTh o 5 M pazbasinenHoi (1:200) cepHoit kucnoTsl. B kaxayio
npobupky c¢ pactBopoM NaxS;0O3 mpuianTh NMpu MOMENIMBAHWH IO 5 MIJI MPUTOTOBICHHOU
H2SO4 u onpenenuts BpeMsi ¢ MOMEHTa JA00aBJIEHUS KHCJIOTHI O TOMYTHEHHUsl pacTBopa B
KaXXJ10¥ IpoOupKe.

3anucarh pe3yabTaThl 1O cleaytonei popme:

Ne  mpo- O6bem  OO6B- OO0bem  OOmmit  YcioBHas Bpewmst CxkopocTh
Oupku pactBo-  eMm pactBo-  00BEM KOHIICHTpa- poTeKa- peakuuu
pa H2O, pa pactBo-  mmsa NaxSpO3  Hus peak- B YCJIOB-
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Na2S203 i H2S0Oq, pa, M UM 1O II0- HBIX €Iu-
, MII MII SIBIICHUSA HUIIAX,
MYTH, T v=1/1.
1 5 1 5 20 1C
2 10 O 5 20 2C
3 15 5 5 20 3C

Te xe pe3ynbTaTsl H300pa3uTh rpaduyecKu, OTIOKHUB HA OCH a0CIHCC yCIOBHBIC KOHIICH-
tpamuu NaxS203, a Ha OCH OpAMHAT — CKOPOCTH peaknuu V=1/1.

CrnenaTh BBIBOJ O 3aBUCHMOCTH CKOPOCTH PEAKIMU OT KOHIICHTPAIUU PEarupyromux
BelecTB. CornacyroTcs i Ballld HAOIIOJeHUs C 3aKOHOM JIeMCTBUS Macc?

OIIBIT 3. 3aBUCHUMOCTH CKOPOCTH PEAKLMH OT TEMIIEPATYPbI

Jlns onbiTa B3sTh pazbasneHnble (1:200) pactBopsl NaxS;03 1 H.SO4. Hanmuts B Tpu Gosbiime
HyMepoBaHHbIe pooupku 1o 10 Mt pactBopa NazS203, B npyrue tpu npobupku — o 10 v pactBopa
CCPHOI KHUCIIOTHI ¥ pa3/Ie)ITh UX HA TPH Mapkl: 1o rmpodupke ¢ pactBopoM NaxS;03 u H2SO4 B kaxkoit
nape.

OtMeTuTh TEMIEpaTypy BO3IyXa B 1aOOpaToOpUu, CIIUTh BMECTE PACTBOPHI MEPBBIX ABYX MPOOU-
POK, BCTPSIXHYTb U OTIPEIEIUTH BPEMsI C MOMEHTA JJOOABJIEHHS KUCIIOTHI JI0 TOMYTHEHHS PacTBOpA.

JIBe npyrue npoOUpKU MOMECTUTh B XUMUYECKUI CTaKaH C BOJION U HarpeTh BOJY JI0 TEMIIEpary-
pe1 Ha 10 °C BbIllIe KOMHATHOM. 3a TEMIEPATYPOM CIETUTH IO TEPMOMETPY, OMYIIEHHOMY B BOMY.
Cnuth conepxuMoe TpoOUPOK, BCTPSIXHYTh U OTMETUTH BPEMsl OT CIUBA JI0 MOSBICHUS MY-
TH.

[ToBTOPUTH OMBIT C OCTABUIUMUCS ABYMS MPOOHPKAMHU, HATPEB UX B TOM K€ CTaKaHE C
BOJI0i1 10 TemnepaTypbl Ha 20 °C Bbllle KOMHATHOM. 3anucaTh pe3yJbTaThl MO CleAyroUiel

dbopme:

Ne npo- OOwvem O6bem Temnepatypa, Bpems no mo- CkopocTh peakuuu B
Oupku pactBopa pactBopa °C SBJICHUSI My- YCIIOBHBIX €IMHHIIAX,
Na2S;03, H2S0q4, TH, T v=1/1.

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

CocraBuTh rpaduk, WITIOCTPUPYIONUNA 3aBUCUMOCTh CKOPOCTH pEaKkIuu OT TeMmIepa-
TypHbl Il JaHHOTO omnbITa. JlJig 3TOro Ha ocu abcuKcC HAHECTH B ONpENIeIEeHHOM MaciiTabe
3HA4YEHUs TeMIEPaTyphl OMBITOB, & HA OCH OPJUHAT — BEJIMYUHBI CKOPOCTHU peakiuu V = 1/1.

Crnenatp BBIBOJI O 3aBUCUMOCTH CKOPOCTH XMMHUYECKOW peakiuu oT Temmnepatypsl. Ka-
KM€ 3HAYeHUs MPUHUMAaeT TeMIlepaTypHbId KOd()PUIMEHT st OONBIIMHCTBA XUMHYECKHUX
peakiuii?

OIIBIT 4. BnusiHue MOBEPXHOCTH PEAarupyOIUX BEIIECTB HA CKOPOCTb FE€TEPOTreHHON pe-
aKINH

YpaBHOBECUTH HAa TEXHOXMMHUYECKMX Becax KycO4eK Mpamopa (I Mella) U TaKylo K€ Mac-
Cy mopoIka Mpamopa (uiau mena) — npuommsutensHo 0,5 1. B 1Be mpoOupku HaIuTh 10 S5 M
pa30aBICHHON CONSHON KUCIOTHl U BHECTH B HUX OJHOBPEMEHHO HABECKH Mpamopa WIH Me-
Ja: KycoueK — B OJIHY MPOOUPKY, HOPOILIOK — B Apyryto. OTMETUTH BpeMsi, KOTOpPOe MoTpedyeT-
sl JUTsl TIOJTHOTO pacTBOpPEeHHsI MpaMopa (Mena). B kakoil mpobupke peakiius mMpoTeKaeT ObICTpee
U nouemy?

Hanucate ypaBHeHUE peakIud U MaTEMaTHYECKOE BBIPAXKEHUE 3aKOHA JEUCTBYIOIIMX
macc. CaenaTh BbIBOJ O BIMSIHMM MMOBEPXHOCTU PEArHpPYIOIIMX BEIIECTB HA CKOPOCTb PEaKIH,
IIPOTEKAIOLIEN B TETEPOr€HHOM CUCTEME.

OIIBIT 5. CkopocCTh reTepOTE€HHBIX XMMHUYECKUX pEeaKIuil

a) B cyxoli cTynke oCTOpOKHO cMelIaTh (HEe pacTupasi) HECKOJIbKO KPUCTAJJIOB HUTpaTa
ceunna (Il) m moguna xanus. [IpoucxoauT 1u U3MEHEHUE OKPACKH?
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DHEPruYHO pacTuparh Kpuctawibl. Uto mpoucxoaut? M3 mumerku n100aBUTh K CMECH
HECKOJIbKO Karellb BOJbI; OOpaTUTh BHUMAHUE HAa U3MEHEHHE OKpacku. OOBSACHUTH OMBIT.
Hanucatps ypaBHEHUE peakIuu.

Jlabopamopnas paboma Nel 1.
XuMHYeCKoe paBHOBecHe
Bonpocul cobecedosanus:

1. HeoOpatumpbie 1 oOpaTUMbIE XMMHUYECKHE PEAKIIMH. Y CIOBHS 0OpaTUMOCTH U HEOoOpa-
TUMOCTH XMMHUYECKUX IPOIECCOB. XUMHUUYECKOE paBHOBecHue. KoHCTaHTa XMMHUYECKOTO paBHO-
Becus,

2. ITpunnun Jlelllarense. CMmenieHne XMMHYECKOTO PABHOBECHS MPU M3MEHEHUH KOHIICH-
Tpaluii pearupyomux BeIEeCTB, TaBICHUSI U TEMIIEPATyPhI.

3. Karanuzatopsl B 00paTHMBIX IpoIeccax.

OIIBIT 1. CmemieHne XMMHUYECKOTO PAaBHOBECHS MPU U3MEHEHUH KOHIIEHTpAIlMi pearu-
PYIOLUX BEILECTB

B Hebombiom crakanumke cMmemats mo 10 v 0,001H. pactBopoB xiaopuaa xenesa (1)
FeClz u ponanuna kanus KSCN. HamucaTth ypaBHeHHE 3TOH 00paTHUMOil peakiluy U BhIpaKe-
HUE KOHCTAHThI paBHOBECHUsI J1JI HEe.

[TonyueHHbIll pacTBOP pa3jiuTh MOPOBHY B 4eThipe npoOupku. B nepByro npodbupky mo-
0aBUTh HEMHOTO KOHIIEHTPUPOBAHHOTrO pacTBopa xyopuaa xeinesa (Ill), Bo BTopyro — KoH-
LEHTPUPOBAHHOI'O0 PAacTBOpA POJIaHMIA KalKs, B TPETbIO — HEMHOI'O KPUCTANIMUYECKOTO XJIO-
puaa Kajaus, a YeTBEPTYI0 MPOOUPKY OCTaBUTH AJis cpaBHEHHS. CpaBHUTH LIBET KUJKOCTEH B
npoOUpKax.

[To n3MeHeHNI0 UHTEHCUBHOCTU OKPACKHU CYIAT 00 U3MEHEHUH KOHIEHTpAllUU POJIaHH-
na sxene3a(lll) Fe(SCN)z, t.e. 0o cmemenun paBHoBecus. OOBICHUTh M3MEHEHHUE I[BETA Ha
OCHOBaHMHM 3aKOHa JehcTBUs Macc. CMeCTUTCS JIM paBHOBecHe NP pa30aBIeHUU IMOITYyUYeH-
HBIX pacTBOpPOB?

Tema: XuMHYecKas KHHETHKA. XHMHYECKOe paBHOBeCHE

1. Bo ckosibKO pa3 U3MEHUTCS] CKOPOCTh MPSIMOM U OOpaTHOM peakluii B CUCTEME

2S02(1) + O2(19=2S03(1),

eclii 00beM ra30BOM CMECH YMEHBIIUTh B TpU paza? B kakylo CTOpOHY CMECTUTCS paBHO-
BECUE CUCTEMBI?

2. Bo ckonbKO pa3 yBEJIUYUTCS CKOPOCTh pPeaKIMU, POTEKaollel B ra3oBol (ase, MpH 1o-
BhILIeHUH Temnepatypsl oT 30 1o 70 °C, eciu TemnepaTypHblii K03 (UIMEHT peakluu paBeH 2?

3. KoncranTa paBHOBECHS] TOMOTEHHON CHCTEMBI

CO(r) + H20(g=€02(r) +H2(T)

npu 850°C paBHa 1. Beruncinre KOHIIEHTPAIMU BCEX BELIECTB MPH PAaBHOBECHM, €CIIU HC-
xoJHbIe KOHIEHTpaluu C(co)ucx=3 MOIB/I, CH20)uex = 2 MOJIB/II.

4. DHpoTepMHUYECKash peakius pa3joeHHs neHTaxiopuaa ¢ocdopa nmporekaer 1mno ypas-
HEHUIO

PCls(@=PCl3(r) + Clx(r) ; AH%95 = 92,59 xJI/MOB.

Kak Hamo m3MmeHuTh: a) Temmeparypy; 0) JaBieHHe; B) KOHIICHTPAIUIO, YTOOBI CMECTUTh
paBHOBECHE B CTOPOHY peakiuu pasnoxenus PCls?

Jlabopamopnas paboma Nel2.
IIpuroroBjieHue pacTBOPOB Pa3IMYHON KOHIEHTPALMHU

Pacmeopumocmuio BeliecTBa Ha3bIBa€TCSl €r0 CIIOCOOHOCTH 0OPa30BHIBATH OJAHOPOIHYIO
CUCTEMY C JIpYTUM BEIIECTBOM, SIBIISIFOIIMMCS PACTBOPUTEIIEM.

PacTBOpUMOCTH KHJIKOCTEH B KUAKOCTU OBIBA€T HEOTPAHUYEHHOUN M orpaHudeHHOU. [lis
MEPBOro BUJA 3TO CHUCTEMa «CIHUPT — BOJay, AJii BTOporo — «3¢up — Boga». Ilocie BeTpsixuBa-
HUS 3(upa ¢ BOIOIM MPOUCXOAUT PACCIOCHHE, YTO MOXKHO HAOJIIOJaTh Ha OIbITEe MO 00pa3oBa-
HUIO TPAHUIIBI pa3ziesia MeXKIy ABYMS PaCTBOPAMH: BOJHBIN pacTBOp d¢upa (BHU3Y) U dPUPHBINA
pacTBOp BOJIbI (BBEPXY).
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PacTBOpMMOCTBIO BEHIECTBa MOYKHO TaKK€ HA3BAaTh €ro KOHIIEHTPALMIO B HACBIIIEHHOM
pactBope. Konyenmpayus pacmeopa — 3TO KOJIUYECTBO PACTBOPEHHOT'O BEIIECTBA B CHCTEME B
onpezieiecHHOM Oo0beMe WM Macce pacTBopa wiu pacTBoputesa. OT KOHIIEHTpAlMH 3aBUCAT
MHOTHE CBOMCTBA PACTBOPOB.

[IpumenstoTcsl pa3iauyuHble CrOCcOObl BBIPAKEHUS KOHLEHTPALUKU pPAacTBOPOB, HCIOJb3Yye-
MBI MPEUMYIIECTBEHHO B KOHKPETHBIX O0JACTSIX HAyKW M TeXHUKUA. K HUM OTHOCAT Clemyro-
nue:

1) maccosas dons pacmeopennoco eewyecmea: OTHOIIEHUE (TIPOLIEHTHOE) MACChl PacTBO-
PEHHOI0 BELIecTBa K Macce pacTBOpa. DTOT COCO0 BhIPAKEHMsI KOHLIEHTPALMU YacTO HCIONb-
3yeTcsl B TEXHUKE, XUMUUECKOU TEXHOJIOTHH, CTPOUTEIHLHON MPAKTUKE.

2) B XMMHUYECKHX HCCJIECIOBAHUIX W J1a0OpaTOPHOM MpaKTUKE Yallle MPUMEHSIOT MOJAp-
HOCMb, WA MOJAPHYIO KOHYyeHmpayuio. MonsgpHocTbio pacTBopa (M) Ha3piBaeTcs KOJIMYECTBO
MOJIEH BellleCcTBa, coAeprkaleecs B 1 1 pacTBopa.

3) B aHATUTUYECKUX U3MEPEHUSX U pacueTax MPUMEHSIOT HOPMANbHYIO, U IKEUBAIEeHN-
Hy10, KOHLIEHTpauuo. HopmanbHas KOHLEHTpaLus: pacTBOpa ONpPeIesieTCs KOJTUYECTBOM 3KBHU-
BaJICHTOB PACTBOPEHHOI'O BelleCcTBa B 1 J1 pacTBOpa.

PacTBOpbI paBHONMONSIPHOCTUB3aUMOCHCTBYIOTAPYT C IPYroM B 00BEMax, MpPOMOPIHO-
HAIBHBIX CTEXHOMETPHYSCKUM KOd(D(PHUIIMEHTaM B YpaBHCHHSX PeaKIuii. PacTBOpsI 0IMHAKOBOM
HOPMAJIbHOCTH PEarupyroT B OJIMHAKOBBIX 00beMax (B COOTBETCTBHH C 3aKOHOM IKBHUBAJICHTOB).
Boo0rie ke pacTBOPBI pearupyroT B XUMUYECKUX PEAKIHSIX COTJIACHO MPaBUITy HOPMAIbHOCTEH

4) B XUMHUYECKOM aHaliu3e (B TOM YHCIIE COCTaBa BOJIbI) UCMIONB3YIOT mump pacmeopa — T,
KOTOPBIH [MOKA3bIBAET KOJUYECTBO PACTBOPEHHOI'O BEIIECTBA, COAEpIKaIIerocst B 1 mi pactBopa.

5) monsnbHas konyenmpayus, WA MOASILHOCMb PACTBOPA, BBHIPAKACTCSA YUCIOM MOJICH
pactBopenHoro BemiectBa B 1 kr (1000 r) pacTBoputens. T1a BeIUYUHA, B OTIWYUE OT JPYTUX
CIoco00B BBIPRXKEHUS KOHIICHTPAIMH, HE U3MEHSETCS ¢ TeMIIepaTypoH, Tak Kak JAJisl ee ornpee-
JICHUsI HE UCHOJB3YI0T 00beM. Macca BelecTBa U pacTBOPUTENS, B OTJIMYUE OT 00beMa, He 3a-
BUCST OT TEMIIEPATYPHI.

[To Macce pacTBOpEHHOTr0 BEILIECTBA PAaCTBOPBI MOJPA3AEIAIOT HapazoasienHvle U KOHYEH-
mpuposannsie (ycioBHO). K paz0aBieHHBIM MOXKHO OTHECTH PAaCTBOPHI, COJIEPKAINe OJUH WU
MEHee MOJIb PacTBOPEHHOro BemiectBa B 1 1 pactBopa. [Ipu 3TOM HacChIIIEHHBIM Ha3bIBAETCS
pacTBOpP, KOHLUEHTpALUsi KOTOPOTO MpHU ONPEACIICHHON TeMIEpAaType OTBEYAET PACTBOPUMOCTHU
BemecTBa. Ecnu 1y1st pacTBOpEHHS B3STO OOJBIIE ITOTO KOJIMYECTBA, TO M30BITOK OYyJET Haxo-
IUThCA B ocaike. Mexay ocaakoM M pacTBOPOM YCTaHAaBIIMBAETCs MOJABUKHOE paBHOBecue. B
HEHACBIIIIEHHOM PAacTBOPE KOHIIEHTpAIMsl pAaCTBOPEHHOT'O BEIIECTBA HUKE €r0 PaCTBOPUMOCTH.
B 3aBuUCHMMOCTH OT PacTBOPUMOCTH COJAEpXKaHHE PACTBOPEHHBIX BEIIECTB MOXKET OBITh OYEHBb
pa3HbIM, Haripumep, B pactBopax AgoCrOs umu AgNOs.

ConeprxaHue BelIeCTBA B HACBIIEHHOM PAacTBOPE MPU JAHHON TEMIIEpaType SIBISETCS KpH-
TEpPUEM €ro pacTBOpUMOCTH. Yallie BCEro 3Ty BEIMYMHY BbIpaXKarOT Kak Maccy B rpaMMmax 0e3-
BOJIHOTO BelllecTBa, coaepxanierocss B 100 r pacTBoputensi B HACHIIIEHHOM pacTBope. Ee Ha3bl-
BalOT KO3 puyuenmom pacmeopumocniu.

B HeKkoTOpBIX cilydasix BO3MOXHO Takke 00pa30BaHHE nepechbllyeHHbX PAacTBOPOB, KOTO-
pble coiep aT M30bITOK PACTBOPEHHOT'O BeEIleCTBA. Takue pacTBOPHI 00paszyroTcs MyTeM JUIH-
TEIHHOTO OXJIAXKICHUS HACBHIIIEHHBIX PACTBOPOB M MPEICTABIAIOT CO0OW HEYCTOWYHMBBIC (Ja-
OMJIBHBIC) CHCTEMBI, TPH BHECEHUH B KOTOPHIE 3aTPAaBKU B BUJIE KPUCTAJUIMKA COJIM HIIA IPYTOTO
COCIMHEHMS, a TaKKe€ MPU BCTPSIXMBAHUU WM COTPSCEHUM PACTBOpPA MPOUCXOJUT JIABUHHAs
KPUCTAJIJIN3aIMsl OCHOBHOM MacChl paCTBOPEHHOTO B M30BITKE BEIIECTBA.

[To xapakTepy B3aMMOJIEHCTBUS PAaCTBOPEHHOTO BEIECTBA C PACTBOPUTEIEM pa3IUYaloOT
UOHHble U MOJIeKYIsipHble PACTBOPHI. B MepBBIX pacTBOpsieMOe BELIECTBO MPEACTABICHO B BUJE
MOJIEKYJI ¥ TPOJIYKTOB MX JUCCOLMALNUA HAa HOHBL. BO BTOPBIX — B BUJI€ MOJIEKYJ U UX accollha-
ToB. Hanpumep, BoiHbIE PacTBOPHI COSIHON KUCIOTHI, Cysb(ara KalabIus, THIPOKCHIA KA —
WOHHBIE, PACTBOPHI TIIFOKO3bI, ATHOYMUHA, KHCIIOPO/Ia B BOJIE — MOJIEKYJISIPHBIC.
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HonHble pacTBOPHI, UM PACTBOPHI AIEKTPOIUTOB, OTHOCITCS K MPOBOJHUKAM AJIEKTpUYE-
ctBa Il pona, T. €. UM mpucylia HOHHAsI IPOBOAUMOCTb. DTO PacTBOPHI COJIEH, KUCIIOT, OCHOBA-

HUH, a TaK)Ke X PacIIaBbl U HEKOTOPbIE COCTUHEHUS B BUIE TBEPABIX TEI.

«IIpucomosnenue pacmeopos ¢ 3a0aHHOU MACCOBOL OO0JIel 8eUeCmBa 8 pAcmeope

[{enb: HAyYUThCS IPUTOTABIMBATH PACTBOPHI C 3aJJAHHON KOHIICHTPAIHEH.
a) Ilpueomoenenue pacmeopo usz meepooco eeujecmsa u 600bvl

[TpuroroButs 200 r5%-Hor0 pacTtBopa KapOoHaTa HATPHUS M3 KPUCTALIMYECKON COMIBI
Na2COs - 10H20 u Bozpb!.

Boruncnuts, kakas macca NapCOsz - 10H20 tpeGyercsa mia mpurotosieHus 200 r 5%-
HOT'O pacTBOpa B pacueTe Ha 0e3BoHYI0 coib Na2COs.

OTBecuTh 3Ty Maccy U3MeIbUYE€HHON COJIbI B IIPE/IBAPUTEIHHO B3BEIIEHHOM CTaKaHYHKE Ha
Becax ¢ TouHOoCcThIO 70 0,01 .

Paccuurars, kakoil 00beM BOJbI HEOOXOAMM MJi pacTBOpEHUsl B3ATO HaBecku. OTme-
PUTH MEPHBIM IIJIMHIPOM 3TOT 00beM BOABI. BEUINTH BOAY B CTakaH M PacTBOPUTH B HEH OT-
BEIICHHYIO COJIb.

W3mepuTh TeMIiepaTypy MPUTOTOBICHHOTO PAacTBOPA M, €CJIM OHA HE paBHA TEMIIEparType,
KOTOpasi yka3aHa B TaOiuIle, JOBECTH €€ J0 YKa3aHHOW BEIWYHMHBI, HarpeBas WIH OXJIaXKIas
pacTBop.

Bbumith pacTBOp B CyX0oi (MJIM OMOJOCHYTHIN 3TUM PACTBOPOM) BBICOKUN Y3KUN LIAJIHHJIP
U OTPENeNUTh C MOMOIIBI0 apEOMETpa €ro IJIOTHOCTh. APEOMETp MPOMBITh BOJOH, BHITEPETh
JocyXa U cliaTh 1abopaHTy. PacTBOp BBUTUTH B IPUTOTOBICHHYIO CKIISIHKY.

[To HaliieHHOW TUTOTHOCTH, TMOJB3YsACh TaOmuuel, ompenaenuth ® (%) NaxCOs
10H20BpacTBOpe. CpaBHUTH MOTYUYSCHHYIO BEIMUMHY C 3a/IaHHOM.

PaccunTath MOJSIpHYIO 1 HOPMAJIBHYIO KOHIICHTPALIUHU MPUTOTOBICHHOTO PaCTBOPA.

6) [Ipucomoenenue pacmeopa uz KOHYeHMPUPOBAHHO20 PACEOPA U 800bl
1. IIpuroroButs 250 T 10%-moro pactBOpa KMCIOTHI U3 MMEIOIIETOCS B JabopaTopuu
pacTBopa.

Onpenenutb apeoMeTpoM IUIOTHOCTh PacTBOpPA CEPHOM (MM COJISIHOM) KUCIOTHI, UMEIO-
mieiics B 1ab0paTopHH.

Haiitu B Tabnuiie ® (%) pacTBopa KMCIOThI, OTBEYAOILYIO HallICHHOW MIIOTHOCTH.

Paccunrtats, Kakyro Maccy 3TOTO pacTBOpa KHCIOTHI HY>KHO B3ATh IS MPUTOTOBIEHUS 250
r 10%-HOTO pacTBOpa, U 3aTeM MEPECUUTATH IMOTyUYECHHYIO BETMYNHY HABECKH Ha 00BEM.

Paccunrtarh HY>XHBII 00bEM BOJIbI, OTMEPUTH €TI0 MEPHBIM IHJIMHIAPOM U BIUThH B CTaKaH.

OTMepHUTh MEPHBIM IIMIIMHIPOM PACCUUTAHHBIA 00BEM PACTBOPA KUCIIOTHI, BIUTH €r0 B BO-
ny (B ciy4yae CEpHOM KHCIOTHI BBUIMBATh TOHKOW CTpYyeW MpU MOMEIIMBAHUH) U TIIATEIBHO I1e-
pememnarb pacTBop.

OxnaguB ero 70 TeMIepaTypsl, YKa3aHHOM B Tabiulle, MEPeIuTh B CyXOW BBICOKHH LHU-
JVHJIP U OMPEIEITUTh MTIOTHOCTh aPEOMETPOM.

CauTh NOJYyYEHHBIH PacTBOP KUCIOTHI B IPUTOTOBIEHHYIO CKIISTHKY.

[Tonp3ysick Tabmunei, onpeaenutb® (%) MOIyIYEHHOTO PacTBOpa M MPOBEPUTH, TAKUM 00-
pa3oM, TOUHOCTb BBIITOJIHEHHS OTIBITA.

BBIUucnTh MOSIpHYIO M HOPMaJTbHYIO KOHIIEHTPAIIMH TIOJTYYSHHOTO PacTBOpa.

2. TpurotoButs 200 M pacTBOpa THApPokcuaa HaTpus (p=1,050 r/cm®) U3 KOHLIEHTPHPO-
BaHHOTO PacTBOPA U BO/IBL.

OnpeaenuTs apeoMeTpOM INIOTHOCTh KOHIIEHTPUPOBAHHOT'O PacTBOPA.

Haittuo (%) runpokcuaa HaTpus (Tabauia) B KICXOJHOM U [TOJTy4YaeMOM PacTBOpPaX.

Boruncnuth Maccy pactBopa. Paccuntath HaBecky, a 3aTeM 00bEM KOHLIEHTPUPOBAHHOTO
pacTBopa 1 00BEM BOIBI, HEOOXOAMMEIE ISl IPUTOTOBJICHUS 3aJJAHHOTO PacTBOPA.

OTMepUTh MEPHBIM [WIMHAPOM BBIYMCIICHHBIE O00BEMBI
KOHIIEHTPUPOBAHHOTO PacTBOpa M BOJIbI, CIUTh WX, TIIATEIBHO MEpeMeniaTh *HUAKOCTh, MOCIe
OXJIQXKJICHHSI BBUIUTH B CYXOW BBICOKMI IIMJIMHJIP U OINPEACIUTh apEOMETPOM IUIOTHOCTH IOJTY-
YEHHOT'0 PacTBOPA, a 3aTE€M BBUIUTH €0 B CKIISIHKY.
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Onpenenutb pacxoXJIeHUE HAJEHHON NIOTHOCTHU U 3aJJaHHOM B MPOLIEHTAX.

BrraucianTte MOJISIpHYIO U HOPMAJIBHYIO KOHIICHTPALIUU MTOJTYYE€HHOTO PacTBOpa.

3aoauu no meme: «Pacmeopuor»

Pacmeop — 3T0 MHOTOKOMITOHEHTHAsI TOMOT€HHAsT (DU3UKO-XUMUYECKasi CHCTEMa, COCTOSI-
nias U3 paBHOMEPHO PACIPEICIICHHBIX YaCTHUL JBYX WJIM HECKOJIbKHUX BemecTB. OQHO U3 3THUX
BEILIECTB — PACTBOPUTEIIb, a IPYTUE - PACTBOPECHHBIE BEUIECTBA. | paHUIIa MEK]ly PACTBOPUTEIIEM
U PacTBOPEHHBIM BEILIECTBOM JOCTATOYHO ycloBHa (0COOEHHO, eciii 00a KOMIOHEHTA KUAKO-
ct). Ho eciiu B pacTBOpe mpoTeKaeT Kakas-In00 XUMUYecKasi peakiusi, TO paCTBOPUTEIIEM CUHU-
TalOT KOMIIOHEHT, HE IPUHUMAIOIINI B HEN y4acTHsl.

Baxnelimasi xapakTepuCTHKa pacTBOpa — €ro KOJMYECTBEHHBIM cocTtaB. OTHOCHUTEIBHOE
coJlep)KaHHEe PacTBOPEHHOr'O BEIIECTBA B PACTBOPE HA3BIBAIOT KOHIEHTpauuei. CrnocoboB BbI-
pakeHUs! KOHILIEHTPALIMU CYIIECTBYET MHOTO, HO YaIlle IPUMEHSETCS MPOLICHTHAs! KOHIIEHTPaIus
WJIM MaccoBas J10J1s1 BELIECTBA B PACTBOPE.

Maccosas 0ons eewjecmsa 6 pacmeope
®opMyIibl U1l paCYETOB MAaCCOBOM JI0JIM BEIIECTBA B PACTBOpPE:

HaxoxieHne MaccoBoi 10JIM PaCTBOPEHHOIO BEILIECTBA:

©% (B-Ba) = ME—64) = 100% (1)
m(p — pa)
HaxoxieHne Maccsl paCTBOPEHHOIO BEIIECTBA 110 U3BECTHOM MacCOBOM JI0JI€ BEILIECTBA:

m (B-Ba) = w%(6 —6a)-m(p — pa) (2)

100%

Haxoxnenue maccel pactBopa:
m (p-pa) = m(s — 6a) -100% (3)
w%(6 — 6a)
HaxoxnaeHue Maccel pacTBOPUTEIIS:
M (p-1s) =M (p-pa) — M (s-Ba)  (4)
Haxoxnenne MmaccoBoOM 10U paCTBOPUTENS:
®% (p-11s1 ) = 100% - ©®% (B-Ba)  (5)
3aoauu nepsoco muna — onpeodeneHue Maccogoll 00U 8ewecmad 8 pacmeope no U3eecm-
HBIM MACCam pacmeopumens u pacmeopenHo20 euecmea
3aoaua 1.
Brruuciaute maccoByto oo (B %) XJiopuaa HaTpUs B pacTBOpE, MOJIYYEHHOM B pe3yJibTa-
Te pacTBOpeHus 44 T MOBapeHHOM COJH B IBYX JTUTPAxX BOJBI?
Pewenue:
1. Macca pacTBOpeHHOTO BelIeCTBa M3BECTHA U3 YCIOBUA 3a1aun: 44 1. 3Has Maccy pacTBOpH-
tenst [p(H20) = 1 xr/n]; m (H20) = pV; m (H20) =1 - 2 =2 (xr), u ucnons3ys hopmyiy (4),
paccuuTaeM Maccy pacTBopa:
m (p-pa) =44 + 2000 r = 2044 ().
2. Ilpumensist popmyaty (1), HaliileM MaccoOBYIO JIOJIO XJIOPHIa HATPHS:
®% (NaCl) _ 44 120 215(%) -

Otet: ®% (NaCl) = 2,15%.

3adauu emopozo muna, 6 KOMoOpPwIX MPeOYEemcs BbIYUCIUNMb MACCY PACHBOPEHHO20 8elye-

cmea

3aoaua 2.

Brrancnute mMacchl conu U BOJbI, HeoOXoaumble aisi mpurotoBieHus 300 r© pacTBopa C
MaccoBOH noJeit conn 15%.

Pewenue:

1. Ucnonb3zyem dopmyity (2) 1uist pelieHus STON 3a1auu:

m (comn) 30015 _45 (1),
100

2. Maccy BoabI (p-Jisi) BEIYUCTHM 110 popmyrie (4):
m (H20) =300 — 45 =255 ().
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OTBeT: Macca conu 45 ; Mmacca Bogsl 255 T.
3adauu mpemveco muna, 6 KOmopvix mpebdyemcs Haumu Maccy pacmeopa no e2o napa-
Mempam
3aoaua 3.
Ymectures nu B MepHo kosbe Ha 500 mut 20%-HbIi pacTBOp conu, coaepxkamuii 120 r
pactBopeHHoro BemiectBa? [ImoTHocTh pacTBopa paBna 1,15 r/mn?
Pewenue:
1. Maccy pacTBopa ¢ 3aJJaHHBIMHU [TapaMeTpaMH MOXKHO paccuuTarh 1o ¢opmyie (3):

m (p-pa) - % _600 ().

2. Haiinem o06beM pacTBopa:
V (p-pa) - 890 _522 mu.
115

Otgert: B k0s16e 00beMOM 500 MJI CTOIBKO pacTBOpa HE TIOMECTUTCSI.

3aoauu no meme: «Pacmeopumocmuoy

[Tpouiecc pacTBOpeHUs — CIOXHBIA (PU3NKO-XUMUYECKUH mporecc. PacTBopumocTs Be-
IIECTB Pa3InYHA M 3aBUCUT OT MX (PU3MUYECKHX U XUMHUYECKUX CBOMCTB. CleayeT MOMHUTH, YTO
pacTBOp, B KOTOPOM JOCTHUTHYTa MaKCHMaJbHO BO3MOXKHAs MPU JAHHBIX YCIOBUSX MaccoBas
JI0JI1 PaCTBOPEHHOI'O BEILECTBA WM PAaCTBOP, HAXOJAIIMICS B PAaBHOBECHU C PACTBOPEHHBIM
BEIIIECTBOM, Ha3bIBAIOT HACHIIIICHHBIM.

3aoaua 1.

PactBopuMocTs auxpomata kanus B Boje mpu 80°C cocrapnsier 73 r B 100 r Boas! (koad-
¢unueHT pacTBopuMocTH). PaccunTtaiiTe MaccoByO JOJIIO HACHIIEHHOIO MPHU JIaHHOW Temrepa-
Type pacTBOpa JUXpoMara Kajusl.

Pewenue:
Haxonum maccy pactBopa K2Cr207:
m (p-pa) = m (8-Ba) + M (p-11s1);

m (p-pa) =100 + 73 = 173 (1);
otctona o gopmyie (1) paccuuThiBaéM MacCOBYIO JOJIO TUXpOMaTa Kalus:

®% (K2Cr207) = 73100 42,2(%) .
173

Obpamnuas 3a0aua.

PaccuuTaiite k03 uuneHT pactBopuMocTu HuTpata Kanus npu 20°C, eciu MaccoBas J10-
JIsl HACBIIIIEHHOTO MPHU JaHHOM TeMIlepaType pacTBOpa 3TOM coiii paBHa 24%.

Pewenue:

Cnocob 1.

KoadduimeHT pacTBOPUMOCTH IOKA3bIBAET, CKOJBKO COJM MOXET PacTBOPUTHCS MpHU
JMaHHbIX ycinoBuax B 100 r Bozbl, mo3aTOMy Macca pactBopureiis pasHa 100 r.

O0603HauMM Maccy pacTBOpeHHOTOo BemiecTBa x (T). Torma macca pactBopa coctaBuT (100
+ Xx) r. YuuThIBas, 4TO MaccoBas [J0Jii HUTpaTa Kajlus WM3BECTHA, ¢ MoMoIIbio dopmyisl (1)
MOJKHO 3aIMcaTh YpaBHEHHE:

©% (KNO3) = m(KNG;) -100%

m(p - pa)

24% = x-100%

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

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

B 76 r Boas! pactBopsierca 24 TKNOs

6 100 2 6001 pacmeopsemcs x 2 KNO3
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COCTaBHB MPOMOPIUIO, HAXOIUM, 4TO X = 31,6 T.
Kpucmannoauopamul

PactBop — 310 du3nko-xuMuueckas cucrema. B pesynbrare B3auMOJEHCTBUS MOJIEKYII
pacTBOPUTEIIS U PACTBOPEHHOTO BEIICCTBA BOSHUKAIOT COSMHECHHMSI, Ha3bIBAEMBIC COJIbBATaMU (B
BOJIHBIX pacTBopax — rujparamu). lHorga Takue coeIMHEHUs OKa3bIBAIOTCS HACTOIBKO YCTOM-
YUBBIMU, YTO MOTYT OBITh BBIJEICHBI U3 PacTBOpa MPU OCTOPOXKHOM BbinapuBaHuu. Cojepixa-
masicss B HUX BOJIA HA3bIBACTCSl KPHUCTAJUIM3AILMOHHOM, a caMH 00pa3yroluecs: COCIUHEHUS —
Kpuctauiorgaparamu. [lo cBoeMy CTPOCHHMIO KPHUCTAJIOTHUIPAThl Pa3IMYHBL: OAHU COJAEpIKAT
BOJIy HEMOCPEACTBEHHO B KPUCTAJUTMUECKOHN PEIIeTKE U TEM CaMbIM MOJHOCTHIO COOTBETCTBYIOT
coemy HazBauuio (Mupadbumut NaSOs-10H20), npyrue npeacrapistor coboil KOOPAMHAIIMOH-
Hble cOeAUHEeHMs (Hampumep, GopMyiy MEIHOIrO Kymnopoca IpaBHJIbHEE 3aliChiBaTh B BUIE
[Cu(H20)4]SO4-H20). BHe 3aBUCHMOCTH OT CTPOEHHS, KPUCTAIUIOTUAPATHI — COSAUHEHHMSI, JICTKO
00€3BOKMBAIOLIMECS IPU HArPEBAaHUHU.

3aoauu na onpedenenue gopmynvl Kpucmaniocuopama

3aoaua 1.

[Ipu momnom oOe3BokuBaHuu 48,3 r Kpucramwioruapara mnoiaydeHo 21,3 r cynbdara

Hatpus. Onpenenure GopMyTy KpUCTAJUIOTHAPATA.

Pewenue:
1. U3 ycroBus 3anauu cienyer, 9to popmyia kpuctatoruapara NaxSO4 -xH»0.
Haxoaum MosnsipHble Macchl cynb(ara HaTpUsi U BOABIL:
M (NazSO4) = 142 r/mons; M (H20) = 18 r/mous.
B 48,3 r xpucramioruapara coaepxkurcs 21,3 r cynabdara HaTpus, octTanbHoe (27 T) — BoJa.
2. HaiineM, ckoibKO BOJBI Npuxoautcs Ha 1 monb cynbdara mHatpus: Ha 21,3 r cynbdara
HaATpUs NpUXoauTcs 27 T BOABI
Ha 142 r cynbdara HATPHS — Y T BOJIBI,

y=180r
Breruucnsiem, ckonbpko moieit coaepkutces B 180 r Boabl
n= MH,0) 1
M (H,0)
n = 180

ST 10(monb) 1

T.e. Ha 1 Monb cynbdaTa HaTpus npuxoautcs 10 Moab BOABI.
Otgert: ¢popmyna kpuctamuoruapata NazSO4 - 10H20.
3a0auu na npucomosnenue pacmeopos KpUCmMaiio2uopamos
[Tpu pacTBOpeHHM KPUCTAUIOTHAPATOB KPUCTAIU3ALMOHHAsI BOAA MEPEXOUT B PacTBOP
¥ TEM CaMbIM yBEIIMYMBAET MACCy PAaCTBOPUTEIIS.
3adaua 2.
Ckoibko BojIbI M aHTHiickoi comn MgSQOs- 7H20 HeoOX01uMo B3STh I IPUTOTOBIICHUS
440 r pactBOpa CyJb(aTa MarHusi ¢ MacCoBOM J0J1ei paBHOIt §%.
Pewenue:
1. Hauynem pematsb 3aady ¢ KOHIIA.
[To dpopmyre (2) B pacTBOpe JOIKHO COMEPIKATHCS:
m(Mgs0 ) = M P @%; 498352 (r).
100% 100
2. Boruncaum mosisipabie Macebl: M (M@SQOs4- 7H20) = 246 r/monb; M (MgSOgs) = 120
I/MOJb.
3. Haiinem Maccy aHriuiickoil conu, TpeGyeMoil 11 MpuroToBieHus pactBopa. Paccyx-
JlaeM CIIEAYIOUIMM 00pa3oM:
B 246 r anrmuiickoit comm coxepxkutces 120 rMgSOs
B X T aHIIMiicKoM comu — 35,2 1 MgSOg
COCTAaBJIIEM MPONOPLHUIO U HAXOAUM X:
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x =822 _ 12,2 (7).

120

Harinem Maccy BOJIBI JUIS IPUTOTOBIICHUS PACTBOPA:

m (H20) = m (p-pa) — m (MgSO);

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

OTBeT: Macca aHTJIMMCKOM coiu - 72,2 r; Macca Boabl — 367,8 T.

Jleticmeus c pacmeopamu

O‘-IGHB 4acToO B HOBCCHHGBHOﬁ KU3HU HpI/IXOI[I/ITCSI HpOBOI[I/ITB paSJII/I‘IHLIe IIGIZCTBHSI C
pacTBOpaMH, HE COMPOBOXKIAIOIIMECS MPOTCKAaHUEM XMMHUYCCKHUX PEaKIuil: pa30aBiieHue, yma-
puBanue u T.4. [Ipu 3TOM HY’KHO yMeTb IPOU3BOAUTH BBIYMCIICHHUS MacCOBOM JIOJIM BEILIECTBA B
pacTBope.

Pazb6aenenue

3aoaua 3.

K 120 r 15%-nor0 pactBopa conu mobaBmwiu 80 T Boabl. Beruncanute MaccoByio J10J10
COJIM BO BHOBB ITOJIYYCHHOM PacTBOpE.

Pewienue:

1. BeiBemem dopMyity aiist pacueTa MacCOBOH JIOJIH BEIIECTBA B Pa30aBICHHOM PacTBOPE.
O6o03HauuM ee ®(B-Ba)1, Maccy pacTBopa — M (p-pa)i, a Maccy pacTBOPEHHOIO BeIIeCTBa - M (B-
Ba)1. B pe3ynbTare pa3baBieHus MOIYyYUM HOBBIM pacTBOp C MmapameTpamu o (B-Ba)z2;M (p-pa)z;
m (B-Ba)2.

Torna:

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

[Tpu noGaBieHUH BOJBI Macca paCTBOPEHHOTO BEIIECTBA HE U3MEHHTCS, CIICAOBATEIHHO,
m (B-Ba)1 = M (B-Ba)2, a Macca BHOBb IOJIyYEHHOI'O pacTBOpa OyAeT paBHAa CyMME€ MacC MCXOJ-
HOTO pacTBOpa W MPIJIMTON BOJBI. Bocmoap30BaBMIMCH (GOPMYIION I OpeesiCHUsT MacCOBOM
JIOJTU, TIOCJI€ COKPAILIEHUS TIOTYYUM:

@%(6 —6a), =

m(s—sa), =

m(p - pa)l -0(6 - 3‘1)1
m(p — pa), + m(H,0)
2. [oacraBuM B 3Ty (hOpMYITy JaHHBIE U3 YCIOBHS 3a/1a4H:

0%(6—6a), = % =9(%)
+

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

w(6—e6a), =

3aoaua 4.

N3 400 r 20%-H0T0 pacTBOpa conu yrmapuBanueM ynamwim 100 T Bogsl. UeMy crarna pas-
Ha MaccoBasi J10Ji COJIM B TIOJIy4Y€HHOM pacTBope?

Pewenue:

1. Bo3bMmeM Bce ycrioBHBIE 0003HaueHUS U3 mpenasiaymei 3amaun, m (H20) - a3To mMacca Bbina-
pPEHHOMI BoAbl. B 3TOM 3a/mave, Kak U B paCCMOTPEHHOU paHee, Macca paCTBOPEHHOrO BEIIECTBA
HEU3MEHHA, CJIEIOBATEIbHO:
m(p — pa), - ®%(s —6a),

m(e —sa), = m(s —6a), = 100%

A Tak kak m (p-pa)2 = m (p-pa):- m (H20), To nomyuum:
(s — 6a), = m(s —6a), -100% _ m(s — 6a), -100%
m(p - pa), m(p — pa), —m(H,0)

[Tocne cokparnieHuit MOKEeM 3aIucaTh:

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

(6 —6a),
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2. TlomcraBuM B TOJIYYCHHOE  BBIPAKCHHE  YHCIOBBIC  3HAYCHUS  BEJIWYHH:
@%(6—6a), = 40020 _ 27,6(%) .
400-100
OtBeT: MaccoBasi 10J1s1 BEUIECTBA B pacTBOpe paBHa 27,6%.
Konyenmpuposanue
3aoaua 5.

K 200 r 4%-noro pactBopa ruapokapOoHaTta HaTpus 100aBUIM 5 T TUIpoKapOOHaTa

HaTpud. Onpenenure MacCoBYIO JIOJIIO BEUIECTBA B MIOJIYYEHHOM PacTBOPE.
Pewenue:

1. BBenem o0o3HaueHue: Me — Macca 100aBIeHHOI conu. Macca pacTBOpUTENs B JTaHHOM
CIIy4yae HE MEHSETCS, 3HAUUT:

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

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

100%
m(¢—ea),-100% m(e —ea), +m, _
m(p — pa), B m(p—pa)1+mc~100%_

m(e —ea), =

0%(6—6a), =

m(p — pa), - @%(s —6a), + m,
100% m(p — pa), + m_ -100%
2. HOIICTaBI/IM B ITOJIYUYCHHOC BBIPAKCHUC YU CJIOBBIC 3HAYCHUS:
200-4 5
®%(6 —6a), = + =6,3(%) .
100 200+5-100
OtBeT: MaccoBas JI0JIs THAPOKapOOHaTa HaTpHUs B MIOJyYEHHOM pacTBope paBHa 6,3%.

Crusanue 08yx pacmeopos

3adaua 6.
K 120 r 20%-noro pactBopa cepHoil kuciaotsl godasmin 40 r 50%-Horo pacTBopa cepHoOi
kucioTsl. KakoBa MaccoBast 107151 BellleCTBa BO BHOBb MOJyYHMBILIEMCS pacTBOpe?
Pewenue:
1. B naHHOM citydae U3MEHSETCs Bce: Macca paCTBOPEHHOI'O BEILIECTBA, Macca pacTBOPH-
TEJIS ¥ 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)z.
Torna maccoBast 107151 BellleCTBa B 00pa30BaBIIEMCsl PaCTBOPE paBHa:
m(s — 6a), -100%

m(p — pa),
CrnenaeM COOTBETCTBYIONIYIO MOJICTAHOBKY:

0%(6 —6a); =

m(p — pa), - ®%(s —6a), .
%(6 - = m(p— +
0%(6 — 6a), 100% (p—pa),
— Y —
+ o= pa), OR6=6a); ., ), 100%

100%
2. IloacTaBuM B MOJYyYEHHOE BBIPAKEHUE 3HAUCHUS BEJTUUMH:
120-20 , 40-30..154, 40.100 = 27,5(%) .
100
OtBeT: ® (B-Ba) B HOBOM pacTBope paBHa 27,5%.
pyaue cnocobul evipasicenus Konyenmpayuu
WNHorna B 3agadax cojep>kaHue pacCTBOPEHHOI'O BEILIECTBA BHIPAXKAIOT B APYTHX €IMHUIIAX
usMepenus. B mepByto odepens 310 MonspHast KoHmeHnTparus (Cy), KoTopas paBHa OTHOIIEHUTO
KOJIMYECTBA PaCTBOPEHHOTO BEIIECTBA (B MOJISX) K 00beMy pacTBOpa, paBHOMY 1:

sz_
Y

o(6—8a); =

3agaua 7.
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Boruncnute MonsipHyro koHueHTpauuio 20%-HOro pacTBopa xJjopuaa Kamus (p=
1,13r/mm).
Pewenue:
1. Haiiiem Maccy 0JIHOTO JTUTpa pacTBOpa XJIOpUJIa KaJus:
m (p-pa)= 1000 - 1,13 = 1130 (7).
2. Halinem maccy BelllecTBa — XJIOPUJIa KaJIMS:
m(p — pa) - ©%(6 —6a)
100%
1130-20
m(g —6a) 100 226 (1).
3. Haiinem KOIM4€eCTBO BEILIECTBA XJIOpUIa KaJIUs:
M (KCI) =39 + 35,5 = 74,5(r/mo1b);

m
n=—;n(KCIl) _ 226 _
M ( ) 45 3(monv)

m(e —ea) =

Ortser: koutnentpaius KCI B pactBope cocrasisier 3 M, wiu Cy, (KCI) = 3 monb/i1.
Bonpocul cobecedosanus:
1. Jaiite onpesenenue pacTBOp, PACTBOPEHHOE BEIIECTBO, PACTBOPUTEIND.
2. [TpuBenuTe GakThl, KOTOPHIC YKA3bIBAIOT HA TO, YTO B BOJHBIX PACTBOpAX CyIIle-
CTBYIOT XUMHUYECKHE COEIMHEHHUSI PACTBOPEHHOTO BEIIECTBA C BOAOM, U (DaKThl, KOTOPHIE COIH-
JKAIOT PACTBOPHI C MEXAaHUYECKUMU CMECSIMH.

3. ConbBatanus. ConpBaTHpOBaHHbIE HOHBL. KpHcTamioruaparsl.

4. PactBopumocts. Koaddunment pacrsopumoctu.

S. HacplieHHbIl, HEHACBIIIEHHBIA U MepechIieHHbIH pacTBOpbl. KoHIIeHTpupoBaH-
HBII 1 Pa30aBIICHHBIA PACTBOPBHI.

6. KonnyecTBeHHOE BhIpa)Ke€HHE COCTaBa pacTBOpa:

- MaccoBast 10511 o (%) BelecTBa B pacTBOPE;

- MoJisipHas 1o N BelecTBa B pacTBOPE;

- MOJIIpHasi KOHIIeHTpalus pactBopa Cwm;

- HOpMaJbHas KOHIeHTpanus pactsopa CH;

- TUTp pactBopa T;

- MOJISIIBHOCTH pacTBopa CMy.

3agauu 17191 CaMOCTOSITEILHOTO peleHus!

1. B xumuueckuii crakas, comepsxamuii 200 M BOJIbI, TOCIEA0BATENbHO BHeCHu 28,4 T
dbocdoproro anruapuaa u 33,6 T THAPOKCUIA Kaiusl. BeaucianTe MaccoBbIe JTOJIU BEIIECTB, CO-
JIEPIKAIIMXCS B PACTBOPE 110 OKOHYAHUH BCEX PEAKIIHM.

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

2. Koapumment pacrBopumoctu xmopuaa ammonus npu 100°C cocrapnsier 77 T, a ipu 0
°C — 37 r B 100 r Boabl. CKONBKO CONM BBIIEIUTCS MPHU OXJIaXKIeHUU 60 I HACBIIIEHHOTO MPH
100°C pactBopa xiopuaa ammonus a0 0 °C? Ortser: 13,6 T.

3. IIpu ocropoxxHoMm ymapuBanuu 120 v 16%-HOro pacTBOpa XJIOpUAa KajdblUs OBLIO TO-
aydeHo 37,9 r kpuctayuoruapata. Onpeaenure ero Gopmyiy.

Otgert: CaCl,- 6H20.

4. TpeOyetcs npurotoButh 1 kr 15%-Horo pactBopa ammuaka. CKOJIbKO HY>KHO B3SITh JIJIS
3TOrO BOABI M KOHLIEHTPUPOBAHHOTO 25%-HOT0 pacTBOpa amMmmMuaka’?

Otsert: 600 r 25%-H0r0 pacTBOopa ammuaka u 400 T BOJIBI.

5.120 r 10%-Horo pactBopa noBapeHHoi conu ynapwin a0 80 r. KakoBa maccoBas 107
COJIM B PacTBOpE IOCJE ynapuBaHus? Otsert: 15%.

6. IlnotHoCTh 20%-HOTO BOJIHOTO pacTBOpa Xjopuaa 6apus npu 20°C pasna 1,2 r/mi. Bel-
YHUCIIUTE MOJISIPHYIO KOHIIEHTPALIUIO 3TOT'0 pacTBOPA.

Otser: 1,15 M.
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7.Kakas mMacca IIMHKa MOKET MPOpearupoBaTh C COJSTHOM KHCIOTOM o0bemom 50 mi u
IOTHOCTBIO 1,1 T/MI, MaccoBast OJIsI COJITHOM KHCIOTHI B KOoTopoM coctasisier 20%. Kakoit
00beM BoJIopoa (H.y.) BBIICTUTCS IIPH 3TOM?

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

8. Cxonpko TpamMMoB 5 %-HOro pactBopa HHUTpaTa cepebpa Tpedyercs Ajii 0OMEHHOIl pe-
akiuu co 120 mn 0.6 H pactBopa xopuaa anroMuHus?

9. Beruuciute Cy, Cy 1 Cyy 98 %-Horo pacTBopa cepHoit kuciotsl (o = 1.84 r/m).

10. Ckonpko nmutpos 0.1 H pacTtBopa cepHOI KMCIOTBHI MOKHO IIPUTOTOBUTH U3 70 M
ee 50 %-Horo pactBopa?

Jlabopamopnas paboma Nel3.
IIpuroroB/jieHHe pacTUTENbHBIX HHAUKATOPOB
Bonpocul cobecedosanus:
1. UnaukaTopsl.
2. Tumnbl UHAUKATOPOB.

Wunukatopsr (ot nar. Indicator — ykasarens) — coeTMHEHHE, O3BOJIAIOIICE BU3YaATH3H-
pOBaTh U3MEHEHNE KOHIEHTPAIIMH KaKOTr0-TM00 BEUIecTBa MM KOMIOHEHTa.UToObI Kakoe-mubo
BEIIECTBO MOTJIO CIIY>)KUTh WHAMUKATOPOM, OHO JIOJDKHO YAOBJIETBOPATH CIEAYIOIIUM HEOOXOIH-
MBIM YCJIOBUSIM: JIOJUKHO OBITh Ci1a0O0M KHCIOTOM WM ClIadblM OCHOBaHUEM; €r0 MOJEKYJbl U
MOHBI JIOJDKHBI UMETh Pa3HYI0 OKPACKY; OKpacKa MX JIO0JDKHA ObITh Ype3BBIYATHO MHTEHCHUBHOM,
YTOOBI OBITH 3aMETHOW TpHU T00aBKE K HCIBITYEMOMY PAaCTBOPY MaJlOTO KOJUYECTBA MHIMKATO-
pa. [IpoGnema noayyeHUs: UHAUKATOPOB JIOCTATOYHO aKTyallbHa, TaK KaK MPUPOIHBIC HHIUKATO-
PBI HTPatOT OOJBIIYIO POJIb U MIMPOKO MCIIOJIB3YIOTCS MPU XUMHUYECKUX HccaenoBanusx. Mumu-
KaToOpbl IIUPOKO HCIONB3YIOT B TUTPOBAHUHU B aHATMTUYECKOM Xxumuu U Ouoxumuu. VX mpe-
MMYILECTBOM SBJIETCS JACLIEBU3HA, OBICTPOTA U HAIJITHOCTb UCCIIEIOBaHMUSI.

Campblii 4aCTO UCHOJIb3yEeMbIid U U3BECTHBIN B XUMUU PACTUTEIbHBIN KUCIOTHO-OCHOBHOMN
uHAuKaTop — JakMmyc. OH Obul u3BecteH yxe B JlpeBHeM Erunte u B [IpeBHem Pume, rae ero
UCIIOJIb30BAJIM B KauecTBE (PMOJIETOBON KPACKH - 3aMEHUTEINS JJOPOrOCTOSIIEr0 My pITypa.

[To3xe makmyc ObuT OTKPBIT B 1663 rony. OH npeacTasiisyi co00i BOAHBIA pacTBOP JIH-
maifHuKa, pactymero Ha ckanax B Illornanguu. Pobept boitne mpuroroBus BoAHBIN pacTBOp
JIAKMYCOBOT'O JIMIIaiHUKA /711 CBOMX OMNBITOB. CKJISTHKA, B KOTOPOW OH XpaHWJI HACTOM, MOHAJI0-
Ounacek AJsl COJSTHOM KHUCIOTHI. BoutiB HacToi, Boiib HAMOMHUI CKISIHKY KUCIOTOM U C YIUB-
JeHrueM OOHapyXWJl, UTO KHCII0Ta MOKpacHesa. 3auHTepeCOBaBIIMCh ITUM siBIeHUEM, boiib Ha
npoOy 1006aBUI HECKOJIBKO Karelb K BOJHOMY PacTBOPY I'MJIPOKCUAA HATPHUsI U OOHAPYXKUJII, YTO
B IIEJIOYHOM cpese JaKMyc cuHeeT. Tak ObUT OTKpBIT MEPBbIM MHIUKATOp AJs OOHApYXKEHUS
KHCIIOT U LIEeJIOYE, Ha3BaHHBIM 110 UMEHM JIMIIalHMUKA JJakMycoM. C TeX Iop 3TOT MHAMKATOP
ABJIIETCS OJAHMM M3 HE3aMEHHMMBIX MHIMKATOPOB B Pa3IMUHBIX HCCIIEIOBAaHUSAX B 00JIaCTH XU-
MUH.

Cy11ecTBYIOT CJIEIYIOIINE BUIbl XUMHUUECKUX UHAUKATOPOB:
KucioTHO-OCHOBHEIE.
YHuBepcanbHbIe
KommnekconomeTpuieckne
AnicopO1MOHHbIE
®DyopeclieHTHBIE
XeMUITIOMUHECIIEHTHBIE
KHcnoTHO-OCHOBHBIE — 3TO OpraHMYECKHUE COEAMHEHHUS, CIIOCOOHBIE U3MEHSThH LIBET B pac-
TBOPE IIPU U3MEHEHUH KHUCIOTHOCTH. Taknue MHAMKATOPHI PE3KO M3MEHSIOT CBOM IIBET B JIOCTa-
TOYHO y3KHuX rpanunax pH.
VYHuBepcalbHble MHAUKATOPBl — 3TO CMECh HECKOJBKUX HMHIUBUAYAIbHBIX WHIUKATOPOB,
Mo1I00paHHBIX TaK, YTO UX PACTBOP MOOYEPETHO MEHSIET OKPACKY, TPOXO/Is BCE IIBETA.
KommiekcoHoMeTpruecKkiue MHIUKATOPhl — BEIIeCTBa, 00pa3ylolide ¢ MOHAMU METaJlIOoB,
OKpaIlleHHbIE KOMIUIEKCHBIE COETMHEHUSI.


http://ru.wikipedia.org/wiki/Концентрация
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AncopOIMOHHBIE HHAUKATOPBl — MHIMKATOPBI, KOIJa HEKOTOPhIE BEILECTBA aCOPOUPYIOTCS
Ha MOBEPXHOCTH OCAJIKa, U3MEHSS €T0 OKPACKY.

DiryopecueHTHbIE MHIMKATOPbl — TaKUe MHAMKATOPbI CBETATCA ((IyopeciupyroT) pa3HbIM
[[BETOM B 3aBUCHUMOCTH OT pH pactBopa. OHU y10OHBI IPU MCCIICAOBAaHUH MYTHBIX WJIM OKpa-
IIEHHBIX PACTBOPOB, B KOTOPBIX IPAKTUYECKH HEBO3MOYKHO 3aMETUTh W3MEHEHHE OKpacKu
OOBIYHBIMHU KHCIIOTHO-OCHOBHBIMHU MHIMKATOPAMHU.

X eMUIIOMUHECLIEHTHBIE MHAUKATOPbl — BEIECTBA, CIIOCOOHBIE B TOUKE 3KBUBAJIEHTHOCTH
CBETHUTBHCS BUIAMMBIM CBETOM M HCIIOJB3yeMbIE NMPU THTPOBAHUHM CHIBLHO OKPAIICHHBIX PAaCTBO-
pOB.

[IprunHa U3MeHEeHUs BeTa HHAUKATOPOB B TOM, YTO MPUCOEAUHEHHUE UM OT/a4a MPOTOHOB
€ro MOJIEKYJIaMH CBSI3aHbI C 3aMEHOI OJTHUX XpOMO(OPHBIX I'PYII IPYTUMHU WK C MOSBICHUEM
HOBBIX XpPOMO(OPHBIX TPYIII.

XpoMo(hOpbl — HEHACHINICHHBIC TPYIIBI aTOMOB, 00YCIIABIMBAIOIINE [[BET XHMHYECKOTO CO-
enunenus. K xpomodopam otHocsaT azorpyniy —N=N—, autporpynny —NO2, HuTpo3orpyn-
ny —N=0, kap6oHmibHy10 rpynmny =C=0, conpsKeHHble CUCTEMbI JBOWHBIX CBsI3€H, XMHOU/-
HbIE TPYIIIUPOBKH H JP.

BBenenue apyrux rpymm, HaszbiBaeMbix aykcoxpomamu (—OH, —NH2 u np.), cnocobctByet
yIIyOJICHUIO OKPACKH.

Ecnu unaukatop - cnabas kuciaora Hln, To B BogHOM pacTBope umeeT Mecto paBHoBecue: HIn +
H2O/In” + H30". Ecnu unukarop - cnaboe ocuosanue In, To: In + H2O/HIn™ + OH™. B 06miem
BUJIE MO>KHO 3anucath: Ina + H2O/Inp + H30", rue Ina 1 Inp - cOOTB. Kucnasg 1 OCHOBHAs dhopmbl
WH/IMKaTOpa, KOTOpbIe OKpamieHbl pa3nn4yHo. KoHcranTa paBHOBecHs 3TOoro mporecca Kin =
[Inp][H3O*]/[Ina] Ha3biBaeTcs KOHCTAaHTOM MHAMKaTOpa. L[BET pacTBOpa 3aBUCHT OT COOTHOLIE-
Hust [Ina]/[Ins], koTOpoe ompexnensiercst pH pactBopa. Cunrtarot, 4To LBET OJHON (HOPMBI HHIM-
KaTopa 3aMeTeH, €CiM ee KOHLeHTpauus B 10 pa3 npeBblIaeT KOHIEHTPALUIO Jpyroi (Gopmsl,
1O ecTh eciu otHomierue [Ina]/[Iny] = [H3O')/Kin paBuo <0,1 wim >10. V3menenue naubosee
oTyeTnuBo, koraa [Ing] = [Iny] u Kin = [H30]", T.e. npu pH = pKin. K coxkanenuro, npupoHsie
WH/IMKAaTOpPBl HE UMEIOT MHTEpBaja Mepexoa U3-3a CBOETO CIIOKHOTO cocTaBa. MIHTepBajbl 1me-
pexojia HEKOTOPBIX N3BECTHBIX CHHTETUYECKUX UHIMKATOPOB CMOTPHU HMXe (puc. 1).

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

THUMONOBEIA CHHM h —
MeTunopaHx
Bpomkpez0noeeId 3eNEHBIH |
MeTUNoBLIH KpacHLIA
BpomMTUMONOBLIA CUHWIA
DeHondTaneuH
TumondgraneuH

ANUzapUHOBLIA XKENTEIH R

L

Puc. 1. U3MeHenue 1iBeTa CHHTETUYECKUX MHIUKATOPOB B 3aBUCUMOCTH OT PH.
KucnorHo-ocHOBHBIE MHIUKATOPhI MOKHO HATU cpeau MpUPOIHBIX 00beKTOB. [Iurmen-
Thl MHOTHX PACTEHUN CIIOCOOHBI MEHATH I[BET B 3aBUCUMOCTH OT KHUCIIOTHOCTU KJIETOYHOT'O COKa.
CnenctBre, TUTMEHTHI ABIISIOTCS WHINKATOPaMH, KOTOPbIE MOKHO MPUMEHUTH ISl UCCIe10Ba-
HUSI KUCIIOTHOCTHU JPYTHX pacTBopoB. OOIee Ha3BaHUE TAKMX PACTHTEIbHBIX MUTMEHTOB (ia-
BoHOUIbl. DraBoHOM B! (OT NaT. flavus - KenThIN) — rpymna NpUPOIHBIX OMOTOTUYECKH aKTHUB-
HBIX COEIMHEHUI — MPOM3BOIHBIX OEH30raMMaNpOHa, B OCHOBE KOTOPBIX JIEKHUT (hEeHUIIIpOna-
HOBBIN CKeJIeT. DTO reTepOLUKINYECKHE COETMHEHUS C aTOMOM KHCIIOPOJA B KOJIbIIE.
Konbio A cuHTE3UpyeTCS U3 TPEX aKTUBUPOBAHHBIX MOJIEKYJI MaJIOHOBON KHUCIIOTHI.
Konbuo B (cM. puc.2) u npumsikaroniuii k Hemy Tpexyriepoansiii ¢pparment (atomel C-2, C-3 u
C-4 u O, o6pazyromue koabio C) CHHTE3UPYIOTCS U3 MIMKUMOBON KHCIOTHI U (HOCHOCHOIITHUPO-
BUHOTPAJHON KHUCIOTHI C IPOMEKYTOUHBIM 00pa30BaHUEM depe3 (HeHUIATaHUHKOPHUYHYIO KHC-
J0TYy.
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o

Puc. 2. O6mas ctpykrypa ¢h1aBoHOB (MMEeHa apoMaTuieckux konei: A - C - B).

[Tpon3BOIHBIMU ATHX BEIIECTB SBJISIOTCS KATEXWHBI,0CTAllMAaHUHBI, aHTOLMAHBI U AHTO-
[MUAHUJIUHBL. AHTOLIMAHBI — o0Iee Ha3BaHWe (IABOHOMIHOTO MUrMeHTa. OHH COCTOST U3 YIJie-
BOJIa (caxapa) U arjiiKoHa — HEYTJICBOAHOM COCTABIISIONICH, B KAYECTBE KOTOPOTO Y aHTOI[UAHOB
BBICTYIIAIOT AHTOIIMAHUIUHBI — 2-(DEHUIXPOMEHBI, KPOME TOT'O, BO MHOTHX CITydasiXx OHH HMEIOT
anuIbHYIO0 Tpynmy (puc. 3).

dHTOUWaH dHT OUMaHKMOMH

Puc. 3. CtpykrypHble (GOpMyIIbl aHTOLIMAHA U AHTOLIMAHUAMHA.
Haubonee pacnpocTpaHeHHBIMU SBIISIOTCS IUAHUAMH, Aeb()UHUINH, TEOHUNH (Ta0m. 1).

AHTonuanuauun R1 R2 R3 R4 R5 R6 R7

AvpantuHuaue -H -OH -H -OH -OH -OH -OH
[[nanngun -OH -OH -H -OH -OH -H -OH

Jenppuammmn  -OH -OH -OH -OH -OH -H -OH
EBponunuana  -OCHs -OH -OH -OH -OCHs -H -OH
JIroreonuaumaug -OH -OH -H -H -OH -H -OH

[enapronnaun -H -OH -H -OH-OH -H -OH
MaytbBUIMH -OCH3z -OH -OCH3 -OH -OH -H -OH
[leconmauu -OCH;3; -OH -H -OH-OH -H -OH
Iletynuaun -OH -OH -OCHs -OH -OH -H -OH
Po3uHuana -OCHs3 -OH -H -OH -OH -H -OCHzs

Tabn. 1. TunuyHble IPEICTABUTENN aHTOLUAHOB.

IIBer aHTOIMAaHUANHOB siBiIsAeTCs pH 3aBUCMMBIM. AHTOLIMAHUAWHOBAsI CUCTEMA IPETEP-
MeBaeT pa3InYHbIe MOJIEKYJIsIpHbIe MpeoOpa3oBaHus, cBsi3aHHbIe ¢ u3MeHeHneM pH. B BogHbIx
pacTBOpax CYILIECTBYET IISATh MOJIEKYJIAPHBIX BHIOB XMMHUYECKOI'O PAaBHOBECHS aHTOLIMAHWIM-
HOB: KpacHasi MUpUIneBas coJib, OeCIBETHOE IICEBJIOOCHOBAHUE, CUHSS XUHOUHAs (hopMa, Imyp-
NypHBIN PEHONIAT XUHOUIHON (POPMBI, KENTHIN XaIKOH (pHc. 4).


http://ru.wikipedia.org/w/index.php?title=Аурантинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Цианидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Дельфинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Европинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Лютеолинидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Пеларгонидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Мальвидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Пеонидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Петунидин&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Розинидин&action=edit&redlink=1
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~H,0
+H,0

-H,0 HO
HO
TYEIyEHEDR $eronTT o I on
CHHAT XHHOHIHAT Gopua & XHHOHIHOR HopMED = fp: K’HHE I}H g)
foH =6-Ty OH (pH=7-8) CH OH

Puc. 4. [1aTh MONEKYISPHBIX BUAOB XMMHUYECKOI'O PABHOBECUS AHTOLIMAHUMHOB.

Ha kucneix pH = 1-3, aHTOIIMaHUIUH CYIIECTBYET MPEUMYILIECTBEHHO B BHJIE KPaCHOM
NUPUINEBON conu. YBenudueHue pH NpUBOIUT K CHMYKEHUIO MHTEHCHUBHOCTH LIBETA, TaK Kak
nepBasi (hopma moBepraercs ruApaTalu, BCIeICTBUE KOTOPOH monydaercsa OecuBerHas. M3-3a
HYKJICO(pHUIIBHOM aTaku BOJBI HA 2-TTOJI0KEHHE aHTOLUMAHUIMHOBOTO CKeJIeTa M OBICTPO MOTEpH
MPOTOHA Y (pJIaBUIIMEBBIX KATHOHOB PAaBHOBECHE CMEIIAETCS B CTOPOHY CHHEH XUHOUTHOU (op-
mbl ipu pH <7 u x myprypHoMy Qenonsaty xunounHon ¢opmsl npu pH <8. Ilpu nanpHeiimem
yBenuueHuu pH momydaercs cBeTIO-KeNThlMXankoH. [laHHOe mpeBpallleHHe MPOMCXOIUT 3a
CYET OTKPBITUS LIEHTPAJILHOTO KOJblia. L[BET 11en0YHbIM pacTBOpaM MOTYT ObITh BO3BpAIlICHbI
nyTteMm u3MeHeHus pH k kucnoil. AHTOIMaHUIUHOBAsE opMa paBHOBECHUs MEPEX0] K paBHOBeE-
CHIO, TJIe KOHIEHTpAIMs KPacHBIX MOHOB (hIaBMIIMEBOr0 KaTHOHA rmpeobnanaer. OQHAKO, eciu
3HaueHue pH CIMIIKOM BBICOKO M HEyCTOWYMBAas MOHHas (opMa XallkoHa yxke cOopMUpOBaHa,
BOCCTAHOBJIEHHE B ()OPMY KPaCHOM MUPHUIIMEBOI COJIM HE MOXKET ObITh JOCTUTHYTO IyTEM IPO-
CTOTO MOBTOPHOTO MOJKUCIIEHUs. B 3TOM ciydae XankoH mpeodpa3yercsi B IUKETOH 3a CUET Ke-
TO-CHOJILHOM TayTOMepHuH (puc. 5).

OH

OH
PAY
@ anbAerna
HO OH
+
OH
kapboHoBas
I o KucnoTa
anbda-ankeToH | || B |
OH N SoH
OH

Puc. 5. O6mas cxema npeoOpa3oBaHus XalKoHa
Hexkoropsie Metamnsl, Takue kak Fe* n AI¥* o6pasyror crabunbHbIe TTy60KOHACHITIIEH-
HbI€ IIBETHbIE KOOPAWHAIIMOHHBIE KOMIUIEKCHI C aHTOI[MaHAMH, KOTOpbIE HECYT TUTHApPOKCcHpe-
HWJI CTPYKTYpBI B OPTO-TIOJIOKeHUH B-komnbna (puc. 6). 310 mpUBOIUT K OATOXPOMHBIM CIBU-
ram' B uX crekTpax nornomenus. Kommnekcsl Toxke spisiorcs pH 3aBucuMbiMu. OHH TIPHHE-

KpacHblii, unn 6aToXpoMHBIH, CABHUT — CABHT ITOJIOCH B CTOPOHY JUTMHHBIX BOJIH.
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MaloT y4acTh Kak B 0O0pa3OBaHHWM IIBETHBIX, TaK U OecuBeTHOUW (opmbl. Takum oOpa3om, pas-
JAr4YHbIEe (PAKTOPBI, BKIIOYAs KOHLIEHTPAIUIO U MPUPOIY aHTOLMAHUIMHOBOTO, AaHTOIIMAHUINHO-
BOI'0 paBHOBECUs (DOPMBI, CTENICHH TJIMKO3WJINPOBAHUS aHTOLIMAHOB, alllJIMPOBAHUE, IPUPOAA U
KOHLEHTpAalUsl TUTMEHTOB, METAJUIMUECKUE KOMIUIEKCHI, BHYTPU- U MEXMOJEKYJIIPHBIX MeXa-
HU3MBI aCCOLMALIUY — BIMSAIOT HA U3MEHEHHE LIBETAa U €r0 HAaChILIEHHOCTb.

I'maBHas posib aHTOIIMAHOB B OOpPA30BaHUU 1IBETA B I[BETKAX PACTEHUM — IPHUBIICUCHUE
onpunTeneil. B miuogax ke — JUIsl MPUBJIEYEHUST BHUMAHUS KUBOTHBIX, KOTOPbIE MOTYT ChECTh
UX U TEM CaMbIM ITIOMOYb B PACHPOCTPAHEHUH CeMsH. B (poTOCHHTETHUECKNX TKaHAX (TaKUX KaK
JMCThs1) AHTOLIMAHBl UMEIOT «COJHLE3AUIUTHYI0» (YHKIMIO, MOIJIOIAsi CUHE-3€JIeHbI U yIlb-
TparoeTOBbIM CBET, 3amMIIas TKaHH OT (JOTOMHrHOMpOBaHUs. B KieTke aHTOIMAaHBI pacro-
JIOXKEHbI B BaKyOJIsIX. YBeJIMYeHUE BakyoJsipHOH pH B jemecTkax LIBETOB CBA3aHO C AaKTUBHBIM
tpancrioprom Na* w/miu K* u3 uuro30ist B MeMOpaHy BakyoJld Yepe3 HaTPHii-KaJueBbIid KaHal.
Orta cucremMaTuyeckas TPAaHCIOPTUPOBKA MOHOB MOJEpKHUBaeT ciadouienounyo pH Bakyonu,
POMN3BOJIsI HEOECHO-TOTyOBIC JICTIECTKH.

KarexuHbl — monuQeHoIbHBIC COSTUHEHUS B COCTaBE Yas. TUNMUYHBIC MPEACTABUTEIN —
TaHUHBL. TaKkke MEHSIOT CBOIO OKPACKy B 3aBHCHUMOCTH OT Pa3IM4YHBIX 3HaueHuil pH. B kucmnoii
CpeZie OHH CBETJICIOT, B IEJIOYHON — TEMHEIOT. biin3Kue 1o okpacke K aHTOIIaHaM ITUTMEHTBI

beranmanunsl (betterave — cBekia (¢p.)) HUKOTIa HE BCTPEYAIOTCS BMECTE C aHTOI[MaHa-
MU B OJHUX U TeX ke pacTeHusx. CTpyKTypa OCTallMaHWHOB JIOJITOE€ BpEMsl HE IO//1aBajach
pacuindpoBKe U OblIa OJHOW M3 CaMbIX 3araJOuHbIX TallH OMOXuMHM pacTeHuil. Hecmotps Ha
CXOJICTBO B OKpacke, XpoMo(OpHBIA (pparMeHT OeTallmaHMHOB COBEPUICHHO HE MOX0X Ha XpO-
MO(Op aHTOIIMAHOB, XOTS TOXXE MMEET IMOJOXKHUTEIbHBIN 3apsa. beranmaHuHbl OYeHb XOPOIIO
pacTBOPUMBI B BOJIEe U O0JIee YCTOWYMBEI, YeM aHTolMaHbl. Hanboee n3BeCcTHBIM UCTOYHHK Oe-
TalMaHUHO-00bIYHAS CTOJIOBAsI CBEKIIA.

AHTOIMAHBI COJIEPIKATCS B BAKyOJISIX KJIETOK PACTEHUH, IJe TOICPKUBACTCS ITOCTOSTH-
HBeIMPH. {151 Toro 4T00BI MOMYYUTH UHIUKATOP TpeOyeTcs u3BIeUb UX U3 KIeTKU. CyliecTByeT
HECKOJIBKO CITIOCOOOB CZIeNIaTh 3TO: C MTOMOIIBI0 MEXaHWYECKOTO BO3ACHCTBUS (pa3pes3aTs), ¢ Mo-
MOIIBI0 TEIIOBOTO II0Ka (OTBApUTH), C TIOMOIIBIO SKCTPArUpPOBaHMsI (JTydllle BCETO HCIOJNb30-
BaTh NOJISIPHBIA PACTBOPUTEID).

OH rMMHKoza rnmKosza OH

) ..3+.' ........
S

Cl
©
Puc. 6. Ilpumep komruiekca, 00pa30BaHHOTO METANIAMHA U aHTOITMAHAMH.
B xadecTBe CHIpbs JIydllle BCETO HCIONB30BATh JICTIECTKUA WM 3pelible TUIOABL. B TO ke
BpEeMsI MOXXHO WCIIOJIb30BaTh 3arOTOBJICHHBIC HA 3UMY BapeHbS, KOMITOTHI, KOTOPBIE COXPaHSIOT
OKpAacKy pacTBOpa, HAlpUMep, YEPHYI0 CMOPOANHY, MaluHy. HekoTopsie copTa das Toxe sSBIIS-
I0TCS WMHAMKaTOopamu. Herumoxo moaxoAsaT pas3iudHbIe COKH (JKETaTebHO CBEXKEIPUTOTOBIICH-
HBIC), HapuMep, U3 BUHOTpaaa (KoHkopaa uiim MyCKaTHOTO) WA BUIITHH.
K coxanenuro, n3-3a HEyCTOMYMBOCTH AHTOIIMAHOB, OTBAPHl OBICTPO IJICCHEBEIOT W CKHCAIOT,
M03TOMY TOTOBUTH TAKHE UHIUKATOPHI HAJI0 HEMTOCPEACTBEHHO Tiepe]] paboTol C HUMHU.
Memoouk 01 nonyyerus pacmeopos nPupoOHbIX UHOUKAMOPOS:
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1) B34Th HEMHOTO 3alaCEHHOIO ChIPbs (TOYHOE KOJMYECTBO HE MMEET 3HAYCHMs), MOJI0XKUTh B
npoOUPKY, HAJUTH BOJBI, TOCTAaBUTH HA BOASHYIO OaHIO M HArpeBarh JI0 TeX IOp, ITOKa PacTBOP
He okpacurcs. Kaxaplii pacTBop nocie OXJakIeHUs HeoOXOAMMO MPO(UIbTPOBATE U CIUThH B
IPUTOTOBIICHHYIO 3apaHee YHCTYIO CKIISIHKY C STHKETKOH.

2) B3saTb HEMHOTO 3al1aC€HHOI'0 ChIPbsI (B JAaHHOM CIIydyae JIEHECTKOB), pacTOI04b UX B CTYIIKE U
HKCTPArupoBaTh B STHJIOBOM CIHUPTE WK yalT-ctiupute. [lomyueHHBIH pacTBOp MpOoQHIBTPO-
BaTh U CJIUTh B 3apaHee MOJrOTOBJICHHYIO YUCTYIO OJIUCAHHYIO IPOOUPKY.

Tak ke MOXHO U3rOTOBUTH MHIMKATOPHYIO OyMary, MpoOnuTaB MOJIOCKH (pUIbTPOBaTIBLHOM Oyma-
I'M PacTBOPaMH IOJYyYEHHBIX SKCTPAKTOB (YHUBEPCAIbHBIM MHAUKATOPOM). i1 Oojiee TOUHOTro
OTIpeIeNIeHNs! MOJyUYEHHBII P HAaHECEHWH KaIlli PAacTBOpa I[BET MHAWKATOPHON Oymaru Heoo-
XOJMMO HEMEJIEHHO CPAaBHUTh C ATAJOHHOW I[BETOBOMW mikaynoi. Kpome Toro st ucnosab3oBa-
HUSl WHIMKATOPOB M3 MPUPOJHOTO CHIPbS HYXXHO 3HATh, YTO HEKOTOPbHIE MHAWKATOPBHI MOXHO
UCIIOJIb30BaTh TOJIBKO OJMH pa3, TaKk Kak MOCJe MEePBOro K€ U3MEHEHUs pa3pylLIaoTcs U mepe-
CTalOT pearupoBaTh (IIBETKH KHUIIpes), a APyrue — MHOTOKPATHO (K MPUMEPY, IKCTPAKT I[BETOB
KOJIOKOJIBUHKA).

3) CeippeM [UTst U3BJICUCHHUST AaHTOIIMAHOBOTO KPACHUTEINS CIYKAT W3MEIbUCHHBIE SITOJIbI YePHUKH,
IUIO/I CBEKJIbl, KPACHOKOYAHHOM KalyCTbl, MOPKOBHBIM U BHIIHEBBIM COK, BApEHbE U3 KIIIOKBBI,
JMCThsl YEPHOTO Yasi, COLBETHS Kapkaje. B KadecTBe SKCTPAareHTOB NMPUMEHSIIH JUCTUILTUPO-
BaHHYIO BOJZy, a Takxe OyTanon-1.

Hagecky cwIpbst Maccoii 10 T morpysaroT B 3kcTpareHT oosemom 120 cm®. IMomydeHHBIE PKC-
TPaKThl (PUIBTPYIOT C HOMOLIBIO (PUIBTPOBAILHON OyMark U Mosly4eHHbIH (pUIbTpaT HAJIMBAIU
B 3apaHee MOATOTOBICHHYIO KOJIOY.

Onpenenenue 3(p(HEKTUBHOCTH MHAMKATOpA — aHAJIUTHUYECKas peakius, KOTOPYI HE0OX0IUMO
IPOBOJUTH MPH CTPOTO ONPENEICHHOM 3HaUYeHUH PH, KOTOpOe MOIKHO COXPAHATHCS BCETO MPO-
1ecca npoBeeHus peakuuu. [t coxpaHeHus: IOCTOssHHOrO 3HadeHus pH npumensior 6ydep-
HBIE PACTBOPBI. YHUBEpCcaIbHBIA OydepHbIii pacTBop (T.e. OydepHbIil pacTBOp, 0oOiagaronui
6onboi OydepHoit emkocTbio) U3 H3PO4, CH3COOH, H3BOs3, monsipocts 0,04 Monb/n, KOH-
nentpanus kucinoT 100%. anusiii pactBop umeeT OydepHyto emkocts oT pH =2 mo pH = 12
(mo Jlypne).

Pacuets! 151 6yepHBIX pacTBOPOB:

ITpu pacuere Ha 0,1 1 OydepHOro pacTBOpa UMeeM:

m (H3POa4) = 0,04 monb/a x 0,11 % 98 r/mons = 0,392 T;

m (CH3COOQOH) = 0,04 moms/n x 0,111 x 60 r/moas = 0,240 r;

m (H3BO3z) = 0,04 Mo/ x 0,11 X 62 r/™Mons = 0,248 1.

B kagectBe TuTpanTa ucnonszoBaics NaOHmonsspHocTsio 0,2 MOJIB/II.

m (NaOH) = 0,2 mouns/a % 0,1 11 x 40 r/moms = 0,8 T.

s mpuroTtoBieHus Oy(depHbIX pacTBOPOB MCIOJIB3YIOT cMech KUCIOT. C MOMOIIbIO BECOB OT-
MEpPUTH HEOOXOIMMYIO, COTIIACHO pacyeTaM, MacCy KHCIIOT, CMEIIaTh MX B MepHOM cTakaHne ¢ 0,1
J ITUCTHIUIMPOBaHHON BoJbl. K momyyeHHOMY pacTBOpYy 100aBUTH HEOOXOAMMOE KOJIHMYECTBO
NaOH (cMm. Tab6um. 2). 3atem B3aTh anukBoTy (10 M) momydeHHoro OydepHoro pactBopa. Ilo-
cieHue 2 onepauuu noBTopATh eule 10 pas s 6ydepHbIX pacTBOPOB C pa3IuyHbIMPH.
[TpurotoBnenue OypepHbIX pacTBOPOB:

V cMecH KHUCIIOT

(mepBoHa4aIBLHOTO V NaOH, mn V nonyuennoro 6ycdepa, mn | pH
Oydepa), M

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

Tabmuua 2. PacuetHas Tabnuia ajsi IPUTOTOBJICHUS Oy(epHBIX paCTBOPOB.

1.YepHuka.

OO0paserr sroj1 YepHUKH YKCTParupoBTh Boaow (25°C) B Teuenue 10 muH. Jlo6aBUTH B MPOOUPKHU
no 0,5 mi1 OydepHoro pactBopa u 0,8 MJI OITy4eHHOTO 3KCTpakTa. HabmoaaTk n3MeHeHHe 1Be-
Ta (puc. 7).

TEMHO-KpaCcHBIH PO30BbIA troneToBbIA TEMHO-PHONETOBbIN
pH 2 3 4 5 i 7 8 9 10 11 12

Puc. 7. I3MeHeHNe OKpaCcKU IKCTPAKTa YSPHUKU B 3aBUCHMOCTH OT Pa3JIMYHBIX 3HaueHui pH
2. Kapxkane (rubuckyc).

Oobpaser coneTnii ruOUCKyca FKCTparupoBTh Boj10i (85°C) B Teuenue 5 MuH. /[o6aBuTh B 1po-
6upku o 0,5 mu OydepHoro pactsopa u 0,8 M mosydeHHOro skcrpakra. Habmonats n3mene-
Hue 1BeTa (puc. 8).

KPacHbilit 6nepHo-kpacHbiit  GecuseTHbIi cupeHessIi TEMHO-PHONETOBbIN
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 8. I3MeHeHne oKpacku 3KCTpakTa TMOMCKyca B 3aBUCUMOCTH OT pa3JIMYHbIX 3HaueHui pH
3. Ceexua.

[Inox cBexbl mope3aTh Ha KyCOUKH U 3KcTparupoBab0 Bonoil (25°C) B teuenue 20 mus. Jloba-
BUTH B mpodupku no 0,5 mu O6ydepa u 0,8 i1 nmomydyenHoro pactsopa. HaOmroare n3amMeHenue
nuBera (puc. 9).

TEMHO-KPacHbli KpacHbIH apro-puonetosbii  TEMHO-PUONETOBbLIN
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 9. I3MeHeHne OKpacku SKCTpaKTa CBEKJIbl B 3aBUCUMOCTH OT pa3IMYHbIX 3HaueHui pH

4. Yaii uepHbIil

OGpa3zerr JIMCThEB YEpPHOTO Yasi dKcTparupoBath Bojou (85°C) B Teuenue 5 muH. J[00aBUTH B
npobupku no 0,5 mu Oydepnoro pactBopa u 0,8 M1 moiaydeHHOro ’kcTpakra. Habmonrs nsme-
HEHHE OTTEHKa NCX0MHOTrOo 11BeTa (puc. 10).
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6neaHO-EenTbil  CBETN0-KOPUYHEBbIN KOPUYHEBbIN TEMHO-KOpPUUYHEBbIN

8 9 10 11 12

pH 2 3 4 5 6 7

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

5. Cok BULIHEBBIN

Cok pa306aBuTh AUCTIILIMPOBaHHOM BoAoH B 10 pa3. [Jo6aButs B mpodupku no 0,5 miu Oydepa u
0,8 M1 mosmydyenHoro pactsopa. Habmonate nsmenenue nsera (puc. 11).

BUMIIHEBbI APKO-KPacHbii  APKO-PO30BbIA PO30BbliA 6nepHO-po30BbIH
pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 11. VI3meHeHne OKpacKu IKCTPAKTa BUILIHU B 3aBUCUMOCTH OT Pa3IM4YHbIX 3HaueHui pH

6. KimtokBeHHOE BapeHbe

OKCTparupoBaTh CIUPTOBBIM pacTBOpoM. Jlo0aBuTh B ipodupku o 0,5 ma Oydepa u 0,8 mi no-
JydeHHoro pactBopa. Habmonate nsmenenue nsera (puc. 13).

KOPUYHEBO-OpPAHIKEBbI OpaHMeBblii  0N1€AHO-KPacHbIi KDACHbIN TEMHO-KPacHbIA

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

Puc. 12. VI3ameHeHNe OKpacKu KCTPAKTA KIIFOKBBI B 3aBUCIMOCTH OT Pa3IMYHBIX 3HaYeHui pH

7. KpacHOKOUYaHHas Kamycra

O0pa3el TUCTHEB KPACHOKOYAHHOH KaITyCThl MEJIKO MOPE3Th M 3KCTPArupoBaTh CIIUPTOBBIM pac-
TBOpOoM. J[o6aBuTh B ipodupku 1o 0,5 mut 6ydepa u 0,8 Mt morydeHHOro pacrBopa. Habmronars
n3MeHeHue 1Bera (puc. 13).

KpacHblA 6neaHO-pO30BbIA ronyGoi duoneTosbiit 3eneHblit
pH 2 3 4 5 6 7 8 9 10 11 12

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

8. KommiekcHsIit nuaukaTop ¢ monamu Al

I[TpurotoBuTh pacTBopkl ¢ HoHamMu AP O6Bem pacTBopa 0,01 1. MONSpPHOCTH PaCTBOPOB PaBHA
0,1 moms/m1, 0,01 momns/i1, 0,001 Mmons/a u 0,0001 Momb/m.

PacueTs! a1 IpUroTOBIEHUS PACTBOPA.

B nepecuere Ha AlCl3x 6H20

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

Kpucramnorngpar maccoit 0,36 r pactBoputs B 0,015 51 nuctunnuposanHoil Boasl. Ilomyunts
pactBop MoJisipHOCTBIO 0,1 MONB/1. PacTBOphI ¢ MEHBIIEH MOJSIPHOCTHIO MOJIyYaTh MOCIEI0BA-
TEJIbHBIM pa3BefeHneM (Opanu 10 mu1 pacTBopa ¢ GoJbIeil MOJISPHOCTBIO M pa30aBisiu ero 90
MJI IUCTHIIMPOBAHHOW BOJbI). J00aBIATH MOTYYEHHBIE PACTBOPBI K IKCTPAKTY U3 KPACHOKO-
yaHHOW KamycTbl. [IpoBepuTh JelicTBHME MONYy4YEHHBIX pacTBOpoB Ha Oydepax ¢ pH = 7
(uetitpanbHas cpena), pH = 3 (kucnas cpena), pH = 9 (menounas cpena). Habmogate usmene-
HHUE OKPACKU, OTIIMYHOE OT OCTAJIBHBIX (puc. 15).
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pH 2 3 4 5 6 7 8 9 10 11 12

Puc. 14. U3meHeHne OKpacKH SKCTPaKTa KPACHOKOYAHHOM KamyCThl B 3aBUCUMOCTH OT pa3iny-
HBIX 3HAYCHHUI PH ¥ KOHIIEHTPAIIMYA HOHOB AJTFOMUHHUSL.

9. KoMIIeKCHBIN UHAUKATOP C HOHAMU Fed+

[IpurotoBuTh pacTBops! ¢ noramu Fe3*. O6wem pactBopa 0,01 1. MOIAPHOCTL PACTBOPOB PaBHA
0,1 moms/m, 0,01 momns/i1, 0,001 mons/a u 0,0001 Momb/m.

Pacuets! ni1st IpUTrOTOBIEHUS PACTBOPA

B nepecuere Ha FeClsx 6H20

m (FeCl3) = (162,5 + 6 x 18) r/momab x 0,0151 x 0,1 monbs/n = 0,4057 ¢

Kpucramnoruapar maccoit 0,4057 r pactsopuinu B 0,015 1 quctrimpoBanHoi Boasl. [lomydyurs
pactBop MOJSpHOCTHIO 0,1 MOB/11. PacTBOPBI ¢ MEHBIIIEH MOJSPHOCTHIO MOJTYYUTH MTOCIICIOBA-
TeNbHBIM pa3BefeHueM (B3sTh 10 M1 pacTBopa ¢ OOJbIIEH MOJSPHOCTHIO U pa3daBisTh ero 90
MJT JIUCTUJUTMPOBAHHOHN BOBI). JJ0OABUTH MOTyYeHHBIC PACTBOPHI K IKCTPAKTy U3 KPACHOKOYAH-
HOU KamycThl. [IpoBepuTh 3(PPEeKTUBHOCTH MOMYyUYEHHBIX PACTBOPOB B Oy(depHBIX pacTBopax C
nokasaresieM kucioTHoctu 3, 7, 9. HaGmionaTe u3MeHEHHE OKPAacKd, OTIIMYHOE OT OCTaJIbHBIX

(puc. 15).
mons/n
AN “
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n p 4 3 5
e K s o &
"
0,001 H o i 8 s
bl c EI :
i "
" ¥ 6negHo-
3 Y 4 9
KPacHbIn 6neaHO-pO30BbIN rony6oi buonetosbiin 3eneHbln
pH - : 4 5 6 7 8 9 10 11 12

Puc. 15. 3MeHeHne OKpacKH SKCTpaKTa U3 KPaCHOKOUYAHHOW KAIyCThl B 3aBUCHMOCTH OT pa3-
JMYHBIX 3HaYeHUI PH 1 KOHIIEHTpaIK HOHOB Kele3a.

KomrnekcHsie 00pa3oBaHusi ¢ HOHAMU METAIIOB. PacTBOPHI ¢ HOHAMU METAJUIOB UMEIOT CBOIO
KHCJIOTHOCTh, HAaIpuMep, pacTBop ¢ MoisipHocThio 0,1 monb/m mmen pH pasnsii 4, a 0,0001
MOJIb/T — PH paBHBIif 6. MI3MeHeHNe OKPAacKH, OTIUYHOE OT U3MEHEHHUsSI OKPACKU IKCTPaKTa, ya-
CTHYHO BBI3BaHO HE3HAYHMTENBHBIM m3MeHeHueM PH. Kpome 3Toro — anTOIMaHb! SBISIFOTCS (pria-
BOHOUJIAMH, & OHU B CBOIO Ouepellb — MPOU3BOAHBIMU (eHoNoB. KauecTBeHHOW peakiueil Ha
(beHoNbI ABIsETCS UX B3aumoJeiicTBue ¢ pactBopom FeClz, mpu 3ToM 00pa3yroTcsi HHTEHCHBHO
OKpaIllleHHbIe KOMIUJICKCHBIC COSTMHEHUS. AHAIOTHYHAS PEAKIUsS IPOTEKAET y (PIIaBOHOUIOB U C
AICl3z. Tem cambiM Ha U3MEHEHHE OKPACKHU BJIMSET HE TOJIBKO PH, HO M KOJIMYECTBO MOHOB XKe-
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Je3a ¥ alOMUHHS B PAaCTBOpPE, CIEIOBATEIBHO, MOJYYCHHBIC YKCTPAKTHI MOKHO HCITOJIB30BATh
JUTSL OTIPEJICIICHHST KOJIMYECTBA JAHHBIX METAJIJIOB B PACTBOPAX.
Onpeodenenue HanU4Uus AHMOYUAHOB 8 UCCTIEOYeMbIX 00bEeKMaxX

3Hast 0 CIOCOOHOCTH aHTOIIMAHOB U3MEHSITH CBOKO OKPACKY B Pa3IMYHBIX Cpelax, MOKHO
JI0Ka3aTh MX MPHUCYTCTBUE WM OMPOBEPTHYTh. J[JIsl ITOr0 HEOOXOIMMO HCCIIEyeMblid MaTepUa
1ope3arh WM MOTEPETh, 3aT€M MPOKUIBITUTh, TaK KaK ATO MPUBOIUT K Pa3pylICHUIO MeMOpaH
KJICTOK, ¥ aHTOI[MaHbl CBOOOHO BBIXOJST M3 KIIETOK, OKpAIllMBas BOJY. PacTBOphI HAIMBAIOT B
MIPO3PAYHYIO MTOCYy U JOOABJISIOT B OJIHY MOPIIMIO PACTBOP COJBI, a B IPYTYIO HATUBAIOT YKCYC.
Ecnu okpacka M3MEHUTCS MOJT X BO3ACUCTBUEM, 3HAYHUT IPOIYKTHI COACPIKAT AaHTOIIMAHBI U OHU
OCOOEHHO IOJIE3HBI.

Onpedenenue cpedvl pacmeopos MOUUX CPedCcma 0l NOCYObL ¢ NOMOWBIO PACTNUMEb-
HbIX UHOUKAMOPO8

C momMouipo MPUTOTOBJICHHBIX PACTBOPOB MPUPOIHBIX WHAWKATOPOB MOXHO IPOBEPHTH,
KaKYI0 Cpe/ly UIMCIOT Pa3IMIHbIC MOIOIIUE CPEACTBA JUISI IIOCYIbI.

PesynbraThl OnpeesieHus 3aHeCeHbI B TA0JIHUILY.

Peakimst cpesibl paCTBOPOB MOOIIUX CPEACTB JUISI TIOCY B

Cpena

«Fairy» «Kars»
pacTtBopa

Sronpl YepHUKHU

SIroapl KIITOKBBI
KpacHokouaHHas Kamycra
Caekita

MopkoBb

UepHblil yait

YepHbIl BUHOTPAJ,

Jlabopamopnan paboma Nel4.
CBoiicTBa pacTBOPOB 3JIEKTPOJIMTOB. DJIEKTPOJIUTHYECKAS TUCCOLUALMSA
Bonpocwl cobecedosanus:

1. DOnextponutel U HeAeKTpoiauThl. OcHOBHBIE mojoxeHus TOJl. Mexanusm mporecca
JUCCOLMAIINY BEIIECTB C PA3JINYHBIM TUIIOM XMMHUYECKOH CBS3H.

2. Posb MONSIpHBIX MOJIEKYJ BOJBI B IIpolieccax AUCCOLUAIMM U MOHU3ALMHU BelecTB. Me-
XaHW3M THUIpAaTallud aHUOHOB W KATHOHOB. BilMsHME Ha rujapaTalvio pa3MepoB M 3apsioB
MOHOB.

3. O6pazoBaHue HOHA TMIPOKCOHMS. DHEPreTHKa Mpolecca UCCOLUAINH.

4. CreneHb 3EKTPONIUTUYECKON nuccounanu. CUiibHBIE U Cl1adble ANIEKTPOIUThL. PakTo-
pBI, BIMSIOIIAE HA CTENEHb JJIEKTPOIMTUYECKON qucconuanuu. VIcTuHHAs cTeneHs auccounua-
117078

5. CunpHble aneKTpoauThl. Kaxkymasics crenens auccounanuu. Ilonstue o koadduumenrte
AKTUBHOCTH.

6. [IpuMeHeHre 3aKOHa JAEHCTBUS MAcC K MPOILECCY JUCCOIMALUU CIa0bIX 3JIEKTPOJIUTOB;
KOHCTaHTa quccouuanui. CMmelleHne paBHOBECHUS AUCCOLUAIINY CIa0bIX 3JIEKTPOIUTOB.

Kucnotel, o0cHOBaHMS, COJIN B CBETE TEOPUH IEKTPOIUTUUECKOHN TUCCOLMALINN.

7. Crynenuaras auccoruarnusi. OCHOBHOM U KMCJIOTHBIM TUITBI TMCCOLMALIUN THIPOKCHIOB.
AmpoTepHble THAPOKCHIBL. 3aBUCUMOCTh THIA JTUCCOLMAIMU U CHUJIBI TUAPOKCHJIOB OT OTHOCH-
TEJIbHON MOJSIPHOCTH XUMHUUECKUX CBsA3el B MosieKyiax. [loHsTre 06 HOHHOM MOTEeHIHATIE.

8. DnexTponuTHueckas aucconuanys Bosl. oHHOEe npousBeneHue Boabl. BimsHue Tem-
nepaTyphbl Ha Ipoliece AUCCOoUalii Boasl. BogopoaHbiii moka3atens. 3HaueHUE MTOCTOSHCTBA
BeNMWYMH pH B XMMHUYECKUX M OMOJIOIHYECKHX Mpolieccax.

IIponecc pacnama BEmIECTB HA MOHBI IOJ ACUCTBHEM IOJSAPHBIX MOJIEKYJ PACTBOPUTEISA
(HarpuMmep, BOJIbI) HA3bIBAIOT JJIEKTPOIMTUUYECKON Aauccouuanueil. CieacTBUEM 3IIEKTPOIUTH-
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YECKON JMCCOIMAITUY SIBIISICTCS SJICKTPUYECKasi MPOBOJIUMOCTh PACTBOPOB JJIEKTPOIUTOB (KHC-
JI0T, OCHOBAHUH, CoJiei).

DNEeKTPOTUTHYECKAs JUCCOLHUAIS — TPOIeCC OOpPaTUMBIA, U B PACTBOPaX 3JICKTPOIUTOB
UMEET MECTO PaBHOBECHE MEXIy MOHAMH U MoJyieKyJaamu. OTHOIIECHHE YHCIa MOJICKYJI, paciaB-
mmxcss Ha noHbl (Ni), K 00mEeMy YuCiTy pacTBOpeHHBbIX MoyieKys (N)3jekTponuTa Ha3bIBaeTCS
cmenenbio ouccoyuayuu o

a = Ni/N.

CremneHb AMCCOIMAINH AJICKTPOIUTA OMPEACIIICTCS IKCIEPUMEHTATBHO U BBIPAXKAETCS B
JOJISIX €IMHUIBI WK B TiporieHTaX. CTelneHb AMCCONUAIMH 3aBHCUT OT MPUPOJBI AJICKTPOIUTA,
€ro KOHIICHTPAIUH, IPUPOIBI PACTBOPUTEIIS, IPUCYTCTBUS B PACTBOPE OJTHOMMEHHBIX HOHOB.

[To cremeHu MUCCOIMALIMU AJIEKTPOJMTHI JENSATCS HA: CUJIbHBIC, cpeiHue u ciadbie. K
CUJIBHBIM 3JIEKTPOJIUTaM OTHOCSTCS Takue, KoTopeie B 0,1 M pactBope umeror o > 30%. Cuiib-
HBIMH DJIEKTpOJMTaMu sBsitoTcst: 1) moutu Bce comu (kpome HQClz, CdClz, Fe(SCN)z,
Pb(CH3COOQ)2 u HekoTopsie apyrue); 2) MHOrHEe MUHEpaibHble KUCI0ThI, Hampumep HNO3,
HC1, H2SOs4, HI, HBr, HC104 u np.; 3) ocHOBaHMS IIETOYHBIX M IIEIOYHO-3EMEIbHBIX METaJl-
noB, Hanpumep KOH, NaOH, Ba(OH)2 u ap.

VY cpennux snektponautoB o = 3 — 30% B 0,1 M pacTtBopax; K HUIM OTHOCSTCS, HalIpUMeED,
H3POa, H2SO3, HF, Mg(OH)a.

Just cnadbix aekrponuToB B 0,1 M pactBopax o < 3%; ciaaObIMK 3JIEKTPOIUTAMU SBIISIFOT-
cs1 HoS, HoCO3, HNO2, HCN, H3SiO3, H3BO3, HCIO u ap., a Taxxe OOJBIIMHCTBO OCHOBaHHIA
MHoroBajaeHTHBIX MeTauioB, NH4OH u Bona.

OO0 OTHOCHUTEIIEHOM CHJIC DJIEKTPOIUTOB MOKHO CYJHTH IO IJIEKTPUICCKON IMPOBOIUMOCTH
ux pactBopoB. [Ipu pazbaBiieHUN PaCTBOPOB CTEIEHB IEKTPOIUTUICCKON JUCCOIMAIIUH O YBE-
nuauBaercs. [IpucyTcTBrE B pacTBOPE OJHOMMEHHBIX MOHOB TTOHIIKACT CTENIECHD JTUCCOIHAIIHH.

MHOTOOCHOBHBIE KHCJIOTBI ¥ MHOTOKHCJIOTHBIE OCHOBAHHS JMCCOIUUPYIOT CTYIIEHYATO.
CTyneHYaTocTh AUCCOIUAMK 00YCIIOBIMBAECT BO3MOKHOCTh 00pa30BaHUS KHCIBIX H OCHOBHBIX
COJIEH.

Kpome crenenn Tucconmuanuu COCTOSTHUE CIAa0bIX 3JIEKTPOJIUTOB B PACTBOPE XapaKTEPH3y-
€T KOHCMAaHma pasHoséecus MeKy Mosiekyiiamu u vonamu. Hanpumep: mist HNO2 = H + NO2~
K, = [H][ NO2 J/[HNO],
rae K— koHcTaHTa paBHOBECHS HIIM KOHCTAHTA AJIEKTPOIUTHYECKOW TUCCOLIMAIINU, HE 3aBHUCS-
1ast HM OT KOHIIEHTPAIMK PacTBOpa AJIEKTPOJIUTA, HU OT MPUCYTCTBUS B PACTBOPE IPYTHX dJICK-
TponuToB. KoHCTaHTa AIEKTPOTUTUYECKON TUCCOLMALMU JaeT Oojee OOIIyI0 XapaKTepUCTUKY
AJIEKTPOJINTA, YEM CTEIICHb Jucconuanui. KoHCTaHTa TUCCOIMAIMH 3aBUCUT OT TeMITepaTypsl U

MIPUPOJIBI PACTBOPUTEISL.

Mex Ty KOHCTaHTOH M CTENIEHBIO TUCCOIUAIINH CJIA00TO JIEKTPOJIUTA CYIIECTBYET B3aUMO-
CBSI3b:

K = o?C/(1 - ).

OT0 ypaBHEHHE — MaTeMaTUYECKOE BhIpayKeHUE 3aKoHa pazOaBieHust OcTBambaa.

Jlst cmaboro AJeKTposIuTa IPH HEOONBIINX pa30aBICHUSIX 0L OUeHb Maia, a BenuunHa (1 -
o) 6rmska K equumne. [osromy K = a?Cumn o= VK/C.

CMenieHre HOHHOTO PAaBHOBECHS, KOTOPOE MPHUBOJIUT K YBEIWYCHHIO MM YMCHBIICHHUIO
CTETeHH JUCCOIMAINU cTab0ro ANEeKTPONINTa, ocymiecTBisiercs no npunnumny Jlelllarense. Bee-
JICHUE B PAaCTBOP OJHOMMEHHOTO MOHA, T. €. YBEJIMYCHHUE KOHIICHTPAIIMH OJHOTO U3 MPOIAYKTOB
peaKIuu, MPUBOANT K CMEIIEHUI0 HOHHOTO PAaBHOBECHS BJIEBO, B CTOPOHY OOpa3oOBaHUs MOJIe-
KyJI WM K YMEHBIIICHUIO CTEIICHU JTUCCOIUAIIH 3JIeKTpoiiuTa. Hao0opoT, CBSI3bIBaHHE OIHOTO
U3 MOHOB B MAaJIOJMCCOIMUPOBAHHOE BEIIECTBO BEAET K MOBBLIIMICHUIO CTETIEHU IUCCOIUAIUU
DIIEKTPOJIATA.

ILlenv pabomor:

W3ydenue 351eKTprHueCcKol TPOBOJMMOCTH PACTBOPOB JIEKTPOJIUTOB U 3aBUCUMOCTH €€ OT
pa3auuHbIX (PaKTOPOB, YMEHHE MPEICKa3bIBaTh HAmpaBlIeHUE OOMEHHOU peakIiH B pacTBOpax
AJNEKTPOJIUTOB.
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Obopyoosarue u peakmuebi:

[Tpubop i KUCOBITAaHUA DJICKTPUYECKOH MPOBOJUMOCTH pPacTBOpoB. Kpucrammmsarop.
[TpomsiBasnika. IlITatuB ¢ mpodbupkamu. bropetka. Xinopua ammonus. @enondranenn. PacTBopsr:
ykcycHol kucnotsl (0,1 M), ammuaka (0,1 M), ruapokcuna Hatpust (0,1 M), a30THOI KMCIIOTBI
(0,1 M), consiroit kucnotsl (0,1 M), runpokcuna kamus (0,1 M), cepuoit kucnotsl (0,02 M),
runpokcuga 6apust (0,02 M), cynsdara amomunus (0,1M), xmopuna xaneuus (1H.), xmopuaa
nuHka (181.), xmopuna xenesa(ll) (11.), xmopuna kagmus (1H.), xnopuaa mapranmna (14.), Xmopu-
na meau (1n.), xaopuna cypemsi(l1) (11.).

OIIBIT 1. N3ydyeHue 31eKTpUIECKON MPOBOJUMOCTHA PACTBOPOB

[Tocrme Ka)XAOro HCHBITAHUS BBIKIIIOYATH MPUOOP U3 AIEKTPUUYCCKOW CETH U MPOMBIBATH
AIEKTPOAbl AUCTUIUIMPOBAHHOM BOJIOM.

A. B pubop 15 MCTIBITAHUSI SJICKTPUUYECKOUN MPOBOIUMOCTH PACTBOPOB (puc. 1.) HATUTH JU-
CTHJLJTUPOBAHHOM BOJIbI, OITYCTUTD MIPEIBAPUTEIILHO MPOMBITHIE JUCTUIUITMPOBAHHON BOION
YTOJIbHBIE 3JIEKTPO/Ibl, BKIIFOUUThH BUJIKY IPUOOpa B JIEKTPUUECKYIO ceTh. OTMETUTH BU3YaJIbHO
CTETeHb HaKaJla JIAMIIBI.

b. UccnenoBath 3J€KTPUYECKYIO IPOBOAUMOCTD (M. oml. 1.A) kaxaoro u3 mectu 0,1 M pactBo-
pos: CH3COOH, NH4sOH, HNO3, HC1, NaOH, KOH.

Pucynok 1 — [Ipubop s ncnpitanuii
JIEKTPHUUECKON IPOBOIUMOCTH
pacTBOpOB.

3anucath pe3ynbTaThl HaOMIOJEHWM, OTMedas cTe-
IIeHb Hakazia jgamisl. [lo cTenenu Hakana J1aMIibl cenaTh
BBIBOJI: CHJIBHBIM MJIM CJIA0BIM 3JIEKTPOJIUTOM SIBIISIETCS
TOT WJIM UHOH PacTBOpP.

B. Cmemats paBHbIE 00BEMBI PacTBOPOB: 1) CHIIb-
HOW KHUCIJIOTBI M CHJIBHOTO OCHOBaHHUS; 2) cnaboil KHciIoTel U ciaaboro ocHoBaHus. VcnbITaTh
AIIEKTPUYECKYIO MPOBOJUMOCTD IOJIYYEHHBIX PAcTBOPOB. 3amucarh HAOJIOJIEHUS U COCTaBUTh
YpaBHEHMsI peakluil B MOJEKYJIsIpHOW M MOHHON (popmax. Crenarh BBIBOA 00 3JIEKTPHUUECKON
IIPOBOAMMOCTH TOJTYUYEHHBIX PACTBOPOB.

OIIBIT 2. 3aBUCUMOCTb JEKTPHUUECKON MPOBOJAUMOCTH pacTBOpa (CTENEHM JUCCOLMALIUY K-
TPOJIUTA) OT pa30aBlICHUS

B npubop HaMTh MUHUMAJIbHBIH 00b€M KOHLIEHTPUPOBAHHOTO PACTBOpPA YKCYCHOM KUCIIO-
ThI, HEOOXOIUMBII JJIs MOTPY>KEHUS IEKTPOIOB, BKIIOUUTH MPUOOP B IEKTPUUECKYIO CETh U
OTMETHTb CTENIeHb HaKaja JaMIIbl. 3aTeM KHCIOTY pa30aBUTh, J0OABIsASA MOCTENEHHO AUCTHILIN-
poBaHHyI0 Boay. Kak MeHsieTcst creneHp Hakana jammnbl? YeM oOBbSCHUTH HaOJIO/1aeMoe sIBIIe-
Hue?

[Ipubop u 37eKTPOABl MPOMBITH BOJONPOBOJHOM BOJOW, 3aT€M TUCTHIIMPOBAHHOW U MO-
BTOPHUTH OIBIT ¢ KOHIEHTPUPOBAHHBIM pacTBOPOM aMMuaka. CrenaTh oOImIMNA BBIBOJ U3 HAOIIO-
JICHUM.

OIIBIT 3. 3meHeHue 2NeKTPUYECKON MPOBOJUMOCTH B PE3YJIbTATE CMELIEHHSI HOHHOTO PaBHO-
Becus

HccnenoBath OTAENBHO IeKTpUYecKyo poBoauMocTs 0,02 M pacTBopa CEepHOI KHUCIOTBI
u 0,02 M pactBopa ruapokcua 0apus. 3aTeM UcCIeI0BaTh AIEKTPUIECKYI0 MpoBoauMocTs 0,02
M pactBopa Ba(OH)2 B mpucytctBuu 0,02 M pactBopa H2SOs. [ 3TOr0 B pudop nmomMecTUuTh
pactBop Ba(OH)2 u nobasuth 2 — 3 karum pactBopa denondranenna. Pactsop H2SOs mobdas-
JSITH TIO KaryisiM U3 OIOPETKH uepe3 BOPOHKY, BCTABICHHYIO B KPBIMIKY nprOopa. Habmronats 3a
M3MEHEHHEM OKPACKHM MHIMKATOpa U CTCIIEHU HAKaJa JaMIIbI.
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KakoBa snexTpuyeckasi IpoBOJAUMOCTb paCTBOPa B MOMEHT MCUE3HOBEHUS! OKPACKU MHIH-
KaTopa (B TOYKE SKBHBAJIEHTHOCTH)? UTO MPOMCXOOUT NpU J00ABICHUM K PacTBOPY M3OBITKA
cepHoi KucinoTbl? OOBSICHUTH HAOJII01aeMbIC SIBJICHHUS.

OIIBIT 4. BnusitHue 0ITHOMMEHHOTO MOHA Ha CTETIEHb AUCCOLUALIMU CIIA00T0 JIEKTPOJIUTA (CMe-
[ICHHE PAaBHOBECHUS JUCCOLUAIIIN)

B npoGupky HanmuTh pa3daBieHHBIA pacTBOp aMMHUaka U 100aBuTh 2 — 3 Karum Qenondra-
neuHa. PactBop paznenuth Ha ABe yacTu. OAHY OCTaBUTH JUIsl CPABHEHHUS], a B APYTYIO BCHINIATh
HemHOTo TBepnaoro xyopuaa ammoHus NHiCl u xopomo pazmemars. OObACHUTh W3MEHEHHE
1[BETa pacTBopa, ucxons u3 npuHiuna JlelllaTenbe u KOHCTAHTBI TUCCOLUALIUU.

CraenaTb BBIBOJ O BIMSHMM OJHOMMEHHOTO MOHA HA CTEINEHb JUCCOIMALUHU CIa0O0ro IeK-
TPOJIUTA.

@enondranend sABIgETCS MHAUKATOpOoM Ha MoHb OH™, KoTOpBIe 00Pa3yIOTCS MPHU AUCCO-
[UaIK c1ab0ro OCHOBAaHUS — TUAPOKCUAA AMMOHHSL:

NH4OH (wm NH3 - H20) = NH4" + OH™

I[Ipu no6asnenwuii k pacteopy NH4C1 xonunentpanus nonos NH4™ Bospacraer, paBHOBecHe
JIMICCOIIMALIMU CMEIIAeTCsl B CTOPOHY OOpaTHON peaxiuu, KoHueHTpanus nonoB OH™ ymeHnsbIa-
eTcs ¥ oKpacka ¢eHomnTanerHa ucuesaer.

OIIBIT 5. CmemieHrue HOHHOTO PAaBHOBECHSI B HACBIIIEHHOM PacTBOpPE aM()OTEPHOTO AJIEKTPOIIH-
Ta

K pactBopy conu anroMHUHUS TPUIMBATH 110 KarusiM pa3dasieHHbIi pactBop NaOH no mo-
sBJICHHS ocajaka ruapokcuaa amomunus A1(OH)s. Pazmenuts ocagok Ha nBe wactu. K ogHOi
YacTU MPUIUTH U30BITOK COJSTHOM KUCIIOTBI, K IPYroi — U30bITOK KOHIIEHTPUPOBAHHOTO PacTBO-
pa mienoun. Yto HabmogaeTcst B ToM U ipyrom ciydae? OObSICHUTD TPOUCXOMSIINE SIBICHUS C
TOYKH 3pPEHUsI CMELIECHUSI MOHHOTO PABHOBECHUS B HACBHIIIEHHOM PacTBOPE TMAPOKCUAA ATTIOMU-
Husl. COCTaBUTh MOHHBIE YPAaBHEHUS PEaKIUi, YUYUTHIBAs, YTO aM(POTEPHBIA THAPOKCU TIIOXO
pacTBOpPUM B BOJIE.

OIIBIT 6. Peakmuu ¢ o6pazoBaHuEM OCaaKa

A. C nomo1ipio TaOIUIBl pACTBOPUMOCTH PELIUTh, KAKUE PEAKTUBBI MOXKHO HMCIIOJIb30BaTh
ans ocaxaenus nonos Ca®*, Zn?*, Fe?*. TIpoxenats 3TH peakiuu. YKasaTh 1BeT ocankos. Hamu-
caTh ypaBHEHMs] B MOHHOM BH/IE.

b. TlopeiictBoBath pactBopoM cynbduaa Hatpus NaxS win ammonus (NHs)2S Ha pactBo-
PBI, cozlepIKaniie ceayromme KaTnonsr: Zn?*, Cd?, Mn?*, Cu?*, Sb®". Yka3aTs 1ser ocamkos.
Hanucatp ypaBHeHuUs peakiuii B HOHHOM Buje. [lepeuncieHHble KAaTHOHBI MOTYT OBITH OOHApY-
JKEHBI B PACTBOPE O XapaKTEPHOMY IIBETY UX CYJIb(UIOB, UTO UCIOJIB3YETCS B AHATTUTHUECKON
XMMHHU B KQUECTBEHHOM aHAJIN3€ BEIIECTB.

B. Ilo peakuuu oOMeHa MOJy4YuTh Ocagok xyopuaa ceuHia PbCla, meiicTBys pacTBopom
xnopuaa Hatpus Ha pactBop coiu cBuHIla PD(NO3).. Jlate ocaaky ocecth. COMTh MATOYHBIN
pacTBOp (HaIOCAAOUYHYIO KUIKOCTH). B skunkoct momyckaercss HeOOoJbImass Macca B3BECH. 3a-
TEM B 3TOT pacTBOp A00aBuTh pacTBop noauaa kanus Kl. [late ocanky ocectb. CHOBa CIUTh Ma-
TOYHBIN PacTBOp M JOOABUTH K HEMY pacTBop cynbduaa Hatpust NaxS wimm cynbhuma aMMOHHS
(NH4)2S. Vkazarp nBer mosmydaromuxcsi 0cakoB. OOBSICHUTH BO3MOXXHOCTh MPOTEKAaHUS 3THUX
peaknuii Ha OCHOBaHWH Tpom3BeneHus pactBopuMoctu (IIP) obOpasyrommxcs coneld CBHHIIA.
Hamucatp ypaBHEHUS peakiivii B MOHHOM BUJIE.

I". Hamuteb 1/3 oObemMa nmpoOHupKH pacTBOpa cuiinkara Hatpus (kuakoro crekia) NaxSiOz u
IPOMYCTUTh Yepe3 Hero JUoKcu yriaepona. Uto Habmonaerca? Kakue BBIBOJbI MOXKHOCIENATh
OTHOCHUTEJIEHO CTETICHH JUCCOIHAIIMU KPEMHUEBON U yroibHOM kuciot? Kakas u3 Hux cimabdee?
HamucaTp ypaBHEHHE peakliii U HOHHOM BH/IC.

/J[. B nBe nmpoOupku HaMTH pacTBop cynbdara meaun CuSOs. B omHy 100aBUTH pacTBOp
runpokcuaa Hatpust NaOH, a B npyryto pactBop ruapokcuna 6apus Ba(OH).. Uem oObsICHUTS,
YTO OCajKa BO BTOpoH mpobupke Oonbire? Hamrcars ypaBHEHHsI peaKIiii B MOHHOM BHJIE.

Jlabopamopnas paboma Nels.
I'mapoans
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Counu, 00pa3oBaHHbIE CUIIBHBIMU OCHOBAHUSIMH U CHJIBHBIMU KHCJIOTaMHU.

OIIBIT 1. Haneiite B oT/AeIbHBIE MPOOUPKH PACTBOPHI XJIOpUJa HATPHUA, XJIOpHaa Oapus,
cyab(ara HaTpUs U HUTpaTa Kajlus U UCIBITAlTe peaklMy PacTBOPOB C MMOMOILBIO YHUBEPCAIb-
HOW MHAMKATOpHOU Oymaru. J{jst 3Toro pa3pexbTe MOJIOCKY MHAWKATOpHOU Oymaru Ha 4 — 5 ya-
CTEH, U, YJIOXKHB UX Ha MOJIOCKY Oenoil punabTpoBanbHON OyMaru, KOCHUTECh KycOYKa MHAMKA-
TOpHOU OyMaru CTEKJIIHHOW MajJO4YKOW, CMOYEHHOH MCHIBITYeMBbIM pacTBopoM. lIpexre yem uc-
IBITaTh CIEIYIOUI pacTBOpP, HEOOXOIUMO CTEKIITHHYIO AJIOUKY OIOJIOCHYTh BOJIOM.

Comepskar i1 pacTBOPBI B3SITHIX IS OMbITa colield n30siTok nonoB H* mimm OH™? TMoxsep-
TaroTCs JIM TAKUE COJIU TUAPONIH3Y?

Conu, 06pa3oBaHHBIC CUIIBHEIMU OCHOBAHUSIMH U CITA0BIMH KHCIIOTAMH.

OIIBIT 2.nanetite B mpoOupKy 3 — 4 KariM pacTBOpa alerara HaTpus u omnpenenute pH
pacTBopa ¢ MOMOIIBI0 YHHBEPCATHHON UHAUKATOPHOU OyMarm.

OxpaimmBaercs I pacTBOp alerara HaTpus nocie godasneHus 1 — 2 kanens Genongrae-
nuHa?

Hcxons n3 koHuenTpauuu pactsopa C, Beranciaute ero pH u cpaBHHUTE C ONBITHBIMU JaH-
HBbIMU. 3aMIOJHUTE CIEIYIONIYIO Ta0JIuUILy:

d)opMyJIa COoJIn [OH-]BBI‘{HCH: \/Kb *C pH

BBIYKCIICHHBIN 110 JaHHBIM OIIbITa

Hanummre MonexynsipHO-HOHHOE ypaBHEHUE THAPOIIN3a aneTara HaTpud. [IpuBenure nBa
— TpU IpUMeEpa JIPYTuX aleTaToB, THIPOIN3 KOTOPBIX OTBEYAET ITOMY YPaBHEHHUIO.

OIIBIT 3. Haneiite B o0y npobupky 5 — 6 kamenb pactBopa KapOoHaTa HaTpHs, B APYTYIO
— TaKkoH ke 00beM CyIb(QHUTa HATPHUS U CPABHUTE OKPACKY OOOUX PACTBOPOB TOCIIE TPHUOABICHHS
K HUM 1 — 2 kanens ¢eHondTanenHa uid MpoBepbTe PEaKIUI0 PACTBOPOB C MOMOIIBI0 YHUBEP-
CaJIbHOM MH/IMKATOPHOM OyMaru.

Hanummre MosiekyIspHO-MOHHBIE YpaBHEHUs ruponn3a. CpaBHUTE MOBEICHHE 00enX co-
JIeil B pacTBOpE U, HE MPOU3BO/I BHIYUCICHUI, OIIPEIEINTE B KAKOM M3 JIByX pacCTBOPOB OTHOCH-
TeIbHO OOJbIIIEE:

a) creneHpb ruaposu3a h; 0) KOHIEHTpaIMs THAPOKCHIbHBIX noHOB [OH]; B) 3HaueHue pH.
Kaxoit arnon — CO3> umn SOz - sBnsieTcs Gonee CHIBHBIM OCHOBaHHeM? BrranciuTe KOHCTaH-
ThI TUAPOJIN3A 00€UX cojlel. 3anoaHUTe TabIuILy:

Coub h [OH] pH Kh =Ky /Ko

OIIBIT 4. Te xe cpaBHUTENBHBIEC OIBITHI MIPOJIETANTE C paCTBOPaAMH THAPOCOJICH — TUIAPO-
kapOoHaTa u ruapocyibpuTa Hatpus. K pactBopy mepBoii conu go6aBete 1 — 2 xamiu ¢eHon-
¢dranenHa, a K pacTBOpy BTOpoi — 1 — 2 karum Jlakmyca, peABapUTeNIbHO yOEIUBIINCH B TOM,
4TO B pacTBOpE THAPOCYIb(aTa HaTpusl PeHOIPTaIeHH OCcTaeTCs OECIBETHBIM.

Hamummre MonekynsipHO-HOHHBIE YPAaBHEHHS THAPOJIM3a 00€MX COJel U OOBSICHHUTE pa3-
JUYKe B CBOWCTBAX MX pacTBOpPOB. Kakast GyHKINS — OCHOBAHUS WM KUCIOTHI — MPEOOIaaeT y
nona HCO3 u y mona HSOs™? Pe3ynbraTel ombITa COMOCTaBHTE C BBIYMCICHHBIMHU JTAHHBIMH,
cpaBauB BenuunHbl Kp 11 Ko, 3anonaute Tabnuiy:

Coin O1BITHBIE TaHHBIE PacuerHrie maHHbIC BrmBoas1
peakmus pac- | pH (6omsmre | Kp =K, / Ky K>
TBOpa WJIM MEHBIIIE
7
NaHCO3
NaHSO3

Conu, 0O6pa3zoBaHHBIC CUIIBHBIMHU KUCIOTaMH U CTIA0BIMH OCHOBAHHSIMH.
OIIBIT 5.0mpenenure ¢ MOMOIIBIO YHUBEPCATLHON MHAUKATOPHON OyMaru peaxkiiuio BO/I-
HOTO PacTBOpa XJIOpUAA WM cysib(haTa aMMOHUS. HanumuTe MOJIeKyIsIpHO-HOHHOE ypaBHEHHE
peaKuu TUAPOIIH3a.
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OIIBIT 6.0npenenuTe ¢ MOMOIIBIO JIAKMYCa PEAKIIUI0 pacTBOpa XJIOpU/Ia IIMHKA, CyJibdaTa
[IMHKA U CyJibdaTa amoMuHus. Hanummre MOJIeKyIsIpHbIe U MOJEKYJISIPHO-HOHHBIC YpaBHEHUS
TUJIPOJIN3a COJICH.

OIIBIT 7.K 3 — 4 kamsM pacTBOpa XJIOPUJA CypbMbl WM BUCMYTa IpUOaBbTE TAKOW ke
o0wvem Bonbl. Uto Habmogaetcs npu 3ToM? [lonkucaute pacTBOp HECKOJIBKUMHU KaIlJIsIMU KOH-
HEHTPUPOBAHHOM COJITHON KUCIIOTHI, ITOCTIE Yero BHOBB paz0aBbTe pacTBop. Uto Habmogaercs?

Hanummre MonexkynspHO-UOHHOE ypaBHEHHE THMAPOIU3a XJIOPHAa CYpbMbI WM BUCMYTA,
YUYUTBIBAsA, YTO MPH 3TOM 00pa3yercs: MajJopacTBOpuMbIX xyopun okcocypbMbiSDOCI u, coot-
BETCTBEHHO, XJ0pu 1 okcoBucmyTaBiOCI.

B3aumopeiicTBue pacTBOPOB COJIEH, B3AMMHO YCUJIMBAKOIIMX TUAPOIU3 APYT ApyTa.

OIIBIT 8.HaseiiTe B KOHMUECKYIO TPOOUPKY 5 — 6 Karesab pacTBOpa XJIOpHUIA W CyJibda-
ta xpoma (I11) u mpubaBpTe MO KaruIsIM pacTBOp KapOOHATA HATPHUS O OOpa30BaHMS OCaIKa Ma-
JIOPaCTBOPUMOTO COETUHEHUSI.

OTtaenute 0casiok OT pacTBOpa U MPOMOMTE OJUH — JiBa pa3a 5 — 6 KaIIsiMU BOJIBI.

Kakumu peakumsiMu MOXHO JOKa3aTh, YTO 00Opa30BaBIIHMECsS MajlOpacTBOPUMOE COEIUHE-
HHUE TPEeACTaBISIIOT coboit ruapokcua xpoma (l11), a He mpoayKT 0OMEHHOTO B3aMMOJIEHCTBHS
UCXOoAHbIX coleit? [loueMy mpu B3auMOAEWCTBUU PACTBOPOB ITUX COJEH THAPOIU3 UX MPOTEKa-
eT npakTuyecku HeoOpatuMo? KakoB MeXaHN3M B3aUMHOTO YCHJIEHUS THIPOIn3a’?

Jlabopamopnas pavoma Nel6.
OKuCINTEIBbHO-BOCCTAHOBHUTE/IbHbIE PeaKINU
Bonpocwl cobecedosanusn:
1. XuMideckue peakiy ¥ MX KIAcCH(HUKAIMS 10 XapaKTepy B3aUMOJICHCTBUS PEaripyrOIINX BEIIECTB
(0OMeHHBIE, OKHUCIUTEITHHO-BOCCTAaHOBUTEIIBHBIC, KOMITIICKCOOOpa30BaHK ).

2. Peakiym, nynme ¢ u3MeHeHHeM 1 Oe3 M3MEHEHHs! CTETIeHH OKHCIICHUSI aTOMOB 3iieMeHTOB. Kitac-
cu(duKanys OKHUCIUTEIbHO-BOCCTAHOBUTENIHHBIX PEAKLMA. DJIEKTPOHHASI TEOpUS OKUCIICHUSL
OxucauTeny 1 BOCCTAHOBUTENH.

3. TlpaBuna cocraBieHHs] YpaBHEHHH OKUCIWUTEIHLHO-BOCCTAHOBUTEIIBHBIX peakiyil. MeTombl 3ek-
TPOHHOTO OaraHca ¥ JIEKTPOHHO-MOHHBIN. Poib cpempl B TPOTEKAHWM  OKUCIUTEIIHHO-
BOCCTAHOBUTEJBHBIX PEAKIIMI.

4. BzaumopeleTBue METAIOB C KUCJIOTAMU U COJIIMH B BOAHBIX pacTBOpax KaK OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBIN ITPOLIECC.

5. DIJeKTpOXMMHYECKHM  psii ~ HanpsbkeHuii — meTawioB.  CTaHmapTHbIE  OKHCIIUATEIIBHO-
BOCCTaHOBHTEJbHBIE IOTEHIIUAIBI.

Lenv pabomor:

[IpoBeaeHne Ka4YECTBEHHBIX OMBITOB, PACKPBHIBAIOIINX OKUCIUTEIbHBIE U BOCCTAHOBUTEIb-
HBIE CBOICTBA OTAEIBHBIX BEIIECTB.

Obopyoosanue u peakmugul:

ratus ¢ npodbupkamu. bpomua kanus. Monun kamus. Cynbdut Hatpus. Tpuruapar HUT-
para meau(ll). PactBopsr: xmopunaa xeneza(lll) (1 M), xnopuna xenesa(ll) (1M), xmopuaa oino-
Ba(lV) (1 M), xsopuna onosa(ll) (1 M), rekcaunanodeppata(lll) xanus (1 M), cepHOl KHUCITIOTBI
(2M).nnepmanranata kanus (0,05 M), nuxpomara kanus (1 M), ruapokcuaa kamus (40 %-Hblii),
cynbura Hatpud (0,1 M), nonuna xanus (0,1 M), aurpura varpus (0,1 M), conu Mopa, Tuonu-
anata ammonus (0,1 M), cepHoli KUCIOTHI (KOHIL.), rekcaninanodeppata(ll) kamus (0,1 M), xio-
puna kanus (0,1 M), cynedata meau(ll) (0,1 M), xmopuna 6apus (0,1 M). CepoBomopoHas Bo-
1a, XJIOpHas BoJa, OpoMHasi BO/ia, MOTHAsI BOJIA.

OIIBIT 1. OkucnurenbHbIE CBOMCTBA MIEPMAHTaHaTa Kajaus B pa3HbIX Cpeaax

B Tpu nmpobupku BHecTH 1o 3 — 4 kamau pactBopa nepMmanranara kanus KMnOs. 3atem
B TIEPBYIO J100aBUTh 3 — 4 karu pa3dasiieHHOro pactBopa H2SO4, Bo BTopyro — 3 — 4 xarm
BOJIBI, B TPETHIO — 3 — 4 KA KOHIIEHTpUpoBaHHOTro pactBopa KOH.

B xaxxayro mpoOupky BHecTH pacTBop cyibduta HaTpuss NaxSO3 10 u3MeHeHus nBeTa pac-
TBOpA.
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OtMmeruTh HabOmomaemple m3MeHeHus. Hamucate ypaBHeHus peakiuii mexay KMnOs u
Na,SO3 B kuCIOi, HEUTpaIbHON | TIenouHO cpenax. Paccuurats DJIC peakuuii, HCIONB3YS
Ta0JIMIly CTaHJIAPTHBIX OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIX MOTEHIIMAIOB. Caenarh 3aKIt0ueHne
00 OKHMCIHMTEIBHOM CITIOCOOHOCTH TIepMaHraHaTa B pa3HbIX Cpe/iax.

OIIBIT 2. OxkucnuTenbHbIE CBOMCTBA TUXpOMATA Kalus

Onpenenutb BO3MOXXHOCTh IPOTEKAHUS peaKLun

Cr,07% + 14H" + 66~ = 2Cr¥* + 7TH,0

IIPY MCII0JIb30BAHNUU B KadeCcTBE BOccTaHOBUTENEH — nonuaa kanus Kl, cepoBogopoaHoil Bob
H>S u nutpara nHatpus NaNO., paccuntaB 3/[C kaxmnoit peakuun. [lonrBepauTh MpaBUIbHOCTh
OTBETa OMBITHBIM IyTeM. [Jis1 3TOTO B TpH NMPOOHPKH BHECTH 10 3 — 4 Karjiu pacTBopa AUXpoMa-
ta kamus KoCr207 u o 3 — 4 xarum paz6asinenHoro pactBopa HoSOs. B mepByro mpoOupky Jo-
0aBuTh pactBop monuaa kanus Kl, Bo BTopyro — pactBop cepoBogopona H2S, B TpeThio — pac-
tBOp HuTputa Hatpuss NaNO: 1o mosiBieHus ycTONYMBON OKpacku. 3amucaTh HAOMIOACHUS U
YPaBHEHUS PEaKIIUM.

OIIBIT 3. OxkucnuTenbHbIE CBOMCTBA FAJIOT€HOB

[Tonp3ysich Tabnuueld CTaHAAPTHBIX OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX IOTEHIIMAJIOB,
OTIPECNUTh, C MIOMOIIBI0 KAKUX TaJOr€HOB, B3STHIX B KAUeCTBE OKUCIUTENS, MOXKHO MPOBECTU
npouecc okucienus xenesa(ll) B xenezo(l11):

Fe?* — Fe*

[TonTBEepAUTh MPABMIIBHOCTH OTBETA SKCIEpUMEHTaNbHO. /s 3Toro B Tpu mpOOUpPKH
HAIIUTh 110 4 — 5 Karejb CBEKEnPUroTOBIEHHOro pactBopa co Mopa (NH4)2Fe(SO4). - 6H20
(pacTBOp coaepKuT HoHKI Fe?*); B mepByI0 — 106aBUTh 4 — 5 Kamenb XJIOPHOH BOJIBI, BO BTOPYIO
— OpOMHOIi BOJbI, B TPEThIO — HOJHON BOABL. B Kaxkayro mpobupky g006aBuTh 1o 2 — 3 Karuu
tuormanara ammonus NH4SCN, sBnsromerocss peaktuBom Ha uoHbl Fe3*. OTmeTuts, B Kakux
npoOupKax MOSBUJIIOCH KPacCHOE OKpalluBaHUE pacTBopa. HamucaTh ypaBHEHUS HAOIIOAaeMbIX
peaKuuii.

OIIBIT 4. BoccraHOBUTENbHBIE CBOMCTBA TAJIOTE€HUIOB

(OnbIT NPOBOUTE MO TSATOI.)

CpaBHUTH BOCCTaHOBHUTEIbHYIO CIIOCOOHOCTh MOHOB BI™ 1 | Mo 3HaueHMsIM cTaHAapTHBIX
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX TOTEHIIUAJIOB.

VY6enutbes B pa3IuyHON BOCCTAHOBUTEIBHON CIIOCOOHOCTH TaJIOTEHH]I-MOHOB IO B3aUMO-
JEMCTBUIO MX C KOHIIEHTPUPOBaHHBIM pacTBopoM H2SO4. [lnst sToro B nBEe MpOOMpPKH TOMe-
CTUTH MO 1 MuKpommaTento kpuctamioB opomuna xkamus KBr u noguna xanmust Kl u 1o6aButh
HECKOJIBKO Karelb KOHIICHTPUPOBaHHOTO pacTBopa H2SO4.

O xoz1€e peaku CyIuTh 0 U3MEHEHHIO OKPACKH PAaCTBOPOB U M0 3amaxy BBLACISIOIINXCS
ra3oB (CEpHHUCTOrO Ira3a 1 cepoBoopoa). Hamucars ypaBHEeHUs peakLuid.

OIIBIT 5. BiusiHue KOMIUIEKCOOOpa30BaHUSIHAOKUCIUTENbHO-BOCCTAHOBUTEbHBIE CBOM-
CTBa BEILIECTB

CraHiapTHBIA OKUCIUTETFHO-BOCCTAHOBUTENIBHBINA MOTEHIIMAM JIJIsl IPOCTHIX MOHOB XKele3a
0oJbI1Ie, YeM I HUAHUAHBIX KOMITJIEKCHBIX HOHOB.

To 3nauenusM E° onpenenuTs:

1) xakue nons1 — Fe?" wmm [Fe(CN)s]*~ — MoryT GBITh OKHCIIEHBI HOTHOH BOIOI;

2) xakue nonsl — Fe* mm [Fe(CN)6]*™ — crmocoGHBI OKHCINT HMOmUA-HOHEL. OTBET MOJ-
TBEPIUTH dKCIIEPUMEHTAIHHO.

Jlnist aTOrO B J1BE MPOOMPKHU BHECTH MO 3 — 4 Karum HoaHoit Boabl. B onHy nmpoOupky no-
6aBUTH 3 — 4 Kamm pacTBOpa coim, coiepskameii Fe?*, B apyryro — 3 — 4 kamumm pacTBopa
K4[Fe(CN)s]. B kakoii mpoOupke HaOo1aeTcss 00eCBEYMBaHUE HOTHON BOIBI?

B nBe apyrue npoOupku BHectu 3 — 4 karu pactBopa noauna kamus Kl, mogkucauts
pa3baBineHHbIM pacTBopoM H2SOs. 3atem B oaHy mpoOupky n06aBuTh 3 — 4 Kamiu pacTBopa
xmopuaa xenesa(lll) FeClz, B apyryto — 3 — 4 kamu pactBopa rekcarmanodpep-para(lll) xamus
Ks[Fe(CN)s].
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B kakoii npobupke BbienseTcs cBOOOHbIN noa? Craenarh BHIBOJ O BIUSHUHA KOMILJIEKCO-
006pa30BaHus HAa OKUCIHTENbHBIE CIIOCOOHOCTH HOHOB Fe3*,

OIIBIT 6. OxuCIHTEIHPHO-BOCCTAHOBUTEIBHEIC CBOMCTBA COCAUHCHHH D3JIEMEHTOB,
HaAXOJAIIMXCS B TPOMEKYTOUHOM CTETIEHN OKHCIICHUS

Y6enutbcss B OKHCIUTEIbHO-BOCCTAHOBUTENIHHOW JBOWCTBEHHOCTH HUTPHUTA HATpUS
NaNO-.

Jlyis 3TOro B OAHY MPOOUPKY MOMECTUTh 3 — 4 Kaluld pacTBOpa MepMaHIaHaTa Kajlus
KMnQOg4, noakucnuts pasdasieHHbM pactBopoM H2SO4 u no6asuts pactBop NaNO2 o obec-
[[BEYHBAHUS PacTBOpA.

B npyryto mpobupky BaectH 3 — 4 karum pactBopa noauna kamus Kl, moakucnuts pazoas-
neHHbIM pactBopoM H2SO4 u no6aButhk pactBop NaNO: 10 n3MEeHEHHS OKPACKH.

Kak o0bsicauth Habmoqaemble siBieHus? Hanmucars ypaBHeHUs peakiuii. B kakoMm cirydae
HUTPUT-UOHBI MPOSBISIOT BOCCTAHOBUTENIbHBIE U B KAKOM — OKHUCIHTEIbHBIE cBoiicTBa? Ilpu
BOCCTAaHOBJICHUH HHUTPHUT-MOHOB BBIIEISAETCS a30T, a MPH MX OKHUCICHHU OOpa3yroTcss HUTpAT-
WOHBI.

OIIBIT 7. Peakuus nucrponopurOHUpOBaHUS

B npobupky nomectuts 2 — 3 kpuctamia cynbpura Hatpus NaxSOsz. 3akpenuTs nmpoOup-
Ky B IITaTHBE M HarpeBaTh B TeUeHUE 5 — 6 MuH. B ocThIBIIYIO TpOOHpKY n006aBuTh 8 — 10 Ka-
neNb TUCTHUITMPOBAHHOM BOABI M PACTBOPUTH MPOAYKTHI PEAKIIHH.

C nomomipio pactBopa cyibdara menu CuSOs oOHapy UTh 00pa3zoBaBIIHECs CYIb(OUI-
nonsl S?~. CpaBHHUTH jeiicTBHe pacTBopa CuSO4 Ha pacTBOp McXoaHO# comu. Kakoe eme Beme-
CTBO, KpoMme Cyibpuaa HATpHs, 00pa3oBAIOCH MPH TEPMHUUECKOM pA3JIOKEHHH CYJIbpHUTa
HaTpusa? Kax ero 00HapyKUTh? Hanucarp ypaBHEHUE peaxiuu
mucriponiopronupoBanusiNa;SO3 pu mpoKaauBaHUH.

OIIbIT 8. BayTpuMOJIEKYISIpHbIE OKHCIUTEILHO-BOCCTAHOBUTEIBHbBIE IIPO-

LIECCBI

B npobupky BHecTn Heckonbko kpuctawioB Hutparta Mean Cu(NOs). - 3H20. 3akpenuthb
npoOMpPKY B MITATHBE M OCTOPOXKHO HArpeBaTh, HAOMIOAast N3MEHEHUE [BETa KPUCTAILIOB H IIBE-
Ta BbIETIONIerocs ra3a. Hamucate ypaBHeHUe peakiuu paznoskeHus Hutpara meau(ll), yaurtor-
Basi OKPacKy BO3MOXHBIX MPOAYKTOB peakiun: 0e3BoaubIii CU(NO3)2 — Oenbrit; CU(NO2)2 — He
cyuiectByeT; CUO — uepHblif; Cu — kpacHblid; N2, NO u Oz — 6ecuBetHble ra3el; NO2 — Oypblil.
Yka3aTh OKHCIIUTENb U BOCCTAHOBUTENb B MoJIekyse Hutpata menu(ll).

3anauu no teme: OKHMCIUTETLHO-BOCCTAHOBUTEIbHBIE PeAKIIUT
1. Peakunuu mpoTeKaroT 10 CXeMam:
P + HIO3 + H2O — H3PO4 + HI
H>S + Cl2 + H,O — H2SO4 + HCI

PaccraBpTe KOA((PUIIMEHTH B ypaBHEHHUSX peaKIMid. YKaKHUTE IS KaKIOW peakiuu
OKHCIIUTENTh U BOCCTAHOBHTEITh; KAKOE BEIIECTBO OKUCIISIETCS, KAKOE BOCCTAHABIMBACTCS.

2. Kakue u3 peakiuii, IpoTeKaromux Mo cxeMam:

K2Cr207 + H2SO4 (ko) — CrOsz]+ K2SO4 + H20
KBr + KBrOz + H2SOs4 — Br2 + K2SO4 + H20
Na>SO3z + KMnOs + H2O — NaS04 + MnO2 + KOH
SBJISIIOTCS.  OKUCIIUTEIbHO-BOCCTAHOBUTENIbHBIMHU. PaccraBbTe KOI(D(UIMEHTHl B YpaBHEHHUSAX
OKHCITUTEITFHO-BOCCTAHOBUTEIBHBIX PEAKIHiA HOHHO-3JIEKTPOHHBIM METOJIOM. YKKUTE IS KaXK-
JIOM peakluy OKUCIIUTENb U BOCCTAHOBHUTEIb.

3. Ilo crenenn okucnenust pocdopa B coemuuennsx PHs, HsPOs, H3PO3 onpenenwure, ka-
KO€ M3 HUX SBISETCS TOJBKO OKHCIUTENEM, TOJIbKO BOCCTAHOBUTENIEM M KaKO€ MOXKET IPOsiB-
JATh KaK OKUCIIUTENbHbIE, TaK U BOCCTaHOBHUTENbHBIE cBOMcTBA. [louemy? PaccraBbTe K03 du-
IIMEHTHI B YPaBHEHUH PEaKLUH, AYIIEH MO cxeme

P + HNO3 + H20 — H3PO4 + NO

4. Peakiiuyl MpOTEKAIOT 110 CXEMaM:

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



73

PbS + HNO3 — S + Pb(NO3)2 + NO + H20
PaccraBbre K03()(pULIMEHTHI B ypaBHEHHX peakiuil. YKaXHUTe s KaKIO0U peaKuu OKUCINUTENb
Y BOCCTaHOBUTEJb, KAKOE BEILIECTBO OKUCIISIETCS, KAKOE BOCCTAHABIMBACTCSI.

5. Ykaxure, Kakoi MpoLecc — OKUCICHUE WIM BOCCTAHOBIIEHUE — ITPOUCXOIUT IMPU CHEAYIO-
mmx npespamennax: Mn®t — Mn?*; C18* — CI; N> — N°'. PaccraBbre KO3(hdHIHCHTH B
YPaBHEHHUH PEAKINH, MPOTEKAIOIICH IO CXeMe

Cu20 + HNO3 — Cu(NOs3)2 + NO + H20.
6. Peaknu mpoTeKaroT Mo cxemMam:
HNO3 + Ca — NHsNO3 + Ca(NO3); + H20
K2S + KMnOgs + HoSO4 — S + K2SO4 + MnSO4 + H20.
PacctaBpTe KO3(h(ULIKMEHTH B YpaBHEHHSIX peaklUMUid. YKaKUTe NI KaKIOW peaklud OKUCIU-
TEJIb U BOCCTAHOBUTEIh, KAKOE BEIIECTBO OKHUCIISIETCS, KAKOE BOCCTAHABITUBACTCS.

7. Ucxons W3 CTENEHM OKHUCICHHUS Xpoma, uona u cepbl B coeauHeHusx KoCr.07, Kl,
H>SO3, onpenenure, Kakoe U3 HUX SIBISICTCS TOJIBKO OKUCIIUTEIEM, TOJIBKO BOCCTAHOBUTEIIEM H
KaKoe MOJKET IMPOSBIATh KaK OKUCIUTENbHbIC, TAK U BOCCTAHOBUTENIbHBIE cBOiicTBa. [louemy?
PaccraBbre KO3(pPHUIIMEHTHI B ypaBHEHHN peakiuy (METOIOM TOIYPEaKIvii), MPOTEKAOIIEH 10
cxeme

Na2CrO2 + PbO2 + NaOH — NaxCrO4 + NazPbO2 + H20

Ilpunoscenue k nabopamopnoii pabome Neb
1. 2KMnOg4+ 5NaNO; + 3H2S504 — 2MnSO4 + 5NaNO3 + 3H20 + K2SOq,
(MnQ4)™ + 8H™+ 5¢ —»Mn?* + 4H,0 | 2
(NO2)” + H20 — 2e — (NO3) + 2H"| 5

2(MnOs) + 16H"+5(NO2)” + 5H20 —2Mn2* + 8H,0 + 5(NO3) + 10H"

2. KMnQOg4 + 3NaNO2 + 2H20 — MnO> + 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
2(IN) —2e — 1> |1

5. KMnO4 + 3MnSO4 + 2H20 — 5MnO2+ K2SO4 + 2H2S04,
(MnQg4)™ + 2H20 + 3e — MnO2 + 40H | 2
Mn?* + 2H,0 — 2e — MnO; + 4H* |3

6.2KMnO4+ 10KI + 8H2SO4 — 2MnO3 + 312 + BKOH,
(MnOg4)™ + 8H*+ 5¢ —»Mn?* + 4H,0 | 2
2(IM —2e—1z | 5

7.2KMnOg4+ 6KI + 4H20 — 2MnSO4 + 512 + 8H20 + 6K2S04,
(MnQg4)™ + 2H20 + 3e — MnO2 + 40H | 2
2(IM —2e—1z | 3

8. 2NaNO; + 2KI + 2H,0 — 1> + 2NO + 3H20 + 2KOH + 2NaOH,
(NO2)” + H2O + e — NO +20H7| 2
2(IMN —2e— 1z |1
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9.K2Cr207+ 6NaNOz + 7TH2S04 — Cr2(S04)3 + 6NO2 + 7H20 + K2SO4 + 3Na2SO4,
(Cr207)* + 14H™+ 6e —2Cr* + 7TH.0 | 1
(NO2) —e > NO2| 6

10.

L 17 22 1 142 - =f -2 42 =6-2 + 6 -2 = -1
2KMnOy+ 5K,803+3H,804 = 2MnS04+6K,S0, +3H,0

MATHMHOEBIT D ecIIEeTHRI

MnOy +3H++<e—w£n +4H,0
SD3+H’;D 18 — SD4 +2HT

2 — OEMCIHUTENE, EOCCTAHOBMIICA

l'D

—EBOCCTAHOEHNTENE, ORFICIHIICA

MO 8T+ 5505 £57,0 — M 81,0+ 5505 Lol +

11,
+ 47 -2 + 442 & 2 +4 .2 - S, g
2KMnOy+2K,503+ HyO = 2Mn0O, +2K,S0,4+ 2KOH

MATHHOEBDT Eﬁ,‘pﬁrﬁ

MnOy + 2HyO+ 38— MnOy+ 40H
SO3+Hy0-28 — S04 +2H* ‘

2 - OEICIUTENS, BEOCCTAHOBHIICT

3 —BOCCTAHOBWTENE, OEJICIIIICA

- ~y_ 2
2MAO4 + AH,0 +3503 £3H;0—+ 2MnO, + 3504+ §0H + 68
_6H50

e

12.

+ 27 2 2422 £ 2= = 262 =1 L 3
2KMnOy+ K503+ 2KOH = 2K)MnOy + K504+ HyO
MATMHOEBT IEMTSHRIT

"-.f]'_nD_1+le — 1".:'[tll:h
SDB+F’DH -1 —+ 504 +H,0 7

2 — ORMICIHTENE, BOCCTAHOBIIIICA

]. BOCCTAHOBHUTENE, OFIICIHIICA

2MnO; + SO3 + 20H — 2MnO} + S0} + H,0

Jlabopamopnasa paboma Ne 17
OKHCINTEIBbHO-BOCCTAHOBHUTEIbHBIC PEAKINHU
Bonpocul cobecedosanus:
1. HarpaBieHHOCTh OKUCIIUTENIBHO-BOCCTAHOBUTENIBHBIX PEAKLMI B PACTBOPAX.
2. YcnoBusl IpOTEKaHUsl XUMUYECKUX peakuuil. TepMonnHaMuyeckre U KMHETHUECKHUE XapakTe-
PUCTHKH pEaKLUM.
3. DIeMeHTBI XUMUYeCKOi TepMoruHaMuKku. [IpeameT u 3amaun TepmogHaMuKi. OCHOBHEIE Xa-
PaKTEPUCTUKU TEPMOIMHAMUYECKON CUCTEMBI.
4. TennoBoit 23 heKT XUMHUUECKON Peakliu U TEPMOXUMUYECKHE pacueThl. Termnora o0pa3oBaHus
BenlecTBa. [lepBoe Havano TepMoaMHaMHUKH. DHTaIbNuUs. 3aKkoH I'ecca.
5. HanpaBieHHOCTh XUMUYECKUX peakuuil. JHTPOMHS U CBOOOIHAS SHEPTUS CUCTEMBI.
6. N300apHO-U30TepMUYECKUi TOTEHIIMA. XUMHUYecKas TEPMOANHAMUKA B MIPUIIOKEHUU K OMO-
JIOTUYECKUM CHCTEMaM.
OIIbIT 1.
CpaBHUTENTbHAS aKTHBHOCTH METAILIOB.
Hanmuts B otienbHbIe IpoOMpKH 110 1 M1 pacTBOpOB cortelt 1MHKa, xkesesa (I1), onosa, kamvus, memm(Il) u ce-
pedpa. OrnycTuTh B pacTBOpPHI (KPOME pacTBopa ¢ OHOMMEHHBIMA HOHAMM) TUIACTUKH METAUTAYECKOTO TIHHKA.
Ormeruts HaOmozeHus1. [I0BTOpUTE OIBITHI C IUTACTUHKAMM Kejie3a, CBUHIIA M MeIH. VI3 KakuX pacTBOpOB
BBITECHSIFOTCSI MeTaUThI? Hanmcars ypaBHEHHsSI COOTBETCTBYIOIIMX PEAKIIMIA. 3arycarh METAUIBI Ol yObIBa-
HUIO MX BOCCTAHOBUTENIHHOM CTIOCOOHOCTH, ONPEIENICHHON SKCTIIEPUMEHTATBHO. BhInucaTs 3Ha4UeHns UX CTaH-
JIAPTHBIX TIOTEHLMAIOB U3 IIPHIOKCHHSL.
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COOTBETCTBYET JIM SKCIIEPUMEHTATIBHBIN PSi] METAUIOB MX MOJIOXKEHHIO B ANIEKTPOXHUMHUYECKOM DSy Harpsi-
JKEeHUi?
Onert 5.
Mamepenne D]1C rampBaHMYecKOro srieMeHTa U orpezienieHie AG B OKUCIIMTETbHO-BOCCTAHOBUTEIILHOM peak-
113178
CoOpatb rabBAHUYECKHUIA SJIEMEHT TI0 CXEME:
(-)Zn| ZnSO4||CuSO4|Cu (+)

IM 1M
TIPH 33/IaHHBIX KOHLIEHTparmsix coneit ZnSO4u CuSOa.
B ykazaHHOM rajlbBaHYECKOM 3JIEMEHTE IPOTEKAET IPOLIECC:
Zn+Cu?* =Zn* +Cu
J1141 31010 B CTaKaHbI C pacTBOpPaMM COJIel METAUIOB OITYCTUTbH IUIACTUHBI COOTBETCTBYIOLIMX METAILIOB, 3a-
MKHYTb TIOJTY3JIEMEHTBI COJIEBHIM MOCTHKOM M COSAMHHTD IEKTPO/IbI C MOMOIIIBIO MPOBOAHUKOB C MUJLIH-
BosibT™MeTpoM. ismeprts DJIC 1ociie yCTaHOBIEHHSI CTAIMOHAPHOTO 3HAYCHHUS HANPSDKEHHS Ha THIKAIE TPH-
oopa.
CpaBHUTB OIBITHBIE IAHHBIE C TEOPETUUYECKH BHIMHCIIEHHBIMU. ONPEeIe/UTh IPOLIEHT OLIMOKH.
[o nHaiinenHomy 3HaueHnio J/IC ranmpBaHWYECKOrO JIeMEHTa PacCUMTaTh M3MeHeHwe sHepruu [nbbca B
OKHCJIUTEITBHO-BOCCTAHOBUTENILHON PEAKIIH.
Pe3ynbTars! n3MepeHHii U pacCUMTaHHbIE JaHHBIE MPEICTABUTH B (hopMeE POTOKOA:
Komrerrparwist pactBopa ZnSOs, MOIB/T . . .
Konmienrparwist pacrBopa CuSOs, MOIB/I . . .
SJ1CaKcn METHO-TIMHKOBOTO 3JIeMeHTa, B . ..
AGaxken, JIx . ..
3JICteop, MEITHO-IIMHKOBOIO ieMeHTa, B . ...
Iorpenmocts 11, % ...
AGreop, Ik ... .
I[MorpemmHocts I1, % . ...
OI1bIT 2.
Hccnenosanue 3arcuMocty 3/1C rajibBaHMYECKOro AIEMEHTA OT KOHLIEHTPALIUN COJTHL
PaGoty npoBoIAT ¢ raTbBaHUYECKIM JIEMEHTOM.
ZnYzr?*||Cu?*|Cul
B crakan Harms 10-20 M1 1M pactBopa CuSOs, KOHIIEHTpaI st KOTOPOTO B XOJIE M3MEPEHHI HE M3MEHSIETCS.
B octanbHble crakaHbl HATUTE pacTBOpbl ZnSO4 B mopsike Bopactanus koHreHTparw (0,01, 0,1 u IM). B
pactBop CuSO4 omycTUTh MEITHBIN MEKTPOJT; IIMHKOBBIN EKTPOJT OMyCTHTH B pacTBop ZnSO4 HAMMEHBITICH
KoHIeHTpatwu. [TomysreMeHThI COeIMHUTE CONEBBIM MOCTUKOM U M3MepHTh DJIC ranbBaHUYECKOTo ieMeH-
Ta C MOMOILIbIO MUTUBOJIBTMETPA.
He orxmroyast MWITMBOIBTMETD, IIEPEHECTU LIMHKOBBIN AIEKTPO U COOTBETCTBYIOIMIA KOHELL COJIEBOIO MO-
CTHKa B O0Jiee KOHIIEHTPHPOBAHHKIN pactBop ZnSO4 u cHoBa mmeputh DJIC, 3ateM Toxke mpozerars ¢ 1M
ZnSOa.
Pe3ynbTarsl H3MEpeHHit U pacCUMTaHHbIE JaHHBIE 3aIHcaTh B Ta0MHITY 1O (popme:
C(Cu?"), momb/1 C(Zn?"), Mor/ AEsker, B AGoker, B AEreop, B AGreop, B IT, %
1 1
01
0,01
Kakoit 13 pakTopoB — prpo/ia MeTasia Wik KOHIIEHTPAIIHSI €r0 MOHOB B PAaCTBOPE B OOTIBILIEH Mepe orperie-
JISIET 3HAYEHHUE MEKTPOTHOrO MOTEHIMAIa METAILIA H, CleNioBaTelbHO, J/1C ralbBaHN4YecKoro drieMeHTa?

Jlabopamopnasa paboma Nel8.
DJIeKTPOJIH3
Bonpocwl cobecedosanus:

1. DNeKTpoNIn3 Kak OKUCIUTETbHO-BOCCTAHOBUTEIBHBIHN MPOLIECC.
DIIEKTPOIN3 pacIljIaBoB.
3. DJEKTPOJIN3 BOJHBIX PACTBOPOB KUCIIOT, IIEJIOUEH, COTICH.

N
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4, I IpakTrdeckoe 3Ha4YEHHE HIEKTPOI3A.
[enb: M3yunTh 37€KTPOIN3, KAK OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIN IIPOIIECC.
OIIBIT 1.
OnbIT IPOBOAMTCS B AJIEKTPOIHM3Epe, MpeAcTaBiisironmeM coboit U — oOpa3HbIil COCy] ¢ pacTBO-
POM 3JIEKTPOJIUTA, B KOTOPBII MOTPY>KEHO JIBa JIEKTPOJAA, OJUH M3 KOTOPHIX MOAKIIOUEH K MO-
JIOKUTEIBHOMY, APYTOi — K OTPULATEIbHOMY I10JIF0CAaM MCTOYHUKA TOCTOSTHHOTO TOKA.
Onektponu3 pactBopa CuSOs. B anexrponuzep Hamuth 0,5 M pactBop cynbdarta meau (II).
OnycTuth B 00a KOJIEHA 3JIEKTPOIU3EPA YTONbHBIE IIEKTPOABI, IPUCOCTUHUTD UX K HCTOUHHUKY
MOCTOSIHHOTO TOKa U MpOIyckaTh TOK B TeueHue 5-10 muH. K pacTBOpy Ha aHOIHOM yyacTKe
n00aBUTh pacTBOp Jakmyca. COCTaBUTh YpaBHEHHUS PEAKIMH, MPOTEKAIOUIMX Ha DJIEKTPOAAX.
[TpOMBITH 37EKTPOABI U DIEKTPOIU3EP.
OIIBIT 2.
Onektponu3 pactBopa NaxSO4
B anexrpommzep Hamuth 0,5 M pactBop cynbdara HaTpus, IpuOaBUTH B 00a KOJIEHA COCY/Ia 110
3-4 xarIM pacTBopa JaKMyca M MPOMYyCKaTh TOK B TeueHHe 5-1 muH. Kak n3meHuTcs okpacka
pacTBopa Ha KaTOJHOM U aHOAHOM ydacTkax? Kakue rassl BbIIENAIOTCS Ha 3iekTponax? Hamu-
caTh YpaBHEHHsI SJIEKTPOIAHBIX IPOILIECCOB.
B. Dnekrponus pactBopa KI. B anekrponusep Hamute 0,5 M pacTBop moauaa Kanus, IpruOaBUTh
B 00a KoJieHa cocy/a mo 3-4 xarm pactBopa genondranenna. [Ipomyckats Tok B Teuenue 5-10
muH. Habmronats BeIenieHre mMy3bIphbKOB ra3a M OKpallMBaHuE pacTBopa y karoaa. K pactsopy B
aHOJIHOM yacTu mpuOaBUTH 2 Kaliu pactBopa kpaxmana. Otmeruts HabmonaeHus. CocTaBUTh
YpaBHEHHUS peakuil, IPOTEKAIOIINX Ha AIEKTPOAAX.
Jlabopamopnasa paboma Nel9.
Koppo3us
Bonpocwl covecedosanuan:
1. Ilonsarue xoppo3uu. Bunipl koppo3uu.
2. buokoppo3susi.
3. DKOJIOTHYECKHE acTIeKThl OMOpa3pyIIeHusI.
4. 3amuTa OT KOppO3UH.
buokopposust (0T rped. bios - KU3HB U TO3AHENAT. COITOSIO - pa3beAaHue), pa3pylIeHUE KOH-
CTPYKLIIMOHHBIX MaTepUANOB U MPOTUBOKOPPO3MOHHBIX 3AIIMTHBIX MOKPBITUH TMOJ AeHCTBHEM
MPUCYTCTBYIOIINX B Cpele MHUKPOOPTaHM3MOB (OakTepuii, TpuOOB, BOAOPOCIECH, APOXIKEH).
[TepBbie cBeneHUs 00 y4acTUH MUKPOOPTAaHU3MOB B KOPPO3UU MATEPUAIOB MOSBHIUCH B KOHIIE
19 B. OcBOEHUE BO3IYIIHOTO U BOJAHOTO MPOCTPAHCTB, HEAP 3EMIIM COMPOBOXKIAETCS HEU30€XK-
HBIM PaclpOCTPAaHEHHEM MHKPOOPTAaHM3MOB M YBEIMUYEHUEM MaciiTaboB OMOKOppO3UU. 3aMeT-
HBI yiiep0 HaHOCUT OMOKOppO3usl B HedTe- M razon00bIBaIOLIEH MPOMBIIUIEHHOCTH (OKOJIO
70% Bcex KOPpPO3MOHHBIX pa3pylleHHi), TpyOOIpOBOJIHOMY TPAaHCIOPTY, MOpPCKOMY @QIIOTY,
CPEJICTBAM CBSI3U U BOJOCHAOKEHUSI.
B mpouecce ku3HEASATETILHOCTH MUKPOOPTaHU3MOB 00pa3yroTcs MPOIYKThl 0OMEHa BEIECTB,
MOBBILIAIONINE KOPPO3UOHHYIO aKTHUBHOCTH Cpefbl (MUHEpajbHblE M OPraHUYECKUE KHCIIOTHI,
men04u, nepokcuabl, HaS u nip.). B yactHOCTH, OBICTPBII BBIXOJ U3 CTPOSt HEPTE- U ra30MpoBO-
OB O0YCJIOBJIEH JAESTENbHOCTBIO CyIb(aTBOCCTAHABIMBAIOIINX OaKTepHid, MOBBIIIAIOIINX
arpecCUBHOCTh TPYHTa ¥ TPYHTOBBIX BOJ B pe3ynbTare npoayuupoBanus H2S. Hekotopeie BubI
THOHOBBIX Oaktepuii BbipadarbiBaroT H2SO4, monmxkas pH moussr u rpyHTa 10 ~ 0,5. I'pHoHI,
MPHUCYTCTBYIOIINE B BOJHOU (pa3e aBHAIIMOHHOTO TOIUTHBA, IPUBOJAAT K OMOKOPPO3UH alFOMUHU-
eBbIX 0aKOB caMoJIeTOB. bHOKOpPO3Hs MOJMMEPHBIX MaTepUaIoB CBA3aHA C BbIPaOAThIBAEMBIMU
MUKpPOOpTraHu3MaMu (hepMEeHTaMHU, PE3KO YCKOPSIFOIIMMHU JECTPYKIIUI0 MAKPOMOJIEKYI.
Ilonamue buoxopposuu.
Buokoppo3zust (buonoruueckasi KOppo3us) - TUI KOPPO3HMOHHOTO pa3pylLICHUsI B YCIOBUAX BO3-
JIENCTBUS MUKPOOPTraHu3MOB. [IpoayKThl KU3HEAESATENIbHOCTH Pa3IUYHBIX MHUKPOOPTaHU3MOB,
KOTOpbIE MPUCYTCTBYIOT B BOJIE, TPYHTE, MHTEHCU(PHUIMPYIOT IPOLIECC KOPPO3UH.
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brokoppo3uio MOXKHO paccMaTpuBaTh, KaK CAMOCTOSITETILHBIN BUJ Pa3pyIICHUs, HO Yallle BCETo
IpOIeCcChl OMOJIOTNYECKON KOPPO3UH MPOTEKAIOT MapajlIeIbHO ¢ IPYTHMMHU, HAllpUMEp, TTOYBEH-
HOM (TPYHTOBOI ), MOPCKOM, aTMOC(HEPHOM, KOPPO3UEH B HEANCKTPOIUTAX, BOJHBIX PACTBOPAX.
[ToBpexxaeHUsIM OT OMOKOPPO3HMH MOABEPIalOTCS pa3IMYHbIE MOI3EMHbIE KOHCTPYKIMH (TpyOO-
MIPOBOJIbI, PE3EPBYaphl, CBaU, METPO U T.II.), COOPYKEHHS U TPYOOIPOBOIbI, HAXOSAIINECS B BO-
ne. bruokoppo3usi — HEOTbEMHBIN CITyTHUK He()Te- U Ta30IPOMBIIIIIICHHOCTH.

[lepBbie noragku O BIMSHUM Ha MPOLECC KOPPO3UOHHOIO pa3pylleHHs OUOJIOrMYEcKUX opra-
HHU3MOB MOSIBUJIIMCH TOJBKO B KOHIIE XIX Beka.

B pesynbrare mporekanus OMOKOPPO3MHM Ha TMOBEPXHOCTH MeETajlla MOSBISIOTCS HEOOIbIIHE
yrayonenus (6nectsmme MO0 MEpOoXOBaThie), PAKOBUHBI, HEPOBHOCTH, KOTOPBIE MOTYT OBITH
3aMOJIHEHBI MPOAYKTaMHU KOPPO3MH. Bbuokopposuss B OGOJBIIMHCTBE CIydyaeB HOCUT S3BEHHBIN
1100 MUTTUHTOBBINA XapakTep. Yaie Bcero OMoKoppo3ust SBISIETCS JIOKAIBHBIM Pa3pyLICHUEM.
Buapl 6monorunueckoii Koppo3un(OHOKOPPO3UN ).

buoxoppo3usi monpaszuensercs Ha OakTepHaTbHYIO, MHKOJOTHMUYECKylo. MHoOrma paspyuieHue
MOJKET OBITh BBI3BAHO NMPUCYTCTBUEM B KOPPO3UOHHOI Cpeie IpoxoKel, PyruX MUKPOOPTaHU3-
MOB. Bce MUKpOOpTraHM3MBI JEISTCS Ha a’3poOHBIE W aHa3pOOHBIC. AIPOOHBIE CYIIECTBYIOT U
Pa3MHOXKAIOTCS TOJIBKO MPU HAJTHMUYUU KHCIOpOoaa. AHAPOOHBIM Ke 711 HOpMaIbHON KU3HEIes-
TEJILHOCTU KUCIopoa He Tpedyercs. Cpeau adpoOHBIX MHUKPOOPTaHM3MOB HanboJiee OMacHBIMH
SIBJISIFOTCSL CepOOaKTEpHUH U Kesne300aKkTepuu (0OMTaroT B 1MoYBe). B mpupoaHbIx cpemax a3poo-
HbIE€ U aHa3pOOHbIE MUKPOOPIaHU3MbI CYLIECTBYIOT COBMECTHO.

Yame Bcero mpotekaer OakrepuanbHasOnokoppo3us. OHa ke M Hambosee pa3pylIMTETbHA.
JlaHHBIA BUJ BCTpEYaeTCsl B BOJIE, MMOYBE, TOILIMBE MPU HAIWYMHM OakTepuil. bakrepun oveHb
OBICTPO Pa3MHOXKAIOTCSI U JIETKO MPUCIIOCAOIMBAIOTCS K BCEBO3MOXHBIM YCIOBHSIM OKPYXKAaro-
niei cpeasbl. bakrepuanbHas Onokopposust MoxkeT npotekats npu pH cpenst ot 1 1o 10,5 u Tem-
neparype (damie Bcero) 6 — 40 °C npu HaIWYUK Pa3IUYHBIX OPraHUYECKUX M HEOPTraHUYECKHX
BEIIECTB, COJIEPKALIUX KUCIOPO/, YIIEpOo, BOJOPO, KeEJe30, a30T, Kaluil, cepy U T.1I.
Ilenvpabomei: VI3yuntb KOppO3HIO, KaK OKUCIUTETbHO-BOCCTAHOBUTENIBHBIN TPOIIECC.

OIIBIT 1.

Koppo3us ollMHKOBaHHOTO U JIy>KEHOTO XkKele3a

B ckpenky /s Oymaru BCTaBHTh TOHKHH KyCOYEK METAJUTMYECKOTO ITUHKA, B JPYTYIO — TaKOM
K€ KyCco4eK 0JIoBa. B 1Be mpoOUpPKHU HAIUTH BOABI U JO0aBUTH 2-3 Kariau pa30aBIeHHONW cepHOU
KHCJIOTHI U pacTBopa KpacHoi kpoBsiHoi conmu — Kz[Fe(CN)s] —BemiecTBa, KOTOpOE SABJISIETCS pe-
aKTHBOM Ha HOHBI Fe?*, 06pa3sys ¢ HUM COeIMHEHHe CHHETO IIBETA.

O0e CKpenKH OITyCTUTh B IPUTOTOBIICHHBIE pacTBOPHI. Kakyro okpacKy nmproOpeTaeT KHUIKOCTb,
B KOTOpPOE OIYIIEHO MIEPO C OJIOBOM, YEPE3 HECKOJIBKO MUHYT?

Kakue MoHBI TOSIBUIINCH B PACTBOPE, U HA YTO 3TO yKA3bIBACT?

B npyroii mpobupke okpammBaHie MOKHO HAaOII0JaTh TOJIBKO MOCIE PACTBOPEHHUS BCETO LIMHKA.
Pa3zo0pathb Bce mpoTeKkaronye peakiiy, MPHHAMas BO BHUMAaHNWE BEJTMUNHBI CTAHIAPTHBIX DIIEK-
TPOIHBIX MOTeHIManoB Fe, Zn, Sn.

CocTaBUTh ypaBHEHHS PEaKIii aHOAHBIX W KaTOIHBIX MPOIECCOB MPH JCHCTBUU TajJbBaHOMAp -
Fe—Zn u Fe—Sn ¢ BogopoaHoii nenoisipu3auei.

Jlnist cpaBHEHMSI COCTaBUTh CXEMY JEHCTBHUS TajlbBaHONAphIFE—SN ¢ KuUCIOpoaHO# nenosspu3a-
HUEH.

OIIBIT 2.

BnusHue ranpBaHONaphbl, BOSHUKAIOLIEH B pe3ysibTaTe XMMHUYECKON peakluu ,Ha Mpolecc pac-
TBOPEHHUS MeTaa.

Buectu B npobupky 5-6 kanens pa3dasienHoro pactBopa H2SO4 u rpanyny nuaka. OTMETHTD
BBIJICJIEHUE BOJOPOAA U OOBSICHATH BO3MOXKHOCTH MPOTEKAHHS PEAKIIMH C TIOMOIIBIO 3HAYCHUS
CTaHJAPTHOTO JEKTPOJHOr0 noreHuana. KocHyThCsl MeTHOW MPOBOJIOKOW IpaHyJbl TMHKA. Ha
KakoM MeTaiie OyAeT HaOmioaaThes BblAeNeHHe Bojgopona? 3amucaTh CXeMy KOPPO3MOHHOTO
MEIHO-IIMHKOBOT'O TaJIbBAHUYECKOT'0 3JIEMEHTA C BOJIOPOIHON JETIONIApU3alueil Ha KaToe.
OIIBIT 3.
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[IpoTekTopHas 3ammuTa
B crakan ¢ paz0aBieHHBIM PacTBOPOM YKCYCHOM KHCIIOTHI MPHUOAaBUTh HECKOJIBKO Kareib pac-
tBOopa KI 1 moMecTuTh B HEro mjiacTUHBI IIMHKA U CBUHIA B KOHTaKTe JApyr ¢ aApyrom. Mounsl 1-
UIPAIOT POJIb HHAMKATOPA HA MOHBI Pb?* | 06pasys ¢ HMMH MaJoOpacTBOPHMOE coeauHenue PbI2
JKeNToro 1gera. J{is cpaBHeHHE B IPOOUPKY C TAKUM KE PACTBOPOM MOMECTUTH TOJIBKO CBUHELL.
B kakom ciydae ckopee oOpaszyercs noaus ceuHua? CocTaBUTh CXeMy JCHCTBUS TajbBaHOIA-
peIPb — Zn. Kakoit meTamt urpaer poJsib mpoTekTopa?
OIIBIT 4.
[TaccuBupOBaHUE METAJIOB U POJIb 3AIIUTHBIX TUIEHOK B MIPOLECCE KOPPO3UHU.
A. OUuCTUTh HAXKAAKOM JBa CTalbHBIX I'BO3Asa. OJUH IBO3/b [1aCCUBHUPOBATH, OIYCTHB €r0 B
MPOOUPKY ¢ KOHIIEHTPHUPOBAHHBIM pacTBOPOM a30THOM kucioTel HNO3. 3anucars cBou HabIII0-
neHusi. ONonocHyTh IBO3/b BOJOW U BHOBb OITYCTHTh B a30THYIO KUCIIOTY.
[TpoMBITh TAaCCUBUPOBAHHBIN T'BO3/Ib U OMYCTUTh B IPOOUPKY C pa30aBIEHHBIM PaCTBOPOM cep-
HO# kucnotel H2SO4. OTMETUTH CKOPOCTh BBIJICTCHHUS BOAOPO/A.
Jlist cpaBHEHHSI OIYCTUThH B PacTBOP CEPHOM KUCIOTHI HeoOpaboTaHHbBIN rBO31b. Ha kakom 00-
pasie ckopee BbLIensieTcss Boopoa? OTMETUTh pOJib OKCUAHOW TUICHKH, 00pa3oBaHHOW Ha Me-
Tajie npu 00paboTke KOHIIEHTPUPOBAHHOM a30THOM KUCIIOTOM, IO OTHOIIEHUIO K KOPPO3HUH.
b. anomMuHMil ciocoOeH MPOSBIATh BBICOKYI0 XUMUYECKYIO aKTUBHOCTb, €CIIM C €r0 MOBEPXHO-
CTH CHSTH 3alIUTHYIO OKCUAHYIO TUIEHKY. UTOOBI yJanuTh OKCHIHYIO IJICHKY, OMyCTUThH allf0-
MUHHEBYIO IJIACTUHKY B PAcTBOP ILIEJIOYH, IPOMBITH BOJIOW M OCYIIUTH (MIIBTPOBAIBHON Oyma-
TOM.
3areM nomecTuTh Ha 1 MUH B pactBop conu pTyTU(ll) 1 BHOBE IPOMBITH MIACTUHKY BoJoU. [Ipu
9TOM UJET peaKuus

Al + 3Hg?" = 2AP* + 3Hg
U Ha MOBEPXHOCTU aJIOMUHUSL 00pa3yeTcsl amalibrama - ero pacTBOp B METAJUTMYECKOU PTYTH.
Ha amanprammpoBaHHOM aTIOMUHUHM OKCHJHAs IJICHKA HE YAEpKUBAE€TCS U IMOBEPXHOCTh Me-
Tajia Ha BO3JlyXe ObICTPO MOKPHIBAETCS XIOMbsIMHU. CHATH XJIOMbs (PHILTPOBATBHOM OymMaroi u
MOMECTUTH IJIACTUHKY B IPOOUPKY ¢ Bojoi. HanucaTe ypaBHEHHS COOTBETCTBYIOLIUX PEAKIIUM.
VYckopsitoniee BIMSHUE HAa KOPPO3HIO AIIOMUHMS OKa3bIBAET TAK)K€ BO3HMKAOLIASTaJIbBaHOINA-
paAl-Hg. Hanucats cxemy ee aeiicTBuUA.
OIIBIT 5.
TepMuueckoe OKCUIUPOBAHUE CTATIU
HaneceHne OKCHIHBIX IUIEHOK Ha METaJUIbl HAa3bIBAETCS OKCUAMPOBAHUEM, & B CIydae CTaJINd —
BOpoHeHHEeM. OUHUCTUTh HAXKIAKOM JBE CTajlbHbIE MJIACTUHKU. [IpoBecTH TepMuuecKoe OKCUIU-
pOBaHME OJAHOM U3 HUX, [UISl YErO HArpeTh IUIACTUHKY B IIJIAMEHM FOPEJIKH 10 NOSIBICHUS LIBETOB
1o0eXaJloCTH, T.€. 10 MOSIBJIIEHUSI OKCUJIHBIX IJICHOK, KOTOPbIE€ BBUAY CBOEH pa3iIMYHOM TOJIIN-
HBbI BBI3BIBAIOT HHTEP(HEPEHINIO CBETA U ITOTOMY OKpAIIMBAIOTCs B pa3Hble 1BeTa. Hanectu o 1
Karuie pactBopa cyibpara menu CuSO4 Ha OKCUIUPOBAHHBIA U HEOKCHIUPOBAHHBIN 00pas3Ilbl.
[To ckopocTy MOsIBIIEHHUS] TEMHOTO IATHA MU Ha 0Opa3liax OLIEHUTH 3alllUTHbIE CBOIiCTBa 00pa-
30BAHHOM IIJIEHKH.

6 IMJAKTUYECKUE MATEPUAJIBI VIS KOHTPOJISA (CAMKOHTPOJIA)
YCBOEHHOI'O MATEPHAJIA

6.1 OueHo4HbIE CPEACTBA, IOKA3ATEJIH U KPUTEPHH OLlCHUBAHUS KOMIIETCHIM I

HNupexc | Ouenounoe Iokazarenu Kpurepun onenuBanuns
KoMIIe- CpeacTBo OLlCHUBAHMSHA c(popMHPOBAHHOCTH KOMIIETECHIIM I
TEeHIUH
VK-1 Ortuer no na- | Huzkuit — Heyno- CTAaBUTCS, €CIIN JOIYIIECHBI CYIIECTBECHHBIE
OIIK-8 | GopaTopHOii | BIETBOPUTEIHHO omuOKH (B X0/Ie IKCIEPUMEHTA, B 00bsICHE-
[1K-2 pabore HUH, B OPOPMIICHHH PaOOTHI, IO TEXHUKE
0e301acHOCTH, B padoTe C BEIIECTBAMU U
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npubopamu), KOTOpbIe HE UCTIPABIISIOTCS
JIaKe [0 YKa3aHMIO NpernojaBaTelis.

IToporosslii — yno-
BJIICTBOPUTEIIEHO

CTaBUTCS, €CIU JOMYIIEHBI OJIHA-T[BE CYIIIe-
CTBEHHBIC OIMMOKH (B XO€ JKCIEPUMEHTA, B
o0bsicHeHHH, B O(OpMIICHHH pPabOTHI, IO
TeXHHKE 0e30macHOCTH, B paboTe C Belle-
CTBaMH W MPUOOpPaAMU), KOTOPHIC HCIIPABIIS-
I0TCSI C IIOMOIIIBIO ITPETOaBaTeIsl.

ba3oBblii — x0po1o

a) paboTa BBITIOJIHEHA MTPABUIIBHO, O€3 CyIIe-
CTBEHHBIX OIIMOOK, C/ICJIaHbI BEIBOJIBI,

0) JOMyCTHMBL: HEMOJHOTA MPOBEACHHUS WU
oopmiteHHsT PKCIIEPUMEHTa, OJHA-JIBE HECy-
IICCTBCHHBIC OIIMOKM B MPOBEACHUU WM
oopMIIeHHH DKCIIEPUMEHTa, B IMpaBWIIaX pa-
0O0TBHI C BelllecTBAMU U ITpudopamu

Bricokunn —
JINYHO

OoT-

a) paboTa BBHINIOJIHEHA MOJTHO, TIPABUIILHO, 03
CYIIECTBEHHBIX OMIMOOK, C/I€IaHbl BHIBOIBI,

0) SKCIEpUMEHT OCYIIECTBIEH IO IUIaHy C
YUETOM TEXHUKH OE30MacHOCTU W IMPaBWII pa-
0OTBI C  BemIeCTBAMH W NPUOOPAMH;
B) MMEIOTCSI OpraHU3allMOHHbIE HaBBIKU (IIOJ-
JEPKUBAETCSI YUCTOTa pabOYero Mecra u Io-
PSIIOK Ha CTOJIE, SKOHOMHO HMCHOJIB3YIOTCS pe-
AKTHUBBI).

Tect Huzkuii — 10 60 3a BEPHO BBINIOJHEHHOE 3a/IaHUE TECTUPYE-
0amioB (HeyJOBlle- | MBI TOJIy4aeT MaKCHUMAallbHOE KOJHMYECTBO
TBOPUTEJHHO) 0aJIJIOB, MPETyCMOTPEHHOE ISl 3TOTO 3aja-
[ToporoBerit — 61- | HUS, 32 HEBEPHO BBINOJIHEHHOE — HOJNb Oa-
75 GainoB noB. Ilocne mpoxoxneHHs TecTa CyMMHUDPY-
(ynoBneTBOpH- FOTCSI pe3YJIbTaThl BBINOJHEHUS BCEX 3aJIaHUM.
TEJILHO) [ToacunThiBaeTCs MPOUEHT MPABUIILHO
Ba3zosBerii — 76-84 BBIIIOJIHEHHBIX 3aJaHUM TecTa, IIOCIE Yero
0aJITI0B (XOPOIIIO) ATOT MPOLIEHT MEPEBOJMUTCS B OLIEHKY, PYKO-
Bricokuit — 85-100 | BOACTBYSCh YKa3aHHBIMH KpPHUTECPUSIMH OlIC-
OaJLIIOB HHUBaHUIL.
(oTnMuHO)

Konrtponbnas | Huzkuii — Heyno- JOTYCTHJI YHUCIIO OIIMOOK M HEJ0YETOB

paborta BJIETBOPUTEIBHO MPEBOCXOAIEE HOPMY, TTPU KOTOPOH MOMKET

OBITh BBICTABIICHA OIIEHKA «3»

[ToporoBbiii — €CJIM CTYJIEHT MPABUJILHO BBITTOJIHUI HE
YIAOBIETBOPUTENb- | MEHEE TOJOBHHBI paOOTHI WM JOMYCTUT: HE
HO Oonee AByX TIpyObIX ommOOK; WJIW HE OoJiee

OJIHOM TpyOoOii U OHOM Herpy0Ooil omuoKu u
OJHOTO HeJO0YeTa; WM He Ooiee ABYX-Tpex
HEerpyObIX OIIMOOK; WJIM OJHOH Herpy0oii
OMMOKK M TPeX HEIOYETOB; WU IMPH OTCYT-
CTBHM OIIMOOK, HO IMpPH HAJIWYUU YEThIpEX-
TISITH HEJOYETOB.

ba3oBblii — xopo1o

CTYJIEHT BBIMIONHUI paboTy TMOIHO-
CThIO, HO JIONYCTWUJI B HEH: He Oojiee OIHOMN
Herpy0Ooil ommMOKM M OIHOTO HEaouYeTa WIIH
He 0oJiee IBYX HEJIOUYETOB
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Bricokuii — oTinu-
HO

paboTa BbINIOJHEHA 03 OmMOOK, yKa3a-
HBl BCE pacyeTHbIe (OPMYJIBI, €AWHHIBI H3-
MepeHusi, 0e3 omuOOK BBITOJHEHBI MaTeMa-
THUYECKHE PACUETHI

Co0ecemnoBa-
HUE

Hwuskuii — - HE3HaHUE MPOTrPaMMHOI0 MATEPHUAIIA;

HEY10BJIETBOPH- - [IPH OTBETE BO3HUKAIOT OLLINOKU;

TEJILHO - 3aTpyAHEHUS IIPU BBIIOJIHEHUU IIPAKTHYE-
CKHX paloT.

IToporossrii — - YCBOCHUE OCHOBHOI'O MaTe€pHala;

YAOBIIETBOPUTENb- | - IPU OTBETE JIOITYCKAKOTCSI HETOYHOCTH;

HO - IIpY OTBETE HEAOCTATOYHO IIPABUIIbHBIE
(bhOopMyYITUPOBKH;
- HApYyILICHUE MOCIEA0BATEILHOCTH B U3J10-
’KEHUHU [IPOTPaMMHOI'0 MaTepHaa;
- 3aTPYHEHHUs B BBIIIOJHEHUY IIPAKTUYECKHUX
3aJlaHNM.

ba3oBeIii — XOpoO- | - 3HAHME IPOrPAMMHOT0 MaTEPHUAIIA;

1o - FPaMOTHOE U3JI0KEHUE, 0€3 CYIIeCTBEHHBIX

HETOYHOCTEW B OTBETE HA BOMPOC;

- IPaBUJIbHOE IPUMEHEHUE TEOPETUYECKUX
3HAHUM;

- BIIaZIcHHE HeOOXOIMMBIMH HaBBIKAMU MIPH
BBITIOJHEHUH ¥ IPAKTHYECKUX 3a/1a4.

Bricokuit — oTinu-
HO

- TIIy0OKO€ U MPOYHOE YCBOCHHE IPOrPaMM-
HOTr'O MaTepuaa,

- TIOJTHBIC , TTOCTICIOBATEIIBHBIC , TPAMOTHBIC U
JIOTUYCCKU U3JIaracMbI€ OTBCTHI HpI/I BHUJIOU3-
MEHEHHH 3aaHMS;

- CBOOOJTHO CIIPABJISIOIINECS C TOCTABJICH-
HBIMH 33/1a4aMH, 3HAHWs MaTepUaa;

- IpaBUWJIbHO 0OOCHOBAHHBIE IPUHSATHIE Pe-
HICHUS;

- BJIaAICHUC pa3HOCTOpOHHI/IMI/I HaBbBIKAMU U
MIpUEMaMH BBITIOJTHEHUS PAKTHUECKUX Pa-
0o0T.

Huskuit —
HEYJOBJIETBOPH-
TEIbHO

JIOMYCTUJI YMCIIO OLIMOOK M HEI0YETOB Ipe-
BOCXOJsIlee HOpPMY, IpPU KOTOPOH MOXKET
OBbITh BHICTABJICHA OLIEHKA «3»

IToporossrii —
YAOBJIETBOPUTEIb-
HO

CTYZCHT TIPaBHUJIBHO BBITIOJHHUII HE MEHEe T10-
JIOBUHBI PalbOTHl WM JOMYyCTWI: He Ooiee
JIBYX TpyObIX OmMOOK; WM HE Oojee OIHOM
rpy0oii u oHO# Herpy0©oil omMOKK U OAHOTO
He/lo4ueTa; i He OoJiee IBYX-TpeX HerpyOobIx
OMOOK; WM OAHOM HerpyOoi ommoKku u
TpPeX HEJO0YETOB;, WM TPU OTCYTCTBHU OIIH-
00K, HO IIPU HAJMYUH YETHIPEX-TISATH Heloue-
TOB.

ba3oBblii — xopo1o

CTYJIEHT BBIMOJIHUI PabOTy MOITHOCTBIO, HO
JIOTyCTHJI B HEl: He Ooyiee OJHOU HErpyOoit
OmMOKA M OJHOTO HEIoueTa WU He Oosee
JIBYX HEJIOYECTOB

Bricokuii — oTinu-

paboTa BbImosHEeHa 6e3 OmnOOK, yKa3aHbl BCe
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HO

pacyeTHble (OPMYIIbI, SAUHUIBI W3MEPEHUs,
0e3 omuOOK BBIIOJHEHbI MaTeMaTHYEeCKHe
pacueTsl

Pedepar
(KOHCTIEKT)

Huskuit — Heyno-
BJIETBOPUTEIILHO

TeMa pedepaTa (KOHCIIEKTA) HE PACKPHITA,
00Hapy’KUBAETCA CYLIECTBEHHOE HETIOHNMa-
HHE TPOOJIEMBI.

IToporossrii —
YZIOBJIETBOPUTEIb-
HO

UMEIOTCS CYIIECTBEHHBIE OTCTYIUICHUS OT
TpeboBaHu# K pedhepupoBaHHIO (KOHCIIEKTH-
poBaHMI0). B yacTHOCTH: TeMa OocBellleHa
JMIIb YaCTHYHO; TOMYyIIeHBI (PaKTHYECKHE
OIIMOKH B COJEpXKAHUU pedepaTa UilH MPH
OTBETE Ha JAOIOJIHUTEIbHBIE BOIIPOCHI; BO
BpEMs 3aLIUTHI OTCYTCTBYET BBIBO/I.

bazoBelii — xoporio

OCHOBHBIE TpeOoBaHus K pedepaTy (KOHCTEK-
Ty) ¥ €rO0 3alUTE BBITIOJHEHBI, HO TIPH 3TOM
JIOIyIIIEHBI HeToueThl. B yacTHOCTH, HMEIOT-
Csl HETOYHOCTH B U3JIOKEHUH MaTepHalia; OT-
CYTCTBYET JIOTUYECKas TIO0CIIeIOBATEIILHOCTh
B CY>KJICHUSIX; HE BhIIep)kKaH 00beM pedepaTa
(KOHCTIEKTa); UMEIOTCS YIyIIeHUs B 0OopM-
JICHUH; HA JIOTIOJTHUTEIILHBIC BOTIPOCHI TIPH
3alMTE JIaHbl HETIOJIHbIC OTBETHIL

Bricokuii — oTinu-
HO

BBITTOJIHEHBI BCE TPEOOBAHUS K HAITMCAHUIO
3amuTe pedepaTa (KOHCIEKTa): 0003HaUCHA
npo0GsieMa ¥ 000CHOBaHa €€ aKTyalbHOCTb,
c/leJlaH KpaTKUi aHaJIn3 pa3InYHbIX TOYEK
3peHHS Ha pacCMaTpUBaEMYIO MPoOIIeMy U
JIOTMYHO U3JI0KE€HA COOCTBEHHAs! MTO3ULIMS,
c(hOpMyYIHPOBAHBI BEIBOJIBI, TEMA PACKPHITA
MOJTHOCTBIO, BBIIEPKaH 00beM, COOITIOIEHBI
TpeOoBaHUS K BHELIHEMY O(OpMIIEHUIO, Aa-
HbI IPAaBUJIbHBIE OTBETHI Ha JIOTIOJIHUTENbHbIE
BOTIPOCHI.

CamocTtos-
TeIbHAs  pa-
oora

Hwuskuit — veyno-

AOITYCTHIT YUCIIO OIIMOOK U HEOOUYCTOB IIpEC-

BJIETBOPUTEIILHO BOCXOJAIIIEE HOPMY, IIPU KOTOPOM MOKET
OBITh BBICTABIICHA OIIEHKA «3»

IToporossrii — €CIIM CTYHEHT IIPaBUJIILHO BBINIOJIHUI HE Me-

YIAOBIETBOPUTENb- | HEe TIOJOBUHBI PAOOTHI MU JOMYCTUI: HE 00-

HO Jee IByX rpyObIX ommoOOK; uiu He Oonee o-

HOW TpyOOi M oaHOM HerpyOoi ommOKu |
OJHOTO HEJO0YeTa; WM He Ooiee ABYX-Tpex
HEerpyObIX OIIMOOK; WJIM OJHOH Herpy0oii
OMMOKK M TPeX HEIOYETOB; WU IMPH OTCYT-
CTBHM OIIMOOK, HO IMpPH HAJIWYUU YEThIpEX-
TISITH HEJI0YETOB.

ba3oBblii — xopo1o

CTYJEHT BBITIOTHII Pa0OTy MOJHOCTHIO, HO
JIOTYCTHJI B HEl: He Ooyiee OJHOU HErpyOoit
OmMOKA M OJHOTO HEIoueTa WU He Oosee
JIBYX HEJOYETOB

Bricokuii — oTiinu-
HO

paboTa BhINMOIHEHA 0€3 OMMOOK, YKa3aHbl BCE
pacyeTHble (OPMYIIbI, EAUHUIBI U3MEPEHUs,
663 OH.II/IGOK BBITIOJIHEHBI MAaTEMAaTUYCCKUC
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pacyeTsl

Huzknii —
HEYI0BJIETBOPH-
TEJIBHO

KomnokBuym

- He3HaHUE MTPOTPAMMHOT0 MaTepHana;

- IPU OTBETE BO3HHUKAIOT OLINOKH;

- 3aTpyAHEHHS NPU BBHITOJHEHUH IIPaKTHYe-
CKHX pador.

[ToporoBbiii —
YAOBJIETBOPUTEIb-
HO

- YCBOGHHE OCHOBHOT'O MaTepuara;
- IPY OTBETE JIOITYCKAIOTCS HETOUHOCTH;

- IIPH OTBETE HEJIOCTATOYHO HPABHIIbHBIC
(bopMyIHPOBKH;

- HapyILICHUE NOCIIeI0BATEIIbHOCTH B U3JI0-
YKCHUU MIPOrPaMMHOT0 MaTepHaa;

- 3aTPY/IHCHUS B BBIIOJIHEHHU MPAKTHYECKUX
3aJIaHUMN.

bazoBriii —
110

X0po-

- 3HaHWE MPOrPaMMHOTO MaTepUala;
- TPaMOTHOE U3JIOKEHHUE, 0€3 CYIIeCTBEHHBIX
HETOYHOCTEH B OTBETE HA BOMPOC;

- IPABUJILHOE MPUMEHEHHUE TEOPETUYECKUX
3HAHUU;

- BJIAJICHUE HEOOXOIUMBIMH HaBBIKAMH IIpHU
BBINOJHEHUH M TPAKTHYECKUX 3a/1ad.

Bricokuii — ot-

JIMYHO

- r1y0OKOE M MPOYHOE YCBOCHHUE MPOrPaAMM-
HOr'O MaTepuaa,

- MIOJIHBIE, MTOCIIEI0BATEIbHbBIC, IPAMOTHBIC U
JIOTHYECKHU M3JIaraeMble OTBETHI IIPU BUIOU3-
MCHCHHWU 3aJaHU],

- CBOOOJTHO CIIPABJISOIINAECS C TOCTABJICH-
HBIMHU 3aJJa4aMi, 3HAaHUA MaTepI/Iana;

- IPaBUJIbHO 0OOCHOBAHHBIC TIPUHSATHIE Pe-
[ICHHUS,

- BJIQJICHHE PA3HOCTOPOHHUMH HaBBIKAMH W
HpI/IeMaMI/I BBITIOJIHCHU A HpaKTI/ILIeCKI/IX pa-
0oT.

6.2 IIpoMeskyTOYHASI aTTECTALUSI CTYAEHTOB MO AMCHHUIINHE

IIpomexxyTouHast arrecTanus ABJSIETCS NPOBEPKOM BCEX 3HAHUM, HABBIKOB M YMEHUU
CTYAECHTOB, MPUOOPETEHHBIX B MpOIECCe U3YUEHUS TUCHUIITMHBI. POPMOI TPOMEXYTOUHOH aT-

TeCTAalUU 110 JAUCIHHMITIIIMHE SABJIACTCA DK3aMCH.

I[J'ISI OLCHUBAHUA PE3YJIbTATOB OCBOCHUA AUCHUIIIMHBI IMTPUMCHAIOTCA CICAYIOIINUEC KPU-

TCPHUU OLICHUBAHU.

Kpurtepun oueHnBaHus YCTHOI'O OTBETA HA JK3aMeHe

oyenka «5» (OTJIUYHO) CTaBUTCS, €CIIH:

1. MOJIHO PACKPBITO CoMepKaHe MaTepralia OUIeTa;
2. Marepuay HM3JIOKEH T'PaMOTHO, B ONPEICICHHOHN JIOTMYECKON MOCIIeI0BATEIbHOCTH,

TOYHO HUCIIOJB3YETCA TCPMHUHOJIOTHA,

3. moka3aHo YMCHUC HIUTIOCTPUPOBATH TCOPCTUUYCCKUC ITOJIOKCHUA KOHKPCTHBIMH IIPpU-

MEpaMu, IPUMCHATH UX B HOBOH CUTyalllu,

4. TpOJEMOHCTPUPOBAHO YCBOEHUE paHEE M3YUYECHHBIX COMYTCTBYIOIIMX BOMPOCOB,
c(hOpMUPOBAHHOCTh U YCTOMYHUBOCTh KOMITETCHIINM, YMEHUN U HABBIKOB;

5. OTBET MPO3BYYAT CAMOCTOSTEIHHO, 0€3 HABOAIINUX BOIPOCOB;

6. IOMyIIEHbI OJJHA — JBE HETOYHOCTU IIPU OCBEIIEHUH BTOPOCTENEHHBIX BOMPOCOB, KO-

TOPLIC UCTIPABJIAIOTCA 110 3aMCYAaHUIO.
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oyenka «4» (Xopouo) CTaBUTCS, €CIIH:

OTBET CTYJCHTA YJIOBJIETBOPSICT B OCHOBHOM TPEOOBAHHSIM Ha OIEHKY «5», HO TIPH ATOM
UMEET OJMH U3 HEeJIOCTATKOB:

1. B M3710’%K€HNU AOIYIIEHBI HEOObIINE TPOOEIIbI, HE UCKA3UBILNE COJEP/KAHUE OTBETA;

2. TOMyUIeHbl OJIMH — JBa HEJl0UeTa IPU OCBEIICHUH OCHOBHOIO CO/IEp KaHMsI OTBETA, HC-
MIPABJICHHBIC 110 3aMEYAHUI0 YK3aMEHATOPA;

3. momyIieHsl omuoOKa win 0osee IByX HEJOUETOB MPU OCBEIICHUN BTOPOCTEIIEHHBIX BO-
MIPOCOB, KOTOPBIE JIETKO UCTIPABIISIOTCS IO 3aMEYaHUIO SK3aMEHAaTOpa.

oyenka «3» (y10BJIETBOPUTEJIbHO) CTABUTCS, €CIIU:

1. HEMOJIHO WM HETMOCJIEIOBATEIFHO PACKPBITO COJACPKAHHE MaTepuaia, HO IMOKa3aHO
oOmiee MOHUMaHUE BOIPOCA U MPOJIEMOHCTPUPOBAHBI YMEHHS, TOCTATOUHbIE JUIsl JalbHEHUIIEro
YCBOCHHUS MaTepHaa;

2. UMEJHCh 3aTPYAHCHUS WM JOMYIIEHBI OIMOKU B ONpEAeNICHUN MOHATUHN, HCIIOIb30-
BaHUW TCPMUHOJIOTHH, UCIIPABJICHHBIE TIOCIIC HECKOIBKUX HABOSAIINX BOIPOCOB;

3. IpU HENOJHOM 3HAHUM TEOPETUUYECKOTO MaTepuasa BbISBICHA HeAocTaTouHas chop-
MHPOBAHHOCTh KOMIICTCHIINH, YMEHUH U HABBIKOB, CTY/ICHT HE MOXKET IPUMECHHUTH TEOPUIO B HO-
BOW CHUTYALUU.

oyenka «2» (Hey10BJI€TBOPUTEIBHO) CTABUTCSI, €CITH:

1. HE pacKpBITO OCHOBHOE COJIepKaHue Y4eOHOro MaTepuana;

2. oOHapyXCHO HE3HAHWE WJIM HEMOHMMAaHWE OOJNIbIICH win HamboJiee BaKHOW YacTH
y4eOHOro MaTepHarna;

3. JONyIIeHbI OMKMOKK B ONPEICIICHUN TOHITHHA, IPU HCIOJIE30BAHUN TCPMUHOJIOTHH,
KOTOpBIE HE UCTIPABIEHBI MOCIE HECKOIBKUX HABOSIINX BOIPOCOB.

4. He chOPMUPOBAHBI KOMIICTCHIIUN, YMEHUS U HABBIKH.

KpuTtepun oneHKkH pelieHusi pacuyeTHbIX 3a/1a4

OYeHKa «OMJIUYHOY» BBICTABISIETCS CTYACHTY, €clii paboTa BBIMOJHEHA 0€3 OmHUOOK,
yKa3aHbl BCE pacyeTHbIe (POPMYIIbI, SAUHHUIIBI U3MEPEHHS, 0€3 OMMOOK BBHIMOIHEHBI MaTeMaTH-
YECKHUE PACUCTHI;

OUeHKa «XO0poui0» €Civ CTYJICHT BBIMOJIHII paboTy MOTHOCTHIO, HO IOMYCTUT B HEl: He
OoJiee 0THOM HErpyOOil OIITMOKK U OJTHOTO HEJ0UETanuIu He OoJiee IBYX HEJ0UETOB;

OUeHKa «y00671emeopumebHo» eCly CTYJCHT MPABUIHHO BBITIOIHUI HE MEHEE MOJIOBU-
HBI pa0dOTHI WJIM JOMYCTUII:HE O0Jiee IBYX rpyObIX OMIMOOK; Wid He Oojee oaHON rpy0oit u o1-
HOM Herpy0oi omuOKH W OJHOTO HEJOYeTa; WM He Ooliee NBYX-TPEX HErpyObIX OIIMOOK;WIIN
OJIHOHM HerpyOol ommOKH W TpeX HEJIOYCTOB;UIHM MPH OTCYTCTBUHU OIIMOOK, HO MPH HATHYUU
YETHIPEX-TISITH HEJJOUETOB.

OUeHKa «Hey0061emeopumenbHo» JOyCTHII YUCIIO OMNOOK U HEAOYETOB MPEBOCXO/IS-
11ee HOpMy, IPU KOTOPOH MOKET OBITh BBICTABJICHA OIIEHKA «3).

IIpumepHBIii NepedyeHb BONPOCOB K IK3aMeHy

1. [Ipenmer u 3amaun xumuu. [lonstie o marepun. CBoiicTBa Marepuu. BemiecTtBo u moine. Je-
MeHTapHbIe 9acThIlbl. OCHOBHBIE (DOPMBI JIBIKEHUS MaTepHH. XUMHYecKas (opMa JIBHKCHUS
Matepuu. Crienurka XUMIHIeCKoi (GOpMbI TBHKEHUS MAaTEPUH.

2. AtoMHO-MoekyJsipHOe yueHue. Pa6otsr M.B. JlIomoHoCOBa.

3. CrexuoMeTpHYeCcKue 3aKOHBI XUMHUU: 3aKOH COXPAHEHHsI MAacChl M SHEPTrUU BEIIeCTB, 3HAUe-
HUE ero B XUMHH; 3aKOH mocTostHcTBa coctaBa (K. IpycT), OepTommmIbl U TaabTOHUIBL, 3aKOH
KpaTHbIX oTHomeHuH (k. [[anbToH); 3aKkoH ABOTaapo U CIEICTBUS M3 HETO; 3aKOH 00BEMHBIX
otHomenui (K. I'eii-Jlroccak); sKBUBaNIeHT, 3aK0H 3KBUBaJICHTOB (M. PuxTtep).

4. OCHOBHBIC BEITUYHMHBI, PUMEHSEMbIE B XUMHUU: AaTOMHBIE M MOJEKYJSpPHBIE MacChl, YUCIO
ABorazpo, 1 a.e.m. (aToMHasi €IWHUIIA MAcChl), Macca aTOMa M MOJICKYJIbI; KOJMYECTBO BEIIIe-
CTBa, MOJIb — SAMHHIIA U3MEPEHUS KOJIIMYECTBA BEIIECTBA; MOJSPHAS Macca, OMpEleIeHHe MO-
JISIPHOM Macchl BEIIeCTBA, MOJISIPHBINA 00BEM ra3000pa3HbIX BEIIECTB.
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5. XuMHUYECKUM S3bIK. XUMHUYECKAsT HOMEHKJIATypa. XUMHUYECKasi TEPMUHOJIOTHUS. XUMUYECKast
CHUMBOJIMKA. XHUMUYECKUH 3HAK, XUMHUYecKast popmyia (pocTeiias, MOJIeKyJsipHasi, CTPYKTYp-
Hasl, CTepPEOXUMMUECKas), XMMUYeCKoe ypaBHeHue. Pacdersl no xumuueckuMm ¢GopmysiaM U XH-
MUYECKUM YPABHEHUSIM.

6. OCHOBHBIE NOHATUSA XMMHUHU: aTOM, aTOMHbIE YacTUIbl (ATOMHBIA paguKall, aTOMHBIA HOH,
ATOMHBII MOH-pajivKall), MOJIEKYJIa, MOJIEKYJISIPHBIE YaCTULbI (MOJEKYJISPHBIA pajuKall, MoJe-
KYJIApHBIN MOH, MOJIEKYJISIPHBIA MOH-paAMKal) XMMUYECKUH 3JIEMEHT, (JOPMBI €ro CyIIeCTBOBa-
HUS: CBOOOHBIE ATOMBI, IPOCTHIE U CJIOKHBIE BEILIECTBA.

7. Kitaccudukanms mpocThix BemecTB. Mertauibl. HemeTtamib.

8. Knaccudukamusi CIIOXHBIX BEHIECTB MO COCTaBY. BUHApHBIC COCAMHEHHUS. DIEKTPOOTPHUIla-
TENBbHOCTh. BasleHTHOCTH. BaneHTHBIE BO3MOXHOCTH aTOMOB XUMHYECKHUX 3J1eMEHTOB. CTENeHb
okucieHud. 3apsan uoHa. HoMeHkiaTypa OMHapHBIX COEAMHEHMH. TpexaieMEeHTHBIE COeIuHe-
HUs. ['UApOKCUIBI U CONH.

9. Kimaccugukarust C0KHBIX COSAMHEHUH 10 (PyHKIIMOHAIBHBIM IPU3HAKAM.

10. Oxcuapl coneobpa3zyromue U Hecoaeodpasyromue. OKCUabl KUCIOTHbIE, OCHOBHbBIE U aM(o-
tepHble. Homenknatypa okcunioB. [lonyuyenue. CBolicTBa.

11. OcHoBanus. OgHO- 1 MHOrOKHCIOTHBIE OcHOBaHus. lllenmoun. Homenknatypa ocHOBaHHI.
[Tonryuenue. CoiicTBa. UHaMKaTOpPHI.

12. Kucnotsl. beckucnopognsie n kuciopoacogepxamue. OQHO- 1 MHOTOOCHOBHBIE KUCJIOTHI.
Homenxknarypa kucinot. [lonydyenne. CBoiicTBa KOHLIEHTPUPOBAHHBIX U pa30aBIEHHbBIX KUCIIOT.
13. Comu. Cpennue, xucinsle, ocHoBHble. [lomyuenne. CBolictBa. Homenknarypa cosneii. Kaue-
CTBEHHbBIE PEAKIIMN HA KATUOHBI U AHUOHBI.

14. I'eneTndeckue psipl METAUIOB M HEMETAIUIOB. I'eHeTnYeCKas CBA3b MEXKIY NPOCTHIMU BEILIE-
CTBaMH U KJIaCCaMU HEOPTaHUYECKUX COEIMHEHUH.

15. OtkpsiTHE Eepuoanyeckoro 3akoHa J[.M. MeneneeBbIM. JTanbl OTKPBITUS IEPUOAUYECKOTO
3akoHa. [lepnoauueckuii 3akoH. @U3NYECKHUIT CMBICT aTOMHOTO HOMEpa, HOMepa IpyIIIbl, HOMe-
pa nepuona. CoBpeMeHHasi GOpMyIHPOBKA EPUOANYECKOTO 3aKOHA. 3HAUEHUE MTEPHOIHUUECKOTO
3aKOHA U MEPUOIUYECKON CUCTEMBI.

16. Knaccudukanus xumudeckux peakuui. [Ilpuznaku kinaccupukanmy XMMHYECKUX PEaKIuii.
17. OxuciuTenbHO-BOCCTAHOBUTENbHbIE  peakuuu.  Knaccuukanus  OKUCIMTEIbHO-
BOCCTAaHOBUTENBHBIX peakiuid. OKHCIEHUE U BOCCTAaHOBJIEHNE, OKUCIIUTENb U BOCCTAHOBUTEII.
OcHOBHbBIE OKHCIUTENU U BoccTaHOBHUTENU. [IpaBmiia cocTaBieHHs ypaBHEHUIN OKUCIMTEIBHO-
BOCCTAHOBUTEJIBHBIX peakiMid. MeTo/bl 3JEKTPOHHOTO U MOHHO-3JEKTPOHHOro OanaHca. Poib
Cpe.ibl B IPOTEKAHUU OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOLIECCOB.

18. O6pazoBanue cinoxHbIX yacTull. [Ipupona xumudeckoit cBsa3u. Mosekyisl. Buasl xumuye-
CKOH CBSI3U. DJIEKTPOOTPULIATENBHOCTD.

19. KoBaneHntHas cBsA3b. JJOHOpPHO-aKLIENTOPHBII MeXaHU3M 00pa30BaHUS KOBAJIEHTHOW CBSA3H.
HacpinaemMocTh ¥ HalpaBJIEHHOCTh KOBaJEHTHOM cBsi3u. dopma monekyin. ['nbpuauzanus. o- u
7~ cBs13u. [lonsipHas u HemossipHas KOBAJEHTHASI CBA3b.

20. Monnas cBs3b. BogopoaHnas cBsizb. MeTaymuinueckasi CBA3b. MeEKMOJEKYJISIPHOE B3aUMOICH-
cTBUE. XMMHUUYECKAs CBSA3b U BAJIEHTHOCTD.

21. Bona. CocTaB M 3J€KTPOHHOE CTPOEHHE MOJIEKYJbl BoAbl. [lomsspHOCTE MONEeKyIbl. Pusnde-
CKHE CBOMCTBA BOJbl. AHOMaIMU (PU3NYECKUX CBOMCTB BOABI. Boga — yHUBEpcalbHBIM pacTBO-
puTenh. XMMHUUYECKHE CBOMCTBA BOABL. Poiib BoMbI B OMoNornueckux mporeccax. PactBopsr. O0-
11as XapaKTEepUCTHKA PACTBOPOB.

22. Crioco0Obl BBIpaKEHHS cocTaBa pacTBOpoB. KoHIreHTpamms pactBopoB. MaccoBast 10s pac-
TBOPEHHOT'O BeUIECTBAa B IpoleHTax. MoispHas U HOpMaibHas KOHLEHTpauus. Pacdersr amns
MIPUTOTOBJICHUS] PACTBOPOB PAa3IMYHON KOHIIEHTpaluu. MeToauKa NPUTOTOBICHHUS PAcTBOPOB
pa3Hoil KoHUeHTpauuu. [lepexon oT OJHOr0 KOJIMYECTBEHHOTO BBIPAKEHUS COCTaBa pacTBOpa K

Ipyromy.
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23. DAEKTPOIUTHI U HEIEKTPOJIUTHI. OCHOBHBIE TTOJIOKEHUS AIEKTPOIUTUYECKON AUCCOIMALIH.
MexaHu3M AUCCOLMAIMK JJIEKTPOJIUTOB C PA3IUYHBIM THUIIOM XHUMHUYECKOW CBs3u. CTeneHb
ANEKTPONUTHYECKOM nuccounanuu. CUbHbBIE U c1a0ble 371eKTPOIHTHI.

23. KucioTel, OCHOBaHUS, COJIM B CBETE TEOPUU BJIEKTPOIUTUUECKON aucconuanuu. CTyneH4a-
tas auccoruanys. OCHOBHBIA M KUCJIOTHBIA THIBI AUCCOLUAIMHM THAPOKCUAOB. AMdoTepHbIE
TUAPOKCHUIBI.

24. I'ugponus coneil. Paznuynble ciyyau Tuapoiv3a cojieil. Peakumsi cpeasl B BOJHBIX PacTBO-
pax coneir. O6paTuMblii 1 HEOOPaTUMBIN TUAPONIU3bI coneil. CTyneHuaTsiii ruaponu3. GakTopsl,
CMeljarolme paBHoBecue rupoian3a. COBMECTHBIN T'HIPOJIN3 COJEH pa3HbIX TUNOB. Poib rua-
poJM3a B XMMHUYECKHX M OMOJOTMYecKHX mpoleccax. Peaknu B pacTBOpax 3J€KTPOIUTOB. Pe-
aKIIMM MOHHOTO OOMeHa. Y cJI0BHsI MPOTEKaHUs peakiuii oOMeHa B pacTBOpax 0 KOHIIA.

25. 'anpBaHUYECKUI 3JIEMEHT. DJNEKTPOAHbBIE IOTEHIMANBI. Ps1 CTAHIAPTHBIX 3JEKTPOAHBIX T10-
TeHuanoB. OKUCINTEIbHO-BOCCTAHOBUTENIbHBIE MOTeHIIMAbl. HamnpaBienue u riyOuHa OKHC-
JIUTENIbHO-BOCCTAHOBUTEIbHBIX PEAKLIUNA. DJIEKTPOIU3 KaK OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIN
npouecc. KonnuecTBeHHbIE COOTHOLIECHUS ITPU 3eKTposuse. [Ipumenenue snekrponnsza. XuMu-
YECKHE UCTOYHUKH TOKA.

26. Koppo3ust MeTamioB. DJIEKTPOXUMHUYECKAss KOPPO3Usl. 3alUTa OT KOPPO3UHU.

6.3 OneHouHbIe cpeacTBa VI NIPOBEPKH YPOBHS ¢()OPMUPOBAHHOCTH KOMIIETeHUM I
YK-1, OIIK-8, I1K-2

TecTsl cofeprkar ClIeAyIOIINe TUTTBI 33JIaHUN

Ne 3a1a- Bec 3apa- | Pesyabrart ouennBanus (0a/ibl, MOJy4eH-
Tun 3aganus st HUSA Hbl€ 32 BBINOJIHEHHE 3a/1aHusl / XapaKTepu-
(0asw) CTHKA MPABWIbHOCTH OTBETA)
3aJIaHus 3aKPBITOTO 1,2,3 1 Gamn 1 6 - momHOE MpaBUIIBLHOE cooTBeTCTBUE; () O -
THUTIA C BBIOOPOM OJI- ocTaJbHBIC CITyYau
HOT0 npaBuiIbHOTO (1
u3 4)
3a/IaHUS 3aKPHITOTO 4,5,6,7 |2 0auia 2 6 — moJIHOE TIPaBUIILHOE COOTBETCTBUE (T10-
THUIIA C BBIOOPOM He- CJIEIOBATENIbHOCTh BAapUAHTOB OTBETa MOKET
CKOJIbKHUX TTPaBUIIBHBIX ObITh JIO0OIH); 1 6 — ecnm pomylieHa OJlHA
oTBeTOB (3 u3 6) ommoOKa / OTBET MPaBUJIbHBIN, HO HE TIOJTHBIN;
0 6 — ocTanpHBIE CiTy4yan
3a/1aHUS 3aKPBITOTO 8,9 2 Oaiuta 2 0 — mojHOe MpaBHIILHOE cOOTBETCTBUE; 1 O
THIIA Ha YCTAaHOBJICHUE — €CJIM JIONYIIeHa OJHa OIIMOKa / OTBET Tpa-
COOTBeTCTBUS (4 Ha 4) BUJIbHBIA, HO HE TONHBIA; 0 O — OCTalbHBIE
ciyJan
3a/IaHK€ 3aKPBITOTO 10, 11 2 Oaiuta 2 0 — mojHOe MpaBHIILHOE cOOTBEeTCTBUE; 1 O
THIIA Ha YCTAaHOBJICHUE — €CJIM JIOTyIIeHa OJlHa OIIMOKa / OTBET Tpa-
MOCICA0BATEILHOCTH BWIbHBIH, HO HE MOJHEIN; 0 O — ocTalbHBIC
cIyJau
3a/1aHUsI OTKPBITOTO 12, 13 3 Gamna 3 60 — monHOe mpaBuibHOE cooTBeTcTBUE; O O
THUTIA C KPATKKM OTBe- — OCTaJIbHBIE CITyYaHu.
TOM
3a1aHUs OTKPBITOTO 14, 15 5 Oaju10B 5 0 — MoJHOE MPAaBWJIBHOE COOTBETCTBUE; €CITH
THUTIA C Pa3BEPHYTHIM JIOTIYIIeHa OJHA OMIMOKAa/HETOYHOCTH / OTBET
OTBETOM MPaBUJIbHBIN, HO HE TIOJNHBIN - 3 0ajuia; eciu
JOTYIIEHO OoJiee OJTHOM OIIMOKH / OTBET He-
MIpaBWJIbHBIN / 0TBET OTCyTCTBYET — 0 GassioB

Komnerennus | HNuaukatopsl
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- YK-1. CniocobeH ocymiecTBiIsTh MOUCK, KpH-
THYECKUIl aHaMW3 M CHHTE3 WH(pOpMAIMy,
MPUMEHATh CUCTEMHBINA MOAXOJ I PELICHUS
IIOCTaBJICHHBIX 3aJ1a4

e VK-1.2 HaxoguT v KpUTUYECKH aHAIU3UPY-
eT MHPOPMAIUIO, HEOOXOIUMYIO JJISl PeIICHHS
MOCTaBJICHHOW 3a/Ia4H.

33[[3]-[1/[6 1. Kakoili 3aK0H ONMHCHIBAe€T 3aBHCHMOCTD CKopoCcTH XHMMHY€eCKOi peakuuu oT

KOHIIEHTPAMH Pearnpyriux BemecTs?
1) 3akon ABoraapo
2) 3aKOH JEeHCTBYIOIINUX Macc
3) 3akon I'ecca
4) 3akOH PKBHUBAJICHTOB
OtBer: 2

3aganue 2. Kakoe coeqnnenne ABJageTcsd KOMILIEKCHBIM?

1) NaCl

2) K2SO4

3) [Ag(NHs):]ClI
4) CaCOs
OtBeT: 3

3ananne 3. Kakoii npouecc onucbiBaercsi ypaBHenuem: Na:S:0s + H.SO4 — Na:SOs + SO:

+ S + H:0?
1) IM'apponm3

2) OKHMCIUTENbHO-BOCCTAHOBUTEIIbHASL PEAKIIUS
3) Peakmust oOMeHa ¢ BBIIENICHUEM ra3a U 0caIKa

4) O0Opa3zoBaHre KOMIUIEKCHOTO COECIMHEHHUS
Otger: 3

3aganue 4. Kakne (axkropsl BJAHSIOT HA CKOPOCTH XHMHU4YecKo peakunu? (Boidepurte 3

BAPHAHTA)
1) Ilpuposa pearupyroumx BemecTs
2) KoHuenTparusi peareHToB
3) Temnepatypa
4) LlBet peakTUBOB
5) [laBnenue (1uist ra3oB)
6) O6Bem cocyna
Otser: 1, 2, 3

33}13HI/IC 5. Kakue BH/JbI XUMHYECKOH CBSI3H MOTYT CYIIECTBOBATH B HECOPraHU4Y€CKHUX CO-

enuHenusx? (Boibepure 3 Bapuanra)
1) KoBanientHas
2) Nonnas
3) Metaunueckas
4) BonopoHas
5) Hucynbdunnas
6) [lentunnas
OtsBer: 1, 2,4

3aganue 6. Kakne mapaMeTpbl MOKHO ONpeeJIUTh ¢ MOMOIIBLIO ypaBHeHust MeHeneeBa-

Knaneiipona? (Boi0epure 3 Bapuanra)
1) Monspnyro Maccy rasa
2) [ImoTHOCTH raza
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3) O6bem raza npu 3aJaHHBIX YCIOBUIX
4) I1Ber raza

5) PactBopuMocThb Taza

6) DHEepruto aKTUBALUU

Otsert: 1,2, 3

3ananue 7. Kakue KJaccbl coelMHeHHI 00pa3ylOTCHA NMPH B3aMMOJECTBMH OCHOBHBIX H
KHCJIOTHBIX OKcH0B? (BbiOepuTe 3 BapuanrTa)

1) Conu

2) Kucnotst

3) OcHoBaHus

4) AmdoTepHbIe THIPOKCHIBI

5) bunapHubie coenuHEHHS

6) KomMruiekcHbie coeTMHEHUS

Otser: 1, 2, 3

3aganue 8. YcTraHoBHTE COOTBETCTBHE MEKIY KJIACCOM COeIMHEHUS] U MIPUMEPOM:
A. Okcup
b. Kucnora
B. OcnoBanue
I'. Conp
1) NaOH
2) H2SO4
3) Na.CO:s
4) CO:
OrtBet: A-4, b-2, B-1, I'-3

3ananue 9. YcTaHOBHTE COOTBETCTBHE MEXKIY TUIIOM PeaKIMU U IPUMEPOM:
A. Peakuus coenmHeHUS
b. Peakuusd paznoxenus
B. Peaknus 3amenieHus
I'. Peaxiusg oOmeHa
1) 2H.0 — 2H2 + O2
2) 2Na + 2H>0 — 2NaOH + H:
3) CaO + H.0O — Ca(OH):
4) NaCl + AgNOs — AgCl + NaNOs
OtseT: A-3, b-1, B-2, -4

3aganue 10. Pacnosno:xkure B NpaBUJILHOM MOPSIKE 3TANbI ONpee/ieHUs] IKBUBAJTEHTHOM
Macchl MarHusi MeTOJ10M BbITeCHEHHSI BOJOPOA:

1) B3pemuBanue mMaraus

2) Hanmonmuenue mpubopa KUCIOTOM

3) U3mepenne o6beMa BBIICIUBIIETOCS BOAOPOIa

4) Pacyer 5KBHBaJICHTHOM MaccChl

Oter: 1,2, 3,4

3aganue 11. PacnoJioxkute B NPAaBUJILHOM NOPS/AKE ITANbI IPOBEeHNs Ka4eCTBEHHOM pe-
aknuu Ha uoH Fe3':

1) B3situe mpoObI pacTBOpa

2) Jlob6aBnenre pogaHua Kaaus

3) HaGmroieHune oxpamBaHus

4) 3anuch pe3yabTaToOB
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Otsert: 1,2,3,4

3ananue 12. IIpoumecc caMonpon3BOJLHOI0 pa3pylieHHsi METAJUIOB MO/ eliCTBHEM OKPY-
JKaKolIel cpebl Ha3bIBaeTCsl .
OTtBeT: KOoppo3ust

3ananme 13. [Ipouecc pacnaaa 3J1eKTPOJIUTA HA MOHBI B PACTBOPE HA3bIBAETCHA .
OTtBet: nmucconuanus

3aganue 14. OnuumuTe, KaK BJIMAET TeMIIepaTypa Ha CKOPOCTh XMMHYECKO#H peakluu co-
riaacHo npasuiay Baut-I'odda.

Ortger: [Ipu noBeimenun temneparypsl Ha 10°C ckopocTh OONBIIMHCTBA PEAKLIUN yBETUYHBa-
ercs B 2—4 paza (TemmeparypHblii KodaduuueHt y = 2-4).

3apanme 15. Onummure, KAK MOKHO OTJIMYUTH ABOMHYIO €0JIb OT KOMILIEKCHO HA MpHUMe-
pe coJieid :keJie3a.

Otger: [IBoitHas conb (Hampumep, (NH4)2SOa4-Fe2(SO4)s) auccormuupyer Ha Bce nonsl (Fe',
NH4*, SO+*"), a xommiekcHas (Ks[Fe(CN)s]) — na K* u [Fe(CN)s]*, He naBas nonos Fe*'.

Komnerenuus

Nuaukaropsl

- OIIK-8. CriocoOeH OCyIIeCTBISATh IEIarOrv-
YECKYI0 JESTEIbHOCTh HAa OCHOBE CIIECIHAallb-

e OIIK-8.3 lemOHCTpUpYET cCHELHATIbHBIE
Hay4HbIC 3HAHUS, B TOM YHCJE B MPEIMETHOMN

oOiacrtu.

HbIX HAYYHBIX 3HAHUH

3ananue 1. Kakoii Tun rudpuansanuu opourtasieid atoma yrijepoaa HadJ/l0JaeTcsi B MoJie-
KyJe metana CH4?

1) sp

2) sp?

3) sp?

4) dsp?

Ortser: 3

3aganue 2. Kakoii napamerp onpeae/sieT HalpaBJeHHe CMELICHUsS] XMMHYECKOr0 paBHOBe-
cHUsl IPU U3MEHEHUM JaBJIeHHUA?

1) [punnun Jle [larense

2) 3aKoH JENCTBYIOIINX Macc

3) IIpaBuiio Baut-T'odda

4) 3akon ['ecca

Ortsert: 1

3ananue 3. Kakoii MHAMKATOpP MCHOJIB3YyeTCsl AJs ONpeaeaeHUs] TOUKH IKBHBAJIEHTHOCTH
NPH THTPOBAHUM CHJIbHOM KHCJIOTHI CHJIbHBIM OCHOBaHHEM ?

1) ®enondranenn

2) MeTHnoBbIi OpaHKeBbIH

3) Jlakmyc

4) JIro60¥ n3 nepevnciIeHHbIX

Ortser: 4

3aganue 4. Kakue mapamMeTrpbl MOKHO ONpele/MTh ¢ MOMOIIbI0 ypaBHeHus1 Kianeiipona-
MenneneeBa? (BoiOepure 3 BapuaHTa)
1) Monsipayto mMaccy rasza




2) [ImoTHOCTH raza

3) O6beM rasa npu 3aJaHHBIX YCIOBUAX
4) PacTBOpUMOCTbH raza

5) DHepruto akTUBaLUU

6) Ternooii 3 dexT peakun

Otser: 1, 2, 3

3aganue 5. Kakue kJjaccbl HeOPraHM4YeCKHX COeJMHEHHMH 00pa3yloTcsi NpH B3auMojeii-

CTBHUUM MeTAJJIOB ¢ Kucjortamu? (Boidepute 3 BapuanTa)
1) Comm
2) OcHOBaHHs
3) KucnoTsr
4) Bomopon
5) Okcuabl
6) 'mapusl
Otser: 1,4, 5

3ananue 6. Kakue cBoiicTBa pacTBOPOB JIEKTPOJINTOB ONHCHIBAIOTCH TeOpPHEH JIEKTPO-

JuTudeckoi apuccounanuu? (Boidepurte 3 BapuanTa)
1) DnexTponpoBOAHOCTh
2) 3meHeHue TemrepaTypbl 3aMep3aHus
3) Peakiiuu nonHoro ooMeHa
4) OKHCIUTENBHO-BOCCTAHOBUTENIbHBIE CBOMCTBA
5) Ontuueckue cBOWCTBa
6) MarauTHbIe CBOWMCTBA
Otser: 1, 2, 3

3ananue 7. Kakue ¢akTopbl BJIUSIOT HA CMellleHHEe XMMUYECKOr0 PaBHOBECHUSI COIJIACHO

npunnuny Jle llarease? (Boidepurte 3 BapnanTa)
1) Konnenrparus peareHToB
2) Temniepatypa
3) HaBnenue
4) O6beM CHCTEMBI
5) [Ipupona peareHToB
6) Hannuue karanuzartopa
Otser: 1, 2, 3

3ananue 8. YcraHOBHTE COOTBETCTBHE MEKAY KJIACCOM COCAMHECHHUS M €ro MPUMepoM:
A. OCHOBHBII OKCHJ
b. KucimoTHbIN OKCHI
B. AmdoTtepHbIii okcuz
I'. Coneobpazyromniuii OKCHI
1) CO:
2) CaO
3) Al:Os
4) Si0O2
OtBeT: A-2, b-1, B-3, -4

3ananue 9. YcTaHOBHUTE COOTBETCTBHE MEKAY THIIOM XMMHMYECKOH CBSI3M U MPUMEPOM CO-

eIMHEeHMSI:
A. NonHas cBs3b
b. KoBanentHast HenosspHast
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B. KoBasienTHas nosnsipHas
I'. BonopoHas cBs3b

1) NaCl

2) H2

3) HCI

4) H20

Ortser: A-1, -2, B-3, I'-4

3ananue 10. Pacnosoxkure B NpaBWIBLHOM NMOPSAAKE ITANbl IPOBeJIeHUs] KAUeCTBEHHOM pe-
aKIMM Ha CyJb(aT-noH:

1) B3srue npoOsI pacTBOpa

2) oGaBnenue pacTBopa xjopuaa oapus

3) HaGmronenue BeimageHus: 0€JI0ro ocaaka

4) 3anuch pe3yabTaToOB

Otset: 1,2,3,4

3ananue 11. Pacnosioxkure B NPaBUJIBHOM MOPSIAKE ITANBI COCTABJICHUS] YPABHECHUS OKHUC-
JINTEJIbHO-BOCCTAHOBHUTEJILHOM PeaKIuM MeTO/I0M 3JIEKTPOHHOI0 0ajiaHca:

1) Onpenenenve cTeneHe OKUCICHUS

2) CocraBieHnue 6ajiaHca 1o JIEKTpoHaM

3) PaccranoBka ko3¢ HuIeHTOB

4) IlpoBepka OanaHca Mo aroMaM U 3apsiay

Otset: 1,2,3,4

3ananmue 12. IIpouecc 00pa3oBaHNs HOHOB IIPH PACTBOPEHUM JJIEKTPOJINTA B BOJAE Ha3bIBa-
ercsl .
OTtBer: nucconuanus

3aganue 13. CnocoOHOCTH ATOMOB 3JIEMEHTOB 00Pa30BbIBATH ONPedeJCHHOEe YHCI0 XHMH-
YyecKMX CBsi3eil Ha3bIBaeTcs .
OTBeT: BaJIGHTHOCTD

3ananue 14. O0bsicHUTE, KAK MOKHO IKCIIEPUMEHTAIBHO OTJINYNTH KHCJIOTHBIN OKCHI OT
OCHOBHOT0, HCTIOJIb3YSl XUMMHYeCKHE PeaKI[UH.

Otset: Kucnoruerit okcua (Harpumep, COz) B3aumoaeicteyer co menoubto (NaOH) ¢ o6pa-
3oBanueM conu (Na:COs) u Boasl. OcHoBHOIM okeuf (CaO) B3aumoneiictByer ¢ kucinotor (HCI)
¢ obpazoBannem conu (CaClz) u BOABL.

3apanue 15. Onuumure, KaKk BJaMsAeT J00aBJICHHE KaTAIU3aTOPA HA CKOPOCTh XMMHUYECKOM
PeaKUMH U M0JIOKEeHHEe XHMHUYEeCKOIr0 PaBHOBECHSI.

Otsert: KaTtanuzatop yBelIMunMBaeT CKOPOCTh XUMUYECKOW PEAKINH, MOHMKas YHEPTUI0 aKTH-
BaIlM, HO HE CMEIaeT XMMHUYECKOe PaBHOBECHE, TaK KaK OH YCKOpSET U MpPSIMYI0, U 00paTHYyIO
pEaKurH B paBHOM CTETICHHU.

Komnerenuus

Nuauxkaropsbl

- IK-2. CnocobeH ocylIecTBISATh MeNaroru-
YECKYIO JCSITEeIHLHOCTD IO MPOQUIBHBIM TIPE/I-
MeTaM (JIMCIUIUIMHAM, MOJIYJISIM) B paMKax
MporpaMM OCHOBHOT'O OOIIETO M CPEIHEro 00-
niero oopazoBaHus

e JIK-2.2 IlpumeHsier OCHOBBI TeopuHu (yH-
JAMEHTAJIbHBIX M TPUKIAJHBIX Pa3lesioB XU-
MUH (HEOpraHWYEeCKOH, aHaJIMTUYECKOH, opra-
HU4YecKoH, pusmdeckoit, xumuun BMC, xumu-
YeCKUX OCHOB OMOJIOTMYECKHUX IPOLECCOB,
XMMHYECKON TEXHOJIOTMM) AJIsi PELIeHUs Teo-
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‘ PCTHYCCKUX U MMPAKTUYCCKUX 3a1a4.

3aganue 1. Kak Ha3pIBaeTCsl peakus B3aMMOJEHCTBUS COJIM C BOIOW, MPUBOASIIAS K H3-
MeHenuto pH cpenbi?
1) Heittpanu3zanus
2) 'maparanus
3) M'uaponus
4) I'mapar
Ortser: 3

3aganue 2. Kakoil MHIMKATOP MCHOJIB3YeTCs IS ONpeAeaeHHs] TOYKH IKBHBAJEHTHOCTH
NPHU TUTPOBAHMHU CJ1a00i KHCJIOTHI CHJILHBIM OCHOBAHUEM?
1) MeTuniioBbIi OpaHKeBBIi
2) Jlakmyc
3) ®enondranens
4) BpoMTHMOJIOBBIA CUHHM
Ortser: 3

3aganue 3. Kakoii THII XMMHYeCKO# CBSAI3M NpeodJiajaeT B KPUCTAJIIAX XJIOPH/IA HATPUSA?
1) KoBanenTHas mosispHas
2) KoBaneHnrtHas HenoJisipHast
3) UonHas
4) Metannunueckas
Otger: 3

3aganue 4. Kakne 3aKoHBI HCIOJIB3YIOTCH JJIsi PACYETOB 10 YPABHCHHUAM XHMHYECKHX pe-
akumii? (Boidepure 3 BapnanTa)
1) 3akoH cOXpaHEHUs] MacChl
2) 3aKOH MOCTOSIHCTBA COCTaBa
3) 3aK0H YKBHBAJICHTOB
4) 3akoH ABOraapo
5) 3akon /lampToHA
6) 3akon Kynona
Otser: 1, 3,4

3aganue 5. Kakue pakTopbl BIUSIIOT HA CKOPOCTh XMMHMYECKOH pPeaKIH COIJIACHO TeOPUH
aKTHBHPOBAHHOro0 koMiuiekca? (Boi0epure 3 BapnanTa)

1) DHeprus akTUBaIIUA

2) Temneparypa

3) KoHuentpanus peareHToB

4) Hanuune xaranusatopa

5) HaBnenue

6) LiBet peareHToB

Otser: 1, 2, 4

3ananue 6. Kakue nmapamerpsl BJIMSAIOT HA MOJ0KEHUE XUMUYECKOTI0 paBHOBECHSI B TOMO-

reHHoi cucreme? (Boidepure 3 Bapuanra)
1) Konnenrparusi peareHToB
2) Temneparypa
3) HaBnenue
4) O0BeM CUCTEMBI
5) [Ipupona peareHTOB
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6) Hannuue xatanuzaropa
Otset: 1,2, 3

3aganue 7. Kakne npuHUMIBI J1eKaT B OCHOBe nepuoguyeckoro 3akona JI.. MenpneneeBa?
(Bbi0epute 3 BapuanTa)

1) IleppoanuHOCTH CBOMCTB 3JIEMEHTOB

2) CBs3b CBOMCTB C 3apsI0M sijpa

3) DAEKTPOHHOE CTPOEHUE ATOMOB

4) I3MeHeHue arperaTHOro COCTOSTHUS

5) I3mMeHeHune 1BeTa COSAUHCHMI

6) 3MeHeHne MarHUTHBIX CBOMCTB

Otser: 1, 2, 3

3aganue 8. YcTaHoOBHTE COOTBETCTBHE MEKIY TUIIOM XMMHYECKO# peakuuu U MPUMepPoM:
A. OKUCIUTETHbHO-BOCCTAHOBUTEIbHAS
b. Monnoro oOMeHa
B. Kommekcoobpa3zoBanus
I'. Helitpanusauuu
1) 2KMnOs + 5H2C204 + 3H2S04 — K2SO4 + 2MnSOs4 + 10CO2 + 8H20
2) AgNOs + NaCl — AgCl| + NaNO:s
3) CuSOs + 4NHs — [Cu(NH3)4]SO4
4) HC1 + NaOH — NaCl + H20
Ortser: A-1, b-2, B-3, I'-4

3ananue 9. YcraHoBHTE COOTBETCTBHE MEKAY MPOLECCOM M €ro ONMCAHMEM B XHMHYECKOM
TEeXHOJIOTHM:

A. Jluctrmrsust

b. Okcrpakuus

B. Kpucrannuzauus

I'. AncopOumst

1) Paznenenue cMmeceil Ha OCHOBE pa3IHuus TEMIEPATyp KUTICHUS

2) 3BnedyeHune BEMIECTBA U3 CMECH C ITOMOIIBIO PACTBOPUTEIS

3) Beizenenue BemiecTBa U3 pacTBOpa B BUJIE KPUCTAIIOB

4) TlornomieHue BenecTa MOBEPXHOCTHIO TBEPIOTO Teja

OtseT: A-1, b-2, B-3, -4

3aganue 10. Pacnosno:xkure B NpaBHJIBLHOM NMOPS/AKE ITANbI PEIICHUSI PACYECTHOH 3a1a4M HA
onpejaeleHHe Macchl MPOAYKTA PeaKIMHU 110 YPABHEHUIO:

1) 3anuck ypaBHEHUS peaKkUu

2) Pacder konuyecTBa BEIIECTBA UCXOHOTO peareHTa

3) HaxoxneHne cTeXuoMeTpu4ecKoro COOTHOIIEHUS

4) Pacdet Macchl poOIyKTa

Oter: 1,2, 3,4

3aganue 11. PacnoJiokute B NPaBHJIBHOM NOPSIAKE J3TAallbl COCTABJICHHS JJICKTPOHHOM
KOH(UIrypauuu aTroMa:

1) Onpenenenue 3apsiaa sapa (IOpsIKOBOrO HOMEPA)

2) 3amoyIHeHUE YHEPTETHIECKUX YPOBHEH U TIOTypOBHEH COTJIACHO TTpaBUjIaM

3) 3anuch MEKTPOHHON (HOPMYITBI

4) TlpoBepka Ha cooTBeTCTBUE pUHIMTTY [laynu u npaBmny XyHzaa

Oter: 1,2, 3,4
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3ananue 12. IIpoumecc caMONpou3BOJIBLHOIO pa3pylieHUsi METAJJIOB MO/ IeCTBHEM OKpPY-
JKaKolIel cpeibl Ha3bIBaeTCsl .
OTtBeT: KOoppo3ust

3ananue 13. Cnioco0OHOCTH BellecTBA MPOSIBJISATh KAaK KUCJIOTHbIE, TAK U OCHOBHbIE CBOM-
CTBA Ha3LIBaeTCHA .
OTtBeT: aM(pOTEepHOCTH

3ananue 14. PazpatoraiiTe miiaH MKOJbHOIO0 JJA00PATOPHOIo 3aHATHS M0 TeMe «['maposm3
coJieii», BKJIIOYHB L/, 000py/10BaHNe, PeaKTHBBI, X0 PadoThl U OKHAaeMble pe3yJibTa-
ThI.

Otget: Llenb: M3y4nTh sBICHUE THIPOIU3a coliei u BnusHue Ha pH cpexpl. ObopynoBanue:
npoOMpKH, MTATUB, UHAUKATOpHas Oymara. PeaktuBsl: pactBopsl CH;:COONa, NH4Cl, NacCl,
AlCls, uHaMKATOpPHI (JTaKMyc, (eHondranenH, METUIOBBIA OpaHXeBblii). Xoa: B 4 mpoOHpKH
BHECTH 10 2 MJI pacTBOPOB CoJieil, 100aBUTh MHAMUKATOPHI, HAOIIOAATh U3MEHEHHE OKPACKU.
OOBsICHUTD pe3yJIbTaThl YpaBHEHUSIMHM T'upoiu3a. OKujaeMble pe3ysbTaThl: ydalluecs ompe-
JENIAT XapaKkTep cpebl Pa3IMYHBIX COJIEH, COCTABIT YpaBHEHUS THAPOIIN3A.

3ananue 15. PazpadoraiiTe aJropuTm pemieHus OKHCJINTEIbHO-BOCCTAHOBUTEIbHOMH peak-
MU MeTOAOM 3JIeKTPOHHOro dananca. [Iponsitocrpupyiite Ha npumepe peakunu KMnQO4
+ H>C:04 + H2SOu.

OtBet: Anroput™: 1) OnpenenuTs CTENEHN OKUCICHUS; 2) BeImucaTh 3JI€eMEeHThI, MEHSIOIINE
crenenb okucienus; 3) CocraButh 6anmaHc mo anekrponam: Mn'’7 + 5¢ — Mn*% C.™ - 2e —
2C**; 4) Haiitn naumenbiiee obmee kparnoe (10); 5) PaccraBute koadpduuumentsr: 2KMnOs +
5H2C204 + 3H2S04 — K2SO4 + 2MnSO4 + 10CO: + 8H:0; 6) IIpoBeputs 6anaHc mo aToMaMm 1
3apany.

7 HIEPEYEHb UH®OPMAIMOHHBIX TEXHOJIOT M, UCHIOJIb3YEMbBIX
B NPOIECCE OBYYEHUSA

NudopmanuoHHbIe TEXHOJOTHH — 00yUeHHE B 3JIEKTPOHHOM 00pa3oBaTeabHOM cpesie ¢
LENbI0 pacIIMpPEeHHs] JOoCcTyna K 0O0pa3oBaTENbHBIM pecypcaM, yBEJIWYEHHUs] KOHTAKTHOTO B3au-
MOJICHCTBUS ¢ MpenojaBaTeiaeM, NOCTPOCHHUs WHIAUBHIYaIbHBIX TPAEKTOPUN MOJATOTOBKH, 00b-
€KTHBHOI'O KOHTPOJII U MOHUTOPUHTAa 3HAHUH CTYJIEHTOB.

B o6pa3zoBarenbHOM mpoliecce Mo AUCHUILIMHE HCIIONB3YIOTCS clenyrolne nHpopMalu-
OHHbIE  TEXHOJIOTMH, SIBJISIOLIMECS  KOMIIOHEHTaMH  DJEKTPOHHOW  HMH(OpMalMOHHO-
oOpa3oBatensHOMU cpeab! BITIY:

1) Odunmansusiii caiir BITIY;

2) Cucrema snekrponHoro o0ydenuss ®I'6OY BO «BI'TIY»;

3) Cucrema TecTHpOBaHHs Ha OCHOBE €IMHOTrO mopTana « HTepHeT-TeCTUPOBaHUs B cepe
oOpa3oBaHUs WWW.i-exam.ru». Mcrone3yercs 6a3a TecTOBBIX 3anaHuil no «Heopranuue-

CKOW XMMHUW», BKIIFOUAOIAsl TECTOBBIE 3aJJaHUs CIEAYIOIINX TUIIOB:

e C BBIOOPOM OJHOT'O MPABMIILHOTO OTBETA U3 MPEITI0KESHHBIX;

e C BBIOOPOM HECKOJIbKMX MPABHIIbHBIX OTBETOB U3 MPEII0KEHHBIX;

e Ha yCTaHOBJICHME ITPaBUJIBHOM IOCJIEN0BATEILHOCTH B NIPEAJIOKEHHON COBOKYITHOCTH;
e Ha yCTaHOBJIEHHE COOTBETCTBUS MEXYy OOBEKTaMH JIBYX MHOKECTB;

e C KpaTKUM OTBETOM (BBOJ JIFOOBIX CUMBOJIOB);

4) DneKkTpoHHbIC OMOINOTEYHBIC CHCTEMBI,

5) MynbTHMEAUHHOE COPOBOXKICHHE JICKIIUIA U MPAKTUYECKUX 3aHITHH.

8 OCOBEHHOCTU U3YYEHUA JUCHUIITINHBI THBAJIUJAMMU U JINIHAMU
C O'PAHMYEHHBIMH BO3MOXKHOCTAMMU 3/10POBbA

[Ipu oOGyueHuu nuIl ¢ OrpaHUUYEHHBIMH BO3MOKHOCTSMH 370POBbsI IIPUMEHSIOTCS ajar-
TUBHBIE 00pa30BaTeIbHBIC TEXHOJIOTHH B COOTBETCTBHH C YCIOBUSMU, U3JIOKEHHBIMU B pa3felie
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«OcobeHHOoCTH peanu3anyy 00pa3oBaTeIbHON MPOTPaMMBI U1l HHBAJIHMIOB U JIUI] C OTPaHUYCH-
HBIMH BO3MOKHOCTSIMH 3/I0POBbS» OCHOBHOW 00pa30BaTeNbHON MpOrpamMMbl (HCIIOJIB30BAaHHE
CIeIUATBbHBIX YYEOHBIX IMOCOOMH M JUIAKTHYECKUX MAaTEpPHANOB, CHEIUAIBHBIX TEXHHYECKUX
CpeACTB OOYYEHHUsI KOJUIEKTUBHOTO M MHIMBHUIYaJTbHOTO IOJI30BAHMS, MPEIOCTABICHUE YCIYT
accucTeHTa (TIOMOIIHUKA), OKAa3bIBAIOUIETO OOYyYaromMMcsi HEOOXOAMMYIO TEXHHYECKYIO MO-
MOIIb U T. I1.) ¢ Y4ETOM UHAMBHLYAJTHHBIX 0COOEHHOCTEH 00yUYarOMIMXCsl.

9 CIIMCOK JIMTEPATYPbI U UTHOOPMALIMOHHbIX PECYPCOB

9.1 JIutepatypa
OcHoBHasi iMTEpaTypa
1. AxmeroB, H.C. O6mas u Heoprannueckas xumus: yueouuk / H.C. Axmeros. — 8-e uz ., ucmp.
— M. : Jlanp, 2014. — 752 c. (10 5k3.).
2. I'muaka, H. JI. OGmast xumus : [yue6.mocooue mis By3oB] / H. JI. I'munka ; mox pen. : A. W.
Epmaxkosa. — 30-e u3a., ucrnip. — M. : Unrterpan-Ilpecc, 2010. — 727 c. (6 2k3.).
3. 'munka, H. JI. O6mas xumus : [yue6.nmocodue] / H. JI. I'muaka. — M. : KHOPYC, 2011. — 746
c. (8 7x3.).
4. Vraii, SI.A. O6mas 1 HeOpraHW4YecKass XUMHUA: yUeOHUK U CTYy[. BY30B, O0yYarOImuXcs 10
HaIpaBJIeHUIO | crell. «Xumus» / S1.A. Yrai. — 4-e uza., crep. — M. : Beicnr. mik., 2009. — 526 c.
(18 2K3.).
5. 3agaun U ynpaxHeHus 1o obmeil xumun : yued. nocodue ans cryn. By3oB / H. JI. I'munka;
nox pen. B. A. Pabunosuua, X. M. Py6unoii. - M. : Unterpan-Ilpecc, 2011. - 240 c. (16 3k3.).
JlonoJHUTeIbHAS JIUTEPaTypa
1. Apremenko, A.W. CrnpaBounoe pykoBojcTBO 1o xumuu / A.M. Apremenko, U.B. TukyHoBa,
B.A. ManeBanHbIii. — 2-¢ u31., nepepad. u gom. — M. : Beicur. mik., 2003. — 366 c. (27 7k3.).
2. I'mnuka, H.JL. 3amaun u ynpakHeHus mo oOmield XumuH: yded. mocodue ajs CTyJ. HEXUM.
crerl. By30B / moa pea. B.A. Pabunosuua, X.M. PyOunoii. — 26-e uza., crepeorur. — JI. : Xumus,
1988. — 272 c. (15 3x3.).
3. Epeirun, JI.I1. Meronuka pemieHus 3ajad 0o XUMUU: y4eO. mocodue i CTy 1. MeJl. UH-TOB O
owoin. u xum. cren. / JI.I1. Epeirun, E.A. [umkua. — M. : [Ipocsemenue, 1989. — 176 c. (15
9K3.).
4. 3aitnes, O.C. UccnenoBaTenbckuil NpakTUKYM 10 00IIel XUMHM: y4e0. mocodue ist CTy . Mo
cretnt. «Xumus» / O.C. 3aitnieB. — M. : U3a-so MI'Y, 1994. —480 c. (1 3k3.).
5. Knoteko, A.B. Xumust TBepaoro tena: yued. mocobue ajisi CTyad., OOyYaroIIuXcsl MO CIell.
«Xumus» / A.B. Knotsko, U.A. IIpecusikos, F0./1. Tperbsikos. — M. : Akagemus, 2006. — 301 c.
(19 2k3.).
6. Koopaunannonsas xumus: yueb. nmocodue st ctyl. By3oB / B.B. Ckonenko [u ap.]. — M. :
Axanemknura, 2007. — 487 c. (10 3k3.).
7. Koposun, H.B. O6mas xumust: yueOnuk 1 cryn. By3os / H.B. Koposun. — 10-e u3zz., nepe-
pab. — M. : Bercur. k., 2008. — 556 c. (5 7k3.).
8. JIugun, P.A. Heoprannueckas Xumus B peakuusx: cnpaBounuk / P.A. Jluaun, B.A. Monouko,
JLJI. AanpeeBa. — 2-e u3j., mepepad., gomn. — M. : [Ipoda, 2007. — 637 c. (5 2Kk3.).
9. ®posno, B.U. IIpakTukym no oOmiell 1 HEOpraHUYECKOM XUMHUM: yuyeO. mocoOue s CTyI.
BY30B, 00yJaromuxcs 1o HampaieHHio «MeTamyprus», « XuMudeckasi TEXHOJIOTUS U OHoTeX-
HoJorus» / B.M. ®@ponos, T.M. Kypoxruna, 3.H. JIpimoBa ; nmox pexn. H.H. ITaBnosa, B.. ®po-
JoBa. — 2-¢ u31., mepepad., mom. — M. : lipoda, 2002. — 301 c. (31 2k3.).
10. XayckpodT, K. CoBpemennsiii kypc obmei xumuu. B 2 1. / K. Xayckpodt, 2. Koncreous ;
noj pen. B.I1. 3momanoBa ; niep. ¢ auri. — M. : Mup, 2002. — (JIyumuit 3apyOekHbIi YICOHHUK).
—T.1.-539¢.,T.2-528 c. (13 7K3.).
9.2 ba3bl JaHHBIX U HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBI

1. Caiit o xumun http://www.xumuk.ru/ - 3mech MOKHO HATH WHPOPMAIIHIO 10 Pa3INY-
HBIM pasjaenaM xumuu. VHTEepdeic B BBICIICH CTENEHH IPY>KECTBEHHBIA, MPSIMO C TJIABHOU
CTpaHMIIBI TOCTYTHA ObICTpast HABUTALUS 10 « XUMHUYECKON YHIUKIIOTICANN.



http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
http://www.xumuk.ru/
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2. Karaor o6pa3oBareabHBIX HHTEpHET-pecypcoB http://www.edu.ru
3. [MomynspHas 6MOIMOTEKa XUMHUYECKHIX DJIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/
4. DnexkTpoHHas oubimoreka o xumuu MI'Y http://www.chem.msu.su/rus/elibrary/
9.3 DJIeKTPOHHO-0U0JIHOTEYHbIE PeCypPChI
1. Polpred.com O630pCMMU/CrnipaBounuk http:// polpred.com/news.
2. DBC «IOpaiit» https://urait.ru/.
dnexkmponnwvie yncypuanvl

XKypnan neopranndeckoii xumuu http://www.maikonline.com — exemecsuHoe mepuoau-
YecKoe U3JaHue, KOTopoe BRIXOAUT ¢ 1956 roma. TemaTuka *KypHaja: CHHTE3 U CBOMCTBA HEOp-
TaHUYECKUX COCIMHEHHM, KOOpJMHAIIMOHHBIE COCIUHEHHS, BBICOKOTEMIIEpPATypHbIE CBEPIIPO-
BOJIHUKH, (PU3MKOXMMHUYECKUN aHAIN3 HEOPTaHMYECKHX CUCTEM, (PU3MUECKUEe METOIbI HCCIE0-
BaHUs U (pU3MYecKasi XUMHs pPacTBOPOB. PerynspHo MosBIsSOTCA TeMaTHYeCKHe 0030Pbl, PELIeH-
3UM Ha KHUTH U cO00meHns 0 KoHpepeHusaX. [IoTHOTeKCTOBas 3IeKTPOHHAS BEPCHs TOCTYITHA
0 TIOJIIKCKE C caliTa Hay4YHOM AJIeKTPOHHOM Oubmmoreku http://elibrary.ru.

Kypnan obmeit xumuu http://springeronline.com/journal/11176 — 3To KpynHeHIMiA XKyp-
HaJl B 00J1aCTH HAay4yHOU Xumuu. [IpeamecTBeHHUKOM 3TOTro JKypHasa ObLI MEePBBIA POCCHICKUI
XUMHYECKHH KypHa «OKypHall pycCKOTO XMMHUYECKOTO OOIIecTBa», OCHOBaHHBIA B 1869 mis
OCBEILIEHUsI BceX MpobieM B 001acT XUMUU. B Hacrosiiiee Bpems )KypHaJl OpPUEHTUPYETCS Ha
MEXIUCIUTUTMHAPHBIE 001aCTH XUMHH (METaIOOPTaHUYECKHE COCAMHEHUS, OPraHMYECKHE CO-
€MHEHUS] METAJJIOUJIOB, OPTaHUYECKHE U HEOPraHWYECKUE KOMILIEKCHI, MEXaHOXUMHUS, HAHO-
XUMHSA | T. ]1.), HOBBIE TIOCTHKECHHUS U JOJITOCPOUYHBIE PE3YNIbTAThl B KaKJ0W 0bOnactu. B xypHa-
Je myONHMKYIOTCST 0030pbl, TEKyIllMe Hay4yHbI€ CTAaThU, MHCbMa K PENAKTOPY, AUCKYCCHUOHHBIE
CTaThbu, 0030pbI KHHT, COOOIICHHUS U JOKJIAAbl O HAyYHBIX KOH(pepeHusax. ConepkaHust 1 aHHO-
TaI[MM CTAaTel PYCCKOW BEPCHHM JKypHaIa MOXXHO IMOCMOTPETh Ha caite http://elibrary.ru. IMTon-
HOTEKCTOBBIE BEPCHHU CTATEH JIOCTYITHBI HA CAlTe 110 TOIHCKE.

VYenexu xumun http://rcr.ioc.ac.ru/ukh.htm - caiir xypuana Poccuiickoit Axanemuu
Hayk nmeeT HauBbICIIIMI UMITAKT-()AKTOP CPEAN POCCHICKUX HAYYHBIX KYPHAJIOB MO0 XUMHHU

Xumust u xu3Hb - XXI Bek http://www.hij.ru/ - exxemecsdHbIii Hay4HO-IOMYJISPHBINA
KypHaI.

Xumus http://him.1september.ru/index.php - snekTpoHHast BepcHst ra3eThl.

Xumuueckass U Ouosormueckas OezomacHocts http://www.cbsafety.ru/ - uadopmarmon-
HO-aHAJIMTUYECKUH KypHaI.

Yenexu xumun http://www.uspkhim.ru/ukh_frm.phtml?jrnid=rc&page=ft - xypnan
nyOIuKyeT 0030pbl IO aKTyallbHBIM Mpo0JieMaM XMMHUHU U CMEXHBIX ¢ Heto Hayk. C 2004 r. no-
SBUJIACh BO3MOXKHOCTH IMOJANUCATHCS Ha 3JIEKTPOHHYIO (on-line) Bepcuio XKypHaia YCIexu Xu-
MHH ¥ ONIEPAaTUBHO I0Jy4yaTh HOBBIE CTAaThH C caiiTa 3a 3 HEJENIU JI0 BBIX0/Ia B CBET OUEPETHOTO
Homepa xypHaia. C 2006 r. mosiBUIaCh BO3MOXKHOCTh MPUOOPETATh MOJIHBIE TEKCTHI CTaTeH B
Buzge PDF-gaitnos. [TogpoGHocT B pasznene «lloamucka». Beimyck st 03HaKOMIIEHHUS! B CBO-
00IHOM JTOCTyTIe. AHIIL. M PyC.BEPCHSI.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jlnist mpoBeieHusI 3aHATHI JICKIIMOHHOTO ¥ CEMHHAPCKOTO THIIA, TPYIIIOBBIX W WHIUBUIY-
QIBHBIX KOHCYJIbTAllMi, TEKYLIEro KOHTPOJII M MPOMEXYTOYHOW aTTECTallMd HCHOJIb3YIOTCS
ayJIMTOpUH, OCHAIllEHHblE Y4yeOHON MeOenblo, ayJIUTOPHOM JOCKOW, KOMITbIOTEpOM(pamu) C
YCTAHOBJICHHBIM JIMLIEH3MOHHBIM CIIEIUATU3UPOBAHHBIM IPOTPAMMHBIM O0ecIiedeHueM, KOMMY-
TATOPOM JIJISl BBIXO/1a B 3JIEKTPOHHO-OMOINOTEUHYIO CUCTEMY U AJIEKTPOHHYIO MH()OPMAIIMOHHO-
oOpa3oBatenbHyto cpeny BITIY, MynbTUMeTUHHBIME MPOSKTOPaMHU, SKCIIO3UIIMOHHBIMU JKpa-
HaMH, y4eOHO-HaIJIIIHBIMUA MTOCOOUSAMU (TabJIMLIbI, MyJIbTUMENITHBIE Tipe3eHTanun). s npo-
BE/ICHUS JIAOOPATOPHBIX 3aHATUN TAK)KE UCTIONB3YETCA:

Ayn. 103 «A» YueOHast jJadopaTopusi HEOPraHUYECKONW XMMHMM, KOTOpasl OCHAIlleHa
CIIEYIOIIMM 000PYOBaHUEM:
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http://www.chem.msu.su/rus/elibrary/
http://elibrary.ru/
http://springeronline.com/journal/11176
http://elibrary.ru/
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e KoMIUIEKT ayTuTOpHOI Mebenu

e AynuTopHas 10CKa

e KomnbioTep ¢ yCTaHOBJICHHBIM JIMIEH3UOHHBIM CHEIHATIN3UPOBAHHBIM IPOrPAMMHBIM
oOecnieueHueM (2 mir.)

e [Ipunrep (1 wr.)

e KoMIIbI0TEp C YCTAHOBJICHHBIM JIMIIEH3UOHHBIM CIIEHUAIN3UPOBAHHBIM IPOTrPAMMHBIM
obecrnieueHreM

e MynbTUMEAUIHBIN poekTop (1 1mIT.)

e DKCITO3MIIMOHHBIN 3KpaH (HaBecHOM) (1 mT.)

Cron naGoparopuslii (3 mT.)

CymmibHbIH mKadg

Becrbr EK-410 (Texaudeckue)

[raTuBsl 111 MPOOUPOK, HArpeBaTENbHBIE PUOOPHI, TabopaTOpHas ocyaa
XUMHYECKUE PEAaKTHBBI TI0 TEMATHKE JIAO0OPAaTOPHBIX padoT

¢ YyeOHO-HATJISAHbIC TOCOOUS - CITal/Ibl, TAOIUIIBI, MyJIbTUMEINHHBIC TIPE3ECHTALIUH 110
nucuurinae «O01mas XuMush».

CaMocrosiTenbHass paboTa CTYACHTOB OPraHU3YeTCs B ayJUTOPHUSIX, OCHAIIEHHBIX KOM-
IBIOTEPHONW TEXHHKOW C BBIXOJOM B 3JIEKTPOHHYIO MH()OPMAIIMOHHO-00pa30BaTEIBHYIO CPELy
By3a, B CHEIHAIM3UPOBAHHBIX JIAOOPATOPUSIX MO AUCLUILIMHE, a TAaKXKe B 3aJlaX JIOCTyIa B JIO-
kanpHy1o ceTb BI'TIY, B maboparopun rncuxoiaoro-neaarorndyeckux UCCie10BaHui u ap.

Hcnonszyemoe nporpammuoe obecrneuenue: Microsoft @R WINEDUperDVC AllLng Up-
grade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year; Mi-
crosoft®OfficeProPlusEducation AllLng License/SoftwareAssurancePack Academic OLV
1License LevelE Platform 1Year; Dr.Web Security Suite; Java Runtime Environment; Calculate
Linux.

Pa3pa6orumk: Eroposa 1.B., 10kTop XUMHYECKUX HayK, Tpodeccop Kadeapbl XUMUU.
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11 IUCT UBSMEHEHHUH U JOTOJTHEHUM

YrBepxaenue nusmenenuid u gonoqaHenuii B PII/I nas peammzanuu B 2026/2027 yu. r.

Pabouas mporpaMma JUCHMIUIMHBI IEpECMOTpPEHa, 00Cyk/IeHa U 0A00peHa sl peain3a-
nuu B 2026/2027 yuebHoMm roay Ha 3acenanuu kadeapsl (mpotokon Ne ot 2026 T1.). B
PIIJI BHECEHBI CAEAYIOIIME U3MEHEHMS U IOIIOJIHEHHUS:

Ne uzmenenus:
Ne cTpanuIbl ¢ HU3MEHEHUEM:

HUcknrounTs: Bxiirounts:




