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HEJIb U 3AJAYN OCBOEHUMA JUCIUITJIMHBI

Heabo ocBoeHHS] JUCHHUILIMHBI - SBISETCS (DOPMHPOBAHHE CHCTEMHBIX 3HAHHMA, KOTOPHIC
HEOOXOUMBI CTYJIEHTaM IMIPH PacCMOTPEHUH (PU3UKO-XUMHUECKON CYITHOCTH U MEXaHU3MOB
mponecCcoB, NPOUCXOAAIIUX B ITPUPOAC U )KUBOM OpPraHU3ME Ha MOJICKYJIIPHOM U KJICTOYHOM
ypoBHSIX. B pe3ynpraTe OCBOEHUS NaHHOW TUCHUIUIMHBI JOJKHBI ObITH C(HOPMUPOBAHBI
YMCHUS BBIIIOJIHATEL B H€O6XOI[I/IMBIX ClIydadx pacydcThl MMapaMCTpPOB 3TUX MPOHCCCOB, YTO
MO3BOJIUT OoJiee TIIyOOKO MOHATh (YHKIUU OTIENbHBIX CHUCTEM OpTraHHM3Ma, a TaKXKe ero
B3aMMO/JICHCTBUE C OKPYKAIOUIEH CPEHOM.

3aga4yu ocBOECHHS IMCUUIJIMHBI

- OCBCTUTH KJIKOYCBbIC

BOIIPOCHI

IporpamMmal, CTUMYJIMPOBATh CTYACHTOB K

MOCIEAYIOLIEH caMOCTOATENbHOM padoTe.
- copmMupoBaTh YMEHHS ¥ HABBIKHU ISl pEUICHUS TPOOJIEMHBIX U CUTYAIlMOHHBIX 33]1a4;

- chopmupoBarth
9KCTIIEPUMEHTAIBHON PabOTHI.

MIPAaKTUYECKUE

HaBbIKH IIOCTaHOBKH u BBIITIOJTHCHU A

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:
JucuuriauHa OTHOCUTCS K MaTeMaTUYeCKOMY M €CTeCTBEHHOHAYYHOMY IMKITY, 0a30Basi 4acThb
(b.2.b.5.). Jlns wu3yueHus AMCUMILIMHBI HEOOXOAMMBI 3HAHUS BOMPOCOB MPEALIECTBYIOIIMX
M3y4aeMbIX JUCUMUIUIMH — IIKOJIBHOTO Kypca XUMHH. JlaHHas AMCHMIUIMHA Hu3ydaeTcsa Ha |

Kypce.

3 HEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHMUS 11O JTUCIUIIJIMHE
MOAYJIIO), COOTHECEHHBIX C INTAHUPYEMBIMU PE3YJIIbTATAMHU

OCBOEHMA OI10I1

Kon n HanmeHnoBanue
peann3yemMoil KOMIEeTEeHIUN

[lepeueHb MIaHUPYEMBIX PE3YJILTATOB O0YyUYEHHS 10
JUCLUILINHE (MOAYIII0), COOTHECEHHBIX C HHIUKATOpaMHU
JIOCTHKEHUS] KOMITIETEHIIU I

OIIK-2: CriocobeH UCIIOJIb30BaTh

TEOpPETUYECKHE OCHOBBI
HKOJIOTHH, T€0DKOJIOTHH,
MPUPOJIOTIONB30BAHUS,  OXPaHBI
MIPUPOJIBI U HayK 00
OKpYyKaroleun cpene B
npodeCCHOHATBEHON
JeSITeIbHOCTH

3HaTh: TEOPETUUYECKHE OCHOBBI OOIEH, HEOPTraHWYECKOH,
AQHAJUTUYECKON XUMHUU; COCTaB, CTPOCHUE U XUMHUYECKHE
CBOMCTBAa OCHOBHEIX IMPOCTBIX BCHICCTB MW XHUMHUYCCKHUX
COCIMHEHUH; MOHUMATh MPHUHIIUIIBI CTPOCHUS BEIIECTBA U
MMPOTCKAHUA XHUMUUCCKHUX IPOHNECCOB; OCHOBHBLIC OTallbl
MPOBEJICHUS JIA0OPATOPHOTO UCCIIETOBAHUS.

VYMmeTs: BI)I6I/IpaTI) MCTOAHUKH IMMOCTAHOBKH U IPOBCACHUA
1ab60paTOPHOTO UCCIEIOBAHUS

-0npeacIsATE BO3MOXHOCTE M IIYThb CaMOIIPOM3BOJIBHOI'O
MPOTEKAaHUs XUMHUYECKHUX MPOLECCOB, B OCHOBE KOTOPBIX
JICKAT Ppa3]IMYHbIC XUMHYCCKHUEC PCAKIINH,

- HOIIGI/IpaTB OIITUMAJIbHBIC yCJioBUs
XUMHUYECKUX PEaAKIUM.

Brnaners: - mpueMaMu UCTIOIB30BaTh HEOOXOAMMOE
nabopaTopHoe 000pyI0BaHNE U TPHOOPHI B XOJ1€
MIPOBEICHUS JIA0OPATOPHOTO UCCIICIOBAHUS.

[IPOBEACHUSA
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4. OBIIAA TPYJOEMKOCTbD AUCHUITJIMHBI

4.1. O0beM IMCHUIIMHBI B 3a4€eTHBIX efuHuuax (Bcero) 4 3ET

4.2. Tlo Buxam y4yeOHoii padortsl ( B yacax): 144

KonmgectBo yacoB
(bopma oOyucHus - OUHAS)
Bun yaeOHO# paboThI Beero 1o B 1.4. mo
cemecTpam
TUIaHy
1
1 2 3
KonTakTHas pabota oOydaromuxcs ¢ mpernogaBaTeiieM B 54 54
cooTBeTcTBUH C YII
AyIUTOpPHBIE 3aHATHSL: o4 94
JIEKIIUU 18 18
CEMHHAPBI M TPAKTHYCCKHUE 3aHSATHUS 0 0
nabopaTopHble pabOoThI, TPAKTHKYMBI 36 36
CamocTosTenpHas padoTta 54 54
dopma TEKYIIEro KOHTPOJIS 3HAHUA U KOHTPOJIA Komnmoksuym, | Komnokeuym,
CaMOCTOSITEIILHOW Pa0OThI: TECTUPOBAHUE, KOHTPOJIbHAS KOHTPOJIbHASL | KOHTPOJIbHAS
paboTta, KOJUIOKBUYM, pedepar u Ap. (He MeHee 2 BUAOB) pabora pabora
Kypcosast pabora - -
Buer mpoMexyTo4YHOM aTTecTaluu (9K3aMeH ) 36 36
Bcero gacoB 1o quciuiinie 144 144

*B cnyuae nHeobXooumocmu UCHONb308AHUS 8 VHEOHOM Npoyecce YaACMUYHO/UCKIOYUMETbHO
OUCMAHYUOHHBIX 0OPA308AMENbHBIX MEXHON02UL 6 MADIUYe Hepe3 Cleul YKA3bleaemcs KOIU4ecmeo
yacoe pabomol IIIIC ¢ obyyarowumucsa Onsi NpoBeoeHuUs: 3aHAMUL 8 OUCMAHYUOHHOM (opmame ¢
npUMeHeHUeM 3JIeKMPOHHO20 00YYEeHUsL.

4.3 Copepxxanue TUCHHMILINHBI (Moay.1s.) Pacnipenenenue 4acoB 1o TeMam U BHIaM
yueOHOM padoThbI:

dopma 00yueHHs: OUHas

Bunpl yaeOHBIX 3aHATUI dopma
AYJII/ITOpHI)IC 3aHATUA 3a Camocros TCKYIICTO
HSATHUA B
HasBanue pasnenos | Beer IIpaktnuec| Jlaboparo mrepaxry| TCIPHAA | KOHTPOJIA
U TEM (6] KHue PHBIC up pa60Ta 3HAaHUH
JICKIINHU BHOU
3aHATUS, | pabOTHI
bopme
CEMMHAaPBI
1 2 3 4 5 6 7 8
Pazgen 1. OOwmas xumus
1. Hemn wu 3agaum 3 1 - - 1 2
xumun. CTpoeHne aroma
Tlepuoauueckuii 3aKoH U
Komnoxsuym
HepHoINYecKas cucreMa Nol
JAN. Mengeneea B -
KOHTpOJIbHA
CBETE TEOPHUU CTPOCHHUS
s pabotalNel
aToma. XuMuueckas
CBSI3b U CTPOCHHE
MOJICKYIL.
2. OCHOBEI XUMHYECKOM 10 2 - 4 2 4 Konoksuym
TEPMOJMHAMUKH. Ne2,
XuMH4ecKas KHHETHKA KOHTPOJIbHA
M paBHOBECHC. q pa60TaN92
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3. Teopust pacTBOpPOB U 14 2 - 6 6
PacTBOPUTEIIEH.
KomnuratusHsle
CBOMCTBa PacTBOPOB. Komnnoxsuym
PactBops! Ne3,
3JIEKTPOJIUTOB. KOHTPOJIbHA
Bonopoausrit st pabota Ne3
nokasatenb. [ 'uaponus
coJIe. Bydepnsie
pacTBOpEI
4.OKuCIUTETHHO- 8 2 - 2 4
BOCCTaHOBHTEIBHBIC

Komnoksuym
MPOLIECCHI. Nod
CranmapTHEIi u ’

. . KOHTPOJIbHA
peanbHbBII 3JICKTPOIHBIN 4 paGoTaNod
MOTEHIHA. Oo6uue
CBOMCTBA METAJUIOB.

5. Teopust KOMIUIEKCHBIX 12 - - 4 8 Konnoxksuym

COCTMHCHUH. No5

HUTOTI'O 47 7 - 16 24

Pazpnen 2. Heoprannyeckasi Xumus

1. Xumust HeMeTauIOB: 12 2 - 6 4 Komnoxsuym

anemenToB VIIA, VIA, Ne5,

VA IVA (yrnepon) KOHTpPOJIbHA

rpynnsl I[lepuonunueckoi s pabotaNed

CUCTEMBI u ux

COCIIHEHMSL.

2. Xumus metamios: [ u 12 2 - 6 4 Komnoxsuym

ITA, ITIIA, IVA (omoBo u Neb,

CBUHEII) TPYIIITBI KOHTpOJIbHA

Ilepuonuueckoit st paboTalNe5

CUCTEMBI u nX

COEIMHEHUH.

3. Oouas 11 1 - 6 4 KonoxBuym

XapaKTepUCTHKA u Ne7,

TOKCHKOJIOTHS d- KOHTPOJIbHA

3JIEMEHTOB u UX st paboTalNe6

COE/IMHEHUH.

4 BUOTECHHBIE 3JICMEHTHIL. 5 1 - - 4 Komnoxsuym

Ne7

5.Heopraanueckue 3 1 - - 2 Komnoxsuym

MUHEPAJIbHBIE Ne8

ynoOpeHusl.

UTOro 43 7 - 18 18

Pasznen 3. AnanuTudeckass XMUMHS

1. Buasl u MeTobI 5 1 - - 4 Kostokuym

XUMHYECKOTO Ne9

aHaJm3a.

2.Pacuetsl B 5 1 - - 4 Komnoksuym

KOJINYECTBEHHOM NelO

aHaJIn3¢€.

3.AHamn3  OOBEKTOB 8 2 - 2 4 Komnoksrym

OKPYKaloIIeH CpeJibl. Nell,
KOHTPOJIbHA
st paboTaNe7

UToro 18 4 - 2 12

IToAroToBKa K DK3aMEHY 36 - - - -

BCET'O 144 18 - 36 54

dopma A
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5 COJEPXAHME JUCLIUILIUHBI (MOIY.JIS)

Pa3zgen 1. O0mias xumMmus

Tema 1. Hesn u 3axa4yu xumun. Crpoenne aroma. Ilepuoamyueckuii 3aKoH M lepHoAMYecKast
cucrema /L. MenneneeBa B cBeTe TeOpUM CTPOeHHMsI aToMa. XMMHYeCKasi CBSI3b U CTPOEHHE
MOJIEKYJI

Xumusa kak Hayka. [Ipenmer, 3amauum u mertonsl xumuu. Ctpoenue atoma. OCHOBBI
KBAaHTOBOM MeXaHMKH. KBaHTOBbIE 4YHMCIa M CTPOCHHE JJIEKTPOHHBIX OOOJOYEK aTroma.
[TpuHIMIIBI 3aTIOTHEHHS] ATOMHBIX OpOUTANICH.

HcTtopust co3gaHusi NEpUOAMYECKOTO 3akoHa. CTpyKTypa NEPUOAMYECKON CHUCTEMBI.
BepTukanbHas, TOpU30HTaIbHAS M JUArOHANbHAS NEPUOAUYHOCTh. BTopruyHasi MepruoJuIHOCTb.
[TapameTpsl aTOMa ¥ NEPUOJUYHOCTD UX U3MEHEHMS B cucTeme 3iieMeHToB [[. 1. Menaeneesa.

[TonsTe xuMuyeckass CBS3b U MEXaHU3Mbl ee oOpa3oBaHHs. MeToabpl ONUCaHUS
XUMHUYECKOW CBSI3U: METOJI BAJICHTHBIX CBS3€d W MOJEKYJSIpHBIX opOutaneidl. OCHOBHbBIC
XapaKTePUCTUKU XUMHUYECKOH CBsS3U. Pa3HOBUIHOCTM XUMHYECKOW CBSI3U: KOBaJCHTHas,
MOHHAsl, MeTaJIIN4ecKast. MexXMOJIeKyIIpHOE B3aUMO/JICICTBHE.

Tema 2. OCHOBBI XMMHU4Y€CKOH TePMOAMHAMUKA. XHMHYECKasi KHHETHKA U PaBHOBecCHe.

OCHOBHbBIE TIOHATHUA XHUMHUYECKOM TepMoauHaMuKU. IlepBblii W BTOpOl 3aKOH
TepMoauHamMuKu. 3akoH ['ecca u ero cnencrBus. CBobonHas sHeprus ['mbOca kak Kpurepuii
CaMOIPOU3BOJIBHOTO MPOTEKAHUSI XUMUYECKUX PEAKLIUM.

[ToHsTHE CKOPOCTH XUMHUUYECKON peakuuu. PakTophl, BIUSAIONIME HA CKOPOCTh PEAKIUU:
IpUpOAAa pPEarupyrollnuX BEIIECTB, KOHLIEHTpAalUs peareHTOB, TEMIIepaTypa MW JaBIICHHE.
[ToHsITHE XMMHUYECKOTO PABHOBECUS M NpUHUMUII ero cMmemeHus. Karamu3. ['omoreHHwiii u
reTEepPOreHHBIN KaTalus.

Tema 3. Teopusi pacTBopoB u pactBopureeii. Kosuiurarupublie cBoiicTBa pacTBOPOB.
PactBopbl d71eKTpoInTOB. Bogopoansblii mokaszaressb. I'napoaus coseil. bygepHsie pacTBopbl

OO0ue NoHATUS O pacTBopax M pacTBopuTensx. CrocoObl BRIPaKEHHUsI KOHIIEHTPAILIUH
pacTBopoB. TepmoauHamMuKa oOpa3oBaHUs pacTBOPOB.

Konnurarusable CBOICTBA PacTBOPOB: OCMOC M OCMOTHUYECKOE NIaBIEHUE, TEMIEPATypa
KUIIEHUS U 3aMep3anus. [lepBsiii 1 BTOpoi 3akoH Payirs.

Teopuss snexTponuTHUecKo  auccoumanun  Appenuyca. CuibHble U ciaOble
anekTpoiuThl. KoHCTaHTa M CcTeneHb aucconuanuu. 3akoH pazbaBineHus OctBanpaa. Teopus
CUJIbHBIX 3JIEKTPOJIUTOB, IOHATUE aKTUBHOCTD. [[pon3Benenne pacTBOpUMOCTH.

I'eteporenHoe paBHOBecue B pacTtBopax. I[Ipon3BeneHue pacTBOPUMOCTH. Y CIOBUSA
oOpa3oBaHus ocakoB. Bogopoauslit mokazarens. ['uaponus coneit. BydepHbie pacTBOpHI.

Tema 4. OKHCIMTEJIbHO-BOCCTAHOBHUTEJIbHbIe mpoueccbl. CTaHAAPTHBIA H
peanbHbIN 3JIeKTPOAHBIN NoTeHnHa. O01ue cBOCTBA META/IIOB.

OKHCIUTENbHO-BOCCTAHOBUTENbHBIE — Mpouecchl. CreneHb  okucieHus. CrnocoObl
YpaBHUBAHMS OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX peakiuil. Kiaccupukanus OKUCINUTENbHO-
BOCCTAHOBUTEJIBHBIX PEAKIIUM.

CraHpapTHBIM U peanbHBIA IIEKTPOAHBIN moTeHuuan. YpasHenue Hepucra-Ilerepca n
HallpaBJI€HUE  OKHUCIUTEIbHO-BOCCTAHOBHUTENIBHOIO  mpouecca.  CpaBHMTENbHass — cuia
OKMCIHNTENEHM M  BOoccTaHOBUTENEW. OKHUCINUTENbHO-BOCCTAHOBUTENBHBIE  IPOLECCHl U
KU3HEICIATEIBHOCTD.

DJEKTPOXUMHUECKUI  PsIl  HANpsDKEHUS  MeTayuloB.  DiekTponu3. OcobeHHocTu
MeTauiMueckoi cBsizu. OOIMe CBOMCTBA METaUIOB: KOBKOCTb, TEIIOMPOBOAHOCTh H
AIIEKTPONPOBOIHOCTE. Koppo3ust MeTasia, BUABI KOPPO3UH, CIIOCOOBI 3aIIUTHI OT KOPPO3HH.

Tema 5. Teopusi KOMIUIEKCHBIX COeTUHEHU.

dopma A Crpanwura 5 u3 61
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OcHoBHBIE TOHATHS Teopun Bepnepa. Jluranmel W uMX  KiIaccuuKanus.
BuytpuopOuTanbHeie 1 BHEITHEOpPOUTAIbHBIE KOMIUIEKCHL. Kiaccudukamus u HOMEHKIATypa
KOMIUIEKCHBIX coelMHEeHNN. [IoHATHE KOHCTaHTa HECTOMKOCTH.

Pasznen 2. Heopranuueckasi Xummusi

Tema 1. Xumusi HemeTa/J10B: 3jeMeHTOB VIIA, VIA, VA IVA (yriaepoa, kpeMHuii)
rpynnbl [lepuoanyeckoil cucTeMbl M X COeTUHEHUS.

ONEKTPOHHBbIE CTPYKTYpbl aTOMOB TajoreHoB. [amorensl B mnpupoge. Puznueckue
CBOMCTBA M XUMHYECKHE CBOMCTBAa rajoreHoB. llomyueHne W TNpPUMEHEHHE TaJIOr€HOB.
CoenuHeHue rajnoreHoB ¢ BoaopoaoM. Kucinopoaconepxaiiue cCOeJMHEHHSI TaJIOT€HOB.

DJIEKTPOHHOE CTPOEHUE U MAapaMeTpbl ATOMOB 3JIEMEHTOB INIABHOW MOJTPYIIIbI IIECTON
rpynnsl.  Ilepuoanunocts ux wu3MmeHenus. Kuciopon, pacnpocTpaHeHue B HpPUPOJE U
xuMuueckue cpoiictBa. Cepa, pacipocTpaHEHUE B IPUPOJAE U XUMUYECKHE CBOMCTBA. OCHOBHBIE
COEJIMHEHUS Cepbl: OKCUJIBI U KUCIOThI. VIX XUMU4ecKue CBONCTBA.

DJIEKTPOHHBIE CTPYKTYpPhl aTOMOB. A30T: a30T B IPHUPOAE, €ro MOIYyYEHUs] U CBOWCTBA.
AmMmuak, conu amMMoHUs. Pukcanus arMoc(epHOro asora, MOJIy4eHHWE aMMHaka. | mapasuH,
THAPOKCUIIAMUH, a3uaoBoaopod. Okcuasl a3zoTa. A3otucras M a3oTHas KHCIOThl. Docdop:
docdop B mpupoje, nmoryueHue u croiictBa docdopa. Coenuaenus docdopa ¢ BOJOPOIOM U
rasioreHaMu. OKCUbI U KUCIOTHI pocdopa.

ONEKTPOHHBbIE CTPYKTYpbl aTOMOB YTJIEpOJ: YIJIEpOd B IMPUPOAE €ro IMOIyYeHHE U
cBoiicTBa. AyutoTponus yriepona. Juokeun yriepona. YroneHas kucnora. Okeup yrieponaa (11).
CoenuHenus yrieponaa ¢ cepoil U azoroM. KpemHuii: kpeMHUil B NpUpPOAE, €ro MOoJIydeHHe U
cBoiicTBa, COeIMHEHMS] KPEMHHUS C BOJOPOJOM M TrasoreHamu. J(nokcua kpemHusi. KpeMueBbie
KUCJIOTHI B BX coJi. CTEKIIO, IIEMEHT.

Tema 2. Xumus metauion: 1A, 1A, ITIIA, IVA (0/10B0 1 ¢cBHHeN) IPyNIIbI
Ilepuoanyeckoi cucTEeMbI H HX COCIUHEHHH.

[IlenouyHble METAILIBL: PACTIPOCTPAHEHHUE B IPUPOAE, NOJIyUYEHUE, CBOMCTBA, IPUMEHEHUE.
Hatpuii. Kanmii.

[[{erouHO3EMENBHBIE METAUIBL: PACIIPOCTPAHEHUE B IIPUPOJIE, IOJIYUEHHE, CBOWCTBA,
npuMeHeHne. Maraui, Kanbuii, 6apuii.

OneKTpoHHbIE CTPYKTYpbl aToMOB IIIA rpynmnel. ATIOMUHUIL: pacpoCTpaHEHUE B
IIPUPOJE, MOJyUYEHUE, CBOMCTBA, IPUMEHEHUE.

DIIEKTPOHHBIE CTPYKTYpbI aTOMOB [V A rpynmsl. O10BO U CBHHEIL: paCIIPOCTPAHEHUE B
IIPUPOJE, MOJyYEHUE, CBOMCTBA, IPUMEHEHNE. TOKCUKOIIOrUs CBUHIIA U €10 COCUHEHU.

Tema 3. O01asi XapaKTePUCTUKA U TOKCUKOJIOTHS d-371eMEHTOB M UX COeAMHEHU.
d-anementhl. O0MIas xapakTepucTuka. PacripoctpaHeHHOCTD B ipupoje. dusuko-
XUMHUeECKHE cBOlicTBa d-3meMeHTOB. Tokcukomorusa d-3jI€eMeHTOB U UX COSINHEHNI.

Tema 4. buoreHHble 3J1eMEHTbI.

[TonsiTue OMOreHHOCTH XMMMYECKUX 3JIEMEHTOB. buocdepa, KpyroBopoT OHMOTreHHBIX
aneMeHTOB. KOHIIEHTpUpOBaHUE OMOTEHHBIX JIEMEHTOB KUBBIMH crcTeMaMu. Knaccudukanus
OMOTCHHBIX DJIEMEHTOB 10 MX (PYHKIIMOHAIBHOW POJIU: OPraHOTCHBI, AJIEMEHTHI JIEKTPOJIUTHOTO
doHa, MUKPOIJIEMEHTHI. [TpumecHbie AIEMEHTBI (aKKyMyIUpyIOIIUECs T
HeakkyMmynupyromuecs). OCHOBHbIE HCTOYHUKHM TIOCTYIJICHUS MPUMECHBIX JJIEMEHTOB B
OpTraHU3M YeJoBeKa. XUMUYECKUE aCTIEKThl OXPAHBI OKPYKAIOIIEH CPEeIbl.

KoMruiekchl KaTHOHOB S-MeTauioB (HOHOMOPHI, KpayH-3(UPBI, KPUITAHABL. XIJIOPODOUILI.
buonorudeckass ponb HATpPUs, Kalvs, KaiblHs, MariHus. XHUMHYECKOE CXOJACTBO H
OMOJIOTMYECKUI aHTAarOHW3M (HATpUN-KaJIMA, MarHui- KaJablui).

HaubGonee BaxkHble OMOTEHHBIE 3NMeMeHTH d-0yoKa: XpoM, menb, MouOaeH. CHCTeMBbI
MeTauT-0eI0K (METAJIIONPOTEHUHBI U OCIKH, aKTHBUPYEMBIE METAJIAMH ).
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Tema 5. Heoprannveckue MuHepaJibHble y100peHHsI.

IIpocmyie yoobpenus:

ABOTHBIC: HUTPATHBIC (HATpUEBAs M KaJbIMEBasl CEIIUTPHI); AMMOHUNHBIC 1 aMMHUAYHBIC
ynoopenust (cynbdaTr aMMOHHUS, aMMOHHUWHO-HUTPATHBIC YAOOpPEHHWS, aMMHadHas CEJIUTPa);
MOYEBHHA.

®docdopuseie: cyniepdocdar, nBoiiHOI cynepdocdar, mperunuTar.

Mukpoyno6penus. MukposnemeHnTsl. bopHbie ynoopenus. Menubie ynoopeHusi.

Komnnexcnvie yooopenus:

Ammodocsl, HUTPOPOCHI M HUTPOPOCKH, HUTPOAMMO(OCHI M HHUTPOAMMO(DOCKH,
kap6oammodochl, mouduchaTbl aMMOHHS.

Pa3pen 3. AHaJuTH4YeCcKass XUMHUSA

Tema 1. Buabl 1 MeTOAbI XUMHYECKOT0 aHAJIN3A.

KagectBenHslii n konmuecTBeHHBIH aHanu3. Kiaccudukanus BunoB anammza. OOBEKTHI
aHanmuza. OCHOBHbIE CTaauu TMpoBeleHUs aHanu3a. OCHOBHbIE CTauud  IOCTPOCHUS
AHATUTUYCCKOW METOJMKH W OCHOBHBIE METOJBI aHaM3a. MeToasl MpoOo0TOOpa, pas3iioKeHUs
poObl, pa3ieleHus U KOHIEHTPUPOBAHUS, OOHAPYKEHHSI U OTIPEICIICHUS.

Tema 2. PacueTnl B KOJINYECTBEHHOM aHaJIN3eE.

Enuauner konudectBa BemiecTBa. CrocoObl BBIPAXKEHUS KOHIICHTPAIMM: MOJIIpHAs
KOHIIGHTpaIMs, MOJSpHas KOHLEHTpAlMs SKBUBAJEHTA, MacCOBas KOHIEHTpalus (TUTP
pabouero pacTtBopa, TUTP IO OINPEAETSIEMOMY BEIIECTBY), OObEeMHas KOHIEHTpAIUs, OIS
KOMITOHEHTa (MaccoBasi, 00beMHasi, MOJISIpHAST ).

3akoH KpaTHbIX oOTHomieHU# JlampToHa. Bblumcnenue ¢akTopa SKBUBAICHTHOCTH H
SKBHMBAJICHTA.

PacueTtsl B TUTpUMETPUYECKOM aHaJIM3€: CYIIHOCTb TUTPUMETPUH; CTaHAAPTHHIE
pacTBOPHI U CIIOCOOBI UX TPUTOTOBJICHHS; BUJIBI TUTPOBAHUS: TIPsiIMOE, 00paTHOE (TI0 OCTaTKYy),
TUTpOBaHue 3amecTuTens. Kpussie TuTpoBanus. ['paBumerprudeckuii (BeCOBOI) aHAIM3.

Tema 3. AHa/IM3 00bEKTOB OKPY’KAIOLIeH Cpebl.

CrocoObI B3SITHSL U TIOJATOTOBKH TPOOKI (Pa3iioKeHUs, OTIACICHHUS MEIIAIIIUX KOMIIOHEHTOB U
KOHIICHTPUPOBAHUSI MUKPOIIPUMECEH) NJisi aHajgn3a OOBEKTOB OKPYXKAIOIIEH Cpeabl: TMOYBBI
JIOHHBIX OTIIOKEHUH, BOJBI, BO3ayxa. Mcmonmb3oBaHuE XUMHUYECKHX, (PU3NYECKUX U (PUIUKO-
XUMHUYECKHX METOJIOB JIJIsl aHaTTN3a 00BEKTOB OKPYKAIOIIEH Cpebl.

6 TEMbI IPAKTUYECKNX U CEMUHAPCKHNX 3AHSITUM

Jlannslit Bug paboTsl He peaycMoTper YII.

7 JABOPATOPHBIE PABOTDI, IPAKTUKYMbI

Paszgea 1. O0mas xumus.
TEMA 1. JHEPTETUKA XUMHWYECKUX ITPOLECCOB.
OINPEJIEJIEHUE TEIIJIOBOI'O ITPOIIECCA PEAKIIMY HEWTPAJIN3AIINMN.
Dopma npogedenuss - aHanu3 pe3yIbmamos 0eMOHCMPAYUOHHO20 IKCNEPUMEHMA
ean padorsr:
HayuuTbCs BBINOIHATH KAJIOPUMETPUUECKUE U3MEPEHUS.
2. OcCBOUTH HaBBIKH TEPMOJIMHAMUYECKUX PACUETOB, CBA3AHHBIX C SHEPTETUKON XUMHUYECKUX
peaKuuu.
Conep:xkanue padoThi:
1. DKcrepUMEHTATFHO ONPEIENIUTh TETUIOBOH (D (PEKT peakuu HeHTpamu3auu.
2. [IpoBepuTh BBITIONHEHUE 3aKOHA [ecca.
3. OmnpenenuTb OTHOCUTENbHYIO U a0COJIIOTHYIO OTPEIIHOCTH U3MEPEHHUS.

o
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IIpuGopbl W peakTUBBI: KAIOPUMETP, MEPHbIE IWIMHAPHI, BOPOHKA, TEPMOMETD,
CEKYHJIOMEP WJIM [IECOYHBIE Yachl, pAaCTBOPBI THIpOKcHIa HaTpus ¢ KoHIeHTpanueil C(NaOH) =
2 monw/1 u cepHoit kucioTel C(H2SO4) = 1 Monb/i.

KpaTkue TeopeTnyeckue cBeIeHHUs.

JIroOble  XMMHYECKHE pEaKIMH BCErJa COMPOBOXKIAKOTCI TEMHU HIM  WHBIMHU
SHEPreTHUeCKUMHU dYPPEKTaMU: BBIJCICHUEM HITU MOTJIOMEHUEM TEIUIOThI, CBETa, COBEPIICHUEM
ANEKTPUUECKOW WIIM MEXaHWUYeCKOW paboThl. M3ydeHHMeM SHEpreTHYecKHX H3MEHEHUH IpH
XUMHUYECKHX pEaKIUsX 3aHUMAaeTCsi HayKa, Ha3blBaeMas XUMHUYECKOW TEepMOIMHAMUKOM.
OCOOCHHOCTBIO XHMUYECKON TEPMOJIMHAMUKN KaK HAYKH SIBISICTCS PACCMOTPEHHUE XUMHYECKUX
peaKIuii B COCTOSTHUM PaBHOBECHS, KOTJa peakius Tu00 He Hadanach, 100 yxKe 3aKOHUYIIACH, H
U3MEHECHHS BO BHEUIHEH Cpejie OTCYTCTBYIOT.

XuMudeckasi TepMOJIMHAMUKA 0a3upyeTcs Ha IBYX OCHOBHBIX 3aKoHax. Ilepeutit 3akon
mepMoOuHaAMUKY N3BECTCH KaK 3aKOH COXPaHCHUs SHepruu. Vi3MeHeHe BHYTpeHHEH
SHEPTUH 3aKPBITON CHCTEMBI OTIPEICIIICTCSI KOJIMYECTBOM BBIICIICHHOM TEIUIOTHI U
coBepineHHon paboTel. AU =Q - A

KosmmuecTBO TEmIOTHl BBIACIUBIICKHCS WM TOTJIOMIEHHON B PpE3yJbTaTe XUMHUYECKOMN
peaKIMu Ha3bIBACTCS MENna068biM IPpekmom. DK30TepMUUECKAs] pEaKIHUs — TEeIoTa
BBIJICTISCTCS, DHAOTEPMHUYECKAS — IMOTJIOIIACTCS.

Yame Bcero B OMOJIOTHYECKHUX CHCTEMaxX XUMHUYECKHE MPEBPALICHUS] MPOTEKAIOT IPHU
MOCTOSIHHOM JaBiieHuu ( u300apHbIE MPOILIECChI) B 3TOM ClIy4ae TeIioBoi 3(PQeKT peakuuu
OymeT paBeH HW3MEHEHWI0O BHYTPEHHEW OHHEPrUM CHCTEMBl IUTIOC paboTa HaJ  BHEIIHUM
nasienueM pAV: Q = AU + pAV

Cymma U + pV HazbiBaeTcs Iumanpnueil M sBnsieTcsl GYHKIUEH COCTOSHUS CUCTEMbI WIIH
MEpOH €€ TEIIOCOACPKAHUS.

JInst XMMUYeCKO peaklury MPOTEKAIIeH NpHU MOCTOSHHOM JIaBJIEHUU SHTAJbIMS paBHA

TeroBomy 3 PexTy.

3a cmanoapmuyio Inmanvnuto 0OPa30BaHUS MPUHUMAIOT DHTAJIBIHNIO TOW pPEaKkiuu, B
KoTopoi 1 Moyib BemecTBa OOpa3yeTcsi M3 MPOCTBIX BEIIECTB, KaXI0€ U3  KOTOPBIX
HaxO0JIUTCA B TEPMOAMHAMUYECKOM COCTOSIHUH.

3akon I'ecca u caencTBus U3 Hero.
TennoBoit 3¢deKT peakiuu 3aBUCUT TOJHKO OT HAYAIBHOTO M KOHEYHOTO COCTOSHUS

CHUCTEMEI HO HE 3aBUCUT HU OT IIYTHU IPOTECKAHUS PEAKIIUH, HU OT €€ MEXaHU3Ma.
CraencrBus 3akoHa ['ecca.

1) u3MeHeHHEe SHTATBIIMA XUMUIECKON PEaKIMy HE 3aBHCUT OT YHCIIa IPOMEKYTOUHBIX
craaui

2) SHTAIBIHUS PEAKIMHd paBHA CyMME SHTAIbIUN 00pa30BaHUS MPOJYKTOB 3a BBIYETOM
CYMMBI DHTAJIBIINI 00pa30BaHUs UCXOIHBIX BEIIECTB.

Tennoma neiimpanuzayuu — T0 TEIUIOBOM 3¢ dekT peakiuu odpazoBanus 1 Mo H,O u3
nonos H u OH™
H' (p) + OH™ (p-p) = H20;  AHagg = -55,9 kJIK/MOIB

[Tpr HeWTpanuM3alWyM CHIBHBIX KHCIOT CHJIBHBIMA OCHOBAHHMSMH TEIIOBOW 3((eKT 3Toro
mpolecca Mo4YTH OJIMHAKOB B pacueTe Ha | MOJb 9KBUBAJICHTA KUCIOTHI WM MICIIOYH.

OKcnepuMeHTalnbHOe omnpeneneane AH HeWTpanuzanuy OCIOXKHEHO TEM, 4YTO MpH
CIIMBaHUM PACTBOPOB UMEET MECTO MpoIecC pa30aBiIeHHUS:

o(pa36aBn) = AHueirp + AHpass. HeliTpanusanus crna®oli KMCIOTBI MM €1a0Or0 OCHOBAHUS
COTIPOBOXIACTCS THAPOIM30M O0pa3yloIIeHcss ColMM, B pe3ylbTaTe dYero H3MEHSACTCS
KoHIeHTpanus noHoB H™ u OH™ B pacTBOpe, cliefioBaTelbHO M TEIUIOBOi 3(dekT mporecca
OyIieT UHBIM.
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Memoouueckue pekomenoayuu u onucanue 1a00pamopHoll yCmaHo6Ku

C uenbio NpoBEpKU CHpPaBeNIMBOCTH 3aKoHa ['ecca, B JTaHHON paboTe MPOBOJUM PEaKIIUIO
ueiTpanuzanun H,SO4 menousto NaOH B aBe cragum.

PesynpTaTom peakiuu nepBoi craauu (pu HegpocTaTouHoM koiaudectBe NaOH)
H,SO4 + NaOH = NaHSO, + H,O; AH;

SBIISIETCS pacTBOp ruapocynbdaTa Hatpuss NaHSO4 B Boze.

Pe3ynbrarom peakuuu 1o BTOPOH CTaauu
NaHSO, + NaOH = Na,SO, + Hzo(m); AH,

SBIISIETCSl OOpa3oBaHue Cylb(ara HATPHUS.

B xaxnoit ctaaum TemrepaTrypa yBEIUUUBACTCS 110 CPABHEHUIO C TEMIIEPATYPOH UCXOAHOTO
BemectBa (pactBopa HpSO4). IloaTOMy mNpoMCXOAUT H3MEHEHHWE SHTAIBIHUK B Mpolecce
peakuuu. Ero MBI MOXEM OTNIPEeNeIUTh ISl KaXKIOW CTaIuu 1Mo popmyIie:

AH =K- AT/n (xlx/mMomb),

rae K= 0,96 x/I»x/Moi1b — MoCTOsIHHAs KallopuMeTpa (KOJIMYECTBO TEIUIOThI, HEOOXOANMMOE st
HarpeBaHus KaJIOpUMETpa C TEPMOMETPOM, MelIankoii, pactBopom HySO4 Ha 1 K);
n = C-V — KOJINYECTBO BEILECTBA;
C — MonsipHasi KOHIIEHTpAIIUs BEIECTBA;
V — 00beM pacTBopa.

OO111ee KOJIMYECTBO TEIUIOTHI, BBIJICIHUBIICHCS B pe3ybTaTe peakluu, OyIeT paBHO CyMMe
W3MEHEHUH dHTAIBINHN Kax o cragun: AH, ., = AH; + AHo.

Jlns  ompeneneHus TMOTPEIIHOCTH HM3MEpPEeHHs TerioBoro »d¢ekra BOCIONb3yeMcs
dopmynoit: & = (AHuxen — AHyer./ AHyer.) - 100%.

3a AH,¢; mpuauMaeM tabnuaHoe 3HaueHue AH 11t peakiuu, mpoTeKaroIieil B 0JIHy

CTaJINIO:
H,SO4 + 2NaOH = NaySO4 + 2H,0 ) + 137,43 xJIx/ Mo,

ITopsinok BbINOJIHEHHS PadOTHI.

Hanuts B ogun mumusp 100 Mt ogHomonspHoro pactBopa HaSO4.

Hamute B 1Ba mummHpa mo 50 Mt apymostsspHoro pacteopa NaOH.

3anuts B KanopumeTp 100 Mt orHOMOIIsIpHOTO pactBopa HaSOy4.

BxirounThs Memanky.

B teuenne 5 MuHyT uepe3 kaxable 60 CeKyHJ CHUMATh [TOKa3aHUS TEPMOMETPA U 3aHOCHUTD

3HAYEHUS TEMIIEPaTyphbl B IEPBYIO CTPOKY TaOauIbl Nel

Baute B xanopumetp 50 mut aymossipHoro pactsopa NaOH u3 nepsBoro nunuspa.

7. B Teuenue 5 MUHYT CHUMATh [TOKa3aHUs TEPMOMETpA yepe3 Kaxaple 60 CeKyH/1 U 3aHOCHUTD
BO BTOPYIO CTPOKY Tabmuiis! Nel.

8. Buuts B kanopumetp 50 mu iBymossipaoro pactsopa NaOH. B Teuenne 5 MUHYT CHUMATh
MOKa3aHusl TEpMOMETpa depe3 Kaxkable 60 CeKyH]T U 3aHOCUTb UX B TPETHIO CTPOKY TaOJINILIbI
Nel.

9. Paccuutarh 3HaueHus AH s KaxI0¥ CTa Uy peakiuy U 3aHECTH B Ta0mIry Ne2.

10. Beumuth 0oTpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITE. CHaTh pabodyee MecTo Jab0opaHTy.

arwdE

o

Cxema J1a00paTOPHOIl YCTAHOBKH
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Puc. 1. Cxema kanopumerpa:
1 — BkITIOYATENh MEIIATIKY; 2 — TEPMOU3OIUPYIOIINE CTAKAHBI;

3 — peaKUMOHHBIN CTaKaH; 4 — TEPMOMETP; 5 — ANEKTPOABUTATENb MEIIAIIKH;

6 — mraTtuB; 7 — BOPOHKA; 8 — MeIaika; 9 — OCHOBaHUE IITATHBA.

OcHOBHOM YacThI0 TaOOPATOPHOIN YCTAHOBKU SIBJISIETCS KATIOPUMETP, MPEACTABISIOIIUI
co00i1 U30JIMPOBaHHBIN OT OKpYXKarouiei cpeabl BHyTpeHHUH cocyn (3). s usmepenus
TeMIIepaTypbl pearupyrolirux BeLeCTB UCIOIb3yeTcsl pTYTHBIN TepMomeTp (4). IlepemennBanue
pacTBOpa OCYIIECTBIISIETCS MeMaIKou (8) ¢ moMotibio dekTpoaurares (5). Boponka (7)

CIIYKUT [JIA 3aJIMBKU paCTBOPOB.

Tabnuya 1
t, MUH 1 2 3 4 5
t° C, H,SOq4
T°C, 1 cragnu
T°C, 2 ctanuu
Tabnuya 2
1 cTtamus 2 cragust
TOHaq = tOKOH = tOHaq = tOKOH =
At° = At° =
AH; = AH, =

Conep:xkanue oTyera:
Tema u enb paboTHI.
XHWMHUYECKUE YPABHEHUS PEAKIU.
TaGmuuer Nel u Ne2.
Pacuerst AH u norpemnoctu & %.
BriBobI O TIpOIETaHHOM paboTe.

e AN .

KoHTpoJsbHbBIE BONIPOCHI:

1. OcHoBHBIEC OHATHS TEPMOJUHAMUKY (TEPMOJUHAMHYECKAs CUCTEMA, TapaMETPhl CUCTEMBI,
¢aza, KOMIOHEHTHI CUCTEMBI, Iporecc). Knaccudukanus TepMoIMHAMUYECKUX CUCTEM.

2. Buyrtpennsisi sHeprusi BemiecTBa. DyHKIMEH KaKuX MapaMeTpOB SBISETCS BHYTPEHHSS
sHeprus BemectBa? [lepBoe Hauano TtepmoauHaMukd. IlpuMeHeHue mnepBoro Hauvana

TEPMOIAUMHAMHKHU K OMOJIOrHYECKHUM CHCTEMAM.

dopma A
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3. DHranbnus Kak GyHKIuS coctosHus. CTaHIapTHBIC YCIOBUS B TepMOANHAMUKE. M3MeHeHune
SHTAJIBIINU B PA3TMUHBIX XUMUYECKHX M (PU3UKO-XUMHUYECKUX MPOIECCaX.

4. Tennooi 3 dexT xumuieckoit peakiuu. OcoOEHHOCTH TEPMOXUMUYECKUX YPAaBHCHUH 1

pacueToB 110 HUM. 3aKoH ['ecca u ciencTBUs U3 HETroO.

BTtopoii 3akoH TepMouHaMuKku. [loHsTHE SHTpOIINH.

6. CBobOoanas sueprus I mb0ca kak KpUTEpuil CAMOTIPOU3BOIBHOTO MPOTEKAHUS PEAKIUH.

TEMA 2. TEOPUS PACTBOPOB.
Dopma npogedenus - GbINOTHEHUE UCCIE00BAMETLCKLX PADOM YaCHIUYHO-NOUCKOBO20 XAPAKINEDA

Yacrs A. [IpuroroBiieHre pacTBOPOB 32IaHHOI KOHIIEHTPAIIUH.

ean padoThi:
Hayuurcs roToBUTE pacTBOPHI 33JaHHON KOHLEHTPALUH.
[TproOpeTeHne HaBBIKOB pacyeTa U rnepepacueTa KOHIEHTpaluii pacTBOPOB.

Copepxanue padoThI:
[TpurotoBieHUs pacTBOPOB Pa3INYHON KOHIEHTPALIUU U3 CYXOM COJIH.
[TpuroroBieHus: pacTBOPOB U3 00JIE€ KOHLEHTPUPOBAHHOI'O PACTBOPA.
ITpuroroBneHUs pacTBOPOB CMELIEHUEM JIBYX PACTBOPOB Pa3HbIX KOHLIEHTPALIUH.
Ilepepacuer MaccoBOM JOJIM pPacTBOPOB B MOJISIPHYKO KOHLEHTPALUIO, MOJIIPHYIO
KOHLEHTPALUIO YKBUBAJICHTA, B MOJISUIBHOCTb.

IIpubops! 1 peakTUBBI: MEPHbIE KOJIOBI (KOHMYecKHe Ha 250 Mi1); MEpHbIE HUIMHJIPBI

Ha 50, 100 m 250 M, CTEKISHHBIC MAJOYKH, BEChl TEXHOXMMHYECKHE, Pa3HOBECHI, HaOOp
apeoMETPOB, XJIOPU HATPHUSL.

o

A -

el =

MeTtoauyeckue peKOMeHAallMU U ONMCaHue J1a00paTOpHOil padoThI
a) IlpuroroBienne pacreopa NaCl 3ajaHHOli KOHIEHTPALMHU U3 HABECKH
CyXOro BelecTBa
ITopsinok padorbI:
1. TlomyuuTs 3a1aHKe OT MPEIOIaBATENs: IPUTOTOBUTH onpeaeneHHoe koamdecto (100-500
MJI) pacTBOpa XJIOpU/Ia HATPHS C KOHIIEHTparuei 5—15%.

2. PaccunTtaTh HEOOXOAUMYIO JUIS IPUTOTOBIIEHUS 33JJaHHOTO 00BeMa pacTBOpa HABECKY CYXOH
COJIK U 00BEM BOJEL.

. OTBECUTDH HaBECKY XJIOpHUAa HAaTPpUs HAa TCXHOXUMHUYCCKUX BECaX U IECPECHECTU €€ B KOJ'I6y.
. OT™MepuTh HEOOXOAMMOE KOJIMYECTBO BOJIBI MEPHBIM IHIIMHIAPOM U BBUIUTH BOAY B COCYI C
CyXO# compo. Pa3Memarh cMech MAIOYKOM JI0 TTOJIHOTO PACTBOPEHUSI COJIH.

W

5. 21.]'[5{ KOHTPOJIA MTPaBUIBHOCTH TPUTIOTOBJICHHUA PpacTBOpa H3MCPUTH €0 IIJIOTHOCTH
apeoMeTpoM: B HWIHHP eMKocThio 50/100 M1 HanuBarOT MOJy4eHHbIN pacTBOp (2/3 o6bema)
U OCTOPOKHO OMNYCKalOT TyJda apeoMmeTp (B MPUCYTCTBUM mpenojaBarens). CpaBHHBAIOT
peaTbHYIO TJIOTHOCTh ¢ HEOOXOIMMOM (TabiHIa) M ACNAI0T 3aKII0YEHHE O MPaBUILHOCTH
BBITTOJIHEHUS pabOTBHI.

6. OpopMHUTH TIPOTOKOI PAOOTHI M BHIPA3HTH COACPKAHKME XJIOPHUIAa HATPHS BO BCEX CIUHUIAX
KoHIeHTpauun (%, MoJspHas JONs, MaccoBas KOHLEHTpalMs, TUTP, MOJSPHOCTb,
MOJISIJIBHOCTD, HOpMaJ'II)HOCTB).

7. PacTBOp XJIOpH/Ia HATPUS OCTABUTH IS JaTbHEHITIEH PaOOThI, MCTIOIh30BAHHYIO ITOCY/TY BEIMBITh.
6) Ipurorosienne pacreopa NaCl pa3daBienueM 6ojiee KOHIEHTPHPOBAHHOIO PACTBOPA

IMopsinoxk padoThI:

1. [MonyuuTs OT MpemojaBaTess 3aJaHue — MPUTOTOBUTH omnpeneneHHoe konmaectBo (100-500
MJI) pacTBOpa  XJIOpUZa HaTpusi HHU3KOW  KoHHeHTpauuu (2-8%) w3  Ooisee
KOHIICHTPUPOBAHHOT'O PACTBOPA.
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. Paccunrath 00beM KOHIICHTPHUPOBAHHOTO PACTBOPA, HEOOXOAUMOTO JJIsi IPUTOTOBJICHHUS

3aJJaHHOTO 00beMa U KOJIMYECTBO JJOOABOYHOM BOJIBI.
OTmepuTh HEOOXOJUMOE KOIMYECTBO KOHIIEHTPUPOBAHHOTO PACTBOPA U J0OABOYHOM BOJIBI,
CJIMTPH WX B KOJIOY ¥ TIIATEIIBHO TIEpEeMENIaTh PacTBOP.

JUis  KOHTpOJs TNPaBUIBHOCTH NPUTOTOBJICHHUSI pACTBOpa HM3MEPUTh €ro IUIOTHOCTH
apeoMEeTpPOM B MIPUCYTCTBUU IPETO1aBATEIIS.
OdopMuUTh TPOTOKOI pabOTHI U BEIPA3UTH COACPKAHUE XJIOPHIa HATPUS BO BCEX €AMHMIIAX
KOHIIEHTpAI1H.
PacTBop xJstopua HaTpHUsl OCTABUTH AJIS AalibHEHIIeN paboThl, HCTIONIb30BAHHYIO TOCYAY
BEIMBITb.

B) Ilpurorosienue pacreopa NaCl cmemieHueM AByX pacCTBOPOB 32JaHHbIX KOHIEeHTPaLUi

[EEN

w

SARE R A

Ao

Ilopsinok paGoTbI:

. [lonyunTs OT mpenojaBaTess 3a/laHue.

Paccuutath TpeOyembie 00beMbI 000UX PACTBOPOB, HEOOXOJUMBIX JJIsl IIPUTOTOBJICHUS
3aJ]aHHOTO PacTBOpAa.

. OTMepI/ITL paCCYUTAHHBIC KOJIUYCCTBA CMCIIMBACMBIX PACTBOPOB K CMCIIATh UX B KoJIOE.
. I[JI?I KOHTPOJIA NPaBUJIIBHOCTH paCYCTOB U NPUT'OTOBJICHHUA paCTBOPAa UBMCPUTH €I'0 IIJIOTHOCTDH

ApeoOMETPOM B IIPUCYTCTBUU IIPCTIOAABATCIIA.

. OdopmMuTh IPpoTOKOT pabOTHI U BEIPA3UTh COEPKAHKE XJIOPUIA HATPHS BO BCEX CIUHHIIAX

KOHIICHTpAIUH.

. BbuuTh pacTBOpHI XJIOpUJIa HATPUS, TOCYy BBIMBITH. CliaTh pabouee MecTo 1ab0paHTy.

Coaepixanue oTyera:
Tema u 11€716 pabOTHI.
Pacuertsl o kaxxaoi yactu paboTHI.
3Ha4yeHus UIOTHOCTEHN: TEOpeTHUECKOoe (U3 TaOJIUIbl) U SKCIIEPUMEHTAIBHOE.
Pacuet norpemHoct 8 % NPUTrOTOBJIEHUS PaCTBOPOB.
BoiBosbI O IIpOJIENIaHHOM padoTe.
KoHnTpoJsibHbIE BONIPOCHI:
Kakue ciocoObl BeIpaskeHUs! KOHIEHTPAIUU pacTBOPOB BaM M3BECTHBI?
Kak nepeiiTi oT 01HOr0 BHJja KOHIIEHTPALUHU K APYroMy (Ha KOHKPETHOM Ipumepe)?
Kakue cymecTBytOT crtocoObI MPUTOTOBIIEHUSI PACTBOPOB?
Onumure X0 padoThI 1o JHO0MY CIOCO0Y MIPUTOTOBIECHHS PACTBOPOB.

Yacte b. MoHHbIE peakiiui B pacTBOpPax, rereporeHHbie pABHOBECHS B PACTBOpax

3J1eKTPOJIUTOB (PKCIIEPUMEHTAIBHOE OINpPEIeTICHIE HAIIPaBICHNUS XUMHUUECKUX PEaKIIHii).

A .

ro

4.

Lean padorsr:
O3HakoMJIEHHE C OOIIMMH CBOMCTBaMHU MajOpPaCTBOPUMBIX JIEKTPOIUTOB.

[TproOpereHue HaBBIKOB pacueTa MPOU3BEICHUS pACTBOPUMOCTH U PACTBOPUMOCTH OCa/IKOB
CUJIbHBIX 3JIEKTPOJIUTOB.

Copepxanue padoThI:
OnpeneneHne peakiunu Cpebl Py TUIPOIIA3E CONEH.
W3yuyenue BIUsSHUS TEMIIEPATypPbl HA THIPOJIN3.

I/I3yquHe YCJIOBI/Iﬁ 06pa3OBaHI/IH 0CaJIKOB MaJIOPpaCTBOPUMBIX CHUJIBHBIX 3JICKTPOJIUTOB U UX
pPacTBOPUMOCTH.

Pacuer pH coneit noasepraromuxcs ruipousy.
IIpudops! U peakTUBBI:

1) mrraTUBBI 17151 IPOOUPOK, MPOOUpPKH Ha 10 MJI, TUIIETKH.

2) 2 H pacTBOPBI: XJIOPH/a KaIbLUs, XJIOpUIa HATPHs, XJIOpHIa Oapus, OKcanaTta aMMOHHS,
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COJISTHOM KHCIIOTBI, HUTpaTa Oapusi, Xpomara Kajusi, yKCyCHOM KHCIOThI, HUTpaTa cepedpa,
Cynb(uIa HATPUSL.
DKCIepuMEeHTaIbHas 4acTh:
MeToan4yeckne peKOMEHIAIUN U ONUCAHME JIA00PATOPHOH padoThI
OmnpiT 1. O0pa3oBaHne 0caIKa U YCJI0OBHE €r0 PACTBOPEHUS

B npobupky HaneiTe 4—-5 Karenb pacTBOpa XJI0pua KaJdbIHsl U IPpUOaBbTE MO KaIUIIM
pacTBOp OKcajaTa aMMOHUS J10 0Opa3oBaHus Oesoro ocajaka. M3beraiite pacTBOpuMOCTH ocaka
B 2 H pacTBOpE COJIAHOM KUCIOTHL. Hanummre MoeKyIspHble U MOHHBIE YPABHEHUSI pEaKLUii.
Beinummre u3 Tabnui KOHCTAHThI JUCCOLMALIMN U PACTBOPUMOCTH CIa0BIX 3JIEKTPOJIUTOB.
BoluncnuTe KOHCTaHTY paBHOBECHSI peaKlluy PACTBOPEHUSI OCa/ika U 00BACHUTE, I0YEMY 3TO
HIPOUCXOIUT.

OmnbiT 2. Onpeae/ieHue HANPABJEHUSI XUMHYECKUX PeaKUuil (pacTBOpeHHne 0CA/IKOB)

Haneiite B mpobupky 6—8 Kamenb pacTBOpa XJIOpHJa UM HUTpara Oapus v MpudaBbTE MO
KaIlJIsiM pacTBOp Xpomara Kaius A0 00pa3oBaHUs kKeaToro ocanka. Ocalok pa3aenure Ha JBe
yactu. K onHOM yactu npubaBbTe 2 H PacTBOP COJITHOM KHUCJIOTHI, & K IPYro — 2 H pacTBOp
YKCYCHOM KHCIOTHl. B ofHON W3 mpoOHpOK HaONI0aeTcsi pacTBOPEHHE OCaAKa. 3aruIluTe
HaOmo/ieHus1, caenanTe BbBOJA. CoOCTaBbTE€ MOJIEKYJISIPHBIE M HOHHBIE YPAaBHEHUS PEaKIIM.
BbruncnnuTe KOHCTaHTHI PaBHOBECHSI IMPOLIECCOB PAaCTBOPEHHUs XpoMaTa Oapusi B COJNSIHOW U
YKCYCHOM KHCJIOTE U O0BSICHUTE HA0JII01aeMOE.

- OnbiT 3. HanpaBijieHue XMMHMYECKOl peakluM B CTOPOHY OOPa30BaHUSI MeHee
PACTBOPMMOIO COCAMHEHM S

Haneiite B npoOupky 2—3 kamiu pacTBopa HUTparTa cepedpa u npubaBbTe K HEMy 2—3 Kariu
pacTBopa XpoMmaTa Kaius. 3almuIINTe LBET IMOJYyYEHHOTO OCaJKa, IOCIEe 4ero a00aBbTe B
npobupky 2-3 Kamim pacTBopa xjopuia Harpus. Kak wu3MmeHsercs 1Ber ocaaka (s
HaOJIIOJIEHUsT 1[BETa OCaJKa pacTBOP MOKHO OCTOPOXKHO CHHTh)? A Temepb NHpudaBbTE K
COJEPKUMOMY IPOOUPKH 2—3 Kariu pacTBOpa Cyab(puaa HaTpUs U OISTh 3aMUIIUTE [IBET OCaJIKa.
CocTraBbTe MOJIEKYIIIPHBIE U MIOHHBIE YPABHEHMS BCEX ITPEBPALLCHHI.

Hcronb3ysi 3Ha4e€HHMs KOHCTAHT PACTBOPUMOCTH, BBIUMCIUTE PACTBOPUMOCTH IOTyYEHHBIX
COCIMHEHWI W KOHCTaHThl paBHOBeCHs sl HaOmomaeMblx mpoueccoB. CrenmaiiTe BBIBOA O
HAaIpPaBJICHUN XUMUYECKUX PEAKIINN.

ITopsinok padoTbI:

1. TlomyuuTs OT MpernoaaBaTels 3aaHue.

2. BBIMOTHUTH pabOTy COTIIACHO METOUYECKIX PEKOMEHIAIIHH.

3. OdopMHUTH TPOTOKOJI PAOOTHI.

4. BpuinTh oTpabOTaHHBIE PACTBOPSHI, TOCYTYy BBIMBITH. CliaTh pabouee MecTo.
Conep:xkanue oTuyera:

Tema u 1116 paboOTHI.

Habmionenusi, ypaBHEeHUs peakifii Mo KaX a0l yacTu paboTHL..

Br1BosibI 10 ipoenanHoi padoTe.

KoHTpoJibHBIE BOIPOCHI
1. HonHble ypaBHEHHS pEaKIIUid. Y CJIOBHS IPOTEKAHUS PEAKIIUN B PACTBOPAX.
2. TereporeHHoe paBHOBECHE: O0CaI0K — HACHIIICHHBIN pacTBOp. KoHCTaHTa pacTBOPUMOCTH
(WM IPOM3BEICHUE PACTBOPUMOCTH)
YcnoBust 00pa3oBaHus U paCTBOPEHUS OCATKOB.
Brustaue o61iero noHa Ha pacTBOPUMOCTh MaJIopacTBOpUMOro BemecTBa. CoseBoit 3 exT.

~w
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TEMA 3. SKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIUAHUSA PH CPE/Ibl HA
MMPOAYKTbI OKUCJIUTEJIBHO-BOCCTAHOBUTEJBbHBIX PEAKITUI
Dopma nposedeHus - GbINOTHEHUE UCCTICO0BAMETCKUX PADOM YACIUEHO-NOUCKOBO20 XAPAKIMEDA
Hean pa6oTbI:

1. U3yuuth OKHMCIWUTEIHLHO-BOCCTAHOBHUTEIIbHBIC CBOICTBA METAJIOB, HEMETAIUIOB M UX
COCTUHCHHH.

2. OCBOUTH METOJUKY COCTABJICHUS YPABHCHUN OKUCIIUTEIHHO-BOCCTAHOBUTEIHHBIX
MPOLIECCOB.

3. 3akpenuTh 3HAHUS O BIUSHUU CPEbl HA OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE MPOIIECCHI
Conep:xanue padoThI:

1. OxkwucnuTenbHbIE U BOCCTAHOBUTEIbHBIE CBOMCTBA MEPOKCH 1A BOJAOPOA.

2. OKuHCIHUTENbHBIC U BOCCTAHOBUTEIbHBIC CBONCTBA HOHOB P- ¥ 0-3JIEMEHTOB.

3. OxucnutenpHbIC CBOICTBA IEpPMaHTraHaTa Kalus B Pa3IUYHBIX CPEIax.

IIpudopsI U peakTUBDI:
1. TIpoGupku, MTaTHB JJIs1 IPOOUPOK, AEpIKATENb IJIs MPOOUPOK, MUIIETKH, BOJSHAs OaHs,
roperka.

2. 2 M pactBopsl HuUTpata xpoma (III), rugpokcuna HaTpus, HMOAMAa Kanus, MepMaHTaHaTa
Kamusi, cynbpura Hatpus, cynbdara mapranua (II), xmopuma omnosa (II), 3% pactBOp
nepekucu Bojopona, 2H pactBop cepHoit kucnotel, 2H pacTBOp a30THOW KHUCIOTHI,
YEeTBIPEXXJIOPUCTHIN YIIIEpOJ], pacTBOP 0/1a, MOPOIIOK JUOKCHIA CBUHIIA.

KpaTkue Teopernueckue cBegeHHUs.

Bce xuMunyeckue peakiiy MOYKHO pa3/IeinTh Ha JiBe OOJblIMe IPYyMIbL: poTeKatomye 0e3
W3MEHEHUsI CTENEHU OKHUCIEHHMS U C HM3MEHEHHEM CTElEeHHU OKHUCIEHUS — OKHUCIUTENIbHO-
BOCCTaHOBUTEIbHBIE.

K oxucimMrensHO - BOCCTAHOBUTENBHBIM OTHOCATCS BCE PEAKLMM 3aMELICHUS U T€ peaKLyn
COEJIMHEHUSI M Pa3JIOKEHUs] B KOTOPBIX y4acTBYET XOTs Obl OJJHO MpocToe BellecTBo. Bee peakuyu
oOMeHa MPOTEKAr0T 6€3 N3MEHEHUSI CTETIEH! OKUCIICHHSI.

[Ton crTemeHbI0 OKHUCIEHHS TIOHMMAalT (GAKTUYECKUN 3apsA] aroMa B MOIEKYyIe
oOpa3yromuiics B pe3ysbTaTe nepepacrpeeaeHus 3JeKTPOHHOM MITOTHOCTH.

OxucjieHueM Ha3bIBalOT MPOLECC MOTEPU HIIEKTPOHOB, MPUBOAAIIUN K IOBBIIIEHUIO
CTENEHU OKHUCJeHUus. BemiecTBa, aTOMbl WJIM HOHBI KOTOPBIX OTJAIOT 3JEKTPOHBI, HA3bIBAIOT
BOCCTaHOBHTEISIMH. BoccTaHOBHTEb, OT/IaBast SJIEKTPOHBI, OKHCIIsETCs. Zn° -2 — Zn*?

BoccTraHoBiieHne — mpolecc MPUCOEAVMHEHUS 3JIEKTPOHOB, MPUBOASIINN K IOHWKEHHUIO
CTENEeHH OKHUCJIeHMs. BemiecTBa, aToMbl HJIM HOHBI KOTOPBIX MPHUCOEAUHSIOT 3JIEKTPOHBI,
Ha3bIBAIOTCS OKUCTUTENSIMU. OKUCIUTEND, IPUCOEANHSS SJIEKTPOHBI, BOCCTAHABIMBAETCSI. Cu*?
+2e — Cu’°

OOmiee 4YUCIIO HJEKTPOHOB, OTJAHHBIX BOCCTAHOBHUTEJEM, PAaBHO YHUCIY 3JEKTPOHOB,

MIPUHSATHIX OKUCIUTEIIEM.

Jns  mporHo3a  NPOAYKTOB M HAmpaBi€HUS  MPOTEKAHUS  OKHUCIHUTEIbHO-

BOCTAaHOBUTEJbHBIX MPOLIECCOB HAJIO0 3HATh, YTO THNMMYHBIMU OKUCIUTEISIMHU SBIISIOTCS:

1) mpocThIe BEIIECTBA, ATOMBI KOTOPBIX UMEIOT OOJIBIIYIO AJICKTPOOTPHIIATEIBHOCTD (JIEMEHTHI
VIA u VIIA rpynn). U3 aux mHanbonee cunbhbie okucautenu F, O, Cl.

2) BemectBa, coaepikampe SJIEMEHTHI B MakCUMalbHOW creneHn okucieHus: (KMnOy,
KQCI’207, HC|O4, H2804 Hu 1p.

3) Karuonbl MeTaJIOB U BOJOPOIA

K THNHYHBIM BOCCTAHOBHTEJISIM OTHOCSITCS:
1) mpocThie BEMECTBA, aTOMBI KOTOPHIX HMEIOT MalyI0 3JIEKTPOOTPHUIIATEIBHOCTD < 1,5
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(anemenTs! [A u IIA rpynn u HEKOTOpbIE APYTrUe METaJUIbI ).

2) BemectBa, conepakaiiie 31eMeHThl B HU3MUX cteneHsax okucnenus: (HpS, NH3 u np)
BemectBa, comepkamue aToMbl B MPOMEXKYTOYHBIX CTEMEHSX OKHCIICHHUS, CIIOCOOHBI Kak

MOBBIIIATH, TAK U MOHUXKATh CTENIEHb OKUCIICHHUS, T.€. MOTYT OBITh KaK BOCCTAHOBUTEISIMU (TpU

JedcTBUM 00JIe€ CUIILHOTO, YeM OHH, OKHCIIMTENIS), TAK U OKUCIHUTEIAMH (IIpU JICHUCTBUU Oojiee

aKTUBHOTO, YE€M OHH, BOCCTAaHOBUTENS). Takue BemiecTBa MNPOSBISIOT OKHUCIUTEIBHO-

BOCCTAHOBUTEJIBHYIO JBONCTBEHHOCTD.

[Ipu coctaBiieHUH peakIil OKUCIUTENIBHO - BOCCTAHOBUTENIBHBIX MPOLIECCOB UCIIONIB3YIOT:
1) Merox AIIeKTPOHHOrO OagaHca
2) METOJ MOJIypEaKI|ii UK HOHHO - AJICKTPOHHBIH CI10CO0.

IIpaBuna HANMCAHUS OKHCJINTEIbHO-BOCCTAHOBHTEIbLHBIX peaxkuumii METOI0M

MOJIypeaKumid:

1 BbIAcHAIOT NPUHIUOHAIBHYIO BO3MOXXHOCTH mpoTekanus Ox/Red mpouecca - HaxomsT
MOTCHIHAILHBIA OKUCIIMTEIb U BOCCTAHOBUTEIb.

2. OmnpenensitoT MPOAYKTHI OKHCIIEHUSI U BOCCTAHOBJICHUS.

3. Tlumryt moiypeakiuy OKHCICHUS ¥ BOCCTAHOBIICHUS, pACCMATPUBAsi BCE UMEIONTUECS HOHBI
u cpeny - HyO, H* wm OH, HO HH B KOeMm ciayyae He H'* u OH - Bmecre oHu
COCYIIIECTBOBATh HE MOT'YT.

4. CBopmsT MaTepHalbHBIN OalaHC oTypeakuuii - 3aKkoH JIoMoHOCOBA B A€MCTBHH.

CBOJAT AEKTPOHHBIA OallaHC, MOJICYUTAB, 3apsibl ClIeBa U CIpaBa M JOOABUB HJIM BBIUTS

3JICKTPOHBI.

6. Haxomar oOmmii MHOXHTETh IS OOCWX TOJypeakiuid, ¢ y4eTOM TOTO, YTO, CKOJBKO
AIIEKTPOHOB OBLIIO OTHSITO Y BOCCTAHOBUTEISI, CTOJIBKO MPUOABUIIOCH K OKUCIUTEINIO.

PaccraBisiroT k03 PUITMEHTH B ypaBHEHUHU U JOTMCHIBAIOT HEAOCTAIOIINE MTPOAYKTHI.
KMnO; + Na,SO3 + H,SO4 = MnSO,4 + Na,SO4 + KySO4 + H,O
Peakius mnporekaer B BOAHOM pacTBOPE, COOTBETCTBEHHO KOMIIOHEHTHI PpPEaKIMH

JTUCCOLUUPYIOT:

K* + MnOy4 + 2Na* + SO3” + 2H* + SO,” = Mn®* + SO,4* + 2Na* + SO, + 2K* + SO,* + H,0
Jlnst cocTaBneHUs MONTypeakifii BHIOUpaeM MOHBI, KOTOPHIE COJIEP:KAT aTOMBI, H3MEHSIOIIUE

CBOM CTEIICHH OKHCJICHHS.

% ' 1%[894;+|_?B++2Se —>§%nz2+ _;_l- é_ll-io OKHUCIIUTEID/ BOC})T&HOBI/ITGJ‘IL

5 o e — ) BOCCTaHOBUTEIIb/OKUCIIUTEIh
2MnO, + 16H"+ 5S05% + 5H,0 = 2Mn** +550,% + 10H" + 8H,0
Cokpamass KOMIIOHEHTBI B IPaBOM M JIEBOM 4YacTH, IIOJIYy4aeM COKpPAIIEHHOE HOHHOE
ypaBHEHUE JaHHOW OKUCIUTEIbHO-BOCTAHOBUTEIBHOU PEAKIINH:
2MnO, + 6H"+ 5505 = 2Mn*" +550,% + 3H,0
[ToxcraBUB K MOHAM HEOOXOJMMBIE MTPOTUBOMOHBI, MOJIYIUM MOJICKYJISIPHOE YpaBHEHHE C
rOTOBBIMH KO3 puLineHTamu.
2KMnO, + 5Na,S0O3 + 3H,S0,4 = 2MnSO,4 + 5Na,S0O,4 + K,SO4 + 3H,0
Cynbdar kammsi HE y4JacTBYeT B OKHCIIMTEIIbHO-BOCCTAHOBHTEIHLHOM TIIPOLIECCE, TIO3TOMY IIpU
COCTABJICHHUH TIOJTPEAKIIMI HE YUUTHIBAICS, OTHAKO YUUTHIBAETCS TIPH 3aITCU MOJIEKYIISIPHOTO YPABHEHMSI.
Bausinue cpebl HA OKHCJIUTEIbHO — BOCCTAHOBUTE/ILHbIE MTPOLIECCHI.
pH cpenbl oka3bpiBaeT BIUSHUE HA HAMPABJIEHUE OKUCIUTEIHHO-BOCCTAHOBUTENILHBIX PEAKLIMI

M XapakTep 00pa3ylomuXcs MPOAyKTOB. UeM MEHbIle KHUCIOTHOCTh CPEIbl, TEM, KaK TMPaBHIIO,

MeHee TiIyOoko uzaer mporecc. Hampumep, KMnOy4 mposiBIsieT OKHCIUTENBHBIE CBOMCTBA 32 CYET

Mn*" u BoccranasmBaercs:

B KUCJIOHN cpefe — 10 Mn*? , B HelTpanpHOIl — 10 MnO;
B ILIEJTIOYHOM Cpe/ie 10 MaHTaHAT-UOHA - MnOzz'
XpomaT ¥ IMXpomaT Kajaus BBICTYIIAIOT B KAUYECTBE OKUCIUTEIIEH B KUCIION Cpele,

o
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BOCCTAHABIIMBAsACH 10 HoHa Cr'>,
B npupoze naubosee pacpocTpaHeHbl COSAMHEHUSI MapTaHIa Co CTEIICHbIO OKUCIICHUS
+2. B opranusMe 4ejoBeka MapraHel TaKKe HaXOIUTCS B CTENICHU OKUCICHUS +2, HO, y4acTBYS B
OMOXMMHUECKUX IIPOLIECCAaX, OH HE MEHSIET CBOEU CTENEHM OKHCIEHMS. JTO CBA3aHO C TEM, YTO B
OpraHu3Me HET CUJIbHBIX OKUCIIUTEINEH.
N3menenue pH cpenpl MOKET pasBepHYTh peakluio. Tak AUCIPONOPLMOHUPOBAHUS XJI0pa
B menounoii cpeae Cl; + KOH = KCI + KCIO3 + H,O uuger B 00paTHOM HampaBi€HHU IMPH
noakucienuu pacrsopa. HC1 + HCIO3 = Cl; + H,0
UeMm MeHbIIE KUCIOTHOCTh CpPEIbl, TEM, KaK IpPaBHIIO, MEHee TIyOOKO MJIET MpoIlecc:
IIEpPMAHraHaT BOCCTAHABJIMBAETCS 1O Mn?" B kucoit cpene, 10 MnO; - B HEHUTpaJIbHOU U 110
MnO42' B IIEJIOYHOM cpee.
JKCNepUMEHTATbHAs YaCTh.
OnbiT 1. Oxucienne nona Cre* g0 BeIcHIeii cTeNeHN OKHCTEHUS
K 6-8 kamnsam pactBopa Cr(NO3)3 npubaBsTe 1o kamisMm pactBop NaOH no pactBopenus
obpasytromerocs ocanka Cr(OH)3 u 3arem 3-4 xamm 3% pactBopa HyO,. Cmech niepemernaiite
¥, TIpU HEOOXOAMMOCTH, HarpeiTe Ha BOASHOW OaHe WJIM Tropeike B TedeHwe 1-2 MuH.
OxpammBaHue pacTBOpa B JKENTHIM I[BET CBUACTEIBCTBYET 00 00pa3oBaHUM HOHA CrO4**,
PaccTtaBpTe K03()PHUIHEHTHI B ypaBHEHHH PEAKIIUU METOAOM MOJTypeaklUuil U cliejaiTe BBIBO/I.
CI’(NOg)g + NaOH + H,0, = Na,CrO4 + NaNO3+ H,0
OnpIT 2. OKHCIANTEIbHBIE H BOCCTAHOBUTEIbHbIE CBOICTBA MEPOKCHIA BOAOPOAa
a) K 3 kamsm pacrBopa KI mpubasete 2 kammm 2H pactBopa H,SO4 1 3ateM 1o karuisim
3%-p1ii pactBop HoO, no mosiBiaeHus >xentoi okpacku. [ns oGHapyxkenus I, B pacTBOpe
npubaBeTe K HeMy Heckonbko kameiab CCly u  BerpsxHuTe mnpobupky. PaccraBbre
K03 (UIIMEHTHI B ypaBHEHUU PEaKIIMU METOJIOM TMOTYPEaKIHi U CAeNaiTe BHIBO/.
KI+ Hy,0, + HySO4 = I, + KsSO4 + HO
6) K 5-6 xamsam pactBopa KMnO4 npubassre 3-4 xarum 2H pactBopa HpSOs4 u 3atem
Heckonbko Kanenb 3%-ro pactBopa Hy0O,. HaGmiomaercss obeciiBeumBaHue pacTBopa |
BbIIETIEHHE ras3a. lcnbelTaiiTe BBIACHAIOIIMICA Tra3 TICHOLEd JyduHKou. PaccraBbre
KO3 (UIIMEHTH! B ypaBHEHUU PEAKIIMA METOJIOM IOJIYPEaKIUM U ceaiTe BHIBO.
KMnO4 + H,SO4 + HO, = MnSO4+ O+ K,SO4 + HyO
OnbIT 3. OKHCANTENIBHBIE CBOMCTBA IEPMAHIaHATA KAJIMs B Pa3JIHYHBIX Cpefax
B 1pu mpoGupku Haneiire no 5-6 kamens pactBopa KMnOj,. 3arem B mepByro MpoOUpKY
npubaspTe 3-4 xarm 2 H pactBopa HaSOs, BO BTOpYIO - HHYETO, a B TPEThiO - 3-4 Karumm 2H
pactBopa NaOH. [locie sToro B Kaxayr mpoOHpKy MpuOaBbTe MO KarwisiM pactBop NapSOs uim
CyXxyto conb. HaOmiomaiite wu3MEeHEHHE OKpacku pacTBOpoB. PaccraBpTe KO3(DuieHTHI B
YPaBHEHUSIX PEAKIMii METOJOM TONYpEeakIMii U CHeNaiiTe BBIBOABI 00 OKHCIUTENBHBIX CBOMCTBAX
nepMaHraHaTa Kauus
a) KMnO4 + HSO4 + Na;SO3z = MnSO4 + KoSO4+ NaSO4 + H,O
6) KMnO,4 + H,0 + Na,SO3 = MnO, + Na,SO4+ KOH
B) KMnO,; + KOH + Nay;SO3; = KoMnO4 + Na,SO4+ H,O
OnbIT 4. OKHCIeHHe KaTHOHA d-3J1eMEeHTA /10 BbICIICH CTEeNeHN OKUCICHUS
Oxkncnenne wona Mn?* nmokcmiom ceuHIa. BHecnte B npoOUPKY HEMHOTO MOpOIIKa
PbO,, npubaseTe 2 Ma 2H pactBopa HNOjz u Harpeiite Ha BoasiHOW OaHe MM TOpeENKe 10
kunienus. Ilocne storo mpubasbTe B mpodupky 1-2 xammm pactBopa MnSO4 mepememiaiite u
cHOBa HarpeiTe. HabmrogaeTcst mosiBieHNsT MAJIMHOBOM OKpAacKu oOpa3oBasierocs nona MnQOy .
PaccraBbre K03()(pULIMEHTHI B ypaBHEHUH PEAKLIMK METOJIOM IOJypPEaKIHid U ClIeIaliTe BBIBOI.
PbO; + HNO3; + MnSO4 = H,MnO,4 + Pb(NO3), + H,0O
OmnbiT 5. BoccTaHOBHTE/IbHBIE CBOHCTBA KATHOHA P-)JIeMEHTA (Sn2+)
Haneiite B mpobupky 3-4 xamnu pactBopa SnClp, mpubaBbTe MO KamwisiM 2H pacTBOP
KMnO4 Habmromaercst ncue3HoBeHHE MaJTMHOBOM OKpacku. PaccraBpTe KO3 (OUIIMEHTHI B
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YpaBHEHHH PEaKIMU METOIOM IoJiypeakiuii u caenaire BoiBoa. SNCl, + KMnO4 + HySO4 =
SnCls + MnSO4 + H,O
OnbIT 6. BoccTaHOBHTEIbHbIE CBOMCTBA AaHHOHA P-3JIEMEHTA (SO32')
[Tomecture B mpobupky 3-4 karum pactBopa NaySOs, mpubaBbTe 2-3 Karmu 2H
pactBopa HpSO4 m 1-2 xarum pactBopa Ip, Berpsixaure mpoOupky u HaOmromaiTe oOeCIBEUMBAHUE
pactBopa. PaccraBbre K03(HULIMEHTHI B ypaBHEHHH PEAKLIMM METOJIOM TIOTpEaKIvii U cliefaiTe BHIBO/L.
KaxoBa posib cepHOi KMCIIOTHI B IAHHOM peakiyu’?
Na,SO;3 +1, + H,O = Na,SO,4 + HI
IMopsinoxk padoThI:
ITomy4yuTs OT NpenoaasaTes 3aJaHue.
BbImomHuTh paboTy COrjacHO METOUYECKHM PEKOMEHIAIUSIM.
OdopmuTh MPOTOKOI pabOTHI.
Beutute oTpaboTaHHBIE PACTBOPEI, IOCYY BBIMBITH. CllaTh pabouee MecTo.
Conep:xkanue oT4yera:
1. Tema u uenb pabOTHI.
HaGmronenus, ypaBHEHUST peakidii 10 KaXK0i 4acTh paboTHI..
3. BbIBOBI 110 TIPOJIETaHHOM padoTe.

El

N

KoHTpoJibHBIE BONPOCHI.

1. Tumel OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIX peaKuHﬁ. TunuyHLIE OKUCIUTEIN W THUIIMYHBIC
BOCCTaHOBUTENU. DAKTOPHI, BIAUSIONINE HA MPOTEKaHHE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKuuii.

2. Meronbl cocTaBlieHUsI OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakluii (METOA MONypeakiun
WJI METOJT MIOHHO-3JIEKTPOHHOTO OanaHca).

3. Knaccuduxamus oKHCIUTENBHO-BOCCTAHOBUTENBHBIX PEAKITHIA

TEMA 4. KOMIIVIEKCHBIE COEJJMHEHMUSA

Dopma nposedeHus - aHau3 pe3yrbmamos 0eMOHCMPAYUOHHO20 IKCHEPUMEHMA
ean paboTh:
1. UByuuTh siBIEHUS KOMIUIEKCOOOpA30BaHUSI.
N3yuuTh CBOMCTBA Pa3IUYHBIX KOMILJIEKCOB.

3. OcBoUTH HABBIKK pacyeTa KOHCTAHT HECTOMKOCTH M KOHCTAHT YCTONYMBOCTU KOMILIEKCHBIX
COEeIMHEHMI.

o

Copepxxanue padoThbI:

1. Tlomy4yeHue KOMIUJIEKCHbBIE COETUHEHUs cepedpa, MeIU U PTYTH, U3YUUTh MOBEICHUE TaHHBIX

KOMIUIEKCHBIX COCTUHEHNH TP T00aBICHNN H30bITKA peareHTa.

PaccmoTpenue nporeccoB, CBSI3aHHBIX C pa3pyIIeHHEM KOMIUIEKCHBIX CO€AMHEHHH.

3. Paccmorpenue mporecca qUCCOIMauy KOMIUIEKCHBIX COCTUHEHUH.

IIpuGopsb! U peakTHBBI:

[Tpo6upku, MUNeTKH, 1adbopaTOPHBIN IITATUB.

2. 1M pactBOopsl HUTpaTa cepedpa, XJIopuaa HATPHsl, TUAPOKCHIA aMMOHUS, Cyib(ara MeIH,
Hutpata pryru (1), monmma xamus, cynepuaa Hatpus, rekcauuano-ll1-peppara kamus,
xnopuna xenesa (I1I), ponannaa ammonust (unu kanus), 25% pacTBop rUAPOKCUIA AMMOHHUS,
a30THas KUCIoTa (KOHIL.).

rno

=

KpaTkue TeopeTuyeckue cBeeHuUsI.
B HacTosiiee BpeMst He CyIeCTBYET Kakoro MO0 0JTHO3HAYHOTO ONpEeAeNICHUs ITUX
COEIMHEHUH, KOTOPBIE MOIJIO MTOJIHO 0XapaKTEPU30BATh UX CTPYKTYPY U XUMUUYECKHE CBOMCTBA.
HexoTopslie U3 HUX:
Komnnekchvimu  Ha3bpIBalOTCSl  ONPENEICHHBIE  MOJIEKYJSIDHBIE  COSOUHEHMs, IpU
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COYETaHUU KOMITIOHEHTOB KOTOPBIX 00Pa3yIOTCS MOJIOKUTEIFHO WIIM OTPULIATENFHO 3apsKEHHBIE
MOHBI, CIOCOOHBIE K CYIIECTBOBAHUIO, KaK B KPUCTAILIE, TAK U B PACTBOPE.
Komnnexcnbimu Ha3bIBAIOTCSA MOJIEKYJISIPHBIE COCIMHEHUS, HE TI0KA3bIBAIOIIUE B
pacTBOpPE BCEX CBOMCTB XapaKTEPHBIBIX I UX COCIMHEHUM IEPBOro MOPSAIKA.

Komnnexcnvimu Ha3pIBaroTcs COCIMHCHUA, B Y3JIaX KPUCTAJUIOB KOTOPBIX HAXOIATCS
KOMITJICKCHBIC MOHBI, CIIOCOOHBIE CAMOCTOSTEIILHO CYHICCTBOBATH B PaCTBOpaAX.

KommiekcHble coeinHeH s — 3TO caMblii OOIIMPHBIN KJIacC HEOPraHMYECKUX COEJUHEHUH,
HMEIOLIUX OTPOMHOE OMOJIOTMUYECKOE 3HAaUEHHE: XJIOPOPHIUIBI B PACTEHUSIX, TEMOIVIOONH Y
KUBOTHBIX, PA3JINYHbIE IUTOXPOMBI, BUTAMHHBI.

CornacHo koopauHaIoHHai Teopun Anbhpena Bepaepa, npemioxkennoii B 1893 roxy:

1 ATOMBI MOryT MpOSBJISATH HE TOJIBKO OOBIUHYIO «TJIAaBHYKO» BaJICHTHOCTH (YHCIIO
AJIGKTPOHOB, KOTOPHIC MPUHUMAIOT y4acTHE B 00Opa30BaHHE XUMHYECKOW CBS3H 10 OOMEHHOMY
MEXaHU3MYy), HO U «II0OOOYHYIO», CBA3aHHYIO C HAJMYUEM BaKaHTHBIX aTOMHBIX OpOUTANICH WM
HC ITOOCIICHHBIX SHCKTpOHHI)IX Hap. FHaBHafI BAJICHTHOCTDb y KAaTHUOHOB MCTAJIJIOB HACHIIIIACTCS
TOJILKO MMPOTUBOMOHAMH, TOO0OYHAS- TPOTUBOMOHAMU I HEUTPATbHBIMH MOJICKYJIAMHU.

2 B KakaOM KOMIUICKCHOM HMOHE HMEETCS LEHTPAIbHBIA aTOM, BOKPYI KOTOPOTO
paCHOHaFaIOTCSI KOOpI[I/IHI/IpOBaHHI)IG UM UOHBI UJIN HCfITpB,.HBHBIC MOHCKYJH)I.

3 Uwuciao WMOHOB WIIM MOJIEKYJ, KOTOpbIE KOOPIWHHPOBAHBI BOKPYT IIEHTPAJIBHOIO aroma
HA3bIBACTCS KOOPAMHAIMOHHBIM uncioM. K. Y. CBsA3aHO ¢ 3aps0M HEHTPAJILHOrO aToMa.

3apsn +1 +2 +3 +4

K.4. 2 2,4 4,6 8

4. KoopAMHMpOBaHHbIE AaTOMbI, MOHBI WJIM MOJEKYJIbl HAXOISALIUECS BOKPYT IEHTPAIbHOIO
aToMa, Ha3bIBAIOTCA JIMTaHAaMHu Win ajgeHAaaMu. COBOKYIHOCTb IIEHTPaJIbHOIO aroMa u
JUTaHJ0B Ha3blBaeTcad BHYTpeHHeW cdepoil. Ecam BHyTpeHHss cdepa 3apspkeHa, TO MMeEeTcs
eme M BHEHmHss cdepa, KOTOpas TMpeJacTaBlieHa NPOTHMBOMOHOM. B 1enmoMm Monekyna
KOMILIEKCHOTO CO€IMHEHUS dJIEKTPOHENTPAIIbHA.

Kommiexkcebl MOTyT OBITH:

a) katuonnsie [Cu(NH3)s]?" , [Co(H20)e]**

6) annonnbie [Al(OH)s]*, [Fe(CN)g]* min auumokoMIuIeKcer.

B) Heitrpanbhbie [Fe(CO)s], [Cr(NH3)sCls].

B 3aBucuMMocTHM OT TOro, YeM TPEICTABJCH JIMTAH] BBIICJSIIOT:  AaKBAKOMILICKCHI,
aIMI0KOMITIEKCHI, AaMMHAKAThI, AMMHHATBI, KaPOOHHJIBI, THIPOKCOKOMILIEKCHI U T.]I.

MeToa BaJIeHTHBIX CBsi3eil B ONUCAHUN KOMILJIEKCHBIX COeIMHEHMI.

CornacHo Metoay BC kaxxaplii IUTaH 1 SIBJSETCS JOHOPOM AJIEKTPOHOB, a
KOMIUIEKCOOOpa30BaTeNb — aKIENTOPOM AJIEKTPOHOB. JIMurany pazMeniaeT CBOM dJIEKTPOHBI Ha
BaKaHTHBIX aTOMHBIX OpOUTAJISIX KOMIUIEKcooOpa3oBarens. [IpocTpancTBeHHOE
pacmoIoKeHUe TUTaHI0B 3aBUCUT OT THIA THOPUIAN3AINH [IEHTPAILHOTO aToMa.

2 2
sp®d? — okranap; spd” —kBazpar; sp° — TeTpasap
EcrectBenHo, uto npu 3toM Metoa BC paccMarpuBaeT 00pa3oBaHKUe TOIBKO CUTMa —CBSI3CH.

HN3omMepusi KOMILIEKCHBIX COeAMHEHU I

1) Nonuzanmonnas [Co(NH3)sBr]SO, - [Co(NH3)sSO,4]Br

2) Koopaunanuronnas [CO(N H3)6] [CF(C204)3] - [Cr (N H3)6] [CO(C204)3]
3) Ceszesas [(NH3)5Co-NO,]Cl; - [(NH3)sCo-ONO]CI,

4) I'mpopaTtHas [CF(H20)6]0|3 - [Cl‘(HzO)sCl]ClezO

5) IIpocTpaHCTBEHHAs - IUC- TPAHC- H30MEPHS
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B BonHBIX pacTBOpax KOMIUIEKCHBIE COSAMHEHUS TOIBEPTAIOTCS IUCCOLIUALIUN
Xej1aTHBIE KOMILIEKCEHI.

Oco6oe MecTo cpeid KOMIUIEKCHBIX COSMHEHHUI 3aHUMAlOT TaK Ha3bIBaeMble
BHYTPUKOMIUIEKCHBIE coeIMHEeHUsI. 110 TUIY 3TUX COETMHEHHM MOCTPOCHBI MHOTOYUCIICHHbBIE
METAJIIPOTEUIbI: TEMOTIIO0UH, XJI0POYUILT U Ap.

XenaTHble WIN KIIEIIHEBU/IHbIE KOMIIJIEKCHI IOCTPOEHBI 110 TUITY LIUKINYECKUX
COEJMHEHUH, B KOTOPBIX CYIIECTBYIOT JjBa TUIIA CBSI3€H: HOHHBIE U KOOpAUHALUOHHBIE. T.e.
aurasj o0pasyer ¢ HOHOM-KOMILIEKCOOOpa30BaTeIeM Kak MOHHYIO, TaK U KOOPANHALMOHHYIO
CBSI3b.

B aHanuTHYecKoi MpakTHKe MMPOKO IPUMEHSFOTCSI BEIIECTBA, CIIOCOOHBIE 00Pa30BHIBATH
pa3uyHbIe BHYTPUKOMILUIEKCHBIE coequHenms. Hanbomee mmpokoe mpuMeHeHne Moy Yrin
AMUHOMNOJIMKapOOHOBBIE KUCIIOThI, HA3BaHHbIE KOMIIEKCOHAMU:

KomiutekcoH I — HUTpunoTpuykcycHas KMCiIoTa

Kommnekcon I -3TunenanaMuHTETPOYKCYCHAs: KMCIIOTA
Komnnekcon I — sTmiienauaMuHTETpOALIETaT HATPUS
KommnekcoH IV —auaMyMHIMKIOreKCaHTETPOYKCYCHAsI KUCIIOTA.

B ananuTnydeckoi mpakTuke st 00bEMHBIX OINPEIeIeHUH pa3TuYHbIX KATHOHOB Haubosee
IIMPOKO PUMEHSIOT JUHATPUEBYIO COJIb ATHJICHIUAMUHTETPAYKCYCHOM KUCIIOTHI — KOMNIEKCOH
I1.

DT0 coenuHeHWe (MHOTA Ha3biBaeMoe mpuioHom b) 0003HAYAIOT COKpAIIEeHHON
dopmynoit NapH,Y wmmun OJITA. Kommnekcon III conmepkut, Hapsay ¢ KapOOKCHIIBHBIMU
TpyIIaMHu, eiie U TPeTUYHbIe aMUHOTPYNTIEL. [[03TOMY OH cuMTaeTcs HE TOJBKO OPraHUYECKOM
KHUCTIOTOM, Naroleil CoiaM ¢ pa3iNYHbIMH KaTHOHAMH, HO TaKXe M KOMILIEKCOOOpa3yromuM
BEIIECTBOM.

Kommiekcon III momy4yun mumpokoe NpUMEHEHHE B XUMUYECKOM aHaIM3€, IOTOMY YTO OH
06}ga3yeT BHYTPUKOMILJIEKCHBIE COJIM C KATHOHAMH HIEJIOYHO-3EMENTbHBIX METAJJIOB (Ca2+. Mg2+,
Ba“"), KoTopsle OYEeHb TPYIHO TEPEBECTH B KOMILIEKCHBIE COEIMHEHUS APYTHMH CIIOCOOAMMU.
TutpoBanne komimiekcoHoMm III wmcmonmp3yercs mjisi KOJMYECTBEHHOIO ONPEACTIEHUS ITUX
KaTHOHOB.

JKCNepPUMEHTAIbHASA YaCTh.

Omnpit 1. ITosry4eHHe KOMIJIEKCHBIX COeIHHEHUSI

a) Haneiite B mnpobupky 2-3 kamiaum pacTBopa HuUTpaTa cepeOpa, mnpubOaBbTe
Takoe JK€ KOJIMYECTBO pacTBopa xjopuaa Harpus. llpuneiite x  oOpa3oBaBuiemycs
0CaJIKy pPacTBOp THUIAPOKCHIA aMMOHHUSA JO TMOJHOrO  pacTtBopeHusi  ocanka. [louemy
pactBopmiics ocasiok? CoxpaHUTe pacTBOp JJIs OMbITA 2 a.

AgNO;3; + NaCl = AgCl| + NaNO3

AgCl + NH3 -H,0 — [Ag(NH3),]CI + H,O

0) Haietite B mpoOupky 3-4 kammm pactBopa cyiabdara wmenu, mnpubaBeTe 2-3

KalUIM pacTBOpa THApPOKcHIa amMMmoHus (25%) - BbIIQAaeT CBETIO-TOMyO0OH  ocalok
ocHoBHOM comu Mema (CuOH),S04. IlpuGaBeTe 1O  KarmuisiM  M30BITOK  pacTBOpa
rupokcuaa ammoHus. Uro HaOmonmaere? Hamummre — ypaBHEHHE peakuui B

MOJICKYJIIpHO#M ¥ MOHHOU (hopmax. CoxpaHUTE pacTBOP IS CICAYIOIIETO OIbITA.

CuSO4 + NH3 " H,0O — (CuOH),SO4 + (N H4)2SO4

(CUOH)st4+ (NH4)2804+ NHs H,O — [CU(NH3)4]SO4 +

H,O

B) K pactBopy Hg(NO3), n106aBbTe 1m0 Karism pacTBop uoauaa Kamus. OOpaTuTe BHUMaHHUE
Ha oOpazoBanue ocanka noauaa prytu (Il), ormeTpTe ero 1BeT U 1006aBbTEe U30BITOK NOANUIA
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kamusi. Uto Habmogaere? Hanmuimmre ypaBHEHUS PeakIuy B MOJIEKYJIIPHOW U MOHHOU (opmax.
Hg(NO3), + KI — Hgl, + KNO3
Hgl, + KI — Ky[Hgl4]
OmnbiT 2. Pa3pynieHne KOMILIEKCHBIX COeTUHEHHN I
a) K pactBopy, ocraBmemycs ot omeita | @,  mpubaBbTe 0  Karuisim
KOHLIEHTPUPOBAHHYIO a30THYIO KHUCIIOTY. OO0bscHUTE Ha0Iro1aeMoe SIBJICHUE.
Hanummre ypaBHEHUE peakuu.
[Ag(NH3),]Cl + HNO3 — AgC1{ + NH4NO3
6) K pactBopy ocraBmemycs ~OoT ombita 16, mnpubaBbre  3-5  Kamnenb
CEpOBOJIOPOJHON BOJIBI WJIM  pacTBopa cyinbuaa Harpus. Hanumwure ypaBHEHHe
peakuuu U 0ObSICHUTE IPUUMHY 00pa30BaHUE OcaJKa.
[CU(NH3)4]SO4 + Na,S -> CuS + Na,SO4 + NH3
OnpIT 3. DJIEKTPOJTUTHYECKAS JUCCONMALMS KOMILJIEKCHBIX COeIMHEeHUI
B npobupky HaneiiTe no 3-5 kamens pactBopa rekcanuano-Il-deppara kamus K3[Fe(CN)g], a
BO BTOpYyIO mpobupky Hanedte 1-2 karum pactBopa FeCl3, 3aTteM B Kaxaylo MOpOOUPKY
npubaBbTe 2-3 Kamiu pacTBopa pojaHuaa Kamus winm poaanunga ammonuss NH4SCN. UYro
Habmonaete? OOBSCHUTE OTCYTCTBHE OKpackd B TNepBod mpobOupke. Hamumimre HOHHBIC
YPaBHEHUS PEaKIIUM.
Ka[Fe(CN)s] — 3K" + (Fe(CN)e)”
FeCl; — Fe®* + 3CI°
Ks[Fe(CN)g] + KSCN #
FeCl; + KSCN ->K;[Fe(SCN)g] +KC1
ITopsinok padorbI:
[TosyuuTs OT IpenojaBaTess 3a/laHue.
BoinonHuTh paboTy COriacHoO METOINYECKUM PEKOMEHAALIMSIM.
OdopMHUTh TPOTOKOJT PAOOTHI.
Boumith oTpaboTaHHbIE pacTBOPHI, TOCYAY BBIMBITh. C1aTh pabodee MecTo.
Conep:xanue oT4era:
Tema u 1enb paboTHI.
HabGmronenus, ypaBHEHUST peakiidii 10 KaXKI0M 4acTu paboTHI.
Pacuersl.
BeiBozibI IO crienanHoiM pabore.

PO

N

KoHnTpoJibHbBIE BONIPOCHI.

1. Knaccudukamus ¥ HOMEHKIATypa KOMIUIEKCHBIX COCIMHEHHH. XeJlaThl U KOMILJIEKCOHBI.
N30oMepus KOMIUIEKCHBIX COEIMHEHUI

2. OCHOBHBIC TIOJIOKEHHUS TEOPUU KOMIUICKCHBIX coenuHeHuii A. Bepnepa. CocraB

KOMIUIEKCHBIX COCIUHEHUI: IEHTpaJbHBIH aToM - KOMIUIEKCOOOpa3oBaTellb, JHUTaH],

BHYTPEHHSISI U BHEITHSAS c(Pepbl KOMIUIEKCA.

3apsi1 KOMIUIEKCHOTO noHa. KaTnoHHbIE, aHMOHHBIE M HEUTPATIbHBIE KOMILIEKCHI.

Koopaunanuonnoe 4ucino KomruiekcooOpazoBaTens. CBs3b KOOPAWHAIMOHHOTO YHCIA C

3apsiIoM LEHTPAIBHOTO aToOMa.

5. Jucconmamus KOMIUIEKCHBIX coennHeHUN. KoHCTaHTa HECTOMKOCTH KOMILJIEKCHBIX HOHOB.
3aBUCHMOCTh JTUCCOLMAIMY KOMIUIEKCHOTO HMOHA OT KOHIICHTPAIIMH CBOOOIHBIX MOJIEKYI
(VI MOHOB) JTUTAH/IA.

6. [enrarnocts nmuranna. Knaccuduxarms KOMIUIEKCHBIX COSTUHEHHH 110 COCTaBY JTUTaH/IOB.

7. Tlpupoma XMMHYECKOU CBSI3U B KOMIUIEKCHBIX coeMHEHUX. OCHOBHBIC TTOJIOKEHUS TEOPUH
BaJICHTHBIX CBsI3€i. THII CBSI3M MEXIYy KOMILIEKCOOOpa3oBaTelieM U IUTaHIaMU.

8. MaruurHsle CBOMCTBA KOMILJIEKCHBIX COCTUHEHUN. BremneopOouTanbpHbIC u
BHYTPHOPOUTAIIbHBIE KOMITTIEKCHI. OKpacka KOMIUIEKCHBIX COCTUHCHHIA.

9. Kakue KOMIUIEKCHI, COTJIaCHO TEOPHUHU BAJICHTHBIX CBSI3EH, SBISIOTCS HEYCTOMYUBBIMUA U

~ w
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AKTUBHBIMH, 4 KaKUC - yCTOfI‘IHBBIMPI n HeaKTI/IBHBIMI/I?

Paszgen 2. Heopranuueckasi Xumusi
TEMA 1. XUMHUSA HEMETAJIJIOB
Dopma npogedeHus - aHA3 Pe3)VibIanos 0eMOHCIPAYUOHHOR0 SKCNEPUMEHING,
BbINOHEHUE UCCTIE00BAMETLCKUX PAOO YACHTUHO-NOUCKOBO20 XAPAKINEPA

Yacte A. I'ajorenn! M UX coeJUHEHHS.

Lean padoThi:
N3yunTh XUMUYECKHE CBOMCTBA I'aJIOT€HOB M MX COSMHEHUH.
3HaKOMCTBO € J1a00paTOPHBIMHU CLIOCOOAMU MOTYUYEHUS FAJIOT€HOB U X COSAMHEHUIA.

Coaep:xanue padoThbi:

1. TlomydeHue xJ0pa U UCCIEAOBAHUE €T0 XUMUYECKUX CBOMCTB.

2. Tlonmydenue XJIOpOBOAOPOIA U UCCIETOBAHHE €0 XUMHUUECKUX CBOMCTB.

3. HccnenoBaHne BOCCTAHOBUTEIBPHON aKTUBHOCTH TJIOTEHUI-HOHOB.

4. KavecTBEeHHbIE pEaKlIUU Ha TraJOreHU I-UOHBI.

IIpudopsl U peakTUBDI:

1. IlpoOupku, cnupToBKa, Jep)KaTeslb g NPOOUPOK, MUIETKH, JIONATOYKa, KalelbHas
BOPOHKA, Ta300TBOJHAs TpyOKa, XWMHUYECKUH cTakaH, Koiba, Oymara (IOJIOCKH),
JaKMycoBas OyMakka, QUIbTPOBATBHAS OyMaXKKa, CTCKIISTHHAS ITaJI0YKa, JIY9UHKA, CITUYKH.

2. Jluxpomar kanus (Cyxoil), ColisiHasi KUCJIOTa (KOHII.), cepHasi KUCI0Ta KOHIICHTPUPOBAaHHAS U
pazbaBienHas (2H), Hoaua Kanus (pacTBOp), HOoauA Kainus (Cyxoi), XJopu HaTpus (Cyxoil),
XJIOpUJl HAaTpusi (pacTBOp), MEpMaHTaHaT Kajaus (pacTBOp), JIAKMYC, METUJIOPAHXK, KyCOYeK
Maraus (WiIM IMHKa), HUTpaT cepeldpa (pacTBop), OpoMua kamus (cyxoi), OpoMuj Kaiaus
(pacTBOp), xn0opuna xenesa (I1I) (pactsop).

KpaTkue Teopernueckue cBeaeHHUs.

["anmorenst: ¢Top, xmop, Opom, o U actat. DIeKTPOHHAS KOH(PUTYpaLHs HEBO30YXKICHHBIX
aTOMOB TaJIOTeHOB — NS°NP> CTemeHb OKHCICHHS JJIEMEHTOB B COSAMHEHHSIX OT -1 mo0 +7,
TOJIBKO (hTOp MMEET OJHY CcTeneHb okucieHus (-1).

HanGonee cuiibHOM OKMCTHTETBHOM CIIOCOGHOCTBIO 00ManaioT ¢hrop, ximop u Gpom. HMox mosxer
MPOSIBIISITH KaK OKUCIUTENbHBIE (Haripumep, o oTHomeHuto kK HyS u SOy), Tak 1 BOcCTaHOBHUTENBHBIE
cBoiicta (mpu B3aumoseiicteur ¢ HNO3z u HyO5).

bonee snekTpooTpUIIaTeNbHBIN TalOreH BCETAa BBITECHSET DIEKTPOIMONIOKHUTEIbHBIA U3 €T
COEMHEHHH ¢ MeTaJJIaMH. 2KBr + Cl, = 2KCI + Br,

Bce ramorensi, kpome (Topa, MOABEPraroTCsS B BOJIHBIX PACTBOPAX MPU OOBIYHBIX YCIOBUSIX
Jquctiporniopiimonuposannio: Bry + H,O «+» HBrO + HBr

Haxo:xknenue B mpupoje:

Hauboee pacpocTpaHeHbI CIICTYIOIIHE MUHEPAIIBI:

NP

CaF;, — ¢mroopuT (MIaBUKOBBIH HITIAT); Nas[AlFs] — kpuomnur;
3Ca3(P0Oy); - Ca(F, Cl); — dropamnarurt; NaCl — ramur;
KCI — cunbBuH; KCI - NaCl — cuIIbBUHUT;

KCI - MgCl; - 6H,0 — kapHamur.

IKCNEePUMEHTAIbHASA YaCTh:

Omnbrt 1. ITosryyenne xJjiopa

[To 3amanuro npenoaaBatens B MpoOUPKY BHECUTE HECKOIBKO KPUCTAJUIUKOB IUXpoMaTa
Kaus (IMOKCHa MapraHiia Wiv JUOKCH]IA CBHHIIA) M 100aBbTe 2-3 KAl KOHIICHTPUPOBAHHOMN
COJISTHOM KucioThl. Eciu peakiyst mpoTekaeT He0CTaTOYHO aKTUBHO, COAEPKUMOE IPOOUPKH
OCTOPOKHO Harpeite. OTMEThTE IIBET 00Pa3yIOLIerocs ra3a 1 UCIbITalTe ero JelCTBUE Ha
OyMakKy, CMOYEHHYIO PacCTBOPOM Mouia Kanus. Hanuimmre ypaBHEHUS] COOTBETCTBYIOLIMX
peaKIuid.
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OnpIT 2. IlosryyeHue U CBOMCTBA XJIOPOBOIOPOAA
B kos0y, CHaOXCHHYIO KamelbHOH BOPOHKOW M Ta300TBOJHOW TPYOKOH, MOMECTUTE
HEeOOoJIbIIIOe KOJIMYECTBO CYXOro xJjopuzaa. Uepe3 KameiabHYH0 BOPOHKY K COJIM IpHieiTe 1o
KalUISIM  KOHIICHTPUPOBAHHYIO cepHylo KucinotTy. Conepkumoe KOJIOBI Clierka Harpeiire.
Beiensronuiicst Xa0poBo1opo ]l MPONYCTUTE Yepe3 BOLY, HAXOSLIYIOCS B CTaKaHe MIIM KOJOe
(TpyOKY, [0 KOTOPOM UAET TOK XJIOPOBOJOPOAA JAEPKUTE HAJl IOBEPXHOCTHIO BOJBI). [IpoBeprTe
JieficTBUE BBIICISAIOLIETOCs ra3a Ha BJIAXHYIO CHHIOIO JJAKMYCOBYIO OyMary, a TakyKe Ha I0JIOCKY
¢mIbTpOBANbHOM Oymaru, CMOYEHHOH pO30BBIM PAacTBOPOM IepMaHraHaTa Kainus. byner nmum
BBIJICJIATECS XJIOPOBOJOPOJL IPU B3aUMOJCHCTBUU XJIOpHJA HAaTpus C pa30aBIeHHOW CepHOU
KHCJIOTON?
B Tpu npobupku Hazneire no 5-6 kamnesnab MOJYy4EHHOTO pacTBOpa XJI0poBoJopoaa. B oany
npoOupKy 100aBbTe 1-2 Kamm JaKkMyca WIM METUIIOPAaH’ka, BO BTOPYIO — KyCO4YeK Maruus (Wiu
IIMHKA), B TPEThIO — paCTBOP HUTpaTa cepedpa.
OO0bscHUTE HAOII0JaeMblI€ SIBJICHUS U COCTaBbTE COOTBETCTBYIOIINE YPABHEHUSI pEaKIUil.
OnbIT 3. BoccTaHOBUTE/IbHASI AKTHBHOCTD I'AJI0T€HU/I-HOHOB
a) [lomecture B 0AHY NpOOUPKY HECKOJIBKO KPUCTANIOB OpoMuJa Kajus, a B APYTyIO —
uoauaa Kanua. B kaxayro nmpoOupky no6aBbTe mO 2-3 Kamiud KOHLUEHTPUPOBAHHOM CepHOM
kuciaoTel. OOpaTUTe BHUMaHME Ha I[BET M 3amax NpOoAYKTOB obeux peaxuuil. Ha ocHoBaHuu
3TOr0 U TPEABLAYILEro OIBITOB CPaBHUTE BOCCTAHOBMUTENbHYIO AKTHMBHOCTH XJIOPOBOAOPO/A,
OpomoBoioposia U HonoBoxopoaa. CocTaBbTE ypaBHEHHUS COOTBETCTBYIOIIMX OKHCIUTEIbHO-
BOCCTAHOBUTEJIbHBIX PEaKIUil.
6) B Tpu npobupku BHeCTH 1O 2-4 Kamiu Auxpomara Kajius, MOJKUCICHHOTO 2 H. CEpHOM
kucioThl (1-2 xamnm). lo6aButh no 2-3 Karu B MEepBYIO NMPOOUPKY pacTBOpa MOIUAA KaJUsl, BO
BTOPYIO — CTOJIBKO € Kakoro-nubo OpoMuja W B TPETbIO — XJOpUAa HaTpus. PacTBopsl
nepeMeniaTb YUCTON CTEKJISIHHOM MallouKod. B KakoMm ciy4yae BOCCTaHOBIJIEHHE IUXpoMaTa He
npousonuto. Hamucate ypaBHEHHs NPOTEKAIOMIMX PEAKIUM, YUUTHIBAs, YTO JUXpOMAT Kajus,
BOCCTaHaBIIMBAsACh, nepexoqutr B cyibdar xpoma (III). Kak m3meHssach mpu 3TOM CTeNeHb
OKHCJIEHHS COOTBETCTBYIOIIMX TajgoreHoB? UTo npu 3ToM HabIH01aJ10Ch?
B) [Iponenarb ombIT, aHaJIOrMYHBIA OMNBITY O), 3aMEHUB pacTBOp JAUXpOMAaTra Kallus
pactBopom xuyopuna keneza (III). Yrto wnabmomanu? B kakom ciydae MPOHM3OILIO
BOCCTAaHOBJICHME XJIOPHMJA JKEJIE€3a M COOTBETCTBEHHO OKHCIJIeHHEe rajoreHa. Kak um3meHnsercs
BOCCTAHOBUTEJIbHAS CIOCOOHOCTh OTPUIATENbHBIX HOHOB T'aJIOTEHOB?
OnpIT 4. KauecTBeHHbIE PeaKIMH HA TaJI0TeHHU/I-HOHBI
B T1pu npobupku momectute mo 3-5 Kamenab pacTBOPOB COJIeH: B MEPBYIO MPOOUPKY —
XJIOpUa HAaTpusl, BO BTOPYIO0 — OpoMu/ia Kaiusi, B TPEThIO — HOUAA Kausl. B kaxxayro mpoOoupky
no0aBbTe 1-2 Kamam pacTBOpa HUTpaTa cepedpa 10 BBINAJACHUS XapaKTEPHBIX TBOPOKHMCTHIX
0CaJIKOB TaJIOTeHUJI0B cepedpa. OTMEThTE LBET OCAIKOB M COCTaBbTE MOJEKYJISIPHbIE U HOHHBIE
YPaBHEHUS PEAKIINM.
Ilopsinok paGoTbI:

[TomyuuTs OT mpenojaBaTess 3a/laHue.

BbInonHUTE paboTy COrTaCHO METOANYECKUM PEKOMEHIAIHSIM.

OdopMHUTH TPOTOKOJT PAOOTHI.

Bbunte oTpaboTaHHBIE PACTBOPSHI, IOCYY BBIMBITh. C1aTh pabouee MecTo.
Conep:xkanue oryera:

1. Tema u uenp paboTHI.

HabGnronenust, ypaBHEHHS peaKIuii 0 K101 4YacTH pabOTHI.

3. BrIBoBI IO TIpOAETaHHOI paboTe.

PO

o

KoHTposbHbIE BOIPOCHI:
1. OO6uras xapakTepUCTHKA 3JI€MEHTOB TMaBHON noArpynns! VII rpymnmsr.
2. PacnpoctpaHeHue raJloreHoB B IpUPO/Ie, CIIOCOOBI TOTYUYEHHUSI.
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@Pu3nyecKue CBOMCTBA ITAJIOTCHOB.
4. Xumuueckue CBOMCTBa rajioreHoB. Hamucars ypaBHeHUs peakiuil B3auMO1eHCTBUS
raJIOr€HOB C BOAOH U pacTBOpaMHU LIe04e (XONOAHBIMU U TOPSYHUMHU).
IIpuMeHeHue rajnoreHos.
6. CoenuHeHMs rajJloreHOB C BOAOPOAOM, UX XUMHUEcKUe cBoiicTBa. HanucaTs ypaBHeHUS
peaKIuii HOTyYEeHUsI BCEX TaJoreHOBO0po10B. KakoBbl 0COOEHHOCTH 3THX MPOLeccCOB?
7. Kucnopozacoaepsxaiiye COeAMHEHUS TaJOr€HOB.

Yactb b. Diementsl VIA-rpynnbl nepuoanyeckoi CHCTEMbI 3JIEMEHTOB U X

COCJUHEeHHU.
Lean padoThi:

M3y4nTh XMMUYECKHE CBOMCTBA KUCJIOPOA U €r0 COCIUHEHUI

W3y4yeHne XMMUYECKUX CBOWCTB CEPBI U €0 COEAUHEHUN.

3HaKOMCTBO C Ja00paTOPHBIMH CIIOCOOAMHU MOJTyYEHHs KHCIOPO/a U COSAMHEHUH Cephl
Conep:xanue padoTbli:

ITonyuenue u CBOKWCTBA KUCIOPOAA.

OKHCIUTENBHO-BOCCTAaHOBUTEIIBHBIE CBOMCTBA IIEPOKCHIa BOLOPOAA.

BoccranoBuTtenbHbIE CBOMCTBA Cepbl M CEPOBOIOPO/IA.

BoccranoBuTenbHbIe CBOWCTBA pacTBOPa AMOKCUIA CEPhl U Cylb(UTa HaTpHUs.

CpaBHHTENBbHAS OLIEHKA PACTBOPUMOCTH Cyib(uTa U cynbdaTa 6apusi B KUCIIOTE.

OO6Hapy:xeHue cynbhaT-uoHa.

IIpudopsl U peakTUBBI:

1.JIaGopaTopHBIif IITAaTHUB, NPOOMPKM, MHUIETKH, CHUPTOBKA, Jep)KaTesb M HPOOHPOK,
JIOTIaTOYKa, TyYMHKA, CIIMYKH.

2.Ilepmanranar kanus (TB.), pacTBOp nepManranara kamus, 3% u 30% pactBop H20,, nnokcunp
Maprasia, TuXpoMar Kajus (Hachlll. pacTBOpP), MOIU KaJus, cepHas Kuciora (pa30. pacTtBop),
KpaxMaJlbHbIM KJIeHcTep, HUTpAT cepedpa, pacTBOp aMMHUaka, a30THasi KUCJIOoTa (KOHIL.), cepa,
xJiopua 6apusi, cyabGua HaTpust (pacTBOp).

Teoperuyeckue cBeieHMS.

B VIA rpynny nepuonnyeckoil cuctembl BXOAAT mAth snemeHToB: O, S, Se, Te, Po.
OneKTpoHHas KOH(Urypanus HEBO30YXKJIEHHBIX aTOMOB 3JieMeHTOB VIA rpymnmsl: ns’np*.
Haubonee ctabunpHas cTeneHb OKUCICHHUS JIEMEHTOB B UX COEIMHEHUSX (-2) XapakTepHa JUIs
kuciopoga. Cepa MOXKET HaXxOOuThCs B creneHu okucieHus 0, +2, +4, +6, -2. V Temnypa,
MIOJIOHMSI U CelieHa, 00JIaZjaloIMX MEHbILEH 3JIEKTPOOTPULIATEIbHOCThIO, CTA0MIIBHOM SIBIISETCS
creneHb okucienus (+4). Kucnopon, cepa u ceneH — THIIMYHBIE HEMETAJUIbI.

Kucaopoa (0;) — ra3 6e3 1Bera, 3amaxa v BKyca. AJIOTpOIHas MOIU(GHUKAIS KUCIOPO1a
— O3 — o30H. Kucnopon manopactsopum B Boje. Ha Bo3nyxe nmoaaepkuBaeT rOpeHHE MHOTHX
BeniecTB. CHJIbHBIN OKUCIUTENh — MPH BBICOKUX TEMIEpaTypax pearupyer ¢ OOJIbIIMHCTBOM
METAJIJIOB U HEMETAJIJIOB.

[Ipocreiimas kauecTBEHHAs! peakIUs — IPKOE 3aropaHue TICIONIEH APEBECHON JIyYMHKH B
aTMocdepe KUCIopo/a.

[IpumensieTcs Kak peareHT B XUMUYECKOM TEXHOJIOTUU (00XKHUT CYIbQUAHBIX Py, CUHTE3
OKCHJIOB), METAJTypPTUH (IPOM3BOACTBO YyTI'yHa, CTAJIN), CBApKe U pe3Ke METaJIOB U T. 1.

IHony4enmne:

OcHoBHON  (mpomblnuUIeHHBIH). M3  BO3ayXa  METOOOM  HU3KOTEMIIEpaTypHOMU
pexkTuduKanuu (KUIKANA BO3AYX pa3IesaeTcs Ha KUCIOPOI U a30T).

Cepa — XUMHUYECKU aKTUBHOE BELIECTBO. VI3BECTHBI €€ COEIMHEHNUS IOUTH CO BCEMU
3JIEMEHTaMH, KpoMe OJIaropoHBIX Ta30B, a Takxke Au, Pt, I, At
I'oput Ha Bo3ayxe: S + Oz = SO;

IHonyyenne:
B na6oparopusix ycnousix: FeS + 2HCI = HpS1T + FeCly

ol

wn e
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dopma A Crpanura 23 u3 61




MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

. N Dopma
VY IIbSIHOBCKHUI TOCYIapCTBEHHBII YHHBEPCUTET

@ - Pabouast mporpaMma JUCLUHUIUTAHBI

Bonee uucteiii Ta3 oOpa3yercs mpu paznoxeHun cyiabpuma kameius: CaS + 2HCI =
HQST + CaC|2

JKCIEePUMEHTAJIbHAS YaCTh

Kucaopon. Ilepokcua Bogopona

Omnpit 1. IosryyeHue u cBOMCTBA KUCJI0POAA

B cyxyro nmpoOupky momectuTe MpUOIM3UTENIBHO 2 T MEpMaHTaHaTa Kalus. YKpermuTe
npoOMpKYy B JIalKe MITaTUBa U HarpeuTte ee. Bpimenstoniuiics ra3 HMCHObITaTe ¢ MOMOUIBIO
Tietomel 1yduHKU. CocTaBbTE€ ypaBHEHUE PEAKIIUM.

OmnbiT 2. KaTranuTnyeckoe pasJjioxkeHHe MepoKCHAa BOA0OPOIA

a) Haneiite B mpobupky 8-10 kamensr 3%-noro pactBopa HyO, u BHecute B mpoOUpKy
HECKOJIbKO KPHUCTAJUIOB JMOKCHJA MapraHila B KauecTBE Karaiau3aropa. Beimensromuiics ras
UCIBITAlTE ¢ MOMOIIBIO Tieromel JyunHkd. CoctaBbTe ypaBHeHHE peakiuu. K kakomy Tumy
OKHUCJIUTEIHbHO-BOCCTAHOBUTENBHBIX PEAKIIUI OHA OTHOCHUTCS?

0) Haneiite B mpoOupky 6-7 Karenb HACBHIIICHHOTO PacTBOpa IUXpoMaTa KaJus U CeTKa
nonorpeiite. Jlob6aBpre 2 kamm 30%-HOro pactBopa mepokcuaa Boaopoaa. IIpoucxomut
HOYEepPHEHHE PACTBOPA 3a CUET 00pa30BaHMs IPOMEKYTOUHbIX coepuHennit Tuna Ky[Cr07
‘H20,]. Yepe3 1-2 MUHYTBI IPOUCXOIUT OYpHOE Pa3IOKEHUE MPOMEKYTOUHBIX COSAMHEHUH C
BBIJICIIEHUEM KuClopona. BHecute B TpoOMpKYy TiCONIyI0 JyduHKY. YTO mpoucxomut?
CocraBpTe ypaBHeHHEe peakuuu. K KakoMy TUIy OKHCIHUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHIA
OHa OTHOCUTCS?

OnbiT 3. OkHCIUTEIbHBbIE CBOICTBA MEPOKCH/IA BOIOPOAA

B npobupky k 3 kamisMm pacTBopa MoAMJa Kalus NpubaBbTe 2 Kauid pa30aBICHHOIO
pacTBOpa CEpHOM KHCIOTBHI M 3aTeM MO KamiasMm npubasisiite pactBop HoOz 1o mosiBnenus
xentoil okpacku. OOpa3zoBaHHE HoAa CTAaHOBHUTHCS OoJjiee 3aMETHBIM, €CIUM K pacTBOPY B
npoOupke 100aBUTh HECKOJIBKO Kallelb OPraHMYECKOTO PAacCTBOPHUTENS WJIM HECKOJIBKO Karleslb
KpaxmajipHOro kielicrepa. CocTaBbTe YpaBHEHHE PEaKIUU.

OnbiT 4. BoccTaHOBHTE/IbHBIE CBOWCTBA MEPOKCHAA BOAOPOAA

a) B mpoOupky BHecute 2-3 KarM pacTBopa MEpMaHTaHaTa Kaiauss W 2-3 Karui
pa30aBIEHHOTO PAcTBOpA CEPHOM KUCIOTHL. 3aTeM K MOJYyYEeHHOMY B HpPOOHpKE pacTBOpPY
n00aBbTE HECKOJIBKO Kallellb pacTBOpa MepOKCHIa BOJOPOAa O U3MEHEHHUS OKPACKH pacTBoOpa.
Beipensromuiics ra3 UCHbITAaUTE € TMOMOIUBIO TiElOIIEeH JyduHKH. CocTaBbTe YypaBHEHHE
peakuuu.

6) K 4-5 xannsm pacTtBopa HUTpaTa cepeOpa 100aBbTe MO KaljsiM PacTBOpP aMMMaKa Ji0
pactBopeHHs oOpa3oBasiielica MyTH. K nomyuyeHHOMY pacTBOpy nmprOaBbTe 10 Karisim 3%-Hbli
pacTBOp MepoKCcHIa BOJOPOa. 3aMUIIUTe HAOIIOICHHS U COCTaBbTE YPaBHEHUS PEaKLIU.

KoHnTpoJsbHbIe BONPOCHI
1. DrnexTpoHHOE CTPOECHHE U MapaMeTphbl AaTOMOB JIEMEHTOB TJIaBHON MOATPYIIIHI MIECTOM
rpynnsl. [leproanyHocTh UX U3MEHEHHUS.

Kucnopona: kucnopon B npupojie, Bo3ayx. Ilonyuenune kucnopona.

CBolicTBa M1 TPUMEHEHHUE KUCIOPOa.

ITepokcnn Bonopoaa. Onucats crpoenne Moaekynsl HyO,. [Touemy ata Mmosnekyiia nosnsipHa?

VYkazaTh crnocoObl MOJydyeHUs MEepOKCHAa BOAOPOJA, MPUBECTH ypaBHEHUS  peaKlUu.

Moxno mu nomyunts HpO, HenmocpencTBEHHBIM B3aMMOJEHCTBHEM BOAOpPOJA M KHCIOpoAa?

OtBeT 000CHOBATH.

6. Hammcate ypaBHEHHE peakIMH pas3oXKeHHs Nepokcuaa Bogopoxa. K kakomy Ttumy
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUIl OHA OTHOCUTCS?

7. TlpuBecT npHUMEpBl OKUCIHUTEIBHOIO M BOcCTaHOBUTENbHOro aeiicreus H,Op. Ha uem
ocHOoBaHO npuMeHenue HoO, B Meauine.

8. Hammcars ypaBHEHUs peakuuii B3aMMOIEHCTBHS MEPOKCHIA BOJOPOAA C IEPMAHTaHATOM Kalus B
KHCJION CpeJie; MOIMAOM KaJlvsl B KMCJION CPEJIe; XpOMaToM Kajius B IIEJIOYHOM Cpeie.

akrownn
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9. O3o0H.

Cepa u ee coefuHEeHUS

OnpiT 1. BoccTaHOBHTEIbHBIE CBOMCTBA CEPbI

Tara! B npoOupky HanewTe 1-2 MJI KOHIICHTPUPOBAHHOTO PACTBOPa a30THOM KHCIIOTHI U
BHECHTE B IPOOMpPKY HEOOMbIION Kycouek cepbl. ComepkuMoe MpoOUpKH Harpeire. A30THas
KHCJIOTa TPU 3TOM BOCCTaHaBiMBaeTcs 10 okcuaa azota (1), a cepa okucnsercs g0 cynbdar-
MOHA, KOTOPBIH MOXHO JIETKO OOHApPYXHUTh, J00ABUB K MOJYYEHHOMY PAcCTBOPY HECKOJBKO
Karejab pacTBopa xjopuna Oapusi. CocTaBbTe€ YpaBHEHHS PEAKIUil OKUCIEHHUS Cepbl U
oOHapyXeHHs Cynb(aT-HoHa.

OnpiT 2. BoccTaHOBHTE/IbHBIE CBOWCTBA CEPOBOAOPOA.

B npobupky BHecuTe mo 2-3 KaliM pacTBOpa: a) IepMaHraHara Kanus, 0) auxpomara
kanus. B mpoOGupky no0aBbTe 1o 2-3 Kamiau pa30aBiIeHHON CEpPHOM KHMCIOTBI M HECKOJBKO
Kalejab pacTBopa Cylb(puaa HaTpUsl JO U3MEHEHUs OKpacku pacTtBopa. CocTaBbTE YpaBHEHME
pEaKIHH.

OmnbiT 3. BoccTaHOBHTE/IbHBIE CBOHCTBA PACTBOPA INOKCH/IA CePbI U CYJIb(HUTA HATPUA

a) B mpoOupky Hazjeilite mo 2-3 kamium pacTBopa JuUXpoMaTa Kajlus M pa3z0aBlieHHON
cepHoil kucnotbl. K cMmecn 100aBbT€ HECKOJBKO Kallejlb pacTBOpa CEPHUCTOM KHUCIOTHI WIH
HECKOJIbKO KpPUCTAJUIOB cyiabpuTa HaTpusa. OTMeTbTe H3MEHEHHe IBeTa pacTBopa. Kaxue
CBOICTBa MPOSIBIISIET CEPHUCTAsI KUCIIOTa WK €€ COJb B ATOW peakuuu? CocTaBbTe€ ypaBHEHUE
OKHUCJIUTEIBbHO-BOCCTAHOBUTENBHON peakuui. (JlaHHON peakiuell MOXKHO OTKPBITh MOH SO3” B
OTCYTCTBHUHM JIPYTMX BOCCTAHOBUTENEH)

6) B mpoGupky ¢ 3-5 kamasiMu pacTBOpa CEPHUCTON KHMCIOTHI J0OaBbTE HECKOJIBKO Kalellb
3 %-Horo pactBopa mepokcuaa Bojopoaa. OTMeTsTe Kakue U3MEHEHUS TPU 3TOM HPOHCXOISAT.
Kakum 00pa3oM MOXHO J0Ka3aTh MPUCYTCTBHE MOHA SO, B npoaykrax peakuuu? CocraBbTe
YpaBHEHUE PEAKINH.

OnbIT 4. CpaBHHTE/ILHASA OlIeHKA PACTBOPUMOCTH cyJIb(uTa U cyjbdaTa Oapus B

kuciaore. O6HapyskeHue cyjab(aT-uoHa

B oany mpoOupky BHecuTe 2-3 Karui pacTBopa cyiabdaTa HaTpHs, B APYryro — 2-3 Karum
pactBOpa cynb¢uTa Hatpus. B 0o0e mpobupku nobasbTe 1-2 Kamim pactBopa xjiopuja 6apus. B
o0enx I5m mnpobupkax BeIMagaeT ocaaok? JlobaBbre B 00€e mnpoOupku no 2-3 Karmu
pa30aBiIeHHOI a30THON (consHON) KucnoThl. OOBscHUTE HaOmogaeMble siBieHusi. CocTaBbTe
YpaBHEHUs peaKIUui MONydeHHus: cynbdaTta U cyiabdura O6apus W pacTBOPEHUS TMOCIEIHETO B
KHCJIIOTE.

KoHTpoJibHbIE BONIPOCHI

Cepa: cepa B ipupo/ie, MOJIyYeHHE CEPHL.

CBolicTBa U IPUMEHEHUE CEPBI.

CepoBonopon, cyinbduasl. Hanummrte ypaBHeHHs peakliuy B3aUMOAEHCTBUS Cylb(u

xkenes3a (IT) ¢ consHoM KUCI0TON U a30THOM KHUCIOTOM.

Jlnokcun cepbl, cepHUCTAsE KUCIIOTA.

Tpuokcun cepel, cepHasl KMCIIOTa, €€ MOJIyYeHHE, CBOICTBA U IPUMEHEHHE.

[TepokcoaBycepHast U THOCEpHAs! KUCIOTHI.

CoennHeHueE cepbl ¢ rajloreHaMu.
ITopsinok paGoThI:

[TosryunTs OT IpenogaBaTess 3alaHue.

BbInonHUTE paboTy COrTaCHO METOANYECKHM PEKOMEHIAIHSM.

OdopmMuTh IPOTOKOJ pabOTHI.

Bbutnth 0TpaboTaHHbIE pacTBOPHI, TOCYY BEIMBITE. CliaTh pabouee MecTo.
Conep:xanue oT4era:

wn e

No ok

N =
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1. Tema u uenb paboOTHI.
2. HaGmonenus, ypaBHEHUS peakIMii MO KaX10i yacTu pabOTHI.
3. BbIBOBI 110 IPOJIETaHHOM padoTe.

Yacts B. DiemenTsl VA-rpynnbl nepuogndeckoil CMcTeMbl 3J1€MEHTOB M UX

COeJUHEeHHSI.
esab padoThi:

N3yunTh XMMUYECKHE CBOMCTBA COEAMHEHUN a30Ta.

N3yunth Xumudeckue cBoicTBa (hochopa u ero coeTMHEHUIA.
Coaepixanue padoThI:

[Tonydenue a3ota v CoJield aMMOHUS, UCCIIEIOBAHUE UX XUMUYECKUX CBOWCTB.

[Monyuenue okcuaa azora (l1).

HccnenoBanue OKUCIUTENBHBIX CBOMCTB a30THOM KHCIOTHI.

XuMudeckue cBoricTBa (ocHOpPHOM KUCIOTHI, moay4deHue hocdaToB u ruapodocdaros..

IIpudopsbI U peakTHBBI:

1. TIpoOupku, cnupTOBKa, Hep>KaTelb Ui MPOOUPOK, MHUIETKH, JIOMATOYKa, KarelbHas
BOpPOHKAa, Ta300TBOJHAs TpyOKa, XWMHUYECKUH CTakaH, Kojba, Oymara (MOJIOCKH),
JaKkMycoBas Oymaxkka, GUIbTpoBaibHAs OyMaXKKka, CTEKJISTHHAS Mallouka, TyYHMHKA, CIIHYKH,
YHUBEpCaIbHasi MHIUKATOpHAs Oymara, IITaTuB.

2. Jluxpomart kanus (Cyxom), coysiHast KUCIIOTa (KOHII.), CepHasi KUCI0Ta KOHIEHTPUPOBAHHAS U
pazbaBienHas (2H), noaua Kanus (pacTBop), MOAUA Kanus (Cyxoi), XJopua HaTpus (Cyxoi),
XJIOpUJ HaTpus (pacTBOp), IepMaHraHaT Kaius (pacTBOp), JJAKMYC, METHIIOPAHK, KyCOUeK
Maraus (WM LMHKAa), HUTpaT cepedpa (pacTBop), OpoMu kanus (Cyxoit), OpomMu Kamus
(pacTBOp), xn0puna xenesa (I1I) (pactsop).

Boansie pactBopsl Gocdara HaTpus, runpodocdata Hatpus, guruapodocdarta HaTpus, cynbdara
xene3a (), pomanmga kanmus KSCN, xmopupma Oapusi, CONSIHOW KHUCIOTBHI, a30THOW KHCIOTHI,
YKCYCHOM KHCTIOTBI, THIPOKCHIA aMMOHHUSI.

Teopernyeckue cBeieHusI.

B VA rpynny Bxoast a3or, gochop, MbIIBIK, CypbMa U BUCMYT. A30T u (ocdop -
TUMWYHBIE HeMeTauibl. Bucm — wMetamn. OOmas 2neKTpoHHas  KoHpUryparus
HEBO30YKJICHHOTO aToMa — nsznp , C TpeMsl HECIIapEHHBIMH 3JIEKTPOHAMHU Ha P-OpOUTAIH. ITO
JIOBOJIBHO yCTOMUMBas 3NEKTpOHHAs KoHurypanus. [Ipucoennnenne uimm yaaaeHue JIeKTpoHa
C P-OTOMHOI OpOUTANIN PHEPTETUUECKU HE BBITOJHO, TO3TOMY CTeleHb oKuciaeHus (-1) wm (+1)
BCTPEUAETCs PEAKO U MOJ0OHOTO TUIIA COSAMHEHUS HEYCTONYNBEI.

Crenenn okucieHus (+3) pean3yeTcsi B COEIMHEHHIX ¢ 00Jiee AIeKTPOOTPHUIATEIbHBIMA
aJIeMeHTaMu — GTOpoM, kuciopoaoM u xsopom (NF3, HNO,, PCls).

CreneHb OKHCICHHS (-3) HMEIOT 3JIEMEHTHI B BOJOPOAHBIX coenunenusnx (NHsz, PH3),
autpuaax (LisN, MgsNy), bochunax (CazPy).

Crenens okucrennst (+5) Berpeuaerest B okerzax (N2Os, P2Os, As,Os), kuciorax (HNO3, HsPO,,
H3ASOy).

A3O0OT (N) — npocroe BerecTBO. becBEeTHBI ra3, KOHACHCUPYETCS B OECI[BETHYIO
KHUJIKOCTh. MOJIEKya COIEPKHUT KOBAICHTHYIO G-, -, Tt- CBs3b (N = N).

A30T — rI1aBHasi COCTABIISIFOIIAS YaCcTh BO3MyXa. ManopacTBopuM B Bozie (M MEHBIIIE YeM KHCIIOPO]T).
Bxonut B cocTaB HEOOIBILIOTO YKCIa MUHEPAIOB(CETUTPHI U JIP.), HEKOTOPBIX MPUPOAHBIX YIIEH.

IMoay4yenne:

B npoMBIIIIIEHHOCTH 30T MOMYYaroT (PPaKIMOHHON AUCTHIUISILIAEH KUAKOTO BO3/1yXa.
A3OT BBIKMIAET /10 KUCIOPOa.

B naGoparopuu mpyUMEeHSIOT peakiuu:

2NH;3 + 3Br, — N1 + 6HBr

NH,Cl + NaNO, — N>1 + NaCl + 2H,0

NHsNO3 0p) — Not + 2H,0

.
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IIpumensiercss [Uid CUHTE3a aMMHaKa, a30THOM KHCJIOTBI M JPYTHX a30TCOJEpKaLIUX
IPOAYKTOB, KAK MHEPTHAsl CpPe/a MPOBENCHUS XUMUYECKUX U METAJUIYPrUYECKUX MPOLIECCOB U
XPaHEHUsI OTHEOMACHBIX BEIIECTB.

P — docdop. — DOnementr 3 -ro mepuona u VA rpynnsl [lepuoauueckoil cucTEMBI.
[TopsinkoBeiii HOMep 15. DnekTponHas ¢opMyia aroma ...3523p3, YCTONYMBAsl CTEIECHb
OKHCJIEHHUS 15, pexe BCTpedaeTcsi CTENEeHb OKUCIEHUS -3 U +3.

B npupone BcTpedaercs TONBKO B XMMHUYECKH CBS3aHHOM BHJe. Bxomut B cocraB
MHOT'OYHCIICHHBIX MHHEPAJIOB, Py ¥ TOPHBIX 1OpoJ (pocdartsl, anaTUThI U Jp.).

Beaplii_docdop (P — MATKHH Kak BOCK (pexercss HokoM). IlmaButcs m xumur 6e3
paznoxkeHusi. OKUCIAETCS Ha BO3JyXe (3€JIeHO€ CBEUEHUE B TEMHOTE) MpU OOJBIION Macce
BO3MOXXHO CaMOBOCIIaMeHeHHE. B 0coObIX yCNOBHUSX NEPEBOAUTCS B KPACHBIA M UYEPHBIN
docdop.

Xopo1o pactBopuM B OeH3o01i1e, ddupax, cepoyriepojae. He pearupyer ¢ Booid, XpaHUTCS
MOJI CJI0EM BOJIbl. Upe3BbIYaiiHO XUMUYECKU aKTUBEH.

IMonyuyenne Oemoro ¢ocdopa TPOBOAAT BOCCTAHOBIECHUEM ¢ocdaTa  KaIbIHS
pacKaJeHHBIM KOKCOM (B IPOMBIIILIIEHHOCTH )

Caz(POy), + 3SiO; + 5C — 2P71 + 5CO1 + 3CaSiO3

[Iporiecc cOCTOUT U3 CAEAYIONINX CTaHMA:

2C3.3(PO4)2 — 6Ca0 + 2P,05

P,0s + 10C — 4P1 + 10CO

Ca0 + SiO, = CaSiO3

IIpumensiercsi: B npousBojcTee GpochopHOit KUCIOTH U KpacHOTO (ocdopa, Kak peareHT
B OpraHMYeCKUX CHHTE3aX, PACKUCINUTEIb CIUIABOB, 3aKUraTelIbHOE CpeACTBO.  ['opsimumit
dochop crenyer racuth neckoM (Ho He Bojoi!). Upe3BblualtHO SJOBHUT.

Yepuriii_docdop (P - WMEET CIIONCTYIO CTPYKTYpPY, IO BHEIIHEMY BUAY ITOXO0X Ha
rpagut. [Ipu HarpeBaHMM MepexXOmUT B KpacHbIA (ocdop. XuMudeckas aKTMBHOCTb 3HAYUTEIIHHO
HIDKE, yeM y Oenoro ¢gocdopa. Ycroituus Ha Bozayxe. He simosut. Tlomydarot npu HarpeBanuy 0esnoro
docdopa.

IIpumensieTcs kak peareHT (Oosee Ge30macHkbIi, yeM Oenblii (pocdop) B HEOPraHUUECKOM CHHTES,
HaIOJIHUTEJTh JIAMIT HAKTMBAHUS, KOMIIOHEHT HaMa3KK KOpoOKa Ipy M3roTOBIEHMH crinyek. He sioBuT.

IKCIEPUMEHTAJIBHAA YACTh:

A30T M ero COeANHEeHHU .

Omnpit 1. [Tosryyenne ammuaka

K 4-5 xamism pactBopa Xxjopufa WM cyinb(aTa aMMOHHUS TNPUIEHTE paBHBIA 00bEM
pa30aBIeHHOTO pacTBOpa THApPOKcHIa Hartpus. PactBop cnerka mojorpeiite. K oTBepcTuio
NpOoOUPKH TOAHECUTE BIAXKHYIO JIAKMYCOBYIO (YHUBEpPCAIbHYIO) OYMaXKy WJIH TIOJOCKY
¢wibTpoBaNIbHOM Oymaru, cModeHHyIo ¢(eHondTanenHoM. bymaroii He KacaiTech CTEHOK
npobupku. Kak uzmensiercs user 6ymaru u nouemy? (KauectBenHas peakiysi HAa MOH aMMOHHS).

OnbIT 2. BoccTaHOBHTEIbHbIE CBOMCTBA aMMHAaKa

Buecure B mpobupky 2-3 karui pacTBopa repMaHraHaTta kanus u 3-5 xamnenb
KOHLIEHTPUPOBAHHOTO pacTBOpa ammuaka. [lomyuennyro cMmech cierka noporpeire. Kax
M3MEHsETCs OKpacka pacTBopa? HanuiuTte ypaBHeHHE peakuy, YIUThIBasI, YTO aMMHUaK
OKHCIISieTCs 10 CBOOOTHOTO a30Ta, a IepMaHraHaT Kajius BOCCTaHABIMBAETCS JI0 JTUOKCUIA
Maprasiia.

OnbiT 3. OTHOLIEHHE COJIel aMMOHMS K HATPEBAHUIO.

A) Ilomecture B CyXyl MNpPOOHMPKY HEMHOTO KPUCTAIMYECKOTO XJIOPHIAa aMMOHHS H
Harpeiite mpoOupky. OOpaTuTe BHMMaHWE Ha OOpa3oBaHWE OEJIOro HajleTa Ha XOJOIHBIX
CTEHKaX BepxHel yactu mpoOupku. CocTaBbTe ypaBHEHUE PEAKIIHH.

b) BozpmuTe Ha KOHUMKE HIMATessl HEMHOTO Cyb(aTa aMMOHUS, IPEIBAPUTEIHHO
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pacTepToro B CTYIKE, M BBICBIIIBTE COJb B Cyxyio mpobupky. [Ipobupky Harpeiite. ObpaTute
BHUMaHUE Ha 3amax, MOSBHUBIIHUNCS BO BpeMsi HarpeBaHus. [logHecuTe K OTBEPCTHIO IPOOHPKH
BIQXHYIO JIaKMyCOBYI0 Oymakky. Uto mpoucxomut? OcraBiieecs BEIIECTBO B IMPOOHPKE
pacTBOPUTE B BOJE U ONPEICIUTE XapakTep cpeabl B pacTBope. Hanumure ypaBHEHHS peakiuil
pasnokeHus cyibdaTa aMMOHHUS W JIMCCOITMAIIMKM B PAcTBOPE BEIIECTBA, O0Opa30BaBIIETOCS B
pe3ynbTaTe pa3yIoKEHHUs COJIU.

B) B cyxyro nmpoOupky HachlllbTe HEMHOTO JUXpoMaTa aMMOHUs. 3aKpenuTe ITPOOUPKY B
TaTUBE BEPTHUKAJIBbHO, U HEMHOro mojorpeire. Kak TOJIbKO HA4YHETCS pa3yioKEHHUE COJIH,
HarpeBaHue npekparure. Yto HabmrogaeTcsa? Mmeror i 3amax mpoayKThl PEakluK Pa3iosKeHUS
conu? CocTaBbT€ ypaBHEHHE peakuud. B dem oTiaMuMe MOBEICHMS] 3TOM COJIM OT COJIEH B
OMbITaxX, MPOJENaHHbIX A0 3Toro. Kakme comm aMMOHUSI pa3iararoTcss MOJO0OHO AMXPOMATy
aMMOHUS?

OnbiT 4. 'uaposu3s coJieit aMMOHUS

C nomoupto pH-uHAMKaTOpHON OyMaru ornpeneanuTe XapakTep Cpesibl B pacTBOPE XJIOpUIa
win cyib(ara aMmmMoHus. HanumuTe ypaBHeHHe peakiMu rujaponnsa coiau. EcTb nu pa3Huina B
TUAPOIIN3E ITUX COJIEH.

OnbIt S. Ionyyenue oxkcuaa azora (II)

B npoOupky ¢ ra3ooTBOJHON TPyOKOW MOMECTHTE HEMHOTO MEJKHX CTPY)KEK MeAu U
npubaBbTe HECKOJBKO Kamenb pa30aBleHHOW a30THOM kucioTel (p = 1,2 r/mm). 3akpoiite
npoOUpKy NMpoOKoi U cierka ee HarpeiTe. OOpaTuTe BHUMaHUE HA I[BET BBLACISIONIEIOCs rasa.
YacTp raza cobepute B MpoOMPKY Haj BOJOH, a APYI'YyIO 4acTh MPOMYCTUTE B MPOOUPKY € 5-6
KarusiMK pacTBopa cynbghata xenesa (11).

OnbIT 6. CBolicTBa a30THOI KMCI0THI. B3anMoneiicTBue ¢ MeTasl1aMu

ITomecTrTe B MpoOMPKY HEMHOTO LIMHKOBOW IBUIM MJIM CTPYXKEK MarHus U NpubaBbTe
HECKOJIBKO Karelslb 04eHb pa30aBIeHHON a30THOM KucioTel. B3bonTaiite cmeck. [1o 3amaxy
OIpeAenuTe, Kakoil ras Boiaensercs. CocTaBbTe ypaBHEHUE PEAKIIMH.

OmnbiT 7. B3anMoaeiicTBHe a30THOM KHCJIOTHI ¢ HEMETAJJIAMH

B dapdopoByro vamiky HaneiiTe HEMHOTO KOHIIEHTPUPOBAHHOM a30THOM KUCTIOTHI.
[Tonoxxute B KUCIOTY HEOOIBIION Kycouek cepbl. [locTaBuB Haliky Ha acOECTOBYIO CETKY,
OCTOPOKHO ee HarpeTe. Uto Habmomaerca? OxiaauTe peakiMOHHYIO cMech. Heckombko
KareJab CMECH MTOMECTUTE B IPOOHPKY M 1006aBbTe 2-3 KAl pacTBOpa XJopuaa Oapusl.
CocraBbTe ypaBHEHUS pEaKIIHil.

OnpIT 8. OkKcAUTEIbHbIE CBOMCTBA 2a30THOM KUCJIOTHI

K 3-4 xamisiM cBeXENpHUroTOBICHHOTO pacTBopa cynb(dara xenesa (II), moaxucieHHOTo
Karuiel pa30aBICHHOW CEPHOW KUCIOTHI, MpUOaBbTe 5-6 Kamenb KOHIIEHTPUPOBAHHOW a30THOM
KUCIIOThl. CMech HarpeiTe A0 Hadaia KuneHus. Heckonbko Karenb MOJy4eHHOro pacTBOpa
pa3baBpTe BOJOM W J00aBbTE OAHY KaIUIl0 pacTBOpa poJaHuaa amMMoHHUs (kanus). Yto
npoucxoaut? [IpeaBapurenbHO yOeaUTECH B TOM, UTO UCXOAHBIN pacTBOp cynbdara xenesa (II),
HE JaeT WJIN MOYTH HE AT OKPAIIUBAHUS C POJAHUIOM aMMOHHS.

KoHTpoJbHBIE BONIPOCHI:

OO0m1ast xapakTepucTHKa V MOArPYIIIbI TTIAaBHON TPYIIIHI.
PacnpocTpanenue a3ota B mpupoe, MoayyeHue.
CBolicTBa 1 TPUMEHEHHUE a30Ta.
AMMHaK.
OKkcugrl a3oTa.
A30THCTas KUCIIOTA U €€ COJIU.
A3OTHas KHCJI0Ta, CBOMCTBA, COJIH.

NogakwdpE
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®Dochop u ero coeTUHEHUs

OnbIt 1. 'uaponus coJieit pochopHOi KHCTOTHI.

Conu (l)OC(l)OpHOIZ KHCJIOTBI, pAaCTBOPUMBIC B BOAC, THAPOJIU3YIOTCA. FI/IILPOJ'II/I?) IMMPOTCKACT HCOAUHAKOBO Y
CpPEIHUX U KUCIBIX cojell. [Tpu ruaponnze KUCIbIX COIell MEN0YHbIX METANIOB OJHOBPEMEHHO € THIIPOIU30M
AHUOHOB IIPOTEKACT UX JUCCOUAIINA:

H,PO, + H,O0—H3PO, + OH; HPO4> + H,0— H,PO,+ OH

H,POs— HPO/ + H'; HPO, PO + H*

C moMompI0 YHHBEPCATbHOW WHAMKATOPHOW Oymard IpOBEphTE XapakTep Cpelsl B
pactBopax coieit NasPO4, NaoHPO,4, NaH,PO,. TlonyueHHble OKpacku MHIMKATOPHOU Oymaru
CpaBHUTE C LIBETHOW mIKanoil pH- nanukaropHoit Oymaru. Pe3ynbTarhl onbeita opopMuUTe B BUIE
TaOJIULIBI.

PactBop conn pH cpenst BriBox

N8.3PO4

Na,HPO4

NaH2PO4

Peakuust o6pa3oBanust pacTBOpUMBIX (HhochaTOB MIUPOKO HUCHOIB3YETCS B aHAIUTUYECKOM
XMWY KaK KadeCTBEHHast peakuus Ha GocgaT-uoH.

OmnbiT 2. O0pa3oBanue ¢gocdara xeaesa (I11).

K 3-4 kamuiam pactBopa cyabdara xenesa (I11) Fep(SO4)s npunetite 2-3 karmmm pogaHuaa
kamuss KSCN u Heckonbko Kamenb pacTtBopa, conepxkamiero ¢ocdar-uon NaHPO,. Kpachas
OKpacKa pacTBOpa HMcue3aeT B pe3yJbTaTe Nepexoja pojaHuia Keje3a B MaJlopacTBOPUMBIiM
docdar, umeromuii cnadbo->KenThIl 1[BET.

OmnbiT 3. O0pa3zoBanue rugpogocdara 6apus

K 2-3 xamrsm NayHPO, npubaBeTe Heckonbko kanenb xiaopuaa 6apus BaCl,. O6pasyercs
6enbiii ocagok BaHPO., pactBopumselii B comsgHoit HCl wm asortHoit kuciore HNO3z u
HepacTBOpUMBIN B ykcycHoW. [IpoBepbTe pacTBOopuMOCTh oOcaika B Kuciorax. CocraBbre
YPaBHEHHUs pEaKLUil.

OnbiT 4. O0pa3zoBanue ¢gocdara cepedpa.

K 3-4 xamuiam pactBopa NagHPO, noGaBete 1-2 karum pactBopa HuTparta cepedpa AgNOs.
Oo6pa3zyercs xenToiii ocanok AgsPO, , pacTBOpUMBIN B pa3zdaBieHHON a30THON kuciaore HNO3 u
pactBope ammuaka NH4OH.

KonTpoJsbHbIe BONpocCHI.
®ocdop. PactipocTpaHeHHOCTH B IPUPOJIE, MOJIyUYEHUE.
®dusnueckue cBoiicTra hochopa, MpUMEHEHHE.
Coenunenus (ocdopa ¢ BOJOPOIOM H raJIOTeHAMHU.
Oxkcuapl hocdopa.
Kucnotsr gpocdopa.
MunepanbHbIe YI00peHus, conepxkammue Gochop u a3or.

ok ownE

Yacrte I'. Duementsl IV A-rpynnsl nepuoau4ecKoil CHCTEMbI 3JIEMEHTOB U MX
COCJUHEeHHSI.
eab padoThi:
N3ydeHne XuMUUYECKUX CBOMCTB yriepoia, KPEMHHUS, OJIOBA, CBUHIIA U UX COCTUHEHUH
2. O3HaKOMIICHHE C TaOOPATOPHBIMHU CITOCOOAMH MOTyUYEHHUsT KapOOHATOB M KPEMHHUEBOM
KHCJIOTBI.
Conep:xanue padoThbI:
1. Tlomydenwue u pasnokeHHE KapOOHATOB.
2. TlomydeHune KpeMHUEBOW KHCIIOTHI.
IIpudops! U peakTUBBI:

o
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1. IlpoOupku, NHUIETKH, IITaTUB, Ta300TBOAHAs TpyOKa, Koyiba, CTEKJIsIHHAs MaJIOuKa,
CIHMPTOBKA, JeprKaTeb Il IPOOUPOK,

2. Bopnsie pacTBOphl Xjopuaa Oapus, cynbdarta nuHKa, xjaopuna xenesa (III), kapbonara
HaTpusl, CWIMKaTa HaTpus, xjopuga ojoBa (II), mepmanranata Kamusi, CEpHOW KHUCIOTHI,
COJITHOM KUCIOTHI (pas0.), a30THOM KUCIIOTHI (pa30.), THIAPOKCHIA HATPHS, CYIb(UIa HATPUS,
MOJU/1a KaJus; U3BECTKOBas BoJa, KapOOHAT aMMOHHMS (TB), KOHLEHTPUPOBAHHASL COJISIHAS
KUCIIOTA, METAUTMIECKH 1IMHK, okcua ceuHna (11).

Teopernyeckue cBeieHMsI.

B IVA rpynny BXoAsT yriepol, KpeMHUH, T€pMaHUM, OJIOBO W CBHHEN. DJEKTPOHHAs
KOH(UIYpALHs aTOMOB B CTAIMOHAPHOM COCTOSHHM: Ns°NP’, MPHYeM Ha P-aTOMHOI OpOHTaIH
HaXOJATCS JIBa HECTIAPEHHBIX JIEKTPOHA.

B cBoux coenuHeHusix snemeHTHl [VA rpynmbsl MMEOT Kak NpaBWilo, JBE CTENEHU
okucnenus: (+2+ wmm (+4). YCTOMYMBOCTh COCJAMHEHHH CO CTENECHBbIO OKHCICHHUS (+2)
YBEJIMYUBAETCS OT yIJIepo/ia K CBUHILY.

[Ipu nepexosie OT coelMHEHUH Yrieposia K COeAMHEHHUSIM CBUHIIA BO3PACTAET MOJISIPHOCTh
cBsI3¢i, M B KprcTamiax coxeii Tuma Pb(NO3)z, PbCl, u apyrux yike mpucyTcrByioT HOHBI Pb*2,
Opnaxo moutu Bce BemiecTa, coaepsxkamire Sn (IV) u Pb (IV), SBAst0TCS KOBATEHTHBIMH.

OcHoBHBIE 3amachkl yriepoaa cocpeoToueHbl B kapoonarax: kanpiure (CaCO3), monoMure
(MgCO; -CaCOs3), marnesute (MgCO3). Pa3HOBHIHOCTH KAJIBIIMTA: MEJ, MPAMOp, U3BECTHSIK.

KpemHuii  BXOZMT B  COCTaB  MHOTOYMCIIEHHBIX TOPHBIX MOpPOJX  (CHJIMKATBHI,
QITIOMOCHJTMKATHI), B OOJBIINX KOJMYECTBAX HAXOAUTCA B 3eMHOU kope B Buue SiOy (TOpHBII
XpycTalb, OMall, araT, IMa, XalleIoH 1 JIp.).

3amachl 0J10Ba ¥ CBUHIIA B 3€MHOI KOpe orpaHuueHbl. Bakneiei 1 mnoutu equHCTBEHHON
pyaol Uil TOJYy4YeHMs OJioBa  SIBISETCS  «OJOBSHHbIM KkameHb» SnO,. Haubonee
pacnpocTpaHEHHBIM MUHEPAJIOM CBUHIIA ABJseTCs TajgeHuT (PbS).

I'epmanuii — paccessHHbII »JIEMEHT, CBOMX MHHEpaJoB OH He o0pa3yer, Bceria
COIIPOBOKIAE€T KPEMHHUH B €0 COSAMHEHUSIX U KOHIIEHTPUPYETCSl B KAMEHHBIX YTIISX.

B cBoG0HOM BHJIE BeTpeyaeTcs B MPUPOJIE TOJIBKO yriepoJ (anmassl, rpadur, kapOouH) u
0JIOBO B BHJE CEPEOPUCTO-KENTHIX KPHUCTAJUIOB, BKJIIOYAIOIIMX 30JI0TO, IJIATHUHY, HUPUIMI,
OCMUH, Me/lb. YTIEpO/ ABJISETCA COCTAaBHON YaCThIO MCKOMAEMbIX yIiiel (aHTpaluThl, KAMEHHbIE
u Oypble yriu, Topd, HEPTH).

YcroitunBas aquioTponHas ¢popma CyIeCTBOBAaHU 3JI€MEHTa yriepo — rpadur.

I'padur — cepo-uepHBI, C METAIMYECKUM OJIECKOM, >KHUPHBIA Ha ONIYIb, MSTKHU,
o01aaeT NEeKTPOIPOBOIUMOCTBIO.

Kpucrannuueckast pemerka COCTOMT W3 CJIOEB MPAaBUJIIbHBIX IIECTHYTOJIbHBIX KOJEIl,
KOHJIGHCHPOBAHHBIX 110 BCEM CTOPOHAM (Sp- THOPHIM3AIIHAs).

Anma3  COIEpXKHUT B y3JaX KpPUCTAUNIMYECKOW pemIeTKH aToMbl  yriaepoja c
TETEPAdIPUYECKUM  OKPY)KEHHEM (Sp°- THOpHImM3aiis). BIaropomHblii KaMeHb, HMEeT
HanOOJIBIIYI0 TBEPAOCTh CPEIM NPHUPOIHBIX BEHIECTB, NIIH(YETCS TONBKO COOCTBEHHBIM
MOPOMIKOM. XHUMHUYECKas aKTUBHOCTh HiKe 4eM y rpadura. Beime 1200° C mepexoaut B
rpadur.

B npombinuiernocty u3 rpadura mpu 2000° C o oueHb BHICOKMM JaBIECHUEM MOJTYYa0T
MEJIKHe KPUCTAILIBI CKYCCTBEHHBIX aiMa3oB. [IpIMEHSIOTCS OHU TSI M3TOTOBIICHHS PEKYIITIX
MHCTPYMEHTOB M TOUHBIX H3MEPUTEIBHBIX TPUOOPOB.

KapOun cocTtouT u3 nuHEHHBIX MakpoMoiekyn co crpoerneM —C=C— umu =C=C= (sp-
rubpuau3ans). XuMAYECKA MeHee akTuBeH, yeM rpadurt. [Ipu 2300° C mepexoaut B rpadur.
[Iupokoro mpuMeHEHHs HE UMEET, OUEHb PEIKO BCTPEUACTCS B IPUPOJIE.

JKCIEePUMEHTAJIbHAA YACTh:

Onpit 1. ITosryyenue kapOOHATOB.

B npobupku HanuBaroT pactBopsl coieii: a) BaCly; 6) Zn SO4; B) FeCls u mpunuBaroT k
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HUM pactBop Na,CO3. HabnrogaroT ocaxkieHre BEMIeCTB U OTMEYAIOT OKPACKY MOTYyYEHHBIX
ocankoB kapoonara BaCOjs (a), ruapokcokapbonara (ZnOH),;COs (6), ruapokcuaa Fe(OH)s (B).
OmnpbIT 2. TepMuyeckoe pasiio:keHne KapOOHATOB.

B mtatuB 3akpenuTh HAKIOHHO OTBEPCTHEM BHHU3 CYXYIO MPOOUPKY C Ta300TBOJHOM
TpyOKo#, nomemarot B Hee (NHy)2,CO3 u HarpeBaroT. ['a300TBOIHYIO TPYOKY OIyCKAIOT B KOJIOY
¢ uzBecTkoBol Bogon Ca(OH),. HabmrogaroT moMmyTHEHHE pacTBOpa.

Onbit 3. IlosiydyeHne KPpeMHUEBOH KHCJIOTHI.
(Pabora mox Ttsaroi!) B mpoOupky HamuBaroT 3 Ma koHueHTtpupoBanHod HCl u 3 M
pacTBopa cuiMKaTa HaTpusi (pactBopuMmoro crekia) NapSiO; W mepeMermBarT pPacTBOP
CTEKJITHHOW mnayoukoil. llosydaercss KOUIOMIOHBIM pacTBOp — 30JIb KPEMHHUEBOW KHUCIOTHI.
Cogaepxumoe MPOOUPKH HArpeBalOT, MPU ITOM MPOWCXOIUT KOATYISIIHS Tesl U BBIICISICTCS
CTYJEHHUCTBIN 0CAIOK Ielisi KPDeMHHUEBON KHCIOTHI.
Iopsinok padorsi:

[TomyuuTs OT MpenoaBaTens 3a/laHue.

BrInoTHUTE paboTy COTJIACHO METONYSCKUM PEKOMEHAIIHSIM.

OdopMUTh TPOTOKOI PAOOTHI.

Boeumnth 0TpaboTaHHBIC PACTBOPHI, IOCYAY BBIMBITE. C1aTh pabodee MecTo.
Copep:xxaHue oT4yeTa:

Tema u uenb paboTHI.

Habmronenusi, ypaBHeHHsI peakluid 0 KaKJ0i yacTu paboThl.

BoiBosbI O IIpOJIENIaHHOM padoTe.

E A

KoHTpoJibHBIE BONIPOCHI:
OO01mmas xapakTepuCcTHKa rI1aBHOW MOArpynnbsl [V rpynmsl.
VYrnepoa. Pacipoctpanenue B mpupoze.
[Tomydyenue yrieposa v €ro aJuIoTPOITHBIE MOIU(PUKAIINH.
XHUMHYECKUE CBOMCTBA yIIepoaa.
Jnokcun yrinepoaa. YrojapHas KHUCIOTA.
Oxkcun yrnepona (II). Ero xumuueckue cBoiicTa.
CoenuHeHus yriepoja ¢ Cepoil U a30ToM.
Kpemuuii. Pactipoctpanenue B Ipupoae U MOIyYEHHE.
. CBolicTBa KpeMHHS.
10. Coenunenus KpeMHHUS C BOAOPOJOM U TaJOT€HaMU.
11. Okcun kpemuus (IV), xumudeckre cBONCTBA.
12. KpeMHUEBbIE KACIOTHI M X COJIH.

©ooNo~WDNE

TEMA 2. XUMUSA METAJIJIOB
Dopma nposedeHus - AHAIU3PE3)TLINAIMOE OEMOHCIPAYUOHHORO IKCHEPUMEHINGL
BbINOTHEHUEUCCTICO0BAMETLCKUX PAOOM YACHIUHHO-NOUCKOBOSOXAPAKIMEDL

MeTtaniasl — XUMUYECKHE DJIEMEHTBI, aTOMBI KOTOPBIX OTAAIOT DJIEKTPOHBI BHEIIHETO (a
UHOorga u Hpe)lBHeIHHeFO) OJICKTPOHHOI'O CJI0d, MpEBpalasAcCh B IMOJOXUTCIBHO 3apsAKCHHBIC
MOHBI. MeTayulbl — BOCCTAaHOBUTENH. DTO OOYCIOBJICHO HEOONBIINM, KaK IMPaBUIO, YHCIOM
DIIEKTPOHOB HAa BHEIIHEM CJIO€, OOJBITMMH MO CPaBHEHHUIO C HEMETAUIAMH PaJuyCcaMH aTOMOB,
BCJICACTBHC YCT'O BAJICHTHLIC 3JICKTPOHBI CJI3.6O YACPIKUBAKOTCA AAPOM.

[Tpo4HOCTB CBSI3HM BAJICHTHBIX AJIEKTPOHOB C SIIPOM 3aBHCHUT OT JIBYX OCHOBHBIX (DaKTOpOB:
BEJIMYMHBI 3apsA/a spa U paguyca aroma.

Paanyc aroma 3HaYMTEIHHO YBEIMUUBACTCS C TIOSBICHUEM KaXKIOTO HOBOTO AJIEKTPOHHOTO
CJIOSL Il 3JIEMEHTOB TEPBBIX TPEX MEPUONOB, U UMEHHO 3TOT (hakTop B OoOJblICH CTENEHH
BIMSIET Ha MPOYHOCTh CBSI3W BAJCHTHBIX JIJIEKTPOHOB C SAPOM JUISI DJIEMEHTOB TJIABHBIX
NOArpynn (CBEpXY BHU3 PaJilyC aTOMOB YBEJINYMBAETCS, IPOYHOCTH CBSA3H 3JEKTPOHA C SIAPOM
ociiabeBaeT, BOCCTAHOBUTEILHBIC CBOMCTBA YBEITMUUBAIOTCS).
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VY 31eMeHTOB MOOOYHBIX HOATPYII — 3TO 3JEMEHTHl 4-7 MEpUONOB — C YBEIMYCHHEM
MOPSIKOBOTO HOMEpa 3JIEMEHTAa Paguyc aTOMOB M3MEHSETCS Majo, a BEJIMYMHA 3apsjaa sjpa
YBEJIMYHUBACTCSI 3HAYUTENBHO, IOATOMY INPOYHOCTb CBSI3U BAJEHTHBIX 3JIEKTPOHOB C SAIPOM
YBEIIMYHUBACTCSI, BOCCTAHOBHUTEIIbHbIE CBOMCTBA OCIA0EBAOT.

Memannuueckas céa3b U MEMANNUYECKAA KPUCMATIUYECKAA PEUIEmKA.

MeTasuisl — MPOCTHIE BEIIECTBA. ATOMBI METAJUIOB 00Pa3yIOT METAJIUIMYECKYIO CBS3b.
Oco0eHHOCTH METAIIINYECKON CBA3H:

CpaBHMTENBHO HEOOJBIIOE KOJUYECTBO IEKTPOHOB (3TO  S-3JEKTPOHBI) OJHOBPEMEHHO
CBSI3bIBAET MHOYKECTBO aTOMHBIX SI/IEP, CBSI3b JAEJIOKAIN30BAHA.

BaneHTHbIe 3/E€KTPOHBI CBOOOJHO IEPEMEINAIOTCA 10 BCEMY KYCKy MeTauia (WM
METAJIIMYECKOMY U3/IEJINI0), KOTOPBIN B LIEJIOM 3JIEKTPOHENUTPAJIEH, IIOATOMY 3TH 3JIEKTPOHBI
4acTO Ha3bIBAlOT CBOOOHBIMHU.

Mertannuueckast cBsi3b HE 00J1aJacT HAIIPaBIEHHOCTHIO M HACHIIIAEMOCTHIO.

B CcOOTBeTCTBMM ¢ TakUM CTPOEGHHEM METAUIbl XapaKTEePU3YIOTCS  CIEIYIOIIMMHU
($u3NYECKUMU CBOMCTBAMU:
CaoiictBo, monoxenHoe B | Knaccuduxanumonnsie rpynmsl | [Ipumepst
OCHOBY KJ1accU(UKAINH
DIIEKTPONPOBOIHOCTh C BbICOKOH | AQ
ANEKTPOIPOBOTHOCTHIO
C HU3KoM | Mn
ANEKTPOIPOBOTHOCTHIO
Temmnepatypa miaBiIeHus JIETKOTIJIAaBKHE Hg, Ga, Cs, In, Bi
TYTOIJIaBKHE W, Mo, V, Cr
[InoTHOCTH Jlerkue Li, K, Na, Mg
Tsoxenslie Os, Ir, Pb
TBepmocTh Msrkue In, Na, K, Rb (pexyrcs
HOKOM)
TBepapie Mo. Cr (mapanaroT CTEKJIO)

[Tpu4KHbI, NPUBOJAIINE K Pa3IMUUI0 (U3NUECKUX CBOWCTB METAJUIOB:
aTOMBbI METAJJIOB 00pa3yloT pa3HbIe TUIBI KPUCTATUYECKUX PEIIETOK
aTOMbl METAJUIOB MMEIOT pa3HO€ YHCIO BAJICHTHBIX S-3JIEKTpOHOB (+1 wmm +2),
Y4YacCTBYIOUIMX B 00pa30BaHUU METAJUINYECKOM CBS3H.
aTOMbI (MOHBI) METAJUIOB UMEIOT Pa3HbIE PAIUYChI
aTOMbl METAJJIOB MOOOYHBIX MOATPYII MOMHMO METaJUIMYECKOH MOTyT 0Opa3oBBIBAaTh U

KOBAJEHTHYIO CBSA3b C IOMOILBIO HECTIAPEHHBIX d-3JIEKTPOHOB BaJIEHTHBIX opoOutaneil. iMeHHo
takue Metayuibl W, Mo, Cr, Os — 1 TyroruiaBkue, U TsDKENble , U TBEpJIble. (CaMblil TBEpbIi U3
METaJIJIOB — XPOM; CaMblil TYTOILUIaBKUI — BOJIb(pam.

B coBpeMeHHO# TeXHHKE OOBIYHO HCIIOJIB3YIOT HE YHUCTBhIE METaJUIbl, & CIUIaBbl, KOTOpHIE
MTO3BOJISIFOT COYETaTh B OJHOM MaTepuase IOJIE3HbIE CBOMCTBA CPa3y HECKOJIBKHX METAJIOB M
npyrux BemiectB. Hampumep, mropamoMuHuid — cruias, conepxamuii Al, Cu, Mg, Ni, Mn. On
codeTaeT B ceOe Majyr IJIOTHOCTh aJIIOMUHUS U MarHusi, KOPPO3HOHHYIO CTOMKOCTh Ni u Al,
TBEPAOCTH Mn.

JUid Xy#OXKECTBEHHBIX LEJIEE HCIOJIB3YIOT MEIBXUOp — CIUIaB Meau ¢ HukeneM. llo
BHEIIIHEMY BUIY OH ITOXO0X Ha cepedpo, HO 3HAYUTEIHHO JICIIEBIIE TOCIEIHETO.

IupoKO HCHOJIB3YIOTCS PAa3IMYHOTO COpPTa CTAadd M YyTyHbl — CIUIaBBI JKelle3a C
YIJIEPOJIOM U JIp.

XHMHYECKHE CBOICTBA METAJVIOB
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AKTHBHOCTh METAJJIOB B BOJHBIX PACTBOpAxX OIpPEHESeTCS IMOJI0XKEHHEM MeTaula B
3JEKTPOXUMHUYECKOM Psy HalpsKeHHs MeTauioB. TeM akTuBHee arombl MeTamia Me°, Tem
HIDke akTHBHOCTH Me"'. Bce peakimu ¢ ydacTHEM METamloB SBJISIOTCA OKHCIUTENBHO-
BOCCTAHOBUTCIIbHBIMU, IMPUUCM MCTAJIJIbI BCCTId BBICTYIIAIOT B KAaUCCTBC BOCCTaHOBI/ITeHCf/’I, TakK
KaK MPUHUMATh 3JIEKTPOHBI U MIPOSBISATH OTPULIATEIBHYIO CTENIEHb OKHCICHUSI OHU HE MOTYT.

OTHolleHne K BOje.

1) IllenouHble W IMIETOYHO3EMENbHBIC METAJIBI B3aUMOJACHCTBYIOT C BOJIOH MPH OOBIYHBIX
ycioBusix. O0pa3yeTcs 1Ies104Yb U BbIIEISAETCS BOJIOPO/I.

2K + 2H,0 = 2KOH + Hy1 Ca + 2H,0 = Ca(OH); |+H21
2) Maruuii ¥ aaroMUHUAN (OYUIIICHHBIH OT OKCH/IHOM TUICHKH) PEarupyoT ¢ LOpsYeii BOIOM.
Mg + 2H,0 = Mg(OH),| + Hz?1 2Al + 6H,0 = 2AI(OH)3| + 3H,71

3) MeTasibl cpeniHei akTHBHOCTH, PACHIOIOKEHHbBIC B sy HanpsbkeHuid mMexay Mg u Pb (Al,
Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 00bIYHO HE BBITECHSIOT BOJOPOJ M3 BOJbI. Ha moBepxHOCTH
9THX METAJJIOB 00Pa3yIOTCsl OKCHIHBIC TUICHKH, 00JIaIAI0ONTNE 3alIUTHBIM JICHCTBUEM.
[ToaToMy OHHM pearupyroT C BOJOW JHIIb B >KECTKUX YCJIOBUAX (pacKaJeHHBIH MeETalll, Mapbl
BOJIBI, T.€. C IEPETPETHIM BOJISIHBIM ITAPOM) C 00pa30BaHMEM OKCHIIOB U BBIICIICHHEM BOJIOPOA:.
3Fe+4H, O =Fe304 + 4H2T 2Cr + 3H,0 = Cr,05 + 3H2T Zn+ H,O =7Zn0 + HzT
4) ManoakTUBHBIC METAIbI, CTOSIIME B JJIEKTPOXHMHUYCCKOM PpSIy HANPSHKCHUH TOCIe
BOJIOPOJIa, C BOJIOM HE B3aUMOJICHCTBYIOT JJaXKe MPHU BBICOKOH Temrieparype: Cu + H,O —

2. OTHoOIIEHNE K KHCJI0TAM.
1) Kucnotsl, o6naaromnye ciabbIMi OKHCIUTENLHBIME CBoiicTBaMK (3a cuet H') pearupytor ¢
METaJIJIAaMH, CTOSIIIIAMHU B AJICKTPOXHUMHUYECKOM PsITy HAMPSHDKEHUU 710 BOAOpoja (OOJBITMHCTBO
kucinot). [Ipu aToM 00pa3yroTcs cosib U BOIOPO/I:

a) CwIbHBIC KHCIOTBl M KHCIOTBI CPEJHEW CWJIBI pPEarupyioT CO BCEMH MeETalIaMH,
CTOSIIIMMHU JIEBEE BOAOPOIA:

Fe + 2HBr = FeBr, + H,1; Zn + HCI = ZnCl; + H,7; 2Al + 6HI = 2All3 + 3H,1

3Mg + 2H,P0,4 = M@3(POy)21 + 3H271

Keneso XJI0poBOIOPOHOM (COJISTHOM) KHCIIOTOM OKUCIISETCS 10 IBYXBaJEHTHOTO COCTOSIHHSI.
[Tpu 5TOM Ha OBEPXHOCTH 00pa3yeTcs 3allUTHAs IIEHKA, TOPMO3SIIas JalbHenIee OKUCICHHE.

C constHOW KHUCIIOTOM pearupyeT M MacCUBUpyeTcs cBuHel. [lacchBaiiusi CBHHIIA BOSHUKAET
M3-3a TOTO, YTO 00pa3yroIMiics B Hauane peakiuu xiaopua ceunna (II) TpyaHo pactBopum B BOJIE,
1, OCTaBasICh HA TTOBEPXHOCTH METaJlIa 3aIIUIIACT €ro OT JOCTYIa HOBBIX TIOPIUNA KUCIIOTHI:

Pb + 2HCI = PbCl; + H,. B pe3ynbrare peakuust OCTaHaBIMBACTCS.

0) Cralple KHCIOTEI — TOJBKO CO IIEJTOYHBIMHA U MIEI0YHO3EMEILHBIMI METAJJIAMHE:

Ca + HpCO3 = CaCO3| + Ha?

B) pa30aBJIcHHAs cepHas KHCJIOTa o00jamaeT cJIaObIMH OKHCIMTEIBHBIMUA CBOWCTBAMU,
MO3TOMY JICMCTBYET TOJILKO HA METAJUIbI, CTOSIIME B DIIEKTPOXUMHUYECKOM DSy HAIPSHKCHUIA
neBee Bojopoaa. [1pu aTom oOpasyercst coyib 1 BOJAOPO/I.

Mg + HzSO4(pa36) = MgSO4 + HQT; Fe + H2804(p336) = FeSO, + HzT

Cu+ HzSO4(pa36) —
2)  Kucnmotel, o0najarooiue  CHIBHBIMH  OKHCJIMTEIBHBIMH  CBOWCTBAMHM  a30THas
(KOHIIEHTPUPOBAaHHAS U pa30aBlieHHAs 3a CUET N+5), cepHas (KOHIICHTPUPOBAHHAS 3a CUET S+6),
B3aMMOJICHCTBYIOT KaK ¢ METa/UIaMH, CTOSAIIUMH B AJICKTPOXHUMHUYECKOM DSy HAMpsHKEHUH 10
BOJIOPOJia, TaK U C METaJUIaMM, CTOSIIIMMM IOCJ€ BOAOPOZA, OJHAKO BOAOPOJ IMPH ATOM HE
BhIesieTcs. He nefcTByYIOT 3TH KUCIIOTHI TONIbKO Ha Au, Pt, Ir, Rh, Ta.

B nmpoaykTax peakiuu — coiib, BOJia U Kakoi JIMO0O0 MPOYKT BOCCTAHOBIJIEHUS KHCIOTHI, HO HE
BOZIOpPOA. Bua mpoaykTa BOCCTAaHOBJICHHSI KHCIOTHI OIpEAesSeTCs] €€ KOHIICHTpAIUe,
AKTUBHOCTBIO METaJlIa U TEMIEPATypPOH.

H2SO4conn) (OKkmeTHTETH — S*°)
1) lesouHbIC U IIEIIOYHO3EMEIBLHBIC METAJLTBI BOCCTAHABIIMBAIOT KMCIIOTY B OCHOBHOM J10 H)S.
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4Ca + 5H2804(K0Hu) =4CaS0, +H,S1 + 4H,0
2) Mg u Zn B 3aBHCUMOCTH OT YCIOBHH MOTyT BoccTaHaBIHBATh HpSO4kouy) HE TONBKO 10 SO,

HO ¥ 10 S wiu H,S: Zn + 2H,SO4(komy) = ZNSO4 + SO, 1+ 2H,0

47n + 5H2804(K0Hu): 47nS0O, + stT + 4H,0:; 3Zn + 4HZSO4(1<0Hu): 3ZnS0O, + Sl+ 4H,0
3) Meramibl cpenHeil aKTHBHOCTH.

AJTIOMUHHI U KeJ1e30 TAaCCUBUPYIOTCS U3-32 00pa30BaHUs TUIOTHBIX IJICHOK OKCHJIOB.
0J10B0 OKHCIISIETCS 10 YETHIPEXBAJIIEHTHOTO COCTOSIHUSA C 00pa30BaHUEM CyIb()aToOB 0JI0Ba:

Sn + 4H2804(K0Hu) =SNn(S0O,), + 250,71 +2H,0
CBHHell HE pacTBOPSETCS B CEPHOM KHCIOTE Npu €€ KoHueHTpauuu Huxke 80%, Tak Kak
oOpa3yromiascst Ipu B3aMMOJCHCTBUH CBUHIIA C CEPHOM KucinoToi conb PbSO,4 HepacTBopuMa B
BOJIC M COXJIa€T Ha MOBEPXHOCTH METaJUla 3allUTHYIO IUIEHKY. B Gonee KOHLIEHTpHUpPOBAaHHOU
CEepPHON KHCIIOT€ CBHHEIl OKHCISETCS JO0 JBYXBAJICHTHOTO COCTOSHHS C OOpa3oBaHUEM
pPacTBOPUMOrO THAPOCYIb(aTa CBUHIIA:

Pb + 8H2SO04(xom) = 3PB(HSO4), + S + 8H,0
[Ipu HarpeBaHUM KOHIIEHTPUPOBAHHAS CEpHAs KUCIIOTa B3aUMOJIEUCTBYET ¢ 00pa30BaHUEM COJIH,

BOIbI 1 oKcu cepbl (IV):

ANIOMUHHEM: 2Al + 6H2SO4xom) = Al2(SO4)3 + 350,21 + 6H,0
Pryrh10: Hg + 6HQSO4(K0HH) = HgSO, + SO,1 + 2H,0
Mengio: Cu + 2H2SO04(kouyy = CuSO4 + SO,1 + 2H,0

B kursieil KOHIEHTPUPOBAHHON CEPHOM KHCIOTE pACTBOPSIETCS cepedpo:
2Ag + 2H2804(K0Hu) = AgS0O,4 + SO,1 + 2H,0
C HySO4(xomy HE pearupyioT Au, Ru, Os, Rh, Ir, Pt.

HNO3om (OKHCTHTENHL N™°)
1) Co 1meNOYHBIMHE U MIETOYHO3EMETbHBIMU METaJNIaMH 00pa3yeT coiib (HUTpar) , Boay u N,O:
4Ba + 10HNOj3omy = 4Ba(NO3); + N,OT +5H,0
2) C mpyrumu MeTajlaMu: CpeTHEeH aKTHBHOCTH U MaJIOAKTHBHBIMHU 00Pa3yrOTCs HUTPATHI,
Boga u NOy:
Zn + 4HNO3(KOHH): Zn(N03)2 + 2NO,1+ 2H,0
Cu+ 4HNO3(KOHH): CU(N03)2 + 2NO, 1+ 2H,0
Ag + 2HNO3(KOHH) = Ag(NO3)2 + NO,1 + H,0
)] Ha xonoxy u npu o6sr4Hoil Temneparype He aeiictByer Ha Fe, Co, Ni, Cr u Al, a Taxoke
Ha HepXaBEIOIIMe CTalM BCIeACTBHE MaccuBanuu. Ho mpu HarpeBaHUM 00pa3yroTcs TE Ke
HPOAYKTHI, YTO U C APYTUMH METaJIAMU:
Fe + 6HNO3(KOHH): FE(N03)3 + 3NO,1+ 3H,0
4) C HNOj3xouy) HE pearupyioT Au, Ru, Os, Rh, Ir, Pt.
5 KoHieHTpupoBaHHasi a30THasl KUCJIOTA MPU CMEHIMBAHUU C KOHIICHTPUPOBAHHOW COJISTHOM
KUCJIOTOM B cooTHomeHuH 1:3 mo o6beMy, 0OpasyeT pacTBOp, Ha3bIBAEMBIN «IapCKOM BOJIKOW», B
KOTOPOM PacTBOPSIIOTCS 30JI0TO, TUIATHHA U ipyrre MeTauibl HepacTBopumbie B HNO3z 1 HySO.a.
HNO; + 4HCI + Au = H[AuCl4] + NOT + 2H,0
4HNOj3 + 18HCI + 3Pt = 3H,[PtClg] + 4NO1 + 8H,0
B «uapckoii Boske» He pacTBopsitoTcs Ru, Os, Rh, Ir.

HNO3(pass) (OKHCIUTENB N+5)
1) Co 1IETOYHBIME U IIETOYHO3EMETBHBIMU METAJUIAaMU 00pa3yeT coutb (HUTpar), Boay u NH3 mmm
NH4NO3:

4Ca + 10HNO;3 (paz6)= 4Ca(N03)2 + NH4NO;3 + 3H,0
2) C wMeramamMH CpeiHEd aKTUBHOCTH, PACIHOJO0KEHHBIMH B JJICKTPOXUMHYECKOM PSIIY
HANPSDKEHUH 110 BOJOpOAa, pa3OaBieHHAs a30THAs KHUCIOTa OOpa3yeT colib, BOAY H , B
ocaoBHOoM, NO (moryt obpasoBatbess 1 N2O, Ny, NHz (NH4OH). Uem Oomnbie pazbasieHa
KHCIIOTa, TEM HIKE CTETIEHb OKUCIICHHUS a30Ta B BBIACIISAIONMIEMCS Ta3000pa3HOM TPOIYKTE.
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JocraTouHo pa3zbaBieHHas KHCI0Ta 00bIYHO BoccTaHaBmuBaeTcs 10 NH4NO3:
Fe + 4H Nos(pagﬁ) = FE(NO3)3 + NOT+ 2H,0
3Zn + 8H NOS(pagG) = 3Zn(NO3)3 + 2NO1+ 4H,0
47n + 10HNO3(pass) = 4Zn(NO3)3 + NoOT+ 5H,0
5Zn + 12H NOS(pagG) = SZn(NO3)3 + N2T+ 6H,0
47n + lOHNO3(Oq_ pas6) — 4Zn(NO3)3 + NH;NO31+ 3H,0
OnoBo okucnsgercs 1o HuTpara onosa (II). Tutan naccuBupyertcs.
3) C Ma0akTUBHBIMU METAJJIAMH, CTOSIIMMHU B 3JICKTPOXUMHUYESCKOM PSIy HAMIPSDKEHHI MOCTIe
BOJIOpOa, 00pa3yroT coiib (HuTpar), Boay u NO:
3Cu + 8HN03(pa36) = 3Cu(NO3)3 + 2NO1T+ 4H,0
3Ag + 4HNO3(pa56) = 3AgNO3 + NOT+ 2H,0
3Hg + 8HNO3(pa36) = 3H9(N03)3 + 2NOT+ 4H,0
4) C HNOj3pas6) HE pearupyioT Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxomsich B psiy HampspKeHHs MOCIE BOAOPOJA, MEIb HE BBITCCHSACT €ro M3 KHUCIIOT.
[TosTomy constHasi W pa30aBlieHHass CEpHas KUCIOTHI HA Meab HE ACUCTBYIOT. OnHaKo B
NPUCYTCTBUHM KHCJIOpOJa BO3JyXa MEIb PAacTBOPSACTCA B ITHUX KHUCIOTaX C 0Opa3oBaHHEM
cootBercTBYrONMX cojeit: 2Cu + 4HCI1 + O, = 2CuCl, + 2H,0

B oueHb KOHIIEHTPUPOBAHHON COJSIHOM KHCIOTE MEIb MOXKET OBITh pPACTBOPEHA C
00pa30BaHUEM KOMILIEKCHOTO COSAMHEHUS:

2Cu + 4HCI = 2H[CuCl;] + H; (muxmopokympar (I) Bomopozaa

3. OTHolIeHNEe K OCHOBAHUAM

Tonpko MeTamnsl, oOpasyrone aM(pOTepHbIe OKCHIBI U THAPOKCUIBI, B3aUMOJCHCTBYIOT
co mienovamu. Ilpu stom Beienstorcss Hy m oOpaszyercs conb (B pacTBOpax — KOMIUIEKCHasl, B
pacruiaBax — cpenusisi). Mckmodenue coctaBisitoT Fe u Cr, KoTopble B OTIIMYHE OT UX aM(OTEPHBIX
okcuioB Fe;O3 u Cr,O3 u ruapokcuios Fe(OH); u Cr(OH)s, co mienouamu He B3aUMOJICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pacrBopax:

Zn +2NaOH + 2H,0= Nay[Zn(OH)4]+ H, 2Al+ 2NaOH + 6H,0= 2Na[Al(OH),]+ 3H;

Be + 2NaOH + 2H,0 = Na,[Be(OH),] + H,  Pb + 2NaOH + 2H,0 = Nay[Pb(OH),] + H,

B pacnnasax:

Zn + NaOH.) = Na,Zn0O, + H; Be + NaOH ;) = Na;BeO; +H;

Pb + KOH ) = KoPbO2 + Hy 2Al + 2NaOHy) + 2H,0 = 2NaAlO; + 3H,

4. OTHoOLIeHME K OKCHIaM.
1) [Ipu BBICOKO# TemmepaType OoJiee aKTUBHBIC METAJITBI BBITECHSIOT (BOCCTAHABIINBAIOT) MEHEE
aKTUBHBIE U3 UX OKCUAOB. Ha 3TOM OCHOBaH OJMH U3 CHOCOOOB TMOJYYEHHUS METaJIOB,
Ha3bIBaEMbIl MeTayioTepMuei. B kauecTBe MeTayuioB-BOCCTaHOBUTENEH OOBIYHO MCIIONB3YIOT
ATIOMUHUH (QTFOMOTEpPMUS), MAaTHUH (MarHUHUTEpMUs), pEAKO KabIIUN, KaJluil, HATPUIA U JpyTHe
METaJlIbL.

Zn + CuO =Zn0O + Cu 3Fe,04 + 8Al = 4A1,03 + 9Fe
WO; + 2Al =W + Al,O3 4Ba0 + 2Al = BaO + Al,O3 + 3Ba
4) MaFHHﬁTepMHIO HCIIOJIB3YIOT TAKXKE [JI1 BOCCTAHOBJICHUS HEMCTAJIJIOB U3 UX OKCHUIOB:
CO, + 2Mg = 2MgO + C SiO, + 2Mg = 2MgO + Si

5. OTHOLIEHHE K COJISIM.
1) BoNbUIMHCTBO aKTUBHBIX METAJJIOB BHITECHSIOT MCHEE aKTUBHBIC U3 PACTBOPOB UX COJICH:
Fe + CuSO, = FeS0O, + Cu; Zn + FeSO4 = ZnS0O,4 + Fe
Cu + Hg(NOs3), = Cu(NO3), + Hg Fe + AgNO3 = Fe(NO3), + 2Ag
2) Meraisl MOTYT BBITECHSATD APYT APyra U M3 pacIiaBOB CoJIcH (peakuus 0e3 JocTymna
BO3/1yXa — BAKYYMHO-TEPMUYECKUI CIIOCO0):
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Na+ KClpacun= NaCl + K; 3K+ AlCI3pacnn)=3KCl + Al; Mg + BeF2pacun= MgF2 + Be
Opnako cienyet MOMHHUTb, YTO
a) MpU TUIaBJICHUU MHOTHE COJIU Pa3JiararoTcs
0) DONCKTPOXUMHYCCKHNA psAl HANPSHKEHUS METAJIOB, CIYXKallUi IS ONpeeIICHUS
OTHOCHUTEJIbHOI aKTUBHOCTH METAJLIOB, CIIPABEUIMB TOJIBKO JJIsl BOAHBIX pacTBOpoB. Hampumep,
ATIOMUHUI MEHEE aKTUBHBIM, YeM IMIeIOYHO3EMENbHBIE METaUIbl, a B paciijiaBax Hao0OpOT.
[ToaToMy antOMUHUI MOXKET BBITECHSTH LIEIOYHO3EMEIbHbBIE METAIIJIbl U3 PACINIABOB X COJICH:

2Al + 3CaClapacnnas) = 2AICI3 + 2Ca
3) U3 TBepabIX CyXHX, a TAK)KE HEPACTBOPHUMBIX COJICH MPH OOBIYHBIX YCIOBHSIX METAJLIBI APYT
npyra He BeITecHst0T: Fe + AgCl —
4. B pactBopax coJid, 00J1aat0NIiMe OKUCIUTEIbHBIMU CBOMCTBAMH, BCTYMAIOT C METaNIaMH B
OKHUCJIUTEIHbHO-BOCCTAHOBUTENIbHBIE PEAKIIUU:

2FeCl; + Fe = 3FeCly; Hg(N03)2 + Hg = Hgg(N03)2

HgCl, + Hg = Hg,Cl, 2CrCl3 + Zn = 2CrCl, + ZnCl,

6. OTHOLIEHHEe K HEMETAJJIaM (CM. XUM. CBOKCTBa HEMETAJLIIOB)

7. OTHOLIEHHE APYT K APYTY.

Mertamisl Ipyr ¢ IpyromM He B3aUMOJCHCTBYIOT, HO B PACIJIaBJICHHOM COCTOSIHUM CMEIIMBAIOTCS
Ipyr, oOpa3ysi pacTBOpBL, IpPHU OXJKIECHUM KOTOPHIX TMOJY4YalOTCS TBEpP/IbIC BEIIECTBA,
Ha3bIBaCMbIE CIIJITABAMU.

8. Ilpu HarpeBaHUM XMMHUYECKasi aKTUBHOCTb METAJLJIOB MOBBIIIACTCS.

Koppo3us mera/ios:

Koppo3usi — mposiBlieHHE BOCCTAHOBHUTEIBHBIX CBOMCTB METAUIOB, OOYCIOBICHHOE
BIIMSIHUEM OKPY>KaroIIel Cpeibl.

| rpynma mnepuoamveckoit cuctembl. lllemounsle MeTayuibl UMEIOT HAMMEHBIIYIO
KOPPO3UOHHYIO CTOMKOCTB; OJIeCTSAIIasi MOBEPXHOCTh Cpe3a ITUX METAIIOB Ha BO3AYyXe OBICTPO
MTOKPBIBAETCS TOJICTOM PBIXJION IUICHKOM OKCHIOB, NEPOKCHJIOB, & TAaKKE€ HUX COCIMHEHHH C
YTJIEKHUCIIBIM Ta30M U BOOM. [103TOMY 11e104UHbIE METaUIbl XPAHITCS MOJT CII0EM KEPOCHHA.

B noGouHo# moArpyrmne HaxoAsATCs JOCTATOYHO CTOMKHE K KOPPO3UU METAJUIBI: MEb,
cepebpo, 30110T0. C yBeNmMYEHHEM MOPSIKOBOTO HOMEpa KOPPO3HUOHHAS! CTOMKOCTH MOBBIIIAETCS.

Il rpynma. Metamibl THaBHOW TOATPYIIBI BEChbMa MAaJIOYCTOWYUBBI, U C YBEIMYCHHEM
MOPSIIKOBOTO HOMEpPA YCTOMUYMBOCTh K KOPPO3UU CHUKAETCS.

bonee ycroitunBbl Meramisl mobounoit moarpynmnel: Zn, Cd, Hg. Ha ux moBepxHOocTH B
OPUCYTCTBUH KHUCIOpoAa oOpa3yroTcsi TOHKHE, JOBOJBHO TMPOYHBIE ITUIGHKH OKCHIOB,
MPEIOXPAHSIONINE UX OT JATBHEHIIIETO pa3pyIIeHusI.

Il rpynma. AMOMUHUN JIETKO COEIUHSETCS C KUCIOPOJOM, BCIEACTBHE 4Uero obpasyercs
TOHKasi, oOjajaronias BBICOKMMH 3alllUTHHIMA CBOWCTBAMH OKCHAHas TUieHka. Ho ona
paspyliaercs B pacTBOpax KHCIOT M IIeiaoyed. AJIIOMUHUNA TakKe MacCCUBHUPYETCS C
MOBEPXHOCTH KOHIICHTPUPOBAHHON a30THOM W cepHOM kuciotamu. [laccuBarusi 0OycioBieHa
o0pa3oBaHNEM Ha MMOBEPXHOCTH TPYAHO PACTBOPUMBIX COSTUHEHUH.

IV rpynma. OnoBO W CBHHEN] — CTOHWKHE K KOPPO3HHM METAJUIbI, Ojarofapsi MpOYHBIM
OKCHUJTHBIM TUICHKaM.

V, VI, VII, VIII rpynmst. Metannsr nobounsix noarpynm V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt o00mamaror BBICOKOM CIIOCOOHOCTBIO K IIACCHBAllMM, a CJIEIOBATENIbHO, OOJIBIION
KOPPO3HMOHHOM CTOMKOCThI0. Hambomnee ycToitunBsl Kk Koppo3uu Metauibl VIII rpymmel, mpudem,
yeM OOJbIIe MOPSIKOBEI HOMEp, TeM OOIbINe UX YCTOWYUBOCTH. 3HauuT, Os, Ir, Pt —cambie
CTOMKHUE K KOPPO3UU METAJIIBI.

Keneso — wHambonee W3BECTHBIH M PAaCHPOCTPAHEHHBIM METalll, MACCHUBHUPYETCS
KOHIIEHTPUPOBAHHOW a30THOM M XOJOAHON KOHLIEHTPUPOBAHHON CEPHBIMU KHCIOTaMHU.

Cnoco0bl moJry4yeHnsi MeTaJVI0B:

BonpmmHCTBO METaIOB B MPUPOJIE BCTPEYAETCS B BUJIE COCIMHEHHM, TaK KaK METaJLJIbI
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HAXOJAIIUECs B OKUCICHHOU (opme Ooyiee yCTOHYHMBBIC BEIIECTBA, YEM METaUIBI — MPOCTHIC
BEIIECTBA. B caMOpPOJIHOM COCTOSSHUM B TPHUPOJE HAXOMASTCS TOJIBKO METalUlbl, KOTOpPHIE B
3JIEKTPOXMMHUYECKOM PsAly HANPSHKEHUH CTOSAT B camMoM KoHile: Au, Pt, pexe Ag, unoraa Cu u
Hg.

BaxHeiimie NpuUpOAHBIE COCAMHEHHS METAUIOB, CTOSIIMX B PSAYy HAMpsSOKEHUS [0
ATIOMHUHHS — 3TO coiu: rajmoreHuabl, dame xiopuabl NaCl, MgCl,, KCl; kap6onarsr: CaCOs,
MgCOg3; cyasdarst Na;SO4, MgSO,; aurpatel NaNOs; hocharsr Caz(POq),/

[TpupoaHbIe COeMUHEHUS IPYTHX METAJUIOB — 3TO B OCHOBHOM OKCHJIBI U cyabpuabl: Al,Os,
Cu0, Sn0Oy, Fe,03, Cr03, ZnS, PbS, MoS,, CuS,.

MuHepansl W TOpPHBIE TOPOJBI, KOTOPHIC HWCIIONB3YIOTCS IS TONYyYEHUS METAIIOB
HA3bIBAIOTCSA pydamMu. Mertaml u3 pyAbl MOJIydYaloT BOCCTAaHOBIEHHEM — OTO 3ajada
METAJLTyPTHH.

PaznuuaroT cienyromue cnocoObl MOTy4YeHUs] METAIIJIOB:

[TupomeTanmypruyeckuii (0T rped MUPOC — OrOHb)
['mppomerauryprudeckui
DNEKTPOMETAILTYPrHUECKU (JIEKTPOIIU3)

CyYIIHOCTh UPOMETAJUTYPITHYECKOT0  crocoba - BOCCTAHOBIICHHE METAIIOB W3 HUX
COEIMHEHUH MPH BBICOKHX TeMIiepaTypax. B kauecTBe BOCCTaHOBHUTENEH MCIONB3YIOT BOJOPO,
akTuBHBIE MeTaiuibl (Mg, Al), yrnepon, okcun yriepoaa (II).

MeTto ucnons3yeTcst s MOTYYeHUs] METAJUIOB, CTOSIIIUX B PSAY HAMpPsDKEHUS METAUIOB MOCIIe
AJTFOMHHMS.

['uapoMeTannyprust —MCHONIb3YyeTCs ISl MOJYYeHHUs] MajTOaKTUBHBIX MeTaioB. Hampumep,
METO/I U3BJICUEHHUS 30JI0Ta OT IYCTOW MOPOJBI (MECKa) MyTeM PacCTBOPEHHS 30J10Ta B IIHAHUJIC
HATpUsS WM Kalusg B MPHUCYTCTBUHU KHCIOPOJA, C MOCIEIYIOIIMM BOCCTAHOBJICHHEM MeETaslia
IyTeM BBITECHEHHUS €ro 0Oojiee aKTUBHBIM METAJUIOM M3 COMU. TakuM crnocoboM MOXKHO
nonyuuts Cu, Cd, Au, Ag, Mo, V u np.

DJleKTpoMeTauTyprus (3JIEKTPOIu3) — BOocCTaHOBIIeHHe akTUBHBIX MeTaiyioB (Na, K, Ca, Al,
Li, Mg u 1p.) ¢ TOMOIIBIO AJIEKTPUYECKOTO TOKa M3 PpACIIaBOB COJIH, OKCHJIOB WU
THJIPOKCHJIOB.

Yactp A. U3ydeHHe CBOICTB 1IEJOYHBIX H IIEJOYHO3eMeJbHbIX METALIOB U MX
coeIUHEHU N

esab padoThi:

N3yunTh XMMHUYECKHE CBOMCTBA MIEJTOYHBIX METAIUIOB U UX COCTMHEHUH.

N3yunTh XUMHUYECKUE CBOMCTBA IEITOYHO3EMENTbHBIX METAIIJIOB U IX CBOWCTBA.

3. O3HakomileHHE ¢ J1a00paTOPHBIMU CIIOCOOAMU MOYYEHUS TUAPOKCHIIOB U COJIEH METauIoB
IA u IIA rpynns.

Copepxanue padoThI:

1. HccnenoBaHne XMMHUYECKHUX CBOMCTB HATPHS U €rO COEAMHEHHH (B3aUMOAEHUCTBUE C BOJIOH,

TOpPEHHE).

[TomryueHnue TUAPOKCHIA MATHUS ¥ €70 PACTBOPEHHUE B KUCIIOTE U B COJIIX AMMOHHUSI.

3. Tlomyuenune kapOOHATOB, CYyNIb()ATOB M XPOMATOB IIEIOYHO3EMETBHBIX METAIIOB U N3YUEHHUE
X XUMUYECKHUX CBOMCTB.

IIpudops! U peakTUBBI:

1. 3amuTHBIE OYKH, KPHUCTAJUIM3ATOP, MHHIET, (UIBTPOBAIbHAs Oymara, MeTaJUTHYecKas
noxxeuka, papdopoBsIif TUTETh, CHUPTOBKA, MUMETKH, TPOOUPKH, TTPOBOJIOKA C METEITHKOM.

2. OecHongranenH, Bojga, HaTpui (MET.), COJIb MarHusi, Kpaxmaj, 2 H pacTBOp COJITHOM
KHUCIIOTBI, 2 H PAacTBOp XJIOpUZa aMMOHUS, PACTBOPbI MOJUIA Kalus, CEpHOW KHCIOTHI,
TUAPOKCUAA HATpwsi, KapOOHATa HATpHs, XJOpUAA KalblUs, XJopuaa Oapusi (BO3MOKHBI
T00bIe PACTBOPUMBIE COJTM KaJIbIMS U Oapus), cyibdaTa HaTpHsl, XpoMaTa Kaius, YKCYCHOU

™ e

N
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KHCJIOTBI, HUTpaTa Kajusl; COJITHAsl KUCI0Ta (KOHIL. ).
JKCNEePUMEHTAIbHAS YaCTh

OnbiT 1. BzaumoneiictBue HaTpus ¢ Boaoii. (PabortaTh moxa TArod B 3alIUTHBIX OYKax!)
B kpucrannuzarop ¢ Booi 100aBIAIOT HECKOJIBKO Kareib ¢eHondranenna. [Iuniuerom gocrarhb
KyCOYEK IIEJIOYHOTO METajula W BBICYIIUTh (PUIBTPOBaIbHOM Oymaroil. OTAenuTh Kycouek
HaTpusi pa3sMEpOM CO CIHMYEYHYK) TOJIOBKY W IHHIETOM IEPEHECTH B KPHUCTAILIM3ATOP.
Habumronarot nporekanue peakiuy U OKpallivBaHue Bojabl. HamucaTe ypaBHEHUE NpoTeKaroLien
peakiuu.

OnbiT 2. T'openne Harpus. (PaGorate mopa Tsaroi!) B MeTainmdeckyr J0XKEUKy WA
dbapdopoBbIil TUTENH MOMENIA0T HEOONBIION KyCOUeK HATpHUS, MPEABAPUTENHHO BBICYIICHHBIN
¢unbTpoBaIbHON Oymaroil. Jlojkeuky WM TUrenb HarpeBalOT CHU3Y HEOONBIIMM IUIAMEHEM
CIUPTOBKH, 3aTeM [OKUTAIOT IUJIaMEHEM pacIUIaBICHHBIM MeTamn cBepxy. HabOmronparor
ropeHue Hatpus. [IpoayKThl OKMCIEHHMS OCTaBJISIOT A cienyromero onsita. Hamucartsb
YpaBHEHUE PEAKLUU FTOPEHUS HATPUS.

OmnbiT 3. B3aumoneiicTBre KNCJIOPOAHBIX COeIMHEHUI HATPHUSA ¢ BOAOM. [lonyyeHHbIe B
IPEIbIIYIIEM ONBITE MPOAYKTHl OKUCIEHMSI HATPUS PAcTBOPSIIOT B HEOOJBIIOM KOJHMYECTBE
BoAbl. K mosydeHHOMY pacTBOpY HPWINTh PAcTBOP HMOAUAA Kajdus MOAKUCICHHOTO CEpPHOU
KHCJIOTOH M HECKOJIBKO Karellb pacTBopa Kpaxmaina. HaGmonaioT n3MEeHEHnEe OKPAacKH pacTBOpa.
Hanucatp ypaBHEeHHE IPOTEKAIOLIEH PEaKLIUH.

OnbIT 4. ITosyuyeHne rHAPOKCHIA MATHHUS U €r0 PACTBOPEHHME B KHCJIOTE M B COJIAX
amMMoHMs. BHecTu B Be mpoOMpKHU 1Mo 3 Karuid pacTBOpa COJIM MarHusg M B KaXAYI0 M3 HHUX
N00aBUTh MO 4 KaIuld pacTBOpa €AKOro Hatpa. B ofHy M3 nmpoOHpOK, MOMEIINBask COAEPKUMOE
CTEKJITHHOW TaJIOYKOM, MPUOABUTh MO KaIUiAM 2 H. PacTBOP COJITHOW KHCJIOTHI JI0 TOJHOTO
pacTBOpeHMs] 0OCajiKa, IOACUYMTHIBAs KOJUYECTBO Kameiab. B Jpyroil mpoOMpKe TakuM xe
CIocoOOM pPacTBOPHUTH OCAZOK T'MAPOKCHIA MarHus B 2 H. pacTBOpPE XJIOpHIa aMMOHMs. B kakom
cilyyae JJsl pacTBOpPEHMs ocajka moTpedyercst Ooibliee KoindecTBO peakTuBa? Hamummte
YpaBHEHHUS MTPOTEKAIOIINX PEaKIU.

OnsiT 5. KapOoHaThl 1IeJ0YHO3eMeJIbHBIX MeTalI0B. [lonyunts ocaaku kapOoOHATOB
KaJbplusl U O0apusi B3aUMOJIEHCTBUEM PAcCTBOPOB COOTBETCTBYIOIIMX COJIEM C PacTBOPOM COJIBI.
HcnbITaTh OTHOIIEHHE MOJyYEHHBIX KapOOHATOB K COJISTHOM KHUCIIOTE, H00aBIIss €€ OCTOPOKHO
0 KaruisaM. 3arucaTh ypaBHEHUS MPOTEKAOIIMX PEeaKIIUA.

OnbIT 6. Cyabdarsl meI109H03eMeIbHbIX MeTAJNIOB. B 1Be npoOupku BHecTH mo 2-3
KaIlJId pacTBOPOB cojiel Kaiblus U Oapus. B kaxnayro mpobupky nobaBuTh mo 3-4 Kamiau
pactBopa cyibdara HaTpus. Uto Habmromaercss? OTMETUTh PA3IMYHYIO CKOPOCTh 00pa30BaHUS
ocankoB. HMcmbiTath JAeiicTBHE CONSHOM KHMCIOTHI Ha TMOJy4YeHHbIE cCyiab(arbl. 3amucarb
YPaBHEHHUS MTPOTEKAIOIUX PEAKLUH.

OnbiT 7. XpoMaThl 1IeJOYHO3eMeJbLHBIX MeTAJI0B. B 1Be mpoOupku BHecTH 1o 3-4
KalUTM PacTBOPOB cosiel Kanblus W Oapus. B kaxayro mpoObupky m006aBUTh 1Mo 4-5 Kamenb
pacTtBopa xpomara kanus. HaGirogaroT BblaieHue 0CaikoB, OTMEUAIOT UX LIBET U HCIBITHIBAIOT
JIEMCTBUE Ha HUX YKCYCHOM M COJISTHOM KHCJIOT. 3alncaTh ypaBHEHMS POTEKAIOLIUX PEAKIUH.

Onpir 8.  OkpammBaHue IUIAaMEHH  PacTBOpPaMH  COJIel  INEJOYHBIX H
1IeJI0YHO3eMeIbHBIX MeTaJloB. [IpoBojlouky ¢ TeTenbKkoil Ha KOHIE BHECTH B
KOHLIEHTPUPOBAHHYIO COJISHYIO KHMCJIOTY M 3aT€M IPOKAJINUTh B IUIAMEHW CHUPTOBKU. Ywucras
IIPOBOJIOKA HE JOJDKHA OKpaluBaTh miaMs. OUHIIEHHYIO IIPOBOJIOKY OIIyCTUTh B PACTBOP COJIH
HaTpHUsl U CHOBA BHECTH B IUIaMsl COUPTOBKUA. OTMETHUTH IBET IIJIAMEHU M 3aIllUCATh B TETPalb.
OnbIT MOBTOPUTH C PacTBOpaMM cojied Kamusi, Oapusi u Kanmpius. Ilepen KakapIM OMBITOM
MPOBOJIOYKY MPOMBITh KOHIEHTPUPOBAHHOM COJITHOM KUCIIOTOM U 3aTEM MPOKAJIUTD.

Ilopsinok paGoTbI:
1. Tlomyuuts OT mpenogaBaTels 3alaHueE.
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Brimoaauts pa60Ty COTJIaCHO MCTOANYCCKUM PECKOMCHAALIUSAM.

OdopMUTB TTPOTOKOIT PAOOTEHI.

BbutuTh 0TpaboTaHHBIE PACTBOPHI, IOCYy BBIMBITE. CaTh pabouee MecTo.
Conep:xkanue oryera:

Tema 1 nenb paboTHI.

HaOnronenusi, ypaBHEHUSI pEaKIHid 10 KaXI0i 4acT pabOTHI.

BriBop1 O TIpOIETIaHHOM padoTe.

~w

=

LN

KonTpoJsbHbie Bonpocsl.

OOm1ast xapaKTepUCTHKA TJIaBHOM MOATPYIIBI | rpymmbl (1IeT0YHbIE METAIIBI).
Pacnipoctpanenue B IpupoJe U NOIydEeHHUE.

Du3nYecKue U XMMUYECKHE CBOMCTBA LEJIOYHbIX METAJLIOB.

[IpuMeHeHne, TOKCUKOJIOTHS.

OOw1ast xapakTepUCTHKA INIaBHOM moArpymisl 11 rpymniel meao4yHo3eMeNnbHbIe METaIbI).
Pacnipoctpanenue B IpupoJie U NOJydeHHUE.

Du3nyecKue 1 XMMUYECKHE CBOMCTBA LIEI0YHO3EMEIbHBIX METAIIIIOB.

[IpuMeHeHne, TOKCUKOJIOTHS.

cONo O~ wWNE

Yacrtp b. Jaements! 111 A-rpynnsl nepuoan4eckoi cucTeMbl U UX COeIMHEHMUS.
Lean padoTbi:
1. U3y4unTh XMMHYECKHE CBOMCTBA alFOMUHUS U €r0 COSIMHEHHIA.
Coaep:xanue padoThbi:
1. Usyuenue aM(pOTEpHBIX CBOMCTB aTIOMUHUS: B3aUMOJIEHCTBHIE C KUCIOTaMU U BOJIHBIMU
pacTBOpaMH ILETOYEH.
2. I/ICCJ'IGI[OBaHI/Ie BIIUAHUSA XJ'IOpI/II[-I/IOHOB Ha KOppOSI/IIO AJTFOMUHUAA.

IIpudops! U peakTUBBI:

[ltaTuB, npodupku, AepkaTeib A1 NpoOUPOK, BOAsSHAs OaHsl,

2. Hutpata cepebpa, cynbdara menu, cynbdara aTrOMUHHS, XJIOpUIA MEIW; CepHAs KUCIIOTa
(koHII.), BoAa, (eHondTanenH, 2 H. pacTBOPHI COJSIHOM, CEpHOW M a30THOW KHUCIIOT,
TUAPOKCUAA HATpusl; KOHLIEHTPUPOBAHHBIE KHUCIIOTHI: COJIsIHas, CEepHas M a30THas;
aJltoMUHUeBast (osnbra,

JKCIEePUMEHTAJIbHASA YACTh

OnbiT Ne 1. B3anmoneiicTBHe aTIOMUHUS ¢ KHCJIOTaMHU.

A) B3zaumooeiicmeue anomunus ¢ pazoasieHHvimu Kuciomamu. B Tpu npoOupku BHECTH
no 5-8 kamenb 2 H. pacTBOPOB KHUCIIOT: COJITHOM, CEpHOHM, a30THOM. B kaxayro mpoOupky
OIYCTUTHh MO MAJIEHbKOMY KYCOYKY alrOMUHHEBOM (osbru. Bo Bcex aM ciydasx MpoTeKaer
peakuus Ha xonoxy? Harpers mpoOupku Ha BojasHoOW Oane. Uro Habmomaercs? Hamwmcatb
ypaBHeHUs peaknuid. Kakoit ra3 BeIenseTcs nMpy B3aUMOJICHCTBUU ATFOMUHUS C pa30aBiIeHHOMN
a30THOM kucaoToi? C paz0aBieHHBIMU CEPHOM U COJISTHOM?

b) Bzaumooeiicmeue antomunua ¢ KOHYeHmpuposanuvimu Kuciomamu. B Tpu npodbupku
BHECTH 10 5-8 Kameinb KOHUEHTPUPOBAHHBIX KHCIOT: COJISIHOM, CEpHOM, a30THOH. B kaxayro
MPOOUPKY OMYCTUTH MO MAJEHBKOMY KYCOUKY altoMUHUEBOU ¢onbru. Kak mpoTekaroT peakuuu
Ha xonony? C kakoi kucinoToi amomMuHuii He pearupyer? Ilouemy? Harpers nmpoOupku Ha
BoasiHOM Oane. Kak Bimsier HarpeBanme? HamucaTh ypaBHEHHsI peakivii, YYUTHIBas, 4YTO MPHU
HarpeBaHUM a30THAs KMCJIOTa BOCCTAHABIMBAETCS B OCHOBHOM JI0 AMOKCHJA a30Ta, a cepHasi 10
CEepHUCTOIO raza Ha XOJOAY M YacTHUYHO CBOOOJHOW cepbl IpU HarpeBaHuu. Biuser mam
M3MEHEHNE KOHIIEHTPALMK COJISIHOM KUCIIOThI HAa XapaKTep €€ B3aUMOAECUCTBUS C AIFOMUHUEM?

OnbiT Ne 2. PacTtBopeHuMe ajllOMHHHMSI B BOJHOM pacTBope mmenoud. Buectu B
npoOUPKY MOJOCKY aTIOMUHHEBOH (onbru u 106aBuTh 3-4 Karum Bojabl. Harpets npoOupky Ha

=
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BoasiHOW Oane. Habmromaercs nu Beaenenue Bogopona? Jlo6aBuTh B mpoOUpKy 5-8 xamenb 2H.
pactBopa eakoro Harpa. OTMETHTh MHTEHCHUBHOE BbIAeNieHUE Bojopona. OTCYTCTBHE peaKIiu
ATIOMHUHUS C BOJON OOBSACHSETCS HAIMYUEM Ha €ro MOBEPXHOCTU IJIOTHOM OKCHIHON IUICHKH,
KOTOpasi 3aTpyaHSET JOCTYH BOJOPOJHBIX HOHOB K TOBEPXHOCTH MeTaia. JloOaBieHHas
HIeJIOYb PACTBOPSAET OKCHUIHYIO IUIGHKY C OOpa3oBaHMEM THMJIPOKCOATIOMUHATa U CO3ZaeT
BO3MOXHOCTb HEMOCPEICTBEHHOIO B3aUMOAECHCTBUS allOMUHUS ¢ BoAoW. Hanucars ypaBHEeHUs
peaKIui.
OnbiT Ne 3. Biausinue XJIOpWA-MOHA HA KOPPO3MI0 alwMUHUsS. B 1Be mpoOupku
MOMECTUTH 0 KYCOUKY allOMUHUS U T00aBUTh B OJIHY U3 HUX 5-8 Kamenb cyibdaTa Meau, a B
JIPYTYIO - CTOJIBKO e pacTBopa xjopuaa meau. OTMETHTh pa3iHyHbIA pe3yabTaT B 000MX
CIIy4asiX: B TO BpeMs Kak B MEpBOW MPOOMpPKE ATIOMUHUN OCTAaeTCs MOoYTH 0e3 M3MEHEHHs, BO
BTOPOI1 OH OBICTPO MOKPBIBACTCS HAIETOM Menu. Hamucarh ypaBHEHHE PEeaKITHH.
Ilopsinok paGoTbI:

[TomyuuTs OT MpenoaBaTens 3a/laHue.

BrInoTHUTE paboTy COTJIACHO METONYSCKUM PEKOMEHAIIHSIM.

OdopMUTh TPOTOKOI PAOOTHI.

Boeumnth 0TpaboTaHHBIE PacTBOPHI, TOCYAY BBIMBITE. C1aTh pabodee MecTo.
Coaep:kaHue oT4yeTa:

1. Tema u uenb paGOTHI.

HaOGmronenus, ypaBHEeHUST peaknii 10 KaXK0M 4acTh pabOTHI.

3. BbIBOBI 110 IPOJIETaHHOM padoTe.

E A

N

KoHnTpoJibHbIE BONIPOCHI:
1. OG6mas xapakrepuctka riaasHoi noarpynmsl Il rpynnsl. PacnpocTtpanenue B npupose.
ITony4enue.
2. Amomunuii. CBolicTBa U coemnHeHus. [IpuMenenue.

TEMA 3. OBILIAA XAPAKTEPUCTUKA U TOKCHUKOJIOTI'UA D-DJIEMEHTOB
U UX COEJJUHEHWUN
Dopma nposedeHUst - AHATIU3 PE3)ILIMANIOE OMOHCHPAYUOHHORO IKCNEPUMEHMA
BbINOTIHEHUE UCCTICOOBAMETLCKUX PAOOM YACHUMHO-NOUCKOBORO XAPAKIMEDPA

Yacts A. daemenTs! Ib n IIb rpynnsl nepuoanyeckoi CHCTEMBbI X HX COeIHHEHMS.
Lean paboThi:
W3ydeHue cBOMCTB Meu U cepedpa U UX COeTMHEHUI.
2. V3yueHue CBOMCTB IIMHKA U €T0 COETUHEHUH.
Conep:xanue padoTbl:

1. HccnemoBanue B3aMMOJIEHCTBUSA MEOU C KHCIOTaMHU. B3anMmoeiicTBre coeqUHEHUI MEIHU C
KHCJIOTaMU III€JI0YaMH, KOHLIEHTPUPOBAaHHBIMU pacTBOPAMU aMMHUaKa, KOMIUIEKCHBIMHU
COETUHEHUSIMHU.

2. BzaumopeiicTBue HuTparta cepebpa C ILIeIouaMH, KUCIOTaMH, COJIIMU T'aJOr€HBOJAOPOIHBIX

KHCJIOT, THOCYJIb(hAaTOM HATPHUS.

H3yuyeHue CBOMCTB MeAu U cepedpa M UX COeIMHEHUI.

IIpudopsl U peakTUBBI:

XUMHUYECKUE CTaKaHbl, MPOOUPKH, ITUIETKHU, INTATUB.

2. PactBopel cynbdara Meauw, THUAPOKCHIA HATPHUS, HOAUAA Kallus, OpOMHAA Kalusi,
trocynbdara HaTpus, kKapOoHaTa HaTpHsI, rekcarmanodeppara (I1) kanusi, ConTHON KUCTOTHI,
CepHOW KHCJIOTHI, aMMHaKa, HUTpara cepedpa; 2 H pacTBop XJIOpOBOAOPOAHOMN KHCIOTHI,
KOHIIEHTPUPOBAHHBIM BOJIHBIA pacTBOP aMMHAKa.

=

=

JKCNepUMEHTAIbHAS YaCTh
OnbIt 1. U3ydyeHne cBOMCTB MeIM U ee COeIMHEHMI.
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a) B xumMuueckoM cTakaHe CIMBAIOT IIPU NEpeMEIIMBaHUM TPUOIN3UTENBHO 10 10 M

pactBopoB CuSO4 u NaOH.

Ocanok nendar Ha 4 npo6upku. [lepByro mpoOUpKy OCTOPOKHO HArPEeBAOT.

Bo BTOpYIO MpUIMBAIOT 2H. PACTBOP XJIOPOBOAOPOIHON KHCIIOTHI,

B TPETHIO — KOHIICHTPUPOBAHHBIN BOAHBIN pacTBOp ammuaka. Yto nabmonaere?

06) B mpobupky nHammBaior pactBop CuSO, m nobaistor pactBop umoamnma kamus KI.
Hab6mronaror ocaxxnenue noaunaa menu (I) Cul, okpacky KOTOPOro MacKUpyeT BBIICTUBIIUNCS
won Ip. Jlnsg ycraHOBIIEHMS OKpacKM oOcajaka J00aBIISIOT HECKOJBKO Kareidb pacTBOpa
trocynbdara Hatpus NapS;03. K ocaaky Cul moGamnsior B M30BITKE pacTBOp THOCYJb(dara
HaTpus NapS;03. Habmonatot pactBopeHne ocajka.

B) B mpoOupky namuBator pactBop CuSO, u m00aBIsIOT pacTBOp KapOOHaTa HaATpUS
Na,COs;. Habmomaror o0Opa3oBaHHMe OcCajKa, KOTOPBIH COCTOMT U3 OCHOBHBIX COJICH
MEPEMEHHOT0 COCTaBa.

r) B npoOupky npunusaroT pactBop CuSO4 1 10 KarisM J00aBISIOT KOHIICHTPUPOBAHHBIIM

BOAHBIN pacTBOp ammuaka NHs. Uro Habmonaere?

1) KauyeCTBEHHas peaklus Ha Cu**. K pactBopy CuSOs 100aBisiOT HEOOJIbIIOE
KosimyecTBO pactBopa rekcaruanodeppara (1) xamms Ky[Fe(CN)g]. Boimensiercss ocamok
rexcarmanodeppara (II) menu (II) Cu[Fe(CN)g] . Henst ocagok Ha 4 mpoOUPKU U UCTIBITHIBAIOT
neiictBue Ha ocamok HCI, H,SO,4, pactBopa NaOH um BogHOro pactBopa ammmaka NHi. Uro
HaOJronaere?

OnbIT 2. U3ydeHue cBoiicTB cepedpa M ero coeAUHEHUI.
a) B npobupky BHOCcAT 2-3 kamau pactBopa AgNO3 1 mpuOaBisIOT B U30BITKE PacTBOP
NaOH. Ha6monarot o6pazoBanue Ag,0.
6) B n1Be npoOupku HanuBaroT 1o 3-4 karmu pactBopa AgNO3 1 J00aBISAIOT IO HECKOIBKO
kanenb HCI. Habmonatot Beienenue 6enoro ocaaka AgCI.
B onny npoOupky npuianBaroT BOAHBINA pacTBop amMmuaka NHs, B 1pyryto - pactBop
tuocynbgata HaTpus NapS;03. HabmronaroT pacTBopeHue ocajka.
B) B n1Be npoOupku HanuBaroT pactBop AgNO3. B onny no6asmnstor pactsop Kl, B npyryro
— KBr. Kaxxip1ii ocafiok 1ensiT Ha 2 mpoOUpKU.
JloGassitoT BoHbIN pacTBop ammuaka NHz B 1 nmpoOupky ¢ Agl u B ImpoOupky ¢ AgBr. B
o0eux 1 NpodupKax MPOUCXOJUT PACTBOPEHHE OcaKa?
B ocraBmmecs mnpoOWpKH TNPWIMTH pacTBOp THOCYIb(ara Hatpus NaS;03. Uro
HaOmogaere?
KonTpoJbHbIE BONPOCHI.
O61mas xapakTepucTiKa Mo6oyHON noaArpynmnsl [ rpynmne! (moarpymnmna Mean).
PacnipocTpanenue B mpupo/ie U MoIy4YeHHUE.
PuznyecKkue 1 XMMUYECKHE CBOMCTBA.
[Tpumenenue, Hanbosiee BaXKHbIE COETUHEHUS Me/IU, cepedpa U 30J10Ta.
OxapakTepu3yiiTe OTHOLIEHHE Menu, cepedpa W 3070Ta K pa30aBICHHBIM U
KOHIEHTPUPOBAHHBIM pPAacTBOpaM KHCJIOT, K pacTBopaMm Ienodedl u coseit. Hamumure
YpPaBHEHHUSI COOTBETCTBYIOIUX PEAKIIUMN, YKAKUTE YCIOBUS UX OCYIIECTBIICHUS.
6. Kakme peaknum TpOTEKAIOT TPH PACTBOPEHUH 30JI0TAa B «IIAPCKOH BOJKE», B
KOHLIEHTPUPOBAHHOMN COJISIHON KHCJIOTE, HACHIIIEHHOHN XJI0POM, B CEJIECHOBOM KUCIOTE?
7. Uem oObscHseTCS 00pa3oBaHUE 3€IICHOr0 HajleTa Ha MEOHBIX M3JENUsIX W TOYEPHEHHE
cepeOpsHBIX MPEAMETOB IPU [UIMTEIBHOM NMPEObIBAaHUM MX Ha Bo3ayxe? Hamummre ypaBHeHUsS
COOTBETCTBYIOIIMX PEAKIIUM.

SARE A

IIuHK U ero coeUHEHUS
IIpudops! U peaKkTHBDI:
[ItaTuB, MpoOUPKHU, MUMETKH, MUKPOIIIIATENb, CTUPTOBKA, ACPKATEIb I TPOOUPOK.
. IluHKOBas MbLTb, 2 H PACTBOPBI CEPHOM M COJISTHOM KHCIIOTHI, 2 H pacTBOP THAPOKCUIA HATpHs, 1 H

N e
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pacTBOp COJISHOM KHUCIIOTHI, 2 H pacTBOp aMMMaKa, KOHLIEHTPUPOBAHHAs CEpHAsl KUCJIOTa, PACTBOP
COJIM IIMHKa (J1r00ast pacTBOPUMAs), HACHIIIEHHBIA PacTBOp Cylb(ua aMMOHUS, COJIb IIMHKA (KP.),
BOJ1a, JJAKMYC.

JKCIEePUMEHTAJIbHAS YaCTh
OmnpIT 1. PacTBOpeHre HMHKA B KUCJI0TAX H 1eJ0YaX.

Hamute B mpoOupky 4-5 xamens 2 H. pacTBOpa CEpHOM KHCIOTHL, J00aBUTH |
MUKPOILIIATENb [IUHKOBOW MBUIM U CJIE€TKa NOXOrpeTh. To ke nmponaenars ¢ KOHIEHTPUPOBAaHHON
CepHOW KHUCIIOTOHM M MO 3amaxy ONpeAeiIuTh BBIACICHUE CEPHUCTOrO raza. Takum ke oOpasom
IIPOBEPUTH PACTBOPUMOCTH LIMHKA B 2 H. PACTBOPE COJITHOM KUCJIOTHI U B 2 H. pacTBOpPE €IKOU
menoun. Onucath HaOmomaemoe. [louemy pas3OaBieHHas U KoHueHTpupoBaHHass H»SOs mo-
pasHoMy pearupyloT ¢ HuHKOM? Kakoil aToM M B KakOW CTENEHU OKHUCICHHS SBIISICTCS
OKHUCJIUTEJIEM B TOM U B IpYroM cirydae?

OnpIT 2. M'uapokcena HMHKA U €ro CBOiCTBA.

Hamute B nBe mpoOupku mo 3-4 Karumm pacTBopa CONMM NHMHKA. B Kaxmylo mpoOupkKy
N00aBJIATE 2 H. PAacTBOpP €AKOW IIEJNIOYM JIO0 TMOSIBIEHUS OEJIoro CTYAEHUCTOrO Ocajka
TUAPOKCUAA LMHKA. VcnpITaTh OTHOIIEHHWE MOJIyYEHHOTO THIPOKCHIA K KUCIOTaM U IIeJo4yaM.
Kakoli BBIBOJ MOXHO clie€laTh O CBOMCTBaxX I'MJIpOKCHIA LMHKA? HanucaTh ypaBHEHUs peakuuii
B MOJIEKYJISIPHOM U HOHHOH (hopmax.

Omnpit 3. Cyabpua unHka.

B mpoGupky momectuth 3-4 KamiM pacTBOpa COJNHM IMHKA W J00aBUTh 2-3 Karum
HACBIILIEHHOI'O pacTBopa cyiabpuaa aMMoHHs. OTMETUTh LBET 00pa30BaBIIETOCs OCagka U
no0aButTh 1 kamist 1 H. pacTBopa coyiiHOM KuciaoThl. Yto mpoucxonut? Hanucars ypaBHeHuUs
peaKuuu.

OnbiT 4. I'uapoan3 cojieil HMHKA.

ITomecTuTh B MPOOUPKY HECKOJIBKO KPUCTAJUIMKOB COJIM IMHKA U PACTBOPUTH UX B 1-2
Karmigx Bojbl. Jlo0aBUTH B MpOoOUpPKY 2-3 Karjid pacTBOpa JIAKMyca M ClieTKa MOJorpeTh. Bo
BTOPYIO NMPOOUPKY HAIUTH 2-3 KaIllIM pacTBOpa JlakMyca U 1-2 Kamiu BOJAbI U CPaBHUTH I[BET
COJIEP’)KMMOT0 3TOM NpPOOMPKH C OKpackoil mojydyeHHoro pactBopa. Ha kakyio peaxiurio
YKa3bIBaeT IBET JIaKMyca B pacTBOpe coiu IuHKa? HammcaTe B MOJIEKYJISIPHOH M HOHHOM
¢dbopMax ypaBHEHHUS MIPOLIECCOB, BHI3BIBAIOLINX U3MEHEHNE OKPACKH JIAKMYcCa.

OnbIT 5. AMMHAYHBIN KOMILIEKC IIHHKA.

B mpo6upky nomectuTs 1 Karuio pacTBopa COJM LIMHKA U 100aBUTH 2 KaIUIM 2 H. pacTBOpa
ammuaka. Ocasok kakoro BemiectBa oOpasoBaicsi? K monydeHHOMY pacTBOpY NpUIMBaTh IO
KaruIsiM M30BITOK pacTBOpa aMMHaka JI0 pacTBOpEHHUsl ocajka. HamucaTh ypaBHEHMs peakuuii,
cuMTas, YTO KOOPAMHALMOHHOE YHUCIO HOHA IMHKa 4. HamucaTh ypaBHEHHUs IucCOLMALUU
KOMIUIEKCHOTO COEIMHEHUS U KOMIUIEKCHOTO MOHA.

KoHnTpoJbHbIE ONIpOCHI:
1. Xwumus snemeHTOB 0604HOI noarpymnisl II rpynmel nepuoanyeckoil cucTeMsl (MOArpyIIa
[IMHKA).
PacripoctpanenHocTs B mpupoze. OCHOBHBIE MUHEPAJIB.
DU3UKO-XMMHUYECKHE CBOMCTBA MPOCTHIX BelIeCTB. [lomydeHre mpocThiX BEIIECTB.
X¥MHs BOAHBIX PACTBOPOB.
Oxcuapl ¥ THIPOKCHIIBL.
Conu. KoMIiekcHbIe COETMHEHUS.
IMopsinok padoThI:
[TosryunTs OT IpenogaBaTess 3alaHue.
BeinosnHuTh paboTy COrmacHO METOIMYECKUM PEKOMEHJAlUSM.
OdopMHUTH TPOTOKOJT PAOOTHI.
BeutuTh oTpaboTaHHBIE PacTBOPHI, TOCYY BBIMBITE. CaTh pabouee MecTo.
Conep:xkanue oryera:
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1. Tema u uenb pabOTHI.
HaGmronenust, ypaBHEHUS peakinii MO KaKI0i 4acTH paboThlI.
3. BbIBOBI 110 IPOJIETaHHOM padoTe.

N

Yacts b. DiemenTsl m0004HOM moarpynnsl VI rpynnsl nepuogudecKoi cucreMsl.
«/3y4eHune cBOMCTB XpOMa M €ro CoeIMHEHUI»

esab padoThI:
N3yunTh XMMUYECKHE CBOMCTBA XPOMA U €r0 COCAUHEHUMN.
2. O3zHaKoMIIEHHE C JIAOOPATOPHBIMHU CIIOCOOAMHU TOJTYUYECHHUSI OKCUOB, TUPOKCHIOB U COJICH

Xpoma.
Coaep:xanue padoThbi:

1. Tonyuenue okcuna xpoma. [lonydyeHue u ucciea0BaHNE XUMUUECKHUX CBOWCTB I'MIPOKCHIA
xpoma (I11).
[Tony4yeHne MamopacTBOPUMBIX XpOMaTOB OapHsi, CBUHIIA U cepedpa.
3. HccnenoBaHue OKUCIUTEIBHBIX CBOMCTB XpOMATOB U IUXPOMATOB.

=

o

IIpudopbI U peakTHBBI:

1. Hlrarus, npoOUpKH, TUNETKHU, AEpKaTeb sl IPOOUPOK, CIUPTOBKA.

2. buxpomar ammoHus (Kp.), pacTBOpbl XpoMaTa W OuUXpomara Kajus, Xjopuaa Oapus, HUTpaTa
CBUHIIA, HUTpaTa cepeOpa, MOAMJA KalMsl, ; Kpaxmal, 2 H pacTBOp T'MJIPOKCHIAa HaTpus, 2 H
pacTBOpP COJSIHOM KUCIIOTHI, 2 H paCTBOP CEPHOM KUCIIOTHI, COJISIHAsE KUCJIOTA (KOHIL. ).

3KCl'lepI/IMeHTaJ'[I>Haﬂ 4acThb

Omnpit 1. ITosryyenue okcuaa xpoma.

B mpobupky nomecTtuTh HEOOJNIBIIOE KOJIMYECTBO OMXpOMAaTa aMMOHHUS M OCTOPOYKHO
HarpeTb. HaOmromaercst OypHoe pasnokeHue cosd. Kakoil 1BeT mmeeT MOMy4YeHHBIM OKCUA
xpoma (III)? HamucaTe ypaBHEHHE peaklUMU pa3OKEHUS, YUYUTHIBAs, YTO OJHOBPEMEHHO
00pa3yroTcs a30T U BOJA.

Onpbit 2. IToayyenue u cBoiicTBa ruapokcuaa xpoma (III).

[Tomyuuts B ABYX npobupkax ruapoxkcu xpoma (III) B3anmopeiicTBreM pactBopa Xjaopuaa
xpoma (III) (3-4 xammu) ¢ 2 H. pactBopoMm mienouun (1-2 xamu). McneltaTh OTHOLIEHHE
THJIPOKCUA XPOMa K KUCJIOTE U K W30BITKY IIETI0UH, AJIS Yero Jo0aBiIATh B OJHY MPOOUPKY 1O
KaruisiM 2 H. pacTBOpP COJSIHOW WJIM CEPHOM KHCIIOTHI, B JIPYTYHO — 2 H. PacTBOp WLIEIOYH 10
pacTBopeHMs ocanka. Hamucare ypaBHEHMsI peaklMid, y4WUTBIBas, YTO IPU B3aUMOACHCTBUU
TUAPOKCHUIA XPOMA € KMCIIOTOM M CO IIEJIOYBIO MOIYYaeTCsl KOMIIJIEKCHBIN aHHOH [Cr(OH)4]3'.
OnbIT 3. XpomMaTsl 1 OMXPOMATHI.

a) nepexoo xpomama kanus 6 ouxpomam. K pactBopy xpomara kamus (3-4 Karuim)
npubaBiIsATh MO KallsiIM 2 H. PAacTBOpP CEpPHOM KUCIOTHL. OTMETUTh OKpacKy B3STOIO H
MOJIyYEHHOT'O PACTBOPOB U YKa3aTh, KAKUMHU MOHAMH ATH OKpacku oOycnaBiauBatoTcs. Hanmucatsb
ypaBHEHUE PEAKIIH.

0) nepexoo ouxpomama kanus é xpomam. K pactBopy Omxpomara kaius (3-4 karuim)
npuOaBiIsATh MO KaljIsiM pacTBOp WIENOYM JI0 W3MEHEHUs oOKpacku. HamumcaTh ypaBHeHue
peaxkuu.

OnpbIT 4. [TosryyeHne MaJIOPaCTBOPUMBIX XPOMATOB 0apus, CBUHIIA U cepedpa.

B Tpu mpobupku ¢ pacTBopoM xpomara kamus (2-3 kamim) npuOaBuTh Mo 2-3 Karum
pacTBOPOB: B MEPBYIO — XJOpHJa Oapusi, BO BTOPYIO — HUTpATa CBUHIA, B TPEThIO — HUTpATa
cepebpa. OTMeTUTSH 11BeTa 0caiKoB. HamucaTh ypaBHEHHS peaKimi.

OmnsIT 5. OKHCIANTE/IBHBIE CBOIICTBA XPOMATOB.

a) okucienue uoouoa Kanusa. K mogkucieHHOMY cepHoOil kucioToi (1 kamisi) pacTBopy

ouxpomara kanus (4-5 xarens) 100aBUTh 3-4 Karumi pacTBopa noauaa kamus. OTMEeTUTh
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U3MEHEeHHEe OKpacKku. /loka3aTh ¢ MOMOIIBIO pacTBOpa KpaxMmalsa BhIJEIEHHE CBOOOJHOTO Hona,
JUTSL 4ero B MPOOHMPKY ¢ 5-6 KalusiIMH KpaxMmayia BHECTH OJIHY KAIUIIO0 IMOJYYCHHOTO B OIIBITE
pactBopa. Hanncars ypaBHEeHHsI peakiuil.
0) oxucnenue conanout kuciomol. K pactBopy 6mxpomara xamus (1-2 xarmim) npuOaBUThH
10-12 kanenb KOHIEHTPUPOBAHHOM COJITHOW KUCIOTHI. CMECh HarpeTh J0 Mepexoaa OpaHKeBOr
OKpacku B 3eyeHyro. OTMeTuth BbijeneHue ra3a. Kakoit ra3 Beigenserca. Hamnucars ypaBHeHue
peakuuu.
IMopsinoxk padoThI:

ITomy4yuTs OT npenoaasBaTes 3aJaHue.

BbImomHuTh paboTy COrjacHO METOUYECKIM PEKOMEHIALUSIM.

OdopmuTh MPOTOKOI pabOTHI.

Beutute oTpaboTaHHBIE PACTBOPSI, IOCYY BBIMBITH. CliaTh pabouee MecTo.
Conep:xkanue oT4yera:

1. Tema u uenb pabOTHI.

Habmroienusi, ypaBHeHHs peakluid 0 KaK0i yacTH paboThlI.

3. BrIBobI IO IpOAETaHHOI padoTe.

HoodpE

no

KoHTpoJibHbIE BONPOCHI.
1. Xumus sneMeHTOB N000YHOM moArpynmbl VI rpyIibl nepuogu4eckoi CUCTeMBI (MTOATPYIIna
XpoMma).
PacnpocTpanennocts B mpupojae. OCHOBHbIE MUHEPAIIBI.
OuU3MKO-XUMHUYECKHE CBOMcTBAa MeTalsioB. [lonydyeHue xpoma, MonubaeHa u Bolbhpama.
XHUMHS BOAHBIX PACTBOPOB.
OKCcUIBI U TUIPOKCH/TBI.
Comnu. KoMIiekcHbIe COeTUHEHHS.
[Touemy mpu B3auMOAEWUCTBUU coOJieil Oapusi ¢ pacTBOpaMM XpomaTa U JUXpoMara Kalius
BBIMAJIAIOT OCAJKU OJUHAKOBOTO cocTaBa? Paccmorpute okuciurenbHbie cBoiicTBa KoCroO7
npu pa3nu4HbIX pH pacTBOpOB.

Nooakow

Yacrs B. [To6ounas moarpynna ceibMoi rpynnbl NePHOANYECCKOH CHCTEMBI.
Mapranen u ero coexunenus’’
ean paboTh:

1. H3yueHune XMMHUYECKHX CBOMCTB COEIMHEHUI MapraHia.

O3HakomiieHHE C J1a0OpaTOpHBIMU CIIOCOOAMHU MOJYYEHHS MAalOPACTBOPUMBIX —COJNeH
mapranna (II) u u3ydyenne ux XMMHYECKUX CBOMCTB.

Coaepixanue padoThI:
HccnenoBanue OKUCIUTENbHBIX CBOUCTB cojielt mapranua (II) ¢ amomunmnem.
HccnenoBaHre OKMCIUTEIbHBIX CBOMCTB coenueHui Mapranma (V1I).
[Tomygyenue runpoxcuaa mapranna (II) u uccienoBanre ero XUMHIECKUX CBOWCTB.
[Tomyuenue xpomara Mapraiiia, kapOoHaTa MapraHiia, Cyab(uaa Mapraiia u Ucciae10BaHue

XUMHYECKUX CBOMCTB ATUX COCTMHEHUH.

IIpudops! U peakTUBBI:

1. [ratuB, npoOUpKH, NUNETKH, CTEKJISHHAs  HaJo4Ka, MHUKpOILINaTelb,  CIUPTOBKa,
npoOUpKoepKATEb,

2. PactBop conmu maprasnia (I1), amromunueBast ¢osbra, 2 H pacTBOp THAPOKCHIA HATPHS, 2 H PACTBOP
CepHOW KHUCIIOTHI, PacTBOPBI XpoMaTa Kajus, KapOoHaTa HaTpus, Cyabpuaa aMMOHHM, cyinbdara
mapranna (II), pactBop mnepmanranara kanus, cynb@ut HaTpus (kp.), 10%-HOro pactBOp
NEPOKCH/IA BOJIOPOAA, ITUIIOBBIN CIIUPT.

JKCNepUMeHTATbHAs YaCTh
OmnbiT 1. BoccTanoBienne coum mapranua (II) anrommanem
Hanute B mpoOupky 5-8 kamens pactBopa cosim Maprania (I1) u ormycTuThs B HEro Kyco4ek

rno

MopdE
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amomunueBorr  ¢ompru  (5x30 mm). Yepe3 HekoTopoe Bpems HaOMI0NaTh BBIACICHHUE
METAJIJIMYECKOI0 MapraHiia Ha IOBEPXHOCTH aatoMuHus. Hanncats ypaBHEHHE peakLUH.
Onpit 2. N'uapoxkena mapranua (I1) u ero cBoiictBa

B nBe npoOupku BHecTH 10 3-4 karu pactBopa conu Mapranua (II) u mo 2-3 kamm 2 H.
pactBopa mienoud. KakoB 1iBeT nomydusiierocs ocaaka ruapokcuaa mapranma (I11)? Pazmemars
0CaJIOK CTEKJITHHOM MAJIOUYKOH M OTMETHUTH €ro MoOypeHue BCIeICTBUE OKUCIICHUS MapraHiia
(IT) o Mn (IV). Bo BTOpyr0 poOUpKY ¢ 0CaAKOM THAPOKCHIAa MapraHiia 100aBuTh 2-3 Karm 2
H. pacTBopa cepHoi kucaoTel. Uto Habmonaere? Kakue cBOWCTBa XapaKTEepPHBI I THAPOKCUIA
Mn (II)? Hamucate ypaBHEHMs peakiiuii: a) moiydeHus ruapokcuma mapranna (II) u ero
OKHCIICHHHS KHCIOPOJIOM Bo3ayxa B mpucyrctBuu Boasl B MnO(OH)y; 6) B3ammopencTBus
TUAPOKCHUA MapraHila C CEpHON KHCIOTOM.

Omnpit 3. [MoiyyeHHe HEKOTOPHIX MAJIOPacTBOPUMBbIX coJieil mapranua (I1)

B Tpex mpobupkax moiay4duTh: a) XpoMmaT MapraHia; 0) kapboHaT MapraHia; B) Cyibpua
MapraHiia B3aUMOJCWCTBHEM Xpomara Kaius, KapOoHara HaTpus W cylbduaa aMMOHHUS C
cynsharom mapranna (II). PactBopsr Opath mo 3-4 kamnu. OTMETHTH I[BETa 0cagkoB. PacTBop ¢
0CaZIKOM CyJb(puaa MapraHia pa3Memarb CTEKISHHOW nmanodykoi. OTMETHTh W3MEHEHHE I[BETa
ocanka. J[06aBUTh K KakaOoMy Ocaiky 2-4 Kamiau 2 H. pacTBopa KHcIOThl. CraenaTrbh BBIBOJ O
PacTBOPUMOCTH ITOJIYYEHHBIX COJIEH MapraHia B KMCJION cpene. Hanucars ypaBHEHUS peakiui:
a) MoJy4YeHHsl Xpomara, kapooHaTa U cynb(uaa Mapranua; 0) okucieHus cyiabpuaa Maprasia
KHCJIOPOJIOM BO3/lyXa B MPUCYTCTBUHU BObI, YUUTHIBAs, YTO IPU 3TOM IOJYYAETCS] THIPOKCH]L
Mn (IV); B) pacTBopeHus xpomata, kapooHara u cynbduaa mapranna (II) B kucnore.

OmnbiT 4. OKHCIUTEIBHBIE CBOMCTBA coennHeHuii mapranua (VII).

a) Bauanue pH cpedvt na xapakmep 60cCmano6ieHus nepmanzanama.

B 3aBucumocTu OT cpeabl — KHCIOM, HelTpanbHOM wiu menoyHod — mapranen (VII)
BOCCTAHABIIMBAETCS 1O PAa3jIMYHbIX CTeleHed okucieHus. B kucnoit cpege noH MnOg
MEePEXOUT B HOH Mn?* , B HEUTpaJIbHOM, CiIa0OoIIeNIOuHOW U cinabokucion — B MnO; , B
CHJIBHOUIEJIOYHOM IPU HEJOCTATKE BOCCTAHOBUTENS — B HOH MnO,%.

B 1pu mpobupku BHecTM mo 3-4 KamuM pacTBopa IepMaHraHara kamus. B onny
npoOUpKy 100aBUTh 2 KaIlIM 2 H. pacTBOpa CEPHOM KUCIIOTHI, B IPYT'YIO0 — CTOJIBKO € BOJIbI, B
TpeTbto — 3-4 Kamm 2 H. pacTBopa menodyn. Bo Bce Tpu mpoOupku mnpubaButh 1Mo |
MUKPOIITATEN0 KPUCTAJUIMYECKOTO Cyab(puTa HaTpus uiId Kanusa. OTMETHTh pa3iInyHoOe
M3MEHEHHE TEePBOHAYAIBLHOM OKpacKu pacTBOpa NEpMaHraHara B KaxJoM ciydae. Yem 3To
BbI3BaHO? HamucaTs ypaBHEHUS peaKiuii.

0) OKucnenue nepmManazanmom Kaiusa nepoKcuod 6000pooa.

B npoGupky BHecTn 3-5 Karenb pacTBOpa MepMaHraHata Kauus ¥ 2-3 Karii 2 H. pacTBOpa
cepHoit kuciotel. JloOaButh 3-4 kamm 10%-HOro pactBopa Tepokcuma Bojpopona. Kakoil ras
BhiIensieTcs? Kak u3mMeHnack crerneHb OKuciaeHust Maprania? Hamicats ypaBHeHHE peakiiH.

6) OKucnenue nepmanazanmom Kaaua CRUpma ¢ KUCaoil U wie04Holl cpeoe.

B nBe mpoOupku BHECTH 10 2-3 Kalid pacTBOpa MepMaHraHaTa kanus. B ogHy mpodupky
n00aBUTh 2 Kalllk 2 H. PacTBOpa CEPHOW KHUCIOTHI, B JIPYIYIO - CTOJIBKO K€ 2 H. pacTBOpa
menoyn. B mpoOupKy ¢ MOJKUCIEHHBIM pacTBOPOM IMEepMaHraHara Kaius J00aBUTh 3 Karliu
ATHJIOBOrO cnupTta. PacTBOp moaorpers MaleHbKUM IUIaMEHEM CHUPTOBKU. OTMETHUTH
U3MeHeHne okpacku. Kak M3MeHmiach cTeneHb OKUCIIEeHUs Mapranua? B apyryio npoOupky k
HIEJIOYHOMY PacTBOPY MEepMaHIraHaTa Takke J00aBUTh 3 Karuid 3TuiioBoro cnupra. Habmonate
MIOCTETNICHHOE BOCCTAHOBJICHWE IEpPMaHTaHaTa CHayaja 10 MaHTraHaTa, a 3aTeM J0 JUOKCHUIa
maprania. OTMETUTh TOCJIEI0BAaTEIbHOCTh M3MEHEHHMs] OKpPacKd pacTBOpA. Hanucatp
YpaBHEHHUS PEaKIUii: BOCCTAHOBJICHUS MEePMaHTaHaTa Kalus CIIUPTOM B KHCIIOW cpelie CHavaja
0 MaHTaHaTa, a 3aTeM MaHraHaTa — J0 AMOKCHJA MapraHila, y4UThIBas, 4TO B KaXXKJIOM Cilydyae
CIHPT OKUCIIAETCS B albJICTU/I.

IMopsinok padoThI:
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[Tomy4yuTs OT npenoaasBaTes 3aJaHue.

BbInoHUTE paboTy COrNTACHO METOANYECKHM PEKOMEH IAIHSIM.

OdopmMuTh MPOTOKOJ pabOTHI.

Bbutnth 0TpaboTaHHBIE PacTBOPHL, IOCYY BEIMBITE. CiaTh pabodee MeCTo.
Conep:xanue oT4yera:

Tema u uenb paboThI.

HaGmronenus, ypaBHEHUS peakinii MO KaKI0M 4acTH paboThI.

BpIBOIBI 110 TIPOJIETIAaHHOM padoTe.

KoHTpoJibHBIE BOIPOCHI.
XuMus aneMeHTOB moOouyHoi moarpynnsl VIl rpynmbel  mepuoOAMYECKON  CHCTEMBI
(moarpyrmma maprasia).
PacnipoctpanenHocts B mpupojie. OCHOBHBIE MUHEPAJIBI.
DU3UKO-XMMHUYECKHE CBOMCTBA METaLIOB. [loryyeHne meTtamios.
XuUMHS BOAHBIX PACTBOPOB.
OKcuabl ¥ THAPOKCHUIBI.
Comnu. KoMIieKkcHbIE COeTUHEHMS.
Hanumure ypaBHeHUs! peakiinii, B KOTOPBIX COCIMHEHUS MapraHIia MPOSIBIISIOT
a) OKHUCIUTENbHBbIE, ©O) BOCCTAHOBHUTENbHbIE CBOWMCTBA, B) OKHCIUTEIbHBIE U
BOCCTAHOBUTEJIbHBIE OJHOBpeMEHHO. Kakue coeauHeHus MapraHiia MOTYT TMpOSBIATH
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHYIO IBOMCTBEHHOCTh?
Paccmotpute  okuciurensHbie  cBoiictBa  KMnQOg B Pa3IMYHBIX cpenax.
Urto mpencTaBisitoT co0oil mpoayKTel BoccTaHoBieHUss KMnQOy4 B KUCHBIX, HEUTPAIBbHBIX H
mienouHblx cpenax? Kak u3MeHsieTcss okpacka pacTBOPOB B IMPOIECCE BOCCTAHOBJICHUS
KMI’IO4?
OxapaxkTepusyiTe B3aMMOJIEHCTBUE COJISTHOW KUCJIOTHI C OKCHaaMu Mapradina MnO,
MnO,, Mn,07. Kak u3 mupomnro3urta momyauts KMnQO,?

Yacrs I'. Duementsl VIIIB rpynnbl nepuoanyeckoi cucTeMbl 3J1eMEHTOB M
uXx coennnenus. ’Kene3o, k00anbT, HUKeEJIb U X COCIHHEHUS.

ean padoThi:
W3ydyeHne XMMHYECKUX CBOMCTB COeIMHEHUH jkene3a, ko0aabTa U HUKEIIs.
O3HakoMJIEHHUE C JTa0OPATOPHBIMU CIIOCOOAMH MOTYyUEHHUS COSAMHEHUH Kele3a, KobanbTa u
HUKEJIS.

Conep:xanue padorbl:
[IpoBeneHre KAYECTBEHHBIX PEAKIINI MO ONPEIETIEHUI0 HOHOB Fe? u Fe*.
[Tonyuenue runpokcua xxenesa (II) u uccnegoBanue ero XMUMUYECKUX CBOMCTB.
[Tomyuenue runpoxcuna sxenesa (I1I) u nucciaenoBanme ero XUMHUYECKUX CBOMCTB.
HccnenoBaHue OKUCIUTEIbHBIX CBOMCTB coenuuenuit sxenesa (I11).
[Mony4yenne komriekcHoro docdara xenesa (111).
[Tomyuenue rugpokcuoB kobdanbTa (1) u Hukens (1), U3yuyeHne XUMUYIECKUX CBOMCTB
NAHHEIX COEIUHEHUI.
KomrmiekcHbie coefmHEHUST KOOAIbTa M HUKEJSI, U3yUY€HNE XUMHUYECKUX CBOMCTB.

IIpudops! U peakTUBLI.
[IItaTuB, MpoOUPKHU, MUMETKH, CTEKIITHHAS TAJI0YKa, CIUPTOBKA, JepKaTelb JJis MPOOPOK,
Conp  Mopa, pactBopbl rekcanuanodeppara (III) xamms, xmopuma xemeza (IID),
rekcanunanodeppata (II) xanus, HuTpara cepebpa, MoauIa Kanus, CylbduTa HaTpUs, COJeH
kobanpTa u Hukens; 0,01H. pacTBOp pojgaHuga aMMOHMS (WM Kaiws), BoAa, 2 H. pacTBOP
TUAPOKCHUIA HATPHS, 2 H. paCTBOP COJITHOM KUCIOTHI, KOHIIEHTPUPOBAHHAS a30THAsI KHCIIOTA,
2 H. pacTBOpa CEpHOU KUCTOTHI, 3%-HOTO pacTBOpa MEPOKCHUIA BOJIOPOJa, 2 H. pacTBOpa
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oprodochopHOit KUCIOTHI, 25% pacTBOp aMMHaka, pacTBOp CyIbhuaa aMMOHUS,
JKCNepUMEHTAIbHASA YaCTh

Omnsit 1. XapaxkrepHble peakuun Ha noubl Fe?* u Fe**

a) JleiicrBue Ha cosu xkene3a (II) rekcanuanodgeppara (III) kamaus

Hamute B mpobupky 5-8 kamens pactBopa conmu Mopa u 100aBuTh 1 Karmmo pacTtBopa
rekcannanodeppara (III) xamus (kpacuoit kpossHoit comu Kz[Fe(CN)g]). Ormerurs nBer
oOpa3oBagierocst ocanka (TypHOyJeBa CHHB), yKa3aTh XUMHYECKOe Ha3BaHUE W (opmyiy
TIOJIydeHHOTO BemlecTBa. JlaHHAs peakius sBISeTCS XapakTepHoii Ha woH Fe” . Hammcats
MOJIEKYJISIPHOE Y HOHHOE YPaBHEHUS PEAKIIHH.

0) deiictBue Ha couu xkesie3a (III) rexcanuanogeppara (II) kaaus

[Tomectuth B npoOupky 2-3 karuu pactBopa xjopuaa xenesda (III) u gobasuts 1 kamiro
pactBopa rekcarmanopeppara (II) kamus (kenroit kpossiHoM comm Ky[Fe(CN)g]). Yro
HaOmomaercst? OtMeruth 1BeT oOpa3oBaBmIierocs ocanka (OepiMHCKas Ja3ypb), yKa3aTh
XUMHYECKOe Ha3BaHue M (HOpMyIly MOJy4yeHHOro BemlecTBa. HamucaTh ypaBHEHHE peakiy B
MOJICKYJISIPHOM U HOHHOH (opme.

B) JelicTBue Ha coJn xesie3a (I11) ponanuga aMMoHus (MM KaJIus)

[Tomectuth B nmpoOupky 5-6 karum pactBopa xjopuaa kenesda (III) u gobasuts 1 kamiro
0,01n. pactBOpa pomaHujga amMMoHus (Wi Kanus). Takoil ke OmbIT MpoJeNaTh C PacTBOPOM
comu Mopa. IlepeHecTu Karui0 MOJIyYEHHOTO B IEPBOHM NPOOHMpPKE pacTBOpa B JAPYIyIO
npobupky u no0aButTh 8-10 kamenb Boabl. HamucaTh ypaBHEHHE peakIHHM C TOTYYEHHEM
Fe(SCN)3, cooOmiaromero pactBopy SpKO-KpacHyH OKpacky. OTMETHTb, YTO OKpacka
xapakTepHa Toibko ans conu kene3za (III). Uem oOwsicHsercs ocnalneHue OKpacku INpHU
pazb6aBieHun?

OmnpiT 2. T'uapoxcusn kenesza (1)

B npoOupky ¢ 3-4 xamisMu pactBopa cond Mopa npuiuBaTh 2 H. PacTBOp LIETOYH JO
BBITIQZICHUsI 3eJieHoro ocanka ruapokcuaa skeneza (II). IlepememaTe momydeHHBIN 0OCaIoOK
CTEKJIIHHOW Majo4ykod M Habmojarh uepe3 1-2 MHMHYTBHI NOOypeHHME Ocagka BCJEICTBUE
okucnenus ruapokcuaa xenesa (II) B runpokcun xenesa (I1II) Fe(OH)s. IIpoBeputh onbITHBIM
nyTeM, Kak B3aUMOJEWCTBYET CBEXEOCaKIACHHBbIM ruapokcun xeneza (II) ¢ 2 H. pacTBopoM
consiHOM kucnoThl. Kakue cBoiicTBa mposiBIsieT B 3TOM peakuuu ruapokcup skenesa (II)?
Hanucate ypaBHeHus peakiuii: a) oOpazoBanust ruapokcun keneza (II); 6) oxucnenus
MOJTY4YeHHOTO OCHOBaHMsI B Tuipokcu/ sxkenesa (I11) mox merictBrem Kucaopoaa Bo3ayxa v BOJIBIL.

OmnbiT 3. BoccTaHOBHTE/IbHBIE CBOMCTBA coequHeHni xkene3a (II)

a) Boccmanoenenue azomuoii kuciomot

B nBe npoOupku HanuTh 1o 1 mut pactBopa conu Mopa. B oany u3 Hux 106aBuTh 1 Karmo
KOHIEHTPUPOBAHHOMN a30THOM KHUCIIOTHI, MOJOTPETh PAcTBOP [0 MPEKpallleHusl BbIIEICHHs rasa
U J1aTh €My OCTBIThb. 3aTeM B 00e mpobupku n06aButh no 1 kamie 0,01 H. pacTBopa poaaHuaa
aMMoHusA. B kakod mpoOupke HaOmOIaeTcs KpacHOE OKpallMBaHWE pacTBOpa U IModYemy?
Hanucare ypaBHeHME peakIMM, CUMTas, YTO a30THas KHUCIOTa BOCCTAHABIIMBACTCS
npeumymiectseHHO 10 NO.

0) Boccmanoenenue nepokcuoa 600opooa

B nBe npoOupku HamuTh 110 1 M1 pacTBopa cot Mopa. B oy nmpoOupky 100aBUTH 2-3
Karid 2 H. pacTBOpa CEpHOM KUCIOTHI U 2-3 Karuu 3%-HOTo pacTBopa MEPOKCUIa BOJAOPOIA.
3arem B 00e mpoOupku 106aBuTh 1o 1 karute 0,01 H. pacTBOpa pogaHuaa aMMoHus. B kakoii
npoOupKe HabII0JaeTcsi KpacHOE OKpalMBaHue u mouyemy? IIpoBepUTh OMBITHBIM ITyTEM, KaK
MIPOTEKAET BOCCTAHOBJICHHE MEPOKCH 1A BOAOpOaa coblo xkene3a (I1) B menouHoit cpene.
OtMeTuTh BhINaJIcHUE ocaaka ruapokcuna xenesa (11I). Hanucars ypaBHeHus peakiuii.

B) Boccmanoenenue numpama cepeopa

[TomecTuts B ABe mpobupku mo 1 M pactBopa conu Mopa. B oany u3 Hux 1o6aButh 6-7
KareJb pacTBOpa HUTpaTa cepedpa U clierka HarpeBaTh HEOOJIBIINM IJIAMEHEM TOpPEJIKH, He
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JIOBOJIS KMJIKOCTB /10 KuneHusi. Ha kakoii mporecc ykas3blBaeT NOSIBICHUE HA BHYTPEHHUX
CTCHKaX MPOOUPKU cepedpsiHOTO 3epkana? OxiaauB IpoOoupKy, 100aBUTH B HEE U B
KOHTpPOJIbHYIO ITpobupky 1o 1 karute 0,01 H. pacTBopa poganuaa aMmmoHus. B kakoii mpooupke
Ha0JII0/1aeTCs OKpalIMBaHue U oyeMy? 3anucarh ypaBHEHUE PEaKIIMM BOCCTAHOBJICHUS HUTpaTa
cepebpa coubro xxenesa (II).

OmnbiT 4. I'uapoxcusn xesesa (I111)

B nBe mpoOupku BHecTH 110 5-6 Kamnenb pactBopa xjopuaa xkenesa (II1) u modbaButs o 3-4
Karmy 2 H. pacTBopa mmenouu. Yto Habmrogaercsa? B ogny nmpoOupky n06aBuTh pa3daBlIeHHON
KHUCJIOTHI JI0 PacTBOPEHHs OCajika, BO BTOPOW MPOOHMPKE MPOBEPUTH PACTBOPUMOCTH OCaJKa B
mienoun. Hanmcars ypaBHEHUS peakiuil: a) B3aumoeicTBus xyopua xenesa (III) ¢ pacteopom
miesioun ¢ oopazopanueM ruapokcuna xenesa (III); 6) pactBopenus ruapokcuaa xenesza (I11) B
KHCJIOTE.

OnbIT 5. OxucanTeIbHbIC CBOMCTBA coeqnHenni xese3a (I1I)

a) OKucnenue uoouoa Kanus

B npobupky ¢ 3-4 xarursamu pactBopa FeCls no6aButh 1-2 karm pacTBopa HOAHUIA KA.
B kaxoif iBeT 1 mouemy okpaiirBaercs pactBop? Hamucats ypaBHEHUE peaKIUH.

0) Oxkucnenue cyrvpuma Hampus

B npoGupky ¢ 3-4 kamnsmu pactBopa FeClsz 106aBUTh HECKOIBKO KPUCTAJUIMKOB CYIb(PUTA
HaTpud. [Ipu sToM BHayane nosBigeTcs Oypo-KpacHOE OKpalllMBaHUE BCIEICTBUE 00pa30BaHUS
ManoycroitunBoro cynbdura sxenesa (III), koropoe ucuezaer mpu HarpeBaHuUU. YOETUTHCS B
BOCCTAHOBJIEHUMU KeJe3a A0 creneHu okucienusa +II. Kakoil peaktuB ciemayer Mjisl 3TOro
npuMeHuTh? HamucaTh ypaBHEHUS peakiUi OKHCIEHUS Cyab(uTa HATpUs XJIOPHUIIOM >Kele3a
(III), yuuTsiBas, 4TO B peaKkIMK MPUHUMAET y4acTUE BOJA.

OnbiT 6. KommiekcHble coeauHenusi xeje3a (III). IlosyyeHue KOMIIEKCHOTO
docdara xenesa (I11).

B npobupky ¢ 3-4 karmsimu pactBopa FeCls no6asuts 1 xarmmo 0,01 H. pacTBopa ponanuia
aMMOHHUS W 3aTeM 2 KamM 2 H. pactBopa (ocdopHoit opTokuciotel. Uto Habmomaercs?
YuursiBas, 4YTO YCTOMYMBBIM KOMIUIEKCHBIA HOH [Fe(PO4)2]3' OecuBeTeH, OOBICHUTH
Ha0JII0/1aeMO¢€ SIBJIEHUE U HaIlMCaTh YPaBHEHHE COOTBETCTBYIOIIEH peaKIuy.

OmnpiT 7. 'uapoxcuasl kodaabTa (II) m aukens (II).

a) Ilonyuenue zudpoxcuoa kooanvma (I1) u e2o okucnenue.

B nBe mpoOupku momecTuTh Mo 2-3 Kamid pacTBOpa CONHM KoOalbTa W A00aBISTH MO
KaruisiM pacTBOp €IKOW IIET0YH; CHayajaa MOSBISIETCS CHHHUI OCaJ0OK OCHOBHOM COJIM, KOTOPBIN
3aTeM CTaHOBHUTCS PO30BBIM, YTO YKa3bIBaeT Ha oOpa3oBanue ruapokrcuaa kodanpra (II). Ocamok
B OJTHOW MPOOMpPKE TIIATETHHO pa3MenaTh CTEKISTHHOW Malo4Kol, a B IPYTry0 MPUOaBHUTH 2-3
Karu 3%-HOro pacTBopa MepoKcHia BoJoposa. B kakoit u3 mpoOupok HaOI01aeTCs OKUCIICHUE
ruapokcuaa kobanpra? Hamucate ypaBHeHus peakiuil. CpaBHUTH HOJy4YEHHBIE PE3YJIbTAThI C
pesynbTaToM orbita 2. Kakoil HOH sBisieTcs: Gonee sHeprudHbIM BoccranoButenem: Co’ i Fe?*?

0) Ilonyuenue cuopokcuoa nuxens (Il) u ezo oxucnenue.

B Tpu mpoOGupku moMecTuTh 1o 2-3 Karuik pacTBOpPa COJIM HUKENs U T0OaBIATh MO KaIUIsIM
pacTBOp €IKOHM IIenouu 10 BbimajgeHus ocafok ruapokcuaa Hukens (II). Ocamox B mepBoi
MPOOUPKE TIIATENBHO pa3MeIlaTh CTEKISHHON MaJ0YyKoi, BO BTOPYIO MpruOaBuTh 2-3 karu 3%-
HOTO pacTBOpa nepokcua Bogopoaa. Habmonaercs nu u3menenue 1meera ocaaka? [Ipoucxoaut
mu okucnenue ruapokcuna Hukens (II) xuciaopomom Bo3gyxa u mepokcugoMm Bojaopona? B
TPEThI0O TPOOUPKY TmpuOaBuTh 1 Kammo OpomHOM Boabel. YUto HaOmromaercs? Hammcath
YpaBHEHUs PEaKLIUi.

OmnpiT 8. KoMmuieKkcHbIE cOeIMHEHUsSI KOOAIbTAa M HUKEJIS.

a) Ilonyuenue komniaekcnoz2o pooanuoa Kooaivma.

[TomecTuTh B MPOOHPKY 2 KaIIM HACKIIIEHHOTO pacTBopa conu kobanbra (I1) u 100aBUTH
5-6 Kkamenpb HaCBIIIEHHOTO PacTBOpa poAaHUIA aMMOHHS; YYECTh, YTO MPH ITOM 0Opaszyercs
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pactBop komrurekcHoi cou (NH,)2[Co(SCN)4]. Kommiexcubie noust [Co(SCN)4]*” okparieHs! B
CHHMI ULBET, a TUIPAaTUPOBAHHBIE HWOHBI [CO(H20)6]2+ — B po30Bbld. OTMETUTH IIBET
MOJIy4EeHHOT0 pacTBopa. Pa30aBuTh ero Bojo# 10 M3MEHEHHUs OKPAacKH, 100aBUThH 2 KaIljll CMECH
cnupTa ¢ 3pUpoM, pa3MelIaTh PacTBOP CTEKISTHHOHN Majlo4YKold M BHOBb HAOMIOATh U3MEHEHHE
OKpacku. 3aTeM B Ty K€ NpOOHpPKY NpUIMBaTh IJUCTWUIMPOBAHHYIO BOJYy, HaOmroAas
IIOCTEIIEHHOE M3MeHeHue okpacku. Omnmcarb HaOmomaemble siBieHus. HamucaTh ypaBHeHuUs
JUCCOLMAIIMU KOMIUIEKCHOM COJIM KOOabTa M KOMILIEKCHOTO HOHA.
6) Hebounpmmoe xonmuuectBo conn Hukens (1) pactBoputs B 5 kamsix Boxsl. Jlo6aBuTh 5
Karesb 25%-Horo pactBopa amMmuaka. Kak uzmensiercs uset pactBopa? J{o6aBUTh K pacTBOpY 2-
3 kamnm pactBopa cynbduga amMonus. Yrto BeImamaer B ocanok? Hamwcate ypaBHeHus
peakiuii: a) 00pazoBaHusl KOMIJIEKCHOTO aMMHUaKaTa HUKeNs (KOOPAUHAIIMOHHOE YHCIIO HUKEIS
paBHO 6); 0) nOMCCOIMALMM KOMIUIEKCHOTO COEOJMHEHHS W KOMIUIEKCHOTO HOHA; B)
B3aMMOJICHCTBHS MOTYYEHHOT'O KOMIUIEKCHOTO COEIMHEHUSI HUKENS ¢ CyIb()UI0M aMMOHUS.
IMopsinox pa6oThI:

ITomyuuTs OT npenoaaBaTes 3aJaHue.

BbImonHuTh paboTy COrjacHO METOUYECKHM PEKOMEHIALUSIM.

OdopmuTh MPOTOKOI pabOTHI.

Breutute oTpaboTaHHBIE PACTBOPEI, MOCYY BBIMBITH. CliaTh pabouee MecTo.
Conep:xkanue oTyera:

1. Tema u uenb paboOTHI.

Habmroienusi, ypaBHeHHs peakliuid 0 KaK0i yacTH paboThlI.

3. BeIBoBI IO TIpOETIAHHOI paboTe.

HoodpE

no

KonTpoJsbHbIe BONPOCHI.
1. Xumus snemenToB nodouyHoi noarpynns! VI rpynmnel nepuoanyeckoit cucreMsl (moarpymnmna
Kenesa).
PacnipoctpanenHocTs B mpupoze. OCHOBHbIE MUHEPAJIBL.
3. Pu3nKo-XxMMHUYECKHE CBOICTBA keje3a, KobanbTa U HuKens. [lonyyenne metamuioB. XumMus
BOJIHBIX PacTBOPOB.
OKcubl ¥ THJIPOKCHU/IBI XKele3a, KoOalbTa U HUKES.
Conu xene3a, koOanbTa 1 HUuKelsd. KoMIIeKkcHbIE COeTMHEHHS.
6. Kak B3aMMOEHCTBYIOT 5k€J1€30, KOOAJIbT U HUKENb C a30THOW, CEPHOM M COJISTHON KUCIIOTaMU?
Kaxk 3t MeTamibl B3aMMOIEMCTBYIOT C BOJOW, C BOJAHBIMU PacTBOpaMu COJeh?

no

o &

Pa3zgea 3. AHaJIuTHYeCKAs XUMUSA
TEMA 1. AHAJIU3 OB BEKTOB OKPYXAIOIIEUNU CPEJIbI
Dopma nposeodenss - BbINOJIHEHUE UCCIe008AMENbCKUX PADOM YACMUYHO-NOUCKOBO20 Xapakmepa

OnpenesieHue KAPOOHATHOM KECTKOCTH BOAbI METO0M ALMJAUMETPUYECKOT0 TUTPOBAHM I
ean padoThi:

1. Hayuutbcs ompeaensTs KapOOHATHYIO KECTKOCTh BOJIbI, TUTP pabOUuero pacTBopa.

2. 3aKkpenuTh HABBIKM TUTPOBAHUS M pacueTa KOHIICHTPALUU ONPEIeIieMOro BEIECTBa

JlaGopaTopHoe 000pya0BaHMe, MOCYAA U peakTUBbI: UIMHIAPHI Ha S0 1 100 mu1,
MUMETKH, OIOPETKH, KOJIOBI JJIS1 TUTPOBAHMUSL.
BononpoBoaHas Boia, METUIIOBBIN OpaH)KEBbIM, KOHII. COJISIHASI KUCIIOTA.

Kparkue TeopeTnyeckue cBeIeHHUsI.
MeToa KHCIOTHO-OCHOBHOTO THTPOBAaHWSI OCHOBAaH Ha B3aMMOJCHCTBHHM KHCIOT C
OCHOBAaHUsMMU. MGTO,Z[ MO3BOJIACT ONIPCACIIATH B paCTBOpPAX HC TOJIBKO KOHIOCHTPAIUIO KUCJIOT U
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OCHOBaHUM, HO TaK€ KOHLIEHTPALIMIO COJIEN MOJIBEPTAIOLIUXCS THIPOIH3Y.

JUia ompezneneHuss B pacTBOpax KOHILIEHTpAallMM OCHOBAaHUM WM COJEM Jaroumux Ipu
TUAPONIN3E IICJIOYHYI0 PEAaKIHUI0, HCHOJIB3YIOT TUTPOBAHHBIE PACTBOPBI KHUCIOT. OTH
oTpesieNieHUs] Ha3bIBAIOT ayuoumempuei (0ot nar. acidum — Kuciora).

Touky SKBHBAJIEHTHOCTH MpPU HEUTpAIM3ALMU ONPEACNSAIOT IO H3MEHEHUIO OKpacKu
UH/IUKaTopa (METHIIOBOTO OPAHKEBOI'0, METHIIOBOT'O KPacHOT0, (heHOI(TaTICHHA).

C noMomipio CTaHAAPTU3UPOBAHHOTO PACTBOPA XJIOPOBOIAOPOTHOM KHUCIOTHI OMPEAEISIOT
HE TOJIBKO COJEp KaHHue IIEeJI04Yed, HO U HEKOTOPBIX Cojied. boibloe NmpakTuieckoe 3Ha4eHUE
UMEET OIpe/ielieHne KapOOHATHOM KECTKOCTU BOJBI.

JXKecTKOCTh MPUPOTHBIX BOJA M3YyUAETCs, YTOOBI BEISICHUTD X MPUTOAHOCTD JJIS
CEJIbCKOTO X03S5ICTBA (B PaCTEHUEBOCTBE, ’KUBOTHOBOJICTBE), a TAKXKE JJIsi TEXHUYECKUX LIETICH.

W3BecTHO, YTO KECTKOCTh OOYCIIOBJIEHA MPUCYTCTBUEM B BOJE PACTBOPHMBIX COJEiH
KaJIBIUSl 1 MarHusl.

Kap6onaTtHas *KHAKOCTH BOJIbI 0O0YCIIOBIIEHA HATMYUEM B HEH THAPOKAPOOHATOB KAIbIIMS U
maraus Ca(HCOs3), u Mg(HCOs3),). OHa MOJHOCTBIO YCTPaHSCTCSl KUISYCHHEM, TIPH KOTOPOM
TUAPOKApOOHATHI pa3NaraloTcs:

Ca(HCO3), = CaCO3d +CO,T + H,0
M03TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAKXKE YCTPAHUMOMN WJIM BPEMEHHOM.
HexapOoHaTHast ’KeCTKOCTh BBI3BIBAETCS IPUCYTCTBHEM B BOJIE CYIb(HATOB (a TakxKe
XJIOPUJIOB) KaJlbLivs Wi Maraus. KumsuenueM oHa He YCTpaHSETCs U TIO9TOMY Ha3bIBaeTCs
noctrosiHHOi. Cymma KapOOHATHOW ¥ HEKapOOHATHOM JKECTKOCTH JIAET OOIIYIO )KECTKOCTh BOJIBI.
[To MexayHapOIHBIM CTaHAAPTaM KECTKOCTh BOJBI IPUHSTO BBIPAKATh MOJSPHON
KOHIEHTpaluel 3KBUBaJIeHTOB Kajblus 1 MarHus (f = 1/2 ) B monb/1 1 Bogsl. [lpakTruecku npu
3TOM yKa3bIBalOT HOPMAJIBHYIO KOHIIEHTPALUIO pacTBOpa cosiee yMHOKeHHYI0 Ha 1000.
Kap6oHaTHYI0 )KECTKOCTh ONPEAENISIIOT TUTPOBAHUEM OIPEAEIEHHOTr0 00beMa BOJIbI paCTBOPOM
XJIOPOBOAOPOJHON KUCIIOTBI C METHJIOBBIM OPAHKEBBIM. XHMHU3M IIPOLIECCA BBIPAKACTCS
YpaBHEHUSMU:

Mg(HCO3), + 2HCI = MgCl, + 2CO; + 2H,0
Ca(HCOs), + 2HCI = CaCl, + 2CO;, + 2H,0

JKCNEPUMEHTAJIbHAA YACTh:

B xoHnueckyro konly st TATpoBaHUsl oTMepbTe nunerkoi 100 M1 aHamTu3upyeMoil BOJIBI.
[TpubaBbTe 2-3 Kamm pacTBOpa METHIIOBOIO OPaHXKEBOIO U THUTPYHTE pabOYMM pacTBOPOM
XJIOPOBOJAOPOJHON KHUCIIOTHI /10 TMepexoAa KeNTOW OKpackH HMHAMKATopa B OJeIHO-PO30BYIO.
[ToBTopuTe TUTpOBaHHE 2-3 pa3a U U3 CXOJAIIMXCA OTCYETOB BO3BMHTE cpefHee. Y100HO
BBITMIOJIHATH TUTPOBAHUE CO «CBUAECTEIEM.

UYroObl BBIUUCIUTH KapOoHaTHYIO *ecTKocTh (o I'OCTy) B Mmoab Ha 1 JIUTp BOJBI,
HaxoJAT MOJISIPHYIO KOHIIEHTPALMIO SKBUBAJIEHTa pacTBOpa cojiell U yMHokaroT ee Ha 1000:

K = ((Vuci - Coxs Her) IVh20) - 1000, Toe
XK -xapboHaTHas )KeCTKOCTh BOJIbI, MI-3KB/JI;

Coxe HCI -MOJISIpDHAST KOHIICHTPAITUS SKBHBAJICHTA KUCIIOTHI, MOJIb-OKB/IT;
Vel -cpeaauit 00beM KUCIIOTHI, TOMIEANINN Ha TATPOBAHUE, MIT,
VH20 - 00beM BOJBI, B3ATHIM HA aHAJIH3.

(Obpasey ons pacuema: Jonycmum na mumposanue 100 ma 600vl nownos cpeonem 12,25

mn 0,01016 1 pacmeopa kucromsr. Toeoa XK = ((12,25 - 0,1016) /100) - 1000 = 12,45)

KoHTpoJibHbIE BOIPOCHI:

1. AnuaumeTrpudeckoe TUTPOBAHUE, CYITHOCTh METO/IA.
2. Wuaukatopsl KMCIOTHO-OCHOBHOTO TUTPOBAHHUSI.
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3. Kpussie TurpoBanus. Beroop nnaukaropa.
4. Ilopsaok TUTpOBaHUS

8 TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®EPATOB

JlanHbIi BU paboThl HE IpeaycMoTpeH YII
9 NEPEYEHbB BOIIPOCOB K DK3AMEHY

OcHOBHBIE KJacChl HEOpraHMYecKux coeauHeHud. Oxcuapl W OocHOBaHus. [IpuHIUIIBI
KJIacCU(UKALMU, XUMHUYECKHE CBOWCTBA MU CIOCOOBI MONyueHUs. B3auMocCBs3b CTPYKTYpPBI
OKCHJIOB OT BaJIEHTHOCTHU 3JIEMEHTOB U UX PACIOJIOKEHHUE B IEPUOAUYECKON CUCTEME.
OCHOBHBIE 3aKOHBI M TIOHATHSI XUMHH (3aKOH COXPaHECHHSI MacChl M SHEPTUH, 3aKOH IMOCTOSHCTBA
COCTaBa U KPaTHBIX OTHOIICHMM, 3aKOH PKBHUBAJIECHTOB). MOJIb — KOJMYECTBA BEIIECTBA. 3aKOH
ABOraJipo u €ro cieacTBUs.

Kucnoter u conu. [lpuHuuns! knaccudpukanuu. XuMUYECKHE CBOMCTBA M CIOCOOBI MOTYYECHUS
COJIICHi.

ATomHO-MonekynsgpHoe yueHue. Teopus Pesepdpopma, €€ mocTOMHCTBA W HEAOCTATKH.
KBanroBas Teopust aroma H. bopa, 0CHOBHBIE MOJIOKEHHUS], JOCTOUHCTBA U HEJIOCTATKHU.
[TpuHIIUTIBI 3aITOJTHEHHUS aTOMHBIX OpOUTAJICH.

[lepuoauueckuii 3akOH U nepuoandeckas cucrema siemeHtoB .M. Menneneesa. Mcropus u
dTambl CO3MaHUs.

[TapameTpsl aTOMa ¥ NEPUOJANMYHOCTh UX U3MEHEHUS B IPEAEIIaX CUCTEMBI DJIEMEHTOB.

3aKOH COXpaHEHUsi Macchl W DHEPruU, €ro 3HAaYeHWE B XHUMHMUECKMX pacuerax. 3aKoH
MOCTOSIHCTBA COCTaBA M KPATHBIX OTHOIICHUH.

3aKkoH ABOTaJipo U €ro CIEACTBUS. 3aKOH SKBUBAJIECHTOB.

XuUMUYecKas CBSI3b U CTPOCHUE MOJIEKYJ. MeTo | BaJIECHTHBIX CBSI3€H, €r0 JOCTOMHCTBA U
HEIOCTaTKHU.

. Meron MonekynspHbIX opouTaneii. Ero 1ocToMHCcTBa M HEAOCTATKU.

KoBanenTHas cBsa3b. MexaHU3MBI O6pa3OBaHI/I$I XUMHYECKOH CBS3H.

. ['ubpuausanus aromHbIx opourtaneil. Tunsl ruOpunnzanuu. [IpocTpancTBEHHOE pacnoIoKeHNE

THOPHJIHBIX aTOMHBIX OpOUTaIIEH.

HonHas cB3b.

Merammueckas CBA3b.

MexMonekyisspHoe B3aumonencraue. [Ipupona Ban-nep-BaanbcoBbIX cHIL

IlepBbiii  3akoH TepMoauHamuku Ilonstme SHramenus. IlpuHnMnel  pacdera  3TOro
TEPMOJMHAMHYECKOI 0 TapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMaM.

Bropoit 3akoH TepmoauHamuku. [loHarne oSHTpomms. IIpuHmMnel pacdera  3TOro
TEPMOJMHAMHYECKOI 0 TapaMeTpa MPUMEHUTEIBHO K XUMUYECKUM CHCTEMaM.

CBobomnas sHeprus ['m66ca, kak KpUTEepUil OIIEHKH BO3MOYKHOCTH CAaMOIIPOU3BOJIEHOTO
IIPOTEKAHUsI XUMUYECKUX IIPOLIECCOB.

3aKOH JACUCTBYIOIMX MAcC. 3aBUCHMOCTb CKOPOCTH XUMHUYECKOW PEAKIIMK OT KOHLIEHTPAluu 1
IIPUPO/IBI PEArUPYIOIINX BEIIECTB.

DHeprus aktuBaiuu. [loHsTHE aKTHBHPOBaHHBIN KOMIUIeKe. 3akoH Bant-I'odda. Karamus.
Xumnueckoe paBHoBecue. Ilpumnnun Jle-Illatenbe. KoHcTaHTa paBHOBECHS Kak KpUTEpUi
OLICHKH OJJHOCTOPOHHETO NMPOTEKaHMsI XUMUYECKOT0 ITpoLecca.

OO0mast Teopusi pacTBOpPOB U pacTBopuTeneil. CriocoObl BeIpaKEHHUsI KOHIEHTPAIIMA PACTBOPOB.
[TousiTue pacTBOpUMOCTh. PacTBOPUMOCTH Tra30B B JKMAKOCTSX, 3akOoH [‘eHpu. Bzaumuas
PacTBOPUMOCTD KUJIKOCTEH, IOHATUE KOHCTAHTBI PACIIPENCICHUS.

Huddysus u ocmoc. 3akon Bant-I'odda.
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S8BUYUBRRBLE/REB B B B

BERBB2BSHIFEH LERE

TemmepaTypbl KUIIEHHs U 3aMEP3aHUsl paCTBOPOB U pacTBOpUTeEIeh. IIepBbIil 1 BTOPOM 3aKOH
Paymns.

OcHOBHBIE TNPUHIUNBL  KJIacCUPUKAUU  pacTBOpuTeNiel  (MOJSPHOCTb, HOHU3UPYIOLIAS
CIIOCOOHOCTh, KUCIIOTHOCTD U T.J1.).

Teopus 3MEKTPOIIUTUYECKON JUCCOLMAIIH.

KucnoTel 1 0CHOBaHHUS ¢ TOUKU 3pEHUS TEOPUU IEKTPOJIIUTUUECKON JUccouanuu AppeHuyca,
teopuu bpencrena u Jloypu, snekTpoHHoi Teopuu JIprounca.

CunpHBIC U ClTa0bIe JIEKTPONIUTHL. JIMHAMUYECKOE PAaBHOBECHE B PACTBOpax.

Kaxymasics u a3ppextuBHas koHueHTpanus. [loHsTHe akKTHUBHOCTH.

HNoHHbIE peakuuu B pacTBOpax.

[Ipou3sBeneHrne pacTBOPUMOCTH.

HNonHoe npousBeieHne BOIbl, BOJIOPOIHBIN TOKA3ATEb.

I'mpponus comnent.

bydepnoe neiictBue. bydepHbie pacTBOpPHI.

KomnekcHsie coequnenust. O6mas xapakrepuctika. [loHsTue KoopAnHalMOHHAS! CBSI3b.
Teopus KOMIUIEKCHBIX coeiuHeHuil A. BepHepa.

[TpocTpaHCTBEHHOE CTPOEHUE U U30MEPUS KOMIUIEKCHBIX COEIMHEHUH.

Meton BaneHTHBIX CBA3€H B ONMCAHUU KOMIUIEKCHBIX COCIMHEHMIA.
OKHCIUTENIbHO-BOCCTAHOBUTEIbHBIE Tpolecchl. CTENeHb OKUCIEHHSI U CTPOECHHUE aroMa
3JIEMEHTA.

Knaccugukaius OKUCIUTEIbHO-BOCCTAHOBHTEIBHBIX PEAKIIHA.

Crioco6b! paccTaHOBKH KOA((HUIIMEHTOB B OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIHSIX.
MeTo/1bI 371€KTPOHHOTO OanaHca 1 HOHHO-3J1EKTPOHHBIM.

ONEeKTPOJHBIA NOTEHLUAN U PSIJI HAIPSDKEHUST METAJIJIOB.

CraHgapTHBIN U peanbHBINA ANEKTPOAHBIN noTeHan. Y paBHenue HepHera.

@DakTOphl BIUAIOINE HA IPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUI.
XUMUYECKUE UCTOYHUKHU TOKA. ['aTbBAHUYECKHUE DIIEMEHTHI.

ITpoueccsl, npoucxoAsAIINe IPH 3apAIKEe U pa3psIKe CBUHIIOBOTO aKKyMYJISITOPA.
DneKTponu3. 3aKOHBI DIIEKTPOIU3A.

O6urme cBoiicTBa MeTaioB. Metaimnnueckas cBsi3b. Koppo3usi MeTanioB u crnocoosl 60pbObI €
HEH.

Bonopoa. Mecto B nepuoin4eckoil CHCTEME XUMUYECKUX YIEMEHTOB. XUMHUUYECKHE CBONCTBA.
[Tomyuenue.

CoenuHeHus BOAOPOJA: BOJA U MIEPOKCU BOJOPOJIA.

["anorensl. O0miast xapakTepucTiKa. XuMHueckue cBoiictsa. [lomyuenue.

CoenrHenysI TAIOTeHOB: TATION€HOBOOPO/IBL, KUCIIOPOI0COAEPKAIE COSAUHEHNS TAJIOTEHOB.
[Toarpynna kucnopoaa. O6mas xapakrepuctuka. Pu3nveckrue 1 XMMUYECKHe CBOMCTBA.
[Tomyuenue.

O30H. ®usnueckue u xuMuyeckue cpoicraa. [lomyuenue.

Cepa. ®uznueckue cpoiictBa. Amtorponus. [lonydenne.

Cepa. Haxoxnaenue B npupoje. Xumuueckue cBoiicta. [Ipumenenue.

CepoBogopon. [Tomyuenue. duznueckue u xumudeckue cBoricta. CymbQuabl.

Oxcuppl cepsl. usndeckue u xumuueckue cBoiictaa. Ilomyuenue.

Cepnas kucinora. [lonyyenue u cBoicTBa.

[Moarpymnmna azora. O6mas xapakrepucTuka. A30T. PU3NUeCKrue 1 XMMUYECKHE CBOWCTBA.
Ammuak. Conu aMMOHMUS.

HeconeoOpa3yrorire okcuabl a30Ta.

A30TUCTBIN U a30THBIN aHTUAPHUIBL. A30TUCTAs KUCIOTA.

A3zotHas kucnora. [Tonyuenue. CBolicTBa. Pa3noxeHne HUTpaTOB.

®dochop. Amnorponus. [Tomyuenne. XuMUIeCcKre CBOMCTBA.
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67. Coenunenus pocdopa: hochun, okcun docdopa (II1), okcun dpochopa (V).

68. docdopHbIE KUCIOTHI.

69. Ilonrpymnna yraepona. O0mmas XxapakTepucTUKa. AJIJIOTPOIHSL.

70. XuMHuecKue CBOICTBa yriepoa. YTojlbHas KUCIOTa U €€ COJIH.

71 Oxcunubl yriepoja.

72. Kpemnuii. Pactipoctpanenue B npupoae. Amtotponus. [lonydenue. CBoicCTBa.

73. CoenvHEeHMsI KpEMHHUS: CUJIaH, OKCUJL KPEMHHUS, KDEMHUEBBIE KUCIIOTHI.

74. T'epmaHuii, 0J10BO, CBUHELI.

75. Amtomunnid. [Tonyuenue. CBoiicTBa.

76. CoenuHEHMS aTFOMUHUS: OKCUJ, THAPOKCHI, THIPH/I.

77. 1lenounslie Metauibl. O6mas xapakrepuctuka. [lomyuenue. CBoiicTaa.

78. CoenrHeHMs LIETOYHBIX METAUIOB.

79. Illenouno — 3emenbHBIe MeTaIUIBL. OOmIas xapakrepuctuka. [lomydenue. CBolcTBa.

80. CoennHeHMsI LIETOYHO — 3€MENIbHBIX METAJIOB.

8L TMonrpymma menu. O6mas xapakrepuctuka. [lomyuenue. CBoiicTaa.

82 CoenuHeHMsI OIHO- U IByXBAJIEHTHON MeJH.

83. Cepebpo u ero coeTMHEHUS. 30JI0TO U €TI0 COCTUHCHHUS.

84. Ilonrpynna nunka. O0uias xapaktepuctuka. Llunk. [lomyyenue, cBoiicTBa, COEAMHEHUS LIMHKA.
Kanmuii.

8. Pryrs. CoeMHEeHUs OJJHO- U ABYXBAJICHTHOM PTYTH.

86. Ionrpymma xpoma. O6mas xapakrepuctuka. [lomydenne u cBoiicTBa xpoma.

87. CoennHeHMs JBYX- U TPEXBAJIEHTHOTO XpOMa.

88 CoenvHeHHs YeThIpeX- M MIECTUBAIEHTHOTO XpOMa.

89. INonrpymnmna mapranna. O6ume cBoiictBa aneMeHToB. [lonyuenne metamioB. XuMuueckue

CBOICTBA.

CoenuHeHus IByX- U TPEXBAJIEHTHOIO MapraHua.

CoenuHeHus MapraHiia, TEXHEIHs ¥ peHUs ¢ BaJleHTHOCTHIO 1V.

CoenuHenus ceMuBajieHTHOro Mapranua. Conu mMaprasua.

Bocbmas rpynma mobounas moarpymma. OOmasi xapakrepuctuka. [loarpymma skenesa.
[Tony4yeHue u XMUMHUYECKUE CBOMCTBA, AJUIOTPOIIHUS JKEe3a.

CoenuHeHus BYXBaJICHTHOTO JKele3a.

CoenuHeHns TPEXBAJIEHTHOTO JKeJe3a.

[TonsiTHe OGMOTEHHOCTH XUMHYECKUX 3JIEMEHTOB. bruocdepa, KpyroBopoT OMOT€HHBIX YJIEMEHTOB.
KonnenTprupoBanne OMOTEHHBIX 3JIEMEHTOB )KHUBBIMU CHCTEMAMH.

. Knaccudukanust OnoreHHbIX JIEMEHTOB 10 UX (QYHKIIMOHATHHOU POJIM: OPraHOTEHBI, YJIEMEHTHI
AIEKTPOIUTHOTO (hOHA, MUKPOIJIEMEHTHI.

[TpumecHbIe 2TIEMEHTHI (AKKYMYTUPYIOLIUeCs T HeakKKyMynupyomuecs). OCHOBHbIE HCTOUHUKH
MOCTYIIJICHUSI TPUMECHBIX 2JIEMEHTOB B OPTaHU3M UYEJIOBEKA.

9. Xumuueckre aceKThl OXpaHbl OKPYKAIOIIEH CPEIbI.

SER BBRS

Q

8

100. Komruiekcs KaTHOHOB  S-MeTalioB  (MOHO(MOPBI, KpayH-3(UPBL,  KPUIITaH[BI.
Xnopodui.
10L buonoruueckas ponp HaTpus, Kajaus, KaJIblKs, MarHUs.

102. XvMuyeckoe CXOJCTBO U OMOJOTUYECKHUI aHTarOHU3M (HaTpU-Kaluil, MarHUii- KambIui).

103 HanbGonee BaxxHbIe OMOTCHHBIC A71eMEHTHI d-0510Ka: XpoM, Melb, MO0 1eH. CHCTeMBI MeTaJlI-
0enoK (MeTayuIONPOTENHBI U OCTIKU, aKTUBUPYEMbIE METAILIAMHU).

104. Heoprannueckue MuHepaibHbIE yI0OpESHHUS.

105. A3oTHBIE YIOOOpEHHs: HUTpaTHbIC (HATpPUEBAas W KalbI[MEBash CEIUTPhI); AMMOHUWHBIC H
aMMHauyHbIe ymnoOpeHust (CcynbdaT aMMOHHS, aMMOHUHWHO-HUTPATHBIE YAOOpPEHUS, aMMHAYHAs
CEeJUTPa); MOUECBUHA.
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106. dochopubie ynoopenus: cynepdocdart, 1BoiHOIM cynepdocdat, MpEeumuTar.
107. Muxkpoynoopenus. MukpoanemeHnTsl. bopabie ynoopenus. Meanbie ynoopeHust.
108 KommuiekcHbie ynoopenus: aMmmModochl, HUITPO(hOChl 1 HUTPOGHOCKH, HUTPOAMMO(OCH! 1
HUTPOaMMO]OCKH, kKapooamMmopockl, monudochaTsl aMMOHUS.

Bubl 1 METOIbI XUMHUYECKOTO aHAIH3A.

PacueTsl B XMMUYECKOM aHAIIN3E.

Tutpumerpuueckrue METOIbl aHAIH3A.

I'paBumeTpHrYECcKU aHAINS.

AHanmm3 00BEKTOB OKPYKAIOIICH CPEIbI.

BEREBR

10 CAMOCTOSATEJIBHASA PABOTA OBYYAIOIIIUXCSA

Conepxanue, TpeOOBaHMsI, YCIOBUS U IOPSAIOK OPTraHU3aIMN CaMOCTOSTEIHHON
paboThl 00YJAIOIINXCS ¢ y4eTOM (POPMBI 00yUEHUS OTIPEEIIIETCS B COOTBETCTBHUH C

«[lonoxenmnem 00

OpraHu3aIuu

CaMOCTOITEIbHOU

paboThl

00yJaroIuxcs»,

yTBEPKIEHHBIM YueHbIM coBeToM Yl'Y (mportokoin Ne 8/268 ot 26.03.19 1.).
dopma 00yueHus: O4Has.

Haszpanue pa3esioB u TeM Buj camocrosiTeIbHOIM padoThI O0beMm B Dopma
yacax KOHTPOJIsI
Paznen 1. ITpopaboTka y4ueOHOrO MaTephaia C 2 BBIOOpOYHAS
1. I_[e_]'H/I U 3aJI1a4YU XUMUH. HUCIIOJIBb30BaHUECM peCypcoB yqe6Ho— IIPOBEPKa BO
CrpoeHne aToMa METOJIUYEeCKOTO0 ¥ HWH(MOPMAIMOHHOTO BpeMs
HepI/IOI[I/I‘leCKI/II?'I 3aKOH U OGeCHe‘IeHI/ISI JUCHUITIINHBI. AyJTUTOPHBIX
NMepHOaMYEcKas — CcHCTEMA IlogroToBka K YCTHOMY OIpoCy U 3aHATHH;
JI.1L. Menpiencesa B cBete KOHTPOJIBHOH paboTe. BKITFOUEHHE
e.op. crpoe aToMA [ToaroroBka Kk ciade 3K3aMeHa. BOIIPOCOB  HA
TEOPUH CTPOCHHUS aToMa.
KOJUIOKBUYME H
Xumuyeckas CBsI3b U KOHTPOJTBHOI
CTPOEHUE MOJIEKYII. paGore, Ha
JK3aMEeHe
2 .OCHOBBI xumnueckoii | [Ipopabotka yueOHOTO Marepmanma ¢ 4 BBIOOPOUHAsT
TEPMOANHAMUKH. HUCIIOJIB30BaHUEM peCypcoB yqe6Ho- npoBepKa BO
XuMmgeckas KHHETHKA | METOJUYECKOTO0 ¥  HWH(OPMAITMOHHOTO Bnens
paBHOBECHE o0ecreueHys TUCIUIIIUHBL. pe
[loaroroBka K YCTHOMY OIPOCY H ay/IUTOPHBIX
KOHTpOJ’ILHOﬁ pa60Te. 3aHSITHI;
[NoxroroBka k ciaye SK3aMeHa. BKITIOUCHYE
BOIIPOCOB  HAa
KOJUIOKBUYME H
KOHTPOJIBHOH
paoore, Ha
JK3aMEeHe
3.Teopuss pactBopoB U | IIpopabotka yuebHOro Marepuana c 6 BBIOOpOYHAS
pPacTBOpPHUTEIIEH. HCIIONIb30BAHUEM  PECYpCoB  y4eOHO- MpOBEpPKa BO
KoJTHraTHBHbIE CBOfCTBA | METO/IMUECKOTO M MH(OPMAIMOHHOTO BpeMsl
PacTBOpOB. PacTBopbI 1(3[6““6%}1“’1 AUCTIUIIIHHBL. ayIUTOPHBIX
ONrOTOBKA K YCTHOMY OIPOCY H .
JJIEKTPOIUTOB. o A OTLHO D60 ye y pocy 3aHATHUH;
. KOHTPOJIBHOM TE.
Bopopoansiii mokaszares. p p BKJIIOUEHHE
.| [lomroroBka k cnade SK3aMeHa.
I'maponuz COJICH. BOIIPOCOB  Ha
BydepHbie pacTBOpHI KOJJIOKBUYME U
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KOHTPOJILHOU
pabore, Ha
JK3aMCHE
4. OKUCIIUTENBHO- [IpopaboTka ydeOHOrO MaTepuaia C 4 BBIOOpOYHAs
BOCCTAaHOBUTEIbHEBIC HMCIIOJB30BAHUEM ~ PECypCoB  y4eOHO- IIPOBEPKa BO
nporieccol. CTaHAapTHBI | METOMYECKOro | “H(POPMAITHOHHOTO BpeMmst
U peasbHBI dMeKTpoHbli | ©OECTICEHIA THCIMILIHHBL. ayJIUTOPHBIX
. O6wwme [loxroroBka K YCTHOMY OIPOCY H SAHSITH:
N ) KOHTPOJIBHOH paboTe. ’
CBOMCTBA METAJLJIOB. BKJTIOUCHHUE
IToaroroBka K ciade 3K3aMeHa.
BOIPOCOB  HA
KOJUTOKBUYME U
KOHTPOJIBHOM
pabore, Ha
JK3aMCHE
5.Teopuss  komruieKCHbIX | IIpopabotka yuebHOro Marepumana ¢ 8 BBIOOpOYHAS
COCHHH@HHﬁ. HUCIIOJIB30BaHUEM peCypcoB yqe6Ho- MIpOBEpKa BO
METOJUYECKOTO0 ¥  HWH(MOPMAIMOHHOTO BpeMst
obecrieueHNsT TUCITUTUTHHEL. AYHTOPHBIX
IToaroroBka K yCTHOMY OIIPOCY. SAHSITIL:
IToaroToBKa K cj1aue 3K3aMeHa. ’
BKJTIOUCHHUE
BOIIPOCOB  Ha
KOJUTIOKBUYME,
Ha SK3aMCHE
Paznen 2. [IpopaGoTka yd4eOHOrO Marepuaga ¢ 4 BBIOOPOYHAS
1. Xumus HEMETAJUIOB: | UCIOIB30BAHMEM  PECYpCoB  ydeOHo- NpoBEpPKa  BO
smementoB  VIIA, VIA, | MCTOIHYECKOTO U MH(GOPMAITMOHHOTO BpeMsi
VA IVA (yrepox) OHGecnequI/m JUCITUIIINHEL. ayJIUTOPHBIX
rpynnsl - Tlepuonuueckoii | - oA OTOBKa K YCTHOMY —onpocy 3aHATUI;
KOHTPOJIBHOH paboTe.
CUCTEMBI u X BKJTIOUCHHUE
[ToaroroBka K cipave 3K3aMeHa.
COECIUHEHUS. BOIIPOCOB  Ha
KOJUIOKBUYME H
KOHTPOJIbHOU
pabore, Ha
JK3aMEeHe
2 Xumusg wmeramuioB: | u | [IpopabGotka yueOHOrO Marepmana ¢ 4 BBIOOpOYHAs
ITIA, TIA, IVA (070BO U | HCIONB30BaHHEM  PECYpcoB  yd4eOHO- MpOBEpKa BO
CBUHeII) pymmer | METOMYECKOro | MH(OPMAITMOHHOTO BpeMs
[eproguyecKoil CUCTEMBI 1(3[66(’“6%}1“’1 AUCIIUIITHHBL. ayJIUTOPHBIX
o T'OTOBK K THOM 11 nu o
U UX COCOUHECHUM. O/TOTORKA YCTHOMY  orpocy 3aHATHIA;
KOHTPOJILHOH paboTe. -
OJITOTOBKA K C/Iaye dK3aMeHa.
II
BOIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIBHOM
pa0ore, Ha
dK3aMeHe
3.00mas xapaktepucTuka | IIpopabotka yuebHOro Marepuana ¢ 4 BBIOOpOYHAs
u TOKCUKOJIOT U d- | MCIONb30BaHMEM  pecypcoB  y4eGHo- MpOBEpKa BO
37IEMEHTOR u ux | MeToguueckoro M MH()OPMAILMOHHOTO BpeMsl
COCTHHEHMUIA. obecrieueHns TUCITUTUTHHEI. ayJUTOPHBIX
[TogroroBka K YCTHOMY OIpOC u o
Y Y y 3aHATHI
KOHTPOJIBHOI paboTe. '
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[loxroroBka Kk ciade SK3aMeHa. BKIIFOUCHHE
BOIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJILHOU
pabore, Ha
JK3aMeHe
4.buoreHHrIe 31€MEHTHI. ITpopaboTka yueOHOrO MaTepuama C 4 BBIOOpOYHAS
HUCIIOJIB30BAHHUEM peCcypcoB y‘{e6HO‘ MpOBEpPKa BO
METOJIUYECKOTO0 ¥ HMH(OPMAIMOHHOTO BpeMst
oOecreveHus TUCIUTUIHHEIL. ayJIUTOPHBIX
[lonroToBKa K yCTHOMY OTPOCY. o
3aHATHH;
IToaroroBka K ciave 3K3aMeHa.
BKJIFOUCHHE
BOIIPOCOB ~ Ha
KOJUIOKBHUYME,
Ha DK3aMeHe
5.Heoprannueckue ITpopaboTka yueOHOrO MaTephaia C 2 BBIOOpOYHAS
MHHEpaJIbHbIE HCIIOJIB30BAHUCM peCypcoB yqe6Ho— MpOBEpPKa BO
yInoOpeHus. METOAMYECKOTO ¥ MH(OPMAIMOHHOTO BpeMst
0H6ecnequ1/m JOUCUUILIVHBI. ayIUTOPHBIX
OJITOTOBKA K YCTHOMY OIPOCY B —
IToaroroBka K ciade 3K3aMeHa.
BKITFOUEHHE
BOIIPOCOB  Ha
KOJUIOKBHUYME,
Ha dK3aMeHe
Pasmen 3. IIpopaboTka ydeOHOro MaTepuajia ¢ 4 BBIOOpOYHAs
1.Bugsl ¥ METOABI | MCIIOJB30BAHHEM  PECYPCOB  y4eOHO- npoBepKa  BO
XUMHYECKOr0 aHaIN3a METOJIUYEeCKOTO0 ¥ HWH(MOPMAIMOHHOTO BpeMst
obecreueHns TUCIUTUTHHEL. ayJIUTOPHBIX
IToaroroBka K yCTHOMY OIIPOCY. o
3aHATHH;
[loxroroBka Kk cnaye SK3aMeHa.
BKJIFOUCHHE
BOIIPOCOB  Ha
KOJUIOKBHUYME,
Ha DK3aMEHE
2.PacueTsl B | [Ipopabotka yueOHOro Marepuajga ¢ 4 BBIOOpOYHAs
KOJIMYECTBEHHOM HMCIIOIB30BAHHEM  PECYpCOB  y4eOHO- MpoBepKa  BO
aHaJIu3e. METOAHUYECKOT'O u HHq)OpMaHI/IOHHOFO BpeMs
1(2[66:cnequI/I$[ JVICIIATUINHEL. ayIUTOPHBIX
OJrOTOBKA K YCTHOMY OIIPOCY. SAHATHI;
[NoxroroBka k ciaye SK3aMeHa.
BKITFOUEHHE
BOIIPOCOB  Ha
KOJIJIOKBUYME,
Ha dK3aMeHe
3.Ananus 00bekTOoB | [IpopaboTka ydeOHOro Martepuana C 4 BBIOOPOYHAS
OKp}I)KaIOH_[eI\/'I Cpenbl. HUCIIOJIB30BaAaHUEM peCypCcoB yqe6Ho- MpoBEpKa BO
METOJIUYECKOTO0 ¥ HWH(OPMAIMOHHOTO BpeMs
1(3[6ecnequn51 JUCITUTLTUHBL. AYIHTOPHBIX
OArOTOBKA K YCTHOMY —oOmpocy H B
KOHTPOJIBHOM padoTe.
BKITIOYCHHE

HOI[FOTOBKEI K ¢cJady€ 3K3aMCHa.

BOIPOCOB  HA
KOJJIOKBUYME W

®opma A
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11 VYYEBHO-METOJANYECKOE 1 HTH®OPMALIMOHHOE OBECITEYEHUE
TACIATLITAHBI

a) CnucoK peKoMeH1yeMoii JTuTepaTypsbl

OcHoBHas :

1. I'nunka, H. JI. O6mias xumus B 2 T. Tom 1 : yueOnuk misg By3oB / H. JI. I'munka ; mox penakiueit
B. A. IlonkoBa, A. B. babkoBa. — 20-e u3x., nmepepad. u aomn. — Mocksa : UznarenscTBo IOpaiir,
2021. — 353 c. — (Bricmee obpazoBanue). — ISBN 978-5-9916-9353-0. — TekcT : 31ME€KTPOHHBIH
// Obpa3zoBarenbHas wiathopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/470483 .

2. I'muuka, H. JI. OOmas xumust B 2 1. Tom 2 : yueOHuk juist By30B / H. JI. I'uHKa ; moja pempakiuei
B. A. IlonkoBa, A. B. babkoBa. — 20-e u3x., nmepepad. u gon. — Mocksa : UznarenscTBo IOpaiir,
2021. — 379 c. — (Bricmee obpazoBanue). — ISBN 978-5-9916-9355-4. — TekcT : 37E€KTPOHHBIH
// Obpa3zoBarenbHas wiatpopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/470484 .

3. Hukonbckuii, A. b. Xumus : yaeOnuk s By30B / Hukonbsckuii A. b. , CyBopoB A. B. - CaHkr-
netepOypr : XUMU3JAT, 2017. - 512 c. - ISBN 978-5-93808-311-0. - Teker : anekrponnsiii // 3bC

"KoncynbpTant crynenra" : [caiit]. - URL
https://www.studentlibrary. ru/book/ISBN9785938083110 html

JlonoJiHUTENbLHAN

1. TTy3akoB, C. A. OOras xuMusi, COOPHUK 3a1a4 U YIPaXHEHHI : yueOHOe mocobue st By30B /
C. A. IlyzakoB, B. A.IlonkoB, A.A.®umunmoBa. — 5-¢ wm3x., mepepad. m jgom. — Mocksa :
UznatensctBo FOpaiit, 2021. — 251 c. — (Bricmiee obpazoBanue). — ISBN 978-5-534-09473-2. —
Texct : onekrponHbld // OOpa3oBatenmbHas 1wiatrgopma FOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/468600 .

2. TlpaktukymM 10 oOmieli Xxumuu : ydeOHOE MOCOOHME Ui aKaJeMHUYecKoro OakaiaBpuata /
H. JI. 'nunka, B. A. Ilonkos, A. B. babkos, O. B. HecrepoBa. — MockBa : M3ngarensctBo HOpaliir,
2021. — 248 c. — (bakanaBp u maructp. Axagemudeckuit kypc). — ISBN 978-5-9916-4058-9. —
Tekcr : oanekrtponHblt // OOpasoBarenbHas 1iargpopma HOpaitr  [caiit]. — URL:
https://urait.ru/bcode/487283

3. Ocunosa, E. A. Heoprannueckass xumus : yuyebHoe nocobue : B 3 yactsax / E. A. OcumnoBa. —
OpenoOypr : OI'Y, 2018 — Yactp 1 : TexHuka BBHIIOIHEHUS Ta00paTopHBIX padoT — 2018. — 116 c.
— ISBN 978-5-7410-2119-4. — Tekct : 31eKTpoHHBIA // JlaHb : »IEKTPOHHO-OMOIMOTEUHas
cucrema. — URL: https://e.lanbook.com/book/159693

Y4eOHO-MeTOAUYECKAs

1. Ueanosa Jl. A. PykoBoJnCTBO K JaOOpPaTOPHOMY MPAKTUKYMY MO JUCHUTUIMHE «XUMUS» IS
CTyIeHTOB 1 Kypca HampaBieHUs MOAroToBku OakamaBpoB 05.03.06 «Oxoyorus u
npupogonoas3oBanue” / JI. A. UBanosa, O. 0. pons, A. O. Auapees; Yal'Y, UMDu®K, Dkon.
dak. - YupsHoBck : Yal'V, 2019. - 3arn. ¢ skpana; HeonmyOnukoBaHHBIH pecypc. - DICKTPOH.
TEKCTOBBIE JIaH. (1 daiin : 896 KB). - Tekcr : IEKTPOHHBIN.
http://lib.ulsu.ru/MegaPro/Download/MObject/5588

2. Usanosa JI. A. Xumus : METOIMYECKUE YKa3aHUS ISl CAMOCTOSITEIbHOM paboThl OakanaBpoB
Harnpasienus noarotosku 05.03.06 Dxonorus npupononons3oBanue / JI. A. Banosa; Ynl'Y, Dkou.
dax. - YabsHosck : Yil'Y, 2019. - 3arn. ¢ sxkpana; HeonyGnukoBaHHbBIN pecypce. - DIEKTPOH.
tekcToBble faH. (1 daiin : 656 KB). - Tekcr : 2eKTpOHHBIH.
http:/lib.ulsu.ru/MegaPro/Download/MObject/8433

CornacoBaHo:

Havanpuuk otnena HBE Yal'Y  / Oxynesa M.A./ ///~/,’ / 2021

JIOMAKHOCTD COTPY/IHHKA HAYUHOH OMOIHOTEKH OUO Aoanucs jara
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MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

. N Dopma
VY IIbSIHOBCKHUI TOCYIapCTBEHHBII YHHBEPCUTET

@ - Pabouast mporpaMma JUCLUHUIUTAHBI

0) nporpaMMHoe ofecneyeHue
1. Microsoft Office
2. OC Windows Professional
3. Awntmmnaruar BY3

B) [Ipodeccuonanibubie 0a3bl JAHHBIX, HHPOPMANMOHHO-CIIPABOYHbIE CHCTEMBI

1.1. IPRbooks : amekTpoHHO-OMOJIMOTEYHAs cUCTeMa : calT / rpymnma Kommanuii Ai ITu Ap
Menua. - Caparos, [2021]. — URL: http://www.iprbookshop.ru. — Pexum goctyma: s
3apEerucTpUp. Mojab30BaTenei. - TEKCT : 2JIeKTPOHHBIH.

1.2. FOPAUT : anexrponHo-6u6mHOTeUHAs cucTeMa : caifT / OO0 DIeKTPOHHOE M31aTeIbCTBO
IOPAWT. — Mocksa, [2021]. - URL: https://urait.ru. — Pexum mocTyma: s 3aperdcTpup.
IIOJIB30BaTENeN. - TEKCT : AIEKTPOHHBIN.

1.3. KoHCyabTaHT CTyAeHTa : OJIIEKTpOHHO-OMOnMoTeyHass cucrtema : caidt / OOO
[Monurexpecypc. — Mocksa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. —
Pexum noctyna: asns 3aperucTpup. nojab3oBaTeneil. — TEeKCT : 2eKTPOHHBIMH.

1.4. KoHCynbTaHT Bpaya : AJIEKTPOHHO-OMOnMmMoTeyHas cucrema : cadt / OOO Bricmias mkona
OpraHHu3ali W YIOpaBlIeHUs 37paBooXpaHeHHeM-KOMIUIEKCHBIH MEIUUMHCKUNA KOHCANTHHT. —
Mocksa, [2021]. — URL: https://www.rosmedlib.ru. — Pexxum moctyma: mist 3aperucTpup.
oJb30BaTesen. — TeKCT : 2JIEKTPOHHBIMN.

1.5. Bosbmasi MeqUIMHCKasE OMOJIMOTEKA : JJIEKTPOHHO-OMONMMoTeuHas cucrema : caiit / OO0
bykan. — Tomck, [2021]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum nocrtyna: ais
3apPErUCTPUP. MOJIb30BaTeNeh. — TEKCT : JIEeKTPOHHBIN.

1.6. JIanb : anekTpoHHO-OuOMoTeuHas cucrema : cadt / OO0 DBC Jlanb. — Cankr-IlerepOypr,
[2021]. — URL: https://e.lanbook.com. — Pexxum mocTyma: st 3aperuCTpUp. MOJb30BaTEICH. —
TexcT : 21eKTPOHHBIN.

1.7. Znanium.com : 3JeKTpoHHO-OMOIMoTeuHas cucrema : caiit / OOO 3HaHuyM. - MockBa,
[2021]. - URL: http://znanium.com . — Pesxxum pocTyma : AJsi 3aperHCTpPHp. MOJIb30BATENCH. -
Tekcr : 3IeKTPOHHBI.

1.8. Clinical Collection : Konnekuus 1 MEIUIIMHCKUX YHUBEPCUTETOB, KIMHUK, MEIUIIUMHCKUAX
OubIMoTEK /l EBSCOhost: [mopTau]. — URL:
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-
e97828f9f7e1%40sessionmgrl02. — Pexxum jgoctyma : Juis aBTOpH3. Moyib3oBareneil. — TekcT :
JJIEKTPOHHBIN.

1.9. Pycckuii sI3bIK Kak MHOCTPAHHBIN : 3JIEKTPOHHO-00pa30BaTENbHbBIN peCype Uil HHOCTPAHHBIX
ctyneHToB : cat / OOO Kommanus «Aiu [lm Ap Menua». — Caparos, [2021]. — URL:
https://ros-edu.ru. — Pesxxum gocTyma: 1uist 3aperucTpup. moib3oBateieil. — TeKCT : 3JIeKTPOHHBIH.
2. Koncyabrantllnioc [DnexTpoHHBI pecypc]: cmpaBouHas mnpaBoBas cucrema. /OO0
«Koncynperant [Imtocy - DnextpoH. naH. - Mocksa : Koncyneraatlmroc, [2021].

3. ba3bl IaHHBIX NePUOANYECKUX U3TAHUIL:

3.1. ba3a gaHHBIX TEPUOINYECKUX M3AaHUH : dNeKTpoHHBIe )KypHaiIsl / OO0 UBUC. - Mockaa,
[2021]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum noctyna : aisi aBTOpH3.
MOJIb30BaTeNeil. — TEKCT : AIEeKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snexktpoHHast 6ubnamnoteka : caiitr / OOO Hayunast DnekTpoHHas
bubmuoreka. — Mocksa, [2021]. — URL: http://elibrary.ru. — Peskum mocTyma : ISl aBTOpH3.
[IOJIb30BaTesIe. — TEKCT : 3JIEKTPOHHBIN

3.3. «Grebennikony : anextponnas 6ubnmoreka / U1 I'pebennukos. — Mocksa, [2021]. — URL:
https://id2.action-media.ru/Personal/Products. — Pexxum nmoctyna : 11t aBTOpHU3. MOJIB30BATEICH.
— TeKCT : AEeKTPOHHBIM.

4. HanuoHa/ibHas 3JeKTPOHHasi OMOJIMOTeKa : SJIEKTpOHHAs OubOIMOoTeKa : (QenepanbHas
rocyaapcTBeHHass MHGOpMAIMOHHAs cucTeMa : caT / MunuctepctBo KyiabTtypsl PO ; PI'b. —
Mocksa, [2021]. — URL: https://36.pd. — Pexum moctyna : Juisi mojb3oBareiei HaydHOU
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Ooubmuorekn. — TeKCT : AIIEKTPOHHBIN.

5. SMART Imagebase I EBSCOhost : [mopTai]. - URL:
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum mocTyma : JUisi aBTOPHS.
noJib3oBaresei. — M3o0pakeHue : 3JeKTpOHHBIE.

6. @enepanbHble HHGOPMALMOHHO-00Pa30BaTe/IbHbIE OPTAJIbI:

6.1. ExnHOe OKHO JocTyna K 00pa30BaTelbHBIM pecypeaM : (enepalibHbIi mopTan / yapeauTesb
OI'AOY AITO LPT'OIT u UT. — URL: http://window.edu.ru/ . — TekcT : 37€KTPOHHBIHA.

6.2. Poccwiickoe obpa3oBanue : ¢eaepanbnbiii moptan / yupenurens OIAOY ATIO LIPTOII u
WT. — URL: http://www.edu.ru. — TekcT : 37IeKTPOHHBIIA.

7. Ob6pa3oBaTenbHble pecypebl Yal'y:

7.1. Dnexktponnas 6ubnuoreka Ynl'Y : monyns ABUC Mera-ITPO / OO0 «Jlata Dxcopece». —
URL: http://lib.ulsu.ru/MegaPro/Web. — Pexum moctyma : Juisi TOJb30BaTeliell HaydHON
O6uOMoTekn. — TEKCT : AIIEKTPOHHBIH.

CornacoBaHo:
,,//’Z,//?
3am. Havampanka YUTuT [/ KmoukoBa A.B.  [ZF77~ |
TomkHocTb cotpyanuka YATuT Y716} ] AMOABAC,  ©  jarta

12 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE HAYYHO-
UCCJEJOBATEJbCKOM PABOTHI

VYuebnas ayauropus 216 ans mpoBefeHHs J1TaOOpaTOPHBIX 3aHATHH J1aOOPaTOPHOTO
TUMNA, TPYNNOBBIX M  WHAUBUAYAIbHBIX  KOHCYJbTallMd, TEKYIIEro KOHTPOJS H
NPOMEXYTOUHOW aTTecTalu (¢ HAOOpOM JEMOHCTPAlMOHHOIO OOOpYAOBaHHS  JUIS
o0OecrieyeHHsT TEMaTUYEeCKUX WUIIOCTpaluii B COOTBETCTBUM € pabodeil mnporpammon
qucuuIuivHel). [lomenieHne YKOMIUIEKTOBAHO CHEIMAIM3UpOBaHHON MebOenbto Ha 18
MOCAJOYHBIX MECT M TEXHHYECKUMH CpPEICTBAMH: PKpaH HACTEHHBIM, JT0CKa ayIuTOpHasl.
Pabouee mecto npenonasarens, WI-FI, uarepuer. [Tnomanp 42,93 kB.M.

VYyebHas ayAuTOpus 7151 CaMOCTOSTENbHOM paboThl cTyneHToB 230 ¢ qoctynom k OBC.
JUI  CaMOCTOSATENIbHOM paboTel cryneHTtoB, Wi-Fi ¢ gnocrymom k 3JOHOC, 3BC.
KomnpioTepHblii  KJIacC  YKOMIUIEKTOBAaHHBIA  CIIEUAIM3UPOBAaHHOW Melenbto Ha 32
MOCAJOYHbIX MECT UM TeXHHYECKMMHU cpeincTtBamMu oO0ydeHus (16 mepcoHalbHBIX
KOMIIBIOTEPOB) ¢ noctynoM k cetu «Murepuer», JUOC, OBC. Inomans 93,51 kB.M.

YuranbHbli 3251 HaydHOU Onbnmoreku (ayauropus 237) ¢ 30HOU JUIsl CAaMOCTOATENbHOM
pabotel, Wi-Fi ¢ gpmoctymom k OUOC, 3OBC. Ayauropus YyKOMIUJIEKTOBaHA
CHelHaIu3upoBaHHON Mebenbto Ha 80 MOcaJoyHBIX MECT M OCHAIlleHa KOMIIBIOTEPHOM
TEXHHUKOHM ¢ nocTynoM K cetn «Mutepuery, DMOC, ObC, sxkpanom u npoexkropoM. [lnomane
220,39 kB.M.

13 CIHEOUAJIBHBIE YCJOBUA JJIS OBYYAIOIIUXCA C
OI'PAHUYEHHBIMU BO3MOKHOCTAMMU 310POBbS (OB3) U UHBAJIN/10B

B cnydae He0OX0IMMOCTH, 00YJAIOIIMMCS U3 YHCTIA JIUI] C OTPAaHUYCHHBIMU BO3MOKHOCTSIMHU
30pOBbs (IO 3asBJICHUIO OOYydalOLIErocs) MOTYT MpeJiararbCsi OJHU U3 CIEAYIOUINX BapUaHTOB
BOCTIpUATHS HH(GOPMALIUHU C YIETOM MX WHANBUAYAIbHBIX ICUXO(DU3HUECKUX OCOOCHHOCTEH:

— JUJIS JIMI] C HapYUICHUSIMHM 3pEHUS: B TMedaTHOW ¢opMme yBelIMYeHHBIM HIpUPTOM; B (popme
3JIEKTPOHHOTO IOKyMEHTa; B ¢opme ayanodaitia (mepeBoa yaeOHbIX MaTepuaioB B ayaunodopMmar);
dopma A Crpanura 60 u3 61


https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
http://window.edu.ru/
http://window.edu.ru/
http://www.edu.ru/index.php
http://www.edu.ru/
http://lib.ulsu.ru/MegaPro/Web

MHUHHCTEpCTBO HAYKHU U BBICIIEro oOpazoBanus PO

. N Dopma
VY IIbSIHOBCKHUI TOCYIapCTBEHHBII YHHBEPCUTET

@ - Pabouast mporpaMma JUCLUHUIUTAHBI
B TieyaTHOM ¢opMe Ha s3bIke bpaing; uHAMBHIyanbHbIE KOHCYJIBTAlMU C IPHUBICYEHUEM
TU(IIOCYPIOTIEPEBOAUNKA; MHANBUAYAJIbHBIE 331aHNS U KOHCYJIbTALUY;

— JUIS JIMI ¢ HApYIIEHUsIMU CyXa: B medaTHoW (opme; B Gpopme 3JIEKTPOHHOTO JOKYMEHTA,;
BUZCOMATEpHAIbl €  CyOTUTpamMH; HWHAMBUAYaJbHBIE  KOHCYJBTAlMM C  IPHUBICYCHHEM
CYpAONEPEBOIYMKA; MHANBHIyaJIbHBIE 3a1aHUS U KOHCYJIbTALlUU;

— JUISL JIML ¢ HapYIIEHUSIMA ONOPHO-ABUTaTEIbHOTO ammapara: B medaTHoM ¢opme; B Gopme
3JIEKTPOHHOTO JOKYMEHTA; B (popme ayauodaiiia; MHIMBUAYAIbHBIE 33/1aHUS U KOHCYJIbTAIUH.

B cnydyae He0OXOIMMOCTH HMCIIOIB30BaHUSA B Y4EOHOM IPOLECCEe YACTUYHO/UCKIIOUUTEIHEHO
JUCTAaHIIMOHHBIX 00pa30BaTebHBIX TEXHOJOrHH, opranuzauus pabotel IIIIC ¢ oOyuarommmucs c
OB3 u uHBaNUAaMU MPETyCMaTPUBACTCS B AJIEKTPOHHON MH(POPMAIIMOHHO-00pa30BaTEIbHON cpefe
C Y4E€TOM UX MHAMBUIYAIbHBIX ICUXO(U3NIECKUX OCOOCHHOCTEN

4

/4

PazpaboTunku: 1 nouedt JI.A.MBanosa

e
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