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JIABOPATOPHAS PABOTA 1

OBILIUE NPABUJIA PABOTHI U TEXHUKA BE3OITACHOCTU B
XUMHUYECKOW JIABOPATOPUU

eab u conep:xxanue

O3HaKOMHUTH CTYJACHTOB C OOIIMMHU MpaBWIaMH PabOThl B XUMHYECKHUX
naboparopusix. C mepBbIX JAHEH paboThl B J1abOpaTOpUM CTYJEHT JOJKEH
BbIpa0OTaTh B ceO€ CaMOCTOSATEIBHOCTh U CEPhE3HOE OTHOIIEHHE KO BCEM
npoleccaM JJa0OpaTOPHOIO SKCHEPUMEHTA, 4YTO BKJIIOYAET TEOPETUUYECKYIO,
MPaKTUYECKYIO0 MOATOTOBKY, MOATOTOBKY XMMHUYECKUX PEAKTUBOB, pacueT JaHHBIX

H IIPOBCACHUC CaMOI'0 OIIbITA.

TeopeTruueckoe 000CHOBaHUE

1. Bo BpeMs paboThl B XUMUYECKOW JTaOOpaTOpUHU COOIIO/IaTe TUIIUHY,
YUCTOTY U MOPSAJIOK.

2. He npuctymnaiite k pabote 6€3 pa3pelieHus npenogaBaTes.

3. 3ampeniaercs padboTaTh B 1a00paTOPUU OJTHOMY.

4. PaboTaTh CTYJIEHT JOJIKEH Ha 3aKPEIJIEHHOM 32 HUM paboueM MecTe.

5. He nonyckath nomnajanusi XuMHU4YECKUX PEAKTUBOB Ha KOXKY U OJICKITY.

6.Bo Bpems paboThl HajJeBaiiTe Xanar, a JJIMHHBIE BOJIOCHI YyOupaiTe
MO/ KOCHIHKY.

7. DKOHOMBTE PEAKTHUBHI, ra3, BO/Y, DJIEKTPUUECTBO.

8. PeakTuBbl 00111€T0 MOJIHL30BaHUS HE YHOCUTE Ha CBOM paboure Mecta. Eciu
HET YKa3aHWi MO I03UPOBKE PEaKTUBOB JJIsl JAHHOTO OMbITA, TO OpaTh CleAyeT hX
B MUHUMAaJIbHOM KOJINUECTBE.

9. AKKypaTHO ¥ OCTOPOXKHO OOpallaiiTech € XUMHUYECKON MOCYI0M,
npubopamu U peaktuBamu. Eciau mocyna pasouiace, ciaiite ee 1abopaHTy.

10. [lng mpoBeaeHUs ONBITOB MOJIB3YHMTECHh TOJIBKO IHCTHWIIIMPOBAHHOU

BOJIOM.



11. He myTaiiTe npoOKHU OT CKIISIHOK C pa3HbIMU peakTuBamMu. Cyxue peaKTUBBI
HY’XKHO OpaTh TOJBKO YHUCTHIM ImumareneM. HewspacxomoBaHHBIE pPEAKTHUBBI HE
BBICHITIATh (HE BBUJIMBATH) B T€ CKIISIHKU, U3 KOTOPHIX OHU B3SITHI.

12. Tlonb3oBaTbcsl peakTUBaAMU 0€3 ATUKETOK WM C COMHHUTEIbHBIMU
ATUKETKAMH KaTerOPUYECKH 3aMPEeIaeTCs.

13. He paboraiiTe ¢ rpsi3HOM MOCY10#, CAMU HE OCTABJISIUTE €€ HEMBITOM.

14. He 3anyckaiite npubop 6e3 nmpeaBaputenbHol npoBepku. He ocrasmisiite
npubop 6e3 mpucMoTpa.

15. He BeiHOCHTE M3 1a00paTOpUU IPUOOPHI, PEAKTUBHI, IIOCYAY.

16. OcoOyr0 OCTOPOXKHOCTh COOJIO/IaiTe TpU padoTe C SIAOBUTHIMU U
BPEHBIMU BELIECTBAMU: C KOHIICHTPUPOBAHHBIMU KHUCJIOTAaMU M IIEJIOYAMH.
PaboTy ¢ HUMU POBOAUTE TOJBKO B BBITSKHOM IIKa(y, OKHA KOTOPOTO JTOKHBI
OBITh OTKPBITHI HE 00JIee YEM Ha OJIHY TPETh.

17. He BbUIMBalTe B PAaKOBHHBI OCTAaTKU KHUCIIOT, IIEJIOYEH, OrHEOIMACHBIX
XKuakocted u T.4. CIuBaiTe 3TH BEUIECTBA B CHIEIUANIbHBIC CKIISTHKY, TOMEIIICHHBIE
B BBRITSDKHOUM 1ikad. He Opocaiite B pakoBuUHY Oymary, MecoK , METAJUIbI U Jp.
TBEp/IbI€ BEILIECTRA.

18. IIpu HarpeBaHUU WU KUIMSYEHUH KUAKOCTU (OCOOCHHO C OCAJKOM) Ha
ra3oBoi Topejike WM CIUPTOBKE, BO M30€xkaHUWE pa3OpbhI3rMBaHUs, HarpeBaiTe
BEPXHIOI0 YacTh MPOOUPKHU, MPU ATOM JEpKa €€ OTBEPCTHEM OT ce0sS U OT
pabOoTaAIIUX PAIOM.

19. [1pu B3BEMIMBAHUU CYXUX PEAKTUBOB HE BBICHINIAWTE UX MPSMO HA YAIIKY
BecOB. B3BemuBaiiTe Ha 4acOBOM CTEKJI€ WK Ha (PUIIBTPOBAILHOM OyMmare.

20. 3ampeniaeTcs KypuTb U TPUHUMATH MMUIILY B XUMUYECKOU J1abopaTopuut

21. He cneayer BABIXaTh Maxy4yue BEIIECTBA, B TOM YKCJIE€ U BBIACISIONIUECS
ra3pl, OJU3KO HAKJIOHSSACH K COCYyAYy C OSTUMH BeliecTBaMu. HyxXHO Jerkum
JBI)KEHUEM PYKH HaIpPaBUTh CTPYIO BO3JyXa OT OTBEPCTUSA cocyla K cebe u
OCTOPOKHO BIOXHYTb.

22. Yxoas u3 nabopaTopuu, NPOBEpPhTE, BBHIKIIOYEHBI JIM Ta3, BOJA,



AIEKTPUUYECTBO.

23. PesynbTaThl nabopatopHOil paboOThl OGOPMISIOT B BHAE OTYETa H
OT/IalOT MPEINO/1aBaTENIO.

Ilpasuna okazanus nepeoii MeOUYUHCKOU ROMOWU 6 1adopamopuu

1. Ilpu nonaganuu Ha KOXY (PyK, JIMIA U T.J.) KOHIEHTPUPOBAHHBIX KUCIOT
(a30THOM, CEpHOI, YKCYCHOM U T.JI.) CJIEAYET HACYXO BBITEPETH 0XKOT MOJIOTEHIIEM U
3aT€M MPOMBITh OOJIBIIMM KOJWYECTBOM BOABI (JIydlle Teraoi) wiu 2-3%-HbIM
pacTBOPOM TMHILEBOM COABI WIM ClHabbIM pPACTBOPOM aMMHMaKa, IOCIE Yero
HaJIOXKUTh MOBSI3KY U3 BaThl, CMOUEHHOU 3%-HbIM pacTBOPOM MEPMaHraHaTa KaJusl.
IIpu cuibHBIX OKOTax IIOCJIE OKa3aHWUs IMEPBOW IOMOINM — HAI0 HEMEIJIEHHO
0oOpaTUThCS K Bpayy.

2. Ilpu oxore pacTBOpaMM IIEI0YEH MPOMBIBATH BOJOM 000X KEHHBIN
y4aCTOK KOXH /IO T€X IOp, TOKAa OHA HE MEpPEeCTaHeT ObITh CKOJIb3KOW Ha OIIYTIb,
3aTeM HEUTpanu3oBaTh 1-2%-HOM yKCYCHOM MM JTMMOHHOW KUCJIOTOM, ITOCIIE YEro
MOJIOKUTH TIOBSI3KY U3 BaThl, CMOY€HHOU 3%-HBIM PACTBOPOM II€pMaHTraHaTa Kaausl.

3. Ilpu nomagaHuu OPBI3T KHUCJIOTHl WM IIEJIOYM B Ija3a HEMEIJICHHO
MPOMBITH UX OOJBIIUM KOJWYECTBOM BOJbI KOMHATHOM TEMIIEpaTyphl HE MEHEe 5
MUHYT, ITOCJI€ 4eTr0 OOpaTUTHCS K Bpauy.

4. I1pu caydaifHOM MOMa/IaHUN PEAKTUBOB BOBHYTPbh PEKOMEHIYETCS BBITUTH
no6oJbiie BoJbl. Hapsiay ¢ aTumM HE0OX0AMMO:

a) TIpY OTPABJICHUU KUCJIOTAMH BBIIIUTH CTakaH 2%-HOTO pacTBOpa MUIIEBOM
COJIbl, MAarHE3MU UJIU U3BECTKOBOU BOJIBL;

0) mpu OTpaBJICHUH IlIeJI0YaMU — CTakaH 2%-HOTO pacTBOpa YKCYCHOU WUIIU
JIUMOHHOM KUCJIOTHI.

5. Ilpu oTpaBieHuu TrazamMu (XJ0poM, OpOMOM, CEpPOBOJOPOAOM M T.1.)
HEOOXOJIMMO TMOCTPAJABIIETO BHIBECTH HAa CBEXKHUM BO3JyX M JaTh MOHIOXATh
HAIIATBIPHBIM CIHPT, @ B TSDKENBIX CIy4yasix cpa3y BbI3BaTh Bpaua, MIPUMEHUTH

MCKYCCTBEHHOE JIbIXaHUE, MOIJIepkKaTh padoTy cepaua.



6. Ilpu oTpaBneHUM COECIUHEHUSIMH PTYTH, MBIIIbsIKA HEMEIJIECHHO
o0paTuThCs B Bpauy, IPUHUMATh MOJIOKO, ChIPbIE SIiilla, U3BECTKOBYIO BOJY.

7. B cinydae mope3a CTEKJIOM YOeIuTech B TOM, YTO B paHE HET OCKOJIKOB, U
BAaTOW, CMOYEHHOW 3TUJIOBBIM CHUPTOM WJIM TIE€PMaHraHATOM Kaiusi (pacTBop),
yAQJINTE KPOBb, CMAXbTE HOJIOM U 3a0MHTYMUTE.

8. [Ipu TepMUYECKUX 05KOTax HAJIOKUTE MOBSI3KY (MapJis, OMHT), CMOYCHHYIO
2—-3%-HBIM PacTBOPOM I€pMaHraHara Kanus, 2%-HbIM PaCTBOPOM CTPENTOLMIA
WJIU pacTBOPOM MHUILIEBOU cojibl. Henb3si cMa3bIBaTh 0KOTH Ba3€JIMHOM WJTU KUPOM,
Jydllle BOCTIOJb30BaThCs CIEIUAIbHON Ma3bIo.

9. Ilpu HecyacTHBIX ClyyasiX, CBS3aHHBIX C 3JIEKTPUUYECTBOM, HEOOXOJIUMO
BBIKJIIOYUTH TOK WJIK KOHTAKT (MCIOJB3YsI pE3NHOBbBIE MEPUYATKH, CYXYIO MAJIKY WIH
Jpyrol mpeaMeT, He MNPOBOASIIMN TOK), MOCTpPaJaBLIEro HW30JUPOBATH OT
TOKOBEAYIEH 4YacTH 3a Cyxyw oaexay. Ecnu moctpagaBminii B 0OMOpOYHOM
COCTOSIHUU (T. €. CepJilie M OpraHbl JbIXaHUs pabOTalT), 00ECIEeUUTh JOCTYII
CBEXKEr0 BO3JyXa U J1aTh MOHIOXaTh HAIIATBIpHBIN cnuptT. [lpu snmexkrpuyeckomM
«ynape» (Korja HET JbIXaHWs U cepjille He paboTaeT) Halo BbI3BATh B CKOPYIO
MOMOIIlb, TOTYAC YJAIUTh CTECHSIOIIYI0 OJEXKAY, HPUMEHATh HCKYCCTBEHHOE
JIbIXaHUE HEe MeHee 4-X 4acoB U JaBaTh BAbIXaTh KUCI0poA. [locTpagaBiiero ykpoith

OJIeSUIOM U OOJIOKUTH TPEIKAMU WM OYTHUIKaMH C TOpsiueit BOJIOM.

OCHOBHAS XUMHNYECKAA ITIOCY JA 1 JIABOPATOPHBIE
[NPUHA JIE)KHOCTHU

1. Ilocyna o01iero Ha3HaYeHUs!
I[Ipooupknu. IlpencrapistoT coboil y3kue HUIUHAPUYECKON POPMBI COCYIbI

C 3aKpyTJICHHBIM JHOM (puC. 1.1); oHM OBIBAIOT Pa3NTUYHON BEJIMYMHBI U JUAMETPA
U U3 Pa3IMYHOrO CTEKJIA.

OObiuHble JTaOOpaTOpHBIE MPOOMPKU M3TOTABIMBAIOT M3 JIETKOIIABKOIO
CTEKJIa, HO Uil OCOObIX paloT, kKorga TpeOyeTcss HarpeBaHuUE 10 BBICOKUX

TEMIICPATyp, HpO6I/IpKI/I H3roTaBJIMBAIOT U3 TYI'OIINIABKOI'O CTCKJIA MJIM KBAapIa.



Kpome 00bI4HBIX, MPOCTHIX, MPOOUPOK, TPUMEHSIOT TAKKE IPayupOBaHHbIE

U HEHTPU(PYKHbIE KOHUYECKUE TPOOUPKHU.

Pucynok 1.1 —Ilpocras u rpagynpoBaHHas IpoOUpPKH

Jns xpaHeHus NpoOOUPOK, HAXOSIIUXCS B padoTe, ClyX aT creluaibHbIe

JIEpEBSIHHBIE, MJIACTMACCOBBIE UJIU METAJUTMYECKHE IITATUBHI (puc.1.2).

Pucynoxk1.2 — IllTaTus ¢ npoOupkamu

[IpoOupku NpUMEHSIOT U MPOBEACHUS INIABHBIM 00pa30M aHAIMTHYECKUX
WIM MUKPOXHMMHUYECKHX padoT. Ilpu nmpoBeneHuun peakuuii B poOUpKe PEaKkTHUBBI
HE CIeIyeT MPUMEHITh B CIMIIKOM OojbmioM KojnyecTBe. (CoBepIIEHHO

HEJOIyCTUMO, YTOOBI TPOOMpPKa OblIa HATIOJHEHA 0 KPaeB.



Nuorna B mpoOHMpKYy HYXHO BBECTH TBEPAOE BEIIECTBO (TOPOLIKH,
KPUCTAJIBI U T. I1.), JAJIL 3TOTO MPUMEHSIOT MHUKPOIINATeNb, KOTOPHIM OTOMPAIOT
HY’KHOE€ KOJIMYECTBO TBepAoro BemiecTBa. [IpoOupky nepxar B JEBOH pyKe,
HAKJIOHWB €€ TOPU30HTAIBHO, U BBOJAT B HEE€ MHUKPOIINATEIh MMOYTH 10 JHA (pHC.
1.3). 3arem mpoOUpPKyY CTAaBIT BEPTUKAJIBHO U CJIErKa yAapsroT 1o Hel pykoi. Korna

BCC TBEPAOC BCIICCTBO BLICHINIACTCSA, MUKPOIIIIATCIIb BBIHUMALIOT.

Pucynok 1.3 — BHecenue B mpoOUpKy MOPOIIKOOOPA3HBIX BELIECTB

Jlis mepeMemnBaHusl HAIUTBIX PEaKTHBOB MPOOWPKY Jep:KaT OOJBIIUM U
yKa3zaTeJIbHBIM TMalbllaMU JIEBOM PYKH 3a BEPXHHHM KOHEI U MOAJAEPKUBAIOT €e
CpPEeIHUM TMajbIleM, a YKa3aTEeIbHBIM TMajblleM MPaBOM PYKH YAAPSAIOT KOCBIM
yAapoM IO HU3y NPOOHUPKU. DTOro AOCTATOYHO, YTOOBI COAEPKUMOE €€ OBbLIO
xopo1o nepeMemiaHo. CoBepIEeHHO HEAOMYCTUMO 3aKphIBaTh MPOOUPKY MaJIbLIEM
U BCTPSXHMBATHh €€ B TAKOM BHUJE; MPH 3TOM MOXXHO HE TOJBKO BBECTH YTO-JIHOO
MOCTOPOHHEE B XUAKOCTb, HAXOMASIIYIOCS B MPOOWpKE, HO MHOT/AAa U TOBPEAUTH
KOKY TMaiblla, MOJYYUTh OXOT M mp. Ecnum mpoOupka HamoiHEeHa KHAKOCTHIO
0O0JIbIIIE YEM Ha MTOJIOBUHY, COJIEPKMMOE MEPEMEIINBAIOT CTEKISTHHOM MaTOUKOM.

Ecnu npoOupKy HyHO HarpeTh, €€ CIeyeT 3aKaTh B aepxartene (puc. 1.4).
[Tpu HEyMenoM U CHIIBHOM HarpeBaHUH MPOOUPKH KUAKOCTH OBICTPO BCKUIAET U
BBITNIECKUBAETCA U3 HEe, IOITOMY HarpeBaTh HY>KHO OCTOpokHO. Korma HauHyT

NOSIBIATHCSA My3bIPbKH, MPOOUPKY CIEAYET OTCTABUTH W, JIepKa €€ HE B IUIaMEHH



TOpPEJIKH, a OKOJIO HETO WJIM HaJl HUM, TPOIOKATh HArPEBAHUE TOPSIYUM BO3TyXOM.
[Ipu HarpeBaHUU OTKPHITHIM KOHEI] MPOOUPKHU JOJIKEH OBITh 0OpAIlleH B CTOPOHY OT

pabOoTaroOIIEro U OT COCeei MO CTOIy.

Pucynok 1.4 — [lepxatens a1 poOUPOK

Bopounku. CiryxaT 1Jis iepeTuBaHust KUIAKOCTESH, sl GUIHTPOBAHUS H T. 1.
XWMHYECKHE BOPOHKH BBITYCKAIOT Pa3UYHBIX PAa3MEpPOB, BEPXHUU TUAMETP HUX
coctasisieT 35, 55, 70, 100, 150, 200, 250 u 300 mm.

[Tpu paboTe BOPOHKHM YCTAaHABIWBAIOT WU B CIEIUAIBHOM IITATHBE, WU B
KOJIbIIE Ha OOBIYHOM JJa0opaTOpHOM ITaTuBe (puc. 1.5).

[Tpu mepenuBaHuM KUAKOCTH B OYTHUTh WJIM KOJIOY HE CJIEIYEeT HAIOJHSTH
BOPOHKY JI0 KPacB.

Ecnu BopoHKa TIIOTHO TpUiIeTaeT K TOPIIYy COCyJa, B KOTOPBIA MEPEIIUBAIOT
KUIKOCTh, TO TEpPEIUBaHUC 3aTPYIHSIETCS, TaK KaK BHYTPHU COCYyZla CO3/IAeTCs
MOBBIMICHHOE JaBieHue. [lo3ToOMy BOpPOHKY BpeMsi OT BPEMEHH HYKHO

IMPUIIOJHUMATD.



Pucynok 1.5 — IlltatuB ¢ yKpEIUIEHHBIMM B CIIEHHAIBHBIX IEpPKATEIAX

BOPOHKAMH

Eme nydmie caenaTh MexXay BOPOHKON M TOPJIOM COCyAa IIEb, BIOXKUB
MEXIy HUMH, Hampumep, Kycodek Oymaru. [Ipm 3TOM HYXHO CIE€IUTH, YTOOBI
MPOKJIAJKa HE MOoMalia B COCYI.

XHMMHYeCKHe CTaKaHbl TIPEJACTABIAIOT COOOW IMIMHIAPHI Pa3IMIHON
eMKOCTH. Tak ke Kak M JPyryl0 XHMHYECKYI0 MOCYJy, CTaKaHbl JENIaloT U3
dbapdopa (puc. 1.6) u U3 XUMHUUYECKHA CTOUKOTO cTekia (puc. 1.7). OHm ObIBAIOT: C
HOCMKaMU U 0e3 HOCUKOB, ¢apdopoBble CTakaHbl — C pydykamMu U 0e€3 pyueK,
CTEKJITHHBIE — C JEJICHUSAMHU ISl IPUOIU3UTEIIBHOTO U3MEPEeHHs 00bEMa i 0e3
JICTICHUM.

HarpeBath cTrakadbl U3 OOBIYHOTO CTEKJIa HA TOJIOM IJIAMEHU HENb3S — OT
3TOrO0 OHU JonawoTcs. HarpeBanue creayeTr MNPOBOAUTH TOJBKO —uepes

acOECTUPOBAHHYIO CETKY WJIM Ha BOJSIHOU MO0 Apyroii OaHe.



Pucynoxk 1.7 — CTekJisHHBIE CTaKaHbI

Il1ockoxoHHbBIE KOJIOBI. BRIBatOT camoii pazHooOpa3Hoi emkocTH (puc.1.8),
HaynHas oT 50 M7z U 70 HECKOJBKHUX JIMTPOB, cO mutudoM u 6e3 numda Ha TopIe.
WX M3roTOBIISIFOT W3 OOBIYHOTO, a TaKXKe W3 KBAPIICBOTO W CIEIUAIBHBIX COPTOB

CTCKJIA.



Pucynox 1.8 — I110cko10HHBIE KOTOBI

Konnueckue k01061 (OpienMeiiepa). HaxoasT mupokoe npuMeHeHue npu
aHaMMTHYEeCKNX paboTax (TurpoBanme). OHHM OBIBAIOT PA3TUYHON EMKOCTH, C

HOCHKaMHU 1 0€3 HOCUKOB, Y3KOTOpJIbIe U MupoKoropisie (puc. 1.9).

Pucynok1.9 — Konnueckue konObi

HarpeBath kK0n0OBI cliemyeT TOJBKO depe3 acOeCTHPOBAHHYIO CETKY HIIM Ha

KakKou-11u0o Oane.



2. MepHas nocyaa
MepHO#i Ha3BIBAIOT TIOCYAY, MNPUMEHSIEMYIO Uid HU3MepeHus o0bema

KUIKOCTH.

Mepubie muauHApsbl. [IpencraBisioT coO0l CTEKISHHBIE TOJCTOCTEHHBIE
COCYJIbl C HAHECEHHBIMU Ha Hapy>KHOW CTEHKE JIEJICHUSMHU, YKa3bIBAlOIIUMU 00BEM
B MuyutuTpax (puc. 1.10 a). Oau ObIBatOT camMoil pa3HOOOpPa3HON EMKOCTH: OT 5—
10 Mt 7o 1 1 1 6omp11e. UTOOBI OTMEPUTH HYKHBIH 00BEM JKUIKOCTH, €€ HATUBAIOT
B MEPHBIA LWIMHAP A0 T€X MOp, MOKA HWKHUI MEHHUCK HE JIOCTUTHET YpPOBHSA

HYKHOTO ICJICHUA.
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Pucynok 1.10 — MepHble UHIIUHAPHI (a) U MEH3YPKH (6)

Kpome munuHApoB, 11 TOH ke 1enu ynoTpeostor MmeH3ypku (puc. 1.10 0).
DTO coCcyapl KOHUYECKOW (OpMBI, HA CTEHKE KOTOPHIX MMEIOTCS neneHus. OHu
OYeHb YJO0OHBI /TSI OTCTAUBAHMS MYTHBIX KHUIKOCTEH, KOT/Ia 0CAIOK COOMpaeTcs B
HIDKHEHN, CYKEHHON 4aCTU MEH3YPKHU.

Munerkun. Cnyxar s TOYHOTO OTMEPUBAHHS OIPEIEICHHOr0 00beMa



KUJKOCTH. PaznuyaroT numneTKu Jyuist >KUAKOCTEN U ra30BbIe MUMETKU.

[Munetku s sxxuakocten (puc. 1.11). OObryHbIe nUNeTkH (MunetTku Mopa)
MPEACTABIAIOT COOOM CTEKIISIHHBIE TPYOKH HEOOIBIIOTO JUaMETpa ¢ paclIupeHueM
nocpeanHe. HxHUIT KOHEIl MUIIETKU CIIeTKa OTTSHYT U UMEET AuamMeTp Ookojo 1
MM.

[Tunetku ObIBatOT eMKOCThIO OT 1 10 100 M1, B BEpXHE#l 4yacTu UX UMEETCs
MeTKa, 10 KOTopoll HaOuparoT xkugakoctu. [IIUpoKko MNPUMEHSIOT TakKxKe
rpalydpOBaHHbIC MUMIETKU PA3TUYHON €MKOCTH, Ha HAPYKHOU CTEHKE KOTOPBIX
HaHeceHbI Aenenus B 0,1 mo.

JIns HamoJHEHUs] MUNETKU HUKHUM KOHEIl €€ OIyCKAalT B XKUJIKOCTh M
BTSITUBAIOT TMOCIEIHIO MPU MOMOIIM TPYIIM WJIK PTOM, HO JIyYllle MPHU STOM

IIOJB30BATHCA CIICIHMAJIBHBIMU HpI/ICHOCO6HeHI/IHMI/I.

Pucynoxk 1.11 — ITunetku: a — npoctas (nunerka Mopa), 6 - rpagyupoBaHHas

Kuakocts HaOUparOT Tak, YTOOBI OHA MOAHATIACH HA 2—3 CM BBIIIIE METKH,



3aTeM OBICTPO 3aKPBIBAIOT BEPXHEE OTBEPCTHE, yKa3aTEIbHBIM MaJIbIIEM IPaBOU
PYKHU, NPUIEPKUBAsT B TO K€ BpPeMs MUIETKY OOJBIIMM U CPEIHUM MaIblaMH.
OueHb MONE3HO YKa3aTeNIbHBIN Maiel] CJIerka yBIaKHUTh, TaK KaK BIAXKHBIN majell
00Jiee TIOTHO 3aKPhIBAET MUIETKY.

Korpga numeTrka HamoJiHEHa, OCIIAOJSAIOT HAXXUM YKa3aTeJIbHOTO Malblia, B
pe3yabTare 4ero *KUIKOCTh OyJAeT MENJICHHO BBITEKaTh U3 MUIETKHU; KaK TOJBKO
HIDKHUM MEHHCK JKMJIKOCTH OKQXXETCS Ha OJIHOM YpPOBHE C METKOM, Maliel] CHOBa
npuxuMaroT. Eciii Ha KOHIIE MUIETKH MOCJE 3TOro OyIeT BUCETh KaIuis, €€ CIeayeT
OCTOPO’KHO yJalduTh. BBeAs MUMETKY B COCYJl, OTHUMAIOT yKa3aTeJbHbIN Majel u
JAIOT >KUAKOCTU CTE€Ub MO CTeHKe cocyaa. Ilocie Toro kak >KUJIKOCTh BBITEYET,
MUIETKY JAep’KaT B TEUEHUE ele 5 ceK (cuurtast A0 5) MPUCIOHEHHOH K CTEHKE
cocyjlia, cjerka MoBOpauuBasi BOKPYT OCH, IOCJE Yero YIalsioT THUIETKY, HE
oOpaliasi BHUMaHHs Ha OCTaBUIYIOCS B HEW HKHUJKOCTD.

[Ipu BhUIMBAHUM PACTBOpA U3 MUIMETKU B KOHUYECKYIO KOJIOY OYEHb BaXKHO,
yTOOBl PacTBOpP CTEKaJl HMMEHHO TI0 CTEHKE KOHHUYECKOM KOJIOBI U HE
pa3OphI3ruBaliCs, TaK KaK MPU 3TOM YacTh BEUIMBAEMOTO PacCTBOpPa MOXKET IMOMNACTh
Ha CTEHKY KOJIObI W MpPHU MOCIEAYIOIEM TUTPOBAHUU HE BCTYIUT B PEAKIHIO C
pPacTBOPOM, BEUIMBAEMbIM U3 OIOPETKHU.

Hukorna He ciielyeT CTpeMUThCSA BBITOHAITh OCTATKU KUAKOCTU U3 MUIMETKU
BBIJlyBaHHUEM WJIM HArpEBaHUEM PYKOW pacIIMpPEeHHON YacTH MUTIETKHU.

JIns oTMepuUBaHUS MaJibIX 00bEMOB JKUIAKOCTEH MPUMEHSIOT MUKPOIUIIETKU
eMKOCThIO 1, 2, 3 1 5 Mi1. MUKpOIIUNIETKY 4aCTO TPAAYUPYIOT, OHU UMEIOT JICJICHUS
B 0,01 M1, uT0o mo3BOIAET AeaaTh oTcUeT ¢ TOYHOCTRIO 0,002— 0,005 M.

['panyupoBaHHOM THUIETKOM MOXHO OTOMpAaTh HE TOJBKO OJUH
OMpeIeNICHHbI 00BEM KUAKOCTU (KaK OOBIKHOBEHHBIMH MUIIETKAMHU ), HO JIFOOOU B
npeaenax ee eMKOCTH. KHAKOCTh HaOWparoT B MUIETKY [0 HYXHOW METKHU
(HMKHUM MEHHCK XUJKOCTH HaXOAUTCS HA YPOBHE MOCTEHEN) U 3aT€M BbLUIUBAIOT
ee, Kak 0OBIYHO.

[TuneTku JOJIDKHBI OBITh BCCra 4YMCTO BBIMBITBIMU, UX CJIICAYCT CTABUTH B



ocoOblii mTatuB (puc. 1.12) u 3aKkpbIBaTh CBEPXy MaJ€HbKHUMH IPOOMPKAMU WU
KYCKOM YHMCTOW (puiapTpoBasibHOM Oymaru. Ecnm mratuBa B j1abopaTopuu HET,
NUIETKH MOXHO XPaHUTh B CTEKISHHOM IWIMHJApPE, HAa JHO KOTOPOIO
IPEABAPUTENLHO KJIAAyT HECKOJIBKO CJIOEB YHUCTOM (UIbTpOBaNbHOW OyMmarw,
BbIpE3aHHON Kpykkamu. [locne paOoThl MUIETKY ONOJACKUBAIOT HECKOJBKO pa3
JUCTWIJIMPOBAHHOM BOJOW M TNOMEINAKOT B CTEKJISHHBIA LUIMHADP, KAKIBIA pa3
3aMEeHsIsl BEpXHUM oM priibTpoBanbHOM Oymaru cBeskuM. OOBIUHBIMU TUIIETKAMHU
HEJb3 OTMEPATH KUIKOCTH, BA3KOCTh KOTOPBIX 3aMETHO OTIMYAETCS OT BSI3KOCTU
BOJIbl, HAIPUMEP, KOHUEHTPUPOBAHHBIE KUCIOTHI, IIEJIOYH U T. M., TAK KaK 00beM
OTOOpPaHHOM )KMJIKOCTH HE OYJIET COOTBETCTBOBATh yKa3aHHOMY. [l oTO0Opa Takux

)KI/II[KOCTeﬁ MOJIB3YIOTCA CIICHUAIIBHO HpOKaJII/I6pOBaHHBIMI/I IMUIICTKaAMU.

Pucynoxk 1.12 — [lITaTuBbI 1J1s MATIETOK

[Ipu oOpameHnn co BCEMHM BHUAAMH NUIETOK HYXHO 0053aTeNbHO
PUAEPKUBATHCS CIEAYIOIIUX TPABUIIL:

1. [unerka npu oTOOpe XKUAKOCTH BCEraa AOKHA HAXOAMTHCS B CTPOrO



BEPTUKATHLHOM MOJIOKEHHUH.

2. Ilpu ycTaHOBKE HMYKHErO0 MEHHMCKA Ha YpOBHE YEpTHI IJ1a3 HaOIroaaTemns
JIOJKEH OBITh PAcIoONiOKEeH B OJHOM IMJIOCKOCTU ¢ METKOM (METKHU Ha MepenHeu u
3a/IHEH CTEHKaX JIOJKHBI PU 3TOM CIUBATHCS B OJHY).

Broperku. [IpuMeHSIOT IpU TUTPOBAHUH, JIJISI U3MEPEHUSI TOUYHBIX 00HEMOB
u np. Paznuyaror GropeTku 0ObEMHBIE, BECOBBIC, MOPIIHEBLIE, MUKPOOIOPETKH U
ra3oBbl€.

Oovemnvle 010pemKu. IT0 — CTEKISIHHBIE TPYOKHU C HECKOJIBKO OTTSIHYTHIM
HIDKHUM KOHIIOM WJIM CHaO)KeHHbIE KpaHoM. Ha Hapy’KHOM CTEHKe MO BCel JJIUHE
OropeTku HaHeceHbI fesienus B 0,1 mMil, Tak 4TO OTCUETHI MOKHO BECTH C TOUHOCTHIO
110 0,02 M.

bropetku (puc. 1.13) ObIBatOT ABYX THUIOB: C OPUTEPTHIM KpaHoM (0) u
OECKpaHOBBIE C OTTSHYTHIM KOHIIOM (@), K KOTOPOMY IOCPEACTBOM pPE3UHOBOM
TPYyOKU MPUCOETUHSAIOT OTTSHYTYIO B KalWJUISIP CTEKISHHYIO TPYOKY; pE3MHOBYIO

TpYOKY 3aKMMaroT 3a)kuMoM Mopa.

Pucynok 1.13 — BropeTku o0bemMHbIE



Pe3unoBas TpyOka 0MKHA MMETh CTEHKY TOJIIMHON He MmeHee 1,5 MM, a
BHYTPEHHHUN nuameTp — okoysio 3 MM. Takum 00pa3oM, Hapy>KHBIH JHAMETP
PE3UHOBOI TPYOKH - OKOJIO 6 MM.

B Gropetku ¢ KpaHOM MOXKHO HaJIMBaTh BCE KUIAKOCTU 3a HCKIIOUYCHUEM
1Ie104Yeid, KOTOPbIE MOTYT BBI3BIBATh 3ae/laHue MPUTEPTOro kpana. s paboTsl co
eJI09aMU MPUMEHSIOT OECKpaHOBBIE OIOPETKH C PE3MHOBOM HACATKOM.

J1nst paboThI B y4EOHBIX JIAOOpATOPUSIX WIIH B TEX CIIyUasX, KOTJla TATPOBaAHUE
MPOBOAST PEAKO, UM MPU BCEX BPEMEHHBIX pPabOTax OIOPETKU YKPEIUIAIOT Ha

1a00paTOPHBIX IITaTUBAX B jankax (puc. 1.14).

Pucynoxk 1.14 — [lItatus ¢ 6ropeTkamMu

Tak kak OMOpPETKH TpeIHAa3HAYCHBI I OYCHb OTBETCTBEHHOW pabOTHI —
TUTPOBAHUS, UX CIAEAYET COMEPkKATh B OCOOEHHOM YHUCTOTE.

[Tocne paGoThl OIOPETKY CIEAYET BHIMBITH BOJOM U OCTaBUTH €€ B IITATUBE,
MEPEBEPHYB OTKPBHITHIM KOHIIOM BHHU3. UTOOBI B OIOpPETKY HE MoMajana MbUIb, €€
JydIie 3aTKHYTh KYCOYKOM BaThl. Y OIOPETOK C KpaHOM HYKHO BBIHYTh KpaH,
00epHYTH €ro OJIMH pa3 KyCKOM YHCTON (PHIIBTPOBAIHLHON OyMaru u CHOBa BCTAaBUTh

B Otopetky. Ecnm storo He caenars, nuiud MOXKET UCHOPTUTHCS M KpaH OyAeT



MPOTEKATD.
bropeTky ycTaHaBIMBaIOT Ha HyJb TOJBKO IMOCIE TOro, Kak paOoTaroliuil
yOeauTCs, UYTO B KaMWUISIpE WM KOHYMKE OIOPETKH HE OCTalOCh MY3bIPHKOB

Bo3ayxa (puc. 1.15).

Pucynok 1.15 — Y nanenuie Bo3ayxa u3 KOHUYMKA OIOPETKU

bropeTky cienyeT 3amoyiHITh Tak, 4YTOObI BHAauYajle YPOBEHb KUJIKOCTH OBLI
HECKOJIBKO BBIIIIE HYJIEBOro JefieHus mKainbl (10 3—4 cm). 3arem, OCTOPOXKHO
MPUOTKPBIBAs KpaH, aKKypaTHO YCTAHABIMBAIOT YPOBEHb KUJKOCTH Ha HYJIEBOE
nenenue. Kaxmgoe TUTpoBaHUE CclielyeT HAYMHATH TOJIBKO IOCJE 3alOJHEHUS
OIOpEeTKH 10 HYJs. YPOBEHB KUIKOCTU MPO3PAYHBIX PACTBOPOB YCTAHABIUBAIOT MO
HIDKHEMY MEHHUCKY, & HEMIPO3payHbIX — [0 BEPXHEMY.

Mepnblie k010b1. HeoOxoanmas mocyaa st OOJbIIMHCTBA AHATUTUYECKUX
pabot (puc. 1.16); oHM TpPEeACTaBIAIOT COOOM TIOCKOIOHHBIE KOJIOBI pa3IuyHON
€MKOCTH; B OOJBIIMHCTBE CIy4aeB MEpHBbIE KOJIOBI MMEIOT MPUULIU(OBAHHBIC
CTEeKJIsHHBIE TMpoOku. OpHAKO YacTO TMPUMEHSIOT MEpHBbIE KOJIOBl 0e3
npunuUInOBAHHBIX CTEKJISHHBIX NPOOOK. B Takux ciydasx [ 3aKpbIBaHUS

MEPHBIX KOJIO UCTIONB3YIOT PE3UHOBBIE MPOOKH COOTBETCTBYIOIIETO pa3Mepa.



Pucynox 1.16 — MepHble ko051

PaznuyaroT y3koropisle M MIMPOKOTOPIIbIe MEpHBIE KONObI. [[lnamerp ropna
MOCHEAHUX NPUOIU3UTENLHO B TOJTOpa pa3za OoJblie IO CPaBHEHUIO C
y3koropibiMi. Ha ropne konOsl mMeeTcs KoOJbIleBas METKa, a Ha caMoil KoiOe
BBITPABJICHO YHCJIO, YKA3bIBAOIIEE €€ EMKOCTh B MIJUTMIIUTPAX MPHU OTIPEICTICHHOM
temriepatype. llpuBeneHHass €MKOCTh O3HAYaeT, YTO MPH JaHHOU TeMIeparype
0o0BeM BOJBI, HAIATOH B KOJIOYy IO METKH, TOYHO COOTBETCTBYET yKa3aHHOMY.
O0BbeM BBUTUTOM M3 KOJIOBI BOJBI OYAET HECKOJIBKO MEHBIIIE TTIOMEUYEHHOTO, TaK KaK
9JacTh €€ OCTaHeTCs Ha cTeHKaX. [[03ToMy OObIYHBIE MEPHBIE KOJIOBI HE MTPUTOTHBI

IJIs1 OTMCPHUBAHNA TOYHOT' O o0nemMa BOJbI C ITOCJICAYIOIINUM BBIJIMBAHHUEM CC.

MeToauka u NOPAA0K BHINOJIHEHHSI padoThI
J171s1 momy4deHust HaBBIKOB pa0OThI C XUMHYECKOH MOCYI0M HEOOXOIUMO B3SITh

BCE€ OIKCAHHBIE 3JIEMEHTHI U MOMPOOOBAThH UX B padoTe.

Coaep:xxkanue ordyera u ero gopma
Kaxxnp1il cTyA€HT J0JIKEH UMETh JaO0OpaTOPHBIN Ky pHAJI, KOTOPBIN SBIISETCA

JOKYMEHTOM, OTPa)arolI1M BCIO €r0 padoTy.



Bce HabmoeHus: U BBIBOABI MO SKCIIEPUMEHTANIBHON paboTe, MpojeaaHHOM
B J1abOpaToOpuu, CTYJEHT 3aHOCUT B JIaDOpATOPHBIA >KypHald HEMOCPEACTBEHHO

ITOCJIC €€ BBIIIOJIHCHHUA B BUAC OTUCTA.

BOHpOC])I AJIA 3alIIUThI paﬁoTbl

Crnenuduka 1aHHOM pabOTHI MIPENoIaraeT ToJIbKO 0POpMIICHHE OTYETa

Jlureparypa

[OcHoBHas nutepartypa 1-4, nonosHUTENbHAS TUTEPATYpa 2]
JIABOPATOPHAS PABOTA 2

OIIPEJAEJEHHUE DKBUBAJIEHTA METAJUIA

He.]'lb H COACPKAHUC
O3HAKOMHTHCS C TTOHSITHEM OKBHBAJICHTA, SKBUBAJICHTHOM MAacCCHI. HBy‘II/ITB
OCHOBHBIC IIOHATHA HW 3aKOHBI XHMHH. Hay‘-II/ITI)CH Ha OCHOBAaHHHM 3aKOHa

9KBHUBAJICHTA IIPOU3BOJNUTH PACUYCThI AKBUBAJICHTHON MACCHI Pa3JINYHbIX BCIICCTB.

Teopernueckoe 000cCHOBaHHE
3akoHn 3xkBuBaeHTOB (M. Puxtep) B MOJEKyIsIpHBIX COETUHEHUSX MAaCChI
COCTaBJISIIOIINX UX JIEMEHTOB OTHOCATCS MEXAY COOOM Kak MX SKBUBAJICHTHI WU

MAaCChl B3aUMOJICMCTBYIOIINX BELIECTB MPOMOPLUHOHAIBHBI UX MOJISIPHBIM Maccam
sksuBanentos (M )):

m m,

= , (1.2)
Ma(l) M3(2)

TJI€ MU M2— MAcChl PEarupyromnx BEUIECTB, I, KT,



M »(1) B M »(2) — MOJISIPHBIE MACChl SKBUBAJICHTOB 3TUX BELLECTB, 2/ MO/Ib ; K2/ MOb

XuMHYeCKHUIl IKBUBAJIEHT BeLIEeCTBA 3TO pealibHAsA WM YCIOBHAS 4acTh
MOJIEKYJIbI WJIU aToMa (MOHA), KOTOpas MOXKET MPUCOETUHATh, BBICBOOOKIATh WIH
JPYTUM CIIOCOOOM OBITh SKBHUBAJICHTHA aTOMy BOJOpPOJA WM KAaTUOHY B
MOHOOOMEHHBIX PEAKIUIX WU DJIEKTPOHY B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKuusx.

MoJjib 3KBHBAJIEHTOB — HA3bIBAETCA TAKOE €ro KOJMYECTBO, KOTOPOE
coenuHsAeTCa C | Morem aToOMOB BOIOPOJAa WIIM 3aMEIIAET TO K€ KOJIMYECTBO
aTOMOB BOJIOPOJa B XUMHYECKUX PEAKIUAX.

Maccy ogHOro MoOJsI JKBHUBAJIEHTA HA3bIBAIOT MOJISIPHOM MAaccoil

IKBHBaJIeHTa BemecrBa (M5). MomspHble MacChl DKBHBAJICHTOB BEIICCTB

M3MEPSIOT B 2/ MOJIb

[Tockonbky MOJSIpHAsi Macca Kakoro-jinudo BElIeCTBa YUCIECHHO COBMAIAET C
€ro OTHOCHUTEJIBHONW MOJEKYJISIPHOM MacCOW, TO M3 3aKOHA SKBHUBAJECHTOB MOHO
BBIBECTH CJIeAYIOIIME (POPMYJIIbI ISl BEIYMCICHUSI SKBUBAJIEHTHBIX MAaCC MPOCTHIX U

CJIOKHBIX BCIICCTB:

_ Ms,mweuma (1 3)
D (3 o
(onemenma) Banenmnocmo snemenma

M = M, oxcuoa s (1 4)
Sokeuda)  Yycno amomos snemenma - 8aieHmMHOCHb d1eMeHmd

— 1 4Kuczzombz (1 5)
3 (kucnomet) EAN
OcHnosHnocmb KUc10mol

_ M OCHOBAHUS (1 6)
C] ’ .
(ocnosanus) Kucﬂom]-[ocmb OCHOBAHUA

M = M oo . (1.7)
Scom)  Yyeno amomos memanina - 6aiIeHMHOCb MEMAJid

M — moabpHasg Macca COETUHEHUH, 2/ Mob .



[Ipu pemieHUM HEKOTOPHIX 3a7a4, B YCJIOBHUSX KOTOPBIX COJEPKATHCS
CBelleHHsI 00 00bEMax ra3000pa3HbIX YYaCTHUKOB peaKIUU, IeJIeco00pa3Ho

MI0JIL30BAaThCS 3HAUYCHUEM KBHBAJICHTHOTO 00BEMA.

JKBHBAJIEHTHBIM 00b6MOM D),  Ha3bIBaeTCs 00BEM, 3aHUMAEMBI IpH

JAaHHBIX YCIOBUAX | SKBHBaJIEHTOM BEIECTBA. 3HAUEHHE HKBUBAJIEHTHOTO 00BEMa
BEIIECTBa, HAXOASAIIETOCs B ra3000pa3HOM COCTOSIHMM, MOXXHO HAWTH, 3Hasl, YTO B
MOJIBHOM OOBEME JI000ro ra3a, COCTOSIIEr0 M3 OJHOATOMHBIX MOJIEKYJ,

COJIEPXKUTCS 1MoL aTOMOB, COCTOSIIETO M3 JBYXaTOMHBIX MOJEKYH — 2 MO
atomoB u T.1. Hammpumep, B 22,4 1 H> comepXUTCs IPH HOPMAJIBHBIX YCIOBUSIX
2 mona atomMoB Bonopoja. IIocKobKy SKBUBAJ€HT aTOMOB BOJOpPOJA paBEH

lmons, 10 B 2247 H» comepkurcs 2 OSKBHBAJIE€HTa aTOMOB BOJOPOJA.

CrnenoBatenbHoO, OKBUBAJICHTHBIN 00BEM MOJIEKYJI H, paBeH
_ 224 11,22/
I(H, )= > = 11,21/ MOTb. Paccyxmas aHAJIOTUYHO, BBIYUCITAM
22,4

— > —
YKBUBAJIEHTHBIH 00BEM ra3006pasHoro kuciopoaa Iy (0,) = —— = 9,0 1/ mons.

Anmnapatrypa U MaTepuaJbl

[Ipubop nst ompenesneHHs] SKBUBAJEHTA MeTallja. AHAJTUTUUYECKHE BECHI.
Tepmometp. bapomerp. Menszypka nHa 25-50 M. CTakaHUMK XHUMUYECKUN
BMeCcTUMOCThIO 50 mu1. BopoHka ¢ niaumHHBIM KOHIIOM. PuibTpoBaibHas Oymara.

Hagsecka metanna (x.4.) okojio 0,1 r. PacTBop consiHOM KUCIOTHI 2H.

Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. nabGoparopnyto padory 1.

MeTtoauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI

OMnbIT MPOBOAUTCA B MPUOOPE COCTOSIIEM U3 OIOPETKH BMeCcTUMOCThIO0 100



MJI, YPABHUTEIIBHOTO COCYJa , CTEKJIIIHHOTO TPOMHHWKA, HA OJUH KOHEI] KOTOPOro
HaJieTa KaydykoBas TpyOka ¢ 3axkumom. Ha apyroil koHer TpoiiHHMKa Hajaeta
KaydyKoBasi MpoOKa, MJIOTHO 3aKphIBarolias OIOPETKy, TPETUW KOHEI TPOMHUKa
npucoeauusercss Kk ckistHke OctBanbaa. Kycouek (mopomiok) mertamia (0,1 r)
B3BECHUTh Ha aHAJTUTUYECKHUX Becax ¢ TouHOCThIO 10 0,0002 r. B3BemeHHbIi MeTalll
MIOMECTUTh B OJHO KOJICHO CKIISIHKM OcTBanbaa. B npyroe KoJeHO ¢ MOMOIIBIO
BOPOHKHU C JJIMHHBIM KOHIIOM HanuTh 10-12 Ma 2H pacTtBOpa COJITHOM KHCIIOTHI.
OcCTOpOXKHO yKpenuTh CKISIHKY OCTBajibia B 32)KUME IITAaTUBA U MPUCOCAUHUTH K
TPOMHUKY, IUIOTHO 3aKphIB MpoOKW B OropeTke M B ckisiHke OctBanbaa. [lpu
OTKPBITOM 32KUME Ha TPOWHHUKE JOBECTH C MOMOUIIBIO YPaBHUTEIBLHOTO COCYHA,
MOJAHUMAsI U OITyCKasi €ro, ypoBeHb BOJbI B OIOPETKE TOYHO /10 METKH «0». 3aKpHIThH
32)KMM U UCTIBITATh MPUOOP Ha TEPMETUYHOCTD, ISl YETO OMYCTUTh YPAaBHUTEIIbHBIN
COCY]l TaK, 4YTOObI YPOBEHb BOJbI B HEM ObLI HUXE YPOBHS BOJbI B OIOpETKE, U B
TAaKOM TIOJIOKECHUU YyKpenuTh ero. [Ipu omyckanum ypaBHUTEIBHOTO COCyIa
YPOBEHBb BOJIbI B OIOpPETKE HECKOJIBKO MOHU3UTCS. Ecnu uepe3 1-2 MUH nanbHEHIIEro
MOHWXEHUSI HE OyIeT, TPUOOP MOKHO CUUTATh TEPMETUUHBIM.

[locne wucnbiTanuss mnpubopa Ha TEPMETUYHOCTh, HE MOJHHUMAs
YPAaBHUTEIBHBIN COCYJ, HAKJIOHUTH LITATUB W NEPEIUTh KHUCIOTY B KOJICHO, TIe
HaxoauTcs Metaul. Tordac HaunHaeTcs BblaeleHue Ho> U BbITECHEHHE BOJIBI U3
OIOpETKH B ypaBHUTENbHBIN cocyl. [1o okoHYaHUIO peakiuu clieyeT MOJ0XKIaTh
10-15 MuH, yTOOBI Ta3 B MpUOOpPE MPUHSI TEMIIEpATypy OKPYKalollel Cpeibl.
[IpuBecTu Boy B OIOpETKE U YPaBHUTEIBHOM COCYJI€ K OJJTHOMY YPOBHIO U, €CJIU B
TeueHne 1 MHH He HaOMIOJaeTCsl W3MEHEHUS YPOBHSA, OIpPEICIUTh 00beM

BBIACIIMBHICTOCA BOJOPOAA OT HYJIA 1O JaHHOT'O YPOBH:.

Coaep:xanue oTuera u ero ¢gpopma
Bce HaOmionenust 3amucatb B JabopaTopHblii  kypHan. CraenaTh
CXeMaTUYeCKUN pHUCYHOK Tmpubopa. Pe3ynbTaThl wu3MepeHUil 3amucarbh MO

cienymieit popme:



Macca meTanna, m, T

OO0BeM BBIICIUBIIETOCS BOIOpoAa, V, MII

Temnepatypa, T, K

AtmocdepHoe nasienue, P, Ila

JlaBlieHre HACBIIIEHHOTO BOSHOTO Mapa npu ganHou temmneparype P(H20),

ITa.

[TapumansHoe  maBnenue  Boaopoxa, P(Ho)=P- P(H20)

PaccuntaTh 5KBUBaJIEHTHYIO MAacCy MeTaJlIa ABYMSs CITIOCOOAMHU:

1. BbI4HCINTH MacCy BBITECHEHHOTO BOJOPO/A IO ypaBHeHUIO KitaneipoHna-
Menneneesa. Ha ocHOBaHMM 3aKOHA JKBUBAJIEHTOB BBIYUCIUTH MAaCCy
SKBUBAJIICHTA TaHHOTO METAJJIA.

2. IlpuBectu 00beM BBIIEIUBIIETOCS BOJOPOAA K HOPMAIILHBIM YCIIOBUSM T10
ypaBHenuto Kinaneiipona. 3Hast 00beM SKBUBaJIEHTa BOJAOPOA, pPACUUTATh

MacCCy 5KBUBAJICHTA MCTaJlJIa.

Bomnpocs! 11 3amMThI JIA0OPAaTOPHOH PadoOTHI
1. Beraucnure skBuBaneHT [13PO4, pu peaknusx oOMeHa, B pe3yibTare

KOTOPBIX 00pa3yrOTCs KUCIbIE U CPETHUE COJIH.

2. Haiinure sxBuBanieHT 2S04 u Cu(OH)2 B CIEAYIOMUX PEaKIUsX:

a) H2SO4+ 2KOH = K>SO4 + 2H20

0) H2S04 + KOH = KHSO4 + H2O ;

B) Cu(OH )2 +2HCI = CuCl + 2H>0;

r) Cu(OH): + HCl = CuOHCI + H>O .

3. Onpenenure 3KBUBAJIECHT U SKBUBAJICHTHYIO Maccy (ocdopa, Kkucnopoa u
opoma B coeaunenusx PHs, HxO, HBr.

4. B kakou macce NaOH COIEPKUTCS CTOJIBKO K€ SKBUBAIEHTOB, CKOJIBKO

B 140 e KOH ?



5. U3 1,352 okcupa meraiuia nonyvaercs 3,152 ero murpara. Beraucnure

9KBUBAJICHTHYIO MAaCCy 3TOIro METaJljia.

6. OnoBo oOpasyer aBa okcujaa. [lepBoiit cogepxut 78,8 % , BTopoii - 88,2 %

0JI0Ba. BBIUKCIINTE YKBUBAJICHT 0JI0BA B ATUX OKCHOaXx.

7. 131,35 2 okcuaa Metaiia noiaydaercs 2,85 2 cylbdara 3TOro ke MeTaiia
MeSOs . Beraucnure S5KBUBAJICHT METAJLIA.
8. U3 1,32 rugpokcuaa wmertamwia mnodydaercs 2,852 ero cynbdara.

Boeruncnure 9KBUBAJICHTHYIO MAaCCy 3TOIro MeTajljia.

9. Oxcupa TpexBaJeHTHOTO »ieMeHTa coaepxkut 31,58 % kucmopona.

Boeruncnure O9KBUBAJICHTHYIO, MOJIbBHYIO 1 ATOMHYIO MACCBI 9TOT'O 3JICMCHTA.

10. Yemy paBeH Opu H.y. SKBUBAJEHTHBIH 00beM BoaOpojaa. Beruucnure
DKBUBAJICHTHYI0 MacCy MeTajula, €clii Ha Boccra”oBieHue 1,017 2 ero okcmma
u3pacxoaonainock 0,28 7 Bogopoaa (H.y.).

11. OnuH okcua Maprasna COAEPXKUT 22,56 % Kuciopoxaa, a apyrou 50,50 %

. Beruncnure 3KBUBaJICHTHI MaprabHia B 3THUX OKCHOaX U COCTABLTC UX (I)OpMyJIBI.

12. Beipasute B Monsx: a) 6,02-10% monexyn C,H ,; 6) 1,80-10** aromos

azora; B) 3,01-10% monexyn NH - Kakosa MorbHas Macca yKkasaHHBIX BeIECTB?

13. BpruucnuTh SKBUBAJICHT U HKBHBAJIEHTHYIO Maccy [3POs B peakuusx
oOpazoBanus: a) ruapodocdara, 6) nuruapodocdara; B) opropocdara HaTpusl.

14. B 2,48 2 okcuia OTHOBAJICHTHOTO MeTajla cojiepxxutcs 1,84 2 meraiuia.
Briuncnure SKBUBAJICHTHBIE MAcChl METaJlJIa U €ro okcuaa. UeMy paBHa MoJIbHAs U
aTOMHas Macca 3Toro merasmia?

15. Uemy paBeH npu #.). SKBUBAJICHTHBIA 00beM kuciopoaa? Ha cxxuranue
1,5 2 nByxBaneHTHoro meraiia Tpedyerca 0,69 1 kucnopoaa (#.y.). Berancnure

9KBUBAJICHTHYIO MACCy, MOJIbHYIO MaCCy U aTOMHYIO MacCCy 9TOIro MCTaJuia.



16. U3 3,31 2 HuTpaTta metaia noxydaercs 2,78 2 ero xjaopuaa. Berancnure

9KBUBAJICHTHYIO MAaCCy 3TOIro METaJljia.

17. Hanmummre ypaBHeHus peakiuii F'e(OH )3 ¢ xmopoBomopoanoi ( HCI)
KHUCJIOTOM, TPU KOTOPBIX 00pa3yroTCs CIEIYIONINE COSTUHEHUS Kee3a: a) XJIOpUl
nuruapokcoxenesa (/11); 6) quxnopun ruapokcoxenesa ( [11); B) xyopu xenesa
(/II'). Berunciute SKBHBAJICHT M SKBUBAJICHTHYIO Maccy FFe(OH )3 B kaxmoil u3
ATUX PEaKUUi?

18. Ilpu BoccranoBiaeHnu 1,2 2 OKcHJla MeTajia BOJOPOJIOM 00pa30BaioCh

0,27 2 BOJBI. BprunciuTe SKBUBaJICHT OKCH A U DKBHUBAJICHT MCTAJlIA.

19. N30bITKOM TUPOKCHIA KAJIUSI TOJIEHCTBOBAIN HA PACTBOPBI:
a) nuruapodocdara xanus; 0) HUTpaTa auruapokcoBucmyta ([I1). Hamumure
YPaBHEHMS pEaKLUUW ITUX BellecTB ¢ KOH W ONpenenuTe uX SKBUBAICHTHI U
SKBUBAJICHTHBIE MACCHI.

20. BemectBo comepkut 39,0 2 cepsl, SKBUBaJIEHT KOTOpoit 16,0 2/ monw u
MBIIIBSK. BEIYMCINTE S3KBUBAJIEHT U BAJICHTHOCTH MBIIIbsIKA, COCTaBbTE (DOPMYITY

9TOI'0 B€IICCTBA.

Jlureparypa

[OcHoBHas nuteparypa 1, 3, nonomHuTenbHas qureparypa 2|

JIABOPATOPHAS PABOTA 3

CKOPOCTb XUMHUYECKUX PEAKIIUIA U XUMHUYECKOE
PABHOBECHE

I_[e.m, H COACPKAHUC

O3HAKOMUTBLCS C IIOHATHUAMU CKOPOCTH XUMHYECKOM p€akoun H

XHUMHYECCKOT'O PaBHOBCCHA. HSy‘-II/ITB BJIUSAHHUC Pa3IMYHBbIX (1) aKTOpPOB



(KOHIIEHTpallMKM, TEMIIEpATyphbl, MPUCYTCTBHUS KaTajauzaTopa B CHUCTEME) Ha
CKOPOCTh TOMOTE€HHOW XUMHUUYECKON pEeaklUH, BJIUSHUE CTENEeHU JAUCIEPCHOCTHU
BEILIECTBA HA CKOPOCTh reTepOTreHHON peakiuuu. N3yunth cMelieHrne XuMuueckoro

PaBHOBCCHA IIPH U3MCHCHHNHA KOHI_IGHTpaLII/Iﬁ Y4aCTHHUKOB PCaKIIUU.

Teopernueckoe 000CHOBaHHE
OmHOpOHASI YaCTh CUCTEMBI, 00Iagaroias OJUHAKOBBIM COCTABOM BO BCEX
TOYKaX W OJMHAKOBBEIMU CBOWCTBaMH, HasbiBaeTcs ¢hazoi. Ecnm ucxomHbie
BelllecTBa 00pa3yroT oAHY a3y, peakiiusi Ha3bIBACTCS 20MO2EHHOU.
[TpumMepoM TOMOTEHHOM PEAKIIUU MOKET CITY)KUTh PEaKIIHS:
NaClu) + AgNOsi) = NaNOs + AgCl]. (3.1)
Peakuiust B JaHHOM cilydae MPOTEKAET B pacTBOPE, HUTPAT cepedpa (pacTBop)
U XJIOpUJ HaTpus (pacTBOpP) 00pa3yroT oaHy ¢azy.
Ecnu wucxomgneie BemiecTBa 00pa3yloT Kaxjaoe CBow a3y, peaxius
HAa3bIBACTCS 2emepozeHHoul. [ [puMepoM reTepOreHHON pEeaKINu SIBIIAETCS PEaKIIUs:
H2SO40x) + Zne) = ZnSO4 + HoT. (3.2)
[unk (MeTann) u cepHasi KUCI0Ta (pacTBOp) 00Opa3yroT Kaxablid CBOIO (pasy.
Peakrust mpoxouT Ha TOBEPXHOCTH pasjena ¢as.
Ckopocmb  Xumuueckou  peakuyuu — U3MEHEHUE  KOHIEHTpAIUU
pearupyronux BEMIECTB B SAMHUIY BPEMCHH:

C - A
v= Cl:— C, (3.3)

T, —T, At

rae C2 — KOHIEHTpAUU Pearupyroniux BelmecTB 3a BpeMs T2, C1 — KOHIEHTpaLUU
pearupyromux BemecTB 3a Bpems T, AC — uU3MEHEHuE KOHUEHTpAIUU
pearupyronmx BEIecTB 3a NEPUO1 BPEMEHHU.

3HaK MUHYC YKa3bIBa€T Ha TO, YTO KOHIEHTpALUSI HUCXOIHBIX BEIECTB C
TEUEHUEM BpeMeHHU yMeHblaetcs, T. €. C2 < Ci. Beauunna ckopocTH peakiuu -
BEJIMYMHA TTOJI0KUTEIIbHAS.

CKOpOCTh XMMHYECKUX PEAKLHI 3aBUCHUT OT TEMIIEPATYpPhl, KOHIIEHTPALUH,



MPUPOBI PEATUPYIOIINX BEIIECTB U JABJICHUS T'a30B.
BnusiHMe KOHIEHTpAlMM PEarupyronux BEIIECTB HAa CKOPOCTh PEAKLUU
BBIPAXKAET 3AKOH OCUCMEYIOUUX MACC: TIPU TTIOCTOSHHON TEMIIEPATYpPE CKOPOCTh
XUMHYECKOW PEAKIMU NPSMO MPONOPUHOHAIBHA MPOU3BEACHUIO KOHIIEHTPALNU
pearupymromnmx BeIEeCTB, NMPUYEeM, KaxK/as KOHLEHTpalusi OepeTcs B CTEMEeHU
CTEXHOMETPUYIECKOTO K03 PuIineHTa.
Jitst peakun
mA +nB =pC+dD
CKOPOCTh peaKIuu OyJIeT:
v=kC", - C"g (3.4)
riae k — KOHCTaHTa CKOPOCTH PEaKIMu, 3aBUCSIIAs OT MPUPOILI Pearupyrominx
BEIIECTB U OT TEMIIEPATypbl. 3HAYEHHUSI KOHCTAHTHI CKOPOCTH B 3aBUCUMOCTH OT
TeMIIEpaTypbl IPUBOJISITCSA B CIPABOYHHUKAX.
Tak, nanpumep, aJist peakiuu (3.1) ckopocts OyAeT paBHa:
U = kCnaci - Cagnos,
a g peakiuu (3.2): U =KCras0-.
BnusiHne Temnepatypbl Ha CKOPOCTh PEAKIIUY BBIPAKAETCA npasuiom Banm-
Toghpa: npy MOCTOSTHHOM KOHIIEHTPAIlMM MCXOJHBIX BENIECCTB IPHU IMOBBIIICHUU
Temmeparypsl Ha Kaxasie 10°, CKOpOCTh XUMHYECKOW peaKIMy YBEIIMYUBAETCS B 3-

4 pa3a.

L1

LV, =V, 4 10, (35)

Y
/1€ Vi - CKOPOCTh PEAKIINU MIPU HAYaIbHOU TeMIieparype ti; Ux - CKOPOCTh PEaKIUU
NpU KOHEYHOU Temmeparype tz; Yy — TeMIepaTypHbI KO3(P(OUIIMEHT CKOPOCTH
peaKkiluu, TMOKa3bIBAIOIIUNH BO CKOJIBKO pa3 M3MEHUTCA KOHCTAHTa CKOPOCTH

p€aKunun nNpu USMCHCHUHN TCMIICPATYPhI HAa KAXABIC ACCATH I'pa/lyCOB.

y = (3.6)

OI[HI/IM N3 MCTOAOB YCKOPCHHUA XUMHYECKOM p€aKkiouu ABJISACTCA KaTallu3,



KOTOPBIM OCYIIECTBJSIETCS MPU TMOMOIIM BemecTB (KaTajlu3aTopoB),
YBEJIIMYUBAIOIIAX CKOPOCTh PEAaKIHUHM, HO HE PACXOAYIOIIUXCS B PE3YyJIbTATE €€

MIPOTEKAHMUS.
MexaHu3M AEUCTBUS KaTaIn3aTopa CBOJUTCA K YMEHBIICHUIO BEIUYHUHBI

DHEPTUM aKTUBAIUHA PEAKINH, T.€. K YMEHBIIECHUIO PAa3HOCTH MEXIY CpeIaHeH
DHEpruel AaKTHUBHBIX MOJEKYN (aKTHBHOTO KOMIUIEKCA) M CpedHel SHeprueu
MOJIEKYJT HCXOMHBIX BemecTB. CKOpPOCTh XWMHUYECKOW pEaKmuu TIPH ITOM
YBEIMYUBACTCSI.

Bce xumudeckne peakiui MOKHO Pa3Ce/IuTh Ha HEoOpaTUMBbIe U 0OpaTHUMBIE.

Heoopamumble peakyuu WIyT B OJHOM HANPABJICHWH 10 KOHIA, T. €.
WCXOJTHBIC BEMIECTBA MOJHOCTHIO IPEBPAIIAIOTCS B IPOYKTHI PEAKITHH.

[Ipu3HaKy HEOOPATUMOCTH PEaKIIUU: BBIJICIICHHE Ta3a, 0cajika, 00pa3oBaHUe
cnaboro snekTponuTa. Hampumep,

NaOH + HCl — NaCl+H-O,

CaCO3— CaO + CO2t,

NaxSO4+BaCl,—BaS04|+2NaCl.

XHUMUYECKUE PEeaKIuH, MPOTEKaIole KaK B IMPSMOM, TaK U B OOpaTHOM
HaIlpaBJICHUH, HA3BIBAIOTCS 00PAMUMbBIMU.

Korna ckopocth mnpsiMoil peakuuu OyneT paBHA CKOPOCTH OOpaTHOM
peakiuy, B CHCTEME HACTYIAET XUMUUECKOe PABHOGecUe. DTO TaKOE COCTOSTHUE
CHUCTEMBI, KOTJ]a XHMHYECKHE pEeaKIuu HUIyT OJHOBPEMEHHO B JIBYX
IIPOTUBOIIOJIOKHBIX HAIPaBICHUSX C OJMHAKOBOM CKOPOCTBIO, BCIICICTBUE YETO
COCTaB CHCTEMBI OCTACTCS TOCTOSIHHBIM.

XWMHYECKOE pPaBHOBECHE XapaKTepU3yeT KOHCHAHMA PABHOBECUs.
KoHcTanTa paBHOBECHS XHMHYCCKOM PEaKIMd — 3TO OTHOIICHHE KOHCTAHTHI
CKOPOCTH IIPSAMOM peakIMu K KOHCTAaHTE CKOPOCTH 0OpaTHOM peaKInu.

aA+bB—cC+dD

CKOopoCTh NPSIMOU pEaKIUH:

v1 = ki[A]*[B]P°.



CkopocTh 00paTHOM peaKInu:

v2 = ko[C]¢-[D]Y,
v k [A]'-[B]

?ZH'EGL i}
O603maunm K = _!, Torma
k,
o _, [AT[BI
Uz [C]C [D]d o
,_v, [cr o1
L, [A]a ’[B]b
0)
Tak kak v = V2, T0 ecTb —- =1. OTCIO/a,
l)2
[C]° -[D]*
k= 3.7)

[AT-[BT

Koncranta paBHOBeCHSI HE 3aBUCHUT OT KOHIIEHTpAIMU pPEarupyronmx
BEILIECTB, HO HM3MEHSETCS C TeMIlepaTypoil. 3HaueHUs] KOHCTAHT PaBHOBECHUS
SBJISIIOTCS] CIPAaBOYHBIMU JaHHBIMU.

Hanpumep, nns oOpatumoit peakuuu Clo + Hz < 2HCI BeIpaxkenue
KOHCTAHThI PABHOBECHUSI UMEET BU/I:

CZ

HCI

k=—-"4—.
Cy, - Ca,

Hampasnenue cmemenuss paBHOBecHUs YyKasbiBaeT 3axkon Jle-Illamenve:
€CJIM U3MEHUTh OJHO U3 YCJIOBUH (TeMMepaTypy, JaBI€HUE WU KOHIEHTPAIIUIO),
MPU KOTOPBIX CHUCTEMA HAXOJUTCS B PABHOBECHH, TO PABHOBECHE CMEIIACTCS B

HaMpaBJICHUHU, KOTOPOE MPOTUBOJAECHUCTBYET MPOU3BEICHHOMY U3MEHEHUIO.

AnmnapaTypa U MaTepHaJibl

[Iratus ¢ mnpobupkamu. CekyHaomep. Bopasnas OaHs (C KpbIIIKOH



HMMeEIOIIe oTBepCTUs Mg mpooupok) - 2 mt. Tepmomerp Ha 50 °C. CrexnsHHas
nanoyka. Ilunerku kamenbHble. PunbTpoBanibHasg Oymara. Illnatens. PeakTuBebl
KpUCTANIMYECKUE: KapOoHAaT Kanmpuus (Men), XJIOpuja Kaiusa. PeakTuBbI
KOHLIEHTPHPOBAHHBIE: XJIOPOBOJAOPOAHOM KHCIOTHI (I10THOCTH 1,19 T /cM®). Bona
nuctTuiupoBaHHasi. PactBopsl: Tnocynbdata Hatpus (0,5 H.), cepHoii kucnoTsl (0,5
H.), xaopuaa xene3a (III) (0,5 H., Haceim.), poganuaa kamus (0,5 H., HACHIIL.),

cynbdara meau (0,5 H.).

Yka3aHusi 110 TeEXHUKe 0€30IaCHOCTH
Cwm. naboparopnyto padoty 1.

MeToauka u MOPHAIAOK BBINNOJTHCHUSA paﬁoTbl

OmnpiT 1. BiiusiHve KOHIEHTPALIMU Pearupyr0NX BelleCcTB HA CKOPOCTh
peakunu B TOMOT€HHOI cucTeme

B3aumoneiictBue THOCYNb(aTa HATPUSL C CEPHOM KUCIOTOM MPOTEKAET IO
YPaBHEHUIO:

NaxS203 + HaSO4 = NaxSO4 + S| + SO21 + H20 (3.9)

[IpuroroBsTe Tpu pactBopa THOCyIb(MaTa Hatpusa (NaS:03) paznuuHoin
KOHIIEHTpaIruu. J{Jisg 3Toro B Tpu cyxue npoOUpKH BHECUTE: B IEPBYIO — 5 Kamneib
pactBopa NaS>03 u 10 kanens Bojbl, Bo BTOpy!o - 10 kamnens pactBopa NaxS>03 u
5 kamenb BOJbI, B TpeThiO - 15 kamenb pactBopa NaxS:0s. IlepByro u BTOpyro
MPOOUPKH OCTOPOKHO BCTpAXHHUTE. TakuM oOpazom, KoHreHTpanus NaxS>0s3 (B
MoJIb) Oynet: B mpobupke Ne 1 - ¢, B mpobupke Ne 2 - 2¢, B mpobupke Ne 3 - 3c.

B mpoOupky Ne 1 nobGaBbTe onHy karmto cepHoil kuciotel (H2SO4) u
OJIHOBPEMEHHO BKJIOUUTE cekyHiaoMep. [lo cekyHIoMepy u3MephTe€ BpeMsi OT
MOMEHTa J00aBJE€HUS KHUCIOTHI JO TMOSBJICHHUS B pPACTBOPE 3aMETHOU
onanecieHuu. Takxe 700aBbTe MO OAHOM Karie CepHON KUCIOTHI B MpoOUpKH No

2 u Ne 3; oTMeuast BpeMsi 10 TTOSBJICHUS B PAaCTBOPE OMAJIECIICHITUMN.



3anuch MaHHBIX oONbITA. JlaHHBIE ombITa 3aHecuTe B Tabnuiy 3.1.
[TocuuTaiiTe yCIOBHYIO CKOPOCTh peakiuu u 3aHecute B Tabmuiy 3.1. Cnenatb

BBEIBO/J] O 3aBUCHMMOCTH CKOPOCTH XUMHAYECKOU p€aKkiyn OT KOHICHTPAINH.

Tabnuna 3.1 — 3aBUCUMOCTb CKOPOCTH XUMHUECKON PEaKiu OT

KOHIOCHTPAIWKU pCarcHTa

Bpewms no YcnoBHAsI CKOPOCTh

No KonnenTtpanus |

MOSIBJICHHS _
HaOmoneHus | Na2S»>0s3, oTH. ef. peakunn v _,C

MTOMYTHEHUS T, C s
.

1

OmnbiT 2. Binsinue Temneparypbl Ha CKOPOCTh PeaKUMH B TOMOTe€HHOM
cucreme

UToObl BBISICHUTH, KaK BIMSIET TeMIlepaTypa Ha CKOPOCTh pEaKIUi,
npoBenéM peakiuio (3.8), orMedass BpeMsi €€ MPOTEKAHUSI CEKyHIAOMEPOM, TpHU
paza: oHO HAOJIOACHUE BBHIMOJHUM MPU KOMHATHOM TeMmmepaType, BTOpoe - Mpu
temneparype Ha 10° C Bpillle KOMHAaTHOU, TpeThe - HA 20° C BbIllIE KOMHATHOM.

JIns1 BBIMOTHEHUS] JAaHHOM pabOThl UCIOIB3YIOTCS JBa OOIIMX TepMocTaTa
(BoastHBIE OaHU), OTPETrYJUPOBAHHBIC HA OMPEACICHHYIO TEMIIEpaTypy: OJUH - Ha
10°C Bbllue KOMHATHOW Temmeparypsl, Apyroil - Ha 20°C. OO0o3HauMM HX
coorBeTcTBeHHO Nel m No2. TemmnepaTypa BOIBI B TEPMOCTaTaxX, a TaKKe

TEMIICPATypa BO31yXa B IOMCIICHNH KOHTPOJIHUPYCTCA TCPMOMETPOM.

B omHo wu3 otBepctuii tepmoctara Nel BcTaBpT€ TEPMOMETpP, KOHEI
KOTOPOTO OITYCTUTE B BOAY, B APYro€ OTBEPCTHE - MPOOUPKY ¢ pacTBopoM H2SO4 1
OMYIIIEHHOW B HErO NUIIETKOH, B TpeThe - MpodOupky ¢ 10 kammsmMu pacTtBopa
Na2S203. AHanornysele NPUTOTOBJIEHUS HY)KHO CHenaTh M Ha TepMocrtare Ne2.
[Ipobupku HarpeBaroTcs B TeueHuu 10-15 muH. B 3T0 BpeMsi MOXKHO MPOBECTH

HaOJII0/IeHNe MpU KOMHATHOU TeMmeparype. st 3Toro, B3siB TPETHIO MPOOUPKY C



10 kamssmu pactBopa NaxS>03, HYXHO J100aBUTh B HEE OAHY KaIlJIl0O CEpHOMU
KHUCJIOTBI U1 OJJTHOBPEMEHHO BKJIIOUUTH CeKyHAoMep. 3MepuTh BpeMsi OT MOMEHTA
J00aBJIEHUS KUCIOTHI J10 MOSIBIICHUS 3aMeTHOMN onanecueHnuuu. Yepes 10-15 mun
BBIJIEPKKHA MPOOUPOK B TEPMOCTATAX BBIMOJHHUM 3TH K€ U3MEPEHUSI C HATPEThIMU
peakTUBaMU: HE BRIHUMAs MPOOUPKHU C THOCYIb(aToOM U3 TepMocTaTa, 100aBUM B
He€ OJIHY KaIUIl0 CEpHOW KHCJIOTHI M3 MNPOOUPKH, HaXOASIIEHCS B TOM K€

TCPMOCTATC, U OIIPCACIINM BPCM: TCUCHUA PCAKIINN.

3anuch JaHHBIX onbITA. [loydeHHbIE JaHHbBIE 3aHECUTE B TabIuUIy 3.2.

Tabmuma 3.2 — 3aBUCHUMOCTh CKOPOCTH XUMHUYECKOM peakluud OT
TEeMIIepaTyphl
Bpewms no YcnoBHas CKOPOCTh
No Temneparypa P p
o MOSIBJICHUS 1
HaOIIOAEHUS t, °C peaku L =", ¢’

IMOMYTHCHUA T, C
oné

T

[S—Y

OnbiT 3. Biansinue BeJIMYUHBI MOBEPXHOCTH pa3jesia pearupyrommnx
BeLeCTB HA CKOPOCTh PeaKklMu B reTePOreHHoi cucremMe

Bo3pmuTe aBa HEOOIBIINX IO BO3MOKHOCTH OJIMHAKOBBIX KYyCOUKa Mena
(CaCOs3). OnuH U3 HUX MOJOKHUTE HA KyCOUeK (PUIbTPOBAIILHON Oymaru u
CTEKJITHHOM MalOYKOM H3MENbUUTh €ro B MOpouok. [loaydeHHbI mopomok
MIOMECTUTE B KOHUYECKYIO TPOOUpPKy. BTopoii Kycouek Mena eTMKOM OIyCTHUTE B
JIpYryl0 KOHHMYECKYIO MpoOupky. B 00e mpoOupKHM OJHOBPEMEHHO J00aBbTE
onuHakoBoe konuuecTBO (10-20 kamenn) koHueHTpupoBanHot HCI. OtmeThTe
BpEMsI MIOJIHOT'O PACTBOPEHUSI Meja B KaXKJIOM ciiydae (MPpUOIU3UTENBHO).

3anuch JAaHHBIX omnbiTa. Hanummure YPaBHCHUC COOTBCTCTB}’IOH.[GIZ



p€aKkun U OINMMHIINTC PC3YyJIbTAThI Ha6J'IIOI[CHI/ISI.

OnpIT 4. BiusiHMe KaTaJIM3aTOPa HA CKOPOCTH PeaKIuu
B nBe mpobupku BHecuTe 1o 10 kamenb pactBopa pogaanuaa kauus (KSCN)

u 1o 1 kame pactBopa xsopuaa xeinesa (I11) (FeCls). B pe3ynbraTe peakiuu

oOpazyercs ponganu/ xeinesa (I11I) Fe(SCN); TemHo-kpacHOro 11BeTa:

FeCls + 3KSCN = Fe(SCN); + 3KCl (3.9)

B onny u3 npo6upox 1o6aButh 1 kamio pactBopa cyibdarta meau (CuSOs).
B 006e mnpobupku BHectu no 10 kamens Ttuocyibdarta Hatpus (NaxS203).
HaGmrogath pa3iaudHyl0 CKOPOCTh OOECIIBEYMBAHHUS PACTBOPOB, KOTOPOE
MPOMCXOAUT BCIeACTBHE BoccTaHoBiaeHus keneza (III) mo kemesa (II)

TUOCYJIb()ATOM HATPHUSL:

2Fe(SCN)3 + 2NaxS203 = Na2S406 + 2Fe(SCN)2 + 2NaSCN (3.10)

3anuck JaHHBIX onbITa. OTMETUTEH Bce HaOmomaeMoe. Kakoe coennHeHne
SBIISUIOCH KaTaIM3aTOpOM B JaHHOM omnbiTe? CaenmaiTe BBIBOJ O BIWSHUM

KaTaJin3aTopa Ha CKOPOCTh XMMUYECKOU peaKIuu.

OnbIT 5. BiausiHue KOHIEHTPAUU PearupyrIlnX BelecTB HA CMeLeHue
XHMHY€CKOr0 PABHOBECHUSI 00paTUMBbIX peakuuii

Peaknus (3.9) sBisercs oOpatuMoil. DTO MO3BOJISIET PAacCMOTPETh, Kak
BIIUAIOT JOOABKM pPEAKTUBOB HA CMEIICHUE pPAaBHOBECHUS IO HHTEHCUBHOCTHU
OKpPACKH pacTBOpa.

B deTpipe mpoOupku BHecuTe Mo 5-7 Kamenb pa30aBlICHHBIX PacTBOPOB
xynopuna xenes3a (I11) u poganuna kanus, u nepemeniaiite. OkpaiieHHbIE PACTBOPHI
JIOJKHBI OBITH MpO3pauHbIMU. Eciii oKkpacka CIMIIKOM UHTEHCUBHAS, TO pa30aBbTe
PacTBOPBI OAMHAKOBBIM KOJIMYECTBOM JUCTUIUTUPOBAHHOM BOIb. OIHY IPOOUPKY C
MOJIyYEHHBIM pPAacTBOPOM COXPAHUTE [UJIsI CPAaBHEHUS PE3yJbTATOB OIbITA

(atasion). B octanbHbie TpoOUpKHU J00aBHTE CIEAYIONINE PEAKTUBBI: B MEPBYIO - 1



Karuiio HacelmeHHoro pactBopa FeCls, Bo BTopyto - 1 Kario HacChIIIEHHOTO
pactBopa KSCN, B TpeThIO - HECKOJIBKO KPUCTAILUTUKOB XJIopuaa Kanusi. CpaBHUTE
MHTEHCUBHOCTh OKPACKHU TMOJYYEHHBIX PACTBOPOB C HMHTEHCUBHOCTBHIO OKPACKHU
ATaJIOHA.

3anuchb JaHHBIX ONbITA. 3ANUIINTE CBOU HAOIIOJEHHUS, OTBEUasi Ha BOIIPOC:
KaK M3MEHSAETCS MHTEHCUBHOCTh OKPACKM pAacTBOpa U B KAaKOM HamNpaBICHUU
CMeIIaeTCa paBHOBecHE TpH Jo0OaBieHuM: a) xjopuaa xkemnesa (II1); 6) pomanumga
KaJiust; B) xJiopuaa kanusi? Hanumure Beipa’keHre KOHCTAaHThI PAaBHOBECHS PEaKIuu

(3.9).

Coaep:xanue otyera u ero opma

Kaxxnp1il cTyICHT OJKEH UMETh JIa00paTOPHBIN KypPHAI, KOTOPHIH SIBISETCS
JOKyMEHTOM, OTPaKaIOIHUM BCIO €ro paboTy. Bce HaOMIOACHWS W BBIBOIBI 110
AKCIIEPUMEHTAILHON paboTe, MpoJeaHHOW B Ja0OpaTOpWHU, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAI HEITOCPEICTBEHHO MOCIIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSITh M3 AaThl, Ha3BaHUS U
HOMepa J1abopaToOpHOM PadOThI, HEMH PadOThl, METOJMKHA IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIuid, BEIBOJAOB U pacdyeToB ((PopMyIbl,

Ta0auIkl, rpadukn).

Bonpocsl 11 3alMTHI JIA0OPATOPHOH PadoOTHI
1. Yto Takoe CKOpOCTh XUMHUECKON peakiuu? OT Kakux (PakTOpoOB OHA

3aBUCUT?
2. ChopmynupyiTe 3aKOH IEUCTBYIOIIUX Macc.
3. Hanumwnre BbIpaXe€HHUE 3aKOHA AEHCTBUS MACC JJISI pEAKIIUI:
a) 2SOxr) + O2r) <> 2S03(1);
0) 3Fe+4H2O )<= Fe3;04+4Hor);
B) N21 + 3H21= 2NH31.

4. IToueMy 1 KaK BIMSET MOBBIICHUE TEMIIEPATYPBI HA CKOPOCTh peakuun?



5. B peakuuu Hz +Cl> = 2HCI1T koHUeHTpalus BOAOPOAa YBEIUUUBAETCS B 2
pa3a Bo ckoibpko pa3 Bo3pacTaeT CKOPOCTh peaKiuu?

6. Bo ckoJIbKO pa3 yBEIWYMBAETCS CKOPOCTh PEAKIMU €CIU TeMmIepaTypa
nosbicunack Ha 30 °C, a y=3?

7. UTo Takoe KaTtajau3 U KaTaauzaTop?

8. Kakume peaknuu Ha3zpiBatoTCsa HeoOpaTtuMbiMu? KakoBbl MNpU3HAKK
HEOOPaTUMOCTH PEaKITUN?

9. ObpaTuMble peakIum, UX 0COOCHHOCTb.

10. Uem xapakTepusyeTcs XUMUYECKOE paBHOBECHE?

11. Chopmynupyiite npuniui Jle-1llatense.

12. IIpuBecTn mpuMepbl TOMOT€HHOM U T€TEPOT€HHOMN PEeaKIUu.

13. YuuTheiBass arperaTHO€ COCTOSIHHE BEIIECTB B CUCTEME, COCTABBTE
ypaBHEHHS] KOHCTAHTBI PABHOBECUS VISl PEaKIIHil:

a) CaO () +CO2 () = CaCO3 (1p);

0) 2CO1T + 021 =2CO0:T;

B) CuO + H21 = H,O1 + Cu.

VYkaxuTe, B KaKOM HampaBi€HUU OYyJEeT CMEIIAThCS PABHOBECHE 3THUX

pCaKHI/Iﬁ IIpHU IIOBBIIICHUH JaBJICHU].

Jlureparypa

[ OcHoBHas nutepaTtypa 1-4, nonoJHUTENBHAS IUTEPATYpa 2|

JIABOPATOPHAS PABOTA S

ONPEJEJEHUE TEIJIOBBIX D®®EKTOB XUMHWYECKHNX PEAKIIUH

Leab u cogep:xanmne
O3HaKOMUTHCS c 3JEMEHTaMHU XUMHUYECKOU TEPMOJIUHAMUKH.
OKCMEPUMEHTAIBHO OMNPENEIUTh TeIIoBble 3(P(PEKThl XUMUYECKUX peaKuid u

BBIIIOJTHUTh TCPMOJUHAMHNYCCKHUEC PACUYCTHI.



TeopeTnueckoe 000CHOBaHHE

Tennosvim I¢hgpekmom xumuueckou peaxkyuu HAZBIBACTCA KOJIUYECTBO
TEIIOThI, KOTOPOE BBIACISIETCS WU MOTJIONIAETCA B PE3yJIbTaTe PEAKIIUH.

Ecnu mponecc compoBoKaaeTcsl BBIJEICHUEM TeIla, TO OH Ha3bIBaeTCs
IK30MmepMuyecKum, B Cliydae NOrJIOIEHUS TEIUIA — JHOOMEPMUUECKUM.

Paznen xumuu, KOTOpBIA HU3ydaeT TerioBble A((PEKThl peakiuid, BIHUSHUE
pa3nuuyHbIX  (AKTOPOB HA BEJIMYMUHY TEIJIOBBIX 3(P(EeKTOB, Ha3bIBAETCs
mepmoxumueil.

B ocHoBe Tepmoxumuu jexut 3axkon I'ecca: TennoBoit 3¢(exT peakuuu He
3aBUCUT OT MYTH MPOBEJCHUS MPOIECCa, a 3aBUCUT OT HAYAIBHOTO U KOHEYHOIO
COCTOSIHUM CHUCTEMBI.

B tepmoxumun temoBoit 3pdekT peakiuu obo3HavaeTcss cuMBoiIoM Q u
BBIPAXKAETCA B KUIOMKOYIAX (KJ[K) viin Kujmokamopusix (Kka):

1 xxan = 4,187 x/Ix.

Jis sx3oTepmudeckux peakuuii Q>0, msa sHg0TepMUYecKuX peakuii Q<0.

B TtepMoamHamMuke  MaKpOCOCTOSHME€ CHUCTEMBI  OINKCHIBAIOT  PSAIOM

TEPMOJAUHAMHUYECKUX (PYHKIHM, B 4YHUCIE KOTOPBIX TerioBas (YHKIUSA, WIA
snmanvnusn (H).

H=U+pV, (5.1)
rae U — BHYTpeHHSI SHEPTUs; p — AaBjieHue; V — 00beM CUCTEMBI.

N3menenue osHranenud AH paBHO KOJWYECTBY TEIJIOTHI, KOTOpPOE
COOOIIAIOT CUCTEME UITM OTBOJST OT HEE TPU MOCTOSIHHOM JaBJICHUH:

AH =U + pAV . (5.2)
[TosTomy AH xapaktepusyeT TermioBbie 3PHEeKThl XUMHUUYECKUX Peakiiuil, (ha30BbIX
nepexo/10B (IJIaBJICHUS, KPUCTAIUIU3AIMH U JIP.).

[Ipu mocTtossHHOM AaBiEHUU (B OTKPBITOM COCYJZ€) TEIIOBOU 3(PheKT

peakiuu paBeH uzmenenuro Inmanvnuu (AH).



TennoBeie 3ddextsl peaknuid (AH) 3aBUCAT OT YCIOBHI MPOTEKaHUS
peakiuii. OObIYHO TerOBbIE 3G(PEKTH U3MEPSIOT MpHU JaBlieHuH B 1 atmocdepy,
(i 101325 I1a) u temneparype 25°C (unu 298 K). OTu ycnoBus Ha3bIBalOTCS
cmanoapmuvimu. TennoBbie d3PPEKThl peakinii, U3SMEPEHHbIE MPU CTaHAAPTHBIX
YCIIOBHSIX, HA3BIBAKOTCS CHIAHOAPMHBIMU menioevimu IPpgpexkmamu AHC® u
MPUBOJISATCS B CIPAaBOYHUKAX.

CornacHo cieACTBUIO M3 3aKkoHa ['ecca, UBMEHEHUE JHTANBIUU PEaAKIUU
AH paBHoO:

AH‘c.p. = Z(AHoﬁpA)npod - Z(AHoﬁpA)uch (5.3)

Hanpuwmep, nns peakuun A + B=C +D
AH°=(H°c + H°) - (H°A + H®B).

AH, xak u Q, Ha3bIBaeTCs TEIIOBBIM 3P dexToM peakiuu. CBs3b mexay AH

1 Q BbIpaXkaeTcsi ypaBHECHUEM:

AH=-Q. (5.4)

Ecmu (H°c+H°b) < (H°A+H®g), TO B pe3ynbTaTe peakiuu 3HEprus (Termiora)

BbIJIENsETCA (9K30TepMuueckas peakuus, Q>0). B sTom ciyuae u3MeHeHUE
SHTAJBIIUU peakuu MeHbIe Hyns (AH<0).

Ecmu (H°ctH°p) > (H°A+H°), TO B pe3ynapTare peakiuu HSHEPTUs

nornomaerca (dHpoTepmuyeckas peakuus, Q<0). B sTom ciyuae u3MeHeHHe

SHTAJBINUU peakiuu Oonbie Hys (AH>0).

ypaBHCHI/Iﬂ XUMHWYCCKHUX peaKuHﬁ, B KOTOPBIX YKa3bIBalOT BCIINYHNHY

TCIIJIOBOI'O 3(1)(1)CKT3, HAa3bIBAIOTCSA MEPMOXUMUUECKUMU.

TCpMOXI/IMI/IquKOG YPaBHCHHUC OTPAKACT 3dKOHbI COXPAaHCHUA MACChbl H

SHEPTUHU:

a) Ka4CCTBCHHBIC MW KOJIMYCCTBCHHBIC COOTHOIICHUA MCEKIAY HCXOJHBIMH

BCHICCTBAMHU U TPOAYKTAMU PCAKIINH,

0) arperaTHOE COCTOSIHME YYaCTHUKOB PEAKIINU;



B) AJUTOTPOIHBIE MOAU(PUKALINH.

3HayeHus TermaoBoro 3¢ @dexra OoTHOCAT K 0003HAUYEHHBIM B YPAaBHEHHM PEaKIUU

KOJINYCCTBAM MCXOJHBIX U IMOJIYUYCHHBIX BCIICCTB.

YtoObl TemnoBod 3¢h(dexT peakuuu ObUT OTHECEH K 1 MOJIb OJHOTO U3
MCXOJHBIX BEHIECTB WIM K | MOJb MPOAYKTa peakiuu, MPUMEHSIOT IPOOHbIE

KO3 (pULIMEHTHI, HAPUMED:

] 3
5M+§Hfﬂmxpmw%:4ﬂuba

T. €. TerioTa o0pasosanus 1 monb NH, cocrasnser AH, =-471 k/lic.

Omnpenenenue TEMIOBbIX 3P(HEKTOB peakiuii MpoBOASIT B KajopuMmerpax. B
3aBUCUMOCTH OT XapakTepa IMpolecca U PEearupyrolux BEHIECTB MPUMEHSIOT
KaJOPUMETPHl  PAa3IUYHbIX  KOHCTPYKIMHA, HO  BCE€ OHHM  COJEpXkKar
KAJIOPUMETPUUYECKUN COCYJl, KOTOPBIM 3alluIIeH OT MNOTeph TeIja W CHaOXEeH

TEPMOMETPOM WJIH IPYTUM YCTPOUCTBOM JIJIsI U3MEPEHUS TEMIIEPATYPHI.

[Ipocreiiiinii KaTOPUMETP COCTOUT U3 IBYX CTAKAHOB — BHEUTHETO (EMKOCTHIO
~ 300 mu) u BHyTpeHHero (emkoctbio = 100 mur), acOecTOBBIX MPOKIATOK U
pTyTHOTrO TepMoMeTpa ¢ ueHou nenenus 0,1 °C. BHyTpeHHUl cTakaH KaJIOpUMeTpa

M30JIMPOBAH OT BHEIIHETO acOECTOBOM MPOKIAIKOM.

KomnuectBo Temma (Q, BBIACHSIOMIErOCS WA MNOTJIOUIAIONIETOCS B
KaJIOpUMETpPE, BEIYUCIISIOT 10 (popMyIie:

0=C m@ —-t)+C m (¢
p—-pa 1 max

o
cm 2 max

— 1Y), (5.5)

rac Cp-pa, Cer — YACIBHBIC TCINIOCMKOCTHU pacCTBOpPa M CTCKJIa COOTBCTCTBCHHO,
KaJI/FTpa,Z[; mip, mz — MACCbl PACTBOPA H KAJIOPUMCETPHYCCKOIO CTaKaHa

COOTBETCTBEHHO, KIj [l - \aycumanshas Temmepatypa, °C ¢°

- cpenHss
TeMIIepaTypa UCXOOHBIX pacTBOPOB, °C.

Y neapHas TEMI0EMKOCTh pacTBOpa 3aBUCHUT OT €I'0 KOHIOCHTPAIIWH, HO IIPpU

MaJIbIX KOHHOCHTpAIHUAX MOXHO IIPHUHATH TCIUIOCMKOCTH pacTBOpa paBHOﬁ



TEMIOEMKOCTH pacTBoputens — Bogwl (C, , = 1 Kan/r'rpaj), TeIIOeMKOCTh CTeKIIa

npuHUMaroT paBHOU HYIO (Cer = 0).

Anmapatypa u MaTepHaJibl

Kanopumerp, TeXHU4YECKHE BECHI, IUIUH]IPHI MEPHbBIE, CTEKJISTHHBIE MUIIETKH,
tepmomerp  (100-150°C), Memianka, JUCTWIIMPOBaHHAs BOJA, IITATHB,
dbunpTpoBanbHas Oymara, BOpOHKa, IInaTeilb, IpoOKa, CEKyHIioMep, 1 H. pacTBOpPHI

NaOH u HCIl, neramenas n3pects (CaO).

Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. naboparopnyto padoty 1.

MeTtoauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI

OnwiT 1. Onpene.ne}me TCIUIOTHI PCAKIUHA I'alliICHUA U3BECTH
l'amenue u3BecTu — 3TO 9K30TCPMHUYCCKAA ICTCPOIrcHHAad pCaKIuA:

Ca0O,,, + H,0,,,, =Ca(OH),, AH =...... (5.6)

1. Bo BHyTpeHHUH cocyn KajopuMmeTpa HaauTh 100 M IUCTUIIIMPOBAHHOMN

BOJBI, OTMepeHHOﬁ MCPHBIM HUJINHAPOM.

2. Onyctuth B BoAy (HE Kacasichb CTEHOK M JHA COCyJa) TEPMOMETP U

3aKPCIIUTh €TI0 B 3AKUMC IITATHBA.

3. Ha texanueckux Becax oTBecUTh 10 I HerameHod U3BECTH C TOYHOCTBIO
10 0,01 T (mcao0). U3meputs Temmepatypy Bojibl ¢ TouHOCTHIO 110 0,1°C (HauanbHas

TEMIIepaTypa OMbITa — tuau.).

4. Yepe3 BOPOHKY OBICTPO BCHINATh HETAIIEHYIO0 U3BECTh B COCYJ C BOJOU U
3aKpBITh OTBEpCTHE MPOOKOH. OCTOPOKHO, TMEepeMeIIuBas pPacTBOpP MEIIAJKOM,

HauyMHalTe HAaOII0/IaTh 3a U3MEHEHUEM TemIepaTypsl. lIpekpatuth ombIT, Korja



HAYHCTCA IMOHMXKXCHUEC TCMIICPATYPHI.

3anuch JAHHBIX ONBITA. 3ANUIINTE MOKA3aHUS TEPMOMETPA C TOUHOCTBIO 10
0,1°C. ITepBbie 5 MuHyT ¢ nHTEpBaAIIOM B 0,5 MUH., nanee —yepe3 | MuH. Pe3ynbraTs

M3MepeHui 3aHecTy B Tabnumy S.1.

Tabnuma 5.1 — OnpegeneHue TEmI0Thl peakluy raleHus U3BECTU

Bpems oT
Hayajia 00,5
ONbITa, MUH

I (1,52 (253 (35| 4|45| 5| 6

Temneparypa,
°C

[To mosy4yeHHBIM JAaHHBIM Ha MWUIUMETPOBOM Oymare mocTpodTe KPUBYIO
3aBUCHUMOCTH TeMmIiieparypa-Bpems t = f(t), oTkiaabiBas Ha ocu abCIUCC BpeMs B
MUHYTaXx, a 10 OCH OpJIMHAT — TemnepaTtypy. OnpeaenuTs no rpaduKy HauBBICIIYIO

TEMITepaTypy pacTBopa (tmax) ¥ BBIYUCIHUTH Pa3HOCTH TeMIEpaTyp: At = (tmax — tuau).

Paccuuraiite kommuectBOo TemnoTel AH, BblmenuMBHIEHCS TpU TalIEHUA

u3Bectu 1o popmyne (5.5).

PaccuuTaiiTe TeopeTmyeckoe 3HaUYeHHE TemIoBoro »3¢dexra peakiuu
raimmeHuss u3BecTH. [lo ypaBHEHUWIO pEaKIMU TallleHUs W3BECTU OIPEICIIUTE
Ter1oBoM 3 (PeKT ITOM peakiuu, UCTOIL3Ysl clie/ICTBUE U3 3aKoHa ['ecca (popmyna

5.3), ecnu:
> AH® ca0 (1) = -635,09 kJ[x/MO1b,
> AHP caomny2 (s) = -985,12 kJI/MOIB,
> AH® 10 (x) = -285,83 kJlK/MOJB.

Brruucnure abcontoTHy0 (A) U OTHOCUTENBHYIO (8) HOTPEITHOCTH OMBITA 110

bopmynam (5.7) u (5.8), cnena nepecuetr AHseen Ha 1 Moiib BemiectBa CaO.



A= AHTeop - AHZ-)KCH, (57)

AH,,, —AH, .
5= o -100%. (5.8)

meop.

OnbiT 2. OnpegesieHue TEMJIOTHI peaKIUN HeHTPaJIn3auuu
Peaknuel HeHTpaM3alluy Ha3bIBAIOT PEAKIINIO B3aUMOJICUCTBUS KUCIOTHI U

ocHoBaHus. Onpenenum TemioBor 3P PeKT peakiuu:

NaOH + HCl= NaCl+ H,O, AH =7

VY cTaHOBIIEHO, UTO TEIUIOTAa PEaKIUU HEUTpan3aluu JHO00N CUIBHOW KUCIOTHI
JTOOBIM CUJIBHBIM OCHOBAaHUEM (AHueiip.) SBISETCA BEIMYMHONW IOCTOSHHOM H
paBHoi 13,7 kkan/monb. OTOT (akT OOBACHWIA TEOPHUS DIEKTPOIUTUUECKOM

JTUCCOTAI AppeHnyca, COTJIACHO KOTOpOW Jro0ast peakiys HeUTpaTnu3aiud
cBogutcs Kk mpoueccy: H +OH =H,O. To ectb TerioBor 3p¢dekT peakuuu

HEWUTpanu3aluu SBJISIETCS TEIJIOBBIM 3 @ekToM peakiuu oOpa3zoBanus 1 MoJib
BOJbl. VMIMEHHO MOATOMY OH OJIMHAKOB [IJIsi PEAKIMU HEWTpanu3aluu JT0O0bIMU
CUJIBHBIMU OCHOBAHMSIMU JIOOBIX CHJIBHBIX KUCJIOT.

B cnyuyae HelTpanuzanuu ciaaObIX KUCIOT U OCHOBaHUM TEMIOBOU 3P (DeKT
pEaKIMU 3aBUCHUT OT MPUPOIBI B3SATHIX BEHIECTB. DTO CBI3aHO C TEM, UTO MPOIECCY
oOpazoBanus BoJbI U3 HoHOB H™ 1 OH ™ mpemecTByeT pacmaj BENeCTBa Ha HOHBI,
T. €. TEII0BOU 3P (HEKT ITOro mpoiiecca BXOAUT B TEIJIOTY HEUTpaU3aIUu.

1. B cyxoli BHYTpeHHHI CTakaH KajopumeTpa Haieite 25 man 1| M pactBopa
TUAPOKCHUA HATPUS, TOYHO OTMEPEHHOI0 MUMETKOW UK OIOPETKOIA.

2. OmycTuTe B pacTBOP II€JIOYH, HE KacasiCh THA U CTEHOK CTakaHa, TEPMOMETP U
3amepbTe TeMieparypy ¢ TOUHOCTHIO 10 0,1 °C (tuax).

3. B HeOonpmoil crakanuuk Hanente 25 ma 1 M pacTBopa CONSIHOW KHCJIOTHI U
U3MEPHTE €€ TEMIIEPATYPY.

4. BBICTPO ¥ OYEHb OCTOPOKHO BBUIEHMTE PACTBOP KUCIOTHI BO BHYTPEHHUM



cocyJl KaJlopuMeTpa W, NOMEIIMBas MEIIANKOH, HabOmronaiTe 3a W3MEHEHHEM
TEMIIEPaTyPHI.

3anuchb JaHHBIX ONBITA. 3aIMIINTE TOKA3aHKUS TEPMOMETPA C TOYHOCTBIO 10
0,1°C B TeueHnne 5 MUHYT C HHTEPBAJIOM B 1 MUH. Pe3ysbTaTsl H3MepeHn 3aHECUTE

B Ta0muIy 5.2.

Tabnuma 5.2 — OnpeaeneHue TEIOThl peaklui HeUTpanu3aluu

Bpems or Havana
OIIbITA, MUH

o1 |23 4]5

Temnepartypa, °C

[lo mnomy4eHHBIM SKCIEPUMEHTAIBHBIM JAHHBIM TOCTPOWUTE Tpaduk
3aBucumoctH t = f(1). Onpenenute mo rpadUKy tmax — MAKCUMAIBHYIO TEMIIEPATYPY
pacTBopa.

3) Ilo dopmyne (5.5) onpenenure KoaudecTBO TeroTel AH, BeinenuBmeecs
npu HeWTpanuzauu 25 mu 1 M pacTBopa COISIHOM KUCIOTHI 25 Ml 1
M pactBopom menount NaOH. @opmyna (5.5) npumert Bua:

AH = (chz “Pua T Myson - pNaOH) ) Cpfpa '(tmax ~ ) >
7€ p — INIOTHOCTE, I/cM’; C — yebHas TEII0EMKOCTb.

Tak kak pacTBOpbI pa30aBiIeHHBIE, TO IPUHUMAEM TNIOTHOCTH BCEX PAaCTBOPOB
paBHbIMM mOTHOCTH Boxabl (1 r/cm’). TemnoeMKOCTh BOABI ONpPEAENSeM IO
cripaBoYHUKY (4,184 JI>x/Moub).

Torna,

AH, =[m(HCI) + m(NaOH)] - C - At , xIx/Monb-K, (5.9
IJIe MacChl KUCJIOTHI U IIEJTOYH PAaBHBI UX 00BbeMaM (B MJ1), MOCKOJIbKY TJIOTHOCTh
pacTBopa MbI npuHsIH paBHoi 1 r/em® (1 ma = 1 em?).

[lo ypaBHeHUIO peakIuu HEUTpaIu3alu paccuuTaiTe TemioBoul 3ddexT

HelTpanu3auu 1 monb kuciothl (B k) (ucnonb3ys popmyny 4.10), yuutsiBas,



yTo 25 Mi1 1M pactBopa conepxat 0,025 MOIb KHCIIOTHI.

- AH
AH = ' -1000, kJI>x/MOJIb. (5.10)

0,025
Onpenenute OTHOCUTENBHYIO OIIMOKY ombITa (0) mo dopmyne (5.8), ecnu
TEOPETHUYECKOe 3HAYCHHE TEIUIOBOTO 3(deKTa peakiuu HeuTpanmm3anud | MoJb
CUJIbHOM KHUCJIOTHI CUJIBHOM 11€JI04bI0 paBHO 57,3 KJXK.

OTHocuTeNnbHAs OMIMOKA U3MEPEHHUS HE 10 KHA rpeBbimath 10%.

Coaep:xanue oTyera u ero opma

Kaxxp1il cTyeHT JOKEH UMETh JTA00paTOPHBIHN JKypHAII, KOTOPBIH SBISICTCS
JIOKyMEHTOM, OTPaKaIOIHUM BCIO €ro pabory. Bce HaOmomeHWs W BBIBOABI IO
AKCIIEPUMEHTATILHON paboTe, TpoJeaHHOW B Ja0OpaTOpWH, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAT HEITOCPEICTBEHHO MOCIIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSITh M3 JaThl, Ha3BaHUS U
HOMepa J1abopaTopHOM pPadOThI, IETH PadOThl, METOJMKHA IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIUid, BEIBOJOB U pacyeToB (PopMyJibl,

Ta0auIkl, rpadukn).

Bonpocsl 1iis 3amMThI JIA00OPAaTOPHOH PadoOTHI
1. OxapakTepu3yiTe BOXXHEUIINE BEIUYMHBI XUMUYECKHX CUCTEM DHTAJIBIUIO U
SHTPOMHUIO.
2. JlaliTe onpeeneHne 3K30TeEpMUUECKOr peakuuu. [IpuBenure npumepsl.
3. JlaiiTe onmpeaeneHne SHA0TEPMUIECKO peakiuu. [IpuBeagure npumMepsl.
4. Yto Ha3bIBACTCA TEIUIOTOM 0Opa3oBaHUs BEIeCcTBa?
5. UTo Ha3bIBAETCS TEILUIOTOM PA3JIOKEHUS BellecTBa?
6. Uto Ha3piBaeTCsl TEIIOBBIM H3(PGEeKTOM XUMUYECKOM peakiuu? EnuHuib
M3MEpEeHHs TeTUIOBOTO 3P dheKTa.
7. Kak paccuutaTh cTaHAApTHBIM TEIIOBOM 3(h(EKT U3 CTaHAAPTHBIX TEILIOT

oOpa3oBaHus U cropaHus?



8. B kakux ycioBHSX TEmIOBOM »A(DPeKkT peakuuu MOXKET ObITh 3aMEHEH
W3MEHEHUEM SHTAJIBIINU Iporiecca’?
9. Kakas cBs3b MEKly BHyTPEHHEN YJHEPTUEN U SHTAIBIIUEN?
10. TepMouHaMU4eCcKre MOTEHIHAIIBI, UX (PU3NYECKUI CMBICIT.
11.Chopmynupyiite I, II u [l Hauana TepMOJUHAMUKH.
12. BpruncinTh, CKOJIBKO TEIUIA BBIAENSAETCA IPHU MOoJdydeHuM 10 Kr rameHHoOu
U3BECTH.
13.  Bpruucauts Temnoty pasnoxenus | kr FeSO4 o ypaBHeHUIO:
FeSO4 =FeO+SO0s,
rae AHoep.(FeSO4) = -221,3 kxan/monb, AHoep.(FeO) = -196,5 xxan/mMob,
AHo6p(SO3) = -70,94 kkayi/moib.
14.  Bpruucnure TemioBoi 3 PEeKT peakiuu ANH, + 50, =4NO + 6H,0,
€CJIM CTaHJapPTHBIE TEIIOTHl 00pa30BaHUSI BEIIECTB PABHBI:
AH°(NH3) = -46 xJ[x/M01b,
AH°(NO) = 90 xlx/Moib,
AH°(H20) = -242 xJ]x/M0b.
15. Tlonb3ysich COOTBETCTBYIOIIMMHU TEPMOJIUHAMUYECKUMHU KOHCTAHTaMH,
HaIUIIIUTE TEPMOXUMHUUECKHE YPAaBHEHUS CIEAYIONIUX MPOLIECCOB:
Howyt Y2 Oz= HaOg),
Howyt 72 Oz= H2O (.
16. CkoNBbKO TEMIOTHI BELAEAUTCS IPU CKUTAHUU 2() JIMTPOB STUIICHA, B3I TOTO
MIPU HOPMAJIbHBIX YCJIOBUSX, €CIIM U3BECTHBI CTaHIAPTHBIE TETUIOTHI 00pa30BaHUS
BELIECTB.
17. Tlonmb3ysich COOTBETCTBYIOUIMMH TEPMOJUHAMUYECKHUMHU KOHCTaHTaMU
ONPEJENNUTE FIK30TEPMHUECKHUE MPOLECCHI:
2CeHeiT 15020= 12CO21y+ 6H20¢x),
2C)+ Haw= CoHa.
18. Onpenenure cTaHAAPTHYIO SHTAIBIIAID PEAKIUA BOCCTAHOBJIEHUS OKCHJIA

xpoma (III) anromuHnEM.



19. Onpenenure 3K30TEPMUUECKUE MPOLIECCHI, MOJIb3YACh COOTBETCTBYIOIIUMHU
KOHCTAHTaMH:

1/2No@y+ 3/2Howy= NH3wy 5 1/21200+ 1/2Howy= Hlw.

20. OnpeaenuTe CTaHIAPTHYIO TEIIOTY oOpa3oBanus okcuna meau (II), 3nas,
yro npu BocctaHoBiaeHnH 40 r CuO yriem Beiaensercs CO u moryomaercs
27,4 xJIx.

21. PaccuuraiiTe CTaHAAPTHYIO TEIUIOTY CTOpaHUsi 3THJIEHA MO U3BECTHHIM
cTaHgapTHeIM Terotam odpazoBanus C2Ha, CO2 u H2Ogx).

22. TennoTta HEUTpaNIU3AUMU CHIBHOM KUCJIOTHI CHUJIBHBIM OCHOBAaHHEM IIPH
crangapTHbIX ycnoBusx u 298°K pasma —57 k/Ix/Moib. Bel4ucianTe, CKOIBKO
TeIUIOTHI BhIAeauTCs nipu cmemenuy 100mm 0,5M pactBopa HCI co 100mn 0,5M
pactBopa NaOH. Otser: 2,85 kJ[x.

23. Ilpu cropanum docdopa Maccoit 9,3 t Beigensercsa 229,5 k/[K TEMIOTHI.
Paccuuraiite cTangapTHy0 TEII0Ty oOpa3zoBanus okcuaa gocdopa (V).

24. Dueprus ['m66ca peakiiun A+ B= C paBHa —425kx/[>x/Moiab. MoXHO JH
YTBEPKIATh, YTO 3TA PEAKIUS MPOTEKAET CAMOIIPOU3BOILHO?

25. PaccuurtaiiTe SHTAIBMUUHBIA M SHTPONUUHBIA (PaKTOPHI Mpolecca, Mpu
YCJIOBUH, YTO BCE BEIIECTBA HAXOSTCS B CTAH/IAPTHOM COCTOSIHUU H>S
+ CL=2HCI + S. Kakoii u3 paccuntanHbiXx (akTOpoB OyJeT CrocoOCTBOBATH
CaMOIPOU3BOJILHOMY T€UEHUIO PEaKIIMK B IPSIMOM HaIMpaBieHUU?

26. na peakuun How+ Broey S 2HBrg) TermoBoit addext paccuuraiite mo
JTAHHBIM TE€PMOJIMHAMUYECKUM KOHCTAHTaM.

27. Kakue u3 npuBEIEHHBIX HUXKE MPOIECCOB XapaKTepU3yloTcsl yObIBAaHUEM
SHTPONUU (OTBET MOSICHUTE):

HzO()K)‘—_v HQO(K); Hz(r)+ 2Na(K) hary 2NaH(K); ZHI(F) hary Hz(r)‘i‘ Iz(K) ?

28. Tlonb3ysicb COOTBETCTBYIOIIMMHU TEPMOJUHAMHUYECKUMH KOHCTaHTaMHU,
BBIYUCIIUTE U3MEHEHHUE SHTPONUU U 3Heprun [ mb0ca (ctangapTHbIE 3HAUCHUS NIPU
298°K) B cucreMe, e IPOTEKAET PEAKIIHA:

Cu(OH)2= CuO+ H20).



[TosicuuTe yBenuueHue SHTPONUU ASz9g U OOBSICHUTE BO3MOXXHOCTH (WJU

HCBOBMO)KHOCTB) CaMOITIPOMU3BOJBHOI'O TCUCHUS PCAKIINH.

Jlureparypa

[OcHoBHas nutepatypa 1-4, nonosHUTENBHAS IUTEPATypa 4]

JIABOPATOPHAS PABOTA 6

PACTBOPBDI 3JIEKTPOJIUTOB. MAJIOPACTBOPUMBIE
JEKTPOJIUTHI. TPOU3SBEAEHUE PACTBOPUMOCTM.

Leab u cogepxanue

N3yunth OCHOBHBIE CBOWCTBA 3JIEKTPOJIUTOB U OCOOCHHOCTH MPOTEKAHUS
XUMUYECKUX peaKIuid B PacTBOpax 3JIEKTPOJUTOB. O3HAKOMHUTHCA C OOIIMMU
CBOMCTBAMU MAJIOPACTBOPUMBIX JIEKTPOJIUTOB U METOAUKOMN paCUETOB, CBSI3aHHBIX

C IPOMU3BCACHUEM PACTBOPUMOCTH.

TeopeaneCRoe 000CHOBaHHE

Inexkmpoaumamu Ha3bIBAIOT BEUIECTBA, JUCCOLMUPYIOIINE B BOJE U APYTHUX
MOJISAPHBIX KUJKOCTSAX WM paciylaBaXx Ha HOHBI M CIIOCOOHBIE IPOBOJIUTH
AJICKTPUYECKUN TOK. Pacmaa BelecTBa Ha MOHBI HA3bIBACTCS 271€KMPOAUMUYECKOU
ouccoyuauueii. IlepeHOC TOKa B pacTBOpax U pacijaBax JJIEKTPOJIUTOB
OCYIIECTBIISIETCS HOHAMU, TTIOATOMY UX, B OTIIMYHE OT AJIEKTPOHHBIX MPOBOJIHUKOB
Ha3bIBAKOTCS MOHHBIMU MPOBOJHUKAMHM WJIM TPOBOAHUKAMU BTOporo pojga. K
BJICKTPOJUTAM OTHOCATCS COJIM, KUCJIOThI, OCHOBAHUA.

KonnuecTBeHHOW XapaKTEPUCTUKOW DJIEKTPOJTUTHYECKON JTHCCOLMALINU

SIBJIICTCSL CHENEeHb OUCCOUUAUUU O.;

— (6.1)



r7ie N — KOHLUEHTpAIKs MPOJAUCCOIIMUPOBABIINX MOJEKYJ, MOJb/I; N — UCXO/IHAs
KOHIIEHTpAITUs pacTBOPa, MOJIB/JI.

[To BenmMuMHE CTENEHU AUCCOIMAIIMUA BCE JICKTPOJIUTHI ICJISIT HA CUJIIBHBIE U
cnabwie. K CUIIBHBIM OTHOCSITCSI T€ DJICKTPOJMUTHI, CTENIEHb JTUCCOIMAIIMN KOTOPBIX
paBHa enuHUIE, T. € n = N. OJIEKTPOIUTHYECKAs TUCCOLMALMS CHUIbHBIX
AJIEKTPOJIUTOB IIPOTEKAET HEOOPATUMO, HATIPUMED

HNO, — H" + NO; ,

NaCl — Na" + CI" .
K cunpHBIM SJEKTpOJUTAM OTHOCATCS MPAKTUYECKH BCE COJIM, THIPOKCHJIBI
IIEJIOYHBIX U MIEJIOYHO-3€MEJIbHBIX METAIUIOB U HEKOTOPBIE MUHEPAJIbHBIE KUCIIOTHI
(HCI, HNOs3, H2SOq4).

CTteneHb AUCCOLMAIIAN CJIA0BIX JIEKTPOJIMTOB MEHBIIE €IMHUIIBI, T. €. N<N.

Nx nuccomumanus oopaTumMa, HalpuMep
CH,COOH <> CH,COO +H",
H2C03 —H +HCO}’.
KoHcTanTy paBHOBecHs  3JIEKTPOJMTHYECKOM  JHMCCOLMALUM  CcIaboro

QJICKTPOJIMTA HAa3bIBAIOT KOHCTAHTOM JMCCOLUAIAH.

Hanpumep, npu 298 K K (CH COOH)=1,8-10", K (H CO)=4,4-10".

CpasruBas 3Hauenns K, (CH,COOH) u K,(H,CO,) MOXHO CKa3aTb, 4TO Yy

YTOJIBHOM KHCIOTBI CIIOCOOHOCTh K JUCCOLMAIIMM HA HOHBI MEHBIIE, YeM Y
YKCYCHOM.

[TomaBnsitoniee  OOJNBIIMHCTBO — 3JIEKTPOJIUTOB  00JIaJa€T OrPaHUYEHHOMN
pacTBOPUMOCTBIO B Boje. Ha mnpakTuke dYacTo BCTpPEUarOTCs TIeTEpPOreHHBIE
CUCTEMBI, B KOTOPBIX OCaJOK MAaJOpacTBOPHUMOIO 3JIEKTPOJIUTA HAXOAMUTCS B
PaBHOBECUH C HACBIILIEHHBIM PACTBOPOM 3TOI0 3JIEKTPOJINTA!

[Ipy  HachllleHWM  pacTBOpa CKOPOCTH  MPOLIECCOB  PACTBOPEHHS
KpUCTAJUIM3alMM OJMHAKOBBI, a KOHIIEHTpalWs HWOHOB HaJa TBepAod ¢a3oi

ANEKTPONHTA () ABJISIIOTCS PABHOBECHBIMH MPH IAHHOUW TeMIepaType.



KoncTaHnTa paBHOBECHS TETEPOr€HHOTO MPOIIECCa ONMPEALTACTCS TOJIBKO
MIPOU3BEICHUEM KOHIICHTPALIMH HOHOB B PACTBOPE M HE 3aBUCUT OT KOHILICHTPAIUH
TBEPJIOTO KOMIIOHEHTA!

Takum oOpa3om, TPOU3BEACHHE KOHIIEHTPAIIMH HOHOB B HACBIIICHHOM
pacTBOpe MaJOpACTBOPUMOTO HJIEKTPOJIUTA TMPH 33JaHHOM TEMIIEPATYpPE €CTh
BEJIMUYMHA TIOCTOSIHHASI, €€ Ha3bIBAIOT IMPOU3BEICHUEM PAaCTBOPUMOCTH U
o6o3nauarot I1P.

[IpousBenenre paCTBOPUMOCTH KaK KOHCTAHTA paBHOBECHUS 3aBUCHUT OT
MIPUPOIBI JIEKTPOJIUTA U OT TEMIIEPATYPhI, HO HE 3aBUCUT OT KOHLEHTPAIlMA NOHOB
B pacTBOpE.

3Has1, yto [P — BenuunHa nocrosiHHas npu T = const , MOXKHO CKa3aTh, YTO
MIPY YBEJIMYEHNUH KOHLIEHTPALIUHU OJHOTO U3 MOHOB B HACHIILIEHHOM PAacTBOPE HAL
TBep10M (ha30ii KOHLIEHTPALUS APYTOTO MOHA YMEHBIIIAETCS.

[Io w3BECTHOMY NPOMU3BEICHUI0O PACTBOPUMOCTH  DIECKTPOJIUTA U
KOHIEHTPAIMMA OJHOTO U3 MOHOB MOXHO pPacCUMTATh aKTUBHOCTHb APYTrOro HOHA,
HEOOXOJMMYIO JJI1 OCAXICHUSA DJJIEKTpOIUTa. MaTeMaTuueCKuM YCJIOBUEM

06p330BaHI/IH ocCaaKa B 9TOM CJIy4dac SABJISACTCA BbIPAXKCHUC!

AmnmnapaTtypa u MaTepHuaJibl

[IratuB ¢ m1poOMpPKaMH, MHKPOIINATEIb, CTCKISHHBIC  ITHICTKH,
YHUBEPCAIBHBIA WHAWKATOpP, BOMASHAS OaHsA, IUCTWUIMPOBAHHAas Boda, | H.
pactBopsr CH3COOH, HCI, NaOH, NaHCO3;, FeCls, CH3COONa, Alx(SO4)s,
Na2COs, pacTBOpbl HHIMKATOPOB METUJIOBOIO OpPAHXKEBOTO, JakKMyca U
dbenondranenna, MUHK MeTaunueckui, kpuctammueckue coiau: CH3COONa,
Alx(SO4)3, Na2COs3, NaCl, Na;SOs3. PacTBopsI: XJI0pOBOJOPOIHON KHCIOTHI (2 H.);
YKCYCHOM KUCH0THI (2 H.); ammuaka (10%-noro); xinopuaa natpusi(0,5 H.); xjopuaa
kanwius (0,5 H.); noguna kanus (0,5 H.); HUTpaTa cepedpa (1,0 H.); XxpomaTa Kamus
(0,5 n.); okcanara ammonus (0,5 H.); cynbpuaa ammonus; xaopun 6apus (0,5 H.);

opomua Hatpus (0,5 H.).



Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. naboparopnyto padoty 1.

MeToauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI

OnpiT 1. CpaBHeHHE XMMHY€CKOH AKTUBHOCTH 3JIEKTPOJIMTOB

1. Bo3pMuTe nBe mpoOupku U HanedTe B oAHY W3 HUX 5-10 kamenp 1 H.
pactBopa ykcycHoi kucinotrsl CH3COOH, a B npyryro — cTonpko ke 1 H. constHOn
kuciaoTel HCI.

2. B 06e npobupku OpochTe MO OJIMHAKOBOMY KYCOUKY ITUHKA.

3anuch JaHHBIX onbIiTa. UTo Habmogaere? OTMEThTE, B KaKOW MPOOUPKE
BbIJIeJICHUE Ta3a Oonee 3HepruuHo. Jlalite oObsicHeHue. Hamummure ypaBHEHUs

peaKuHﬁ B MOJICKYJISIPHOM 1 HOHHOM BHUIaX.

OnpiT 2. CMelieHHe PAaBHOBECHSI B PACTBOPaxX CJa0bIX 3JIEKTPOJIUTOB
noJ JeiicTBMeM OJHOMMEHHBIX HOHOB

1. B npoGupky 10 MOJOBHMHBI HAJIUTh pa30aBIICHHBIM pacTBOpP YKCYCHOMU
KHUCJIOTHI M J00aBUTH 1-2 KaIljid pacTBOpa HHIAUKATOPA METHUIIOBOTO OPAHKEBOTO.

2. Paznuth pacTBOp Ha JIB€ MPOOUPKH, OJHY OCTABUTH JIJIsi CPAaBHEHUS, a B
JIpyryto  7100aBUTh HEMHOIO0 KPHUCTAUIMYECKOTO YKCYCHOKHUCIOIO HaTpus
CH3COONa.

3anuch JaHHBIX ONbITA. CPaBHUTH OKPACKU 00€UX MPOOUPOK U, MOJIB3YSICh
ypaBHEHUEM KOHCTAHThI IUCCOIUAIINN, OOBSICHUTD IPUUYNHY CMEIIECHUSI PABHOBECHS

B CTOPOHY HCAUCCOLIMNPOBAHHBIX MOJICKYJI YKCYCHOﬁ KHCJIOTHI.

OmnbiT 3. /Ipo0HOE 0caxaeHue
B naByx mnpoOupkax mnoiayduTe pa3feabHO XJOPUI U XpomaT cepedpa
B3aumojeiicTBueM pacTBopoB xiopuaa HaTpus ( NaCl ) u xpomata kamus (KoCrO4)

c HutpaTom cepedpa (AgNOs3), B3sB 1o 2-4 KaIiu Kaxa0ro pacrpopa. Hanummre



WOHHBIC YPaBHEHHS pEaKIHii, OTMEThTE IBETA OCAJAKOB W 3AUIIATE BEITUIHHY
MIPOU3BEICHUS PACTBOPUMOCTH JIJIS XJIOpUIa U Xpomata cepedpa. Kakas conms meHee
pactBopuma? Kakoe BemecTBo OyAeT BBINAAATh B OCANOK B MEPBYIO OUepeihb U3
pactBopa, coxepxkamiero uousl Cl° | CrO4%*, Ag’ B paBHBIX KOHIEHTPAIMAX?
[IpoBepbTe MpeanonoKeHne onbIToM. /{7151 3TOr0 BHECUTE B OHY MPOOUPKY 110 2-3
karu pactBopoB NaCl u KoCrOs, no6aBbTe 5-6 Kameiab BOJBI U INEepeMeliaiTe
pacTBOpbl. OCTOPOKHO, 110 KarisaMm (1-2 kamimn) npudassTe B Hero pactBop AgNOs.
UYro nabmionmaercs? C KakMMM HOHAaMH B TEPBYIO OY€pelb PEarupyroT HOHBI
cepebpa? Kakoe BemiectBo mpu 3ToM oOpasyercs? [loGaBbTe B pacTBOp ellie
HECKOJBKO Kallellb HHUTpaTa cepebOpa. HabOmromaercs nmm oOpa3oBaHHe XJopHaa
cepebpa? OTMeTbTe Hayaso ero oOpa3oBaHUS NPHU AAIbHEHIIEM YBEIUYECHUU
KOHIIEHTpaluid HOHa cepedpa. OOBSICHUTE TMOCIEA0BATEIHLHOCTh OO0pa30BaHUS
OCaJIKOB B JAaHHOM OIIBITEe, YYUTHIBAs BEIUYHHBI MMPOU3BEICHUN PACTBOPUMOCTH

XJIOpHUJIa U XpoMata cepeopa.

OnbiT 4. CpaBHeHME MOJHOTHI 0CAKIACHUS COJIel Oapusi pa3jInYHbIMHA
ocaAuTesIMHU

[Tonyuure ocanok okcanara 6apust (BaC204) B3aumojielictBueM 4 Kamenb
pactBopa xjopuaa 6apus (BaCl) m 6 kamenb okcamata aMmMoHHS ((NH4)2C204).
Jalite pacTBOpPY OTCTOATHCS U MIPO3pPAUYHBIN pacTBOp MEPEHECUTE MUIIETKOU B IBE
YUCTBIE MPOOUPKH 10 3-4 KarM B Kaxkayro. B onHy u3 Hux no6aspre 1-2 kamium
pactBopa (NH4)2C204, 4TOOBI YOEIUTHCS B MOJHOTE OCAXKJEHUSI MOHA Oapus 1Mo
OTHOILIEHHIO K MOHAaM OKcajlaTa aMMoHus. B npyryto npoodupky n1o6aBsTe 3-4 karmim
pactBopa K>CrO4. Kakoe BemiecTBo BhINagaeT B ocaaok? Hamumure MoHHBIE
YpaBHEHUS MPOTEKAOMIMX pPEaKUUid. YKaXKUTE BEJIUYUHBI POU3BEICHUMN
PacTBOPUMOCTH OKcajaTa W XpomaTa Oapus M OOBSICHHUTE OOpa3oBaHHME OCAJKa
BaCrO4 mnocinie ynanenust u3 pactsopa noHoB Oapus B Buae BaC:O4. Kakum u3

MPUMEHEHHBIX PEAKTUBOB HanbOOJIee MOTHO YIAJISI0TCS HOHBI Oapus U3 pacTBopa’?



OnbiT 5. Biausinue BeJITMYUHBI MPOU3BeEIeHUS PACTBOPUMOCTH
HAa PACTBOPEHHE 0CAIKOB

B Tpex mpobupkax pazneasHO MOIYIUTE OCAIKH XJIOPHIa, OpOMHIIA ¥ MO 1A
cepebpa B3aUMOJICHCTBUEM PACTBOPOB COOTBETCTBYIOIIUX COJIEH C HUTPATOM
cepebpa (o 2-3 kamau Kaxaoro peaktuBa). OTMeThTe MBET ocagakoB. K ocagkam B
KOKIYI0 MpoOHpPKY [00aBbTE€ 110 HECKOJBKO Kaleidb pacTBOpa aMMUaka.
Pa3memnaiite comepxkumoe mnpobupok. B pacTtBope ammmaka HaOmrOgaeTCS
pacTBOpPEHHE OCAJKOB ¢ oOpa3oBaHueM KomiulekcHoro wuoHa [Ag(NH3):]".
Hamummre ypaBHEHUS peakIinii 00pa30BaHUs OCAIKOB U BBIPAKCHISI POU3BEICHHIA
PacTBOPUMOCTH ISl XJI0puaa, OpoMuaa u noauaa cepedpa (ykazarb UX YHUCIOBBIE
3HaueHus1). [louemy OGpomup cepeOpa pacTBOpsiETCS B aMMHUAKe MEIJICHHEE, YeM

XJIOPUJ, @ HOAU] cepedpa MpakTUUEeCKU HEPACTBOPUM B aMMHUake?

OnbIT 6. B1usiHue KOHIIEHTPALIMUA HOHOB PACTBOPHUTEJISl HA PACTBOPEHHE
0Ca/IKOB

B nByx mpoOupkax moxyduTe 0caoK OKcajaaTa KajabIis B3aUMOJICHCTBUEM
pactBopoB xJyopuaa kanbiusg (CaCly) u okcaizaTa aMMOHHS B3sB MO 2-3 Karliu
Kaxgoro pactBopa. JloGaBbTe B OAHYy TPOOMPKY HECKOIBKO  Kareib
KoHIleHTpupoBaHHOTO pactBopa HCI 1o momHOTO pacTBopenms ocaaka. B npyryto
npoOUPKY CTONBKO ke KoHIeHTpupoBaHHOro pactBopa CH3COOH. OtmetrbTe
MPAKTHYECKYI0 HEPAaCTBOPUMOCTh OKcajaTa KaJblUsg B TOCIEAHEM Cliydae.
Hanmummre wWOHHBIE ypaBHEHHWS MPOTEKAIOIMNX PEAKIUd W BBIpAXKEHHUE
MPOU3BENCHUS pacTBOPUMOCTH. OOBICHUTE, MOYEMY OCAJIOK OKcanaTra KalbIIHs
pacTBOPSIETCSI B XJIOPOBOJOPOIHOM KHCJIOTE€ W TMPAKTHYCCKH HEPACTBOPUM B
ykcycHoM. KoHIleHTpalus, Kakoro HOHa BIIHSET Ha paCTBOPEHUE OKCalaTa KaIbIIHs

B KucJjorax?

Conepxanue oruera v ero gopma

Kaxaplii CTy1€HT JOJIKEH UMETh J1a00paTOPHBIN KypHa, KOTOPBIN SBISETCS



JOKyMEHTOM, OTPaKalOIUM BCIO €ro pabory. Bce HaOmOmeHWS W BBIBOABI 1O
AKCIIEPUMEHTATLHON paboTe, TmpoJenaHHoOl B JabOpaTOpWH, CTYACHT 3aHOCUT B
71a00paTOPHBIH KypHAI HEITOCPEICTBEHHO MOCJIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe TOMKEH COCTOSTh M3 JaThl, HA3BaHUS U
HOMepa J1abopaTopHOM pPadOThI, HETH PadOThl, METOJMKHA IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIUid, BEIBOJOB U pacyeToB (PopMyIibl,

Ta0auIkl, rpadukn).

Bonpocs! 11 3aliMThI J1a00PATOPHOIl padoThI

1. Kakue BemiecTBa Ha3bIBAKOT JICKTPOJIATAMU ?

2. Uto Ha3pIBalOT CTENEHBIO Jaucconuanuu djektponura? Kakue
AIEKTPOJIUTHI HA3bIBAIOT CIA0BIMH, 2 KAKHE — CUJIbHBIMU?

3. Hanumwure B MOJEKYyISIpHOM M HOHHOW (GopMe peakiuu MOJTy4YEHUs
c1a0bbIX OCHOBAHUW M KHCIOT W3 pacTtBopoB ux coiueil: Fe(OH)s;, HoS, HCN,
Cu(OH)2, CH3COOH.

4. Onpenenuth CTENEHb NTUCCOLMALIMM M KOHILEHTpauui noHoB OH™ B
0,1 . NH3-H20, ecmu Ko = 1,77 - 107,

5. OT 4ero 3aBUCHUT MPOIECC TUCCOIAALIUN?

UYto xapakTepu3yeT KOHCTAHTA JUCCOLHAALINN ]
YeMmy paBHO HOHHOE ITPOU3BeAeHNe BoAbI mpu 22 °C?

DNEKTPOIUTOM KaKoU CUIIbI siBsieTcst pochopHas Kuciuora?

o ©® =2

Koncranta auccormumanuu (pocPopHOU KHUCIOTHI MO MEPBOM CTYIMEHU
pasHa 7,11-1073. IIpenebperas muccouuanueil o APYyrHM CTYNEHSAM, BHIYHMCIIUTD
KOHIIEHTpAILMIO HOHOB Boaopoaa B 0,5 M pactBope.

10. Haitnute crenens auccomuanuu (B %) azorucrtoir kuciorel B 1 M
pacTBope, 3Has, 4yTo 1 Ma cofepxkuT 6,15-10%° wacTui (HemUCcCOIMUPOBAHHBIX
MOJIEKYJT 1 HOHOB) PAaCTBOPEHHOTO BEIIIECTBA.

11.11o TabnuyHO# BeTMYMHE MPOU3BEICHUS PACTBOPUMOCTH THAPOKCHIA



MarHusi BBIYUCIIUTE PACTBOPUMOCTH 3TOTO THAPOKCHIA NP 3aIaHHON TeMIIepaType
(monb/i). CuntaTh KO3()PUIUEHTHI AKTUBHOCTH PAaBHBIMU 1.
12.TTouemy nousTue o npousBeaeHun pactBopuMocTts (I1P) e mpunoxumo:
a) K MaJIoOpaCTBOPUMBIM CIa0BIM JIEKTPOJIUTAM
0) K XOpOIIO pPacTBOPHUMBIM HEIJIEKTPOJIHTAM
Jaiite oTBeT, 000CHOBAHHBIN 3aKOHOM JICHCTBYIOIINX MacC.
13.CocraBbTe ypaBHEHHE ()a30BOrO PaBHOBECHUSI B HACBIIIEHHOM PAacTBOPE
xpomara Oapusi. [lpuBenute Ha3BaHUE, 3HAYEHHUE U BbIpakeHUE (MO 3aKOHY
JNEUCTBYIOIIUX MAacc) JUIsl KOHCTAHTHI 3TOr0 paBHOBecHs. Vcnonb3ysi cripaBOYHbIE
JTAHHBIE, YKAXUTE, CMECTUTCS T (a30BOE€ PAaBHOBECHUE (M €CIIU «J1a», TO B KAKYIO
CTOPOHY IIpH J00aBICHUH: a) XpoMmaTa Kanus, 0) xynopuaa 6apus. Usmenurcs nu

Macca ocajika MpH 3TUX BO3ICHCTBUIX?

Jlureparypa

[OcHoBHas nuteparypa 1-4, nononHuTenbHas aureparypa 1, 2]

JIABOPATOPHAS PABOTA 7

T'JIPOJIN3 COJIEN

I.Ie.m; H COACPKAHUEC
TeOpeTquCKH N OKCIICPUMCHTAJIIbHO U3YYUTH IMPOUCCChI T'MAPOJIN3a coJiei

U BIIMSHUE PA3JIUYHBIX (PAKTOPOB HA MPOIIECC MPOTEKAHUS THIPOJIH3A.

Teopernueckoe 000CHOBaHuUe
BonHble pacTBOphI cojie B 3aBUCHUMOCTH OT HPHUPOJLI OOpa3yHOIIUX HX

KHUCJIOT U OCHOBaHU MOTYT OBITH KHCJIBIMH, IICJIOYHBIMHU H HeﬁTpaJIbHBIMPI.
KucnotHocts wuim MCJI0YHOCTE PaCTBOPOB COJICH CBSI3aHBI C TEM, 4YTO HX

pacTBOPEHKE B BOJIC COITPOBOXKIACTCS PeaKIIMeH THIPOJIN3a.



T'uoponuszom Ha3piBaeTCs 0OOMEHHOE B3aUMOJICHCTBUE MOHOB COJIM C HOHAMH
BOJIBI, COIMPOBOXKIAOIIEecss 00pa3oBaHWEM CJIa00TO AJEKTPOJIMTAa U WU3MEHEHHUEM
pEaKInu CPEIbI.

Peaknmro cpenbl  (KHCIOTHOCTH — HUIH

IIEJIOYHOCTh)  XapaKTepu3yeT

BOIOPOAHBIN Mmoka3zareab pH.

Bonmoponusiéi  mokazatens (pH) — 93To oTpunarenbHsii  snorapudm
KOHLIEHTPAllMu MOHOB BOJIOPOJa B paCTBOPE.
pH = -Ig[H"]

KoHIeHTpalus BOAOPOJHBIX HOHOB, TaK XKe KaK U MMAPOKCUI-HOHOB, MOXKET
xosebaThes B mHTEpBaie oT 1 1o 1074, Ho npousBenenne koHnenTpanuii npu 22°C
ocraercs Bcerjaa paBHeIM 10714

kw=[H"][OH] = 10"'* — nonnoe npoussenenne BoabI

Torga pH + pOH = 14.

B Boze npu 22°C H2O«—[H'] + [OH]

[H"]=[OH] = 107 mons/n

To ecth, ecaM WM3BECTHA KOHLEHTpals HOHOB H', MOXHO paccuuTarh
koHueHTparuo OH™ u Hao0opoT.

[Ipu [H'] = [OH] = 10”7 mons/n, pH = 7 — HeliTpanbHas cpeja.

ITpu [H'] < 1077 mons/n, pH > 7 — menounas cpena.

ITpu [H] > 107 mons/n, pH < 7 — xucmnas cpeza.

B BomHBIX pacTBOpax 3EKTPOJMTOB pH ompeaensor ¢ NOMOLIBIO
MHIUKATOPOB — BEIIECTB, M3MEHSIONIMX OKPACKy PacTBOPa B 3aBUCHMOCTH OT pH

uiu npudopamu — pH-MeTpamu.

Tabmuma 7.1 — M3MeHeHUs OKpacKd WHAMKATOPOB B BOJHBIX pPAacTBOpax

AJIEKTPOJIUTOB
[IBeTr muankaropa | llBeT muHAMKaTOpa
Nuauxarop [lBeT naguKaTopa B KHCJIOH B IIECJIOYHOH
pactBope (pH<7) | pactBope (pH>7)
Jlakmyc buroneToBbIf KpacCHBIN CUHHUI




®deHondTaneuH OECIIBETHBIN OCCIIBETHBIM MAJIMHOBBIN

MeTuiioBbIiI
OpaHKEBBII

OpAH>KEBBIN KpPACHBI JKEINTHIN

Conu, o00pa3oBaHHBIE CHUJIBHOM KHUCIOTOM U CHJIBHBIM OCHOBaHUEM,
TUAPOIU3Y HE MOJBEPraroTCs.

Conu, 00pa3oBaHHBbIE CWJIBHOM KHUCIOTOM M CJIa0bIM OCHOBAaHHUEM, MpHU
pacTBOPEHUM B BOJE THUJPOJM3YETCA BCIEJACTBHE 4YEro peakius pacTBopa
cTaHoBUTCS kuciou (pH<7).

Conu, o0pa3oBaHHbIE Cia0OW KHUCIOTOM W CWIBHBIM OCHOBAaHHEM, IMpHU
PaCTBOPEHUHU TUIPOJIU3YETCS, PEAKIIUS pacTBOpa CTaHOBUTCS IiesiouHoi (pH>7).

[Ipu pactBOopeHuu cosel, 0Opa3oBaHHBIX CJIA00M KHUCIOTOM U ClIabbIM
OCHOBAHUEM, PEAKIIUIO Cpejbl ompeaessieT Oojee CuibHBIN 3nekTponaut. Cpena
MOXET OBITh CIIA0OKUCION W CIIa0O0IIEIOYHOM.

VYpaBHeHUs peakiuy THAPOIN3a COJIEH MOTYT ObITh 3alTMCaHbI B BUJIE:

a) MOJIEKYJISIPHOTO YpaBHEHUS:

CH3:COONa + H,O <> CH3COOH + NaOH;

0) MOHHOrO YpaBHEHHUS:

CH3;COO" + H20 «» CH3COOH + OH".

['uaponu3 coyieif MHOTOOCHOBHBIX KHCJIOT, MHOTOKHMCIIOTHBIX OCHOBaHMIA
IpPOTEKAaeT CTYMEeH4YaTo ¢ oOpa3oBaHHWEM B IEPBOM CJIydae KHUCIBIX COJIEH, BO
BTOPOM —OCHOBHBIX COJIEH .

1) Na2CO3 + H20 <» NaHCO3 + NaOH — nepBas cTyneHb rujpoian3a;

[. CO3* + H20 <> HCO3 + OH;

II. NaHCO3 + H20 < H2CO3 + NaOH — BTOpas cTyneHb ruipoin3a.

HCOs + H2O +» H2CO3 + OH".

2) ZnCl; + H,O < ZnOHCI + HCI;

I. Zn**+ H,0 < ZnOH"+ H;

II. ZnOHCI + H20 <« Zn(OH), + HCI;

ZnOH" + H,0 <> Zn(OH), + H".



I'uaponus npoTekaer, riaBHbBIM 00pa3om, 1o | cTynenu.

MHTEHCUBHOCTh THAPOIU3a XapaKTepU3yeT CTeneHb ruaponusa. Cmenens
2uopoausa (ff) — OTHOILIEHUE YKCIIA TUAPOIM3OBAHHBIX MOJIEKYJ COJI K 00IEeMy
qucily MOJIEKYJl coyid. CTeneHb THIpOJW3a 3aBUCUT OT KOHIEHTPALMH COJIH,

TEMIIEPATypPbl U IPUPOBI COJIH.

Bo mHoOrux ciaydasix TUApOiu3 sIBIASETCS OOpaTUMBIM MPOIECCOM, MOATOMY
pPaBHOBECHE IIpoLECCa MOXKHO CMECTUTh B IKEJIA€MOM HANPABICHUH, WU3MEHSS
YCJIOBUS MPOBEJICHUS €T0 (KOHLIEHTPALIUIO COJIH, TEMIIEPaTypy).

Honnvie ypagnenusa. VIOHHbIE YpaBHEHMS ITOKa3bIBAIOT, MEXIY KAKHUMU
MOJIEKYJIAMU U HOHAMHU MPOU30II0 XUMUYECKOE B3aUMOICHCTBUE.

[Topsamok cocTaBieHUMs HOHHBIX YPaBHEHHH peakluid B pacTBOpax
ANEKTPOIUTOB:

1. Hanmucath ypaBHEHHE peakii B MOJEKYJISIpHOM (hopme:

BaCl, + H2SO4 = BaSO4] +2HCI.

2. llepenucatb ypaBHEHUE, OCTaBUB 03 H3MEHEHUN (HOPMYIIbI
HEPACTBOPUMBIX, Ta3000pa3HbIX WKW CIa00MCCOUMUPYIOMIMX BEIIECTB, a
(GbopMyJIbl OCTaTBHBIX BEIIECTB 3alIUCaTh B BUJIE CBOOOIHBIX HOHOB:

Ba'+2Cl +2H" +S04* = BaSO4] + 2H" + 2CI-.

3. CoxpaTuTh OJJTHOMMEHHBIE NOHBI, HAXOISIIAECS B JIEBOW U MPABOM YaCTIX
ypaBHEHHUS, T. €. NPUBECTU MOJOOHBIE YJIEHBI, OCTABUB TOJIbKO HOHBI, KOTOPHIE
COEIMHSIOTCS, 00pa3ys MaJIOAUCCOIMUPOBAHHbBIC BEIIECTBA, T. €. TOJIYYUTh HOHHOE

ypaBHEHHE, BRIPAXKAIOIIEE CYIIIHOCTh TAHHOW peaKInu:

Ba"+ S04 = BaSO4|.

Anmnaparypa u MaTepHuaJibl
[lIratuB ¢ npoOupkamu. [lunetku kamenbHbie. Mukpommnarens. Boaa
TUCTUJUTMPOBaHHasA.  PeakTuBbl  KpucTammumueckue: xjopua  omnoa  (II).

WNunukaTopsl: nakmyc (p-p), penondraneun (p-p). PacTBopsl: XJ10poBOAOPOAHOM



kucinotel (0,5 H.), aierata Hatpus (0,5 H.), cynbdata amomunus (0,5 H.), XxJI0pUaa
natpus (0,5 H.), auerat ammonus (0,5 H.), cynbdurta Hatpus (0,5 H.), kKapOoHaTa
Hatpus (0,5 H.), cynbduna narpus (0,5 H.), xsopuza xxenesa (I11) (0,5 u.).

Yka3zaHus Mo TeXHUKe 0e30IMacHOCTH
Cwm. nabopartopnyto padory 1.

MeTtoauka u MNOPAAOK BbINNOJTHCHHUSA paﬁoTbl

OmnbiT 1. Peaknus cpeabl B pacTBOPaxX pa3jiM4HbIX coJiei

B uyetkipe npobupku HaOpaTh mo 2-3 M CIEAYIOIIUX PACTBOPOB COJEH: B
nepByto - anerar Hatpus (NaCH3COO), Bo BTOpywo - cynbhar amtoMUHUS
(A12(S0O4)3), B TpeThto - xmopua Hatpus (NaCl), B 4eTBEPTYIO - alleTaT aMMOHUS
(NH4CH3COO). Emie B ogny npoOupky ( KOHTPOJIbHYIO )HAOpaTh TaKOU k€ 00BEM
JUCTWIIMPOBAHHONW BOJABL. Bo Bce maTh mpoOupoK [100aBUTH MO 2-3 Karuiu
HEUTPaJIBLHOIO PAcTBOpA JaKMyca.

PactBopbl pazMeniath U O U3MEHEHUIO OKPACKH JIAKMYyCa C/IeJIaTh BBIBOJ O
pEeaKIuu Cpebl B pACTBOPE KAXKIOM COJIH.

3anuce JaHHBIX omnbiTa. Kakne M3 MCCIENOBAaHHBIX COJIEW IMOJBEPTAKOTCS
ruAponusy? Hanumwurte HOHHBIE W MOJEKYJISPHBIE YpPAaBHEHUS peEakuil uX

ruApoau3a (B ciiyyae CTyNEeHYaTOro TUApoJn3a - TOJIbKO NS 1-if cTyneHn).

OmnbIT 2. HeoOpaTuMblii rHAPOJIM3 PU CMEIIMBAHUM COJICH

B nBe mpoOupku BHecTH mo 6-8 kamenb pacTBopa cyibdaTa aTtOMUHUS
(A12(SO4)3). B ogny mpobupky n00aBuTH Takoil ke 00BEM pacTBopa cyibhuaa
Hatpus (NazS), B apyryro - pactBopa kapOonata HaTpus (NaxCO3). OTmMeTuTh B
o0enx mnpoOUpKax BhIJCICHHE Ta3a (B OJAHOM C XapaKTepHBIM 3alaxoM) U
BBINIAJICHUE OCAJIKA.

3anuch MaHHBIX ombITa. HamucaTe ypaBHEHHE peakIMd COBMECTHOTO

ruApoau3a. OObSICHUTD, TOYEMY pEaKIHs TPOTEKAET HEOOPaTUMO.



OmnpIT 3. BiansiHue CHJIBI KHCJI0THI, 00pa3yloLiei CoJIb HA CTeNeHb eé
TUPOJIN3a

B onny npoOupky BHecTu 2-3 Mi pactBopa kapOonata HaTpus (Na2COs3), a Bo
BTOPYIO CTOJIBKO ke pactBopa cyibdura Hatpus (NaxSOs). B kaxayro mpodbupky
00aBUTH 1O OAHOM Karuie peHondranenHa.

3anuch JaHHBIX ombITa. Hamucate ypaBHEHHs THApOIU3a KapOoHaTa U
cynbpura Hatpus (mo mepBoil crymeHu). B pacTBope KakoW coiM OKpacka
dbenondranenna 6onee nHTeHCHMBHA? CTEneHb TMAPOJIM3a KaKoW coin Oomblie?

OOBsicHUTH TOUEMY?

OnbIT 4. Biiusinue TEMIICPaTypbl HAa THAPOJIU3 COJIN

[TomecTtute B ABE mpoOupKHU 110 2-3 M1 pacTBopa xyopua xeinesa (11I) -FeCls.
OnHy TpOOWMPKY OCTaBJSIIOT IS CpPaBHEHHWS, a PACTBOpP B APYrod MpoOupke
HarpeBaror.

3anuch AaHHBIX ombITa. UTo HaOmiomaercs mpu HarpeBanuu? B kakom
HAMpaBJICHUM CMEIAeTCs paBHOBecwe Tuapoim3a? Hamumure ypaBHEeHUS
ruapoms3a FeCl; Ha xomomy w mpu HarpeBanuu. CraenaTh BBIBOJ O BIHSHHUH

TEMIICPATYPbl Ha CTCIICHDL TUAPOJIN3a COJIM. Vkazatb IIPUYHUHEBI 3TOI'O ABJICHHA.

OneiT 5. CaBur paBHOBecHSI THAPOJM3a NPU A00aBJIEHHHM CHJIbLHOH
KHCJIOTBI

Buecute B mnpobupky 8-10 kamenb JUCTUIUIMPOBAHHOW BOABI U OJUH
MUKpoInarenb kKpuctamnoB xjopuna onoBa (II) - SnCl.. PactBop TmiaTensHO
nepemenianTe CTEKISHHON manoukoil. OOpasyromiuiics Oenblii  0calok
MpeACcTaBiseT co00il 0OCHOBHYIO coib ojioBa SnOHCI.

HobaBbTte 5-6 kanens pactBopa HCI u BHOBB nepeMeraiTe.

3anuch JaHHBIX onmbITa. Hamuiure ypaBHEHHS NPOTEKAIOIIMX peakui

MOJIy4eHUSs 3TOM cou. UTO MpOUCXOIUT ¢ ocaikoM Mpu f1odasinenun pactsopa HCI?



OO0BsicHUTE TPUYNHY HAOJII01aEMOTO0.

Conep:xxanue u popma oTyeTa

Kaxxp1il cTyIeHT JOIKEH UMETh JTA00PaTOPHBIN JKypHAII, KOTOPBIH SIBIISIETCS
JIOKyMEHTOM, OTPaKAIOIUM BCIO €ro paboTy. Bce HaOMIOACHWS W BBIBOIBI 10
HKCIIEPUMEHTAILHON paboTe, MpojeIaHHOW B JTaOOpaTOpWH, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAI HEITOCPEICTBEHHO MOCJIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe TOKEH COCTOSTh M3 JaThl, HA3BaHUS U
HOMepa J1abopaToOpHOM PadOThI, IETH PadOThl, METOJMKHA IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIUid, BEIBOJOB U pacyeToB (PopMyJibl,

Ta0auIkl, rpadukn).

Bonpocs! 11 3aliMThI J1a00PATOPHOIl padoThI

l.  Yro Ha3eiBaeTcs runponuszom? Jlalite onpeneneHue.

2. UYro Takoe cTeneHb ruaponunsa’

3. UYro Ttakoe pH cpenpl? 3Hauenne pH mis KuUCHOHM, MMICTOYHOUW U
HEUTPAIBHOU CpE/I.

4. Hanumwute MOJNEKyISpHbIE U MOHHBIE YPAaBHEHUS THAPOIU3Aa HUTpaTa

aMMOHHUsI U airleTata marHusa. OmnpenenuTe cpely BOJHBIX PACTBOPOB

ATUX COJEH.

Kakue conu He moABeprarTCsa rupoIn3y?

Kaxk u mouemy Temneparypa BIUSET HAa CTENEHb THIPOJIU3a?

Kak n MMOYCMY BIIMACT KOHLCHTPAHA COJIM Ha CTCIICHD rnﬂponma?

o =2 W

Kakum 006pa3zoM MOXKHO MOJABUTH THAPOIU3 conu? Pa3obpath Ha
npuMepe.

9. JloGaBiieHHe KaKuUX U3 MEPEUUCICHHBIX HUXKE PEAreHTOB K PacTBOPY
FeClz ycunut ruaponus conu: a) HCI; 6) NaOH; B) ZnCl; r) Na;COs; 1) NH4Cl;
e) Zn; x) H>O.

10. B mpoOupku ¢ BOOM BHOCAT HEOOIBIITNE TOPIIMU CIICTYIOMINX COJICH:



a) ZnBr;, CsNO;, Cr2(S04)3, Ca(CIO)y;

0) AI(NOs)3, Li2SO4, Ba(NOs)2, FeCls;

B) NaHS, Sr(CN)2, NaHPO4, Na;HPOy;

r) KoSO4, K2SO3, KHSO3, FeSOa.

CocTtaBbTe ypaBHEHUS MPOTEKAIONIUX peakui. YKaxuTe, kakoe 3Hauenue pH (>
7,<7,=7) OyAyT UMETh MPUTOTOBIICHHBIE pacTBOpkI ipu 25° C.

11. CocraBpTe ypaBHEHHS THAPOIU3A COJIeH: KapOOHAT Kallusl; HUTPAT
IMHKA; cynbPuT Hatpus; cynbdat Hukend (11); cynegut Hatpus; cynbhatr aMMOHUS;
ceneHuT Kanus; cyibdar xpoMa (IIl) — kanus; HUTPUT Kadusl; HUTPAT aTIOMUHUS,
xsopup xkene3a (I1); cynbbun xanus; cynb@uT Kamus; cyiabdar nmuHKA; cyabdar
xeneza (I); mutpur HaTpus. Ykaxure, kakoe 3HaueHue pH(>7,<7,=7) umeet

BOJIHBIM PACTBOP Ka)JOM COJIH.

Jlureparypa

[OcHoBHas ureparypa 1-4, nonomHuTenbHas auTeparypa 2,3]

JIABOPATOPHAS PABOTA 8

OKUCJIMTEJIBHO - BOCCTAHOBUTEJIBHBIE PEAKIIUU

I_[e.m, H COACPKAHUC
O3HAaKOMHUTBECS C OCHOBHBIMHM THUIIAMH OKHCJIHMTEIHbHO-BOCCTAaHOBHUTEIBLHBIX

peakiuii, mpuoOpecTu HABBIKU B UX COCTABJIICHUU U YPaBHUBAHUHU.

TeopeaneCRoe 000CHOBaHHE
Bce xumnueckue pCaKkur MOKHO pa3acCjInTh Ha ABa THUIIA. K IEPpBOMY U3 HHUX
OTHOCATCA pCaKIHH, IIPOTCKAIOIIHNC 0e3 M3MEHEHHS CTCIIEHH OKHCJICHUS aTOMOB,

BXO/SIIIUX B COCTAB PCArupyromumux BCUICCTB. HaHpI/IMepI



+1 45 2 +1 -2 +1 +1 +5 2 +1 2
HNOs;+ NaOH = NaNO3+HzO

+2 -1 +1 +6 2 +2 46 2 +1

BaCl.+ K, SO, =BaSO.+ 2KC1

Ko BTOPOMY THUITY OTHOCATCA PCAKIMKU, UAYIIUC C MBMCHCHHCM CTCIICHHU

OKHCJICHHA aTOMOB pCarupyronmx BCIICCTB. HaHpHMep:

+1 +5 2 +1 -1 0

2K CIO; = 2KCl+ 30,
2K Br +CI’ =Br’ + 2K Cl.,
2 2

Peakmuu, mnporekamle ¢ HU3MEHEHHEM CTeleHH OKHUCISCHHS aTOMOB,
BXOJSIIUX B COCTAaB pEarupyrolIuX BeIIECTB, HA3bIBAIOTCA OKUCIUMENbHO-
eoccmanosumenvhvimu (OBP).

Cmenenv oKucieHus — D5TO YCIOBHBIM 3aps]l aroMa B MOJIEKYJIIe,
BBIYHCIICHHBIN U3 IPEANONI0KEHHUS, YTO BCE CBSA3H SIBJISIOTCS HOHHBIMH U YTO OOIIIHE
ANEKTPOHHBIE  Mapbl  CMEHIEHBl B CTOPOHY  aromMa ¢  OoJbliel

AIEKTPOOTPULIATEILHOCTHIO.

CTereHb OKMCIICHHS MOXKET HMETh IMOJOXKUTCIIBHOC, OTPHULATCIIBHOC H

HyseBoe 3HaueHus. Ee 0003HauaoT apabckoit nudpoii HaJ CUMBOJIOM AJIEMEHTa CO

+1 -2
3HAKOM IUTIOC WM MuHyC nepen 1udpoir. Hanpumep, Na.S. Jlwoboi

TTOJIOKUTEIIBHBIM aTOM SIBJISETCS OKHUCIHMTEIEM, a JIFOOOH OTpHUIlaTeIbHBIM aTOM —
BOCCTAHOBUTEIIEM.
B nm1000M coeanHEHUH KaXKJIOMYy aTOMY MOXKET ObITh IMPUIMCAaHA CTENEHb

OKHCJICHUS. BEIaucisor €C, UCXO O N3 CICAYIOINX MOJI0KCHHUM:

o o o

1) crenens okucaeHus NpocThix BemecTB paBHa Hy o (Cl., S, Na u 1. 1.);

2) MOCTOSTHHYIO CTETICHh OKWCJICHUS B COCIMHECHHSIX TPOSBISIOT IICIOYHBIC
meTamwinl (+1) — Na™!, K™ u gp., metannsl rnasuoii noarpynms! 11 rpymmsr (+2) —
Ca™, Mg" u ap., a Taxxe uuak Zn*? u kagmmii Cd*?;

3) BOJIOPOJ MPOSIBIISICT CTETICHh OKUCIIECHUS +1 BO BCEX COCTMHEHHSIX, KPOME

ruapuaoB metamioB (NaH, CaH»), rae ero crenenb okucieHus —1;



4) cTeneHb OKUCJIEHUS KUCIOpOJa paBHA —2, 3a UCKIIIOYEHUEM MEPOKCHUJIOB,
rae ero crenenb okucienus —1 (H2O2) u propuaa kuciaopona OF; (+2);

5) Mozekyna »leKTpOHEWUTpaidbHa, T. €. ajareOpanueckas cyMma CTENeHeu
OKHCIICHUSI aTOMOB B MOJIEKYJI€ BCEr/la paBHA HYJIO, a B CIOKHOM HOHE — 3apsiay
MOHa.

Hanpumep, onpenenum creneHu okuciaeHus cepbl B coequnenusx HoSO; u
H.S. Jlma Bomopoja xapakTepHa CTeNeHb OkucieHus +1, a mig kuciopoma —2.
O0603HauKM CTENEHb OKUCICHUS cephl uepe3 «X», Toraa mis HaSOs:

+1-2+X+3:(-2)=0,X=+4.

Amnamorngyno gog HoS: +1-:2 + X =0, X =-2.

ATOMBI OJTHOTO M TOTO K€ 3JIEMEHTA B Pa3JIMYHBIX COCITUHEHUSX MOTYT UMETh
pa3lInyHbIE CTENEHU OKucaeHus. Hanmpumep, cTeneHb OKUCICHUS a30Ta B MOJIEKYJIax
NH; u N2 =3 1 0 cOOTBETCTBEHHO, HO BaJICHTHOCTh B OOOMX COEJUMHEHHSIX paBHA
TpeM. 3 yero noHsiteH GopMalibHbIM XapaKkTep MOHATUS «CTENIEHb OKUCIEHUS», HO
ATO TMOHATHE YJOOHO MPUMEHSTH JII COCTaBIICHHS YPAaBHEHUW OKHCIUTEIbHO-
BOCCTAHOBUTEIBHBIX PEAKIUH.

OKUCIUTENHHO-BOCCTAHOBUTEINIbHBIE PEAKIIMHN — CaMbI€ PACIIPOCTPAHEHHBIE U
UTPAIOT OOJIBIIIYIO POJIb B IPUPOJIE U TEXHUKE.

OcHoBHbIE NON10CEHU MeoPUU OKUCTUMENbHO-80CCIMAHOGUMENbHBIX PeAKY UL

1. Oxucnenue - mpouecc OTJa4YU SJIEKTPOHOB aTOMOM, MOJIEKYJIOM WIIH

HOHOM.

Hamnpumep: Al' -3e=Al"; Fe* —e=Fe™; H, —2e=2H";
2CI —26=CI".

2. Boccmanoenenue — TpOLECC TPUCOETUHEHHST DIEKTPOHOB aTOMOM,
MOJIEKYJIOM WJIM HOHOM.

Hampumep: S° +2e=S""; CI, +2¢=2Cl ; Fe*" + e =Fe™.

3. ATOMBI, MOIEKYJbl WM HOHBI, OTHAIONINE OSJIEKTPOHBI, HA3bIBAIOTCS

eoccmanosumensamu. Bo BpEMs pCaKIIMK OHU OKUCIIAIOTCA.



4. ATOMBI, MOJIEKYJIBI

NI  HOHBI,

MIPUCOETUHSIONINE  DJICKTPOHHI,

Ha3bIBAKOTCS oKucaumenamu. Bo BpEMs pC€aKIM OHHU BOCCTAHABJIMBAIOTCA.

Tak kak aTOMBI WJIX HOHEI BXOZAT B COCTAaB OIIPCACICHHBIX BCIICCTB, TO U OTHU

BEIICCTBA COOTBECTCTBCHHO HA3bIBAKOTCA BOCCTAHOBUTCIAAMHA NJIHW OKHMCIHUTCIISIMU.

Tabmuua 8.1 — BaxxkHelime BOCCTAHOBUTEIU U OKUCITUTEIN

BoccranoBurenu

OkucnuTenu

ATOMBI METAJUIOB (s-, d-, f~ DIEMEHTHI),
BOZOPO/I, YTIIEPOT

ATOMBI  p-3IEMEHTOB B  BBICIIEH CTENEHU
OKHUCJIEHHUs, paBHOM Homepy rpymnmnbl. Camble
CHJIBHBIE OKUCIIUTENN — (PTOP U KUCIIOPO/I, CaMble
cnabele — aroMel IVA — rpynmel B BbIcHIEH
CTETIEHH OKUCJICHMS.

OTtpunatenbHO 3apsIKEHHBIC HOHBI
uemeramnos (S*, I~, Br~ u 1p.) B Hu3IIeH
CTCTICHH OKUCJICHHSI.

HMoHrbl MeTajJI0B B BLICOKOM CTEIIEHU OKHUCIICHUS
(Fe®, Sn**, Au™ ungp.)

CnoxHble MOHBI U MOJIEKYJIBI, COZIEpKaIne

2 2

+4 -2
S 032_ , No H wu np, npu B3auMOAENCTBUM C
4

CHUJIBHBIMH OKUCIHUTCIISIMU.

aroMbl B COCTOSIHMM,  TIPOMEKYTOYHBIX
+3 + +

CTEIIEHEN OKHUCIIEHUS O~ o 0
N 32 N ) S

CnoxxHble MOHBI M MOJEKYJbI, COJEpKallue
aTOMBl MeTajUla W HEMeETalla B COCTOSHUU

+7 +4
BBICOKOM CTCIEHH OKHCICHUS (MnOi* , MnOz,
+6 5 +6 +4 +5
Cr 07‘, CrO}, PbOz, HNO3 U €€ COIH,

+ +5 _
H2 §O4, C103 u ap.)

DNEeKTpUUECKUN TOK Ha KaToJe

O30H (0O3), nepokcun Bogopona HrO> (Moxer
ObITb W  BOCCTAHOBUTENIEM),  HepcyiabdaT
amMmonusi (NH , ), S,0; , 1apckasi BOAKa, CMECh
KUCJIOT:  A30THOMU

KOHLICHTPUPOBAHHBIX 51

IJTABUKOBOM H JIp.

DNEeKTpUUECKUH TOK Ha aHOJIE

4. OKuCJIEHHE BCEraa COMPOBOXKIAETCS BOCCTAHOBICHHEM, W HA00OPOT,

BOCCTAHOBJIEHHE BCerJa CBJ3aHO C
YPaBHECHUSIMU:
BoccranoBurenns —
OKUCIUTEND +

OKHMCJIEHHMEM, 4YTO MOXHO BBIPA3UTh
e o OxucauTeb
e <« Boccranosuresn




Ilpuuem, uucno INeKmpoHos, omMoOaAsaAeMvlX 60CCHIAHOGUMEIEM, DAGHO
yucny 31eKmpoH08, NPUCOCOUHAECMBIX OKUCTUMENEM.

Paznmuuaror Tpm THNA  OKHCIUTEIHHO-BOCCTAHOBUTEIHHBIX  PEaKITHIi:
MENCMONEKYISIPHbIE,  GHYMPUMOLEKVISPHbIe U peakyuu  CAMOOKUC/IeHUs-
CamoB80CCMAHOBIEHUS (OUCNPONOPUUOHUPOBAHUSL).

Mestcmonekynaphuole OKUCTUMETbHO-60CCIAHOBUMENbHBIX PEaAKYUU STO
peaKkinu, B KOTOPBIX NOH-OKUCIIUTENh U HOH-BOCCTAHOBHUTENIb HAXOSITCS B Pa3HBIX
BemecTrax. Hampumep,

2K ,Cr,0, +3C + 8H,S0, = 2Cr,(SO,), + 2K,SO, + 8H,0 T +3CO, T

2Cr*° + 6 — 2Cr° |2
C'-4e—>C" |3

K.Cr,0, + 6FeSO, + 7H,SO, = Cr,(S0,), + K,SO, +3Fe,(SO,), + 7H,0
2Cr" + 6e —» 2Cr°| 1
2Fe” —2e > 2Fe”| 3

Wnu B noHHoM dopme:

Cr,0> +14H' +6e —2Cr” + 7H,0 |1

2Fe” — 2e — 2Fe” 3
CrO” +6Fe” +14H" =2Cr” +6Fe™ + 7H O
2 7 2

BHympuMOJleKle}lprle OKUCIUMEIbHO-60CCMAHOBUmME/IbHBbIE peaKuuu
HUMCIOT MECTO TaM, A€ aTOM-OKHCIHUTCIb M aTOM-BOCCTAHOBHUTCIIb HAXOAATCA B

MOJIEKyJIe OJIHOTO BenecTBa. Hanpumep:

+5 2 -1

0
2K ClO; = 2K Cl+30:1



2
3

CI” + 6e > CI'
207 -4e >0’

) 0

2HgO =2Hg’ + O,

Hg”? +2e >Hg" | 2

207 —4e > O‘; 1
-3 +6 o +3
(NH,),Cr. O, = N, +Cr. O, +4H,0
1
1

2Cr° + 6e - 2Cr'

N — 68 > N,

B peakyuisx CAMOOKUC/IEHUA-CAMOB0CCMAHO6/ICHUA (0ucnp0nop-
uuouupoeauuﬂ) OKHUCIIUTCICEM MW BOCCTAHOBHUTCIIEM SABJIACTCA OAHMH M TOT XK€
QJICMCHT, KOTOpBIﬁ B Ha4aJIC pCaKN HAXOJUTCA B OI[HOI>'I CTCIICHU OKMCIICHHUA .

+6 +7 +4

3KMnO, +2H,0 =2KMnO, + MnO, + 4KOH

Mn" +2e —->Mn"| 1
Mn" -& >Mn" |2
WM B HOHHO-3JIEKTPOHHOH (popme

MnO> +2H,0 +2& —MnO, +40H | 1

MnO?> —& — MnO; 2

3MnO;" +2H,0 — MnO, +2MnO, +40H"

CymeCTByeT JABa METOJa COCTAaBJICHUA OKUCIUTCIBbHO-BOCCTAHOBUTCIIbHBIX

peaKIuii:



1. Memoo 3n1ekmponnozo oananca, B OCHOBE KOTOPOTO JIEKHUT IMPaBUIIO:
oOu1ee Ynucio 3JIEKTPOHOB, KOTOPHIE OTJAET BOCCTAHOBUTEIb, BCErAa PABHO O0IIEMY
YUCIIy 3JIEKTPOHOB, KOTOPbIE MPUCOEANHSAET OKUCITUTEID.

2. HoHnHO-21eKMPOHHBIIL MemoO OCHOBAH Ha COCTAaBJICHHWHM YPaBHEHUU
MOJIypeaKUUii BOCCTAHOBJIEHUSI aTOMa (MOJIEKYJIbI) OKUCIIUTEINS U OKUCIICHUS aToMa
(MOJIeKyJIbl) BOCCTAHOBHUTENS M MOCIEYIONIEM CYMMHUPOBAHUU 3THUX IOTYPEAKIIHA,
C yueToM K03 (HUITUEHTOB.

B OKHCIHTENBbHO-BOCCTAHOBUTENIBHBIX PEAKIUAX IKGUBAIEHMHAA MaACCA
OKucaumess paBHa OTHOUIEHUIO €r0 MOJIEKYJISIPHOM MacChl K YUCITY MPUHATHIX UM
DIIEKTPOHOB, IK6UGAIEHMHAA MACCA 60CCMAHOEUMENA ONIPENEIACTCA NEICHUEM
€ro MOJIEKYJIIPHOM Macchl Ha YUCJIO OTJAHHBIX UM 3JIEKTPOHOB.

Ha mnporekanne OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKUUN  BIMSIOT
npupoJa U KOHLEHTpalus pearupyrommx BewiecTB, pH cpenbl, kaTanau3aTopsl,
TEMIEPATYpA.

JUis peakuuid, NPOTEKAIOIIMX B pPACTBOpaxX, CTPEMIICHHE K MEPEXOy
AIIEKTPOHOB OT OJIHUX AaTOMOB WJIM HOHOB K JPYTUM XapaKTEepU3yeTcs HUX

OKHUCIUTCIBbHO-BOCCTAHOBUTCIBbHBIMU ITIOTCHIIHMAJIaMU.

Oxucaumenvho-eoccmanosumenvhvlii nomenyuan (Red-Ox nomenyuan)
— 3TO paBHOBECHAs Pa3HOCTh MOTEHIIMAJIOB, BO3HUKAIOIIAS MEXKY AJIEKTPOAOM U

pPacTBOPOM B PE3yJIbTATE UX B3AUMOJCUCTBUS.

3nauenuss Red-Ox mnoreHnmanoB sl CcTaHAapTHBIX yciaoBud ( E° )

IMPUBOAATCA B CIIPAaBOYHHUKAX.

Yem wmenbmre BeanmunHa  Red-Ox  moTeHnumana, TeM — CHIJIBHEE
BOCCTaHOBHTENILHEIE cBoMcTBA. UeM Oosblre BenmnunHa Red-Ox moreHmuana, TeM

BBIIIIC OKUCITUTEIbHBIC CBOMCTBA AaTOMOB, HOHOB, MOJICKYL.
Hanpumep, mns npouecca K=K" +¢, E’ . =-2,92 B,

T. €. KAJIUU — CWIBHBIH BOCCTAHOBUTEID.



s mponiecca 2F =F, +2¢e, E°  =+42,87B,

2F/F,
T. €. PTOp — CHIIBHBIN OKUCITUTENb.

Benuunna snexkrpognoro noreniuana (E) 3aBUCUT OT mpuposl AIEKTpoaa,
koHueHTpaiuu (C) Win oT akTUBHOCTH (a) MIOHOB B PaCTBOPE U TEMIIEPATYpPHI. DTa

3aBUCUMOCTb BBIpaXkaeTcsi ypaBHeHHeM HepHcra:
E=E’ +I£lgC, (8.1)
nF
rae E° — cranaapTHBIN 3JIEKTPOAHBINA MOTEHIMAN (IPUBOAUTCS B CIPABOYHUKAX); R
— YHUBEpPCaJbHAs ra3oBas MOCTOSIHHAS;, N — YUCJIO 3JICKTPOHOB, YYaCTBYIOIIUX B
peakiuu; F —yucno ®@apanes; T — remneparypa, K; C — koHLIeHTpa1iusi, MOJIb/J.
Bo3moxuocTs ocymiectsienus OBP onpenensier n306apHO-U30TEPMUYECKUI
noteHuuan AG. Benuuuna E u 3Hauenune AG cBsizaHbl MeX1y COOOI:
AG =—nFE. (8.2)
Takum 006pazom, 3Hast Red-Ox moTeHnanbl, MOXKHO MPEBUIETh HAITPABIICHHUE

OKHUCIUTCIBHO-BOCCTAHOBUTCIIbHBIX peaKHI/Iﬁl peaknusa IPOTCKACT B BI)I6paHHOM

HaMpaBJICHUH, €CJIU PA3HOCTh MOTEHIUAIOB NOJOKUTENBHA, a AG<0.

IIpu6GopsbI 1 peakTUBBI

[ItatuB ¢ nmpoOUpKaMu; CTEKJISIHHbIC MUIETKHU, PUIbTpOBaIbHAA Oymara,
HaXXJIadHas Oymara, eje3Hble TBO3/IH, JUCTHLTMPOBaHHAS BOA.

Kuokue peaxmugvi: CuSQOys, Lo, cBexenpurotoBiaeHHbie 0.5 H. pacTBOPHI
Na>S03, KMnOs, H2SO4, NaOH, KNO»2, K>Cr207,cons Mopa FeSO4, FeCls nmm
Fex(S04)3, K1, pacTBOp Kpaxmaiia.

Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. nabopatopnyto pabdorty 1.

MeToauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI



OmnpiT 1. BoccTaHOB/IeHHE HOHOB MeIU METAJLUIHYECKUM KeJIe30M

1. B npo6upky Hanelite 5-10 xanenb pactBopa cyibdaTa Meau.

2. OnycTute B COEPKUMOE MPOOUPKU HA HECKOJIBKO MUHYT KEJIE3HBIM
I'BO3/lb, IOBEPXHOCTh KOTOPOTO MPEABAPUTEIHLHO OUHINIEHA HAXKAAYHOU OyMaroii.

3anuch AaHHbIX onbiTa. Hanumure Bamm naGmionenus. CocTaBbTe
ypaBHEHHE PEAKIIUU B MOJIEKYJISIPHOM U MIOHHO-3JIEKTPOHHOH (hOopMax U ypaBHSIUTE

UX. YKaXHUTE OKUCINTENIb U BOCCTAHOBUTEIIb.

OnsIT 2. BoccTaHoBJIeHHE MOJIERYJI ﬁona A0 HOAUA-UOHOB Cy.]]]:.(l)l/ITOM

HATPUSA
1. B nmpoOupky Haneitte 2-3 kamiu pactBopa iozaa lo.
2. [IpubaBnsiite kK pacTBOpY #oJa CBEXKENPUTOTOBICHHBIH PacTBOP

cynbduta Hatpusg NaxSOs 10 obeciBeunBaHus pacTBopa.
3anucek JaHHBIX ONbITA. ONUIINTE, UTO MPOUCXOAUT. COCTaBbTE ypaBHEHUE
peakiuu B MOJEKYJSIPHOW W HOHHO-AJIEKTPOHHON (opmMax M YypaBHSUTE €ro.

VKaXUTe OKUCIIUTEIIb U BOCCTAHOBUTEIb.

OmnpiT 3. BoccTaHOBJ/IeHNE EPMAHTAHATA KAJIUS HUTPUTOM KAJIUs

1. K 5-10 kamenpb pactBopa nepmanranara kaiaus KMnOg4 no6aBbte 3-4 Kamiu
paz0aBieHHO cepHOM KuCI0Thl H2SO4.

2. 3atem mo kamisiM noOaeinsiite pactBop HutTpara kanuss KNOz (MoxHO
KPUCTAJUTMKH) 10 TTOJTHOTO 00€CIIBEYNBAHUSI.

3anuch JaHHBIX onbITa. YeM 00ycroBieHo oOpa3oBaHue Oyporo rasza mnpu
n00aBIeHNN U30BITKA HUTPUTA Kalius K KucioMy pacTBopy? CocTaBbTe ypaBHEHHE
peakiuu B MOJIEKYJSPHOW W HOHHO-AJIEKTPOHHON (opMax M ypaBHSUTE €ro.
OxapaktepusyiTe PyHKIHUIO KaXA0TO U3 YYACTBYIOIINX B HEMl BEIIECTB. Y KaXKUTE

OKHUCJIUTCIb U BOCCTAHOBUTCIIb.



OmnbIT 4. Oxuciaenue cyiabdara xenesda (II) fuxpomarom Kajus

1. Haneitte B npobupky 2-3 kamiu pactBopa guxpomara kanus KoCr.O7 u
cronbko ke 0,5 H. pactBopa H2SOa.

2. K nosiy4eHHOMY pacTBOPY NMPUJIEUTE MO KAIUISIM CBEXETIPUTOTOBICHHBIN

pactBop cyibpara xene3a (II) FeSO4 (unu cons Mopa), moka nuxpomaT-uoHbI (

Cr O”) HOJHOCTBIO HE IIPOPEATrUPYIOT, T. €. 0 JOCTUKEHHS yCTONYMBOCTH OKPACKH.
2 7

3anuch JaHHBIX onbITAa. B kakoi 1BeT okpaiiieH pactBop? Kakyro ¢yHKIMIO
BBITIOJTHSIET B 3TOM peakiuu cynbdat xkenesa (I1)? CocraBpTe ypaBHEHUE pEaKIuU B
MOJIEKYJISIPHO W HMOHHO-3JIEKTPOHHOM (Qopmax. VYKaKUT€ OKUCIUTENb U

BOCCTAHOBUTCIIb.

OnbIT 5. OkKMcauTEIbHBIE CBOMCTBA coJiei keqe3a (I1I)

1. Haneiite B npobupky 8-10 kanens pactBopa xsopuaa FeCls unu cynngara
xenesa (II1) Fex(SO4)s.

2. [IpubaBbTe Takoi ke oO0beM pacTBopa moauaa kanus Kl, Habnronas 3a
W3MEHEHUEM OKPACKHU.

3. VcnbITyemblil pacTBOp BOJOMW, pa3[eiauTe Ha JBE MPOOUPKU U B OJHY
00aBbTE MO KaIUIsIM PacTBOP Kpaxmada.

3anuce AaHHBLIX omnbIiTa. Kak wW3MeHseTcs OKpacka pacTBopa IpH
nobaiaeHnu woauaa kamuss? O uYeM CBUACTEIBCTBYET CHHEE OKpallMBaHUE
pactBopa B mnpoOupke c Kpaxmanom? CocTaBbT€ YpaBHEHUE pEaKIUu B
MOJIEKYJISIPHO U HMOHHO-3JIEKTPOHHOU (opMax, ypaBHAMTE €€ U YKaKUTE

OKHUCJIHUTCIb U BOCCTAHOBUTCIIb.

OnbiT 6. Biausiuume pH cpeabl Ha HanpaB/ieHHE OKMCJIUTEIbHO-
BOCCTAHOBUTEJbHBIX PeaKuuil

1. Bo3pmute uetbipe npoOupku. B kaxmayro u3 Hux Haneiite 9-10 kamens
pacTBopa nepmanranara kanus KMnOs. [lepByto npoOupKy ocTaBbTE B KaueCTBE

KOHTPOJIBHOM.



2. Bo BTopyto npobupky god6asste 3 karmau 0,5 H. pacTBOpa CEpHOM KUCIOTHI
H2SO4 (pH < 7).

3. B tperbto mpoOupky no6aBbre 3 kamim 0,5 H. pacTBOpa THAPOKCHAA
Hatpus NaOH (pH > 7).

4. B ueTBepTyto mpodupky n106aBbTe 3 Kariu Boasl (pH = 7).

5. Bo 20, 3-t0 u 4-10 npobupkd A00aBUTh MO  KaruisM
CBEXKETPUTOTOBJIECHHBIH pacTBOp cylbdura HaTpuss NaxSO; 10 XapaKTepHOTo
M3MEHEHHUsS OKPaCKH pacTBOPOB.

3anuch JaHHBIX onbITa. Kak MeHseTCs OKpacka pacTBOpa BO 2-i mpooupke?
Kakoe coenunenue B BuJe ocajika oOpa3oBaioch B 3-il mpoOupke? Kakoii mon
MPUAAET PACTBOPY TaKyro okpacky? Kak n3aMeHmunach okpacka pacTBopa B UeTBEpTOI
npooupke?

3anuIInTe YpPaBHEHHS PEAKIUNA B MOJEKYJSIPHOM M HOHHO-3JIEKTPOHHOU
dbopmax, ypaBHsaiTe ux. Ha ocHOBaHUM MPOBENECHHBIX OMBITOB CAEIANTE BHIBOJ O
XapakTepe MPOAYKTOB BOCCTAHOBIICHHS NIEpPMaHraHaT-uOHA B 3aBUCUMOCTH OT pH
cpeasl. B kakoll cpene TepMaHraHaT-uOH MPOSABISIET 0o0Jie€  BBICOKYIO

OKHCJIMTCIbHYTO aKTUBHOCTBL?

Coaep:xanue oTyera u ero popma

Kaxx1p1il cTyIeHT OJDKEH UMETh JIa00paTOPHBIN KYpPHAI, KOTOPHIH SIBISETCS
JIOKyMEHTOM, OTPaKaIOIUM BCIO €ro paboTy. Bce HaOMIOACHWS W BBIBOIBI 10
AKCIIEPUMEHTATILHON paboTe, TmpoJeIaHHOW B Ja0OpaTOpWHU, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAI HEITOCPEICTBEHHO MOCIIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSITh M3 AaThl, Ha3BaHUS U
HOMepa J1abopaTopHOM PadOThI, HETH PadOThl, METOJUKHA IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIuid, BEIBOJAOB U pacyeToB ((popMyIibl,

Ta0auIkl, rpadukn).

Bonpocs! 11 3a1iMThHI J1a00PATOPHOI PpadoOThI



1. JlaliTe onpeaeneHne OKUCIUTEILHO-BOCCTAHOBUTEIILHBIX PEAKITUMN.

2. Knaccudpuuupyite  OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE  PEAKIIUHU.
[IpuBenute onpeneneHrss 1 TPUMEPBL.

3. IlepeuncnuTe OCHOBHBIE TOJIOKEHUS TEOPUU  OKHUCIUTEIBHO-
BOCCTAHOBUTEIBHBIX PEAKIIUM.

4. Yto TaKoe CTENEeHb OKUCICHHUS?

5. JlaiiTte ompeneneHUe IMOHATUAM «OKHUCIUTEIb» M «BOCCTAHOBUTEIDY.
IlepeuricnuTe U3BECTHBIE BaM OKHUCIWTEIM M BOCCTAHOBHUTEIM, UCIIOJIb3YEMbIE B
CTPOUTEIIbCTBE.

6. YKaxunTe, KaKue U3 MePEUUCICHHBIX PEAKIIUNA OTHOCATCS K OKUCIUTEIBHO-
BOCCTAHOBUTEIbHBIM:

a) Cr2(S04)3+ 6RbOH — 2Cr(OH)3 + 3Rb2SO4;

0) 2Rb + 2H>0 — 2RbOH + Hy;

B) 2CulJ2 = 2Cul + Jz;

r) NH4Cl + NaOH = NaCl + NH3; + H20.

7. Cpenn MIPUBEICHHBIX MpeBpaIICHUN YKaXUTE peakuuu
JUCTIPOMTOPIIMOHUPOBAHUS:

a) S + KOH - K>SOs + K»S + H20;

0) AuxO3 — Au + Oy;

B) HCl + CrO2 — CrCl; + Cl> + H20;

r) HC103 — ClO2 + HClOg;

1) NoHs — N2 + NH;,

8. Jo KakHX MPOIYKTOB MOKET ObITH OKKciIeHa Boja: a) O u H'; 6) no OH"
u Ho; B) 1o 20H™?

9. B kakux M3 yKa3aHHBIX NpPEBpAIIECHUN KUCIOPOJ BHIMOTHSAET (PYHKIHUU
BOCCTAHOBUTES:

a) AgO - Ag+ Oy;

0) F2 + H,O — HF + Oy;

B) NH3 + O2 — N2 + H20;



r) AgNOs;+ KOH - Ag + KNO3 + O».
10. Vka3aTp, Kakue U3 CIECAYIOIIUX PEAKUUN SIBIAIOTCS OKHUCIUTEIBHO-
BOCCTAHOBUTEIbHBIMHU:
HCI1 +NaOH = NaCl + H;O0,
H>SO4 + BaCl, = BaSO4 + 2HCI,
Zn + HySO4 = ZnSO4 + Ho,
C+ 02=CO0,,
CaCO; =CaO + COa.
11. Yka3aTh, Kakie aTOMBI SIBJISIETCS OKUCTUTENIEM U KaKe BOCCTAHOBUTEIEM
B pEaKIUsX:
H>S + Br, =2HBr + S,
2HgO =2Hg + Oo.
12. Yka3aTp, Kakue U3 MPUBEICHHBIX HUXKE aTOMOB U HIOHOB MOT'YT SIBJISITHCS:
a) TOJIBKO BOCCTAaHOBUTENSIMU, ©O) TOJBKO  OKUCIUTEISIMH, B) Kak
BOCCTAaHOBHTENAMH, Tak 1 okuciurensmu: K, Cl-, S2, S0, §™ N, N™ N, N3,
13. I[logoOpath K03 HUITMEHTHI B TPUBOJUMBIX HUKE YPABHEHUSX:
SOz + Bra + H2O — HBr + H2SOg4,
HNOs3 + P + H>O — H3PO4 + NO.
14. OnpenenuTh OKUCAUTENb U BOCCTAHOBUTEND B PEAKIIUSIX
HCI1O3; + H2SO3 — HCI + H2SO4,
I + HNO3 — HIO3 + NO + H>O.
15. Vka3zaTp, Kakue u3 CIECAYIOIIUX PEAKUUN SIBIAIOTCS OKHUCIUTEIBHO-
BOCCTAHOBUTEIHHBIMHU:
AgNOs + NaCl -AgCl + NaNOs,
NO + O2 = NOg,
CaCOs + HCI — CaCl, + CO; + H20,
H2SO3 + O2 = H2SO4.

16. HaiiTu K03((pULHUEHTHI B CAEAYIOINX YPABHEHUSX:



FeCl; + HoS — FeCl + S + HCI,

P>0s + C —»P + CO.

HNO3 + Cu - Cu(NOs)2 + NO + H20,

KOH + CIO2 — KClO3 + KCIO2 + H20.

17. VYka3arb, uUTO SBJISIETCS OKHCIMTEIEM, a 4YTO BOCCTAaHOBUTEIEM B
peaKuusx:

HNO3 + Cd — Cd(NO3)2 + N2O + H20,

KClO; — KCl + Oa.

As2S3 + HNOs + H2O — H3AsO4 + NO + HaSOg,

FeS + O2 — Fe203 + SO».

18. YpaBHATH peakIiuyi METOIOM 3JIEKTPOHHOTO OajaHca:

Nal + MnO; + H2SO4 — Na;SO4 + MnSOs4 + I, + HoO,

HCl + Al - AICI; + Ha.

19. Kakne u3 JAHHBIX  pEaKIUid  SBJISIOTCS OKHUCIIUTEIBLHO-
BOCCTAHOBUTEIbHBIMHU:

HNO3 + Zn — Zn(NOs)2 + NH4NOs + H20,

KCl + NaNO3 — NaCl + KNOs,

Ca(OH)> + HNO3 — Ca(NOs)2 + H20,

HCIO; + HCI — Cl + H20.

20. KakoBa creneHb  okucieHus — gocpopa B COCAMHECHUSX:
H;PO,4;P,0,4;H;PO5;H4P,Og.

21. YpaBHslTE peakii0 METOIOM AJIEKTPOHHOTO OallaHca:

Na,C,04 + KMnO,4 + H,SO4 — CO, + MnSO, + K,SO, + Na,SO, + H,O.

22. CocTaBbT€ ypaBHEHHUE PEAKIIMKM OKUCIEHUS MOJUJA KA AUXPOMATOM

KaJIUsl B CEPHOKHUCIIOM PAcTBOpPE, MPUHUMAs, YTO MPOAYKTAMU PEAKIIUU SIBIISIIOTCS

non, cynbdar xpoma (II) u cynapdar xanus. YpaBHsiiTE METOOM 3JIEKTPOHHOTO

Oatanca.



23. IlpuBecTn mpuMeEpbl COCIMHEHUM a30Ta, XJIOpPA MU MapraHia, KOTOpbIE
MOTYT TIPOSIBISATh: TOJIbKO OKUCIUTEIbHBIE CBOMCTBA; TOJIHBKO BOCCTAHOBUTEIbHbBIC
cBoiicTBa. Hanumure ux hopmyibl.

24. CocraBbT€ YypaBHEHUE pEAKIHMU B3aUMOACHUCTBUA KAIbIUA C
KOHIICHTPUPOBAHHOU cepHOIl kucioTol. CkoIbKO 00pa3yeTcsi MOJEKyJ cynb(ara
KaJIbIUsl, €CIU MPOAYKTOM BOCCTAHOBJICHUSI CEPHOM KHUCJIOTHI SIBJISIETCS

cepoBoIopoa?

25. Kakue U3 mpuBeICHHBIX AJIEMEHTAPHBIX HOHOB CIIOCOOHBI IIPOSIBIIATE: Q)
TOJIbKO (YHKIUIO OKUCIUTENSA, O) TOJBKO (YHKIHUIO BOCCTAHOBUTEIS, B)
neoiicreennyo ¢yuxiumo: F, H,H", Cu’, Cu™, Fe” ,S",S",Sn™, Mg"™ ,Mn™",J?
OTtBeT 00OCHYyMTE.

26. Kakume w3 yKa3aHHBIX HWXK€ BELIECTB MOTYT NPOSBISTH TOJIBKO
OKHCIIMTENBLHBIC CBOMCTBA, TOJIBKO BOCCTAHOBHUTEIBHBIE CBOMCTBA, Kak

OKHCJHUTENIbHBIC TaK U BoccTaHOBHUTEIbHBIE cBoiicTBAa: KMnO4; MnOy; V20s; KI;

PbO,, NH3; HNO>; NaxS; NaxSO3; HNO3; KoCr2O7; PH3? OTBet nosicHuTE.

Jlureparypa

[OcHoBHas nutepartypa 1-4, nononHUTENbpHAsA TUTEpPATypa 2-5]
JIABOPATOPHASA PABOTA 9
KOMIIVIEKCHBIE COEIUHEHUA
Lesab u cogep:xanune
[lonydyeHne  KOMIUIEKCOB  pa3jaMYHOro Tuma. F3ydeHue cTpoeHus

KOMIIJICKCHBIX MOHOB U MX CBOMCTB.

TeopeaneCKoe 000CHOBaHHE



Komnnekcuvimu Ha3bIBaloTCS COJINn, O6paSOBaHHBIC KOMIIJICKCHBIM HOHOM,

Hanpumep: Ks[Fe(CN)s], [Cu(NH3)4]SOa.

eHewnss cepa  6HympeHHAA  cepa

K, [ Fe (CN)]

KOMNIEKCO—
obpazosamens

Komnnekcoodpazoeamens — TONOXUTEIBHO 3apsDKEHHBI HOH MeTajlia
(dame Bcero d- u f-metab).

Jucanoer  —  MONEKyJdbl  WIM  MOHBL,  NPUCOCAUHSIONIMECH K
KOMILIEKCO0Opa30BaTelo.

Koopounayuonnoe uucino (k.4.) — 44cio, oKa3bpIBaroIee, CKOJIbKO JIMTaH/I0B
YAEPKUBAET KOMILUIEKCOOOpa30BaTEb.

Ha3BaHuss KOMILIEKCHBIX cOJ€il 00pa3yroTCs aHAJOTMYHO HA3BaHUIO
OCTAJIBHBIX COJIEH, MPU HSTOM YKa3bIBAIOTCS JUTaHABl M CTENEHb OKUCICHUS
komruiekcooopaszoBarensi. Hampumep: [Cu(NH3)4]SO4 — cynbdarrerpaaMmmMun Meau
(I1), Naz[Be(OH)4] — TeTparunpokcoOepusiaT HaTpusl.

3apsii  KOMILJIEKCHOTO HOHA paBeH 3apsAly BHeEImHed cdepbl, HO
MPOTUBOIOJIOKEH eMy o 3HaKYy. Koopaunanuonnoe YUCTIO
KOMILIEKCOOOpa30BaTesl paBHO YUCITY JTUTAHJ0B, KOOPJUHUPOBAHHBIX BOKPYT HETO.
CreneHb OKHUCIEHUS KOMILJIEKCOOOpa30BaTeNsl ONPEACISIETCSl TaK K€, KaK CTEIEHb
OKHCIICHUSI aToMa B JIIOOOM COEIMHEHUH, UCXOMAS U3 TOr0, 4TO CyMMa CTEIeHEeH
OKHCIICHUSI BCEX aTOMOB B MOJIEKYJI€ pPaBHA HYJIO. 3apsibl HEUTPAIbHBIX MOJIEKYJI
(H20, NH3) paBHbI Hymt0. 3apsiibl KUCIOTHBIX OCTaTKOB OMPEACNSIIOT U3 (hopMy

COOTBCTCTBYIOIIHUX KHCJIOT. OTCIOI[aI

KomriekcHoe 3apsan | Koopaunarmonnoe | CrerneHn
COC/IMHCHIE MOHA YHCIIO OKMCJICHUS
K3[Fe(CN)¢] -3 6 +3

Na[Ag(NO2)2] -1 2 +1

[Cr(H20)2(NH3)3:CI]Cl2 +2 6 +3




Komnnekcuvie coeOunenusa — dIEKTPOIUTHI, TP JUCCOLMALMN B BOIHBIX
pacTBOpax o0O0pa3ylOT KOMIUIEKCHbIE HMOHBI W HMOHBI BHEIIHEW cdepbl. OTa
JVCCOLMANMS HAa3bIBAETCS IEPBUYHON, OHA MPOTEKAECT MPAKTUYECKHU IOJIHOCTBIO.

OOpatuMblii pacmiajl BHYTpEeHHEH cdepbl KOMIUIEKCHOTO COEIMHEHUS
HAa3bIBAIOT BTOPUYHOM Aaucconuanueil. B pe3ynaprare BTOPUYHOW IHCCOLMALINU
YCTAQHABJIMBACTCS PABHOBECHE MEXKIYy KOMIUIEKCHOM YaCTUIEH, LEHTPaJIbHBIM
VOHOM H JINTAHJaMH.

Takum o00pa3oM, AHMCCOLUMALMIO YKAa3aHHBIX KOMIUIEKCHBIX COEIMHEHUI
MOYHO IPEACTABUTH TAK:

a) Ks[Fe(CN)s] — 3K* + [Fe(CN)s]*",

[Fe(CN)6]* = Fe*" + 6CN".

6) [Cr(H20)2(NH3)3CI]Cl2 — [Cr(H20)2(NH3)3CI1]>* + CI

[Cr(H20)2(NH3)3C1]*" = Cr** + 2H>O + 3NH; + CI.

Bropuunas JUccoIanus, CBOMCTBEHHAs KOMILIEKCHOMY HOHY
XapaKTepU3yeTcsl  KOHCTAHTOM  PaBHOBECHS,  HA3bIBAEMON  KOHCMAHMOU
. [
[Fe* ]-[oN]

HeCmoUKOCmMuU KOMNJIEeKCHO20 uona. K = T .

| [Fe(eN), I |

IIpubopbI M peaKTUBBI

[lIratuB ¢ mpoOWpkamu, THUNETKA  KaleJdbHbIE, MHUKPOIIIATEb,
yHUBEpCaIbHAs WHIWKATOPHBISI Oymara, BoJa JUCTHIIUPOBAHHASL.

Kuokue peaxmuewi: pactBop ammuaka (25%), cynasdara uunka (0,5 H.),
cynbdara Hukens (0,5 H.), cynbdarta meau (I1I) (0,5 H.), cynbdaTa amtomunus (0,5
H.), xopuaa xpoma (I11) (0,5 n.), xmopuaa 6apus (0,5 H.), pacTBop ammuaka (2 H.),
ruapokcuaa Hatpus (2 H.), cynbduna Hatpusa (0,5 H.), rekcarmanodeppara (I11)
kanus (0,5 H.).

Cyxue peakTHBBI: TPaHyJbl 0J0Ba, coib Mopa.



Yka3aHusi o TexHuke 0€30MacHOCTH

Cwm. nabopartopHyto padoty 1.

MeToauka v NOPSI/IOK BHINOJHEHNSI PA00THI

OnbIT 1. AHMOHHBIE KOMILTIEKChI

AHHOHHBIMM B YaCTHOCTHU SIBJISIIOTCS THAPOKCOKOMIUIEKCHI. [l ux
MOJIYYEHHUSI B TPU MPOOUPKHU pa3/ieIbHO TOMECTUTE PACTBOPHI COJIEH IIUHKA, XpoMa
(IIT) u amomunusa. B kaxnyro U3 HUX J00aBbTE MO KaIUIsIM PacTBOP HIEIOUH.

Ha6J'IIOI[aI\/’ITe BHA4aJIC BbIIAACHHUC OCAAKOB 110 HOHHBIM PCAKIWAM THIIA

Me™ + nOH — Me(OH), 1,
a 3aT€M UX PACTBOPEHHE B M3OBITKE MIETOYM C 0Opa30BAaHUEM PACTBOPUMBIX

THAPOKCOKOMIIIICKCOB
Me(OH) +nOH™ — | Me(OH),, I

3anuce AaHHBIX onbiTa. Hanuwmmre ypaBHEHHS BCEX MPOAECIAHHBIX
peakiuii. [ MapoKCuapl KaKUX METAJII0B CITIOCOOHBI 00pa30BhIBaTh TAKME AHUOHHBIC

KOMILUJIEKCHI?

OnbIT 2. KaTHOHHBIE KOMILTIEKCHI

KaTnoHHBIMU KOMIUIEKCAMM B YAaCTHOCTH SIBIISIIOTCS aMMMakathbl. s
MOJIyYEHUs] aMMHUaKaTa HUKEJSl BHECUTE B TpoOUpKy 3—4 Karuiu cysib(paTa HUKEIS
(N1SO4) u Taxoil xxe 00béM pacTBOpa rujpokcuna Hatpuss (NaOH). O6pa3zyercs
ocagok ruapokcuna Hukens (II). AkkypaTHo crieilite pacTtBop, U3 MPOOUPKHU
octaBUB ocagok. OcTarku JKUAKOW (a3bl MOXKHO YIAIUTh  IOJOCKOU
bunpTpoBaIbHON Oymaru.

K ocanky no6aBbre 5—6 Kameib KOHLIEHTPUPOBAHHOTO PACTBOpPa aMMHUAKa.
TmiaTenpHO TEepeMelaifTe A0 TMOJHOTO pacTBOpeHusl ocaaka. B oTaenbHyrO
npoOHPKY MOMECTUTE HECKOJIBKO Kameilb pacTBOpa CylibdaTa HUKENS U CPAaBHUTE

€ro OKpacKy C OKpacKkodM pactBopa rujpokcujaa rakcaammuuuukens (1)



MOJTY4YEHHOIO IO PEAKIIUN

Ni(OH), + NH, - H O —[Ni(NH ) J(OH), + H,0.

3anuce aaHHBIX onbiTa. Hanumure ypaBHEHHS NPOBEIEHHBIX PEAKLIHIM.
Kakoe ocHoBanue siBiseTcs 0ojiee CHIBHBIM: MPOCTOE WM KoMmIuiekcHoe? OTBeT

o0ocHyiiTe.

OnbiTt 3. IlosyyeHue W mHcc/ieIOBAHHE KOMILUIEKCHOIO COeIUHEHUs
cyiab@ara terpaammuamenu (I)

[Tomectute B mpobupky 1-2 mu pactBopa cynbdara meau (I1) (CuSO4) u o
KarsiM - 10OaBIsiiTe KOHIEHTPUPOBAHHBIM pacTBOp ammuaka. HalOmronaiite

BHAuaJle BBIMAJICHUE 0CAJIKa OCHOBHOTO Cyib(dara, 00pa3yrolierocs rno peakimuu

CuSO, + NH, - H,0 — (CuOH), SO, ¥ +(NH,), SO,

a 3a TeM €ro pacTBOPEHHE U M3MEHEHHE I[BeTa pacTBOpa npu oOpa3oBaHUU
KOMILIEKCHOTO cyib(dara Tetpaammuamenn (11):
(CuOH), SO, + (NH,), SO, + NH, - H,O —-[Cu(NH,),1S0, + H,O .

Jlist mcciiemoBaHrs KOMIUIEKCA TOJIYYCHHBIM PAcTBOP pa3ieliuTe Ha JBE
npobupku. B ogny no6asbre 2 karmnu xjmopuaa 6apust (BaCly). Ha npucyrcrBue
KaKOTO WOHA YyKa3bIBaeT BBINMABIIMKA OCafgok? Bo BTOpyl0 TpOOHMPKY BHECHUTE
rpaHyly oJioBa. BwimenseTcs M Menp Ha TpaHyje 0JoBa (JOHKEH MOSBISTHCS
KpacHOBATHIN HAJIET Ha OJIeCTAIIEH TOBEPXHOCTH TPAHYJIbI)?

Jlist cpaBHEHHSI TIOMECTHTE B JIBE JIpyrue mpoOupku mo 1-2 mur pacTtBopa
cyib(ara Meau W MPOBEAWTE TE K€ JBa OIbBITA, KOTOPBIC OBLIN TMPOJACIIAHBI C
PacTBOPOM KOMITJIEKCHOTO COSAMHEHHUSI.

3anuch, JAAaHHBIX ONbITAa. Hamumure ypaBHEHHsS BCEX MPOBEAEHHBIX
peaknuii. ECTh 1 pa3nudane B TOBEACHUH CyIb(aTa MEIu U KOMIUIEKCHOW COJIH TI0

OTHOULIEHUIO K KaXI0MY 100aBiIeHHOMY peakTuBy? JlaiiTe mosiCHeHHUs.



OmnpbiT 4. [IpoYyHOCTH KOMILIEKCHBIX HOHOB. Pa3pylienne komijiekca npu
pa30aBJieHNH PacTBOpPAa

Bnecute B npobupky 2 kamiau pactBopa HuTpaTta cepedpa (AgNOs3) u mno
KarsiM  100aBbTe pacTBOp uoauna kanus (KI), BcTpsixuBas mpoOupky mocie
ka0 kamu. HaOmronmalite cHadana oOpa3oBaHuE ocajka Hoauia cepeodpa, a
3aT€M €ro pacCTBOPEHUE MO PEAKLIMSIM:

AgNO, + KI — Agl 1 +KNO,,
Agl + KI — K[ A4gl ,].

K nomyuuBmieMycs pactBopy J00aBbTE€ HECKOJBKO Kamedb BOJBI.
HaOnronaiite mosiBjieHue OMajeClEHIINH, CBA3aHHOE ¢ (OpPMUPOBAHUEM TBEPIOM
da3el Agl BciaeACTBUE CMEIIEHUs PAaBHOBECHUS MOCIEIHEW peakiuu B OOpaTHOM
HaIpaBJICHUMU.

3anuch OaHHBIX onbiTa. Hanumwure ypaBHeHus peakuuii. Onummre
HaOmoaaemble npoueccbl. Kakoe BiIusHHE OKa3blBaeT pa3baBiieHHE pacTBoOpa

Ha JMCCOLMAIIMI0 KOMILIEKCHOTO HOHA?

Coaep:xanue oTyera u ero opma

Kaxxp1it cTyIeHT JOJDKEH UMETh JIA00paTOPHBIN )KypPHAI, KOTOPHIH SIBISETCS
JIOKyMEHTOM, OTPaKaIOIHUM BCIO €ro paboTy. Bce HaOMOACHWS W BBIBOABI IO
AKCIIEPUMEHTATILHON paboTe, MpoJeaHHOW B Ja0OpaTOpWHU, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAT HEITOCPEICTBEHHO MOCIIE €€ BBITIOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSITh M3 AaThl, Ha3BaHUS U
HOMepa J1abopaToOpHOM pPadOThI, HEMH PadOTHl, METOJUKHA IMPOBEIACHUS OIBITOB,
HaOJII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIuid, BEIBOJAOB U pacdyeToB ((PopMyIbl,

Ta0auIkl, rpadukn).

Bonpocs! 11 3aliMThI J1a00PATOPHOI padoThI
1. Kakue conu Ha3pIBatOT KOMIUIEKCHBIMU?

2. VI3 4ero cocTosIT KOMILUIEKCHBIE COJTU?



3. MaiiTe ompeenicHne KOOPAMHAIIMOHHOTO Ynciia. UTo OHO MOKa3sIBaeT?

4. VKaKuTe€ BHYTPEHHIOI M BHEIIHIOW C(epbl, KOMIUIEKCOOOPa30BaTEb
(LeHTpaIbHBIA aTOM) U JIMTAH/IbI B CIIEAYIOIINX KOMIUIEKCHBIX COETHHEHHUSIX:

a) K3[Co(C204)3], [Zn(NH3)4](NO3)2, Sro[Cu(OH)s];

0) [Cr(CO)s], Nas[Co(NO2)s]-H20, Ca[Cr(NH3)2(NCS)a]2;

B) [Cu(NH3)sSO04]-H20, [K(H20)s][Cr(H20)](SO4)2, K[Ag(CN)].

5. Ompenenure CTENeHb OKHCIEHUS KOMILIEKCOOOpA30oBaTels U Ha30BHTE
KOMIUIEKCHBIE COEIUHEHUS:

a) Na3[FeFs], [Cr(CeHe)2], [Ni(NH3)6Cly;

0) Na[Sb(OH)s], K2[Hgls], [Cr(H20)6]Cl3;

B) Cs[ICLs], H[AuCls], [Fe(CsHs)a];

r) K[I(I)2], K3[Cr(OH)¢], Li[AlH4];

1) Nas[Ag(S0s3S)a], [Ti(H20)6]Cls, Nas[Fe(CN)el;

e) Ko[TaF7], Rb2[SnCl¢], [Cr(en)2(NCS )2]2SOs.

6. Omnpenenure CTENEHb OKUCICHUSA W KOOPAWHAIMOHHOE  YHCJIO
KOMILJIEKCOO0Opa30BaTeIsl B KOMIUIEKCHBIX COCTMHEHUSX

2) Ks[Cr(C204)3]-3H20, [Ni(OH);Cla], Al[BH,]3;

0) [Pt(NH3)2(Cl)2], Cs[Co(H20)3Br3], K[V(CO)s];

B) K>[CuCls]-2H20, [Co(NH3)6]Cl2(OH), [Cu(H20)2(Br)2];
r) [Cr(H20)4(C1)2]C1-2H,0, [Ir(NH3):Cls], KFe ' T[Fe(CN)];
1) [Al(H20)6]2(SO4)3, [Cu(NH3)4CI(NO2)], [Cr(H20)3(OH)s];
e) [Co(NHs3)2(en)(C1)2]CL [Co(NHs)s]; [ReV(CN)s]s;

%K) (NHa)2[Fe(H20)6](SO04)2, [Co(H20)(NH3)4Cl1]ClL.

Ha3zoBute 3T KOMILIEKCHEIE COCIUHCHUA.

7. CocTaBbT€ Ha3BaHUSI KOMILICKCHBIX OJHOAACPHBIX AHMOHOB M KATUOHOB!

a) [Ni(H20)(CN)s]*, [BrO2F2], [Cu(C204)2]%;



6) [S(NH2)Os], [Pd(C1)2(N3)2]%, [CIOF2]", [SO2F]".

8. COCTaBBTe Ha3BaHWA KOMINUICKCHBIX MHOT'OAACPHBIX dHHMOHOB U KATHOHOB!
a) [Rha(CH3CO0)4Br2]*, Nia(NO)2(CN)s]*, [Ru2(H20)2ClIsNT?;

6) [Co2(CN)s]*, [Re2Cl100]*,[Zn2(N3)7]%;

B) [Sn2S7]%, [CraS7]%, [Ge2Ser]’;

1) [BisOs(OH)3]**, [Rus(CH3CO0)60]", [Hg2(H20)2]%".

9. CocTaBbTe (POpMYJIbI KOMIIEKCHBIX HOHOB:

a) rekcanuTpokoOonabTaT(Ill)-non; rekcanurpurokodansTat(Ill)-non;
0) katuon rexcadgropouona(VII); karuon terpaammunnamiaausa(ll);
B) rekcadropoctudat(V)-uon; rerparuapugooopat(Ill)-rox;

r) akBanenraxjopodeppat(lll)-uon; rexcadbropopyrenar(V)-uos;

1) IeHTakapOOHWIXKENEe30; rekca(aMMUH )OCMUH.

10. CocTaBbpTe Ha3BaHUS KOMIUIEKCHBIX COCTMHEHHUIA:

a) [Cu(NH3)4](OH)2, Cs[I(Br)Cl];

0) [Pt(NH3)s(OH)]Br3, NH4[I(I)2];

B) K;[Cr(CN)s], [Fe2(H20)s(OH)2](SO4)2;

1) K[Au(CN):2Cl2], K4[C02(C204)4(OH)2];

1) Ka[W2ClioO], [Zn(NH3)4[Pt'Cl4];

e) Na[NbzF11], [PC14][Au™C14].

11. CocraBbTe POpMYIIbI KOMILIEKCHBIX COCTMHEHUINA:
a) rekcaxsioponamiaaar(lV)ammonus;

0) ruapokcoTpuxsuopoaypat(lll)okconus;

B) nuxsopoaprenrtar(l)uesus;

r) cyabdar nuxnoporerpaammunkoOanbTa(lll);

1) xjopua HuTporneHtaammuukoOanpTa(lll);

e) xJjopua KkapoonaToaekaammuHaukooansTa(I1l).



12. JlaiiTe Ha3BaHHE KOMILIEKCHBIM MOHAM W KOMILIEKCaM:
a) [Fe(CO)s], [Os(NHs3)s], Ko[BeF4], [Ag(NH3 )2]Cl;

6) [AL(H20)6]’"; [Cr(H20)4CLa], [TiFs]*, [Ag(CN)a];

B) [SbF4]", [PbC16]*, [Co(NH3)s]2(SO4)s.

Jlureparypa

[OcHoBHas nutepatypa 1, 3, nononHuTenbHas aureparypa 2,4]

JIABOPATOPHAA PABOTA 10

OBIIUE CBOMCTBA METAJLJIOB

I.Ie.m; H COACPKAHUEC

O3HaKOMHTCS C XapaKTCPHBIMU CBOMCTBaAMH Pa3iIndYHbIX MCTAJVLIOB M HX

COGHHHCHHﬁ. HpOBCCTI/I Ka4YCCTBCHHOC OIIPCACICHNC MCTAJIJIOB.

TeopeTnueckoe 000CHOBaHUE

Bce s-anementnl (kpome H u He), d-anemenTsl (Bce niaeMEHTHI MOOOYHBIX
NOATPYII) M f-37IEMEHThl (JaHTAHOUJbI U AKTUHOUBI) SBIISIIOTCS METaIaMHU.
Cpenu p-31eMEeHTOB €CTh U METaJUIbl, © HEMETAJUIbI, YACIIO AJIIEMEHTOB METAJIOB

YBCIIMYNBACTCA C YBCIIMYCHUCM HOMCECPA IIEpHUO/a.

CBoiicTBa METaIIOB MOXKHO pa3/ielIUTh Ha 4YEThIpe TPyHmbl: Quznueckue,

XUMHUYCCKHUEC, MCXaHUYCCKHUEC U TCXHOJIOI'HYCCKHUC.

K ornuuurenbHbIM (U3UYECKHMM CBOMCTBAM METAJIOB MOXHO OTHECTH
TBEpJIOE  arperaTHOE COCTOSIHUE (32  HCKJIIOUYEHHEM PTYTH), BBICOKYIO
AIEKTPONPOBOJHOCTh,  TEIUIONPOBOAHOCTh, METAJUIMYECKHII  OJieCK,  IIBET,

MardiuTHBIC U APYTHUC CBOMCTBA.



Bce meTanibl npu 00bIYHON TEMIIEpATypE TBEPIbIE BELIECTBA, HO MO CTEIEHU
TBEPJIOCTU OHU CUJILHO OTJIMYAIOTCS APYT OT JIpyTa: IIEIOYHBIE METAJUIbl JIETKO
PEXKYTCS HOKOM, TOTJ[a KaK CaMblid TBEPIBIA — XpOM — IO CBOEU TBEPJIOCTU OJIU30K
K aiMasy.

JlydimvMu pOBOAHUKAMU DJIEKTPUUECTBA SIBISIOTCS CEPeOpPO, Melb, 30J0TO
U QIIOMUHUH. DTH K€ METaJUIbl SIBJISIOTCS HauOoJiee TEeIIONPOBOIHBIMH.
DneKkTpuyeckass MPOBOJUMOCTh 3aBUCUT OT TEeMIEpaTypbl: C TOBBIIICHUEM
TeMIEPaTyphl OHA CHUKAETCS.

OtpaxaTenpHas CIOCOOHOCTh METAJIJIOB BBIPAXKAETCA B XapaKTEPHOM
METAJJIMYECKOM  OJIeCKe, HMHTEHCUBHOCTh KOTOPOTO 3aBUCUT OT  JOJIH
MOTJIONIAEMOI'0 METAJJIOM CBETa — YEM OHa MeHbIle, TeM sipue Oieck. Haubonee
SpKO OJIecTAT cepeldpo u mayuiaanii. B MenkoaucrnepcHOM COCTOSTHUM OOJIBITMHCTBO
U3 METaJUIOB YEPHOro I[BeTa U 0e3 Oiecka. ANIOMUHUNA W MarHuid COXpPaHSIOT
METAJTUYECKUI OJIECK Ja)ke B MOPOIIKOOOPA3HOM COCTOSIHUMU.

XapakTepHOil 0COOEHHOCTHIO METAJIJIOB B XUMUUECKOM OTHOIIECHUU SIBIISIETCS
MPOSIBICHUE UMU TUITUYHBIX BOCCTAHOBUTEIIbHBIX CBOWCTB.

OOmHOCTh (PMBUYECKUX M XHUMHUUYECKUX CBOMCTB META/UIOB OOBSICHSIETCS
OOIIHOCTBIO CTPOEHUS WX aTOMOB, XapaKTEPHBIMU THUIAMHU KPUCTATUIMYECKUX
PEIIETOK U TUIIOM XUMHUYECKOMN CBSI3U.

B aromax meTamioB Ha BHEIIHEM JHEPreTUYECKOM YpPOBHE, Kak MpPaBUIIO,

HEOOIBIIOE YHCIIO QJICKTPOHOB - OT OAHOI'O JO TPCX.

Jlnsi OONBIIMHCTBA METAJUIOB XapaKTEPHBI TPU THUIA KPUCTAIUIMUYECKUX
pemeTok: o0ObeMHO-LIEHTpUupoBaHHass kyouueckas (V, Cr, W wu ap.),
rpadenieHTpupoBannas kyouueckas (Al, Ca, Cu wu gp.), TrekcaroHajibHas
miotHoynakoBanHas (Be, Mg, Ti, Zn u np.). Ha puc. 9.1 noka3zaHsl 3JieMeHTapHbIE

STYCHKU PCHICTOK 3THUX THIIOB.



R i $Y HE

Pucynok 9.1 — OcHOBHBIE THUIIBI KPUCTALINYECKUX PELIETOK METAJUIOB:

a) 00bEMHO-LIEHTPUPOBaHHAs KyOuueckas; 0) TpaHelieHTpUpOBaHHas KyOuueckas;
B) T€KCaroHajibHas IJIOTHOYIaKOBAaHHAS.

s-MeraJibl. s-Mertamnamu Ha3elBarOT MeTaylIbl | 1 11 rpynn ritaBHbIX NOATPYIIIL.
B aromax s-meTaiioB Ha BHEITHEM YHEPreTUYECKOM YPOBHE HAXOUTCS IO
olHOMY (MeTaJuibl | rpymmbl) uiau no ABa 3nekTpoHa (Metasisl I rpynmer).
OTtpada 3TUX MEKTPOHOB IPOUCXOIUT JIETKO, HA YTO YKA3bIBAIOT HU3KUE 3HAUEHUS
sHepruu noHuzauuu. [Ipuuem oOpazoBaHre HOHOB METAIIOB | rpymbl
IIPOUCXOJIUT FOpa3io JIETYe, YeM METaJIOB BTOPO rpyibl. B o0enx rpymnmnax
Ha0II0/1aeTCsl YMEHBIIEHUE SHEPTUU NOHU3AIUMHY [TPU NIEPEMEILICHUH OT JIUTHUS K
LE3HI0 M OT OepUIUIHNS K OapHIo, TaK KaK YBEJIMUMBAETCA pa3Mep aToMa U BHEIIHHUE
S-3JIEKTPOHBI pacnoJiaraloTcs Bce Jajblie oT sapa. Bee s-meTamisl npu
KOMHATHOU TeMIlepaType U HOpMaJIbHOM JIaBJICHUU HaXOASATCSA B TBEPAOM
COCTOSIHUU U UMEIOT KPUCTAIIIMYECKYIO CTPYKTYPY XapaKTEpHYIO JJI1 METAJIOB.

Mertannel [ rpynmnbl o4eHb MSTKHE€ W UMEIOT HEOOJBIIYI0 IUIOTHOCTH IO
CpaBHEHHMIO ¢ Apyrumu Meramnamu. Camblid nerkuii meramn — nuruii (0,53 1/cm?)
BCIIBIBAET HA IOBEPXHOCTh JaX€ JIETKUX Macell, 4TO 3aTPYIHSAET H3OJSALUIO
Metaia. s-Metamsl [l rpynnsl uMeroT 0oJiee BBICOKYIO TBEPJIOCTh U MJIOTHOCTD,
HO OoJiee HU3KYIO IIJIOTHOCTh YEM Y d-METaIIJIOB.

Huskue 3HaueHus temnepaTyp MIIABICHUS U KUIEHUS, a TAKXKE DHTAIbIUN
MJIABJICHUSI M HUCHApEHUsT MOTYT OBITh OOBSCHEHBI CPABHUTENBHO CIA0bIMU
METAJTTUYECKUMU CBSI3SIMU.

C yBennueHueM paguyca Ipu NEPEMEIICHUH B KaXA0W Ipynme NPOUCXOJIUT

ocJIabJieHHEe METAUTUYECKON CBsI3M (YMEHBIIECHHWE TEMIIEPATyphl IUIABICHUS U



KUIIEHUS, SHTAJIBIUH T1aBleHus U kuneHud B | rpymnmne). OcoOeHHOCTh M3MEHEHUS
TEMIEPATyp IJIABJICHUS U KUIIEHUSI BO BTOPOU IpyIine 00bsCHIETCS HEOJUHAKOBOM

KPUCTAJUIMYECKON CTPYKTYPOU Y METATIIOB ATOM TPYMIIBI.

Bce s-metamibl ropar B atMocepe Bo3ayxa, HO MPOAYKTHl TOPEHUSI UMEIOT
paznuunbii xapaktep. Metamiel [ u Il rpynmel 3a uckiItOueHHEM OepUILIUS
pearupyroT ¢ BOJOPOAOM, 00pa3ys ruipuabl. Bce s-meTamibl BOCCTaHABIMBAKOT
raJOreHbl, HallpUMep:

2Na + Clx = 2NaCl
PeaknmonHass cnocOOHOCTh y S-METAJUIOB MO OTHOUIEHUIO K TaJlOT€HaM
BO3pACTAET MPU MEPEMEIICHUU B TPYIIIE OT JIUTHS K LE3UI0 U OT OepHILIUs K Oapuio.

Mertannet Il rpynmel, a Takxke nutuid (I rpynma) croparoT B a3oTe ¢ 00-

pa30BaHUEM HUTPHUIOB, HAIIPUMED:
6L1+ Nz = 2Li3N,
3Mg + No= MgsNo.

Bce metamnst [ u Il rpynmel pearupytot ¢ cepoit, 00pa3zyst cyibpub:

2Na+S = NasS,
Mg + S = MgS.

Jlutuii 1 HaTpuil, a Takke MeTtauibl Il rpynmel pearupyror ¢ ApEeBECHBIM

yrieM ¢ o0pa3oBaHHEM KapOUJIOB:
2Na +2C = Nax(C,
Mg+ 2C = MgCo.

Bce s-metamnsl [ rpynmsl pearupyroT ¢ XOJIOJHOW BOJOW, MPUYEM PEAK-
LIUOHHAs! CHOCOOHOCTH 110 OTHOLIEHUIO K BOJIE BO3PACTAET OT JIUTHUS K LIE3HIO.

Tak, TuTUI C BOJOM pearupyeT OTHOCUTEIBHO CIIOKOMHO:

2Li+ 2H>0 =2LiOH + Haf,
HaTpui OYpHO, KaJauil CaMOBOCILIAaMEHSIETCA, a pyOU U U 1Ie3Uil C B3PHIBOM.
s-Metannel 1l rpynmsl Takke pearupyroT ¢ BOJOW, OJHAKO PEAKLIMOHHAs
CIIOCOOHOCTH MO OTHOIIEHUIO K BOJIE MEHBIIIE, YEM Y S-METAIIOB | rpynibl.

p-Metanasbl. Hanbonpivii ©HTEPEC U3 P-METAUIOB MPEACTABISAIOT aTOMHUHHUM,



0jIoBO M cBuHel. CrenyeT OTMETUTh OTIWYUTENbHbIE (U3UYECKHE CBOMCTBA
AJUTFOMUHHUSI—BBICOKAs 3IEKTPONPOBOAHOCTD 151 TETUIONPOBOHOCT.
TennonpoBogHOCTh antoMuHMs B 1,8 pa3 Oosblie, ueM y Meau, U B 9 pa3 Oouibliie,
YEeM y HEPKABEIOIIEH CTanu. ATFOMUHUN UMEET HEBBICOKYIO IUIOTHOCTH: B TPH pasa
MEHbBIIE, YEM Y JKelie3a, MEAUM W LHMHKA. AJTIOMUHHA — 3TO MNPOYHBIA METaI,
00J1aTaroIKi XOpoIeld KOBKOCTHIO.

[Ipn B3aMMOAEHCTBHM AIOMHUHUS C KHCJIOPOJOM Ha €ro MNOBEPXHOCTH
oOpazyeTrcsi TOHKUW CJIOM OKCHAQ, KOTOPBIM MPENmSTCTBYET JalbHEHIIeMy
B3auMOACUCTBUIO. Hannume Takol OKCHUAHOM TIUIEHKM TMO3BOJIIET MIHPOKO
HCIOJIb30BaTh AIFOMUHUEBBIE METAINIOKOHCTPYKIIMU U aTFOMUHUEBBIE U3ICIIHS.

[Ipn ynameHuM OKCUIAHOW IUIEHKH QIIOMUHHUM MOXET pearupoBaTb U C
KHUCJIOPOJIOM, U C IPYTUMH HEMETAJIJIAMH:

4Al + 30, = 2A1,03
2Al1+3S = AlLS3
2A1+ N2 =2AIN.
Boanbie pacTBOpHI MIENOUEH TAKXKE «YIAISIOT) OKCUIHBIA MOBEPXHOCTHBIN

CJIOH, UTO MPUBOJUT K SHEPTUYHOMY B3aUMOJICUCTBUIO AIFOMUHUS C BOAOM:

Al+3H,0 -2 5 AI(OH); + 1,5H27.
ANIOMUHUN pearupyer ¢ ropsuyuMu pa3z0aBI€HHBIMH XJIOPOBOJOPOIHON U
CEpHOU KUCIIOTaAMU:
2A1+ 6H' = 2A1P" +3H>1.
C coysiHOM U CEpHOM KUCIOTaMHM ITPU KOMHATHOM TeMIEpaTrype allOMUHUN
HE B3aUMOJECHUCTBYET.
KonueHntpupoBaHHas a30THasi KUCIOTA BBI3BIBAET HACCUBAUUIO ATIOMUHUSA
(T.e. MOsABJIEHUE OKCHUJIHOW IJIEHKU Ha MOBepXxHOCTH Meramia). C pa30aBlieHHOM
KHUCJIOTOM peakius UAET 0 YPABHEHUIO:
Al + 4HNO3 = AI(NO3)3 + NO + 2H20.

OnoBo W cBHUHEN — p-3JIeMEHTHl [V Tpynmbel NMEpUOANYECKON CUCTEMBI,



SBJISIIOTCS] METAJJIaMHU, JIJIs1 KOTOPBIX XapaKTEPHBI CTETIEHU OKUCIeHUs +2 u +4.

B crenenu oxucnenust +4 3TH 3JIEMEHTHI XapaKTEPU3YIOTCA CIIOCOOHOCTHIO
0o0pa3oBBIBaTh KOBaJ€HTHbIE CBsI3U. CMOCOOHOCT, K 0Opa30oBaHUIO IIETIEH,
XapakTepHas IJis yriiepoja, yMeHblaercs B ciaeayomnieM nopsake: C >> Si> Ge =
Sn = Pb. YacTM4HO 3TO OOBSICHSIETCS YMEHBIIEHUEM MPOYHOCTU CBS3H AJIEMEHT-
AIIEMEHT.

On0BO npH OOBIYHBIX YCIOBHUSX YCTOWYMBO K JIEWCTBHIO BOJBI U BO3QyXa.
[Ipu HarpeBaHuU HA BO3/IyX€E BBIIIE€ TOUKH IUIABJIEHUS TOPUT ¢ oOpazoBaHueM SnOy.
C xjopoM u OpOMOM 0JIOBO B3aWMOJICUCTBYET MpPU OOBIUHOW TeMIleparype, Mpu
HarpeBaHuM — ¢ HOAOM, ceneHoM, TemnypoM U ¢ochopom. C azoTom
HEIMOCPEJICTBEHHO HE COEINHSAETCS.

CBuHel MOKPHIT NPU KOMHATHOW TEMIIEpAType CUHEBATO-CEPOM IICHKOU
okcuna. [Ipu HarpeBaHuM CBUHEI] TaKXe€ KaK M OJIOBO pearupyer ¢ rajioreHaMu,
CEpoi, celleHOM, TelTypoM, 0opa3ys Pbl (rae I'- ranoren), PbS, PbSe, PbTe.

O7n0BO W CBUHEI MEIJICHHO B3aUMOJIEUCTBYIOT C XOJIOJHOM IIEIOYbI0, HO
OBICTPO PACTBOPSIIOTCS B TOPSUECH:

Sn + 2NaOH + 2H>0 = Nay[Sn(OH)4] +H>1,
Pb + 2KOH + 2H>0 = K;[Pb(OH)4] + H21.

OnoBo He pacTBOpsieTcsl B pa30aBICHHOM CEPHOM U XJOPOBOJOPOJIHOU
KHUCIIOTaXx.

Konnentpuposannas H2SO4 okuciuseT onoso 10 Sn*':

Sn + 4H2SO04 (komn) = Sn (SO4)2 + 25021 + 4H20.

CBuHell TPAaKTUYECKHM HE pacTBOpseTcs B pa30aBICeHHOM CEpHOU W
XJIOPOBOJIOPOAHOM KUCIOTaX.

Paz0apienHas a3oTHas KHCIOTa MEepeBOAUT 0j0BO B HUTpar ojoBa (II), a
cBuHel] B HuTpat ceunna (I1):

3Sn + 8HNO3(pass) = 3Sn(NO3)2 + 2NO + 4H-0,
3Pb + 8HNO3 (pass.) = 3Pb(NO3)2 + 2NO + 4H»0.

KonnentpupoBanHas a3oTHasi KHUCJIOTa OKHUCISET OJIOBO JO [3-OJIOBSIHHOM



kucaoTel H2SnOs:

Sn + 4HNO3(xory = H2SnO3 + 4NO> + H20.
d-Metasubl. K d-MeTtaninaM OTHOCATCSI T€ 3JE€MEHTHI, aTOMbI KOTOPBIX COAEpKaT
BAJICHTHBIE DJEKTPOHbI Ha (n-1)d-, ns-ypoBHSIX M COCTABISIOT MOOOYHBIE
NOATPYIIBI, 3aHMMAasi MPOMEKYTOUYHOE TMOJOKEHUE MEXKYy TUIUYHBIMUA S-
MeTaJlJIaMU U p-3JieMeHTaMu. d-MeTtaibl 00J1a1Jal0T HEKOTOPBIMU OCOOEHHOCTAMU
M0 CPABHEHUIO C METAJUIaMH TJIABHBIX MOATPYNI. Y d-METAIIOB JIUIb HEOOJIbIIIas
YacTh BAJICHTHBIX AJIEKTPOHOB JAEJOKAIN30BaHa MO BceMy Kpuctainy. OcTanbHbIe
d-37eKTpOHBI Y4YacTBYIOT B OOpa30BaHUU HANpPaBICHHBIX KOBAJIEHTHBIX CBS3eH
MEXKy COCEHUMU aToMaMu. TakuM o0pa3oM, 3TU METAUIbl B KPUCTAIITUYECKOM
COCTOSIHUM O0JaJaloT HE YHUCTO METAUIMYECKOM CBSI3bIO, a KOBAJIEHTHO-
Metaimuyeckoid. [ToaTomy Bce onu TBepabie (kpome Hg) u Tyronnaskue (kpome Zn,
Cd) metamnsl. [l d-meTanioB xapakTepeH 00Jb110i HaOOp BaJE€HTHBIX COCTOSTHUM
M, KaK CJEJACTBUE 3TOr0, HM3MEHEHHE KHCIOTHO-OCHOBHBIX M OKHCIUTEIHHO-
BOCCTAHOBUTEIBHBIX CBOMCTB B IIUPOKUX Mpeenax.

CoenuvHeHusi, B KOTOPBIX d-METayulbl HAXOJATCS B HU3IIEH CTENEHU
OKHUCIIEHUSI, OOpa3ylT KpPHUCTAUIBI HMOHHOTO THIA, B XUMHYECKUX PEaKIHUAX
MPOSIBIISIFOT OCHOBHBIE CBOMCTBA U SIBIISIFOTCS, KaK MPABUIIO, BOCCTAHOBUTEIISIMHU.

CoenuHeHus1, B KOTOPBIX d-MeTalJIbl HAXOJIATCS B TPOMEKYTOUHBIX CTETICHSIX
OKUCIICHUS,  TPOSIBISIOT  aM(oOTepHble  CBOMCTBA U OKHUCIHUTENIHHO-
BOCCTAaHOBUTEIBHYIO IBOUCTBEHHOCTD.

B mepuome ¢ poctom 3apsga sgapa (Z) BOCCTaHOBUTENIBHBIE CBOMCTBA
METAJIJIOB YMEHBIIIAIOTCS, JOCTUTasi MUHUMYMa Yy 3JeMeHTOB [B-rpynmnsl. Tskensie

mMetassl VIIIB- u IB-rpyrim 3a cBOI0 HHEPTHOCTH HA3BaHBI 0.1a20pOO0HbIMU.

IIpubopbI U peakTUBBI
[TpoOupkm, Ta3oBasi ropenka, AepKaTeau MPOOUPOK, CHHSS JTaKMyCOBas
Oymara.

Kuokue peakxmugwi: CONsiHas KUcnoTa (2 H.), cepHasi KucioTa (2 H.), a30THast



kucioTa (2 H. u 2%), KOHIICHTPUPOBAHHAS CepHasi KUCJI0Ta, KOHIIEHTPUPOBAHHBIIN
pacTBOP IIEJI0YH, PACTBOP HUTpATa CBUHIIA (2 H.), paCTBOPHI COJIEH ITMHKA, Kele3a
(IT), onosa, meau (II), cepedpa.

Cyxue peaxmugvl: alTlOMUHUN METAJUIMYECKUN, MAarHUN METAJUIMYECKHH,

JKCJIC3HBIC OITUJIKH, OJIOBO, MCJIHAA CTPYIKKA, IMHK METaJIJIMYECKUIA.

Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. naboparopnyto padoty 1.

MeTtoauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI

OnbIT 1. B3aumMoaeiicTBHe METAJLJIOB C COJISTHOM KHCJI0TOM

B tpu npobupku nHaneite mo 2-3 mia 2 H. pacTBOpa COJSIHOM KHUCIOTHI U
IIOMECTHUTE B MEPBYIO KyCOYEK I[IUHKA, BO BTOPYIO — HEMHOTIO JKEJIE3HBIX CTPYKEK, B
TPETHIO — KyCOUEK MEJH.

3anucek aaHHBIX ombITa. OnmmmuTe HaOMIOHaeMble sBIICHHA. Harmmmmre

YPaBHEHUs pEAKLUM.

OnbIT 2. B3auMoaeicTBHe METAJLJIOB ¢ Pa30aBJIeHHOM CEPHOIl KMCJIOTOM

B tpu npoOupku HaneiTe 1o 2 M 2H. pacTBOpa CEPHOUN KUCIOTHI U BHECUTE
[0 OJJHOMY KYCOYKY METajla: B MEPBYIO — aJIOMUHHUMN, BO BTOPYIO — XKE€JE30, B
TpeThi0 — Meab. llomorpeiiTe cierka HaJ IJIaMEHEM TOpEIKU T€ MPOOUPKH, B
KOTOPBIX PEAKUUs UAET MEIJICHHO.

3anuch JaHHBIX onbITa. OOBACHUTE, TOUEMY PEAKIMU UAYT HE BO BCEX

npoOupkax. Hanumure ypaBHeHHS peakiiuii.

OnbiT 3. B3aumoaeicTBHMe METAJIOB C KOHIEHTPUPOBAHHOM CEPHOM
KHUCJI0TOM

B oany npoOupKy HOMECTUTE KYyCOUYEK MEAHOU CTPYXKHU, B JIPYTyIO —



HEMHOTO Mar"usi U NpuwienTe B KaKIyI0 MPOOUPKY MO 2 MJI KOHIEHTPUPOBAHHOU
cepHoil kuciaotsl. Kaxyro mpoOupKy cierka nmojorpeiTe Haj MIIaMeHEM TOPENKU
Y TIOJHECUTE BIIAXKHYIO JIJAKMYCOBYIO OyMary K OTPBITOMY Kparo MpoOUPKHU.

K kpato BTOpoil mpoOUpKU MOAHECUTE MOJOCKY (PUIBTPOBAIBHON OyMmaru,
MPOMUTAHHON PACTBOPOM HUTpaTa CBHUHIIA.

3anuch AaHHBIX oNbITa. OTMEThTE H3MEHEHUE OKPACKU JIAKMYCOBOM
Oymaru v (QUILTPOBAIBLHON Oymaru, MpONUTAHHOW PAacTBOPOM HHUTpATa CBHUHIIA.
Onumure © 00bsICHUTE HaOIoaeMble sBieHUsA. Hanumwute ypaBHEHUs

COOTBETCTBYIOLUX PEAKIUM.

OnbiT 4. B3aumogeiicTBMe METAJIOB € 230THOM KHMCJIOTOH Pa3IMYHOM
KOHIEHTPALUUM (Onblm NPOBOOUMCSA NOO MA2OIL)

B tpu npoGupku HaneiTe mo 2 M KOHIEHTPUPOBAHHOM a30THOM KUCIOTHI U
BHECHUTE B NIEPBYIO MPOOUPKY KyCOUEK IIMHKA, BO BTOPYIO — JKENE3HYI0 CTPYXKKY, B
TPETHIO — KyCOUEK MEJHU.

3anuch AaHHBIX ombiTa. OnumuTe Habmogaemble sBieHus. Hamummure
YPaBHEHUs pEAKLUMN.

B tpu npobupku Haneite mo 2 mi 2%-HOro pacTBopa a30THON KHUCIOTHI U
BHECHUTE B NIEPBYIO MPOOUPKY KYCOUEK IIMHKA, BO BTOPYIO — KEJE3HYI0 CTPYXKKY, B
TPETHIO — KyCOUEK MEHU.

3anuch AaHHBIX ombiTa. Onumute Habmogaemble sBieHus. Hamummre

YPaBHEHUs pEAKLUMN.

OnbiT S. CpaBHUTE/IbHAS AKTUBHOCTHh METAJIJIOB

B 5 npoOupoxk Hanelite o 1 mi coneit nunka, xenesa (II), onosa, menu (II) u
cepeOpa. OnmycTuTe B pacTBOPHI COJEH MO KycOuKy IMHKA. [loBTOpUTE OMBIT C
JKEJIE3HOU CTPYKKOW, CBUHIIOM U MEJIBIO.

3anuce AaHHBIX ombiTa. Onumurte HabOmonaeMble siBiaeHUS. M3 Kakux

pPaCcTBOPOB BBITCCHAIOTCA MeTaaiabl? Hamumure YpPaBHCHHA COOTBCTCTBYIOIINX



peakuuii. 3auInuTe METAIIBI IO YOBIBAHUIO UX BOCCTAHOBUTEIBHONW CIOCOOHOCTH,
ONPENEIICHHON JKCIIEPUMEHTAIBHO. BpIMMIMTE 3HAYEHUs MX CTaHAAPTHBIX
AIEKTPOAHBIX MOTEHIMANO0B. CesaTh BBIBOJ O COOTBETCTBUH IKCIIEPUMEHTATILHOTO

pAaa METAJJIOB UX ITOJIOKCHUIO B QJICKTPOXUMUYCCKOM psAaY HaHpH)KCHI/If/’I.

OmnbIT 6. B3anmoaeiicTBHEe METAJJIOB CO HIEJT0YAMM

B 5 npoOupok mnoMecTuTe COOTBETCTBEHHO: B IMEPBYIO — aJIOMUHUN, BO
BTOPYIO — OJIOBO, B TPETBHIO — JKEJIE30, B YETBEPTYID — MEJb, B MATYIO — IHHK.
[Ipuneiite Bo Bce mpoOUpKu 1-2 M KOHLEHTPUPOBAHHOTO PacTBOpa IIEIOYU U
HEMHOT'O HAarPEUTE.

3anuch JaHHBIX onbiTa. B Kakux mpoOMpKax TMpPOTEKaeT peakIus?

Hanummre ypaBHEHU COOTBETCTBYIOLIMX PEAKLIUM.

Coaep:xanue oT4yera u ero popma

Kaxxp1it cTyeHT JOKEH UMETh JTA00paTOPHBIHN JKypHAII, KOTOPBIH SBISICTCS
JIOKyMEHTOM, OTPaKaIOIHUM BCIO €ro paboTy. Bce HaOMIOACHWS W BBIBOIBI IO
AKCIIEPUMEHTAILHON paboTe, TMpoJeTaHHOW B JabOpaTOpWH, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAI HEITOCPEICTBEHHO MOCJIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSITh M3 AaThl, Ha3BaHUS U
HOMepa J1abopaToOpHOM PadOThI, HEMH PadOTHl, METOJUKHU IMPOBEACHUS OIBITOB,
HaOJII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIuid, BEIBOJAOB U pacdyeToB ((PopMyIbl,

Ta0auIkl, rpadukn).

Bonpocs! 11 3aliMThHI J1a00PATOPHOIl padoThI

1. JKeneso, comepxkasmeecss B 10 mn aHanmusupyemoro pactBopa FeSOu,
okucneHo a0 xene3a (II1) u ocaxxneno B Buae rugpokcuaa. Macca mpokaja€HHOTO
ocanka okazanach paBHOU 0,4132 r. Beruncaute MonsipHyto KoHIeHTpanuio FeSO4
B HCXOJIHOM PacTBOpE.

2. Moxer nmu Ni OBITb OKHUCIEH >XUAKUM OpPOMOM NpHU CTaHJIAPTHOM



COCTOSsIHMY BeniecTsa u 298 °K?

3. Beruuciuts DJIC ranssanndeckoii napsl Ni/Ni? || Pd*?/Pd. Konnentpanuu
MOHOB METAILIOB B pactsope [Ni'?] = 4-1072 mons/n, [Pd*?] = 5-10 mMons/m.

4. Onpenenute ternoBoi 3¢ dekt peakiuu Fe;O4 + CO = 3FeO + COa.

5. KakoBbel mponayktel B3aumogeurctBus Na;CO3; ¢ BOJHBIM pPacTBOPOM
Fe2(S04)3?

6. Haittu wmaccy KoCr20O7, HeoOxomumyro g mojdydyeHuss 1 kr
XPOMOKAaJIMEBBIX KBACI[OB.

7. Kakoit 00b€M XJ10pa BBLACIUTCS MIPU B3aUMOJICUCTBUU | MOl quxpomMara
HATpUs ¢ U30BITKOM COJISTHOM KUCIOTHI? Y CIOBUSI HOPMaJbHBIE.

8. Kakas macca mepMaHraHata Kajausi norpedyerca uisi okucienus 7,60 r
FeSO4 B HEHTpaTbHOM pacTBOpE?

9. Kakas macca mepMaHraHara kaiausi norpedyercs uisi okucienus 7,60 r
FeSO4 B kucinom pactope?

10. [Ipu kakux TemmnepaTrypax Ipolecc NoJy4eHUs XpoMa BOCCTAHOBIIEHHEM
Cr20O3 BOIOpPOAOM MOXET MPOTEKAaTh CAMOIMPOU3BOJIBHO IIPU CTAHAAPTHBIX

COCTOSHUAX BCEX BEIIECTB?

Jlureparypa

[OcHoBHas nutepatypa 1-4, nonosHUTENbHAS IUTEPATYpa 2-4]
JIABOPATOPHASA PABOTA 11

KOPPO3USA METAJIJIOB U METO/bI 3BAIIUTHI OT KOPPO3UU

Lesab u cogep:xanue

CmMonenupoBath B 1a00PaTOPHBIX YCIOBUSX MPOLECCHI ATEKTPOXUMUUECKOM

KOPpPO3HMH MCTATNIHMYCCKUX I/IBI[GJII/Iﬁ N MCTOJbI 3alllUTBl HX OT KOPPO3HMOHHBIX

pa3pyLICHU.



Teopernueckoe 060cHOBaHUE

CaMOnpou3BOIBHBIM MPOLECC pa3pylIeHHs] METauIOB MOJ JEHCTBHEM
OKpY Kalollel Cpe/ibl Ha3bIBAECTCSA KOPPO3UEH.

[lo MexaHu3My NMPOTEKaHUs KOPPO3Hs MOAPA3AEISIETCS HA XUMUYECKYIO U
anekTpoxumudeckyto. Ilox xumuueckoit kopposueit TOHUMAIOT OOBIYHYIO
TeTEPOreHHYI0 PEaKlHio, MPOTEKAIOUyl0 Ha MOBEPXHOCTHM Metaiia. Hampumep,
paspyllieHue jKejie3a MPU HArpeBaHWM Ha BO3Ayxe. B 3ToM ciydae mpoayKToM
KOppO3UU ABJIsIETCA OKCHJ xkelesa (okanuHa) 2Fe + Oz = 2FeO.

Anexkmpoxumuueckas Koppo3usa TPOTEKAaeT B Cpeae dSJIEKTPOJIUTA.
[IpnunHON 3IEKTPOXUMHUYECKOW KOPPO3UU SBIIIETCS 00Opa30BaHME rajibBaHONap -
YYAaCTKOB C pa3HbIM 3HAYEHHEM 3JIEKTPOJHOTO IMOTeHIuana. Peakuus Koppo3uu
COCTOUT M3 JIBYX CTaJMil: OJIHAa MPOTEKAET HA YYAaCTKE C MEHBLIUM MOTEHIMAIOM
(aHOOHOM y4YacTKe), Jpyras Ha Y4YacTKe C OOJBIIMM 3HAYEHHEM 3JIEKTPOJHOIO
noTeHInana (KaToJIHOM y4acTKe).

Memoowt 3auumel  Memanios om Koppo3uu BKJIFOYAIOT
AIIEKTPOXUMUYECKUE METOJIbI, 3aIIUTa MOCPEICTBOM METAJUTMUECKUX MOKPBITHH,
XUMHYECKUX ITUICHOK, WHTHOMTOpPOB. BBIOOp TOrO WM HHOTO METOJAa 3allUThI
OIpEENSIeTCSl XapakTepoM Cpebl, YCIOBUSAMHU JKCILTyaTanuu aetand. Hanboinee
IIMPOKO  OT  3JIEKTPOXMMUYECKOM  KOPPO3UM  HCIONB3YIOTCA  HOKPBITUSA

MCTAJNIMYCCKOTI'O 1 HCMCTAJNIMYCCKOT'O XapaKTepa.

B ONMpCACICHHBIX YCIIOBHUAX OKHNCIUTCIbHO-BOCCTAHOBUTCIIBHYIO PCAKIIHIO
MOXHO IIPOBECTH TaK, 4YTO IIPOLCCChl OKHUCIICHHA M BOCCTAHOBJICHHA 6y,HYT
pas3aciacHbl IPOCTPAHCTBCHHO, U 3JICKTPOHBI 6y,HYT NePeXoJuTh HC XaOTHUYCCKHU, a
HaIlpaBJICHHBIM IIOTOKOM B BHUAC JJICKTPHUYCCKOI'O TOKaA. Korz[a p€aknuAa MMpOTCKaACT
B PpacTBOpC, HCO6XOI[I/IMBI€ A1 9TOT0 YCJIOBHA CO3OAKOTCA TIIOTPYKCHHEM B
pacTBOp ABYX IMPOBOJHHMKOB, HAa3bIBACMbIX 3JICKTPOJaMMU. 3H€KTpOI[, Ha KOTOpOM
MMPOTCKACT IMPOLCCC OKHUCIICHHA, HA3bIBACTCA AHOAOM, a JJICKTPOJ, Ha KOTOPOM

MMPOTCKACT IIPOLCCC BOCCTAHOBJIICHHA - KaTOAdOM. Peaknus BO3MOXHa, ¢CCJIN



HMEETCS DJIEKTpUUYECKas Ielb, 00pa3oBaHHAas, C OJHON CTOPOHBI, 3aMbIKAHUEM
9JIEKTPOJIOB BHEITHUM IPOBOJHUKOM (MJIM HEMOCPEICTBEHHBIM KOHTAKTOM), a C
JIPYroll CTOpPOHBI, 4YEpe3 pacTBOp - dJeKTpoauTtuuecku. OObeauHEHHbBIC
AJIEKTPUYECKOM IEMbI0 aHOJ M KAaTOJ Ha3bIBAIOTCS TaJbBAHMYECKOM Mapoi, a
MPUOOPHI JIJIs1 TOJTYYEHHUS TAKUM ITYTEeM 3JIEKTPUUECKOTO TOKA — rajlbBAHUYECKUMU
3JIEMEHTAMHM.

BO3HUKHOBEHHME 3IEKTPOABMKYLIMX CHJI B TajJbBaHUUECKOE Mape MOXKHO
OOBSICHUTH ciaeAyrommuM o0pa3zoMm. Ilpu mnorpyxeHuu OTAEIBHO B3SITOTO
MPOBOJIHMKA W3 aKTUBHOTO MeTaljia (Hampumep, Zn) B pPacTBOp HAYHWHAETCS
CaMOIIPOM3BOJIbHAS PEAKIIMS MOBEPXHOCTHBIX MOH-ATOMOB Me€Tajla ¢ MOJSIPHBIMU
MOJIEKYJIaMU BOJAbl. B pe3ynbTare NPOUCXOAUT OKHUCICHUE METaljla, U €ro

IruapaTupOBaHHBIC HOHBI IICPCXOAAT B paCTBOP, OCTABIIAA HAa MCTAJLJIC DJICKTPOHBI:

Zn—2e — Zn" (11.1)

memani pacmeop

DNEKTpOJ CTaHOBUTCA 3apsDKEHHBIM — OTPULATENBHO, a pacTBop —
noJIokUTeNbHO. Ha rpaHuiie MeTamt — pacTBOpP JAOCTATOYHO OBICTPO BO3HUKAET
JBOWHOW 3JIEKTPUYECKUN CIIOM, KOTOPBIM MPENATCTBYET NATbHENIIEMY OKUCIIEHUIO
aTOMOB U IIepexoay Marepuayna sjiekrpona B pactsop. IIpu sroM BemnunHa
AJAEKTPUYECKOTO TMOJS JIBOMHOTO 3JIEKTPUUECKOrO CJIOS MOXET ObITh
OXapaKTEpU30BaHa PABHOBECHBIM DJICKTPOIHBIM IIOTECHIIMATIOM.

Bo3MmoxeH n nHOU ciaydail. Eciin B pacTBOp COJMM MajJOaKTHBHOTO METAJIIa
MIOMECTHUTH IPOBOJHUK U3 3TOr0 ke MeTaiuia (Hanpumep, Cu), To CaMONPOU3BOJIBHO

HaYMHACTCA pCaKIrA OCaAXKICHHUA NOHOB MCTaJllla U3 paCTBOPA HA IIOBCPXHOCTh!:
Cu* +2e — Cu (11.2)

pacmeop memainn

B pesynbTraTe 3MEeKTpOA 3apskaeTcs MOJIOKUTEIBHO, a PAacTBOpP C HU30BITKOM
AHUOHOB COJIM - OTPULATENBHO. BO3HHUKAHOUIMKA JBOWMHON 3NEKTPUYECKUN CIOMN
OyleT MMEeTb PaBHOBECHBIM AIEKTPOAHBIM MOTEHIHAT C MPOTUBOIOIOKHBIM
3HAKOM MO CPABHEHUIO C IMOTEHLIMAJIOM Ha 3JIEKTPOJE U3 LINHKA.

COCI[I/IHCHI/IC B OJICKTPHUYCCKYIO ICIIb OJICKTPOAOB H3 AKTHBHOI'O H



MaJI0aKTUBHOTO METAJUIOB MPUBOJUT K TOMY, YTO 3JIEKTPOHBI OT OTPUIIATEIHHO
3apSHKEHHOTO 3JIEKTPOJa MEPEXONAT K TMOJOKHUTENbHO 3apsiKeHHOMY. JIBoMHOM
ANEKTPUYECKUN CJIOW Ha OOOMX DJIEKTPOJlax MCYE3aeT U OKUCIUTEIbHO-
BOCCTAHOBUTEIbHAS peaklusi, mpeacTaBieHHas nomypeakiusamu (11.1) u (11.2),
MPOTEKAET 0 TEX IMOp, MOKa, OO 3JIEKTPOJ] U3 aKTUBHOTO METaljia MOJHOCTHIO
HE pacTBOpUTCS, JIMOO HA JAPYrOM 3JIEKTPOJE BCE MOHBI MAJIOAKTUBHOTO MeTaljia
HEe OyIyT OCaXJeHbI HAa TOBEPXHOCTb.

PaBHOBeCHbIE TMOTEHIMANBI SJIEKTPOJOB K3 Pa3HBIX METAJIOB HMEIOT
paznuuHble 3HaueHus. Kpome Toro, BeIMYnHa MOTEHIMANa 3aBUCUT OT aKTUBHOM
KOHIICHTpAIlMM HMX HWOHOB B pacTBOpe M TeMieparypbl. UTOOB MOIYYUTH
CpPaBHUMBIEC BEIIMYUHbBI, TPUHATO U3MEPSTH JIEKTPOJHbIE MOTEHIMAIbl METAJIOB

MIpU aKTUBHOCTU WX MOHOB B pacTBope paBHOU 1 mounb/n u Temnepatype 25° C.

OmnpenenseMple TakUM 00pa30oM IIOTEHIMAJbl HA3bIBAIOTCS CTAHAAPTHBIMU
JJIEeKTPOAHBIMH NOTEHUHAJAMH ¢ TIpUBEJICHBI B CIpPaBOYHHKAX (CM.
[Ipunoxenue).

YeM MeHbIIIE OTpUIATEIbHOE 3HAYEHWE CTAHAAPTHBIX ITOTEHITMATOB (C
Y4ETOM 3HaKa), TeM OOJibIlle BOCCTAHOBUTENIbHASI CIIOCOOHOCTh METAJIOB U TEM
MEHBIIIEe OKUCIUTENIbHAs CIIOCOOHOCTh UX HOHOB.

B o6mem ciyuae raibBaHMuUecKas Iapa MOXET ObIThb 00pa3oBaHa
MPOBOJIHUKAMH W3 HWHEPTHOTO MeETajllla, Ha TOBEPXHOCTH KOTOPBIX CIOCOOHBI
OKHUCIATHCS U BOCCTAHABJIMBATHCS MOHBI WM MOJIEKYJIbl PACTBOPEHHBIX Ta3oB. B
ATOM Clydae METaUTMYeCKHe MPOBOJIHUKHA UTPAIOT POJIb TOKOOTBOJOB JJIsl TpUEMa
WJIH OTJA4yH1 JICKTPOHOB.

[TockoNbKy BEJIMYMHBI CTAaHJAPTHBIX TMOTEHIMAJIOB BCEX METAJUIOB
OTJINYHBI, TO TallbBAaHUYECKasi Mapa MOXET ObITh COCTaBJI€HA U3 JABYX JIHOOBIX
MeTalioB. bosee Toro, yuumrthiBasi, 4TO MOBEPXHOCTh OJHOTO METaia BCETa
SHEPreTUYECKH HEOJHOpOJHA (M3-3a HAIMYMSA MpUMEcei, pa3auduid 10

XUMHUYECKOMY U (a30BOMY COCTaBy CILIaBa M JIp.), HA HEW Bcerja BO3HUKAET



MHO»@ECTBO MHUKPOTaJbBAaHUYECKUX Map Mnpu (POPMUPOBAHUM TOHKOU TIUIEHKHU
ANEKTPOJIUTA U3 aTMOCHEPHOMN Bllard ¢ PaCTBOPEHHBIMU B HEW ra3zaMu U COJISIMH.
Pa3pymienue wmeTanna B pel3ylibTare padOThl OTPOMHOrO KOJHUYECTBA
raJbBaHUYECKUX MUKPO3JIEMEHTOB HA3bIBAIOT 3JIEKTPOXUMHUYECKOMH KOPPO3Heil.

Ha xoppo3upyromem yyactke MeTauia (C MEHBIIUM 3Ha4Y€HUEM
MOTEHIIMAJIa) TPOTEKAET aHOIHASI PEAKIIUS -

agon: M —ne ->M" ,

a Ha yyacTKax MeTajiia ¢ OOJBIIMM MOTEHIIMAIOM — KaTOJHOE BOCCTAHOBJICHUE
okucnutens. Haubonee  pacnpocTpaHEHHBIMH  OKHUCIUTEISIMU  TpU
AIEKTPOXUMHUYECKON KOPPO3HUU SIBJISIFOTCS MOJIEKYJIbI KUCIOPOAA BO3AYyXa U HOHBI
BOJIOPOJA JJIEKTPOIIUTA.

Koppo3us ¢ yyactuem Kucimopoaa Ha3bIBAETCA KOPPO3UEH € MOTIIOLICHUEM

KHCI0posia (C KHCIOPOJHOM Aemoisipusanueii). B 3aBucumoctun ot pH cpensl

BO3MOXXHBI JIB€ PEaKIMM BOCCTAHOBJEHUSA Kuciopoaa. B mienouHoil wunu
HEUTPaAIBHOU CpeJie —

karon: O, +2H,0 +4e ->40H
B KHCJION Cpefie —

katon: O, +4H" +4e —>2H,0.
AHaJIOTUYHO, MPU KOPPO3UHU C BBIJEIECHUEM BOJOpPOJa (C BOJOPOIHON
nenonisipusainueit). B menouHol iy HeuTpaabHOU cpee —
katon: 2H,0+2e¢ - H, T +20H " ;
B KHUCJION Cpefie —

katom: 2H" +2e > H,T.

OO6pa3oBaHue rajabBaHOINAPHI UCIOIB3YETCS JUIS 3alllUThl METAUTMYECKOIO
M3AEeNUs OT JJIEKTPOXMMHUYECKOM KOppo3uu. B 3THX nensx K 3aimuiaemMomy
V3AEIUI0 TMPUCOEAUHAIOT MEHEE aKTUBHBIM METaJlJl, Ha3bIBAEMbI MPOTEKTOPOM,

Ha KOTOpPOM H IIPOTCKACT aHOJHAsA PpPCaKIM:. Ecim B kauectBe IIPOTCKTOpa



MIPUMEHSITh OTHOCUTEIIBHO JICIIEBBIE [IMHK WJIM CIJIaB MAarHUs ¢ AIIOMUHUEM, TO 32
CYET WX KOPPO3UHU MOXKHO 3(P(EKTHBHO 3alIUTHTH JOPOTOCTOSIINE CTalbHBIC

KOHCTPYKIIMH, HAllpuMep OOIIMBKY KOpIlyca Kopaois.

IIpubopbI 1 peakTUBBI

[tatuB c npobupkamu, GaphopoBbIii TUTENb.

Kuokue peaxmuevl: pacTBOpP CEPHOM KHUCIOTHI (2 H.), pacTBOp COJSHOU
KHCJIOTBI, a30THas Kucjora (KOHIL.), pacTBOp rekcanuanodeppara Kamus
K3[Fe(CN)s], pacTtBOp ykcycHOM KuCIOTHI, 5% pactBop KI, nuHK.

Cyxue peakmugwvi: MeJIHasl MPOBOJIOKA, OIIMHKOBAHHOE U JIY>KEHOE KEJe30,

KCJIIC3HBIC T'BO3H, CBUHCII.

Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. naboparopHyto padoty 1.

MeTtoauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI

OmnpiT 1. Koppo3us pu KOHTaAKTe Pa3JIMHYHBIX METAJLJIOB

1. Bo3pmuTe aBe mpoOUpku U HajielTe B HUX Ha 1/3 oObema 2 H. pacTBOpa
CEPHOM KUCJIOTHI.

2. B oany mpoOupKy ONyCTUTE€ KYyCOYEK ILMHKA, B JAPYTyl0 — MEIHYIO
MPOBOJIOKY, 3aUUIIICHHYIO HAXK/IaYHONU OyMaroi.

3. 3arem mnepeneiiTe coAepKUMOEe MPOOMPKU C MEAHOM MIPOBOJIOKOW B
MpOOUPKY C IIMHKOM TaK, YTOOBI MEIHAs MPOBOJIOKA KOCHYJIACh KyCOUKa ITMHKA.

3anuch JaHHBIX onbITa. OTMETHTE, UTO MPOUCXOJNUT B KAXKJIOU MPOOHpPKE
MpU BHECEHUU KYCOUYKOB MeTauioB. Ha kakom Mertamne Oyner HaOIOAaThCA
BBIJICJICHUE BOJIOPOJIa MPU CIMBAHUM JIBYX MNPOOUpOK? 3alUIlIUTEe CXEMY
KOPPO3MOHHOTO MEIHO-IIMHKOBOTO TaJbBAaHMYECKOTO 3JIEMEHTa C BOJOPOJHOU

JlenoIsipyu3alue Ha KaToe.



OnpiT 2. 321U TA 0T KOPPO3MH METALIMYECKHUM MOKPbITHEM

1. B nBe mpoOupku Hanuth Ha 1/3 ux 0Obema pacTBOp COJITHOU KUCIOTHI U 1-
2 xamm pactBopa rekcauuaHodeppara kamus (I1I) Kiz[Fe(CN)g¢]. Ilocnenuuii
ABISIETCS PEaKTMBOM Ha MOHBI Fe'>, ¢ KOTOpBIM OH 1aeT HMHTEHCHBHO CHUHEE
OKpalllBaHUeE.

2. IlepememiaiiTe coaep:kuUMoe MPOOUPOK, B OJIHY OIYCTUTE KyCOYEK
OILIMHKOBAHHOTO JK€JI€3a, B IPYTyI0 — KyCOUEK JIyKEHOTO XKeJe3a.

3. JlaiiTe npoOupKaM MOCTOSTH MSITh MUHYT.

3anuch JaHHBIX onbiTa. OTMETHTE, B KaKOW MPOOHPKE MOSBHIOCH CHHEE
OKpaIllIMBaHHE MO KpasiM MeTaJUTHYECKOU muacTuHku. Jlaiite oObacHenue. Kakoe u3
MOKPBITHI Ha KeJie3€ BHIMOIHSAET POJib KATOJJHOTO M @aHOJTHOTO MOKPHITUS U TIOYEMY?
CocraBbTe YpaBHEHUSI PEAKIUM aHOAHBIX M KATOJHBIX MPOIECCOB IMPHU JIEUCTBUU
ranpBaHonapel Fe-Sn u Fe-Zn ¢ BopoponHoi npenossipuzauuent. Jisi cpaBHEHHS

COCTaBbTE CXEMY JIEMCTBUS TrayibBaHONAphl Fe-Sn ¢ kucnopoiHoii aenonsprusanmnei.

OnbiT 3. IlaccuBupoBaHMe MeTA/LUIOB M POJib 3AIIUTHBIX IJIEHOK B
npouecce KOppo3uu

1. 3aunCcTUTh HAXXTAYHOU OyMarou JBa >KeJIe3HbIX TBO3/S.

2. OauH TBO3/b MACCUBUPYUTE, T. €. OMYCTUTE €ro B MPOOUPKY C HAIMTOU Ha
1/3 ee oObeMa KOHIEHTPUPOBAHHON A30THOM KHCJIOTOM W TOJAEpPXKUTE ero 1-2
MUHYTHI.

3. 3aTeM BBIHBTE TBO3/[b W3 MPOOUPKH, MPOMONTE BOJOM HU3-TIOJI KpaHa,
oOcymuTe GUIbTpOBAIILHOM OyMaroii.

4. OnycTuTe NMacCUBUPOBAHHBINA T'BO3/Ib B MPOOUPKY C PacTBOPOM CEPHOM
KHCIIOTHI.

5. Jlsis cpaBHEHUS OIYCTUTE B PACTBOP CEPHOM KUCIOTHI HEOOPaOOTaHHBIMH, T.
€. HEaCCUBUPOBAHHBIN T'BO3/b.

3anuch JaHHBIX onbITa. Ha KakoM reo3zae 6I)ICTpCC BBIACIISACTCA BOI[OpOI[?



VYBEIMYUIOCh WM YMEHBIIMIOCH BBIICIEHUE BOJOPOJAA IMOCIE MaCCUBUPOBAHHUS?
Jaiite 00BsicHeHrss. OTMEThTE POJIb OKCUIHOM TIJIEHKH, 00pa30BaHHOMN Ha MeTalljie
npu 00pabOTKe KOHIIEHTPUPOBAHHON a30THOW KHUCIOTOM, MO OTHOUIEHUIO K

Koppo3uu. Hanumure ypaBHEHUSI COOTBETCTBYIOIINUX PEAKIIHM.

OnbIT 4. IIpoTekTOpHAA 321K TA

1. B aBe nmpoOupku ¢ pacTBOPOM pa3daBICHHON YKCYCHOM KUCIOTHI IPUJIEHTE
HECKOJbKO Kanenb 5% pactBopa KI.

2. B oany npoOUpKy OIyCTUTE KyCOYEK CBUHIIA, a B IPYTYIO - KYCOUKH CBUHIIA
Y [IMHKA TaK, YTOObl OHU COMPUKACAIIHCH.

3anuch 1aHHBIX ombiTa. HaGmionalite, roe ObicTpee OyneT pa3pyliaTbes
CBUHEI] (TaM TJie ObICTpee MOSIBUTCS JKENThINA 0CaZloK, TaK Kak UOHBI [” Urparot posib
MHIUKATOpa Ha HOHKEI Pb?*| 06pasys ¢ HUM MaaopacTBOPUMOE COEAUHEHUE MOM]L
ceunia Pbly). CocTaBpTe cxemy JnelcTBus raibBaHomnapel Pb-Zn. Kakoit meramn

UTPaeT poJib MPOTEKTOPA?

Coaep:xanue oT4yera u ero popma

Kaxxmp1it cTyeHT OJDKEH UMETh JIA00paTOPHBIN KYPHAI, KOTOPHIH SIBISETCS
JOKyMEHTOM, OTPaKaIOIHUM BCIO €ro paboTy. Bce HaOMIOACHWS W BBIBOIBI 110
AKCIIEPUMEHTAILHON paboTe, MpoJeaHHOW B Ja0OpaTOpWHU, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAT HEITOCPEICTBEHHO MOCIIE €€ BBHITTOJTHCHHS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSTh M3 AaThl, Ha3BaHUS U
HOMepa J1abopaTopHOM pPadOThI, HETH PadOThl, METOJMKU IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIUid, BEIBOJAOB U pacdyeToB ((PopMyIbl,

Ta0auIkl, rpadukn).

Bonpocs! 11 3aliMThI J1a00PATOPHOIl PadoThI
I. Tlpyn kakux YCIOBHUSX BO3HHUKAECT XUMHYECKAs U JIIEKTPOXUMHUYECKAs

KOppo3uu?



2. Hamumurte ypaBHEHUE pEaKIMUd KOPpPO3HUM Kejesa: a) B armocdepe
BJIAYKHOT'O BO3/lyXa; 0) B pacTBOpe TUAPOKCUIA HATPUSI.

3. llpuBeguTte mnpuMepbl METAJIOB, KOTOPbIE OTHOCUTEIBHO JKele3a
BBITIOTHSIIOT POJIb KATOJTHOT'O MOKPBITHUS.

4. O0BACHUTE CYIIHOCTh KaXXI0U JIEKTPOXUMHUUECKOH 3allIUThI OT KOPPO3HUHU.

5. YcranoBka paboTaer Ha Bo3ayxe. Heo0XxonuMo 3alUTUTh €€ IeTalld OT
Koppo3uu. Kakoit Bua 3a1IUThI MPET0KIIN Obl BbI?

a) ANEKTPOXUMHUYECKYIO KATOJIHYIO 3aIUTY

0)  NPOTEKTOPHYIO 3ALIUTY

B)  3aIIUTY MOCPEJACTBOM METAUIMUECKUX MOKPBITHIA.

6. JKeme3nas neranb MOKpBITA CBHUHIIOM, paboraer B Boje. B cmydae
HapYIIECHUS LIETOCTHOCTU MOKPBITHS KaKoW MeTasul OyaeT pa3pyuiarbes? Hanummre
ypaBHEHHE PEAKIIUiA, Ha KATOJHOM M aHOJIHOM y4acTKaXx.

7. Kakue u3 HWKEyKa3aHHBIX OKCHUIOB MOTYT OBITh BOCCTAHOBJICHBI

Bosopoaom: MgO, CuO, Ca0O, ZnO, HgO?

8. Kakue u3 okcuaos: Fe;0;, CaO, AgO, NaxO, ZnO — Moryt OBIThH

BOCCTaHOBJIEHEI ATFOMUHHEM?
9. 13 kakux coneii: Pb(NO3)2, Al2(SO4)3, CuSO4, AgNO3, ZnSO4 — MeTanmn

MOJKET OBITh BBITSCHESH HUKEIEM?

10. B 200 mx pactBopa, coaep:xkaiiero Pb(NOs3), u AgNO3 B KOHIIEHTpaIuu
kaxaoro 0,1 Monw/n, omymieH Kycok skene3a 1,12 r. CKoJIbKO KaXA0ro MeTaiia
BBITECHEHO KEJIE30M?

11. B 250 mn pactBopa, conmepxamiero ZnSQOs, MgSOs4 u NiSOs B
KOHIIEHTpaIuu Kaxaou conu 0,2 Moib/1, norpyxeH Kycok amomunus 0,8 r. Kakue

W3 METAJJIOB U B KAKOM KOJIMYECTBE BHITUCHSITCS aTIOMUHUEM ?

12. VBennuuTCs WM YMEHBIIUTCS MAacca LIHWHKOBOW TIUIACTUHKHA TIPH

B3auMoJielicTBuu: a) ¢ pactBopoMm CuSQOyq; 0) ¢ pactBopoMm Pb(NO3),?

13. B pactBop AgNO; onymena MenHas miactuHka 9,547 r. Yepes



HEKOTOpPOE BpeMsl IJIACTUHKA ObLla BBIHYTA U3 PACTBOpA, MPOMBITA, BBHICYIIEHA U
B3BelleHa. Macca e€ okazanack 9,983 1. Ckoiibko cepebpa BBIIETUIOCH Ha
TJTACTUHKE?

14. B 200 mu1 0,1 M pactBopa CuSO4 onymiena xene3nas miactuaa 10,112
r. KakoBa OyzieT Macca IIaCTUHKH IO BRITECHEHUH BCEH MeJIU U3 pacTBOpa?

15. Bpuucnuth SIEKTPOJHBIA TOTEHIMAN I[MHKA, TMOTPYKEHHOTO B

pacTBOp, coJiepKaliuii HoHbI Zn>" B akTHBHOI KoHIeHTpayH 0,1 Moib/I.

16. Kakoil »5yekTpoa 3apsbK€H  OTPUIATENIBHO B TalIbBAHUYECKHUX

>J€MEHTaX, 00Pa30BaHHBIX CTAHAAPTHBIMHU dIEKTpoaamu: a) Mg? /Mg n A137/Al;

0) A13*/Al u Zn*/Zn?

17. CocTaBUTh CXEMBI JBYX TajJbBaHUYECKHX 3JJIEMEHTOB, B OJHOM W3
KOTOPBIX HUKEIh — OTPHUIATEIbHBIN AIEKTPO, B APYTOM — MOJIOKUTEIbHBIN.

18. Kakoii H3 DSIEKTPOAOB  3apshKEH  OTPUUATEIIBHO W KaKou
MOJIOKUTENbHBIN B KOHIICHTPAIMOHHOM AJIIEMEHTE, 00pa3oBaHHOM
ATFOMHHHAEBBIMU 3JIEKTPOJAMH: [IPH AKTUBHON KOHIIEHTPAIMK HOHOB Ag' B OJTHOM
0,01 mounb/n, B npyrom - 0,1 Momnb/n?

19. Kakue peakuuum TMPOTEKAIOT y DBJIEKTPOJOB B TAIIbBAHUYECKUX
AlIeMEHTax, 00pa30BaHHBIX: a) KOOATbTOM U XPOMOM; O) OJIOBOM U MEJbIO,
MOTPYXEHHBIMU B PACTBOPBI UX COJICH?

20. Yto siBHsieTCSI OKUCIHUTENEM, YTO BOCCTAHOBUTENIEM B rajlbBaHMYECKOM
AJIEMEHTEe, COCTaBJIEHHOM MeENIbI0 M cepeOpoM, MOTpyKEHHBIMU B PACTBOPHI UX

coyiein?

Jlureparypa

[OcHoBHas nutepatypa 1-4, nonosHUTENBHAS IUTEPATYpa 2,4]

JJABOPATOPHAS PABOTA 12



ONPEJEJEHUE KAPBOHATHOM )KECTKOCTH BO/JIbI

I_Ie.m, H COACPKRAHUEC
O3HAaKOMHUTBCSI C OCHOBAMHM KOJMYECTBEHHOIO aHaIW3a. Haqu/ITBCH

OIIPCACIIATh Kap6OHaTHYIO KCCTKOCTBh BOABI MECTOOOM 00BEMHOT0 aHAJIN3A.

TeopeaneCRoe 000CHOBaHHE

BaxnelmuMu  mokazaTelasiMM  KauecTBa  BOJBI,  ONPEACISIOIMINMU
MPUTOJIHOCTh €€ UCIOIb30BaHUs NI PA3IMYHBIX LieJiel (MUThSI, B CTPOUTEIHLHOM
JieJie, OXJIAKICHHS IBUTAaTeNIel, UCIOIb30BaHUs Ha TEIJIOBBIX JIEKTPOCTAHIUAX), B
CEILCKOM XO3MMCTBE SBISIOTCA: COJEpKaHUE B3BELICHHBIX BEIIECTB; CYyXOM
OCTaTOK; O0OIIasi XKEeCTKOCTh; KapOOHATHAas ECTKOCTh (0O0mIasi IIET0YHOCTD);
OKHCIISIEMOCThR; pPH; comepxkanne koppo3noHHoarpeccuBHBIX Ta3oB (CO2, HoS, SO»,
O2 u 1p.); conepxanue noHoB Na*, K*, Ca?*, Mg?', CI, SO4*, COs%, SiOs%, Fe?',
Fe’*, AI*.

Cyxoi 0oCTaToK — Macca COJIEM, OCTABIIUXCS IOCJIE BhIIAPUBAHUSA BOJBL.
OKUCI1EMOCTh XapaKTepU3yeT 00111ee KOJIUUECTBO OPTraHMUYECKUX BEUIECTB B BOJIE.

OnuuM U3 HauOoJsiee BaXKHBIX MOKa3aTelell KauecTBa BOJbI SBIISIETCS 00IIas
YKECTKOCTh BOJIbI.

Oobwana yncecmkocmsv 600bl PaBHA CyMME KOHIIEHTpAlWil B HEM KaTHOHOB
Ca?" (xanpLueBas *KeCTKOCTh) M Mg?" (MarHmeBasi ’KECTKOCTb) M BBIPAXKAETCSA B
MUJUTUAKBUBAJIGHTaX HA JUTP (MAKB/I) (WU, YTO OJIHO U TO K€, B MUJUTUTPAMM-
HKBUBAJICHTAaX HA JUTP (MI-3KB/J).

Ko = Kca + Kwmg, MIKB/1T (12.1)

Jns mepecuera BBIPAKEHHBIX B MI/I KoHueHTpaumii kansmusa C(Ca’') n
marausg C(Mg?") B MOKB/I UX HYXHO pa3JeluTh Ha SKBHBAJIEHTHBIE MACChl 3THX
KaTHUOHOB, T. €.

_ C(Ca)

o , MOKB/II,
20,04



C(Ca™)
e = A » MOKB/JI,
12,16
rae 20,04 u 12,16 — skBUBaeHTHEIE MacChl cCOOTBETCTBeHHO Ca’" n Mg?*,
OOmiast  KECTKOCTh  BOJBI  MOApa3zjensiercs Ha  KapOOHAaTHYO U
HEKapOOHATHYIO.

Kapoonamnasn scecmxocms 600ut (Kx) 00ycinoBieHa npucyTCTBUEM B BOJIE

ruapokapoonaroB kaibius 1 maraust Ca(HCOs3)> u Mg(HCO:s)a.

C(HCO)
=, MDKB/I,
61,02
rie C(HCO73) — koHmeHTpamus THOpoKapOOHAT-WOHOB B Mr/m; 61,02 —

skBHuBajieHTHas macca HCOs'.
KapOoHaTHy10 ’KECTKOCTh Ha3bIBAIOT TAKKE 6PEMEHHOU (YCmPAHUMOIL), TAK
KaK MpU KUMSYEHUU PaCTBOPUMBIE THAPOKAPOOHATHI KalbI[Us ¢ MarHus

MpeBpaIarTCcs B HEPACTBOPUMBIE KapOOHATHI MINM OKCUKApOOHATHI:
.
Ca(HCO,), »CaCO, ¥ +H,0 + CO, T,
.
Mg(HCO,), »MgCO, ¥ +H,0 + CO, T,

,
2Mg(HCO,), »Mg,(OH),CO, y +H,0 +3CO, T.
Kap60HaTHYIO KCCTKOCTh YaCTO HA3bIBAIOT W{€/104YHOCMbIO, TaK KakK

FHI{pOK&p6OHaTH, BCJICACTBUC TUAPOJIN3A, IPUAAIOT MICIIOYHYIO PCAKIIUIO BOAC!

Ca(HCO,), + HOH —Ca(OH), \ +H,0+CO, 7.

Hexapoonamnaa scecmxocmp (Kukx) 00yCIOBIEHA HAIMYUEM B BOJAE
XJIOPUJOB, CyJIb(HATOB U IPYTUX HEKapOOHATHBIX cojiel kanbius u maraus: CaCly,
MgCl,, CaSO4, MgSO4, CaSiO3, MgSiOs u ap.

HekapOoHaTHYIO KECTKOCTh Ha3bIBAIOT TAKIKE HOCMOAHHOU HCECHKOCHIBIO.
Kunsiuenuem ona He yctpaHsiercs. OOBIUHO HCTONB3YIOT XUMHUUYECKUE CIIOCOOBI
yCTpaHEHUs MOCTOSHHOM JKECTKOCTH BO/IbI.

Takum o0pazom, oduas yHcecmkocms 600bl paBHA CYMME KaJbLIUEBOU U



MarHueBOM JKECTKOCTEeW, C OJIHOM CTOpPOHBI, U CyMMe KapOOHAaTHOM U
HEeKapOOHATHOM KECTKOCTEHN C APYTrOil CTOPOHHI.

Bonbr ¢ oOmel JKeCcTKOCThIO J0 3  MI-3KB/JI  Ha3bIBAlOT MSTKUMHU.
Coneconepxxanue banrtuiickoro, Kacnmiickoro, YepHoro mopei paBHo 7,5-16 Mmr-
9KkB/1. OO0mIas )KeCTKOCTh BOABI MOPEN M OKEaHOB COCTaBWja MpumepHo 215-225

MDBKB/JI, B TOM 4HCie KapOoHaTHas — 15 MIKB/II.

Tabmuna 12.1 — Knaccudukanuss npupoAHBIX BOJA MO BelWYUHE OOLIEH

KECTKOCTHU
KectkocTh Conepxanue, MIKB/IT
Manas <1,5
Cpennss 1,5-3,0
IloBeImenHas 3,0-6,0
Bricokas 6,0-12,0
OudeHb BhICOKAS >12

KapOoHaTHyt0 KECTKOCTh BOJbI OMNPEACISIOT MEmo0oM 00bEeEMHO20
ananuza. CyTh €r0 COCTOUT B TOYHOM OIpEJeIeHUN 00beMa pacTBOpa PEaKTHBa C
TOYHO MU3BECTHOM KOHILIEHTPAIMEH, U3PAaCX0JOBAHHOIO HA XUMUYECKYIO PEAKIIUIO C
M3BECTHBIM 00BEMOM PacTBOpa OMpeaesieMoro KommnoneHTa. OKoOHYaHUE peaKIuu
(TOUKY SKBHUBAJEHTHOCTH) YCTAHABJIMBAIOT C MOMOIIBI0 HMHAMKATOPa-BEIIECTBA,
W3MEHSIOIIETO B ’TOT MOMEHT CBOM IIBET.

[Ipouiecc mMOCTENEHHOTO TPUIMBAHUS pEAKTHBA C TOYHO H3BECTHOM
KOHIIEHTpAaIMeN K UCCIIeTyeMOMY PACTBOPY HA3bIBAIOT MUMPOBAHUEM.

CornacHO 3aKOHY SKBMBAJIEHTOB BEILECTBA B3aUMOJECHCTBYIOT MEXKIY COOOM
MPOMOPIIMOHAIPHO UX XUMHUYECKHM JKBUBAJICHTaM (T. €. 1 SKBHBaJIEHT OJHOIO
BEILIECTBA B3aUMOJIEUCTBYET ¢ 1 SKBUBaJIEHTOM Jpyroro BemiectBa). [loatomy B
00BEMHBIX OMPEACICHUSX UCIOIB3YIOT HOPMAJIbHBIE PACTBOPHI.

KapOoHaTHyt0 KECTKOCTh OINpPEETsIOT THUTPOBAHUEM OIPEIEICHHOTO



o0bema uccnenyemoit Bosibl 0,1 H. pacTBOPOM COJNSIHON KUCIOTHI B MPUCYTCTBUU
WHIMKATOpPa METUJIOBOTO OpaHXkeBoro. [Ipu 3TOM MPOMCXOIUT peaKIIys:
Ca(HCOs3)2+ HCl — CaCl>+ H20 + CO2f.
Pacuer npoBoastT no gpopmysie:

V(H20)-Cu(H20) = V(HCI)-C«(HCI) (12.2)
rae V(H20) — o6wem Bozwl, B3siToM 1y ananmuza; V(HCI) — oowsem 0,1 HCI,
n3pacxonoBanHo Ha peakuuto ¢ Ca(HCOs)2 u Mg(HCOs)2; Cu(H20) — cymmaphas
koHnentpanus coneir Ca(HCO3), u Mg(HCO3), r-sks/im; Cu(HCI) — koHIICHTpaus
HCI, r-sxB/m1.

N3 ypaBHenus (12.2) nmaxoaum Cu(H20) (T. e. xkapOOHATHYIO KECTKOCTH,
BBIPAKEHHYIO B I-3KB/JI):

K:ﬂmH@ZQWWWGM)

o2 V (H,0)

, T-DKB/IL. (12.3)

Bripazum kapOOHATHYIO KUJIKOCTh B MT-3KB/J WJIH MAKB/JI.

JK =C -10°, MIKB/IL. (12.4)

Hpumep. [lycts Ha TUTpOBanue 100 M BOIBI TONLIO B cpeanem 12,26 mi
0,1016 u. HCI. Toraga kapOoHaTHast AKECTKOCTh BOABI Oy1€T

Cu(H20)=12,25-0,1016/100 = 0,01225 r-3xB/11, a T.K. 1 r-3kB = 1000 M2KB =
1000 Mr-3KB, TO

Kx=0,01225-10° = 12,25 Mr-sks/n.

IIpudopsl 1 peakTUBbI

CrexnsiHHas KOHUYECKasi Konda ajig TUTpoBanusi oobemom 250 mu — 3 miT.,
MepHBIM muIuHAp Ha 100 MJI, CTeKISHHBIC MUIIETKHU, IITAaTUB C OIOPETKOM Ha 25 M,
XMMUYECKUH CTaKaH, METUJIOBBINA OPaHKEBBIM.

Kuoxue peakmuswr: pactBop HCI (0,1 H.), BogonpoBoHas Boja.

Yka3aHus no TexHuke 0€30MacHOCTH

Cwm. naboparopnyto padoty 1.



MeTtoauka u MOPAIOK BbIIMMOJHCHHUSA paﬁoTbI

1. OrmepbTe MepHBIM HUIMHAPOM 11O 100 MJT BOJIONIPOBOIHOM BOAKI B TPU
KOHMYECKHE KOJIOBI 1JIsl TATPOBAHUSI.
2. B kaxnyio kon0y no0aBpTe Mo 2-3 Karui WHJIUKATOpPA METHIOBOTO
OPaHXKEBOTO.
3. DBroopeTky npoMouTe JUCTUILUIMPOBAHHOW BOAOW U OJUH Pa3 paCTBOPOM
tutpanta 0,1 1. HCI.
4. Tlocne mpombiBanus 3anonauute Oropetrky 0,1 H. pactBopom HCI no
HYJIEBOW OTMETKHU. TUTpyHTE TpHU KOJOBI C UCCIEAYEMOM BOJON IPHU MOCTOSSHHOM
NepeMEeIINBaHUY J10 MIEPEX0/1a )KEJITON OKPACKU pacTBOpa B OJIEIHO-PO30BbIH IIBET.
3anuce AaHHBIX ombiTa. [l0 MOJNydeHHBIM pe3ysbTaTaM pPacCUUTANTE
cpeanee 3nauenue V(HCI)e, u onpenenure kapOOHATHYIO dKECTKOCTh UCCIIETyEMOM

BoJibI 110 (hopmyuie (11.3). Cnenalite BBIBOJI O KAYECTBE BOIBI.

Coaep:xanue oTyera u ero opma

Kaxxp1il cTyeHT OJDKEH UMETh JIa00paTOPHBIN KypPHAI, KOTOPHIH SIBISETCS
JIOKyMEHTOM, OTPaKAIOIHUM BCIO €ro paboTy. Bce HaOMIOACHWS W BBIBOIBI 10
AKCIIEPUMEHTATILHON paboTe, TpoJeaHHOW B Ja0OpaTOpWH, CTYACHT 3aHOCUT B
71a00paTOPHBIH JKypHAT HEITOCPEICTBEHHO MOCJIE €€ BBITTOJTHCHHUS.

Otuer mo nmabopaTopHOM pabOTe JODKEH COCTOSITh M3 JaThl, Ha3BaHUS U
HOMepa J1abopaToOpHOM pPadOThI, HEMH PadOThl, METOJMKHU IMPOBEIACHUS OIBITOB,
HaOII0/ICHUM, ypaBHEHUN XUMHUUYECKUX PEaKIUid, BEIBOJAOB U pacyeToB ((PopMyIbl,

Ta0auIkl, rpadukn).

Bonpocs! 1uis 3aliMThHI J1a00PATOPHOIl padoThI
1.JlaliTe ompeneneHue MOHITHUIM: «O0OIas 3>KECTKOCTh», «KapOoHaTHas
KECTKOCThY, «KHEeKapOOHATHAs KECTKOCThY. OXapaKTEepU3yHUTe UX.

3. Ilepeuncnure u 0XapakTEPU3YUTE METOABI YCTPAHEHUS )KECTKOCTHU BOJIBI.



4. TlpucyTcTBUE KaKUX COJIEH B IPUPOJI€ 00YCIOBIUBAET )KECTKOCThH BOIbI?

5. Kakue xumuyeckue peakiuu MPOUCXOJAT NpH J00aBICHUH K KECTKOU
Boje: a) NaxCOs, 6) NaOH; B) Ca(OH),? PaccMmoTperh ciiydyau NMOCTOSIHHOM H
BPEMEHHOM KECTKOCTH.

6. B dem 3aknroyaeTcss HOHHOOOMEHHBI CIOCOO YCTpPaHEHHS >KECTKOCTH
BOJIBI?

7. Tlpu xunstaenun 250 M1 BOABI, COAEpKalled TMApoKapOOHAT KalbIus,
BBINAJ 0CAJ0K Maccoit 3,5 mr. UeMy paBHa ®KECTKOCTb BOABI?

8. Kak, ucxo/ist u3 3aKOHOB 9KBUBAJIEHTOB, MPOBEPUTH MPABIILHOCTh aHAJIN3a
BOJIbI, €CIIM M3BECTHO, YTO COJEpKaHHe B Boje MOHOB B Mr/im: Na* = 2500, Ca™ =

150, Mg**= 75, HSO3 = 3600, Cl-= 1500, SO*4 = 250?

9. B 1 M® Bomsl comepsKMTCA THAPOKapOOHAT Kamblus Maccoil 44,6 T u
cynbdat maraus Maccoit 30,7 r. Uemy paBHa kapOoHaTHas, HEKapOOHaTHAs v 001t
JKECTKOCTb BOJBI?

10. Yemy paBHa *KECTKOCTh BOABI B HackilleHHOM pacTBope CaSOs4, ecim
pacTBOPUMOCTH €ro coctasisaeT 2,02 T B auTpe pactBopa?

11. Kakyro maccy ramenoi uzectu Ca(OH): cnenyer npubasuts k 100 11
BOJIbI, YTOOBI YCTPAHUTh KAPOOHATHYIO XKECTKOCTh, PaBHYIO 5,45 MMOJb-3KB/1?

12. Ha xakyio BeJIMYMHY NOHH3UIACH XKECTKOCTb BOJbI, €CIH NpHU
oOpaboTtke 10 1 Boawl ramenoil uzBectbto Ca(OH), B ocamok Bbiman kapOoHat
kanbuus CaCO3 maccoit 1,58 r? Hanumure ypaBHEHUE peakiiuu, KOTOpas pu 3TOM
MPOTEKAET.

13. Uemy paBHa >XKECTKOCTb BOJbl B HACHIIIEHHOM pacTBOpe KapOoHaTa
Maraust MgCQOs3, eciii ero pacTBOpuMOCTh cocTaBisieT 0,267 r B utpe pactBopa?

14. Beruuciaure KeCcTKOCTb BOAbl, B 500 11 KOTOPOH COIEPKUTCS
ruapokapoonat marauss Mg(HCOs)2 maccoit 5,03 r u xnopun kanbiust CaClz
Maccou 72,6 T.

15. Hanumure ypaBHEHHE B3aMMOJEWUCTBUSI TUIIPOKapOOHATAa KaJblUs C

XJIOpoBOIOpOaHOM KHciaoTor. KakoBa kapOoHaTHAsl )KECTKOCTh BOIBI, €CIIH JIJIs



peakiuu ¢ Ca(HCOs)2, cogepxkamumcs B 100 mit Boasl, morpedoBanocsk 10,3 mi
0,0500 u. pactBopa HCI?

16. Jlna ymsruenus 1 m> Boasl no6asum 250 r kap6onarta Hatpus Na,COs.
Ha kakyro BeIUYNMHY YMEHBIIUIACh KECTKOCTh BOABI?

17. Ilpu o6GpaboTtke 0,5 1 Boabpl KapOOHATOM HATPUsS B OCAIOK BBIMAI
ruapokcu maraus maccoil 50,4 mr. KakoBa ecTKOCTh BOJBI, OOYCIOBJICHHAs

COJIAMHU Maruus?

Jlureparypa

[OcHoBHas nutepatypa 1-4, nononHuTenbHas nureparypa 1-4]

JIABOPATOPHAS PABOTA 13

KAYECTBEHHBII AHAJIN3 KATUOHOB U AHUOHOB B
PACTBOPAX UHJUBUIYAJBHBIX COJIEA

I.Ie.m; H COACPKAHUC

O3HAKOMHTHCS C IMPUHOUIIOM ITOCTPOCHUA aHAIMTHUYCCKHUX KJ'IaCCI/I(i)I/IKaI_[I/Iﬁ
KaTuOHOB u AHHOHOB, HAay4YUTbHCA IIpOBOJUTH HpO6I/IpHBIM CITIOCOOOM
I/I,HCHTI/I(l)I/IKaI_II/IIO KaTHOHOB WM AHWOHOB B pPAaCTBOPAXx HWHAWBHUAYAJIbHBIX coJiei

HCOPraHNYCCKHX BCIICCTB.

Teoperuueckoe 000CHOBaHHE

KadecTBeHHbBI XUMUYECKUI aHATTN3 TPEACTABIIAET COOOM MPOLIECC OTKPHITHUS
HMOHOB B BEILIECTBE C MOMONILI0O XUMHUECKUX PEAKIIUMA 0€3 KOJIMUEeCTBEHHON OLICHKH
pe3ysibTaToB. Ero mpuMeHSIOT IS NPEABAPUTENBHOIO OINPEAEIICHUs COCTaBa
HEHW3BECTHOT'O BEILIECTBA, a TAKXKE JJIsI IPOBEACHUS TECT-KOHTPOJIS HA TPEBBILLICHUE
NpeAeabHON  KOHIEHTpAllUU KaKOoro-mmbo coeauHeHuss B mnpoaykre. Jlus

I/I,HCHTI/I(l)I/IKaI_II/II/I B aHAJIM3HUPYCMOM BCHICCTBC TOI'O HJIM MHOI'0O KOMIIOHCHTA Ha



npoOy (HEOOJBIIYI0O MOPLUMIO BEHIECTBA) BO3JECUCTBYIOT  CHEHUATbHBIMU
peaKTUBaMH — peareHTaMH.

Ecnau B aHanu3upyemMom BeIIECTBE UMEETCS] OMPENENIIeMbIii KOMIIOHEHT, TO
MEXJy HUM M PEareHTOM MPOTEKAeT XMMHUYECKAs peakivs, COMPOBOXKIAIONIAsAC
BHEIIHUM M3MEHEHUEM WJIM AHAJMTHYECKHMM mnpusHakoMm. K TakuM nmpuszHakam
OTHOCAT 00pa30BaHKE OCAJKa, BbIICICHNUE XapaKTEPHOIO ra3a Uil U3MEHEHHE 1IBETa
pactBopa. Ecim moa BO3ACHCTBHEM peareHTa OXXHUAAEMbIM il JAHHOTO HOHA
aHAJTUTUYECKUI MPU3HAK HE HAOII01aeTCsl, TO B MPOOE ATOT HOH OTCYTCTBYET.

[Ipu paboTe C AOCTATOUYHBIM KOJIMYECTBOM pPAacCTBOpa aHAJIU3UPYEMOTO
BEIIECTBA MPUMEHSIOT MTPOoOUpKHU (MPoOMpHbIe peaknun). 1 3Toro orduparor

0,5—-2 M pactBopa ¥ A00aBISIOT B HETO HECKOJBKO Kameiab WM KPHUCTAJUIBI

pearenTa. Peaknust JoKHA TPOTEKATh OBICTPO 1 OJHO3HAYHO.

[Ipu paboTe C MagbIM KOJWYECTBOM BEIIECTBA MPUMEHSIOT KarelIbHbIC,
MUKPOKPHUCTATUIOCKOMTMYECKHAE U KCTPAKITMOHHEIE PEaKITHH.

KanesibHble peakiiyu BBITIONHSIOT HA GUIBTPOBATBHOM Oymare, Ha KOTOPYIO
HAHOCST B ONIPEIEIEHHON MTOCIeI0BATETLHOCTH KATUTH PACTBOPOB aHAIM3UPYEMOTO
BemiecTBa u pearedra. O MpUCYTCTBUU HCCIEAYEMOTO HOHA CYISAT IO 00pa30BaHUIO
IISITHA ONPENEIEHHOTO 1IBETA.

MuUKpOKpHCTALUIOCKONMUYECKHE PeaKIUH TPOBOIATCS HA MPEIMETHOM
CTEKJIE MPU BhIApUBAHUU pacTBopa. MOHBI HIEHTU(DHUIMPYIOT TIO IBETY U (GopMme
00pa3yronuxcsi KpUCTAIIOB, KOTOPbIE HAOIIOAAIOT MO MUKPOCKOTIOM.

JKCTPAKIMOHHBbIE PEAKNMH BBHIMOIHAIOT B MNPOOMpPKaX ¢ TUIOTHO
3aKpHIBAIOMIMMHUCS TpoOkamMu. OT TPOOUPHBIX OHH OTJIWYAIOTCS TEM, YTO
JOTIOTHUTEIPHO BHOCAT JOKCTPAreHT — OpPraHWYEeCKUH pacTBOPUTETh, HE
cMmermmuBaromuiics ¢ Bogoi. ComepkumMoe TPOOUPKHU TIATETHHO TIEPEMEIIUBAIOT U
naroT (hazaM paccionTbes. 3MeHeHue okpacku a3bl SKCTPAareHTa CBUAETEIbCTBYET
O HAJTMIMH OTPEACIIIEMOTO HOHA.

[IpenBapuTenbHble  WCCIASAOBAHUS  HEW3BECTHOTO  BEMIECTBA  OOBIYHO

HA4YWHAKT C Hl/IpOXHMI/I‘IeCKOﬁ PE€aKIMu, 1IpoBOAAd I/II[CHTI/I(i)I/IKaI_[I/IIO HOHOB IIO



M3MEHEHHUIO OKpAacKH IUIAaMEHU TOpENKU. DTa peakius XapakTepHa B TMEPBYIO
ouepeNb NJs IIEJOYHBIX M NICJIOYHO3EMENbHBIX MeTauioB. [lpu mpoBeneHun
aHaJIM3a KaIUTI0 MCXOJAHOTO PacTBOpa WM CYXO€ BEIIECTBO IMOMELIAIOT B YHUCTYIO
METII0 U3 HUXPOMOBOU MPOBOJIOKH U BHOCST B ILJIaMsI TOPEJIKHU.

[IpoBoas Ty WM MHYIO aHATUTHYECKYIO PEaKIMI0, HEOOXOAUMO CO3/1aBaTh
onpeNeNEHHbIe YCIOBUS i €€ MPOTEKaHMs, TaK KaK MHA4Ye pe3ysbTaT peakiuu
OKaXETCsl HE IOCTOBEPHBIM. OTHUM U3 BaKHEUIIIUX YCIOBUH SBISETCSA KUCIOTHOCTD
Cpebl, KOTOpasi B ClIydyae HEOOXOAUMOCTH PETYIUPYETCs 100aBICHUEM K PAaCTBOPY
KUCJOTHI, Mménoun wunu OydepoB. [pyrum BaxxHbiM (PakTOpoMm sIBISETCS
TeMIeparypa pacTBOpa, TaK KaK HEKOTOPbIE PEAKIMU MPOTEKAIOT TOJIbKO MPHU

HarpeBaHuM.
AHaJau3 " Kiaccupukanus KaTHOHOB

Jlns onpeneneHuss KaTUOHOB pa3pa0dOTaHbl U MPUMEHSIIOTCS Ha TMPAKTUKE
Takue Kiaccupukaluu, Kak: cepoBoAopoaHas (cyiabduaHas); KUCIOTHO-OCHOBHAS;
TUAPOKCUAHO-TIEpOKCUAHAsA;, (PocdaTHO-amMmuauHass U Ap. [lox aHamuTHyeckoit
KJaccuduKanye KaTUOHOB MOHUMAIOT BBIJIETIEHUE B OCAJOK HEOOJBIIUX TPYIII
MOHOB M3 CMECH IMyTEM IIOCJIEIOBATEIILHOTO BO3JEHCTBUSI CUCTEMBI TPYMIOBBIX

pEarcHTOB.

B ocHoBe m1000# kiaccu(puKanuy JIEKUT MPUHIIMI CXOJCTBA XUMUUYECKUX
CBOMCTB 3JIEMEHTOB: CIIOCOOHOCTH Psila MOHOB 00pa30BBIBATH MAJIOPACTBOPUMBIE
coeauHeHus (ocanku). B kauecTBe peareHToB MOAOUPAIOTCS BEIECTBA, KOTOPHIE B
MUHHUMAaJIbHON CTEMEHU B JalibHEUIIeM OyIyT BIUSATH HAa XOJ OINpeeieHus, 1100
JIETKO MOTYT OBITh yJlalieHbl. B mepByto ouepeab 3TO KUCIOThI, TUAPOKCUIBI U COITH

AMMOHMHAI.

Cepoeooopoonasa knaccugpuxkayua oaHa U3 CaMbIX NPOCTBIX MO CTPYKTypE
(tabnuma 13.1), ogqHako €€ MPUMEHEHHE B HACTOSIIEE BpPEMsS OTPAaHHYEHO H3-32
MCIIO0JIb30BaHUs BBICOKOTOKCUYHOTO CEpOBOIOpoia. Jpyrue MeTonbl aHaIu3a ObUIH

pa3paboTaHbl C IEJbI0 3aMEHBI TOKCHYHBIX peareHTOB Ha Ooisiee Oe30IMacHbIC U



B pCaHBHOﬁ IIPAaKTHUKC aHaJIn3 BbIIIOJIHACTCA Ha OCHOBC KOMIIJICKCHOI'O
nmoaxoaa: BI)I6I/IpaIOT TC PCAKTHBEI, PCAICHTBI U CXCMbI €I'0 IIPOBCACHUA, KOTOPEIC

MO3BOJAIOT AOCTUYD JKCJIACMOT'O pE3yJibTaTa Han0oJIee YJKOHOMHBIM ITyTEM.

CornacHO CepoBOJIOPOAHON KiIaccU(pUKAlMK, KaK BHAHO W3 Tabmuisr 13.1,
BCE KATHOHBI Pa30UTHl HAa 5 aHAJIMTHYECKMX TPYHI, OCAXICHUE KOTOPBIX
BBITIOTHSIETCSI C TIOMONIBIO CHUCTEMbl TPYMNIOBBIX PEAreHTOB B CIIEIYIOIIEH

IIOCJIICAOBATCIBHOCTH .

rpymnmna: \% 1A% I 1T I
pearenr: HC/ — H,S — (NH,),S — (NH,),CO, — Her
pH: 0,5-1 ~1 >9 9-10.

Onpenenenne HAUMHAKOT C BBIACIEHUS U OTICICHUS S5-M IPYyIIbl KATUOHOB,
o0pa3yrolux HEepacTBOPUMBIEC B BOJIE U KUCIOTaxX XJOpuasl. 3atem B cpene HCI
(pH= 0,5 — 1) mpoBoasT ocaxaeHue 4-ii rpynmnbsl KaTHOHOB B BUJIE CYIb(UIOB,
YCTOWYMBBIX KAaK B KHCJIOW, TaK U B HEUTpalbHOU cpene. [nsd mocienyromux ¢
MOMOIIIBI0 aMMHA4YHOTO Oydepa U3MEHSIOT KUCIOTHOCTh CpPEebl Ha MICTOYHYIO U
MOCJICIOBATENBHO BBIACISIOT B OCaJOK 3-10 M 2-F0 TPYyNIlbl KaTHOHOB B BHUIE

COOTBETCTBYIOIIMX CYJIb()HUI0B, THIPOKCUIOB U KapOOHATOB.

Takum 00pa3oMm, B pacTBOpe TMOCIE BO3JECUCTBUS CHUCTEMBI TPYIIOBBIX
PEareHTOB OCTAlOTCS TOJIBKO KAaTHOHBI |- aHAJIUTUYECKOW TPYyNIbI, KOTOpas He

oCaXXKaacTCA IOJIHOCTBIO HXU OJJHHUM M3 PCArCHTOB.

JanbHeiimas uieHTu(pUKanys KaTHOHOB B TPyINIlax OCHOBAaHA Ha pa3jinyue
UX PACTBOPUMOCTH, YTO IMO3BOJISIET PA3AEIUTh I'PYIIbI HA MOArpyNIbl. Tak B 4-i
IpyIIe KaTHOHOB BBIACIAIOT MOATPYNIY MEAW M MHOATPYNIYy MBIMIbSIKA; B 3-U
IpyIIe — 3TO MOATPYNIBI HWHKA U aMOMUHHs. OnpenesieHue MHIUBHUIYaJIbHBIX

KaTHUOHOB BHYTpPHU I'PyIIl W IOATPYIIIT BBIMMOJHAIOT KOM6I/IHaHI/Ief/'I I[pO6HOFO "






Ta6muma 13.1 — CepoBoopoaHas kiaccudukaiys KaTHOHOB

Amnamutu- .
VYcnosus I'pynmosoit XapakTeprcTuka
yecKast Katnonst CoenuHeHus, 00pa3yolHe 0Cal0K
OCaK/ICHUS pearenr TPYIIIBI
rpynmna
. +
N 12 H?\I]Lg)};rma ammonns: K, Cymshumst u KapOOHATHI
HepBas a, 4’ i Her i pacTBOpUMBI B BOje, KapOoHaT
P 2) noarpytma Mars: Mg2 . MarHyss pacTBOPUM B pacTBOpax
coJIeil aMMOHUS
7p.
Ca®, Ba™, Sr** PH>T Cynbhupl PacTBOPUMEL a
’ ’ NH ,), CO B ’
Bropat Rb** NH1OH + NH4Cl ( +)2 CO; CaC0O;s, BaCOs, 5rCO; KapOOHaThl HEPaCTBOPHUMBI B BOJIE
1) noarpynna amomusms: Al
Cr3*. pH >7 Al, O, -H,0, ZnS Cynbhuapl (MM THIPOKCHIBI)
Oydep HEpacTBOPHMBI B BOJIE I PACTBOPHMBI
. 3+ .
TP 22) no;[rpzyr[na HI;HKa' Fe™, NH 4OH + NH 4Cl (NH ). S Cr,0s-H,0, MnS, Fe,Ss, | pa3baBICHHBIX ~ MHHEPAJIBHBIX
e ,Mn ,zn , Lo e 0 1 KHCI0Tax
Fe*', Mn*, Zn*, Co™ FeS, CoS, NiS
Ni* u np.
Cynbduast HEpPacTBOPHMEI B
1) noarpymma megm: ~ Cu >t pa30aBJIEHHBIX KHCIOTAX, CYIb(uap
. 1— oti noarpynmel pacTBOpUMBI B
Ccd*, Hg*, Bi** u mp. . Py p P
qeTBEpTA | 9 As3* pH <7 H»S CuS, CdS , HgS , BiaSs, (NH 4 ), S ¢ obpasosannem
TIOATPYTINa M As7T, .
) 5+Il Py 3 Hnslfﬂa 5 HCI As,S;, $b,S;, SnS', SnsS, aMMHaKaToB, Cyibdumsl 2 — Ol
As™, Sb™, Sb™, Sn™ TOJTPYTIITBI pacTBOPHUMBI B
Sn** w np. noymcynb-gpuaax ¢ oOpasoBaHHEM
THO-CONEHN
Xnopunel u BB
+ + 2+ 2+ puA cy n
o Cu*, Ag*, Pb*  [Hg T, pH <7 Hel AgCl, CuCl , PbCl, HepactBOpHMBL B Boge W
Au® HC(CI Hg2Clz pa30aBIEHHBIX MHUHCPAJIbHBIX
KHCIIOTaX




AHanus u KJIaCCH(l)HKaIII/IH AaHUOHOB

JlocTaTouHO CTpOTOM aHANUTUYECKOW KiIacCUu(PUKAMKM aHUOHOB HE
pa3zpaboTtano. Hymepaiius rpyrin aHHOHOB U IPUMEHSIEMBIE PEareHThl B PA3IUYHbBIX
HMCTOYHHMKAX CUJIBHO BapbHUPYIOT, KAK U KOJMYECTBO BBIACIAEMBIX Ipynn. Yarie
BCEr0 MX pa3IeiSIlOT Ha TPU AHAJTUTUYECKHE TPYNIbl B 3aBUCUMOCTH OT

00pa3oBaHuUs 0CaJIKOB C XJIOPUAOM Oapusi 1 HUTpaToM cepedpa (Tadu. 13.2).

Ta6numna 13.2 — Knaccudukaius aHuoHOB

AHamuTrdeckas I'pynmosoit XapakTepucTHKa
rpymmna AHHOHBI pearent TPYIITBI
CO; o, SOji, SO? > Conu Gapust u cepedpa HEPaCTBOPUMBI
I 3 o BaCl, B BOJE, CONM cepedpa pacTBOPHMBEI B
PO4 ’ S 203 1 Ip- KHMC-JIOTax
Cl- Br- |- SCN- AgNO, Comnn cepeOpa HEpaCTBOPUMEBI B BOJIE U
i ’ 2_’ ’ ’ pa30aBJICHHBIX KHCIIOTaX, COIM Oapus
S map. B cpene HNOs pacTBOPUMEI B BOZIE
NO~, NO—,
Yl 3 2 et Comnu Gapust U cepebpa pacTBOPUMEI B
CH 3C 00~ BOJIE

B npennoxxeHHON KiIacCU(pUKALMKM ONPEEICHUE aHUOHOB, B OTIMYHUH OT
KaTHOHOB, HAUMHAIOT C |-H IpyMIbl, TaK KaK HEKOTOPHIE aHUOHBI €€ CIOCOOHBI
pearupoBaTh C HUTPATOM cepedpa, o0pa3ysl HEyCTOMUUBBIE OCaaKU. TpeThs rpynna
MOXET aHAJIU3UPOBATHCSA COBMECTHO KakK C 1-H, Tak U CO 2-U rpynioid. AHUOHBI B
MEHBIIEH CTENEHN MEIIA0T OOHAPYKEHUIO APYT Apyra, MO3TOMY MPU UX aHAIU3E
Yalle MCHOJb3YIOT APOOHBIH METOJ, a K CUCTEMAaTUYECKOMY aHAIM3y IMpHOerarT
TOJIBKO B 00JI€€ CIIOKHBIX ClIydasiX, HallpuMep, NMpU MOJ03PEHNN HA MPUCYTCTBUE
TPYJIHO PpPacTBOPUMBIX COJIEM OOpaToOB WM CHJIMKATOB. ['PYIIIOBBIE peareHTHI

HCIIOJIB3YIOT B OCHOBHOM IS TPEABAPUTCIIBHOT'O O6H3py>KCHI/IH T'pYyIIIL.

IIpuGopsl U peakTUBBI
[lITatuB c mpoOupkamu, iepxareiab IpOOUPOK.

Kunkue peaktussl: CaCl,, FeSO,, FeCl,, CuSO,, Pb(CH,COO),, Pb(NO,),,



NaCl, KBr, KI, Na,SO,, Na,SO,(K,SO,), NaNO, (KNO,) Na,HPO,,
K,[Fe(CN),], K,[Fe(CN),], AgNO,, KMnO,, BaCl,, KSCN, HCI, H,SO,,
HNO,, CH,COOH .

[TopomkooOpa3Hsie peakTuBbl: FeSO, .

Yka3aHus no texHuke 0e30MacHOCTH

Cwm. naboparopnyto padoty 1.

MeTtoauka u MNOPAAOK BbIIIOJIHCHHUSA paﬁoTbI

Ucnonb3yss npoOupHBIN aHaiu3, BBIOJIHUTH ONpEIECeHUEe KaTUOHOB U
aHMOHOB B PAacTBOpax MHAMBUIYAIbHBIX COJEH corjlacHO Metoauke (Ttadn. 13.3,
rpadel 2). [Ipu HEOOXOAMMOCTH PACTBOPHI OCTOPOKHO MOJOTPETh HA Ta30BOM
ropeske, He I0IycKasi BHIOpOoca KUJIKOCTH.

3anuch AaHHBIX ombiTa. OT4eT OPOPMUTH B BUJIE MPUBEJACHHON HIKE
Tabnuuel 13.3, B KOTOpOoi HEOOXOAMMO yKa3aTh LIBET UCXOIHBIX PACTBOPOB (rpada
1), nabmromaembie Bamu ananutuyeckue mnpusHaku (rpada 3). YpaBHeHUs
COOTBETCTBYIOIIMX pPEaKlMil 3amucatb B MOHHONW M MOJEKYJIsIpHON (opmax, a
OKHCIIUTENbHO-BOCCTAHOBUTEIBHBIE PEAKIIMU YPOBHATH METOJIOM MOJYpPEaKIUU

TaKXe B rpade 3.



Ta6nuna 13.3 — KauecTBeHHbIE peaklMi KATUOHOB U aHHOHOB B PacTBOpax

HHAWBUYaJIbHBIX coJieu

Ompene-
JISIEMBII HOH,;

VY cioBus npoBeaeHus

AHanuTU4eCKnil IPU3HAK,

L[BET ypaBHEHUE PEaKIUH
pacTBopa
1 2 3
PEAKIIUH KATHOHOB
B npo6upky orobpats 1 mi CaClz (CaCO3) u
Ca* N00aBUTh HECKOJBKO Kareidb 2 H. pacTBOpa
H>SO4
B mpobupky otobpaTh HEMHOTO pacTBOpa Obpasyetes TypHOyesa. CHHb
Fe* FeSO4 (coms Mopa) u 106aBUTh HECKOJIBKO Fes[Fe(CN)el2
kanenb K3[Fe(CN)e]
3+ - 3-
1) K 1 mi FeCl3 m106aBUTh HECKOIBKO KaIeib FeZ +6SCN'— [Fe(SCN)e]
ponanua kanus KSCN
Fe 3+
2) K 1 mut FeCl3 m106aBUTh HECKOIBKO KaIleib Obpasyetes Gepiickas 1asyps
pactBopa HCl u K4[Fe(CN)s] Fes[Fe(CN)els
2+
Cu® Otobpatsb B mpodupky 1mi pactBopa CuSO4 CuC +K1;‘[Fé(§N)i];+
u kK Hemy n00aButh Ks[Fe(CN)s] <Cua[Fe(CN)e]
Ph* K 1 mn pactBopa Pb(CH3COO), unu
Pb(NO3)2 106aBuTH HeCcKOJIbKO Kareab K1
PEAKIITUH AHUHOHOB
B npoGupky oto6pats pactBop NaCl, co3naTsb
Cl kucayro cpeay 1 — 2 kan. HNO3 u 106aBUTh
pactBop AgNO»
B nmpo6upky otobpats pactBop KBr, coznats
Br- kuciytw cpeny 1 — 2 kan. HNOs u 1o6aBuTh
pactBop AgNO»
B npob6upky orobpates pactBop KI, co3nmars
I kuciy cpeny 1 — 2 kan. HNO; u no6aBuTh
pactBop AgNO»
I K 1 miu pactBopa KI no6aBuTh HECKOJIBKO

kareas Pb(CH3COO),




_ K 1 mu1 NaxSO4 100aBUTH HECKOJILKO Kalleib
SO;
BaClz

K 1 mn NaSOs; mmu K;SOs mo6aBuTh
SO HeckonbKo kanenb H2SO4 u pactBopa KMnO4

K 1 ma FeCl; nmo0aBuTh HECKOJIBKO Kamelb

PO* pactBopa poganuga kamusa KSCN, a 3arem | Fe(SCN) + PO™ —
3 4
4 Tyja ke [00aBUTb HEMHOIO DacTBOPA | 5[Fe(PO ) | +3SCN-
Na;HPO, v

1) K 0,5 mn NaNO; no06aBuUTh KPUCTAIUTUKA
FeSO4 (conp Mopa) U HECKOJIBKO Karleib
NO ykcycHol kuciaotel CH;COOH

2) Tlomectuth B mpoOupky 1 mi pacTBopa
KNO:> unn NaNO:2 u no6aButh Heckoibko | KNO»+H2SO04—K2SO4+HNO;
karnenb pactBopa H2SO4

Conepxanue oruera u ero gopma

Kaxaplii cTyZIeHT HOTKEH UMETh Ta00PaTOPHBIN KypHaJ, KOTOPBIN SBISETCS
JOKYMEHTOM, OTpPaKarolUM BCIO ero paboTy. Bce HaOmrojeHuss U BBIBOJBI 1O
AKCIEPUMEHTAIILHONU paldoTe, MpOoAECTaHHON B J1abOpaTOpHUM, CTYACHT 3aHOCUT B
71a00paTOPHBIN )KYpHAII HETTOCPEJICTBEHHO MOCIIE €€ BBIOTHEHUS.

Otuer mo nmabopaTopHOM pabOTe JOKEH COCTOSTh M3 AaThl, Ha3BaHUS U
HOMepa J1abopaTopHOM padOThI, HEAH PadOThl, METOJAMKH IMPOBEIACHUS OIBITOB,
HaOII0/ICHHUM, ypaBHEHU XUMHUUECKUX PEaKIUi, BEIBOJOB U pacyeToB (PopMyIIbl,

Ta0auIkl, rpadukn).

Bonpocs! auis 3a1iMThI J1a00pPaTOPHOIl padoThI

1. CylHOCTh  KAa4eCTBEHHOIO  aHAIW3a M  €ro  IPUMEHEHHE.
AHaJIUTHUYECKUE MPU3HAKN KaU€CTBEHHBIX peaKkIuid (OnpeaesieHUE; TPUMEPHI).

2. VYcioBuss NOpOBEACHHUS KAYECTBEHHBIX AHAJTUTUYECKUX PEaKIUH.
TpeboBanuss K peakiusiM, NPUMEHSAEMbIM B AaHAIUTHYECKOW XUMHUM U B
Ka4eCTBEHHOM aHaJIU3eE.

3. Kaxk Ha3biBaeTcsi cioco0 OTKPBITHSI MIOHOB MO OKPAITUBAHUIO TUIaMEHU?

Kak on Bemmonnsiercs (mpumepsl)? Kakue HMOHBI NPEUMYIIECTBEHHO CIIOCOOHBI



OKpalnBaTh iams 1 noueMy? Kakas peakuusi npoTeKaeT B 3TOM ciaydae?

4. OnuinuTe METOAUKY MPOBEJEHHUS: a) KalelbHO; 0) SKCTPaKIIMOHHOM;
B) MUKPOKPHUCTAJUIOCKONUYECKON peakiuid. [IpuBennte npumMepsl OTKPHITHS HOHOB
sTuMH criocobamu. KakoBo ux npumeHenue B ananuze? Kakue ¢pakTopbl BIUSIOT HA
Ka4eCTBO MPOBEJACHUS MUKPOKPHUCTAIIIIOCKOIIMYECKON peakiun?

5. [IpuBenuTe OCHOBHBIEC OOIIETIPU3HAHHBIE KJIACCU(UKAIMU KAaTHOHOB.
Kakue rpynnoBbie peareHTsl B HUX UCHOJIB3YIOT?

6. Kakolt mpuHIUIT MOJIOKEH B OCHOBE KJAacCH(pUKAIMU KATHOHOB IO
rpymnmnam u noarpynnam?

7. Ha yem ocHOBaHa cepoBogopoiHas Kiaccudukaius KaTHoHOB? B uem
€€ JOCTOMHCTBA U HETOCTATKU?

8. Oxapakrepusyire AHAJIUTUYECKUE TPYMIBL. B KaKou
MOCIIEIOBATENLHOCTH TPOBOJUTCS PA3/ICICHUE KATUOHOB?

0. KakoBa xapakTepHass OCOOEHHOCTh KAaTHMOHOB, BXOISIIUX B 3-10
rpymy, B 1-10 u 2-10 rpynmnsl? O6bacaute, nouemy A/ u Cr’" mepeBogsar B ocagok
rPYNNOBBIM PEAreHTOM B BHUAE TUAPOKCHAOB? Hamummure COOTBETCTBYIOIINE
YPaBHEHUSI pEaKIUH.

10. Ha kakom npuHLOMIE OCHOBAaHO ONpPEAECIEHHE AHUOHOB? B Kakoii
MOCJIEA0BATEILHOCTH OMPEACIISIOTCS AHUOHBI TPAJUIIMOHHBIM CIIOCOO0OM?

11. Kakoit anuon [ rpynmel omnpenensercs M0 00eClBEYHMBAHUIO
MepMaHraHaTa KaJiusl B KUCIION cpene?

12.  Kakue cBolicTBa O0OCaIKOB AaHMOHOB [/ TpyIIbl MO3BOJISIOT HUX
uneHTuguurpoBars? Hanuimmnre ypaBHeHHs peakIuil 3TUX aHUOHOB C TPYIIIOBBIMU
peareHTaMy U MpU UX UICHTU(PUKAIUH.

13. KaTuoH kakoil Tpymnmbl MOXXHO HCHOJIB30BaTh [JIsi OTKPBITHS [

AHAJMTUYECKOU IPYIIIBI aHUOHOB?

Jlureparypa

[OcHoBHas nutepatypa 1-4, nonosHUTENBbHAS IUTEpPATypa 2-5]
NPUJIOXKEHUE



Tadauna 1 — KoHCTaHTBI JUCCONMATAN HEKOTOPBIX CJIa0bIX
3JIEKTPOJIMTOB B BOJAHBIX pacTBopax npu 25°C

Xumuyeckasi popmyna

Ha3zBanue anekrposnra

KoncTanTa qucconmanum

HIO;, WomHoBaTtas Kuciora 1,7-107!
K, =1,6-102
H,S0;, Cepnucras Kuciora
K, = 63-10°8
K, =7,5-107
H,PO, docdopHas KuciIoTa K, =62-10°
K, =5,0-10713
DTOpOBOAOPOAHAS 4
HF KHUCJIOTA 7,0-10
HNO, A30oTHCTas KHCIOTA 4,0-10™
HCOOH MypaBbHHAs KUCIIOTA 1,8-107
CH;COOH VKCyCHast KHCIIOTa 1,8:107
H,CO, VronbHas KMCIOTa K, =4,5-1077
K, =4,7-10711
K,=6,0-10°8
H,S CepoBomopoaHas KHCIIOTA
K,=1,0-10"14
HCIO XJTopHOBAaTHCTAsI KACIOTA 5,0-1078
HCN [MnanoBoropoaHast $,0-10-10
KHUCJIOTA
H,BO, BopHas xucnora 5,7-10710
H,SiO; KpemHuueBas Kkucinora K;=2.2-1071
K,=1,6-10""2
HIO WonroBarucTas Kuciaora 2,3-10°1
_ 4
I'mppoxcuna cBuHIA K;=9,6-10
K, =3,0-10°%
NH,OH [ UapOKCH AMMOHHMS 1,8:10°°
H,0 Bona 1,8-1071

Taﬁ.lmua 2 - CTaH)]apTHble JNICEKTPOAHBbIC MOTCHIIUNAJbBI MCTAJLJIOB




DIeKTPOs DIIEKTPOHAS PEAKIIHSL E°, B
Li*/Li Lit4 o =Li 3,045
K'/K K'+e¢=K -2,925

Rb*/Rb Rb*+ ¢ =Rb -2,925
Cs*/Cs Cs' + ¢ =Cs -2,923
Ca*/Ca Ca® + o = Ca 2,866
Na*/Na Na*+ ¢ = Na 2,714
Mg>/Mg Mg +2 =Mg 2,363
AP/l AP +3 = Al 1,662
Mn?*/Mn Mn* +2 =Mn 1,179
Zn**/Zn Zn* +2 =In 0,763
Cr/Cr Cr'+3 =Cr 0,744
Fe2'/Fe Fe?" + 2; = Fe -0,440
cd>/cd Cd*+2 =Cd 10,403
Co*'/Co Co*+2 =Co 0,277
N2*/Ni N +2 =Ni 10,250
Sn*/Sn Sn**+2 =Sn 0,136
Pb>/Pb Pb> +2 =Pb 0,126
H+/%H, H'+ =¥H + 0,000
Cu?*/Cu Cu*+2 =Cu 40,337
Hg,*/Hg Hg *+2, =Hg 10,788
Ag'/Ag Ag'+ =Ag +0,799
Au**/Au Au'+3 = Au +1,498

e

OcHoBHas JuTEpaTypa.
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Heopranmueckass XuMusi SBIseTCS OJHOM U3 (YHIAMEHTAIbHBIX €CTECTBEHHO-HAYUHBIX
JMCLUIUIMH, U3yYalOUIMX MaTepUaIbHBIA MUP, 3aKOHBI €r0 Pa3BUTHs, XUMHUUECKYIO (HOpMY JBHKCHHS
MaTEpHUN.

OnHUM W3 OCHOBHBIX BHJIOB YYEOHBIX 3aHSATHH CTYAEHTOB— CaMOCTOSITEIbHAas paboTa Hax
y4eOHBIM MaTepHajoM, KOTOpas claraeTcs M3 M3yYeHHs JAUCHUIUIMHBI M0 y4eOHUKAM U y4eOHBIM
nocoOusIM;  BBITIOJIHEHUSI KOHTPOJBHOTO 3aJaHHUS; BBINOJIHEHUS J1a00OpaTOpPHOTO TMPAKTUKYMa;
UH/IMBUAYAIbHBIX KOHCYJbTaUMH (OYHBIE W TMHUCHMEHHBIC); 3alllUTa JIAOOPATOPHOTO MPAKTUKYMA;
CIa4M DK3aMEHa I10 NUCLUIUIMHE.

Jucuunnuna «Heopranuyeckass XxuMmus» HeoOxonuma aisi (opMupoBaHHS yMEHUIl, HaBBIKOB
HAay4YHOI'O0  DKCIEPUMEHTUPOBAHMS, HCCIENOBATEIBCKOIO IOAXOJAa K HU3YYEHHUIO IIpeIMeTa,
JIOTUYECKOI0 XUMUYECKOI'O MBIIICHHUS.

B camoctosTenbHOi pabore mnpeaycmarpuBaercs 12 3amaHuif, 4YTO MO3BOJSET OICHUTh

TCOPCTUUCCKYIO U MMPAKTHUYCCKYIO IMOATOTOBKY CTYACHTA 110 JUCHUIIJINHEC.



1. ®opmyMpoOBKa 321aHHUSA U €r0 00beM

BrinmonHenne caMOCTOATENbHOM paloThl SBISETCS OJHUM U3 JTallOB H3YYEHHUS JAHHON
JMCLUIUIMHBI ¥ BBIIOJHSIETCS CTY/ACHTaMH MO0 MHAWBUAYAIbHOMY 3a/aHuio. BapuaHt BeIOMpaeTcs 1o
MOCIEqHUM JBYM IupaM 3a4eTHOM KHwkkW. Eciam ase mudpsl npessimaor 30 , To Bapuant
BBIOMPACTCS U3 CYMMBI JIBYX Iociennux uugp. Vicxonnsle JaHHbIE U1 PELICHUS 3a7a4 IPEeACTaBICHBI
B Tabmuue 1 (mpunoxxenue A).

CamocrosTenbHas paboTa BBIMOIHACTCS C LEIbI0 3aKPEIUICHUS, CUCTEMATH3aIMH U yTITyOJIeHHS
TEOPETUYECKUX 3HAHUM, BBHIPAOOTKM YMEHHUS MPUMEHATHh NPAKTHUECKUE 3HAHUS TPU HPOBEICHUH
HAyYHOTO OKCIIEPUMEHTA, JIOTMUECKOTO XHUMHUYECKOTO MBIIIJIEHUS, OCMBICIEHHE MaTepuaia
71a00paTOPHOTO MPAKTHKYMa.

CamocrodrenbHas paboTa rperycMaTpyuBaeT petieHre 12 3amad v BBIIOIHAETCS MO CIIeTy0IUM
temaMm: 1. Monb. DKBUB@JIEHTHl U SKBHBAJIEHTHBIE MAacCChl IPOCTBIX M CIIOKHBIX BELIECTB. 3aKOH
SKBUBaJIEHTOB. 2. CTpoeHuHe aToMa M MEpPUOJUYECKas CHCTEMa XUMHUYeCKHX aseMmeHToB J[.U.
MenneneeBa. XuMmuueckasi CBsi3b. 3. DHEpreTUKa XUMUUECKUX MPOLEccOB (XUMUUYECKOE CPOJICTBO). 4.
XuMHUecKasi KHUHETMKa M XHMHYeckoe paBHoBecue. 5. CrocoObl BBIpaXEHHS KOHILEHTPAILIUH
pactBopoB. 6. CBoiicTBO pacTBOpoB. 7. VoOHHO-MONIEKyNspHBIE (HMOHHBIE) peakuuu oOMeHa. 8.
IMuaponus coneit. 9. OKUCIUTENHEHO-BOCCTAHOBUTENbHBIE peakiuu. 10. DIeKTpoaHbIe MOTEHIUABI U
ANEKTPOABIKYIIME cuibl. 11. DiekTponn3 BoAHBIX pacTBOpoB. 12. Koppo3us MeTamnioB U METOMAbI
3amuThl OT Koppo3uu. 13. JKecTkocTh BOoIbl U MeTOIbI €€ ymsarueHus. 14. OCHOBBI XMMHUM BSDKYIIMX
BEILIECTB.

PexomeHnyemslii 00beM paboThl cocTaBisieT 13 - 15 cTpaHuI pyKOITMCHOTO TEKCTA.

2. O0mue TpeOOBAHUSA K HANIMCAHUIO M 0(DOPMJICHHIO CAMOCTOSITEILHON PadoThI

1. CamocrosarenbHass paboTa BBINOJHSAETCS B OOBIYHON ydeHumueckoil tetpaau (12 wmm 18
JMCTOB) WM Ha JucTax popmata A 4.

2. Ha TUTYJIbHOM JIMCTE YKa3bIBAIOTCS: HAMMEHOBaHHUE By3a (TiepBas CTpaHULA JaHHOTO MY),
kadeapa (XuMus), IpeaAMET (XMMHUs), BAPUAHT CAMOCTOATEIBHOM paboThl, HOMEp 3a4eTHON KHHKKHU C
ykazaHueM crneuuanbHoctd, ®UO cTyneHTa U BeIylIero MperoaaBaTelis, 1aTa BhIIOJIHEHUS paboThlI.
OO0pa3el TUTYIBLHOTO TUCTA MPUBEACH B MpHIokeHuu A (c. 92).

3. Ha xaxnmoil cTpaHulle TE€Tpaayd OCTAaBJATh IMIMPOKUE MOJA: 5 - 6 KIETOK WM 3 cM uid
3aMeuYaHuil MpenojaBareis; NUCcaTh YETKO U SICHO, HOMEpPA U YCJIOBMsS 3a/ay MEpPENUChIBATh B TOM
HOpsJKE, B KAKOM OHU YKa3aHbl B 331aHUH.

4. Hymepamust cTtpaHuil BefeTcs apaOCKuMu LudpaMu CBEpXy, IO IIEHTPY, HauyuHas C
TUTYJIBHOTO JIUCTA U Jajiee MOCJIEI0BATENbHO 10 MOcIeqHeN cTpaHuubl. Ha TUTyIbHOM nHcTe HOMEp

CTpAaHUI] HC CTaBUTCA.



5. Ans pemieHus 3ajad 3amMcaTh JaHHBIE (€CIM 3TO TpeOyeTcs B COOTBETCTBUU C YCIOBHEM
3agad). OxapakTepu3oBaTh 3aKOH, METO, JaTh MOSICHEHUE K MPUMEHIEMOH (opMyIie WIH PEelICHHUIO
3agad. Pemienue 3amady JODKHO OBITH MOAPOOHBIM C MPOBEAEHHEM BCEX pacueToB, (opMya H
MOSICHEHUH K HeH, rpadiuecKiX N300paKeHH IIEKTPOHHBIX (POPMYIL.

[Tpu MOMOKUTENTFHOM 3aKIIOYEHUH PaOOThI CTYJCHT JOITycKaeTcs K 3ammure. [lopsgok 3ammTel
CJICAYIOUIMIA: CTYJICHT 00sI3aH M3JI0KUTH CYIIIHOCTh TEOPETUYECKOT0 MaTepualla, pacueTHbIe (hOpMYJIbI
U ONpeIeNICHHUs K HUM, OCHOBHBIE TIOHSATHS U ONPEIECIICHUS 110 CTPOSHHIO BEIECTBA.

Pabora qomkHa BKIIOYATh:

1. TUTYIBHBIN JIUCT.

2. PacueTsl TeOpETHUECKUX 33/1a4.

3. Pocriuch 351eKTpOHHBIX KOH(PHUTYpaIHii aTOMOB 3JIEMEHTOB.
4. CMCOK UCIIOIB3YEMOM JIUTEPATYPBI.

PacueTHyl0 4acTh CTYyAEHT MPOBOAMUT C MOAPOOHBIM H3JI0KEHHEM OCHOBHBIX 3aKOHOB XHUMHH,
3aKOHOMEPHOCTEH MPOTEKAHUSI XUMUYECKUX PeaKuil, TEPMOIMHAMUYECKON BEPOSTHOCTH MPOTEKAHHS
peakuuii, mombopa  KOIDPHUIMEHTOB B  OKUCIHUTEIHHO-BOCCTAHOBUTENBHBIX  PEAKIIHSIX,
NEKTPOXMMUYECKHX IIPOLIECCOB, BO3MOMHBIX METOJOB YMSTYEHHS BOJbI, CHOCOOOB BBIPAKEHHS
KOHIIEHTpPAIUi, pPacTBOPOB DJEKTPOJUTOB M BOINPOCHl JUCHUIUIMHBI XHMHH, CBS3aHHBIE C ee

IMPUMCHCHHUEM B CTPOUTCIILCTBC.

3 PexoMeHAaLMHK 110 OPraHU3AIUH CAMOCTOATEIBLHOM padoTsel. [IpumepHbIit

Ka.]'leH):[apHLIﬁ IIIaH €€ BBINOJHCHUA

3.1 UnpuBuayajbHble 32 JaHUA

MoJab. DKBHBAJIEHTHI H SKBHBAJIEHTHbIE MACCHI IMPOCTBIX U

CJIOKHBIX BEUIECTB. 3aKOH JKBHBAJIEHTOB

1. Boruuciure skuBaient [3P04, npu peaknusx oOMeHa, B pPeE3yJbTaTe KOTOPBIX
00pa3yroTCs KUCIBIE H CPETHUE COJIH.

2. Haiinure sksusanent 1,50, u Cu(OH), B ciepyonmx peakuusx:

a) H,50,+2KOH =K,S0,+2H,0;

6) H,50, + KOH = KHSO, + H,0;

8) Cu(OH),+2HCIl=CuCl, +2H,0;

r) Cu(OH), + HCl = CuOHCI + H,0.



3. Omnpenenute SKBUBAJICHT M SKBHUBAJCHTHYIO Maccy ¢ocdopa, kuciaopoga U Opoma B

coemuuennsix PH ,, H,0, HBr .

4. B xakoii macce NaOH conepxurcs cTonbKo ke SKBUBaNEHTOB, ckonbko B 140 2 KOH ?
Otset: 100 2 .

5. U3 1,35 2 okcupa meraia nonyvaercs 3,15 2 ero autpara. Berauciante 5KBUBAJIEHTHYO
MacCy 3TOro MeTasuIa. Otser: 32,5 2/ monb.

6. OnoBo obpasyer nBa okcupa. Ilepsriii comepxur 78,8 %, Bropoit - 88,2 % onosa.
BeI4nciiuTe KBUBAJIEHT 0J10Ba B 3TUX okcugax. Ortser: 29,7; 59,3 2/ monw.

7. U3 1,352 oxcunma meramna monydaercs 2,85 2 cynbgara sroro xe metama MeSOs .
BblumciiiTe 9KBUBAJIEHT METAILIA. Otser: 28 2/ monb.

8. Mz 1,32 rumpokcuma werawia nomydaercs 2,852 ero cymsdara. Beruwmcnure

SKBHMBAJIEHTHYIO MacCy 3TOr0 MeTaJlja. Otser: 9 2/ mons.

9. Oxcun TpexBaseHTHOTO odiementa comepkur 31,58 % xucnopoma.  Beramcnure

OKBHUBAJICHTHYIO, MOJIbHYIO U ATOMHYIO MACCBbI 3TOT'O 3JICMCHTA.

10. YUemy paBeH mpu H.). SKBUBAJICHTHBIII 00bEM BOAOpOJA. BhlumcianTe 3KBUBAJIICHTHYIO
Maccy MeTaiia, ecin Ha Boccranosienue 1,017 2 ero okcunma uspacxomosanocs 0,28 71 Bogopona
(H.Y.). Ortser: 32,68 2/ monw.

11. Omun okcua Mapranua coaepkut 22,56 % kucnopoaa, a apyroit 50,50 % . Beraucnure
SKBHMBAJIEHTHI MAPTaHIA B OTUX OKCUJIAX U COCTABBTE UX (DOPMYJIBL.

12. Boipasure B mMomsix: a) 6,02-10%? monexyn C 2H ) 6) 1,80-10%* aromos asora; B)

3,01-10% monexyn NH . KakoBa MOIbHAs Macca YKa3aHHbIX BEIIECTB?
5 Yy 3 y

13. BbIYMCIUT SKBUBAJIEHT U SKBUBaIEHTHYI0 Maccy H3PO4 B peakuusx obpa3oBaHus: a)
runpodocdara, 6) nuruapodocdara; B) oprodocdata HaTpusl.
14. B 2,48 2 okcuma omHOBaNEHTHOTO MeTawia copepkutcs 1,84 2 meramna. Berumciure

OKBHUBAJICHTHBIC MAacCChl MCTaJllla M €ro OKCHuAaa. quy paBHa MOJIbHasgd W aTOMHasA MaccCa 3TOro

merauia’?

15. Yemy paBeH Tpu H.). OSKBUBAIEHTHbIH 00beM kuciopoxa? Ha cxuramme 1,52
nByxsanenTHoro merawia tpedyercst 0,69 1 kucnopona (H.Y.). Berunciante S5KBUBAICHTHYO Maccy,

MOJIBHYIO MAaCCy U aTOMHYIO MAacCCy 3TOro MCTaJuia.

Otser:12,17 2/ monw; 24,35 2/ monw; 12,17 2/ mone.



16. U3 3,312 wwurpara wmeramia nonyuaercs 2,782 ero xnopuma. Beruwmciure

SKBUBAJIEHTHYIO MacCy 9TOr0 METAILIA. Orser: 103,6 2/ monb.

17. Hanumure ypasuenus peakumii Fe(OH), ¢ xnoposomoponnoii ( HCI) kucnoroit, npu

KOTOPBIX 00pasyroTCsl CIEAYIOIINE COCAUHEHUS Kene3a: a) xyuopua auruapokcoxkenesa ([11); 6)
auxiopun  ruapokcoxenesa ([I1); B) xmopun okemesa ([I1). BelumcianmTe OKBUBAJIEHT H

skeuBanentHyto maccy Fe(OH ), B kaxmoit u3 oTux peaxuuii?

18. IIpu Boccranosienuu 1,2 2 okcuma Meramia BomopomoMm obpasosanock 0,27 2 BombL

BBI‘-II/IC.HI/ITC 3KBHUBAJICHT OKCHU A U DKBUBAJICHT MCTaJljIa.
Otset: 40,00 2/ monwv ;32 2/ monw.

19. N30bITKOM rUAPOKCHIA KA ITOIEHCTBOBAIM HA PACTBOPBHI:
a) muruapodocdara kamust; 0) Hutpara auruapokcosucmyta ([11). Hanmiure ypaBHeHus peakimii
stux BemectB ¢ KOH wu onpenenure ux S5KBUBAIEHTHI M SKBUBAICHTHBIE MACCHI.

20. BemectBo comepaxur 39,0 2 cepel, skBuBanent koropoit 16,0 2/ Moab u Mbnubsk.

Bremuucnure SKBUBAJCHT W BaJICHTHOCTh MBIIIIBAKA, COCTaBbTC (I)OpMYHy OTOI'0 BCIICCTBA.

Otser: 25,03 2/ monw; —3; As,S;.
21. B kakom xomuuectBe Cr(OH )3 comep urcsi CTONBKO K€ SKBHBAIEHTOB, CKOJIBKO B

174,96 2 Mg(OH )>? Ortser: 207,14 2.

22. W30BITKOM XJIOPOBOJOPOMHOM (COJNSHOM) KHCIOTHI MOJCHCTBOBAIM HAa PACTBOPHL: a)
rUApoKapOOHaTa Kalmblus; 0) TUXIOpUAA TUAPOKCOATIOMUHNSA. Hanmummre ypaBHEHUST PeaKIuil 3TUX

BCIICCTB C HCZ " onpCACIUTC NX SKBUBAJICHTBI U SKBUBAJICHTHBIC MACCHI.

23. Tlpu okucnenuu 16,74 2 nByxsanentHoro meramwia obpasosanock 21,54 2 oxcuna.

Brraucnanute skxBUBaJICHTHBIE MacChl MeTajljila ¥ €ro OKCHaa. quy PaBHbBI MOJIbHAsA 1 aTOMHAasl MaCChbL

merauia’?

Otser: 27,9 2/ monw; 35,9 2/ monw; 55,8 2/ monw; 27,9 a.e.m.

24. TIpu B3aumoneiictBuu 3,24 2 TpexBajeHTHOro MeTaia ¢ kucioroit Beinensercs 4,03 1

BOJIOpoJa ( H.).). BelunCINTE 5KBUBAJICHTHYIO, MOJIBHYIO U aTOMHYIO MacChl METaJLIA.

25. Mcxons U3 MOJIBHOM MAaccChl YIJIEpoAa M BOJBI, ONpeNeIuTe a0CONIOTHYIO Maccy aroma

yIJIepOJia ¥ MOJIEKYJIBI BOJBI B IPAMMaXx.

Oreer: 2,0-1073 2; 3,0-1072 2.



26. Ha wmeiirpammsammio 9,797 2 pocdopnoit kucnorsl uspacxomosano 7,889 NaOH .

BblumciuTe SKBUBAICHT, SKBUBAICHTHYIO Maccy W ocHoBHocts [, PO, B sroii peakuun. Ha

OCHOBAHHUU pacuyeTa HAIUIIUTE YPABHEHUE PEaKLUU.

Otset: 0,5 monw, 49 2/ monw, 2 .

27. Ha ueirpamuzanmuio 0,943 2 docdopucroit kucnorsr H3PO3 wspacxomosano 1,291 2

KOH . Boluncnure 5KBUBAJIEHT, SKBUBAICHTHYIO MAcCy ¥ OCHOBHOCTH KHMCIIOTHL. Ha OCHOBaHWH
pacuera HAIMIIUTE YPAaBHCHUE PEAKIIHH.

Otser: 0,5 monw, 41 2/ monw, 2 .

28. OxHa ¥ Ta e Macca MeTajlla, H3MEPeHHOro npu H. . coequnsiercs ¢ 1,591 2 ranorena u
¢ 70,2 cM®  kucmopoma, WM3MEPEHHOr0 TpH  H.).. BBUHMCIHTE SKBHBANGHT — TaloreHa.
Otset: 126,9 2/ monw.

29. Ha wuedirpamuszammio 1,125 2 masenesoit kucnorer morpebosanocs 12 NaOH .
Onpenenure SKBUBAIEHT KUCIIOTHL. Otser: 45 2/ monw.

30. OxHO U TO )¢ KonuuecTBo Metamia coequnsercs ¢ 0,6 2 xucnoponau 9,534 2 ranorena.

PaccuuraiiTe S5KBUBaJIEHT rajJOreHa. Otser: 127,1 2/ moanw.

CTpoeHue aTOMa U NEPUOANYECKAS CHCTEMA XUMMHUYECKHUX 3JIeMEHTOB
JI. I. MenaeneeBa. XuMu4ecKasi CBA3b

31. Hanmmiute 30eKTpOHHBIE (HOPMYJIbI aTOMOB DJIEMEHTOB ¢ MOpsiaKoBbiME HoMmepamu 40 u
51. Tlokaxure pacnpeneneHde >JIEKTPOHOB JTHX ATOMOB [0 KBAHTOBBIM SUYEHKAM, K KaKOMY

3JIEKTPOHHOMY CEMENCTBY OTHOCUTCS KaKIbIil U3 3THX 3JIEMEHTOB?
32. Jlns aToMa C 3IEKTPOHHOM cTpykrypoil 1s?2s22p> BnummTe B Tabuily 3HAYCHHS
YeThIpEX KBAHTOBBIX YHCEN: 71, [, M,, Mg ONpelensioume Kaxablii U3 3JIeKTPOHOB B HOPMAIBHOM

cocrosiHuM (Tabmuna 1).

Tabmuua 1 - Pactipenenenune 37€KTPOHOB ¢ TOMOIIBIO 4-X KBAHTOBBIX YHCEI

KBanToBbie Howmep anexrpona
yucia
1 2 3 4 5 6 7 8 9
n
[
m
mS




33. Hanumure 251eKTPOHHBIE (POPMYJIBI ATOMOB 3JIEMEHTOB C MOPSAKOBBIME HOMepaMu 39 u

53. Pacnpenenure 3JIEKTPOHBI 3THX aTOMOB IO KBAHTOBBIM sueiikaM. K KakoMy 3JIE€KTPOHHOMY

CEMEUCTBY OTHOCHUTCS KaX bl U3 3TUX JIIEMEHTOB?

34. Cxonbko cBOOOAHBIX d — opOuTanell comepxkurca B aromax SC, 11, V' ? Hanummre

AJIEKTPOHHBIE (POPMYIIBI AaTOMOB ITHX 3JIEMEHTOB, IPUMEHMB IpaBuiIa KieukoBckoro.
35. DHepreTuyecKkoe COCTOSHUE BHEIIHETO 3JIEKTPOHA aTOMa OIMCHIBAETCS CIELYIOIUMU

=_. ATOMBI, KaKux 32JIEMCHTOB HMCIOT

2

Takoi 3nekTpoH? CoCTaBbTE DJIEKTPOHHBIE (HOPMYIIBI aTOMOB ATHX 3JIEMEHTOB, NMPUMEHUB paBUIIA

3Ha4YeHHsIMU KBaHTOBBIX uncen: n=4, [ =0, m, =0, "M

KineukoBckoro.

36. Kakoe MakcMMallbHOE YHCIIO DIEKTPOHOB MOTYT 3aHHMAth § -, P -, d - u [ -opbutanu
JaHHOTO 3HepreTuyeckoro ypoBHa? [Touemy? Hamuimmre 3neKkTpoHHYIO (POpMYITy aTOMa 3JIEMEHTaA C

MOPSIAKOBBIM HOMEPOM 2 .

37. Kakue opOuTamy aToma 3amoyHsATCs d1eKTpoHamMu panbine: 4s wm 3d; 65 nmm 4p?

[MTouemy? Hanmummre 31eKTpOHHYI0 (GOPMYITy aTOMa 3JIEMEHTA C MOPAIKOBBIM HOMEpoM 6.
y Yy Yy

38. Kak 3aBMCHT 3Heprus >JIEKTPOHA B aTOME OT OpPOMTaIbHOro KBaHToBOro uucia (/) mpu

IIOCTOAHHOM 3HAa4YCHUH I''IaBHOI'O KBAHTOBOI'O 4YHCJIa ( n )Z YBCIIMYUBACTCA, YMCHBIIACTCA C POCTOM l

WM OCTaeTcs Heu3MeHHOM. OTBET MOTHUBUPYHTE.

39. Kakue opOuTany atoMa 3amojHsIoTCs dnekTponamu pansiie: 4d wm 5s; 65 wm Sp?

[Mouemy? Hamumimre 31eKTPOHHYIO (HOPMYITy aTOMa JIEMEHTA C IOPSIKOBBIM HOMEpOM /35 .
y Yy yiny

40. CxobKO aTOMHBIX OpOMTAJIEH COMEPKMTCS Ha TOAypoBHE, ms kotoporo: [ =0; [ =1;
[ =2 . O6bscuure.

41. Hanuiure 51eKTPOHHBIE (POPMYJIBI ATOMOB 3JIEMEHTOB C TOPSAKOBBIMU HOMEpaMu 35 u
73 . Cxonbko cBoGOAHBIX d - OpOuUTAasIEeil y aTOMOB MOCIIEHETO SIEMEHTA?

42. Kakoe MakCUMaIbHOE YHCIIO AJIEKTPOHOB MOXKET COJIEPKAThCS Ha YHEPIeTUUECKOM YPOBHE:

n=2,n=3,n=4,n=5?

43. Hanuiure 3JeKTPOHHBIE (POPMYJIBI ATOMOB JJIEMEHTOB € MOPAAKOBbIMU HOMepamu 49 u
75. YeMy paBeH CyMMAapHBIH CIIMH P - 3JIEKTPOHOB y aTOMOB IIEPBOTO U d - SJIEKTPOHOB y aTOMOB

BTOPOTO 3JIEMEHTA?



44. CKONBKO U KaKWM€ 3HAYCHUS MOXKET NPUHMMATh MAarHUTHOE KBAHTOBOE YUCIIO /1, IpU
opouransaom uncie [ =0, 1, 2, 3 ? Kakue >1eMeHTBI B IEPUOIMYECKOM CUCTEME HA3BIBAKOT § -, ) -

, d -, [ -»onementamu? [lpuBeaure npuMepsL.

45. Kakue 3Ha4eHHs: MOTYT IPUHUMATh KBAaHTOBBIE umciua 7, [, m,, Mg, XapakTepusyrolme

COCTOSIHUC 3JICKTPOHOB B arome? Kakue 3HaueHUss OHH MPUHHUMAIOT JIS1 BHCIIHUX 3JICKTPOHOB aTOMa

Marausi?

46. Kakue u3 DIIEKTPOHHBIX (GOPMYJ, OTPAKAIIUX CTPOCHHE HEBO30YKIEHHOTO aroma
HEKOTOPOro 3nmeMeHTa HepepHbl: a) 1522522 p°3s! wmm 1522522 p%; 6) 1522522 p3s23p®3d*
umn 1522522 p®3s?3pS4s? umn 1522522 p®3s23p®3d? 2 Touemy? AToMaM KakuX 3IEMEHTOB
OTBEYAIOT MTPABHIILHO COCTABIEHHBIE JIICKTPOHHBIE HOPMYJIBI?

47. Hanuiure 3JIeKTPOHHBIE (POPMYJIBI ATOMOB JJIEMEHTOB € MOPAAKOBHIMU HOMepamu 42 u

33, yuuTsiBas, 4TO y MEPBOTrO MPOUCXOIUT KIPOCKOK» OJHOTO 3§ - anekTpona Ha 4d - moxypoBEHb.

Yemy paBeH CyMMapHBbIii CliiH d -3JIEKTPOHOB Yy aTOMOB MIEPBOTO U P -3JIEKTPOHOB Y aTOMOB BTOPOTO

3JIEMEHTOB?
48. KsaHTOBBIE uMCHAa JUIA SJIEKTPOHOB BHEIIHErO JHEPreTHUECKOrO0 YpPOBHS aTOMOB

HEKOTOPOTO IEMEHTa HMEIOT ciieyromue 3Haverms: n=4, [ =0, m, =0, mg =T —- Hanimare

SIEKTPOHHYIO (hOPMyYJIy aTOMa TOTO 3JIEMEHTA M OIPENENIUTE, CKOJIBLKO CBOOOAHBIX 3d -opbuTaeii
OH COJICPIKHT.

49. B yem 3aximouaercs npunHuun Ilaynu? Moxer nu ObITh Ha KaKOM-HUOYIb TOAYpPOBHE

7 dlz 9 9

atoma p’' wim anektpoHoB? Ilouemy? CocTaBbTe 3JEKTPOHHYIO (DOpMyYITy aroma 3JIEMEHTa C
MOPSIAKOBBIM HOMEPOM 82 U YKAKHUTE €r0 BAJIECHTHBIE JJIEKTPOHBI.

50. HazoBuTe 351eKTpOHHYIO0 KOH(PHUTYpaIHIO aTOMOB, ITOJIB3YSCh 3JIEKTPOHHBIMU (POPMYIaMU
JIUTS DJIEMEHTOB C TIOPSAKOBBIMU HoMepamu 12, 25, 45.

51. Ionb3ysce npasunoMm I'yHaa, pacnpenenure 3J€KTPOHbI IO SHEPIeTUYECKUM sSdYeHKaM,

COOTBCTCTBYIOIIIMM BHCITHEMY SHCPICTHUICCKOMY COCTOSAHUIO, IJII AaTOMOB 3JICMCHTOB C IMOPAIKOBBIMU

nHomepamu 26, 49, 74.

52. HanumuTe Bce KBAaHTOBBIE YHUCIA JUISI SJIEKTPOHOB aTOMOB: &) JIUTHUS, OCpUILIHS, yIIIepoa;

0) azoTta, kucinopoaa, ¢propa.

53. Hanumure 3Ha4eHNs] KBAHTOBBIX YHCET m, u mS IJId TEX YCThIpHAaAUATH 3JICKTPOHOB, IJIA

KOTOPBIX TJIABHOE ¥ OPOUTAIBHOE YKCIIA COOTBETCTBEHHO paBHbl 4 1 3.



54. Onpenenute 1o npasuity KieukoBckoro nopsaok 3anoiaHeHNs JIEKTPOHAMU [TO1ypPOBHEHN B
aToMax >JIEMEHTOB, €CITM MX CyMMBI ( 72 + [ ) cootBeTcTBeHHO paBubl 4 ; 5; 6.

55. CkonbKo cBOGOINHBIX f -OpOUTANell CONEPKUTCS B aTOMax DIEMEHTOB C MOPAIKOBBIMU
womepamu 61, 62, 91, 92?2 Tlomesysce mnpaBwiom ['yHoa, pacnpenesuTe 3JIEKTPOHbBI IO
SHEPreTHYECKUM SUEHKaM JJIs aTOMOB OTUX DJIEMEHTOB.

56. B aromax kakux snemeHtoB [V mepuoma Hamboublee YMCIO HE CHApPEeHHBIX d -

sexTponoB? [IpeacTaBbTe CTPYKTYpY d -TIOAypPOBHEH aTOMOB 3THX 3JIEMEHTOB.

57. HanumuTe 351eKTpOHHBIE (POPMYJIBI ATOMOB 3JIEMEHTOB M HA30BUTE MX, €CIIM 3HAUYCHUS

KBaHTOBBIX umcel (71, [, m,, M) 3MeKTPOHOB HAPYKHOTO MEKTPOHHOIO CJ104 cieayromme: a) 1, 0,

05+13 270703_i;6)3713 _15 _1;371709_1_;3719 +17 _1

2 2 2 2 2

58. CocTaBbTe JIEKTPOHHBIE (POPMYJIBI el He OTKpbIThIX d1ementoB N 108,113 | ykaxure,

KaKoe MECTO OHHU 3aiMYT B nepuoanueckon cucreme 1. 1. Menneneena.
59. OxapakTepu3yiiTe KBaHTOBBIMH YHCJIAMU CIIEYIOLUIUE COCTOSHUS JIEKTPOHOB:

60. HanumuTe 351eKTpoHHBIE (OPMYIJIBI aTOMOB JIEMEHTOB M HA30BUTE UX, €CIHM 3HAYCHUS

a) 2p 4 it
6) 3d[Jty [¥ [V |}

B) 45 |}

KBaHTOBBIX wuucen (7, [, m,, Mg) SIEKTPOHOB HApPYXHOTrO (IIOCIEIHEr0) M MPEATOCIEIHErO

OJICKTPOHHBIX CJIOCB CIICAYIOIIUC:

a)690305+i; 630909_i;6915 _15+1_9
2 2 2
1 1 1

6) 3:27_25+_;392>_15+_;490903i_
2 2 2

61. Yro takoe sHeprus moHusauuu’? B kakux eauHunax oHa BbIpakaercsi? Kak usmepsercs
BOCCTAHOBUTEIIbHASI AKTUBHOCTH § - W P -3IIEMEHTOB B TpPYyNNax MEPUOIUYECKON CHCTEMBI C
yBEIMUYEHUEM NOpsiikoBoro Homepa? Ilouemy?

62. Hcxoas w3 BEIMYMH TNOTCHLIMATIOB HOHHM3AIMM, YKAXHUTE, KaKOW W3 NPHUBEICHHBIX
snementoB: Be, Mg, Ca, Sr, Ba —upossiser naubosee pKO BbIPAKEHHBIE METALTHYCCKHE

cBoiictBa? [louemy?



63. UYro Takoe 3yIeKTpoOTpULATENbHOCTh? Kak H3MeHseTcs 3JIeKTPOOTPULATENBHOCTh P -

OJICMCHTOB B TICPpUOAC U TPYIIIC HGpHO,Z[H‘-IGCKOfI CUCTCMBI C YBCIIMUCHUCM IIOPAAKOBOI0O HOMCEpa

snemenTa? [louemy?

64. Yto Takoe CpOACTBO K 3JEKTpOoHY? B kakux enuHunax oHo Bbipaxkaercs? Kak nsmensercs
OKHUCJIUTEJIbHASI AKTUBHOCTb HEMETAJUIOB B IMEPUOAE M TIpylHIe NEpPUOAMYECKON CHUCTEMBI C
YBEIMUEHUEM MOPAAKOBOro Homepa? OTBET MOTUBHUPYWTE CTPOEHHEM aToOMa COOTBETCTBYIOIIETO

QJICMCHTA.

65. CocraBbTe (OpPMYJIBI OKCHIOB M THUIPOKCHIOB OJIIEMEHTOB TpPEThEr0 mepuoja B
NEePUOTUYECKON CHCTeMe, OTBEYAIOIIMX MX BBICIICH CTENeHM OKHUCIeHUs. Kak n3MeHseTcs KUCIOTHO-
OCHOBHOIl XapakTep 3TUX COEIMHEHUI IpU nepexoie oT Harpus K xiopy? Hamummre ypaBHEHHS
peaKxIyii, T0Ka3bIBAIOMUX aM(POTEPHOCTh THAPOKCHIOB amOMUHUs. Kakue U3 3J1eMEHTOB YeTBEPTOTO
nepuoja BaHAIUM MM MBIIbBIK 007a1aloT Oosee BBIPAKEHHBIMH METAUNIMYECKUMU CBOWCTBAMH?
Kakoit u3 3THX 31eMeHTOB 00pa3yeT razoodpasHoe coeuHeHue ¢ BogopogoM? OTBET MOTHUBHUpYMTE,
UCXOJI U3 CTPOEHUS aTOMa JaHHBIX 3JIEMEHTOB.

66. Mapranery o0pa3yeT COEIUHEHHUS, B KOTOPBIX OH TIPOSBISET CTENCHb OKHUCIICHUS
+2,+3,+4,+ 6,+ 7. CocraBbre (GOpMyIBI €r0 OKCHIOB, THAPOKCHUIOB, OTBEYAIOIIMX 3TUM
CTETEHsIM OKHCIeHHs. HanumuTe ypaBHEHUS peaklui, JOKa3bIBAOIIUX aM(OTEpHOCTh THAPOKCHIA
mapranua ( [V).

67. Y Kakoro sjJeMeHTa 4YeTBEpPTOro Mepuojia XpoMma HIM CeJIeHAa CUIbHEE BBIPAKEHBI
MeTajuinyeckue cBoiicTBa? Kakoil M3 STHX 3JEMEHTOB 00pa3yeT ra3o00pa3HOe COEIMHEHUE C
BoiopoaoM? OTBET MOTUBUPYWUTE CTPOEHUEM aTOMOB XpOMa U CEJIEHA.

68. Kakyro HU3ILIYIO CTENEHb OKUCIIEHUS MPOSBISIOT XJIOpP, cepa, a30T u yriepon? Ilouemy?
CocrtaBbTe (OpMYJIBI COCTMHEHUI AIOMUHUS C TAHHBIMH 3JIEMEHTAaMH, B 3TOW CTENIEHU OKUCIICHHS.
Kak Ha3bIBaroTCS COOTBETCTBYIOIIUE COCTUHEHHSA?

69. Y Kakoro u3 p -3JEMEHTOB ISATOM TpyHmbl MEpUOIUYEcKoil cuctembl (ocdopa, wim
CYpbMBI, CHJIbHEE BBIpOKEHBI HEMETaJUIMYecKue cBoiicTBa? Kakoe W3 BOJOPOIHBIX COEIMHEHUN
JAHHBIX 3JIEMEHTOB OoJiee CHIBHBINA BoccTaHOBUTENB? OTBET MOTUBHUPYHTE CTPOCHHEM aTOMOB 3THX
JJIEMEHTOB.

70. Mcxond u3 NOJOKEHUs MeTajlla B NMEPUOJUYECKON CHCTEME, AAalTe MOTHMBUPOBAHHBIN

OTBET Ha BOIPOC: KAKOW M3 JBYX THAPOKCHUIOB sBIsETCs Oosiee cuiibHbM ocHoBanuem: Ba(OH )
wi Mg(OH),; Ca(OH), wiu Fe(OH),; Cd(OH), wm Sr(OH),?

71. KakoBa coBpeMeHHass (OpMyIHpOBKa Mepuoauueckoro 3akoHa? OOBsiCHUTE, MOYEMY B
NePUOTUYECKON CUCTEME 3JIEMEHTOB aproH, KOOAJIbT, TEJUIYp U TOPHH MOMEIIEHBl COOTBETCTBEHHO

nepea Kajiuem, HUKCJIEM, HOAOM U MPOTAKTUHHUEM, XOTA U UMCIOT 60HLH_IYIO ATOMHYIO Maccy?



72. ATOMBI KaKuUX 3JEMEHTOB YETBEPTOr0 MNEPHOJA HNEPHOIUYECKOH CHUCTEMBI 00pasyroT
OKCHJIBI, OTBEYarOIMe WX BbICIICH cremeHn okucieHust J,0s? Kakoil U3 HUX JaeT razoo0pasHbie

coeauHeHus ¢ Bogopoaom? CocraBbre (hOPMYIIBI KUCIOT, OTBEUAIOMIMX 3THUM OKCHIAaM, U H300pazuTe
UX rpapuyuecKu.

73. KakoB xapaktep U3MEHEHHS CBOMCTB 3JIEMEHTOB B }/ meprojie MepHoIUYECKON CHCTEMbI?
KakoB nopsi10k 3an0IHEHUS 3JEKTPOHHBIX 000JI0YEK aTOMOB 3JIEMEHTOB 3TOTr0 Iiepuoaa?

74. Kaxkoe NOJO0XKEHUE 3aHMMAeT XUMHUYECKHI JIEMEHT XJIOp B IEPUOJUYECKON CUCTEME
anemeHToB JI. V1. MenneneeBa? Kakue creneHu OKUCIEHUs XapakTepHbl A xuopa? Kak usmenstorcs
KHUCJIOTHBIE, OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA U TEPMHUUYECKHUE CBOMCTBA (YCTOMYMBOCTB)
B PsIly KUCIOPOACOAEPKALIMX KUCIIOT XJiopa?

75. Kakue BOIOpOIHBIE COEIMHEHHUS OOpasyloT p -3JeMEHThl BTOporo mnepuona? Kak

M3MEHSIOTCS IPOYHOCTD U KMCJIOTHBIE CBOMCTBA 3THUX COEAMHEHUN B IIEPUOJIE CIIEBA HAIIPABO?

76. Kakyro XMMHYECKYIO CBSI3b Ha3bIBAIOT KoBaneHTHOM? Kak MeTon BanenTHbix cBsseii (BC)
0OBSICHAET CTPOESHUE MOJICKYJIBI BOJBI?

77. Kakas KOBaJ€HTHas CBA3b Ha3bIBAECTCS HEMOJSAPHON M Kakas MOJSIpHOM? UTo ciyKuT
KOJIMYECTBEHHOW MEpOH NOJSPHOCTH KOBAJIEHTHOU CBsI3U? COCTaBbTE AIEKTPOHHBIE CXEMBI CTPOCHHUS

monekyn N2, H>O, HI . Kakue u3 HuX SBISIOTCS JUIOISAMHU?

78. Kakoii croco6 00pa3oBaHUS KOBAJEHTHOW CBSI3M HA3BIBACTCS JOHOPHO-AKIENTOPHBIM?

N _
Kaxue xumudeckue cBsi3u umetores B uonax NHs wu BF, ? Ykaxure T0HOpP U akIEnTop.

79. Kakass koBajJeHTHas CBSi3b HasbIBaeTcs O -CBS3bI0 U Kakas TU -cBs3bio? Pa3zbepute Ha
IpUMEpE CTPOECHMSI MOJIEKYJIBI a30Ta.

80. Kakast xummuueckasi cBi3b Ha3bIBaeTcsl HOHHOM? KakoB MexaHusMm ee obOpazoBanus? Kakue
CBOICTBa MOHHOH CBSA3M OTIMYAIOT €€ OT KOBaJIEHTHOU? IIpuBenuTe nBa npumepa TUIIUYHBIX MOHHBIX
coenuHeHuil. Hanuimure ypaBHeHUs IPEBPALIEHUsS] COOTBETCTBYIOLUMX HOHOB B HEUTPAJIbHBIE ATOMBI.

81. Kak M3MEHSI0TCS B NEPUOJE CIIEBA HAIIPaBO W B IPYIIE CBEPXY BHU3 aTOMHBIE PaJHyChl
3JIEMEHTOB: @) YMEHBIIAIOTCS; 0) YBETMUHUBAIOTCS; B) OCTAIOTCSI HEU3MEHHBIMU? OTBET MOTUBUPYITE.

82. Kak m3MeHseTcsl 3JIeKTPOOTPULIATEIBHOCTh ATOMOB 3JIEMEHTOB IPU MEPEXOAE B MEPUOIE
CJIEBa HAIIPaBO U B IPYMIIE CBEPXY BHU3: ) yMEHbIIaeTcA?

0) yBenuumBaercs? B) octaeTcs Hen3MeHHbIM? OTBET MOTHBUpYIITE.

83. Hcxons w3 3HAUEHUH DHEPIMM MOHM3ALUH, YKAXKHUTE, KAKOH M3 3JIEMEHTOB IPOSBISAET
Haubolee BeIpakeHHbIe MeTamndaeckue coiicta: Li, Na, K, Rb,Cs.

84. Mcxoast U3 BEMUYUH DJIEKTPOOTPULIATENIFHOCTH, YKaXHUTE, KAKOW U3 3JIEMEHTOB 0o0jagaer

HarOOBIIEH CIOCOOHOCTBIO TpUHUMATh d1ekTponst: F', Cl, Br, 1?



85. Kakoe M3 mpuBEACHHBIX ra3000pa3HBIX BOJOPOIHBIX COCAMHEHUH Haubojee MPOYHO U

xakoe naumenee npouno: NH,, PH,, AsH,, SbH,, BiH,?

3HepreTm<a XHMHUYCCKHUX IMpPo1eccoB

(Xumu4eckoe cpoacCTBO)

86. Bblunciure, Kakoe KOJNMYECTBO TEIUIOTHI BBIAEIUTCA npu BoccranoBnennun [Fe,0,
METAUTMIECKUM aTIOMUHMEM, €M Ob110 onydeno 335,1 2 xenesa.

87. Tazoobpasubiii stwinoBeiit ciupr CoHsOH  MOXHO MONYYdTH NPU B3aUMOJIEHCTBUM
sruwiena C2H4 v BonsHBIX mapoB. Hamummre TepMOXMMHUYECKOE PABHEHUE ITOM PEAKIINM, BEIYMCIIHB
ee tertoBoi opdexr.  Otser: — 45,67 K/[oic .

88. BeIunciIuTh TEIUIOBOM 3P(EKT peakiu BocCTaHOBIeH s okcua xenesa ( /1) Bomopoaom,

HUCXOId U3 CIICAYIOINX TCPMOXUMUYCCKUX ypaBHeHHﬁZ

FeO(k) + CO(e) = Fe(x) + CO2(2); AH =—-13,18 k/{orc ;
1
COR)+ O (2)=CO0 (2); AH =-283,0 x/{orc;
2 2 2
1
H @)+ 0 (2)=H 0(2); AH =-241,83 x/[xc.
2 2 2 2
OtBer: +27,99 K’bec

89. HaiiTu u3MeHeHHEe BHYTPEHHEH SHEPTHH MPU UCIAPEHHH /D 2 STUIIOBOTO CIUPTA MPH

TeMIIepaType KUIEHHs, eClli YeNbHas TEIUoTa ero ucrnapenus pasua 857,7 [oic /2, a ynenbHbiit

00BeM mapa pu Temieparype kunenus papes 607 ey’ / 2. OGBEMOM KHAKOCTH IIPEHEOPEUb.
Ortser: 59,72 k/[onc.

90. Ilpu B3aMMOAEHCTBHM Ta3000pa3HBIX CEPOBOJOPOJA M JHOKCUAA yriepoja oOpa3yroTcs
napsl Bojabl u cepoyrepona (CS»(2). Hanmuimmre TepMOXMMHYECKOE YpaBHEHHME 3TOM peakiuH,

BBIUHCIIUB €€ TeTUIOBOM A DEKT.
Ortser: 65,43 k/oxc.
91. Hamummre Tepmoxumuueckoe ypasHenue peakuun mexay CO(2) u Bomopomom, B
pesynbrate kotoporo oopasyrorcs CH4(2) m H20(2). Cxonbko TEMNOTH BBIAEIUTCS TPH 3TOM

peakiuu, ecnd Obulo moiaydeHo 67,271 MeraHa B mepecyeTe HAa HOPMAlbHBIE  YCIOBHsA?

Orser: + 618,48 x/oic .



92. PactBopenue moins Oe3soanoit comn NaxCO3z B 10CTaTOMHO GONBIIOM KOIHMYECTBE BOIBI
conpoBoxkaaercs  Beimenenuem 25,10 k/[oxc Temnote, TOrma  Tak  OpU  PACTBOPEHMH
kpuctatoruapara NaxCO3 -10H>O nornomaercs 66,94 k/[o1c tennorsl. Beluucnurs Temiory

rUApaTalum Na,CO, (Temmoty 06pa3zoBaHus KPHCTAJLIOTHIPATA).
Ortser: — 92,04 x/[onc.
93. Tlpu B3auMOJEIHCTBUM Ta3000pa3HBIX METaHA M CEPOBOAOPOJA 0OPa3yIOTCS CEPOYIIEpPO.]

C$> (2) u Bomopoa. HanuimmTe TepMOXMMHYECKOE YPABHEHUE STOW PEAKIIMH, BHIYUCIIUB €€ TETIOBOM

3¢ dexr.
Orser: + 230,43 k/{oic .

94. Kpucrammyeckuil XJIopua aMMOHHsS 00pa3yeTcsl MpH B3auMOJICHCTBUU Ta3000pa3HbIX
aMMuakKa U XJopuja Boaopozaa. Hamummure TepMOXMMHUYECKOE YPAaBHEHUE ITOM PEAKIMM, BHIYHMCIUB

ee TermnoBoi dddekr. CKOIbKO TEIUIOTHI BBIAEIUTCS, €CIIM B peakiuuu Obu1o u3pacxomosano 10 7z

aMMHaKa B MEepeCcuUcTe Ha HOPMAJILHBIC YCJ'IOBI/ISI?

Ortser: + 78,97 /o .

95. TemoBoi 3peKT Kakoii peakuuu paseH Terore oopaszosanus NO ? Boiuucnure Temiory

ooOpazoanust NO , UcXo/1s U3 CIIEAYIONIMX TEPMOXUMUYECKHMX YPABHEHHUIA:

4NH, , +50,., =4NO,, +6H,0,,, ; AH=-1168,88 k/oc;

(2) 2(2)

4NH, . +30, ., =2N.

3(2) 2(2) 2(2) + 6H20

AH =+1530,208 /]oic .

(20) >
Orser: 90,37 x/[oxc.

96. TemnoBoii 3 deKT Kakol peakiuyu paBeH TEIIoTe oOpa3oBaHus MeTaHa? Beramcmure

TEIIOTY 00pa30BaHMs METAHA, UCXOS U3 CIECAYIOIUX TEPMOXUMHUYECKUX YpaBHEHU:

1
H + 0 =HO ; AH =—-285,84 k/]onc:
2(2) 7 2(2) 2 ()
Co + 202(2) = COz(e); AH =-393.51 x/{oxc;
CH4(2) + 202(2) = ZHZO(M) + COZ(Z); AH =-890,31 x/xc.

Ortser: — 74,88 k/{oic .

97. TemnoBoii 3¢dekT kakoil peaku paBeH TEIIoTe 0Opa30BaHUS THIPOKCUAA KaJIbLUs?
Brruncnure Temnoty oOpa3oBaHMs THAPOKCHIA KaJbIUSA, HCXOJS U3 CIEAYIOUIMX TePMOXUMHUYECKUX

YPaBHECHUIA:
1
Ca + O =CaO ; AH =—-635,68 k/[oc;
Q) 2 2@ ()



: AH =-285,84 ki ;

CaO,, + H,0,,,, = Ca(OH),,,; AH =—-65,06 k/[xc.
Ortset: — 986,50 k/[otc/ mons.

98. TemnoBoit 3(pdexT peakiuu cropaHus KUAKOTo OeH30Ia ¢ 00pa3oBaHHWEM MApOB BOJIBI U

okcuna yrmepona (IV) pasen —3135,58 k/[orc. CocraBbTe TEpMOXMMHYECKOE YPABHEHHE ITOM
peakKiiu U Berauciute terory oopasosanus CgH () * Ortser:
+ 49,03 k]

99. IMpu B3auMOAEHCTBIU TpeX MoJiel remuokcuaa azota N20 ¢ aMMuakoM 06pasyrTCs a30T
v iapbl Bozisl. Temnosoit addexr peakiuu pasen — 877,76 k/owc .
Borunciure Teriory obpasosanus N,O,,, . Otser: + 81,55 x/forc .

100. Beruuciure, CKOJNBKO TEIUIOTH BBIAENMTCA Tpu cropanuu 165 7 (H.).) aueruneHa

C,H,, ecnn mpomyKramu CropaHus sBIsiOTCS OKcui yriaepoxa (V) W mapsl  BOJbI?
Ortser: + 9248,8 k/{oic.

101. Peakuyst ropeHUsI METUIIOBOTO CIIMPTA BBIPAXKAETCA TEPMOXUMHUUYECKIM YPaBHEHUEM:

CH OH +3O =CO +2HO ;AH=?

3 (a1c) 5 2(2) 2(2) 2 (o)

Boruucnure  TemnmoBoil  AdekT 3TOM  peakuuH, ecad  M3BECTHO, 4YTO MOJIbHAas — TEIuloTa

napoo6pasosanus CH,OH ., pasua + 37,4 k/[ic .

102. Tlpu cropanun 11,52 xumkoro stwnosoro cmupra (C,H,OH) sBeigenunocs
308,71 k/[otc Temnotel. Hanuimure TEPMOXMMHUYECKOE YPABHEHUE PEAKIMHU, B PE3YJIbTATE KOTOPOM
06pasyroTcs napbl Bobl ¥ okcua yriepona ( /1), Beruucaure temtory oopasoanus C2HsOH (orc).

Ortser: — 277,67 kl{nc .

103. Boruncaure TemmoBod 3¢ ¢eKT peakuud W HANUIIUTe TEPMOXMMUYECKOE ypaBHEHHUE

roperuss 1 monb srana C2He(2), B pesymbrate KOTOpOro o0pasyroTcsi mapbl BOABI M OKCHI
V4 13

yraepoaa (V). CKONbKO TEIUIOTHI BBIAENIUTCA IpPU CropaHun 1 m JTaHa B Ilepecuere Ha

HOPMAJIbHBIC YCIIOBUA.

Otser: 63742,86 x/{oxc.
104. TIpu B3ammoneiictBuu 6,3 2 xkenesa ¢ cepoit Beumesminock 11,31 k/[orc TemnorsL

Boiuncnure Temiory oOpasosanus cynbduna sxenesa (1) FeS .



Ortser: —100,26 x/{orc.

105. TIpu cropanuun 171 aunerunena (H.).) Beimensercs 56,053 k/[otc remnorsl. Hanmmmre
TEPMOXUMHUYECKOE YPABHEHHE PEAKIMH, B PE3YJIbTaT€ KOTOPOM OOPa3syrOTCs Iaphbl BOALI U OKCHU]L

yrepona ( IV'). Beraucnure terory obpaszosanus C2H> (2) . Orser:
+ 226,75 k/[onc .
106. TIpu mosydYeHHWH SKBHBAJICHTHOM MACChl THIPOKCHIA KalbIMs U3 CaO(K) n H zO(M)

Boigensercs 32,53 k/[oic Ternorsl. Hamuiuure TepMOXMMHUYECKOE ypAaBHEHWE OTOM peakiuu H

BBIYUCIIUTC TCILJIOTY 06pa3OBaHI/IH OKCHAa KaJIbIIUs. OrtBerT:

—635,6 k/lxc.
107. Toxpcunras AG® peakumn: N, +2H,0 = NH,NO,. Onpenenure, BO3MOXKHA JIH
takas? AG(NH,NO,) =-256,04 k/{oxc.

108. TTonb3ysick 3Hauenusmu AG® pearupyromux Berects, paccuurtaiite AG® peakiuu u

onpenenute Bo3mMoxHOCTh ee nporekanus: PbO(k) + C(k) = CO(e) + Pb(x).

109. Ha ocuoBaunn 3nauenuit AG®,o; NPUBENCHHBIX HIKE OKCHIOB T'€PMaHMs, OJI0OBA H

CBHHIIA, yKAKHUTE, KAKHE U3 HUX SBIAIOTCS OKUCIUTENSIMH, KAKHE BOCCTAHOBUTEIAMH.
PbO: (k) + Pb(x) = 2PbO(x);
Ge,0, (k) + Ge(k) = 2GeO(x);
SnOx(x) + Sn(k) = 25n0O(x);
AG®,os (SnO, (1)) =—519,65 k/[oic/ mony;
AG®,4 (SnO(K)) =—=257,32 k/otc/ monw.

110. Peakuus ropenmss OGemszoma Beipakaercs AG°,., (SO, (k) =—-519,65 x/]c
TEPMOXUMHUYECKUM yPaBHEHUEM:

C,H (o) +7,50,(2) =6CO,(c) + 3H,0(2); AH =?
Boruncnure TemnmoBod  3ekT  ITOH peaknuH;  eCIM HM3BECTHO,  YTO MOJIbHAas TEIUIoTa

napoobpasoBanus 6en3ona pasna + 33,9 k/[oic .

111. Bemumcmurts AH°®, AS°, AG°r peakuuu, mpOTEKAOIIEH 10 yPaBHEHUIO:
TiO2 (k) + 2C(x) =Ti(x) + 2CO(2).

Bosmosxkna i peaknus Bocctanoinenus 110> yraepogom npu temmneparypax 1000 u 3000K ?



Ta6nuua 2 — CtanaapTHBIE TEMIOTH (9HTanbIUK) 00pasoBanus AH °298 HEKOTOPBIX BEIIECTB

BemectBo CocrosHue AH®,,, Bemecto Cocrostaue AH®,,,
x| monw ki | monw

1 2 3 4 5 6

C,H, 2 + 226,75 cO 2 —-110,52
cs, e +115,28 CH,OH 2 -210,17
NO 2 +90,37 C,H,OH e —235,31
C.H, 2 +82,93 H,0 e —241,83
C,H, e +52,28 H,0 oHc — 285,84
H,S 2 —20,15 NH ,CI K -315,39
NH, 2 —-46,19 CO, 2 —-393,51
CH, e — 74,85 Fe,0, K - 882,10
C,H, 2 — 84,67 Ca(OH ) K - 986,50
HCI 2 -92,31 Al O, K - 669,80

XuMHYeCcKass KHHETHKA U XUMHYECKOe paBHOBECHE

112. Oxucnenue aMMHuaKka UJIET 10 YpaBHEHHUIO:

4NH3 + 502 <> 4NO + 6120 .
Uepe3 HEKOTOPOE BpEMs MOCIE HAYAIA PEAKIUHM KOHIEHTPALMH PEArHpYIOIIMX BEIIECTB ObLIA
(moaw/ n): [NH3]1=0,9; [02]=2,0; [NO]=0,3. Boruucaure xonuentpauuo [H>O] B st0T
MOMEHT U HadaibHble Kouuenrpauun [NH3] u [O2]. Orser:

0,45 monv/ n; 1,2 mons/ n; 2,375 monw/ 1.

113. TIpu 393 K peakius 3akanumBaercs 3a 25 MUHYT. Yepe3 CKOJBKO BPEMEHH 9Ta

peakius 3akonuntcs npu 443 K, ecnu TemneparypHblii KOO(Q(PUIMEHT CKOPOCTH PEAKIMU PABEH

2,57 Ortser: 15,3 ¢.

114. Peakius nporekaer no ypasHenuto N2 +3H2 <> 2NH3. Kak usmeHuTCs CKOPOCTDH

peakiuu, ecnv  KoHueHtpauuro [N2]  yBenmuure B 3 pasa, a [H2] B 5 pas.

Otser: B 375 pas.



1. ¢! Havanbnas

115. Koucranra ckopoctu peakiun A4 + 2B <> C pasma 0,6 1° - Monb~
xonuentpauus: [A]=15 monv/ 1, [B]=3 monw/ 1. Kakosa crana KoHueHTpauus BemectBa 4 H
CKOPOCTb peakiuu, eciu B pesyabTare peakiuu [B]=1 monw/ 1.

Otsetr: 4 moawv/ ;2,4 monv/ 11 - c .

116. Koucranra pasnosecus peakuuun N2 +3Hz <> 2NH3 pasna 0,1. Pasrosechbie
xonuenrpauuu; [H2 | =3 monw/ 1, [NH3 ] =9 monv/ 1. Paccunraiite MCXOIHYIO U PABHOBECHYIO

koHuenrpauuto [ N2 ].
Otset: 34,5 monw/ 11; 30 monw/ .

117. Paznoxenne N,O mporekaer no ypasuenuto 2N,0 = 2N, + O, . Koncranta ckopocTu

1 1

mannoit peakmun S5-107* - mun™' - mons~!. Hauanpmas xomnentparms [N 2O] =6 monv/ 1.

Onpezenure CKOPOCTh PeaKIMK B HaYalbHbIA MOMeHT Koraa pasnoxurcs 50 % N0 .
Otser: 0,018 monw/ 1+ mun, 0,0045 monw/ 1+ mumn .

118. Koncranra paBHosecusi romorennoit cucrembl N2 +3Hz <> 2NH3  npu nexoropoit
temneparype paBua (,1. PaBHOBecHe KOHLEHTpAIMKM BOAOPOJA U aMMHAKa COOTBETCTBEHHO PABHBI
0,2 wu 0,08 monv/ 1. BuluucIUTE pPABHOBECHYIO M MCXOAHYIO  KOHLEHTPALMH  a30Ta.

Otset: 8 moaw/ 1; 8,04 monw/ 1.

119. Papuosecue B cucreme 2CI,

cnenyrommx Kouuenrtpauusx (Mmoav/ n): [Ch]=0,8; [H20]=2,2; [HCI]=1,1; [O2]1=1,6.

+2H,0,,, = 4HCI,, + O

2(2) YCTaHOBUJIOCH TIIpU

BblaucnuTh  KOHCTaHTy — paBHoBecuss W mcxomdele  konuentpauuu [Ch] wu  [H20].

Orser: 0,75 monv/ 1.

120. B  xakoM  HampaBieHMHM  OyAe€T  CMeEIIaThCA PaBHOBECUE  pEaKLUH

2CL,, +2H,0,,,) = 4HCI,, + O, ,, npu ymeHblueHHH 00beMa B TpH paza?

(2)

121. Ha cKkoJbKO HY)XHO MOBBICHTH TEMIIEPATYypy, YTOOBI CKOPOCTh peakiuu Bo3pocia B 50

pa3? TemneparypHblii Koopdumuent pased 2,3.

Otget: 47°C.

122. Ompenenuts TEMIEpaTypHbId KO3((UIMEHT CKOPOCTH PEaKIMH, €CIH MPU MOHWKEHUHU

temneparypbl Ha 45°C peakius 3amemwiace B 30 pas.



Ortset: 2,13.

123. Ha CKOJBKO HY>KHO TOBBICHTH TEMIIEPATYPY, YTOOBI CKOPOCTH peakimu Bospocaa B S0

pa3? TemneparypHbiii kodduiment pasen 2,3.

Otget: 47°C.

124. Peakuus mporekaer 1o ypaBHeHuro 2A = B. WcxomHas KOHLEHTpanus BELIECTBA

[A] =0,5 monv/ 1. Koucranra pasuoecuss peakumn 0,5 monw /1. Haiinqure pasHOBecue

KOHIOCHTpPAIUK BCIICCTBA.

Otset: 0,067 monw/ 1; 0,366 monw/ .

Crnoco0blI BbIpa:KeHUs] KOHIIEHTPaluii pacTBOPOB

125. Belunciuth MOJISApHYIO W HopManbHyro koHuenrpauuun 20 % — 20 pactopa xmopuga

KIS, IIOTHOCTH KoToporo 1,178 2/ cm?.
Otser: 2,1 M , 4,2 1.

126. Yemy pasna nopmansHocTh 30 % —20 pacteopa NaOH , mioTHOCT KOTOPOro

1,328 2/cm*? K 1 otoro pacteopa npubaBmau 51 BOABL BBUMCIMTE MPOLEHTHYIO

KOHIOCHTPAIUIO MMOJIYUYCHHOT' O paCcTBOpPA.

Otset: 9,96 1.; 7,3 %.

127. Beiuuciure HopMaabHyo ¥ MoJsuibHy 0 kKoHnenrpanuio 20,8 % — 2o pacresopa HNO:3,

mioTHOCTH KoToporo 1,12 2/ ey’ . CKoIbKO rpaMMOB KHCIIOTBI COREP:KUTCS B 4 1 9TOr0 pactBopa?

Otser: 3,7 1., 4,17 m, 931,8 2.

128. K 31 10% —20 pacreopa HNO, mnorsoctsio 1,054 2/cm® npuGasumu 5 1

3

2% — 20 pacteopa Toi ke kucaorel 1wiotHocThIO 1,009 2/cm’. BbaucanTe TPOLEHTHYIO |

MOJIIDHYIO ~ KOHLIEHTPALMIO  OJy4EHHOTO pactBopa, 00BEM  KOTOPOrO  paBeH & .JI.
Otser: 5 % ,0,82 M .
129. BblukCIUTE MOJSPHYIO, JKBUBAJIECHTHYIO W MOJISUIbHYIO KoHueHtpauuu 16 % — 2o

pactsopa xyopuna antomunns ( AICI,) motaoctsio 1,149 2/ cm’.

Otser: 1,38M , 4,141 ,1,43 m.



130. CKONBKO M KAaKOTO BEIECTBA OCTAaHETCst B m30bITKe, ecni k 75 cm® 0,3 H. pactBopa

H, SO, npu6asurs 125 cv® 0,2 1. pacteopa KOH ?

Ortset: 0,14 2 KOH .

131. ns ocaxnenus B Buge AgCl Bcero cepebpa, comepxamerocs B 100 cm® pactsopa

3
AgNO;, norpe6osanocs 50 cm 0,2 . pacreopa HCI. KakoBa HOPMaIbHOCTH pacTBOpa

AgNO;3? Kaxast macca AgCl Brinana B ocagok?

Otser: 0,11.;1,435¢2.

132. Kaxoit o6sem 20,01 % — 20 pacteopa HCI (mnornocts 1,12/ cm?) tpebyercs ms

npurorosnenns 1 1 10,17 % — 2o pacrsopa (p =1,050 2/ cm?).

Otser: 488,88 ca’.

133. Cmemamu 10 cv® 10 % — 20 pactBopa HNO ~ (p =1,056 2/em®y u 100 ea?
30%—20 pacteopa HNO, (p=1,1842/cm’). Bomumcnute NpONEHTHY —KOHIEHTPAIIO
TI0JTy4EHHOTO PacTBOPA. Orset: 28,38 %.

134. Kaxoit oovem 50% —20 pacteopa KOH (p =1,538 2/cm®) Tpebyerca mns
npurotosnenns 3 1 6 % — 20 pactsopa (p = 1,048 2/ cm? )2

Otset: 245,5 e’ .
135. Kaxkoii o6bem 10 % — 20 pactsopa kapGomara matpus (P =1,05 2/cm’) tpebyercsa

nnist mpurotosienus S 1 2% — 2o pacreopa (p =1,02 2/ cm?).
Otser: 923,1 cm3.

136. Ha neitrpammsammio 31 cm® 0,16 1. pactBopa menoun tpeGyercs 217 cm® pacrsopa
H,S0,. Yemy pasusl HopmanbHOCTh U TUTp pacteopa H,S0,?

Otser: 0,023 1., 1,127 10 2/cam’.

137. Kakoit oowem 0,3 H. pacTBOpa KHCIOTBI TpeOyeTcs Ui HEWTpaIW3allid pacTBOpa,
conepxamero 0,322 NaOH s 40 cv’ 2

Otset: 26,6 cv’.



138. Ha meiitpanusamumio 1.1 pactsopa, comepxamero 1,42 KOH , tpebyerca 50 cv?

pactBopa KHCJIOTBI. Beruncnure HOPMAJIbHOCTb pacTBopa KHCJIOTBI.
Ortser: 0,53 1.

139. Kakas wmacca FHNQO:3 copmepxanack B pacTBOpe, €CIM Ha HEHTPAIM3ALMIO €ro
norpeboBanocs 35 cm® 0,4 m. pactBopa NaOH ? Kakos turp pacteopa NaOH ?

Otser: 0,882 2, 0,016 2/ca’.

140. Kakyro maccy NaNQOs wuyxno pactBoputs B 400 2 BOjabl, YTOOBI HPUTOTOBHTH

20 % — w111 pactBOp? Otset: 100 2.

141. Cmemamu 300 2 20 % — 20 pacteopa u 5002 40 % — 20 pacrsopa NaCl. Uemy

paBHa MPOLIEHTHAs KOHIIEHTpALMsI [T0JIy4€HHOT0 pacTBopa’?

Ortset: 32,5 %.

142. Cmemamu 247 2 62 % —20 u 145 2 18 % — 20 pacrBopa cepnoit kucnotsl. Kakosa

IPOLIEHTHAsI KOHLEHTPaLUs OJIy4YEHHOTO pacTBOpa?

Ortsert: 42,75 %.

143. 13 700 2 60 % — 2o pactBopa cepHoit kuciaotsl BemapusanueM yaamwan 200 2 Bomsl.

Yemy paBHa MPOLIEHTHAS KOHIIEHTpaLus OCTaBLIETOCS pactBopa?

Otser: 84 % .

144. 3 10 ke 20 % — 20 pactBopa npu oxnaxaenuu Boienwiocs 400 2 comu. Yemy

paBHa MPOLIEHTHAsl KOHIIEHTPALUs OXJIaXAEHHOT 0 pacTBopa’?

Ortser: 16,7 % .

145. Boruucnure crenens aucconnauu HNQO> B ee 0,01 M pactBope u KoHIEHTpaLuUO

4
MOHOB BOZI0po/1a a pacteope, eciu K ; =4,6-10

146. B 6 1 macemmennoro pactsopa PbSOs comepxurca 0,186 2 wnoma csunma (I1).

BhbIuKCIIHTE IPOU3BEAECHUE PACTBOPUMOCTH.
Orser: 2,25-1078.

147. OnpeennTe KOHCTAHTY JIUCCOLMALIMN KUCIIOTHI, €CJIM BOAOPO IHbIN nokasaress B 0,08 #.

pacTBOpe OJHOOCHOBHOM KuCOTH pasen pH =2,4.



148. B 0,5 1 pactBopa comepurcs 2 & HednekTponuta, u 910t pactsop npu ¢ =0°C umeer
ocMotnueckoe nasienue, pasaoe 0,51-10° I1a . Onpenenure MONEKyIAPHYIO MACCY PACTBOPEHHOTO
BEILECTRA.

149. Konuenrparus Haceimennoro npu ! =20°C  pacTBopa CepOBOIOPOAHON KHUCIOTHI
cocrapmser 0,13 monw/ 1. Koncramra muccommarmmu 1o nepsoit  crymemn K I =1-107".
Onpenenute KoHIeHTpauuu noHos [H ™ Ju [HS™].

150. TIpomssenenme pactBopumoctd mommuma cepebpa Agl 8,5-1077. O6pasyercs m
0caJoK, eciu cmerarh pasusie oobembl 0,02 #. pacteopa KJ u 0,04 n. pacrsopa AgNO3?

151. Onpenenure pH 0,001 M pactsopa KOH , cuuras aucconuanuio moHowM.

152. Onpenenure pH pacTBopa B 3n KOTOpPOro COZIEPIKUTCS

0,81-107 2 — uonos[OH .

153. Kakoe konumuectBo nurpara cepedpa ( AgNQO3) conepxanocs B pacTBOpe, €CIIM U3 3TOTO

pacTBopa 66110 BeITeCHEHO Menbio 4,32 2 cepebpa.

154. 3 3.1 50 % — 20 pactBOpa eaKoro Kamms, MIOTHOCTs KOTOporo pasna 1,51 2/cm?,

nyxno npurotoButs 10 % pactBop (p =1,09 2/cm?). Ckonbko BOABI HYXHO B3ATH IS

IPUTOTOBJIEHUS YKa3aHHOTO pacTBopa?

155. KoHcTaHTa IMCCONMAIIH CEPOBOIOPO/IHOM KUCIOTHI 1O TiepBoii cTymenu K | =9 1078,
Onpenenuth KOHIEHTpaiuio Bogopoansix noHos B 0,1 H. pacteope H2S .

156. Mlpu ¢ =20°C B 12 naceimennoro pactopa womuma cepedpa Agl  conepxkutcs
0,044 2 conu. Beruucnure npousBeIeHUE PACTBOPUMOCTH.

157. Ckonsko rpammos CaClr morpebyercs nns npurotosnenus 2 1 20 % — 20 pacrtsopa,
motHocTs paHa 1,177 2/cem?’. Ortset:470,8 2.

158. Crenens quccoumanmu H, PO, no nepsoii crynenn 8 0,1 M pacrope pasua 0,17 ne

YUUThIBasA AUCCOLUAINIO IO CIACAYIOIHNUM CTYIICHAM, BBIYUCIIMTC KOHICHTPAIUIO BOAOPOIHBIX HOHOB

[H™"] B pactsope.

-
159. PactBopumocts BaCQOz passa 8,9-10 moaw/ 1. Beluvcnure mpousBeneHHe

pacTBOpUMOCTH KapOoHaTa bapusi.



160. KoHIeHTpaIys HOHOB BOOpOAa B pactBope paBHo 2,5-107 2 —wuown/ a1, onpenenure

pH w pOH .

161. K 780 mn 20 % — 2o pacreopa NaOH (p =1,225 2/ mn) npubasumu 140 mn

10 % — 20 pacreopa NaOH (p1=1,1152 2/ mn). Onpenenurs NpolEHTHYIO KOHIEHTPALUIO

T0JTy4EHHOTO PacTBOPA. Orset: 18,596 % .

162. Berauciure crenens auccormannn OO u [H*] B 0,1 M pacrBope xmopHOBatucTOi
-8
xuciotsl, ecmn K ; =5-10 .

163. Boruucaure MoJspHyro Kouuenrtpaiuioo pactBopa KoSOs, B 0,02 7 koroporo

conepxurcs 17,4 2 pacTBOPEHHOTO BEIIECTBA.

164. Crenens muccoumaruu 0,1 #. pacreopa NH4sOH pasna 1,3% (0,013). Cxomnbko

PACTBOPEHHBIX YaCTHIL (MOJIEKYJI M HOHOB) COlepkuTes B | /1 Takoro pacreopa?

-6
165. Tlpoussenenue pactBopumoctu Pbl> pasno 8,7-10 . Belumciure KOHIEHTPALUIO

uonos [Ph*" | u nonos [/~ ] B nacsimentom pactsope Pbl )

CBoiicTBa pacTBOpPOB

166. PactBop, comepxammii 0,512 2 nmesnextponrura B 1002 Gemsoma CeHe ,
kpuctauusyercs ipu 6,296°C . Temneparypa kpucrammsaiuu 6ensona 5,5°C . Kpuockonuueckast
KOHCTaHTa 5,1°. Berauciure MOJIBHYIO maccy PacTBOPEHHOIO BEIIECTBA.

Ortser: 128 2/ mounw.

167. BblumciuTe MPOLEHTHYIO KOHICHTPALKMIO BoAHOrO pactBopa caxapa C,H,,0,,, 3Has,

40 Temreparypa kpuctamuszanuu pactBopa - 0,93°C . Kpuockonuueckas koncranta ol 1,86°.

Ortger; 14,6 % .

168. Beruuciure Temmeparypy Kpuctamnmsamuu pactBopa Mmouesunbl (NH2 )2 CO ¢

comepxanueM 52 mouesunsl B 150 2 Bomel. Kpuockomuueckas koHcranrta Bogsl 1,86°.

Ortser: —1,03°C'.



169. Bbrauciure MpOLEHTHYIO KOHIIEHTpanuio BogHoro pacteopa ramuepuna C3Hs(OH )3,

3Has, yro otor pactBop kunut npu 100,39°C . D6ymnmockonnueckas koncranra Bogsr 0,52°.

Ortsert: 6,45% .

170. BoruuciauTe MOJBHYIO MacCy HEJIEKTPOJIUTA, 3Hasi, 9TO pacTBop, coaepxaummi 2,25 2
sroro BemectBa B 250 2 Bomwl, kpucramsyercs npu 0,279°C. Kpuockonudeckas KOHCTaHTa
Bozsl 1,86°. Otset: 60 2/ monb.

171. Beluncnure Kpruockonuueckyro koucranty ykcycHoit kucnoret CH3COOH |, 3uas, uro
pactBop, comepkammit 4,25 2 anrpauena C,,H,, B 100 2 ykcycHoil KuCIOTBI, KpUCTAILTH3YETCS
mpu  15,718°C .  Temmneparypa KPUCTAITU3AIAH ykcycHon  kuciotel  16,65°C .
Ortset: 3,9°C.

172. Temneparypa KpUCTAUIM3ALMU  pacTBopa, cojepxkamiero 66,32 Hekortoporo
uesnekrpomura B 500 2 Bomel, pasaa 0,558°C. Beluucianure MONBHYIO MacCy pPacTBOPEHHOIO
Bentectsa. Kpuockonuueckas KoncTanra Boas 1,86°.

Otser: 442 2/ mons.
173. Boluncnure temneparypy kpucrammmsanuu 2 % — 20 pacTBopa ITHUIOBOTO CIIMPTA

C>HsOH . Kpuockonuueckas KoHcTanTa Boasl 1,86° .

Ortsert: — 0,82°C.
174. Bpruucnaure NpoLEHTHYIO KOHLEHTpPALK0 BogHOro pactBopa Imoko3sl CsHi2Os 3Has,
uyro 31oT pactBop kumur npu  100,26°C. DOymwmockonuyeckas Koucranta Boasl  0,52°.

OTBerT: 8,25%.

175. CkosbKO rpaMMOB MOYEBHUHEI cliefayeT pactBoputh B 250 2 Bojsl, 4T00BI TEMIEpaTypa

kunenuss  moseicunack  Ha  0,26°?  DOymmockonmueckas ~— koncranta  Bomel  (0,52°.
Otser: 7,5 2.

176. Onpenenute nasnenne napa 10 % — 20 pactBopa mouesunst CO(NH>)2 B BOnE TIpH
t=100°C. Po- onasremme mmapoB Bomel mpu  100°C  pasmo  1,01-10* [a.

Otser: 0,98 -10° I1a .

177. Onpenenure MOJSpHYKO Maccy anwimHa, 3Has, 4ro npu [ =30°C nasnenue mnapa

pactBopa, coxepxkamero 3,092 ammmuwa C,H,NH, 8 3502 o¢upa C,H,,O, pasuo



0,858 -10° [1a, a naBnenue umctoro >pupa mpu Toii xe Temmeparype pasHo (0,864 -10°7la.

Otset: 92 2/ monw.

178. Okucnenne aMMuaka npoTeKaeT Mo YpaBHEHUIO:
4NH;(2) +30,(2) = 2N, () + 6H,0(xc) —1528 k/lc.  Ompenenure  AH°98(NH,(,)) u

NH1OH (p), ecnu ternora pacrBopenuss NH3(2) B Bone pasna 34,65 x/[orc .

179. Boruncnuth temrepatypy kunenust 15 % — 20 BomHOro pactBopa NpOMHIOBOIO CIHPTA

C3H70H . 36ynnnockonuyeckas Koncranra Bojsl pasaa (0,52°.

HNonHo-MoseKkynsipHbIe (HOHHBbIE) peaKIMH 00MeHa
180. CocraBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYJISIPHBIE YPABHEHUSI peaKkLUii B3aMMOJECHCTBUS
B PacTBOpax, MOCYUTAUTE CYMMY CTEXMOMETPHUECKUX KO3(PPHUIMEHTOB B COKPALICHHBIX YPABHEHUSIX

MEKITY:
2) H,S0, u NaOH :
6) K2Si0s u HCI;
B) BaChu NaxSOs.

181. CocraBbTE MOJIEKYIJISIPHBIE U HOHHO-MOJIEKYJISIPHBIE YPABHEHMSI peaKLUii B3aUMOJEHCTBUS
B PacTBOpax, MOCYUTAUTE CYMMY CTEXHOMETPHUECKUX KOAIP(PHUIIMEHTOB B MOJIECKYJISIPHBIX YPaBHEHUSX

MEKIY:
a) K>S v HCI,
6) FeSO4 u (NH4)2S;
s) Cr(OH)3 u KOH .

182. CocTaBpTe MOJIEKYJISIPHBIE W HOHHBIE YpaBHEHHUS peakUui, IPOTEKAOIIUX MPHU
CMEIIMBAaHUM PAcTBOPOB, YEMYy paBHAa CyMMa CTEXHOMETPUYECKHX KOA(P(PHUIMEHTOB B MOJIHOM U

COKpAILLEHHOM MOHHBIX YPAaBHEHHUSAX CIIECAYIOINX BEIECTB!
a) AgNOs + FeCls;
6) CaCOs + HCI;
8) Na,PO, + Ba(NO,), .
183. Hanummure MoeKyJIspHbIE M HOHHBIE YPABHEHUSI PEAKIIMI B3aUMOAECHCTBUS:

a) xyopujaa 6apus u cyibpara aTlOMUHUS;



0) aneraTa Kaiaus U CEpHOI KHUCIIOTBHI,
B) XJIOPU/1a aMMOHMSI U €AKOTO KaJlu (TIpY HarpeBaHUM).

184. CmemnBaroT nonapHo pacTBOPBI:

a) Cu(NO,), + Na, 50, —;

6)BaCly + K2SOs —;

8) Ca(OHy) + HCI —;

1) K,Cr0, + K,S0, —>;

) K,Cr,0, + CaCl, —>.

B Kkakux U3 NpPHUBENEHHBIX CIlyd4aeB peakuuu nouayT no koHua? CocTaBbTe ISl HUX

MOJICKYJISIpPHBIE M HOHHBIE YPAaBHEHHUS, YeMy paBHa CyMMa KOX(QQHUIMEHTOB B IOJHBIX HOHHBIX

YpPaBHCHUSIX.

185. CocTaBbTe MOJIEKYJISIPHBIE U MOHHBIE YPAaBHEHUS pEakLMi, MPOTEKAOIIMX B pacTBOpax

MEXTY CIEAYIOMUMHU BEIIECTBAMH:
a) muruapodochaToM Kaaus v €KUM KaJlu;
0) kapOOHATOM KaJbIMS U COISHON KHCIOTOM;
B) TuipokcuaoM ojioBa (/1) u exxum HaTpOM.

186. CocraBbTe MOJEKYJISpHBIE M HOHHBIE YpaBHEHUS, IIPOTEKAIIAE B pacTBOpax

CJICAYIOIUX BCIICCTB:

a) MgCh + NaxCO3 —;
0) CH;:COOK + H2SO4 —;

B) MgCO; + HCI —.

187. CocraBbTe€ ypaBHEHHMS peakLui, MPOTEKAIOIIHUX B PACTBOpaX NpPU B3aUMOJEHCTBUU

CJICAYIOIIUX BCUICCTB:

a) NaxS + FeSOs —;
0) K2S + HCI —;
B) Pb%* + HCI —.

YpaBHEHUs peakuii HAUIIUTE B MOJIEKYJISIPHOI U MIOHHOH (popmax.



188. Kakoe u3 Bemects: AI(OH),; H,SO,; Ba(OH), Gymer BzaumopeiicTBOBaThH C

THUIPOKCUAOM Kanusa? BelpasuTe 3TH  peakuMd MOJIEKYJISIPHBIMM U HMOHHO-MOJIEKYJISIPHBIMU
YPaBHEHUSIMH.

189. CocraBbTe MOJIEKYJIIPHBIE 1 MOHHO-MOJIEKYJIIPHBIE YPaBHEHUS PEAKLIUU B3aUMOAECHCTBUS
B PACTBOPAX MEXIY:

a) KHCO, w H,50,;6) Zn(OH), u NaOH ;8) CaCl, w AgNO;.

190. CocraBbTe MOJIEKYJIIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPABHEHUS PEaKLMI B3aMMOJEHCTBUS

B PaCTBOPAxX MEKIY:
a)CuSO, n H,S ;6) BaCO, u HNO,; ) FeCl, u KOH .

191. CocTaBpTe 1O TpU MOJEKYJISPHBIX YPABHEHUS PEAKLMM, KOTOPHIE BBIPAYKAIOTCS HMOHHO-

MOJICKYJISIPHBIMUA YPaBHCHHUSIMHU:
a) Cu? + 52 =CuS;6) Si032‘ +H* =H SiO_.

192. CocraBbTe MOJIEKYJIIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS PEAKINI B3aUMOAEHCTBUSA

B PacCTBOPaxX MEKIY:
a) Sn(OH), w HCI; 6) BeSO, u KOH ;8) NH,Cl w Ba(OH), .

193. Kakoe u3 Bemects: KHCO,, CH,COOH , NiSO,, Na,S s3aumoneiictByer c

pPacTBOPOM CEpPHOM KUCJIOTHI? 3alMIIUTE MOJIEKYJSPHBIE U MOHHO-MOJIEKYJISIPHBIE YPAaBHEHUS ITHUX

BCIICCTB.

194. CocraBbTe MOJIEKYJIIPHBIE U MOHHO-MOJIEKYJIIPHBIE YPaBHEHUS peakluii B3aUMOIEHCTBUS

B PACTBOPAX MEXIY:
a) AgNO, n K,CrO,; 6) Pb(NO,), u KI ;8) CdSO, u Na,S .
195. CocraBpTe MOJIEKYJSIPDHBIE YPAaBHEHHs DPEAKIHMM, KOTOpBIE BBIPAJKAIOTCS MOHHO-

P ——
2) CaCO, +2H =Ca  + H,0+ CO,:
6) AIOH), + OH = AlO,” +2H 0
B) Pb*+21" =Phl_ l.

196. CocraBbTe MOJIEKYJIIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS PEAKINM B3aUMOAEHCTBUSA

B PACTBOPAX MEXIY:

a) Be(OH), u NaOH ; 6) Cu(OH), u HNO;; 8) ZnOHNO, uw HNO,.



197. CocraBbTe MOJIEKYJIIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS PEAKIUI B3aUMOAEHCTBUSA

B PACTBOPAX MEXIY:
a) Na,PO, u CaCl,;6) K,CO, u BaCl,;8) Zn(OH), u KOH .
YeMy paBHA CyMMa CTEXHOMETPUYECKUX KOA(P(PUIIMEHTOB B TIOJTHOM HOHHOM YPaBHEHUU PEaKLUH ().

198. CocrtaBbTe MOJEKYJISpHbIE YPAaBHEHUS pEaKLMi, KOTOpPbIE BBIPAXKAIOTCS HOHHO-

MOJIEKY/IAPHBIMU YPABHEHUSAMH:
Fe(OH), +3H* =Fe™ +3H,0;
Cd?* +20H~ = Cd(OH),;
H"+NO~ = HNO ..

199. CocraBbTe MOJIEKYJIIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS PEAKIUM B3aUMOAEHCTBUSA

B PaCTBOPAX MEKIY:
a) CdS n HCI; 6) Cr(OH), u NaOH ;8) Ba(OH), u CuCl, .

200. Kakoe uz semecrs: NaCl, NiSO,, Be(OH),, KHCO, ssaumoneiictByer ¢

pacTBOPOM IMAPOKCUAA HATPHsI? 3aUILINTE MOJIEKYJISIPHBIE 1 HOHHO-MOJIEKYJIIPHBIE YPAaBHEHUS 3TUX

peakuui.

I'maponus coJieit
201. Xmopua Kanblys M CHIMKAT HATPHSI UCIOIB3YIOT B MPOU3BOACTBE (PUOPOIUTOBBIX IUIHT.
Hanwummre YpPaBHCHUA JUCCOLUALIUN 3THUX coJiei B BOJHBIX pacTBOpax. ITo KaTUOHY HJIM 11O aHHUOHY
HUICT TUAPOJIN3 COJIM CUJIMKATa HATpUs. Hanwummre COOTBCTCTBYIOIIHUEC PCAKIIMU B COKpPAIICHHOM,

MIOJTHOM HOHHOM M B MOJIEKYJIIPHOM BHJIE.
202. TTouemy pactop coasl NaxCO3 uMeeT 1eT0YHYI0 PEAKIHIO, 8 PaCTBOP XJIOPU/A [IMHKA
- kucinyto? OTBET MOATBEPIUTE COOTBETCTBYIOIIMMH YPaBHEHUSIMH PEAKLIU THAPOIN3A.
203. Ka3zenHOBBIN KJI€H B IOPOILIKE, MOCTYIAOLUIMI B TOPrOBYIO CETh, KPOME OPraHMUYECKOTO

BEIIECTBA Ka3eWHa COAEPXKUT THUIPOKCH] KalbIUs, KapOoHat Hatpus, cyiabdar meau ( [1) u dropun

HaTpus. Hanumuwre IoJIHBIE M COKpAIEHHBIC MOHHBIE YPaBHEHHUs PEAKLMM, KOTOPbIE MPOUCXOIAT
MEXIY BXOIAIIMMHU B KJIEM MUHEpaJIbHBIMMU BELECTBAMM IIPU PACTBOPEHMM ero B Boje. Hamwmmmre

BO3MOJHBIC pCaKIU r'MApoJIiri3a.

204. K pactopy FeCl, nobasunu crnenyromue emecrsa: a) HCI;



0) KOH; 8) ZnCh; 2) NaxCOs3. B xakux ciywasx ruaponus xiopuna skeneza (111)

yeunutcs? Ilouemy? CocTaBbTe MOHHO-MOJIEKYJISIPHBIE YPAaBHEHUS THIPOJIM3a COOTBETCTBYIOLIUX

CoJIei.

205. K pactBopy Na>COs; no6asuu cienyromue semectsa: @) HCI;

0) NaOH ; 8) Cu(NOs)2; 2) K>S . B kakux ciyuasx ruaponus KapOoHAaTa HATPHUs yCUIUTCA?

Oo4YcMy ! LOCTAaBbTC HOHHO-MOJICKYJISIPHBIC YPABHCHUS T'HAPOJIN3a COOTBECTCTBYOIINUX COJICH.
I1 ?C

206. CocraBbTe HMOHHO-MOJEKYJISIPHBIE U MOJIEKYJISIPDHBIE YpPaBHEHUS TMIPOJM3a COJIEH:
CH,COOK, ZnSO,, AI(NO,),. Kakoe 3uauenne pH(>7 <) umeror pacteopsl 3tHx coieii? B

KaKOW I[BET OKPACUTCs JIAKMyC?

207. Kakas w3 JByX coiled IpU pPaBHBIX YCJIOBUSAX B OOJbIICH CTENEHM IOJIBEPraeTCs
rugpoimsy:  Na,CO, wm Na,SO,; FeCl, wwm FeCl,? Tlouemy? CocraBbTe HOHHO-
MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE YPAaBHEHUS THPOJIN3a ITUX CONEH.

208. Tpu cmemmBanuu pactBopo AL (SO,); u Na,CO, xaxpmas u3 B3ATBHIX COJeH
TUIPOIN3YyeTCcsd HEoOpaTUMO OO KOHIa ¢ 0Opa30oBaHMEM COOTBETCTBYIOIIMX OCHOBAaHHS U KHCIIOTBHI.
CocraBbTe HOHHO-MOJIEKYJISPHBIE U MOJICKYJSIDHBIE YpPAaBHEHUS IPOUCXOJSIIETO COBMECTHOTO
TUAPONIN3a.

209. Tlouemy u3MEHEHHE TEMIIEpaTypbl pacTBOpa BIIMAET Ha CTENEHb THAPOJIU3A COJU?

CocraBbTe ypaBHEHHs THAPOIM3A 110 epBOi crynenu s cieayrommx coneit: CuSO4 u NaszPOs,

ykaxure pH pacrsopa.

210. Kakyio peakuuio cpeasl UMEOT pactBopsl crienyomux coneit: Zn(NO,),, K,CO;,

KNO3, NaCN?

211. Ompepenure crenens ruaponusa (s nepsoi crynenu) u pH B 0,001 M pactBope

K S(K (H S)=1,1107 u Na CO (K (Na CO ))=4,45-10".
2 21 2 2 3 21 2 3

212. Kaxas u3 coseii mousepraercs ruapomusy FeCQOs3, CaS, AICI3, sanumure nonusie u
MOJIEKYJIIPHBIE YPABHEHUS OTPEAEIUTE PEAKIIUH CPELL.

213. Kakue wu3 comeii moasepratorcs ruapomusy CaCO,, Na,S,Cr,(SO,),, sanummure

VOHHBIE M MOJIEKYJISIDHBIE YPAaBHEHUS OINPEAEIUTE pEaKkUHUU Cpel, B KaKoW IBET OKpPAaCUTCS
METHUJIOBBIN-OpaHKEBbIN ?

214. CocTtaBbTe MOHHO-MOJIEKYJISIPHBIE U MOJIEKYJISIPHBIE YPABHEHMSI THIAPOJIM3A CIETYIOINX

conei: CuSO,, ALS,, NH,CN, Na,CO,, onpenenure cpeny.



215. CocTtaBpTe MOHHO-MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE YPAaBHEHMSI THIPOJIM3a CIETYIOLIUX

coneit: (NH,),S0,, K,S, Cr,(CO,),, onpenenure cpeny.

OKMCINTETbHO-BOCCTAHOBUTE/ILHbIE PeaKIuU
216. Hcxons W3 CTENEHM OKHUCIEHUS D3JEMEHTOB B MOJEKYJaX pPEArupyroLUuX BEIIECTB
COCZIMHEHUI, ONpe/iennTe, KaKoe BELIECTBO SIBIISCTCS OKUCIUTENIEM, Kakoe BoccTaHoBHUTesneM. Ha
OCHOBAHMHU DJIEKTPOHHOTrO OajaHca paccTaBbTe KOI(PPHUIMEHTH B YPaBHEHUH OKHUCIHTEIBHO-

BOCCTAaHOBHUTEIILHOU peakuuu:

K, SO,+ KMnO,+ H,O - MnSO, + H,PO, + K,S50O, + KOH .

217. Tlouemy a3oTHCTasg KHCIOTa MOXKET TPOSABIATh KaK OKHUCIUTEIbHBIE, TaK H
BOCCTAaHOBUTENbHbIE cBocTBAa? Kakoe CBOWCTBO MpOSIBISIET HUTPUT Kalusl B JaHHOW peakuuu?

Hanumure ypaBHEHHS OKUCIUTENbHO-BOCCTAHOBUTENILHON PEAaKIIMU, COCTaBUB AIIEKTPOHHBIN OanaHc:
KMnO, + KNO, + H,SO, — MnSO, + K,SO, + KNO, + H,0.

218. Wcxomst u3 cremenu okucnenus xinopa B coemumenwsx HCI, HCIO,, HCIO,,

OIPCACIINTEC, KAKOC U3 HUX ABJIACTCA TOJIBKO OKUCIIMTCIICM, TOJIBKO BOCCTAHOBUTCIICM U KAaKOC MOXKCT
MMPOABJIATE KAK OKHUCJIWUTCIBHLBIC, TdAK W BOCCTAHOBUTCIILHBLIC cBolicTBa? HO‘-IGMY? Ha ocnHoBanuu

AJIEKTPOHHBIX YPaBHEHHUH paccTaBbTe KOAPPHUIMEHTH B YPABHEHUH PEAKIMH, UIYIIEH 10 cxeme:

KBr+ KBrO,+ H,S0O,— Br, + K,SO, + H,O.
219. Peakiuu BbIPayKarOTCsl CXEMaMMU:

P+ HIO,+ H,O— H,PO, + HI ; H,S+ClL+H,0—> H,SO,+ HCI.

CocrtaBbTe HIIEKTpPOHHBIC YypaBHEHHUs. PaccraBbre Ko3(duumeHTsl B ypaBHeHMAX peakuuil. [lns
KQKJIOM peaKkuu YKaXXUTE, KaKOe BELIECTBO SIBISAETCA OKUCIUTEIEM, KAKOE BOCCTAHOBUTEIIEM, KAKOe
BEILECTBO OKUCIISAETCS, KAKOE BOCCTAHABIMBACTCS.

220. CocraBbTe 2JEKTPOHHBIE YPABHEHUS U YKAKUTE, KAKOW IIPOLIECC OKUCIICHUS WU
— +3 -3
BOCCTAHOBJICHHS IPOMCXOIHT TPH CISAYIONHX npeBpamenmsx: As— —> As™; N” >N,
§2 8.
Ha ocHOBaHUM 3J€KTPOHHBIX YpaBHEHUI paccTaBbTe KOI(P(UIIMEHTH B ypaBHEHUN PEaKLUH, AYIIEeH

10 CXeMe:
Na,SO; + KMnO, + H,O — Na,SO, + MnO, + KOH .
221. Wcxons u3 crenenn okucienus docdopa B coemunennsx PH,, H,PO,, H,PO,,

OIPCACIINTEC, KAKOC U3 HUX ABJIACTCA TOJIBKO OKUCIIMTCIICM, TOJIBKO BOCCTAHOBUTCIICM U KAaKOC MOXKCT
MMPOABJIATE KAaK OKHUCJIWUTCIBHLBIC, TdK W BOCCTAHOBUTCIILHBLIC cBolicTBa? HO‘-IGMY? Ha ocnHoBanuu

AJIEKTPOHHBIX YPaBHEHHUH paccTaBbTe KOAPPHUIMEHTH B YPABHEHUH PEaKINH, UIYIIEH 10 cxeme:



PbS + HNO, — S + Pb(NO,), + NO + H,0.
222. Cwm. ycnoBue 3aaauu 215.
P+HNO,+ H,0— H,PO,+ NO;
KMnO,+ Na,SO,+ KOH — K,MnO, + Na,SO, + H,O.
223. CocTaBbT€ 3JIEKTPOHHBIE YpPaBHEHHUS M YKa)KUTE, KaKOM IPOLECC OKUCICHMS WIH
BOCCTAHOBJIEHUSI IPOMCXOUT MPHU CIETYIOIINX IPEBPAIICHUX!
Mn™ - Mn**;  CI¥®—>Cl"; N> —>N®.
Ha ocHOBaHMM 3JIEKTPOHHBIX YpaBHEHHU paccTaBbTe KOI((UIIMEHTHI B peakluy, UAYIIEH 10 cXxeMe:
Cu,0+ HNO, - Cu(NO,), + NO+ H,O.
224. Cwm. ycioBue 3aaauu 219.
HNO, + Ca— NH,NO, + Ca(NO,), + H,O;
K,S+KMnO,+ H,S50, - S+ K,50, + MnSO, + H,0.

225. Wcxoms U3 CTENEHU OKHMCIEHHs XpoMa, Hoja u cepbl B coemunenusx KoCraO7, KCI,

H, SO, , onpenenure, kakoe U3 HUX SBISETCS TOJNBKO OKHCIHTENEM, TOIBKO BOCCTAHOBHTENEM M
KaKoe MOXXET IpOSBIIATH KaK OKUCIMTEIbHBIE, TAK U BOCCTaHOBMUTEIbHBbIE cBoMcTBa? Ilouemy? Ha
OCHOBAHMU JIEKTPOHHBIX YpaBHEHUN paccTaBbTe KO3()(PUIMEHTHI B ypaBHEHHH PEAKIIMU, HITYIIEH 110
cxeme: NaCrO, + PbO,+ NaOH — Na,CrO,+ Na,PbO, + H,0O.

226. Cwm. ycioBue 3aaauu 219.

H,S+CL+H,0—> H,SO,+ HCI;
K,Cr,0,+ H,S+ H,50, — S+ Cr,(S0,), + K,SO, + H,0.
227. Cwm. ycnoBue 3agauu 219.
KCIO, + Na,SO, — KCI + Na,SO, ;
KMnO, + HBr — Br, + KBr+ MnBr, + H,0.

228. Hanummre ypaBHEHHs B3auMoJeHCTBHA, moadepute Kod3()(UIUEHTH B OKHCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX PEAKLUAX MEXKIY BELIECTBAMU: a) CYIb(QHI KalUs U a30THAsl KUCIOTA, IPU 3TOM
BBIIEJIAETCS DIEMEHTapHas cepa M okcua aszora ( [/ ); 0) moaua Kanms W IEPOKCH BOAOPOJA, MPH

3TOM 00pazyeTcs MOJEKYJISPHBINA HOI U €KOe KaH.

229. HanummuTe OKHUCINUTEIbHO-BOCCTAHOBUTENIBHYIO pPEAKLHUI0, COCTABbTE 3JIEKTPOHHBIE
YpaBHEHUS, ONPEAEINTE SKBUBAJIEHT BOCCTAHOBUTEIIS:

H,S+K,Cr,0,+H,S0, — S+K,S0, + Cr,(S0,), + H,0 .



230. Ompenenute SKBUBAJICHT OKHUCIUTENS, HAMKCAB OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO

peakuuto, nonoepure K03 pULImEeHTHI COCTaBJIEHUEM AIIEKTPOHHBIX YpaBHEHHUI:
NaCrO, + Br, + NaOH — Na,CrO, + NaBr + H,O .
231. Cm. ycnoBue 3anauu 219.
P+HCIO,+ H,O— H,PO,+ HCI,

H,AsO;+ KMnO,+ H,SO, > H,AsO, + MnSO, + K,SO, + H,O .
232. Cwm. ycnoBue 3agauu 219.
NaCrO, + Br, + NaOH — NaCrO, + NaBr+ H,O;
FeS+HNO, — Fe(NO,), +S+ NO+ H,O.

233. Cm. ycnoBue 3aaauu 219.
HNO, +Zn— N,O+ Zn(NO,), + H,O;
FeSO,+ KCIO,+ H,S0,— Fe,(S0,),+ KCI+ H,O.

234. Cwm. ycnoBue 3agauu 219.

K,Cr,0,+ HCI— Cl, + CrCl, + KCl + H,O;;
Au+ HNO, + HCl - AuCIl, + NO + H,0.

235. Moryr JM [POUCXOAWTH  OKHCIUTEIBHO-BOCCTAHOBHUTEIBHBIC — PEAKIMH  MEXKIY
semtectBamu: a) NH, u KMnO,; 6) HNO, w HI ; 8) HCl u H,Se? llouemy? Ha ocHoBanuu
3JIEKTPOHHBIX YPaBHEHHUH paccTaBbTe KOIPMHUIMEHTHI B yPAaBHEHUH PEAKIUH, HIYLICH MO CXeMe:

KMnO,+ KNO,+ H,50, > MnSO,+ K,SO, + H,O+ KNO,.

236. Cm. ycioBue 219.

HCIl+CrO,— CL +CrClL, + H,O;

Cd+ KMnO, + H,SO, —» CdSO, + MnSO, + K,SO, + H,O.
237. Cm. ycioBue 3anaqu 219.
Cr,0, + KCIO, + KOH — K,CrO, + KCI+ H,O;
MnSO,+ PbO,+ HNO, - HMnO, + Pb(NO,), + PbSO, + H,O.

238. Cm. ycnoBue 3aaauu 219.
H,SO, + HCIO, — H,SO0, + HCI;

FeSO, + K,Cr,0, + H,S0, — Fe,(S0,), + Cr,(SO,), + K,SO, + H,0.
239. Cm. ycnosue 3aaauu 219.
1,+Cl,+ H,O— HIO, + HCI,



K,Cr,0,+ H,PO, + H,S0, — Cr,(S0,), + H,PO, + K,SO, + H,0.
240. MoryT 1M TOPOUCXOAUTh OKHUCIUTEIIbHO-BOCCTAHOBUTENBHBIE  PEAKIIUU MEXKITY
BemiectBamu: a) PH, n HBr; 6) K,Cr,0, n H,PO;; 8) H,S u HNQO;? Tlouemy? Ha
OCHOBaHUU JIEKTPOHHBIX YPaBHEHUH paccTaBbTe KOAPPUIIUEHTHI B YPABHEHUU PEAKIUU, UAYIICH 10

CXeMe:
AsH, + HNO, - H;AsO, + NO, + H,0 .
241. Cm. ycnoBue 3aaauu 219.
I, + NaOH — NaOClI + Nal + H,O;

FeCO,+ KMnO, + H,50, — Fe,(SOy), + CO, + MnSO, + K,SO, + H,0 .

242. Vicxons U3 CTETIEHH OKUCIICHHSI Cephl, a30Ta, OMPEACIUTe, KAKUMUA CBOMCTBAMHU 00Ja/1at0T
BEILIECTBA, YYACTBYIOIIME B MPHUBEACHHBIX HMKE OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUIX.

CocTtaBbTe HOHHO-3JICKTPOHHbIE ypaBHEHHsI, Tog0epuTe K03 puumeHTs:
a) H,S+ HNO, > S+ NO,+ H,S ;
0) H2S + SO, —» S+ H20.

243. 3akoHYMTE YpaBHEHUS PEaKLUH BHYTPUMOJIEKYJSIPHOTO OKHUCIEHHS-BOCCTAHOBIICHUS,

no1006paB KOAPUITUEHTHI:

KCIO; = KCl + Oz;
AgNO; — Ag + NO2 + 0.

244. CocraBbTe ypaBHEHUS peakLUil IUCIPONOPLHOHUPOBAHU:

H,MnO,— MnO,+ HMnO, + H,O.

245. 3akoHUMTE YpaBHEHUS pEaKLUH BHYTPUMOJIEKYJSIPHOTO OKHUCIEHHS-BOCCTAHOBIICHUS,

1o 00paB KO3 PHUIHUEHTH Y pearupyronix BEIecTB:
a) NH,NO, - N,O + H,0,
6) HeO— Hg + O:.

DJIeKTPOIHbIE MOTEHIHAJIBI H 3JIEKTPOABHAKYIIHE CHIIbI
246. B nmBa cocyma ¢ rosyObIM pacTBOPOM MEIHOTO KyIOpoca IMOMECTUIIU: B TIEPBBIN
IIMHKOBYIO TUIACTHHKY, @ BO BTOpPOH cepeOpsiHyto. B kakoM cocyne IBET pacTBOopa MOCTENEHHO
npomnanaer? I[loyemy? CocTaBbTe 3JEKTPOHHBIE W MOJIEKYJISPHBIE YPAaBHEHHS COOTBETCTBYIOIIMX

peakuui.



247. YMEHBIIUTCS, YBEIMUMTCS MM OCTAHETCS 0€3 M3MEHEHHs Macca [MHKOBOM IUIACTUHBI
npu B3ammoneiictBun ee ¢ pactopamu: a) CuSO,; 6) MgSO,; 8) Pb(NO,),? Touemy?

CocTaBbTe 31EKTPOHHBIE U MOJIEKYJISIPHBIE YPABHEHHS COOTBETCTBYIOIINX PEAKIHIA.

248. Tlpu Kakoit KOHIEHTparuy noHoB [Zn*?] (Moab/ 1) mOTeHIMAN MHKOBOTO SIEKTPOAA
oymer wa 00158 MEHBIIC ~ €ro  CTaHJAPTHOTO  3JIEKTPOJHOr0  TMOTEeHIHana?

Ortset: 0,30 monw/ 1.

249. MapraHuoBblii 31eKTpoji B pacTBope ero comu uMeet notennuan (—1,23 B). Beuuncnure

KOHIEHTparuio noos [Mg 2] (monw/ 1) .

Ortser: 1,89 1072 monw/ 1.

250. CocraBbTE€ CXEMY, HANUIINTE 3JIEKTPOHHBIE YpPAaBHEHHUS 3JIEKTPOAHBIX IPOLIECCOB U

BBIYUCIUTEC 3I[C MCAHO-KaaAMHECBOI'O raJJbBAaHNUYCCKOI'O 9JICMCHTA, B KOTOpPpOM

[Cd*]=0,8 monv/ n,a [Cu?]=0,01 morw/ 1. Orser: 0,68 B .

251. CocraBbTe CXEMBI IBYX TaIbBAHHYECKHUX DJIEMEHTOB, B OJTHOM M3 KOTOPHIX Meh Oblia Obl
KaToIOM, a B JAPYroM — aHoJAOM. Hamummre s KaXJ0ro M3 3TUX JJIEMEHTOB JJIEKTPOHHBIE

YpaBHEHHUS peakLuil, IPOTEKAIOIINE HA KaTOJI€ U Ha aHOJIE.

252. Tlpu xakoit xomnentpammn wuoHoB [Cu*?](Monb/ 1) 3HAaueHHE AMEKTPOIHOTO

MOTCHI[MAJIA MEIHOIO IEKTPOJa CTAaHOBUTCS PABHBIM CTAHIAPTHOMY JJIEKTPOJHOMY IIOTEHLIHAAILY

BOJOPOJHOIO 3JIeKTpoaa?
Otser: 1,89 10712 monw/ 1.

253. CocraBbT€ CXEMY, HAIUIINTE 3JIEKTPOHHBIE YPABHEHMSI AJIEKTPOAHBIX IPOLECCOB U

sorurcauTe DJ[C ranbBaHUYECKOTO 3IEMEHTA, COCTOSMIEr0 M3 CBUHIOBOM M MarHMEBOW IUIACTHH,
OIYIICHHBIX B pAaCTBOPI CBOMX coneli ¢ komuentpamueii [Cu*?]=[Mg*?]=0,01 monv/ 1.

W3mennrca mm OJIC 3TOro 3j1eMEHTa, €CIM KOHLEHTPAIMI0 KakJO0r0 U3 HOHOB YBEIMYUTH B

OJIMHAKOBOE YHCJIO pa3? Ortsert: 2,244 B .

254. CocTaBbTe CXEMBI IBYX TaJbBaHMYECKHX 3JEMEHTOB, B OJHOM M3 KOTOPBIX HHKEIb
SIBJIAETCS KaTOAOM, a B ApyroM aHogoMm. Hamummre uisi KaXkI0Tro M3 3THX 3JIEMEHTOB AJIEKTPOHHbIE
YpaBHEHHUS peakLuil, IPOTEKAIOIINE HA KaTOJI€ U HAa aHOJIE.

255. CocraBpTe CXE€MYy TIallbBAaHUYECKOIO 3JIEMEHTA, B OCHOBE KOTOPOIO JIEKHUT peaKius,

nporekaromas mo ypasuenuto: Ni+ PD(NO,), = Ni(NO,), + Pb. Hanumure s1eKTpoHHbIE



YpaBHEHMs] aHOAHOTO M KaroaHOro mpoueccoB.  Berumcaure 3JIC 3TOr0 3nemeHra, eciau

[Ni*?]1= 0,01 monw/ 1, [Pb**]=0,0001 mons/ 1. Ortser: 0,064 B.

DJIEKTPOJIN3 BOJHBIX PACTBOPOB
256. Dnekrponus pactBopa Ko>SOs mnpoBomunu npu cune Toka 3 A B Teuenune 3 U.

CocraBbTe SJICKTPOHHBIC YPABHCHUSA IIPOLCCCOB, TPOUCXOAAIINX HA DJICKTPOAAX. Kaxkas macca BOJBbI

IIPU 3TOM Pa3JI0KUIACh U UEMY paBEH 00beM ra3os ( H.).), BBLACIUBIIMXCS HA KaTOJE U HA aHOe?

Ortser: 5,03 2; 6,266 11; 3,133 1.

257. CocraBbTe 3JIEKTPOHHBIE YpPaBHEHHs IIPOLECCOB, NMPOUCXOIAIIMX HA 3JIEKTPOJAx IpH

snekrposuse pacteopa KOH . Yemy paBHa cuia Toka, eciau B teuenune 1uaclS5 mun 20 cex na

anoze Beigeaminocs 0,4 2 raza? Ckombko aMTpOB rasa (H. ).) BBIIEIWIOCH IPU TOM Ha Karojie?

Ortser: 17,08 A4; 8,96 1.

258 . CocraBpTe D>JEKTPOHHBIE YpPaBHEHHS IIPOLIECCOB, IPOUCXOIALIMX HA YrOJbHBIX

3IEKTPOAax mpu sjekrponuse pactopa Na2SOs. Beruncnure Maccy BEIIECTBA, BHIACIUBLIETOCS Ha
KaToJie, €ClIM Ha aHoje Beiaensercs 1,12 2 rasa (H.y.). Kakas macca H2504 obpasyercs npu stom

BO3JIe aHoga?

Ortger: 0,82; 9,8 2.

259. Tlpu d1€KTPOIIU3E COIM HEKOTOPOro MeTaia B Tedenue 1,5 ¥ npu cuie toka 1,8 A Ha
Karoae BbIAEMWIOCh 17,52 odroro Merawia. BblUMCINTE OKBUBAIEHTHYIO MacCy MeTalia.

Otser: 17,37 2/ monw .

3
260. Tlpu snexrpomusze pactBopa CuSOs4 na amome Boimemunocs 168 cv rasa (H.).).

CocraBbTe QJICKTPOHHBIC YPABHCHUSA IIPOUCCCOB, MPOTCKAIOIINX HA 3JICKTPOAAX, W BBIYHUCINUTC, KaKasd

MacCa MEIU BBIACIINIIACh HA KaTOJIC.

Ortser: 0,953 2.

261. CocraBbTe CXEMBI AIEKTPOJIN3A FIEKTPOIUTOB B BOJHBIX pacTBOpaXx:

a) murpata meau ( [1) ¢ menabIM anooM; 6) HUTpaTa cepebpa ¢ cepeOPsIHBIM aHOIOM; B) CyJibdaTa

KagMusa ¢ KaAMHUECBBIM aHOAOM.



262. CKOJILKO BPEMEHH HaJI0 TIPOIYCKaTh TOK chiloi 2 A 4epes pacTBop HUTpaTa cepedpa npu
cepeOpeHny MEIHOrO LUIMHAPA IIyOOKOM I€4aTH, 4TOObI Ha €ro MOBEPXHOCTH OTIOKUIOCH 9 2

cepebpa? Ortser: 67 MuH.

263. Onpenenure SKBUBAIEHT KaJMMsl, €CJIM HM3BECTHO, YTO IPU IPOIYCKAaHUU TOKa 4Yepe3

pacTBOp HMTpaTa Kaamus Ha kKaroje Bbiaenunock 11,2 2 kammus, a wa anoxe 1,12 71 xucnopona

(H.Y.). Ortser: 56 2/ monw.

264. CKOJBKO JMTPOB XJOpa NpHU H.)Y. BBIACIWIOCH HA aHOAE IPU DIIEKTPOJIH3E XJIOpHIA

menu (I1) , ecnu na xkaroze Beiienunocs 1,6 2 memu?
Otser: 560 M.

265. Dnektponus pactBopa Na2SO4 mposomunu B TeueHue Sy mpu cuie Toka 7 A.

CocraBbTe QJICKTPOHHBIC YPABHCHHA MPOLCCCOB, MPOUCXOAANIUX HA JICKTPOAAX. Kaxkas macca BOABI

IPY 3TOM Pa3oKUIach U UeMy paBeH 00beM Ta30B ( K. ).), BBLICTHUBIIUXCS Ha KaTo/e U aHoe?
Otser: 11,75 2; 14,62 1; 7,31 1.

266. CkoibKkO rpaMMOB cepebpa BBIICTUTCS Ha KaToJle NMPH MPOIYCKaHUH Yepe3 pacTBOP

nutpata cepedpa toka cunoit 4 A B reuenne 0,5 u .
Ortser: 8,06 1.

267. Dnexrpomus pacteopa CuSO4 nposoauIu ¢ MEIHBIM aHOIOM B TeueHue 4 4 npu cuie
toka 50 A. IIpu stom Beigenmnocs 224 2 menu. Boruucnaure BBIXO IO TOKY (OTHOIIEHHE MACChI

BBIJIEJIMBIIETOCS] BELIECTBA K TEOPETUYECKM BO3MOXKHOM). COCTaBbTE AJIEKTPOHHBIE YPaBHEHMS

IMPOLCCCOB, MPOUCXOIANIUX HA SJICKTPOJAaX B CJIydaC MCAHOI'O U YIOJIbHOI'O aHOA.

Otser: 94,48 % .
268. CocraBbTe DSJIEKTPOHHBIE YPAaBHEHMs IIPOLECCOB, MPOUCXOIAIIMX HA YrOJbHBIX

5JIEKTPOJAX IpH 3NIEKTponuse pactBopa  AgN(QOs3. Ecnu 3meKTponu3 MPOBOIUTH C CepedpsiHbIM
aHOZIOM, TO €ro Macca yMEHbIIACTCA Ha 54 2 Onpenenure pacxoj SIEKTPUYECTBA IIPU ITOM.
Orser: 4830 Kn .

269. Kakoil CHiIbl TOK Hajo MPOIYCTUTL 4epe3 pacTBop cyibdara xpoma (I11), uroGsl B
teuenne 0,5 y Beymenunocs 3,25 2 xpoma? Orset: 10 A.

270. CocraBbTe 3JIEKTPOHHBIC YpPAaBHEHMS IMPOLIECCOB, MPOUCXOASIIMX Ha TpadUTOBBIX

QJICKTpOJAax MpU BJICKTPOJIN3C paCTBOpa KBI" Kakas macca BCIICCTBA BBIACIACTCA HAa KaTOoAC W Ha



aHOZlE, €CAW DIEKTPOIM3 NpPOBOAMTH B Tedenwe 14 35 mun mpu cune toka 1547
Ortset: 0,886 2; 70,79 2.

271. Ilpu npomycKaHUU yepe3 pacTBOP XJIOpUAA KaIHsl IOCTOSIHHOIO 3JIEKTPUUECKOT0 TOKa Ha

karoge Bouieamnoch 2,242 raza  (xakoro?) CKOJBKO THIAPOKCHIA KauMsi 00pa3oBaioch?

Orset: 11,2 2 B pacTBOpE.

272. Tlpu 57EKTPOJIM3€E CONM TPEXBAJIECHTHOrO MeTauia nmpu cuie toka 1,5 A B Teuenue

30 mun wa xarome Bweimenwiock 1,071 2 wmeramna. Bblumcnure aroMHYK Maccy MeTaiia.

Ortset: 114,82 .

273. CKOIBbKO HUKEJIS BBIACINUTCS U3 paCTBOpA HUTPATa HUKENS IPU MPOIYCKAHUU TOKA CUIION

2 A B teuyenue 40 c. Otset: ~ 0,025 2.

Koppo3usi MeTa/1710B 1 MeTO/ABI 3AIUUTHI OT KOPPO3HH
274. Kak mpoucXomuT arMmocdepHas KOppO3us IYKEHOTro Xeie3a W JYKEHOH Menu Mpu

HapylIeHUH NOKPbITUSA? COCTaBbTE IEKTPOHHBIE YPABHEHUSI aHOJHOTO U KaTOJIHOTO MPOILIECCOB.

275. Ecnum miacTMHy M3 YHCTOTO LIMHKAa OIMYCTUTh B pPa30aBICHHYIO KHCJIOTY, TO
HAUYMHAIOIEEC BBIIEICHUE BOJOPOJA, KOTOPOE BCKOpE MOYTH Mpekpamaerca. OpHako, mnpu
NPUKOCHOBEHHUH K IIMHKY METHON MalOuKOi Ha mocieHell HaynHaeTcsi OypHOe BbIIEIEHUE BOJOPO/A.
Haiite 3TOMy OOBSICHEHHE, COCTaBUB AJIEKTPOHHBIC YpaBHEHHs aHOJHOTO M KaTOIHOTO MPOIIECCOB.

Hanumnre ypaBHEeHUE IPOTEKAOMIEH XUMUYECKON pEaKIUU.

276. B ueM CyHIIHOCTb NPOTEKTOPHOM 3allMUThl METajlja OT KOPpPO3UHU? IPHUBEAUTE MPUMED
IPOTEKTOPHOM 3alllUThl XKeje3a B JJIEKTPOJIMUTE, COIAEPKAIeM pacTBOPEHHBIH kuciaopon. CocraBbTe

OJICKTPOHHBIC YPABHCHHA aHOAHOI'O U KATOJAHOI'O IMPOLECCOB.

277. XKeneszHnoe nznenue NOKpblIM HUKeIeM. Kakoe 3TO MOKphITHE — aHOAHOE WM KaTOJHOE?
[Touemy? CocTaBbTe€ 3JIEKTPOHHBIE YPaBHEHMsI aHOAHOI'O U KAaTOAHOIO IPOLIECCOB KOPPO3UHU 3TOTO
U3JIENNS IPU HapYLIEHUH TOKPBITHSI BO BJIAKHOM BO3AYXE U B XJIOPOBOAOPOJHON (COJITHOM) KUCIIOTE.

Kakne npoayKThl KOppo3un 00pa3zyroTcs B IEPBOM U BO BTOPOM ciydae?

278. IloueMy XMMHUYECKH YHCTOE *Kene30 0ojiee CTOMKO MPOTUB KOPPO3HMH, YEM TEXHUYECKOE
xene30? CocTaBbTe AIEKTPOHHBIE YPABHEHUS aHOIHOTO M KaTOJHOT'O IIPOLECCOB, IPOUCXOIALINX TPH

KOppO31U TCXHUYCCKOI'O KCJIC3a BO BJIA’KHOM BO3AYXC U B KHCIOH cpeac.

279. Kakoe mnokpeiTHE MeTa/sla Ha3bIBA€TCS aHOAHBIM M Kakoe KartogHeiM? HazoBure

HCCKOJIbBKO MCTAJIJIOB, KOTOPLIC MOTYT CIYXUTb JIA AHOOAHOTO M KATOAHOTO ITOKPLITUA KEJIC3a.



CocTaBpTe 3JIEKTPOHHBIE YpPAaBHEHHUS AHOJHOTO M KAaTOAHOIO IIPOLIECCOB, MPOUCXOASIIUX IIpU
KOPPO3UH JKE€JI€3a, IOKPHITOI0 ME/IBIO, BO BIAXKHOM BO3/YyX€E U B KHCIION Cpelie.

280. XenesHnoe uzaenue NoKpbulM kagmueM. Kakoe 3T0 MOKPHITHE — AaHOAHOE WJIM KaTOIHOE?
[Touemy? CocTaBbTe 3JIEKTPOHHBIE YPABHEHMSI aHOAHOI'O U KATOAHOIO IPOLIECCOB KOPPO3MH 3TOTO
U3JIENNs IPU HapYLIEHUH TOKPBITHSI BO BIaKHOM BO3IYXE U B XJIOPOBOAOPOJHOU (COJITHOM) KUCIIOTE.
Kakue npoayKThl KOppo3un 00pa3zyroTcs B IEPBOM U BO BTOPOM CIIydasx?

281. XKenesnoe mznenue MOKpbUIM CBUHLIOM. Kakoe 3TO MOKpPBITHE — aHOAHOE WM KaTOIHOE?
[Touemy? CocTaBbTe€ 3JIEKTPOHHBIE YPABHEHMsI aHOAHOI'O U KATOAHOI'O IPOLIECCOB KOPPO3MHM 3TOTO
U3JIENNs IPU HapYLIEHUH TOKPBITHSI BO BIaKHOM BO3IYXE U B XJIOPOBOAOPOJHON (COJITHOM) KUCIIOTE.
Kakwue npoayKThl KOppo3un 00pa3zyroTcs B IEPBOM U BO BTOPOM CIIyqasx?

282. CocTaBbTe 3JIEKTPOHHBIE YPABHEHHS AHOAHOI'O U KATOAHOI'O MIPOLIECCOB C KUCIOPOJHOU U
BOJIOPOJHON JIENOJIsIpU3alMell IpU KOPPO3UH Napbl METAJJIOB aTFOMUHUI — )kene30. Kakue npoayKThl

KOppO3UU 00pa3yroTcs B IEPBOM U BO BTOPOM CIy4asx?

283. Kak mporekaer arMmocdepHas KOPpO3Hs JKejle3a, IMOKPHITOrO CJIOEM HUKENs, €CIH
NOKpbITHE HapylieHO? CoCcTaBbTE AIEKTPOHHBIE YPABHEHUS aHOJHOTO M KaTOJHOTO npoueccoB. Kakos

COCTaB MIPOLYKTOB KOppo3uu?

ZKecTkocTh BOABI M METOIBI €€ YMSATYEHUS

284. Bpruncnute KapOOHATHYIO KECTKOCTh BOJIBL, 3HAS, YTO JUI pPeaKkiuy C THAPOKapOOHATOM
kanplus,  copepxkamumca B 200 e’ Bog, tpebyerca 15 cv® 0,08 n. pacteopa HCI.

OtBer; 6 M2 — K6/ 1.

285. B 1.1 Bomsl conepurcs nonos maruus 36,47 me wu nonos xaneius 50,1 me. Yemy

paBHa KECTKOCTH 3TOM BOIbI? Orser: 5,5 me —ake/ 1.

286. Kakas macca CaSO4 conepxurcsa B 200 71 BoAbL, ecim KeCTKOCTb, 00yCIaBauBacMast
3TOH COJIBIO, PaBHA & M2 — KB ? Ortsert: 108,9 2.

287. Kakue noHBI HAI0 YAATUTh U3 IPUPOJHOM BOJBI, YTOOBI clienaTh ee MArkoi? Beaenuem

KaKMX MOHOB MOXHO VMATYUTH Boay? CocTaBbTE€ YPAaBHEHHS COOTBETCTBYIOMMX peakiuii. Kakyro
y y y

maccy Ca(OH)2 wamo npuGasute k 2,571 BOABI, YTOOBI YCTPAHHTh €€ JKECTKOCTh, PABHYIO

4,43 me —oxe/ n?
Ortset: 0,406 2.

288. Kakywo maccy kapbonara Harpus Hano npuGasuth k 400 7 Bobl, 4TOOBl YCTPAHUTH

JKECTKOCTh, PaBHYIO 3 M2 — 9K8 / 1 ? Otser: 63,6 2.



289. Boxa, conepiamiasi TOJIbKO Cyldb(paT MarHus, UMEET KeCTKOCTh / M2 — 9K8/ /1. Kakas

Macca cynbdara maraus cogepxurcsa B 300 77 sroii Bogsr?
Ortsert: 126,3 2.

290. Kakyro Maccy ruIpOKCHIa KaIbIys Ha0 PUbaBuTh K 275 & BObI, 4TOOBI YCTPAHUTH €€

KapOOHATHYIO KECTKOCTh, PABHYIO J,5 M2 — 9K8 ?

Ortsert: 56,96 2.

291. K 1 m° sxectroii Boas mpubasmmm 132,5 2 kap6onara Hatpus. Ha CKONBKO ITOHH3HIACH

KECTKOCThH? OtBer: Ha 2 M2 — 9K8/ 1.

292. Ha kakux XUMHYECKMX CBOMCTBaX BEILIECTB OCHOBAaHO YMAIYE€HUE BOJABI IIpHU

B3aMMO/JICHCTBUU TUPOKApOOHATa KAJBIHS € ero ruipokcuaoM? Hamummure ypaBHEHUS peakiuii.

293. KoarynupoBaHue KOJUIOUJHBIX IPUMECEH B TEXHMUYECKON BOJAE OCYILECTBISAETCS
nobaBiieHMEeM K Hel cyibgara amomMuHus. OOpasyromuiics XJIONMbEBUIHBIA THAPOKCH] ATFOMUHUS
O0OBOJIAaKMBACT KOJUIOMJHBIE 4YacTUIBI W BbI3bIBAET HUX ocaxiaeHue. OOBsicHMTEe 0O0pa3oBaHUE

TUJPOKCUIA AIFOMUHHUS B pE3yJIbTaTe PEeaKIUU, IPOUCXOISIIEH B )KeCTKOI Boze:
AL (SO,), +3Ca(HCO,), =3CaS0O, +2AI(OH), + 6CO, T

294. Kak OT/iIMYUTh IUCTUILIMPOBAHHYIO BOY OT IPUPOAHOI? OTBET MOTUBUPYITE.

295. AHaiu30M YCTAHOBJIEHO, YTO OJAMH JIUTP BOIbI comepkut 1,62 2 rugpokapOonara

kasbiums. Ckonpko 20% — 20 pactBopa KapOoHaTa HATPUs TIOTPEOYETCs ISk YCTPAHEHHS JKECTKOCTH

3TOU BOIBI?

296 K xectkoil Boje, coaepkalieid THAPOKapOOHAT KajbIMs, NPWIMIH PAcTBOpP TaIICHOM
u3BecTH. YTO mpu 3TOM npoucxoaut? Hanummure ypaBHEHHE peakiMM B MOJIEKYJISPHOM U MOHHOM

BUIC.
297. B Boge comepxurca 120 me/n runpokap6onara xamsmus u 200 me/ . cynbdara

KayTbiust. CKONBKO MOTPEOYeTCs: KaNbIIMHUPOBAHHOM COMBI TS yMSTdeH:s 2 M TaKoH BOBI?

298. CKOIBKO KaTbIHHHPOBAHHOM COMbI Hano 100aButh K 20 M> BOJbI, UTOOHI YCTPAHUTE e

KECTKOCTb, paBHyI0 96 M2 — ske [Cat? ]?

299. B 1 1 Boasr comepxurcs 60 me [Ca*?] nowos u 12 me [Mg*?] nonos. Ckonbko Hamo

B3STh COMBI I yeTpaHerus xectkoctd 50 M Takoit Bogpi?



300. Jlnst yMsrd9eHHst >KECTKOW BOJBI B MPOMBINUICHHOCTH HCIOJB3YIOT HOHHO-OOMEHHbIE
CMOJIBI-MOHUTBI. [IpuHsB ycnoBHO (opmyny kartmonuta RH,, a anuonura R(OH),, wanuummure

YPAaBHEHUs] pEaKlUil, NPOUCXOMAIIUX IIPU IMPOINYCKAHUHM YEpPEe3 HMOHUTHI BOJABI, COAEpXKALICH

THJIPOKapOOHATHI KaJIbIM U MarHusl.

301. Ipu npomyckauuu depes katnonut B H - gopme 100 M xectkoit BOIBI, comepKaiieil
THAPOKApOOHAT KajblMs, Macca KaTHOHHWTA yBeIMuuiaach Ha J,7 K2 . Onpenenure KeCcTKOCTh 3TOM

BOABI.

302. Kakue u3 MNepeuucICHHBIX HUXKE BEUIECTB MOYKHO HCIOJB30BaTh [JIsl YCTPaHEHUs
KECTKOCTU BOJBI, COJACpXalled THIPOKapOOHAT KaibIUsA: a) MmoTaml; ©O) a30THas KHUCIIOTa; B)
THIPOKCUA Kanusi; T) xiopua Oapusi? JlaiiTe 0OOOCHOBaHHBIH OTBET W HAMWIIMTE YpPaBHEHHS
COOTBETCTBYIOLIUX PEAKIIU.

303. B »ecTKOM Boje XKene30 0OBIYHO MPUCYTCTBYET B BUJE THapokapbonara xenesa (I1) .

[Ipu xpaHeHuu Takas Boja MyTHeeT, IpuodpeTas cnadyro okpacky. B pesynbrare, KakKux XMMHYECKHX

peakuuii IPOUCXOASIT HAOII01aeMble H3MEHEHHSI?

304. B 220 1 Boawi conepxurcs 112 cynbdara maruus, yeMy paBHa jKeCTKOCTb 3TOM BObI?

Ortset: 0,83 me —oke/ 1.

305. Boumciaure skectkocTh Boabl, 3Has, uro B 6007 ee comepxkurcs 65,6 2
rugpokap6onara Maraus u 61,2 2 cynbdara kanbus. Otset: 3,2 M2 —2x6/ 11,
306. Kakyro maccy NazPQOs nago mnpubasute x 500 7 Bomwl, 4TOOBI YCTpaHHTH €€

KapOOHATHYIO JKECTKOCTh, paBHyto 5 M2 —ake/ 1. Orser: 136,6 2.

307. Men npaktuyecku HepacTBopuM B Boje. [louemy Boja, mpoTekaromias MO MecTam

3ajieraHus Melia, 001a4acT MOBBIIICHHON KECTKOCTHIO?

308. Kakue sBnenust OynyT HaOMIONAThCs, €CIM K PAaCTBOPY TMAPOKapOOHATA KabIHA
IPWINTE: a) M30BITOK COJISIHOM KHCIOTHI, 0) u30bIToK pactBopa coasl Na2CO3; B) U3BECTKOBYIO

BOJIY; T) U30BITOK a30THON KUCJIOTHI?;

1) Tuapokcun 6apus? Hanummmre HOHHBIE ypaBHEHHSI COOTBETCTBYIOIIUX PEAKIIHIA.

309. Kakoe konmuuectso ramenoit ussectu, conepxkanteii 60% Ca(OH )2, neobxomumo mist

ycrpaHenuss  Bpemennoii  xectkoctn 1000 v Bome, ecnm B 1l H 20 HaXOJIUTCS

10 me —sxke  HCO;?



310. Kakoe xomnyectBo 95% —oti compt NaxC(O3 neobxomumo uist ycTpaHeHus o0Ieh

xectkoctu 1000 a3 Boger, ecnn 11 H 2O conepxut | Me — 9K6 Kanbius v Maraus?

311. JKectkocTh BOJIBI, B KOTOPOW PACTBOPEH TOJBKO THAPOKAPOOHAT KalbLUs, paBHA

4 me — axe . Kaxoit o6vem 0,1 #. pactBopa HCI norpeGyercs mis peakuuu ¢ ruapokapGoHaTOM

KaJIbIHs, COACpIKAIIEeMCcs B 75 cM® 3Toit BOmbL.
Otger: 3 cm’.

312. B 1 M Boms comepxutcst 140 2 cynpdata Maruus. BeIaucanTe %ecTKOCTh 3TOH BOJBL.

Orser: 2,33 me —oke/ 1.

313. K 100 7 xecrtkoii Bomsl npubaswiun 12,95 2 runpoxcupa xaneims. Ha ckonabko

NOHU3MIIACh KapOOHATHAS )KECTKOCTh? Otser: Ha 3,5 me—9K8/ 1.

OCHOBBI XMMHH BSKYIIUX BelleCTB
314. Ilouemy U3BECTKOBYIO BOJy HAJI0 XPaHUTh B XOPOILIO 3aKyIOPEHHBIX CKISHKaX? OTBET

MOATBEPIANUTE YPABHEHUEM PEAKLIUU.

315. Ecam uepe3 M3BECTKOBYIO BOJY IPOAYBATh BBIABIXa€MbI M3 JIETKMX BO3AYX, TO BOAa

myTHeeT. [louemy? Hanummnre ypaBHeHHE COOTBETCTBYIOIEH PEAKIIUH.

316. Kakue coenuHeHMsT MarHusT M KaJbLUs TNPUMEHSIOTCS B KadeCTBE BSKYLIUX

CTPOUTENBHBIX MaTepruaiaoB? Yem 0OyCIIOBIIEHBI UX BSXKYIIIHE CBOWCTBA?

317. Kak MOXXHO TOJXY4YHTh KapOun kaneiusi? Yto oOpasyeTcs mpu ero B3auMoJHCTBUU C

Bo10M? HanuimTe ypaBHEHMSI COOTBETCTBYIOLIUX PEAKIUI.

318. Kak MOXHO MOJY4YUTh THMAPOKCHUJBI IIETOUYHbIX MeTaiioB? [loueMy enkue menodu

HE0OXOIMMO XPaHUTh B XOPOLIO 3aKpbIToil mocyne? CocTaBbTe YpaBHEHUS PEAKIHA, POUCXOISIIIX
IIPY HACBIILIEHWH THAPOKCHAA HATpus: a) xaopoM; 0) okcumom cepbl (V1) SOs3; B) cepoBomopomom
H,S.

319. IIpu crutaBneHUH OKCUAA OSPUILIHS POUCKXOAUT B3aMMOICHCTBHE C TUOKCUIIOM KPEMHHUS
¥ C OKCUJIOM HaTpus. Hamuiuure ypaBHEHHs COOTBETCTBYIONMX peakuuid. O kakux coiictBax Be(
TOBOPST 3TU peakuuu?

320. Ilpu IpoIyCKaHMK JUOKCHAA YIiepoa yepes u3BecTkoByio Boay (pacteop Ca(OH)»)

oOpasyercss OCagoK, KOTOpbli mpu panbHeimem nponyckanuu CQOz pactBopsiercs. [laiite

o0BbsiIcHeHUE 3TOMY sBIIeHHIO. COCTaBbTE YPaBHEHUS PEaKIUil.



321. Kakoe cBONCTBO KaJIbLIUH NO3BOJIIET IPUMEHATD €r0 B METAIZIOTEPMUH ISl TOJTYUEHUS

HEKOTOPBIX METAIOB M3 HX coequHeHuii? COCTaBbTE DIEKTPOHHBIE M MOJIEKYISPHBIE yPaBHEHUS
peakuus kKampuus: a) ¢ P20s; 6) ¢ CaSOs4. B kaxmolh uM3  3THX pPEaKUUi OKMCIMTEND

BOCCTAHABIIMBAETCSI MAKCUMAIIBHO, TPHOOpETast HU3IIYIO CTETICHh OKUCIICHHUSL.

322. Kakue coeMHEHUs Ha3bIBAIOT HETallleHOW U ralieHod u3BecThio? COCTaBbTE ypaBHEHUS
peakuuii ux nonydeHus. Kakoe coemuHeHHe oOpa3yercs MpU MPOKATMBAHWH HETAIICHOW M3BECTH C
yrieMm? UTo SBISETCS OKHUCIMTENIEM M BOCCTaHOBHTENeM B mocienHed peakiuu? CocTaBbTe
3JIEKTPOHHBIE U MOJIEKYJIIPHBIE YPAaBHEHHUS.

323. CocTaBbTe 3JEKTPOHHBIE U MOJIEKYJIIPHBIE YPABHEHUS pEaKLil:

a) KaJIbLIUA C BOJIOH; 0) MarHus ¢ a30THOM KUCIIOTOM, YUYUTBIBASI, YTO OKUCIIUTENh IPUOOpETaeT

HU3IIYIO CTCTICHb OKUCJICHHA.

324. CocraBbTe€ YypaBHEHHUS peakLud, KOTOpblE HYXHO IIPOBECTH Ul OCYIIECTBICHUS

CIEAYIOLIUX MTPEBPALLICHUI:
Ca — CaH, - Ca(OH), —» CaCO, — Ca(HCO,), .

Hazosute Bce TMOJIYUCHHBIC BCIICCTBA.

325. TloueMy pacTBOp METHOTO KyNoOpoca, NPUMEHAEMBIH A 00pabOTKH CTeH Iepen
noOeNKOM, Henb3sl XPaHUTh B JKEJIE3HOM WM OLUMHKOBAaHHOM Beape? OOBSCHUTE W HANUIINTE

YPaBHEHUsI COOTBETCTBYIOLIUX PEAKLUH.

326. YToOBl 00HAPYKUTH COISIHYIO KUCJIOTY B PACTBOPE MarHusi, K HemMy J100aBJISIFOT MarHEe3UT
(xapOonaT MarHusi). Ecnu mpu 3TOM BBIIENSIOTCS My3bIPKH Taza (Kakoro?), TO pacTBOP COIACPKHT

KHCIIOTY. Hanuimmre ypaBHEHHE COOTBETCTBYIOIEH pPEaKIIUU.

327. benast Kpacka JUTOMOH COAEPIKUT MUIMEHT, COCTOSIIMI U3 cyibdara O6apus u cynbduaa
uuHKa. [Ipu nelicTBUM Ha JIUTOIMOH COJITHOW KUCJIOTOM BBIACISIETCS T'a3 C HEMPUSATHBIM 3allaxoM. DTUM
CBOMCTBOM JMTOIIOHA TONB3YIOTCS JJIs TOTO, YTOOBI OTJIMYUTH €r0 OT JPYTHX OENbIX KpacoK.

Hanumure ypaBHeHHE peaklinu 00pa30BaHMs 3TOTO raza U Ha30BUTE €Tr0.

328. Pacteoper coneit  MgCl,; MgSO,, FeSO, nupumensior s 3arBepaeHus

KayCTHUYCCKOI'0 Mar"He3uTa (OKCI/II[a MaFHI/IH) npu MHOpoUu3BOACTBC MArHC3UAJIbHBIX BSXYIIUX.

Hanumure ypaBHEHUs peaklUi [IOIyYEHUS ITUX COJICH.

329. Ilouemy Henb3sl «3aTBOPATH» HETALIEHYIO HW3BECTb WM XPAaHUTh TalCHYIO B
amroMuHHeBol Tape? JlaiiTe 0OOCHOBaHHBI OTBET WM HANMIIUTE YPaBHEHHE COOTBETCTBYIOIICH

peaKiuu.



330. Hanuiuure ypaBHEHHE PEAKIM, IPU OMOIIM KOTOPHIX He pacTBopuMbIid SI()2 MOXKHO

MMPpEBPATUTH B paCTBOPUMBIC COCANHCHUSA KPCMHUS.

331. Jlna  mpou3BOACTBA  OKOHHOI'O  CTEKJIAa  HCIOJB3YIOT  KBapLEBBIM  IECOK,
KaJbLIUHUPOBAHHYIO COAY M M3BECTHAK. Kakume XMMMUEcKHe PEeaKIUu MPOUCXOAAT MEXAY ITHUMHU
BELIECTBAMU B CTEKJIOIIAaBUIbHON Neun? Hanummre ypaBHEHUS 3TUX pPEaKLMM.

332. JIns mTyKaTypHBIX paboT Ha MOpO3€ MITYKATYpPKy «3aTBOPSIOT» XJIOPHUPOBAHHOW BOJIOM,
KOTOPYIO IIOJIY4aroT U3 XJIOPHOW M3BeCcTU. Hamumure ypaBHEHHE peakuuu MEXAy BOJOM U XJIOPHOH
U3BECTBIO.

333. B cocTaB CHIIMKaTHOW I'PYHTOBKHM BXOST MEJ U KHUJIKOE CTEKIIO, KAK MOXKHO OOHApY>KUTh
KapOOHAT KaJlbLUs TPYHTOBKH U OIIPEICIUTh €ro Maccy?

334. Hanumure ypaBHEHUs PeakIMid MOTY4YEeHUS CUIMKATa KaJIus TPEMsI CIOco0aMu.

335. B nBe mpoOMpKM MOMECTHJIM MO KyCOUYKYy Mpamopa M NPWIWIH: B OJHY— COJISIHOH, B

IpYTyIo — cepHOii KucnoThl. Uto Bel MoxeTe HabmonaTs? O0bsIcHUTE HAOII0JaeMOe SIBIICHUE.

336. CBUHIIOBBIE (euia CONEPKAT B KAYECTBE NIUTMEHTA OCHOBHOI kapOonat ceunua (/1)

Pb,(OH ),(CO,),.pu neiicteun Ha 3Tu Genmia a30THON KUCIIOTHI BBIIEISETCS OECIBETHBIN ra3, a

Opu JCUCTBUHM CEPOBOJOpOJa — MHUrMeHT depHeeT. OObSICHUTE SBICHHUS W HANUIINTE YPaBHEHUS
COOTBETCTBYIOLIUX PEAKIIU.

337. llunkoBbie Oenmuiaa B KadecTBe OEJIOr0 MUTMEHTAa COJAEp)KaT OKCHJ IIMHKA, WHOTIA, C
npuMmechio Mena. Kak oOHapyXKuThb NpPUCYTCTBHE Mena B Takux Oemwiax? Omnpenenurs ero
IPOLIEHTHOE COJIEP/KaHUE.

338. LIBeT HEKOTOPHIX MTUTMEHTOB, BXOIALINX B MAJSIPHBIE KPACKH, U3MEHSETCS B 3aBUCUMOCTH
OT cpensl (1eno4HoM, kucioi). [ToueMy HM3BECTKOBBIC M CHIIMKATHBIC MaTEpHUaibl U3MEHSIOT LIBET

HEKOTOPBIX MUTMEHTOB? J111 000CHOBAHUS OTBETAa COCTABBTE YPAaBHEHHS COOTBETCTBYIOIINX PEAKIIHA.

339. B Boje ncTOUYHMKA oGHApykeHs! cieaytomme nons: Na®, Ca™, Mg*?, Fe™, CI~,
HCO, , Br™ . Harmmure (popMyIIbl COIEi, IPH PACTBOPEHHUH KOTOPIX 00Pa3yIOTCs 9TH HOHBL.
340. YepHble Kpacku, UCIOJIb3YEMBIE B MAIIPHOM J€JIe, COAEPKAT MUTMEHT CaXy WU OKCHUJ

mapranma (/V). Kak, uMmes TONbKO COJNSHYKO KHUCIIOTY, Pacro3Hath 5TH Kpacku? Hanmmmre
YPaBHEHHUS COOTBETCTBYIOIUX PEAKIIUH.
341. lns moday4eHus: CepbIX KPAaCOK B KQUeCTBE MUTMEHTA UCIOJIB3YIOT MOPOLIOK TpaduTa mim

IIUHKOBYIO MbUIb B CMCCU C OKCUAOM IWHKA. HpI/I MIOMOIIM KaKOoro BCUICCTBA MOXKHO pacClio3HaTh 3THU

nurMeHThl? Hanummre ypaBHEHHE peakuu.



342. Kak mojy4yuTh JUOKCHZ YIJepoJa B MPOMBIIIICHHOCTH U B Jaboparopuu? Hanumure
YPaBHEHHS COOTBETCTBYIOIIMX PEAKIMM, ¢ NOMOIIbIO KOTOPBIX MOXHO OCYLIECTBUTH CIIEAYIOLIUE

IpEBpaILECHUS:
NaHCO, — CO, — CaCO; — Ca(HCO,),.

343. Kakoe npumeHeHHe HaxoauT KpeMHU? CocTaBbTE ypaBHEHUS PEAKIMi, KOTOpPBIE HA0

IMPOBECTU IJIA OCYIHICCTBIICHUS CIICAYIOIINX HpeBpameHm‘/'I:
Si0, - Si — K, Si0, - H,Si0;,;
Mg, Si — SiH, — SiO, - K,SiO, - H, SiO,.

[Ipu kakoM npeBpaIeHUH IPOUCXOAUT OKUCIUTEIBHO-BOCCTAHOBUTENIbHAS PEAKLIUsA?

343.2 IIpumepsl pemienus 3axay

33}13‘{& 1. Moab. DKBHBAJIEHT H JKBHBAJIEHTHbIE MACChI MPOCTHIX U CJI0KHBIX BEIIIECTB.

Boipasute B momsix: a) 6,02-10%' momexyn COz; 6) 1,2-10%* aromoB kucmopona; B)
2,00 -10%* monekyn Bozbl. UeMy paBHa MONbHas (MOJISPHAS) MACCa YKA3aHHBIX BEIECTB?

Pemenune. Moab — 2mo Koauuecmeo eeujecmed, 6 KOnopom codepo.lcumc;z Yucio wacmuy

1106020 onpedenennozo copma, pasnoe nocmosnnoii Asozadpo (6,02 -10% monv™!) . Orcroma: a)

6,02-10%', 1. e. 0,01 moa1b;6) 1,20-10%*, 1. e. 2 moaw; 8) 2,00-10%, 1. e. 1/3 monw.

Macca mons BCIHICCTBA BBIPAXKACTCA B 2/M0]lb Ui KZ/MO]Zb. MobsHas mMacca BCIICCTBA B

rpaMMax YMCIIEHHO paBHA €ro OTHOCUTENIBbHOM (aTOMHOMH) Macce A, BEIp@KEHHON B aTOMHBIX

,s
eIMHUIIAX Macchl ( d.e.M.).

Tak kak wMonekymspubie waccel CO> u  H>O w aromHas Macca KHCIOpona
(O) coorBercrBenno pasusl 44 2/ monv, 18 2/ monv u 16 a.e.m., To X MOJNBHBIE MAaCCHl PABHBIL:
a) 44 2/ monv ; 6) 18 2/ moawv; B) 16 2/ monw.

DKBUBAJEHT. DKEUSAIEHMOM 6CUeCMEa HA3bIBACMCs MaAKoe €20 KOIUYeCmeE0, KOmMopoe

COCOUHsIemCsl ¢ 1 MOJEM amomos 60()0[70661 umu zamewaent mo dHce Koaudecnieo amomoe GOOOPOOG 6

XUMUYECKUX PeaKyUsX.
Dreusanenmuou maccoli Ha3bIBAETCA Macca OIHOI0 DKBUBAJIEHTA BEIIECTBA.

3amaua 2. 3aK0H )KBHBAJICHTOB.



Ha Boccranosnenue 7,09 2 okcupma nByxsajeHTHOro mMetamia tpedyercs 2,24 1 Bomopona

(H.y.). Beruncanre 3KBUBAJICHTHYIO Maccy MeTaula. Yemy paBHa aTOMHas Macca Merauia’?

Pemenne. Coenacno 3axony 5K6u6aneHmos, Macchl Pearupyroumx Apyr ¢ IpyroM BELIECTB

IMPOMOPIUOHAIIBHBI UX 9KBUBAJICHTHBIM MacCcCaM:

m
m

_m (1) s m (MeO) _ m(H,)

sy Mo m, (MeO) m, (H,)

2),

€CJIM OJHO M3 BCIHICCTB HAXOAUTCA B Fa3006p3.3HOM COCTOSAAHUH, TO, KakK IpaBUJIO, €0 KOJIHNYCCTBO

U3MepseTcsl B 00bEMHBIX €IMHUIAX (CM3 , M, 7, M ).

06‘be]l/l, 3aHUMAaCMBbIN IIpu JaHHBIX YCJIIOBUAX OAHUM SKBUBAJICHTOM BCHICCTBA, HA3LIBACTCA

3KBHBAJEHTHBIM 00HEMOM.

MonbHslit 00beM H060r0 rasa npu H.). paser 22,4 1/ Monb. Oupenenum 3KBUBAIECHTHBIH
00beM MoJtekyITsl Bogopoaa ([ 2) cocrosieit us neyx aromos, T.k.B 22,4 1 H> comepxurcs npu
HOPMAJIbHBIX YCIOBHMAX 2 MOJISl aTOMOB BOJIOPOJA, a SKBUBAJIEHT BOAOPOIA paBeH | MOJb, TO B
22,4 1 H> comepxutcs 2 5KBUBAJIEHTa BOJOPO/IA, 3HAYUT SKBUBAICHTHBIM 00BEM BOJOPO/IA PABEH:

3, (H2)=11,2 1/ monw;, ananoruuno MOXHO oOmpenenuTh U Juis Kucmopona. B dopmyne (2)
OTHOIIEHHE LHz) 3aMEHSEM DPABHBIM €MY OTHOIICHHEM @ , tne V(H 2) — o0bem
my(H,) Iy (H,)
Bonopona, I, (H2) — sxBuBanenTHBIN 06BEM BOIOPOIA:
m (MeO) _ V(H,)
m,, (MeO) 9, (H,)

N3 ypaBHenus (3) HaX0AMM 3KBUBAJIIEHTHYIO MAacCy OKCHUJa METasuia:

€)

7,092-11,2 1/
&:ﬁ; m (MeO) = ° . MOﬂb=35,5 2/ monw.
m, (MeO) 112 7 2,24 1
CornacHo ~ 3aKOHy  OKBHBAJICHTOB, m,(MeO) =m,(Me) + m,(0), oTcroa

m,(Me) =m,(MeO) —m,(0)=35,5-8=27,52/ monw.

MonbHas Macca MeTajia ONPEAEIAeTCs U3 COOTHOIIEHUS M1, = — , TIC

ma — 3KBHBAJICHTHas Macca 2/MOJlb; A — arTOMHag Macca Metajuia d.e. M.,

B — BanentHocTb 9n1€MeHTa, otciona: A=m, - B=225-2=55,02/mons.



Tak kak aToMHast Macca B d.€.M. YUCIEHHO PaBHA MOJbHOW (MOJIAPHOM) Macce, BBIPaXKEHHOU

B 2/ MOJb, TO BckoMasi aToMHasi Macca MeTtaina 55,0 a.e.m.

3agaua 3. CTpoeHHne aToMa M NMEePUOAMYECKAs cHCTeMa XMMH4YecKHXx djemeHToB JI. WU.

MenpaeJieeBa.

CocTaBbTe 3JEKTPOHHYIO (OpMyTy aToMa 3JIeMEHTa ¢ y4eTOM 3HAYEHW KBAHTOBBIX YHCEI

AJIEKTPOHOB HApY)KHOTO cios. Hamuimmre snekTpoHHY0 (popMyily aToMa 3iieMEHTa U Ha30BHTE €ro,

eCIIM 3HA4YeHWs KBAaHTOBBIX umced (71, [, m,;, Mg) SNEKTPOHOB HAPYKHOTO BJIEKTPOHHOIO CIOS

1 |
caemyromue: 4, 1, —1, +l; 4,1,0,+ ;4,1,1,+ .

2 2 2

Pemenne. CocTosiHME  KaXIOrO  DJIEKTPOHAa  HAPYKHOIO  SHEPreTUYECKOIO  YPOBHS

ONpCACIIICTCA CICAYIOIIUM Ha60pOM KBAaHTOBBIX YHCCII:

1
it omexrpor: n=4; [=1; m, =—1; mg =T >
1
» oiamextpor: n=4; [=1;m, =0; mg =+t
1
=+

3.iionektpon: n=4; [ =1: m, =+1; my —-

I'maBHOE KBAaHTOBOE YMCIIO PaBHO YCTBIPEM, CJICAOBATCIILHO, 3JICKTPOHBI HAXOAATCA Ha 4-m

SHEepreTuyeckoM ypoBHe. OpOuTaiibHOE KBAaHTOBOE UYUCIIO OmperenseT (GpopMy aToMHOM opOuTau.
Eciu [ =1, to opOurans HasbiBaeTcs P -opOuTanpio, ClIeI0BAaTENbHO, TH TPU 3IEKTPOHA

HaXOIATCA HA P -IOAYPOBHE YETBEPTOIO SHEPIETUUCCKOTO YPOBHA.

MarnutHoe kBantosoe uucio 1, (—1, 0, +1) onpenenser opuentanuro aromHoit opbuTamm

B mpoctpaHctBe. Ha Bcex p -opburamsix (P, Py, P_) wmaxomurcst mo ogHOMY 3IEKTPOHY

(mg = +_ ). HapyxHblil >HepreTMYecKuil ypoBEHb aTOMa »3TOrO0 JJIEMEHTa COACP)KUT IISTh

2

3MeKTPOHOB: ...4s% 4 p3 . Takyio 51eKTPOHHYI0 KOHDUIYPALMIO HAPYKHOTO FHEPreTHIECKOTO YPOBHSI
UMeeT aToM MBIIIbIKA As, AJIEKTPOHHAs bopmyna KOTOPOTo ClIeIyIOILast:
2 2 6 2 6 10 2 3 0
33As 1s 2s 2p 3s 3p 3d 4s 4p 4d .
3agaya 4. Ilpuauun Haumenbieii 3Heprun. /[Ba npasuia Kieukosckoro.

CocraBbTe 2JIEKTPOHHBIE (JOPMYJIBI aTOMOB 3JIEMEHTOB C MOPAAKOBBIM HOMepoMm 16 u 22 .

ITokaxkute pacnpeaciiCHUC 3JICKTPOHOB 3TUX ATOMOB IO KBAHTOBBIM sTYCHKaM.



Pemenne. DnekTpoHHBIE (OPMYIBI OTOOPaXarOT paclpeleieHue 3JIEKTPOHOB B aToMe I10
SHEPreTUYEeCKUM YPOBHSM, MOAYPOBHSIM (aTOMHBIM opOuTansiMm). OKoJIO siAepHOE MPOCTPAHCTBO, B
KOTOpoM ¢ HauOombIiel BeposTHOCTBIO (0,9 — 0,95%) MOXKeT HaXOAUTHCS BICKTPOH, HA3bIeAEMCA

amomuou opoumanvlo. DIEKTPOH 3aHUMAET TOT SHEPreTUUYECKUM TMOJypPOBEHb, Ha KOTOPOM OH

o0JasaeT HaMMEHbINEH YHEPTHEH, T. €. TIe cymma (1 + / ) HaumeHb1as (mpaBuiio KiieukoBckoro).
Tak Kak 4YMCIO DJIEKTPOHOB B aTOME TOTO WM WHOTO JJIEMEHTa PaBHO €ro IMOPSIKOBOMY

Homepy B Tabiuue JI. 1. Menneneesa, To s snementos ¢ No16 — cepa, ¢ No 22 —turan. CocraBum

3IIEKTPOHHBIE (POPMYJIBI ISI ATOMOB JAHHBIX JIEMEHTOB 110 PHHIIAITY HAUMCHBIICH SHEPTUH:
S 1s? 25% 2p% 352 3p* 3d°
n=1 2 2 3 3 3
/[=0 0 1 O 1 2
n+l=1 2 3 3 4 5

»Ti 1s? 252 2p® 352 3p® 3d? 45> 4p 4d 4f

n=1 2 2 3 3 3 4 4 4 4

[=0 0 1 O 1 2 0 1 23
2

n+l=1 3 3 4 5 4 5 67

Ecnu cymma (7 + 1) st kakux-nu6o noaypoBHeEN OJMHAKOBA, TO 3JIEKTPOH CTPEMUTCS Ha TOT
TI0lypPOBEHb, Y KOTOPOT'O 3HAYEHUE 71 — TJIABHOTO KBAHTOBOTO YMC/Ia HAMMEHbIIIEE, a [ —HanbobIee
(2-51 yacTh npaBusa KneukoBckoro).

DJEeKTpOHHAsI CTPYKTypa aTOMOB MOXET ObITh H300pa)keHa Ipauueckd IO KBAHTOBBIM
sYeiKkaM, KOTOpBIE SBISIOTCS CXEMAaTHYECKUM H300pakeHneM artoMHbix opboutanei ( AO ).
KBanToBYI0 stueiiky 0003Ha4aroT B BUE MPSMOYTOJIbHUKA, A SJIEKTPOHBI B ATHUX SUYEHKax 0003HAYAIOT

CTpenkaMu. B Kaxmoil KBAaHTOBOM sdeiike MoOkKeT ObITb He 0oyiee JBYX OSJIEKTPOHOB C

TIPOTHBOIIONOXKHO HanpabaeHHbIME crmHamu ( TV ) . OpOuramm DaHHOTO TOAYPOBHS 3alOMHAIOTCS

CHavYaJla IO OJHOMY OJJICKTPOHY C OJWHAKOBBIMU CIIMHAMH, 3ATCM [I0 BTOPOMY OSJICKTPOHY C

IPOTUBOINOJIOXKHO HANpPaBIEHHBIMU cHOUHAMH (IpaBWIO ['yHxar ONEKTPOH B aToMe JOJDKEH
OTJINYATHCSI XOTS ObI OHUM KBAHTOBBIM YHCIIOM, T. €. 8 amome He Modcem Oblmb 08YX 31eKMPOHOE C

00UHAKOBLIM HAOOPOM 8cex yemuvlpex Keanmoswvix uucen (npunyun Ilayiu-1925).
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3agaua 5. JHepreTuka XUMHYECKHX MPOLECCOB (XMMHUYECKOE CPOACTBO).

Pacuem mennosoco s¢pghexma peakyuu no cmaunoapmuLiM meniomam 006pA306aAHUs
peazupyrowux seujecms. TepMOXUMUYECKUE pacdyeThl OCHOBaHbI Ha 3akoHe ['ecca (1840): TemnoBoii
3¢ dexT peakum 3aBUCUT TOJBKO OT NPUPOALI M (PU3HIECKOTO COCTOSTHUS MCXOAHBIX BelIECTB H

KOHCYHBIX MMPOAYKTOB, HO HE 3aBUCUT OT MMYTH Mepexoaa.

YacTto B TEPMOXMMHUYECCKHX pacueTax MPUMEHSIOT CIICACTBUE W3 3aKOoHa [ecca: mennosoil
appexm peaxyuu (AHX.p.) pasen cymme mennom o6pazosanus npoOyKmos peakyuu 3a 6bl4emom

CYMMblL menjiom 06pa30661Hu}Z UCXOOHBIX eeuecme C yvenmom cmexuomempuyecKux KOQde)I/H/ﬂ/leHmOG 6

VpasHeHuu peaxkyuu:

AHx'p' = ZAHoﬁp.npO(). - ZAHoﬁp.ucx.efe (4)

Onpenenure KOJIMYECTBO TEILIOTHI, Bhiaenstomeecs npu ramennn 100 k2 usBectn Bonoi,

€CIIM CTaHJIAPTHBIE TEIIOTHI 00PAa30BaHKs PEATUPYIONINX BEMIECTB paBHbI ( K/[oic/ MOTb ):

AH 95 (Ca0,,)) = ~635,1; AH®08(H,0,,,.,) = ~285,84; AH 28 (Ca(OH ), ) = ~986,2.

Penrenne. Peaknusg raiesus n3BeCcTH:

Ca0O,,,, + H,0(xc) = Ca(OH),,,, -

(xp

TennoBoii 3¢ ekt peakiuu 1o 3akoHy ['ecca paBeH:

AH®x.p.= AH®,4, (Ca(OH)z(Kp) —[AH ® 5 (CaO(Kp)) + AH ® (H20(mc) )] =
=-986,2 — (—635,1-285,84) =—65,3 k/[oc.
Terooii  spdexkr peakuun paccuntan  Ha 1 moab CaO, te. ma 562 CaO,

M (CaO) =56 2/ monb. CocraBuM MpONOPIKIO:
u3 56 2 (CaO) seinensercsa remnora —65,3 K/

u3 100000 2 (CaO) seinensercs X ki .

U3 nponopuyun  onpeesseM CKOJBbKO BBIAEIUTCS TeIioBol sHepruu npu ramenuu 100 ke

CaO:



100000 - (~65,3) _
56

X= ~1,16-10° x/Jore.

Otser: —1,16-10° x/{orc.

3ama4a 6. Berauciuts terory oopasosanus CaCO; 110 Temnore peakiuy pasioKeHust
CaCO; na CaO u CO,, pasuoit 200,9 k/[otc , ecnu usBecTHO, 4TO
(Ca0,,,,) = 635,2 llxc, (CO,(.y) =—393,6 ko .

06p

of op. (xp)

Pemenue. 13 ypaBHEHHs peakLiMy CIEAYET:

AH,, (CaCO,) + AH,, (CaO) + AH,, (CO,) = -200,9 x/Ic .

Otcrona:
AH,;, (CaCO,) =200,9 k/foc — AH,, CaO,,, — AH,;, COy ;

AH,, CaCO,=-200,9 + AH,,, CaO + AH,,, CO, = -200,9 - 653,2 —393,6 =
=-1229,7 k/]e.

3apaua 7. XumMnyeckasi KHHETHKA U XUMU4YeCKOe PaBHOBeCHe.
Bolunc/ieHre CKOPOCTH PeaKI UM 110 KOHIEHTPAUAM pearupyoiux BelecTs

Peakuus mexny BemectBamu A u B mporekaer no ypasuenuto: A+ 2B = C, nauanbHbie

konuentpauuu pasusl: [ A]=8monw/ n; [B]=10Mmonb/ 1. Koncranta cKopocTH peakiuu paBHA

0,3 7% - moab~? - ¢”'. Belumcimre CKOPOCTh XMMHUYECKOH PEAKIMM B HAYATBHBIA MOMEHT M B TOT

MOMEHT, KOT/Ia B peakinonHoii cmecu ocranercs 30 % Bemecrsa B.

Pemenne. CoryiacHO 3aKOHY JEHCTBYIOIIMX MacC CKOPOCTb JaHHOM XUMHYECKOW pEaKIUH
pasna L = k[4] -[B]? .

ITo ucTeYeHNH HEKOTOPOTrO BPEMEHH B peakiuonnoi cMecu ocranercs 30 % semectsa B, 1.
e. xouuenrtpauus Bemectsa [B] craner pasnoit 10-0,3=3 monv/ 1. 3naunt, KoHUEHTparms
semectsa [B] ymensmmnace na 10 —3 =7 monw/ . T. k. BemectBa A u B B3ammozmelcTByIOT

MEKIy Cco0oii B cooTHOmeHuH 1:2, TO KoHueHTpauus BemiectBa A  yMEHbIIMIACH Ha

3,5 monv/ 1(7:2) u crana paBHOIA 4,5 monv/ 1(8 —3,5). CrnenoBaTelbHO,
v,=0,3-4,5-32=12,15 monv/1-c.

3anaua 8. Biusinue 1aBjieHUs] HA CKOPOCTh PeaKIUM.



Onpenenure, kak u3menutcs ckopocts peakuun 2NO + O =2NO:> , ecnu ob1uee napieHue

B CUCTCMC YMCHBIIUTL B 5 pas.

Pemrenue. YMCHbBIIICHNE IABJICHHS B CUCTEME B O Pa3 BBI30BET YBEIUYCHHE 00BEMa B CHCTEME

B S5 pa3, a KOHIEHTpaIWsi PEarupylol[ux BEIIECTB yMEHbINAETCSs B D pa3. HadambHas CKOPOCTh

peaxIy paBHa:

v, =k [NOF [O,]. )

Ilocne YMCHBIIICHUA JaBJICHUA:

([NO])* [0] [NOY O]
v, =k- 2 2 (6)
25 5 125

[Tociie yMeHbIIEHNS JaBJIEHUS B 5 pa3 CKOPOCTh peakyu yMeHbanacs B 125 pas.

3agaya 9. OmpenejieHne BpeMeHH TNPOTEKAHMs PeaKIUM B 3aBHCHMOCTH  OT

TeMIlepaTypsbl.

Ipu 393 K peakuus 3akanunsaercs 3a 10 munym . Cxonbko BpeMeHH OyeT MPOIOIKATHCS

peaxius npu 363 K, ecim TemneparypHbiii Ko3QGUIMEHT 3TOM peakiuu paseH 3 ?

Pemenne. 3aBUCHUMOCTb CKOPOCTH XHMHYECKOM PEAKIMM OT TEMIEPATYpPbl BBIPAKAETCS

cootHomeHneM Bant-T'odda:

L-T
V2=V Y 0 (7)

rje Y — TeMIepaTypHblii koahpuuueHT. Mexay CKOPOCTbIO MPOTEKAHUS XUMUUECKUX PEaKLUi U ux

IPOIOJKUTEIBHOCTBIO CYIIECTBYET 0OpaTHas MPOMOPIIMOHAIBHAS 3aBUCUMOCTB!

v t
o= (8)

Up, tz

rie t, u f, —BpeMs MPOTeKaHus peakiuu npu temmeparypax 1, u 1, .

CrnenoBaTenbHO, COOTHOIIEHHE (7) B JAHHOM CJIy4ae MOKHO 3aIucaTh:

L-T)
t z—=1

_1_:y 10 ,
h

D=T 393-363

orkyma: t, =¢, -y ' =10-3 1 =10-3*=10-27 =270 mun=4,5u.
1 2 y

ITpu temneparype 363 K sra peakuus 3akanuusaercs 3a 4,5 u.

3agaua 10. BorunciieHne paBHOBECHBIX KOHIIEHTPALMH pearnpyluux BeuecTs.



Peaxuus nporekaer no ypasHennio A+ B =2C .Onpenenure paBHOBECHBIE KOHIIEHTPALMU
PEAarupyoIMX BEIECTB, ECIIM UCXOAHbIE KOHIEHTpaluu Beects A u B coorsercTBenno pasubl: 4
u 6 Monw/ 11, koncranTa pasrosecus K, =1.

Pemenne. K MomeHTy paBHOBecus KoHueHTpauun BemectB A u B nonussres, a
xoHuentpanus Bemecrsa C yBemuunrcs. Ha kaxapiii mons Bemectsa A u B ob6pasyercs asa mMois
semectea C . Tlo3TOMy, €CiM NMOHMKEHHE KOHIEHTpauuu BemectB A m B 0603HauuMTh uepes
X MoJeu , o yBenudenue konnenTpanuu semectsa C OyzeT 2X Momneii.

PaBHOBECHBIE KOHIIEHTPALIMHU PEATUPYIOLINX BEILIECTB:
[A] =@ —x) monv/ n;  [C]=2x monw/ 1,
B] =(6 — x) monw/ n;

Ko la o 4
P [A]-[B] (4—x)-(6-x) 24-10x+x>"
4x°
1= ;
24 —10x + x?

3x? +10x—24=0; x=1).9.
Otcrofa paBHOBECHBIE KOHLIEHTPALIUN PEArMpyIOIIMX BEIIECTB PABHBIL:
[A]=4-1,9=2,1 monv/ n; [C]=3,8 monv/ n; [B]=6—-1,9=4,1 monv/ 1.

3agaya 11. Cnoco0bI BbIpaskeHUs] KOHIEHTPALMii pacCTBOPOB.
KonuyecTBeHHBIN COCTaB pacTBOpa OMNpPEACNAETCS €ro KOHUEHTpalued, T. €. OTHOCUTEIbHBIM

COACPKAaHUCM KOMIIOHCHTOB, COCTABJIAIOIIUX PpaCTBOP.

KonueHTpauneﬁ Ha3bIBACTCH COACpPKaAaHHME PACTBOPCHHOI0 BEHIECTBA B €AHMHHUIIC MACCHI

WK 00beMa pacTBopa.

CymiecTByeT MHOTO CHOCOOOB BBIpaKEHHs KOHIIGHTpanwii. Haubomee mnpuMeHHMBI
CIIE/TyIOIIE:

Maccosaa 00na 8vlpajrcaemcs YUCIOM, NOKA3LIBAIOWUM KAKVIO 000 COCMAGIsAem macca
pacmeopennozo eewjecmeéa ( My ) om maccel pacmeopa ( Mp ). OTa Oe3pa3MepHas BeIWYKMHA

BBIPA)KAETCsl B JIOJISIX €AMHUIIBI WM B MPOLEHTaX (MaccoBbId mporeHT). Eciu 0603HaunTh MaccoByIO

nomo ®O(C%), To MOXKHO 3amKUCaTh:

® =""% .100%. ©)
mp



Ec/in Macca pacTBOpa HAXOAUTCsI 1o ero oobemy V(M) m miuornoctn (2/cm’) T. e.

m=V-p, 7o

m
®=—25. 10
L (10)

Monspnas kKonyenmpayus xeusanenmos (nopmansnocms) C, nokasvieaem uucio moio-
OKGUBANICHMOE PACMBOPEHHO20 6ewecmsea  (Yucio dKeusarenmos N, cooepixcaweecs 6 171

pacmeopa (MOIb/ 1) unu ( MOAb — K8/ J1):

¢ _m°1000 _m,-1000, (11
" 14 m., -V
n="1% (MO — 9K6)

m,
rae N, — SKBUBAJIEHTHOE KOJIMYECTBO PACTBOPEHHOIO BEIIECTBA;
m,; — Macca pPacTBOPEHHOIO BEILECTBA, 2 ;
M, — MOJSpHAs Macca SKBHBAJICHTA BELIECTBA, 2/ MOJIb.
Monspnas xonuyenmpayus (monspuocms) C,, nokasvieaem Koauuecmeo pacmeopeHHO20
(uucno moneii) sewecmea, cooeparcaueecs 6 1 1 pacmeopa ( MOIb/ 11):

c =" -1000 _ m, -1000 (12)
M 4 M-V

m
n=_", (monv— 2xe)
ms;

rae V' — o0weM pactBopa, 1 ; ML ;
M — KOJMYECTBO PACTBOPEHHOIO BEILECTBA, MOJb ;
M — Macca PaCTBOPEHHOIO BELIECTBA, & ;
M — monsphas Macca pacTBOPEHHOTO BELIECTBA, &/ MOJb.

Monsnvnaa  konyenmpayus (monsnvnocms) C, nokasvieaem — Komuuecmeo (n)

pacmeopennoz2o sewecmea (wucio moneti) , npuxoosueecs na 1000 2 pacmeopumens ( monv/ xe)

n
C, ___1000, (13)
m,
(n)= ﬁ

M



3agaya. [IpurorosiieHue pacTBopa 3aIaHHOM KOHIEHTPALUM pa30aBieHHeM BOIOM.
purorosurs 20 M 0,1 1. pacreopa NaOH wus 0,5 u.pacteopa NaOH .
Pemenne. Haiinem Monb-skBuBanentHoe konuuectBo NaOH |, copepxameecs B 20 mi

0,1 1. pactopa NaOH , Bocnionszopasiuck Gpopmystoit (11):

_C,-V _0,1-20

n =0,002 mosb — 5k8.

> 1000 1000

Haiinem o6bem 0,5 #. pactsopa, B kotopom comepxurcs 0,002 monw — sxeusanrenma
NaOH , sBocnions3yemcs dpopmystoii (11):

0,002 -1000
=T 1000="""""""'=4 ua.
C, 0,5

CrnenoparenbHo, yto0bl npurotosuth 20 ma 0,1 1. pacteopa NaOH | neobxomumo B3t 4 M

0,5 1. pacreopa NaOH w npunuts 16 M BogsL.

3agaua 12. CwMmemenue pactBopoB (Meron Kkpecra). IlpuroroBiieHue pacTBopa

NPOMEKYTOYHOI KOHIEHTPALMH U3 IBYX PACTBOPOB MeHbIIel 1 00/1b1Iel NJIOTHOCTH.
B kakux BecoBbIX cooTHomenusx Hano cMemars 20 % — w1t pactsop NaOH u 5 % — viti

pactBop NaOH , uro6s nonyuuts 10 % — w11l pacteop?

Pemenne. Bocrionb3zyemcs ypasaenueM (9), v BBIIOJIHUM ClIEAyIOIME BEYUCIECHHS:

me
®O=_—.100% 11 10 % — 20 pacrBopa;

m,

m, =m,(20 %)+ m, (5 %); mp =m, (20 %)+ m,(5 %)

. 0
0% - 2120%),
0

. 0
m(5%) =20 1),
0

_20-mp(20%)+5-mp(5%)

 m0%) +m,(5%)

10 - m,(20 %) +10 - m,(5 %) = 20 - 1, (20 %) + 5 - m1,,(5 %);
my(5 %) =2-m,(20 %);

10



m,(20 %) 1

.

mp(5%) 2
Cnenosarensno, 20 % — Ho2o pactBopa Hamo B3ath 1 BecoByro wacth, a 5 % — Ho20 2

BECOBLIE YaCTH.
3amaua 13. 3aK0H 00LEeMHLBIX JKBHBAJICHTOB.

3 3

Ha neitrpanusanmio 50 cyv” pacrtsopa kucnotsl uspacxomosano 25 cyv” 0,5 H. menouwn.

Uemy paBHa HOPMAJIBHOCTb KHCIIOTHI?

Pemenne. 1o 3akoHy 00BEMHBIX SKBUBAJICHTOB BEILECTBA B3aUMOACHCTBYIOT IPYT C JPYTrOM B
HKBUBAJIETHBIX KOJIMYECTBAX, & PACTBOPHI paBHOW HOPMAJILHOCTH PEearupyroT B paBHbIX oObeMax. [Ipu
Pa3HBIX HOPMAJIBHOCTAX 00BEMBI PACTBOPOB PEArupyIOIIUX BELIECTB OOPaTHO MPOMOPIIMAHATIBHBI X

HOPMAJIBHOCTAM, T. €.

V. C
(K) _ ZHUI ~
Ve - Chxy w Vi C ey = Ve C oy » (14)
25-0,5
orciona 50-C; ) =25-0,5, smauur Cp —T_O’zs "

Turp. Tumpom pacmeopa naszvieaemcsi KOINYECTBO T'PaMMOB PacTBOPEHHOI'O BELIECTBA B

1 em® (mn) pactBopa.

3Has HOPMAJIbHOCTh PACTBOPAa M JKBUBAJICHT PACTBOPCHHOTO BEIECTBA, MOXKHO HAWTH THTP IO
hopmye:

:M (Z/Mﬂ).
1000

3agaua 14. CpoiicTBa pacTBOpoB. Brrunciaute TeMmieparypbl KpUCTAUIM3ALUN U KUIIEHUSA

2 % — 2o Boamuoro pactsopa riokossl CH,0,.

Pemenue. Ilo 3axkony Payns noHmxkeHue TteMmiepaTypbl KpPUCTAJUIM3aLUU U IIOBBILICHUE

TemIepaTyphbl Kurenus pactsopa ( Af) 1o cpaBHEHHIO ¢ TeMIIEpaTypaMyi KPUCTAUIN3AIMU M KUIIEHHS

PacTBOPUTEIIS BBIPAYKAIOTCS YPABHEHUEM:

-1
A=k 000 , (15)

M -m,

Trac K—KpI/IOCKOHI/I‘ICCKaH N 36ymmoc1<0nnqecxaﬁ KOHCTAHTBI. I[J'ISI BOAbI OHHM COOTBECTCTBCHHO

pasusl 1,86 u 0,52 rpanycos;

}’}’l6 —Macca paCTBOPCHHOI'O BCILIECTBA, 2,



M —monspras Macca pacTBOPEHHOTO BELIECTBA, 2/ MOJb;

M1 —Macca pacTBOPHUTEJIS, 2 .
Tonwxkenue Temneparypsl kpuctammsanun 2 % — 2o pactsopa C,H,0, Hasomum u3
dopmyansr (15):

At=1,86°w=0,21°.
180 -98

Boma kpucrammmsyercs mpu 0°C, criemoBaTenbHO, Temieparypa  KPUCTAJUTH3allMd  PacTBOpa

0°C-0,21°C=-0,21°C.

U3 dopmyssr (15) maxoaum u noselmenne temmepatypsl kunenust 2 %o — 20 pactsopa

2-1000
At=0,52° =0,06°.
180 -98
Boma xunur upu 100°C, cnemosarensHo, Temreparypa KHUIIEHHS OTOrO pacTBOpa

100 + 0,06 =100,06°C'.

3agauya 15. HoHHO-MOJIeKYJIsIpHbIe (MOHHBIE) peaKIuu 00MeHa.

VoHHO-MONIEKYISIpHbIE, WJIM MPOCTO HOHHBIC, YPAaBHEHUS peaKkUui OOMEHa OTpakaioT
COCTOSIHME JJIEKTPOJIUTA B PACTBOpE. B 3THUX ypaBHEHUSAX CHIIBHBIE PACTBOPUMBIC JJIEKTPOJIMTHI,
MIOCKOJIBKY OHHM TIOJIHOCTBIO TUCCOIMMPOBAHBI, 3alUCHIBAIOT B BUJIE MOHOB, a CIA0bIE AJIEKTPOJIUTHI,
MaJIOpaCTBOpPHMbIE,  CIA0OAMCCOLMUPYIOIIME M Ta3000pasHble  BELIECTBA, 3alMCHIBAIOT B

MOJIEKYJISIpHOM (hopme.

B HMOHHO-MOIIEKYJIIPHOM YPaBHEHUHU OJMHAKOBBIE MOHBI U3 00EUX €ro 4acTeil MCKII0YaroTCs.
IIpu cocraBiieHMM MOHHO-MOJIEKYJISIPHBIX YPAaBHEHUH CIIELYET IIOMHUTB, YTO CyMMa 3JIEKTPUYECKUX
3aps/I0B B MPaBOM YacTH ypaBHEHHUs JOJDKHA OBITh paBHA CyMME 3JICKTPUUECKHUX 3apsaoB B JICBOU

YaCTU YPaBHECHMUS.

Hanncare MOHHO-MOJEKYJISIDHBIE YPaBHEHUsS pPEAKLUUNA B3aUMOJCHUCTBHUS MEXIY BOJHBIMU

pactBopamu cienyromux semects: a) HCl u NaOH ;

6) Pb(NO,), u Na,S; B) CH,COOH w NaOH . Tloacuutarth CyMMy CTEXHOMETPHUECKUX

K03(pPULIMEHTOB B MOJIEKYJIIPHOM U COKPAILIEHHOM HOHHOM YPaBHEHUSX.

Pemenue. 3amnuiiiem YpaBHCHUA B3aHMO[[eI>JICTBI/ISI YKa3aHHBIX BCIICCTB B MOJICKYJIAPHOM BUIC!:
a) HCl+ NaOH = NaCl + H,O Zkoeqbgbuuenmoe =4;

6) Pb(NO,), + Na,S = PbS { +2NaNO, Zkoaqbqbuueﬂmoe =35;
8) CH,COOH + NaOH = CH,COONa + H,0 Y _xos¢puyernmoe =4



OTMCTI/IM, qTo BSaHMOﬂeﬁCTBHC 9TUX BCHICCTB BO3MOXHO, T.K. B PC3YJbTATC IMPOUCXOAUT

CBSI3bIBAHME MOHOB C 0OpasoBanueM cnabbix snekrponutos ( H,0), ocanka ( PbS ), BosmoxHO u

rasa.

B peakuun (B) nBa cinaObIX 3JIEKTPOJIMTA, TaK KAaK PEAaKUUU UAYT B CTOPOHY OOJBIIETO
CBSI3bIBAaHMA MOHOB M BOAa Ooiyiee CiaOBIi AJIEKTPOJIMT, YeM YKCyCHash KHCJIOTa, TO PaBHOBECHE
peaKIu CMELIEHO B CTOPOHY 0Opa3oBaHUs BOABI. VICKIIOUMB OJMHAKOBBIE MOHBI M3 00eUX dacTeit

paBHOBECHSI, ITOJyYUM HOHHO-MOJIEKYJIAPHBIC YPABHEHUS! COOTBETCTBYIOIIMX PEaKIIHi:
ay H* +OH™ =H,0 Zkoaqbgbuuenmoe =3;
6) Ph*2+52=PbS D xooppuyenmos=3;
B) CH,COOH + OH~ — CH,COO™ + H,0O Zkoaqbgbuuenmoe =4.

3amaua 16. OKHCJINTEILHO-BOCCTAHOBUTEILHEIE peakuum. OkucaumesnvHo-
60CCMAHOGUMEILHBIMU HA3LIBAIOM PEAKYUU, CONPOBOHCOAIOUWUECS USMEHEHUEM CIMEeNneHU OKUCTEHUs.
aAmomo8, 8X00uUX 8 COCMAB Peasupyoujux 6euecms.

[ox crenenpto okucnenus (#) TOHMMAIOT TOT YCIOBHBIM 3apsa  aToma, KOTOPBIH

BBIYUCIIACTCA, UCXOO U3 MPCATIOJIOKCHHA, UYTO MOJICKYJIa COCTOUT TOJILKO U3 HOHOB.

Hpouecc OTAAa4Yu DJJICKTPOHOB HaA3bleaencia npoyeccom okKucienuss N COINPOBOKIAACTCA
IMOBBIICHHUEM CTCIICHHU OKHCJICHHA. I/I, HaOGOpOT, nmponecc NpuCOCANHCHUA 3JICKTPOHOB HA3bleaemcs
npoyeccom eoccmanosieHus 1 CONMPOBOKAACTCA MOHUKCHUCM CTCIICHU OKHCJICHUA. O cnocoOHOCTH
TOT'0 WJIM MHOI'0 BCUICCTBA MPOABJIATH OKUCIUTCIIBHBIC, BOCCTAHOBUTCIIBHBIC UJIN IIBOFICTBGHHI:IQ (KaK
OKHCJIHNTCIBHBIC, TaK U BOCCTaHOBI/ITGJIBHI:Ie) CBOMCTBA MOXKHO CYAUTh IO CTCIICHU OKHUCJICHUSA aTOMOB
OKHCJIHUTECIIA U BOCCTAHOBHUTCIIA.

+5 +6
Hanpumep, HNO, — N , H,SO, —S — UpOsBISIOT TOIBKO OKHUCITUTEIIBHBIC CBOWCTBA!

4 »
(NO2)— N , (SO,)—S — nposBIsSIOT OKMCIHMTENLHBIE © BOCCTAHOBUTEILHbBIE CBOUCTBA,

(NH ;)= N73; (H ,S)— S — nuposBisioT TOIbKO BOCCTAHOBUTEILHBIE CBOHCTBA.

[Ipy OKHUCIIUTENBHO-BOCCTAHOBUTENBHBIX DEAKIUAX BAJIECHTHOCTH aTOMOB MOXKET M HE
MEHATCA.  Hampumep, B OKMCIMTENbHO-BOccTaHoBUTeNbHOW — peakumn  Hy + Ch =2HCI
BAJIEHTHOCTH aTOMOB BOJIOPOJIA M XJIOPA JIO M TIOCIIE PEAKIIMK PABHA €MHMIIE, U3MEHUIIACH UX CTETEHb

OKHCJICHHMS. BaleHTHOCTh OMpCACIIACT YUCIIO CBH3€I>'I, O6paSOBaHHLIX JaHHBIM aTOMOM, U TTO3TOMY

3HaKa He uMeeT. CTEICHD JKEe OKHCIICHHUS UMECT 3HaK ILIIOC UIIH MHHYC.

CocTaBbTe 2JEKTPOHHBIE YPaBHEHUS OKUCIUTEIbHO-BOCCTAHOBUTENBHON PEaKIIMK, UAYIIEH 110

CXEMC:



+7 +3 +2 +5
K MnO, + H, PO, + H,50, > MnSO, + H, PO, + K,SO, + H,0.

Pemenne. Ecniu B ycnoBuM 3a7a4dM JaHbl KaK HCXOJHBIC BEIIECTBA, TaK M MPOAYKTHI UX
B3aMMOJICHCTBUSA, TO HANMCAHUE YpPAaBHEHHS PEaKIMH CBOAUTCS, KaK MPaBWIO, K HAXOXKICHHUIO U
paccraHoBke ko3 ¢uirenToB. KoapuuueHTs onpenesnsoT METOAOM 3JIEKTPOHHOTO OanaHca c
IIOMOIIBIO DJICKTPOHHBIX YpaBHEHUH. BplumciseM, Kak HM3MEHSIOT CBOIO CTENEHb OKHCIICHHUS

BOCCTAHOBHUTCIIb U OKUCIIUTCIIb, U OTPaXXa€M 3TO B 3JICKTPOHHBIX YPAaBHCHUAX:

5 P —2é = P — BocCTaHOBHTEID, OKHCIAETCS

10

2 Mn*7 + 5 = Mn™ — okuciuTesb, BOCCTAaHABIMBACTCS

OO0uiee YUCIO DIIEKTPOHOB, OTIAHHBIX BOCCTAHOBHMTEJEM, JOJDKHO OBITH PABHO YMCIY
3JIEKTPOHOB, KOTOPOE MPHCOEAMHSIET OKUCIUTENb. HauMmeHbinee ofliee KpaTHOE Ui OTAAHHBIX H
npuHATHIX 3j1ekTpoHoB —10, pasgenus 310 umcno Ha S, momydaem koddouiment - 2 s
OKHCJIUTENS U MPOYKTA €r0 BOCCTAaHOBJIEHUs, a nipu aenennn 10 wa 2 momydaem kodduiment S

JUIsl BOCCTAHOBHTEIS M MPOJYKTa ero okucieHus. KoagduuuenT nepes BemecTBaMu, aToMbl KOTOPBIX

HC MCHSAIOT CBOIO CTCIICHb OKHMCIICHUA, HAXOAAT HOI[60pOM. ypaBHeHI/IG peaKI_[I/II/I 6YZ[€T HNMCTH BU:
2KMnO, + 5H,PO; + 3H,S0, — 2MnSO, + SH,PO ,+K,SO, + 3H,0.

3agaya 17. DJleKTpoAHbIe MOTEHIHAJIbI M JIEKTPOABUKYIIHMe CHJbl. CTaHIapTHBIN
SIEKTPOIHBIA MOTEHIUAT HUKes Oonblie, yeM KobanbTa ([Ipunoxkenue A, tabmuna 4 ). U3menurcs

JIX 3TO COOTHOMICHUC, €CIIM U3MCPUTH IMOTCHIMAI HHUKCIIA B paCTBOPC €TI0 MOHOB C KOHHGHTpaHHeﬁ

0,001 monwv/ n?

Pemienne. DneKTpoaHbIA MOTEHIMAN MeTauia (P ) 3aBUCUT OT KOHLEHTPALMH €r0 UOHOB B

pacTBope. DTa 3aBUCUMOCTD BbIpaxkaeTcsl ypaBHeHHeM HepHcra:

0,059
Q@=0°+_"___lgC(Me™),
n
rze (p° — CTaHAapTHBII SJICKTPOIHBINA OTEHIIUAN METAIIA B PacTBOpe, B ;

71 —4HCIIO DJIEKTPOHOB, IPUHUMAIOIINX Y4aCTHE B IIPOLIECCE;
C(Me™ ) —konuenrpaiss (IIpU TOYHBIX BBIYUCIEHUAX AKTUBHOCTH) THAPATHPOBAHHBIX HOHOB

MeTallla B pacTBope, MOJb/ J1;

- =-0,25B; ¢- =—0,277 B.

Ni*?/ Ni Co*?/Co

Onpez[eJmM SJICKTPOAHBIC MOTCHIIUAJIBI 3TUX MCTAJIJIOB IIPU JaHHBIX B YCJIIOBUH KOHIICHTPALUAX!



0,059

o =025+ 1g10% =-0339 B:
Ni*?/ Ni 2

® =-0,277 + 0,059 lg: 107'=-0,307 B.
Co* /Co 2

Takum oOpa3omM, TpU U3MEPEHUHM KOHIEHTPAIMUA TOTEHIMAN KOoOalbTa CTal OOoJbllle MOTEHIaIa

HUKCIIA.

3agaua 18. DiekTpoxumMuYeckue TrajlbBaHHYecKHe 3j1eMeHTbl. (CoOCTaBbTE CXEMY

raJbBaHUYECKOIO DJIEMEHTA, B KOTOPOM 3JIEKTPOAAMU SBIIAIOTCS MarHueBas U LIUHKOBAs IUIACTUHKM,
OIyLIEHHBIE B PACTBOPHI MX HOHOB C aKTUBHOI KOHIEHTpauuei 1 mo/ib/ 11 . Kakoli MeTamn sBisercs
aHOJIOM, KakoW karonoMm? Hamummre ypaBHEHHE OKHCINTEIbHO-BOCCTAHOBUTENIBHON peakLuy,

IPOTEKAOIIEH B TOM rajabBaHUYECKOM djieMenTe, M Bhruucnure ero J/[C .

Pemenne. CxeMa JaHHOTO TATbBAHMYECKOTO dJIEMEHTa:
A(=) Mg/ Mg*? || Zn™? | Zn (+) K .

BepTukanpHast iuHeika 0003HAayaeT MOBEPXHOCTh pasfiesia MEXIy METalIOM M pacTBOPOM, a JBE
JUHEHKH — TpaHUIy pas3fena MeXAy [ABYX JKUAKUX (a3 —TOpPHUCTYIO TEperopoiaky (WiH

COCIMHUTEIIbHYIO TpPYOKYy, 3allOJHEHHYIO pacTBOPOM DJJICKTPOIHMTa). MarHuii MMeeT MEHbIIee
3HaYEHME CTAHIAPTHOTO JJIEKTPOAHOro morenumana — (— 2,37 B) u sBigercs aHOg0M, Ha KOTOPOM

IMPOTCKACT OKHUCIIMTEIIbHBIN mpouecce:

Mg® — 2e - Mg*2, (16)

[vHK, 3HaYeHUE CTAaHAAPTHOIO YIEKTPOJHOIO IOTeHIUana koroporo 0,763 B — karon, T.c.

QJICKTPOJ, Ha KOTOPOM MIPOTCKACT BOCCTAHOBUTEIbHBIN mponecc:

Zn** +2e=7n°, (17)
VpaBHEHHE OKUCITUTENLHO-BOCCTAHOBUTENBHOM PEAKIINM, XapaKTePU3yIoIee paboTy JaHHOTO
raJbBaHMYECKOTO DIIEMEHTA, MOXKHO TIOJy4HUTh, CIIOKHUB JJIEKTPOHHBIE ypaBHeHus anoanoro (16) n

karoanoro (17) mpoueccos:
Mg® + Zn*? = Mg** + Zn°.

Jlist onpenenenust I/[C raqbBaHMYECKOrO JIEMEHTA U3 MOTEHIMANA KATO/IA CIIEAYET BBIYECTD

noTeHIMan aHoaa. Tak Kak KOHIIEHTpalus MOHOB B pacTBope paBHa 1 mosv/ 1, to I/[C snementa

PpaBHA pa3HOCTU CTAHAAPTHBIX MOTCHIHWAJIOB ABYX €0 3JICKTPOI0B!:



IC(E) = 9°Zn*? | Zn — °Mg® | Mg*? = —0,736 — (-2,37) = +1,607 B .

Ecnun E BenuuuHa MOIOKUTEIBHASL, TO TAKON IalbBAHUUYECKHUIA SJIEMEHT MOXKET paboTarh.

3agaya 19. DieKTPOJHM3 BOAHBIX PACTBOPOB M PacIIaBOB COJICH.
Kakas Macca Meau BeiieuTcss Ha Katoje rpu snekrponuse pactBopa CuSOs B teuenue 1 u

npu cuiie Toka 4 A?

Pemenne. CornacHo 00beIUHEHHOMY 3akoHy Dapazes:

_my-J -t
m=———,
96500

rac m — Macca BEUICCTBA, OKHMCICHHOI'O I BOCCTAHOBJICHHOI'O Ha 3JICKTPOAC, 2,

(18)

M., — SKBUBAICHTHAs Macca BEIIECTBa, 2/ MOJb;
J —cunatoka, A4;
{ —IIPOOIKUTENBLHOCTD DIIEKTPOIIH3A, C .
DkpuBaieHTHas Macca Meau B CuSOs4 paBHa ero MoOJSpHOM Macce, JENEHHOW Ha
BaJE€HTHOCT, MeTaia (B) u Ha umMcoo aromMoB MeTawia B 3TOoM comd (M) , 3HAYUT

M (CuSO4)=159,54 2/ monv, nenennoii na 2 u pasna 79,77 2/ monw, noacraBus B popmyiy:

m(CuSO ) = 79,77-3600 2,976 2.

4 96500

3anaua 20. Beruucnure 5KBUBAJICHTHYIO MacCy METajlia, 3Hasi, 4TO IIPH JEKTPOJIM3E PACTBOPA

xsopuza sroro meramia 3atpaueno 3880 K snekrpuyectsa, u Ha karoze Boigensercs 11,742 2

MmeTajlia.

Pemenue. 13 popmyisr (18) BbrancianmM skuBaieHTHYIO Maccy:

m, = n@; J -t =0 =3880 K7 —KonuuecTBO 31€KTPUYECTBA, TOIIA
m = 11,742 -96500 =29.352/ monw.
9 3880

OtBeT: DKBUBaNEHTHAsd Macca MeTajuia pasHa 29,35 2/ mons .

3agaua 21. Koppo3uss MeTa/LuI0B M MeTOAbI 3allUThl OT Koppo3uu. Koppozus — smo
CAMONPOU3BOILHO NPOMEKAIOWUL NPOYECC PA3PYUEHUs MEeMAaiilo8 6 pe3yibmame XUMU4eckozo uiu

INEKMPOXUMULECKO20 B3AUMOOCUCMBUSL UX C OKpYHcaroujeli cpeooll.

[Ipu 251eKTPOXUMUYECKON KOPPO3MH Ha MOBEPXHOCTU METajlla OJHOBPEMEHHO MPOTEKAIOT JBa

rnponecca:



anoonwiti — okucnenue merawia: Me + ne=M ™",
KamoOHbiil — BOCCTAaHOBIICHHE HOHOB Bojoposa: 2H ™ +2e=H ,

WITH MOJICKYJT KHCIIOPO/Ia, PACTBOPSHHOTO B BOJIE:
O, +2H,0+4e=40H".

Kax nmpoucxoaut koppo3usi IMHKA, HAXOISALIETOCS B KOHTAaKTE C KaJMUEM B HEHUTPAJIbHOW M KUCIION
cpenax. CocTaBbTe€ 3JEKTPOHHBIE YpPaBHEHHUS AHOAHOIO M KaTOJHOro mpoueccoB. KakoB cocras

IPOAYKTOB KOPpO3uu?

Pemenue. ]_II/IHK uMeeT Oosee QJICKTPOOTPULATCIIbHOC 3HAYCHUC CTAHAAPTHOI'O 3JICKTPOAHOI'O

norennuana (— 0,763 B), uem kagmuii

(— 0,403 B), mos10My OH SBISETCSA aHOAOM, @ KaJIMHI KaTOIOM.
Anoonwiii npoyecc: Zn’ —2e = Zn*?,

Kkamoonwiil npoyecc: 8 kucnoi cpede 2H* +2e = H T,

6 netimpanvhoi cpede O, +2H,0 +4e =40H ~

Tak kak wWoHBl Zn'? THJIPOKCHIIBHOM TPYMNIoi 00pa3yloT HEPACTBOPUMBIA THUAPOKCHI, TO

npoaykroM kopposuu 6yner Zn(OH )2 .

3apaua 22. ’KecTKOCTH BOAbI U METOAbI €& yMATYeHMUSI.

IIpupoaHas BoJa HAXOAUTCS B HENIPEPBIBHOM B3aUMOJEHCTBUU C OKPYIKAIOIIEH Cpeo, IpU

O9TOM BOJa pPACTBOPACT pPa3IMYHBIC OPraHUYCCKUC W HCOPraHUYCCKUC COCAUHCHUSA, II03TOMY

JKECTKOCTb BOJBI ONpenensercs comepxkannem B Heil mono [Ca™], [Mg™], xommuectBenHo
BIpaxkaercs B Me — oke/ 1: K =[Ca*?[Mg*?].
Pasnuuaror: 1) kapGoHaTHYIO KeCTKOCTh, oO0yciosnennyw nammunem Mg(HCO3): wu
+2 +2 -
Ca(HCQO3)2, xotopsie xopomio auccouupyroT B Boae Ha uonsl (Mg |, [Ca ]u [HCO; |

2) HekapOOHAaTHYIO JKECTKOCTb, OOYCJIOBJIEHHYIO TIPUCYTCTBHEM COJEHd MarHus M KaJibLus,

o6pasosannbix cunbabivu kuciotamu (CaCl, u MgSOy).

CymiecTByeT psiji ClIOCOOOB YMSTUEHUS BOJIBI:

1. Kapbornamuyio (8pemeHHy10) JcecmroCmb MOHCHO YOANUMb MEPMULECKUM NYMeEM.



COz
to
Ca(HCO:) : —=CaCO: + H:CO: <

H;O

2. Memoo uzeecmkosanus KapOOHAMHOU HCECMKOCIL:

Ca(HCO,), + Ca(OH), =2CaCO, ¥ +2H,0;

Mg(HCO,), + 2Ca(OH), = Mg(OH), ¥ +2CaCO, { +2H,0.

3. Hexapbonamuyio (NOCMOSHHYIO) IHCECMKOCMb MONCHO YCMPAHUMb C HOMOWbIO peazeHma

Na,CO; (cooosuiii memoo):

CaCl, + Na,CO, =2NaCl + CaCO; 1.

ConoBbIit METOJT IPUEMIIEM ISl YMATUEHUS U KapOOHATHON M HeKapOOHATHOM JKECTKOCTH.

3

Cxombko rpammoB CaSQOs4 copmepxurcs B 1 M BOABL, €CIM KECTKOCTh, OOYCIOBIEHHAS

IPUCYTCTBUEM JTOM COJH, paBHa 4 me — ake/ 1?7

Pemenne. Onpenenum mossapayro Maccy CaSOs
M(CaS0O4)=40+32+16-4=136 2/ monw.
DxsuBanenTHas macca conmu CaSOs papua:

M(CaSOs) 136

= =68 2/ monw.
B(Ca)-n(Ca) 2

2

o ycmosmo 3amaum B 1M  Bomel  comepxurcs 4 me —oKke/ 1,

4-1000 =4000 me —oke/ 1.

T. .

’ (19)

my -V

race m — Mmacca BEIICCTBa, O6YCJIaBJII/IBaIOH_[a$I JKCCTKOCTb BOJbI UJIM MPUMCHACMAA IJId YCTPAHCHUA

AKECTKOCTH BOJBI, M2 ;
M — SKBUBAJICHTHAs Macca 3TOro BelIeCTBa, &/ MOJIb;
V — obweM BoBL, 1, CM>, M.

U3 dpopmyssr (19) maxomum m (2):



m(CaS0O4)=2K-2-V =4-1000-68 =272,28 2.

343.3 IlpumepHBIil KaJeHIAPHBIH IVIaH BINOJHEHUSI KOHTPOJIBLHOM padoThl

[Ipuctynass K BBINOJHEHHUIO KOHTPOJBHON pabOThl, HEOOXOAUMO H3YyUUTh PEKOMEHAYEMYIO
OCHOBHYIO JINTEPATypy O pa3jienaM 3aJaHus U JOTOIHUTEIbHYIO, €CIIH B 3TOM €CTh HE0OX0IUMOCTb.
3aaHue BBIJIAETCS Ha NEpBOM Henene ceMecTpa. [IpuMepHbIi KaleHJapHbli J1aH BBIIOJIHEHUS

KOHTPOJILHOM paboTHI MpeicTaBiIeH B Ta0IuUIE 2.

Tabmuua 2 — [IpuMepHbIi KaJleHAapHbIH TU1aH BHITOJHEHUS KOHTPOIbHOM paboThI

DTarnsl BHIIOJIHEHUS! KOHTPOJIHOW pabOThHI CpOoK BBIITOJTHEHUS
Brinava 3aanus Ha KOHTPOJIBHYIO paboTy 1 Henens cemecTpa
Craaua KOHTPOJIHOW pabOThI Ha MIPOBEPKY 13 Henens cemectpa
JlopaboTKa KOHTPOJILHOM paboThI 14 nenens cemectpa
3amura KOHTPOJIBHOM PaboTHI 17 nenens cemectpa

4. Ilops10K 321U THI M OTBETCTBEHHOCTH 32 BbINOJHEHHE KOHTPOJILHON PadoThl
BrimonHeHHast KOHTposibHast paboTa perucTpupyercs Ha Kadenpe, 3aTeM  BBLIAETCS
IpernoaBaTesio Ha MPOBEPKY.
[Tpy MONOXKUTENBHOM 3aKIIOYEHUHU PpabOTHI JOMYCKAeTCs K 3alHTe.

[opsimok 3amuThl CHAEIYIOMUI: CTYICHT O00s3aH H3JI0KUTh CYIIHOCTh TEOPETUYECKOTO
MaTtepuaia, yMEHHE TNPUMEHATh (OpMyJbl TpPU PEHICHWH 3a/ady, ypaBHUBAHHME OKHCIUTEIHHO-
BOCCTAHOBUTEJIBHBIX PEAKLUH, 3aMUCh AIIEKTPOXUMHUYECKUX MPOIECCOB, METOJIbI, IPUMEHSEMBbIE IS
yMST4eHus1 1 00e33apakuBaHus BOJbI, a TAK)KE BOIMPOCHI, CBSI3aHHBIE CO CHEIM(PHUKON CTPOUTEIBHBIX
MaTepUaoB.

[Ipu HanMuUuM 3aMe4aHUN KOHTPOJbHAs paboTa BO3BpalIaeTCs Ha JOPAOOTKY CTYAEHTY [0
3alIUTHl B COOTBETCTBUH C 3aMEUaHHUAMU IpernogaBaTens. [I[pu moBTOpHOM IMpeacTaBIeHHH paboThl Ha
IPOBEPKY HEOOXOIMMO MPHIOKUTH M MEpBOHAYANbHYIO paboTy. B ciywae, ecnu k 3ammute paborta
npezcTaBieHa 6e3 UCIPaBICHUS 3aMEUYaHUH MPEToAaBaTeNs, CTYACHT IOIy4aeT «He3aueT».

KontponbsHast paboTa, BBIIOJIHEHHAss HE IO CBOEMY BapUaHTy, BO3BpAIAeTCs CTyIEHTY Oe3
HPOBEPKH.

[Ipu 3aTpyAHEHMM B OCBOCHMM JUCHUIUIMHBI «XUMHS» CTYyACHTaM pPEKOMEHIyeTcs

oOpamiatbes 3a KOHCYJIbTalMel Ha Kadeapy K BeaylieMy MpenoaaBaTeo.



OneHka ypoBHS BBIIIOJHEHUS KOHTPOJBHOW pabOThl, a TaKXKe CTEMEHU YCBOCHHS
TEOPETUYECKOT0 MaTepuana TPOM3BOJUTCA BeAylIMM rpenoaaBaresneM. OneHka 3a  pabory

BBICTABJISIETCS. HEAU(PPEPEHIIMPOBAHHO — «3aYTEHOY» HITH «HE3aUTECHO.
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ITpunoxxenne A

Tabmuua Al — UnauButyanbHbIe 3aJaHHS IO BapUaHTaM

Ne
Howmepa 3anau
BapuaHTa

1 1 60 61 86 141 | 145 | 191 | 210 | 212 | 242 | 270 | 300
2 2 59 62 87 140 | 146 | 190 | 209 | 213 | 243 | 271 | 301
3 3 58 63 88 139 | 147 | 189 | 208 | 214 | 244 | 272 | 302
4 4 57 64 89 138 | 148 | 188 | 207 | 215 | 245 | 273 | 303
5 5 56 65 90 137 | 149 | 187 | 206 | 216 | 246 | 274 | 304
6 6 55 66 91 136 | 150 | 186 | 205 | 217 | 247 | 275 | 305
7 7 54 67 92 135 | 151 | 185 | 204 | 218 | 248 | 276 | 306
8 8 53 68 93 134 | 152 | 184 | 203 | 219 | 249 | 277 | 307
9 9 |52a)| 69 94 133 | 153 | 183 | 201 | 220 | 250 | 278 | 308
10 10 51 70 95 132 | 154 | 182 | 202 | 221 | 251 | 279 | 309
11 11 50 71 96 131 | 155 | 181 | 211 | 222 | 252 | 280 | 310
12 12 49 72 97 130 | 156 | 180 | 210 | 223 | 253 | 281 | 311
13 13 48 73 98 129 | 157 | 179 | 209 | 224 | 254 | 282 | 312
14 14 47 74 99 128 | 158 | 178 | 208 | 225 | 255 | 283 | 313
15 15 46 75 100 | 127 | 159 | 177 | 207 | 226 | 256 | 284 | 314
16 16 45 76 101 | 126 | 160 | 176 | 206 | 227 | 257 | 285 | 315
17 17 43 77 102 | 125 | 161 | 175 | 205 | 228 | 258 | 286 | 316
18 18 43 78 103 | 124 | 125 | 174 | 204 | 229 | 259 | 287 | 317
19 19 42 79 104 | 123 | 127 | 173 | 203 | 230 | 260 | 288 | 318
20 20 41 80 105 | 122 | 129 | 172 | 202 | 231 | 261 | 289 | 319
21 21 40 81 106 | 121 | 131 | 171 | 201 | 232 | 262 | 290 | 320
22 22 39 82 107 | 120 | 133 | 170 | 200 | 233 | 263 | 291 | 321
23 23 38 &3 108 | 119 | 135 | 169 | 199 | 236 | 264 | 292 | 322
24 24 37 84 109 | 118 | 137 | 168 | 198 | 237 | 265 | 293 | 323
25 25 36 85 110 | 117 | 139 | 167 | 197 | 238 | 266 | 294 | 324
26 26 35 | 52(6) | 87 116 | 141 | 166 | 196 | 239 | 267 | 295 | 325
27 27 34 65 90 115 | 140 | 165 | 195 | 240 | 268 | 296 | 326
28 28 33 66 92 114 | 144 | 164 | 194 | 241 | 269 | 297 | 327
29 29 32 67 94 113 | 143 | 163 | 193 | 235 | 260 | 298 | 328
30 30 31 68 96 112 | 142 | 162 | 192 | 233 | 255 | 299 | 329




Ta6auna A2 - [Iepuonnyeckas cucreMa xumuyeckux aneMeHToB [1.M.MeHnneneesa

L PYIIIIH SIEMEHTOB
MMEPHO/bI| PAIBI
AR} B I IT IT1 v A% VI VII VIII
1 H 2 He
I 1 |Bomopon Tenuit
A 1,00797 4,00226
3 Li |4 Be|s B|¢6 C|7 N8 [VRE F 10 Ne
II 2 | Jiutmit Bepuunit bop Yrnepon Asor Kucnopon  |®rop Heon
6,939 9,0122 10,811 12,01115 14,0067 15,9994 18,9984 20,183
11 Nal12 Mg| 13 Al |14 Si[15 P|16 S (17 qa 18 Ar
II1 3 |Harpuit Marhuit AmioMunuit | KpemHwuii ®octop Cepa Xiop AproH
22,9898 24312 26,9815 28,086 30,9738 32,064 35,453 39,948
19 K |20 CalSc 21 Ti 22|y 23(Cr 24| Mn 25(Fe 26] Co 27| Ni 28
4 Hil Kanpumit Ckauauit Turau Bananuit Xpom Mapraneiy XKeneso Kobanbt Hukenp
39,102 40,08 44,956 47,90 50,942 51,996 54,938 55,847 58,9332 58,71
v Cu 29|Zn 3031 Gal32 Ge |33 As |34 Se [35 Br 36 Kr
5 |Mems 170518 Tamit Tepmanmii | Mblubsx Cenex Bpom Kpunron
63,546 65,37 - 69,72 72, 74,9216 78,96 79,904 83,80
37 Rb[38 Sr|Y 39|Zr 40[Nb 41| Mo 42 [Tc 43 [Ru 44| Rh 45 [pd 46
6 i Crponumit | UTpwmii upkonuit | Huobuit Momubaen  |Te i HH Ponwmit Mannamuit
Pyﬁwm"ss,n PO uzl;?,sz i 88,905 ep 91,22 92,906 95,94 XHEUHH (99] by 101,07 i 102,905 106,4
A\ 47 48 Cd |49 In|50 Sn|51 Shb|52 Te |53 I 54 Xe
7 | Cepe6 Kagmuit Wnnmit Ornoso CypbMa Te Ho, KceHoH
i plom,ssg 112,40 114,82 118,69 &P 121,75 Myp127,60 s 126,9044 131,30
55 Cs|36 Ba|La* 57| Hf 72| Ta 73|W 74| Re 75| Os 76| Ir 77| Pt 78
8 | Lesmit Bapwii Tadumit Tautan Bonbdpam Penuit Ocwmuii Wpummit Inarnxa
132,905 137,34 138,81 178,49 180,948} 183,85 186,2 190,2 192,2 195,09
VI Au 75|Hg 80|31 T |82 Pb|%3 Bi |84 Po|® At 86 Rn
9 | 3onoro i CauHel Bucmyt TMonommit Actar Pajion
196,967 200,59 204,37 207,19 208,980 [210] 210 [222]
87 Fr |88 Ra|Ac** 89 | Db 104[J1 105[ Rf 106 | Bh 107| Hn 108| Mt 109
VII 10 | ®panumii Pamnit AKTHHH#H JyOHuit Xomnotuit | Pesepdopmmit | Bop MeiiTHepuit
[223] [226) [227) [261] 262] [263] [262] [265] [266]
BBICLIKE R,O RO R,O RO R,O RO R,0O RO
OKCHIIH 2 23 2 2Vs 3 27 4
JIETYYME
BOJIOPO/IHBIE RH, RH, H,R HR
COEJIMHEHUSA
Ce S8|Pr 59|Nd 60 |Pm 61|Sm 62 (Eu 63|Gd 64|/Th 65 | Dy 66/Ho = 67|Er 68/Tm 69|Yb 70{La 71
JAHTAHOMAB® | [1epyjs Tpaseonum | Heomum  (TIpomerwit (Camapuit  |Espommii | Tamomummit| Tepouit | ucrposwif| lonbmuit |Op6uit | Tymuit  |MrrepOuii |Miorewmit
140,12 140,907 144,24 [145] 150,35 151,96 157,25 158,924 162,50] 164,930 167,26] 168,934 173,04 174,97
Th 90[Pa 91[U 92|Np 93|Pu 94[Am  95|Cu_ 96|Bk 97|Cf  98[Es 99 [Fm 100]Md 101|No 102fiy 103
ARTHHORI Topwuit TporaxTHHit| YpaH Hentynumit |TInyronmit [Amepuumii | Kiopuii  |Bepxmit  [Kamndoprui] Diinmmeiinmi epmuit Meﬂnenenm1Ho6emﬁ JloypeHcHit
232,038 [231] 238,03 [237] [242] [243] [247] [247] [249] [254] [253]) [256] [255] [257]
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Tabmuua A3 — Tabnuia pacTBOPUMOCTH HEOPTAaHUYECKUX BEIIECTB B BOJE P KOMHATHOM

TEMIIEpaType

SO4*

S*

PO+*

OH"

NOs

Cr

COs*

CH3;COO | CN

Br

M

Honbl

Mn2+
NH4"
Na*
Ni2+
Pb2+

B aZ+
B eZ+
C a'2+
C d2+
C 02+
Cr*
Cs"
Cu2+
F e2+
F 63+
Hg2+
H g22+
K+
Li*
M g2+

A13+

Rb*
Sn2+
Sr?*
TI*
Zn2+




[Ipogomxenne Tadbmuier A3

S* | SO5* -l cos¥| si0;”| CH3COO-

w2
o
J;I\J
Z
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)—U
S

Hon

o
T
o
HI

H* H

NH;"

Na/K*

M g2+

C aZ+

T | = | v
T T | = | oo

B a2+

AP*

Crt

Zn2+

Mn2+

Co/Ni?*

anjlijanyijenyijan
enljijanylijecylijan
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Fe’t
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alfifanllifanlfac] JaolFasllifas}ias} R al el o=
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Tabmumna A4 — CtanaapTHBIE SJEKTPOHBIC TOTEHITHAEI ((P° ) HEKOTOPBIX METAIUIOB (s

HaInpsHKEHUHN )

OJIEKTPO/ | ¢°,B | OJIEKTPO/J | ¢°,B

Li*/ Li -3,045 | cd** /cd -0,403
Rb* |/ Rb -2,925 | Co*? / Co -0,277
K*/K -2,924 | Ni*? | Ni -0,25
Cs* /Cs -2,923 | Sn*? / Sn -0,136

Ba**/ Ba -290 | pp2/ph -0,127

Ca**/Ca -2,87 Fe*? | Fe -0,037

Na* / Na 22,7114 | 2HY /H -0,000

Mg? /Mg | 237 | Sb2/sb | +0.20

Al Al -1,70 | Bi**/Bi +0,215
Tit? | Ti -1,603 | Cu*?*/Cu +0,34
Zl"+4 /ZI" '1558 CU+ /Cu +0752

Mn? /Mn | -L18 | Hg*?/Hg | 10,79

V2y -LL18 | 4gt/Ag +0,80
Cr*?/Cr 0913 | Ho"?/He | 10,85
Zn** | Zn -0,763 | Pt*2 /Pt +1,19
Cr+/Cr 0,74 | Au*/ Au +1,50

Fe** | Fe -0,44 | Au*/ Au +1,70




Tabmuua AS — ®uznveckne BEIIMYMHBI, UCTIONIb3YEMbIE TIPH PEILICHUH 33/1a4

HaumenoBanue BenuunH Enunuet O6o3HaueHne dopwma 3anucu
U3MEPEHUSI
KonunuectBo BemecTa MOTb v (H10) v (H2S)=1,6 monw
Macca Beniectsa Me, 2, Ke m(CaO) =1,6 ke
m
m(Ca0)=0,5¢2
MosnspHas macca 2/ monw M(CO>) =44 2/ monw
M
e/ monb M (Ca) =40 ke / mons
Mousiprbiii 00beM 2/ monb, . V. =2241/mon=
M [ Moy " 22,4-10% 2 / monw
OGbeM BerecTBa 1. M3 V(H2)=10n1
2 2 V
pactBopa V (HCl)=0,2 »°
[110THOCTB BEILECTBA, 2/ mn, 2/ e, p(H20) =12/ mn
pacTtBopa o) 2 p( po)
p(KOH)=1062 e/ m?
OtHOCHUTETbHAS Oe3pazmepHas D, =22
D 2
IUIOTHOCTh
OTtHOCUTENbHAS aTOMHAs Oe3pazmepHas Ar (Ca)=40
Macca A,
A4.(0)=12
OTtHOCUTENBHAS Oe3pa3mepHas M (CaO) =56
MOJICKYJISIpHAs Macca M, '
M,(0,)=32
MaccoBast ot Ge3pa3mepHast o(KOH) =045
PACTBOPCHHOI'O BCUICCTBA, HIIN O)(ijeza) O)(C) — 80%
3JICMEHTA B COCTUHCHUU %
B /0
Beixon BemecTBa Oe3pazmepHas n(ema) N(NH3) =25%
wm B /0

O0beMHas 101

©(cpu)

©(CHzy) = 0,98 wnu 98%




Tabmuua A6 — @usnueckre MOCTOSHHBIE, UCIIOIb3yEMbIE IIPU PEIICHUH 3a71a4

AOCONIOTHBIN HYTb [TocTosinHas ABorazpo, ITocrosinnas @apazes,

temneparypsi 273, - C 6,02 -10% moav™! 9,65 -10* Kn - monv™!
Hopmanbsnas YHuBepcanbHas ra3oBas CranaapTHBIM MOJIIPHBIN
atMocepa MOCTOSTHHAS 00bEM UIeaTBHOTO ra3a
760 mm pm. cm. 8,31 [oic - monp™! - K~ wm mpu #.y. (0-C, 1 amm)
nim -1 -1 -3 3 -1

0,082 - amm - monv™" - epad 22,4-107° m° - monw
101325 Ila




Tabnuma A7 — KOHCTaHTBI U CTETICHU AUCCOIUAIINH HEKOTOPBIX CIIA0BIX IJIEKTPOIUTOB

DIEKTPOITUTHI ®opmyia YuCoBbIe 3HAYEHUSI CrerneHb AUCCOIHAINH
KOHCTAHT B 0,1 H. pactBOpe, %
JIUCCOIUAIIAH
1 2 3 4
A30THCTas KKCIIOTa HNO, K=4,0-10" 6,4
AMMuaK (THAPOKCHI) NH ,OH K=1,8-107 1,3
MypaBbuHask KMCIIOTa HCOOH K =1,76-10"* 4,2
Ki=5810
-13
BopHas kucnora H, BO, K> =1,8-10 0,007
_14
K;=1,6-10
Ki=7,710 "
—_67.10-8
docdopuas KucioTa H, PO, Kz =6,2-10 27
K3 =2,2-107"13
K =1,7-107
Cepnucras KuciaoTa H, S0, K: ~62-1 08 20,0
K =5,7-107%
CepoBogopoHast H,S 1 0,07
KHUCJI0Ta K :1’2,10—15
I
IMuanoBomopoaHas HCN K =72.10-10 0,09
KHUCJIOTa ’
K =43-10"
YronpHas KUCI0Ta H,C0, Kzl =5,6-10711 0,17
VKCyCHast KCIIOTa CH;COoH K =1,75-10"5 1,3
d1opoBOLOpOaHAL HFE 8,5
KHCIIOTa K=172- 107
XJ10pHOBaTHCTAs HCIO K=3,0-10% 0,05

KHCJI0Ta




Taonuua A8 — HasBaHus coequHEHU M

Texauueckoe Hassanue no XHUMUYECKHE

Ha3BaHUE HOMEHKJIAType dopmyIib

XJ1opua Maraus
bummogur . MgClz -6H >0
6-TH BOIHBIN
MoueBuHa
Kapbomur CO(NH,),
Kayctnueckmuii
Oxkcua maraus (1) M. gO
MarHe3uT
JIuTonoHn

(Oemas xpacka)

Cynb¢hua nuHka

nS

Marse3ut

KapOonar maraus

MgCO,

OKOHHOE CTEKIIO

Cunukat HaTpus

Na, SiO;

TToTarm

KapOonar kanus

K,CO,

CBUHLIOBBIE Oennia

OcHoBHOIi kKapOoHAT

ceuHUA (/1)

Pby(OH ), (CO5),

®ubponuToBas IIUTA

®Topun HaTpus

NaF




MUHHUCTEPCTBO HAYKU U BLICIIIET'O OBPA3OBAHM S POCCUICKOM
®EJIEPALTIN
®EJIEPAJIBHOE TOCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIbHOE
VYPEXJIEHUE BBICIIETO OBPA3OBAHUS
«CEBEPO-KABKA3CKNIT ®EIEPAJILHBIN VHUBEPCUTET»

OO0111as 1 HEOpraHuvyecKass XuMHs

MeToauueckue peKOMeHIAIUN ISl CTYJAE€HTOB 0 BbINOJHEHUIO KYPCOBOii
padoThI

Hanpasnenue noarorosku 04.03.01 Xumus
[Ipodunb: Xumus okpykaroien cpeipl, XMMHUeCcKas SKCIepTU3a 1
AKOJIOTHYecKasi 0€30MacHOCTh

CraBponoJib
2026



Oo01mme mo10KeHUSA

TpeOoBaHuss K BBIMIOTHEHUIO W 3allIUTE KYPCOBBIX palbOT (IIPOEKTOB) B
OI'AOY BO «CK®DVY» onpenensier [lonoxxeHue 06 opraHu3alui U BHITTOTHEHUU
KYpPCOBBIX paboT (IpoekTOB) B (enepalbHOM TOCYJAPCTBEHHOM aBTOHOMHOM
00pa3oBaTEIbHOM YUYPEXKACHUU BBICHIETO0 MPOPECCUOHATBHOIO 00pa3oBaHUs
«Ceepo-KaBkasckuii (heiepanbHbIii YHUBEPCUTET

KypcoBas pabota ansa odyuaromuxcs no HanpasiieHuto noarotoBku 04.03.01
Xumus MO JUCHUMIUIMHE OO0Ias U HEopraHuueckas XUMHUU BbINOJHSAETCS B 1,2
ceMecTpe.

Brinmonnenune KypcoBoil paboOThl (IIPOEKTa) HMMEET IENbI0 PACIIUPEHHE
3HAHUU CTYJIEHTOB MO MNPO(PWIHHBIM XUMHUYECKUM JUCHUIUIMHAM, OOYyuYeHHE
METOJIaM TEOPETUYECKOTr0 aHaIu3a SIBJICHUM M 3aKOHOMEPHOCTEH XHWMHUYECKOUN
HayKH, OTPabOTKy HABBIKOB CaMOCTOSATEIBHOTO TMPUMEHEHUS TEOPETUUYECKHUX
3HAHUU K KOMIUIEKCHOMY PEIICHHIO MPOo(EeCCHOHANBHBIX 3a]ay, MCIOIb30BaHUS
CIIPABOYHOM JUTEpaTypHI, METOJIOB MaTeMaTHYECKOU 00paboTKH
AKCIEPUMEHTAIIbHBIX TAHHBIX, KOMIIBIOTEPHBIX T€XHONOTUNH. CUCTEMON KYypPCOBBIX
paboT (IIPOEKTOB) CTYACHT TMOJATOTABIMBAETCS K BBIMOJHEHUIO BBITYCKHOM
KBaJTU(UKAIMOHHOU PAOOTHI.

KypcoBas pabota siBisieTCs 4acTbl0 HAy4YHO-HUCCIIEIOBATEIILCKOM pabOThI
CTyJICHTa U UMEET IEeJIbI0 3aKPEIUICHHE CTYJEHTOM HaBBIKOB CaMOCTOSITEIBLHOIO
BBITIOJTHEHUS  (QyHIaMEHTalIbHBIX W  MOPUKIAAHBIX  pabOT  MOUCKOBOTO,
TEOPETUYECKOTO U SKCIEPUMEHTAIBHOTO HAMPABJICHUS, BJIAJICHUEM HaBbIKAMU
MPOBEJCHUSI XUMUUYECKOTO HSKCIIEPUMEHTa, OCHOBHBIMM CHHTETUYECKUMHU H
AHAJTUTUYECKUMU METOJIaMHU TMOJYyUYECHUSI U UCCIEAOBAHUS XUMHUUYECKUX BEIECTB U
peakiui, paboThl ¢ OPUTHHAIBHON JHUTEPATYypoll — MOHOTpadusiMU, CTaThbsIMU B
Hay4YHBIX JKypHaiax, paboTel C pedepaTUBHOM JHUTEPATYypoOil, a TaKKe

MpeCTaBICHHs MaTepuaia B 00IenpuHsATON (opMe HAYYHOTO OTYETA.

TemarTuka KYPCOBbIX paﬁoT.



OnHuM M3 BaXXHBIX KOMIIOHEHTOB NPH BBHINIOJIHEHUU KYpCOBOW pPalOOThI
ABJISIETCA ~ ONpeJeieHue TeMaTuKU. TeMaThka KypcOBBIX pabOT sBISIETCS
aKTyaJlbHOM, OTBEYAeT Y4yeOHBIM 3aJlauaM JUCLUUIUIMH HEOpraHu4eckas XUMUS, a
TaKkKe MOTPEOHOCTSIM HAyKW M TMPAKTHUKU. AKTYalbHOCTb TEMAaTUKU KYpPCOBBIX
paboT 0O0YCJIOBIIEHa HAay4YHOCTbIO, COBPEMEHHOCTBIO M HANPABIECHHOCTBIO K
MOJIYYEHHUIO CTYJACHTAMHU HAaBBIKOB CaMOCTOSITEIbHON TBOPUYECKOM W HAYy4YHO-
UCCIIEeIOBATENBCKON pabOTHI.

TeMbl KypcOBBIX PabOT (IIPOEKTOB) SIBISIOTCS KOMIUIEKCHBIMU, T.€. COJAEPKaT
pS B3aUMOCBSI3aHHBIX MEXKJYy cOOOW MpoOJieM W ONUparoTCs Ha (akTUuecKui
Matepuan NpoPUIbHBIX NPEANPUITUN U YUPEKICHUN XUMUYECKOro mpodus, a
takke Ha utoru HUWP crtynentoB, Ha HayuHble palOOThl 4IEHOB Kadeapsl,
CTYJICHUYECKUX HAYYHBIX KPY>KKOB U MPOOJIEMHBIX TPYMI; UCIOIL3YIOT HOBEUIIINE
JOCTHKEHUS OTEUECTBEHHON W 3apyOeKHOW HAyKH, aKTyaJlbHble MNPUKIAIHBIC
ACTIEKTHI.

TeMbl KypcOBBIX palOOT (IPOEKTOB) YTBEPKAAIOTCS Ha 3acelaHuu Kadeapbl
XUMUH, B T€UEHUE 2-X HEJNeNb IMOCIe Hayalla CeMECTpa, 3aTeM pacropsiKEHUEM
MHCTUTYTa 00 YTBEPKJACHUU TEM KYPCOBBIX pabOT (IPOEKTOB).

OcHOBHBIE cOJIepKATEIbHBIE U MPOIECCyalbHbIE ACMEKThl, HEOOXOAUMBIE
JUTsL BBITIOJHEHUsI paboThl, opopMisitoTcs Kadeapod B 3aJaHUAX MO KypCOBOMY
MpOEKTUpPOBaHMIO. B 3amanusax detko ¢opmynupyercs Tema padoThl (MPOEKTa) U
TpeOOBaHUs, ONPEACIISIONINE €€ 00BEM, COJIep)KaHue, a TAK)KE UCXOJIHBIC TaHHBIEC.

Hayuno-uccnenoBaTenbckyro paboTy M0 TeMaM KypPCOBBIX TPOEKTOB CTYACHT
BBITIOJTHSIET B JIabopaTopusix kadeapsl xumuu. Pabotath ¢ HaydHOU JUTEpaTypoit
CTYJIeHT MOXeT B Oubnunoreke CKOY.

Kaxxnpiii oO0yyaromuiicss ©MeeT JoCTyll K 0a3aM JaHHBIX U OMOJIMOTEUHBIM
dbongam. Jliis caMOCTOATENBbHOW MOATOTOBKHM K KYpPCOBOMY MPOEKTHPOBAHUIO
oOyuaroiuecs: o0ecrieueHbl T0CTynoM K cetu MIHTepHeT.

bubnuoreunsii OHI YKOMIUIEKTOBAH MEYaTHBIMU W/WIIHA 3JIEKTPOHHBIMU
W3IaHUSIMA OCHOBHOM Yu€OHOM JIUTepaTyphl IO BCEM TUCIUIUIMHAM, U3/JAHHBIMHU 32

nocneanue 5 aet. @oHJ TONOTHUTENIBHOMN JTUTEpaTyphl TOMUMO YYEOHON BKITIOYAET



oduiUaNbHbIE CIPAaBOYHO-OUOINOTpaPUUIECKIE U IEPUOINUECKUE U3TaHUS.
Kaxnomy oOyyaroiiemycst o0ecreyeH 10CTyI K KOMIIEKTaM OUOIuOTEYHOTO

(doHIa, COCTOSIETO U3 OTEUECTBEHHBIX U 3apyOECKHBIX XKYPHAJIOB U3 CJIEIYIOLIErO

MIEPEYHSL:

I. buomeauuHckas Xumus

2. Bompocsl  Ouonormdeckoil, MEIUIMHCKONM U  ¢apMaleBTUUECKON
XUMUU

3. JKypHau npukinagHoOu CIEKTPOCKONTUN

4. Kypnan ¢uznueckoit Xumun

5. M3Bectus BbICHIMX Y4Y€OHBIX 3aBeAEHUN. XHUMHS M XUMHYECKas
TEXHOJIOTHSI

6. Komonnas xumust

7. Hanorexnonoruu: pa3paboTka, IPUMEHEHHE - XX1 BEK

8. Hedrexumus

9. Poccuniickne HaHOTEXHOIOTUN

10.  VYcnexu xumumn

I1.  XuM#us reTepoUrKINYECKUX COCTMHEHUI

12.  XuMmus OpupOAHBIX COCTUHEHUIN

13. Xumwuko-hapMmareBTUUECKUH Ky pHal

B CK®VY ob6ecneunBaeTcs IOCTYN K COBPEMEHHBIM HH(OPMAIIMOHHBIM
pecypcam:

- Poccrara — www.gks.ru;

- MeXAyHapoaHas pedepaTuBHas 6a3a JAHHBIX — WWW.SCOpUS.com;

- DJIGKTPOHHO-OMOMMOTEUHAs] CUCTeMa «YHUBEpCUTETCKas Oubiamorexa

OHJIAH» — www.biblioclub.ru;

- 3JICKTPOHHO-0MOMMoTeuHas cucrtema «Jlaap» — e.lanbook.com;

- Hay4Has 3JIeKTpoHHas OubnauoTeka e-Library — elibrary.ru

Copaep:xaHue u CTPYKTYpa KypPCOBbIX padoT (IIPOEKTOB)



KypcoBast pabota (IpoeKT) A0JKHA COAEPKATH JIEMEHTHI HOBU3HBI, HAPSTY
¢ (pyHIaMeHTaIbHBIM aCMEKTOM JOJKEH OBITh MPOBEJICH aHAJIU3 COBPEMEHHOIO
COCTOSIHUSI M3y4aeMol mpobisiembl. B cBs3M ¢ uem, 3ajaHue Mo KypcoBoil pabote
(IpoeKTy) WHAMBUIYATU3UPOBAHO C YYETOM HHTEPECOB M CHOCOOHOCTEH
CTYJICHTOB.

KypcoBas pabora (IIpoeKT) J0JKHA COCTOATh U3 BBEJCHUS, TEOPETUUECKOM
YacTH, SMIIUPUUECKON (TPAKTUUECKOM) YacTH, 3aKIFOUCHUS, CIIUCKA TUTEPATYPhl U
NpUiIoOKEeHUsl. B OTAENbHBIX clly4asix, B COOTBETCTBUM C TEMATHUKOW pabOThI
(mpoekTa), SMOUPUYECKast YaCTh MOXET OTCYTCTBOBATb.

TutynbHbeli nHCT odopmisieTcsi B cooTBeTcTBUM C [lonoxkenne 00
OpraHu3allid U BBIMNOJHEHUH KYpCOBBIX paboT (MpoekToB) B (denepanbHOM
roCyJJapCTBEHHOM  aBTOHOMHOM  OOpa3oBaTEIbHOM  YUPEXKIEHUU  BBICIIETO
po¢eCCUOHAIBHOTO oOpazoBanus  «CeBepo-KaBkaszckuii  QeaepasibHbIi
YHUBEPCUTETY

Bo BBemeHun  OOOCHOBBIBAE€TCS  aKTyalbHOCTb  BBIODAHHOW  TEMBbI
UCCIIEIOBAHUS; OTPAXKAIOTCA OOBEKT, MPEAMET, 3aJauu, IeJIM, METOJIbl, HOBU3HA,
TEOpEeTUYECKas U MpaKkTUUeCcKas 3HAYUMOCTb UCCIIEIOBAHMUS.

TeopeTrnueckass 4acTh [OJKHA COJIEPKATh AHAIU3 COCTOSIHUSI U3y4aeMOH
npoOJjieMbl Ha OCHOBE 0030pa Hay4yHOU, HAy4YHO-WUH(POPMAIIMOHHOM, CIIPaBOUYHOM
nutepatypsl. [IpencTaBieHHbIN MaTepuall 10IKEH ObITh IOTUYECKU CBS3aH C LEIbIO
uccnenoBanus. B maparpadax TeopeTHyeckoil uacTH HEOOXOAUMO OTPaAXKaATh
OT/IeJIbHbIE KOMIIOHEHTHI TPOOJIEMBI M 3aBEPILIATH UX BHIBOJIAMHU.

Omnupudeckast (ImpakTHUecKas) YacTh BKJIIOYAET OMNUCAHHUE CHUCTEMBbI
AKCIEPUMEHTAIILHOTO HUCCIEOBaHUsl, OOOCHOBaHUE METOJIOB HCCIEIOBAHUS,
aHaJu3 Pe3yIbTaTOB IKCIEPUMEHTAIBLHOIO UCCIEAOBAHUS, CXEMBI, IpaduuecKue u
MaTeMaTU4YECKHE CIIOCOObI HHTEPIPETAIIMU MTOTYUYESHHBIX JAHHBIX, BHIBOJIBI.

3aKIII04eHUE COJEPKUT BBIBOJIBI, MOJTBEPKIAIOIINE WU OIMPOBEPraroiime
MepBOHAYAJIbHbIE MPEANONOXKEeHHUST (TUMOTE3bl), MNEPCHEKTUBLI JaIbHEHIIEro
M3y4eHHs] TPOOJEMBbI, CBA3b C MPAKTHUKOM, aHAIW3 peanu3aluy Lelied U 3aaad

HCCIICOOBaHUA.



Cnoucok nuTepaTypbl JOJDKEH OBITh COCTABI€H B COOTBETCTBUU C
tpedoBanusimu ['OCTa k opopmienuto oudanorpaduu.

[IpunoxxeHue coliepKUT BeCh (HaKTUUECKUN MaTepual SKCHEPUMEHTAIbHBIX
UCCIIEIOBAHUM (CXEMBbI, UePTEkKHU, pACUETHBIE MATEPUAJIbI, PUCYHKHU H T.11.).

KypcoByto paboTy(mpoekT) pekoMeHayeTcsl MpeAcTaBisiTb B o0beme 1-2
MEYaTHBIX JUCTa. TeKCT pabOThl JOJIKEH ObITh HaleuaTaH depe3 1,5 nHTepBasia Ha
OJIHOW CTOpPOHE CTaHJIapTHOro jucra Oenmoit Oymaru (A-4). TekcT u apyrue oT-
MeyaTaHHbIE IEMEHTHI Pa0OThl JOJKHBI OBITh YEPHBIMHU, KOHTYPHI OYKB M 3HAKOB
yeTkumu, 0e3 opeona u 3areHeHud. llpudrt Times New Roman, kerens 14.
Ha3zBanus rnmaB u maparpadoB BBIACHSIOTCS MNONYXKUPHBIM mipudTom. Jluct c
TEKCTOM JOJKEH UMETh oJst: ciaeBa —30 mm, cipaBa —10 MM, cBepxy —20 MM, CHU3Y
—20 mM. Hymepanusi cTpaHull TeKCTa JieNlaeTcsl B MPABOM HUKHEM YTy JIUCTA.
[IpocTaBnaTh HOMEp CTpaHUIBI HEOOXOJWMO CO CTpaHUIIbl, TJle Me4yaTaeTcs
«BBenenue», Ha koTopou craButca mudpa «3».Ilocne »Toro HymepyroTcs Bce
CTpaHUIIbl, BKJIFOYAsi IPUIIOKECHUSI.

Mexay Ha3BaHMEM TJIaBbl M Ha3BaHHWEM maparpada 3TOH TJIaBbl CTAaBUTCS
npoOeJl paBHBIN JBYM MHTEpBajaM, a Ha3BaHUe maparpada He JTOJKHO OTIENSAThCS
OT TeKCcTa 3Toro maparpacda mnpobemom. Hazpanus maparpadoB OTHEISIOTCS OT
TEKCTa Mpeapiayiero naparpada nmpodenom, paBHbBIM JIByM uMHTepBaiaM. Kaxmas
rJlaBa, a TaKXKe BBEJCHUE, BBIBOJbI, MPUIIOKEHUS U CIHCOK HCIOJIH30BAHHOM
JTUTEpaTypbl HAUMHAIOTCS ¢ HOBOM cTpanuilbl. CioBo «I'maBa» He numercs. [ aBbl
HMMEIOT TOPSIKOBBIE HOMEpa B Ipejesiax Bceil paboThl, 0003HauaeMble apabCKUMU
uudpamu (Hanpumep: 1,2,3), mocne KOTOPbIX cTaBUTCA Touka. CiaoBo «maparpad»»
WJIU 3HAa4OK maparpada B Ha3BaHUU He cTaBarcs. [laparpadsl UMEIOT MOPSIKOBBIE
HOMEpa B Mpejeliax riaB, 00o3HayaeMble apadbckumu nudpamu (Hampumep: 1.1. u
1.2.). 3aronoBku 171aB U naparpadoB B TEKCTE paOOTHI JOJDKHBI PACIOiaraThCs Mo
LIEHTPY, TOUKY B KOHIIE Ha3BaHUsA TJIaBbl U naparpada He crapsat. He monmyckaercs
MEPEHOCUTD YaCTh CJIOBA B 3ar0JIOBKE.

Hym™mepanus Tabaui 1 puCyHKOB MOXKET OBITh CKBO3HOW MJIM COOTHOCHUTBCS C

HOMEpOM TJiaBbl U naparpada. Hanpumep, eciin Tabnuiia Wiiv pucyHOK BKITFOUEHBI



B TEKCT MEpBOro maparpada BTOpOM TIJaBbl, HyMepauus cieayromas: Tabnuia
2.1.1., puc. 2.1.1. Ilocnennsist udpa o3HAYaET MOPSAIKOBBII HOMEp TaOJIUIIBI (WIIH
pucyHka) B nanHoMm mnaparpade. TaOnuiia momeniaeTcs B KayecTBE CIEAYIOIIECH
CTpaHUIIbI IOCJIE IEPBOTO YIIOMUHAHHUS O HEHM B TEKCTE.

KypcoBas paboTa ckiiaipIBa€TCsl U3 HECKOJIBKUX YacTei

llepsas yacme KypcoBOU pabOTHI 3aKIF0OYAETCS B HAITMCAHUU JTUTEPATYPHOTO
o030pa Ha TeMy, ONpENEISEMYyI0 MpENoAaBaTEIeM U  CBSI3aHHYIO C
BBITIOTHSIEMON CTYJICHTOM CHUHTETHYECKOM 4acThio paboThl. Tema 0030pa oTpakaeT
100 cnocoObl MOMYYEHUsI U CBOMCTBA KJlacca COSUHEHUM, BXOAIIUX B OAHY U3
CTaJui SKCIEPUMEHTAILHOU pabOThI, TMOO TUI PEAKINU, XapaKTEPU3YIOIIEH OHY
u3 craguid  skcrnepuMmeHTa. COOTBETCTBYIOIIAs JIUTEpaTypa MOMKET ObITh
PEKOMEHJ0BaHa MPENoJaBaTeIeM WIH CaMOCTOSTENIbHO HaliJIeHA CTYIEHTOM.

Bmopas yacms xypcoBoi pabOThI 3aKJII0YAETCS B OTBICKAHUU UMEIOILUXCS B
MUPOBOM XMUMHUYECKOW (crpaBouyHONM W pedepaTUBHON) JIUTEpaType NaHHBIX IO
METOJlaM TOJIyYEHHUs, CBOMCTBAM M MPEBPAILEHUSIM OJHOTO U3 H3y4YaeMbIX HIIH
CUHTE3UpyeMbIX BemiecTB. [Ipu moabope auTepaTypHBIX JaHHBIX, KPOME XOPOIIO
n3BeCTHbIX “‘CropaBouHHMka xuMmuka’, “Kparkoro copaBOYHHMKA XHUMHUKaA,
“CHyTHMKA XMMHKA™, CTYAEHTY PEKOMEHIYETCS MOIb30BaATHCA “CUCTEMATUYECKAM
CIIPaBOYHUKOM IO opraHudeckou xumuun’ benbireiina(Beilstein Hundbuch der
Organische Chemie), pedepaTuBHbIMU KypHaiamu “Xumus’, “Chemical
Abstracts”, “YkazareneMm npenapaTUBHBIX CHHTE30B OPTaHUYECKUX COCAUHECHHUI’
(A. M. Jlepuep, A. U. bepaun, H. M. CnaBaueBckas).

Tpemvsi uyacms 3aKIIOYAETCS B AaHAJIW3€ WM BBIIOJHEHUH CUHTE3a
COOTBETCTBYIOIIMX XUMUYECKUX COCJUHEHMSI 1O HUMEIOMIUMCI B XUMHUYECKOU
JUTEPATYpE METO/IaM CHUHTE3a JAHHOT'O BEILECTBA WM €ro OJIM3KUX aHaJOroB. JTa
4acTh Pa0OThl MOKET BBIMOJHATHCS MOTHOCTHIO WJIM YaCTUYHO B yueOHOE Bpems.
HUtoroM 3Toil yacTu palbOTHI SIBISETCS claya MPErnofaBaTell0 TEOPETHYECKOro
MaTepuana WIM CHUHTE3UPOBAHHOIO BEIIECTBA, WHAMBUIYAIbHOCTh U CTPOCHHUE

KOTOPOI'0 HCUYCPIBIBAIOIIC ITOATBCPIKACHBI, B YaCTHOCTH (I)I/IBI/IKO—XI/IMI/I‘IGCKI/IMI/I



METOJaMU aHaJIh3a, METOJaMU KAa4eCTBEHHOTO U KOJWYECTBEHHOTO aHaju3a,
cnekTpanbHbiMu MeToaamu (UK, macc u AMP-cnekTpockonun).

Omuem no Kypcogou pabome NOMKEH COCTOSITh U3 CIEAYIOIMIMX YaCTEH:

1. Bsederue, B KOTOPOM H3JIaraeTcs 1eJib padoThl U COOOIIAIOTCS CBEACHUS O
HEKOTOPBIX CBOMCTBAX M3y4aeMOT0 WJIM CHUHTE3UPYEMOIo BellecTBa (WM Kiacca
COEIMHEHU, K KOTOPOMY OHO MPHUHAJICIKUT ), 00YCIIaBINBAIOIINX MPOSBISIEMBIN K
HEeMy UHTepec. BBeaeHue  JODKHO  ObITh  KpaTKUM W HarjIsHO
JE€MOHCTPUPOBATh 3a4€M IIPOBOJMIACH 3TA PAdOTa;

2. Jlumepamypusiii 0030p, B KOTOPOM TPUBOIATCS U OOCYXKIAIOTCS
IUTEepaTypHbIe JaHHBIE MO TeMe pPaboOThl, a TaKXKe MO METoJAaM IMOJIy4YeHHS,
CBOMCTBaAM U TMPUMEHEHHUIO BEIECTBA, KOTOPOE HM3YyYaeTCs WU CHUHTE3UPYETCS
CTYICHTOM 10 OpUTHHAIbHOW MeTonuke. [Ipu mombope nuTepaTypbl MOXKHO
UCIOJIB30BaTh YYE€OHUKHU, MOHOrpaduu UM OO30pHBIE CTAaThbH, TAE HUMEIOTCS
CCBUIKM Ha JuTeparypy. JlureparypHeiii 0030p HE JOJKEH ObITh (PopMalibHOM
CBOAKOW  juTeparypbl.  HeoOxoaummo ~ KpUTHYECKM  MPOAHATU3UPOBATH
JTUTEepaTypHbIC JaHHBIE U HA ATON OCHOBE C(hOPMYJIHUPOBATH BHIBOIbI, OTPAKAIOIINE
COOTBETCTBEHHYIO CPAaBHUTEIBHYIO OLICHKY PACCMATPUBAEMbIX CBOWCTB U METOJIOB
CUHTE3a.

JluTepaTypHblii MaTepuana HACTOSTEIBHO PEKOMEHIYETCS HILTIOCTPUPOBATh
cxemamu peakuuil. Kaxaomy W3 ynoMHUHAeMbIX COEIMHEHMH HEOOXOAMMO
MPUCBOUTH HOMEp (0OBIYHO apalOckoil 1U@poi). DTO CUIBHO YIPOIIAET €ro
YIOMUHAHUE B TEKCTE, OCOOCHHO €CJIM HOMEHKJIATYpHOE Ha3BaHUE JOCTATOYHO
rpOMO3/IKO. B MOMOOHBIX cllyyasix MOXHO HCIOJIb30BaTh (POPMYITUPOBKH THUIA
“...keToH 10 mpu B3auMojaecTBUU ¢ aMMHOM 12 obOpasyer eHamuH 13..”. B ToM
cilydyae, €Cli COEAUHEHHE HEeOOXOIMMO Ha3BaTh (HAMpPUMEDP, €CIU peyb HJET O
COCIMHEHUU, CUHTE3UPYEMOM CTYACHTOM) CJIEAYeT MPUMEHSTh E€IUHYIO
HOMEHKJIATYpPY, U1l YEr0 PEKOMEHAYETCS MOJIb30BaThcsl HoMeHkarypori MIOITAK
JUISL HEOPTaHMYECKUX U OPraHMYECKUX COeAUMHEHUM. [[ns yTouHeHusT Ha3BaHUS
MOXHO OOpaTUTHCS K CIIPABOYHBIM M3JaHUSIM WUIIM WCIOJIb30BaTh CYIIECTBYIOIINE

AJIA 3TOro0 KOMIIBIOTCPHEBIC ITPOrpaMMEIL.



Cnenyer mpUMEHATh CKBO3HYIO HyMEpallUIO CChUIOK MO Bceil paboTe — OT
MIEPBOM U 10 MOCIEAHEN. ITO 03HAYAET, UTO MPU MTOBTOPHOM LIUTUPOBAHUU KAKOM-
100 pabOThl COXpaHsAETCs] TOT HOMEP CChUIKU, KaKUM OHa OblIa 0003HauY€HA MpuU
nepBoM ynomMuHaHuu. CCBUIKM Ha JUTEpaTypy B TEKCTE CleayeT JaBaTh B
KBaJpaTHBIX CKOOKax, Hampumep [2], n1ub00 B BHUJE HAJACTPOUYHOIO HHJIEKCA,
Hanpumep’. Eciu 1o kakoii-mu60 IpuuuHE yAaI0Ch 03HAKOMUTBCS ¢ pabOTOM JIUIIb
no pedepary, TO cChlIKa JOJDKHA 0053aTENIBHO MOCJEN0BATENIbHO YKa3bIBaTh KaK
OpUTHMHAJIBHYIO CTaThl0, TaKk W pedepaTuBHbIA XypHal, B KOTOPOM IOMEIIEH
pedepar;

3. Obcyorcoenue nonyuyeHHvX  pe3yibmamos TOCBAIIAETCS  ONUCAHUIO
BBITIOJTHEHHOM PabOThl U OOCYXKIEHUIO TOJYYEHHBIX pe3ylbTaToB. llocTpoeHue
ATON 4acTu ompenenserca crnenudukoil paboThl U COOOPAKEHUSIMU aBTOpa O
HauOojiee ONTUMAJILHOM BapuaHTe TMoJauyd wmaTtepuaira. B To ke Bpems
MPECTABIACTCS 11€JI€CO00pPa3HbIM  MPUACPKUBATHCA  CIEIYIOIMIUX OCHOBHBIX
MPUHIUIOB TOCTPOEHUS JTOro pasnuena. B mepByr ouepeib, Ha OCHOBE
pEe3yIbTaTOB KPUTUUECKOTO aHAJIM3a OMHCAHHBIX B JINTEPATypE METOJIOB CHUHTE3a
000CHOBBIBAETCS BEIOOP HCMOIB30BAHHOIO B pab0Te crioco0a MOJy4YeHHs LIEJIEBOT0
coequHeHusa. B ToM ciydae, eciaum paboTa MOCBAIEHA H3YYEHUIO XUMUYECKHUX
CBOMCTB KaKOro-au6o COCMHEHUSI, cleayer MPOJIEMOHCTPUPOBATH
1e71eco00pa3HOCTh 3TOM PadOThI, ONMUPaAsCh HA JaHHBIE, U3JI0KEHHBIE B 0030pe
nutepatypsl. [lanee mpuBonmsTcs HaubOojee CYIIECTBEHHBIE CBEICHHH O
BBITIOJTHEHHBIX  JKcrmepuMmeHTax. Ocoboe  BHUMaHUE  CIEAyeT  YAEIUTh
MOATBEPAKIACHUIO WM JOKa3aTEIbCTBY CTPOCHUSI MOJYUYEHHBIX COCIUHEHUN Ha
OCHOBE METOJO0B Kaue€CTBEHHOTO M KOJUYECTBEHHOTO aHaJM3a, UX CIEKTPaIbHbIX
xapaktepuctuk. ClieyeT MPUBECTH TMOJIHYI0 MHTEPHPETAUI0 MNPUBEIECHHBIX
CIEKTPOB,  JIOKA3bIBAIONIYKD  HallMuUWe  ONPEACICHHBIX  HEOPraHUYECKHUX
IPYNIHUPOBOK,  BJIEMEHTOB, (PYHKIMOHAJIBHBIX TPYII  OPraHUYECKUX U
HEOPTaHUYECKUX COCAMHEHUM UM (ParMEHTOB B COCTABE MOJIEKYJbl, Ha

OCHOBAHHMHM 4YCro MOKHO ACJaTb BBIBOA O €€ CTPOCHHMH. Pa3nen 3aBCPIIaCTCA



00CYXJIEHUEM TMOJYyYEHHBIX pPE3yJIbTATOB B COMOCTABIECHUU C JIMTEPATYPHBIMU
JTAHHBIMU,

4. DKCnepumMeHmanbHas 4acmo

[Ipu odopmnenue »5Toif 4YactTu pabOTHI CIEAYEeT PYKOBOACTBOBATHCS
MpaBWIaMHl NPUHSATBIMU JJis MyOJIuKaluu ctaTted B xKypHaie, Heopranmueckas
xumus, Oprannyeckast XumMusi, XUMHs T€TEPOLUKINIECKUX COEAUHEHUN U JPYTHUX,
COOTBETCTBYIOIIMX TEMATUKU KYpCOBOTO NMpPOEKTa. B Hauane skcrnepuMeHTanbHOU
YacTH MPUBOJATCS Ha3BaHUsl MPUOOPOB, HA KOTOPBIX 3aPErUCTPUPOBAHBI (PUZHKO-
XUMUYECKUE XapaKTEPUCTUKH  BEIIECTB, YKa3bIBAlOTCS JUOO HCTOYHUKHU
WCIIOJB30BAaHHBIX ~ HETPUBUAIBHBIX  pEareHTOB (HampuMep "KOMMEpYECKHe
npenaparsl, Ha3Banue GupmbI'"), TMOO AAIOTCS CCHUIKM Ha METOAUKU UX MOTYUEHHUS,
MeTOIuKN uaeHTU(uKanuu BemecTB. Kaxaplii maparpad skcrnepuMeHTaIbHOMN
YaCTH, ONMKUCHIBAIOIINAN MOJIYYCHUE KOHKPETHOTO COECIMHEHUS, JOJKEH COAEPKAaTh
€ro noJiIHoe HauMmeHoBaHue 1o HoMmeHkiarype MIOITAK u ero nopsiakoBeiil HOMEp.
JInst Bcex BIEpBbIE CUHTE3UPOBAHHBIX COEJAMHEHUNW HEOOXOAUMO MPUBECTH
JIOKA3aTeNbCTBA MPUMKUCHIBAEMOT0 UM CTPOEHHS U JTaHHBIE, TO3BOJISIONINE CYAUTh
00 UX HHIUBUIYAIBHOCTH U CTEMEHU YUCTOTHL. B YaCTHOCTH, MOJKHBI OBITH
MPEJICTABICHBl JAHHBIC JJIEMEHTHOTO aHAJIN3a WM MacC-CHEKTPhl BBICOKOTO
paspemenns u crnektpel SAMP 'H wu "BC. Jlis M3BecTHBIX BELIECTB,
CUHTE3UPOBAHHBIX OMYOJMKOBAaHHBIM paHEEe METOAOM, JOJKHA OBbITh MpHUBEACHA
CCBUIKA Ha JIUTepaTypHbIEC JaHHbIE. J{J11 U3BECTHBIX BEIIECTB, MOJIYYEHHBIX HOBBIMU
Wi MOAU(MUIIMPOBAHHBIMM METOJIaMH, JIOJKHBI OBITH TPEJACTABICHBI HX
duznyeckue U CHEKTpPajJbHbIE  XapaKTEPUCTUKHU, HCIOJIb30BAHHBIE IS
MOATBEPXKACHUS HMACHTHUYHOCTHU CTPYKTYpPbl, METOJ CHHTE3a W CCbUIKAa Ha
JTUTEepaTypHbIC TaHHBIC.

[IpuBeTcTByeTCSI  MCHOJB30BAHUE  CTAHAAPTHBIX  COKPAIICHUWA  WIIH
OJIHO3HAYHBIX MOJEKYJSAPHBIX (GOPMYII JJIsl PEarecHTOB U PacTBOPUTENEH, a TakKe

nuPpoBrIX MUPPOB BMECTO XUMHYECKUX Ha3BaHUW HJ1 HACHTU(PUKALUU

* B COOTBETCTBMM C NPaBUAaMM KypPHaa XMMWA reTepoLIMKANYECKNX COBANHEHMI
http://www.osi.lv/hgs/Pravila_HGS_2014-09_published.pdf



MCXOJHBIX BEIIECTB U MPOMEXKYTOUHBIX MPOAYKTOB. Ilpu coueranuu nudpoBbIX
muppoB ¢ OYKBEHHBIMH MHJEKCAMH UCIOJb3YIOTCA OYKBBI JaTUHCKOTO ayi(paBuTa.
[Ipu ynoMuHaHUY OJIHOTO Ha3BaHUS COeIUHEHUS UG JaéTcs B ckoOkax. Hemp3s
ynoTpeosaTs mudpsl 6e3 00001Iaroero cioBa (HanpuMmep: "peaxius CoOeTUHEHUs
2d ¢ amugom 3", Ho He "peakmusa 2d c 3"). CTepeoXMMHYECKHE CUMBOJBI U
MPUCTABKU, XapaKTEPU3YIOIIUE CTPYKTYpHbIE OCOOCHHOCTH WJIM IOJIOKEHHE
3aMEeCTUTENsI B MOJIEKyJie, cleayeT HabupaTh KypcuBoM (italic), mampumep: (R)-
SHAHTUOMEp, mpem-OyTUi, napa- Kcuiaoi. BMmecTo TpoMO3AKUX Ha3BaHUI
HEOPTaHMYECKUX U YacTO YIOTPEOJISIEMBIX OPTaHUYECKUX COCAMHEHUU CIETyeT
naBatb ux (opmynsl, Hampumep NaBr, TsOH Bmecto OpomMun Hatpus,
TOJIyOJICYIb(OHOBAS KUCIIOTA.

Onucanue 3KCIEPUMEHTOB B ODKCIEPUMEHTAIbHONW YacTU JOJIKHO OBITh
HaIMKUCaHO B HACTOSIIIIEM BPEMEHU (KUIIATAT, CYIIAT U T. [1.). B uncnax npobHas yacthb
OTHENAeTCs OT IMenod Toukoil. Macca BBEAEHHBIX B PEAKIHUIO pPEareéHTOB
MPUBOJUTCS B rpaMMax (MHJUTUTpaMMax) ¢ 00s3aTeIbHBIM YKa3aHUEM KOJIMUeCTBa
B MOJIIX (MUJTUMOIIX ), Hanpumep: "...103 mr (1.0 Mmmounb) 2-3THHWINUPUIUHA...".
Brixoapl coenquHeHU TPUBOASATCA B rpaMMax (MWIIUTpaMMax) U B MPOIECHTaX.
[IpennoutuTenbHee UCIIONB30BATh 1IeNble uncia, HanpuMep: "Boixon 93 mr (78%)"
BMmecTo "Bbixoa 0.093 r (78%)". B smnupudeckux OpyTTo-hopMyliax 3JI€MEHTHI
pacnonararotrcst mo cucreme Chemical Abstracts: C, H wm nmamee coriacHo
natuHckomy andasuty. Ilpu omucaHMM HCHOJIB30BAHUSI TOHKOCIOWHOW U
npenapaTuBHOM xpomaTtorpaduu JOJDKHBI OBITh yKa3aHbl Kak COpPOEHT, TaKk H
AMt0eHT. PUBNYECKHE U CIEKTPaJbHbIE XapPAKTEPUCTUKHU OOJIBIIOTO KOJIMYECTBA
ONHOTUIHBIX COEAMHEHUU pexoMeHayerca oGopMiIsTh B BUIE TaOJwIl.
YnoMuHaemble B 3arojioBkax rpad TaOJHIbl BEJIMYUHBI JOJKHBI Yepe3 3aliTyro
CONPOBOXK/JIAThCS yKa3aHUEM, B KaKUX EIMHUIAX OHHM BBIPAXKEHBI (HaMpUMeEp:
"Beixon, %").

OU3NKO-XUMUYECKUE XapaKTEePUCTUKHU BEIIECTB HEOOXOJAMMO YyKa3aTh B
HIDKe- MPUBEAEHHOM Nopsiike. BHeNIHMI BUA, TeMIieparypa MmiaBieHus U KUTICHHUS.

Jns  KaXAoro KpUCTAUIMYECKOTrO IMPOJAYyKTa CIEAYET YKa3blBaTh JAUAINa30H



TeMIEepaTypbl IUIABJICHUS BMECT€ C pPACTBOPUTEIEM, HCIOIb3YEMBbIM MpHU
nepekpuctauzanuu. Hanpumep '"xkéntele urael, T. mwi. 78-80 °C (EtOH)".
AHQJIOTUYHO JJiI1 KUJKUX TMPOAYKTOB — TeMIlepaTypa KHUIICHUS, HampuMmep
"OecupeTHoe Mmacio, T. kum. 126-128 °C (10 MM prt. c1.)". g HU3BECTHBIX
COEIMHEHUN HEOOXO0IUMO yKa3aTh U JuTepaTypHble gaHHbie: " T. 1. 200-202 °C
(2-PrOH) (t. 1. 202-203 °C (EtOH)'%)".

UK n YO cnekrpsl. B s3xcnepumentansaoi yactu 1t MK u YO criektpos
JOJDKHBI  OBITh YKa3aHbl XapaKTePUCTUYECKUE YACTOThl IOJOC, JJIUHBI BOJIH
MaKCUMYMOB TOTJIONIEHUS, KOA(DPUIUEHTHI SKCTUHKIUU (WM UX JIoTapu(Mbl) U
YCJOBUS, TIPU KOTOPBIX 3aMUCAH CIEKTP.

Ipumepor 3anucu: IK cnextp (ToHkui cnoit), v, cMm—1: 1650 (C=N), 3200-
3440 (O—H). Y® cnextp (EtOH), Amax, um (Ig €): 242 (4.55), 380 (4.22).

Cruextpst IMP 'H u ¥C. [JomkHBI 6BITh yKa3aHbl pabouas yacToTa npubopa,
WCIMOJIb30BaHHBIN CTAHIAPT U pacTBOpuTeNb. Ecnu nida criektpoB AMP B kauectBe
cTangapTa ucrnonszyercs He TMC, ciienyeT yka3aTb XUMHUECKUN CIIBUT CTaHAapTa
B mikase d. Jlyist 0603HaueHusl MOJ0KEHUsI aTOMOB BOAOPOA CIIEIyET UCIIOJIb30BATh
ob6o3nauenus tuna H-3, H-2,6 (ay1s apomatuueckux npotonoB) wiu 3-CH, 4,5-CH;
(g anudatryeckux nNpoToHOB). [IpOTOHBI B COCTaBE CIOKHBIX TPYIII, K KOTOPHIM
OTHOCHTCS CUTHAJ, CIIEAyeT MOT4epKHYTh CHU3Y — 3.17-3.55 (4H, M, N(CH2CH3)»);
JUISL  TIOJIOKEHHMS 3aMECTUTEIIEd HCHoab3oBaTh oOo3Hauenusa 3-CHjz; mug
0003HaueHus 1oJiokeHus atoMmoB — C-3, N-4 u 1. 1. Ecim kakoi-nm0o cUrHajl B
CIIEKTpPE OMUCHIBAETCS KaK JIyOJIeT, TPUILIET, 1yOIeT TyOIeTOB U T. M. (2 HE CUHTJIET
WM MYJIbTUIUIET), HeoOxoaumo mnpuBectu cooTBercTBylomue KCCB. Ecnwu
MPOBEJICHBI JOTOJHUTENIbHBIE HCCIEAOBAaHUS MJI YCTAHOBJICHUSI CTPOCHUS WIH
MPOCTPAHCTBEHHBIX  B3aUMOJECHCTBHII  aTOMOB, JIOJDKHBI ~ OBITh  yKa3aHBI
MCIIOJIb30BAHHBIE AByMEPHBIE MeTObl. B omrcanuu criekrpos IMP *C ornecenne
KOHKPETHOTO CUTHAJ K KOHKPETHOMY aToMa yriiepoja MPUBOAUTCS TOJIBKO TOT/a,
KOTJ]a ONpeieSIeHHe MPOBEJICHO HA OCHOBAHUU JBYMEPHBIX SKCIIEPUMEHTOB.

Ipumepul 3anucu: Crextp IMP 'H (400 MI'u, CDCls), 6, m. 1. (J, T'mr): 0.97
(3H, 1, J=7.0, CH3); 3.91 (2H, k, J = 7.0, COOCH>); 4.46 (2H, n, J = 6.1, NCH>);



7.10-7.55 (9H, M, H-6,7,8, NHCH2CsHs); 7.80 (1H, ¢, H Ar); 7.97 (1H, c, H-5");
8.13 (1H, n. n, J=8.2,J=2.3,H-5); 11.13 (1H, c, NH).

Cnextp AMP *C (100 MI'n, CDCl3), 8, m. 1. (J, T'n): 36.3 (CH2CHa); 48.5
(C-5); 62.3 (CH2CH3); 123.0 (C Ar); 125.8 (1, 2Jcr=26.1, C-3',5' Ar); 128.9 (C Ph);
134.4 (C-5a); 168.3 (C=0).

Macc-CekTpsl  TPHBOAATCS B BHUJAC YHCIOBBIX 3HAYCHUH m/z W
OTHOCUTEIBHBIX 3HAYEHUH HMOHHOTO TOokKa. HeoOXommmo yKa3siBaTh METOJ H
DHEPTUI0 HWOHU3AIMK, MACCOBBIE YHCIA XapaKTEPUCTHUYCCKUX HWOHOB, WX
WHTEHCHUBHOCTH 10 OTHOIIIEHUIO K OCHOBHOMY HMOHY H TTO BO3MOKHOCTH MX TEHE3UC.
B crmydae xuMudeckol MOHU3AIMH MPU OMUCAHUU TIPHOOpa HEOOXOIUMO yKa3aTh
ra3-peareHT. B mMacc-cnekTpax BBICOKOTO pa3perieHus HailICHHbIC U BHIYUCICHHBIC
3HAYCHUS M/z TPUBOJATCS C YETHIPhMS JECATUIHBIMHA 3HAKAMU; €CITU HaWJeHHOE
3HAYEGHUE mM/z COOTBETCTBYET HE MOJEKYJSIPHOMY HWOHY, OpyTTO-hopMmyrna
BBIYHCIICHHOE 3HAUEHUE M/Z TaKKe TMPUBOUTCS TSI TOTO KE MOHA.

lIpumep 3anucu oannvlx macc-cnekmpa:

Macc-cniektp (3Y, 70 3B), m/z (Iowm, %): 386 [M]+ (36), 368 [M-H20]+ (100),
353 [M—H20—-CH;s]+ (23).

Macc-cnextp (XU, 200 3B), m/z (low, %): 387 [M+H]+ (100), 369 [M+H-
H2O]+ (23).

IIpumep 3anucu 0anHbIX MACC-CNEKMPA 8bICOKO20 PA3PEUEHU:

Haitneno, m/z: 282.1819 [M+Na]+. Ci7H2sNNaO. Beruucnaeno, m/z:
282.1828.

IIpumep 3anucu OanHvIX 21eMEHMHO20 AHANU3A:

Haiineno, %: C 55.22; H 4.09; Br 20.42; C1 9.04; N 7.18. Ci1sH16BrCIN-O.
Brraucneno, %: C 55.19; H4.12; Br 20.40; C19.05; N 7.15. 4.8.

JlaHHBIE PEHTTEHOCTPYKTYPHOTO HWCCIEAOBAHUS CIEAYeT MPEICTaBIAThH B
BHJIE PUCYHKA MOJIEKYJIbI C MPOHyMepoBaHHbIMH aTomaMu, Hanpumep C(1), N(3)
(TI0 BO3MO>KHOCTH B TIPEACTABICHUH aTOMOB DJLTUTICOMIAMH TETIIIOBBIX KOJICOAHMIN).
[Tomaple KpucTayutorpaduueckue MaHHBIE, TAOIUIBI KOOPIWHAT aTOMOB, JTHH

CBSI3€M M BAJICHTHBIX YTJIOB TEMIIEPATYPHBIE (PAKTOPHI, B )KypHAJE HE MMyOJIUKYIOTCS,



a nenoHupyrorcss B KeMOpuKCKOM OaHKEe CTPYKTYPHBIX JaHHBIX (B CTaTbhe
YKa3bIBAa€TCsl PErUCTPAIMOHHBIN HOMEp NEMOHEHTa) WM MPUBOASTCS B (aiine
CONIPOBOIUTENIHLHON HH(POPMALIHH.

Cnucox UCIOIb30BaHHOM JTUTEPATyPhl HYMEPYETCS B TOPSIAKE YIOMUHAHUS
B TEKCTE M MeyaTaeTcsl ¢ yKa3aHMEeM WHUIMANOB U (aMminili Bcex aBTOpoB. Bce
CCBUIKH JJAIOTCSI B OPUTUHAIBHOW TPAHCKPUIIIUU;, UEPOTTU(PUYECKUE TEKCTHI MOTYT
LUTUPOBATHCS KaK B pycckoil (cMm. Pegepamuenviii swcypnan Xumuu), Tak U B
natuackor (cMm. Chemical Abstracts) TpaHCKPUINIIMHA, HO €IUHOOOpPA3HO.
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JIns nuccepranuii MOKHO YKa3bIBaTh aapec caiita B IHTepHere.

Onucanue XoJa CHHTE3a I0JKHO ObITh 00J1€€ MOAPOOHBIM U YTOUYHEHHBIM, YEM
B OpUTMHAIBHOM CTaTbe, YTOOBI B HauOOJbIIEH CTENEHU OOECIEeUUTh
BOCIIPOU3BOAUMOCTE omnbiTa. Oco0oe BHUMAaHHE CIEAyeT YAEIATh croco0am
BBIJICJICHUS M OYMCTKH NPOJYKTOB pEaKlMH, O0O0s3aTeIbHO YKa3blBash BBIXO]
HEOYUIIIEHHOTO IpenapaTa. Bbeixoa Ha/lo 1aBaTh Kak B rpaMMax, TaK U B MIPOIIEHTaX
OT TEOPETUYECKOTO.

JIns KpUCTaJUIMYECKUX BEIIECTB OIMHUCHIBAIOT CHOCO0 HUX OYUCTKU C
yKa3aHUEM B3ATBHIX A TMEpPEeKpUCTALIM3AlMA  KOJUYECTB BEIECTBA W
pactBopuTens. Eciin BelecTBO NepeKpucTalIn30BbIBAIIA U3 CMECH PACTBOPUTENIEH,
HEOOXOJIMMO YyKa3zaThb UX COOTHoIIeHue. O0s3aTeNbHO YKa3bIBAIOT TEMIIEPATYPY
IJIABJICHUSI BEIIECTBA JI0 W TOCHE KaxJoW mnepekpucrammzanuu. Jus Bcex
BBIJICJICHHBIX BEIIECTB MPUBOIAT (PU3UUYECKUE KOHCTAHTHI, MOJITBEPKIAIOIINE UX
YUCTOTY B CPAaBHEHUHM C COOTBETCTBYIOUIMMH JIUTEPATypPHBIMU JaHHBIMU. Eciu
BEILIECTBO OINKCHIBAETCS BIEPBBIE WU OBUIO OMUCAHO, HO MaJl0 M3Y4YEHO U HE
0XapaKTEPU30BAHO B JJOCTATOUHOU CTEIEHH, TO HEOOXOANUMO MPUBECTHU PE3YIbTATHI
3JIEMEHTHOT0 aHanu3a, JanHeie Y O-, UK-, AMP- u macc-cniekTpoB. MOKHO Takxke
MPUBECTH BHEIIHWM BUJI CUHTE3UPOBAHHBIX BEILIECTB, UX 3amaxX, pacTBOPUMOCTD
(KaueCTBEHHO) B BaKHEUIIINX PACTBOPUTENSAX, YCTOMUUBOCTh TPU XPAHEHUH.

Ecnu B peakiinim 06pa3yeTcsi cMeCh HECKOJIBKUX COEAMHEHU, TO HEOOXOAUMO
CTPEMUTHCSI K TOMY, YTOOBI BBIJIEIUTh U OXAapAaKTEPU30BATh KaK MOXKHO OOJIbIIe
WHJIMBUAYAJIbHBIX BEIIECTB, B TOM UYHCJIC€ U HE BOUICMAIINE B PEAKIIUIO UCXOIHBIC
COeIMHEHHUs, Kak yKa3zaHo Bblme. [lpu wucnonap3oBaHuu — aacopOLIMOHHOM
xpoMarorpaduu (TOHKOCIOMHOM WM KOJIOHOYHOM) MJisi pa3fiefieHusl cMecei
BEILIECTB CJIEAYET yKa3aTh TUIl U 00BEM UCIOJIB3YEMOT0 aJICOPOEHTA UK TOJIIUHY
CJI0sI, paCTBOPUTEND, clIoco0 oOHapyx eHus nsTeH (B Y D-cBeTe Ha TOHKOCIOWHOM
mnactuake “Silufol”, xumMudeckoe nmposBiaeHUE, HAPUMEDP apaMH oaa u T. 11.).

Jns IKX cnenyer mpuBECTH pasMepbl U BU KOJIOHKHU, TBEPIAYIO U KHUIKHAE

(a3bl, ra3-HOCUTEIb U €T0 CKOPOCTh, TUII JETEKTOPA, TEMIIEPATYPHBIN PEKUM.



Ecnu HeckosbkO COENMHEHUN CHUHTE3UPOBAHO MO OOLIEH METOJUKE, TO
MOXHO TOAPOOHO OMUCATh MOJYyYEHUE TOJIBKO OJJHOTO BEIIECTBA, a B JaJIbHEUIIIEM
CCBUIATHCS HA 3TOT OIIBIT.

[Ipu onucanuu sKCepuMeHTa HEOOXOAUMO HE JIOMYCKaTh BYJIbrapU3MOB.
Tak, He ciemyeT nucaTh “npuKanbiBain’’ (MPaBWIHHO “TIPUOABISUIM MO KarlisaMm’),
“MaToyHUK” (MpaBUIBHO “MaTOYHBIN pacTBOpP”), “chipodt (eHon” (MpaBUIBHO
“HeounnieHHbIN ¢penon’) u T.1m. HeonpeneneHHbie BeIpakeHUs TUIA “‘HarpeBajiv HA
CeTKe” WJIM “‘HarpeBasiv C OOpaTHBIM XOJOAMIBHUKOM ™ 0€3 YKa3aHUsl TEMIIEPATYPhI
HarpeBaHus JUIICHBI CMBICIIA, TAK KaK HE TTO3BOJISIIOT BOCHPOU3BECTH HKCIIEPUMEHT.
Ecnu umeercs B BuAy KHUMsSYEHUE, TO, CIAEAYET CKa3aTh “KUIMSTWIN C OOpaTHBIM
XoJNoaWIbHUKOM . He ciienyer mucath “peakius B3aUMOIEUCTBUS , MOCKOJIBKY
B3aNMOJICMCTBUE BEUIECTB 3TO U €CTh PEAKIIUSI MEXKIAY HUMH.

dusznueckKue KOHCTaHTBI, CIIEKTpaJIbHbIC 158105 AHAIUTUYECKUE
XapaKTEePUCTUKH, a TAKKE BBIXOJbl CHHTE3UPOBAHHBIX BEIIECTB MOXKHO 0000111aTh B
Ta0JIUIaX WM AaBaTh B TEKCTE SKCIIEPUMEHTAIBHOM YacTu 1o (opme.

CTyneHT JOKIIaIbIBAET MOJYyUYEHHbIEC pe3ybTaThl B TeueHue 10 MuH, n3naras
CYIIIECTBO PabOTHI YETKO U SICHO, MILTIOCTPUPYS CKa3aHHOE CXEMaMH U TaOJIHI[aMU.
OneHka 3a KypcoOBYIO paboOTy CcKIaAbIBae€TCAd M3 Tpex MapaMmeTpoB. llepBbrii:
Ka4eCTBO U 00bEM BBITIOJTHEHHOMN 3KCIIEPUMEHTAILHONW PaOOThI; BTOPOM: KaueCTBO
opopmIIeHUSI OTYETa O MPOAETAHHON paboTe; TPEeTUM: NOKJIaJ W OTBETHI Ha

IIOCTABJICHHBIC HA 3alIIUTC BOIIPOCHI.



MeTtoauueckue MaTepHaJibl, ONIPECACTAIOINUE MPOHEAYPbI ONCHUBAHUS
3H3HI/II71, YMeHHﬁ, HAaBBbIKOB " (I/I.]II/I) ONbITA ACATCIbHOCTH, XaPAKTCPUIYIOIIUNX

Tanbl GOPpMUPOBAHUS KOMIIETEHIIHI.

[Tpouemypa mpoBeIeHUsI JAHHOTO OLIEHOYHOTO MEPONPHUSATHS OCYLIECTBIISIETCS B
cooTBeTcTBUM [10J107%KE€HNEM O BBITIOTHEHUH U 3aIIUTE KypCcOBBIX padoT B CKDY.

[Ipenmaraempie  CTyAEHTY 3aJaHusi NO3BOJISOT mpoBeputh OIIK-1
KOMIETEHIIVH.

[Ipu npoBepke 3amaHusi, OLEHUBAKOTCS MOCIEIOBATENLHOCTh U JOTUYHOCTh
BBIOOpA TUTEPATYPHBIX HICTOUHUKOB, HAYUHBIX CTATEH, MAaTEHTOB 10 TEME KypCOBOM
paboThI,

- COOJTIOICHUE TIPABUJT TEXHUKHU O€3011aCHOCTH;

- IPaBWJIBHOCThH 110100pa U BBITIOJTHEHUS METOTUKY;

[Ipu 3amuTe paboOThI OLICHUBAIOTCS:

- YMEHHE MPEICTABUTh OCHOBHBIE PE3YJIbTAThI UCCIEAOBAHNS B BUJE OTUETA
10 AaHHOU MpoOJIeMaTHKe.;

- BJIQJICHUE MaTEPHUAJIOM 10 TeEME KypCOBOM pabOTHI;

- COOTBCTCTBUC IIPOBCACHHOI'O UCCIICAOBAHU OCIIAM U 3a1a4aM.



