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JIABOPATOPHAS PABOTA 1

OBILIUE ITPABUJIA PABOTBI U TEXHUKA BE3OITACHOCTHU B
XUMHMNYECKOM JIABOPATOPUH

ean u copepkanue
O3HaKOMHUTh CTYACHTOB C OONIMMHU MpaBuiIaMud pabOThl B XUMHUUYECKUX

nabopatopusax. C mnepBbIx nHeW paboOThl B JabOpaTOpUU CTYIEHT JOJHKEH
BbIpabOTaTh B ceOE€ CaMOCTOATEIbHOCTh M CEPHE3HOE OTHOIIEHHE KO BCEM
mpoleccaM JIaDOpaTOPHOTO OKCIEPUMEHTA, YTO BKIIOYAET TEOPETUUYECKYIO,
MPaAKTUYECKYIO0 MTOATOTOBKY, TOJATOTOBKY XMMHUYECKUX PEAKTUBOB, pacueT JaHHBIX

H IIPOBCACHUC CaMOTI'0 OIIbITA.

Teoperuyeckoe 000cHOBaHUE

1. Bo Bpemsi paboThl B XUMHUYECKON JabopaTopuu COONIOAANTE THUIIHHY,
YUCTOTY U MOPSAIOK.

2. He mpuctynaiite k pabote 0e3 pa3pemieHus mpenoaaBaTers.

3. 3anpemaercs paboTaTh B JIaOOPATOPUH OTHOMY.

4. PaboTaTh CTYJICHT JIOJKEH Ha 3aKPETICHHOM 32 HUM pabo4yeM MecTe.

5. He nomyckaTh nmonajanus XMMHUYECKUX PEAKTHUBOB Ha KOXKY U OJICKIY.

6.Bo Bpems paboThl HajzeBalTe XanaT, a JJIMHHBIE BOJIOCHI yOupanTe
MOJ] KOCBIHKY.

/. DKOHOMBTE PEaKTUBBHI, T'a3, BOAY, MJIEKTPUUECTBO.

8. PeakTuBbl 00I1I€TO TMOJIB30BaHUS HE YHOCHUTE Ha CBOM paboune MecTa.
Ecnu HeT ykazaHwii MO JO3UPOBKE PEAKTUBOB I JTAHHOTO OMBITa, TO OpaTh
cleAyeT X B MUHUMaJIbHOM KOJIMYECTBE.

9. AKKypaTHO W OCTOPOXHO OOpalllaiTech C XHMHYECKOW TMOCYA0M,
npubopamu u peaktuBamu. Ecim nmocyna pa3zomnach, caaite ee 1abopaHry.

10. Jlnsg mnpoBeleHUs OMbBITOB MOJB3YHUTECh TOJIBKO AUCTHILIMPOBAHHOU
BOJIOM.

11. He nmyraiiTe mpoOKu OT CKISHOK C pa3HbIMU peaktuBamu. Cyxwue



pEaKkTUBBl HYKHO OpaTh TOJIKO YHCThIM ImareneM. HeuspacxogoBaHHBIE
PEaKTHUBBI HE BBHICHITIATh (HE BHUIMBATH) B TC€ CKIISTHKH, U3 KOTOPHIX OHU B3SITHI.

12. Tlomb3oBaThCsi peakTHBaMH 0€3 AITHUKETOK WM C COMHHUTEIBHBIMU
ATUKETKAMU KaTerOPUYECKU 3alpeliaeTcs.

13. He paGoraiite ¢ rpsi3HOM MOCY/I0H, caMU HE OCTaBJISIUTE €€ HEMBITOM.

14. He 3anyckaiite npubop ©0€3 mpeaBapuTeNbHOM mpoBepku. He
OCTaBJIsITE MPUOOP O€3 MPUCMOTpA.

15. He BeIHOCHTE U3 Ta00paTOPHHU IIPHUOOPHI, PEAKTUBBI, TTOCY Y.

16. OcoOyt0 OCTOPOKHOCTH COOJIO/IalTe MpU paboTe C SIAOBUTHIMU U
BpPEIHBIMU BEIIECTBAMU: C KOHIIEHTPUPOBAHHBIMU KUCJIOTaMH U Iiesiodamu. PaboTy
C HUMH TPOBOAMUTE TOJHKO B BBITSDKHOM IKa(y, OKHA KOTOPOTO JOKHBI OBITH
OTKPBITHI HE O0JIee YeM Ha OJHY TPETh.

17. He BbUIMBaliTe B paKOBHUHBI OCTaTKU KHUCJIOT, II€JI0YEH, OTHEOMACHBIX
KuakocTel u T.1. CuBaiiTe 3TU BEUIECTBA B CIICIIUAIIBHBIE CKIISTHKH, TIOMEIICHHBIC
B BBITSDKHOM mikad. He Opocaiite B pakoBHHY Oymary, MECOK , METaUIbl U Jp.
TBEPIbIC BEIECTBA.

18. Ilpu HarpeBaHUM WU KUISTYCHUH KUJIKOCTU (OCOOEHHO C OCaaKOM) Ha
ra3oBOil roOpeyike WM CHHPTOBKE, BO M30exkaHUE pa3OphI3rMBaHUs, HarpeBaiiTe
BEPXHIOI0 YacTh MPOOHWPKH, TPH 3TOM JepKa €€ OTBEPCTHUEM OT ceds U OT
paboTaIOMIUX PSIIOM.

19. Tlpu B3BEMIMBAaHUY CYXHX PEAKTHUBOB HE BBICHITIANTE UX MPSMO HA YAIIKY
BecoB. B3BemmBaiiTe Ha 4aCOBOM CTEKJIE WIIM Ha (PHITBTpOBAIBHOM Oymare.

20. 3ampernaeTcss KypuTh U TPUHUMATH MUIIY B XUMUYECKOU JabopaTopuu

21. He cnenyeT BABIXaTh Maxyyne BEIIECTBA, B TOM YHCJIC U BBIJICIISIFOIITUECS
ra3pl, OJIM3KO HAKJIOHSACh K COCYAy C JTHUMH BemecTBamMu. HyKHO Jerkum
JIBIDKEHUEM PYKH HalpaBUTh CTPYIO BO3AyXa OT OTBEPCTUSA cocyaa K cebe u
OCTOPO’KHO BIOXHYTh.

22. Yxona u3 nabopaTopuu, NPOBEPHTE, BBIKIIOYEHBI JIM Tra3, BOJA,
AIIEKTPUUYECTBO.

23. PesynbpraTtel naboparopHoil paboThl OGOPMISIOT B BHIE OTYETa U



OTJAIOT IIpCIIogaBaTCIIIO.

Ilpasuna okazanusa nepeoii MEOUUUHCKOU NOMOWU 6 1adopamopuu

1. Ilpu nonaganuu Ha KOXY (PyK, JIMLA U T.J.) KOHIIEHTPUPOBAHHBIX KUCIOT
(a30THOM, CEpHOI, YKCYCHOM U T.JI.) CJIEIYET HACYXO BBITEPETH OKOT MOJIOTEHIIEM
U 3aT€M IIPOMBITH OOJIBIITUM KOJMYECTBOM BOABI (JIydllle Teruioi) uim 2-3%-HbIM
pacTBOpPOM TMHILEBOM COAbI WM CIA0BIM pPAacTBOPOM aMMHUAKa, IIOCIE YEro
HAJIOKUTH TIOBSI3KY M3 BaThl, CMOYEHHOU 3%0-HBIM PaCTBOPOM TIEpMaHTaHATa KaJIusl.
[Ipyn cHIIBHBIX OXOrax IOCJE OKa3aHWs MNEPBOM MOMOIIM — HAAO0 HEMEJIEHHO
00paTUThCS K Bpavy.

2. Ilpm oxore pacTBOpamH IIeJIoueH MPOMBIBATh BOAON 000X KEHHBIN
y4aCTOK KOXH J0 Te€X IOp, TOKa OHA HE MEpPEecTaHeT ObITh CKOJIb3KOW Ha OINIYIb,
3aTeM HelTpanu3oBarh 1-2%-HOW YKCYCHOM WM JIMMOHHON KUCIIOTOM, MOCJIE Yero
MTOJIOXKHUTH MTOBSI3KY M3 BaThl, CMOUEHHOM 3%-HBIM pacCTBOPOM TIEpMaHTaHATA KaJIusl.

3. Ilpn momamanuu OpBI3T KHUCIOTHI WM IIEIOYH B TJIa3a HEMEIJICHHO
IPOMBITH UX OOJIBIIUM KOJMYECTBOM BOJIbI KOMHATHOW TEMIIepaTyphbl HE MEHEEe 5
MUHYT, TTOCJIE 4ero 0OpaTUTHCS K Bpady.

4. Tlpu cnyyallHOM TIOTIQIAHUM PEAKTHUBOB BOBHYTPh PEKOMEHIYETCS
BBITUTH TOOOJIBIIE BOJBI. Hapsiay ¢ 3TumM Heo0X01MMO:

a) IpY OTPABJICHUU KUCIOTAMH BBIUTH CTaKaH 2%-HOro pacTBOpa MUIIEBON
COJIbl, MAarHE3UH UJIU U3BECTKOBOU BOJIBIL;

0) mpu OTpaBIIEHUU TEI0YaMHU — cTakaH 2%-HOT0 pacTBOpa YKCYCHOW WIIH
JIANMOHHOM KUCJIOTBI.

5. Ilpu otpaBneHun razamu (XJIOpOM, OPOMOM, CEPOBOJAOPOJAOM U T.A.)
HEOOXOJUMO TMOCTPaJaBIIEr0 BHIBECTH Ha CBEXKHUM BO3IyX M JaTh MOHIOXATh
HaIlIATBIPHBIN CIHPT, @ B TSHKENBIX CIIy4asix Ccpa3y BbI3BaTh Bpaua, NPUMEHUTH
UCKYCCTBEHHOE JIbIXaHUE, NMOAepkKaTh paboTy cepalia.

6. Ilpu oTpaBiIeHUU COECIUHEHUSMH PTYTH, MBbIIIbIKA HEMEJICHHO

0o0paTUThCS B Bpady, IPUHUMATh MOJIOKO, ChIpbIE sIiilla, U3BECTKOBYIO BOY.



/. B ciydae mopesa CTEKJIOM yOeIuTech B TOM, YTO B paHe HET OCKOJIKOB, U
BaTOW, CMOYCHHOW ASTHJIOBBIM CIIMPTOM WJIM TIEPMAaHTAaHATOM Kajusi (pacTBop),
yAalauTe KpOBb, CMaXXbTE HOJAOM U 3a0UHTYHUTE.

8. Ilpum TepMuyecKMX OXKOraX HaJIOKUTE TMOBS3KY (Mapis, OWHT),
cMoueHHYI0 2—3%-HBIM pPacTBOpPOM IiepMaHTaHata Kajaus, 2%-HbIM PacTBOPOM
CTpENTOLMAA WM PAacCTBOPOM TNHUIIEBOM coapl. Henp3s cmasbiBaTh OXKOrU
Ba3eJIMHOM WJIM KUPOM, JTyUIlIe BOCIIOJIb30BAThCs CIEIUATBHOM Mas3bIo.

9. Ilpm HECYACTHBIX CIydasx, CBSI3aHHBIX C 3JECKTPUIECTBOM, HEOOXOAMMO
BBIKJTFOUNTH TOK WM KOHTAKT (MCIOJIb3YS PE3MHOBBIC MTEPUYATKH, CYXYIO TAIKY WIIN
JIpYrol TpeIMeT, He MPOBOIALUIMN TOK), IOCTPAJABIIETO HW30JUPOBATh OT
TOKOBEAYIIEH YacTu 3a Cyxylo ojaexay. Eciu mocrpagaBiimii B 0OMOPOYHOM
cocTossHUM (T. €. Cep/lle M OpraHbl JbIXaHus paboTaioT), 00€CIeuuTh TOCTYII
CBEKETro BO3/yXa W JaTh MOHIOXAaTh HAIMATHIPHBIN crupT. [Ipy snekTpudeckom
«ynape» (Korja HeT JIbIXaHWs M cepjille He paboTaeT) HaJO0 BHI3BAaTh B CKOPYIO
MOMOIIb, TOTYAC YAQINTHh CTECHSIOIIYIO OJEKIY, MPHUMEHSITh HCKYCCTBEHHOEC
JIbIXaHUe HE MeHee 4-X 4acoB U J1aBaTh BJbIXaTh KUcaopo. [locTpagaBiiero yKpoiTh

OJIESJTIOM U OOJIOKUTH TPEJIKaMU UM OYThUIKaAMU C TOpsiYeil BOJOM.

OCHOBHA XUMHNYECKAA ITOCY JA U JIABOPATOPHLBIE
[NPUHA JJIEXXKHOCTHU

1. ITocyna o0Ouiero Ha3HAYEHU S
IMpodupkmu. IIpencrapnsatoT cobor y3kue HUIMHAPUYECKONH (GOPMBI COCYAbI

C 3aKpyIJICHHBIM JHOM (puc. 1.1); OHM OBIBAIOT pa3IMYHON BEJUYMHBI U JHAMETPA
U U3 Pa3IM4HOIO CTEKIIA.

OObiuHBIE TaOOpaTOpPHBIE TPOOUPKUA HM3TOTABIMBAIOT M3 JIETKOIUIABKOTO
CTeKJIa, HO Uil 0COoOBIX paldoT, Korjga TpeOyeTcss HarpeBaHWe [0 BBICOKHX
TeMIIepaTyp, NPOOMPKHU U3TOTABIMBAIOT U3 TYTOIJIABKOIO CTEKJIA WU KBapla.

Kpome 0ObIuHBIX, TPOCTHIX, TPOOUPOK, MPUMEHSIOT TaKXkKe IPagyupOBAHHbIC

U LIEHTPU]PY>KHbIE KOHUYECKHE TPOOUPKHU.



Pucynok 1.1 — [Ipoctas u rpagynpoBaHHasi IPOOUPKHU

I[J'ISI XPaHCHUA HpO6I/IpOK, HaxXOoJAIINXCA B pa60Te, CIIy’XaT CIICIHAJIbHBIC

ACPCBAHHLBIC, INIACTMACCOBLIC UJIHN MCTAJUVIMYCCKUC IITATHBLI (pI/IC. 1 2)

Pucynok1.2 — Illtatus ¢ npobupkamu

[TpoOupKky MPUMEHSIOT AJIs POBEACHUS TJIAaBHBIM 00pa30M aHATUTUYECKUX
VI MUKPOXUMHUYECKUX paboT. [Ipu mpoBeaeHnn peakiuii B MpoOUpPKe PEaKTHUBBI
HE CleAyeT TMPUMEHSATh B CIUIIKOM OoJbIioM KosinyecTBe. (COBEPIICHHO
HEJIONyCTUMO, YTOOBI MpOoOUpKa ObLIa HAMIOJIHEHA J10 KPaeB.

Nuorna B mpoOHWpPKY HYXKHO BBECTH TBEpAOE BEmIeCTBO (TIOPOIIKH,
KPUCTAJJIBI U T. I1.), AJISL 3TOTO MPUMEHSIOT MHUKPOIINATEIb, KOTOPHIM OTOMPAIOT

HY>KHO€ KOJIMYECTBO TBepAoro BemiecTBa. [IpoObupky nepxar B JIEBOH pyKe,



HAKJIOHHUB €€ TOPU30HTAIbHO, M BBOAST B HEE MHUKPOIINATENhb MTOYTH J0 HA (pHUC.
1.3). 3aTeM npoOUpPKY CTaBAT BEPTUKAIBHO U CJIETKa YAapsIoT o Heil pykoit. Korma

BCC TBCPAOC BCIICCTBO BBLICHIIIACTCA, MUKPOIIIIATCIIb BBIHUMAIOT.

Pucynox 1.3 — BHecenue B mpoOupKy MOpOIIKooOpa3HbIX BEIIECTB

Jlist mepeMeniMBaHusl HAIUTBIX PEAKTUBOB MPOOUPKY JepxaT OONBIINM U
yKa3aTeIbHBIM TaNbIIaMH JICBOH PYKH 3a BEPXHUU KOHEI] W TOJJACPKUBAIOT €€
CPEIHHMM IIaJibIIeM, a YKa3aTeIbHBIM MalblIeM IPaBOH PYKH YAApSIOT KOCBIM
yAapoM MO0 HU3Y TPOOUPKU. DTOTrO JOCTATOYHO, YTOOBI COAECPKUMOE €€ OBLIO
xopotio nepeMeniano. CoBEepIIeHHO HEAOMYCTUMO 3aKPBIBaTh MTPOOUPKY MAIbIIEM
U BCTPSIXUBATh €€ B TAKOM BHJIC; IIPU ATOM MOXHO HE TOJIbKO BBECTH UYTO-JHOO
MMOCTOPOHHEE B JKUJIKOCTh, HAXOJSAIIYIOCS B MPOOUpPKE, HO MHOT/Ia U TIOBPEIUTH
KOXY TaJiblla, TMOJYYHUTh OXOT W mp. Ecnm mpoOupka HAMOJHEHA >XHUIKOCTHIO
00JIbIlIe YeM Ha MOJOBUHY, COAECPKUMOE MIEPEMENINBAIOT CTEKJIIHHOM MaJ0uKoH.

Ecau nmpoOupky HY>KHO HarpeTh, €€ clieyeT 3axaTh B aepxkarene (puc. 1.4).
[Ipu HEYMENIOM M CUIILHOM HAarpeBaHUU MPOOUPKHU KHUIAKOCTh OBICTPO BCKUITACT U
BBITIJICCKMBACTCSI U3 HEE, TTOITOMY HArpeBaTh HY>KHO ocTOpoxHO. Korma HauHyT
MOSIBJISITHCSI ITY3BIPHKH, MPOOUPKY CIEAYeT OTCTABUTH U, JIepKa e He B TUIAMEHU
TOPEJIKHU, a OKOJIO HETO WJIU HaJl HUM, TIPOJI0JDKATh HATPEBAHUE TOPSIUM BO3yXOM.
[Ipu HarpeBaHUM OTKPBITHINA KOHEI] MPOOUPKH JIOJHKEH OBITH 00pallieH BCTOPOHY OT

paboTaroIIero u OT Coce/IeH Mo CTOIY.



Pucynok 1.4 — Jlepxatens A IpoOHPOK

Bopouku. CioyxaT A7 MEpEIUBaHUS KUIKOCTEH, I (GUIBTPOBAHUS U T.
1. XUMHYECKHE BOPOHKH BBHITTYCKAIOT PA3JIMYHBIX Pa3MEpPOB, BEPXHHUM JHAMETP HX
cocrasiseT 35, 55, 70, 100, 150, 200, 250 u 300 mnm.

[Ipu paboTe BOPOHKHM YCTAaHABIMBAIOT WM B CHEIMAIBHOM IITAaTUBE, WU B
KOJIbLIC Ha 00BIYHOM JIabopaTopHOM Itatuse (puc. 1.5).

[Ipu nepenuBaHuM >KUIKOCTU B OYTHUIb WJIM KOJIOY HE CIEIYeT HAMOJIHATH
BOPOHKY JI0 KpaeB.

Ecnm BOpoHKa TUIOTHO MPHUJIETAaeT K TOPIY COCYy/Ia, B KOTOPBIM MEPETUBAIOT
KUJKOCTh, TO TEpPETUBAHUE 3aTPYIHSETCS, TaK KaK BHYTPU COCY/Ja CO3/AeTCs
MOBBINICHHOE JaBiieHne. [lodToMy BOpPOHKY BpeMs OT BpPEMEHH HYXHO

IMPUIIOAHUMATD.

Pucynok 1.5 — IlItatuB ¢ yKperaEéHHbIMHU B CIEUUATBHBIX JEpPKaTEIAX

BOPOHKAMH



Eme nydmne caenaTh MeXIy BOPOHKOH W TOPJIOM cOCyZa IIelb, BIOXKWB
MEXIy HHUMH, Hampumep, Kycouek Oymaru. [Ipu 3TOM HYXHO CIE€IUTh, YTOOBI
MPOKJIAJKa He MMomnaia B COCY/.

XuMHYeCKHe CTaKaHbl TMPEACTABISAIOT COOOW MMIWHAPHI PAa3IAYHOU
eMKoCTH. Tak ke Kak v IPYTyr0 XUMHUECKYIO IIOCY Ty, CTaKaHbI IenaroT u3 Gapdopa
(puc. 1.6) 1 U3 XUMUIECKH CTOMKOTO cTekia (puc. 1.7). OHu OBIBAIOT: ¢ HOCMKAMU
1 0e3 HOCHKOB, GapdopoBbIe CTaKaHbl — C pydYKaMH U 0€3 pydeK, CTCKIISTHHBIC — C
JENEHUSIMU JJIs1 IPUOJIM3UTENBHOTO U3MEpEHUsI 00bEMa MITH O€3 IeJICHU.

HarpeBath crakaHbl U3 OOBIYHOIO CTEKJAa Ha TOJOM IUJIAMEHHU HENb3s — OT
TOrO0 OHHM JomaroTcs. HarpeBanuwe ciemyer TPOBOAUTH TOJBKO —dYepes

acOeCTHUPOBAHHYIO CETKY WJIM Ha BOJISIHOM JINOO pyroi O6aHe.

v

Pucynok 1.6 — ®apdopoBbie KPY>KKH U CTaKaHBI



Pucynok 1.7 — CTekyisiHHBIE CTaKaHbI

Il1ockonoHHbBIE KOIOBI. bBIBalOT camoii pazHooOpa3Hoit emkocTH (puc.1.8),
HayuHas oT 50 M1 U 10 HECKOJBKHUX JIMTPOB, co IuMdoM u 0e3 numda Ha ropie.
WX M3roTOBISIOT W3 OOBIYHOTO, & TaKXKE U3 KBApIIEBOTO M CIEIUAIBHBIX COPTOB

CTCKJIA.

Pucynok 1.8 — [1nockoq0HHBIE KOOI

Konnueckue k01061 (Opienmeiiepa). HaxoasT mupokoe nmpuMeHeHre npu
aHAIUTHYECKUX paborax (TuTpoBaHue). OHU OBIBAIOT PaA3IUYHOW EMKOCTH, C

HOCHKaMH ¥ 0€3 HOCHKOB, Y3KOTOpJIbIe U IHpoKoropsbie (puc. 1.9).



Pucynox1.9 — Konnueckune ko061

HarpeBatb xon0bl cieayeT TOMBKO Yepe3 acOeCTHUPOBAHHYIO CETKY WJIM Ha

Kakou-1m0o OaHe.

2. MepHasi nocyaa
MepHoii Ha3BIBAlOT TMOCYAY, HPUMEHSIEMYIO JUIsI W3MEpEHUss oObema

KUIKOCTH.

Mepnble nuauHapsbl. [IpencraBisior co00il CTEKISIHHBIE TOJCTOCTEHHBIE
COCY/Ibl C HAHECEHHBIMH Ha HApPYXHOW CTEHKE JICJICHUSIMH, YKA3bIBAIOIINMH 00beM
B MmuutinuTpax (puc. 1.10 a). Onu OpIBatoT camoii pa3HO0Opa3HO €eMKOCTH: OT 5—
10 Mt 1o 1 1 1 607b11e. YTOOBI OTMEPUTH HYKHBIH 00BEM KUIAKOCTH, €€ HATUBAIOT
B MEPHBIM LWIMHIP 1O TEX IOp, NMOKA HWKHUM MEHHUCK HE JIOCTUTHET YpPOBHS

HYXHOT'O JCJICHUA.
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Pucynoxk 1.10 — MepHbIe MWIMHIPHI (@) 1 MEH3YPKH (0)

Kpome nunusapoB, 1uist TOH e 1eau ynotpeoistoT MmeH3ypku (puc. 1.10 6).
OTO coCcyabl KOHUYECKOH (hOpMBI, Ha CTEHKE KOTOPBIX MMEIOTCA neneHus. OHu
OYeHb yIOOHBI JJI1 OTCTAMBAHUs MYTHBIX KUIKOCTEH, KOT/Ia OCaJ0K COOMpaeTcs B
HWKHEHN, CY’KEHHOU 4aCTU MEH3YPKHU.

Iunerku. CrmyxaT A TOYHOTO OTMEpPUBAHUS OINpeAeNeHHOro oObhema
KHUAKOCTH. Pa3nuuaroT mUNeTKH AJIs )KUIKOCTEH 1 ra30BbIC TUTIETKH.

[Munerku nns sxuakoctent (puc. 1.11). OObrunbie TuneTky (TUneTkn Mopa)
MIPENICTABIISIIOT COO0M CTEKIITHHBIC TPYOKH HEOOIBIIIOTO IUaMeTpa ¢ pacIiupeHueM
nocpenuue. HkHUM KOHEI MUMETKU CIerKa OTTSHYT U UMEET AHaMeTp OKojo 1
MM.

[TuneTku OpiBarOT eMKOCTHIO OT 1 70 100 MI1, B BEpXHEM 4acTu UX UMEETCS
METKa, JI0 KOTOpoW HaOuparoT KUAKOCTH. [IIUpOKO TPUMEHSIOT TaKXKe
IpaJyUpOBAHHbIC TMHUIIETKU PA3JTMYHON €MKOCTH, HAa Hapy>KHOM CTEHKE KOTOPBIX
HaHecens! nenenus B 0,1 mor.

I[JI}I HAIMOJHEHUS MUMNETKH HMKHUMN KOHCI €€ OIIyCKaroT B XHUIAKOCTbL H



BTATMBAIOT MMOCJICAHIOIO ITPH IIOMOIIY I'PYIIN WJIX PTOM, HO JTYYIIC IIPHU 9TOM

II0JIB30BaThCA ClICIHMAaJIbHBIMU HpI/ICHOCO6J'IeHI/I$IMI/I.

Pucynok 1.11 — [Munetku: a — npoctas (nunerka Mopa), 6 - rpagyrupoBaHHas

Kunkocts HaOUparoT Tak, 4TOObI OHA MOJHSIACH HA 2—3 CM BBIIIE METKH,
3aTeM OBICTPO 3aKpPHIBAIOT BEPXHEE OTBEPCTHE, yKa3aTeIbHBIM MaJIbIIEM IPaBOM
PYKU, TPUACPKUBAST B TO K€ BpPeMs MUIETKY OOJIBIIMM W CPEIHUM TMaJbllaMHU.
OueHb MONIE3HO yKA3aTeNIbHBIN MaJIel] CJErKa YBIAXXHUTh, TAK KaK BJIAKHBIN TaJIell
0o0Jiee MIOTHO 3aKPBIBAET MUIETKY.

Korpga numeTrka HamoJiHEHa, OCIAOJSIOT HAXKUM YKa3aTeIbHOTO Maliblia, B
pe3yJbTaTe 4ero *)UJIKOCTh OyAET MEIJICHHO BBITEKaTh U3 IMHUIIETKH; KaK TOJIBKO
HW)KHUA MEHHUCK KUJIKOCTHA OKa)XE€TCS HAa OJJHOM YPOBHE C METKOM, IMaJIel] CHOBA
npuxuMaroT. Eciii Ha KOHITE MUMETKH MOCE 3TOro OYIeT BUCETh KaIuls, €€ CIeayeT
OCTOPOXKHO YJaJIuTh. BBEAs MUMNETKY B COCYJ, OTHUMAIOT YKA3aTEJbHBIN MaJlel U
AT )KUJIKOCTU CTeYb IO CTEHKE cocyaa. Ilocie Toro Kak >XKUIAKOCTh BBITEYET,

MUIETKY Jep)KaT B TEYCHHE ellle S5 ceK (CuMTas J0 5) MPUCIOHCHHOW K



CTEHKE COCY[la, CJIErKa MOBOpPaYrBas BOKPYT OCH, MOCIIE YETO YAAIAOT MUIETKY,
He oOparas BHUMaHUS Ha OCTaBIIYIOCS B HEH )KUIKOCTb.

[Ipu BRITMBAHWUU pAacTBOpA M3 MUIETKH B KOHMUYECKYIO KOJOY OUeHb BaXHO,
9TOOBl pPAacTBOpP CTE€Kal MMEHHO II0 CTEHKE KOHHUYECKOM KOJIObI W He
pazOpbI3TUBAaCs, TaK KaK MPU 3TOM YacTh BBUIMBAEMOTO PACTBOPA MOKET MOMACTh
Ha CTEHKY KOJIObI W MpHU MOCIEAYIOUIEM TUTPOBAHUU HE BCTYNUT B PEAKIUIO C
PacTBOPOM, BEUIMBAEMBIM U3 OIOPETKH.

Huxorna He cielyeT CTpeMUThCS BBITOHSITh OCTATKHU JKUJIKOCTH U3 MUIETKH
BBIJlyBaHUEM I HATPEBAHUEM PYKOU pAaCIIMPEHHOW YACTU MMUIETKH.

JI71st oTMepUBaHUS MaJIbIX 00BEMOB KUAKOCTEH MPUMEHSIOT MUKPOTTUIIETKA

eMKoCThI0 1, 2, 3 u 5 Mi1. MUKpOTTUTIETKH 9acTO TPaIyHUPYIOT, OHU UMEIOT
nenenus B 0,01 mi, yTo MO3BOJISET AesIaTh OTCUET ¢ TOUHOCTRHIO 0,002— 0,005 M1,

['panyupoBaHHOW THUIETKONM MOXHO OTOMpaTh HE TOJBKO  OJWH
OMPEICICHHBIA 00BEM KUAKOCTH (KaK OOBIKHOBEHHBIMH MUTIETKAMM ), HO JIFOOOU B

npenenax ee eMKoCTH. JKUAKOCTh HaOUPAIOT B MUMNETKY O HY>KHOW METKHU
(HWKHUNA ~ MEHHMCK JKMJIKOCTH HaXOJIUTCSd Ha YpPOBHE TMOCJIEIHEW) U 3aTeM
BBUIMBAIOT €€, KaK OOBIYHO.

[TuneTku AOJKHBI ObITH BCETJA YUCTO BBIMBITBIMH; UX CJIEAYET CTaBUTh B
ocoObIil mTatuB (puc. 1.12) u 3aKkpeIBaTh CBEpXy MaJCHbKUMH IMPOOUMPKAMU HIIU
KyCKOM 4YHCTOM (uiabTpoBasibHOM Oymaru. Ecnu mitatuBa B abopaTopuu HET,
MUTETKH MOXHO XPaHUTh B CTEKISHHOM IIWIMHApPE, Ha JTHO KOTOPOTO
MPEABAPUTEILHO KIIATYyT HECKOJBKO CJIOE€B YHMCTOM (PriIbTpoBaibHOUM Oymarw,
BbIpe3aHHOUN Kpykkamu. [locime paOoThl MUIMETKY OMOJIACKMBAIOT HECKOJBKO pa3
TACTWUIMPOBAHHOM BOJIOW M TOMEMIAIOT B CTEKJISHHBIM UWJIUHAP, KaXKIbIM pa3
3aMeHsIsl BEpXHUU CJION PrIbTpoBaabHOM OyMaru cBexkuM. OOBIYHBIME MTUTIETKAMH
HEJIB3s1 OTMEPATH KUJIKOCTH, BA3KOCTh KOTOPBIX 3aMETHO OTJIMYAETCS OT BSI3KOCTH
BOJIbI, HAIlPUMEP, KOHIIEHTPUPOBAHHBIE KUCIOTHI, MEJI0YU U T. M., TAKKAK 00beM
OTOOpaHHOM KHUIKOCTH HE OYJIET COOTBETCTBOBATH yKa3aHHOMY. {151 oTOopa Takmx

}I(I/I,Z[KOCTeﬁ IMMOJBb3YIOTCA CIICLHIUAJIBHO HpOKaJ'II/I6p0BaHHI>IMI/I IMUIICTKaMU.



Pucynoxk 1.12 — [IITaTUBBI 11 TUTIETOK

[Ipu oOpamieHun co BceMH BHUIAMU TUIETOK HYXHO 00S3aTEIbHO
MPUIEPKUBATHCS CIACAYIONINX TMPaBUIT:

1. IMunetka npu OoTOOPE >KUAKOCTU BCETNa JIOHKHA HAXOIUTHCS B CTPOTO
BEPTUKAJILHOM TOJIOKEHHH.

2. [Ipu ycTaHOBKE HMKHETO MEHHCKA Ha YpOBHE YEPTHI TJ1a3 HAOIOIaTeNs
JIOJDKEH OBITh PACIOOKEeH B OJHOM TJIOCKOCTH C METKOM (METKHM Ha mepeaHed u
3aIHEN CTEHKaX JIOJKHBI IPU 3TOM CIIMBATHCS B OJHY).

broperku. [IpuMeHSIOT IpU TUTPOBAHUH, JJISI U3MEPEHHS] TOUHBIX 00bEMOB
u np. Paznuyator GropeTku 0ObEeMHbIE, BECOBBIC, MOPIIHEBbIE, MUKPOOIOPETKU U
ra3zoBbI€.

Oovemnvle 010pemku. IT0 — CTEKISTHHBIE TPYOKHU C HECKOIBKO OTTSHYTHIM
HIDKHUM KOHIIOM WJIM CHaO)KeHHbIC KpaHOM. Ha Hapy>KHOUM CTEHKE IO BCeHl JInHe
OropeTku HaHeceHb! aenenus B 0,1 M1, Tak 9TO OTCUETHI MOYKHO BECTH C TOYHOCTHIO
10 0,02 mo.

bropetku (puc. 1.13) ObIBafOT ABYX THIIOB: C MPHUTEPTHIM KpaHOM (0) u



OecKpaHOBBIE C OTTAHYTHIM KOHIIOM (@), K KOTOPOMY IMOCPEACTBOM PE3UHOBOM
TpYyOKHM MPUCOEAUHSIOT OTTSHYTYIO B KallWJULSIP CTEKIIIHHYIO TPYOKY; PE3MHOBYIO

TpyOKY 3aKHMAIOT 3aKuMOoM Mopa.

Pucynok 1.13 — bropeTtku 0o0beMHBIE

Pe3unoBast TpyOka AOHKHA MMETh CTEHKY TOJUIMHON He MeHee 1,5 mwm, a
BHYTPEHHHUU JuaMeTp — OKoJo 3 MM. Takum 00pa3oM, HapyKHBIA JHAMETP
PE3UHOBOM TPYOKH - OKOJIO 6 MM.

B OropeTku ¢ KpaHOM MOKHO HaJIMBaTh BCE KUAKOCTH 3a HMCKIIOYEHUEM
1iesoueit, KOTOpble MOTYT BBI3bIBaTh 3aejaHie MPUTEPTOro kpaHa. J{is paboTsl co
IeJI04aMH MPUMEHSIIOT OECKpaHOBBIE OIOPETKU C PE3UHOBOM HACaAKOM.

J1st paboThI B yueOHBIX 1a00paTOPUSAX UITH B TEX CIy4asix, KOTJaTUTPOBAHKE
MPOBOAAT PEAKO, U IPHU BCEX BPEMEHHBIX paboTax OIOPETKH YKPEIUISIOT Ha

7a00paTOPHBIX IITaTHBaX B Jankax (puc. 1.14).



Pucynok 1.14 — [lItatus ¢ GropeTkamu

Tak kak OMOpeTKH MpeAHAa3HAYeHBI JJIs1 OUYEHb OTBETCTBEHHOH pabOThI —
TUTPOBAHUS, X CIEIYET COEPKaTh B 0COOCHHOMN YUCTOTE.

[Tocne paboThl OIOpETKY ClelyeT BBIMBITH BOJOW M OCTaBUThH €€ B IUTATHUBE,
NIEPEBEPHYB OTKPHITHIM KOHIIOM BHM3. UTOOBI B OIOpPETKY HE MOINajana MbLlb, €€
Jyd4lie 3aTKHYTh KyCOUKOM BaThl. Y OIOPETOK C KpaHOM HYXXHO BBIHYTh KpaH,
00epHYTh €ro OJJUH pa3 KyCKOM YHUCTON (PUIBTPOBAJILHON OyMaru u CHOBa BCTaBUTh
B OropeTtky. Ecnmm sToro He crmenarh, numd MOXKET UCIIOPTUTHCS W KpaH OyaeT
POTEKATh.

BropeTky ycraHaBIMBaIOT Ha HyJb TOJBKO IOCIE TOTO, Kak paboTaroImuit
yOeauTcs, 4To B KanmWUIApe WM KOHYMKE OIOPETKM HE OCTajoCh ITy3BIPHKOB

Bo3ayxa (puc. 1.15).



Pucynok 1.15 — VY nanenue Bo3yxa u3 KOHUUKa OIOPETKU

BropeTky ciieyer 3anoyHATh TaK, YTOObl BHA4YaJIe YPOBEHb JKUJKOCTU OBLI
HECKOJILKO BBIIIE HYJEBOTO JEJCHUS IKaael (10 3—4 cm). 3aTeM, OCTOPOIKHO
PUOTKPBIBAas KpaH, aKKypaTHO YCTAHABJIMBAIOT YPOBEHb >KUIKOCTH Ha HYJEBOE
nenenre. Kaxnoe TUTpoBaHHWE cClelyeT HA4yMHATh TOJBKO IIOCJE 3alOJIHEHHS
OIOpETKH 10 HyJIsl. Y POBEHB KHUJIKOCTU MPO3PAYHBIX PACTBOPOB YCTAHABIUBAIOT 11O
HUKHEMY MEHHCKY, @ HEITPO3PAaYHBIX — IO BEPXHEMY.

Mepnbie k0J0b1. HeoOxoaumas mocyaa Jjisi OOJbIIMHCTBA AaHATUTUYECKUX
pabot (puc. 1.16); oHM MpPEACTABIAIOT COOOM TIOCKOJAOHHBIC KOJIOBI Pa3IMYHOM
€MKOCTH; B OOJIBIIMHCTBE CIy4yaeB MEpHbIE KOJObI MMEIOT NpUULIM(POBAHHBIC
CTEeKJISIHHBIE MpoOku. OjHAKO dYacTO TPUMEHSIIOT MeEpHbIE KoJIObI  0e3
MpUIUTA()OBAHHBIX CTEKISIHHBIX MPOOOK. B Takux ciydasx mis 3aKpbIBaHHS

MEPHBIX KOJIO UCIIONB3YIOT PE3NHOBBIE MPOOKU COOTBETCTBYIOILIETO pa3Mepa.



Pucynok 1.16 — MepHbie KOT0bI

Paznuyaror y3koropsbie U MIMPOKOTOPJIbIE MEpHBIE KOJIObI. [[nameTp ropmia
MOCHAEAHUX TPUOJM3UTENILHO B TOJTOpa pasza OoJblie IO CPaBHEHUIO C
y3koropsibiMu. Ha ropse konObl mMeeTcs KOJbIIEeBasi METKa, a HAa caMOW Kojoe
BBITPABJICHO YHCIIO, YKA3BIBAIOIIEE €€ EMKOCTh B MIUITUJIUTPAX TIPH OTIPEICTICHHOM
temriepatype. I[IpuBeaeHHass eMKOCTh O3HAYaeT, YTO MPH JIaHHOW TeMIeparype
o0beM BOJBI, HAIUTONW B KOJIOY IO METKH, TOYHO COOTBETCTBYET YKAa3aHHOMY.
OOBeM BBUIUTOHN U3 KOJIOBI BOJIBI OYAET HECKOIBKO MEHBITIE TIOMEUCHHOTO, TaK KaK
4acTh €€ OCTaHeTcs Ha cTeHKaX. [loaTomy oObIYHBIC MEPHBIE KOJIOBI HE MPUTOHBI

AJIs1 OTMCPHUBAHUA TOYHOT'O o0beMa BOJbI C MOCJICAYIOIIHUM BbBIJIMBAHUEM €C.

Meroanka U OPSAI0K BBINOJHEHUS PadoThI
J171st mosty4eHust HaBbIKOB Pa0OThI C XUMUYECKOM MOCY10i1 HEOOXOAMMO B3STh

BCE OMMCAHHBIC DJIEMEHTHI U MTOTIPOOOBATH X B padoTe.

Conep:xkanue or4yera u ero popma
Kaxxplii CTYJIEHT TOJIKEH UMETh JTA00PATOPHBIHN KypHa, KOTOPBIN SBISAETCS

JOKYMEHTOM, OTPaKAIOIIUM BCIO €ro paboTy.



Bce Habmo1eHus 1 BBIBOJIBI 0 AKCTIIEPUMEHTAILHON paboTe, MpoieIaHHON B
nabopaTopuu, CTYACHT 3aHOCUT B JJaOOPATOPHBIN KypHAJ HEITOCPEICTBEHHOIIOCTIE

€€ BBIIIOJIHCHH B BUAC OTUCTA.

Bonpocs! 1151 32U ThI padoThI

Crneunduka qaHHOM pabOTHI Mpe/IoIaraeT TOIbKO 0(pOpMIIEHUE OTYETa

Jlureparypa

[OcHoBHas nmuTeparypa 1-4, nononHUTEbHAS TUTEpaTypa 2]
JIABOPATOPHAS PABOTA 2

OIIPEJAEJIEHUE DKBUBAJIEHTA METAJIJIA

Leab u conepxanue
O3HAaKOMUTBCS C NOHIATHUEM 3KBHBAJICHTA, SKBUBAJIEHTHOW Macchl. M3yunts
OCHOBHBIE IIOHATHA M 3aKOHbl XUMUU. HayuWThCsi Ha OCHOBaHMM 3aKOHA

OKBUBAJICHTA IPOU3BOJUTL PACUCThBI SKBUBAJICHTHOM MacCChI Pa3INYHBIX BCIICCTB.

Teopernueckoe 000cHOBaHUe
3akon 3xkBuBaieHTOB (M. Puxtep) B MOneKynsIpHBIX COEIMHEHUSX MACChI
COCTABJISIFOIIUX WX DJIEMEHTOB OTHOCSTCS MEXy COOOM KaK MX YKBUBAJICHTHI WU

MacCcChI B3aHMO)IefICTBYIOIHHX BCUICCTB IMPOMOpHIHUOHAIBbHBI KX MOJIAPHBIM MacCCaM

HKBUBAJICHTOB \  ?
m__ m
M

My (1.2)

e My, m

I 2— MacChl pearupyrouMx BeMeCTB, I, KT,

M,y M

H °(2) _ MonsipHBIe MAcchl 3KBHBQICHTOB 3TUX BeLIecTs,Z/ MOTb:

kel monw.



XHMMHYECKHH JKBHBAJIEHT BellecTBA 3TO peajibHas WIM YCIOBHAs 4acTb
MOJIEKYJIbl UM aToMa (MOHA), KOTOPasi MOKET MPUCOEIUHSITH, BEICBOOOKIATh WIIH
OpPYrUM CcrocoOOM OBITh HKBUBAJ€HTHA aTOMYy BOJOPOJA WM KaTHOHY B
MOHOOOMEHHBIX PEAKLMIX WM 3JEKTPOHY B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKuusx.

MoJib 3KBHBAJICHTOB — HAa3bIBACTCA TAKOE €r0 KOJIMYECTBO, KOTOpPOE

1
COCIUHACTCA C Morem 4TOMOB BOJZOpOJda WM 3aMCIIacT TO KC KOJIHNYCCTBO

dTOMOB BOAOpPOJa B XUMHUYCCKUX PCAKIIUAX.
Maccy OAHOI'0O MOJI1 DJKBHBAJICHTA HA3bIBAIOT MOJISIpHOﬁ Maccou

IKBUBAJICHTA BeIIeCTBa (M9) MOJ'DIpHBIC MacCChl JKBHUBAJICHTOB BCIICCTB

U3MEPSIOT B € [ mone,

[TockonbKy MOJISIpHAs Macca Kakoro-audo BEIIECTBA YUCICHHO COBMAJIAET C
€ro OTHOCHUTEIBHOW MOJIEKYJSIPHOM MacCOW, TO M3 3aKOHA SKBUBAJECHTOB MOKHO
BBIBECTH CJEAYIOIIME (HOPMYIIBI JJIsl BBIUUCICHUSI YIKBUBAJIEHTHBIX MACC MPOCTHIX

X CJIOXHBIX BCHICCTB.

onemenma

O (anemenma) ~

Banenmnocmo s1emenma , (13)

okcuoa

Yucnoamomos snemenma - 8AIEHMHOCHb 1eMeHmMA , (14)

3 (oxcuoa) =

Kucjiomaul

OcHnosHocmbKuUCIOMbI ’(15)

D (kuciomor)

OCHOBAHUA

Kucnomnocms ocnosanus , (16)

M s MC onu

3 (ocnosanus)

O (conu
om0 Yyeno amomos memanna - eanenmuocmo memania (1.7)

M _ monwnas Macca coenunenuii, 2/ MO

HpI/I PEUICHMK HCKOTOPLIX 3ada4d, B YCIOBHUAX KOTOPBIX COACPIKATHCA

cBeleHUsT 00 00BEMax Ta3000pa3HBIX YYaCTHUKOB PEAKIMH, IE€JIECO00pa3HO



MMOJIL30BaThCs 3HAUYCHUEM SKBHBAJICHTHOIO 00BEMA.

JKBHUBAJIEHTHBIM 00bEMOM ~V HaspiBaeTcs 00BEM, 3aHUMAEMBIN IPH



JAHHBIX YCIOBUAX 1 SKBHBAJIEGHTOM BEIIECTBA. 3HAYCHHE DKBHBAICHTHOTO
00bEMa BellleCTBA, HAXOISIIIETOCs B Ta3000pa3HOM COCTOSIHUU, MOKHO HAWUTH,

3Hasa, 4TO B MOJIBHOM 00BéMe J1r000TO ra3a, COCTOAIICTrO M3 OAHOATOMHBIX

MoleKy1, cosepkuTes LM% aToMOB, COCTOSIIETO M3 TBYXATOMHBIX MONEKYI —
2MOM% aromos w T.1. Hampumep, B 2247 12 conepscnres npn HopmabHbix
2 mons
YCIIOBHAX aTtoMoB BOJ0poJa. IT0CKONBKY SKBMBAJIEHT aTOMOB BOAOpOJA
pasen TMOT 10 g 2241 H, COZIepXKUTCST 2 SKBHBAJIEHTA aTOMOB BOJOPOJIA.
. . H
CrnemoBaTeNbHO,  OKBUBAIEHTHBIA ~ O0BEM  MOJIEKYI 2 paBeH
22,4
2y (H2)= " =11,2 2/ monw.
1.2 Paccyxnas aHAJIOTMYHO, BBIUKMCIIAM

22.4
2(0,) = =5,6 1/ mono.
v (O, 2.2

AKBUBAJICHTHBIN 00BHEM ra3000pa3HOTO KUCIOPOIa

Anmnaparypa ¥ MaTepHuaJibl

[Tpubop nnst ompeneneHus SKBUBAJICHTA MeTauia. AHATUTHYECKUE BECHI.
Tepmomerp. bapomerp. Mensypka Ha 25-50 mi. CrakaHYMK XUMUYECKUN
BMeCTUMOCThIO 50 mii. BopoHka ¢ mMHHBIM KoHIIOM. DuibTpoBasibHas Oymara.

Hagecka meramia (x.4.) okoso 0,1 r. PactBop cosistHOM KHCITOTHI 2H.

Yka3zaHus 10 TeXHUKe 0e30aCHOCTH

Cwm. nabGopatopHyto padoty 1.

MeToauka U NOPSAOK BBINOJHEHUS PA0OTHI

OMnbIT TPOBOJAUTCS B MIPUOOPE COCTOAIIEM U3 OIOPETKHM BMECTUMOCTHIO 100
MJI, YPaBHUTEIIBHOTO COCY/Ia , CTEKJIISIHHOTO TPOMHHUKA, Ha OJIUH KOHEI KOTOPOro
HajZeTa KaydykoBas TpyOka ¢ 3axumoMm. Ha npyroil koHen TpoilHMKa Hajaera

KaydyKoBas MpoOKa, TJIOTHO 3aKpbiBaolias OIOpPETKy, TPEeTUH KOHEIl TPOWHHUKA



npucoeaunsercs K ckissHke OctBampia. Kycodek (mopomok) metamia (0,1 r)
B3BECUTH HA aHAIUTHUECKUX Becax ¢ TouHOCTHIO 10 0,0002 r. B3BemeHubIil MeTamt

ITIOMCCTHUTBH B OJHO KOJICHO CKJISIHKH OCTBaJ'IBIIa. B APYroc KOJICHO C



MIOMOIIIbIO BOPOHKH C JJIMHHBIM KOHIIOM HauTh 10-12 M1 2H pacTBOpa COJISIHOM
KUCHOTBL. OCTOPOKHO YKpenuTh CKISHKY OcTBaibia B 3aXKUME IITaTHUBA U
MPUCOEAUHUTh K TPONHUKY, IJIOTHO 3aKPhIB MPOOKHM B OIOpPETKE M B CKIISTHKE
OctBanpna. [lpu OTKpHITOM 3aXUME Ha TPOMHHKE JOBECTH C TMOMOUIBIO
YPaBHUTEIBHOTO COCYJa, MOJHUMAs U OMYyCKasl €ro, ypoBEHb BOABI B OIOpPETKE
TOYHO A0 METKU «0». 3aKpbITh 3KUM M HCHBITATh MPUOOP HA TE€PMETUYHOCTD,
JUTSL 4€TO ONMYCTUTh YPaBHUTEIBHBIN COCY/ Tak, 4TOObI YPOBEHb BOJbI B HEM ObLI
HIDKE YpPOBHS BOJABI B OIOpETKE, U B TAaKOM IOJOXKEHUH YKpenuTh ero. Ilpu
OMYyCKaHUW YPaBHUTEIBLHOTO COCyJa YPOBEHb BOJIbI B OIOPETKE HECKOJBKO
noHusutcsa. Ecnu ywepe3 1-2 MUH JanbHEWIETO MOHMKEHUST HE OyAeT, mpudop
MOYXHO CUUTATh TEPMETUUHBIM.

[locne wucnbiTanusi mnpubopa HA TEPMETUYHOCTh, HE TMOJHUMAs
YPaBHUTENIbHBIA COCYJl, HAKJIOHUTH IITATUB U TMEPEIUTh KUCIOTY B KOJEHO, TJIE
HaxoAuTCs MeTaul. ToT4ac HaumHaeTcs BbIAeleHUe Hy W BhITECHEHUE BOJBI U3
OIOpPETKH B YpaBHUTENbHBINA cOCyl. [10 OKOHUaAHUIO peakiuu CIEAYeT MOJ0KIATh
10-15 muH, 4TOOBI ra3 B mpuOOpEe MPUHSIT TEMIIEPATYPy OKPYKAIOIIEH CpeJbl.
[TpuBecTu Bo/ly B OIOpETKE U YPaBHUTEIIBHOM COCY/JI€ K OJJHOMY YPOBHIO U, €CJIU B
TedeHHe 1 MUH He HaAOMIOAAeTCs HM3MEHEHHsI YPOBHS, OIPEACIUTh O0BEM

BBIICIIMBIICTOCA BOAOPOJa OT HYJIA A0 JaHHOI'O YPOBHA.

Conep:xkanue oT4yera u ero popma

Bce wnabmionenust 3amnucatb B jabopaTopHblii  kypHan. Craenartb
CXeMaTHYEeCKUN pUCYHOK mpubopa. PesynpTaThl wu3MEpeHHWI 3amucaTh IO
cienyrieit hopme:

Macca metanna, m, T

OObeM BbIIETUBIIETOCS BOOpOAa, V, M

Temneparypa, T, K

AtmocdepHoe naBienue, P, [1a

JlaBieHue HACBIILIEHHOIO BOJSIHOIO Mapa npu AanHou remneparype P(H20),

I1a.



[TapuuanbHoe  gaBineHue  Bojopona, P(Hz)=P- P(H20)

Paccuntarh 3KBUBaJICHTHYIO MacCy MeTaljia ABYMsI CIIOCOOaMH:

1. Bprunciuth Maccy BHITECHEHHOTO BOIOpO/a o ypaBHeHUI0 Kianeiipona-
MenneneeBa. Ha ocHOBaHWHM 3aKOHA SKBUBAJICHTOB BBIYMCIUTH MAaccCy
HKBHUBAJICHTA JAHHOTO METaJlIa.

2. IlpuBectr 00BHEM BBIACIUBIIETOCS BOAOPOIa K HOPMAIBHBIM YCIIOBHSM I10
ypaBHeHuto Knanelipona. 3Hasi 00beM 9KBUBAJIEHTA BOJIOPO/Ia, PACUUTATh

MacCCy 5DKBUBAJICHTA MCTaJlJIa.

Bonpocs! s 3amUThl J1a00paTOPHOiIl PadoThI
1. BblunuciauTe SKBUBAJICHT H3PO4, IpU peaklusix OOMEHa, B pe3yJibTaTe

KOTOPBIX 00Pa3yrOTCsl KUCIIbIE U CPETHUE COJIH.

H,SO

2. Haiinnre DxBUBaIEHT 4 n Cu(OH), B CIEAYIOIIUX PEAKIUAX:

a) HS0,+ 2KOH =K,SO, + 2H,0.
5) H2S04+ KOH = KHSO, + H,0.

5) CU(OH), +2HCI = CuCl, +2H,0;
1y CU(OH), + HCl =CuOHCI + H,0.

3. Omnpeaenurte SKBUBAJICHT U SKBUBAJICHTHYIO Maccy docdopa, KHCIopoaa
PH3, Hzo, HBr .

1 OpoMa B COSMHEHUSIX

4. B kakoii macce NaOH conepsxutest cTombko %e SKBUBANEHTOB, CKOIBKO
s 1402 KOH 7

5. U3 1352 OKCHJA MeTaJljla MOJy4acTCs 3152 €ro HUTpara. Beraucnure

9KBUBAJICHTHYIO MACCy 3TOTO MCTaJljIa.

78,8 %

6. OmoBo oOpasyer nBa okcuma. IlepBbrii comepKuT , BTOpOH -

0
88’2 % 0JI0Ba. BeruncianTe sKBUBAJICHT 0JIOBA B ATUX OKCHaax.

7 Us 1352 2,852

OKCHJIa MEeTaJlla TOJIy4aeTcs cyapara 3TOTO K€

MeSO

METaJjlia 4, BpIyucauTe SKBUBAJICHT METaJla.



8 1 132 ruapokcuma Mertamia moiydaercs 2,852  ero cynbdara.
. U3

Bperaucnoure OKBHUBAJICHTHYIO MACCY 3TOI'0 MCTaJlJIA.

0
9. OKCI/II[ TPCXBAJICHTHOI'O JJICMCHTA COICPIKHUT 31,58 % KHCJIOpO/Ja.

Bperaucnoure 9KBUBAJICHTHYIO, MOJIbBHYIO 1 aTOMHYIO MAaCChI 3TOT'O 3JICMCHTA.

10. Yemy pasen npu V" skBuBaneHTHBI 00BbeM Bomopona. Berumcimte

10172

O9KBUBAJICHTHYIO MaCCy MCTalllla, €CJIM Ha BOCCTAHOBJICHHC €ro Ooxkcuaa

0,28 2

M3pacxo10BajioCh BOJIOpOa (H -y ).

22,56 %

11. OmuH oOKCcuJ MapraHiia COICPKHUT KUCJIOpO/ia, a ApYrom

0,
50’50 /O Brerauciaure 3KBHUBaJICHTHI MapraHma B 3THX OKCHAAaX W COCTABBTC HX

bopMyIbL.

) 6,02:10% CoHz . ) 1,80-10%

12. Bripazure B MOJIAX: a MOJIEKYJI aTOMOB

3,01-10% NH
azora; B) MOIJICKYJI 3. KakoBa MOJIbHasi Macca yKa3aHHbBIX BEIIECTB?

13. BbUUCINTh YKBUBAJIECHT U SKBUBAJICHTHYIO MAacCCy HPO, peaxkuumax

oOpazoBanusi: a) ruapodocdarta, 6) nuruapodocdara; B) oprodocdara HaATpuUs.

14. B 2,48 2 1,84¢

OKCHJa OAHOBAJICHTHOI'O MCTaJlJIa COACPIKUTCA METaJliia.

BrerauciauTe 3KkBUBaJICHTHBIE MacChl METaJlJla U €ro OKCHuaa. quy paBHa MOJIbHAA

A aTOMHasg Macca 3TOro Mertauia?

15. Yemy paBen npu 'Y skuBaneHTHBII 066eM Kncnopona? Ha cxuranne

152 0,69 2

JIBYXBAJICHTHOIO MeTajljla Tpedyercs kuciopona (V") Beramciure

9KBUBAJICHTHYIO MAaCCy, MOJIbHYIO MAaCCy 1 aTOMHYIO MAaCCy 3TOIro McTajljia.

16. 1z 3312 HUTpaTa MeTajljla MOoJIy4aeTcs 2782 oy XJIOpHUAA.

Breraucnoute 9KBUBAJICHTHYIO MACCy 9TOIro MCTaJlia.



Fe(OH)s ¢ xnoposomopoaroii (HCI)
17. Hanumure ypaBHEHUS pEaKIIUM

KHCJIOTOM, MPU KOTOPBIX 00Pa3yrOTCs CIEIYIONUE COSAMHEHMS Kee3a: a) XJIOPHT

maruppoxcoxernesa (11); 6) auxmopun runpokcoxenesa (1); B) xmopun xenesa



1l Fe(OH); B kaxmoi u3
(1), BeruncauTe 3KBHUBAJICHT M AKBHBAJICHTHYIO MAcCCy

ATUX PEaAKIUN?

122

18. HpI/I BOCCTAaHOBJICHHNH OKCHIa MCTaJllIa BOAOPpOAOM 06p8,30BaJIOCI>

0,272 BOJIbI. BEIUMCITNTE DKBUBAJICHT OKCH/Ia i DKBUBAJICHT METaILIA.
19. M30bITKOM THAPOKCHIA KaIHsl TIOACHCTBOBAIN Ha PACTBOPBI:
a) muruapogocdara kamus; 6) Hutpata muruapokcosucmyta ( ). Hamummre
ypaBrenust peakmmii >tux Bemects ¢ KOH y onpenennre mx sxBuBamentsr u

OKBHUBAJICHTHBIC MACCBhI.

39,02 16,0 2/ monw

20. BemiecTBO COIEPKUT Cephl, SKBUBAJIICHT KOTOPOI u

MBIIILSIK. BEIUMCINTE SKBUBAJICHT U BaJICHTHOCTD MBbIIIbsAKA, COCTAaBbTC (I)OpMyJ'Iy

9TOI'O BCIICCTBA.

Jlureparypa

[OcHoBHas nutepatypa 1, 3, 1onoaHUTEIbHAS TUTEpaTypa 2]
JIABOPATOPHAS PABOTA 3

OKHUCJIMTEJIBHO - BOCCTAHOBUTEJIBHBIE PEAKIIUN

eas u copepkanue
O3HAaKOMHUTECI C OCHOBHBIMH THIIAMH OKHUCIIUTEIHbHO-BOCCTAHOBUTEIHLHBIX

peaKuHﬁ, HpI/I06peCTI/I HaBbBIKH B UX COCTABJICHUH U YPABHUBAHUH.

TeopeTuueckoe 060cCHOBaHUE

Bce xumnueckue pE€aKkuu MOXXHO pa3ACiIuTb Ha ABa TUIIA. K IIEPBOMY U3 HHUX
OTHOCATCA pCaKIHH, IMPOTCKAIOIIHEC 0e3 M3MEHEHHS CTCIICHH OKHCIICHUS aTOMOB,

BXOJAIIMX B COCTaB pearupyromux semects. Hanpumep:
+1 45 -2 +1 -2 +1 +1 +5 -2 +1 -2

HNO:+ NaOH =NaNO:;+H: O



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

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

Ko BTOPOMY THUITY OTHOCATCA pPCaKIWH, MAYIIHC C HU3MCHCHUCM CTCIICHU

OKHCIICHHS aTOMOB pearupyrommx semects. Hanpumep:

+1 +5 -2 +1 -1 0
2K CIO; =2KCI+ 30,
+1 -1 +1 -1
2KBr + ClI} = Br, + 2KCl
Peakuuu, nporekarompe ¢ H3MEHEHHEM CTENEHU OKHCICHHUSI aTOMOB,
BXOJSIIIUX B COCTAaB pEAardpyrolIMX BEIIECTB, HA3bIBAIOTCS OKUCIUMENbHO-
eoccmanogumenvuvimu (OBP).
Cmenenv okxucienusa — 5TO YCIOBHBIM 3apsj] aToMa B MOJIEKYJE,
BBIYMCIICHHBIN U3 TIPEATIOJIOAKEHHUS, YTO BCE CBSI3U SBJISIIOTCSI HOHHBIMU U UTOOOIIIHE

ANIEKTPOHHBIE  MMapbl  CMEUIEHl B CTOPOHY  aroMa ¢ OoJblIel

QJICKTPOOTPpULIATCIbHOCTBIO.

CreneHb OKHCJICHUS MOXET HMMETh IMOJIOKUTCIIBHOC, OTPHULATCIIbBHOC U

HyJieBoe 3HaueHus. Ee o003HauatoT apabckoit nudpoit HaJ CHMBOJIOM AJIEMEHTA CO
+1 -2

3HAKOM IUTIOC WIM MHUHYc mnepen mudpoi. Hanpumep, Na.S JloGoii

TIOJIOXKUTEIIbHBIA aTOM SIBJIICTCS OKHCIUTEIEM, a JI000H OTpUIIATCIHHBIM aToM —
BOCCTAHOBHUTEJIEM.
B n11000M coenvHEHUN KaXXKIO0My aTOMy MOKET ObITh MpPHUITHMCaHA CTEIEHb
OKHCJIEHUS. BBIUUCIAIOT €€, HCXOIsI U3 CIEAYIOIIUX MTOJT0KEHUM:
0 0 0
Clz, S, Na
AT

1) cTerneHb OKUCICHUS TPOCTHIX BEIIECTB paBHa HYIHO (

1.);

2) TIOCTOSIHHYIO CTETICHb OKHMCIICHHUS B COCAMHECHHSX IMPOSBIIAIOT MICIOYHBIC
metawinel (+1) — Na*t, K u np., metamer rmasnoii noarpymmst 11 rpymmer (+2) —
Ca*?, Mg*? u ap., a Taxke nuHK Zn*2 u xaaqmuii Cd*?;

3) BOJOPO/I MPOSIBJISCT CTEIEHb OKUCIIEHUs +1 BO BCEX COEIMHEHHUSIX, KPOME
ruapuaoB metaiioB (NaH, CaH,), rae ero crenens okucieHus —1;

4) cremneHb OKUCIICHHS KHCIOpOJa paBHA —2, 3a UCKIIOYCHHEM MEPOKCH/IOB,

rae ero crenenb okucienus —1 (H20,) u ¢propuaa kuciopoaa OF; (+2);



5) Moiekyna 3JeKTpOHEHTpaibHa, T. €. anredpandyeckas CyMMa CTEICHEH
OKHCJICHUSI aTOMOB B MOJICKYJIe BCET/a paBHA HYJIO, & B CIIO)KHOM HOHE — 3apsay
HOHA.

Hanpumep, onpenenum creneHu OKUciIeHUs cepbl B coeauHeHusx H,SOs u
H,S. [ns Bomopona XxapakTepHa CTeNeHb okuciaeHus +1, a s kuciopoma —2.
O0603HaYMM CTETICHh OKHCIICHUSI cephl uepe3 «X», Toraa aiss HySOs:

+12+X+3(-2)=0, X =+4.

Awnanorununo ma HpS: +1-:2+ X =0, X = -2.

ATOMBI OJTHOTO U TOTO K€ 3JIEMEHTA B PA3JIMUYHBIX COCTMHCHUSAX MOTYT UMETh
pa3JIMYHbBIe CTENeHU OKrclieHus. Hampumep, cTerneHph OKUCIICHHS a30Ta B MOJICKYJIax
NHz; u N2 —3 1 0 cooTBeTCTBEHHO, HO BaJ€HTHOCTh B 00OMX COCAMHEHHUSX paBHA
TpeM. 13 yero noHsaTeH ¢opManbHBIN XapaKkTep MOHATHS
«CTETCHb OKHUCICHUS», HO 3TO TOHATHE YAOOHO MPUMEHSTH ISl COCTaBIICHUS
YpaBHEHHUM OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKITUH.

OKHCIIUTETFHO-BOCCTAHOBHUTEIILHBIE PEAKIIMA — CaMbIe PacCIIPOCTpaHEHHBIC U
UTPAIOT OOJIBIIIYIO POJIh B IPUPOJIC U TEXHHUKE.

OcHogeHble NOJI0MHCEHU MeoPUU OKUCTUMETbHO-80CCHAHOBUMENbHBIX PEaKUUl

1. Okucnenue - mpolecc OTAa4Mu DJICKTPOHOB aTOMOM, MOJICKYJIOW WIIH
HOHOM.

Hanprmep: Al' —3e=Al" Fe* —e=Fe* . H, -2e=2H",
2ClI - 2e = CIO_,I

2. Boccmanosnenue — Tponecc TPHCOSAMHCHUS JIICKTPOHOB aTOMOM,

MOJIEKYJION WJIX HOHOM.

Hanpuwep: S +26=5"; CL+28=2CI" Fe* +e=Fe

3. ATOMBI, MOJICKYJIBI WJIM HMOHBI, OTHAKOHIUC JJICKTPOHBbI, HA3BIBAKOTCA
eoccmanosumenamu. Bo BpEMs pCaKIIM OHU OKHUCJIAKOTCH.

4. ATOMI)I, MOJICKYJIbI HWJIM HOHBI, TMPUCOCAWHAIOIIUC 3JICKTPOHLI,
Ha3bIBAOTCS oKucaumenamu. Bo BpEMs pCaKIIMH OHN BOCCTAHABJIMBAIOTCA.

Tak Kak aTOMBI UJIM UOHBI BXOJAT B COCTaB OMNPCACICHHBIX BCIICCTB, TO U



OTH  BEIIECTBA COOTBETCTBEHHO  HA3BIBAIOTCA  BOCCTAHOBUTEISIMA  WIH
OKHUCJIUTENSAMU.

Tabnuria 8.1 — BaxxHeiime BOCCTAHOBUTEIN U OKUCIUTEIN
Boccranosurenu Oxucnurean
ATOoMBI MeTaILIOB (S-, d-, f- sIeMenTHI), ATOMBI  p-3JIEMEHTOB B  BBICIICH CTENEHU
BOJIOPOJI, YIIIEPO. OKHUCJICHUsI, paBHOW HoMepy rpymmbl. Cambie

CHJIbHBIE OKUCIIUTENN — (PTOP U KUCIOPOA,CaMble
cinabple — aroMel IVA — rpymnmbel B BbICLIEH
CTEIICHU OKUCIICHMS.

OTpULATENLHO 3apSKEHHBIE HOHBI
2— — _
nemeramios (S~ |, 17, Br y np.) B mmsmei

CTCIICHU OKHMCJICHHA.

HMoHbl MeETAIIIOB B BEICOKOU CTENEHU OKUCIEHUS
Fe +3 Sn +4 Au +3
(v o ’ W 1p.)

CI10’KHBIE MOHEI U MOJICKYJIbI, COACPKAIINC
aTOMBI B COCTOSSHU N, HpOMe)KYTO‘IHLIX
+3

. NO;
CTENEHEN OKHCJIEHUS , NO SO ,
. _
§0% l\i . H .

3 4 W JIp, IPH B3aUMOJICHCTBUU C
CWJIBHBIMHU OKUCIIATEISIMH.

Cno’xHble MOHBI U MOJIEKYJIbI, COAEepKaIlNe
aTOMbI METaJUIa U HEMETalIa B COCTOSIHI/II/I

BBICOKOW CTEIIEHU OKHUCJICHUS (MnO : MnO
+6 +6 +4
2_
CI’zO7 ’ CI‘OS, PbOz’ H N03 1 €€ COJIH,
+6 5 _
H,s0, CIO, 1 1p.)

SJICKTpI/ILICCKI/II\/'I TOK Ha KaToJ¢C

O3ow (03), mepokcu Bogopoaa H2O2 (MosxkeT
ObITb U BO%CT&HOBI/ITGJ‘ICM) nepcyibdar
aMMOHHUS apckasi BOJIKa, CMECh

KOHLIEHTPUPOBAHHBIX
IJIABUKOBOW U JIp.

KHUCJIOT: a30THOH n

9HeKTpI/I‘{eCKI/Iﬁ TOK Ha aHOJC

4. OxucIeHHE BCeria CONPOBOXKIACTCS BOCCTAHOBJIGHHEM, M HAo0OpOT,

BOCCTAHOBJICHUC BCCraa CBsJA3aHO C OKHCICHHUCM,

YPaBHCHUSAMMU:

BoccranoBurenp

OKUCIUTEND +

xQ

Q|

Y4TO MOXKHO BbIPA3HUTh

— OKucCInTEND

<~ BoccTa"HoBureip

HpuueM, UUCII0 ITIEKmMPOHO8, omoasaemvix soccmanosumeniém, paeHo

HUUCILY ITIEKMPOHOB, npucoedulmeMblx oKucjiumeJsiem.




Pasnmuyaror Tpu THMAa  OKUCIUTEIHHO-BOCCTAHOBHUTEIBHBIX  PEAKIIHIA:
MENCMONEKYNIAAPHbIe,  BHYMPUMONEKYIAPHble U peakyuu  CAMOOKUCIIeHUs-
CAMOBOCCMAHOBNCHUS (OUCNPONOPYUOHUPOBAHUSL).

MesicmoneKynapHvle OKUCTUMENbHO-60CCIMAHOBUMENIbHBIX PEAKUUU ITO

PCaKku, B KOTOPBIX NOH-OKHUCIUTCIIb U HOH-BOCCTAHOBHUTCIIb HAXOJATCA B pa3HbIX

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

2Cr* +6e > 2Cr” |2
C"-48C* |3

K,Cr,0, + 6FeSO, + 7H,S0, = Cr,(SO,), + K,SO, + 3Fe,(SO,), + 7TH,0
2Cr® +68 - 2Cry 1
2Fe? — 28 — 2Fe”| 3

Wnu B nonHoit ¢popwme:

Cr,07 +14H" +68 —2Cr” +7TH,0 |

2Fe” — 2e — 2Fe®
—Gre——'-—GFe—q-—l-A-Hﬁﬁrﬁ—-rﬁFeH——Y-H O

BHympuMOJlel('le}lprle OKUC/IUME/IbHO-60CCMAHOBUME/IbHbIE peaKuuu
HMCIOT MCCTO TaM, I'Jl€ aTOM-OKHUCJIUTCIb WM aTOM-BOCCTAHOBUTCIIb HAXOAATCA B

MOJIEKYJIe OJIHOTO BellecTBa. Hanpumep:

+5 -2 -1 0

2KCIO, = 2K Cl+ 30 ;
CI*+68—>CI* | 2
207 -48 >0, | 4



2 -2 0

2HgO = 2Hg® + O;
Hg+2 + 26 > Hgo 2
207 —46 0, | 4

-3 +6 +3
(NH4)2 Cr; 07 = N(;‘F Cr,O ;T 4HZO

2Cr° +6e > 2Cr'f 1
2N_3 —6E > NO2 1

B peaxkuuax CAMOOKUCIEHUA-CAMOBOCCMAHOG/ICHUA (0ucnp0n0p-
uuonupoeauuﬂ) OKHUCIUTCICM H BOCCTAHOBHUTCIICM JABJIACTCA OAHMH M TOT XKC

JJICMCHT, KOTOpBIﬁ B HA4YaJIC PCAKIIMN HAXOANUTCA B OI[HOﬁ CTCICHU OKUCJICHUA .

+6 +7 +4

3KMnO, + 2H,0 = 2KMnO, + MnO, + 4KOH
Mn* +2e > Mn"| 1
Mn®—-g—->Mn" |2

WM B MOHHO-3JIEKTPOHHOU opme

MnO; +2H,0 + 26 - MnO, + 40H" 1

MnO; —€ — MnO, 5

3MNO” + ZH O > MnO +2MnO +40H"
4 2 2 4

CymiecTByeT JIBa METOJIa COCTABJICHHSI OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKIuu:

1. Memoo ’nekmponnozo 6ananca, B OCHOBE KOTOPOTO JIEKHUT IPaBUIIO:
00111€€ YMCJI0 JIEKTPOHOB, KOTOPBIE OTJAET BOCCTAHOBUTEb, BCErJa PaBHO 00IIEMY
YUCITY 3JIEKTPOHOB, KOTOPBIE MPUCOCIUHIET OKUCIUTEIIb.

2. Honno-snekmpouuwlili memod OCHOBAaH Ha COCTaBJICHUHM YpaBHEHUM

nonypeaKum”I BOCCTAaHOBJICHHA aTOMaA (MOJIeKy.]IBI) OKHCJIIMTEIA U OKHCIICHUA aToMa



(MOJIEKyJIb) BOCCTAHOBHTEIIS U MOCIIEAYIONIEM CYMMHUPOBAHUY 3TUX TMOJypPEaKIINH,
C y4eToM KO3 PUIIMECHTOB.

B OKHCIHTENFHO-BOCCTAHOBUTENBHBIX PEAKLUSAX IKEUGAIEHMHAA MACCA
OKuCUmensn paBHa OTHOUICHUIO €r0 MOJICKYJSIPHOH MAacChl K YUCITY TIPUHSTHIXUM
SIICKTPOHOB, IKGUBAICHMHAA MACCA 80CCHAHOBUMEA OTIPECISCTCS IeIICHUEM
ero MOJICKYJIIPHOW MacChl Ha YHCIIO OTJAAHHBIX UM JJIEKTPOHOB.

Ha mnporekaHue OKHCIMTEIbHO-BOCCTAHOBHTENBHBIX PEAKIMHA  BIHSIOT
NpUpoOJa W KOHICHTpAIMs pPearupyronux BemecTB, pH cpembl, KaTaim3aTopsl,
TeMIIepaTypa.

JInst peaknuii, MPOTEKAIOMIMX B pacTBOpax, CTPEMIICHHE K IEpPeXOo.y
DJIEKTPOHOB OT OJHUX AaTOMOB WM HOHOB K JPYTMM XapakTepU3yeTcs UX

OKHUCIUTCIbHO-BOCCTAHOBUTCIIbHBIMH ITIOTCHIIMAJIaMH.

Oxucnumenvhno-éoccmanosumenvhotii nomenyuan (Red-OX nomenyuan)
— 3TO PaBHOBECHAsl Pa3HOCTh MOTEHI[MAJIOB, BOSHUKAIOIIAS MEXAY DJEKTPOJIOM U

pPacTBOPOM B PE3yJIbTaTE UX B3aUMOJICUCTBUS.

3nauenus Red-Ox morennmanos mus  cramgapteix  ycnosuii  (E°)

IMPUBOIATCA B CIIpaBOYHHKAX.

Yem wewbme BeanunHa ~Red-Ox  moreHmuana, TEeM — CUJIbHEE
BOCCTAaHOBHUTEIbHBIE cBOMCTBA. UeMm Ooubie BeanunHa Red-Ox moreHmuana, Tem
BBIIII€ OKUCIIUTEIIbHBIE CBOMCTBA aTOMOB, HOHOB, MOJIEKYII.

Harpumep, i mponecca K =K' +€, Eo =—292B

T. €. KAJIUH — CUJILHBIA BOCCTAHOBUTEJID.

T mponecca 2F =Fa+ 28, Borp = +287B

T. €. PTOp — CUIIHHBINA OKHCIIUTETb.

Bennunna snexktpognoro norennuana (E) 3aBUCUT OT mpUpOAbI AJIEKTPOAA,
koH1eHTpaluu (C) win oT akTUBHOCTHU (a) HOHOB B pacTBOpPE U TeMIlEpaTyphl. JTa

3aBUCUMOCTbH BhIpaXkaeTcsi ypaBHeHreM HepHcra:



nF , (8.1)

rne E° — crammaprHbli 2nexTpoanbiil noTeHnuan (IPUBOIUTCS B CIIPABOYHHMKAX);

R — yHuBepcanbHas ra3zoBas MOCTOSIHHAS; N — YUCIIO JEKTPOHOB, YUYAaCTBYIOIINX B
peakuuy; F —uncno ®@apanes; T — temnepatypa, K; C — koHIEHTpanus, MOJIb/I.
Bo3moxkHocTs ocymectsiiennss OBP onpenensier n300apHO-U30TepMUYECKUN
noteHunan AG. Benuuuna E u 3Hauenne AG cBsizaHbl MEXTy COOOI:
AG =—-nFE. (8.2)
Takum o6pazom, 3uast Red-OX moTeHIMabl, MOKHO ITPEIBUICTh HAIIPABICHUE
OKHCJIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIUIl: peaklus MpOTEeKaeT B BbHIOPAHHOM

HaIIpaBJICHUH, €CJIM PA3HOCTh MOTEHIUATIOB MOJIOXKUTENbHA, a AG<0.

IIpuOopsI ¥ peaKkTHBBI

tatuB ¢ mpoOWpKamu; CTEKJISIHHbIE MUMETKU, (PUIbTpoBaibHas Oymara,
Ha)kJayHasi Oymara, »eje3Hble TBO3/IU, JUCTHIIIIMPOBAaHHAs BOJIA.

Kuoxue peaxmuswi: CuSQg, |, cBexxenpuroronieHHsie 0.5 H. pacTBOPHI
N&zSOg, KMnO4, H2504, NaOH, KNOz, KszzO7,COJII: Mopa FeSO4, FeCI3 HUIn
Fe2(SO4)s, K, pacTBop kpaxmaia.

Yka3zaHus 10 TeXHUKe 0e30aCHOCTH

CwM. naGoparophyto padoty 1.

MeToauka U MOPSIA0K BHIMOJTHEHHS] pa00ThI

OnpiT 1. BoccTaHoBJ/IeHHE HOHOB MeIH METAIHYECKHM JKeJIe30M

1. B npo6upky nanerite 5-10 kanenb pactBopa cynabdara Meam.

2. OnycTuTe B COAEpKUMOE TPOOUPKH HA HECKOJBKO MUHYT >KEJIe3HBII
I'BO3/1b, IOBEPXHOCTh KOTOPOTO MPEABAPUTEIHLHO OUMIIICHA HAKIAUHON OyMarom.

3anuck aaHHBIX onbITa. Hamummre Bamm nHaOmoxennsa. CocraBbTe
ypaBHEHHE PEAKIIMHU B MOJICKYJISIPHON U MOHHO-3JIEKTPOHHOU (opMax M ypaBHSUTE

HX. YKaXXUTE OKHUCJIUTEIb U BOCCTAHOBUTEIIb.



OnbiT 2. BoccTaHoBIeHHE MOJIEKYJ oA 10 MOAMI-UOHOB CYJIb(UTOM

HATpHS
1. B nipobupky HanelTe 2-3 kamim pactBopa ioga lo.
2. [TpubaBnsiite K pacTBOpPY HOAA CBEKEMPHUTOTOBICHHBIA PacTBOP

cynbduta Hatpus Na;SO3 10 oGecriBeurBaHMs pacTBOpa.
3annch JaHHBIX onbITa. OnUIIKUTE, YTO MpoucXoauT. CocTaBbTE ypaBHEHUE
peakiMy B MOJIEKYJSIPHOM U MOHHO-RJIEKTPOHHOM ¢dopMax U ypaBHIUTE ero.

VKaXute OKMCIMTEIb U BOCCTAHOBUTE]Ib.

OnbiT 3. BoccTaHOB/IeHHE IEPMAHTAHATA KAJTUA HUTPUTOM KAJTHUA

1. K 5-10 xamens pactBopa nepmanranara kanusa KMnO4 no6aBbte 3-4karm
paz0aBiieHHO# cepHoit KucnoThl HySOs.

2. 3areM 1o KarumsiMm aoOaBisiiTe pactBop HuTpaTa Kamuss KNO; (MOXHO
KPUCTAJUIMKH) JI0 TIOJTHOTO 00ECIIBEYMBAHUS.

3anuchk JaHHBIX onbITa. UeMm o0yciioBieHO 00pa3oBaHue Oyporo rasa mpu
n00aBJIeHUU U30bITKA HUTPUTA Kallus K Kuciaomy pactBopy? CocraBbTe ypaBHEHUE
peakuMy B MOJIEKYJISIPHOW W HOHHO-3JIEKTPOHHOW (opMax U ypaBHSHTE €ro.
OxapakTepu3yite (yHKIIMIO KaXKI0T0 U3 YYaCTBYIONIUX B HEHM BEIIECTB. Y KAKUTE

OKHUCIIUTCIIb U BOCCTAHOBUTCIIb.

OnbiT 4. Oxkuciaenue cyabdara xenesa (11) xzuxpomarom kanus

1. Hanetite B npobupky 2-3 karum pactBopa auxpomata kaimust KoCroO; u
cronbko ke 0,5 H. pactBopa HSOs.

2. K momy4eHHOMY pacTBOpY MPUJIEHTE MO KAIUISIM CBEKETIPUTOTOBICHHBIH
pacTtBop cyibdata sxenesa (I1) FeSO4 (umu coms Mopa), moka AMXPOMAT-HOHBI

2—
(Cr o ) TOJTHOCTBIO HE MPOPEArupyroT, T. €. 10 JOCTHKEHUS yCTOWINBOCTH OKPACKH.
2 7

3anuch JaHHBIX onbITa. B Kakoif uBeT okpaiieH pactBop? Kakyro ¢pyHKIHIO

BBITIOJTHSIET B 9TOM peakiuu cynbdar xenesa (I11)? CocraBpre ypaBHEHUE peakiiy B



MOJIEKYJIIDHOM ¥ HMOHHO-3JIEKTPOHHOU ¢dopMax. VYKaXKHUTE€ OKUCIUTENb W

BOCCTAHOBUTCIIb.

OnbIT 5. OKHUCIUTEIbHBIE CBOMCTBA coJieii skene3a (I11)

1. Haneiitre B npobupky 8-10 kamenp pactBopa xmopuma FeCls wmm
cynbdarta xenesa (I11) Fex(SOq)s.

2. IlpubaBbTe Takoil ke oO0beM pacTBopa nomuna kamus Kl, Habmrogas 3a
M3MEHEHHEM OKPaCKH.

3. HcnobiTyemblil pacTBOp BOJIOH, pa3iesiuTe Ha JABE MPOOUPKU U B OJHY
n00aBbTE MO KaIJIsIM pacTBOP Kpaxmaia.

3annch, gaHHBIX onbITa. Kak M3MEHseTCs OKpacka pacTBopa IIpH
noOapiieHnd uonuaa kamus? O 4YeM CBUJIETEIBCTBYET CHHEE OKpallliBaHHUE
pactBopa B mpoOupke ¢ KpaxmaioM? CocCTaBbT€ YypaBHEHHE pEAKIUH B
MOJIEKYJIIPHOM W HOHHO-JIEKTPOHHOW (opMax, ypaBHSAUTE €€ M YKaXKHUTe

OKHUCJIUTCIIb U BOCCTAaHOBUTCIIb.

OnbiT 6. Bausinme pH cpeansl Ha HanpaB/ieHHe OKHMCJIUTEIbHO-
BOCCTAHOBHUTEJIbHBIX PeaKIMl

1. Bo3bmute yeThipe npoOupku. B kaxmayro u3 Hux Haneite 9-10 kamnenb
pactBopa nepManranata kanuss KMnQOg. IlepByto npoOupKy OCTaBbTE B KaueCTBE
KOHTPOJIBHOM.

2. Bo BTopyto nmpobupky no6assre 3 Karu 0,5 H. pacTBopa cepHOM KUCIOTHI
H,SO4 (pH < 7).

3. B Tperbto mpobupky nob6aseTe 3 kamnu 0,5 H. pacTBopa rujpokcuaa
natpust NaOH (pH > 7).

4. B yeTBepTyIo mpoOupKy 100aBbTe 3 Karm Boasl (pH = 7).

5 Bo 210, 310 u 4-10 mnpobupku 100aBUTH MO  KaIulsiM
CBEKEMPUTOTOBJICHHBIN pacTBOp cynbpura Hatpusi Nap,SOz 10 XapakTepHOro
U3MEHEHHS] OKPACKU PACTBOPOB.

3anuch naHHBIX ombiTa. Kak MeHsieTcss oOkpacka pactBopa BO 2-i



npobupke? Kakoe coequHeHne B BHJE ocagka oOpa3oBajoch B 3-i mpoOupke?
Kaxkoi1 noH npuaer pacTBopy Takyr okpacky? Kak u3MeHuiIach Okpacka pacTsopa
B UETBEPTOM MpoOUpKe?

3anumuTe ypaBHEHHS PEakUUid B MOJEKYJISIPHOM M HMOHHO-AJIEKTPOHHOMN
dbopmax, ypaBHsiiTe ux. Ha ocHOBaHUM MPOBEACHHBIX OIBITOB ClEIANWTE BHIBOJ O
XapakTepe MPOAYKTOB BOCCTAHOBJICHUSI NIEPMaHraHaT-uOHA B 3aBUCUMOCTH OT pH
cpenbl. B kakoil cpene nepMaHraHaT-uOH TIPOSBISAET 0ojiee  BBICOKYIO

OKHNCIINTCIIbHYIO AKTUBHOCTB?

Conep:xkanue or4yera u ero popma

Kaxx11p1il CTyZ€HT IOJI’KEH UMETH JIA00PATOPHBIN KypHaJ, KOTOPBIN SIBISETCS
JOKYMEHTOM, OTpaXarIllUM BCIO €ro pabory. Bce HaOmoaeHUss W BBIBOIBI IO
AKCIIEPUMEHTAJIbHON paboTe, MpoJeIaHHOW B J1aOOpaTOpUHU, CTYACHT 3aHOCUT B
71a00paTOPHBII KypHAI HENOCPEACTBEHHO MOCJIE €€ BBIITOJIHEHUS.

Otuer mo sabopaTopHOM pabOTE JOJDKEH COCTOSITh U3 JIaThl, Ha3BaHUS U
HOMepa JiabopaTopHOW PabOTHI, IHENH PadOThl, METOAUKH TIPOBEACHUS OIIBITOB,
HaOII0CHUH, YpaBHEHUI XUMUYECKUX PEAKIIMii, BEIBOJOB U PacdyeToB ((hopMyIibl,

TaOIHIIBI, TPAQUKH).

Bonpocs! 1 3amuThl J1a00paTOPHOIl PadoThI

1. la¥iTe onpenesieHre OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIHIA.

2. KnaccuduuupyiiTe  OKHCIMTEIHHO-BOCCTAHOBUTEIIBHBIC  PEAKIIUM.
[IpuBenuTe onpeacaeHUs U TPUMEPHI.

3. Ilepeuncaure OCHOBHBIC TIOJIOKCHHS  TEOPHUU  OKHUCIUTEIHHO-
BOCCTaHOBHUTEIbHBIX PEAKIIHM.

4. Y10 Takoe CTEIEHb OKUCICHUS?

5. JlaliTe ompenencHUe MOHATUSM «OKUCIUTEIb» W «BOCCTAHOBUTEIbY.
[lepeuncnure W3BECTHBIE BaM OKHUCIHUTEIM U BOCCTAHOBUTEIIM, HUCMOJIb3yEeMbIE B
CTPOUTEJIbCTBE.

6. yKa}KI/ITC, Kakbuc€ Hu3 ICPCUHCIICHHBIX peaKHI/Iﬁ OTHOCATCA K



OKHUCIUTECIIBHO-BOCCTAHOBUTCIIBHBIM:

a) Cry(SO4)3 + 6RbOH — 2Cr(OH); + 3Rb,SOq;

0) 2Rb + 2H,0 — 2RbOH + Hy;

B) 2CuJ; = 2CuJ + Jy;

r) NH,Cl + NaOH = NaCl + NH3 + H,0.

1. Cpenn IIPUBEICHHBIX MPEBPAILLCHUAMN
JAUCTIPOIIOPHHUOHHUPOBAHUAL

a) S + KOH - K,S0s5 + KS + H,0;

0) Auz03; - Au + Oy;

B) HCI + CrO; — CrCl;z + Cl; + H,0;

r) HCIO; - CIO, + HCIOy;

1) NoHa — N2 + NH3,

YKa)KUTC pCaKmnuu

8. [lo kakux IMpOAYKTOB MOXKET OBITH OKHcieHa Boja: a) O, u H; 6) no OH

u Hy; B) 1o 20H™?

9. B kakux W3 yKa3aHHBIX MPEBPAIICHUA KHCIOPOJ BBIOIHSIET (PyHKIIMU

BOCCTAaHOBUTCIIA:
a) Ag.0 — Ag + Oy;
0) F2 + H,O - HF + Oy;
B) NH3; + O, —» Ny + H,0;
r) AgNO3 + KOH — Ag + KNO3 + Os,.

10. VkazaTp, Kakue U3 CIASAYIOUIUX PEaKIHUM SIBISIOTCS OKUCIUTEIbHO-

BOCCTAHOBUTEIbHBIMU:
HCI +NaOH = NaCl + H,0,
H»SO, + BaCl, = BaSO, + 2HCI,
Zn + H,SO,4 = ZnS0O4 + Hy,
C + O, = COq,
CaCO; = CaO + CO..
11. Vkasarb, Kakue aTOMBI  SIBJISIETCS

BOCCTAHOBHTCJICM B PCAKIUAX:

H,S + Br, = 2HBr + S,

OKHUCIIUTCIEM " KaKHnue



2HgO = 2Hg + O,.

12. VYkazarb, Kakue U3 MPUBEJACHHBIX HUXKE aTOMOB U HOHOB MOTYT
ABJISTHCS: @) TOJBKO BOCCTAHOBHUTENSIMH, O) TOJBKO OKUCITUTEISIMHU, B) Kak
BOCCTaHOBHTEIAMH, Tak 1 okuciuresnsamu: K*, Cl, S2, S S N* N*4 N* N2,

13. ITono6paTh k03P GHULMEHTHI B TPUBOAUMBIX HI)KE YPABHCHUSX:

SO; + Bry + HO — HBr + H3S0Oq,

HNO; + P + H,O — H3PO4 + NO.

14. OnpenenuTh OKUCIATETb U BOCCTAHOBUTED B PEAKITUIX

HCIO;3 + H,SO3 — HCI + H,SO4,

I, + HNO; — HIO3 + NO + H,0.

15. VYka3zaTh, Kakve W3 CICAYIOIMIHUX PEAKIUN SBISIOTCS OKUCIUTEIHHO-
BOCCTAaHOBUTETHHBIMH

AgNO; + NaCl -AgCl + NaNOs3,

NO + O; —» NOg,

CaCOs + HCIl — CaCl; + CO; + H,0,

H,SO3 + O, — H,SO4.

16. Haittit K03 PHUITUEHTHI B CIICTYIONINX YPABHEHUSX

FeCl; + H,S — FeCl, + S + HCI,

P,Os + C —»P + CO.

HNO3 + Cu — Cu(NOs), + NO + H,0,

KOH + CIO; —» KCIO; + KCIO; + H,0.

17. VYka3aTb, 4TO SABIACTCSI OKHCIHUTCIEM, a YTO BOCCTAHOBHUTCIECM B

peaKIusIX:

HNO3; + Cd — Cd(NOs), + N,O + H,0,

KCIO; —» KCI + O,.

As;S3 + HNO;3 + HO — H3AsO4 + NO + HySOq,

FeS + O; — Fe 03 + SO,.

18. YpaBHATH peakiiuu METOJIOM SJIEKTPOHHOIO OajlaHca:

Nal + MnO; + H,SO4 — Na,SO4 + MnSO4 + |, + H,0,



HCI + Al - AICI; + H,.

19. Kakuwe w3  JaHHBIX  peakuuil  SBISIOTCA  OKUCIHTEIHHO-
BOCCTAaHOBUTEIIbHBIMH:

HNO; + Zn — Zn(NOg3), + NH4NO; + H,0,

KCI + NaNO3; — NaCl + KNOg,

Ca(OH); + HNO; — Ca(NOs3), + H,0,

HCIO; + HCIl — Cl, + H,0.

20. KakoBa crenenp okucieHus ¢ocpopa B COCTUHCHHSX:
H;PO, ;P,0, ;H3;PO3;H,P,0s.

21. YpaBHsTE peakinio METOIOM JIEKTPOHHOTO OanaHca:

Na2C204 + KMnO4 + H2804 —> C02 + MnSO4 + K2804 + Na2804 + Hzo

22. CocTaBbT€ ypaBHEHUE PEAKIIUU OKHCIICHUS MOJAUAA Kallusl AUXPOMaTOM
KaJIUg B CEPHOKHUCIIOM PacTBOpPE, NPUHUMAs, YTO MPOAYKTAMH PEAKIMH SBIISIIOTCS
noa, cynbdar xpoma (III) u cynedar xanus. YpaBHANTE METOJOM AJIEKTPOHHOTO
OanaHca.

23. TlpuBecT mpUMEpHl COSNUHEHUH a30Ta, XJIOpa W Maprafiia, KOTOpbIe
MOTYT MPOSIBISATH: TOJBKO OKHCIHUTEIbHBIE CBOMCTBA; TOJHKO BOCCTAHOBUTEIBHBIC
cBoiicTBa. Hanmummmre ux Gopmysl.

24. CocraBbTe YypaBHEHHE PpEAKIMH B3aUMOACHCTBHUS  KalbIUs C
KOHIEHTPUPOBAHHOM CEepHOU KHUCIOTON. CKOIBKO 00pa3yeTcsi MOJIeKyJ cylbdara
KQJIbLIMSI, €CIM TPOAYKTOM BOCCTAHOBJIEHHS CEPHOM KHUCJIOTHI  SIBISETCSA

cepoBosiopoa’?

25. Kakue U3 npuBeACHHBIX AJIEMEHTAPHBIX HOHOB CTIOCOOHBI MPOSIBIIATH: a)
TOJIBKO (PYHKITUIO OKUCIUTENS, O) TOMBKO (YHKIIMIO BOCCTAHOBUTENS, B)

— + - + 2+ 2+ 2— - 2+ 2+ 2+ —
BOHCTBEHHYIO (pyHKumo:F ,H,H,Cu",Cu™,Fe”,S",57,Sn™, Mg™, Mn™, J7?

OTtBeT o0ocHYyiITE.
26. Kakwe w3 yKa3aHHBIX HIKE BEIIECTB MOTYT TMPOSBISATH TOJBKO

OKHCIIUTCIBHBIC CBOﬁCTBa; TOJIBKO BOCCTaHOBHUTCJIBHBIC CBOfICTBa; KakK



OKHUCIIMTENILHBIE TAK U BOCCTAaHOBUTENbHBIE cBoMcTBA: KMnO4, MnQOy; V,0s; Kl;

PbOz, NHg; HNOz; NaZS; NﬁzSOg; HNOg; KzCFzO7; PHg? OTBET MOSICHUTE.

JIuteparypa

[OcHoBHas muteparypa 1-4, noroHATEbHAS TUTEpaTypa 2-5]



