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BBEJIEHUE
JuctummHa «XuMus» ocBauBaeTcsi cryaeHTamu B TedueHue 108 gacos. YacTe 3TOr0 BpeMeHuU
(67,5 yacoB) OTBOAMTCS HA CAMOCTOSITEIILHYIO, MIIM BHEAYIUTOPHYIO, paboTy CTYIEHTOB, APYrasi 4acTh
(40,5 gacoB) — sT0 ayauTopHbIe (HOpMBI PabOTHI (JIEKIIMOHHBIE U JTAOOPATOPHBIC 3aHATHS), KOTOPHIC
OpPraHHU3yI0TCSA HEMOCPEACTBEHHO MPENogaBaTesieM.

JlaGopaTopHoe 3aHsATHE SBISETCS BaXHeWmed ¢opmoli ycBoeHuss 3HaHUKA. O4YEBUIHBI TPH
CTPYKTYpHBIE €T0 YacTH: IpeaBapsionias (MOATOTOBKA K 3aHATHIO), HEMOCPEACTBEHHO cama paboTa
(BBITIOJIHEHHE MPAKTHUUECKON YacTH) M 3aBepliarolas 4dacTh (paboTa CTYIEHTOB IO YCTPaHEHHIO
O0OHApYKUBIIMXCS MPOOEIIOB B 3HAHUSX ).

JlaboparopHoe 3aHATHUE SIBJISIETCS CPEACTBOM IIPOBEPKH 3HAHUM, OTPAOOTKH ITPAKTUUECKUX HaBBIKOB
M0 AUCIUIUIMHE. Bhinonuss mabopaTopHyio padoTy, CIylIaTeln JAO0HKHBI MOKa3aTh YMEHUE BBIICIUTD
OCHOBHBIC TIOJIOXKEHHUS, U3YUNTh UX JICHCTBHE HA MPAKTHKE, a TAKKE JEJNaTh MPAKTUYECKH 3HAYNMBIC
BBIBOJIBI 3 TEOPETUUYECKUX TTOTOKEHHI.

Ko Bcem nabopaTopHbIM 3aHATHSM JIaH NepeueHb Hanbosee BaXKHBIX BOIIPOCOB, HEOOXOAUMBIX AJIs
YCBOGHHS, a TaK)Ke MPHUBEIEH CIUCOK OCHOBHOHM M JONOJHHUTEIBHOHN JIUTEPaTyphl, HEOOXOAUMOW IS
W3YUYCHHUSL.

Jnst BeImonHeHus: 1abopaTopHOi paboThl HEOOXOAMMO BECTH KOHCIIEKT B OT/AENbHOU TeTpaau. Takoi
KOHCIIEKT MOKET OBITh B (hOpMe TIaHa C OMUCAHUE LIENH PadOThl, OCHOBHBIX MaTEpPHAaIoB U 000pYI0BaHUS,
SKCTIEPUMEHTA 1 BBIBOJIA.

Ecnu cnymarens He BBIIOJHUII Ja0OPAaTOpHYO padOTy WIIM MPOIYCTUII €r0 M0 KaKOH-TO MpUYUHE
(B ToM uyHcie u mo 00Je3HH), OH 00s3aH BO BHEYpOUHOE BpeMsi OTpabOTaTh €€ OTUYUTAThCS Mepen
npernojaBaTesieM, BeAyIUM 3aHaTue B rpyiie. [Ipy BOSHUKHOBEHUH TPYIHOCTEH MPU W3YYEHHUH Kypca,
HEOOXOJIMMO TMOCETUTh KOHCYJIbTALIMIO TPENoJiaBaTelsi, BEIYLIEro 3aHsATUS, B COOTBETCTBUU C
rpadMKOM KOHCYJIbTAIlMid, KOTOPBIH HMeeTcs Ha Kadeape  TEXHOJOTHH NPOMYKTOB IHTAHHUS U

TOBAPOBCACHUA.



JlaGoparopuasi padora Ne 1
Tema: Kitaccbl HeOpraHu4ecKkux coeIuHeHui

Ilenn paﬁombt: HSy‘-II/ITb XUMHYECKHE CBONCTBA OCHOBHBIX M KHCJIOTHBIX OKCHIOB U IOJYyYaCMbIX U3

HUX THUAPOKCHUIOB, HAYUUTHCA IIUCATb YPABHCHUA peaKLII/Iﬁ B MOJICKYJIIpHOM W HWOHHOM BHIC,
IIOJIYUCHHUE U CBOMCTBaA aM(bOTepHOFO THAPOKCHUA, ITOJIYYCHHUE HEPACTBOPUMBIX B BOAC OCHOBaHHI.

Dopmupyemuvie komnemenuuu: OIIK-1.

Teopemuueckaa yacms: B Xumuu Bce MHOrooOpa3yue HEOPraHMUECKUX BEILIECTB: MPUHATO Pa3leiiiTh

Ha JBE€ TPyNIbl — MPOCTbIe U clIokHBIE. [IpocThie BemiecTBa MOAPA3NEIAIOTCS HA METaulbl U
HEMETaJUTbl. A CIIOKHBIE — Ha MPOU3BOJHBIE OT MPOCTHIX, 00pa30BaHHBIC MYTEM MX B3aUMOJICHCTBUS C
KHCJIOPOJIOM, BOJIOM M MEXIy coO0H. DTy KiacCHU(pUKAIIUI0O HEOPTraHUYECKUX BEIIECTB B BHUJIE CXEMBbI

M300paXaroT CICAYIOMUM 00pa3oMm:

['l[‘l!pl'ﬂl[l[‘l('fl{ll(' Beecrea
Y 1

[]pDCTbIE' BeMeCTBA Cloansie BOIECTRA
v ' ' : Y 1
Meraaaw Hemeraaae Orenam OcnoBanns Kuncaorni Coan
( warpmii { cepa , xaop, Ca0, 80, || NaOH, KOH, | | 1ICI, 11,50, ,| | KC1, Na] ICO,,
we e ) KHEIOpO ) co Fe( OH ]2 H“n[}_; MgOHCI

OKCHBI (oxucibl) - ClIOXKHBIE BELIECTBA, COCTOAIIME U3 ABYX JIEMEHTOB, OJHMM H3 KOTOPBIX
ABJIS€TCA KHUCIOPOJ B CTENEHH OKMCIEHHs, paBHOH -2. O6mas (opmyna moboro okcuma - DxOy2.
Pasnuuaror coneobpasyromnue (ocHosubie: LioO, CaO, MgO ,FeO; amdorepusie: ZnO, Al20s, SnOy,
Cr203, Fe20s; kucnorneie: B203 , SO3 , CO2, P20s Mn207) u neconeobpasyromue: N.O, NO, CO
OKCHJIbl. DJIEMEHTHI C MIEPEMEHHON CTENEHbI0 OKHCIEHUs 00pa3yroT HecKoiabko okcuaoB (MnO, MnOg,
Mn20O7, NO, N203, NO2, N2Os). B BeicieM okcujie, Kak MpPaBHIIO, JEMEHT HAXOJUTCS B CTEIICHU
OKHCJICHUS, paBHOM HOMepy rpymnmnbl. [10 coBpeMeHHOW MEXIyHapOIHOW HOMEHKJIAType Ha3BaHHUS
OKCHJIOB COCTaBIISIIOT CJEIYIOLUIMM 00pa3oM: CIOBO «OKCH», Jlajee pycCKOoe Ha3BaHHE 3JEMEHTa B
POIUTEIHHOM MaJieXke, CTeNeHb OKHCICHUs 3eMeHTa (ecau oHa nepemenHa). Hanpumep: FeO — okenp
xenesa (I1), P.Os — okenn dpochopa (V).

OCHOBAHMSI — cnokHble BEIIEeCTBa, B KOTOPBIX HAa aTOM MeTajljla IPUXOAUTCS OFHA WJIM HECKOJIBbKO
runpokcorpynn OH. Crenenb OKUCIEHHsI aTOMOB MeTailia 00b1uHo +1, +2 (pexxe +3). O6mmas dpopmyna
ocHoBaHuii Me(OH)x, rme X — 4YHMCIO THIPOKCOIpyNN — KHUCIOTHOCTH ocHoBaHus. (MeOH -
onnokuciotHoe, Me(OH)z — nByxkucnoraoe , Me(OH)3 — TpeXKHCIIOTHOE OCHOBAHHUE).

HazBanust ocHOBaHUSIM JAIOT CIENYIOMIMM 00pa3oM: «THIPOKCHI», 3aTEM PYCCKOE Ha3BaHHME METaslla B
POIUTEIHHOM MajieXke, a B CKOOKaX PUMCKUMU IIU(PpaMH — CTEIIEHb OKHCICHUS, €CIIM OHAa TIepEMEHHasl.

Hanpumep: KOH —ruapoxcua kanus, Ni(OH)2 — ruapoxcua nukemns(1l).



KHUCJIOTBI - cnoxxHble BEHIECTBa, MOJIEKYJIbI KOTOPBIX COCTOSIT U3 OJJHOT'O MJIM HECKOJIbKUX aTOMOB
BOJIOPOJa M KHCIOTHOTO ocTtatka. CocTaB KHUCIOT MOXKET OBITh BBIpaKeH o01ieit dhopmyrnoit HxA, rae A
— KHCJIOTHBIA OCTaTOK. ATOMBI BOJOpOJIa B KHCJIOTaX CIIOCOOHBI 3aMENIaThCsl MM OOMEHHMBAThCS Ha
aTOMBI METAJJIOB, IIPU ATOM 00Pa3yIOTCS COJIH.

Ecnu kucnora comepkuT OJIMH TaKOH aToM BOJIOpOJa, TO 3TO ogHoocHoBHas kuciora (HCI - comsnas,
HNOsz - azornas, HCIO - xnopuoBatucras, CH3COOH - ykcychas), aBa atoma Bojaopoaa -
IBYyXOCHOBHBIE KucnoThl: H»SOs — cepnas, H2S - cepoBomopomnas; Tpu atoma BOAOpOaa -
tpexocHoBHbIe: H3PO4 — oprodocdopnas, H3ASO4 — opTOMBIIIBSIKOBASL.

B 3aBuCHMOCTH OT cocTaBa KHCJIOTHOT'O OCTaTKa KHCIOTHI MOJpa3nelisitoT Ha Oeckucioponubie (HaS,
HBr, HI) u xucnopoaconepxkamme (H3POs, H2SO3, H2CrOs). B monekynax KuCIOPOICOAEPKAITUX
KHCJIOT aTOMBI BOJIOpPOJA CBSI3aHBI Yepe3 KUCIOpoJ C HeHTpaibHbM atomMoM: H — O — 3. Ha3Banus
OECKHCIOPOAHBIX KHCIOT OOpa3yIOTCsl M3 KOPHS PYCCKOTO Ha3BaHMS HEMETalla, COSAMHUTEILHOU
TJIACHOW -0- | cioBa «BogopomHas» (H2S — cepoBomoponmnas). HasBanus KHCIOpOACOACp AIIAM
KHCJIOTaM AT TaK: eCld HeMmeTal (peXe MeTaul), BXOJSIIMHA B COCTaB KHCIOTHOTO OCTaTKa,
HAXOJUTCS B BBICHICH CTENCHH OKHCJICHHUS, TO K KOPHIO PYCCKOTO Ha3BaHHS JJIEMEHTa JTOOABJISIOT
cybduKchl -1-, -e6-, WK -06- U nanee okoHuanue -asg- (H2SOs — cepuas, HoCrO4 - xpomoBsas). Ecnu
CTENECHb OKHCJCHHS IIEHTPAJIBHOTO aromMa HIKe, TO wucmnonbdyercs cyboukc -ucm- (H2SOz —
cepuucrasi). Ecnu Hemertann oOpasyeT psal KUCIOT, MCNONb3yloT u Apyrue cypduxcer (HCIO —
xnopHosamucmasi, HC10; — xnopucmas, HCIO3 — xnopaosamast, HC104 — xn0pHas).

COJIM — HOHHBIE COEIMHEHUS, COCTOALIUE M3 KAaTHOHOB METAJUIOB (WJIM aMMOHHS) M AHHOHOB
KHCJIOTHBIX OCTaTKOB. JII0OYI0 COJIb MOXHO paccMaTpuBaTh KaK IMPOAYKT PEaKIMH HEWTpaau3aluu
OCHOBaHHUS KHMCJIOTOW. B 3aBHCHMOCTH OT TOro, B KAKOM COOTHOLIEHHHU B3SIThl KHCIIOTa U OCHOBaHUE,
nojy4arotcs conu: cpeonue (ZnSOs, MgCl2) — npoaykT mosHO#M HeHTpanTu3aui OCHOBAHHS KHCIOTOM,
kucnvre (NaHCO3, KH2PO4) — nipu u36biTke kucioThl, ochosHble (CUOHCI, AIOHSO4) — npu u30bITKE
ocHoBaHus. Ha3BaHus cosiell MO0 MEXIyHApOJIHOM HOMEHKJIAaType 00pa3yloT U3 JIBYX CJIOB: Ha3BaHUS
aHMOHA KUCJIOTHl B UMEHUTEIBHOM TaJIeKe M KaTHOHA METaula B POJUTEIILHOM C YKa3aHHUEM CTETeHH
ero OKHCJICHHS, ECIIH OHA MepeMeHHas, pUMCKoil nudpoit B ckobkax. Hanpumep: Crz2(SOs)3 — cyibdar
xpoma (III), AICl3 — xnopun amomunusa. Ha3Banus kucibIx cosieid oOpas3yroT A00aBI€HHEM CIOBa
2uopo- WM oueudpo- (B 3aBUCUMOCTH OT YHCIIa aTOMOB Bojopoja B ruapoanuone): Ca(HCO3z)2 —
runpokapOonar kaiabimsa, NaH2PO4 - aurunpodocdar natpus. Ha3BaHust OCHOBHBIX cojieil 00pa3yroT
n00aBlIeHUEM CJIoBa ecudpokco- wim oueuopokco- . (AIOH)Cl, — ruapokcoxiopua aaroMHUHUS,
[Cr(OH)2]2S04 - nuruapokcocynsdat xpoma(Ill).

Obopyoosanue u mamepuaivl:




PeaxTuBbl, HeOOXOMMBIE AJIS1 JAHHOW pabOTHI, BHICTABISAIOT HA MOJIKK Ja0OpPaTOPHBIX CTONOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIE KUCIIOTHI W MIENOYH, Maxydue BEHIeCTBA (HAIpUMEpP, CEPOBOAOPOL,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHOBHasi XUMHYECKasi MOCy1a: MPOOUPKH (B IUTATHUBE), KOJObI, XUMHUECKUE CTAKaHBI MOCIE PaOOTHI
TIIATEJIbHO BBIMBITH; BECHl C PA3HOBECOM, NPHUOOPHI, HCIONb3yeMas Uil TPOBEACHUS OTAEIBHBIX
71a00paTOPHBIX padoT, BBIAACTCA M CAACTCS YUCTas JJAOOPAHTY.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00paIaThCsi CO CTEKISTHHONH XMMHYECKOW MOCYIOH. OCTATKU pa30HTOM mocyabl youpars ¢
IIOMOIIBIO COBKA U MIETKU,;

-Bce paboOThl, CBA3aHHBIE C BBIJCJICHUEM SIOBUTHIX, JIETYYHX M HENPUATHONAXHYLIUX BEILIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE COCyla JepkaTh Ha pacctosHun 25-30 cM OT JuIa,
HaMpaBisist K cebe CTPYIO ra3a MmocTyNaTeIbHBIMU JBHKEHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpY HaJMBAHWUU DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30eKaHHE IONajaHus OpbI3r WK
YaCTUI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JIePKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/Ia. HE HAKIOHATHCS
Ha/1 HarpeBaeMoi KHUJIKOCTbIO BO U30€KaHKe NOMalaHus €€ Ha JIULO0, PyKH WIH OJIEXKIY;

-ropsiude MpeaMeTbl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY HWIIU
JPYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HEJIb3S TIOJIB30BATHCS DIEKTPOIPUOOPaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MTPH BKIIFOYCHNUHU UX B
CeThb HeJb3sl IePIKaThCsl 3a METAITNYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKIOYaTh U
BBIKJIIOYaTh 3JIEKTPONPUOOPEl MOKPBIMH pPYKaMH, a TaKKe IOJIb30BAThC HEHUCIPABHBIMHU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3aIpelaeTcsl IPUHUMATh MUILY B XUMUYECKOHN 1a00paTopuu U MUTh BOAY U3 JaOOPaTOpPHON MOCYABL. -
-KaTeropHueCKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-IpY TMOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIEHTPUPOBAHHBIX KHCJIOT IOCJIE CMBIBaHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJBI. IIENOYH CIEAYET CMBIBATh IO TE€X IOpP, IMOKA y4aCTOK KOXKH, Ha
KOTOPBIH OHa TIOMalia, He MePecTaHeT ObITh CKOJB3KUM; 3aTEM MPOMBITH CIIA0BIM PAacTBOPOM YKCYCHOMU
KHUCJIOTHl U HAJIOKUTh TOBA3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOpPOM IEepMaHraHata Kaimus (U3
anTeyKky B TabopaHTCKOU Kadeapsl);

-110 OKOHYAHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, IEPEKPHITh TI0Jjady T'a3a U BOIBI B
nabopaTopuro U yoparh pabodee MecTo;

-000 BCeX HECYACTHBIX CIydasx HEMEJIEHHO COOOIIaTh MpenoaBaTesto Wi JabopaHTy.

Ilpakmuueckasa uacmo:




OmnbIT Nel. KucinoTHO-0CHOBHEIE CBOMCTBA OKCHUIOB

PactBopuTe B BOAEC B OAHOW MPOOMPKE OKCHJ KaJbIHS, B JIPYroll - JUOKCHJ yriepoja. B mepByro
npobupky nob6aBbTe menoTrky nopomka CaO, 2-3 M JUCTUITUPOBAHHOM BOIBI M B30odTaiiTe. Bo
BTOPYIO MPOOUPKY € 3-5 MJI AMCTHILTUPOBAHHOM BobI nporyctute Tok CO2 3 OansioHa wiM anmapara
Kunma. B xaxayro npobupky no0aBpTe 2-3 Karuld JIakMyca M IO LIBETY HMHJUKATOpa OINpeAeNuTe
XapakTep MNOJy4YeHHOro pacTBopa. Caenante BbIBOJ O KUCIOTHO-OCHOBHBIX CBOMCTBAX JAaHHBIX OKCHUIOB
U TMONY4YEHHBIX TruapokcuaoB. Hammmmre ypaBHeHus peakuui. Hccienyiite B3aumonencTBue
pacTBOPEHHBIX THIPOKCUIOB IPYT € APYTOM U C PaCTBOPOM CEPHON KHUCIIOTHI.

OnpIT Ne2. KucinoTHO-OCHOBHBIE CBOMCTBA THAPOKCHIOB

K pactBopam coseit NiSOs u NazSiOs (2-3 mi1) mobaBeTe Takoe ke koiaudecTBo ménoun (NaOH) u
kuciotel (HCI). Ilpu BbImageHuu OCagKOB TPYTHOPACTBOPUMBIX THUAPOKCHIOB HUKEISI M KPEMHHA
YCTAaHOBUTE UX KHUCIOTHO-OCHOBHBbIE cBoMcTBa, nmpubaBisis k ocaakam HCl wu NaOH. Hanumwre
YpaBHEHHUsI peakuil B MOJIEKYJIIPHOM U MOHHOM BUJE.

OnbiT Ne3. [Tonydenue u cBoiicTBa aMm(pOTEpHOTO THAPOKCUIA

B npobupky nHaneiTe 2-3 M pacTBOpa XJIOpuaa XpoMa WM XJIOpHAa altoMHHHS (TI0 BBIOOpPY) U IO
karssM npubasisiite pactBop ménoun (NaOH wmmu KOH) mo oOpa3oBanmsi yCTOWYHMBOTO OCajKa.
Pa3nenute ocanok Ha Be NpOOUPKHU: B OJHY NPUIIEUTE PacTBOP IIEIOUH, B IPYTYIO - PAaCTBOP KUCIIOTHI
110 pacTBOpeHus ocazika. Caenaiite BbIBOJ, COCTaBbTE YPABHEHUSI pEaKIU.

OmnbiT Ne4. [TonyueHue HepaCTBOPUMBIX B BOJE OCHOBAaHUIM

B otnenpHbie mpoOUpKU HajelTe mo 2-3 MJI pacTBOPOB XJIOpHJA Kene3a, cyib(ara Menu u cyiabdara
Maraus. [lpuneiite B kaxayro NpoOUpPKyY MO KaruisiM pacTBop 1ménoun. CocTaBbTe ypaBHEHHUS PEaKIIHM,
OTMETHTE IBET BBINABIINX OCAJKOB.

OmnbiT NeS. KucinotHo-OCHOBHBIE CBOMCTBA COJIEH

A. CpoiicTBa Kucioi conu. [[ist nmomydeHus KUCION COJNM MCHOJIb3YHTE pacTBOP TMIPOKCHIA KabIUs
niu Oapus ¥ AMokcu yriepoja. Kakoi u3 ykasaHHBIX peaKTHBOB CJ€IyeT B3ATh B U30bITKe? OOpaTute
BHUMaHME Ha TO, YTO Ipu npomnyckaHuu Toka CO2 yepe3 pacTBOp I'MIpOKCHIA BHadaie oOpaszyercs
0CaJOK CPEIHEHN COJM, KOTOPBII NpU AaJbHENIIEM NPOIYCKaHUU JUOKCHIA YIJIEpOJa PACTBOPSIETCS U
MEePEXOUT B PACTBOPUMBIN THaApokapOonar. CocTaBbTe ypaBHEHUs peakinuil. YeM HyXHO
nozelicTBoBaTh Ha ruapokapOoHar (pactsopoM HCl ninm NaOH), utoObl mepeBecTy ero CHoBa B 0CaJI0K
cpenHei conu?

B. CBoiicTBa 0cHOBHO# conu. {71t mosydyeHHsl OCHOBHOW COJIM MCHOJB3YWTE pacTBOp cyibdaTa Meau,
noOaBisiss kK HeMy o KarwisiM pactBop NaOH u mepemerinBas conep:kuMoe MPOOHPKH CTEKISTHHON
nanoukoit. [Ipu HemoctaTke mEénounm oOpasyeTcss 0caToK OCHOBHOTO cynbdara menu. Kakoro msera

9TOT O0CaJO0K, U KaKOB COCTaB conu? HpI/I JanbHEHIIeM HpI/I6aBJ'ICHI/II/I IEI0YH U3MEHSETCS IIBET OCajKa



(Ha kako#?) B cBs3M C oOpasoBaHueM ruapokcuaa. CocrtaBbTe ypaBHEeHHMs peakiuid. OT4ér Mo
nabopaTopHoi paboTe oopMHUTE HA IBYX Pa3BEPHYTHIX JTUCTAX TETPAIH (JJaOOpaTOPHOTO KypHAJIA).

Tpebosanusn K ohopmaenuio 1ab60pamopHoil padomovl U OMyUemy:

1.BeimonHeHne 1ab0OpaTopHBIX pabOT COMPOBOXKIAIOT 3amHucsAMU B JabopaTopHOM >KypHane. Ha
TUTYJIBHOM JIMCTE J1aOOPAaTOPHOIO >KypHala JOJDKHBI OBITh IPEACTABICHBI: Ha3BaHHE YHMBEPCHUTETA,
(bamMuIus 1 MHULMAJIB! YYalerocs, HOMep Kypca 1 Ipymiibl, y4eOHBIH ToA.

2.0T4eT 0 BBHINOJHEHHOH J1a00paTOpHOI paboTe JOIKEH COAEPIKATh CISAYIONINE CBEICHUS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PalboThI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAJIbI;

*KpaTKO€ TEOPETHUUECKOE ONHCAHUE;

*HOMEp M Ha3BaHUE OIBITA;

*KpaTKO€ ONMCaHue Xo/a paboThl ¢ yKa3aHUEM YCIIOBUH MPOBEICHUS OIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHM,

*ypaBHEHUS MPOTEKAIOUINX PEaKIHii;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IB.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYpaTHO, 3aIIMCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSET U MOANUCHIBAET MPENO/1aBATENb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JOMYCKAIOTCS CTYACHTHI, BBINOJHUBLIME U
MOJINMCABIINE Yy MpEerojaBaTeliss Bce JOMalIHUE U JJabopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B padOTEe CEMUHAPOB.

6.CTyneHTHl, OMYYHBIINE 3a4€T MO JIA0OPATOPHOMY MPAKTHKYMY, OIYCKAIOTCS K CAade IK3aMeHa IO
KypCy HEOPTraHU4ECKOH XUMHH.

Konmponwvnwie gonpocoi :

. OCHOBHBIE KJIaCChl HEOPTAHMUECKUX COeAUHEHUN. MexmyHapo1Hass HOMEHKIIATypa.
OKcuapl ¥ TUIPOKCUIBI XpOMa
. Enxue menoun

Comu HaTpuAa U KaJiud

Kanpuuit. Haxoxaenue B npupoze, Gpusnueckue, XUMUYECKUE CBOWCTBA.

1
2
3
4
5. OOwias xapakTepuCTUKa MOATPYMIbI OepUILTUS
6
7. Okcug v THIPOKCUJ KaIbIUA

8

Coiu Kanpnus
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JlaGopaTopHas padora Ne 2
Tema: OnpeneseHne dKBUBAJEHTHON MacChl IMHKA

Henv _pabomoi: I/IBYIII/ITB YCTAHOBKY U MCTOIHUKY ONPCACICHUA SKBHUBAJICHTHOM MAacChl IIMHKA IO

KOJIMYCCTBY BOAOPOAA, BEIACIIAIOIICTOCA B XOA€ PCaKINU [IMHKA C COJISTHOM KHMCIIOTOM.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckan uacmo:




W3 3akoHa MOCTOSIHCTBAa COCTaBa, KPAaTHBIX M OOBEMHBIX OTHOLICHHM CIEAyeT, YTO 3JIEMEHTHI
COEUHSIOTCA APYr C JIPYroM B CTPOTrO ONPEAENIEHHBIX KOJIWYECTBEHHBIX COOTHOIIEHHUSX, KOTOPHIE
Ha3bIBAIOT HKBUBAJCHTAMU WJIM DSKBUBAJICHTHBIMU Maccamu. [[is ompeneneHuss SKBUBAJICHTOB U
SKBUBAJICHTHBIX MAacC HY)XHO 3HaTh, YTO TAaKO€ MOJIb U MOJbHasg Macca. Mo/ib- 3TO KOJIUYECTBO
BEIIECTBA, B KOTOPOM COJIEPKUTCS YUCIIO YaCTHUIL JIIOOOTO ONMPEAesieMOro copTa, paBHOE MOCTOSTHHON
Asorazipo (6,02 '10%%). Hampumep: 3 10%* monekyn Bompl cocTaBsT 5 Monb. Monbnas (Monapnas)
Macca BEUIECTBA B IpaMMax UYMCIECHHO paBHA €r0 OTHOCUTEIBHOM MOJEKYJSIpHOW (aTOMHOI) Macce,
BBIPQ)XEHHOW B aTOMHBIX €IMHHUIAX Macchl (a.e.M.). Macca 1 MoJsi BemecTBa BBIPAXKACTCS B I/MOJb.
Hanpumep: monsipnas macca H2O u aroMHast macca Kucjiopoaa COOTBETCTBEHHO paBHbI 18 u 16 a.e.M.,
UX MOJIbHBIE Macchl paBHbI 18 1/Mob U 16 r/MoOINb. IK6UBAIEHMOM INeMeHma HA3BIBACTCS TAKOE €ro
KOJIMYECTBO, KOTOPOE COEIAUHSETCA lc MoJieM aTOMOB BOJOpOJA WM 3aMEIIAeT TO K€ KOJIUYECTBO
aTOMOB BOJIOpOJia B XUMHYeCKuX peakiusax. Hanmpumep, B coenunenusx HBr, H,O, PH3 skBuBaneHTsI
Opoma, kuciopoaa, Gochopa COOTBETCTBEHHO paBHBI 1 Mok, 1/2 Moisb, 1/3 mMomb. Macca ogHOTO
SKBHUBAJICHTA HA3BIBACTCS €r0 JIKeusaneHmHoil maccou. Tak, B TPHUBEICHHBIX BBIIIE IpPUMEpax,
AKBUBAJICHTHBIC Macchl Opoma, Kuciopomaa, pocdopa coorBercTBeHHO paBHBI 79,9 r/™MoONB, 16:2 = 8
r/Moab, 31:3= 10,3 r/MOIb. IKEUEAIEHMOM C/IOHCHO20 6EeU|eCHEa HA3HIBACTCS TAKOE €r0 KOJIUYECTBO,
KOTOPOE B3aUMOJICHCTBYET 0€3 0CTaTKa ¢ OJJHUM SKBHBAJICHTOM BOJOPO/IA WIH C OAHUM SKBHUBAJIEHTOM
m000ro Ipyroro BemiecTBa. PacueTsl, CBA3aHHBIE C OMpeNeIeHHEeM SKBUBAJICHTHBIX MAacC, MPOBOJSATCS
10 3aKOHy JIKeuseanenmos. Maccbl (00bEMBbI) pearupyliiux JIpyr C JPYroOM  BeIecTB,

MPOTIOPIMOHANIBHBl WX SKBUBAJICHTHHIM MaccaM (oObeMam). MarTeMaThyecku 3aKOH BBIpaKaeTcs

3aBUCUMOCTBIO:
m m V V
—L =—2  yaudnsa 2azoe 1 -2
‘9] 32 ijs.l VJKe. 2

rae: m, (V) - macchbl (00bEMbI) pearupyronux BeIecTs;
3, (Vks.) - 5KBHUBAJICHTHBIE MacChl (00BEMBI).

DKBUBAJIEHTHYIO Maccy IPOCTOTO BELECTBA MOYXHO BBIYMCIUTH MO (GOopMyJie:

rac M” - MOJIbHas Macca atToMa 3JIEMCHTA,

B - BaleHTHOCTH 2JIEMEHTA.

Tak, HanpuMep, SKBUBAJICHTHBIE MAacChl BOJOPO/A U KUCIOPOJa COOTBETCTBEHHO PABHBI:
1 16
Oy :I =12/ mMonb g :E =8 2/ monb

DKBUBAJICHTHBIN 00BEM Ta3a MOKHO BBIYUCIIHTH 0 (popmyiie:



TaK, HaIIpuMeEp, SKBUBAJICHTHBIC 00BEMBI BOAOpPOJa U KHCJIIOpOJa COOTBCTCTBCHHO PABHBI:

zﬂ =11,24/ monb _132

KE. 22’4 3KE.0 _m

=5,6.1/ Monb

OKBHUBaJICHTHBIE MACCHI CJIOKHBIX BEIIECTB MOKHO BEIYHUCIIUTE I10 (bOpMy.]'IaMi

M M

— okcuda  — r 8 — KUC/10MbL :1 + KUCA.OCTAmKa
okcuda Kucs10mbt
2”0 B nH KUC/1. OCMamka
3 — MO(‘HO@(IHUH — Mr + 17 3 — Mcmu — Mr + qum.ocnmmm
OCHOBQHUA cou
nOH B BMe 'nMe B Bmm.ornmmm

No, NoH, NH, NMe — YUCJIO aTOMOB KHUCJIOPOAA, TMAPOKCUIIBHBIX TPYII, aTOMOB BOJOpOJa, MeTajia
COOTBETCTBEHHO B OKCHJI€, OCHOBaHMHU, KHCIIOTE, COJM; B — BaJEHTHOCTb, 8§ — SKBMBAJEHTHAs Macca
KHMCII0po/ia, | — 3KBUBAJIEHTHAs: Macca BOJ0po/ia, 17 — SKBUBaJIEHTHAs Macca I'MIPOKCUIIBHOM TPYIIIBL.

Qobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JaHHOW pabOThl, BHICTABISAIOT HA MOJIKH Ja00opaTOpHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M IIEIOYM, IaXydyue BellecTBa (Hampumep, CepoBOJOPO/,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHoOBHasi XUMHUYECKasi MOCy1a: MPOOUPKH (B IUTATHBE), KOJOBI, XUMHUECKHE CTAKaHBI IOCIE PaOOTHI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, IMPHUOOPHI, HCMOJIb3yeMasl Uil HPOBEIEHHS] OTIENIbHBIX
1a00paTOPHBIX PadOT, BBIAAETCS U CIAETCS YMCTas J1a0OpaHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOW XMMHMUYECKON MOCyI0M. OCTaTKu pa3OMTOM Mocynibl yOUpaTh ¢
MIOMOIIIBIO COBKA U MIETKH,;

-Bce paboThl, CBSA3aHHBIE C BBIJCICHUEM SJIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEIIECTB,
MPOBOJIUTH B BBITSDKHOM HIKADY;

-IIpU OTIPECIICHUM 3araxa BEeIIECTB OTBEPCTHE COCyla JepkKaTh Ha pacctosHuu 25-30 cM OT nuIa,
HanpasJisist K cebe CTPYIo rasa nocTynareabHbIMHU JBHKEHUSMU JIaJIOHU OT OTBEPCTUS K JIMILY;

-IpY HaJMBAHWM PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30ekaHHe MOMajaHus OpbI3r WIK
YaCTHUIl Ha JIMIO W OJCKAY. IpU p336aBHeHI/II/I KOHICHTPUPOBAHHBIX KUCJIOT BJIMBATH KUCJIOTY B BOAY,
HO HE Hao0OopoT;

-IIpY HarpeBaHUM MPOOUPKHU HE JIepKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCeIa. HE HAKJIOHAThCS
HaJ1 HarpeBaeMoi KHUJIKOCTbIO BO M30€KaHNE TIONaIaHus e€ Ha U0, PyKH WIH OJIeXKIY;

-ropsiYre MPEeIMEThl MOXXHO CTaBHTh TOJILKO Ha acOECTOBBIM KapTOH, acOSCTHPOBAHHYIO CETKY WIIH
JPYTYIO CHEIHATBHYIO TIOJICTAaBKY,

-HeJb3s MOJIb30BATHCS HIEKTPONPUOOpPaMu 6€3 COOTBETCTBYIOIIETO HHCTPYKTaXa. MPU BKIIIOYCHHUHU UX B

CCTb HECJIb34 ACPIKATHCA 3a MCTAJNIMUCCKHUEC ITPEAMCTDBL (prﬁbl, KpaHbI U T.H.). 3alpeuracTCs BKIIOYATh U



BBIKJIFOYATh JJIEKTPONPHOOPHI MOKPHIMH pPYKaMH, a TaKXKe IOJb30BaThCs HEHCIPABHBIMH  HJIH
MMEIOIIMMU OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3ampenaeTcs MPUHUMATh MUY B XUMUYECKOH 1a00paTopuu U MUTh BOAY U3 Ta0OPATOPHON MOCYABI. -
-KaTeTOPUYECKH 3aIlpelaeTcs MpoOoBaTh PEaKTHBBI HA BKYC;

-IpU TIOMAJJAHUK HA JIMIO WM PYKH OpBI3T KOHICHTPHPOBAHHBIX KHCIOT ITOCJIC CMBIBAHHS BOJIOW
MPOMBITH CIa0BIM PACTBOPOM COJBI. INENOYb CIEAYET CMBIBATh IO TE€X IOp, MOKA y4aCTOK KOXKH, Ha
KOTOPBIM OHA TOMalia, He MEPECTAHET OBITh CKOJIB3KUM; 3aTEM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHCIIOTHl U HAJOXHUTHh TOBSI3KY W3 BaThl, CMOUYEHHOW 3%-HBIM PAacTBOPOM IEepMaHraHaTa Kaius (U3
anTe4yKy B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHWH PAa0OTHI BHIKIIFOUUTH U3 CETHU BCE AJIEKTPOIIPHOOPHI, MEPEKPHITh TI0Jjauy T'a3a U BOIBI B
naboparopuro u yopaTth pabouee MecTo;

-000 BCEX HECYACTHBIX CIy4asx HEMEJIEHHO COO0IIaTh MPEenoJaBaTesio Wik JabopaHTy.

Ilpakmuueckas uacms:

DKBUBAJICHT IIUHKA OIPEEISIOT 10 KOJIMYECTBY BOJIOPO/A, KOTOPBIN BBIACISIETCA B XO/A€ PEeakuu: Zn
+ 2HCI = ZnCl2 + Ha. Pacuér mpoBOAST COTTaCHO 3aKOHY SKBHUBAJICHTOB 0 (OpMYyJIe:
) 9H R

Mu2

Ozn=

rIe Ozn — DKBHUBAJICHT 1IMHKA;

OH — 3KBHUBAJIECHT BOJOPOAA, paBHbIN |;

Mzn— Macca LMHKA, T ;

MH2 — Macca BoJopoJa, T .
PaGoty BBINONHSIOT B TaKOH MOCIIEA0BATENBHOCTH:
1. B3Becutb rpaHyny IMHKa, e€ Macca jgokHa ObiTh 0,2-0,3 © (TOYHOCTH B3BELIMBAHUS Ha
TeXHUYECKUX Becax JosnkHa ObiTh + 0,01 1).
2. Omnpenenuth 00bEM 00pa3yroIIerocs BOAOPOIa MPUOOPOM (CM. PUCYHOK):
Jl1st 3TOrO 3amoyIHUTh BOJOU 110 ropna koily 1. I[1noTHO BetaBUTh MpoOKY 2 B Topiao KojiObl. CHATH
M30THYTYIO0 NMpoOupKy 3. OTKPHITH 3aKUM 6, 3alI0JHUTH TPYOKY 5 BOJIOM; 3aKpbITh 3axkuM. [IpoBepuTh
FepMETUYHOCTh MpUOOpa: MIOTHO HA/AETh NPOOUPKY 3, OTKPBITh 3aKHUM, U, €CJIM BOJA HE BBITEKAET U3
TpyOKH 5, TO mpUOOp repMeTudeH. 3aKpbITh 3aHUM, BBUIUTh BOAY U3 NPUEMHON CKISHKU 7. BopoHkoit
3aJIUTh JI0 MOJIOBUHBI B IPOOUPKY 3 pacTBOP COJSTHOM KUCIIOTHI (KOHIIEHTpALUs CONMTHOW KUCHOTHI 1:1).
[TonoxuTh Ha COTHYTOE KOJEHO MPOOMPKH B3BELICHHYIO TpaHyly LMHKa. [[IO0THO mnpucoenuHuTh
poOUpPKyY, HaJieB Ha MPOOKY B TpyOke 4. OTKPHITh 3aKUM 6, U, HAKIIOHUB MPUOOP, CTOJIIKHYTh TPAHYIY

B pactBop HCI. Beienstomuiicss Bogopos OyJaeT BHITECHATh BOAY M3 KOJObI 1 B cTakaH 7.



[Tocne oxoHyaHusi peakiuu (TeMIepaTypa pacTBOpa B MPOOUpPKE JOKHA OBITH paBHA KOMHATHOM)
U3MEpUTh 00BbEM BOJBI B CTaKaHe 7 MEPHBIM LIUJIMHAPOM, 3amucath Temmneparypy t° C u atmocdepHoe
napiieHue P.

[To popmyne MenneneeBa-KiaiinepoHa onpeaenuTs Maccy MOJTy4EHHOTO BOJAOPOIA:

mRT ,
PV =——
M
rae R — 8,3144 JIx/monbeK.
Taxk xak B KoJ0€ ra3 COJAEP>KUT BOIOPO U Maphl BOJIBI, TO 001IIee JaBiieHne ra3a B konde P = P2 + Ph2o,

otkyna Pr2 = P - Ph2o. [laBnenue mapoB BojbI 3aBUCUT OT TemnepaTypsl. HeoOXoumbie 1aHHBIE B3STh

U3 TaOIULEL.

T,°C 17 18 19 20 21 22 23 24 25 26

PHeo, 1,93 2,06 2,20 2,22 2,48 2,64 2,84 2,99 3,17 3,36
klla

VYcnoBus 1 pe3yNbTaThl OMbITA 3aMUCaTh B 1a00OPATOPHOM >KypHaJI€ B TAOIUILY:

Macca V, T,°C P P20, Phe,

MeTajia, T M klla klla klla

[Tocne onpenenenus Maccel Bojopoaa o ¢hopmyne (2) paccuntaTh SKBUBAJIEHT IIMHKA 10 Gopmyre (1).
O06s13aTeNBbHO ONPEAETUTH OTHOCUTEIHHYIO OIUOKY OMBITA:

32,68 - 921’1(1‘[) « 100% ,
Oumbia, %= — oo
HI1MOKa, 7o 32,68

rac 32,68 — TCOPCTUUCCKOC 3HAYCHNEC SKBUBAJICHTA ITUHKA.

Tpeoosarnusa Kk ohopmaernuio 1a60pamoproil padomsl U Omyemy:

1.BemonHeHnne nabopaToOpHBIX pabOT COMPOBOXKAAIOT 3alMCSIMH B JaboparopHoM >xypHane. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOTO >KypHajla JAOJDKHBI OBITh NpEACTaBIICHBI: Ha3BaHUE YHUBEPCHUTETA,
(bamMuIus ¥ MHULMAJIB! YYalerocs, HOMep Kypca U rpyMIibl, y4eOHBIH ToA.

2.0T4eT 0 BBINOJHEHHO J1a00paTOpHOI paboTe JOKEH COepKaTh CIeYIOIINE CBEICHHS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOTHI;

*IIeTTb PaOOTHI;

*000py/I0BaHHE M MaTEPHAJIbI;

*KpaTKO€ TEOPETHUECKOE ONKCAHUE;

*HOMCP U HA3BAHHUE OIIbITA,




*KpaTKoe OMHCaHKE X0a paboThl C yKa3aHUEM YCJIOBHI MPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMbI UCIIOJIB3YEMBIX MPUOOPOB;

*Ha0JIFOICHMS,

*YypaBHEHUS POTEKAIOLINX PEAKIIMIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IbI.

3.JIabopaTopHBIii KypHaI HYy>KHO BECTH YHCTO U aKKYpaTHO, 3aMCH JOJDKHBI ObITh TAKOHUYHBIMU.
4.0T14éT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBACT MIPETI01aBaATENb.

5.K cpmaue 3auéra mo nabopaTOpHOMY HPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBINOJIHUBIIME U
MOJMNKCABIINE y TPEnojaBaress Bce JIOMAIllHWE U JiabopaTOpHbIe pabOThl, CHABIINE KOJUJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pabOTe CEMUHAPOB.

6.CTyneHThl, OMYYHBIINE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, OIYCKAIOTCS K C/ade dK3aMeHa 10
KypCY HEOPTaHUYECKOU XHUMUHU.

Konumponwsnvie gonpocet :

1.0TtHOocuTenbHAS aTOMHAs Macca

2.0THOCUTENBHAS MOJIEKYJISIPHASL Macca

3.Moub. Monsipaast Macca

4. Xumuueckue 3Haku, (POpMYIIbl U YpaBHEHUS
5.Xumuueckue peakuuu. Knaccudukanus peaxiuii.

6.3aKOH COXpaHEeHHUsI MacChl BEIIECTBA

7. 3aKOH MMOCTOSIHCTBA COCTaBa

8.I'a30BbIe 3aKOHBI. 3aKOH ABOraapo. MossipHbIi 00beM raza
9.01kporTHE .. MenaeneeBbIM IEpHOANYECKOT0 3aKOHA
10. [Nepnonuueckas cucrema J[.V1. Menneneena

Cnucok Jumepamypbal.
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JlabGoparopHasi padora Ne 3
Tema: Onpenenenue MoJIeKYyJIIPHON Macchbl JUOKCHIA YIJiepoja

Ilenv _padompi: OrmipeneneHre MOJIEKYJISIPHOM Macchl JAMOKCHJA YIJlepoja II0 Macce KOJIObI

3anonHeHHoi razom (CO2) monb3ysck ypaBHeHueM MenneneeBa — Knaneiipona.

Dopmupyemovie komnemenuuu: OIIK-1.

Teopemuueckas uacmov:

MonekynspHas Macca, CyMMa MacC aTOMOB, BXOJSIIIIUX B COCTaB JIAaHHON MOJIEKYJIbI, BBIPAXKAETCS B
aTOMHBIX eIMHMIAX Macchl (a.e. M.). ITockombKy 1 a.e.M. (WHOT/IA Ha3bIBaeMas JanbToH, D) pasHa /1
MacChl aToOMa HYKJIUJa 12C u B emuaumnax maccet CU cocrasisier 1,66057'10"27 KI, TO YMHOXEHHE
MOJNEKYIApHOH Macchsl Ha 1,66057'1027 naer abcomoTHYIO Maccy MONEKyisl B Kuiaorpammax. Yare
MOJIB3YIOTCS Oe3pa3MepHON BETUYUHON Moy - OTHOCUTEIBHOW MOJIEKYISIpHOM Macchl: Mo =My/D, Tae
M,-Macca MOJIEKYIBI X, BRIpaKEHHAS B TEX K€ €AMHUIIAX MacChl (KT, T W Ap.), 9T0 U D. MonekyspHas
Macca XapaKTepU3yeT CPEIHIOI0 MAacCy MOJEKYJIbl C Y4ETOM H30TOIMHOrO COCTaBa BCEX 3JIEMEHTOB,
00pa3yrIuX JAaHHOE XUMUYECKOe coenHEeHne. VIHOT1a MOJIEKYIISIPHYIO Maccy OMPEIeIsIOT ISl CMECH
pa3IMYHBIX BEIIECTB M3BECTHOT'O COCTaBa, HampuMmep s Bo3ayxa "dh@exkTuBHYI" MOJIEKYISIPHYIO
MacCy MOYHO TIPUHATH paBHOU 29. AOGCOTIOTHBIMUA MaccaMu MOJIEKYJ YA0OHO ONMEpUpOBaTh B 00JIaCTH

(bI/ISI/IKI/I CyGaTOMHBIX OponecCcoB U paguoOXuMuu, raAc MyTeM HU3MCPCHUSA DHCPIrur 4acTull, COTJIaCHO


http://www.chemport.ru/data/chemipedia/article_2499.html
http://www.chemport.ru/data/chemipedia/article_3411.html
http://www.chemport.ru/data/chemipedia/article_2219.html
http://www.chemport.ru/data/chemipedia/article_2219.html
http://www.chemport.ru/data/chemipedia/article_2219.html
http://www.chemport.ru/data/chemipedia/article_665.html
http://www.chemport.ru/data/chemipedia/article_3214.html

TECOPHUH OTHOCHUTCIBHOCTH, OIIPCACIIAOT UX a0COJIOTHBIE MAacChl. B XMMUH M XMMHYECKON TEXHOJIOTHH
HCO6XOILI/IMO IMPUMCHATE MAKPOCKOIMMYCCKHUE CIAWHHUIBI H3MCPCHUSA KOJIHWYCCTBA BCIICCTBA. Ywucio
JIFOOBIX HacCTHulg (MOJICKyJI, ATOMOB, 3JICKTPOHOB HJIM MBICJIICHHO BBIACIIACMBIX B BCIICCTBE I'PYIIIT YaCTUII,

nanpumep nap noHoB Na* u Cl° B kpucrammmy. penrerke NaCl), pasHoe ABoraapo moctostHHOM Na =

6,022:10%, cocraBisier MaKpOCKOITMYECKYI0 €IUHUIlY KOJUYECTBA BEIICCTBA - MOJIb. TOTJa MOKHO
3amucarbh: Mom = MyxNa/(D'Na), TO eCTh OTHOCHTENIbHAs MOJIEKYJIIpHAas Macca paBHA OTHOIICHHUIO

MacCChbl MOJIsA BCIICCTBA K NaD. Ecim BCIICCTBO COCTOUT M3 MOJICKYJI C KOBAJICHTHLIMU CBA3AMU MCIKIY

COCTABIIIOLIMMH WX aromMamu, To BennmuuHa MyxNa mpencraBnsier coOOi MOJSPHYIO Maccy 3TOTrO
BELIECTBA, €IUHUIBI U3MEPEHHS] KOTOPOW Kr-Mojb (KuioMmoib, KM). [l BemiecTB, He coaep aliux
MOJIEKYJ, @ COCTOSIIMX W3 aTOMOB, MOHOB WJIHM PAJHKaJIOB, ompezaensercs ¢GopMylbHas MOJsSpHas
Macca, To ecTb Macca Na YacTHIil, COOTBETCTBYIOIIMX NMPUHATON (hopMmyie BemecTBa. Panee B XuMuu
HCIOJIb30BAJIM MOHATHUSI TPaMM-MOJIEKYyJa, FpaMM-aTOM, I'paMM-HOH, TEHEpb - MOJb MOJIEKYJ, MOJIb
aTOMOB, MOJIb MOHOB, Nojpa3ymeBas mnoJ 3TuM Na MoJekyn, aTOMOB, HOHOB M COOTBETCBEHHO HX
MOJIIPHBIE MAcChl, BRIPAXKEHHBIE B TPaMMaXx WM Kuiiorpammax. TpaauiiuoHHO ynoTpeOsioT B KaueCTBE
CMHOHMMa TEPMHH "MOJEKYISpHBIA (MOJISPHBINA) Bec", TaK KakK OMpElelIeHHEe MacChl MPOU3BOJUTCS C
MOMOIIbI0 BecoB. Ho, B oTiMUmMe OT Beca, 3aBUCSIIETO OT reorpapuuecKux KOOPIUHAT, Macca sSBISETCS
IIOCTOSIHHBIM TapaMeTPOM KOJIMYECTBA BELIECTBA (IIPU OOBIYHBIX CKOPOCTSIX JBMIKEHMS YacTULl B

CJIOBUAX XUMHUUYECKUX PEAKIIUH ), IOPTOMY IIPaBUIILHEE TOBOPUTH "MOJIEKYIIsIpHAsI Macca'.
b

Metoasl onpenenenus. lcropuuecku nepBblii Meron (oOocHOBaHHBIM uccinepoBaHusimu  C.
Kannummapo u A. Aoranpo) npeminoxer XK. roma B 1827 u 3akimrodalics B U3MEPEHUU TUIOTHOCTH
ra3o00pa3HbIX BEIIECTB OTHOCUTEIBHO BOAOPOJHOIO rasa, MOJISIpHas mMacca KOTOPOro MPUHHMAaJach
MIEpBOHAYAJIbHO PaBHOW 2, a IMOCJe Mepexoaa K KUCIOPOAHON €IMHHIIE U3MEPEHUN MOJEKYISPHBIX U
aToMHbIX Macc - 2,016 r. Craenyrommili 3Tanm pa3BUTHS DKCIEPUMEHTAIBHBIX BO3MOXHOCTEHN
OIIpEAEIIEHUS MOJIEKYJISIPHOM MacChl 3aKIIIOYaAJICA B MCCIEIOBAHUN KUIKOCTEN U PACTBOPOB HE JIETYUHX
U HE JAMCCOLMHUPYIOIIMX BEIIECTB IYyTEM H3MEpPEHUsl KOJUIMTAaTUBHBIX CBOMCTB (TO €CTh 3aBUCSIIHUX
TOJIBKO OT YHCJIa PAaCTBOPEHHBIX YACTHI]) - OCMOTHYECKOIO JIaBJICHHS, MOHWKEHUS NaBJIEHMs mapa,
HOHIDKCHHUST TOYKH 3aMep3aHusi (KPUOCKOMHS) ¥ TIOBBIMICHUS TOYKH KHUIMEHHs (30YIHOCKOIIHS)
PacTBOPOB MO CPAaBHEHMIO C YACTBIM pacTBOpUTENEM. OCHOBHBIM METOJIOM OINpPEACIEHUS aTOMHBIX U
MOJIEKYJISIPHBIX MacC JIETYYMX BEIIECTB SBISETCA Macc-cnekmpomempus. Jls WcciaenoBaHUS CMECH
coequHeHN  A((EeKTUBHO  UCHONB30BaHUE  Xpomamo-macc-cnekmpomempuu.  llpu  manoi
MHTEHCUBHOCTH IMKa MOJIEKYJIIPHOTO HMOHA MPUMEHSIOT 3PQy3noMeTpuyeckie MpUCTaBKU K Macc-
ciekrpomeTrpaM. Dddy3nomMeTpuyeckrii crnocod OCHOBaH Ha TOM, YTO CKOPOCTh BBITEKAaHHUS rasa B
BaKyyM M3 KaMephl 4yepe3 OTBEpCTHE, IUaMeTp KOTOPOro 3HAYUTEIbHO MEHBIIE CPEAHEro MyTH
cBOOOHOrO Mpodera MoJeKyJbl, 00paTHO MPONOPIMOHATbHA KBAaJIPaTHOMY KOPHIO M3 MOJIEKYIISIPHOM

MacCChbl BCHICCTBA; CKOPOCTb BBITCKAHHA KOHTPOJIHUPYIOT 110 HU3MCHCHHIO MHABJICHUSA B KaMcCpe.
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MornexymsipHas Macca JIETy4uX COSAMHEHUI ONpeNeNsioT TaKkXKe METOlaMU ra30BOM XpomaTtorpaguu ¢
ra3oBbiIMM Becamu MaprtuHa. [locnenHne H3MepsIOT CKOpPOCTh IEpeMEleHMs Tra3a B KaHale,
COEAMHAIONIEM TPYOKH, MO KOTOPBIM TEKYT I'a3-HOCHUTENb M Ta3 U3 XpOMAaTorpauyeckoil KOJIOHKH, Y4TO
MIO3BOJISIET ONPENENSATh PA3HUILY IUIOTHOCTEM STHX Ta30B, 3aBHUCSIIYI0 OT MOJEKYJISIPHOM Macchl
HCCIIElyeMOro BelecTBa. MONEKYISIpHYI0 Maccy U3MEpSIOT Ul MAECHTHU()UKALUU XUM. COCIUHEHUH,
IUI  yCTaHOBJIEHUS COJCpPXKAHUSA OTHEIbHBIX HYKJIWJOB B COEJUHEHUSAX, HAIpuMep B BOJE,
HCIOJIb3YEMOM B aTOMHBIX JHEPreTUYECKUX YCTAHOBKAX, a TaKXE IPU HCCIEAOBAHUU M CUHTE3E
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUI, CBOICTBA KOTOPBIX CYIIECTBEHHO 3aBUCST OT UX MOJIEKYJISIPHON
Mmacchl. CpenHue 3HA4YeHHs MOJEKYJSIPHBIX Macc IIOJMMEpPOB YCTAHABJIMBAIOT C  IOMOIIBIO
NIEPEUYMCICHHBIX BBIIIE METOJOB, OCHOBAaHHBIX Ha KOJUIMTATUBHBIX CBOWCTBaX pa30aBJIEHHBIX
pacTBOpOB, MO 4YHCIY JBOWHBIX cCBs3e ("MATKUM'" O30HOJIM30M) HIM (PYHKIMOHAIBHBIX TPYIII
(MeTomamu (yHKIIMOHAIHHOTO aHAM3a), a TAaKXKEe M0 TAaKUM CBOWMCTBAM MX PacTBOPOB, KaK BSI3KOCTb,
cBeTopaccestnue. CpenHHe 3HAYEHHUSI MOJIEKYJAPHBIX MacC IOJMMEPOB  BBICOKOM  CTEIEHU

noJIuMepusalnuu OIpCACIIAOT I10 UX PECOJTOTHYCCKUM XaAPAKTCPHUCTUKAM.

Oobopyooesarue u mamepuaivl:

PeakTuBbl, HCOOXOAUMEBIC TSI TAaHHOW PaOOTHI, BRICTABJISIFOT HA TOJKH JJA00paTOPHBIX CTOJIOB. Penkue
PEaKTHBBI, KOHIEHTPUPOBAHHBIE KUCJIOTHI W IIEIOYH, MAaXydyue BEIIecTBa (HAIpUMeEp, CEPOBOIOPO/I,
OpoMHasi BoJa U JIp.) XpaHAT B BBITSHKHOM HIKady.

OcHoBHasi XUMUYeCKasi MOCyAa: MPOOUPKH (B IITATHBE), KOJIObI, XMMUYECKUE CTaKaHBI MOCIE PabOThI
THIATEILHO BBIMBITH, BEChl C Pa3HOBECOM, IMPUOOPHI, HCIONb3yeMasl UIsl MPOBEICHUS OTICIBbHBIX
1a00paTOPHBIX padOT, BBITAETCS M CAACTCS YHUCTast TaOOpaHTY.

Texnuka bezonacnocmu npu_8bINOJIHEHUU J1AD0PANOPDHOU_Padombl:

-aKKypaTHO 00paIlaThCsl CO CTEKISTHHON XUMHYECKOW MOCYIOW. OCTATKU Pa30MTOl MOCyabl yOupaTh ¢
MTOMOIIIBIO COBKA U MIETKH;

-BCC pa6OTI)I, CBA3aHHBIC C BBIICJICHUCM SAJOBUTBHIX, JICTYUUX W HCHOPUATHONAXHYIIUX BEIICCTB,
MPOBOJIUTH B BBITSDKHOM HIKADY;

-TIpH ONPEJICIICHUH 3allaxa BEIIECTB OTBEPCTHE COCyJa JepXaTh Ha paccTosHUM 25-30 cM OT Jmia,
HaTpaBJsisl K ce0e CTPYIO ra3a MmocTynaTeIbHBIMU JBUKCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-Ipy1 HaJIUBAaHWU PCAKTHBOB HE HAKJIIOHATLCSA HaJd COCYyAOM BO n30exaHue IIormagaHus 6pI)I3F NN
YaCTHUIl Ha JIMIO W OJCKAY. IIPpU pa36aBJ'IeHI/II/I KOHIOCHTPUPOBAHHBIX KUCJIOT BJIMBATH KHUCJIOTY B BOAY,
HO HE Ha00O0pOT;

-TIpH HarpeBaHUM MPOOUPKHU HE JIePKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCE/Ia. HE HAKIIOHSTH CSI
HaJI HarpeBaeMoi KHIKOCThIO BO H30€KaHKE O aHus ¢€ Ha JIUI0, PYKH WK OJICKIY;

-ropsiYre MPEeaMEThl MOXKHO CTaBHTh TOJIBKO Ha acOSCTOBBIM KapTOH, acOCCTHMPOBAHHYIO CETKY WIIH

JIPYTYIO CHEUANIbHYIO MOJICTABKY;



-HEJIb3S1 TI0JIB30BATHCS MIEKTPOIPUOOPaMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKA. MTPH BKIIFOYCHUU UX B
CETh HEJNb3s ICPKATHCS 32 METALUTHYECKUE TIPEAMETHI (TpYObI, KpaHbI U T.I1.). 3allPEIIAcTCsl BKIOYATh U
BBIKJIIOYATh AJICKTPONPHOOPHl MOKPHIMH pYKaMH, a TaKXKe II0JIb30BaThCsl HEUCIPABHBIMU WM
MMCIOLIMMH OTOJIEHHBIC TIPOBO/IA IpHOOpaMu;

-3anpeaeTcs MPUHUMATh IHIY B XUMHYECKOW J1ab0paTopyu U MUTh BOAY M3 JIA0OPATOPHOU MOCYIBI. -
-KaTerOPHYECKH 3arpeIaeTcs MpoooBaTh pEaKTHBHI Ha BKYC;

-[IpH TIONAJaHUU Ha JIMIO WU PYKH OpBI3T KOHIICHTPHUPOBAHHBIX KHCJIOT IMOCIE CMBIBAaHHS BOJOM
IPOMBITH CIa0BIM PACTBOPOM COABI. IIENOYb CIEAYET CMBIBATh JIO0 TEX IOp, MOKa Y4acTOK KOXXH, Ha
KOTOPBIN OHA TIOMaJia, He MePecTaHeT ObITh CKOJIB3KUM; 3aTEM MPOMBITH CJIA0BIM PAaCTBOPOM YKCYCHOMU
KHCJIOTBl U HAJIOKUTh TIOBSA3KY M3 BaThl, CMOUYEHHOU 3%-HBIM pacTBOPOM IepMaHraHaTta Kamus (W3
anTeyKy B TaOOpaHTCKOU Kadeapsl);

-[10 OKOHYaHHH PA0OTHI BBIKIIOYUTH U3 CETH BCE AJICKTPONPHOOPHI, IEPEKPBITH 101Uy T'a3a U BOJbI B
naboparopuro u yopaTh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asiX HEMEJICHHO COOOIIaTh MPEenoIaBaTelto Wi JJa00paHTYy.

Ilpakmuueckana uacmo:

MouekynsipHyto Maccy AMOKCH/IA YIIIEpOJa MOXKHO OIPEIEIUTh TPEMsI CII0CO0aMMU:
a) 10 OTHOCUTENBHOM MIoTHOCTH Ta3a Mco2= /I * Mpozn (1), rae

Mco2 — MonekynsipHasi Macca JMOKCHAA YIJIepoa;

MBgo3— MoleKynsapHas Macca Bo3lyxa, paBHas 29 a.e.M.;

JI — muotHOoCcTh CO2 110 OTHOIIECHUIO K BO3IYXY.

b) o momsaprOMYy 00BEMY CO 224 em
) pHOMY yCO2 . €02 (5) e
\
Mco2 — Macca JUOKCUAa yriepoaa, I ;
V  — 06Bém CO, Ipy HOPMANTBHBIX YCIOBUSAX, CM® |
22,4 — o6béM 1 r/ Mons moboro raza npu HopMaibHbIX yeaosusax (0°C, 101,325 kI1a), .
c) o ypaBHeHHI0 MeHieneeBa-Kiaiinepona
_ Mco2 RT e
M

P — naBnenue CO2 B kosbe, paBHOe aTMochepHOMY, klla;
V — 00BéM CO2, paBHBI 00EMY KOTIOBHI, cm:
R — yHuBepcanbHas ra3oBas nocTossHHas, paBHas 8,314 J[x/mounb e K;
T — temneparypa, K.
Ilocnedosamenvnocms 6plnonnenus padomal:
1. 3akpbiTh TPOOKOW CyXylO KOJIOy, TMPUTOTOBICHHYIO JIAOOpaHTOM Il OMbITa. BOCKOBBIM

KapaHJgamoM OTMETUTHL Ha KO0JIOE HMXKHUN Kpaﬁ HpOGKI/I. B3BecuTh Ha TEXHHUYECKHX Becax KOJ'I6y C



Bo3ayxoM (mi). OnycTuth B KO0y Ha 1-2 MUHYTBI TPYyOKY, IO KOTOPOW MIET TOK YIJIEKHCIIOTO rasa.
3areM MOJHECTH K OTBEPCTUIO TPYOKH TOPSIILYIO JIYYHHKY: €CJIM OHA TacHET, 3HaYUT K0JI0a MOJIHOCThIO
3all0THEHA YTIJICKUCHBIM Ta30M. 3aKpbhiTh KOOy MpoOKOW 10 METKH W B3BecHTh (m2). Emé pa3
3aIOTHATH KOJIOY ra30M U B3BECHTH (M3). Pe3ynbTaThl STUX IBYX B3BEIIMBAHUN HE JOKHBI OTIIHYATHCS
6omee yem Ha 0,01r. J{is pacuéToB UCIIONB30BATh CPEAHHUE TAHHBIC.

2.  Bbumth Bogy B K00y 10 METKH, 3aT€M MEPEUTh €€ B MEPHBINA HUIUHAP U U3MEPUTH 00BEM BOIBI
(xombsr) - V.

3. 3ammcarp temneparypy (t°C) u naBienue P, mpu KOTOPBIX MPOBOIST OIIBIT.

4.  IlpousBecTH pacy€Tsbl:

- TmpuBecTH 00BEM KOJIOBI - V K 00bEMY ITPU HOPMAJIBHBIX YCIOBHAX Vo;

- OIpEeIesuTh MacCy BO3yXa B KOJIOE Myosx, CUMTAS Maccy 11 Bo3myxa paBHoi 1,293 1

- HalTH Maccy caMoil KOJIObI ¢ MPOOKON Myoxs;

- OINpEAETUTh Maccy YIJIEKHCIIOro ra3a mco: .

VYcnoBus U pe3yiabTaThl ONbITa 3aHECTU B TAOJIUILY.

Macca K005l ¢ Macca k0105l ¢ V,ma | t°C P, xI1a | Vo,MIT | Mgosx Mxon6 Mco:
BO3JIyXOM My,I CO2 (ma+ m3)/2 =

mcp, r

5. Paccumntarh MonekynapHyO Maccy AMOKcuaa yriaepoaa no ¢opmynam (1), (2), (3). Haiitu cpeanee
3HaueHune. OnpeaeuTh OTHOCUTENBHYIO OITHOKY TI0 (hopMyIie

44 — Mco2

OmmOxa, %= "2 * 100%,

rae 44 — nelcTBUTENbHOE 3HaYEHHE MOJIEKYIIsIpHOM Macchl COx.

Tpeﬂoeanuﬂ K Od)ODMfleHlllo ﬂaﬁopamopnoﬁ paoomvL u omuemy.

1.BemonHeHnne ngabopaTopHbIX pabOT COMPOBOXKAAIOT 3alMCSIMH B JaboparopHoM >xypHane. Ha
TUTYJIBHOM JIMCTE JTAOOPAaTOPHOIO JKypHala JOJDKHBI OBITh INpE/CTaBlIEHbl: HAa3BaHUE YHUBEPCHUTETA,
(bamMuIus ¥ MHULMAJB! YYalerocs, HOMep Kypca U FpyMIibl, y4eOHBIH To.

2.0T14eT 0 BBITOJIHEHHOH Ta00PaTOpHOH paboTe JOKEH COIEPIKATh CIICYIOIINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PalboTHI;

*IIeTTb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAIIBI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIIbITA;

*KPATKOC OIMMCAaHUEC X0da pa6OTLI C YKa3aHUCM YCHOBI/II>'I IPpOBCACHUA OIIbITA;




*PUCYHKH M CXEMBbI HCIIOJIb3YEMBIX IPUOOPOB;

*HAOIIOACHUS,

*YpaBHEHMS IPOTEKAIOLINX PEAKIIMIA;

*pacuéThl, TAOIUIBI, TPAPHKH;

*BBIBO/IBI.

3.JIabopaTopHBIii kKypHaI HYy’KHO BECTH YHCTO U aKKypaTHO, 3alIMCH AOJKHBI ObITh TAKOHUYHBIMH.
4.0T14éT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBACT MIPETI01aBaATENb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JOIMYCKAIOTCS CTYACHTHI, BBINOJHUBIINE U
MOJIMCABIINE Yy IpernojaBaTelis Bce JOMallHUE U JJabOpaTOpHblE pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABILKE B paOOTE CEMUHAPOB.

6.CTyneHThl, MOMYYHBIIKE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, JOMYCKAIOTCS K cade dK3aMeHa 10
KypCY HEOPTaHUYECKOU XHUMUHU.

Koumponwvhsie gonpocot :

1 OcHoBHbIE TMOHATUS: XUMHUYECKUH OJIEMEHT, aTOM, MOJIEKyJla, OTHOCHUTEJbHAas aToOMHas U
MOJIEKYJIIpHas Macca.

2.IIpocToe U CI0KHOE BEILIECTBO.

3. KommuecTBo BemecTtBa, MOJb, MOJIIpHAs Macca, SKBUBAJICHT, MOJSpPHAas Macca AKBHBAJICHTA.
4.OCHOBHBIE KOJIMYECTBEHHBIC 3aKOHBI XMMHUU: 3aKOH IOCTOSIHCTBA COCTaBa, 3aKOH JKBUBAJICHTOB,
3aKOH KpPaTHBIX OTHOILLIEHUM.

5.Metozsl onpeneneHrs MOJIEKYJISIPHON U aTOMHOM MacChl.

Cnucok Jumepamypbal.
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; CeB.-KaB denep.yn-T. - CtaBponons : CKOVY, 2015. - 228 c. - [Ipun.: ¢. 221-225. - bubnuorp.: c. 220-
221

2.Xaxanuna, T. Y. Opranuueckas xumus : yue6. nocobue / T.M. Xaxanuna, H.I'. Ocunenkosna,
A.A. T'ypckas ; mon pen. T.W. Xaxanunoii. - M. : Beicias mkona, 2009. - 396 c. - (OcHOBBI HayK). -
bubnuorp.: ¢.396. - ISBN 978-5-9692-0310-5
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bubnuorp.: c. 725-726. - ISBN 978-5-406-03623-5

3.Yukun E.B. Xumus [DmektpoHHBIH pecypc]: ydeOHOoe mocoOme/ UmkuH E.B.— Diektpos.
TeKCTOBbIE JaHHble.— ToMck: TOMCKMI TOCYyIapCTBEHHBIH YHHMBEPCUTET CHCTEM YIPABICHUS U
PaaMOIEKTPOHUKY, Onb KonTeHT, 2012.— 170 c— Pexum JIOCTyTIA:

http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, o mapoiito



4.T'abpuensn, O. C. O6mast u Heopranudeckas xumus : y4ued. mocobue / O.C. I'abpuensn, U.I'.
Octpoymos, E.I'. Typouna. - M. : Axanemus, 2011. - 480 c. - (bakamaBpuar). - Ha yueGHuke rpud:
Horn. YMO. - bubmuorp.: c. 479-480. - ISBN 978-5-7695-8133-

5. Ilomkog, B. A. O0mas xumus. buodusnueckas xumust. XuMusi OMOTEHHBIX JIEMEHTOB | YI€OHHK
st By3oB / B.A. Tlonkos, FO.A. Epmios, A.C. bepasun ; nox pen. 10.A. Epmosa. - 9-e u3n. - M. :
Opaiir, 2012,2011. - 560 c. : w1 - (bakanaBp). - Ha yue6Huke rpud: Jon.MO. - bubmmorp.: c. 548-
548. - ISBN 978-5-9916-1667-6

6.EropoBa, O.A. Xumus. Koncnekt jekumii uis cTyaeHTOB | Kypca MH)KEHEpHOro (axyiabTera
Hanpasienuit UMb, UJIb : yuebnoe mocodue / O.A. Eropoa, O.B. KoBansuykosa. - M. : Poccutickuit
YHUBEPCUTET ApYXObI HapomoB, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To e [DIeKTpOHHBII
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).

JlaGopaTopHas padora Ne 4
Tema: KomMIuiekcHbIe coeIMHEHHS

Ienv pabomoi: HOJ'Iy‘lCHI/Ie AKBAKOMIICKCOB, pCaKIIUH TCPMOJIHU3a. HonyquHe AKBaKOMIIJIICKCOB CU2+ )

Ni**, Cr¥, momydemme u CBOICTBA T'MAPOKCOKOMILUIEKCOB OJI0OBA M XpOMa, MOIy4eHHE
aMHUHOKOMIIJIEKCOB M allUJJOKOMILJIEKCOB, U3yYEHHE JIBOMHBIX COJIEH.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmep:

KommuiekcHble coeTMHEHUsI 3TO MOJICKYJSIpDHBIE WM HMOHHBIC COEIWHEHHs, 00pa3ylomuecs ITyTeM
MPUCOEANHEHNUST K aTOMy WJIM HMOHY MeTajljla MU HEeMEeTalsla, HEUTPaJbHbIX MOJEKYJI WM JPYTHX
1noHOB. OHU CIIOCOOHBI CYIIIECTBOBATh KaK B KPUCTAJLJIE, TAK U B PACTBOPE.

OcHOBHBIE 110JI0KEHHUS W MOHATHA KOOPAUHALIMOHHOH TEOPHH.

Jl51s 0OBSICHEHUSI CTPOCHUS M CBOMCTB KOMIUIEKCHBIX coeiMHEHUH B 1893 . mBeHapcKuM XUMHUKOM A
Bepuepom Oblna mpeasio’keHa KOOPAMHALMOHHAs TEOpHsl B KOTOPYIO OH BBEJI JBa IOHATHS: O
KOOP/AMHAIMH U O TOOOYHOH BaJIEHTHOCTH.

Ilo Bepnepy enasnou eanenmuocmvio Ha3bIBAETCSI BaJEHTHOCTh MOCPEICTBOM KOTOPOW COEAMHSIFOTCS
aTOMBbI ¢ 00pa30BaHUEM MPOCTHIX COAMHEHUHN, TOJUUHSIOIINXCS TEOPUU

BajieHTHOCTH. Ho, ucuepnaB riaBHYIO BaJIeHTHOCTb, aTOM CIIOCOOEH, KakK MpaBHJIO, K JajJbHEHIIEMYy
IPUCOEIMHEHUIO 32 CUET NOOOYHOU 6aleHMHOCMU, B PE3YIbTaTe MPOSBICHUS KOTOPOHl u obpasyercs
KOMILUIEKCHOE COEIMHEHHUE.

[Ton neiicTBHEM CHII TJIaBHOM U TOOOYHOM BaJIGHTHOCTH aTOMBI CTPEMSATCS PAaBHOMEPHO OKPYKUThH ce0st
MOHAMM WJIM MOJIEKYJIaMH M SIBJISIIOTCS TakuM 00pa3oM LEHTPOM NpUTsKeHus. Takue aToMbl
Ha3bIBAIOTCA  YEHMPANbHbIMU UMY  KOMHAekcoobpazoeamensimu.  VIOHBI MM  MOJIEKYJIbI,

HETMIOCPCACTBCHHO CBA3aHHBIC C KOMHHCKCOO6pa30BaTCHCM, HAa3bIBAIOTCS JIUSAHOAMU.



[TocpencTBoM TJIaBHOW BaJCHTHOCTH MPHCOCTUHSIOTCS JUTaHABl HOHBI, a IOCPEACTBOM IOOOYHOM
BAJICHTHOCTH — HOHBI 1 MOJICKYJIBI.

[IputspkeHre JWraHa K KOMIUIEKCOOOpPA30BaTENI0 HA3bIBACTCS KOOPAMHAIMEH, a YHCIO JIMTaHi —
KOOPIUHAIIMOHHBIM YUCIIOM KOMILIEKCOOOpa3oBaTersl.

MoXHO CcKa3aTh, YTO KOMIUICKCHBIC COCIMHEHHUS 3TO COCIUHEHHUS, MOJICKYJbl KOTOPBIX COCTOST W3
LEHTPAIBHOTO aToMa (WM MOHA) HEMOCPEACTBEHHO CBS3aHHOTO C OIPEACIEHHBIM YHCIOM APYTHX
MOJICKYJT UM HOHOB, Ha3bIBAEMBIX JIUTAHIAMH.

B pomu KommiekcooOpasoBaTeneil uyaiie BCEro BHICTYNAIOT KaTHOHHI Mertamio (Co*s, Pt™, Cr*3
Cu™?Au*u np.)

B xauectBe nurangoB moryt Beictynath noHbl ClI, CN7, NCS, NO2", OH", SO4% Tak u HEUTpaJIbHBIC
moutekyinbl NHz, H2O, aMuHbBI, aMHHOKHUCIIOTHI, CIUPTHI, THOCTIHPTHI, PH3, 3dupsr.

Uncno KOOpIWHAITMOHHBIX MECT, 3aHMMAEeMbIX JIUTAHIOM OKOJIO KOMILIEKCOOOpa3oBaTes, Ha3bIBaCTCs
€ro KOOPOUHAYUOHHOU EMKOCMbIO UU OEHMAMHOCTbBIO.

Jluranapl, TNPUCOEAMHEHHBIE K KOMIUIEKCOOOPA30BaTEII0 OJHOH CBSI3bIO, 3aHUMAKOT  OJHO
KOOpAMHAIIMOHHOEe MecTh M HasbiBaroTcs MoHozeHtaTHeIMH (CI, CN°, NCS’). Ecnm ke nuranpg
MPUCOSANHEH K KOMIUIEKCOOOpPA30BaTEI0 TIOCPEACTBOM HECKOJBKUX CBSI3€H, TO OH SIBISETCS
nonuaenTatHeM. Hanpumep: SO42, CO3? sIBISIOTCSA OMIEHTATHBIMA.

KomrekcoobpazoBarenb U JIMTaHIbl COCTABISIIOT 8HYMPEHHIOW cghepy COSTUHEHUS WM KOMILIEKC (B
(dbopMynax KOMILUIEKC 3aKJIIOYalOT B KBaJpaTHble CKOOKH). MOHBI, HE CBSi3aHHBIE HEMOCPEIACTBEHHO C
KOMIUICKCOOOpa3BaTeieM, COCTABIISIIOT 8HEULHION KOOPOUHAYUOHHYIO chepy.

WNonsl BHemHEW cdepbl CBA3aHBI MEHEE MPOYHO IO CPABHEHHUIO C JIMTAHJIAMU W IPOCTPAHCTBEHHO
ylajaeHsl 0T KOMIUIEKCooOpazoBatest. OHU JIETKO 3aMEIIaloTCs IPYTUMH HOHAMU B BOJIHBIX PacTBOpaXx.
Hanpuwmep, B coemunenun Ks[Fe(CN)s] kommnekcoobpasopareneM snsercs Fe'?, nurammamum - CN-.
JIBa nuraHma MPUCOEIMHEHBI 3a CYET IJIAaBHOW BAJIEHTHOCTH, a 4 — 3a cUeT MOOOYHOW BAJICHTHOCTH,
CJIEJIOBATEIILHO KOOPIMHAIIMOHHOE YUCIIO PAaBHO 0.

Won Fe? ¢ murannamu CN™ cOCTaBISIOT 6HympenHioo cgepy uau Komniekc, a WoHbl K* BHENTHIOW

KOOPJIUHAIIMOHHYIO cepy:

K+ K+

K+
Kak mpaBmiio KOOpIMHAIMOHHOE YHCIO PABHO YJIBOCHHOMY 3apsily KaTHOHA MeETajlla, HalpuMep:
OJIHO3apsAIHbIE KATHOHBI UMEIOT KOOPJIMHAIIMOHHOE YUCIIO paBHOE 2, 2-X 3apsiaHble — 4, a 3-X 3apsiaHbIe
— 6. ecnM DJIEMEHT NPOSABISIET TNEPEMEHHYIO CTENEHb OKHUCJIEHHs, TO C YyBEJIMYEHUEM €€
KOOPJIUHAIIMOHHOE YMCIIO pacTeT. [IJis HEKOTOPhIX KOMILIEKCOOOpa3oBareneil KOOpAMHAIIMOHHOE YUCIIO

ABJIAETCS TTOCTOSHHBIM, HanpuMep: Co™, Pt™, Cr*3 umeroT xoopauHaImoHHOE YHCIIO paBHOE 6, Y HOHOB



B*3, Be, Cu™, Au™ xoopMHAIIMOHHOE YHCIIO PaBHO 4. JUIsl GOJIBIIMHCTBA HOHOB KOOPAMHAIIMOHHOE
YUCIIO SABJIACTCA IEPEMEHHBIM M 3aBHCUT OT INIPHPOAbI MOHOB BHENIHEH chepbl W OT YCIIOBHIl

o0pa3oBaHMs KOMILIEKCOB.

Kraccudukaius KOMIUICKCHBIX COSTUHEHHI POBOJUTCS M0 PA3IMYHBIM IPU3HAKAM.
1. Tlo 3apsiiy KOMIIEKCHOTO HOHA PA3JIHYarOT:

-katnonHsle [Cu(NH3)4]?

-aanonHble [Co(NO3)s]*

-ueiiTpansusie [Pt(NH3z)Cl2]°
2. Tlo xapakTepy JIMT'aH/IOB Pa3InYalOT:

-akBo- [Cu(H20)4]S04

-aMmMuHO-[CU(NH3)4]SO4

-anua0- Ko[Cu(Cl)4]

-ruipokco-Ko[Cu(OH)4]

Ilo cTpykType BHYTpeHHEH cdepbl pa3indaoT BHYTPUKOMIUIEKCHbIE (LUKIMYECKHE) COCIUHEHHMS.
Hanpumep, B )KUBOM OpraHu3Me BCTPEUAIOTCs KJICIIHEBUJIHbIE (XEJIaTHbIE) MATUWICHHbIE HUKIIbL. OHU
00pa3yloTCsl KATHOHOM MeTajlla U (-aMUHOKHCIoTaMu. K HUM OTHOCATCS TeMOrJIoOWH, XJIOPOQHILI,

BUTaMHH B1».

ITpu cocraBiieHHH Ha3BaHUS KOMIUIEKCHBIX COCTUHEHUI PYKOBOJICTBYIOTCS CIICAYIONMMHU TPaBHIaAMH:

- CHavaJia Ha3bIBalOT BHYTPEHHIOK cdepy;

- COCTaBHBIC YACTH €€ HA3BIBAIOT B CIIEAYIOMIECH MOCICIOBATEILHOCTH: JINTAH/IBl AHUOHBI, JINTAHIBI —
MOJIEKYJIbI, KOMIUIEKCOOOpa3oBarelb. 3amuchiBatOT (GOPMYTy B OOpaTHOM MOCIEI0BATEILHOCTH.

- K Ha3BaHMAM JIMTAHOB — HOHOB J00aBJsI0T okoHuYaHue «o» (Cl'xmopo-, CN'nnano-). He#trpanbHbie
MOJIEKYJIbI COXPAHSIOT CBOM Ha3BaHwus, 3a uckimouenneM HoO — akBo, NH3 — amuH.

- YHCIIO JINTAH/IOB YKa3bIBAIOT IPEUCCKUMH YHCITUTEILHBIMU: [IH, TPH-, TETPa-, IEHTa-, TeKCa- U T.1I.

- B TIOCJIE/IHIO0 OYepe b HAa3bIBAIOT HOHBI BHEIIHEH CephI.

[Mpumep: karuonusie —[CU(NH3)4 ]SO4— Terpaammunokympat (II) cynbsdar;

arnronHblie — Naz[Co(NO2)e] —rekcanurpokodombtat (I11) HaTpus;

Heirpansabie [Pt(NH3)]Clo - nuxnopomnaMmMuHOIIIaTHHA.

Obopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIMMBIE JIJIs1 JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU JabOpaTOpHBIX CTOJIOB. Penkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI M IIETOYH, MaxXydue BellecTBa (HampuMmep, cepoBOIOPOI,

OpoMHas BoJa U p.) XpaHAT B BBITSHKHOM IKa(y.



OcHOBHas XUMHYECKas MOCy1a: MPOOUPKHU (B IITATHUBE), KOJIOBI, XUMHYECKHE CTaKaHbBI MOCIE PabOThI
TIIATEIBHO BBIMBITH;, BECHI C Pa3HOBECOM, MPHUOOPHI, UCIONb3yeMasl Ui TPOBEACHUS OTIEIbHBIX
nabopaTopHBIX paboT, BRIAACTCS U CIACTCS YHUCTas Ta00paHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pallaThCsl CO CTEKISTHHON XMMHYECKOW MOCYIOH. OCTaTKU pa3OMTOl mocyzabl youpars ¢
IIOMOILBIO COBKA U MIETKU,;

-Bce paboThl, CBSA3aHHBIC C BBIJCICHHEM SIOBUTHIX, JIETYYUX W HEMPUATHONAXHYIIUX BEIIECTB,
MIPOBOJIUTH B BHITSDKHOM IKa(y;

-[IpY OIPEENICHUH 3allaxa BEeIIeCTB OTBEPCTUE COCyJa JepXkaTb Ha paccTosHuM 25-30 cM oT suna,
HampasJsisl K cebe CTPYIo rasa MocTynareabHbIMU JBH)KEHUSAMU JIaJIOHU OT OTBEPCTUS K JIMILY;

-IpH HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30EKaHHE IMOMagaHus OpbI3T WIH
YaCTHI] HA JINIIO WM OACKAY. IIPH pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIIOT BIMBATH KUCIOTY B BOLY,
HO HE Ha000poT;

-[IpY HarpeBaHUM MPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCEa. HE HAKJIOHAThCS
Ha/1 HarpeBaeMoi KHUJIKOCTbIO BO U30€KaHHE NONaaHus e€ Ha JIULO0, PyKH WIH OJIEXKIY;

-ropsiYre MPEIMEThl MOXXHO CTaBHTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WIIH
APYTYIO CIIEIUATbHYIO OJICTaBKY;

-HEJb35 M0JIb30BATHCS HIEKTPONPUOOpaMu 0€3 COOTBETCTBYIOILEI0 MHCTPYKTAXa. IPH BKJIIOUYCHUU UX B
CeThb HeJb3sl IePIKaThCsl 3a METAIIMYECKUE IpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKIOYaTh U
BBIKJIIOYATh 3JIEKTPONPHOOPBI MOKPHIMH pPYKaMH, a TaKKe IOJIb30BAThCS HEHMCIPABHBIMH WA
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3anperaeTcs NpUHUMaTh MUIY B XUMHUYECKON J1a00paTOpUu U MUTh BOAY U3 J1a00OPaTOPHOM MOCY/bI. -
-KaTeropHueCKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-TIpH TIOTIAJJAHWK HA JIMIO WM PYKH OpPBI3T KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIIE CMBIBAaHUS BOJOU
MIPOMBITH CIa0BIM PAaCTBOPOM COJIBL. IIENOYH CIEAYyeT CMBIBATh JIO TE€X IOp, MOKA y4acTOK KOXKH, Ha
KOTOpPBIN OHa Tomaa, He NMepecTaHeT ObITh CKOJb3KUM; 3aT€M MPOMBITh CJIA0BIM PacTBOPOM YKCYCHOMU
KHUCJIOTHl U HAJIOKUTh TOBA3KY W3 BaTbl, CMOUYEHHON 3%-HbIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeuykH B JaOOpaHTCKOU Kaderpsl);

-110 OKOHYAHHWH PaOOTHI BHIKIIOUUTH U3 CETH BCE DJIEKTPONPHOOPHI, TIEPEKPHITh MOIady ra3a U BOIBI B
nabopaTopuio U yopaTh pabouee MecTo;

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPenoaBaTesto Wil JabopaHTy.

Ilpaxkmuueckas uacmeo:

OmnbiT Nel. [ToxyueHne akBaKOMIUIIEKCOB.
Harpeiite B ¢apdopoBoii wyamieuke HeOONbIIOE KOJIWYECTBO KpHCTAIJIOTHIpaTa cyiabpaTa MeIu.

OtmerpTe 1BeT Oe3BonHOM conu. Ilocne oxnaxnaeHus comu (papdopoByro damKy MOXKHO Opartb



pykamu) mpubaBsTe Boay. M3MeHEHHME 1BeTa CBsA3aHHO ¢ 0Opa3oBaHHMEM akBakomIuiekca. [lomoOHbIe
OIlepaLuy NpoeNalTe ¢ KPUCTAIIOIHIpaTaMy Cyib(ara HUKENd, XJopuaa xpoma. Hanummre peakyu
TepmoJu3a 1 Gopmyiisl akakomiiekcos Cu?*, NiZ*, Cr3*,

OnbiTr Ne2. B dapdopoBoii uameyke HEOOIBIIOE KOJIMYECTBO KPHUCTAIIOB XJIOpUAAa KoOanbTa
pacTBOpUTE B HECKOJBKUX KaIUIIX KOHLUEHTPHUPOBAHHOMN COJITHOW KHUCIIOTHI (OCTOPOXHO C KHUCIIOTOH,
ONBIT MPOBOAMTH MOA TAroi). OTMeThTE OKpacKy pacTBOpa, KOTOpas BbI3BaHa OOpa3oBaHHEM
TETPaxJIOPKOOOIBTOBOM KUCHOTHL. [IpH pa3baBieHne MoydeHHOTO pacTBOpa BOJON OKpacka MEHsSeTCs
Ha PO30BYIO, XapaKTEPHYIO U THIPATUPOBAHHOTO HOHA KoOanbTa. Hanuimmre ypaBHEHUsT peakuuii.
OnpiT Ne3. [TonyyeHue ruJpOKCOKOMILIEKCOB.

K pactBopy conu nuHka npubaBbTe pacTBop Hiénoun. OOpa3yrouuiics ocagok THIPOKCHIA B N30BITKE
METOYN PACTBOPSETCS M MPEBPAIIACTCS B PACTBOPUMBIN T'MIPOKCOKOMIUIEKC. AHAIOTUYHO TMOJTYYHUTE
THJIPOKCOKOMIUIEKCHI aJTFOMUHHMS, 0JI0BA M XpOMa.

OnbiT Ne4. [TonyueHne aMMHOKOMITIIEKCOB.

A. K pactBopy cyinbdara Meau IOCTENEHHO IpH NEepeMEIIMBAaHUM WM BCTPSXUBAaHUM J00aBbTE
pacTBOp KOHILIEHTPUPOBAHHOrO amMuaka. OOpaTUTe BHUMaHHME Ha TO, YTO OOpPA3yHOIIMUCH CUHUM
0CaJIOK THJPOKCHIA MU B M30BITKE aMMHaKa pacTBOPSETCS BCIEACTBUE 0Opa30BaHUs PACTBOPHUMOIO
aMMHaKaTa Meau. OTO CONPOBOXKIAETCS pe3KuM u3MeHeHueM LBera. Mon terpannammunmenu (II)
MO’KHO Pa3pylIMTh A00aBlieHHEM pacTBopa cyibdarta HaTpus. OO0bscHUTE, odeMy? DTH K€ OIBITHI
TIpoBeauTe ¢ pacTBOpoM comu Ni?™,

B. B pacTtBope amMMuaka XopoIio pacTBopsieTcst XJiopua cepedpa. [lomydunre HEeMHOTO ocaaka Xjiopuaa
cepeOpa W3 HHTpara cepebpa W PACTBOPUTE €r0 B HECKOJBKHX KaIUSIX KPEemKoro ammuaka. M3
MOJlyYEHHOTO pacTBOpa XJIOpUAa JAMaMMUHcCepeOpa MOXKHO BHOBb BBIJICJIUTH XJIOPHJ cepedpa
nobasneHreM a30THOM kucnoTsl. Ilogemy 3to mpoucxoaut? Conu cepebpa AePULIUTHBI, MOITOMY
BBUTUBAITE UX PACTBOPHI MTOCIIE TIPOBEICHHBIX OIBITOB B CIEIMaIbHbIE OaHKH ¢ 3TUKETKOH "Jyis cimBa
cepebpa ".

OnbiT NeS. [TonydyeHne anuI0KOMIUIEKCOB.

A. Tlonyuure HEMHOro ocajJka XJopuaa cepeOpa, cielTe pacTBOp, a K OCaJKy A00aBbTe MO KaIuliM
KOHIICHTPUPOBAHHOW COJISTHOM KHUCIOTHI. OCaloK pacTBOPHUTCS B M3OBITKE KHUCIOTHI ¢ 00pa3oBaHHEM
TUXJIOPCEPEOPSTHHON KHUCIOTHI.

B. K pactBopy comu Hg?* 106aBbTe MOHEMHOTY pacTBOpa Hommia Kajius. BelmagaeT ocamok Homuaa
pTyTH, KOTOpbIii B M30bITKe KI pacTBOpsiercss ¢ oOpazoBaHMeM OECHBETHOTO TETpaioaoTHUIpaprupaT
(11)- noHa.

B. K 1-2 mn pactBopa comu Co?* 1n06aBbTe MIEMOTKY KPHUCTAIIMUECKOTO POJAHHIA AMMOHHS.
OO6pasyercsi KOMIUIEKCHBIM MOH KoOayibTa CHHEro 1Beta. Eciau pacTBop pa30aBUTh BOJOM, TO OKpacka

M3MEHUTCS Ha PO30BYIO, XapaKTEPHYIO Ul akBaKoMIUIeKcoB kobaibTa (II).



I'. Ha pactBop comnu xene3a (III) moaeicTByiiTe B 0lHON POOUpPKE pacTBOPOM MIENOYH, a B IPYrou -
pacTBopoM poaaHuaa amMmoHusA. OOBSCHUTE MPOUCXOIAUINE SBICHHUS. OTH PEaKIHUU IO3BOJISIOT
obHapyxkuBath B pacTBopax uoHbl Fe®*. Ha pactsop rekcammanogpeppara (III) kamus Taxke
MOJICHCTBYITE pacTBOpOM MHIENOYM W pojaHuna amMMoHus. [louemy BO BTOpPOM ciy4dae Mbl HE
HaOTI0IaeM peaKIyii, XapakTepHbIX 11 noHa Fe®*?

OmnbiT Ne6. JIBOMHBIE COMIH.

JIBoiiHnyt0 coib - amoMmokaiareBbie KBacipl KoSOs- Alx(SOs)s - 24H0 MOkHO paccMaTpuBaTh Kak
KOMIUIEKCHOE COeMHEHHuE - aucyibdaroantoMuHar kaiusa. B Tpu npoOupku Haneilite pacTBOp 3TOi
COJIM, B KQUECTBEHHOHN pEaKIMK ONpeICINTe, KAaKUe HOHBI €CTh B 3TOM PacTBOpE.

Hamnune B pacTBOope HOHA Kaiusl MOXHO YCTaHOBUTH JOOaBICHMEM THIpOTapTpaTa HATpUS
NaHC4H4Os. Ilpu 3amemieHun HaTpus KajieM oOpa3yeTcsi HEpacTBOPHMOE COCIWHEHHE (0CaoK
o0pasyeTcsi OBICTpee, €CIM CTEKJISHHOM Ialo4KOW MOTEpeTh CTeHKH mpobupku). Mo K* mpore
otkpbITh pactBopoM Naz[Co(NOz)e]. s aToro k 1-2 Mi1 HCIIBITYEMOTO pacTBoOpa J00aBUTh HECKOIBKO
Kanenb KOOANbTHHUTPMTA HATpHs. BhIMazaeT >KenThlii ocafok KoOanbTHHMTpuTa Kanmus. Mom Al%*

0o0HapyKHUBAIOT 100aBJICHUEM IETOYHU, HOH SO4% 0CaKIAIOT B BUJIE cynbara 6apusi.

Tpeoosarnusa Kk ohopmaernuio 1a60pamoproil padomsl U Omyemy:

1.BeimonHeHre 1abopaTopHBIX paboOT CONMPOBOXKIAIOT 3amucsiMU B JabopaTopHoM KypHaie. Ha
TUTYJBHOM JIMCTE J1a00paTOPHOTO KypHajla JOJDKHBI OBbITh INPEACTABICHBI: Ha3BAaHUE YHUBEPCHUTETA,
(bamMuIus 1 MHULMAJIB! YYalerocs, HOMep Kypca U rpyMbl, y4eOHbIH ro.

2.074eT 0 BBINOJHEHHOI 1a00paTOpHOI paboTe JOKEH COAEPKaTh CIEYIOIINE CBEICHHS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIITOJHEHHS PaOOTHI,

*IIeTTb PaOOTHI;

*000py/I0BaHHE M MaTEePHAJIbI;

*KpaTKO€ TEOPETHUUECKOE ONHCAHUE;

*HOMED U Ha3BaHME OIbITA;

*KpaTKO€ ONMCaHue Xo/a padoThl ¢ yKa3aHUEM YCIIOBUH MPOBEICHUS OIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS MPOTEKAIONINX PEaKITHii;

*pacu€Thl, TaOIULIbI, FpaduKy;

*BBIBO/IB.

3.JIaGopaTopHBIii ’KypHaI HY>)KHO BECTH YHCTO U aKKYpaTHO, 3aITUCH JIOJKHBI OBITh JAKOHUYHBIMH.

4.014€T 0 poBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOJABATENb.



5K cpmaue 3auéra mo nabGopaTOpHOMY NPAKTUKYMY JOMYCKAIOTCSI CTYICHTBHI, BBINOJIHUBIIME U
MOJNKCABUINE y TPENoAaBaTess BCE JOMAIllHWE U JIabopaTOpHbIe pabOThl, CIABLINE KOJUIOKBHYMBI,
AKTUBHO Y4aCTBOBAaBIIIKE B pa0OTE CEMUHAPOB.

6.CTyaeHThI, MOJIYYUBIINE 3a4€T TI0 JIA0OPATOPHOMY MPAKTUKYMY, HOMYCKAIOTCSA K cllade dK3aMeHa o
KypCYy HEOPTaHUYECKON XUMUHU.

Konumponwsnwie gonpocelt :

1 Kakoli BbIBOJI MOKHO CJIENATh O IPOYHOCTH JAHHOI'O KOMILIeKca?
2. Kak mpoTrekaeT JuCcconmanus TaKoro TUIa KOMIUIEKCHBIX COSAMHEHUI?

3. YcTOMYMBOCTE KOMITJIEKCHBIX CO@,Z[I/IHCHI/Iﬁ B paCTBOpax

4. KowmrmiekcooOpa3yrorias CmiocOOHOCTb S-, p- U d- 3JIEMEHTOB
5. Xapaktep XMMHUYECKOW CBSI3U B KOMILJICKCHBIX COCMHECHUSX
6. CrpoeHue MEKTPOHHBIX 000JI0UEK ATOMOB

7. DnexTpoHHBIE (HOPMYIIBI

Cnucok n1umepamypuol:

1.Mapmankua, M. ®. Xumus : yue6. mocooue / M.®. Mapmankun, U.C. I'purops, J[.H. KoBanes
; CeB.-KaB denep.yn-T. - CtaBponons : CKOVY, 2015. - 228 c. - [Ipun.: ¢. 221-225. - bubnuorp.: c. 220-
221

2.XaxanuHa, T. U. Opranmueckas xumus : yue6. nocodue / T.M. Xaxanuna, H.I'. Ocunenkona,
A.A. T'ypckas ; non pen. T.W. Xaxanunoi. - M. : Beicias mkona, 2009. - 396 c. - (OcHOBBI Hayk). -
bubmuorp.: ¢.396. - ISBN 978-5-9692-0310-5

3.I'munka, H. JI. O6Gmas xumus : [y4e6. nocobue] / H.JI. I'munka. - M. : KHOPYC, 2014-2010- 752
c. :wi. - [lpwi.: ¢. 721-724. - bubmwmorp.: c. 725-726. - ISBN 978-5-406-03623-5I'munka, H. JI. Obmas
xumus : [yue6. mocooue] / H.JL I'muaka. - M. : KHOPVYC, 2014. - 752 c. : un. - [pun.: ¢c. 721-724. -
bubnuorp.: c. 725-726. - ISBN 978-5-406-03623-5

3.Uukun E.B. Xumus [DnextponHblii pecypc]: yueOHoe mnocobue/ Yukun E.B.— Dnextpos.
TeKCTOBbIE JaHHble.— ToMck: TOMCKMH TOCYAapCTBEHHBIM YHMBEPCUTET CHCTEM YIPaBJICHUS U
PaguO3IIEKTPOHUKH, Onb Konrenr, 2012.— 170 C— Pexnm JOCTYyIIa:
http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, mo mapoiito

4 I'abpuensn, O. C. O6mas u Heopranuueckas xumus : yue0. nmocodue / O.C. I'aGpuensn, NI
Octpoymos, E.I'. Typouna. - M. : Axanemus, 2011. - 480 c. - (bakanaBpuar). - Ha yueGHuke rpud:
Hon.YMO. - bubnmorp.: c. 479-480. - ISBN 978-5-7695-8133-

5. [lonkos, B. A. O6mas xumus. buogusnueckas xumusi. XuMusi OMOT€HHBIX JIEMEHTOB : y4eOHUK
s By3oB / B.A. Tlomkos, FO.A. Epmos, A.C. bepnsun ; mox pen. F0.A. Epmosa. - 9-e uzn. - M. :
HOpaiit, 2012,2011. - 560 c. : un. - (bakanasp). - Ha yue6nuke rpud: Jon.MO. - bubnuorp.: c. 548-
548. - ISBN 978-5-9916-1667-6

6.EropoBa, O.A. Xumus. KoHcrekt nexmmii uist cTyneHToB | Kypca MHKeHepHOTro (akymibreTa

Hanpasienuit UMb, UJIb : yueOnoe nocobue / O.A. Eroposa, O.B. KoBanbuykosa. - M. : Poccuiickuit



YHUBEpPCUTET ApyxkObl HapomoB, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To xe [DnexTpoHHBIN
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).

JlabopaTopnasi padora Ne 5

Tema: CKOpoCcTh XUMHYECKHX PeaKkIuil 1 XuMU4ecKkoe paBHoBecue. Karanus

Ilenvy pabomwvi: 3ydyeHne 3aBUCHMOCTH CKOPOCTHM PpEaKIMM OT KOHLEHTPAallUd pEaraHToB,
TEMIIEpaTypbl, CTCIEHU H3MEJIbYCHMS BEILECTBA, BIIMSIHUSA KaTAJIM3aTOPOB HAa CKOPOCTb pEaKLMH,
BIIMSIHMS PEareHTOB U TEMIIEPATYPbI HA XMMUYECKOE PABHOBECHE.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckasn uacmo:

CKopocmplo peakyuu Ha3bIBa€TCS YHCIO aKTOB XMMHUYECKOTO B3aUMOJIEHCTBHUS, MPOUCXOISIIMX B
GI[I/IHI/IIIy BpeMeHI/I B CAUHUIIC O6’béMa HpI/I TOMOI'CHHBIX HpOHCCCElX WJIN HA COUHUILIC HOBCpXHOCTI/I HpI/I
reTepOreHHBIX MPOIIECCax.

AN _ AN

VAT SAT
O cpeaHell CKOPOCTM XUMHUYECKOW PEAKIMM CYIAT IO HU3MEHEHHUIO MOJISIPHOW KOHIIEHTpalUU

pearupyronux BeIecTB 3a ONpeaeIEHHbIN HHTEPBAI BPEMEHH:

g=tlazc)
(1, —17)

rac V- CpeaHsAs CKOPOCTh XUMHYECKOMN peakuuy; C 1 — MOJISIpHAsA KOHICHTPAIMA BEIICCTBA B MOMEHT T 1
, C 2 — MOJIsIpHas KOHLICHTpalMs BEIICCTBA B MOMCHT 7 2 . Hctunnoit CKOpPOCTBIO XUMHUYECKOH pcaKkuuun B

)IaHHLIi/JI MOMCHT Ha3bIBACTCA MEPBAA MPOU3BOJHASA KOHICHTPAILUX 110 BPpEMCHMU:

1‘=i£:r=—dﬁ £ =+dﬁ?m
dr’ dar dar

B romorenHoi cucreMe_CKOpOCTh XUMHYECKOW PEAKIIMU 3aBUCHUT OT MPHUPOJIBI pEarupyrOIINX BEIIECTB,

X KOHIIEHTpalMM, TEeMIIepaTypbl, HaJIW4YUs KaTajiu3aTropa, NPUCYTCTBHS NpHUMECEd U MPHUPOIbI
pacTBopuTeNa. B rereporeHHoi cucreMe B3aMMOJEHCTBUE OCYLIECTBIIIETCS HA MOBEPXHOCTH paszeia
pearupyromux BeIecTB, NOITOMY 3aBUCUT OT JU(QYy3Un BellecTBa K MOBEPXHOCTU (IU(PPYy3MOHHBIH
pexxum), a ecnu Auddy3us He BIUAET Ha CKOPOCTh peakiy (KWHETHMYECKHH PEXHM), TO MPH MPOUUX
PaBHBIX YCJIOBHUSAX YBEIMUEHHUE IMOBEPXHOCTH Pa3jiesia MOBBIIIAET CKOPOCTh FeTEPOT€HHON XMMHYECKOH
peakuuu. 3aBUCHMOCTb CKOPOCTH PEAKIMH OT KOHIIEHTPAIMM OMPEeNIeTcs 3aKOHOM JIEHCTBYIOIMIUX
macc (3akoH ['ynpaGepra-Baare): ecnmu Xxumuueckas peakuuss HAET B COOTBETCTBHHM  CO

CTCXUOMCECTPUUCCKUM YPABHCHHUEM, TO CKOPOCTb PCAKIUU HNPAMO HNPONOpPHHUOHAIBHA ITPOU3BECACHUIO



KOHIIEHTPALUH pearupyromux BEIIECTB B CTENEHAX, PaBHBIX CTEXMOMETPUYECKMM Kod(dduiueHTam B
YPaBHEHHUH PEAKIIUU.
Jlnist peakiiuy 3anucaHHoi B oomem Buge, T.e.: NA + mB — gR + pD, ckopocts peakiuu B

COOTBETCTBHUH C 3aKOHOM JICHCTBYIOIIMX MAcC BBIPA3UTCS CIEAYIOIINM 00pa3oM:

V= E = ;'-u [*;-l ][B]w
arT )

3neck [A] u [B] — MOJsipHBIE KOHIIEHTpAIlMU PEarupyrolIMX BEIIECTB B JAHHBIIT MOMEHT BPEMEHU;
N U m - CTeXHOMEeTpUYecKue KodQGUIIMEHTHI IPU pearupyroux seuiecrsax. Hanpumep, 1is peakuuu:

ZNO+ 0O, « INO,
npsiMasi 1 00paTHast CKOPOCTH:
B B
L Hp = k@c_‘-.'ﬁ?cﬂ: 21 obp = ksfpc_‘-.'ﬂz '
Ha IMPAKTUKEC NPHUXOAUTCA HUMETH ACJIO0 CO CIOXHBIMU ITpoHeCCaMH, COCTOAIIMMU HE U3 OIIHOI\/JI, a u3
MHOKECTBA IIPOCTBIX CTa)II/II‘/'I, Ha3bIBACMBbIX JJICMCHTAPHBIMH aKTaMU, IJIA Ka)KHOﬁ N3 KOTOPBLIX MOKHO

3amnucarb CBOE BBIPAXKCHHUC IJIsI CKOPOCTH HAa OCHOBAHUHU 3aKOHaA HeﬁCTBYIOHlHX macc. B takom cjIydae

YU CJIO MOJICKYJ, YHaCTBYIOIIUX B 3JICMCHTAPHOM aKTC, ONPCACTIACT MOJICKYJIAPHOCTD B3aHMOJCHCTBUSL.

Jljig npuBeAEHHOTO BBILLIE IPUMEpa MpsiMasi peakliysi TPUMOJIEKYJIIpHa, a oOpaTHasi OMMOJIEKYJISIpHA.

B GonbuimHCTBE ciyyaeB MOKa3aTeNH CTEIEHU MPU KOHIIEHTPAIUSAX B YPABHEHUH 3aKOHA JEHCTBYIOIINX
Macc OTJIMYAKOTCS OT YMCJIa MOJIEKYJ B YPaBHEHUH PEakLHMU. DTO MPOUCXOJIUT OTTOrO, YTO YPAaBHEHHE
peaKkiuu oTpaxkaeT JUIIb O0IUid UTor npoiecca. [lokazaTenu m u n B MaremaTHueckoM ypaBHeHuu (1)
Ha3bIBAIOT B TAKOM CJIy4yae MOPSIKOM PEAKIMU 10 KaXIOMY M3 pearupyromux BeniecTB A uinu B, a ux
cymMmmy (m+n) — oOIIMM TOPSJIKOM peakiuu. B KaXJoM KOHKPETHOM TpOIlecce B 3aBUCHUMOCTH OT

YCJIOBI/Iﬁ MOXET OBITh paBJ’II/I"IHBII\/’I MOPpALOK PCaKIUU.

Koadduunent k HazpBaeTCss KOHCTAHTOM CKOPOCTH peaKkIUH W 3aBUCHUT OT MPHUPOJBI Pearupyroumx
BCIICCTB, TCMIICPATYPhl U KaTaJlM3aTopa. YucneHHo KOHCTAaHTa CKOpPOCTH XUMHYECKOH pC€aKknuuu paBHaA
CKOPOCTH PEaKIIUU MPHU KOHIEHTPAIUAX PEearupyrolnx BEIecTB, paBHBIX | Moib/1. OqHAKO peakiuu
UAYT, KaKk MpaBWIO, MO OTAEIBHBIM CTaJusAM M OOILYI0 CKOPOCTh Ipoliecca oIpeenseT Hauboiee
MEJIEHHO pa3BHBaromascs craaus. [oaToMy nokasarenu creneHel Ipyu KOHUEHTPaLUAX pEarupyromux
BCIICCTB HE COBIIAAAIOT C UX CTCXUOMCTPHUICCKUMU KOS(l)(bHHI/IGHTaMI/I, a KOHICHTpAalIuu HEKOTOPLIX U3
pearnpyromux BEIICCTB BOO6H.[€ MOTYT HC BXOOUTH B BEIPAKCHHUE CKOPOCTU XUMHNYCCKUX peaKI_[I/Ifl.
3aBUCUMOCTh KOHCTaHTBhl CKOPOCTH PEaKIUU OT TeMIIepaTypbl MOXKET ObIThb BbIpa)K€Ha ypaBHEHUEM
AppeHnnyca:

o
Eom

k=ky-e ¥




rae Eaer — oHeprus aktuBanuu; K — koHcTanTa ckopoctH; T — Temneparypa, K; Ko — koncranra; R —
ra3oBasi IOCTOSIHHASL.

DHepruell aKkTHBAIlMM HA3bIBACTCA TO KOJMYECTBO DSHEPTUU, KOTOPOE HAMO COOOIIUTH MO0
pearupyomux BeHIeCTB  JUIS MPHUBEACHUS €r0 B PEaKIHMOHHOCIIOCOOHOE COCTOSIHHE. JHEprus
aKTUBALlMU B PEAKIMH HE UCUE3aeT U YBEIUUUBACT TEIJIOBOM AP(PEKT peaKIui.

[Ipn HU3KHX TemIepaTypax MOXHO CUMTaTh, YTO CKOPOCTb PEAKIMH BO3pacTaeT MpU HArpeBaHUM Ha

10°C B 2...4 paza (mpasuio Baut-T'odda):

=

T

371ech Y - TemneparypHbiid ko3¢ dunuent Bant-I'odda.

Kamanuzamopom Ha3pIBaeTCs BEIIECTBO, HM3MEHAIONIEE CKOPOCTh XHUMHMYECKOW peakiuH, HO B
pe3ynbrate €€ caMo OCTaroleecss XUMHYSCKH HEU3MEHHBIM. KaTallMTH4ecKue MpoIecchl CBOIATCS K
JBYM THIIaM: TOMOT'€HHOMY M T'eTeporeHHoMy. [Ipy roMOreHHOM KaTajiu3e pearupyroline BelecTBa u
KaTaJM3aTop COCTABISIIOT OAHO(pAa3HyH cucTeMy. lIpu TEeTepOreHHOM KaTallu3e pearnpyroiue
BEIIECTBA M KAaTAJIM3aTOP COCTABIIAIOT CUCTEMY U3 IBYX (a3, M KaTAIUTUYCCKUHN MPOIECcC MPOTEKAEeT Ha
rpanumnax paszzgena. CKOpOCTh B3aUMOICHCTBUSL B ITOM Ciydae MPOIOPIUOHAIBHA ITOBEPXHOCTH
pasnena ¢as.

Bce xumudeckue peakiuu MOKHO pa3/IejMTh Ha HeoOpaTuMbIe, HAlIPABICHHE KOTOPBIX HE 3aBUCUT OT
BHCITHUX YCJIIOBUW, W OOpaTUMbIC, HAMPABICHHE KOTOPHIX MOXKET M3MEHSATHCS B 3aBUCHMOCTH OT
TEMIIEPATyphl, KOHIICHTPAIIMM W JaBIICHUSA. BONBIIMHCTBO peaknuii oOpatumo. OHU TIPOTEKAIOT
OJTHOBPEMEHHO B JBYX HampaBIEHHUSIX, TaK KaK BO BCAKOW pPEeakIMU MO Mepe 0O0pa30BaHHUs MPOIYKTOB
peaxkiuy BO3HUKAET BO3MOKHOCTh B3aUMOJICHCTBUS MEXTy HUMU C 00pa30BaHHEM UCXOHBIX BEIIECTB.

PaccmoTpum obpaTiMyro peakiinio B oomem Bujge: aA + bB «—c C + dD.

[TpuMeHUB 3aKOH JEWCTBYIOIUX Macc K MPsIMOi 1 00paTHOM peakuusM, MOIyduM:

1 = k;[ﬁ]a[ﬁ]b:

v, =k [CFDT.

rae V11 V2 — CKOPOCTH IpsIMON U 0OOpaTHOM peakuuil.

ITo mepe nmpoTekaHus peakuu KOHLEHTPAlus UCXOIHBIX BEILECTB YMEHBINAETCA, U CKOPOCTh MPAMOU
peaKuuy yMEHBIIAeTCs, a CKOPOCTh OOPaTHOM YBEIMUYMBAETCS BCIIEJCTBUE YBEIMUEHUS KOHIEHTpPALUU
MTOJIYYEHHBIX BEIECTB.

Uepe3 HEKOTOpOE BpeMs HACTYHaeT COCTOSIHHE, KOTJIa CKOPOCTbh OOpaTHOro Ipolecca CTaHOBUTCS

PaBHOM CKOPOCTH IPAMOTo: Vi1 =V2.



Cocmosnue, npu KOMOpoM CKOpOCMb NPAMOU peakyuu paeHad CKOPOCMU OOpAmHOU, HA3bl8aemcs
XUMU4ecKuM pasHogecueM, a KOHIIGHTpAIlMM BCEX YETHIPEX BEIIECTB — PAaBHOBECHBIMHU

KOHLEeHTpauusaMu. Torna u3 cootTHoeHu (2) umeeM:
k[41°[B]’ = k,[CI'[D)°.

Orcrona ciaenyer
K [C]'[D]*
— =K, =——rrr = f(T);
k [4]°[B]

: ©)
K 1 1 K 2 17151 TaHHOMW peakIMy P OJHON M TOM K€ TEMIIEPATypPe SABJISIOTCS BETUIMHAMH MOCTOSHHBIMH,
a 3HAUUT, UX OTHOLIEHHE MOCTOSAHHO: K¢ — BelMuYMHA TMOCTOSIHHAs W HAa3bIBAETCA KOHCTAHTOMN
paBHOBecHs. [l peaknuii MexIy Tra3000pa3HbIMH BEIIECTBAMH BMECTO KOHIIGHTPAIMA MOXKHO
WCIOJIb30BaTh MapIlMaIbHBIC JaBICHUS Ta30B B cMecH. [Ipu 3TOM KOHCTaHTY paBHOBECHs 0003HAYAIOT

qepest . Ecn KOHIOCHTpAIKWU BBIPAXKCHBI B MOJIBHBIX OOJIAX, TO KOHCTAHTAa PAaBHOBCCHUA 0003HayaeTcs

gyepes Kn . Mexny Kc ,Kp 1 Kn cymiecTByroT cienyromne 3aBUCUMOCTH:

K =K (RT)™,

p =
Kp = K-rtF:ﬁu_;?

rne yn — aiaredpanueckas CyMMa CTeXHOMETpUuYeckHX KoadduimentoB. KoHcTanTa paBHOBecus
3aBUCUT OT TEMIIEPATYPBI U IIPUPOJIBI PEATHPYIOLIUX BEIIECTB, HO HE 3aBUCUT OT KaTaJIu3aTopa, TaK KaKk
MOCTICTHUI YCKOPSIET U MPSAMYIO, M OOpaTHYIO peaKInu.

VYpaBHenue (3) BbITEKaeT M3 3aKOHA JEHCTBYIOIIMX Macc A oOpaTuMmblx peakuuid. Ero moxxHO
copmynupoBath Tak: OTHOLIEHHE IPOU3BEICHNUS PABHOBECHBIX KOHLEHTPALM B CTENEHU UX
CTEXHOMETPUYECKUX KO (ULIMEHTOB €CTh BEIMUMHA, IOCTOSIHHAS [IPU JaHHOW TeMIepaType.
CwMmenieHre paBHOBECHS B 3aBHUCHMOCTH OT HM3MEHEHHUS KOHILEHTpalUud peardpyroliuX BeUIeCTB,
TeMIepaTypbl, JaBieHus (B ciydyae ra3oBbIX peakiuii) B oOlieM ciydae onpenensercs npasuiom Jle-
Hlatenwe: eciu 6 cucmeme, HAXOOUBWIEUCSA 8 PABHOBECUU, USMEHUMb 0OHO U3 ycaosuil (t, p, ¢ ), mo
npoucxooum cmeweHue paeHosecus 6 HanpaeieHuu mou peaxkyuy, KOmopas Nnpensmcmeyem
NpoU36e0EHHOMY USMEHEHU .

[Ipumenss npunuun Jle-Ilarense K pa3HbIM CIydasM, MOXKHO CAENaTh CJIEIYIOLIUE BEIBOBI:

1) mpu yBeIMUYEHUM PABHOBECHOM KOHLIEHTPALMM OJHOIO M3 BEIIECTB CHUCTEMa XUMHYECKOTO
PAaBHOBECHSI CMEIAETCS B CTOPOHY TOM pEeaKIUU, KOTOpast IOHMKAET KOHLIEHTPALUIO 3TOT0 BEUIECTBA;
2) mpu yBEIWYEHUH JaBJIEHUS PaBHOBECHE CMEIIAETCsl B CTOPOHY OOpa30BaHUS MEHBIIEr0 4YucIia
MOJIEKYJI ra3a;

3) HarpeBaHHE CMEIIAeT PaBHOBECHE B CTOPOHY IHAOTEPMHUUECKON pEeaKluy, OXJIaXkIeHHEe — B CTOPOHY
9K30TEPMHUUYECKON PEAKIIUH.

Obopyoosanue u mamepuaivl:




PeaxTuBbl, HeOOXOMMBIE AJIS1 JAHHOW pabOTHI, BHICTABISAIOT HA MOJIKK Ja0OpPaTOPHBIX CTONOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIE KUCIIOTHI M MIENOYM, Maxydue BellecTBa (HAIpHMEp, CEpOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHOBHasi XUMHYECKasi MOCy1a: MPOOUPKH (B IUTATHUBE), KOJObI, XUMHUECKUE CTAKaHBI MOCIE PaOOTHI
TIIATEJIbHO BBIMBITH; BECHl C PA3HOBECOM, MPUOOPHI, MCHONb3yeMas JUIs TPOBEACHUS OTAEIBHBIX
71a00paTOPHBIX paboT, BBIAACTCA M CHACTCS YUCTas JTAOOPAHTY.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00paIaThCsi CO CTEKISTHHONH XMMHYECKOW MOCYIOH. OCTATKU pa30HTOM mocyabl youpars ¢
IIOMOILBIO COBKA U MIETKU,;

-Bce paboOThl, CBA3aHHBIE C BBIJCJICHUEM SIOBUTHIX, JIETYYUX M HENPUATHONAXHYUIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKa(y;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE COCyla JepkaTh Ha pacctosHun 25-30 cM OT JuIa,
HaMpaBisist K cebe CTPYIO ra3a MmocTynaTeIbHbIMH IBUKCHUSMH JIQJOHH OT OTBEPCTHS K JIHILY;

-IpY HAJMBAHHUU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€KaHHE IONajaHus OpbI3r WK
YaCTUI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKH HE JAEPKaTh €€ OTBEPCTHEM K ce0e M B CTOPOHY COCea. He HAKJIOHIThCS
Ha/1 HarpeBaeMoi KHUJIKOCTbIO BO U30€KaHKe NOMalaHus €€ Ha JIULO0, PyKH WIH OJIEXKIY;

-ropsiude MpeaMeTbl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY HWIIU
JPYTYIO CHEIHATBHYIO TIOJICTABKY,

-HEJIb3S TI0JIB30BATHCS DIIEKTPONPUOOPaMHu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MPH BKIIFOYCHUU UX B
CeThb HeJb3sl IePIKaThCsl 3a METAITNYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKIOYaTh U
BBIKJIIOUATh 3JEKTPONPHOOPEl MOKPBIMH pYKaMH, a TaKXe IO0Jb30BaTbCS HEUCIPAaBHBIMU WM
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3aIpelaeTcsl IPUHUMATh MUILY B XUMUYECKOHN 1a00paTopuu U MUTh BOAY U3 JaOOPaTOpPHON MOCYABL. -
-KaTeropHueCKH 3arperaeTcs npoodoBaTh peakTHBBI Ha BKYC;

-IpY TMOMAJaHUM HA JIMLO WIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHCJIOT IOCIIE CMBIBaHHUS BOJIOW
MIPOMBITH CIa0BIM PAaCTBOPOM COJBI. IIENOYb CIEAYET CMBIBATh O TE€X IMOpP, MOKA y4acCTOK KOXKH, Ha
KOTOPBIH OHa TIOMalia, He MePecTaHeT ObITh CKOJB3KUM; 3aTEM MPOMBITH CIIA0BIM PAacTBOPOM YKCYCHOMU
KHUCJIOTHl U HAJIOKUTh TOBA3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOpPOM IEepMaHraHata Kamus (W3
anTeyKky B TabopaHTCKOU Kadeapsl);

-110 OKOHYAHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, IEPEKPHITh TI0Jjady T'a3a U BOIBI B
nabopaTopuro U yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asxX HEMEJIEHHO COOOIIaTh MpenojaBaTeso Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OnbIT Nel. 3aBUCHUMOCTH CKOPOCTH PEAKIIMU OT KOHIICHTPAIUH.
[Ipu peakiuu MexX Iy THOCYIb(PATOM HATPUS U CEPHOUN KUCIOTON

Na2S203 + H2SO4 = H2S203 + NaxSO4

H>S,03 = SO2 + S + H20
HEpacTBOpHUMas cepa BBIACNSAETCS B BHJAE MYTH. Bpems oT Hauana peakuuud 0 TOSBICHUS MEPBBIX
CJIEJIOB MYTH 3aBUCUT OT KOHIIEHTPAIIUU PEarupyrOIINX BEIIECTB.
Tpu OropeTku MOpO3Hb 3aMOJHUTH BOAOH, pACTBOPOM THOCYJIb(haTa HATPUS U CEPHON KUCIOTOM.
B Tpu TmiatenbHO BBIMBITHIE NMPOOUPKH W3 OIOPETOK HAJNUTh yKa3aHHbIE B TaONMIE KOJIUYECTBA
pactBopa THocyibdara 1 BoJbl. B Tpu npyrue - mo 2 M cepHoi KUcia0Thl. BIuTh B iepByIo mpoOUpKy ¢
pacTBOpoM THOCYJb(aTa OTMEPEHHOE KOJUYECTBO CEPHOU KUCIOTHI U3 BTOPOW MPOOHPKU U, OBICTPO
B300JITaB, OTMETUTh 0 CEKYHJIOMEPY BpeMs OT CIMBAHMS PACTBOPOB JI0 MOMEHTA IOSBJICHUS MYTH.

AHAJOTHYHBIC ONBITHI POJIENIATh C PACTBOPAMHU B JPYTUX MPOOHUPKAX.

Howmep O06BéM, M1 OTtHOCuTENbHAS Bpewms OtHOCHUTENbHAS
POOUPKHU Na2S203(a) H20(b) KOHIICHTpAIHs, t,c CKOPOCTb,
a/(a+b) v=11
1 6 0 1
2 4 2 2/3
3 2 4 1/3

CraenaTb BBIBOJ O 3aBUCUMOCTH CKOPOCTH PEaKLUU OT KOHLEHTPAIMU U M300pa3uTh 3Ty 3aBUCUMOCTh
rpaduyecKy, OTKJIAJbIBasi MO OCH aOCIMCC OTHOCHUTEIbHYIO KOHIIEHTpAIMIO, a MO0 OCHU OpJIMHAT -
OTHOCHUTEINIbHYIO CKOPOCTh PEaKIUu.

OmnpIT Ne2. 3aBUCHMOCTb CKOPOCTH PEAKIIMH OT TEMIIEPATYPBI.

BnusiHue Temneparypbl Ha CKOPOCTb PEAaKLMM MOXKHO TakKe IPOCIEIUTh IO BPEMEHU ITOMYTHEHUS
MOJIKACIIEHHOTO pacTBopa THocybdaTa Hatpus. HanmuTe B onHy mpobupky 4 mut pactBopa NazS203, a B
apyryio - 4 wmin pactBopa H2SOs4. OGe mpoOMpKHM TOCTaBUTh B CTakaH C BOJOW KOMHATHOM
Temneparypsl. Uepe3 5 MUHYT U3MEpUTh TEMIEPaTypy BOJbI U BBUIUTH COJIEPKUMOE OJJHOM MPOOUPKH B
npyryto. OTMETUTD, Yepe3 Kakoe BpeEMs MOSIBUIIACH MYTh.

B nBe npyrue npobupku HanIuTh Mo 4 MII 3TUX ke pacTBopoB. [locTaBUTh B cTakaH ¢ BOJOW, HArpeToit
Ha 10°C Bbie koMHaTHON. CIIUTH COAEP)KUMOE MTPOOUPOK U MTPOU3BECTH Te k€ u3MepeHus. [loBToputhb
OTBIT, TOBBICUB Temnepatypy emeé Ha 10°C.

Pe3ynbTaThl ONMBITOB MPEICTaBUTH B BUIE TAOJIHUIIBI.

Howmep onbiTa Temneparypa Bpewms peakuun OTHOCHUTENBHAS CKOPOCTb,

onkiTa, °C t,c v=1/t




PesynpraThl omelTa BbIpa3uTh IpaduueckH, OTKJIAAbIBAs IO OCH abCLUCC TeMIepaTypy, a MO OCH
OpAMHAT - OTHOCHUTENBHYIO CKOpOCTh. Jljisi TeMmepaTypbl W CKOPOCTH MacmTalbl ynoOHee Opatb
pasHble. Bo ckonbKO pa3 yBelnMumiIach CKOPOCTh pEaKLUU IPU YBEJIMYEHUH TEMIIEpATyphbl Ha KayKIble
10°C?

Omnpit Ne3. BiusiHue cTenieHH U3MENIbUEHUS BEIIECTBA HA CKOPOCTh PEAKLIUU.

B cyxoii ¢apdopoBoil CTynKe CTEKJISHHOW Mal04YKOH OCTOPOKHO CMEIIAaTh HECKOJIbKO KPUCTAJUIMKOB
HUTpaTa CBUHLA M MOJAUJA Kalus. 3aTeM CMeCh pacreperh necTukoM. Uto Habmonaere? OOBACHUTH
MIPUYMHY U3MEHEHUSI NHTEHCUBHOCTU OKPACKHU.

OmbiT No4. BiusiHue Kataan3aTopoB HA CKOPOCTh XUMHUYECKON PEAKIIUHU.

B nBe npobupku HanuTh 1-2 MI1 IEpoKCcHIa BOAOPOIA U IPUOABIIATE OJTHOBPEMEHHO B OJIHY - LIETIOTKY
IMOKCUA MapraHlia, B Ipyryro - TaKoe e KOJIMYECTBO OKCUA XKeJle3a.

HaGuro1aTe pa3inoxeHue mepoKcuIa BOAOPO/Ia C BBIICICHHEM KHCIIOpoaa (Ipoda TISIOIeH JIYInHKOMN ).
OauHAKOBO JIU MIPOTEKAET IMpoliece B mpodupkax? B kakoil u3 mpoOUpoK mporecc mpoTeKaeT oicTpee?
Kakoe u3 n00aBieHHBIX TBEPIBIX BEIIECTB sBIsETCA Karaiau3atopoMm? Hamucare ypaBHEHHE peakiuu
pasioKeHus MepoKcua BOJ0poa.

OmpiT NoS. Xumuyeckoe paBHOBECHE.

B npoOupky Hamute 10 M Boael u npubaBuTh mo 1-2 kamiau HachleHHbIX pacTBopoB FeCls u
NH4SCN. OxkparttieHHbIi B KpacHBIN I[BET PaCTBOP Pa3IUTh MOPOBHY B 4 MPOOUPKH.

Hanwucate ypaBHeHHE 00paTUMOIl peakiiiy U BhIpaKeHHE KOHCTAHThl PaBHOBECHS.

3areM B MepBYK NpoOMpKYy n00aBuUTh 2-3 Kamiu HacelnleHHoro pactBopa FeCls. Uro naOmromaere?
O0bsicauTh. Bo BTOpyIo mpoOupKy HanuTh 2-3 kamiu HackieHHOTO pacTtBopa NH4SCN. OObscHUTH
HaOmogaemoe wu3MeHeHue. Ilouemy wu3menenue koHueHtpauuu NH4SCN  Bb3biBaeT  Ooiee
3¢ deKTUBHOE CMEIIEHNE paBHOBECHUS, UeM U3MeHeHue konneHTpauu FeCls?

B Tperpto mpobupky nodaButb HemHoro TBEproro NH4Cl, cunbHO B300dTaTh. CpaBHUTH LBET
pacTBOpoB B npobupkax 3 u 4. /late 00bICHEHHE.

Kak Ham0 M3MEHHUTh KOHIIEHTPALMIO BEIIECTBA, YTOObI CMECTHTHh PAaBHOBECHE PEAKLMU BIIPABO WU
BJIEBO?

OmnbiT Ne6. BiausiHue TeMiiepaTypbl HA XUMHUYECKOE PaBHOBECHE.

Hanuts B n1Be nmpobupku mo 2-3 mi pacTBopa Kpaxmana U J00aBUTh B K&Ky U3 HUX IO 2 Karlu

HonHoit Boabl. Habmonate mosiBneHue cuHeit okpacku. Harpets oany u3 npodupok. Uro Habmonaere?




OmpenenuTh Ha OCHOBAaHWHM HAOJIONEHWMU, SBISETCS JIM dTa PEAKIUS DHAO- WU K30TEPMHUYECCKOM.
OOBACHUTH U3MEHEHUE OKPACKHU TIPU HATPEBAHUH CMEIIIEHUEM XUMUYECKOTO PABHOBECHS.

Tpebosanus K ohopmienuio 1ad6opamopHoil padonivl U omuenty:

1.BeimonHenune 1a00OpaTopHBIX paboOT COMPOBOXKIAIOT 3amucsiMU B JabopaTopHoM XKypHaie. Ha
TUTYJIBHOM JIMCTE J1a00paTOPHOTO KypHajla JAOJKHBI OBITh MPEACTABICHBI: HAa3BAaHUE YHHUBEPCHUTETA,
(dbaMuIMs 1 MHUIUANBI YYallerocsi, HoMep Kypca U rpymibl, y4eOHbIN To.

2.0T4eT 0 BBIOJHEHHOH 1a00paTOpPHOI paboTe JOKEH COAEPKATh CICIYIOIINE CBEICHHS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS paOOTHI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAJIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNUE;

*HOMEp M Ha3BaHUE OIBITA;

*KpaTKoe OMHCaHUE X0a paboThl C yKa3aHUEM YCJIOBHIA IPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMbI UCTIOJIB3YEMBIX MPUOOPOB;

*Ha0JIFOICHM,

*ypaBHEHUS MPOTEKAIOUINX PEaKIHii;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IbI.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYPaTHO, 3aIIHCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MIPENOJAaBATENb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JOMYCKAIOTCS CTYACHTHI, BBINOJHUBLIME U
MOJINMCABIINE Yy MpEerojaBaTeliss Bce JOMalIHUE U JJabopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pabOTe CEMUHAPOB.

6.CTyneHTHl, OMYYHBIINE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, OIYCKAIOTCS K c/1ade dK3aMeHa 10
KypCy HEOPTraHU4ECKOH XUMHH.

Konmponwvnwie gonpocoi :

1. Cxopoctb xumMuueckoi peakiuu. [loHsTHE SHEPrUN aKTUBALUU.

2. ®DaxTOopBl, BIUSIONIME HA CKOPOCTh XUMUYECKON PEaKIIHH.

3. 3axonsl boitns-Mapuorra, I'eii-JTroccaxa, [apms.

4. BnusHue Temmeparypsbl, AaBIeHHS U 00beMa, MPUPOJbl PEArHPYIOUIMX BEIIECTB HA CKOPOCTh

XUMHYECKON PEaKIIuu.

o

3aBUCUMOCTh CKOPOCTH XUMUYECKOU PEAKIMH OT KOHIIEHTPAI[UH BEILIECTB U TEMIIEPaTyphl.
6. DHeprus akTHBAllUU, TEOPHS AKTUBHBIX (3()()EKTUBHBIX) CTOIKHOBEHUI.

7. Tpubmmxennoe npasuiio Bant-T'odda.
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JlabopaTopHasi padota Ne 6
Tema: PactBopbl. [IpurorosjieHue pacTBOpa 3aaHHOI KOHIIEHTPAIIMHU

Llenv pabomepi: ITpurotroBieHHE pacTBOpa COJISIHOW KHUCIIOTHI 3aJlaHHOM KOHIIEHTPAlMU U INPOBEpKa

HOPMAJIbBHOCTU NMPUTOTOBJICHHOI'O PAaCTBOPA TUTPOBAHUCM.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmob:

PaCTBOp - OTO TOMOI€CHHAasd MHOI'OKOMIIOHCHTHasA CHCTCMA, B KOTOpOfI OJHO B€IICCTBO

pacnpeaciiCcHo B Cpeac ApYyroro Ui Apyrux BEIICCTB.



PactBopbl MOTYT OBITH B Ta3000pa3HOM (BO3/YX), KHUAKOM U TBEPAOM (CIUIABHI, IIBETHBIC CTEKJIA)
arperaTHbIX COCTOSTHUSX. Yale Bcero npuxoauTcs paboTaTh ¢ KUAKUMH pacTBOpaMH.

CopnepxaHue MaHHOTO BEIIECTBA B EOUHMIIE MacChl WiIM O0ObeMa pacTBOpa Ha3bIBAeTCA
KOHIIeHTpauueil pactBopa. Ha mpaxTuke Hambonee 9acTo MOJB3YIOTCS CIEIYIOIIMMH CIIOCOO0aMu
BBIPKEHUS] KOHIICHTPAIIH:

1. MaccoBasi 10151 - OTHOIIIEHHE MacChl JaHHOTO KOMIIOHEHTAa B PacTBOpE K OO0IIei Macce 3Toro
pactBopa. MaccoBasi 10JiT MOXET OBITh BBIpOKEHA B JIOJISIX €AUHUILI, TporeHTax (%), mpoMuie
(ThICAuHAs dYacTh %) M B MHJUIMOHHBIX f0iax (man?!). MaccoBas 1018 JAHHOTO KOMIIOHEHTA,
BBIp@)KEHHAs B MPOILICHTAX, MOKa3bIBAET, CKOJBKO TPAMMOB JAHHOTO KOMITIOHEHTa coxaepxkurca B 100 r
pacTBopa.

2. MaccoBasi KOHIIEHTPalHs - OTHOIIIEHUE MAacChl KOMIIOHEHTA, COJICPIKAIIETOCs B pacTBOpE, K
00BEMY 3TOr0 pacTBOpa. EIMHUIIB H3MEpEHHs MACCOBOI KOHIIEHTPAMK _ KI/M°, /1.

3. Turp T - 4uciio rpaMMOB PACTBOPEHHOIO BeIIecTBa B 1 MiI pacTBopa. ENMWHUIEI M3MEpEeHUS
THTpA - I/MII, KI/CM°.

4. MosasipHasi KOHIEHTPAIUs ¢ - OTHOIICHWE KOJMYECTBA BEIeCTBA (B MOJISIX), COJIEPKAIIETOCs
B pacTBOpe, K 00BbeMy pacTBopa. EJMHMIBI M3MepeHHs - MOnb/M°, (Monb /m). PacTBop, mMeromimii
KoHIIeHTpanuto 1 Moiw/i1, o603HaqaroT 1 M; 0,5 Moie/11, o6o3Hagator 0,5 M.

5. MoasipHasi KOHUEHTPAUUsi 3KBHBAJIEHTOB C>x (HOPMAJIbHAS KOHLEHTpauMus) - 3TO
OTHOIIICHHE KOJIMYECTBA BEIIECTBA IKBUBAJIEHTOB (MOJb) K 00beMy pacTBopa (11). Exunuiia nzmepenus
HOpPMaJIbHOW KOHIIeHTpanuu Moiib/i1. Hampumep, ¢o(KOH) = 1 monb/n, ¢w(1/2H2SO4) = 1 mosb/m,
cs(1/3 AICIl3) = 1 monw/n. PactBop B 1 1 KOTOpOro comepkutcs 1 MOJb BEHIECTBA SKBUBAJICHTOB,
Ha3bIBAIOT HOPMAIBHBIM M 0003Ha4aioT 1 H.

6. MoJasiibHOCTD D - 5TO OTHOIIIEHHE KOJHYECTBA PACTBOPEHHOTO BEIECTBA (B MOJISIX) K Macce m
pactBoputeinsi. Equnuia u3mepenus: MoisuibHOCTH - MoJib/kr. Hanpumep, b(HCI/H20) = 2 mosb/kr.

7. MoJasipHasi 10Jis1 - OTHOIICHHWE YHWCIIAa MOJIEH PAcTBOPEHHOI'O BEIIECTBA K OOIIEMY YHCITY
MoOJIeli BeIIecTBa W pPAacTBOpHUTENs. MoJsipHas HOJS MOXET OBbITh BBIpaKE€HA B JOJNSAX EIUHUIIBL,
nporenTax (%), IpoMuIe (ThicAuHas 4acTh %) U B MUIUTHOHHBIX J0JAX (MIH D).

J1JIs IPUTOTOBIICHUST PACTBOPOB ONPE/ICIICHHON KOHIICHTPAINH, JIJIsl TOYHOTO U3MEpPEHUsT 00BEMOB
MPUMEHSIFOT MEPHYIO ITOCY/Ty: MEPHBIC KOJIOBI, MUTIETKH U OFOPETKH.

MepHbie KOJIOBI — TOHKOCTEHHBIE TUIOCKOJAOHHBIE COCYIBI C JUTMHHBIM Y3KHM TOPJIOM, HA KOTOPOM
HaHECeHa MeTKa B BHUJIE KOJIbIIeBOM 4epThl. Ha kaxmoit konbe 0603HauUEHBI €€ eMKOCTh U TeMIIepaTypa,

MIPU KOTOPOH 3Ta eMKOCTh m3MepeHa. Konba moimKHa TIIOTHO 3aKphIBATHCS MPOOKOA.



a - MepHast koi10a; 0 — MUIeTKH; B — OI0peTKa.

[TuneTky uCHoOIB3YIOT A7l 0TOOpa OIpeieIeHHOr0 00beMa MPOObI KUIKOCTH.

[Tumerku Mopa mnpeacTaBisitoT coO0H CTEKJISIHHBIE TPYOKH € pacHIMpeHHeM mocepeanHe. HrokHwmid
KOHELl OTTSHYT B KalWUIsp, HA BEPXHEM KOHIIE HAHECEHAa METKa, /10 KOTOpOM clleqyeT HaOupaTh
U3MEPSIEMYIO KUAKOCTh. Ha numerke ykazana 00beMHOCTb.

HIupoko MPUMEHSIOT TAK)Ke TPaAyUpOBAaHHBIC MHUIETKU Pa3IMYHON €MKOCTH, Ha HApYXHOW CTEHKE
KOTOPBIX HaHECEHBI JeleHus. [[1s HamoJHeHHs MUNETKH HUKHHUI KOHEIl €€ OMYyCKAaIOT B JKUIKOCTh U
BTATMBAIOT IIOCJIEIHIO IpPU IOMOILIM TIpPYyIId WIM CHEUUAIbHOIrO mpucnocodnaeHus. JKuakocts
HaOMparT Tak, 4ToObl OHA MOJHSIACH HA 2-3 CM BBIIIE METKH, 3aT€M OBICTPO 3aKpBIBAIOT BEpXHEE
OTBEpPCTHE yKa3aTeNIbHbIM NaJIbLIEM MPaBO PyKH, IPUIEPKUBAs B TO ke BPEMs MUIETKY OOJBIINM U
CpeIHUM MajbliaMH. 3aTeM OCHalJSIOT HaKUM YKa3aTEeJNbHOTO Malblia, B pPe3yibTaTe Yero >KUIKOCTh
OyzieT MEeIJICHHO BBITEKATh M3 MUIETKA. B TOT MOMEHT, KOT1a HWKHUNA MEHHCK (YPOBEHB) KHIKOCTH
OKa)XeTCs Ha OJIHOM YPOBHE C METKOMH, Iajel] CHOBa MpPKUMatoT. BBens nMUneTky B cocyll, OTHUMAIOT
yKa3aTelbHBIN Majel ¥ Aal0T )KUAKOCTU cTedb o cTeHke cocyna. [locne Toro, Kak *KHIKOCTh BBITEUET,
MUIIETKY JEPIKaT elle SCEKYH/] PUCIOHEHHON K CTEHKE COCYZa, CIETKa TOBOpAaYUBasi BOKPYT OCH.
BropeTku NpuUMEHSIOT Npy TUTPOBAHUH, ISl U3MEPEHUSI TOUHBIX 00BEMOB U T.1I.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOUMBIE Il JaHHOW pabOThI, BHICTABISAIOT HA MOJKH Ja00OpaTOPHBIX CTONOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENIOYM, Naxyyue BellecTBa (HampuMmep, CepoBOJOPO],
OpoMHast BoJa U JIp.) XpaHAT B BBITSKHOM HIKaQy.

OcHoBHasi XUMUYecKas Mocyza: NpoOUPKH (B ILTATHBE), KOJObI, XMMUUYECKUE CTaKaHbl MOCIE pabOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, IMPHOOPBI, HCIOJIb3yeMasl Ul MPOBEIEHHUS OTIEIbHBIX
1a00paTOPHBIX PadOT, BBIAAETCS U CIAETCS YMCTas Ja0OpaHTy.

Texnuka 6ezonacnocmu npu eéblnojinenuu ﬂaﬁopamopuoﬁ pabomol:

-aKKypaTHO 00pamiaThCsi CO CTEKISTHHOW XMMHMUYECKOM MOCyI0i. OCTaTKH pa3OMTON mocyasl youpars C
IIOMOUIBIO COBKA U IETKHU;

-Bce paboThl, CBA3aHHBIE C BBIJCICHUEM SJIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEIIECTB,
MIPOBOJMTH B BBITSHKHOM IIKady;

-IIpU ONPEAEJICHUHN 3allaxa BENIECTB OTBEPCTHE COCYJa JepXaTh Ha pacctogHuu 25-30 cm oT juua,

HaIpaBJIAd K cebe CTPYIO ra3za NoCTyHaTCIbHBIMU ABUXKCHUSAMU JIAAOHU OT OTBEPCTHUA K JIUIY,



-IPY HaJMBAHWW DPEAKTUBOB HE HAKJIOHATHCS HAJ COCYIOM BO HM30C)KaHHWE MOMAIaHUs OpbI3T WIN
YaCTHI] HA JIUIIO WM OACKIY. TP pa30aBIeHNH KOHIIEHTPUPOBAHHBIX KUCIIOT BIUBATh KHCIOTY B BOAY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JePKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCea. HE HAKIIOHATHCS
HaJI HarpeBaeMoi KHUJIKOCThIO BO M30€KaHHE TIOTaIaHus €€ Ha JIUI0, PYKH WIH OJICKILY;

-ropsiYMe MPEeIMEThl MOXXHO CTaBHTh TOJIBKO Ha acOECTOBBIM KapTOH, acOSCTHMPOBAHHYIO CETKY WIIH
APYTYIO CHEIHATIBHYIO TOJICTAaBKY;

-HEJb35 TOJIB30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIETO HHCTPYKTAXa. MPH BKIIFOYCHNUHU UX B
CETh HEJb3s ICPKAThCS 32 METALTMUECKUE TIPeAMETHI (TPYOBI, KpaHbI U T.I1.). 3alIPEIIAcTCs BKIIIOYATh U
BBIKJIFOYATh JJICKTPONPHOOPHI MOKPHIMH PYKaMH, a TaKXe I0Jb30BAThCs HEHCIIPABHBIMH WIIH
MMEIOIIMMH OTOJIEHHBIE IPOBOA TPUOOPaMH;

-3anpemaeTcs MPUHUMATh HIY B XUMHYECKON J1a00paTopru U MUTh BOAY U3 JIAOOPATOPHON MOCYIBI. -
-KaTerOPHUYECKH 3arperaeTcs MpoOdoBaTh pEaKTHBHI Ha BKYC;

-IpU TIOMAJJAHUK HA JIMIO WJIM PYKH OpBI3r KOHIICHTPUPOBAHHBIX KHCJIOT IOCIE CMBIBaHUS BOJOU
MPOMBITH CIa0BIM PACTBOPOM COJIBI. INENOYb CIEAYET CMBIBATh O TEX IOpP, MOKA y4aCTOK KOXKH, Ha
KOTOPBIN OHA TIOMaJa, He MePEeCcTaHeT ObITh CKOJB3KHM; 3aTEM MPOMBITh CIIa0BIM PACTBOPOM YKCYCHOM
KHCJIOTHl U HAJIOKUTH TIOBA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM IepMaHraHaTta Kaimus (W3
anTe4yKH B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHWH PA0OThI BHIKIIFOUUTh U3 CETHU BCE AJICKTPOIIPHOOPHI, MIEPEKPHITh TI0Jauy ra3a U BOJbI B
naboparopuro u yopaTh pabouee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEUIEHHO coo0IaTh MPEnoJaBaTello Uilu JIaDOpaHTy.

Ilpaxkmuueckas uacms:

[IpuroroButs B MepHoOi koiOe 100 ™y pacTBopa XJOPOBOJOPOJHOM KHCIOTHI —3aJaHHOMN
konrentpanuu(0,10 - 0,20 H).

[Topsnox paboThI.

a) KoHIIeHTpHpOBaHHYIO XJIOPOBOJOPOIHYIO KUCIOTY HAIUTh B IWJIMHAP U apeOMETPOM HU3MEPHUThH €&
IUIOTHOCTb. DTy OINEPALHI0 MIPOBOIUTH B BHITSKHOM mIKady. [To Tabnuie B cipaBOYHMKE ONpeAeIUTh
MPOIICHTHYIO KOHIIEHTPAIUIO KUCJIOTHI M BBIYUCIUThL 00bEM KoHIeHTpupoBanHoW HCI, Heobxoaumebrit
g npurortosinenns 100 mi pacTBopa 3aJaHHOM KOHLIEHTpauuu. s pacuéToB MOKHO MCIOJIb30BaTh

crenyromue GopMyas: ’

Coz M m - 1000
% — pv . 100% CH_ 9 ]

DIS Co — IpOLIEHTHAs KOHIICHTPALIHS;

Cu— HOpMaJIbHAsA KOHLICHTPAIUA;



M — Macca pacTBOPEHHOTO BEIECTBA;

p — IIOTHOCTh PAacTBOPA, I/cM>;

v — 00BEM pacTBopa, cM>;

D — >KBUBaJICHTHAs Macca paCTBOPEHHOTO BEIIECTBA.
Brruucnennsiii 00béM pacTBOpa M3 OIOPETKU NEPEUTh B MepHYI0 Koia0y Ha 100 mu, 3atrem B KoJOy
HaJIUTh 1O IOJIOBUHBI JAUCTUIUIMPOBAHHON BOJbl. TmiaTesnbHO B300ATaTh, JOBECTH O0BEM pacTBOpa
TUCTUUTUPOBAHHON BOJOW 10 METKH, 3aKpHITh KOJOYy MpOOKOHl M BHOBH TIIATENBHO IMEepeMenIaTh
pacTBop, epeBopadyuBasi KoJuoy.
6) [IpoBepuTh HOPMAILHOCTH IPUTOTOBIEHHOTO PacTBOPA.
J1st 3TOTO BCHOJOCHYTH NMPUTOTOBJIEHHBIM PACTBOPOM KHCJIOTHI IUIIETKY U O0TOOpaTh nunetkoi 10 mu
9TON KHCHIOThl. Collep’)KMMOE MUIETKU IEPEHECTH B KOHMUYECKYIO KOOy, Tyzna ke 100aButh 20-40 mu
JTUCTUJUTMPOBAHHOW BOABI U 2-3 Karu ¢peHoadTanenHa. 3aTeM B 3TOT pacTBOP U3 OIOPETKH MOCTEIEHHO
N00aBJIATh PACTBOP IMIENOYM M3BECTHOW KOHIIEHTPALMM, HETIPEPHIBHO B30ANTHIBasi KOJIOY 110 TEX MOP,
[I0OKa pacTBOp HE OKpacuTcs B po30BbIi 11BeT. Ecian okpacka HeycToH4MBa (MCY€E3aET), IPUOaBUTH €1IE
2-3 xamm 1ménodyn. DTOT MOMEHT COOTBETCTBYET IOJHON HEHTpanM3aluy KHCIOTHI IIENOYBIO.
OnucanHblli TPUEM B aHATUTHYECKOW XMMHUHM Ha3bIBACTCS THTPOBaHUEM. THUTpOBaHHE MOBTOPUTH 2-3
pasza, moka 00bEMBI U3PACX0I0BaHHOU MIENOUN He OyayT oTiinyaThes Oonee yem Ha 0,1 mut.
Pacuér xoHIEHTpalMy KUCIOTHI MPOU3BOAUTCA MO CPEIHEMY 3HAUCHHUIO H3PACXOJ0BAHHOTO 00BEMa
ménoun. [l 5TOro NCnonbp30BaTh CISAYIOMYIO POPMYITY:

Caxrsr ®Viersn = Chmen ® Vign

rie  Cyxm— ONpeaensieMas HopMaJibHas KOHLIEHTPaLus KUCIOThI, M-3KB/J;

V «r1— 00BEM KUCTOTHI, MIT (B JaHHOM cirydae 10 mo);

Ch wen— M3BECTHAs HOPMaJibHasi KOHIIEHTpALUs IENO0YH, T-3KB/IT;

V wen— cpeHee 3HaueHue o0bEMa MIEN0YH, U3PACXOJOBAaHHOTO HA TUTPOBAHUE, MJI.

BoruncnuTh 3HaueHHne OMMOKH, TONYIIEHHON IPU MPUTOTOBICHUH PACTBOPA 3aJaHHOW KOHIEHTPALUU:

OmmGKa. Y%= CH Teop — CH TPaKT
2

. 0
Cu Teop 100%

rne  Cyreop — KOHLEHTpALIUSA, 3aJJaHHAsI IPEI0IaBaTeNIeM, T-9KB/JI;
Ch npaxr — KOHIIEHTpAIHsI IPUTOTOBJIEHHOTO pacTBOpPA, OIpeieI€HHasi TATPOBAHUEM, T-9KB/II.

Tpebosanus K ohopmienuio 1adopamopHoil padonivt U omuyemy:

1.BremonHeHnne nabopaTopHBIX pabOT COMPOBOXKAAIOT 3amHcsIMH B JabopaTopHoM >kypHane. Ha
TUTYJIBHOM JIMCTC na60paT0pH0r0 XKypHajia OOJIKHBI OBITH MNpEaACTAaBJICHBI: HAa3BAHUC YHUBCPCHUTECTA,
(dbaMuIMs 1 MHUIUANBI yJallerocsi, HoMep Kypca 1 rpymibl, yueOHbIN To.

2.0T14eT 0 BBITOJIHEHHOH JTa0OPaTOpHOH paboTe JOHKEH COIEPIKATh CIICTYIOIINE CBEICHMS:

*HOMEp paboTHI U €€ Ha3BaHUE;



*J1aTy BBINIOJHEHUS paOOTHI;

*IIeJIb PAOOTHI;

*000pyI0BaHUE M MaTEPHUAJIbI;

*KpaTKO€ TEOPETUUECKOE ONHCAHUE;

*HOMEp U HA3BaHME OIIbITA;

*KpaTKoe OMHCAaHKE X0/a paboThl C yKa3aHUEM YCJIOBHI IPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHMS,

*YpaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYPaTHO, 3aITUCH JJOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET IIPENOJABATENb.

5K cmaue 3au€ra mo nabopaTOpHOMY NPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIIME U
MOJNKCABIINE y TPENnojiaBaress BCce JOMAIlHWE WU JIabopaTOpHbIe pabOThI, CIABLINE KOJUIOKBHYMBI,
aKTUBHO Y4acTBOBAaBILIKE B pabOTE CEMUHAPOB.

6.CTyneHThl, MOMYYHBIINE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, OIYCKAIOTCS K c/ade dK3aMeHa 10
KypCy HEOPTaHUYECKON XUMUHU.

Konumponwsnvie gonpocet :

1. Yro Ha3bIBaeTCs CycHeH3UeN, SIMYJIbCUEN, KOJJIOUIHBIM PACTBOPOM U UCTUHHBIM PacTBOPOM

2. Yto Ha3bIBaeTCs KOHIEHTpanmen pactBopa? KakoBbl Hambosee pacipoCcTpaHEHHBIE CIIOCOOBI ee
BBIPAKEHUS?

3. Kakue KOHIEHTpaluy Ha3bIBAIOTCS MPOLEHTHBIMU, MOJISUIBHBIMH, MOJIIPHBIMHU, HOPMaJIbHBIMU?
Urto Takoe TUTp pacTBOpa?

4.ApeoMeTp TMOKa3al IUIOTHOCTh cepHOM kuciotel 1105 xr/m3. KakoBbl ee mnpolueHTHas
KOHIIEHTpPALUs, MOJIIPHOCTb, MOJISUIBHOCTh, HOPMAJIBHOCTh U TUTP?

5. Kaxkoit 06bem 20% comstHOM KUCTIOThI TOTpedyeTcs s MpUroToBienus 11 3 H. pacTBopa?

6. [t mpoTpaBiMBaHUsS CEMSH CyJeMoil mpuMeHsIoT ee pactBopbl 0,1 % xonnenTparuu. CKOIbKO
cyJieMbl Hazo B3ATh Ha 20 Bexep pactBopa (BMecTUMOCThH Beapa 20 nutpoB)? MOXXHO JTU TOTOBUTH
pacTBOp CyJEMBbI B IUHKOBOM U XKEJIE3HOM Beape?

7.Cxonbko npoaaxHoro gopmanuna (40% pacTBop) U BOAbI HEOOXOIUMO B3ATh JJISl IPUTOTOBICHUS
5% pactBopa?

8. Onpenenure HOPMATBHOCTS TIETI0UH, cojepxantyio 2 T NaOH B 1 iiutpe pactBopa.

Cnucok tumepamypbol.
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JlaGopatopnasi padora Ne 7
Tema: Peakuuu o0MeHa B pacTBOPax 3J1eKTPOJIMTOB

Ilenv padomei: 3yunth peaknuu oOMeHa B pacTBOpax 3JEKTPOJIMTOB Ha IMpUMepe 00pazoBaHUs

TPYAHOPACTBOPUMBIX BCHICCTB, I'a30B, MAJIOJUCCOIHUUPYIOIICTO 3JICKTPOJINTA, PCaKINU MNPCBPALICHUS
OIHOTO MAJIOPACTBOPUMOTO BEHIECTBA B MCHEC paCTBOPHUMOC BCILICCTBO.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmov:

DJNEKTPOIUTBL — MO0 8eujecmeda, pacmeopsvl U pPAcniagbl KOMOPLIX NPOBOOSM INeKMPUUeCKUti mox.

Pacnian Mosexys BelecTBa Ha HOHBI Ha3bIBACTCS 21eKmpoaumuyeckou ouccoyuayueti. K anexrponuram



OTHOCSTCS] KHCJIOTBI, OCHOBaHUSI, COJIM. KHCIIOTBI — 3TO AIIEKTPOIIUTHI, JUCCOIMUPYIOIINE B PACTBOPaX C
obpazoBaHHeM KaTHOHOB Bojopona: HCN « H' + CN; H.SOs = 2H" + SOs*. OcHoBanus —
ANEKTPOJIUTHI, TUCCOLUUPYIOIIUE B PACTBOPAX ¢ 00pa30BaHUEM TUIPOKCU/I-MOHOB:

NH4sOH <« NHs" + OH’; Ba(OH), = Ba** + 20H. CymecTByIOT 3J€KTPOJIHUTHI, KOTOPHIE MOTYT
JMCCOIIMUPOBATh TI0 THUIY KHUCIOTHI W 1O TUIY OCHOBAHWsS, TaKHE JJICKTPOJIUTHI Ha3bIBAIOTCS
amdorepHbiMd. K HHM OTHOCATCS THIAPOKCHIBI aM(OTEPHBIX DIEMEHTOB, a TAaKXe THUAPOKCHIIBI
METaJUIOB, HAXOMISIIUXCA B MPOMEKYTOUYHOH creneHu okuciacHus, Hampumep: Be(OH)z, AlI(OH)s,
Zn(OH)2, Cr(OH)3 u MHuorue apyrue. Jluccouuaryo pacTBOPCHHON YacTH aM()OTEPHOro IMIPOKCHIIA
10 000MM THIIAM MOYKHO TIPECTaBUTh CICAYIOIIEH CXEMOM:

H*+ RO «> ROH < R*+ OH.

B HaceimenHoM BoaHOM pacTBope amdoreproro ruapokcuaa nonsl HY, RO u R*, OH maxonsrcs B
COCTOSIHUU PaBHOBECHsS, MOTOMY aM(OTEpHBIC T'MIPOKCHUIBI B3aUMOJCHCTBYIOT M C KHCJIOTAMH H C
ocHoBaHUsAMHU. [Ipu 100aBIEHHUU KHUCIOTHI PAaBHOBECHE CMEIIACTCS B CTOPOHY JUCCOLHMAIMM 110 THITY
OCHOBAaHUsI, MPH I0OABICHUU OCHOBAHUS — B CTOPOHY TUCCOIMAIIAY 110 THITY KHCJIOTBI.

Conn — 31EKTPOJIUTHI, KOTOPBIC TIPU PACTBOPEHUU B BOJE AMCCOLMUPYIOT, OTHICIUISS ITOJIOKUTEIIbHBIC
MOHBI, OTIIMYHBIC OT HOHOB BOJOpOJA W OTPHUIATEIbHBIC, OTIMYHBIC OT THUAPOKCHI-UOHOB. Coiu
Cpe/IHHE, KUCITbIe U OCHOBHBIC JUCCOIUUPYIOT:

Aly(SO4)3 = 2AP* + 3504%; CuOHCI «<» CuOH" + CI'; KHCO3 = K* + HCO3 .

[To crocoOHOCTH K AMCCOLMAIMH DJICKTPOJMTHI JENATCS HAa CWIbHBIE W cliadble. Y CHIIBHBIX
3JIEKTPOJIMTOB B PAcTBOPE JUCCOLMUPYIOT HA MOHBI MPAKTUYECKH BCE MOJICKYJIBI, y CIIA0BIX - JIMIIb
9acTh MOJIEKyd. K CHIIBHBIM 3JIEKTPOJUTaM OTHOCSATCS TOYTH BCE COJIM, OCHOBAHUS INEIOYHBIX H
IEJIOYHO3EMENBHBIX MeTAIOB, a u3 BaxHeWmux kucior: HClOs4, H2SOs, HNOsz, HCI, HBr, HJ,
HMnOs..

K cmabbiM 3eKTpoiMTaM OTHOCSTCS TOYTH BCE OpraHuYeckwe Kuciotbl, Hampumep, CH3COOH,
Heopranuueckue coenunerus: HoCO3, H2SO3, H2SiO3, HCN, HNO2, H3PO4, HF, NH4OH, H20 u . 1.
Peakium B pacTBopax 3JCKTPOJIUTOB IMPOTEKAIOT MEXIYy HOHAMH W HUIYT HEOOpaTHMO, €CId B
pe3yabTaTe peakluu OOpa3yrTCS OCaIKH, Ta3bl M cia0bie AIEKTPONUThL. OOBIYHO TaKuEe pPEaKIUuH
M300pakaroTCs TPU MTOMOIIKM HOHHO-MOJIEKYJISIPHBIX ypaBHeHHH. Ocaaku, ra3sl U cja0dble SIEKTPOIUTHI
MUIITYTCS B BUIE MOJIEKYJI, XOPOIIIO PAaCTBOPHUMBIC CHIIBHBIEC JJIEKTPOJIUTHI — B BUJIC HOHOB.

PaccMoOTpuM THITMYHBIC BAPHAHTHI PEAKIIUN B pACTBOPAX JICKTPOIUTOB:

a) 3AgNOs + FeClz = Fe(NO3)3 + 3AgCl| — MmonekynspHOe ypaBHEHUE

3Ag* + 3NO;s + Fe*" + 3NO3z + 3AgCl] — moiHOe HOHHOE YpaBHEHUE

Ag* + ClI= AgCl| - cokpalieHHOe HOHHOE YPaBHEHHUE

0) Na2CO3 + H2SO4 = NaxSO4 + H20 + CO21

2Na* + COz% + 2H" + SO4 = 2Na* + SO4> + H,0 + CO2t



2H* + COs* = H,0 + CO21.

B) HCI + NaOH = NaCl + H20

H*+ClI'+Na*+ OH =Na"+ Cl + H.0

H*+ OH = H,0

HpI/I COCTAaBJICHUHN HOHHO-MOJICKYJISAPHBIX ypaBHeHPIfI CJICAYET IMMOMHUTH, YTO CyMMa JJICKTPHUYCCKHUX
3apsa10B B JIEBOM 4YacTu JOJIKHA 6HTB paBHa CYMME€ DOJICKTPUUYCCKHX 3apsaA10B B npaBoﬁ qacTu
ypaBHeHus. OMHAKOBBIE HOHBI U3 00EHMX YacTel ypaBHEHUS UCKITFOYAFOTCS.

Qobopyoosanue u mamepuaivl:

PeaxTuBbl, He0OOXOMMBIE JJIS1 JAaHHOW pabOTHI, BRICTABISIOT HA MOJIKU J1a0OpaTOpPHBIX CTONOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIE KUCIIOTHI M MIENOYM, Maxydue BellecTBa (HAIpHMEp, CEPOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHoOBHasi XUMHUYECKasi MOCy1a: MPOOUPKH (B IUTATHBE), KOJOBI, XUMHUECKHE CTAKaHBI IOCIE PaOOTHI
TIIATEIBHO BBIMBITH, BECHl C PAa3HOBECOM, IMPHUOOPHI, HCIOJIb3yeMmasi Uil TPOBEIEHHS OTICIbHBIX
71a00paTOPHBIX padoT, BBIAACTCA M CAACTCS YUCTast JJAOOPAHTY.

Texnuka dezonacnocmu npu 6blNOJIHEHUN J1ADOPAMOPHOIL_DAOOMbL:

-aKKypaTHO 00palaThCsi CO CTEKJITHHONH XMMHYECKOW MOCYIOW. OCTATKU pa30HUTOM MoCyabl youparsh ¢
IIOMOIIBIO COBKa U IIETKHU,

-Bce pabOThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JIETYYUX M HENPUATHONAXHYIIUX BEILECTB,
IIPOBOJIUTH B BBITSKHOM IKa(y;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE COCyJa JepkaTh Ha pacctosHun 25-30 cM OT JuIa,
HaTpaBJsist K cebe CTPYIO ra3a MoCTyNaTeIbHBIMH JBHKEHUSMH JIQJIOHH OT OTBEPCTHS K JIHILY;

-IpY HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30ekaHHE MONaJaHus OpbI3r WIN
YaCTHI] HA JIMLIO WM OAEXKAY. IIPH pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Hao0OopoT;

-IIpY HarpeBaHUU MPOOHPKU HE JIEp’KaTh €€ OTBEPCTHEM K cebe WM B CTOPOHY COCe/la. HE HAKJIOHAThCS
Ha/1 HarpeBaeMoi XHJIKOCTbIO BO U30€KaHHe MO aHus e€ Ha JIUIO0, PyKH WIH OJIeXKIY;

-ropsiue MpeaMeTbl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WIIH
JPYTYIO CHEUANIbHYIO TI0JICTaBKY;

-HEeJIb3sl M0JIb30BATHCS AIEKTPONIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO MHCTPYKTAXKa. MIPH BKIOYEHUH UX B
CeThb HeJNb3s IePIKaThCs 32 METAIUTMYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKI0YaTh U
BBIKJIIOYATh 3JIEKTPONPUOOPEl MOKpPHIMH pYKaMH, a TaKKe IOJb30BAThCS HEHMCIPABHBIMHU WU
MMEIOLUMH OroJIEHHBIE TIPOBOIa MPHUOOpaMu;

-3aIpelaeTcsi MIPUHUMATh MUILY B XUMUYECKON J1a00paTopuu U MUTh BOAY U3 JaOOPaTOPHON MOCYABL. -

-KaTCTOPUUCCKU 3aIIpCIIaCTCA HpO60BaTL PCaKTHUBEI HA BKYC,



-TIpU TIOTIAJJAHUK HA JIMIO WJIM PYKH OpBI3T KOHIICHTPHUPOBAHHBIX KHCJIOT IIOCIE CMBIBAaHUS BOJOU
MPOMBITH CIa0BIM PACTBOPOM COJBI. IIENOYH CIEAYET CMBIBATh JI0 TEX IOp, IMOKA YYaCTOK KOKH, Ha
KOTOPBIM OHA TOMalia, He MEPECTaHET OBITh CKOJIB3KUM; 3aTEM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHCIIOTHl U HAJIOXHTHh TIOBSI3KY U3 BaThl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IEepMaHraHaTa Kaiuus (U3
anTe4yKy B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHHWH PaOOTHI BHIKIIFOUUTh U3 CETH BCE AJIEKTPOIPHOOPHI, MIEPEKPHITh M0ady Ta3a U BOIBI B
naboparopuro u yopaTth pabouee MecTo;

-000 BCeX HECYACTHBIX CIyJasX HEMEJIEHHO COOOIIaTh MPEeno aBaTesio Wi JabopaHTy.

Ilpaxmuueckas uacmeo:

B3aumonencTBue 3IEKTPOJINTOB CIEAYET PacCMaTpUBaTh KAK PEAKLIUU MEXIYy MOHAMH. DTH PEAKLUHU
UAYT B CTOPOHY HamOOJjee IOJIHOTO CBS3BIBAHUS WOHOB B TPYAHOPACTBOPHMEIE, ra3000pa3HbIe U
MaJIOJUCCOLMUPYIOILIUE BEIIECTBA.

[Ipu BbINIOJIHEHUHU pabOThHI YpaBHEHMSI BCEX PEAKIMM MHUCAaTh B MOJIEKYJISIPHOM U HOHHOM BHUJIE.

Onwvim Nel. O6pa3oBaHue TPYAHOPACTBOPHUMBIX BEILIECTB.

[TonGepure Takue peakTUBbI U3 HAXOIALIMXCS Ha MOJIKE, B3aUMOAEHCTBHEM KOTOPBIX MOXHO MOJYYHUTh
ocaZKku cynb(duaa NWHKA, TUAPOKCHIA HHKENs M KapOoHaTa Kaimbius. OCaJKu TOJHKHBI OTCTOSTHCAL.
[Tocne orcTauBaHust pacTBOPHI CIUTh, @ OCAJAKU COXPAHUTh JJIS CIEIYIOIINX OIBITOB.

Onwvim Ne2. O6pa3oBaHue Ta30B.

K cynppuny numHka, a 3areM K ocaaky KapOoHaTa Kajblus, HOpubaBuTh 2-3 MI pacTBOpa
XJIOPOBOAOPOAHON KHCIOThI. Kakue rassl Boiaenstorca? OOpaTure BHUMAaHHUE, YTO BO BTOPOM Cllydyae
IIOMHMO ra3a o0pa3yercsi MaJIoJUCCOLMUPYIOIIEE BEHIECTBO.

OMnbIT IPOBOAUTH B BBITSDKHOM HIKadYy.

Onvim Ne3. O6pa3zoBaHNe MaJIOJUCCOLMUPYIOLIETO 3JIEKTPOIUTA.

A. K ocanky runpokcuna Hukens (onsIT Nel) nmpubaButh pactBop ammuaka. Obpasyercst pacTBOPUMBII
Majouccouupyouuii HoH TetpaaMMuHHUKemsA(1D).

B. B nmpobupky HaiuTh 2-3 MJ pacTBOpa XJIOPOBOJOPOJHON KHCIOTHI M ITOMECTHUTHh B HETO TPaHyNly
MeTaJuIn4eckoro mnuHka. HaOmionaTh HMHTEHCHBHOE BhIJENEHHE Bojaopona. /[o6aBuTh B HpoOUpPKY
LIETIOTKY KPHUCTAJUIMYECKOTo arerara HaTpus. OTMETUTh HW3MEHEHHE B WHTEHCHUBHOCTU BbIIEJICHUS
Bojiopoja. Hanucare ypaBHeHHME peakliiy, KOTOpas MPOU30LLIa Mociie MpUOaBlIeHUs aleTaTa HaTpus,
yKa3aTb IPUUUHY 3aMeJIEHH MIPOLIECcCa BbIIEIEHUS BOJLOPOAA.

Onvim Ne4. CMmellieHne MOHHOTO paBHOBECHS.

A. Hamuts B npoOupky 3-4 M AUCTUIUIMPOBAHHOW BOJbI, NMPUOABUTH KaIUII KOHIEHTPUPOBAHHON
YKCYCHOM KHCJOTHI M 1-2 KamiM MHIWKAaTOpa METHJIOBOrO OpaHkeBoro. Kakyrwo okpacky nmpuHHMaeT
pactBop u mnoueMy? CocCTaBbT€ YpaBHEHHUE JHUCCOLMALMU YKCYCHOM KHCIOTBI M BBIPAKEHUE IS

KOHCTaHTbl HOHHU3alluH.



Pa3znenuth pacTBOp MOpOBHY Ha JIBE MPOOUPKH U K OJTHOM 4acTh MpuOaBUTH LIETIOTKY aleTaTa HaTpus,
B300JITaTh U CPABHUTH OKPACKY PACTBOPOB B 00enx mpoOupkax. J[aTb 0ObsICHEHNE OTIBITY.

B. IlpoBecTu ONbIT aHAJOTMYHO IPEABIIYIIEMY, B35SB BMECTO KHUCIOTHI PACTBOP aMMHaKa, BMECTO
METHJIOBOTO OpPaHXEBOTro - (QeHondranrenH W BMECTO aleraTta HaTpus - XJOpHA aMMOHHs. JlaTh
00BsICHEHHE, UCXOS U3 KOHCTAHTHI PABHOBECHSI.

Onwim Ne5. [IpousBenieHre paCTBOPUMOCTH MAJIOPACTBOPUMBIX BEIIECTB.

Buectu B npobupky u3 Oroperku 1 mu 0,1 H pacTBopa HUTpaTa CBUHIA U JOOaBUTh K HEMY HEMHOTO
6ombire mo 00bsémy 0,1 H pacTBOpa cynbdara HaTpus. [oydeHHBIH 0CaIOK JOIKEH OTCTOAThC. CIUTh
HAJ0CaZ0YHYI0 KUAKOCTh (Wi otobpath munetkoi). K ocanky nmpubaBute 1 M pactBopa xpomata
Kanuss W 1nepememats. HaOmiogaTh MocTeneHHOE HM3MEHEHHE LBeTa ocajka. Kakoe BeliecTBo
obpasoBanoch? Ha ocHOBaHWU OmbITa C/AETaTh BHIBOJ O BEIHMUMHE Ipou3BeneHus pacrsopumoctu (I1P)
MajopacTBOPUMBbIX cosie. CpaBHUTh CBOM BbIBOA C JaHHbIMM Tabnuubl. HamwucaTe ypaBHEHUS
MPOU3BEJCHUS PACTBOPUMOCTH 3TUX COJIEH, TOACTaBUB 3HaueHus [1P.

OnbiT Ne6. KoHTpopHOE 3a/1aHKeE.

DKCIEpUMEHTAIBHO OCYIIECTBUTH CIIEAYIONIUE MPEBPAIICHUS:

CuSO4 — Cu(OH)2 — [Cu(NH3)4](OH)2 — Cus.

CocTaBUTh YpaBHEHMsI peaKLUi.

W3 3toro ombiTa cieayeT, 4TO MHOIZA B JIEBOM M MPaBOM 4YacTAX YpaBHEHMSI MOTYT OJIHOBPEMEHHO
HaXOJUTHCS MAJIOJAUCCOIMUPYIOIINE U TPYIHOPACTBOPUMBIE BemiecTBa. UTOOBI MPaBUIIBHO PEIIUTH
BOIIPOC, B KaKyl0 CTOPOHY CMECTHUTHCS PaBHOBECHE, HYKHO MPOU3BECTH YUET TAaKMX KOJIMUYECTBEHHBIX
XapaKTepUCTHK, KaK KOHCTAHTa JUCCOLUAIIH, TPOU3BEAECHNE PACTBOPUMOCTH, KOHIIEHTPAIUsI HOHOB.

Tpe6oeanuﬂ K Od)ODMfleHlllo ﬂaﬁopamopnoﬁ paoomvl u omuemy:

1.BeimonHeHne J1abopaTOPHBIX pPabOT COMPOBOXKIAIOT 3amUCSAIMU B JlabopaTopHOoM KypHaie. Ha
TUTYIBHOM JIMCTE J1a00paTOPHOTO KypHalla JOJKHBI OBITH MPEACTABICHBI: Ha3BAaHUE YHUBEPCHUTETA,
(dbaMuIMs 1 MHULUABI yJallerocsi, HoMep Kypca M rpymibl, y4eOHbIH roj.

2.0T4eT 0 BBHIMOIHEHHOM JJa00paTOPHOU paboTe TOJDKEH COACPIKATh CISAYIOIINE CBEICHMUS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBITIOJTHEHUS PaOOTHI;

*IIeJIb paOOTHI;

*000pyI0BaHUE M MaTEPHAIIBI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp U HA3BaHUE OTIbITA;

*KpaTKoe OMHCaHUe X0a paboThl C yKa3aHUEM YCIOBUI MTPOBEICHUS OIbITA;

*PUCYHKH M CXEMbI UCIIOJIB3YEMBIX MPUOOPOB;

*HaOJIFOICHMS,



*ypaBHEHUS MPOTEKAIOUINX PEaKITHii;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHBIi )KypHaT HY)KHO BECTH YUCTO U aKKYPaTHO, 3aITUCH JTOJDKHBI OBITh JIJAKOHUYHBIMHU.
4.014éT 0 IpOoBeIEHHON pabOTE MPOBEPSIET U MOANUCHIBACT MPEIIOaBaATENb.

5K cpaue 3auéra mo 1abOpaTOPHOMY MPAKTHKYMY JOIYCKAIOTCS CTYICHTHI, BBITOJHUBIIAE U
MOJNKCABIINE y TPENOAaBaTess BCE JIOMAIHAE W JIA0OpaTOpHBIE PabOThI, CHABIINE KOJUIOKBUYMBI,
AKTUBHO Y4aCTBOBAaBIIIME B pa0OTE CEMUHAPOB.

6.CTyneHThl, TOTYYHBINKE 3a4€T 1O JTA0OPATOPHOMY MPAKTUKYMY, JIOIYCKAIOTCS K c/1ade K3aMeHa 10
KypCy HEOPTaHUYECKOH XUMHH.

Koumponwvhbie gonpocet :

1. CocraBbTe MOJNEKYISIpHBIE W HOHHO-MOJICKYJSIPHBIE YpaBHEHHS pEaKiuil B3aUMOICHCTBUS B
pactBopax Mexy: a) KoS u CuSOs; 6) AgNO3 u NH4Cl;

B) Na2SiO3z u H2SO4; 1) CaCO3 u HNO:s.

2. CocraBbTe 1O JBa MOJIEKYJSIPHBIX YPaBHEHHsI pEaKIMil, KOTOpbIE BBIPAKAIOTCS HOHHO-
MOJICKYJISIPHBIMUA YPaBHEHHUSMHU:

a) Fe** + 30H" = Fe(OH)s; 6) H + OH™ = H,0; B) Cu?* + S* = CusS.

3. MOHO 11 IPUTOTOBUTH PACTBOP, COJAEPIKAIINI OJJHOBPEMEHHO cleayomlue mapel BemecTts: a) KOH
u Ba(NO3)2; 6) Cr(OH)s u NaOH; B) Pb(NO3)2 u KCI; r) CuCl2 u NaS? IlpeacraBbTe BO3MOXHBIC
peaKIyy B MOJICKYISIPHOM U HOHHO-MOJICKYJISIPHOM BHUJIE.

4. CmemmBatot nomapao pactBopbl: a) KOH u Mg (NOz3)2; 6) Li2COs u HCI; B) Fe(NO3)s u KOH; r)
NH4CI u NaOH. B kakux ciaydasx peakiuu MpakTudecku moiayTt no konna? IlpenctaBeTe ux B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BH/IE.

5. CocraBbTe MOJEKYISPHbIE W HWOHHO-MOJICKYJISIPHBIE YPaBHEHUS pEaKIUi B3aUMOJICHCTBHS B
pactBopax Mexy: a) BaCOs u HNOs3; 6) Fe2(SOa4)3 1 KOH; B) HCI u KoS; 1) CH3COOK u HCI.

6. CocraBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYISPHBIE YPaBHEHHs pEaKIHi B3aWMOJEWUCTBUS B
pactBopax Mmexnay: a) Mg(OH)2 u CH3COOH; 6) NH4Cl u NaOH; B) Ca(OH)2 u K2CrOgy; 1) AlICI3 u
Ba(OH)..
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JlabopaTopnasi padora Ne 8
Tema: I'maposius

Henv pabomui: I/I3yquI/Ie pa6OTBI pH-MeTpa " OIIpCACIICHUC pH HeﬁTpaHLHOFO, KHUCJIOTO U MICIOYHOT'O

pacTBOpoB ¢ moMmoulblo pPH-meTpa, BU3yalbHOE ONpPEJEICHHE IIBETOB MHJUKATOPOB JIAKMYyca,
METHJIOBOTO OpaHXeBOro U (peHondranenHa B HEUTpanbHOU, KUCIION U IIEJIOYHON cpejie, onpesiesieHue
PH cpenbl ruAPOIU3YIOMUXCS COJNEH ¢ MOMOIIbI0 MHIUKATOPOB, BIUSHUE TEMIepaTypbl Ha THIPOJIN3,
HeoOpaTUMBbIN MOTHBINA THIPOIIU3.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckas uacmov:

FI/I,Z[pO.HH?) — OTO PAa3JIOKCHUC BCUICCTB BOI[Oﬁ. BOI[a — OOJHO H3 CaMbIX AKTHUBHBIX BCIICCTB. OHa
HeﬁCTByeT Ha CaMBbIC PAa3JIMYHLIC KJIACChI COC,[[I/IHCHI/Iﬁ: COJIn, YTIJICBOIBI, GCHKI/I, 3(pHpLI, JKHUPBL U T. H.
[Ipy TUAPOIN3E COETMHEHUI HEMETAIUIOB OOBIMHO 00Pa3yIOTCs IBE KMCIIOTHI, HAIPHMED:

PClz + 3 H20 = H3PO3 + 3 HCI

HpI/I 9TOM HU3MCHACTCA KUCIIOTHOCTL paCTBOPOB IO CPABHCHUIO C KUCIIOTHOCTBIO PACTBOPUTCIIA.



B Heopranmdeckoil XuMHuM yalle BCEro NpUXoIUTCs UMETh JIeNI0 C TUAPOIU30M COJIeH, T.e. ¢ OOMEHHBIM
B3aMMOJCHCTBUEM HOHOB COJIM C MOJIEKYJaMHU BOJBI, B PE3YyIbTaTe KOTOPOIO CMELIACTCS PAaBHOBECUE
ANEKTPOIUTUYECKON TUCCOLUALIUHN BOJIBL.

I'uaponnzom coiu Ha3bIBaeTCs 0OpaTUMOE B3aUMOJICHCTBHE MOHOB COJIM C MOHAMHU BOJIbI, IPUBOJAIIEE
K U3MEHEHHIO PAaBHOBECHUS MEKy HOHAMM BOJOPOJa U THAPOKCHA B PACTBOPE.

I'mpponus sBIsSETCS Pe3ysIbTaTOM IOJIIPU3ALMOHHOTO B3aMMOJCHCTBUS MOHOB COJNM C MX T'MIPaTHOU
000JI0YKOI B BOJHOM pacTBope. Yem 3HauuTeNbHEE 3TO B3aUMOJICHCTBUE, TEM HHTEHCUBHEE POTEKAET
THIIPOJIN3. YTIPOIIEHHO CYIIHOCTh MPOIIecca TUAPOIN3a MOXKHO MPEJICTABUTD CICAYIOIIMM 00pa3oM.
Karuonst K™ cBsI3bIBatOTCS B pacTBOpE € THAPATHPYIOIIMMH HMX MOJICKYJIaMH BOJBI JOHOPHO-
aKLENTOPHOW CBSA3BIO; JOHOPOM SIBJISIFOTCS aTOMBI KHMCJIOpPOJA MOJIEKYJIBl BOJIbI, HMMEIOIIUE JIBE
HETOJICJICHHBIE 3JICKTPOHHBIE TAaphl, AaKIENTOPOM - KaTHOHBI, HMMEIOUIME CBOOOIHBIE AaTOMHBIE
opbutanu. YeM Oomblie 3apsia KaTHOHA U YEM MEHBIIE €ro pa3Mep, TeM 3HAUHUTENbHEee MOJISPU3yIoNee
neiictBue K™ ma H>0.

AHNOHBI An~ CBA3BIBAIOTCS C MOJIEKYJIAMH BOJBI BOJOPOIHOM CBA3bI0. CHIIBHOE BO3ICHCTBHE aHUOHOB
MOJKET MPHUBECTU K HOJHOMY OTPBIBY NpPOTOHA OT Mojekyiasl HoO — BojgopoaHasi cBA3b CTaHOBUTCS
KOBaJICHTHOM. B pe3ynbrare oOpazyercs kucinora uinu auuoH tuna HS™, HCOz™ u T. .

B3aumopeiictBue aHMOHOB An~ ¢ IPOTOHAMHU TE€M 3HAUYMUTEIbHEE, UeM OOJIbLIE 3apsi aHMOHA U MEHbIIIE
ero paauyc. Takum o0pa3oM, HHTEHCUBHOCTb B3aMMOEHCTBUS BEIECTBA C BOJOM ONpeNeNseTcs: CHIION
nonstpusytontero Biustius K™ u An~ Ha monekyinsl H2O. Tak, KaTHOHBI 3JEMEHTOB MOGOYHBIX
MOArPYII ¥ HEMOCPEICTBEHHO CIEAYIOLIUX 32 HUMH 3JIEMEHTOB MOJBEPraloTcsi 00jee MHTEHCUBHOMY
THJIPOJIU3Y, YE€M JIPyrue MOHBI OJUHAKOBBIX C HUMHM 3apsijia M paauyca, TaK Kak sfapa MEepBbIX MEHee
3¢ EKTUBHO IKPAHUPYIOTCS d-31€KTPOHAMHU.

I'maponns — mpouecc oOpaTHBIM peakuuu HeiTpanuzanuu. Ecnu peakuus HeWTpaiau3alMu MPoOLEce
9K30TEPMHUUECKUI U HEOOPATUMBIH, TO TUAPOIIN3 — MPOIIECC IHAOTEPMHUUECKUN U OOPATUMBIA.

Peaknus HeliTpanusanuu:

2 KOH + H2S03 — K2SO3+ 2 H20

CHJIbHBIN CITAObIi CUIIBHBIN C1a0bIi

2 OH™ + H2S03= SO3” + 2 H20

Peakums ruaponusa:

K2SO3+ H20 «+» KOH + KHSOs3

SOs? + HOH «> HSO3™ + OH~

[Ipu rugponuse cMmemlaeTcsi paBHOBECHE AMCCOLMAIIMKM BOJIbI BCIIEACTBHE CBS3bIBAHUS OJIHOTO U3 €€
wonoB (H' wmu OH') B cnalObiii snekrponut comd. Ilpu cBsassiBanuu unoHoB H' B pactBOpe
HakarumBatoTcss MoHel OH™, peakuus cpeapl OyneT IuenovHas, a NpU CBs3biBaHUM HMoHOB OH™

HaKaruMBarTcst HoHbl H - cpcaa 6yneT Kucjiasd.



PaznuuaroT yethipe BapraHTa ACHCTBUS BOJbBI HA COJIH.

1. Ecnu xaTHOHBI M aHUOHBI UMEIOT HEOOJBIINE 3apsiibl U OOJbIINE pa3Mephl, TO UX MOJSIPU3YIOLIee
BJIUSHUE Ha MOJIEKYJIbI BOJbl HEBEJNMKO, T. €. B3aumojeiictBue conu ¢ H20 npaktuuecku He
HPOUCXOJUT. DTO OTHOCHUTCS K KATHOHAM, MHAPOKCHJIBI KOTOPBIX SBJSIOTCS Iiesioyamu (Hanpumep, K*
u Ca’") 1 Kk aHMOHAM cHIBHBIX KucioT (Hanpumep, CI™ u NO3”). CieoBaTenbHo, conu, 06pazoeantvle
CUTIbHBIM OCHOBAHUEM U CUTIbHOLL KUCTIOMOU, 2UOpOaU3y He noogepzaromcs. B 3ToM ciiyuae paBHOBECHE
JUCCOLMAIIUH BOJIBI

H.O « H* + OH~

B TMPUCYTCTBUM HMOHOB COJIM MPAaKTUYECKH He Hapymaercs. llosTomy pacTBopel Takux colei
HerTpanbsHbl (pH = 7).

2. Eciut conb 06pazoeana KamuoHoM CUbHO20 0CHOSAHUS U AGHUOHOM craboii kuciomsl (S*, COs>, CN~
U J1p.), TO npoucxooum eudpoaus no anuowy. Ilpumep — rugaponus comu CH3COOK. HNousl conm
CH3COO™ u K B3aumopeiicteyror ¢ monamu H™ 1 OH™ u3 Bogsl. IIpu s1om anerar-uons (CH3COO")
CBA3BIBAIOTCA ¢ MOHamu Bojopoaa (H') B Momekyabl ¢iaboro 37IeKTpOaHMTa - YKCYCHOM KHCJIOTBI
(CH3COOH), a nonst OH™ HakarMBarOTCsA B PacTBOpE, COOOIIas eMy MIEJTOYHYIO PEaKIlHio, TaK Kak
nonbl K* He moryt cBsizath noust OH™ (KOH siBiisieTcst CHtbHBIM 3J1eKTpoauTom), pH > 7.
MounekynspHoe ypaBHEHHUE I'MIPOJIU3a:

CH3COOK + H20 < KOH + CH300H

[TonHOE MOHHOE ypaBHEHUE TUIPOIH3A!

K"+ CH3COO™ + HOH « K"+ OH™ + CH3COOH

COKpAIIEHHOE HOHHOE YpaBHEHHE TUAPOJIN3A:

CH3COO™ + HOH <~ OH™ + CH3COOH

I'maponns comu NazS mpotekaer crymnendaro. Cosb oOpazoBaHa cuiibHbIM ocHoBaHueM (NaOH) u
cnaboii nByxocHoBHOH Kucnoroit (H2S). B atoM ciyuae anuoH conu S? csseiaeT noHsl HY Bombl, B
pactBope HakamuBaroTcs MoHbl OH . YpaBHeHHe B COKpalleHHOW HMOHHOM M MOJEKyJIspHOW ¢dopme
UMEET BUJL:

|. "+ HOH < HS™ + OH~

NazS + H20 <> NaHS + NaOH

Il. HS"+ HOH <> H2S + OH™

NaHS + H20 <> NaOH + H,S

Bmopasa cmynenv eudponusa npaxmuuecku He npoxooum npu O0ObIYHBIX YCIO0UAX, TaK Kak,
HakarauBasck, HoHbl OH™ coo0matoT pacTBOpy CUIBHOIIETOYHYIO PEAKIIHUI0, YTO MPUBOJUT K PEaKIUU
HEWTpalIU3ally, CABUTY PABHOBECUS BJIEBO B cooTBeTcTBMM ¢ npuHuunom Jle Ilarense. Ilostomy
THJIPOJIU3  COJiel, OOpa30BaHHBIX CHJIBHBIM OCHOBAaHHMEM M CJa0OH KHUCIOTOM, MOJABISIETCS

HpI/I6aBJ'ICHI/ICM mICJI04Hu.



YeM Oombllie MONSPHU3YIONICE BIUSHHEC aHWOHOB, TEM HWHTEHCHBHEE THIPOJN3. B COOTBETCTBHH C
3aKOHOM JIEHCTBHS MacC 3TO O3HAYaeT, YTO THAPOIHM3 MPOTEKAaeT TeM WHTCHCHUBHEE, YeM cliabee
KHCIIOTA.
3. Ecnu conv obpazosana KamuoHom c1abo2o0 OCHOBAHUA U AHUOHOM CUIbHOU KUCIOMbL, MO
npoucxooum 2uopoaus no kamuony. Hapumep, 310 umeer mecro npu ruapoiuse coarn NH4Cl (NHsOH
- cnaboe ocHoBanue, HCI - cunpnas kucnota). Oropocum nod Cl™, Tak Kak OH C KATHOHOM BOJIbI Ja€T
CWJIBHBIN 3JIEKTPOJIHT, TOTAa YPABHCHHUE THIPOIIN3a IPUMET CIICTYFOIIHNA BU/I;
NHs" + HOH <> NH4OH + H" (cokpallieHHOe HOHHOE ypaBHEHUE)
NH4CI + H2O <> NH4OH + HCI (MonexynsipHOE ypaBHEHUE)
W3 cokpailieHHOTO ypaBHEHHUsI BHIIHO, YTO HOHBI OH ™ BOJBI CBSA3BIBAOTCS B CIA0BIN JIEKTPOJIHT, HOHBI
H" HakammBaroTcs B pacTBOPE M cpejia cTanoBuTCs Kucioi (pH < 7). JloGaBiieHHE KUCIOTHL K PacTBOPY
(BBEIIEHHE TIPOJYKTA peakiuu KaTnoHoB H™) caBuraer paBHOBECHE BIIEBO.
I'uaposnns comu, 00pa3oBaHHONW MHOTOKHCIOTHBIM OcHOBaHuMeM (Hampumep, Zn(NOz)2) mporexaeT
CTYIICHYATO 110 KAaTHOHY CJIA00T0 OCHOBAHHUSI.
l. Zn?* + HOH < ZnOH" + H* (cokxpamieHHOe HOHHOE ypaBHEHHUE)
Zn(NOz3)2 + H20 «» ZnOHNO3 + HNO3 (MosiekyiisipHOE ypaBHEHHE)
HNonsl OH cBs3biBatoTed B cnaboe ocHoBanue ZnOH', nonsr H™ HakammuBarorcs.
Bmopas cmynenv eudponusza npaxmuuecku He NPOUCXOOUM NPU OObIYHLIX YCIOBUAX, TaK Kak B
pesyibTaTe HakoruieHus noHoB H' B pacTBope co3faeTcs CHIILHOKMCIIAs CPeia U PABHOBECUE PEAKIMU
THJIPOJTN3a IO 2-0i CTYIIEHU CMEIIEHO BIIEBO:
Il. ZnOH" + HOH < Zn(OH), + H" (cokpalieHHOe HOHHOE YpaBHEHHE)
ZnOHNO3 + H20 < Zn(OH)2 + HNO3 (MonekynsipHoe ypaBHEHHE)
OueBHIHO, YeM cliabee OCHOBaHHE, TEM MOHEE UET THAPOIIU3.
4. Conv, 0bpazosanHas KAMUOHOM Clab020 OCHOBAHUS U AHUOHOM CAAOOU KUCIOMbl, NOOGEPeaAemcsl
2uoponuszy no kamuowy u no avuouny. llpumepom ciyxut nporecc ruaponusa coau CH3COONHa.
3anuiieM ypaBHEHHE B HOHHOU (hopme:
NH4* + CH3COO™ + HOH < NH4OH + CH3COOH
Ianponu3 Takux cosield MPOTeKaeT OYeHb CHIILHO, TOCKOJBKY B PE3y/IbTaTe €ro 00pa3yrTcs u ciaboe
OCHOBAHHE, U cj1a0ast KMCIO0Ta.
Peakuust cpenbl B 3TOM cllydae 3aBUCUT OT CPAaBHUTEIBHOW CHIIBI OCHOBAaHHS UM KHUCIOTHI, T.e. OT HX
KoHCTaHT nuccormanuu (Kp):

e ecmu Ky (ocHoBanus) > Kj (kucnotsr), To pH > 7;

e ecmu K (ocHoBanus) < Ky (kucnotst), To pH < 7.
B cnyqae ruaponuza CH3COONHz:
Kn (NH4OH) = 1,8:10°°; Ky (CHsCOOH)=1,8-10"°,



MMOATOMY PEaKIIHs BOJHOTO PacTBOpa ATOM cou OyaeT mouTu HeruTpanbpHou (pH = 7).

Ecnu ocHoBaHue U KUCIIOTa, 00pa3yroliue COJib, SBISIOTCS HE TOJNBKO CIa0bIMH 3JEKTPOIUTaMU, HO U
MaJIOPACTBOPHMBI MJIM HEYCTOMUYMBBI U Pa3jiaraloTcs ¢ 00pa3oBaHHEM JIETyYUX MPOJYKTOB, TO B 3TOM
cllydyae THJPOJHM3 COJM IMPOTEKAeT MO BCEM CTYNEHSAM [0 KOHIA, T.e. JO OOpa3oBaHHs Ci1adoro
TPYIHOPACTBOPUMOTO OCHOBAHHS M claboi KUCIOTHL. B 3TOM ciyuyae pedb UAET O HeoOpamumom uiu
NOJIHOM 2UOPOU3E.

NMeHHO TONHBIA TUAPOIHU3 SABISETCA MPUYUHOW TOrO, YTO BOAHBIE PACTBOPBI HEKOTOPBIX COJIEH
NPUTOTOBUTH HElb3s, Harpumep Cr2(CO3)s, Al2Sz u ap. Hanpumep:

Al>Sz + 6H20 — 2A1(OH)3| + 3H2S?

[ToaTomy cynbdun anroMUHUS HE MOXKET CYIIECTBOBAaTh B BUJIE BOJHBIX PACTBOPOB, MOKET OBITh
MOJIy4YEH TOJBKO "CyXUM criocoOoM", HanpuMep, U3 31EMEHTOB MPHU BBICOKOM TeMIiepaType:

2Al +3S —“— Al,Ss,

Y JIOJDKEH XPAHUTHCS B TEPMETUUYECKUX COCYaX, HCKIIOYAIOIIMX TI0Ta/IaHre BIIary.

Peakuueii oOMeHa B BOJHOM PAacTBOpPE TAaKHE COEAUHEHHS HeNb3sl MOMy4uTh. llpu B3aumoneicTBUU
coneit A1®*, Cr®* u Fe*" B pacTBope ¢ cynbduaamMu u kapOoHATAMH B 0CaT0K BHINIAJAIOT HE CYIbOUIBI 1
KapOOHAThI 3TUX KATUOHOB, a UX THAPOKCHU/IBI:

2AICl3 +3NazS +6H20 — 3H2S1 + 2AI1(OH)s| +6NaCl

2CrClz + 3Na,CO3 + 3H20 — 2Cr(OH)z| + 3CO21 + 6NaCl

B paccMoTpeHHBIX puUMepax MPOUCXOIUT B3aUMHOE ycuiieHue Tuaponu3a aByx conei (AlClz u NapS
i CrClz u NapCOz3) u peaknus HIeT 10 KOHIIA, TaK KaK MPOAYKTHI PEaKIHMH BBIICISIOTCS U3 pacTBOpa
B BUJIE OCaJIKa U rasa.

l'unponus conelt B psne ciiydaeB MOXKET MpOTekaTh oueHb cioxkHO. (IIpocThie ypaBHEHUs peakiuu
TUAPONU3a B OOIIENPUHATON 3aMUCH YacTO SBISAIOTCS YCIOBHBIMH.) [IpoaykThl THaponn3a MOXKHO
YCTAaHOBUTH JIMIIL HAa OCHOBAaHMM AaHAIMTUYECKOTo HucciefoBanus. K mpumepy, npoaykramu
THUAPOJIN3a COJIEH, COIEPKAIINX MHOT03aPsAHbIC KATHOHBI, MOTYT OBITh TIOJIUSIEPHBIC KOMIUIEKCHI. Tak,
ecnu B pactBopax Hg?* comepixaTcs TOIBKO OHOSAEPHBIE KOMILIEKCHI, To B pactBopax Fed* mommmo

1** u [Fe(OH)2]" ob6mapyxmBaeTcs mByxbsaaepHblii kommaekc [Fea(OH)2]*; B

komiiekcoB [FeOH
pacTBopax Be?" B OCHOBHOM 00pa3yloTCs MHOTOsEepHBIE KOMIUIeKchl cocTaBa [Bes(OH)s]®'; B
pacTBopax Sn’* o6pasyrorcs xommiekcHble noubI [Snz(OH)4]%", [Sn2(OH)2]?*, [SNOH]*; B pacTBOpax
Bi** mapsany ¢ [BiOH]*" maxomsarcs koMmmnekcHble HOHBI cocTaBa [Bis(OH)12]®". Peakmuu rumponusa,
MIPUBOJIAIINE K 00Pa30BAHUIO MONUSIEPHBIX KOMIUIEKCOB, MOKHO TPEJCTABUTH CIEAYIONIIM 00pa3oM:
MM + NH20 <> Mm(OH),™<-"* + nH*,

rae m uaMensercs or 1 10 9, a n MoxeT nmpuHUMaTh 3HadeHus oT 1 mo 15. Takoro poma peakuuun

BO3MOXHBI AJI1 KaTHMOHOB oomee uem 30 >JIEMEHTOB. YCTaHOBJ'ICHO, 4YTO KaXXJOMYy 3apssAy HOHa B

OOJIBIIIMHCTBE CJIy4acB OTBCYACT OIIPCACICHHAA (bopMa KOMIIJICKCA. TaK, JJIs1 TOHOB 1\/[2+ XapaKTCpHa



dopma aumepos [M2(OH)]?*, ws nornos M3 — [M?(OH),]*, a mna M* — dopma [M2(OH)s]°" u Gonee
cnoxHbie, Harpumep [Zra(OH)s]®* .

IIpu BbIcOKMX TeMIepaTypax 1 0osiplIuX 3HaueHUsIX pH 00pa3yroTcs 1 OKCOKOMILIEKCHI:

2MOH < MOM + H20 umu

OH ©
Ny q‘u/_..-u-o—u-n—u-mﬁzn

A FARN
OH H

Hanpuwmep,

BiCl3 + H2O — Bi(OH).Cl + 2HCI

Karuon Bi(OH)2" nerko tepsiet MoJieKyiy BoJibl, 00pa3yst KaTioH BrucMyTmiia BiO*, KoTopslii ¢ X10pu-

MOHOM J1aeT OeJblii KpUCTAIUTMYECKUI 0CaI0K:

Bi(OH).Cl — BiOCl] + H20.

CTpyKTYpHO HONUSZACPHBIE KOMIUIEKCHI MOKHO MPEICTaBUTh B BUJE OKTad3JIPOB, COCIMHEHHBIX MEXITY

co0o0# o BepIIMHEe, pedpy WK TPaHH MOCPEICTBOM pa3nuiHbIx MocTHKoB (O, OH u ap.).

CHOXHBI COCTaB HMEIOT MPOAYKTHl THAPOIU3A KapOOHATOB psila MeTauloB. Tak, mpH

B3aMMOJIEIICTBIM pacTBOPUMBIX comeit Mg?*, Cu?*, Zn?*, Pb?" ¢ xapGoHaTOM HaTpus oOpa3yroTcs He

cpenHue KapOOHAThI, a MEHee  PacTBOpPHUMBIE cudpoxcokapbonamsl, Hampumep Cuz(OH)2COs,

Zns(OH)s(CO3)2, Pbz(OH)2(CO3)2. B kauecTBe mprMepa MOYKHO IPUBECTH PEAKIIHH:

5MgSO4 + 5Na,CO3 + HoO — Mgs(OH)2(CO3)4| + 5SNaxSO4 + CO21

2Cu(NOs3)2 + 2Na,CO3 + H20 — Cuz(OH)2CO3| + 4NaNO3 + CO21

KonuyecTBeHHO rHIPOIIN3 XapaKTepU3yeTcs CTeNeHbo ruaponu3a h u koncranToit ruaponusa Kr.

CreneHp IMJIpoin3a MOKa3bIBaeT, Kakas 4yacTb COJNHM, cojaeprkamiasics B pactBope (Cwm), moasepriach

rupon3y (Curux) ¥ pACCUUTHIBACTCS KaK OTHOIICHUE:

h = Cum rux / Cm (100%).

OueBHIHO, 4TO TS 0OpaTuMoro mporecca ruapoiusa h < 1 (<100%), a a1 HeoOPaTUMOTo THAPOITH3A

h =1 (100%). Kpome mnpupoipl coiM, CTENEHb THAPOJM3a 3aBUCHT OT KOHICHTPALUH COJNU U

TeMIepaTypbl pacTBOpA.

B pactBOpax ¢ yMepeHHOW KOHIIEHTpAIeld pacTBOPEHHOTO BEIIECTBA CTENEHb THAPOJIH3a MpU

KOMHAaTHOM TemnepaType OoOblYHO HeBenuka. [[ns coself, 0Opa3oBaHHBIX CUJIBHBIM OCHOBAaHUEM W

CHJIbHOW KHUCIIOTOM, OHA MPaKTHYECKU paBHA HYJIO; JUIS COJiei, 00pa30BaHHbBIX CaObIM OCHOBaHHUEM U

CHUJIbHOW KHCJIOTOM WJIM CHJIBHBIM OCHOBAHHEM M CIIa00H KHUCIIOTOH, oHa cocTaBiseT = 1%. Tak, mus

0,01 M pactBopa NH4CIl h=0,01%; s 0,1 1. pactBopa CH3COONH4 h = 0,5%.

I'uaponus — mporece 00paTUMBIi, TO3TOMY K HEMY IIPUMEHUM 3aKOH JISHCTBYIOIIUX Macc.

Koncmanma eudponusa ecmv koncmanma pagnogecus npoyecca uopoau3d, U o CBoeMy (pusnueckomy

CMBICTYy OINpeNeNseT cTeneHb HeoOpaTuMocTH ruaponuza. Yem Oombimie Kr, Tem HeoOpatumee

THOPOJINS. Kr umeer cBoe BBIPAXKXCHUC JJIA KAXKA0TI0 Ciiydasd ruapoan3a.



BriBeniem BbIpaskeHHE AJ11 KOHCTAHTBI TUAPOJM3a CONMM CIab0i KUCIOTHI M CHIIBHOTO OCHOBaHHUS Ha
npumepe NaCN:

NaCN + H20O <> NaOH + HCN;

Na* + CN™ +H20 < Na* + OH™ + HCN;

CN™ + H20 <> HCN + OH™

Kpas = [HCN][OHT] / [CNT][H20].

[H20] umeer HanbobIIIyIO BEIUYNHY, KOTOPAsi B X0/I€ PEAKIIMU TPAKTUYCCKH HE U3MEHIETCS, T0O3TOMY
€ MOXHO YCJIOBHO CYHMTAaTh TOCTOSSHHOW. Torma IMOMHOXXMB YHCIHTENIh W 3HAMCHATENh Ha
KOHIEHTPALIMIO IPOTOHOB U BBE/S TOCTOSIHHYIO KOHIIEHTPALIMIO BOJbI B KOHCTAHTY, MOJIYYHM:

Kpasu [H20] = Kw / Kngeuen) = Kr

tak kKak [HCN] / [H][CN7] = 1/ Knuen)

Iockombky Kw Benmuumnna nmoctosuHas u pasHa 107 | oueBnno, uto uem Menbime Ky caboit KucioTsl,
AHUOH KOTOPOM BXOJUT B COCTAB COJH, TeM Oosbiie Kr.

AHaNOru4HO, I CONU, TUApoIu3yomeics no katuony (Hanpumep NH4Cl), momyanm:

NH4* + H20 <> NH4OH + H* (cokpaleHHoe ypaBHEHHE THAPOJIH3a)

Kpasu = [NH2OH][H™] / [NH4T][H20]

Kr = Kpasux [H20] = Kw / Kjiocn)

B »TOM BBIpaX€HUM YHUCIUTENb U 3HAMEHaTeNb Apoou ymHOXkwiu Ha [OH']. OueBugHO, 4TO uUeM
MenbIie Ky cnaboro ocHOBaHuUs, KATHOH KOTOPOTO BXOJHUT B COCTaB cOJH, TeM Ooubiie Kr.

Eciu conp obOpazoBaHa cinaObiM oOcHOBaHMEM M ciaboi kuciaorod (Ha npumepe NH4CN), 1o
COKpAIICHHOE ypaBHEHUE TUPOJIH3a HMEET BU/I:

NH4* + CN™+ H20 <> NH4OH + HCN

Kpasu = [NH2OH] [HCN] / [NH4"J[CN],

B stom BoipaxkeHuu ISt Kpasn UHCIHMTEND W 3HAMEHATEND JpobOu yMHOkaeM Ha [H']-[OH], mosromy
BBIpakeHUe sl Kr mpuHUMaeT BUI:

Kr = Kw / (Knaucrorsy Kagoen))-

Kak crnemyer W3 TpHUBEACHHBIX BBIPAKECHUU, KOHCMAHMA 2UOpOAU3A 0OpAmMHO NPONOPYUOHATbHA
KOHCcmaume ouccoyuayuu ciaboeo 3J1eKmpoiuma, y4acTBYIOIIETO B 00pa3oBaHHM coyid (€clid B
00pa3oBaHMM COJM Y4YaCTBYIOT JIBa CJIa0bIX »dJekTposiuta, TO Kr o00paTHO mpomopiuoHaibHa
MIPOU3BEICHUIO UX KOHCTAHT JAUCCOIUAIINH).

Paccmotpum ruaponn3 MHOro3apsaHoro noHa. Bossmem NaxCO:s.

l. CO3%* + H20 « HCO3™ + OH~

Krqy = [HCO3][OHT] / [COs*][H20] x ([H*]/ [H™]) = Kw / K,

TO €CTh B BBIPQKEHHE ISl KOHCTAHTHI THIPOJIH3a MO MEePBOil CTYNEHU B 3HAMEHATENh BXOIUT BTOpas

KOHCTaHTa AuCConuanvun, u 1Jjist BTOpOI>'I CTYIICHU THUAPOJIN3a



II. HCOs3 + H0O « Ho.COsz+ OH

Krany = [H2COs][OH] / [HCO3][H20] x ([H']/ [H']) = Kw / Ky
Knay = 4x107 Ky =2.5x108
Kran = 5.6x101 Krgy = 1.8x10™
Takum o6pazom, Kray >> Kran, KOHCTaHTa, a CIeOBATEIbHO, U CTEIICHb IMEPBOM CTAIUH THIPOJIN3A
MHOTO OOJIBIIE MOCIETYIOIINX.
Cmenenb euoponuza SBISIETCS BEIMYMHON aHAIOTUYHOM CTENEHH JUCCOUanui. B3auMocBs3b cTenenu
Y KOHCTaHTBI THAPOJIN3a aHAIOTUYHA TAKOBOH JUISL CTETIEHU M KOHCTAHTBI AUCCOLUAIIHH.
Ecmu B oOmieM ciiydae MCXOAHYIO KOHIICHTPAIMIO aHMOHA CJIA00H KHCIOThI 0003HAaYuTh 4epe3 Co
(moub/), To Coh (MOJIB/IT) — KOHIIEHTpALUsA TOM YacTH aHHOHA A~, KOTOpas MOABEPIiach THIPOJINU3Y U
obpazoBanock Coh (Moib/i) cnaboit kuciaoTel HA 1 Coh (MOJTB/IT) THIPOKCHIHBIX TPYIIIL
A"+ H;O <~ HA + OH,
Co-Coh Coh Coh
toraa Kr = [HA][OHT] / [A7] = Coh-Coh / (Co-Coh) = Coh? / (1-h).

ITpuh << 1 Kr = Coh? h = VKj / Co.

Ouenb Moxoxe Ha 3aKoH pa3zbaBieHus OcTBaba.
MosxHo paccuutath pH pactBopa, eciu uzBectHbl Co 1 N. YuuThIBast, 4TO

[HA] = [OH] = Coh, momyunm:

Kr = Coh-Coh / Co = [OHT]?%/ Co, oTKyza

[OH] = VKr-Co.

AHaJOTUYHO, MOKHO TIOKa3aTh, YTO IPHU TUIPOJIH3E 110 KATHOHY

[H*] = VKr-Co.

TakxuMm 00pa3om, CHIOCOOHOCTH COJIEH MOABEPTaThCs TUAPOIINU3Y 3aBUCUT OT ABYX (PaKTOPOB:

e CBOWCTB HOHOB, 00pa3yIOIINX COJIb;
e BHEIIHUX (aKTOPOB.

Kak cnBuHyTh paBHOBECHE TUAPOIH3A?
1) JobGaBiaeHHEe OMHOMMEHHBIX HOHOB. IIOCKONBKY TpPH OOpaTMMOM THAPOJIHM3E YCTaHABIUBACTCS
JMHAMUYECKOE PAaBHOBECHE, TO B COOTBETCTBHHM C 3aKOHOM JICHCTBHS MacC paBHOBECHE MOYKHO
CMECTHTD B Ty WJIU HHYIO CTOPOHY BBEJICHUEM B PACTBOP KHCIIOTHI WJIM OCHOBaHUS. BBeeHNE KUCIOTHI
(xaTnonoB H') moxasiser ruaponus 1o KaTHOHY, n00aBieHue menodn (anumonos OH™) momasisieT
THIPOIIU3 TI0 AaHUOHY. DTUM YaCTO MOJB3YIOTCS ISl YCUIICHHUS WJIH TOJABIICHHUS MPOIecca TUAPOIIN3A.
2) U3 dopmynsl aas h BugHo, 9TO pazbasnenue cnocobcmeyem 2udpoausy. POCT cTeneHH THAPOIHM3A
KapOoHaTa HaTpus

Na.CO3z + HOH < NaHCO3 + NaOH



3) [IloBeimieHWe TeMIepaTypbl — CrocoOCTByeT ruaponu3y. KoHCTaHTa —gucconuaivid — BOJBI
YBEJIMUMBAETCS MPH MOBBIIIEHUH TEMIIEpaTypbl B OOJbIIEH CTENEHH, YeM KOHCTaHThI TUCCOLUAIUU
MPOAYKTOB THAPOJIM3A - CIA0BIX KUCIOT U OCHOBaHMM, IOITOMY MPHU HArPEBAaHUU CTETIEHb THAPOIH3a
Bo3pactaer. K 3ToMy BBIBOJY JIETKO MPUHTH W MHAYE: TaK KaK PEaKIUs HEUTpAIU3AIMH YK30TEPMUIHA
(DH= —-56 x]I/Mo0ib), TO THAPOJIW3, OYAy4H MPOTHUBOIMOJIOKHBIM €H IPOIECCOM, 3HIO0TEPMHUYEH,
03TOMY B coOTBeTcTBUU ¢ npuHInoM Jle lllarense HarpeBaHue BbI3bIBACT YCUIICHUE THIPOIU3A.

B xuMmudeckoil mpakTUKEe BeChbMa pPAcCIpOCTPaHEH THIPOJIM3 1O KAaTHOHY COJieH, 00pa30BaHHBIX
MHOTO03apsIHBIM KaTHOHOM M OJHO3apsaHbIM aHuoHoM, Hampumep AICls. B pactBopax stux coieit
MEHee JTMCCOLMUPOBAHHOE COSANHEHHE 00pa3yeTcs B pe3yJbTaTe MPUCOECIUHEHUSI OJJHOTO THAPOKCHI-
FIOHA K HOHY MeTaina. YuuThIBas, 4To HoH Al®* B pacTBOpe rHapaTHpOBaH, MEPBYIO CTAIMIO THAPOIN3A
MOKHO BBIPA3UTh ypaBHEHUEM

[Al(H20)6]** + HOH « [Al(H20)s0H]?* + H30*

[Tpu 0OBIYHOM TeMITEpaType THIPOIU3 COJICH MHOTO3aPSIHBIX KATHOHOB MMPAKTUYCCKH OTPAaHUYUBACTCS
sToM cTaauei. [Ipu HarpeBaHUU MPOUCXOAUT THAPOIU3 IO BTOPOM CTYIIEHHU:

[Al(H20)s0H]?* + HOH < [Al(H20)4(OH)]* + H3O*

Takum o0pa3zom, Kucias peakuusi BOJHOTO PacTBOpa COJIM OOBACHSIETCS TEM, YTO THUAPATHPOBAHHBIN
KaTHOH TepsieT npoToH U aksarpymnmna H20O npespamaercs B rugpokcorpyniny OH™. B paccMoTpeHHOM
Tporecce MOTyT oOpa3oBaThcs M Ooiee CIoxkHbIe Kommekchl, Hampumep [Alg(OH)is]®*, a Taxxe
KomriekcHsle MoHbl Buaa [AIO(OH)4]* m [AlO2(OH);]*. CopepkxaHue pa3aMyHBIX MPOLYKTOB
THIPOJIM3a 33aBUCUT OT YCJIOBHU NPOBEACHUS peakiuud (KOHIICHTPALUs pacTBOpa, TeMIleparypa,
MPHUCYTCTBUE APYTUX BemlecTB). MIMeeT 3HaueHne TakkKe JITUTEIbHOCTh MPOTEKAHUs MPOIecca, TaK Kak

PaBHOBECUC ITPU THUAPOJTIN3C colen MHOT'03apAJHbIX KATUOHOB 0OBIYHO JO0CTUTACTCA MCAJICHHO.

Oobopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIMMBIE NIl JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU JabOpaTOPHBIX CTONIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W IIEIOYHM, MAaXydyue BeIIecTBa (HampuMep, CEPOBOJIOPOI,
OpoMHasi BoJa U Jp.) XPaHAT B BBITSHKHOM HIKady.

OcHoBHasi XUMUYeCKasi MOCyAa: MPOOUPKH (B IITATHBE), KOJObI, XMMUUYECKHUE CTaKaHBI MOCIE PabOThI
TIATEIHHO BBIMBITH, BECHI C Pa3HOBECOM, MPHUOOPHI, MCIOJb3yeMasi NJisi MPOBEACHHS OTIEIbHBIX
71a00paTOPHBIX padOT, BHIJAETCS M CAACTCS YMUCTast TaOOpaHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUU J1ADOPAMOPDHOU_DPadombl:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOW XMMHUYECKOHN MOCYI0i. OCTaTKH pa3OMTON MOCyAbl yOupaTh C
MOMOIIbIO COBKa U MIETKU,
-BC€ palOTHI, CBSA3aHHBIE C BBIICICHUEM SJIOBUTHIX, JETYYUX W HEMPHUATHOMAXHYIIMX BEIIECTB,

IIPOBOJIUTH B BHITSKHOM IKa(y;



-IIpU ONPEACJICHUHN 3allaxa BEHIECTB OTBEPCTHUE COCYJa Jep»aTh Ha pacctoaHuu 25-30 cMm oT juua,
HampaBJissd K ce0e CTPYIo raza MmocTynaTelbHbIMU IBHKEHUSMU JIAJJOHU OT OTBEPCTHUSA K JUILY;

-IpY HAJMBAHWM DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€KaHHE MOMafaHus OpbI3T WIN
YaCTHI] HA JIMLIO WM OACKAY. IPH pa30aBieHNH KOHIEHTPUPOBAHHBIX KUCIIOT BIUBATh KHCIOTY B BOAY,
HO HE HA00O0POT;

-TIpY HarpeBaHUU MPOOUPKH HE JIEpKaTh €€ OTBEPCTHEM K cebe HIIM B CTOPOHY cOCe/la. He HAKJIOHAThCS
Ha/1 HarpeBaeMo KHUJIKOCThIO BO H30€KaHNE TIONaIaHus e€ Ha JTUIO0, PyKH WIH OJICXKIY;

-ropsiYMe MPEIMEThl MOXHO CTaBHTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WIIH
JPYTYIO CHEIUAIbHYIO TIOJICTaBKY;

-HEeJIb3sl MOJIb30BATHCS AIEKTPOIIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKa. IPU BKIIIOUEHUH UX B
CeThb HeJb3sl IePKAThCS 38 METAIIMUECKUE TPeAMETHI (TPYOBI, KpaHbl U T.I1.). 3allpPEIIaeTCsl BKIOYATh U
BBIKJIIOYATh 3JEKTPOIPUOOPHl MOKpPBIMH pPyKaMH, a TaKXe I0JIb30BaTbCsl HEUCIPABHBIMU WIIU
MMEIOLUMU OroJIEHHBIE IPOBOIAa TPUOOpaMu;

-3ampelaeTcsi MPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 1a0OPaTOPHON MOCYABL. -
-KaTerOpUYECKH 3aIlpeliaeTcs MpoOboBaTh PEaKTUBBI HA BKYC;

-py TONAJaHUM Ha JIMLO WM PYKU OpBI3T KOHIEHTPUPOBAHHBIX KUCJIOT IOCIE CMBIBAaHUS BOJOU
IIPOMBITH C€1a0bIM PacTBOPOM COJIbl. IIEIOYB CIAEAYET CMbIBATh /10 T€X IOp, MOKA yYacCTOK KOXH, Ha
KOTOpPBIM OHA MOMaja, He MEePECTaHeT ObITh CKOJIB3KUM; 3aT€M MPOMBITH CIa0bIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh TOBSI3KY U3 BaTbl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeyKy B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHUH pabOThl BBIKIIOYUTH U3 CETH BCE 3JIEKTPONPUOOPHI, MEPEKPHITH MOAauy ra3a U BOJbI B
nabopaTopuio U yopaTh pabodee MecTo;

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPenoiaBaTeso Wi JaO0paHTy.

Ilpaxmuueckas uacmeo:

OmprT Nel. Onpenenenue pH pactBopa.

A. OsnHakoMbTech ¢ mpaBuiaMu paboTel Ha pH-meTpe, mosb3ysch HMHCTpyKIMed k mpubopy. C
nomo1uso pH-Merpa onpenenure 3HadeHne pH HeHTpanbHOro, KMCIOrO U LIEJI0YHOTO pacTBOpOB. s
9TOr0 B TPH CTaKaHYMKa HajJelTe COOTBETCTBEHHO IUCTWUIMpOBaHHYr0 Boay, 0,1 H pacTtBOp
XJIOpOBOAOpOAHON KHcaoThl U 0,1 H pacTBOp rMApOKcHUIa HAaTpUs U U3MepbTe ¢ nomousio pH-meTpa
pH cpensl. Pezynprarsl 3anummre B Ta0nuity 1.

B. CozmepxuMoe KaKI0ro M3 CTaKaHOB MPEAbLAYILEro OMNbITa pa3jielTe B Tpu npodupku. Jlo6aBbTe B
KOKIyl0 U3 TpEX mpoOUMpok mo 2-3 Kalull MHAWKATOPOB, COOTBETCTBEHHO: JIAKMYCa, METHUJIOBOTO
opanxeBoro u (enondranenna. OnpeneanuTe OKpacKy HHIWKATOPOB B 3TUX pacTBopax. Pe3ynbTarhbl

onbIToB A 1 B ohopmuTte B Bujie TabIuIIbI.

WNuaukarop; Cpena




nokazanusi pH-metpa Heittpanbnas Kucnas [lenounas

[IBeT nakmyca

3nauenue pH

TTokazanusa

pH-meTpa

IIBeT MmeTHIIOBOTO

OPaHXEBOTO

3nauenue pH

ITokazanus
pH-meTpa
Ber

(dbeHondTanenHa

3nauenue pH

IToxazanusa pH-metpa

B. Jlns npubnmxenHoro onpeaeneHus pH pactBopa ucnoib3yiTe yHHUBEpCaIbHbIE WHIUKATOPBI,
MPEJCTaBISAIONNE OO0 CMeCh HECKOJNIBKMX WHAMKATOPOB C Pa3IMYHBIMH OONACTSAMH NEepexojaa, Wiu
YHHUBEpCAIbHYI0 HMHIUMKaTOpHyl0 Oymary. Ilo mpumaraemoid K HEH WHAMKATOPHOW —INKaje
yCTaHaBJIMBaTh, IPU KaKUX 3HaueHUsAX pH uHaukaTopHas Oymara oKpaMBaeTcsi B TOT WIM HHOMU IIBET.
CTexJIIHHOM Majgo4ykol mnepeHecuTre 2-3 Kaluld HCCIENAYEMOrO pacTBOpa Ha YHHMBEPCAIbHYIO
MHIUKAaTOpHYI0 Oymary. CpaBHUTE OKpacKy €I ChIpOro IsiTHAa C IBETHOW 1iKanoi, CaenaiiTe BBIBOJ O
puOIMKEHHOM 3HaueHuu pH Tex ke pacTBOpOB, KOTOPBIE UCCIOIL30BANINCH B onbITax A u b.

Omnsit Ne2. Onpenenenue pH cpenpl rHAPOIN3YIOLIIUXCS COJIEH.

B 4ncTo BBIMBITBIE MPOOUPKHM BHECHUTE IIMATE]IEM IO LIEMOTKE XJIOpUAA HATpHs, KapOoHaTa HaTpHs,
cyiabpata aMmMoHus. Jlob6aBbTe 3-5 M AUCTUIUIMPOBAHHOW BOJBI M, BCTPAXUBAs, PACTBOPUTE COJIU.
Buectu 2-3 kamim MHAMKAaTOpa M, CpaBHMBas I[BET WHJMKATOpa C LIBETHOM TaOyMLEH, OmpeiennTe
3HaueHue pH pactBopa comum ¢ TouHOcThiO A0 1-2 eaununsl pH. MHIukatopamu MOTyT OBITh:
METHJIOpaHX, JakMmyc, QeHondranenH, Tumondranens u ap. OnpeaenuB pH cpensl B mpoOupke,
HaMUIINTE HOHHOE U MOJIEKYJISIPHOE YpaBHEHHUE TUAPOIIN3A.

OmpiT Ne3. JlelicTBrE pacTBOPOB THIPOJIU3YIOIIMXCS COJIEH Ha METAJLIIBI.

B pacTtBOp XJIOpHa aMMOHHS BHECUTE I'paHyJly aJIOMUHHS WM IUHKA. Takol e ONBIT MPOBEAUTE C
pacTBopoM KapOoHata HaTpus. [louemy B 3THX ciy4yasx MeTauibl pacTBOpsA0TCsA? OOBSCHUTE OIBIT U
COCTaBbTE YPABHEHHUS pEaKIIUH.

OmnbiT No4. I'niposn3 KUCHBIX COJIEH.



B nBe npo6upku BHecute mo mienotke cojieir NaxCO3z u NaHCOs. [lo6aBbTe 2-3 MII TUCTHIUTMPOBAHHOM
BOJABI U 2 Kaliu HeoOXoaumoro mHAukatopa. OTMETbTE OKpacKy pacTBOPOB, OOBSCHUTE pa3ivuus B
3HaueHusX pH »Tux pactBopoB. CocTaBbTE MOHHBIE U MOJIEKYJISIPHBIE YPABHEHUSI TUIPOJIN3A.

Omnpit Ne5. CaBur paBHOBECHSI TUAPOIIN3A.

B npob6upky naneiire 0,5-1,0 M pacTBopa coyii @30THOKHCIIOTO BUCMYTa M MOCTEIICHHO pa30aBIisiiiTe
pacTBOpP IUCTUIUTMPOBAHHON BOJIOM. BrImamer Oenblii 0caiok OCHOBHOM COJIH.

CocTaBbTe ypaBHEHHE peakiuu ruaposmsa. [IprnbaBpTe HECKOJBKO Karelb a30THOH KUCIOTHL. YTo
MPOUCXOTUT C ocaakoMm? KOHIEHTpanuio KaKuX HOHOB B PACTBOPE CIEAYET YBEIUYUTH, UYTOOBI
MOJIYYUTh PO3pauHbIil pacTBOp? KakoBa poiib BOJIbI B CIBUTE PAaBHOBECHS TUAPOIH3a?

OnbiT Ne6. BnusiHue TeMneparypsl Ha TUAPOIIU3.

Haneiite B mpoOupky 2-3 karum ¢enondranenna. Harpeiire pactBop a0 kunenus. OOparute BHUMaHUE
Ha U3MEHEHHUS OKpacku wuHAukatopa. Jlaiite OOBACHEHHS, COCTaBUB HOHHOE U MOJICKYJSPHOE
ypaBHEHUS ruaposan3a. Yto Habto1aeTe Mpu OXJIaKICHUH?

Kakoe BnmsHME Ha CTemeHb T'HAPOIN3a OKa3blBaeT MOBbIIICHHE Temmeparypbl? Kak nimensercs pH-
pactBopa?

Omprt No7. IonHbIi THAPOIIHU3.

K pactBopy xmopuaa, HuTpata WM cyidbpaTa aMMOHHMS TpuieiTe pacTBop coxabl. HalOmiomaiite
BBIJICTICHUST MY3BIPPKOB raza M oOpa3oBaHue ocaaka. Jlaiite oObscHeHue. CocTaBbTe ypaBHEHUS
peakuuii B MOJIEKYJIIPHOM U MOHHOM BUJIE.

Tpebdosanus K oghopmienuio 1adopamoproil padomsl u omuemy:

1.Bemonaenne mabopaTOpHBIX Pa0OT CONMPOBOXKAAIOT 3amUcsIMHA B JlabopaTopHOM >kypHaie. Ha
TUTYJIBHOM JIMCTE JTaOOPAaTOPHOIO >KypHala JOJDKHBI OBITh MPECTABICHBI: Ha3BaHHE YHMBEPCHUTETA,
(bamMuIus ¥ MHULMAJIB! YYalerocs, HOMep Kypca U rpyIbl, yueOHbIH roj.

2.0T4eT 0 BBHIMOIHEHHOM JIa00paTOpHOU paboTe TOJKEH COACPKATh CISAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS palboThI;

*IIeTTb PaOOTHI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIBITA;

*KpaTKoe ONMMCaHue Xo/a padoThl ¢ yKa3aHUEM YCJIOBUHM MPOBEICHUS OIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*HaOJIFOICHMS,

*ypaBHEHUS MPOTEKAIONINX PEaKITHii;

*pacuéThl, TAOIUIBI, TpaUKH;

*BBIBO/IBI.



3.JIabopaTopHbIii )KypHalI HY>KHO BECTH YUCTO U aKKYPaTHO, 3aIIUCH JTOJKHBI OBITh JIAKOHUYHBIMHU.
4.014éT 0 mpoBenEHHON pabOTE MPOBEPSET U MOAMKUCHIBACT MPEMOAABATENb.

5K cpaue 3au€ra mo maboOpaTOPHOMY TMPAKTHUKYMYy JOIMYCKAIOTCS CTYACHTHI, BBINOJHUBIINE U
MOJINMCABIIINE Y MpPENoJaBaTelisi Bce JOMalIHWE U JabopaTOpHbIE pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTUBHO Y4aCTBOBaBIIKE B pa0OTE CEMUHAPOB.

6.CTyeHTbI, MOJIyYHBIINE 3a4€T 110 JJa0OpATOPHOMY MPAKTUKYMY, AOMYCKAIOTCSA K cllade SK3aMeHa 1o
KypCY HEOPTaHUYECKOW XHUMUHU.

KoumponwvHbie eonpocet :

1. CocraBbTe ypaBHEHHE THIPOJIM3a COJIEl B HOHHOM M MOJeKy/sipHoi ¢popmax: a) KCIO, 6) NazSiOs,
B) Zn(NO3)2. Ykaxure cpeny.

2. Yrto HaspiBaercs runponuzoM? IlpuBeaute mpumepsl coneild, KOTOpbIE MOABEPTAIOTCS TUAPOIU3Y, U
CoJIeH, KOTOpPbIE THUIPOJIU3Y HE MTOABEPTaIOTCS, U OOBSICHUTE TTOUEMY.

3. Kak mporekaeT rumponns coim, 00pa30BaHHOM: a) CHJIBHON KHCIOTOW M CIIa0bIM OCHOBaHHUEM; 0)
CHJIbHBIM OCHOBAHHUEM H CJIA00W KUCIIOTOH; B) CJIa0BIM OCHOBAaHUEM U CIIA00H KUCIOTOM?

4. [Touemy pacTBOp HUTpATa ATFOMUHHS OKPAIIMBACTCS B KPACHBIHN IIBET NIPU J00ABICHUH JIakKMyca?

5. Ilouemy pactBop cynbduma Kaausg OKpaIlIMBAeTCS B MAJIMHOBBIA I[BET NpHU J00aBIICHUU
denondranenna?

6. [Touemy pacTBOp XJiopuaa Oapusi HE U3MEHSET IBET JakMyca 1 (heHoaTanernHa?

7. Tloyemy mipu THIpONK3E CylIb(HTa HATPHS HE BBIACISACTCS CEPHHUCTas KUCIIOTA, a MPH THIPOJIN3E
cynb(dara aTlOMUHUS HE OCAKIACTCS THIPOKCHU/T AITFOMUAHUS?
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1.Mapmankus, M. @. Xumus : yued. nocodue / M.®. Mapmankus, U.C. I'puropsn, [I.H. Kosanes ;
Ceg.-KaB ¢enep.yH-T. - CraBponons : CKDVY, 2015. - 228 c. - [Ipun.: c. 221-225. - bubnuorp.: c. 220-
221

2.Xaxanuna, T. Y. Oprannueckas xumus : yue6. nocodue / T.M. Xaxanuna, H.I'. Ocunenkona, A.A.
I'ypckas ; mox pen. T.U. Xaxauunoit. - M. : Beicmas mikona, 2009. - 396 c. - (OcHOBBI Hayk). -
bubnuorp.: ¢.396. - ISBN 978-5-9692-0310-5

3.I'munka, H. JI. O6mas xumus : [y4e0. nocobue] / H.JL. I'muaka. - M. : KHOPYC, 2014-2010- 752 c. :
wi. - [pun.: c. 721-724. - bubmumorp.: ¢. 725-726. - ISBN 978-5-406-03623-5I'nmunka, H. JI. O6mas
xumus : [yue6. nocobue] / H.JL. I'munka. - M. : KHOPVYC, 2014. - 752 c. : un. - [lpun.: c. 721-724. -
bubnuorp.: c. 725-726. - ISBN 978-5-406-03623-5

3.Yuxun E.B. Xumus [OnexTponHslii pecypc]: yuebHoe nocooue/ Ynkun E.B.— DnekTpoH. TeKCTOBBIE
naHHple.—  Tomck: ToOMCKHH  TrOCyJapCTBEHHBIM  YHHUBEPCHUTET  CHUCTEM  VYIPABICHHUS U
PaaMOIEKTPOHUKY, Onb KonTeHT, 2012.— 170 c— Pexum JIOCTyTIA:

http://www.iprbookshop.ru/13873.— DBC «IPRbooksy, o mapoiito



4.TI'abpuemnsta, O. C. O6mass u Heopranuveckas xumusa : yde0. mocodue / O.C. I'abpumensn, U.T.
Octpoymos, E.I'. Typouna. - M. : Axanemus, 2011. - 480 c. - (bakamaBpuar). - Ha yueGunuke rpud:
Horn. YMO. - bubmuorp.: c. 479-480. - ISBN 978-5-7695-8133-
5. Ilomkog, B. A. O6mas xumust. buopusndeckas xumusi. XuMusi OMOTEHHBIX SJIEMEHTOB : yYeOHUK 15
By30B / B.A. Ilonkos, FO.A. Epmio, A.C. bepnsaug ; nox pen. F0.A. Epmosa. - 9-e u3a. - M. : FOpaiit,
2012,2011. - 560 c. : ni. - (bakanasp). - Ha yae6nuke rpud: JJon.MO. - bubmuorp.: c. 548-548. - ISBN
978-5-9916-1667-6
6.EropoBa, O.A. Xumus. Koncrekt nekumid s CTyAeHTOB | Kypca HMHXEHEPHOro (akyiabTera
Hanpasienuit UMb, UJIb : yuebnoe mocodue / O.A. Eropoa, O.B. KoBansuykosa. - M. : Poccutickuit
YHUBEPCUTET ApYXObI HapomoB, 2011. - 156 c. - ISBN 978-5-209-03615-9 ; To e [DIeKTpOHHBII
pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=116319 (05.06.2015).
JlabopaTopuasi padora Ne 9
Tema: OKHCIUTEIBHO-BOCCTAHOBUTEIbHBIC PEaKIMU.

Ienv pabomoi: I/ISY‘ICHI/IG OKHUCINTCIIbHO-BOCCTAHOBHUTCIIbHBIX peaKI_lI/Iﬁ Ha IIpUMCPEC peaKI_lI/Iﬁ Ha

IIpUMeEpe peakluii METAJUIOB C KUCIOTaMU M IIE€JI0YaMH, BIMSHUE XapaKTepa Cpeibl Ha OKUCINUTEIBHO-
BOCCTAHOBUTEJBHBI  MPOLECC, OKHUCIUTEIBHO-BOCCTAHOBUTEIBHYIO  JIBOMCTBEHHOCTh  BEIIECTB,
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHYI0  PEAKUHUH  JUCIPOPOPLMOHHUPOBAHUSA,  BHYTPUMOJIEKYJISIPHOMN
OKHUCIIUTEIbHO-BOCCTAHOBUTEIILHON PEAKIUU.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckasn uacmo:

OKHCIUTEITEHO-BOCCTAHOBUTEILHBIC p€akuuu — OTO PpPCaKIMH, COIPOBOXKAAOIIHUECA TMEPEXO0IOM
QJICKTPOHOB OT OJHHUX aTOMOB WJIM MOHOB K JAPYIr'UM, APYIUMH CJIOBAMU — 3TO PCAKIUU, B PE3YJIbTATC
KOTOPBIX U3MCHAIOTCA CTCIICHU OKHUCJICHUS 3JICMCHTOB.

CrelneHb OKHCIEHUS — 3TO 3apsgaa aroMa J3JIEMCHTa B COCIAWMHCHHU, BBIYMCIICHHBIN M3 YCJIOBHOTO
MMPECANOJIOXKECHUA, YTO BCC CBA3H B MOJICKYJIC ABJIAIOTCA HOHHBIMU.

CrerneHb OKMCICHHS IPUHATO YKa3bIBATb apa6c1<0171 I.[H(I)pOﬁ Haa CMMBOJIOM 3JICMCHTA CO 3HAKOM IIIHOC

Wi MUHYyc niepen uudpoii. Hanpumep, eciu cBsa3pb B mosekysie HCI nonnas, To BOZOPOA U XJIOp UOHBI €
+1 -1
sapsgamu (+1) u (—1), cnenoparensuo HCL

Z[J'ISI TOrO0 YTOOBI paccuuTaTtb CTCIICHb OKUCIICHUA 11000T0 9JICMCHTA, HeO6XOI[I/IMO IIOJIB30BATbHCA

CICOYIOIIMHU ITPABUIIAMMU .

0 0 0 0 0

H>,Cl2,03,C,Me

1. CremneHp OKUCICHUSI aTOMOB B IIPOCTHIX BEIIECTBAX PaBHA HYJIIO: (meramn

B CBOOOTHOM COCTOSIHUH).



2. Crenenp okucieHust (+1) Bo Bcex COeAMHEHUSAX WUMEIOT ImesouHble Metauibl (IA rpymnma) u

BOAOPOMd, 3a UCKIIFOYCHHUEM THAPHUIO0B aKTUBHBIX MCETAJIOB, TAC CTCIICHb OKUCICHUA BOOOPOIa

+1 -1 +2 -1

pasna (~1), nanpumep 1N H, CaH,.

3. Crenenp okuclneHHS +2 BO BCEX COCIMHEHUSX HMMEIOT MIEIOYHO3eMelbHbIe MeTayubl (II A
rpymnmna).
4. Kucmopojg wuMeeT CTelneHb OKHCIACHHS (—2), BO BCEX COCIMHEHHSX, KPOME IEPOKCHIOB

+1 -1 +2 -1 +2-1

(Hz Oz,B802) u bropuma kucropoma O F 2,

5. Anre6pqueCI<a;1 CyMMa CTEIIEHEH OKHCIICHMS BCEX 4JaCTHUI B MOJICKYJIC paBHA HYJIIO, @ B HOHE —

+1 -1 i +5-2
sapsny wona HCl—, +1-1 = 9, NO3 = (NO3) 'S 4+543(¢-2)=1

+2 -1

«—> _
6. Crerenn OKHUCICHHS HOHA HIEMEHTA paBHa 3apsty noma: Ca Cl2 < Ca?* + 2CI%,

7. He cnenyer myTaTh MOHATUS «BAJCHTHOCTBbY» M «CTeneHb okucieHus». Tak B Nz, NHs, NaoHa,

NH20OH BaneHTHOCTh (KOBaJIeHTHOCTH) a30Ta paBHa TpeM, TaK Kak a30T o0pasyeT Tpu

-3 -2 -1

0
KOBAJICHTHBIC CBA3U, 4 CTCIICHb OKUCJICHUA Pa3JIMdHa: NZ’ N H3’ N> H4’ N H2OH ’

Oxwuciienne u BoccTaHOBiieHHE. OKHCIEHHEM Ha3bIBaCTCS OTIadya JJIEKTPOHOB, B pe3yJabTaTre 4Yero
CTCTICHb OKHUCJICHHS O3JICMCHTA TIOBBIIIACTCA. BoCCTaHOBIIGHWEM HAa3bIBACTCS IMPUCOCTUHCHUE
JJIEKTPOHOB, B PE3yJIbTATE YETr0 CTCIICHh OKUCIICHHSI SJICMCHTA TTOHIKACTCSI.
OKUCIIUTENIbHBIC ¥ BOCCTAHOBUTENIBHBIC TIPOIIECCHI TECHO CBS3aHBI MEXY COOOMU, TaK KaK XMMUYECKas
CHUCTeMa TOJBKO TOTJla MOXET OTJaBaTh DJEKTPOHBI, KOTJa Jpyras CHUCTEMa HX MPUCOCTUHSET
(oxucrumenvro-eoccmanosumenvnas cucmema). IIprucoeUHAIONIAS JECKTPOHBI CUCTEMA (OKUCAUMEIb)
caMa BOCCTaHaBIMBaeTCs (MpeBpamiaeTcss B COOTBETCTBYIONIMI BOCCTAHOBUTENB), a OTJAIoMIas
ANEKTPOHBI cUCTeMa (8occmanosumenv), cama OKHUCHISeTCs (NpeBpallaeTcs B COOTBETCTBYIOIIUI
OKUCJIUTEIND).
K munuunvim oxuciumensm OTHOCST:

1. Dnementapusie BemecTBa — Cl, Bra, Fa, I2, O, Oa.

2. CoenuHeHUs, B KOTOPBIX AJIEMEHTHI MPOSIBISIOT BBICIIYIO CTEEHb OKHUCICHHS (OMpeensercs

HOMEPOM T'PYIIIbI) —

+7 +6 +6 +5 +5 +7
KMnO,, K, Cr,0,, H, SO,, HNO,, KClO,, KClO,,

+7 +5
KIO,,KIO;ura

e3*

3. Karnon H' ¥ MOHBI METAUTOB B WX BBICIIEH crerenn okucienus — Sn**, Cu?*, Fe®* u T. .

K munuunvim 6occmanosumeinsim OTHOCHT:



1. DnemeHTapHbIe BeEIIECTBA — MeETaUIbl (HAMOOJBINAsS BOCCTAHOBHTEIbHAS CIIOCOOHOCTH Yy
mienoyHeIx Meramios), Hz, C, CO.

2. COGI[I/IHCHI/ISI, B KOTOpPBLIX OJJCEMCHTHI IIPOABJIAKOT HU3IMIYKHO CTCIICHb  OKHCJICHHA  —

-3 -2 -1 -1 -2
NH,, H,S,HI, HCL, K, S ur.j

3. VoHBI METAUIOB HU3IIEH CTeNeHn okucienus — Sn%t, Cu®, Cré*, Fe?*,
OKHUCIUTEIBHO-BOCCTAHOBUTENIbHAS  IBOMCTBEHHOCTL. Coedurnenus evlcuiell CmeneHu OKUCTeHUS,
MPUCYIICH JaHHOMY JJIEMEHTY, MOTYT B OKHCJIHMTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIUSAX BBICTYATh
TOJBKO B KaueCTBE OKHCIHUTEJCH, CTENEHb OKUCIICHHUS 3JCMEHTAa MOXKET B 3TOM CIIy4ae TOJIBKO
noHwkatecss. Coedunenusi Huswiell cmeneHu  OKUCAeHUsi MOTYT ObITh, Ha00OPOT, TOJBKO
BOCCTAaHOBUTEIIAMH; 3]I€Ch CTEIEHb OKHCJIEHUS DJJIEMEHTa MOXKET TOJIBKO IIOBBINIATHCA. Ecim ke
AJIEMEHT HaXOIMUTCS B MPOMEKYTOUHOU CTECICHU OKHCJICHHUS, TO €r0 aTOMbl MOT'YT, B 3aBUCHMOCTH OT
YCIIOBHIA, MPUHUAMATh 3JCKTPOHBI, BBICTYIAass B Ka4yeCTBE OKHCIUTEIS WIH OTIaBaTh SJCKTPOHBI,
BBICTYIIasl B KAY€CTBE BOCCTAHOBUTEIIS.

Tak, HampuMep, CTEICHh OKUCIICHHS a30Ta B COCIMHEHUSAX M3MEHsETCs B mpenenax oT (— 3) mo (+5)
NH3, NH4OH - Tonsko BoccraHOBUTENH

HNO3, comu HNO3 - TOIBKO OKHCIUTEIN

CoemuHEeHHUS C TPOMEKYTOUYHBIMH CTEMEHSAMH OKHCJICHHS a30Ta MOTYT BBICTYNIaTh B Ka4yeCTBE
OKHCIIMTENEH, BOCCTAHABIIMBASACH JI0 HU3IINX CTENEHEH OKUCIECHHS, I B KAYECTBE BOCCTAHOBUTEIEH,
OKHCIISISICH JIO BBICIIIUX CTEIIEHEN OKUCIEHUS

Metox  2JEKTpOHHOrO  OajlaHca  ypaBHMBAHHS  OKHCIMTEIbHO-BOCCTAHOBHTEIBHBIX  PEaKIUit
3aKJII0YAETCsl B BBIMOJHEHHH CJIEAYIOMICTO MPAaBHJIA: YHUCIIO 3JICKTPOHOB, OTAAHHBIX BCEMH YaCTHIIAMHU
BOCCTAHOBHTEJICH, BCET/Ia PAaBHO YHCITY AJIEKTPOHOB, MPUCOSINHEHHBIX BCEMH YAaCTHIIAMU OKHCIUTEICH
B JIAHHOW PEaKIIHH.

Obopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIMMBIE NIl JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU JabOpaTOPHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENOYM, Naxy4yue BellecTBa (HampuMep, CepoBOJOPO/,
OpoMHas BoJia U Ip.) XpaHAT B BBITSXKHOM IKaQy.

OcHoBHasi XUMUYecKas Mocyza: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHbI MOCIE pabOThI
THIATEJIbHO BBIMBITH, BECHl C Pa3HOBECOM, MPUOOPHI, MCHOJb3yeMasl JUIsl NMPOBENEHUS OTIENbHBIX
1a00paTOPHBIX PabOT, BHIAAETCS U CIAETCS YMCTas JTabOpaHTy.

Texnuka bezonacnocmu npu_8blNOJIHEHUU J1AD0PANOPHOU_DPadombl:

-aKKypaTHO 00pamiaThCsi CO CTEKISTHHOW XMMHMUYECKOM MOCya0i. OCTaTKH pa3OuTON mocyasl youparh C
MOMOIIbIO COBKA U MIETKU,
-Bce paboThl, CBSA3aHHBIE C BBIJCICHHEM SJIOBUTHIX, JIETYYMX M HENPUATHONAXHYIIMX BEILIECTB,

IIPOBOJIUTH B BHITSKHOM IKa(y;



-IIpU ONPEACJICHUHN 3allaxa BEIIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrtosHuu 25-30 cMm oT juua,
HampaBJissd K ce0e CTPYIo raza MmocTynaTelbHbIMU IBH)KEHUSIMU JIAJOHU OT OTBEPCTHUS K JUILY;

-IpY HAJMBAHWM DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€KaHHE MOMafaHus OpbI3T WIN
YaCTHI] HA JILIO WM OACXKAY. TP pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIOT BIMBATH KUCIOTY B BOLY,
HO HE HA00O0POT;

-TIpY HarpeBaHUU MPOOUPKH HE JIep:KaTh €€ OTBEPCTUEM K ceOe WM B CTOPOHY COCE/Ia. HE HAKIJIOHSThCS
Ha/1 HarpeBaeMo KHUJIKOCThIO BO H30€KaHNE TIONaIaHus e€ Ha JTUIO0, PyKH WIH OJICXKIY;

-ropsiYMe MPEeIMEThl MOXXHO CTaBHThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WIIU
JIPYTYIO CHEIUABHYIO TIOJICTABKY;

-HEeJIb3sl MOJIb30BATHCS AIEKTPOIIPHUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXKa. IPU BKIIIOUEHUH UX B
CeThb HeJb3s IePIKAThCS 32 METAUTMYECKUE TIPeAMETHI (TpYObl, KpaHbI U T.I1.). 3alPEIIaeTCsl BKIOYATh U
BBIKJIIOYATh 3JIEKTPOIPUOOPHl MOKpPBIMH pyKaMH, a TaKXKe I0Jb30BaTbCsl HEUCHPAaBHBIMH WU
MMEIOLUMU OroJIEHHBIE IPOBOIAa TPUOOpaMu;

-3ampelaeTcsi MPUHUMATh MUILY B XUMHUYECKOH 1a00paTopuu U MUTh BOAY U3 1a0OPaTOPHON MOCYABL. -
-KaTerOpUYECKH 3alpeliaeTcs mpoOoBaTh PEaKTUBBI HA BKYC;

-Ipy TONAJaHUM Ha JIMLO WM PYKU OpbI3T KOHUEHTPUPOBAHHBIX KHUCIOT IIOCJIE CMBIBAHHS BOAOH
IIPOMBITH C€1a0bIM PacTBOPOM COJIbl. IIEIOYB CIAEAYET CMbIBATh /10 T€X IOp, MOKA yYacCTOK KOXH, Ha
KOTOpBIM OHA MOMala, He MEePECTaHeT ObITh CKOJIB3KUM; 3aT€M MPOMBITH CIa0bIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh TOBSI3KY U3 BaTbl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeyKy B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHUH pabOThl BBIKIIOYUTH U3 CETH BCE 3JIEKTPONPUOOPHI, MEPEKPHITH MOAauy ra3a U BOJbI B
nabopaTopuio U yopaTh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asxX HEMEJIEHHO COOOIIaTh MPenojaBaTesto Wik JabopaHTy.

Ilpaxmuueckas uacmeo:

OmeiT Nel. BzanMmoaeiicTBie METAIUIOB C KUCIIOTAMH U IIEI0YaAMU.

W3ydyenne B3aMMOJEHCTBUS IIMHKA C  pacTBOpaMU CEpHOM  KHUCIOTHl  (pa3OaBiIeHHOW U
KOHIIEHTPUPOBAHHOK) M C paCTBOPOM MIENOYH. B Ka)kaoM ombITe B MPOOUPKH HanelTe 2-3 M1 pacTBOpa
KHUCJIOTHI WJIM MIENOYH ¥ OPOCHhTE MO OAHOU IpaHyJsIe IIUHKA.

Pa30eputech, Kakoil MOH B Ka)KJJOM ClIydae SIBJSETCS OKUcauTeneM. Bo Bcex ombITax ¢ OKUCIUTEIbHO-
BOCCTAHOBUTEIHHBIMU PEAKIHUSIMH COCTaBbTE AJICKTPOHHO-UOHHBIE CXEMBI, HailiuTe KOA(PHUIIUEHTHI
MIPU OKHUCIIUTEJIE U BOCCTAHOBUTEIIE, OMPEACIIUTE CPEly MIPOTEKAHUS MPOLEecca, MOABEIUTE UTOT B BUIE
MOHHOTI'0, 3aTE€M MOJIEKYJIIPHOTO YPaBHEHHUS.

OmnbiT Ne2. BiausiHue xapakTepa cpefibl Ha OKHCINTEIbHO-BOCCTAHOBUTENIBHBIN ITPOLIECC.

A. Tlposenute peaknuto KMnOs + NaxSO3z + . — B KHCIIOH, HEHTPATBLHOW M MIEIIOYHON cpenax. Jlis

9TOTO B MpoOUpPKY K 2-3 mut pactBopa KMnOs npubaBbTe KHUCIOTHI WM METOYN U BHECUTE MIEMOTKY



comu NapSOs. BerpsxHute mim mepeMemniaidiTe pactBop B npobupke. B mepBom cimydae oOpasyercs
oecrBeTHbIi MnSOs, BO BTOpOM BHINIAAAET TeTpadbopaTta HaTpusiii ocamok MnO2, U B IIENOYHON cpenie
obpasyercs 3enénblii pactBop KoMnOa.
b. Onpenenure, B kakoi cpeje (HEUTpaIbHOM, KUCION MM IIEIOYHON) OYyT MPOTEKATh PEAKIIUH.
MnO2 + Kl + | —
CrCl; +Br2+ . —
B mepBom ciydae B mpoOMpKY BHOCST INEMOTKY cyxoro mopomka MnQOz, 3arem pactBopa KI u
ONPEIEIAIOT CPEAY PEAKLIUH.
OmnbiT Ne3. OKHUCIUTENbHO-BOCCTAHOBUTEIBbHAS IBOWCTBEHHOCTD BEIIECTB.
A. K moakucnenHomy paszbaBieHHOW kucinotoil pactBopy KMnOs noGaBeTe 10 0OeclBeYMBaHUS
pactBopa NaNO2. K nogkucieHHOMY CEpHOWM KHCIOTOM pacTBOpYy Hoauja Kaius J100aBbT€ HEMHOTO
pactBopa NaNOz. Uem o0ObsicHseTCS BO3HHKarollee okpamirBaHue pactBopa? Kakosa pons NaNO: B
TOM WM IPYyroil peakuu?
b. K nonkucnenHomy cepHoit kucnoroit pactBopy KMnOs mo6aBpre HEOONBIION 00BEM pacTBOpa
nepokcuga Bogopoja. OOpaTtuTe BHUMaHuE, Kakod Bblaensercs ra3. K moakucieHHOMYy cepHOM
KHCIIOTON pacTBOpy Hoauaa kaimus 100aBbTe Hebobmoe kommdecTBo HoO2. Uto mpoucxoaur? Kakosa
pons H202 B 3TOM cimywae? OOpaTuTe BHUMaHHWE Ha COCTABJICHHE DJIEKTPOHHO-MOHHBIX CXEM C
y4acTHEM MEePOKCHJIa BOJOPOa.
Omnpit Ned. Peakiiuu caMOOKHCIIEHHSI-CAaMOBOCCTAHOBIIEHUS (AUCTIPONIOPLIMOHUPOBAHU).
Kpucrammuk fioga pactBopute B HEOOIBIIOM 00bEMe pacTBOpa MIENOYH MPH ¢I1a00M HarpeBaHUU.
3aKOHYUTE YpaBHEHUE PEAKIINU:
I+ NaOH —NalOs + ...
Peaknusa aucnponopuroOHUpOBaHUS HIET B IIETOYHOM cpene. Ecnu monydyeHHBIM mocie peakinuu
pPacTBOP MOJKHUCIUTD, TO PEAKIIUS TPOKIET B 00paTHOM HampaBieHUH. [[poBepbTe 3TO HA OMBITE.
OmnpiT Ne5. BHyTpuMONEKyIIpHOE OKUCIEHHE-BOCCTAHOBIICHUE.
[lenoTKy KpPUCTAIUIMKOB AWXpoMaTa aMMOHHS TOMECTHTh B (PapdopoByrO Halieuyky U Harperhb [0
Havana pasnojKeHus. OOpatuTe BHMMaHHE Ha XapakTep OO0pa3yIoUUXcs MPOAYKTOB U 3aKOHUUTE
YpaBHEHHUE PEaKIINH:
(NH4)2Cr207 — Cr203 + N2 + .
[IpaBuna Texuuku Oe3omacHocTd. CoOMOAalTE OCTOPOKHOCTH MPU PabOTEe ¢ KOHIEHTPUPOBAHHOMN
CepHOM KUCIIOTOM, 0cOOeHHO ropsiueit. He nomyckaiite nmonaganus e€ B 1j1a3a U Ha KOXY.
Tema: "OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE PEAKIIHH .
[Ipobnemuas cutyarus I. B pesynpraTre mosrydeHUs: TPOMBIIIUICHHBIM CIOCOOOM a30THOM KHCIIOTHI
BeifiessieTcst NO. Paszpabotaiite cnoco6 xuakodazHoro okucienuss NO g0 Oosiee BBICOKOW CTETICHH

OKHCJICHHA a30Ta, COCAMHCHUC JOJIKHO OBITh yCTOI\/’I“II/IBBIM.



[Ipobnemuas cutyarus 1. B mpoMBINUIEHHBIX CTOYHBIX BOJax mMmeeTcss Gpropua Bomopona. Kakum
COEIMHEHNEM HaJI0 MOAECHCTBOBATh, YTOOKI MOJIYYUTh HEPACTBOPUMOE coeuHEeHue Gpropuaa’?
[Ipo6nemuas cutyanus III. B crounoii Boge ¢ropun noH ocaxiaeH B Buj CaFz meMeHTHOH NbUIbIO,
coctaB koTopoit CaO - CaS , cpena kucnas. Kakoi ra3z Oyaer BbLICIATHCS MPHU OCAKICHUH?

Kakum okucnuTeieM He00X0 MO MOICHCTBOBATh, YTOOBI 00€3BPEIUTH ITOT raz?

Tpebosanus K opopmaenuro 1adopanopHol padomel u omuemy:

1.BemonHenue 1abopaTOpHBIX pabOT COMPOBOXKIAIOT 3alHCsIMH B JlabopaTopHOM >KypHaie. Ha
TUTYJIBHOM JIMCTE J1a00paTOPHOTO KypHajla JAOJDKHBI OBITh MPEACTABICHBI: Ha3BaHUE YHUBEPCHUTETA,
(haMuIHs ¥ MHUIUATBI YJaIerocsi, HOMep Kypca ¥ TpyIbl, y4eOHBIN TO/I.

2.0T14eT 0 BBINIOJIHEHHOH Ta00paToOpHOI paboTe JOIKEH COIePIKATh CICIYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTHI;

*IIeITb PAOOTHI;

*000pyZI0BaHUE M MaTEPHUAIIBI;

*KpaTKO€ TEOPETHUECKOE ONKCAHUE;

*HOMEp U HA3BaHUE OTIbITA;

*KpaTKO€ OMMCAaHKE X0/a paboThl C yKa3aHUEM YCJIOBUM NPOBEIECHUS OIbITA,

*PUCYHKH U CXEMBI UCTIOJIb3yEeMbIX TPHUOOPOB;

*HaOJIFOICHM,

*YpaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TaOIULBI, FpaduKy;

*BBIBO/JIBI.

3.JIabopaTopHbIii )KypHaT HY)KHO BECTH YUCTO U aKKYPaTHO, 3aITUCH JTOJKHBI OBITh JJAKOHUYHBIMHU.

4.014€T 0 IpoBeAEHHON paboTe MPOBEPSET U MOANUCHIBAET MPEMOIABATENb.

5.K cpaue 3au€ta mo sabopaTOpHOMY MPAKTUKYMY JIOMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIINE W
MOJINKCABIINE y MPEnojaBareis BCE JIOMAlllHWE U JIabopaTOpHbIE pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTUBHO Y4acTBOBAaBIIIKE B pa0OTEe CEMUHAPOB.

6.CTyaeHThl, MOTYYHBIINE 3a4€T MO TaOOPATOPHOMY MPAKTUKYMY, TOMYCKAIOTCS K cjaue dK3aMeHa
10 KypCy HEOPraHMYECKOW XUMUHU.

Koumponwvhwie gonpocelt :

1. OxucnuTeIn 1 BOCCTAHOBUTEIIH

2. Knaccudukanus OKMCIUTETbHO—BOCCTAHOBUTENBHBIX PEAKIIUi
3. OcHoBHble nipaBuia coctaBieHuss OBP

4. Obmue 3akoHOMepHOCTH TIpoTekanus OBP

5. OcuoBHbIe cxeMbl OBP



5.1. Cxema BOCCTaHOBJICHUS ITIEPMAaHTaHATOB

5.2. Cxema BOCCTaHOBJICHHS XpOMATOB/OMXpOMATOB
5.3. Pa3noxeHnue HUTpAToOB

5.4. OKUCIIUTCILHBIC CBOMCTBA a30THOM KHCIOTBI
5.5. B3aumoieiicTBUE METAIIOB C CEPHOM KUCIOTOM
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