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BBEJIEHUE
JuctummHa «XuMUs» OCBaWBaeTCs CTy/leHTaMu B TeueHue 144 gacoB. YacTk 3TOro BpeMeHH
(63 wac) oTBOAUTCS HA CaAMOCTOSITEIbHYIO, WIIM BHEAYAUTOPHYIO, pabOTy CTYyIEHTOB, aApyras dacTh (54
gaca) — OTO ayauTOpHBICE (OpMBI pabOTHl (JEKIMOHHBIE W JIAOOPATOPHBIC 3aHATHS), KOTOPHIC
OpPraHMU3yIOTCS HEMOCPEACTBEHHO IIPENoaaBaTeieM.

JlaGopaTopHoe 3aHsTHE SBISIETCS BaXKHeWmed ¢opmoli ycBoeHus 3HaHUK. OUYEBHUIHBI TPH
CTPYKTYpHBIE €T0 YacTH: IpeaBapsionias (MOATOTOBKA K 3aHATHIO), HEMOCPEACTBEHHO cama paboTa
(BBITIOJIHEHHE MPAKTHUECKON YacTH) M 3aBepluaromias 4actb (padoTa CTYIEHTOB IO YCTPaHEHHIO
O0OHApYKMBIIMXCS MPOOEIIOB B 3HAHUSX ).

JlaGopaTopHOe 3aHATHE SIBIISETCS CPEICTBOM MPOBEPKU 3HAHUIA, OTPAOOTKH NPAKTUIECKUX HABBIKOB
10 AUCIUIUIMHE. BhImonHss mabopaTopHyo paboTy, CIyHIATENH JOKHBI MTOKa3aTh YMEHUE BBIICIUTH
OCHOBHBIC TIOJIOKEHUS, U3YYHTh MX JICWCTBHE HA MPAKTHUKE, a TAKXKeE JCNIaTh MPAKTUYCCKU 3HAYUMBIC
BBIBOJIBI U3 TEOPETUUYECKUX MOTOKECHHIH.

Ko Bcem nabopaTopHBIM 3aHATHUSAM JaH MepeueHb Hanbosee BaXKHBIX BOIIPOCOB, HEOOXOAUMBIX IS
YCBOGHHS, a TaK)Ke NMPHUBEIEH CIHCOK OCHOBHOW M JONOJHHUTENBHOW JIMTEPATyphl, HEOOXOAMMOM st
W3yUYCHHUSL.

Jnst BeImonHeHus: 1abopaTopHOi paboThl HEOOXOAMMO BECTH KOHCIIEKT B OT/AENbHOU TeTpaau. Takoi
KOHCIIEKT MOKET OBITh B (hOpMeE TIIaHa C OMUCAHUE 1IEeNH PadOThI, OCHOBHBIX MaT€pPHUAaioB U 000pyI0BaHUS,
OKCTIEPUMEHTA U BBIBOJIA.

Ecnu cnymarens He BBITOTHII JIAOOPATOPHYIO pabOTy WIIM MPOIYCTHII €r0 MO KaKOH-TO MpHUYMHE
(B ToM umncie U mo O0ne3HU), OH 00si3aH BO BHEYPOUHOE BpeMsi OTpabOTaTh €€ OTUYUTATHCS TMepes
npernojaBaTenieM, BeAYyIIUM 3aHaTue B rpyiie. [Ipy BOSHUKHOBEHUH TPYIHOCTEH MPU U3YYEHUU Kypca,
HEOOXO/IMMO TIOCETHTh KOHCYJBTAIMIO TPENoJaBaTessl, BEAYIIETO 3aHSATHS, B COOTBETCTBUU C
rpaduKOM KOHCYJIbTAIMA, KOTOPBIH HMMeeTcs Ha Kadeape  TEXHOJOTHH MPOIYyKTOB MHUTAHHS U

TOBAPOBCACHUA.



JlaGoparopuasi padora Ne 1
Tema 1: Kiacchl HeOpranu4ecKux coeiuHeHu i

Ilenn Da50Wlbl: HSy‘-II/ITB XUMHYECKHE CBOICTBA OCHOBHBIX M KHCJIOTHBIX OKCHJIOB M IIOJYy4YaCMbIX U3

HUX THUAPOKCHUIOB, HAYUUTHCA IIUCATb YPABHCHUA peaKuHﬁ B MOJICKYJIIPHOM W HWOHHOM BHIC,
IIOJIYUYCHHUE U CBOMCTBaA aM(i)OTepHOFO THAPOKCHUA, ITOJIYYCHHUE HEPACTBOPUMBIX B BOAC OCHOBaHHI.

Dopmupyemuvie komnemenuuu: OIIK-1

Teopemuueckasa uacmp: B XuMuu Bce MHOrooOpa3ue HEOPraHMYECKUX BEUIECTB: MIPUHATO Pa3ieisaTh

Ha [ABC TIpynInibl — IPOCTBIC H CJIOXKHBIC. HpOCTLIC BCIICCTBA MNOAPA3ACIAOTCA Ha MCTAUUIbl U
HEMeTalllIbl. A CJIOJKHBIE — Ha IMPOU3BOJHBIC OT IMPOCTLIX, 06pa3OBaHHBIe IIyTEeEM HX B3aHMOHCﬁCTBHH C
KHUCJIOPpOAOM, BOI[OfI H MCXKIY c000Ii. 3Ty KJIaCCH(bI/IKaL[I/IIO HCOpPraHN4YCCKUX BEIICCTB B BUJAC CXCMBEI

n300paXkaroT CICIYIOIINM 00pa3oM:

['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, COCTOSAIIME U3 JABYX JIEMEHTOB, OJHMM H3 KOTOPBIX
SBIISIETCS KUCIIOPOJl B CTENEHHW OKHCJICHHWs, paBHOH -2. OOmas ¢opmyna ioboro okcuaa - 3X0y'2.
Pasnuuaror coneobpasyromnue (ocHoBubie: Li,O, CaO, MgO ,FeO; amdpotepusie: ZnO, Al,03, SnO,,
Cry03, Fey03; kucnmornsie: By03 , SO3 , CO,y P20s Mn;0O7) u neconeobpasyromue: N,O, NO, CO
OKCHJIbl. DJIEMEHTHI C MIEPEMEHHON CTENEHbIO OKMCIEHUS 00pa3yloT HECKOIbKO oKcua0B (MnO, MnO»,
Mn,0O7, NO, N0z, NO;, N2,Os). B BeiciieM okcujie, Kak MpPaBHIO, dJIEMEHT HAXOJUTCS B CTEIICHU
OKHCIICHUS, paBHOM HOMepy rpymnmbl. [10 coBpeMeHHOW MEXIyHapOIHOW HOMEHKJIAType Ha3BaHHUS
OKCHJIOB COCTABIISIOT CJIEIYIOLIMM O0pa3oM: CJIOBO «OKCH», Jlajee pycCKOoe Ha3BaHHE 3JEMEHTa B
POJUTENIHHOM MaJIeXke, CTENeHb OKUCIeHUs deMeHTa (eciau oHa nepemenHa). Hanpumep: FeO — okenp
xene3a (1), P,Os — okenn dpochopa (V).

OCHOBAHMS — cnoxHbIe BEIIECTBA, B KOTOPBIX HA aTOM METAJIJIa MPUXOJIUTCS OAHA WJIM HECKOJIBKO
runpokcorpynn OH'. Crenenb OKUCIEHHsI aTOMOB MeTailia 00bIuHO +1, +2 (pexxe +3). O6mmas dpopmyna
ocHoBanuii Me(OH)y, rme X — 4YHMCIO THIPOKCOIpyNN — KHUCIOTHOCTH ocHoBaHus. (MeOH -
onnokuciotHoe, Me(OH); — nByxkucnoraoe , Me(OH)3; — TpeXKHCIOTHOE OCHOBAaHHE).

Hazpanust ocHOBaHUSIM JAIOT CIIEIYIOIIUM 00pa3oM: «THJIPOKCHI», 3aTEM PYCCKOE Ha3BaHHME METaslia B
POIIUTENBHOM TMaJeKe, a B CKOOKaX PUMCKUMH ITUPPaMU — CTETICHb OKHCIICHUS, €CIIH OHA TepEeMEHHasl.

Hanpumep: KOH —ruapoxcua kanus, Ni(OH); — ruapokcua aukemns(Il).



KHNCJIOTBI - cnoxxHble BenecTBa, MOJIEKYJIbI KOTOPBIX COCTOSIT U3 OJJHOTO MJIM HECKOJIBKMX aTOMOB
BOJIOpO/a M KHCIOTHOTO ocTaTtka. CocTaB KUCIOT MOXKET OBITh BhIpaKeH o01ien dhopmynoit HA, rae A
— KHUCJIOTHBI OCTaTOK. ATOMBI BOJIOpOJia B KHCJIOTaX CIIOCOOHBI 3aMeUIaThCsl MM OOMEHMBATHCS Ha
aTOMBI METAJJIOB, IIPU ATOM 00pa3yIOTCS COJIH.

Ecnu kucnora copepkuT OJIMH TaKOH aToM BOJIOpoJa, TO 3TO ogHoocHOBHas kuciora (HCI - comnsnas,
HNO3 - azornas, HCIO - xnopuoBatucras, CH3COOH - ykcychas), nBa atoma Bojaopoaa -
IBYXOCHOBHBIE KucnoTel: H,SO, — cepnas, H,S - cepoBomopomnas; Tpu atoma BoOAOpoaa -
tpexocHoBHbIe: H3PO, — oprodocdopnas, H3ASO4 — opTOMBIIIBSIKOBASL.

B 3aBucHMOCTH OT cocTaBa KHCJIOTHOT'O OCTaTKa KUCIIOTHI MoApa3nessitoT Ha Oeckucioponnbie (HsS,
HBr, HI) u xucnoponconepxamme (H3PO4, HSO3, HoCrO4). B Monekynax KuCIOpOACOAEPKAIIAX
KHCJIOT aTOMBI BOJIOPOJA CBSI3aHBI Yepe3 KUCIOpOoX C HeHTpanbHbIM aromoM: H — O — O. Ha3Banus
OECKHCIOPOAHBIX KHCIOT OOpa3yIOTCsl M3 KOPHS PYCCKOTO Ha3BaHMs HEMETalla, COSAMHUTEILHOU
TJIACHOW -0- W cioBa «BogopomHas» (H,S — cepoBomopomnas). Haspanus KuCIOpojcoaepKamuM
KHCJIOTaM JalT TaK: eClid HeMmeTall (peXe MeTaul), BXOJSIIMHA B COCTaB KHCIOTHOTO OCTaTKa,
HAXOJIUTCS B BBICIHICH CTENCHH OKHCJICHHUS, TO K KOPHIO PYCCKOTO Ha3BaHHS JJIEMEHTa JOOABJISIOT
cybduKChl -1-, -e6-, WK -06- U nanee okoHuanue -asg- (H2SO,4 — cepuas, HoCrO4 - xpomoBsas). Ecnu
CTENCHb OKHCJCHHS IIEHTPAJIBHOTO aromMa HIKe, TO wucrnonbdyercs cypoukc -ucm- (HSOz —
cepuuctasi). Ecnu nemertann oOpasyeT psan KUCIOT, UCMonb3yloT u apyrue cydpduxcer (HCIO —
xnopHosamucmasi, HC10; — xnopucmas, HC103 — xnopuosamast, HClO4 — x10pnas).

COJIM — HOHHBIE COEIUHEHUS, COCTOAIIUE M3 KAaTHOHOB METAJUIOB (WJIM aMMOHHS) M AHHOHOB
KHCJIOTHBIX OCTaTKoB. JII0OYyI0 COJIb MOXXKHO paccMaTpuBaTh KaK MPOAYKT PEAKIMH HEUTpaTH3aluu
OCHOBaHUS KHCIOTOH. B 3aBUCMMOCTH OT TOrO, B KAKOM COOTHOIICHHUHU B3SATHI KUCJIOTa U OCHOBaHUE,
noJy4aroTcs conu: cpednue (ZnSO4, MJCly) — npoaykT mosIHO#M HEHTpaTU3aud OCHOBAHHS KHCIOTOM,
kucnvre (NaHCO3, KH,PO,4) — npu u3osiTke kucioTsl, ochosHble (CUOHCI, AIOHSO,) — npu u30bITKE
ocHoBaHus. Ha3BaHus cosell 0 MEXIyHApOJIHON HOMEHKJIAType oOpa3yroT W3 JBYX CJIOB: Ha3BaHUS
aHMOHA KUCJIOTHI B UMEHUTEIBHOM TaJIeKe M KaTHOHA METaula B POJUTENLHOM C YKa3aHUEM CTEeTeHH
ero OKWCIICHHS, €CJIM OHA TIepeMeHHas, pUMCKON nudpoii B ckodkax. Hanmpumep: Cra(SOs4)s — cynbdar
xpoma (III), AlICl;3 — xmopun amomunusa. Ha3BaHus KuciabIX cojielt 00Opa3yloT a00aBlIeHHEM CIIOBa
2uopo- WM oueuopo- (B 3aBUCUMOCTH OT YHCIIa aTOMOB Bojopoja B ruapoanuone): Ca(HCOs), —
runpokapOonar kaiabuusa, NaHoPOy4 - aurunpodocdar natpus. Ha3Banust OCHOBHBIX cojieil 0Opa3yroT
n00aBlIeHUEM CJIoBa ecudpokco- wim oueuopokco- . (AIOH)Cl, — ruapokcoxyiopua aaroMUHUS,
[Cr(OH),].SO4 - nuruapokcocynsdat xpoma(Ill).

Obopyoosanue u mamepuaivl:




PeaxTnBbl, HeOOXOMMBIE JJIs1 JAHHOW pabOTHI, BEICTABIIAIOT HA MOJIKU Ja0OpaTOPHBIX cTOJNOB. Pemkue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI M HIENOYH, MaXydue BellecTBa (HAmpHMeEp, CEpOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAIT B BBITSHKHOM IKady.

OcHoBHasi XUMHYECKasi MOcya: MPoOUPKH (B IUTATHUBE), KOJObI, XUMHUECKHE CTAKaHBI MOCIE PabOTHI
TIIATEIbHO BBIMBITH; BECHl C PA3HOBECOM, NPHUOOPHI, HCIONB3yeMas Uil TPOBEACHUS OTICIBHBIX
71a00paTOPHBIX paboT, BBIAACTCA M CAACTCS YUCTast JJAOOPAHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUN J1A00PANODHOU_Padombl:

-aKKypaTHO 00palaThCsi CO CTEKISTHHON XUMHUYECKOW MOCYIOW. OCTaTKH pa3OoMTOM mocynsl youparsb
IIOMOIIBIO COBKA U IIETKU,;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SIOBUTHIX, JIETYYUX M HENPUATHONAXHYUIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKaQy;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE cocyla JAepkKaTh Ha paccrosHuu 25-30 cM OT nuIa,
HaNpaBisist K cebe CTPYIO ra3a MoCTyNaTeIbHBIMH JBH)KCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpY HAJIMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30eKaHHME MONafaHus OpbI3r WIK
YaCTHUI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpH HarpeBaHUH NMPOOHPKHU HE JIePKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCea. HE HAKIIOHSTHCS
Ha/l HarpeBaeMoi KHJIKOCTbIO BO M30€XKaHKe MOoNalaHus e€ Ha JIULO, PyKH WIH OJIEXKIY;

-ropsiude MpeIMEThl MOXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WU
APYTYIO CHEIHATIBHYIO TIOJICTaBKY,

-HEJb3S TI0JIH30BATHCS AIIEKTPONPUOOPaMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MPH BKIIFOYCHUU UX B
CeTb HeJb3sl IePKaThCsl 3a METAIIIMUECKUE MPeAMETHI (TpYOBl, KpaHbl  T.I1.). 3allpeliaeTcsi BKI0YATh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKPBIMH pPYKaMH, a TaKKe I0Jb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOpPaMH;

-3apelaeTcsl MPUHUMATh MUILY B XUMUYECKOH 1a00paTopuu U MUTh BOAY U3 Ja0OPATOPHOM MOCY/BI. -
-KaTeropHUeCKH 3arperaeTcs npooboBaTh peakTHUBBI Ha BKYC;

-IpH TMOTAJaHUM HA JIMLO WJIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCIE CMBIBAHUS BOJOM
MIPOMBITH CIa0BIM PAaCTBOPOM COJIBL. IIENOYH CIEAYEeT CMBIBAaTh 1O TE€X MOpP, MOKA y4acTOK KOXH, Ha
KOTOPBIN OHa TIOMasa, He MepPecTaHeT ObITh CKOJB3KUM; 3aT€M IMPOMBITH CIIA0BIM PacTBOPOM YKCYCHOMH
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOpPOM IepMaHraHatra kamus (U3
anTeyky B TabopaHTCKOU Kadeapsl);

-110 OKOHYaHWH PAa0OTHI BHIKIIIOUUTH U3 CETH BCE AJIEKTPOIIPHOOPHI, MEPEKPHITh TI0Jjauy T'a3a U BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MpenojaBaTeso Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OmnbIT Nel. KucinoTHO-0CHOBHEIE CBOMCTBA OKCHUIOB

PactBopuTe B BOsEe B OAHOW MPOOMPKE OKCHJ KaJbIHMs, B IPYrol - JUOKCHJ yriepoja. B mepByro
npobupky nob6aBbTe menoTrky nopomka CaO, 2-3 M JUCTWITUPOBAHHOM BOIBI M B30odTaiiTe. BO
BTOPYIO MPOOUPKY € 3-5 MJI AUCTUILTUPOBAHHOM BoJbI porryctute Tok CO; 3 OaisioHa wiM anmapara
Kumna. B kaxnayro npoOupky nobaBpre 2-3 Kauid JlakMyca M IO IIBETY HMHAMKATOpa ONpEIENUTe
XapakTep MOJYy4eHHOro pactBopa. Crenaite BbIBOJ O KUCIOTHO-OCHOBHBIX CBOMCTBAX JTAHHBIX OKCHIIOB
U IONYYEHHBIX TIuAapokcuaoB. Hamummre ypaBHeHus peaxkuuil. HMccnenyiite B3aummonencTBue
pacTBOPEHHBIX THAPOKCUIOB IPYT € APYTOM U C paCTBOPOM CEPHOU KHCIIOTHI.

OnbIT Ne2. KucioTHO-OCHOBHBIE CBOMCTBA THAPOKCUIOB

K pactBopam coseit NiSO4 u NapSiO3 (2-3 M) mo6aBbTe Takoe ke koiaudecTBo ménoun (NaOH) u
kuciotel (HCI). Ilpu BeImajgeHnu OCagkoB TPYAHOPACTBOPHUMBIX THAPOKCHUIOB HUKENS U KPEMHHUS
YCTAaHOBUTE UX KHUCIOTHO-OCHOBHBbIE cBoMcTBa, nmpubaBisas k ocaakam HCl wu NaOH. Hanumwre
YpaBHEHHUs peakuil B MOJIEKYJIIPHOM U HOHHOM BUJE.

OnbiT Ne3. [Tonydenue u cBoiicTBa aM(pOTEpHOT0 TUAPOKCUIA

B npoOupky Hazneiite 2-3 Mi pacTBopa XJIOpHUIa XpoMa WM XJIOpUAA allOMUHMS (110 BBIOOpPY) M IO
Karsiv nipubasisiite pactBop ménoun (NaOH wmmm KOH) nmo obOpa3oBaHust ycTOWYHBOTO OCajKa.
Pa3znenute ocafok Ha Be NpOOUPKHU: B OJHY NMPUIIEHTE pacTBOp LIENOUH, B IPYTYIO - paCTBOP KUCIIOTHI
710 pacTBOpeHHUs ocazika. CrenaiTe BbIBOJ, COCTaBbTE YPABHEHUS PEAKIU.

OnbiT Ne4. [TonydyeHne HEpacTBOPUMBIX B BOIE OCHOBAHUM

B otnenpHBIE TpoOHpKU HayelTe mo 2-3 M pacTBOPOB XJIOPHAA KeJe3a, cyibdaTa Meau U cyibdara
Maraus. [lpuneiite B kaxayro mpoOUpKyY Mo KarisaM pacTBop ménoun. CocTaBbTe ypaBHEHUS peakLui,
OTMETBTE IIBET BBINABIINX OCAJKOB.

OnpiT NeS. KrciioTHO-0CHOBHBIE CBOMCTBA COJIEN

A. CpoiicTBa Kucioi conu. [[yst nmonydeHus KUCION COJNM MCHOJIb3YHTE pacTBOP TMIPOKCHIA KaIbIUs
niu Oapus U AMoKcup yriepona. Kakoil U3 yka3aHHBIX peaKTHBOB CJE€IyeT B3ATh B U30bITKe? OOpaTuTe
BHUMaHME Ha TO, YTO Npu npomyckaHuu Toka CO; yepe3 pacTBOp I'MJIPOKCHAA BHaudane oOpasyercs
0CaJOK CPEJHEHN COJM, KOTOPBII NpU AaJbHEHIIEM MPOIYCKaHUU AUOKCHIA YIJIEpOJa PACTBOPSIETCS U
MEePEXOUT B PaCTBOPUMBIN THApokapOoHar. CocTaBbTe ypaBHEHHsS peakmuid. Yem HyXHO
nozencTBoBaTh Ha ruapokapOonar (pactsopoM HCl nnm NaOH), utoObl mepeBecTu ero CHoBa B 0CaJIoK
cpenHei conu?

B. CBoiictBa ocHOBHO# cosn. [[jist mosydyeHuss OCHOBHOM COJIM MCHOJB3YHTE pacTBOp cyibdara mMeau,
nobapisisi K HeMy o KaruisiM pactBop NaOH u mepemerinBas colnep:kuMoe MPOOUPKH CTEKJISIHHON
nanoukoid. [Ipu HemoctaTke mEénoun oOpasyeTcs 0caToK OCHOBHOTO cynbdara Mmenu. Kakoro msera

9TOT O0CaJO0K, U KaKOB COCTaB conu? HpI/I JanbHEHIIeM HpI/I6aBJ'ICHI/II/I IEN0YM U3MEHSIETCS LIBET ocagka



(Ha kako#?) B cBsA3M C oOpazoBaHueM ruapokcuaa. CoctaBbTe ypaBHEeHHsI peakiuid. OT4ér 1Mo
nmabopaTopHoi paboTe oopMHUTE HA IBYX Pa3BEPHYTHIX JUCTAX TETPAIH (JJAOOPATOPHOTO KypHAJIa).

Tpebosanua Kk ohopmaenuro 1a60pamopHou padbomol U OMuUemy:

1.BeimonHeHne 1a0OpaTopHBIX pabOT CONMPOBOXKIAIOT 3amMcsiAMU B JabopaTopHOM >KypHane. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOrO >KypHaja JOJDKHBI OBITH IMPEICTaBJICHBI: Ha3BaHHE YHUBEPCHUTETA,
(baMuIMs 1 MHUIUAIIBI YYallerocsi, HoMep Kypca v rpymibl, y4eOHBIH ro.

2.0T4eT 0 BBINOJIHEHHOH Ta00paTopHO paboTe JOHKEH COIEePIKATh CICIYIOIINE CBECHHUS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IICJIb paOOTHI;

*000pyI0BaHNE M MaTEpHAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

*KpaTKoe OMHCcaHue XoAa paboThl C yKazaHUEM YCJIOBHIA IPOBEICHUS OIIbITA;

*PUCYHKH U CXEMbI UCTIOJIB3YEMBIX MPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS NMPOTEKAIOUINX PEaKIHii;

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHBIii )KypHaI HYy>KHO BECTH YHCTO U aKKYPaTHO, 3aIMCH JOJDKHBI OBITh TAKOHUYHBIMU.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOIaBATENb.

5K cmaue 3au€ra mo nmabopaTOpHOMY NPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBHIMOJIHHUBIINE H
MOMMNKCABIINE y TPEnojaBareis BCe JOMAIllHWE U JIabopaTOpHbIE pabOThl, COABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTe CEMHHAPOB.

6.CTyneHTHl, MOMYYHBINKE 3a4€T MO JJAOOPATOPHOMY MPAKTUKYMY, TOIYCKAIOTCS K C/Iade dK3aMeHa I0
Kypcy HEOPTaHUYECKOW XUMUHU.

Konumponwvnsie gonpocei :

. OCHOBHBIE KJIaCChl HEOPraHUYECKUX COEAMHEHN. MexXayHapoqHas HOMEHKIIATYpa.
OKcuIbI M THAPOKCUIBI XpOMa
. Enxue menoun

Comu HaTpuAa U KaJiud

Kanpuuit. Haxoxxaenue B npupoze, Gpusnueckue, XUMUYECKUE CBONWCTBA.

1
2
3
4
5. OOmias xapakTepuCTUKa MOATPYIIbl OSpUILTUS
6
7. Okcug v THIPOKCUJ KaJbIUs

8

Coinu Kanpnus



Cnucok q1umepamypbol .

1.Heopranunueckass xumus [DiaeKTpoHHBIA pecypc]| : maboparopHsiii nmpaktukym / C.A. CoxonoBa [u
ap.]. — DJEeKTpoH. TEeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer uMm. Mmmneparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

2.Heopranndeckass XxuMusi [DIEeKTpOHHBIA pecypc] : madoparopublid nmpakTukyMm / O.B. JIpskoHOBa [1
ap.]. — DIEeKTpoH. TEeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer um. Ummneparopa Ilerpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html

JlaGopaTopHnas padora Ne 2
Tema 2: Onpenesienne IKBUBAJIEHTHONH Macchl IIMHKA

Heny padompr: V3yuuTh YCTAaHOBKY M METOAMKY OIPEICICHUS SKBUBAJICHTHOW MAacChl IIMHKA IO

KOJIMYCCTBY BOAOPOAA, BBIACIIIOIICTOCA B XOA€ PCAKIIUU [ITUHKA C COJISTHOHM KMCJIOTOM.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckas uacmo:

W3 3akoHa TMOCTOSHCTBA COCTaBa, KPATHBIX M OOBEMHBIX OTHOIICHHWH CIEAYEeT, YTO 3JIEMEHTHI
COCUHSIOTCA APYr C JIPYrOM B CTPOTO OMPEACNIEHHBIX KOJMYECTBEHHBIX COOTHOIICHHUSAX, KOTOPHIE
Ha3bIBAlOT HKBUBAJIEHTAMH WJIM SKBUBAJEHTHBIMM MaccaMu. [y ompeneneHus SKBUBAJIEHTOB U
SKBUBAJICHTHBIX MacC HYXXHO 3HaTh, YTO TaKO€ MOJIb W MOJIbHas Macca. MoJipb- 3TO KOJIHYECTBO
BELIECTBA, B KOTOPOM COJAEPKUTCS YUCIIO YaCTHUI] JIF0OOTO OINpEAesieMOro copTa, paBHOE IMOCTOSHHOMN
ABoragpo (6,02 10%). Hanpumep: 3 10% MOJIEKYJI BOABI COCTaBAT 5 Monb. Moavnaa (monapuan)
Macca BELECTBa B TpaMMax YHUCIEHHO paBHA €ro OTHOCHUTEJIbHOM MOJEKYJsIpHOW (aTOMHOI) Mmacce,
BBIpQ)XKEHHOW B aTOMHBIX €MHHUIAX Macchl (a.e.M.). Macca 1 Moisi BelecTBa BBIpaXKaeTcs B I/MOJb.
Hanpumep: momnsipaas macca HoO n atomHas Macca Kuciopoga COOTBETCTBEHHO paBHbI 18 u 16 a.e.Mm.,
UX MOJIbHBIE Macchl paBHBI 18 1/Monb U 16 r/MONb. IK6UBAIEHMOM INNeMeHma HA3BIBAETCS TAKOE €ro
KOJINYECTBO, KOTOPOE COEIUHSETCA 1C MOJeM aToMOB BOAOPOAA MJIM 3aMEIIAeT TO e KOJIUYECTBO
aTOMOB BOJIOpoJia B XxumHuueckux peakiusx. Hanpumep, B coenunennsix HBr, H,O, PH3 skBuBaneHTst
Opoma, kucioposa, dhochopa COOTBETCTBEHHO paBHBI | Mok, 1/2 Monb, 1/3 mMombp. Macca omHOTO
DKBUBAJICHTA HA3BIBACTCS €T0 IKGUGANEHMHOU maccoil. Tak, B TIPUBEICHHBIX BBIIIC MPHUMEPAX,
SKBUBAJIEHTHBIE MacChl Opoma, KHCiIopoaa, ¢ochopa COOTBETCTBEHHO paBHBI 79,9 r/moinb, 16:2 = 8
r/Moab, 31:3= 10,3 r/MONnb. IKEUEAIEHMOM C/I0IHCHO20 BeUieCHEa HA3BIBACTCS TaKOE €TI0 KOJIUYECTBO,
KOTOpOE B3aWMOJICHCTBYeT 0e3 0CTaTKa ¢ OJHUM SKBHBAJICHTOM BOJOPOJA MIIM C OJTHUM DKBUBAICHTOM
T000TO IPYroro BemiecTBa. PacdeTsl, CBSI3aHHBIE C OMPEICICHUEM SKBUBAJIICHTHBIX MAacC, IPOBOISITCS

10 3aKoHy JKeueanenmos: Maccbl (00beMBbI) pearupyroummx Jpyr ¢ JIpyroM — BEIIECTB,


http://www.iprbookshop.ru/72709.html
http://www.iprbookshop.ru/72708.html

MPOIMOPLHOHAIBHBI WX SKBUBAJICHTHBIM MaccaM (oObeMaM). MarTemMaTH4eCKH 3aKOH BBIPaXKaeTcs

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

rae: m, (V) - maccsl (00bEMBI) pearupyroIInuX BEMIECTB;
3, (V) - 9KBUBAJICHTHBIC MACChl (00BEMBI).

DOKBHUBAJICHTHYIO MAacCy IPOCTOTO BELIECTBA MOYKHO BBIYUCIIUTS 110 (POpMYyIIE:

rac M" - MOJIbHaA MaccCa aTomMa 3JICMCHTA,

B - BaneHTHOCTD 2JI€MeHTA.

Tak, HarTpuMep, SKBUBAJIEHTHBIE MACChl BOJOPOAA U KUCIOPOAa COOTBETCTBEHHO PABHBI:
1 16
Oy :i =12/ monb 3, =— =8 2/ Mob

OKBHUBaJIEHTHEINH 00bEM ra3a MOKHO BBIYHUCIUTE MO (I)OpMy.]'ICI

_2 M
IK8. 224

TaK, HaIIpuMeEp, S9KBUBAJICHTHBIC 00BEMBI BOAOpPOJa U KHUCIIOPOJa COOTBECTCTBCHHO PABHBI:

22 =112/ monb —Q

5Ke. ke, :5,6ﬂ / Monb
= 04 ° 024

OKBHUBaJIEHTHBIE MACCHI CIIOKHBIX B€IICCTB MOXXHO BBIYHCIIUTH I10 q)OpMYJ'IaMI

— M okcuda  — M " +8 — M Kuctombl —1 4 KUCA.OCMamxa
okcuda KUCA0mBbl
2 nO B nH Kuca.ocmamka
— MO(‘HO@JHUH — Mr + 17 3 — Mrmu — MT + MKHL"/I.OCH!HIHKH
OCHOBHUA conu
nOH B BMe .nMe B Bmm.ocnmmm

No, NoH, NH, NMe — YUCIO ATOMOB KHUCJIOPOJA, THAPOKCUIBHBIX TPYII, aTOMOB BOAOPOJA, MeTajia
COOTBETCTBEHHO B OKCHJE, OCHOBAHUHM, KHCJIOTE, COJIM; B — BaJIeHTHOCTh, 8 — DKBHBAJIEHTHAs Macca
KHCIIOpoJia, | — 3KBUBaJeHTHas: Macca BOA0poJia, 17 — 3KBUBaJIEeHTHAsI Macca r'iIPOKCUIBLHOM TPYIIIbIL.

Oobopyoosarnue u mamepuaiol:

PeaxTuBbl, HEOOXOIUMBIE JIJIsi JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU J1ab0paTOpPHBIX CTOJIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W IMIEIOYH, MAaXydue BEIIecTBa (HampuUMep, CEPOBOIOPOI,
OpoMHasi BOJa U JIp.) XPaHAT B BBITSHKHOM HIKady.

OcHoOBHasi XUMUYECKasi MOCYAa: MPOOUPKH (B IITATHBE), KOJIOBI, XUMUYECKUE CTAKAHBI IMOCJIE PabOThI
TIIATETHHO BBIMBITH; BECHl C Pa3HOBECOM, MPHUOOPHI, HCIOJb3yeMas JIsi TPOBEICHHS OTICITbHBIX

71a00paTOPHBIX padOT, BHITAETCS M CHACTCS YMCTas TaOOpaHTY.



Texnuxa 6ezonacrnocmu npu bINOJAHEHUU 1AOODAMOPHOU PAOOMbL:

-aKKypaTHO O0paImmarbcsi CO CTCKISTHHOM XMMHMYECKOW TMOCYION. OCTaTKU pa30MTOM MOCyabl youpath ¢
OMOIIBIO COBKA U MIETKHU,

-Bce paboTHl, CBA3aHHBIC C BBIJACICHHEM SJIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEILIECTB,
IIPOBOJIUTDH B BBITSKHOM IKa(Yy;

-[IpY OIPEENICHUM 3allaXxa BELIECTB OTBEPCTUE COCyJa JiepXKaTh Ha paccTosHuu 25-30 cM oT suna,
HaNpaBisis K cebe CTPYIO ra3a MocTynaTeIbHBIMH JBH)KEHUSMH JIAJIOHU OT OTBEPCTHS K JIHILY;

-IpY HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€KaHHE MOMafaHus OpbI3T WIK
YaCTUI] HA JIMLIO WM OAEKAY. IPH pa30aBiIeHMH KOHIEHTPUPOBAHHBIX KUCIIOT BIMBAaTh KUCIOTY B BOAY,
HO HE HA00O0POT;

-TIpY HarpeBaHUM MPOOUPKHU HE JEPKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCe/Ia. HE HAKIIOHATHCS
HaJI HarpeBaeMoi KHUJIKOCTBIO BO H30€KaHNE TIONaIaHus e€ Ha JTUI0, PyKH WIH OJICKIY;

-ropsiYre MPEIMEThl MOXXHO CTaBHTh TOJIbKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WIIU
APYTYIO CHEHUAIbHYIO MOJICTAaBKY;

-HEJb35 MO0JIb30BATHCS HIEKTPONPUOOpPaMu 0€3 COOTBETCTBYIOIEI0 HHCTPYKTaXa. IPU BKIIOYEHNUHU UX B
CETb HEJb3sl IEPIKAThCS 32 METAUTMYECKUE TIPeAMETHI (TPYObl, KpaHBI U T.I1.). 3alPEIIaeTCs BKIIIOYATh U
BBIKJIIOYATh 3JIEKTPONPHOOPHI MOKpPHIMH pPYKaMH, a TaKKe IOJb30BAThCS HEHUCIPABHBIMH WIIN
MMEIOIMMU OTrOJIEHHBIE POBOA IPUOOpaMH;

-3anperaeTcs NpUHUMaTh MUIY B XUMUYECKOH J1abopaTopuu U MUTh BOY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTerOPHUYECKH 3alperaeTcs NpoooBaTh PEaKTHBHI Ha BKYC;

-TIpH TIOTIAJJAHWK HA JIMIO WJIM PYKH OpBI3T KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIIE CMBIBAaHUS BOJOU
IPOMBITh CIa0BIM PAaCTBOPOM COJIbL. IIENOYL CIEAYEeT CMBIBAaTh JIO TE€X MOp, MOKAa y4acTOK KOXH, Ha
KOTOpPBIN OHa Tomaa, He MepecTaHeT ObITh CKOJIB3KUM; 3aT€M HPOMBIThH CJIa0bIM PacCTBOPOM YKCYCHOM
KHCJIOTHl W HAJIOKUTh TIOBS3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOpPOM IepMaHTaHaTa Kaimus (W3
anTeyku B JabOpaHTCKOU Kadenpsl);

-110 OKOHYaHUM PAaOOTHI BBIKJIIOUUTH U3 CETU BCE AJIEKTPOIPUOOPHI, MEPEKPHITh MOJauy ra3a U BOJbI B
nabopaTopuio U yopaTh pabouee MecTo;

-000 BCceX HECUACTHBIX CIy4asX HEMEJIEHHO coo0IIaTh MPEenoJaBaTellio Uil JabopaHTy.

Ilpaxkmuueckas uacmeo:

DKBUBAICHT IIUHKA OIMPEEISIIOT 10 KOJIUYECTBY BOJIOPO/A, KOTOPHIN BBIACISETCS B XO/€ PEaKIuu: Zn
+ 2HCI = ZnCl; + H,. Pacu€t mpoBosT COTJIaCHO 3aKOHY SKBHUBAJICHTOB 110 (hOopMYyJIe:
) 9H
Om= —————
MpH2

rIe D7y — DKBHUBAJIEHT IIMHKA;

OH — 3KBHUBAJIEHT BOJIOPO/IA, PaBHBIN 1;



Mzy— Macca LMHKA, T ;
Mu2 — Macca BoJopoJa, T .
PaboTy BBIMONHAIOT B TAKOH 1MOCIEI0BATEILHOCTH:
1. B3Becutp rpanyny nuHKa, €€ Macca ngomkHa ObiTh 0,2-0,3 T (TOYHOCTH B3BEIIMBAHUS Ha
TeXHUYECKHUX Becax JojpkHa ObITh + 0,01 1).
2. Onpenenuth 00bEM 00pa3yroIIErocs BOAOPOIa MPUOOPOM (CM. PUCYHOK):
JIJ1st 5TOTO 3amOJIHUTH BOJOK 110 ropia kojoy 1. InoTHo BcTaBuTh MpoOKy 2 B ropiio KojObl. CHATH
M30THYTYIO MPOOHPKY 3. OTKPBITh 3KUM 6, 3aIIOJIHUTH TPYOKY 5 BOJIOM; 3aKpbITh 3aKuM. [IpoBepuTh
TepMETUYHOCTH MpHOOpa: MIOTHO HAETh MPOOHPKY 3, OTKPHITH 3a)KHUM, M, €CIIH BOJa HE BHITEKACT W3
TpyOKH 5, TO pUOOp repMeTHYeH. 3aKphITh 3a)KUM, BBUINTH BOAY U3 MPUEMHON CKISIHKH 7. BopoHKoii
3aJUTh A0 MOJIOBUHBI B IPOOHUPKY 3 pacTBOP CONSTHON KHCIOTHI (KOHIIEHTPALMSI COJSTHOM KUCIOTHI 1:1).
[TonoxuTh Ha COTHYTOE KOJIEHO MPOOMPKH B3BEIICHHYIO TpaHyly LWHKA. [[10THO mpucoennHUThH
npoOupKy, HazeB Ha MPOOKY B TpyOke 4. OTKPBITh 32KUM 6, U, HAKIIOHUB TPUOOP, CTOJIKHYTH TPaHyITy
B pactBop HCI. Beinensttonuiicst Bogopo OyAeT BHITECHITh BOLY U3 KOJIObI 1 B cTakaH 7.
[Tocrne oxkoH4aHMs peakiuu (TemrepaTrypa pacTBopa B MpoOUpKe JOJKHA ObITh paBHA KOMHATHOM)
U3MEpUTh 00bEM BOJBI B CTaKaHe 7 MEPHBIM LUJIMHAPOM, 3amucaTh Temieparypy t° C u atmocdepHoe
nasienue P.
[To hopmyne MenaeneeBa-Knaitnepona onpeneauTs Maccy MOIy4€HHOTO BOJIOPOA:
pv =MRT
M
rie R — 8,3144 J[x/monseK.
Tak kak B K0JIO€ Ta3 CONEPKUT BOJOPO]I U TIaphl BOJBI, TO OOIIee naBiieHne raza B koyioe P = Py + Pro.

OTKYyOa Puo = P - PHZO. Z[aBJ'IeHI/Ie mapoB BOJbBI 3aBUCUT OT TEMIICPATYPHI. HeO6XOI[I/IMLIe JaHHBIC B3ATb

U3 TaOIULEL.

T,°C 17 18 19 20 21 22 23 24 25 26

P20, 1,93 2,06 2,20 2,22 2,48 2,64 2,84 2,99 3,17 3,36
klla

VYcnoBus 1 pe3yabTaThl ONbITa 3aNUCaTh B JaOOPaTOPHOM KypHaje B TaOIHILy:

Macca V, T,°C P Ph2o, Ph2,

MeTrajia, T MJI klla klla klla

[Tocne onpeneneHust Maccesl BOAOpoaa mo Gopmyiie (2) paccunTaTh SKBUBAJICHT LMHKA 1o (opmyre (1).

O06s3aTenbHO ONPEeTUTh OTHOCUTEIBHYIO OIIMOKY OTIBITA:




32,68 = 921’1(1’[) . 100% ,
Oumbxka, %= —Fm—7r——
I1OKa, 7o 32,68
rae 32,68 — TeopeTrueckoe 3HAaUCHUE YKBUBAJICHTA [IMHKA.

Tpebosanus K ohopmienuio 1ad6opamopHoil padonivl U omueny:

1.BeinonHeHne 51abopaTopHBIX PabOT COMPOBOXKIAIOT 3amHCAIMU B JlabopaTopHOM >KypHaie. Ha
TUTYJIBHOM JIUCTE JIAOOPATOPHOTO JKypHaja JIOJDKHBI OBITH MPEACTaBIICHBI: HAa3BaHUE YHHUBEPCHUTETA,
(bamMuTus ¥ THUIHMAJIB! YYalIerocs, HOMEp Kypca U IPYIIIbl, y4eOHBIN TOI.

2.0T4eT 0 BBIOJHEHHOH 1a00paTOpHOI paboTe JOIKEH COAEPKaTh CIASIYIOIINE CBEICHUS:

*HOMEp PabOTHI U €€ Ha3BaHHUE;

*JaTy BBITOJHEHUS pabOTHI;

*IIeTTb PaOOTHI;

*000pyI0BaHNE M MaTEpHAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp U Ha3BaHHE OIIbITA;

*KpaTKO€ ONHCaHKE X0/1a PadOTHI C YKa3aHUEM YCIOBHI MPOBEICHUS OIbBITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX TPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS NIPOTEKAIOLINX PEAKILIHii;

*pacuéThl, TaOIULBI, TpaUKH;

*BBIBO/IBI.

3.JIabopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYPaTHO, 3aITMCH JOJDKHBI OBITh TAKOHUYHBIMU.
4.0T1uéT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBAET MIPETO1aBaTeNb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JOMYCKAIOTCS CTYAEHTHI, BBINOJHUBIIME U
MOJIMCABIINE y TpPEToiaBaTelisi Bce JOMaIlHWE W JabopaTOpHbBIE pabOThI, CAABIINE KOJUIOKBUYMEI,
aKTHUBHO y4acTBOBABIIKE B pab0OTe CEMHUHAPOB.

6.CTyneHTbl, NOJy4YHMBIINE 3a4ET MO JIAOOPATOPHOMY HPAKTUKYMY, JTOIYCKAIOTCS K c/1ade K3aMeHa 1o
KypCy HEOPTaHU4ECKOH XUMHH.

Koumponwvhsie gonpocel :

1.0TtHOCcuTENbHAS aTOMHAs Macca
2.0THOCUTENbHAS MOJIEKYJISIPHAs Macca

3.Monb. MonsipHas macca

4. Xumuueckue 3Haku, (OpMyJibl U YpaBHEHUS

5. Xumuueckue peaknun. Kiaccudukamms peakiuii.
6.3aKOH COXpaHEeHHUs1 MacChl BEIIECTBA

7. 3aKOH MOCTOSHCTBA COCTaBa



8.I'azoBbIe 3ak0HBI. 3aK0H ABoTaipo. MosipHBIi 00BEM Tra3a
9.0t1kpeiTue [I.1. MenaeneeBpIM EPHOIUYECKOTO 3aKOHA
10. [Tepuonuueckas cucrema J[.J1. Menneneena

Cnucok numepamypuot.

1. Heopranunueckass xumusi [DaeKTpoHHBI pecypc| : nmabopatopubiii npaktukyM / C.A. CoxonoBa [u
Ip.]. — DJIEKTPOH. TEKCTOBbIE JaHHble. — BopoHnex: Boponexckuil ['ocyaapcTBeHHBIM ArpapHbIil
VYuusepcurer uMm. Mmmneparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

2.Heopranndeckass XxuMust [DIEKTpOHHBIA pecypc] : madopatopublidi nmpaktukyMm / O.B. JIpskoHOBa [1
Ip.]. — DJIEKTPOH. TEKCTOBbIE JaHHble. — BopoHex: Boponexckuil ['ocyaapcTBeHHBIM ArpapHbIil
VYuusepcurer um. Ummeparopa Ilerpa IlepBoro, 2016. — 150 ¢. — 2227-8397. — Pexxum poctyna:
http://www.iprbookshop.ru/72708.html

JlabGoparopHuasi padora Ne 3
Tema 3: Onpenenenne MoJIeKyJISIPHOM MacChl IMOKCHAA YIiepoaa

Llenv pabomwi: OrmipeneneHue MOJIEKYJISIPHOM Macchl JAMOKCHJA YIJlepoja II0 Macce KOJIObI

3anonHeHHo# razom (CO;) monb3ysick ypaBHeHueM MenneneeBa — Kianeiipona.

Dopmupyemovie komnemenuuu: OIIK-1.

Teopemuueckasn yacmp:

MonekynspHas Macca, CyMMa MacC aTOMOB, BXOJSIIIIUX B COCTaB JIAHHON MOJIEKYJIbI, BBIPAXKAETCS B
aTOMHBIX eAUHHUIaX Macchl (a.e. M.). [lockonbky 1 a.e.m. (MHOT/IAa Ha3pIBaeMasi JanbToH, D) paBHa U1
MacChl aTOMa HYKJIWJa 2y enuHunax Mmaccel CH cocrtaBisteT 1,66057'10“27 KI, TO YMHOXEHHE
MOJIEKYJIADHON Macchl Ha 1,66057-10%" naer aOCOJIIOTHYIO Maccy MOJIEKYJbl B KuilorpamMmax. Yarie
MOJIB3YIOTCS Oe3pa3MepHOi BETUUUHON My - OTHOCHUTEIBHOU MOJIEKYIApHOM Macchl: My =M,/D, e
M,-Macca MOJIEKYIBI X, BRIpOKEHHAS B T€X K€ €AMHUIIAX MaccChl (KT, T WU Ap.), 4To U D. MonekyspHas
Macca XapaKTepu3yeT CPEOHIOI0 MacCy MOJEKYJbl C YYETOM HM30TOIHOIO COCTaBa BCEX JJIEMEHTOB,
00pa3ymIuX JaHHOE XUMUYECKOe coeMHEeHNne. VIHOTja MOJIEKYISIPHYIO Maccy OMPEIeNstoT ISl CMECH
pa3IMYHBIX BEIIECTB M3BECTHOTO COCTaBa, HampuMmep sl Bo3ayxa "I GheKTUBHYIO" MOIEKYISIPHYIO
MacCcy MOXHO MPUHATH paBHOU 29. AOGCOTIOTHBIMUA MaccaMu MOJIEKYJ YA0OHO ONEpPUpPOBATh B 00JIACTH
($u3UKH CyOaTOMHBIX TPOIIECCOB M PAAMOXUMUU, TJI€ MyTeM H3MEPEHHUs SHEPrHU YacTHI], COTJIACHO
TEOPUU OTHOCHTEIHHOCTH, OMPENEIAIOT UX aOCONIOTHBIE MacChl. B XMMUM U XUMUYECKOW TEXHOJIOTUU
HEO0OXOIUMO TPUMEHSATh MAaKPOCKONMYECKHE EIMHMIIBI W3MEpPEHHsS KOJIMYecTBa BemlecTBa. Yucio
J0OBIX YacTHIl (MOJIEKYJI, aTOMOB, JICKTPOHOB UJTM MBICIICHHO BBIICIIIEMBIX B BEIIECTBE TPYII YaCTHII,

nanpumep map noHoB Na* u Cl” B kpucrammuu. pemertke NaCl), paBHoe ABoraapo moctosuaHO#H Ny =

1023
6,022'10”°, cocraBisieT MaKpOCKOIMYECKYIO €IMHHUITY KOJMUYECTBA BEIECTBA - MOJb. Torma MOKHO
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3amucatrh: Moy = MyNa/(D'Na), TO eCTh OTHOCHTENBbHAS MOJIEKYJISIpHAas Macca paBHA OTHOIICHHUIO

MacCChl MOJISA BE€IIECTBA K NAD Ecnu BemniecTBOo cocTouT U3 MOJICKYJ C KOBAJCHTHBIMU CBA3AMU MCKIY

COCTABIIIIOLIMMH HX aromMamu, To BenmuunHa MyNa mpencraBnsier coO0i MOJSPHYIO Maccy 3TOTrO
BEILIECTBA, €MHUIIBI U3MEPEHUSI KOTOPOM Kr-moJib (KmioMoib, kKM). JlJisi BeliecTB, HE COAEpKaIIUX
MOJIEKYJ, @ COCTOSIIIMX W3 aTOMOB, MOHOB WJIM PAJHUKaJOB, ompejaensercs (opMmMyibHas MoJspHas
Macca, To ecTb Macca Na 4acTull, COOTBETCTBYIOIIMX MPHUHATONH (popmyre BeulecTBa. Panee B Xxumuu
HCIOJIb30BAJIM IOHATHUSI TPaMM-MOJIEKYJa, FPaMM-aTOM, IpaMM-HOH, TENEPb - MOJb MOJIEKYJ, MOJIb
aTOMOB, MOJIb MOHOB, NojpazymeBas moJ 3TuM Na MoJeKys, aTOMOB, HOHOB M COOTBETCBEHHO HX
MOJIIpHBIE MAcChl, BEIPAKEHHBIE B TPaMMaXxX WU KWorpamMmmax. TpaJuiluOHHO YIOTPEOIISIOT B KaueCTBE
CHHOHMMA TEPMHUH "MOJEKYISIPHBIA (MOJISPHBIA) Bec", TaK KaK ONpeIeeHne MacChl IPOU3BOAMUTCS C
MOMOIIBI0 BecoB. Ho, B oTiMUmME OT Beca, 3aBUCSIIETO OT reorpaguuecKux KOOPHHAT, Macca sSBISETCS
MMOCTOSIHHBIM TIapaMETPOM KOJIMYECTBA BEMIECTBA (IIPU OOBIYHBIX CKOPOCTSX IBHKCHHS YAaCTHI[ B

YCIIOBUSIX XUMHUYECKUX PEAKIUIT), T0O3TOMY IIPaBUJIbHEE TOBOPUTH ""MOJIEKYJIsipHast Macca'.

Metoasl omnpeaenenus. lcropuuecku nepBblii Meron (oOocHOBaHHBIM ucciaepoBaHusiMu  C.
Kannummapo u A. Aoranpo) npemioxer XK. /{roma B 1827 u 3akirodancs B U3MEPEHUU IUIOTHOCTH
ra3o00pa3HbIX BELIECTB OTHOCHTEIBHO BOJOPOJHOIO Ta3za, MOJspHAas mMacca KOTOPOro MpUHHMAJach
[IEpBOHAYAJIbHO PaBHOU 2, a IOCJIE MepPeXoaa K KUCIOPOAHON €IMHMIIE U3MEPEHUN MOJEKYISPHBIX U
aToMHbIX Macc - 2,016 r. Crnenyrommii 3Tanm pa3BUTUS SKCIEPUMEHTAIBHBIX BO3MOXKHOCTEH
OIIpEEIIEHUS] MOJIEKYJIIPHOM MacChl 3aKIIIOYAJICA B MCCIEAOBAHUN KUAKOCTEN U PACTBOPOB HE JIETYUHX
U HE JTUCCOLMMPYIOUIMX BELIECTB IyTeM HM3MEpEHHs] KOJUIMTAaTUBHBIX CBOMCTB (TO €CTh 3aBHCSIIUX
TOJIBKO OT YHCJIa PAaCTBOPEHHBIX YACTHUI) - OCMOTHYECKOI'O JaBJICHUS, MOHMKEHUS JaBJICHUS Mapa,
MOHW)KEHHUST TOYKM 3aMep3aHus (KPUOCKOIMHWS) M TIOBBIIICHUS TOYKHA KHIleHHS (20YTHOCKOMHS)
pPacTBOPOB IO CPABHEHMIO C YACTBIM pacTBOpUTENEeM. (OCHOBHBIM METOJOM OINPEACIEHUS aTOMHBIX U
MOJIEKYJISIPHBIX MAacC JIETYYMX BEIIECTB SABIAETCA Macc-cnekmpomempus. Js HccieloBaHUS CMECH
coequHeHN  A((PEeKTUBHO  UCHONB30BAaHUE  Xpomamo-macc-chekmpomempuu. llpu  manoi
MHTEHCUBHOCTU MHMKAa MOJIEKYJSIPHOIO HOHA MPUMEHSIOT 3(P¢y3HOMETpHUUECKUe MPUCTaBKM K Macc-
ciekrpomeTpaM. Dhdy3noMeTpudeckii crmocod OCHOBaH Ha TOM, YTO CKOPOCTh BBITEKAaHUS Tras3a B
BaKyyM M3 KaMepbl uyepe3 OTBEPCTHE, AMAMETP KOTOPOrO 3HAUUTEIbHO MEHBIIE CPEAHEr0 IYTH
cBOOOHOrO Mpodera MoJeKyJbl, 00paTHO MPONOPIHOHATIbHA KBAJIPaTHOMY KOPHIO M3 MOJIEKYISIPHOM
Macchl BEILECTBA; CKOPOCTh BBITEKAHHSI KOHTPOJUPYIOT IO M3MEHEHHIO JaBIIEHHS B Kamepe.
MornexyssipHas Macca JIETy4YuX COSAMHEHUN OMpeAessiioT TaK)Ke MEeTO/IaMu ra3oBoi xpomarorpaduu c
razoBeIMu BecaMu MaptuHa. IlocnegHue H3MEpPAIOT CKOpPOCTh IEPEMEIEHUs Tra3a B KaHale,
COEUHSIONIEM TPYOKH, IO KOTOPBIM TEKYT ra3-HOCUTENb U Ta3 U3 XpoMaTorpaguueckoil KOJOHKH, UYTO
MO3BOJISIET ONPENENSITh PA3HUIlY IUIOTHOCTEH STHUX Ta30B, 3aBHUCSILYI0 OT MOJEKYJISIPHOW MaccChl

HCCIIEIyeMOT0 BelecTBa. MOJEKYIApHYI0 Maccy M3MEPSIOT Ul MACHTH()UKALUU XUM. COCIMHEHUH,
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JUIS YCTAHOBJICHHUSI COJEp>KaHUS OTIENbHBIX HYKIHAOB B COEAMHEHUSAX, HamlpuMep B BOJIE,
UCIOJIb3YEMOM B aTOMHBIX JHEPreTUYECKUX YCTAaHOBKAaX, a TaKXKe IMPU HCCIEIOBAaHUU U CHHTE3E
BBICOKOMOJIEKYJISIPHBIX COCIMHEHHH, CBOMCTBA KOTOPHIX CYIIECTBEHHO 3aBUCAT OT UX MOJICKYJISPHOM
Maccel. CpeaHue 3HAYeHUs MOJCKYJSIPHBIX Macc TOJMMEpPOB YCTaHABIMBAIOT C IOMOIIBIO
MEPEUUCIICHHBIX BBIIIE METOAOB, OCHOBAHHBIX Ha KOJUIMTAaTUBHBIX CBOMCTBaX pa30aBICHHBIX
pacTBOPOB, IO YHUCIY JBOWHBIX CBsi3ed ("MATKEM" 030HONM30M) WIM (PYHKIIMOHAIBHBIX TPYIII
(MeTomamu (pYHKIIMOHATHHOTO aHANM3a), @ TAKXKE MO TAKUM CBOMCTBAM UX PACTBOPOB, KaK BSI3KOCTh,
cBeropaccessnue. CpenHue 3HAYEHHUS MOJICKYJISIPHBIX MacC IOJIMMEPOB  BBICOKOM  CTENEHH

moJIMMEpu3anu OpeaACIAOT 110 UX PCOJIOTHYCCKHUM XapaKTCPHUCTHUKAM.

Oo0opyooearue u mamepuaivl:

PeakTuBbl, HCOOXOMMBIC ISl TaHHOW pa0OThI, BRICTABIISIOT HA TOJIKHM J1a0OpaTOPHBIX CTOJIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIC KUCIOTHI M INENOYM, NaxXydhe BellecTBa (HalpuMep, CepoBOJIOPOL,
OpoMHasi BoJa 1 Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHOBHasi XUMHUYECKasl MOCy1a: MPOOUPKHU (B INTATHBE), KOJObI, XAMHUECKUE CTAKaHBI MOCIE PaOOTHI
TIIATEIBHO BBIMBITh, BEChl C PAa3HOBECOM, MPHOOPHI, HCIOJIb3yeMasi Uil TPOBEICHHS OTICIbHBIX
nmabopaToOpHBIX PaboT, BRIAACTCS U CIACTCS YHUCTas JTa0OpaHTy.

Texnuka dezonacnocmu npu_8blNOJIHEHUN J1A00PANOPDHOU_Padombl:

-aKKypaTHO 00pamaTsCsi O CTEKJISHHOM XMMHUYECKOH IOCYIOW. OCTaTKU pa3OUTOM Mocyasl youparth ¢
MIOMOIIBIO COBKA U IMIETKU,;

-BC€ pa6OTI>I, CBA3aHHLBIC C BBIICJICHUCM SAJOBUTLHIX, JICTYUUX W HCIPUATHOINAXHYIIHUX BCHICCTB,
MIPOBOJIUTH B BBITSDKHOM HIKA(Y;

-IpY ONpEENICHUH 3allaxa BEeIIeCTB OTBEPCTHE cOCyZa JepXkaTb Ha paccTosHuM 25-30 cM OT suna,
HanpasJsisl K cebe CTPYIo ra3a MnocTynarelbHbIMU JBH)KEHUSMH JIaJIOHU OT OTBEPCTHS K JIMILY;

-IpY HaJMBAHWU DPEAKTUBOB HE HAKJIOHATHCA HaJ COCYIOM BO HM30€KaHHE MONajaHus OpbI3r WIH
YaCTHUIl Ha JIMIO WA OJCKAY. IpU p336aBJ'IeHI/H/I KOHIOCHTPUPOBAHHBIX KUCJIOT BJIMBATH KUCJIOTY B BOAY,
HO HE Hao0OopoT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K cebe UM B CTOPOHY COCe/la. HEe HAKJIOHAThCA
HaJ1 HarpeBaeMoi KHJIKOCThIO BO M30€XkaHNe MONaaHus e€ Ha U0, PYKH WIH OJIeXKIY;

-ropsiYre MPEeIMEThl MOXXHO CTaBHTh TOJIbKO Ha acOECTOBBIM KapTOH, acOSCTHPOBAHHYIO CETKY WIIH
APYTYIO CIICIHATbHYIO TOJICTABKY;

-HeJb3s MOJIb30BATHCS HIEKTPONPUOOpaMu 6€3 COOTBETCTBYIOIIETO HHCTPYKTaXa. MPH BKJIIOUYCHUU UX B
CeThb HeJb3sl IePIKaThCs 38 METAIIIMYECKUE TTpeAMETHI (TpYOBl, KpaHbl  T.I1.). 3allpeliaeTcsi BKIOYATh U
BBIKJIIOYATh SHCKTpOHpI/I60pBI MOKpPBIMH pYKaMH, a TaK¥XE II0Jb30BaTbCA HCEUCIIPABHBIMHU HIIN

MMEIOLIUMH OroJIEHHBIE TIPOBOIA TPUOOPAMU;



-3anpemaeTcs MPUHUMATh THIY B XUMHYECKON JTab0paTopuu U MHTh BOIY U3 JIAOOPATOPHOU MOCYIBL. -
-KaTerOPHUYECKH 3alpeIacTcs mpoOooBaTh PEaKTHBHI Ha BKYC;

-IpU TIOTAJJaHUK HA JIMLO WIM PYKH OpBI3r KOHIICHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBAaHUS BOJOU
IPOMBITh CIa0BIM PAaCTBOPOM COJBI. IIENOYb CIEAYET CMBIBATh O TEX IOp, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHa TIOoMaJa, He MepPecTaHeT ObITh CKOJB3KUM; 3aTeM HPOMBITh CJIa0BIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh MOBS3KY U3 BaTbl, CMOUYEHHOU 3%-HbIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeyKky B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHHUH PAaOOTHI BHIKIIIOYUTH U3 CETU BCE AJIEKTPOIPUOOPHI, IEPEKPHITH T0Jauy r'a3a U BOJBI B
nabopaTopuro ¥ yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIyYasiX HEMEJICHHO COOOIIaTh PEnoIaBaTesio Wik Ja0opaHTy.

Ilpaxmuueckas uacms:

MonekynsapHyo MacCy AUOKCHIA YIIIEpO1a MOKHO ONPEACIIUTh TPEMs CIIOCOOaMU:
a) 10 OTHOCUTENBHOM TNIOTHOCTH raza Mco2= 1 * Mposn (1), e

Mco2 — MonekynspHas Macca JUOKCH/IA yIIIepoia;

Mpgosg— MOJEKyJsipHas Macca Bo3lyxa, paBHas 29 a.e.M.;

JI — muotHOCTh CO> 110 OTHOIIEHHUIO K BO3IYXY.

b) 1o momspaOMy 00BEMY CO; . 22,4 e Mco2 (2). e
\
Mco2 — Macca JUOKCUAA yriepoja, T ;
V. — 06éM CO, Ipi HOPMAITBHBIX YCIOBHSAX, CM® |
22,4 — o6béM 1 1/ Mons moboro raza npu HopMaibHbIX yeaosusax (0°C, 101,325 kIla), .
c) o ypaBHeHHI0 MeHeneeBa-Kiaiinepona
_ Mcoz RT e
-

P — naBnenue CO; B kosbe, paBHOe aTMochepHOMY, Klla;
V — 00BéM CO3, paBHBI 00bEMY KOOI, CM3;
R — yHuBepcanbHas ra3opas noctosHHas, paBHas 8,314 J[x/mounb e K;
T — temneparypa, K.
Ilocnedooseamenvrhocmo 6vinoIHeHUs padbomol:
1.  3akpeiTh HpoOKOH Cyxyl0 KOOy, NPUTOTOBJICHHYIO Ja0OpaHTOM Ui OIbITa. BOCKOBBIM
KapaHJallloM OTMETUTh Ha KoyIOe HMXHMUA Kpail mpoOku. B3BecuTh Ha TEXHHYECKHX Becax Kojly ¢
BO3yXoM (mj). OnmycTuth B K00y Ha 1-2 MUHYTBHI TpyOKy, IO KOTOPOH MAET TOK YIJIEKUCIOrO rasa.

3areM MOJAHECTU K OTBEPCTUIO TPYOKH TOPSIIYIO TYYUHKY: €CJIM OHA TacHET, 3HAYHUT KO0JI0a MOJHOCTHIO

3aroJHEHA YTJIIEKHUCIBIM Ta30M. 3aKpbITh KOJOY MpOOKOW 10 METKH W B3BecUTh (my). EmE pa3



3aIl0JIHUTh KOJIOy ra30M U B3BECUTH (M3). Pe3ynbTaThl 3TUX IBYX B3BELUIMBAHUN HE JIOJKHBI OTJINYATHCS
6omnee yem Ha 0,01r. J{7s1 pacuéToB UCMONB30BaTh CPEAHHUE TAHHBIC.

2.  BbumTth Boany B KOJIOY 710 METKH, 3aT€M MEPETUTH €€ B MEPHBIN LUIMHIP U U3MEPUTH 00BEM BOJIBI
(xombsr) - V.

3. 3anmwmcars Temmeparypy (t°C) u naBnenue P, mpu KOTOPHIX IPOBOISAT OIBIT.

4.  TlpousBecTH pacyéTshl:

~  npuBecTU 00bEM KOJIOBI - V K 00bEMY IIPU HOPMAJIBHBIX YCIOBUSX Vo;

- ONIpEeNIeTUTh MacCy BO3yXa B KOJIOE Myysy, CUMTAs Maccy 11 Bo3myxa paBHoi 1,293 1

~  HalTH Maccy caMoil KoJIObI ¢ MPOOKON Myqpe:

~  OIpEAEIUTh Maccy YIVIEKHCIIOro raza mco; -

Ycnosus u PE3YyIbTaThl OIIbITAa 3aHECTU B Ta6n1/1uy.

Macca K005l ¢ Macca k0105l ¢ V,ma | t°C P, xIla | Vo,MIT | Mgosy Myons Mco;,
BO3[yXOM My,T CO; (My+ m3)/2 -

Mep, T

5. PaccuntaTth MOJEKYJISIpHYIO Maccy quoKcuaa yriepoaa mo gopmynam (1), (2), (3). Haiitu cpennee
3HayeHue. OnpenenuTs OTHOCUTENBHYIO OHOKY 10 (opmyIie

44 — Mco»

_ *100% ,
Omnbxka, %= a4

rjae 44 — necTBUTENBHOE 3HAUCHHE MOJIeKyIsipHOM Macchl CO».

Tpeﬁoeanuﬂ K 0¢0pMﬂeHu10 Jlaﬁopamopnoﬁ paoomvlL u omuemy:.

1.BemonHenne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amucsIMH B JaboparopHoM kypHane. Ha
TUTYIBHOM JIMCTE J1a0OpaTOPHOTO KypHala JOJKHBI OBITH MPEACTABIICHBI: Ha3BAaHUE YHUBEPCUTETA,
(dhaMuTHsI ¥ MHUITUATBI YYaIeTrocsi, HOMEp Kypca u TPYIIIbI, y4eOHBIH oI

2.0T14eT 0 BBITOJIHEHHOH Ta00OPaTOpPHOH paboTe JOIKEH COJIEPIKATh CIICTYIOIINE CBEICHNS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS paOOTEHI;

*IIeJIb PaOOTHI;

*000pyZIOBaHNE M MaTEPHAIIBI;

*KpaTKOE TEOPETHUECKOE ONHCAHUE;

*HOMEp U Ha3BaHHE OMbBITA;

*KpaTKOE OIMHMCAaHNE X0/a pabOThI C YKa3aHUEM YCIIOBHIA TPOBEICHUS OITBITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TIPUOOPOB;

*HAOJIIOICHHS;

*ypaBHEHUS POTEKAIOIINX PEaKIIHii;




*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IB.

3.JIabopaTopHBIii ’KypHaI HYy>KHO BECTH YHCTO U aKKYpaTHO, 3aIIMCH JOJDKHBI ObITh TAKOHUYHBIMU.
4.0T1uéT 0 IpoBeIEHHON paboTe MPOBEPSET U MOAMUCHIBACT MIPETIO1aBaTENb.

5K cpaue 3auéra mo 1abopaTOpHOMY MPAKTUKYMYy JOIYCKAIOTCSl CTYAEHTBI, BBIIOJIHUBIIME MU
MOJIMCABIINE Yy IpernojaBaTelii Bce JOMallHWE U Ja0bOopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABILKE B pab0OTEe CEMHHAPOB.

6.CTyneHThl, TOMYYHBIINE 3a4€T MO JIAOOPATOPHOMY IPAKTUKYMY, JOIYCKAIOTCS K Clladye SK3aMeHa 110
KypCy HEOPraHU4eCKOH XUMHH.

Konumponwvnsie gonpocel :

1 OcHoBHbIE TOHSTHUS: XUMHUYECKUM JJIEMEHT, aToM, MOJIEKYyJia, OTHOCHUTENbHAs aToOMHas U
MOJIEKYJIIpHas Macca.

2.IIpocToe U CI0KHOE BEILIECTBO.

3. KomnuuectBo BemiecTBa, MOJb, MOJIIpHAs Macca, SKBUBAJICHT, MOJSIpHas Macca JKBHUBAJICHTA.
4.OCHOBHBIE KOJIMYECTBEHHBIC 3aKOHBI XMMHH: 3aKOH IOCTOSHCTBA COCTaBa, 3aKOH SKBUBAJICHTOB,
3aKOH KpPaTHBIX OTHOLIEHUM.

5.Metonpl onpeenieHrs MOJIEKYJISIPHOW U aTOMHOM MacChl.

Cnucok q1umepamypbol

1.Heopraunueckast xumust [DneKTpoHHBIH pecypc] : naboparopHbiii npaktukym / C.A. CokonoBa [u
ap.]. — DIeKTpoH. TeKCTOBble NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbI ArpapHblil
VYuusepcurer uMm. Mmmeparopa Ilerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

2.Heopranuueckass xuMmusi [DIeKTpOHHBIA pecypc] : naboparopHslil mpaktukym / O.B. JpskoHoBa [1
ap.]. — DIeKTpoH. TeKCTOBble NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer um. Ummeparopa Ilerpa Iepsoro, 2016. — 150 ¢. — 2227-8397. — Pexxum poctyna:
http://www.iprbookshop.ru/72708.html

JlaGopaTopHas padora Ne 4
Tema 4: KoMiLieKCHbBIE COeTHHEHUS

Leny paompi: Tonyuenne akBAKOMIIEKCOB, PEaKIMy TepMoln3a. Ilonyuenne akBakoMuiekcoB Cu’* |

N i2+, Cr3+, MoJIydeHue " CBOMCTBaA THAPOKCOKOMIIJICKCOB  0OJIOBA W XpOMa, IOJYUCHHUC
AMHWHOKOMIIJICKCOB U alTUIOKOMITJICKCOB, U3YYCHHUC JIBOfIHBIX COJICH.

Dopmupyemvie komnemenyuu.;, OIIK-1.

Teopemuueckan uacmo:




KomnuiekcHble coeUHEHUS] 5TO MOJIEKYJISIPHbIE WM HOHHBIE COEIUWHEHUS, 0Opa3ylouluecs MmyTemM
MPUCOEANHEHNUST K aTOMy WM HMOHY MeTajljla WM HEeMeTalsla, HeUTPaJbHbIX MOJEKYN WU APYTUX
noHOB. OHU CIOCOOHBI CYIIECTBOBATh KaK B KPUCTAJUIE, TaK U B pacTBOPE.

OcCHOBHBIE M0JI0:KEHUS ¥ MIOHATHS KOOPAUHAIIMOHHOW TeOPHUM.

Jlst 0OBSICHEHHS! CTPOCHUSI U CBOMCTB KOMITJIEKCHBIX COeTMHEHHMH B 1893 r. mBeHIapcKuM XUMHKOM A
Bepuepom Oblna mpeasioskeHa KOOPAMHAIMOHHAs TEOpHsl B KOTOPYIO OH BBEN JIBa IMOHATHUS: O
KOOPJAMHALIMKI U O TOOOYHOM BaJICHTHOCTH.

Ilo Bepnepy enasnoul eanenmuocmvio Ha3bIBAETCSI BaJEHTHOCTh MTOCPEIACTBOM KOTOPOW COEAMHSIFOTCS
aTOMbI ¢ 00pa30BaHUEM MPOCTHIX COCAUHEHUH, TOAUHNHSIOIINXCSI TEOPUU

BajieHTHOCTH. Ho, ucuepmnaB riaBHyI0 BalIeHTHOCTb, aTOM CIIOCOOEH, KakK MpaBWIIO, K JalbHEHIIEMY
MPUCOCTUHEHUIO 32 CUET N0OOUHOU BANEHMHOCMU, B PE3yNbTaTe MPOSBICHHUS KOTOPOH M o0paszyercs
KOMILJIEKCHOE COEJIMHEHUE.

[Ton neiicTBHEM CUJI INIaBHOM U TOOOYHOM BaJIEHTHOCTH aTOMBI CTPEMATCS PAaBHOMEPHO OKPYKUTh CeOsI
MOHAMHM WJIM MOJIEKYJIaMH M SBJISIOTCS TakUM 00pa3oM IEHTPOM NpUTSKEHUs. Takue aToMBbI
HA3BIBAIOTCSA  YEHMPANbHLIMU — UMU  KoMniekcoobpazoeamensimu.  VIOHBI WU MOJEKYJIBI,
HENOCPEACTBEHHO CBSI3aHHBIE C KOMIUIEKCOOOpa30BaTEIEM, Ha3bIBAKOTCS JUSAHOAMU.

[TocpencTBoM TJIaBHOW BAJCHTHOCTH MPHUCOCAUHSIIOTCS JIMTAHIbl MOHBI, a IMOCPEACTBOM IMOOOYHOI
BaJICHTHOCTH — MOHBI 1 MOJICKYJIBI.

[IputsokeHue NUraHa K KOMIUIEKCOOOpPA30BaTENI0 HA3bIBAETCS KOOPAMHAIMEH, a YHMCIO JIMTaHA —
KOOPJMHAIIMOHHBIM YMCIIOM KOMILIEKCOOOpa3oBaTess.

MoHO cKa3aTh, YTO KOMIUIEKCHBIE COEAMHEHMS 3TO COEAMHEHMSI, MOJIEKYJbl KOTOPBIX COCTOAT W3
[EHTPATBHOTO aroMa (WM HMOHA) HEMOCPEACTBEHHO CBS3aHHOTO C OMPENEIEHHBIM UYHCIOM JAPYTUX
MOJIEKYJT UJT HOHOB, Ha3bIBAEMBIX JIUTAHIAMH.

B ponn KOMIUIEKCOOOpa30BaTeNell dalle BCEro BHICTYNAlT Katnombl MeramioB (Co™®, Pt™ Cr
Cu*?Au™u 1p.)

B kauectBe nurannoB moryt Beictynatk HoHbl Cl, CN', NCS', NOy, OH, SO,% Tak HENTpajbHbIE
monekynsl NHs, HyO, aMuHbBI, aMUHOKHUCTIOTHI, CIUPTHI, THOCTHPTHI, PH3, 3dupsr.

Yucno KOOpIMHAIIMOHHBIX MECT, 3aHMMAE€MBbIX JIMTAHIOM OKOJIO KOMILJIEKCOOOpa30BaTesi, Ha3blBaeTCs
€ro KOOPOUHAYUOHHOU EMKOCMbIO UNU OEHMAMHOCMBIO.

Jluranael, mnpUCOETUHEHHBIE K KOMILJIEKCOOOpPAa30BaTENI0 OJHOM CBS3bIO, 3aHUMAOT  OJHO
KOOpAMHAIIMOHHOe MecTh u HasbiBaroTcs MoHozaeHTaTHeiMH (CI, CN', NCS’). Ecnm ke nuranpg
MpPUCOEANHEH K KOMIUIEKCOOOpA30BaTENI0 TOCPEICTBOM HECKOJIBKUX CBsI3ed, TO OH SBISETCS

nojuaeHTatHbiM. Hampumep: SO.* , COs5? SIBISIFOTCS GUICHTATHBIMIL.



KommekcoobpaszoBatenb U JIMTaHIbl COCTABISIIOT 8HYMPEHHIOW chepy COSTUHEHUS WU KOMILIEKC (B
(dbopMynax KOMIUIEKC 3aKJIIOYalOT B KBaJpaTHble CKOOKM). MIOHBI, HE CBsI3aHHBIE HEMOCPEICTBEHHO C
KOMILIEKCOOOpa3BaTesieM, COCTABIISIIOT 8HEUHION KOOPOUHAYUOHHYIO chepy.

Honbl BHemHEW cdepbl CBA3aHbI MEHEE MPOYHO IO CPABHEHHUIO C JIMTAHJAMU H IMPOCTPAHCTBEHHO
yaajaeHsl OT KoMILIeKcooOpa3oBarens. OHU JeTKO 3aMeNIatoTCsl IPYrUMH HOHAMU B BOJIHBIX PACTBOPAX.
Hanpumep, B coequnenun K3[Fe(CN)g] xommiekcooOpa3oBareieM sSBIAETCS Fe*?, nurangamu - CN'.
JIBa nuranjga MpUCOEIMHEHBI 33 CUET IVIABHOW BAJIGHTHOCTH, a 4 — 3a cueT NMOOOYHOM BaJICHTHOCTH,
CJIeI0BATEIbHO KOOPAMHAIIMOHHOE YHCIIO PABHO 6.

Wou Fe™ ¢ muranmamu CN™ cOCTaBISsIOT gHympennioio cgepy unu Komniexc, a NoHsl K BHEIIHIOH

KOOPJIMHAIIMOHHYIO cepy:

K+

Kak mpaBuiio KOOPAMHAIMOHHOE YHKCIO PAaBHO YABOCHHOMY 3apsay KaTHOHA MeTayjia, HarmpuMmep:
OJIHO3apsIIHbIE KATUOHBI UMEIOT KOOPAMHALMOHHOE YHCIIO paBHOE 2, 2-X 3apsaHble — 4, a 3-X 3apsiAHble
— 6. echnM DJIEMCHT TMpPOSBISET IEPEMEHHYIO CTENCHb OKHCIICHHS, TO C YBEJIMYCHHEM ¢
KOOPIMHAIIHOHHOE YKCII0 pacTeT. J[jis HEeKOTOPBIX KOMILJIEKCOOOpa3oBaTeeii KOOPIUHAIIMOHHOE YUCIIO
sBIIsIETCS ToCTOsTHAEIM, Hampumep: Co™, Pt™, Cr*® nmeror koopamHanmonHoe unciio pasHoe 6, y HOHOB
B*3, Be™, Cu*?, Au™ koopanHaIOHHOE YHCIIO PaBHO 4. [1si GONBLIMHCTBA HOHOB KOOPAMHAIMOHHOE
YHUCJIO SIBISCTCS MEPEMEHHBIM M 3aBHCHUT OT NPUPOJBI HMOHOB BHEIIHEH cdepbl M OT YCIOBHIA
00pa30BaHMs KOMITJIEKCOB.
Kiaccudukaius KOMILTICKCHBIX COCIMHEHHUI TIPOBOUTCS TI0 Pa3IMYHBIM MPU3HAKAM.

1. Tlo 3apsiiy KOMIJIEKCHOTO HOHA PA3JIHYarOT:
-karronuble [Cu(NHs)s]?
-anmonHsie [Co(NO3)s]*
-eiitpanshsie [Pt(NH3)Cl,]°

2. Tlo xapakTepy JIMTaH/IOB Pa3IUYalOT:
-akBo- [Cu(H20)4]SO4
-aMmMuHO-[CU(NH3)4]SO4
-anu10- Ko[Cu(Cl)4]
-ruipokco-Ko[Cu(OH)4]

[To ctpykType BHYTpeHHEHW cdepbl pa3andaioT BHYTPUKOMILIEKCHBIC (IIUKIMYECKHE) COCTUHEHUS.

Hanpuwmep, B ®HBOM OpraHu3Me BCTPEUAIOTCS KJICIIHEBHIHBIC (XENaTHBIC) MATHWICHHbIE IUKIBL. OHU



00pa3yloTcsl KAaTUOHOM METajula U a-aMHUHOKHcIOoTaMH. K HUM OTHOCATCS T€MOTJIOOWH, XJIOpOQHILI,

BUTaMUH B1o.

[Ipu cocTtaBieHny Ha3BaHUS KOMIUIEKCHBIX COSAMHEHHI PYKOBOACTBYIOTCS CIIEIYIOIIMMHU MTPaBUIAMU:

- CHayvasla Ha3bIBalOT BHYTPEHHIONO cepy;

- COCTaBHbIC YacTH €€ Ha3bIBAIOT B CIEAYIOIIEH IMOCIIEI0BATEILHOCTH: JIMTaHAbl AHUOHBI, JIMTAH/Abl —
MOJIEKYJIbI, KOMILIEKCOOOpa3oBaTelb. 3auchIBalOT GOpMyIy B 0OpaTHOM MMOCIIeJ0BATEIbHOCTH.

- K Ha3BaHWsM JIMTaHJO0B — UOHOB J00aBIsAOT okoHuaHue «o» (Cl'xmopo-, CNumano-). HeittpanbHbie
MOJIEKYJIBI COXPaHSIOT CBOM Ha3BaHuUs, 3a uckitoueHueM HyO — akBo, NH3z — amuH.

- YHCJIO JIMTaH/0B YKa3bIBAIOT IPEUECKUMU YUCIUTEIbHBIMU: I, TPU-, TETPA-, IEHTA-, TeKca- U T.1.

- B [IOCJIEJTHIOIO OY€pe/Ib Ha3bIBAIOT HOHBI BHEIIHEN Cephl.

[Mpumep: karuonnbie —[CU(NH3)4 ]SO4— Terpaammunokympar (II) cynsdart;

aaronHbie — Naz[Co(NO,)s] —rexcanutpoxobosbtat (I11) HaTpus;

Heiitpanbhbie [Pt(NH3)]Cl; - nuxioponmaMMuHoIIaTHHA.

Oobopyooearue u mamepuaivl:

PeakTuBbl, HCOOXOMMBIC ISl TaHHOW pa0OThI, BRICTABIISIOT HA TOJIKH J1a0OpaTOPHBIX CTOJIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIC KUCIOTHI M INEIOYM, NaxXydhe BemecTBa (HampuMmep, CepoBOIOPO,
OpoMHasi BoJa 1 Ap.) XpaHAT B BBITSDKHOM IIKady.

OcHoBHasi XUMUYecKasi MOCyAa: MPOOUPKH (B IITATHBE), KOJIObI, XUMUYECKUE CTaKaHBI MOCIE PabOThI
TIIATEIbHO BBIMBITH, BEChl C PA3HOBECOM, IMPHOOPHI, HCIOJIb3yeMasl Uil MPOBEIEHHsS OTIAENIbHBIX
1a00paTOPHBIX paldOT, BBIAETCS M CAAETCS YMUCTast TaOOpaHTy.

Texnuka bezonacnocmu npu eévlnojinenuu ﬂaﬁopamopnoﬁ pabomoi:

-aKKypaTHO 00pamaTrhCsi CO CTEKISTHHON XMMHUYECKOW MOCY0M. OCTaTKH pa3OUTON MOCYAbl yOuparth ¢
MTOMOIIIBIO COBKA M IIETKH,

-Bce palOTHI, CBSI3aHHBIC C BBIACNECHUEM SOBUTHIX, JIETYYHX M HEMPUATHOMAXHYIIUX BEIIECTB,
MIPOBOJIUTH B BBITSDKHOM HIKA(Y;

-TIpU OTIPE/ICIICHUM 3araxa BEeIIECTB OTBEPCTHE cocyla JepkaTh Ha paccrtosHuu 25-30 cM OT JuIa,
HaMpaBIssg K ce0e CTPYIO raza MmocTynaTelbHBIME JBHKEHUSMU JIAJIOHUA OT OTBEPCTHUS K JTUILY;

-IpY HAIMBAHMM PEAKTUBOB HE HAKJIOHATHCS HAJ COCYJOM BO H30exaHHe MomajaHus OpbI3T WU
YJaCTHUIl Ha JIMIO W OJCKAY. IpU pa36aB.]'IeHI/II/I KOHICHTPUPOBAHHBIX KUCJIOT BJIMBATh KUCJIOTY B BOAY,
HO HE Hao0OopOoT;

-TIpY HArpEeBaHUU MPOOUPKH HE JIEPKaTh €€ OTBEPCTHEM K cede HIIM B CTOPOHY cocella. He HAKJIOHAThCS
HaJ HarpeBaeMol JKUIKOCTHIO BO M30eKaHue TonagaHus e€ Ha JIUIO, PYKH WU OJICXKIY;

-TOpSIYME TPEIMETHl MOXXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, aCOECTHPOBAHHYIO CETKY WIIH

JPYTYIO CHEIUANIbHYIO TI0JICTaBKY;



-HEJb3s1 TI0JIB30BATHCS IIEKTPOIPUOOPaMHU 0€3 COOTBETCTBYIOIIEr0 MHCTPYKTaXa. MIPH BKIFOYCHUHU MX B
CEeTh HEJb3s ICPKAThCS 32 METALTMYECKUE TIPEAMETHI (TPYOBI, KpaHbI  T.I1.). 3allpeniaeTcsl BKIOYATh U
BBIKJIIOYATh 3JIEKTPONPHOOPHl MOKPHIMH pPYKaMH, a TaKKe IOJb30BATHCS HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE IPOBOA TPUOOpaMH;

-3anpeaeTcs MPUHUMATh IHIY B XUMHYECKON J1ab0paTopuu U MUTh BOAY U3 J1a00OpaTOPHOM IMOCY/IHI. -
-KaTerOPHUYECKH 3aMpeIacTcs NpoooBaTh PEaKTHBHI Ha BKYC;

-IpU TIOTAJJAHUK HA JIMLO WIM PYKH OpBI3T KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBAaHUS BOJOU
MPOMBITH CIa0BIM PAaCTBOPOM COJIBL. IIENOYb CIEAYEeT CMBIBAaTh J0 TE€X MOp, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHa TOoMaJa, He MepPecTaHeT ObITh CKOJB3KUM; 3aTeM IPOMBIThH CIIa0BIM PACTBOPOM YKCYCHOM
KHUCJIOTHl U HAJIOKUTh TIOBS3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOPOM IepMaHraHata Kamus (W3
anTeyKy B TaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHHUH PA0OTHI BHIKIIIOYUTH U3 CETH BCE DJICKTPONPHOOPHI, IEPEKPHITH MOJIa4y ra3a U BOJBI B
naboparopuro u yopath paboyee MecTo;

-000 BCEX HECYACTHBIX CIyYasX HEMEJICHHO COOOIIaTh MPENoIaBaTeso Wik JJa00paHTy.

Ilpakmuueckana uacmo:

OmnbiT Nel. [TonyyeHne akBaKOMILIEKCOB.

Harpeiite B ¢apdopoBoii wyameuke HEOONBIIOE KOJWYECTBO KPHCTALIOTHApaTa cyiabhaTa MeIu.
OtmerbpTe 1BeT Oe3BonHoi conmu. Ilocne oxmaxknenus comu (dhaphopoByro HalKy MOXKHO Oparthb
pykamu) npubaBbTe Boay. V3MeHeHMe IIBeTa CBSi3aHHO ¢ 0Opa3zoBaHMeM akBakomiuiekca. Ilogo0HbIe
orepaluu npojenaiTe ¢ KpUCTAJUIOTHApaTaMu cyibgaTa HUKENs, XJopuaa xpoMa. Hanumure peakuumn
TepMonu3sa 1 (popmyis akakommiekcos Cu’*, NiZ¥, Cré'.

OneiTr Ne2. B dapdopoBoii uamedke HeOOJIbIIOE KOJIMYECTBO KPHUCTAUIOB XJOpHAa KoOanbTa
pacTBOPUTE B HECKOJBKUX KaIUIIX KOHIEHTPHUPOBAHHOM COJSTHOM KHCIOTHI (OCTOPOXKHO C KHCIOTOM,
ONBIT MPOBOAUTH MOJA TAroi). OTMETbTE OKpacKy pacTBOpa, KOTOpas BbI3BaHa OOpa30oBaHHEM
TETPaxJI0pKOoO0IbTOBOM KHCIOTHI. [Ipu pazbaBieHune MOMy4eHHOTO pacTBOpa BOAON OKpacka MEHSEeTCs
Ha PO30BYIO, XapaKTEpHYIO Ul T'MJIpaTHPOBAHHOTO HOHA KoOanbTa. Hanuimmre ypaBHeHUs peakLui.
OnpiT Ne3. [TosydyeHne ruIpOKCOKOMILIEKCOB.

K pactBopy conu muHka npubaBbTe pacTBop mEnoun. OOpa3yronmics 0caioK THAPOKCHIA B U30BITKE
IEI0YM PacTBOPSIETCS M MPEBPAILAeTCsl B PACTBOPUMBIA THIPOKCOKOMIUIEKC. AHAJIOTMYHO MOJIYYUTE
T'MIPOKCOKOMIIJIEKCHI aJJFOMUHUS, 0JI0BA U XpOMa.

OnbiT Ne4. [TonyyeHne aMMHOKOMITIIEKCOB.

A. K pactBopy cynbdara MeAu IOCTENEHHO IpHU IMEPEMEIIMBAHUM WIM BCTPSIXUBAHUU J00aBbTE
pacTBOp KOHIIEHTPHUPOBAHHOTO aMMuaka. OOparuTe BHHUMaHWE HA TO, YTO OOpA3yIOIUNUCS CHHHUI
0CaJI0K THUJIPOKCHIA MeIU B M30BITKE aMMHUaKa pacTBOPSIETCS BCIEACTBUE 00pa30BaHMs PacTBOPUMOIO

aMMuakaTa MeIu. DTO COIMPOBOXKIAETCs pe3KuM u3MeHenueMm I1Bera. Mon terpaaunammunmenu (II)



MOKHO pa3pylIuTh 100aBiieHHeM pacTBopa cyibdara HaTpusa. OObsicHUTE, MoueMy? DTH K€ OIBITHI
POBEIHTE C pacTBOpoM coitu Ni%'.

B. B pactBope ammuaka Xopouio pactBopsiercs xJjiopuj cepedpa. [lonmyunre HemMHOro ocajka xJopuja
cepebpa W3 HUTpaTa cepedpa M PACTBOPUTE €ro B HECKOJIBKHX KaIlIIX KPENKoro amMmuaka. M3
MOJIYyYUEHHOTO pacTBOpa XJOpHIa JUaMMHHcepeOpa MOKHO BHOBB BBIIEIUTH XJIOpUJ cepedpa
noGaBieHreM a30THON kuciothl. [lowemy sto mpoumcxoaut? Conm cepebpa NeULUTHBIL, MOITOMY
BBUTUBAITE UX PACTBOPHI MOCIE MPOBEIEHHBIX OIBITOB B CHEIHMATIbHBIE OAaHKH ¢ 3TUKETKOH "[yis1 cimBa
cepebpa .

OnpIT NeS. TTonyyeHnue anua0KOMILIIEKCOB.

A. Tlonyuure HEMHOro ocajka xjopuia cepeOpa, ciieliTe pacTBOp, a K O0CaaKy A00aBbTE MO KaIlJIsAM
KOHIICHTPUPOBAHHOW COJSTHOM KHUCIOTHL. OCaloK pacTBOPHUTCS B M30BITKE KHCIOTHI ¢ 00pa3oBaHHEM
JUXJIOPCEPEOPSIHHON KHUCIOTHL.

b. K pactBopy conu Hg2+ no0aBbTe TIOHEMHOTY pacTBOpa Hoauaa Kamus. Beimamaer ocamok Homuma
pTyTH, KOTOphI B M30bITKE KI pacTBOpsiercss ¢ oOpa3oBaHHeM OECIIBETHOI'O TETPaloAO0THIpaprupat
(1)- nomna.

B. K 1-2 mn pactBopa conu Co?* nobGasbTe HIETIOTKY KPUCTAJUIMYECKOTO POJIaHU]Ia aMMOHHS.
OOpasyercsi KOMIUIEKCHBII HOH KoOallbTa CHHEro 1Bera. Eciam pacTBop pa3z0aBUTh BOIOH, TO OKpacka
M3MEHUTCS Ha PO30BYIO, XapaKTEPHYIO JIJIs akBaKOMILIeKkcoB kobanbTa (I1).

I'. Ha pactBop conu xene3a (III) moxeiicTByiiTe B 01HOM MpoOUpKE pacTBOPOM ILIENOYH, a B IPYroi -
pacTBopoM poaaHuaa amMMoHusA. OOBSCHUTE MNPOUCXOIAIIME SBICHHS. OTH pPEaKUMH MO3BOJISIOT
oOHapyXuBaTb B pacTBOpax HOHBI Fe**. Ha pactBop rekcauumaHodeppara (III) kamus Ttaxxke
MOJICHICTBYUTE pPACTBOPOM IIEINOYM M poAaHuza ammoHud. llouemy BO BTOpOM cilydae Mbl HE
HaOJI0aeM peakiuii, XapaKTepHBIX JIUIs HOHA Fe**?

OmnbIT Ne6. J[BOMHBIE COJIH.

JIBoitHyt0 conb - amromokanueBbie KBacibl K;SO4 Aly(SO4); - 24H,O MoxHO paccMaTpuBaTth Kak
KOMIUIEKCHOE COEIMHEHHE - TUCYJIb(aToaTOMUHAT Kaius. B Tpu mpoOMpKu HajelTe pacTBOp ITOM
COJIM, B KAUECTBEHHOM peaKkLUu ONPEAEINTE, KAKUE HOHBI €CTh B 3TOM PacTBOPE.

Hamnune B pacTBOope HOHAa Kaiusi MOXHO YCTaHOBUTH J00aBICHMEM THIpoTapTpaTa HaTpus
NaHC;H;Os. Tlpu 3amemeHun HaTpus KameM oOpa3yeTrcs HEpacTBOPUMOE COCAMHEHHE (OCaIOK
obpasyeTcst ObICTpee, eciM CTEKJISSHHOW TaJoukoi ToTepeTh cTeHkm mpobupkm). Mon K' mpome
otkpbITh pactBopoM Naz[Co(NOy)g]. st aToro k 1-2 M1 HCIIBITYEMOTO pacTBOpa J00aBUTh HECKOIBKO
Karenb KOOaJbTMHUTpUTA HATpus. Belmagaer KenTblii ocajiok KOOaTbTHUHUTpUTAa Kanmus. MoH Al
Oo0OHapyKUBAIOT J00aBIEHUEM LIENOYH, HOH SO4% 0CakIaIOT B BUJIE cynbdara 6apus.

Tpeobosanus K OdDODMJleHulO JaadopamopHoul ptl60mbl u omuemy.




1.BrimonHenue mabopaTopHBIX pabOT COMPOBOXKAAIOT 3amMCIMH B JabopaTOpHOM XKypHaie. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOTO >KypHajia JOJDKHBI OBITH IMPEICTaBJICHBI: Ha3BaHHE YHUBEPCHUTETA,
(dbaMuIHs ¥ MHUIIUATBI YYaIerocsi, HOMep Kypca ¥ TPYIIbl, y4eOHBIN TOJI.

2.0T14eT 0 BBINOJIHEHHOM Ta00paTOpHOI paboTe JOKEH COJIEPIKATh CICTYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IIeTTb PaOOTHI;

*000pyI0BaHUE M MaTEpHAJIbI;

*KpaTKO€ TEOPETHUECKOE OINHCAHUE;

*HOMEp U Ha3BaHHE OIbITA;

*KpaTKOE OMHMCAHKE X0Ja pabOThI C YKa3aHUEM YCJIOBHIA ITPOBEICHUS OIIBITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TIPUOOPOB;

*Ha0JIFOICHMS,

*YypaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JIabopaTopHEIi )KypHAT HY)KHO BECTH YHUCTO U aKKYPAaTHO, 3aITUCH JIOJDKHBI OBITh JTAKOHUYHBIMH.
4.014€T 0 mpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOJABATENb.

5K cmaue 3au€ra mo nabopaTOpHOMY WPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBHIMOJIHHUBIINE H
MOJINMCABIINE y TPENOaBaTessl BCE JIOMAIHUE W JIA0OpaTOpHBIE PabOThI, CIABIIHE KOJUIOKBUYMEI,
aKTUBHO Y9aCTBOBAaBIIIKE B Pa0OTE CEMUHAPOB.

6.CTyeHThI, MOJyYUBIINE 3a4€T 10 JJA0OPATOPHOMY MPAKTUKYMY, AOMYCKAIOTCS K cllaye IK3aMeHa T0
Kypcy HEOPTaHUYECKOW XUMUHU.

Koumponwvhbie gonpocel :

1 Kaxkoii BEIBOJ MOXHO CJIeJIaTh O MPOYHOCTH JAHHOTO KOMILIeKca?
2. Kak mpoTekaeT AuccoIuaus Takoro TUMa KOMITJIEKCHBIX COSTUHEHHI?

3. YCTOMYMBOCTH KOMIUIEKCHBIX CO€IUHEHHH B pacTBOpax

4. Kowmmiekcoobpa3yroriasi CmocCOOHOCTb S-, p- U d- 2JIEMEHTOB
5. Xapaktep XMMHUYECKOU CBSI3U B KOMITJICKCHBIX COSAMHEHUSIX
6. CrpoeHue MEKTPOHHBIX 000JI0UEK aTOMOB

7. DnexkTpoHHbIE GOPMYIIBI

Cnucok 1umepamypot:

1.Heoprauuueckast xumusi [D1eKTpoHHBIA pecypc] : naboparopHbiii npaktukym / C.A. CokonoBa [u
ap.]. — OJNEeKTpoH. TEeKCTOBbIE NaHHble. — BopoHnex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer uMm. Mmmeparopa Ilerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — Pexum moctyna:
http://www.iprbookshop.ru/72709.html



2.Heopranmdeckass XxuMust [DIeKTpOHHBIA pecypc] : madopaTopubiii nmpaktukyMm / O.B. JIpskoHOBa [1
Ip.]. — DJIEKTPOH. TEKCTOBbIE JaHHble. — BopoHex: Boponexckuii ['ocyaapcTBeHHBIM ArpapHbIil
VYuusepcurer um. Ummneparopa I[letpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html

JlaGopaTopHasi padora Ne 5
Tema 5: CkopocTh XMMHUYECKHX peaKIiii 1 XUMUYecKoe paBHOBecue. Katanu3

Ileny padompi: V3ydyeHue 3aBUCUMOCTH CKOPOCTH PpEakUUUd OT KOHLEHTPALUU PpEearaHToB,

TEMIIEPATYPBI, CTCIICHHM HU3MCIBYCHHA BCIICCTBA, BJIMAHHA KaTalnM3aTOPOB Ha CKOPOCTb pCaKlHH,
BJIIMAHHA pE€arcHTOB U TEMIIEPATYPhlI HA XUMHUYCCKOC PAaBHOBECHC.

Dopmupyemovie komnemenyuu. OIIK-1.

Teopemuueckasn uacmo:

CKopocmblo peakyuu Ha3bIBAETCS YHCIO AKTOB XMMHUUYECKOTO B3aMMOJIEWCTBUS, HPOUCXOAAIIUX B
€MHUILy BPEMEHU B €IMHULIE 00BEMA IIPU TOMOTEHHBIX IPOIIECCAX WM HA €IUHHUIE OBEPXHOCTH NPH
reTEPOreHHBIX MPOLECCaX.

AN AN

FAT SAT

0] Cpe,Z[Heﬁ CKOpPOCTH XHUMHYECKOMN peakuun CyadT 10 HU3MCHCHUIO MOJ'ISIpHOfI KOHIOCHTpAllUH

pearupyromux BEIICCTB 3a Ol'IpCI[GJ'IéHHLIﬁ HUHTEPBAJI BPpCMCHHU:

T+ (c;—¢1)
(T —1y)

rae v - cpeaHsisi CKOpOCTh XUMUYECKON peakiuu; C 1 — MOJISIpHAasi KOHIIEHTpAalHsl BEIleCTBA B MOMEHT T 1
, C 2 — MOJISIpHAst KOHLIEHTPALUs BEIIECTBA B MOMEHT 7 2 . VICTHHHOM CKOPOCTBIO XMMHUYECKOM pEeaKkIuu B

JIaHHBIN MOMEHT Ha3bIBACTCS nepBas Npou3BOAHAA KOHLICHTPAIIUU 110 BpEMCHU:

dc de,.. dc, .5

v=t—v=——"F =+
dar dr dar

B romorenHoit CUCTCMC_CKOPOCTH XHUMHYECKOMN pCaKkinn 3aBUCUT OT NPUPOABLI pCarupyromux BCIICCTB,

UX KOHIIEHTpalMM, TEMIIepaTypbl, HAJIWYUS KaTaau3aTopa, NPUCYTCTBHsS TNPUMECEd U MPHUPOIBI
pacTBopuTelnsa. B rereporeHHoi cucreMe B3aMMOJAEHCTBHE OCYILIECTBIISIETCS Ha MOBEPXHOCTH pasfelia
pearupymomnux BeUlecTB, MO3TOMY 3aBUCUT OT AU(Qy3uHn BelecTBa K MOBEpXHOCTU (Iu(y3nOHHBII
pexum), a ecnu qudy3us He BIUSET Ha CKOPOCTh peakluuu (KHHETUYECKHM pexHuM), TO MPU MPOUYUX
PaBHBIX YCJIOBUSX YBEIMUYEHUE ITOBEPXHOCTH Pa3zeiia MOBBIIIAET CKOPOCTh N€TEPOreHHON XUMUYECKON
peakiuu. 3aBUCHMOCTh CKOPOCTH PEAaKIMHM OT KOHLIEHTPALMM OMNPEIENAETCS 3aKOHOM JIEHCTBYIOIINX

Macc (3akoH ['ympnOepra-Baare): ecnmm xumudeckas peakmuss HUIAET B COOTBETCTBHH  CO



CTEXMOMETPUYECKUM YpPaBHEHUEM, TO CKOPOCTb PEAaKLIMU MPSMO IMPONOPLHMOHAIbHA IMPOU3BEICHUIO
KOHIIEHTPALUI pearupyromux BEIECTB B CTEMEHAX, PaBHBIX CTEXMOMETPUYECKUM KO3((dUIIMEeHTaM B
YPaBHEHUHU PEAKIUH.

Jlig peakuu 3anMcaHHoOM B o01ieM BuzE, T.6.: NA + mB — R + pD, ckopocTs peakuuu B

COOTBETCTBHUHU C 3aKOHOM HeﬁCTBYIOIHHX MacCcC BbIPA3UTCA CICAYIHOINIUM o6pa30M:

v= 2=k, [4F[B]"
dr  ~

3neck [A] u [B] — MOJsipHBIE KOHIIEHTpAIlMU PEarupyrolIMX BEIIECTB B JAHHBIII MOMEHT BPEMEHHU;

N U M - CTeXHOMETPHUECKUE KOA(UIMEHTHI IPU pearupyroux BemecTsax. Hanpumep, s peakuu:
INO+O, < 1INO,

npsimMasi 1 00paTHasi CKOPOCTH:

T T
L Hp = k@c_‘-.'ﬁ?cﬂ: 21 obp = ksfpc_‘-.'ﬂz '
Ha MMPAaKTUKEC IMPUXOJUTCA UMCETH ACJIO0 CO CIOXHBIMU ITpOoHeCCaMH, COCTOAINMMH HE U3 OI[HOﬁ, a U3
MHOKECTBA ITPOCTBIX CTEII[HIZ, Ha3bIBACMBbBIX JJICMCHTAPHBIMH aKTaMHU, IJIA Ka)KILOﬁ M3 KOTOPBLIX MOXXHO

3alucaTrb CBOE BBIPAXKCHUC JIsI CKOPOCTHU HAa OCHOBAHWH 3aKOHA ﬂCfICTBYIOIHHX macc. B Takom cj1ydace

YHCJIO MOJICKYJ, YH4aCTBYIOIIUX B 3JICMCHTAPHOM aKTEC, OIPCACTIACT MOJICKYJIIPHOCTD B3aHMMOJCHCTBUSL.

Jl7is ipuBEeAEHHOTO BBILIE MPUMEpa MpsiMasi peaklusi TPUMOJIEKYIIsIpHa, a oOpaTHast OUMOJIEKyIIsIpHa.

B GonpimmHCTBE CilydaeB MOKa3aTeIM CTENEeHU MPU KOHLEHTPAIMIX B YpaBHEHUU 3aKOHA JIEMCTBYIOIUX
Macc OTJIMYAIOTCS OT YMCJA MOJIEKYJ B YPABHEHUHU PEAKIMU. JTO MPOUCXOAUT OTTOTO, YTO YPaBHEHUE
peaxkiuu oTpaxkaeT JUIIb 00K UTor npouecca. [lokazaTenn m u n B MaTemMaTuyeckom ypaBHeHuu (1)
Ha3bIBAIOT B TAKOM CIIy4yae MOPSAJIKOM peakluu M0 KaXJIOMy M3 pearupyromux Beuiects A unu B, a ux
cymMmy (m+n) — oOImIMM MOPSAJKOM peakiuu. B KaXJa0M KOHKPETHOM Ipollecce B 3aBUCUMOCTH OT

YCIOBUN MOXeET ObITh pa3IMYHbII MOPSIOK PEAKIIHH.

Koadpdunuent k Ha3piBaeTcs KOHCTAaHTOM CKOPOCTH PEAKIIMM U 3aBUCHUT OT IPUPOJIbI pearupyromx
BCIICCTB, TCMIICPATYPblI U KaTaJlnu3aTopa. YuciieHHo KOHCTAaHTa CKOpPOCTH XUMHYECKON pPCaKkuu paBHA
CKOpPOCTH PEaKLUH MPH KOHLEHTPAIMIX pearupyroumx BEeIecTB, paBHbIX | Monb/1. OgHaKo peakuuu
UAYT, KaK MpaBWIIO, N0 OTAEIbHBIM CTaJusAM M OOIIYI0 CKOPOCTh Ipoliecca omnpenenseT Hauboiee
MeJIEHHO pa3BHBaroiasics craaus. [loaToMy nokasarenu creneneil Ipu KOHIEHTPALUIX pearupyrommx
BCIICCTB HE COBIMAAAIOT C UX CTCXUOMCTPHICCKUMHA KOS(i)(bI/II_[I/IeHTaMI/I, a KOHIOCHTpal HCKOTOPBIX M3
p€arupyromux BEIIECTB BOO6I].[C MOTYT HC BXOAUTH B BEIPAXKCHUE CKOPOCTU XUMHUYCCKUX peaKHHﬁ.
3aBUCUMOCTh KOHCTAHTBI CKOPOCTH PEAKIMU OT TeMIepaTypbl MOXET OBITh BBIpa)KEHa ypaBHEHHEM
AppeHnnyca:

il
z‘:."{”’.

k=ky-e &




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

DHeprueil aKkTHBAIlMM HA3bIBACTCS TO KOJHMYECTBO DSHEPTHH, KOTOPOE HAAO COOOIIUTH MOJIIO
pearupyoomux BeIIeCTB  JUIS MPHUBEACHUS €r0 B PEaKIHMOHHOCIIOCOOHOE COCTOSIHHE. JHEprus
aKTUBALlMU B PEaKIMH HE UCUE3aeT U YBEITUUMBAET TEIUIOBOI 3(PPEeKT peakuuu.

[Ipy HU3KHX TemIepaTypax MOXHO CUMTaTh, YTO CKOPOCTh PEAKIMU BO3pACTaeT MpU HArpeBaHUM Ha

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

=

T

31eck Y’ - TemrnepaTypHblid kodddunueHnt Bant-I'odda.

Kamanuzamopom Ha3pBaeTCs BEIIECTBO, HM3MEHSIONIEE CKOPOCTh XHMHYECKOW pEakiuH, HO B
pe3ynbrate e€ caMo OCTaroleecss XUMHUYSCKH HEM3MEHHBIM. KaTallMTH4YecKue MpoIecchl CBOIATCS K
JBYM THIIaM: TOMOT'€HHOMY M T'eTeporeHHoMy. [Ipy rOMOreHHOM KaTaju3e pearupyroliue BellecTBa u
KaTaJIn3aTop COCTABJISIOT OAHO(pA3HYIO CHUCTeMy. [Ipu TeTepOreHHOM KaTaliu3e pearupyromme
BEIIECTBA M KAaTAJIM3aTOP COCTABIIAIOT CUCTEMY U3 IBYX (Da3, M KaTaIUTUYECKHI MPOLECC MPOTEKaeT Ha
rpanunax paszzaena. CKOpOCTh B3aUMOICWCTBUSL B AITOM CiIydae MPOIMOPIUOHAIBHA IMOBEPXHOCTH
pasnena ¢as.

Bce xumuueckue peakiuy MOXXHO pa3eTuTh Ha HeoOpaTUMbIe, HAllPaBI€HUE KOTOPBIX HE 3aBUCHT OT
BHEITHUX YCJIIOBUW, W OOpaTUMBbIC, HAMPABICHHE KOTOPBIX MOXKET HM3MCHSTHCS B 3aBUCHMOCTH OT
TEMIIEPATypPhl, KOHIIGHTPAIlMM W JaBIICHUS. BONBIIMHCTBO peakiuii oOpatumo. OHU TPOTEKAIOT
OJTHOBPEMEHHO B JBYX HANpaBIEHHUSIX, TaK KaK BO BCSKON peaKIMH MO Mepe 00pa3oBaHUsS MPOIYKTOB
peaxiuy BO3HUKAET BO3MOKHOCTh B3aUMOJICHCTBUS MEXKy HUMHU C 00pa30BaHUEM HMCXOJHBIX BEIIECTB.

PaccmoTpum obpaTiMyto peakiinio B ooimem Bujge: aA + bB «—c C + dD.

[TprMeHHB 3aKOH IEHCTBYIOIIUX Macc K MPSAMOM U 00paTHON peakIusiM, MOTyUnM:

V1= k;[ﬁ]a[ﬁ]b:

v, =k [CFDT.

rae V1 UV 2 — CKOPOCTH MIPSIMOI M 0OpaTHOM peaKIIHii.

[To Mepe mpoTekaHusi peaky KOHLEHTPALUs UCXOAHBIX BELIECTB YMEHBIIAETCS, U CKOPOCTh MPSAMOM
peaKIy YMEHBIIAETCs, a CKOPOCTh 0OpaTHOM YBEIMYMBACTCS BCIIEICTBUE YBEIMYCHHS KOHIIEHTPAIIMH
MOJTYYEHHBIX BEIIECTB.

Uepez HEKOTOpOE BpeMs HACTYMAaeT COCTOSHHUE, KOTJa CKOPOCTh OOpaTHOTrO Mpoliecca CTAaHOBUTCS

paBHOM CKOPOCTH IPAMOTo: V1=V 3.



Cocmosnue, npu KOMOpoM CKOpOCMb NPAMOU peakyuu paeHa CKOPOCMU OOpPAmMHOU, HA3bl8Aemcs
XuMudeckumM pasHogecueM, a KOHIIGHTpPAIlMM BCEX YETHIPEX BEIIECTB — PAaBHOBECHBIMHU

KOHIIEHTpauusaMu. Tora u3 COOTHOIICHUH (2) uMeeM:
k[4]°[B]" = k,[C)[D]°.

Ortcrona ciengyet
i [CT[D]°
— =K, =——rrr = f(T);
k, [4]°[B]

: 3)
K1 u Ko 1t JaHHO# peakivy Py OJHON M TOM YKe TeMIIepaType SBJISIOTCS BETHYNHAMHU IOCTOSHHBIMH,
a 3HAYWT, MX OTHOIICHHE IOCTOSHHO: K; — BeJMYMHA IIOCTOSHHAs M HAa3bIBAeTCI KOHCTAHTOM
paBHOBecusi. [ns peakuuii MeXIy Tra3000pa3HbIMU BEUIECTBAMHU BMECTO KOHIICHTPAIMK MOXKHO
HCIIOJIb30BaTh MapIyaIbHbIC JaBJIEHUS ra3oB B cMecH. [Ipu 3TOM KOHCTAaHTY paBHOBECHsS 0003HAYAIOT

qepeSKp . Ecn KOHIOCHTpAaWKU BbIPAKCHBI B MOJIBHBIX AOJISIX, TO KOHCTAHTA PAaBHOBCCHUA o0o03HayaeTcs

gepe3 Ky . Mexny K ,Kp n Ky cymectByror cienyromnye 3aBUCUMOCTH:

K =K (RT)™,

p =
Kp = K-rtF:ﬁu_;?

rae Y, — aiaredpanueckas CyMMa CTeXHOMETpUuYeckMX KoadduimentoB. KoHcranTa paBHOBecus
3aBUCUT OT TEMIIEPATYPBI U IPUPOJBI PEATHPYIOLIUX BEIIECTB, HO HE 3aBUCHUT OT KaTaJIM3aTOpa, TaK Kak
MOCJIEAHUM YCKOPSET U MPSMYI0, U 00paTHYIO peaKIIHH.

VYpaBHenue (3) BbITEKAaeT M3 3aKOHA JEHCTBYIOIIMX Macc A oOpaTUMbIX peakuuid. Ero MoxxHO
copmynupoBath Tak: OTHOLIEHHE MPOU3BEICHUS pPABHOBECHBIX KOHLEHTpPAIM B CTENEHU HX
CTEXNOMETPUYECKUX KOA(P(UILIMEHTOB €CTh BEIMUMHA, IOCTOSHHAS IPU JaHHOU TemIepaType.
CMmenieHre paBHOBECHS B 3aBUCHMOCTH OT HM3MEHEHHUS KOHIEHTpAlUil pearupyrollux BeIIEeCTB,
TeMIlepaTypbl, JaBieHus (B cilydyae ra3oBbIX peakiyii) B oOIieM ciydae omnpenensercs npaBuioM Jle-
aTenwe: eciu 6 cucmeme, HaXOOUBWIEUCs 8 PABHOBECUU, USMEHUMb 0OHO U3 ycroguu (t, p, ¢ ), mo
npoucxooum cmeweHue paeHosecus 6 HanpaeieHuu mou peaxkyuy, KOmopdas Nnpensmcmeyem
NPoU38e0EHHOMY USMEHEHU .

[Ipumenss npunuun Jle-Ilarense K pa3HbIM CIydasM, MOXKHO CIEIaTh CIEAYIOLIUE BEIBOBI:

1) mpu yBenMuYEHHMM PABHOBECHOW KOHLEHTPALMM OJHOIO W3 BEIIECTB CHCTEMa XHMHYECKOTO
PAaBHOBECHSI CMEIAETCS B CTOPOHY TOM peaKkuu, KOTOpast MOHMKAET KOHIEHTPALMIO ATOTO BEIIECTBA;
2) mpu yBEeIWYEHUH JaBJIEHUS PaBHOBECHE CMEIIAeTCs B CTOPOHY OOpa30BaHUS MEHBIIEro 4ucia
MOJIEKYJI ra3a;

3) HarpeBaHME CMEIIAET PaBHOBECHE B CTOPOHY IHAOTEPMHUUECKON PEaKLMH, OXJIaX/IeHUEe — B CTOPOHY
9K30TEPMHUUYECKON PEAKIIUH.

Oo0opyooearue u mamepuaivl:




PeaxTuBbl, He0OOXOMMMBIE AJIs1 JAHHOW pabOTHI, BRICTABIIAIOT HA MOJIKM J1a0OpPaTOpPHBIX CTONOB. Penxue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI W MIENOYH, Maxydde BeEHIecTBa (HAIpHMEp, CEpOBOIOPOL,
OpoMHasi BoJa U Ap.) XPaHST B BBITSHKHOM IKady.

OcHoBHasi XUMHYECKasi MOCy1a: MPOOUPKH (B IITATHUBE), KOJOBI, XUMHUYECKHE CTAKaHBI MOCTE pabOTHI
TIIATETIbHO BBIMBITH; BECHl C Pa3HOBECOM, NPHOOPHI, HCIIONB3yeMasi IS MPOBEICHUS OTIEIBHBIX
71a00paTOPHBIX padoT, BBAACTCSA U CACTCS YUCTast JJAOOpaHTYy.

Texnuka bezonacnocmu nPu_6bINOJIHEHUU 1A00PDAMOPHOIL_PAdOmblL:

-aKKypaTHO 00palaThCsi CO CTEKISTHHON XUMHUYECKOW MOCYIOW. OCTaTKH pa3OoMTOM mocynsl youparsb
IIOMOILBIO COBKA U IETKY;

-Bc€ pabOThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JIETYYUX U HENPUATHONAXHYIIUX BEILECTB,
MIPOBOJIUTH B BHITSDKHOM IIKady;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE cocyla JAepkKaTh Ha paccrosHuu 25-30 cM OT nuIa,
HaNpaBisist K cebe CTPYIO ra3a MoCcTyNaTeIbHBIMH JBH)KCHUSIMH JIAJIOHH OT OTBEPCTUS K JIUILY;

-IpY HAJIMBAHUU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30ekaHHE MONajaHus OpbI3r WK
YaCTHI] Ha JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHIIECHTPUPOBAHHBIX KUCIIOT BIMBATh KUCIOTY B BOLY,
HO HE Hao0O0pOT;

-TIpY HarpeBaHUM MPOOUPKHU HE JEPKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/Ia. HE HAKIIOHATHCS
Ha/1 HarpeBaeMoi XHUJIKOCTbIO BO U30€KaHKe OMalaHus €€ Ha JIULO, PYKHU WIH OJIeXKY;

-ropsiude MpeIMEThl MOXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WU
APYTYIO CHENHATBHYIO TIOJICTaBKY;

-HEJb3S TI0IH30BATHCS DIEKTPOIPUOOPaMH 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXa. MPH BKIIFOYCHUU UX B
CeThb HeJb3sl IepKaThCs 38 METAIIMUECKUE MpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcsl BKIYATh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKPBIMH pPYKaMH, a TaKKe I0Jb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPAMH;

-3apelaeTcsl MPUHUMATh UMY B XUMUYECKOH J1a00paTopuu U MUTh BOAY U3 1aOOPaTOPHON MOCYABL. -
-KaTeropHUeCKH 3arperaeTcs npodoBaTh peakTUBHI Ha BKYC;

-IpH TOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIIEHTPUPOBAHHBIX KHUCJIOT IOCJIE CMBIBaHUS BOJOU
MIPOMBITH CITa0BIM PAaCTBOPOM COJBI. INENOYH CIEAYeT CMBIBATh JI0 TEX IOp, IMOKA YJAaCTOK KOXKH, Ha
KOTOPBIN OHa TIOMalia, He MepPecTaHeT ObITh CKOJIB3KUM; 3aTeM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOW
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUEHHON 3%-HbIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeyKky B Ja0OpaHTCKOHN Kadenpsl);

-110 OKOHYAHWH PAa0OTHI BHIKIIOUUTH U3 CETH BCE AJIEKTPOIPHOOPHI, MIEPEKPHITh TI0Jjady T'a3a U BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MpenojaBaTeso Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OnbIT Nel. 3aBUCHUMOCTH CKOPOCTH PEAKIIMU OT KOHIIEHTPAIUH.
[Tpu peakiuu MexX 1y THOCYIb()ATOM HATPUS U CEPHOUN KUCIOTON

Na,S,03 + H,SO,4 = H,S,03 + Na,SO4

H,S,03 =SS0, + S + H,O
HEpacTBOpHUMaAsl cepa BbIACNSAETCS B BHAE MYTH. Bpemsi oT Hayaia peakuuu IO TOSBICHHUS MEPBBIX
CJIEJIOB MYTH 3aBUCUT OT KOHIICHTPAI[UU PEarupyIOIINX BEIIECTB.
Tpu GropeTku MOPO3Hb 3aMOJHUTE BOAOH, pACTBOPOM THOCYIb(aTa HATPHUS U CEPHOUN KUCIOTOM.
B Tpu TIIaTenhHO BBIMBITBIE MPOOUPKU W3 OIOPETOK HAIUTh YKa3aHHBIE B Ta0JMIE KOJIMYECTBA
pactBopa THocyib(hara u BoJbl. B Tpu npyrue - mo 2 M cepHoi KUciaoThl. BIuTe B mepByio mpoOUpKy ¢
pacTBOpOM THOCYJIb(paTa OTMEPEHHOE KOJUYECTBO CEPHOU KUCIOTHI U3 BTOPOW MPOOHUPKU M, OBICTPO
B300JITaB, OTMETHUTh [0 CEKYHJIOMEPY BpeMs OT CIMBAHHS PACTBOPOB JI0 MOMEHTA IMOSBIICHUS MYTH.

AHaJIOTHYHBIE OTBITHI MPOJAEIIATh C PACTBOPAMH B IPYTUX MPOOUPKAX.

Howmep O06BéM, M1 OTtHOCuTENbHAS Bpewms OTtHOCHUTENbHAS
POOUPKHU Na,S,03(a) H,O(b) KOHIICHTpAIs, t,c CKOPOCTb,
a/(a+b) v=11
1 6 0 1
2 4 2 2/3
3 2 4 1/3

CnenaTb BBIBOJ O 3aBUCUMOCTH CKOPOCTH PEAKLUU OT KOHLEHTPAIMU U U300pa3uTh 3TY 3aBUCHUMOCTb
rpaduyecky, OTKJIAJbIBasi MO OCHU aOCIMCC OTHOCHUTEIbHYIO KOHIIGHTpAlMIo, a MO0 OCHU OpJIUHAT -
OTHOCHUTENIbHYIO CKOPOCTh PEaKIUH.

OmnpiT Ne2. 3aBUCHMOCTb CKOPOCTH PEAKIIMK OT TEMIIEPATYPBI.

BnusiHue Temmeparypbl Ha CKOPOCTb pEaKLUU MOXKHO TaKXe MPOCIECIUTh IO BPEMEHU IOMYTHEHUS
MOJIKACIIEHHOTO pacTBOpa THOCYIb(aTa Hatpus. HanmuTe B omHy mpobupky 4 Mt pactBopa NaS;03, a B
apyryio - 4 wmin pactBopa HSO,. OGe mpoOMpKH TOCTaBUTh B CTakaH C BOJOW KOMHATHOM
Temneparypsl. Uepe3 5 MUHYT U3MEPUTh TEMIEPATYPy BOJbI U BBUIUTH COJIEPKUMOE OJTHOM MPOOUPKHU B
apyryto. OTMETUTD, Yepe3 KaKkoe BpeMs MOSBUIACH MYTh.

B nBe npyrue npobupku HaIUTH MO 4 MII 3TUX ke pacTBopoB. [locTaBUTh B cTakaH ¢ BOAOW, HarpeToi
Ha 10°C Bbie koMHaTHON. CIIUTH COAEPKUMOE IMTPOOUPOK U MPOU3BECTH Te k€ u3MepeHus. [loBToputh
OMBIT, TOBBICUB Temnepatypy emé Ha 10°C.

Pe3y.]'II)TaTI)I OIIBITOB MPEACTABHUTH B BUC Ta6J'II/IHI)I.

Howmep onbiTa Temneparypa Bpewms peakuun OTHOCHUTENBHAS CKOPOCTH,

onbiTa, °C t,c v=1/t




Pe3ynbrarel ombiTa BBIpa3uTh rpaduueckd, OTKJIAJbIBas MO OCH abCLUCC TeMIeparypy, a MO OCH
OpAMHAT - OTHOCHUTENBHYIO CKOpOCTh. Jljisi TeMmepaTypbl W CKOPOCTH MacmTalbl ynoOHee Opatb
pasHble. Bo ckonbKO pa3 yBenMumiIach CKOPOCTb PEAKLUU IPU YBEJIWYEHUHM TEMIIEPATYpbl HA Kaxable
10°C?

Omnpit Ne3. BiusiHue cTenieHH U3MENIbUEHHS BEIIECTBA HA CKOPOCTh PEaKLIUU.

B cyxoit papdopoBoii cTynke CTEKISHHOW MAJTOYKOH OCTOPOKHO CMEIIaTh HECKOJIbKO KPUCTALIUKOB
HUTpaTa CBUHIIA U MOJUAA Kajus. 3aTeM cMech pacTtepeTh nectukoM. Uto Habmomaere? OOBACHUTH
IIPUYMHY U3MEHEHUS HHTEHCUBHOCTHU OKPACKHU.

OmnbiT No4. BiusiHue Kataau3aTopoB HA CKOPOCTh XUMHUYECKON PEaKIIUHU.

B nBe npobupku HamuTh 1-2 M1 epokcua BOAOpoAa U NpUOaBISATh OJHOBPEMEHHO B OJIHY - LIEHOTKY
JMOKCHJIa MapraHiia, B IPYTYIO - TAKOE ke KOIMYECTBO OKCHU/IA Kelle3a.

HaGimoiate pa3inoxeHue mepoKcuIa BOAOPOa C BRIICICHHEM KICIOpoaa (Ipoda TIICIOIIEH JTYIHHKOMN).
OauHAKOBO JIU MIPOTEKAET Ipoliecc B mpodupkax? B kakoit u3 mpoOUpOK mporiecc mpoTeKaeT ovicTpee?
Kakoe u3 nmoGaBneHHBIX TBEPABIX BEIIECTB SBJSETCS Karanu3aTopom? Hamucarh ypaBHEHUE peakiuu
pa3IoKeHus NEPOKCUIa BOJOPOIa.

OmpIT No5. Xumuyeckoe paBHOBECHE.

B npoOupky nHamute 10 M Boael M mpubaBuTh mo 1-2 kamiau HacblleHHbIX pacTBopoB FeCls u
NH4SCN. OxkpartiieHHbIi B KpacHBIN IIBET PacTBOP Pas3iIUTh MOPOBHY B 4 MPOOUPKH.

Hanwucates ypaBHeHHE 00paTUMOI peakiy U BhIpaK€HHE KOHCTAHThI paBHOBECHSI.

3areM B mepByr NpoOMpKy n00aBuUTh 2-3 kamuu HacelnleHHoro pactBopa FeCls. Uro naOmromaere?
OO0bsicauTh. Bo BTOpYI0 mpoOupKy HanuTh 2-3 kamium HackimeHHOTO pacTtBopa NH4SCN. OOBsACHUTH
HaOmogaemMoe wu3MeHeHue. Ilouemy wu3MmeHeHne KkoHueHTpauud NH4SCN  BbI3piBaeT — Oonee
3¢ deKTUBHOE CMEIIEHNE paBHOBECHS, UeM u3MeHeHnue konueHTpamu FeCls?

B Tperpro mpoOupky no6aButh HemHoro TBEpmoro NHyCl, cmibHO B30onTarh. CpaBHUTH IBET
pactBopoB B pooupkax 3 u 4. [late oObsAcHEHHE.

Kak Ham0 M3MEHHUTh KOHIIEHTPALMIO BEIIECTBA, YTOOBI CMECTHTHh PAaBHOBECHE DPEAKLUHU BIIPABO WU
BJIEBO?

OmnbiT Ne6. BiausiHue TeMiiepaTypbl HA XUMHUYECKOE PaBHOBECHE.

Hanuts B 1Be mpobupku mo 2-3 Mi pacTBopa Kpaxmaia U J00aBUTh B K&Kyl U3 HUX IO 2 Karlu

HonHoit Boabl. HabmoaTe mosiBneHne cuHeit okpacku. Harpets onny u3 npobupok. Uro Habmonaete?




OmpenenuTh Ha OCHOBAaHWHM HAOJIONECHUM, SBISETCS JIM dTa PEAKIUSA DHAO- WU K30TEPMHUYECCKOM.
OOBACHUTH U3MEHEHUE OKPACKHU TTPU HATPEBAHUH CMEIIEHUEM XUMUYECKOTO0 PABHOBECHS.

Tpebosanus K ohopmienuio 1ad6opamopHol padonivl U omuemy:

1.BeimonneHune 1a00OpaTopHBIX pabOT CONMPOBOXKIAIOT 3amucsiMU B JabopaTopHoM >kypHasie. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOrO >KypHaja JOJDKHBI OBITH IMPEICTaBJICHBI: Ha3BaHHE YHUBEPCHUTETA,
(baMuIMs 1 MHUIUAIIBI YYallerocsi, HoMep Kypca v rpymibl, y4eOHBIH ro.

2.0T4eT 0 BBINOJIHEHHOH Ta00paTOpHOI paboTe JOKEH COIEPIKATh CICTYIOIINE CBEICHMS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IICJIb paOOTHI;

*000pyI0BaHNE M MaTEpHAIIbI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIbITA,;

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

*PUCYHKH M CXEMbI UCIIOJIB3YEMBIX PUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHUS NMPOTEKAIOUINX PEaKIHii;

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHBIii )KypHaI HYy>KHO BECTH YHCTO U aKKYPaTHO, 3aIMCH JOJDKHBI OBITh TAKOHUYHBIMU.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET MIPENOJaBATENb.

5K cmaue 3au€ra mo mabopaTOpHOMY MPAKTUKYMY JOMYCKAIOTCS CTYIACHTHI, BBHIMOJHUBIIME H
MOMMNKCABIINE y TPEnojaBareis BCe JOMAIllHWE U JIabopaTOpHbIE pabOThl, COABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, TOTYYHBIINE 3a4€T 1O JIAOOPATOPHOMY TPAKTUKYMY, JOITYCKAIOTCS K cIade IK3aMeHa 1o
Kypcy HEOPTaHUYECKOW XUMUHU.

Konumponwvnsie gonpocei :

1. Cxopoctb xuMuueckon peakiuu. [loHsTHE SHEPrUK aKTUBAILUH.

2. ®axTOopHl, BIUSIONIAE HA CKOPOCTh XHMUYECKON PEaKIiH.

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

4. BnusHue Temmeparypsbl, JaBleHHS U 00beMa, MPHUPOJIBI PEarHpyONMX BEIIECTB HAa CKOPOCTh

XUMHYECKON PEaKIIuu.

o

3aBUCUMOCTb CKOPOCTH XUMUYECKON PEAKIIMHN OT KOHIIEHTPAI[UH BEILIECTB U TEMIIEPaTyphl.
6. DHeprus akTHBallUU, TEOPHs AKTUBHBIX (3()(EKTUBHBIX) CTOIKHOBEHHI.

7. Tpubmmxennoe npasuio Bant-T'odda.



Cnucok q1umepamypbol .

1. Heopranuueckass xumusi [DIeKTpoHHBIA pecypc| : mabopatopubiii npaktukym / C.A. CokosioBa [u
ap.]. — DJEeKTpoH. TEeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer uMm. Mmmneparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

2.Heopranndeckass XxuMust [DIEKTpOHHBIA pecypc] : madopatopublii nmpaktukyMm / O.B. JIpskoHOBa [1
ap.]. — DIEeKTpoH. TEeKCTOBbIE NaHHble. — Boponex: Boponexckuil I'ocynapcTBeHHbI ArpapHblil
VYuusepcurer um. Ummneparopa Ilerpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html

JlabopaTopuasi padota Ne 6
Tema 6: PacTBopbl. [IpuroroB/ieHue pacTBopa 3a1aHHON KOHIIEHTPAIMU

Lleny pabomui: 11puroroBiieHUE pacTBOpa COJIIHOM KUCIIOTHI 33JaHHOM KOHLEHTpAalMM U IPOBEpKa

HOPMAJIBHOCTHU ITPHUI'OTOBJICHHOI'O PACTBOPA TUTPOBAHHUCM.

Dopmupyemvie _komnemenyuu; OIIK-1.

Teopemuueckas uacmo:

PactBop - 9TO TroMoreHHas MHOTOKOMIIOHEHTHas CHCTeMa, B KOTOPOH OJHO BEHIECTBO
pacripeielIeHO B CpeJie IpYyroro Uik Jpyrux BELIECTB.

PacTBOpBI MOT'YT OBITH B Ta3000pa3HOM (BO31yX), )KUAKOM U TBEPAOM (CILIaBbI, I[BETHBIE CTEKJIA)
arperaTHbBIX COCTOSHUSX. Yalle BCero mpuxoauTcst padoTaTh € )KUIKUMH PaCTBOPAMH.

ConepxaHve MaHHOTO BEIIECTBA B EIUHMIIE MacChl WM O00BEMa pacTBOpa Ha3bIBACTCS
KOHIIeHTpauueil pactBopa. Ha mnpakTuke HanOojee 4acTo MOJIB3YIOTCS CIEAYIOIIMMHU CIOCO0aMH
BBIPQ)KEHUS KOHLIEHTPALMH:

1. MaccoBasi 10151 - OTHOIIIEHHE MacChl IAaHHOTO KOMITOHEHTa B pacTBOpE K 0OIIeil Macce 3TOro
pactBopa. MaccoBasi 10Jisl MOXKET OBITh BBIp@KEHA B JIOJISIX €IWHUIIBI, mporeHTax (%), mpoMuiIie
(ThICSTUHAs 4acTh %) M B MIUUIHOHHBIX jgomsx (Mma?'). MaccoBas AoNms JaHHOTO KOMIIOHEHTA,
BbIp@)KEHHAs B MPOLIEHTAX, MOKAa3bIBAET, CKOJIBKO IPAMMOB JJAHHOTO KOMIIOHEHTa cojepxkutcs B 100 T
pacTBopa.

2. MaccoBasi KOHIIEHTPALMs - OTHOIIICHWE MAacChl KOMITOHEHTA, CO/ICPIKAIIETocsl B pacTBOpE, K
0GBeMY 9TOro pacTBopa. EIMHHIE H3MEpEHHs MACCOBOH KOHIGHTPAIMH _ KI/M°, T/IL.

3. Tutp T - yKciIO rPpaMMOB PaCTBOPEHHOTrO BemiecTBa B 1 Mi1 pactBopa. EAuHuUIBI W3MepeHus
TUTpA - T/MJ1, Kr/em’.

4. MoJisipHasi KOHIIEHTPAIMS ¢ - OTHOIIICHHE KOJIMYECTBA BENIECTBA (B MOJISIX ), COJIEPKAIIETOCS
B pacTBOpe, K 06BbEMy pacTBOpa. EuHMIBI m3MepeHms - Moumb/M°, (Moib /m). PacTBop, mMerommit

KOHIIeHTpanuto 1 Monb/i, o603HaqaroT 1 M; 0,5 Monb/1, o6o3rayaror 0,5 M.



5. MoJsipHasi KOHIEHTPAalHUsl JKBUBAJEHTOB C,; (HOpPMaJibHAsi KOHIEHTpamusi) - 3TO
OTHOIIIEHNE KOJIMYECTBA BEIIECTBA PKBUBAJICHTOB (MOJIb) K 00beMy pactBopa (11). Eqununa usmepeHus
HOpPMaJIbHOW KOHIIeHTpanuu MoJin/i1. Hanpumep, ¢, (KOH) = 1 monb/n, ¢ (1/2H,SO4) = 1 mosb/m,
¢5(1/3 AICl3) = 1 monw/n. PactBop B 1 1 koTOpOro comeputcs 1 MOJb BEHIECTBA YKBUBAJICHTOB,
Ha3bIBAIOT HOPMAILHBIM M 0003HAYAIOT | H.

6. MoJsiIbHOCTD D - 5TO OTHOIIIEHHE KOJUYECTBA PACTBOPEHHOTO BEIECTBA (B MOJISIX) K Macce m
pactBopuTelns. Enunniia u3amepeHus: MoJIsIbHOCTH - MoJib/Kr. Harpumep, b(HCI/H,0) = 2 mosnb/kr.

7. Moasipuasi 10Jisl - OTHOIICHHWE YMCJIa MOJIEH PAaCTBOPEHHOTO BEMIECTBA K OOIIEMYy YHCITY
MOJICH BelIecTBa M PAcTBOPUTEN. MOIIIpHAs JOJST MOXKET OBITh BBIPDAKEHA B JOJSAX CIUHHIIB,
npouenTax (%), npomusuie (ThICSYHAS YAaCTh %) U B MUJUIMOHHBIX JTOJIAX (MJ‘IH_l).

JJIs IPUTOTOBIICHUST PACTBOPOB OMPEICIICHHON KOHIICHTPAINH, [Tl TOYHOTO H3MEPEHUS 00bEMOB
MPUMEHSIOT MEPHYIO TIOCY/y: MEPHBIE KOJIOBI, TUMIETKU U OFOPETKH.

MepHble KOJOBI — TOHKOCTCHHBIC IUIOCKOJOHHBIC COCYABI C JUTMHHBIM Y3KHM TOPJIOM, Ha KOTOPOM
HaHEeceHa METKa B BUJC KOJBIICBOM 4epThl. Ha kaxoii koja0e 0003HaUYeHBI €¢ EMKOCTh U TeMIepaTypa,

IIPU KOTOPOH 3Ta eMKOCTh u3MepeHa. Konba 1omKkHa MI0THO 3aKPBIBATHCS MTPOOKOH.

a - MepHas Koj0a; 6 — mUNeTKu; B — OIopeTKa.

[MuneTkn NCTONB3YIOT /ISl 0TOOPA OIIPEIENIEHHOTO 00bheMa MPOOBI KHUIKOCTH.

[Tunerkn Mopa mpeacTaBistoT co00il CTEKIsHHbIE TPYOKH C pacuimpeHueM mnocepenuHe. HipkHuit
KOHeIl OTTSHYT B KamWwUIsp, Ha BEpXHEM KOHIIE HaHeceHa METKa, /10 KOTOpOoW clieayeT Habupartb
M3MEpSIeMYIO KUAKOCTh. Ha mumeTke ykazaHa 00beMHOCTb.

[[IMpokO NPHUMEHSIOT TakXe IpaJyMpPOBAHHBIE IUIIETKH Pa3JIMYHON €MKOCTH, Ha HAPY)KHOW CTEHKE
KOTOPBIX HAaHECEHbI JeieHus. [ HarmoNMHeHUs] MUIEeTKH HU)KHUN KOHEIl €€ OIyCKaroT B KMIKOCTb U
BTATMBAIOT TIIOCJEAHIO MPH TOMOLIM TPYIId WIH CHEHaJIbHOro mnpucnocobnenus. JKuakoctsb
HaOMpaloT Tak, YTOOBl OHA MOJHsUIACh Ha 2-3 CM BBIILIE METKH, 3aTe€M OBICTPO 3aKpBIBAIOT BEpXHEE
OTBEpPCTHE yKa3aTeJIbHbIM MaJIblIeM MPaBOil pyKH, MPUIEPKUBAS B TO K€ BpPeMsl MUMETKY OOJbIINM U
CPeAHMM MajbllaMU. 3aTeM OCHAOJAIOT HAKHUM YKa3aTeNbHOTO Maliblia, B Pe3yJbTaTe Yero >KUIKOCTh
OyZeT MeIJIeHHO BBITEKaTh M3 MHUIETKA. B TOT MOMEHT, KOI/la HMKHUH MEHUCK (YPOBEHB) >KUIKOCTH
OKaXXCTCA Ha OJHOM YpPOBHE C MeTKOﬁ, majen CHOBa MPHUXUMAKOT. BBG}IH IMMUIICTKY B COCYA, OTHUMAKOT
yKa3aTeJbHBIN Najiell U JaloT KHUIKOCTH CTeYb M0 CTeHKe cocyna. [locie Toro, Kak KHIKOCTh BBITEUET,

MUIIETKY JEpIKaT ellle SCEKYH/| IPUCIOHEHHON K CTEHKE COCYAa, CIETKa IOBOpAaYUBasi BOKPYT OCH.



bropeTku NpUMEHSIOT Npy TUTPOBAHUH, [T U3MEPEHUS TOYHBIX 0OBEMOB U T.1I.

Oobopyooearue u mamepuaivl:

PeakTuBbl, HECOOXOAUMEBIE JUTsI TAaHHOW PaOOTHI, BRICTABIISIFOT HA TOJIKH J1a00paTOPHBIX CTOJOB. Peakue
PEaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI M IIENOYH, IMaXydyue BellecTBa (HAmpuMmep, CEpoOBOIOPO,
OpoMHast BOJIa ¥ JIp.) XPaHAT B BBITSDKHOM IIKady.

OcHOBHasi XUMHUYECKasi TIOCy1a: IPOOUPKH (B INTATHUBE), KOJOBI, XUMHUYECKHE CTAKaHBI MOCIE PaObOTHI
THIATENTLHO BBIMBITH, BEChI C Pa3HOBECOM, MPHUOOPHI, HCIOJBb3yeMas MJis TPOBEIACHHS OTACIbHBIX
nabopaTopHBIX paboT, BEIAACTCS U CIIACTCS YMCTas JJAOOPaHTY.

Texnuxa 6ezonacrnocmu npu 6bINOJIHEHUU J1A00OPAMOPHOU DAOOMbL:

-aKKypaTHO 00pamatbesi CO CTEKISIHHON XMMHUYECKOUW MOCY0i. OCTaTKH pa30UTON MoCyAbl yOouparth ¢
MOMOII[bIO COBKa U MIETKU;

-Bce paboTHl, CBSA3aHHBIC C BBIACICHHEM SIOBUTHIX, JICTYYMX W HENPUATHONAXHYIIUX BEIIECTB,
MIPOBOJMTH B BBITSHKHOM TIKady;

-TIpU OTIpECNICHUU 3allaxa BEIEeCTB OTBEPCTHE COCyda JepxaTh Ha paccTossHuH 25-30 cM OT jawuia,
HaMpaBIiAg K ce0e CTPYIO raza MmocTynaTebHBIMH JBHKEHUSMU JIAJIOHU OT OTBEPCTHUS K JIHILY;

-pY HAJIMBAHMU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYJOM BO H30€xkaHHE MoNafaHusi OpbI3r WIH
YaCTHI] HA JINLIO WIIH OCXKAY. TP pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIIOT BIMBATH KUCIOTY B BOLY,
HO HE HA00O0POT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K cebe UM B CTOPOHY COCe/la. HE HAKIOHATHCS
HaJ| HarpeBaeMol >KUIKOCThIO BO U30€KaHue MoNagaHus €€ Ha JIMLO, PYKH WU OJEXKY;

-ropsiYMe MpeIMEeThl MOXHO CTaBUThb TOJBKO Ha acOeCTOBBIH KapTOH, acOECTUPOBAHHYIO CETKY WM
JPYTYIO CIEUAIIBHYIO TIOJICTaBKY;

-HEJb3$ MOJIb30BATHCS IEKTPONPUOOpaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTaXa. IPU BKIIIOYEHHUHU UX B
CEeThb HEJb3sl IEPKAThCA 3a METAJUIMUECKUE MTPEeIMETHI (TpYyOBbl, KpaHbl U T.II.). 3alpPEIIAETCs BKIIOYATh U
BBIKJIIOYATh 3JEKTPONPHOOPHl MOKpPBIMH pyKaMH, a TakKXe I0Jb30BaTbCsl HEMCIPABHBIMU WJIU
MMEIOIIMMH OTrOJIEHHBIE POBOA MPUOOpaMH;

-3arperaeTcs NpUHUMaTh MHIY B XUMUYECKON 1abopaTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTeropuYeCKH 3arperiaeTcs NpodoBaTh peakTUBBI Ha BKYC;

-py TIOMAJaHUM Ha JIMLO WM PYKH OpBI3T KOHIEHTPUPOBAHHBIX KHCJIOT MOCIE CMBIBAaHUS BOJON
IPOMBITh CIa0BIM PAaCTBOPOM COJIBI. INENOYH CIEAYET CMBIBATh IO Te€X IOp, MOKa y4acTOK KOXKH, Ha
KOTOpPBIM OHa ToMaa, He MepecTaHeT ObITh CKOJIB3KUM; 3aTeM MPOMBITH CIIa0bIM PacTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHTh TOBSI3KY U3 BaTbl, CMOUYEHHOW 3%-HbIM PAacTBOpPOM IepMaHraHaTa Kajus (U3
anTeuky B Ja0OpaHTCKON Kadeapsl);

-110 OKOHYaHUM PAOOTHI BBIKJIIIOUYUTH U3 CETHU BCE ANIEKTPOIPUOOPHI, MEPEKPHITh MOJauy ra3a U BOJbI B

nabopaTopuio U yopaTh pabouee MecTo;



-000 BCEX HECUACTHBIX CIydasX HEMEJICHHO COOOIAaTh MPENOo aBaTeIi0 WA Ja0OPaHTYy.

Ilpaxmuueckas uacmso:

[IpuroroButs B MepHoit konbe 100 ™My  pacTBOopa XJIOPOBOJOPOIHOM KHCIOTHI — 3aJaHHOM
konrentpanuu(0,10 - 0,20 H).

[Topsimok paGoTHI.

a) KoHLleHTprpOBaHHYIO XJIOPOBOJOPOJIHYIO KUCIOTY HAJIUTh B LUIMHAP U apeOMETPOM H3MEPUThH €€
IUIOTHOCTB. DTy OMEPAaIUI0 MPOBOJUTH B BBHITSHKHOM Ikady. [1o Tabiuile B cipaBOYHUKE OMPEICIIUTh
MPOLIEHTHYIO KOHIICHTPAIIMIO KUCIOTHI M BBIYHCIUTE 00BEM KoHIeHTpupoBaHHOW HCIl, HE0OX0auMBbIit
st npurotosieHuss 100 M pactBopa 3agaHHOM KOHUEHTpanuu. i1 pac4€éTOB MOKHO HCIIOJIb30BATH
creayomye GOpMyIbL: :

oo M m - 1000
%= pv * 100% Cu= -

rne  Co, — IPOLICHTHAs KOHLUEHTPALUS;

Cy — HOpMasbHasi KOHLIEHTPALKS;

M — Macca pacTBOPEHHOTO BEILECTBA;

p — ILJIOTHOCTb PacTBOpa, r/em®;

v — 00BEM pacTBOpa, cM;

O — >KBHBaJIEHTHAasl Macca paCTBOPEHHOTO BEIIECTBA.
Boruncnennsiii 00bEM pacTBOpa U3 OIOPETKU NEpelnuTh B MepHYIO K00y Ha 100 mui, 3aTemM B KonOy
HQJIUTh 1O TOJOBUHBI JUCTHJUIMPOBAHHOW BOJbI. TiiarenbHO B300JITaTh, 10OBECTH OOBEM pacTBOpa
JUCTUUTMPOBAHHOM BOJOM 10 METKH, 3aKpbITh KOJOy MpOOKOIl M BHOBb TIINATENBHO IMepeMenlaTh
pacTBop, epeBopaduBasi KoJyoy.
0) [IpoBepuTh HOPMAILHOCTH IPUTOTOBIEHHOTO PacTBOpA.
Jl1s1 3TOrO BCHOJOCHYTh MPUTOTOBJIEHHBIM PACTBOPOM KHMCJIOTHI MUIIETKY U O0TOOpaTh nmunetkoi 10 mu
3TOM KUCNIOThl. Comep KUMOe MUIETKH MEPEHECTH B KOHMYECKYI0 K00y, Tyaa ke 100aButh 20-40 mi
TUCTUJUTMPOBAHHON BOABI U 2-3 Kariu ¢peHoadTarenHa. 3aTeM B 3TOT pacTBOP U3 OIOPETKH MOCTENEHHO
N00aBJIATh PAcTBOP IIENOUYM M3BECTHOW KOHIIEHTPALMM, HETPEPHIBHO B30aiThIBasi KOJOY /10 TeX MOp,
MOKa pacTBOp HE OKpacUTCs B PO30BBIN 1BeT. Ecim okpacka HeycToiumnBa (Mcue3aer), mpruOaBuTh emié
2-3 xamM IEno4yd. OTOT MOMEHT COOTBETCTBYET IOJHON HeHTpaiu3aluy KHUCIOTHI IMIETO0YbIO.
OnwucanHBI TPHEM B aHATUTHYECKOW XUMHUH Ha3bIBa€TCS THTPOBaHUEM. THTpOBaHHE TMOBTOPHUTH 2-3
pasa, moka 00bEMBI U3PACXOO0BAHHOM MIENOUN HE OYayT OTyimYaThest Oonee yeM Ha 0,1 mot.
Pacuér KOHIEHTpaLUU KUCIOTHI MPOU3BOJUTCS IO CPEAHEMY 3HAYEHHMIO H3PACXOJOBAHHOTO 00BEMaA
ménoyn. s 3Toro nCnonbp30BaTh CASAYIOMYIO GOpMyITy:

CH k-1l ® \Y K-TBI CH wén ® \Y meén



rae  Cyym— ONpeaensieMas HopMalibHas KOHIEHTPaLus KUCIOThI, M-3KB/J;
V - — 0OBEM KHCIIOTHI, MJI (B JaHHOM ciydae 10 mi);
Cy men — M3BECTHAS HOPMaJIbHASL KOHIICHTPAIUS IIET0YH, T-2KB/TI;
V en — CpeiHee 3HaueHHe 00bEéMa MIET0YH, H3PACXOI0BAHHOTO HA TUTPOBAHKE, MII.

Berancnauts 3HaueHME OH_II/I6KI/I, ,Z[OHyIHCHHOﬁ IIpH IIPUT'OTOBJICHHUU paCTBOpPA SaI[aHHOfI KOHIOCHTPAIHUM:

OHII/IGKa %: CH TEOp CH MpaKT
tl

¢ 100% ,
CH Teop 0

rae Cui reop — KOHLIEHTpALMs, 331aHHAs [IPENOaBaTENeM, T-9KB/J;
Cu npaxr — KOHLEHTPALUsl IPUTOTOBJIEHHOTO PACTBOPA, ONpeeNIEHHAs TATPOBAHUEM, T-IKB/IL.

Tpeoosarnusa kK ohopmiaernuio 1a60pamoprHoll padomvl U Omuemy.

1.BeimonHeHne 1a0OpaTopHBIX pabOT COMPOBOXKIAIOT 3amMCcsIMU B JabopaTopHOM >KypHane. Ha
TUTYJIBHOM JIUCTE JTAOOPAaTOPHOTO KypHAlIa JNOJDKHBI OBITH IMPEICTABICHBI: Ha3BaHHE YHHBEPCHTETA,
(bamMuITus ¥ THUIHAJIB! YYalIerocs, HOMEp Kypca H PYIIbL, y4eOHBIN TOI.

2.074eT 0 BBINOJHEHHO 1a00paTOpHOIl paboTe JOKEH COEPKaTh CIEYIOIUE CBEICHUS:

*HOMEp paboTHI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUS pabOThI;

*IIeTTb PaOOTHI;

*000pyI0BaHHE M MaTEpUAIbI;

*KPaTKO€ TEOPETUUECKOE ONNCAHUE;

*HOMED U Ha3BaHME OIbITA;

*KpaTKO€ ONMMCaHKE X0a paboThl C yKa3aHUEM YCJIOBHH MTPOBEICHUS OIIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX TPUOOPOB;

*HAOJIIOICHHS;

*ypaBHEHMsI IPOTEKAIOIINX PEAKIIMIA;

*pacu€Thl, TaOIULBI, FpaduKy;

*BBIBO/IBI.

3.JIabopaTopHBlii ’KypHaI HYy>KHO BECTH YHCTO U aKKypaTHO, 3alIMCH JOJKHBI ObITh TAKOHUYHBIMU.
4.014€T 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT MPENOaBATENb.

5.K cmaue 3auéra mo mabopaTOpHOMY MPAKTUKyMy JOMYCKAIOTCS CTYJEHTHI, BBIIOJHUBIINE U
MOJINHMCABIINE Yy MpEerojaBaTelisi Bce JOMaIlHWE U JabopaTopHble paboThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABILKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, OTYYHBINUE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, JOITYCKAIOTCS K Cllavye dK3aMeHa 110
KypCy HEOPTaHMYECKOW XUMHH.

Konmponvnsie gonpocei :

1. Yo Ha3bIBaeTCA CyClEH3UEN, IMYJIbCUEN, KOJJIOUIHBIM PACTBOPOM U UCTHHHBIM PacTBOPOM



2. Uto Ha3wIBaeTCs KOHIIEHTparuel pactBopa? KakoBel Hanboliee paciipoCcTpaHEHHBIE CIIOCOOBI €€
BBIPAXKEHUS?

3. Kakue KOHIIEHTpallMy Ha3bIBAIOTCS MPOICHTHBIMH, MOJSUIBHBIMU, MOJISIPHBIMU, HOPMATbHBIMU?
Urto Takoe TUTp pactBopa?

4. ApeoMeTp TmoOKa3al IUIOTHOCTh cepHOH kuciaorel 1105 kr/m3. KakoBel ee mpoleHTHas
KOHIEHTPALHUs, MOJISIPHOCTh, MOJISUIBHOCTh, HOPMaIbHOCTh U TUTP?

5. Kakoii 06wem 20% consiHOM KHCIIOTHI TOTpeOyeTcs it MpUroToBiieHus 11 3 H. pacTBopa?

6. [l npoTpaBnuBaHus CEMSH CyleMoil mpuMeHstoT ee pactBopsl 0,1 % xonuenrpanuu. CKOIBKO
cyJleMbl Hazo B3ATh Ha 20 Bexep pactBopa (BMecTuMOcTh Benmpa 20 autpoB)? MOXKHO JIM TOTOBHUTH
pacTBOp CyJeMbl B IIMHKOBOM U KeJIe3HOM Bejpe?

7.Cxoibko ipogakaoro ¢popmanunaa (40% pacTBop) U BOJBI HEOOXOAMMO B3SITh JUISl IIPUTOTOBIICHUS
5% pacTBOpa?

8. Onpenenure HOPMAITHHOCTS IIEeNI0UH, coepxaintyio 2 T NaOH B 1 nutpe pacTBopa.

Cnucok q1umepamypbol

1. Heopranuueckass xumusi [DIeKTpOHHBIN pecypc] : maboparopuslii npaktukym / C.A. CokomnoBa [u
ap.]. — DIeKTpoH. TEeKCTOBble NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbIl ArpapHblil
VYuusepcurer uMm. Mmmeparopa Ilerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

2.Heoprannueckass xumus [DIeKTpOHHBIN pecypc] : nmabopatopHslit npaktukym / O.B. JIpskoHoBa [1
ap.]. — DIeKTpoH. TeKCTOBble NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbI ArpapHblil
VYuusepcurer um. Ummeparopa Ilerpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html

JlabGopaTopnasi padora Ne 7
Tema 7: Peakunu o0MeHa B pacTBOPax 3JIeKTPOJIUTOB

Lleny pabdomei: V3yunTh peakiuym OOMEHa B PacTBOpax 3JIEKTPOJIUTOB Ha MpUMepe 00pa3oBaHUs

TPYAHOPACTBOPHUMBIX BCHICCTB, I'a30B, MAJIOAUCCONMUHUPYIOUICTO 3JICKTPOJINTA, PCAKIUHN ITPCBPALLICHUA
OAHOI'0 MAJIOPACTBOPHMMOTO BEHIECTBA B MCHEC PaCTBOPHUMOC BEIIECCTBO.

Dopmupyemuvie komnemenyuu. OIIK-1.

Teopemuueckasn uacmo:

DNEKTPOIUTBL — 210 8eujecmed, pacmeopuvl U PAcniagbl KOMOPbIX NPOBOOSM dJeKMpUdecKull mox.
Pacnianm mMomnexys BemecTBa Ha MOHBI Ha3bIBACTCS 21eKmpoaumuyeckou ouccoyuayueti. K anexrponnram
OTHOCSITCSI KHCJIOTBI, OCHOBAaHHUS, COJIU. KHCITOTBI — 3TO 3JIEKTPOJIUTHI, JUCCOIUUPYIOIINE B pACTBOPAX C
obpazoBanneM KaTtHoHOB Bogmopoxa: HCN « H™ + CN; H,SO, = 2H" + SO4*. OcHoBauus —

3JIEKTPOJIUTHI, AUCCOLUUPYIOIINE B paCTBOPax ¢ 00pa3o0BaHUEM I'MIPOKCUA-UOHOB!



NH,OH < NH;" + OH; Ba(OH), = Ba®* + 20H. CywiecTBYIOT IEKTPOIUTHI, KOTOPHIE MOTYT
IMCCOIIMUPOBATh TI0 THUIY KHCIOTHI W 1O TUIYy OCHOBAHWS, TAaKHE JJICKTPOJIUTHI HAa3bIBAIOTCS
amporepHbiMi. K HHM OTHOCSTCS THAPOKCHIBI aM(OTEPHBIX 3JIEMEHTOB, a TaKXKe THIPOKCHJIBI
METaJJIOB, HAXOISIIMXCS B MPOMEXKYTOUHOM crerneHH okucienus, Hanpumep: Be(OH),, AI(OH)s,
Zn(OH),, Cr(OH)3 u muorue apyrue. Jucconuanuo pacTBOPCHHON Y4acTH aM(pOTEPHOrO THAPOKCHIIA
10 000MM THITAM MOYKHO TIPEACTABUTH CIICIYIOIIEH CXEeMOH:

H*+RO < ROH <> R"+ OH.

B HachIIICHHOM BOJHOM pacTBOpe aM(OTEPHOTrO THAPOKCHIA UOHBI H*, RO u R*, OH mnaxomsarcs B
COCTOSIHUM PaBHOBECHUs, TIOATOMY aM(OTEpPHBIE TUIAPOKCHIBI B3aUMOICHUCTBYIOT M C KHCJIOTAMH H C
ocHoBaHUsIMU. [Ipu 10GaBIEHUU KHUCIOTHI PAaBHOBECHE CMEMIACTCS B CTOPOHY IMCCOLMUAIMH TI0 TUITY
OCHOBaHWUSI, TIPU JTOOABJICHUN OCHOBAHUS — B CTOPOHY JVCCOITUAIUH IT0 THITY KUCIOTBI.

Conx — 3JEKTPOJIHTHI, KOTOPHIC MPU PACTBOPESHUU B BOJIC JUCCOIUUPYIOT, OTIIEIUISAS MOJOKUTEITbHBIE
WOHBI, OTIMYHBIC OT HWOHOB BOJIOPOJIa W OTPHUIATENbHBIC, OTIMYHBIC OT THIPOKCHI-WOHOB. Conun
CpeIHHE, KUCITbIE M OCHOBHBIC JUCCOLUUPYIOT:

Al(S04); = 2AIF + 350,%; CUOHCI <> CUOH" + CI'; KHCO; = K* + HCO3..

[To cmocoOHOCTH K JHMCCOIMAIMM JJICKTPOJHUTHI JEIATCS Ha CHIBHbIC W cladble. Y CHIIBHBIX
AJIEKTPOJIUTOB B PACTBOPE AMCCOIUUPYIOT HA MOHBI MPAKTUYCCKH BCE MOJICKYJBI, y CIA0bIX - JIHMIIb
4acTh MOJIEKYJl1. K CHIIBHBIM 3JIGKTPOJIHMTAaM OTHOCSTCSI IOYTH BCE COJM, OCHOBAHHSI IICIOYHBIX U
IEJIOYHO3EMENBHBIX MeTaIoB, a u3 BaxHenmux kucior: HCIO4 H,SO,; HNOjz, HCI, HBr, HJ,
HMnO4.

K cmabeiM 3JIeKTpoIMTaM OTHOCSTCS TOYTH BCEe oOpraHudeckwe Kuciaorbl, Hampumep, CH3COOH,
Heopraunueckue coenunenus: H,CO3, H,SO3, H,Si03, HCN, HNO,, H3PO4, HF, NH4,OH, H,O u T. 1.
Peakuu B pacTBOpax 5SIEKTPOIUTOB MPOTEKAIOT MEXIYy HOHAMU W HIYT HEOOpaTUMO, €clid B
pe3ysibTaTe peakiuu OOpa3yITCs OCAJKH, ra3bl W cladble AJIEKTPOIUTH.. OOBIMHO TaKHe PEaKIuu
M300paaroTCs MPH TIOMOIIA HOHHO-MOJICKYJISIPHBIX ypaBHeHHH. OCaku, Ta3bl U CIIA0BbIC SJICKTPOIUTHI
MUIITYTCS B BUAE MOJIEKYJI, XOPOIIIO PACTBOPUMBIE CUITBHBIC ANEKTPOJIUTHI — B BU/I€ HOHOB.

PaccMoOTpuM TUITMYHBIC BAPUAHTHI PEAKIIUH B pACTBOPAX 3JICKTPOIUTOB:

a) 3AgNO3 + FeCls = Fe(NO3); + 3AgCl| — MonekynsspHOE ypaBHEHHE

3Ag" +3NO;5 + Fe®" + 3NO3 + 3AgCl| — monHOe HOHHOE ypaBHEHHE

Ag" + CI'= AgCl| - cokpalieHHOE HOHHOE yPaBHEHHE

6) Na,CO3 + H,SO,4 = Na,SO,4 + H,O + COQT

2Na" + COs% + 2H" + SO, = 2Na* + SO,* + H,0 + CO,?

2H" + CO3* = H,0 + CO,1.

B) HCI + NaOH = NaCl + H,0

H*+CI'+Na"+OH =Na" + Cl +H,0



H*+ OH = H,0

[Ipu cocTaBieHHM HWOHHO-MOJEKYJSPHBIX YPaBHEHUW CJIEAYEeT MOMHUTb, YTO CyMMa JJIEKTPUUYECKUX
3apsiIoB B JIGBOM YacTH JIOJDKHA OBITh paBHA CyMME DJICKTPUYECKHX 3apsI0B B IPABOW YacTu
ypaBHeHI/ISI. OI[I/IHaKOBBIG HNOHBI U3 O6eI/IX qaCTeﬁ ypaBHeHI/ISI HNCKIIHOYAKTCA.

Oo0opyooearue u mamepuaivl:

PeakTuBbl, HCOOXOMMBIC ISl TaHHOW Pa0OTHI, BHICTABISIOT HA TOJKH Ja0OpaTOPHBIX CTOJIOB. Peakue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIOTHI U MIENOYM, MMaXydyue BEUIeCTBa (HAIpPHMEpP, CEPOBOIOPO/I,
OpoMHasi BoJa U Ap.) XPaHST B BBITSHKHOM IIKa(y.

OcHOBHasi XUMHUYECKasi TIOCYy/1a: IPOOUPKH (B IITATHUBE), KOJIOBI, XUMHUYECKUE CTAKaHBI IOCIE PaOOThI
TIIATEIBHO BBIMBITH, BEChl C Pa3HOBECOM, MPHUOOPHI, HCIOJb3yeMas ISl MPOBEICHHS OTICIBHBIX
1abopaToOpHBIX PaboT, BEIAACTCS U CIASTCS YMCTast JIAOOPAHTY.

Texnuka bezonacnocmu npu_6bINOJIHEHUL 1AOOPDAMOPHOIL_PAdOmblL:

-aKKypaTHO 00pamiaTrbCsi CO CTEKISIHHOW XMMHUYECKOH MOCYy/10i. oCcTaTKu pa3OuTOM mocyisl youpars C
MIOMOIIBIO COBKA U IETKY;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JETYYUX M HENPUATHONAXHYIIMX BELIECTB,
MIPOBOJIUTH B BHITSDKHOM IIKady;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE cocyla JAepKaTh Ha paccTosHuu 25-30 cM OT nuia,
HanpasJsisl K cebe CTPYIo ra3a MnocTynarelbHbIMU JBH)KEHUSMU JIAJIOHU OT OTBEPCTUS K JIULLY;

-IpY HAJMBAHHWU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€aHHME MONafaHus OpbI3r WIK
YacTHUIl Ha JINILIO WIN OAEKIY. IpU pa30aBIeHUN KOHLIEHTPUPOBAHHBIX KUCIIOT BIUBATh KUCIOTY B BOJY,
HO HE Hao0O0pOT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/a. HE HAKJIOHAThCS
Ha/1 HarpeBaeMo KHJIKOCThIO BO M30eXkaHNe MOoNalaHus €€ Ha JIMIO, PYKU WIIH OJISXKIY;

-ropsiYMe MpeIMEeThl MOXHO CTaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WIIU
JPYTYIO CHEIHAIbHYIO TIOJICTaBKY;

-HeJb3$ MOJIb30BATHCS HIEKTPONPUOOPaMH 0€3 COOTBETCTBYIOIIEr0 HHCTPYKTaXa. MPU BKIIOYEHNUHU UX B
CeThb HeJb3sl IepKaThCs 3a METATMUECKUE MPeMETHI (TpyObl, KpaHbl U T.I1.). 3alPeIIaeTcs] BKI0YaTh U
BBIKJIIOYATh 3JEKTPONPHOOPHl MOKPBIMH pyKaMH, a TaKXe I0Jb30BaThbCsl HEHCIPABHBIMH WIIU
MMEIOLIUMH OroJIEHHBIE TIPOBOIAa MPUOOpaMU;

-3anperaeTcs NpUHUMATh MUIY B XUMUYECKOH J1abopaTopuu U MUTh BOY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTerOpHUYECKH 3arperaeTcs mpoooBaTh peakTUBBI Ha BKYC;

-py TOMAJaHUM Ha JIMLIO WM PYKH OpBI3T KOHIEHTPUPOBAHHBIX KUCJIOT MOCIE CMBIBAaHUS BOJOU
MIPOMBITH C1a0bIM PacTBOPOM COJIBL. IIEIOYB CIEAYeT CMbIBATh JI0 TE€X MOp, MOKa y4acTOK KOXKH, Ha

KOTOpBIfI OHa 11o1ajia, HC MEPCCTAaHCT OBITh CKOJIb3KUM; 34TCM IPOMBITb c1a0bIM pPacTBOpOM yKCYCHOﬁ



KHUCJIOTHl U HAJIOKUTh TIOBS3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOPOM IepMaHTaHaTa Kaimus (W3
anTe4yKy B TaOOPaHTCKOU Kadeapsl);

-110 OKOHYaHHUH PAaOOTHI BHIKIIIOYUTH U3 CETU BCE AJIEKTPOIPUOOPHI, IEPEKPHITH T0Jauy r'a3a U BOJBI B
naboparopuro u yopaTs pabouee MecTo;

-000 BCEX HECYACTHBIX CIyYasiXx HEMEJIEHHO COOOIIaTh MPEnoaBaTesio Wik JJa0opaHTy.

Ilpaxmuueckas uacmso:

B3auMoeiicTBre 3JIEKTPOIUTOB CIEAYeT pacCMaTPUBATh KAK PEAKIMM MEXIYy MOHAMH. DTH PEeaKlUu
UAYT B CTOPOHY HamOOJee IOJIHOTO CBS3bIBAHUS HWOHOB B TPYAHOPACTBOPUMBIC, TI'a3000pa3HbIC U
MaJIOJUCCOLMUPYIOIHUE BEILECTBA.

ITpu BbInoIHEHNH pabOThl ypaBHEHMSI BCEX PEAKIIMNA MUCATh B MOJIEKYISIPHOM U HOHHOM BUJIE.

Onwvim Nel. OGpa3oBaHu€ TPYHOPACTBOPHUMBIX BEIIECTB.

[TonGepure Takue peakTUBBI U3 HAXOAALIUXCS HA MOJKE, B3aUMOACHCTBUEM KOTOPBIX MOXKHO MOJIYYUTh
OCaJKu cylib(uaa IUHKA, THUIPOKCHIA HUKENIS M KapOoHaTa kKanblusg. Ocaiku JOHKHBI OTCTOSITHCS.
ITocne orcTauBaHus pacTBOPBI CIUTH, @ OCAJKH COXPAHUTH JJIS CIIEYIOIIUX OIBITOB.

Onwvim Ne2. O6pa3oBaHue Ta30B.

K cynpduny nmsHka, a 3areM K ocaiky kapOoHaTra KaiblMs, NpuOaBUTH 2-3 MJ pacTBOpa
XJIOPOBOAOPOAHON KHCIOTHI. Kakue rassl Boiaensatorca? OOparure BHUMaHKE, YTO BO BTOPOM Ciydae
IIOMHMO ra3a 00pa3yercsi MaJoJUCCOLMUPYIOIIEE BELIECTBO.

OMnbIT NPOBOAUTH B BBITSDKHOM LIKAdYy.

Onwvim Ne3. O0pa3zoBaHH€ MaJIOIUCCOIUUPYIOIIETO AIEKTPOIIUTA.

A. K ocaaky runpokcuna Hukens (onsIT Nel) nmpubaButh pactBop ammuaka. O0pa3yercst pacTBOPUMBII
Maoauccouupyrouuii non TerpaammuHHukems(1l).

B. B nmpobupky HamuTh 2-3 MJ pacTBOpa XJIOPOBOJOPOJHON KHCIOTHI U IOMECTHUTHh B HETO TPaHyly
MeTajiyeckoro nuHka. HaOmiogaTe MHTEHCHBHOE BblAENeHUE Bojaopoaa. JloGaBuUTh B MpoOUPKY
LIETIOTKY KPHUCTAJUIMYECKOro arerara HaTpus. OTMETHTh W3MEHEHME B WHTEHCHUBHOCTU BbIIEJICHUS
Bojioposia. Hanucath ypaBHeHUE peakluy, KOTOpas MpOM30lUIa Mociae NpuOaBiIeHus aleTara HaTpus,
yKa3aTb IPUUMHY 3aMEUIEHHS MPOLiecca BbIIEIEHUS BOJIOPOAA.

Onvim Ne4. CMelieHre HOHHOTO PaBHOBECHS.

A. Hanuts B mpoOupky 3-4 M AUCTUIUIMPOBAHHOW BOJbI, MPUOABUTH KaIUTI0 KOHUEHTPHUPOBAHHOMN
YKCYCHOHM KHUCJIOTBI M 1-2 KaluiM MHAUKAaTOpa METUIIOBOrO OpaH)keBoro. Kakyrwo okpacky NpuHUMAaeT
pactBop M mnoueMy? CocTaBbT€ ypaBHEHHUE [HUCCOLMALMUA YKCYCHOM KHCIOTBI M BBIPAKEHUE IS
KOHCTaHTbl HOHU3AIIHH.

Pa3znenuts pacTBOp NOpPOBHY Ha JIB€ MPOOUPKU M K OJJHOM YacTH MPHOaBUTH IIEMOTKY alleTaTa HaTpus,

B300JITaTh U CPAaBHUTH OKPACKY PACTBOPOB B 00eUX NMpodupkax. Jlate 0OBSICHEHUE OMBITY.



B. TlpoBecTn ONBIT AaHATOTMYHO NPEABIAYLIEMY, B3sIB BMECTO KHCIIOTBI PacTBOpP aMMHAaKa, BMECTO
METHJIOBOTO OpaH)XeBOTo - (eHondTaserH W BMECTO alerara HaTpusi - XJopuja ammoHus. JlaTh
00BSICHEHHUE, UCXO/1 U3 KOHCTAHTHI PAaBHOBECHSI.

Onwvim Ne5. [IpousBeneHre pacCTBOPUMOCTH MAJIOPACTBOPUMBIX BEIIECTB.

Buectu B npoOupky u3 Owoperku 1 mi 0,1 H pacTBopa HUTpaTa CBHHIIA U JOOABUTh K HEMY HEMHOIO
6ob1e o 00béMy 0,1 H pacTBopa cynbdarta Hatpus. [lomyueHHBINH 0calOK JOHKEH OTCTOAThCA. ClAUTh
HA/I0CaJI0OYHYIO JKUJKOCTh (MM 0ToOpaTh mumerkoil). K ocaaky mpubaButh 1 mMi pacTBopa Xpomata
Kanuss M nepememiats. HaOmrogarh IOCTENEHHOE M3MEHEHME LBeTa ocaika. Kakoe BelecTBo
oOpazoBasioch? Ha ocHOBaHMHM OIbITa CeNaTh BBIBOJ O BEJIUYUHE MpousBeneHus: pactsopumoctu (I11P)
MajopacTBOPUMBIX cosieil. CpaBHUTH CBOM BBIBOA C JaHHBIMU TaOnuibl. Hamucate ypaBHEHUS
MPOU3BEICHUS PACTBOPUMOCTH 3TUX COJIEH, NOACTaBUB 3HaueHus [1P.

Omnpit Ne6. KoHTposibHOE 3a/1aHueE.

DKCIEpUMEHTAJIBHO OCYILECTBUTH CIIEAYIOLINE MPEBPAIICHHUS:

CuSO4 — Cu(OH),; — [Cu(NH3)4](OH), — CusS.

CocTaBUTh ypaBHEHHUS pEaKIIMil.

N3 »TOro ombiTa ciaemyeTr, YTO MHOI/AA B JIEBOM M IPaBOMl YACTSIX YpaBHEHUS MOTYT OJHOBPEMEHHO
HAXOJUTHCS MAaJIOJUCCOIMHUPYIONINE U TPYAHOPACTBOPHMBIE BemlecTBa. UTOOBI MPAaBHIBHO PEUINTH
BOIIPOC, B KaKyl0 CTOPOHY CMECTUTHCSI paBHOBECUE, HY)KHO MPOU3BECTH YUET TAKUX KOJIMYECTBEHHBIX
XapaKTEpUCTHK, KaK KOHCTAHTa AUCCOLUALNY, TPOU3BENECHNUE PACTBOPUMOCTH, KOHIIEHTPALsI HOHOB.

Tpeovosarua Kk ohopmaenuro 1a60pamopHo padbomel u omuemy:

1.Bemonaenne 1abopaTOpHBIX PadOT CONPOBOXKAAIOT 3amUCSIMH B JIaOOpaTopHOM >KypHaine. Ha
TUTYJIBHOM JIMCTE JTa0OPAaTOPHOTO >KypHala MOJDKHBI OBITH IPENCTAaBIICHBI: Ha3BaHUE YHHBEPCHTETA,
(dbaMuIHs 1 MHUIMANBI YYaIllerocsi, HOMep Kypca U TpyIIbl, y4eOHBIH ro.

2.0T4eT O BBINOJIHEHHOH 1Jab0paTOpHO paboTe JOHKEH COAEPIKATh CIEAYIOIINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBITIOJTHEHUS PaOOTHI;

*IIeTTb PaOOTHI;

*000pyI0BaHHE M MaTEPUATIBL;

*KpaTKOE TEOPETUIECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIBITA,;

*KpaTKO€ OIHMCaHUEe X0/1a padOTHI ¢ YKa3aHUEM YCIIOBUH IMPOBECHHS OIIBITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TPUOOPOB;

*HAOJIIOICHHS;

*YpaBHECHHUS MPOTEKAIOIINX PEAKIIHIA,

*pacu€Thl, TAOIHIIBI, TPAPUKH;



*BBIBO/IB.

3.JIaGopaTopHBIii XkKypHaI HYy’KHO BECTH YMCTO U aKKypaTHO, 3alIMCU JOJKHBI ObITh JTAKOHUYHBIMU.
4.014€T 0 IpoBeAEHHON paboTe MPOBEPSIET U MOAMUCHIBACT MPETIOIABATEIb.

5K cpaue 3au€éra mo mabopaTOPHOMY TMPAKTHUKYMY JIOIYCKAIOTCSl CTYACHTHI, BBINOJHUBIIUE H
IOJIIMCABIIME Yy IperojaBaTelii Bce JOMalIHWE U JaObOopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHBHO y4acTBOBABILKE B pab0OTe CEMHHAPOB.

6.CTyneHThl, TOJYYHBIIKE 3a4€T MO JIAOOPATOPHOMY IPAKTUKYMY, JOIYCKAIOTCS K Clladye 3K3aMeHa 110
KypCy HEOPTaHMYECKOU XUMHUH.

Konumponwsnvie gonpocel :

1. CocraBbTe MOJICKYJSIDHBIE W HOHHO-MOJICKYJISIPHBIC YpaBHEHHS pEaKIUil B3aUMOJCHCTBUS B
pactBopax Mexy: a) KoS u CuSOy; 6) AgNO3 u NH4CI;

B) Na,SiO3 u HpSOy; 1) CaCO3 u HNO:s.

2. CocraBpTe 1O [Ba MOJEKYISIPHBIX YpaBHEHHUS pPEaKIWH, KOTOpPBIE BBIPAXKAIOTCI HOHHO-
MOJICKYJISIPHBIMUA YPaBHCHUSIMHU:

a) Fe>* + 30H" = Fe(OH)3; 6) H" + OH™ = H,0; B) Cu** + S* = Cus.

3. MOXHO JT1 TPUTOTOBHUTH PACTBOP, COAEPKAIINNA OJTHOBPEMEHHO ClieAyroIure napel Beuiects: a) KOH
u Ba(NOs)2; 6) Cr(OH); u NaOH; B) Pb(NO3), u KCI; r) CuCl, u Na,S? IlpencraBbTe BO3MOXKHBIC
pEaKIMK B MOJICKYJSIPHOM U HOHHO-MOJICKYJISIPHOM BHJIC.

4. CmemmBarot nomapao pactBopbl: a) KOH u Mg (NOj3),; 6) LioCO3; u HCI; B) Fe(NO3); u KOH; r)
NH4CI u NaOH. B kakux ciydasx peakiuu NpakTU4ecku moiayTr no koHua? IlpenctaBeTe ux B
MOJIEKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM BUJIE.

5. CocraBbTe MOJEKYISPHbIE W HOHHO-MOJIEKYJISIpDHBIE YPAaBHEHUS peaKLUUi B3auMOJICHCTBUSA B
pactBopax Mexay: a) BaCO3; u HNOj3; 6) Fep(SO4)3 1 KOH; 8) HC1 1 K5S; ) CH3COOK u HCI.

6. CocraBbTe MOJEKYISPHBIE W HWOHHO-MOJICKYJISIDHBIE YpaBHEHUS pEaKIUi B3aWMOJCHCTBUS B
pactBopax mexnay: a) Mg(OH), u CH3COOH; 6) NH4CI u NaOH; B) Ca(OH); nu K,CrOy; 1) AICl3 1
Ba(OH),.

Cnucok ntumepamypbol:

1. Heopranuueckass xumusi [DaeKTpoHHBIA pecypc| : mabopatopubiii npaktukym / C.A. CokosioBa [u
ap.]. — DIeKTpoH. TeKCTOBbIe NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbI ArpapHblit
VYuusepcurer uMm. Mmmneparopa Ilerpa IlepBoro, 2017. — 93 ¢. — 2227-8397. — Pexum goctyna:
http://www.iprbookshop.ru/72709.html

2.Heopranmueckas Xumusi [ DIEKTPOHHBIA pecypc]| : mabopatopHsiii npaktukym / O.B. JlpsikoHOBa [H
ap.]. — DIeKTpoH. TeKCTOBbIe NaHHble. — Boponex: Boponexckuil ['ocynapcTBeHHbI ArpapHblit
VYuusepcurer um. Ummneparopa Ilerpa Ilepsoro, 2016. — 150 ¢. — 2227-8397. — Pexxum poctyna:
http://www.iprbookshop.ru/72708.html



JlaGopaTopHasi padora Ne 8
Tema 8: 'mapoaus

Lenb padbomwr: VIzyuenue pabotel pH-meTpa u onpeneneHue PH HelTpanbHOT0, KUCIOTO U MIETOYHOTO

pacTBOpoB C momouiplo PH-meTpa, BHU3yanbHOE OIpEIECIIEHUE LBETOB HMHIMKATOPOB JIAKMYcCa,
METHJIOBOT'O OpPaHKeBOro U (eHoI(TaIerHa B HEHTpalbHON, KUCIION U LIEJIOYHON cpejie, ONpeieeHne
PH cpexnbl ruApOIU3YIOLMXCS CONEH ¢ MOMOUIbIO MHIMKATOPOB, BIUSHUE TEMIIEpaTyphbl HAa THAPOJIU3,
HEOOPaTUMBIH MOJHBINA THIPOIIU3.

Dopmupyemoie xkomnemenyuu. OIIK-1.

Teopemuueckas uacmo:

I'maponus — 31O pasnoxeHue BeWECTB BOAOM. Boma — oOHO W3 cambIX akTHBHBIX BemecTB. OHa
JCHCTBYET Ha CaMmble PAa3IMYHBIC KJIACCHI COSJAMHCHUMN: COJIM, YIIICBOJBI, OCIKH, 3(DUPBI, KHUPHI U T. 1.
[Tpu ruaponuse coeAMHEHU HEMETAIUIOB OOBIYHO 00pa3yrOTCs ABE KHCIOTHI, HAPHUMED:

PCl; + 3 H,O = H3PO3; + 3 HCI

[Ipu 3TOM U3MEHSAETCS KUCIOTHOCTh PACTBOPOB IO CPABHEHUIO C KMCIIOTHOCTHIO PACTBOPUTETIS.

B Heopranmveckoi XMMHH Yallle BCETo MPUXOTUTCS UMETh JIEJI0 C THUIPOIU30M COJIEH, T.€. ¢ 0OMEHHBIM
B3aUMOJICICTBUEM MOHOB COJM C MOJIEKYJIaMH BOJIbI, B p€3yJbTaTe KOTOPOIO CMELIAETCS PAaBHOBECHE
AIEKTPOJIUTUYECKON JUCCOLMALIUU BOJBI.

I'unponuzom comu Ha3bIBaeTCS 0OpATUMOE B3aUMOCHCTBHE HOHOB COJIM C MOHAMU BO/JIbI, IIPUBOJISIIECE
K U3BMEHEHUIO PAaBHOBECHUS MEXKYy MOHAMU BOJOPOJA U TUAPOKCUIA B pacTBOPE.

IM'maponus sBISIETCS PE3yAbTATOM MOJAPU3ALMOHHOTO B3aUMOJICHCTBUS MOHOB COJIM C UX THUAPATHOMN
000J104KOl B BOJAHOM pacTBope. Uem 3HaunTeNbHee 3TO B3aUMOIEHCTBUE, TEM UHTEHCUBHEE MPOTEKAET
TUAPONU3. YTIPOIIEHHO CYIIHOCTH MpoIlecca THAPOINU3a MOKHO MPEACTaBUTh CIEIYIOIINM 00pazoM.
Kartnonsr K" cBa3bIBafoTCS B pacTBOpe ¢ THAPATHPYIONIMMH HX MONEKYJaMH BOJBI JOHOPHO-
AKLENITOPHOM CBSA3bIO; JOHOPOM SBISIOTCS aTOMBI KHCIOPOJA MOJIEKYJIbl BOJBI, HMMEIOIIUE JBE
HETIOJICJICHHBIE JJICKTPOHHBIE Taphl, AaKIENTOPOM - KAaTHOHBI, WMEIOIINE CBOOOJHBIE AaTOMHBIE
opbutanu. Yem Oosnbliie 3aps KaTHOHA U Y€M MEHbIIIE €T0 pa3Mep, TeM 3HAUUTeIbHEE MONIIPU3YIOIIee
neiicreue K™ ua H,0.

AHHMOHBI AN~ CBSI3BIBAIOTCS C MOJIEKYJIaMH BOJIBI BOJIOPOJHOM CBsi3bi0. CHIIBHOE BO3/ICHCTBUE aHUOHOB
MOJKET TPHBECTH K IOJHOMY OTpPBIBY MPOTOHA OT MoJieKyinsl HoO — BOgOpomHAs CBS3b CTAaHOBUTCS
KoBaJIeHTHOH. B pe3ynbrare ob6pasyercs kucnota win anuoH tuna HS™, HCOz™ u T. m.

BiaumopeiicTBue aHMOHOB An~ ¢ IPOTOHAMHU T€M 3HAYMUTEIbHEE, UeM OOJIbIIe 3apsi aHHOHA U MEHBIIIE
ero paauyc. Takum 00pa3oM, HHTEHCUBHOCTh B3aUMOJICHCTBUS BEIIIECTBA C BOJAOU OMPEACIISIETCS CHIION
nonspusytontero Bamsans K™ m An~ Ha Mmomekymsl H,O. Tak, KaTHOHEI I€MEHTOB MOOOYHBIX

MNOATPYIIT U HCIOCPECACTBCHHO CJIICAYIOIINUX 3a HUMU 3JICMCHTOB IMOJABCPrarOTCA Ooiee HUHTCHCHUBHOMY



TUIPOJIU3Y, YeM JPyTrue MOHBI OJUHAKOBBIX C HUMHM 3apsijia M paauyca, TaK Kak sapa MepBbIX MeHee
3¢ PEeKTUBHO IKPaHUPYIOTCS d-3TEKTPOHAMH.

I'maponns — mpouecc oOpaTHBIA peakuuu HeilTpanuzanuu. Ecnu peakuus HeWTpaau3alMy MPOLECC
HK30TEPMHUUECKUI U HEOOPATHUMBIii, TO THIPOJIN3 — MPOLIECC IHAOTCPMHUUECKUI 1 00PATUMBIH.

Peakuus Helitpanuzanuu:

2 KOH + H,S05; — K»SO5;+ 2 H,0O

CWJIBHBIN CITa0bIi CHIIbHBIN ca0bIit

2 OH™ + H,S0;3 = SO5* + 2 H,0

Peakuust runponusza:

K>,S503+ H,0O < KOH + KHSO;3

SO3”"+ HOH «> HSO;3™ + OH"

[Ipu rugponuse cmeulaeTcsi paBHOBECUE AMCCOLMAIMM BOJbI BCIIECJACTBUE CBSI3bIBAHUS OJIHOTO U3 €€
moHoB (H* wim OH) B cnaGerii »mextponut comm. Ilpu cesaseBanmu moHoB H' B pactBope
HakaruBatoTcss noHbl OH , peakuus cpenbl Oyder mieno4Has, a mnpu cBs3piBaHuu HoHOB OH
HakarmBarTcs Housl H' - cpena 6yner kucnast.

PasnuuaroT gyersipe BapuaHTa JEHCTBHS BOJBI HA COJIH.

1. Eciin KaTMOHBI ¥ aHWOHBI UMEIOT HEOOJBIINE 3apsasl U OOJBIINE pa3Mepbl, TO UX MOJISPHU3YIOLICe
BIUSHUE Ha MOJIEKYJbl BOJbl HEBENIHMKO, T. €. B3aumojeictBue comu ¢ HoO mnpakTuuecku He
TIPOMCXOIUT. DTO OTHOCUTCSA K KATHOHAM, THAPOKCH/IbI KOTOPBIX ABJISIOTCA Ienodamu (Hampumep, K
" Caz+) ¥ K aHMOHAM CHJIbHBIX KHCIOT (Harmpumep, ClI™ u NO3”). CnenoBarensHo, coau, 00pazosanHvie
CUTIbHBIM OCHOBAHUEM U CUTbHOU KUCIOMOU, 2UOpoau3y He noogepearomcsi. B 3ToM cilydae paBHOBecue
JUCCOLMAIUHN BOJBI

H,O < H" + OH~

B TPUCYTCTBUM HMOHOB COJIM MpAaKTUYECKH He Hapymaercs. llosTomy pacTBopel Takux cojeit
HelTpansHel (pH = 7).

2. Ecnu conw obpazosana kamuoHoMm CUIbHO20 OCHOBAHUSL U AHUOHOM CAAOOU KUCTIOMbl (SZ', COgZ', CN™
U JAp.), TO npoucxooum 2udpoaus no auuowny. Ilpumep — ruaponus comu CH3COOK. HMouwr comu
CH3;COO u K* B3aWMO/JICUCTBYIOT C HOHAMU H" u OH wu3 BOMbL. ITpu stom anerat-uonsl (CH3COO )
CcBA3BIBAIOTCS ¢ mMoHamu Bojopona (H') B Momekymbl craGoro »7IeKTpONHTa - YKCYCHOM KHCTOTBI
(CH3COOH), a nonst OH HakamMBaroTCsi B pacTBOpE, COOOIIasi €My MICTOYHYI0 PEaKIHUIo, TaK Kak
nonbl K* He MoryT csazats nonst OH™ (KOH siBnsieTcst CHIIbHBIM 371eKTponuToM), pH > 7.
MonekynspHoe ypaBHEHHE THIPOIU3a:

CH3COOK + H,0 « KOH + CH300H

ITosiHOE MOHHOE ypaBHEHUE THAPOIIN3A:

K"+ CH;COO + HOH < K"+ OH + CH;COOH



COKpalIeHHOE HOHHOE YpaBHEHHE TUAPOIIN3A:

CH3COO + HOH <« OH + CH3COOH

Iunpomu3 comu NaS mporekaer crynenuato. Conb oOpazoBaHa cuiibHbIM OcHOBaHueM (NaOH) u
ciaboii 1ByxocHOBHOU kucioroit (H,S). B aToMm citydae aHnoH conu S?” cessbiBaer nonsl H' Bombl, B
pactBope HakarummBaroTcsi noHbl OH . YpaBHeHHE B COKpallleHHOH MOHHOW M MOJEKYJSIpHOU (opme
UMeEeT BUJI:

. S>” + HOH <> HS™ + OH~

Na,S + H,0 <> NaHS + NaOH

II. HS + HOH <~ H,S+OH

NaHS + H,O < NaOH + H,S

Bmopasa cmynenv ecudponuza npakmuuecku He npoxooum npu O0ObIYHBIX YCI06USX, TaK Kak,
HaKarmBasck, HoHBl OH  coo0maroT pacTBOPY CHIBLHOIIEIOYHYIO PEAKIIHIO, YTO IPUBOIUT K PEaKIIUU
HEWTpalIu3ally, CABUTY PAaBHOBECHS BJIEBO B COOTBeTCTBMM ¢ npuHuunom Jle Ilarense. Iloatomy
TUAPONU3 coJiel, 00pa30BaHHBIX CHJIbHBIM OCHOBaHMEM U cla0OW KHUCIOTOM, MOJaBIsSETCS
npuOaBIeHUEM IIETOYH.

Uem Oouibllie MOJSPU3YIONIECE BIUSHUE AHHMOHOB, TE€M HWHTEHCHUBHEE THApoin3. B cooTBeTcTBUM C
3aKOHOM [JEHCTBUS Macc 3TO O3HAYaeT, 4YTO TUIPOJIM3 IPOTEKAeT TEM MHTEHCUBHEE, 4eM ciabee
KHCIIOTA.

3. Eciu conv obpaszosana kamuoHom cnab6o2co OCHOBAHUS U AHUOHOM CUNbHOU KUCIOMbl, MO
npoucxooum 2uopoaus no kamuowy. Hapumep, 3o umeer mecto npu ruaposuse comun NH4Cl (NH,OH
- cmaboe ocaoBanue, HCI - cuibHas kucnora). Otopocum non Cl , Tak Kak OH C KATHOHOM BOJIBI JJaeT
CUJIBHBIM 3JIEKTPOJIUT, TOTJA YPABHEHHE TUAPOIU3A IPUMET CIEAYIOLINUNA BUIL:

NH;" + HOH <> NH;OH + H" (cokpaleHHOE HOHHOE ypaBHEHHE)

NH4Cl1 + H,O < NH4OH + HCI (MonekynsipHOE ypaBHEHHUE)

W3 cokparieHHOro ypaBHEHHs BUIHO, 9TO HOHBI OH  BOJIBI CBS3BIBAIOTCS B CITAOBIN AJIEKTPOIIUT, HOHBI
H" HakanmMBaroTCs B pacTBOpE M cpesia cTaHoBUTCs kucnoi (pH < 7). Jlo6aBiaenye KHCIOTHI K PacTBOPY
(BBeJIeHHE MPOYKTA Peakluu KatnoHos H') caBuraeT paBHOBECHE BIEBO.

I'maponus comu, 00pa30BaHHONW MHOTOKHCIIOTHBIM oOcHOBaHueM (Hampumep, Zn(NOgz);) mporekaeT
CTYIIEHYATO M0 KaTHOHY CJ1a00ro OCHOBAHMSI.

I. Zn** + HOH < ZnOH"* + H* (COKpallleHHOE MOHHOE YPABHEHUE)

Zn(NOs); + Ho0 «<» ZnOHNO;3; + HNO3 (MonekynsipHOE ypaBHEHHE)

Noust OH cBsi3biBatoTest B cmaboe ocuoBarne ZnOH', nonst H' HakarmmmBaroTes.

Bmopasa cmynenv ecudponuza npaxmuuecku ne Npoucxooum npu OObIYHBIX YCNIOBUAX, TaK Kak B
pesynbTate HakomieHus HoHoB H' B pacTBope co3jaeTcsi CUILHOKHCTAS CPEla U PABHOBECHE PEAKIIHH

TUIpOJIN3a N0 2-0M CTYIIEHU CMELIEHO BIIEBO:



I1. ZnOH" + HOH « Zn(OH), + H" (cokpameHHOe HOHHOE ypaBHEHHE)
ZnNOHNO3 + H20 <> Zn(OH), + HNO3 (MonexynsipHOE ypaBHEHUE)
OueBuaHO, yeM ciabee OCHOBAHHE, TEM MOJHEE UAET TUIPOIIU3.
4. Conv, 06pazoeannas KamuoHOM C1a6020 OCHOBAHUA U AHUOHOM CAAOOU KUCIOMbI, NOOBEp2aemcs
2uoponuszy no kamuowy u no avuouy. Ilpumepom ciyxut nporecc ruaponusa coau CH3COONH;.
3anuineM ypaBHEHHE B HOHHOH opme:
NH;" + CH;COO™ + HOH «+> NH4OH + CH;COOH
I'maponns Takux cojeil mpoTeKaeT OYeHb CHIIbHO, TIOCKOJIBKY B pe3yJbTare ero o0pas3yrorcs u ciaboe
OCHOBaHUe, U ciabas KUCIoTa.
Peakuust cpenbl B 3TOM cilydae 3aBUCUT OT CPAaBHUTEIBHOW CHJIBI OCHOBAaHUS M KHUCIOTHI, T.€. OT UX
KOHCTaHT aucconuarn (Ky):

o eciu Ky (ocHoBanus) > Ky (kuciotsr), To pH > 7;

o eciu Ky (ocHoBanus) < Ky (kucnotsr), To pH <7.
B ciyuae ruaponnza CH3COONH,:
Ky (NH4OH) = 1,8-10; K; (CH3COOH)=1,8-107,
[I03TOMY PEAKIUS BOJHOIO pacTBOpa 3ToH conu OyaeT nouTu HelTpanbHoil (pH = 7).
Ecnu ocHOBaHWE M KUCIIOTA, OOpA3yIOIIUE COJIb, SIBISIOTCS HE TOJIBKO CIA0BIMHU 3JCKTPOIUTAMH, HO U
MaJoOpacTBOPUMBI WJIM HEYCTOWYUBBHI M pasiiaraloTcsi ¢ 0Opa3oBaHUEM JIETY4YUX MPOAYKTOB, TO B 3TOM
cllyyae THJPOJM3 COJMM IMPOTEKAaeT MO BCEM CTYNEHSAM J0 KOHIA, T.e. A0 00pa3oBaHMs CIIabOro
TPYJHOPACTBOPUMOT0 OCHOBAHMS M c1aboi KUCIOTHL. B 3TOM ciyuyae pedb UAET 0 HeoOpamumom uiu
NOJIHOM 2UOPOTU3E.
VIMEeHHO TOJHBIA TUAPOIM3 SBISETCS NPUYUHOW TOrO, 4YTO BOJHBIE PACTBOPHI HEKOTOPBIX COJeH
HOPUTOTOBUTH Henb3sl, Hanpumep Cra(COs)s, Al,Szu ap. Hanpumep:
Al,S; + 6H,0 — 2A1(OH)3| + 3H,S1
[TosToMy cynmbhua adrOMHHHS HE MOXKET CYIIECTBOBATH B BHUJE BOJHBIX PACTBOPOB, MOXKET OBITh
MOJTy4YeH TOJIBKO "CyXHUM CocoOoM", HapuMep, U3 3JI€MEHTOB IIPU BBICOKOU TeMIleparype:
2A1+3S " Al,S;,
Y JIOJDKCH XPAHHUTHCS B TEPMETHYECKUX COCY/IaX, MCKITFOYAIOIHX TTONaIaHIe BIIary.
Peakmueit oOMeHa B BOJHOM pacTBOpE TaKWe€ COSAMHEHHUS HENb3s MONy4nTh. [Ipm B3ammojeicTBUU
comeit A1**, Cr** u Fe* B pacTBope ¢ cynbduaamMu U KapOOHaTaMH B OCAJJOK BBINAIAIOT HE CYIb(GUIbI U
KapOOHATHI THX KaTHOHOB, & UX THAPOKCUIBL:
2AICl3 +3NazS +6H,0 — 3H,S1 + 2AI1(OH)3| +6NaCl
2CrCl3 + 3Na,CO3 + 3H,0 — 2CF(OH)3l + 3C02T + 6NaCl



B paccMoTpeHHBIX TTpuMeEpax MPOMCXOAUT B3aUMHOE yCHIIeHHE ruapoiusa nByx coieit (AlCl3 m NapS
nmu CrClz u NayCOs3) 1 peakius et 10 KOHIA, TaK KaK MPOIYKThI PEaKIIMU BBIACISIIOTCS U3 PacTBOPa
B BHJIC OCaJKa U Ta3a.

M'uaponus coneit B psije ciaydaeB MOXKET MPOTEKaTh O4YeHb clokHO. (IIpocThie ypaBHEHUs peakiuu
THIPOJIM3a B OOMICTIPHHATON 3alMCH YacTO SIBJISIOTCS YCIOBHBIMH.) [IpOAYKTBI THIPOJIM3a MOXKHO
YCTAHOBUTH JIMIIIb Ha OCHOBAaHWHM aHAJMTHYECKOro wHccienoBanus. K mpumepy, MpoayKTamu
THIPOJIM3a COJIEH, COEPIKAIIMX MHOTO3aPSIHbIE KATHOHBI, MOT'YT OBITh ITOJIUSIEPHBIE KOMIUIEKCHI. TakK,
ecin B pactBopax Hg?* comepiarcst TONbKO OIHOSIEPHBIC KOMIUIEKCHL, TO B pacTBopax Fe®' mommmo
kommuiekcoB [FeOH]?* u [Fe(OH),]* o6uapyxuBaercs aByxbsgepusii xomiuieke [Fep(OH)o]*:;
pactBopax Be’" B OCHOBHOM 06pasyloTCsi MHOTOSIEPHBIE KOMIUIGKCHI coctaBa [Bes(OH)s]**
pactBopax Sn?* o6pasyrorcs kommexcusie nonbl [Sns(OH)4]%, [Sno(OH),]%, [SnOH]'; B pacrBopax
Bi** mapsny ¢ [BiOH]?* maxomsres kommiekcubie nonbl cocraBa [Big(OH)12]®". Peakumn ruaponmsa,
NPUBOJIAIINE K 00pa30BaHHUIO MMOJIHUSIEPHBIX KOMILIEKCOB, MOXKHO MPEICTABUTD CIIEAYIOMIMM 00pa3oM:
MM** + nH,0 < My(OH),™ """ + nH",

rae m usMeHsercs ot 1 10 9, a n MOXeT mpuUHMMAaTh 3HadeHus oT 1 go 15. Takoro poma peaxiyu
BO3MOYKHBI JII1 KaTHOHOB Oosiee yeM 30 3yieMEHTOB. YCTaHOBJICHO, YTO KaXIOMY 3apsily HOHa B
GOJNBIIMHCTBE CIIY4acB OTBEUAeT olpeieleHHas popma komiuiekca. Tak, it noHoB M** xapaxrtepHa
dopma aumepos [Mo(OH)*, ans nonos M3 — [M*(OH),]*, a ans M* — dopma [Mo(OH)s]** u Gonee
crioxkHble, Harpumep [Zry(OH)g]®*

Ipu BBICOKHX TeMIlepaTypax M OOJNbIIMX 3HaYeHUsX pH 00pasyroTcs 1 OKCOKOMITIEKCHI:

2MOH < MOM + H,0 nnu

S
\ /N giluu’/_...-m-m M-0-M- + nH30

‘/ ‘\DH \Of N
Hamnpumep,
BiCl; + H,O — Bi(OH),Cl + 2HCI
Katuon Bi(OH)," merxo TepsieT MoseKyiy Bobl, 06pa3ys KaTHoH BucMyTuna BiO®, koTopsrii ¢ xmopus-
HMOHOM J1aeT OeNbIi KPUCTATUTMUECKUI 0CaIOK:
Bi(OH),Cl — BiOCl| + H;0.
CTpyKTYpHO MOJNHAAEPHBIE KOMILJIEKCHl MOXKHO MPEACTAaBUTh B BUJE OKTAdPOB, COSTUHEHHBIX MEXIY
co0oii o BepirHe, pedpy WK TPpaHH MOCPEACTBOM pazindHbX MocTukoB (O, OH u ap.).
CroxXHBI  COCTaB MMEIOT MNPOAYKTHI THAPOJIH3A KapOOHaTOB psga MeTawioB. Tak, mpu
B3aUMOJICHICTBUU PACTBOPUMBIX COJIEH Mg2+, cu®, zZn**, Pb** ¢ KapOOHAaTOM HaTpus 00pa3yroTcs HE
cpenHue KapOOHAThI, a MEHee  PacTBOpPHUMBIE ecudpoxcokapbonamol, uHanpumep Cuy(OH)COs,
Zns(OH)g(CO3)2, Pbz(OH),(CO3),. B kauecTBe mprMepa MOYKHO IPUBECTH PEAKIIHH:
5MgSO, + 5NayCO3 + H,0 — Mgs(OH)2(CO3)4] + 5NaSO4 + CO27T



ZCU(N03)2 + 2Na,CO3; + H,O — CLIQ(OH)2CO31, + 4NaNQO; + COQT

KonmuuecTBeHHO THIPOIIN3 XapaKTepU3yeTcs CTENeHbIO rHaposu3a h u koHcTanTo# ruaponusa Kr.
Crenenp rujpoian3a NOKa3blBaeT, Kakasi 4acTb COJIM, cojepskauiascs B pactBope (Cyi), IOABEPIach
ruipoau3y (Cumiruy) U PACCUNTHIBAETCS KaK OTHOILLIEHUE!

h= CM U / CM (100%)

OueBHIHO, 4TO [T 0OpaTuMoro mpoiecca ruaponza h < 1 (<100%), a aas HeOOPaTUMOro THAPOITH3A
h = 1 (100%). Kpome mnpupombl COJNH, CTENEHb THIPOJIM3a 3aBHCUT OT KOHICHTPALMH COJIUA U
TEMIIEpPATypbl pacTBOPA.

B pactBopax ¢ yMepeHHOHl KOHLEHTpalueld pacTBOPEHHOTO BEIIECTBA CTENEHb TUAPOIHM3a IPHU
KOMHATHOW TeMIieparype OObIYHO HeBesuka. J[as comneil, oOpa3oBaHHBIX CHIIbHBIM OCHOBAaHUEM U
CHJILHOW KHUCIJIOTOM, OHA MPAKTHYECKH PaBHA HYIIO; /Ul COJEH, 0Opa30BaHHBIX CIa0BIM OCHOBAaHUEM U
CUJILHOM KHMCJIOTOM WJIM CHJIBHBIM OCHOBAaHHEM M CJIa00H KHUCIIOTOH, oHa cocTaBiseT =~ 1%. Tak, mis
0,01 M pactBopa NH4CI h=0,01%; s 0,1 1. pactBopa CH3COONH, h = 0,5%.

I'unponus — npoiiecc 0OpaTUMBIii, TO3TOMY K HEMY PUMEHUM 3aKOH JICUCTBYIOIIUX Macc.

Koncmanma euoponuza ecmo koHcmanma pagnogecusi npoyecca 2u0poiuzd, i o cBoemy hu3nuecKoMy
CMBICIIYy OINpENeNseT cTeneHb HeoOpaTumocTu Tujpoiusa. Yem Oonbimie Kr, Tem HeoOpatumee
ruapoau3. Kr uMeeTr cBoe BbIpak€HUE [ KaXKJI0T0 cllydasl THIPOJIn3a.

BriBesiem BbIpaskeHUE AJI1 KOHCTAHTBI TUAPOJIM3a CONM ClIa00i KUCIOTHI U CHIIBHOTO OCHOBaHHUS Ha
npumepe NaCN:

NaCN + H,O < NaOH + HCN;

Na" + CN™ +H,0 < Na" + OH™ + HCN;

CN™ + H;0 < HCN + OH"

Kpasn = [HCN][OH] / [CN][H20].

[H2O] umeer HanboMbIIyIO BETHUNHY, KOTOPask B XO/I€ PEAKIIUU MPAKTUYECKH HE U3MEHSIETCS, TOITOMY
€ MOXKHO YCJIOBHO CYHMTaTh IOCTOSIHHOM. Torna IOMHOXXMB 4YHCIHMTEIb W 3HAMEHATeNlb Ha
KOHIIEHTPALIUIO MPOTOHOB U BBES MOCTOSHHYIO KOHIIEHTPALIUIO BOJbI B KOHCTAHTY, IMOJTYYHM:

KpaBH [HZO] = I<W / K)I(Kucn) = KF

tak kak [HCN] / [H'][CN] = 1/ Kxgauen)

[Tockonbky Ky BemnurHa NOCTOSTHHASI M paBHA 107 , OYEBUJIHO, 4TO 4eM MeHbIle Ky c1aboil KMCIoTHl,
aHMOH KOTOPOW BXOAMT B COCTaB COJIH, TeM OoJbiue Kr.

AHaJOTUYHO, IS COJIH, THApONu3yolelics no katuony (Hanpumep NH4Cl), momydnm:

NH;" + H,0 <> NH40H + H" (cokparmeHHoe ypaBHEHHE THIPOIIN3a)

Kpass = [NH;OH][H] / [NH4 ][H,0]

KF = KpaBH [HZO] = KW / K)I(OCH)



B sTOoM BBIpak€HUM YUCIUTENh W 3HaMeHaTenb apobu ymHOoxwiu Ha [OH]. OdeBumHO, 4TO Yem
menblre Ky cmaboro ocHOBaHMS, KATHOH KOTOPOTO BXOIMT B COCTaB COJH, TeM Oombiue Kr.
Ecnmu comp oOpa3oBana cinabbiM OcHOBaHMEM H ciaboii kuciotod (Ha mpumepe NHy4CN), To
COKpaIlleHHOE YPaBHEHHUE TUIPOIIN3a UMEET BH/I:
NH;" + CN + H,0 <> NH4OH + HCN
Kpass = [NH;OH] [HCN] / [NH4'J[CN],
B srom BeipaxkeHun Al Kpagy uMcInTENb U 3HAMEHATENb JPOOM YMHOXKAEM Ha [H']-[OH ], moaTomy
BhIpakeHue it K npruHUMaeT BU:
Kr = Kw / (Knucaorsy Krioem)-
Kak cnemyer W3 NpPUBEACHHBIX BBIPAKEHUH, KOHCMAHMA 2UuOpoiu3d 0OpPaAmHo NpPONOPYUOHANbHA
KOHCmanme ouccoyuayuu ciaboeo 31eKmpoaumad, y4acTBYIOIIETO B 00pa3oBaHMU CONU (€CiHM B
00pa3oBaHUM COJM YYacCTBYIOT JiBa CJAOBIX »dieKkTponuTta, To Kr 00parHO mponopuuoHadbHa
MIPOU3BEACHUIO UX KOHCTAHT JHCCOIHALINN).
PaccmoTpum ruaponu3 MaorosapsiiHoro nona. Bossmem NayCOs.
l. COs* + H,0 « HCO3 + OH"
Krq) = [HCO3 1[OH 1/ [COs*1[H.01 x ([H']/ [H']) = Kw / Ky,
TO €CTh B BBIPQ)KEHHUE JJIsI KOHCTAHTHI TUAPOIIHM3A 10 MEPBOI CTYIIEHNW B 3HaMEHATENb BXOJIUT BTOpPAs
KOHCTaHTa TUCCOIMAIINY, U JJISl BTOPOH CTYIIEHU TUAPOIIN3a
I[l.  HCO;s; + H;O « H,CO3+ OH"

Kray = [H2CO3][OH ]/ [HCO3 1[H20] x ([H']/ [H']) = Kw / Kpq
Ky = 4x107 Kpay=2.5x10"
Kray = 5.6x10™ Krgy = 1.8x10™
Takum ob6pazom, Krq) >> Kran, KOHCTaHTa, a CIeJOBaTeIbHO, M CTENEHb MEPBOM CTAAUM THUIPOIH3a
MHOTO OOJIBIIE MOCTEAYIOIINX.
CmeneHb euoponusa SBISIETCS BETMYMHON aHAIOTUYHOW CTENEHH JUCCOIMANni. B3anMoCBsI3b cTerneHn
Y KOHCTAHTBI THIPOJIM3a aHAIOTUYHA TAKOBOH IS CTETIEHU M KOHCTAHTBI JIUCCOIIUAIIHH.
Ecnu B oOmieM ciiyyae HMCXOAHYIO KOHIIGHTPAlMIO aHMOHA CJIaboM KHCIOThl 0003HauuTh depe3 C,
(moue/), To Coh (MOJIB/IT) — KOHIIEHTpAIMs TOW YaCcTH aHHOHA A, KOTOpas MOABEPIiach THIPOINU3Y U
obpaszoBanock C,h (Moiw/i) caboit kuciaoTel HA u Coh (MOITB/IT) THIPOKCHIHBIX TPYIIIL.
A" +H0 - HA + OH,
Co-Coh Coh Coh
toraa Kr = [HAJ[OH ]/ [A] = Coh-Coh / (Co-Coh) = Coh? / (1-h).

Ipuh << 1 Kp = Coh? h =Ky / C..

OueHb MOX0XE Ha 3aKOH pazbanieHus OcTBabIA.

MoskHo paccuutats pH pactBopa, eciu uzBecthsl C, 1 h. YuursiBas, 4to



[HA] = [OH] = C,h, momyumm:

Kr = Coh-Coh / Co = [OH ] Co, oTKY 1A

[OH] = VK-C,.
AHAJIOTUYHO, MOKHO ITOKa3aTh, YTO MPH THUAPOIH3E [0 KATHOHY

[H] = VKr-C,.

Takum o0pa3om, CIOCOOHOCTH COJIeH MOABEPraThCs TUAPOIIN3Y 3aBUCUT OT ABYX (aKTOPOB:

e  CBOICTB HOHOB, 0OPa3yIOLINX COJIb;
e BHEHIHUX (PAKTOPOB.

Kak cnBunyTh paBHOBECHE ruApoIn3a?
1) JobGaBieHne OJHOMMEHHBIX HOHOB. [IOCKONBKY MpH OOpPaTUMOM THAPOJIN3E YCTAHABJIMBACTCS
JMHAMHUYECKOe PaBHOBECHE, TO B COOTBETCTBHHM C 3aKOHOM JICHCTBHS MacC paBHOBECHE MOYKHO
CMECTHUTH B Ty WIH UHYIO CTOPOHY BBEJCHHEM B PACTBOP KHCIIOTHI HJIM OCHOBaHUs. BBeeHne KHCIOTHI
(xatmonos H') mopaBnser rmaponns mo KaTHOHy, noOaBieHHe menodn (anmonos OH) momapmiser
TUIPOJIU3 MO AaHUOHY. DTUM YaCTO IMOJIb3YIOTCS JUIsl YCHIICHUS WM MOAABIICHUS MPOIecca THAPOIIN3a.
2) U3 dopmynsl s h BumHO, 4TO pazbasienue cnocobcmayem 2udpoausy. PocT CTeleHH THapoIn3a
KapOoHaTa HaTpus
Na,CO3; + HOH < NaHCO; + NaOH
3) [IloBbimieHHEe TeMIepaTypbl  CrocoOCTByeT ruaposn3y. KoHCTaHTa — IUCCONMAIMK  BOJBI
YBEIMYMBACTCS MPHU IOBBIIMIEHUH TeMIEpaTypbl B OOJbIIEH CTENEHH, YeM KOHCTAHThl TUCCOLMALUU
MPOAYKTOB THAPOJIH3A - CIA0BIX KUCIOT U OCHOBaHHIA, IOSTOMY IPH HAarpEeBaHWH CTETCHb THIPOJIH3a
Bo3pacraeT. K 3ToMy BBIBOAY JIETKO NMPHIATH W MHAYE: TaK KaK PeakIus HEUTpaIu3aluy dK30TEPMUYIHA
(DH= —56 x/Ix/Monb), TO THAPOJIM3, OyAy4d HPOTHBOIMOJIOKHBIM €i MPOLECCOM, JHIOTEPMUYCH,
MI03TOMY B COOTBETCTBUU ¢ puHIunoM Jle Illarenbe HarpeBaHue BHI3BIBAET YCUIIEHUE THAPOIIN3A.
B xmMmudeckoil TpakTUKE BeChbMa pPACIpPOCTPAaHEH THIPOJIM3 TIO0 KATHOHY COJIeH, 0Opa30BaHHBIX
MHOTO3apsITHBIM KaTHOHOM W OJHO3apsiAHbIM aHuoHoM, Hampumep AlCIl3. B pactBopax »Tux coneit
MEHee JHUCCOLMUPOBAHHOE COeIMHEHHE 00paszyeTcs B pe3ysbTaTe MPUCOEIUHEHUS OJHOTO THAPOKCU/ -
MOHA K HOHY MeTasuta. Yuntsisas, uto noH Al** B pacTBope rumpaTipoBaH, MepByIO CTaMIO THAPOIN3a
MOJKHO BBIPa3UTh YpaBHEHHEM
[Al(H20)6]*" + HOH < [Al(H20)s0H]*" + H30*
ITpu 06bI4HOI TeMnepaType THAPOIU3 COJeH MHOT03apsIHBIX KAaTHOHOB MPAKTUYECKH OIpaHUYUBAETCS
9TOM craaueit. [Ipu HarpeBaHUM IPOUCXOIUT FHIPOJIN3 IO BTOPOH CTYNEHHU:
[Al(H,0)s0H]?* + HOH « [Al(H,0)4(OH),]* + H30*
Takum 00pa3oM, KHciasi peakius BOJHOTO PAacTBOPA COJH OOBSICHACTCS TEM, YTO THIPATHPOBAHHBIN
KaTHOH TepsieT MpoToH M akBarpymnmna H,O npeBpamaercs B ruapokcorpyniny OH™. B paccmorpenHoM

3+
mporecce MOTyT 00pa3oBaThCsi U Oosiee CiokHbIe KoMiutekchl, Hampumep [Alg(OH)is]™, a Takke



komutekcusie uoHbl Buga [AIO(OH).]* u [AIO2(OH),]*. ComepkaHue pasiHYHBIX MPOLYKTOB
THAPOJIN3a 3aBHCUT OT YCJIOBHH MPOBEACHHS peakiuu (KOHIICHTPAIUs pacTBoOpa, TeMIleparypa,
MMPUCYTCTBUC APYTHUX BeH_[eCTB). HNwmeer 3HaueHne Takxke JJIUTCIIBHOCTD IMPOTCKAHUA IMPOLICCCAa, TaK KaK
PaBHOBCCHUC ITPHU THUAPOIN3C coueit MHOTI'03apsAJJHbIX KATHOHOB 06BI‘{HO JOCTHUTACTCA MEAJICHHO.

Oo0opyooearue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIC ISl TaHHOW paOOTHI, BRICTABIISIFOT HA IOJIKH JIA0OPATOPHBIX CTOJIOB. Penkue
PEaKTHUBBI, KOHLIEHTPUPOBAHHbBIC KUCIOTHI M INENOYM, MaxXydde BEIIecTBa (HAampuUMep, CEpOBOAOPOI,
OpoMHasi BoJa U Ap.) XPaHST B BBITSHKHOM IIKa(y.

OcHOBHasi XUMHUYECKasi TIOCy1a: MPOOUPKH (B INTATHUBE), KOJOBI, XUMHUYECKHE CTAKaHBI MOCIE PaObOTHI
TIIATEIBHO BBIMBITH, BEChl C Pa3HOBECOM, MPHUOOPHI, HCIOJb3yeMas ISl MPOBEICHHS OTICIBHBIX
1abopaToOpHBIX PaboT, BEIAACTCS W CIACTCS YHUCTas JJAOOPaHTY.

Texnuka bezonacnocmu npu_6bINOJIHEHUL 1AOOPDAMOPHOIL_PAdOmblL:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHON XUMHUYECKOW MOCYIOW. OCTAaTKH pa3OMTOH Mmocynbl youparsb ¢
MIOMOIIBIO COBKA U IETKY;

-Bce paboThl, CBA3aHHBIE C BBIJCICHUEM SIOBUTHIX, JICTYYUX W HENPUATHONAXHYIIUX BEILECTB,
MIPOBOJIUTH B BHITSDKHOM IIKady;

-IIpU OTIPECIICHUM 3araxa BEIIECTB OTBEPCTHE cocyla JAepkKaTh Ha paccrosHuu 25-30 cM OT JuIa,
HanpasJsisl K cebe CTPYIo ra3a MnocTynarelbHbIMU JBH)KEHUSMU JIAJIOHU OT OTBEPCTUS K JIULLY;

-IpY HAJMBAHWU PEAKTUBOB HE HAKJIOHATHCS HAJ COCYIOM BO H30eKaHHE IMOMaJaHus OpbI3r WIH
YacTHUIl Ha JINLIO WIN OJICKAY. IpU pa30aBIeHNN KOHIEHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BONY,
HO HE Hao0O0pOT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JepKaTh €€ OTBEPCTHEM K cebe UM B CTOPOHY COCE/Ia. HE HAKJIOHATHCS
Ha/1 HarpeBaeMo KHJIKOCThIO BO M30eXkaHNe MOoNalaHus €€ Ha JIMIO, PYKU WIIH OJISXKIY;

-ropsiYMe MpeIMEeThl MOXHO CTaBUThb TOJBKO Ha acOeCTOBBIH KapTOH, acOECTUPOBAHHYIO CETKY WM
JPYTYIO CHEIHAIbHYIO TIOJICTaBKY;

-HEJb3$ MOJIb30BATHCS IEKTPONPUOOpaMu 0€3 COOTBETCTBYIOIIEI0 HHCTPYKTaXa. MPH BKIIFOYEHHUHU UX B
CeThb HeJNb3sl IeP’KaThCs 38 METAIMUECKUE MPeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpeliaeTcsl BKIYaTh U
BBIKJIIOYATh 3JEKTPONPHOOPHl MOKPBIMH pyKaMH, a TaKXe I0Jb30BaThbCsl HEHCIPABHBIMH WIIU
MMEIOLIUMH OroJIEHHBIE TIPOBOIAa MPUOOpaMU;

-3arperaeTcs NpUHUMaTh MHIY B XUMUYECKON J1abopaTopuu U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTeropuyeCKH 3arperaeTcs npodoBaTh peakTUBHI Ha BKYC;

-py TOMAJaHUM Ha JIMLIO WM PYKH OpBI3T KOHIEHTPUPOBAHHBIX KUCJIOT MOCIE CMBIBAaHUS BOJOU
MIPOMBITH C1a0bIM PacTBOPOM COJIBL. IIEIOYB CIIEAYeT CMbIBAaTh /10 TE€X IMOp, MOKA y4acTOK KOXH, Ha

KOTOpBIfI OHa 11o1ajia, HC MEPCCTAaHCT OBITh CKOJIb3KUM; 34TCM IPOMBITb c1a0bIM pacTBOpOM yKCYCHOﬁ



KHUCJIOTHl U HAJIOKUTh TIOBS3KY W3 BaTbl, CMOUEHHON 3%-HBIM pacTBOPOM IepMaHTaHaTa Kaimus (W3
anTe4yKy B TaOOPaHTCKOU Kadeapsl);

-110 OKOHYaHHUH PAaOOTHI BHIKIIIOYUTH U3 CETU BCE AJIEKTPOIPUOOPHI, IEPEKPHITH T0Jauy r'a3a U BOJBI B
naboparopuro u yopaTs pabouee MecTo;

-000 BCEX HECYACTHBIX CIyYasiXx HEMEJIEHHO COOOIIaTh MPEnoaBaTesio Wik JJa0opaHTy.

Ilpaxmuueckas uacmso:

Ompit Nel. Onpenenenue pH pactBopa.

A. OsHakoMbTeCh C TpaBwiIaMud paboTel Ha pH-merpe, MONB3ysch HMHCTpyKIHUed k mpubopy. C
nomotisio pH-meTpa onpenenure 3nadenre pH HelTpanbHOro, KUCIOTO U IIEJI0YHOTO pacTBOPOB. st
3TOr0 B TPH CTaKaHYMKa HaJeWTe COOTBETCTBEHHO IUCTWUIMpPOBaHHYIO Boay, 0,1 H pacTBOp
XJIOpOBOAOpOAHON KuciaoThl U 0,1 H pacTBOp rHApoOKcHIa HAaTpUs U U3MepbTe ¢ nomoulso pH-meTpa
pH cpenpl. PesynbraTel 3anummuTe B Tabaumy 1.

B. CozmepxuMoe KaKIO0Tro W3 CTaKaHOB MPEABLIYILIETO OIbITa pa3ielTe B Tpu npodupku. Jlo6aBeTe B
KOKIyI0 U3 TpEX mpoOupok mo 2-3 Kalull MHAWKATOPOB, COOTBETCTBEHHO: JIAKMYCA, METHUJIOBOTO
opamxeBoro u (enondranenna. OnpeneanuTe OKpacKy MHIUKATOPOB B ATHX pacTBopax. Pe3ynbrarsl

onbIToB A 1 B ohopmuTte B Bue TabIuIIbL.

WNunukatop; Cpena

nokazanust pH-metpa Heitrpanbnas Kucnas [[lemounas

[BeT nakmyca

3nauenue pH

Ilokazanus

pH-meTpa

[BeT MmeTriI0BOTO

OpPaH’KEBOTO

3nauenue pH

[Tokazanus
pH-meTrpa
IIBer

dbenondranenna

3nauenne pH

ITokazanus pH-merpa

B. Jns npubnuxenHoro ompenenenuss pH pactBopa HCHONb3yiTe YHHUBEpCAbHbIE HHANKATOPHI,
MIpe/ICTaBJIsIoNINEe cO00M CMECh HECKOIbKUX MHAMKATOPOB C Pa3IUYHBIMHM OOJACTSIMH MEepexona, Uiu
YHUBEpCAJbHYI0 MHIUKaTOpHyro Oymary. Ilo mnpunaraemoili K Hell HMHAMKATOPHOM IIKaie

yCTaHaBJIMBATh, IPH KaKUX 3HaYeHUsAX pH uHankaTopHas OyMmara oKpamiMBaeTcsi B TOT WM WHOU IIBET.



CTexJIAHHOM TaJo4yKoOM TMepeHecuTe 2-3 KAk UCCIEAyeMOro pacTBOpa Ha YHUBEPCAIbHYIO
WHIUKATOpHYIO Oymary. CpaBHUTE OKpacCKYy €Ile ChIpOro MATHA ¢ MBETHOW ImKanou, Cemaite BEIBOI O
npuOIMKEHHOM 3Ha4eHnu pH Tex ke pacTBOPOB, KOTOPBIE UCCIIONB30BAINCH B onbiTax A u b.

OmnbiT No2. Onpenenenue pH cpenbl rupoau3yOmuxcs CONeH.

B uncTo BbIMBITBIE TPOOMPKU BHECHUTE INIATENEM IO IICTIOTKE XJOpHAa HaTpus, kapOoHaTa HATpHs,
cyiabpata ammonus. J[o6aBbTe 3-5 M AUCTHIUIMPOBAHHOW BOJBI M, BCTPAXUBAs, PACTBOPUTE COJIH.
Buectu 2-3 kamnu MHAMKAaTOpa M, CpAaBHHUBAs I[BET MHIUKATOpa C IIBETHOW TaONUIEH, onmpenenuTe
3Hauenue pH pactBopa comu ¢ TouHocThto a0 1-2 enumnuusl pH. MHaukaropamu MOryT OBITb:
METWJIOpaHXK, Jakmyc, ¢eHondtanenHn, tumondranenn u ap. OnpeaenuB pH cpeabl B mpobupke,
HAMUIINTE HOHHOE U MOJIEKYJISIPHOE YpaBHEHUE TUAPOIIN3A.

OmprT Ne3. JlelicTBHE pacTBOPOB TUIPOJIU3YIOIIMXCS COJIEH HA METAJLIIBI.

B pacTtBOp XJIOpHJa aMMOHHUS BHECUTE I'paHyJy aJIOMUHUSA WM IIMHKA. Takol e OIbIT MPOBEIUTE C
pacTBopoM KapOonara HaTpus. [loueMy B 3THUX cllydasx MeTaJUTbl pacTBOPSIIOTCA? OOBSICHHUTE OMBIT U
COCTaBbTE YPAaBHEHUS PEAKIIHil.

OnbiT N4, 'uapoau3 KUCIbIX COJICH.

B nBe npoOupku BHecute 1o menotke cosieid Na;COs u NaHCO3. Jlo6aBbTe 2-3 MIT TUCTHIDITHPOBAHHON
BOJBI M 2 Kaluld HEOOXOAMMOTO MHAMKaTropa. OTMEThTE OKPACKy pacTBOPOB, OOBSCHHUTE pa3iHyus B
3HaueHusx pH 3tux pactBopoB. CocTaBbTe€ HOHHBIE U MOJIEKYJISIPHBIC YPaBHEHUS THIPOIIH3A.

OmnpiT Ne5. CaBur paBHOBECHSI TUAPOIIN3A.

B npoOupky naneiire 0,5-1,0 M pacTBopa cojii a30THOKHUCIIOTO BUCMYTa U MOCTENEHHO pa30aBisiTe
pacTBOp IUCTUIUTMPOBAHHON BOJIOM. Brimamer Oenbiit 0caiok OCHOBHOM COJIH.

CocraBbTe ypaBHEHHME peakuuu ruaponusa. [IpuOaBbTe HECKOJIBKO Kameidb a30THOM KHCIOTHL. YTO
IPOUCXOIUT ¢ ocaakoM? KoHIEeHTpanuio KakMX HOHOB B PAacTBOpE CJENyeT YBEIUYUTh, UYTOOBI
MOJIYYUTh IPpO3pauHbIi pacTBOp? KakoBa posb BOJIbI B CIBUTE€ PaBHOBECHS TUAPOIH3a?

OmerT Ne6. Biusitnue TemriepaTypbl Ha THIPOIIU3.

Haneiite B npo6upky 2-3 kannu ¢penondranenna. Harpeiire pactBop 10 kumnenus. O6paTute BHUMaHHUE
Ha UW3MEHEHMs OKpacku HHIuKaTopa. J[laiite 0OBsACHEHMS, COCTaBUB HOHHOE M MOJEKYISIPHOE
ypaBHEHHUS ruiponu3a. Yto HabmonaeTe pu OXJIakKIeHUN?

Kakoe BnMsHME Ha CTelneHb T'MIPOJM3a OKA3bIBAeT MOBbIIIEHWE Temneparypsl? Kak m3mensercs pH-
pactBopa?

Omnprt No7. IonHbli THIpOIIN3.

K pactBopy xnopuaa, HuUTpara WM cyibpaTa aMMOHHUS MpHiIeldTe pacTtBop coabl. Habmromaiite
BBIZICJICHHS] TY3BIPHKOB Ta3a W oOpa3zoBaHue ocanka. Jlaiite oOwbscHenwe. CocTaBbT€ ypaBHEHHS
peakuuii B MOJIEKYJIIPHOM U HOHHOM BUJIE.

Tpebdosarusa Kk ohopmienuro 1a00pamopHoi padomel U omuemy:




1.Beimonnenue gabopaTOpHBIX pabOT COMPOBOXKIAIOT 3alUCSIMH B JlabopaTopHOM >KypHasie. Ha
TUTYJIBHOM JIMCTE J1a0OpaTOPHOTO KypHasla JOJKHBI OBITh NMpEACTABIICHBI: Ha3BaHUE YHHUBEPCHUTETA,
(dhaMuIHs 1 MHUITUATBI YYaIlerocsi, HOMep Kypca u TPYIIbI, y4eOHBIH ToI.

2.0T14eT 0 BBINMOJHEHHOH J1a00paTOPHOU paboTe JOIKESH COAEPIKATH CICIYIONINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUS pabOTHI,

*IIeTTb PaOOTHI;

*KpaTKO€ TEOPETUYECKOE OMUCAHNE;

*HOMEp U Ha3BaHHE OIbITA;

*KpaTKoe OMHCaHKe X0a paboThl C yKa3aHUEM YCJIOBUIA TPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TIPUOOPOB;

*Ha0JIFOICHMS,

*YpaBHEHHUS MPOTEKAIOIINX PEAKIIHIA,

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHEIi )KypHAT HY)KHO BECTH YUCTO U aKKYPATHO, 3aITUCH JTOJDKHBI OBITH JIAKOHUIHBIMHU.
4.01uéT 0 MpoBeNEHHON pabOTE MPOBEPSET U MOAMKUCHIBACT MPENOAABATENb.

5.K cpmaue 3au€ra mo nabopaTOpHOMY NPAKTUKYMY [OMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIINE H
MOMMNKCABIINE y TPEnojaBaress Bce JOMAIllHHE U JIabopaTOpHbIE pabOThI, CHABIINE KOJIOKBUYMBI,
aKTUBHO Y9aCTBOBAaBIIHE B padOTE CEMUHAPOB.

6.CTy/IeHTBI, MTOJIYYUBIIUE 3a4€T 110 JIAOOPATOPHOMY MPAKTUKYMY, JOMYCKAIOTCS K cllade dK3aMeHa 110
Kypcy HEOPTaHUYECKOW XUMUHU.

Konmponawvnwie eonpocot :

1. CocTaBbTe ypaBHEHHE THIPOJIM3a COJIell B HOHHOM M MOJeKy/sipHoi dopmax: a) KCIO, 6) Na,SiOs,
B) Zn(NO3),. Ykaxure cpefy.

2. Yrto HasbiBaercs runponuzoM? IlpuBeante mpumepsl coseif, KOTOpbIe MOABEPraloTCs TUAPOIU3Y, U
COJIel, KOTOpPbIE THIPOJIN3Y HE IOJBEPratoTCs, U OOBICHUTE ITOYEMY.

3. Kak mporekaeT rumposn3 coim, 00pa30BaHHON: a) CHIIBHOM KHCIOTOW M CIIaObIM OCHOBaHHEM; O)
CUJIBHBIM OCHOBAaHHUEM U CJ1a00W KHUCIIOTOM; B) CIIa0bIM OCHOBAaHHMEM M CITA00M KUCIOTOM?

4. ITouemy pacTBOp HUTpaTa aJTIOMHHUS OKPAIIMBAETCS B KPACHBIH LIBET MpH 100aBICHUHU Jakmyca?

5. Ilouemy pactBOp cynbuaa Kanaus OKpaIIMBAaeTCd B MAaJWHOBBIM IIBET MNpH J00aBICHUU
dbenondranenna?

6. [Touemy pacTBOp XJTopuaa Oapusi He U3MEHSIET IIBET JakMyca U (eHoITanenHa’?

7. IloueMy mpu THIpoin3e Cylb(uTa HATPHUsI HE BBLAEISAETCS CEpHHUCTAs KUCIOTA, a NP THIPOJIH3E

cynb(aTa aTFOMUHHS HE OCAXKAACTCS THAPOKCHU]T ATFOMUHUS?
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http://www.iprbookshop.ru/72708.html

JlabopaTopnasi padora Ne 9
Tema 10: OKHCIANTETBLHO-BOCCTAHOBHUTEIbHBIE PEAKIIMH.

Llenv padomwi: VI3yueHue OKHMCIUTEIIbHO-BOCCTAHOBUTENBHBIX pEaKLM Ha MpUMEPE peakiuil Ha

IIpUMeEpe peaklnii METAJUIOB C KUCIOTaMU M IIEJI0YaMH, BIMSHUE XapaKTepa CPebl HA OKUCINTEIBHO-
BOCCTAHOBUTENIbHBIA  IPOLIECC, OKHUCIUTEIBHO-BOCCTAHOBUTEIBHYIO  JBOMCTBEHHOCTh  BEILECTB,
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHYK)  PEAKLUUHA  JUCHPOPOPLHMOHUPOBAHUSA, BHYTPUMOJIEKYJSIPHOU
OKHCJIUTENBHO-BOCCTAHOBUTEIILHON PEAKIIUU.

Dopmupyemuvie komnemenuuu. OIIK-1.

Teopemuueckasn yacmp:

OKUCIINTENIbHO-BOCCTAHOBUTENIBHBIE PEAKIMM — O3TO PpEeaklUH, CONPOBOXKAAIOLIMECS IEPEX0I0M
OJICKTPOHOB OT OJJHMX aTOMOB HMJIM MOHOB K JAPYIrUM, APYTUMH CJIOBAMHU — 3TO pPCAKLUH, B PE3YJIbTATEC
KOTOPBIX U3MEHSIOTCA CTENIEHU OKHUCIIEHHSI DJIEMEHTOB.

CreneHp OKHMCIEHHS — 3TO 3apsj aTOMa JJIEMEHTAa B COEAMHEHHH, BBIYMCIICHHBIM W3 YCIOBHOIO
MPECAIOJI0XKCHUA, YTO BCC CBA3H B MOJICKYJIC ABJIAIOTCA HOHHBIMHU.

CreneHb OKUCIEHUS IPUHATO yKa3bIBaTh apaOCKON HU(POI HaJ CUMBOJIOM 3JIEMEHTA CO 3HAKOM ILTIOC

i MuHyc nepea uudpoii. Hanmpumep, ecnu cs3b B Monekysie HCl noHHast, TO BOAOPO U XJIOP UOHBI C
+ -1
sapsimamu (+1) u (—1), crenoBarensuo HCL,

st Toro 9ToOBI paccyuTaTh CTENEHb OKWCIEHHUS JIO0OTO 3JIEMEHTa, HEOOXOAMMO TMOJIh30BaATHCS

CICOYIOIIMHU ITPABUITAMMU .
0 0 0 0 0

1. CreneHb OKHCIIEHHUS aTOMOB B IIPOCTHIX BELIECTBAX paBHA HYJIO: H2,Cl2,02,C,Me (meramn

B CBOOOJHOM COCTOSTHUM).
2. Crenenp okucieHust (+1) Bo BceX COSMMHEHHMSX MMEIOT mienodHble metamisl (IA rpymma) u

BOAOPOd, 3a UCKIIFOYCHUEM THAPHUIO0B aKTUBHBIX METAJIJIOB, I'/IC CTCIICHb OKUCIICHUSA BOAOPOOa

+1 -1 +2 -1

pasHa (—1), Hanpumep NaH, CaH,.



3. CremneHb OKHCIECHHS +2 BO BCEX COCAUHEHHUAX HWMEIOT IejIouHo3eMeNbHble MeTamuibl (11 A

TpyIIma).
4. Kucnopon wuMeeT cTeneHb OKHUCICHHS (—2), BO BCEX COCJAMHEHUSX, KpPOME IEPOKCHUIOB

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

(Hz 0O2,Ba 02) u ¢propuaa KPICJIOpOIIaO Fa,

5. Anre0Opanyeckasi CyMMa CTETICHE OKMCIICHUSI BCEX YaCTHUIl B MOJIEKYJIE paBHA HYJIO, a B HOHE —

+1 -1 +5-2

- _‘l _
3apsly HOHA HCl_, +11 =0, NO; - (NO3)" — +5+3+(-2)= 1.

+2 -1

«—> + _
6. CreneHb OKUCIICHHS MOHA JIEMEHTA paBHA 3apsiy HOHA: CaClz < cg2* 4+ oCIt,

7. He crmenyer myTaTh MOHATHS «BaJCHTHOCTBY» M «CTENEHb OKUCIeHUs». Tak B No, NHs, NoHy,

NH,OH BaneHTHOCTh (KOBaJlEHTHOCTh) a30Ta paBHa TpeM, TaK Kak a30T o0pasyeT Tpu

0 -3 -2 -1

KOBAJICHTHBIE CBS3U, 4 CTCIIEHb OKUCJICHUS pa3InyHa: N2, NH3, N2 H,, NH,OH.

Oxucnenrie W BoccTaHOBICHHE. OKHUCIICHHEM HA3BIBACTCSI OTJa4a dSJICKTPOHOB, B PE3YNIbTATe YEro
CTENIEHb OKHUCJICHUS D3JIEMEHTa TIOBBIMIACTCA. BOCCTAaHOBICHHMEM HA3bIBACTCS MPUCOCIUHEHUE
AJIEKTPOHOB, B PE3yJIbTATE YETrO CTEINIEHb OKUCICHUSI SJIEMEHTA MTOHIKASTCSI.
OKHCIUTENEHBIC U BOCCTAHOBUTEIILHBIC MTPOIIECCHI TECHO CBS3aHBI MEXKIY COOOM, TaK KaK XMMHUYECKas
CHUCTEMa TOJBKO TOTJIa MOXET OTJaBaTh D3JIEKTPOHBI, KOTJA Jpyras CHCTEMa WX MPUCOCIUHSICT
(oxucnumenvro-soccmanosumenvras cucmema). IIpruCOSAMHSIONIAsA IEKTPOHBI CHCTEMaA (oOKuUCaumenn)
camMa BOCCTaHaBIMBaeTCs (MpeBpamlaeTcsi B COOTBETCTBYIOIIMI BOCCTAHOBHUTENb), a OTIAroIIas
ANEKTPOHBI CcUCTEMa (8occmanosumenv), cama OKHUCHISeTCs (IpeBpallaeTcs B COOTBETCTBYIOIIUI
OKHUCITUTEIND ).
K munuunwvim oxuciumensim OTHOCST:

1. Dnementapusie BeriectBa — Cly, Bry, Fp, I, O, Oy,

2. CoenuHeHUs, B KOTOPBIX AJIIEMEHTHI MPOSBIAIOT BBHICIIYIO CTETIEHb OKUCIEHHUS (OMpeaensieTcs

HOMEPOM T'PYIIIbI) —

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

+7 +5
KIO,,KIO;mur.a

3. Karnon H' v HOHBI METAIIOB B UX BBICIIEH CTEMEHH OKUCIeHHs — SN, Cu2+, Fe* ur. II.
K munuunvim 6occmanosumensim OTHOCST:
1. DieMeHTapHBIC BeIIeCTBA — METALIBI (HAWOOJBINAs BOCCTAHOBUTEIBHAS CIOCOOHOCTH ¥
menoyHeIx Meramios), Hy, C, CO.

2. COCI[I/IHCHI/ISI, B KOTOpPBIX JJEMCHTHI IIPOABJIAKOT HU3MYKHO CTCIICHb  OKHCICHHUA  —

-3 -2 -1 -1 -2
NH,, H,S,HI, HCl, K, S uT.n,

o + + + +
3. VioHBI METAILIOB HU3IIEH CTENeHH OKUCIeHUs — SN° ,Cu’, cr , Fe?*,



OKHUCIUTETBHO-BOCCTAHOBUTEIBHAS TBOMCTBEHHOCTh. Coedurnenus evlcuiell CmeneHu OKUCTeHUs.,
MPUCYIICH JaHHOMY 3JIEMEHTY, MOTYT B OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUSX BBICTYIATH
TOJIbKO B KAa4eCTBE OKHUCIIHUTEJICH, CTENEHb OKHCICHHUS JJIEMEHTa MOXET B 3TOM CIllydae TOJbKO
noHmwkatecsi. CoeduneHuss Hu3wiell cmeneHu  OKUCAeHUsi MOTYT ObITh, Ha00OPOT, TOJBKO
BOCCTAaHOBHUTEIISAMH; 3]1€Ch CTEIEHb OKHCIEHUS JJIEMEHTa MOXET TOJBKO IOBBIMIATHECSA. Ecim ke
3JIECMEHT HAXOJUTCS B MPOMEKYTOYHOM CTEIEHU OKHCIICHHUS, TO €ro aTOMbl MOT'YT, B 3aBUCHMOCTH OT
YCIIOBUH, MPUHUMATH 3JCKTPOHBI, BBICTYNAas B KAueCTBE OKHUCIHMTENS WM OTJIABaTh JJICKTPOHBI,
BBICTYTIAsl B KAYECTBE BOCCTAHOBUTEIIS.

Tak, HanpuMep, CTCIICHb OKUCIICHUS a30Ta B COCIUHEHHUSIX M3MEHsACTCS B mpezenax oT (— 3) mo (+5)
NH;, NH4OH - Tonsko BoccraHOBUTENN

HNO3, com HNO3 - TOJIBKO OKHCIUTENIN

CoeMHEHUST C TMPOMEKYTOYHBIMU CTETICHSIMH OKHCIICHHS a30Ta MOTYT BBICTYIaTh B KadecTBE
OKHCJIHNTEINEH, BOCCTAHABIMBAACH 0 HU3IINX CTEIIEHEH OKHCICHUS, WIH B KAU€CTBE BOCCTAHOBUTEIIEH,
OKHCIISISICH JIO BBICIIUX CTEIIEHEH OKUCIECHUS

Metox  JNEKTPOHHOTO  OajlaHCa  ypaBHMBAHHUS  OKHCJIHMTEIBHO-BOCCTAHOBHUTEIBHBIX  PEaKIUid
3aKJIFOYAETCsl B BBITIOJHEHUH CIICAYIOMIETO MPAaBWIIA: YUCIIO 3JIEKTPOHOB, OTJAHHBIX BCEMH YaCTHUIIAMHU
BOCCTaHOBHUTEJICH, BCET/Ia PAaBHO YHCITY JICKTPOHOB, IPUCOCIUNHEHHBIX BCEMU YaCTHIIAMHA OKHCITUTEIEH
B JJAHHOW PEaKIIMH.

Oobopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIUMBIE NIl JAHHOW PaOOTHI, BHICTABIISAIOT HA TMOJKHU JaOOPATOPHBIX CTOJIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCJIOTHI W IIEIOYHM, MAaXydyue BeHIeCTBa (HarpuMep, CEPOBOOPOI,
OpoMHasi BoJa U JIp.) XPaHAT B BBITSHKHOM HIKaQy.

OcHoBHasi XUMUYecKasi OCyAa: MPOOUPKU (B IITATHBE), KOJIOBI, XUMUYECKUE CTaKaHBI MOCIE PabOTHI
TINATEIHHO BBIMBITH, BECHI C Pa3HOBECOM, MPUOOPHI, MCIOJb3yeMas [JIsi TPOBEICHUS OTIACIbHBIX
1a00paTOPHBIX paldOT, BHIAETCS M CIAETCS YUCTas JaOOpaHTYy.

Texnuka bezonacnocmu npu_GbINOJIHEHUU 1AD0DAMOPHO_PAdombl:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOW XMMHUYECKON MOCYI0i. OCTaTKK pa3OUTO MOCyabl yOUpaTh C
IOMOIIbIO COBKA U MIETKU;

-BC€ palOTHI, CBS3aHHBIE C BBIICIICHUEM SJIOBUTHIX, JIETYYMX W HEMPHUSATHOMAXHYIIMX BEIIECTB,
MIPOBOJANTH B BBITSHKHOM HIKady;

-IpU ONIPEACIICHUH 3araxa BEUIECTB OTBEPCTHE cocyla AepKaTh Ha paccrosHuu 25-30 cM OT nuna,
HarpasJsisg K ce0e CTPYIO ra3a mocTynaTeIbHBIMH JIBF)KCHHSIMU JIAJIOHU OT OTBEPCTHS K JIUILY;

-TIpU HAJIMBAaHUHM DPEAKTUBOB HE HAKJOHITHCS HAJ COCYJOM BO H30eXaHWE TMOmajaHusi OpbI3T WU
YaCTHUII Ha JINIIO WIH OACKAY. TPU pa30aBIeHUN KOHIIEHTPUPOBAHHBIX KHCIOT BIMBATh KUCIOTY B BOJY,

HO HE Ha000poT;



-TIpY HarpeBaHUM MPOOUPKH HE JIePKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCe/ia. HE HAKIIOHATHCS
HaJI HarpeBaeMoi KHUIKOCTHIO BO H30€KaHKE TIOMaIaHus €€ Ha JIUII0, PYKH WA OJISKITY;

-TOpsSiYUE TPEIMEThl MOXXHO CTaBHTh TOJBKO Ha acOECTOBBIM KapTOH, acOCCTUPOBAHHYIO CETKY HIU
APYTYIO CHEIHUATIBHYIO TOJICTAaBKY;

-HEJIb3s1 TI0JIB30BATHCS AIEKTPONPUOOPaMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. IPH BKIFOYCHUHU HX B
CETh HEJb3s ICPIKAThCS 32 METALTHYECKUE MPEAMETHI (TPYOBI, KpaHbI H T.I1.). 3allpeliaeTcsl BKIOYATh U
BBIKJTIOYATh 3JEKTPOIPHOOPHl MOKPBIMU pPyKaMH, a TaKXKe TIOJIh30BAThCS HEHCIPABHBIMU WU
MMEIOIIIUMU OTOJIEHHBIC TIPOBOIA TPHOOpaAMU;

-3anpeaeTcs MPUHUMATh MHIY B XUMHYECKON JTa00paToOpuu U MUTh BOY U3 JIAOOPATOPHOU MOCYIBL. -
-KaTerOPHUYECKH 3alperacTcs NpoooBaTh PEakKTHBHI Ha BKYC;

-TIpY TIOTIAJ]AaHWK HAa JIMIO WX PYKH OPBI3T KOHIEHTPUPOBAHHBIX KHCJIOT TIOCIE CMBIBAHUS BOJIOM
MIPOMBITH CIa0BIM PACTBOPOM COJIBI. IIEIOYBL CIEAYET CMBIBAThH JI0 TEX IMOp, IMOKa y4acTOK KOXKH, Ha
KOTOPBIA OHA TIOMajia, He IMEePECTaHeT OBITh CKOJB3KHM; 3aT€M IIPOMBITH CJIA0BIM PACTBOPOM YKCYCHOM
KHUCJIOTBl U HAJIOKUTh TIOBS3KY M3 BaThl, CMOUYECHHOU 3%-HBIM pPAacTBOPOM IepMaHraHata Kaiuus (W3
anTeYKy B TaOOPaHTCKOU Kadeaphl);

-110 OKOHYaHHWH PaOOThI BBIKIIOYHTH U3 CETH BCE AJICKTPONPHOOPHI, IEPEKPHITH MMOAaYy ra3a ¥ BOJBI B
naboparopuro u yopaTh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asiX HEMEJICHHO COOOIIaTh MPenoIaBaTelto Wid JJa00paHTYy.

Ilpakmuueckas wacmo:

Omnpit Nel. B3aumopeiicTBre METAIIJIOB ¢ KUCJIOTAMHU U IIEJI0YaMHU.

W3ydyenue B3auMMOJEHCTBUS IIMHKA C pacTBOpaMH CEpHOM  KHUCIOTHl  (pa30aBiIeHHOW U
KOHIIEHTPUPOBAHHOW) M ¢ pacTBOPOM LIENOUH. B Kax1oM onbiTe B MpoOMpPKH HajelTe 2-3 Mi1 pacTBopa
KHUCJIOTHI WM IEN0YM U OpOChTE MO OJITHOU TpaHyJie IIMHKA.

Pa30epurech, Kakoil MOH B Ka)KJJOM Cllydae SIBJSETCS OKUcauTenaeM. Bo Bcex OmbITax ¢ OKUCIUTENbHO-
BOCCTAHOBUTEJIbHBIMU PEAKIMUSIMH COCTABbTE AJIEKTPOHHO-MOHHBIE CXEMBbI, HalauTe KO3 UIIUEHTHI
IIPU OKUCIIUTENIE U BOCCTAHOBUTEIIE, ONIPEAEIIUTE CPEy IIPOTEKaHUs MIPOLECCa, ITOABEAUTE UTOT B BUJIE
HMOHHOTI'0, 3aTEM MOJIEKYJIIPHOTO YPaBHEHHUS.

OmnbiT Ne2. BiausiHue xapakTepa cpezibl Ha OKACIUTEIbHO-BOCCTAHOBUTENIBHBIN ITPOLIECC.

A. TlpoBenute peaknuo KMnOy4 + Nap;SO3 + . — B KHCTION, HEUTpaTbHOUW U MIEN04YHON cpenax. Jlis
3TOTO B MpoOUpPKY K 2-3 mut pactBopa KMnO4 mpubaBbTe KUCIOTHI WX MIETOYN U BHECUTE MIEMOTKY
coma NaySOs. BerpsxHuTe mim nepememaiite pactBop B mpoOupke. B mepBom cimydae oOpasyercs
6ecueTHbIii MnSO4, BO BTOPOM BbINagaeT TerpabopaTta HaTpusili ocagqok MnOy, U B IIEIOYHON cpese
obpazyercs 3en€nblif pactBop KoMnOa.

b. Onpenenure, B kakoi cpene (HEUTpaIbHOM, KUCION W 1IET0YHON) OyAyT MpOTEeKaTh peakluu.

MnO, + Kl +  —



CrCl; +Br+ —
B mepBoMm ciydyae B mpoOMpPKY BHOCAT LIETIOTKY cyxoro mopomka MnO,, 3arem pactBopa Kl u
ONPEIEIAIOT CPEAY PEAKLIUH.
OmnbiT Ne3. OKHUCIUTENbHO-BOCCTAHOBUTENbHAS IBOMCTBEHHOCTD BEIIECTB.
A. K monkucieHHOMYy pa30aBiieHHON KucioToi pactBopy KMnO, nobGaBbre 10 0OeCIBEUHMBAHUS
pactBopa NaNO;. K moaxucieHHOMY CepHOI KHCJIOTON pacTBOpY Hoauaa Kamusi 100aBbTE HEMHOTO
pactBopa NaNO,. YUem oO0BsICHsIETCS BO3HHKalolee okpammBaHue pactBopa? Kakosa poss NaNO; B
TOW WK JIPYyror peakiuu?
b. K nonkucnenHomy cepHoil kucnotoil pactBopy KMnO4 no6aBpTe HEOONBIION 00BEM pacTBOpa
nepokcuga Bogopoja. OOpatuTe BHHUMaHuE, Kakod Bblaensercs ra3. K mnoakucieHHOMy cepHOM
KHCIIOTOM pacTBopy Hoauaa kamusi 106aBbTe Hebounbioe konuuecTBo HyO,. Uto mpoucxoaut? Kakosa
pons H,O, B aTOoM ciywae? OOpaTuTe BHHMaHUE Ha COCTAaBJIICHHWE DJIEKTPOHHO-MOHHBIX CXEM C
ydacTueM MepoKCUaa BOJOPO/a.
OmbiT No4. Peakunyi caMOOKHCIICHUSI-CAMOBOCCTAHOBIIEHUS (AUCTIPOIIOPIIHOHUPOBAHNSA).
Kpucrannuk fiona pactBopute B HEOOIBIIOM 00beMe PacTBOpa MIENOUH MTPHU cIaOOM HarpeBaHUU.
3aKOHYUTE YPaBHEHUE PEAKLIMU:
I+ NaOH —»NalOs + ...
Peakuus aucnponopuyoHUpOBaHUsS WIET B IIEJIOYHOM cpene. Eciin moiydeHHBIM MOcie peakiuuu
pacTBOp MOJKUCIUTb, TO peaKus IpoiiieT B 00paTHOM HampasiieHuu. [IpoBepbTe 3TO Ha OMBITE.
OmnpiT Ne5. BHyTpuUMOINEKyJIIpHOE OKHCIEHHE-BOCCTAaHOBIICHHE.
[IlenoTKy KpUCTAUIMKOB JUXpOMaTa aMMOHHUS HMOMECTHTh B (ap(opoBYIO HaIIeyKy M HArpeTh [0
Hadaa pasioKeHus. OOparure BHMMaHHE Ha XapakTep OOpa3yloIuXcs MPOIYKTOB M 3aKOHUHUTE
ypaBHEHUE PEAKINH:
(NH4)2CT207 — CrO3+ Np +
[TpaBuna texHuku Oe3onmacHocTH. CoOaromaliTe OCTOPOXKHOCTH MpPU paboTe C KOHIEHTPHUPOBAHHOMN
CepHOM KUCIIOTOH, 0cOOeHHO ropsiueii. He nomyckaiite nmomnaganus e€ B 1j1a3a U Ha KOXY.
Tema: "OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE PEAKIIUN "
[Ipobnemuas cutyamust I. B pe3ynpTaTe mosydeHHs MPOMBIIUICHHBIM CIHOCOOOM a30THOM KHCIIOTHI
Beiienercss NO. PazpaGoraiite croco0 xkunkogasznoro okucieHuss NO 10 Oosiee BBICOKOH CTENEHH
OKHCJICHHS a30Ta, COEIMHEHHE JJOJKHO OBITh YCTOHYMBBIM.
[Ipo6nemuas curyanus II. B mpomblluieHHBIX CTOYHBIX BoAax umeercs ¢rTopuia Boaopona. Kakum
COEIMHEHNEM HaJI0 MOIEHCTBOBATh, YTOOKI MOIYYUTh HEPACTBOPUMOE COoeuHEeHue Gpropuaa?
[Tpobnemuas cutyarus III. B crounoii Boge ¢propun non ocaxaeH B Buj CaFy 1eMeHTHOH NbLIbIO,
coctaB koTopoit CaO - CaS , cpena kucnas. Kakoi ra3z OyneT BEICTATHCS TPU OCAKICHUH?

Kakum okucnuTeneM HE00X0IUMO MOICHCTBOBATh, YTOOBI 00€3BPEIUTh ATOT ra3?



Tpebosanua Kk ohopmaenuio 1a60pamopHoi padomsvl u OMuUemy

1.BrimonHeHue 1abopaTOpHBIX PabOT COMPOBOXKIAIOT 3aMHUCSAIMU B JJaOOopaTOpHOM >KypHaie. Ha
TUTYJIBHOM JIUCTE J1a0OpaTOPHOTO KypHAJa JOJDKHBI OBITH IMPEICTABICHBI: HAa3BaHHEC YHUBEPCHTETA,
(dbaMuIHs ¥ MHUIUATBI YYaIlerocsi, HOMep Kypca U TPYIIbI, y4eOHBIN TO/.

2.0T14eT 0 BBIOJIHEHHO 1abopaTopHOi paboTe JOKEH COJIEPKaTh CIEAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJTHEHUS PaOOTHI;

*IIeTTb PAOOTHI;

*000pyI0BaHEe M MaTEPHUAIIBL;

*KpaTKO€ TEOPETHUECKOE OIKCAHUE;

*HOMEp U HA3BAHHE OTIBITA;

*KpaTKO€ OMHCaHUe X0/a padOThI C yKa3aHUEM YCIIOBUH MPOBEICHHS OIIbITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TIPUOOPOB;

*HaOJIFOICHM,

*YpaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IBI.

3.JlabopaTopHbIil )KypHaI HY>KHO BECTH YUCTO U aKKYPaTHO, 3aITUCH JOJKHBI ObITh TAKOHHYHBIMH.

4.014€T 0 IpoBeAEHHOHN paboTe MPOBEPSIET U MOAMUCHIBACT MPEMOIABATENb.

5K cmage 3auéra mo JrabopaTOpHOMY MPAKTUKYMY JOITYCKAIOTCS CTYACHTHI, BBIOJHUBIINE W
MOJINMCABIIINE Y TMpPEoiaBaTelisi Bce JOMaIIHWE W JabopaTOpHbIe pabOTHI, CAABIINE KOJUIOKBUYMBI,
aKTUBHO Y4aCcTBOBAaBIIIUE B pabOTe CEMUHAPOB.

6.CTyaeHThI, MOTYYHBIINE 3a4ET MO TaOOPATOPHOMY MPAKTUKYMY, TOMYCKAOTCS K caue dK3aMeHa
M0 KypCy HEOPraHUYECKOW XUMHUH.

Koumponwvhbie gonpocel :

1. OxuciauTelI 1 BOCCTAHOBUTEIIN

2. Knaccudukanusi OKUCITUTETbHO—BOCCTAHOBUTEIHHBIX PEaKIINi
3. OcHoBHbI€ NTpaBmiIa coctaBiaeHuss OBP

4. Obmue 3axkoHOMepHOCTH TIpoTekanuss OBP

5. OcuoBHbIe cxeMbl OBP

5.1. CxeMa BoCCTaHOBJIEHUS IEPMAHTAHATOB

5.2. CxeMa BOCCTaHOBJIEHHSI XpOMaTOB/OUXPOMATOB

5.3. PaznoxeHne HUTPATOB

5.4. OxucIHUTEIbHBIE CBOMCTBA a30THOM KHCIIOTHI

5.5. B3aumonencTBue METAJLIOB C CEPHOU KUCIOTON
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BBEJIEHUE

Llenpl0 MOATOTOBKM K CaMOCTOSTEIBHOMY H3YYEHHUIO JUTEpaTypbl MO TeMaM JUCIUILTUHBI
ABISIETCSl coOeceJoBaHME C MpernoaaBaTeleM Mo oT4deTy (YCTHOMY). 3agadaMy HpU THOATOTOBKE K
CaMOCTOSITETbHOMY M3YyYEHHIO JIMUTEPATyphl 10 TeMaM IUCIHILIUHBI — KOHCIIEKTHPOBAHUE CTYACHTOM
KOHCIICKTOB.

CamocrosTenbHas pabora IMpeaycMaTpUBAaeT CIEIYIOIIME BHUIbI: CaMOCTOSTEIBHOE H3ydEHHUE
JUTEPATYpPhl MO0 TeMaM, MOATOTOBKA K NMPAKTHYECKUM 3aHATHSAM, MOATOTOBKAa K KPYIJIOMY CTONY IO
TEeMaM.

BrimonHenue 3amaHuii IO CaMOCTOATENIFHON paboTe MO3BONISAET CTYJACHTY 3aKPENUTh 3HAHUS U
pUOOpEeCTH MPAKTUIECKUE HABBIKM B 00JIACTH HKOJIOTHH.

JIns TOCTYDKEHMS BBICOKHMX PE3YJIBTaTOB YCBOEHHs y4eOHOrO Marepuajia Mo Kypey «XUMHS»
OakanaBpaM HEOOXOAMMO OCO3HAHHO MOAXOJUTH K BBIIOJHEHHUIO 33JaHUM Al CaMOCTOSITEIBbHON
paboOThl, BHUMATEIFHO O3HAKOMUTHCS C PEKOMEHJOBAHHOM OCHOBHOW M JJONOJHUTEIHHOM JTUTEPaTypOH.

bakanaBpam HEOOXOJMMO TOMHHTH, YTO IEJbI0 MPAKTHUECKUX 3aHATHH MO JAUCHUILIAHE
«Xumus» sBiIsieTcst 0000IIeHHEe Y CUCTEMaTH3aIHs TEOPETHYECKUX 3HAHU, IIOJTyYSHHBIX Ha JICKIHAX, a
TaKXKe MPUOOPETEHHE MPAKTUYECKUX YMEHUH M HaBBIKOB. B 3Toil CBsI3M Ha ceMuHapax TOJDKHO OBITH
OpPraHM30BaHO COTPYAHUYECTBO OaKalaBpPOB M MPENOAABaTENs, UX B3aUMONOMOIIb, KaX/bIH OakaiaBp
JOJDKEH 0CO3HABATh, YTO UMEET MPAaBO HA MHTEIUICKTYAIbHYIO aKTUBHOCTB, OBITH 3aMHTEPECOBAHHBIM B
JOCTIDKEHUH OOIIEH Lend CEeMHUHApOB, JOJDKEH NPUHUMATh YYacTHE B KOJUIEKTUBHOW BBIPAOOTKE
BBIBOJIOB U PEILICHUH, B YCIOBHUIX COBMECTHOI paOOThI 3aHUMATh aKTHBHYIO MTO3HLHIO.

B xoze moAroToBKM K 3aHATUSAM OakaliaBpaM CIEAyeT YYUThCS TOYHO BBIPAXKAaTh CBOM MBICIH B
JOKJIaJIe WM BBICTYIJICHUH TI0 BOIIPOCY, aKTUBHO OTCTaWBaTh CBOIO TOYKY 3PEHHS, apryMEHTHPOBAHO
BO3paXkaTh, OMPOBEPTaTh OMNOOYHYIO TTO3UIIHUIO.



1. OOmas xapakTepHCTHKA CAMOCTOATEILHON PaGoThl 00y4aIOIUXCsl IPH H3YYeHUH
AUCHUILIUHBI « XXMM

JuciunamHaa « XuMHS» OTHOCUTCS K 00513aTEJIbHOM YacTH.

54 4yaca oTBOAATCS HAa ayaAUTOpPHBIE (HOPMBI PAOOTHI (JIKIMM M TMPAKTHYECKHE 3aHATHS),
KOTOpbIE IPOBOASATCA IPU HEMOCPEICTBEHHOM Y4YacTHM IpenogaBaTens v 63 dYaca OTBOAMTCS AJs
CaMOCTOSITENIbHOM, WM BHEAYAUTOPHOMN, paOOThI CTYICHTOB.

Ha nepBom 3Tane He0OX0IMMO 03HAKOMUTHCS € paboyei mporpaMMon TUCIUIUIMHEL, B KOTOPOU
PaccMOTPEHO COoAepKAHUE TEeM MPAKTUUECKUX 3aHSATHH AUCUUILINHBI, BUJIBI CAMOCTOSTEIbHON paboThI,
TaKHe Kak:

- CaMOCTOSITEJIbHOE U3yYEHHUE JIUTEPATYPHI 110 TEMaM;

- TIOJTOTOBKA K JIA0OPaTOPHOMY 3aHSTHIO.

Kaxxaplii BuJ caMocToATeIbHONU paboThl UMEET LIEH U 3a/1a4H.

[lensiMu  CaMOCTOSITEILHOTO HW3YYEHHUs JIMTEPAaTyphbl SBJISETCS OBJIAJIEHUE CIEAYIOIIUMU
kommetreHusamu OITK-1.

3agaun caMOCTOSTENLHON paboTh (POPMHUPYIONINE KOMIETCHIINH:

- CIIOCOOHOCTH K CAaMOOPTraHU3alliy U caMo00pa30oBaHUIO;

- TOTOBHOCTb YCTaHaBJIMBAaTh U OIPEAEIATh IPUOPUTETHI B Cepe MPOU3BOJACTBA MPOLYKIIHU
MUTaHUs, 0OOCHOBBIBATH NMPUHATHE KOHKPETHOTO TEXHUYECKOI'O DPEIICHUs MpU pa3pabOTKe HOBBIX
TEXHOJIOTUYECKUX TPOILIECCOB MPOU3BOACTBA MPOAYKIIUHM TUTAHUS; BBIOMPATh TEXHUYECKUE CPEICTBA U
TEXHOJIOTUH C YUE€TOM SKOJIOTMYECKHUX MOCIEACTBUNA UX IPUMEHEHHUS.

BoinonHenue 3agaHuil 1o caMOCTOSATENbHONW paboTe MO3BOJIET CTYAEHTY 3aKpENUTh 3HAHUS U
MPUOOPECTH MPAKTHUECKHE HABBIKU B 00JIACTH KOJIOTHH.

Kaxxapiii BU] cCaMOCTOSATEIHLHONU PabOThl UMEET ONpe/Ie/IeHHbIC (OPMBI OTYETHOCTH.

2. [Inan-rpadguk BLINOJHEHHS CAMOCTOSITEIbHOI PadOThI
Konrr Cpencta u OO0OBeM 4acoB, B TOM YHCIIE
peanm3yemMbIx Bup nestenpHOCTH texHonoruun | CPC KonraktHas Bcero
KOMITETEHITHH, CTYJICHTOB OIICHKH paboTa ¢
UHIUKaTopa(oB) IIpENoIaBaTesIeM
1 cemectp
NI-1omk-1 [MoaroToka K gabOpPaTOPHBIM Otuer 16,2 1,8 18

N-20nk-1 paboTtam MUCHbMEHHBIN
UJ1-3omic1
N1-4omic1
N-50mc1
U1-60mic1
NI-7 onit
W-1omka CamocrositennbHoe  m3yuenue | CobecenoBanu | 40,5 4.5 45
W-20m1k1 JuTepaTypsl o Temam Ne 1-18 e
N-3onk-1
WU-4onk-1
N-Somic1
N-60nk-1
NI-7 omct

Hroro 3a 1 cemectp 56,7 6,3 63
Uroro | 56,7 6,3 63

3. KOHTpOJIbH])Ie TOYKH U BUJbI OTYETHOCTHU 110 HUM

Onucanue MIKAJbI OLeHUBAHUS
B pamkax peHTHHIOBOI CUCTEMBI yCIIEBAEMOCTh O0YYAIONIMXCS 10 AUCHUIUIMHE OLIEHUBAETCS B
X0J1€ TEKYIIEro KOHTPOJIS U MPOMEXKYTOUHON aTTECTAIUU.



Texkymmii KOHTPOJIb
PeiiTMHroBasi OlleHKAa 3HAHUI CTYIEHTA

Nen/m | Bup tesiTenbHOCTH CTYICHTOB Cpoxku BeimonHeHust | KonwmuectBo 6amios
1 cemectp
1 Jlaboparopnast pabora Ne 1-3 5 mepens 15
2 JIaGoparopnast padota Ne 4-6 11 nenens 20
3 JlaGopaTopHas paborta Ne 7-9 16 nenens 20
Hroro 3a 1 cemectp: 55
Uroro: 55

MaxkcuManbHO BO3MOXHBIA Oami 3a Bechb TEKYIIUH KOHTPOJIb YCTaHABJIMBAETCS PAaBHBIM
55. Tekyuee KOHTPOJIBHOE MEPONPHUATUE CUUTAETCA CIAHHBIM, €CJIM CTYAEHT IOJY4YWJI 3a HEro
He MeHee 60%  OT YCTaHOBIEHHOrO  JUIsi  3TOrO KOHTPOJIA  MakKcUMajbHOro  Oaia.
PeiftuHroBerii  0aii, BBICTaBISIEMBbI CTYJIEHTY 3a TEKYIIEe KOHTPOJIBHOE MEpPOINpPHUSTHUE, CIAHHOE
CTYICHTOM B YCTaHOBJEHHbIE TpaUKOM KOHTPOJIBHBIX MEPOINPHUSITHI CPOKH, OIpelensieTcs
CJIENYIOIUM 00pa3oM:

YpOBEHb  BBHIIIOJIHEHUS KOHTPOJIBHOT'O PelituHroBeiii  Gamn B % or
3aJlaHus MaKCUMaJIbHOI0 6ajuia 3a KOHTPOJIBHOE 331aHHE)
OTMmyHBIN 100
Xopomui 80
Y 10BIE€TBOPUTENLHBIN 60
HeynosnerBopurenbHslii 0

[IpomexyTounass arrectanus B (opMe -HK3aMEeHa IMpeaycMaTpuBaeT IPOBEICHHE
00s13aTeNTbHOM K3aMEHAIMOHHON mpoueaypsl U oneHuBaercs 40 Oamramu w3 100. B ciygae
€ClIi PEUTUHTOBBI Oalll CTylIeHTa MO JUCIUIUIMHE [0 WToraM cemectpa paBeH 60, TO
MIpOrpaMMoil aBTOMaTHuYecKu a00aBisercs 32 mpeMHuaidbHBIX Oaijia M BBICTABISETCS OLIEHKA
«oTnuyHOo». [lomokuTenbHBIH OTBET CTYyAEHTa Ha DJK3aMEHE OIIEHWBAETCS PEUTHHTOBBIMHU
O6ammamu B auamnazone oT 20 mo 40 (20 < Sskz < 40), ouenka meHbine 20 OalIoB cuMTaeTCA
HEY/I0BJIETBOPUTEIBHOM.

llkana coomeemcmeuss peumunc08020 6Oanla dK3ameHa S5-6ailbHOU  cucmeme

Peitmunzoswiii 6ann no oucuyuniune Ouenka Ho 5-0annvnoili cucmeme
35-40 OT1auyHO
28-34 Xopo1io
20-27 Y 10BIETBOPUTENBHO

HtoroBasi oleHKa MO JUCHUIUIMHE, W3y4aeMOW B OJHOM CEMECTpe, OIpeNeNsercs 10 CyMMe
O0aymioB, HaOpaHHBIX 3a paboOTy B TEYEHHE CeMecTpa, M OalyioB, MOJYYEHHBIX IMpH cJayde
HK3aMeHa:
Illkana nepecuema pelimuneco6020 06anla NO OUCYUNIUHE 6 OYEHKY
no S5-b6annvHou cucmeme

PeiiTHHIrOBBII 0aJ1J1 MO AMCHMILJINHE Onenka Ho 5-0aJJIbLHOM cHcTeMe
88- 100 OTangHOo
72-87 Xopo1no
53-71 Y 10BIETBOPUTENHHO
< 53 HeynoBneTBopuTenpHO

4.MeToanyeckue yKa3aHus M0 M3YYCHHIO TEOPETHYECKOr0 MaTepuaJia
[Ipu pabGoTe ¢ nUTEpaTypHBIMH HCTOYHHKAMHM BaXHO yMETh MPaBWJIBHO YHUTaTh, MOHUMAaTh U
3allOMMHATh NMPOYUTaHHOE. [l MOHMMAHUS CIIOKHOTO TEKCTA BaKHO HE TOJBKO OBITh BHUMATEILHBIM
IIPY YTE€HUH, UMETh 3HAHHUA U YMETh MX IIPUMEHATH, HO U BJIAJIETh ONPEACICHHBIMHA MBICIUTEIbHBIMU
npuemMaMd. OAMH W3 HUX COCTOUT B KpailHE Ba)XHOCTH BOCIPUHUMAaThb HE OTAEIbHBIE CIIOBA, a



MPEITIOKEHUS U JIaXKe [eJIble TPYIIbI MPEAJIOKESHUN, T. €. ab3allbl.

[Ipu pabGote ¢ nMuTEpaTypoil UCMONIB3YIOTCS BHIMHUCKH (003aT€IbHOE YCIOBHE BHIMHCOK — TOYHOE
YKa3aHHe UCTOYHHKA M MECTa, OTKY/Ia 3TO BhIMKCAHO). LlenecooOpa3Ho BBRITUCKH JIeNaTh Ha KapTOYKaXx,
YTO O0JIeryaeT UX XpaHEHUE W HCIOoNb3oBaHMe. [Ipu 3amoJHEHHH KapTO4eK CIeAyeT YYUThIBAaTh, UTO
JIBA CaMOCTOSITENILHBIX BONpPOCAa 3aHOCHTh Ha OJHY KapTO4YKy HENb3s, T.K. 3TO 3aTPYAHHUT HX
kiaccudukanuo u xpanenue. Kaprouka gomkHa cofepxaTb 0003HaYCHHE €€ COAEepP KaHUsI, HOMEp UIIU
mudp, yKa3bIBAIOMIMA €€ MECTO B KapTOUKe, JaTy 3aloJIHeHUs, Onbnnorpaduueckue qaHHBIE. 3aTUCH
Ha KapTOYKe CleAyeT pacrojaraTh Ha OJHON CTOpPOHE, OHU JOJKHBI OBITh YETKHMU U JIOCTATOYHO
noyHbIMH. [Ipy BRIMMCHIBAHWY IIUTAT KpailHE BAKHO COXPAHATHh a0COTIOTHYIO TOYHOCTH IPH MEepeaadn
MBICIIEHi aBTOpa, CTaBUTh MX B KaBbUKHU. llpomycku B 1muTaTe JOIMycKaroTcs (OTMEYaroTcs
MHOTOTOYHEM), HO OHU HE JIOJDKHBI M3MEHSTHh CMBICTA BBICKa3biBaHUs. [[uTara o0s3aTenbHO JOIKHA
ObITh CHa0XEeHa yKa3aHUEM UCTOYHUKA.

B npomnecce pa®oThl Haj WM3ydaeMbIM MaTEpUANIOM COCTABJSIETCS IUIAH B IENsAX 0oJee 4eTKOro
BBISIBJICHUHM CTPYKTYphl TEKCTa, 3allUCH CHCTEMbI, B KOTOPOW H3jaraeT MmaTepuan IaHHBIA aBTOp,
MOJTOTOBKH K BBICTYIUICHHIO, a TaKXe JJIsl HAMCaHUs KaKoW-Tu00 paboThI, 3alIUCH CBOMX MBICIIEH C
HOBOM cucTemaTH3aleil Marepuana. B mimaHe MOryT BCTpedaTbcsl OTAENbHBIE LUGPBI U JApYyTrHe
(haKTHYECKUE CBEJICHUS, KOTOPHIC XOTS M HE SBIISIOTCS COOCTBEHHO TUIAHOM, HO TIOMOTAIOT B OymyIieM
€ro HCIOJIb30BaHUH (K IPUMEPY, IIPH BHICTYIIJICHUN).

[Ipu u3yyeHnn TeOpEeTUIECKOro MaTepuasa Tpedyercsi COCTaBICHHE KOHCIIEKTA.

KoHcmekT — 3TO KpaTkas THCBMEHHAs 3alkCh COJCPXKAHUS CTaThW, KHHUTH, JICKIUH,
MpelHa3HaYeHHbIe JUIS TOCJIEAYIONIEr0 BOCCTAHOBIEHUS HWHGOPMALMU C PA3JIMYHONW CTEIEHBIO
MTOJTHOTBHI.

KoHncnekt — 310 cuctemaruyeckas, JIOTUYECKH CBSI3HAS 3alKCh, 00BEAMHAIONIAS TIIaH, BBIMHUCKH,
TE3WCHl WM, TI0 KpaiiHed Mepe, JBa W3 3TUX THUIOB 3amucd. VICXOns W3 ONpeieNieHUs, BBIHCKU C
OTJIENbHBIMU MYHKTAMHU IJIaHA, €CTIU B L[EJIOM OHHM HE OTPAXKAIOT JIOTHKU MPOU3BEACHUS, €CIU MEXKIY
OTJICIIBHBIMU YACTSIMH 3aITHCH HET CMBICIIOBOH CBSI3U, — 9TO HE KOHCIEKT. B KOHCIIEKT BKIFOYAIOTCS HE
TOJILKO OCHOBHBIE TOJIOKEHUS, HO U JOBOJbI, NX 00OCHOBBIBAIOILINE, KOHKPETHBIE (DAKTHI U TMPUMEPHI,
HO 0€3 X MOoAPOOHOTO OMHCAHUSI.

KoHcnektupoBaHre MOKET OCYIIECTBISTHCS TPEMs CIOCOOaMU:

- MATUPOBaHUE (TIOJTHOE WIIM YACTUYHOE) OCHOBHBIX TTOJIOKEHHUH TEKCTa;

- Iepeiadya OCHOBHBIX MBICIIEH TEKCTa «CBOMMHU CIIOBAMUY;

- CMEILIAaHHBIN BAPUAHT.

Bce BapuaHThI penonararT UCMOJIb30BaHNE COKPAIIICHHH.

[Tpu HanMCcaHWUU KOHCIIEKTa PEKOMEHIYEeTCS CIeIYIoNIas OCeI0BaATEIIbHOCTD:

1. TIpoaHamu3upoBaTh COJEpKAHUE KAKIOro (¢parMeHTa TEKCTa, BBIICSAS OTHOCHTEIHHO
CaMOCTOSITENIbHBIE 110 CMBICITY;

2. Beimenuts U3 KaXJI0M 4aCTH OCHOBHYIO HH(OpMaIIKI0, yOpaB H30BITOUHYIO;

3. 3amucaTh BCIO B&KHYIO JJIS MOCJIEIYIOIIET0 BOCCTAHOBIICHUS MH()OPMAIIUIO CBOUMHU CIIOBAMHU
WM LIUTUPYS, UCTIONB3YsI COKPAIICHUS.

Pa3znensior yeTbipe BUa KOHCIIEKTOB:

- TEKCTYaJIbHBIN,

- IJIAHOBBIH,

- CBOOO/IHBIH,

- TEMAaTUYECKHUU.

TekcTyaJbHBIIl COCTOMT W3 OTHEIBHBIX AaBTOPCKUX IUTaT. HeoOXommMo TOIBKO yMEHHE
BBICTISITH (Dpa3bl, HECYIIHE OCHOBHYIO CMBICIIOBYIO HArpy3Ky. JTO MPEKPACHBIH MCTOYHHK JTOCTOBHBIX
BBICKA3bIBAaHUH aBTOpa U MPUBOAUMBIX UM (aKTOB. TeKCTyalbHBIN KOHCIIEKT UCIIOIb3YeTCs ATUTEIbHOE
BpeMsL.

IInaHoBBI — 3TO KOHCTIEKT OTAENBHBIX ()ParMEHTOB MaTepHalia, COOTBETCTBYIONINX Ha3BaHUSIM
ITYHKTOB IMPEJIBAPUTEIIBHO pa3padoTaHHOro miaHa. OH yYUT TMOCIISIOBATSIBHO M YETKO HM3JIaraTh CBOU
MBICIIH, paboTaTh HaJ KHUIOW, 0000mIas cojepxkanue ee B (OpMyIHpPOBKaxX IiiaHa. Takoil KOHCIEKT



KpaToK, MPOCT U SICEH MO CBoed ¢opme. DTO JHenaeT ero He3aMeHMMBIM NOCOOMEM IpH OBICTpOH
MOJIrOTOBKE JIOKJIa/1a, BBICTYIUICHUS.

CB00OIHBIN KOHCIIEKT — UHAMBUIYAJIbHOE U3JI0KEHHE TEKCTa, T.€. OTPAKaeT aBTOPCKHUE MBICIIN
yepes Ballle COOCTBEHHOE BueHue. TpedyeTcs neTanbHast IpopadoTKa TEKCTa.

CB0OO/IHBIN KOHCIIEKT MPEACTaBIseT co00i coueTaHWe BBIUCOK, IUTAT, HHOTJA TE3UCOB, YacTh
€ro TeKCTa MOXKET ObITh CHa0XKeHa IIaHOM. DTO HauboJjiee NOJTHOLEHHbII BUJ] KOHCIIEKTA.

TemaTHyecKHii KOHCHEKT — WU3JIOKEeHHWE WHPOPMALMK 10 OJHOM TeMe M3 HECKOJIbKUX
HCTOYHUKOB.

CocraBieHre TEeMaTHYECKOTO KOHCIIEKTa yYUT paboTaTh HaJ TEMOW, BCECTOPOHHE 00 IyMbIBast €€,
aHAJIM3UPYs pa3IMyHble TOYKU 3PEHUS HAa OJUH M TOT e BOIpoc. TakuM o0pa3oM, 3TOT KOHCIEKT
obueruaet paboTy Haj TEMOW PU YCIOBUH UCIIOIB30BaHHUS HECKOJIBKUX UCTOYHUKOB.

OdopmiieHue KOHCTIEKTA

1. Ha3BaHnue KOHCIEKTUPYEMOTO MPOM3BENCHUS (MM €ro YacTH) M €ro BBIXOIHBIX
JTAHHBIX, T.€. ONOIHOrpaduIecKoe ONMMCAHUE TOKYMEHTA.

2. [1nan Tekcra.

3. Wznoxenne Hambosiee CYMIECTBEHHBIX IOJIOKEHUI M3y4aeMOro MaTepualia

(Te3MChI) MOCIIE0BATEIFHO U KPATKO CBOMMH CJIOBAMU HJIM B BHJIE IIUTAT, BKIIFOYasi KOHKPETHBIC
(aKThI U TPUMEPBHI.

4. CocraBsisi KOHCIIEKT, MOYKHO OT/EJIbHBIE CIIOBA M II€JIbIE MPEIIOKEHUS MUCaTh
COKpAIIlEHHO, BHITUCHIBATH TOJIBKO KIIFOUEBBIE CJIOBA, IPUMEHSTDH yYCIOBHBIE 0003HAYCHHUS.

S. UroObl Qopma KOHCIEKTa Kak MOXKHO OoJjiee HarjsIHO OTpaxaia ero
coJiepKaHue, pacrnosiaraiite ad3ampl «CTyEeHbKaMu» MOAOOHO MYHKTAM M MOJIYHKTaM IUIaHa,
IpUMEHSITEe pa3HOOOpa3Hble CIOCOOBI MOAYEPKUBAHUS, HUCHOJB3YWTE KapaHJIAIIW M PYYKH
pa3Horo IBeTa.

6. Ucnone3yiite pedepaTuBHblii cmoco® wu3lokeHUs (Hampumep: «ABTOp
CUUTAET...», «PACKPBIBAET...»).

1. Co0cTBeHHbIE KOMMEHTApHH MOJIaraiiTe Ha MoJIsX.

HToroeeM MNPOAYKTOM CaMOCTOATCIBHOI'O HU3YUYCHUA JIUTCPATYPbl IO KOHKPETHBIM TEMaM
ABJIICTCA KOHCIICKT, CPCACTBOM OLICHKU JAaHHOI'O BUAA ACATCIIBHOCTH — CO6€C€I[OB3HI/IC, TECTUPOBAHUC.

MeTtoanyecKkue yKa3aHusl K CAMOCTOSATEIbHOMY H3yueHuio Tem Ne 1-18.
Bonpocsl 115 codecenoBanmst
ba3oBblii ypoBeHb

Tema 1. OCHOBHBIE TOHATUSA XUMHUU. 3aKOH SKBUBAJICHTOB. [ 'a30BbIe 3aKOHBI
1. Xumnueckas CHMBOIIMKA.

2. BaxHeifmme Kjgacchl HEOPraHUYECKUX BEIIECTB.

3. HomeHKIaTypa HEOPraHMYECKUX BEIIIECTB.

4. X¥MUYECKHE PaCUCTHI.

Tema 2. Ctpoenune atoma. [lepnoanueckuii 3akon [[.11. MenneneeBa
1. TlnanerapHas MoJieb aToMa.

2. KBanrtoBas Teopus cBera.

3. Ipenmonoxxenus ne bpoiis.

Tema 3. Xumuueckast cBa3b. OCHOBHBIE XapaKTEPUCTUKH. BUabl XUMHUECKUX CBSA3EH
1. MonspHOCTH MOJIEKYI.

2. MeToa MOJEKYISPHBIX OpOUTAIEH.

3. Cas3bIBatomue 1 pa3pbxisitomue opoutanu. [Topsaok u sHeprus CB3H.



Tema 4. OCHOBHBIE TOHATHS TEPMOAMHAMHUKUA. XUMUYECKasi TEPMOJUHAMUKA
1. OcHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUSI XUMUUECKHUX MTPOIIECCOB.

2. IlpeBparnieHust SJHEPTUU TPU XUMHUECKUX PEAKIIHSIX.

3. Tepmoxumus. TepMOXUMHUYECKHUE YPABHCHHUS.

Tema 5. Xumuyeckass KHUHETUKA. XUMUYECKOE PABHOBECHE.

1. 3aBucHUMOCTb CKOPOCTH PEAKLMH TO MPUPOIbI PEArUPYIOLINX BELIECTB.
2. CKOpOCTh peaKLH B TETEPOreHHBIX CHCTEMAX.

3. LleHHble peakuuu.

Tema 6. OOmIMe CBOKCTBA PaCTBOPOB

1. Xapaxrepuctuka pactBopos. [Iporiecc pacTBopeHusl.
2. I'mapathl U KPUCTAIIIOTHAPATHIL.

3. PactBopuMocTs. [lepechilieHHbIE paCTBOPHI.

Tema 7. PacTBOpBI 3JIEKTPOIUTOB

1. OcoGeHHOCTH PacCTBOPOB COJICH, KUCIIOT U OCHOBaHHH.
2. Teopust 57EKTPOIUTUUECKOM TUCCOLUALINN.

3. IIporuecc nucconuamnmm.

Tema 8. OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE MPOIECCHI. DIEKTPOXUMUUYECKHE CUCTEMBI
1. OKHCIIEHHOCTh aTOMOB 3JIEMEHTOB.

2. CTaHDapTHBIA BOJOPOIHBII IEKTPO/I.

3. 3aKOHBI JIEKTPOITU3A.

Tema 9. DneMeHThl opraHndeckoi XumMun. OpraHudeckue, 3NEeMEHTOPraHuuecKue u
HEOPraHUYECKUE MOJIUMEPHI

1. Knaccudukanus opraHuuecKux COeJUHEHUS.

2. Kpemuuii opranndyeckue coeiMHEHUS.

3. DneMeHTOOpraHn4ecKre MOJIUMEpHI.

Tema 10. O61mIME CBOWCTBA HEMETAIIOB.
1. Bopopoa. ®usnueckue cBoiicTBa..

2. Bonopogn. [Ipumenenue.

3. Boga. ®usnueckue cBOiiCTBA.

Tema 11. O61mas xapakTepuCTHKa HOATPYIIIHI TaJOreHOB

1. Xnop HaxoxaeHue B mpupojie, pusznyeckue cpoicrsa. [lpumenenue.
2. XJIOpOBOMOPO[ M CONSHAs KHCIIOTA.

3. ®rop, Opom U HoI.

Tema 12. Kuciopoa u ero cBoiicTsa
1. HaxoxaeHue B mpupoje, moydeHue.
2. dusnueckue CBOWCTBA.



3. [IpumeHnenue Kuciaopoa.

Tema 13. Cepa u ee cBoiicTBa.

1. Haxoxnenue B ipupojie ¢puznueckue cBoicTra. [IpumeHenue.
2. Okcup cepsl (IV). CepHucrast kucioTa.

3. CBolicTBa CepHOIl KUCIOTHI U €€ MPAKTUYECKOe 3HAYCHHE.

Tema 14. CepoBo1opoa U Cyab(UIBL.
1. HaxoxneHue B mpupo/e.
2. ®u3nvecKue CBONCTRA.

Tema 15. A30T 1 aMMHax.
1. Haxoxnenue B npupoze, Gpu3nveckue CBOMNCTBA.
2. Xumundeckue cBoricTBa. [Ipumenenmue.

Tema 16. Oxcuasl a30Ta ¥ a30THas KUcaoTa. B3anMoaelicTBre a30THOW KUCIOTHI ¢ METaJlJIaMU
1 HEMETaJUIaMHU.

1. A3otnas kucnora: pusndeckue cBoiicta. [Ipumenenue.

2. Conu a30THOM KUCIIOTHI.

3. MunepanbHbie y1oOpeHUs.

Tema 17. Yriepon u ero cBOMCTBA.
1. Okcunpl yraepona.
2. YTonpHas KUCIIOTa.

Tema 18. Oxcun kpemuus (IV) u kpemHueBast KUCIOTA.

1. Kpemnuii u ero coiictBa. XuMmuueckue cBoiicta. Ilpumenenue.

2. Kpemnwii u ero cBoiicTBa. HaxoxieHue B mpupoie, pu3nIecKrue CBOMCTBA.
3. Oxcun kpemuns (IV) 1 kpeMHHEBas KHCIIOTA.

IHoBbIIEHHBIN YPOBEHD
Tema 1. OCHOBHBIE MOHATHS XMMHUHU. 3aKOH SKBUBAJIEHTOB. |'a30BbIe 3aKOHBI
1. MonsipHblif 00BeM BelecTBa.
2. OmpernieneHue MOJIIPHBIX Macc BEIIECTB, HAXOAIINXCS B Fa3000pa3HOM COCTOSHUM.
3. IlapiuansHOe 1aBIeHUE Ta3a.

Tema 2. Ctpoenune atoma. [lepnogunueckuit 3akon [.11. MenneneeBa
1. IloHsTHE O KBAHTOBOW MEXAHHKE.

2. KBanToBo-mMexaHnudeckas MOJIEIb aToMa.

3. CriocoOBbI 3anmucH 3JIeKTPOHHBIX KOH(QUTYpAIuii aTOMOB HOHOB.

Tewma 3. Xumnueckas cBA3b. OCHOBHBIE XapaKTEPUCTUKHU. BBl XUMUYECKHX CBA3EH
1. Omnpenenenne cocraBa KOMIUIEKCHOTO HOHA.

2. HomeHKkIaTypa KOMIUIEKCHBIX COSTMHEHH.

3. PaBHOBecHs B pacTBOpax KOMIUIEKCHBIX COEIMHEHHH.



Tema 4. OCHOBHBIE TOHATHS TEPMOJAMHAMUKU. XUMUYECKasi TEPMOJUHAMUKA

1. ®axTopsl, onpeaensIoNne HallpaBIeHUE TPOTEKAHUS XUMHUYECKUX PEaKITHil.
2. DHTponus u sHeprus ['ud0oca.

3. Dueprus ['enpmrosIa.

Tema 5. Xumuueckasi KHHETUKA. XMMHUUYECKasi paBHOBECHE.

1. HeoGpaTuMmeblie 1 0OpaTUMBbIC PEAKIIHH.

2. Xumundeckoe paBHoBecue. KoHCTaHTa XUMHUYECKOTO PABHOBECHS.
3. Cmemenne xumuueckoro pasHosecus. [Ipunmmn e Hlatemnse.

Tema 6. OOmIHIe CBOWCTBA PaCTBOPOB.
1. ®usnyeckue CBOMCTBA BOBI.
2. JluarpaMma COCTOSTHUS BOJIBI.
3. X¥UMHUeCKH€e CBOMCTBA BOIEL.

Tema 7. PacTBOpBI 3JIEKTPOIUTOB.

1. CunbHbIE 2IEKTPOIUTHI.

2. loHHO-MOJIeKyIspHbIE YPAaBHEHUSI.
3. I[IpousBenenue pacTBOPUMOCTH.

Tema 8. OKUCIUTENBHO-BOCCTAHOBUTEIBHBIE MPOLECCHI. DIEKTPOXUMUYECKHE CUCTEMBbI
1. IlpumeHenue MeToAa FINEKTPOHHO-NOHHOIO OajlaHca NP Pa3JINYHBIX PEAKLUAX CPEIbL.
2. XMMUYECKHE UCTOYHUKU TOKA. AKKYMYJISITOPBI.

3. Dnekrpoxumuueckas noysipusanus. [lepeHanpspkenue.

Tema 9. DneMeHThl opraHndeckoi XumMun. OpraHudeckue, 3NEeMEHTOPraHuuecKue u
HEOPraHUYECKHE MOJITUMEPHI

1. Teopust XUMHUYECKOTO CTPOEHUSI OPTaHUYECKUX COETMHEHUIN

2. ®ochopopranuyecKre COCTUHEHUS

3. Heopranuueckue moguMepsl.

Tema 10. OOmme cBOMCTBA HEMETAILIOB.
1. Bomopon. Xumuyeckre CBOMCTBA.
2. Boga. XuMuueckue CBOMCTBA.

Tema 11. O6mas xapakTeprcTUKa MOATPYIIIBI TaTOr€HOB
1. Xmop nonyyeHnue, XUMHUYECKUE CBOMCTBA.
2. Conr CONSTHOM KUCIIOThI, KAYECTBEHHAs PEaKIMsl Ha XJIOPU HOH.

Tema 12. Kuciopoa u ero cBoiicTsa
1. TTonyyenue kucmoposa.
2. X¥UMHYECKHUE CBOMCTBA.

Tema 13. Cepa u ee cBoiicTBa.
1. ITosryueHne, XUMHUYECKUE CBONUCTBA.
2. Oxkcup cepsl (VI). CepHas kucnora.



3. Conu cepHoii kucinoThl. KauecTBeHHast peakius Ha CysibgaT-uoH.

Tema 14. CepoBonopo 1 CyIb(pUIbL.
1. TTonyyenue, XUMHYECKHUE CBOMCTBA.
2. [IpumeHeHue cepoBOAOPO/IA.

Tema 15. A3or 1 amMMHax.
1. Comu aMMOHUS U UX CBOMCTBA, KAUECTBEHHAS PEAKITHSI.
2. X¥MUYECKHE OCHOBBI TPOU3BOJICTBA aMMHUAKA.

Tema 16. Okcuanl a30Ta U a30THas KUcjoTa. B3auMoaelcTBrE a30THOM KUCIIOTHI ¢ METAJNIAMH
¥ HEMETaJUIAMH.

1. A3oTHas KHUCJIOTa: XUMUYECKHE CBOMCTBA.

2. B3auMmoeicTBre a30THOM KHUCIIOTEI C METAJIZIAMU M HEMETAJJIaMH.

Tema 17. Yriepona u ero cBoiicTsa.
1. Conu yrosbHOM KHUCIIOTHI.
2. KayectBeHHas peakuusi Ha KapOOHAT-HOH.

Tema 18. Oxcun kpemuus (IV) u kpemHHEBas KUCIOTA.
1. [TonsATHE O KOJUIOMAHBIX PACTBOPAX.

2. Cosd KPEMHHEBOU KUCIIOTHI.

3. [lonyyenue cTekia u 1eMeHTa.

5. Meroauyeckue ykazaHus (1o Bujaam padot, npeaycMOTpPeHHbIX pado4eil mporpaMMoi
AUCHUTLTUHBI

CamocmosmenvHoe blnoaHenue 3a0anuti

3amaHusd W YOpaXHEHUs A CaMOCTOSITEIbHOM paboThl MPEUMYIIECTBEHHO COJepXkKarcs B
y4e0HO-METOINYECKOM KOMIUIEKCE AUCIMIUINHBI (METOAMYECKUX YKA3aHUAX K CEMHUHAPCKUM 3aHATUSAM
U METOAMYECKHX YyKa3aHMSX IO CaMOCTOATENbHOM pabore cTyneHToB). Kpome Toro, 3amanus u
YIpaXXHEHUs] MOTYT IMpeaaratbCs mpenojaBaTensiMu Kadenpsl, BeAyLUIMMH ceMUHAapcKue 3anatusd. Ha
JEKIUAX MpenojaBaTeIt Takxke JaroT 3aJaHus Ul CAaMOCTOSTENIbHOU PabOTHI.

B pamkax camocrosiTennbHOM pabOThI CTYJAEHTHI CaMU MOTYT IpeajiaraTb COOCTBEHHbIE TEMbI U
(hOpMBI BBITIOTHEHUS 3aJaHHH.

Cnaya 3amaHusi TPOM3BOJUTCS TPENOJABATENI0, BEIyIIEMY CEMHUHAapCKUE 3aHATUS, B
YCTaHOBJIEHHBIE UM CPOKH.

B cocraBe MeToanueckux yka3zaHHM K CEMHUHAPCKUM 3aHATUSAM MPEAYyCMOTPEHbI PEKOMEH AN
M0 MOJATOTOBKE K CEMUHApCKOMY 3aHATHIO. [Ipu BbImosHeHNH pabOThI CTYJEHTHI MOTYT MCIOJIb30BaTh
HE TOJIbBKO METOJUYECKHe YyKa3aHus [0 peUIeHHIo 3aJad, HO U JIpyrue MaTepuaibl y4eOHO-
METOINYECKOTO KOMILIEKCA.

Tpebosanus k oghopmaenuro 3a0anutl

3amaHug 10 CaMOCTOSITENTbHONH paboTe MAOKHBI OBITh OGOpPMIIEHBI B COOTBETCTBUU C
tpedoBanusiMu ['OCT 7.32-91 (MCO 5966-82). CtpaHuIlbl TEKCTa JTOHKHBI COOTBETCTBOBAThH (hopMaTy
A4 (210 x 297 mm).

Texkcr 3amaHuii MODKEH OBITH BBIMIOJHEH HA OJHOM CTOpPOHE JIMCTa C TPUMEHEHUEM
KOMIIBIOTEPHBIX ycTpoWcTB. [Ipym HCNONB30BaHMM IEPCOHAIBHOTO KOMIBIOTEPA PEKOMEHAYETCS
ucrnonb3oBath cpeny Windows, pexaktop Word. [1apameTpsl 1okyMeHTa ciemyromue: uatepsail — 1,5,
kersb (pasmep) — 14, mpupt — Times New Roman. ®yHkius nepeHoca cinoB obsi3aTenbHa. TekcT



CIIeyeT meuaTarb, coOII0Aas CIeayromue pa3mMepsl nojei: sesoe - 30 MM, npasoe - 10 MM, BepxHee -
20 MM, HIOKHEE — 20 MM.

Hymepauusi cTpaHull HauWHAETCs CO CTPAHMIBI, COACp)Kalleld OrjiaBieHHEe padoOThl, U
MIPOU3BOJUTCS apaOCKUMHU LKM(paMu B MPAaBOM BEPXHEM Iy JUCTA. TUTYIBHBIM JIUCT BKIIOYAETCS B
o0IIyI0 HyMepaluio, HO He HyMepyeTcs. B npuiiokeHusx cTpaHuisl He HymepyroTes. Mimoctpanuuy,
CXeMbl, rpa@uku, TaOIUIIbI, PACIOJIOKEHHbIE Ha OTACNbHBIX CTPAHMIAX, BKJIIOYAIOTCS B OOMIYIO
HyMEpaLUIO CTPAHHULL.

TexcT OCHOBHOW YacTU pabOThI MOKET MOAPA3NEIATHCS Ha pasneibl U nonapaszeinbl. Kaxabiit
pas3zeln ciielyeT HauMHaTh ¢ HOBOM CTaHUIbl. Pa3nenbl u moapasiesnsl J0JKHbI UMETh HAUMEHOBAHUE -
3arojIOBKM, B KOTOPBIX KpPaTKO OTPaKaeTcsi OCHOBHOE COJEp)KaHUE TEKCTa. 3arojOBKH pa3/elioB
MUIIYTCS CUMMETPUYHO TEKCTY HPOIMCHBIMU (3arjiaBHbIMH) OyKBaMM M BBIICISIOTCS KUPHBIM
mpudTom. 3arojOBKM MOAPA3JENOB MUIIYTCA ¢ al3ama CTpOYHbIMU OyKBaMH, KpOMe IepBOH —
MPOMHMCHOM U TaKXKe BBLACISAIOTCS KUPHBIM mpupToM. COKpalieHHOEe HalTMCAHUE CIIOB B 3aT0JIOBKAX HE
nomyckaetcs. [lepeHochl ClIoB B 3arojioBKax He JomyckaroTcs. Touky B KOHIIE 3arojioBKa HE CTaBST.
Eciu 3aronoBok cocToUT M3 ABYX U OoJiee NPENTOKEHUM, UX pa3aeistoT Toukol. IlomuepkuBanue
3arojIOBKOB He JlomycKkaeTcs. PaccTosiHre Mexy 3arojoBkamu paszena (moapaszena) U mocIeayouuM
TEKCTOM JIOJDKHO OBITh PaBHO OJMHAPHOMY MEXCTpo4HOMY HHTEpBany (10 MM), a paccTosiHuEe MEXKIy
3aroJIOBKOM MOJpa3jenia 1 MOoCcieIHel CTPOKOM MpeAbIAYIero TeKCTa — 2-M OAMHAPHBIM MEXCTPOUYHBIM
uHTepBajam (15 mm).

B Tekcre He MOMKHO OBITH PUCYHKOB M TaOiwil 0e3 CCBUIOK HAa HUX. PUCYHKHM M TaONHIIBI
pacrojararoTcs B TEKCTE cpa3y MOcje CChbUIOK Ha HUX. PUCYHKH JTOJDKHBI UMETh MOSICHSIOUTYIO0 HAIITUCh
— Ha3BaHME PHUCYHKa, KOTOpas MoMeniaeTcs noj HuM. Pucynku obo3naudarotcst cimoBoMm «Pucy. Touka B
KOHIIE HA3BaHUsI HE CTaBUTCA. PHCYHKHU cienyeT HymMepoBaTh MOCIe0BaTeIbHO apabckuMu udpamMu B
CKBO3HOM TIOPSIZIKE B TIpeeIax BCeil paboThI.

[Mudposoit matepuan menecoodpasHo oGopMiIsATh B Buae Tabauibl. Kaxkmas Tabnuia goimkHa
MUMETh 3aroJI0BOK, KOTOPBIN JIOJDKEH OBITh KPATKUM M OTPAXKaTh COACPIKUMOE TaOJIHIIBI.

Han na3sBanuwem cmpaBa mnuimercss clioBo «Tabmuia» ¢ MOPSIKOBBIM HOMEPOM apaOCKUMU
uudpamM B CKBO3HOM MOPSIKE B Ipe/enax Bceil paboThl. TeMaTu4eckuil 3arooBOK MULITYT CTPOYHBIMU
OykBaMH, KpoMe IepBOW MNpONMUCHOH. B KoHIle 3arojgoBka TOUKy He cTaBAT. Tabmuiy criexyer
pa3Meniath Tak, 4ToObl €€ MOXKHO OBIJIO YUTaTh 0€3 MOBOPOTa padOThI UITH K€ C TIOBOPOTOM IO YAaCOBOM
crpenke. Tabuuiy ¢ OOJMBIIMM KOJUYECTBOM CTPOK JOIMYCKAETCS MEPEHOCHTh Ha JPYTyI0 CTPaHUILY.
[Ipn mepeHoce TabiuWIbl, HAa CIENYIOIIEW CTpaHHIE MOBTOPSAIOT €€ IIaNKy W HajJ Hell MOoMemlaroT
Haanuce «IIponomkenue tabn.» ¢ ykazaHueM Homepa. Ecnu manka Tabauisl rpoMo3iKas, TO BMECTO
Hee C EPEeHECEHHOM YacTH B OTAENIbHOM CTPOKe MOMEIaoT HoMep rpad.

[Tpunoxenue odopmisieTcs Kak HPOJOJDKEHHE OCHOBHOW YacTW 3aJaHMs, pacrojlaraercs B
MOPSAJIKE TOSIBJICHUS CChIJIOK B TekcTe. Kakoe npuiokeHue J0HKHO HAUMHATHCS C HOBOM CTPAHULIBI U
UMETh COZepKATEeNbHBIM 3aroJI0BOK, HAalleYaTaHHBIN KUPHBIM mpudToM. B mpaBoMm BepxHeM yriry Moj
3aroJIOBKOM TPONMHUCHBIMU OykBamu TmiedaTtaetcsi cioBo «llpunoxxenue». Hymepamus pasznenos,
IIYHKTOB, TAOJIUI] B KAXKA0M NPUIIOKEHUH CBOSL.
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