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XMW S LU KBAHTOPUMMYM

BBepeHune

Jetckuin TexHonapk «KBaHTOpuym» (fanee — «LLKOMbHbIA KBAHTOPUYM») — pesynbTaTt pe-
anmMsauuu HaumoHanbHOoro rnpoekra «O6pa3oBaHue», 6narofaps KOTopomy B 06 eobpa3oBa-
TeNlbHble OpraHu3auumM Halwen cTpaHbl NOcTaBnseTcs HOBOe ydyebHoe obopynoBaHue. cnonb-
30BaHue 3Toro 060pyaoBaHUsA, MHHOBALMOHHbLIX CPeAcTB OOYYEeHUA M BOCNUTAHUA HaueneHo
Ha yrny6neHve OCBOEHMS OCHOBHbIX 06pa3oBaTe/lbHbIX NMPOrpaMMm OCHOBHOIO O6Lero ncpepg-
Hero obulero o6pa3oBaHUs, BHEYPOUYHOWN AeATeNbHOCTU, NPOrpaMm AOMNOAHUTELHOIO obpa-
30BaHusA, B TOM YnUC/le eCTeCTBEHHO-HAay4YHOW U TEXHUYECKON HanpaB/fieHHOCTe.

Co3pgaHue ob6pas3oBaTeflbHOW cpefbl C UCMNOb30BaHUMEM O60PYAOBaHUSA OETCKOr0 TEXHO-
napka «LLKOMbHbIA KBAHTOPUYM» PacLUMPAT CNEKTP BO3MOXXHOCTEW B npenojaBaHuM AUCLN-
NnJvH ecTeCTBEHHOrO UMKNa B co3paBaemoii o6pa3oBatefibHOM cpefe yYnTens XumMmun, peanu-
3yloume obpasoBarte/ibHyl0 nNporpamMmmy Ha npoMuibLHOM YPOBHE, MOryT NO-HOBOMY (hOpPMUPO-
BaTb W pa3BuMBaTb Y LIKOJbHUKOB MNpeACcTaB/feHNs O COBPEMEHHONM ecTecTBEeHHO-Hay4HOW
KapTMHe Mupa, a He peTpaHCcIMpoBaTh UM 3HAHUA C «CaMOro NepefoBOro Kpas HayKm», «pac-
KpbIBaTb, KaK YCTPOEH Mup». «lLIKONbHbIA KBAHTOPWUYyM» MO3BO/SET TaK OpraHM3oBaTb y4eb-
HbIi Npouecc, YTOObl Y4EHUKN CaMOCTOATE/IbHO KOHCTPYMPOBaIM CBOWU 3HAHUS U YMEHUS, «00-
yyaTtb Mo3HaBaTb MUP»

OpHa 13 OCHOBHbIX ngen degepanbHOro rocyfapcTBEHHOrO cTaHAapTa cpefHero obuiero
o6pasoBaHua (ProC COO) coctouT B 0O6YYEHMN LWIKOMBHUKOB HayYHbIM MeTogaM MO3HaHUs .
OueBUAHO, YTO NOATOTOBUTLCA K YPOKY M opraHu3oBatb paboTy feTeil 3HaUUTENbHO MpOLLe,
€CnM MATU K HAM «C TOTOBbIMW 3HAHUAMMW». 3HAUMTENBHO C/IOXKHEE W C MPAKTUUYECKON TOYKMU
3peHns, N C TeOPETUYECKON peann3oBaTb UAEH «BMecCTe C AeTbMM K HOBbIM 3HaHUAM» B cooT-
BeTcTBMN € TpeboBaHusimmn ®rOC COO yuuTtenb AO/MKEH CTPOUTb CBOK PabOoOTy TakK, uTOObI
WKONbHUKXA OBnagenn «yMeHusMmu (opmMynnmpoBaTb MNOTe3bl, KOHCTPYyMpOoBaTb, MPOBOAMUTH
3KCMepUMEHTbI, OLeHMBaTb NOJMyYeHHble pe3ynbTaTel U aHan3MpoBaTk nx» ObpasoBaTesibHas
cpefa, co3fgaBaemas Ha 6ase «LLIKONbHOro KBaHTOpUyMa», MO3BOASET CTPOUTL YHEeOHbIA Npo-
Luecc TakuMm 06pa3om, 4YTobbl 3HAHUA MPUOBPEeTanncb y4yallMMKUCS B MPOLECCe aKTMBHOWM Mo-
3HaBaTe/lbHOl AeATeNbHOCTN .

B ecTeCcTBEHHbIX Haykax BCe TeopeTu4yeckume 3HaHUA ABAAKOTCA pe3y/bTaToM aHanms3a U
06006LEeHNA 3KCNEePUMEHTabHbIX AaHHbIX. QKCNEPUMEHT — 3TO e4MHCTBEHHO AOCTOBEPHbIN
KpUTEPUIA UCTUHBLI 3HaHWUI. ®akTndecku, peanmsysa tpebosaHns ®rOC COO, Mbl OMKHbI cne-
foBaTtb uiee, chpopmynmpoBaHHoii [. 1. MeHgeneeBbIM: «... TO 06pa3oBaHue, B KOTOPOM HeT
3TOro coeAuHeHUs abCTpPakKTHOrO C KOHKPETHbIM, e ecTb TO/MIbKO NepevunciieHne Yy3HaHHbIX
peuenTtoB, He MOXeT ObITb MOYMUTAEMO. » 1

Vicnonb3oBaHue o60pyaoBaHus AeTCKOro TexHonapka «LKoNbHbIA KBaHTOPUYM» NO3BONSA-
eT 00yunTb LIKO/IbHUKOB BbIABMATL Y4eOHYHO Npo6nemy, paspellars €&, BblgBUras runoresbl u
NpoBepsas UX 3KCMepUMeHTaNlbHO. YUeHUK NnoflyyaeT HOBble 3HAaHUSA, NPMoOpeTaeT HOBbIE yMe-
Hus. PewleHrne nNpo6ieMHol yuebHOW 3KcnepuMeHTa/lbHOW 3afayM CTaHOBUTCH MEepPBbIM LLArom
Ha nMyTM K NOANMHHO Hay4YHOMY UCCNefoBaHuIo.

Llenn n3agaun «lLIKoNbHOTro KBaHTOpUyma»

TexHonapK «LLUKO/MbHbIA KBAaHTOPMYM» Ha 6Ga3e 06Lie0bpa3oBaTeNbHbIX OpraHM3aUnini co3-
[laH C UeNbio opraHm3aumm o6pa3oBaTe/ibHON AesTENbHOCTM B cpepe o6WEro U AONOHUTENb-
HOro obpasoBaHus, KoTopas OyaeT HanpaBfeHa Ha co3gaHue ycnoBuii gns pacliMpeHns co-

1 MeHpgenees []. . 3aBeTHble Mbicin. M.: Mbicnb, 1995. C. 247.
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KBAHIO PUMNYM XUMMUA

Jep>kaHns obulero o6pasoBaHusa A1 Pa3BUTUSA Yy 06yYaloLWNXCAa eCTeCTBEHHO-HAy4YHOM, mMaTe-
MaTU4ecKoi, MHPOPMALMOHHON FPaMOTHOCTU, POPMUPOBAHUSA KPUTUHECKOTO N KPeaTUBHOrO
MbILLUEHWS, COBEPLUEHCTBOBAHMNS HaBbIKOB eCTECTBEHHO-HAy4YHOW HarnpaBfIeHHOCTU, a TakXe
NOBbIWEHNS KayecTBa 06pa3oBaHus

3agayamn «lLKOIbHOTO KBaHTOpUyMa» SABASAKOTCSA:

e peanusaumsi OCHOBHbIX 06Lle06pa3oBaTeibHbIX NporpaMmM Mo y4debHbIM npegmeTam
€CTEeCTBEHHO-Hay4YHOli HanpaB/fIeHHOCTW, B TOM YUC/le B paMKax BHEYpPOUHOI AesATeNbHO-
CTN obyvarouwmnxcs;,

e paspaboTKa M peannsaumns pasHOYPOBHEBbIX AOMOMHUTENbHbIX 06LWe06pa3oBaTeibHbIX
nporpamMmmM ecTecTBeHHO-Hay4HOl HanpaBieHHOCTU, a TaKXXe MHbIX NporpamMm, B TOM Yuc-
Nne B KaHUKYNAPHbIA Nnepuog;

e BOB/leYeHME 0OyyvaKLMXCA N Nefarornyeckmx paboTHMKOB B MPOEKTHYH AeATeIbHOCTb;

e opraHmMsauunsi BHEy4YeOHOW AesATeNbHOCTM B KaHMKYNApHbIA nepuog, paspaboTka un pea-
Nn3aums cOOTBETCTBYIOLWMX 06pa3oBaTe/ibHbIX NPOrpamMm, B TOM 4ucne AN narepei, op-
raHNM30BaHHbIX 06pa3oBaTe/ibHbIMU OPraHn3aLnsaIMN B KaHUKYNAPHbIA Nepuog;

e MOBbILWEHVE NPO{eccMoHanbHOro MacTepcTea negarornyeckmx paboTHMKoB «LLIKObHO-
ro KBaHTOpUyMma», peanm3ylLlnx OCHOBHbIE W AOMOSHUTENbHbIE 06 eo0bpa3oBarTeb-
Hble MpOrpaMmmbl

CosfaHne «lkKonbHOro kBaHTOpuMyMa» Ha 6a3e o06wWeo6pasoBarte/lbHOW OpraHM3auum

npegnonaraet UCnosb3oBaHWe npuobperaeMoro obopygoBaHus, cpeacTs obyvyeHns n BoCnu-
TaHus Ana yrny6néHHOro 0CBOEHNS OCHOBHbIX 06pa3oBaTe/ibHbIX MPOrpaMM OCHOBHOTO o6Le-
ro n cpegHero obuwero o6pasoBaHnsl, BHEYPOUHOI AeATENbHOCTM, MPOrpaMmM AOMOMHUTENbHO-
ro o6pasoBaHus, B TOM YnUC/ie eCTECTBEHHO-HAayUYHOW M TEXHWYECKOW HanpaBieHHOCTU

CosfaHne «LLIkonbHOro KBaHTOpUyMa» npegnonaraeTr passutme obpasoBatenibHON MHppa-

CTPYKTYpbl 06Le06pa3oBaTe/lbHON OpraHu3auMn, B TOM 4uc/le OCHalleHMe obueobpasoBa-
TelbHOW opraHu3auum:

- obopygoBaHVeM, CpeAcTBaMM 0B6yYEHUS 1 BOCMUTAHUSA 418 paclUMpPeHns BO3MOXHOCTeN
n3ydeHns (B TOM 4uMCNe 3KCMEPUMEHTaNbHOro) NPeaMeToB, KypcoB, AUCUMNANH (MoAy-
Nnein) ecTecTBEHHO-HAyuyHOW W TEXHOIOTMYECKOl HanpaBfeHHOCTU MNpu peanu3auum oc-
HOBHbIX 06Le06pa3oBaTe/ibHbIX NporpaMm M A4OMOMHUTENbHbLIX 06W,e0bpa3oBaTefibHbIX
nporpamm;

e ob6opyfoBaHueM, cpeacTBaMu 06yYeHUs U BOCNUTaHUSA A8 Haya/lbHOro 3HakomcTBa 00-
yyalLwmxcs ¢ NpPOeKTUPOBaHWEM M KOHCTPyMpPOBaHMEM pPOGOTOB, O6YYEHUS OCHOBaM
KOHCTPYMpPOBaHMA U NPOrpamMuUpoBaHus, MPUHUUMNOB (PYHKLUOHUPOBAHUSA U OCHOBbI
pa3paboTkn MHPOPMALMOHHbBIX CUCTEM M annaparHO-NporpaMmMHbIX KOMMEKCOB UT 4 ;

e KOMMbIOTEPHbIM, NPE3EHTALMOHHLIM M UHLIM 060pYyLOBaHMEM, B TOM 4uUcie A8 peanu-
3auum NporpaMm AONOSHUTENBHOrO 06pa3oBaHWA eCTECTBEHHO-HAYYHOM 1 TEXHUYECKOTA
HanpaB/ieHHOCTe

MepeyvyeHb, MUHMMANBLHO HEO6XOAUMble (PYHKLUWOHA/NbHbIE U TeXHUYeckue TpeboBaHUs U

MUWHUMa/IbHOE KOMIMYEeCTBO 060PYyLOBaHNS, pacxo4HblXx MaTepnanos, CPeAcTB 06yUYeHMs U BOC-
nuTaHUs AN ocHaweHusa «LLKOAbHOro KBaHTOpUyma» onpeaenstoTcs PerMoHansHbIM KOOpAau-
HaTOpoM C y4yéToMm [MpuMepHOro nepevHss O060OPYyLOBaHWS, PaAcXOAHbIX MaTepuanos, CPeAcTB
006y4eHNs 1 BOCMUTAHUA B LLeNAX CO34aHUs AETCKOro TexHonapka «KBaHTOpUym».

JKCNEPUMEHT ABASETCA WUCTOUHUKOM 3HAHWUI U KpUTEPUEM AOCTOBEPHOCTM B Hayke. KOH-

Lenumna coBpeMeHHOro o6pasoBaHMa NogpasymMeBaeT, YTo B y4eOHOM 3KCNEPUMEHTE BeayLLyH
pPO/b JOMKEH 3aHATb CAMOCTOATE/IbHbIA UCCNeA0BaTENbCKUIA YUEHNYECKNA IKCMEPUMEHT
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XM KA

CoBpeMeHHble 3KCMepuMeHTabHble NCCNegoBaHNsA MO XUMUU YXKe TPYAHO npeactaBuThb 6e3
NCMOoNb30BaHNA He TONbKO aHanoroBbiX, HO N LNMPOBLIX U3MepUTeNbHbIX NpubopoB B depne-
panbHOM rocyfgapcTBeHHOM o6pa3soBartenibHOM cTaHgapTte (PFOC) nponucaHo, YTO OAHUM K3
YHUBEpPCa/bHbIX Y4YeOHbIX AEWACTBMA, NpuobpeTaemblX y4dalwMMUCA, AO/HKHO CTaTb YMeEHWe
«MPOBEAEHNS OMbITOB, MPOCTbIX 3KCMEPUMEHTa/IbHbIX UCCNEeAO0BaHWA, MPSMbIX U KOCBEHHbIX
M3MepPEeHUn C UCMOb30BaHMEM aHaNOroBbIX N LNGPOBbLIX N3MEPUTESIbHLIX NPUGOPOB»

YUYeOHbIl 3KCNEePUMEHT MO XUMWUKU, MPOBOAUMbIA Ha TPaguLMOHHOM 060pyAoBaHuM, 6e3
NPUMEHEHUA UUPPOBLIX NabopaTtopuii, He MOXeT MO3BOMIUTL B MOSHOW Mepe pewnTb Bce 3a-
fla4yn B COBPEMEHHON WKose. 3TO CBA3aHO C PSAOM MPUYUH:

e TPaLULWNOHHOE LIKO/MIbHOE 060pyLOBaHNE N3-3a OrpaHUYEeHUs TeEXHUYECKUX BO3MOXXHO-

CTeil He NO3BOMSET NPOBOAUTL MHOTME KO/IMYECTBEHHbIE UCCNEeLOBaHUS;

e ONUTENIbHOCTb MNPOBefeHns (N3MYEeCKUX MUCCNefoBaHWn He Bcerga cornacyertca ¢ Au-
TENbHOCTbIO YYEOHbIX 3aHATUN;,

e BO3MOXHOCTb MPOBEAEHUA MHOMMX UCCNefOBaHNN OorpaHuymMBaeTcs TpeboBaHUAMU Tex-
HUKM 6e30MacHOCTU 1 4p.

Linthposas nabopatopms MOMHOCTbIO MEHSET METOAUKY U COLepXKaHue aKcnepumMeHTalb-
HOW [eATeNbHOCTM W peluaeT Bbllenepeync/ieHHble Npo6aemMbl. LLIMPOKUiA cnekTp AaTtyunkoB
NO3BOSAET yHalMMCH 3HAKOMUTLCA € NapaMeTpamu (PU3NYEeCKOro aKCnepmMeHTa He TONbKO Ha
KayeCTBEHHOM, HO 1 Ha KO/MYeCcTBEHHOM ypoBHe LiudpoBas naboparopus No3BOSET BECTU
ONUTENbHbLIA 3KCMEPUMMEHT JaXke B OTCYTCTBME 3KCMEpMMEHTaTtopa, a 4yactoTa UX U3MepeHuii
HenofABfiacTHa Yeni0Be4YeCcKOMy BOCMPUATUIO

B npouecce GpopmMMpOBaHUSA 3IKCMEPUMEHTaIbHbIX YMEHWUA yYeHUK O0bydaeTcs npepcTaB-
NAaTe nHopmaumio 06 nccnefoBaHUN B YeTbIPEX BUAAX:

e B Bepb6asibHOM: OnucbiBaTh 3KCNEPUMEHT, co3aBaTb C/IOBECHYIO MOAE/b 3KCNepUMEHTa,

(huKcMpoBaTb BHUMaHUE Ha U3MepsaeMblX BeNMYnHax, TEPMUHONOTUN;

e B TabGNNMYHOM: 3aMOJHATL TabNuLbl AAaHHbIX, IeXallnX B OCHOBE NMOCTPOEHUs rpamkoB
(Npy 3TOM Yy yyalmxca BO3HMKAET NePBUYHOE NpeacTaBieHne o Maclitabax BennyumH);

e B rpauMyeckoM: CTPOUTb rpauku no TabnyHbIM JaHHbIM, YTO 4AET BO3MOXHOCTb Ne-
pexofa K BbIABMXEHUIO TMMOTE3 O XapakTepe 3aBUCUMOCTU MexXAay BennduHamu (npu
3TOM yuuTeNb MOKa3blBaeT MPeMMyLLecTBO B BU3yannsauuu 3aBUCUMOCTEN Mexay Be-
NIMYNHAMU, HArNSAHOCTb U MHOTOMEPHOCTL); B BUAE MarteMaTU4YeCcKUx ypaBHEHW: fga-
BaTb MaTemMaTMyeckoe onucaHme B3aMMOCBA3M BeMYMH, MaTematnyeckoe obobuie-
Hue

Mepexof OT KaXAOro 3Tana npefcTaBNeHUs MHPOPMALUM 3aHMMaeT AOBOJIbHO GOMbLIOWA
NPOMeXyTOK BpemeHW. B 7—8 knaccax 3TOT npouecc Heo6XxoAuM, HO B cCTapLiMx Kfaccax
MOXXHO Obl10 OGbl 3TO BPeMs NOTPaTUTb Ha pelleHne 60/iee BaXKHbIX 3aay B aToMm nnaHe wud-
poBble nabopartopumn CyLLeCTBEHHO 3KOHOMSAT B 3TOM Bpems 3TO BpeMs MOXHO MOTpaTuTb COo-
rnacHo ®roC Ha hopMupoBaHue uccnefoBaTeNbCKUX YMEHWUI y4dallMXcs, KOTOpble BblpaXka-
I0TCS B CleyoLWnx AencTBusxX:

e onpegeneHne npobénemsi;

e MocTaHOBKa UCCNefoBaTe/bCKON 3ajauun;

e MJaHMPOBaHVE pPeLLUeHns 3a4auu;

* NOCTpOeHWe mofenen;

* BbIABVKEHME TUMOTES;

e 3KCMepumeHTasbHasa NMpPoBepKa rmnoTes;

e aHanM3 AaHHbIX 3KCMEPUMEHTOB UM HabNOAEHNIA;

e (hopmynMpoBaHue BbIBOAOB.

MocnefHue rofbl y yyawmxcs HabnogaeTcs HM3Kas MOTMBaLMSA M3YyYeHUss eCTeCTBEHHO-Ha-
YUHbIX AUCUUNAUH U, KaK cnefcTBue, najleHne Kkavyectsa o6pa3oBaHus.
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KBAHTOPMMYM XUM U A

MocTaBnsiemMble B LUKOJbI COBPEMEHHbIE CpeAcTBa 06yyYeHUss B pamMkax npoekta «lkonb-
HbIi KBAHTOPUYM>» COLEPXKaT KaK y>Ke XOpOLOo M3BeCTHOe 060pyAoBaHue, Tak U NPUHLMNNab-
HO HOBOe. 3TO UKU(pOBbIE nabopaTtopun U faTtyMKoBbIe cucTeMbl. B OCHOBY o6pa3oBatesibHOM
nNporpamMmebl 3a/10XKEHO NMPUMEHeHNe LUUpPOBLIX nabopatopuii. Tematnka MPeAOXEHHbIX 3KC-
NepUMEHTOB, KOMYECTBEHHbLIX OMbITOB COOTBETCTBYET CTPYKType NpuMepHoli ob6pa3oBartefb-
HOW Nporpammbl Mo XMMUK, cogepxkaHuto denepanbHOro rocyfapcTBEHHOrO 06pasoBaTe/lbHO-
ro ctaHgapta (ProcC) cpegHero (nonHoro) o6wero o6pasoBaHus.

PaccMOTpeHHble B NOCOGMM OMbIThl NPOLUAM LUMPOKYHO anpobaumnto. MHOToNeTHAs npakTu-
Ka MCNOJIb30BaHUS XUMUYeCKMX npubopos, L1 B WKoNe nokasana, Yto COBPEMEHHbIe TeXHU-
yeckue cpeactBa 06yyYeHUst HOBOTO MOKOIEHUS MO3BOMAKOT OOUTLCS BbICOKOTO YPOBHS YCBO-
eHunsa yyebHOro matepuana, yCToMuMBOro pocrta no3HaBaTe/lbHOro MHTepeca LWKOJIbHUKOB, T. €.
npeofonetb Te NPo6aeMbl, O KOTOPbIX TaK MHOFO rOBOPSAT, KOrfja peyb 3aXO04UT O COBPEMEH-
HOM LUKO/IbHOM XUMWYECKOM 06pa3oBaHuu.

JaHHOe meTogmMyeckoe rnocobue afpecoBaHO YUUTENAM XMMWUK, KOTOPble peannsyloT o6pa-
30BaTe/ibHble NPOrpamMmmbl ¢ UCNOJb30BaHUEM 060pyA0BaHUS «LLKOMbHbLIA KBAHTOPUYM>».
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7 ®epepanbHblii rOCyaapCTBEHHbII 06pa3oBaTefbHbI CTaHAAPT CpeAHero o6uwero o6pa-
30BaHMA (YTBEPXAEH MNpukaszom MuHucTepcTBa 06pas3oBaHMs U Hayku Poccuiickoin ®epepa-
unmn ot 17 masa 2012 r. Ne 413) (pen.11.12.2020) - URL: https://fgos.ru

(nata o6pauwieHunsn: 10.03.2021).

8. MeToguyeckue pekoMeHgauum no co3faHuto U PyHKULMOHUPOBAHMWIO AETCKMX TeXHoMap-
KOB «KBaHTOpUyM» Ha 6a3e o6LLeobpa3oBaTesibHbIX OpraHu3aumii (yTBepikaeHbl pacnopsxe-
HMeM MuHUCTEPCTBA MpocBelleHna Poccuiickoin depepaunn ot 12 aHBapsa 2021 r. Ne P-4) -
URL: http://www.consultant.ru/document/cons doc LAW 374695/

(nata ob6pawieHunsn: 10.03.2021).

9 MeToauyeckue pekoMeHgaumnm no co3gaHnto U GyHKLMOHUPOBAHNIO LEHTPOB LU(pPOBO-
ro obpasoBaHusa «IT-ky6» (yTBEPXAEHbI pacnops>keHnem MwuHuMCTepcTBa npocselieHus Poc-
cuiickon ®depepauunn ot 12 gHBaps 2021 r. Ne P-5) - URL: http://www .consultant.ru/
document/cons doc LAW 374572/

(nata obpauweHnsa; 10.03.2021).

10 MeTognyeckne pekoMeHgaumMmn no co3faHnio U PyHKLNOHMPOBaHUIO B 06w eobpa3oBa-
TeNIbHbIX OpPraHM3aumax, PacnosIOXXEeHHbIX B CE/IbCKON MECTHOCTU U MasbiXx TOPOAax, LIEeHTPOB
0b6pa3oBaHNs eCTECTBEHHO-HAY4YHOW W TEeXHOMNOTMYEeCKOol HanpaBfeHHoOCTel («Touka pocTa»)
(yTBEpPXKAEHLI pacnops>keHMeM MwuHuUcTepcTBa npocBewleHns Poccuiickoli depepaumn ot
12 auBaps 2021 r. Ne P-6) - URL: http://www.consultant.ru/document/cons doc
LAW 374694/

(nata ob6pawieHuns: 10.03.2021).

CnpaBOYHUK

OCHOBHblE MOHATUA U TEPMMUHDI

«WKONbHBIN KBAHT OPUYM» — KOMMNAEKT y4ebHOro o60pyfoBaHUA OETCKOro TeXHO-
napka, marepuanbHas 6a3a a1 co3gaHus MHHOBALMOHHOM o6pa3oBaTtefibHOM cpefbl, B KO-
Topoi thopMupyeTcs 1 pa3BUBaeTCA M306peTaTenbCkoe, KpeaTMBHOE U KPUTUUYECKOE MbliLl-
neHne obyyaroLmxcs

LUndposasa (komnbloTepHas) nabopaTopusa (L), nporpaMmHO-annapartHbiii KOM-
nnekc, AaT4nkoBas cuctemMa — KOMIMJIEKT yuebHOro o60pyLoBaHUS, BKAOYAOWNIA U3MepU-
TeNbHbIA 610K, NHTepgeic KOTOPOro NO3BosseT obecneynBaTb CBA3b C MePCOHalbHbIM KOM-
NbIOTEPOM, U HABOP AAaTHYNKOB, PETMCTPUPYIOLLMX 3HAYEHNSA Pa3INYHbIX (DU3NYECKNX BETNUYNH

MoHoceneKT UBHbIN anekTpopg (MCI) — anNeKTPOXMMNYECKMIA AaTUUK, MO3BONSAOLLWIA
NM3MepsTb KOHLEeHTpauuo (ToUHee, akTMBHOCTb) MOHa B pacTBope. ViamepeHus NpoBoasTcs ¢
BbICOKOW CTEMEHbHD CENEKTUBHOCTM B LUMPOKOM WHTEpPBase KOHUEHTpauwuii. COBpeMEHHbIE
NC3, BbiNycKaemble MPOMBbIWIEHHOCTLIO, MO3BOMAIOT ONpeaensTb akTMBHOCTb AECATKOB
pa3nnyHbIX KATUOHOB U aHWOHOB, BK/HOYAA WOHbI KOMMEKCHbIX COEANHEHWUIA, OpraHNYecKnx
KUCNOT N OCHOBaHM B TOM umncne K IC3 OTHOCUTCA CTEKNSAHHbIA 3/1€KTPOA, NO3BONAET U3-
MepATb KaTMoHbl H+, T. e. onpeAenaTb BOLOPOAHLIA NokasaTtenb pH.

AnnapaT ANnA NpoBefeHUa XxMumMundecknx peakuunim (AMXP) npegHasHayeH Ana ge-
MOHCTPaLUNM 3KCMEPUMEHTOB C TOKCMYHLIMW Fa3amu M napamu B 3aMKHYTOW cucteme. KoH-
CTPYKUMs npubopa obecneumBaeT BO3MOXHOCTb MU3y4daTb CBOICTBA WM CNOCOOLI MOAyYeHUs
TOKCUYHbIX BeLecTB 6e3 MCNO0/b30BaHUSA BbITAXHbIX YCTPOWCTB

1 Moppo6Hble XapaKTepPUCTUKM AATYMKOB, METOAMKM HACcTPOMKM 1 NpaBuia paboTbl MOXHO HaTi
B KH.. «/Icnonb3oBaHne LM(POBLIX TabopaTopuii Npyu 06y4eHNW XMMUW B CPedHen wkone. M.: BUHoM.
Na6opatopus 3HaHWiA, 2014. 229 c.
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KBAHTOPMMYM XUM U A

KpaTkoe onucaHue noaxonoB K CTPYKTYPUPOBaAHUIO MaTepuanon

MpeomMeT «XnMMmna» BXOAMT B COCTaB NpegMeTHONW 06n1actu «ECTecTBO3HaHME» U COCTOUT U3
cnefyrowmnx pasnenos:

1 MeToAbl Hay4yHOro No3HaHuA

2 OpraHu4yeckas xmmMmus

3 0O6waa xmmns

4. HeopraHmnyeckas Xumms.

5 Po/b XMMUU B XXU3HU YenoBekKa

N3yueHne npegmeta «XUMUSA» MOXET OblTb OPraHM30BaHO Ha YPOBHE cpefHero (MosHoro)
obuwero o6pasoBaHuMs B cnegyrowmnx popmax y4ebHOM AeATENbHOCTH.

1 XMMWYECKUIA 3KCNEPUMEHT ABASETCA 06a3aTe/lbHOM COCTaBHOI YacTbiO KaXkAoro ns pas-
[enoB faHHOW nporpaMmmbl

Buabl XMMMUYECKOTO 3KCMEepUMEHTa:

1) AEMOHCTPALMOHHbIM 3KCMepUMEHT npegHasHavyeH A8 WANKCTpauumM n3yyaemoro mare-
prana,;

2) NpaKTuyeckue 3aHATUA M nabopaTopHbIe ONbIThl POPMUPYIOT Y OOYUHaKOLWLUXCA NpakTuye-
CKMe ymMeHus 6e3onacHOro obpatleHus ¢ peaktmBamu 1 npudopamu, ymeHus obpawatbea ¢
XMMWNYECKOW NOcyaoi n nabopatopHbiM 060pyaOBaHMEM, UCMONb30BaTh NPUOGPETEHHbIE 3HA-
HUS U YMEHUA B UCC/efoBaTeNlbCKON AeATeNbHOCTU N NOBCEAHEBHOM XN3HU ana 6e30MnacHoro
ob6palleHns ¢ BewecTtBaMn 1M MatepuanaMmm

2. NpoekTHaa fesTenbHOCT b 00yyaloLWmMxcs BKOYaeT:

1) paboTy C UCTOYHUKAMU XMMUYECKON NMHopMaLnK;

2) aHanuTU4yeckme 0630pbl MHDOPMAaLMKN MO pPelleHnto onpefenéHHbIX HayyHbIX, TEXHONO-
rMYecKmx, NPakTMYecknx Npooénem;

3) oBnafeHVe OCHOBaMM XMMUYECKOTO aHann3a;

4) oBnafeHve OCHOBaMM HEOPraHWYecKOoro U OpPraHNYeckoro CUHTesa.

HaHHasa Ol obecrneynBaeT CO3HATE/IbHOE YCBOEHUE YYALLUMUCH BaXKHENLINX XUMUYECKNX
3aKOHOB, TEOPUI U NOHATUI; hopMUpPYeT NpeacTaBieHne 0 Poiv XMMUM B pasBUTUM Pa3HOO-
6pas3HbIx oTpacfeil NPon3BOACTBA; 3HAKOMUT C BeLLEecTBaMU, OKpy>Kalowumu denoseka. MNpu
3TOM OCHOBHOE BHUMaHWe ygensieTcs CyLHOCTU XMMUYECKUX peakunini 1 MeTogam ux ocyLLecT-
B/IEHUS, a TakXKe cnocobam 3alimTbl OKpyXatoLlel cpeapl.

Mo cpaBHEHMIO C TpaAULMOHHBLIM 6a30BbIM KypcoM xumuun B 10— 11 Knaccax npegcraBfeH-
Has Ol npegycmatpmBaeT NNWb He3HauUTeIbHOE MpeBbilleHne YPOBHSA PakTMYeckn no BCEM
pasgenam, ocO6eHHO CBfAI3aHHbLIM C BUOXUMUEl, HO OCHOBHOE BHUMaHWe yaenseTcs pasButuio
JINYHOCTU LWIKOJSIbHUKA. YUebHbI MaTepuan oTo6paH B COOTBETCTBMWU C OAHOM M3 OCHOBHbIX 3a-
Jau Kypca — (hopMuMpoBaHMe LLeIOCTHOro noaxofa K M3ydeHUIo OKpyawLleir npupodbl. Pe-
LWeHMe JaHHON 3afjaun peanu3yeTcss yepe3 OopraHu3auuto UccrefoBaTebCkoro, TBOPYECKOro
™Mna AeATe/IbHOCTU yYalluXcs Ha ypokax.

OlN npepycmaTpuBaeT peanusauuio rMyboKUX U NPOYHbIX MEXNpPeLMETHbIX CBA3el ¢ 6uMo-
noruvemn, skonoruemn, pusnkon. Ocob6oe BHUMaHWE yaensetTcs 6MONOTMYECcKOn ponanM Xummuye-
CKMX 31eMeHTOB, UX COeAUHEHUN, npoLeccam, MpoTeKalwmmM B XUBOW npupoge. MNoapobHo
paccmatpuBaroTca pasgenbl Gu3nyeckon xummm Kak ycnosve (GOPMUPOBaHMS Hay4YHOro MU-
pPOBO33peHNsT PacCMOTPEHbI BOMPOCHLI UCTOPUM XUMUWN, UCTOPUN (hapMauumn. YcuneHa rymaHu-
cTu4yeckass HanpaBNeHHOCTb MNpeAmMeTa — MOBbIWEHWE PO XUMUK B PeLleHUn rnobanbHbIX
npo6nem 4enoBeyvecTBa, paLMOHaIbHOM WCNOMAb30BaHUM NPUPOLHbLIX GoratcTs, oboraweHnn
3HepreTMYecKnx pecypcos, obecneyeHMn HaceneHnss NPoAyKTaMn NUTaHus, 3aliuTe OKpyXato-
e cpelbl OT 3arpA3HeHUs. AKLLEHTUPOBAHO BHUMaHWUe Ha BOMpoOcax, CBA3aHHbIX C NpUKiaj-
HO MeANUMHONM, LMTONOrNER, TOKCMKONOTrNeld, OXpaHoi Npupoab!.

8 B comeprxkaHune
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Kypc xumum 10 knacca HaudmHaeTcs ¢ yrny6neHus u pacliMpeHnst 3HaHUn MO COBPEMEHHbIM
npescTaBneHNAM O CTPOEHUM aToOMa, NPUPOAE U CBOMCTBaX XMMWUYECKOI CBSA3WM, MO OCHOBaM KO-
JINYECTBEHHbIX PacyéToB B XMMWUMK, NO ra3oBbiM 3aKOHaM, MO Cnoco6am BbIPaXKEHUS KOHLIeHTpa-
UMM pacTBOPOB, T € MO0 TeM TeMaMm, COAep>KaHne KOTOpbIX OnpefenieHo npesMeTHbIMU TpeboBa-
HusMn ®FOC OO0O0. Takoe Hayano kypca xumuu B 10 knacce 0OBACHSAETCA TEM, UTO U3yYeHUe op-
raHM4YecKo XMMUU MOXKET ObITb YCMEeLWHbIM TO/IbKO B TOM Cfiydae, ecnv 6asnpyetcs Ha 3HaHUSX,
KOTOpbIe yyalmecs npuobpeny npy n3yvyeHun obLLen n HeopraHMJeckoi xummnm B 8—9 knaccax

Paszgen «OpraHu4yeckas xumus» B Kypce 10 knacca BKAKOYaeT yrnyonéHHoe nusyyeHue yrie-
BOAOPOLOB, UX (PYHKUMOHANbHbLIX U MONUPYHKLMOHANLHbLIX NPOU3BOAHLIX, KMUCNopoaconep-
Xawmx coegmHeHn (40 KMPOB BKIKOUUTENBHO), a Takke amuHoB Ocob60e BHMMaHue yaenser-
CA B3aMMHOMY B/MSHWIO aTOMOB B MOJIeKyfax, BOnpocam, CBA3aHHbIM C MeXxaHU3MaMu XUMU-
YECKUX peakuuil, packpbiBaeTcs B3aMMOCBA3b MeXJy CBOWCTBAMMU BELLECTB U UX CTPOEHUEM

B 11 knacce y4awimecs MpPOAOMKAKT U3YyYeHNEe OpPraHUYeckom XMMUW, NpU 3TOM BHUMaHWe
yaensieTcsa BellecTBaM, UMEKLWNM BaXKHOe BUOornyeckoe 3HadeHue: yrnesojam, aMMHOKUCIO-
TaM 1 6enkam, reTepoumKINYECcKUM COeMHEHNSIM N HYKEeMHOBbLIM Kucnotam Pasgen «OpraHu-
yeckas XMMUs» 3aBePLUAETCA U3YYEeHNEM CUHTETUYECKMX BbICOKOMOJEKYNAPHbIX COeANHEHWNI

Cnegyrowmini pasgen Kypca xummmn 11 knacca nocBsiLEH 0606LWEHNID, YINyOGNEHNIO U pac-
LWNPEHUIO 3HAHUA NO o6Lel xumun MogpoBHO nlydatoTca cnegyrolme BONpPoOCkl 06LWen Xu-
MUW: OCHOBHbIE 3aKOHOMEPHOCTU MNPOTEKaHUA XMMUYECKMX MPOLEeccoB, B TOM YUC/e 3N1eKTPO-
NIN3, KOppPOo3nsa MeTasioB M cniaBoB, CNOCO6LI 3alnTbl OT Koppo3un. Kypc 11 knacca 3aBep-
lwaeTcsd M3y4eHMEM OCHOB HeOopraHu4yeckoin xmmMmm PaccMmaTpuBaloTcA BOMPOCLI CTPOEHUSA U
CBOICTB HEOPraHNYECKMX BELLECTB

Mpepnaraemasa Ol npegycmaTpuBaeT yrny6néHHOe n3ydeHne BaXKHENLIMX TEOPWUiA 1N 3aKOHOB
XMMUW, NPUMEHEHUS NONYUYEHHbIX YHaLUMUCS 3HAHUIA ANS 06BbACHEHMA MHOroobpasusa xmmMude-
CKUX SIBNEHUIA. YUebHbI npeameT «XnumMust» QopmMupyeT NpeactaBneHnsl WKOAbHUKOB O Hay4YHO
060CHOBaHHbIX MpaBuiax N HOpMax UCMNO/b30BaHUA BeLLECTB, NPUMEHEHNA NeKapCTBEHHbIX, Obl-
TOBbIX U MHbIX XMUMUYECKNX MPenapaTos. YCuneHa npuknagHas HanpasieHHOCTb Kypca XUMUN.

OfHUM M3 OCHOBHbIX MPUHLMMNOB NOCTPOEHUA MPOrpaMmmbl ABASETCA LOCTYNMHOCTb M/aHu-
pyemoro o6bEéma 3HaHWI. YaeneHo 60Mblioe BHMMAaHME XMMWUYECKOMY 3KCMNEePUMEHTY Kak OcC-
HOBHOMY MeTOAy (POPMUPOBAHUA HayYHOro MUPOBO33PEHUs ydalmxcs. Moaxofnbl, 3a10XKeH-
Hble B COfep)XaHue nporpammbl Kypca yrny6néHHoro nsyvyeHns xmummn B 10— 11 mefnko-6mo-
Nnornyecknx Knaccax, co3garoT Heob6xoAuMble YC0BUA A5 CUCTEMHOIO YCBOEHUS ydallMMnUCs
OCHOB Hayku, Ans obecneyeHus pasBMBalOLLLEro U BOCNUTbLIBAKOLLENO BO3AENCTBUSA O0OydeHUs
Ha IMYHOCTb y4yalwerocs ®opmMupyemble 3HaHUA LOMKHbI CTaTb OCHOBO CUCTEMbI YHeXXAEeHW
LWKOJSIbHNKA, LEeHTPabHbIM S4POM ero HayyHoro MMpOBO33PEHUS

B Kypce opraHM4eckOM XMUMWUM HaxOAUT OTpaXeHue BaHellwas wunges COBPEMEHHOW
XMMUN — naes 3aBUCUMOCTU CBOICTB BELLECTB OT 3/IEKTPOHHOIO M NPOCTPaHCTBEHHOIO CTpoe-
HUS MOJIEeKY/, B3aUMOCBA3N OPraHNYecKMx U HeopraHWYecknx BeLLEeCTB pas3/INyHbIX KNaccoB
B nporpamme Halnn oTpaXeHue BOMPOCHI, Kacalolwmecs MexaHU3MOB XUMUUYECKUX peakumid.
PaccmatpuBatoTcs Hambonee pacnpocTpaHéHHbIe, XOPOLWO U3yYeHHble U AOCTYMNHbIe A8 MOHU-
MaHua pajuKa/bHble U UOHHbIE MEeXaHM3Mbl peakuuin. Ha nprmepe opraHMYecKnx COoefVMHEeHW
N3 pas3/INyHbIX KNaccoB paccMaTpuBaeTcs sABfieHUe ONTUYECKON M3omepun. bonblioe BHUMaHUe
yAenseTcs yCTaHOB/IEHUIO TeHeTUYeCcKOl B3aMMOCBA3M MeX Ay KfnaccaMy OpraHMyeckunx BELLECTB.

3apaya kypca xumum 11 knacca — BbISIBUTb 0OLLME MOAXOAbl K U3YYEHUIO HEOPraHUYEeCKUX U
OopraHuM4Yecknx BeLlecTs, 0606WNTL U YrNyOUTb TeOpeTUYEeCKNe 3HaHUA y4alluxcs, COBepLUEH-
CTBOBaTb YMeHMe pellaTb pacyéTHble 3agadvynm pasfiM4uHbIX TMNOB. bonee rny6okoe MNoHMMaHue
CYyTM MEPUOAUNYHOCTU, XMMUYECKOI CBS3M W Pa3/IMYHbIX MEXaHM3MOB €€ 06pa3oBaHus, CTpoe-
HUS BeLLecTBa, 3/IEMEHTOB XMMUYECKON KMHETUKU N TepMOAVMHaMUKK JaéT BO3MOXHOCTb 0606-
WEHHOro NoAxoa K M3y4YeHUHO O6LLLMX CBOMCTB METa/I/IOB Y HEMETA/NIOB, X COEANHEHNIA.
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KBAHTOPMYM XUMUn

OnucaHne martepumanbHO-TEXHUYECKOW Ga3sbl
«LIKONbHOTOo KBaHTOpUymMa»,
MCMOSb3yeMOro 419 peann3ayunm obpasoBaTesibHbIX
nporpaMm B paMKax npenogaBaHna XMUU

Komnnekt o6opyaoBaHust «lLKOMbHOTO KBaHTOPUyMa» MPeAcTaB/ieH Kak COBPEMEHHbIMU
npubopamu, Tak 1 Knaccuyeckumu llocnegHne NpoLuv MHOTOIETHIOK anpo6auuto B WKOE U
NoMyYnnu LO/MHKHOE NMpusHaHue y yuntenein xsummm K HUM OTHOCSTCS: NpPUGop ANS AeMOHCTpa-
UMM 3aBUCUMOCTM CKOPOCTM peakuumn OT pasnydHbIX (PakTopoB, annapat 418 NPOBeAeHUsA XU-
MUYECKMX peakuunii, Npubop ANS ONbITOB MO XUMUK C 3NIEKTPUYECKMM TOKOM YuuTbiBas Nnpak-
TUYECKWIA OMbIT NPMMEHEHNA AAHHOTO 060PYAOBaHUSA Ha ypoOKax XMMWW, 34ecCb MPUBOAUTCS
VWb KpaTkoe onucaHne npubopoB OCHOBHOW akUEeHT caenaH Ha NMPUMEHEHUM LUUDPOBLIX fa-
60paTopuini N X BO3MOXXHOCTSIX.

CnpaBOYHUK

Lincpposasa (komnblo TepHasa) nabopaTopusa (LLJ1) noctaBnserca ¢ Habopom gatuu-

KOBL no3Bo/AOLWMX PETUCTPUPOBATL 3HAUEHUSA PA3/INUYHbIX (PU3NYECKUX BEJIUUUH.

JaTunk TemnepaTypbl — NPOCTON N HaAEXHbIA AaTyMK, NpegHasHayYeH AN nsMmepe-
HUA TemMnepaTtypbl B BOAHbIX pacTBOpax U B ra3oBbix cpefax. MimeeT pasnnyHblii fuana3oH
namepeHuin ot —30 go +120 OC. TexHMYECKME XapPaKTePUCTUKN AaTynKa yKaszaHbl B WH-

CTPYKLMM MO 3Kcnyatauum.

KIOBETbI; 2 — KIOBETa A4 Uc-

10

Puc.1. aTtumk OnTMYecKo
NJIOTHOCTW: 1 — rHe3[o 44

CNeayemoro BellecTsa

JaTunk onTunyeckolh nNAOTHOCTMK (KonopumeTp)
npefHasHavyeH A7 WU3MEPEHUs ONTUYECKON MIOTHOCTU
OKpalleHHbIX pacTBopoB (puc. 1). icnonb3yeTtca npu nsyye-
HUM TeM «PacTBopbl», «CKOPOCTb XMMUYECKUX pPeaKLnii»,
onpefeneHnn KOHLEHTpauuMn OoKpalleHHbIX MOHOB WK coe-
OVHEHWIA. B KOMNAEKT BXOAAT fAaTYMKN C OJIMHOW BOJSHbI MO-
HOXPOMAaTMYECKOTO WUCTOYHMKA cBeTa 525 HM (3enéHblin) U
470 HM (cnHMA). O6BEM KHOBETbl cocTaBnseT 4 M, AAMHA
onTMYecKoro nytm — 10 Mm

JaTuuk 3neKTpPoONpoBOAHOCT M MpefHasHayeH Ona us-
MEepPeHNs yaeNbHON 31eKTPONPOBOAHOCTM XNAKOCTEN, B TOM
yncne W BOAHbLIX PacTBOPOB BellecTB. [MpuMeHseTcs npu
N3y4YeHUN TEeOopuUU 3NEKTPONUTUYECKON Auccoumaunn, xa-
pakTepUCTUK BOAHbIX PacTBOPOB.

JaTuuk pH npepHasHayeH gna n3MepeHUs BOAOPOLHOrO
nokasatens (pH). B HacTosiwee BpemMs B LLUKOMY NoOcCTynakoT
KOMOMHMPOBaHHbIE AaTyMKW, coBMeljalouwme B cebe cre-
KNSHHbIA 3/1EKTPOA C 3M1EKTPOAOM CpaBHEHMS (puc. 2), 4TO
fenaeT paboTy MO M3MepeHW0 BOLOPOLHOro MnokKasartesns
60nee KOMOPTHO

1 Mopapo6Hble XapaKTePUCTUKM AaTYMKOB, METOAMKM HACTPOMKM M NpaBuia paboTbl MOXHO HaTi
B kH.. «/Icnonb3oBaHne LM(POBbLIX TabopaTtopuii Npy 06yYeHU XMMUM B cpegHeli wkone. M. BUHOM.
Na6oparopus 3HaHwiA, 2014. 229 c.
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XNMUn4A KBAHTOPUMMY M

Puc. 2. Cxema CTpOEHMS KOMOUHMPOBaAHHOIO Aatymka pH:
1 — BHYTPEHHUIA ByhepHbIA PacTBOP CTEKNSIHHOMO 3/1EKTPO-
[a, 2 — BHYTPEHHWIA, pabounii, anekTpoy (cepebpsiHas npo-
BOJIOKa, MOKPbITasi Mactol u3 xnopuga cepebpa, B coctase
CTEKNSHHOIO 3fekTpofa), 3 — CTeKNsaHHas MembpaHa,
4 — pacTBOP 3MEKTPONNUTA 3NEKTPOAa CPaBHEHNS (BHELLHWIA
pactBop), 5 — KOpPNyC 3M1eKTPoa, 6 — BHELUHWIA 3/1EeKTPOS
CpaBHeHMs1 (cepebpsiHasi MPOBOIOKa, MOKpbITasi Nacton w3
AgCl B cocTaBe anekTpoga cpaBHeHUs)), 7 — auadparma,
COeAMHAIOLLAsA  BHYTPEHHee MNPOCTPaHCTBO  3/1eKTpoja
C BHELUHWM, ANS1 CO3[aHUS 3NIEKTPO/IUTUYECKOTO MOCTUKA

CTeKNAHHbIA 3N1eKTpOo4 OTHOCUTCS K MOHOCENEKTUBHbLIM 3nektpogam (MC3), umeer Hau-
60/Mbllee NpakTUdeckoe NpUMEeHeHue A5 3KCcnepuMeHTasbHOro onpegeneHus pH, no-
CKOJIbKY OT/IMYaeTCs YCTOMUNBOI paboToii B LUMPOKOM MHTepBane pH, ot 0— 12 (pexkeld),
1 B NPUCYTCTBUN OKUcnuTenei. icnonb3ayetcs Ans usMepeHuss BOAOPOAHOrO rnokasatens
BOAHbIX PacTBOPOB, B pa3/IMUHbIX UCCNEA0BaHNAX OOBLEKTOB OKpyXKarwolein cpedbl. MNpu
akcnnyatauum tpebyer 6epexxHOro oTHoweHns. HeobxoaMMO MOMHUTb, YTO AaTyuMK XpPYy-
NOK, MO3TOMY VMM Hefb3s HU4Yero nepemelinsaTb! Henb3d Tporatb YyBCTBUTE/bHbIA 3fe-
MEHT pyKamu

JaTunkxnopupg-noHOB NUCMONb3YeTCa AN KONMYECTBEHHOIO OonpefeneHns cogepxaHums
xnopua-noHos Cl- B BOAHbIX pacTBOpax, Nouyse, NpoAyKTax nutaHusa. K gatumky nogko-
yaetca NC3 — pabounin 3nekTpos, NoTeHUMan KOTOpOoro 3aBUCUT OT KOHLEHTpaumn onpe-
[eNnsiemMoro UoHa, B JaHHOM cny4vae OT KOHUeHTpauum aHnoHos Cl-. MoteHyman LC3 onpe-
[ensaT OTHOCUTE/NIbHO 3/1IeKTPOoa CpaBHEHUSA, Kak NpaBunio, X1opcepedbpsiHoro.

Puc. 3. YctaHOBKa 4191 onpefieneHns KOHLUeHTpauun (akTMBHOCTM) X/10pUA-MOHOB B pac-
TBOpE. A: 1— Kopnyc gatuvka ans onpegenenns Cl--moHoB;, 2 — pa3bém Micro USB
AN NOAKMHOYEHNA K KoMIbloTepy; 3 — pasbém BNC Ana nogknioyeHusi paboyero snek-
Tpoaa; 4 — pa3beM A/19 NOAKIHYEHNs 3N1eKTpoda cpaBHeHNs; b: 1 —MOHOCENEKTUBHBIM
anekTpop (pabounii aNeKTPo); 2 — 3NeKTPOA, CPaBHEHMS (XNI0PCEePEOPSHbIA 3NEKTPOL);
3 — mMarHuTHas MeLlanka; 4 — IKOpb MarHUTHOW MeLLa/IKK
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KBAHTOPMYM XUMUn

Ha pucyHke 3 nokasaHa o6uias cxema uMcnonb3oBaHus NC3I gns KONMYeCTBEHHOroO orpe-
[JeneHns KoHUeHTpauun (akTmBHOCTU]) pasnnuHbix MOHOB. Cl-, NO3-, NH4+, Ca2+ OCHOBHOI
KOMMNOHEHT nob6oro MIC3 — membpaHa, KoTopas pasgenser BHYTPEHHWUI pacTBOp C NMOCTOSH-
HOI KOHLeHTpaLuunein onpefensemMoro MoHa WM uccnefyemblii pacTBOP, a TakXe CAYXXUT cpef-
CTBOM 3/IEKTPOJINTUYECKOrO KOHTakTa Mexay Humn. MembpaHa o06n1ajaeT WOHOOOMEHHbIMU
CBOWCTBaAMU, NPUYEM NPOHULLAEMOCTL €€ K MOHAM PasHOoro Turna pasnnyHa

3anpelaetca Tporate MeMbpaHy 3nekTpoga nanabuamMv U NpuBOAUTL €€ B COMPUKOCHOBE-
HUe c TBEPAbIMU MOBepPXHOCTAMMU. Npy xpaHeHMn WNC3I 4vyBCTBUTENbHAS 4acTb gaTyuka (Mem-
6paHa) go/mKHa ObiTb 3aliMlieHa cheuuanbHbIM KONnadykom He gonyckaeTcsa MCMNonb30Batb
3N1EKTPOAbl C MONUMEPHOW MeMb6paHoii B cpefax, cogepyKalmx eTyune BeliecTBa WM opra-
Huyeckue pactsoputenun. He cnegyet ucnonb3oBate NCI B CuAbHbIX oKucautenax. Aautenb-
Hoe HaxoxpaeHune C3 B pacTBOpax Kpenkmx KUCNOT UKW Weno4vei npuBoauT K pe3koMy U He-
06paTMMOMy COKpaLLEHMIO CpOoKa CNyX6bl anekTpoaa

CnpaBOYHMUK

[LaTuynKk HATpPaAaT-NOHOB NpeaHasHayeH A5 KOJIMYECTBEHHOTO ONpeaeNieHns HUTpart-
noHos NO3- B BOAHbIX pacTBopax, No4YBe, NPoAyKTax NuTaHus. K gaTynky nogkntovaet-
ca NC3, noteHUMan KOTOPOro 3aBUCMT OT aKTMBHOCTU HUTPAT-MOHOB B MCCNeAyeEMOM
pacTBope

AnnapaT ANnda MNpOBefEeHMA XUMMUYECKUX Ppeakuunii
(AMXP) npegHasHayeH AN MNOAyYeHUS U AeMOHCTpauuu
CBOWCTB TOKCUYHbIX MapoB U ra3oB 3JTW BellecTBa MoJjyyaroT-
cA B KOnbe-peaktope, M Npu HarpesaHun (Mnn 6e3 Harpesa-
HYS) rasoobpasHble BelwecTBa, NPOXoaa Yepe3 nornoTuTeNb-
Hble EMKOCTU (Hacagku) ¢ pacTBOpamu peareHToB, BCTynaroT
C HMMIK B peakuuto (puc. 4). N36bITOK rasa nornowaeTcs Xug-
KUMU W TBEPAbLIMW peareHTamu, a TakXe aKTUBMPOBaHHbIM
yrném. Annapat uvaule BCEro MCnosb3ylT s nofydeHus u
LEeMOHCTpaLum CBOMWCTB x/1opa, CepoBoA0opoLa

Puc. 4. Annapat gna NpoBeAeHUst XMMUYeCcKnx peakupmii (AMNXP):
1 — aByropnasi Konba-peakTop; 2 — AenuteNbHas BOPOHKa A/
paboTbl C TOKCUMYHBLIMI BellecTBamK, NO3BONAET f06aBNATbL HeOO-
XOAMMOE KOSIMYECTBO XMAKOTO peareHTa B peakuMOHHYH) CMECh,
He gonyckas pasrepmetusauumn npmnbopa; 3 — EMKOCTU (Hacaakm)
NS XKUOKUX peareHToB (nornotuteneil); 4 — konnaky;, 5 — ém-
KOCTb (Hacagka) Ans Cbinyunx peareHToB

1 AKTMBHOCTb MOHOB a — 3(hheKTMBHasA (KaKyLLascs) KOHUEHTpaUms € YH4ETOM pPas/IMYHbIX B3aun-
MOZENCTBMIA MeXay MoHamy B pacTBope. lNMokasaTtenb akTMBHOCTU pa = -lga. MNoHsTne 6bi10 npeasio-
>keHo B 1907 rogy aMepuKaHCKUM y4éHbiM . JIbFOMCOM KakK HOBasi MepeMeHHasi, MPMMEHEHNE KOTOPOIA
BMECTO KOHLIEHTpauuy rno3BOoSET UCMOMb30BaTb A1 ONMCaHUS CBOMCTB peasibHbIX PacTBOPOB OTHOCU-
TeflbHO MPOCTble YpaBHEHWS, NOYyYeHHbIE N1 NAeaNbHbIX CUCTEM.
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XM KA

Mpwn NpaBWMbHOI 3KcnayaTtauunm npuéopa AeMOHCTpaumMs cTaHOBUTCSA 6e30MacHoi, yao6-
HOW. Ha npoBegeHMe OMNbITOB TPATUTCA OKOJI0 3— 6 MUHYT. Xopolas BU3yanbHOCTb ABMSETCA
npevmyLLecTBOM 3Toro npubopa. Tak Kak Npyv LeMOHCTpauuMm O4HOBPEMEHHO MPOXOAAT He-
CKO/IbKO peakLuil, BaXXHO MpPaBU/bHO OpPraHu3oBaTb HabMOAEHUA y4yalMMKUCs 3a NpOoTeKako-
wmMmn npoueccamu. Lienecoobpa3Ho 3anucatb Ha JOCKe HasBaHUS WM (POPMYSbl peareHTos,
Haxo4AWMNXCA B NOMNOTUTENIbHBIX CKAAHKAX. 10 OKOHYaHUW OMbITa HY>XHO CPaBHUTb MCXOAHble
pacTBOpPbI BELLECTB U pe3ynbTaTbl MX MPeBpaLLeHWii.

ATXP MOXXHO MPUMEHSTb Ha pasHbiX 3Tanax YCBOEHWS 3HAHWIA — MNPU M3YYEHUN HOBOIO
MaTepuana, NOBTOPEHUN W 3aKpenieHnn, 0606LWeHUN U cucTemMaTnsaLmMii 3HaHUA yyalmxcs
B 3aBMCcMMOCTM OT npodmnsa obyyaemblx, Lenein ypoka, ypoBHA pa3BUTUS yyalluXcs BO3MOX-
Hbl pa3finyHble BapuaHTbl NOCTAHOBKM 3KCMepumeHTa M Bbibopa pearvpyrowmnx sewecTts. Of-
HakKo Mpu M3y4eHUU CBOMCTB BELLECTB He cnefyeT OrpaHMYMBaThbCs TOMIbKO 3KCMNEPUMEHTOM C
ncnonb3oBaHnem AMNXP. MHorne guaaktuyeckme Uenm MoryT 6biTb AOCTUTHYTbl TONbKO AEMOH-
cTpaumeli onbITOB B TPaAULIMOHHON opmMme.

MpumeHeHne ATXP He orpaHu4MBaeTcs BbILEONUCAHHbIM 3KcrnepumeHToM. [pubop
yAOGHO NMPUMEHATb NPU AEMOHCTPaLUM CBOWCTB Anokcmuaa asoTa (IV), meTunammnHa, 6poma,
npy (PakyMOHHOW MNeperoHKn HedTn B LEenax 3KOHOMUW BPEMEHM €ro0 MOXHO WCMO/b30-
BaTb MNPV M3y4YeHUU CBOWCTB Yrnekucnoro rasa. B npenapatuBHbix uenax AMXP nogxoant
AN NonyyeHns 6e3BOAHOI a30THOI KMCNOTbl, 6poM6OGeH30M1a, HUTPOBEH30NA N APYTUX coe-
AVHEHWI

CnpaBOYHUK

Mpubop AnNA LEMOHCT pauuy 3aBUCUMOCT MU CKOpPO-
CTU XUMMYECKMNX peakunin oT pas3finyHbiX hakTo-
POB WCNOML3YIOT MPU U3YyHeHUU TeMbl «CKOPOCTb XUMMU-
YEeCKOM peakuum» 1 TenaoBOro ap@ekra XMMNUUYeCcKux pe-
akumii. MNpubop AaéT BO3MOXXHOCTb 3KCMEPUMEHTaNbHO
nccnefoBatb BAUSHUE Ha CKOPOCTb XMMUYECKUX peakuuu
cnegyrouwmx (aktopoB: MNpUPOLbl pearvpyrowmx Be-
LWecTB, KOHLeHTpauum pearvpyloLwmnx BeLecTs, naowanm
rpaHuupbl pasgena a3 B reteporeHHbix cucrtemax (no-
BEPXHOCTN COMNPUKOCHOBEHUSA MeXYy pearupyrowmumMmm se-
Lwecteamu), TeMnepaTypsbl, Katanusatopa, uHrméuTopa.

Puc. 5. Mpnbop Ans AeMOHCTpaumMm 3aBUCMMOCTA CKOPOCTU
XUMUYECKNX peakumii OT pasnnyHbIX (akTopos: 1 — nojcTas-
Ka; 2 — cocygbl JlaHponbTa, 3 — MaHoOMeTpudeckmne Tpyokm

Mpnbop COCTOMT M3 NMOACTABKWU, Ha KOTOPOI 3aKpensneHbl ABE MaHOMeTpuuyeckne TpyoKwm,
KOTOpble COEAUHSIOTCS C cocyAamu JlaH4oNbTa C NMOMOLbI MNACTMKOBOWN TPY6KM ¢ npob6Kamm
(puc. 5). Mexay MaHOMeTpUYecKUMM TPybKaMn Ha MaHenn HaHeceHa wkana Ans HabngeHus
YPOBHSA XMAKOCTU B TPy6Kax. OKpaleHHOW XUAKOCTbI0 MOXET ObiTb pacTBOP /1t06Oro Kpacu-
Tens B BOAe
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KBAHTOPMMYM XNMUn4

CnpaBOYHUK

Mpu6op AN OKUCEHWS CMMPTa Haj MeAHbIM KaTanu3aTopoM npegHasHayeH s
N3y4yeHUsi peakumMn OKUCNEHUS CMMPTOB KUCNOPOAOM BO3fyxa Ha MOBEPXHOCTU MEAHOro
KaTanusatopa (puc. 6).

Puc. 6. MNpubop 41a OKUCNEeHNs cnupTa Hag MeaHbIM KaTam3aTopoM:
1 — NpoBUpKa cO BCTPOEHHOM TPYOKOI 1 BOKOBLIM OTBOLOM;
2 — cnMpanb 13 MeAHOW NPOBO/IOKK, 3aKpen/ieHa B PE3MHOBOIA MPOOKE;
3 — cnupT; 4 — NPo6upKa-NPUEMHIUK

MuneTkKa-go3aTop — npucnocobseHne, Ncnosb-
3yemoe B flabopatopuun gna oTMepuBaHuUs onpeje-
NEHHOro 06BbEMA XMAKOCTU. MUNeTkn BbiNycKaloTCcs
NepeMEeHHOro 1 NOCTOAHHOro 06bEMA. B KOMNAeKThbI
obopyfoBaHUSA ANa MeAULUHCKUX KNaccoB BXOAAT
yaoOHble NUMEeTKM-A03aTopbl OfHOKaHasbHble, MNOo-
3BONIAIOLWME HACTPOUTb HEOOXOAMMbI 06BLEM OTOU-
paeMoi >XUAKOCTU B TPEX pas/IMUHbIX AguManasoHax
(puc. 7). icnonb3oBaHWe COBPEMEHHbIX TEXHOOMMIA
W LBETOBOI KOAWPOBKM Auana3oHa [03MpOBaHUs
[aéT BO3MOXHOCTb KayecTBEHHO, TOYHO, 6e30MacHo
BbIMNO/IHATL NMUNeTuUpoBaHue. NMUNETKA UMEIOT CMEH-
Hble MNaCcTUKOBblE HAKOHEUYHUKU

Puc. 7. NuneTtkn-go3aTopbl 0AHOKaHalbHbIE NepeMeHHO-
ro oovéma; 1 — 1—10 mn; 2 — 100— 1000 mKn, 3 —
10— 100 MKn.

CnpaBOYHUK

baHA KOMOMHMpPOBaHHAaA NpefHa3HayYeHa Ansa Harpesa CTEKNSAHHbIX N papopOoBbIX
cocyfaoB, Korga TpebyeTca co3gatb BOKPYr HarpesaeMoro cocyja paBHOMepHOoe Temnepa-
TypHOe none, n3bexaTb MCNONb30BaHUSA OTKPbLITOrO MaaMeHn U packanéHHOW anekTpuye-
cKkoii cnupanu (puc. 8). Kopnyc KOMOGMHMPOBaAHHOW 6GaHW caenaH w3 antoMuHusa. XXug-
KOCTHas yacTb KOMOMHUPOBAHHOI 6aHW 3aKpbliBaeTcs KOMbLaMU pa3MYHOro guameTpa
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XNMUn4A KBAHTOPUMMY M

Ona HarpeBaHusa cocygoB o 100 °C B kayecTBe TEMJIOHOCUTENA WUCMOJb3YIOT BOAY, Korga
Tpebyetcsa co3gatb 60/ee BbICOKYHO TeMnepartypy, NPUMEHSAIOT COJieBble pacTBOpbl. Tena0HO-
cuTeNneM MOXeT 6biTb rmuepuH. OH obecneumBaeT MHTEpBan Temnepatyp ot 60 go 180 OC.
Bbiwe 3TOM TemnepaTtypbl MULEPUH HAYMHAET pasnaratbCa U AbiMUTh. A HarpeBaHusi o 60-
flee BbICOKMX TeMMepaTtyp UCMoNb3ylT LWINHAPOBOE Macio wuiv cunnkoHosoe. bonee 6e3so-
nacHO UCNO/b30BaTb A5 HAMOJ/IHEHNA 6aHb CYXOl MeNKO3epHUCThI Necok OfHaKo MecoYHble
6aHM nNporpesalOTCAa HepaBHOMeEPHO B cocTaB KOMMAeKTa BXOAUT CUTO AN NPOCEUBAHUSA peu-
HOro necka.

WcTouHnkom Tenna Ans KOMOMHWPOBAHHOW GaHW ABMAAKOTCS 3MEKTPUYEcKMe MNIUMTKM ¢ 3a-
KPbITOM cnupanbio
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KBAHIO PUMNYM XUMMUA

MpumepHaa paboyasa nporpamMmma no XMmMmmn
Ansa 10— 11 kjiaccoB € McnoJsib3oBaHMemMm obopynoBaHuA
«LIKONBHOro KBaHTOpUyma»

Llenb peanusaumm gaHHOW o6GpasoBaTtefnbHOW nporpaMmmbl (OlM) coCTOUT B AOCTUMIXKEHWUM
obyyaroWmnmmnca pesynbLTatoB M3ydeHUs npegmeta «XMMua» Ha yrny61éHHOM YpOBHE B COOT-
BETCTBUKN C TPe6OBaHMAMM, ycTaHOBNEeHHbIMM ®TOC COO. MNocTaBneHHasa Lenb gocTuraeTcs B
ycnoBusax obpasoBaTtenbHOlM cpefbl C UCNONb30BaHMEM 060pPyAOBaHUSA AETCKOro TeXHOMapka
«LIKONbHbIA KBAHTOPUYM». BaXXHO OTMETUTb, YTO gaHHasa npumepHas Ol NO3BONSET UHTErpu-
poBaTb peanunsyemble 34eCb NOAXOAbl, CTPYKTYPY M cCOAep)XaHue npy opraHmsauum oby4veHus
XUMUKM Ha NPOUNILHOM YpPOBHE B 10— 11 Kfaccax, BbICTPOEHHOM Ha 6a3e nwboro M3 goctyn-
HbIX y4yebHO-MeToanuecKnx kommnaekcos (YMK).

Vicnonb3oBaHue o6opyfoBaHus «LLIKONbHOrO KBaHTOpMyMa» MNpu peannsauun gaHHoi Orl
NO3BO/IAET CO34aThb YCOBUS:

e ONS pacllMpeHns cofepiXXaHns LIKOJIbHOIO XMMUYecKoro o6pasoBaHus Ha yrnyo1éHHOM

YPOBHE;

e [AN1A MOBbIWEHMA MO3HaBaTe/IbHOW aKTMBHOCTM 06yYaloWmMXcs B eCTeCTBEHHO-HAyuHOM
ob6nactu;

e ON18 pPasBUTUA NUYHOCTM pebEHKa B npouecce 0b6yyeHUss XMMUKU, ero CnocobBHOCTEN,
(hopMUpPOBaHNA 1 Y40BNETBOPEHNS COLUANIBHO 3HAYMMbIX MHTEPECOB N NOTPEOHOCTEN;

e [/ OCO3HAHHOro BblbOpa obyvarowmmuca éyayuiein npogeccun, ganbHenwero ycnew-
HOro o6pasoBaHUsa 1 NPOgEeCcCUOHaNbHOW AeATeNbHOCTH;

e Ana paboTbl ¢ OJaPEHHLIMU LIKObHMKAMWN, OpPraHn3auum nx pasBuTust B pasinMyHbiX 00-
nactax obpasoBartesibHO, TBOPUYECKON AeATEbHOCTY;

e AN obecneyeHUss CaMOCTOATE/IbHOIO MPOEKTUPOBaHMA oby4varowmmMncs obpasoBartesb-
HOI AeATenbHOCTU M 3PHEKTUBHOM CamMOCTOSATENbHOM paboTbl MO peanusaunn UHONBU-
AyanbHbIX y4eOHbIX M1aHOB;

e ONS BbINOHEHUA WHAUBUAYANLHOIO UCCNef0BaTebCKOro npoekTa

[daHHasa Ol coctaBneHa Ha OCHOBe (hyHAAMeEHTaNbHOro Agpa cogep)xaHua obuwero obpa-
30BaHUA 1 TpeboBaHuii K pesynbtatam COO, npeacrtaBneHHbIM B @TOC. B Hell yuTeHbl OCHOB-
Hble MAEN W MOJSIOXKEHUA MporpaMmbl pasBUTUS U (POPMUPOBAHUSA YHUBEPCA/bHbIX YUYeOHbIX
pencteuin (YY) obyyatowmxcsa v cobnogeHa NpeeMcTBEHHOCTb C MPUMEPHbIMK NporpaMmMamMm
Ana OCcHOBHOro obuiero o6pasosaHusa (O00)

B ocHoBy gaHHoI Ol NONOXeH NpuHUMN pa3BuBatloLlero obyyeHus. MNporpamma onupaet-
CA Ha MaTepuarn, U3y4yeHHblli B 8—9 knaccax, NO3TOMY HEKOTOpbIe TEMbI Kypca paccmarpuBa-
IOTCSH MOBTOPHO, HO Y)XKe Ha 60/1ee BbICOKOM TeOpeTUHEeCKOM YpoBHe TakoW noaxon no3BonseT
yrnyénate u pasBvBaTbh NMOHATUE O BELLECTBE U XMMUYECKOM Mpouecce, 3aKpennaTb NponieH-
HbIi MaTepuran B aKTMBHOW NaMATU y4yaluXcs, a TakkKe COXpaHATb NPeeMCTBEHHOCTL B MpoLec-
ce oby4yeHus

MnaHnpyemble pe3ynbTaTbl OCBOEHUS yUeOHOro npegmMmeta XMMuu

JINUHOCTHble pe3ybTaThl

Ob6yyvalwuiica NonyuymT BO3MOXHOCTbL AN (HOPMUPOBAHUS CNeayrL X NMYHOCT HbIX
yyn:
e 0CO3HaBaTb CBO FPaXkAaHCKY MAEHTUUYHOCTb, NAaTPMOTMU3M, YBaXKEHME K CBOEMY Hapo-
Ly, OTBETCTBEHHOCTbL nepep POAUHONM, ropfoCTh 3a Heé;
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XM KA

OCO3HaHHO (hOpMMPOBaTb M OTCTaMBaTb CBOK TPaXKAaHCKYH MO3ULUI0 KaK aKTUBHOIO "
OTBETCTBEHHOrO Y/iIeHa POCCMIACKOro 06LLEeCTBa;

hopmMupoBaTb CBOE MMPOBO33pPEHNE, COOTBETCTBYHOLL,EE COBPEMEHHOMY YPOBHIO pa3Bu-
TUS HayKN U 0OLLECTBEHHOWN MPaKTUKY;

HenpepbIBHO pa3BuBaTh B ceb6e roTOBHOCTb M CMOCOBHOCTb K CAMOCTOSATENLHOM, TBOpPYe-
CKOW 1 OTBETCTBEHHOWN AEeATENbHOCTY;

COTPYyAHMYATb CO CBEPCTHMKaAMM M B3POC/IbIMM B 06pas3oBaTesibHOW, O6LLECTBEHHO MO-
Ne3HoM, yuebHO-MccNen0BaTeNbCKOM 1 NPOEKTHON AeATENbHOCTY;

hopMupoBaTb cO3HaTe/lbHOE OTHOLUEHWE K HEMPEPbIBHOMY 06pa30BaHMIO KaK YCNOBMIO
yCcnewHon npogeccuoHanbHOW 1 06LEeCTBEHHOW AeATeNbHOCTY;

OCYLLECTB/IATbL OCO3HAHHbIA BbIOGOP OyaAyllen npodeccun n BO3MOXHOCTEN peannsauunmn
COBCTBEHHbIX XXN3HEHHbIX NIAHOB;

thopMMpoBaTL 3KOMOMMYECKOE MbILWJIEHWE, NPUOBPECTM OMbIT 3KOJIOr0-HaMpPaB/EHHO
LesATeNbHOCTM

MeTanpeaMeTHble pe3ynbTaT bl

PerynaTusHble
O6yJarLwmincs NoNyYnT BO3MOXHOCTb 415 (POPMUPOBAHUA CAeAYHOWNX PerynaTUBHbIX

yy[:

BbISIBNATb U hopMynnpoBaTb y4ebHyto npobnemy;

onpenensaTb Uenn fesTeNlbHOCTU M COCTaBATb €8 niaH, KOHTPONPOBaTb M KOPPEKTUPO-
BaTb AESATENbHOCT;

BblGMpaTh yCNewHble cTpaTernn B pPas/iMyHbIX CUTYaLLMAX; OCO3HaBaTb NMPUYUHBLI CBOEro
ycnexa wuamM Heycrnexa, HaxoAuTb CNOCO6bI BbIXO4a U3 CUTYyaL MU HeyCcnexa;

NPOAYKTMBHO 06LaThbCa M B3aMMOAelicTBOBaTb B MpOLLEccCe COBMECTHOW AesATeNbHOCTH,
yunTbIBaTb MO3ULMM APYTrMX YYaCTHUKOB LEATeNbHOCTU, 3Q(PEKTMBHO pa3pellaTb KOH-
DOANKTbI.

NMo3HaBaTe/ibHblE
ObyvarLwmniica Nony4ynT BO3MOXHOCTL ANA dOpMMPOBaHUA CNeayouLnx nos3HaBaTEefb-
HbIX YYL:

OCYLLLeCTBAATb MOWCK PasnnMyHbIX aifOPUTMOB pPELUEHUS MPaKTUYecKux 3afad, npume-
HSATb pas3/iM4yHble MEeToAbl MO3HAHWS;

OCYLLeCTBAATb CaMOCTOATENIbHYIO UH(OOPMaLMOHHO-NO3HAaBaTElbHYIO  [eATeIbHOCTb,
BK/IlOYAas YMEHMWE OPUEHTUPOBATLCA B Pas/IMUHbIX UCTOYHMKAX MHOpMaUMK, KpUTude-
CKM OLeHMBaTb W UHTEpNpeTupoBaTb MHGpOpMaLMIo, NONyYaeMyo U3 pasIMyHbIX UCTOY-
HUKOB;

Mcnonb30BaTb CpeAcTBa MHPOPMALUOHHBLIX 1 KOMMYHUKALMOHHbIX TexHonorui (UKT) B
peLleHnn KOTHUTUBHbIX, KOMMYHUKaTUBHbIX M OPraHM3auMoHHbIX 334a4 ¢ COOGNI0LeHNEM
TpeboBaHMit 6e30MacHOCTY;

CTPOUTbL NOTNYECKNE pacCyXAeHUs, POPMYIMpPOBaTb YMO3aK/IHUYEHNA Ha OCHOBE BbISB-
NEeHHbIX NPUUYNHHO-CNIeACTBEHHbIX CBA3E;

co3faBaTb MOfENM M3yvyaeMblX OOBLEKTOB, BblAeNATb B HUX CYLLECTBEHHbIE XapaKTepu-
CTUKN, Npeo6pa3oBbIiBaTb MOLENY;

npeo6pa3oBbIiBaTb MHOPMaLUIO N3 OQHOrO BUAA B APYroii; Bblbupatb yaoO6HYO hopmy
dukcauum n npegctaBneHns MHhpopmaumu,

BnajeTb MeToAaMu MO3HaBaTefibHOl pedaekcunM Kak OCO3HaHWUs COBepluaembiX Aeii-
CTBUIA N MbIC/IUTENBbHbLIX MPOLLECCOB, UX Pe3ynbTaTOB U OCHOBAaHW, rpaHuL, CBOEro 3Ha-
HUS M HE3HAHUS, HOBbIX MO3HABATE/IbHbIX 3aay M CPeACTB UX JOCTUXKEHNS
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MpeamMeTHble pe3ynbTaThl

ObyyarLmnincs HayunTcs:

e uccnefoBaTb CBOWCTBA HEOPraHMYeCcKUX N OpraHNYeckux BewecTB, OO6BACHATbL 3aKOHO-
MEPHOCTN MPOTEKAHUSA XMMUYECKUX peakuuii, MPOrHo3MpoBaTb BO3MOXXHOCTb WX OCY-
LecTBeHuUs;

e BblABMWraTb rmrnoTesbl Ha OCHOBE 3HAHWN O COCTaBe, CTPOEHUM BeLLEeCcTBa M OCHOBHbIX XU-
MWYECKNX 3aKOHaX, MPOBEPATb UX 3KCMEPUMEHTaNbHO, (hOPMYIMPYs Lenb MUccregoBa-
HUS,

e BafeTb MeTojamu CamMOCTOSTE/NIbHOrO MaHUPOBaHUA N NPOBEAEHUS XUMUYECKUX 3IKC-
NEPMMEHTOB C cOb6M0AeHNEM MpaBua 6e3onacHo paboTbl ¢ BellecTtBamn 1 naboparop-
HbIM 060pYyLOBaHUEM;

e OMUCbIBaTb, aHaIM3MPOBaTh U OUEHMBaTb 4OCTOBEPHOCTb NOMYHYEHHOrO pe3ynbTaTa;

e MpPOrHO3MpoOBaTb, aHA/IM3NPOBATb U OLEHMBaTb C MO3MUNIA 3KOOrM4yeckon 6esonacHo-
CTW NOCNeLCTBMS ObITOBOM M NMPOU3BOACTBEHHON AeATeNbHOCTU 4Ye/l0BeKa, CBA3aHHOMW ¢
nepepaboOTKOl BeLLECTB

Ob6yvarLwmninica NoAy4YMT BO3MOXHOCTb HAYyUM T bCS:

e CcaMOCTOATENbHO (OPMUPOBATb CUCTEMY COOCTBEHHbIX 3HAHUI 06 OBGLUX XUMUYECKUX
3aKOHOMEPHOCTSX, 3aKOHax, Teopusax;

e MpPOrHO3MpoBaTb CBOICTBA BELLECTB HA OCHOBE WX CTPOEHMUS;

e MCNONb30BaTb MOJlyYEHHblE 3HAHUA B ObITY;

e MNOHUMATb U OB6BACHATL POJb XMMUYECKUX MPOLEeccoB, NPOTEKAOWMX B NPUpoae;

e MMaHMPOBAaTb M OCYLLECTBAATb YUEOHbIE XUMNYECKNE IKCMIEPUMEHTSI.

®opMbl KOHTpONSA

KOHTpOnb pe3ynbTatoB 06y4YeHMs B COOTBETCTBUM € AaHHOW Ofl npoBoauTca B popmMe NUCh-
MEHHbIX W 3KCMEPUMEHTa/IbHbIX paboT, npegnonaraeTcs MPoOBefeHMe NMPOMEXYTOUHOW U UTO-
roBO arTectauumn.

MpomMexXyTouyHas aT TecTayus

[nsa ocywectBneHNs NPOMEXYTOYHOIR aTTectauuMm UCMO/b3YTC KOHTPOJIbHO-OLLEHOYHbIE
maTtepuanbl (KOM). OT6op cogepxxaHnss KOM opueHTMpOBaH Ha MPOBEPKY YCBOEHUS CUCTEMbI
3HaHWII N YMEHWI A — MHBApPUAHTHOIO sigpa codepxxaHus gelicteytowux Ol no xumum gna 06-
LweobpasoBaTeibHbIX OpraHu3aunii. 3agaHns NPOMEXXYTOUHOM aTtTecTalMn BKIOUAOT MaTepu-
a1 OCHOBHbIX pa3fenoB Kypca XMMUN:

1 MeTtoabl Hay4YHOro No3HaHug.

2. OpraHuyeckaa XxMmus.

3. O6waa xmmus.

4. HeopraHuyeckasa Xxmmus.

5. PO/lb XMMUWU B XXU3HU 4YeNOoBEKa.

K uncny rnaBHbIX COCTaBAANOLWMX cucTeMbl 0T6opa cofepkaHma KOM OTHOCATCSA OCHOBHbIE
3aKOHbl N TEOPETUYECKUE MOJIOXEHNA XUMWUUK; 3HAHUSA O CUCTEMHOCTU M NPUYUHHOCTU XUMUYe-
CKUX SIBMEHWI, reHe3nce BellecTB, cnocobax Mno3HaHuWsi BewecTB. [poBepka ocBoeHus Ol
ocyLLecTBfseTcA Ha TPEX YPOBHAX CMIOXXHOCTU: 6a30BOM, MOBBILEHHOM W BbICOKOM.

MnucbMeHHble paboTbl MOCTPOEHbI MO e4MHOMY NNaHy M BKIYaloT ABe YacTu. MNepsBas vacTb
COEepPXUT 3alaHns C KpaTkKMM OTBETOM, BTOpas 4acTb — 3ajaHus, Tpebylouime pa3BEpPHYTOro
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otBeTa [lpomexyTouHas artTectaumss B (JOpMe 3KCMepuMeHTanbHON paboTbl npegnonaraet
oopmneHne oT4yéTa O NPOBELEHHOM WCCNef0BaHUM BaKHO OTMETUTb, UTO SKCMEepUMEHTasb-
Hasa paboTa MOXEeT OCYLW,eCTBAATbCA KaK WHAMBUAYaNbHO, Tak M B COCTaBe Masloil rpynmnbl
(no 6 yenoBek). B oTuéTe obyvarouimecs onpeaensatoT Uelb uccnefoBaHus, npegnaraloT pas-
paboTKy nnaHa ero ocyw,ecTBAeHUs, GUKCUPYIOT HabNofaeMble N3MEHEHUSA, UHTEPNPETUPYIOT
nony4vyeHHble pesynbTatbl U POPMYyNMpYOT o606uatolme BbiBOALI BO BTOpOWM 4yactu OTYéTa
obyvarolmmcs npegnaraetcs faTb pPa3BEPHYTble OTBETbl Ha KOHTPOJIbHble BOMPOChI OTYETHI
O MPOBEAEHHOM 3KCMEpPMMEHTAIbHOM UCCNef0oBaHMM Lenecoobpa3HO pa3Mellatb B CETEBOM
obpasoBare/lbHOM MPOCTPaAHCTBE C NOJHLIM AOCTYNOM A1 BCEX YYacTHUKOB o06pa3oBaresfibHO-
ro npouecca

KOHT pPO/IbHO-0LEHOYHbIE MaTepuabl
BapvaHT nucbMeHHOW paboThl

«MeTo/bl Hay4YHOTO MO3HaHUS.
OnpepeneHvie KauecTBEHHOIO COCTaBa OPraHMYecKoro BeLecTBa»

1. YcTaHOBWUTE COOTBETCTBME MEXAY METOAOM HAy4HOrO MO3HaHWS U ero onpeaeneHnem.
K kaxkgoii no3nunm, o603HauYeHHOl 6yKBOW, Nogbepnte COOTBETCTBYIOLLYIO MO3MLMIO, 0603Ha-
YeHHyI0 Uundpoii

METO/, OMPEAENEHWNE

A) HabnogeHue 1) wuccnepgoBaHve 06BEKTOB B CNeLnanbHO CO3f4aHHbIX ANs 3TO-
B) akcnepumeHT ro ycnosmsx

B) mogenupoBaHue 2) nNJaHOMEepPHOe BOCNpPUSATUE OOHLEKTOB AECTBUTENIBHOCTU C

LeNblo BbISIB/IEHNS WX CYLLECTBEHHbLIX CBOMCTB
3) pasBuTUE MbICAN OT OOLLUX MOMOXEHUA K YaCTHbIM, K 3HAHU-
AAIM O KOHKPETHOM 0ObeKTe

4) cosgaHue U UccnefoBaHUe CUCTEM, OTPaXKaloLWmMX cyllie-
CTBEHHbIe CBOWCTBA peasibHbIX 06EKTOB

[na oTBETOB Ha BOMPOChbl 2— 12 UCMONb3YiiTE PUCYHOK U TECT, MPEACTABEHHbIN HUXE.
B WKoNbHOW nabopatopun NpoBenn onblT «KayecTBEHHOe onpejeneHne yrnepoaa, Bofo-
pofia B OpraHM4Yeckux BelecTBax», UCNOMb3ys NPUGoP, N306PaKEHHbLI HA PUCYHKe

2. B npob6upky-peakTtop (Ha puUcyHKe nokasaHa Ludg-
poii 1) MOMEecCTUAM CMecb BeLLecTB (2), cocTosuy u3

1) napaguHa 4) okcmupa MarHus
2) okcupa megu (1) 5) pe4Horo necka
3) megm 6) cynbpata megu (Il
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3. YKakute potorpaduio, Ha KOTOPO M306pakeHa cmecb (2) B npobupke (1) B camMOM Ha-
yane aKcnepumMmeHTa

1) 4)

4. YKaxute otorpacduio, Ha KOTOPO M306padkEH pe3ynbTaT HarpeBaHuUs cmecu (2) B Npo-
6upkKe (1) B KOHLe 3KCreprMMeHTa
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5. Mpn HarpeBaHMN peakUMOHHOW cMecKn (2) Ha XONoAHbIX CTeHKax Npobupkn (1) obpaso-
Ba/INCb KanenbKu Xngkoctn X ( poTo).

3anunwute popmyny Beulectsa X.

6. O6paBOBaHV|e BellecTBa X AOKa3blBaeT, UTO B COCTaB MUCCNeAyeMOro BellecTBa BXOAMUT
HeKOTOprI7I XUMWUYECKNIA 3NEMEHT. YKaXKUTE XMMMUYECKMIA 3HAK 3TOTO 3/1EMEHTA.

7. Top geiicTBMeM BellecTBa X coeAMHEHMNE, 0603HAUYEHHOE HA PUCYHKe Uudpon 3, nme-
HUI0 OKpacKy. YKaxxute potorpaduio, Ha KOTOpOi NoKa3aHo 3T0 N3MEHEHME.

1) 4)
2) 5)
3
8. Vi3meHeHMe oKpacku coefuHeHns, 0603Ha4YeHHOro Ha pUcyHke uudpoi 3, nos AencTBu-

em BelllecTBa X CBA3aHO ¢ o6pa3oBaHeM BelLecTBa, (hopMyna KOTOporo

1) CuSO4+5H20 4) Cu
2) CaCOs3 5) CuO
3) Ca(OH)2
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9. MNpun HarpeBaHUM peakUMOHHOW cMecu (2) No ra3ooTBOAHON TPybke (4) BblAensinca ras
Y. YKaxxute opmyny Beliectsa Y.

10. O6pa3oBaHMe BellecTBa Y A0OKa3biBaeT, YTO B COCTAB UCCNEAYEMOro BellecTBa BXOAUT
HEKOTOPbIN XMMNYECKNIA 3NEMEHT. YKaXKNTE XMMUYECKMIA 3HAK 3TOTO 3/1IEMEHTA.

11. Mopa peictBuem rasa Y B npobupke (5) Habnwoganncb M3MeHeHus,
nokasaHHble Ha oTorpadun. Habnogaemble N3MEHEHUS CBSi3aHbl C 00-
pasoBaHMeM BelecTBa, PopmMyna KOTOPOro

1) CuSO4 5H20 4) Cu
2) CaCoO3 5) CuO
3) Ca(OH3)2

12. Npobupka (1) c ucxofHeiMM BelwecTBaMn (2) JomKHa 6bITb 3aKpe-
njaeHa B LUTATUBE FTOPU3OHTa/IbHO WX C HEGO/bLLUMM HAK/IOHOM B CTOPOHY
otBepcTnsa. C ob6pa3oBaHNEM KaKOro BellecTBa CBS3aHO AaHHoe Tpebo-
BaHMe TEXHUKM MPOBELEHMSA 3KCMepUMeHTa? YKaute (opmMmyny 3T0ro Be-
wecrtsa

13. TBépAablit ankaH Harpenun ¢ okcngom meam (ll). YKakute, aToMbl KakOro 3fieMeHTa BNS-
FOTCA OKUCNIUTENISIMU, @ KAKOTO — BOCCTAHOBUTENAMMU.

1) atombl C 3) atombl O
2) atombl H 4) atomsbl Cu
Okucnntenn BoccTtaHoBuUTENN

14. Hanbonee yao6HbI nabopaTtopHblii cnocob onpefeneHnMs aTOMOB X/l0pa B MOJIEKy/ax
OopraHM4Yecknx BewecTB — npoba bennbwTeiHa. [na NpoBeAeHUs AaHHOW MNpob6bl cnepyet
NpoKanuTb NPOBOJMIOKY M3 ONpeAenéHHOro Metanna B MaaMeHW 3aTeM KOCHYTbCS pacKafiéH-
HOWM NPOBONIOKON MccnegyeMoro obpasla M CHoBa BHECTM MPOBOJIOKY B nniamsi. Ecnv obpasey,
COLEPXXUT aTtoMbl X/10pa, TO HAbNAAT N3MEHEHME OKPAaCcKM MAaMeHn YKaXuTe XMMUYeckuii
3HaK 3/ieMeHTa-meTanNNa, 3 KOTOPOro Ao/MKHa ObITh M3rOTOB/IEHA MPOBOJIOKA.

15. Ykaxxute oTorpadumio, Ha KOTOPO NOKa3aHO 3TO U3MEHeHWe LiBeTa NniaMeHun B c/ydae
NONOXUTENbHOW NPOo6bI BelnbluTeliHa.
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16. MpeanonoXnum, YTo B cOCTaB NapaduHa BXOAWUT afkaH, cogepykawmin 20 aTomMoB yrne-
pofa. CocTaBbTe ypaBHEHMe peakuuun ero rnosHoro okucneHus okcugom meam (I).

17. CocTaBbTe ypaBHeHMe peakuuu NOHOro okucneHus ankaHa CrH2n+2 okcugom meam (1)
B 06WemM Buae

18. B npubop Ana ycTaHOBEHUA KayeCTBEHHOro cocTaBa (onucaH B 3afaHun 2) NoMecTuau
HEW3BECTHbI TBEPAbIA yrneBogopod u cMewann ¢ M3bbiTkom okcmnga meam (ll). Mocne peak-
UMM macca 6e3BOfHOrO cynbhata Mean Bo3pocna Ha 2,25 1, a B Npobupke ¢ N36bITKOM N3BECT-
KOBOI BOfbl BbiMan ocagok 6enoro useta maccoit 35,0 T.

1) Cuntaa BCe BbIXOAbl B peakuuax KONM4YeCTBEHHbIMWU, YCTAHOBUTE COCTaB MCCneayemMoro

yrnesogopoga

2) PaccuunTaiTe Maccy MCXO4HOro yrinesogopoja

3) Mpeanoxute BO3MOXHOE CTPOEHME 3TOro YrneBoAoposa.

19. OTKpbITUE 3/IeEMEHTA X B OpraHM4Yeckom BeLllecTBe
Ona oTKpbITUA 3f1emMeHTa X Uccnefyemoe BELLECTBO CMAB/AT C META/INYECKUM HaTPUEM,
npu stom obpasyetca 6MHapHOe coefuHeHuMe X C HaTpuem, KOTOpoe pacTBOpseTcs B Bofe
Mpy noakucneHMn NONYYEHHOro pacTBopa, B ciaydae 60MbLIOro cogepXkaHus X, nosBnsertcs
pe3Knii HEMPUATHLIM 3anax EcAM K nony4eHHOMY pacTBOpY NpMbHaBUTbL HECKOMBKO Kamnefb pac-
TBOpa aueTaTa CBMHLA, TO HabnAalT BbiNajgeHne ocafka YépHoro ugeta. o konnyecTsy 06-
pasytoLieroca ocafka cyaaTr o 60/blIEM UM MeHbLUEM COAepXXaHWu 3fnemMeHTa X B uccrnegye-
MOM BellecTBe
1) OTKpbITUE KaKOro 3nemMeHTa X onucaHo B AaHHOM 3aJaHun?
2) Mpeanonoxum, yto mccnegosanm BewectBO CH3—CH2)1+—XH. CoctaBbTe ypaBHeHue
peakunu ero cnnasfieHnsa ¢ HaTpueMm, ec/iim OQHUM U3 MPOAYKTOB peakunun ABnsfetcs af-
KaH
3) CocTtaBbTe ypaBHeEHUA peakuuii GUHapHOro coeguHeHus X, NOAYYEHHOro MpU NpPoKanu-
BaHUW C HaTpuem:
a) C CONSAHOWM KNCNOTOM; 6) C pacTBOPOM aueTaTa CBUHLA.
4) Ona oTKpbITUS X B NIerKONETYy4YUX BelLecTBax, KOTOpble He yaaétca CnnaBUTb C HATPUEM,
NX HarpeBatoT C AbIMALLE a30THOM KMCIOTOW. 3aTeM K MOJMYYeHHOW cMecn f06aBnsatoT
pacTBop xnopuga 6apua n HabnwogaT BbinageHne ocagka 6enoro LBeTa, ecnu B uccne-
fyeMoM BellecTBe cogepXutca X. OO6bACHMTE, B YEM 3akito4vaeTca AaHHbIA MeTo[ OT-
KpbITa X. OTBET NPOUANIOCTPUPYIATE COOTBETCTBYHOLLMMMN YPABHEHUAMMN peakLmii.

KpvTepumn oueHMBaHNSA NUCbMEHHON pa6oT bl

3a npaBWbHbLIA OTBET Ha KaXkaoe 13 3agaHuii 1— 15, npegycmMmaTpuBatoLWMX KpaTKNin OTBET,
cTaButca 16ann. 3agaHunsa BTOpPO yacTtu, 16— 19, TpebytoT pa3BépHyTOro oteeTta. 3agaHusa 16
n 17 oueHmBatotca 1 6annom; 18 — 3 6annamn; 19 — 5 6annamu. MakcmmanibHO BO3MOXHas
cymMmMa 6annoB 3a BbIMOSIHEHNE BCE MUCbMEHHOI paboTbl —25

BapunaHT akcnepuMeHTanbHON paboTbl
«JKCMeprMeHTabHas NpoBepKa r’mnoTesb.
OnpepgeneHune cofepxaHnsa kapboHata KanbLusi B Pa3/iMyHbIX 06beKTax»

TeopeTunyeckoe BBefleHNe

HekoTopble ropHble NOPOAbl, HANPUMEP MpaMop, Mefl U U3BECTHSAK, B KaUeCcTBe OCHOBHOTIO
KOMMOHEHTa cofepXaT MuHepan Kanbunt — Kap6oHaT Kanbuma CaCO3. Kpome 3TOro B cOCTaB
3TNX TOPHbIX NOPOJ BXOAAT OpraHMYeckne coefuHeHus, NpUMecH necka, ruHel 1 1. 4. Macco-
Bas foNsA KapboHaTa KanbLus B Mefe U U3BECTHSKE SIBASETCA OfHOW M3 BaKHEMLLUX XapaKTe-
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PUCTUK, ONpPeaensaoLWmnxX COPTHOCTb Cbipbsi AN CTPOUTENbHOM, LLeN0103HO-6YyMaXKHOW Mnpo-
MbILUMIEHHOCTM N APYTNX OTpacnei xo3aiicTea
Mpu pacTBOpeHMN KapbOHATOB B KMUC/IOTE MPOUCXOAUT BbIAENEHUE YIIEKUCIOro rasa:

CaCO3 + 2HC1 = CaCl2 + H20 + CO2X

M3mepsas maccy ucxogHoro obpasua, BblAaHHOrO A4NS MCcnefoBaHUA, a 3aTeM maccy 06-
pasua nocne 06paboTKM U3OLITKOM COJIAHOM KMCIOTbl, MOXHO OMNpeaennTs Maccy BblAenBLLEe-
roca yrnekucnoro rasa. Ha ocHOBaHMM MOMlyYEHHOrO 3HAYEHUs paccuyuTaTtb MacCOBYH A0/
KapboHaTta Kanbums B uccnefyemom obpasue. CnegyeT OTMETUTb, YTO B JaHHOM Ciy4yae Mbl
YCNOBHO cUMTaeM, YTo Bce KapboHaThl, cofepxalimnecs B uccnegyemom obpasue, npejacrasrne-
Hbl B (hopme CaCOs3.

[na yckopeHus pacTBOpeHUsa uccnegyemble o06pasLbl Nydlle npegsapuTesibHO U3MENbUNTb.
PaboTy ygo6HO NpoOBOAMTbL B MUKPOTpPyMnax, a 3aTem cpaBHUTbL cogeprkaHne CaCO3 B pasHbIX
o6pa3suax

O6opygoBaHne u peakTuMBbI

LWratmB ¢ npobupkamu (10 wrt.), Npobka C rMbKoM rasooTBOAHOW TPYOKOW, XMMUYECKue
CTakaHbl, YacoBble CTEKNa, nabopatopHble Becbl, HarpeBaTefbHas MNAUTKA; CONAHAasA KucnoTta
(10%), nssectkoBasa Boga (Hacblly.), pactBop Kap6oHata HaTpusa (10%).

NHCT pyKuna:

Bam BblgaHbl cnefytowme o6bLEKTHI ANA UCCNeLOBaHUA: AMYHAA CKOpPyna, KOCTU Kypulpbl,
(hparmMeHTbl PakOBUH [BYCTBOPYATLIX MOJI/IKOCKOB, MeJl, Mpamop, U3BECTHAK, TUMc, anatut, Mo-
NOYHbIA KBapL,. HekoTopble 13 BblgaHHbIX O6BLEKTOB cogepXkat Kap6oHart Kanbuus. Nogymainre,
KaKune 3TO MOryT 6biTb 06beKTbl. KpaTKo 060CHYNTe CBOE NMPEeANONOXKEHME.

Mpepnnoxute sKkcnepMMeHTaslbHbIA MeTO NPOBEPKN BbIABUHYTOrO npeanosioxeHus. Cnna-
HUPYWATE 3KCMEPUMEHT, NO3BONSAKOLWNI NOATBEPANTL UM ONPOBEPrHYTL Balle MPeAnosioXKeHNe.
OcyLliecTBuTe 3KCNEPUMEHT B COOTBETCTBUM C NPEANOXKEHHbLIM M1aHOM. BO BpeMs BbINOAHEHUS
OonbITOB NpoBoauTe (POTO- U BUAeoUKCcaLUo HabngaeMblX M3MeHeHMn. CocTaBbTe OTYET O
NPOBEAEHHOM 3KCMEPUMEHTAIbHOM MCCNef0BaHUN, NMPOUTKOCTPUPYIATE Er0 COOTBETCTBYHOLLN-
M1 hoTorpamamum u Bugeomarepmanamm, ypaBHEHUAMN XUMUYECKUX peakLmii. Ha ocHoBaHUK
NOJSlyYeHHbIX pe3ynbTaToB chenaiiTe BbIBOfbI.

MpefnoXxxnte MeTo[ KOMMYECTBEHHOM OLEHKN cofep>aHns KapboHaTa Kaibuusa B uccnegy-
eMbIXx 06bekTax. CnnaHUpyinTe aKCnepmMeHT, NO3BONSAKOWNI peann3oBaTh Bally uaeto. Jony-
CKaeTca MCNonb30BaHWe TOIbKO BblgaHHOro o6opyaoBaHus. Ocyl,ecTBUTE 3KCMNEPUMEHT B CO-
OTBETCTBMU C NPEAN0XEHHbIM M/1aHOM, MoJlydeHHble pe3y/bTaTbl 3aHeCUTe B TabAULLy.

Pe3ynbTaTbl TPaBMMETPMYUYECKOr0 aHanns3a copepxaHua kap6oHaTta KanbLus
B MccnefyeMbliX 06beKTax

o Macca HaBecku MaccoBas gons kap6oHata
Nccnepyembliii Macca BblgenneLierocs
nuccnenyemMoro KanbLuus B uccrieayeMom
06BbEeKT YrneKncnoro rasa, r
obpasua, r ob6bekTe, %

Ha OCHOBaHMM NOMYy4YeHHbIX Pe3ynbTaToB CAeNnaiiTe BbIBOAbI.
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KOHTpONbHbIEe BONPOCHI:

1 MOXHO N1 Ha3BaTb FMMNOTE30M Balle NepBOHaYa bHO BbIABMHYTOE MPeAnooXeHne 0 Co-
Lep>XXaHun KapboHaTa KaibLyMsa B 06beKTax, BblAaHHbIX 419 nccnefoBaHus? MNMpueeante He me-
Hee ABYX aprymMeHTOB B MOJib3y CBOEr0 YTBEPXAEHUS.

2. Kakoii cocTaB MMeeT MUHepan KanbUWUT (M3BECTKOBbLIN wWNaT)? OnuwnTe ero CBOIACTBA,
NPUPOAHbLIE Pa3HOBUAHOCTU

3. Kak obpa3syloTca npupofHble MECTOPOXAEHUA KapboHaTHbIX Nnopoa?

4. Kakne MeTogbl MOXHO UCMO/b30BaTb A5 KOMMYECTBEHHOIO OnpefesieHns cogepikaHus
Kap6oHaTa Kanbuusi B uccnegyemolix ob6bvektax? MNogpobHO paccMOTpUTE OAWH M3 BO3MOXXHbIX
METO40B

KpuTepun oueHMBaHNA NMUCbMEHHOW paboT bl

Co,qepx(aHvle AEATE/IbHOCTU WKOJIbHMKA N YKa3daHUAa no ouyeHnBaHMO bannbl
1 BblaBuHYTa paboyas rmnortesa, NPeaioXkeHo eé pasyMHOe 060CHOBaHMe 2
2. CchoopmynmpoBaHa Lefb 3KCNEPUMEHTA/IbHOTO UCCNefoBaHus, paspaboTaH ero 1
nsiaH
3. BbIMOMHEH XMMWUYECKUIA 3KCNEPUMEHT B COOTBETCTBMUN C pa3paboTaHHbIM MN/TaHOM 2
4. XMNYEeCKNIA 3KCNEPUMEHT BbIMO/IHEH B COOTBETCTBUM C MPaBUIaMm TEXHUKM 6e30- )
nacHocTn
5. OhopMneH OTHET O NPOBEAEHHOM MccnegoBaHUn 3
6. CdhopmynmpoBaHbl BbIBOAbI, KOTOPbIE ABAAKOTCA JIOTMYHBIM CNneacTBueM o6o6Le-
HVSI MOMYYEHHBIX Pe3y/NbTaToB M COOTBETCTBYHOT MOCTAB/EHHOW LEMM MCCefoBa- 1
HUA
7. NaHbl 06cTOATENbHBIE OTBETHI HA KOHTPO/IbHBLIE BOMPOCHI 4
Wtoro: makcumansHoe yncno 6annos 15

MTorosasa atrectauusa

[Ona ocyuwectBneHMs WTOroBOW aTTecTaluM MCMOMb3YHTCA KOHTPO/bKO-OLLEHOUHblE MaTe-
puanbl, cofepXaHMe KOTOPbIX OPUEHTUPOBAHO Ha MPOBEPKY YCBOEHUS CUCTEMbI 3HAHWIA W
onpegenseTcs cMCTeMOi TpeboBaHWUIA K MOArOTOBKE BbIMYCKHUKOB. 3Ta CMCTEMA WHBapuaHTHa
Nno OTHOLUEHMIO KO BceM feictBytownm Of no xumuun ans obuieobpasoBaTefibHbIX OpraHu3a-
Uwnin. 3afgaHns UTOrOBOW aTTecTauMn BKKOYAOT MaTepuan OCHOBHbIX pa3fenoB Kypca XMMuUn 1
NMELOT TPX YPOBHS CMOXXHOCTU: 6a30BbliA, MOBbILIEHHbIA 1 BbICOKWIA.

NTorosas nucbMeHHas paboTa NOCTpOeHa Mo eANHOMY M/aHy M BKAYaeT Tpy vacTu. Yactu
1 1 2 umeroT CTPYKTYpYy TMMNOBOro BapuaHTa EAMHOro rocygapctBeHHOro sk3ameHa (EF3) no
xvumun. MNMepBas yacTb COAEPXUT 3aaHna C KpaTkKuMm oTBeToM (1—26), BTOpas yacTb — 3aja-
HUSA, Tpebylowme pasBEPHYTOro oteBeTa (3agaHus 27—33). TpeTba 4actb (3agaHua 34, 35)
npeanonaraeT NpoBefeHNe 3KCNEPUMEHTa/IbHOIO UccnefoBaHUs, KOTopoe npegycMarpusaeT
NPOBEPKY YMEHUSA 06yYaloLWMXcs NPOrHO3MPOBaTb BO3MOXXHOCTb MPOTEKAHUA XMMUUYECKUX pe-
akuwuii, coctaB 0b6pasyrolmxcsd NPoOAYKTOB [Ns BbINOMAHEHUA 3afaHWl 3TO 4YacTu paboTbl He-
06X0AMMO CcNNaHUpPOBaTb 3KCMEPUMEHT, OToOpaTb peakTMBbl [10 OKOHYaHWM BbINOAHEHWUS
OMnbITOB 06y4aloLWMecss COCTaBMAAOT OTYET O MPOBEAEHHOM 3KCMEepMMEHTalbHOM uccnefoBa-
HUW, B KOTOPOM (hOPMYAUPYIOT Lenb paboTbl, ONUCLIBAIOT HabNOAaeMble U3MEHEHUS, UHTEp-
NPeTUPYIOT NOJSyYEHHbIE Pe3ynbTaTthl, Aenat0T COOTBETCTBYHOLLNE BbIBObI.
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KBAHTOPMYM XUMUn

KOHT pO/IbHO-0LEHOYHbIE MaT epuasibl
BapvaHT NUCbMEHHOM paboThbl 418 WTOroBo aTTecTauun

YacTb 1

Ona BbiNONHEHMA 3afaHNn 1—3 UCNonb3yinTe cnefyowmin pag XMMNUUYECKUX 31eMEeHTOB:
1) Mg 2) K 3) Cr 4) S 5) He

OTBETOM B 3afaHusix 1—3 siBNseTcs nocnefoBaTenlbHOCTb LUMP, NOA KOTOPbIMU yKa3a-
Hbl XMUYECKMEe 3/1IEMEHTbI B JaHHOM psAay

1. OnpepennTe, aTOMbl KaKuUX M3 yKa3aHHbIX B psisy 3/lEMEHTOB B OCHOBHOM COCTOSIHUM CO-
Aep>XaT OANHAKOBOE YMCNO 3/IEKTPOHHbIX NMap Ha BHELIHEM 3/1IEKTPOHHOM clioe

2. /13 yKa3aHHbIX B psAdy XMMUUYECKUX 3/1EMEHTOB BblGEpUTE TPU 3neMeHTa-MeTanna. Pac-
NofoXKnTe BblbpaHHble 3N1EMEHTbI B MOPsiAKe BO3pacTaHWsi OCHOBHbIX CBOWCTB MX BbICLLIUX OK-
cuaoB

3. M3 yncna ykasaHHbIX B psfy 3/eMEHTOB Bbibepute ABa 3/€EMEHTA, KOTOPble B OKCUAAX
MOTYT NPOSIBNSATL CTENEHb OKUCNEHUS +2 .

4. N3 npeanoXXeHHOro nepeyHsi Bbibepute BellecTBa HEMONEKYNSAPHOIO CTPOEHUS C KOBa-
NEHTHOMN HEMNONAPHON CBA3bIO

1) nepokcug 6apus 3) xnopwug Kanbuusa 5) anmas
2) 6enblin hochop 4) aTaH
5. V3 npennoXeHHOro nepeyHsi Bbibepute BELLECTBA, C KaXXAbIM M3 KOTOPbIX X/10p pearun-

pyeT 6e3 HarpeBaHus

1) 6pomung umHka (p-p) 4) cepHas kucnoTta (KoHL, )
2) ruapokcua Kanbumsa (BOAH. CycreH3uns) 5) kucnopog
3) okcug kpemHusa (1V)

6. JaHbl ABe Npobupkn ¢ pacTBOpOM rugpokapboHata 6apus B ogHy mM3 HUX fobasmnn
pacTBOp BellecTBa X, a B ApYyrylo — pacTtBop BewectBa Y B pesynbtate B Nnpobupke c Belle-
CTBOM X Habnwojann BbljefieHue rasa, a B Npobupke ¢ BelecTBOM Y Habnwoganu BbinageHue
ocafika

M3 npeanoXeHHOro nepeyHsl BbiGepuTe BewlecTBa X M Y, KOTOpble MOTyT BCTynaTb B OMW-
CaHHble peakuun

1) yrnekucnblii ras 4) auetaT aMMOHuUA

2) asoTHada Kucnota 5) rugpokcng Kanbums
3) kKap6oHat 6apus
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XNMUn4A KBAHTOPUMMY M

7. YcTtaHOBUTE COOTBETCTBUE MEXAY (*)OpMy]'IOVI BewectBa U peareHtamMmuy, ¢ KaxXgbiMm U3 KO-
TOPbIX 3TO BELWLECTBO MOXXeET B3aI/IMO,CI|eI7ICTBOBaTb.

®OPMYNA BEWECTBA PEATEHTHI
A) Cu0 1) HNO3 CO, H2
B) HNO3(pas6.) 2) HCI (koHu,.), FeS, Zn(NO3J
B) AgNOs3 3) CuO, Cu(OH)2 Cu 3
I Be(OH)2 4) HCI (pa36.), Fb, Rbl

5) KOH, HF, HCI

A b B r

8. YcTaHOBUTE COOTBETCTBME MEXAy pearvpylolmnmm BellecTtBamu 1 NpPoayKTaMn ux B3au-
MOENCTBUS.

PEATVPYHOLWWE BELWECTBA MPOAYKTHI B3AI/IMOLI,EI7ICTBI/IF|
A) Cl2n ropsaunin pactsop NaOH 1) NaClO, NaCl n H2O
B) ClO2unxonogHblin pactBop NaOH 2) NacClo, NaCl n HO
B) CI20 mnxonogHblii pacteop NaOH 3) NaCl n HO
N Cl207u pa36. pactsop NaOH 4) NaClO n HO
5) NaClO, NaClO3u H2
A 5 B r 6) NaClO4mn HO

9. 3afaHa cnegytowaa cxema npespalleHnii BeLLecTs:
SO2 Y
X >BaS0O3 -—---- >502

BelwlectBaMu X N Y COOTBETCTBEHHO ABNAKOTCA:

1) Ba(NO3)2 3) HNO3 (koHL,) 5) HCI
2) Ba(OH)2 4) BaCl2

10. YcTaHOBMTE COOTBETCTBME MEXAY (hOpPMY/O BewecTBa U Knaccom/rpynnoi opraHmnye-
CKMX COeAMHEHMNI, K KOTOPOMY(-0ii) 3TO BELLECTBO MPUHAANEXMNT.

®OPMYNA BEWECTBA KNACC/TPYNMNA
A) (N« Al 1) KapOOHOBLIE KUCMOThI
B) HCOOC2Hs 2) yrnesofibl
B) ~ 30CH3 3) yrneeBogopofbl
4) cnoXkHble 3mpbl
5) npocTbie 3gmpsbl
A b B
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11. N3 npeanoXeHHOro NepeyHs coeAuHeHni Bbibepute ABa TakMX, MOMEKY bl KOTOPbIX CO-
gepxxat atoM(bl) yrnepoga ¢ sp™-rmépugHoiMm opéutanamu.

1) ctupon 4) wn3onpeH
2) 1,4-gnmeTnn6eHs3on 5) xnoponpeH
3) AVMBUHUN

12. /3 NnpefnoXeHHOro nepeyHs BbibepuTe BelecTBa, C KOTOPbIMU MOXET B3aUMO/elicTBO-
BaTb MMULEPUH.

1) Bopga 4) rmagpokecng xenesa (lll)
2) rmgpokeng mean (I 5) asort
3) asoTHas KucnoTa

13. /13 npeaioXeHHOro nepeyHs BolGepuTe fBa BELLECTBA, C KOTOPLIMU MOXET B3aMMO[eii-
CTBOBATb AN3TUIAMMUH.

1) wnopgoBogopog 4) 6pomaTtaH
2) ©6eH3on 5) aHunuH
3) rmapokcna Kanus

14. YcTaHOBMTE COOTBETCTBME MEXAY Ha3BaHMEM BelLecTBa M OCHOBHbIM MPOAYKTOM €ro
HEerMosHOro rmapMpoBaHUs

HA3BAHWE BELWLECTBA MPOAYKT HEMONHOIO TMAPNPOBAHINSA
A) wu3ornpeH 1) neHTUH-1 4) 2-meTnnoéyTaH

B) AuBMHWUA 2) neHTeH-2 5) 2-meTnnbyTeH-2

B) nponwuH 3) 6yTeH-2 6) nponwuneH

I neHTagueH-1,3

A b B r

15. YcTaHOBUTE COOTBETCTBME MEXAY CXEMOW peakuMn 1 BEWECTBOM X, NMPUHUMaKOWMM B
Hen yyacTtue

CXEMA PEAKL NI BELWECTBO X
A) auetoH - n3omponaHon 1) H2504
B) staMon . aueTar Kanus 2) KMnO4(H2504)
B) artaHON X auertanbgerng 3) KMnO4 (KOH)
r X N 4) cuo
) ataHon AVN3TUNOBBLIN 3up

5) KOH

6) H2 (Pt)
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16. 3agaHa cnegylollas cxema npeBpalleHnin BeLeCTB:

CHXCI / AICI3 Y
X QH5CH3 ——- > C6HsCH2CI

OnpegennTe, KakMe U3 yKasaHHbIX BELLEeCTB SBAAKOTCA BellectBamu X u Y.

1) 6eH3on 3) xnopoBoAopoOA 5) xnop (FeCl3
2) xnopb6eH3on 4) xnop (ceer)

17. V13 npeiNoXeHHOro nepeyHs Bbi6epuTe BCE CYXAEHUS, KOTOPbIE CNpaBeavBbI ANS pe-
aKuumm:

4ANH3 + 502 = 4NO + 6H20 + Q

1) sABNsieTcA 3HAOTEPMUYECKON peakuuei

2) OTHOCUTCA K KaTaIMTUYECKUM peakuusim

3) OTHOCUTCA K OKUC/TUTENIbHO-BOCCTAHOBUTE/IbHLIM pPeakumsmM

4) noBbllIeHWE JaBNEeHNA YBENMYNBAET CKOPOCTb OKMUCNEHUS aMMMaK
5) NOHWXeHWe TeMnepaTypbl yBEMUYMBAET CKOPOCTb AaHHOW peakuun.

18. YcTaHOBUTE COOTBETCTBME MeXAYy YPaBHEHVMEM peakuun B MOHHOW hopMe W OKUCIU-
TeNIbHO-BOCCTAHOBUTE/IbHbIMM CBOCTBAMW MOHOB, KOTOPbIE OHU MPOSABASIOT B 3TUX PeaKLusXx.

YPABHEHUE PEAKLININ CBOWCTBA MIOHOB

A) Fe2++ 20H- = Fe(OH)2 1) nposBASAKT OKUCAUTENbHbIE CBOMCTBA

B) 2Fe2++ Cl2f 2Fe3++ 2ClI- 2) MpOosBASAOT BOCCTAHOBUTE/NbHbIE CBOMCTBA
B) Fe+ 2H+f Fe2++ H2 3) He NposBAAKT HU OKUCNTENbHbIX,

HN BOCCTAHOBUTE/IbHbIX CBOWCTB

19. YcTaHOBUTE COOTBETCTBME MeXAy POPMy/oil BellecTBa U NPOAyKTaMu 3/1eKTPOn3a Bo-
AHOrO pacTBOpa 3TOr0 BELLEeCTBA, KOTOPble BbIAENNANCH HA MHEPTHBIX 31€KTPOAaXx.

®OPMYNA BEWECTBA MPOAYKTbl 3NEKTPONTN3A
A) FeBr2 1

~

BOAOPOA W KUC/TOPOA

B) @O:q 2) MeTann u KUCNopof
B) Na2CO3 3) wmeTann, BOAOPOJ M KMC/IOPOA
4) meTann v ranoreH
5) MeTann, BOAOPOA U rasnoreH
A b B
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20. Ons BewiecTB, NPMBEAEHHbIX B NepeyHe, onpegenuTe cpeay UX BOAHbIX PacTBOPOB C
O[INHAKOBOW MONSIPHOM KOHLEeHTpaumer

1) xnopwupg Kanms 3) conaHasa Kucnorta
2) HUTPaT aMMOHMS 4) optogocdar HaTpus

3annwinte HomMepa BeLlecTB B NOpsAAKe BO3pacTtaHUA 3HauyeHUsa pH Mx BOAHbLIX pacTBOPOB.

21 YcTaHOBUTE COOTBETCTBME MeXAy CnocoO0M BO3AENCTBUS Ha PAaBHOBECHYK CUCTEMY,
B KOTOPOIi NpOTeKaeT peakuus

COx (eqH) + H20 (BH) HCO3 (eH) + OH (BgH) —Q,
M HanpaBNeHWEM CMELLEHMA PaBHOBECKSA MPU 3TOM BO3AECTBUU

CNOCOBblI BO3AEVNCTBUA HATMPABMEHWNE CMELWEHWA XUMWNYECKOIO
PABHOBECUA

A) BBefeHue KaTanmsatopa 1) B CTOPOHY NPOAYKTOB peakuunun

B) noBblWeHWe gaBneHus 2) B CTOPOHY UCXOAHbIX BELLECTB

B) pob6aBneHne pactBopa Lenoyun 3) NpaKTu4yeckn He cmellaeTcs

M noBblEHME TEMMEPATYpPbI

A b B r

22 YcTaHOBUTE COOTBETCTBME MeXAy ABYMS BellecTBamu, B3ATbIMW B BMAE BOAHbIX pac-
TBOPOB, U PEAKTUBOM, C NMOMOLLbI KOTOPOro MOXXHO Pas3/iMunTb 3TN BeLLecTBa

®OPMYJIbl BEWECTB PEATEHT

A) MgCI2 n Mg(NO3)2 1) NaBr (p-p) 4) NaOH (p-p)
B) Na2SO3u MgSO4 2) AgNO3 (p-p) 5) CH3CHO (p-p)
B) AICI3u CaCl2 3) Al203

M HCl u HNO3

A b B r

23. YcTaHOBUTE COOTBETCTBUE MEXAY CTPYKTYPHbLIM 3BEHOM MOMAMMEPA U Ha3BaHMEM 3TOro
nonnmepa
CTPYKTYPHOE 3BEHO HA3BAHWE MOJINMEPA
1) nonnatuneHTepedranar
2) noaAunponuieH
3) NPUPOAHbIA Kayuyk
4) 6yTagMeHOBbIN Kay4yk

5) heHoNndhopmanbgerngHas
cMmona
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24 . B Tabnuue npuBegeHa pacTBOPUMOCTb HUTpaTa Kanus (B rpammax conm Ha 100 r BoAbl)
npu pasnn4YHoi Temmneparype.

Temnepatypa, °C 10 20 30 40 60 80

PactBopuMOCTb, I Ha 100 r

21,2 31,6 46,0 61,3 106,2 166,6
BOZbI

Onpegennte, CKONbKO rpaMMOB HUTpaTta Kajiusa BbiMafeT B 0CafoK npu oxnaxgeHun 300 r
HacblweHHoro npu 60 °C pacteBopa Ao temneparypbl 20 °C. B oTBeTe 3anuwinTe YMcio ¢ T04-
HOCTbIO 1O LenbIX.

25. Onpegenunte TennoBoi agdekT (B KAX) peakyumu:
SO2(0 + 2H2S(0 = 37 povb,) + 2H20() + Q,

€CNN N3BECTHO, YTO Npu 06pa3oBaHMKM 8 T cepbl Bbigensetcs 12 k[pk aHeprumn. B oTBeTe 3anu-
LUNTE YMCNO C TOYHOCTbIO A0 LEeNbIX.

26. CoegnHeHune xnopa ¢ ochopom, cogepxatiee 1,204 « 102 aToMOB 3/1eMeEHTA B BbIC-
LUein CTeNeHN OKUCEeHWUS, MOMHOCTbIO MpopearnpoBano ¢ Bogol. Kakon 06bEM (B MUNAUAN-
Tpax) pacTtBopa rmgpokcmaa Kanmsa ¢ maccoBoin gonein 10% (nnoTHocTb pactBopa 1,07 r/mn)
Heob6Xxo4uM AN NOMHOW HelTpanmMsauum NOAyYeHHOro pacteopa? B oTBeTe 3anuwiunTe Yucio ¢
TOYHOCTbIO A0 AecATbIX

HacTb 2

Ona BbINOMHEHNS 3aAaHunii 27, 28 Ncnonb3yiiTe cneayroLniA nepeyeHb BeLWECTB: cepHas
Kucnota (pas6.), yKcycHasi KucnoTta, nepMaHraHar Kanus, HUTpaT altoMUHUA, cynbng Ha-
TpUS, cynb@uUT Kanbuusa. JonycTMMO MCNOMb30BaHMe BOAHbIX PAaCTBOPOB BELLECTB.

27. V13 npefnoXXeHHOro nepeyHsi Bbibepute BELLECTBA, MEXAY KOTOPbIMM BO3MOXHA OKMUC-
NNTENbHO-BOCCTaHOBUTE/IbHAA peakL s, KOTopas NpoTekaeT ¢ 06pa3oBaHMeM MPOCTOro BeLle-
CTBa. 3anuwunTe ypaBHeHMe 3TOI peakuumn. CoctaBbTe 3MEKTPOHHBIA 6anaHc, yKaxumTe OKUCIu-
TeNb 1 BOCCTAHOBUTEb.

28. V13 npegnoXXeHHOro nepeyHs BeLwecTB Bblbepute ABe CONU, MEXAY KOTOPbIMUA BO3MOX-
Ha peakuus MOHHOro o6bmeHa. 3anuwnTe MONEKYNAPHOE, NMOMIHOE U COKpaWEHHOE WMOHHOEe
YPaBHEHUST peakunmn C ydacTMeM BblOpaHHbIX BeELeCcTB

29. B peakTtope, 06b€m KoToporo 10 1, cMmewann 15 monb yrapHoro rasa 1 10 monb xnopa.
3BeCTHO, UTO K MOMEHTY YCTaHOB/IEHUA PaBHOBECUSA

COo(r) + C12r) ~ COoC12(r)

B peakuuto Bctynuno 80% Cl2. Onpeaennte KOHLUEHTPALUN BELECTB B paBHOBECHOW CMeCHU.

30. BogHblin pactBop cynbtata mean (Il) nogseprnn anekTponmsy. Ha ogHOM 13 31eKTPO-
[I0B BblAENUACS ras, B KOTOPOM COXINIM HaTpwuii. Hag nonyyeHHbIM TBEPAbIM BELLECTBOM MpPO-

nycTunn yrnekucnblii ra3. B pesynbtate peakummn obpasoBanocb TBEpPAOE BeLLECTBO, KOTOPOe
pacTBOpuAM B BoAe. Yepes NonyyeHHbI pacTBOP NPONyCTUAN N36bITOK okcuaa cepbl (V).
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HanuwwnTe ypaBHEHNS UYETbIPEX OMUCAHHBIX PeakLuii.
31. HanuwwTe ypaBHEHNS peakumii, C MOMOLLbIO KOTOPbIX MOXHO OCYLLEeCTBUTb

cnepytowne npespaLLeHus: NaOH, t Al NaOH D.D
C;H66C2)2f C7H5NO4 f X 1R--------mmooeem > C6H5NO2 a ~NaOHp P >

£4 xo —-BroBOA A S uNErs

Mpn HanucaHuUM ypaBHEHMI peakUWil yKasbiBaliTe NpenMMyLlLecCTBEHHO o6pasyroumecs npo-
[LYKTbl, UICNOb3YTE CTPYKTYPHbIE (hOPMY/ibl OPraHMYecKux BELLECTB.

32 Kap6oHaT mMarHusa Harpesajsn B TeYeHWEe HEKOTOPOro BpemMeHM MaccoBas 4015 aTOMOB
MarHmsa B NoJiyYeHHOM TBEpAOM ocTaTKe cocTaBuna 34,62% . 3TOT OCTaTOK MOSTHOCTLIO PacTBO-
punn B 200 r pa3baBneHHOW CepHOI KMCcNoThl. Mpn 3ToM o6pa3oBancs pacTBop maccoi 206 T.
BbigenuBlumniics B pesynbTaTe peakuuun ras nofHocTelo nornotmnm 112 r 5%-ro pacteopa ru-
Apokcuga kanusa BbluMcanTe MacCoOBYHO [O/H0 COMM B PacTBope, MoJiydMBLUEMCAH B pesysbrare
MOr/IOLWEeHNA ra3a PacTBOPOM LLLEN0YUM

B oTBeTe 3anuwinTe ypaBHEHUS peaKkLuuii, KOTopble yKa3aHbl B YCNOBMY 3ajadun, 1 npusegu-
Te BCe HeobGXoAMMble BblYUCNEHUS (YKa3blBalTe efuHULbI U3MEPEHUS UCKOMbIX (PU3UUYECKUX
BENNYNH)

33. bpomcojepxallee opraHMyeckoe BelwecTBO A pearvpyetr ¢ 6poMOBOAOPOAOM, Npu
aToM ob6pasyeTca coeauHeHue 6. BewiecTBO b COCTOUT M3 YeTbIPEX 3NEMEHTOB U COAEPXUT
(B npoueHTax no macce) 2,77% Bogopoda, 5,53% a3ota n 63,24% 6poma. /I3BeCTHO, 4TO B
MOJIeKyne BellecTBa A Bce aTOMbl yriepoja fBAAOTCA BTOPUYHLIMKU, aTOM OpoMa Makcumasb-
HO yJanéH oT atoma a3oTa.

Ha ocHOBaHWM JaHHbIX YCNOBUIA BbINOMHUTE clefylowne 3agaHus:

1) NMpoBeguTe HEO6GXOAUMbIE BblUMCIEHUA (YKa3biBalTe eQUHMULLbI N3MEPEHNSI NCKOMBbIX (PU-
3MYECKNX BENUYMH) W YyCTaHOBUTE MONEKYNSAPHYIO (hopmyny BewecTsa 6.

2) CoctaBbTe BO3MOXHYIO CTPYKTYPHYIO popmMyny BellecTBa 6, KOTopas OAHO3HA4YHO OTpa-
YKaeT nopsilok CBA3M aTOMOB B ero MOJieKysne.

3) Hanuwwute ypaBHeHNe peakuumn npeBpaweHns A B 6 (MCNOMb3yiATe CTPYKTYpPHbIe hOpMY-
Nbl OpraHNYecknx BeLLecTB)

4) BewectBO A pearvpyeT ¢ HATPUTOM HaTpuUs B NPUCYTCTBUN CONMSHOM KUCNOTbI. B pe3ynb-
TaTe peakunn Bblfensetca ra3 6e3 LBeTa W 3anaxa, a Takke obpasyeTcs opraHM4yeckoe coeiun-
HeHue B. PaccumTainTe maccy BeuwecTtBa B, o6pasytouieroca ns 17,2 r Bewecrtsa A, ecnm BbIXO4,
peakuun coctasnset 80%.

HacTb 3

34. B nATM NpoOHYMepOBaHHbLIX NPOGMPKax HAXOAATCA pPacTBOPLI Xnopuaa, cynbgara, Kap-
60oHaTa 1 (hochata HaTpus, a Takxke Boga. Npeanoxute cnocob onpeaeneHns BblAaHHbIX Be-
LLIECTB W OCYLLECTBMTE €ro Ha MNpakTuke. Y4YtuTe, uto Hambonee pauMOHaNbHbIM CMOCOGOM
peLleHus AaHHON 3aJaun SABASeTCs TOT, B KOTOPOM 3a[eiCTBOBAHO MUHMMANbHOE YNC/IO peak-
TMBOB. ONULINTE X0 WUccneaoBaHUsl, 06bACHUTE HabnoaeHus. OTBET NOATBEpAUTE MOJEKY-
NAPHLIMW N MOHHLIMW YPaBHEHUAMW OCYLLECTB/IEHHbIX pPeakuuii

35. lMonyunTe auetanbAern okucneHnem ataHona. MpoeeauTe He MeHee ABYX KauyecTBeH-
HbIX peakuuii, MoATBEPXAAKLWMX NPUHAANEXHOCTb NPOAYKTa peakumn K anbaerngam.

OnuwnTe xo[ CMHTE3a U uUccnefoBaHUs Npoaykta peakuun. O6bsicHUTe HabngeHus. OT-
BET NOATBEPANTE YPABHEHUAMU PEeaKLNiA.
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KBAHTOPMYM XUMUn

YacTb 2

[Ona BbINOMHEHWs 3afaHnii 27, 28 WUCNONb3yinTe cnedyloWMii NepeyeHb BELWECTB: CepHas
kucnota (pas6.), yKCycHas Kucnota, nepmaHraHar Kanms, HUTpaT altoMUHUS, cynbdung Ha-
TpuUs, cynb@uT Kanbuusa [JonycTMMO MCNONb30BaHME BOLHbLIX PaCTBOPOB BELLECTB

27. V13 npefnoXXeHHOro nepeyHsi Bbibepute BELWLECTBA, MEXAY KOTOPbIMM BO3MOXHA OKMUC-
NNTENbHO-BOCCTaHOBUTE/IbHAA peakLysa, KoTopas NpoTekaeT ¢ 06pa3oBaHMeM MPOCTOro BeLle-
cTBa 3anuwunTe ypaBHeHue 3Toi peakuum CocTaBbTe 3/EKTPOHHBI 6anaHc, yKaxuTe OKUCIn-
TeNb U BOCCTAHOBUTESb.

Copep)xaHne BEPHOTo OTBeTa M yKasaHWUs Mo OLeHMBaHUIO

bannel

(nponyckaroTca MHble HOPMYTMPOBKM OTBETA, HE MCKaXKatoLMe ero CMbIC/a)
BapuaHT oTtBeTa:
2KMnO4 + 5Na2S + 8H2S04 = 2MnSO4 + K2S0O4 + 5Na2S04 + 5S| + 8H20

2 Mn+7+ 5ef M2

58S-2-2f SO
Cynbmg HaTpusa (UK cepa B CTEMEHU OKUCIEHUSA -2) ABNSETCA BOCCTAaHOBUTENIEM.
MepMaHraHat Kanusi (WM MapraHeL, B CTEMEHU OKUCNEHUA +7) — OKUCIUTENeM
OTBeT NpaBU/bHbIA 1 NOMHBIA, COAEPXXUT CReaytoLLmne 3NeMeHTbI:
* BblOpaHbl BELLECTBA, M 3anmncaHoO ypaBHEHWNE OKUC/UTENbHO-BOCCTAHOBUTE/IbHON peak- 9
umn;
* COCTaB/IEH 3MIEKTPOHHLIA 6anaHc, ykasaHbl OKUCNUTENb Y BOCCTAHOBUTESb
MpaBubHO 3anMcaH OfuH 3/1IEMEHT OTBeTa 1
Bce anemeHTbI OTBETA 3anmcaHbl HEBEPHO 0

MakcmanbHbIi 6asn 2

28. VI3 NpefoXXeHHOro NepeYHsi BeLLecTB BbIGEPUTE ABE COMU, MEXAY KOTOPbIMU BO3MOXX-
Ha peakuuss MOHHOro obmeHa. 3anunte MOMEKYNsipHOe, MONHOE W COKpaléHHOe MOHHOoe
YPaBHEHUS peakLMmn C y4acTMeM BblOpPaHHbIX BELLECTB

Copep)xaHre BEPHOro OTBeTa M yKa3aHWUsl Mo OLeHMBaHUIO

bannel
(nponyckarotca nHble HOPMYIMPOBKM OTBETA, HE MCKaXKatoLLMe ero CMbIC/a)
BapuaHT oTBeTa:
2AI(NO3)3 + 3Na2S + 6 H20 = 2AI(OH)3 + 3H2S| + 6 NaNO3
2A13++ 6 NO3- + 6Na+ + 3S2- + 6 H20 = 2AI(OH)3 + 3H2S + 6 Na+ +6 NO3-
2A13+ + 352- + 6 H20 = 2AI(OH)3 + 3H2S
OTBET NpaBwU/bHbIA W NOMHBIA COAEPXXUT CreayoLMe 3N1EMEHTDI
* BblOpaHbl BELLECTBA U 3anMcaHO MOJEKYNSPHOE YpaBHEHME pPeakLuUn MOHHOTO ’
0b6MeHg;
* 3anmcaHbl MOMHOE M COKPALLEHHOE MOHHOE YPaBHEHMS peakuuii
MpaBWnNbHO 3anmncaH OuMH 3/IEMEHT OTBEeTa 1
Bce anemeHTbl OTBETA 3anmMcaHbl HEBEPHO 0
MakcuMaUibHbIA 6ain 2
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29. B peakTtope, 06bEm Kotoporo 10 51, cMmewann 15 monb yrapHoro rasa 1 10 monb xnopa.

N3BECTHO, YTO K MOMEHTY YCTAHOB/IEHUSI PaBHOBECUS

COD+ Cl2) ~ COCI2(

B peakuuto Bctynuno 80% Cl2. Onpegenute KOHLUEHTpaLMU BeLLecTB B paBHOBECHOW CMecH.

Copep)kaHve BEPHOro OTBeTa M yKa3aHWUsi Mo OLeHMBaHUIO

Bannbi

(monyckatoTcs UHble (hOPMYMPOBKM OTBETA, HE MCKaKatoLMe ero CMbIC/a)
BapwuaHT oTBeTa:
PaccunTtaHbl MCXOAHbIE KOHLEHTpaLUuM yrapHOro rasa v xjaopa:

r_- 15 monb

[CO)uex. = = 15 monb/n

10 n
PaccumTaHbl KOHLIEHTPaLMK BELLECTB B PaBHOBECHOI CMECHU:
[CO]pasv. = 1,5 Mmonb/n —0,8 monb/n = 0,7 monb/n
[CI2] pass. = 1,0 MONb/N — 0,8 monb/n = 0,2 monb/n
[COCIZ]paBH. = 0,8 MOI'Ib/J'I
OTBeT NpaBu/bHBIA 1 NOMHbIIA: )
* paccumMTaHbl paBHOBECHbIE KOHLIEHTpaLMK X/10pa, YrapHOro rasa v ocreHa
MpaBunIbHO 3anucaH OAUH 31EMEHT OTBeTa 1
Bce anemeHTbI OTBETA 3anmcaHbl HEBEPHO 0
MakcmasibHbIi 6asn 2

30. BoaHbln pacTBOp cynbthata meam (II) nogBepran anekTponusy. Ha ogHOM U3 3/1€KTPO-
[lOB BbleNuacs ras, B KOTOPOM COXIM HaTpuii. Hag nonydeHHbIM TBEPALIM BeLLECTBOM MNpPO-
nycTUAn yrnekucnblii ra3. B pesynbtate peakuumn obpasoBanocb TBEpAOE BeLLECTBO, KOTOpPOe

pacTBopuau B Bofe. Yepes nosyyeHHbI pacTBOP NPONyCcTUAN N36bITOK okcuaa cepbl (1V).
Hanuwunrte ypaBHEHUS YeTbIPEX ONUCAHHbIX peakLnii.

Copep)xaHve BEPHOro OTBeTa M yKasaHWUs Mo OLeHMBaHUIO

Bannel

(ponyckatoTcs MHble HOPMYNMPOBKN OTBETA, HE MCKabKatoLLME Eero CMbICNa)
BapwuaHT oTtBeTa:
1) 2CuSO4 + 2H20 = 2Cu + 2H2504 + O2t (3neKTponms)
2) 02 + 2Na = Na202
3) 2Na202 + 2C0O2 = 02t + 2Na2CO3
4) Na2CO3 + SO2 + H20 = 2NaHS03
MpaBunIbHO 3anmMcaHbl YeTbIpe YPaBHEHUST peakumii 4
MpaBWbHO 3anucaHbl TPU YPaBHEHWS peakLmii 3
MpaBuIbHO 3anucaHbl ABa ypPaBHEHWST peakumii 2
MpaBWbHO 3anncaHoO O4HO YpPaBHEHWE peakuum 1
Bce ypaBHeHUs peakupii 3anmcaHbl HEBEPHO 0

MakcmanbHbIi 6ann 4

B copeprkaHue
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KBAHIO PUMNYM XUMMUA

31. HanuwwuTe ypaBHEHUS peakuuil, C NOMOLLbID KOTOPbIX MOXHO OCYLWLECTBUTbL Cleayto-
Lme npeBpaLleHus: NaOH, t Al, NaOH p-p
C7HeO2 f C7H5NO4 f X, -—---—mmmmmmme- > C6H5NO2

Br2 BogH. p-
fx2 g P2A PP ceHanBra

Mpy HanucaHuy ypaBHEHWIA peakuuii yKasbiBaliTe NpenmMyLLecTBEHHO o6pasytouimecs nNpo-
AYKTbl, UCNONb3YliTe CTPYKTYPHbIe (POPMY/ibl OPraHNYecKnX BeLLecTB.

Copep)xaHre BEPHOTo OTBeTa M yKasaHWUs Mo OLeHMBaHUIO

Bannbl
(ponyckatoTca UHbIe (hOPMYNMPOBKN OTBETA, HE MCKavKatoLMe ero CMbIC/a)

BapuaHT oTtBeTa:
O O

OH bS04 OH
1) | HNO3 — f——o > + 1bO

NO,

MpaBWALHO 3anMcaHbl MSATb YPaBHEHWIA peakLmii

MpaBubHO 3anncaHbl YeTbipe YpaBHEHMSA peakLuuii
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XNMUA KBAHTOPUMMY M

MNpopgonkeHne
Copep)xaHne BepHOro oTBeTa M yKasaHUs MO OLEHUBAHUIO B asiibl
(mnonyckatoTcs MHble hOPMYIMPOBKX OTBETA, HE UCKaXKatOLLIME ero CMbICNa)

MpaBUNbLHO 3anncaHbl TP YPaBHEHUA peakuuii 3
MpaBUNbLHO 3anuncaHbl ABa YypPaBHEHUS peakuuii 2
MpaBubHO 3anNMcaHO OAHO YpaBHEHME peakuuu 1
Bce ypaBHeHUA peakuUWit 3anncaHbl HEBEPHO 0

MakcumanbHbIA 6ann 5

32. KapboHaTt MarHusa HarpeBasu B TedeHWe HEKOTOPOro BpeMeHu. MaccoBasi 015 aTOMOB
MarHusa B Nosy4eHHOM TBEpPAOM ocTaTke coctaBuna 34,62% . 3TOT OCTATOK MOSIHOCTbIO PacTBO-
pvunn B 200 r pa3baBneHHOW CepHOI K1CcNoTobl. Mpn 3ToM 06pa3oBancs pacTBop maccoi 206 T.
BbigenuBLMiAcS B pesynbTaTe peakuuun ra3 MnofiHocTbio nornotmam 112 r 5%-ro pacteopa ru-
ApoKcMAa Kanus Bblumcnnte MaccoBYHO OO CONM B pacTBOpe, MOMyYMBLUEMCS B pe3yfbTare
NOrnoLWeHUs raza pacTBOPOM LLeo4n

B oTBETE 3anuwInNTe YypaBHEHUS peaKkuuii, KOTOpble yKa3aHbl B YCIOBMW 3a4audun, 1 npueegu-
Te BCE HEOOXOAMMbIE BblUYUCIEHMA (yKa3biBalTe eguHMLbl U3MEPEHUS MCKOMbIX PU3NYECKUX
BE/IMYNH)

Copiep)KaHne BEPHOro OTBeTa M yKa3aHUsA Mo OLLeHMBAHWUIO

Bannbi
(monyckarotca MHble HOPMYIMPOBKM OTBETA, HE MCKaKatoLMe ero CMbIC/a)

BapuvaHT oTBeTa

3anuncaHbl ypaBHEHUA peakLnii:

[1] MgCO3 = MgO + CO2

MgCO3 + 2HCI = MgCI2 + CO2 + H20

[3] MgO + 2HCI = MgCI2 + H20

[4] CO2 + KOH = KHCO3

PaccumTaHbl KONMYECTBa BELLECTB peareHTOB M MacChbl MPOAYKTOB peakLunii:
OT1(p-pa) = 206 —200 =6 T

lMycTb B TBEPAOM OCTaTKe

n(MgO) = X MO/b

n(MgCO3 = y Mo,

Torga

OT1(p-pa) = 40x + 84y —44y =6 T

©(Mg) = 24(x + y) / (40x + 84y) = 0,3462
n(MgO) = x = 0,05 mosb

n(MgCO3 =y = 0,1 monb

n(CO2 = n(MgCO3 = 0,1 monb

m(CO2) =0,1 44 =44

m(KOH) = 112+0,05 =56 T

n(KOH) =56 / 56 = 0,1 monb

n(KHCOJ = n(KOH) = 0,1 monb

m(KHCO3 =01 «100 = 10r

BbluncneHa maccoBas gons conv B pacTBOpe:
m~-pa) = 112+ 4,4 = 1164 r

®KHCO3 = 10/ 1164 = 0,086, nim 8,6%
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KBAHTOPMMYM XNMUn4

lNpogonkeHne

Copep)kaHne BepHOro oTBeTa M yKasaHWUsi Mo OLLEHMBaHUIO

Bannbi
(ponyckatoTcsa MHble (HOPMYNMPOBKX OTBETA, HE MCKadKatoLLIME ero CMbICNa)

OTBET NpPaBW/bHbIV U MOJHbIA, COAEPXUT Cnefytowme 3NeMeHTbl:

* MPaBW/IbHO 3anncaHbl ypaBHEHNS peakLnii, COOTBETCTBYOLLMX YCNOBUIO 3aaHWS;
 NPaBUIbLHO NPOWU3BEAEHbI BbIYMCIEHUS, B KOTOPbIX UCMONbL3YHOTCA HEO06XxoamM-
Mble (hM3nYeckne BeNNYMHbI, 3aaHHble B YCNOBUWN 3afaHus;

e NPOAEMOHCTPMPOBAHA NOTMYECKM 060CHOBaHHas B3aMMOCBSA3b (HU3UYECKUX
BE/IMYMH, HA OCHOBAHMM KOTOPbIX MPOBOAATCS PacyéThl;

* B COOTBETCTBMN C yCnoBUeEM 3afaHNA ornpeaeneHa nckomasa d)l/l3|/|‘-IeCKaF| BE-
INYnNHa

MpaBuUnbHO 3anucaHbl TPU 3N1EMeHTa OTBeTa
MpaBWnbHO 3anucaHbl ABa 3/IEMEHTa OTBETA
MpaBWnbHO 3anucaH O4MH 31IEMEHT OTBeTa

Bce anemeHTbl OTBEeTa 3anmMcaHbl HEBEPHO

A O = M W

MakcumanbHbIn 6ann

33. bpomcojepxallee opraHMyeckoe BelecTBO A pearvpyetr ¢ 6poMOBOAOPOAOM, Npu
aTom ob6pa3syeTca coefuHeHue 6. Bew,ecTBO b COCTOUT M3 YETbIPEX 3/IEMEHTOB U COLEPXKUT
(B npoueHTax no macce) 2,77% Bogopoda, 5,53% a3ota n 63,24% 6poma. /I3BeCTHO, 4TO B
MOJIeKyne BellecTBa A BCe aTOMbl yrnepoja fBAAOTCA BTOPUYHLIMKU, aTOM O6poMa MaKcumasb-
HO yAanéH oT atoma a3oTa.

Ha ocHOBaHWM JaHHbIX YCNOBUIA BbIMNOMHWTE cnefylolne 3agaHus.

1) NpoBeauTe HEOOGXOAUMbIE BbIUMCIEHUA (YKa3blBailTe eAUHMULLbI N3MEPEHNSI NCKOMBbIX (PU-
3UNYECKUX BE/IMYMH) U YCTAHOBUTE MONEKYNSAPHYO (hopmMmyny BewecTea 6.

2) CoctaBbTe BO3MOXHYIO CTPYKTYPHYIO popmMyny BellecTBa 6, KOTopas OfAHO3HA4YHO OTpa-
KaeT NopsiloK CBSA3M aTOMOB B €r0 MOJEKY/e.

3) Hanuwwnte ypaBHeHNe peakuumn npeBpaweHns A B 6 (MCNOMb3yiiTe CTPYKTYPHbIe hOpPMY-
Nbl OpraHNYeckKnx BeLLecTB)

4) BewectBo A pearvpyeT ¢ HATPUTOM HaTpus B NPUCYTCTBUU CONMSHOM KUCNOTbI. B pe3ynb-
TaTe peakunn BblfenseTca ra3 6e3 LBeTa W 3anaxa, a Takke ob6pasyeTcs opraHM4eckoe coeiun-
HeHne B. PaccumTainTe maccy BewecTtBa B, o6pasytouieroca ns 17,2 r Bewecrtsa A, ecim BbIXO4,
peakumn coctaensget 80%

Copep)kaHne BepHOro oTBeTa M yKa3aHUs Mo OLEeHMBaHUIO

Bannbl
(ponyckatoTca UHble HOPMYNMPOBKX OTBETA, HE MCKabKatoLLe ero CMbIC/a)

BapuaHT oTBeTa

MpoBefeHbl HEO6XOANMbIE BbIYMCIEHMA W HalgeHa MONekKynsapHas dopmMyna

BellecTBa 6:

6 — CxHyNzBr,

Myctb T(6) = 100 r, Torga

m(C) = 100 - 2,77 - 553 - 63,24 = 2846 T

28,46 2,77 553 63,24
2 1 14 @ 80

=237 :277:0395:0791 =6:7:1:2

X nm:z k=

MonekynsipHas gpopmyna 6 — C6H7NBr2
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XNMUn4A KBAHTOPUMMY M

MNpopgonkeHne

Copep>kaHne BepHOro oTBeTa M yKasaHUs Mo OLEeHMBaHUIO

Bannbi
(ponyckatoTcs UHble HOPMYNMPOBKN OTBETA, HE MCKadKatoLLME ero CMbICNa)

MpuBeaeHa CTPYKTYpHas popmyna Bellectsa 6:

CocTaBNeHO ypaBHEHME peakumn A ¢ 6pOMOBOLOPOLOM:

PaccumnTtaHa macca Bellectsa B:

NH-> Oil

+ NaNO, + HC'1 + NaCl + N- H?()

B
Br A Br
17,2
m(B) = 179 0,8 «173 = 1384 T

OTBeT NPaBW/IbHbIA U MOMHbIA COAEPXUT CNeaytoLMe 3NEMEHTbI:

* MPaBUIbHO NPOU3BEAEHbI BbIYMCIEHUS, HEOGXOANMbIE AN YCTAHOBNEHUS MO-
NeKynspHoi opmynbl BELWECTBA, U 3anucaHa MosekynsipHas hopmyna Belle-
CcTBa;

* 3anucaHa CTPYKTypHas (hopmyna OpraHMYeckoro BellecTBa, KOTopas oTpa-
KaeT MOpsAOK CBS3W, B3aMMHOE pPacrnosioXXeHue 3amecTuteneii n yHKUMO-
Ha/lbHbIX TPYNN B MONEKY/Ee B COOTBETCTBUMN C YCIOBUEM 3aJaHUSA;

* C CNO/b30BaHMEM CTPYKTYPHOW (hOpMy/ibl OpraHMYecKkoro BelecTsa 3anuca-
HO ypaBHEHME peakuuMun, Ha KOTOPYH JaETcs yKasaHue BYCNOBUM 3afaHus;

e paccumTaHa Macca o6pasoBaBLIerocsi Bellectsa B

MpaBunbLHO 3anmncaHbl TPU 3N1eMeHTa OTBeTa
MpaBuibLHO 3anncaHbl ABa 3/1eMeHTa OTBeTa

MpaBWIbHO 3anucaH OAWH 371EMEHT OTBETA

O = N W

Bce anemMeHTbl OTBEeTa 3anmMcaHbl HEBEPHO

N

MakcumMmanbHbIA 6ann
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KBAHTOPMYM

YacTb 3

XN MMWUMA

34. B naTM NpOHYMepoOBaHHbIX NPO6GUpPKax HaxXo4AaATCA pacTBOpPbLI xfopuaa, cynbgara, Kap-
6oHaTa M (pocata HaTpusa, a Takke Boga. lNpegnoxute cnocob onpefeneHns BblAaHHbIX
BELLEeCTB U OCYLLecTBUTE ero Ha npakTuke. YUYTuTe, 4TO Hanmbonee pauuoOHaibHbIM CNOCO60M
peweHns faHHOW 3ajayn iBAseTCs TOT, B KOTOPOM 334eACTBOBAaHO MUHMUMa/IbHOE YUCN0 peak-
TMBOB. ONuwNTe XOA4 MccnefoBaHus, 06bsAcHUTE HabnwaeHus. OTBET MOATBEPAUTE MOJIEKY-
NAPHBLIMUA N NOHHBIMW YPAaBHEHUAMMW OCYLLECTBAEHHbIX peakuuii

JonyckalTca MHble pelleHns aKCnepuMeHTabHOW 3afiaun, He nckaxatouime eé cMmbicna

Onpepensemble
NN\/\BellecTBa
4 NacCl
PeakTtunBbl
ConsaHas N3meHe-
Kucnota HUA HeT
PactBop
ocTasncs
deHoNndTanemnH
6ecuyBeT-
HbIM
PactBop xnopu- N3meHe-
Aa 6apwus HWIA HeT
Boinagaet
TBOPOXMUC-
PacTtBop HuTpaTta ThIiA
cepebpa ocajgok
6enoro
uBerta

Na2504

N3meHe-
HUIA HeT

PacTtBOp
ocrtasncs
becuBerT-
HbIM

Boinagaet
ocafok
6enoro
uBeTa

Na2CO3 Na3PO4 H20
bypHoe
Bblgene-
Hue rasa N3meHe- N3meHe-
6e3 uyBeta HUA HeT HWIA HeT
n 6e3 3a-
naxa
NHanka-
A PactBop
TOp npu-
ocTasncs
HSAN Manu-
6ecuyBert-
HOBYIO
HbIM
OKpacky
N3meHe-
HWUIA HeT
N3meHe-
HUA HeT

OTBeT NPaBW/IbHbIA U MOMHbI COAEPXUT CNeAYOLNE 3NEMEHTDI:

* NPeAsIoXeH ONTUMasbHbIA MNaH pacno3HaBaHUs BblJaHHbIX BELLECTB;
e NNlaH peann3oBaH Ha NPaKTUKe, BEPHO OMpejeneHbl BCce NATb BELWLECTB;
e OMuUcaH xop nuccnenoBaHus, 06bscCHeHbl HabtogaeMble U3MEHEHUS,

* BEPHO 3anucaHbl ypaBHEHUSA PeakLuuii.

MakcumasbHblii 6ann 4

35. MNonyunte auetanbperny OKUCNEHMEM 3TaHoNa. [1poBeauTe He MeHee 4BYX KauyeCTBEH-
HbIX peakuuii, noaTBepPXKAALWNX NPUHAANEXHOCTL MPOAYKTa peakumMn K anbaerniam.

OonuwnTe X0 cuHTEe3a N UccnefoBaHUsa Npoaykra peakuumn. O6bACHUTE HabnwaeHnsa. OT-
BET NOATBEPANUTE YPABHEHUAMU peakLuii.

40

B copeprxkaHue



XNMun4 KBAHTOPUMMY M

[lonycKaroTCs MHble pelleHunst IKCNepUMeHTalbHOM 3afaun, He MCKaxKaloLme eé cMbicna

H3C-CH2-OH + CuO

OTBET NPaBW/IbHbIA 1 NOJHbIA COAEPXMUT CNeAyoLNe 31EMEHTbI:

e Npen/ioXKeH ONTUMasbHbIN NiaH cuHTe3a aueTanbaerna;

e MlaH peann30BaH Ha NPaKTMKe, C MNOAyYeHHbIM NPOAYKTOM MPOBEAEHbl ABE KaYeCTBEHHbIE
peakumMn Ha anbgerngbl (peakuusa «cepebpsiHOro 3epkana», peakums BOCCTAHOB/IEHUS CBEXe-
ocaxaéHHoro rugpokcuga megu (1) nam peakums ¢ GyKCUHCEPHUCTON KUCMOTOM);

e OMucCaH XO4 CUHTE3a, 06BbACHEHbI HabNoAaeMble U3MEHEHNS;

e BEPHO 3anuncaHbl ypaBHEHUS peakLuii.

MakcumanbHbIin 6ann 4
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anHexdalroo g

Ne

T
n/n emMa

TemaTmnyeckoe niaaHMpoBsaHue

Copep>kaHue

1. MeToabl HaAyYHOTO MO3HaHUA

1. Xnmunyeckoe no-
3HaHWe 1 ero me-
TOA4bl. IKCNepu-
MeHT — BeayLniA
METO/, Hay4YHOro
NO3HaHUA OKpY>Ka-
oLero mMvpa

2. KauectBeHHOE
onpepeneHne
yrnepopa, Bo4opo-
Ja nxnopa B opra-
HUYEeCKUX BeLLe-
cTBax

2. OpraHunyeckasa xmmusa

3. MonyyeHve atune-
Ha 1 n3y4eHne ero
CBOWACTB

JNabopaTtopHbIii ONbIT
«JKCnepnMeHTasibHas npo-
Bepka rmnoresbl.Onpege-
NeHne cofepkaHns kapbo-
HaTa Ka/lbLsl B pa3/inyHbIX
obbeKTax»

MpakTnyeckoe 3aHATUNE
«OnpepeneHne KayectBeH-
HOro coctaea opraHuye-
CKOro BeLLlecTBa»

JNabopaTtopHbIii ONbIT
«B3anmoaencTeme aTuneHa
C pacTBOPOM NepMaHraHa-
Ta Kanms»

LleneBasi ycTaHOBKa ypoka

3HaTb MeToAbl Hay4yHOro
MO3HaHus.

lNoHMmaTb B3aMMOCBA3b
MEeTO0B Hay4yHOro no3Ha-
HUA.,

YMeTb pasnuyarb TeopeTn-
Yeckme U aKcnepuMeHTaslb-
Hble MeToAbl UccnefoBa-
HWS

YMeTb pasnnyarb Teopetu-
Yeckue 1 sKCnepuMeHTab-
Hble MeTOAb! MccnefoBa-
HUA.

YMeTb peann3oBbiBaTh
nniaH aKcrnepyMeHTa/IbHOM
NPOBEPKU TMMNOTE3bI, UH-
TepnpeTnpoBatb pesysbra-
Tbl 3KCNEPUMEHTA/ILHOTO
nccnenoBaHuna

3HaTb CBOICTBA 3TUEHA.
BbISIBNATb YYe6HY0 NpPo-
6nemy, npegnaratb eé BO3-
MOXHO€e 06BbACHEHME, NPO
BEPATb BblABMHYTOE Mpes-
NOJIOXXEHMNE IKCMEPUMEH-
Ta/lbHO

MnaHupyeMble pe3y/bTathbl

YmeTb (hopmynnpoBatb rmno-
Tesy, paspabarbiBaTb NjaH eé
3KCNepUMEHTa/IbHO NpoBep-
K.

YMeTb MHTEPNpeTMpOoBaTb pe-
3yNbTaTbl 3KCNEPUMEHTa/IbHO-
ro uccnegoBaHusi, opmynn-
poBaThb BbIBOAbI

YMeTb 3KcnepuMeHTalbHO
[lOKa3blBaTb 3M1EMEHTHbIN CO-
CTaB MCCNeayemoro BeLlecTBa
Ha OCHOBaHMM Ka4eCTBEHHbIX
peakupii

YMeTb nonyyatb 3TUIeH aern-
JpaTauueil aTaHona,aKcne-
PVYMEHTa/IbHO [OKa3blBaTb
NPVHAA/IEXHOCTb 3TUIEHA K
HenpeaenbHbIM COeAVHEHMSM

cnonb3oBaHue
ob6opypoBaHus

JlabopatopHsble
BECbl, Harpesa-
TeNbHas NAnTKa

Jatuuk Temnepa-
Typbl TepMonap-
HbIIA, CMNPTOBKA

Jatumk pH, cnup-
TOBKa
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MonyyeHve aueTn-
JleHa 1 usyyeHve
€ero CBOICTB

VccnepoBsaHne
(hr3nYECKnxX CBON-
cTBa CNMpTOB

MonyyeHve anbae-
rMaoB

XvMmnyeckre cBon-
cTBa (heHona

JNabopaTtopHbIii ONbIT
«B3anmogeincTeue auetu-
NeHa C pacTBOpOM nep-
MaHraHaTa Kaams»

OnbIT «CpaBHEHME TEMIMe-
patypbl KUNEeHUA OfHO-
aTOMHbIX CMINPTOBY.

OnbIT «CpaBHEHME TeMMe-
partyp KuneHus n3ome-
poB».

OnbIT «/3yyeHre ncnape-
HUS OpraHNYecKunx Be-
LLlecTB»

JNabopatopHbIii onbIT «Te-
N0BOI ahheKT peakumm
OKMCNEHUSA 3TaHONa»

JlabopatopHbIii ONbIT
«BnnsiHMe HUTpOrpynn Ha
KWCNOTHbIE CBOICTBA (he-
Hona»

3HaTb CBOICTBA aleTUIeHa

3Hatb (hr3nyeckmne CBOW-
cTBa NpefesbHbIX 0gHOa-
TOMHbIX CMMPTOB.

YMEeTb BbISBNISATb U 06BSAC-
HSATb 3aBUCUMOCTb CBOIACTB
CMUPTOB OT NX XMMUYECKO-
o CTPOEHMSs

3HaTb CNocobbl NONyYeHs
anbaernaos

3HaTb XMMUYECKNE CBOI-
cTBa (heHoNa. YMeTb cpas-
HWBaTb KWUC/OTHbIE CBOMA-
cTBa CNUPTOB, (heHOMOB "
NX NPOWN3BOAHBIX

YMeTb nonyyarb aueTuieH
KapouaHbIM cnocobom, 3KC-
NeprMeHTa/IbHO [4OKa3bIBaTb
NPUHAAIEXHOCTL aleTuieHa
K HenpeaenbHbIM CoeVHEHU-
AM

Hayuutbcst onpefenats Tem-
neparypb! KUMeHUs CNpPTOB,
npUHagIexxawmx K ofHoMy
rOMO/IOrMYECKOMY psify.
O6BACHATL 3aBUCMMOCTL TEM-
neparypb! KUMEHWs1 CNMPTOB
OT yKc/a aToMOB Yyriepoja B
MOsieKyne, OT CTPOeHMs yrie-
poAHOro ckeneta Ans U3ome-
pos.

O6BbACHATL U3MEHEHWE TEM-
neparypbl Mpu McrnapeHun
cnupTa, 3hmpa 1 XXKNLKoro
anKaHa

Hayuutbcst onpepensts Te-
NoBOI ahheKT peakumm
OKMCNEHNA 3TaHONa KUCo-
pofoM BO3Aayxa

HayunTbCcst aKCnepuMeHTab-
HO CpaBHMBATb KUC/OTHbIE
CBOIACTBA BELLECTB N 0OBSC-
HSITb HAaONOAAEMbIE pa3nn-
ums

Jatunk pH

Jatuvkn Temne-
patypbl (TepMO-
Pe3nNCTOPHBIA 1

TepMOnNapHbIi),

6aHs KOMOUHU-

poBaHHasi nabo-
patopHas

Mpwbop ans
OKMCNEHNA cnup-
Ta Hag MedHbIM
KaTasnm3aTtopom,
BbICOKOTEMMEPA-
TYPHbIA AaTunkK
(Tepmonapa)

Jatunk pH
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Ne
n/n

10.

11.

Tema

du3nyeckne cBoii-
cTBa KapbOHOBbIX
Kucnot

XMUYeCKne CBOW-
cTBa KapbOHOBbIX
Kucnot

OtgenbHble npeg-
cTaBuTenn kap6o-
HOBbIX KMCNOT

CBoiicTBa CNOX-
HbIX 3hMpoB

Copep>kaHue

JNabopaTtopHbIii ONbIT
«CpaBHeHuWe Temneparyp
NnaBneHns Luc- U TpaHc-
N30MEpPOB».
NabopatopHbIiA ONbIT
«OnpegeneHne Temnepary-
pbl MNaBNEHNS CTeapUHO-
BOV M Na/IbMUTUHOBOW KUC-
not»

JlabopatopHbIii ONbIT
«OnpegeneHne anekTpo-
NpPOBOAHOCTM 1 pH pacTBo-
pa YKCYCHOW KMUCNOTbI»,
JlabopatopHbIii onbIT «l13-
yyeHue Ccuibl O4HOOCHOB-
HbIX KAPOGOHOBbIX KMACMOT»

NabopatopHbIiA OnbIT
«Pacno3HaBaHvie pacTBo-
OB OpPraHNYeCcKmnX Kuc-
NnoT»

JNa6opatopHbliii onbIT «LLe-
JIOYHOW rMApPONn3 aTuna-
ueTara»

Kon-Bo

efieBasd yCTaHOBKa OoKa
H y yp yacos

3HaTb (m3n4veckme CBOI- 1
CTBa KapOOHOBLIX KMC/OT.
O6BACHATL 3aBUCUMOCTb
Temneparyp MniaBneHus
KapOOHOBbLIX KUC/OT OT KX
XMMMWYECKOro CTPOEeHUS

3HaTb XMMUYECKNE CBOWA- 1
CTBa KapbOHOBLIX KMCMOT.
O6BACHATL 3aBUCKMMOCTb
KMCNOTHbIX CBOWCTB Kapb6o-
HOBbIX KMCMOT OT UX XMMMU-
YECKOro CTPOeHUs

3HaTb CBOWCTBA OTAENbHbIX 1
npeacraButeneii KapboHO-

BbIX KUCNOT. O6bACHATb
3aBMCUMOCTb WX CBOWCTB

OT XMMUYECKOTO CTPOEHMS

3HaTb CBOICTBA CNOXHbIX 1
ahnpoB. O6BACHATL Ha-
NPaBNeHHOCTb peakupii rm-
[p0Onun3a CNoXHbIX 3(hMpPOB

MnaHupyeMble pe3y/bTathbl

HayunTtbcsi akcnepumeHTasib-
HO cpaBHWBaTb TeMMepaTypbl
nna.neHns KapboHOBbIX KKC-
NOT M 06BACHATL Habndae-
Mble pa3nnuus.onpegennTb
Temneparypbl NnaBieHns cre-
apVHOBOI 1 NaNbMUTUHOBO
KWCNOT; YCTaHOBUTb, MOXXHO
NN MCNOMb30BaTh JaHHbIV No-
Kazarenb (Temneparypy nnas-
NeHns) ana naeHTuhuKauum
3TUX KUCNoT

WHTepnpeTpoBatb pesynbTa-
Tbl UI3MEPEHUIA PH 1 aneKTPO-
NPOBOAHOCTM PacTBOPOB, Ae-
natb BbIBOAbI O CUie uccne-
[lyeMblIX 3N1eKTPONNTOB, B
4acTHOCTM O cufle KapboHo-
BbIX KUCNOT

M3meputb pH BblgaHHbLIX pac-
TBOPOB OPraHn4ecKmx Kuc-
JIOT, HA OCHOBAHUW MOJTyYEH-
HbIX Pe3ynbTaTtoB UAEHTU(DN-
LMpoBaTb 6EH30IiHYO,
Ca/IMUNIIOBYIO W LLIABENIEBYHO
KUC/OTbI

Monyuntb aKkcrnepuMeHTasb-
Hble JaHHble O 3aBUCMMOCTU
pH pactBopa Llenoun ot Bpe-
MeHU B npoLiecce rnaponmnsa

MpogomkeHne

cnonb3oBaHue
ob6opynoBaHus

Jatuuk Temnepa-

Typb! (Tepmope-
3UCTOPHBIIA)

Jatunk pH, pat-
YUK 3NEKTPONPO-
BOJHOCTU

Jaruuvk pH

Jatumk pH
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12.

13

14

15

CsolicTBa npe-
JenbHbIX aM1NHOB

CBoiicTBa apoma-
TUYECKMX aMMHOB

CBoWicTBa aMMHO-

KNcnot

VccnepnoBaHne
CBOICTB MN1acTMacc

JNabopatopHbIiA OnbIT
«CpaBHeHMe OCHOBHbIX
CBOICTB aMMuaKa 1 MeTu-
NamuHa»

JlabopatopHbIii onbIT «l13-
y4eHMe OCHOBHbIX CBOWCTB
aHUMHa»

JlabopaTtopHbIii ONbIT
«OnpegeneHve cpedbl
pacTBOPOB aMUHOKUCIOT».
JlabopatopHbIii ONbIT
«KunCnoTHble cBoiicTBa
aMVHOKUCOT»

JlabopatopHbIii ONbIT
«OnpegeneHve temrnepa-
TYp pasmardyeHus rnonmme-
poB»

B KWC/MOW U LLIENOYHOI cpe-
fax

3HaTb CBOWCTBaA npefenb-
HbIX aMUHOB. YMeTb CcpaB-
HMBaTb CBOICTBA aMUHOB
CO CBOWCTBaMM amMMIMaKa

3HaTb CBOIiCTBa apomMaTu-
YeCKMX aMUHOB. YMEeTb
CpaBHMBaTb CBOIiCTBA apo-
MaTUYECKMX M NpeaenbHbIX
aMMHOB CO CBOWCTBaMU
aMmmuaka

3HaTb CBOWCTBA aMUHOKWC-
NoT. YMEeTb 06BbACHATL 3a-
BUCMMOCTb CBOMCTB aMu-
HOKWC/NOT OT MX CTPOEHUs

3HaTb cocTaB, CTPOEHUE U
CBOIACTBA CMHTETUNYECKUX
nosMvepoB

CNoXkHoro agmpa. O6bACHUTL
NO/y4YeHHble pe3y/bTarthbl

M3yunTb OCHOBHbIE CBOMCTBA
npefenbHbIX aMVUHOB. YMETb
00BACHATL pe3ynbTatbl N3me-
peHuns pH pacTBopoB amMmmua-
Ka 1 npegesbHbIX aM1HOB

V3yunTb OCHOBHbIE CBOWCTBA
aHWIMHa, YMEeTb 0O6bACHATb
pesynbTatbl n3mepeHua pH
pacTBOPOB COME aMMOHWS,
npegenbHbIX U apomaTnye-
CKNX aMMHOB

3KcnepnMeHTaIbHO onpese-
nTb pH pacTBOPOB aMUHO-
Kucnot. Viccneposatb B3au-
MOZENCTBME a-aMUHOKMCNIOT
C COEMHEHVAMWN Mean W UWH-
Ka. Ha ocHoBaHWKM nosnyyeH-
HbIX 3KCMepUMEHTa/IbHbIX
[JaHHbIX YCTAHOBUTbL 3aBUCU-
MOCTW KMC/TOTHO-OCHOBHbIX
CBOWCTB @MUHOKMCIOT OT UX
XMIMNYECKOro CTPOeHUs

HayumnTtbcsa aKkcnepuMeHTaslb-
HO OMNpPeAensTb KONNYECTBEH-
Hble XapaKTEPUCTUKM NOMN-
MEepOB, XapaKTepPU3YHOLLMX MX
3KCMN/lyaTaLUMOHHbIE CBOIACTBA,
B YaCTHOCTM TeMMepaTypbl
pasMsiryeHmns

X
5
3
5
aa

Jatunk pH

Jatumk pH

Jatunk pH, pat-

UMK 3/IEKTPONPO-

BOAHOCTU
*
LLI
>

Jatuuk Temnepa- |

Typbl (Tepmonap- y

HblIA) ]
"
X
1C
|
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Ne
n/n

Tema

3. O6waa xumuna

16.

17.

18.

19,

3aBUCUMOCTb CKO-

pOCTU peakLym ot

KOHLIEHTpaLumn pea-
TMPYHOLLMX BELLECTB

3aBUCUMOCTb CKO-
pocTn peakuun ot

TEMMEpPaTypbI

PactBopeHue Kak
(PU3NKO-XMUYe-
CKWin npouecc

PactBopsbl, pacTBo-

PVIMOCTb

Copep>kaHue

JKcnepuMeHTanibHOE onpe-
[eneHne NOpsLKOB CKOPO-
CTW XMMWYECKOI peakumm

JKcnepuMeHTanbHOe onpe-
[eneHvie TeMnepaTypHoro
KO3(hh1LMEHTA CKOPOCTH
peakumun (koapouumeHTa
BaHT-Fothpa) v aHeprum
aKTBaLmm

Na6opatopHbIii onbIT «Te-
NIoBoii ahheKT pacTBope-
HWA BELLECTB B BOAE»

JlabopatopHbIii onbIT «l13-
yyeHune 3aBMCMMOCTM pac-
TBOPMMOCTU BeLLecTBa OT
TeMneparypbi»

LleneBas ycTaHOBKa ypoka

3HaTb 3aBMCUMOCTbL CKOPO-
CTU peakLMn OT KOHLEH-
Tpaumun pearvpyroLmx se-
LLleCTB

3HaTb 3aBMCUMOCTb CKOPO-
CTW peakuun oT TemMnepary-
pbl. YMETb MPUMEHSATL 3M-
nMpU4ecKoe NpaBwiIo
BaHT-Fothdha 1 ypaBHEHME
AppeHuyca ansa onpegene-
HMS1 CKOPOCTU XMMMYECKOIA
peakuum npu pasnnyHoii
Temneparype

3HaTb, Kakue npoLiecchl
NPOTEKaloT Mpu pacTBope-
HUN BeLLlecTB.

YMeTb OOBACHATL TErso-
Bble 3)(PeKTbI, COMPOBO-
XXOaloLme pactBOpeHune
BelllecTB

YMeTb UCMO/Mb30BaTh MOHS-
TVe «PacTBOPUMOCTbY» 4SS
onpejeneHns HacblLLEeH-
HbIX Y HEHACbILLLEHHbIX
pacTBOpPOB. YMeTb 06bsC-
HATb BIUSIHWE Pa3/InYHbIX
(hakTOpPOB Ha pacTBOpU-
MOCTb BeLLECTB

Kon-Bo
yacos

MnaHnpyemble pesynbrartbl

YMEeTb Mnosyyatb KUHETUYeE-

CKMe [jaHHble 1 MHTEPNPEeTU-
poBaTb VX ANA OnpeaeneHus
NMopsLKOB CKOPOCTY peakuym

YMeTb nonydvatb KMHETUYe-
CKMne gaHHble N NHTEPNpeTn-

poBaTb WX AN18 pacyéTa Koag-

tdvmumeHTa BaHT-Foda n
3HEpPrun akTMeaumm

YMETb 3KCNEPUMEHTA/ILHO
onpeaennTb TENIOBON 3(-
(heKT pacTBOpeHus Heopra-
HUYECKNX BELLECTB. CEPHOIA
KUCNOTbI, TMAPOKCMAA HaTpus
N HUTpaTa aMMOHMS

YMeTb 3KCNeprMeHTa/IbHO
onpeaensTb 3aBUCMMOCTb
pacTBOPMMOCTN HEOpPraHuye-
CKWX BELLECTB OT Temnepary-

pbl

MpopgomkeHne

Mcnonb3oBaHue
ob6opynoBaHus

MarHutHaa me-
LaUika

Tepmopesuctop-
HbIA JaTYMK TeM-
neparypbl, mar-
HUTHas MeLlasiKa,
6aHs KOMOUHU-
poBaHHasi nabo-
patopHas

TepmopesuncTop-
Hblli JATUYMK TEM-

nepatypsl

Tepmopesuctop-
Hblli JaTYMK TEM-
neparypbl, anek-
TponauTka u3
KOMM/IeKTa KOM-
B6UHVpPOBaHHOM
naboparopHoi
6aHu
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20.

21.

22.

23.

doTokonopunme-
Tpuyeckoe onpe-
JleneHne KoHLeH-
Tpauum pacTBo-
pEHHOIO BeLlecTBa

Kpuctannorugpa-
Tbl

NpoLiecc anekTpo-
NTMTUYECKOI AMCCo-
uyaumn

CreneHb 3nekTpo-
NMTUYECKON ANCCO-
unaumn. CusibHble
1 cnabble 3n1eKTpo-
NUTBI

JKcnepuMeHTanbHOE onpe-
JefneHve KOHUEeHTpaumm
WOHOB Meay B BblJjaHHOM
pactsope

JlabopatopHbIii ONbIT
«OnpegeneHve TenI10BOro
a(pchekTa 06pas3oBaHUs
Kpuctannornaparos u3
6€e3BOAHbIX CONen»

JTabopaTopHbIi OnbIT «3a-
BMCKMMOCTb 3/1EKTPONPO-
BO/JIHOCTM pacTBopa oT
pacTBOpUTENS»

JlabopatopHbIii ONbIT
«CWnbHble U crabble 3nek-
TPONUTBI»

MoBTOPUTL 1 06O6LLNTL
3HaHuWs O pacTBopax, Cro-
cobax BbIpaXKEHMWS UX CO-
cTaBa, MOMAPHOI KOHLIEH-
Tpauun pacTBOPEHHOrO Be-
Lecrea

3HaTb CBOICTBa KpucTas-
NOrvapaToB, 0OCO6EHHOCTU
nx 06pa3oBaHUs

YMeTb OOBACHAT (PU3UKO-
XUMUYeCKne OCHOBbI MPo-

LLecCcoB, MPOTEKAOLLMX MK
Auccoupmanmn aneKTpou-

TOB

Pa3BuTb npeacrasneHns o
CTENeHn 3NeKTponuTnYe-
cKol amccoumaumn. Mosto-
pyTbL 1 0606LLUTL 3HAHUA O
CUJIbHBIX U CNabbIX 3fek-
TponuTax

YMeTb onpefenarb KOHLUEH-
TpauUmo OKpaLleHHbIX NOHOB
(hOTOKO/IOPUMETPUYECKNM
MeToLOM

Hayuutbcs onpegensts Te-
nnoBol apeKkT peakummn 06-
pa3oBaHWsi KpuUcTasormapa-
TOB 13 6€3BOAHbIX COMel

OnpepennTte N3MeHeHne
3/M1EKTPONPOBOAHOCTA MpK
pacTBOPEeHNN ra3o06pa3HoOro
XN0POBOAOPOAA B pa3nny-
HbIX PaCTBOPUTENSAX, UHTEP-
NPeTUpoBaTh MOyYEHHbIE
pe3ynbTarbl

Ha ocHoBaHUK 3KcnepuMeH-
Ta/IbHOrO N3MEPEHUS 3/1eK-
TPOMPOBOAHOCTM PacTBOPOB
ornpegennTb, SABAAIOTCA N
BblJaHHble BELLECTBA CUJ/IbHbI-
M/ WA CNadbIMN SN1EKTPONN-
Tamm

Jatumkn ontuye-
CKOW NAOTHOCTU
525 HM 1 470 Hwm,
cnekTpogoTo-
MeTpP, Becbl nabo-
paTopHble, 6to-
peTka, aBToMartu-
yeckas
MUKpOMNUNeTka
NepeMeHHOro
06bEMa Ha 100 —
1000 MKn

TepmopesuncTop-
Hblii JaTYMK TEM-
nepartypbl, Mar-
HUTHasA MeLLasIKa,
naboparopHble
BEC!

Jatunk anekTpo-
NnpoBOAHOCTU

Jartuunk anekrtpo-
NpOoBOAHOCTU
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Ne
n/n

24,

25.

26.

217.

Tema

VoHHOe npown3se-
JeHve Bojpl. Bo-
JIOpOAHbIA MOKa3a-
Tenb pactsopa pH

KoHayKToMeTpuye-
CKOe U MOoTeHLMO-
MEeTPUYECKoe TUT-
poBaHve

KoHayKToMeTpuye-
CKuiA MeTOA, onpe-
JeneHuns KOHLeH-
Tpauun BeLlecTBa

KonnougHsle pac-
TBOpbI

Copep>kaHue

JlabopatopHbIii ONbIT «3a-
BUCMMOCTb KOHLIEHTpaLuuii

MOHOB BOZOpPOZa OT cTene-
HM pa3baB/ieHNs CUMBHOIMO
1 cnaboro anekTponuTa»

JKcnepuMeHTalbHOE onpe-
[eneHvie KOHUeHTpaLmm
WOHOB Meay B BblJaHHOM
pactBope

JNabopaTtopHbIii ONbIT
«[TpsAMoe KOHAYKTOMETpU-
yeckoe onpegeneHme KoH-
LieHTpauumn conu B pacTBo-
pe»

JNabopatopHbiii onbIT «On-
TUYECKMEe CBOWCTBA KOJ/O-
WAHbIX PacTBOPOB»

TeopeTunyeckoe BBeeHue

LleneBasi ycTaHOBKa ypoka

3HaTb MOHATNE «MOHHOEe
npoussefeHne BOAbI».
YMeTb OOBACHATb BUAHWE
pasnnyHbIX hakTopoB Ha
BOZOPOAHbI NokasaTtesb
pactsopa

MosTOPUTL 1 060O6LWNTL
3HaHWA 00 3NeKTposnTax,
3NEeKTPONUTUHECKOW AnC-
coumaumn, peakumax NoH-
HOro o6mMeHa, BOAOPOAHOM
nokasaresne

MoBTOPUTL 1 060O6LWNTL
3HaHWA O N3MKO-XMMUNYe-
CKUX OCHOBax MpoLLeCCoB,
NPOTEKaoLLMX NP1 ANCCO-
Lpaumn 3M1eKTposIuToB

3HaTb MoHATNE «KOMNonSa-
Hble pPacTBOpbI». 3HaTb
CBOIACTBa KOMMOUAHbIX
[pacTBOpPOB. YMETb CpaBHU-
BaTb CBOWCTBA KOMINOUS-
HbIX Y UICTUHHbIX PacTBO-
OB, KONNOUAHLIX PacTBO-
poB 1 rpy6oamncnepcHbIX
cucTem

Kon-Bo
yacoB

1

MnaHnpyeMble pe3y/bTathbl

YMeTb cpaBHMBaTb M 06bAC-
HATbL 3aBUCMMOCTL pH pac-
TBOpa OT KOHLEHTpauun cna-
60/ 1 cMnbHOI K1CnoT

YMeTb onpefenste KOHLEH-
Tpauuto cnabbix KUCIOT B
OKpalLLEeHHbIX pacTBopax Me-
TOAamMy KOHAYKTOMeTpuYe-
CKOro U NoTeHLMoMeTpuYe-
CKOro TUTPOBaHUA

MPYMEHUTL METO, MPSMOIA
KOHZyKTOMETpUK AN onpe-
LeneHnsi KOHLEHTpauum xno-
pviaa HaTpysi B BOAHOM pac-
TBOpE

WccnepoBatb ontuyeckue
CBOIACTBA KO/NMOMAHBIX pac-
TBOPOB. YMeTb OOBACHATL Ha-
6ntogaemoe ceeTopaccenBa-
Hue, adhekT Papanes—TnH-
fans

MpopomkeHne

cnonb3oBaHue
obopynoBaHus

Jatunk pH

Jatunk pH, part-
UMK 31EKTPONPO-
BOAHOCTW, mar-
HUTHaA MeLlasnka,
6ropeTKa, aBTO-
MaTmyeckas Mu-
KponuneTka re-
pEMEHHOro 06b-
émMa Ha 100—
1000 mKn

Jatunk anektpo-
NPOBOAHOCTU

TypbuanmeTp
(patumk onTnye-
CKOWM MYTHOCTW)
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to

28. Koarynsauyusa. Koa-
rynupytollee aein-
CTBUE 3/1EKTPO/N-
TOB

29. OoKuncnuTenbHo-
BOCCTAHOBUTE b-
Hble peakuun

30. XMmnyeckme uc-
TOYHUKM TOKa. AK-
KyMY/IATOPbI

JNabopatopHbIii onbIT «Ko-
arynupyiolee aeicteue
Pa3INYHbIX MOHOBY

Na6opatopHbIii onbIT «l13-
MeHeHne pH B xoje okuc-

JITENIbHO-BOCCTAHOBUTE b-
HbIX peakLmii»

Na6opatopHblii onbIT «Pa-
60Ta CBUHLIOBOIO akKyMy-
naropa»

4. HeopraHnyeckasa xmmunsa

3L [anoreHoBOAOPO-
Abl. Conu ranore-
HOBOZOPOAHbIX
KMUCNoT

32.  CepHas Kucnota u
eé conn

NabopatopHbIiA OnbIT
«CpaBHUTENLHOE onpeje-
JleHne pacTBOPUMOCTU ra-
noreHngos cepebpa»

JNabopaTtopHbIiA ONbIT
«B3anmopaeicteme rmapo-
Kcuaa 6apus ¢ cepHoli
KWUCNOTOM»

3HaTb NMOHATNE «Koarysns-
Lms».

MoBTOPUTL 1 06O6LLNTL
3HaHWA O ANCMEPCHbIX CU-
cTemMax, KonnoumaHbIx pac-
TBOpax, Ux arperatmBHown
YCTOMUMBOCTU

MoBTOPUTL 1 O6OBLLUTE 3HA-
HUS 06 OKUCIUTENBHO-BOC-
CTaHOBUTEbHbIX PEeaKLMsX,
BaOKHENLLUMX OKUCIUTENSX 1
BOCCTaHOBUTENAX. YMETb
npegackasbiBaTb COCTaB Mpo-
[lyKTOB OKUC/INTENBbHO-BOC-
CTaHOBUTE/bHbIX peakLinii

3HaTb NPUHUMMNBLI PaboThbl
XUMUYECKNX NCTOYHUKOB
TOKa. YMeTb 0O6BbACHATb
NpoLEecchl, NpoTeKatoLLe
npwn 3apsgke 1 paspsgke
aKKyMy/SiTOpPOB

MoBTOPUTL 1 06O6LLNTL
3HaHWS O rasloreHoBoo-
popax, 0 CoNnsax rasoreHo-
BOLOPOAHbIX KACIOT

MoBTOPUTL 1 060O6LWNTL
3HaHMA O CBOWCTBax cep-
HOW KWCNOTbI, €6 COMsX

M3yuutb KoarynumpytoLlee
JeNcTBME pa3/IMYHbIX MOHOB
Ha rmgpososnb rmgpokcnaa
xenesa (lll)

Ha ocHoBaHWK aHanm3a n3-
MeHeHus pH ycTaHOBUTL Ha-
npas/fieHHOCTb NpPoTeKaHNs
M3yyaembIX OKUC/IUTE/IbHO-
BOCCTaHOBUTE/IbHbIX MpPOLiec-
coB

M3yuntb npouecc paboTbl
CBUHLLOBOrO akKyMysnisiTopa,
MOHUMATb, KaKne peakummn
MPOTEKAKOT MPU ero 3apsake
N paspsiake

MpOBECTN KOHAYKTOMETPUYE-
CKMe 13MepeHs 1 Ha OCHOBa-
HUM MO/YyYEHHBIX AAHHBIX CPaB-
HUTb PACTBOPUMOCTb X/10pUa,
6pommaa 1 ioamaa cepebpa

VccnepgoBatb OCOGEHHOCTM
NPOoTeKaHNa peakuun HelTpa-
Nn3aumumn Mexay pactsopamu
CEPHOI KMCNOTbl U pacTBOpa-
M/ Tngpokcuga Gapums

Typbuanmetp
(paTumk ontnye-
CKOW MYTHOCTM),
anekTpu4eckas
naMTKa (U3 KoM-
nnekra nabopa-
TOpHOW 6aHN),
GropeTKN

Jatuvk pH

Jatumk Hanpsxke-
HWS, UCTOYHUK
nuTaHna naéopa-
TOPHbIIA

Jatunk anektpo-
MPOBOAHOCTY,
MarHuTHas me-
Lwanka

Jatunk anekTpo-
NPOBOAHOCTH,
MarHuTHasi Me-
Lwaska, 6ropetka
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33.  XKeneso, ero cBoii- JlabopaTopHbIi OMbIT
cTBa «OKUCNEHNE Xene3a BO
BNIAXKHOM BO3/yXe»

5. Ponb XMMUKN B XXU3HU 4YenoBeKa

34, XumMmus B noBsces- JNabopatopHblii onbIT «l/c-
HEBHO XN3HW. CnefoBaHMe PacTBOpOB
MotoLLpe 1 UnCTa-  XO3ANCTBEHHOro U TyaneT-
LMe cpeAacTBa HOIo MbINa, CUHTETUYECKUX

MOHOLLIX CPEACTB»

LleneBasi ycTaHOBKa ypoka

MoBTOPUTL 1 06OBLLNTL
3HaHVS O CBOWCTBAxX >Kesne-
3a

MoBTOPUTL 1 060O6LWNTL
3HaHWA O CBOWCTBax No-
BEPXHOCTHO-aKTMBHbIX BE-
wects (MAB). YmeTb 00b-
SICHATb MOIOLLIEE AENCTBME
MAB

Kon-Bo
yacoB

1

MnaHMpyeMble pe3y/bTathbl

Wccneposatb npoLiecc anek-
TPOXMMWYECKOI KOpPO3nn
Kenesa Ha BO3gyxe

Ha ocHoBaHWM aHanu3a pe-
3yNbTaToB n3mepeHua pH
pacTBOPOB Pa3/NYHbLIX MOHO-
LUMX CPEeLCTB caenatb BbiBOf,
006 1X aKcnyaTaunoHHbIX
CBOWCTBax

MpogonxkeHue

cnonb3oBaHue
ob6opypoBaHus

Jartunk pasne-
HUS, JaTUMK KnC-
nopoja

Jatunk pH

N xS eV EX

Baw ;>



XNMUA KBAHTOPUMMYM

Copep>aHue n opma opraHnsaymy yyebHbIX 3aHATUN MO XUMUN
B 10— 11 knaccax ¢ UCNO/b30BaHUeEM
MaTepuasibHO-TEXHUYECKOTO OCHalw,eHnsa «LLlKOMbHOro KBaHToOpuyma»

MnaHbl YpOKOB

Tema ypoka:

«3aBUCUMOCT b CKOPOCT MU peakyny oT KOHUEHT pauumn pearvpytoLmnx BelwecTB»

Ba)Ho!

Pasfen XMmuu, maydarowmii CKOPOCTb XMMUYECKUX peakLunii, eé 3aBUCUMOCTb OT pas-
NINYHbIX (aKTOPOB, MEXAHN3MOB, Ha3bIBAETCH XMMMWNYECKOW KMHET UKOIA.

CKOPOCTb XMMWYECKOI peakuun onpepensieTca M3MeHeHMEM KOHUEHTpauuu n6oro
BellecTBa — MCXOAHOIO WM NPOAYKTa — 3a eAUHULY BPEMEHM U B eauHULE 06bEMA Unn
Ha efMHULE NaoWwaan NoBepxHOCTU

XuMnyeckass KMHETMKa TeCHO CBfi3aHa CO CMEXHbIMW OTPacisiMM 3HAHWIA, C TaKUMU Kak
6unonorusa, MeguumHa, reoxumusa, 6uoxumus, apmakonorus, papmauusa n MHOTMMU 4PYTMMU
YcTaHOB/IEHHbIE KUHETUYECKMEe 3aKOHOMEPHOCTU SBAAKOTCSA 6a30BbIMU A1 OpraHm3auum Kak
COBPEMEHHOIO KPYMHOTOHHAXXKHOINO XMMUYECKOro MPOU3BOACTBA, TaK U 418 NPOBEAEHUA MPO-
L,eCcCOB TOHKOr0 XMMWYECKOro cuHTe3a. XuMmuyeckas KMHeTuKa — ofHa 13 aPPEeKTUBHbIX WH-
CTPYMEHTOB ynpaB/fieHUs KaTaIMTUYECKUMM peakuusmu, B TOM yucne hepMeHTaTUBHbIMU Npo-
LueccamMu, NPOTEKAKOWVMM B XXUBbIX KNeTKax

B KauyecTBe MOJeNbHbIX peakuuii Npyu U3ydeHUM XMMUYECKON KUHETUKM OObIYHO B LUKOSE
paccMmatpuBaloT B3aMMOLeNncTBMe TUOCYb(ata HaTPUA C KUC/IOTOW WM OKUCNEHMEe cynbiuta
HaTpus nogatom (peakuus SlaHgoMbTa WM UOAHbIE Yachkl).

OpHoli 13 3afa4y, KOTOPYH pellaeT XMMuUyeckas KMHEeTUKa, ABAsSieTca onpejeneHne coctaBa
peakuMOHHON cMecK, YCTaHOB/IEHME KOHLIeHTpaumMii Bcex peareHToB 1 NPOAYyKTOB B 1t0601 MO-
MEHT BpemeHu. [1ns peweHns 3TOW 3ajayunm HeobXoAuMO 3HaTb 3aBMCUMOCTb CKOPOCTM peak-
UMM OT KOHUeHTpauuii. Ha kayecTBEHHOM YpOBHe B 00LleM ciyvae MOXHO YyTBepXAaTb, 4To
yeM 60/blUE KOHLEHTpaLMnM pearvpyrowmx BeLecTs, TeM 60blle CKOPOCTb XMMUYECKOW peak-
unn. KonnuecTBeHHasi 3aBUCMMOCTb M3BECTHA KaK 3aKOH [elCTBYIOLWMX MacC, KOTOPbIA Obin
OTKpbIT B 1864— 1867 rofax HOpBEXCKUMU y4éHbiMK K. Tynbabeprom u M. Baare. CornacHo
3TOMY 3aKOHY CKOPOCTb XMMMWUYECKOW peakunn nNpsmMo NponopumoHanbHa npovusBefeHut0 KOH-
LEHTpaUUii pearMpyroLlmx BeLeCcTB, B3ATbIX B HEKOTOPbIX CTEMEHSX

BaxHo!

3aBMUCUMOCTb CKOPOCTU peakuun OT KOHLEeHTpauuii pearupyrowmx BewecTs onpeaensercs
3KCNepUMEHTa/IbHO W Ha3blBaeTCA KMHETUYECKUM YpaBHEHUEM XUMUYECKOW peakLunu.
Ana peakuunn

aA + bB f dD + eE Q)
MOXHO 3anncatb KMHETUYEeCKoe ypaBHEHUE:
v =k <[A]° «[B]b, @)
roe kK — KoahduuMeHT NPonopLMOHanbHOCTA, KOHCTaHTa CKOPOCTU XMMWYECKOW peak-
umn, [4] v [B] — KOHUeHTpauun peareHToB. NMokasaTenn cTeneHn — a n b — npu KOH-
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KBAHTOPMYM XUMUn

LeHTpaUMn KaXk[Joro un3 pearnpytowmx BeLLeCcTB Ha3blBalOTCA nopsgkamMy peakuuu mno
JaHHOMY KOMMOHeHTY, T. €. N0 BellecTBaM A 1 B. Takoe Ha3BaHMe MPeANOXNUI HEMELKNIA
XMMUK B. ®. OctBanbi. Cymma rnokasateneli CTeneHn B KMHETUUYECKOM YpaBHEHUU XMMMU-
yeckon peakyun (0 + b) npeacTaBnsert coboli 06K NOPAA0K peakuunu.

Tun ypoka: popMUpoOBaHMe HOBbIX 3HAHWIA B NpOLECCe 3KCMEPUMEHTaNbHOIO nccieaoBa-
HUA

Knacc: 11

Llenb ypoka: co3gaTtb ycnoBusa gnasa popmMmpoBaHus y 006y4arloLmMxcs 3HaHM O 3aBUCUMO-
CTU CKOPOCTM peakuum OT KOHLEHTpauMn pearvpyrowmx BewecTs, cChopMnpoBaTb YMEHUS NO-
nyyaTb KUHETUYecKMe faHHble N UHTepNpPeTupoBaTtbh UX 419 OonpefeneHna nopsakoB CKOPOCTU
peakuumn

MpoaoMmKMTENBHOCTL YPOKa: OAMH aKaJeMU4yeckuii yac.

MnaHupyemble pe3ynbTathl

MpeaMeTHbIE:

* YCTaHOBUTb 3aBUCUMOCTb CKOPOCTU peakunn OT KOHLEeHTpauun pearmpyroLwmnx BeLlecTs,;

e Ha OCHOBaHWN OBGOOBLEHHbIX 3KCMNEePUMEHTANbHbIX AaHHbIX YCTAHOBUTbL MOPSALKU CKOPO-
CTW peakumn Mo KaX4oMYy U3 peareHTos,

e BbIBECTM KMHETMYECKOE YpaBHEHMWE AN UCCNefyeMON peakumy 1 NpeaioXnTs MexaHn3m
eé npoTeKkaHus.

MeTanpegmeTHbIe:

lMo3HaBaTesbHbIE:

e (opmynMpoBaTb pabouyro runoTesy un uenum nccnefoBaHus,

e MNnaHMpoBaTb UccnefoBaTe/IbCKUIA 3KCNEPUMEHT,;

* VHTEprnpeTMpoBaTb NONyYeHHble pe3y/bTaThl;

e (opmynuMpoBaTb BbIBOAbI.

PerynaTusHble:

e KOHTPO/IMPOBAaTb M OLUEHMBaTb pe3y/nbTaTtbl AeATeIbHOCTU, BHOCUTb KOPPEKTUBLI B UX Bbl-
NoJIHEHWE.

KOMMYyHVKa T UBHbIE:

e MOJIHO U TOYHO BblpaXaTb CBOW MbICIW, apryMEHTUPOBaTb COOCTBEHHYIO TOYKY 3peHus,
BCTynaTb B Auanor;

e 3((eKTMBHO paboTaTb B Mape W B rpynmne npu peweHnn yyebHON 3aaun.

JINYUHOC T HblE:

e pasBMBaTb MPaKTUYECKUE YMEHWUSA, CBA3AHHbIE C MOJIyYEHUEM KUHETUYECKUX LaHHbIX,
C MaTemMaTM4yecKol 06paboTKOM AaHHbIX KONMMYECTBEHHOIO XMMNUYECKOTO 3KCNEPUMEHTA,;

e MNPOABMATL MO3HaBaTe/IbHYI0 aKTMBHOCTb B MPOLEcCe MPOBEAEHUA XMMUYECKOTo 3Kcre-
pPUMEHTa, HalEeNeHHOro Ha yCTaHOBMEHNE 3aBMCUMOCTM CKOPOCTU XMMWUYECKON peakuuu
OT KOHLIEHTpaLUMnN peareHToB, N 06paboTKN KUHETUYECKNX faHHbIX.

O6opypoBaHune, nporpaMmMmHoe obecnevyeHne N pacxofHble MaTtepuanbl: NHTepak-
TUBHasA fOCKa MOB0 KOMMbIOTEP U MYNbTUMEAUIHbIA NPOEKTOP, 3NEeKTPOHHbIE Tabnuubl, Kajb-
KYyNATopbl, nporpaMmmHoe obecrnedeHne Releon Lite, 6 0AWHAKOBbLIX CTaKaHOB, 3 MeEPHbIX UU-
NMHApPa, MarHWTHas Mellanka, CEKYHAOMep, Mapkep (YEpHbIi nnn TéMHO-cuMHUIA), 0,1 M pac-
TBOp TMocynbdata Hatpus; 0,5 M 0,1 M pacTBOpbl CEPHOWR KUCMOTHI.
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XNMUn4A KBAHTOPUMMY M

Xo[4 ypoka
dtan ypoka 1. OpraHnsaunoHHbI

Mpegnonaraemas NPOAO/MKUTEIBHOCTL: 1—2 MUH.

Meparorvyeckas feaTeNlbHOCTb yUuUTeNs:

npoBepsieT rOTOBHOCTb K YPOKY, OpraHn3yet paboTy Knacca Ha YpoOKe, CO3LaéT MOJoXu-
TeNbHbIA 3MOLUMOHabHbIA HACTPOW y obyyarowmxcs.

YuebHas fesaTenbHOCTb 06YyYar LW nXCs:

3MOLMOHaNbHO HacTpamBalTCA Ha NPeacTosLLYO YYeOHYI0 AeATENbHOCTD.

dTan ypoka 2. AKTyanu3aums 3HaHui

Mpegnonaraemas NPoOAO/MKUTEIBHOCTL: 10 MUH.

lMeparornyeckas AeATeNbHOCTb YUUTENS:

NpoBOAUT (PPOHTa/IbHYO Beceny; akTyanmsnpyeTt nMmetouimecs 3HaHUa B 061acTnm Xxumude-
CKOW KMHETUKMW; NOMOraeT BbIIBUTb Y4E€OHYI0 Npob6aeMy, OCHOBY AN MPEeACTOALLEero aKecne-
pUMEHTaNbHOIo UccnefoBaHus; No6yxaaeT obyyaloLWwmxcs K BblIABVKEHUIO rMnoTesbl, op-
MY/IMPOBKE Liefiell, BbiCKa3blBaHUIO NPeANoXeHN 0 cnocobe u cpefctBax UX JOCTUXEHUS.
PaboTa c TepMUHaAMU U NOHATUAMMU.

MoBTOPUTL U 0606LWNTE 3HAHUA y4dalluxcs O pakTopax, BAUAIOLWMX Ha CKOPOCTb XMMUye-
CKUX peakunii, akTyain3mpoBaTtb N CKOPPEKTUPOBaTb Clefylolmne NOHATUA: «CKOPOCTb pe-
aKkunmn», «KOHLEHTpaLua peareHToB», «KUHETUYeckoe ypaBHEHMEe», «MopsAfoK CKOpPOCTU
peakuum nNo OJHOMY U3 peareHToB», «CYMMapHbIA MOPSAAOK CKOPOCTU peakunmn», «MONeKy-
NAPHOCTb peakunmn», «MeXaHU3M peakuun», «3N1eEMEHTAPHbIE W CMOXHbIE peakLun»,
OnwvcaHve Npo6AeMHON cuTyauuu.

[ns ycTaHOBNEHMA KOMMYECTBEHHOW 3aBUCMMOCTM CKOPOCTU peakummn OT KOHLEeHTpauuu
peareHTOB HeO6X0A4MMO 3anucaTb KMHETUYecKOe ypaBHeHue. [1na 3Toro crefyer akcnepu-
MEHTa/IbHO OMpefennTb Be/IMYMHY KOHCTaHTbl CKOPOCTWM UM MOKasaTeNn CTerneHu Mpu KOH-
LeHTpaLunax pearnpyroLwmnx BewecTs — MNOPALKN peakunn. BaxkHO OTMETUTb, YTO MOPALOK
peakunn ornpefenserca TONbKO U3 3KCMEePUMEHTaNIbHbIX AaHHbIX U HE CBA3aH CO CTexMome-
TPUYECKUMUN KOIPPULMEHTAMM MPU peareHTax B XMMUYECKOM ypaBHeHUn. CTexmomMmeTpuye-
CKOe ypaBHeHWe peakLuM — 3TO ypaBHeHMe MaTepuanbHOro 6anaHca, OHO He CBf3aHO C
OCOBGEHHOCTAMM NPOTEKaHUA 3TOW peakuMn BO BPEMEHM.

Kak akcnepumeHTanbHO onpefenvTb napaMeTpbl KMHETUYECKOro ypaBHEHUS XUMWUYECKOT
peakuumn?

YuebHasa feAaTenbHOCTbL 06yyaloLmxcs:

OTBEYaloT Ha BOMPOCHI, BbICKA3bIBAKOT CBOW MPEANO/IOXKEHUSA, npeanaralT 1 cornacosbliBa-
0T C yuuTenemMm TeMy W Leflb YPOKa; npeanaratoT cnocodbl U CpeacTBa JOCTUXKEHNUS Lenu
MpeanonaraemMoe 06bACHeEHNE NPO6GIEMHOI cuTyaLun.

[ns onpegeneHns YacTHbIX MOPSAKOB peakumn, NPOoTeKatoLWen ¢ y4acTUEM HECKOIbKNX Be-
LLecTB, MOXHO MCNO/Mb30BaTb MeToA n3onuposaHusa OcTtBanbga. Tak, peakuuio (1) cHavana
npoBoaaT ¢ 60blWNM N36bITKOM BellectBa B (B 10— 100 pa3 6onblue, YeM KOHLLEeHTpaLus
A). Torga ypaBHeHUe (2) MOXeT ObITb 3anMcaHo:

v =k e[Af° ©)

Mpu Takux yCNnoBUSAX ONpefenstoT a OfAHUM K3 BO3MOXHbIX MEeTOLOB, Hanpumep audde-
peHuunansbHbiM MeToAoM BaHT-Toda. Bo BTopom onbiTe 6epyT B 60/bLWOM N30bLITKE BeLle-
CTBO A 1 onpegensioT b.

Cnoco6 pelweHnsi Npo6nembl.

[ns oueHKN YacTHbIX MOPSAAKOB CKOPOCTY peaKkuuun, NpoTeKatoLwen ¢ y4acTuemM HeCKOTbKMX
peareHTOB, Hanpumep AByX A 1 B, Heo6x0AMMO cHa4dana MPOBECTU CEPUID OMbITOB C 60/b-
lWK1M 136bITKOM BellecTBa B, M3MeHAS KOHLEeHTpauuio Bellectsa A. 3aTeM CEpPUI0 OMbITOB C
60nbWIMM M36LITKOM BellecTBa A, U3MEHSA KOHLeHTpauuio Belectsa B.

B cogep>xaHune 53



KBAHHK PNYM XUMMUA

3JTan ypoka 3. MpMMeHeHne 3HaHuli B HOBOW CUTyaLum

Mpeanonaraemas NPoOAOMKUTENLHOCTL: 17 MUH.

lMeparorvyeckasa fesaTeNbHOCTb yuuTens:

npepnaraet o6y4varLWMMCa PacCMOTPETb B KAUECTBE MOJENbHOW peakumm B3aMmoeicTeme
MeXay pacTBopamu Tuocynbarta HaTpuss U CEPHOM KucnoTbl. CymmapHO 3TOT npouecc
MO>XHO BbIpasnTb ypaBHEHUEM:

Na2S203 + H2S04 = Na2S0O4 + SO2 + S| + H20. 4
O NPOXOXAEHUN Peakuun MOXHO CYAUTb MO M3MEHEHMIO MPO3payvyHOCTU pacteopa. MNMomyTt-
HeHMe pacTBopa 06ycnoBNeHO 06pa3oBaHMEM 4YacTu4yek cBo60OAHON cepbl. Ana TOro 4ro-
6bl OTMeYaTb BpeMsi 06pa30oBaHns B pa3HbIX OMbITax OAHOWM M TOWM e CTEMeHU MOMYTHEHWUS,
MOXXHO BOCMO/Ib30BaThCA CAeayrowmm NpuémomM. Ha HapyXXHYK CTEHKY CTakaHuuKa HaHe-
cuUTe YEPHbIM (MAKU TEMHO-CMHUM) MapKepoM BepTUMKa/bHYI0 MNOonocky. Mpyu nposegeHUu
OMbITOB Bbl CMOTPUTE Ha MOJIOCKY 4Yepe3 pacTBOp peareHTOB M OTMedaeTe BpeMs, Korga
CKBO3b MYTHbI pacTBOpP pasrnsgetb MNOAOCKY OKa3biBaeTCs Y)Xe HEBO3MOXHO [na ycTpa-
HEeHNS AN PY3NOHHBLIX 3PHEKTOB UCXOLHbIE peareHTbl He0OX04MMO MHTEHCUBHO MNepeme-
WKMBaThb, AN 3TOro y406HO UCMO/b30BaTb MArHUTHYH MellasnKy, SKOpb KOTOpPOW BpallaeT-
CS HEMOCPELCTBEHHO B CTaKaHe C pPeakuMOHHON CMeChHo
Cnepyet 3aMeTUTb, UYTO B J@HHOM UCCNef0OBaHUN M3MepPSeTcs He CKOPOCTb, a MPOMEXYTOK
BPEMEHM MEXAY Ha4yaloM peakuuu 1 eé BUAMMbIM pe3ynbTatoM. OfHaKo 3TOT NPOMEXYTOK
BpemMeHu t 06paTHO NPoOMNoOpLUMOHaNeH CKOPOCTU peakuuun v, NO3TOMy BenYMHy 1/t MOX-
HO Ha3BaTb YC/IOBHOW CKOPOCTbLIO peakuuun nyon.
Yuntenb KOPPEKTUPYET BbIMOSIHEHME 3KCMEPUMEHTA/IbHOIO MCCIeA0BaHMa pabounmm rpyn-
namu. MNpegynpexagaeT, YTo NpU BbINOAHEHWM PabOoThl ciedyeT cobgartb OCTOPOXHOCTb
npy obpaLleHnn ¢ CepHOM KUCNOTOM. B xofe peakuun BblaensieTcs CepHUCTbIA ras, NoaTo-
My oTpaboTaHHble pacTBOpPbl HEO6XOAMMO CnMBaTb B 60/bLIYO 6aHKY M CTaBUTb NOA TATY.
YyebHas fesaTenbHOCTb 06y4YaloLLmxcs.
hopMupyloT pabouve rpynnbl N0 2 4YenoBeKa, Nony4varT 3ajaHne n obopygosaHue. Bbl-
NOMHAKT 3KCMepUMeHTanbHOe nccnefoBaHne B napax, UCMob3ys MHCTPYKUMUIO (CM. mare-
puanbl AN KONMPOBaHMWA), OPOPMAAIOT pesynbTaTbl U3MEPEHUIA 1 pacyéTel B TeTpagu wuim
Ha cneumanbHbIXx 6naHkax. O606wWalT pesynbTaTel BCeX pabouyux rpynr, 3atem ¢ NOMO-
b 3/1EKTPOHHLIX Tab/nL, Ha MHTEPAKTUBHOI LOCKe MPEeAcTaBfsOT B BUAE rpauKos 3a-
BUCMMOCTM CKOPOCTM peakumn OT KOHLLEHTpaumm Trmocynbara HaTpusa M OT KOHLEeHTpauuu
Cepoii KncnoTbl

371an ypoka 4. O6o06ueHMe U MHTepnpeTauus MNONYYEHHbIX Pe3ynbTaToOB, KOH-
TPO/Nb YyCBOEHMUSA, O6CYXXAEHME LONYW EHHbIX OWMOBOK N UX KOppeKuus

Mpegnonaraemas NPOAOMKUTEIBHOCTL: 10 MUH.

Meparornyeckan feaTeNlbHOCTb yUYUTENS:

opraHusyeT 06CyXaeHne pe3ynbTatoB MccnefoBaHus, NOABOAUT 06yYaloLWwmMxecsa K BbIBOAY O
3aBUCMMOCTWN CKOPOCTU peakLMn OT KOHLEHTpaLUn pearvpyrouinx sewlects. NomoraeT Bbl-
ACHUTb NPUYUHbI AONYLEHHbIX UHCTPYMEHTA/IbHbIX WX CTAaTUCTUYECKUX OWMOBOK, onpeje-
NNTb NyTU UX UcnpaeneHus. Mpegnaraet obyyalowMmcs BbicKa3aTb NpeanosoXeHne O BO3-
MOXHOM MexaHu3Me uccnefyemoli peakumMm Ha OCHOBaHUWM NOSYYEHHbIX aHHbIX. B 3aknio-
yeHWe 3aaéT KOHTPO/IbHble BOMPOCHI (CM MaTepuasbl A8 KONUPOBaHMUSA)

YuebHasa feAaTenbHOCTb 0B6yyaloLwmxes:

Ha OCHOBE MOJ/lyYEeHHbIX 3KCMEePUMEHTaNbHbIX aHHbIX CTPOAT rpapuK 3aBUCUMOCTM CKOPO-
CTW peakuuu OT KOHLUEeHTpauuu (NpuMepHbIii BUA rpagmnka npeactaBneH Ha puc. 1).
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MNpopgonkeHne

Puc. 1. 3aBUCMMOCTb CKOPOCTU peakLmn OT KOHLUEHTpaumm Tnocynbarta Hatpus (22 °C)

Mpn 06CyXXKAEHMM NONYUYEHHOro rpadnka OTMeuatoT, YTO CKOPOCTb M3y4aeMoii peakuun nm-
HeHO 3aBUCUT OT KOHLEHTpauMu TUocynbdarta HaTpus, NPUYEM NpsiMass BbIXOAWUT U3 Haya-
Nna KOOpAMHAT, C POCTOM KOHLLeHTpaLuMn yBeNn4MBaeTcsi CKOpPoCTb. Ha OCHOBaHUM aHanun3a
YCTaHOB/IEHHOW 3aBUCUMOCTM [enalT BblBOA, YTO peakuus Mexay pacTBopamu TUOC Yib-
(haTta HaTPUsi 1 CEPHOI KMUCNOTbI MMeeT NePBbIi MOPSAOK MO TMocynbdaty HaTpus (Mo Tuo-
cynbaT-noHy S203R-). MonyyeHHbI BbiBOA (hOpMasibHO He MPOTMBOPEYUT CyMMapHOMY

ypaBHeHuto (4).
AHanOrM4yHoO CTPOSAT rpadmMkK 3aBUCUMOCTU CKOPOCTU peakuun OT KOHLIeHTpauuu CepHOoi

KMcnoTel (puc. 2).

Puc. 2. 3aBUCMMOCTb CKOPOCTU peakLmn OT KOHLEHTPaLMM CepHOI KMUcnoThl (22 °C)

B copeprkaHue
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lNpogonkeHne

N3 nony4yeHHOro rpaguka BMAHO, YTO KOHLEHTPALMs KUCNOTbl MPaKTUUYECKN He BNMSET Ha
CKOpPOCTb M3yyaemoii peakuumn. Ob6yuyarolmecss AenarT BbIBOL, YTO peakuus Mexay pac-
TBOpPaMM TUOCYy/bata HaTPUS W CEPHOI KUCNOTbl MMeEEeT Hy/eBOi MOpsAfOK MO KaTMOHam
BOAOpoOAa

TakuMm 06pa3oM, B Xo4e MPOBEAEHHOrO UCCNeA0BaHWA LWKOMbHUKMA YCTaHaBNNBAKOT (hakT,
4yTO M3yyaemas peakuusi CNoXKHasi, NpoTeKaeT B HECKO/bKO CTafuid, MPUYEM NMMUTUPYIO-
Wwas cTagus He CBOAWUTCS K ypaBHeHMto (4). B gaHHOM cfiydae NpoTeKaeT CMOXHas peak-
LMs, BKIOYatoLWas HeckonbkKo cTaanii. E€ npoaykT (cepa) BblgensieTcss He cpasy npu Herno-
CPeACTBEHHbIX CTO/IKHOBEHMAX TUOCY/Nb(aT-MOHOB WM KaTMOHOB H+. [lpouecc BkAo4aeTt
cnepylouine craguu:

Na25203f 2Na+ + S203- )
S202- + H+' HS203 (6)
HS203- ' HSO3- + SW @)

HSO3- + S20-f HS203- + SO- (8)

3 npeactaBneHHOM cxeMbl BUAHO, YTO POJib CEPHOWM KUCNOTbl CBOAUTCH TOJIbKO K 06pa3o-
BaHWIO Ha BTOPOIi cTaaum MoHoB HS203-. A aBe nocnegHue NoBTOpPSHOLWMECS APYT 3a ApY-
roOM peakuum 1 AatoT NPOAYKTbl — CEePY U CEPHUCTYIO KUCNOTY, HO yXe 6e3 ydyacTus KUCno-
Tol. JIMMUTUPYIOLLER cTagnein asnseTtca nocnefHsaa (8). Nsydyaemas peakums nmeet nepsbli
NOPAAO0K MO TUOCYNbMaT-MoOHY U HYNEBOW MOPSAAOK MO KaTMOHaM BOAOPOJAa, T. e. eé CKo-
pPOCTb V MPAMO NMponopunoHanbHa KOHUeHTpaumn Na2S203

v = k « [Na25203] 9)

N He 3aBUCUT OT KOHLEHTPALMX CEPHOI KMUCNOTbI

J1an ypoka 5. MHhopmaunsa o gomalwHeMm 3agaHum n pednekcus

Mpeanonaraemas NPoOAOMKUTENLHOCTL: 6—7 MUH.

Meparorvyeckas LeATeNbHOCTb YUUTENA:

MHpOPMUpPYET O AOMALLHEM 3ajaHUn, LaéT KOMMEHTaApPUIA MO ero BbIMOSIHEHUIO; npejnara-
eT aHKeTy pet/iIeKCUN K YPOKy 1 faéT paccumTatb «MHAMBMAYaNbHbI MHAEKC KayecTBa Ypo-
Ka»; NOABOANT PedNeKCUBHYIO CTATUCTUKY YPOKa MO KONMYECTBY YUEHUKOB, Y KOTOPbIX WH-
[JeKCc KayecTBa Bbllle 3Ha4YeHUs 5; LeMOHCTpUpyeT 3anmncb Npobaemsl 1 LeuM ypoka, cnpa-
WwnBaeT: «Kak Bbl fymaeTe, pelleHa 1M npobnema, LOCTUIHYTa NN Lenb?». Ecnn npobnema
He pelleHa W Uenb He AOCTUTHYTA, npeanaraet o6bAcHeHWe U 3a4aéT B JONOJIHEHME K [LO-
MallHeMy 3afaHuio nogymMarb Haf NpuyMHamMun 3Toro.

YuebHas fesaTenbHOCTb 06y4YaroLLmxcs.

3a/al0T YTOUHSAOLME BOMPOCHI O BbIMO/IHEHUM fOMALUHEro 3afaHns; paccumTbiBalOT NHAM-
BUAYaNbHbIA MHAEKC KayecTBa YpOKa, ornpefenstoT cTeneHb COOTBETCTBMA MOCTaB/IEHHOWM
uenn v pesynbTaToB LeATEe/IbHOCTU; CTEMNEeHb CBOEr0o MPOABMXEHUS K LiefiN; BbiCKa3blBalOT
OLLEHOYHbIE CYXAEHUA U COOTHOCAT pe3ynbTaTbl CBOEW AeATebHOCTU C Lefbio YpoKa.
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MaTtepuansl 4N NOATOTOBKU K YPOKY
VMHCT pyKUMA K 3KCMEepUMEHT a/iIbHOMY UCCNef0BaHNI0
«3aBUCMMOCT b CKOPOCT U peakuny 0T KOHLEeHTpauum pearnpyoumnx BewecTB»
1) V3yyeHune 3aBUCUMOCT U CKOPOCT U peakuum oT KOHUEHTpauum TuocynbaTa HaTpus
MpurotoBbTE CEPUIO PacTBOPOB C OMNpeAen&HHOlM KOHUeHTpauuel Tuocynbdara HaTpus.
[na 3TOro ¢ NOMOLbLD MEpPHbIX LUWANHAPOB OTMEpPbTE AMCTUAJIMPOBAHHYKD BOAY W WUCXOAHbIi
0,1 M pactBop Na25203. O6bEMbl CMELLNBAEMbIX XXUAKOCTEN NpuBeAeHbl B Tabnuue 1

Ta6bnuya 1
MpurotosBneHne paboumnx pacTBOpPOB TUoOCyNbarta HaTpus
NecrakaHa 1 2 3 4 5
0O6bEMm 0,1M pacTtBopa Na25203, mn 10 20 30 40 50
O6bEM BOAbI, M1 40 30 20 10 0

B XxMmun4yeckuii cTakaH MOMECTUTE AKOPb MarHUTHOIM Mewanku n HaneiTte 50 mn 0,1 M pac-
TBOpa CEpPHOI KUCNOTbI, BKIKOUMTE ABUraTeNlb MELLASIKA, €€ AKOPb He AO/HKEH KacaTbCA CTEHOK
cTakaHa. 3ateM ObICTPO M akKypaTHO nepenelite MNOAHOCTbIO MOPLUUIO NOATOTOB/EHHOIO pac-
TBOpa TMocynbarta HaTpUs M 3aCeKuTe Bpemsi Hayana onbita. CMOTpUTE Ha MOJSIOCKY Ha CTEHKE
CTakaHa Yepe3 pacTBOP peareHToB M OTMEeTbTE BPEMS, KOrja CKBO3b MYTHbI pacTBOp pasrns-
[,eTb MOMIOCKY OKa3blBAETCA YK€ HEBO3MOXHO, 3anumnTe NOMyYeHHbI pesynbTar B Tabnuuy 2.

Tabnuuya 2
PesynbTaTtbl nccnegoBaHmsa 3aBUCMMOCTU CKOPOCTU peakuum
OT KOHUEeHTpauun tmocynbgaTta Hatpus
Neonbita 1 2 3 4 5
0O6bEm 0,1 M pacTtBopa H2SO4, mn 50 50 50 50 50
0O6bEm 0,1 M pactBopa Na25203, mn 10 20 30 40 50

n(Na2S203), monb
[Na2S203]*, monb/n

Bpemsa npotekaHus peakuuu t, ¢

How 6

* O6WKUA OO6BEM peakuMOHHOW CMECU MOXHO MPUHATL paBHbiM 100 mna: 50 mn pactBopa
cepHo Kucnotbl 1 50 M paboyero pacteopa Tmocynbgarta HaTpusa B gaHHOM cnyyae 06bLEMBI
pacTBOPOB MOXHO CKNafblBaTb, TaK KakK WX MJOTHOCTU 61n3kn 1 r/mn.

Ona pacyéta MoOnsSpHOM KoHuUeHTpauunm Na25203 Hy)XHO KOMMYecTBO 3TOro BellecTBa
n(Na2S203 pa3genutb Ha o6LWKNiA 06BLEM peakLMOHHOW CMeCH.

Hanpumep, gns npurotosnenma 1-ro pactsopa B3snm 10 mn 0,1M pacTBopa Tuocynbarta
HaTpuA, NO3TOMY

n(Na2s203 = 0,010 n «0,1 monb/n = 0,001 Monb.
Torpa:

n 0,001 monb ”
[Na25203] = = 0,01 monb/n.
0,100 n
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2) V3yyeHune 3aBUCMMOCT M CKOPOCT M peakunn 0T KOHLUEHTpaunumn CeEpHON KUCNOT bl

AHaNOrM4yHO ycTaHaBMMBaeETCA 3aBUCUMOCTb CKOPOCTU pPeakumn OT KOHLEeHTpauun CepHoi
kucnotbl. Mpu atom C(Na2S203 He mameHseTcs, NpUyYém 6epétca U3BbLITOK (MU 3IKBUBASIEHT-
HOEe KOJINYeCTBO) KUCNOTbl NO CPABHEHWUIO CO CTEXMOMETPUYECKUM KOIMYECTBOM COMN

C NOMOLbID MEpPHbIX LWAMHAPOB OTMEpbTe AUCTUAIMPOBAHHYIO BOAY W MCXOAHbIA 0,5M
pactBop H2SO4. O6bEMbI CMeLLMBaEMbIX XXUAKOCTEN NpuBeAeHbl B Tabnuue 3.

Tabnuuya 3
MpurotoBneHne paboymx pacTBOPOB CEPHOI KNUCNOTHI
NecTtakaHa 1 2 3 4 5
06bEm 0,5M pactBopa H2SO4, mn 10 20 30 40 50
O61bEM BOAbI, M1 40 30 20 10 0

3aTem gencTByinTe MO Y)KE 3HAKOMOMY anropmtMy. B cTakaH ¢ SKOPpEM MarHUTHOW MeLLasKiu
Haneinte 50 MN NPUrOTOBAEHHOrO pacTBOpa CEPHOM KWUCAOTbl, BKAKOUMTE Melwlanky. 3ateM B
CTakaH 6bICTPO M akKypaTHO npuneinte 50 mn 0,1 M pacTBopa Tuocynbara HaTpUs 1 3acekuTte
Bpemsl Hayana onbiTa. Korga CkBO3b MYTHbIVi pacTBOpP Henb3s 6yaeTr pas3rnsgetb Nosocy Ha
CTEHKe CTaKaHa, OCTaHOBUTE OTCYET BPeMeHWN. Pe3ynbTatbl USMEPEHNIT 3aHecUTe B Tabnuuy 4.

Tabnuua 4
Pe3ynbTaTbl MccnegoBaHns 3aBUCUMOCTM CKOPOCTU peakuumn
OT KOHLUEeHTpaLunn cepHoin KUCNOThI
Neonkita 1 2 3 4 5
06bEM 0,1M pactBopa Na2S5203 mn 50 50 50 50 50
0O6bEm 0,5M pactBopa H2SO4, mn 10 20 30 40 50

n(H2SO4), monb
QH2S04)*, monb/n

Bpemsa npotekaHus peakuuu t, ¢

~en, ¢

* PacyéT MONSPHOMA KOHUeHTpauum H2SO4 npoBOASAT aHaNOrMYHO MNpeAblaylieMy OMbITY,
N(H2SO4) genaTt Ha o6wmnin 06bEM peaKUNOHHOI cmecn (NpeHebperas NPMHUMNOM HeaaanTUB-
HOCTM 06BLEMOB PacTBOPOB)

KOHT ponbHLIE BOMPOCHI

1 Yrto Takoe CKOpPOCTb peakummn? Kak eé namepdaroT? B Kakux eguHuLax BblpaXkaroT?

2 Cdopmynupyiite 3aKOH AeiACTBMA Macc, 06BbACHUTE ero YNU3NYEeCKNin CMbICHT

3 U710 Ha3bIiBaeTCA NOPSLKOM CKOPOCTU peakunmn? Kak ero paccumtbiBaroT? OT Yero OH 3aBUCUT?

4 UYTro Takoe KOHCTaHTa CKOpPOCTU peakumm? OT Kakmx (hakTOpOB OHa 3aBUCUT?

5 Kakve peakuuu NpoTekalT Npyv B3auMOAelCcTBUMN TUOCYIb(aTa HaTpUsi C CEPHOM Kucno-
TON? Kakas 13 HUX ABASeTCA NMUMUTUPYIOLL e ctagnein?

NnTepaTypa

1 OopodeeB M. B., becnanoB IN. V. I3yyeHne cKOpPOCTU XMMWYECKOW peakUUn ¢ UCNOSb-
30BaHMeM UuhpoBoi nabopatopun / / Xumusa B wkone. 2011. Ne8. C. 43—50.

2. 3aiueB O. C HeopraHu4eckaa xumus: Yue6. ana 10 (11) kn. obuieobpasoBar. yupexage-
HWIA ¢ yrny6n. u3yd. npegmeTa U ¢ U3yd. npegmeTta Ha npodunbHom ypoBHe. M.: ACT-lpecc
Wkona, 2006. C. 192—248.
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3. JleeHcoH . A. Pacckasbl O XMMMUYECKON KUHEeTMKe. Pacckas nsTbili. YpaBHEHME CKOpPO-
ctn / / XuMuns nXKu3Hb. 1972. Ne6. C. 50—51.

4. MepBenes HO. H. CKOpOCTb U MexaHMU3Mbl XMMUYECKUX peakuui // Xnmus B LLKONe.
2010. Ne6. C. 57—63; 2010. Ne 7. C. 44—50.

5. MonTopak O. M. CoBpeMeHHbIe TEOPUUN XUMUN U N3yveHne xumuun B wkone / / Copo-
coBckunii O6pasoBaTenbHbIi XypHan. 1995. Nel. C. 50—56.

MoOMOLWb YHNTEJTIO

AHKeTa AN pacyéTa MHAMBMAYANbHOTO UHAEKCA KayecTBa ypoka

BbiGepuTe nogxogsawme BaM YTBEPXKAEHMS U NoacumTaiTe cymmy 6ai1noB

Ne  YTBepaeHue 0 6annos 1 6ann

1 Ha ypoke A pabotan He aKTMBHO aKTMBHO

2 CBoeii paboToil Ha ypoke A He JOBOSEH [loBONEH

3 3a ypoK s ycran He yctan

4 Moé HacTpoeHue CTa/10 Xy>ke CTaU10 JNlyuLle
5 Marepuvan ypoka mHe 6bln He NOHATEH MOHSATEH

6 6ecnoneseH noneseH

7 CKy4eH MHTEepeceH

8 TpyoeH He TpyaeH

9 CB43b ypoKa € ApyrMMn HayKamm He 3aMeTHa 3amMeTHa

MoMOLWb YHNTEJTIO

MeToan4yeckme KOMMeEHTapuUmn

Ha 4-m atane ypoka KaxaoW paboueil rpyrnne MOXXHO MOPY4YUTb BbIMOIHEHME TOSIbKO
O[lHOTO-ABYX M3MepeHwuii. Hanpumep, ogHa rpynna onpeaenseTr CKOPOCTb peakuuu npu
[Na2S203 = 001 wmonb/n (M36bLITOK CEpHOM KuUcnoTbl), a 3arem npu [H2SO4 =
= 0,01 monb/n (M36bITOK TMOCcynbaTta HaTtpusa). Ha 5-m atane ypoka ob6obuwiatotca pe-
3ynbTaTbl BCEX rpynmn. Tako Noaxof no3BonsieT COKOHOMUTL y4eBHOe Bpemsi ypoKa 1 BOc-
nuTaTb OTBETCTBEHHOE OTHOLUEHME 06Yy4YaloLWNXCA K BbINONHEHUIO MOCTaBIEHHOW y4ebHOI
3agauun, yBakeHne K CBOM O HOKNACCHMKaM, 3aHATbIM B 06LLEM MCCnefoBaHUN

3afjaHuna Kypoky

1 3apgaHue Ha pa3BUTUEe PYHKUNOHANBHOW rPpaMOTHOCTM

Xnmunyeckas KMHeTMKa NO3BOJSIET paccMaTpyBaTb 3aKOHOMEPHOCTU NPOTEKaHUS U HEXMMU-
YeCcKux NPoL,eccoB, HaNnprMMep CKOPOCTU pacnaja pajMoakTUBHbIX igep PaanoakTuBHBLINA pac-
nag — 3TO peakuusa 1-ro nopsgka, T. €. CKOPOCTb BCEX peakuuii pagvoakTUBHOIO pacnaja
NpsiMO NpPOMOpLMOHaNbHa KOMMYECTBY pacnafalollerocss BeliecTBa BadXHOW KUHETU4YecKol
XapaKTepuUCTUKON TaKuxX peakuuii sBAseTcsa nepuog nonypacnaga t05 — ato Bpemsi, B TeUeHue
KOTOPOro pacnafaetcsi MON0BMHA MMEILLNXCA PagnoakTUBHbIX S4ep:

(10)
N =No-2 T5
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roe NO — 4ncno paAvoakTUBHBIX SiAEP B HayaslbHbIA MOMEHT BpeMeHu, N — uyucno pagmnoak-
TUBHbIX S4eP K MOMEHTY BpemMeHu £ MpadvK JaHHOW 3aBUCUMOCTM NpPeAcTaBNeH Ha PUCYHKe 3.

Puc. 3. M'pahmk 3aBUCUMOCTI UMCNa PamMoaKTUBHbIX SAEP OT BPEMEHU

Bbibpoc cTpoHUUA-90 B OKpYyXatoLlyo cpesy NpoucxXxo4uT B OCHOBHOM B pesynbTarte ajep-
HbIX MCMbITAHUA 1 aBapuini Ha NPeanpPUATUSAX aTOMHO 3HepreTMkn. CTPOHUMIA SBNAETCS aHano-
romM KajbLWsi M CNOCO6GEH MPOYHO OTKMaAblBaTbCA B KOCTAX. [nutensHoe pagvalnoHHOe BO3-
pelictBue 90Sr 1 NPoAyKTOB €ro pacnaja nopaxaeT KOCTHYH TKaHb WM KOCTHbIA MO3r. CTPOH-
unii-90 npetepnesaeT ABa NnocfefoBaTenbHbIX 6eTa-pacnaga. MNepuog nepsoro nosnypacnaja
oKoJ0 29 nert

B 1986 rogy BO Bpemsi aBapun Ha UYepHOObIbCKON aTOMHOW anekTpocTtaHuun (HAIC) us
paspylweHHOro peakrtopa 6blN10 BblOPOLWEHO 60MblIOe KOMNYECTBO PafvOHYKINAOB, B TOM
yucne cTpoHunin-90 (puc. 4). Bo CKOMbKO pa3 CHM3MUAaCb aKTUBHOCTb 3TOr0 Hykauga kK 2021
roay? B kakom rogy ero akTMBHOCTb CHU3MTCA B 8 pas3? MNpuBeanTe HEOGXOANMbIA pacyér.

Puc. 4. MNMNOTHOCTb PagMoOaKTMBHOIO 3arpsa3HeHusa Tepputopun Poccun 1 benapycu CTpOHUM-
em-90 nocne aBapum Ha YUAIC. OaHHble Ha 2006 1. (ATnac COBPEMEHHbIX U MPOrHO3HbIX
acnekToB MOC/NeLCTBMI aBapun Ha YepHOObINLCKOM ASC Ha NoCTpajaBLUNX TePPUTOPUSX
Poccun 1 benapycu (ACIMA Poccna—bBenapycb). MockBa—MuHck, 2009. C. 82.

60 B cogepxxaHune



XM KA

PelweHue: N
Mpeo6pasyem ypaBHeHMe (10) Tak, UTOObI MONYYMTb OTHOLIEHUE ~ , KOTOpOoe OyaeT noka-
3blBaTb CHUXXEHME aKTMBHOCTU r: N
(11)

L
—0 = 25
N

Mocne aBapum Ha YUA3C k 2021 rogy npowsio 35 net, nepuog nonaypacnaga Hyknunga 0Sr
paseH 29 rogam
Paccuutaem CHMXEHME aKTUBHOCTW:

N D
° =28 « 2,3 pasa.

[ns Toro uto6bl aKTMBHOCTbL CHM3MNACh B 8 pas, LO/MKHO NpoinTu 3 nepuoga nonypacnaja
(8 =23, T.e€.29 «3=287ner. 1986 + 87 = 2073 rog,.

2. 3afaHue gnda nogroTosku K FTMA, BIP
1 W3 npennoXeHHOro rnepeyHs BHEWHUX BO3AENCTBUIN BblOepuTe Te, KOTOpbIe NPUBOAAT K
YBE/IMYEHNIO CKOPOCTU peakuun aletTusieHa ¢ BOLOPOLOM
1) rMOHWXKeHue TeMnepatypsl
2) yBenuYeHWe KOHLEeHTpauum ataHa
3) wucnonb3oBaHWe KaTanmsaTopa
4) yBenuyeHMe KOHUEHTpauum Bogoposa
5) noBblleHWe JaBNeHUs B CUCTEME
OTBeT: 3, 4, 5

2 Bo3pgelicTBUSA, KOTOPbIE MPUBOAAT K YMEHbLUEHNIO CKOPOCTU peakuum OKUCNEHUs CepHU-
cToro rasa go okcuga cepbl (VI).

1) rOHWXeHue TeMneparypsbl

2) yBenuuyeHue KoHueHTpauum SO2

3) wvcnonb3oBaHWe KatanmMsaTopa

4) yMeHblUeHUe KOHUEeHTpauum kucnopogsa
5) yMeHblUeHWe AaBfieHUs B cUCTEME

OtBet: 1,4 5

3. V13 npeanoXXeHHOro nepeyHss BHELWHMX BO3AENCTBMIA BblGepUTe Te, KOTOPbIE MPUBOAAT K
YBEMYEHNIO CKOPOCTUN peakumn atoMUHKA C CONSHOM KUCNOTOM:
1) yBeNnMYeHue Temneparypbl
2) yBenu4yeHue KOHUEHTpauun KUCIOoTbl
3) uM3MenbyeHne aloMUHUA
4) yBenu4yeHue KOHLEHTpauuu Bogopoaa
5) yBenuuyeHue AaBfeHUs1 B cUCTeEME
OTBeT: 1, 2, 3

4 W3 npeAnoXeHHOro nepedyHsi Bbibepute (hakTopbl, KOTOpPble MPUBOAAT K YBEMYEHUIO
CKOPOCTU XMMUYECKOWN peakumn Mexay pactBopoM cynbata mean () 1 LMHKOM

1) nNoBbIWEHWE JaBNeHNs B CUCTEME
2) un3MenbYeHue LMHKa
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3) HarpeBaHue pactsopa

4) pobasneHue BOAbI

5) yBennuyeHue KoHueHTpauuu cynoshata megn (I1)
OtBet: 2, 3, 5

5. N3 npepnoXeHHOro rnepevHs BbibepuTe CXeMbl peakuuid, 415 KOTOpbIX YBeNMUYEHNE [aB-
NEeHUs NpuUBEAET K YBENMYEHUIO CKOPOCTM B3aMMOAENCTBUS. PaccTaBbTe KO3W(PULMEHTbI B
YypaBHEHUAX peakuuii

1) CaCO3+ HC1(p-p) f CaCl2 + CO2 + H20

2) CH3-CH=CH2 + H2 CH3-CH2-CH3
3) Fe + 2(kp) f Fel2

4) Fe + HBr(r) f FeBr2 + H2

5) Fe + H20(r) f Fe304 + H2

OtBeT: 2,4, 5

TeMbl BO3MOXHbIX NPOEKTHbIX U UCCNef0BaT eNbCKUX paboT

1. BbissiBneHue hanbCcnpnkaTtoB Méaa ¢ NOMOLLbIO METOA0B XMMMUYECKOM KMHETUKM.

2. BnvsiHME pasnnyHbIX (haKTOPOB Ha aKTUBHOCTL ypeasbl.

3. BnvsHWe ycnoBuii XxpaHeHUst NMPOAYKTOB NMUTaHMSI Ha aKTMBHOCTb KaTasasbl.

4. VI3meHeHue coaep>KaHUsi «akTMBHOTO x/iopa» B CpefCcTBax ObITOBON XMMUM B 3aBUCUMO-
CTU OT YCNOBWIA UX XPaHEHUS U MPUMEHEHNS;

5. MatemaTMyeckoe MofennpoBaHMe NPOTeKaHUA XUMUYECKUX PeakLmii.

Tema ypoka:
«3aBUCUMOCT b CKOPOCT U peakunn oT TemnepaTypbl»

OfHUM K13 (haKTOPOB, B/MAKOLWMX Ha CKOPOCTb peakuuu siBAsieTcsa Temnepatypa. dKkcnepu-
MEHTa/IbHOE MCCNefoBaHMe 3TOr0 BAVUSHUS B YCNOBUSIX LWKOMbHOM nabopatopun npeacrasnseT
6e3yCNIOBHbIA MHTEpec A5t cTaplUeKNacCHMKOB. M03BONSET MM NPUMEHUTL 3HAHUS, MOJSyYEH-
Hble Ha YpOKax (PU3NKM N MaTeEMATUKKN, AN OOBACHEHUS peasbHO HaGMOAAEMbIX XUMUYECKNX
npoLeccos

Ba)Ho!

CKOpPOCTb XMMMYECKOro npouecca 06bIYHO BO3pacTaeT Npu yBeMvYeHUn TeMneparypbl.
CornacHo aMnMpuyeckoMy npaBuiy ronnaHackoro xmmmka A. X. BaHT-Toda (1884 r.):
«MpU NOBbIWEHNN Temnepatypbl Ha Kaxable 10 °C CKOpPOCTb peakumn yBennyuBaetcs
B2—4 pa3a». JTa 3aBUCUMOCTb MOXXET ObITb BblpaXXeHa MateMaTu4yecKm ypaBHEHUEM:

V2 T2h

— =Y 0, (12

Vi
rae N2 u n| —cKopocTy peakuumn npu temneparypax T2mn T1COOTBETCTBEHHO, g —TeMnepa-
TYPHbIA KO3 PULMEHT, nnn KoahpuuneHT BaHT-Togga. Ans 60nbWIMHCTBA peakunii, npo-
TeKalLWwmMx Npy KOMHATHOM TemnepaType, OH MMeeT 3HavyeHne B npegenax ot 2 4o 4.

OO6bACHEHME 3aBUCMMOCTN CKOPOCTU peakuuu OT TeMnepatypbl 6b110 AaHO LWBEeACKUM

xummnkom C. AppeHnycom B 1889 rogy. OH npefnosioXuni, 4Yto K peakuum MNpuUBOLMUT He
KaXxgoe CTONIKHOBEHME MOJIEKY/1 peareHToB, a TOMbKO Te, B pe3y/bTaTe KOTOPbIX BblAens-
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eTcsA 3Heprus, jocrtatovyHas Ans paspbiBa XMMUYECKUX CBA3EN . JINlb Te MONEKY/bl, KOTO-
pble 06n1afaloT N30bITKOM KUHETUYECKOW 3Hepruu, cnocobHbl K pe3ynbTaTUBHOMY B3auMO-
geiictBnio  Ons KaXAol peakumu CyllecTBYeT ONpefenéHHblii aHepreTMyecknin Gapbep
MpeofoneTs ero 1 npopearnpoBaTe MOryT TO/IbKO Te YacTulbl, KOTOpble 061afatoT focTa-
TOYHbIM 3aMacoM 3Hepruun. TakMe MOeKy/lbl Ha3blBalOT aKTUBHbLIMUW, a 3HEPIuUio, Heob6Xxo-
AVMYIO ANA nepexoja BellecTBa B COCTOSHME aKTUBUPOBAHHOIO KOMMEKCa, — 3Hepruen
akTuBauumn, Ea(kd>x/monb). B3anmocea3b KOHCTaHTbl cKopocTn peakumn (K) n aHeprum
aktnBauumn (E@ BbipaxaeTcs ypaBHeHueM AppeHunyca:

K= A e RT 13)
roe A —npeasKCrnoHEeHUMaNbHbIA MHOXUTESb, YYNTbIBAKOLWMA YNCAO CTONIKHOBEHMWIA MOne-
Kyn v 6naronpusTHYI0 OpUeHTaLUM0 MOMeKyn OTHOCUTENbHO APYr gpyra, € — OCHOBaHue
HaTypanbHbIX norapugmos (e = 2,718..), R — yHuMBepcanbHasi rasoBasi MNOCTOSIHHas
(8,314 Ax/(monb =K), T— abconotHas Temneparypa, K.

B kauecTBe MofenbHbIX peakuuii, Kak B NpMMepe ypoKa, pacCMOTPEHHOM Bbille, UCMNOMb3Y-
10T B3auMogeiictBue Tmocynbara HaTpUs ¢ KUCNOTOM (4) Un OKUCNeHNe cynbuTta HaTpMsa 1o-
faTom

Tun ypoka: popMMpoBaHNE HOBbIX 3HAHWIA B MPOLLECCE 3KCMEPUMEHTA/IbHOTO UCCNELOBaHUS.

Knacc: 11

Llenb ypoka: co3gatb ycnoBua Ans popmMMpoBaHUS Y 06Yy4valoLMXCa 3HAHWA O 3aBUCUMO-
CTU CKOPOCTW peakumu OT Temrepartypbl, pa3BUTb YMEHUS MNofyyaTb KUHETUYeCcKue faHHble U
WMHTEPNPEeTUPOBaTh MX AN onpefenieHns TemMnepaTtypHoro KoaguumneHtTa CKOPOCTU peakuuu
(koaththmymeHTa BaHT-ITodda) n aHeprum aktmBaummn.

MpoLOoMKNTENBHOCTb YPOKA: OAUH akageMnyecknii vac.

MnaHnpyemble pe3ynbTathl

MpeaMeTHbIE:

* YCTAHOBMUTb 3aBUCUMOCTb CKOPOCTU peakuuu OT TeMneparypbl;

e Ha OCHOBaHMN 0606LWEHHbIX 3KCNEePUMEHTaNbHbIX faHHbIX YCTAaHOBUTbL 3HAYEeHUe Temre-
paTtypHOro kKoaguumneHta cKOpoctn peakuum (KoagpguumneHta BaHT-IFodga) n aHeprum
akTmBaLuu

MeTanpeAiMeTHble:

lMo3HaBaTeNbHbIE:

e (hopmynMpoBaTb pabouyro rmnoTesy un uenm nccnefoBaHus;

e MfaHMpoBaTb UCCNefoBaTeNbCKUA 3KCNEPUMEHT;

* VHTEprnpeTMpoBaTb NOMyYeHHble pe3y/bTaTthl;

e (opmynuMpoBaTb BbIBOAbI.

PerynaTusHble

e KOHTPONMPOBAaTb M OLEHMBaTb pe3ysnbTaTtbl LeATeIbHOCTU, BHOCUTb KOPPEKTUBbLI B UX Bbl-
NoJIHEHNE.

KOMMYH/Ka T UBHbIE:

* MNOJIHO W TOYHO BbIpaXaTb CBOWU MbICIM, apPrYMEHTUPOBaTb COOCTBEHHYIO TOYUKY 3peHus,
BCTynatb B AMasorT;

e 3(h(eKTMBHO paboTatb B Mape W B rpynmne npu peweHnn yyebHON 3agaun.

JINYHOCT HblE!

e pasBMBaTb MpPaKTUYeCKUe YMeHUs, CBA3aHHble C TMOJIyYEHUEM KUHETUYECKUX [AaHHbIX,
C MaTemaTtnyeckoli 06paboTKOMN faHHbIX KOMYECTBEHHOTO XMMNYECKOTO 3KCMEPUMEHTa;
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* MNpOSBAATL MO3HaBaTe/IbHYH aKTMBHOCTb B MPOLECCE NMPOBEAEHUS XMMUYECKOro 3KCre-
PUMEHTa, HaLENeHHOro Ha ycTaHOB/IEHME 3aBMCMMOCTU CKOPOCTU XMMUYECKOI peakuum
OT KOHLEeHTpauun peareHToB, 1 06paboTKM KMHETUYECKMX AaHHbIX

O6opypoBaHune, nporpammMmHoe obecnevyeHne M pacxofHble MaTepuanbl: UHTepPak-
TUBHaa gocka NM60 KOMMbIOTEP U MYNbTUMEAUNHbIA MPOEKTOP, 3/IEKTPOHHbIE Tabnuubl, Kanb-
KynaTopbl, NporpammMHoe ob6ecrneveHne Releon Lite, TemnepatypHblii gatumK, 6 OAMHAKOBBIX
CTakaHOB, 3 MepHbIX LWINHAPA, MarHUTHas Mellanka, CEKyHAOMep, MapKep (YEpHbIi namn Tém-
HO-CUHUIA); 6aHS KOMOGMHMpOBaHHaa naboparopHasa M Kpuctanausatop co nbgom; 0,05 M pac-
TBOp TMocynbgaTta Hatpus; 0,1 M pacTBOp CEPHOWN KUCMOTHI.

Xop4 ypoka
dT1an ypoka 1. OpraHnsaunoHHbI

Mpegnonaraemas NPOAO/HKUTENIBHOCTL: 1—2 MUH.

Meparorvyeckas AeATeNbHOCTb YUUTENA:

NnpoBepsieT rOTOBHOCTbL K YPOKY, opraHu3yet paboTy Knacca Ha ypoke, cO34aéT NoNOXUTE b-
Hbli 3MOLIMOHaNbHbLIA HACTPOI Yy 06YyYaloLLNXCS .

YuebHasa feaTeNlbHOCTb 06yyaloLmxcs:

3MOLIMOHa/IbHO HacTpamBaloTCA Ha NPeLCTOALLYI0 YHYeOHYIO AeATeNbHOCTD.

dTan ypoka 2. AKTyanumsaunsa 3aHaHui

Mpegnonaraemas NPOAO/MKUTEIBHOCTL: 10 MUH.

Meparornyeckan feaTeNlbHOCTb yUYUTENS:

NPoBOAUT (PPOHTa/IbHYO Beceny; akTyanm3npyeTt MMetolimecs 3HaHUa B 06/1acTn Xumuye-
CKOW KMHETUKU; NOMOraeT BbIIBUTb Y4ebHY0 Npob6aemMy, OCHOBY AN MPEeACTOALLEr0 IKcne-
pUMeEHTaNLHOIo UccnefoBaHus; NodyxaaeT obyyaloLWwmxcs K BbIABMXXEHUIO rnnoTesbl, op-
MY/IMPOBKE Lefeid, BbiCKa3blBaHWNIO MPEAI0XEHU O cNOco6e 1 cpefcTBax UX JOCTMKEHUS.
PaboTa c TepMnuHaAMU M NOHATUAMU

MoBTOpUTE U 0606LWNTL 3HAHUA y4dalluXcs O hakTopax, BAUAIOLWNX Ha CKOPOCTb XMMuye-
CKUX peaKkLuii, akTyanm3mpoBaTb 1 CKOPPEKTUPOBaTh Clefylolmne NOHATUA: «CKOPOCTb pe-
aKUMn», «KOHLEHTpaLUUs peareHToB», «KMHETUYECKOE YpaBHEHME», «TeMmnepaTypHbIA KO-
3ahpULNEHT CKOPOCTU peakuun, KoaphuumneHT BaHT-Todda», «3aHepretuyecknin bapbep
peakunmn», «3Heprus aktnBaLum», «aKTMBUPOBAHHbIA KOMMIEKC», «aKTUBHbIE MOEKY/bI»
OnwncaHve Npo6aemMHOM cMTyauum

C uvem cBfi3aHa OCHOBHaf NpuUYMHa YBE/MYEHUSA CKOPOCTU peakuuUn MPpU NOBbILLEHUU TEM-
nepatypbl? O4eBUAHO, OHa He 06yCcnoOBAeHa BO3pacTaHMeM 4vucia coyfapeHuin pearmpyto-
WKMxX vyactuy,. PacuyéTbl nokasanu, YTo Npu yBenunyeHun temnepatypol Ha 10 °C yucno cton-
KHOBEHMIA BO3pacTaeT Bcero Ha 1—2%. lNoyemy e HarpeBaHWe OKa3blBaeT CTO/b 3HAYU-
Te/lbHOe B/IMSHME Ha CKOPOCTb peakunm?

YyebHas fesaTenbHOCTb 06yYak LW NXCs:

OTBeYaloT Ha BOMPOCHI, BbICKA3bIBAKOT CBOM NPEANOSIOXEHUSA, NpeanaraloT 1 cornacoBbiBa-
IOT C yunTenem TeMy W Lefb ypoKa; npeanaratoT cnocobbl U cCpeAcTBa AOCTUMKEHUS LeNn
Mpepnonaraemoe 06bAcCHeHWEe NPO6GAEMHON cnTyaLunu.

Jiobyo peakUMOHHYKO cuctemy, Hanpumep A2 + B2 = 2AB, rge Bce BelecTBa razooobpas-
Hbl, MOXXHO OXapakKTepu3oBaTtb TpeMs rnocnefoBaTe/ibHbIMU COCTOSAHUAMMN:
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MepexofHOe COCTOSIHME CUCTEMbl OTBeYaeT 06pa3oBaHMI0 aKTUBMPOBAHHOIO KOMMJEKCA,
B KOTOPOM 3a CYET nepepacnpefeneHns 3NeKTPOHHOM MAOTHOCTU MeXAay aToMamMu npouc-
XoAuUT ocnabneHne ceszeii A —A 1 B —B 1 BO3HMKHOBeHMe cBA3ein A —B. O6pa3oBaHue
aKTUBMPOBAHHOTO KOMMJEeKca TpebyeT 3aTpaTbl aHeprum. Heobxoanma oHa v Ans nNpeogo-
NEHUSI CUN OTTAIKUBAHMA MEXAY CONMKaLWMMMUCA YacTMLaMK .

Mpy HarpeBaHUM BeLeCTBaM COOOLWLaeTcs AOMNONMHUTENbHAA 3HEPrus, BCNeACTBUE YeEro
yBE/IMUMBAETCA [ONS aKTUBHbIX MOJIEKYN U YMCNO Pe3y/bTaTUBHbLIX CTONIKHOBEHUA MEXAy
HUMW, T. €. PE3KO BO3pacTaeT CKOPOCTb peakuuu.

CnepyeT OTMETUTb, UTO ANS1 NMPOTEKAHUSI peakun HeEOBXO4MM He TONbKO onpenenéHHbIin 3a-
nac SHeprum 4acTuy, paBHbIA WK GOMbLUMIA, YeM SHEPIrUs akTMBaLMKU, HO N GnaronpuaTHas
B3aMMHasi OpUeHTaUUss MOJIEKY/, NPV KOTOPOI MOTYT BO3HUKHYTb HOBbIE XMMUYECKME CBSI3U.
3T0 06CTOATENLCTBO NPMBOAUT K TOMY, YTO YMCNO Pe3y/ibTaTMBHbIX CTOIKHOBEHWIA ¢ 06paso-
BaHMEM aKTMBMPOBAHHOIO KOMM/EKCa peaslbHO MEHbLUE, YeM YMCNO aKTUBHbIX MOJEKY.

d1an ypoka 3. [puMeHeHne 3HaHWin B HOBOW CUTyauunmn

Mpegnonaraemas NPoOAOMKUTENLHOCTL: 17 MUH.

Meparornyeckas 4eaTeNbHOCTb YUYUTENS:

npegnaraet obyyvarwLWMMca pacCMOTPeTb B KauecTBe MOJeNbHOM peakunn B3aMmogelricteue
MeX[y pacTBOopamu TUOCy/nb(aTa HaTpUs U CepHOM KUCNOoThl (4), O NPOTEKAHUN KOTOPOM
MOXHO CyAuTb MO M3MEHEHUIO MPO3PayHOCTN pacTBOpa B faHHOM uccnegoBaHUM U3Meps-
eTCA He CKOPOCTb, a MPOMEXYTOK BPEMEHU MEXAY Haya/loM peakumy u e€ BUAUMbIM pe-
3ynbTatoM. O4HaKo 3TOT MPOMEXYTOK BpeMeHu t o6paTHO NPOMNOPLMOHaNeH CKOPOCTU pe-
aKkuum v, NO3TOMy BefMUMHy 1/t MOXHO Ha3BaTb YC/IOBHOW CKOPOCTLIO peakumm nyol.
YunTtenb KOPPEKTUPYET BbINOJHEHNE 3KCMEPUMEHTANbHOIO nccnefoBaHns paboymmu rpyn-
namu. MNpegynpexaaeT, 4To MpU BbINOJHEHUN PaboThbl cnegyeT cob604aTb OCTOPOXKHOCTh
npy obpalleHnn ¢ CEPHON KUCNOTOl. B xoae peakumn BblaensieTcsa CEPHUCTLIN ras, NoaTo-
My oTpaboTaHHble pacTBOPbl HEO6XOAMMO CnMBaTh B 60/bLIYIO 6aHKY M CTaBUTb NOJ TATY.
YuebHasa feAaTenbHOCTbL 0OyyatoLmxcs:

thopmMupyroT paboume rpynnsl Mo 2 YeNOBEKa, NONYyYatoT 3afaHe n obopygoBaHme. BbinoAHS-
0T 3KCMepuMeHTaNbHOE MCcCef0oBaHne B napax, UCNOoMb3ys MHCTPYKUMIO (CM  MaTepuanbl Ans
KOMUPOBaHM1s), ODOPMAAIOT pe3ynbTaTbl U3IMEPEHNIA U pacyéTbl B TEeTPaAu WM Ha crneumnanb-
HbiX 61aHKax. O606LWalT pesynbTaTbl BCEX paboumnx rpynmn, 3aTeM € NOMOLLbIO 3/1EKTPOHHbIX
Tabnuy, Ha MHTEpPaKTUBHOIM AOCKe, NPeACTaBNAl0T B BUAe rPauKoOB 3aBUCUMOCTU CKOPOCTU
peakuunn OT Temnepatypbl

371an ypoka 4. O606ueHMe U MHTepnpeTauusa MNONYYEHHbIX Pe3ynbTaToOB, KOH-
TPO/b YCBOEHUS, 06CYyXAEHMNE AONYLULEHHbBIX OWNBOK U UX KOPPEKL NS

Mpegnonaraemas NPoOAO/MKUTEIBHOCTL: 10 MUH.

lMeparornyeckas LeATeNbHOCTb YUUTENA:

opraHusyeT 06CyaeHne pe3ynbTaToB UccnefoBaHus, NOABOAUT 0ByyaloLWwmxcsa K BbIBOAY O
3aBMCUMOCTU CKOPOCTW peakumu OT Temnepartypbl. [TOMOraer BbIACHWUTbL MPUYUHBLI OMNYy-
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lNpogonkeHne

LWEHHbIX NHCTPYMEHTa/IbHbIX UM CTAaTUCTUYECKNX OWMBOK, onpeaennTs Nyt Ux ncripasne-
HUA. B 3akntoyeHne 3a4aéT KOHTPO/bHbIE BONPOCLI (CM. Matepuanbl ANs KONMpOBaHUS).
YuebHas fesaTenbHOCTb 06y4valoLLmxcs.

0606LWat0T NoNyyYeHHble pe3ybTaTbl 3KCMNEePUMEHTa, pacCcHUTbIBAOT TeMAepaTypHbIi KO3M-
(PMLUMEHT CKOPOCTM peakuumn y. [Ins aTOro Mcnonb3yoT npeobpa3zoBaHHOe ypaBHeHne (12):

" (14)
v 2T1

Vi

Be3ycnoBHbIi MHTEpEC Y LWWKObHUKOB BbI3blBAeT rpaMyeckuii MeTog onpejeneHns y, rpa-
(huyeckoe comnocTaBfeHNe CBOUX [aHHbIX C AaHHbIMW U3 AUTepaTypHbIX WUCTOYHUKOB
C 3TolA uenbtlo norapumupyroTiypaBHeHune (12) n nonyyarot

In 15
Iny = ——6y—T + const. (15)
1

3 nonyyeHHoOro ypaBHeHusa (15) BUMAHO, YTO B KoopguHatax Iny — T rpauk 6yaeT MmeTb
NviHelHbIA BNUg (puc. 5), NpUYéEM TemnepaTypy MOXHO BblpaXaTb Kak B rpagycax Llenbcus,
TaKk U B KenbBMHax. TaHreHc yrna HaknoHa (yrnoBoi Ko3h@UUMEHT) NOAYyYEHHOW NpsMOi

paBeH . OnpeaenvB ero 3HaueHne, MOXHO paccynuTath Y.
10

JaHHbIA NpyMep MOXHO MCNONb30BaTh A8 (POPMUPOBAHUA MOHATUS CXOAMMOCTU 3Kche-
pPYMEHTaNIbHbIX U TEOPEeTUUYECKMX AaHHbIX (TOYKM NOXKATCA Ha MNPsSMYo, a TemnepaTtypHbIii
KO3hpunumeHT 630K nHTEpBasy, yctTaHoBneHHOMY A. X. BaHT-Toddom).

Inv

-5 H + * 3--- ! ! !
o] 10 20 30 40 50 60 t,°C

Puc. 5. 3aBucMMOCTb norapmgma CKOpOCTU peakumm OT TemnepaTtypbl. 1 — pesynbTatel nabopa-
TOPHOro onbiTa; 2 — fdaHHble I b. WynbnunHa (1975)

Mpatnkn ygobHO CTPOUTb C UCMNO/b30BaHNEM pefakTopa 3NeKTPOHHbIX Tabnuy, Hanpumep
MS Excel, faHHas nporpaMmma No3BO/SET anMNpPOKCMMMPOBATb faHHbIe M NMOKa3biBaTb ypaB-
HeHVe NMHUK TpeHda. V3 rpadnkoB, NpeacTaBNeHHbIX HA PUCYHKE 5, BUAHO, UTO BbISIB/IEH-

1 JlorapngmMmpoBaTb MOXHO MO F060MY OCHOBaHWIO, B JaHHOM Cllydae NpYBEAEH pesy/bTaT apxu-
BUPOBaHMS MO OCHOBAaHWUIO HaTypasibHOro lorapugma.
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Has 3aBUCMMOCTb MMeEET JIMHENHbIN BUA. BennymHa [OCTOBEPHOCTU SIMHEHOW annpoKcu-
Mauun (R2, 6nm3kas K eguHuLe, CBUAETENbCTBYET O HEOO/bLINX OTKAOHEHMUSX KaXKAow
TOUKM OT NpsiMoii. Fpadnkn He coBnagatoT, Tak Kak [ B.LUynbnuHMcnons3oBan 6onee  pas-
6aBfieHHble  pacTBOpPbLI(KCOXAa/IeHU, B CTaTbe He YyKa3aHbITOYHble KOHLEeHTpauum tmo-
cynbara HaTpusi N YKCYCHOW KNCNOTbI)

Ha ocHOBaHMW [JaHHbIX, NOMAYYEHHbIX yyalwMMUcA B xofe NnabopaTopHOro onbiTa, Nerko
paccuuTatb KoappuuneHT BaHT-Ffodhda g

y = el0Q®B4 ~ 18. (16)
Mcnonb3ysa gaHHble ' b. LUynbnuHa, nonydyaem 611M3Koe 3HaYeHue g
Y = eioqas ~ 19 (17)

YCTaHOB/IEHHbIE 3HAYeHUS g GN3KM K HWXKHEN rpaHuue MHTepBasia, COOTBETCTBYHOLLEro
npaesuny BaHT-Togda.
[ns onpepeneHns BeNN4YMHbI 3HEPIUM akTMBauuu EaypaBHeHue (13) 3anumcbiBalOT B 10ra-
pugpMnyeckon opme:

Ea 1 (18)
Ink = InA - —
R T

roe Ea— sHeprusa aktmBaumm, R — yHuBepcanbHas ra3oBasi NOCTOsiHHas, T — Temnepary-
pa, A — Npea3KCnoHeHUManbHbIi MHOXWUTENb, XapaKTePU3YOLWNA YacTOTy CTONKHOBEHWA
pearnpyowmx yactuy,. 3aTeM NepecymTbiBatOT AiaHHble 3KCNEPUMEHTa U 3anoHAT Tabnun-
by 2 (cM. Matepuasnbl K YpOKY AN KOMMPOBaHUS), HA OCHOBAHUN KOTOPOW CTPOSIT rpaduk B
KoopAnHaTax

1
Ink -

o T o El
(puc. 6). TaHreHc yrna HakioHa Nofy4YeHHOW NPSIMOA paBeH — Tt .

0,0029 0,0081 0,0033 0,0035 1

o 1

Inv -6 "

Puc. 6. 3aBUCMMOCTb CKOPOCTU peakLmn OT TeMrepatypbl B apPEHNYCOBCKMX KOOPANHATAX:
1 — pe3synbTaTbl NabopaToOpHOro onbiTa, 2 — AaHHble I. b. LynbnuHa
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PacuéT saHepruu aktmeaLMu Ha OCHOBaHUWN AaHHbIX, NPeACTaB/IEHHbLIX Ha PUCYHKE 6:

KK (19)
Ea = 5611 8,314 « 46,6
MOfb

K>

MOJb

nor 6. Wynbnnuy Ea= 6251 «8,314 « 52,0

M3 pacyétoB (19) BUAHO, YTO MOlyYeHHble 3Ha4YeHusa Ea 61M3KMN.

Jtan ypoka 5. MHhopmaunsa o gomallHem 3agaHum n pednekcus

Mpeanonaraemas NPoOAOMKUTENLHOCTL: 6—7 MUH.

Meparornyeckas LeATeNbHOCTb YUUTENA:

MHpOPMUpPYeT O AOMaLLHEM 3ajaHUn, AaéT KOMMEHTapPUIA MO ero BbIMNOSIHEHUIO; nNpeanara-
eT aHKeTy pedieKcumn K ypokKy 1 npegnaraet paccuutarb «MHAMBUAYanbHbIA MHAEKC Kadve-
CTBa YpOKa»; NoABOAUT pPedNeKCUBHYIO CTaTUCTUKY YPOKa MO KOIMYECTBY YYEHUKOB, Y KO-
TOPbIX MHAEKC KayecTBa Bbille 3Ha4YeHUs 5; 4eMOHCTPUPYET 3anncb NPo6iemMbl 1 Lenn ypo-
Ka, cnpawmnBaeT. «Kak Bbl gymaeTte, pelleHa N1 npobnema, fOCTUTHYTa M Uenb?» Ecnu
npo6semMa He pelweHa M Uenb He JOCTUIHYTa, npegnaraet o6bACHEHWE W Npeanaraet B [0-
NOJIHEHME K JOMAaLUHEMY 3alaHuI0 noAymartb Haj npuynHamMmy 3T0ro.

YyebHas fesaTenbHOCTb O6y4varoLLmxces.

3a/al0T YTOUYHSALME BOMPOCHI O BbIMOSIHEHUW JOMALUHEro 3ajaHuns; paccymTbiBalOT NHAM-
BUAYaNbHbIA MHAEKC KayecTBa YypoKa, onpefenstoT cTeneHb COOTBETCTBMA MOCTaB/IEHHOM
uenn v pesynbTaToB LeATEeNIbHOCTU; CTEMNeHb CBOEro MPOABMXEHUS K Liefn; BbiCKa3blBalOT
OLLEHOYHbIE CYXXAEHUSA U COOTHOCAT pe3ynbTaTbl CBOEH AeATENbHOCTM C Liefbio YPOKa.

MaTtepuanbl 4N NOATOTOBKU K YPOKY

WNHCTpyKUUA K 3KCNepuMeHT a/lbHOMY UcC/ieOBaHMUI0

«3aBMCUMOCTb CKOPOCT U peakuynn oT TemrnepaTypbi»

HaneiTte B 0gHM XMMUYECKME CTakaHbl no 50 mn 0,05 M pacTBopa Tnocynbgarta HaTpus, a B
apyrme — 0,1 M pactBopa CEPHOW KMCIOTbl. [TOMecTMTe cTaKaHbl MOMNAapHO B KpUCTannmMsaTop
CO NbAoM, B 6aHu ¢ Ténnoi (40—50 °C) un ropsiveir Bogon (60— 70 °C) cOOTBETCTBEHHO. ELE
OflHY Mapy cTakaHOB OCTaBbTe MPW KOMHaTHOI Temnepartype. Bo Bce cTakaHbl C pacTBOpamu
onycTuTe AaTynky (MM TEPMOMETPbI) U HAUMHAKT perncrpauuto temneparypol CrakaHbl € pac-
TBOpaMn Heob6Xx04MMO TepMocTaTMpoBaTb He MeHee 5—7 MuH. 3aTeM [elicTByiTe Mo yXe OT-
paboTaHHOMY anroputMy (CM. MHCTPYKLUIO K NpeAbliaywemMy ypoky). NonyyeHHble pesynbTatbl
3aHecuTe B Tabnmyy 1.

Tabnuua 1
Pe3ynbTatbl nccnefoBaHMsa 3aBUCMMOCTU CKOPOCTU peakuun OT TeMmnepaTtypsbl

NeonbliTa 1 2 3 4 5
Temneparypa pactsopos, °C
Bpemsa npoTtekaHusi peakumu t, ¢

Yow 6
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XM KA

[na onpefeneHns BeNMYMHbLI 3HEPTMM aKTMBauuMmn EacnefyeTt NoCTPOUTb rpaduKk B appeHu-

YCOBCKUX KoopauHatax jnk 1. C aT10ii uenbio NpoBeanTe HeobXoaMMble pacyéTbl U 3amnos-
HUTe Tabnuuy 2. T
Tabnuua 2
JaHHble AN NOCTpOeHMUsA rpauKoB 3aBUCUMOCTU CKOPOCTU peakuum
OT TeMnepaTypbl B apPeHNYCOBCKUX KOOpAUHATax

Neonbita 1 2 3 4 5
Temnepatypa, °C

Temnepartypa T, K

nycn, ¢

Inv

KOHTpoObHbIE BOMPOCHI

1 MpaBuno BaHT-IFoha HasbiBaeTca amnmpuyecknm. Kak Bbl 3TO NOHMMaeTe?

2. Tloyemy He BCe CTO/IKHOBEHMUS MeXAy 4acTuuamMn ABMSIOTCA pe3y/bTaTUBHbIMU, T. €. Mpu-
BOAAT K XMMUYECKOWN peakuunm?

3. Uto Takoe aHeprus aktmBauum? OT KakuMx (PakTopoB OHa 3aBUCUT?

NnTepaTypa

1 TnuHka H. 1. O6wan xumusa: YyebHoe nocobue gns By3oB / nopg peq. A.M. EpmakoBa.
M.: NHTerpan-ipecc, 2003. C. 186—210.

2. LopogpeeB M. B., becnanos IN. . M3ydyeHne cKOpPOCTU XUMUYECKON peakumu ¢ UCMONb-
30BaHMeM uUupposoi nabopatopun / / Xumua B wkone. 2011 Neg. C. 43—50.

3. 3aliueB O. C HeopraHuueckas xumus: yue6. gna 10 (11) kn. obuieobpa3oBaT. yupexaie-
HWIA c yrnyon. u3yd. npegmera U ¢ U3yd. npegmera Ha npodunsHoM yposHe. M.: ACT-lpecc
Wkona., 2006. C. 192—248.

4. leeHcoH N. A. Kak 1 noyemy Nponcxogsat XMMUYECKne peakuum. 3n1eMeHTbl XMMMUYeCKo
TepMOAVMHAMUKN U KUHETUKW. [lonronpyaHblii: 3patenscknii om «HTennekt», 2010. C. 224.

5. leeHcoH . A. Pacckasbl O XMMWYECKOW KMHETMKEe. Pacckas nATbivi. YpaBHEHME CKOPO-
ctn / / XuMuns 1 Xu3sHb. 1972. Ne6.C. 50—51

6. MeagBeges 0. H. CKOpOCTb U MEXaHM3Mbl XUMUYECKUX peakuwun // Xumus B WKOe.
2010. Ne 6. C. 57—63; 2010. Ne 7. C. 44—50.

7. MepBepges 0. H. 3aBUCMMOCTb CKOPOCTU peakuun oT TemnepaTypsbl, Wiv Kto npas: BaHT-
Frogd nnm Appennyc / / Xnmua B wkone. 2010. Neg. C. 49—55.

8. MonTopak O. M. CoBpeMEHHbIE TEOPUN XUMUN N U3ydeHue xumun B wkone / / Copo-
coBCKMniA O6pazoBaTesbHblii XypHan. 1995, Nel C. 50—56.

9. WynbnuH I B. Xumnyeckana peakums n cekyHgomep // Hayka v Xu3Hb. 1979. Ne 5.
C 105— 107

B cogep>xaHune 69



KBAHRKKOPMY M XUMMUSA

MOMOLWb YHNTEJTIO

AHKeTa ANnA pacyéta MHAUBUAYANIbHOTO MHAEKCA KayecTBa ypokKa

BbiGepuTe noaxoasiime BaM yTBEPXKAEHUS 1 nogcumTalite cymmy 6anioB

Ne  YrBepxkgeHve 0 6annos 1 6ann

1 Ha ypoke A pabotan He aKTMBHO aKTBHO

2 CBoeii paboToil Ha ypoke 5 He JOBOSEH [OBONEH

3 3a ypoK A ycran He yctan

4 Moé HacTpoeHue CTa/10 Xy>Xke CTaU10 JflyuLle

5 He MOHATEH MOHATEH

6 6ecnosneseH noneseH
Matepuan ypoka MHe 6blin

7 CKy4eH MHTEepeceH

8 TpyOeH He Tpy4eH

9 CBA3b ypOKa C gpyryMn Haykamu He 3aMeTHa 3amMeTHa

MeTogn4yeckme KOMMeEHTapuu

Ha 4-m atane ypoka Kaxgoi paboueli rpynne MOXHO NOPYYMTb BbINONHEHUE TO/bKO
O[IHOTO M3MepPeHUs, NP OAHOWN KOHKPETHOI Temmnepatype Tako noaxof Nno3BOMUT yBe-
NMunTb y4ebHOe BpeMs, OTBEAEHHOE AN 5-ro atana ypoka, yuto no3BoanT getasbHoO 0606-
WMTb pe3ynbTaTtbl BCEX TPynn, yAenuTb 60/blie BHAMaHWA MateMaTU4yecknm mMetogam 06-
paboTKM JaHHbIX 3KCMEPUMEHTaNbHOIo nccnefoBaHmnsi. OOGbIUHO LKOIbHUKOB O4Y€Hb Brie-
yatnseTt TOT (haKT, UTO 3IKCMEepUMEHTa/lbHble AaHHble, MOJlyYeHHble pasHbIMU pabovynmu
rpynnamm v npeacraBfieHHble B COOTBETCTBYIOLLMX KOOPAMHATAX, IOXKATCA Ha Of4HY nps-
MYy 1 LOBOJIbHO 6/1M3KM pe3ynbTatam, NPeAcTaBNeHHbIM B IMTEPATYPHbIX UCTOYHMKAX

3afaHunda Kypoky

1. 3apaHue Ha pa3BMTUE PYHKLMOHANBHOK rPaMOTHOCTM

1) ANbNUHUCTBI 3HAKOT, YTO BLICOKO B ropax TPyAHO CBapuTb SiAL0 1 BOOOLLe 0Oy nuLy,
Tpebyouwy 6onee UM MeHee ANUTENLHOIO KUMNAYEHUA. Kak 3T0 MOXXHO OOBACHUTL? lMovemy
YXUTE/IMN BbICOKOTOPbA MPeLnoynTaloT Bapke nuiiy eé xapky?

2) B KHurax no KyiMHapuv MOXHO npo4yuTatb, YTO B 0ObIYHOW KacTptone (npu 100 °C) ro-
BSAMHa Baputca 2—3 4, KOMNOT 13 610K — 10— 15 MuH. OueHnTe BpemMs MNPUTroOTOBEHUS
OTBapHOI roBaguHbl M S6/104HOTO0 KOMMOTa B KacTpl/ie-CKOpoBapKe, T € B aBTOK/IaBe Mof
JaBneHunem Temnepartypa KuMNeHUs B TakKOW CKOpoBapKe coctaBnseT 118 °C B pacuértax npu-
MUTE 3HaYeHWe 3HepPrum akTmBaLuu MNPOLLECCOB MNPUIOTOB/IEHUS YKa3aHHbIX 61110 paBHbIM
~ 120 kAx/monb (no WN. A. leeHcoHY]).

PeweHue:

1) Mo mepe nogbEéma BBepX, B ropbl, nagaet atMocepHoe gaBneHne. C MOHMKEHMEM aT-
MOC(epPHOro faBfeHUs YMeHbLUaeTca TeMneparypa KUneHus Bofbl NPpUMePHO Ha 4 °C Ha Kax-
OblA KWOMETP BbICOTbI. 3TO NPUBOAUT K CYLLECTBEHHOMY CHVDXEHUIO CKOPOCTU MPUTrOTOBAEHUSA
NULLNX 1 YBENMYEHNIO BPEMEHN eé Bapku. TemnepaTypa CKOBOPOAKW, B OT/IMUME OT TemMnepary-

1 JleeHCOH M. A. Kak 1 noyemy NponcxoasT XMMUYECKME peakuyn. SNeMeHTbl XMMUYECKON TepMO-
OVHAMVKU 1 KMHETVKW. JonronpyaHbiii: N3patenscknii Jom «HTennekT», 2010. C. 106— 117.
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pbl KMNAWEA BOAbl B KacTptose, He 3aBUCUT OT aTMOCKHEepPHOro AaBneHusi, NO3TOMy B ropax
npegnoYMTaloT He BapUTb NPOAYKTbI, a XXapuTb

2) Mcnonb3ys ypaBHeHue AppeHunyca (13), paccumtaem, BO CKOJIbKO pa3 BO3pPacTET CKO-
POCTb MPUIrOTOBNEHNSA MULLN MPU MOBbIWEHUN Temnepartypbl ot 100 go 118 °C:
e (19)
k2 A ee RZ
Ea
K\ A ege RTL

roe k1 n k2 —KOHCTaHTbICKOPOCTU MPOLECCOB  MNPUroTOBEHMUSYKa3aHHbIX B 3afjaHuu 61104
npu T:.(100°C = 373 K)u npn T2 (118 °C = 391K) cooTBeTCTBEHHO. [locnenorapupmupoBa-
HUS 1 Npeobpas3oBaHUsa BblipaxxeHus (19) nonyyaem:

[ (20)
nk2 = Eaff2- M= _  12°105 o, “18K 44
k1 RTT2 8,31 —_ «373 «391 K
MOnb K

Takum o6pasom, nNpu noBbilWeHUN TemnepaTypbl oT 100 go 118 °C ckoOpOCTb peakuum BO3-
pacTtaet
k2 (21)

B— = €18 « 6 pas.
ki

COOTBETCTBEHHO BpeMs MPUroTOB/EHUS MUY YMEHbLUUTCA B 6 pas, roBAAUHY HY>XHO OTBa-
puBatb 20—30 MUH, a A6/104HbIA KOMMNOT cBapuUTCA 3a 2—3 MUH

2. 3apaHue gna nogroToskn K T'MA, BIP
1 3 NpeanoXXeHHOro nepeyHs BHELWHUX BO3AEACTBUI BbIGEPUTE Te, KOTOPblE MPUBOAAT K
YBEMYEHNIO CKOPOCTW peakuMn OKUCIeHns ammMmmnaka o okcuga asota (ll).
1) HarpeBaHWe peakLMOHHOW cMecu
2) yBeAMYEeHMe JaB/IEHUSI B CMecH
3) wucnonb3oBaHWe KaTanmsaTopa
4) yBenMYeHMe KOHUEHTpaUumn Kucnopoaa
5) ypaneHue okcupga asorta (1) us cmecu
Otget: 1,2, 3, 4

2 Bo3gencTBus, KOTOpble NPUBOAAT K YMEHbLUEHUIO CKOPOCTU peakumn LefoyYHoro rmgpo-
nn3a (OMblIEHUSA) XUpa:
1) rMOHWXeHue Temnepatypsl
2) aMy/brMpoBaHue Xunpa
3) wncnonb3oBaHMe KatanamMsaTopa
4) yMeHblUEeHMEe KOHLUEHTpaLMM LWEeoum
5) yMeHblUeHWne AaBfieHUs B cCUCTEME
OtBeT: 1, 4

3. V13 npeanoXKeHHOro nepeyHs Bbibepute BCe peakuun, ANs KOTOPbIX M3Me/byeHne TBEp-
[Or0 BellecTBa NPUBOAUT K YBEIMUYEHNIO CKOPOCTU .

1) CaCO3 + 4C = CaC2 + 3CO
2) 2C2H2 + 502 = 4CO2 + 2H20
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3) CO + 2H2 = CH30OH

4) 4NO2 + 2H20 + 02 = 4HNOs3

5) Si02 + 2NaOH = Na2Si03 + H20
OtBet:. 1,5

4 13 NpeasioXKeHHOro NepeyHst BbIGEPUTE CXEMbl BCEX peakuuid, 4nsi KOTOPbIX MOBbILEHWE
[aBNeHns NPUBOANT K YBEIMUEHNIO CKOPOCTU:

1) OH- + CO2f HCO3 4) HCO3 + OH-f CO2- + H20
2) 20H- +CO2f CO2-+ H20 5) HCO3 + H+f CO2+ H20
3) CaO + CO2f CaCoOs3

OtBet: 1,2, 3

TeMbl BO3MOXHbIX MPOEKT HbIX N NccnefoBaT eNbCKUX paboT

1 TemnepatypHble ONTUMYMbl KaTanasbl, BblAENEHHOW M3 YXMBOTHOWM M PacTUTENbHOI TKaHe.

2 OnTMManbHble YCNOBUSA 4718 CTUPKM GE/bS C MOMOLBO CPeACTB, CoAaepXKalinux pepmMeHThl

3 TemnepaTypHas 3aBUCUMOCTb CKOPOCTM peakuMm NOMKUIOTEPMHbIX XXUBOTHbIX Ha BHeLU-
HVe pasgpaxuTenu

4 OnpepgeneHne 3HepPrun akTMBaLMn NPOLECCOB MPUTOTOBAEHNS MOMOYHOKAUCBIX MPOAYK-
TOB B OMALUHUX YCNOBUSAX

5 CKOpOCTb KOPPO3MK CTasn B BOAHbIX pacTBOpax

6. KnHeTuKa 1M MexaHu3Mbl afgcopbunmn n gecopbumm eHona u ero NPOM3BOAHbIX Ha Mo-
PUCTbIX cUNMKartax

7 OCO6EHHOCTM NPOTEKaHUSI KoNebaTenbHbIX peakuunii

Tema ypoka:
«KOHAYKTOMEeTpUYECcKOe M NOTEHLNOMET PUUYECKOe TUTPOBaHUE»

Linchposbie nabopatopuun (L J1), Bxogawme B noctaBky «LLIKOMbLHOro KBaHTOpPUyMa», NO3BO-
NAKT YUMTENHO XMMUN OPraHn30BaTb XMMUYECKUI 3KCMEPUMEHT Ha HOBOM YPOBHeE, nepeiTtn ot
UCKNKOUYNTENIbHO KayeCTBEHHOW OUEHKM HabngaeMbiX SIBAEHWA K aHanu3y MX KOANYECTBEH-
HbIX XapakTepucTuK, NO-HOBOMY M3y4aTb SIBEHWUS M CBOWNCTBa BewecTB. C 31O TOUKU 3peHus
peweHne 3a4ay KONMYeCcTBEHHOIO XMMUYECKOr0o aHanmsa npefocTtaBniseTr Heo603pMmMoe none
YUEOHOW AeAaTenbHOCTU Ana npumeHeHus LJ1. C6op M 06paboTKa pe3ynbTaTtoB KOMMYECTBEH-
HbIX 3KCNEPUMEHTOB, X UHTEPNPETALUA UrPatoT BaXKHYIO POJib B Pa3BUTUN KPUTUUECKOrO aHa-
Nn3a WHpopMaunKn, Mo3BONAKT HayuuTb LWKOJIbHUKOB CpaBHUBATb U 0606LaTb, BbIABAATb
rnaBHOe W yCcTaHaB/MBaTb 3aKOHOMEPHOCTU, CAMOCTOATE/IbHO (DOPMYyNMpoBaTb NPobsemy, Bbl-
ABUratb 1 aKCNepuMeHTaNbHO NPOBEPATb rMnoTesy, (OpMyIMpoBaTb BbiBOAbI; NO3BONSAET 06Y-
yaTb MeToJaM Mo3HaHus. Takoi noaxod onpeaensieTca LeneBbiMy TpeboBaHMsMu @TOC COO.

Ba)Ho!

TuTpMMeTpuyecknin (06bLEMHbIA) MeTo aHann3a OCHOBaH Ha M3MEpPEeHuM KonmyecTa
peareHTa, TpebytoLleroca Ana 3aBeplleHna peakuumn ¢ JaHHbIM KOMYeCTBOM orpejense-
Moro BellectBa. OCHOBOMONOXHNKOM OOBEMHOrO aHanuia ABnseTcs PpaHLy3CKUin yué-
Hbli XK. J1. Teli-Jlioccak. TUTpUMETpPUUECKME METObl aHaM3a OCHOBaHbl Ha UCMNO/b30Ba-
HAN caMblX pa3HOOOpa3HbIX peakunin. B WKONLHOM Kypce XumMuun 6onblie yaensitoT BHU-
MaHVA peakuMy HelTpanusauum, T € MeTofaM KWUC/TOTHO-OCHOBHOTO TUTPOBaHUA Touky
3KBMBA/NEHTHOCTN (KOHEYHYHO TOYKY TUTPOBaHUA) PUKCUPYIOT OObIYHO C MOMOLLbI KUC-
NIOTHO-OCHOBHbIX UHANKATOPOB: METUIOBOITO OPaHXXeBOro, peHonpTanemHa
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OpfHako onpefeneHne TOYKM 3KBUBANIEHTHOCTU C NMOMOLLbI UHAMKATOPOB He SIBAAOT-
CSl €AUHCTBEHHbIM, CYLLECTBYIOT U Apyrne Tak HadbiBaemble OU3NKO-XMMUYECKME METO/bI
Bo MHOrux cnyvasix NpuvMeHeHWe WHAMKATOpPOB B Mnpouecce 06beMHO-aHaNIUTUYECKUX
onpepeneHnii okasbiBaeTcsi HEBO3MOXHbIM MO pPasHbIM MpuyMHaM. TpygHO UM NpakTuye-
CKM HEBO3MOXXHO HabnwAaTb U3MEHEHWE OKpacku MHAMKATOpa B OKPaLIEeHHbIX WK MyT-
HbIX pacTBopax. B gpyrux cnydasx, Hanpumep, nNpu TMTPOBaHUM cnabbiX U OYEHb ClabblX
KMUCNOT M OCHOBaHWI, UHAMKATOPbI OKa3biBalOTCS 6ecnonie3HbIMU, Tak Kak ¢ X NMOMOLLbHO
HEBO3MOXHO JOCTUYL TPEBYEMOI TOUHOCTM OnpeaeneHus.

MpoBefeHne ypoka «KOHAyKTOMeTpuyeckoe W MOTEHUMOMETPUYECKOe TUTPOBaHME»
B 11 knacce no3BonsieT NOBTOPUTbL M 0606WMTL 3HAHUS MO TeMe «PacTBOpPbI 3/1€KTPOMTOBY,
cthopmmpoBaTtb NpeacTaBneHnsi 06 3N1EKTPOXMMUYECKMX MeToAax KOMMYECTBEHHOro aHanmsa,
NMPOBECTM 3KCMEPUMEHTANIbHOE MCCNef0BaHMe, HaleNeHHOe Ha BblisIBNEHME yYeGHOW npobne-
Mbl U ee pa3peLleHmne

Tnn ypoka: 0606LeHne 3HaHU B NpoLecce 3KCNepUMEHTanbHOro nccnefoBaHus.

Knacc: 11

Llenb ypoka: co3aaTtb yCcnoBus ans NOBTOPEHUS M 0606LLEHNA 3HAHMI Y 06yyatroLLMxcs 06
3N1eKTPONMTaX, 3NEKTPONUTUYECKON AMccoumnaummn, peakunsax UWOHHOrO 06MeHa, BOAOPOAHOM
nokasartesie, chopMMpPOBaTb YMEHUA ONpPefenATb KOHUEHTPaLuuto cnabbiXx KACNOT B OKpaLleH-
HbIX pacTBOpax MeTogamMu KOHAYKTOMETPUYECKOro M NOTEHUMOMETPUYECKOTO TUTPOBAHMA.

MpofomKnUTeNbHOCTL YPOKa: ABa akafeMnyecknx yaca.

MnaHnpyemble pe3ynbTaTbl

NMpeAMeTHbIe:

* MOBTOPUTb M 0606LIMTL 3HAHNS NO TeMe «PacTBOPbI 3N1EKTPONMUTOB», Pa3BUTb NpeacTaB-
NeHuns 06 anekTponuTax;

* HayuuTbCa ONpefenAtb KOHLUEeHTpauuio cnabbix KUCMOT B OKpaLlleHHbIX pacTBopax MeTo-
JaMn KOHAYKTOMETPUYECKOro M NOTEHLMOMETPUYECKOTO TUTPOBAHMS,

e NPOBOAUTL HEOOXOAMMblE CTEXMOMETpUYeckne pacyétbl, obpabaTbiBaTb pe3ynbTathl
KMCNOTHO-OCHOBHOIO TUTPOBAaHUA

MeTanpegmeTHble:

[Mo3HaBaTeNbHbIE:

e (opmMynMpoBaTb pabouyro rmnoTesy n uenm nccnefoBaHus,;

e MaHMpPOBaTb UCCNELOBATE/IbCKUA 3KCNEPUMEHT,;

* VHTEprnpeTMpoBaTb NONyYeHHble pe3y/bTaThl;

e (opmynMpoBaTb BbIBOAbI.

PerynaTuBHble:

e KOHTPONMPOBAaTb M OLEHMBaTb pe3ysbTaTtbl eATeIbHOCTU, BHOCUTb KOPPEKTUBLI B UX Bbl-
NnosiHeHue.

KOMMYHUKaT MBHbIE:

e MOJIHO U TOYHO BblpaXaTb CBOWU MbICIM, apPryMEHTUPOBaTb COOCTBEHHYIO TOYKY 3peHus,
BCTynaTb B Auanor;

e 3(D(heKTMBHO paboTaTb B Mape W B rpynmne npu pelieHnn yuyebHoOM 3agaun.

JINYHOCT HblE!

e pas3BuBaTb NMpaKTUYecKMe YMEHWs, CBSAI3aHHbIe C MOMy4YeHVEeM U MaTtematunyeckoli o6pa-
6OTKOW AaHHbIX KOMMYECTBEHHOIO XMMNUYECKOTO 3KCNEPUMEHTA,;

e NposABAATb NO3HaBaTe/lbHYK aKTMBHOCTb B MpoLecce NpoBeAeHUss XMMUYECKOro akcne-
pYMeHTa, HaLeneHHOro Ha NOBTOpeHue 1 0606LeHe 3HaHMIA 06 3N1eKTPOnTax.
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O6opyaoBaHue, nporpaMMHoe oGecrneyeHe U pacxofHble maTepuanbl: UHTEPaK-

TMBHas J0OCKa NMM60 KOMMbIOTEP N MYNbTUMEAUIHBLIA NPOEKTOpP, 3NEeKTPOHHbIE Tabnuubl, Kajb-
KYNATOpPbI, INCTbl MUMIMMETPOBOW GymMaru, MMHenKn, kapaHgawm, nporpaMmMmHoe obecneyeHue
Releon Lite, gatynk pH, gaTtumk 3neKTponpoBOAHOCTA, MarHUTHaa Mellasnka, cekyHgomep, 6to-
peTka, aBToMaTu4yeckass MMUKpoONunetka nepeMeHHoro o6béma Ha 100— 1000 MK/, 2 CTakaHa
Ha 100 mn, wratme nabopaTopHbIl € Nankon AN KpenneHus gatumka, ctaHgapTtHbld 0,1 M pac-
TBOpP rngpokcuga Hatpus. O6bekTbl A1 UCCef0BaHUS: OKpPalleHHble COKM (BMLUHEBLINA, TO-
MaTHbIA) UM gpyrne HanuTkn (MOPCbl, KOMMOTbI K Mp.).

Xop4 ypoka

3Ttan ypoka 1. OpraHnsaynoHHbI

Mpegnonaraemas NPOAO/MKUTENIBHOCTb: 1—2 MUH.
Meparorvyeckas AeATeNbHOCTb YUNTENS:
npoBepsieT rOTOBHOCTb K YPOKY, OpraHnsyeTt paboTy Knacca Ha ypoke, CO34aéT NON0XU-

TeNbHbIA 3MOLMOHAaNbHbIA HACTPOR y oby4arowmxcs.
YyebHas fesaTenbHOCTb 06YyYal LW nXCs:
3MOLMOHa/IbHO HaCcTPaMBalTCA Ha NPeACTOALLYI0 YYEOHYIO AeATeNbHOCTb.

dTan ypoka 2. AKTyanusaunsa 3HaHui

Mpeanonaraemas NpPoAoO/MKUTENbHOCTL: 30 MUH.
Meparorvyeckas AeATe/IbHOCTb YUUTENS:

NPOBOAUT (PPOHTaNbHYIO 6Geceay; akTyanusMpyeT MMelLMecs 3HaHMA 06 3MEKTPONUTAX;
NMOMOraeT BblsiBUTb y4Ye6HYt0 NMpo6GieMy, OCHOBY A5l MPeACTOSILLErO 3KCNEPUMEHTa/IbHOTO
nccnefoBaHusa; NobyxaaeT 06yYyarOLNXCA K BbIABMXXEHUIO TMNOTe3bl, (HOPMYMPOBKE Lie-
NeW, BbICKa3blBaHWIO NPEAOXEHNH 0 cNoco6e M CPeACcTBax MX AOCTUXEHUS .

Pa6oTa ¢ TepMUHAMM U MOHAT UMM,
MoBTOPUTL M 0606WMTb 3HAHMA y4YalUXcsi 06 3N1EeKTPONIUTUYECKON Auccoumaunn, Cub-

HbIX 1 cnabblX 3N1EKTPONNTaX, PakTopax, BAUAIOLWMX HA CTENEHb 3NEKTPONNTUYECKOW AnC-
coymaymun, peakymax MOHHOro o6mMeHa, NPOTeKalLWmx B BOAHbIX pacTBOopax, BO4OPOLHOM
nokasarene pH

OnwncaHve Npo6aeMHON cMTyauuu.

Mpon3BoANTENN COKOB, HEKTAPOB, MOPCOB, KOMMOTOB U APYIUX MPOAYKTOB nepepaboTku
(hPYKTOBOTO Chipbsi YacTO A06ABASAIOT B CBOK MPOAYKUMIO pasfimyHble KNCAOTbl. K HUM OT-
HOCATCA Perynsitopbl KUCAOTHOCTU (IMMOHHAasA, A6/104YHas, BUHHAA N pyrne KUCNoTbl), aH-
TMokucAnTenu (ackopbuHoBas KUCIOTA), KOHCepBaHTbl (COpOMHOBAsA, GEH30MHasa KUCno-
Tbl). COrnacHO HOpPMaTUBHbLIM JOKYMEHTaM COAepXXaHWe [06aBfeHHbIX KUCNOT B MULLEBONA
NPOAYKLUMN CTPOro pernaMeHTUpPOBaHO U He AO/MKHO MpeBbiwaTb ONnpesenéHHbIX 3HaYEHN
[ns onpepeneHns cofep>XaHWsi KUCNOT MPUMEHSETCS METOj KMCIOTHO-OCHOBHOMO TUTPO-
BaHMS. TUTPOBaHWEe aHaIU3MPYEMOro MPOAYyKTa MPOBOAAT CTaHAAPTHbIM pPacTBOPOM TU-
LpOKcMAa HaTpus B NPUCYTCTBMM WMHAMKaTopa, Hanpumep deHondgTtanemHal Ho kak 3a-
hMKCcMpoBaTb TOUKY 3KBMBANIEHTHOCTU, €CIN U3MEHEHME OKPACKU MHAMKaTopa He byaeT 3a-
METHO B OKpalleHHOM COKe?

1 FTOCT ISO 750—2013. lNpoayKTbl nepepaboTkM (hPyKTOB U OBOLLel. OnpefeneHve TUTPYEMOIA

KNCJTOTHOCTU
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XNMUA KBAHTOPUMMY M

YuebHas fesaTenbHOCTb 06y4aroumxcs

OTBeYaloT Ha BOMPOCHI, BbICKA3bIiBAKOT CBOU NPeANOoNOXeHWs, NpeanaraloT U cornacoBbiBa-
0T C yuntenem TeMy W Lenb ypokKa; npegnaratoT Crnocobbl U cpefcTBa SOCTUXKEHUS Lienn.
Mpeanonaraemoe 06bACHeHNE NPO6GIEMHOI cuTyauun.

[Ons onpefeneHns cofepXXaHUs KUCNOT B MCclefyeMblX HamuTKax MpUMeHsieTcs MeTof
KMCNOTHO-OCHOBHOIO TUTPOBaHMA. OObIYHO TOYKa 3KBMBaneHTHoOCTU (TJ) dukcupyetcs ¢
NMOMOLLbH KMC/TOTHO-OCHOBHBIX MHAMKATOPOB (heHongTansenHa, METUIOBOrO OPaHXXeBOro,
pexke nakmyca), KOTopble U3MEHSOT CBOK OKpacKy. OfHaKo B CMNbHO OKpalleHHbIX pac-
TBOpax nepexof OKpackM WHAMKaTOopa 3aMeTuTb HEBO3MOXHO. [Ona dukcupoBaHusa T
MOXXHO MCMNONb30BaTb 3/IEKTPOXUMUYECKME MeToAbl B aTom cnydae HabGnwogeHne BeayT He
3a M3MEHEHMEM OKpackyu pacTBOpa, a 3a M3MEHEHUEM 3/IEKTPOXMMUYECKMX MOoKasaTenemn
TUTPYEMOro pacTBopa: 3/1IeKTPONPOBOAHOCTM (KOHAYKTOMETPUUYECKOe TUTPOBAHMUE), 3fekK-
TPUYECKOro noTeHumana Ha NoBepxHoCTU paboyero anektpoga (NOTEHLUOMETPUYECKOE TU-
TPOBaHME), TOKA B 3/IEKTPOXMMUYECKOI Auelike (aMnepoMeTpuUYecKoe TUTPOBaHME) U T N
Mpy 3TOM TUTPOBaHWE BbIMOMHAKT OObIYHBIM CMOCO60M, HO BMECTO BU3yalbHOro Habnto-
[LEeHVS 3a M3MEHEHWEM OKpacku WMHAUKATOPOB (DMKCUPYKOT MOKa3aHWUSi COOTBETCTBYHOLLUX
[LaTuMKoB

Cnoco6 peweHnss Npo6nembl.

[Ons onpepeneHvs cogepXXaHus KWCAOT B UCCIEAYEMbIX HamUTKax MOXHO MCMO/b30BaTb
[Ba MeToAa KO/MMYECTBEHHOro aHanm3a: KOHAYKTOMEeTpUYecKoe U MOTEeHLMOMEeTpuYeckoe
TUTpOBaHMe

MeTo/ TUTPOBAHUS, NMPU KOTOPOM T3 (hMKCUPYIOT MO PE3KOMY U3MEHEHWUIO 3/1EeKTPUYECKONA
NPOBOAMMOCTU WUCCNEAYEMOrO pPacTBOpPa, HasblBalOT KOHAYKTOMeTPUYECKUM. ITOT METOA
aHann3a OCHOBAH Ha WM3yyeHWM 3aBUCUMOCTU MEX.Y 3/IEKTPONMPOBOAHOCTbIO pacTBOpa U
KOHLiEHTpauneit MOHOB B 3TOM pacTBOpE.

dnekTpuyeckas NPOBOANMOCTb (31EKTPONPOBOAHOCTL) G SIBASETCS pe3y/bTaTOM AUCCOLM-
auumM pacTBOPEHHOTO BellecTBa M MUrpauMm MOHOB MOA AECTBUEM BHELIHErO UCTOYHMKA
HanpsKeHWsi. B aneKTpMyeckom nose ABMXKYLLMECS B PaCTBOPE MOHbI UCMbITbIBAOT TOPMO-
3siulee AelicTBME CO CTOPOHbI MOJIEKY/T PAcTBOPUTENS U OKPYXKaoLWMX MPOTUBOMOMOXHO
3apsKEHHbIX MOHOB. Pe3ynbTaTOM Takoro TOPMOS3AWEro AelcTBUS SIBASIETCS 3NeKTpuye-
cKoe conpoTuBneHne pactBopa R. O6paTHas BeNMYMHA — 3N1EKTPONPOBOAHOCTL!

1 (22)
G- R

B MexayHapogHoi cucteme (CU) eamHuueir naMepeHuss conpoTuBieHus aBnsetca Om,
eAVHULA NPOBOAMMOCTU Ha3biBaeTcs cmmeHcom [Cm]. 1Cm = 10m-1.

N3 kypca pu13nKn N3BECTHO MOHATUE YAe/bHOEe COMPOTUBNEHNE p — (hU3NYecKas Belnyn-
Ha, Xapakrtepusyowas CnoCO6HOCTb Matepuana NpPenaTcTBOBaTb MPOXOXXAEHUIO 3NEKTPU-
yeckoro Toka OHO CBfiI3aHO C 3NEKTPUYECKMM COMPOTMBAEHMEM R, niowaabio nonepeyvyHo-
ro ceyeHns S n gnuHol | npoBoaHMKa:

RS (23)
p= T
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COOTBETCTBEHHO Be/MUYMHA, O6paTHas yAe/lbHOMY COMPOTMB/IEHNIO, Ha3biBAETCS YAENbHON
3N1EKTPMUYECKOl NPOBOAMMOCTbIO X:

(24)

COOTBETCTBEHHO efNHULbI U3MEPEHNSA y,qeanoﬁ ANEKTPONPOBOAHOCTN:

M 1 Cwm
OMem2 OMem M

3HaYeHNs MMEHHO YAeNbHOM 3M1eKTPONPOBOAHOCTM MOKasblBalOT gatunkn LJ1, Bxoasuwme B
KOMNeKT «lLKonbHOro KBaHTopuyma». OHM NO3BOASKOT NepeknvaTb gManasoHbl U3Me-
pPEHNA yaenbHOW 3NeKTPONPOBOAHOCTM M BbIBOAAT Ha 3KpPaH 3HAUEHMA XX B MUKPOCUMMEH-
cax Ha caHTUMeTp:

MKCM

CM

Mpn KOHAYKTOMETPMYECKOM TUTPOBaHUKM CTPOAT KPUBblE B KOOpAMHAaTax «yfAenbHas 3feK-
Tpu4yeckas NPOBOANUMOCTL —OOBEM TUTPAHTa», KOTOpble 06bIYHO MMEIOT BU NOMaHOMR Nn-
HUW, e ToUku nepernba (M3noma) cooTBeTCTBYOT T3 (puc. 7). MNpu BbINOAHEHUN TUTPOBA-
HUS1 MONyYaroT He MeHee YeTbIpPEX 3HAUYEHUNI 3NEKTPONPOBOAHOCTN A0 T3 N HE MEHEee YeTbl-
péx — nocne T3. Uepes nosiyyeHHble TOUKM MPOBOAAT NPAMbIE IMHUU, KOTOPblE MOKa3aHbl
YEPHbLIM LBETOM Ha pPUCYHKe 7. ToOUuKa nepeceyeHuns 3TUX NIUHWUIA cOOTBEeTCTBYeT T3.

T3 06BbEM TUTpaHTa
F(NaOH)

Puc. 7. Bua KpvBO/i KOHAYKTOMETPUYECKOTO TUTPOBAHWSI CUMbHOM KUCNO-
Tbl PACTBOPOM CW/IbHOTO OCHOBaHUS (TUTPAHTOM). TS — TOYKa 3KBMBA-
NEHTHOCTN

dunkcnposatb T3 KUCNOTHO-OCHOBHOIO TUTPOBaHUA MOXHO, NMPUMeHaa gaTtymk pH. B atom
cNnyyae peyb MAET O APYTrOM 3NEKTPOXUMUYECKOM MeTofe — MO TeHunoMeTpuun. Kpusble
NOTEHLUMOMETPUYECKOTO TUTPOBAHUA CTPOAT B KoopAumHaTtax «pH — 06bEM TUTpaHTax.
dopMa KpuBOIi TUTPOBAHUA MOXET ObiTb Pa3IMYHON, B 3aBUCUMOCTU OT aHaIN3NPyemMoro
BellecTBa M TUTpaHTa. HO Ha n06ON KPUBON MOXHO BblAeNUTb TPU ydacTka (puc. 8):
| n Il yyacTKn gOBOMBLHO NOAOrMe, Ha HUX N3MEHEHME BeNMYMHLI pH OT 06bEMa fo6aBNeH-
HOro pab6ouyero pacTBopa MPOMCXOANT He3HAauYUTeNbHO. | y4yacTOK OTBeYaeT UHTepBany
n3meHeHunsa pH pgo T3, lll yyacTok — nocne Heé€. B nHTepBane yyactka Il nponcxogut pes-
KOe U3MEHEHMEe BennMYMHbl pH Npyn He3HauyuTenbHOM Ago6aBneHUM 06BLEMa paboyero pac-
TBOpa — TUTPaHTa 370 — CKAYOK TUTPOBaHUA, B HEM Haxoautca T3
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Puc. 8. Bua KpvBOIA NOTEHLMOMETPUYECKOTO TUTPOBAHWSI CUMbHOW KMCIOTbI
pacTBOPOM CWU/IbHOrO OCHOBaHMSI (TUTPAHTOM). T — TOYKA 3KBUBA/IEHTHOCTU

Mpy TUITPOBAHMUM CUMbHbLIX KACIOT CUMBHBLIMU LenovYamMu (M Ha060pOoT) CKavyoK TUTPOBAHUSA
[JOCTaTOYHO 60/bLION, OTYETANBO DUKCUPYETCSA Ha KpuBoii (puc. 8). OgHaKo, ecnn B Npo-
Lecce TUTPOBaHUA y4acTBYHOT cnabble 3N1eKTPONNTbI, UHTEPBA/ CKaykKa TUTPOBAaHUA CyXXaeT-
CA, YTO 3aTpyLHAeT ycTaHOBNeHMe TI. B 3TOM cnyyae akcrnepuMeHTabHble faHHble nepe-
CTpamBaloT B KOOpAMHaTax « — V» (puc. 9), rae ApH — n3MeHeHue 3Ha4YeHus Benn-

UMHbI BOAOPOAHOro nokasartens, a AV — pasHOCTb 06bEMa TUTpaHTa (M1) Mexay nocnegy-
toweii nopumeii go6aBneHHOro pabouyero pacteopa v npeabigyuieii. MNony4yatoT Tak Hasbl-
BaeMble AntpepeHLManbHble KPMBble, Ha KOTOPbIX T3 onpeaensierca Mo BblpaXXeHHOMY
nuky (puc. 9)

Puc. 9. Bug gutdepeHumnanbHON KpUBOW NOTEHLMOMETPUYECKOrO TUTPO-
BaHVS CU/bHOW KUCMOThI PacTBOPOM CU/IbHOTO OCHOBaHUS (TUTPaHTOM)
T3 — TOYKa 3KBMBa/IEHTHOCTU
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dT1an ypoka 3. lMpuMeHeHNe 3HAHUI B HOBOW cuTyauum

Mpegnonaraemas NPoOAO/MKUTENIBHOCTL: 35 MUH

Meparorvyeckas feaTeNlbHOCTb y4YuUTeNs:

npegnaraet obyyaroWMMCA 3KCNEPUMEHTANbHO OnpefennTb OOLLY TUTPYeMYH KUCOT-
HOCTb COKa, T € cojepXXaHue B HEM MWHEPasbHbIX U OPraHUYecknx KUCNoT, MeTofamu
KOHAYKTOMETPUYECKOTO N NOTEHLMOMETPUYECKOTO TUTPOBAHNSA

Yuntenb KOPPEKTUPYET BbIMNOSIHEHNE 3KCMEPUMEHTANLHOIO MUccnefoBaHUsa pabounmn rpyn-
namu. MpeaynpexaaeT, YTo NPU BbIMNOSHEHUN PabOoThl crefyeT co60aaTh OCTOPOXHOCTb
npy o6palieHnn ¢ pacTBOPOM rMApOKcKaa HaTpus

YyebHas fesaTenbHOCTb 06y4yaloLmxces.

thopmupytoT paboumre rpynnel MO 2 YyenoBeka, NOAyyaroT 3afjaHue n obopynoBaHue. Bbl-
NOJIHAKOT 3KCNepUMeHTalbHOe nccnefoBaHWe B Napax, UCNOJb3ya UHCTPYKLUMIO (CM. MaTte-
puanbl AN KONMPOBaHMWA), OPOPMASAIOT pesynbTaTbl U3MEPEHUIA 1 pacyéTel B TeTpagu wuim
Ha cneywnanbHbIX 6n1aHkax. O6o6waloT pesynbTaTbl BCex paboumx rpynr, cpaBHMBAKOT 3Ha-
UYeHMs TUTPYEMOW KWUCMOTHOCTU, MOJydeHHble KakK Ans ogHoro obpasua coka, Tak u Ans
pa3HbIX COKOB. NMepecHnTbIBaOT NOYHYEHHbIE 3HAYEHNSI B MAcCOBYIO [0/ KUC/0T, CpaBHU-
BalOT pe3ynbTathl ¢ geicTeyrowmnumu FTOCTamu.

dTan ypoka 4. O606uWeHne N nHTepnpeTaLns NONyUYeHHbIX pe3ynbTaToB, KOH-
TPO/ib YCBOEHUNSA, OOCYXAEHMEe AONYLW EHHbIX OWNOBOK N X KOpPeKL s

Mpegnonaraemas NPoOAO/MKUTEIBHOCTL: 10 MUH.

Meparorvyeckas AeATeNbHOCTb YUUTENA:

opraHusyeT obcyXaeHne pesynbTatoB UccnefoBaHns. B xone poHTanbHOW 6ecefbl npes-
naraet oby4darwowmMmMca 0OBACHUTL ABMEHUSA, HabnjaemMble B MpoLecce BbINOMHEHUA WUC-
cnefoBaHnsA, NCNONb3ys 3HAHUA 00 3/1IEKTPONMTaX, 3NEKTPONMTUYECKON Auccoumannu, pe-
aKLmax MOHHOro obmeHa, BOAOPOAHOM nokasartene. MNMpeanaraet copmynnposatb 0606-
warouiMe BbIBOAbI O MeTOodax oOrnpefeneHns KOHUEHTpauunm KUCIOT B OKpalleHHbIX
pacTBOopax MeTofaMn KOHLYKTOMETPUYECKOrO U NMOTEHLMOMETPUYECKOTO TUTPOBAHUSA
[MomMoraet BbIACHUTL NMPUYUHBI LONYLWEHHbLIX UHCTPYMEHTA/IbHbIX UM CTAaTUCTUYECKUX OLUK-
60K, onpefenntb MyTM KX WUCNpaBneHus B 3akntoyeHWe 3a4aéT KOHTPOJbHbIE BOMPOCHI
(cm matepuanbl An8 KONMPOBaHWA)

YuebHas fesaTenbHOCTb O6y4valoLLmxcs.

06BACHAOT X0 KPUBbIX KOHAYKTOMETPUYECKOTO U NOTEHLMOMETPUYECKOTO TUTPOBaHUS, UC-
NOJIb3ysl MOHATUA: «3/IEKTPOJINTLI», «3NIEKTPONUTUYECKAsA ANccoumayns», «Cuna 3feKTpoin-
Ta», «peakym NOHHOTO 0OMEHa», «peakuus HenTpanmsaymm», «BOLOPOAHbIA MokKasaTenb»
Ha ocHOBe MofyyYeHHbIX 3KCNepUMeHTalbHbIX JaHHbIX, 0606Las pe3ynbTarbl BceX padouunx
rpynn, 3anonHatoT Tabnuyy 1 ®opMynnpyroT BbiBOAbI, OTBEYAKOT Ha KOHTPO/IbHbIE BOMPOCHI.

Co,u,ep>KaH|/|e KNCNOT B nccnegyemMblx HanmTkKax

KoHueHTpauyus Maccosas gonsa kucnot, %
KuUcnort YctaHoBeHHas
O6pasey, YCTaHOB/IEHHAsA Beisog
(kavonos Hy) 3KCNepuMeHTanbHO HOPMATVIBHEIMM
MMOJb/ N P OOKYyMeHTamMn*

* defepanbHbIi 3aKOH OT 27 OkTA6ps 2008 r. Ne 178-03 «TexHMYecKuii pernameHT Ha co-
KOBYIO NPOAYKUMIO N3 PPYKTOB U OBOLEeN». CTaTba 7. «TpeboBaHUSA K 6€30NacHOCTU COKO-
BOW MpOAyKUMN U3 (DPYKTOB U (M/11) OBOLLEN A5 AETCKOro nNuTtaHus 1 eé NULLEeBON LIeHHO-
CTU».
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MaccoBasi 018 TUTPYEMbIX KUC/MOT B COKOBOW MpoAayKLuuu

13 PpPyKTOB 1 (Un) oBoLLe, %
Bo3pacTt geteii

n3 Apyrux BUAOB (PPYKTOB

N3 LUTPYCOBbIX (DPYKTOB U (MNV) OBOLLLEI*

PaHHWIA Bo3pacT (1—3 roga) He 6onee 1,2 He 6onee 0,8

[JOLIKONbHbIA (3—6 NeT) n

o He 6onee 1,3 He 6onee 1,3
LLUKO/bHbIA (7— 16 neT) BO3pacT

* B nepecyéte Ha 6€3BOAHYIO0 IMMOHHYO KUCNOTY
** B nepecyéte Ha A6/104HY0 KNCNOTY

31an ypoka 5. MHhopmaunsa o gomalwHem 3agaHum n pednekcus

Mpeanonaraemas NPoOAOMKUTENLHOCTL: 6 —7 MUH.

lMeparornyeckas AeATeNbHOCTb YUNUTENA:

MHPOPMUpPYET O AOMALLHEM 3afaHnK, 4aET KOMMEHTapUIA NO ero BbIMOSHEHUIO; Nnpeanara-
eT aHKeTy pedieKcumn K ypoky u npegnaraeT paccumtatb «NHAMBUAYaNbHbIA UHOEKC Kaye-
CTBa ypoOKa»; nogsoauT pednekCUBHYIO CTaTUCTUKY YpOKa MO KOMNYECTBY YYEHUKOB, Y KO-
TOPbIX MHAEKC KayecTBa Bbllle 3HAYeHUA 5; eMOHCTpUpYeT 3anncb NpobaemMsbl U Lenn ypo-
Ka, cnpawmBaeT: «Kak Bbl ilymaeTte, pelweHa nuM npobnema, 4OCTUTHYTa M Uenb?». Ecnu
npobsemMa He pelleHa U Leflb He AOCTUTHYTa, npeanaraer o6bACHeHWe U 3a4aéT B 40MN0J-
HeHVe K JoMallHeMY 3a[aHNI0 NOAYyMaTb Haf NnpuYnHamm 3T0ro.

YuebHas geaTenbHOCTb 06y4varoLWwnxcs:

3afalT YTOUYHAKLLME BOMPOCHLI O BbINOJHEHUM JOMALLUHEro 3ajaHus; paccyunTbiBaloT NHAN-
BUAyaNnbHbIi MHAEKC KavyecTBa YpOKa; OonpefensitoT cTeneHb COOTBETCTBUS MOCTaBMEHHOW
Luenn v pesynbTaToB [LesATe/IbHOCTWU; CTereHb CBOEro MpOABWXKEHUA K Lenu; BbICKa3biBaloT
OLLEHOYHbIE CYXXAEHUSA U COOTHOCAT pe3ynbTaTbl CBOEH AESATENbHOCTM C Liefbio YPOKa.

MaTtepuanbl 4N NOATOTOBKA K YPOKY

MHCTpYKUKMA K 3KCNepuMeHT a/lbHOMY Ucc/ief0BaHunio

«OnpegeneHne cogepXXaHns KNCNOT B HANMTKax (COKax) MeTofaMu KOHAYKTOMeTpuye-
CKOT0 M NOTEHLNOMET PUYECKOTO TUT POBAHUA»

1) KOHAYKTOMeTpuyeckoe TUTpPOBaHMe

MpomoiiTe wWyn gatymka AUCTUIMPOBAHHOM BOAOW W akKKypaTHO BbITPUTE ero uIbTPO-
Ba/fbHOWM Gymaroii. LLlyn 3akpenuTte B nanke wratmea. [ogknumMTe gatymk 31eKTponpoBOAHO-
CTM K KOMMbIOTEPY, NepeBeguTe Mepekauvatesnb AuanasoHa W3MEPEHWA B MOJOXEHue
«0—2000» Bknouute KomnblOTEP

3anonHuTte GHOpPeTKy pacTBOPOM TUTpaHTa — CTaHAapTHbIM PacTBOPOM rMApPOKCMAa Ha-
TPUA, KOHUEHTpauma Kotoporo nasectHa (0,100 monb/n). CneiiTe HEMHOro pacTteopa u3 6to-
peTkM B CTakaH Tak, YTOObl M3 OTTAHYTOM YacTu, HWXKe KpaHa, NO/HOCTLIO Bbilen Bo3ayx [log
6lO0peTKy, Ha OCHOBaHMWe LWTaTUBa, YCTaHOBUTE MarHUTHYIO MeLlanky Tak, 4ToObl OCb GHOPEeTKU
npoxoauna npUMeEpPHO 4vepes LEeHTP Melwanku [log 6ropeTky noctaBbTe cTakaH, YTobbl BO3-
MOXHbI€ Kanau He nornanan Ha NMOBepPXHOCTb MeLUasikKu.

C nomoulbio aBTOMaTM4yeckoin mmkponunetkn (100— 1000 mMkn) akKypaTHO OTGepute U ne-
peHecuTe B UUCTbIi CTakaH TOUYHO M3MepPEHHbIN O06bEM (anMKBOTY) WCCMeQyeMOro coka —
10,0 mn B cTakaH NOMeCTUTE SIKOPb MarHUTHOW Mewankun [AucTUNAMpOBaHHOW BOLOW akKy-
paTtHO goseguTe 06bLEM MccnegyemMoro pactsopa 4o ~ 50 mn.
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MocTaBbTe CcTakaH Ha MeLlasnKy, ONyCTUTe B CTakaH Liyn AartyMka 3/1eKTPONpOBOAHOCTH
YpOBeHb XUAKOCTU AO/MKEH OblTb BbILLE YYBCTBUTENLHOIO 3/IEMEHTA Wyna Bkawuute pexum
nepemMellMBaHnMa 3anyctute M3MepeHUs 31IeKTPONPOBOAHOCTH

HauyHnTe TMTpOBaHWe, HEGONLLWINMY NOPLMAMU MPUINBaANTE CTaHAAPTHLIA pacTBOP rMApPOK-
cMfa HaTpusa B CTakaH C TUTPYEMbIM COKOM, (DUKCUPYITE 3HAYEeHMEe YAeNbHO 31eKTponpoBOa-
HocTU [MonyyeHHble pe3ynbTathbl 3anuwWnTe B Tabnuuy 1

Tabnuua 1
Pe3ynbTaTbl KOHAYKTOMETPUYECKOTO TUTPOBAHUS

O6bEM gobaBneHHoro 0,100 M

pacTeopa NaOH, wmn 3NeKTPOoNpPoBOAHOCTL CMecu, MKCM/CM

MepBoe TMTpOBaHWe MNPOBEANTE KaK OLLEHOYHOEe A1 YCTaHOB/IEHUA AMana3oHa, B KOTOPOM
Haxoautca T3. MNpyn NoBTOPHOM (60n1ee TOYUHOM) TUTPOBAHWUM B HEMOCPEACTBEHHO 6IM30CTM OT
T3 cTapaliTecb NpuAnBaTb PacTBOpP LIENOYM BO3MOXHO MeHbLIMMKU O06bEMmamu. Mepen NoBTOp-
HbIM TUTPOBAHMEM Ka)KAbli pa3 TLlaTe/bHO MPOMbIBaiTe CTaKaH, SIKOPb MarHUTHOM MeLLasnku U
LLyN gaTyMka QUCTUNNNPOBAHHOM BO/OW, a 3aTeM BbITUpaiTe GUNbLTPOBaNbHON Gymaroii

CrapaiTecb BbIMOMHATL BCE OMepaumn akkypaTHO, YTObbl pesynbTaTthl ABYX MOAXOLOB K TU-
TPOBaHMIO OAHOr0 M TOro e o6pasLa coka He pacxoaunncb 6onee yem Ha 1—2%.

Ha mMunanmetpoBoi Gymare NOCTPOWNTE KPUBYHD KOHAYKTOMETPUUECKOro TUTPOBAHUSA, UC-
Nonb3ys AaHHble 13 Tabnuubl 1. Onpegenute T3, paccunTanTe KOHLEHTPaLMIO KUCIOT (KOHUEH-
Tpauumio katTmoHoB H+) B nccnegyemom ob6pasue coka. NepecuntainTe NofyvyeHHOE 3HaAYeHUE B
MacCOBYIO [O/II0 KUCNOTbI: A1 COKOB M3 LMUTPYCOBbLIX — Ha IMMOHHYIKO KUC/OTY, a 418 COKOB
U3 ApYyrux PpPykKTtoB — Ha A6104HYHO

2) MoTeHUMOMeTpUYecKoe TUTpoBaHNe

Mpomoiite wyn gaTymka pH ANCTUNNNPOBAHHOM BOAOW M aKKypaTHO BbITPUTE ero uabTpo-
Ba/lbHOW Gymaroii. BHumaHue! UyBCTBUTENbHLIA 3/IEMEHT gatumka pH — CTEKNAHHbIA WapuK B
€ro HwxHel vyactm. OH O4YeHb XpPYNKUiA, MO3TOMY He cnefyeT KacaTbCa MM /0ObIX TBEPALIX MO-
BEPXHOCTEN WM poHATL. He TporaiTe pykamu YyBCTBUTE/bHbIA 31eMeHT gaTymkal

AHanormMyHo npegbigyliemMy OnbITy MNposBeauTe MOTEHLMOMETpPUYEecKoe TUTPOBaHWUE,
ncnonb3ys gatiunk pH. NonyyeHHble 3HaYeHNs 3anuwnTe B Tabnuuy 2. bygbTe BHUMATeNbHbI!
Jdatunk pH, B oTAnMumMe OT gartymka 3N1eKTPonpoBOLHOCTU, UMeeT Bonee AnuUTeNbHOE BPeMs OT-
Knuka. loatomy nocne pob6aBfeHUs KaxAon nopumm TUTpaHTa, CTaH4apTHOro pacteopa
rmapokcmga Hatpusi, He0O6xXxo04UMO BbDKaTb HEKOTOPOE BpeMs, Noka nokasaHus pH He ctabu-
NN3UPYIOTCA.

Tabnuua 2
Pe3ynbTatbl NOTEHULWOMETPUYUYECKOTO TUTPOBAHNSA

O61bEM pobasneHHoro 0,100 M pactBopa

NaOH, mn pH

Kak v B npeablaylieM onbiTe, NEPBOe TUTPOBaHNE — OLEHOYHOE, 4151 YCTAHOB/IEHNS anana-
30Ha, B KOTOpOM Haxoautcs TO. [OBTOpPHOE M MOC/neAytollee TUTPOBaHWe 60fiee TOYHOE.
B HenocpencTBEHHOW 61130CTM OT TS NpunmealitTe pacTBop LUENOYM BO3MOXXHO MEHbLUMMU 06b-
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XM KA

émamun. He 3abbiBaiiTe nepep NMOBTOPHbIM TUTPOBAaHMEM MPOMbIBATL CTaKaH, SKOPb MarHUTHOM
MeLLankKn 1 Wwyn gatymka AUCTUINNPOBAHHOW BOAOW, BbITMPaTb UX (IUbTPOBaIbHOW GymMaroii

Ha munnumeTtpoBoili 6ymare nocTpoiTe KpuMBYH MOTEHLWOMETPUYECKOrO TUTPOBAHUSA, UC-
Nonb3ya AaHHble U3 Tabnmubl 2. YKaXute Ha rpaduke ob6nactb ckaydka TMTpoBaHus. Ecnn 06-
NnacTb CKayka crnaxeHa, 1o 60nee rnpocroe U TOYHOe HaxoXfjeHue TS OCHOBAHO Ha aHanuse
anddepeHUManbHbix KpuBbiX. MoCTpoiiTe NOAy4YeHHble AaHHble MOTEHLMUOMETPUYECKOrO TU-
TPOBaHUA B KOOpAMHATax «EV V». OnddepeHymanbHas KpvBas MMeeT NMMKOO6pasHyH

thopMy, MaKkCMMyM KOTOPOW cooTBeTcTByeT T3

[ns nonyyeHHbIX 3Ha4YeHUiA TS cpaBHUTE 3Ha4YeHUs 06bEMA J06ABNEHHOrO CTaHAAPTHOrO
pactBopa NaOH, anekTponpoBOAHOCTN M pH B Ka)KAOM U3 ABYX OMbITOB. PaccunTaiite KOHLEH-
Tpaumo KMNCNOT (KOHLEHTpaL MO KaTMOHOB H+) N nx MaccoBYtO JOMI0 B UCC/efyeMOM coke. Ha-
6nofaeTca MM CXOAMMOCTb pPe3ynbTaToB, MONYYEHHbIX MeTofaMy KOHAYKTOMETPUYECKOro 1 no-
TEHUMOMETPUYECKOTO TUTPOBaHUS A8 OLHOro U TOro ke obpasua ucciegyeMoro HanmTka?

KOHTpobHbIE BOMPOCHI

1 Yrto Takoe TMTpoBaHWe? Kakasd peakuusa NeXXut B OCHOBE MeToja KWUCNOTHO-OCHOBHOIO
TUTPOBaHUA?

2. Kakuve BellecTBa HasblBalOTCA NPOBOAHMKAMN? UTO O6LLEro 1 YeM pasnnyaroTcs npoBo-
AHVKN | n 1l poga?

3. [Jalite onpejeneHunsa cnegyowmmM NOHATUAM: «3/IeKTpUYeckass NpoBOAUMOCTbY, «yAe b-
Hasl 3N1eKTPONMPOBOAHOCTb». B KakMX efuHMLAax N3MepsaeTca Kaxgaa U3 yKasaHHbIX BEIMYNH?

4. Kakue (hakTtopbl OKa3sblBalOT B/IMAHME Ha 3/1€KTPONPOBOAHOCTL PACTBOPOB 3NEKTPONU-
TOB? Kak 06bACHUTL 3TO BAUSIHUE?

5 O6bACHMTE XapakTep 3aBMCUMOCTWU YAeNbHOW 3/1eKTPOMPOBOLHOCTA OT KOHLEHTpauum
3/IeKTponunTa B pacTBope

6 UTO Takoe 3NeKTPOoAHbIA noTeHuMan? B Kakux eguHULLAaX OH Bblpaxkaetca? Ha 4ém OcHO-
BaH MOTEHLVOMETPUYECKUI METoA aHannsa?

7. Uto Takoe BOAOPOAHbLIN Nokasatenb pH?

8. O6BACHUTE NPUHLMIM KMUC/IOTHO-OCHOBHOIO TUTPOBAHMA C UCMNONb30BaHMEM fAatymka pH.

NnTepaTypa

1 XykoB A. ®., KonocoBa N. ®., Ky3HeuoB B. B. n gp. AHanutnueckasa xmmuma. dumnsnde-
CKMe u (hnU3MKO-XMMMYeckne MetTolbl aHanmsa: yueb.k ona By3oB / nog pef. O. M. MNeTpyxuHa.
M.: Xumusa, 2001. 496 c.; C. 198—241.

2. NlyHuH B. B., Apo3goB A. A., KyabMeHKo H. E, EpemuH B. B. Xumua. 11 knacc: yueb.:
yrny6n. yposeHb. #rOc. M.: Apopa, 2020. C . 480.

3. OcunoBa E. A. dnekTpoaHannTMyeckme MeToabl 1 Npobaema oxpaHbl OKpYXXatlollen cpe-
Obl. / CopocoBckuii o6pa3oBaTefibHbIi XypHan. T. 7. 2001. No2. C. 47—54.

4. WeepeHe H. B. VMoHocenektuBHble 3anektpoabl // CopocoBckuin O6pasoBaTtefbHbli
XKypHan. 1999, Ne5. — C. 60—65.

5. QHUmknoneausa ana geteii. Tom 17. Xumumsa. M.: ABaHTa+. 2000. C. 155— 164.
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MOMOLWb YHNTEJTIO

MeToan4Yeckne KOMMeHTapumn

[laHHOe 3KcrnepuMeHTalbHOe MccnefoBaHNE C NPYMEHEHVEM 3/1IEKTPOXUMUYECKMX Me-
TOA0B KO/IMYECTBEHHOIO aHa/nM3a paccunTaHo Ha 2 akafjeMuyeckux yaca. MNpegnaraemsiii
BapuaHT yue6GHOW AeATeNbHOCTU NO3BONAET OANHHAALATUKIACCHUKAM NOBTOPUTL M 0606-
WMTb 3HAHWS, KOTOPble OHWM NPUOGpPeNny Npu U3ydeHun Tembl «PacTBOpPbI 3N1EKTPOINTOBY,
obyyascb B 8— 10 knaccax. VIMEHHO B M/IOCKOCTM 3TUX AUAAKTMYECKUX 3ajay y4uuTenb
[O/MKEH BbiCTpamBaTb CTPYKTYPY YY4e6HOro 3aHATUS .

Ecnu gna npoBefeHUs faHHOTO WUCCNefOBaHWS OTBOAMTCA ABa YpoOKa, TO LLenecoo-
6pa3HO MepBblli YPOK NOCBATUTL TEOPETUYECKMM BOMPOCaM, a BTOPOIi — onepaunoHHOMY
aTany, HENOCPeACTBEHHO BbIMOJIHEHUIO MCCNEeA0BaHUA: U KOHAYKTOMETPUYECKOMY, U MO-
TEHLMOMETPMUYECKOMY TUTPOBaHMIO. Takoli noaxod MO3BONSET LWKONbHMKAM OCMbIC/IEHHO
BbIMNOJIHATL 3KCMEPUMEHT U pPa3BUTb CBOW MpeAcTaBfeHns 06 3KCnepuMeHTalbHbIX MeTo-
Aax uccnefoBaHus. Pellasi npakTU4Yeckylt 3afady, y6eauTbCs, UTO CTEXMOMETPUYECKME
COOTHOLLEHUS MEeXy peareHTamn v NpoAyKTaMu XMMUYECKUX peakuunin MoryT GbiTb KOMN-
YeCTBEHHO M3MepeHbl C MOMOLLbI0 Pa3/IMYHbIX MeTOAO0B. MNPUYEM MOMYYEHHbIi pesynbTart
He 3aBMCUT OT NPUMEHSEMOIO MeToza.

3afaHunda KypoKky

1. 3apaHue Ha pa3BMTUe PYHKLNOHANBHOW rPaMOTHOCTM

B LWKOMBbHYKO CTONOBYK MOCTyNuaa naptua anenbCUMHOBOro coka. HOHble uccnegoBaTenu
pewnnM npoBepuTb, YAOBAETBOPSET /M AaHHbIN COK TpeboBaHuaM PefepanbHOro 3akoHa
No 178-d3 «TexHUUYECKNii pernamMeHT Ha COKOBYIO MPOAYKLUMIO 13 (OPYKTOB 1 OBOLLEN» (Tpebo-
BaHWS CM. Bbllle, 5- 3Tan ypoKa), He MPEBbLIWEHO NN COAEPXKAHWE KUCAOT B 3TOM COKe.
C 37Ol Uenblo OHWM NPOBENM KOHAYKTOMETpPUUECKOE TUTPOBaHMe. KpmBble TTpoBaHusa 10,00 mn
coka 0,100 M pacTBOpOM rngpokcmga Hatpua npeacrasneHbl Ha pucyHke 10.

0 2 4 6 8 10 12
O6BEM pactBopa NaOH, mn

Puc. 10. Pe3ynbratbl KOHAYKTOMETPUYECKOrO TUTPOBAHUA UCC/IeQyeMOoro coka
CTaHAApPTHbIM pacTBOpoM Lenoun (0,1 M)

Mcnonb3ys faHHble, NpeAcTaB/ieHHble Ha pucyHke 10, yCTaHOBUTE, He MPEBbIWEHO N CO-
AepyKaHne KUCNOT B UCC/IEAyEMOM COKE MO CPaBHEHWUI0 C HOPMAaTUBaMM, YCTAHOB/EHHbIMU e -
JepanbHbIM 3aKOHOM
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PelweHne:

Ona onpegeneHns TO TUTPOBAHMS HYXXHO MPOBECTM MNPSIMble IMHUN 4Yepe3 MoJyUYeHHble

3KCNEPUMEHTa/IbHbIE TOUKW (MpPsiMble MOKasaHbl YEPHLIM LBETOM Ha puc. 11). Touka nepeceye-
HUS 3TUX IMHUIA cOoOTBETCTBYET TI.

Puc. 11. KpuBble KOHAYKTOMETPUYECKOTO TUTPOBaHUA. Yepes TOUKW, JaHHbIe 3KCNepuMeHTa,
npoBefeHbl NPsMble IMHUN (MOKa3aHbl YEPHbLIM LIBETOM). TO — TOUKa 3KBUBA/IEHTHOCTA

W3 pucyHka 11 BugHo, uto B T3 gob6asneHo 9,4 mn 0,1 M pacTtBopa wenoyn. laHHOe KOu-
YecTBO LWenoum nNoTpeboBanoch ANa HelTpanuMsaumm KMCNoT, codepxalimxea B 10,00 M coka.
3TV faHHble NO3BOMAIOT paccymTaTb CyMMapHY0 KOHLEHTpaumio KUCNoT (KaTUOHOB H+):

., MO/b a (25)
NaOH ‘NaOH ! MOJ1b

CHr = 0,094
10,00 mn n

roe CH+- — KOHUeHTpaumsa KNCNnoT B ucciegyemom coke; WHF — 06bEM oTo6paHHOM Npobbl Co-
Ka, CN(H 1 VN(H — KOHUueHTpauma 1 o6bém paboyero pactsopa LWenoyu, TMTpaHTa.

CornacHo TexHu4yeckomy pernameHty (@3 Ne 178-®3) maccoBylO [0/0 TUTPYEMbIX KAUCNOT

B COKax M3 LUTPYCOBbIX PPYKTOB (anenbCuH) nepecymnTbiBaldT Ha 6€3BOAHYHO IMMOHHYIO KUC-
nory:

JTO TPEXOCHOBHAasA KMcNoTa, MOAsipHass macca KoTopoi paBHa 192,1 r/monb. Ecnn npu-

HATb, YTO NNIOTHOCTb COKa p = 1 — , TO MaccoBas 40N KNCAOT COCTaBUT:
M

0,094 -0,1-192,1 nrn/
« knmenor = 33— = 0,6%
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CornacHo TexHu4yeckomy pernameHTty (@3 Ne 178-d3) coku ans geteid WIKOMbHOrO BO3pac-
Ta J4O/MKHbI cogepXxatb He 6onee 1,3% TUTPyeMbIX KMCNOT. Takmm o6pas3om, cogepkaHne Kuc-
JIOT B UcCC/ielyeMOM COKe He MpeBblllaeT YCTaHOB/IEHHOTo HopmatMea B cooTeBeTcTBMM C faH-
HbIM NapamMeTpoM peanu3auus UcciefyeMoro anefibCMHOBOTO COKa B LUKO/IbHOW CTONOBOI f0-
nycrnma.

2. 3apaHuve gnga nogromTosku K TMA, BIP

1 3JnekTpuyeckas namnoyka npubopa gna nNpoBeEPKU 3NeKTPONPOBOLHOCTM 3aropuTca npu
OMnyCKaHWW 3NeKTPOAOB B BOAHbIE pacTBOPbI

1) dopmanbaernga 4)  auertaTa HaTpus
2) T[NHOKO3bl 5) xnoposogopoga
3) aTunoBoro cnupTta

OtBeT: 4, 5

2. Ons BewecTB, NpUBEAEHHbIX B NepeyHe, onpefennte cpegy WX BOAHbIX PacTBOPOB C
O[INHAKOBOW MONSIPHOM KOHLEHTpaumer

1) HCI 3) Na2COs3
2) NaHCOs3 4) NaCl

3annwinte HomMepa BeLlecTB B NOpsAAKe BO3pacTaHUA 3HauyeHUsa pH Mx BOAHbLIX pacTBOPOB.

OtBeT: 1, 4, 2, 3

3 K 39,2 r 10%-ro pactBopa CepHOii KUCNOTbl 406aBUIM HEOBX0AMMOE KOMMYecTBO 5%-ro
pacTBopa rugpokap6oHarta kanus [lpyM 3TOM MCXOfLHble BeliecTBa NpopearnpoBany MoJsHO-
CTblO, B pacTBOpe OcTanachb TOMbKO OfHa cpegHsas conb KakoBa maccoBas JONS 3TOM conv B
pactBope Mo OKOHYaHun peakuun? OTBeT BblpasnTe B MPOLEHTaxX N OKPYrInTe 4O AEeCATbIX

OTBeT: 3,5%

TeMbl BO3MOXHbIX MPOEKT HbIX U UCCef0BaT eNbCKMUX paboT

1 MeTof KMCIOTHO-OCHOBHOIO TUTPOBaHUS B CTaHZapTM3auMy IeKapCTBEHHbIX NMPenapaTos.

2. KonnuectBeHHOe onpeaeneHne ButammHa C B pacTUTE/IbHOM CbIpbe.

3. KoHgykTOomMeTpusi B nccnegoBaHum aacopbumm MOHOB Ha NMOBEPXHOCTU TBEPAOWN OKCUA-
HO hasbl

4. OnpegeneHve TUTPYEMOW KUCNOTHOCTU KOHAUTEPCKUX U3Aenvii MeTogoM MoTeHumMome-
TPUYECKOTO KMCNOTHO-OCHOBHOIO TUTPOBAHUS.

5. MNMoTeHUMOMETPMYECKOE TUTPOBAHME B KOHTPO/E KayecTBa OYMCTKMA CTOUHbIX BOA,.

Tema ypoka:

«POoTOKOMOPUMET pUYeckoe onpegeneHne KoOHULeHTpayun
pacTBOPEHHOrO BellecTBa»

«LLIKONbHbIA KBAHTOPUYM» BK/OYaeT 060pyfoBaHue, KOTOpOe MO3BOMSeT OpraHM30BaTtb
yyeb6HOe mnccnefoBaHue ¢ NpUMEHEHWeM MeTOAOB (DOTOMETPUUECKOro M CNeKTpooToMeTpu-
YECKOro XMMMYeckoro aHanmsa. K atomy o060pyaoBaHMIO OTHOCATCA AaT4MKU OMTUYECKO
NAOTHOCTU (3eNEHbIA — 525 HM 1 cuHUN — 470 HM), a TaKXKe CnekTpohoTOMETP.
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Ba)xHo!

doToMeTpMYUECKUiA MeTO aHanM3a OCHOBAaH Ha U3MEPEHUN UHTEHCUBHOCTM CBETOBOrO
NnoTOKa, NpoLlelero Yyepes oKpalleHHbIn pacTBop. Ewé B XVII Beke aHIIMACKNIA yUYEHBI
Po6epT Boinb, McNonb3ysa 3KCTPaKT AyOUIbHbIX OPELIKOB, YTOObI pas3nnyartb XKeneso u
Meb B pacTBOpe, BrepBble 3aMeTu/, YTO YeM 6O/bLUe XKene3a COAEPXKUTCA B pacTBOpe,
TeM 60/lee MHTEHCMBHA OKpacka nocnegHero. 310 6bin NepBbliA War K KOMOPUMETPUU.
3atem B KoHue XVIII Beka, B pa3BuTue 3TOr0 MeToja XMMWYECKOro aHanusa BHEC BKNaj
pycckuin yuéHsblii B. M. CeBepruH. OH, Kak 1 Boiinb, ncnonb3oBan MHTEHCMBHOCTb OKpa-
CKM pacTBOpa AN OLEHKN KOHLEeHTpauun cofepikallerocs B HEM BeLLecTBa.

doTomMeTpUa MO3BOMSET pean3oBaTb BO3MOXHOCTU MEXMPEAMETHbIX CBA3EN XUMUU
N U3MKK, MOJSIHEE PAaCKPbITb AMAAKTUYECKUA MOTEHUMan 3TUX ABYX LWKOJbHbIX AUCLU-
NavH. B Kypce xuMnn yyebHOe nccnefoBaHne ¢ NpUMeHeHNeM (hOTOMETPUYECKOTO METO-
fa onpefeneHus KOHUEHTPaLUM OKpaleHHbIX NOHOB B PacTBOPE IOTMYHO BKIOUNUTbL B Te-
My «PacTBopbl. Cnocobbl BblpaXXeHWs cocTaBa pPacTBOpPOB». B Kypce pM3MKuM 31O mccne-
[OBaHMe CBA3aHO ¢ TeMamun «OnTuka», «/3nydyeHne 1 CNekTpbI».

Tun ypoka: 0606LeHne 3HaHUI B Npouecce 3KCNePUMEHTa/IbHOTO UCCNefoBaHus.
Knacc: 11
Llenb ypoka: co3gatb yCcnoBus AN NOBTOPEHUSA U O60OLLEHNSA 3HAHMI Yy OByyatowmnxcs o
pacTBopax, cnocobax BblpaXXeHUs UX COCTaBa, MOMSPHON KOHLEHTpauMM pacTBOPEHHOro Be-
LwecTtsa, chopMmpoBaTb YMEHUA ONpefensdTb KOHUEHTPaLuo oKpaleHHbIX NOHOB (hOTOKOMO-
pUMeTpUYECKUM METOLOM.
MpoaoMmKNTENBHOCTE YPOKA: OAMH akafeMU4yeckunii vac.
MnaHnpyemble pe3ynbTaT bl
MNpegMeTHbIE:
e MOBTOPUTb N 0606LNTL 3HAHUA MO TeMe «PacTBOpbl. CNOCO6LI BbIpaXXeHUs MX cocTa-
Ba», pa3BUTbL NpeacTaB/ieHNs 06 MOHaX, B TOM YUCNe KOMMIEKCHbIX NOHAX;
e HayuuTbCs ONpefendTb KOHLEHTpauuio OKpalleHHbIX MOHOB B pacTBopax oToMeTpuye-
CKUM METOLOM,;
e MPOBOAUTbL HEOOXOAMMbIE CTEXMOMETPUYECKNE pacdéTbl, obpabaTbiBaTtbh pe3ynbTatbl Po-
TOMETPUYEeCcKOro Metofa aHanmsa
MeTanpegmeTHble:
[Mo3HaBaTe/bHbIE:
e (hopmynMpoBaTb pabouyro rmnoTesy un uenm nccnefoBaHus,;
e MJaHMpPOBaTb UCCNELOBATE/bCKUIA 3KCNEPUMEHT,;
e VHTEprnpeTMpoBaTb NONyYeHHble pe3y/bTaThl;
e (hopmynuMpoBaTb BbIBOAbI.
PerynaTuBHble:
e KOHTPONMPOBAaTb M OLEHMBaTb pe3y/bTaTtbl LeATeIbHOCTU, BHOCUTb KOPPEKTUBLI B UX Bbl-
NoJSIHEHNE.
KOMMYHUKaT MBHbIE:
e MOJIHO U TOYHO BbIpaXaTb CBOWU MbICIN, apPryMEHTUPOBaTb COOCTBEHHYIO TOYUKY 3peHus,
BCTynaTb B Auanor;
e 3(D(heKTMBHO paboTaTb B Mape W B rpynmne npu pelieHnn yuyebHom 3agaun.
JINYHOCT HblE!
e pasBuMBaTb MpakTMyeckne yMeHUs, CBA3aHHble C MOflyYeHMEeM U Matematuveckoil obpa-
6OTKOW AaHHbIX KOMMYECTBEHHOIO XMMNUYECKOTO 3KCNEPUMEHTA,;
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e MpOsBNATbL NMO3HABaTe/IbHYD aKTUBHOCTb B MpOLecce NPOBEAEHUS XMMUYECKOro 3Kcne-
pYMeHTa, HaleNeHHOro Ha NoBTopeHne 1 0606LeHe 3HaHNM O pacTBOpax U cnocobax
BbIpaXeHMsA UX cocTaBa

O6opyfoBaHue, NporpaMMHOe obecneyeHue U pacxofHble MaTtepuanbl: UHTEPaK-
TUBHaa gocka NMbo KOMMbKTEP U My/TbTUMEAUAHLIA MPOEKTOP, 3/IEKTPOHHbIE Tabnuubl, Kaib-
KynaTopbl, NnporpaMmHoe obecriedeHue Releon Lite, munaumetpoBas 6ymara, kapaHjaliu, nu-
HEeMKKN, AaT4MKNU ONTUYECKOWM MnoTHOCTM 525 HM n 470 HM, cnekTpodoTOMETp, Becbl nabopa-
TOPHble, BlOpeTKa, aBToMatMyeckas MUKponuneTka nepemMeHHoro o6bLéma Ha 100— 1000 MK,
XMMUYECKne crtakaHbl Ha 50— 100 M, NpoMbiBanka, ctaHgapTHbid 1,00 M pactBop cynbgarta
mean (I1), 5 M (unn 10%) pacTBOop ammMmuaka.

Xopn ypoka

dT1an ypoka 1. OpraHunsaunoHHbI

Mpegnonaraemas NPOLO/MHKUTENIbHOCTb: 1—2 MUH

Meparorvyeckas feaTeNlbHOCTb yUuuUTeNs:

npoBepsieT FOTOBHOCTb K YPOKY, OpraHnsyeTt paboTy Knacca Ha ypoke, CO34aéT NON0OXu-
TeNbHbIA 3MOLMOHANbHbIA HACTPOR y oby4arowmxcs.

YuebHasa feAaTenbHOCTb 0OyyaloLmxcs:

3MOLMOHa/IbHO HaCcTPaMBalTCA Ha NPeACTOALLYI0 YYEOHYIO AeATeNbHOCTh.

3Tan ypoka 2. AKTyanu3aums 3HaHui

Mpeanonaraemas NPoOAO/MKUTENLHOCTL: 15 MUH.

Meparorvyeckas fAeaTeNlbHOCTb yUuuUTeNs:

NpPoOBOAUT (DPOHTa/IbHYIO Geceny; akTyanusupyet MMeroLmecs 3HaHUA 06 3neKTponuTax;
NOMOraeT BbIIBUTb Y4eBHYI0 rnpo6aemy, OCHOBY AN NPEACTOALLEro 3KCNepUMEHTabHOIo
nccnefoBaHUs; NoGyxaaeT 0O0y4HalOLWUXCA K BbIABUXXEHUIO TMNOTE3bl, POPMYINPOBKE Le-
Nnel, BbICKa3biBaHUIO NpeaioXeHnin o cnocobe n cpeacTBax UX LOCTMXKEHUS

PaboTa c TepMnuHaMU M NOHATUAMU

MoBTOPUTL M 0606LWNTL 3HAHUSA yYalMXCa O pacTBopax, cnocobax BbIPaXKeHUs UX cocTa-
Ba, MOJIAPHON KOHLEHTpauuu.

OnwncaHve Npo6aemMHOM cMTyauum

OkpalleHHble pacTBOpbI NornowaroT ceeT. MNpryém nornowLaeTca cBet onpeaenéHHomn gnn-
Hbl BOJIHbl B 3aBMCUMOCTU OT OKpacku pactsopa. CyliecTByeT /i1 3aBUCUMOCTb MeXay WH-
TEHCUBHOCTbIO 3TOI OKpacku 1 cojep>kaHnem (KOHLeHTpaumMeili) OKpalleHHOro BellecTsa B
3aToM pacTtBope? MOXHO N1 NOBLICUTbL YYBCTBUTENILHOCTL METOAa, ECIM OKpacka onpegens-
eMOoro BellecTBa Heapkana?

Vicnonb3ys cnekTpoOTOMeTp, MosyyaeT CNeKTpbl MNOrOWeEHNS PacTBOPOB, COAEpPKaLlmX
rmaparmpoBaHHble MOHbI Meau Cu2+ n ammuakatsl Mean [Cu(NH3)42+ (puc.12). NHnymnpy-
eT o6cyxaeHne npobnemMbl ¢ UCNOJb30BAHUEM MOJYUYEHHbIX FPaPrKoB, KOTOpPble LEMOH-
CTPUPYIOTCA Ha AOCKY Mepes BCEM KNacCOM.

YuebHasa feAaTenbHOCTb 0b6yyaloLWwmnxes:

OTBeYaloT Ha BOMPOCHI, BbICKA3bIBAIOT CBOM NPEeANOSIOXEeHUs, NpeanaratoT 1 cornacoBbiBa-
0T C yunTenemMm TeMy W Leflb YPOKa; npegnaratot cnocodbl U CpefcTBa AOCTUXEHNSA Lenu
Mpegnonaraemoe 06bACHEHUE NPO6AEMHON cMTyaumn. POTOKONOPUMETPUYECKUE METOAbI
aHanM3a OCHOBaHbl Ha U3MEPEHUN UHTEHCUBHOCTM CBETOBOMO MOTOKa, Npolleflero yepes
OKpalleHHbI pacTBOp
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CyuiecTByeT 3aBUCUMOCTb MeXy WMHTEHCMBHOCTbLKO OKpPAacKM pacTtBopa W COAepXaHWem B
3TOM pacTBOpe OKpalleHHOro BellecTBa. 3Ta 3aBUCMMOCTb — 3aKOH byrepa —J/lambep-
Ta —bepa:

| = 10 «10-eC, (26)
roe | — VMHTEHCUMBHOCTb CBETOBOFO MOTOKA, MPOLWeALWero Yyepe3 pacTBop; 10 — MHTEHCUB-
HOCTb NajaloLero Ha pacTBOP CBETOBOIO MOTOKA, € — KO3P(MULMNEHT MOI/MOWEHNS CBETO-
BOrO MOTOKa — MOCTOSIHHAs BEMYMHA, XapakKTepHas Ans KaXAoro OKpalleHHOro Belle-
CTBa M 3aBucALLAan OT ero npmpogpbl; C — KOHLEeHTpaLMa OKpalleHHOro BELWECTBA B pacTBO-
pe; | — TonwmMHa cnosi cBeToMorfoWarwLero pactesopa, cM. OTHOLWEHNE MHTEeHCUBHOCTU

CBETOBOro MOTOKa, NMpollejlero yepes pactBop |, K MHTEHCUMBHOCTU Najatoliero Ha pac-
TBOP CBETOBOrO NOTOKa |0 Ha3biBaeTcs KOapuuMeHTOM cBeTonponyckaHma T T = — .

I 10.
®N3NYECKMIA CMbICA 3TOTO 3aKOHA MOXHO BblpasvTh Crefylowm o6pa3oM: pacTBOpPbl O4-
HOrO 1 TOFO XK€ OKpAaLLleHHOro BellecTBa NpU OAMHAKOBOW KOHLLEHTpauumM 3TOro Bellectsa
W TONWKWHE €105 pacTBopa NOr/IoWarT paBHOE KOMMYECTBO CBETOBOW 3HEPrum
OKpalleHHbI pacTBOP MOrnoLWaeT pa3nyHble 4/IMHbI BOMH CBETa He B paBHOW Mepe, Nnoa-
TOMY AN YBE/IMYEeHUSA TOYHOCTU W YYBCTBUTENIbHOCTU WCMOMb3YIOT MOI/IOWEHNEe He BCero
6enoro ceBeta, a TO/IbKO TeX fly4yeil, KOTopble Hanbonee CUALHO MOTNO0LWATCs PacTBOPOM
[ns nonydyeHusa 60nee TOUYHbIX Pe3ynbTatoB U3 BUAUMOL 061acTu cnekTpa BbIAENAT Nyym
TO BOJIHbI, KOTOPas MakCMMasbHO MOT0WaeTcs fJaHHbIM PacTBOPOM, T. €. UCMOJb3YHT UC-
TOYHUKN MOHOXpoMaTMuyeckoro ceeTa. B gatumkax LIJ1 — 310 cBeToAMOAbl C onpefenéH-
HOW ANMHON BOMHbI. B cnyyae MCTOUHMKOB 6e/10ro cBeTa MCNOMb3YOT CBETOPUALT Pbl.

Ha pucyHke 12 nokasaHbl CMeKTpbl MOrnoweHns pactBopoB cynbhara mean (II) (kpmsble 1
1 2). BUgHO, 4TO MakCMMyMm MOT/OWeHUa HaxoauTca B o6n1actv 810 HM, UTO COOTBETCTBYET
KpacHOMY UBeTYy U3/lydeHUs (Ha rpaHule ¢ MHppakpacHbiM). ANNHbI BOMH faTYMKOB OMTU-
YecKoli MAOTHOCTKU, Bxoasawmx B cocTaB L/, coctaBnsAoT 525 HM (3eNnéHbIA LBET M3nyde-
Hus) 1 470 HM (cnHWIA uBeT). Kak BMAHO M3 NpeacTaBNeHHbIX Ha PUCYHKe 12 CMeKTpoB, pac-
TBOPLI, cofepXaline rmapartupoBaHHble MOHbl Cu2+ NpPaKTUYeCKM He MNOornowarT CBET C
JaHHbIMW ANMHaAMW BOJH
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Puc. 12. CnekTpbl NOrMOLWEHNS pacTBOPOB coeanHeHnin mean: 1 — 0,091 M pactBop CUSO4, 2 —
0,010 M pactBop CuSO4, 3 — 0,010 M pacteop [Cu(NH3)4]SO4. TonwmHa kroBeTbl — 10 Mv
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Cnoco6 pewieHns Nnpobaemsl.
Ecnn onpepensemoe BeLECTBO HE OKPALIEHO WM €ro OKpacka Hesipkasi, TO MCMO/b3yT
peareHThbl, fjaloLLNe C HAM SIPKUE LIBETHbIE cOeAnHeHUsa Tak, fobaBieHne pacTBopa ammMmua-
Ka K pacTtBopy, cofepyalwemy ruaparmpoBaHHble MOHblI Cu2+, NO3BOASAET MOYyYNTb KOM-
NJEKCHbIE MOHbI, aMMMaKarbl:

Cu2+ + 4ANH3 f [Cu(NH342+

KOTOpble UMEeIOT 60/iee UHTEHCUBHYIO OKpacKy. MNpuyém mMakcumMyM MOrnoLweHns npuxoanT-
CA Ha CBETOBOE M3/yuYeHne C A/IMHOI BOMHbI 618 HM (puc. 12), T. €. U3ny4yeHne OpPaH>XXeBOro
ugeta. Mpu 525 HM (3enéHbIi UBET) NoraoueHne coctaBnseT 43% OT Mmakcumyma, npu 470
HM (CMHWIA UBeT) — BCero 6% . TakuMm 06pa3oM, cneayeT BbibpaTh AaTUMK C AIMHOW BOJIHbI
525 HM 1 (hoTOMeTpUpOBaTh PacTBOPbl aMMUaKaTOB Meau.

Ona ocmbicneHMa pe3ynbTatoB, BblAaBaeMblX AaTYHMKOM OMNTMYECKOM MJIOTHOCTU, U Nonyye-
HUS KONIMYECTBEHHbIX XapaKTepPUCTUK MUCCNefyeMblX pacTBOPOB ClefyeT ewé pa3 BepHYyTb-
CA K ypaBHeHUIo (26). Ecnn ero nponorapumupoBatb U M3MEHUTb 3HaKM Ha obpaTtHble, TO
nonyvaem:

10 (27)

I ’
BennunHa IgV SIBNSIETCS OYEHb BAKHOW XapaKTEPUCTUKOW OKpalleHHOro pacTBopa; eé
J 1
Ha3blBalOT ONTUYECKOW NNOTHOCTbLIO pacTBOpa U o603HayatoT 6ykBoii D:

lg = eCl

(28)
D=1Ig = eCl

3 ypaBHeHUA (28) BbITEKaeT, YTO OMNTMYECKas MAOTHOCTb pacTBopa MpPsSMO MPONopuUmo-
HasbHa KOHUEHTPaLMM OKpaleHHOro BelecTBa W TO/LWMHE cnosi pactBopa [pyrumu cno-
BamMu, Mpv OAMHAKOBOW TOMLWMHE CNOs pacTBOpa AaHHOro BellecTBa OMTMYecKas MnaoT-
HOCTb 3TOr0 pacTtBopa 6yget TeM 60nblie, YeM 60/blle B HEM COLEPXKUTCA OKpalleHHOro
BelyecTBa

[ns onpeaeneHns KOHUEHTPaLMM OKpaLeHHOro BelecTBa B UCCeayeMOM pacTBOpe CTPO-
AT KaMBPOBOYHLIA rpadimk B KOOPAMHATax «0NTnuyeckas MNAOTHOCTb pacTBopa D - KOHUgEH-
Tpaumsa pacTBOpPEHHOro BelectBa C». C 3TOM LEeNbl0 MNOMb3YKTCA Cepueil 3T aNoHHbIX
(cTaHAapTHbLIX) pacTBOPOB Pa3/IMYHON KOHLEHTpaLUN, U3MEPSIOT X OMNTUYECKYH MN10T-
HOCTb M MOMYYEHHYIO 3aBMCUMOCTb anmnpoOKCUMMUPYIOT MPAMOR 3ateM M3MepsitoT onTuye-
CKYI MNIOTHOCTb KOHTPO/bLHOM NPO6bl 1, NICNOMb3YS KaIMOPOBOYHbIN rpadnK, paccHmnTbiBa-
0T KOHL,EHTPaL M0 BeLLecTBa B pacTBope

dT1an ypoka 3. [TpuMeHeHNe 3HAHUI B HOBOW cuTyaLum

Mpepnonaraemas NPOLO/HKUTENIBHOCTL: 25 MUH.

Meparornyeckan oesTeNbHOCTb yUnUTeNs:

npegnaraet obyyarLMMca 3KCNepPUMEHTaNIbHO OMNpPeAennUTb KOHLLEHTpaunio KaTMOHOB Me-
OV B BblJ@AHHOM pacTBOpPe KOMOPUMETPUYECKMM METOLOM.

Yuntenb KOPPEKTUPYET BbIMOSIHEHUE IKCMNEPUMEHTA/IbHOTO UCCNefoBaHNSA paboyummun rpyn-
namu. MNpegynpexagaeT, yTo Mpu BbINONHEHUU PaboThbl cnefyet cobofaTe OCTOPOXKHOCTb
npu obpaweHnn ¢ pacteopamm ammmnaka u cynbhara megn (I1).
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YyebHas fesaTenbHOCTb 06YyYaoLWnXCs:

thopmMmupytoT paboure rpynnbl No 2 4enoBeka, MoayyawT 3ajaHue n obopynoBaHue. Bbl-
NONHAKT 3KCNepUMeHTa/lbHOe MUcciefoBaHMe B Mapax, UCMob3ys MHCTPYKUMIO (CM. MaTte-
puanbl AN KONMPOBaHMWA), OhOPMASIOT pe3ynbTaTbl U3MEPEHNA U pacyétbl B TETpaan wum
Ha cneynanbHbIX 6M1aHKax. [OTOBAT Cepuio 3TanOHHbIX (CTaHAapTHbLIX) PacTBOPOB, COAep-
Xauwimx onpefenéHHble Konunyectsa MOHOB meaum (I1). C nomoLbo 4aTYMKOB U3MEPSIOT UX
OMTUYECKYO MIOTHOCTb, CTPOSIT KaNMOPOBOUHbIA rpaduk CpaBHMBAKOT pesynbTaTbl M3Me-
PEHU, NOMYYEHHbIX A8 TMAPAaTUPOBaHHbLIX MOHOB Mean Cu2+ (aKBaKOMMIEKCOB) M APKOO-
KpaweHHbIX noHoB [Cu(NH3)42+ (ammnHOKOMMNNeKcoB). CpaBHMBAKOT pe3ybTathbl, NOAYyYeH-
Hble C UCMO/Ib30BAHUEM Pa3HbIX A4ATUYMKOB OMNTUYECKOIM MAOTHOCTU: 3enéHblii (525 HM) 1 cu-
HUA (470 HM). O6Go6WalT pe3ynbTaTbl BCeX paboyux rpynn, CpaBHMBAKOT 3HAYEHUS
KOHLEeHTpaLum NoOHOB Mean B BblAaHHbLIX pacTBOpax

d71an ypoka 4. O606WeHNe N UHTepnpeTauns MNONYUYEHHbIX pPe3ynbTaToB, KOH-
TPO/b YCBOEHUS, 06CYXAEHME AONYLULEHHbBIX OWNBOK U UX KOPPEKLUS

Mpegnonaraemas NpPoAoO/MKUTENIbHOCTL: 10 MUH

Meparorvyeckan feaTeNlbHOCTb YYUTENS:

opraHusyeT obcyXaeHne pesynbTatoB nccnefoBaHuns. B xone GpoHTansHOW 6ecenbl npes-
naraet oby4dalwWwmmca 0OBACHUTL HabMKAaEMYIO 3aBUCMMOCTb MeX[Y WHTEHCMBHOCTbIO
OKpacku pacTtBopa W cofep)kaHnem B 3TOM pacTBOpe OKpalleHHOro BeLecTsa, UCMOMNb3ys
3HaHWSA O MOMIAPHOWM KOHLIeHTpauun BelwecTsa, ONTUYECKOW NIOTHOCTH

Mpeanaraet chopmynmpoBaTb o6o06Llalolwme BbIBOAbI O MeTogax onpeaenieHus KOHLUEH-
Tpauun BellecTB MeTofaMn hOTOKONOPUMETPUN

MomMoraeT BbIACHUTb NPUYMHbI AOMYLEHHbLIX NHCTPYMEHTaNbHbIX UM CTaTUCTUYECKUX OLUU-
60K, onpefenntb MyTM KX UCMpaBieHWs B 3aknoyeHne 3afaéT KOHTPOJ/bHble BOMPOChHI
(cm maTepuanbl 4Ns KonmMpoBaHus)

YuebHasa feAaTenbHOCTbL 0OyyatoLmxcs:

OOBACHAKT 3aBUCUMOCTb OMTUYECKON MAOTHOCTU CTaHAAPTHbLIX PacTBOPOB, XO4 Kanubpo-
BOYHOro rpaguka. O6cy>kaatoT pesynbratbl U3MEPEHUWIA, MOMyYeHHble ANS TMAPaTUPOBaH-
HbIX MOHOB MeAn Y aMMuakaTOB MeAu C MCMNONb30BaHMEM pasHbIX AaTYMKOB OMTUYECKOW
NAOTHOCTU. 0 KanMbpoBOUYHOMY rpadmnky onpenenstoT KOHUEeHTpauu NoHOB Cu2+ B KOH-
TPONbHOW 3afa4ve, CPaBHUBAKOT TOYHOCTb M3MEPEHMWIA.

®opMynMpPyOT BbIBOAbI, OTBEYAIOT HA KOHTPO/IbHbIE BOMPOCHI.

31an ypoka 5. MHhopmaunsa o gomalwHem 3agaHum n pednekcus

Mpeanonaraemas NPoOAOMKUTENLHOCTL: 6—7 MUH.

lMeparorvyeckas AeAaTe/IbHOCTb yUYUTENS:

MHpOPMUpPYET 0 fOMallHeM 3afaHuun, AaéT KOMMEHTapuil No ero BbIMOSHEHUIO; pa3faér
aHKeTy petnekcn K ypoky U npegnaraet paccumtatb «MHAMBUAYanbHbIA MHAEKC KayecTBa
ypoKa»; noaBoAnNT pedneKCUBHYIO CTaTUCTUKY YPOKa MO KOMNYECTBY YYEHUKOB, Y KOTOPbIX
WHAEKC KayecTBa Bbllle 3HaYeHWs 5; AeMOHCTpupyeT 3anucb NpobnemMbl U Lenn ypoka,
crnpawwuBaet: «Kak Bbl fymaeTe, pelweHa N1 npobnema, LOCTUTHYTA NN Uenb?» Ecnu npo-
6nema He pelleHa W Uenb He JOCTUTHYTA, npeanaraet o6bACHeHe 1 3a4aéT B JOMNOJSIHEHNE
K AOMallHeMy 3afaHunio nogymMatb Haj npuynvHamu 3Toro.
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YyebHan fesATeNbHOCTb 00yYatoLLMXCS:

3a4al0T YTOYHAIOLME BOMPOCHl O BbIMOSIHEHMN [OMALUHEro 3ajaHuns; PacCunTbiBaOT UHAM-
BMAYa/IbHbI MHAEKC KavecTBa ypoOKa, OMnpefenstoT cTeneHb COOTBETCTBMSA MOCTaB/EHHOW
Uuenn n pesynbtaToB fesiTe/IbHOCTU; CTEeNeHb CBOEro MPOABMXKEHMS K LLeNN; BbiCKa3biBalOT
OLEHOYHbIE CYX/[EHUS 1 COOTHOCAT pe3y/bTaThl CBOEW AEeATENbHOCTU C LE/blo ypoKa

MaTtepuanbl NOATOTOBKU K YPOKY

VMHCT pyKUMA K 3KCMEepUMEHT a/iIbHOMY UCCNe0BaHNIo0

« DOTOKONOPUME T PUYECKOE ONnpefeneHne KOHLeHTpauum noHos megn Cu2+B pacTBope»

1 Onsa onpefeneHusa KOHLEHTPaUMWM OKpalEeHHOro BellecTBa B UCC/efyeMOM pacTBope
(hOTOKONOPUMETPUYECKUM METOAOM CcHadana Heo6XoAMMO MNOCTPOWUTbL KalMOGPOBOYHLIN rpa-
uk. Ana aToro cnefyeTt NPUroToBUTL CEPUID 3TaIOHHbIX PacTBOPOB, cofepXalnx pasHble Ko-
inyecTBa onpenensemMoro BeLlecTBa.

CHauana roToBsiT cTaHA4apTHbIA pacTBOp, COAEepXalinii CTPOro onpefenéHHoe Konunye-
CTBO UCC/iefyeMOoro Belectsa. [ aToro Ha Becax OTMEPSAOT HaBECKY MATUBOAHOIO Kpucran-
norngpata cynbhata megn (Il), Heob6xogmumyto ans npurotoenenHmss 100 mn 0,1 M pacTtBopa
CuSO4. HaBecKy akKypaTHO MepPeHOCAT B MEPHYIO KON6y n npunueatot 30—50 ma guctnnnm-
poBaHHOW BOAbl. [ocne NoMHOro pacTBOpPeHUs conn AOBOAAT OO6LEM pacTBOpa BOAOW A0 MeT-
K1 100 M/, 3aKpbIBaOT NPOOGKOIA M XOPOLWO MepemMeLLBatoT.

Macca HaBeckn CuSO4-5H20 paBHa r.

C nomoLbo BGHOpeTKM M MepHON KOJObl TOTOBAT pacTBOPbl C ONpefenéHHON KOHUEeHTpauu-
el CuSO4 B cOOTBETCTBMN C Tabnuuein 1 CTaHOapTHble pacTBOPbl aMMMaKaToB roToBaT, 4o6aB-
Nnaa K cTaHgapTHOMY pacTBopy cynbgata mean (l) 10%-blii pacTBOP aMMMaKa.

3aBUCMMOCTb ONTUYECKO NAOTHOCTU pacTBopa D OT KOHUeHTpauun
rmagpaTnpoBaHHbIX MOHOB Mean M ammMmunakatos [Cu(NH3)4] 2+

KoHueHTpa- O6bém 0,1 McTaHOapTHOrO OnTuyeckaa NNOTHOCTb pacTBopa D
uua CUSO. B pacTBOpa, HEO6XOANMbIA
3Ta/IOHHOM Ana NpuUrotToBIeHUA 100 M rMApaTNpoBaHHbIe amMmmMmuakarel
pactBope C, 3Ta/IOHHOrO pacTBopa NOHBI CuZ+ [Cu(NHs ). ]2+
Mob/n c 3a,anH0|7| KOHLJ,eHTpaLU/IeVI, Mn 525 HM 470 HM 525 HM 470 HM
01
0,05
0,02
0,01
0,005

Bo3bMUTe KIOBETY U HanelTe B Heé AUCTUNINPOBAHHYIO BoAdy. byabTe akkypatHbl! beputech
pykamu TO/IbKO 3a 60KOBbIE rpaHu, KOTOpble He OyayT nepecekaTbCs CBETOBbIM MOTOKOM B (pO-
TOKO/MIOpUMeTpe. B NpoTMBHOM cny4vyae MOTOXMPOBbLIE OTMEeYatky ManbleB Ha CTEHKAaX KHOBETHI
CYLLEeCTBEHHO MUCKa3AT pe3ynbTaTbl U3MEPEHUIA. BcTaBbTe KHOBETY C BOAOWM B rHe3go OTOKONO-
pumeTpa. [latumk AO/MHKEH MOKa3biBaTb 3HA4YeHWe OnTM4eckoi nnotHocTn D, paBHoe 0. B cny-
yae Heob6XOAMMOCTUN AaTvuK cnegyeT oTKanmbposartb.

BbIHbTE KIOBETY, BbleiiTe BOAY TakK, YTOObl Ha CTEHKax He ocTaBasiocb Kanesnek. Moouepés-
HO MU3MepbTe ONTUYECKYIO MIOTHOCTb BCEX MPUTrOTOB/IEHHbLIX PAcTBOPOB. 3aHecuTe pesysnbraTbl
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XM KA

BblYMCNEHWI B TabnMLy WU HA MUINMMETPOBOWN Gymare MOCTPOiiTe KanMbpoBOYHbIA rpauk 3a-
BUCUMOCTU D OT KOHueHTpauum Cu2+. OH fo/mKeH nNpeacTaBnsTe OO0 npsmMyto nnMHUKO. Ecnn
Kakasi-To TOYKa BbiNagaeT, TO AN1a Heé cnegyeT NOBTOPUTbL M3MEPEHME OMTUYECKON MIOTHOCTU

2) OnpepgeneHne KOHUEHTpauum pacTBOPEHHOIO BellecTBa B KOHTPO/LHON npobe

CnonocHUTEe KIOBETY U 3aneiiTe B HEE KOHTPO/bHbIN pacTBOP C HEM3BECTHOW KOHLEHTpauu-
eli pacTBOpEHHOTrO BewecTBa V3mepbTe ONTMYECKYH MAOTHOCTb AAHHOrO pacTBopa v no rpa-
(huKy onpegenunte, Kakoi KOHLEHTpauMyM COOTBETCTBYET NOyYeHHOe 3HavyeHne. OTMeTbTe gaH-
HYIO TOUKY Ha KaIM6pOBOYHOM rpacgunke

B BbIBOAE YKaXXUTE KOHLEHTpaLMio BeLLecTBa B KOHTPO/IbHOI Npo6e.

KOHTpoObHbIE BOMPOCHI

1 Kakue yactuubl npugaroT nccnefyemMomy pacTBopy OKpacky?

2. C KakOW Uenbl rMapaTMPOBaHHblE MWOHbI MeauM MepeBOAWIM B aMMuakaT Meau
[Cu(NHa)4]2+?

3. Kak usmeHsTca pesynbtatbl U3MEPEHW, ecNu BMECTO AaTuuMKa C 3e/IEHbIM CBETOM B3ATb
JaTyMKKN C OpaH>XXeBbIM, KpacHbIM CBeTOM? [loyemy?

NnTepaTypa

1 EnbAweBuy M. A. ATOMHas 1 MONeKynspHas CrnekTpockonusa: obuimMe BOMPOChl CMEKTPO-
ckonuu. M.: linbpokom, 2017.

2. XykoB A. ®., Konocosa . ®., Ky3Heuyos B. B. n gp. AHanutnyeckasa xumua. dumnsnde-
CKMe 1 PU3NKO-XMMUYEecKne MeToAdbl aHanusa: yueb. ana By3os / nopg pen. O. M. MNeTpyxuHa.
M.: Xumnsa, 2001. C. 120-147.

3. lyHuH B. B., Apo3goB A. A., KyabMeHKo H. E, EpemuH B. B. Xumusa. 11 knacc: yueb.:
yrny6n. yposeHb. ®roC. M.: Apoda, 2020.

4. QHUMKnonegua ansa geteir. Tom 17. Xumunsa. M.: ABaHTa+, 2000. C 155— 164.

MOMOLWb YYUTEJTIO

MeToan4yeckme KOMMeEHTapumn

[aHHOe 3kcrnepuMMeHTanbHOE uccnefoBaHMe C NpUMMeHeHWeM (hOTOKOoopuMeTpuYe-
CKOro MeToja KO/IMYeCTBEHHOrO aHanm3a paccuuTaHo Ha 1akagemunyeckuid vac. MNpepgna-
raemblii BapuaHT y4ebHOl feAaTeNbHOCTU NO3BONSET OAMHHAALATUKIACCHUKAM NOBTOPUTb
N 0606WNTL 3HAHNSA, KOTOPbIE OHX NproBpenn Npu n3yvyeHun tembl «PacTBopbl. CNocobbl
Bblpa)XeHNs cOCTaBa PacTBOPOB», peann3oBaTb BO3MOXHOCTU MeXMNpeaMEeTHbIX CBA3eW
XMMUN 1 DU3KKK ¢ TeMaMn «ONTuKa», «3nydeHrne n cnekTpbl».

[Ona yBenuueHnss yueb6HOro BpeMEHM, OTBOAMMOIO A5 OCMbIC/IEHUA 0606LLaeMbixX
3HaHWi, uenecoobpasHoO NOPYUYMUTb NMPUTOTOB/IEHNE 3TA/IOHHbLIX PACTBOPOB OTAE/bHLIM pa-
6oumm rpynnam (pabouum napam) A 3ateM nNpeacTaBUTb 0600 EHHbIE pe3ynbTaTbl B BU-
[le KaNMM6poBOYHOro rpadnuka B KoopauMHatax «onTuyeckas NNOTHOCTb pacTBOpa — KOH-
LeHTpauMa MOHOB MeAu» Ha [OCKe nepef BCEM KacCOM. TOYKM, MOJSlyYeHHble BCEMM
rpynnamu, JO/MKHbI Nevb Ha OfHY MPAMY0O — KanmbpoBOUHbIA rpauk. Ha cnegyrowem
atane onpefeneHnss KOHUEHTPaUun MOHOB MeAu B BbiJAaHHOM PacTBOpE YYaCTHUKU BCEX
pabo4unx rpynn MoOryT nosib30BartbCA OOLWNM KaIMOGPOBOYHbLIM rpaprukom

3afaHusa KypoKy

1 3ajaHuve Ha pa3BMTMe PYHKLMOHANbHOM FrPaMOTHOCTM

B WKONbHYO NabopaTopuio Ans uccnefoBaHust noctynun obpasel natyHu. JlaTyHb — 370
CniaB Ha OCHOBE Mefu, F4e OCHOBHbIM NETMPYIOLWMM 3N1EeMEHTOM fABNsSeTCs UMHK. B cnyuyae
[LBYXKOMIMOHEHTHbIX CUCTEM NaTyHW 4YacTo MapKupykoTca BykBoli J1, 3a KOTOpOIA cnefyeTt 4yncno,

B cogep>xaHune 91



KBAHRKKOPMY M XUMMUSA

nokasblBalolllee cofep)aHue Megu B MpoLUeHTax, HanpuMmep B natyHu J162 copepxutca 62%

Mean n 38%
O6pasey,

LUMHKa No macce
npeacraensn cobon kyb6, macca kotoporo 30,0 r 3 o6pasua otaenunu npooéy

Maccoii 40,0 Mr, KOTOpPYIO MOMHOCTbKO PacTBOPWIM B KOHLUEHTPUPOBAHHOI a30THOW KucnoTe
3atem go6aBuam n3bbITOK pacTBopa ammuaka un gosenm ob6wLéM cmecn go 50 mn OnTuyeckas
NNOTHOCTb NMOJTYYEHHOrO pacTBopa B KtoBeTe TOMWMHON 10 MM npu 618 HM cocTtaBuna 0,51.

1) Hanuwwnte ypaBHeHWUS peakuuid, KOTOpble NMPOTEKaN MPU PacTBOPEHUU MCCeayemMoro
o6pasua naTyHn B KOHLEHTPMPOBAHHOW a30THOI KuUcnoTe

2) Onpefennte MaccoBylo AO0 Mean B uccnefyemMom obpasue, Mcnonb3ys 3KCNepUMeH-
TanbHble AaHHble, NpeAcTaBieHHble Ha pucyHke 13. Kakylo MapKuMpoBKy 6yaeT MMeTb AaHHbIi
ob6pasey, natyHu (cnnase cumTatb ABYXKOMMOHEHTHbIM)?

20 WWo QO

I
oo

B e
N B~ O

0,6
04
0,2

0 0,006 001 0015 002 0025 0,03 0035 004 0,045
KoHueHTpauusa noHos |Cu(NII3)42+, monb/n

Puc. 13. 3aBMCUMOCTb OMTUYECKOW MIOTHOCTU pacTBopa OT KOHLEeHTpaLmm
noHoB [Cu(NH3)4]2+, akcnepuUMeHTasbHbIE JaHHbIE.
TonwuHa KroBeTbl — 10 MM, A/1MHA BOJIHbI — 618 HM

3) Ha pucyHke 14 nokasaHa 3aBUCMMOCTb M/IOTHOCTU NatyHU OT COAepXKaHusa uUuHKa. Onpe-
Jennte NNOTHOCTb Uccnegyemoro obpasua cnnasa, paccumTanTe ero o6bLEM 1 gnmMHy pebpa Kyoba.
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Puc. 14. 3aBUCMMOCTb MIOTHOCTM ABYXKOMIMOHEHTHbIX CM/1aBOB
(Megb + UMHK) OT MaccoBOW AONN LIMHKA
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PelweHne:
Zn + 4HNO3 = Zn(NO32 + 2NO2 + 2H20

Cu + 4HNO3 = Cu(NO32 + 2NO2 + 2H20

Ha ocHOBaHMW 3KCrMepuMeHTaNbHbIX AaHHbIX, NPeACTaB/eHHbIX Ha PUCYHKe 13, nocTpoum
KanMbpOoBOYHbIA rpadmk, NPoBesEM MPAMYO Yepe3 TOUKM. HaHec&M TOUKy, COOTBETCTBYIOLLYIO
onTn4yeckoi nnotHoctn 0,51 (puc. 15 nokasaHa OpaHXXeBbIM LIBETOM).

KoHueHTpaumsa noHos Cu(NH3)4[2+ monb/

Puc. 15. KambpoBOoUHbIA rpaduk Ans onpegeneHns KOHUEHTpaLmM NOHOB Meau

N3 kannbpoBOYHOro rpaguka, npuBeféHHOro Ha pucyHke 15 BMAHO, 4YTO ONTUYECKOM
nnotHocth 051 CcOOTBETCTBYET pPacTBOpP C  KOHUeHTpauueld  MoHoB  [Cu(NH342+—

~ 0,0113 monb/n. Paccuntaem, Kakasa macca Megu nepeluna B pactBop npu o6paboTtke npobbl
a30THOW KWCNOTO:

MOJ1b r
mQ~= 0,0113 0,05 n 63,546 —————-- « 0,036 1 =36 mr,
n MOJ1b
rge 0,05 N1 — 06BbEM pacTBOpa, B KOTOPOM COAEPXUTCA OTO6paHHasa npoba; 63,546 r/monb —
MonisipHasa macca megu. OTclofa MaccoBas 0N Mefu B CraBe:

36 mr nnn/

cu= /ZIO_IVIF = 90%

Mapka gaHHoOW natyHn — J190.

B. Nccnepgyemblin cnnae cogep>xXut 90% meam n 10% umHka no macce. Mo rpaumky Ha pu-
CYHKe 14 HaxoAuM MNAOTHOCTb AAHHOW MapKW naTyHuW, oHa cocTaBnseT ~ 8800 Kr/m3. O6BLEM
natyHHoro Kyba:

M=m = 4°, 3* 4,55cv=
p 88r/ cm3

COOTBETCTBEHHO pebpo Kyba a:
a = "455cm3 « 1,66 c™m.
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2. 3apaHue gna nogroToBkn K T'MA, BIP

1) Kpuctannormapat cynbata meam (CuSO4«5H20) maccoii 5 r pacTBopuan B Boge KONu-
4YecTBOM BellecTBa 5 Mo/b. Paccumtalite mMaccoByl OO COMM B MOAyYEHHOM pacTBope. OT-
BET BblpasnTe B NPOLEHTaX N OKPYrIuMTe 40 COTbIX

OtBeT: 3,37%

2) B 100 mn Boapl pacteopunu 20 r neHTarmgpara cynbgata meam (ll). PaccumTainTe macco-
BYlO L0110 6€3BOAHON COMN B NONyYEeHHOM pacTBope. OTBET BblpasnuTe B MPOLLEHTax U OKPYran-
Te [0 fecATbIX

OtBeT: 10,7%

3) N3 megHoro kynopoca (CuSO4e+¢5H20) npurotosunu 110 r pactBopa, B KOTOPOM COOTHO-
LWEeHNe MeXAay 4YMCcoM atoMOB BOAOpPOAa U Kucnopoga pasHo 20 : 11 Onpefenurte maccy Ha-
Becku (B rpammax) MefHOro kynopoca, Heo6xoAnMyto 418 nonyyeHUs gaHHoro pacrsopa? OT-
BET OKPYI/nUTe 40 LenbIX

Oteet: 311

4) Kakyr maccy XenesHoro kynopoca FeSO4 e« 7H20 n Bogbl Hafo B3STb 4N MPUroToB/e-
Hua 1kr 7,6% -ro pacteBopa cynbarta xenesa (I1)?
OtBet: 1391 FeSO4+«7H20 n 861 r H20.

TeMbl BO3MOXHbIX MPOEKTHbIX U UCCNef0BaTeNbCKUX paboT

1 ®OTOKONOPMMETPUYECKUNIA METOA B 3KCMPECC-OLLEHKE KayecTBa NUTLEBOWN BOApbI

2 CamopgenbHbli POTOKONOPUMETP, OLLEHKA ero TEXHUUYECKUX XapaKTepucTunk

3 TlpuMeHeHVe MeTOL0B CMEKTPO(OTOMETPUN B U3YUEHUN KMHETUKM (DEPMEHTATMBHBIX pe-
aKkuwni

4 ®doTomMeTpuyeckoe onpefesieHne OCHOBHbIX 3/IEMEHTOB MUHEPANLHOTO MUTAHUSI pacTe-
HWUIA B MOUBEHHO BbITSHKKE U TMAPOMOHHbLIX pacTBopax

5 ®oToKO/NOpUMETPUYECKME METOAbl aHan3a COCTOSAHMA BOAbl B akBapuyme

Na6opaTopHble paboTbl U NPakKTUYecKmne 3aHATUSA

MeToAbl HAY4YHOTO MO3HAHUS

NabopaTOPHbLIA ONbIT:
«3JKCNepnMeHTaNbHas NpoBepKa r’MNno T esbl

OnpeaeneHune cofepXaHus KapboHaTa KanblLmna B pa3IMuHbiX 06 bEKT ax»
OnucaHve NabopaToOpPHOro OMbiTa MOXHO HaliTK B pasgene «®OpPMbl KOHTPONS».

MpakTunyeckoe 3aHATLeE:
«OnpepeneHne Ka4eCTBEHHOIO coCcTaBa OpraHM4Yeckoro Beuw,ecTea»

TeopeTwnyeckoe BBeAeHME

[laHHas pab6oTa HaueneHa Ha 06yyeHue CTaplUeKNacCHUKOB MeToAaM Hay4HOro Mo3HaHus,
OHa NnpeaBapsieT CUCTEMHOE M3yYeHME OCHOB OPraHMYecKol XMMUKM, cnoco6eTByeT hOpMMpo-
BaAHMIO Y HUX HAayYHOTO MWPOBO33PEHUsi. B npouecce BbINOMHEHUSI 3KCMEPUMEHTaNbHOTO MUC-
CnefloBaHUs y LUKOMbHUKOB (hOPMUPYIOTCA MPeacTaB/eHnss 0 KauecTBEHHOM aHanu3e, aKcne-
PUMEHTa/bHbIX METOAAX [0Ka3aTeNbCTBa UM OMPOBEPXKEHUS BbIABUHYTbIX NPEANONOXEHWIA .

[Ns KaueCTBEHHOro ONpeAeneHns 3N1EMEHTOB, BXOASLLMX B COCTaB OpPraHMYecknx BELLECTB,
X Heo6XOoANMO MNpefBapuTe/ibHO MEepPeBECTM B HeOPraHWYecKne COeAWHEeHWs, ANa AanbHeW-
et MccnefoBaHUs KOTOPbIX MPUMEHSIOT MeToAbl 06bIYHOrO Ka4yecTBEHHOrO aHanusa Hanpwu-
Mep, creuunanbHbIMU MeToAaMWn Yrnepos NepeBoOAAT B YINMEKUCNbIA ra3, BOAOPOA — B BOAY,
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a3oT — B LUMaHug Hatpus, cepy — B Cy/buUa HaTpus UT 4 B pamkax JaHHOro nNpakTU4eckoro
3aHATUA paccMmaTpuBaeTca onpejeneHne ToNbLKO yrnepoja, Bojgopoja 1 xiopa

Mpn NpokanMBaHUM OPraHNYeCcKOro rajioreHocogepXxalwero sewectsa ¢ okengom meam (Il)
NPOUCXO4NT Ero OKuUcNeHue. Yrnepod nepexogut B okcng yrnepoga (IV), sogopog — B BOAy,
ranoreHol (Kpome (pTopa) — B netyuume ranoreHugbl megu (1), okpawmsarowme naams B SpPKo-
3enéHblii uBeT (Mpoba belnbliTeliHal). Peakyns BbICOKOUYBCTBUTENbHA. OIHAKO €€ HeNb3s Uc-
No/sb30BaTh /19 O6HAPYXXEeHNS raioreHoB B a30TcoAepXKalnx coeJMHEHUAX, TaK KaK OHWN TOXe
OoKpawwmBatoT nnams. MNpoby BelinblwTeiHa paHee UCNObL30BaAN NPV NPOBEPKE MOATMHHOCTY
ranoreHocofep >xalnx neKapcTBeHHbIX CPencTs

MpakTunyeckas yacTb

Llenb paboThbl: Hay4ynTbCS MPOBOAUTL peakuuu, KOTOpble MO3BOMSAIOT 3KCNEepUMEHTaslbHO
[loKasaTb Ha/myue aToOMOB yriepoja, Bofgopoja v xjopa B UcciefyemomM OpraHM4yeckom coe-
AVHEHNU

O6opypoBaHMe M peaKTMBbI: AaTUMK TemnepaTypbl TepMONapHbIA, CIMPTOBKA, NPOGUPKMY,
npo6Ka C rasooTBOAHOW TPY6KON, wWwnaTenb, MedHass NPOBOMNOKA; M3BECTKOBas Boda (Hachl-
LWeHHbIA pacTBOp ruapokcuaa kanbuus), cynbat meam (Il) 6e3BofHbIN; PunbTpoBanbHas 6y-
Mara, caxap, Kycouyek KapToesibHbIX YAMNCOB (MU KYKYPY3HbIX X/10MNbeB), HEGONbLLLON KOMOK
CBET/ION LWEepPCTU, KYyCOYEK IMHOMEYMa, KyCOYeK NIacTUKOBOIO CTakKaHa.

TexHuKa 6e3onacHoCcTHU

1 Pa6oTa cBfi3aHa C OTKPbLITbIM MlaMeHeM — GeperuTechb OXxora.

2. Tepmonapa nocfie N3BjeYeHUs 13 naaMeHn OCTbiBaeT He cpa3ly — BGeperuTechb oxora.

3. B cnupToBKe cofepXXuUTcs roproyas XXnaKocTb.

4. OnbITbl, CONPOBOXAaloLLMecs BblgeNeHMeM ra3o00pasHbIX BELLECTB C Pe3KUM 3anaxom,
NPOBOANTb B BbITSXXKHOM LUKady.

WMHCcT pyKuma

OnbiT 1. ONpegeneHune yrnepoga npob6oii Ha obyrnmeBaHue

MpucyTtcTBMe yrnepoja BO MHOIMMX OpraHMYecknx BeLLecTBax MOXHO O0OHapy>XuTb no oby-
rMMBaHUIO BeLlecTBa Mpu OCTOPOXHOM €ero rnpokanuBaHun. B npobupky NoOMecTntTe HEeCcKONbKO
KPUCTan/I0B caxapa M OCTOPOXHO Harpeite. Yto npomncxognt npu HarpeBaHun? Yto gokasbl-
BaeT o6pa3oBaHMe mMacchbl YEpHOro uBsera?

MoBTOpPUTE ONLIT C YNNCAMMW, KYKYPY3HbIMU XNOMNbAMMW, LLUEPCTbIO, KYCOUYKOM (PUIbTPOBa/b-
HOW Gymaru. YcTaHOBUTE 3KCMEepMMEHTanbHO, NPV Kakol TemnepaType uccnegyemble Belle-
CTBa HauyMHalT 06yrnMBaTbcs [na 3TOro MCMNOMb3yiTe BbICOKOTEMMNEPATYPHbI AaTunK (TepMo-
napy). 3akpenute fatymMkK B Npo6GMpKe Tak, YTOObl ero KOHYMK Kacascsi Uccrefyemoro Belle-
cTBa. Pe3ynbTatbl N3MepeHuii 3aHecuTe B TabAULLy.

OnpepeneHne TemnepaTtypbl 06yrnMBaHUsa OpraHMYecknx BeLLecTB

Vi3aMeHeHUs, npoucxoasiimne TemnepaTtypa Hauyana

Viccnepyembliii 06beKT .
c nccnegyembiM 06pasL,oM obyrnusaHus, °C

Chopmynupyiite BbIBOAbl. YKaXKUTe, 4TO AOKasbiBaeT Npoba Ha obyrnneaHne. Kakmne Belle-
CTBa BXOAAT B COCTaB uccneayeMblx 06beKTOB? pu Kakol Temrnepatype OHM HauMHaloT 06y-
rnnBatbcsa?

1 BeinbwTeiiH ®énop PEAOPOBUY — PYCCKUA XUMUK-OPraHuk, poawuncs B [Metepbypre
B 1838 r., ¢ 1886 r. — opAvHapHbIA akagemuk MNetepbyprckoii AH.
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OnbIT 2. OKMcneHne napauHa okcugom meam (Il)

Mpob6a Ha o6yrnMBaHue SABAAETCA BCNOMOraTe/lbHbIM MEeTOAOM OMnpefeneHus yrnepoja B
nuccnegyeMoM BellecTBe HekoTOpble opraHuyeckue BelLecTBa, Hanpumep, 3TUAOBLIA CRUPT,
yKCyCHasi KUCNoTa, Npu HarpeBaHMM MCMNapAaoTCA paHblue, YeM ycneBalT 06yrnnTbes; gpyrue,
Hanpumep, MOYeBMHA, hTanesas KMUCnoTa, BO3roHAloTcA Hambonee obwmm MeTOAOM OTKpbI-
™S yrnepoja v OAHOBPEMEHHO C HUM BOAOPOLA ABNAETCH OKWUC/EHUE OpraHW4yeckoro Belle-
cTBa okcngom megm (1)

B npobupky ¢ HebonbwMM KonnvectsoMm napacguHa (~ 0,2 r) nomectute okono 1r nopouw-
ka okcmga meam (I1). HeTenpodyKT AO/MKEH nponuTaTb OKCUA Meawn, ANns 3Toro Npo6upky c
napauHoM cnegyeTt cnera NporpeTb, YTO6blI OH pacnaaBuCs.

Mpugas Npo6upke ropu3oHTanbHOE MOJIOXKEHUEe, BHECUTE B HEE HEMHOro 06e3BOXKEHHOIo
cynbtata meam (II) 1 3akpoiiTe NpobKOI ¢ ra300TBOAHON TPYOKOI Tak, uTobbl nopowok CuSO4
HaxoAwuacs BO3fe NPo6ku (cm. puc.). KoHel ra3ooTBOAHON TPyOKU ONycTMTE B NMPOGUPKY C 13-
BECTKOBOW BOAON. HecunbHO Harpeite CMecb BeLLECTB.

KOHT ponbHLIE BOMPOCHI

1. Y710 06pasyeTcAa Ha BHYTPEHHUX CTeHKax Npobupku-peakropa? Kakume mMameHeHUs Mpo-
NCXOAAT C OKCUMAOM Mean, cynbatoM Meaum 1 U3BECTKOBOW BOAO?

2. Kakoi BbIBOJ MOXXHO cAenatb O Ka4eCTBEHHOM COCTaBe B3ATOrO A/ UcCNefoBaHUS He-
(hTenpoaykta (NapaurHa) Ha OCHOBaHUM NPOBEAEHHOIO ONbiTa?

3. Kak Bbl NOHMMaeTe cnefyoLlme CIOBOCOYETAHUSA: «KaYeCTBEHHOE ornpefeneHune», «ka-
UEeCTBEHHbIN cocTaB»? Kakoe 3HauyeHue MMeeT npuiaratebHOe «KayeCTBEHHbIA» B AaHHOM
KOHTeKcTe?

4. KakoBa Le/b JaHHOro 3KcnepuMeHTa?

5. MpeanonoXnm, 4Yto B COCTaB NapaduHa BXOAMT MpefenbHblii yrneBogopoq (ankaH), co-
fepxawuii 20 atomoB yrnepofa. CoctaBbTe ypaBHeHWE peakuMy ero nosiIHOro OKUC/EHUS OK-
cugom megm (ll). YKaxknte, aTOMbl KaKOro afieMeHTa ABASKTCA OKUCIUTENSAMUN, a KaKoro — BOC-
CTAHOBUTENIAMMU .

6. CocTtaBbTe ypaBHEHME peakumn MOMNHOro okncneHnsa ankaHa CnH2n+2 okengom megm (1) B
obLwem Buge

7. KaKyto ponb B JaHHOM 3KCMepPUMeEHTe UrpatoT 6e3BoAHbIN cynbdat meam (1) u rmapokecung
Kanbuma? Hanuwmnte ypaBHEHUS peakuuii, KOTOpble NPOTEKanu € yKa3aHHbIMU BeLLecTBamu.

8. MNMpobupka ¢ UCXOLHbIMM BellecTBamMu LO/DKHA OblTb 3aKpernseHa B LITaTUBE FOPU3OH-
Ta/lbHO WU C HEGONLLUMM HaK/IOHOM B CTOPOHY OTBepcTusa. Moyemy?

9. MNpeacTaBbTe, YTO Bbl MPOBEN aHA/IOTUYHbIA OMbIT, UCCNefys KaueCTBEHHbIN cOCTaB He-
N3BECTHOIO XXUAKOro BewecTBa. MNpoayKTbl OKACNEHNS — fABa OeCLBETHbIX rasa, Kaxabli u3
KOTOPbIX BbI3bIBa/l MOMYTHEHME M3BECTKOBOW BOAbl. OAMH ra3 Obi1 6e3 3anaxa M He obecuBe-
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umBan pacTBOpP NMepmMaHraHara kanus BTOpoW, HanpoTuB, o6najan pe3kuMm 3anaxom u obec-
uBeuyMBan BOAHbIA pacTBOp KMnO4 Be3BOAHbINV cynbgaT Mean B NPUCYTCTBUM NPOAYKTOB pe-
aKUUN OKpacku He usMeHwun Kakume 31eMeHTbl MOIv BXOAWTL B COCTaB MCCNefyemMoro Belle-
cTBa? Kakue npofyktbl o6pa3oBannchb B pesysbTarte ero OKMcneHunsa?

OnbiT 3. OnpegeneHne xnopa no OKpacke rnaaMmeHu

Ha KoHue mMegHOl MPOBOMIOKK caenalite NETI0 WM HEBOMbLIYIO CMpasb, HamaTbiBas NpPo-
BOJIOKY, HanpuMmep, Ha KOpMyc pyyku. YTo6bl He 06XKeubCs, MeAHYH MPOBO/IOKY MOXHO 3a-
XaTb TUreflbHbIMU WwunuamMmn. MeTno Harpelite B NJamMeHW [0 KPAacHOrO KajeHus, Mpu 3TOM
naamMs He [O/HKHO OKpawuBaTtbCa. Ecim nnamsa npuvobpeTaeT OKpacKy, NpOKaiuBaHWe NpPOBO-
NOKM npojomkute. 3atem NeTnén MPUKOCHUTECb K MCCNedyeMOMy BeLlecTBy, a 3aTeM CHOBa
BBeAUTe B nnamsa. Yto HabnwogaeTtcs, ecnn B COCTaB UCCNeAyeMOro BellecTBa BXOAMT xi1op?

Bam BblgaHbl 06pasubl ABYX MjacTMacc nog Homepamy 1 um 2, KyCOYKM IMHONeyMa 1 nnia-
CTMKOBOIO CTakaH4uKa Ans HanutkoB. OfgHa nnactmMacca — MNOJMBUHUAXN0PUA, gpyras — no-
nmnponuneH. C nomouwbio Npobbl BelnbluTeliHa onpegenuTe Kaxablii o6pasel, OOGOCHyiTe
CBOW BbIBOJ, NpuBeauTe POPMY/bl UCCEAYEMbIX BELLECTB.

KOHTponbHbIE BOMPOCHI

1 KakoBa Lefb JaHHOro akcnepumMmeHTta?

2 O6bACHUTE XMMKU3M Npo6bl belinbwTeiiHa MoyemMy C MOMOLLBLIO AaHHOW NPO6bl HENb3s
onpegennTb Haanuue pTopa B OpraHMYecKoMm BellecTBe?

3. 3ajaHua gna noArorosku K TMA, BINP

1) OAna cxuranmsa 3 n ra3oobpasHoro yrneesogopoga norpebéosanock 151 Kucnopoga, npu
aToMm ob6pasoBanocb 9 n okcupga yrnepoga (IV) n HeKOTOpOe KOMMYECTBO BOAbl. YCTaHOBUTE
MOIEKYNIAPHYO (hopmyny yrnesogoposa.

OtBet: C3H38

2) MoHonognpousBoAHOE ankaHa cogepXunt 69,0% moga no macce. CoctaBbTe DOPMY/bI
BO3MOXHbIX M30MEPOB, YA0BNETBOPAIOLWNX YCNOBUIO.

OtBet: C4H9l

CH3

I
H3C-CH2-CH2-CH2-1 Cli3-C -C 113

I
H3C-CH2-CH-CH3
J r\ 3 CH3-CH-CH 7-1

I I
CH3

4 3apaHue Ana pasBuTMA QPYHKLMOHATbHOW rPamMoTHOCTM

Ha cerogHAWHWA feHb B NMPOU3BOACTBE U3AeNNA NETKOW MPOMbIWAEHHOCTU Pas3/IMYHOrO
Ha3Ha4YeHUs Haxo4AT LUMPOKOE NPUMEHEHNE NUCKYCCTBEHHbIE KOXXM COBpeMeHHbIe TeEXHONOrnu
NO3BOJIAIOT CO3JaBaTb UCKYCCTBEHHbIE KOXW, 06najatouime pagoMm crieymanbHbliX KavyecTB: MO-
pO30- U XapoycToiumBble, BOAOCTOMKNE, aHTUCTATUUYECKUE, OTHEYNOpHbIe, Mac/io6eH30CTol-
Kre 1 pyrue Buibl KOXu

OCO06€eHHO LWIMPOKOEe pacnpoCTpaHeHne 4719 U3rOTOBEHNS BEPXHER ofeXxAabl NoaAyYuIn mc-
KYCCTBEHHbIE KOXW C MOPUCTbIM MONNBUHUNXNOPUAHBLIM (MBX) nokpbiTMeM, npeacTasnstolLme
COGO0M TPUKOTAXKHYHO, TKAHEBYIO UM HETKAHYH OCHOBY C HAHECEHHbIM Ha Heé cnoemM NOpPUCTo-
ro nonuBUHUAXAOpPMAA TonwuHoin 0,5—0,7 MM WA Henopuctoro — TonuwmHoi 0,10—
0,15 mm.
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N3 kHurm AHpgpuaHoBa I A., Monskoea K. A. n gp. TexHonorua nepepadéoTku nnaactmye-
CKMX MaccC M 3/1aCTOMepPOB B MPOWU3BOACTBE MOMIMMEPHBIX MAEHOYHbLIX MaTepuanoB U UCKYC-
CTBEHHOI KOXWU. B 2-x yactax. M.: Konocc, 2009.

MpefnoXmte OTHOCUTENBHO MPOCTOM CNOCO6, KOTOPbLIA MO3BOMAMA Obl OTANYUTL HaTypab-
HYO KOXXY OT UCKYCCTBEHHOW, cogepykaulein MBX.

OTBeT. MOXHO BOCNO/b30BaTLCA NPOOON BelifbluTeiHa.

OpraHnyeckasa xmmMmus

NabopaTOPHbLIA ONbIT:
«B3anmopelicTBME 3T UNEHA C paCTBOPOM NepMaHraHaTa Kanua»

TeopeTunyeckoe BBefleHNe

Mpn NpoBeAeHUN NPaKTUYECKOro 3aHATUA «[lonyyeHue 3TueHa U U3yyeHne ero CBOICTB»
obyvawumecs NpPOBOAAT BHYTPMMOEKYNSPHYIO Aernaparauuio 3TaHosa B MPUCYTCTBUM KOH-
LEeHTPUPOBAHHOW CEpHON KucnoTbl. HabnoparT BbligeneHne raza — 3TUAEHA, 3KCNepUuMeH-
Ta/lbHO A0Ka3biBAalOT MPUHAANEXHOCTb 3TUAEHa K HemnpefesnbHbIM COeAWHEeHuAM. [na 3Toro
nponyckaT C2H4 yepe3 6pOMHYI0 BOAY M pacTBOP NepMaHraHara Kaaus.

Mpu nponyckaHMW 3TuUeHa Yepe3 XONOAHbIA HelTpasibHbI pacTBOP NepMaHraHara Kanums
(peakums BarHepal) pomkeH BbiNagaTb ocafok okcuga mapraHuya (IV) 6yporo uBeta, 0AHaKo
B YCN10BUAX OMbiTa 06pasoBaHue ocagka He HabnwaeTcs, cMecb NOMHOCTbIO obecuBeYnBaeT-
cA. YuuTenb npegnaraeT LWKObHUKaM PaccMOTpeTb BO3MOXHOE OObSACHEHWe AaHHOro (akra,
COCTaBMTb COOTBETCTBYHLLNE YpPaBHEHUS peakuuii. ECAN yYEeHUKM WCMbITbIBAKOT 3aTpPyAHEHUS
npyu BbIABVXXEHNN BO3MOXHOIO OOBACHEHUS, yunuTenb obpaliaet Mx BHUMaHUE Ha U3MeHeHue
LBeTa peakuMOHHOW CMecu cnupta U KOHLEHTPUPOBAHHOW CEPHOWM KUCNOTbl, peakuWOHHas
cMecb yepHeeT. NpegnaraeT mMccnegoBartb 3anax 37O CMecu Mocfe TOro, Kak oHa MOJIHOCTbHO
OCTbIHET; C MOMOLLbLIO gatumMka pH onpegenuTs cpefy Nocne MPONycKaHWs 3TU/ieHa B PacTBOp
nepMaHraHara Kanus

Mpu NponyckaHUn cMecun rasoB (3TU/IeHa U CEPHUCTOrO rasa) Yepes pacTBOp NepmMaHraHara
Kanus npoucxoanT obpa3oBaHME CEPHUCTON KUCAOThI, pacTBOP CTAHOBMUTCSA KUC/bIM. 3TO OfHa
U3 MPUYUH TOTO, YTO YYEHUKM B XO4€ AAHHOTO ONbiTa He HabGMAAKT BbiNafeHUss ocajka 6ypo-
ro ypeta okcuaa mapranua (IV) MnO2, KoTopblii fonKeH 06pa3oBbIBaTbLCS B HEMTPaNbHON cpe-
ge (peakuusa BarHepa):

3H2C=CH2 + 2KMn04+4H20 --—- » 3H2C —CH2 + 2Mn02 + 2KOH

N36bITOK KMCNOTbI NPMBOAUT K TOMY, YTO NepMaHraHat-noH MnO4 BoccTaHaB/MBaeTCA He
fo MnO2, a go Mn2+ T. e. pacTBOp NO/IHOCTbIO 06ecLBeYMBaEeTCH, OCafo0K He BbiNagaer.

SO2 + MnO2 = Mn2++ SOZ4-.

UTtob6bl M36exkaTb 3TOro, AN OnbiTa HY)XHO 6paTb KOHLUEHTPMPOBaHHYH OPTOGOCHOpPHYIO
KNCNOTY nnnu 6onee pasbaBfieHHYIO CEPHYHO KucnoTy. OpTodocdopHas Kucnota, no cpasHe-
HMIO C KOHLEHTPMPOBAHHOW CEepHOM KWUCNOTON, He 06nagaeT CWUIbHbBIMU OKUC/IUTENbHLIMU
cBolicTBaMn B 3TOM cnydyae BblAeNsoLWwmnes aTuneH He 3arpsa3HEH CEepPHUCTLIM ra3om

BTopoi BapmaHT MPOBEPKU BbIABUHYTOW rMMNOTE3bl — MPONYCTUTL BbILENAIOLLYIOCA CMECh
(3TuneH, 3arpsi3HEHHbI CEPHUCTbIM ra3oM) 4Yepe3 pacTBOp LWenoyn 3TUNeH c¢ pacTtBopamu

1 BarHep Erop EropoBuuy (27.11(9.12).1849, Ka3zaHb — 14(27).11.1903, BapluaBa) — PYyCcCKuiA Xun-
MWK-OpraHuK. B 1874 r. okoHunn KasaHCKuid yHMBepcuTeT. PaspaboTtan (1888) o6Lumii cnocob okucne-
HVS1 3TUIEHOBbIX CBA3E MepMaHraHaToM M OfMH M3 BaXKHbIX MPUEMOB UCCNe0BaHUs CTPOEHUsI coeaun-
HeHWIA, cogepyKalmx KpaTHbIe CBA3M.
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LLlenoYeli He pearmpyeT, a CEPHUCTbIN ras nornouwiaetcs OUMLLEHHbIA 3TUEH pearnpyeT ¢ pac-
TBOPOM MepMaHraHata Kanvsa ¢ obpasoBaHneM ocagka MnO2 gaTumk pH peructpupyet obpa-
30BaHue Lenoym B pactBope

MpakTunyeckasa yacTb

Llenb onbiTa: u3yuyntb OKUCNEHUE 3TUIEHA XONOAHbIM HeTpaibHbIM PacTBOPOM MepMaHra-
HaTa Kanus, peakuuro BarHepa

O6opypoBaHMe U MaTepuanbl: KOMOUHUPOBAaHHLIA CTEKNAHHBLIA 3nekTpon (gartyumk pH);
cTakaH Ha 50 mf; WTatMB C 3aXMMOM, MPOMbIBaiKa; CNMPTOBKA; Npobupka € ra3ooTBOAHOM
TPYOKOW; ANCTUNNMPOBAHHAA BOAA; CMeCb 3TUNOBOrO CAMPTA M KOHL, CepHOW kKucnotbl (1 : 3);
CMECb 3TWU/IOBOTO cAMpTa W KOHL,. hocdopHoi kucnotel (1:3); 20 mn 0,1%-ro pactBopa nep-
MaHraHaTa Kanus (HeiAiTpanbHOro); 10%-blii pacTBOP rMAPOKCUAa HaTpus.

MHCcT pyKuma

B ctakaH HaneiTe 20 mMn pactBopa nepmaHraHara kanua Onyctute KOMOWHUPOBAHHBLIN
CTEK/ISAHHbI 3NeKTPOJ, 3aKpen/eHHbli B nanke wratuea Hab6niogalite 3a M3MEHEHUEM 3Haude-
Hus pH Korga nokasaHua pH nepectaHyT U3MeEHATbCA, 3anuwinTe 3HadyeHne pH B TeTpasb

CTeKkNAHHbIA 31eKTpoy TwaTe/bHO NPOMONTe BOAOM

Mpo6upKy C KACNOTON 1 CNMPTOM 3aKpOoliTe NPOOKOW ¢ ra300TBOAHON TPYOKOWN 1 3aKpenu-
Te Banke wratMea. [a300TBOAHYIO TPYOKY OMycTUTE B CTakaH C pacTBOPOM MnepMaHraHara Ka-
nma OCTOPOXHO HarpeBanTe Npobupky CneguTe 3a U3MEHEHMEM OKpacky pacTtBopa fnepmaH-
raHata kanusi. Korga masmHoBas OKpacka pacTtBopa CTaHeT He3aMeTHOW, W3BNeKMTe ra3ooT-
BOZHYIO TPYOKY M3 cTakaHa W rnpekpaTute HarpeBaHue.

B nony4deHHbIVi pacTBOp ONycTUTe CTEKNAHHBIA anekTpos. Korga nokasaHus pH nepectaHyTt
M3MeHATbCSH, 3anuwmnTe 3HadyeHne pH B TeTpaib.

CocTaBbTe ypaBHeEHME peakuuy 3TUEHA C XONO4HbIM HeTpasbHbIM PacTBOPOM MepMaHra-
HaTa Kanus. UYto fo/MKHO Habnogatbcs B npouecce peakumn? Kak go/mkHa M3MeHATbLCS cpefa
B pacTBOpe MNpu B3aMMOAeNCcTBUM 3TUNeHa ¢ pacTBopom KMnO4? [Mpeanoxute BO3MOXXHOE
06bACHEHMEe HabntogaeMbliM U3MEHEeHUMAM KakK MOXHO 3KCMepuMMeHTalbHO MpOBepuTh Balle
npesnonoxeHue? OcywecTBuTe NPOBEPKY BbIABUHYTOrO MPeAnoOXeHUA Ha NpakTuke

KOHTpoObHbIE BOMPOCHI

1 Kak u3meHsaeTca pH pacTtBopa nepmaHraHarta Kanusa nocfie MNpPOonycKaHua 4vepe3 Hero
atnneHa?

2 Kakylo OKpacKy MMeeT KOHeYHbIA pacTBOp? Kakoe BellecTBO BbiNagaeT B 0CaokK?

3. bonee npocToli 1 3KONOrMUYECKU YUCTbIA BapuUaHT NOMyYeHUs 3TU/IeHa OCHOBaH Ha npo-
nycKaHu1 NaposB 3TUNOBOr0 CMpTa Haf HarpetblM TBEPAbIM KaTanm3aTtopoM — OKCUAOM anto-
MUHMA . TpeanoXxute ycTpoiicTBO npubopa 415 OCYLeCcTBAEeHUS JaHHOW peakuun B LUKONbHO
naboparopuun, Hapucyite ero u cgenante Heob6xo4MMble NOANUCU B faHHbIX YCIOBUAX KpOME
3TUeHa MOXeT nofay4vaTtecs n 6ytagueH CocTaBbTe COOTBETCTBYHOLLME YPABHEHUS PeaKLnii

3afaHuna gnsa noArorTosku K TMA, BIP

1 C KakMMU 13 NMepeyunceHHbIX BELLECTB pearupyert aTuieH?

1) pacTBOp nepmaHraHara Kanaus

2) pacTBOp rmagpokcmaa Kanms

3) 6pomHan BoAa

4) BOAHbI pacTBOpP YIrNEKUCNOro rasa

5) pacTtBOp rugpokapboHarta HaTpus

OtBet: 1, 3
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2 Hanuwwute ypaBHEHUs peakuuid, C MOMOLLbIO KOTOPbIX MOXHO OCYLLECTBUTL Crefytoline
npeBpaLleHuns:

KMoy, 5¢C .. . HBru®. .
H9 > X2 e > 1,2-gubpomaTaH

ataHon f XA

Mpn HanncaHun ypaBHEHWUI peakuuii yKasblBaTe NpenmMyL,ecTBeHHO obpasytowmecs npo-
OYKTbl, NICNONb3yATE CTPYKTYPHble (POPMY/bl OpraHMYecknx BELLECTB.
OTBEeT:

3HX=CH 2+ 2KMnO.(+ 4H20 *- 3H2 —CH2 + 2Mn02 + 2KOH

3afaHue onsa pasBuTUA PYHKLMOHANBHON rpamMoTHOCT U

BrniepBbie 3TUNEH 6bin NOMyYeH ellé B 1669 roay AelicTBMEM Harpetoro KyrnopocHOro macna
(cepHOM KMCNOTbI) Ha BMHHbIA (3TUNOBbLIA) CANMPT. HEMEUKNA XMMUK N Bpay, OCHOBOMOMOXXHUK
Teopumn pnormuctoHa MoraHH Moaxum Bexep, KOTOPbIA NOMAYyYnn 3TOT HEU3BECTHbI paHee «BO3-
Ayx» (Tak Torfga HasblBa/iv ra3oo6pasHble BelecTsa), yCTaHOBWU/, UTO OH rOpUT KONTAWMM nna-
MEHEM W MMeeT cnabblii 3anax. Ho HasBaHus 3Tomy rasy bexep He mpugyman u BOObGLLe He
npugan OTKPbITUIO 60MbLIOro 3Ha4YeHUs. B nocnegytolime cTo ¢ AUWHUM NeT 3TOT ra3 Ha3sblBa-
n «Bo3gyxom bexepa».

B 1795 rogy ronnaHackme xumukn LelimaH, MoTc-BaH-TpPOOCTBMK, BoHA 1 JlayBepeHOypr
noay4ynam TeM XKe CnocoboM K onucann cBOICTBA rasa, Ha3BaHHOIO VMU «Mac/iOpPOLHbIM ra-
30M». FonnaHAcKne XMMUKWA YCTaHOBU/IU, UYTO «Mac/iopoAHbIA ra3» fABASeTCA Yr1eBO40pPOLOM,
a TakXxe crocobeH coegnHATLCA C XI0OPOM, 06pa3yss MacNSHUCTYHO XNAKOCTb (MOTOMY-TO €ro u
HasBaaM «Mac/lOpOAHbLIM ra3om»). A NPOAYKT B3aMMOJENCTBUA «Mac/lOPOAHOro rasa» C x/0-
poOM CTanu HasblBaTb «Mac/ioM FONaHACKUX XUMUKOBY.

Mo-hpaHUy3CKM «MacnopofHblii» — olefiant ®paHUy3cKnii XMMMK AHTyaH dPypKpya BBEN
3TOT TEPMUH B NPaKTUKy, a Korga 6ol o6Hapy>XeHbl Apyrve yrnesofopofbl TaKoro e Tuna,
3TO HasBaHWe cTano o6wmMm 479 BCero Knacca oneuHOB.

CTpoeHune aTuneHa 6bI10 ycTaHOBNEHO B 1860 rogy AnekcaHapom Mwuxaiinosmuyem byTne-
poBbiM. OH OCYLLEeCTBU peakuuilo aniiogMmetaHa ¢ Mefblo, B pe3yfibTate yYero noayyun 3TUeH.
Ha ocHoBaHMKW 3TOro akcnepumeHTta byTnepoB caenan BbiBOA, YTO B MOJIEKY/e 3TU/IEHA eCTb
[BOIiHaa CBA3b

3TMneH — OecuUBETHbIA ra3, npakTMyeckn 6e3 3amaxa, MN/J0XO pPacTBOPMMbIA B BOAe
(25,6 Mn aTuneHa o6pasytoT HacblWeHHbI pacTBop B 100 r Boabl npu 0 °C). OH BOCHNaMeHs-
etca npu 540 °C, ropuT KONTAWMM MaamMeHeM, B CMecu C BO3[yXOM, cogepxkallein ot 3% Ao
34% stuneHa (No 06bLEMY), B3pbIBOOMNAceH

B npupofHbIX ra3ax, KpOMe BY/NKaHWYECKOro, aTuaeH He BCTpeyaeTcs. B HeBGONbLINX KOMN-
yecTBax 3TUNEH 06pa3yeTcs B TKAHAX PACTEHMUIA M XKMBOTHbIX KaK MPOMEXYTOUHbI NPOAYKT Me-
Tabonuama. OH AiBASIETCA PerynsiTopoM pocta pacTeHuid, ycKopas co3peBaHWUs NA040B, onage-
Hue nucTbeB. MpenapaTbl, MeANEHHO BblAeNsoLWwmMe 3TUNEH, UCMONb3YKOTCA NPU XpPaHEHUU He-
3penibiX MNOMUAOPOB, [AblHb, MaHapWHOB U nNpouux GpykToB: 0,1% 3TueHa B BO34yxe
[OCTaTOUYHO /19 YCKOPEeHUa nx fLo3peBaHuns

B npombiwneHHbIX MacwTabax 3TUNeH NOJy4yaldT B OCHOBHOM B pe3y/bTare KpekuHra He-
(hTenpoayKTOB
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KOHTpObHbLIE BOMPOCHI

1 Kak /. bexep Bnepsble noayymn atuneH? CoctaBbTe ypaBHeHUe peakuun. Kakyto ponb B
3TOM peakuuMy urpaeT KynopocHOe Macno?

2 Uto Takoe «Macno ronfaHAckmux XxmMMmkoB»? CocTaBbTe YpaBHEHME peakuun ero nony-
YeHUA U3 3TUMIeHa

3 Kak MOXHO cHOBa MOyuYnTb «MaclOpPOAHbIA» ra3 U3 «Macna roanaHicknx XMMmMKoB»?
OTBeT NnoATBEpANTE YPABHEHMEM peakuun

4. Kakue BellecTBa HasbiBaloT oneunHamm? MNMouyemy? Kak Mx Ha3biBalOT NO COBPEMEHHOM
MeXAyHapOo4HOM HOMeHKnatype?

5 Kak A M bytnepoB yctaHOBW/I CTPOeHUe MOneKynbl atuneHa? CocTaBbTe ypaBHeHue
peakuunu, ecnm U3BECTHO, UYTO OAHUM U3 MPOLYKTOB ABNsfetca nogua megm (1) Cul.

6 [Mouemy 3aTmneH MNIOXO pacTBOpPSAeTcs B BOAe? UTO MOXHO CKa3aTb O pacTBOPMMOCTU B
BOJle ero romMmosnoros? Kakue pactBopuTtenn Hauay4dwmm obpasom nogoiayT ans ankeHos? OT-
BET 060CHYITE

7. PaccumTaiiTe MaccOBYK A0/0 3TWU/IEHA B €ro HacblWEeHHOM BOAHOM pacTBope npu 0 °C.

8. MNouemy 3TU/IEH TOPUT KOMTAWMM NaaMeHem? PaccumtaiTe MacCOBYIO AOMI0 yrnepoga B
3TUeHe, aTaHe N MeTaHe. CpaBHUTE MOJyYeHHbIe 3HAUYEeHNS.

9. KakoBa 06bEMHasA 40N 3TUEHA B €r0 CMECU C a) KMCrnopoaom, 6) Bo3ayxom, ecnm ns-
BECTHO, YTO rasbl CMellaHbl B CTEXMOMETPUYECKOM OTHOLWeHnn? lonagaeT MM paccyMTaHHOe
BaMy 3HayeHue BTOT AMana3oH, KOTOpbli 0603HaYeH B TEKCTE BbILE?

JlabopaTOPHbLIA ONbIT:
«B3anmogelicTBMe aueTnneHa c pacTBOPOM NMepMaHraHaTa Kanuna»

TeopeTunyeckoe BBefleHNe

OObIYHO B LWKOME aleTuieH nonyyaroT rmaponnsom kapbuga kanbums. Peakumsa CaC2 c Bo-
[LOW NAET OYEHb 3HEPTUYHO. YTo6bI aueTuneH Bbligensncs CNOKOMHO 1 paBHOMEPHO, K Kapbugy
KanbLUns NPUIMBAIOT He YMCTYHO BOAY, @ HaCbIWEHHbIA pacTBOP xopuaa Hatpus.

Mpu oKkncneHMn aLeTnsieHa ropsyunM pacTBOPOM MepMaHraHata Kaams B KUCNOW cpeje npe-
NMyLLEeCTBEHHO 0o6pa3syeTcs Yrnekucnblii ra3 B HelTpanbHOI cpede Moryt obpasoBaTbcs pas-
NIMYHbIE NPOAYKTbl OKWUCNEHWS, Hanpumep MypaBbWHas KucnoTa, eé conu, gopmuatsl. MNpu
OKUC/IeHUN XOJIOAHbIM PacTBOPOM MNepMaHraHara Kainsi B HEUTPaIbHOM WU LWEeNoYHOol cpepax
06pasyloTca MpenMyLLecTBEHHO COMM LaBeneBOM KUCNOTbl, OKcanatbl OO6bIYHO B LUKOJbHbIX
yuyebHUKax1l npuBoaunTCs cnegytoliee ypaBHeHNe peakumu:

VI3 ypaBHeHUa peakuuu BUAHO, YTO B Npouecce peakunn pH pactBopa 4O/HKEeH NOBbIWaTb-
€A no Mepe obpasoBaHus Wwenoun. JaHHbld hakT MMeeT CMbICA YCTAHOBUTbL SKCMEepUMeHTasb-
HO

NMpakTunyeckas yacThb

Llenb onblTa: M3y4uTb OKWC/IEHWE aleTUeHa XONOA4HbIM HenTpasbHbIM PacTBOPOM Mep-
MaHraHara Kanus, peakuuto BarHepa.

1 EpémuH B. B., Ky3bmeHko H. E, TepeHuH B. W., Apo3goB A. A., JlyHnH B. B. Xumua. 10 knacc.
Yrny6néHHblA ypoBeHb: yuebHMK. M. [podia, 2016. C. 189. lNysakoB C. A., MawHuHa H. B., MNon-
koB B. A. Xumus. 10 knacc: yueb. ans obuweobpasosar. opraHM3auumii: yray6n. yposeHb. M.: Mpocse-
WweHue, 2021 C 75
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O6opyaoBaHMe U MaTepuanbl: KOMOMHUPOBAaHHbIA CTEKNAHHLIA 3nekTpog (Aatumk pH);
cTakaH Ha 50 mn; WTatmB ¢ 3aXXMMOM; MPOMbIBasIKa;, NPo6MpKa ¢ ra3o0TBOAHON TPY6KOIA; Anc-
TUNNNpPOBaHHasA BofAa; 1 r kapbupga kanbumsa;, 20 mn 0, 1%-ro pactBopa nepmMaHraHara Kanus
(HenTpanbHOrO)

MHCT pyKuUma

B ctakaH HaneiTe 20 Mn pacTBopa nepmaHraHata Kanus. Onyctute KOMOGWHMPOBAHHBLIN
CTEK/IAAHHbI 3NeKTPOS4, 3aKpennéHHbI B nanke wratuea. Habntogalite 3a n3MeHEHUEM 3Haue-
Hua pH. Korga nokasaHma pH nepecTaHyT M3MEHATLCA, 3anuiinTe 3HavyeHue pH B TeTpajb.

CTEKNAHHbIA 3NeKTpoj TwaTe/bHO NPOMOIiTe BOAOM.

B npo6GMpKy OCTOPOXXHO OMyCTUTE KycOYeK Kapbupga Kanbuus, npuneiite 4—5 mn Bogpl,
ObICTPO 3aKpOoWTe NPOOKOI C ra3o0TBOAHOWN TPYOKOW. KOHel, Tpy6KM ONycTUTe B CTakaH C pac-
TBOPOM MepMaHraHata kanusa. Korga manvMHOBas OoKpacka pacTBopa CTaHeT He3aMeTHOW, K3-
B/leKMUTE ra3o00TBOAHYHO TPYOKY N3 cTakaHa.

B nony4yeHHbIi pacTBOpP ONYyCTUTE CTEKAHHbIM 31eKTpog. Korga nokasaHua pH nepectaHyT
N3MEHATLCH, 3anuunTe 3HayeHne pH B TeTpagb.

KOHT posibHblIe BONPOCHI:

1 Kak u3meHsaeTca pH pacTtBopa nepmaHraHarta Kanuva Mnocfe MNpPonyckaHma 4vepe3 Hero
auetmneHa?

2. Kakylo oKpacky MMeeT KOHe4YHbIi pacTBOp? Kakoe BellecTBO BbiNagaeT B 0CafokK?

3. CocTaBbTe ypaBHEeHME peakuuu OKUCNEHUA aleTuneHa pacTtBOpOM MepMaHraHarta Kanus,
YUuTbIiBas, YTO aUeTU/IeH B JaHHbIX YCOBUAX OKUCNAETCHA B LLABENEeBYH KUC/OTY, KOTOpasd B
LLLe/IOYHON cpefie nNpeBpallaeTcs B COJb, B OKcanar Kanus.

3agaHua gna noarorosku K TMA, BIP

1 Kakume 13 nepeuyuncneHHbIX BellecTB obecuBeynBaloT pacTBOp rnepmMaHraHarta kanms?

1) 6eH30n

2) rekcaH

3) auetnneH

4) ctmpon

5) ymknorekcaH

OrtBeT: 3, 4

2 HanuwwuTe ypaBHEHUSI peakuuid, C MOMOLLbIO KOTOPbIX MOXXHO OCYLLEeCTBUTL creaytoLue
npeBpaLeHuns:

KVhOY, H2Q 5°C HSO4 koY

CaC2f X1 =X, mCO nCo2

Mpn HanucaHWM ypaBHEHMI peakUWil yKasbiBaliTe NpenMMyLlLecTBEHHO obpasytoumecs npo-
LYKTbl, UICNONb3YNTE CTPYKTYPHbIe (JOPMY/bl OpPraHMYecKux BeLLecTB.
OrtBerT:

CaCn + 2H,0 —» HC=CH + Ca(OW)2
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3agaHue Ana pasBuTUsA QYHKLMOHANIBbHOW rPaMoOTHOCTHU

«OTKpPbITUE HA MYCOPHOW Ky4e»

B 1862 rogy HemMeuKWin yyéHbli Ppuapux Bénep nonbiTancsd NOAYUYUTb UUCTbIA KanbLWig
cnekaHuem ero okcupga c yrném. B pesynbTate nonyydyun cepyro maccy, Kotopas, no MHeHuo @ .
Bénepa, HM Ha 4TO He Oblna npurogHa. M oH BbIGPOCKM €€ Ha MYCOpPHYO cBasky. KakoBo e
6bII0 €ro yauBieHue, Korga nofg AOXAEM M3 MYCOPHOWM Kyyun Hadan BblAenaTtbcs ras, cropato-
WM KONTAWKUM namMeHeM. Tak 6bl10 caenaHo OTKpbITME aleTueHa, KOTOpoe B UCTOPUX XU-
MWUN UMEHYIOT «OTKPbITUEM Ha MYyCOpHOI Kyde». (Mo 3. E. HnudaHTheBY)

KOHTponbHbIE BOMPOCHI

1 OO6 OTKpbITUM KaKoro rasa MAET pedb B yC/I0BUN 3a4aumn?

2. Hanuwwute ypaBHeHUa peakuuii:

1) cnekaHWs oKcufpa KanbLus c Yriém;

2) NONyYeHHOro BelecTBa C BOAOM;

3) nonHoro cropaHua BblAenaloLerocs rasa.

3. O6DBACHUTE, NOYEMY BbIAENAIOLWNIACA ra3 Ha BO3AyXe rOpUT CUIbHO KONTALWMM NiaMeHeM.

MpakTunyeckoe 3aHAT Ue:
«ccnepoBaHune oU3NYECKMX CBOWCT B CNMP T OB»

TeopeTunyeckoe BBefleHNe

[aHHoe 3aHATUE B (hopme nccnefoBaTeNbCKOro 3KCneprMeHTa Nno3BonseT U3yyuTb 3aBUCU-
MOCTb CBOICTB BELLECTB OT UX cOCTaBa M CTpoeHusa. ObyyalowmmMea npegnaraerca sKcnepuMeH-
TalbHO YCTAHOBUTHL (PaKT MOBbLILLEHUSA TEMMNEPATYPbl KUMEHMA CANPTOB NO Mepe yBeNuveHns ann-
Hbl YIIEPOAHON Lenn, CpaBHUTL TeMnepaTypbl KUMEHNS N30OMEPHbIX CMUPTOB, BbIBUTL BAUSAHUE
MEXMOEKYNAPHbIX BOLOPOAHbLIX CBA3EN Ha CBOMCTBA BELLECTB. 3aHATME BK/IOYAET TPU ONbITa.

Ona npoBefeHVs JaHHOTO MNPaKTUUYECKOro 3aHATUA HY>XXHO UCMONb30BaTh necyaHyr 6aHio,
BXOJSALLYIO B KOMMEKT 060pyaoBaHus «LLIKONBHOro KBaHTOpUyMa» .

MNpu npoBefeHWN MepBOro onbiTa Temnepatypbl KMNeHusa ataHona (78,4 °C) u nponaHona-1
(97,4 °C) n3mepsarOT ¢ NOMOLLLIO TEPMOPE3NCTOPHOrO AgaTyunka, a Temneparypy KuneHus oyTa-
Hona-1 (117,4 °C) — TepMonapHbIM AaT4YMKOM, TaK Kak eé 3Ha4yeHue BbIXOAWUT 3a paMkKu pabo-
yero guanasoHa TepMOpPE3NCTOPHOrO JaTtymka.

Mpy NpoBefeHUM BTOPOro OMNbiTa UCCAefyHTCA CBOCTBA AN3TUNOBOrO adupa, 6yTnIoBoro
N 1M306yTUNIOBOTO CNMPTOB, KOTOPble SBASAKOTCA W30MEpPaMy C OAMHAKOBOW MOMEKYNApHOW
thopmynoii C4H100. [aHHbI 3KCMEPUMEHT AEMOHCTPUPYET BAUSHUE Hannymns BOAOPOAHbIX
CBfA3el MeX A4y MOosieKy/naMmuy CNUPTOB M CTeNeHb Pa3BeTBEHMSA YINIePOAHOro cKefneta Ha TemMne-
paTtypy kuneHus BeliectBa ( Tabnuua)

Temnepatypbl KUMEHUS HEKOTOPbIX N3OMEPHbIX COEANHEH NI

BewectBO dopmya cTpoeHus Temnepatypa kumneHunsa, °C
[V3TUNOBBINA 3Up HX-CH2-0-CH 2-CH3 345
6YTUNOBbI CNVPT HZ-CHZ2-CHZ2CHZ0H 174
U306y TW/OBbIA CIMPT “*>H-CH 2-0H 108,1

1 HudaHTbeB 3. E. OpraHnyeckas xumus. 11(10) knacc: y4e6. ans o6Lieobpa3oBaTesibHbIX y4-
pexxaeHuin. M.; MHemo3uHa, 2007. C. 72.
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KBAHTOPUMMYM XUMMUSA

B Lenax sKOHOMUKM y4ebHOro BpeMeHU npeABapuTesbHO BOAY B BOAAHON GaHe HarpeBakoT
noYTN OO KMMNEeHus, a Necok B necyaHo 6aHe — go 150— 160 °C. Ha BogsiHOW 6aHe HarpeBa-
HOT AV3TUNOBLIA 3hMp, a Ha NecyaHo — M30MepHble BYTUIOBbLIE CNUPTLI. TemMnepaTypy Kune-
HUS OMITUIOBOrO ampa onpefenstoT ¢ NOMOLLLIO TEPMOPE3NUCTOPHOrO AaTuumKa, a 6yTUNOBbIX
CNMPTOB — C NOMOLLLIO TEPMOMNApPHOro Agaryumka

TpeTuii onbIT LEMOHCTPUPYET 3aBUCUMOCTb CBOMWCTB BELLECTB OT UX CTPOEHWUS, UAMIOCTPU-
pyeT BIMAHUE BOLOPOAHbLIX CBA3ENA Ha CUYy MPUTSHKEHUS MeXAy Mosnekynamu lMcnapeHne —
nepexoq BellecTBa U3 XUAKOrO COCTOSIHUA B razoobpasHoe — 3HAOTEPMUYECKMIA npoLiecc,
CONpPOBOXAaeTca nornaoweHvemMm TennoTtel Yem cnabee cBA3aHbl MexAay coO0i MoOnekysbl, TeM
nerye BeLLECTBO McnapsieTcs, TeM CUbHEE MOHMXKAETCA Temnepartypa npu ero ncnapeHunu

Onatnnosblil amp n 6ytaHon-1 ABAAOTCA M30MepamMu C OAVMHAKOBOI MOMEKYyNspHOM op-
mynoii C4H100. OgHako MexXay MOoseKynaMmu cnmpta o6pasytoTcsl BOAOPOAHbIE CBA3U, a MeXay
MOJieKynaMmn ampa Takux cBsizeii HeT, MO3TOMYy 3up ucnapsaertcsa nerde. Mo 7Ol e NpUYNHE
nerye uvcnapsietca rekcaH, HeCMOTPSA Ha TO 4TO MOJeKyfnspHas macca rekcaHa 6onblue, 4em
6yTNMNOBOro cnupta

AHanu3upysa pesynbTatbl U3MEpPeHUs Temnepatypbl MpyM ucrnapeHun 6yTMNOBOro cnupTa,
AN3TUNOBOrO 3ahmpa M rekcaHa, obydarolmeca NPUXOAAT K BbIBOAY, UTO MEXMOJEKYNSPHbIE
BOAOPOAHbIE CBA3N OKa3blBalOT CYLlECTBEHHOE B/MAHME Ha (hM3MYecKue CBOWCTBA BELLECTB
O6wwmii BMA rpadMKoB 3aBUCMMOCTM TeMMNepaTypbl OT BPEMEHW MOKa3aH Ha pucyHke 16

t,°C

0 100 200 300 400 500 T1,C

Puc. 16. Mpadimkn 3aBMCUMOCTM TeMMepaTypbl OT BPEMEHN UCNAPEHWS:
1 — GyTWNOBbIA CAMPT; 2 — rekcaH; 3 — AM3TUAOBBIN 3mp

O6opyaoBaHMe N MaTepuanbl: ABa TEPMOMNAPHbIX M TPU TEPMOPE3NCTOPHLIX AaTyMKa TeM-
nepartypsbl; 6aHa KOMOGUHMpPOBaHHasi nabopatopHas, WTaTMB C Nankoi, Npobupkn - 3 WT.;
3/1eKTPONNNTKa NabopaTopHas UM 3ieKTpoHarpeBare b; Neco4yHas 6aHs; no 5 ma 3TUI0BOro*,
nponunoBoro, 6yTMNOBOro, N306yTUNOBOrO CNMPTOB**, AM3TUIOBOIO amnpa n rekcaHa.

TexHuKa 6e3onacHoOCTU

1 Bce HM3KOMOMEKY/NAPHbIe CMUPTbI SBAAKOTCS FOPHOYUMUN XUAKOCTAMKU, NO3TOMY NPU Ha-
rpeBaHUN CIMPTOB BOAN3MN HE AOMKHO ObiTb OTKPbLITOrO OrHS

2 [Onatnnosbiii aup M rekcaH — HU3KOKUNSALWME, NerkoBocnaaMeHsaoWwmecs XuaKocTu,
npu paboTte ¢ KOTOPbIMW HEOBXOAMMO CNefuTb, UTOObl B6AM3N He OblI0 OTKPLITONO OrHA. 3Tn

* 1N OnbiTa MOXXHO B35iTb PeKTMdMKAT (a3eoTponHas CMecb C BOAOW, cogepallias 95,6%
aTaHona no macce), rTemneparypa KuneHua kotoporo Ha 0,24 °C Huxe, yeM abCO/IOTHOrO 3TU-
JI0OBOrO cnupTa.

* [Mpu OTCYTCTBUM OAHOTO M3 CAUPTOB B LUKOJ/IbHOM N1abopaTtopmn MOXHO OFpaHUYnTLCS U3-
MepeHuem TemnepaTtyp KuneHusa AByx o6pasyoB.
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XM KA

BELLEeCcTBa JIErKO MCNapslTCs, X Napbl MOTYT Bbi3BaTb OTpaBfeHne K3beratb BAbIXaHUS MapoB
ampa, rekcaHa u CNMMpPTOB
3 Heobxoanmo cobnogatb OCTOPOXHOCTL Npy paboTe ¢ BOASHOW 1 necyaHoi 6aHAMMN

MpakTunyeckas yacTb

OnbIT 1. «<CpaBHEeHMNE TemnepaTypbl KUNEeHUsa npefesibHblX OAHOATOMHbIX CUPTOB»

Llenb onbiTa: 3KCMEPUMEHTA/IbHO YCTAHOBUTbL 3aBMCUMOCTb TeMMepaTypbl KAMEHUS Chnup-
TOB, NPUHaANexalnux K o4HOMY roMOfIorMyeckomMy psagy, oT AAVHbI YrNepoaHOoN uenu

NHCT pyKuna:

HarpeiiTe necyaHyto 6aHi0 npumepHo o 100— 110 °C. B npobupkn Haneite ~5 mn uccne-
AyeMbIX CIUPTOB M ONYCTUTE AaTyMKKU Temnepartypbl B Npobupku ¢ aTUNOBLIM U NPOMNUIOBbLIM
cnuptaMmy — TepMOpPEe3UCTOPHbLIN, a B NPO6MpKY ¢ ByTUIOBBIM — TepMonapHbIi 3akpenute
[JaTUMKN Tak, YTOObl KOHUYUK YYBCTBUTENIBHOTO 3/1eMeHTa Oblfl MOTPY>XEH B CMMPT HE MEHEE, UYeM
Ha 3 CM U1 He Kacascsa HU fHa, HXU CTEHOK MPoBupKun

MomecTuTe NpPOOGUMPKM B MECOK M HauyHUTE 3amnucb 3HaAYeHWn Temnepatypbl Korga sakunut
nepBblii M3 CAMPTOB, 3aUKCUpyliTe Temnepatypy. 3ateM nocnefoBaTe/ibHO onpegenuTe Tem-
nepartypbl KUMeHMa ABYyX OCTaBLUMXCSA CMUPTOB.

O6patnte BHUMaHWe, NpY KANEHUN OAHOPOLHOW XUAKOCTU TemMnepaTtypa KUneHus ocTaér-
CS MOCTOSIHHOIA.

OdhopmneHne oTuéTA

3anonHnTe Tabnuuy.

Cnnpt JraHon MponaHon-1 bytaHosn-1

dopmyna CTpoeHus

Temnepatypa kuneHus, °C

KOHTpoO/ibHbIE BOMPOCHI

1 Ha ocHOBe MONYy4YeHHbIX aHHbIX cenaliiTe BbIBOL O 3aBUCMMOCTWN TeMnepaTtypbl KUNeHUs
OT ANVHbI YINEPOLHON LIeNOYKN B MOJEKy/e cnupTa.

2 CpaBHUTE CO CNpaBOYHLIMW JaHHLIMW TemMnepaTtypbl KUMEHUA uccregyembix CNUpTOB,
YCTaHOBJ/IEHHbIX B X04€e 3KCnepumeHTa

OnbIT 2. «CpaBHEHME TeMMepaTyp KUMEHUS U30MEPOB»

Llenb onbiTa: 3KCMEPUMEHTa/IbHO YCTAHOBMWTbL 3aBUCMMOCTb TEMMNepPaTypPbl KUMEHUs1 OpraHun-
YECKUX BELECTB OT UX XMMUYECKOTO CTPOEHUS.

NHCcT pyKuma

Harpeiite necoyHyto 6aHto npumepHo ao 150— 160 °C, a BOASHYIO — MOYTM A0 KUMEHUs
(~80 °C). B 3 npobupku Hanente ~5 mn nccnegyemblix BELLECTB: AN3TUNOBOro agupa, 6ytmno-
BOro cnuprta (6ytaHon-1) u n3obytnnosoro cnupta (2-metunnponadon-1). Onyctute gatymku
Temnepartypbl: B NPOOUPKY C 3hMPOM — TEPMOPE3UCTOPHLINA, @ B NPOOMPKY C U3OMEPHbLIMU
OYTMIOBLIMWU CNMPTaMM — TEPMOMAapPHbIA 3aKpenuTe AaTYMKKU TaK, YTOObl KOHUMK YyBCTBUTE b-
HOro 3fieMeHTa Obl1 NOrPYXXEH B CAIUPT HE MeHee YeM Ha 3 CM U He Kacancs HW AHa, HU CTEHOK
npooGuUpKm

MomecTuTe NPOBUPKM B COOTBETCTBYHOLLME BaHW: C 3()MPOM — B BOASHYIO, @ CO cnuptaMmm —
B MecyaHyw. Korga 3akunut adup, 3auKcupyinTe Temnepatypy. 3aTteM nocnegoBaTteflbHO
onpegenuTe Temnepartypbl KUNEHUSI ABYX U3OMEPHbIX CINPTOB

O6patnte BHUMaHME: NP KUMEHUN OAHOPOAHOW XNAKOCTU TeMnepaTypa KUMeHus OCTaéT-
CA MNOCTOAHHO
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OdhopmneHne oTUéTA
3anonHuTe TabnuLy.

BewiectBo [natunosbiii amp byraHon-1 2-meTunbyrtaHon-1
dopmyna cTpoeHus

Temnepatypa kuneHus, °C

KOHT ponbHLIE BOMPOCHI

1 Mouemy TemnepaTypa KUMeHMUa aupa CyWecTBEHHO OT/nYaeTcs OT TeMnepaTtypbl Kune-
HUA N30MEpPHbIX eMy CNUPTOB?

2 TlMo4yemy oTnmMyaroTcs Temneparypbl KuneHus 6yTMnoBoro M m3obyTmnosBoOro cnuptos?
Y KaKoro cnupTta temneparypa KUNeHna HUXe n noyemy?

OnbIT 3. «M3yyeHne ucnapeHns opraHNYecknux BeLWecTB»

Llenb onbiTa: cpaBHUTb U3MEHEHUE TeMMnepaTypbl NPpU UcnapeHun cnupta, aupa v KMaKo-
ro ankaHa.

WHCT pyKuma

B Tpn npobupkn Haneinte no 4 mn 6ytaHona-1, AM3TMIOBOro 3agumpa u rekcaHa. OnyctuTe B
HUX TemMnepaTypHble AaT4YMKWN TaK, YTOoObl PUAbLTpOBasbHasa Gymara, 3akpenseHHas Ha KOoHLUe,
6blna NOJMIHOCTLIO MOTpPYXXeHa B UCC/efYyeMYI0 XULKOCTb. Yepe3 1—2 MMH nocsie norpyxXeHus
[aTyMKOB B BELLECTBA HauyHWUTE peErncTpauuio 3HavyeHuii Temnepartypsbl, LOXAUTECb, KOraa no-
KasaHua JaTyMKOB CTabunusnpyroTca 3HadeHue Temneparypbl 4O Hayana ucrnapeHus 3aHecu-
Te B Tabnnyy MpubnnsutensHo vepes 60 ¢ nocne Havana M3MeEPEHUS OCTOPOXHO BbIHbTE AaT-
UMKU U3 NMPOOUPOK C BeLlecTBaMM M 3aKPEnnuTe MX Ha CTOMELHULLE C NOMOLLLIO CKOTHa Taknm
06pa3oM, UToObI UX LLYMbl BbICTyNanu Ha 5—6 cM 3a Kpail. CneguTte, YTOObl JaTUMKU He conpu-
Kacanucb Korga temrneparypa 4OCTUTHET MUHUMYMa, 3anuLinTe NokasaHus AaT4nMKOB N BpeMs
OT Hayana onbliTa B TeTpaib.

OchopmneHne oTuUéTA

3anonHute Tabnuuy

Mcnapsemoe Belw,ecTtBo Temnepatypa t °C

Bpems
Ne p
ONbITA  naspanne  dopmyna MOTIAPHaA HayanbHas  MUHUManbHaa Jl nenape
bMy mMacca, r/mMmonb HuA, €
1
2
3

KOHTpo/sbHble BOMPOCHI

1 Kakoe BeLLecTBO: OYTWIOBBLIA CAUPT WX N30MEPHbIA emy 3adup, mncnapsercs nerye?
OG6OCHyINTe CBOWM BbIBOA, ONUPAasCh Ha JaHHble 3KcnepumeHTa Kak 3T70T (haKT cBA3aH CO CTpPO-
eHVem BeLllecTB?

2 [Moyemy ucnapsoLWMnca rekcaH oxnaxaaeTt cuibHee, YeM CnpT, MOaspHas Macca KoTo-
poro MeHbLe?

3. Kakue cBoiicTBa BELLECTB 3aBUCAT OT HaNM4uMsa BOAOPOAHbLIX CBSI3ei MeXay Monekyna-
Mun?

3agaHue gna nogrorosku K N'MA, BIP

Mexxay MofieKynaMn Kakux 13 nepedmncneHHbix Bewects 06pa3ytoTcs BOAOPOAHbIE CBA3N?
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XNMUA LLI KBAHTOPMMY M

1) aTaHon
2) 3aTnneH
3) aueTunneH
4) heHonN
5) ctmupon
OTBeT: 1, 4

5.3agaHuve gns pasBUuTUS PYHKLMOHAILHOW rpaMOTHOCT U

FOHble nccnepgoBatenu, yHacTHUKN LKOIbHOTO XMMUYECKOTO KPYXKKa, pelinnum nccnefoBatb
CBOICTBa M30MPONMIOBOro cnupta B MycTyl Cyxyt NIacTUKOBYH GYTbIJIKY OHU Haluau CO-
BCEM UyTb-UyTb M30MPOMUIOBOrO cnNupTa 3aTeM XMWAKOCTb cnerka B36onTanu, noctaBunu 6y-
TbIZIKY Ha POBHYK MOBEPXHOCTb U C MOMOLLbIO A/IMHHOM NYUYNUHKM MOLOXKINM Napbl CNMpTa, Bbl-
xoaswme 13 ropblllka

OHM yBMAeNun, Kak naamsi NocTeneHHO pacnpocTpaHseTcs BHMU3 MO Mepe BbiropaHus cnup-
TOBbIX MAPOB JTO BbIMAAEN0 O4YeHb IPPEKTHO M KpacuBo OpfHako, AOWAs A0 AHA, Niams BO-
NpeKkn OXugaHusam noracno

KOHTpO/ibHblE BOMNPOCHI

1 MNoyemy nnams, gohas A0 AHA 6YThIIKW, ObICTPO racHeT, XOTS cnupT eweé octaértca? lo-
yemy He 3aropaetcsi XUAKui cnupT?

2. WWKOMbHUKM pewwmnnn rnoBTOpuUTb 3KCNepumeHT. OHM f06aBuaM B BYTbINKY elie HeKoTo-
poe Ko/MM4yecTBO cnupTa, B36onTann n nonpobosanv nomkeyb. OgHaKo nnams MoABAANOCH
TONbLKO CBEpPXY, Yy CaMOro ropsbillika 6yThlIKK, U cpa3y racno, He nepexoas BHyTpb OO6BACHUTE
JaHHOe HabnogeHue

3. bbl/I0 NpoBefeHO ABa NapanfnesnbHbiX OMbiTa. B NnepBoM cnyyae B OYTbIIKY HainBaau uu-
CTbIi n3onponunosklii cnupt (100%). Bo-BTOpom — 70%-1 BOAHLIA pacTBOP M30MNpPONUIOBOro
cnmpTta (MCcnonb3yeTcs aBTOMOGUAMCTAMWM B KayecTBe CTEK/I0OOMbIBATENSA, «HE3aMep3ainku»).
Mpu nogkuraHMM NapoBO3AYLUHOM CMeCcUM B OMbITE C YMUCTbIM CNUMPTOM MacTMKoBas 6yTblika
ocTaBanacb LefIoi, a B ONbITe ¢ pacTBOPOM cnMpTa onnasnanacb v gedopmuposanacb. Kak
06bACHUTL HabNLaeMble pa3Nnuus B pesynbTatax aKCnepumeHTa?

NNabopaTOPHbIA ONbIT:

«TennoBon ahheKT peakyunm OKUCNeHUs s TaHona»

TeopeTMYeCcKoe BBefeHMe

Mpn oKnceHUN 3TUNOBONO CrMpTa KUC/IOPOAOM BO3fyxa 06pasytoTca pasfinyHble NpoayK-
Tbl peakuumn: YKCYCHbIN anbfernug, yKCycHasi Kucnota v ap. 310 3K30TepMUYECcKuii npoLecc.

O
/A
H3C-CH7-OH +702 — H3C —Cv + H20 + 579 kX
n 2 O 11.(r)

Bbixogsawme us npnubéopa rassl MOXHO NPOMNYCTUTL Yepe3 BOAY M pacTBOP MOABEPIHYTbL aHa-
nu3y. Peakumner cepebpsaHOro 3epkana AoKa3blBaeTcs Hanmuue anbiernga, KUCIyr cpemy pac-
TBOpa — nNpVv NOMOLWW WMHAWKATOPOB WM fatyuvMka pH. 3TOT 3KCMepUMEHT LenecoobpasHo
NPOBOAUTb MPU M3YYEHUN CNOCOHOB NONYYEHUS anbAerngoB

MpakTunyeckasa yacTb

Llens onmbiTa: onpefenntb TeMIOBOW 3(heKT peakuMy OKUCIEHUS 3TaHOMa KUCIOPOLOM
BO34yxa

O6opypoBaHue M MaTepuansl: NpUbop ANS OKUCAEHUA cnupTa Hag MefHbIM KaTanm3arto-
poM, B pe3nMHOBOI Npobke Npubopa AOMKHO ObiTb OTBEPCTUE AN AaTyMKa, BbICOKOTEMMepa-
TYPHbIA fatuuk (Tepmonapa), 3aKpennéHHbli B pe3nHOBOIN Npo6Ke; LWTaTUB C 3aXKUMOM; raso-
METP UM pe3nHOoBas rpyLla; CNMPTOBKA;, BoAgAHaA 6aHa nam ropsdas Boga; 10 mMn 3taHona
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WHCcT pyKuma

B npubop gna okucneHms cnupta Hanete 8 — 10 mn ataHoNa. 3akpoiTe OTBEpPCTUE pe3n-
HOBOW NMPOGKOIN CO cnupasibio U AaTYMKOM. BbiCOKOTEMMEPATYPHbIM AAaTUMK AO/HKEH KacaTbCs
MedHol cnupanu. CobpaHHbIA NPUOOpP 3aKPenuTe B LUTATUBE.

MogrotoBbTe razometp. OH Ao/KeH ObiTb 3anMoOfHEH BO34yXOM. 3aKpoiTe BCe KpaHbl.
B BepxHIOO BOPOHKY Hanente BOAbl. MpucoeamHuTe rasomeTp K nNpubopy AN OKUCAeHUs
cnupTa pe3nvHOBOI TpybKoW

OnyctuTe NpUoOpP AN OKUCAEHUA cnupTa B ropsAvyto Bogy Ha 1—2 muH. V3Bnekute pesu-
HOBYIO MPOOKY CO crnvpasibio N AaTYMKOM WM BHECUTe B MNaMsa CNUMPTOBKW. Korga cnupanb pac-
Kanutcs, ObICTPO OonycTuTe e€ B CTEKMAHHbIA cocys npu6opa. O4HOBPEMEHHO MojaBanTe M3
rasomeTtpa HebONbLIOK TOK BO3AyXa, OTKPbIB KpaH rasomMeTpa.

Habniogalite 3a N3MeHeHWeEM LBeTa MeAHOlW crnupann 1 n3MeHeHuemM TemnepaTypbl. M3me-
peHus npoBoauTe B TeYEHUN 2 —3 MUH.

OdhopmneHne oTuéTa

KOHT ponbHLIE BOMPOCHI

1 OTmeTbTe caMblli BbICOKMIA MOKa3laTenb TemnepaTypbl.

2. JK30TEpMUYECKO UM 3HOOTEPMUYECKON SBNAETCH peakuums okucneHums cnuprta? CBoW
OTBET NOATBEPAMTE pe3ynbTaTaMy U3MEPEHNA.

3. Kakylo (hyHKLUUIO B NpOTEKaHMUW 3TOM peakuuu BbINOMHAET Mefb?

4. Mpepnoxxute anropnutMm UccnefoBaHUsa NPOAYKTOB peakuMn 1 OCyLlecTBuUTe ero.

3agaHua gna nogrorosku K TMA, BIMP

1 YcTaHOBUTE COOTBETCTBME MEXAY pearupyrowmmMn BelectBaMmyn U NPOAYKTOM, KOTOPbIiA
npenmyLlLecTBeHHO obpa3syeTca Npy B3auMOLENCTBUM 3TUX BELLEeCTB

PEATUPYIOLWWME BEWECTBA MPOAYKT PEAKLNWA

1) nponaHon-1
A) CH3-CH2-CHBr2 + H20
2) nponaHon-2

B) CH3-CH2-CHBr2 + NaOH 3 )nponaHanb
4) nponuH
B) CH3—CH2—CH2Br + NaOH
cu. t 5)nponeH
rn CH3-CH2-CH2O0H + 02 6) NponnoHoBasa KucnoTa

A b B r

OTBeT: 3, 4, 1 3.

2. 3aflaHa cregytolias cxemMa npeBpalleHnin BeLWecTB:
C2H2f Xf YT astundpopmnart

OnpegennTte, Kakne 13 yKasaHHbIX BELLECTB ABMAAKOTCA BewectBamMu X u Y.

1) ataHon 3) MypaBbMHasa KucnoTta 5) auetanbgerng
2) 1,1-gnxnopataH 4)  yKcycHas Kucnota
X Y
OtBeT: 5, 1
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3) V3 npefnoXXeHHOro rnepeyvHs BbibepuTe BCe 3K30TEPMUYECKME peakLun.
1) KaTanMTU4YecKoe OKUCNeHMe 3TaHOMa 4O 3TaHans

2) OKUCNEHUe 3TaHOfa A0 YKCYCHOW KUCAOTbI

3) ropeHue NapoB 3TaHOMa B KUCNOpoOae

4) BHYTPMMOJEKYNsApHasa ferngparauma ataHofa B NPUCYTCTBUN KOHLUEHTPUPOBAHHOW cep-
HOW KMNCNOTbI

5) aTepudmKaunsa aTaHoa YKCYCHOM KNCNOTOW

OTBeT: 1, 2, 3, 5.

3agaHue ana pasBuTma PYHKUNOHAIbHOW FrPamMoTHOCT M
OpraHunyeckoe BewecTBO A MOXHO MOMyuYnTb B 1abopaTtopun HECKONbKMMKU criocobamu,
[lBa U3 KOTOPbIX PacCMOTPEHbI HUXE.
Cnoco6 1
B npo6upky 1 (puc. 1) HanuBaloT He6O/bLIOE KONYe-
CTBO XMAKOCTU X, Haf KOTOPOW 3aKpennstoT pacKanéH-
HYI0 MefHYyl0 cnupanb 2. Mo ToHKoM Tpybouke B Npobup-
Ky BAyBaroT BO3ayx. 1o ra3ooTBOAHOI TpybKe B Npobup-
Ky 3 C XONOLHOW BOAON NPOXOAAT napbl, cogepxkaliune
BeLlecTBo A

Puc. 1. Mpubop a4na nonyyeHus
Bewectsa A \2y

Cnocob 2.

B kon6y Btopua 1 (puc. 2) nomeLaroT Kyco4kn TBEpAOro Bewectsa Y1. 3 kanensHOW BO-
poHKM fo6aBnAaloT BoAy. Kak TO/IbKO BOAa NPUXOANT B CONPUKOCHOBEHUE C MOBEPXHOCTbIO Y]
TOTYac HauyMHaeT BblAenaTbca 6ecuBeTHbI ra3 Y2 KOTOpbIA NponycKalT Yepes pacTBOp CY/b-
thata Mean B 6aHKe 2 AN OYUCTKM OT Mpumeceit. B 6aHKy 3 npegBapuTenbHO HanMBaKT pac-
TBOP CepHOM KMcnoTel 1 fob6asnatoT okeug ptytu (I1). MNpu B3anMogencTBun 3TMx BeLectB 06-
pasyeTca KatanuMsaTtop Ansi peakuun cuHTe3a A. B NpucyTCTBUW AaHHOMO KaTanusatopa ra3 Y2B
6aHKe 3 npeBpallaeTcsa B BeLeCcTBO A

Puc. 2. Mpubop ans nonyveHus Bewectea A
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KOHT ponbHLIE BOMPOCHI

1. O nonyyeHnn Kakoro Beliectsa A MAET peyb B yCNOBUWU 3ajaun?

2. N3 kakoro Bewectea X NoJjyvaroT BewecTBo A B Npnbope, NokazaHHOM Ha puUCyHke 1?
lMpvBeanTe COOTBETCTBYIOLLEE YPABHEHNE peaKLuun.

3. Onpegenute BewectBa Y1lu Y2, 0 KOTOpbIX MAET peyb MpU ONucaHMU BTOPOro crnocoba
nony4dyeHus ewectsa A CocTaBbTe COOTBETCTBYHOLLME YPaBHEHUSA peakuuii KTo OTKpbIN peak-
Um0 nosnyyeHna A us Y2?

4. C NOMOLLbI0 KaKUX KayeCTBEHHbIX peakuuMii MOXXHO AoKa3aTb 06pa3oBaHue Beliectsa A
B XOZe OonucaHHbIX onbIToB? MNpuBeanTe aBa npumepa.

5. Mo mepe nponyckaHua rasa B 6aHke 2 o6pa3yeTca ocagok YEpHoro useta. MNpegnono-
XKUTE, KakKasi peakuuns rnpoTekaeT B 3TOM MPOMbIBHOM COCyfZe, eC/iv U3BECTHO, YTO CbIpPbé, UC-
No/sib3yeMoe B MPOMBbIWIEHHOCTN AN NnosyvyeHns Y1, MOXKeT cofepXkaTb NpUMech Cy/b(haToB.

6. YacTo Ana nonyyeHus rasa Y2 Ha BelLecTBO Y1AeNCTBYHOT He BOAOM, a KPeNKMM pacTBO-
poM MoBapeHHoi conn. NMovemy?

PeweHue:

1) BewectBo A — YKCYCHbIl anbaerng (auetanbaerng, ataHans) CH3CHO.

Cnoco6 1— nony4veHue auetanbaernja u3 ataHona, T. e. BewecTsa X.

JonyckaeTcsi HECKO/IbKO BapuaHTOB YpaBHEHUIA:

CH3-CH2-OH CH3CHO +H2
(aermgpvpoBaHmne ataHona)

2CH3-CH2-0OH + 02 2CH3-CHO + 2H20
(KaTanuTMYecKoe OKUC/EHNE 3TaHONa)

CH3-CH20OH + CuO f CH3CHO + H20 + Cu

Cnoco6 2. Y1— kap6ua kanbumsa; Y2— auetuneH
CaC2+ 2H20 f C2H2 X+ Ca(OH)2

chbch + h2o H§ >CH3CHO

Peakunio rmgpartaummn auetuneHa (M ero roMofioroB) B MPUCYTCTBUM CONel PTYTU OTKPbIN
pycckuin yuéHbliii M. T. Kyuepos (1881).

1 O6pa3oBaHue aueTanbiernga MOXHO OKasaTb C NOMOLLbIO KaYeCTBEHHbIX peakunin Ha
anbaernabl, Hanpmumep ¢ (YKCUHCEPHUCTOM KWCNOTON WAM C amMUavHbIM PacTBOPOM OKcuAa
cepebpa (peaktmBoM ToeHCA).

2. TexHuueckuii kapbug kanbumusa (Y1) — npoayKT NnpoKainBaHWs CMeCcu OKcufAa Kanbuus ¢
Kokcom OKcuA KanbLmsa Moay4varoT U3 NPUpPOAHbIX M3BECTHAKOB, COAEpXKalnx npumecu ¢goc-
(hata u cynbhaTta Kanbums B pesynbTate MX BOCCTAHOB/IEHWS KOKCOM B KOHEUYHOM MNpOAyKTe
okasbiBaloTcs hochug n cynbua. Mpu genctBuM BoAbl Ha Kapbwua Kanbuus, 3arpsi3HEHHbIN
[JaHHbIMW COeAMHEHUAMM, NPOTEKaeT peakuus UX rMaponusa, U B ob6pasylomincs aueTuneH
nonagarwT nNpumecn ochurHa n cepoBogopoga B 6aHke 2 BblAENAKOLWMNIACS aLeTUNEH ounLla-
eTcs OT 3TUX NMPUMeECEN

CepoBofopof C pacTBOPUMOIA COMbIO Mean obpasyeT 0cafoK YEPHOro uBeTa:

H2S + CuSO4 = CuSW + H2S0O4
docthurH B 3TUX XKe YCIOBUSAX TOXKE AaéT 0CafoK YEPHOro uBeTa:
3PH3+ 6CuSO4 + 3H20 = 2Cu3P| + 6H2S0O4 + H3PO3
3. Mpu npunueaHnn BOAbl K Kapbuay KanbLns peakumsa MAET Bcerga oyveHb 6ypHO. Anda no-

NnyyeHns 60nee CNOKOMHOTO M PaBHOMEPHOrO TOKa aleTuneHa 4YacTo K Kapbuay Kanbums ao-
6aBNAIOT KPENKNA pacTBOP NOBApPEHHOI conu
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JlabopaTOPHbLIA ONbIT:

«BAnAHME HUT POrpynn Ha KUCNOTHble CBONCT Ba (heHoNna»

TeopeTunyeckoe BBefleHNe

KncnoTtHble cBoiicTBa (peHONa sipye Mo CpPaBHEHMIO CO cnupTamu. 3TO 06bACHAETCA Tewm,
4yTo HernofenéHHas 3NeKTPOHHasA Mnapa atoMa Kuciopofa B MOJfekyne geHona Haxogutca B
p,N-CONPSXXEHUN C M-3/1eKTPOHamMM OGeH30/1bHOro Ko/bua. Takum 06pas3oMm, MApPOKCUIbHasA

rpynna, noMuUmMo OTpuUATENbHOrO MHAYKTMBHOrO atdekTta (—), obnagaet NOMOXKUTENbHbIM
Me30MepHbIM 3phekToM (+M):

+MI > |-l

BennumHa +M-agpekta 60nblue, YeM - | -ahdhekTa, NOITOMY 3/IEKTPOHHAsA NIOTHOCTb aro-
Ma KMcnopoja 4acTMUYHO CMelleHa B CTOPOHY GEeH30/1bHOT0 KoMbla, YTOo NPMBOAUT K NOBbILLE-
HUIO nonsipHocTh cBsdan O—H u, cnegoBaTteibHO, YBEMYEHNIO NOABMXHOCTU atomMa BOAopoAa
rMAPOKCUNBHON TPynMbl, YCUIEHNIO KUCOTHbIX CBOVCTB.

KrucnoTHble cBolicTBa (heHO/I0B ocnabeBaloT Npu BBELEHUW 3N1EKTPOHOLOHOPHbLIX 3aMeCTu-
Tenei, HanpMMmep askKuoB:

ONEeKTPOHOAKLLENTOPHbIE 3aMeCTUTENN B BGEH30/IbHOM KOMbLE, HanpuMep HUTpPOrpynnbl —
NO2 Hao60poT, ycunmBarT KMUCNOTHOCTb (heHona. Bce HUTpoOeHONbl — KpucTanimyeckue
BellecTBa, ManopactBopumbie B Boge OHKM CNOCOGHbI BbITECHATb YrONbHYIO KNUCIOTY U3 €€ Co-
neii KoHCTaHTbl guccoumaunm eHona n HUTPOeHONOB MNpeAcTaBneHbl B Tabnnue HMke

KoHCTaHTbl guccounaumm peHona v ero Npon3BO4HbIX B BOAHbIX pacTBopax

Ha3BaHue BelLecTBa theHon TMON N-HUTPOMeHoN 24-parn- - 2,4,6-TpnHn-
W P TpocheHon TpoeHon
KoHcTaHTa guccoupmanmm 8 o ° 24-101 6,5 « 10-8 8,3 » 10-5 41 «10-1

N3 Tabnnubl BUAHO, YTO YBENMYEHME YMCNa 3NEKTPOHOAKLENTOPHbIX 3aMecTuTeneii — Hu-
TpOrpynn — B 6EH30/IbHOM KOJbLie 3HAYMTENIbHO YBENNUMBAET KUCMOTHOCTb rMApoKcuna. Hu-
e npefjcTaBneHa cxemMa CMELLEHUS 3/IEKTPOHHOM NNOTHOCTU B MOJNEKYNE N-HUTPOGEHONA:
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2,4-ANHNTPOGEHON MO cune NpmnbnmxaeTcs K KApboHOBbLIM Kucnotam (YKCycHasi, nponmo-
HoBas), a 2,4,6-TpUHUTPOdEeHON (MMKPUHOBAA KMCNOTa) — K CUNbHbIM MUHEpPaibHbIM KUCNO-
TaMm. HUTpO(eHONATbI WeNoYHbIX MeTa/IoB NO CBOMCTBAM G/IM3KN K CONSAM.

MpakTunyeckas yacTb

Llenb onbITbl: N3y4NTb KUCOTHbIE CBOMCTBA (DEHOMA U €r0 HATPOMPOU3BOLHbIX

O6opyfoBaHMe M MaTepuanbl: KOMOUHMPOBAHHbLIA CTEKNAHHbIA 3n1eKTpos; 2 cTakaHa
Ha 50 mMA; WTatMB C 3aXXMMOM; NMPOMbIBanKa; auctunnanposaHHasa soga; no 20 mn 0,01M Bo-
AHbIX pacTBOpoOB (heHOoNa, n-HuTpodeHona, 2,4-guHuUTpoteHona (Npu OTCyTCTBMU Heob6xoau-
MbIX PEAKTUBOB MOXXHO OrpaHnyuTb YUC/IO UCCNEeAYEMbIX HATPOMPOU3BOAHbIX (heHONA).

TexHvKa 6e30MacHOCT U

1 ®deHOoN 1 ero HATPOMPOU3BOAHbIE — BbICOKOTOKCUUHbIE BELLLECTBA, MOPaXatoT HEPBHYIO CU-
CTEMY, MeYeHb, MOYKK, CUbHO pa3fpaxkatoT KOXY, C/IM3UCTble 060M0UKN, BbI3bIBAKOT LepMaTUThI.

2. AuHuTpoteHOoNbl U NUKPUHOBAs KMCNoTa B3pbiBOOMNAacHbI. MNpu paboTe ¢ yKazaHHbIMU
BelllecTBaMM Heob6xoAnMOo cobnojaTb nNpefenbHYH0 OCTOPOXHOCTb.

WHCT pyKumsa

B ctakaH Haneiite 20 mn pasb6aBneHHoOro pacrsopa peHona (0,01 monb/n). ONycTute KOM-
OMHNPOBAHHbLIA CTEKNAHHbLIA 3NEeKTPO/, 3aKPENEHHbIN B Nnanke wrTatMBa. HabniopganTe 3a m3-
MeHeHneM 3HadeHus pH. Korga nokasaHus pH nepectaHyT U3MEHATbCA, 3anuwmTe 3HadyeHue
pH B TeTpaab

CTeKNAHHbLIA 3NeKTPoL TwaTe/ibHO NPOMOoliTe BOAOM

Bo BTOpOIi cTakaH Hanelite 20 ma pacTBopa M-HUTPOgeHONa 1 OMyCTUTE B PacTBOpP 3J1eK-
Tpoyg. Mocne yctaHOBNEHMA NMOCTOAHHOrO 3HayeHus pH 3aHecuTe nosyyeHHOe 3HayeHue B Te-
Tpagb

OdhopmneHne oTUETA

3anonHute Tabnuuy

NeonbiTa Nccnepyembiii pactBop KoHueHTpauna, monb/n pH
1 theHon 0,01
2. 4-HuTpoeHon 0,01
3. 2,4-pnMHNTPOdeHoN 0,01

KOHT ponbHble BOMPOCHI

1 Kak BIMAIOT HATPOTPYNMbl HA KUCNOTHbIE CBOMCTBA (heHOoNa?

2. Mpeackakute gonyctumble 3HadeHus pH B 0,01M pactBope 2,4,6-TpuHutpoteHona (nu-
KPUHOBOI KMcnoTbl) CBOWM OTBET OOGOCHYiTE

3 Haigute B cnpaBO4YHON nuTepaType 3HaAYeHWA KOHCTAHT MOHU3aUUU MccnefyeMblX Be-
LLLEeCTB N NMUKPUHOBOWN KMUCNOTbl. CONOCTaBbTe AaHHble CMPAaBOYHUKA C MOMYHYEHHbIMW pe3ynbTa-
Tamu.

4. MpepackaxunTte, Kakoe coeguHeHne — TUMON (2-n3onponun-5-metungeHon) nim hpeHon —
ABnsieTca 6onee CUNbHOW KUCNOTOW. CBOM OTBET OBOCHYMNTE M COMOCTaBbTe CO CMPaBOYHbLIMU
JaHHbIMK

3afaHuve gnsa nogrorosku kK TMA, BIMP

[ns BewecTB, NPMBEAEHHbIX B NepeyvHe, ONpeaenvTe cpegy ux BOAHbIX PacTBOPOB C OAu-
HaKOBOI MONSIPHOI KOHLEHTPaLNEN

1) C6H50H 3) CHXOONa

2) C6H50ONa 4) CH3COOH

3anuwunTte HoMepa BeLecTB B NOpAAKe BO3pacTaHMA 3HadeHUa pH nx BOAHbIX pacTBOPOB.
OtBeT: 4, 1, 3, 2
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3agaHune ana pasBuTma PYHKUNOHAIbHOW FrPamMoTHOCT M

B 1834 rogy HeMeUKUit XMMuUK ®pnannb depanHaHg PyHre BblAeNWI N3 KAMEHHOYTO/bHOW
CMOJbl KpUCTaNINyeckoe BelLlecTBO, YMEPEHHO pacTBOPUMOE B BOfe W obnajarolliee cneyu-
(hrnyecknm 3anaxom

BogHblii pacTtBOp (heHona Nonyynn Has3BaHwe «kapbosioBas Kucnota», NoToMmy 4to obna-
fan cnabbiIMU KUCNOTHLIMW CBOMCTBaMU (cnabee yrofbHOM KUCNOoTbl) BaXkHbIM cBOMCTBOM (he-
HOMa OKasasacb ero cnoCOBHOCTb YHMUTOXaTb MUKPOOPraHuambl B 1865 rogy LWOTAaHACKNIA
Bpay [p>ko3ed Jluctep BrnepBbie B UCTOPUM MEAULUHbI UCMOML30BaA BOAHLIA pacTBOp (heHona
(kap60510BYO KMCNOTY) B Ka4ecTBe aHTUCENTMKa Ans 06paboTkm paHbl 60/ILHOIO C OTKPbITbIM
nepenomom Koctu. B 1867 rogy Jiuctep onybnnkosan paboty «O HOBOM crnocobe neyeHus
nepenoMoB M THOMHWKOB C 3aMe4YaHUsMK O MpUYMHax HarHoeHus» MeTog Jlnctepa B3sIM Ha
BOOPYXXEHMe ero konnern. B Poccnm ¢ 1867 roga npumeHaTb Kapbo/oBYyH KUCAOTY KakK aHTu-
CENTUK CTan BblAalLWMINCA PycCKUiA xnpypr Hukonain ieaHoBMY Mnporos.

Ewé ogHa o6nactb NpuMeHeHus heHona, B 3HaYMTE/IbHON CTeneHn noTepsBLUas Ha cerog-
HSi aKTya/IbHOCTb, — 3TO MNOJlyYeHMe MUKPUHOBOW KUCIOThbl, UAM TPUHUTpPOGeHona. Bnepsble
3TO BELLECTBO ObINIO NOMy4YeHO elé B 1771 rogy aHrNWMIACKMM XMMUKOM [uTepom Byndom npu
LEeNCcTBMN a30THOM KUCNOTbl HA NPUPOAHLIA Kpacutenb UHAUTO. MNOnyYeHHOe BeLLecTBO MMeNo
NMMOHHO-XXENTbIN LBET 1 FOPbKMA BKYC, 3a 4TO B 1836 rogy 6b110 Ha3BaHO MO MpeaioXKeHuto
)XaHa batucTta [toMa NMMKPUHOBOI KNUCNOTO (OT rpey. pokpO”™ —ropbkuid).

B 1885 rofy nuKpuHOBas KucnoTa Oblna 3anaTeHTOBaHa Kak B3pbiBYaTka, B 1886 ropgy
(hpaHuy3 xeH TiopneH MNPOBEN MCMNbITAaHWE HAYMHEHHbLIX el pPaspbiBHbIX CHApAAoOB, a B
1887 roay Ha KpacunbHoii habpuke 6113 MaH4yecTepa MO BMHE XKENTOro Kpacutens npomso-
Weén B3pbIB. [locne aToro caydas OT MCNOMNb30BaHWA MUKPUHOBOW KUCAOTbl Kak MUIMeHTa Ans
TKaHel cTa/nm OTKa3blBaTbCHA, TeM 060Jiee 4YTO MOSBUINCH AelEBble aHUIMHOBbIE KpacuTenu.
3aTo CcTasio pacwupATbcAa MPOU3BOACTBO B3pbiBYATbIX MaTepuasioB Ha eé ocHose. JIngnpo-
Bana PpaHumna. PpaHLUy3bl pa3paboTany HECKONbKO peLenToB MOPOXOB, BKIOYAKOLWNX COMU
NUKPUHOBOW KWUCNOTbI. TIOpMNeH co3gan G6pu3aHTHLIA cocTas, MOMYyUMBLUMIA Ha3BaHWE «Menu-
HUT» (OT rped. mhXivoZ —xénTblA). B cocTaBe MenmMHUTa NMUKPUHOBAS KUCNOTa cofepikanacb
He B BUAE MENKUX KPUCTainoB, a B CMAaBEHHOM COCTOSIHUM, YTO MOBbIWAN0 €& CTOMKOCTb K
feToHauMn W genano CcHapsgbl HEYYBCTBUTE/IbHLIMU K COTPSACAHUIO U HECNOCOOGHLIMU B3pbl-
BaTbCA B CTBOJIE OPYAMA B MOMEHT BbICTpena

PeuenTt MennHUTa gepxkancs B cekpete, HO B 1890 rogy Amutpuin ViBaHoBMY MeHaenees,
He npuberas K ycnyram LUMMOHOB, HA OCHOBAHUM aHann3a OTKPbITbIX AaHHbIX Cenan BbiBOJ O
TOM, YTO OCHOBHOW KOMMOHEHT MeMHUTa — MUKPUHOBas Kucnota. B Poccum npounsBoAcTBO
MennHMUTa Hayanocb B 1894 rogy. B pycckoii apMum nomMumMo (hpaHLy3CKOro Ha3BaHUs «Menun-
HUT» BbITOBANO TakKXKe Ha3BaHWe «MUKPUHUT». B AHrIMM B3pblBYATOE BELLECTBO Ha OCHOBE Mu-
KPVMHOBOI KMCNOTbI Ha3blBa/oCb «INAAUT» (MO MMeHM ropoga Jlngaa, rae OH Npou3BoguMcs).
AHIIMYaHe ncnonb3oBann NuaauT B 1899 roay B aHr10-0ypCcKoi BOWHe. B ANOHMM Noao6HbIi
cocTaB HasblBa/IM «lWMMO3e». CHapsfbl, HAUMHEHHbIE MUKPUHOBOW KUCNOTOMW, NPUMEHANNCL B
PYCCKO-SINOHCKOWM BOWMHE C 06enx CTOPOH. B pYyCCKUX BOEHHbIX XPOHMKaX SIMOHCKUE CHapsabl
Ha3blBa/MChb «WMMO3aMu». (s TeKcTa MCNOMb30BaH Matepuan u3 ctaten: Meli B. deHon, cu-
peub kap6onka / / Xumunsa v XKnsHb. 1982. Ne4. C. 63—66.)

KOHT posibHbLIe BONPOChI

1 O6bAcHUTE, NoYeMy ryawb naxHeT (heHOoNoM.

2. Kak ¢ heHOIOM cBSiI3aHO BbICKa3biBaHMe AHTOHa [MaBnoBmya YexoBa: «KaKol HeoXu-
JaHHbIN 6neck, Kakaa peBonouus! bnarogaps aHTUCENTUKE AenaroT onepauuun, Kakue Benu-
Kuii Mnporoe cumMtan HEBO3MOXXHbIMU faXke «in spe» (T. e. B byaywem)...»?

3. B pacckase A. I. UexoBa «Bparn» Mbl Yntaem cnegytowmne cTpoku: «IMo cnyyaro gugre-
puTta BCS Npucnyra ewgé c ytpa 6bina BbiciaHa u3s gomy Kupunos, Kak 6bifl, 6€3 ClopTyKa, B
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pPacCTErHyTOM >XUneTtke, He BbiITMPas MOKPOro fvua M pykK, 060XOKEHHbIX Kap6O/sKOoA, Nowén
cam OTBOpPSATb ABepb» [lovemy y goKTopa Knpunosa Obinmn 060XKeHbI PyKn?

4. Yem onaceH (peHoN? Kakve mepbl NpefoCTOPOXHOCTU HEOOXOAMMO cobnogaTbk npu pa-
60Te ¢ HUM?

5. MpounTaiiTe HEOGONLLIOWN OTPLIBOK AManora u3 pomaHa AnekcaHgpa Hukonaesuua Cre-
naHosa «[1opT-ApTyp»:

— Bbl paHeHbI? — cnpocuna Baps, yBuAs KpoBb Ha fivue y 3BOHapéBa.

— Hert, nouenoBaH ANOHCKOW KpacaBuLEel No UMEHN LNMO3a.

— Hapno cmasatb noom BO ulbexkaHue HarHoeHusl, — c arnJioMeom rnporoBopuna AeByLUKa.

6. O6BbACHMTE, Kakasa «AMNOHCKas KpacaBuua nouenosana» npanopulimMka 3BoHapéBa.

7. BbibepuTe M3 TekcTa Takylo MHGOpMaLuio, KOTopas siBASeTcs AN Bac HEOXMUaHHOW,
TaK KakK MpOTMBOPEYUT BallUM OXUAAHUAM W NpefcTaBleHUsAM.

8. MOXHO N1 cgenatb U3 NPOYUTAHHOIO Takme BbIBOAbl, KOTOPbIE OblIN Obl 3HAUUMbI A5
oyayLwen oeaTenbHOCTU Y XKNU3HN?

9 Halignte Takylo WHpOpMauuMio, KoTopas Morna 6bl 3amHTepecoBaTb BCEX YYEHUWKOB B
Knacce

NabopaTOPHbIA ONbIT:

«CpaBHeHMWe TemnepaTyp NnaBaeHnsa LU1Uc- U TPaHC-M30MepoB»

TeopeTunyeckoe BBefleHNe

M3omepnsi — OOHO M3 OCHOBHbIX MOHATUIA B KYpCe OpPraHn4yeckom xumuun. K coxkaneHuto,
npu M3y4eHWU 3TOTO MOHATUA YUYUTENA MPaKTUYECKN He MMEKT BO3MOXHOCTU WCMOMb30BaTtb
XMMUYECKNIA 3KCMepnMeHT Yalle BCero Ha ypoke NMPUMEHAIOTCS AaHHble 06 nsomepax, B3sTble
13 CNPaBOYHUKOB. Mpy U3yyeHUN KapOOHOBbLIX KUCAOT MOXHO MPOBECTU HEC/OXHbIA ONbIT C
ONIeMHOBOW ” 3M1anAMHOBON KMCNoTamu, 4YTOObI MokKas3aTb pas/iMyHble CBOMCTBaA reomerpuye-
CKMX U30MepOoB

Mocne TOro Kak yuyeHMKM NO3HAKOMW/IUCL CO CTPOEHMEM OSIEMHOBOW KUCNOThI, NpejnaraeT-
CA U306pasnTb CTPYKTYpPHble (POPMYSbI LMC- N TPaHC- M30MEPOB. YUEHUKN 3anuncbiBaloT B CBO-
Ux TeTtpagax CTPOeHMe 3TUX W30MEPOB M MOAMNUCLIBAIOT Ha3BaHWUA: OJIEMHOBas KuUCNoTa
(unc-nzomep), anangmHoBas kucnota (T paHc-nsomep). MNMocne sonpoca O TOM, 6yayT M OT-
NinyatbCA CBOWMCTBA 3TUX KUCNOT, yuuTesb LeMOHCTpupyeT ob6paslbl M30MepoB (0/ieMHOBas
KucnoTa L0 ypoka fOo/mKHa ObiTb oxnaXeHa A0 Kpuctannusauum) MOXHO He AeMOHCTPUPO-
BaTb TBEPAYHO OJIEMHOBYIO KUC/OTY, a NokKasatb eé B XXUAKOM BUAe, yKasas Mpu 3T0M, YTO TeM-
neparypa rnsjaaBfeHnss KACNOoTbl cocTasnsaeT 16,25 °C

Mpn n3yyeHUU xMmumm Ha 6a30BOM YPOBHE [OCTATOYHO OrpaHWYUTLCA CPaBHEHUEM Kaye-
CTBEHHbIX XapaKTepUCTUK U30OMEPHbIX KACNOT: NpyY KOMHATHOW Temnepatype (~20 °C) ofenHo-
Bas KuUcnoTa Xupkas, a anamagnHosas — TBEpaas. B knaccax npoduibHOro ypoBHA Lenecoo-
6pa3HO 3KCMepMMEHTaNbHO OnpefennTb KOMMYECTBEHHbIE XapaKTePUCTMKU CBOWCTB U30OMe-
poB. TpUYéM MOXHO OrpaHU4YnTLCA OnpefeneHVeM TemnepaTtypbl M1aBfeHUs TOJIbKO
3M1anAnNHOBOI KNCNOTbI

UwncTasa anangmHoBas Kucnota nnaaeutca npu 44,2 °C, ogHaKo He Bcerga yaaérca nosyyumtb
TOUYHOEe 3HaueHue, COOTBETCTBYIOLLEe CMNPaBOYHON BenuUMHe B 3ToM cnyyae crnegyet ob6bAc-
HUTb YYEHMKaM, YTO LMC- U T PaHC-U30Mepbl MOryT rnepexoauTs B Apyr gpyra [loatomy Temne-
patypa nnaBfeHUsi KUCAOTbl HEMHOIO OT/INYAETCA OT OXUAAEMOWA

Ecnu nosBoffer Bpems, TO MOXHO NPOAEMOHCTPUPOBATbL Pa3/IMYHYIO PacTBOPUMOCTb
O/IeMHOBON W 31anMHOBOM KWUCNOT B aLeTOHe WAM 3Tunauetate AHanu3npys pesynbTatbl
3KCMEepUMEHTa, YYEHUMKN AenakT BaXKHbI BbiBOA4 O Pas3/IMYHbIX CBOWCTBAX LUC- U TpaHc-
n3omepos
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MpakTunyeckasa yacTb

Llenb onbiTa: HayuuTbCs 3KCMEpPUMEHTa/lbHO CpaBHMBATb TemmnepaTtypbl MaaBfeHUs U30-
MEpPHbIX KAPOOHOBLIX KUCNOT Ha NPUMepe O/IeMHOBOW U 31auAnNHOBON, 06BACHATL Habnoaae-
Mble pasnnuns

O6opyfoBaHMe 1 MaTepuanbl: TEPMOPE3UCTOPHLIN AaTUMK TeMaepaTtypbl; WTaTMB C KOJb-
LOM; OrHesalnuTHasa Npoknagka uinm MefHasa ceTka; ctakaH Ha 150 mn; gBe NpoGUPKN pasHOro
AnamMeTpa; pe3rMHOoBOe KOo/bLO (0T Pe3NHOBOI TPYyOKM) uam npobka ¢ HeOGOMbLIMM OTBEPCTUEM
ONA KPenneHus ofHOM MpobupKky B ApPYrOi; 3neKTpoHarpeBaTte/lb WK CAUPTOBKA, O/IeMHOBAaS
KucnoTa B TBEPAOM COCTOSHUU (OXNaXAEHHAaa 40 TemnepaTtypbl Kpuctanamsauuu), anangmHo-
Bas kucnota (NosiydeHme CM. HUXKe).

MeToauka noayyeHus ananguHoOBOW KNCAOT bl U3 ONENHOBOIA

OneuHoBas KucnoTa Mo AericTBUEM OKCUAOB a3oTa WAM a30TUCTOM KUCNOTbl 1erko nepe-
XO4MT B M3OMEPHYHO 3/1anNHOBYHO KUC/OTY.

B He6onblWOi UMAMHAP C NPUTEPTOM MNpPo6Ko (NMPOGUMPKY) HanUTb 2—3 M/ ONEUHOBOW
KNCNOTbl M MOMECTUTb KYCOYEK OUMLLEHHON CMSATOM B KOMOK MegHOM npoBonoku (~ 0,2 r). fo-
6aBnTb B cCMeCb 1—2 M/1 KOHLIEHTPMPOBAHHOW a30THOW KMCNOTbl. 3aKpbITh LWINHAP NPO6KON
N OCTOPOXHO B360nTaTb. 3T0 HEOOXOAUMO Ans TOro, UToObl BbiAENAOLWMECHS OKCUAbI a3oTa
Nydwe nornowanucb 0IeMHOBOW KUCNOTON. BpeMs OT BpeMeHu cnefyet NpUOTKpPbIBaTh Npo6-
Ky B BbITSDKHOM LWKady, 4TO6bl He JOMYCTUTL BLICOKOTO AaBfieHUSA BHYTpWU UuanHapa. Yepes
HECKO/IbKO MMWHYT, KOrfa BblAeneHne rasoB NpPekpaTtuTcs, NMAOTHO 3aKpbiTbh LWAMHAP NPOOGKOWA
MpymepHO yepe3 yac obpasyrowasncs 3anangnHoBas KucaoTta 3aTBepAeBaeT B MIOTHYH Maccy.
JNlyywe octaBnTb COAEPXKMMOE O CreaytoLero gHs.

Ha cnepytownii geHb n3BfedYb KUCAOTY U3 NPOGMPKK, MPOMbITE BOAOM U BbICYLUUTb MEXAY
amctamm unbTpoBanbHOM Gymaru.

Temnepartypa nnaBneHus 3nangnHoBoi KNcnotbl 44,2 °C.

TexHuKa 6e3onacHOCTH

PaboTa cBsizaHa C MCMNO/Mb30BaHMEM HarpesaTe/lbHOro npubopa, cnegyeT ocTeperartbes
oXxora

MHCT pyKUMa

[Jo ypoka cobepute npubop ans onpegeneHus temnepartypbl nnasneHus (puc. 17), ans

3TOro BO3bMMUTE ABE NPOOMPKM pasHOro gnametpa. Ha npobupky MeHbLUEro gunaMmeTpa HafeHb-
Te Pe3nHOBOE KO/bLO (OT pe3nHOBOI TPYOKKN) UM NPOOKY ¢ HEGO/MbLWIMM OTBEPCTMEM. BcTaBb-
Te NPO6MpPKY C KOMbLOM B Npobup-
Ky ¢ 6onmbwum gruameTpom. Takas
KOHCTPYKUMS No3BOnseT 6onee
paBHOMEPHO HarpeBsaTtb uccnegye-
Mblii 0OBEKT.

Puc. 17. Mpubop ans onpepeneHns
Temnepartypbl MaaBfEHUS:
1 — [aTuvK TeMneparypsbl; 2 — npo-
6ypKa ¢ mccnefyembiM BELLECTBOM;
3 — BOfsHas 6aHs; 4 — anekTpo-
nanTKa
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Hebonblioe KONNYECTBO 3/1aUAMHOBON KWUCNOTbl (2—4 ) MOMECTUTE BO BHYTPEHHIOK MpPOo-
6MpKy, onycTuTe Aatymk TemnepaTtypbl KOHUMK fatumka JO/MKEH ObiTb MOrPYXEH B KACAOTY Ha
2—3 cM, HO He KacaTtbCfl AHa W CTEHOK Npo6upkn CobpaHHbIN Npubop NOMecTUTe B CTakaH C
Tennoii Bogon (Hmxe 40 °C) n meaneHHO HarpeiTe. MamepbTe TeMnepaTypy, Npyu KOTOpPOii ana-
MAVMHOBAs KUcnoTa naaBuUTCs

[Ona 6onee TO4YHOro onpefeneHns Temnepartypbl 3aTBepAeBaHUsA KUCIOTbl MOXHO WUCMO/b-
30Bath credylownii npuém. CHayana KUCAOTy HarpeealT A0 Temnepatypbl, HEMHOTO MpPEBbI-
WwakrLwen TemnepaTypy naaBneHus, a 3aTem Mpu NOMeLMBaHUN OXNa)kaakT. Kak TONbKO KuUc-
noTta Ha4YHET MYTHETb, ciefyeT BHMMATENIbHO CeAnTb 3a NOoKasaHMAMW Jatynka B Hauvane 3a-
TBEpAeBaHUsA Temnepatypa Aep>XXUTCS Ha OAHOM YPOBHE, 3aTeEM HEMHOIO MOBbIWAETCH U CHOBA
HauyMHaeT onyckatbcsi. HauBbICLWyO TeMnepaTypy, KOTOPYIO 3a 3TO BPeMs MoKasbiBaa AaTuukK, U1
OTMETUTb KaK TeMnepaTypy 3arBepaeBaHus.

[ns n3yyeHUs pasMyHOM pacTBOPMMOCTM M3OMEPOB B ABE MPOBGUPKM NOMecTUTe Npumep-
HO no 0,1 r KMcnoT v npuneiite no 2—3 Mn aueToHa (MM aTunauertata). OnenHoBas Kucnota
NOSIHOCTLIO pacTBOpPSAEeTCs B pacTBOpUTENe, a B NPOBUpPKe ¢ 31auNHOBOM KUCNOTOW HeT 3ameT-
HbIX U3MEHEHWIA.

OdhopmneHne oTuéTa

3anonHute Tabnnuy.

Temnepatypa nnasneHusa, °C PacTtBopnmocCTb
WNccnepgyemoe
BeLecTBo CnpaBo4HbIe JdaHHble
B aueToHe B aTunauertarte
[aHHble 3KcnepuMmeHTa

OnenHoBas Kucnorta

AnanguHoBasa Kucnora

KOHT ponbHbIA BONPOC
N3BECTHbI M30MEpPHbIE KUCNOTbI:

M COOH HOOC H

< V

o\ A
H COOH H COOH
ManenHoBas thymaposas
KNUC/oTa Kmcnorta

Mo aHanorMm ¢ ONEMHOBOW M 3NaUANHOBOW KWUCNOTaMM MpPeACKaXXuTe CBOWCTBA Ma/lenHo-
BOI M (PymMapOoOBOA KUCNOT:

a) Kakasi U3 HUX MMeeT 60/ee BbICOKYK TeMnepartypy naaBieHus;

0) Kakas 3aMeTHO Jlydlle pacTBOpsAeTcs B aleToHe?

NabopaTOPHbLIA ONbIT:

«OnpegeneHne TemnepaTypbl NN1aBAeHNsA CTeapuHOBOM N NabMU T UHOBOW KACNOT »

TeopeTunyeckoe BBefleHNe

Temnepatypa nnaBfeHUs BeLlecTBa — BaXKHelillas KO/M4YecTBEHHas XapakTepucTuka ero
CBOICTB. B HECNOXXHOM MpuGOpe C MOMOLLLIO JaTyMKa TeMrnepaTypbl YHEHUKM MOTyT onpeje-
NNTb TemnepaTypbl NnaBneHns cteapuHoBoii (1. na. 69,6 °C) u nanbMUTUHOBOM (T.MN. 62,9 °C)
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KMCnoT. Tak Kak TeMnepaTypbl MaaBfAeHUs 3Ha4YUTeNbHO oTan4yaroTca (Ha 6,7 0C), 3TOT nokasa-
Te/b MOXHO UCMNO/b30BaTb AN UAEHTUPUKALUN KACAOT.

MpakTunyeckasa yacTb

Llenb onblTa: onpefennts TeMnepaTtypbl NaaBfeHUs CTeapUHOBOWN M MaJlbMUTUHOBOM KUC-
NOT; YCTAHOBMWTb, MOXHO /I MCMO/b30BaTh AaHHbIN NOKa3atenb (Temnepatypy nnaBneHus) 4ns
NAEeHTUDUKALUM 3TUX KUCOT.

O6opyfoBaHMe 1 MaTepnasbl: TEPMOPE3NUCTOPHbIA JaT4yMK TeMnepaTtypsbl; 2 Npo6upku pas-
HOro AuameTpa, ogHa Npobupka JOMKHA BXOAUTb B APYrYH; Pe3MHOBOE KOMbLO (OT pe3nHOo-
BOI TPYy6KK) unmM npobka ¢ HeGOMbLLIMM OTBEPCTUEM AN KPErnjeHUs O4HON NpobUpKU B ApPY-
roii; WTaTuB C Nankoii; BogsaHas 6aHsa; cnMpPToBKa (MM 3NeKTpUYeckas ManMTKa, rasoBas ropen-
Ka); Mo 2 r CTeapuHOBOI N NaNbMUTUHOBOI KWC/OT.

WNHCcT pyKumA

Bo3sbmunTe aBe npobupkn pasHoro gunameTpa (puc. 17). Ha npobupkKy MeHbLlero guamerpa
HafleHbTe PE3NHOBOE KOMbLO (OT Pe3nHOBOI TPYOKM) MM NPOOKY C HEOGOMbLUMM OTBEPCTUEM.
BctaBbTe MPOGUPKY C KOMbLOM B NPOOGUPKY C 60NbLIMM AnaMeTPOM. Takas KOHCTPYKUUS Mno-
3B0/iseT 60/5ee paBHOMEPHO HarpeBaTb Mcciegayemblii 06bEeKT. HarpeBaHue fyylle npoBOAWTb
Ha BOAAHOW GaHe

B cobpaHHbIii NpMbop, BO BHYTPEHHIO NPOGMPKY, MOMECTUTE OKONO 2 I CTeapUHOBOI KNUC-
notbl. MNpubop 3akpenute B Nanke lWTatuea. HarpeiTe Kucnoty fo Temnepatypbl, HEMHOIO
npeBbIlLaKOLWen TemnepaTtypy nnaBneHus, MOMecTUTe B pacniaB faTyuK TemnepaTypbl. Yoepu-
Te 6aHI0 1 MeA/IeHHO oxnaXAalTe KUCNOTbl, MOMeLWnBas pacnias gat4nkom. Cnegute 3a Tem,
UTOGbI KOHUYMK JaTyuMKa He Kacascs HU AHa, HN CTEHOK MPOGUPKN.

Kak TONbKO Kuc/noTa Ha4yHET MYTHETb, BHUMATENbHO cneAuTe 3a MokKasaHusAMWU AaTyuka.
B Hauane 3aTBepfeBaHus TemrnepaTypa AEPXMUTCA Ha O4HOM YPOBHE, 3aTeM HEMHOro MoBbIWwa-
eTCA M CHOBA HauuHaeT onyckatbcsi. HauBbiCclIy0 TeMnepatypy, KOTOPYH 3a 3TO Bpemsi noka-
3blBaa Jatyuuk, U cnefyeT OTMETUTbL Kak TeMnepartypy nnaefeHus (3aTBepAeBaHus).

CHoBa pacniaBbTe KUCAOTY, U3BNEKUTE AaTUMK, aKKypaTHO MpoTpuTe ero unabTPoBasbHOW
6ymaroi. AHanorMyHbIM 06pa3oM NOBTOPUTE OMbIT ¢ 06pPa3LOM NabMUTUHOBOW KWUCNOThI.

OdhopmneHne oTuéTa

3anonHnTe Tabnuuy.

Temnepatypa nnasneHusa, °C
dopmyna
KUCNOThbI [aHHble
aKcrnepumMeHTa

HasBaHune Kncnotobl
CnpaBOYHble AaHHble

CreapuHoBas Kucnora

MNManbMUTMHOBAsT KUCIoTa

KOHTponbHbIA BONpOC

MOXHO N1 mMcnonb3oBaTb TemnepaTtypy naaBneHus ANS UAeHTUPUKaLMM CcTeapuHOBON W
NasibMUTMHOBOM KMUCNOT?

3agaHusa gna nogrorosku K T'MA, BIMNP

1 YcTaHOBUTE COOTBETCTBME MeXAy (DOopMy/oli BewecTBa M K1acCcoM/rpynnoi opraHuye-
CKUX COeAMHEHUI, K KOTOPOMY(-0Ii) 3TO BeLLECTBO MPUHALNEXMUT.
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®OPMYJIA BELWECTBA KNACC/TPYMNA

A) 1) cnnpTbl

2) npocTble ampsbl

3) cnoXkHble athmpbl

4) npepenbHble KApPOOHOBbIE KUCNOTbI

5) HenpepaenbHble KapbOHOBbLIE KMUCAOTbI

OTBeT: 2, 4, 5.

2. V13 npefnoXXeHHOro nepeyHs Bbibepute ABa BELLECTBA, KOTOPble ABSKOTCS M30MepamMu
YyrnepoaHOro ckeneta.

1) AuaTMnoBbIR adup 4) 6yrtaHon-1
2)  M30NPONUOBbLIA 3P NPONUOHOBOW KUCNOThI 5) rekcaHoBas Kucnorta
3) 3,3-aumeTunbyTaHoBas KucnoTa

OtBeT: 3, 5

3afaHue onsa pasBuTUA PYHKLMOHANLHON rpamoTHOCT U

OfHOOCHOBHas KapbOHOBas KuMcnoTa LWMPOKO NMPUMEHSIETCA B MULLEBOR MPOMbIWIEHHOCTH
B kauecTBe 6e3BpegHOro NPMPOAHOr0 KOHCepBaHTa. VI3BECTHO, YTO OHa npefctaBnset coboi
T paHC-TpPaHC-U30MepP N COAEPXKMUT COMPSHKEHHYHO CUCTEMY CcBA3e. [N NONHOW HelTpanu3a-
umn 5,6 r gaHHol KucnoTbl TpebyeTcs 8,2 mn 20%-ro pacTtBopa ruapokcmga Hatpus (nnoT-
HOCTb 1,22 r/mn).

1) OnpegennTte coctaB KMCNOTbl, O KOTOPOW MAET pedb B3agade.

2) YctaHOBUTE €€ CTpOeHUe U rnpensioXnte COOTBETCTBYIOLLYO (hopMyny.

3) Vcnonb3ys BO3MOXHOCTU rnobanbHOMl cetu VIHTepHeT, HailguTe TpuBManbHOe Ha3BaHue
3TOM KUCNOTbl. KAKOBO NPOUCXOXAEHUEe 3TOr0 Ha3BaHUA?

ot o
-~ .
2. OH TpoOHC-TpOHC-TeKcaguneH-2,4-oBas KuUcaoTa.

3. CopbuHoBas kucnota, oT nat. Sorbus — pog psabuHa. Bnepsble nosyvyeHa HeMELKUM
XMmMukoM A. B. NohmaHom B 1859 roay m3 coka pssbuHbl (Sorbus aucuparia L.).
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JlabopaTOPHbLIA ONbIT:
«OnpepeneHne 3NeKTPONPOBOAHOCT M 1 pH pacTBOpa YKCYCHON KMCMOT bl»

TeopeTunyeckoe BBefleHNe

YKCyCHast Kucnota — cnabblii 31eKTPoInT, eé KOHUEHTPUPOBAHHbLIA PacTBOP UMeEeT O4YeHb
HMU3KOe 3HadyeHWe anekTponpoBoAHocTU. Mpu paszbaBneHUn pacTBopa CTeneHb 3EeKTPONNTU-
YecKOWn guccoumaumn yBennymBaeTcs, 3N1eKTPONPOBOAHOCTL MOCTENEHHO BO3pacTaeT, Mpoxo-
ANT Yyepe3 MakCMMyM W CHOBa yMeHbLuatca (puc. 18).

KoHueHTpaunsi noHos H+ (H30+) nocTteneHHO yMeHbLUaeTcs ¢ pa3baBfeHUeM YKCYCHOM
Kucnotel (puc. 18) B LUMPOKOM MHTEpBasie AOCTYMHbIX KOHLUEHTPALWA .

Pnc.18. Mpadmkn 3aBUCMMOCTU YAENBHOM 3N1eKTPONPOBOAHOCTM (1) 1
pH (2) pactBOpa OT KOHLIEHTpaLUUN YKCYCHOW KUcnoTbl npu 25 °C

lMpakTwnyeckaa yacTb

Llenb onbiTa: npoBoAUTE U3MepeHns pH 1 31eKTpoNpoBOAHOCTM PacTBOPOB, MHTEPMNpPeTu-
poBatb pe3ynbTathl, AefaTb BbIBOAbl O CU/e uUcCnefyeMblX 31eKTPONMUTOB, B YACTHOCTU O cune
Kap6OHOBbIX KUCNOT

O6opypoBaHMe U MaTepuanbl: KOMOUHUPOBAHHbLIN CTEKNSAHHLIA 31eKTpoL; AaT4YUK 3f1eK-
TPONPOBOAHOCTK; cTakaHbl Ha 50 Mn — 3 WT.; WTATUB C 3aXKUMOM; NPOMbIBA/IKa; AUCTUNINPO-
BaHHas Boga; no 20 mn 6 M, 1M 1 0,1M pacTBOPOB YKCYCHOW KUCNOThI,

TexHuKa 6e30MacHOCT U

1 Kpenkaa ykcycHas Kucnota — efkoe BellecTso!

2. CnepyeT n3beratb nonafaHWa KUCNOTbl Ha KOXY U O4exay.

3. bepeub rnasa!

4. CtapatbCs He BAbIXaTb Mapbl YKCYCHOM KUCOThI.

WHCcT pyKumna

B ctakaH Hanelite 20 mMn pactBopa YKCYCHOW KMUCAOTbl, KOHLEHTpauuMsa KOTOpPOW 6 MOnb/n.
OnyctnTe B CTakaH CTEKMSAHHbIA 3N1eKTPOA W AATUUK 3NEKTPOMNPOBOAHOCTM, 3aKpennéHHble B
nanke wratmea. CHavana HabnojanTe 3a n3MeHeHMeM 3HayeHuli pH, a 3aTeM 31eKTponpoBoa-
HOCTM. OAHOBPEMEHHO [aTUMKWN BK/KOYaTb He C/ieflyeT, TaK Kak OHU MOTYT MOB/IUATb Ha pe3y/b-
TaTbl M3MepeHuii gpyr gpyra. Korga nokasaHus gaTynMkoB nepecTaHyT U3MEHATbCSH, 3anuiunte
Nnosy4vyeHHble 3Ha4YeHNs B TeTpajb.

ANeKkTpoabl CNOMOCHUTE BOAOW M OnycTute ux B 60/ee pa3baBfieHHbI pacTBOP C KOHLLEH-
Tpaumeit yKCYCHOM KucnoTel 1 Mmonb/n. HabnoganTe 3a UsSMeHeHUeM 3HaveHuin. Korga nokasa-
HUS 0AaTYMKOB MepecTtaHyT N3MEHATLCA, 3anunTe 3Ha4YeHNs B TeTpajb.
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3neKTpoAbl CNONOCHUTE BOAOW, ONYCTUTE B OYEHb pa3baBieHHbI pacTBOP C KOHUEHTpaLu-
eli yKCycHoM kucnoTbl 0,1 Monb/n. CHUMWTE NOKasaHMA JAaTUMKOB M 3aHecuTe B pabouyio Te-
Tpagb

OchopmneHne oTUéTA

3anonHute Tabnuuy

omma  yeyenon rncnore, sonu/r Tt 3vauenme pH
1 6
2. 1
3. 0,1

KOHT ponbHLIE BOMPOCHI

1. CpenaiiTte BbiBOA O MPUHAANEXXHOCTA YKCYCHOM KUCMOTbI K CUMbHBIM WU clabbiM 3/1eK-
TponuTaM. Ha Kakue aKcrnepuMeHTanbHble AaHHble Bbl ONMpaeTech, (HOPMYyMpPys CBOW BbIBOA?

2. Kak 3aBMCUT 31€KTPONPOBOAHOCTb pacTBopa OT pa3baBieHunsa?

3. Yem o6GycnoBneHa Kucnas cpefa pacTBOPOB YKCYCHOW KUCMOTbI?

NabopaTOPHbIA ONbIT:

«3yyeHune cnibl OAHOOCHOBHbLIX KAPOOHOBbIX KUCNOT »

TeopeTunyeckoe BBefleHNe

KncnoTHblli xapakTep Kap6OHOBbLIX KMCMOT NposaBaseTcs 6narogapsa Haanumk B UX MONEKY-
nax Kap6OKCWULHOW rpynnbl, BHYTPU KOTOPOW umMeeTcsa conpsykeHne. ConpsykeHne ocyLiecT-
BNSETCA 3a CYET MepekpbiBaHUSA p-opouUTanM atoMa Kucnopoga rMApPOKCUNLHOW rpynnbl C
p-opbutansio atoma yrnepoga KapO6oHUNALHOW rpynnbl. B3auMHoe BAUSIHME aTOMOB B KapOoOK-

CUNbHON rpynne obycnaeBnmBaeT cMeLeHne 31EKTPOHHOW MAOTHOCTU OT TMAPOKCUIBHON rpyn-
Nbl B CTOPOHY KapbOHWUNLHOI:

-M; -

— H +M > |-/|

3TO cMmelleHne MPUBOAUT K MOBLIWEHMIO NOAAPHOCTU U ocnabneHuto ceasm O—H B ru-
APOKCUNBLHOI rpynne, 4To o6eryaeT guccoumnanmo KUCnoThbl:

R—COOH ' R—COO- + H+

CTeneHb guccoumauunm, a cnefoBaTtesibHO, U CUa KACNOT 3aBUCAT OT BE/IMUMHbLI U XapakTe-
pa yrneBofOpPOAHOrO pajukana, CBA3aHHOTO C Kap6GOKCU/bHOWM rpynnoit C yBennyeHnem ymc-
na aToMOB yrfiepoja B pagukane KOHCTaHTa AMccouMauumn KUCNoTbl yMeHbluaeTca. B ta6nuue
HVKe NPUBEAEHbI KOHCTaHTbI AMccouMaLi HECKObKUX OPraHMYEeCKNX KUCOT.

KoHCTaHTbl gnccoumaunm nepBbix NnpeacTaBuTenel
roMO/IOTMYEeCcKOro psiga Kucnot

Kuncnorta MypaBbuHas YKcycHasa MacnsaHas

Ka 8 o™ 0-6 15 « 10-5
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KoHcTaHTbl guccoumaymm KMCIOT, OCOGEHHO YKCYCHOW U MacnisHOW, oveHb 6713km 370
Ba)KHO YUMTbIBaTb NPU MOCTaHOBKE AaHHOro onbita Heo6XxoauMo TuatesnbHO roTOBUTH PacTBO-
pbl, UCMOMb3Ys MepHble KOMObl PacyéTbl NPOM3BOANTL C YYETOM MacCOBOW [0/M OCHOBHOIO
BellecTBa B UCXOAHOM peakTnBe OO6LIYHO B LWKOJbI MOCTyNnaeT MypaBbUHAas KUcnoTa KBanngu-
Kauun «4mcTtasi» ¢ maccoBoii goneii 85% n nnotHOCTbiO 1,94 r/mMn. YKCyCcHass KMcnota — «4uu-
cTas» u «XMMUYecKku ymctan», 98% c nnoTHocTbio 1,055 r/mn, macnsHas — «uuctaa» 98 % c
nnotHocTblo 0,96 r/mn Cnepyet 6paTb TOUHble HAaBECKM BellecTBa (4O COTOBOro 3Haka), Ans
n3mepeHuss 06vEMa MCNOAb30BaTb NMUNETKY

MpakTunyeckas yacTb

Llenb onbiTa: onpefenuts pH pacTtBOpoB KapbOHOBbLIX KUCNOT U cAenaTb BbiBO4 06 UX cune.

O6opyaoBaHMe M MaTepuanbl: KOMOWHWMPOBAHHbLIA CTEKNSHHbIA 3neKTpod; 3 cTakaHa
Ha 50 mA; wTaTMB C NankKoW; NPOMbIBasKa; AUCTUANMpOBaHHasa Boga; no 30 mn 0,1M pacTBoO-
pOB MypaBbUHOWN, YKCYCHOW U MacisaHOW KMUCIoT

TexHuka 6e3onacHOCTU

1 Kncnotel — efKkue BellecTBa, cnefyert nsberatb Ux nonagaHms Ha KOXY U ofexay.

2 bepeub rnasal

3 CrapaTbcs He BAbIXaTb Mapbl KUCNOT

4 MacnsiHas Kucnota MMeeT KpaliHe HenpusaTHbIA 3anax, pacTBopbl cnefyeT roToBUThL MOf,
TArom

WNHCcT pyKumA

Hanelite B cTakaH 0kKono 30 mMa pactBopa MypaBbWHOW KMCNOTbl ONycTUTe B HEr0 KOMOU-
HMPOBaHHbI CTEKNSAHHbIA 3NEKTPO[, 3aKPENNEHHbLIA B Nnanke wratuea. Habnogalite 3a nsme-
HeHVeM 3HauyeHus pH Korga nokasaHua pH nepectaHyT M3MEHATbCA, 3anunTe 3HavyeHne pH
B TeTpaau

CTeKNAHHbIA 3NeKTpo TlWaTte/ibHO MPOMONTEe BOAOW W ONYyCTUTE B PacTBOP YKCYCHOW Kuc-
notel MOpPSAOK BbIMOHEHMA PaboTbl cO6MOAaliTe MPU MCCNeAOBaHUU BCEX OCTajlbHbIX pac-
TBOPOB

OdhopmneHne oTuUéTA

3anonHunTe Tabnuuy

Ha3aHue dopmyna KOHLeHTpauua KNCNoTbl

No 3HauveHne pH
KWUCNOTbI KUCNOThI B 1Cc/iegyemMomM pacteope

1.

2.

3.

KOHT posibHbIe BONPOChI
1 CpenaliTe BbIBOA O CUJIE KUC/OT.
2 Kak BnusieT CTpOeHWne yrnesoLopoAHOro paguKkana Ha Cuny KUCIoTbI?
3agaHuve gnga noarorTosku kK TMA, BIMP
1 Ana BewecTts, NPUBELEHHbLIX B MepeyHe, Oonpefennte cpefy WX BOAHbIX PacTBOPOB C
O[INHAKOBOW MONSPHON KOHLEHTpaLme
1) CH3COOH
2) HCOOH
3) CH3COONa
4) CH3COONH4
3anuwimnTe HOMepa BelLecTB B NOpAAKe BO3pacTtaHWs 3HayeHns pH ux BOAHbIX PacTBOPOB.

OTtBeT: 2, 1, 4, 3
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KBAHTOPUMMYM XUMMUSA

NabopaTOPHbLIA ONbIT:
«Pacno3HaBaHWe pacTBOPOB OPraHMYecKMXx KUCNoT»

TeopeTunyeckoe BBefleHNe

C nomoLwbio faT4ynKa MOXHO onpefenuTts pH pacTBOPOB BblAaHHbLIX KUCAOT C O4MHAKOBOM
MOJIIPHOM KOHLUeHTpauueli. OfgHaKo faHHOW MHOopMaLMM HEJOCTATOYHO ANs UAeHTUPUKaLnn
BblAaHHbIX KUCMOT, TaK Kak oby4allmecs He 3HaloT, Kakas M3 3TUX KUCNOT saBnsetcs 6onee
CUNIbHOM, @ Kakas — MeHee CWbHOWN. [na nonyyeHUs MHPOpMaLUU yYeHUKaM MOXKHO npef-
NIOXWUTb CMpPaBOYHbIE AaHHble (CMPABOYHUKM Ha OGYMa)KHO OCHOBE WM WHTEPHET-Pecypchbl)
(cm. Tabn. HUxe).

KoHcTaHTbl MOHU3aunn n 3HadeHna pH s 0,01M pactBopax
HEKOTOPbIX OPraHMYeCcKuUx KucnoT

TeopeTnyeckoe 3HadyeHue pH

Kucnorta KoHcTaHTa noHusayuu npu 25 °C<?> 8 0,01M pacTBope
BeH3olHasn 6,2 «10-5 31
Cannuumnosas 1,1 «10-3 2,6
LaseneBas 56 «10-2* 2,1

* 1na waBeneBoi KACNOTbl NpMBeAeHO 3HavyeHne K4

CpaBHMBAsA KOHCTAHTbl MOHM3aLUMM KUCMOT, y4yalimecs NPUXOAAT K BbIBOAY, UTO camas
CU/IbHasA M3 BblAaHHbIX KUC/MOT — L aBesieBasi, MeHee CuU/ibHas — canuMuuaosas, a camasa cna-
6ass — 6eH30liHas. Moatomy 3HavyeHne pH 0,01M pacTBopa LiaBeNeBON KWUCNOTbl camoe Ma-
NneHbKOe, a 6eH30lHOI — camoe 6onbLuoe.

lMpakTwnyeckas yacTb

Llenb onbiTa: naoeHTUMLMPOBaTh BblAaHHbIE PacTBOPbl GEH30MHOW, cannunioBOi U LaBe-
NneBOW Kncnot

O6opyaoBaHMe U MaTepuanbl: KOMOMHUPOBAaHHbIA CTEKNSAHHBLIA 3nekTpog (Aatumk pH);
lWITaTMB C 3aXVUMOM; 3 MPOHYMEPOBaHHbIX cTakaHa Ha 50 mn, cogepxawmx no 20 mn 0,01M
pacTBOpPOB GEH30WHOI, CaNnUWIOBOW* 1 LWaBEeNeBON KUCNOT, NPOMbIBaNKa; ANCTUIIMPOBAH-
Has Boja

MeTogfuKa nonyvyeHne cannumnoBoi KNCN0Tbl U3 acnmpmHa

CanuunnoByo KUCNOTY MOXHO ObICTPO MOMYyYMTb FMAPOAN30M aueTuncainuLmnioBon Kucno-
Tl — acnupuHal Ans BbiNOAHeHMA paboTbl fydwe 6paTb acNUPUH POCCUIACKOTO NPOU3BOA-
CTB@, MOCKO/IbKY MMMOPTHbIA npenapar NOMMMO aKTUBHOIO KOMMOHEHTA COAEPXKUT pasfimyHble
HanonHuTenn (Kpaxmarn, Knetdartka).

Momectutb 20 1 aueTnncanuumunoBoi kucnotel (40 Tabnetok no 0,5 r npeaBapuTeNbHO U3-
MENIbYMTbL B CTYMKe) 1 200 Ma 20 %-i CONSIHOM KUCMOTbl B KOHWYECKYID WM MAIOCKOLOHHYIO
Konby Ha 500 — 1000 mn. Kon6y HarpeBatb 30 MWH Ha Kunswien BoasHol 6aHe, nepuoguye-
CKM BCTPSAXUBas gna nepemMeLinBaHus cogepXXmmoro

Mpy OTCYTCTBMU B LUKO/IbHOM KabuHEeTE XVMUM CaIMLMMIOBOI KUCOTbl €€ MOXHO JIErKO MONy4nTb
13 aLeTUICcCaLMIOBON KACNOTbI (ACMpPUHA), CM. METOAMNKY HIXKE.

1 KopyarvH M., TonoeHep B. H. CuHTe3 atuncanuumnata ns acnmpuHa (no marepuanam Solomon,
Sally; Hur, Chinyu; Lee, Alan; Smith, Kurt. J. Chem. Educ. 1996. 73 (Ne 2). P. 173—175) // Xumusa B
wkone. 2001. Ne3. C. 69—0.
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XNMUn4A KBAHTOPUMMY M

OKoH4YaHMe rpoLuecca PUKCUPYeTca MO MOSABMIEHUIO 3araxa yKcyca W 3arycTeHU0 CMecHu.
Mpopgomkatb HarpeBaHue ewe 10 MUH, 3aTeM OxnaguTb. MNocne oxnaxgeHus gob6asuts 100 mn
XONOL4HOW BOAbl M OTPUILTPOBATL CMECb Ha BOPOHKe BroxHepa. OcTaBlunecs Ha QunbTpe Kpu-
cTan/bl CaMUMIOBON KUCNOTbl MPOMbITh HECKOIbKUMW MOPLUMUSMU XONOA4HOM BOAbl MO 10 Mn
4NS yaaneHus cnefoB YKCYCHOWM KUCAOTbl U BbICYLUUTb

Bbixof cannumnioBoi KNCNOTbl OKOMO 14 T.

WHCT pyKumna

JaTtumk pH 3akpenuTe Bnanke wratmeBa. Mccneayiite pactBop B cTakaHe 1. Habnwopgaiite 3a
n3MeHeHVeM 3HadeHuin pH. Korga nokasaHus npubopa cTabunusnpyroTcs, 3anuwinte 3Hade-
HWe B TeTpadb. TWiaTeslbHO NPOMONTE AaTUMK AUCTUIIMPOBAHHOK BOLOM M NOBTOPUTE MCCNeLo-
BaHWA 4BYX OCTaBLIUXCSA pacTBOPOB

OdhopmneHne oTuéTA

3anonHunTe Tabnuuy.

Ne KoHueHTpauus KoHcTaHTa guccoumauunm Onpepensemoe
cTakaHa KWUCNOTbI, MOSb/N pH KMUCNOTbI BELLEeCTBO

1 0,01

2. 0,01

3. 0,01

KOHTpOnbHbLIA BONpOC

O6bAcHUTe pe3ynbTaTbl UCCNef0BaHUn U OBOCHYITE CBOWM BbIBOA B OTHOLLEHUN UAEHTU(U-
LUpYyeMbIX BELLECTB.

3agaHue gna noaroTosku K N'MA, BIP

3apaHune 1

4,3 T NapoB OpraHNYecKkoro BeliectBa A, COCTOALLETO M3 TPEX 3/1IEMEHTOB, CMeLann ¢ Us-
ObITKOM KUCNOpoda M NOAOXIIW. [a30BYH0 CMeCb, NMOMYYEHHYHD MOCc/e MOJIHOIo cropaHus A,
NpVBENM K HOPMa/bHbIM YCIOBUAM W OTAENWAM XNAKYIO BOAY, Macca KOTOpOW coctaBuna 2,7 T.
OcTaBlUuMecs rasbl 3aHMManu 06bLEM 6,72 Nn; MNNOTHOCTb cMecun — 1,786 r/n. 3BeCcTHO, UTO Be-
WecTBO A COAEPXUT TPETUYHBIA aTOM yrnepoja v ero B3aMMOAENCTBME C TMAPOKCUAOM Meam
(I) npoTtekaeT 6e3 U3MeHEHNs CTENEHN OKUCNEHUS Meau.

Ha ocHOBaHMW faHHbIX YCNOBUA 3afaHUA BbINOMHUTE CrefytoLlee:

1) npoBeaMTe HeOOXOAMMblE BblYMCNEHUS (YKa3blBaTe eAUHULbI N3MEPEHUS PU3NYECKUNX
BE/IMYMH) U YCTAHOBUTE MOJEKYNAPHYIO hopMyny BelwecTBa A;

2) coctaBbTe BO3MOXKHYHO CTPYKTYPHYIO (hopMyny BeliecTBa A, KOTopass OfHO3HayHO oTpa-
YKaeT NopsiloK CBA3WM aTOMOB B €ro MOJEKY/IE;

3) HanuwnTe ypaBHEHWEe peakuum BewectBa A ¢ rugpokcngom meau (II) (ncnonb3yiite
CTPYKTYPHble (DOPMY/ibl OpraHN4Yeckmnx BeLw,ecTB)

OrTBerT:
1) C4He602
2) MeTaKpuioBas KucnoTta
o
/ [
H2C;
3) 2H2C*C """'®OMN + Cu(Olh2 'C OlICu2n + 21bO
I
CH3 V CH?3
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NabopaTOPHbLIA ONbIT:

«llenoyHon rmgponns sTunaueTaTa»

TeopeTunyeckoe BBefleHNe

[aHHbIA 3KCMepMMEHT HalefleH Ha BbISIBIeHWE 3aKOHOMEpPHOCTel MPOTeKaHusa rMaponunsa
CNOXHbIX 3()MPOB, KOTOPLI B HEATpanbHOWM cpeae MAET C HA3KOWM CKOPOCTbIO, MOCKOMbKY BOAA
o6nagaeT cnabbiMn HyKNeoMuabHbIMWU CBOVCTBaMU. PaBHOBECHE CUIbHO CMELLEHO BEBO:

B wenouHoii cpege rmaponus MAET ropasfo 6bicTpee, B 3TOM Ciayyae MpUHMMAET ydacTue
CUMBHbIA HYKneoun — rugpokena-noH OH-. LWlenoyHoli rugponms npaktmyeckm Heobpatum,
TakK Kak 06pasyroLmMinca aHNOH KapboHOBbIA KUCNOTbl HE MOXET ObITb aTakoBaH HYK1e0(pnIoMm.

O CKOpOCTU MPOTEKAHMUSA peakuun MOXHO CyAuTb MO M3MeHeHuto pH. [ns AOCTMXeHUs no-
CTaB/IEHHOW LUeNn nepen AeMOHCTpauneli akcnepumMeHTa He06X0a4MMO akTyanm3nmpoBaTb Onop-
Hble 3HAHWUSI yyalMxcs O BOAOPOAHOM MoKasaTene pH, 0 ero 3aBUCMMOCTM OT KOHLEHTpaLumm
MOHOB BOjoOpofa H+ B BogHOM pactBope. padukm 3aBUCMMOCTM PH OT BPEMEHM, KOTOpblE
CTPOUT KOMIMbIOTEP HA OCHOBAHUN W3MEPEHWUI, PUKCUPYEMbBIX AaTYMKOM pH, Lenecoo6pasHo
LEMOHCTPMpPOBaTb Ha GOMbLLIOM 3KpaHe.

MpakTunyeckas yacTb

Llenb onbiTa: Nony4yntb 3aKcnepumeHTanbHble AaHHble O 3aBUCMMOCTU pH pacTBopa LWeno-
U/ OT BPEMEHU B NpoLiecce rmaponmsa CA0XKHOIo aupa, 06bACHUTL NONyYeHHble pe3yfbTaThl.

O6opyfoBaHue M MaTepuanbl: KOMOMHUPOBAHHLIA CTEKNAHHBIA 3/1€KTPOL,; 2 CTakaHa Ha
50 mn; WwWTatMB € Nankon; NpoOMbIBaNKa; AUCTUNNNPOBaHHaA BOAA; 2 M1 U3BECTKOBOWN BOAbl (Ha-
CbILLEHHbIM pacTBOP rmapokcuia Kanbuus); 4 Ma 3TMA0BOro aupa YKCYCHOW KUCNOTbI (3Tuna-
uerara).

WHCT pyKuUma

B ctakaH Hanelite npumepHo 30 mMn BofAbl, JO06aBbTe 2 M 3TualeTara U onyctute B NOJy-
YEHHYI0 CMeCb KOMOWHMPOBAHHbLIN CTEKNSHHbIM 31eKTPOA, 3akKpen€HHbIM B nanke LWTaTtuea.
Habntogaiite 3a M3MeHeHWEM 3HaueHua pH. Korga nokasaHus pH nepecTtaHyT M3MeHATbCSA, 3a-
nuwnTe 3HayeHne pH B TeTpagn.

B apyroii ctakaH Haneiite 30 Ma AUCTUANMPOBAHHOW BOAbl, NpuneiTe 2 MN U3BECTKOBOW
BObl 1 ONYCTUTE B PacTBOP CTEKAHHbLIA 3NeKTPO[, 3aKpenNéHHbI B nanke wratnea. Habnwo-
JaiiTe 3a M3MeHeHMeM 3Ha4vyeHuss pH. Korga nokasaHuss pH nepectaHyT U3MEHSTbCA, 3anumnTe
3HayeHue pH B TeTpagu.

K nonyyeHHoMy pactBopy npwuneinte 2 mn atunauertara. OCTOPOXXHO nepemeLlainTe cogep-
»XnMoe. Habnwogante 3a naMeHeHMeM 3HavyeHuss pH. Korga nokasaHuss pH nepectaHyT uame-
HATbCA, 3anUWnUTe 3HayeHVe pH B TeTpaau.
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OdhopmneHne oTUéTA
3anonHute Tabnuuy.

McxopHble BewecTea 3HayeHune pH YpaBHeHVe peakuuun

Boga + atunauerar

Boga + ruapokeua kansums

Boga + rugpokcua Kanbupsa + atunauertar

KOHTponbHbIA BOMPOC

B kakoli cpefe rmaponm3 3TUAOBOrO ampa YKCYCHOIW KMCNOTbl npoTekaeT 6bicTpee? lo-
yemy?

3apgaHue gna noarorTosku K TMA, BIMP
MpuY Weno4YHOM rMaponun3se CNOXKHOro aupa, hopmMmysna KOTOPOro

06pas3yoTca BellecTsa:
1) YKCyCHas KucnoTta
2) NPONNUOHOBas KMcnota
3) nponuoHar HaTpus
4) ataHON
5) metaHon

OTBeT: 3, 5.

NNabopaTOPHbLIA ONbIT:
«CpaBHEHNE OCHOBHbIX CBOWCTB aMMuaka U MeT unaMmmHa»
TeopeTunYeCcKoe BBeJeHNe

XMMUYecKme cBOCTBA aMMHOB CXO/Hbl CO CBOMCTBaMM aMMuaka. BofgHbIi pacTBOP HU3LIMX
aMWHOB NPOSABASET LLEN0YHbIE CBOICTBA:

CH3NH2+ HOH =  [CH3NH3+ + oH-

OCHOBHble CBOIiCTBA aMWHOB OOYC/MOB/IEHbI CMOCOGHOCTbIO atoma as3oTa MPUCOEAUHATbL
NPOTOH 3a CYET HeNoJeNeHHOW 3N1eKTPOHHOW napsbl:

OCHOBHble CBOICTBA aMWHOB BbIPaXKEHbI ApYe, YeM aMMuaka. 3TO OOBACHAETCS TeM, UTO
YyrneBoopOAHbIE PaAuKasibl YBENMMUNBAIOT 3/IEKTPOHHYIO MIOTHOCTL HA aTOMe a3oTa M nocnep-

HWIA NPOYHee CBA3bIBAET MPOTOH. KOHCTaHThl gMccoumaLMm HEKOTOPbIX aMUHOB MpeacTaB/eHbl
B Tabnuue Huxe.

Ta6bnuuya 1
KOHCTaHTbl Anccoumnalmnm a3oTcoaeprKaliux OCHOBaHUN
OcHoBaHuVe NH3 + H20 CH3NH2 + H20 (CH3)2NH + H20 (CH3)3N+ H20
Ko 1,76 « 10-5 5,25 « 10-3 1,1 «10-3 8,1 «10-5
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Kak BngHO n3 1abnuubl, amuHbl 1 ammmak o6pa3ytoT cnabble OCHOBaHUSA
Conv aMMOHMA 1 aMWHOB MNOZABEPralTcs rmaponmsy. Tak kKak OHM 06pa3oBaHbl cnabbiMu
OCHOBaHUAMMU, TO TMAPOAN3 UAET NO KATUOHY:

NH/ + HOH B NH3-H2 + H+
[CH3NH3++ HOH B CH3NH2-H2 + H+

Cpefa pactBopa Kucnas, Tak Kak npu ruaponmse npoucxoamt obpas3oBaHne MOHOB H+
Uem cnabee ocHoBaHWe, TeM Gonblle CTereHb rMApoan3a U TemM Bbllle KOHLUEHTpauus MOHOB
Bogopoja Takum o6pa3om, uamepus pH pacTtBopa COMK, MOXHO onpegennts CUy OCHOBa-
HUs

lMpakTwnyeckas yacTb

Llenb onblTa: n3yunTb U CPaBHUTb OCHOBHbIE CBOWCTBA aMWHOB

O6opyfoBaHue 1M MaTepuasnbl: KOMOMHUPOBAHHbLIA CTEKAAHHbLIA 3/1EKTPOoL,; 2 CTakaHa Ha
50 mn; WTatMB € 3aXKMMOM; NMPOMbIBankKa; guctTunnmposaHHaa soga; no 20 mn 0,1M pactBopoB
xfopua aMMOHUA U Xnopuga MeTuiaMMOHUSA

MHCT pyKuma

B ctakaH Hanelite 20 mn pactBopa xnopumga aMMOHMA OnycTuTe KOMOUHUPOBAHHbIA CTe-
KNSHHbIA 3N1€eKTPOoJ, 3aKpennéHHbl B nanke wratmBa. Habnogalite 3a N3MeHEHUEM 3Ha4YeHUs
pH. Korga nokasaHuna pH nepectaHyT U3MeHATLCA, 3anninTe 3HavyeHne pH B TeTpajb.

CTEKNSAHHbIN 3N1eKTPOoA TuiaTesibHO MPOMOliTE BOAOMN.

Bo BTOpO#1 cTakaH HanenTe 20 Ma pacTBopa xJopuga MeTUIaMMOHUSA 1 ONYyCTUTE B pacTBOp
anekTpof. lNocne yctaHOBNEHUA MOCTOAHHOIO 3HaYeHUa pH 3aHecuTe MojslyYeHHOe 3HayYeHne B
TeTpagb

OdhopmneHne oTuéTa

3anonHuTe TabnuLy.

Ne onbITbl Ncecnepyembiii pactBop 3HaueHune pH YpaBHeHNe peakuun rmaponmnsa

KOHT ponbHbIA BONPOC

Cpoenalite BbIBOA O CM/1e@ OCHOBHbIX CBOMCTB MeTUaM/Ha 1 aMmMuaka.

3afaHue gnsa nogrorosku K TMA, BIMP

3 npefnoXXeHHOro nepevHsi BolbepuTe BeLLecTBa, OCHOBHbIE CBOCTBA KOTOPLIX BblpaXe-
Hbl ipye, YeM y aMMMaKa:

1) MeTUIaMnH

2) gumeTunaMmunH

3) aHUANH

4) puheHnnammH

5) napa-HUTPOAHW/INH

OTtBeT: 1, 2

NabopaTOPHbLIA ONbIT:
«M3yyeHne OCHOBHbIX CBOWCT B aHUNNHA»

TeopeTunyeckoe BBefleHNe

ApomaTnyeckre aMmnHbl UMEKOT MEHee BbIPaXKEeHHbI OCHOBHbIN xapaKkTep, YeMm anudatuue-
CKMEe aMWHbI. YTO6bI B 3TOM y6eAUTbCSl, MOXXHO CPaBHUTb KOHCTaHTbl AUCCOLMALUN:
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N 3NH2+ HOH' [CH ™ 3+ + OH- Kb = 5,25 « 10-3

C6H5NH2 + HOH ' [C6H5NH3+ + OH Kb= 3,8 * 10-10

YMeHbLUEHNE OCHOBHOCTW aHWAMHA MO CPABHEHUIO C annMpaTUUYECKMMU aMUHAMU MOXKET
OblTb 06BACHEHO B3aMMOAENCTBMEM HENOAENEHHOI Napbl 3N1EKTPOHOB aToMa a3oTa C 3/1eKTPO-
HamMy GEH30/1bHOTO siapa — P,N-COMNpPsSHXKEHUEM:

Takoe conpshKeHne MOHWXKaeT CMNOCO6HOCTbL HEMOAENEHHONM Nnapbl aToma as3oTa npucoeam-
HATb MPOTOH. TakXke Mpu coneo6pa3oBaHUN TEPSIETCS COMPSHKEHUE 3aMecTUTenst ¢ 6eH30/b-
HbIM KO/IbLLOM, UTO TaKXXe 3HEepreTMyeckn HeBbIrogHO TakMM 06pasom, rMaponus xnopuga de-
HUNAMMOHMSA MO CPABHEHUIO C X/IOPUAOM METUIaMMOHUS MAET B GOMbLUE CTENEHN.

MpakTunyeckasa yacTb

Llenb onbiTa: U3yuyntb OCHOBHblE CBOMCTBA aHW/IWHA, OOBACHATL pe3ynbTaTbl U3MEpPeHus
pH pacTtBOpOB coNel aMMOHUA, NpefenbHbIX U apoMaTU4eckux aM1UHOB

O6opypoBaHMe M MaTepuanbl: KOMOMHUPOBAHHLIA CTEKMAHHbLIA 3/1eKTPOo4; CTakaHbl Ha
50 MN1 — 4 Wt ; WTAaTMB C 38XMMOM; NPOMbIBaNKa; AUCTUNNNPOBaHHaA BoAa; 20 M/ HaCbILWEH-
HOro pacTtBopa aHunMHa B Boge; rno 20 mn 0,1M pacTBOpOB X10pNAO0B aMMOHMSA, (heHUIAMMO-
HUS 1N METUNAMMOHMSA

WNHCcT pyKumA

B ctakaH Haneite 20 Mn HacbIWEHHOro pacTBopa aHunuHa. OnycTuTe KOMOUHUPOBAHHbIN
CTEK/ISAHHbI 3NeKTPOS4, 3aKpennéHHbIn B nanke wratuea. Habnwogalite 3a N3MEHEHNEM 3Ha4e-
Hua pH. Korga nokasaHuna pH nepectaHyT M3MEHATbCA, 3anuiinTe 3HavyeHue pH B TeTpajb.

CTeKNAHHbIA 3NeKTPOA TwaTe/NbHO NPOMOliTe BOAOM.

Bo BTOpoOIi cTakaH Hanelite 20 mn pacTBopa xfopuga PeHnNaMmmMOHUS, KOHLEeHTpauns Ko-
Toporo 0,1 monb/n. Onyctnute B pacTBOP 3NEKTPOA U Moc/ne YyCTaHOBNEHUSA MOCTOAHHOIO 3Ha-
yeHUs pH, 3aHecuTe NoONyyYeHHOe 3HauYeHue B TeTpalb.

Mopsafok BbIMNOMHEHUA paboTbl cobntofaliTe NPU UCCNELOBAHNN BCEX OCTallbHbIX PacTBOPOB.

OdhopmneHne oTUéTA

Pe3ynbTatbl UccnefoBaHuii 3aHecute B Tabnuuy.

Ne onbiTa Nccnepyemblii pactBop KoHueHTpaunsa, monb/n pH
1 aHWINH (HaCbILLEHHbIN) 0,351
2. xnopug, heHNIaMMOHUS 0,1
3. xnopuga MetuiaMmmMoHms 0,1

1[laHHasa BenMuMHa paccumTaHa Ha OCHOBaHWUM CrpaBOYHbIX AaHHbIX: PabuHoBmY B. A., XaBuH 3.41.
Kpatkuii xummueckuii cnpaBoyvHuK. J1.: Xumug, 1991 C. 136. MNpy U3yYeHUU XMMUW Ha Yriy6néHHOM
YPOBHE MOXHO MPen/IoXKUTb LLUKOMbHUKaM paccynTath aHHYH0 BeNYMHY CaMOCTOATE/LHO.
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4. xnopuga aMMOHUSA 0,1

KOHT ponbHbIA BONPOC

Ha ocHoBaHMWM NPOBELEHHOTO WUCCNeA0BaHWA PAacnofioXute clefylolime BelwecTsa: aHU-
NINH, MeTUNaMUH U aMMKUak B NOpPsLKe BO3pacTaHUA OCHOBHbIX CBOMCTB

3agaHua gna nogrorosku K TMA, BIP

1 YcTtaHOBUTE COOTBETCTBME MeXAy Ha3BaHWEM BeLlecTBa W Cpefioil pacTBoOpa 3TOro Belle-
cTBa

HA3BAHWE BELWLECTBA CPELOA PACTBOPA
A) xnopug aMMOHUSA 1) HeWlTpanbHas
B) cynbdart heHnnammoHus 2) Kucnas

B) 6pomug 6apus 3) wWeno4Has

N AgumetTunamuH

A b B r

OTBeT: 2, 2, 1, 3.

2 C nomoLblo akmyca MOXHO pa3/iMunTb PacTBOpPbI CNeAyoLMX BELECTB:
1) aMMMaKa 1 MeTuiamMmmHa

2) MeTUNaMMHa 1 xnopuaa MeTuaaMMoHus

3) YKCYCHOW KMCNOTbl K 3TaHONa

4) YKCYCHOW KUCNOTblI K MeTUnaMnHa

5) YKCYCHOW KUCNOTbI U xnopuga peHn1aMmmMmoHns

OTtBeT: 2, 3,4

3afiaHve NS pa3BUTUA PYHKLUOHANBHON rpaMoOTHOCT K

A. M. bytnepoB B 6unorpagumnyeckom ovyepkelo H. H. 3uHnHe Hanucan: «OrpoOMHOE TEXHU-
yeckoe 3HayeHWe 3TOro OTKPbLITUA, CAeNaHHOro B MHTepecax YMUCTOM HayKu, CAYXXUT Nydlivm
OTBETOM Ha CiblWalniics Hepeako B Ny6/MKe BOMPOC O TOM, Kakyk MOJb3y MOXET NPUHEeCTU
TO WM OpYyroe HayyHOe UCC/ieJOBaHue, He UMeloLee B JaHHYH0 MWUHYTY HUKaKOro yTUIUTapHO-
ro sHaYeHus».

Mcnonb3ys TekcT yyebHUKa, UHPOPMALUOHHbIE UCTOYHUKM ceTu VIHTepHeT, OTBeTbTe Ha
cnefytoline BOMPOChHI:

1) O kakoMm OTKpbITUM H. H. 3uHMHa nuwet A. M. ByTnepos?

2) HanuwwuTte ypaBHeHWEe peakuun, KOTOpas HOCUT MMA BEIMKOrO PYCCKOro xmmumka Huko-
nas Hukonaesm4ya 3MHMNHa

3) Mouewmy, no cnoeam A. M. byTnepoBa, 3T0 OTKPbITUE UMEET OTPOMHOE TEXHNYECKOE 3Ha-
yeHune?

Na6bopaTOPHbLIA ONbIT:
«OnpepeneHne cpefbl pacTBOPOB aMUHOKUCIOT »

TeopeTunyeckoe BBefleHNe
AMWHOKNCNOTLI — TBEPAblE KPUCTaN/IMYECKMe BeLlecTBa C BbICOKOW TeMnepatypoi nnas-
NeHud, npu nnasneHUn pasnararTcd. XOpPOLO pPacTBOPUMbI B BOAE, BOAHbIE pPacTBOPbI 3/€K-

1bytnepos A. M. Cou. T. 3. M,, 1958. C. 92— 116.

128 B comepxkaHue



XM KA

TPONPOBOAHbI. ITMN CBOICTBA OOBACHAKTCA TEM, YTO MOJEKY/Ibl aMUHOKUCNOT CYLLECTBYIOT B
BMAE BHYTPEHHMX cofeli, KOTOopble 06pa3ytoTcsa 3a CYET MepeHoca MPOTOHa OT Kapbokcuna K
amuHorpynne. MNpy 3TOM 06pa3yloTCsA YacTuLbl C MOMOXUTENbHBIMU U OTPULATENTbHBIMW MOJIHO-
caMmu. Takme YacTuLbl Ha3biBalOTCA BUNONAPHBLIMU MOHAMW WA LIBUTTEP-MOoHaMu (zwitter B nep.
C HEM — 060enonbIit)

B BOAHOM pacTBOpe aMWHOKMCAOTHLI yCTaHaBAMBaeTCA AMHaAMUYeCKOe paBHOBeECUE MeXAy
6MNONAPHLIM MOHOM, KaTMOHHOW W aHWOHHOW (opmamMy BaXHO NOHWMMAaTb, YTO OObIYHO WC-
nonb3yemas 3anncb CTPOEHMS aMUHOKMUCIOTbl B HEMOHU3MPOBAHHOM BUAE CAYXWUT NULb 4114
ypoo6cTtBa. MNonoxeHne paBHoBecus 3aBUCUT OT pH cpeabl. O6WNUM AN BCEX aMUHOKUCIOT SB-
naetca npeo6nafaHue KaTUOHHbLIX OPM B CUNbHOKMUCALIX (PH 1—2) M aHWOHHbIX B CUNbHO-
WwenoyHbix (pH 13— 14) cpepax.

BoaHble pacTBOpbl OGONbLLUIMHCTBA aMUHOKUCAOT MMEKT MNOYTU HeWTpasbHYI0 peakuuto
(pH ~ 6,8). OfgHaKO ecnu B cOCTaB aMUHOKUCNOTbI BXOAAT ABe KapOOKCUIbHbIE TPynnbl, TO pe-
aKkumsa pactsopa byaeT KUCnoi. 3T0 06BACHAETCH TEM, YTO OfMH NPOTOH KapbOKCUALHOWN rpyn-
Nbl NpUcoOeaVHSETCA K aMUHOrpynne, NPOTOH H+ BTOPOI Kapb6OKCWUbHOM rpynnbl NepexoauT B
pactsop

KucnoTa, cogepxkalwlias iBe aMUHOTPynmbl, NpU pacTBOPEHUM B BOAe AAET LLENOYHY0 peak-
uuio. Mpu B3aMmopaelicTBUM ¢ BOAOW aMUHOrpynna npucoeanHseT NPOTOH, Npu 3TOM NPOMUCXO-
ANT BblgeneHne cBO6GOAHLIX rMapoKcna-noHos OH-.

NMpakTunyeckasa vyacTb

Lenb onbiTa: aKCnepuMeHTanbHO onpeaennts pH pactBoOpoB aMWUHOKUCNOT. Ha ocHOBaHuUu
NONIYYEHHbIX 3KCNEePUMEHTaNbHbIX YCTAHOBUTb 3aBUCUMOCTb KWUC/IOTHO-OCHOBHbIX CBOWCTB
aMUWHOKMUCIOT OT UX XUMUYECKOTO CTPOEHUSA

O6opyfoBaHue M MaTepuanbl: KOMOMHUPOBAHHLIA CTEKASHHbBIA 3N1eKTPOJ4; CTakaHbl Ha
50 Mmn — 4 wWT; WwTaTMB C NankoW; npoMbIBanka, guctunampoBaHHasa Boga; no 20 ma 0,01M
pacTBOpPOB MMULUMHA, anaHuHa, ryTaMMHOBOW KUCOThI, N3NHA

WHCT pyKuma:

B ctakaH Haneite npumepHo 20 Ma pactBopa ruUUMHa, ONycTuTe B pacTBOpP KOMOWHUPOBaH-
HbI CTEKNSAHHbLIA 3N1eKTPOA, 3aKpPennéHHbIi BNanke wWratmea HabnopgaiTe 3a M3MeHEHWEM 3Ha-
yeHna pH Korga nokasaHuna pH nepectaHyT M3MEHATLCA, 3annnTe 3HavyeHne pH B TeTpaau

CTeKNAHHbIA 3NeKTpos TwaTeNbHO NPOMOWTE BOAOW M ONYyCTUTE B PacTBOP rNyTaMUHOBOM
KNCNOTbI

MopsfoK BbINOMHEHMA PaboThl cobnjaiTe Npyu UccnefoBaHMKM BCEX OCTasibHbIX PacTBO-
pos

OdhopmneHne oTuUéTA

3anonHute Tabnuuy.

CooTHOWeEeHWEe Yyucna

Ha3BaHune dopmyna 3Haye-

Ne KapbOOKCU/IbHbIX rpynn

aMWHOKNCNOThI aMWHOKNCNOThI Hne pH

v amuHorpynn (-COOH : NH.-)

1 ruyH 11
2.
3
4,
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ftj] KBAHTOPUMYM XNMUA

KOHT ponbHLIE BOMPOCHI

1 Ha ocHOBe MOMyYeHHbIX AaHHbIX CPOPMYNMPYITE BbIBOA O 3aBUCUMOCTU 3HaveHus pH
nuccnefyemoro pacrsopa OT coctaBa aMUHOKUCOThI

2. 3apaHua gnga nogromosku K T'MA, BIP

1 N3omepamMmu anaHuHa ABNAKOTCA:

1) 2-aMmMHONpONaHoBas KucnoTta

2) 3-ammHonponaHoBas KucnoTta

3) 4-meTnnaMmmHOBEH30/

4) 1-HuTponponaH

5) rAMUmH

OTBeT: 2, 4

3. B 3agaHHOl cxeme npeBpaLleHuii:

CH3-CH2- COOH
BelwlecTBaMu X N Y COOTBETCTBEHHO ABNAKOTCA:

1) 2-6pomnponaHoBas Kucnota 4) nponuoHaT aMMOHUA
2) 3-6pomnponaHoBas KucnoTa 5) 2-amuHonponaHoBas Kucnota
3) ©6pomataH

X Y

NNabopaTOpPHbLIA ONbIT:
«KMCNOTHble CBOMCTBA aMUHOKUCNOT »

TeopeTunyeckoe BBefieHNe

a-aMMHOKMCNOTbl 06pPas3yloT NPOYHbIE XenaTHble KOMIMJIEKChl C MOHaMW MeTansnioB Me2+ n
Me3+. /x BOAHblE pacTBOPbLI B OT/IMUME OT PACTBOPOB COOTBETCTBYHOLLMX COMElN WeNoUHbIX Me-
TannoB 06nafalT OYEeHb HWU3KOWM 3M1eKTPONPOBOAHOCTLIO. 3TO 0OYCNOBAEHO TEM, YTO Xenar-
Hble KOMMJIEKCbl C MOHaMX MeTannoB Me2+ 1 Me3+ anekTpoHelTpanbHbl:

K

MefHble KOMMAEKChbl a-aMUHOKUCAOT, OKPAaLleHHblE B CUHWIA LBET, MCNOMb3YIOT AN Kadve-
CTBEHHOTO M KO/IMYECTBEHHOTO aHann3a, a TakxkKe A5 OUYNCTKU a-aMUHOKMCIOT.

[aHHbIA ONbIT NO3BOMSET MOCTaBUTL Mepes obydvarowmnmMncs yvyebHyo nNpobnemy: novemy
HelTpasbHble PacTBOPbl a-aMUHOKWCOT pearnpyroT ¢ COeAUHEHUAMMN MeauM Nojo6HO pacTBO-
paM MUHepanbHbIX KUCNOT

MpakTunyeckasa 4acTb:

Llenb onblTa: uccnefgoBaTb B3aMMOAECTBME a-aMWHOKUCAOT C COeAMHEHUAMU Mean U
LMHKa

O6opypoBaHue U MaTepuanbl: KOMOUHMPOBAHHLIV CTEKNAHHBIN 31€KTPOA, AaTYUK 3EKTPO-
NPOBOAHOCTYU; CTakaHbl Ha 50 M1 — 4 WT.; WTATUB C KOMbLOM U 3aXKMMOM; NPOMbIBasIKa; OrHe-
3almMTHaa NpoKNagka; wnatenb; AUCTUANMPOBaHHAA BoAa, 10%-e pacTBOPbI MMULUMHA U TMAPOK-
cuia HaTpus; NnopoLoK okcuga mean (I1); rmapokena LMHKa; OCHOBHOM Kap6oHat meau (I1).
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XNMUA LLI KBAHTOPMMY M

NHCT pyKumAa

B ctakaH HaneiTe 15 mn 10%-ro pactBopa ravumHa. OnycTtuTe B pacTBOP KOMOUMHMPOBAH-
HbIi CTEKNAHHBLIA 3nekTpoa Korfa nokasaHus gatdymka nepectaHyT U3MEeHSTbCH, 3aMKCUpPYin-
Te 3HadyeHue pH.

MocTaBbTe CTakaH C PacTBOPOM aMWHOYKCYCHOI KUCMOTbl Ha OrHe3aluTHYH MNPOKNagKy B
KONbLO WTatnea. OCTOPOXHO HarperTe pacTBOp U HEGOMbWIMMK NOPUMAMNU AO6aBNsANTE B ro-
psuunii pactBop Kucnotbl okcug mean (I). MNepemMelwmBariTe pacTBOp CTEKNSIHHOW Manoykon u
HabnopanTe 3a M3MEHEHMEM OKpacku. Mocne Toro kak okcug meam (ll) nepectaHeT pacTBO-
pATbCA, NpekpaTuTe HarpeBaHue. [JaiTe pacTBOPY OCTbITb JO KOMHATHOW TeMnepatypbl U cnein-
Te pacTBOp C 0cajKa B YWCTbIi cTakaH B nonyuyeHHbI pacTBOp onyctuTe gatumk pH v onpege-
nnTe 3HavyeHne pH nonyyeHHoro pacteopa. NpomoiiTe 3anekTpos.

K nonyyeHHOMy pacTBOpY npueiiTe HeCKONbKO MWIIWIMTPOB pacTBOpa rmapokcuga Ha-
Tpusa. Yto Habntogaete?

AHaNorn4yHble onepaumm npojenante ¢ OCHOBHbIM Kap6oHaTtom meau (11).

C nomoLLblo faTyuKa 3/IEKTPONPOBOAHOCTN ONpefennTe, Kak N3MeHseTCa 31eKTpornpoBoj-
HOCTb PacTBOPOB B NMpoLecce B3aMMOAENCTBUSA InLMHa ¢ okeugom meam (1), ¢ OCHOBHbIM Kap-
6oHaTtom megu (I1). O6BbACHUTE HabNtofaeMble N3MEHEHUS.

B opyroli ctakaH Hanelite pactBop MuuMHa U npubaBbTe HEMHOMO MOPOLUKA rMapokcmaa
UMHKa. PasmeluainTe pacTBOp W OCTOPOXXHO HarpeiTe. Uto Habnwogaete? VccneayinTte pacTBo-
pbl, NICNOMb3YA faTyMKKM pH 1 3N1eKTPONpPOBOLHOCTU.

OdhopmneHne oTuéTA

KOHTpoObHbIE BOMPOCHI

1 OtnnuaroTes NM 3HayveHuss pH MCXOAHOro pactBopa rvuuHa UM NPOAYyKTa B3aumopgeli-
ctBua okcuga meam (1) n ammHOyYKCycHOM Knucnotbl? O6bACHUTE HabngaemMble NU3MEPEHNS.

2. Moyemy npu fob6aBNeHMN pacTBOpPa LEeoYn K pacTBOPY KOMMIEKCHOIO COeAUHEHUSA Me-
an (II) cnHero uBeTa ocagok rugpokcuga megn (1) He ob6pasyeTca?

3. 3anuwmnTe ypaBHeHMA peakunin B3aMmMoAelcTBua ruumHa ¢ okcugom meau (ll) u ¢ oc-
HOBHOW COJIbIO

4 O6BACHUTE M3MEHEHMEe 3NEKTPONPOBOAHOCTU PacTBOPOB B MpoLecce B3aMMOLEeNncTBumA
rnmumHa ¢ okemgom meaun (lI) v ¢ OCHOBHOI COJbIO.

5. 3anuwunTe ypaBHEHNS peakuuini B3aMMOZLENCTBMA MMUMHA C TMAPOKCUAOM UMHKA. O6b-
ACHMUTE M3MeHeHMe pH M 3M1eKTPONpPOBOAHOCTM PacTBOPOB B MpOLLEcCe B3aMMOLENCTBUA n-
umHa ¢ Zn(OH)2.

6 3apgaHue gng nogrorTosku K TMA, BIMP

Hanuwwnte ypaBHEHUS peakuunii, ¢ MNOMOLLbI KOTOPbIX MOXHO OCYLLEeCTBUTb credytolimne
npespaLleHns:

7 Kart. ’) \%
X1f BuHUNaueTuneH QL5 %3-S SXAf ravumH

Mpwn HanucaHWW ypaBHEHWUIA peakuMii yKasblBaiTe NPenMyLLEeCTBEHHO 06pasytollmecs npo-
AOYKTbl, UICNONb3YATE CTPYKTYPHbIE (hOPMY/ibl OPraHNYeCcKuX BeELLECTB

PelweHune:
B ~ CuCl. NHACL

2iic=cil hc=c-ch=ch?2

Pt

HC=C-CH=CH2 + 3H2 H3 —CH2-CH2-CH3
KaT., t O
2H3C-CH2-CH2—CH3 + 5Q2 4H§C-Q\ f 2H20

Oil
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KBAHTOPMMYM XNMUn4

+ HC1

7. 3apgaHuve Ana pa3BuTUA PYHKLMOHAIbHOW rpaMOTHOCT U
MpounTainte pparMeHT cTaTbM U3 XMMUYECKON sHUMKNOoNeannl

N3OINEKTPUYECKAHA TOUKA (N3T)

XapakTepucTuka COCTOSIHMS pacTBopa am(pOTepHOro anektponuta (amdgonurta), coeguHe-
HWS, CNOCOBHOro NPUCOeAUHATL UM OTWENNATL NPOTOHLI, NpeBpaLLascb NM60 B MONOXKUTEb-
HO, NGO B OTPULATENBHO 3apPSXKEHHbIE MOHbI, NP KOTOPOM CyMMAapHbI/ 31eKTPUYECKU 3apss,
aMmonnTa paBeH HyMHo.

B 3T amgonnt He nepemMeLlaeTcs B anekTpuyeckom none. N3T cooTBeTcTBYET pH pacteBo-
pa, rnpu KOTOPOM OAMHAKOBbl KOHLIEHTPaLUW MOJIOXUTENIbHO U OTpULLATENbHO 3apsXXeHHbIX
thopm (Hanpumep, gnsa aMMHOKMCNOT). 3HadeHne pH B 3T o6o3HauvatoT p/ nnm pH/.

Ons 6onbwmnHcTBa amnHoKucnoT p/ 4,5—6,0 1 nnwb NS KUCAbIX M OCHOBHbIX aMWHOKMKC-
NOT CMeL,aeTca COOTBETCTBEHHO B KUCNYKO UM WeNoYHy o6nacte. B N3T pacTBOPUMOCTb aMu-
HOKMCNOT B BOAE MUHUMa/bHA

OTBeTbTE Ha BOMPOCHI U BbINONHUTE 3afaHNsA

1 MNoyeMy aMMHOKMCIOTbI OTHOCAT K aM(OTEPHLIM COEeUHEHUSAM?

2. Hanuwmnte nMOHHbIE ypaBHEHNS peakLuii, NpoTeKalLWwmx B pacTBope rmuuHa npu gobas-
neHun:

a)KUCNOoThl;

0) wenouwu

3. Kakoli 3apsf nmetoT 06pasyrowmnecss NOHbl aMUHOKUCNOT (MNONOXKMUTENbHBIA UK oTpuua-
TeNbHbIN):

a) npn pH > p/,

6) npu pH < p/

4. O6bACHUTE, B KaKMX 06nactax 3HavyeHnin pH nexxat V3T cnegyroumx aMUHOKNCIOT?

a) ramymHa
6) anaHuHa
B) acnaparMHOBOW KWUCNOTbI
r) N(n3nHa
ConocrtaBbTe CBOM BbIBOAbI CO CMPaBOYHbIMU 3HAYEHUSAMMU.

NabopaTOpPHbLIA ONbIT:

«OnpejeneHve TemnepaTyp pasMaryeHus NnoMMepoOB»

TeopeTunyeckoe BBefleHNe

BakHelillMM CBOCTBOM TEPMOMAACTUUYHLIX MaacTMace SIBASETCA MX CMNOCOBHOCTb pasmsr-
yaTbC NOA AeWCTBUEM HarpeBaHus. 3Ty CMNOCOOHOCTb NAACTUKOB MCMONbL3YIOT B TEXHUKE ANA
thopmMoBaHUsA pa3HOOOpa3HbIX nU3aenui

1 XvMmndeckaa sHuuknoneaus: 8 5 1./ nopg pen. W /1. KHyHsHua. T. 2. M: CoBeTckas aHUMKIone-
ans, 1990. C.208.
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MonMmepbl MO OTHOLWIEHNIO K HAarpeBaHUIO CYLLEeCTBEHHO OT/INYAlOTCA OT HU3KOMONEKYNap-
HbIX coefnHeHnin OHW, Kak NpaBuio, pasmsAaryarTcs B LOBOJIbHO LWMPOKOM TemnepaTypHOM
UHTepBase. Bbile onpeaenéHHol TeMnepaTtypbl, KOTOPYK Ha3biBalOT TeMnepaTypon cTe-
KN0BaHWA, NOABMXHOCTb KOPOTKMX 3/IEMEHTOB LieNnoYeKk BO3pacTaeT, YTo NPUBOAUT K pasMsr-
YeHUI0, MPU KOTOPOM BO3MOXHO AeopMUpOBaHUE MaTepuana noj BO3[eNCTBMEM KaKOW-nu-
60 cunbl. Ha npakTuke BMeCTO TemrnepaTypbl CTEK/I0BaHMS 4acTo OnpefenstoT TeMmnepaTy-
py pasmsAryeHuns, Be/MUYNHbI KOTOPbIX A5 aMOPdHbLIX NOMMEPOB 61n3KUL

Temnepatypa pasMsrdyeHMs — BaXKHellasa xapakTepucTtMka noAMMEepHOro martepuana.
Y nonnatuneHa temneparypa Hayana pasmardyeHmsa cocrtasnsaet 60— 100 °C, y NONUBUHUNXNO-
pnga — 60—70 °C. Ana gaHHOro onbiTa fiydle B3aTb NOAMMEpPbI C 60/1ee HU3KUMWN 3HAYEHUS -
MW TemnepaTypbl pasMmsardyeHus

C NOMOLLbIO HECIOXKHOTO NpMbopa MOXKHO TOUHO OMpeaennTb 3TOT BaXKHENLWNA Konunye-
CTBEHHbI NokasaTesnb. g 3Toro nog6bmparoT ABe NPOOGMPKM pa3HOro anameTtpa. Ha npobupky
MEeHbLLEro anamMeTpa HafeBalT PE3MHOBOE KOMbLO (OT Pe3nHOBOI TpyOKN) MAm NpPO6KYy C He-
60MbWMM OTBEPCTMEM. BCTaBnsaT NPOGUPKY C KOMNbLOM B NPOGMPKY C BOMbLUMM SUAMETPOM.
Takas KOHCTPYKLUSA NO3BOsseT 60/iee paBHOMEPHO HarpeBaTtb MCCNeAyeMblii 0OBbEKT.

NMpakTunyeckasa yacTb

Llenb onbiTa: HayumMTbCa 3KCNepMMEHTalbHO ONnpefenaTh KOMIMYeCTBEHHbIE XapaKTepucTu-
K/ MOSIMMEPOB, XapakTepu3yrLWmx Ux aKcnayatayMoHHbIe CBONCTBA, B HaCTHOCTU, TeMneparty-
pbl pasMArdeHua nNonucTMpona, NOAMBUHUAXNOPUAE, NONNMETUIMETaKpuiaTa, NoanatuaeHa.

O6opypoBaHve M MaTepuasnbl: TEPMOPE3UCTOPHbIN AaTumMK TeMnepaTypbl; WTATUB C KOMb-
LOoM, OrHesalMTHasa Npoknagka uin MmegHas ceTka; ctakaH Ha 150 mn; gBe NpoGUPKN pasHOro
pa3mepa; pe3nHOBOEe KOJbLLO; 3/IeKTpOHarpeBaTefib UM CNMpPTOBKa; obpasubl NOJNCTUPONA,
NOMIMBUHWAXIOPUAA, NOAUMeTUNIMeTakpuaaTa u noanaTuieHa.

TexHuKa 6e30MacHOCT U

1 Mpwu paboTe c HarpeBaTeNbHbIMK NMpUbopaMn Heob6XxoAUMO cobn4aTb OCTOPOXKHOCTD.

2. CnepyeT 6epeubcsa oxoral

3. Monumepsl, HarpeTble 4O BbICOKOM TeMnepartypbl, MOTYT IErKO BOCN/IaMEHUTLCA.

NHCT pyKumA

3akpenuTe B LUTaTMBE KOJbLO M NMOMECTUTE Ha HEro OrHesalMTHYI NpoKnajky B crakaH
HanenTe okono 50 Ma BOAbI M NOCTaBbTE Ha OrHE3alMTHYIO Npoknaaky. Harpeiite Bogy B cTa-
KaHe npumepHo o 70 °C OTperynupyite nnams Takum o6pa3om, 4To6bl B BOAa B BOASHOVA
6aHe HarpeBanacb nNpumepHo Ha 10 °C B MUHYTY.

Cobepute npubop ANs onpefeneHns temnepatypbl pasmMardyeHus, s 3710ro0 ManeHbKyro
NPoOGMPKY 3aKpenuTe BHYTPU GOMbLLOK C MOMOLLbIO PE3NHOBOro Konbla (puc. 17). Bo BHyTpeH-
HIOO MPOBUPKY OMyCcTUTE KYCOYEeK uUccnefyemoro noaummepa, npuéop nomectute B BOASHYIO
6GaHto (CTakaH C BOAOW)

C NomoLLblo gatunka Temnepartypbl 3afMKCUPynTe Hayano pasmMardyeHus noammepa

OdhopmneHne oTuéTA

3anonHute Tabnuuy

Viccnegyembliii nonvumep ®dopmyna MoHOMepa TemnepaTypa pasmsardenus, °C

MonunatuneH
Monuctnpon
MonusmnHUNXNopua

MonumeTtunmeTakpunar

1 BpayH ., WepapoH I., KepH B. [lNpakTnyeckoe pyKOBOACTBO MO CUHTE3Y W WUCCNELOBaHUIO
cBOICTB nonmmepoB. M.: Xumus, 1976. C. 36 —39.
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KBAHTOPUMMYM XUMMUSA

KOHT ponbHLIE BOMPOCHI

1 3agaHua gna noarorTosku K NTMA, BIP

1 YcTtaHOBMTE COOTBETCTBME MeXy Ha3BaHMeM MOHOMepa M (POPMYyNoii COOTBETCTBYHOLLE-
ro emy nosnavmepa

HA3BAHWE MOHOMEPA ®OPMYNA NONTNMEPA
A) cTtupon 1) (-CH2-CH=CH-CH2-),
B) m3onpeH 2) (-CH2-CH=C(CH3)-CH2-)n
B) BuHunxnopwug 3) (-CH2-CH=CCI-CH2-)n
4) (-CH2-CH(CH3)-)n
5) (-CH2-CHCI-)n
6) (-CH2-CH(C6H5)-)n
A b B
OtBeT: 6, 2, 5

2. Kakve nonumepbl NOAy4YaloT ¢ MOMOLLBI peakuumn NoAnKOHAeHcaunum?
1) (heHONOhOpManbgerngHas cMmona

2) nonuaTuneHTepedranar

3) 6yTagMeHoBbIN Kay4yk

4) 6yTagMeH-CTUPONbHbLIA Kay4yK

5) nonnakpunoHnUTpun

OTBeT: 1, 2

2. 3agaHue Ana pasBuTMA QPYHKLMOHATbHOW rPamMoTHOCTM

MpounTaiiTe HeGONbLLLON TEKCT U3 KHUrM baxbiTa KeHxeesa u MNeTpa O6pa3uoBa «YaMBU-
TeflbHble UCTOPUN O BEeLLeCcTBax CaMbiX pa3HbIX» 1

B Hauane BTopoi MMPOBOIA BOWHbLI aHI/IMNCKNE YUY€Hble HaNpPsHKEHHO paboTany Haf co3ga-
HMEM HOBbIX MaTepuasioB, KOTOpble MOMOrAM 6bl 0b6ecneunTs Nobedy Hajg HauMcTckol Fepma-
HUel. N HeCMOTPS Ha TO UTO HEMELKME XUMUKN CUUTANUCH NyULUMMWN B MUPE, UMEHHO aHrnnya-
He B 1941 rogy fLo6uNMCh NOPa3UTESIbHbIX YCNEXOB B CUHTE3e CaMbIX MepcreKTUBHbLIX NonnmMe-
poOB AN ObITOBbIX M MPOMbILNEHHbLIX HYXA. [NaBHbIM WX OTKPbITUEM CTano COeAUHEHWE CO
CNOXHbIM Ha3BaHWeM «MonuatuieHTepedTanar». Bnpouem, ero cokpaweHne — MM3T (unn
M3T®), BOBCE HE TaKOe YXX COXHOe, 6LICTPO BOLLIO BO BCE €BPOMelickue A3biku, B TOM 4ucne
N B pycckuii. Ha 3anage HecMMHaeMble TKaHW ¢ A06aBKOIA BOMOKOH IM3T HasbiBanuchb JaKpo-
HOM WX TEPUSIEHOM

M3T okasasnca nopasnTesibHbIM MOJIMMEPOM. M3 HEero M3roToBAAKOT He TOJIbKO BOJIOKHA,
TKaHW W NNEeHKW, HO Mnpexae BCero ObblYHble BYTbIIKM AN18 BOAbl U HANWUTKOB, PacTUTENIbHOIO
Macna, ykcyca, MOMIOYHbIX U34eNNiA, NUBa U AaXKe KPenkoro ankorons. M3aT-6yTbiNKN YHUKaNb-
HO flerkn, yao6Hbl B UCMNOJb30BaHUKU, MNPOYHLI, AELleBbl U, YTO CamMOe Ba)XHOe, COBEepLUEHHO
WHEPTHbI MO OTHOLLEHUIO K COLEPXKMMOMY.

OTBeTbTE Ha BOMPOCH! Y BbINO/IHATE 3a4aHunA

1 Hanuwwute ypaBHEHME peaKkuuu, nexkalern B OCHOBE MPOMbILWIEHHOrO nony4deHua [M3T.
3TOT NpouEecc OTHOCUTCA K peakuuam nonumepusaumm unm noankoHaeHcaunumn? OTBeT NOACHUTE

1 KenxeeB b., O6pa3suos . YanBuTenbHble UCTOPUM O BELLECTBAX CamblX pasHblx. M.: 3a-8o Jlo-
MOHOCOBb, 2015. C. 264.
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2 B 1949 ropy COBETCKME XUMMWKK MOBTOPWUAN YCMEX aHrinyaH v noayynam BOJIOKHO U3
M3T Kak HasBanu 310 BOJIOKHO B CCCP?

3 Ecnm M3T HarpeBaTb C pacTBOPOM LWeno4vun, T0 Habnwogaetca paspylleHue nonammepa
CocTtaBbTe ypaBHeEHWE peakuuu MonuaTU/eHTepedTanara ¢ pacTBOPOM rMApoKcuaa HaTpus.
PaccmoTpuTe BapuaHT MCNOMb30BaHWUA 3TOM peakuun Ans yTUamsauum naacTMKOBOW Tapbl U3-
nog HanUTKOB

Obuwasa xmmns
NNabopaTOPHbLIA ONbIT:
«TennoBoi apheKT pacTBOPEHMS BeLLECTB B BOAE»

TeopeTunyeckoe BBeJleHNe

PacTBopeHMe BelLecTB — C/I0XHOe (U3MKO-XMMUYEecKoe siBfieHne, 3aBucsllee OT Npupo-
[lbl pacTBOPEHHOrO BellecTBa M pacTBOPUTENA, OT TeMepaTypbl N KOHLUEHTpaLuum obpasytoule-
roca pacrteopa. Npn pacTBOpeHUN KpUCTa/IMvyeckKnx BeLlLecTB B BOAe NMPOUCXOANAT TPU OCHOB-
HbIX npoLecca

1) Pa3pylleHne KpucTal/IM4ecKol peléTkn pacTBOpPSeMOro BelwecTBa — 3HAOTEPMUYE-
CKMIA npouecc

2) T'nmapataums, T. e. B3auMogencTeme vactul (MOHOB UM MOJIEKYN) pacTBOPSEeMOro Belle-
CTBa C MOJIeKynamMmum BOAbl, — 3K30TEPMUYECKUIA npoLecc

3) MepeHoC rMapaTMpoBaHHbIX YacTUL, OT rpaHuLbl KpUCTanaI-pacTBOp B 06LWKMIA 06bEM pac-
TBOpAa, 3TOT NPOLECC HE CONPOBOXAAETCA HU BblAeNleHNEM, HU NOT/OWEeHUEM TeNNOThI.

B 3aBMCMMOCTM OT TOro, TENN0OBON 3(h(MEKT KaKoro 13 gByx NpoueccoB (paspylleHne Kpu-
cTanna wam rmgpataums yactuu) npeob6nagaet, o6WMIA TeNNOBOK 3hPeKT PacTBOPEHUS MOXKeET
ObITb BE/IMYUHOW NOSIOXUTENLHON UM OTpULAaTENbHON.

MpakTunyeckas yacTb

Llenb onbiTa: onpefenutb TenjoBol 3P EeKT pacTBOPEHUs CepHO KUCNOTbl, rmapokcnga
HaTpuUa U HUTpPaTa aMMOHMUS.

O6opypoBaHMe U MaTepuanbl: TEPMOPE3UCTOPHLIA JaTyMK TemnepaTypbl; cTakaH Ha
150 Mn —3 WT.; CTEKNAHHAA Nnano4ka; NpoMbIBasiKa; MepHas Npooupka; wnarenb —2 Wr.; Auc-
TUNNNPOBaHHasA BOAA; CEpHas KWUCAOTa KOHL,.; TMAPOKCUA HATPUA KPUCTaNIMYECKUIA; HUTpaT
aMMOHMA

TexHuKa 6e30MacHOCT U

1 CepHas Kucnota U rMApoKcuj, Hatpus ABMAKOTCA arpeccuBHbIMU BelecTBamu. Heob6xo-
OMMO OocTeperarbCa MX nonajaHusa Ha KoXy u ofexzay. bepeub rnasal

2. Heo6x0AMMO MOMHUTL MPaBuNO pasBefeHus KUCNOT.

3. Ha pabouyem mecTe OO/mKHbl ObiTb HeliTpanuaywuwmne cpeacrea:; 2%-e pacTBOpbl rmapo-
KapboHaTa HaTpus U YKCYCHOW KUCNOThI

WNHCcT pyKumAa

B ctakaH Haneiite 50 mn Boabl. C MOMOLLbIO gaTynKa onpegennte eé Temneparypy. OTmepb-
Te 10 M1 KOHLUEHTPMPOBAHHOW CEPHOM KUCIOTbl U MeANIeHHO, NpU NepemMeLInBaHUN pacTBopa
CTEKNAHHOW Nano4vKon, BMBaiTe CEPHYIO KUCNOTY. CneaguTte 3a U3MeHeHMEM TemrnepaTtypbl npu
pacTBOpeHMN KuUCNoTbl. Hanmbonee BbICOKOE MNOKa3aHMe TemrnepaTypbl 3aHecuTe B Tabnuuy.
[atunk TwatensHO Nnpomolite BOAOM

Bo BTOpOW cTakaH NMoOMecTUTe OKOJMI0 8 I TBEPAOro NOpoLIKa rMApPOKCMAa HaTpus U BheiTe
50 mn Bogbl OnycTuTe gatymk TemnepaTypbl M nepemellante pactBop OTMeTbTe caMoe BbICO-
KOe 3HayeHune Temnepatypbl TuwlaTte/flbHO NPOMOliTe AaTuMK BOAOW

B Tpetuii cTakaH HacbinbTe 15 I MEKOKPUCTAN/IMYECKOrO HUTpaTa aMMOHUSA Y NPUANBaKoT
50 mn Bogbl. OnycTuTe AaTyuuK TemnepaTtypsl U GbICTPO Nepemelualite pacTBop. Hanbonee Hn3-
KOe 3HaueHune Temnepatypbl 3aHecuTe B TabnuLy.
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OdhopmneHne oTuéTa
3anonHute Tabnuuy

Wccnepyemas AVUCTUNINPOBaHHAS

Boga + H2SO4 Boga + NaOH  Boga + NH4NO3
cuctema BOJA

Temnepatypa, °C

KOHT ponbHble BOMPOCHI

1 O6bAcHUTE, NoYeMy MpPU PacTBOPEHUM OLHMX BELLECTB B BOAE BblAenserca TennoTta,
Apyrux — nornowaetcs

2. 3apgaHune gna nogroroBku K T'MA, BIP

Mpn pacteopeHun 10 r NaOH B 250 mn BoApl Temnepartypa nosbicunack Ha 9,70 °C. Onpe-
Jennte TennoBon 3(eKT pacTBOpPeHUs AaHHOWM wenouun (B KAXX/MONb), NPUHMMAsN yaenbHYHo
TEeNN0EMKOCTb pacTBopa paBHoW 4,18 [ /(r <K). OTBeT OKpyrnuTe Ao AECATbIX.

OtBeT: 42,2 KO>X/MoNb

3. 3afaHue ond pasBuTUA PYHKLNOHATBHON rpamoTHOCT U

MpounTaiiTe (hparMeHT TekcTa U3 KHUrM Bunbama Cnbpykal B KOTOPOM MOBECTBYETCH O
TOM, KaK M3BECTHbI aMepuKaHCKuii n3mk PobepT Bya oborpeBan pykKs CBOeW HEBECTbl BO
BPeEMS KaTaHWUsi B CaAHAX Mpu CUIbLHOM MOpPO3e

Y Heé 3aMep3nn pyKu, 1 9 cKasan: «XopoLwo 6bl 4octatb GYTbIIKY C ropsdeii BOAoi!»

— 3ameyatensHo! TONIBKO rAe e Mbl eé BO3bMEM?

— § ceiluac cgenak e€, — OTBETU A U BbIHY/ U3-NOJ CUAEHbS BUHHYIO OYThINIKY, Ha TpK
YeTBEPTM MOJIHYIO XONOAHOW BOAbl. [MOTOM foCTan OTTyAa e (PNakoH C BellecTBOM A 1 Hanun
HEMHOTrO MOXOXel Ha CUPOM XXUAKOCTU B BOZy. Uepes fgecATb CeKyHA GyTbifKa Tak Harpenacs,
yTo €€ Henb3s ObIIO AepXKaTb B pykax. Korga oHa HaumMHana ocTbiBaTh, 1 [06aBAAN elwé Belle-
cTBa A. Korga BewlecTBO A nepectaso NogHMMAaTbL TeMmrnepaTypy, gocTtan 6aHKy ¢ naiovkamm
eKOro Hatpa M NoOHeMHOry nofknagbisan nx. Takum cnoco6om 6yTbinka Gblia HarpeTa nNouytu
[0 KMNEHUA BCIO NOE3aKy

O6bAcCHUTE MPUHLUMN pPaboTbl «XMMUYECKOW rpenku» PobepTta Bypa, kotopas onucaHa B
3TOM TeKkcTe. [loackaska: Belw,ecTBO A — U3BECTHOE COoefuHeHue, cocTosdllee U3 Tpéx ane-
MEHTOB, OH/M W3 KOTOPbIX ABMSETCH cepa

NabopaToOpHbIA ONbIT:
«3yyeHne 3aBUCMMOCT M pacTBOPMMOCT U Bew,ecTBa OT TemnepaTypbl»

TeopeTunyeckoe BBefleHNe

PacTBOpbl COCTOSIT U3 pPacTBOPEHHOrO BewecTBa U pacTBopuTens PacTBOpMMOCTb 60/b-
lWUMHCTBA TBEPAbIX BELLECTB B BOAE MNPV MOBbILIEHUN TeMMepartypbl ysenmumsaetca. OgHako He-
KOTOpble BellecTBa He «NoAYUHAKTCA» 3TOMY npaBuny. ECTb BelwlecTBa, pacCTBOPUMOCTL KOTO-
pbIX NPY N3MEHEHUM TeMMepaTypbl Mano N3MEHSAETCH, a ecTb N Takue, pacTBOPUMOCTb KOTOPbIX
C MOBbILLEHNEM Temnepartypbl najaer.

B KauecTBe 0OLEKTOB MCCMefOBaHWSA LenecoobpasHO B3ATb X10pUAbl Kains U HaTpus, a
TakKXe TMapoKcug Kanbuma. 3aBUCUMOCTb PacTBOPMMOCTU AaHHbIX BeLecTB OT TemnepaTypsbl
npefcras/iieHa B 1abnuvue HUXe.

1 Cubpyk B. Pobept Bunbsimc Bya. CoBpeMeHHbIi 4Yapogeit ¢mandeckor nabopatopun. M.:
Foc. n3g,. TEXHUKO-TEOPETMNYECKON nnTepaTypbl, 1946. 312 c.
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PacTBOpumMOCTb 6€3BOAHbIX BeuiectB B 100 r BoAbl
npu gaHHowW TemnepaType, BT

Temnepatypa, °C KClI NacCl Ca(OH)2
20 34,0 36,0 0,165
40 40,0 36,6 0141
60 45,5 373 0,116
80 511 38,4 0,094

[ns npoBefeHUs onbiTa lyyle 6patb MENKO M3MeNIbYEHHbIE KPUCTaN bl XJIOPUAOB Kanus u
HaTpusa. HacblWweHHbI pacTBOp MAPOKCUAA KaNbLus TOTOBMTCA 3a HECKONIbKO AHEW J0 npo-
BefeHMs onbiTa. [1s 3TOro B 60/blUY CKASHKY HacbiNatoT CyXOi rMAPOKCUA KanbLusi CNOeM
1cM v 3annBatoT AUCTUNMPOBAHHOW BOAOK MOYTU A0 NPO6KKU. VM3peaka B3GanTbiBatdT CMECh.
Mo Mepe pacxofoBaHWs HACbILWEHHOTO pacTBopa B CKASHKY [O/MBAOT BOAY.

MpakTunyeckasa yacTb

Llenb onbiTa: onpefenvtb 3aBUCMMOCTb PaCTBOPUMOCTM HEOPraHNUYeCcKUx BeLLecTB OT TeM-
neparypsi.

O6opypoBaHMe M MaTepuanbl: TEPMOPE3UCTOPHbIN JaTyMK TemnepaTtypbl; 2 cTakaHa Ha
150 mn; npobupka; BaTta; LWnaTesb; CTEK/IAHHAA Nasoyka C Pe3vHOBbLIM KOJIbLLOM; 31eKTPOMNINT-
Ka U3 KOMMNiekTta KOMOMHUPOBaHHOI nabopatopHoii 6aHn; NpoMbiBanka; AUCTUNINPOBaHHAasA
BOZa; KPUCTA/IIMUYECKME XJIOPUAbI KAJIMA U HATPUSA; N3BECTKOBasA Boja

TexHuKa 6e30MacHoOCT K

Mpu NnpoBefeHUM faHHOTO 3KCNePUMEHTa NUCMONb3yeTca HarpeBaTte/bHbI Npubop — 6epe-
rmcb oxora!

NHCT pyKumA

B cTtakaH HaneiTe okono 30 Ma AUCTUNANPOBAaHHON BOAbl. cnonb3ys TeMnepaTypHbIn gaT-
uunk, onpegenvTe TeMmnepaTtypy BoAbl B cTakaHe. 3adUKCMPYiTe TO 3HaYEeHMe TeMnepartypsbl, KO-
TOpoe ycTaHaB/IMBAETCA MOCne cTtabunmnsaumm nokasaHuii npubopa.

Heb6onbwnmu nopumsamm fob6asnsiniTe B BOAY KPUCTAIIMHECKUIA XNOPUA Kanus n nepeme-
lwnBalite pacTBOp CTEKNSHHOW nasio4vkol. Korga cofb nepectaHeT pacTBOPATLCA B BOfAE, Bbl
nosyunTe HacbIWEeHHbIA pacTBOp Xn0opuAa Kanus npu gaHHoOW Temnepatype Ha gHe cTakaHa
[O/MKHO OCTaBaTbCA HEMHOrO HepacTBOPEHHON conn

HarpeiiTe nony4yeHHbI pacTBOP Ha NauTKe. UYTo NpoucxoauT ¢ KpucTaniamu cofun, ocTas-
WMMKUCS OT NpeablayLero npuéasneHus conn? BHoBb npubaBbTe nopumio conu. CaenanTe Bbl-
BOJ O TOM, KaK B/INAET TeMneparypa Ha pacTBOPMMOCTb X/lopuia Kaaua B BOAE.

Bo BTOpOIi cTakaH HanerTte 30 Mn BOAbl M MPUTrOTOBLTE HACbILWEHHbIN PAacTBOP X/10puaa Ha-
TpMA Npu KOMHATHOW TeMnepaTtype. Harpelite pacTBop, MOBbLICUB €ro TemnepaTypy npumMepHo
Ha 20 °C. Ecnn KpucTannbl, HaxogsuMecs Ha gHe cTakaHa pacTBOpPWIUCHL, 0b6aBbTe ellé He-
MHOro xnopuga HaTpusi. TuiatenbHO nepemMellnBarTe pacTBOp. PacTBOPUANCL NN KpUCTansbl
conn? CaenanTe BbIBOZ O BAUSHUM TeMMepaTypbl Ha PpacTBOPMMOCTb X/1I0pUAaa HaTpms B BOJE.

B npob6upky Haneiite NpumMepHO 3 M/ HaCbILLEHHOrO pacTBOpa rmgpokcuaa Kanbumsa (13-
BECTKOBOW BOAbl) 1 ONYyCTUTE B Heé AaTyuuk Temnepartypbl. UTOObl pacTBOp He noraowan yrne-
KMCNbI/A ra3 U3 BO3ayxa, 3aKpoiTe NpoOMpPKY pbiX/IbIM BaTHbIM TaMMOHOM. OCTOPOXHO Harpei-
Te pacTBoOp, MOBLICMB ero Temneparypy npumepHo Ha 10 OC. Yto npoucxoaut ¢ pactBOpom?
[JoBenute pactBOp 40 KMMNEHUs. Kak U3MeHSAeTca MYTHOCTbL pacTsopa?

1lypbe HO. 0. CnpaBOYHUK MO aHAIUTUYECKOW xummmn. M.: Xumng, 1971 C. 71—89.
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Oxnagute pactBop. UTo npoucxoant ¢ 06pas3oBaBLIMMCA 0CaAKOM (KakK M3MEHSEeTCS MHTEH-
CMBHOCTb MOMYTHEHUS pacTBopa)? CpenaiTe BbIBOA O BAWSHWU TeMnepaTypbl Ha pacTBOpU-
MOCTb TMAPOKCUAa Kanbumsa B BOAe

OchopmneHne oTUéTA

1 [ononHnte nNpegnoXKeHus, BCTaBMB BMEeCTO Npobena Ha3BaHMe COOTBETCTBYIOLLETO Be-

wectBa
1) Ha pacTBOpMMOCTb B BOfAE TemnepaTtypa He OKa3blBaeT 3HAUMTENIbHOTO BUSHUS .
2) C noBbllEHMEM TeMMNepaTypbl PacTBOPMMOCTb B BOAE yBENNUMBaAETCS .
3) C NnoHWxXeHMeM TeMnepaTtypbl pacTBOPUMOCTbL B BOJe yBenMuyMBaeTcs.

4) CpaBHMUTE MONy4YeHHblE BbIBOAbl CO CAPABOYHbLIMW AAaHHbIMU .

2. 3apgaHune agna nogroroBku K N'MNA, BIP

B Tabnuue npuBegeHa pacTtBOPUMOCTb xnopaTa Kanus (B rpammax KCIO3 Ha 100 r Bogpbl)
npu pasN4YHOA Temneparype.

Temnepatypa, °C 10 20 25 30 40 60 80 100

PactBopumocTb, T Ha 100 r oAbl 52 73 8,6 10,1 139 23,8 376 56,2

OnpegfenuTte, CKONbKO rPaMMOB x/jiopaTa Kanusa BbiMafeT B 0CafokK npu oxnaxaeHuun 250 r
HacblweHHoro npu 80 °C pactBopa fo temnepatypbl 20 °C. (3anuwmnTe YMCAO C TOYHOCTLIO A0
[ecaTbiX )

OtBet: 816 T.

NabopaT OpPHbLIA ONbIT:
«OnpepgeneHne TennoBoro sppekTa o6pa3oBaHUdA KpucTannorngpaTos
M3 6e3BOAHbIX CONEM»

TeopeTunyeckoe BBefleHNe

Tennosoit athhekT o6pa3zoBaHNSA KpUCTannornapatoBs 13 6e3BOAHbIX CONMEN, T. €. TEMOBOW
ahpekT peakumn rngparaymm, MOXHO BblUMCAUTb, MPUMEHSAS 3aKOH [ecca, ecnn U3BECTHbI Te-
nnosble 3PDHEKTbI pacTBOpPeHNA 6e3BOAHbIX COMEN N KpUcTannornapaTos B BOAE.

« &

R R — N R Y R N I R — » pacteop conwm

COJb A

Ha npepactaBneHHON Bbille cxeMe 0603HauveHbl TEMMOBble 3PMeKTbl cneayroLlmx npouec-
coB: 01— rmugpaTtaums 6e3BoAHON conn, Q2 — pacTtBopeHmne 6e3BogHON conu; Q3 — pacTBO-
peHue kKpuctannorugparta. o 3akoHy lecca

Q1= Q3 —Q2

CamopenbHbI KanopumeTp U3roToBAAETCSH M3 BHYTPEHHEro CTEK/ISHHOrO cTakaHa éMKO-
cTbto 250—300 mn. B kadecTBe BHeELWHero cocyga yaobHO MCNONb30BaTb HUXHIOK 4YacTb
NNacTUKOBOM OYTbIIKM OT ra3aupoBaHHbIX HANUTKOB BbICOTa NNAcTMKOBON EMKOCTU AO/HKHA
ObITb YyTb Bbllle CTEKNAHHOIO cTakaHa W3 KapToHa Bblpe3atoT KPbIWKY KanopumeTpa, Aua-
MeTp KOTOPOW MeHblle AnamMeTpa NaacTUKOBOW OYTbIIKM Ha 2—3 MM. B KpbllwKe Kajopume-
Tpa fenarkwT ABa OTBEPCTUA: OLHO A/ BOPOHKW, ApYyroe — [ANA [aTyMka Temnepartypsbl.
B o6pe3aHHyl0 MAacTUKOBYH OYTbI/IKY MOMELLAlOT CTakaH, 3aKpblBalOT KPbILIKOW, BCTABAAKOT
BOPOHKY Y faTuuK

138 B cogepxxaHune



XM KA

TennoBoi 3h(heKT pacTBOPEHMA NCCNEAYEMOrO BeLLECTBa pacCcyMTbiBaOT Mo GOpPMYIE;
Q=AtesCeM = (2 - t)) o(MCsi + (M2 + M3) «C2) *M ,
m3 ms

roe t1— HadanbHaa TeMnepaTypa BOfAbl B CTaKaHe KanopumeTpa, 2 — TemnepaTypa pacTtBopa
nocne MofIHOTO PacTBOPEHUS HABECKU WCCNeQyeMOro BellecTBa, m1l — macca KONopuMeTpu-
YecKOro ctakaHa, m2 — macca Bofdbl, m3 — macca HaBecku conu, Cl1 — yaenbHas Tenaoém-
KocTb ctekna 0,75 Ox/(monb < K), C2 — Ttennoémkoctb pactBopa 4,18 Ox/(monb <« K),
M — monapHaa macca conu

NMpakTunyeckasa yacTb

Llenb onbiTa: onpegenuTb TeNN0BOM adh(PeKT peakumm 06pa3oBaHUS KpucTaniorngparos
n3 6e3BOHbIX CONei

O6opyfoBaHMe © MaTepuanbl: TEePMOPE3UCTOPHLIA AaTUMK, MEPHbIA LUWAMHAP Ha
100 Mn — 2 WT.; nabopaTopHble BeCbl; MarHUTHas Mellanka ¢ NogorpeBoM; camMofesbHbIN Ka-
NOPUMETP; Wnartenb; CTakaH4YUK ANa B3BELWUMBAHUS WM GHOKC — 2 WT.; cynbgatr megn(ll) 6es-
BOAHbIN; cynbgat mean (l) NATUBOAHLINA, apyrne conm u Kpuctannorugpartbl (Cynbgar HaTpusa U
cynbhat HaTpusa gekaruppar, aueTaT HaTpusa W auetaT HaTpus Tpurngpat, kKapboHat HaTpus u
KapboHat HaTpusa gekarngpar)

TexHuKa 6e3o0nacHOCT U

OcTeperaiTecb NonajgaHna Cyxmx conei n pacTBOPOB Ha KOXY U ofexay.

MHCT pyKLMa

Onpepgenute Maccy KONOpPUMETPUYECKOTO CTEK/ISHHOIO cTakaHa. CobepuTte KanopumeTp, B
CTakaH rnomMecTuTe AKOpb AN MarHUTHOW Melwlanku u Bnelite B Hero 200 mn BoAbl. M3mepbTe
Temneparypy BofAbl. Bo3bmMuTe HaBecky 6e3BOLHOrO cynbara Mean Maccoi npumMepHo 5—6 T.
TOYHOCTb M3MepeHns Maccbl HaBeckn +0,01 r. BKAOUUTE MarHUTHYIHO MeLlanky U 4Yepes Cyxyto
BOPOHKY BCbINbTe HaBecky CuSO4 B KONOpUMETPUYECKNi ctakaH. OTMeTbTe CaMyl) BbICOKYHO
Temnepatypy, KOTOpYO MOKa3blBaeT faT4ynK TeMneparypbi.

MoBTOpPUTE ONbIT, B3SIB 418 3KCNepuMeHTa NATUBOAHLIN cynbdaTt meam (II) maccoit okono 9 T.

AHaNornyHble aKcnepuMeHTbl NpoBeauTe ¢ ApYruMu napamu 6e3BOfHbIX COMel U cooTBeT-
CTBYIOLUNX KpUCTaNIornaparos

OdhopmneHne oTuUéTA

3anonHute Tabnuuy

Macca Macca Macca Temnepatypa
Nccnepyemasn Temnepatypa
KOJTIOPUMETPUYECKOTO BOAblI, conu R pacTtBopa t:,
COo/b BoAbl t., °C R
cTakaHa mq, r m2, r ms, r C
CuSO4
CuSO4 «5H20

KOHT posibHbLIe BONPOChI

1 Bblumcnute TennoBble 3peKTbl pPacTBOPEHMS 6e3BOAHOW COMM N COOTBETCTBYHOLLErO
Kpuctannorugpara

2 BblumMcnnTe TennoBon ahdekT peakuMn o6paszoBaHUa Kpuctannoruapara ns 6e3soaHol
conu

3afgaHua gna nogrorosku K T'MA, BIMP

1 Tennosble ahhekTbl pacTBOpeHUs 6e3BOLHOro cynbata mMeanm M MefHOro Kyrnopoca
CuSO4 «5H20 cooTBETCTBEHHO paBHbl 66,11 kA>k/Monb 1 11,72 kOx/monb. Paccuutaiite Te-
nnoBo apdekT peakuum rugpataummn cynoara megm CuSO4 (TennoBol agdekT nepexona
CuSO4 BCuSO4 «5H20).

OrtBeT: 77,83 k>X/MOnb
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2 Bbluncnnte TeNNOBON 3h(heKT pacTBOPeHUss 6€3BOAHOr0 rmapokcuga 6apus, ecnm ms-
BECTHO, 4TO Npwu pactBopeHunn 69,3 r kpuctannorngpata Ba(OH)2+8H20 nornowaetca 20 kK4
TENNoThbI

[JaHo TepMOXnMmnyeckoe ypaBHeHue peakuunm:

Ba(OH)2k+ 8H20 = Ba(OH)2 «8H20 k+ 139,9 k>x/mMOnNb.
OtBeT: 49 KOX/MONb.

Na6bopaTOPHbIA ONbIT:

«3aBUCUMOCT b 3/IEKT POMNPOBOAHOCT N pacTBOpPa OT pacTBOPUTENA»

TeopeTunyeckoe BBefleHNe

Mpouecc 3NeKTPONNTUYECKO auccounaumm B 3HAYUTENbHOW CTeNeHU 3aBUCUT OT pacTtBO-
puTensi. Takne cBOIiCTBa pacTBOPUTENS, KaK MOMSPHOCTb MOJIEKY/bl, AUNOMbHbLIA MOMEHT MO-
NeKynbl, AManeKTpuyeckaa NpoHULLaeMOCTb, UTPaloT onpefensatoLyo pob B AUCCOLMaLnN.

Cuna 3M1eKTPOCTaTUYECKOro MPUTHXKEHUS MeXy NPOTUBOMONOXKHO 3apAXKEeHHbIMKU YacTuLa-
MW YMEHbLLIAETCA B CPefe C BbICOKOW AN3INEKTPUYECKON MPOHULLAEMOCTbIO (3Ta Be/IMUMHA No-
Ka3blBaeT, BO CKOJIbKO pa3 ocnabeBaeT cuna NpPUTSHKEHUS MeXy MOHaMU MO CPaBHEHUIO C Ba-
KyyMOM). Bofia MMeeT BbICOKOE 3HauyeHue AN3IeKTPUUYECKOW MPOHULLAEMOCTU, U NO3ITOMY OHa
ABNAETCA XOPOLUMM WMOHU3MPYIOLWMM pactBoputenem. Auanektpuyeckas npoHULLAEMOCTb BO-
abl npu 25 0C paBHa 78,53. Tonyon, HanpoTMB, MMEET HU3KOEe 3HaueHue AU3NEeKTPUYECKOT
npoHunuyaemoctn — 2,31

Monekynbl BOAbl CWUbHO MOMAPHbI U UMEKT 60MbLWOA  3NEKTPUUECKUI AUNOMLHbIN
MOMeHT — 1,84 D. 310 fABAsieTcAa NPUYUHON BO3HUKHOBEHUS AUMONb-AUMNOJMbHLIX U WOH-AMU-
NOJIbHbIX B3aMMOJENCTBUI B BOAHbIX pacTBopax. Y Toayona AUNosbHbIi MOMeHT paseH 0,36 D.
HW3KWiA AUNonbHbLIA MOMEHT pacTBOPUTENA HE CMOCOOCTBYET AMccoumaLmm X0poBogopoaa

lMpakTwnyeckas yacTb

Llenb onblTa: onpefennts U3MeHeHWe 31eKTPONPOBOAHOCTM MPU pacTBOpeHun razoobpas-
HOro X/I0pOBOAOPOLa B Pa3/IMYHbIX PACTBOPUTENAX, MHTEPINPETUPOBATL MOJTyYEHHbIE Pe3y/b-
Tarbl

O6opypoBaHue 1 MaTepuanbl: JaT4UK 3/IEKTPONPOBOAHOCTH; 2 cTakaHa Ha 50 M, wTatue
C 32KMMOM; hmunbTpoBasbHasa 6ymara; NpoMbIBasika; AUCTUNNINPOBaHHaA Boga; 20 M TO/yona;
2 WNpu1La, 3ano/IHEHHbIX XIOPOBOAOPOLOM, O6BEMOM 10— 20 M.

WHCcT pyKUumnsa:

B ctakaH HaneiTe 20 Mn ANCTUNNNPOBAHHOM BOAbl. ONyCcTUTE B BOAY AATUYMK 3/1€KTPONpo-
BOoAHOCTU. Habniogainte 3a M3MEHEHMEM 3HavyeHWUs 31eKTpPonpoBofHOCTU. Korga nokasaHus
3/IEKTPOMNPOBOLHOCTN MepecTaHyT U3MEHATLCA, 3anuIMTe 3HayYeHWe 3NEeKTPONPOBOAHOCTM B
TeTpagb

B gpyroii ctakaH Haneiite 20 mn tonyona. OnycTuTe AaTtyMk 3neKTponpoBogHOCTM. Habnto-
falite 3a M3MeHeHWeM 3HavyeHUs 3NeKTPONpPoBOAHOCTM. Korga rnokasaHWs 3N1eKTPONpOBOAHO-
CTW MepecTaHyT U3MEHATLCH, 3anuIInTe 3HaYeHWe 3NEeKTPONPOBOLHOCTU B TeTpagb.

B cTakaH ¢ BOAOl onycTuTe LWNpUY, N MefjieHHO NpOonycTuTe Yyepes BOAY TOK X/IOPOBOAOPO-
Ja. B nofy4veHHbIli pacTBOp ONyCcTUTE AaTyMK 31eKTPONPOBOAHOCTU. 3anuiuTte 3HadeHue
3/1eKTPONPOBOAHOCTN B TeTpadb. TwaTtesbHO MPOMONTe AaT4YMK BOAOW U BbICYLLIUTE (PUALTPO-
Ba/lbHO Gymaroi

B ctakaH c TOnyonom onyctuTe WNPUL, N MeL/IEHHO MPOMYyCTUTE Yepes TOJYyos TOK XJ1I0pPO-
BOJOpOJa. B monyyeHHbIli pacTBOp OnycTuUTe AaTyuuK 3/1IEKTPONPOBOAHOCTM. 3annwinTe 3Hade-
HVe 3N1eKTPONPOBOAHOCTU B TeTpajb

1 KpaTkuii cnpaBoYHUK (U3NKO-XMMUYeCcKux BennumnH 10-e u3g., uenp. ngon./nof pea. A. A. Pas-
gena nA. M. MoHomapésoli. CM6.: MeaH ®énopos, 2003. C. 159. 240 c.
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OdhopmneHne oTUéTA
3anonHunTe Tabnuuy

Ne onbiTa BewecTtBa 3neKTponpoBOAHOCTb, MKCM/CM
1. Boaa
2. Tonyon
3 PacTBOp XN10pOBOAOPOAA B BOAE
4. PacTBOp XN10pOBOAOPOAA B TONYOse

KOHTponbHbIE BOMPOCHI
1 CpenaliTe BbIBOA O BAVUSHWN pacTBOPUTENS Ha AMccOouMaLMio X1I0pOBOAOPOLA B pacTBO-
pax
2 3apaHwue gns noarorosku K TMA, BITP
Namnoyka npubopa A4N8 nccnefoBaHNs 3N1eKTPONPOBOAHOCTU 3aropuTCs, ecnu 3NeKTpoabl
NorpysnTb B BOAHbIE PacTBOPbI:
1) ayeTata aMMOHMSA
2) MypaBbWUHOW KUCNOTbI
3) aueToHa
4) caxapoa3bl
5) atTnnosoro cnupTta
OTBeT: 1, 2

JlabopaTOPHbLIA ONbIT:

«CunbHble U cnabble 3NeKTPONNT bI»

TeopeTunyeckoe BBefleHNe

AneKTponMTaMy HasbiBalOTCA BELLECTBA, pacnajalrlMecs Ha WOHbl BCNEeACTBUE 3MEKTPO-
NIMTUYECKOWN aguccoumannn. PacTBOpPbl 3/IEKTPOINTOB ABASAIOTCS NPOBOAHMKaMW BTOPOro poja,
TakK KakK MpPOBOAAT 3/EKTPUUECKUIA TOK 3a CHET MOHOB. 10 CNOCOBGHOCTM K 3/1IEKTPOIMTUYECKOW
avccoumaumn 3NeKTPONMTLE YCIOBHO PasfensitoT Ha CUibHble U cnabble. CU/bHbIE 3/1EKTPON-
Tbl MPAKTUYECKM MOMHOCTbHO AMCCOLMMPOBaHbI Ha MOHbI B pa3baBfieHHbIX pacTtBopax. K Hum
OTHOCSITC MHOTME HeopraHM4YecKue CoJ/n, HEKOTOpbIe KUCNOThl U wenoun. Cnabble 3nekTpo-
JINTbI Wb YacTUYHO AUCCOLMMPOBAHbl Ha MOHbI, KOTOPblE HaXOAATCS B AMHAMWUYECKOM paB-
HOBECUM C HEAMCCOLMMPOBAHHLIMU MONekynaMmmn K cnabbiM 31eKTpoaMTaM OTHOCSATCA MHOrue
OpraHM4yeckne K1UCcnoTbl U OCHOBaHWUS

MpakTunyeckasa yacTb

Llenb onbiTa: Ha OCHOBaHUU 3KCMEPUMEHTA/IbHOTO U3MEPEHUSA 3N1eKTPOMNPOBOAHOCTU pac-
TBOPOB ONpefenunTb, ABAAKOTCA NN BblaHHble BELLECTBA CWU/IbHLIMU WAN CNabbiMU 31EKTPONN-
Tamu.

O6opypoBaHue U MaTepuansl: JaT4UK 3/1EKTPONPOBOAHOCTU; CTakaHbl Ha 50 M nog Home-
pamym — 3 WT., B cTakaHax no 20 Mr TBEpAbIX BeELLECTB (caxap, XJI0puUfL Hatpus, BUHHAA WUx
IMMOHHas KuUCNoTa*); NPOMbIBaNKa, MEpPHblA LUMAMHAP Ha 50 MA; CTeKAsHHble MNafovykn —
3 WrT.; unbTpoBanbHaa bymara; oUCTUNINPOBaHHaa Boja.

Yuutenb Mo CBOEMY YCMOTPEHMIO MOXET U3MEHWUTb W PacLUMPUTL CMICOK BELLECTB, BblgaBaeMblX
YYEHVKaM ANs UCCnefoBaHus
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WHCcT pyKuma

OTMepbTe C NOMOLLbLD MEPHOro uuavHapa no 20 M AUCTUANMPOBAHHONM BOAbl U NpuneiiTe
B KaXKAblli CTakaH, rge HaxoguTtcsa no 20 Mr TBEpAbIX BewecTB [lepemellaiTe NoayyeHHble pac-
TBOpbI [1a KaXK[oro pacteBopa MCNonb3yiiTe CBOK Nanoyvky, He nepenyranTte

MoakNumMTe JaTymK 3N1eKTPONPOBOAHOCTY K U3MEPUTENTbHOMY 6/10KY U HaYHUTE 3aMucb pe-
3yNbTaTOB M3MEpPEeHU. B nepBblii CTakaH NOrpy3uTe JaTyMK 3/IeKTponpoBogHocTM. Korga no-
KasaHus npubopa cTabunmsnpyroTcs, 3anuwinTe 3HadyeHne B Tabnuuy Huxe. V3Bneknte anek-
TpoA, TwaTe/bHO NPOMOITE ero AUCTUANMPOBAHHOW BOAOI, NPOTPUTE (MNbTPOBaNbLHON Byma-
roi 3artemM aHaforM4yHO TMOBTOPUTE WU3MEPEHUS 3/IEKTPOMNPOBOAHOCTM [BYX OCTaBLUUXCA
pactBOpoB

OdhopmneHne oTuéTa

3anonHute Tabnuuy

Nenpoo6bl 3HayeHne 3NeKTPONPOBOAHOCTU, MKCM/CM HasBaHuWe BbljaHHOTO BeLLecTBa
1
2.
3.

Ha ocHOBaHMW MONy4YeHHbIX Pe3ynbLTaToB cAenainTe BbIBOL O CU/le UCCNefyeMblX 3/1eKTpOo-
NNTOB.

OTBeTbTE Ha BOMNPOCHI

3afaHue gna nogrorosku K N'MA, BIP

BbiGepuTte B Habopax M3 NpeacTaBNEHbIX 3/IEKTPONNTOB CU/MbHbLIA W CNabblii 3NEKTPONT.

1) H2S04n K25 4) HCIl nHI
2) NH4HCO3 n NH3 «H20 5) HCI n HF
3) KOH un KHF2

OTBeT: 2, 5

NabopaTOPHbIA ONbIT:

«3aBUCMMOCT b KOHUEHT paunii MOHOB BOLOpPOAa OT CcTeneHn pasbaBneHuns

CUNBbHOTO M cNaboro aNeKTPONNT a»

TeopeTunyeckoe BBefleHNe

CornacHo TeopuKn 3NeKTPONNTUYECKOW auccoumaumm C. AppeHunyca KUCOTbl — 3TO 3/eK-
TPONNUTLI, NPU AUCCOLMALUM KOTOPLIX B BOAHOW cpefe 06pa3ytoTcsi MPOTOHbI (MOHbI TMAPOKCO-
HUs H30+) 1 aHUOHbI KUCNOTHbLIX OCTATKOB. CU/bHbIE KUCOThl B pacTBOpax npakTuyeckn nos-
HOCTbIO ANCCOLMUPYIOT Ha MOHbI, OObIYHO 3TOT MpoLEecc OTOGpaXkaloT CTPESIKOA B OLHOM Ha-
npasfeHnn:

HClI + H20 f H30+ + CI-

Mpu pa3baBneHUn pactBopa CUAbHOW KucnoTbl B 10 pa3 pH ymMeHblIaeTcsd Ha BeNNYUHY,
61m3kyto K 1 (puc. 19).

Cnabble KMCNOTbl HA MOHbLI pacnagatnTca NNLb YacTUYHO. B nx pacTtBopax, Hapsay ¢ MoHa-
MU, NPUCYTCTBYIOT B NoAaBnstoLWwemM 60NbLNHCTBE HEAUCCOLUNUPOBaHHbLIE MONeKynbl. Mpouecc
anccoumaumn (MoOHU3auMn) MAET napannenbHO C 06paTHbIM MpoueccoM (accoumaumein), npu
3anncu ypaBHeHUa 3TO0 OTOOpaxkatoT ABYMS NPOTUBOMO/IOXKHO HarnpaBfieHHbIMU CTPEIKaMM:

N“"COOH +H2XO "' H3O++~"~COO -
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MpV yMEHbLUEHUN KOHUEHTpauuu cnaboi KMCnoTbl BO3pacTaeT eé cTeneHb Auccoumanun,
yTO MPUBOAUT K MEPeXOAy B pacTBOP AOMOMHUTENLHOIO Yncna noHos H30+. MNoastomy npu pas-
6aBneHnn pacteopa cnaboii kucnotel B 10 pas ApH < 1 (puc. 19).

Puc. 19. Tpadmkm 3aBUCMMOCTM pH OT KOHLIEHTpaLMK KACNOTbI B pacTBope
npu 25 °C: 1 — HCI;, 2 — CH3COOH

[NMpakTunyeckasa 4yacThb

Llens onblTa: cpaBHUTbL 3aBUCMMOCTbL PH pacTBOpa OT KOHLEHTpauumn cnabon n CUIbHOW
KNCNOTbI

O6opyfoBaHue U MaTepranbl: KOMOUHUPOBAHHbLIA CTEKNSAHHbLIA 31€KTPOA, NPOMbIBaiKa ¢
ANCTUNNNPOBAHHOM BOAOW; hMnbTpoBanbHas Gymara; cTakaH XMMWYEecKuin Ha 50 mn — 6 Wr.;
congaHada kucnorta: 0,1M, 0,01M u 0,001M pactBOpbI, YKCycHaa kucnoTa: 0,1M, 0,01M un 0,001M
pacTBopbl

TexHuKa 6e30MacHoOCT U

1 ConsiHas n yKcycHas KUCNoTbl — efKune BellecTBa, cfefyeT usberatb Ux nonagaHus Ha
KOXY W ofexay.

2. bepeub rnasa!

NHCcT pyKumAa

B ctrakaH HanenTe 20 mn 0,1M consiHoW KucnoTbl. Onyctute gatumk pH. Habnwopaiite 3a ns-
MEeHSILWMMCS 3HaYeHnem pH, 3anucbiBaiiTe Te NOKa3aHWs, KOTOPbIe COXPaHAKTCA NMOCTOSAHHbI-
MW B TEUEHNE HECKOJIbKUX CeKyH[. M3BnekuTe anekTpoa us pactsopa, Npomoiite JUCTUNANPO-
BaHHOV BofoW. Kanenbky BOAbl C 3N1eKTpoja yoepuTte KyCOUYKOM (PUILTPOBaSIbHON Bymaru.

AHanornyHole feiicTBua npogenante ¢ ocTabHbIMU pacTBopamu. MNMokasaHus gaTymka 3a-
HecuTe B Tabnnuy

OdhopmneHne oTuéTA

3anonHunTe Tabnuuy.

KoHueHTpauus HCl 0,1 monb/n 0,01 mons/n 0,001 mMonb/n

3HauveHve pH

KOHUEHTpaumst YKCYCHOI KMCNOTbI 0,1 monb/n 0,01 mons/n 0,001 mMonb/n

3HauveHve pH

KOHT posibHbIe BONPOChI
1 MNocTpoitTe rpauk 3aBUCMMOCTU pH pacTBOpa OT KOHLEHTpaLUM KUCNOTbl 415 CUSIbHOTO
n cnaboro anekrponuta. Caenaiite BbIBOL, CPaBHMB NOyYeHHbIE rpadnkm.
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2. 3apaHue gna nogroToBkn K T'MA, BIP
1 PaccuuTalite pH cnegytowmx BOAHbIX PacTBOPOB:
a) 0,1 MHCI 6) 0,1 M NaOH.

OtBerT: 6e3 y4éta MOHHOW cunbl a) pH ~ 1, 6) pH ~ 13.

3. 3agaHue Ana pasBuTuMA QPYHKLMOHATbHOW FrPamMoTHOCTM

KMCNOTHOCTb MOYBHLI, TakK XXe KakK U KNCNOTHOCTb BOAHbLIX PacTBOPOB, OLEHMBalOT BOAOPOA-
HbIM MoKa3artenem pH (BBEn B HayuHbIi o6uxoa B 1909 r. aaTcknii 6uoxmnmmnk CépeH Meaep Na-
ypuy, CEpeHCeH), KOTOPbI U3MEPSIOT, fenas BOAHYHO «BbITSXKY» (B36anTbiBaloT obpasel, no-
uBbl Maccoin 10 r ¢ 10 Mn BOAbl M JAlOT OTCTOATLCA TBEPAbLIM YacTuuam). Korga noysa rnoytu He
COAEPXUT KMCNOT (HeENTpanbHa), OHa Xxopola AN MOPKOBW, 6GE0KOYAHHOM KamycTbl, yKa,
YeCHOKa, cenbiepes, cnapXu, pefabky, penbl, NOACOMHEYHUKE, a TaKXKe CMOPOAUHbI, CUBBI,
BULLHW 1 56/10HU. Mpn 3HaveHun pH oT 4 o 5 noysa o6najaeT cnaboii KNCNOTHOCTLIO. Ha Ta-
KO/ MOYBe HEM/OXOW ypoXkai gatT ropox, aconb, orypubl, peanc, NnoMuaopsbl, canar, LBeT-
Has KanycTta v wnuHat. KakoBa MOsipHast KOHLUeHTpaunus H+ B BOAHOWM BbITSXKKe Takoi cnabo-
KWUC/ION MOYBbI?

OTBeT; 10-4— 10-5 monb/n.

NabopaTOPHbIA ONbIT:

«[MpsiMmoe KOHAYKTOMET PUUYECKOE ONpefeneHNe KOHLUeHT payunun conm B pacTBope»

TeopeTunyeckoe BBefleHNe

MeTogbl onpefeneHns KOHLUEHTpauun 3/1eKTPONUTOB B pacTBOpPe, OCHOBaHHbIE Ha uU3Mepe-
HUW 31EKTPONPOBOAHOCTU, Ha3biBalOT KOHAYKTOMeTpuen (oT aHrn, conductivity — 3nekTpo-
NPOBOAHOCTb U rpeyd. metreo — n3amepsto). MNpsamas KOHAYKTOMETPMS OCHOBaHa Ha TOM, 4YTO B
o6nactn pasbaBfieHHbIX PacTBOPOB 3/1EKTPOMNPOBOAHOCTL PACTET C yBe/IMUYEHUEeM KOHLeHTpa-
UMK 371eKTponuTa. Ha npakTuke UCMONb3yrT MEeTod KanMbpOBOUHOro rpadguka 3aBUCMMOCTU
yAenbHO 3/1eKTPONPOBOAHOCTM pPacTBOpPa OT KOHLEHTPALUM 3/1IEKTPOnTa. 3aTeM onpeaenstoT
3/1eKTPONPOBOAHOCTb aHA/IM3NPYEMOro pacTBopa W Nno rpaMKy HaxoAsT KOHLEHTpaLUNIO 31eK-
TponuTta

Moagpo6Hee cMOTPY B ONUCAHUMN K YPOKY «KOHAYKTOMETPUYECKOE N NOTEHLMOMETPUYECKOE
TUTPOBaHMEY.

MpakTunyeckas yacTb

Llenu onbiTa

a) MnocTpouTb rpaukK 3aBUCUMOCTU 3/IEKTPOMNPOBOAHOCTU pacTBopa xiopuia HaTpus ot
ero KOHLeHTpaLun B pacTBope;

6) No 3HAYEHUIO 3/IEKTPONPOBOAHOCTU ONpPefenNnTb KOHLEHTpaLMo Xxnopuaa Hatpus B Npo-
6e pactBopa

M3mepsiemMble napamMme T pbl: 3/1EKTPONPOBOAHOCTD.

O6opyfoBaHue M MaTepuasbl: JaT4mK 3/IEKTPONPOBOAHOCTU; NMPOBUPKN; MEPHBbI LINIVHAP
Ha 50 Mn; CTeKNAHHAA Nanoyka; NpPoMbiBaska; ctakaH Ha 400—600 mn (gna cnmea); PUNbLTPO-
Ba/JlbHas Gymara; AucTunAMpoBaHHas Boga; 250 mMn pacTBopa x/opuaa HaTpusi ¢ KOHUEeHTpa-
umen 0,01 monb/n.

WHCcT pyKyma

B npobupkn Haneiite pacTBOpPbl C N3BECTHOM KOHLUEHTpaUUeEN xnopuaa Hatpus (Tabnuua 1)

B nepByto Npo6UpKy HaneiTe AUCTUAIMPOBAHHYIO BOAY, B LUECTYO — BblJaHHbI pacTBOp
Xiopuja HaTpusa ¢ KOHUeHTpauuii 0,01 Mmonb/n

B mepHbIn umnuHap HanenTte 10 mn 0,01M pacTBOpa xnopuga HaTpus v goneinTte AUCTUANN-
poBaHHOW BoAbl A0 50 M. MNepemMellainTe cogepXnmoe LUINHAPA CTEKNSHHOW nanoykoi. MNo-
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Nnyunncs pactBop, pasbaBneHHbIA B 5 pas, T. e. ¢ KOHUeHTpaumeid NaCl 0,002 monb/n. Mepe-
nelite Heb6ONbLWON O6BLEM MOMYUYEHHOrO pacTBOpa BO BTOPYH) MPO6GWMPKY, OCTaBLUYHICS 4acTb
BblNeTe B CTakaH A4ns cavea. LimnnHap ononocHUTe gUCTUANMPOBAHHOW BOAOWA.

AHaNorn4yHo npurotoBbTe pacteopbl 0,004, 0,006 1 0,008 monb/n 1 pasneiTe Nx No cooT-
BeTCTBYHOLWMM npobupkam (Tabnmya 1)

B npo6upkKK, HauMHasa ¢ NepBON, MO O4Yepean NOrpyXanTe 3NeKTPoA AaTyuuKa 3/1eKTponpo-
BogHOCTU. Korfga nokasaHus npuéopa ctabunnsmpyroTcs, 3anuwnTe ux B Tabnuue. 3neKTpof,
N3BNEKNTE U3 pacTBopa, 060TpuUTE (hUNbTPOBaNbHOW Gymaroii M nepeHecuTe B CAeayroLLyHo
npoo6upky

Mo nmonyyeHHbIM pe3ynbTaTam MOCTPOWTe rpaduk. OCb 3N1EKTPOMPOBOAHOCTN pasMectuTe
Tak, YTOObl Ha 3aceykax OblN Kpyrible 3Ha4YeHUs. HUXXHASA 3aceyka Ha Oocu [O/XKHa COOTBET-
CTBOBATb HY/IO, BEPXHAS — MNpeBbillaTb MakCMMaibHOe U3MepPeHHOoe 3HadYeHue

B ceabMyto Npo6upKy HaneiTe BblgaHHY NPoO6y. N3mMepbTe €€ 3M1eKTPONpPOBOAHOCTb, Ha-
HecuTe Ha rpafmk 1 onpefenvte KOHUEHTPaLuo CoNu B BblJaHHOM pacTBope.

JaHHble N8 NOCTPOEHUA KannbpoBOYHOro rpauka
nonpegeneHna KOHUeHTpaLuMm xaopuaa HaTtpna B BblgaHHOW npobe

Ne npo6bupku 1 2 3 4 5 6 7
KoHueHTpaLus conu, Monb/n 0 0,002 0,004 0,006 0,008 0,01

0O6bEm 0,01M pactBopa, M1 — 10 20 30 40 — —
O61EM BOAbI, M1 — 40 30 20 10 — —

ANeKTponpoBOAHOCTb, MKCM/CM

KOHTponbHbIE BOMPOCHI

1 3apaHue gna nogrorosBku K T'MA, BINP

Mpy NponyckaHnMM Kaknx rasoB 3neKTpuyeckas npoBOAMMOCTb BOAbl YBENUYUTCA?
1) asor;

2) okcmupg aszoTa (1)

3) okcupg asoTa (IV)

4) kncnopog

5) ammunak

OT1BeT:3, 5

2. 3agaHue Ana pasBuTUA QPYHKLUNOHAbHOW rPamMoTHOCTM

MpryMeHeHMe NUTLEBOW COAbl, TMApPOKapboHaTa HaTpus, NPy eYeHNn PecnupaTopHbIX 3a-
60neBaHMN NOMOraeT YCKOPUTb Pa3aXUXOKEHUe MOKPOTbl U BbiBECTUM €€ u3 opraHusma. locte-
NeHHO Kallenb NepexoauT U3 CyxXoro B NPOAYKTUBHBIN, yaydllaeTcs npouecc KpoBoobpalle-
HUA, NErkrue HacbILWLarTCAa AOCTAaTOUYHbIM KO/IMYECTBOM KMUCNOpOoa.

OavH 13 KOHbIX KUccnefoBarenen npoctyauacsa. Bpau pekoMmeHaoBan emMy NpUHUMaTh «Lie-
novHoe nuTbé» B BUAe 1%-ro pactBopa rngpokap6boHaTa HaTpusa. babylika OHOro nccnegosa-
Tens NpuUroToBuIa TaKO pPacTBOpP «Ha rnas». [ipy3ba uccnefoBartens pewunin npoBeputb, Co-
OTBETCTBYET NN cofepiKaHne rugpokapboHata HaTpusi B pacTBOpe, MPUrotoBjieHHOM 6abylLu-
KOW, pekomMeHpaumam Bpaya. [na 3TOr0 OHWM MPUrOTOBUAM PacTBOPbLI C OnpefenéHHowN
KOHLLeHTpauuen rmgpokapboHara HaTpus, U3MEPUN UX YAENbHYI0 3/EeKTPONPOBOAHOCTL Pe-
3ynbTaTbl U3MEPEHUIA NPeLCcTaBeHbl Ha PUCYHKE HUXKE.
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YoenoHasa 3N1eKTpOnpoBOAHOCTb pacTtBopa, MNPUroTOBAEHHOro 6abylkoid, cocTaBuna
820 mKCm/cm.

Onpegenute MOMAPHYIO KOHLEHTpauuio ruapokapboHata HaTpus B pacTBope, NpUroTos-
NeHHOM 6abylwkoi. PaccuuTaliTe MaccoByk AOMKO COAU B 3TOM pacTBOpe, MPMHSB ero njaot-
HOCTb paBHOl 1r/mn. COOTBETCTBYET /I NMPUrOTOB/IEHHbIA PacTBOP PEKOMEeHAaUusm Bpaua?

PeweHue:

Mcnonb3ys faHHble, NpeacTaBieHHble Ha PUCYHKe, HeobXo4MMO MO 3KCNepuMeHTa/lbHbIM
TOUKaM MOCTPOUTbL KaIMOGpPOBOYHbLI rpauk, KOTOpbIA npeacTtaBnsetr cob0oi NpsMyro, BbIXOAS-
LWyt M3 Havana koopauHat. Mo rpauky onpefennTtb, Kakas KOHLUEHTpaLmsa coin cCOOTBETCTBY-
eT yAeNbHON 3neKTponpoBoaHocTn 820 MKCM/cM.

KoHueHTpayms NaHCO3 B uccnegyemom pactsope — 10 mmons/n, 7. e. B 1000 mn pactBo-
pa cogepxutca 10 munnammons NaHCO3 YuuTbiBas, 4To MOMsipHas macca rmgpokapboHarta Ha-
Tpus 84 r/monb, paccumTaem MaccoBYH OO COMN B pacTBOpeE:

0,01 MONb *84.9—
NaHCO3 = 8,4 «10-4 = 0,084%
1000 mn < 1N
PactBOp, NPUroTOBNEHHbI 6abyLWwKon, cnmwkomMm pasbaBneH. MaccoBasi f0Ma COMM B 3TOM
pactBope 3aHmxeHa 60see yem B 10 pas

NabopaTOPHbIA ONbIT:

«OnTunyeckme cBolicTBA KONMOUAHbLIX pacTBOPOB»

TeopeTwnyeckoe BBefleHNe

[na gaHHOro onbiTa MOXHO UCMONbL30BaTh HaChILWEHHbI pacTBOP cepbl B 3TU/I0BOM CNMpTe
nnn 1%-i cnnptoBoi pactBop KaHudgonm 0,05% pactBop KaHuUgonu B aTMnoBoMm cnmnpte. Cepa
WM KaHU(Oob OrPaHUYEHHO PacTBOPSAKOTCA B 3TUIOBOM cnupTe, 06pasysi UCTUHHBIA pacTBop.
OfHaKo 3Tn BellecTBa NPakTMYeckn He pacTBopsatoTcs B Boge. lNpu 3aMelLleHUM pacTBOpuUTens,
T. . Npu go6asneHNn BOAbl cepa (MM KaHUMONbL) BblaenseTcs U3 pactsopa, ob6pasys Konno-
naHbIA pacteBop. MNpy MNPOXOXAEHUM CBeTa Yepe3 KOTOUAHbLIA pacTBOP MPOUCXOAUT ero pac-
cemBaHne — 3pekT Papagea—TuHaans.

MpakTunyeckas yacTb

Llenb onblTa: uccnefoBatb cBeTOpaccenBaHne KOMMOUAHbIX PacTBOPOB.

O6opyaoBaHue U MaTepuanbl: TYypouanMeTp (gatuymk ONTUYECKOM MYTHOCTW); KIOBETa; AuC-
TUNNPOBAHHAsA BOfAA; HaCbIWEHHbI pacTBOpP cepbl B 3TWIOBOM cnupTte (FOTOBUTCS ANUTENb-
HbIM HacTaMBaHMeM CnuMpTa Hap cepoi) unm 1%-i cNMpPTOBOM pacTBOP KaHU(ONn.
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TexHuka 6e3onacHoOCcTH

CnupToBbIe PacTBOPbI Cepbl M KaHU(ONM — ferkoBocnnamMmeHsowmeca Bewectsa. MNpu pa-
60Te C HUMW He A0MyCcKaTb MOSIBNIEHMS OTKPLITOTO MaaMeHu

WNHCcT pyKumA

B ktoBeTy TypbugumeTpa Hanente AUCTUNIMPOBAHHYIO BOAY, HacTpoiiTe gatumMk [obaBbTe
1—2 kanan pactBopa cepbl UM KaHMGOonM B 3TaHoNe Habniogalite MameHeHne MNokasaHwuii
OMTUYECKOl NAOTHOCTU pacTBoOpa

OdhopmneHue oTuéTa:

KOHT ponbHLIE BONPOChHI

Kak M3MeHsieTca onTuyeckass MIOTHOCTb CUCTEMbl MpU J06aBNEHUN K AUCTUNIMPOBAHHOWN
BOAe pacTtBopa cepbl (KaHM(0oAn) B 3TMNOBOM cnnpTte? MNoyemy 3T U3MEeHEHUsA MPOUCXoAAT?

3agaHua gnsa noaroroBkun K NT'MA, BIMP

1 VI3 nepeyHsa yKaXuTe ANCNEPCHbIE CUCTEMbI C TBEPAON AMCNEPCUOHHOWN cpeaoi u TBep-
[oVi gucnepcHol ¢a3oii.

1) rpaHut
KOCMMYecKas Mblb

OTtBeT: 1, 3, 6

2. Ecnu kannu ofHoOI XMAKOCTU pacnpejenieHbl B cpefe APYron XXUAKoOCTU, TO Takyk Cu-
CTEMY HasblBalT

1) aspo3onem

2) aMmynbCcuei

3) cycneHsunei

4) KonnougHbIM pPacTBOpPOM

OtBeT: 2

3. YKaXknTe, Kakme BellecTBa SBAAKOTCA NOBEPXHOCTHO-aKTUBHbIMU (MMAB).
1) cepHasl KUcnoTa;

2) cTeapat HaTpus

3) 6eH3on

4) xnopug HaTpus

5) nsonponunosbIi cnnpT

OtBeT: 2, 5

4. 3ppekT THRana HabngaeTcs Npy NPoONyckaHMU Nyyka cBeTa vepes
1) AUCTUNINPOBAHHYIO BOAY

2) rMapo30/b 30/0Ta

3) pactBop xfopuga Hatpus

4) gbim

5) ounLeHHbIA BO3AyX

6) aMyNbCUO HETU B BOAE

OTBeT: 2, 4, 6

5. ICTUHHBIV pacTBOpP OT KOMNOMUAHOIO OTNYAETC cleaytowmnmM npusHakoMm:
1) oTCyTCTBMEM TpaHuLbl pasgena ¢as
2) CNOCOGHOCTBLIO MPOBOANTL 3NEKTPUYECKUIA TOK
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3) cegMMeHTaUNOHHOW HEeYCTOMUNBOCTLIO
4) BbICOKOI HEOAHOPOAHOCTbLIO
OtBet: 1

NNabopaT OpPHbLIA ONbIT:

«Koarynupytouiee gelicTBUe pa3/IMiyHbIX MOHOB»

TeopeTunyeckoe BBefleHNe

fmaposonb rmgpokcunga xenesa (lll) MOXHO Nerko cMHTE3npoBaTb METOAOM KOHAeHcauuun B
pesynbTate nonHoro rugponusa FeCl3 npu HarpeBaHun go 100 °C:

FeCI3 + 3H20 = Fe(OH)3 + 3HO

frmgponns FeCl3 naéT NMHTEHCMBHO ¢ 06paszoBaHMEM BbICOKOAMCNEPCHbLIX HEPACTBOPUMbIX B
BOJe KONNOMAHbIX YacTul, Fe203 «nH20. YcTonYnBOCTb KONNOMAHOIO pacTBopa obecneymnBaeT-
CA Ha/M4MeM Ha MOBEPXHOCTU AUCMEPCHbIX YacTuy, (Muuenn) anekrpuyeckoro 3apsga. Mpu
JaHHOM MeTofe MOoyyYeHUs 30/ MULENNbl UMEKOT NONOXMUTENbHbIN 3apsaf 3a CHET afcopoumnm
Ha MX NOBEPXHOCTN KaTMOHOB Fe3+

Koarynsauyuio, 1. e. o6beuMHEHMEe, cAnnaHne KOMMOUAHbIX YacTul, MOXHO Bbl3BaTb J00aB-
JIeHVEeM B 30/1b PacTBOPOB 3/1EKTPOJINTOB. Koarynauusa ¢ nomoLbio 3/1EKTPOJIUTOB LLMPOKO MC-
nosb3yeTcsa A1 OCaXKAEHUS B3BELIEHHbIX YacTul, Npy BOAOOYUCTKE, oboraweHns MuHepasb-
HOrO ChbIpbA, yAyyleHNs GUAbTPaALMOHHBLIX XapaKTepucTuk ocagkos. Koarynupywowmm aei-
CTBUEM B 3/IeKTpo/NTe 06n1afardT He BCe €ro WOHbl, a TO/IbKO Te, 3apff KOTOpbIX
NPOTUBOMNONOXEH MO 3HaKy 3apsafy muuenn 3(PeKTUBHOCTb Koaryiupyrowero Aeicrems
3NeKTPONMUTOB YBeNMUYMBAETCA C BO3pacTaHMeM 3apsaga Koarynumpylowiero uoHa (npasuio
Wyneue—Trapan).

XapakKTepHbIM MPU3HaAKOM Koarynaummn fBnseTca yBenmMyeHne MyTHOCTU pacTBopa, NoaToMy
nuccnefoBaHne YKpyNHeHUs 4acTul, Nosy4eHHOro rmaposons rugpokcuga xenesa(ll) ygo6Ho
NPOBOANTb C MOMOLLLIO TYpbuanmMeTpuyeckoro metoga. Mpu koarynauuu pasmep TBEPAbIX Ya-
CTWL, AMCNEepCHON (ha3bl YBENMUYMBAETCH, COOTBETCTBEHHO BO3pacTaeT OnTM4yeckas MAOTHOCTb
30N14. Ona nonyyeHHOro pacrtsopa yAo6HO MpoBOAUTL U3MEPEHUa B Typougumerpe.

OnpenenéHHblii 06bEM pacTBOpa A06aBNEHHOrO 3NEKTPONUTA Bbl3biBAeT ObICTPYHO Koary-
NAUMIO, NPU KOTOPOI onTuyeckas MAOTHOCTb 30/ LOCTMIaeT MakCMMasbHOro 3Ha4YeHUs u npu
fanbHeilwem fo6aBfeHUN 3NeKTPoNnTa He N3MeHseTcs.

C ueNbio 3KOHOMUKU Y4eBHOro BpeMeHU MOXXHO BblfaTb YYEeHMKaM rOTOBbIA PacTBOp rmapo-
30/, a 6IOpeTKN 3apaHee 3anoNHUTL KoarynsaHtamu, 0,1M pacteopamu NaCl, CaCl2, Na2SO4.

MpakTunyeckas yacThb

Llenb onblTa: U3y4ntb Koarynmpyoulee feicTBUe pas3IMyHbIX MOHOB Ha MMAP030/b MMAPOK-
cupa xenesa (lll)

O6opyaoBaHue N MaTepuanbl, TypomanmMeTp (AaTuMK ONTUYECKON MYTHOCTM); KIOBETA; CTa-
KaH Ha 150 Mn; anekTpuyeckas NAUTKa; KOHM4Yeckas uam naockogoHHasa konba Ha 250 mn; 6to-
peTkn EMKOCTbIO 25 M1 — 3 WT.; MepHasa npobupka; puabTpoBanbHas bymara, NpPOMbIBasIKa;
AncTunnMpoBaHHasa Bopga; 2%-1n pactBop xnopuga >xkenesa (I11); 0,1M pactsopbl NaCl, CaCl2
Na2S0O4.

TexHuka 6e3onacHoCcTH

Mpu HarpeBaHUW BOAbl M BO BpeMs MPUroTOBNEHUA KOMOUAHOIO pacTBopa cnefyet ocre-
peratbcs oXora

WHCcT pyKumna

Ona nonyvyeHns rngposons Fe(OH)3 B konby ¢ 250 mn KMNSLWen gMCTUNANIMPOBAHHOW BOAbI
npuneiite 10 mn pactBopa 2%-ro xnopuga xenesa (lll). Obpa3zoBaBlUNIACA 30/1b KpPacHO-KO-
PUYHEBOrO LBeTa OX1afgnTe 4O KOMHATHOM Temnepartypsl
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Tpun 6topeTkun 3anonHute 0,1M pactBopamu NaCl, CaCl2 n Na2SO4, koTtopble 6yayT CAyXXUTb
KoarynsHTamum

B KOBETY AatumKa-TypouagnmeTpa Haneite MofyvyeHHblA KONNOWUAHbIA pacTBOpP, HACTPOiTe
[aTymnK

V3 6ropeTkn megneHHo, no 1—2 kanne, go6asnsinTte B rmapo3ons Fe(OH)3 pactBop xnopu-
Ja HaTpusa n Habnwpgalrite 3a U3MEHEHUSIMU MOKa3aHWi ONTMYECKOM MAOTHOCTM Kak TO/bKO
OHa Ha4yHET pe3KOo Bo3pacTaTtb, 3auKcupyinTe 06bEM npunmtoro pactsopa NaCl. OctaHoBUTE
N3MepeHus, BblfeliTe NOMyYEHHYH) CMeCb, CMOMOCHUTE KIOBETY AWCTUIMPOBAHHOW BOAON M
npotpute eé PuUNbLTPOBaILHOW GyMmaroi

AHanorm4yHole M3MepeHns MOBTOPUTE A1 PacTBOPOB x/Jopuaa Kanbuus u cynbarta Ha-
Tpus

OdhopmneHne oTuéTa

3anonHnTe Tabnuuy.

No MoporoBblii 06bEM
KoarynsaHr KoHueHTpaunsa, monb/n
onbITa aneKkTponuTa, M
1 PactBop NaCl 0,1
2. PactBop CaCl2 0,1
3. PactBop Na2SO4 0,1

KOHTponbHbLIE BONPOCHI:

1 Kakoi u3 uccnefoBaHHbIX 3N1EKTPOINTOB ABASETCA Hanmbonee ahPeKTUBHbLIM KOoarynsiH-
ToM? lMoyemy?

2. Mpegnonoxute, Kakoin 3apsan (NONOXKUTENbHbLIA UM OTPULLATENBHbIN) MMEKOT YacTulbl B
Nosly4eHHOM KONMNouAHOM pactBope. Kakue 3kcnepuMeHTalbHble faHHble MO3BOJMAKT BaM
o60CcHOBaTb Takoi BbIBOA?

3 Heobxoanmo ocBeTNUTb NPUPOLHYHO BOAY, YaCTUUYKW B3BECU B KOTOPOW MMEKT oTpuLia-
TeNlbHble 3feKTpuyeckme 3apsagbl Kakoro BeulectBa notpebyeTcs HavMeHbllee KOJIMYecTBO:
NaCl, Na2SO4, Na3P0O4, Al2(SO4)3 unn FeSO4? CBoii 0TBET 06OCHYIATE.

3agaHua gna nogrorosku Kk TMA, BIP

1 BcTaBbTe B TEKCT NPONyLLeHHbIE TEPMUHbI U3 NPeaoXeHHOr0 rnepeyHs.

A — 310 cucTema 13 AByX uam 60MbLIEro yncna gas ¢ CuabHO pasBuTon B  mexay Humu.
O6bIYHO ofHa M3 (ha3 obGpasyeT HemnmpepbiBHYIO B, B 06bEMe KOTOpOW pacnpegeneHa [
B BUAE MENKUX KPUCTanoB, TBEPLAbIX aMOPMHBIX YacTuL, Kanesb Uiy ny3blpbKoB.

TEPMWHBbI:

1) asposonb 4) aucnepcHas cuctema
2) AaucneprupoBaHue 5) pucnepcHas ¢asa
3) AucnepcuoHHasa cpefa 6) MOBEepXHOCTb pasjena

A b B r

OTBeT: 4, 6, 3, 5.

2. BcTaBbTe B TEKCT MPONYLIEHHbIE TEPMUHBI U3 NPEAI0XKEHHOI0 MNepeyHs.
A — ob6beguHeHue YacTuy, B Barperatbl BCNeACTBME CLEMNEHUS MPU UX COYAAPEHUSIX.
CoypapeHus NpouUCXoasT B pesynbTtate B. XapakTepHble NMpu3Hakn A: yBeNIMYEHUe MyT-
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HOCTW, MOSIBNEHME XNONbEBUAHbLIX 06pa3oBaHuii (hnokyn), I MCXOAHO YCTOMUMBOW K cean-
MeHTauum cuctemsl (KONNOMAHOrO pactBopa) C BblgeneHneM b B Buge Koarynsarta (ocagka,
CNMBOK)

TEPMWHBbI:

1)  O6pOyHOBCKOE ABUXEHUe 4) Koarynsyms

2) pucnepcHas (asa 5) paccnoeHue

3) AwucnepcuoHHas cpeja 6) aekT Papasea—TuHaans

A b B T

OTtBeT: 4,2, 1,5

5. 3agaHue gnsa pasBuTUA PyHKLMOHANBHOW rPaMOTHOCTHU

Mcnonb3ys pasnuuHbie MHPOPMAaLMOHHbIE UCTOYHUKN M NPUBMEKAA 3HAHUA O AUCNEPCHbIX
cuctemMax, npeanoXxXute oTBeTbl Ha clefytolime BONPOChI:

1 Kakue npouecchl nexar B OCHOBE QUYMCTKM MUTLEBOW BOAbl Ha CTAHLMUSAX BOAOMOArOTOB-
Kn? Ha kakom 3atane go6aBnstoT KoarynsaHTtbl (DNOKYNsAHThI)? Kakue BewecTBa MCMNOMb3YIOT B
KayecTBe KOarynsHTOB Ha CTaHLUMAX BOAOMOATOTOBKN?

2. Kak MOXHO 04nCTUTb BOAY B GacCeiHe, ecnn OHa «3alBena»?

3. Moyemy gpeBHWE LUMBUNM3ALMU BO3HUKANIN B AefnbTax pek?

NabopaTOPHbLIA ONbIT:

«3meHeHne pH B x04e OKUCANT €1bHO-BOCCT AHOBU T €/1bHbIX peakLnin»

TeopeTunYeCKoe BBeAeHNe

OKMCNNTENbHO-BOCCTAHOBUTENbHbIE pPeakuun, NpoTekalLlme B BOAHbIX pPacTBOpax, 4acto
COMPOBOXAAKTCA U3MEHEHMEM BOAOPOAHOrO MokasaTens, Tak Kak cpean npoAyKTOB MOXeT
ObITb KaK KMCNOTa, TaK U LLEeN0Yb:

2KMnO4 + 3Na2S03 + H20 = 2Mn0O2| + 3Na2S0O4 + 2KOH
2+ Na2SO3+ H20 = Na2S04 + 2HI
2KMnO4 + 3MnCI2 + 2H20 = 5Mn0O2| + 2KCIl + 4HCI
2KIl + FeCl3 = FeCl2 + 12 + 2KClI

HacToswas pabota HOCUT MUCCNef0BaTENbCKNIA XapaKTep. M3mepeHne pH 1 aHanu3 nony-
YEHHbIX BE/IMYMH MO3BO/MAET 06YyYalOLMMCS YCTAHOBUTL HAMpPaB/leHHOCTb MPOTEKAHUA M3ydae-
MbIX OKUC/TUTENIbHO-BOCCTAHOBMUTE/IbHbIX MPOLIECCOB.

MpakTunyeckasa 4acTb

Llens onbiTa: Ha OCHOBaHUW aHanu3a U3MeHeHUA pH ycTaHOBWUTL HarnpaB/IeHHOCTb MpoTe-
KaHUA n3yyaembiX OKUC/TNTENbHO-BOCCTAHOBUTE/IbHbIX MPOLLECCOB.

O6opygoBaHne N maTepuansl: gatumk pH; 8 ctakaHoB Ha 50 M/, WTaTMB C 3aXXMMOM WU
KOMbLOM; MPOMbIBasKa;, auctunanposaHHas soga; no 20 mn 0,1M pactBOpoB uogupa Kanus,
nepmMaHraHaTta kKanus, noga 2 ¢ noangom kanus, cynbuta HaTtpus, xnopuga mapraHua(ll),
xnopuga xenesa(Ll).

TexHnKa 6e3onacHOCT MU

1 lMepmaHraHaT Kanusa — CU/bHbIA OKUCAUTEND!

2. N3b6eraiTe ero nonagaHns Ha KOXYy, ecnyM nonagért, To NpoMoiTe BOAOW, NPOTpUTE Me-
CTO nonagaHus BaTkol ¢ pa3baBneHHbIM PacTBOPOM LUABENEBOI KMCNOTbI, a 3aTeM TLLATENBHO
BbIMOITE PYKN C MbINOM
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NHCT pyKumAa

3akpenuTe gatumk pH B 3axkume wtatMBa B AByx cTakaHax MoOAroToBbTe PacTBOPbLI peareH-
TOB AN1a OfAHOIM peakumn (cm Tabn ) [orpy3uTte gatymk pH B pacTBOpP MEPBOro peareHta He
MeHee 4eM Ha 3 cm Korga nokasaHus ctabunusmnpyroTcs, sanuwmnte 3HadeHne pH TwaTtensHo
OMOJ/IOCHUTE AAaTyMK, OCOGEHHO €ero YyBCTBUTE/IbHbIA 31EMEHT, AUCTUINNPOBAHHOM BOAOW U
norpysute B pacTBOP BTOPOro peareHTa 3anuwimnTe 3HavyeHwe pH nocne crabunmsaymm noka-
3aHuMi npubopa

He BbiHMMaA gatymka U3 pacTBopa BTOPOro peareHTa, npunelite B cTakaH pacTBOp MNepBoro
peareHTa Habniopgalite nameHeHme 3HadyeHwnii pH T[locne Toro kKak BennumHa pH nepectaHet
NU3MEHATbLCSH, 3anumnTe eé 3HayeHne B Tabnuuy

TwaTenbHO NPOMONTE AAaTYMK M aHANIOTMYHO MOBTOPUTE M3MEPEHUS C OCTaBLUMMUCS Mapa-
MW peareHToB

OdhopmneHne oTUéTA

3anonHuTe Tabnuuy

PactBop 1-ro
peareHTa

dopmyna pH
KMnO4

PactBop 2-TO
peareHTa

dopmyna pH
Na2S0O3

P Na2S0O3
KMnO4 MnCI2
Kl FeCI3

pH nocne
CMeLluMBaHus

Ha6ntoge-
HUSA

YpaBHeHue
peakummn

KOHT posibHbIe BONPOChI

CoctaBbTe ypaBHEHUA  UCCMEAYEeMbIX  OKUCNUTE/IbHO-BOCCTAHOBUTESNbHbIX
O6bAcHUTE N3MeHeHUs pH nNpu Mx NpPOTeKaHUN.

3afaHua gna noaroroskn K TMA, BIP

Mpepnaraetcs nepeyeHb CMefyoLWUX BELWECTB: NepMaHraHaT Kanusa, nogup Kanbuusa, gpro-
pug cepebpa, rmMapoKcua Kanusa, auerar amMoHuMa JonycTMMO UCMoNb30BaHWe BOLHbLIX pac-
TBOPOB BeLllecTB. BbibepuTte BellecTBa, OKUCAUTE/IbHO-BOCCTAHOBUTE/NIbHAA peakuns Mexay
KOTOpbIMU COMPOBOXJAETCH U3MEHEHVWEM LBeTa pacTBopa. 3anuiimte ypaBHeHMe 3TOl peak-
LMK, COCTaBbTe 3/1IEKTPOHHLIN BanaHc, YKaKnte oKUCANTeNb U BOCCTAHOBUTESb

PeweHue:

peakuuii.

12KMnO4 + Cal2 + 12KOH = 12K2MnO4 + Ca(l03)2 + 6 H20

KMnO4 — okucnutenb 3a CY4ET Mn+7
Cal2 — BoccTtaHOBUTE/Nb 3a CYET I-1

NabopaTOpPHbLIA ONbIT:

«PaboTa CBMHLOBOIo akkymynaTopa»

TeopeTwnyeckoe BBefleHNe

Mpu onyckaHWWM CBMHL,OBbIX MAACTUHOK B pacTBOP CEPHOWM KMUCNOTbI HA UX MOBEPXHOCTM 06-
pasyeTcs 0cafoK MasopacTBOPMMOro cynb@arta cBuHuUa. [MNpy NOAKIOUYEHUN NOCTOSSHHOTO TOKa
Ha 3N1eKTpojax NMpPOTEKalT 3NEKTPOXMMUYECKUE peakumn. Ha oTpuuatensHoMm 3nektpoge (BO
BpeMs 3apsALKU aKKyMynsiTopa OH SBASIETCS KaTofoM):

PbSO4+ 2e = Pb + SO4-
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Ha nonoxutenbHOM 3nekTpoge (BO BPeMs 3apsifKu akKyMynatopa OH SBASETCS aHOAOM):

PbSO4- 2e + 2H20 = PbO2 + 4H+ +S0O42-

Mpouncxoaut Tak HasbiBaeMas 3apsifjka akkymynstopa

MpV NPUCOEAUHEHUN K 3M1EKTPOJAM NlaMMOYKM WM Apyroro npu6opa, noTpebnsitouero
3NeKTPUYECKUNIA TOK, MPOUCXOANT paspsaka akkyMynatopa, o6pa3oBaHue Ha 31eKTpoAax Cy/b-
(haTa cBMHUa Ha oTpuuatensHOM nosntoce (BO Bpemsi paspsaku OH ABNSETCS aHOAOM):

Pb + SO£&-- 2e = PbSO4
Ha nonoxutenbHoMm nosntoce (BO BPeMs paspsagkm — Katoge):

PbO2 + 4H+ +SO42- + 2e = PbSO4+ 2H20

Taknm 06pa3oM, MpoLecchl 3apsafku U paspagky akkymynatopa SBAsTCa 0b6patuMbIMU U
MX MOXXHO MHOTIOKpParHO NMOBTOPATb

lMpakTunyeckasa 4yacTb

Llenb onbiTa: nM3y4ynts npouecc padboTbl CBMHLUOBOIO akkymynsatopa, NoOHMMaTb, Kakue pe-
aKuMn NpoTeKaroT Mpu ero 3apsagke v paspsagke.

O6opyfoBaHMe 1 MaTepuanbl: AAaTYNK HANPSXKEHUA, UCTOYHUK MUTaHUS nabopaTtopHbIif;
ctakaH Ha 200—400 mn; 2 CBUHLOBbIE MAACTUHbLI C MPUKPENNEHHLIMW OTBOAaMW; NamMnoyvka
2,5 B; 100 mn 20—25% pacTBOpa CEPHOIN KUCNOTHI.

TexHvKa 6e30MacHOCT U

1. CepHas kucnota efkoe BewecTtBo. beperutecob oxoral!

2. CBUHeL U ero coefuMHeEHUA — TOKCUYHble BewecTBa. MNpn paboTe ¢ HUMKM Heob6Xo4MMO
cob6nogatb akkypaTHOCTb!

3. Mocne paboTbl HEOOXOAMMO TLLATESIBHO BbIMbITh PYKWU C MbIIOM.

WHCcT pyKyma

Hanelite B cTakaH 100 M1 pacTBOpa CEpHOP KUCAOTbl U ONYCTUTE B HEro ABe CBUHLIOBbIE
NNAaCTUHKW. 3aMKHUTE Ha HECKOJIbKO CEKYH[ OTBOAbl OT MaacTUHOK. MNpucoegmHuTe K 0OTBOAAM
NNAacTUHOK JaTYMK HanpsHXKeHns. 3anuiinte 3HaYeHne HanpsXeHus B TeTpan.

MpucoeAnHMTE K OTBOAAM MUCTOYHUK MOCTOSIHHOTO TOKa (6 B) M nponyckalite TOK B TeYeHne
2—3 MuH. OTkMmo4YuTe ToK. CHOBa NpuUcoeguHNTE K OTBOJAM AaTUMK Hanps>XeHud. 3anuwwinte
ero 3HaudeHue. NpucoegnHUTe K OTBOLaM Namnoyky. Yto Habnopaete?

OdhopmneHne oTuéTa

KOHTponbHble BONPOCHI

1 3anuwunTte ypaBHEeHMe, oTpaxkawlme CyMMapHbIii NPOLLEeCcC 3apsiakn U paspsigkum CBUH-
LLOBOro akkymynsropa.

2. KakoBo 3HaueHune 3[JC cobpaHHOro Bamu CBMHLLOBOrO akkymynatopa?

3. 3apaHusa gna nogrorosku K T'MA, BIP

1 YcTaHOBWTE COOTBETCTBME MEXAY CXEMON peakuMuM M CBOWCTBOM, KOTOpOe MposiBaseT
3NEeMEHT CBUHEL, B 3TON peakumun

CXEMA PEAKLWI CBOWCTBO CBUHLA
A) PbS + H202 f PbSO4 + H20 1) He M3MEHSEeT cTerneHb OKUCEeHNS
B) PbO + CO f Pb + CO2 2) W OKUCAUTENb, N BOCCTAHOBUTENb
B) PbO2 + HCI f PbCI2+ Cl2+ H20 3) TONbKO OKMCNUTENb

4) TONbLKO BOCCTAHOBWUTESIb

A b B
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OTBeT: 1, 3, 3.
2. YcTaHOBMTE COOTBETCTBME MEXY CXEMOI peakuum v popmMynoli Bewectsa — BOCCTAHO-
BUTENS.

CXEMA PEAKLIAWN ®OPMY/IA BOCCTAHOBUTENS
A)  Pb + HNO3f Pb(NO3)2+ NO2 + H20 1) Pb
B) Pb+ NaNO3f PbO + NaNO2 2) C
B) PbO+Cf CO+Pb 3) NaNO3
4) HNO3
5) PbO
A b B
OtBeT: 1, 1, 2

HeopraHmnyeckasa xummns

labopaTOPHbLIA ONbIT:

«CpaBHUTeNnbHOe onpejefsieHe pacTBOPUMOCT U rasioreHMaoB cepebpa»

TeopeTwnyeckoe BBefleHNe

CunbHble 3N1EKTPO/INTbI AUCCOLMUPYIOT B BOAHOM pacTBOpPe MPakTUYecKU MOJIHOCTbIO. Cpe-
ON 3TUX 3/1eKTPOSIMTOB eCTb XOPOLLUO pacTBOpuUMble BeLLLeCTBa U ManopacTBopuMsble. [locnen-
HWe TakKe 06pa3yloT HacblleHHbIe pacTBOpPbl. PAaCTBOPUMOCTb KOIMYECTBEHHO MOXXHO Onpe-
LenuTb, U3MepuB 3N1EeKTPOMNPOBOAHOCTL HACbILWLEHHOro pacTBopa MUccnegyemMoro 3/ieKTponura.

3 ranoreHngoB cepebpa HanboNbLIYO PacTBOPUMOCTL MMeeT pTopuf cepebpa. 310 Be-
LLlecTBO pacTBoOpumMoe B BofAe PacTBOPUMMOCTb xjlopuga cepebpa CylecTBEHHO MeHblue 3T0
BELLECTBO Y)Xe OTHOCUTCA K HepacTBOpPMMbIM B BOAe BellecTBaM. HaMMeHbLIy pacTBoOpwu-
MOCTb U3 paccMaTpuBaeMbIxX ranoreHnagoB MMeeT nogus cepebpa.

BewecTBa, OTHOCALWMECA K HEPACTBOPUMbIM, B KAKOW-TO MYCTb OYEHb Masioil Mepe pacTBO-
pstoTcs B Boge. KONMYecTBEHHO 3TO OLEHMBAETCH C MOMOLLbLIO Be/IMUYUHBI, HAa3biBAEMOW NPOU3-
BegeHnem pactsopmumoctn — [P. TP paBHO NPOU3BeAEHNI0 MOMAPHbIX KOHLEHTpauuin obpa-
30BaBLINXCA B pacTBOpe MOHOB, Hanpumep:

NPasa = [Ag+HCI-].
MpowuseegeHna pactsopmmoctn AgCl n Agl oTnnyarotcs B cpegHeM Ha 6 MOpsKoB (CM.
Tabn.).

Mpown3BeaeHns pacTBOPMMOCTM FaNoreHnaoB cepebpa

dopmyna ranoreHvaa AgCl AgBr Agi
MP1 B 070 g o8 8,3 » 1017

B HacbllWeHHOM pacTBope xnopuja cepebpa KOHUeHTpauus MoOHOB cepebpa Ag+ focraTou-
Ha Ansa Toro, 4tobbl ¢ noama-noHamm obpasoBasncsa ocafok nogmaa cepebpa

lMpakTunyeckas yacTb

Llenb onblTa: cpaBHUTL PacTBOPMMOCTL XJlopuga, 6pomuaa n noguga cepebpa.

O6opygoBaHne U MaTepuanbl. AaT4nUK 31EKTPONPOBOAHOCTU, cTakaH Ha 150 mn — 3wWrT.;
wnarens — 3 WT.; MarHUTHaa Mellanka; AUCTUINMPOBaHHaa BoAa; unbTpoBasibHaa bGymara;

1lypbe HO. 0. CnpaBOYHUK MO aHaUTUYeCKon xumun. M.: Xumng, 1971 C. 94—095.
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TWaTeNbHO OTMbITble OT MPMMECE Cyxume MNOPOLWKK xnopuaa cepebpa, 6pomuga cepebpa,
noamnga cepebpa; pactsop moguga kanusa 5%

WHCcT pyKuma

B ctakaH Haneinte npumepHo 100 M AUCTUANMPOBAHHO BOAbl, N3MEPbTE €8 3M1eKTPONpo-
BOAHOCTb [lna 3TOro onyctute B BOAY AaTUMK 3/1EKTPONPOBOAHOCTU U AOXKAMTECH, MOKa NOKa-
3aHUA He cTabunmsnpyroTcs. B Boay go6aBbTe HEMHOro (npumepHo 0,1 r) TOHKOU3MENbYEHHO-
ro xnopuga cepe6pa [llocTaBbTe CTakaH Ha MarHUTHYHO MellanKy 1 BKAouuTe eé HabGntopaiTe
3a U3MEHEHWEM 3/IEKTPONPOBOAHOCTU pacTBopa. Korga 3HadyeHue 3neKTponpoBOAHOCTU CTa-
HeT MOCTOSIHHbIM, 3aHecuTe 3HadyeHWe 3NeKTPONpPoBOAHOCTM B Tabnuuy otyéta [lpomotite
3/1eKTPOA ANCTUNNIMPOBAHHOW BOAOI 1 NpocywnTe GunbTPOBaibHOW Gymaroi

MoBTOpUTE ONbIT, UCNONL3YS Bpomug cepebpa 1 3atemM noana cepebpa. Yoepute aneKkTpoa,.

B cTakaH ¢ HacbllWeHHbIM pPacTBOPOM Xopuia cepebpa, Haxogawemcsa Hag ocagkom AgCl,
npunente 2—3 M pacTBopa Moauaa Kanms.

OdhopmneHne oTuéTa

3anonHute Tabnunuy.

HacblLeHHbI pacTBOp

Ncecnepyemasn AuctunnmnpoBaHHas
KNOKOCTb BOAa AgCl AgBr Agl
ANeKTpOonpPoOBOAHOCTb,
MKCM/CM

KOHTpo/ibHble BOMPOCHI:

1 Pacnonoxwute ranoreHuibl cepebpa B Nopsgke yMeHblLleHUs ux pactsopumocTn. O60-
CHYITe CBO& peLlleHune.

2. Kakme n3MeHeHMs Mpoun3oLlin ¢ pacTBOPOM W OcCagKom npu gob6aeneHun pactBopa
noguaa Kanms K HacblWEHHOMY pacTBOpY Xnopuga cepebpa, HaxogawemMycss B paBHOBECUM C
TBEPABLIM AQCI?

3agaHua gnsa noarorToskn K T'MA, BIMP

OLHOBpPEMEHHO B PacTBOpEe B 3HAUYUTESNIbHbIX KOHLUEHTPAaLUAX He MOTYT HaXOAUTLCA MOHbI

1) Fe3+ Cl-, NO3-, Ca2+ 4) H+ NO3-, Ag+ , Br-
2) Fe3+ SO42-, Mg2+, HCO3 5) K+, PO43-, Na+, Cl-
3) K+, CO2-, OH-, Li+

OTBeT: 2, 4

NabopaTOPHbLIA ONbIT:

«B3anmopgencTBue rugpokcnga 6apusa ¢ CEpHO KUCNOT Ol»

TeopeTunyeckoe BBefleHNe

PactBOpbl rmgpokcuga 6apusi U CEPHOM KUCIOTbl SIBASKOTCSH CU/bHBIMU 3/1IEKTPOAUTAMMA .
Mpu nx B3aMmoaeiicTBMN 0bpasyeTca HepacTBOPUMbIA cynbdat 6apus oaToMy npu TUTpOBa-
HUM pacTBopa ruapokcuga 6apus pacTBOPOM CEPHOM KUCNOTbl MPOUCXOAUT YMEHbLUEeHUe
3N1EKTPONPOBOAHOCTA MCXOOQHOTO pacTBopa B TOUke 3KBMBASIEHTHOCTM 3/1EKTPONPOBOAHOCTb
pactBopa 6yAeT MUHMMaNbHOW. 3TO MO3BOMSET NMPOBECTU HelTpanunsaunio pactsopa 6e3 uc-
NO/Ib30BaHUA BHELIHUX WHAWMKATOPOB. Takol MNPUEM TUTPOBAHUSA Ha3biBaeTCs KOHAYKTOMe-
Tpuyecknm. OH 4acTO WMCMNOJb3yeTc MPU TUTPOBAHUM MYTHbIX M MHTEHCUBHO OKPAaLLEHHbIX
pacTBOpOB, KOrga npuMeHeHne UHANKATOPOB HEBO3MOXHO

Mpu pancHelwem fo6aBneHUN pacTBOpa CEPHOM KUCAOTbI (faXKe OAHOM Kanau) npoucxo-
ONT pe3Koe yBe/IMYeHne 3/1eKTPONpPoOBOAHOCTM pacTBopa. Mpoucxoant Tak HasbiBaeMblii CKa-
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YOK TUTPOBaHUS [103TOMy NpU NMPUBANXKEHUN K TOUKE TUTPOBAHUA KUCNOTY HY>XXHO Mpuansatb
OTAeNIbHbIMU Kannsmu

MpakTunyeckasa yacTb

Llenb onblITa: uccnegoBatb OCOGEHHOCTN MPOTEKAHUS peakumy HeTpannsawmnu.

O6opypoBaHue M MaTepuanbl: JaT4nK 3N1eKTPONPOBOLHOCTU; cTakaH Ha 50 mn; wratms ¢
3aKMMOM; MPOMbIBaJIKa;, MarHUTHaa Mellasnka; 6lopeTka; guctunamposaHHas soga; 30 mn 0,1M
pacTBOpa cepHoi kucnoTtbl; 20 mn 0,1M pacTBopa rugpokcuga 6apus

WHCT pyKuma

B ctakaH Haneiite 20 mMn pacTBopa rugpokcuga 6apus. Nomectute ctakaH Ha MarHUTHYHO
Mewanky OnycTuTe B CTakaH AaTyMK 3/1EKTPONMPOBOAHOCTMN, 3aKPENNEHHLIA B Narnke witatmsa
Hab6ntopaiite 3a M3MEHEHVEM 3HAYEHUS 31EKTPONPOBOAHOCTM Korga nokasaHusa 3neKTponpo-
BOAHOCTN MepecTaHyT U3MEHATLCA, 3anunTe 3HayeHne pH B TeTpab

BkaoumTe MarHMTHYHO Mellanky B TeueHue HeCKONbKMX CeKyHA npuneiite us 610peTkn pac-
TBOP CEPHOW KMCNOTbl 06BEMOM 0Kono 20 mn. Habnogante 3a U3MEHEHMEM 3HAYEeHUS 3MeK-
TponpoBogHOCTU. MNMpnbaBbTe N3OLITOK CEPHON KMUCNOTbI (HECKO/LKO Kanesb).

OdhopmneHne oTuéTa

KOHTpO/bHbIE BOMPOCHI

1 Kakumu anektponutamu (cnabbiMyn UM CUbHLIMW) ABAAKOTCA CEpHasa KUcnoTta U rmgpok-
cng 6apumsa? Ha ocHOBe Kakmx KpUTEPUEB Bbl 3TO onpeaennnan?

2 Kakume BHellHMEe MPU3HaKM yKasanm Ha TO, YTO MeXAy rMApoKcuaoM 6apusi U cepHoii
KUCNOTON MPOUCXOAUT XMMUYECKOe B3aMMOfeincTBne? 3anmimte ypaBHeHEe peakuun B Mose-
KY/IAPHOM N MOHHO-MOJIEKYNISIPHOM BUJE.

3. Kak ¢ nmomoLbio gaTymka 3/1eKTpONpOBOAHOCTU ONpeAenMTb OKOHYaHUe AaHHOW peak-
unn HelTpanmsaunum? MOXHO M BOCNOJb30BaThCA AaHHbIMU KpUTEPUEM NPU NPOBEAEHUMN /IO~
60IA peakuum HenTpanusaummn?

4. Kak MeHsileTcsl 3/IeKTPONpPOBOAHOCTL pacTBopa No Mepe npubaBneHUs pacTBOpa CepHOi
KMCNoTbI? YeMy paBHa 3/1eKTPONPOBOAHOCTL pacTBopa Npu Ao6aBNeHUN 3KBUBAIEHTHOIO pac-
TBOpa CEpPHOWN KUCNOoThbl? Kak n3mMeHunack 3N1eKTPONPOBOAHOCTL Moc/e npubaBneHns M36bITKa
Kucnotol? NMoyemy?

5 3apgaHwuna gna nogrorToBku K N'NA, BIP

1 CokpalléHHOe NOHHOEe ypaBHEeHMUE:

Mg(OH)2 + 2H+ = Mg2++ 27~ 0

COOTBETCTBYET B3aMMO/AENCTBUIO TMAPOKCUAA MarHus

1) € CONAHOW KWUCNOTOA 4) ¢ cepoBOAOPOAOM
2) C YronbHOI KMUCNoTol 5) ¢ nofoBOAOPOAHON KMUCNOTOM
3) C YKCYCHOIi KMCnoTo

OtBeT: 1, 5

2. COoKpaléHHOMY MOHHOMY YpPaBHEHWUIO:
H+ + OH- = H20
COOTBETCTBYHOT B3aMMO[ENCTBUS:

1) NHA4CI n KOH 4) H2S04wu Ba(OH)2
2) Ca(OH)2 1 HNO3 5) H2S04 n NaOH
3) Cu(OH)2n HCI

OtBeT: 2, 5
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NabopaTOPHbLIA ONbIT:

«OKucneHne xxenesa BO BNaXXHOM BO3Jyxe»

TeopeTunyeckoe BBefleHNe

PaspylleHne MeTannoB 1 CMaBOB B pe3y/bTate MPOTeKaHUs Ha UX MOBEPXHOCTU 3/1IEKTPO-
XUMUYECKNX PeaKkLNii Ha3blBaeTCs 3/1EKTPOXMMUYUYECKONW Koppo3uel [pu 31eKTPOXMMUNYECKOA
KOPpPO3UN Ha NOBEPXHOCTM >Kesie3a NpoTeKkarT OAHOBPEMEHHO ABa npouecca: OKUCNeHne Me-
Tanna — aHOAHbIN NPOoLEcC;

Fe - 2e = Fe2+

N BOCCTAHOB/IEHNE OKUCNNTENA — KaToAHbIV npouecc:
02+ 2H20 + 4e = 40H

B BOAe MOHbI XXenesa Fe2+ B3aMMOAENCTBYIOT C TMAPOKCUA-MOHaMK, 06pasysi HepacTBOpU-
MbliA rmagpokeung xxenesa (ll):
Fe2++ 20H- = Fe(OH)2
Kncnopog Bo3gyxa OKWUCAseT 4vacTb rngpokcmpa xenesa Fe(OH)2 n nonydyaercs metaru-
apokcupg xenesa FeO(OH):

4Fe(OH)2+ 02 = 4FeO(OH) + 2H20

Cmecb MeTarngpokcmga xenesa FeO(OH) ¢ rugpokcngom xenesa(ll) o6pasytoT Tak Hasbl-
BaeMy0 pXkaBUMHY — Oypblii pbIX/Ibli NOPOLWOK. Kak BMAHO M3 YpaBHEHWI peaKkuuil, KOppPo3uns
npoTekaeT B NMPUCYTCTBUM KUCNOPOSaA.

Mpu KOHTaKTe XKenes3a C MeHee akTUBHLIM MeTa//ioM CO34aéTcs rajbBaHuyeckas napa, B
KOTOpoi 60onee akTMBHbIA MeTann (Fe) HauMHaeT MHTEHCUBHO OKUCAATbCA. CKOPOCTb peakuuii
pacTteT, yBeNMUYMBAETCA U CKOPOCTb NOTpebneHns Kucnopoga

MpakTunyeckasa yacTb

Llenb onbiTa: nccnefoBatb NPOLECC 3N1EKTPOXUMUYECKOW KOPPO3UM XKefe3a Ha BO34yXe.

O6opypoBaHue M MaTepuanbl: JaTYUK faBNeHUs, JaTdynK Kucnopopaa; Konba niaocKoAOoH-
Has 06bEmom 500 M1 —2 WT., NOPOLIOK BOCCTAHOB/IEHHOTO XXe/e3a, NOPOLIOK Meaun.

MHCT pyKuma

B nnockogoHHy0 Konby npunente 3—4 M BOAbl U BCTPSAXMBAHUEM CMOYUTE CTEHKU KOMObI
BOAOI. 3aKpoiTe Konby Npo6KoWn ¢ ra300TBOAHON TPYOKOW 1 NpUCOeanHUTE NPUGOP K AaTyn-
Ky AaBfieHUs W K AaTymky kucnopoga. Hactpolite gatumkm. OTKpOMTe KONGY, BCbiNbTe B Heé
5—6 r nopoLKa >xenesa n 6bICTPO 3aKpONTe KONGY NPOOKOW. ELWE pa3 BCTPAXHUTE KOGy, 4TO-
6bl NOPOLLOK PpaBHOMEPHO pacnpegenunsacsa rno cteHkam Konbbl. Cnegnte 3a U3MEHEHUS MU 06b-
éMa rasa B TedeHne 4—5 MuH.

MoBTOpPUTE 3KCNEPUMEHT, B3IB BMECTO YMCTOrO NMOPOLLKA Xene3a CMeCb MOPOLLKOB Mean U
Xenesa. Kak MsmMeHunacb CKOpPOCTb peakumm okncneHna? Kak M3MeHUnoch faBneHne BO3ayxa
B KOnb6e 3a 4—5 MUH? Kak M3MEeHUOCh codepykaHne kucnopopaa?

OdhopmneHne oTuéTa

3anonHuTte Tabnnuy.

O6BbEMHasa nons
AasneHue rasa, kla
Ne Kncnopoga, %

CocTaB TBEpAOW (hasbl

OnbIThI K Havany yepes 5 K Havany yepes
onbiTa MUHYT onbiTa 5 MUHYT
1 Xeneso
2 XXeneso + mefb
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KOHTpo/bHblE BOMPOCHI

1 Kak u3MeHsaeTcs KOMMYecTBO BellecTBa rasa BO BpeMsa skcrnepumeHTta? Movemy?

2. Konn4yecTtBo BellecTBa Kakoro rasa M3MeHseTca B M3ydaemMoMm rnpouecce?

3. bygyT M NpoOnCXoAnTb U3MEHEHUSA KOJIMYeCcTBa rasa, ec/in NopoLIOK Xefe3a Hacbinatb B
CYyXyl0 Konoy?

4 Kak Hanuume meanm BAUSIET HA CKOPOCTb OKUCAEHUS Xenesa? OTBeT 060CHyliTe

5. 3annwunTe ypaBHeHMe peakunu OKUCNEHUS XKene3a KAC/TOPOoAOM BO34yXa B MPUCYTCTBUN
BOAbI

6. 3afaHuna gnga nogrorosku kK N’MA, BIP

1 3apgaHa cnegyroulas cxema npeBpalleHnii BeLecTB:

X Y
FeCl2 - Fe(OH)2 Fe(OH)3.

BewectBaMu X nY COOTBETCTBEHHO ABNAKOTCA

1) Cu(OH)2 4) H2
2) H202 5) KOH
3) CO

OTtBeT: 5, 2

Ponb xumMmnu B XM3HU YenioBekKa

NlabopaTOPHbLIA ONbIT:

«MccnepgoBaHe pacTBOPOB XO3AWCTBEHHOTO U TyaneTHOro Mblfla, CUHTeT n4e-
CKUX MOKOLWUX CPeacTB»

TeopeTwnyeckoe BBefleHNe

OCHOBY X03AACTBEHHOIO WM TyaneTHOro Mblfia COCTaBASAT HaTpPUEBbIE WU KaslneBble CO-
M Kap6OoHOBLIX KUCNOT, Hanpumep cTeapat Hatpus C17H3BCOONa. CoctaB Mbina onpegenset
ero copt. Tak, HanpuMep, XO03NCTBEHHOE MbI/IO COAEPXXUT He 6onee 72% >KUPHbIX KACNOT U
okono 0,15—0,20% cBo6GOAHOI Wenoun — rugpokcuga Hatpus. Bcnefcrteme 3TOro MbI1o
MMeeT BbICOKOe 3HayeHue pH — ot 11 go 12.

TyaneTHoe MbIIO TakKXe COCTOUT U3 HaTPUEBLIX CONEN KapOOHOBLIX KUCAOT, HO B OTN4Yne
OT XO35CTBEHHOrO Mblla COAEPXXUT MeHbLUe CBOOOAHONM Wenoyun B coctaB TyaneTHOro mbina
BXOJAT pasfinuHble fO06aBKU: KpacuTenu, oTAyLWKK U apyrue BewecTtsa. Ans Npou3BOACTBA Ty-
afleTHOro Mblla UCMNO/b3YKT 60/1ee BbICOKOKAYECTBEHHOE ChipbE. TyaneTHOe MbIIO MNpU ero
NUCMNONb30BaHUM MEHbLUE CYLLUT N 06e3XMpUBaeT KoXy. ITO TakXke cBA3aHO ¢ pH pactBopa
Mblna

CuHTeTnyeckmne motouwme cpegcrea (CMC) — pgetepreHTbl — MHOTOKOMMOHEHTHbIE KOMIMO-
3mummn. OcHoBOW 60/bwIMHCTBA CMC ABASAIOTCA OpraHM4YeckrMe NnoBepPXHOCTHO-aKTUBHbIE Belle-
ctBa ([MAB) cnoxHoro cocrtaBa, Hanpumep naypuncynbdat Hatpmsa C12H250SO3Na. bonblwmnH-
CTBO CTUpPasbHbIX NOPOLUKOB coAep>kaT oTbenusarenu, OTAYLWKKW, akTMBatopbl. [na cBA3bliBa-
HMUA MOHOB XEcTKOCTU (Ca2+ n Mg2+) Mcnonb3yrTCcs KOMMeKcoobpasosBatenn, Hanpumep
Tpunonugochat Hatpusa NasP3010 ocagutenn, Hanpumep, Na2CO3 n Na2SiO3. 311 BellecTsa
onpenensroT pH pacTtBOPOB CTUPa/bHbIX MOPOLLKOB

C uenbko cokpaleHus BpeMeHW, OTBEAEHHOro Ha BbIMOJ/IHEHME [OAaHHOro OMbiTa, Lenecoo-
6pa3Ho BblAATb YYEHUKAM FOTOBbIE PacTBOPbl MOKOLUX CPEACTB.
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MpakTunyeckasa yacTb

Llenb onblTa: HA OCHOBaHMM aHanm3a pes3ynbTaToB M3MepeHus pH pacTBOpOB pasnnyHbIX
MOKOLLMX CPeACTB chenaTb BbiBOA 006 MX 3KCMyaTaLMOHHbIX CBOMCTBAX

O6opyfoBaHue n maTepuansl: gatuuk pH; 3 ctakaHa Ha 150 mMAa; AUCTUANMPOBaHHAsA BOAQ;
NPOMbIBaNKa; XO39MCTBEHHOE MbI/0; TyasleTHOE MbI/I0; CUHTETUYECKMe MOoILMe cpefcTBa pas-
JIMYHOTO Ha3HaveHus

TexHvKa 6e30MacHOCT U

Mocne npoBeAeHUs OMbiTa HYXHO TLLaTebHO MPOMbITE PH 3nekTpos

WHCcT pyKuma

Kycouek Xx03MCTBEHHOIO Mblfla Maccoi ~0,5 r pactBopute B 50 M ANCTUNNNPOBAHHON BO-
Ibl. B Mony4YeHHbI pacTBOp Mblia OMYCTUTE KOMOWMHWPOBAHHLIM CTEKNSAHHbLIA 3anekTpog. [o-
XAUTeCb cTabuamsaumMm nokasaHWin Npubopa, 3aHecuTe pesynbTar usMmepeHus pH uccnegye-
MOro pacTtBopa B Tabnuuy. 3n1eKTpog TuiateNbHO NMPOMONTE AUCTUNNINPOBAHHON BOAOIA.

AHanornyHole 4ecTBMA BbINOAHUTE C APYTMMU MOKOLWMMN cpeacTBamm. [pu aHanmse Xua-
KNX Motolmx cpeacts 6epyt ~1 mn CMC un pactBopstoT ero B 50 mMn BOAb!.

OdhopmneHne oTUéETA

3anonHute Tabnuuy

Xo3aicTBEHHOE TyaneTtHoe CTupasibHbIi Xungkoe motrouiee
MbI/10 MbI/10 NnopoLLOK cpencTso

pH pacTBOpa

KOHT ponbHbIE BONPOCHI

1 Kakoe MbIno npegnoyTutensHel Ucnonb3oBaTb 415 YMbiBaHUA? C yeM 3TO CBA3aHO?

2. 3anuwunTe ypaBHeHUEe rnaponusa cteapara Hatpus, kapboHata HaTpua U cuaMkaTa Ha-
Tpus

3. 3apgaHue gna nogroToBkn K T'MA, BIP

YcTaHOBUTE COOTBETCTBUE MEXAY HazBaHMEM COMM U CPeLoil pacTBOpa 3Toi conu.

HA3BAHWE CON CPEOA PACTBOPA
A) cTeapaT HaTpus 1) HeilTpanbHas

Bb) onear kanus 2) Kkncnas

B) cynbdat 6yTmnaMmmoHus 3) wenoyHas

N cynbtat kKanus

A b B r

OTtBeT: 3, 3,2, 1
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MepeyeHb TeM yuyebBHO-Uccea0BaTe/IbCKOM
N NPOEKTHOW AeATeNIbHOCTU LUKOJ/IbHUKOB

Pa3BuTne NPOEKTHON feATenbHOCTU, GOPMUPOBaAHME 3/IEMEHTOB UCCEe0BaTENbCKOM Ky/b-
Typbl — OfHa M3 aKTyas/lbHbIX 3aay COBPEMEHHOIO 3Tana pasBMTUS LLIKOIbHOrO 06pa3oBaHus
B npenogaBaHWn eCTECTBEHHLIX HayK, U B YaCTHOCTM B XMMMWW, OCHOBHas 3ajaya — MNOBbILLe-
HMe YCTOMYMBOCTM MO3HaBaTe/IbHON MOTMBALMW LUKO/IbHUKOB Heob6XoaMMOo UX HayuuTb BbisiB-
naTte npobnemsl, hopMynMpoBaTth Lienu, paspadaTbiBaTb aNrOpUTMbl NOUCKa peLleHus, o6bsc-
HSATb NOMYYEHHbIE pe3ynbTaThl, fenaTb BbIBOAbI

Ycnex B 3TOM Hanpas/ieHUM BO3MOXEH, eCM akLeHTbl B y4eO6HOM rnpoLecce nepeHecTn Ha
opraHu3auuio TBOPYECKOW, MUccnefoBaTe/lbCKOW U KONNEKTUBHOW AesATeNbHOCTU, OPUEHTUPO-
BaTb OOy4YaloLMXCA Ha pa3BuTUE M camopasBuTue. lMpu COBMECTHOW paboTe Hajg yyebHbIM
NPOEKTOM KOPEHHbLIM 06pPa3oM M3MEHSAKTCS POMN yUuMTens U yd4eHuka, B NOMHON Mepe peanun-
3yeTca NpUHUMN Nefaroruku cotpyaHuyectsa. LLKONbHUK nepecTaéT 6biTb 06BEKTOM 06y4alo-
el aKTUBHOCTN YyUYnUTENs, OH CTAHOBUTCA NOMHOMpPaBHbIM CYy6BLEKTOM MpoLecca 06yveHus, no-
CKOJMbKY ANS peLleHns MOoCTaBleHHOW 3ajayuun genctens no obpasuy HegocTaTouHO, eMy Heob-
XOAMMO NPOSABUTb UHMLIMATUBY B MOUCKE, OCBOEHUUN N NPUMEHEHUN HOBbIX 3HAHUNA .

MoOMOLWb YHNTEJTIO

MpuMepHble TEMbl MPOEKTHbIX paboT:

1 Mpubopsbl ANa 4EMOHCTPALMOHHOINO XMMNYECKOro 3KCNepuMeHTa CBOMMU pyKamu
XNMUA B cKaskax
Mudbl 1 nereHgbl XumMmnm
3aHMMaTe lbHble XMMUYECKME ONbITbI
ANeKTpoXMMmnyeckas Kopposusa MeTasnsios, Cnocobbl 3almTbl OT Heé
BbipalymBaHme KpuUcTanoB U3 pacTBOPOB pas3/IMYHbIMKU MeTohamMu
MpoeKTMpoBaHMe 3KONOrMYeckn 6e30MacHOro XMMMYecKoro UCTOYHKKa TOKa.

8. OnpepgeneHne ONTUMalbHbIX YCNOBUIA A8 (depMeHTa (Hanpumep, Nepokcuaassl,
ypeasbl), BblAeNEHHOr0 M3 XXUBOTHbIX UIN PacTUTE/IbHbIX OOBHEKTOB

9. MNony4yeHue nuporannonaa U3 TaHUHa, BbIAENIEHHOTO U3 PacTUTE/NIbHOIO ChipbS.

10 OnpepgeneHue KayectBa CIMBOYHOIO Macna MeTofOM TOHKOC/IOMHOW XxpomMaTtorpa-
huu

11 OnpejeneHne cofep’kaHMs MajbMOBOroO Macna B MPOAYyKTax NMUTaHUS.

12. OnpepfeneHvie KayecTBa MEfa pas/IMyHbIMM MeTOo4aMMU.

13. MonyyeHne HaHO- U MUKPOYACTUL, NapamMarHeTMKOB U UMMOBUIM3aALNSA Ha UX MO-
BEPXHOCTM HEKOTOPbIX BELLECTB, NPUAAIOLLINX OKPACKY.

14. TNonyyeHne HaHO4YacTUL, 3010Ta M UCCNeaoBaHME UX CBOWCTB.

15. MonyyeHne HaHOYaCTUL, METANIMYECKOTO HUKENSA, UX BUOTOKCUYHOCTL.

16. MonyyeHne 3aMelEHHbIX (PeHunoKcanaTtoB A MNPUrOTOBAEHUA XEMUTOMUHEC-
LLEeHTHbIX COCTaBOB

17 Mowuck onTMManbHOro MeToda ANl KONMYECTBEHHOrO ornpejeneHns BaXKHbIX Moka-
3ateneii (Hanpumep, KOHUeHTpauus noHoB NO3-, Ca2+) akBapuymMHO BOfbl.

18 AHanu3 cMbIBHbIX BOJ Noc/ie NPUMEHEHNS CPeACTB A1 MbITbA NOCYLAbl

19 Ytunmsauus LWenoYHbIX rafbBaHUYeCKUX 3/1eMEHTOB MUTaHWs, BblpaboTaBLUUX
CBOW pecypc

20 CuHTe3 peaKTMBOB A8 LIKO/MbHOW nabopaTtopun M3 NPOAYKTOB NMepepaboTKu uie-
JIOYHBIX 3N1IEMEHTOB NUTaHUA

No s wWwN
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KBAHTOPUMMYM XUMMUSA

21 KonnyecTBeHHbIA aHann3 GUOOrMYecKM akTUBHbIX COeAUHEHWUN, BblAENEHHbIX U3
nno4oB YepHUKM o06bikHOBeHHOM (Vaccfnium myrtfllus)..

22 BnnisiHMe YC/OBWIA OCBELEHHOCTM Ha COAEepXXaHWe HUTPATOB B JINCTbAX yKpona
(Anethum graveolens L ).

23. BnuaHue iioga Ha pa3BuTME MPOPOCTKOB OBCa NoceBHOro (Avena sativa L ).

24. Tynnu (Poecilia reticulata Peters) kak 6uomapkepbl BOAOEMOB, 3arpA3HEHHbIX aH-
TUrONONEAHBIMY peareHTamu.

25. MpumeHeHWe ranbBaHONNACTUKN A5 PUKCALUM NPUPOLHBLIX BMOO0OHLEKTOB.

26. CMHTE3 1 U3yyeHue CBOICTB coeanHeHnin mean Cu+" Cu+.

27. 3(pHeKTNBHOCTb OLITOBLIX PUNLTPOB A/ OUYUCTKU MUTLEBOM BOAbI.

28. KoarynsiiMoHHble MeTofbl OUMCTKM BOAbl B UCKYCCTBEHHbLIX BOLOEMAX.
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