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MosicHuTenbHana 3anucka

MNporpamma no xumun Ha ypoBHe cpegHero obuero obpasoBaHus paspaboTtaHa
Ha ocHoBe ®epepanbHoro 3akoHa ot 29.12.2012 Ne 273-03 «O6 obpasosaHuu B Poc-
cuinckon degepaummny, TpeboBaHuin Kk pesynbTaTtam OCBOeHuUs deaepansHon obpaso-
BaTenbHOW nporpammbl cpegHero obuero obpasoanusa (POI COO), npeacraBneHHbIxX
B ®egepansHOM rocygapcTBeHHoMm obpasoBatenbHoM ctaHgapte COO, ¢ yyétom KoH-
uenuuu npenogasaHusa yyebHoro npegmeta «Xumusa» B obpasoBaTernbHbIX OpraHusa-
umax Poccuinckon depepauun, peanmnsyomx OCHOBHbleE 0bOpa3oBaTernbHble nporpam-
Mbl, 1 OCHOBHbIX nonoxeHun «CTpaTernn passutua BocnutaHus B Poccuinickon depe-
pauun Ha nepuog o 2025 roga» (PacnopspkeHue lNMpasutensctea P® ot 29.05. 2015
Ne 996 - p.).

B nporpamme no xvmun HasHauyeHue npegmeTta «XvMusi» nonyyvaet nofapobHyio
NHTEepnpeTauuio B COOTBETCTBMM C ocHoBomnonaratowmumm nonoxeHunamum ®rOC COO o
B3anMOOOYyCNoBNEHHOCTU LUeNei, cogepxaHus, pesynbtatos obyyeHns n TpebosaHuim k
YPOBHIO NMOArOTOBKN BbIMYCKHUKOB. CBUAETENLCTBOM TOMY SIBMSKOTCA crneayoLne Bbl-
NonHAEeMbIe NPOrpamMmMon No XUMUN PYHKLMUK:

> NHPOPMaALMOHHO-METOAMYECKAsA, peanu3auma KoTopon obecneymsaeT
nony4yeHne npeacTtaBneHns O uensax, cogepxaHuu, obwen ctpaternn obyyeHus, Boc-
NUTaHUA 1 pa3BuTUa oby4varLlmMxca cpeacTsamum nNpeameTa, ndydaemoro B paMkax KOH-
KpeTHoro npocuns;

> opraHnsaumoHHoO-NNaHupyloLas, Kotopas npegycmaTpuBaeT onpegene-
HWe: NPUHUNMNOB CTPYKTYPUPOBAHNA U NOCnefoBaTeNbHOCTN n3yvyeHnsa yyebHoro marte-
puana, KOnMyeCcTBEHHbIX U Ka4eCTBEHHbIX ero XxapakTepucTuK; noaxonoB K hopmupo-
BaHWIO cofepXaTenbHON OCHOBbI KOHTPOMS U OueHkn obpasoBaTenbHbIX OOCTUXEHUN
obyvaroLmxca B pamkax UTOroBOW aTTecTtauun B hopme €QMHOro rocyAapCTBEHHOMO
3K3aMeHa No XMMUMW.

Mpu n3ayveHun yyebHoro npeameTta «Xumusi» Ha yrnybnéHHOM ypOBHE Takxke,
KaK Ha ypoBHEe OCHOBHOro U cpeaHero obilero obpasoBaHus (Ha 6a3oBoM ypoBHe), 3a-
Aadven nepBoCTENEeHHON 3HaYUMOCTN ABNSeTCs POPMUPOBAHNE OCHOB HaYKU XMMUK Kak
obnactTun COBpPEMEHHOro e€CTECTBO3HAHWS, NPAKTUYECKON LEeATENbHOCTU 4YerioBeka W
O[lHOTO M3 KOMIMOHEHTOB MUPOBOWN KymnbTypbl. PelueHne aTton 3agayv Ha yrnybnéHHom
YPOBHE U3y4YeHUs npeameTa npegnonaraeT peanusaumio Takux Lenen, Kak:

> dopmupoBaHne npeacTaBneHnii: 0 maTepuanbHOM eANHCTBE MUpPa, 3aKo-
HOMEPHOCTAX N NO3HABAEMOCTMN SABMEHUI NpUpPOAbl, O MECTe XMMUU B CUCTEME ecTe-
CTBEHHbIX HayK 1 eé BefyLlen ponv B obecneyeHnn yCToMYnBoro pasBuTus Yenoseye-
CTBa: B peLueHnn npobnem 3KONorm4ecKkom, dHepreTM4eCcKom N NULLEBON Be3onacHoCTH,
B pasBUTMM MeOULMHbI, CO34aHUN HOBbIX MaTepuanos, HOBbIX NUCTOMHUKOB 3HEPruu, B
obecnevyeHun pauymoHanbHOro NPUPOAONONb30BaHMSA, B (hOPMUPOBAHUM MUPOBO33pPE-
HUA 1 obLLel KynbTypbl YenoBeKa, a TakkKe 9KONorm4eckn 060CHOBAHHOrO OTHOLLEHNS K
CBOEMY 3[0POBbIO M NPUPOLHON cpeae;

> OCBOEHWNE CUCTEMbI 3HAHUW, Nexallumx B OCHOBE XMMUYECKOW COCTaBIisito-
e eCTeCTBEHHO-Hay4YHOW KapTuHbl Mupa: yHAAMEHTamnbHbIX MOHATUA, 3AKOHOB U
TEopUn XMW, COBPEMEHHbIX NPEACTaBNEHUN O CTPOEHUM BELLIECTBA HA pPa3HbIX ypOB-
HAX — aTOMHOM, UOHHO-MOJEKYNIAPHOM, HAAMOMEKYNAPHOM, O TEPMOAUHAMUYECKUX U
KUHETUYECKUX 3aKOHOMEPHOCTSX MPOTEKAHUS XUMMUYECKUX peakuui, O XMMUYECKOM
paBHOBECUW, pacTBOpax U OUCMNEPCHbIX cucTEMax, 06 OBLMX HayYHbIX NPUHLMNAX XU-
MUYECKOro Npon3BoACTBa;

> dopmupoBaHue y obyyaroLmnxcss 0CO3HAHHOrO NOHMMaHUS BocTpeboBaH-
HOCTU CUCTEMHbIX XMMUYECKUX 3HAHUN ONS OOBbACHEHUNA KIOYEBLIX UAen U npobnem
COBPEMEHHON XUMUN, ANA OOBACHEHUSA U NPOrHO3UPOBAHUA SABMEHUIN, UMEIOLLUX eCcTe-
CTBEHHO-HaY4HY0 Npupoay; rPamMoOTHOroO pelleHus npobnem, CBA3aHHbIX C XMMUEW,



NMPOrHO3MpPOBaHMWSA, aHanuM3a M OLEHKM C NOo3uLMiA akonornyeckon 6esonacHoOCTU no-
cneacTsun ObITOBOW M NPOU3BOACTBEHHOW AEATENbHOCTU YerioBeka, CBA3aHHOW C Xu-
MUYECKUM NPON3BOACTBOM, MCMONb30BaHMEM U NepepaboTKon BELLECTB;

> yrnybneHve npeacTtaBneHuii 0 HayyHblX MeTogax No3HaHus, Heobxopu-
MbIX ANs NPUOOPETEHNs YMEHUI OPUEHTUPOBATLCS B MUPE BELLECTB U OOBACHEHMUS
XVMUYECKNX SBMEHUN, UMEIKLMX MECTO B Npupoge, B NPakTUYEeCKONn AEATENbHOCTU U
NOBCEAHEBHOMN XXU3HM.

B nnaHe peanusauun nepBooOYEpenHbIX BOCMUTATENMbHBbIX W pPa3BUBAKOLLMX
PYyHKUMIA LEenoCTHOW CUCTEMbI cpeaHero obuero obpasoBaHns Npu U3y4eHnn npeame-
Ta «XrMusa Ha yrinybnéHHom ypoBHe ocobyto akTyanbHOCTb NpuobpeTaloT Takue uenu un
3ajayn, Kak:

> BOCNUTaHue yoexxaéHHOCTN B NO3HABAEMOCTU SABMEHN NpUpoabl, yBaxe-
HWS K npoueccy TBopyecTBa B 0611acTn TeopeTUdeckux 1 NnpuknagHbix uccnegosaHnin B
XUMUN, POpMUPOBaHME MUPOBO33PEHNS, COOTBETCTBYIOLLEN0O COBPEMEHHOMY YPOBHIO
pasBUTUS HaYKu;

> pasBUTME MOTUBALMM K ODYYEHWIO M MO3HaHMIO, CNOCOOHOCTEN K camo-
KOHTPOIO 1 CAMOBOCMUTAHMIO HA OCHOBE YCBOEHUSA 0OLLEYENOBEYECKNX LLEHHOCTEN;
> pasBUTME NO3HABATENMbHbIX UHTEPECOB, UHTENNEKTYarnbHbIX U TBOPYECKUX

crnocobHocTen obyyatowmxcs, GOpMUPOBAHNE Y HUX CO3HATENbHOIO OTHOLLEHMA K ca-
MooOOpa3oBaHuUio U HenpepbIBHOMY 0Opa3oBaHMIO Kak yCrOBUIO YCMNELLHOW npodeccro-
HanbHON N OOLWEeCTBEHHOW AESATENbHOCTM, OTBETCTBEHHOINO OTHOLLEHMSA K CBOEMY 340-
POBbIO N NOTPEOHOCTK B 300pOBOM 0Bpase XKN3HW;

> dopmMupoBaHMe YMEHWIA N HaBbLIKOB PasyMHOro nNpUpoAOoMnonb30BaHuS,
pasBMTME IKOMOrMYEeCKOW KymnbTypbl, npuobpeTeHne onbiTa 06LEeCTBEHHO-NONE3HON
SKOMOrM4ecKom AesTeNbHOCTH.

OBwee ymcno Yyacos, PEKOMEHAOBAHHbBIX ANSA U3YYEHUA XUMUKN Ha yrinybneHHoM
ypoBHe, B 11 knacce — 68 yaca (2 yaca B Hegento).



CopgepxxaHue yyeGHOro npegmMeTa

11 knacc
OBLIAA W HEOPITAHUYECKAA XUMUA

Paspen 1. TeopeTuyeckme OCHOBbI XMW

1.1.  CtpoeHue atoma. [Nepunognyecknin 3akoH u lNMeprogmnyeckas cuctema xu-
Munyeckux anemeHtos [1.U. MeHgeneesa

Cesa3b lNepuoamyeckoro 3akoHa u NMNepuoanyecko CUCTEMbI XUMUYECKUX 3re-
MEHTOB C COBPEMEHHOW TEOpWEN CTPOEHUA aToOMOB. 3aKOHOMEPHOCTU W3MEHEeHUs
CBOWCTB XMMUYECKUX INIEMEHTOB N 0OpasyembiX UMW MPOCTbIX U CMOXHbIX BELLECTB No
rpynnam v nepuogam. 3HayeHue nepuogudeckoro 3akoHa .. Mengeneesa.

JKcnepuMeHTanbHble MeTOAbI U3YYEHUA BelleCcTB U UX NpeBpaLieHUn:

[demoHcTpauun: Buabl Tabnuy «lMepuognyeckas cucTeMa XMMUYECKUX 3NIEMEH-
ToB [1.1. MeHaeneesay.

1.2.CtpoeHnwe BeliectBa. MHoroobpasue BeLlecTB

XvMnyeckas cBA3b.

MNpencraBneHne 0 KOMMNNEKCHbLIX COeAUHEHNX.

BelyecTtBa MonekynspHOro n HEMOMEKYNAPHOro CTPOeHUs. Tunbl Kpuctannuye-
CKMX peLleToK (CTPYKTYyp) 1 CBOWCTBA BELLECTB.

MNMoHAaTne o ancnepcHbix cuctemax. McTMHHble pacTBopbl. [lpeactaBneHue o
KonnoungHbix pacteopax. Cnocobbl BblpaXXeHWUsi KOHLEHTpauun pacTBOPOB: MaccoBast
Aons BellecTBa B pacTBope, MonspHas koHueHTpauus. Kpuctannorngpatbl. Knaccm-
duKaumnsa 1 HoMeHknaTypa HeopraHM4YeCcKnx BELLECTB.

OKcnepuMeHTarnbHble METOAbI U3YYEHUS BELECTB U UX NpeBpalleHUN:

[emoHcTpaummn: mogenun KpucTannmyecknx peLueTok.

PacuyéTtHble 3agayn: € MCNONb30BaHUEM MOHATUIA «MaccoBasi 4ONA PaCTBOPEH-
HOro BeLlecTBay, « MONSIPHas KOHLEHTaLuUs».

1.3.Xvmuyeckme peakLmm

Knaccudukauma xmmuyecknx peakuuini B HEOPraHWYecKoW U OpraHMYeckon Xu-
MUKU. 3aKOH COXpPaHEHUsI MacCbl BELLECTB; 3aKOH COXPaHEHUS U NpPeBpaLLEHNs SHEPTUn
nNpyY XMMUYECKUX peakLnsX.

JKcnepuMeHTanbHbie METOAbI U3YYEHUS BelleCcTB U UX NpeBpaLLeHUn

PasnoxeHve nepokcmpa Bogopona B NpUCYTCTBUM KaTanusaTopa, MOAENU Kpu-
CTannmnyecknx peLLETOoK, NpoBeaAeHNe peakuuini MoHHOro obmeHa, onpegeneHue cpeapl
pacTBOPOB C MOMOLLbIO WHAUKATOPOB, U3y4YEeHWE BIIUSHUA pasfnU4YHbIX (PakTOpoB Ha
CKOPOCTb XMMWUYECKON peakunn 1 nosoxxeHne XMMmn4eCckoro paBHOBECUS.

[emoHCcTpaummu: pasnoxeHne nepokcuaa Bogopoda B NPUCYTCTBUM KaTanusarto-
pa. JlabopaTopHble onbIThbl: NPOBEeAeHNEe peakunii MOHHOTO 0OMeEHa;

onpeeneHne cpefbl pacTBOPOB BELLECTB C NOMOLLbIO YHUBEPCANIbHOIMO NHAWNKA-
TOpa.

MpakTnyeckune paboThbi:

Ne 1. BrnimsiHue pasnuyHbix 0akTOpOB Ha CKOPOCTb XMMUYECKON peakLum;

Ne 2. BrnmsHue pasnuyHbix (hakToOpOB HA NOJIOXKEHUE XMMUYECKOTO PaBHOBECHS;

Ne 3. Xumuyeckue peakuum B pacTBopax aNeKTponnUTOoB.

PacuyéTHble 3apgayn: pacyéTbl Macchbl BelwlecTBa unn obbema rasos no U3BecCT-
HOMY KONMUYecTBYy BELLECcTBa, Macce unn obbemy ofHOro U3 y4acTBYHOLUUX B peakuumu
BELLECTB; BbIYMCIIEHNE MACCOBOW AONM U MONSIPHOW KOHUEHTpauun BeLlecTsa B pac-
TBOpE; BblYMCNEHNE Macchl (06bema, KonmyecTBa BELLECTBA) NPOAYKTa peaKkLuu, ecrnu
O[HO U3 BELLECTB [aHO B BUAE pacTBopa C onpeneneHHoW MaccoBOW [ONeEn pacTBoO-
PEeHHOro BeLecTaa




Paspnen 2. HeopraHuyeckas xumus

2.1.HemeTtannsbl

MNonoxeHne HemeTannoB B [lepnoguyeckon cuctemMe XMMWYECKUX 3NeMeHTOB
O.U. MenpgeneeBa n ocobeHHOCTN CTPOEHUsI X aToOMOB. Pu3nyeckme CBOMCTBA Heme-
Tannos. ANnoTponus HEMETansnoB (Ha npuMmepe Kucnopoga, cepbl, docdopa u yrne-
poaa).

JKCnepuMeHTanbHbie MeTOAbl U3YYEeHUS BEeWeCcTB U UX NpeBpaLleHUn:

HdemoHcTpauuu: obpasubl HemeTannos; ropeHne cepbl, hocdopa, xenesa, mar-
HUA B KMcnopoae.

JTabopaTopHble ONbITbl: KAYECTBEHHbIE peakuMn Ha HeopraHn4eckne MOHbI U Ka-
TVWOH BOAOpOAA; NonyvyeHme n cobmpaHme rasos.

[MpakTnyeckne paboTbi:

Ne 4. PeweHune akcnepumMeHTanbHbIX 3agay no teme «lanoreHbi»;

Ne 5. PewweHune akcnepMMmeHTanbHbiX 3agad no teme «Cepa u ee coeguHeHNs»;

Ne 6. PeweHune akcnepMmMeHTanbHbIX 3agay no tTeme «A3oT u occop n nx co-
€AVNHEHNs».

PacuyéTHble 3agadn: BblMUCNEHME Macchl BellecTBa unm obbema rasoB no us-
BECTHOMY KONMMYEeCTBY BeLlecTBa, Macce unm obbemMy O4HOro U3 y4acTBYOLUMX B peak-
LMW BeLLecCTB; BblYMCNEHNE Macchl (06bema, konuyecTsa BeLlecTBa) NPoAYyKTOB peak-
LUnn, ecnn O4HO M3 BELLECTB MMEEeT NpMMecH; Bbl4McrneHne macchl (obbema, konudye-
CTBa BeLecTBa) NpoAyKTa peakuuu, ecnm ogHO M3 BELLECTB aHO B BuAe pacTtBopa C
onpeaeneHHon MaccoBOi AoNen pacTBOPEHHOrO BELLECTBA; BblMUCEHNE Bbixoga npo-
AyKTa peakumm OT TEOPETUYECKN BO3MOXKHOIO

2.2. MeTtannbl

[MonoxeHne metannos B [lepnognyeckon cuctemMe XUMUYECKUX 3SNEMEHTOB.
Ocob6eHHOCTN CTPOEHMsT ANEKTPOHHbIX 0DoNo4Yek aToMoB MeTannoB. PacripocmpaHe-
HUe XuMu4yecKux anemeHmos-memarnnos 8 3emHol kope. Obwwme dusnyeckne ceom-
cTtBa metannos. [pumeHeHne meTannoB B ObiTy U TexHuke. Cnnasbl MeTannoB. Onek-
TPOXMMUYECKUN psaa HanpskeHu metannos. Obuwue cnocobbl NonyyYyeHUss MeTansos:
rmgpomeTannyprus, nupomMeTannyprus, anektpometannyprusa. NoHaTne o Kopposuu
mMeTannoB. Cnocobbl 3aLmTbl OT KOPPO3UMU.

JKcnepuMeHTarnbHble METOAbl U3YYEHUA BELEeCTB U UX NpeBpaLleHUn:

[demoHcTpaumn: konnekums «MeTannbl U cnnaebly; B3aMMOOEWCTBUE LUENOY-
HbIX U LENOoYHO3EeMerbHbIX METanNMoOB C BOAOW (BO3MOXHO UCNONb30BaHWE BUAEOMA-
Tepunanos).

JlabopaTopHble OnbiTbl:  B3aVMMOAEWCTBMUE LUEMNOYHbIX U LENOYHO3EMESNbHbIX
MeTansnoB C BOAOW (BO3MOXHO MCNONb30BaHME BUAEOMATEPUAnoB); B3auMoAencTBue
rMMOPOKCUOO0B antOMUHUA U LMHKA C pacTBOpPaMn KUCMOT WU LIENoYen; KadeCTBEHHble
peakumn Ha KaTUOHbI MeTansos..

MpakTudeckne paboThbi:

Ne 7. PelweHune akcnepvmeHTanbHbiX 3agad no teme «MeTtannbl rnaBHbIX Nog-
rpynny»; Ne 8. PewweHne akcnepuMmeHTanbHbiX 3agad no teme «Metannbl no6oYHbIX
noarpynny.

PacuyéTtHble 3agauun: BbluncneHne maccol (o6bema, KonuyecTsa BellecTsa) npo-
AyKTa peakumn, ecrnv ogHO U3 BELLECTB AAaHO B BMAE pacTeBopa C onpeaeneHHon mac-
COBOW [ONEN pacTBOPEHHOrO BELLUECTBA, UMW UMEET NMPUMECU; BbIYMUCIIEHME MacCChl
(obbema, KonuyecTBa BeLUeCTBA) NPOAyKTa peakuun, ecnu OAHO M3 BELLECTB AAHO B
BUAE pacTeBopa C onpeaeneHHOW MacCcoBOW [0NEeN pacTBOPEHHOrO BELLECTBA; BblYUC-
neHuve BbIxoAda NPoAyKTa peakummn OT TEOPETUYECKM BO3IMOXKHOIO




OKcnepuMeHTalnbHble MeTOAbl U3YYEeHUA BELEeCTB U UX NpeBpaLleHUn

N3yyeHne obpasuoB HemMeTannoB, ropeHne cepbl, ocdopa, xKenesa, MarHus B
Kucnopoae, nsyveHune konnekumm «MeTtannbl U cnnasbl», B3aMMOLENCTBUE LLENOYHbIX
N LLEenoYHo3eMerbHbIX MeTannoB ¢ BOAONW (BO3MOXHO MCMNONb30BaHNe Buaeomatepuma-
NnoB), B3aUMOAENCTBUE LIMHKA W Xernesa ¢ pacTBopaMu KUCMOT U LEeNoYven, KayecTBeH-
Hble peakuun Ha HeopraHu4ecKkne aHWOHbI, KaTUOH BOAOPOAA M KAaTUOHLI MeTannos,
B3aMMOAENCTBME MMOPOKCUAO0B antoMUHUS U LMHKA C pacTBOpaMu KUCHMOT U LLENOYEN,
pelleHne aKcnepuMmeHTanbHbIX 3agady no temam «lanoreHbl», «Cepa n eé coeaunHe-
HUS», «A30T U pocdop U ux coeguHennsa», «MeTtannbl rnaBHbIX nogrpynny, «Metannbi
noBOYHbIX NOArPYNM».

Paszgen 3. Xumusa n XusHb

Ponb xvmum B obecneyeHnn yctonymeoro passutus yenoseyecTtsa. [1oHsaTME O
Hay4HbIX MeToAax NMO3HaHMA U METOAOSNOrMN Hay4YHOro nccnenoBaHus. HayyHble npuH-
LMnbl opraHn3aunm XMMn4eckoro Nnpom3BoacTea. [pomMbineHHble cnocobbl NOnyyYeHns
BaXXHeWLLNX BeLLeCTB (Ha npumepe Npov3BOACTBA aMMMUaKa, CEPHOW KACMNOTbI, MeTaHo-
na). MNMpomsbiwneHHble cnocobbl NONy4YeHUss MEeTannoB U CNnaBoB. XMMUYECKOE 3arpsis-
HEeHne oKpyxatoLen cpeabl U ero nocneactsus. [pobnema nepepabomku omxo0oe u
noboyHbIx npodykmos. Ponb xvMumn B obecrneyeHumn sHepreTnyeckon GesonacHocTw.
lMpuHuunb! «3enéHol xumuu».

Xvmua n 3g0poBbe YenoBeka. JlekapcTBeHHble cpeacTsa. [lpaBuna mncnonbso-
BaHMA NeKapCTBEHHbIX NpenapaTtoB. Ponb xumnn B passuTun MeguumHbl.

XMUA NULKN: OCHOBHbIE KOMMOHEHTHI, NuLLeBble gobaskn. Ponb xumnn B obec-
neyeHnn nuieson 6esonacHocTU.

KocmeTnueckne n napdromepHble cpegcta. boitoBas xumusa. lNMpasuna 6es-
onacHoro Mcnonb3oBaHUA nNpenapaTos ObITOBON XMMUM B NOBCEAHEBHON XXWU3HW.

XvMuns B CTPOUTENbLCTBE: BaXKHEWLUME CTpouUTenbHble mMaTepuanbl (LeMeHT, Ge-
TOH).

XuMusa B cenbckoM xo3sancTee. OpraHnyeckue n MmHepanbHble yaobpeHus.

CoBpeMeHHble KOHCTPYKLMOHHbIE MaTepuansbl, Kpacku, CTekno, kepamuka. Ma-
mepuaribl 0551 31eKmMpoHUKU. HaHomexHonoauu.

PacuyétHble 3apauun

PacuéTbl: macchl BewectBa unm obbéma rasoB No U3BECTHOMY KONUYECTBY Be-
LecTsa, mMacce unum obbLEMY O4HOro U3 y4acTBYOLUMX B peakuuMu BELLECTB, MaccChl
(o6bbEMa, KonnyecTBa BeLLecTBa) NPOAYKTOB peakLuun, ecnu ofHO U3 BELLECTB UMEET
npumecu, maccbl (06bEMa, KonMyYecTBa BELLECTBA) NpoAyKTa peakuuun, ecnv ogHo u3
BELLECTB AaHO B BuAe pacTBopa C onpefenéHHOn MaccoBOW Aonen pacTBOPEHHOrO
BeLlecTBa, MacCcoBOW A0NW M MOMSIPHOW KOHLEHTpauuUW BeLlecTBa B pacTBope, A0Nu
BbIxo4a NpoAyKTa peakumn OT TEOPETUHECKM BO3MOXHOrO.

MexnpenmeTHble CBA3U

Peannsauma mexnpeameTHbIX CBA3ER Npu U3ydeHUn obLuein u HeopraHNYeCKom
xvuMmun B 11 Knacce OCyLLeCTBNSIeTCA Yepes UCMOoNb30BaHNE Kak 0OLLMX eCTeCTBEHHO-
Hay4HbIX MOHATUNA, TaK U NOHATUNA, NPUHATBLIX B OTAENbHbIX NpeaMeTax eCTeCTBEHHO-
Hay4HOro uuMkna.

Ob6Lwpre ecTeCTBEHHO-HAy4YHble MOHATUA: SIBNEHUE, HayYHbl hakT, runoTesa,
Teopusa, 3aKOoH, aHanuns, CUHTE3, Knaccudukauusa, nepmoanyHoCcTb, HabnaeHne, name-
peHune, aKCNeEPUMEHT, MoAeNb, MOAENUPOBAHME.

®dusmka: matepusi, MUKPOMUP, MAKPOMUP, aTOM, IMNEKTPOH, NPOTOH, HEWTPOH,
WOH, U30TONbI, PaANOaKTUBHOCTb, MOMEKYa, SHEPreTUYECKUn ypoBEHb, BELLECTBO, Te-
no, o6LEM, arperaTtHOE COCTOsIHUE BELLECTBA, UaeanbHbIi ras, pusmyeckme BenuymHbl,
eANHULbI U3MEPEHUS, CKOPOCTb, 3HEPrUs, Macca.



Buonorus: knetka, opraHusm, akocuctema, buoccepa, metabonuam, mMakpo- u
MUKPO3NEeMeHTbl, Benkun, Xnpbl, yrnesoabl, HYKNEenHoBble KACNOTbl, PepMeEHTbI, ropmMo-
Hbl, KPYrOBOPOT BELLECTB U MOTOK 3HEPTUUN B IKOCUCTEMAX.

eorpadhms: MuHepansbl, ropHblie Nopoabl, Nose3Hble UcKonaemsle, TONMnBo, pe-
CypChl.

TexHonorns: xmuMmyeckass NPOMbILLIEHHOCTb, MeTannyprus, CTpouTenbHbIE Ma-
Tepuanbl, CenbCKOXO3ANCTBEHHOE NPOW3BOACTBO, MULLEeBas NPOMbILUNEHHOCTb, dap-
MavueBTMYecKass NPOMbILLNIEHHOCTb, NPOU3BOACTBO KOCMETUYECKUX npenapaTos, Npous-
BOACTBO KOHCTPYKLMOHHbLIX MaTepunanos, 3MeKTPOHHAs NPOMBbILLIEHHOCTb, HAHOTEXHO-
noruu.



Flnal-mpyeMble pe3ynbTaTbl OCBOEHUA yqe6|-|oro npeameTta

MNpeomeTHble pe3ynbTaTbl OCBOEHUsI Kypca «VHXeHepHbId NpakTUKym (BbINos-
HEHWEe NPOEKTOB N peLLeHNE MHXEHEPHbIX 3aday B 06nacTn XmmMn4ecknx n buotexHono-
rMR)» oTpaxalT: CHOPMUPOBAHHOCTb MpeAcTaBfeHuit: 0 MaTepuarnbHOM eauHCTBe
MUpa, 3aKOHOMEPHOCTAX M NO3HABAaeMOCTU ABMEHWMI NPUPOAbl, O MECTe U 3HAYEeHUM
XUMUWN B CUCTEME ECTECTBEHHbIX HayK 1 eé ponn B obecneyeHumn yCToMnYnBoro passu-
TUA, B peLleHnn npobnem 3KoNnornyeckomn, IHepreTM4eckon n nuwieson GesonacHocTy,
B pasBUTUN MeAULUMHbI, CO34aHUMN HOBbIX MaTtepuarnos, HOBbIX UCTOYHUKOB 3HEpPruu, B
obecneyvyeHnn paumoHanbHOro NpPUMPOAONONb30BaHUS, B (hOPMUPOBAHUN MUPOBO33pe-
HUS 1 OOLLEN KynbTypbl YENOBEKa, a TakKe 3KONOrMyeckm 060CHOBAaHHOIO OTHOLLEHUS K
CBOEMY 3[,0pOBbIO U MPUPOAHON Cpeae;

BnageHne CUCTEMON XMMUYECKUX 3HAHUW, KOTOpas BKMKOYaeT: OCHOBoOMonarato-
LLIE NOHATUA — XMMUYECKUIA 3NEMEHT, aTOM, AP0 aToMa, U30TOoMbl, ANEKTPOHHasA 060-
noyka atoma, S-, p-, d-aTOMHble opbuTann, OCHOBHOE W BO3OY)XOEHHOE COCTOSHWUS
aToma, rubpuamsaumnsa aTomHbix opbutanemn, NoH, Monekyna, BaneHTHOCTb, 3N1EKTPOOT-
pulaTenbHOCTb, CTEMEHb OKUCIEHUS, XMMUYECKas CBA3b (KOBaneHTHasl, MOHHas, Me-
Tannuyeckas, BoAopoAHas), KpucTannumyeckas pellétka, XMMuyeckas peakuusi, pac-
TBOP, 3NEKTPONUTbI, HEANEKTPONUTbI, ANEKTPONNTNYECKan anccounaumns, cteneHb auc-
couvaumu, BOAOPOAHbIN nokasaTenb, OKUCNUTENb, BOCCTAHOBUTESb, TENNOBON adhdexT
XUMUYECKON peakLmmn, CKOPOCTb XMMUYECKOW peakumnn, XMMn4Yeckoe paBHOBeECUE; Teo-
pUn 1 3aKOHbI (TEopust ANEKTPONUTUYECKOWN Anccounaumn, nepunoanyecknin 3akoH [.U.
MeHpeneesa, 3akOH COXpaHEHMS MacChbl BELLECTB, 3aKOH COXPaHEHWs U NpeBpaLLeHns
SHEPruun Npu XMMUYECKNX peakunsix, 3aKOH NOCTOAHCTBA COCTaBa BeLLECTB, 3aKOH AeN-
CTBYIOLLMX MacCC), 3aKOHOMEPHOCTM, CUMBOJSTMYECKUI A3bIK XMMUMN, MUPOBO33pEHYECKNE
3HaHWA, nexalume B OCHOBE NMOHUMAaHUSA MPUYUHHOCTU N CUCTEMHOCTU XMMUYECKUX SIB-
NeHWn; CoBpeMEHHble NPeACTaBMNEeHUs O CTPOEHUM BelyecTBa Ha aTOMHOM, WOHHO-
MONEKYNAPHOM U HAOMONEKYNAPHOM YPOBHSAX; NPEeACTaBNEHNS O MEXaHU3MaX XMMu4e-
CKUX peaKkLnin, TepMOANHAMUYECKNX U KMHETUYECKMX 3aKOHOMEPHOCTSAX UX NPOTEKaHMS,
O XMMWUYECKOM paBHOBECUM, pacTBOpax M AUCNEPCHbIX CUCTEMax; hakTonornyeckue
CBE[IEHMA O CBOMWCTBAx, cocTase, nonyvyeHun n 6e3onacHoM UCMNONb30OBaAHUN BaXKHEW-
LLUMX HEeopraHU4eckMx BELLUEeCTB B ObITy U NpakTU4eCcKon OeATENbLHOCTU Yenoseka, 00-
LLMX Hay4YHbIX MPUHLMNAX XMMUYECKOrO NPOU3BOACTBA;

CHOPMUPOBAHHOCTb YMEHUIA. BbISIBNISATb XapaKTepHbIE NPU3HAKW NOHATUN, ycma-
Haenueampb WX B3aUMOCBS3b, UCMOJ/Ib308amb COOTBETCTBYIOLLUME MOHATUS NpU onuca-
HUW HEOPraHUYeCKNX BELLECTB U UX NPeBpaLLEHUN;

ChOPMUPOBAHHOCTL YMEHWUSI UCMONb30BaTb XUMUYECKYHD CUMBONMKY ANA CO-
cTaBneHus opmMyn BELUEeCTB U YpaBHEHUN XUMUYECKUX peakuuii, CUCTEMATUYECKYHD
HomeHknaTtypy (IUPAC) u TpuBuanbHble Ha3BaHUs OTAENbHbIX BELLECTB;

COPMUPOBAHHOCTb YMEHUSA OMNpPEenenaTb BaNeHTHOCTb U CTEMEHb OKUCNEHUS
XUMUYECKUX IMEMEHTOB B COEOUHEHUNAX, BUO XUMUYECKON CBA3WN (KOBaNeHTHas, WOH-
Has, MeTannu4yeckasi, BoAopoAHasa), TUN KPUCTANNMYECKON PELLETKN KOHKPETHOro Be-
LecTBa;

CPOPMUPOBAHHOCTb YMEHNSI OO BACHATL 3aBUCMMOCTbL CBOMCTB BELLECTB OT BUAaA
XMUMUYECKON CBA3UM WM TUNa KPUCTaNSIMYECKON pPeLUETKM, OOMEHHbIN U [OOHOPHO-
aKkuenTopHbIW MexaHu3Mbl 0Opa3oBaHWS KOBASIEHTHOW CBSA3WU; CCOPMUPOBAHHOCTb
YMEHUI: KnaccuuuupoBaTb: HEOpPraHMYeckue BELLEeCTBa MO UX COCTaBy, XUMUYECKUE
peakuuMn no pasnuyHbIM NPU3Hakam (YUCNy U COCTaBy pearvpyroLmx BELLECTB, TENMOo-
BOMY 3p(peKTy peakumm, U3BMEHEHUIO CTENEHEN OKUCINEHUS 3NEMEHTOB, 06paTUMOCTH,
y4YacTuio KatanusaTtopa v Apyrue); CaMoCTOATENbHO 8b/6upame OCHOBAHUSA U KPUTEPUM
Ans Knaccudukaunm nsyvaembix BELLECTB U XMMUYECKUX PeaKLNIA;



ChOpPMMPOBAHHOCTb YMEHUSI packpbiBaTb CMbICN nepuoguveckoro 3akoHa [.U.
MeHpgeneesa u 4EMOHCTPMPOBATL €0 CUCTEMATU3NPYIOLLYID, OOBACHUTENBHYIO N NPO-
FHOCTMYECKYIO DYHKLNN;

ChOPMMPOBAHHOCTb YMEHUI. XapaKTepu3oBaTb 3NEKTPOHHOE CTPOEHUEe aToMOoB
N MOHOB XMMUYECKNX 3INIEMEHTOB MepBOro—4eTBEpPTOro nepuonos llepuognyeckon cu-
ctembl [1.1. MeHaeneeBa, UCNonb3ys NOHATUS «3HEpPreTuyYecKkne ypoBHUY», «IHEpreTu-
Yyeckne noaypoOBHU», «S-, p-, d-aTOMHble opbuTanu», «OCHOBHOE W BO3DYXAEHHOEe
3HEepreTMyYeckme CoOCTOsIHUSA aToMay; OObACHATbL 3aKOHOMEPHOCTU U3MEHEHUSA CBOWCTB
XUMUYECKMX 3MIEMEHTOB U MX COEAMHEHMIA NO nepuogam w rpynnam [lepuogunyeckon
cuctembl .. MeHpeneeBa, BaneHTHblIE BO3MOXHOCTN aTOMOB 3f1IEMEHTOB Ha OCHOBE
CTPOEHUS UX 3NEKTPOHHBLIX 060NOoYeEK;

ChOPMUPOBAHHOCTb YMEHWIA. XapaKkTepunsoBaTh (onucbiBaTb) obLume xumumyeckme
CBOWCTBa BELLECTB pasnun4yHbiX KrnaccoB, rnodmeepxdamp CyLeCTBOBaHUE reHeTuye-
CKOW CBSI3W MEXAY HEeOopraHM4ecKkMMu BELLECTBaMW C NOMOLLLIO YpaBHEHWUA COOTBET-
CTBYHOLLUMX XMMUYECKMX pPeaKLuiA;

COPMMPOBAHHOCTb  YMEHUS  pacKpbiBaTb  CYLUHOCTb:  OKUCMUTESNbHO-
BOCCT@HOBMUTESNbHbIX peakuuii NOCPeaCcTBOM COCTaBIEHNSA 3NEKTPOHHOro 6anaHca aTunx
peakuuin; peakumi MOHHOro obmeHa NyTéM COCTaBIIEHUA WX MOSHbIX U COKPALLEHHbIX
NOHHbIX YPaBHEHWI; peakunii rMaponnsa; peakumin komnnekcoobpasoBaHus (Ha npume-
pe rMApOKCOKOMNMIIEKCOB LMHKA 1 antoMUHNS);

ChOPMUNPOBAHHOCTb YMEHUSA OOBACHATL 3aKOHOMEPHOCTU NPOTEKaHUA XUMUYe-
CKMX peakuni C Y4ETOM MX IHEPreTUYECKNX XapaKTepUCTUK, XapakTep U3MEHEHNS CKO-
POCTM XMMMUYECKOW peakunn B 3aBUCMMOCTU OT pasnunyHbiX pakToOpoB, a Takke xapak-
Tep CMELUEHMS XMMWUYECKOrOo paBHOBECUS Mo BIWSHWEM BHELUHUX BO3OENCTBUN
(npuHumn Jle Wartenbe);

ChOpPMMPOBaAHHOCTb YMEHUSA XapaKTepmn3oBaTb XMMUYECKNE peakuuu, nexawyue
B OCHOBE MPOMbILLIEHHOTO MONYYEeHUs CEPHOM KUCMOTbI, aMmMmuaka, obLmne Hay4Hble
NPUHUMNBI XMMWYECKMUX MPOU3BOACTB; LIENecoobpasHOCTb NPUMEHEHUA HeopraHu4e-
CKMX BELYeCTB B MPOMbLILUIIEHHOCTU U B ObITYy C TOYKM 3PEHMS COOTHOLUEHUS PUCK-
nonb3a;

cthopMMpPOBaAHHOCTb BNafeHUsl CUCTEMOWN 3HAHUIA O METoA4axX Hay4YHOro No3HaHUs
SIBNEHUA npupoabl — HabnaeHne, U3MepeHue, MOAeNnMpoBaHue, IKCNepuMeHT (pe-
anbHbIM U MbICNEHHbIN), UCMONb3YEMbIX B €CTECTBEHHbIX HayKax, YMEHUS NPUMEHSTb
3TW 3HAHUA NPU SKCMEPUMEHTANIbHOM UCCNEAOBaHMM BELWECTB N Ans 00bACHEHUSA XU-
MUYECKNX SBNEHUN, NUMEIOLNX MECTO B NpUpoae, NpakTU4EeCKOn OeATEeNbHOCTU Yero-
Beka 1 B NOBCEAHEBHOMN KU3HU;

CPOPMNPOBAHHOCTb YMEHUSA BbIABNATL B3aUMOCBA3b XMMUYECKMX 3HAHWUW C Mo-
HATUAMWU U NpeacTaBNEHMAMU APYrMX eCTECTBEHHO-HayYHbIX MpeaMeToB Ans bonee
OCO3HaHHOro NMOHMMaHUS MaTepuanbHOro eAMHCTBa MUpa;

COpMUPOBAHHOCTb YMEHUSI NPOBOAUTL PaCYETbl: C UCMOMb30BAHUEM MOHATUN
«MaccoBas [ons BELLECTBA B PacTBOPE» U «MONSIPHAsA KOHLUEHTpauusay; Macchl BeLle-
cTBa unum obbEma rasa no M3BECTHOMY KONMMYECTBY BELLECTBA, Macce unu obbémy oa-
HOro M3 y4acTBYHOLUMX B peakuuu BELECTB; TENNOBOro adyekra peakuuun; sHadeHus
BOAOPOAHOro nokasaTtensi pacTBOPOB KUCMOT U LUENOYen C U3BECTHOW CTEMEHbIO AUC-
coumaummn; maccbel (o6béma, KonuyecTsa BellecTBa) NPoAyKTa peakumu, ecnn ogHo U3
NCXOAHbIX BELLECTB AaHO B BUAE pacTBopa C onpeaenéHHoi MaccoBon Aonen pacTeo-
PEHHOro BeLecTBa Unu AaHo B u3bbiTke (MMeeT NpuMecu); AoNu Bbixoaa npoaykra pe-
akumn; o0 bEMHbIX OTHOLLEHWUI ra3oB;

CPOPMUPOBAHHOCTb YMEHUIA. CaMOCTOSITENBHO NMaHWpoBaTb U NPOBOAUTL XU-
MUYECKUA IKCNEPUMEHT (NPOBEAEHNE peakuuit MoHHOro obmMeHa, noaTBepXaeHue Ka-
YeCTBEHHOro COCTaBa HEeOpraHUYEeCKUX BELLEeCTB, onpeaeneHve cpefbl pacTBoOpoB Be-
LEeCTB C NOMOLLbK WHAUKATOPOB, U3YYEHUE BRUSHUS PasnUYHbIX (PaKTOPOB Ha CKO-



POCTb XUMWYECKON peakunn, pelueHne aKkcnepuMeHTanbHbIX 3agad no rtemam «MeTan-
nbl» n «HemeTannbl») ¢ cobniogeHem npaeun 6esonacHoro obpalleHusi ¢ BellecTsa-
MU 1 nabopatopHbiM obopyaoBaHueM, hopMynMpoBaTb LEeNb UCCNeAoBaHUs, npeod-
cmassiamb B pasnMyHonW popme pesynbTaTbl IKCNEpUMEHTa, aHaau3uposamb U oue-
HMBaTb UX JOCTOBEPHOCTb;

ChOPMMPOBaAHHOCTL YMEHMI: cobntogaTe npaBwuna Monb30BaHUA XUMUYECKOWN
nocyaon n nabopartopHbiM obopygoBaHueM, obpalleHus ¢ BeLlecTBamn B COOTBET-
CTBAW C UHCTPYKLUMAMM MO BbINONHEHUIO NabopaTOPHbIX XMMUYECKUX OMbITOB, 3KOMOru-
Yecku LenecoobpasHoro noseneHus B ObITy 1 TPYAOBON AESATENBHOCTY B LENsAX coxpa-
HEHUA CBOEro 340pOBbsi, OKPY>atoLLen NpUPOAHON cpedbl U AOCTUXKEHUSA €€ yCTOonNYn-
BOro pasBUTUSA, OCO3Hasamb ONAaCHOCTb TOKCUYECKOro AEUCTBUS Ha XUBble OpraHu3Mbl
onpeaenéHHbIX HeopraHMYecknx BeLlecTs, NoOHMMasi cmbicn nokasartens MNAK;

ChOPMMPOBAHHOCTb YMEHWIA: OCYLLECTBNATL LienieHanpaBeHHbId NOUCK XUMU-
YyecKoi MHdopMaLmUn B pasnnyHbiX UCTOYHUKAX (Hay4YHas u y4ebHo-Hay4Has nutepary-
pa, cpeActBa maccoBov MHdopmauumn, UHTepHeT u gpyrue), KpuTM4eCcKn aHanmsnpo-
BaTb XMMWUYECKYIO MHOpMauumio, nepepabaTbiBaTh €€ 1 NCNOMb30BaTb B COOTBETCTBUN
C nocTaBneHHon y4ebHon 3agaden.
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