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COIMACOBAHA

ynpasnsoLwm COBETOM

MAQY «HwmxHeapemasHckas COLL».

MpoTokon Ne 1 ot «29» aBrycTta 2025 .

MpoTtokon Ne 5 oT «12» doeBpansa 2026 r.

MpunoxeHune

K OCHOBHOW 0B6pasoBaTesibHON
nporpammMme OCHOBHOrO obLero
obpasoBaHus

MAQY «HwmxHeapemasiHckass COLL»,
YyTBEPXOEHHOWN NPpUKa3om

oT «29» asrycta 2025 r. Ne 180-o0p

PABOYAA NMPOrPAMMA
y4yebHoro npeameTta «XumMus»
ans obyvatrowmxcs 8-9 knaccos



NOACHUTENBbHAA 3ANMUCKA

[Mporpamma MO XMMWK Ha YypPOBHE OCHOBHOro obuiero obpasoBaHUs
cocTaBrieHa Ha ocHoBe TpeboBaHWin K pe3ynbTaTaM OCBOEHUS OCHOBHOMW
obpasoBaTenbHOM  nNporpaMmmbl  OCHOBHOrMoO  obuwiero  obpasoBaHus,
npeactaBneHHbix B ®rOC OO0, a Takke Ha OcCHOoBe dhedepanbHOW
paboyen nporpamMmmbl BOCMUTAHUA U C YHETOM KOHLENUMN NpenogaBaHus
yyebHoro npeameta «Xmmusi» B obpasoBaTesibHbIX  OpraHusauumsix
Poccunckon epepaunn.

Mporpamma no xumMun [a€T npeacraBneHMe o uensx, obuen
cTpatermm oby4vyeHusi, BOCNUTaAHUSA N pasBUTMS 0ByYaroLmMxcs cpeactsamm
yyebHOro npegmeTta, YycCTaHaBnuBaeT o00s3aTenbHOEe NpeaMeTHoe
coAepXaHue, npegycMmatpuBaeT pacnpefeneHne ero no kKnaccam wu
CTPYKTYpupOBaHMe no pasgenam u Temam nporpammbl MO XUMUW,
onpeaensieT  KOMWYECTBEHHble WM KAaYeCTBEHHblE  XapaKTEpPUCTUKK
coepXxaHus, pekoMeHayemyto MnocrneaoBaTeflbHOCTb M3YYEHUS XUMUKU C
YYETOM MeEXNPeaMETHbIX U BHYTPUNPEeaAMETHbIX CBSA3EN, NOrMKN y4ebHOoro
npouecca, BO3pacCTHbIX oOcobeHHocTen oby4valowmxcs, onpegensieT
BO3MOXHOCTM npeamMeTa Ans peanusauum TpeboBaHun K pesynbTatam
OCBOEHUNSA OCHOBHOM ObpasoBaTenbHOM NporpaMmmbl Ha YPOBHE OCHOBHOIO
obuiero obpasoBaHus, a Takke TpeboBaHUM K pesynbTaTtam o0byyeHus
XUMUKM Ha YPOBHE LieNnen n3yvyeHus npegmMmeTta u OCHOBHbIX BUOOB y4ebHO-
no3HaBaTenbHON AeATenbHOCTM Oby4aloleroca no OCBOEHUIO y4ebHOro
coaepXXaHus.

3HaHMe XMMUKN CIYXXUT OCHOBOW AN (dOpMUPOBaHUS MUPOBO33PEHNS
oby4aroLerocsi, ero npeacTaBfieHMn O MaTepuanbHOM eAWHCTBE MUpa,
BaXHYI0O poOSib  UrparT opmMupyemMble XUMUEN NpeacTaBneHuss o
B3aMmMOrnpeBpaLleHnax aHeprmm n o6 a3Bonouun BELLECTB B Npupoge, O
nyTaX  peweHna  rnobanbHbiXx  Npobrnem  YyCTOMYMBOIO  pPa3BUTUS
YerioBe4yecTBa — CbIPbEBOW, 3HEPreTU4YECKOW, NULEBON M IKOSTOrMYECKOU
B6esonacHocTn, Npobriem 3a4paBoOOXpPaHEHMS.

N3yyeHne xnmumu:

cnocobCTByeT peanusaumm BO3MOXHOCTEM AOfs CaMopasBUTUS W
dopMnpoBaHUA  KynbTypbl NUYHOCTU, €€ obwen u dGYHKUNOHANbHON
rPaMmoOTHOCTMU;

BHOCUT BKfag B (OpPMUMPOBaHME  MbIWMEHUS U TBOPYECKMUX
crnocobHocTen oByvalroLMXCs, HaBbIKOB WX CaMOCTOATENbHOW Yy4ebHOW
OEATENIbHOCTN, JKCMEepUMEHTalNbHbIX W UCCNeoBaTeNbCKUX  YMEHUN,
HeobXoOMMbIX Kak B MOBCEOHEBHOM XWU3HU, TaKk U B NpodheccnoHasibHoON
OEeATENIbHOCTY;

3HaKOMUT CO CneumduKon Hay4yHOro MbIWMEHNs, 3aknagbiBaeT
OCHOBbI LIESTOCTHOrO B3rfisiAa Ha e4MHCTBO NPUPOAbI N YeroBeKa, ABNAeTCs
OTBETCTBEHHbIM 3dTanoM B  OPMUPOBAHUN  €CTECTBEHHO-HaY4HOW
rPaMmoTHOCTM OBy4vatoLmxcs;



cnocobectByeT  (POPMMPOBAHUKD  LIEHHOCTHOrO  OTHOLUEHUM
€CTEeCTBEHHO-Hay4YHbIM 3HaHWAM, K Mpupoae, K 4erioBeky, BHOCUT CBO
BKNag B akonormnyeckoe obpasoBaHne obyyatoLmxcs.

[aHHble HanpaeneHnsa B 00y4YeHuUM xummnm obecnevmBaroTcs
cneungukon cogepxaHms ydebHoro npegmeTa, KOTOpbIA  ABNSIETCS
negarorMyeckn aganTMpoBaHHbIM OTPaXXeHneM 6a30BOM HayKM XMMUK Ha
ornpeneniéHHOM aTane e€ pas3BUTUSI.

Kypc XxvmMum Ha ypOBHE OCHOBHOro obuwero obpasoBaHus
OPMEHTUPOBAH Ha OCBOEHME 00y4alLLUMMUCS CUCTEMbI NepBOHAYarnbHbIX
NOHATUA XMMWK, OCHOB HEOPraHMYeCKON XMMUN N HEKOTOPbIX OTAENbHbIX
3HAYNMbIX MOHATUN OPraHNYECKON XUMUMN.

CTpykTypa cogepxaHua nporpammbl Mo XuMmn copmMmpoBaHa Ha
OCHOBE CMCTEMHOro noaxoaa K eé nsyyeHuo. CogepxaHme ckrnagbliBaeTcs
N3 CUCTEMbI MOHATUA O XMMUYECKOM JfIEMEHTE U BEWeCTBE U CUCTEMBI
MOHATUN O XumMuyeckon peakumn. OBGe 3TU  CUCTEMbI  CTPYKTYPHO
OpraHu3oBaHbl MO MPUHLMMIY MNocieaoBaTeNbHOro pPasBUTUA 3HaHUW Ha
OCHOBE TeOpeTMYeCKNX NpeacTaBrieHn PpasHOro ypoBHS:

— aTOMHO-MOJIEKYJISIPHOIO Y4EHUSA KaK OCHOBbI BCEr0 €CTECTBO3HAHMUS;

— lNepuogunyeckoro 3akoHa . N. MeHgeneeBa Kak OCHOBHOrO 3akoHa
XUMnu;

— YYEHNA O CTPOEHNN aTOMa N XMMUYECKOWN CBA3N;

— npeacrtaBneHnn o6 anekTponMTUYECKON Auccounaunn BELLECTB B
pacTBoOpax.

TeopeTnyeckne 3HaHWS paccMaTpuBalOTCS Ha OCHOBE AMMUPUYECKMU
NOSYyYEHHbIX N OCMbICIIEHHbIX DAKTOB, pas3BMBalOTCA NocrnenoBaTesibHO OT
OOHOrO YPOBHA K APYroMy, BbINOSHAS QYHKUMM OOBSACHEHUA U
NPOrHO3MPOBaHUS CBOWCTB, CTPOEHUSI U BO3MOXHOCTEN MNPaKTUYECKOrO
NPUMEHEHNA N NONyYEeHN N3y4YaeMblX BELLECTB.

OcBoeHne nporpaMmmbl MO XMMWUK CrnocobecTByeT (OopMUMPOBaAHUIO
npeacTaBneHnss 0 XMMUYECKOW COCTaBnAloWeEN HaydyHOU KapTUHbI MUpa B
norvke e€ CUCTEMHOW MpupoAdbl, LLEHHOCTHOrO OTHOLLUEHUS K Hay4YHOMY
3HaHWIO U MeTodaM MO3HaHus B Hayke. M3yyeHne xummm npoucxogut C
NPUBNEYEHMEM 3HAHUN U3 paHee WU3YyYeHHbIX Y4YebHbIX NpeaMeTOB:
«Okpyxatowmm mmpy», «brnonorus. 5—7 knaccel» n «dunsunka. 7 knacce.

Mpn n3ydeHMn xumum npoucxoamt OOpPMMPOBAHME 3HAHUA OCHOB
XUMUYECKON HayKM Kak obnacTm COBPEMEHHOrO €eCTeCTBO3HaHMs,
NPaKkTUYEeCKON OeATeNbHOCTU 4erioBeka M Kak OOHOro U3 KOMIMOHEHTOB
MUPOBOW  KynbTypbl. 3agaya ydebHOro npegmetra COCTOUT B
dopMnpOBaAHUMN CUCTEMbI XUMWUYECKUX 3HAHUW — BaXHEWLWIMX (QaAKTOB,
NMOHATUIN, 3aKOHOB U TEOPETUYECKUX MOSNOXKEHUN, AOCTYMHbIX 0006LLEHNN
MUPOBO33PEHYECKOrO XapakTepa, s3blka Hayku, B NPMOBLLEHNN K HAy4YHbIM
MeTO4aM MO3HaHUS MNPU U3yYeHUN BeLLeCTB U XUMUYECKUX peakuuun, B
dopMMpOBaHUM U Pa3BUTUN NO3HABATESIbHbLIX YMEHUN U UX NPUMEHEHUN B
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y4yebHo-no3HaBaTenbHOM U Yy4yebHO-uUcCcnegoBaTeNbCKON OEATENbHOCTMU,
OCBOeHuMM npasun 6GesonacHoro obpauweHns C BelwecTtBamum B
NOBCEOHEBHOMN XXU3HW.

Mpn n3y4yeHUM XMmMuMM Ha ypOBHE OCHOBHOro obuiero obpasoBaHUA
Ba)KHOE 3Ha4yeHue npmobpenn Takne Lenu, Kak:

— popMMpPOBaAHUE MHTENNEKTyarbHO pasBUTOMN JIMYHOCTU, FTOTOBOM K
camoobpasoBaHuio, COTPYOHMYECTBY, CaMOCTOATENbHOMY  MPUHATUIO
peLlleHnn, cnocobHOM aganTupoBaThbCs K ObICTPO MEHSOLWMMCSH YCNOBUAM
XW3HWY;

— HanpaseneHHOCTb Oby4yeHuss Ha cuctemaTudeckoe npuobLieHne
oby4alLlWnxca K CaMOCTOATENbHOW MO3HaBaTeNbHOW [OeATEeNbHOCTH,
Hay4YHbIM MeTodaM MO3HaHus, POPMUPYIOLLMM MOTMBALMIO U pasBUTUE
CMOCOBHOCTEN K XMUU;

— obecnevyeHne  ycrnoBuin, CMOCOOCTBYHOLLMX  NPUOBPETEHUIO
oby4yarowmmMmca onbiTa pasHoOOpasHOW AOeATenbHOCTW, MO3HAHUA U
CaMOMO3HaHMWA, KMYEBbIX HABbLIKOB (KIMHOYEBbLIX KOMMETEHLMN), UMEKOLLNX
YHUBEpPCanbHOe 3Ha4YeHne Ons pasnuyHbIX BUAOB AEATENbHOCTY;

— (bopmupoBaHne obuien yHKUNOHANbHOW U eCTECTBEHHO-HAY4YHOM
rPaMOTHOCTU, B TOM 4YUCNE YMEHUN OBDBACHATbL M OLEHMBATb SABMEHUS
OKpy)XalLero mMupa, WUCMNoNb3ys 3HaHWA W OMbIT, MNOSIyYEHHbIE MNPU
N3yYeHUU XUMUKN, NPUMEHATb UX NMPU peLlleHnn npobnemM B NOBCEOHEBHOM
XW3HU U TPYOOBOU AEATENBbHOCTY;

— opmupoBaHMe y o0ByyaroLMXCA TYMaAHUCTUYECKUX OTHOLLEHUMN,
NOHUMAHNA LLEHHOCTU XMMUYECKUX 3HAHWW ONs BblpabOTKM SKOMOrMyecku
LeriecoobpasHoro nosegeHusi B ObITy M Tpy4OBOM OeATENbHOCTU B Lendax
COXpaHeHUsi CBOEro 30POBbS U OKpYXatlLen NpupogHoun cpenbl;

— pasBuUTUE MOTMBAUUN K 0BYyYEeHMIO, CNOCOBHOCTEN K CAMOKOHTPOSIHO
N CaMOBOCMUTAHUIO HAa OCHOBE YCBOEHMUsI 0bLLeYenoBeYeCKUX LLEHHOCTEN,
FOTOBHOCTM K OCO3HaHHOMY Bbibopy npoduna wn HanpaBrieHHOCTU
AanbHenLwero ody4vyeHus.

O6Lwee 4ncno yacos, OTBEAEHHLIX ANS U3YyYEHUST XUMUM Ha YPOBHE
OCHOBHOro obuuero obpasoBaHusi, coctaBndet 136 4yacos: B 8 knacce — 68
YyacoB (2 Yaca B Hegenw), B 9 knacce — 68 yacos (2 4aca B Helenio).



COOEPXAHUE OBYHEHUA

8 KIIACC

lNepBoOHa4YanbHble XMMUYECKNE MOHATUSA

MpeomeT xvmuun. Porb XumMnn B XM3HWN YerioBeka. XMMuUsi B cUCTEME
Hayk. Tena u BewecTBa. dPusnyeckne cBOUCTBaA BellecTB. ArperaTHoe
cocTosiHMe BellecTB. [MoHATME O MeTodax MO3HaHWA B XUMUK. YucTble
BellecTBa U cmecn. Cnocobbl pasgeneHnsa cmecen.

ATOMbI U MOMEeKynbl. XMMUYECKNe aneMeHTbl. CUMBOSbI XMMNYECKNX
anemeHToB. [lpocTble M CcrnoxHble BelwecTBa. ATOMHO-MOSEKynapHoe
yyeHue.

Xumnyeckas  popmyna. BaneHTHOCTb  aTOMOB ~ XMMUYECKUX
anemMeHToB. 3aKOH [MOCTOSHCTBA cocTaBa BewecTB. OTHocuTenbHas
aToMHaa macca. OTHocuTenbHaa MornekynspHass macca. Maccosasa gons
XUMUYECKOro aremMeHTa B CoeHEHNN.

KonunyectBo Bewectsa. Monb. MonspHas wmacca. BsanmocBssb
KONnuyecTBa, Maccbl U Yncra CTPYKTYpPHbIX eanHUL, BewecTBa. PacyéTtbl no
dhopMynam XMMMUYECKNX COEaUHEHUM.

Pusndeckme U XMMHYECcKne sBneHus. XUMuyeckaa peakumss un eé
NpU3HaKn. 3aKOH COXPaHEeHUs MacCbl BELLECTB. XUMUYECKME YPaBHEHUS.
Knaccugpumkaumsa XMMUYecKux peakuun (CoeguHEHUs,  pasroXeHus,
3ameLlleHuns, obmeHa).

XumMuyeckul akcriepumMeHm:

3HAaKOMCTBO C XMMWYECKOW nocydon, npasuvnamm pabotbl B
nabopartopun n npuémamm obpatleHunsa ¢ nabopaTopHbiM 060pyaOBaHMEM,
n3yyeHme M onucaHme U3MYEeCKUX CBOMCTB 0OpasLoB HeopraHMYeCcKnx
BellecTB, HabnwogeHwe duanMyecknx (NnasreHWe BOCKa, TasHue nbAa,
pacTupaHue caxapa B CTynke, KuWMNeHue W KoHAeHcauusi BoAbl) U
XUMUYECKNX  (TOpeHne CBeuYKn, npokanmBaHMe MeOHOW NPOBOSIOKK,
B3aMMOAENCTBME Mena C KUCMNOTOW) SIBNEeHUn, HabnwgeHne n onucaHue
NPU3HaKOB MNPOTEKaHMUS XUMWYECKUX peakuun (pasnoxeHue caxapa,
B3aMMOAENCTBME CEPHOM KUCMNOTbl C XnopuaoMm 6apusi, pasnoxeHue
rmgpokevga meam (Il) npu HarpeBaHuu, B3auMOLEWNCTBUE Xene3a C
pactBopom conn meaun (Il), nsydeHne cnocobosB pasgeneHnss cmecen: c
MOMOLLbID  MarHuTa, QUIbLTPOBaHME, BbiNapuBaHue, AUCTUANALMS,
Xpomartorpadus, npoBeaeHNe OYUCTKM NOBAPEHHON Conuv, HabngeHe m
onucaHue pesynbTaToB MPOBEAEHUS OnbiTa, WNNKCTPUPYHOLLErO 3aKOoH
COXpaHeHus Macchl, co3gaHne moaenen Monekyn (LlapoCTep>KHEBbIX).

BaxHeunwwune npeactaBUTeNI HEOpPraHMYeCKMUX BELLECTB

Boagyx — cmecb rasoB. CoctaB Bo3gyxa. Kucropog — anemMeHT wu
NpoCToe BeLLlecTBO. HaxoxgeHue kucrnopoga B npupone, gusnyeckue u
Xummnyeckne ceonctea (peakumm ropeHus). Okcugbl.  [MpumeHeHne
kmcnopoga. Cnocobbl nofnydyeHns  kucnopoda B nabopatopum M



npombliwieHHocTn. KpyroBopoT kucrnopoga B npupoge. O30H —
annoTponHas moangukauma kmcnopoaa.

TennoBon aPdPeKT XUMUYECKON peakumn, TepMOXUMUYECKME
ypaBHEHUA, 3K30- U SHOOTEPMUYECKME peakuun. Tonnneo: yrosib U MeTaH.
3arpsisHeHne BO34yxa, YCUMEHMe NapHMKOBOro adydekTa, paspyllieHune
O30HOBOIO CJIOS.

Bogopoa — anemMeHT 1 npocToe BelecTBo. HaxoxaeHne Bogopoda B
npupoae, uanyeckne n XMMMYECKne CBOWCTBA, NPUMEHEHWe, Crnocobbl
nonydenus. Kucnotbl n conu.

MonsapHbIn 06bEM ra3oB. Pacy€Tbl MO XMMUYECKUM YPaBHEHNSAM.

dusnyeckne csoncTBa Boabl. Booa kak pacTtBopuTenb. PacTBopbl.
HacbllweHHbIe U HeHacbIWweHHbIE pacTBOpbl. PacTBOpUMOCTb BELLECTB B
Boge. MaccoBass ponsi BewecTBa B pacTBope. XMMUYECKMe CBOWCTBA
Bogbl. OcHoBaHuA. Ponb pacTBOpOB B MpUpoOAE M B XU3HM 4YeroBeka.
KpyroBopoT Boabl B npupofe. 3arpsisHeHne npupogHbix Bog. OxpaHa u
OYUCTKA NPUPOOHbLIX BOA.

Knaccundukauyms HeopraHM4ecKnx COeVHEHUN. Okemnapbl.
Knaccudpumkaumna okcuagoB: coneobpasyowme (OCHOBHbIE, KUCMOTHbIE,
amcoTepHble) KM Heconeobpasywuwme. HomeHknatypa  OKCUOOB.
dunsnyeckme n xmummyeckme CBomcTea okcnaos. [NofydeHne oKkCuaos.

OcHoBaHusa. Knaccudumkauma oCHOBaHUN: WENOYM U HEPACTBOPUMbIE
OCHOBaHuA. HomeHknaTypa OCHOBaHUW. PU3MYeckne wun XMMUYecKune
CBOWCTBa OCHOBaHui. [1oflydeHne oCHOBaHUN.

Kucnotel.  Knaccudgukauma  kacnoT.  HomeHknatypa  KACHNOT.
Pusnyeckme U XmMMmmn4eckme CBOUCTBa KUCIOT. PAg akTMBHOCTM MeTarnsos
H. H. bekeTtoBa. NonyyeHne KMcnor.

Conn. HomeHknatypa conen. dmsmnyeckme n XMMmnyeckne CBOMCTBA
conemn. Nony4deHune conen.

"eHeTMYecKkasn CcBA3b MeXy KriaccaMmy HeopraHNYeCcKNX CoeaNHEHUN.

XumMmuyeckKuu 3KcriepumMeHm:

Ka4eCTBEHHOe onpedesieHne CoAepXaHusa Kucropoga B BO3ayxe,
nonyyeHune, cobupaHue, pacno3HaBaHMe N U3y4eHMe CBONCTB KUCIIOpPOAa,
HabngeHMe B3aMMOAEWNCTBUS BeELWECTB C  KUCNOPOAOM U YCIOBUS
BO3HUKHOBEHUSA W MpeKkpaweHna ropeHus (noxapa), O3HaKoOMIleHWe C
obpasuamMn OKCMOOB W OMUCaHWe WX CBOWCTB, MONyyeHue, cobupaHue,
pacnosHaBaHne U n3ydyeHne  CBOWCTB  Bogopoda  (ropeHwue),
B3aumogenctenme Bogopoga ¢ okcmgom  meam  (lI)  (BO3MOXHO
ncnonb3oBaHne Buaeomatepuanos), HabniogeHve o6pasuoB BeELLECTB
konuyectBom 1 Monb, wuccnegoBaHMe OCOBEHHOCTEN pPaCTBOPEHUS
BEWeCTB C pPasfivyHOM pPacTBOPUMOCTbIO, MPUrOoTOBIEHWE PaCTBOPOB C
onpeaenéHHom MacCcoBOW aonen pPacTBOPEHHOIO BeLlecTBa,
B3auMOLeNCTBME BOAbI C MeTannaMm (Hatpuem u Kanbumem) (BO3MOXHO
ncnosib3oBaHme Bugeomartepuanos), nccrnegosaHune obpasuoB



HeopraHM4YecKnx BELLECTB pasfinyHbIX KraccoB, HabnwgeHne mMaMeHeHus
OKpaCKM WHAOMKATOPOB B pacTBOpax KUCNOT W LWeENoyYen, usyyvyeHue
B3anmoaencTeums okcnga meam (ll) c pactBopom cepHon KMCNOTbI, KUCAOT C
MeTannamMmu, peakunmnm HeuTpanumsaumn, MofnyvYeHne HepacTBOPUMBbIX
OCHOBaHWN, BbITECHEHMe OOHOro MeTanna ApyrmMm m3 pacTtBopa conu,
pelleHne 3KcrnepuMeHTanbHbIX 3agjady no Teme «BaxHenwme knacchbl
HeopraHN4YecKnx CoeANHEHNN.

NMepuognyeckun 3akoH u lNMepumoguyeckas cmcrema XMMUYECKUX
anemeHtoB 1. U. MeHpeneeBa. CTpoeHuMe atomoB. XuMuYecKas
cBs3b. OKUCNUTENbHO-BOCCTAaHOBUTENbHbIE peaKkLuumn

[MepBble NONbITKN Knaccudukaumm XMMMUYecKux anemeHToB. [loHaTne
O rpynnax CXOOHbIX 3fIeMEHTOB (LLEeSIoYHble M  LENOYHO3EMESbHbIE
MeTanmbl, ranoreHbl, WHepTHble rasbl). ONEeMEHTbl, KOoTopble obpasyloT
aMmdoTepHble OKCUAbI U TMAOPOKCUaObI.

Mepnoandecknn 3akoH. [lepuogmyeckas cuctemMa XUMUYECKUX
anemeHnToB [l. 1. MeHpeneeBa. KopoTkonepunoagHasi n gnnHHoNepunoaHas
dopmbl  [lepnognyeckon CUCTEMbI  XUMMYECKMX anemeHtoB [. W.
MeHpeneeBa. [lepuogbl n rpynnbl. PU3NYECKMA CMbICIT MOPALKOBOro
HOMepa, HOMepOB nepuoga v rpynnbl arIeMeHTa.

CtpoeHne atomoB. CocTaB aTOMHbIX saep. M3oTonbl. ONEKTPOHLI.
CTpoeHne anekTpoHHbIX obonovek aTtoMoB nepBbiX 20 XMMUYECKNX
anemeHTOB [epunognyeckon cuctemol 1. . MeHgeneeBa. Xapakrepuctuka
XUMWYECKOrO arieMeHTa no ero nonoxeHuto B lNepuoguyeckon cucteme [.
. MeHpeneeBa.

3aKOHOMEPHOCTM  M3MEHEHUS1  paguMyca aTOMOB  XMMUWYECKUX
39N1EMEHTOB, MeTasIfIMYecknx U HemeTannyeckmx CBOMCTB MO rpynnam u
nepuogam.

3HayeHne [lepuognyeckoro 3akoHa wu [lepnoandeckon cuCTeMsbI
XUMUYECKUX IMEeMEHTOB AN pasBuTUA Hayku W npaktukn. [[O. W.
MeHperneeB — yY€HbIN N rpaXkgaHuH.

Xumnyeckas cBA3b. KoBarneHTHas (nondpHasi U HenonsapHasi) CBA3b.
ONEeKTPOoOTPMLATESNBHOCTb XUMUYECKNX 3NEMEHTOB. VIOHHas CBA3b.

CteneHb okucneHunsi. OKUCNUTENbHO-BOCCTAHOBUTESbHbIE peakunn.
[Mpouecchbl OKMCIIeHNsA n BOCCTaHOBJIEHUA. Okncnutenu n
BOCCTaHOBUTENMN.

XumMmud4eckul akcriepumeHm:

n3yyeHme ob6pasyoB  BeLEeCTB MeTasioB UM HeMeTasnsos,
B3aMMOOENCTBNE TMOPOKCMOA LUMHKA C pacTBOpaMu KUCNOT WU LWEeNoyen,
npoBeAEeHNE ONbITOB, W/UTIOCTPUPYIOWKUX  MPUMEPbl  OKUCITUTENBbHO-
BOCCTAHOBUTENbHbIX  peakumn  (ropeHve,  peakunmm  pasnoXeHus,
COeIHEHUS).

MexxnpedmemHsble cesizu



Peanusauna mexnpeaMeTHbIX CBA3EW MpU U3y4YeHUn xummn B 8
Knacce OCYLLECTBISIETCA Yepe3 UCNOoSib30BaHMe Kak obLMX eCTeCTBEHHO-
Hay4HbIX MOHATUW, TaK W TMOHATUN, HABMSKOWMUXCA CUCTEMHbIMU ONA
OTAENbHbIX NPEAMETOB €CTECTBEHHO-HAYYHOrO LMKNa.

Obuwme ecTeCTBEHHO-Hay4Hble MOHATUS: HaydHbIM dOaKT, rMnoTesa,
TEeopusa, 3aKOH, aHanua, CuHTe3, Kraccudukauma, nepuoanyHoCTb,
HabnogeHne, SKCNEepUMEHT, MOAEenMpoBaHuWe, W3MepeHne, MoAOenb,
SIBMEHNe.

dusnka: matepusi, atoM, 3NIEKTPOH, MPOTOH, HEWUTPOH, MOH, HYKNug,
N30TOMbl, paanoakTUBHOCTb, MOSIEKYSA, ANIEKTPUYECKN 3apsad, BELECTBO,
Teno, oObEM, arperaTHOe COCTOsSlHME BellecTBa, ras, qu3ndyeckue
BESIMYMHbI, eANHULIbI NU3BMEPEHUS, KOCMOC, NNaHeTbI, 3B8€3abl, ConHue.

buonorus: dboTocuHTE3s, AblXxaHue, bnocdepa.

eorpadma: atmocdepa, rmgpocdepa, MUHEpPArbl, TOPHbIE NOPOAbI,
nosiesHble UcKkonaemble, TONIMBO, BOAHbIE pecypcChbl.

9 KINACC

BewecTBO U XMMHM4yeckana peakuums

Mepnoandecknn 3akoH. [lepuogmyeckas cuctema XUMUYECKUX
anemenToB . WN. Mengeneesa. CTpoeHne aTtomMoB. 3aKOHOMEPHOCTU B
N3MEHEHMUN CBOUCTB XUMUYECKMX IOSIEMEHTOB MEPBLIX TPEX MNEepuoaos,
Kanusa, Kanbuma M WUX COeAWHEHUA B COOTBETCTBUU C  MOJSIOXKEHUEM
anemeHToB B [Nepuognyeckon cucteme n CTPOEHMEM UX aTOMOB.

CTtpoeHne  BelwecTBa: BUObl  XMMUYECKOW  CBSA3MW. Tunol
KpUcTaninyecknx peLeToK, 3aBUCMMOCTb CBOWCTB BeLlecTBa OT Tuna
KpUCTann4eckon peweTkN N Buga XMMmM4eCckom CBA3MN.

Knaccnpukaums 1M HOMeHKnaTypa HeOopraHM4YecKux  BeLLecTB.
XUMMYeckme CBOWCTBA BELLECTB, OTHOCSALMXCS K pPasfnYHbIM Krnaccam
HEOpraHN4YecKNX CoeauMHEeHUN, TreHeTunyeckasi CBSA3b HeOpPraHU4YecKux
BeLLeCTB.

Knaccudgumkaumnsa XxmmMmyeckux peakumn no pasfiunyHbiM npuaHakam (no
YMCNY W COCTaBYy Y4yacCTBYWLIMX B peakumm BellecTB, NO TensoBoMy
apeKkTy, N0 U3MEHEHUIO CTENMEHEN OKUCIEHUS XMMUYECKUX ONEMEHTOB,
no obpaTUMOCTK, NO y4acTUO KaTanmsaTopa). OK30- U IHOOTEPMUYECKME
peakuum, TepMOXMMUNYECKNE YPaBHEHUSI.

[MOHATME O CKOPOCTUN XMMUYECKOM peakumn. NoHsaTne o6 obpaTuMbIX n
HeobpaTUMbIX XUMUYECKMX peakuusx. [lOHATME O TOMOreHHbIX W
reTeporeHHbix peakumnsax. MNoHsaTne o katanuse. NoHATME O XMMWYECKOM
paBHoBecun. PakTopbl, BNUAKOWME HA CKOPOCTb XMMWYECKOM peakumm n
NofoXXeHNe XMMNYECKOro paBHOBECKA.

OKncnNnTenbHO-BOCCTAHOBUTESNbHbLIE pPeakuuu, 3MeKTPOHHbIN BanaHc
OKUCNUTEITbHO-BOCCTAHOBUTESTbHOW peakumn. CocTaBreHve ypaBHEHUN
OKUCINTENbHO-BOCCTAHOBUTENBLHbLIX peakuun C UCMNonb3oBaHMEM MeToaa
3NeKTpoHHOro 6anaHca.



Teopna  9NEKTPONUTMYECKOM  Oguccounaunn.  INeKTPonuTbl U
HeanekTponuTbl. KaTnoHsbl, aHnoHbl. MexaHnsm guccoumaunm BELLECTB C
pasnnyHbIMXN  BMOAAMU  XUMUYeckon cBaAsn. CTeneHb Auccoumnaumn.
CunbHble 1 cnabble aNeKkTponnuTsbI.

Peakumn moHHOro obmeHa. Ycnosusi nNpoTekaHusi peakuun MOHHOro
oOMeHa, NoSHble N COKPaLEHHbIE MOHHbIE YpaBHEHUS peakuui. CBoncTBa
KMCNOT, OCHOBaHMM W conem B CBeTe npeactaBneHnn o6
ANEKTPONUTUYECKON auccoumaumn. KayecTBEHHble peakunMn Ha WOHbI.
[NMoHATME O rmapornmse cornen.

Xumu4eckul akcriepuMmeHm:

O3HaKOMIleHne c Moaenamm KpUCTanmnyeckumx PeLlETOK
HeopraHM4Yecknx BeWwecTB — MeTannoB W HemeTannoB (rpaputa wu
anmasa), CrOXHblIX BelwecTB (xfiopuga Hatpus), uccnegoBaHue
3aBMICMMOCTUN CKOPOCTU XMMWYECKOMN peakumn OT BO3OENCTBUS PasfinyHbIX
dpakTopoB, uWCCregoBaHME 3NeKTPONpPOBOAHOCTU pPacTBOPOB BELLECTB,
npouecca Aguccoumaumm KUACHOT, LeSfioyen Uu  conen  (BO3MOXHO
ncnonb3oBaHne BUOEO Martepuanos), npoBeaeHne OnbITOB,
UNAIOCTPUPYIOLWMX NPU3HAKM MPOTEKAHUSA peakuunm MOHHOro oOMeHa
(obpasoBaHue ocagka, BblgeneHwe rasa, obpasoBaHWe BOAbl), OMbITOB,
UNAOCTPUPYIOLLMX MPUMEPBLI OKUCINTENBbHO-BOCCTAHOBUTESbHbBIX peakuuni
(ropeHne, peakuuu  pasfoXeHusi, COeAMHEHUd),  pacno3HaBaHue
HEeopraHN4YecKNX BELLECTB C MOMOLLbIO KAaYeCTBEHHbIX peaKkuMil Ha WOHBI,
peLleHne aKCnepuMeHTarnbHbIX 3aau.

HemeTannbl u ux coeanHeHus

Obuwas xapakrtepuctunka ranoreHoB. OcobeHHOCTU CTPOEHNS aTOMOB,
XapakTepHble CTeneHun OKuUcneHus. CTpoeHue n (puamyeckne cCBOWCTBA
NPOCTbIX BELWECTB — ranoreHoB. XMMMU4YeCKMe CBOMCTBA Ha nNpumMmepe xropa
(B3anmopencrTeuve C MeTannamu, HemeTannamum, Lierniovyamm).
Xnoposogopon. ConsHaa KucnoTta, XMMUYEcKne CBOWMCTBA, MNOSlyyYeHue,
npumeHeHne. [lencTBme xnopa u xrnoposogopoda Ha opraHu3m 4ernoBeka.
BaxHenwumne xnopmnabl N X HaXoXOeHWe B Npupoae.

Obwasa xapaktepuctnka anemeHtoB VIA-rpynnbl. OcobeHHOCTH
CTPOEHUSI aTOMOB, XapaKTepHble CTeneHun okucneHus. CTpoeHne w
dom3nyeckme CBOMCTBA MPOCTbIX BELeCTB — Kucropogda W Cepbl.
AnnoTponHble MmoaudukaumMm Kucnopoga v cepbl. XMMUYECKNE CBOWCTBA
cepbl. CepoBogopod, CTpoeHue, (PU3NYECKNE N XUMUYECKME CBOMCTBA.
Okcuabl cepbl Kak NpeacTtaBUTENM KUCNOTHbIX okcuaoB. CepHas KucnoTa,
dmsnyeckme n xuMmnyeckne cBomctea (obuime Kak npeacraBuTens knacca
KMCNOT U cneundunyeckne). XMMNMYeCcKMe peakuuu, nexawme B OCHOBE
NPOMBILUSIEHHOrO crnocoba nosiydeHns cepHon KucnoTbl. [lpumeHeHne
cepHon kucnoTbl. Conm CepHOM KUCMOTbI, Ka4yeCTBEHHasd peakuus Ha
cynbart-noH. HaxoxgeHne cepbl N €€ CcoeguvHeHun B npupoae.
Xnmmnyeckoe 3arpsisHeHMe OKpyXarlowen cpefbl COoeANHEHUSIMU  cepbl



(KUCNOTHbLIE OO0XAOW, 3arpsi3HeHMe BO3dyxa M BOAOEMOB), Crnocodbl ero
npeaoTBpaLLeHns.

Obwas xapaktepuctuka anemeHtoB VA-rpynnbl. OcobeHHOCTU
CTPOEHM  aTOMOB, XapaKTEpHble  CTEeneHW  OKUCIEeHusl.  A30T,
pacnpocTpaHeHne B npupoae, MUIMYECKNe N XUMUYECKME CBOUCTBA.
KpyroBopoT asota B npupoge. AMMnak, ero pusmyeckme n xumMmdeckme
CBOWCTBA, NONyvYeHne u npumeHeHne. Conm ammMoHusi, Ux pusnyeckne u
XUMWYECKNE CBOWCTBA, NpuMeHeHue. KayecTBeHHast peakuusi Ha WOHbI
aMMOHUS. A30THada KucnoTa, e€ nonydyeHue, oUsndeckme n XMMmuyeckune
cBoncTBa (0bLme Kak npencTaBUTENs Kracca KACNOT U cneuyudunyeckue).
Mcnonb3oBaHMe HUTPATOB U COMleM aMMOHUA B KadecTBe MUHepasibHbIX
ynobpeHui. Xummnyeckoe 3arpsa3HeHune OKpYy>KatoLLen cpenbl
COeMHEHUSIMX a30Ta (KUCIMOTHbIE OOXAW, 3arpsi3HEHNEe BO3ayxa, MoYBbl U
BOLOEMOB). docdop, annoTporHble Moamcunkaumnm doocdopa,
dmsnyeckme n xummndeckmne ceonctea. Okeng dpocdopa (V) n poccopHas
Kncnota,  uanmdeckme M XMMWUYECKME  CBOWCTBA,  MOSlyYeHue.
Ncnonb3oBaHue docdaToB B KAa4eCTBE MUHEPASIbHbIX YO0OpEeHUA.

Obwasa xapaktepuctnka anemeHtoB IVA-rpynnbl. OcobeHHOCTH
CTPOEHMA aTOMOB, XapakTepHble CTeneHu OKUCINEeHuns. Yrnepoa,
annoTponHble Mogudukauum, pacnpocTpaHeHne B npupoae, puamyeckune
N Xummndeckme ceomctBa. Agcopbumsa. KpyroBopoT yriepoga B npupoge.
Okcuabl yrnepoaa, ux uamyeckne nu XuMm4yeckme CBOMUCTBa, AENCTBME Ha
XUBble OpraHn3Mbl, Noy4yeHne U NPUMEHeHne. Jkonornyeckne npobnemel,
cBsi3aHHble ¢ okcugom yrnepoga (1V), runotesa rnobanbHOro noTenneHus
KnMmarta, napHUKOBbIM 3deKT. YrosibHasg KuACnota U e€ COoNu, UuX
dm3nyeckme ”n XMMUYECKME CBOWCTBA, MNOSydYEHME WU MNPUMEHEHMUE.
KayecTBeHHast peakumnsa Ha kapboHaT-noHbl. Vicnonb3oBaHne kapboHaToB B
ObITY, MEANUUHE, MPOMBILLUNIEHHOCTU U CENbCKOM XO3SNCTBE.

[MepBoHa4yanbHble MOHATUA 06 OpraHM4yeckux BellecTBax Kak o
coeuHeHusix yrnepoda (MeTaH, 9TaH, 3TWNeH, aueTurieH, 3TaHof,
rMULUEPUH, YKCycHast kucrnota). [MpupogHble UCTOYHUKWM YrNeBOo4OpOaOoB
(yronb, NpupogHbIn ras, HeTb), NPoAYKTbl UX nepepaboTkn (6eH3nH), nx
posib B ObITY M NPOMbIWAEHHOCTU. [loHATME O BUONOrMYyecKkn BaXKHbIX
BellecTBax: Xupax, 6enkax, yrneBogax — M UX posin B XU3HU YenoBeka.
MaTepunanbHOe eaANHCTBO OpPraHN4YeCcKUX U HeopraHMYeCKNX CoOeauHEHNN.

KpemHun, ero domsmnyeckme n XMMMYECKMe CBOMCTBA, MNOSlydyeHne wn
npumeHeHne. CoeguMHeHna KpemHus B npupoge. Obwime npencraBneHus
o6 okcuge kpemHua (IV) u kKpemHueson kucnote. Cunukatbl, WX
ncnonb3oBaHne B ObITy, B NPOMBbILLNEHHOCTU. BaxHenwme cTpouTenbHble
MaTepuanbl: Kepamuka, CTEKIO, LEMEHT, BeTOH, ene3obeToH. [Npobnemsbl
B©e3onacHoOro MCNonb30BaHUS CTPOUTESbHbLIX MaTepuanos B NOBCEAHEBHOM
XKU3HMN.

XumMmuyeckuu 3KcriepumMeHm:



n3yvyeHne obpasLoB HeopraHM4eckUx BeLleCTB, CBOWCTB COJSISTHOW
KUCIOTbI, NPOBEOEHME KA4eCTBEHHbIX peakuMn Ha XMopua-UOHblI WU
HabniogeHMe nNpPU3HaKoB WX  MNPOTEKaHWs,, OMbITbl, OTpa)karoLine
dm3nyeckne u XMMUYECKME CBOWCTBA raroreHoB M WX COeaUVHEHUN
(BO3BMOXHO  MCMNoONb30OBaHME BuaeomaTepuarnoB), O3HaKOMMEHME C
obpasuamu xnopmaos (ranoreHnaoB), 03HaKOMNeHne ¢ obpasuamm cepbl U
e€ coeauHeHusaMn (BO3MOXHO WCMNOMb30OBaHME BuaeoMaTepuanos),
HabniogeHne npouecca oOyrnmMBaHMS  caxapa nNod  AeuCTBUEM
KOHLEHTPUPOBAHHOW CEPHOM KUCMOTbl, U3YYEHUEe XUMUYECKUX CBOMUCTB
pa3baBfieHHON CEPHOM KUCIOTbl, MPOBEAEHNE KAaYEeCTBEHHOM peakuum Ha
cynbaTt-noH n HabngeHne NpusHaka e€ NpoTekaHusl, O3HaKoMSieHne C
dmanyeckummn csonctTBamm asota, gpocdopa N nx coeanHeHnn (BO3MOXHO
ncnosnib3oBaHMe BuageomaTepuanos), obpasuamm asoTHbIX U POCHOPHbIX
ynobpeHuin, nonyvyeHne, cobnpaHune, pacnosHaBaHne U n3yvyeHme CBONCTB
aMMunaka, npoBedeHME Ka4yeCTBEHHbLIX peakunMnm Ha WOH aMMOHUS WU
dochaT-MoH N U3ydeHne MPU3HaAKOB MX NPOTEKAHUS, B3aMOAeucTBue
KOHLEHTPUPOBAHHOW  a30THOM  KUCMOTbl C  MeOblo  (BO3MOXHO
MCNoOJSib30BaHWe BUAeoMaTepmaroB), N3ydeHne mogeneun Kpuctaninmydeckmx
PeLweToK anmasa, rpadpura, ynnepeHa, O3HaAKOMSIEHME C MpPOLEecCoM
agcopObumm  pacTBOPEHHbIX  BELLECTB  aKTUBUPOBAHHbIM  YIMEM U
YCTPONCTBOM MpOTMBOrasa, mnony4vyeHne, cobupaHue, pacrnosHaBaHue WU
N3y4YeHne CBOMCTB YINeKNUcnoro rasa, NnpoBegeHne Ka4eCTBEHHbIX peaKkuni
Ha KapOoHaT W CUNUKaT-UOHblI N N3y4yeHWe MNPU3HAKOB MX MNPOTEKaHUS,
O3HaKOMSIEHME C NPOAYKUMEN CUSTMKATHOW MNPOMBILUSIEHHOCTN, pPELLUEHne
aKcrnepuMeHTanbHbIX 3agad no Teme «BaxHenwme HemeTannbl U KX
COoeINHEHNS .

MeTannbl n nx coeguHeHns

Obwas xapaktepuctmka XUMWUYECKUX SNEMEHTOB — MeTasnsioB Ha
OCHOBaHUM WX MNOMoOXeHuss B [lepnoanyeckon cCUCTEME XUMUYECKUX
anemeHToB []. 1. MeHaeneeBa n cTpoeHusi atomoB. CTpoeHne MeTanmnos.
MeTannuyeckass CBA3b W MeTannmMyeckaa Kpuctannmyeckaa peLleTka.
ONEKTPOXMMUYECKUA  PAO  HanpsbkeHun  MeTannoB.  Pdusuyeckne U
Xnmmyeckmne ceonctea metannoB. Obwmne cnocobbl Nosy4YeHnss MeTansos.
[MoHATME O KOppPO3MM METasnsnoB, OCHOBHblE CNOCOOLI 3awnTbl UX OT
Koppo3un. Cnnasbl (CTanb, 4yryH, AropanoMvHuin, 6poH3a) n  ux
NpPUMeHeHNe B ObITY U MPOMbILLSIEHHOCTW.

UlenoyHble wmMeTannbl: nonoxeHne B [lepuogunyeckon cucrteme
xumuyeckmx oanemeHtoB [. W. MenpoeneeBa, CTpoeHMe UX aTOMOB,
HaxoxgeHne B npupoge. duamyeckne mn XuUMMYEcKMe cBoMCTBa (Ha
npumepe Hatpma u kKanus). Okcuabl U rMOpPoKCUMAabl HATpUA WU Kanus.
[MpuUMeHeHMe WEeNoYHbIX MEeTaNNOB N1 UX COeANHEHUN.

LlenoyHo3emenbHble MeTanmnbl MarHUM M KanbUWW: MNONoXeHne B
MNepnoandeckon cucteme xmmmdeckmx anementoB [. N. MeHpeneesa,



CTPOEHME X aTOMOB, HaxoxaeHune B npupoge. Pusmyeckme n XMmmmyeckme
CBOWMCTBA MarHusi 1 kKanbums. BaxHenwmne coeanHeHusa kanbumsa (okcma,
rmgpokcng, conu). XKECTKOCTb BOAbI U CNOCOOLI €€ yCTpaHeHUs.

AntomMuvHU:  nonoxeHne B [lepuognyeckon cucteme XUMUYECKUX
anemenToB [. . MeHaeneeBa, CTpoeHMe aToMa, HaxOXOeHWE B nNpupoae.
dunsmyeckme n xXmmmndeckne CBOUCTBa antoMmHus. AMOTEPHbLIE CBOUCTBA
okcuaa v rmgpokcuaa antoMmUHUS.

YKeneso: nonoxeHne B [lepuognyeckon CUCTEME XMMUYECKUX
anemenToB [I. . MeHgeneeBa, CTpoeHMe aToMa, HaxoXXOeHne B npupoae.
dunsmyeckne n xmmmveckne ceoncTBa xenesa. Okcuabl, rMApokcuabl W
conu xenesa (1) n xenesa (lll), nx coctas, cBoncTBa n nonyyeHue.

Xumudeckul aKkcnepumeHm:

O3HaKoOMI1IeHMe ¢ obpasuamMu MeTannoB U CniaBoB, UX PU3NYECKUMIN
CBOMCTBAMMU, WU3yYeHWe pe3yribTaToB KOppo3Mn MeTasnnoB (BO3MOXHO
ncrnonb3oBaHMe BugeomMmatepuanoB), 0COH6EHHOCTEN B3aUMOAENCTBUS
oKcuga Kanbuuss W HaTpua C  BOLAOW (BO3MOXHO MCMNOSiIb30BaHWE
BugeomarepuarnosB), uccregoBaHMe CBOWCTB XXECTKOW BOAbI, npouecca
ropeHus Kenesa B Kncnopoge (BO3MOXHO ncnonb3oBaHne
BugeomMartepuanoB), NPU3HaAKOB MNPOTEKaHUA KavyeCTBEHHbIX peakunn Ha
MOHbI: MarHus, Kanbuud, anioMuHuA, uuHka, xenesa (ll) v xenesa (lll),
vean (Il), HabnogeHne n onucaHue NpPoLEeCcCOB OKpalUMBAHUSA MNfiaMeHu
MoOHaMMU HaTpus, Kanma W Kanbumss (BO3MOXHO  UCMOSb30BaHWE
BugeomartepuanoB), uccrnegoBaHne amd@OTepHbIX CBOWCTB rMapokcuaa
anioMUHNSA 1 TMAPOKCUAA LUMHKA, PELUEHNEe 3KCnepuMeHTarnbHbIX 3agay no
Teme «BakHeunwme metansnbl U UX COeAUHEHUS.

Xumusa n okpyxawujasa cpega

BewectBa v maTepuanbl B MNOBCEOHEBHOM XXWU3HW 4YerloBeEKa.
BesonacHoe ucnonb3oBaHWe BELLECTB M XMMWYECKMX peakuui B ObITy.
[MepBasa NOMOLLb NPU XUMUYECKMX OXKOrax 1 oTpaBIIEHUSIX.

XUMn4eckoe 3arpsasHeHue  okpyxawwen cpegbl (npegenbHas
Aonyctumasl KoHueHTpaumsa BewectB, ganee — [10K). Ponb xumumn B
peLeHnn 3KONorm4yecknx npodnem.

XumMmuyeckuu akcriepumMeHm:

nsyyeHne obpasuoB MaTepuanoB (CTEKNO, CnnaBbl MeTansos,
nosiMMepHble MaTepuansl).

MexxnpedmemHsble cesizu

Peanusaumna mexnpeaMeTHbIX CBA3EN NpU U3ydeHun xummmn B 9
Krnacce OCYLUECTBAETCHA Yepe3 UCMNOoMb30BaHNE Kak 0OLLMX eCTeCTBEHHO-
Hay4YHbIX MOHATUA, TaK W MNOHATUNA, SABAAIOWMUXCA CUCTEMHbIMM AN
OTAeNbHbIX NPeAMETOB €CTECTBEHHO-HAY4YHOro LMKna.

Obuwme ecTeCTBEHHO-Hay4Hble MOHATUSA: HayyHbIM OakT, rMnoTesa,
3aKOH, Teopusa, aHanuma, CcuHTe3, Knaccudukaums, nepuoanyHoOCTb,



HabnogeHne, OKCNepuMeHT, MoAenupoBaHWe, WU3MeEpPeHne, MoAerb,
AABMEHne, NapHUKOBLIN 3dEKT, TEXHONOIMA, MaTtepuansl.

®dusnka: matepusi, atoM, 3SIEKTPOH, MPOTOH, HEUTPOH, WMOH, HYKNug,
M30TOMbl,  PaAMOaKTMBHOCTb,  MOSEeKyna,  3JIeKTpU4ecKun  3apsg,
NPOBOAHUKKY, MOMYNPOBOOHUKW, ONSNEKTPUKU, (POTOSNEMEHT, BELLECTBO,
Teno, o06bémM, arperaTHoe COCTOSHWE BellecTBa, ras, pacTBop,
pacTBOPUMOCTb, KpuUcTannuyeckad peLweTtka, cnnasbl, uU3andeckme
BESIMYMHDI, €OUHULbI U3MEPEHUS, KOCMUYECKOE MPOCTPAHCTBO, MNIlaHeThI,
3B€3abl, ConHue.

buonorua:  goTtocuHTE3, OblxaHue, Ouocdepa, IKocucTeMa,
MUHeparnbHble ynobpeHus, MUKPO3NIEMEHTHI, MaKpPO3NIEMEHTHI,
nUTaTenbHbIE BELLECTBA.

['eorpadusa: atmocdepa, rmgpocdepa, MuUHeparbl, ropHble NOpPoAabl,
nosiesHble UcKkonaemble, TONIMBO, BOAHbIE PeCcypChbl.



NMIMAHUPYEMBIE PE3YJIbTATbl OCBOEHUA TMNPONrPAMMbI MO
XUMUUN HA YPOBHE OCHOBHOI'O OBLLEINO O6PA30OBAHUA

JIMNYHOCTHBbIE PE3YJNbTATDI

JInyHOCTHbIE pe3ynbTaTbl OCBOEHMS NPOrpaMmMbl OCHOBHOro obuiero
obpasoBaHua gocTuraoTcsa B xoge obyyeHms XMMum B eQuHCTBE y4eOHON
N BOcCnUTaTENbHON [OEeATENIbHOCTM B COOTBETCTBUM C TPaAULMOHHBLIMU
POCCUNCKUMMU COLMOKYITbTYPHBLIMN n OYXOBHO-HPaBCTBEHHbLIMU
LLEHHOCTSIMU, NMPUHATBIMKU B 0OLLECTBE NpaBuiiamm 1 HopMamm NoBeaeHUs
M CNocoOCTBYKOT  MpoueccamM  CaMoOMO3HaHUs, CcamMopasBUTUS W
couumanuaauum obyvatomxcs.

JInyHOCTHbIE pe3ynbTaTbl OTpaxakwT rOTOBHOCTb OOy4varoLmxcs
PYKOBOACTBOBATLCA CUCTEMOW MO3UTUBHBIX LEHHOCTHbLIX OpPUEHTAUUN U
paclunpeHmne onbiTa AesTeNbHOCTN HA €€ OCHOBE, B TOM YMCIe B YacTu:

1)naTpMoTHU4YECKOro BOCNUTAHUSA:

LEHHOCTHOrO  OTHOLWIEHMSI K  OTEYEeCTBEHHOMY  KyIbTYPHOMY,
NCTOPUYECKOMY U HAY4YHOMY Hacrneauto, NMOHMMaHUS 3HAYEHUSA XMMNYECKON
HaykM B >KM3HM COBpPEMEHHOro obuiectBa, cnocobHoCcTM BnageTb
OOCTOBEpPHON WHdOpMaUnen O nepenoBbiX OOCTMXKEHUSIX U OTKPbITUSIX
MUPOBOM M OTEYECTBEHHOW XWUMUW, 3aNHTEPECOBAHHOCTU B Hay4HbIX
3HaHuMsX 06 ycTponcTBe Mmpa 1 obLecTBa;

2)rpaxxgaHCcKoro BOCNUTaHus:

npeacTaBneHns 0 coumanbHbIX HOpMax U npaBunax MeXnMYHOCTHbLIX
OTHOLIEHMA B KOJMSIEKTUBE, KOMMYHWKATUBHOW KOMMETEHTHOCTM B
OOLLEeCTBEHHO MoMne3Hon, Yy4vebHouccrneaoBaTenbCKOM, TBOPYECKON U
Opyrnx Bugax AesTenbHOCTWU, FTOTOBHOCTU K pa3HOOOpa3HOM COBMECTHOM
OEeATENbHOCTU MpU  BbIMNOMIHEHUN  y4eOHbIX, MNO3HaBaTeNbHbIX 3adad,
BbINOSTHEHUMN XUMWYECKNX IKCMEPUMEHTOB, CO34aHUMN Y4EOHbIX MPOEKTOB,
CTPEMIMEHNA K B3aMMOMOHMMAaHUIO N B3aMMOMOMOLLM B MNpOLEecce 3TOW
y4yebHOM [eATenbHOCTU, TFOTOBHOCTU OLUEHMBATb CBOE MNOBEOEHME WU
NOCTYMKM CBOMX TOBApULLEN C NO3NLUN HPABCTBEHHLIX M MPaBOBbLIX HOPM C
Y4YETOM OCO3HaHWUA NOCNeaCTBUA NOCTYMNKOB;

3)UeHHOCTU Hay4YHOro NO3HaHUA:

MUPOBO33PEHYECKME NPEACTaBMEHNA O BELLECTBE U XMMUYECKOW
peakuuu, COOTBETCTBYIOLLME COBPEMEHHOMY YPOBHIO Pas3BUTUS HaYKN U
COCTaBnAOLWME OCHOBY ANfsl MOHMMAHUS CYLHOCTU Hay4yHOW KapTWHbI
MuUpa, npeactaBneHns 06 OCHOBHbLIX 3aKOHOMEPHOCTSX pa3BUTUA
npupoabl, B3aMMOCBA34aX YerioBeka C NpUpoAHOM cpeaon, O ponn XMMum B
NO3HaHUN 3TUX 3aKOHOMEPHOCTEN;

Nno3HaBaTeflbHblE MOTMBbI, HanpaBfEHHbIE Ha MOSlyYEHNE HOBbIX
3HaHUMW No XMMUK, Heobxoaumbie AnNst 0OBbACHEHMA HabnoaaembixX
NPoOLEecCoB U  SBMEHUW, MNo3HaBaTeNbHOW, WHAPOPMALMOHHON ¥
YNTaATENbCKON KYNbTYypbl, B TOM YNCNE HABbIKOB CAMOCTOATESNTbHOM paboThl



C y4yebHbIMM TeKkCcTamu, CApaBOYHOM NUTEpaTypour, AOCTYMNHbIMM
TEXHUYECKUMN CpeacTBaMn MHPOPMALIMOHHBIX TEXHOMOMIA;

NHTepecC K 0By4YeHnto 1 No3HaHuo, Ntob03HaATENBHOCTb, FOTOBHOCTbL U
CnocOBHOCTb K camMoobpa3oBaHUIO, MPOEKTHOM M MCCnegoBaTenbCKOM
OEATENIbHOCTU, K OCO3HaHHOMY BbIGOpPY HanpaBfeHHOCTU W YPOBHSA
o0y4eHna B AanbHenLwem;

4)cbopMupoBaHUS KynbTypbl 3040POBbS:

OCO3HaHWE LIEHHOCTM >XM3HW, OTBETCTBEHHOrO OTHOLUEHUSI K CBOEMY
300pOBblO, YCTAHOBKM Ha 300pOBbLIM  0BOpa3  KM3HW, OCO3HaHue
nocneacTBUA U HENPUATME BPEeOHbIX NpuBblYeK (ynoTpebneHus ankorons,
HapPKOTUKOB, KypeHus), Heob6XxoaMMoCTH cobntogeHus npasun
6esonacHocTn Npu obpaweHnn C XMMUYECKMMWN BeELLECTBaMn B ObITy U
pearnbHOWN XN3HNY;

5)TpyaoBoro BOCnUTaHuA:

NMHTEepEeC K NPaKkTUYeCKOMY N3yYeHUo npodpeccunt n Tpyaa pasnnyHoro
poda, YBaXeHne K Tpyay W pesynbTatamMm TPyAOBOW AeATENbHOCTU, B TOM
yncrie Ha OCHOBE MPUMEHEHUS MNpPeaMETHbIX 3HaHUA MO XUMUMW,
OCO3HaHHbIN  BbIOOP  WHOMBMAYANbHOW  TPAEKTOPMM  MPOLOSMKEHMS
obpa3oBaHNA C YYETOM FIMYHOCTHbLIX MHTEPECOB U CMNOCOBOHOCTU K XUMUMU,
06LLEeCTBEHHbIX NHTEpecoB n notpebHocTen, yCneLHou
npodeccruoHanbHOM AeATENbHOCTU U PasBUTUA HeoBXOOUMbIX YMEHWUHN,
roTOBHOCTb aganTUpoBaTbCsA B NPOdeCcCUoHanbHoOM cpeae;

6)akonornyeckKkoro BOCNMUTaHUA:

9KONnormyeckn uenecoobpasHoe OTHOLWEHME K NPUPOAE KakK MCTOYHUKY
XM3HNW Ha 3emrie, OCHOBE €€ CyLIeCTBOBaHWS, MOHMMaHWe LEeHHOCTU
340poBOro 1 BGesonacHoro obpasa XWU3HW, OTBETCTBEHHOE OTHOLUEHUE K
cobCcTBEHHOMY (OM3MYECKOMY W MCUXUYECKOMY 300POBbI0, OCO3HaHWUE
LleHHOCTM cobniogeHnsa npasun 6e3onacHoro noeegeHusi npu pabdote C
BELLEeCTBAMN, a TaKKe B CUTyauusiX, YrpoXKarlolmx 300POBbI0 U XKU3HU
nogeun;

CMOCOBHOCTN NPUMEHSATb 3HAHUS, NofyvYaemMble NPU U3y4YEHUN XUMUN,
OS5 pelleHns 3a4ad, CBA3aHHbIX C OKpYXXatoLen NpupoaHon cpeaon, Ans
NOBbILLEHNS] YPOBHSI 3KOMOrMYECKON KynbTypbl, OCO3HaHUs rrnobanbHOro
XapakTepa 9Konorm4yeckux npobnem u nytem ux pelleHus nocpeacTtsom
METOAO0B XUMUN, IKOSTOrMYECKOro MbILUNEHUS, YMEHUS PYKOBOACTBOBATLCS
UM B No3HaBaTesnbHOW, KOMMYHUKaTUBHOM U COLMANbHON NpakTUKe.

METAMNPEAMETHbIE PE3YJIbTATbI

B coctaBe meTanpegMeTHbIX pe3yribTaToB BbIAENSAT 3Ha4YUMble ANS
dhopMmnpoBaHUS MUPOBO33PEHUS OOLLIEHAyYHbIe MOHATUS (3aKOH, Teopus,
NpuHUMN, runoTtesa, ¢akT, cMcTtemMa, Npouecc, SKCNEPUMEHT U Apyroe.),
KOTOpblEe MCMNOSb3YOTCA B €CTECTBEHHO-HaY4YHbIX Y4eOHbIX npegmeTax U
NMO3BOMISAOT Ha OCHOBE 3HaHMW M3 3TUX nNpeamMeToB opMMpoBaTb
npeacraBneHne O LenoCTHOW HayYHOW KapTUHE Mupa, U YHUBepcasibHble



y4yebHble aencTBus (no3HaBaTesibHble, KOMMYHUKATUBHLIE, PErYNATUBHbIE),
KoTopble obecneymBaoT hopMnpoBaHME FTOTOBHOCTU K CaMOCTOSTENbHOMY
NaHNPOBaHMIO U OCYLLIECTBNEHMIO Y4eOHOW AeATENbHOCTN.

No3HaBaTenbHble YHUBEpPCarnbHble Y4eOHble AeNCTBUA

BasoBble nornyeckne enNcTBUA:

YMEHUS UCMONb30BaTb MPUEMBI  NIOFTMYECKOrO  MbILWMEHUS  Npu
OCBOEHUM 3HAHUIN: PaCcKPbIBaTb CMbICIT XUMUYECKUX MOHATUI (BbIAENATb UX
XapakTepHble MNpU3HaKW, YyCTaHaBnuBaTb B3aMMOCBA3b C  APYrnmu
NOHATMUSAMM), UCNOSb30BaTb MNOHATUA ANA OOBACHEHUS OTAESbHbIX (PaKToB
N SABMEHUW, BbIOMPATb OCHOBAHUA W KpUTEPUM ANS  Kriaccudukaumm
XUMWYECKNX BELLECTB U XUMUYECKUX pPeakuuin, ycTaHaBmMBaTb NPUYMHHO-
CNeacTBeHHble CBA3N Mexay ObbekTamMu U3yyvyeHUd, CTPOUTb flormyeckune
paccyXgeHusi (MHOYKTUBHbIE, [OedyKTMBHble, MO aHanoruu), genatb
BbIBOAbI M 3aKITOYEHUS;

yMeHMe MPUMEHSATb B NpoLecce MO3HAHUS NOHATUSA (NpPeaMeTHbIE U
mMeTanpeaMeTHbIe), CUMBONNYECKUE (3HAKOBblE) MOAENN, UCMONb3yeMbIE B
XUMnn, npeobpasoBbiBaTb LUIMPOKO MPUMEHSIEMbIE B XUMWUM MOAESbHbIE
npeacTaBneHnss — XMMUYECKUMM 3HaK (CMMBOJST 3flIEMEHTa), XMMuYyeckas
dopMyna u ypaBHEHWE XMMWYECKOW peakuun — npu peleHun yvebHo-
no3HaBaTeslbHbIX 3adad, C YYETOM 9TUX MOAENbHbIX NpeacTaBieHUn
BbIBNATL W XapakKTepu3oBaTb CyLLECTBEHHbIE MNPU3HAKN WN3YyYaeMbIX
OOBbEKTOB — XMMWUYECKMX BELLECTB U XMMUYECKUX pPeakuuwn, BbISBIIATb
oOLLne 3aKOHOMEPHOCTU, NPUYNHHO-CIIEACTBEHHbIE CBSA3M N MPOTUBOPEYMS
B M3y4yaeMblx npoueccax u siBfieHusix.

BasoBble uccnepgoBaTenbCckue 4eUCTBUA:

YMEHME UCMOMb30BaTb MOCTaBfIEHHbLIE BOMPOCbI B KadecTBe
WHCTPYMEHTA MO3HaHUS, a Takke B Ka4eCTBE OCHOBbI 451 OPMUPOBAHMS
rMnoTesbl NO NPOBEPKE NPaBUITbHOCTU BbiCKa3blBAEMbIX CYXXOEHWM;

npuobpeteHne onbiTa N0  NMAHUPOBAHMIO, OpraHu3aumm Wu
NPOBEAEHMIO YYEHNYECKMX IKCMEPUMEHTOB, YMEHME HabnoaaTb 3a XO40M
npoLiecca, CaMOCTOSATESIbHO NPOrHo3npoBaTb ero pesynbTar,
dopmynmnpoBaTtb 06006LLEHNA M BbIBOALI MO pe3ynbTatam NpoBeAEHHOro
onbITa, UCCrneagoBaHns, COCTaBNATb OTYET O NpoaenaHHom paboTe.

PaboTa ¢ nichopmaumen:

ymMeHne  BblbupaTtb, aHanuaupoBatb U NHTEPNPETUPOBATb
MHGOPMaLNIO pas3fnYHbIX BUOOB U (hopM npeacTaBrieHns, nonyvyaemMyro n3a
pasHbIX WCTOYMHUKOB (Hay4HO-MOMNyndApHasi nuTepatypa XMMUYECKOro
cogepXxaHus, crnpaBo4vHble nocobusi, pecypcbl VIHTepHeTa), KpUTUYECKU
OLEHUBATb NPOTUBOPEUMBYIO U HEQOCTOBEPHYHO MHAOPMALINIO;

yMEHME MNPUMEHSATb PasfnyHble MeTodbl M 3anpocbl NMpU MOUCKE U
oTbope MHGOpPMaLMM U COOTBETCTBYHOLLMX AAHHbIX, HEOOBXOOMMbIX AONS
BbIMOMHEHUA Yy4eOHbIX M NO3HaBaTENbHbIX 3aJady onpeaenéHHoro Tuna,
npuobpeteHne onbiTa B o06GMactTM KUCNONb30BaHUA MHAPOPMALMOHHO-



KOMMYHUKaTMBHbLIX  TEXHONOrM1, OBNafeHne KynbTypouh  akTUBHOIO
MCMONb30BaHNSA  Pasfn4YHbIX  MOUCKOBBLIX CUCTEM, CaMOCTOATESIbHO
BblbupaTb onTuManbHyto dopMy npeacTaBfeHns  MHgopMauun U
WUNACTPUpOBaTh  pellaemMble  3agayu HECMOXHbIMA  CXEMaMMU,
anarpaMmmamn, gpyrumm popmamm rpadomkm U nx KoMeGnHaumsmu;

yMEeHMEe WCMoNb30BaTb W aHanuM3npoBaTb B npouecce yyebHOM WU
ncecnenoBaTernbCKon JeATenbHOCTHU NHOpMaLnNIO o) BNUSHUA
NPOMbILLITIEHHOCTUN, CENbCKOro XO3§MCTBA W TpaHCNoOpTa Ha COCTOSAHUE
OKpy>XXaroLLen NnpupogHon cpeapl.

KoMMmyHUKaTUBHbIE YHUBepCanbHble y4YebHble AeNCTBUA:

YMEHUS 3afaBaTb BOMPOCHl (B Xxode Awanora u (unv) guckyccum) no
cywectBy obcyxgaemMon Tembl, (opmMynupoBaTb CBOU MNpearoXeHus
OTHOCUTESTbHO BbINOSTHEHUS NMPEeASIOXKEHHOW 3a4auyu;

YMEHUS MpeacTaBnsaATb MOSyYeHHble pe3ynbTaTbl MNO3HaBaTESNIbHOW
OEATENIbHOCTU B YCTHbIX WU MUCbMEHHbIX TeKCTax; AenaTb MNpe3eHTauumto
pe3ynbTaToB BbINOMIHEHMUS XMMWYECKOro 3KcnepumeHTa (fabopaTopHoro
onbiTa, nabopatopHon paboTbl MO WUCCNegOoBaHWIO CBOWCTB BELLECTB,
y4yebHoro npoekra);

yMeHUs1 y4ebHOro CoTpyaHM4ecTBa CO CBEPCTHMKAMM B COBMECTHOW
no3HaBaTeflbHOM W UCCneaoBaTeSNibCKOM AEATENbHOCTM MNpU  peLleHun
BO3HMKaKOWKMX npobrieMm Ha OCHOoBe YYyé€Ta ObWWMX MWHTEpPEecoB MU
cornacoBaHus nos3vuun (obecyxaeHus, OOMeH MHEHUAMMU, «MO3roBble
LUTYPMbI», KOOPAUHALMS COBMECTHbIX OENCTBUN, onpeneneHne Kputepues
Mo oLEeHKe KayecTBa BbINOSTHEHHOW paboThbl U Apyrue).

PerynatuBHble yHUBepcarnbHble y4eOHble AeUCTBUA:

yMEHMEe  CaMOCTOATENbHO  Onpefenstb  Uenn  OesaTenbHOCTH,
NnaHMpoBaTb, OCYLLECTBMAATb, KOHTPONMpOBaTb U Npu HeobXoaMMOCTH
KOppeKTUpoBaTb CBOK AEATENbHOCTbL, BbibMpaTh Hanbonee addeKTUBHbIE
cnocobbl peleHns y4ebHbIX U no3HaBaTesbHbIX 3a4ay, CaMOCTOATENbHO
COCTaBNATb UM KOPPEKTUPOBATb NPEeLfIOXKEHHbIN anropuTMm AeUCTBUN Npu
BbIMOSIHEHUM 3a4aHUN C YYETOM MOSYyYEHUS HOBbIX 3HaHU 06 n3yyvyaemblx
obbekTax — BelecTBax W peakumsax, OueHMBaTb COOTBETCTBME
NnoslydeHHOro pesyrnbtaTta 3asBfiEHHOW Uenn, YMEHWe WCnoNnb3oBaTb W
aHann3npoBaTb KOHTEKCTbI, NpeanaraemMble B YCOBUN 3aaHUMN.

NMPEOMETHbIE PE3YJIbTATbI

B coctaBe npeaMeTHbIX pe3ynbTaTtoB MO OCBOEHUID 00S3aTenbHOro
coOepXaHus,  YCTaHOBMIEHHOro  gaHHoOW  doegepanbHon  pabouden
nporpaMmou, BbIAENSAIOT: OCBOEHHble O0y4aloWMMNCS HaydHble 3HaHWUS,
yMEHUs N cnocobbl OencTBUK, cneunduyeckme gnsa ydebHoro npegmeta
«XumMnay, BUObl AOEATENBbHOCTM MO MNOSIYYEHUO HOBOFO 3HaHUA, €ro
MHTepnpeTaunn, npeobpasoBaHUO 1 NPUMEHEHNIO B PasfnnYHbIX Y4eOHbIX
N HOBbIX CUTYyaLUAX.



K KoHUy oOy4eHus1 B 8 Krnacce npegMeTHble pesyrnbTaTbl Ha 6a3oBOM
YPOBHE OMMKHbI OTpaXaTb CHOPMUPOBAHHOCTL Y 0BYyYatoLLMXCA YMEHWIA:

packpbiBaTb CMbICST OCHOBHbIX XUMWYECKMX MMOHATUIA: aToMm,
MOSeKyna, XMMWYECKUN SfIEMEHT, MNPOCTOe BEeLLECTBO, CIOXHOe
BELLECTBO, CMeCb (0QHOpPOAHAA M HeoAHOpPOAHasd), BaNeHTHOCTb,
OTHOCUTENbHAsA aTtoMHaA UM MONeKynapHas mMacca, KonmM4ecTBO
BellecTBa, MOSb, MOMSApHasa Macca, MaccoBasl OOJSI XMMUYECKOro
anemMeHTa B COeOVHEHUU, MOSMSPHbIN OOBLEM, OKCUA, KUCNOTa,
OCHOBaHMWe, COflb, ANEKTPOOTPULATENBHOCTb, CTEMEHb OKUCIEHUS,
XUMUYECKaa peakuums, Knaccudukauuss peakumin:  peakumm
COEeIHEHUS], peaKkumn pasnoXeHusl, peakunn 3amMeLLeHnsl, peakumm
obmeHa, 9K30- N JHOOTEPMUYECKME peakuun, TennoBon addekT
peakunn, SOpO atoMa, O3NeKTPOHHbIM CnouM aTtomMa, aTOMHas
opbutanb, paguyc aTtomMa, XUMUYeckass CBs3b, MONsipHas W
HenonsipHasi KoBarieHTHasd CBSA3b, WMOHHAA CBSA3b, WOH, KaTWOH,
aHMWOH, pacTBOp, MaccoBad [oSfig BewecTtBa (NpoueHTHas
KOHLeHTpauund) B pacTBOpPE;

UNACTPUPOBATL B3aMMOCBSA3b OCHOBHbLIX XMMWYECKMX MOHATUA Y
NMPUMEHATE 3T  MOHATUA MpPU  ONMUCaHUM BewecTB U UX
npeBpaLLeHni;

MCNOSb30BaTb XMMUYECKYD CUMBOJSINKY ONS cocTaBneHnsa oopmyIn
BELLECTB N YpaBHEHUN XUMUYECKUX peaKkLmii;

onpenendatb BafieHTHOCTb aTOMOB 3fIEMEHTOB B OGUMHaApHbIX
COEOVHEHUsIX, CTeneHb OKUCIIEHNA 3fEMEHTOB B OUHaAPHbIX
COedMIHEHUSAX, NPUHaONEeXHOCTb BewecTB K onpedenéHHoMmy
Krnaccy coeauHeHun no dopmynam, BUL XUMUYECKOW CBSA3MU
(koBaneHTHas U MOHHasl) B HEOPraHMYEeCKNX COEQUNHEHUSIX;
packpbiBaTb cMmbicn [lepuognyeckoro 3akoHa . . MeHnaeneesa:
OEMOHCTPUpPOBaTb  MOHUMaHWE Nepuoanyeckon  3aBMCUMOCTMU
CBOMCTB  XMMWYECKUX ONEMEHTOB OT UX MNOMOXEHUs B
[Mepuognyeckon cucteme, 3aKOHOB COXPaHEHWA MacCbl BELLEeCTB,
NOCTOSIHCTBA COCTaBa, aTOMHO-MONEKYNAPHOro Y4YeHus, 3akoHa
ABoragpo;

ONUCbIBaTb U XapakTepusoBaTb TabnnyHyto gopmy Neproanyeckon
CUCTEMbI XUMUYECKUX SNEMEHTOB: pasfiMyaTb MOHATUA «rnaBHas
nogrpynna (A-rpynna)» u «noboyvHaa nogrpynna (b-rpynna)y,
mManble 1 GonbluMe nepuoabl, COOTHOCUTL 0B03HaAYEHUs, KOTOpble
umetotca B Tabnuue «llepuogmyeckas cuctemMa XUMWUYECKUX
anemeHtoB 1. 1. MeHoeneeBa» C 4MCrOBbIMU XapakTepucTUKamm
CTPOEHMSA aTOMOB XMMMUYECKUX 3fIeMeHTOB (COCTaB U 3apsad sapa,
ofLLee 4YNCno 3MNeKTPoOHOB U pacnpeaesieHne nx rno 3eKTPOHHbIM
Cnosim);



KnaccuuumpoBaTb XUMUYECKME 3fIEMEHTbI, HeopraHu4yeckue
BELLleCTBa, XUMUYECKMe peakumm (MO0  4yuicniy UM cocTaBy
y4yacTBYHOLLMX B peakuumn BeLecTB, N0 TeNOBOMY 3(pdekTy);
XapakTepu3oBaTb (OnucbiBaTb) o0OOLWME XUMUYECKME CBOWCTBA
BELLLECTB pasfnn4yHbIX KIlaccoB, NOATBEPXKOasi OnMcaHue npuMmepamm
MOMEKYNAPHbIX  YPaBHEHUW  COOTBETCTBYIOLWMX  XMMUYECKUX
peakuum;

NpPoOrHo3npoBaTb CBOWCTBaA BELLECTB B 3aBUCUMOCTM OT UX
Ka4eCTBEHHOro COCTaBa, BO3MOXHOCTU MNPOTEKAHUS XUMWUYECKUX
npeBpaLLeHn B pasfinyHbIX YCOBUSX;

BbIYNCNATb OTHOCUTESTbHYIO MOJSIEKYSIIPHYKD M MOJSIPHYH0 Macchl
BeLeCcTB, MacCoBYl OO0 XMMUYECKOro 3rieMeHTa no dopmyne
COeMHEeHUsl, MacCOBYHO OO0 BELLECTBaA B pacTBope, NpoBOAUTb
pac4eTbl N0 YpaBHEHMIO XUMUYECKON pPeakuum;

NPUMEHSTb OCHOBHbIE Onepaumm MbICIIUTENBHON OeATEeNbHOCTU —
aHanM3 W CuHTE3, CcpaBHeHue, o0600uieHne, cucTemaTmsaumio,
Knaccudgukaumio, BbIsIBIEHWE MPUYMHHO-CINEACTBEHHbIX CBA3EN —
ONS1 U3y4YeHUss CBOWCTB BELWECTB UM XUMUYECKUX peakuumn,
€CTECTBEHHO-Hay4YHble  MeToAbl MNO3HaHuMs —  HabnwgeHue,
n3MepeHne, MoenupoBaHuWe, JKCNepuMeHT  (peanbHbi U
MbICITEHHbIN);

cnegoBaTb npasunaMm  MNOSfib30BaHUS  XUMUYECKOM Mocyaon u
nabopaTopHbiM 00OpyAOBaHMEM, a TaKxKe rnpaBusiam obpalleHust ¢
BelwecTBaMn B COOTBETCTBUM C MHCTPYKUMUSIMU MO BbINOSTHEHWUIO
nabopaTopHbIX XMMUYECKUX OMbITOB MO MOSTyYEHUIO U coBupaHuto
rasoobpasHbix BeLLeCTB (Bogopoaa M Kucnopoda), NPUroTOBEHUIO
pacTBOPOB C oOnNpeaenéHHoM MaccoBOWM Aonen pacTBOPEHHOrO
BeLLleCTBa, NnaHnpoBaTb N NPOBOAUTb XMMUYECKUE IKCMEPUMEHTDI
Nno pacno3HaBaHMIO PacTBOPOB LENoYen U KUCNOT C MOMOLLbLHO
WHAOMKATOPOB (Nakmyc, peHondTanenH, MeTunopaHx u apyrue).

K koHUy oby4eHns B 9 knacce npeaMeTHble pesynbTaTbl Ha 6a30BOM
YPOBHE AOMKHbI OTpaxkaTb CPOPMUPOBAHHOCTL Y 0BYyYaloLLNXCH YMEHUN:

packpbiBaTb CMbICIT OCHOBHbIX XMMWYECKUX MOHATUN: XUMWUYECKUIN
9fIeMeHT, aToM, MOJieKyna, WOH, KaTWUOH, aHWOH, MnpPOCToe
BELLECTBO, CroXHoe BELLECTBO, BarieHTHOCTb,
ANEeKTPoOTPMUATENBHOCTb, CTENEHb  OKUCMEHUS, XUMUYECKas
peakuusi, XMMmyeckas CBs3b, TenroBon 3dopekT peakuum, MOorsib,
MONSPHbIA  OOBLEM, pacTBOp, INEKTPOSNUTbI, HEINEKTPONUTHI,
ANEKTponMTUYECKasl auccoumnaums, peakumm WOHHOro OOMeHa,
KaTanusaTop, XUMUNYecKoe paBHOBecHe, obpaTumsble "
HeobpaTUMble peakuuu, OKUCIUTENbHO-BOCCTAHOBUTENbHbIE
peakuuu, OKUCIUTEND, BOCCTaHOBUTETb, OKUCneHue n
BOCCTaHOBMEHNe, annoTponusi, aMoTepPHOCTb, XMMUYECKasi CBSA3b



(koBaneHTHas, MOHHas, MeTannuMyeckasl), KpucTannumyeckas
peLleTKka, KOppO3ns MeTannos, CrfaBbl, CKOPOCTb XUMWUYECKOM
peakuum, npegensHo gonyctumast KoHueHTpaumsa MNAOK sewectsa;
UNNICTPMPOBaTb B3aUMOCBSA3b OCHOBHbBIX XMMWUYECKUX MOHATUN U
NPUMEHATb 3TU  TMOHATUA nNpU  ONMUCaHUM BewecTB U UX
npeBpaLLeHni;

MCMNOJSIb30BaTb XMMUYECKYD CUMBOSUKY ONA cocTaBfieHna oopmyn
BELLECTB U YpaBHEHMUN XUMUYECKUX peaKLmii;

onpenendatb BaneHTHOCTb W CTeNeHb OKUCIIEHUS XMMUYECKUX
9/IEMEHTOB B COEOVHEHUNAX PasnNMYHOro coctasa, NPUHaaNeXHoOCTb
BEWeCTB K onpefenéHHOMY Kraccy cOoeguHeHun no dopmyrnam,
BN XMMUYECKOW CBA3U (KOBaneHTHad, MOHHas, MeTannuyeckasi) B
HEOpPraHW4YecKNX COoeAMHEHMSX, 3apsad WOHa MO  XMMWUYECKOW
dopmyre, xapakTep cpefbl B BOAHbIX pacTBOpax HeopraHM4YeCcKunx
COEVHEHUN, TUM  KPUCTarSIM4eCKoM PeLUeTKN  KOHKPETHOro
BeLLeCTBa;

packpbiBaTb cMmbicn Nepunogunyeckoro 3akoHa . . MeHpoeneeBa u
OEMOHCTPUPOBaThb €ro NOHMMaHWe: OnUCbiBaTb U XapakTepu3oBaTb
TabnuuHyto  dopmy [Nepunoamyeckon  CUCTEMbI  XUMWUYECKUX
9J/IEMEHTOB: pasfiMyaTtb NOHATUA «rnaBHas nogrpynna (A-rpynna)»
n «noboyHas noarpynna (b-rpynna)», maneie un 6onbLumMe nepmoaebl,
COOTHOCUTbL 0OOO3HaYeHusl, KOTOpblE MMEKTCA B MNEepUoanN4eCcKomn
Tabnuue, C YUCNOBLIMU XapakKTEPUCTUKAMU CTPOEHUSI aTOMOB
XUMWYECKNX 3NEeMEHTOB (CocTaB M 3apsig sgpa, obulee 4umcrno
9NIEKTPOHOB W pacnpefeneHne unx Mno 3SEKTPOHHbIM  CIOSIM),
O0BbACHATL 00WmMe 3aKOHOMEPHOCTM B  WU3MEHEHUUM CBOWCTB
9fIEMEHTOB N NX COeAMHEeHUMN B npefenax mManbiX nepuonoBs u
rraBHbIX MOArpPYynn ¢ yY4ETOM CTPOEHUS UX aTOMOB;
KnaccuuumpoBaTb XUMUYECKME  3fIEMEHTbI, HeopraHuyeckue
BelwecTBa, XuUMUYecKne peakumm (MO 4ucny WM cocTaBy
y4yacTBYIOLMX B peakumn BeLlecTB, Mo TensioBoMmy 3dpdekTy, no
N3MEHEHNIO CTEMNEHEN OKMCNEHNA XUMUYECKNX 3IIEMEHTOB);
xapaktepusoBaTb (onucbiBaTb) obwue U1 cneundudeckme
XUMWYECKNEe  CBOWMCTBA  MNPOCTbIX W CIIOXHbIX  BELEeCTs,
noaTBepX4as onucaHue npumMepaMm MONEKYNAPHbIX U UOHHBLIX
ypaBHEHNN COOTBETCTBYHOLLNX XUMUYECKNX pPeakuum;

COCTaBNATb YpPaBHEHUSA 3SIEKTPOSIUTUYECKON OMccoumaunum KUCNOoT,
LLlerioden U Coren, NoriHble U COKpaLLEHHble YpaBHEHUA peakunn
MOHHOrO OOMeHa, YypaBHEHWA peakuun, noaTBepXaaroLmx
CyLleCTBOBaHME TEHEeTMYEeCKOM CBHA3NM MeXady BelecTBamu
pasnnYHbIX KNaccos,



pacKpblBaTb CYLLHOCTb OKUCITUTENbHO-BOCCTAHOBUTENBHbIX
peakunn NocpeacTBOM COCTaBfEHUsI ANIEKTPOHHOro 6anaHca 3Tmx
peakuum;

NPOrHO3MpoBaTb CBOWCTBA BELWECTB B 3aBUMCUMOCTU OT UX
CTPOEHUSA, BO3MOXXHOCTU MPOTEKAHNA XMMUYECKMX MPEBPALLEHNIA B
pasfiMyHbIX YCNOBUAX;

BblYMCIIATb OTHOCUTENbHYIO MOMEKYSISIPHYIO U MOSISIPHYIO MaccChl
BeLecTB, MacCoBYK OO0 XMMUYECKOro 3rieMeHTa no dopmyne
cOoeMHEeHUsl, MacCOBYHO OO0 BELLECTBaA B pacTBope, NpoBOAUTb
pacy4€Tbl N0 YpaBHEHMIO XUMUYECKON peakuum;

cobnogate npaBuria  MNOSIb30BaHUA  XMMUYECKOM Mocyaon u
nabopaTtopHbiM 0bopyaoBaHMEM, a Takke npasuna obpalleHus c
BewecTBaMn B COOTBETCTBUM C MHCTPYKUMSIMU MO BbINOSTHEHWUIO
nabopaTopHbIX XMMUYECKMX OMbITOB MO MOSTyYEHUIO U cobupaHuto
razoobpasHbiX BELECTB (aMMuaka 1 yrnekucnoro rasa);

NpoBOAUTL peakuMu, noATBEpXAatlolmne KadeCTBEHHbI COCTaB
pasnnMyHbIX BELLEeCTB: pacno3HaBaTb OMbITHbIM MNYTEM Xropua-,
6pomung-, woamp-, kapboHaT-, ocdat-, cunukat-, cynbdart-,
rMOPOKCUA-NOHbI, KATUOHbI aMMOHNSA U MOHbI N3YYEHHbIX MeTansos,
NPUCYTCTBYIOLLNE B BOOHbIX paCTBOPax HEOPraHMYeCKMX BELLECTB;
NPUMEHSATL OCHOBHbIE OMNepaunn MbICIIUTENBbHOW AeATENbHOCTN —
aHanu3 ”n CuHTEe3, cpaBHeHne, o06obuieHne, cucTtemaTusauuto,
BblABNEHNE MNPUYNHHO-CIIEACTBEHHbLIX CBA3EW — AN U3YYeHUs
CBOWMCTB BELECTB U XMMUYECKUX peakunin, eCTeCTBEHHO-Hay4Hble
MeToAbl NO3HaHUS — HabnwgeHue, U3MepeHue, MoaenvpoBaHue,
9KCNepUMEHT (peasibHbIN U MbICITEHHbIN).



TEMATUYECKOE NMNNAHUPOBAHUE

8 KITACC
KonuyecTtBO YacoB
Ne HaumeHoBaHue pasgenos K m OneKTpoHHbIe (undpoBbIie)
n/n M TeM NporpamMmmbil Bcero OHTPORNbHbIE pakTnteckue obGpa3soBaTenbHble pecypchbl
paboTbl paboTbl
Pasgen 1.[lepBoHavanbHble XUMUYECKUE NOHATUA
Xvmnsa — BaxkHas obnactb
11 €CTEeCTBO3HaHUA n 5 5 Bubnuoteka LLOK
' npakTU4ecKon https://m.edsoo.ru/7f41837¢
AeATeNnbHOCTM YenoBeka
{0 BewectBa n xummyeckue 15 1 Bbubnuoteka LUOK
' peakuum https://m.edso0.ru/7f41837¢
WToro no pasgeny 20

Paspen 2.BaxHeunLwiune npeactaBUTENn HeopraH

Boagyx. Kucnopog.

n4yeCKux seuwiectB

Bubnnoteka LLOK

2.1 MNoHATMe 00 okcupax 6 https://m.edsoo.ru/7{41837¢c
50 Bopopog. MNoHaTtne o 8 1 Bubnuoteka LLOK
' KMcnoTax n consax https://m.edsoo.ru/7{41837¢c
53 Boga. Pacteopbl. [NoHATHE 5 1 1 Bubnnoteka LLOK
' 06 ocHOBaHUAX https://m.edsoo0.ru/7f41837¢c
OcCHOBHbIe Knacchbl
Bubnnoteka LLOK
24 HeOpraHquvCKMX 11 1 1 https://m.edsoo.ru/7f41837¢c
coeuHeHun
WToro no pasgeny 30

Pasgen 3.Mepuoanyeckninnt 3aKoH n

I'Iepuop,uquKaﬂ cuctema XumMmmnyeckux anemeHTtoB 1. U.

aTomMoB. XnMmmu4eckan cBAsb. OKUCNUTENbHO-BOCCTAHOBUTESNbHbIE peakuuun

MeHpeneeBa. CTpoeHue

3.1

lMepuogunyecknin 3akoH u
MNeprnoanyeckasn cucrtema
XUMMYecknx anemeHTtos M.

. MeHgeneeBa. CTpoeHue

aTtoMa

BubnuoTteka LUOK
https://m.edsoo.ru/7f41837¢c




XumMmmnyeckasi CB3b.

39 OkuncnurenbHo- 8 Bubnnoteka LLOK
) BOCCTAHOBUTEIbHbIE https://m.edsoo.ru/7f{41837¢c
peakumnu
Bubnnoteka LLOK
WiToro no pasaeny 15 https://m.edsoo.ru/7f41837¢c
Bubnuoteka LLOK
PesepsHoe Bpems 3 https://m.edsoo.ru/7f41837¢c
OBLEE KOJIMYECTBO HACOB 68

Mo rNMnPOrrPAMME




9 KINACC

KonunyecTBo yacoB

ANEeKTPOHHbIe

Ne HaunmeHoBaHue pa3aenoB n Tem K I'I (umdbpoBbie)
n/n nporpamMmmbi Bcero Ongoanble pgxmqecxue obGpa3soBaTenbHble
paboTbl paboTbl pecypchl
Pa3gen 1.BelwecTBO U XMMUYECKMe peakumum
11 lMoBTOpeHue n yrnybneHne aHaHum 5 1 Bubnuoteka LLOK
' OCHOBHbIX pa3fenos Kypca 8 knacca https://m.edso0.ru/7f41a636
{0 OCHOBHble 3aKOHOMEPHOCTH 4 Bubnnoteka LLOK
' XUMUNYECKNX peaKLmm https://m.edsoo.ru/7f41a636
13 AnekTponuTudeckas guccoumauus. 8 1 1 Bubnunoteka LIOK
' XUMHNYECKMNE peaKkLnn B pacTBopax https://m.edsoo.ru/7f41a636
WTtoro no pasgeny 17
Pa3pgen 2.HemeTannbl U nx coeanHeHuns
51 O6Lwasa xapakrep1ucTnka XMMN4eCcKmnx 4 1 Bubnuoteka LLOK
' anemeHToB VIIA-rpynnbl. [anorexbl https://m.edso0.ru/7f41a636
O6Lwasa xapakrep1ucTnka XMMN4eCcKmnx
] .. Bbubnuoteka LUIOK
2.2 anemeHToB VIA-rpynnbl. Cepa u eé 6 hitos/m.edsoo ru/7f41a636
COeANHEHWS
O6Lwasa xapakrep1ucTnka XMMN4eCcKmnx
) Bbubnuoteka LUIOK
2.3 anemeHToB VA-rpynnbl. A30T, hocdop 7 1 hitos/m.edsoo.ru/7f412636
N NX COeANHEHWS
O6Lwan xapakTepucTmka XMMmMYeCcKnx
Bubnnoteka LLOK
2.4 anemeHIos IVA-rpynnbl. Yrnepoa n 8 1 2 httos://m.edsoo.ru/7f41a636
KPEMHWU N NX COeANHEHMS
WToro no pasgeny 25
Paspgen 3.MeTtannbl n nx coeauHeHus
o BbubnuoTteka LUOK
3.1 OBume ceoACTBA METaNnos 4 https://m.edsoo.ru/7f41a636
39 BaxHenwme metannbl n nx 16 1 5 Bubnnoteka LLOK

coeanHeHunda

https://m.edsoo.ru/7f41a636




WToro no pasgeny 20
Paspgen 4.Xumusa u okpyxarowasa cpeaa
41 BewectBa n matepuansl B XXU3HU 3 Bubnuoteka LIOK
' yesnioBeka https://m.edsoo.ru/7f41a636
WToro no pasgeny 3
PesepBHoe Bpems 3 Bubrnoreka LIOK
P P https://m.edsoo.ru/7f41a636
OBLLEE KONMMYECTBO YACOB IO 68

NMPOrPAMME







NOYPO4YHOE NIAHUPOBAHUE

8 KITACC
KonuyectBo 4YacoB OneKTPOHHbIe
Ne Hata uucpoBble
n/n Tema ypoka Bcero KoHTponkHble [paktuieckne M3yyeHMs obpasoBaTesibHble
paboTbl paboTbl

pecypchbli

MpeameTt xumun. Ponb xummum
B XKM3HM YenoBeka. Tena u
BellecTBa

Bubnmnoteka LIOK
https://m.edsoo.ru/ff0d210c

lNoHATHE 0 MeTogax NO3HaAHUS

Bubnmnoteka LIOK

2 B XMMMUHN 1 https://m.edsoo.ru/ff0d227e
MpakTnyeckasa pabota Ne 1
«Mpasuna paboTel B Bubnmnoteka LIOK

3 2222&?:.5:2 ﬂa“é’:sa“fc’)'pwm 1 https://m.edsolj ru/ff0d23dc
obopyaoBaHNEM»

4 YucTble BellecTBa 1 CMECH. 1 BbubnuoTteka LIOK
Cnocobbl pasgeneHns cmecen https://m.edsoo.ru/ff0d26ca
MpakTnyeckaa paborta Ne 2

5 «PasgeneHnune cmecen (Ha ) 1 Bbubnuoteka LIOK
npumMepe OYUCTKN NoBapeHHOMU https://m.edsoo.ru/ff0d28c8
conm)»

6 ATOMbI 1 MOreKyTib 1 rl?tltllfsﬂ/l;lr?:g:oggﬁmza(ac
Xnmun4yeckme anemMeHTbl. 3Haku

7 (camsonsl) xumieciux 1 R
9N1EeMEHTOB

8 MpocTble 1 CnoXxHble 1 Bubnuoteka LLOK
BellecTsa https://m.edsoo.ru/ff0d2a6c¢

9 ATOMHO-MONeKynsipHoe 1 Bubnmnoteka LIOK

yyeHue

https://m.edsoo.ru/ff0d2d50




3aKoH NOCTOSAHCTBA COoCcTaBa
BeLlecTB. Xummnyeckas

Bubnmnoteka LIOK

10 ¢popmyna. BaneHTHocTe https:/m.edsoo.ru/ff0d2eae
aTOMOB XMMWUY€ECKNX
3NIEMEHTOB
OTHocUTENbHas aToMHas

Bubnmnoteka LIOK

11| Mmacca. OtHocuTenbHas https://m.edsoo.ru/ff0d323¢
MOJeKynsipHasi macca

12 MaccoBaga Jonst XMMM4ecKoro Bubnuoteka LLOK
3neMeHTa B CoeaANHEHUN https://m.edsoo.ru/ff0d350c

13 KonunyecTtBo BeulectBa. Monb. bubnuoTteka LIOK
MonsapHas macca https://m.edso0.ru/ff0d5230
dunsnyeckmne n xMmmyeckmne

bubnuoTteka LIOK

14| sBNeHMA. Xumuueckas https:/m.edsoo.ru/ff0d37fa
peakuus
MpusHakn n ycnosus

Bbubnuoteka LIOK

15 MPOTEKaHA XMMUHECKIX https:/m.edsoo.ru/ff0d3a16
peakuum
3aKOH CoxpaHeHns Macchl

Bubnmnoteka LIOK

16 BELLECTB. XUMU1eckue https://m.eds00.ru/ff0d3b88
ypaBHEHUS
BbluncneHnsa konnyecTea,

17 Maccbl BewecTsa no Bubnmnoteka LIOK
YPaBHEHUAM XUMUYECKUNX https://m.edsoo.ru/ff0d5708
peakunn
Knaccudumkaumsa xummnyeckmnx

18 peakuun (coegnHeHus, Bubnuoteka LLOK
pasnoXeHus, 3amMeLleHns, https://m.edsoo.ru/ff0d3f34
obmeHa)

M. B. JlomoHOCOB — y4€HbIN-
19 sHumknoneauct. O6obLeHne Bubnmoteka LIOK

1 cuctemaTusayms 3HaHun

https://m.edsoo.ru/ff0d40c4




KoHTponbHas pabota Ne1 no

Bubnmnoteka LIOK

20 Teme «Beluectsa u https://m.edsoo.ru/ff0d4290
XUMUYECKNE peakLmm»
Bo3gyx — cmech rasos.

1 CocTtaB Bo3ayxa. Kucnopog — Bubnuoteka LLOK
3NeMeHT N NPOCTOE BELLECTBO. https://m.edsoo.ru/ff0d448e
O30H
dusnyeckne n xmummyeckmne

59 CBOMCTBa Kucnopoga (peakumm Bubnuoteka LLOK
OKUCNEHUS, ropeHmne). https://m.edsoo.ru/ff0d4614
NoHAaTne o6 okcmpax
Cnocobbl nonyyeHus

3 Kucnopoga B fiabopaTtopun un Bubnnoteka LIOK
NPOMBbILLSTIEHHOCTH. https:/m.edsoo.ru/ff0d497a
NpumeHeHne kucnopoa
Tennoson adpdpekT
XUMUYECKOWN peakLmmn, NOHATHNE Evbnnoreka LIOK

24 O TEPMOXUMU4ECKOM https://m.edsolj ru/ff0d4790
ypaBHEHUU, 3K30- U
9HOOTEPMUYECKMX peakLmsIX
Tonnueo (HeTb, yronb u

o MeTaH). 3arpa3HeHue Bo3ayxa, Bubnnoteka LIOK
cnocobbl ero https://m.edsoo.ru/ff0d4c4a
npeaoTBpaLleHns
MpakTnyeckas pabota Ne 3 no

6 Teme «[lony4veHune un Bubnnoteka LLOK
cobupaHue kucnopoaa, https://m.edsoo.ru/ff0d4ae?2
N3y4YeHne ero CBOMNCTB»
BoAopoA — 3neMeHT Bubnuoteka LLOK

27 MPOCTOE BELLECTBO. https://m.edsolcjru/fde4dd0
HaxoxgeHwe B npupoge

o8 dusnyeckmne n xumnyeckme Bubnnoteka LIOK

CBOWCTBa Bogopoaa.

https://m.edsoo.ru/ff0d4dd0




MpumeHeHne Bogopoaa

Bubnmnoteka LIOK

29 | Towsive o kucrioTax u comsix hitps://m.eds00.ru/ff0d50d2

30 Cnocobbl nony4eHus Bubnuoteka LLOK
BOAopoaa B nabopatopum https://m.edsoo.ru/ff0d4dd0
MpakTtnyeckasa paborta Ne 4 no

31 Teme «[lony4eHne n Bubnuoteka LLOK
cobupaHue Bogopoaa, https://m.edsoo.ru/ff0d4f42
N3y4yeHne ero CBOMNCTB»

32 MonspHbIn 06bEM rasos. Bubnnoteka LIOK
3akoH ABoragpo https://m.edsoo.ru/ff0d542e
BbluncneHnsa obbeéma,

33 KOnM4yecTBa BeLlecTBa rasa no bubnuoTteka LIOK
€ro U3BECTHOMY KOnnyecTBy https://m.edsoo.ru/ff0d55a0
BELLleCTBa U1 06 bEMY
BbluncneHnsa o6LEmMoB rasos

34 NoO ypaBHEHMIO peakuun Ha Bubnnoteka LIOK
OCHOBE 3aKOHa 06BEMHbIX https://m.edsoo.ru/ff0d5708
OTHOLLIEHNI ra3oB

35 dunsnyeckne n xumnyeckme Bbubnuoteka LIOK
CBOWCTBA BOAbl https://m.edsoo.ru/ff0d587a

36 CoctaB ocHoBaHUW. [MoHATHE Bubnuoteka LLOK
006 nHavkaTopax https://m.edsoo.ru/ff0d59e2
Bopoa kak pactBopuTternb.
HacblLweHHble K

Bubnnoteka LIOK

37 HEHaChILEHHbIE PACTBOPbI, https://m.edsoaru/ff0d5b40
MaccoBas nons BellecTBa B
pacTtsope
MpakTtnyeckasa paborta Ne 5 no
Teme «[llpurotoBneHue

38 pacTBOPOB C OnpeaenéHHON bubnuoreka LIOK

MaccoBOW gonen
pPacTBOPEHHOIO BeLecTBay

https://m.edsoo.ru/ff0d5eba




KoHTponbHas pabota Ne2 no

Bubnmnoteka LIOK

39 Teme «Kucnopoa. Bopopon. https:/m.edso0.ru/ff0d6342

Bopa»
Okecnapbl: coctaB
’ Bubnmnoteka LIOK

40 Knaccudukauys, hitps://m.edso0.ru/ff0d664e
HOMeHKNnaTypa
MonyyeHne n xummnyeckne

41 CBOWCTBA KMCNOTHbIX, bubnuoTteka LIOK
OCHOBHbIX U aM(OTEPHbIX https://m.edsoo.ru/ff0d664e
OKCMOoB
OcHoBaHus: cocTas

’ Bubnmnoteka LIOK

42 knaccudukaums, https://m.edsoo.ru/ff0d67ca
HOMEHKMnaTypa

43 MonyyeHne n xummn4yeckmne Bubnuoteka LLOK
CBOMCTBa OCHOBaHWM https://m.edsoo.ru/ff0d67ca
Kucnotbl: coctaB

’ Bbubnuoteka LIOK

44 KnaccuepmkaLns, https://m.edsoo.ru/ff0dfee2
HOMEHKMNaTypa

45 MMonyyeHue n xumnyeckne Bubnnoteka LIOK
CBOWCTBA KMCNOT https:/m.edsoo.ru/ff0dfee2
Conu (cpegHue):

46 HOMeHKnaTypa, cnocobbl Bubnnoteka LIOK
nony4veHus, xmmm4yeckmne https://m.edso0.ru/00ad9474
cBOMCTBa
MpakTnyeckasa pabota Ne 6.

PelweHne akcnepuMeHTanbHbIX
BubnuoTteka LIOK

a7 3afjau no Teme «OCHOBHLIe https:/m.edso0.ru/00ad9b7c
Knaccbl HEOpraHM4YecKmx
COENHEHNN»

"eHeTnYecKkas CBA3b MexXay
48 Knaccamum HeopraHn4eckmx Bubnuoreka LIOK

coegnHeHnn

https://m.edsoo.ru/00ad9a50




O0o0LeHne n

Bubnmnoteka LIOK

49 cucTeMaTmusauusa 3HaHun https://m.edsoo.ru/00ad9cb2
KoHTponbHas paboTta Ne3 no EuGnvoTeka LIOK

50 TeMé "OCHOBHBIE Kracchl . https://m.edsolciru/OOadQe1a
HEeopraHMYeCcKUx CoeaNHEHNN
[MepBble NONbITKN

51 Knaccudukaumm XmMmyeckmx Bubnuoteka LLOK
anemMeHToB. [loHATHE 0 https://m.edso0.ru/00ad9ffa
rpynnax cXxogHbIX 9N1IeMeHTOB
Meprognyecknin 3akoH n

52 Mepunogmyeckas cuctema bubnuoTteka LIOK
Xummyeckmnx anemeHtos . U. https://m.edsoo.ru/00ada52c
MeHpeneeBa

Bubnmnoteka LIOK

53 Mepuozet, rpynnel, noarpynMb! https://m.edso0.ru/00ada52c

54 CtpoeHue atomos. CocTaB Bubnuoteka LLOK
aTtoMHbIX saep. NsoTonebl https://m.edsoo.ru/00ada342
CTpoeHune aneKTPOHHbIX

55 obonoyek aToMOB 3NIEMEHTOB Bubnuoteka LLOK
Mepuogunyeckon cuctemsol . https://m.edsoo.ru/00adabbc
. MeHpeneeBa
XapaKTepuctmka XmMmn4eckoro

56 3fleMeHTa No ero NonoXeHuo Bubnuoteka LLOK
B Nepuoguyeckon cucteme 1. https://m.edsoo.ru/00ada824
. MeHgoeneeBa
3HayeHue Neprnogunyeckoro

57 3aKoHa Onsa pasBUTUA HAYKU U BbubnuoTteka LIOK
npaktuku. [l. 1. Mengenees — https://m.edsoo.ru/00ada96e
YY€HbIW, NeJaror 1 rpaxgaHuH
PesepBHbIn ypok. O600LeHne

58 N cuctemaTusayus 3HaHum / Bubnmnoteka LIOK

Bcepoccuinckas npoBepoyHasi
paboTa

https://m.edsoo.ru/00adb33c




KoHTponbHas pabota Ne4 no
Teme «CTpoeHue atoma.

Bubnmnoteka LIOK

59 | Xummueckas Cesdby, / 1 https://m.eds00.ru/00adb486
Bcepoccuinckas nposBepoyHasi
paboTa
OneKTpooTpmLaTenbHOCTb
Bubnmnoteka LIOK
60 aToMoB XMMUHECcKIAX 1 https:/m.edsoo.ru/00adaab8
3/IEMEHTOB
bubnuoTteka LIOK
61 MioHHan xumueckan ceasb 1 https:/m.edsoo.ru/00adac34
62 KoBaneHTHas nonapHas 1 Bubnnoteka LIOK
XMMUYyecKkasa CBS3b https:/m.edsoo.ru/00adaab8
63 KoBaneHTHas HenonsipHas 1 Bubnuoteka LLOK
XUMMYecKas CBA3b https://m.edsoo.ru/00adaab8
Bubnmnoteka LIOK
64 | CreneHb okncneHms 1 https:/m.edsoo.ru/00adae28
65 OxkucnutensHo- 1 Bubnuoteka LLOK
BOCCTaHOBUTESIbHbIE peaKkLnmn https://m.edso0.ru/00adb076
Okncnutenun u
BOCCTaHOBUTENMN.
BbubnuoTteka LIOK
66 KoTponHan paGota Ne5 1 https:/m.edso0.ru/00adb076
«MNToroBas KOHTposbHas
paboTa 3a Kypc 8-ro knacca».
PesepBHbIn ypok. O600LeHne
67 N cucTtemaTmnsauusi 3HaHun no 1 BbubnuoTteka LIOK
Teme «CTpoeHue atoma. https:/m.edso0.ru/00ad9cb?2
XuMmnyeckas CBsi3b»
68 PesepBHbIn ypok. O600LeHne 1 Bubnmnoteka LIOK
N cuctemaTusaumst 3HaHum https://m.edsoo.ru/ff0d61c6
OBLEE KOJIMYECTBO HACOB IO 68

NMPOrPAMME




9 KITACC

KonuuyecTBO YacoB

ANEeKTPOHHbIe

Ne Tema Vboka K n Harta uucpoBble
n/n yp Bcero OHTpOIbHbIE pakTuteckue M3yyeHuss obpasoBaTesibHble
paboTbl paboTbl pecypchbl
[Nepuognyecknin 3akoH.

1 Mepunogmyeckas cuctema 1 Bubnnoteka LIOK
XMMmnyeckmnx anemeHtos [1. U. https://m.edsoo.ru/00adb59e
MeHpeneeBa
3aKOHOMEPHOCTU B

> N3MEHEHNN CBONCTB 1 Bubnuoteka LLOK
XUMUNYECKNX 3NEMEHTOB https://m.edso0.ru/00adb6b6
nepBbIX TPEX NepMoaoB
Knaccudmkauus m

3 HOM eHKi)aTy;'a 1 Bubnmnoteka LIOK

https://m.edsoo.ru/00adb7e2
HeopraHM4YecKnx BELLECTB
Buabl xummn4yeckon cBa3u u

Bbubnuoteka LIOK

4 ThMbl KpUCTaNM4eckux 1 https://m.edso:;!I ru/00adbac6
PEeLETOK
KoHTponbHas paboTta Ne1 no
Teme «[lloBTOpEHME U

5 yrnybnexue sHaHum 1 1
OCHOBHbIX pa3fenoB Kypca 8
Knacca»

Knaccchmau,m XUMUYECKNX Eubnnoreka LIOK

6 peaKLiA NO pasfniHEIM 1 https://m.edsolgl.'ru/OOadbcbO
npu3Hakam
[MoHATMe o ckopocTn

v XUMNYECKON peaKkuni. 1 Bubnmnoteka LIOK
[MoHATME O rOMOreHHbIX U https://m.edsoo.ru/00adbe9a
reTeporeHHbIX peakumsix

8 [MoHATME 0 XMMUYeCKoM 1 Bubnnoteka LIOK




paBHOBECUMN. CDaKTOpr,
BIrinArLME Ha CKOPOCTb
XUMUYECKOMN peakunn n
NnonoXXeHne XxmMmmn4ecKkoro

https://m.edsoo.ru/00adc28c

anccoumaums. XmMmmnyeckme
peakuumn B pacTBopax»

paBHOBECUSI
OkucnutenbHo-
Bubnmnoteka LIOK
9 BOCCTAHOBUTENbHbIE https://m.edsoo.ru/00adcade
peakumnm
Teopusa anekTponUTUYECKON
bubnuoTteka LIOK
10 anccoumaumm. CunbHeie 1 https:/m.eds00.ru/00adcd68
cnabble 3NeKkTponnuTbl
. bubnuoTteka LIOK
1 VIoHHbIE ypaBHEHMs peakuui https:/m.edso0.ru/00add448
XMHnyeckmne CBOMCTBa
KMCNOT U OCHOBaHUIN B CBETE
. Bbubnuoteka LIOK
12 fpeAcTasnexim O6v https://m.edso0.ru/00add5d8
3MEKTPONINTUYECKON
auccoumaumnm
XMnyeckme CBOMCTBA conen
13 B CBETE npeacTtaBneHun ob Bubnmnoteka LIOK
3M1EKTPOSINTUYECKON https://m.edso0.ru/00add8b2
auccoumaunm
. BbubnuoTteka LIOK
14 MonsTne o ruaponuse conen https://m.edso0.ru/00add9d4
15 O606LweHre n Bubnuoteka LLOK
cucTeMaTmusauusa 3HaHun https://m.edsoo.ru/00addd12
(o]
/s | Dparuiecian pacora e . Bubnvorera LIOK
https://m.edsoo.ru/00addbfa
3KCNnepuMeHTasbHbIX 3aga4y»
KoHTponbHas pabota Ne2 no
17 TemMe «ONEeKTPoNmMTnYecKas Bubnmnoteka LIOK

https://m.edsoo.ru/00addecO




O6Lwasa xapakTepucTuka

Bubnmnoteka LIOK

18 raroreHos. Xvmudeckme https://m.edsoo.ru/00addfe2
CBOWMCTBa Ha npumMepe xropa
Xnoposogopog. ConsiHas

19 KMCnoTa, XMMnyeckme Bubnmnoteka LIOK
CBOWMCTBA, NosiyyeHue, https://m.edsoo.ru/00ade104
npUMeHeHne
MpakTnyeckasa paborta Ne 2

20 no Teme «llonyyeHuve Bubnuoteka LLOK
COJIIHOW KUCIOThIl, N3y4eHne https://m.edsoo.ru/00ade348
€€ CBONCTB»
BbluncneHnsa no ypaBHeHUAM

o1 XUMUYECKNX peakLuummn, ecrnv Bubnnoteka LIOK
OOVH N3 peareHToB [aH B https://m.edso0.ru/00ade488
N36bITKE

50 O6Lwasa xapakTepucTuka Bubnuoteka LLOK
anemeHToB VIA-rpynnbl https://m.edsoo.ru/00ade64a
AnnoTponHble Mogudukaumm

3 cepbl. HaxoxaeHne cepbl 1 Bubnmnoteka LIOK
€€ coeguHeHnn B npupoge. https://m.edsoo.ru/00ade64a
XnMnYeckne CBOMUCTBa cepbl
CepoBogopog, CTpoeHue, Eubnvoreka LIOK

24 cbmsvmqecme v Xumnteckne https://m.edsoljru/OOadeSOZ
CBOMCTBA
Okengpbl cepbl. CepHast

o5 Kucnora, pusndeckue un Bubnnoteka LIOK
XUMUYECKMEe CBONCTBA, https://m.edsoo.ru/00adea28
NpUMeHeHne
XUMHU4eckme peakumm,
nexatime B OCHOBe

26 NPOMbILLIIEHHOrO cnocoba bubnoreka LIOK

NoSTly4YEeHUs1 CEPHON KUCMOTbI.
XUMHU4eckoe 3arpsisHeHne

https://m.edsoo.ru/00adec8a




OoKpyXxatoLlien cpeapbl
COefMHEHNsIMU cepbl

BbluncneHne maccosow gonu

Bubnmnoteka LIOK

27 BblXO4a nNpoAyKta peakuum https://m.edsoo.ru/00adec8a
O6Lwasa xapakTepucTuka
anemeHnToB VA-rpynnbl. A30T
’ Bubnmnoteka LIOK
28 Esﬁggzg%?;f:r:ci”e y https://m.edsoo.ru/00adeeab
XUMUYECKNEe CBOUCTBA
AMMHMak, ero pusnyeckue u
’ - bubnuoTteka LIOK
29 ’;gﬁ;’:gﬁxewcﬁsmzaem . https://m.eds00.ru/00adf004
MpakTnyeckasa pabota Ne 3
30 no Teme «llonyyeHue Bubnuoteka LLOK
amMunaka, nsyyeHue ero https://m.edso0.ru/00adf180
CBOWCTB»
A30THas kucnora, eé
’ Bubnmnoteka LIOK
31 (PU3MECKUE 1 Xummueckne https://m.eds00.ru/00adf306
CBOMCTBa
Mcnonb3oBaHue HATPATOB U
cofnen aMMOHUSA B KayecTBe
30 MUHepanbHbIX YA06peHuH. Bubnuoteka LLOK
XvMmun4yeckoe 3arpsis3HeHve https://m.edsoo.ru/00adf518
OKpy>atoLleun cpeapl
coeuHeHusiMK a3oTa
docdop. Okeng docoopa
33 (V) n dbochopHas kucnoTa, Bubnuoteka LLOK
domsndeckme n xmummyeckune https://m.edsoo.ru/00adf68a
CBOWCTBA, NornyyeHue
Mcnonb3oBaHue dpocdaTos B
34 KayecTBe MUHeparnbHbIX Bubnuoteka LLOK

ynobpeHuin. 3arpsisHeHme
npupoaHon cpeabl

https://m.edsoo.ru/00adfc20




docdatamm
Yrnepoga, pacnpocTpaHeHve

Bubnmnoteka LIOK

35 B NpnpoAae, cpmavlqecme v https://m.edsoo.ru/00adfd9c
XMMMYECKME CBOMCTBA
Okecungbl yrnepopa, nx
d13nyYeckme n XMMmn4eckmne
36 CBOWCTBA. JKONOrm4yeckmne 5”6J?M°T6Ka LIOK
https://m.edsoo.ru/00adfebe
npobnemsbl, CBA3aHHbIE C
okcugom yrnepoga (1V)
; bubnuoTteka LIOK
37 YronkHas KUGroTa u ee conu https://m.edso0.ru/00ae006¢
MpakTnyeckasa pabota Ne 4
no Teme "MNony4eHne
bubnuoTteka LIOK
38 yrnekmcroro rasa. https://m.edso0.ru/00ae027e
KauyecTBeHHasa peakums Ha
KapboHaT-noH"
lMepBOHa4anbHbIE MOHATUSA
Bubnmnoteka LIOK
39 06 opraHu4eckux BelecTsax https://m.edso0.ru/00ae054e
Kak 0 coeMHEHNNAX yrnepoaa
v Bubnmnoteka LIOK
40 KpemHui n ero coemHeHms https:/m.eds00.ru/00ae080a
MpakTnyeckasa pabota Ne 5.
PelweHne
41 3KCnepuMeHTarbHbIX 3aga4 Bubnuoteka LLOK
no Teme «BaxxHenLune https://m.edsoo.ru/00ae0bf2
HemeTannbl N Ux
coeanHeHusa»
KoHTponbHas pabota Ne3 no
49 TeMme «BaxHenwwue BubnuoTteka LIOK
HemeTannbel N nx https://m.edsoo.ru/00ae0e18
COEeNHEHNRAY
43 O6Lwas xapakTepucTuka Bubnmnoteka LIOK

XUMUNYECKNX 3NIEMEHTOB —

https://m.edsoo.ru/00ae103e




mMeTannoB. MeTtannunyeckas
CBSI3b U MeTannuyeckas
KpucTannuyeckas peLléTka.
dunsmnyeckmne cBoncTBa
MeTarnmnos

Xummnyeckmne cesomcTea
MeTansos.

Bubnmnoteka LIOK

44 ONEeKTPOXUMNYECKUN psag https:/m.edsoo.ru/00ae1156
HanpsH>KeHUn MeTannos
O6Lwme cnocobbl nonyvyeHns
mMeTannos. Cnnasbl.
45 BbluncneHnsa no ypaBHeHUAM Bubnnoteka LIOK
XUMWYECKNX peakuum, ecnm https://m.edso0.ru/00ae1156
OAWH U3 peareHTOB COOEPXUT
npumecu
46 MoHATME 0 KoppPO3UK Bbubnuoteka LIOK
MeTannos https://m.edsoo.ru/00ae1278
Bubnmnoteka LIOK
47 Lenosrele metannb: https:/m.edso0.ru/00ae14b2
48 Okecunabl 1 rugpokcuabl Bubnuoteka LLOK
HaTpuA N Kanua https://m.edsoo.ru/00ae14b2
LLlenoyHo3emenbHble
; Bubnuoteka LLOK
49 MeTanPbl — kanetn n https://m.edsoo0.ru/00ae15e8
MarHum
50 BaxHenwmne coegmHeHus Bubnmnoteka LIOK
Kanbuug https://m.edsoo.ru/00ae15e8
51 O606LweHre n
cuctemaTnsaumsa 3HaHuin
52 YKEcTKoCcTb BOAbI U CNOCOOLI Bubnmnoteka LIOK
€€ yCTpaHeHus https://m.edso0.ru/00ae1886
MpakTnyeckasa paborta Ne 6
53 no Teme "YKECTKOCTb BOAbI U Bubnmotexa LIOK

MeToabl eé ycTpaHeHus"

https://m.edsoo.ru/00aelae8




Bubnmnoteka LIOK

54 ArtiomuHni https:/m.edsoo.ru/00ae1c64
55 AmdoTepHble CBOUCTBA Bubnuoteka LLOK
oKcuaa un rugpokcuaa https://m.edsoo.ru/00ae1c64
Bubnmnoteka LIOK
56 ’Keneso https://m.edso0.ru/00ae1d86
57 Okecnapbl, rmapokenabl U Conu Bubnuoteka LLOK
xenesa (1) nxenesa (lll) https://m.edsoo.ru/00ae35e6
58 Ob6o0LeHne n
cucTemMaTmsauusa 3HaHun
MpakTnyeckasa paborta Ne 7.
PeweHne
Bubnmnoteka LIOK
59 3KcnepmmeHTanbt| bix 3anad https://m.edso0.ru/00ae3de8
no teme «BaxHenwune
MeTansbl U UX COEANHEHUSAY
BbluncneHnsa no ypaBHeHUAM
XUMWYECKNX peakuum, ecnm
OAVH N3 peareHToB faH B
Bubnmnoteka LIOK
60 M3BITKE UM COREPXUT https:/m.eds00.ru/00ae1750
npumecun. BelumcneHuna
MaCcCOBOW A0NM BbIXoaa
npoayKTa peakuunm
61 O606LweHre n
cuctemaTnsaumsa 3HaHuin
KoHTponbHas paboTta Ne4 no
62 Teme «BaxHenwme metannbl
N UX COeaNHEHUS»
BewecTtBa 1 maTepuansl B
- BubnuoTteka LIOK
63 MOBCEAHEBHON XI3HW https://m.eds00.ru/00ae3f50
yeroBeka
64 XuMunyeckoe 3arpsisHeHue Bubnnoteka LIOK

OKpyXatowien cpeasbl

https://m.edsoo.ru/00ae4270




Ponb xvmumn B peweHnn

Bubnmnoteka LIOK

65 3Konormyeckmx npobrem 1 https://m.edso0.ru/00ae4270
Pes3epBHbIN ypOK.
O606wweHne 1

66 cuctemaTmnsaumsa 3HaHUN. 1 Bubnmnoteka LIOK
KoHTponbHas pabota Ne5 https:/m.edso0.ru/00ae0d0a
«MToroBas KOHTporbHagda
paboTa»

v | eepan ypoc 1 Su6nmoTea LK

- https:/m.edso0.ru/00adb33c

cuctemMaTnsaumsa 3HaHumn
PesepBHbIN ypOK.

68 O606LeHre n 1 Bubruoteka LIOK

OBLUEE KONMYECTBO YACOB MO

cucteMaTnsaumsa 3HaHumn

NMPOrPAMME

https://m.edsoo.ru/00ad9cb2







NMPOBEPAEMbIE TPEBOBAHUA K PE3YJIbTATAM OCBOEHUA

OCHOBHOM

OBPA3OBATENIbHOWU MPOrPAMMbI

8 KITACC

Koa

npoBepsieMoro
pe3ynbTaTa

NMpoBepsieMble npeaMeTHbIe pe3yfbTaTbl OCBOEHUA
OCHOBHOM ob6pa3oBaTenibHOM NPOorpaMmmbl OCHOBHOIO
obLero o6pasoBaHus

1

Mo Teme: «[lepBOHaYarnbHble XMMUYECKNE MOHATUAY

1.1

pacKpbiBaTb CMbICST OCHOBHbIX XUMWUYECKUX MOHATUN:. aToM,
MOSeKyna, XWUMWUYECKMA IfEMEHT, MNPOCTOEe BeLecTBO,
CNOXHOEe BeLecTBO, CMeCb (0AHOpOAHAas U HeodHOpoAHas),
BaNeHTHOCTb, OTHOCUTESNbHasi aTtoMHasi W MONeKynsipHasi
Macca, KONMUYecTBO BellecTBa, MOfb, MOSsipHad Macca,
MaccoBasi [JOns XUMWYECKOro 3remMeHTa B COeAUHEHUW,
MOSISIPHBIN  OOBEM, XMMUYECKasi peakuusi, Krnaccudoumkauus
peakuumn: peakuum COEAMHEHUS, pPeakunn pPasfnoXeHus,
peakumn  3aMeLleHusi, peakumm  obmeHa, 9K30- U
9HOOTEPMUYECKME peaKkumn, TensioBon 3apgekT peakuum,
pacTtBop, MaccoBad gons  BewectBa  (NpoueHTHas
KOHLUEHTpaumsi) B pacTtBope

1.2

WNIIOCTPUPOBaTb  B3aMMOCBSA3b  OCHOBHbIX  XMMUYECKUX
NOHATUA U NPUMEHSATL 3TN NOHATUS MPU ONUCaHUN BELLLECTB U
NX NpesBpaLLeHni

1.3

1.4

1.5

MCNOMb30BaTb XUMWUYECKYID CUMBOSIMKY ANA COCTaBrEeHUS
dopMyn BeLLECTB U YpaBHEHU XUMNYECKNX peakLnii

pacKkpbiBaTb CMbICJZT 3aKOHOB COXpaHEHUA MacCCbl BeLLEeCTB,
NOCTOAHCTBA COCTaBa, ATOMHO-MOJIEKYJTAPHOIo Y4eHu4,
3aKOHa ABora,qpo

onpenendaTb BaneHTHOCTb aTOMOB 3J1eMEeHTOB B 6I/1HaprIX
coeaMHeHnAX

1.6

1.7

KnaccmuumpoBaTb XMMUYECKMe peakuum (No  4ucny wu
COCTaBYy Y4acCTBYKLLMX B peakuMu BeLlecTB, MO TennoBoMy
ahekTy)

BblYMCATb OTHOCUTENbHYIO MOSEKYNSPHYIO M MOSISIPHYHO
MaccChbl BeLlecTB

1.8
1.9

2.1

BblMMCNATL MAacCCOBYK OO0 XMMUYECKOro arnemMeHTa no
dopmyne coeanHeEHNS,

BbIYUCIIATL MACCOBYIO JOSI0 BELLECTBa B pacTBope
NPUMEHATb eCTEeCTBEHHOHay4Hble MeTOoAbl MNO3HaHUA —
HabnogeHve, u3amepeHue, MOAENMpPOBaHWe, IKCNEepUMEHT
(peanbHbIN N MbICIIEHHbIN)

Mo Teme: «BaxHenwue npencraBUTENU HEOPraHUYECKUX
BELLLECTB»

pacKpblBaTb CMbICIT OCHOBHbIX XUMWYECKUX MOHATUIA: OKCUA,
KMCrnoTa, OCHOBaHWe, Cosb




2.2
2.3

2.4

onpeaenaTb NPUHAANEXHOCTb BELLECTB K onpeaeniéHHoOMy
Knaccy coevHeHWn No popmMyram

KnaccmuumpoBaTb HEOPraHMYeCcKne BellecTsa
XapaktepusoBaTtb (OnucbiBaTb) 06LME XMMMYEeCcKkme CBONCTBaA
BELLECTB pasfnU4YHbIX KraccoB, noATBepXaasi onucaHve
npumMepamu MOSEKYNSAPHbIX YpaBHEHUW COOTBETCTBYHOLLMX
XUMNYECKUX peaKLnm

2.5

NPOrHO3NpoOBaTb CBOWCTBA BELLECTB B 3aBUCUMOCTM OT UX
Ka4eCTBEHHOr0O  COCTaBa, BO3MOXHOCTW  MpoTeKaHus
XMMUYECKUX NpeBpaLLEeHNA B Pa3fnNYHbIX YCIOBUSIX

2.6

cnegoBaTtb NpasBuiam Nosib30BaHMS XMMWYECKOW MOCYyAon U
nabopatopHbiM  obopygoBaHMeM, a Takke npasuiam
obpalleHus ¢ BellecTBamMn B COOTBETCTBUMN C UHCTPYKLMSAMU
MO BbIMNOMHEHMIO JTABOPATOPHbIX XUMMYECKMX OMbITOB MO
Nnosly4eHnto n cobmpaHmio rasoobpasHblx BELWECTB (Bogopoaa
N Kncrnopoga), NPUroTOBIEHMIO PacTBOPOB C OnpenenéHHon
MacCcoBOW [Of1er pacTBOPEHHOrO BellecTBa, NiiaHNMpoBaTb U
NPOBOANTbL XMMWYECKME IKCMEPUMEHTbI MO pPacno3HaBaHUIO
pPacTBOPOB LUENoYen M KUACMOT C MNOMOLLBbK WHOUKATOPOB
(nakmyc, deHondTanenH, MeTUNoOpaHXx n gpyrue)

2.7

NPOBOAUTL PACYEThI MO YPaBHEHMIO XMMUYECKON peakumm

3.1

3.2

3.3

3.4

3.5

Mo Teme: «lNepuognyecknn 3akoH u lNeprnognyeckas cucrtema
xummndeckmx anemeHtoB [. W. MeHpeneesa. CTtpoeHue
aTOMOB. Xnmumyeckast CBS3b. OkucnuTeneHo-
BOCCTaHOBUTESbHbIE peakLmmny

pacKkpblBaTb CMbICIT OCHOBHbIX XMMMWYECKUX MOHATUN: S4pPO
atoma, O9neKTPOHHbIN Cron aToma, aTomHass opbuTans,
paguvyc atoma, XMMuyeckasi cBA3b, NoOMsipHas U HenonsipHasi
KOBaneHTHasi CBs3b, 9ANIEKTPOOTPMUATENBHOCTL, MOHHAas
CBS13b, MOH, KATUOH, aHNOH, CTENEHb OKUCIIEHUA

KJ'IaCCI/I(*)I/ILI,I/IpOBaTb XUMUNYECKNe 3remMeHThbl

onucbliBaTb W xapaktepudoBaTb  TabnuuHyio  dopmy
Mepuoanyeckon CUCTEMBI XUMUYECKUX 3NEeMEHTOB:
pasnuyatb MNOHATUA «rnaBHas nogrpynna (Arpynna)» u
«noboyHas nogrpynna (brpynna)», «manbie» 1 «bonbLumMe»
nepuoapbl

packpbiBaTb  cMmbicn  [lepuogmnyeckoro  3akoHa  O.W.
MeHgeneeBa: AEMOHCTPMPOBaTbL NOHMMaHNE NEPUOLNYECKON
3aBMCMMOCTM CBOWCTB XMMWUYECKUX ISMNEeMEHTOB OT WUuX
nonoxexusa B lNepnognyeckon cncteme

COOTHOCUTbL 0603Ha4yeHusi, KoTopble uMetlTca B Tabnuue
«lNepnognyeckas cuctema Xummumyeckux anemeHtos [.U.
MeHngeneesa» C 4YUCMOBLIMU XapakKTEPUCTUKAMU CTPOEHUS
aTOMOB XMMWYECKMUX 3NEMEHTOB (COCTaB W 3apsg s4apa,
obliee 4MCno 9NEeKTPoOHOB W pacnpegeneHve ux no
9NEKTPOHHBLIM CIOSIM)

3.6

onpenensitb CTeneHb OKUCINEHUS 3NEMEHTOB B OMHapHbIX
coeauHeHnax




3.7

onpeaensitb BUO XMMUYECKOW CBSA3M (KOBaneHTHasi U MoHHas)
B HEOPraHMYEeCKMUX COeAMHEHNSIX

9 KIACC

Koa
npoBepsieMoro
pe3ynbTarta

NMpoBepsieMble npegMeTHbIe pe3yfbTaTbl OCBOEHUA
OCHOBHOM ob6pa3oBaTenbHOM NPOrpaMmbl OCHOBHOIO
obLero o6pasoBaHus

1

Mo Teme: «BelwecTBO U XMMNYeCcKasi peakumsi»

1.1

1.2

packpbiBaTb  CMbIC/ST  OCHOBHbIX  XUMWYECKUX  MOHATUMN:
pacTBOp, ANEKTPOSIUTbI, HEINEKTPONUTLI, NEKTPONUTUYECKas
anccoumaumns, peakumm MOHHoro obmeHa, kaTanusaTop,
XUMUYECKOE paBHOBecuWe, obpaTumMble U HeobpaTumble
peakuumu, OKUCIUTENbHOBOCCTAHOBUTESbHbIE peakumu,
OKMCNUTENb, BOCCTaHOBUTENb, oKucneHue n
BOCCTaHOBMEHWE, annoTponus, aMOTEePHOCTb, XMMUYeCKas
CBSA3b (koBaneHTHas, NOHHas, MeTannuyeckas),
KpucTannuyeckas pewéTka, cnnaebl, CKOPOCTb XMMWUYECKOWN
peakumm

WUNMIOCTPUPOBaTb  B3aMMOCBSA3b  OCHOBHbBIX — XMMUYECKUX
NOHATUA U NPUMEHSATb 3TN NOHATUS MPU ONUCAHUN BELLECTB U
NX NpesBpaLLeHni

1.3

COCTaBMATb YPaBHEHUS SNEKTPONIMTUYECKON Auccoumaumm
KMCNOT, LIEeNoYen W Cconen, MnosfHble U COKPaLLEHHblE
YpaBHEHUSA peakuu MOHHOro obmeHa

1.4

packpbiBaTb CYLLHOCTb OKUCIUTENbHO-BOCCTAHOBUTENBHbIX
peakumin nocpeacTBOM COCTaBMEHUS1 ANEKTPOHHOro GanaHca
3TUX peakunn

1.5

NPOBOAUTL PACYEThI MO YPaABHEHMIO XMMUYECKON peakumm

2.1

Mo Temam: «HemeTannbl n nx coegnHeHnsa» n «Metannbl u
NX coeguHeHnsa»

XxapaktepusoBaTb (onucbiBaTb) obuwune u crneunuyeckune
XUMUYECKME CBOWCTBA MNPOCTbIX M  CIIOXHbIX BELLEeCTB,
noagTeBepxgas onucaHve npuMepaMu  MOSIEKYNSAPHbIX U
MOHHbIX YPaBHEHWI COOTBETCTBYIOLLMX XMMUYECKNX peakunin

2.2

2.3

2.4

COCTaBJIATb ypaBHEHUA peaKu,M|7|, noarsepXxgarLmnx
cywiectBoBaHue reHEeTUYECKON CBA3N mMexay BelectBamMmu
pa3nnyHbIX Knaccos

NPOrHo3npoBaTb CBOWMCTBaA BELLECTB B 3aBUCMMOCTU OT WX
CTpOEeHUA, BO3MOXXHOCTU npoTeKkaHnA XUMUNYECKNX
I'IpeBpaLLl,eHI/IIZ B Pa3JIN4HbIX YCNOBUAX

crnepoBaTb npaBuniamM Monb30BaHMS XMMMUYECKOW MOCYAON U
nabopatopHbim obopyooBaHMEM, a Takke MpaBuiam
obpallleHus ¢ BewecTBaMn B COOTBETCTBUMU C MHCTPYKLUSIMU
MO BLINOSIHEHNIO NAbOPATOPHbLIX XUMWYECKMX OMbITOB MO
nony4YeHnto U cobupaHnio razoobpasHbIX BELWECTB (aMMmnaka
N YrneKncnoro rasa)

2.5

npoBOoANUTb  peaKkuuu, nogreepxgakwLine Ka4eCTBEHHbIN




COCTaB pasfMyHbIX BELLECTB: pacrno3HaBaTb OMbITHbIM NyTEM
xnopug-, Gpomna, wogua, kapboHaT, docdaT, cunukar,
cynbdat, rMAPOKCUAMOHbLI, KaTMOHbl  aMMOHWUS,  WOHbI
M3ydeHHbIX  MEeTanmnoB, MPUCYTCTBYWOLIME B  BOAOHbIX
pacTBopax HeopraHM4ecknx BeLLEeCTB

Mo Teme: «XnuMna 1 okpyxarLlas cpega»

3.1

3.2

packpblBaTb CMbICST OCHOBHbIX XuUMUYeckux noHatun: [MOK
BELLlEeCTBA; KOPPO31si MeTassoB

NPUMEHSATb OCHOBHblE onepauum MbICITUTENTbHOMN
AEeATeNbHOCTU — aHann3 N CUHTE3, cpaBHeHne, o0bobLieHme,
cuMcTteMatmsauuio,  BbISIBMEHME  MPUYMHHO-CNEACTBEHHbIX
CBA3EM — ONA WU3Yy4YeHUs1 CBOMCTB BELECTB U XUMUYECKUX
peakunn; eCTeCTBEHHOHay4Hble MeToAbl MO3HaHuMa —
HabngeHne, u3MepeHne, MoaenvpoBaHWE, 3SKCNEPUMEHT
(peanbHbIN N MbICNIEHHBIN)




NMPOBEPAEMbIE 3JIEMEHTbI COOEPXAHUA

8 KITACC

Kon
1

1.1

1.2

npOBepﬂeMblﬁ ANIeMeHT coaepxXaHusA
I'IepBOHaqaanble XUMU4eCKne NnoHATUA

MpeameT xummn. Pofib XMMUU B XXU3HKU YenoBeka. XMMUsS B CUCTEME
Hayk. Tena u BewecTtBa. Puamyeckme CBOWCTBA BeLLeCTB. ArperatHoe
COCTOSIHUE BELLECTB

MoHATMEe o mMeTogax Mo3HaHUSA B XUMUU. YncTble BellecTBa U CMECW.
Cnocobbl pasgeneHnsa cmecen

1.3

ATOMbI U Mornekynbl. XuMmmyeckme anemeHTbl. CUMBOMbI XMMUYECKUX
anemMmeHToB. pocTble M CroXHble BelwecTBa. ATOMHO-MOMEKYNspHoe
yyeHue

1.4

1.5

XumMmndeckass popmyna. BaneHTHOCTb aTOMOB XMMUYECKUX 3NTIEMEHTOB.
3aKkoH nocTosiHCTBa cocTtaBa BeuwectB. OTHocuTenbHass aToMHas
macca. OTHocuTenbHas MonekynspHas wmacca. Maccosas pons
XUMUYECKOro 3rieMeHTa B COeaUHEHUN

KonnyectBo BewectBa. Monb. MonspHas macca. B3saumocBssb
KonmyecTBa, MaccChl U YnCna CTPYKTYPHbIX eauHuL BelecTBa. PacyéThl
no oopmMyriam XMMMYECKUX COeANHEHNI

1.6

1.7

dunsnyeckne N XuUMMUYECKNE sBMNeHus. Xnmumyeckasi peakuma un eé
npusHakn. 3akOH COXpaHeHWs Maccbl BewecTB. XuUMMYecKkue
ypaBHeHUus. Knaccudpukaumss XUMUYECKUX peakuun (CoeauHeHus,
pasnoXeHusl, 3ameLLeHnsi, obmeHa)

XVMUYECKNIA IKCMEPUMEHT: 3HAKOMCTBO C XUMMWMYECKOW MNOCYAOW, C
npasunammn pabotel B nabopatopum u npuémamum obpalweHuss C
nabopaTtopHbiM 06OpygoBaHMEM, M3YyYEeHME U onucaHume U3NYeCcKnx
cBouctB  obpasuoB HEOPraHMYeCcKMx  BELLECTB, HabnogeHue
dusnyecknx (NnNaeBneHne BOCKa, TasHWE NbAa, pacTMpaHue caxapa B
CTYMKe, KUNEeHWe 1N KOHAEHcauus BOAbl) U XMMUYECKUX (TOpeHne cBeYn,
npokanMeaHve MeaHOW NPOBOJSIOKM, B3aMOLENCTBUE MeSia C KUCNOTON)
ABNEHUN, HabraeHe 1 onucaHne NPU3HaKoB NPOTEKAHNA XUMUYECKNX
peakumn (pasnoxeHwe caxapa, B3anMOLENCTBUE CEPHOM KUCIOTbl C
xnopuaom Gapwus, pasnoxeHue rugpokcnaa meau(ll) npm HarpeBaHun,
B3aMmogenctene xenesa c pactsopom conv wmeau(ll), wnsyyenue
cnocoboB pasgeneHns cMmecen (C NOMOLLbD MarHuTa, unbTPoBaHME,
BbiNapuBaHue, ANCTUNNALMSA, XpomaTorpadus), NpoBegeHne OYUCTKU
noBapeHHON conu, HabnageHne n onucaHne pesynbTaToB NPOBEAEHNS
onbiTa, WNMIOCTPUPYIOLLErOo 3aKOH COXPaHEHWss MaccChl, co3gaHue
mMogenen Monekyn (LapoCcTepXHEBbIX)

BaxHenwwne npeactaBuUTENM HEOPraHNYECKMX BELLECTB

2.1

Bo3sgyx — cmecb rasoB. CoctaB Bo3gyxa. Kucnopoa — anemeHT u
npocToe BeLLecTBO. HaxoxaeHne kucnopoga B npupoae, usndeckme u
Xnmudeckne ceonctea (peakumm ropenus). Okcugbl. [pumeHeHue
kncrnopoga. Cnocobbl nonyveHuss kucnopoga B nabopatopum M
npomblwneHHocTn. KpyroBopoT kucnopoga B npupoge. O30H —
annoTponHas moamdukauusa Kucrnopoga




2.2

2.3

2.4

2.5

TennoBon  9PdEKT  XMMUYECKON  peakuun, TEePMOXUMUYECKne
ypaBHEHUS, 9K30- M 3HOOTEpMUYEecKue peakumn. Tonnmeo: yronb U
MeTaH. 3arpsis3HeHuMe BO34dyXxa, YCUNeHMe MapHUKOBOro adodekTa,
paspyLueHne 030HOBOrO Crog

Booopoa — anemeHT u npoctoe BellecTBO. HaxoxaeHue Bopopoda B
npupoge, usmyeckne M XMMMYECKME CBOWCTBA, NMPUMEHEHME, Crocobbl
nony4yeHusi. Kucnotbl u conu

MonspHbI 061EM ra3oB. Pacy4étbl N0 XMMUYECKUM YPaBHEHUSIM

dunsnyeckne ceonctBa Boadbl. Boga kak pactBopuTenb. PacTtBopbl.
HacbllWeHHble M HEHACbILEHHbIE pacTBOpbl. PacTBOpMMOCTb BELLECTB B
Boae. MaccoBasi gons BelwlecTBa B pacTBope. XMMUYECKME CBOWCTBA
Boabl. OcHoBaHuA. Ponb pacTBOpOB B MpUpoOAEe U B XU3HU 4ernoBeka.
KpyroBopoT Boabl B npupofe. 3arpssHeHne npupoaHblix Bog. OxpaHa m
OYUCTKA NPUPOAHBbIX BO4

2.6

2.7

Knaccudmkauyus HeopraHN4Yecknx CcoeJUHEHUN. Okcunapl.
Knaccudurkauma okcmaoB: coneobpasyloume (OCHOBHbIE, KUCMOTHbIE,
amoTepHble) U  Heconeobpasywowue. HomeHknatypa OKCUOOB.
dunsnyeckne n xmmmyeckme cBomcTea okcmaos. [NonyyeHne okcnaos

OcHoBaHus. Knaccudurkaumsa OCHOBaHWUM: LWENOYM U HepacTBOPUMbIE

OCHOBaHuMA. HoMeHknaTypa OCHOBaHUW. Pusmyeckme M XvMuUYeckue
CcBOWCTBa OCHOBaHUN. NoflydeHne OCHOBaHUN

2.8

Kucnotbl. Knaccngpukauma kmucnot. HomeHknaTtypa kncnot. dusmnyeckue
M XUMUYECKMe cBoucTtBa kucnoT. Pap aktmBHoctn metannos H.H.
BekeTtoBa. NonyyeHue kKncnot

2.9
2.10

2.11

Conu. HomeHknatypa conen. duamyeckme m XMMUYECKME CBOWCTBA
conen. lNonyyeHne conen

"eHeTnYeckas cBA3b mMexay KrnaccamMmum HeopraHM4eckmnx coeanHEeHUn

XVMUYECKMIA IKCMEPUMEHT: KaydeCTBEHHOE onpenefieHne copepxaHus
Kucropoga B Bo3gyxe, nonydvyeHue, cobupaHue, pacnosHaBaHue U
n3yyeHne CBONCTB Kucropoaa, HabnoaeHne B3aMmogencTBus BELLECTB
C KUCIOPOAOM M YCMOBUS BO3HUKHOBEHMUS U MpPEKpaLleHUs ropeHuns
(noxapa), o3HakomneHne c obpasuamMmm OKCUMAOB W OnNucaHue Uux
CBOWNCTB, NoflydyeHne, cobmpaHue, pacno3HaBaHMe U U3yYeHne CBOWCTB
Bogopoaa (ropenHue), B3anmogenctene sogopoga ¢ okcugom megu(ll)
(BO3MOXHO NCnosib3oBaHue BMngeomaTepuanon), HabnogeHue
obpa3uyoB  BelwectB  konuyectBoM 1 Momnb,  MCcregoBaHue
0COBEHHOCTEN pPacTBOPEHUST BELWECTB C PasfiMyHON pacTBOPUMOCTbLIO,
npPUroToBfieHNE pPacTBOPOB C OMNpPederiéHHOM MaccoBOW  aoneun
pacTBOPEHHOrO BellecTBa, B3aMMOAEWCTBME BOAbI C MeTannamu
(HaTpmnem n KkanbLmem) (BO3MOXHO UCMONb30BaHME BugeoMaTepmuarnos),
onpegeneHne pacTBOPOB KUCIOT U LWEeSoYen C MOMOLLbIO MHONKATOPOB,
uccnepgosaHne 06pasuUOB  HEOPraHWMYeCcKMX BeLEeCTB  pPasfiMyHbIX
KnaccoB, HabniogeHne M3MeHeHUs OKpackM MHOAMKATOPOB B pacTBOpax
KACNOT W LWenoyen, mnsyvyeHne B3aumopencteus okcuga meau(ll) c
pacTBOPOM CEPHOM KUCMNOTbI, KWACMOT C MeTannamu, peakuumn
HenTpanusauumn, NonyvYeHne HepacTBOPUMbIX OCHOBAHWW, BbITECHEHWE
ogHOro  MeTanna  gpyruMm M3 pacTtBopa  COMM,  peLleHune
3KCnepuMeHTanbHbIX 3agad no Teme «BaxHenwue  knaccol
HEeoOpraHN4YecKux coeguHeEHnn»




MNeprnoanyeckni 3akoH n lNepunognyeckas cuctema XMMNYECKNX
anemeHToB [1.1. MeHgeneea. CTpoeHne aToMOB. XMMUYeckasa CBA3b.
OKMCnNUTENBbHO-BOCCTAHOBUTESbHbIE peaKLmm

3.1

3.2

3.3

3.4

[MepBble NOMNbITKN Kraccugukaumm xmMmn4eckmx anemeHToB. lNoHsaTne o
rpynnax CxOAHbIX 3NeMEHTOB (LeNoyvHble W  LWenoYHO3eMESbHbIE
MeTansbl, ranoreHbl, MHEPTHbIE ra3sbl). ONIEMEHTbI, KOTOpble 06pasyT
aMmoTepHble OKcuabl U rTMAPOKCUAabl

lMepuognyeckmn  3akoH. [lepuoagmyeckad cucteMa  XUMUYECKUX
ANemMeHToB 0.Wn. MeHpeneesa. KopoTkonepuogHas "
AnvHHonepuogHaa d¢opmbl  [lepuognyeckon cCUCTEMbI  XMMWYECKUX
anemeHnToB .M. MeHageneesa. NMepnoapbl v rpynnbl. PU3NYECKUIA CMbICT
nopsiAKOBOro HOMepa, HOMepOB rnepuoa 1 rpynmnbl AfIEMeHTa

CtpoeHne atomoB. CocTaB aTOMHbIX agep. WM3oTonbl. OneKTpOoHbI.
CTpoeHune anekTpOHHbIX 00ono4ek atoMoB nepBbix 20 XUMUYECKUX
3NeMeHTOoB Mepuoanyeckon CUCTEMBI aun. MeHpeneesa.
XapaKkTepuctmka XMMUYECKOrO 3fiEMEHTA MO €ro MOJMIOXKEHUIO B
Mepuogunyeckon cucteme .. MeHgeneesa

3aKOHOMEPHOCTU U3MEHEHUS paguyca aTOMOB XUMUYECKNX 3MEMEHTOB,
MeTanIMyeckmx N HemeTannM4yecknx CBOMCTB Mo rpynnam u nepuogam.
3HauveHne [lepuognyeckoro 3akoHa U [lepnoguyeckon CUCTEMBI
XUMUYECKNX ONEeMEHTOB [And pasBuTUS Haykm wu  npaktukn. [O.U.
MeHgeneeB — Y4EHbBIN U rpaXKaaHUH

3.5

3.6

3.7

Xumunyeckast cBssb. KoBaneHTHasi (nonsipHas U HenonsipHasi) CBsi3b.
OneKTpooTPMLATENBHOCTb XMMUYECKUX NIEMEHTOB. VIOHHas cBSi3b

CteneHb okucneHmsa. OKUCNUTENbHOBOCCTAHOBUTESNbHbIE peakuunn.
np0Ll,eCCbI OKuclneHunA n BOCCTaAHOBIEHUA. Okncnutenu n
BOCCTAHOBUTEIN

XNUMUYECKUIA IKCNEPUMEHT: n3yyeHne obpasLoB BeLEeCTB MeTansnoB 1
HEeMeTannoB, B3aMMOAEWCTBME TIMOpoOKCMAa LUMHKA C pacTBopamMmu
KMCAOT U LWenoven, npoBeaeHne onbITOB, UMMIOCTPUPYIOLWLMX NPUMeEpSbI
OKUCNUTENbHO-BOCCTAHOBUTESNbHBIX  peakumin  (ropeHue,  peakuuu
pasnoXeHusi, CoeauHeHs)

9 KIACC

Kopn

MpoBepsieMbi aNneMeHT coaepXKaHusA

1

1.1

1.2

BeluecTBO 1 xmmmnyeckas peakuua. nOBTOpeHllle

Mepuoanyeckun  3akoH. [lepuogmyeckasa cucTemMa  XMMUYECKUX
anemenToB [1.. MeHgeneeBa. CtpoeHne atoMoB. 3aKOHOMEPHOCTU B
N3MEHEHUN CBONCTB XMMMUYECKUX INIEMEHTOB NEPBbIX TPEX NEpMOAOB,
Kanug, Kanbuus U UX COEOWHEHWA B COOTBETCTBMM C MONOXEHUEM
anemeHToB B [lepnognyeckon cucteMme n CTPOEHMEM NX aTOMOB

CTpoeHue BellecTBa: BUAbI XMMUYECKOW CBA3U. TUMbl KPUCTaNINYeCKmx
PEeLEeToK, 3aBUCMMOCTb CBOWCTB BeLlecTBa OT TuMNa KpUCTanimMyeckoun
PEeWeTKN U BMAA XMMUYECKOM CBA3KU. Knaccudukaums n HoMeHknatypa
HeopraHuyeckux BewecTB (MexayHapogHas UM TpuBManbHas).
Xnmumyeckme CBOMCTBA BELLECTB, OTHOCSALLMXCA K pasfiMyHbIM Kraccam
HEeopraHM4YeckMx COedUHEHUN, TreHeTudeckass CBSA3b HeOopraHU4ecKux




BELLLEeCTB

1.3

1.4

Knaccudpumkaumsa XmMMmyYecknx peakumin no pasnunyHbiM fpusHakam (no
4ucny M cocTaBy Yy4acTBYKLUMX B peakunn BeLlecTB, MO TENnoBOMY
apPeKTY, MO N3MEHEHUIO CTEMNEHEN OKUCIIEHNSA XUMUYECKNX SNIEMEHTOB,
no ob6patMmoctM, MO  y4acTM  KaTanusaTtopa). OJK30- U
9HOOTEPMUYECKNE peaKunn, TepMOXUMUYECKUe ypaBHEHUS. MoHATHe o
CKOPOCTU XMMUYECKOMW peakumnm

[MoHaTne 06 O6paTI/IMbIX 7 HeO6paTVIMbIX XUMNYECKNX peaKunax.
[MoHATME O TOMOreHHbIX W reTeporeHHblx peakunsax. lMoHsTne o
XMMN4YeCKOM  paBHOBECUMN. CDaKTOpr, Bnuavowne Ha  CKOPOCTb
XUMUYECKON peaKkunn n nosioXkeHne XxmmMmmn4eCcKoro paBHoBecud

1.5

1.6

1.7

OKncnnTenbHO-BOCCTAHOBUTESbHbIE peakuuu, SJ'IeKTPOHHbIl)’I OanaHc
OKMUCNNTENBbHO-BOCCTAHOBUTENbHOM peakunn. CocTtaBneHue ypaBHeHMVI
OKUCITNTEINTbHO-BOCCTAHOBUTETIbHbIX peaKLl,VIVI C MCrNonb3oBaHNEM
mMeToada 3J1IeKTPOHHOIro DanaHca

Teopuna  SNEKTPONUTUYECKOW  guccoumauuni. OneKTponunTbI "
HeanekTponuTbl. KaTuoHbl, aHnoHbl. MexaHnam guccoumnaumm BeLecTB
C PpasnUYHbIMM BuAAMU XUMU4Yeckon cBsa3n. CTeneHb Auccouunaumm.
CunbHble 1 cnabble anekTponnTbl. Peakunn noHHOro obmeHa. Ycnosus
NpOTEKAHNA peakuMin MOHHOro OOMeEHa, MOSfHble U COKpaLLlEHHbIE
NOHHblE ypaBHeHUa peakunn. CBOMCTBA KUCIOT, OCHOBaAHWA U CONen B
cBeTe npeacTtaBneHMn 00  9NEeKTPONMTMYECKOW  Anccoumnaumu.
KauyecTBeHHbIEe peakumm Ha MOHbI. NoHATME O rMaponmnse conen

Xumunyecknm 9KCNEPUMEHT: O3HaKoMIneHue C Moaenamm
KpUCTanNIMYecknx peLléTok HeopraHMyeckux BeLwecTB — MeTannoB U
HemeTannoB (rpaduta M anmasa), CIOoXHbIX BelecTB (xrnopuga
HaTpus); UccrnegoBaHUe 3aBUCMMOCTU CKOPOCTUM XMMUYECKOW peakuuu

oT BO34eNCTBUSA pasnnYHbIX drakTopOB; nccrnegosaHue
9NEeKTPONpPOBOOHOCTM pPacTBOPOB BeLecTB, Mpouecca Auccoumaumm
KMUCIOT, Lenoyen n coneu (BO3MOXHO ncnosb3oBaHve

BMAEOMaTeEPMArnoB); NPOBEAEHME ONbITOB, UIMIOCTPUPYIOLLMX MPU3HAKK
npoTekaHns peakumh WOHHOro obmeHa (obpasoBaHue ocafka,
BblOeneHne rasa, oOpas3oBaHMe BOAbl); OMbITOB, WMOCTPUPYIOLLNX
npuMepbl  OKUCNUTENbHO-BOCCTAHOBUTENbHbBIX  peakunn  (ropeHue,
peakuumn pasnoXeHusi, COeaANHEHUS); pacno3HaBaHNE HEOPraHUYeCKnx
BELLECTB C MOMOLLbIO KA4YeCTBEHHbIX peakuni Ha WOHbI, pelueHue
SKCMEepUMEHTanbHbIX 3a4a4

HemeTannbl n nx coeanHeHus

2.1

O6wasa xapaktepucTuka ranoreHoB. OCOBEHHOCTM CTPOEHUS aTOMOB,
XapakTepHble cTeneHn okucneHmsa. CTpoeHne n umsmyeckne CBOMCTBa
NMPOCTbIX BELLECTB — rasioreHoB. XMMMUYECKME CBOWCTBA Ha npumepe
xnopa (B3aMmogencTBMe C MeTannamu, HemeTannamu, Lenodyamm).
Xnoposogopoa. ConsHasg KACMoTa, XMMUYECKMe CBOWCTBA, NOMyYeHue,
npumeHeHne. [lenctBne xmnopa U XrnopoBogopoda Ha opraHuam
yenoseka. BaxHenwmne xnopuabl U UX HaxXoXxaeHue B Nnpupoae

2.2

Obwaa xapaktepuctuka anemeHtoB VIA-rpynnbl.  OcobeHHOCTU
CTPOEHMSI aTOMOB, XapaKTepHble cTeneHun okucneHumsa. CTpoeHne u
dusnyeckme CBOMCTBA MNPOCTbIX BeELWECTB — Kucropoga W cepbl.
AnnoTponHble MoguMduKauun  Kucriopoga U - cepbl.  XuMuYeckue




2.3

ceoncTBa cepbl. CepoBooopoa, CTPOEHUE, PUNYECKME U XMMUYECKME
ceonctBa. Okcuabl cepbl Kak NPeacTaBUTENM KUCIOTHbLIX OKCMAOB.
CepHasa kucnota, uamMyeckme M XMMudeckume ceouncTBa (obwume Kak
npeacraBuTensa knacca KuicnoT wu  cneumdumyeckue). Xvmundeckme
peakuuu, nexawime B OCHOBE MNPOMbILSIEHHOrO crnocoba nonyveHus
cepHon kucrnoTbl. MNMpumeHeHne. Conu cepHOM KUCAOTbI, Ka4ecTBEHHas
peakuma Ha cynbdart-uoH. HaxoxaeHue cepbl U €€ CoedUHEHUN B
npupoae. Xnmmyeckoe 3arpsisHeHue OKpYyXatoLien cpenpbl
COoeauHeHnsMN cepbl (KUCMOTHbIE [0XAOMW, 3arpsi3HEeHMEe BoO3dyxa U
BOOOEMOB), CNOCOOLI €ro NnpeaoTBpaLLEHNS

Obwaa xapaktepuctmka anemeHtoB VA-rpynnbl.  OcobeHHOCTU
CTPOEHUS  aTOMOB, XapaKTepHble CTEeneHn OKUcneHus.  A3oT,
pacnpocTtpaHeHne B npupoae, ouU3N4eckne U XMMUYeckne CBOWCTBA.
KpyroBopoT asoTa B npupoge. AMMUaK, ero onsmyeckne n xmummnyeckme
CBOMCTBA, nosiydeHne n npumeHeHue. Conn aMMoHus, UxX ousnyeckue u
XUMUYECKNE CBOWCTBA, NpUMeEHeHne. KayecTBeHHas peakumss Ha MOHbI
aMMOHMs. A30THas KUCOoTa, e€ nonyyeHue, pusndeckue n xXmmmyeckme
ceorictBa (obwme Kak npeacTaBUTENs  Kracca  KUACMOT U
cneunduyeckune). Kcnonb3oBaHne HUTPATOB M COSMlEM aMMOHUS B
KayecTBe MMUHepanbHbIX yaoOopeHun. XuMuU4eckoe 3arpsisHeHue
oKpyxawuwien cpefbl CoOeguHeHUsIMM a3oTa  (KUMCMOTHble  JOXAW,
3arpsisHeHve BO3ayxa, No4Bbl U BOLOEMOB)

2.4

2.5

2.6

docdop, annoTponHble Moguukaumm docdopa, duanyeckne wn
xnmmyeckmne csonctea. Okcupg docdopa(V) n ocdopHas kucnora,
dmsnyeckme u XMMUYECKMe CBOMCTBa, nosiydeHue. Kcnonb3oBaHue
dochaToB B kKa4ecTBe MUHeparibHbIX yaobpeHui

Obwaa xapaktepuctnka oanemeHtoB |IVA-rpynnel.  OcobeHHoCcTU
CTPOEHMS aTOMOB, XapaKTepHble CTeneHu OKuUcneHuda. Yrnepog,
annoTpornHble  Moaudukauun,  pacrnpocTpaHeHune B Npupoae,
dunamyeckme wn xmmudeckme ceonctBa. Apgcopbums.  KpyroesopoTt
yrnepoga B npupoge. Okcuabl yrnepoga, ux ousmyeckme n XuMmnyeckmne
CBOWCTBA, OENCTBUE Ha XUBbIE OPraHU3Mbl, NOy4eHNe N NPUMEHEHME.
Jkonornyeckue npobrnembl, cBsi3aHHble C okcugom yrnepoga(lV);
rmnoTesa rnobanbHOro MNOTEMNNEeHMs Knumarta; NapHUKOBbIN 3eKT.
YronbHas Kucrnota n eé conu, nx mnsndeckne n XxMmmnyeckne CBOMCTBA,
nonyyeHve n npumeHeHue. KadectseHHas peakumsi Ha kKapboHaT-NOHbI.
Ncnonb3oBaHne kapboHaTtoB B 6bITy, MeauUMHE, NPOMbILLSIEHHOCTU U
CEeNnbCKOM X038NCTBE

MNMepBoHayanbHble MOHATUSA 06 OpraHNMYeckux BellecTBax Kak o
coeuHeHusX yrnepoga (MeTaH, 39TaH, 3TWNEH, aueTuneH, 3TaHon,
FMULUEPUH, YKCycHast KucroTta). VMIX cocTaB U XMMU4YECKOEe CTPOEHMUe.
MoHATME O OMOMNOrMYECKM BaXHbIX BellecTBax: Xupax, O6enkax,
yrneBogax — 1 UX ponu B XM3HM 4veroBeka. MaTepuanbHoe eOuHCTBO
OpraHMYecKnx 1 HeopraHMYeCcKUX COeaANHEHWI

2.7

KpemMHuin, ero dusmyeckne uM XMMUYECKME CBOWCTBA, MNOSfydYeHue wn
npuMeHeHue. CoegunHeHus KpeMHUs B npupoge. O6bwwe
npeactaeneHns o6 okcvage kpemMHuA(lV) u KpemHueBoWw KucnoTe.
Cunukatbl, X UCNonb3oBaHWe B ObITy, MeauUNHE, NPOMBbILLIIEHHOCTMW.
BaxxHenwme cTpouTenbHble mMaTepuanbl: kepamuka, CTEKNO, LEMEHT,
B6eToH, kene3obeToH. [lpobnembl ©e3onacHOro  MCNoNb30BaHUSA




CTpouUTEIlbHbIX MaTepumanoB B noBceaHEBHOWN XXNU3HMU

2.8

XUMUYECKUA  IKCNEPUMEHT: U3ydyeHne o6pasuoB HeopraHMYecKnx
BELLECTB, CBOWCTB COJSIAHON KUCIOTbl; nNpoBefeHuWe KaydeCTBEHHbIX
peakumin Ha Xnopua-uoHbl U HabnogeHne NPU3HaKkoB MX NPOTEKaHus;
OnMbITbl, OTpaxaroLmne pusnyeckme n XMMmn4yeckne CBOMCTBa rarioreHoB 1
MX coefuHEeHUN (BO3MOXHO WCMNOMb30BaHWE BuaeomaTepuanos);
O3HaKomIieHne ¢ obpasuamm xnopuaos (ranoreHngoB); 03HaKOMITEHME C
obpasuamn cepbl U €€ coeanHEHUsIMM (BO3MOXHO MCMOSb30BaHNE
BMaeomaTepuano); HabnogeHne npouecca obyrnMBaHua caxapa nog
OENCTBUEM  KOHLEHTPUPOBAHHOW  CEPHOM  KUCIOTbl;  U3yYeHue
XUMUYECKMX CBOWNCTB pas3baBneHHOW CEepHOW KUCNOTbl, NpoBeAeHune
Ka4eCTBEHHON peakumMuM Ha cynbdaT-uoH KU HabnwaeHne npusHaka eé
NpoTeKaHns; O3HaKoMneHne C {U3MYEeCKMMN CBOMCTBaMM a30Ta,
docopa n UX  coefuHeHun (BO3MOXHO ncnosib3oBaHne
BMaeomaTepmnanoB), obpasuamm asoTHbIX U POCKHOpPHLIX yaobpeHun;
nony4yeHune, cobnpaHue, pacnosHaBaHme N U3y4yeHne CBOMCTB aMMUaKa;
npoBegeHne Ka4eCTBEHHbIX peakuun Ha MOH aMMOHNA U dhocaT-noH 1
n3yyeHue NpU3HaKoB nx NpoTEeKaHUs, B3aMMmogencrTeune
KOHUEHTPUPOBAHHOM  a30THOW  KUCMNOTbl C  Medbld  (BO3MOXHO
ncnosnb3oBaHne BMAeoMaTepunanos); n3yvyeHve mMogeneu
KpUCTannuyecknx  peweéTok  anvasa, rpaduta,  dynnepeHa;
O3HaKoMIleHMe C npoueccoM agcopbunnm pacTBOPEHHbLIX BeLLeCcTB
aKTMBUPOBAHHbLIM YINIEM W YCTPOWCTBOM MpOTUBOrasa; nosiydyeHue,
cobvpaHue, pacnosHaBaHMe W U3yYeHMe CBOWCTB YINEKUCIOro rasa;
npoBefeHMe KayeCTBEHHbIX peakuun Ha kapboHaT- U CUIUKaT-UOHbI U
n3ydeHne MnpU3HaKoB WX MNPOTEKaHWs; O3HAKOMIIEHME C npoayKuunen
CUNIMKaATHOW MPOMBILLSIEHHOCTU; peLleHne SKCnepuMeHTanbHbIX 3agad
no Teme «BaxkHelnLwme HemeTanmbl N NX COEOUHEHUS»

MeTtannbl n ux coeguHeHus

3.1

Ob6wan xapakrtepuctmka XMMWUYECKUX OfeMEeHTOB — MeTansioB Ha
OCHOBaHUM MX nonoxeHns B [lepnoguyeckon cuUcCTeEME XUMUYECKUX
anementoB .M. MeHgeneeBa u cTpoeHna artomoB. CTpoeHue
MeTannoB. MeTannuyeckasa CBsA3b M MeTannmMyeckas Kpuctannumyeckas
pewéTka. QNEeKTPOXMMUYECKUI paL HaNPshKEHNn MeTanoB

3.2

dusnyeckne u xumumdeckme csonctea metannoB. O6wwme cnocoObl
nonyyeHns metannoB. [lOHATME O KOPPO3MM METasnoB, OCHOBHbIE
cnocobbl 3awmuTbl MX OT Koppo3un. Cnnasbl (CTanb, YyryH,
AopantoMuHMin, 6poH3a) N X NpUMEHEHME B ObITY N NPOMbILLITEHHOCTH

3.3

LlenoyHble wmMeTannbl: nonoxeHne B [lepuogndeckon cucrteme
xummndecknx anemeHtoB .M. MeHgeneea; cTpoeHMe WUX aTOMOB;
HaxoxaeHve B npupoge. dusnyeckme M XMMmyeckme CBOWCTBa (Ha
npumepe Hatpua n kanud). Okcuabl U rMAPOKCUAbI HATPUS U Kanus.
[MpuMeHeHMe LWeno4YHbIX MeTansioB 1 X COeaANHEHUI

3.4

Lleno4yHo3emenbHble MeTanfbl MarHum W KanbUui: MONOXEHWe B
Mepnoanyeckon cucteme xmmmyeckux anemeHtoB .. MeHoeneesa;
CTpOEHME WX aToOMOB; HaxoXaeHue B npupoge. dusmyeckne wu
XUMUYECKME CBOWCTBA MarHusi M Kanbuus. BaxHenwme coeanHeHus
Kanbums (okcup, rmgpokcug, conu). XKECTKOCTb BoAbl U crnocobbl eé
yCTpaHeHus




3.5

3.6

3.7

AnoMnHun:  nonoxexHne B [lepuognyeckon CUCTEME  XMMUYECKUX
anemeHToB [J.W. MeHgeneeBa; CTpoeHe atoma; HaxoxaeHue B npupoae.
dursnyeckne n XMMmn4eckme CBOMCTBa antoMmHus. AMoTepHbIe CBOMCTBA
oKcuaa v rmgpokcuaa antoMmHUS

XKeneso: nonoxenne B [lepnogndeckon CUCTEME  XMMWUYECKMX
anemeHtoB [O.M. MeHpgeneeBa; CTpoeHMe aToma; HaxoxaeHwe B
npupoge. dusmyeckme n xmmudeckne cBoWCTBa xenesa. Okcuabl,
rmgpokengbl 1 conu xenesa(ll) v xenesa(lll), nx cocras, csonctea u
nonyyeHune

XUMUYECKNA IKCMEPUMEHT. O3HaAKOMIleHne ¢ obpasuamu MeTannoB U
CcnnaBoB, WX (U3NYECKMMU CBOMCTBAMW; WU3YyYeHUE pe3ynbTaToB
Koppo3nn MeTannoB (BO3MOXHO WCMOSb30BaHWE BUAeoMaTepuanos),
0COBEHHOCTEN B3aMMOOENCTBUS OKCuAa Kanbuusi U HaTpust C BOLOW
(BOBMOXHO  UCMONb30BaHME  BuMAeoMaTepuarnoB);  uUccriegoBaHue
CBOWCTB >XECTKOM BOAbl; Mpouecca ropeHna xernesa B Kucnopoae
(BO3MOXXHO MCMNOSb30BaHME BMAeoMaTepmarnoB); MPU3HaKOB NPOTEKaHNUS
Ka4YeCTBEHHbIX peakuMi Ha MOHbI (MarHud, Kanbund, antoMUHUS, LMHKA,
xenesa(ll) n xenesa(lll), megu(ll); HabnogeHne n onncaHme npoLeccos
OKpalUMBaHUSA NSIaMEHN MOHaAMW HATPUA, Kanusa U Kanbumsa (BO3MOXHO
ncnonb3oBaHne BuageomaTepuanoB); wuccrnegoBaHne am@oTepHbIX
CBOWCTB rMAapoKcuaa anioMUHUA W TMAPOKCMAA UMHKA, pelleHue
aKcrnepuMeHTanbHbIX 3agad no Teme «BaxHenwume wmetannbl U ux
coeUHEeHNSa»

XuMus 1 oKpyxarowasi cpeaa

4.1

HoBble wmaTtepuanbl M TexHomnormn. BewectBa wn wmartepuanbl B
noBCceOHEBHOM XW3HM 4erioBeka. Xumma u 3goposbe. besonacHoe
NCMNoSib30BaHME BELWECTB U XUMUYECKMX peakumn B 6biTy. [lepBas
NMOMOLLb NPU XMMUYECKMUX OXOrax U OTpaBEHUSIX

4.2

OcCHOBbI  9KONOrMYECKON TrpamMoOTHOCTU. XUMMWUYECKOE 3arpsi3HeHue
okpyxatuwen cpegbl MNAK. Ponb xumnn B pelleHUn 3KONOrmyYeckux
npobnem. MpupogHble UCTOYHUKM YrneBogopoAoB (yronb, NPUPOLHbLIN
ras, HeMTb), NpPoAYyKTbl uUX nepepaboTkM, MX ponb B ObITY U
NPOMbILLITEHHOCTH

4.3

XUMUYeCKuii 3KCNepuMeHT: n3yyeHve obpasuoB MaTepuanoB (CTekIo,
cnnaebl METanNMoB, NONMMEpPHbIE MaTepurarnbl)




NMPOBEPAEMbIE HA O3 NO XM TPEBOBAHUA K
PE3YJIbTATAM OCBOEHUA OCHOBHON OEPA30BATEJIbHOMN
NMPOrPAMMbI OCHOBHOI'O OBLLEIO O6PA3OBAHUA

Koa

npoBepsieMoro
TpeboBaHuA

1

1.1

MpoBepsieMble TpeGoBaHUA K NpeAMeTHbIM pe3yfibTaTam
6a30BoOro ypoBHsi OCBOEHUS OCHOBHOW obpa3oBaTenibHOMN
nporpamMmmbl OCHOBHOIo obuero oopasoBaHmMs Ha OCHOBe
Proc

MpencraBnexue:

O MO3HABaAaeMoCTM  SIBMeHWA  npupodbl,  NOHUMaHWe
OOBbEeKTMBHOM 3HAYMMOCTM OCHOB XUMWYECKOW HayKM Kak
obnacTn cCoBpeMeHHOro ecTeCTBO3HAHUS, KOMMOHEHTa obLLel
KynbTypbl W MpaKTUY4EeCKOW [OesATeNbHOCTM 4YenoBeka B
YCrOBUSIX COBpPEMEHHOro obuwecTBa; MNOHMMaHWe MecTa
XMMUM Cpean APYrMX eCTeCTBEHHbIX HayK

1.2

O HayyHbIX MeTodax MoO3HaHWs, B TOM  4ucne
SKCMepuUMeHTarbHbIX n TEOPETUYECKUX mMeToaax
nccrnegoBaHUst BELWECTB M U3YYEHUSI XUMUYECKUX peakuui;
YMEHWEe Mucnosb3oBaTb MOAenu Ansi 06bsACHEHUS CTPOEHUS
aTOMOB M MOJEKY

1.3

0 cdepax npodeccnoHanbHON AeATEeNbHOCTU, CBA3AHHLIX C
XUMUEN N COBPEMEHHBIMN TEXHOMOIMMAMWN, OCHOBAHHLIMU Ha
OOCTMXKEHUAX  XMMUYECKOWN HayKu, yTO Nno3BONUT
oby4vatowmmea paccmaTpuBaTb XUMUKO Kak cdepy CBoen
Oyaywen npodeccnoHanbHON AeATeNbHOCTM U caenaTb
OCO3HaHHbIN BLIDOP XMMUKM Kak NPOUIILHOrO NpegmMeTa npu
nepexone Ha ypoBeHb cpeaHero obuiero obpasoBaHus

BrnageHne cucTeMOM XMMUYECKUMX 3HAHUW U YMeHue
NPUMEHSTb CUCTEMY XMMUYECKMUX 3HAHUK, KOTOPasi BKIHOYaEeT:

2.1

BaXXHENLLME XMMWUYECKMUE TMOHATUS: XUMUYECKUNA SNEMEHT,
aToM, Mosiekyna, BewecTBO, NPOCTOe M CIOXHOe BeLlecTBo,
OQHOpPOAHAst W HeogHopodHasi CMEeCb, OTHOCUTESbHbIE
aToOMHasi M MOJIeKynsipHasi MaccCbl, KOSIMYECTBO BeLlecTBa,
MOfb, MONSApPHasi Macca, MOMSIPHbIN OOBbEM, OKCMA, KMCNOTa,
OCHOBaHuWe, corb (CpeaHsisl), XMMU4ecKkas peakuus, peakuuu
COEAVHEHVS, peakuMn pasrioXeHUs, peakumm 3aMeLleHus,
peakumm obmeHa, TennoBoM IPMEKT peakuuun, 9K30- W
SHOOTEPMMYECKME  peakuuu, pacTBOp, MaccoBasi [[ons
XUMUYECKOr0 3fIieEMEeHTa B COeOWHEeHMM, mMaccoBasd Oonsi u
NMPOLEHTHAsl KOHLUEHTpauus BeLllecTBa B pacTBope, $4po
aToMa, 3NEeKTPOHHbBIN CIoN aToMa, aToMHasa opbutans, paguyc
aToMma, BaNfieHTHOCTb, CTEMNEHb OKUCIIEHUS, XMMMNYEeCcKasa CBA3b,
3ANEKTPOOTPULATENBHOCTD, nonsipHas n HenonsipHas
KOBaneHTHas CBs3b, MOHHAs CBA3b, MeTannuyeckasi CBs3b,
Kpuctannuyeckas pewéTka (aTomHas, NOHHag,
MeTannuyeckas, MOJSEeKynsapHas), WOH, KaTWOH, aHWOH,
aneKkTponuT " HEe3NEeKTPOonuT, aneKkTponuTuyeckas
anccoumaums, peakumMm WOHHOrO oObmeHa, OKUCIIUTENbHO-
BOCCTaAHOBUTESbHbIE peaKLUmn, OKUCIIUTENb N BOCCTAHOBUTESTb,




2.2

2.3

OKUCINEeHNe W BOCCTaAHOBMEHWE, 3NeKTponus, XUMUYecKoe
paBHoBecue, obpaTumble N HeobpaTUMbIE peakLuKn, CKOPOCTb
XMMUYeckon  peakumn, katanusartop, [10K, kopposus
MeTarnsnoBs, Crnasbl

OCHOBoOMonarawwue 3akoHbl XUMWKW: 3aKOH COXpPaHeHus
Maccbl, nepuoguyeckmn 3akoH .. Menpeneesa, 3akoH
NOCTOSIHCTBA COCTaBa, 3akoH ABoragpo

TEOpUN XMMUKU: aTOMHO-MOSEKYNsipHass Teopus, Teopus
ANEKTPONNTUYECKON AMccoumnaumm

3.1

Bnapexue OCHOBaMU XUMUNYECKON rPamMoTHOCTH,
BKITHOMAOLLIEN:

yMEHMe MNpaBuUibHO WUCNOMb30BaTb W3yYeHHble BellecTBa W
mMatepmansl (B TOM 4UCNe MUHepanbHble YyaobpeHus,
MeTannbl M Cchnaebl, NPOAYKTbl MNepepaboTkn NPUPOOHbLIX
MCTOYHUKOB YrneBo4opoaoB (yrmns, NpMpogHoro rasa, HedTn)
B ObITy, CENbCKOM X03AUCTBE, HAa NPOM3BOACTBE M MOHUMaHWe
3Ha4YeHns kunpoB, OenkoB, YrneBodoOB [Nsi OpraHu3ma
YyenoBeKka; yMeHue MpPOrHo3npoBaTb BIUSHWE BELLECTB U
XUMUYECKMX  MNPOLECCOB Ha  OpPraHuM3M  4YenoBeka U

OKpY>KatoLLyo NPUPOaHY0 cpeay

3.2

3.3

3.4

YMEHMNE WHTErpupoBaTb XMMUYECKME 3HAHUSI CO 3HAHUSIMU
APYrUX y4eOHbIX NpeaMeToB

HanuMuMe onbiTa paboTbl C pPasfMYHBIMK  UCTOYHMKAMM
MHdoOpPMaLUUN MO XUMUKM (Hay4yHass U Hay4yHO-MONynsipHas
nuTepartypa, CrioBapu, CripaBOYHUKN, MHTEPHET-PECYPChI)

yMeHNe 0OGBbEKTUBHO OLiEHMBaTb MHOPMaLMIO O BelLecTBax,
NX NpeBpaLLeHUsIX U NPakTU4EeCKOM MPUMEHEHUM U YMEHMWE
ncnonb3oBaTb €€ Ans pelleHust y4yeBGHO-Mo3HaBaTenbHbIX
3agau

Brnagexve OCHOBamMu MOHATUNHOTO annapara n
CMMBOJSIMYECKOro A3blka XMMWUW ONA cocTaBneHus opmyn
HeopraHNM4Yecknx BeLLECTB, YPaBHEHUN XMMUYECKUX peakuui;
ocHOBaMun  xumuyeckon  HomeHknatypel  (IUPAC  un
TPMBMAnbHOWN)

YMeHne OObACHATbL CBA3b  MOJIOXKEHUS SneMeHTa B
[Mepnognyeckon CUCTEME C YMCINOBLIMU XapaKTepUCTUKaMU
CTPOEHMS aTOMOB XMMWYECKMX 3NEMEHTOB (COCTaB U 3apsag
agpa, obuwee 4MCnO  3NEKTPOHOB),  pacnpeneneHnem
9NEKTPOHOB MO 3HEPreTUYEeCKUM YPOBHAM aTOMOB MNEepBbIX
TPEX NepMoaoB, Kanus 1 kanbuus

7.1

[MpencrtaBneHne o nepuoauMyeckon 3aBUCUMOCTU CBOWCTB
XUMUNYECKMX 3M1IEMEHTOB (paguyc aToma,
9NEKTPOOTPMLUATENBHOCTb), NPOCTbLIX U CIIOXHbIX BELLECTB OT
NnosfIoXeHnsa anemeHToB B lNepunogmyeckon cucteme (B marnbix
nepvodax u rnaBHbIX NOArPynnax) U 3NeKTPOHHOrO CTPOEHUS
aTtoma

YMeHue knaccupuumpoBaTsb:
XMMMWYECKNE SNEMEHTHI




7.2

HeopraHn4yeckmne BeLectBa

7.3 XUMWYECKNE peakumnm
8 YMeHue onpenenaTtb:
8.1 BANEHTHOCTb U CTENeHb OKUCIEHUS XUMUYECKNX SNTIEMEHTOB,
3apsag oHa
8.2 B XMMUYECKON CBA3N N TUM KPUCTanNSIM4YEeCKON CTPYKTYpbl B
coeVNHEHNAX
8.3 XapakTep cpefbl B BOAHbIX pacTBopax BellecTB (KUCNOT,
) OCHOBaHWN)
8.4 OKUCNUTENb U BOCCTAHOBUTENb
9 YMeHne xapaktepusoBaTb (PU3MYECKME U XUMWUYECKME
CBOWCTBA:
NpoCTbiX BelecTB (KACropod, O30H, BoAopon, rpadwvr,
9.1 anmas, KpeMHuin, asoT, pocdop, cepa, XJiop, HAaTPUN, Kanuu,
MarHuu, Kanbuum, antoMUHNI, XXeneso)
CNOXHbIX BELWECTB, B TOM 4uCne WUX BOAHbLIX PacTBOPOB
(Boga, ammmak, XnopoBOLOPO4d, CEPOBOAOPOA, OKCUAbl U
rmgpokengbl metannos |-lIA rpynn, anomuuua, megu (l1),
9.2 uunHka, xenesa (Il v lll), okemabl yrnepoga (Il n 1V), kpemHus
(IV), asota u docdopa (lll n V), cepsi (IV n VI), cepHucras,
CepHasi, asoTuctad, asoTHas, d¢ocdopHada, YyrosnbHas,
KpeMHMeBasi KUCNOTa U UX CONM)
NPOrHO3MpoBaTb WM XapakTepu3oBaTb CBOWCTBA BELLECTB B
3aBMCMMOCTM OT MX COCTaBa W CTPOEHUS, MNPUMEHEHME
9.3 BELleCcTB B 3aBMCUMMOCTM OT WX CBOWUCTB, BO3MOXHOCTb
NPOTEKAHUS XUMWUYECKUX MNPEBPALLEHUA B  pPasnnyHbIX
YCNOBUSIX
10 YMeHmev COCTaBMATb MOMNEKYNAPHbIE N MOHHbIE YpPaBHEHUS
peakunin, B TOM 4Yncne:
10.1 peakumnin MOHHOro obmeHa
10.2 OKMUCNNTENbHO-BOCCTAHOBUTENbHbIX peakummn
103 NNACTPUPYIOLWMX XMMUYECKME CBOMCTBA U3YYEHHbIX KIacCcoB
(rpynn) HeOpraHN4YeCcKNX BELLECTB
10.4 NoAaTBEPXKAAKLUX reHETUYECKYIO B3aMMOCBSA3b MeXay HUMU
11 YMeHue BbIMUCHATb (MPOBOAUTL PaCcHEThI):
OTHOCUTENbHYID  MOJSIEKYNISIPHYIO U MOSIIPHYHO  Macchl
11.1 BELWeCTB, MacCOBYO [0S0 XUMUYECKOro 3rieMeHTa B
coeauHeHnn
11.2 MacCOBY0 JONK0 BeLLleCTBa B pacTBOpe,
11.3 KONMYeCTBO BeLecTBa 1 ero maccy, o6bLem rasos
MO YpPaBHEHUSIM  XMMWYECKUX peakuum U  HaxoauTb
11.4 KONMMYEeCTBO BeLLEeCcTBa, OOBLEM M Maccy peareHToB WIu
NpPOAYKTOB peakumm
12 BrnageHue (3HaHMe OCHOB):
12 1 OCHOBHbIMM METOA4AMM Hay4yHOro no3HaHus (HabniogeHwue,

N3MepeHne, IKCMIEPUMEHT, MOAENUPOBAHME) MPU U3YYEeHUM




12.2

BELLECTB U XUMUYECKUX SIBNEHUI; yMeHne cdopMynmpoBaTh
npo6nemy 1 NPeanoXxuTb NyTM eé peLleHns

GesonacHom paboTbl C  XMMWYECKMMM  BeLLEecTBaMy,
XMMMYECKOM nocyaon n nabopaTtopHbiM 060pyaoBaHNEM

12.3

npasunamm ©GesonacHoro obpalleHns C  BellecTBamu,
MCnonb3yemMbiMM B MOBCEOHEBHOW  XXWM3HM, NpaBunamm
noBeaeHns B LeNnsx cbepexeHus 340pOoBbs U OKpyXKatoLwlen
npupoaHOM  cpefbl; NOHWMMaHWe Bpeda  (omacHOCTW)
BO3JENCTBUS Ha XMNBble OpraHn3Mbl OnpeaenéHHbIX BELLECTB,
cnocoboB YyMeEHbLUEHNS M NpeaoTBpalleHnss UX BpeaHOoro
BO34eNCTBUA

13

13.1

Hanunuune NpakTU4eCcKnx HaBbIKOB nnaHnpoBaHuA n
ocyulecTBlieHUA cieayrwmnx XUMN4YeCkmnx aKCrnepmmMmeHTOB:

n3yyeHme u oOnucaHune {@U3MYeCcKUX CBOWCTB BELLECTB;
O3HaKOMIEeHME C PU3NYECKUMN N XUMNYECKUMU SBIIEHUSIMN;
OonbIThlI, UNnCcTpupyoLwmne npu3HaKu npoTekaHns
XUMWYECKNX peakumnm

13.2

13.3

n3yyvyeHume cnocobos pasaernieHnda cmecen

nosly4eHue Kucnopoga v M3yvyeHue ero CBOWCTB; MofnyyeHue
BOAOpO4A M U3y4eHMe ero CBOWCTB; MOfydYeHue Yrrekncrnoro
rasa M Wu3ydeHWe ero CBOWCTB; [MOSflydeHMe amMmuaka u
N3y4yeHne ero CBOMCTB

13.4

13.5

13.6

13.7

13.8

14
141

NPUroToBfeHMEe pPacTBOPOB C OnpeneniEHHON MaCccOBOW
A0nen pacTBOPEHHOMO BeLLEeCTBa

NPUMEHEHNe WHOUKATOPOB (Nakmyca, MeTunopaHxa u
deHondTanenHa) Ana onpeneneHnsa xapaktepa cpenbl B
pacTBOpax KACAOT U LeSoYen

nccrneaoBaHne 1 OnMcaHue CBOMCTB HeopraHUYeckux BeLLecTB
PasnMyHbIX KNaccoB; M3y4YeHWe B3aMMOAENCTBUS KUCIIOT C
MeTannamu, OKcMgamMuM  MeTannoB,  pacTBOPUMbIMK U
HEepacTBOPUMbIMA  OCHOBaHUSIMKW,  COMsSIMK;  MOJyYeHune
HepacTBOPUMbIX OCHOBaHWIA; BbITECHEHME OOHOrO MeTanna
APYrMM M3 pacTBopa COMW; MWccregoBaHMe amdoTepHbIX
CBOWCTB I'MAPOKCMAO0B antOMUHMS U LIMHKA

peLlleHne aKcnepuMeHTanbHbiX 3agad no temam: « OCHOBHbIE
Knaccbl HEOPraHNYEeCcKNX COeANHEHNNY; « DNEKTPOoNUTnYecKas
avuccoumaumsy; «BaxHenwme HemeTannbl U UX COEANHEHURAY;
«BaxkHenLwmne meTtannbl U UX COeaUHEHUS»

XUMUYECKNE SKCMEPUMEHTBI, WNMIOCTPUPYOLWME NPU3HAKK
NPOTEKaHUS peakumi WOHHOro OOMeHa; KayeCTBEHHbIE
peakuMm Ha MNpUCYTCTBYHOLLME B BOAHbIX PacTBOpPax WOHbI:
xnopua-, 6pomng-, nogua-, cynbdart-, pocdar-, kapboHar-,
CUNUKaT-aHUOHbI,  TMOPOKCUA-UOHbI, KaTWUOHbl  aMMOHUS,
MarHus, Kanbuus, antoMuHus, xenesa (2+) u xenesa (3+),
mMeau (2+), unHKa

YMmeHune:

npeacTaBnATb  pe3ynbTaTbl  3KCMepuMeHTa B dopme
BbIBOZIOB, [0KA3aTeNnbCTB, rpadvkoB U Tabnuu, U BbISIBNATb




aMnmpmnyeckme 3aKkoOHOMEepPHOCTHU

yCTaHaBJ/iMBaTb CBA3M MeXAOy pealribHO HabnogaembiMn
14.2 XUMUNYECKMMUN ABlMieHnAMU U npoueccamu, nponcxogdawimmMmm B

MaKpo- U MUKpPOMUpPE, OOBSACHSATb MPUYMHBI MHOrooGpasus
BELLECTB




NMEPEYEHb 3JIEMEHTOB COAEPXAHUA, MPOBEPAEMbIX HA
OCHOBHOM NroCYAAPCTBEHHOM 3K3AMEHE MO XMMUU

Kon

MpoBepsieMbIi 3neMeHT coaepXXaHus

1
1.1

1.2

[MepBOHa4YanbHble XMMUYECKNE NMOHATUSA
UncTble BellecTBa U cmecn. Cnocobbl pasgeneHnst CMecen

ATOMbBI 1 MOIneKyIbl. XumMmndeckme anemMeHTbl. CMMBOSbI XMMUYECKNX
3JIEMEHTOB. npOCTbIe N CINIOXHble BeLlEeCTBa.

1.3

1.4

1.5

Xumndeckass  popmyna. BaneHTHOCTb  aTOMOB  XUMMUYECKUX
anemeHToB. CTeneHb OKUCIEHUS

3aKkoH MnocTosiHCTBa cocTaBa BewecTB. OTHocUTeENbHAa aToMHas
macca. OTHocuTenbHaa MornekynspHas macca. Maccosaa pons
XUMMUYECKOro arieMeHTa B COeaUHEHUN

KonnyectBo BelwectBa. Monb. MonsipHass macca. MonsipHbin 06 bEM
rasoB. BsammocBsA3b KONMuYecTBa, MacCbl W 4YUcna CTPYKTYPHbIX
evHu1L BellecTBa

1.6

dunsnyeckne n xmmumyeckne saBrneHus. Xmmumyeckas peakumss n eé
npusHakn. 3akoH COXpPaHEeHUs1 Maccbl BelwecTB. XUMUYeckue
ypaBHEHUS

2.1

2.2

2.3

lMepuoguyecknn 3akoH U [lepuoguyeckas cuctema XUMUYECKUX
anemeHToB [./. MeHgeneea. CTpoeHne aToMoB

Mepuogmyecknn  3akoH. [lepuogudeckass cuctemMa XUMUYECKUX
anemeHtoB .M. MeHpgeneeBa. [lepuogbl un rpynnbl. Pusmnyeckum
CMbICI NOPSAAKOBOro HOMepa, HOMEPOB Nepuoaa v rpynnbl ANeMeHTa

CtpoeHue atomoB. CocTaB aTOMHbIX a4ep. M3oTonbl. ONeKTPOHbI.
CTpoeHue anekTpOHHbIX 06ono4vek atoMoB nepBbix 20 XMMUYECKNX
anemeHToB lNepnogunyeckon cuctemol .M. MeHgoeneesa

3aKOHOMEPHOCTM B WU3MEHEHUM CBOWCTB XMMWUYECKUX IIIEMEHTOB
nepsBbIX TPEX NepuoaoB, Kanud, Kanbuus (paguyca aToMoB,
3NEeKTPoOTPMUATENBHOCTM, METaNfMYeCckux W HemeTannmyeckux
CBOMCTB) W WX COEAWHEHUMW B COOTBETCTBUM C MONOXEHNEM
anemeHToB B Nepnognyeckon cucteme n CTPOEHMEM UX aTOMOB

CTtpoeHue BelecTBa

3.1

Xvmunyeckas cBasb. KoBaneHTHas (nonsipHas v HenonsipHas) CBA3b.
ONeKTPoOTPNLATENBHOCTE XMMUYECKUX 3rneMeHToB. MoHHas CcBs3b.
MeTtannuyeckasa cB4a3b

3.2

Tunol Kpuctannnyeckmx peLeTok (aTomHas, NOHHas,
MeTannumyeckasi), 3aBMCMMOCTb CBOWCTB BellecTBa OT Tuna
KpUCTannmyeckon peLléTkn u Buga XMMmn4ecKom CBA3n

4.1

BaxHenwe npeacraBuTeNM HeopraHM4Yeckmnx BellecTs. HemeTtannebl
1 nx coegmnHenusa. Metannbl 1 X coegnHeHns

Knaccudpumkaumss M HOMeEHKNatypa HeopraHM4Yeckux COeaUHEHUI:
okcnaoB (coneobpasyolme: OCHOBHbIE, KUCMOTHbIE, aM(OTEPHBIE) U
Heconeobpasylwue; OCHOBaHUA (LWENOYM U HepacTBOPUMbIE
OCHOBaHUSA); KMCnoT (Kucrnopogcoaepxawme un 6eckncrnopogHble,
OLAHOOCHOBHbIE U MHOTOOCHOBHbIE); CONen (CpeaHUX U KUCHbIX)

4.2

dunsnyeckme U XMMUYECKME  CBOMCTBA  MNPOCTbIX  BELLECTB-




4.3

4.4

4.5

4.6

HemMeTanmnoB: BOAOPOAA, XJlopa, Kucnopoga, cepbl, asorta, gocdopa,
yrnepoga, KpeMHus

dunsnyeckne n XMMmMYeckne CBOMCTBA MPOCTbIX BELLECTB-METasoB:
NNTURA, HaTPUA, Kanud, MarHus W Kanbuud, anioMUHWUA, Xerneasa.
ONEKTPOXMMUNYECKUI pAL HANPSXKEHNI MeTansnos

dusmyeckne M XMMUYECKMe CBOWCTBA BOOOPOOHbLIX COEeAMHEHUN
HeMeTanmoB: XJIopoBoAopoaa, cepoBogopoa, aMMmuaka
dusnyeckne U XxMMmMyeckme CBOWCTBaA OKCWOOB HeMeTasnoB: cepbl
(1IvV, VI), asota(ll, IV, V), docoopa(lll, V), yrnepoga(ll, V),
kpemHus(1V). MNonyvyeHne okcnaos HeMeTasnnos

Xvmnyeckne ceomnctBa okcuaoB: MetannoB |A-IIIA rpynn, umHka,
meaun(ll) n xenesa(ll, 1ll). MonyyeHne okcngos meTansoB

4.7

Xnmmyeckme cBOMCTBaA OCHOBAHUM M aMOTEPHbIX MAPOKCNAOB (Ha
npumMmepe rmapokCcMaoB aniMUHKUA, Kernesa, uuHka). [lonyyeHue
OCHOBaHUN N aMdOTEPHbIX MMOPOKCUAO0B

4.8

4.9

O6bwme  xumMmyeckme  CBOWCTBA  KUCMOT:  XNTOPOBOLAOPOOHOWN,
CEepoBOAOPOAHON, CEPHUCTOW, CEPHOM, asoTHoOW, ¢OCGHOpPHON,
KpeMHMEBOM, YrOSIbHOW. Ocobble XNMUYECKME CBONCTBA
KOHLIEHTPUPOBAHHOW CEPHOMN MU a30THOWM KMUCOoT. NonyyeHne Kncnot

Ob6Lwme xmmmnyeckme CBOMCTBa cpeaHux conen. MNMonyyeHme conen

4.10

411

MonyyeHne, cobupaHue, pacno3HaBaHMe Bogopoda, Kucrnopoaa,
aMMuaka, yrnekmcnoro rasa B nabopartopum

Mony4yeHne ammunaka, CepHOWM N a30THOM KUCNOT B NPOMbILLSIEHHOCTW.
O6wwme cnocobbl NoNy4YeHNss MeTannos

412

"eHeTUyeckas cBs3b mMeXxay KnaccamMmum HeopraHnM4yeckmnx coeauHeHUNn

XnuMnyeckme peakumm

5.1

5.2

Knaccugumkaumnsa XxMMmmnyecknx peakumn no pasnmyHbiM NpuaHakam: no
4YMCry N COCTaBy Y4acCTBYHOLMX B peakuun BewlecTs, Mo TENSI0BOMY
APdeKTy, NO UIMEHEHUID CTEMNEHENW OKUCIIEHUS  XUMUYECKUX
3NeMeHTOoB

Tennoson 3EKT XUMMYECKOM peakuun, TepMOXMMUYecKue
ypaBHEHUS. JK30- N IHOOTEPMUYECKME peakumnn. TepMoxmmmyeckme
ypaBHEHUS

5.3

OKucnUMTENbHOBOCCTAHOBUTENbHBIE  peakumn.  Okucnutenu U
BoccTaHoBuTenn. [lpoueccbl  OKUCNMEHUMA U BOCCTaHOBEHWS.
ONEKTPOHHBIN GanaHCc OKUCNUTENbHOBOCCTAHOBUTENBHON peakLum

54

Teopusa anekTponutuyeckon aumccoumaumn. KaTWMOHbI, aHWOHbI.
ONeKTponNnTbl U HEANEKTPONUTLI. CunbHble U cnadble 3NEeKTPOSIUTHI.
CrteneHb guccoumaumm

5.5

6.1

Peakunn noHHoro obmeHa. YcnoBusi NnpoTeKkaHMs peakunin MOHHOro
oOMeHa, NosHble N COKPaLLEHHbIE MOHHbIE YPaBHEHNSA peakuun

XnuMna 1 okpyxarwlas cpega

Bewectsa n wmaTepuanbl B MNOBCEAHEBHOM >XMU3HW 4YerloBeKa.
be3onacHoe wucnonb3oBaHWe BEWECTB U XMMUYECKUX peakuun B
nabopartopum n 6bITy. NepBasi NOMOLLb NPU XMMUYECKMX OXOrax W
OTpaBneHnsaX




6.2

XvMunyeckoe 3arpsisHeHVe OKpyarollen cpedbl (KUCIOTHbIE OOXAMW,
3arps3HeHne MoyBbl, BO3gyxa W  BOAOEMOB), cnocobbl ero
npegoTBpalleHuns MNpegensHaa JonycTMMasa KOHUEHTpauusa BeLecTB
(NOK). Ponb xvMnn B pelueHun akonornyecknx npobnem. YcuneHue
napHMKOBOro agpdpekTa, paspyLLUeHne 030HOBOrO Cros

6.3

6.4

MpumeHeHne cepbl, a3oTa, docdopa, yrneposa, KpPeMHUS U UX
coeguHeHnn B ObITy, MeauuMHe, MNPOMbILUNIEHHOCTU W CENbCKOM
xosancrtee. [lpumMeHeHve wmeTannoB W cnnaBoB (CTanb, YYryH,
AopantoMUHUIN, 6poH3a) B BbITY U NPOMbILLNIEHHOCTU UX COEAUHEHUN.
MNoHATME O KOpPO3UWM MeTansnoB, OCHOBHblIE CNOCcOobbl 3aWwnTbl UX OT
Koppo3uu

MpupogHble MWCTOYHMKM YyrreBodopoaoB (yronb, MNPUPOAHBLIN ras,
HedTb), NPoaykTbl ux nepepaboTkn (beH3nH), nx pornb B ObITY ©
NPOMbILLUNIEHHOCTU

6.5

7.1
7.2
7.3

MepBoHayvanbHble MOHATMS 00 OpraHWYeckux BeLlecTBax Kak o
coeauHeHusix yrnepoda (MeTaH, 3TaH, 3TUNEH, aueTUneH, 3TaHor,
rMMUEpPVH, YKcycHasi kucrota). lMoHsTMe o 6uonornyeckm BaXKHbIX
BELLECTBaxX: Xupax, 6enkax, yrneesoaax — v UX ponu B XXM3HWU YeroBeka

PacuéTbl:

no hopMynam XMMUYECKUX COEANHEHUN

Maccbl (MaccoBoOW) 4ONN PaCTBOPEHHOMO BELLLECTBA B pacTBOpE
Mo XMMUYECKUM YPaBHEHUSAIM
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