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HosicHUuTeEIbHASA 32aNIMCKA
PaGouast mporpamma o xumuu ajst 11 kimacca coorBeTcTBYeT TpeboBaHusIM DeaeparbHOTO
rOCy/IapCTBEHHOTO0 00pa30BaTEIBbHOIO CTaHAapTa cpeaHero oodmero odbpazosanus (2012 rox) u
pa3paboTaHa Ha OCHOBE:

e OcCHOBHOW 00pa3oBaTENLHON MpOrpaMMbl cpeaHero obmero ooOpazoBanus MBOY
«JInueit No24»y (c m3amenenunsimu 2022 roaa);

e VYuebnoro muana Ha 2022-2023 y4yeOusbiii rox MBOY «JIuneit Ne24»;

e Asropckoii mporpammbl O.C.I'abpuensna, cootTBeTcTByommei deaepaibHomy
['ocymapcTBeHHOMY 00pa30BaTEIbHOMY CTaHAAPTY OCHOBHOTO OOIIETO 00pa3oBaHus U
JIomnyieHHoH MuHucTepcTBOM 00pa3oBanus U Hayku Poccuiickoit deneparuu
(ITporpamma kypca xumuu st 10-11 xmaccoB o011e00pa3oBaTenbHBIX YIPEKIACHUHN /
O.C.T'abpuensn. — M.: Jlpoda, 2014r.). Yuebnuka ["abpuensu O.C., I'. I'. JIsicoBoii
«Xumusi», 11 kmace. YriayOeHHbIH ypoBeHb 2-¢ u3ianue, crepeorumntoe. M.: JIpoda,
«Beprukanp» 2014 —c 191

[Tporpamma paccuntana Ha 165 yacoB (5 yacoB B Henento). [lepecTraHoBKY B XpOHOJIOTUU U
U3YYEHUS TeM, MPEJIOKEHHBIX aBTOPOM, HET.

Conep:xanue yueOHOT0 npeaMera

Tema 1. Ctpoenue aToma

ATOM—cCHIoOXHasf 4acTHuIla ATOM — ClOXHasd yacTula. /loka3zaTesbcTBa CI0KHOCTU
CTPOEHUS aTOMA: KaTOJHbIC M PEHTT€HOBCKHE JTy4H, (OTOdPPEKT, painoakTuBHOCTb. OTKpbITHE
JJIGKTPOHA, TPOTOHA W HeWTpoHa. Moxemu crpoenuss atoma (Tomcona, Pesepdopna, Bopa).
Makpomup u Mmukpomup. KBaHTOBO-MEXaHUUECKHUE MPEICTABICHUS O CTPOCHUHU aToMa.
CocTossHHME 1EKTPOHOB B aToMe. HykinoHbl: npoTOHBI U HEUTpOHBL. Hyknuabl.
N306apse! u n3otonbl. KBaHTOBO-MeXaHUYECKHE MPEACTABICHUS O pUpoe daeKkTpoHa. [lonsrue
00 2JIEKTPOHHOW OpOUTAIIM U AICKTPOHHOM oOjake. KBaHTOBBIC 4HCIa: TJIABHOE, OPOUTAITBHOE
(moboyHOE), MarHUTHOEe W CcHHHOBOE. [IpaBuia 3amojIHEHHs] SHEPreTUYECKHX YpPOBHEH H
opbutaneit snexktpoHamu. [IpuHin MuHuMyMma sHepruu, 3amnper [laymu, mpaBuno XyHna,
npaBuio KieukoBckoro. ONeKTpOHHbIE KOH(QUIypallud aTroMOB M HOHOB. (OCOOEHHOCTH
AJIEKTPOHHOI'O CTPOEHHS aTOMOB XpOMa, MeJlu, cepedpa U Jip.

BaneHTHBE BO3MOXHOCTH aTOMOB XUMHUUYECKHUX DIEMEHTOB.
BanenTtHble anekTpoHbl. BajeHTHbIE BO3MOKHOCTM aTOMOB XMMHUYECKHX DJIEMEHTOB,
00ycJIOBJIeHHbIE PAa3NUYHbIMU (akTopamu. CpaBHEHUE TMOHSITUH «BAJIEHTHOCTb» M «CTENEHb
OKHCJICHUSD.

[Tepuonuueckuil 3akoH u [lepuoanyeckasgscucreMa XUMHUYECKHUX )
neMeHnToB J. M. MenneneeBa u ctTpoeHue aToMa. [Ipearnocsuiku OTKPBITHS
[Tepuonuueckoro 3akoHa. OTKpbITHE 3aK0oHA. [lepBast popmynupoBka [leproanueckoro 3aKoHa.
Crpykrypa Ilepuonudeckoii cuctemMsl 31eMeHTOB. COBpEMEHHBIE MTPEICTABICHHS O XMMHUUECKOM
anemente. Btopas ¢opmynupoBka Ilepuoanyeckoro 3akona. Ilepuoanueckass cuctema u
cTpoeHre aroma. PU3MUYECKUN CMBICT MOPSAKOBOIO HOMEpPA AJIEMEHTa, HOMEPOB TPYMIbl U
nepuoga.  Ilepuoguueckoe  M3MEHEHHME  CBOWCTB ~ DJIEMEHTOB:  paauyca  aroMma,
AIIEKTPOOTPHULIATETBHOCTH. [IpUYMHBI U3MEHEHUSI METAJUIMYECKUX M HEMETaNINYECKUX CBOMCTB
3JIEMEHTOB B TpyIMax M Mepuosax, B TOM YUcCie U B OoibIIMX U cBepXxOonbiux. OcobeHHOCTH
CTpPOEHHSI aTOMOB aKTHMHOMJOB W JIaHTaHOWJOB. Tperbs (opmynupoBka Ilepuoanueckoro
3akoHa. 3HadeHue llepuoanueckoro 3akoHa u [leproauueckoil cucTeMsl AJis pa3BUTHS HAyKH U
MOHUMAaHUS XMMHYECKON KapTHHBI MUpA.

Hemonctpauuu. Poroadpdexr. Kartomguele mayun (37IEKTPOHHONyYEBBIE TPYOKH), MOJEIU
AIIEKTPOHHBIX O00NakoB (opOuTanei) pa3nuuHo Qopmbl. Pasnuunble BapuaHTbl TaOJIHUIL
[Tepuonuueckoit cucrembl xumuueckux siemeHToB J[. M. MengeneeBa. OOpa3ubl HpOCTHIX
BEIIECTB, OKCUIOB U THJIPOKCHJIOB JIEMEHTOB 3-TO MEepHo/ia U IEMOHCTPAIUs UX CBOMCTB.



Tema 2. CtpoeHnue BemecTa. J{ucnepcHble CUCTEMBbI

XumMuuyeckasa cBA3b. ENMHasgs npupoaga xuMmuuyeckoil ¢Bs3u. [lonstue o
XUMHUYECKON CBSI3M KaK MpOIecce B3aUMOJCHCTBUS aTOMOB C 00pa30BaHUEM MOJIEKYJI, HOHOB H
panukanoB. Buael xumuyeckoil cBsizu. AMOpQHBIE U KpHUCTalIMyeckue BemiecTBa. MonHas
XUMHUYECKast CBsA3b. JIUMOIbHBIA MOMEHT CBsi3U. CBOMCTBA BEIIECTB C MOHHOM KPUCTANIMYECKON
pELIETKOI.

KoBanentHas cBsi3b. MeTOJ BAJICHTHBIX CBsi3e B 00pa30BaHUU KOBAICHTHOH CBSI3H.
DIIEKTPOOTPULIATEILHOCTh U PA3HOBUIHOCTH KOBAJIEHTHOM CBSI3M 110 3TOMY IPU3HAKY: MOJIIpHAs
u HenoysspHas. Croco0 TepeKphIBaHUs dJJCKTPOHHBIX OpOuTaNeld ©  KiIacCH(UKAIUs
KOBAJIEHTHBIX CBSI3€M MO 3TOMY Npu3HaKy: [I- u []- cBsa3u. KpaTHOCTh KOBAJIGHTHBIX CBSI3€H U MX
KJIacCHU(UKAILMS IO dTOMY MPHU3HAKY: OJWHAPHAS, JBOWHAS U T. 1. MexaHu3Mbl 00pa30BaHUS
KOBAJCHTHOM CBSI3U: OOMEHHBIH M JOHOPHO-aKUENnTOpHBIH. OCHOBHBIE CBOMCTBA KOBaJIEHTHOM
CBSI3U: HACHIIIAEMOCTb, HAMPABICHHOCTb, JUIMOJIbHBIA MOMEHT. [lonsipHOCTH CBSI3M U
MOJSIPHOCTh MOJIEKYJIbl. KpucTaimmyeckoe CTpO€HHE BELIECTB € 3TUM THUIIOM CBS3H, HX
¢du3nueckue cBOMCTBA.

Mertannuueckas CBs3b U €€ OCOOeHHOCTH. Du3NyYECKHue CBOWCTBA METAUIOB Kak (YHKIUS
METAJUIMYECKON CBSI3U U METAJUIMYECKOW KPUCTAIINYECKON PEIIETKH.

Bopopoanas cBs3p U MexaHU3M ee 00pa3oBaHMs. MeXMONIEKyIsIpHas U BHYTPUMOJEKYIIpHas
BOZOpOAHBIE CBsA3U. PU3MUECKUE CBOMCTBA BEIIECTB C BOJOPOJHOM CBA3bIO. buosormueckas
POJIb BOJIOPOAHOM CBSI3U B OpPraHU3aIUN CTPYKTYP OHOMOIMMEPOB.

Ban-nep-BaanbcoBo B3aumojelictBue. OpHEHTALIMOHHOE, HWHIYKIIMOHHOE U JUCIEPCHOHHOE
B3aUMOJICHCTBUE MEXKJY MOJEKYJIaMH. ¥YCJIOBHOCTb pa3[eieHUsl BEIIECTB I10 THUIAM CBSI3H,
eHasl TPUPOJAa XUMHUUECKOU CBSI3HU.

ubpupguzanus opburtaneid ureomMmeTpus MoieKYya Teopus rubpunuzanuu
Y OTTAJIKUBAHUS BAJCHTHBIX Map. TUIbI ruOpuanU3aliuu IEKTPOHHBIX OpOUTATICH M TeOMEeTpus
OpPraHUYECKUX U HEOPTraHUYECKUX MOJIEKYJI.

Teopus CTPOEHUST XUMUYECKUX COCTUHECHHU M.

[Ipenmochbuiku  CcO3/aHUsl  TEOPUM  CTPOCHUS ~ XMMHMYECKMX  COCAMHEHMIA:  paboThl
npeamectBeHHUKOB A. M. bytneposa (K. b. Jlroma, ®. Benep, 11I. @. XKepap, ®. A. Kekyne),
cbe3n ecrectBoucneltatened B . Illmediepe. JImunoctHele kaudectBa A. M. byrtneposa.
OCHOBHBIE TIOJIOKEHUS TEOPUU XUMHUYECKOTO CTPOCHHUS OPraHWYeCKHX COEIUHEHUU U
COBPEMEHHON Teopuu cTpoeHusa. M3omepus B OpPraHMYECKOW M HEOPraHUYECKOW XUMHHU.
B3anmHoe BiMsiHUE aTOMOB B MOJIEKYJIaX OPraHUYECKUX U HEOPTAHUYECKUX BEIIECTB.
OcHOBHBIE HAIpPaBJICHUS PA3BUTHUS TEOPUU CTPOCHUS OPTaHMUYECKUX COEIMHEHUN (3aBHCHUMOCTh
CBOMCTB BEUIECTB HE TOJIBKO OT XUMHYECKOI0, HO U OT UX JIEKTPOHHOTO U MPOCTPAHCTBEHHOIO
ctpoenus ). UHAyKIMOHHBINH U Me30MepHBIi 3 dexTri. CTepeoperyaspHOCTb.
JAuaneKTHYE€CKHUE OCHOBB OOMHOCTHU ABYXBEAYIMHUX TEOPUU XUMHU
u. Jluanextuyeckue ocHOBBI oOmHOCTH [lepuonnyeckoro 3akona JI. . MenaeneeBa u Teopuu
ctpoenust A. M. bytnepoBa B cTaHOBiIeHUH (pabOTHI NPEANIECTBEHHUKOB, HAKOIUIEHHE (DaKTOB,
y4acTUe B Cbhe€3/laX, PyCCKUN MEHTAIMTET), IpeacKka3anuu (HoBble 3nemMeHThl — (Ga, Se, Ge u
HOBBIE BEIIECTBA — U30MEPHI) U Pa3BUTHH (TpU (HOPMYITHUPOBKH).

[Tlonumeps opraHuuyeckue un HeopraHuueckue. [lorumepsl. OcHOBHBIE
MOHATHS ~ XUMHH  BBICOKOMOJIEKYJSPHBIX  COCJUHEHUH:  «MOHOMEp»,  «IOJIHMEPY,
«MaKpOMOJIEKYJIa», «CTPYKTYpPHOE 3BEHO», «CTENEHb MOJMMEpU3AINN», «MOJIEKYJsipHas
Mmaccay. CrnocoObl MOJIy4YeHHs TMOJMMEPOB: PEaKUUU MOJIMMEpPU3ALUNd U IMOJUKOHICHCALINH.
CtpoeHue TONMMEPOB: TeoMeTpuueckas QopmMa MaKpOMOJIEKYJ, KPHCTAUIMYHOCTh U
amMmop(HOCTb, cTepeoperyiasapHocTb. [lonmnMepsl opraHuueckue W Heopranuueckue. Kayuayku.
[Tnactmaccel. Bonokna. buomnonumMepsl: OelKM W HYKJIEWHOBBIE KUCIOTHL. Heopranudeckue
MOJIMMEPBI  aTOMHOTO CTPOEHHUS (AJUIOTPOIHBIE MOJU(PUKAIMK YIIIEPOaa, KPUCTALTUICCKUN
KPEMHUH, CeJeH U TeJUIyp IIEMOYEUYHOTO CTPOCHUS, TUOKCU]] KPEMHUS U JP.) U MOJEKYJISPHOTO
CTpoeHUs (cepa MacThuueckas u ap.).



HucnepcHBb e cucTeMBbl. Yucrele BemecTBa U cMecu. Knaccudukanus XUMHYECKUX
BemecTB mo unuctote. CocraB cmeceil. PactBopel. PactBopumocts BemiectB. Knaccudukarus
pacTBOPOB B 3aBUCHUMOCTHM OT COCTOSIHMSI PAacTBOPEHHOIO BellecTBa (MOJIEKYJISpPHBIE,
MOJIEKYJISIPHO-UOHHbIE, HOHHBIE). THUIBI PACTBOPOB IO COAECPMKAHUIO PACTBOPEHHOTO BEIIECTBA.
KonuenTtpauus pactBopos.

[Tonstue «aucnepcHas cucrema». Kimaccuduxanus AUCIEPCHBIX CHCTEM B 3aBUCUMOCTU OT
arperaTHOrO COCTOSIHHSI JUCIIEPCUOHHON cpelbl M IUCHEepCHOM (as3bl, a TakkKe MO pazMepy
yactull. ['pyboucnepcHble CUCTEMBL: IMYIbCUU U CyClIeH3UU. TOHKOAUCIIEPCHBIE KOJIJIOUIHBIE
cucteMsl: 3011 1 renu. Jpdext Tunnans. Koarynsamus B KoTouHbIX pacTBopax. CHHEpe3uc B
resx.

Pacuernbie 3amaum. 1. Pacyersi mo xumumyeckum ¢opmynaMm. 2. Pacuersl, cBs3aHHBIE C
MOHATUSIMH «MaccoBasi JIOJIS» M «O0ObeMHas JoJis1» KOMIIOHEHTOB cMmecd. 3. Brrumcienue
MOJISIPHOM KOHLIEHTpAlMU PaCTBOPOB.

HemoHcTpanyuu. Mozaenn KpUCTaUIMYECKUX PEIIETOK BEIIECTB C PA3JIUMYHBIM TUIIOM CBSI3EH.
Mogenu MOJIEKyJl pa3IM4HOM reomMeTpud. Mozenu KpUCTAUIMYECKUX PELIETOK aliMasa H
rpadura. Monenan MOJEKyll U30MEPOB CTPYKTYPHOH M MPOCTPaHCTBEHHOW n3omepuu. Mosenu
KPUCTAIJIMYECKUX PELIETOK METauioB. MoJenu U3 BO3IYLIHBIX IIapOB, OTPa’Karolue
MIPOCTPAHCTBEHHOE pAacCMONOXKeHHe sp3-, SP2-, SP-rTHOpUIHBIX OpOHTalell B MOJEKYyJIax
OpraHMYECKUX U HEOPraHUYECKHUX BEIIECTB.

Konnekuus nnactmace u BoinokoH. OOpa3iibl HEOPraHUYEeCKUX MOJTMMEPOB: CEphI MITACTHUYECKOMH,
docdopa kpacHoro, kBapia u aAp. Mogenu moinekyn OenxoB u JIHK. OOpasisl pa3nnaHbIx
cucteMm c xuakoi cpenoit. Koarymsmus. Cunepesuc. ddpdext Tunngans.

JlaboparopHbie oOmbITBL. 1. 3HAKOMCTBO € KOJUIEKUUSMHU [HIIEBBIX, MEIULIUHCKUX U
Ouonoruueckux reneit u 3omueil. 2. [lonydyenne KommonaHOro pactBopa xyopunaa xemnesa (I1I).

Tema 3. Xumunueckue peakuuu (3aKOHOMEPHOCTH MPOTEKaHUs peakuud — 14u);
(Onextponutuueckas auccounanus — 164); (OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIE PEAKIUU —
14y).

Knaccupukanuums XUMHUYECKUX PeaKUil BOPraHMUYecKOW U Heopra
HUYECKOUW XUMHUMU. [loHATHE O XUMUYECKON PEaKIuu, OTINYUE €€ OT SAAECPHON PEaKIUH.
Pacmieruienue siiep, TepMOSACpPHBINA CHUHTE3, SIEPHBIH 0OMeH. AJIJIOTPONHbIE M MOJIUMOpP(dHBIE
npeBpaiienust BemecTB. Kiaccudukanus peakuuii B HEOPraHMYECKOW XMMHUHM IO YHCIy U
COCTaBy pEarupymolX BelIeCTB (pa3loXKeHUs, COEIAWHEHMs, 3aMelleHus, OoOMeHa).
Knaccudukanus XuMU4ecKUX peakluuil B OPraHMYECKON XMMMH (IIPUCOEAMHEHMS], 3aMEIIECHNUS,
oTuleneHus, nzomepusanun). Knaccudukanus peakuuit mo reraoBomy 3¢ dexty, no GpasoBomy
COCTaBy, 10 y4acTuIo Katanuzatopa. OO0paTumblie 1 HeoOpaTUMble peakluuu. TUIbl peareHTOB U
NOHATHE O MEXaHMW3Max XHWMHYECKUX peakuuil (MOHHOM U CBOOOJHOPAJAUKAIBLHOM).
OKHCIUTENIbHO-BOCCTAHOBUTEIBHBIE PEAKIIMM U pPEaKlMM, UAyIIHe O0e3 HU3MEHEHHUsS CTereHeil
OKHCIICHUS DJIEMEHTOB. MEXMONIEKYJIApHbIE W BHYTPUMOJIEKYJISIPHBIE  OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE pEaKIUU. Peaknum IUCIIpONOpPUMOHUPOBAHMS. MeETOoAbpl COCTaBICHUS
OKHCIUTEIbHO-BOCCTAHOBUTENbHBIX ~ pEaKIMii: METOJ 3JEKTPOHHOro OamaHca M METO[
nonypeakuuid. OCHOBHbIE TMOHSATHS XUMHUYECKOM TepMoauHamuku. IlepBoe  Hagaio
TepMOIMHAMHKH. TeroBoil a¢ ekt xumuueckoi peakuuu. 3akoH I'ecca U clIeICTBUS U3 HETO.
3HaueHue 3akoHa l'ecca nns pa3BUTHS Hayku. Teruiota (SHTanbNUs) oOpa3oBaHUs BEIIECTBA.
Tepmoxumuueckue pacuetsl. [lonstue suTponuu. Bropoe Hadano repmoguHamMuku. CBoOOaHAS
sHeprus ' mb60ca. Pacuersl caMonpon3BOIBHOIO MPOTEKAHUS XUMUYECKOM peakluu.
CkxopocTh XUMHUYECKUX peaknui Ilpenmer xummnueckon kunetuku. Ilonsarue
CKOPOCTH XMMHYECKON peakunu. KMHeTHnueckoe ypaBHEHHME PEAKIMH M KOHCTAHTAa CKOPOCTH
XUMHUYECKON peakuuu. DaxkTopsl, BIUAIOLME HAa CKOPOCTb XMMHUYECKOW peakuuu (Ipupona
pearupyromux BEHIECTB, KOHIIEHTpAllUsd, TEMIIepaTypa, ITOBEPXHOCTb COIPUKOCHOBEHHMS
BenlecTB). [lonsATne o Katanm3aropax M KaTaause. ['OMOTEHHBIM M T€TEPOreHHBIH KaTaus.
®epmenTsl. PepMEHTATUBHBINA KaTanu3 U ero MexaHusM. lIpomotopel. Katanutnueckue sisl.
WNuruburopsl. MexaHu3M JeicTBUS KaTaln3aTOPOB.



OO0paTUMOCTh XUMHUYECKHUX PEaKINUil. XUMHUUYECKOE PAaBHOBECHE.
OOpartuMble XMMHYECKHE pPEaKlUHM, W3MEHEHHe 3Heprun [mbbca B oOpatumMoM mporecce.
XUMHUYECKOE PABHOBECHE W €ro JUHAMHYECKH xapakrtep. KoHCTaHTa XHMHUYECKOro
paBHoBecus. [Ipunuun Jle Hlatense. CMemeHne XUuMUYECKOTO PaBHOBECHS.
DONEeKTPONUTHUUYECKASA JUCCOIUAIHU S DISKTPOIUTH U HEIIEKTPOIUTHL
DIIEKTPOIUTHYECKAsT AUCCOLMAINSA, MEXAHU3M JUCCOLMAIIMM BEIIECTB C Pa3IMYHbIMU BUIAMU
cBs3u. CuipHBIE W cia0dble 37eKTPOIUTHl. CTEleHb AUCCONMAIMM W €€ 3aBUCUMOCTH OT
pa3nnunbix (¢aktopoB. Koncranrta aucconmanuu. IlpomsBenenue pactBopumoctd. HonHOE
npousBegeHue Boabl. [lonsarue pH. BogopoaHblii mokasareinsb.

I'u nponawui3 Imaponus kak oOMeHHBIN nporecc. OOpaTUMbIA M HEOOPATUMBIN THUAPOIU3
OpPraHMYECKUX U HEOPraHWYeCKUX BeWEeCTB. l'muaposnns coned. ['maponus oOpraHnyeckux
COCIMHEHUN KaK XuMUYeckas oOcHOBa oOmena BemecTB. [umponnz AT® kak ocHOBa
DHEPreTHUECKOro OoOMEHa B JKUBBIX OpraHu3Max. [HWApomu3 OpraHMYeCKHX COCIUHEHUH B
MPOMBIIIJICHHOCTH (OMBLICHHE KUPOB, MOMy4YE€HUE TUAPOIUZHOTO CIHUPTA U T. 1.). YCUJICHHE U
MOJIaBJICHUE 0OPAaTUMOTO THAPOIIN3A. 3HAUCHUE THAPOIIN3A B IPOMBIIINIEHHOCTH U B OBITY.
Pacuetrnbie 3anaun. 1. Pacuersl o TEpMOXMMUYECKUM ypaBHEHUSAM. 2. BrluncieHue TemioBoro
a¢dekTa peakuu 1Mo TEIUIOTe 00pa30BaHUS PEArupyIONIUX BEIISCTB U MPOIYKTOB PEAKIUU. 3.
Onpenenenne pH pacTtBopa 3alaHHOM MOJSIPHOW KOHILIEHTpauuu. 4. Pacuer cpenHeil ckopocTu
peakIMu 1O KOHIICHTPALUSIM PEarupyroIuX BEIIeCTB. 5. BpluncieHUs ¢ HCMIOIb30BAHUEM
MOHSTHUST «TEeMIEPaTypHbI Kod(hdUIMEHT cKopocTu peakuuu». 6. HaxokaeHue KOHCTaHTHI
paBHOBECHsI pEaKIMM TI0 PABHOBECHBIM KOHIICHTPALUSAM M  ONpPEAENICHWE HCXOJHBIX
KOHLICHTpAlUi BEIIECTB.

JlemoHCcTpamu. AJUIOTPOINHBIE TpeBpamieHuss cepel U ¢docdopa. Peakmum, wumgymme ¢
oOpa3oBaHueM rasza, ocaaka wuiId BoAbl. OKUCIUTENbHO-BOCCTAHOBHUTEIBHBIE PEAKIMU B
HEOPraHMYECKOW XUMUH (B3aUMOJICHCTBHE IIMHKA C PACTBOPAMH COJITHOW KUCIIOTHI U Cynb(dara
meau (II)). OkucIUTENbHO-BOCCTAHOBUTENBHBIE PEAKIIUU B OPraHUYECKOW XUMHH (OKHUCIIEHUE
anbpAeTu/ia B KAapOOHOBYIO KHCIOTY — pEaKIHs «CepeOpsSHOTrO 3epKaiay WM peakius ¢
ruapokcunom  wmenu (II), okucnenue »sTaHona Ha MeIHOM Karamuzarope). M3ydeHue
3aBUCUMOCTH CKOPOCTH XHWMHUYECKOM pEaKIMM OT KOHIICHTPAllUU BEIIECTB, TEMIIEPaTypPhl
(B3auMoJielicTBE THOCYNb(haTa HATPUS C CEPHOM KHUCIOTOH), TOBEPXHOCTH COMPUKOCHOBEHHS
BEIECTB (B3aMMOJICHCTBUE COJSHOM KHUCJIOTHI C TpaHyJaMHd M TIOPOIIKAMU aTFOMUHUS WU
uuHka). [IpoBeaeHNEe KaTaTUTUYECKUX PEAKIUN pPa3I0KEHUs IMEePOKCHUIA BOAOPOJA, TOPEHUs
caxapa, B3anMOJEHCTBUA M0J1a U amoMUHUA. Koppo3us xkene3a B BOJIHOU Cpesie C ypOTPOIIMHOM
u 6e3 Hero. HabmoieHne cMeleHus: XUMHYECKOTO paBHOBECHS B CUCTEME.

CpaBHeHHE  3JEKTPONPOBOJAHOCTH  PACTBOPOB  ANEKTpoiUTOB. (CMeIlleHHe paBHOBECHS
JTUCCOLIMAIMU cTa0bIX KUCIOT. MHAUKaTOphl M M3MEHEHHE MX OKpPAaCKU B Pa3HbBIX cpefax.
HNonnubie peakiuu U yclIoOBHs UX MpOTeKaHus. [ Maponu3 kapOOHATOB, CyJIb(PaTOB U CUIMKATOB
HIENTIOYHBIX MeTasioB, HuTpara cBuHna (1) unm nuuka, xnopuna ammoHus. CepHOKUCITBIN U
(bepMeHTaTUBHBIN THAPOJIN3 YTIEBOIOB.

JlaboparopHbie onbIThl. 3. Pa3noxeHue mepokcuaa BoaopoAa ¢ momMolbio okcuaa menu (1) u
karanassl. 4. 3HakoMcTBO ¢ kojuiekuuer CMC, coaepxammx »H3UMBL. 5. Peakuuu, uaymme ¢
o0Opa3oBaHMEM OCaJiKa, Ta3a WU BOJBI JJIsI OPTAHUYECKUX U HEOPTaHUYECKHUX IIEKTPOIUTOB. 6.
Paznuunbie cioydan rtuaponusza coseil. HMcciemoBaHue cpeapl pacTBOPOB € MOMOIIBIO
WHAUKATOPHOU OyMaru.

[TpakTrueckas padota Ne 1. CKopocTh XUMHUECKHUX peakInii. XUMHYECKOE paBHOBECHE.
[TpakTiaeckast pabota Ne 2. Perienne skcriepuMeHTaIbHBIX 3a7a4 1o TeMe «[ uapomu3y.

Tema 4. BemecTtBa 1 X CBOMCTBA

Knaccudukanmus HeopranmdecKH X BeIlecTB. Bemecrsa mpocteie u
cioxHble. bnaroponnsie razpl. CpaBHUTEIBHAS XapaKTEPUCTHUKA TIPOCTHIX BEMIECTB: METAJIIIOB U
HEMETAIJIOB, OTHOCHTEIBHOCTh JTOH Kiaccudukanuu. CrokHble BellecTBa: OWHapHBIC
COeMMHEHUST (OKCHJIBI, TAJOTCHHABI, Cylnb(UIBI W T. 1d.), TUAPOKCHABI, conu. [loHaTtue o
KOMILUIEKCHOM CO€IUHEHHH. (OCHOBBI KOOPAMHALIMOHHOW TEOPUU CTPOEHUSI KOMIUIEKCHBIX
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coenuHeHuit A. Bepuepa. JJoHOpHO-aKIIeNTOpHOE B3aUMOACHCTBHE KOMILIEKCOOOpa3oBareneit u
auranjoB. KoopauHaioHHoe 4ucio KoMmIiuiekcooOpa3oBaTens. BHyTpeHHss 1 BHeHIH:S cdepa
KOMIUIEKCOB. Jlucconuanusi KOMIUIEKCHBIX — coequHeHuil. IIpuMeHeHne KOMIIIEKCHBIX
COEIMHEHUI B XUMHYECKOM AHAJIN3€E U B IPOMBIIUIEHHOCTH, UX POJIb B IIPUPO/IE.
Knaccudpukanmus opranumdecKux Be e cTB. Kiaccupukarus opraHu4ecKux
BEIIECTB 10 CTPOCHHUIO YIJIEPOJHON IenH (AUMKINYECKHE M IUKIMYECKUEe, HACHIIICHHbIE U
HEHACBILICHHbIE, KAPOOLMKINYECKUE U TE€TEPOLUKINYECKHE, apOMaTUUECKUE YIJIEBOAOPO/bI).
YrneBomopoasl  (alKaHbl,  aNKEHbI, AJKUHBI, IUKIOAJKaHbI,  alKaJueHbl,  APEHBI,
raJIOT€HONPOU3BOJHbIE  YIIIEBOAOPOAOB). DyHKUMOHAIBbHBIE TIpyHnbl  (TUAPOKCUIIbHASA,
KapOOHWIIbHASI, KapOOKCHIIbHAS, HUTPOTPYIINA, aMUHOTPYIINA) U KiIacCU(pUKaluUs BEUIECTB MO
3TOMY Ipu3HaKy. ['erepodyHKIMOHATBHBIE COeTMHEHHS. | eTepOUKINYeCKuEe COeTMHEHHMS.

M e T ana b Ilonoxenne meramoB B Ilepmoanueckoin cucreme JI. M. Menneneena.
OcoOeHHOCTH CTPOCHHUsI aTOMOB U KpucTauioB. [lonmumopdusm. OOmme ¢puzndyeckue cBOWCTBA
MeTauioB. PeppOMarHeTUKH, IMapaMarHeTMKW W JMAMArHeTUKU. OJEKTPOXUMHYECKUH psil
HanpspkeHud MertauioB. CTaHAapTHBIA BOJOPOAHBIN 3nekTpoa. CTaHAapTHBIE 3JEKTPOIHBIE
noteHuuansl. OOIIMe XUMHUYECKHE CBOWMCTBA METaUIOB: B3aUMOJICHCTBHE C HEMeTalllaMu,
BOJIOW, OWHApHBIMH COCAMHEHUSMH, KHCIOTaMH, COJISIMH. B3anmMoaelcTBHE HEKOTOPBIX
METaJUIOB C pacTBOpamH wienoyed. B3anMoaeincTBue aKkTUBHBIX METAJJIOB C OPraHUYEeCKUMHU
coequHeHUsAMU. OCOOEHHOCTH peakluii METalIoB ¢ a30THOM M KOHUEHTPUPOBAHHON CEpHOM
KHUCJIOTOM.

Koppo3usa mMmetTanunoB. Ilorarne koppo3uu. XumMudeckas U dJIEKTPOXHUMHUYECKAs
KOppO3usi U CHOCOOBI 3alIUThl METAUIOB OT KOpPpo3uu. JlOCTHKEHHS PYCCKHX YYEHBIX IO
CO3/1aHUI0 KOPPO3HMOHHOW CTOMKOCTH aBUAI[MOHHBIX CILIABOB.

OOmue cnocoOb MONYyYEHUSA METalsoB. Meramibl B mpupojae. OCHOBHBIE
CIOCOOBI MOJTYYEHHS] METAUIOB (IMPOMETAILTYprusi, TUAPOMETAIUTYPrusl, dJIEKTPOMETAILITYPIHUS).
ONEKTPOIN3 KaK OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIA IIpOLECC. OJIEKTPOJIU3  pacIlIaBOB
AJIEKTPOJIUTOB.  DJEKTPOJIU3 PACTBOPOB DBJEKTPOJIUTOB C HHEPTHBIMM M aKTHUBHBIMU
3nekTpoaaMu. Vcnonb30oBaHue 371€KTPOJM3a B MPOMBIIIJIEHHOCTH. ['albBAHMYECKUE 3JE€MEHTHI.
[Tporeccsl Ha 31EKTPOJaX B raJIbBAHUUECKOM dJIeMEHTE. AKKYMYJISTOpP. TOIIMBHBIE 3JIEMEHTHI.
MeTtannel THaBHB X Mo AT pYynn llenounsie meramibl, o0mIas XapakTeprucTUKa Ha
ocHOBe mnojoxkeHus B llepmoamueckoin cucreme snementoB J[. M. MenpaeneeBa u CTpoeHUs
atomoB. [lonydyenue, Qpusnueckue U XMMUYECKHE CBOMCTBA, IPUMEHEHHUE LIETOYHBIX METAJIJIOB
U WX CcoeAWHEHWH. bepwuinii, MarHui, IIEIOYHO3EMEIbHbIE METaUIbl, UuX oOmmas
XapaKTepUCTHKa Ha OCHOBe mnojoxeHus B Ilepumonmueckoin cucreme nsnementos JI. WM.
MenneneeBa u cTpoeHHs aroMoB. [lomydeHue, ¢GuU3MYECKHEe W XUMHUYECKHE CBOWCTBA,
IIPUMEHEHHE ILEJT0YHO3EMEIBHBIX METAUIOB U UX COCOUHEHWH. AJIFOMHHMM, CTPOCHHE aToMa,
¢buznyecKknue 1 XuMUYECKHE CBOMCTBA, MOJY4eHHE U IPUMEHEHHE.

Metannel mOOOUYHBI X MOAT P YN XapakTepUCTUKA METAJUIOB TOOOYHBIX MOATPYIIIT
0 WX MnojoxxeHuro B Ilepmoanueckoit cucreme snemeHtoB . M. MenneneeBa u CTpOEHUIO
aToMoB. Menb: (u3nyeckue U XUMHUECKUE CBOICTBA, MOIy4YeHUE U MpUMeHeHue. Baxkueilmue
coenquHeHuss Meau. Pusznyeckue U XUMHUYECKUE CBOMCTBA, MOJIy4€HHE U NMPUMEHEHHE LUHKA.
XapakTepuCTUKa BaKHEHIINX COeAMHEHMH (OKcuaa M THApOKcuaa IuHKa). dusnyeckue u
XUMHYECKHE CBOMCTBA, IIOJIYyYEHHWE M NPUMEHEHUE XpOoMa. XapaKTEepPUCTHKA Ba)KHEMIIMX
coequHeHuil (okcuma u ruapokcuna xpoma (III), aAuxpomaroB W XpOMAaToB IETOYHBIX
MeTaiioB). OCOOEHHOCTH BOCCTAaHOBIIEHUSI TUXPOMATOB B 3aBUCUMOCTH OT CpPEIbl PACTBOPOB.
Pu3nyecKne U XMMHYECKHE CBOWCTBA, MOJIyYEHUE U NPUMEHEHUE MapraHia. XapaKTepUCTHKa
BAXHEHMIINX COEIUHEHHWI: OKCHAOB, THAPOKCHIOB, cojiell. OcoOeHHOCTH BOCCTaHOBIIEHUS
IIEPMAHTaHaTOB B 3aBUCUMOCTH OT CPE/Jbl paCTBOPOB.

H e me 1 ana bl [lonoxenne HemeramnoB B llepuoanueckoi cucreme J[. M. Menaeneena.
OCOOEeHHOCTH CTPOEHUS aTOMOB M KPUCTAJIOB. AJUIOTPOIIHS.

bnaropoansie ra3pl. OKuUCIUTEIbHBIE U BOCCTAaHOBHUTENbHBIE CBOWCTBAa HeMeTaioB. OOmias
XapaKTepUCTHKa BOJOPOJHBIX COeAMHEHUIN HemeTamsioB. OOIias XapaKTepHCTHKAa OKCUIOB H
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TUAPOKCUAOB HeMmeTauioB. [anoreHbl. CTpoeHHE aTOMOB TallOT€HOB, WX CpaBHUTENIbHAs
xapakrepucTika. CBONCTBa MPOCTBIX BELIECTB OOpa30BaHHBIX rajoreHamu. OKUCIHUTENbHBIE
CBOICTBa raJOreHoB. 1'aJoreHoBOJ0PO/Ibl, UX CBONCTBA, CPABHUTEIbHAS XapaKTEPUCTUKA. XJIOP
U €r0 COCINMHEHHUs, HAXOXKIECHUE B IPHUPOAE, IIOJyYEHHE, CBOMCTBA, IPUMCHECHHUE.
XJIOpOBOAOPOA U COJIAHAS KUCI0Ta. XJIOpUAbl. KHCIOpOAHBIE COEAMHEHHS XJI0pa. XaJbKOT€HBI.
HaxoxneHne Kuciopoga M Cepbl B IPUPOAC, MOIYYEHHME HMX B IPOMBIIUICHHOCTH U
naboparopun. CBOHCTBA KUCIOPO/IA M CEPBI: aJUIOTPONHS B (PU3NIECKHE CBONCTBA AJIOTPOITHBIX
MOIUGUKALMMA; OKUCIUTEIbHBIE CBOMCTBA KHCIOPOJA U CEepbl B PEAKIMSIX C IMPOCTBIMU
BellecTBaMu. BoccTaHOBUTENBHBIE CBOMCTBA cepbl. OKHUCIEHUE KUCIOPOAOM CIIOXKHBIX BEIIECTB.
OxucnutenbHble CBOMCTBa 030HA. [IpuMenenue kucioposa u o30Ha. lIpuMeHeHue cepsl.
CepoBojoposi, HaxOXJAEHUE B NPUPOJE, INOIYYEHHE, CTPOEHUE MOJIEKYJIbl M CBOMCTBA!
¢usnueckue u xumudeckue. CepoBonoponHas kucinora u cyiabuasl. Oxeun cepol (IV), ero
cBoiictBa. CepHucras kuciora u ee coiau. CepHas KHMCIOTa: MPOMBIIUIEHHOE IPOU3BOJCTBO,
¢du3nyeckue M XMMHUYECKHE CBOWCTBA (OKUCIUTENbHbIE M OOMeHHbIE). IlpumeHeHue cepHoit
kucioTel. Conu cepHoil kuciotel. A30oT. Haxoxzaenue B mpupojae, noiaydenue. CTtpoeHue
MoJieKynbl. OKHCIMTENbHBIE W BOCCTAHOBUTENBHBIE CBOWCTBa a3zora. lIpuMeHenue asora.
AMMUaKk:  MOJy4YyeHHE,  CTPOEHHE  MOJIEKYNbl,  CBOMCTBa  (OCHOBHbBIE,  pEaKLHU
KOMILJIEKCOOOpa30BaHUsl, BOCCTAHOBUTENIbHBIC, OKHUCIMTEIbHbIE, PEAKIUU C OPraHUYEeCKUMHU
BELIECTBAMM U C YIJIEKUCIbIM Tra3oM). Colu aMMOHHUS M MX HpuMeHeHue. OKCHUIbl a30Ta, UX
CTpOEHHE U CBOWCTBA. A30THas KHCIJIOTA: IIOJIyYE€HUE, CTPOECHUE MOJIEKYJbl W CBOWCTBA.
Hurtpartsl, ux Tepmudeckoe pasnoxeHue. PacriozHaBaHue HUTPATOB U UX IPUMEHEHHE.

®ocdop. Haxoxnenue B mnpuposae, moiaydeHue. AsuioTponus U (U3MYECKHE CBOWCTBA
Monupukanuii. OKHUCIUTENbHBIE CBOWCTBA (PEaKUUM C METaUIaMHU) U BOCCTAaHOBUTEJIbHBIC
cBoiicTBa (ocdopa (peakuuu ¢ rajoreHamu, KUCIOPOJIOM, KOHLIEHTPUPOBAHHOH CEpHOH u
azotHoi kwucimoramu). Oxcupa ¢ochopa (V). DochopHble KUCIOTBI WU HX COJMU. YTIEPO.
Haxoxxnenue B mpupoje. Amiotponust ¥ (pu3ndeckue CBOMCTBA MOJU(UKAIMNA (TIOBTOPEHUE).
XUMHYECKHE CBOMCTBa YIJIepoJa: BOCCTAHOBUTEJIbHBIE (B3aUMOAECHCTBUE C TaJOr€HAMU,
KHCIIOPO/IOM, cepoil, azoToMm, BoJoH, okcuaoM Mmenu (II), KoHLEHTpHUpOBaHHON CcepHOH U
A30THOW KHUCIIOTaMU) M OKUCIUTENbHBIE (B3aUMOAECHCTBHUE C METaJlJIaMH, BOZOPOJIOM, KPEMHUEM,
6opom). [Tonydyenue, cBOiCTBa U MPUMEHEHHE OKCHJIOB YIJiepoJia. YToibHas KUCIOTa U €€ COJIH.
Kpemuuii. HaxoxnaeHue kpeMHMsI B HpPUPOJIE€ U €ro MOodydeHue. AJUIOTPOIHsS M CBOMCTBA
QUIOTPONHBIX MOAU(HUKAIMKA KpeMHus. BoccraHoBuTenbHblE (peakuu C TraJoreHamH,
KHUCJIOPOJIOM, DPACTBOpPaMM IIeJloueil) W OKHCIUTENIbHbIE CBOICTBA KpeMHUS (peakuuu cC
metayuiamu). IIpumenenue kpemHus. OKCHJI KpeMHHs, KpeMHHEBas KHCIOTa U €€ COJH.
CunukartHasi IpOMBIIUIEHHOCTb.

Kucnore opranunuyeckue un HeopraHudeckue. Cocras, kiaccupuxauus u
HOMEHKJIaTypa HEOpraHMYeCKMX W OpraHuueckux KuciorT. [lomyueHume BaxHeHIIMX
OpPraHMYECKUX M HEOPraHWYEeCKHUX KHUCIIOT. XMMHYECKHE CBOICTBa (peakluu C MeTaljaMH, C
OKCHJAMHM METalIOB, C OCHOBaHUSIMH, C COJSIMM, cO crnupramu). OKHUCIUTEIBHO-
BOCCTaHOBUTEJIbHBIE CBOMCTBA KHCIOT. OCOOEHHOCTH CBOICTB CEpHOM M a30THOW KHUCIIOT,
MYpPaBbUHOM U IIABEJIEBON KUCIIOT.

OcHOBaHUS OpraHvMueckue m Heoprauuyeckue. Cocras, knaccupukanus,
HOMEHKJIaTypa HEOPraHMYECKUX W OpraHM4ecKuX oCHOBaHWU. OCHOBHBIE CIIOCOOBI MOTYYEHUS
TUAPOKCUAOB METAJIOB (LIEJIoYeld — pEeakIUsIMH METauIOB M HMX OKCHAOB C BOJOM,
HEpPACTBOPUMBIX OCHOBaHMW — peakuueil oOmena). I[lomyueHme ammuaka W aMHHOB.
XVMHYECKHE CBOMCTBA OCHOBAHMM: IIENOYEH (PEAKLUU C KUCIOTaMH, KUCIOTHBIMU OKCHIAMH,
pacTBOpamMH CoJiel, C TPOCTHIMH BEUIECTBAMH, C TaJlOMJIONPOU3BOJHBIMU YIJIEBOJOPOIOB,
deHonoM, KHMpamMH); HEpPAaCTBOPUMBIX OCHOBAaHMM (peakiuu C KHCIOTaMH, pPeaKLuu
Pa3IOXKECHMS).

AMpoTepHBEe OPraHUYECKHNEe U HEOPTraHUYECKHUE COEAMHEHH .
CrniocoObl osryueHust aMQOTEpHBIX coeTMHEHUI (aM(pOTEPHBIX OCHOBAHUN M aMUHOKHCIIOT), X
XUMHYECKHE CBOMCTBA. OTHOCUTENBHOCTD JEJIEHUSI COEAUHEHUI Ha KUCIOThl U OCHOBAHUS.



'eneTnueckas cCBsI3b MEXJYy KJacCaMMU OPTaHUUYECKUX U HEOPTaHHU
YEeCKUX coeaqUuHEHUNU IloHiTus «reHetudeckas CBA3b» U «TECHETUYECKHUH psl».
OcHOBHbIE TIpHU3HAKM TEHETHUYECKOro psina. l'eHeTmueckue psaabl METAIOB (HAa IpUMEpe
KaJIbIUs U JKeJe3a) U HEMETAJUIOB (Ha MpUMeEpe cephbl U KPEMHHUS) M IIEPEXOTHOTO dJIeMeHTa (Ha
npuMepe altoMHHMS). ['eHeTnyeckue psajpl U I€HETHYeCKas CBSI3b B OPraHUYECKOM XMMHHU.
EnuncTBO MUpa BemecTs.

Pacuernbie 3amaun. 1. Berumcnenne maccel Wi oO0beMa MPOIYKTOB PEAKIMH 10 HM3BECTHOU
Macce WM O0BbEMY MCXOJIHOTO BEUIECTBa, COZEpIKallero mpumMecu. 2. BpluncieHue macchbl
UCXOJHOTO BELIECTBA, €CIIM W3BECTEH IPAKTUYECKUM BBIXOJ M MaccoBas €ro JAojis OT
TEOPETHYECKH BO3MOKHOIO. 3. BBIYMCIIEHHS 10 XUMUYECKUM YPAaBHEHUAM PEAKLHM, €CIH OJHO
U3 pearupymioliux BeHIeCTB MaHO B u30bITKe. 4. OmpeneneHue MOJEKYISAPHOH (HOPMYIIbI
BElIeCTBA [0 MAacCCOBBIM JOJSIM 3JeMEHTOB. 5. OrmpeaeneHue MOJIEKYISIPHON (QopMysibl
ra3oo0pa3HOro BeIIECTBA IO HM3BECTHOH OTHOCHTEIBHOH IUIOTHOCTM M MAacCOBBIM JIOJISIM
371eMeHTOB. 6. HaxoxxieHue MonekyisipHoil ¢opMyIibl BemecTBa o Macce (00beMy) MpOoayKTOB
CropaHus.

7. KomOuHMpOBaHHbBIE 33/1a4H.

Hemoncrpaunu. Komnekuust «Knaccupukauus HeopraHudeckux BeuiecTBy. Ilonyuenue
KOMIUIEKCHBIX ~OpPraHMYE€CKUX W HEOPraHMYECKUX COEIMHEHUH. JleMOoHcTpauus CyxXux
kpuctasoryapatoB. Komrekuus «Knaccudukanus opraHMuecKUx —BemlecTB». Mogenu
KPUCTAJIMYECKUX PEHIETOK MeTaioB. KoJulekiuss MeTamuioB ¢ pa3HbIMU  (DU3HUYECKUMU
cBoiicTBamu. B3anmonelicTBre MeTaIoB ¢ HEMeTaJlJlaMH (LIMHKA C CEPOil, allFOMUHHUS C HOJIOM),
C pacTBOpaMM KHUCIOT M Ieioyeil. ['openue metamioB (LMHKA, Kejle3a, MarHusl B KHCIOPOJE).
BzaumopeiicTBre a30THOM U KOHUEHTPUPOBAHHOM CEPHOM KUCIIOT ¢ MelIbto. Koppo3us MeTainoB
B Pa3IMYHBIX YCIOBUAX M METOAbI 3alUThl OT Hee. Komiekuus pyn. BoccraHoBineHue meau u3
okcuna menu (II) yrmem u Bogopoaom. Amomunorepmusi. Bzaumopeiictsus cyibdara meau (1)
¢ kene3oM. CocTaBlieHUE TaJIbBAHMYECKUX SJIEMEHTOB. DIIEKTPOJIU3 pacTBOpa cyibhara menu
(II). OO6pa3upl MIETOYHBIX METAUIOB. Peakius OKpamMBaHWs IUIAMEHH COJIIMU IIEIOYHBIX
MeTauioB. B3anMoaeicTBrue TuTUsL U HATpHs C BOJIOM M 3THJIOBBIM cUPTOM. B3aumopeiictBue
HaTpus ¢ cepoil. O6pasusl MetamoB [[A rpynnsl. BzaumoneiictBue kanpius ¢ Bojoil. I'openue
Martusi B BOJE M TBEPAOM YITIEKHCIOM ra3e. KauecTBEHHbBIE peakIMM Ha KAaTHOHBI MarHus,
Kanplus, Oapus. Peakuumm okpamiMBaHusg TIJaMeHM cojsiMud  MeTaiioB  IIA  rpynmsl
Hcnonb3oBanue ruapokcuaa Meau (II) B kaueCTBEHHBIX peakLUsAX OPraHUYEeCKUX COEIUHEHMH.
[Tepexon xpomata B auxpomaT u obpatHo. [lomydeHue u mcciaegoBaHUEe CBOWCTB THAPOKCHIA
xpoma (III). OxwucnurtenbHble CBOMcTBa auxpomaTta Kaius. OKUCIHTENbHBIE CBOWCTBA
NepMaHraHaTa KajJusg B PEaKkUMsIX C OpPraHMYeCKMMHU W HEOPraHMYEeCKUMU COEIUHEHHUSMHU.
Mozenu KpUCTAJUIMYECKMX pELIeTOK HOoja, ainMmasza, rpadura. B3pblB cmecu Bojpopona ¢
KHCIIOpOoJIoM (TpeMyuero ra3a). ['openue cepsl, pocdopa u yrist B kuciaopojae. ObeciiBeunBaHme
OpOMHOI1 (MOJTHOM) BOJBI ATUIICHOM. ["asiorens! (mpocThie BemecTBa). OKUCIUTENbHbBIE CBOMCTBA
xJ0pHOM Boxbl. [lomyueHue consiHOM KHCIOTBI M ee cBoicTBa. llomydenuwe xucmopona.
[ToryueHne OKCHAOB TOPEHHEM IPOCTBIX M CIOKHBIX BELIECTB. B3anmMopelicTBue cepbl C
MeTaJljIaMH (aJTIOMUHUEM, IIUHKOM, jkeie3oMm). [lonyueHue cepoBomopoja M CEpOBOIOPOAHOM
KHCJIOTHI, JIOKA3aTelbCTBO HAIWYMS Cylb(puI-uoHAa B pacTBope. CBOiCcTBa CepHON KHCIOTBHI.
Cxema TpPOMBINUIEHHON YCTaHOBKHM (PaKIMOHHOW TeperoHKd Bozayxa. llomyuenue wu
pasznoxkenue xyopuna amMmmoHud. [lonyuenue okcupma azora (IV) peakuueir B3auMoaeicTBus
MeU C KOHIIEHTPHUPOBAHHOW a30THOM KucioTol. B3anmonericteue okcuna azora (IV) ¢ Bogoi.
Pasznoxxenne HMTpaTa HaTpus, TOpeHHME uepHOro mnopoxa. l'openue ¢ochopa, pacTBOpeHHE
okcuna docdopa (V) B Bozie U MCCIEAOBaHNE TIOTYYEHHOTO pacTBOpa HHAUKaTopoM. Komtekus
NPUPOIHBIX coeMHeHUH yriepoaa. Kpucramnuyeckue pemeTky anMasa u rpagura. Ancopouus
okcuna azota (IV) akruBupoBanHsiM yriaem. [lepexon kapboHnata B TuapokapOboHaT U oOpaTHO.
Konmnekunn mnOpuUpOOHBIX  CHIMKAaTOB M NPOAYKIMHM  CHWJIMKAaTHOW  IPOMBIIUIEHHOCTH.
B3aumopeiicTBie KOHUEHTPUPOBAHHBIX Aa30THOM M CEPHOM KHUCIOT, a Takke pa30aBIeHHOMN
a30THOM KHUCIOTHI ¢ Mezblo. Peakius «cepeOpsHOro 3epKkana» s MypaBbUHOW KHCIOTHI.
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B3anmopencTteue aMMHMaka M METWIAMHHA C XJIOPOBOJOPOAOM U BOAOW. B3aumopeicteue
pacTBOpa rUAPOKCH]IA HATPUA ¢ aM(DOTEPHBIM THAPOKCUIOM LIUHKA MITH aTFOMUHUS.
JlaGoparopubie onbIThl. 7. O3HaKOMJIEHHE C OOpa3laMu TpeACTAaBUTENCH pa3HbBIX
KJIACCOB HEOPraHMYECKUX BEILECTB. 8. B3auMoAeCTBE MHOTOATOMHBIX CIIMPTOB M IUIFOKO3BI C
dbennHroBoi KUAKOCThIO. 9. KauecTBeHHbIe peakiiu Ha noHBI Fe2+ u Fe3+. 10. O3HakoMieHue
¢ oOpa3lamMu TpeJCTaBUTENICH pa3HBIX KJIACCOB OopraHWYecKux BemiecTB. 11. B3aumopeiictBue
METAJJIOB C pacTBOpaMu KUCIOT M conei. 12. O3HakomieHue c kosuiekuumed pyxa. 13.
O3HakoMJIeHHE C KOJUIEKLMEH XMMHUYECKMX HCTOYHUKOB ToOKa (OaTapeiiku, CBHHIIOBbIE
aKKyMYJIATODHI U T. A.). 14. B3aumonelicTBue aqOMUHUS C PACTBOPAMU KUCJIOT U Iienouei. 15.
[Tonydyenne u u3ydeHHE CBOMCTB TruJpokcuaa amoMuHus. 16. KadecTBeHHBbIE peakuuu Ha
katuonbl meau. 17. Pasnoxenue rugpokcuaa menu (II). 18. Ilonmyuenue u wuccienoBanue
CBOMCTB rujpokcuaa uuHKa. 19. KauecTBeHHbIE peaklMM Ha TalOreHUuI-uoHbl. 20.
O3HakoMJIEHHE C KOJUIEKLIMEW MPUPOIHBIX COelMHEHUN cephl. 21. KauecTBeHHbIE peakuu Ha
cynbdua-, cynbpur- u cynapdar-anuonsl. 22. KauecTBeHHas peakinus HA WOH aMMOHHS. 23.
Pacno3naBanue nutparoB. 24. KauectBennas peakuusi Ha ¢ocdar-annon. 25. Ilomydenue
YIJIEKUCIIOrO Ta3a B3aUMOJEHCTBUEM MpaMopa C COJISIHOM KHCJIOTOM M HCCIENOBAaHHE €ro
cBoiicTB. 26. KauecTBeHHas peakius Ha kapOoHaT-aHUOH. 27. [lonydyeHrne KpeMHUEBOM KUCIIOThI
B3aMMOJCICTBUEM pacTBOpa CHJIMKAaTa HAaTpUs C CWIbHOM KuciaoToi. 28. PacTBopeHue
KPEMHHEBOU KUCIIOTHI B ILIEJIOYH.
[Tpaktnyeckas padora Ne 3. IloxydyeHue ra3zoB 1 U3y4eHUE UX
CBOMCTB.
[Tpaktuyeckas padora Ne 4. PerieHre sKClIepUMEHTANIbHBIX 33124 110 OPraHUYeCKOH XUMUH.
[TpakTuyeckas padora Ne 5. PemeHue sKCriepuMEHTaIbHBIX 3a71a4 110 HEOPTaHUYECKONH XUMUH.
[Ipaktuyeckas pabora Ne 6. CpaBHeHHE CBONCTB HEOPraHMYECKUX M OPraHMYECKUX
COCIMHEHU.
[Ipaktuyeckas pabGora Ne 7. I'eHeTnueckas CBSI3b MEXIY KiIacCaMHd HEOPraHMYECKHX U
OpraHMYECKUX BEILECTB.
Tema 5. Xumus 1 00I1IECTBO
XUMUS M TIPOU3BOJCTBO. XUMUUECKAs MPOMBIIIIEHHOCTh. XUMUYECKasi TEXHOJIOTHS.
ChIpbe UIsI XUMHUYECKOW MPOMBIIIIEHHOCTH. Boja B XMMHUYECKOW MPOMBIIIIIEHHOCTH. DHEPrus
JUIsL XUMUYECKOro Mpou3BojAcTBa. HayuHble NMPUHLMIIBI XMMHUYECKOTO MPOM3BOACTBA. 3alluTa
OKpYXKarolllel cpeibl U OXpaHa TPpyAa MPU XUMHYECKOM IpousBoacTBe. [Ipon3BoacTBo ammuaka
U METaHoJa B cpaBHeHUH. buotexnonorus. Hanotexnonorus.
XUMHUSA U CEeNbCKOE X03AUCcTBO0. OCHOBHBIC HAIIPABJICHNUSI XUMU3ALUN CEIIBCKOTO
X034icTBa. Y 100peHus 1 ux Kiaccuukanus. XuMudeckas Mearopanus moys. [lecTuiiuasr u ux
Kjaccupukanus. XuMu3alus >KUBOTHOBO/ICTBA.
XuMus u npodbnemMb OXpaHBl OKpyxXatmeicpeab. OcHOBHbIE (aKTOPbI
XMMHUYECKOTO 3arps3HEHusi OKpykaromed cpenpl. OxpaHa aTMocdepbl, BOJHBIX PECYpPCOB,
3€MEJIbHBIX PECYPCOB OT XMMHUECKOTO 3arps3HEHMS.
XuUMHUSI U TOOBCENHEBHAaA XU3Hb 4elo0BeKa. JlekapctBa. Moromue 1 4ucTAme
cpeacTBa. XHMMHUYECKHE CpEACTBA TMTMEHbl M KOCMETHMKU. MeXIyHapoJgHash CHMBOJMKA I10
yXOAy 3a TEKCTUJIbHBIMHU M3AEIUAMU. MapKUpoBKa Ha YNAKOBKAX IHILIEBBIX NPOAYKTOB U
uH(popMalrsa, KOTOpYyd OHa cuMBoiu3upyer. JlemoHcTpauuu. BupeodparmeHnTsl 1O
IIPOU3BOJICTBY aMMMaka W MeTaHosa. Cnaiiabl U Ipyrue BUAEOMATEPUAIbl, HIUTFOCTPUPYIOLINE
6uno- u HaHotexHosoruu. Komnekuusa «MuHepanbHble ynoopeHus». Komaekuus necTUIaoB.
BuneopparmMeHThl MO XUMHYECKOW MeENHOpPAlMM TOYB M XHWMHU3AIMH JKUBOTHOBOJICTBA.
BuneodparmeHnTsl U cnaiiipl 3KOJOTHYECKON TeMaTUKU. JlomMaliHss, aBTOMOOUIIbHAS alTeYKH U
anTeyka XMMUYECKOro kabnHera. Kosiekus MOIOMIKX U YUCTAIINX CPEICTB.
Jlaboparopubie ombIThl. 29. O3HakomiieHHE C oOpa3lamu CpeAcTB OBITOBOM XUMHUU U
JIEKapCTBEHHBIX MpenapaToB, U3y4eHUE MHCTPYKIHUH K HUM MO MPAaBUIBHOMY U O€30MacHOMY
npuMeHeHno. 30. M3ydyeHne MeXIyHApOAHOM CHMBOJMKH IO YXOAy 3a TEKCTHJIBHBIMU
W3JIENUSIMA 1 MapKUPOBKH Ha yIIaKOBKaX MULIEBBIX IMPOAYKTOB.



ILnanupyemMble pe3yJbTaThl H3YUeHHSs] IPOrPaMMbI

JleaTenbHOCTh yuuTenss B OOyYeHMHM XMMUU B CpPEIHEH IIKOJIe JOJDKHA OBITh HampaBiieHa Ha
JOCTH)KEHUE 00YUYaIOIIMMUCS CIEAYIOIUX JJMYHOCTHBIX Pe3y/1bTaTOB:

1) B I[ICHHOCTHO-OPUEHTAIIMOHHOW cdepe — UYyBCTBO TOPAOCTH 32 POCCHUCKYIO
XUMHYECKYIO HAyKy, T'YMaHU3M, OTHOLICHHE K TPYLy, LEICYCTPEMIEHHOCTD;

2) B TpPyIOBOH cdepe — TOTOBHOCTb K OCO3HaHHOMY BBIOOpY JaibHEHIICH
00pa3oBaTesbHON U MPO(heCCHOHAIBHOM TPAEKTOPUH;

3) B TO3HABATENbHON (KOTHUTHBHOM, MHTEIUICKTYaJIbHOW) cepe — yMEHHE YIPaBIATh
CBOCH IT03HABATEIBHON JEATEILHOCTHIO.

MeTtanpeqMeTHBIMU pe3yJIbTaTaMU OCBOEHUS BBIITYCKHUKAMU OCHOBHOM IIKOJIBI IIPOrpamMMBbl 110
XUMUH SIBIISIOTCS:

1) HCI0JIb30BAaHNE YMEHHUM M HABBIKOB PA3JIMYHBIX BUJOB IIO3HABATEJILHOMN AESTEIBHOCTH,
IPUMEHEHUH  OCHOBHBIX METOAOB  IIO3HAaHUS  (CUCTEMHO-MH(OPMALMOHHBIM  aHaNu3,
MOJIEJTMPOBAHUE) JUISl U3YUEHUS] PA3JIMUHBIX CTOPOH OKPY’KAaIOLIEH 1eHCTBUTENBHOCTH;

2) HCIOJIb30BAaHUE OCHOBHBIX MHTEIUIEKTYaJbHBIX OIepaluii: (GopMyIMpOBaHUE TUIIOTE3,
aHaM3 W CHHTE3, CpaBHEHHE, OO0OOIIEHHE, CHCTEMAaTH3alus, BBIABICHHE NPUYHHHO-
CJIEICTBEHHBIX CBS3€H, IOUCK aHAJIOTOB;

3) yMEHHUE T€HEPUPOBATH UJIEH U OTMPENIETISATh CPEACTBA, HEOOXOIMMBIE I UX peau3alliu;
4) YMEHHE ONpEeNeNATh LEIH M 33Jayd JAESITeIbHOCTH, BBIOMpATh CPEACTBA pealln3aluu
LEJIM U IPUMEHSATh UX HA MPAKTUKE;

5) UCIOJIb30BaHUE PA3UYHBIX HCTOYHHUKOB JUIS TIOMYyYEHHUS XUMHYECKOH HH(OpMaIuu,

NOHMMaHHUE 3aBHCHUMOCTH COJEpKaHUS W (OPMBI TpPEACTaBICHUS HHOOPMAIMH OT Iesei
KOMMYHHKAIMH U aJipecaTa.

B o0nactu mpeaMeTHBIX pe3y/bTaTOB U3YYCHNE XUMHH MTPEIOCTABIACT YICHUKY BO3MOKHOCTD
Ha CTYIIEHU CpeJIHEero oo1ero oopa3oBaHus HAyYUThCS:

A) Ha 6azosom yposue

1) B mo3HaBaTeNbHOM cdepe:

a) 1aBaTh ONpeAeNeHUS U3yYEHHBIM MTOHATHIM;

0) onmUCHIBATh JEMOHCTPAIIMOHHbBIE U CAMOCTOSATENBHO MPOBEICHHBIE SKCIIEPUMEHTHI, HCIIOJIb3Ys
JUISL 3TOTO €CTECTBEHHBIN (PYCCKUM, POIHON) A3BIK U S3bIK XUMHUH;

B) ONMCHIBATh U Pa3INyaTh U3yUEHHBIE KJIACChl HEOPTaHUUECKUX

Y OPTraHUYECKUX COEIMHEHUHN, XUMUYECKUE pPeaKLnu;

I') KJIacCU(UIUPOBATh U3yYEHHbIE OOBEKTHI U SIBICHUS;

) HaOIoJaTh JAEMOHCTPUPYEMBIE M CaMOCTOSITENIbHO IIPOBOAMMBIE OIBITHI, XUMHUYECKHE
peakuuu, NpoTeKaroUIie B IPUPOE U B OBITY;

€) JenaTb BBIBOJABI M  YMO3aKJIIOYEHUs U3 HAOMIOACHUH, M3YYEHHBIX XHUMHYECKUX
3aKOHOMEPHOCTEH, MPOrHO3MPOBATh CBOICTBA HEU3YYEHHBIX BEIIECTB II0 AHAJIOTUU CO
CBOWCTBaMM N3YYEHHBIX;

) CTPYKTYPHPOBATh U3yUSHHBII MaTepHar;

3) HHTEPIPETUPOBATH XUMUUECKYIO HH(OPMAIIHIO, TOTYYSHHYIO U3 IPYTUX UCTOYHHUKOB;

1) OMUCHIBATH CTPOEHUE aTOMOB 3JIEMEHTOB 1—4-r0 NepHoA0B C UCHIOIB30BAaHUEM JIEKTPOHHBIX
KOH(UTrypanuii aToMOB;

K) MOJIEIMPOBAaTh CTPOCHUE MPOCTEHIINX MOJIEKYJ HEOPraHUYECKMX U OPraHUYECKUX BEIECTB,
KPHUCTAJJIOB;

2) B [IEHHOCTHO-OPUEHTAIIMOHHON cepe — aHAIU3UPOBATh U OLEHUBATh MOCIEACTBUS IS
OKpY’Karoliel cpebl OBITOBOM M IPOM3BOJCTBEHHOM NESATEIBHOCTH YeNOBEKa, CBA3aHHOW C
nepepadoTKOMN BEIIECTB;

3) B TPYZIOBOH chepe — MPOBOIUTH XUMHUUECKHUI SKCIIEPUMEHT;

4) B cepe ¢uznueckoll KyIbTypbl — OKa3blBaTh IEPBYI0 MOMOIIb HPU OTPABIEHUSX,
0’KOTax U JIPYTUX TPaBMax, CBA3aHHBIX C BELIECTBAMH U J1a0OPaTOpHBIM 000pYI0BAHUEM;
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b) na npogunvrnom yposne

1) B mo3HaBaTenbHOU cdepe:

a) 1aBaTh ONpENeNICHUS H3yYCHHBIM OHATHUSM;

0) OmUCHIBATH JEMOHCTPAIIIOHHBIE U CAMOCTOSATEIBHO MPOBEIEHHBIE SKCIIEPUMEHTBI, UCTIOIb3YS
JUISL 3TOTO €CTECTBEHHBIN (PYCCKUM, POJHON) A3BIK U S3bIK XUMUH;

B) OOBICHATH CTPOCHHWE M CBOWMCTBA M3YUEHHBIX KJIACCOB HEOPraHUYECKUX U OPraHHUYECKHUX
COCIMHECHU;

I') KJ1acCU(UIIUPOBATH U3YUCHHBIC OOBEKTHI U SIBJICHUS;

1) HaOMIOJaTh JEMOHCTPUPYEMbIE M CaMOCTOSITEIBHO MPOBOJUMBIC OIBITHI, XUMHYECKHE
peaxiuu, NpoTEeKaroINe B IPUPOJIE U B OBITY;

€) HCCIIeOBaTh CBOWCTBA HEOPTaHWYECKHX M OPraHMYECKUX BEIIECTB, OIPENENsATh HX
MPUHA]JIKHOCTh K OCHOBHBIM KJIacCaM COEIMHEHUH;

) 000011aTh 3HAHUS U JIeNIaTh 000CHOBAaHHBIE BHIBOJIBI O 3aKOHOMEPHOCTSIX U3MEHEHHSI CBOMCTB
BEIIECTB;

3) CTPYKTYpUPOBaTh Y4€OHYIO0 HH(POPMALIUIO;

1) UHTEPIPETUPOBATh HHPOPMAIUIO, TOTYYECHHYIO U3 IPYTHX

HCTOYHHKOB, OIICHUBATH €€ HAYYHYIO JIOCTOBEPHOCTB;

K) OOBACHATH 3aKOHOMEPHOCTH TPOTEKAHUS XMMHUYECKUX pEaKIHid, MPOTHO3UPOBAThH
BO3MOXXHOCTh HMX IPOTEKaHWsI Ha OCHOBE 3HAHMHA O CTPOCHUHM BEIIECTBA M 3aKOHOB
TEPMOJUHAMUKY;

7) OOBSICHATH CTPOCHHE aTOMOB 3JIEMEHTOB 1—4-T0 EPHOJIOB C HCIIOIB30BAHUEM IIEKTPOHHBIX
KOH(UTYypaluii aTOMOB;

M) MOJEIUPOBATh CTPOCHHUE MPOCTEHIINX MOJIEKYJI HEOPTaHMUECKUX U OPraHUYECKHX BEIIECTB,
KPHUCTAIJIOB;

H) IIPOBOJIUTH PACUETHI II0 XUMUYECKUM (POPMYJIaM U YpaBHEHHSIM;

0) XapaKkTepu30BaTh U3yUYECHHbIC TEOPHUH;

1) CaMOCTOATENBHO OOBIBATH HOBOE ISl ce0sl XMMHUYECKOE 3HAHUE, WCHOJB3Yys I ATOTO
JOCTYIHbBIE UICTOYHUKU HHPOPMAIIHH;

2) B IICHHOCTHO-OPUEHTAIMOHHON c(hepe — MPOrHO3UPOBaTh, AHAJTH3UPOBATH M OLIEHUBATH
HOCJECTBHS TSl OKpY»Karoliel cpepl ObITOBOM M MPOU3BOICTBEHHOH AEATEIILHOCTH YeJIOBEKa,
CBSI3aHHOM C TIEpepadOTKOM BEIIECTB;

3) B TpYAOBOH cdepe — CaMOCTOATENbHO IUIAHUPOBaTh M TPOBOANUTH XHMUYECKHUH
OKCIIEPUMEHT, COOJIoIasi TpaBwia Oe30MacHOW paboOThl C BEHIECTBAMH M JIAOOPATOPHBIM
o0opynoBaHueM;

4) B cepe ¢u3MuecKkol KyJIbTypbl — OKa3blBaTh IEPBYI0 MOMOIIb HPU OTPABICHUSX,
0’KOTax U JIPYTUX TPaBMax, CBA3aHHBIX C BEIIECTBAMH U JJAOOPATOPHBIM 00OPYIOBaHUEM.
KPUTEPMM OLEHKUW TIPEJMETHbBIX, METAIIPEAMETHbBIX W JIMYHOCTHBIX
PE3VYJIbTATOB

JIOCTIIKEHHE JINYHOCTHBIX PEe3yJIbTaTOB OLIEHUBACTCS HAa KAUECTBEHHOM YpPOBHE (0€3 OTMETKH).
ChopMupoBaHHOCTh MeETaNpeIMETHBIX W TNpPEeAMETHBIX YMEHHUH OlLleHMBaeTcsi B Oayiax IO
pe3yabTaTaM TEKYIIEro, TeMaTHYeCKOTO M WTOTOBOTO KOHTPOJS, a TaKkKe IO pe3yibTaTram
BBITOJIHEHHS] KOHTPOJIBHBIX, TPAKTUYECKUX U Ja00OpaTOpHBIX padoT.

TemaTnuyeckoe NJIaHKPOBaHHE
Ctpoenue atoma. [lepuoanueckuii 3akoH. (12 yacoB)

Crpoenue BemecTBa. JlucnepcHble CUCTEMBI M pacTBOpHI. (18 yacon)
3aKOHOMEPHOCTH NMPOTEKaHUSI XUMUYECKHUX peakiuii (14 yacos)
OnekTpoauThueckas auccoruanus (16 yacos)

OKHCIUTENbHO- BOCCTAaHOBUTEIbHBIE peakiyu (14 yacoB)
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CtpoeHnue BelecTBa U ux cBoucTBa. (73 vaca)

Xumus B xxu3HH o01ectBa (11 yacoB)

ITporpamma paccuntana Ha 165 yacoB (5 yacoB B HEJIEIIO)
KonTponbHbIX paboT — 6

[TpakTuyeckux padbor - 8
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