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@daxynbTaTUBHBIN Kypc )i HOATOTOBKM yuamuxca 11 xmaccos k EI'D no xumun
«T'oroBnmest k EI'D mo xumum»

IlosicHuTeILHASI 3aNIMCKA

®akynbraTuBHBIN Kype «['oToBUMest kK EI'D mo xumMum» Ha HayyHOM ypOBHE PACKPHIBAET PsIJl TEOPETUUECKUX BOIIPOCOB
IIKOJILHOTO Kypca XMMHH; CIIOCOOCTBYET 0000LIEHUIO MaTepralla 1o OOIeH, HeOPraHMYEeCKOW 1 OPraHMYeCKOW XUMHH.
Marepuain Kypca Mo3BoJIsIeT OPraHU30BaTh MOArOTOBKY o0yyatomuxcsi 11 kimaccos k EI'D mo xumun.

JlanHblil QakyIbTaTUBHEIH Kypc MOXHO 3()()eKTHBHO HMCIOJIB30BaTh KaK B KilaccaX OMOJIOTr0-XMMHYECKOTo, (Gu3uKo-
XUMHUYECKOT0, (PU3NKO-MaTeMaTHYeCKOT0, MEAMIMHCKOro, Ounosoro-reorpaduueckoro mnpopuieil, Tak W B Kiaccax
WHPOPMALMOHHOTO, COIHAJIBHO-3KOHOMUYECKOT0 mpodmiueil. B  cooTBeTcTBHM ¢ TOTPEeOHOCTAMH  OOyJarOLIHXCH,
(aKynbTaTUBHBII Kypc MOXXHO PEaIN30BaTh B YHUBEPCAIBHBIX KJIaccaX M KJaccaX TYMaHUTapHOTO MPOQMIIS.

OcHOBOW miIs1 pa3paboOTKH TporpamMMmbl  (aKyJIbTaTUBHOTO Kypca OBUIM CIETyIONIHEe HOPMATHBHBIE TOKYMEHTEHI:
CTaHapT cpegHero (moiHoro) obmero obpasoBanus mo xumuu 2004 T., IpUMEpHBIE MPOTPaMMBI IT0 XUMHUH JJIS CPETHETro
(momHOTO) OOmEro obpasoBanms 2004 1., cnenmupHUKAMS KOHTPOJBHBIX H3MEPUTENBHBIX MAaTEpPHANIOB EIIHOTO
rocyapcTBeHHOro sk3amena 2022 rojga Mo XUMHH, KOAW(DHUKATOP 3JIEMEHTOB COJEPXKaHUS W TpeOOBaHMH K YpPOBHIO
MOJITOTOBKH BBIITYCKHHKOB 00I€00pa30BaTENIbHBIX YUPEKACHUH Ul €IUHOT0 IOCyAapcTBEHHOro sk3ameHa 2022 roaa mo
XMMUH, BAPHAHTHI KOHTPOJIBHBIX H3MEpUTENbHBIX MaTepuanos 2020, 2021 rogos o Xumuu.

dakynbTaTUBHBIH KypC paccuMTaH Ha 34 dYaca M IpegycMaTpUBaeT JICKIMOHHBIC, CEMHHApPCKUE, NPaKTUYECKUe
3ansaTus. Kypc cozmepXuTr mporpamMmy, TeMaTH4ecKoe IUIaHHPOBaHHWE, CHHCOK Y4YeOHOH JUTepaTypbl Al y4YHTENs W
oOyyvatormuxcsi. OCHOBHO# aKIEHT MpH pa3pabdoTKe mporpamMMbl (aKyIbTaTHBHOTO Kypca JellaeTcsi Ha PEeLIeHHH 3ajad 110
6nokam: «OO6mas xumusn», «Heopranmdeckast xuMus», «Opranudeckas XUMUs»; BHUMaHHE YIENSAETCS METOIUKE PELICHUS
3a71a4 4acTH 2 10 KOHTPOJIBHO-M3MEpUTENbHEIM MaTepuanaM EI'D. Ilpu opranusanum 3aHsATHil yenseTcss BHUMaHue pazoopy
HanOoJee CI0XKHBIX TE€M, 0 KOTOPBIM IIKOJIBHUKH JOIYCKAlOT MHOTO OmuOO0K. [Tpo0eMHbIe TeMBI IIKOJIBHOTO Kypca XUMHH,
IO KOTOPBIM CJIEIYET IPOBECTH JOTIOHUTENFHBIC TPEHUHTH B paMKax 3aHsATHi (1o pesynsratam EI'D 2019-2020, 2020-2021
Y4eOHBIX TOIOB):

Obwas u Heopeanuyeckas Xumus

° MexaHu3Mbl 00pa3oBaHusl KOBAICHTHOH CBsi3u. CpaBHEHNE OCHOBHBIX XapaKTEPUCTUK KOBAJCHTHOM M MOHHOM CBsI3eH.
Bomoponnasi cBsi3b (Ha MpUMepe HEOPraHMYECKHX U OPTaHWYECKUX COSAMHEHMI). THUMbl KPUCTANIMYECKUX PEIIETOK M
(u3nYecKue CBOWCTBA BEIECTB.

. OmpeneneHue CTENIEHW OKHCIIEHHS 3JIEMEHTa B KOMILIGKCHOM aHWOHe, KarhoHe. OTmpelesieHne CTeNeHH OKHCICHHS
aToMa yriiepojia B OpraHu4eCcKUX COCIMHEHHUSX.

. [punnun Jle-Illarense. @akTopsl, BIUAIOLIKME HA CKOPOCTh XUMHUYECKOH pEaKLIUU.

. PacueTsl Mo ypaBHEHUSIM TEPMOXUMHIECKUX PEaKIni

. Knaccudukanms oxucnutenpHO-BoccTaHOBUTENBHBIX peaknuii (OBP). Texnonornst pacctaHoBkH Ko3(QuIMeHTOB B
ypaBHeHIsIXx OBP. OBP B K0TOpBIX 3a1eiicTBOBaHBI coequHeHus d-3nemenToB (Mn, Cr, Fe).

. Kopposust. DmekTponu3 pacTBOPOB COJIEH M OCHOBAHMH Ha KOHKPETHBIX MpUMepax (IPOAYKTHI BHLACIEHHS Ha KaToJie U
aHoze).

. [MpaBuna 3amycu MOJHBIX M COKPALIEHHBIX HOHHBIX ypaBHEHHMH. YCIOBUS HEOOpaTMMOCTH peakuuii oOMeHa.

CoOTBETCTBHE COKPAIICHHBIX MOHHBIX YPaBHEHHMH IOJHBIM HOHHBIM ypPaBHEHHSAM. BO3MOXXHOCTH CYIIECTBOBAHUS TE€X WIH
MHBIX HOHOB B pacTBope. OmnpezeneHue ciabbix KUcaoT U ocHoBaHUH. [Tonsatre pH. M3mMeHeHne 0Kpacku HHIUKATOPOB.

o [lenoyky mpeBpamieHN HEOPraHWYEeCKHX COeIMHEHHH C ydacTHeM aM(OTepHBIX OCHOBaHUH. PacTBOpuMBIE U
HEPACTBOPUMBI B BOJIC OCHOBAHUSI.

. OOpazoBaHne KOMIUIEKTHBIX COSIMHEHHUH B pacTBOpax (Ha MpUMepe COCMHCHNH aTIOMUHMS U [IMHKA).

. OOpazoBaHue CpeHNX, OCHOBHBIX M KHCIBIX colieil. Llenouxu npeBpaieHnii HeOpraHn4ecKuX COeTUHEHNUIT ¢ y9acTHeM
KHCJIOT U OCHOBAHUH.

. [Momyuenne meramios. B3anmozelicTBue MeTauioB ¢ pa3daBIeHHBIMH M KOHII. KHCIOTaMH. B3anmoneiicTBue MeTasion

C BOJIOH, C pacTBopamH coiieid. [lepexomHple MeTaJuIbl MTOOOYHBIX MOATPYIII U UX CBOMcTBa. B3anMonelicTBre HeMeTalIoB C
KOHII. CEpHOM M a30THOM KUCIOTaMH.

. Creruuyeckrie CBOWCTBA psAa COeIUHEHUH HemeTamioB (HanpuMep, NHs, H,S u T.1.)

Opeanuueckasn xumus

OmnpeneneHne n30MEpPOB U TOMOJIOTOB.

Hazpanus Beniects mo HomeHkinarype MIOITAK. Coennnaenns, copeprkamne HeCKOJIBKO (PyHKITMOHAIBHBIX TPYIIL.
Krnaccudukarus THoB n3omMepun (IpuMepsI).

OcoOeHHOCTH CTPOSHHS OpraHndecKux coequHeHni. [lonsTne o rubpunnzanmu.

CpaBHeHHEe Ba)XKHEHIIMX XMMHUYECKHX CBOWCTB YIJIEBOJIOPOJIOB pa3iMuHBI KiaccoB. Hutposanme, cynbdupoBanue,
HU30Mepu3alysl, IONUMEPHU3aLUs, KATATUTHIECKOE OKUCIICHUE.

. ApeHnsl 1 ux pousBoaHsie. [IpaBuiio opueHTanmu 3aMecTuTesneld OEH30IbHOTO KOJbIIA.

. CpaBHEHHE BaXXHEHMIIMX XMMUYECKHX CBOHCTB KHCIOPOACOAEPKAIIUX COEOUHEHUN  pa3iaMyHbl  KJIACCOB.
MuoroaTtomusle criuptel. OOpa3oBanue XHUpoB. Bricuine kapOOHOBBIE KUCIOTH (TIpeAeIbHbBIE U HETIPEIeIbHEIE).

. YrneBozsl, XapakTepHbIe XUMUYECKHE peakiuy. KauecTBeHHbIE peaKiny.

. CpaBHEHHE Ba)XKHEHIINX XUMHYECKHX CBOWMCTB A30TCOJAEPKAIINX COCIWHEHWH PAa3IMYHBI KJIACCOB. AMHHOKHCIOTEHI,

XapaKTCPHbIC XUMHUYCCKUE PCAKIIUH. AHI/IHI/IH, XapaKTCPHbIC XUMHNYCCKHUE pCaKIIUH. KauecTBennnie peaKkuuun.



. Yactuusl anexktpoduinbl u Hykineouisl. OOpazoBanue kapO-katuoHa. [IpaBuna MapkoBHukoBa u 3aiineBa (MX
OOBSCHEHHE C TOYKH 3PECHUS] MEXaHM3Ma XUMHYIECKOW peakiun). MexaHU3Mbl HUTPOBAHUS, alKWINPOBAHUSA, XJIOPHUPOBAHHS
apeHOB M UX NMPOU3BOJHBIX.

Pa3pabaTbiBast 3aHIATHS JIEKTUBHOTO Kypca «I omosumcs k¥ EI'D no xumuuy, Hanbonee 3PQPEKTUBHO HCIIOIH30BATH
crenyrone 00pa3oBaTeIbHBIE TEXHOJIOTHH:

- mexHono2us yKpynuenus ouoaxmuyeckux eounuy (0000IIeHHe Mmarepuana Ha Oojee BBICOKOM YPOBHE, CHHTE3 H
aHanu3);

- MEXHON02UsA MOOYIbHO20 00YUeHUs,

- MEXHON02USL OP2AHUBAYUU CAMOCMOSMENbHOU pabomul yuauwjuxcsi (TIOCTPOCHUE UHIMBHUIYaJIbHBIX JMHUN 00y4YeHus,
y4eT MHIMBUAYaJbHBIX TOTPEOHOCTEH IIKOJIbHUKA);

- banvHo-pelimuneosas mexuonocus 6 oyenusanuu oocmudiceruti (IIOPTOOJIMO kak WHCTPYMEHT CaMOOLCHKH U
KOPPEKTHPOBKN HHANBUAYAIbHBIX TUHUHA 00ydeHNs);

- uccnedogamenvckue — mexnonozuy  ((OPMHpPOBAHME  HCCIECIOBATEIbCKOM  KyImbTyphl —yUCHHKA, pealn3alus
NIESITETFHOCTHOTO MTOIX0a B 00YUCHHUH C YUETOM CIIOCOOHOCTEH ITKOJIEHUKOB).

Pemienve 3anay — He caMolelb, @ METO/ O3HAHMUS BELIECTB U UX CBOWCTB, COBEPIICHCTBOBAHUS U 3aKPETIJICHUs 3HAHUN
ydammxcs. Uepe3 pelieHHe 3afad OCYLIECTBIISICTCS CBSI3b TEOPUHM C IIPAKTUKOW, BOCIUTHIBAIOTCS CaMOCTOSTENILHOCTH M
LeJIeyCTPEMIIEHHOCTh, (DOPMHUPYIOTCSI pAllHOHAIBHBIE TPUEMBI MBIIIIJICHUSL.

YMeHHne pemath 3ajaud SIBJISETCS OJHUM M3 IOKa3aTeledl ypOBHS Pa3BUTHSI XMMHUYECKOTO MBIIIJICHUS, TITyOWHBI
YCBOGHUsI LIKOJbHUKAaMU y4eOHOTO MaTepHaia, YTO IO3BOJHMT B JAJbHEHIIEM YCHENIHO 3aHUMAaThCsl B BBICHIMX Y4EOHBIX
3aBe/ICHHSIX M0 BHIOPAHHOMY NPODUITIO (XUMUs, OUOJIOTHS, (HU3HKA).

B kadecTBe y4eOHO-METOIMYECKOTO KOMIUIEKCA IPH OpPTaHH3ALMH 3aHATHH Kypca «l omosumcs k EI'D no xumuu»
MOXHO HCIIONIB30BaTh IOCOOME MO XUMHH UIS MTOCTYHAONINX B BY3BI Mox pen. XomueHko [.I1., 1 y4eOHO-TpeHHpOBOYHBIC
Mmarepuans! nox ped. Kyssmenko H.E. Beimeyka3zanHbsle MaTepuaibl pacKpbIBalOT HanOOIee CI0XKHBIE BOIPOCH! IMIKOJIBHOTO
Kypca XHMUH, COJIepKaT KOMIUICKC TPEHUPOBOYHBIX YIPAKHEHUH 10 CIOXKHBIM TEMaM M METOIMYECKHE PEKOMEHAAINH IS
YUUTEIA.

Ienu ¢pakyabTaTHBHOIO Kypca:

- pa3BHUTHE IT03HABATEIHHON AEATEIBHOCTH 00YJaIOUINXCS Uepe3 aKTUBHBIE (POPMBI U METOABI O0yUEHHUS;

- pa3BHUTHE TBOPYECKOIO IOTEHIIMANIA 00yYaromMXcs, ClIOCOOHOCTH KPUTUYECKH MBICIIUTD;

- 3aKpeIUIeHHE U CHCTEeMaTHU3alus 3HAaHUN 00YyJaroLuXCs 110 XUMUH;

- o0ydeHHe OOy4YarOIIMXCS OCHOBHBIM IOJXOJaM K PEIICHHIO PAacUETHBIX 33/1a4 MO XUMHH, HECTAHIAAPTHOMY DEIICHHIO
NIPaKTUYECKUX 3a]a4;

- CHCTEMAaTHYECKas MOArOTOBKA HIKOJBHUKOB CTApLIMX KJIACCOB K CIa4e €AUHOr0 roCyAapCTBEHHOIO SK3aMEHa 110 XMUMHUH.

3agauu ¢axKyJbTATHBHOIO Kypca:

- Hay4YuTh OOYYAIOMIMXCS MIPUEMaM PEIICHHS 3a7ad pa3IHIHBIX THUIIOB;

- 3aKpeMUTh TEOPETHYECKUE 3HAHUS IIKOJIBHHUKOB II0 HawOoJee CIOXKHBIM TeMaM Kypca OOIIei, HeOpraHWYeCKOW H
OpPraHUYeCKOW XUMUU;

- CcrmocoOCTBOBATh MHTETPALMU 3HAHHMM YYal[UXCS MO MPEIMETaM eCTECTBEHHO-MATEMAaTHYECKOTO IMKIIA MPH PEIICHUH
pacyeTHBIX 3a/1a4 M0 XUMHUH;

- MIPOJODKUTH (POPMHUPOBAHKME YMEHHSI aHAIU3UPOBATH CUTYAIHIO U JCIaTh IPOTHO3HI;

- pa3BuBaTh Yy4YCOHO-KOMMYHUKATHBHBIC HABBIKA TMPH MOArOTOBKE K CEMHHAPCKHM 3aHSITHSAM ¢  BBITOJHECHUS
KOJUIOKBUYMOB.



IIporpamma pakyJbTaTHBHOTO Kypca
«I'oroBuMcsa k EI'D mo xumuu»

Tema 1. CTpyKTypa KOHTPOJIBHO-H3MEPUTENBHBIX MaTepnajoB EI'D mo xumun. Oco0eHHOCTH CaMOCTOAITEJILHOM
NOATrOTOBKY KOJbHUKOB K EI'J (1 yac)

Cneunduxanus EI'D o xumun 2021 r. [1nan sk3amenanuonnoi paborsl EI'D mo xumun 2021 r. (ITIPUJIOXKEHUE k
cneuudukanun). Konudukarop sneMeHTOB conepkanus 1o xumuu i cocrasieHus KMMos EI'D 2021 r. KonrtponbHo-
n3MepurenbHbeie Matepuaisl mo xumun 2017-2018 1.,2018-2019r.,2019-2020 r. (aHATN3 THITHYHBIX OMIHOOK).

Wzmenenns B conepxarnu EI'D mo xumum 2019, 2020,2021 rr. Xapakrepuctuka conepxkaausg yactu 1 EI'D mo xumun
2021 r. Xapakrepuctika coaepxanus yactu 2 EI'D mo xumum 2021 r.

OcoOeHHOCTH CaMOCTOSATENFHOM IOATOTOBKH AOMa IO TPEHHPOBOUYHBIM MarepuanaMm. Co3naHne THEBHHKa «Mon
yCIIeXU U TOCTIDKCHM». FIHTepHET-pecypChl IS MOATOTOBKH MIKONBHUKOB K EI'D Mo xumMum.

Tema 2. Teoperuueckue ocHOBBI xXumMuu. O0mas xumus (6 4acon)
2.1. Xumuyeckuii snemenm

CoBpeMeHHBIE TIPEICTaBICHUS O CTpOoeHUH aTtoMma. CTpOEHHE AIICKTPOHHBIX O0ONIOYEK aTOMOB 3JEMEHTOB IIEPBBIX
YeThIpeX TMEepPHOIOB: S-, P- W O-dmeMeHTHI. DIeKTpoHHAs KoH(uryparwms atoma. OCHOBHOE W BO30YXIEHHOE COCTOSHHUE
aTOMOB.

[leproanyeckuii 3aKoOH U MEpUOANYECKas CHCTeMa XUMHUYeckuX anemeHToB J[.J. MenneneeBa. Pagnycsl aToMOB, HX
MEpUOANYECKUE HW3MEHEHHS B CHCTEME XHMHUYECKHX JJIEMEHTOB. 3aKOHOMEPHOCTHM HM3MEHEHHS] XMMHUYECKHX CBOWCTB
2JIEMEHTOB M UX COEIUHEHUII 1o nepuoaM U rpymnmnam. [ToHaTHe 0 painoaKTUBHOCTH.

2.2. Xumuueckas cés13v u CmpoeHue eeujecmea
KoBamenTnas xummdaeckas CBA3b, eé Pa3HOBUAHOCTHU (HOJ'IﬂpHaﬂ n HCHOJ'ISIpHaﬂ), MEXaHHU3MbI O6p8.30BaHI/I$[.
XapaKTepI/ICTI/IKI/I KOBAJICHTHOH CBSI3H (,I[J'II/IHa 1 SHCPIUAd CBHSI/I). Wonnas cBsa3p. Metammmaeckas CBSI3b. BOZ[OpO,Z[Ha?I CBA3b.
QHCKTPOOTPI/ILIaTeHBHOCTL. CreleHb OKHCICHUS M BaJICHTHOCTh XHUMHUYCCKUX 3JIEMEHTOB. BemecTBa MOJICKYJIAPHOT'O U
HEMOJICKYJISIPHOI'O CTPOCHU . 3aBHUCHMOCTh CBONCTB BCIICCTB OT 0COOEHHOCTEH UX KpHCTaHHH‘ICCKOﬁ PCHICTKH.

2.3. Xumuueckue peakyuu
2.3.1. Xumnueckasi KHHETHKa

Krnaccudukanus xumudecknx peaxkuuid. TermoBoit addekr xumudeckol peakuuu. TepMOXHMMHUYECKHE YpaBHEHUS.
CKOpOCTh peakii, e€ 3aBUCUMOCTh OT Pa3JIMYHbIX (paKTOPOB.

OOpaTtuMble ¥ HEOOpaTUMbIE XUMHUUECKHE peakinu. XUMHU4Yeckoe paBHOBecrue. CMeleHHe XUMUYEeCKOTO PaBHOBECHS
OJI ICUCTBHEM PA3IMYHBIX (PaKTOPOB.

2.3.2. Teopus 3A€KTPOIUTHYECKON TUCCOLMALIAN

DNEeKTPONUTHIECKAsT TUCCOIMALNS AIEKTPOIUTOB B BOJHBIX pacTBopaXx. CHIBHBIC M CIIa0ble 3NEKTPOIUTHL. Peakimm
HOHHOTO OOMEHa.

XapakTepHble XUMHUYECKHE CBOWCTBA OKCHIOB: OCHOBHBIX, aM()OTEPHBIX, KHUCIOTHBIX. XapaKTepHbIE XUMHUYCCKHUE
CBOCTBA OCHOBaHUI 1 aM()OTEPHBIX THIAPOKCHIOB. XapaKTEPHBIC XMMUYECKHE CBOMCTBA KUCIOT. XapaKTePUCTHKA OCHOBHBIX
KJIACCOB HEOPTaHUYECKHX COCTUHEHUH C TTO3UINHN TEOPUH dIeKTpoiuTuaeckor auccormarmu (TI/).

XapakTepHble XUMHYECKHE CBOMCTBA COJICH: CPEIHMX, KUCIIBIX, OCHOBHBIX; KOMIUICKCHBIX (Ha MpUMepe COEeTUHEHUI
amroMuHUST W 1uHKA). [mapomu3 coneit. Cpena BOJHBIX pPacTBOPOB: KuCHas, HEHTpaibHas, IienodHas. Bomopomnsrit
nokasarens (pH). Unaukaropsl. Onpenenenue xapakrepa cpeabl BOAHBIX PACTBOPOB BEIIECTB.

2.3.3. OKHUCIUTENbHO-BOCCTAHOBUTEINIFHBIE PEAKIIH

Peakuun OKHCIUTENHLHO-BOCCTAHOBUTENBHbIC, UX Kiaccudukanus Kopposus MeTamioB W cnocoObl 3allUTHl OT Heé.
DNeKTPONU3 PACIIaBOB M PAcTBOPOB (coiiel, Ienovei, KUCioT). Peakunu, MOATBEpKIAOIIUE B3aMMOCBS3b Pa3IHMYHBIX
KJIaCCOB HEOPTraHUYECKUX COCANHEHHIA.

2.4. Pewenue mpenupogounvix 3adayu no meme: « Teopemuueckue ocnoewvt xumuu. Oowan xumusy » (no mamepuaniam
KHMoe EI'3,2019,2020,2021 22)

Brruncnenue Macchbl pacTBOPEHHOTO BEUIECTBA, COJEPIKAIIETOCS B OMPENEICHHONW Macce pacTBOpa C HM3BECTHOM
MaccoBOM fosel. PacueTsl: 00beMHBIX OTHOIIEHNH ra30B MPH XMMUYECKHUX peakiusx. PacdeTsr: TemmoBoro addexra peakium.
PacueTsl: MaccoBoi J0iaM (Macchl) XHUMHYECKOTO COEIWHEHWS B CMecH. Hammcanue ypaBHEHWH OKHCIUTENBHO-
BOCCTaHOBHTEJIHHBIX PEaKIIUii, pacCTaHOBKA KO PUIIMEHTOB METOJOM 3JIEKTPOHHOTO OanaHca.

Tema 3. Heopranuyeckas xumus (10 yacosn)

3.1. Xapaxmepucmukxa memaunos naguvix NOOSPYRN U UX COCOUHEHUT

OOmas xapakTeprcTHKa MeTauloB riiaBHbIX noArpynn [-III rpynn B cBsi3M ¢ MX IOJIOXKEHHEM B NEPUOIMYECKOH
cucreMe XxumMuieckux anemenToB J[.M. MenzaeneeBa 1 0COOEHHOCTH CTPOEHUS X aTOMOB.

XapakTepHble XUMHUYECKHE CBOICTBA MPOCTBIX BEILECTB M COEIUHEHUN METAIOB - LIEIOYHBIX, MIET0YHO3EMENbHBIX,
ATFOMUHUS.

3.2. Xapaxmepucmukxa HeMemannios 21a8HbIX NOOSPYNN U UX COeOUHEHUL



OOmas xapakTepucTuka HeMeTayuloB riaBHbEIX noarpyni [V—-VII rpynn B ¢Bs3M ¢ MX MOJ0XXEHHEM B IIEPUOJHMYECKOM
cucreMe XxumMuaeckux 3neMenTos .M. MenzneneeBa 1 0COOEHHOCTSIME CTPOSHHS UX aTOMOB.

XapakTepHble XUMHYECKHE CBOWCTBA IIPOCTBIX BEUIECTB W COCOMHEHWH HEMETAIUIOB - BOJOPOJA, TaJOICHOB,
KHCIIOPO/Ia, CEPBI, a30Ta, Gpochopa, yriepona, KPeMHHS.

3.3. Xapaxmepucmuka nepexoonvix d1eMeHmos U ux COeOUHeHUll

XapakTepUCTHKA IEPEXOAHBIX JJIEMEHTOB — MEIW, IMHKA, XpPOMa, JKeje3a MO HMX IOJOXEHUIO B IEPHOIUYECKOMN
cucreMe xumuieckux snementos .M. MenzaeneeBa n 0COOEHHOCTSIM CTPOCHUS X aTOMOB.

XapakTepHble XUMUUYECKHE CBONCTBA MPOCTHIX BEILECTB U COSIUHEHHUM MEePeXoHBIX METAIIOB — MEH, [IMHKA, XpOMa,
xKesesa.

3.4. Pewenue mpenupoeounvix 3adau no meme: «Heopzanuueckas xumusn» (no mamepuanram KHMoe EI'3 2019,
2020,2021 22)

Pacuersr: Maccrl (00BeMa, KOIMYECTBA BEMIECTBA) MPOAYKTA PEAKIUY, €CIIH OJHO M3 BEIIECTB JaHO B BHIE PacTBOpA C
ONPEJEIIEHHON MacCcOBOM OJIEH pacTBOPEHHOI'O BEILIECTBA.

Pacuersr: mMaccoBoil miM OOBEMHOH MOJNM BBIXOZAa TMPOAYKTA PEAKIUH OT TEOPETHUSCKH BO3MOXKHOTO. Pacyersr:
MacCOBOM 7101 (MacChl) XUMIYECKOTO coeqHeHMs B cMecr. Onpexnenenne pH cpenbl pacTBOpOB colteit.

'eHeTrmdeckast CBSA3b MEXKAY OCHOBHBIMH KiIaccaMH HEOPTaHWYECKHX COequHeHWi. KadecTBeHHBIE peakiu Ha
HEOPTaHMYECKUE BEIICCTBA M MOHBL.

Tema 4. Oprannyeckasi xumus (9 4acoB)

4.1. YVene6o0opoosi

Teopusi CTpo€HHMs OpPraHUYECKUX COEAMHEHUU. I3omepus — CTpyKTypHas U IPOCTPaHCTBEHHas. ['omonoru u
TOMOJIOTHYECKUH P
Tumel cBsA3¢il B MOJEKynaX OpPraHMYECKHX BeIIecTB. [ mOpuamsamus aToMHBIX opOuTanel yriepona. Panmwmkan.
@dynaxunoHanbHas rpynna. Kinaccudukanus 1 HOMEHKIaTypa OpraHHYECKUX COSTNHEHHUH.

XapakTepHble XHMHUYECKUE CBOWCTBA YIJIEBOJOPOJOB: AaIKaHOB, IUKIOAIKAHOB, AaJKEHOB, IHEHOB, AaIKUHOB.
[TpupoaHbIe NCTOYHUKH YTIIEBOJOPOAOB, MX IepepadoTka. MexaHW3Mbl peaknni MPUCOSAWHEHHs] B OPraHMYECKOH XUMHH.
[IpaBuno B.B. MapkoBHUKOBa, paBuiio 3aiuesa A.M.

XapakTepHble XMMHYECKHE CBONCTBA apoOMaTH4EeCKHX YIJIEBOJOPOOB: OeH30jla M Toiayosa. MeXaHU3MBl peakiuil
NIEKTPODUILHOTO 3aMELICHUS B OPTaHMYECKUX PEaKIusiX.

BricokomonekymspHble coequHeHus. Peakiiuu nonumepusannu v nonukonaeHcauuu. [lomumepst. [lnactmaccsl,
BOJIOKHA, Kay4yKH.

4.2. Kucnopodcooepacawue opeanuieckie coeOuHenus

XapakTepHbIe XUMHUYECKHAE CBOWCTBA NMPEACIBHBIX OJHOATOMHBIX M MHOTOATOMHBIX CIIHPTOB, (peHONA. XapaKTepHEIC
XUMHYECKHE CBOICTBA albIErUI0B, NPENeIbHBIX KapOOHOBBIX KHUCIIOT, CIOXHBIX 3(pupoB. bruonornyecku BakHble BELIECTBA:
yrIIeBOABl (MOHOCAXapHbl, JHCaxapuibl, MOJUcaxapuibl). Peakuuu, MOATBEpKIAIOIIME B3aUMOCBS3b YIJIEBOJOPOIOB H
KUCIIOPOJICOEPIKAIINX OPTraHMYECKHX COCTHHEHUI.

OpraHuyeckue COeJUHEHUs], COJIepPKale HECKOIBKO (DYHKIMOHATIBHBIX rpyni. OcoOEHHOCTH XUMUYECKUX CBOWCTB.

4.3. A3omcoodepoicawue opeanuieckue cOeOUHeHUs. 1 OUONOSUYECKU BAXCHbIE OP2AHUYECKUEe 8eLecnéd

XapaxkTepHble XMMHYECKHE CBOMCTBAa a30TCOAEpPIKALUX OPraHUYECKUX COEJUHEHUW: aMHUHOB W aMHUHOKHUCIIOT.
buonornueckn Ba)KHbIE BEIIECTBA: JKUPBI, OCNKU, HYKIEHHOBBIE KHUCIOTHL. [ opMOHBL. DepMeHTH. MeTalnopraHndecKkre
COEIMHEHUSL.

4.4. Pewuenue npakmuueckux 3adau no meme: «Opzanuueckas xumusn» (no mamepuanam KHMoe EI'3 2019, 2020, 2021
22)

Haxoxnenne MoneKysipHO GopMyIbl BemecTBa. I eHeTHUecKast CBSI3b MEX/y HEOPTaHWYECKUMH W OpPraHWYeCKUMHU
BellecTBaMH. [ eHeTnueckasl CBsI3b MEXKAY OCHOBHBIMHM KJIACCaMM HEOPraHMYECKHX BelecTB. KadecTBEHHbIE peakInu Ha
HEKOTOPbIE KJIACChl OPraHMYECKUX COEAMHEHUH (aJKEeHBI, ajKaHbl, CIIUPTHI, albIETH/IbI, KApOOHOBBIE KHCIIOTHI, YTJIEBOJbI,
6enku). nenTudukanus OpraHuuecKuX COSAMHEHHUIA.

Tema 5. O0o0IeHHe 1 TOBTOPEHHE MaTepHaia 3a Kypc mkoabHbIil xumun (10-11 kinaccnr) (4 yaca)

OcCHOBHBIE MOHATHS W 3aKOHBI XuMuH. lleproamdeckuii 3akoH J[.J11.MenneneeBa n ero gpusmdeckuii cMpIci. Teopus
CTpoeHHsI opraHudecknx BemecTB A.M. bBytiaepoBa M 0COOEHHOCTH OpPraHWYECKHX COeOUHEHHH. OKHUCINTEeNHHO-
BOCCTAHOBHTEJIFHBIE PEaKI[UH B HEOPTAaHMYECKOW W OpPraHMYECKONW XUMUH. | 'eHeTHdecKast CBA3b MEXKIy HEOPTaHHYECKUMH H
OpPraHUYECKUMU COEIUHEHUSIMU. DKCIIEPUMEHTAILHBIE OCHOBBI OPIraHUYECKON U HEOPraHUYECKON XUMUH.

Pabota ¢ KOHTPOJIBHO-N3MEPHUTENLHBIMH MaTepuanamMu EI'D o xumuu.

Hmoeosuviii konmponw 6 popme EID.



TemaTH4eckoe NIaHNPOBaHUE Yy4eOHOI0 MaTepHuajia

Ne Tema 3ansATHUSA KoJu-Bo ®opma Oo6pa3oBarebHbIH NPOAYKT
w/n 4acoB 3aHATUS
Tema 1. CTpyKTypa KOHTPOJILHO-U3MePHUTEIbHBIX MaTepuaioB EI'D mo xumun. Oco6eHHOCTH caMOCTOATEIbHO
NMOATOTOBKHU MK0JbHUKOB K EI'J (1 yac)
Crpyxkrypa KOHTpONBHO- | 1 Cemunap - 3Hamb CTIPYKTYpY OSK3aMCHAIIMOHHOMN
N3MEPUTEIEHBIX MaTepHAaJOB. paborer B ¢opme EID mo xummum,
TuroBble OMMOKY NP BBINOJHEHUH TIporeccyaabHbIC 0COOCHHOCTH
3aJaHuN EID o XUMUH. MIPOBENIEHUS K3aMEHA;
OcobeHHocTH HOATOTOBKH K
- - O03HAKOMUMbCSL c OCHOBHBIMU
TPYOHOCTAMU mOAroToBKM K EI'D 1o
XUMHU.
Tema 2. TeopeTuueckue ocHOBbI xuMun. O0mas xumus (6 yacon)
Xumuueckuit JJIEMEHT nll Jlexmus + - 6blABNAMb  XapaKTepHblE  IPU3HAKU
XUMHYECKas CBA3b TIOHATUI: BEIIECTBO, XMMUYECKUH
IIpakTkym
PewmeHue S o Teme: 3JIEMEHT, aTOM, MOJIEKYJIa, OTHOCUTENIbHBIE
«XUMUYeCKil STeMEHT - ATOMHBIC M MOJICKYJIIDHBIC MAacCChbl, HWOH,
XUMUYECKas CBA3bY H30TOIIbI, XUMHYECCKas CB3b,
3JIEKTPOOTPHULIATENFHOCTD, ~ BAJICHTHOCTb,
CTENEeHb OKUCIICHNUS, MOJIb
- 8bINOIHEHUE yIpaXHEHUH u
TPEHUPOBOYHBIX 3aJlaHUi 10 MaTepHazaMm
EI'D nmo teme: «XUMHYECKUU DJIEMEHT U
XMMHUYECKas CBSI3b», OCMBICINTD 3aJaHUCE 1
Han0oJIee TPYAHBIC BOPOCHI
XuMH4ecKkasi KHHETHKa 1 Jlexuust - 6blA6IAMbL W TIOHMMAaTh XapaKTepHBIC
MIPU3HAKH MOHATHI: CKOPOCTh XUMUYECKON
peakuuy,  (QaKkTOpbl,  BIMAIOIIME  HA
CKOpPOCTb XUMHUYECKON peaxuuu,
XMMHYECKOE  paBHOBECHE, (daxTopsl,
BJIMAKOOIUC Ha CMCHICHHC XHMHYCCKOI'O
paBHOBECHS, KaTaNN3aTOPBI, HHTHOUTOPHI
Pewenue 3a1a4 1o Tteme: | 1 IIpakTuxkym - 8bINOIHEHUE YIPaXXHEHUH u
«XUMHYECKasi KHHETHKa TPEHUPOBOYHBIX 3aJlaHUi 10 MaTepHazam
EI'D mo teme: «XuMHYECKass KHMHETUKAY,
OCMBICIIUTh 33JlaHie W Hanbosiee TPYAHBIE
BOIIPOCHI
Teopust aneKTpoauTHIeckoit | 1 Jlexuust - GblAGIAMbL  XapaKTEpHBIC  IPH3HAKU
JIMCCOIMAITNH MOHSATHH: BEIIECTBA MOJIEKYJSIPHOTO U
HEMOJICKYJIIPHOTO CTPOEHHS, PAaCTBOPEI,
OJICKTPOJIUTHI u HEQJICKTPOJIHNTHI,
3JIEKTPOIUTHYECKas JUCCOITHALINS,
THIIPOIIN3
Pemenne 3amag mo teme: «Teopus | 1 IIpakTuxkym - 6bINOAHEHUE YIPaXXHEHUH u
9NEKTPOJIUTUYECKON JUCCOLUALIII TPEHUPOBOYHBIX 3aJaHUIl II0 MarepuajlaM
EI'D 1o TeME: «Teopus
SIEKTPOIUTHIECKON JUCCOIINAIIII
OKHCIUTENTbHO-BOCCTAHOBHUTENBHBIE | 1 Jlexuusa + - 3HaTh ¥ IOHUMATh: OKUCIUTEIb U
peaxkuuu BOCCTAHOBHTEIb, OKUCIIEHUE U
[IpakTuxkym

Pemenne 3aJa4 I10 TEMEC:
«OKUCIUTEIBHO-
BOCCTAHOBUTCIIBHBIC pPECAKIIUN»

BOCCTAHOBJICHUE, DJICKTPOJIN3

- BBIIIOJIHEHUE YTIPAKHEHUN U
TPEHUPOBOYHBIX 3aJaHU [0 MaTepuaiaMm
EI'D no teme: « OKHCINUTENBLHO-
BOCCTAHOBHUTEJIbLHBIE- BBIIIOJIHEHNE
YIPaKHEHUI U TPEHUPOBOYHBIX 3aJaHUH
o matepuanam EI'D mo teme:
«XVMHUYECKUN DJIEMEHT U XUMHYECcKas
CBSI3b»Y




Tema 3. Heopranunueckasi xumus (10 yacon)

XapaKTepI/ICTI/IKa MCTAJUIIOB T'JIaBHBIX
MOATPYIT U UX COGI[I/IHGHI/Iﬁ

1

Jlexusa

- Xapaxmepusoeams.
- S-3JIEMCHTHI U aJIIOMUHUM, UX IOJIOKCHUE
B Ilepuoguueckoit CHUCTEME J..
Mennencena;

- o0mue XMMHYECKHe CBOWCTBA MPOCTHIX
BEIIECTB — METAJIOB;

- 00IIMe XUMHYECKHE CBOMCTBA OCHOBHBIX
COCIUHECHUM S-2JIEMCHTOB

Pemenne 3a7a4 o TEME:
«[IlenouHple U LIEJIOYHO3EMEIIbHBIC
9JIEMEHTEI U HX  COEIHHCHUS,
ATFOMUHMI U €T0 COSINHEHUA

IIpakTukym

- @blulicleHue MacChl  PacTBOPEHHOTO
BEIIIECTBA, coJIeprKallerocs B
ONpeAeIeHHO  Macce  pacTBopa €
WU3BECTHOM MacCOBOH J0JCH;

- pacdeTbl: 0OBEMHBIX OTHOILICHUH Ia30B
MIPY XUMUYECKUX PEaKLHIX;

- pacueTsl: Macchl BemIecTBa WIM o0beMa
ra3oB 10  W3BECTHOMY  KOJHYECTBY
BEIIECTBA, Macce WIN 00BEMY OJHOTO W3
YYaCTBYIOIIHNX B PEAKIIMH BEIIECTB,;

- pacderel: Macchl (00beMa, KOJMYECTBa
BEIIECTBA) MPOAYKTOB PEAKIUH, €CIIH OJTHO
U3 BCHICCTB JaHO B HU30BITKE (UMEeT
HpUMECH);

- pacuerbl: Macchl (00beMa, KOJIMYeCcTBa
BEILIECTBA) MPOAYKTA PEaKLUH, €CIU OJTHO
U3 BEUIECTB JaHO B BHJE pacTBOpa C
OIIpeCIICHHON MaccoBO Jloen
PaCTBOPEHHOTO BEIIECTBA;

- pacyeTsl: MacCOBOM MM OOBEMHOU 0NN
BEIXOJIa MIPOAYKTA peaxiym oT
TEOPETUIECKH BO3MOXKHOTO;

- pacdeTsl: MaccoBOl momu (Macchl)
XUMHYCCKOI'O COCAMHCHUS B CMCCH,

- COCTaBJICHHE LIEMOYEK TI'€HETUYECKOMH
CBA3HW HCOPTaHUYCCKHUX COC}II/IHeHI/Iﬁ

10

XapakTepucTHKa HEMETAaJLIOB
TJIaBHBIX NoArpyIm u nux
COEIMHEHUH (TaloreHsl, MOJATrpyINa
KHCIIOpO/1a, BOJIOPO.)

Jlexkumsa

- Xapaxmepusoeams.
- p-dJeMeHTHhl (TaJIOTEeHbI, TMOATPYIINa
KHUCIIOPOJia, BOJOPOJ), HUX TIOJIOKEHUE B
IIepuoguueckoit cucTeme JING S
Menpeneena;

- o0mue XUMHYECKHE CBOHCTBA MPOCTHIX
BEIIIECTB — HEMETAJLJIOB:

- o0IIMe XUMHUYECKHE CBOHCTBA OCHOBHBIX
COCIIMHEHUH p-3JIEMEHTOB

11

Pemrenne 3amaq 1o teMe:
«["amoreHnI»

[IpakTuxkym

- BBIUHCIIEHHE MAacChl PacTBOPEHHOTO
BEIIECTBA, coJlepKaIerocs B
OTpeJieieHHOW  Macce  pacTBopa ¢
M3BECTHOI MacCOBOM J0JICH;

- pacyeThl: 00BEMHBIX OTHOIIECHUH Tra30B
IpHU XUMHUYCCKUX PCAKINAX,

- pacyeThl: MACCHI BCIICCTBA HJIU o0bema
ra3oB 1o HN3BECTHOMY KOJIMYCCTBY
B€IICCTBA, MacCcEc HIIN O6’I)éMy OJJHOTO H3
YYaCTBYIOIIMX B PEAKITNU BEIICCTB,

- pacueTsl: TeMIoBOro 3¢ GeKTa peaKiny;

- pacuerbl: Maccel (00beMa, KOJIMYECTBA
BEILIECTBA) MPOJYKTOB PEAKIIMH, €CIH OIHO
W3 BELIECTB JaHO B H30bITKE (MMeeT
TIPUMECH);

- pacyeThl: MACChHI (06L€Ma, KOJIM4YCCTBa




BEIIECTBA) MPOIYKTa PEAKIUHU, SCIH OJTHO
U3 BEIIECTB JaHO B BHUJAE pacTBOpa C
onpeneNeHHON MacCOBOM noneu
PacTBOPEHHOT'O BEIIECTBA,;

- pacyeThl: MacCOBOM WM OOBEMHOU JOJIU
BEIXOa MPOJYKTa peakuuu oT
TEOPETUIECKH BO3MOXHOTO;

- pacyeTsl: MaccoBOW Jonu  (Macchel)
XMUMHYECKOTO COCIUHEHUS B CMECH;

- COCTaBJICHHE IECIIOYCK TeHETHYCCKOM
CBA3HU HCOPTaHUYCCKUX COC,HI/IHCHI/Iﬁ
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Pemnrenue 3amau o teme:
«[Toarpynna xucinopozaa, BOIOpoI1»

IIpakTukym

- BBIYUCIIGHHE MAacChl PacTBOPEHHOIO
BEIIECTBa, coJiepKalerocs B
onpeeNeHHON Macce  pacTBopa C
H3BECTHOM MacCOBOM JOJICH;

- pacyeThI: 00BEMHBIX OTHOIIECHUM Tra30B
IpU XUMHUYECKUX PCAKIIUAX,

- pacyeThl: MacChl BELIECTBa WM 00ObEeMa
razoB 1O  U3BECTHOMY  KOJIUYECTBY
BEILlECTBA, Macce WM 0O0BEMY OJHOTO U3
Y4aCTBYIOIINX B PEAKI[H BEIIECTB;

- pacueTsl: TerI0Boro 3¢ GeKTa peaxiuy;

- pacuerbl: Macchl (00beMa, KOIHYEeCTBA
BEIIIECTBA) MPOIYKTOB PEAKI[UH, €CIH OTHO
U3 BCIICCTB JaHO B u30BITKE (HMeeT
TIpUMeECH);

- pacuersl: Macchl (00BeMa, KOIMYEeCTBa
BEIIECTBA) MPOAYKTA PEAKIUH, €CIU OJIHO
U3 BELIECTB JaHO B BHJIE pacTBOpa C
OIIpEeCIICHHON MaccoBOM JloJien
PacTBOPEHHOT'O BEIIECTBA;

- pacdeThl: MacCOBOM MM OOBEMHOH 10NN
BbIXOJa MpoayKra peakuunu oT
TEOPETUIECKH BO3MOXHOTO;

- pacdeTsl: MaccoBOH gomu (Macchl)
XUMHUYECKOTO COCTMHEHUS B CMECH;

- COCTaBJICHUEC ICIIOYCK TeHETHICCKOM
CBA3HU HCOPTaHUYCCKHUX COCZ[I/IHGHI/Iﬁ

13

XapakTepucTHKa HEMETAIIOB
TJIABHBIX MTOATPYIIT ¥ UX
coevHeHUH (MOATPYIINa a30Ta,
MOJATpYyIIa Yriepoaa)

Jlexumsa

- XapaKTepHU30BaTh:

- p-3meMeHTHl (MOATpyIa a3oTa |
MOJTPYIIa YIiepona), X IOJOXKECHUE B
Ilepuoguueckoit crucTteme AN.
Menneneena;

- O6IIII/IC XHMUYECKHE CBOMCTBa MMPOCTBIX
BC€IICCTB — HCMCTAJIJIOB!

- 06HII/IG XHUMHYECKHE CBONCTBA OCHOBHBIX
COGI{I/IHGHI/Iﬁ P-3JIEMCHTOB

14

Pemenue 3anau o teme:
«[loarpynmna azora»

[IpakTukym

- BBIYUCJICHUC MACChl paCTBOPEHHOI'O
BCIICCTBA, COACPIKAILICTOCA B




ONpeJIeNIEHHOM Macce pacTBOpa ¢
WU3BECTHOM MacCOBOH J0JIEH;

- pacCUCThI: 00BEMHBIX OTHOLIEHHUH ra30B
IpU XUMHUYCCKUX PCAKIINUAX,

- pacuCThl: MAaCChI BELICCTBA UJIN o0bema
Ta30B 110 U3BECTHOMY KOJIMYCCTBY
BCIICCTBA, MaCCC UJIN O6’béMy OJIHOTI'O U3
YYaCTBYIOIIMX B PEAKIIUU BCIICCTB;

- pacueTsl: TerIo0Boro 3¢ GeKTa peaxiny;

- pacueTsl: Macchl (00beMa, KOJIMIecTBa
BEIIIECTBA) MPOYKTOB PEAKIMHU, ECITH OJTHO
U3 BEIIECTB JIaHO B U30BITKE (MMEeT
TIpUMeECH);

- pacueThl: Macchl (00beMa, KOJIMIecTBa
BEIIIECTBA) MPOJYKTa PEAKIIUH, ECIIH OJJHO
U3 BEIECTB JaHO B BUJE PacTBOpa C
OIIpEICIIEHHOW MacCOBOM A0J€EH
PacTBOPEHHOTO BELIECTBA;

- pacCyCThI: MacCOBOM WU 00bEMHOM J0JI1
BbIXO/Jla MPOAYKTa pE€aKIuu OT
TCOPCTUICCKH BO3MOKHOT'O;

- pacyeThl: MacCOBOIt OJH (MacChl)
XAUMHYECKOTO COCTHHCHUS B CMECH;

- COCTaBJICHUE IIETIOYECK I€HETHICCKOM
CBA3HU HCOPTAaHUYCCKUX COG,Z[I/IHCHPIIZ

15

Pemmenne 3amau mo teme:
«[loarpynma yriepona»

[IpakTukym

- BEIYHCIICHUE MACCHI PACTBOPEHHOTO
BEIIECTBA, COIEPIKAIIETOCS B
OTIpeIeIEHHON Macce pacTBoOpa ¢
M3BECTHOI MacCOBOM J0JIeH;

- paCyCThI: 00BEMHBIX OTHOILIIEHHH ra30B
IpHU XUMHUYCCKUX PCAKIINAX,

- pacyYCThl: MACChI BELICCTBA UJIN o0beMa
Ta30B 110 U3BECTHOMY KOJIMYCCTBY
BE€IICCTBA, MaCcCE€ UJIN O6”béMy OJITHOI'O M3
Y4aCTBYIOIIIMX B PCAKIINU BCIICCTB;

- pacueTsl: TemI0Boro 3 ¢GeKTa peakiny;

- pacdeThl: Macchl (00beMa, KOJInIecTBa
BEIIIECTBA) MPOYKTOB PEAKIIMHU, €CITH OJTHO
U3 BEIIECTB JIaHO B U30BITKE (MMEET
MIPUMECH);

- pacdeThl: Macchl (00beMa, KOJIMIecTBa
BEIIECTBA) MPOAYKTA PEAKIIHH, €CIIH OJTHO
13 BEIIECTB JIaHO B BUJIC PACTBOpPA C
onpeesIeHHOW MacCcOBOU AoJeit
PACTBOPEHHOTO BEIECTBA;

- pacyCThI: MacCOBOM U 00BEMHOM J0JI1
BbIXOJa NPOAYKTa pCaKIIu OT
TCOPECTUICCKH BO3MOKHOT'O;




- pacyeThl: MacCOBOM JJOJIM (Macchl)
XUMHYECKOTO COEIUHEHUS B CMECH;

- COCTaBJICHUE LIETIOYEK IeHETHICCKOM
CBA3U HCOPTaHUYCCKHUX COCAUHECHUI

16

XapaKkTepuCTHKa METAILJIOB 1 Jlexuus - XapaKTepU30BaTh:
MOOOYHBIX MOATPYII U UX
COCANHCHUU - d-311eMEHTEI, UX MOJOKEHHE B
Ilepuopuueckoit cucreme .M.
Menpeneena;

- 00IIMe XMMHYECKHE CBOMCTBA MPOCTHIX
BEIIECTB — HEMETAIJIOB:

- 001IMe XMMHUYECKHE CBOMCTBA OCHOBHBIX
coeanHeHu d-371EMEHTOB

17

Perienue 3a1a4 mno teme: 1 [MpakTukym - BBIYKCJICHHE MacChl pACTBOPEHHOTO
«XapaKTepuCTHKa METaJIOB BEIIIECTBA, COJICPIKAIIETOCS B
MOOOYHBIX MOATPYII U UX OTpeieNIeHHOM Macce pacTBOpa ¢
COEIUHEHUIN HM3BECTHOII MacCOBOM JIOJIEi;

- paCyCThI: 00BEMHBIX OTHOILIICHHH ra30B
IprU XUMHUYCCKUX PCAKIUAX]

- pacyeThl: MacCHI BEIIECTBA WK 00beMa
ra3oB 10 U3BECTHOMY KOJINYECTBY
BEIIEeCTBa, MACCE WA 00BEMY OHOTO U3
Y4acTBYIOUIUX B PEAKIUU BEILIECTB;

- pacyeTsl: Macchl (00BEMa, KOINYECTBA
BEILECTBA) NPOAYKTOB PEAKIUH, SCIIH OJJHO
13 BEIECTB JaHO B U30BITKE (MMeeT
HpUMECH);

- pacdeTsl: Macchl (00beMa, KONMMIecTBa
BEIIIECTBA) MPOJIYKTA PEAKIINH, ECIIH OJJHO
13 BEIECTB JIaHO B BUJIE PACTBOPA C
OIIPE/ICJIEHHOW MacCOBOM A0J€ei
PacTBOPEHHOT'O BEIIECTBA;

- pacCUCThI: MacCOBOM W 00bEMHOM J0JIH
BbIXO/JIa MTPOAYKTa pEAKIIUU OT
TCOPETUICCKH BO3MOKHOTO;

- pacueThl: MacCOBOI TOJH (MacChl)
XUMHYECKOTO COCTHHCHUS B CMECH;

- COCTaBJICHUE IIETIOYEK IeHETHICCKOM
CBsA3H HCOPTaHUYICCKHUX COCZ[I/IHGHI/Iﬁ

Tema 4. Oprannyeckas xumus (9 yacon)
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Teopus crpoeHms opranmdeckmx | 1 CemuHap - 3HAMb U NOHUMAMD:

coenuHeHuil. Uzomepust TIPUHA/JIEKHOCTh BEIIECTB K Pa3IMYHBIM
KJIaccaM OpPraHUYECKUX COEIUHEHUH;

- TOMOJIOTH, U30MEPHI;

- CTPOEHHE OPraHUYECKUX COEUHEHUH;

- XUMHUYECKHEC pPCAKIHUU B opraHqucxoﬁ
XUMHH, UX MCXAaHU3MbI

19

YT1eBoIOpOABI — aNKaHbI, ankeHsl, | 1 Jlexumsa - 6bINONHEHUE yNIpaKHEHUI u
LUKJIOAJIKAHbI, TUECHbI TPEHUPOBOYHBIX 3aJaHUIl IO MaTepuajlaM
EID mo  Teme: «YTneBoaopoab»,
OCMBICIIUTh 3alaHie W Haubosiee TPYAHBIE
BOIIPOCHI

20

Pemenne 3a1a4 o teme: | 1 [MpakTuxkym - OIpeNeNieHHe MOJIEKYJISPHOH (OpMYJIbI




((Hpe[[eHLHLIC YriaeBoaopoabn»

BEILIECTBA;
- pacyeTbl: OOBEMHBIX OTHOILCHUH Ia30B
MIPY XUMUYECKHX PEAKIHUIX;

- pacdeThl: MacChl BELIECTBAa WM 00BbEMa
ra3oB 10  M3BECTHOMY  KOJIHYECTBY
BEIECTBA, Macce WIN 00BEMY OIHOTO U3
Y4YacTBYIOIINX B PEaKIMU BEIIECTB;

- pacderel: Macchl (00beMa, KOJIMYEeCTBa
BEIIIECTBA) MIPOYKTOB PEAKLUH, ECIIH OJTHO
W3 BEIIECTB JIaHO B U30BITKE (MMeeT
TIpUMECH);

- pacuersl: Macchl (00beMa, KOJIMYEeCTBa
BEIIIECTBA) MPOAYKTAa PEaKIUH, €CIU OJIHO
13 BEIIECTB MAaHO B BHUJIE pacTBopa C
ONpeAeIEeHHON MacCOBOM noneun
PacTBOPEHHOTO BEILIECTBA,;

- COCTaBJICHHE IEMOYEK TI'€HETHYECKOMH
CBSI3M OPTaHWYECKUX COCIMHEHHUH;

- Ka4YC€CTBCHHBIC PEAKIIMKM HAa HEKOTOPBIC
HCOPraHn4eCKUEC COCIUHCHUA

21

Pemenue 3a1a4d mo teme:
«HenpenenbHble yriIeBOOOPOALD)

IIpakTuxym

- ompenelieHHe MOJIEKYJSIPHOH (OpMyIIbI
BEIIIECTBA;

- pacyeThl: 00BEMHBIX OTHOIIEHHH Tra3oB
IpU XUMHUYCCKUX PCAKINAX,

- pacyeThl: MACCHI BCIICCTBA HIIU o0beMa
ra3oB 10 HN3BECTHOMY KOJIMYCCTBY
BE€IICCTBA, MAacCE HIIN 06’BéMy OJHOIO H3
Y4aCTBYIOIIMX B PCAKIINU BCIICCTB,

- pacueTbl: Macchl (00beMa, KOJIMYECTBA
BEILECTBA) MPOJYKTOB PEaKLHH, €CIIH OIHO
W3 BENIECTB JaHO B H30BITKE (MMeeT
IpUMECH);

- pacuersl: Maccel (0ObeMa, KOJIMYeCTBa
BEIIECTBA) NMPOAYKTAa PEaKIUH, €CIU OJIHO
13 BEIIECTB JaHO B BHUJE pacTBopa C
OIIpEeCIICHHON MaccoBOM JloJien
PacTBOPEHHOT'O BEIIECTBA;

- COCTaBJICHUEC ICIIOYECK TCHETHICCKOM
CBA3HU OPraHUYCCKUX CO€,I[PIHCHPIﬁ;

- KaUCCTBCHHbBIC PCAKINU HAa HCEKOTOPLIC
HCOPraHM4CCKUC COCIUHCHU A

22

ApoMaTHYecKHe yTiIeBOI0POIbI

CemuHap

- BBITIOJTHEHHE YIpaKHEHUH n
TPEHUPOBOYHBIX 3aJlaHi 10 MaTepHazam
EID o  TeMe: «Apomarnyeckue
YIJI€BOAOPOABD), OCMBICIMTH 3aJaHHe U
HanboJee TpYyIHbIE BOMPOCHI

23

Kucnopoaconepxamiue
OpTaHUYECKHE COSTNHEHHS
(cpaBHHTEIBbHAS XapaKTEPUCTHKA
CIIUPTOB, ANIBJETHIOB U KAPOOHOBBIX
KHCJIOT)

Jlexumsa

- BBITIOJIHEHNE YIpaKHEHUI "
TPEHUPOBOYHBIX 3aJaHUIl IO MaTepuajlaM
EID mo teme: «Kucmopoacoaepxamme
OPraHn4eCKUue COCAMHCHUA», OCMBICIUTDH
3a1aHue M Haubosee TpyaHbIE BOIPOCH

24

Pemenue 3amau

IIpakTuxkym

- OmpeneNieHHe MOJEKYISAPHOH (OpMyIIbI
BEIIIECTBA;

- pacdeTbl: OOBEMHBIX OTHOIIEHUH Tra3oB
TIPU XUMHUYECKUX PEAKLIHUAX;




- pacueThl: Macchl BEIIECTBa WM 00beMa
ra3oB 1O  U3BECTHOMY  KOJIUYECTBY
BEIIECTBA, Macce WIN O0BEMY OTHOTO W3
YYaCTBYIOIINX B PEAKIINH BEIICCTB;

- pacyeThl: Macchl (00BbEMa, KOJIMYECTBA
BEIIECTBA) MPOJIYKTOB PEAKIUH, €CIIU OJTHO
W3 BENIECTB JIaHO B U30BITKE (MMeeT
TIPUMECH);

- pacyeThl: Macchl (00BbEeMa, KOJIMYECTBA
BEILECTBA) MPOAYKTAa PEAKINH, €CId OJHO
W3 BEOIECTB JAaHO B BHAE pacTBopa C
ONpeAeIEHHON MacCOBOM noneun
PacTBOPEHHOTO BEIIECTBA;

- COCTaBIICHHE IICTIOYCK TI'C€HETHYCCKOU
CBA3H OPTaHUYCCKUX COCﬂHHeHHﬁ;

- KauCCTBCHHBLIC PCAKIMU Ha HEKOTOPLIC
HCOPTraHNMYCCKHUC COCANHCHUSA

25

A3zoTcozaeprkaliue opraHnuecKue
COCIMHEHUS U OHOJIOTHYECKU
Ba)KHBIC BEIIECTBA

Cemunap

- BBITIOJIHEHUE YTIPOKHEHUN U
TPEHUPOBOYHBIX 3aJJaHUN 110 MaTepHaIaM
EI'D no Teme: «A3oTcoaepkaiye
OpTraHUYECKUE COCTUHCHUS 1
OHMOJIOTHYECKH BaKHBIC OPTaHIMYECKUC
COCAUHEHUS, OCMBICIIUTh 3aJaHue U
HanboJiee TPYAHBIE BOIPOCH
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Pemenue 3amau

[IpakTukym

- OIIpeZIeTICHNE MOJIEKYJIIPHON (POPMYIIBI
BEIIIECTBA;

- pacCyCThI: 00BEMHBIX OTHOILIICHUH ra30B
IpU XUMHUYCCKUX PCAKINAX,

- pacyYCThl: MACChI BELICCTBA UJIN o0beMa
Ta30B 10 U3BECCTHOMY KOJIMYCCTBY
BE€IICCTBA, MaCcCE€ UJIN O6”béMy OJITHOI'O M3
Y4aCTBYIOIIIMX B PEAKIIUU BCUICCTB;

- pacueThl: Macchl (00BeMa, KOIMYECTBA
BEILECTBA) MPOAYKTOB PEAKLUH, €CITH OJHO
W3 BEIECTB JaHO B U30BITKE (MMeeT
TIPUMECH);

- pacueThl: Macchl (00beMa, KOTMIeCTBa
BEIIECTBA) MPOAYKTA PEaKIHH, €CIIH OTHO
73 BEIIECTB JIaHO B BUJIC PACTBOPA C
OIpeeIEHHOW MaccOBOU AoJei
PacTBOPEHHOTO BEIIECTBA;

- COCTaBJICHUE LIETIOYEK IeHETHICCKOM
CBA3HU OPraHUYCCKUX COCHHHCHHﬁ;

- KaYE€CTBCHHBLIC PCAKIIMHU Ha HCKOTOPLIC
HEOPraHn4CeCKUEC COCIUHCHU A

Tema 5. O0o01L1eHNe ¥ IOBTOPEH

e MaTepuaJa 3a IKOJAbHbIA Kype xumun (10-11 kiaaccel)

(4 yaca)

27

O06o0menre Matepuasia IO TeMe
IIKOJIBHOTO Kypca «O0mmas XuMush» -
pellIeHre CIOXKHBIX 3aj1ad, pasdop
TUTIMIHBIX OIIHOOK

1

[IpakTukym

- KOMIUJICKCHOC IIPUMEHCHUC 3HAHUH 10
PEUICHUTIO 3aga4 B HCCTaH,Z[apTHOf/'I
CUTYyalluu;

- pacuersl IO
YPaBHEHHUSM.

TEPMOXUMUICCKUM

28

O6o0mieHne MaTepuajga IO TEMe

IIpakTuxkym

- KOMIUIEKCHOC IIPUMEHCHUEC 3HAaHUM TI0




MIKOJBHOI'O Kypca «HeOpl"aHI/IquKaH PEeUICHUTIO 3ajga4 B HeCTaH,HapTHOﬁ
XUMUsS» - PCHICHUC CIIOXKHBIX 3a/1a4, CUTyaluu;

paz00p TUIMHYHBIX OMTHOOK .
- TeHeTHYecKasi CBS3M B HEOPraHUYECKOH

XUMUH (BBITIOTHEHUE YIIPAKHEHUH )

29 O6o0Omenne Marepuanma 1o Teme | 1 [pakTukym - KOMIUIEKCHOE TpPUMEHEHHE 3HAaHWU IO
IIKOJBHOTO Kypca «OpraHudeckas pelICHWIO  3a7ad B HECTAHIAPTHOM
XHMHSD) - PEIICHNE CIIOXKHBIX 3a/1ad, CHTYaLlUH;
pa3dop THUIMMYIHBIX OMIHOOK .
- TEHeTH4ecKas CBS3M B OPraHUYSCKOH
XMMHH (BBITIOTHEHUE YIIPAsKHEHIH)
30-33 Hmozosviii konmpons 6 popme EID | 4 KonTtponsHas
pabora
34 Ananuz pewénnvix eapuanmos EID | 1 Ypoxk-ananus
no Xumuu

TpeGoBanusi kK ypOBHIO NOATOTOBKH BBINYCKHHKOB 10 Pe3y/1bTaTaM OCBOECHHSI IPOrpaMMbl
3j1eKTUBHOTO Kypca «I'oroBumes k EI'D mo xumum»
Suamuv/Ilonumamsp:

Basicneintmue xumuueckue nonamus

- BBISABJIATH xapaKTepHLIe HpI/I3HaKI/I HOH)ITI/II711 BCHICCTBO, XHMI/I‘IeCKI/Iﬁ 3JICMCHT, aTOM, MoneKyna, OTHOCUTCJIbHBIC AaTOMHBIC U
MOJ'IeKyJ'I)IpHI)Ie MacCChbl, MOH, H30TOIIbI, XMMHUYCCKas CBA3b, BHGKTpOOTpI/IHaTeHI)HOCTI), BAJICHTHOCTb, CTCIICHb OKHUCJICHUA,
MOJIb, MOJIAPHAs Macca, MOJSPHBI 00beM, BEIIECTBA MOJCKYISIPHOTO M HEMOJCKYJISIPHOTO CTPOCHHUS, PACTBOPEI,
BHGKTpOJ'II/ITI)I nu HGBJ’ICKTpOJ’II/ITLI, 3J'I€KTp0J'II/ITI/I’-IeCKaSI Jucconuanus, FI/I[[pOJ'II/B, OKHCJIUTCIIb U BOCCTAHOBUTCJIb, OKHCJICHUC U
BOCCTAHOBJICHHE, J3JICKTPOJIN3, CKOPOCTh XUMHYECKOH pEaKIUH, XMMHUYEeCKOe paBHOBECHE, TeIuioBoil 3¢ddekr peakuuy,
YTICPOIHBIN CKeneT, (yHKIHOHAJIbHAs TPYIIA, W30MEPHs M TOMOJOTHWSA, CTPYKTYpHAs W TPOCTPAHCTBEHHAS H30MEpPHS,
OCHOBHBIC THUTIBI PEaKIUil B HCOPTaHMUECKONW ¥ OPTaHUNIECKON XUMHUM;

- BBISABIBITH B3aUMOCBSI3H MOHSTHIH, MCIIONB30BaTh BaKHEUIIINE XUMUUECKUE TTOHITUS A1 OOBSCHCHHS OTICIBHBIX ()aKTOB U
SIBJIICHHUI;

- HpI/IHa)lJ'Ie)KHOCTI) BCIIICCTB K paSJ'II/I‘IHI)IM Ki1accamM HeOpFaHH‘IeCKI/IX COC}IHHCHHﬁ;

- TOMOJIOTH, U30MEPHI;

- XUMHUYCCKUC peaKHI/II/I B OpFaHquCKOﬁ XUMUU.

OcHogHble 3aKOHbL U MeoPUU XUMUU:

- TIPUMEHATH OCHOBHBIC IIOJIOKEHUSI XHMHUECKHUX TEOpPHH (CTPOCHHS aToMa, XUMHYECKOW CBS3H, DIIEKTPOIUTHYECKON
JIMCCOLMAIINY, KACIIOT U OCHOBAaHMUH, CTPOCHHS OPraHMYECKUX COCMHEHNH, XMMUIECKONH KMHETHKH) AJIsI aHAJIN3a CTPOCHUS U
CBOICTB BEILECTB;

- MIOHUMAaTh FPAHUIIBI IPUMEHUMOCTH YKa3aHHBIX XUMUYECKHX TEOPUIL;

- nmoHuMmaTh cMmbicn Ilepuonmdeckoro 3akonHa JI.JI. MenneneeBa M HCIONB30BaTh €ro Al KAyeCTBEHHOrO aHaluW3a H
000CHOBaHMS OCHOBHBIX 3aKOHOMEPHOCTEH CTPOCHHMS aTOMOB, CBOMCTB XMMHUYECKHX JIEMEHTOB M UX COCTUHEHHH.

Bascneiimue sewjecmea u mamepuaul

- KIacCU(UIUPOBATH HEOPTAaHMYESCKHE U OPTaHMYESCKHE BEIIECTRA 10 BCEM M3BECTHBIM KIacCU(UKAITHOHHBIM MPH3HAKAM;
- 00BACHATH 00YCIIOBICHHOCTh MPAKTUYECKOTO MPUMEHEHHS BEIIECTB X COCTABOM, CTPOSHUEM U CBONCTBaMH,
XapaKTepU30BaTh MPAKTUIECKOE 3HAUCHUE JAHHOTO BEIIECTBA;

- 00BSICHITH 001IME CTIOCOOBI M MPUHIIMIIBI MTOTYYeHHsI Han0oJiee BAXKHBIX BEIECTB.

Ymemn:
Ha3svieams usyueHHble geqecmea no MpusUAIbHOU U MeHCOYHAPOOHOI HOMEHKamype.

Onpedenamp/knaccupuuuposamep:

- BaJICHTHOCTb, CTCIICHb OKHCIICHUS XUMHUYECKUX DIIEMCHTOB, 3aps/Ibl HOHOB;

- BUJ XUMHNYCCKUX CBSI3EH B COCIUMHCHUAX U TUIL KpPICTaJ'IJ'IPI‘-IeCKOﬁ PECHICTKH,

- IPOCTPAHCTBEHHOE CTPOCHUE MOJIEKYJI;

- XapaKTep Cpeabl BOAHBIX PACTBOPOB BEILECTB;

- OKUCIIUTEIb U BOCCTAHOBUTEJIb,

- IPUHAIJIC)KHOCTD BEIIECTB K PA3JIMYHBIM KjlacCaM HEOPraHNMYCCKUX U OPTaHUYCCKUX COCHHHGHHﬁ;

- TOMOJIOTH U U30MEPHI;

- XMIMHYECKHE PEAKIUU B HEOPTaHMYESCKOW U OPraHMIECKON XUMHH (TI0 BCEM M3BECTHBIM KIIacCH(UKAIMOHHBIM IIPU3HAKAM).

Xapaxkmepuzoseamp:




- S, p u d-aneMeHThI 10 UX moJoKeHuio B [lepuoauyeckoii cucreme J|. M. Menneneesa;

- 00IIMe XMMHUIECKHE CBOMCTBA MPOCTHIX BEMIECTB — METAJIIIOB U HEMETAJIIOB;

- o0mue XUMUYECKHEe CBOMCTBA OCHOBHBIX KJIACCOB HEOPTraHWYECKHX COCAMHEHWH, CBOWCTBA OTACIBHBIX IMPEICTABUTEICH
9THX KJIACCOB;

- CTPOCHHE M XMMUYECKHE CBOWCTBA N3YUEHHBIX OPraHUIECKAX COCITUHCHUH.

Obvacuamo:

- 3aBUCHUMOCTb CBOMCTB XMMHYECKUX 3JIEMEHTOB U UX COCJUHEHUI OT MOJIOKEeHU 3eMeHTa B Ilepuonuueckoit cucreme JI.1.
MeHpencena;

- IPUPOY XUMHUUECKOH CBA3U (MOHHOM, KOBaJIEHTHOM, METAJNINYECKOM, BOIOPOTHOI);

- 3aBUCUMOCTb CBOMCTB HEOPraHUYECKUX U OPIaHUYECKUX BELIECTB OT UX COCTAaBA U CTPOCHMUS,;

- CYIIHOCTh M3YyYCHHBIX BUAOB XMMHUYECKHX PEAKIUH (JIEKTPOIUTHIECKON IHUCCONMANNN, HOHHOTO 0OMEHA, OKHCIUTEIHHO -
BOCCTaHOBHTEIBHBIX) M COCTABILITh UX YPaBHEHHUS;

- BJIMSTHHE PA3INIHBIX (PaKTOPOB HA CKOPOCTh XUMHUYECKOH PEaKIK 1 Ha CMELICHHE XUMHYECKOTO PABHOBECHS.

Pewams 3a0auu:

- BBIYMCIICHHE MACChl PACTBOPEHHOTO BEIECTBA, COAEPXKAILIETOCS B OIPEAEICHHON Macce pacTBOpPa ¢ M3BECTHONH MacCOBOM
ToJIeH;

- pacueTbl: 00BEMHBIX OTHOILICHUH Ia30B IPH XUMHYECKUX PEAKIIHAX;

- pacueThl: Macchl BELIECTBa MM OObEMa ra3oB IO W3BECTHOMY KOJIMYECTBY BEIECTBA, Macce WM O0BEMY OJHOIO M3
YYaCTBYIOLIUX B PEAKLIMH BEILECTB;

- pacueThl: TEIUIOBOro 3 eKTa peakuny;

- pacueTbl: Macchl (00beMa, KOJIMYECTBA BEIECTBA) MPOAYKTOB PEaKLMH, €CJIM OJHO M3 BELIECTB JaHO B W30BITKE (MMEeT
TIPUMECH);

- pacdeTsl: Macchl (00beMa, KOJIMYECTBA BEUIECTBA) NMPOAYKTA PEaKIMU, €CIIM OJHO M3 BEIIECTB JAaHO B BHIE PAacCTBOpPA C
OTIpeIeTICHHO MaccoBOi J0JIel pacTBOPEHHOTO BEILIECTBA;

- HAXOXJICHUE MOJICKYJIIPHOH (hOPMYJIBI BELIECTBA;

- pacdeThl: MacCOBOI MM OOBEMHOMN TOTIM BBIXO/A IPOAYKTA PEAKIMU OT TEOPETHIECKH BO3MOXHOTO;

- pacdeThl: MaccoBOil 10JM (MacChl) XUMHUUECKOTO COSANHEHNUS B CMECH;

- COCTaBJICHUE LIEMIOYEeK TeHETUYECKO CBA3M XMMUYECKUX COeTUHEHUH (HeopraHuuecKasi XUMHA U OpraHUYecKast XMMUs).

O:xuaaemMblii pe3yabTar

006001IeHIEe ¥ CUCTEMAaTH3aIMsI 3HAHUIA I YCIICIITHOW CIaYl MTOTOBOIO TOCYAapCTBEHHOIO IK3aMEHA [0 XMMHUH 3a KypC
CpeIHEH IIKOJIbL.

Jlureparypa

Jlumepamypa ons yuawuxcsa (na npasax YMK ona ¢paxynemamugroeo Kypca)

1. Kysemenko H.E., Epemun B.B. Xumus. 2400 3amad At IIKOJIEHUKOB U TIOCTYMAIOIMIKX B BY3BL. — M.: [lpoda, 2003 (u
BCE MOCIEAYIONUE U3TAHNS).
2. Ky3smenko H.E. u ap. Hagana xumun. — M.: Ox3amen, 2005.
3. Xomuenko I'.I1., Xomuenko N.I'. COopHUK 3a1a4 MO0 XUMHUH JJIs TOCTYyHAONMX B By3bl. — M.: HoBas Bomna, 2010
4. OrkpeiTeiii 6aHk 3aganuit EI'D mo xumun Www.fipi.ru
5. https://chem-ege.sdamgia.ru
6. http://www.alleng.ru
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