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MNOSCHUTEJIBHASA 3AIIMCKA

Pabouast mporpamma 1Mo XMMUU Ha ypOBHE CpPEAHETO 00IIero oopasoBaHuUsl pazpaboTaHa
Ha ocHoBe DexnepanpHOro 3akoHa ot 29.12.2012 Ne 273-®d3 «O6 obpazoBanuu B Poccuiickoii
Odenepanuny, TpeOoBaHMH K pe3ynbraTaM OcCBOeHHMs (enepaiibHOM  00pa3oBaTeIbHON
nporpamMmbl cpeanero obmero oopazoanusa(®OIl COO), mpencraBneHHbIX B DepepanbHOM
rocyJapcTBeHHOM oOpazoBarenbHoM craHaapre COO, ¢ yuérom Konuenmuu npenojaBaHus
yuebHoro mpenmMera «XuMHsS» B 00pa3oBaTeNbHBIX opraHuzanusx Poccuiickoit deneparum,
peaIu3yoLMX OCHOBHbIE 00pa30BaTe/IbHbIE POrPAMMBI, U OCHOBHBIX MOJIOXKEeHUN «CTpareruu
pa3Butus Bocnutanus B Poccuiickoit @enepanuu Ha nepuog no 2025 roma» (Pacnopsbxenue
[TpaButenscTBa PD ot 29.05. 2015 Ne 996 - p.).

XvuMHs Ha YpOBHE YINIyOJNEHHOIO H3y4yeHHUS 3aHMMAET BAaXXHOE MECTO B CHCTEME
€CTECTBCHHOHAy4YHOro oOpa3oBaHus ywammxcs 10-11 xkmaccoB. WM3yueHue mpeamera,
peanu3zyeMoe B YCIOBHUSX JU(QPEpEeHIIMPOBAHHOTO, MPOPMIBHOTO O0O0ydeHUs, TMPHU3BAHO
obecrieunTh 00111€00pPa30BaATEIbHYI0O U OOLIEKYJIbTYPHYIO MOJIrOTOBKY BBIITYCKHHUKOB IIKOJIBI,
HEOOXOAUMYIO /ISl afanTalud MX K OBICTPO MEHSIOIIMMCS YCJIOBHSM JKM3HH B COLUYME, a
TaKXe I MPOAOJDKEHHS OOY4eHHs B OpraHu3alusx MpodecCHOHAIbHOIO 00pa3oBaHHUs, B
KOTOPBIX XUMHUS SBJISIETCS OHOM W3 MPHUOPUTETHBIX AUCITUTUINH.

B mporpamme 1no XumMHM Ha3HauyeHHE MpeaMeTa «XUMHs» I0JlydaeT HOJpOoOHYI0
MHTEPIIPETALIMI0 B COOTBETCTBUU C OCHOBoOIoJararomumu nonoxenusmu PI'OC COO o
B3aUMOOOYCIIOBIIEHHOCTH LIeJIeH, COZiep KaHus, Pe3yJIbTaTOB 00y4eHusl U TpeOOBAHUM K YPOBHIO
MOJTOTOBKH BBITYCKHUKOB. CBHIETENHCTBOM TOMY SIBISIOTCS CIEAYIOIIME BBIOIHIEMBIC
IpOrpamMMoil o XUuMHM QyHKIHU:

¢ uHPOPMAMOHHO-METOIMYECKAs, pean3anusi KOTOpPOH obecreynBaeT MOIyYeHUE
IIPEJICTaBICHUS O LESAX, COJEp)KaHUU, oOLIel cTpaTernu OO0y4eHMsl, BOCIIUTAHUS U
pa3sBUTHsL O0YYaIOIIUXCS CPEICTBAMU NpEeIMeTa, U3y4aeMoro B paMKax KOHKPETHOTO
npodus;

® OpraHM3aLMOHHO-TUIAHUPYIOIIAs, KOTOpass  HIpeJycMaTpuBaeT  OIpeJlesIeHuE:
IPUHLMIIOB CTPYKTYPUPOBAaHUS M  IOCJIEJOBATEIbHOCTH M3y4eHUs Y4eOHOro
MarepHuaia, KOJUYECTBEHHBIX M KAuyeCTBEHHBIX €ro XapaKTEepPUCTUK; IMOAXOJOB K
(OpMUPOBAHUIO COAEPKATEITLHOM OCHOBBI KOHTPOJII U OLIEHKH OOpa30BaTEIbHBIX
JOCTIDKEHUI o0ydJaroImuxcss B paMKax HTOrOBOHM arrectanuu B (opMe €IUHOTro
rocy/1apCTBEHHOI0 SK3aMeHa 110 XUMUHU.

[Tporpamma asst yriyOnE€HHOTO U3Y4YE€HUS] XUMHH:

® YCTaHABJIMBAET MHBAPUAHTHOE NPEIMETHOE COAEpKaHHUE, 0053aTeabHOE ISl U3YUECHUS
B paMKax  OTAENbHBIX  Hpoduiel, NpeIycMaTpUBaeT  pacOpeleleHne U
CTPYKTYPHUPOBAaHHUE €ro IO KJIAaccaM, OCHOBHBIM COJEP)KaTEeNIbHBIM JIMHUSAM/paz/iesamMm
Kypca;

e aéT MpUMEpPHOE paclpesieleHne yueOHOro BpeMeHH, peKOMEHYeMOro i U3ydeHUs
OTJICNIbHBIX TEM;

e [ipeasiaraeT MNPUMEPHYIO IOCIEAO0BATEIbHOCTh H3Y4YEHMsI Y4eOHOTo MaTepuana C
y4€TOM JIOTUKH TIOCTPOCHHUS Kypca, BHYTPHUIIPEIMETHBIX U MEKITPEIMETHBIX CBSI3€EH;

e aéT METOAMYECKYI0 MHTEpIpEeTAaluIo Iefiell W 3aJad H3y4eHus IpeaMeTa Ha
yrIIyONEéHHOM YpPOBHE C Y4Y€TOM COBPEMEHHBIX HPUOPUTETOB B CHUCTEME CPEIHEro
oOuiero oOpa3oBaHUs, COAEPKATEIbHON XapaKTePUCTUKHU ITUIAHUPYEMBIX pE3yJIbTaToOB
OCBOCHMS OCHOBHOH 00pa30BaTEeNIbHOM MpPOTrpaMMBbl CPEAHEro oouero oOpa3oBaHUs
(JIMIHOCTHBIX, METANPEIMETHBIX, IPEAMETHBIX), & TAaKXKe C YIETOM OCHOBHBIX BHJIOB
y4eOHO-TI03HABATENbHBIX JIEMCTBUI O0YYalolmerocst IO OCBOEHHUIO COJCpKaHUS
npeaMera.

[To Bcem Ha3BaHHBIM MO3UIUSAM B MpPOrpaMMe IO XHMHU TPEIyCMOTpEHa

IIPEEMCTBEHHOCTh € OOy4YeHHEeM XHMHUM Ha YpPOBHE OCHOBHOTO 00IIero ooOpazoBaHus. 3a



npenenaMu  yCTAaHOBIEHHOW TporpaMMoil TIO XHMMHH O0s3aTelbHOW (MHBapUAHTHOM)
COCTaBJISIIONIEH collep:kaHus y4eOHOTro mpeamMeTra « XUMHs» 0CTaéTcsi BO3MOKHOCTh BHIOOpA €ro
BapHaTUBHON COCTABJIAIOIIEH, KOTOpas JOJIKHA ONPEAEIATHCA B COOTBETCTBUM C HAIIPABICHUEM
KOHKPETHOTO MO OOyICHHS.

B cootBerctBuu ¢ koHuentyalbHbiMU mnojoxkeHusmMu DPI'OC COO o HazHaueHUU
npeaMeToB 0a30BOro M yriay0aEHHOTO ypoBHEH B cucTemMe auddepeHIInpOBaHHOTO 00yYeHHS Ha
YPOBHE CpeIHEro o0IIero o0pa3oBaHUs XUMHS Ha YPOBHE YIIyOJEHHOTO M3y4eHHS HalpaBiIeH
Ha pealn3alHio TMPEEMCTBEHHOCTH C IMOCIEAYIOIIMM H3TallOM IMOJYYEeHUS XHUMHUYECKOTO
oOpa3oBaHMsi B paMKax M3YUYEHMs] CHEIUATbHBIX €CTECTBEHHOHAYYHBIX W XUMHUYECKUX
JTUCIIUIUIMH B By3aX M OpraHu3alusx cpeaHero npodeccruoHaibHOro oopasoanus. B 31oii csa3u
U3y4yeHue mnpeaMera «XUMHS» OPUEHTUPOBAHO MPEUMYILIECTBEHHO Ha paclIUpeHUue u
yrayOleHne TEOpPeTUYECKON W MPaKTUYECKOW TMOATOTOBKM OOYYaroIIMXCs, BBIOpaBIIMX
ornpenenéHHbId MpopmIb 00yueHHs, B TOM YUCIE C NEPCHEKTHBON MOCIEAYIOUIETO MOIydYeHHUs
XUMHUYECKOro 00pa3oBaHus B opraHusanusx rnpodeccuonanbHoro oopasosanus. Hapsay ¢ atum,
B cBere TpeboBanuii @I'OC COO K IUIaHUPYEeMBIM pe3ylbTaTaM OCBOCHHS (eaepalbHON
00pa3oBaTeNbHOIl MPOrpaMMbl CPETHEr0 OOIIer0 OO0pa30BaHUSA W3YYEHHE IMpeaMeTa «XUMHUSD)
OpPUEHTUPOBAHO TAK)KE HA PELICHUE 3a/1a4 BOCIIUTAHUS U COLIMAJILHOTO Pa3BUTUS 00ydaroIIuXcs,
Ha GOPMUPOBAHUE Y HUX OOIICMHTEIUICKTYAIbHBIX YMEHHUM, YMEHHUI pallioHaIN3auu Y4eOHOTO
Tpyna W  OO0OOMEHHBIX CIOCOOOB  ACSATENBHOCTH, WMEIOMIUX  MEXKIUCIUILUIMHAPHBIH,
HAAMPEIMETHBIN XapaKTep.

CocraBisitomiuMu  nipeaMeTa «XUMHUS» HAa YPOBHE YIIyOJEHHOIO M3Yy4YEHHS SIBISIOTCS
yrayOnénnbsie Kypcel — «Opranuueckas xumus» U «OOmas u Heopranudeckas xumus». [lpu
OTIpENIeICHNH TOAXO0JI0B K OTOOpY M CTPYKTYPHOH OpraHM3aluy COJCpPKAHUS ITHX KYpCOB B
nporpaMMme Mo XUMHHU 32 OCHOBY MpuHATH nonoxeruss ®I'OC COO o paznuyusx 6a30BOro u
yriay0nEHHOIO YPOBHEH U3yUEHUS PEAMETA.

OcHoBy cogepxaHusi KypcoB «Opranuyeckas xumus» U «OOmas v HeopraHudyeckas
XUMUS» COCTABJIAET COBOKYIHOCTb MPEAMETHBIX 3HAHUM M YMEHUI, OTHOCSAIIUXCS K 0a30BOMY
YPOBHIO HM3yuY€HUs IMpeAMeTa. JTa CHCTeMa 3HAHUM MOJIydaeT OMpeesIEHHOE TEOPETHUECKOe
JIOTIOJIHEHHE,  IO3BOJISIIOIIEE  OCO3HAHHO  OCBOUTH  CYIIECTBEHHO  OONbIIMN  00BEM
dakronornueckoro marepuana. Tak, Ha yriyOI€HHOM ypOBHE M3ydeHUs MpeaMmeTa obecriedeHa
BO3MOXXHOCTh 3HAQUUTEJIBHOIO YBEIMYEHHS O00bEMa 3HAHUW O XHUMHUYECKUX DJIEMEHTaX U
CBOICTBaX UX COCJAMHEHUN HA OCHOBE PACIIMPEHUS M YTIIyOJIEHUS MPEICTaBICHUN O CTPOCHUU
BEIIECTBA, XUMUYECKOW CBSI3U W 3aKOHOMEPHOCTSIX MPOTEKaHMs peaklUid, pacCMaTpUBAEMbIX C
TOYKHU 3PEHUSI XUMUUECKOW KMHETHKU M TEPMOJIMHAMUKU. V3ydeHne nepruoinyeckoro 3aKoHa u
[lepuoanueckoit  cucTeMbl  XMMHUYECKMX  3JEMEHTOB  0Oa3HpyeTcsi Ha  COBPEMEHHBIX
KBAaHTOBOMEXAHUYECKUX MPEACTABICHUSIX O CTPOSHUH aToMa. XHUMHUYECKas CBsI3b OOBICHSAETCS C
TOYKHM 3pPEHHS] SHEPreTMUECKUX W3MEHEHUN Npu e€ 00pa3oBaHUU U pa3pyLICHUH, a TaKkKe C
TOYKH 3pEHUs MexaHu3MoB €€ oOpazoBaHus. M3ydeHHe THUNOB pEaKIMil JOTMOJIHAETCS
(dbopMUpOBaHKEM IIPEACTABICHUHN 00 ANEKTPOXUMUYECKUX MPOIIECCaX U ANEKTPOJIN3E PacIlIaBOB
U pacTBOpPOB BeHIECTB. B Kypce opraHuyeckod XHMHHM OpPH PACCMOTPEHUU PEAKIIMOHHON
CIIOCOOHOCTH COEIMHEHUH yzemnseTcss oco00e BHUMaHUE BOIPocaM 00 AJIEKTPOHHBIX dddekTax,
0 B3aMMHOM BJIUSTHUM aTOMOB B MOJIEKYJIaX U MEXaHU3MaX peaKiMil.

Oco0oe 3HayeHHe UMEET TO, YTO Ha COJIep)KaHHE KYypCOB XMUMHH YIIIYOJIIEHHOTO YpOBHS
U3YYEHUs i1 KIaccoB ompeaenéHHoro mpoduis (TIaBHBIM 00pa3oM Ha WX CTPYKTYpY H
XapakTep JOMOJHEHHUH K o0mel cucTeMe NpeIMEeTHBIX 3HAaHHUI) 0Ka3bIBalOT BIUSHUE CMEXKHBIE
npenMeTsl. Tak, Hampumep, B COACpPKAHMM TMpeAMeTa s KIACCOB XHUMHUKO-(DH3HMYECKOro
npoduist 60BINIOE 3HAYEHUE OyIyT UMETh JIEMEHTHI y4eOHOTO MaTepuaja mo oOImeld XUMUU.
[Ipy w3yueHuu mpenMeTa B JaHHOM cly4yae akIEHT OyIeT claeinaH Ha OOIIHOCTh METOJ/OB
MO3HAHMS, OOIIHOCTh 3aKOHOB U TEOPUH B XUMHH U B (DU3HMKE: aTOMHO-MOJIEKYJISIpHAsi TEOpuUs
(MonexkynsipHast Teopus B (U3MKE), 3aKOHBI COXPAaHEHUS MAacChl U DHEPIHH, 3aKOHBI
TEPMOJMHAMUKH, SJIEKTPOJIN3a, IPEACTABIECHUS O CTPOCHUH BEIIECTB U IPYTOE.



B 10 e BpeMs B coiepikaHUM IpeaMeTa sl KJIACCOB XMMUKO-OMOIOTHYECKOT0 TPOoIIs
OonbIINi yaenabHbIN Bec OyaeT UMeTh OpraHuyeckas XUMus. B 3Tom ciydae mpenocraBisieTcs
BO3MOXHOCTB /17151 60s1ee 00CTOSATENILHOTO PACCMOTPEHHSI XUMHUECKOM OpraHU3alny KISTKH KaK
OMOJIOTHYECKON CHCTEMBI, B COCTaB KOTOPOM BXOJAAT, K IpHUMEpY, TaKue CTPYKTypHBbIE
KOMIIOHEHTBI, KaK JIMIHJbI, OEIKU, YIJIEBOJbI, HYKJIEHHOBBIE KUCIOTHI M Jpyrue. Ilpu 3tom
3HAHUS O COCTaBE M CBOMCTBAaX IPEICTABUTENENH OCHOBHBIX KJIACCOB OPraHMYECKHX BEIIECTB
CJIy’KaT OCHOBOM JUIS M3YYEHHS! CYIIHOCTH MPOLIECCOB (DOTOCHHTE3A, IbIXaHHs], TUIIEBAPECHUSI.

B mane ¢opMupoBaHUs OCHOB HAay4YHOIO MHUPOBO33PEHHUS, OCBOEHHUS OOLIECHAYUHBIX
METO/I0B IIO3HAHUS U OIbITa MPAKTUYECKOT0 NPUMEHEHNUS HayUYHbIX 3HAaHUM U3yueHUE IpeaMmeTa
«XuMmus» Ha YriyOJEHHOM YpOBHE OCHOBAHO HA MEXKIPEAMETHBIX CBA3AX C Y4eOHBIMU
npeaMeTaMy, BXOAAIIMMH B COCTaB MpeaMeTHBIX obiacteil «EcTecTBeHHOHAayYHBIE TPEIMETHI,
«Matemaruka 1 uHpopMaTHKa» U «PycCKuil sI3bIK U JINTEpaTypar.

[Tpu m3yuennu yueOHOro mpenmera «XUMUS» Ha YrIyOJIEHHOM ypOBHE TaKkKe, Kak Ha
YpPOBHE OCHOBHOTO M cpeaHero obmero oOpazoBanus (Ha 0a30BOM YpOBHE), 3adadei
NEPBOCTENICHHON 3HAYMMOCTH SIBJISIETCS (OpPMHUpOBAaHME OCHOB HAyKM XHMMHUHU Kak o0jacTu
COBPEMEHHOI'0 €CTECTBO3HAHUS, IPAKTUUECKOM JeATENbHOCTH 4eJOBEKa U OJHOr0 U3
KOMIIOHEHTOB MHUPOBOW KyJbTYyphl. Pemienne 3Toil 3ajaun Ha yriayOnEHHOM YPOBHE M3y4Y€HUs
npeaMeTa MpeAnoiaraeT peajin3aluio TaKuX 1eel, Kak:

e (QopmupoBaHuE NPEICTABICHUNA: O MAaTEpPUAIbHOM E€IUHCTBE MHUPA, 3aKOHOMEPHOCTSIX

Y NI0O3HABAEMOCTH SIBJIEHUI IIPUPOJIbI, O MECTE XUMUU B CUCTEME €CTECTBEHHBIX HAyK U
e¢ Benylell posin B 00ecleYeHUN yCTOMYMBOIO Pa3BUTHs YEIOBEYECTBA: B PELICHUU
po0JieM HSKOJIOTMUYECKOM, SHEPreTUYeCKOW W NUILEBOM O€30MacHOCTH, B Pa3BUTUHU
MEIUIUHBI, CO3JaHUM HOBBIX MAaTepUAlIOB, HOBBIX WCTOYHHKOB JSHEpruH, B
o0ecrnieueHnu palnoHaIbHOIO IPUPOJIOTIOIB30BaAHUS, B (dbopmupoBaHUU
MHUPOBO33PEHUS U O0IIEH KyJIbTYphl YEJIOBEKA, a TAKXKE IKOJIOTHYECKH 0O0CHOBAaHHOIO
OTHOLIEHUSI K CBOEMY 3/10POBbIO U IPUPOJHOM CPEIE;

® OCBOGHHME CUCTEMbl 3HAHMH, JEKallUX B OCHOBE XUMHUYECKOW COCTaBIISAIOLIEH
€CTeCTBEHHO-HAYYHOW KapTUHBI MHpa: (yHIAMEHTAIbHBIX TOHSATHHA, 3aKOHOB U
TEOPUM XHMMHUHM, COBPEMEHHBIX IPEJICTaBIECHUI O CTPOCHHWHU BeEIleCTBa Ha Pa3HbIX
YPOBHSIX - aTOMHOM, HMOHHO-MOJIEKYJISIPHOM, HaJMOJIEKYJIIPHOM, 0
TEPMOJIMHAMMYECKUX W KMHETHUYECKUX 3aKOHOMEPHOCTSX MPOTEKaHMS XUMHUYECKUX
peakuuii, 0 XMMHYECKOM PaBHOBECHM, PACTBOpPAX U JUCHEPCHBIX cucTeMax, 00 o0mux
HAYYHBIX IPUHIUIAX XUMUYECKOT'O IPOU3BOJICTBA;

e (QopmupoBaHue y 00y4arOImIMXCSi OCO3HAHHOTO MOHMMAHUS BOCTPEOOBAHHOCTH
CUCTEMHBIX XMUMHUYECKUX 3HAHUM Ui OOBSCHEHHS KIIOUEBBIX HAEH U mpoliem
COBPEMEHHOM XUMMH, 1751 OOBACHEHHMS W NPOTHO3MPOBAHUS SBICHUH, HMMEIOLINX
€CTECTBEHHOHAYyYHYI0 MpPHUPOAY; IPaMOTHOIO peHIeHHs] NpoOsieM, CBA3aHHBIX C
XUMHEH, TPOTHO3UPOBAHUS, aHAINW3a U OLEHKH C MO3MIHUH 3KOJOTMYECKOH
0€30MacHOCTH MOCEACTBUNM ObITOBOM M MPOU3BOJICTBEHHOM JEATEILHOCTU YEIIOBEKA,
CBSI3aHHOW C XUMHUYECKUM MPOU3BOJICTBOM, HCIOJB30BAHMEM U IepepaboTKon
BEIIECTB;

e yriyOJeHHe TpPEACTaBICHUH O HAYYHBIX METOJaX IO3HAHUs, HEOOXOMUMBIX IS
nproOpeTeHus] YMEHHI OpUEHTUPOBATHCS B MUPE BEIIECTB U OOBICHEHUS XUMUYECKUX
ABJICHUN, MMEIOIIMX MECTO B TMPUPOJE, B MPAKTUUECKOH JESATENbHOCTH U
MIOBCEIHEBHOM JKHU3HH.

B nmnane peanu3zanuu MEpBOOYEPEIHBIX BOCHUTATENBHBIX M Pa3BUBAIOIIMX (PYHKIIHMA
LIEJIOCTHOM CHUCTEMBI CPEIHEro oOIIero oO0pa3oBaHMs MPH M3YUYEHHH IpeaMeTa «XUMHs» Ha
yrIyOoJIEHHOM YPOBHE 0COOYIO aKTyaTbHOCTh TPHOOPETAIOT TaKHUE LIETTH U 3a]]a4H, KaK:

e BOCNHTaHHE YOEXKAEHHOCTH B TIO3HABAEMOCTH SIBJICHUH MPHPOJIBI, YBAXKEHUS K
npoleccy TBOpYECTBA B 00JACTH TEOPETUYECKMX M MPHUKIATHBIX MCCIEJOBaHUN B



XUMHH, (HOpMUPOBAHHE MHPOBO33PEHHS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO
pa3BUTHUS HAYKH;

® pa3BUTHE MOTHBAIMH K OOYYCHHIO W MO3HAHUIO, CIIOCOOHOCTEH K CAaMOKOHTPOIIO U
CaMOBOCITUTAaHHUIO HA OCHOBE YCBOCHHUS 00IIEUeTIOBEUECKUX [IEHHOCTEH;

® pa3BUTHE TMO3HABATCIILHBIX HWHTEPECOB, HHTEUICKTYAJIIbHBIX W  TBOPYECKHUX
CrocoOHOCTE 00yJaromuxcsi, GOopMUPOBAHUE y HUX CO3HATEIBHOTO OTHOIICHUS K
€caMO0Opa30BaHUI0O U HENPEpPHIBHOMY OOpa30BaHUI0 KaK YCIOBHUIO YCIEUIHON
po(heCcCHOHANTLHOM W OOIIECTBEHHOW JEATEIBHOCTH, OTBETCTBEHHOIO OTHOIICHHS K
CBOEMY 3/I0POBBIO U TOTPEOHOCTH B 3J0POBOM 00pa3e KU3HH;

e (QopmupoBaHMe YMEHHUH W HABBIKOB Pa3yMHOTO MPHPOIOINOIL30BAHUS, Pa3BUTHE
OKOJIOTHYECKOM  KYJNbTyphl, HpUOOpETEeHHE  OmbITa  OOIIECTBEHHO-IIOJE3HON
9KOJIOTHYECKOH JeSITeIbHOCTH.

OOmee 4YMCIIO YacoB, MPEAYCMOTPEHHBIX I WM3YYEHUS XMMHUU Ha YIIIyOJEHHOM YpPOBHE
cpenHero obmiero obpaszopanusi, cocrabisger 204 ygacoB: B 10 kmacce — 102 gaca (3 daca B
Heneno), B 11 kimacce — 102 gaca (3 yaca B Hezeno).



COJAEPKAHUE OBYYEHUA
10 KUIIACC

OPI'AHMYECKASA XUMUA

TeopeTuyecKkue OCHOBbI OPraHUYeCKOl XUMMH.

[lpenmer W 3HAYeHWE OPraHUYECKOM XHMMH, TMPEICTaBIEHHE O MHOT000pa3uu
OpPraHMYECKUX COCIUHECHUM.

DJEeKTPOHHOE CTPOCHHME arToMa YIJepoja: OCHOBHOE U BO30YXKIEHHOE COCTOSIHUA.
BaneHTHble BO3MOKHOCTH aTOMa yIiepoaa. XUMUYECKas CBS3b B OPraHMYECKUX COCIUHECHMSIX.
Tunbl THOpUAM3aIMKA ATOMHBIX OpOHTanel yriaepona. MexaHu3Mbl 00pa30BaHUsl KOBAJIEHTHON
cBsi3U (OOMEHHBIH U JIOHOPHO-AKLENTOPHBIN). THIBI NepeKpbIBaHUsA aTOMHBIX opOuTanei, 6- u
n-cBsi3u. OnuHapHas, ABOMHas M TpoilHast cBA3b. CrocoObl pa3pbiBa CBsI3€d B MOJIEKYJAxX
opranunyeckux euects. [lonsaTHe 0 cBOOOAHOM pajnuKaie, Hykiaeopuie U 3JIeKTpoduie.

Teopust cTpoeHus opraHuueckux coeauHeHuid A.M. bytiepoBa u coBpeMeHHbIE
IIPEJICTABICHUs] O CTPYKTYPE MOJIEKYJ. 3HAaYEHHUE TEOPUU CTPOCHHUSI OPTraHUYECKUX COEAUHEHU.
MonekynsipHple W CTPYKTypHBIE (Gopmynbl. CTpyKTypHBIE (OPMYIBI pPa3IHYHBIX BHIOB:
pa3BEépHyTas, COKpall€HHas, ckeneTHas. M3omepusa. Buabl wn3oMepum: CTpyKTypHad,
NPOCTPAaHCTBEHHAs. JEKTpOHHBIE 3(P(EeKTsl B MOJEKylIax OpraHMYeCKHUX COeIWHEHHN
(MHIIyKTUBHBIA U ME30MEPHBII 3 PeKThI).

[Ipencrasnenue o kiaccupuKanuu opraHu4ecKux BemecTs. [loHsaTre o GyHKIIMOHATBEHOMN
rpynne. I'omonorus. I'omonorunueckue psaael. Cucrtemarnueckas HOMEHKIIATypa OpraHM4eCKHX
coequaenuii (IUPAC) u TpuBnaiibHbie Ha3BaHHSI OTJEIBHBIX MPEICTABUTEICH.

OcobenHoctn W kjnaccuuKanus — OpraHMdeckux  peakuumi.  OKHCIUTENIbHO-
BOCCTAaHOBUTEJIbHbBIE PEAKIIMU B OPraHUUYECKON XUMHUHU.

OKCIIEpUMEHTAJIBHBIE METOJIbI M3YYEHHs BEIIECTB M UX NPEBPAILECHUIN: O3HAKOMIICHUE C
oOpa3laMu OpraHM4ecKuX BELIECTB W MaTepualaMHU Ha UX OCHOBE, OMbBITHI IO IPEBPALICHUIO
OpraHMYeCKHUX BEIIECTB IMpU HarpeBaHuu (IJIaBieHUe, OOyIJIMBaHME U  TOpPEHHeE),
KOHCTPYHPOBAaHUE MOJIEJIEN MOJIEKYJI OpraHMYECKUX BELIECTB.

Yraesoaopoasl.

Anxkanbl. 'omonorndyeckuil psj ankaHoB, oOmiast Gpopmyrna, HOMEHKIATypa U U30MEpHsl.
DJIEKTPOHHOE M TIPOCTPAHCTBEHHOE CTPOEHHE MOIEKYN alKaHOB, SP -THOPHIM3AINSA aTOMHBIX
opOuTaneit yrieposaa, 6-cBsi3b. OU3nUeCcKue CBOMCTBA ATKAHOB.

XVMMHYECKHE CBOWCTBA AJIKAHOB: PEaKLUU 3aMELICHMS], N30MEPU3ALUH, JETUIPUPOBaHMUS,
IUKIU3alliy, THpOJIM3a, KpekuHra, ropeHus. [lpeacraBieHue o MexaHM3Me peakuuit
paZvKaJIbHOTO 3aMEIICHHUS.

Haxoxnaenue B npupoae. CriocoObl 1oJyueHus: ¥ NPUMEHEHUE aJIKaHOB.

[Muknoankanel. O6mas Gopmyna, HOMeHKIaTypa U uzomepus. OCOOEHHOCTH CTPOCHUS U
XUMHUYECKUX CBOMCTB MalbIX (IHUKJIOMPONAH, UHMKIOOyTaH) M OOBIYHBIX (IMKJIOIIEHTAaH,
IIUKJIOr€KCaH) HUKIoaikaHoB. CrocoObl MOMYYEeHUs U IPUMEHEHUE LUKII0AIKAHOB.

Ankensl. 'oMmosiorudeckuit psii alkeHoB, o01ias ¢popMmysa, HOMEHKIATypa. DIEKTPOHHOE
¥ TPOCTPAHCTBEHHOE CTPOEHHE MOJEKYN aJKEeHOB, SP>-TMOpHIM3als aTOMHEIX Op6uTaneii
yriepoja, o- u n-cBsizu. CTpyKTypHasi U TeoMeTpuueckast (IMc-TpaHc-) nzoMmepus. Ousznueckue
CBOICTBA aJKEHOB. XMMHYECKHE CBOMCTBA: pPEAKLUM IPUCOCAVHEHMS, 3aMEIICHHUS B O-
MIOJIOXKEHUE TpU JBOWHON CBS3M, NOJMMeEpU3aluu U okucieHus. [IpaBuio MapkOBHHMKOBA.
KavecTBeHHbIE peakIuy Ha 1BOIHYIO CBsI3b. CIOCOOBI MOTYUYEHHUS M IPUMEHEHHE ATKEHOB.

Ankamuensl.  Knmaccudukammst — ankagueHoB — (CONpsDKEHHBIE,  M30JIMPOBAHHBIE,
Kymynupoganuvie). OCOOEHHOCTH  DIIEKTPOHHOIO CTPOCHHMS W XMMHYECKHX CBOMCTB
CONPSDKEHHBIX AWEHOB, 1,2- m 1,4-npucoennnenue. llommMepusanus CONpsKEHHBIX THEHOB.
Crioco6bI nostyyeHust 1 IPUMEHEHUE alIKaJHeHOB.



Anxunbl. ['oMonoruyeckuii psij alkKMHOB, o0mmas (GopMyia, HOMEHKJIATYpa U U30MEpHs.
DONEKTPOHHOE M MPOCTPAHCTBEHHOE CTPOEHHE MOJIEKYJ AJIKMHOB, SP-THOpUAM3AINS aTOMHBIX
opOutaneit yriepojga. dusnmyeckue CBOMCTBA ANKMHOB. XWMHUYECKHE CBOMCTBA: pEaKIUU
MPUCOSANHEHUS, JUMEPU3alluu U TPUMEpPHU3alluu, OKuciaeHus. KucioTHble CBOICTBa ajIKWHOB,
UMEIOIIMX KOHIIEBYIO TPOWHYIO CBsi3b. KauecTBEHHBIE peaknuu Ha TPOHHYIO CBs3b. CrocoObI
MOJIyYEHUs U IPUMEHEHUE alIKUHOB.

ApomMarndeckue yrieBoopoasl (apeHsr). 'omomornyeckuit psii apeHos, odmas popmyna,
HOMEHKJIaTypa U U30Mepus. DIEKTPOHHOE U MPOCTPAHCTBEHHOE CTPOCHHE MOJIEKYJIbl OeH30II1a.
dwusnuecKkue CBOICTBa apeHOB. XMMHUYECKHE CBOICTBa OEH30Jla M €ro IOMOJIOTOB: PEaKIUU
3aMenieHus] B OCH30JIbHOM KOJIbIIE M YTJIEBOJOPOJHOM paJuKale, peaklUu MPUCOCAUHEHUS,
OKHCIIEHHE TOMOJIoroB Oen3ona. Ilpeacrasienue 06 opueHTHPYIOLIEM ISHCTBUU 3aMeCcTUTENeH
B OCH30JIbHOM KOJIbIIE Ha MpUMEpe aJKUIbHBIX PAJAUKAIOB, KapOOKCUIBHOM, THAPOKCUIBHOM,
aMHHO- M HUTPOTPYIIBI, aTOMOB TrajoreHoB. OcoOEHHOCTH XMMHUYECKHUX CBOWCTB CTHPOJIA.
[Tonmumepuszamuss  ctuposna. CrnocoObl  MOMyYeHUS W NPUMEHEHHE  apOMaTHYeCKUX
YIJIEBOIOPOIOB.

[Tpuponnsrii ra3. Ilonyrasie HedTsable ra3bl. HedTh u e€ mpoucxoxaenue. KameHHbIN
yroiib U TPOAYKTHl ero mepepadotku. CrocoObl mepepadoTku He(TH: TEpPEroHKa, KPEKHWHT
(TepMHUYECKHi, KaTaTUTUYECKHii), pudopMuHr, nuponu3. [Ipogykrer nepepabotku HedTH, UX
IPUMEHEHHE B TIPOMBIIUICHHOCTH H B OBITY.

['eHeTnyeckas CBS3b MEXAY Pa3IMYHBIMU KJIACCAMH YTIIEBOIOPOIOB.

DJEKTPOHHOE CTPOCHHE TaJOTEHIPOU3BOIHBIX YIIIEBOJOPOIOB. Peakuuu 3aMemnieHus
rajioreHa Ha THAPOKCOTPYIIY, HUTPOTPYIIly, LHUAHOTPYIIy, amuHorpymmy. JleiictBue Ha
TaJIOTEHIPOU3BOJHBIE BOJHOTO W  CIHPTOBOTO  pacTBopa Iménoudn. BsaumoneiicTBue
JUTAJIOTEHAIKAHOB C MarHueM M LUHKOM. [loHsATHE O MeTalloOpraHMYecKHX COCTUHEHHSX.
Hcronp30BaHue TalOTEHIPOM3BOIHBIX YIJIICBOJAOPOAOB B OBITY, TEXHHKE W TIPU CHHTE3E
OpPraHMYECKUX BEIIECTB.

DKclieprUMEHTAbHBIE METO/ABl HM3y4YeHHs BEHIECTB W MX IMPEBpAIleHUil: H3y4YeHHE
bu3nyecKuXx  CBOMCTB  YIJIEBOJAOPOIOB  (pacTBOPUMOCTH),  KAYECTBEHHBIX  PEAKIIHii
YIJIEBOJIOPOAOB Pa3IMYHBIX KJIacCOB (oOeclBeunBaHWe OPOMHOM MM MOJHOW BOJIbI, pacTBOpa
NepMaHraHata Kajusi, B3aWMOJICHiCTBHE alleTWJeHa C aMMHA4YHbIM pacTBOPOM OKCHJa
cepebpa(l)), kauecTBeHHOE OOHaApyX)eHUE YIiepojia U BOJAOpPOJa B OpPraHUYECKHX BEIECTBAX,
NOJydeHHEe ATUJICHA U H3Y4YEeHHE ero CBOWCTB, O3HaKOMJIeHHE ¢ KosulekuusmMu «HedpTts» u
«Yromp», ¢ oOpa3suamMu IUIaCTMAacC, KAay4yKOB U DPE3UHBI, MOJEIUPOBAHHE MOJIEKYI
YIJI€BOAOPOAOB U raJIOTEHIPOU3BOIHBIX YTIIEBOIOPO/IOB.

Kucaopoacoaep:xamme oprannyeckmne coelMHeHUs.

[IpenensHble OnHOATOMHBIE cnUpThl. CTpoeHHE MOJEKYN (Ha NIpuUMepe MeTaHoJla U
sTaHosa). ['oMonorudeckuit psij, odmias Gopmysna, n30Mepus, HOMEHKIIATypa U KJIacCU(UKAITHUSI.
dusnueckue CBOWCTBA MpEAETbHBIX OJHOATOMHBIX CIHUPTOB. BoJopoaHble CBS3UM MEXIY
MOJIEKYJIaMH ~ CIHPTOB. XHMHUYECKHE CBOWCTBA: pEAaKIHWW 3aMEIICHHs, JCTHIpaTaliy,
OKHCIICHHS, B3aUMOJICHCTBHE C OPIraHWYECKUMHU U HEOpraHMYecKUMH Kucioramu. KauecTBeHHas
peaxiysi Ha OJHOATOMHBIE CHHPTHL. JleHWCTBHE 3TaHOJAa M METaHOJa Ha OPTaHU3M 4YellOBEKa.
CriocoObI ostyyeHus ¥ IPUMEHEHNE OJJHOATOMHBIX CITUPTOB.

[Ipocteie 3¢upsl, HOMEHKIAaTypa U u3oMepus. OCOOEHHOCTH (PU3NUECKUX U XUMUYECKUX
CBOMCTB.

MHoOroaToMHBIE CHOUPTHI — OSTHJICHTIUKOIh W TIUIepuH. Du3ndeckre W XUMHYECKUE
CBOWCTBA: peakIMM 3aMelIeHHs], B3aUMOJCHCTBUE C OPraHMYECKUMH U HEOPraHUYEeCKUMHU
KHCJIOTaMH, Ka4eCTBEHHAsI peaklus Ha MHOTOATOMHBIE cUpTHL. [IpencraBnenne o MexaHu3zMe
peakuuii HykieouiabHOro 3aMereHus. JleiictBue Ha opranusM yenoBeka. CriocoObl MOTydeHUs
¥ IPUMEHEHNUE MHOTOATOMHBIX CITHPTOB.

®enou. CTpoeHue MOJIEKYIbl, B3aUMHOE BIUSHUE THIPOKCOTPYIIbLI U OEH30JIBHOTO S/pa.
O®uznyeckue cBoicTBa (peHoma. OCOOEHHOCTH XUMHUYECKHX CBOMCTB (eHosna. KadecTBeHHbIE



peakuuu Ha ¢Qenon. Toxcmunocts ¢enona. CrnocoObl MOMY4YEHUS M MpUMEHEHHE (eHoa.
®denondopManbaeruaHas CMOJa.

KapOoHuIbHBIE COCNMHEHHSI — QIBJCTUABI M KETOHBL. JIEKTPOHHOE CTPOCHHE
KapOOHMIIBHOM Trpymnmnbl. ['oMonoruueckue psijipl alblerUA0B U KETOHOB, oOmias ¢opmyina,
M30MEpPUSL M HOMEHKJarypa. PU3MyYecKue CBOMCTBA ajbJErMI0B M KETOHOB. XUMHUYECKHE
CBOMCTBA albJETHJOB M KETOHOB: peakuuu mnpucoeauHeHns. OKHCIEHUE albJIeruioB,
Ka4eCTBEHHBIC peakiuu Ha anbaerugpl. CrocoObl MOMy4YEeHUS U NPUMEHEHHE ajbJCTHIIOB U
KETOHOB.

OnHOOCHOBHBIE TpeelibHbIe KapOOHOBbIE KUCIOTHI. OCOOEHHOCTH CTPOCHHS MOJIEKYI
KapOOHOBBIX KHCIOT. M3omepuss u HoMmeHkinartypa. Du3nuecKkue CBOMCTBA OJHOOCHOBHBIX
IpeJeNbHBIX KapOOHOBBIX KHUCIOT. BOIOpPOJHBIE CBSI3M MEXAY MOJIEKYyJIaMH KapOOHOBBIX
KHACJIOT. XUMHUYECKUE CBOWCTBA: KHUCIOTHBIE CBOMCTBA, peaklus 3TepU(UKALUHN, PEAKIUU C
Y4acTHEM YIJIEBOJOPOAHOTO paaukana. OCOOEHHOCTH CBOWCTB MypaBbUHOM KUCIOTHI. [loHsATHE
0 MPOU3BOJHBIX KAPOOHOBBIX KUCIIOT — CIOKHBIX 3pupax. MHOrooOpasue KapOOHOBBIX KUCIIOT.
OCOOEHHOCTH CBOMCTB HEMpPEICTbHBIX M apOMAaTHYECKUX KapOOHOBBIX KHCIIOT, AUKAPOOHOBBIX
KUCJIOT, THAPOKCUKAPOOHOBBIX KuCIOT. [IpencraBurenu BbICIIMX KapOOHOBBIX KHCIOT:
CTCapHHOBAs, MAJIbMUTHUHOBAs, OJICUMHOBAS, JUHO/E8As, JUHONEH08as KHCIOTHL. CrocoObl
HOJIy4EeHHUs U IPUMEHEHNE KapOOHOBBIX KUCIIOT.

Crnoxunbie >¢upsl. 'oMonorndeckuii psa, odmas Ghopmyina, H3oMepus ¥ HOMEHKJIATypa.
Pusnyeckue 1 XMMUYECKHE CBOMCTBA: THAPOJIN3 B KUCIION U LIEIOYHOM Cpele.

XKupsr. Ctpoenne, pusnyeckre U XMMHUYECKHE CBOWCTBA XKUPOB: THIPOIHU3 B KHUCIOH U
men04Hoi cpene. OCOOEHHOCTH CBOWCTB KUPOB, COAEPIKAIIMX OCTATKH HENPEACIIbHBIX KUPHBIX
KUCHOT. JKUpbl B IPUPO/IE.

MBb11a Kak coJi BBICIIMX KapOOHOBBIX KUCIIOT, UX MOIOIIIEE eHCTBHE.

OO6mass xapakTepucTuka yrieBonoB. Kiaccudukamus yrieBogoB (MOHO-, IU- U
nojucaxapuabl). MoHocaxapuabl: IUIIOKO3a, (PyKTO3a, Tanakro3a, pubo3a, Ae30Kcuprudo3a.
®dusnueckue CBOWCTBA M HaxoxaeHue B npupone. dorocunre3. XMMHYECKHME CBOWMCTBA
[JIIOKO3bl: PEaKIMM C YYacTUEM CHUPTOBBIX M  aNbACTUIOHOW TIpYyNI, CIMPTOBOE U
MOJIOUHOKHCHOe OpoxeHue. llpuMeHeHue TIIOKO3bl, €€ 3HauY€HUE B IKU3HEAEATEIbHOCTU
opranusma. Jlucaxapuisl: caxapo3a, MajbTO3a M JIaKTo3a. BoccraHaBiauBarone U
HEBOCCTaHaBIUBatoLMe aucaxapuibel. ['maponus nucaxapuaoB. Haxoxnaenue B mpupone u
npuMmeHeHue. [lonmcaxapuapl: Kpaxmall, INIMKOTEH W Leiunoi03a. CTpoeHne MaKpOMOJEKYI
Kpaxmaja, TJUKOI€Ha U LeJuioyio3pl. Pdu3nueckue CBOICTBA Kpaxmajga M IEJUTHOJI03bI.
XVMMHYECKHE CBOMCTBA Kpaxmalsa: THIPOJIM3, KauyeCTBEHHAs PEaKUusi ¢ MOJOM. XUMHUYECKHE
CBOICTBa IIEJITI0I03bl: THAPOIIN3, MOTy4eHHE 3(pupoB 1eT003bl. [IoHATHE 00 HCKYCCTBEHHBIX
BOJIOKHAX (BMCKO3a, alleTaTHBIM MIENK).

OKCepUMEHTaJIbHbIE METOJbl M3YyYEHUS BELIECTB W HUX MPEBPALEHUIl: pacTBOPUMOCTh
pa3IMYHBIX CIHMPTOB B BOJAE, B3aUMOJACHCTBHE JTAHONA C HATPUEM, OKHUCIIEHHE 3THUIIOBOTO
cupTa B ajJbJETU] Ha pacKaJI€HHONM METHOW NPOBOJIOKE, OKHMCIEHHE ATHJIOBOTO CHHUpPTa
JUXPOMATOM Kajiusl (BO3MOXHO HMCIIOJIb30BaHUE BHIEOMATEPUANIOB), KAUECTBEHHbBIE PEAKLIUU Ha
anberuasl (¢ ruapoxkcuaom auamMmmuncepeopa(l) u ruagpoxkcuaom meau(ll)), peakus rmuneprHa
¢ ruapokcunom meau(ll), xumMudeckrue CBOWCTBa pacTBOpa YKCYCHOM KHCIIOTBI, B3aMMO/ICHCTBHE
pacTBopa T0K03bl ¢ THapokcuaoMm meau(ll), B3ammomelicTBie Kpaxmana ¢ MOJIOM, PEIICHHE
HKCIEPUMEHTANIBHBIX 33j1au 1o TeMaM «CrupThl U GpeHounbl», «KapOoHoBbIe KHCTOTHL. CloXKHbIE
3(huphI».

A3oTcoaepxaniye OpraHnyecKne CoeINHeHusl.

AMUHBI — OpraHMYeckue TMpou3BOJAHbIE amMuaka. Kiaccudukanuss amMHHOB:
anupaTUUecKue U apoMaTUYecKHe; MepBUYHbIC, BTOPUYHbIE U TpeTHuHble. CTPOCHUE MOJIEKYII,
obmas ¢gopMyna, u3oMepus, HOMEHKIATypa U (PU3NUYECKHE CBOMCTBA. XHWMHUYECKOE CBOWMCTBA
ann(paTUUIEeCKUX aMHUHOB: OCHOBHBIE CBOWCTBA, AJKWIMPOBAHUE, B3aUMOJCHCTBHE MEPBUYHBIX
aMHUHOB C a30TUCTOMN KUCI0TOM. CoM aJKUIaMMOHUS.



AHUIMH — IpeCTaBUTENIb aMUHOB apoMaThueckoro psaa. Ctpoenue anwinHa. BzaumHoe
BJIMSIHAE TPYII aTOMOB B MoJjeKyje aHWInHA. OCOOEHHOCTH XMMMYECKHX CBOWCTB aHMIIMHA.
KavectBennsle peakuuu Ha aHWiIuH. CrHocoOBl TONYyYEHUS W TMPUMEHEHHE alu(paTHYECKUX
amMHHOB. [losyueHne aHWwIMHA U3 HUTPOOEH301a.

AmuHokuciotel. Homenknarypa u  uszomepus. OThenbHbIE NPEACTABUTENU  O-
AMUHOKHCJIOT: IVIMLIMH, anaHuH. Pu3nueckue CBOMCTBA aMUHOKHUCIIOT. XMMUYECKHE CBOMCTBA
AMHHOKHUCIIOT Kak aM(OTEPHBIX OPTraHUYECKUX COCTUHEHHUH, pPEaKUus IOJIMKOHICHCAINH,
oOpa3oBaHue NENTUAHOM cBsi3u. buonornueckoe 3HaueHne aMUHOKUCIOT. CHHTE3 U THAPOIIH3
HENTUIOB.

benkn xak mnpuponnsle nonaumepsl. [lepBuuHas, BTOpHYHas M TpPETH4YHAs CTPYKTypa
0enkoB. XUMHUYECKHUE CBOWCTBA OCJIKOB: THAPOJIN3, JCHATYpalus, KaueCTBEHHBIC PEaKIUH Ha
Oenku.

OKCHEpUMEHTAJIbHBIE METOJAbl M3YYEHHs BELIECTB M MX IPEBPALLEHUI: pacTBOPEHUE
0enIKoB B BOJIE, IeHATypaLusl OEIKOB IPU HarpeBaHMU, L[BETHbIE pEaKkMM Ha OEJKU, pellieHue
AKCIEPUMEHTAJIbHBIX 337a4 10 TeMaM «A30TCOJAEp)KALME OPraHUYECKUE COECTUHEHUS» U
«Pacno3HaBaHue OPraHMYECKUX COCTUHEHUI.

BbicokoMoieKy/JIsIDHBIEC COeIMHEHHU .

OcCHOBHBIE TIOHATUS XUMHHM BBICOKOMOJIEKYJISIPDHBIX COCIUHEHHUI: MOHOMEp, IOJUMED,
CTPYKTYpPHOE 3BEHO, CTENEHb IOJIMMEPHU3aLUH, CpPeIHssl MOJIeKyJsipHas Macca. OCHOBHbIE
METO/Ibl CUHTE3a BBICOKOMOJIEKYJISIPHBIX COEIMHEHUHN — IIOJIMMEPHU3ALUs U TOJINKOHICHCALINS.

ITonumepHsie MaTepHabl. [ImacTtmaccer (monuaTHIIEH, ITOJIMIIPOIINJIEH,
NIOJIMBUHUIIXJIOPU ], IIOJINCTUPOII, [IOJIMMETUIIMETAaKpUIIar, MOJIMKapOOHATHI,
noJudTUIIeHTepedTanaT). Y Tin3anus U nepepaboTka riacTuka.

OnacroMepbl: HaTypalbHbIl KaydyK, CHHTETHYECKHE Kaydyku (OyTaaueHOBBIH,
XJIOPOIIPEHOBBIN, N30IIPEHOBBIN) U CHIIMKOHBL. Pe3nHa.

BonokHa: HaTypanbHble (XJIONOK, IIEPCTh, IMIENK), UCKYCCTBEHHbIE (BHUCKO3a, alleTaTHOE
BOJIOKHO), CHHTETUYECKUE (KalpOH U JIaBCaH).

[Tonmumepsl  cnenuanbHOrO  HazHaueHus  (TedaoH, KeBiap, AIIEKTPONPOBOJSIINE
MOJIUMEPBI, OMopasiiaraeMble MOJIUMEPHI).

OKCIEpUMEHTAJIBHBIE METOJIbl M3Y4YECHMsI BELIECTB U MX IPEBPAIICHUN: O3HAKOMIIEHHUE C
oOpa3laMu TNPUPOAHBIX M HCKYCCTBEHHBIX BOJIOKOH, IIJJaCTMacC, KaydyKoB, pELIEHUE
JKCIIEPUMEHTAIIBHBIX 3aa4 10 TeMe «Pacrno3HaBaHKe IIaCTMACC U BOJIOKOHY.

Pacuérnrie 3amaun.

Haxoxnenne MonekyasipHoil (opMysibl OpraHnYeCKOro COeIMHEHNS 110 MaCCOBBIM JIOJISIM
AJIEMEHTOB, BXOJSILIMX B €r0 COCTaB, HAXOXJACHHE MOJEKYJISIPHOW (OpPMYJIbl OPraHUYECKOTO
coeMHeHus: 1mo macce (00BEMY) MPOAYKTOB CrOpaHus, MO KOJMYECTBY BellecTBa (Macce,
00BEMY) IPOYKTOB peaKIIMU WU/WUIN UCXOJHBIX BEIECTB, YCTAHOBJIEHUE CTPYKTYPHOU (POpMYIIbI
OpPraHMYECKOT0 BEIIECTBA HAa OCHOBE €ro XMMHUYECKHMX CBOMCTB MJIM CIIOCOOOB MOJIY4YEHHS,
ONpeIeNeHUE AOJIU BBIX0JA IPOAYKTa PEAKIUN OT TEOPETUYECKH BO3ZMOKHOTO.

MexnpeaMeTHbIE CBA3U.

Peanu3zanus MexnpeIMeTHBIX CBsS3€il MpU M3ydeHHUH opraHmdeckoid xumuu B 10 kiacce
OCYILECTBIISICTCSI 4Yepe3 HCIOJIb30BaHME KaK OOLIMX €CTECTBEHHOHAYUHBIX IOHSITUH, Tak U
MTOHATUM, IPUHATBIX B OTAEIBHBIX MIPEAMETAX €CTECTBEHHOHAYYHOT'O IIUKJIA.

OOue ecTecTBEeHHOHAY4YHbIE TOHATHA: SBJICHUE, HAy4yHBIH (akT, TUIOTE3a, Teopus,
3aKOH, aHAJIW3, CUHTE3, KJacCHU(HUKauus, HAOIIOJEHUE, U3MEpPEHUE, SKCIEPUMEHT, MOJEIb,
MOJICJINPOBAHUE.

®usnka: marepus, aTroM, 3JEKTPOH, MPOTOH, HEUTPOH, MOJIEKYJa, JHEPreTHYECKHI
YPOBEHb, BEIIECTBO, TEJIO, 0OBEM, arperarHoe COCTOSIHHUE BEIIeCTBa, (PU3MUECKUE BEIUYMHBI,
€IMHULIBI U3MEPEHUS, CKOPOCTh, SHEPTHS, MACCA.



buonorus: xierka, opraHu3M, 3Kocucrema, ouocdepa, MeTabOIM3M, HACIEICTBEHHOCTD,
aBTOTPO(HBIA M TETepOTPO(HBIA THUII TUTaHUA, OpoXeHUe, (OTOCHHTE3, IbIXaHHE, OCJKH,
YTIEBOJIBI, JKUPBI, HYKJICHHOBBIE KUCIOTHI, (DEPMEHTHI.

['eorpadus: mone3Hbie NCKOMIAEMBbIE, TOTLITHBO.

TexXHONOTHS: TUIIEBBIE MPOTYKTHI, OCHOBBI PAIlMOHATHHOTO MHUTAHUS, MOIOIIIUE CPEICTRA,
MaTepHalbl U3 UICKYCCTBEHHBIX M CHHTETUYCCKHX BOJIOKOH.

11 KUIIACC

OBILIASA U HEOPTAHUYECKASA XUMUSA

Teoperuueckne 0CHOBbI XUMMH.

Atom. CocTaB aTOMHBIX s/iep. XUMHUECKUM 31eMeHT. M30Tonbl. CTpoeHUE 3IEKTPOHHBIX
000JI04YE€K aTOMOB, KBAHTOBBIE YHUCJIA. DHEPreTUYECKUE YPOBHM U MOAYPOBHU. ATOMHBIE
opoutanu. Kinaccudukaims XUMHYECKUX 3JIEMEHTOB (S-, p-, d-, f-amemenTsl). Pacnpenesnenue
QJIGKTPOHOB TI0 aTOMHBIM OpOWUTANsAM. ODJIEKTPOHHBIE KOH(QUTYpAIlMH aTOMOB JJICMCHTOB
MEPBOrO—4eTBEPTOrO TMEPUOJIOB B OCHOBHOM M BO30YXKIEHHOM COCTOSHHUU, DIIEKTPOHHBIE
KOH(UTYpAIIMA HOHOB. DJIEKTPOOTPUIIATEIIEHOCTD.

[lepuonnueckuit 3akoH u llepuoguyeckas cucrema xumuueckux saemeHtoB [I.1.
MenneneeBa. CBsi3b nepuoaWyecKoro 3akoHa U Ilepuogndeckodl CHUCTEMBI XHUMHYECKUX
3JIEMEHTOB C COBPEMEHHOM TEOpUEH CTPOEHHUsS aTOMOB. 3aKOHOMEPHOCTU M3MEHEHUsl CBOMCTB
XUMUYECKUX DJIEMEHTOB U 0Opa3yeMbIX MMM TPOCTBIX M CIIOXHBIX BEIIECTB MO TPYIIaM U
nepuoaM. 3HaueHue nepuoanveckoro 3akona /.M. Menaeneesa.

Xumuyeckasi CBsI3b. BUJbl XMMUYECKOW CBSI3U: KOBAJICHTHAs, MOHHAs, METAJJIMYECKAs.
Mexanu3mbl 00pa3oBaHMsl KOBAJIEHTHOM CBSI3U: OOMEHHBINM U JOHOPHO-aKIENTOPHBIA. DHEprus
U JUIMHA CBA3U. [10SpHOCTh, HAIIPABICHHOCTh M HACBIIIAEMOCTh KOBAJICHTHOM CBA3U. KpaTHbie
cBs3u. Bogopoanas cBsizb. MeXMOIEKYISIpHbIE B3aUMO/ICHCTBUSL.

BasienTHOCTP W BaJieHTHBIE BO3MOXXHOCTU aTOMOB. CBSI3b 3JIEKTPOHHOW CTPYKTYPHI
MOJIEKYJI C MX T€OMETPUUYECKHM CTpPOEHHEM (Ha MpUMEpe COEAMHEHUN SJIEMEHTOB BTOPOTO
nepuoa).

[IpeacraBnenre O KOMIUIEKCHBIX coeauHeHusix. (CocTaB KOMIUIEKCHOTO  HMOHA:
KOMILJIEKCOOOpa3oBaTeNib, JUTAH/Abl. 3HAYe€HHWE KOMIUIEKCHBIX coenuHeHud. [loHsitue o
KOOPJIMHALIMOHHON XHUMUH.

BeniectBa MONEKYISIPHOTO M HEMOJIEKYJISIPHOTO CTPOEHHS. THUIBI KPUCTAUTMYECKUX
pPEmETOK (CTPYKTYp) U CBOMCTBA BEILIECTB.

ITonsTne o nucnepcHbIx cucremax. MctuHHbIEe pacTBOpPHL. [IpeacTaBienne 0 KOUIOUIHBIX
pactBopax. CrmocoObl BbIpaKEHHsI KOHIICHTpAIIMH pPAaCcTBOPOB: MaccoBas JOJs BellecTBa B
pacTBope, MOJISIpHasT ~ KOHUEHTpauus. HacbllleHHble W HEHACHINIEHHBIE  PacTBOPBI,
pacTBopuMoOcTb. Kpucrannoruaparst.

Knaccudukanuss 1 HOMEHKIATypa HEOPraHUYECKUX BEHIECTB. TpHUBUAIbHBIC Ha3BaHUS
OT/IENIbHBIX MPEJICTAaBUTEICH HEOPraHUYECKUX BEIIECTB.

Knaccudukanus XuMHUECKUX peaklMii B HEOPraHU4eCKONW U OpraHMYecKoi XUMHUHU. 3aKOH
COXpPAHEHHUsI MacChl BEUIECTB; 3aKOH COXPAHEHUS U MPEBPALIECHUS SHEPTUU MPU XUMUUYECKHUX
peaknusax. TenaoBsie 3QPEKTH XUMUYECKUX peakiuii. TepMoXuMudecKkrie ypaBHEHUSI.

CKOpOCTh XUMHUYECKOW PEaKIHH, €€ 3aBUCUMOCTh OT Pa3IMYHBIX (pakTopoB. 'oMOreHHBIE
Y TeTEepOreHHbIe peakunu. Kartanus u kaTaan3aTopsl.

OOpatumbie ©  HeoOpaTHMbBIE peakluh. XUMHUYecKoe paBHOBecue. KoHcTaHTa
XHMHYECKOTO paBHOBeCHS. DaKTOpbI, BIHUSIONIAE HA TOJIOKEHHUE XUMHUYECKOTO PAaBHOBECHS:
TEeMIIepaTypa, JaBJIEHUE M KOHLEHTpAlMu BEIECTB, y4acTBYIOIIUMX B peakuuu. [Ipunuun Jle
[Tarensbe.



DOnekrponuTtndeckas aucconuanus. CunpHble U cliadble  3NeKTponuThl. CTerneHb
nucconuranuu. Cpena BOIHBIX PAacTBOPOB: KUCIOTHAs, HEUTpalibHas, IIesoyHas. BomopoaHsiil
nokazarenb (PH) pactBopa. ['maponus coneii. Peakiym nonnoro ooMeHa.

OKHMCIUTENbHO-BOCCTAHOBUTENbHBIE peakuuu. CreneHb okuciaeHud. OKHCIUTENb U
BOCCTaHOBUTENb. IIponeccsl OKHMCIEHUS M BOCCTaHOBJIEHMs. BaxHeiiine oOKucIUTENH U
BOCCTaHOBUTEIHU. MeTO/1 2JIeKTPOHHOTO OanaHca. DIEKTPOIU3 PACTBOPOB U PACILIABOB BEIIECTB.

OKCHEpUMEHTAJIbHBIE METOJIbl M3YYEHHUs BEIIECTB M HUX IPEBPALICHUN: pa3sIoKEHUE
MEpPOKCUJAa BOJOPOJAa B NPHUCYTCTBUM KaTaIW3aTOpa, MOJEIM KPUCTAUIMYECKUX PEIIETOK,
IOPOBEICHUE pPEAaKIUHd MOHHOTO OOMEHa, OIpeaesieHHe Cpeabl pacTBOPOB C IOMOUIBIO
WHAUKATOPOB, U3yYCHUE BIUSHUS Pa3IMUHBIX (PAKTOPOB HA CKOPOCTh XMMHMUYECKOH peakiuu 1
[10JIO’)KEHNE XUMUYECKOTO PAaBHOBECHSL.

Heopranuveckasi xumusi.

ITonoxenue HemerawioB B Ilepuoanueckoil cucreMe XUMUYECKMX dnemeHToB J[.M.
MenneneeBa U OCOOCHHOCTH CTPOCHHMS HMX aToMoB. (DuU3NYECKHWE CBOICTBA HEMETaJUIOB.
AJToTponusl HEMETaUIOB (Ha MpUMepe KUCIOpoia, cepsl, hocdopa u yriaepoaa).

Bopopon. Ilonyuyenue, gusnyeckie U XMMUYECKHE CBOWCTBA: PEAKIMU C METaUIaMU U
HEMETaJNIAMH, BOCCTAaHOBUTEbHbBIE CBOUCTBA. [ mapuabl. TONIMBHBIE 3JIEMEHTHI.

["anorensl. Haxoxaenue B mpupoje, crnocoObl moiaydeHus, GU3NYECKue U XUMHUYECKUe
cBoiicTBa. ['asioreHoBOIOpOAbl. BakHelMe KHUCIOPOACOAEPKAIIUE COCIUHEHUS TaJOreHOB.
JlabopaTopHble ¥ MPOMBIILIEHHBIE CIIOCOOBI MOMY4YeHHs TajoreHoB. [I[puMeHeHne rajioreHoB u
UX COCAUHEHHI.

Kucnopon, o3oH. JlaGopaTopHble W HPOMBILIUICHHBIE CIIOCOOBI MOJTYYEHUS KHCIOPOJA.
®uznyeckue U XUMHUYECKHE CBOMCTBA W IPUMEHEHHME Kuciopoga M 030HA. OKcUAbl U
MEPOKCHUIBI.

Cepa. HaxoxneHwe B TpUpOJE, CIOCOOBI IMONYYCHUS, (PU3UYECKHE W XUMHYCCKHE
cpoiictBa. CepoBogopon, cynbpunsl. Oxcun cepoi(1V), okcun cepoi(VI). CepHucras u cepHas
KHCIOTEI U uX coiu. OCOOCHHOCTH CBOKMCTB CEpHOM KHCIOTHL. [IpuMeHeHHWEe cepbl U e€
COEIMHEHUI.

A3zor. Haxoxnenue B mpupojnie, CrnocoObl MONy4deHHs, (PU3UUYECKHE M XUMUYECKUE
cBoiictBa. AMMMaKk, HUTpuAbl. Okcuasl a3ora. A30THCTas M a30THAs KHUCIOTBI M MX COJIH.
Oco0eHHOCTH CBOWCTB a30THOM KUCHOTHL. [IpuMeHeHue a3oTa M ero coeaMHEHUl. A30THBIC
yI100peHusl.

®ochop. Haxoxnenne B mpupoje, CrocoObl MONydeHHs, (HU3UYECKHEe U XUMHUYECKHUE
cBoiictBa. @Dochuasl u Qocoun. Oxcuabl docdopa, ¢ochopHas kuciota U e€ couu.
[Tpumenenue docdopa u ero coenunenuit. ochopHeie yrnodpeHus.

VYraepon, HaxoXaeHHe B IpHpoje. AJUIOTponHble Moaudukanuu. duszndyeckue u
XMMHYECKUE CBOWMCTBA TPOCTHIX BEHIECTB, 0Opa3oBaHHBIX yriepoaoMm. Okcua yriepoxaa(ll),
okcun yraepona(lV), yronbHas Kuciora U e€ cold. AKTUBUPOBAHHBIN yrojb, ajcopOLMUs.
O®yiepeHsl, rpadeH, yriepogHble HaHOTpYOku. IIpuMeHeHHe TpOCThIX  BEILECTB,
00pa30BaHHBIX YIJIEPOJOM, U €0 COeAUHEHUI.

Kpemuuii. Haxoxnenue B mpupoje, crnocoObl MoiydyeHus, (GU3nueckue U XUMHUYECKHe
coiicTBa. Okcup kpemuusi(1V), kpeMHueBast KMcinoTa, cuiMkarel. [IpuMeHeHre KpeMHUs U €ero
coequHeHnil. CTEKJ0, €ro moJy4yeHue, BUIbI CTEKJIA.

[Tonoxenue metamioB B [leproauueckoi cucteMe XUMUYECKUX 31eMeHTOB. OCOOEHHOCTH
CTPOEHUS JIEKTPOHHBIX 000JI0UueK aTOMOB MeTaiioB. Ob6mue ¢puznyeckue cBONCTBAa METAJLIOB.
[TpumeHeHnue metannoB B ObITY U TexHHKe. CIIIaBbl METAJIJIOB.

DNEeKTPOXUMUYECKUN PpsJl  HampspDkeHUH MerauioB.  OOmme crnocoObl  TOMYYEeHHS
METAJIJIOB: TUAPOMETAIUTYPIUs, TUPOMETAILIYPIuUs, eKTpomeTamutyprus. Ilonsarue o koppo3un
MeTai1oB. CriocoObl 3aIIUTHI OT KOPPO3HH.



Ob6mas xapakrepuctuka MetaywioB |A-rpynnsl [leproguueckoll CHCTEMBl XUMHUYECKHUX
anemMeHTOB. Hatpuit u xanuii: monydenue, Gu3ndecKue M XMMUYECKHUE CBOMCTBA, TPUMEHEHUE
IIPOCTBIX BEIIECTB U UX COEIUHEHUI.

O6mas xapaktepuctuka MetaiioB |IA-rpynnsr [leprogudeckoit cucTeMbl XUMHUYECKHX
AIIEMEHTOB. Maruuii W KajblMid: TMOJNydyeHHe, (U3NYECKHe U XHMHUYECKHE CBOWCTBa,
IIPUMEHEHHE TPOCTHIX BEILECTB U X coequHeHM. JKECTKOCTh BOBI M CLIOCOOBI €€ yCTpaHEHUS.

AJNIOMMHHUI: TIOJy4YeHUe, (PU3MUYECKUe M XUMHUYECKHE CBOMCTBA, MPUMEHEHHE MPOCTOTO
BElIeCTBA M €ro coeAMHEHUH. AMEOTepHbIE CBONCTBA OKCHAA U THAPOKCHAA aJIOMUHUS,
TUIPOKCOKOMILIIEKCHI aJIFOMUHUS.

OO6mass xapakTepucTuka MeTauioB mNoOouHbix mnoarpymnmn (b-rpynm) Ilepuoguueckoit
CUCTEMBI XUMHUYECKUX JIEMEHTOB.

®u3nueckue 1 XMMUYECKHE CBOMCTBA Xpoma U ero coeAuHeHur. OKCHUIbl U TUAPOKCHIBI
xpoma(ll), xpoma(lll) u xpoma(VI). Xpomarbl U quXpomarbl, UX OKUCIUTEIbHBIE CBOWMCTBA.
[TonyyeHnue u npuMeHEHUE Xpoma.

®u3nyeckue M XMMHYECKHE CBOMCTBA MapraHila M €ro COCIMHEHHMH. Baxnenmmue
coenuaeHus: Mmapranna(ll), mapranma(1V), mapranna(VI1) u mapranna(VIl). [lepmanranar kanus,
€ro OKHUCIIUTENIbHbIE CBOWCTBA.

®du3nueckue 1 XMMUYECKHE CBOMCTBA XKeJle3a U ero coeguHeHui. OKcuabl, THAPOKCUIBI U
comu xene3a(ll) u sxenesa(lll). [TonyueHue u npuMEHEHNUE JKeIe3a U €ro CILUIaBOB.

Pusnyeckue U XMMUYECKUE CBOMCTBA MeIU U €€ coenuHeHui. [lonyuenne u npumeHenue
MeIU U €€ COCIMHEHHM.

[{unk: nonyyeHue, GU3NIECKUE U XUMUYECKUE CBOICTBa. AM(OTEepHbIE CBOWCTBA OKCHUA
Y TUJIPOKCH/IA LIMHKA, THAPOKCOKOMILIEKCHI IMHKA. [IpMeHeHrne HMHKa U €ro COeAMHEHUH.

OKCIIEpPUMEHTAIbHbIE METOJbl H3YyYEHHs BEUIECTB M UX NPEBPAILCHHUI: H3ydeHUE
00pa3IoB HEMETauIoB, TOpeHHe cepsl, (Gocdopa, xenmeza, MarHuss B KHCIOPOJIE, HM3y4YCHHUE
KOJUIeKUMU «MeTamibl W CIUIaBbl», B3aWMOJEHCTBHUE IIEJIOYHBIX M IIEJIOYHO3EMEIbHBIX
METAJIJIOB C BOJOM (BO3MOXHO HCIOJIb30BAaHHE BUAECOMATEPUAIOB), B3aUMOAECUCTBUE LIMHKA U
JKese3a ¢ pacTBOpaMu KUCIJIOT U IIEJI0Yel, KAUeCTBEHHbIE PEaKIIMU Ha HEOPTAHUYECKUE aHUOHBI,
KaTHOH BOJOPOJAA U KAaTHOHBI METAJUIOB, B3aUMOJCHCTBUE THIPOKCHUIOB AJIFOMUHMS U LIUHKA C
pacTBOpaMH KHUCIOT M WIEJIOYEH, pelIeHue SKCIEePUMEHTANIbHBIX 3aJa4 1o TeMaM «['anoreHsi»,
«Cepa u e€ coeIMHEHUs», «A30T U Pochop U UX CoeTUHEHU», «MeTaulbl TJIaBHBIX HOArPYIII,
«MeTtanibl MOGOYHBIX TOATPYIII.

XuMHUS U )KU3Hb.

Ponb xumun B obecriedeHHH YCTOWYHBOTO pa3BUTHA 4yeloBedecTBa. [loHATHE 0 HaydyHBIX
METOJaX IIO3HAHUS M METOJIOJIOTMM HAayyHOro wuccienoBaHus. HaydHble npuHIUIBI
OpraHu3aIi XUMHUYECKOTO MPOU3BOACTBA. [IpOoMEBIIIIIEHHBIE CITOCOOBI MOYUYEHUs BaXKHEHIIINX
BElIECTB (Ha MpUMepe MPOU3BOACTBA aMMHUaKa, CEPHOIN KUCIIOTHI, MeTaHoJa). [IpoMblineHHbIe
CHOCOOBI MOJTYYEHHUSI METAIJIOB M CIUIABOB. XMMHUECKOE 3arpsi3HEHHE OKpY’Karollel cpenbl u
ero rnocyiencTus. Poiib XuMuu B 00€CTICUCHUH SHEPTETHUECKOM 0€30MacHOCTH.

XumHusi M 300pOBbe 4YenoBeka. JlekapcTBeHHble cpeacTBa. lIpaBuia ucnosib3oBaHUs
JIEKapCTBEHHBIX MIpenaparoB. Poyib XUMUM B pa3BUTUU METUIIUHEI.

XVMUS TIUIIA: OCHOBHBIE KOMITOHEHTHI, TUIIIEBbIE 100aBKU. Ponb XxuMuu B o0ecrieueHun
MMHUIIEBOH O€30IMacHOCTH.

Kocmernueckue u mapgromepHble cpenctBa. beitoBas xumus. [IpaBuna Ge3omacHoOro
MCIIOJIb30BaHUs IIPENapaToB ObITOBOW XMMHH B IIOBCEAHEBHON KU3HU.

XUMHUS B CTPOUTENBCTBE: BAKHEHIIINE CTPOUTENBHBIE MaTepHAIbI (IIEMEHT, OETOH).

XuMHus B CENBCKOM X03siiicTBe. OpraHndecKrue 1 MUHEPAIbHBIC yI00pEeHHUS.

CoBpeMeHHbIE KOHCTPYKIIMOHHBIE MaTepuaibl, KPacKH, CTEKJIO, Kepamuka. Matepuainbl
JUISL 371eKTPOHUKU. HaHOTEeXHOI0THH.

Pacuérnbie 3a1aun.



Pacuérel: Macchl BemecTBa WM 00bEMa ra3oB IO HM3BECTHOMY KOJHWYECTBY BEILECTBA,
Macce Wik 00bEMY OJTHOTO M3 yYaCTBYIOIIMX B PEAKIIMH BEIIECTB, MacChl (00bEMa, KOJTUYECTBA
BEIIIECTBA) MPOAYKTOB PEAKLMHU, €CIM OAHO M3 BEIIECTB MMEET MpHUMEcH, Macchl (00BEMma,
KOJINYECTBA BEILECTBA) MPOAYKTa pEaKkIMH, €CIM OJHO U3 BEIIECTB JIaHO B BHUJE pacTBOpa C
OnpeAenEéHHON MacCOBOM JIOJE PAacTBOPEHHOIO BELIECTBA, MACCOBOW JIOIM W MOJISIPHOMU
KOHLEHTPAllUU BEILECTBA B PAacTBOPE, IOJIA BBIXOAA IPOAYKTa PEAKLIUH OT TEOPETUYECKU
BO3MOKHOTO.

Me:xnpeaMeTHbIE CBSI3H.

Peanuzanus MeXNpeaMETHBIX CBSI3€H MpH U3ydeHHH OOIIel M HEOPraHUYeCKON XMMHUU B
11 xnacce oCylIECTBIIIETCS Yepe3 UCIOJIb30BaHUE KaK OOLIMX €CTECTBEHHOHAYYHbIX MOHSTHH,
TaK U NOHSTUN, IPUHATHIX B OTJENbHBIX [IPEIMETAaX €CTECTBEHHOHAYYHOI'O LIUKJIA.

OOue ecTecTBEHHOHAy4yHbIE IOHATHA: SBJICHUE, Hay4yHbIH (akT, rumoresa, Teopus,
3aKOH, aHaju3, CHHTE3, KiIacCU(pUKAIMsI, TIEepPUOAUYHOCTh, HAOIIOJCHHUE, H3MEpEHHe,
JKCIIEPUMEHT, MOJIEIIb, MOJCINPOBAHHUE.

®usnka: marepusi, MUKPOMHUpP, MAaKpOMHUp, aTOM, 3JEKTPOH, IPOTOH, HEUTPOH, HOH,
U30TOINBbl, PAaAMOaKTUBHOCTb, MOJIEKYJA, SHEPreTMUECKUIl YpOBEHb, BEILIECTBO, TEJIO, OO0BEM,
arperaTHOE COCTOSIHME BEUIECTBA, WACATBHBIN Ta3, (U3UYECKUE BEIMYUHBI, €IUHUIIBI
U3MEpEHMS, CKOPOCTh, SJHEPTHUs, Macca.

buonorus: kierka, oOpraHm3M, OJKOCHCTeMa, Owocdepa, MeraboiM3M, MaKpo- u
MHUKpPORJIEMEHTBI, O€NKH, >KUPbI, YIJIEBOAbI, HYKJIEHHOBBIC KHUCIOTBI, ()EPMEHTHI, FOPMOHBI,
KpYTrOBOPOT BEUIECTB U IMOTOK HEPTUU B IKOCHCTEMAX.

['eorpadus: MuHepaiibl, TOPHbIE TOPO/Ib, IOJIE3HbIE HCKOMAEMBbIE, TOIUINBO, PECYPCHI.

TexHonorus: XuMu4eckasi POMBIIIEHHOCTb, METAJLTYPrusl, CTPOUTENbHbBIE MaTEpUaJbl,
CEJIbCKOXO35MCTBEHHOE IMPOMU3BOJCTBO, IMHINEBAs IPOMBILIUIEHHOCTh, (hapMaleBTHUECKas
IPOMBIIIIIEHHOCTD, IIPOU3BOJICTBO KOCMETHYECKHUX [IpEnapaToB, IIPOU3BOJICTBO
KOHCTPYKLMOHHBIX MaT€PUAJIOB, 3JIEKTPOHHAs IIPOMBIIUIEHHOCTb, HAHOTEXHOJIOTHH.



INIAHUPYEMBIE PE3VJIBTATBI OCBOEHUA IIPOI'PAMMLBI 110 XUMHWHU HA
YI'JIYBJIEHHOM YPOBHE CPEJHEI'O OBIIEI'O OGPA30OBAHUS

JIMHHOCTHBIE PE3YJIBTATbHI

B cooTBeTcTBUM € CHCTEMHO-AEATENBHOCTHBIM IOJAXOAOM B CTPYKTYpEe JUYHOCTHBIX
pe3yJbTaTOB OCBOCHMS IpeIMeTa «XUMHs» Ha YpOBHE CpEIHEro oO0mero o0pa3oBaHHS
BBIJICJIEHBI CIIEAYIOLIME COCTAaBIIAIOLINE: OCO3HAHUE OOYUYarOIMMUCS POCCUNCKOM IpakJaHCKON
UJICHTUYHOCTH; TOTOBHOCTb K CaMOPa3BUTHIO, CAMOCTOSITEIBHOCTH M CaMOOIPEEICHUIO;
HaJIMYME€ MOTHBallMM K  OOYYEHHIO; TOTOBHOCTb M  CHOCOOHOCTh  OOYYaroIIUXCS
PYKOBOACTBOBATLCSA IMPUHATHIMU B OGH.IGCTBG npaBujiaMM W HOpMaMu IOBCACHUA; HAJINYIUC
IIPaBOCO3HAHUS, HKOJIOTMYECKON KYJIbTYpbl; CIIOCOOHOCTh CTaBUTh LIEJIU U CTPOUTH >KU3HEHHBIE
IIJIaHBbI.

JIMYHOCTHBIE PE3y/bTaThl OCBOCHUS IMpeaMeTa «XUMUS» OTPa)xaroT chOpMUPOBAHHOCTh
OTIbITA TTO3HABATEILHON U MPAKTHUECKON JEATEIILHOCTH 00OYUYaIOMIMXCs B MPOLIECCE pealn3aluiu
00pa30BaTeNIbHON JAEATEIbHOCTH.

JIMYHOCTHBIC PE3yNIbTAThl OCBOCHUS MpeAMeTa «XHUMHS» OTPaxaroT c(HOpMHUPOBAHHOCTH
OIbITA ITO3HABATEJIbHON U MPAKTUUECKOH JEATEIIbHOCTH 00YUYaIOIIMXCs B MPOLIECCEe peau3aliu
00pa3oBaTeNbHON AEATEIBHOCTH, B TOM YHCIIE B YACTH:

1) rpa:xnaHCcKOro BOCIMTAHUSA:

OCO3HaHUA 00YyYarOIIMMUCS CBOMX KOHCTUTYLIMOHHBIX IIPAaB U 00SI3aHHOCTEH, yBaXKEHUS K
3aKOHY U NPaBOIOPAIKY;

MNpEaACTaBJICHHUA O COLNUAJIbHBIX HOpMax MW IIpaBUIaX MCEKINYHOCTHBIX OTHOIIICHUN B
KOJIJIEKTHBE;

TOTOBHOCTH K COBMECTHOM TBOp‘IeCKOI;'I ACATCIIBHOCTH IIPpU CO3AaHUHA y‘Ie6HI)IX ITIPOCKTOB,
peleHnH y4eOHBIX U [T03HABATENIbHBIX 337124, BBIMOJIHEHUN XUMHUYECKUX SKCIIEPUMEHTOB;

CIIOCOOHOCTH MTOHMMATh U MPUHUMATh MOTHUBBI, HAMEPEHHUS, JIOTUKY U apTyMEHTbI JPYIHX
IPY aHaJIu3€ pa3IMyHbIX BUJOB y4EOHOH NesATEIbHOCTH;

2) NaTPHOTHYECKOr0 BOCTIMTAHUS:

[IEHHOCTHOTO OTHOIIEHUS K HCTOPUYECKOMY M HAyYHOMY HACJIEIUI0 OTEYECTBEHHOMH
XHUMHU;

yBa)KEHHUsI K IpOIlecCy TBOpYECTBA B OOJIACTH TEOPUHM U TMPAKTHUECKOTO MPUIIOKEHUS
XUMHHU, OCO3HAHUA TOIrO, YTO JAaHHBIC HAYKW €CTb PE3YyJIbTaT JJIIHUTCIBbHBIX Ha6JIIOI[€HHi/JI,
KPOIOTIIMBBIX SKCIEPUMEHTAIbHBIX TOUCKOB, MOCTOSIHHOTO TPY/Aa YUEHBIX U MPAKTUKOB,;

WHTEpECa M TI03HABAaTENIFHBIX MOTHMBOB B TIOJNyYEHHH | TIOCIEOYIONIEM AaHAaJN3e
UH(OPMALIUHU O TIEPEIOBBIX TOCTHKEHUSIX COBPEMEHHOM 0T€UeCTBEHHOW XMMUHU;

3) AyXOBHO-HPABCTBEHHOI'0 BOCIIMTAHUS:

HPaBCTBEHHOI'O CO3HAHMSI, STUUECKOT'0 TIOBEJICHHUS;

CIOCOOHOCTH OICHUMBATh CUTyalluW, CBA3aHHBIC C XHMHUUYCCKHMHU ABJIICHUAMH, U
OPUHUMATh OCO3HAHHbBIE DELICHUs, OPUEHTUPYSICh Ha MOPAJIbHO-HPABCTBEHHbIE HOPMBI H
[IEHHOCTH;

TOTOBHOCTH OLIEHUBATh CBOE TOBEJCHHWE M IOCTYNKH CBOMX TOBAapuIlEd C MO3MLUI
HPABCTBCHHLIX U IIPAaBOBBIX HOPM H C y‘-IéTOM OCO3HaHUuA HOCHC}ICTBI/Iﬁ IMOCTYIIKOB,

4) popmMupoBaHus KyJbTYPBbI 310POBbSI:

MOHMMAaHUS LIEHHOCTEW 3J0pOBOrO M 0Oe30macHoro obpasza >KHW3HHM, HEO0OXOIUMOCTU
OTBETCTBEHHOT'O OTHOIIEHUS K COOCTBEHHOMY (PM3UYECKOMY U IICUXHUYECKOMY 3/10POBbIO;

coOroIeHnsT MpaBmiI 0€30MacHOTO OOpaIieHusi C BEMIECTBAMU B OBITY, TOBCEIHEBHOM
KHU3HH, B TPYJIOBOH JI€ATEILHOCTH;

IMOHUMAaHHA [OEHHOCTU IIPAaBUJI HWHAUBHUAYAJIBHOTO W KOJIJICKTUBHOI'O 0e301macHoOro
MOBEJICHUS B CUTYaIUSX, YTPOXKAIOIIUX 3/I0POBBIO U )KU3HHU JIOJIEH;



OCO3HAHMSI TOCIEACTBUI M HENpPUATHS BPEAHBIX NPUBBIUEK (YMOTPEOJICHUS aJKOTroJIs,
HapKOTUKOB, KypeHUs);

5) TpynoBOro BoCIMTAHUSA:

KOMMYHHKAaTUBHOH KOMIIETEHTHOCTH B Y4eOHO-HCCIIEOBATEIbCKON JESTEIbHOCTH,
OOLIECTBEHHO I10JIE3HOM, TBOPUECKOM U IPYIUX BUAAX JAESITEIbHOCTH;

YCTAaHOBKM Ha AaKTUBHOE YYacTHE€ B PCIICHUM IPAKTUYECKUX 3a4ad COLUAIbHOU
HAIpPaBJIEHHOCTH (B paMKax CBOETO KJIacca, LIKOJbI);

UHTEpeca K MPaKTUYECKOMY HM3Y4YEHHIO MpOo(peccuil pasiMyHOro poja, B TOM YHUCIE Ha
OCHOBE IIPUMEHEHUS IPEIMETHBIX 3HAHUI 110 XUMUU;

YBa)XKCHHUs K TPYLY, JTIOASAM TPyJla U pe3ysbTaTaM TPYAOBOH IEATENbHOCTH;

TOTOBHOCTH K OCO3HAaHHOMY BBIOOPY WHAWBUIYAIbHOM TPACKTOPHUH OOpa30BaHMA,
Oyayweil npodeccun U pealn3aluu COOCTBEHHBIX >KU3HEHHBIX IJIAHOB € Y4ETOM JIMYHOCTHBIX
MHTEPECOB, CIIOCOOHOCTEN K XUMHUH, MHTEPECOB U MOTPEOHOCTEH 00IeCTBa;

6) IK0JI0rH4eCcKOro BOCIIMTAHMS:

HKOJIOTHYECKH I11e7IeCO00Pa3HOro OTHOILICHUS K MPUPOJE KaK UCTOUYHUKY CYIIECTBOBAHUS
JKM3HHU Ha 3eMIIc;

NOHMMAaHHUA TJ100aJIbHOTO XapaKTepa 3KOJIOTMYECKUX IPoOJieM, BIMSHHUS IKOHOMUYECKUX
IIPOLIECCOB HA COCTOSIHUE NPUPOJHON U COLMAIBHOMN CpEebl;

OCO3HaHUS HEOOXOJUMOCTH MCIIONIb30BAHUS JOCTUKEHUN XUMHUM Ul PELIEHUS! BOIIPOCOB
palMOHaIbHOIO IPUPOIOIOIB30BaHNUS;

AKTUBHOI'O HENpPHUATHS JEHCTBUI, NPUHOCSIIMX BpEl OKpYXarollel HmpupoaHOMl cpene,
YMEHUSI IPOTHO3UPOBATh HEOJAroNpUSTHBIE SKOJIOTHYECKHE MOCIEICTBUS MPEANPUHUMAEMbIX
JICHCTBUN U NPENOTBPALLATD UX;

HaJIMYUS Pa3BUTOrO HKOJIOTMYECKOTO MBIIUIEHUS, 3KOJOTMYECKON KYJIBTYphI, OIBITa
JESTEIIbBHOCTH  DKOJIOTUYECKOW  HAlpaBICHHOCTH, YMEHHS PpYKOBOJCTBOBATbCSI HMHU B
[I03HABATEJIbHOM, KOMMYHUKAaTUBHOM M COLIMAJIbHOMN MPaKTUKE, CTIOCOOHOCTU U YMEHUs aKTUBHO
IPOTHBOCTOSATH HJICOJIOTHH XeMO(POOHH;

7) BEHHOCTH HAYYHOI'0 IIO3HAHMA:

MHUPOBO33PEHHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO pa3BUTHUS HAyKM U
00I11eCTBEHHOM MPaKTHKY;

NOHMMAHUA CHENU(PUKH XHMUU Kak HayKHd, OCO3HaHUS €€ poiu B (OPMUPOBAHUU
PaLMOHATIBHOIO HAyYHOI'O MBIIUIEHHUS, CO3/1aHUU LIEJIOCTHOTO MPEACTaBICHUs 00 OKpy KarolieM
MHUpE KaK O €IMHCTBE MPHUPOJAbI U YEJOBEKa, B MO3HAHWM NPUPOJHBIX 3aKOHOMEpPHOCTEH U
peleHny IpobaeM CoOXpaHeHHs! TPUPOTHOTO PABHOBECHUS;

yOexAEHHOCTH B 0CO0OM 3HAYMMOCTH XUMHM JJIs COBPEMEHHON IUBWIM3ALUHU: B €€
TYMaHHCTUYECKON HANpaBl€HHOCTH M BaXXHOM pPOJIM B CO3/IaHMM HOBOW 0a3bl MaTepHalIbHOU
KYJIbTYpBbI, B PELIEHUH ITI00ABbHBIX TPOOJIEM YCTONYHUBOIO Pa3BUTHUS YEJIOBEUECTBA — CHIPHEBO,
HHEPreTUYECKOM, TMHUIIEBOH U HKOJOTHYECKOM Oe30MacHOCTH, B PAa3BUTHM MEIMIIMHBL,
00ecreyeHny yCIOBUM YCIIEITHOTO TPY/AA M SKOJIOTMYeCKH KOM(POPTHOM KM3HU Ka)KJ0To 4jieHa
00111eCTBA;

€CTECTBEHHOHAyYHOM TIPAaMOTHOCTH: MOHMMAHHSA CYIIHOCTH METOJOB  IIO3HAHUA,
UCTIOJIb3YeMBIX B €CTECTBEHHBIX HayKaX, COCOOHOCTH HCIIOJIb30BaTh MOJyyaeMble 3HAHUS IS
aHaM3a U OOBSICHEHHUS SIBICHUH OKPYKAIOLIEro MHpa U MPOUCXOASIIMX B HEM H3MEHEHUH,
yMEHUS Jie7aTh 000CHOBaHHbIE 3aKIIOUEHHSI HA OCHOBE HAyYHBIX (DAKTOB M UMEIOIIMXCS TAaHHBIX
C 1IeJIBIO MOIYYE€HHUS JOCTOBEPHBIX BHIBOJIOB;

CHOCOOHOCTH CAMOCTOSITENILHO UCIIOIb30BATh XMMUYECKHUE 3HAHUS JJIS PELIeHUs TpobiieM
B PEAJIbHBIX )KM3HEHHBIX CUTYALIHSX;

MHTEpECca K NO3HAHUIO, UCCIIEI0BATENBCKON JESATENBHOCTH;

TOTOBHOCTH M CIOCOOHOCTH K HENpPepbIBHOMY OOpa30BaHMIO M CcaMOOOpa30BaHMIO, K
AKTUBHOMY TIIOJIy4EHHMIO HOBBIX 3HAaHUN II0 XUMUU B COOTBETCTBUM C >KM3HEHHBIMU
MOTPEOHOCTSAMH;



UHTEpeca K OCOOEHHOCTSM Tpyda B pPa3IUYHBIX cdepax npodeccunoHaTbHON
JeATEIIEHOCTH.

METAINIPEIMETHBIE PE3YJIbTATBI

MeranpeaMeTHbIe Pe3yJIbTaThl OCBOCHHS NPOTPaMMBI MO0 XMMHU Ha YPOBHE CPEIHErO
o011ero 00pa3oBaHus BKIIOYAIOT:

3HAYUMBbIC JUII (OPMHPOBAHUS MHPOBO33PCHUS OOYYAIOIIUXCS MEXIUCIUILTUHAPHBIC
(MeXmpenMeTHbIe) 00IIeHayUHbIE TIOHATHS, OTPAKAIOLINE [IEJIOCTHOCTh HAYYHOW KapTHHBI MUpa
U crienu(UKy METO/IOB TIO3HAHUS, CIIOJIb3YEMbIX B €CTECTBEHHBIX HayKaxX (MaTepusi, BEIIECTBO,
SHEPTus, SIBJICHUE, MPOIECC, CHCTEMa, HAyYHBIH (aKkT, MPUHLUI, THIIOTE3a, 3aKOHOMEPHOCTb,
3aKOH, TEOPHs, UCCIIIOBaHKE, HAOIIOICHUE, U3MEPEHUE, IKCIICPUMEHT U JIpyTHe);

YHHUBEPCAJIbHBIE yueOHbIE JEUCTBUS (mo3HaBaTeIbHBIE, KOMMYHUKATUBHBIE,
peryiasaTHBHBIE), oOecneunBaronye (OpMUpOBaHHE (QYHKIMOHAIBHON T'PAaMOTHOCTH U
COLIMAJILHOM KOMITETEHIIMH 00Yy4aroIIuXCs;

CIOCOOHOCTh  OOYYAIONIUXCS ~ MCIOJIb30BaTh ~ OCBOCHHBIC  MEXIHMCUIUILUIMHAPHBIC,
MHUPOBO33PEHUYECKHE 3HAHHWS W YHUBEpPCAIbHbIE y4deOHBbIE JCHUCTBUS B IO3HABATEIBHOH U
COLMAJIbHOM MTPAKTHKE.

MeranpeaMeTHbIe Pe3yJbTaThl OTPAKAIOT OBJIAJICHUE YHUBEPCAIBHBIMU YUCOHBIMU
MI03HABATEIbHBIMHA, KOMMYHUKATUBHBIMU U PETYJISATUBHBIMU JICHCTBUSMHU.

IMo3naBaTebHbIE YHHBepPCAJIbHbIE yUeOHbIE IeiiCTBUS

1) 6a3oBble JIOTHYeCKHeE NeCTBUSA:

CaMOCTOSITENILHO (OPMYJIMPOBATh M aKTYaJIM3UPOBATh IMPOOJIEMY, paccMaTpuBaTh €
BCECTOPOHHC;

ONpEACIATh LEIH JEATEIbHOCTH, 3ajaBas IapaMeTpPbl W KPUTCPUH HX JIOCTHIKCHHS,
COOTHOCHUTD PEC3YJIbTAThI ACATCIBHOCTHU C ITOCTABJICHHBIMU LCIIAMUA;

MCIIOJIb30BaTh IIPH OCBOCHHMHM 3HAHMHM HPHUEMBI JIOTHUYECKOI'O MBIIUICHHUS: BBIICIATH
XapaKTCPHBIC TIPHU3HAKU HOHATHH WU YCTaHaBJIMBaTb WX B3aUMOCBA3b, HUCIOJb30BaTh
COOTBETCTBYIOIINE MOHITUS ISl OOBSICHEHUS OT/ICTbHBIX (PAKTOB U SBICHUI;

BI)I6I/IpaTB OCHOBAHHA U KPUTCPUHN IJIA KJ'IaCCI/I(i)I/IKaIII/II/I BCHICCTB 1 XUMHNYCCKUX peaKHI/II\/JI;

yCTaHaBIMBATh MPUUNHHO-CJIEICTBEHHBIEC CBSI3U MEXKy U3Yy4aeMbIMU SBJICHUSIMU;

CTPOUTH JIOTUYECKUE paCCyKIEHUS (MHIYKTHUBHBIC, JAEIyKTHUBHBIE, IO aHAJOTHH),
BBISIBJISITH 3aKOHOMEPHOCTH M MPOTHUBOPEUHS B PACCMATPUBAEMBIX SIBICHUSX, (POPMYIHUPOBATH
BBIBOJIbI U 3aKJIIOUYCHU S,

MPUMEHSTh B MPOIECCEe MO3HAHUS HCIONb3yeMble B XMMHUHM CHMBOJIMYECKHE (3HAKOBBIC)
MOJIeJIH, TTPe0oOPa30BhIBATH MOJIEIHHBIC MPECTABICHUS — XUMHUECKUH 3HaK (CUMBOJI) DJIEMEHTA,
XuMudeckass (GopMmyna, YypaBHEHHE XHMHUYECKOM peakuu — TpU PEIIeHud Y4eOHBIX
MMO3HABATCIbHBIX W IMPAKTUYCCKUX 3adad, MPUMCHATH HA3BAHHBLIC MOJCJIBHBIC IMPCACTABICHUA
JUTSI BBISIBTICHUS XapaKTEPHBIX MPU3HAKOB U3y4aeMBIX BEIIECTB U XMMHUECKUX PEaKIIUM.

2) 6azoBbIe HCCIeA0BaTEIbCKUE JIeliCTBHS:

BJIa/IETh OCHOBAMHU METOJIOB HAYYHOTO TIO3HAHMSI BEIIECTB M XUMUYECKUX PEAKITHiA;

dbopMyIUpOBaTh MEMM H 3aJa4d  KCCIEAOBAHUS, HCIOJIB30BaTh IIOCTABICHHBIC U
CaMOCTOSITENILHO C(HOPMYIMPOBAHHBIE BOMPOCHl B KAUYECTBE WHCTPYMEHTA MO3HAHUS U OCHOBBI
JJISL (1)OpMI/Ip0BaHI/I$I THUIIOTESBI IO MPOBEPKE MPABUIIbHOCTHU BBICKA3bIBACMBIX CY)K)IGHHﬁ;

BIIQJICTh HAaBBIKAMU CAMOCTOSATEIBHOTO IUTAHUPOBAHUS M TIPOBEACHHS YYECHHUYECKHX
OKCIIEPUMEHTOB, COBEPIIICHCTBOBATh YMEHHS HAOJIOIATh 332 XOJOM IPOIIECCa, CAMOCTOSTEIIEHO
MPOTHO3UPOBATh €ro pe3ynbTaT, (GopMyaupoBaTh OOOOIICHHWS U BBIBOJBI OTHOCHUTEIHHO
JIOCTOBEPHOCTH PE3YJIbTaTOB UCCIICIOBAHMS, COCTABIIATh 0OOCHOBAHHBIA OTYET O MPOICITAHHOM
pabore;



npuoOpeTaTh ONBIT YYEHHYECKOH HCCIEI0BAaTEIbCKOW M TPOEKTHOM JIEATENbHOCTH,
HPOSIBIATE CIIOCOOHOCTh M TOTOBHOCTh K CaMOCTOATENBHOMY IIOMCKY METO/AOB pEIIECHUs
NPaKTUYECKHX 33/1a4, IPUMEHEHUIO PA3JIMYHbIX METOIOB MIO3HAHMS.

3) pabora ¢ ungopmanmeii:

OPUEHTHPOBATHCSI B  PaA3IMYHBIX HCTOYHMKAX HWHPOpMaLUU (HAYYHO-TIOMYJISIpHAsS
JauTepatypa XHMMHYECKOTO COJAEp)KaHUs, CIpaBOYHbIE IOCOOMs, pecypcbl VHTepHera),
aHAM3UpPOBaTh HMH(POPMAIMIO pPA3TUYHBIX BUAOB U (OpM MpencTaBIeHHs, KPUTHUECKU
OLIEHUBATh €€ I0CTOBEPHOCTh U HEITPOTUBOPEUNBOCTH;

dbopMynHupoBaTh 3ampoChl M TMPHUMEHSATh Pa3IMYHBIE METOJAbI INPH IOHCKE U O0TOOpe
uHpopMaLnu, He0OXOAUMOM Ui BBIIOJIHEHHsI yUeOHbIX 3aau ONPeeIEHHOIO THIIA;

nproOpeTaTh ONBIT MCIOIB30BaHUA MH(POPMALMOHHO-KOMMYHUKATUBHBIX TEXHOJOTHH U
Pa3JINYHBIX IOUCKOBBIX CUCTEM;

CaMOCTOSITENIFHO BHIOMPATh ONTUMAIBHYIO (OpPMY IpeAcTaBiIeHUss HHPOpMaUU (CXEMBI,
rpaduKH, TuarpaMmbl, TaOJIUIIBI, PUCYHKH H JIPYTHUE);

UCTOJIb30BaTh HAYYHBIH SI3bIK B KA4yeCTBE CpEACTBA TNpU paboTe € XUMHUYECKOH
uHpopMaLuell: NPUMEHATb MEXIpeIMeTHble ((pU3MUecCKue M MaTreMaTU4yecKue) 3HaKu U
CHMBOJIBI, (popMyIiel, aO0peBUATYpbl, HOMEHKIIATYPY;

HCII0JIB30BAaTh 3HAKOBO-CHUMBOJIMYCCKUEC CPCACTBA HATJIAIHOCTH.

KoMMmyHHKaTHBHBIE YHUBEpCAJIbHbIC YUeOHbIC 1eliCTBUA:

3aJ1aBaTh BOMPOCHI IO CYIIECTBY 00CYkK/1aeMO TeMbI B X0/1€ AHAJIOTa /WU JUCKYCCUH,
BBICKA3bIBaTh HJIeH, (POPMYIHUPOBATH CBOM MPEIOKECHUS OTHOCUTEIIEHO BBIITOJIHCHUS
MIPEIOKCHHOM 3a1a4H;

BBICTYNIATh C MpPE3EHTAlUEN pe3ybTaTOB IO3HABATEIbHOU AEATEIBHOCTH, MOJIYYEHHBIX
CaMOCTOATEJIbHO WJIM COBMECTHO CO CBEPCTHUKAMHU TMPU  BBITOJIHEHUH XHUMHYECKOIO
DKCIIEPUMEHTa, MPAKTUYEeCKOH pabOThl MO HCCIEIOBAHHIO CBOMCTB H3y4aeMbIX BEIECTB,
peanuzanuu y4eOHOro mpoekTa, M (OPMYIHPOBATh BBIBOJABI IO PE3yJbTaTaM MPOBEIEHHBIX
MCCIICTOBAHHM MyTEM COTJIACOBAHMSI MMO3ULIUN B XO7€ 00CYXKICHUS U OOMEHA MHEHHSIMH.

PerJIHTI/IBHLIe YHUBEPCAJTBHBLIC yqeﬁm,le JelcTBHUA:

CaMOCTOSITENIbHO IJIAHUPOBaTh U OCYIIECTBISATH CBOIO IMO3HABATEJIbHYIO JEATEIbHOCTb,
onpenenss e€ eI M 3aJaud, KOHTPOJIHUPOBATh M MO Mepe HEeOoOXOAMMOCTH KOPPEKTHPOBATh
npeyiaraeMblii arOpuT™M JEUCTBUN NPU BBHINOJHEHUM YUEOHBIX M HCCIIEOBATEIbCKUX 3ajad,
BbIOMpaTh Haubosee 3((HeKTUBHBIN CIIOCOO MX pEelIeHHs C YU4ETOM MOJy4YeHHUs] HOBBIX 3HAHUH O
BEIIECTBaX U XUMUUYECKUX PEaKLUsX;

OCYILIECTBIIATH CAMOKOHTPOJIb AEATEIBHOCTH HA OCHOBE CAMOAHAIN3a U CAMOOLECHKH.

INPEJIMETHBIE PE3YJIBTATDBI

[IpenMeTHbIE pe3ynbTaThl OCBOEHUS MPOrPAMMBbI IO XMUMHUU Ha YriayOJIEHHOM ypOBHE Ha
YPOBHE CpeIHEro oOILIero oO0pa3oBaHMs BKIIOYAIOT crienuuYecKue A y4eOHOro Mmpeamera
«XUMHUS» HaydHble 3HAHUSA, YMEHHS U CIOCOOBI JIEHCTBUN MO OCBOCHMIO, MHTEPIpPETALUU U
npeoOpa30BaHUIO 3HAHHUM, BUABI I€ATEILHOCTH 10 MOJTYYEHUIO HOBOTO 3HAHUS U MPUMEHEHUIO
3HaHUW B Pa3IMYHBIX y4YEOHBIX CUTYyallUsX, a TaKXK€ B peaJbHBIX MXHU3HEHHBIX CUTYalUsX,
CBSA3aHHBIX C XMMHEH. B mporpamme nmo XMMHMM NpPEAMETHBIE PE3YJbTaThl MPEACTABIEHBI IO
roJiaM U3y4eHHs.



10 KJIACC

[TpenmMeTHbIE pe3yapTaThl OCBOEHUS Kypca «OpraHuueckas XUuMHUs» OTpa)karoT:

c(OpMUPOBAHHOCTh MPEACTABICHUI: O MeCTe M 3HAYEHMHU OPraHUYECKOM XHUMHH B
CHCTEME ECTECTBEHHBIX HAYK U € POl B 00ECIIEYCHNH YCTOHYMBOTO PAa3BUTHS YEIOBEYECTBA B
pelieHrur MpoOIeM IKOJIOTUYECKOM, PHEPreTUYecKol M MUIIEeBON O0€30MacHOCTH, B Pa3BUTUU
MEIWIIMHBI, CO3JaHWH HOBBIX MAaTEPHAJIOB, HOBBIX HMCTOYHHKOB JHEPIHH, B OOCCIICUCHUU
paloHaIbHOIO MPUPOJIONOIB30BaHMS, B (DOPMUPOBAHUU MUPOBO33PEHUS U OOLIEH KYIbTYpbI
YeJI0OBEKa, a TaKKe DSKOJOTMYeCKM OOOCHOBAaHHOIO OTHOLIEHHS K CBOEMY 3[0POBBIO U
MPUPOAHON Cpelie;

BJIQJICHUE CUCTEMOW XUMHUYECKMX 3HAHMH, KOTOpas BKIJIIOYAET: OCHOBOIIOJATaloIlue
HOHATHS — XUMHYECKHIl 3JIEMEHT, aToM, SIIPO M IJIEKTPOHHAas 00ojouka aroma, S-, p-, d-
ATOMHBIE OpOWTAIM, OCHOBHOE M BO30YKIEHHOE COCTOSIHHSI aTOMa, THOPHIW3alUs aTOMHBIX
opOuTanel, HMOH, MOJIEKYJla, BaJEHTHOCTb, JJIEKTPOOTPHUIATEIHLHOCTh, CTENEHb OKHCIICHUS,
XUMHUYECKast CBA3b, MOJb, MOJIApDHAs Macca, MOJSPHBIA O0O0BEM, YIIIEPOAHBI CKEJeT,
dbyHKIIMOHATIbHAS TPYMMa, pajuKkai, CTPYKTYpHbe (GopMmyibl (pa3BEPHYThIC, COKpalIEHHbIE,
CKEJIETHBIE), M30MEpHUsl CTPYKTYpHasT W TPOCTPAHCTBEHHAs (reoMeTpuuecKasi, ONTHYECKas),
MU30MEpPbI, TOMOJIOTUYECKUN PsZl, TOMOJIOTH, YTIEBOJOPOABI, KHCIOPOA- M a30TCOAepIKallue
OpraHMYECKHUE COEIUHEHMSI, MOHOMEp, IOJUMEpP, CTPYKTYPHOE 3BEHO, BBICOKOMOJEKYJISPHBIC
COEIMHEHUS; TeOpUH, 3aKoHbl (mepuoaunueckuit 3akoH JI. M. MenneneeBa, Teopusi CTpOCHHS
opranuueckux BemectB A. M. byriepoBa, 3aKOH COXpaHEHHsI MacChl BEILECTB, 3aKOH
COXpaHEHMsS U TMPEBpAlICHHUs DSHEPTUUM MPH XUMHUYECKHX pPEaKIHsIX), 3aKOHOMEPHOCTH,
CUMBOJIMYECKUH SI3bIK XMMHUHU, MHPOBO33PEHUECKHUE 3HAHUS, JIeXkKalllue B OCHOBE IOHUMAaHUS
OPUYMHHOCTH U CHCTEMHOCTH XHMHYECKHMX SBJICHMI, IMPEACTAaBICHUS O MEXaHHU3Max
XUMHUYECKUX PEaKIUd, TEPMOJMHAMUYECKHMX W KHUHETHUYECKMX 3aKOHOMEPHOCTSAX  HX
MPOTEKaHUs, O B3aUMHOM BJIMSHHUM aTOMOB U TPYIMI aTOMOB B MOJIeKyJaX (MHIYKTUBHBIH U
Me30MepHbIi 3 dexTrr, opuenTanTsl | u |l poma); dbakronorudeckue cBeneHUS O CBONCTBAX,
cocTaBe, MOMyYeHUHU U 0€30MaCHOM UCIOJIb30BaHUHU BAKHEUIITUX OPraHMUYECKHUX BEIIECTB B OBITY
U TPAKTHUUECKON JEATEIbHOCTH YEJIOBEKa, OOIMMX Hay4yHbIX MPUHIUIAX XUMHYECKOIO
MIPOM3BOJICTBA (Ha MPUMeEpE MPOU3BOACTBA METaHOIIA, TePepadOTKH HEPTH);

c(hOpMUPOBAHHOCTh YMEHHI: BBIABIIATH XapaKTEPHbIE MPU3HAKU MOHATUM, YCTAaHABIUBATh
UX B3aMMOCBS3b, UCIIOJIb30BATh COOTBETCTBYIOLIME MOHATHUS MIPU ONMCAHUM COCTaBa, CTPOEHUS U
CBOICTB OPraHUYECKUX COECTUHEHUN;

c(hOpMUPOBAHHOCTh YMEHUH:

MCIOJIb30BaTh XMMHUECKYI0 CUMBOJIMKY JUISl COCTABICHHS MOJIEKYJISIPHBIX U CTPYKTYPHBIX
(pa3BEpPHYTHIX, COKPALIEHHBIX U CKEJIETHBIX) (POPMYIT OpraHUYEeCKHX BEIIECTB;

COCTABJISITh YpaBHEHUSI XUMHUYECKMX pEaKIHi W pPacKpbIBaTh MX  CYIIHOCTb:
OKHCIIUTEIbHO-BOCCTAHOBUTENIbHBIX ~ PEAKIIMH  MOCPEACTBOM  COCTABJIEHHUS  AJIEKTPOHHOIO
OayaHca JTHUX pEaKIUW, peakIuii HOHHOTO OOMeHa MyTEM COCTaBJICHUS UX TOJHBIX U
COKpAIIEHHBIX HOHHBIX YpaBHEHUII;

U3rOTaBIMBAaTh MOJIEIM MOJIEKYJ OpPraHMYECKHUX BEIIECTB JUIsl WJUIIOCTpAllUU  MX
XUMHYECKOTO ¥ IPOCTPAHCTBEHHOTO CTPOEHUS;

c(hOpMHUPOBAHHOCTh YMEHUM: yCTaHABINBATh MPUHAIEKHOCTh U3YYEHHBIX OPraHU4YEeCKUX
BEIIIECTB 0 MX COCTaBY M CTPOEHUIO K ONpEeAeNEHHOMY KJIacCy/TpyIIe COeJMHEHUH, 1aBaTh UM
Ha3BaHUA 10 cucteMarndeckord HomeHkiarype (IUPAC) u nmpuBoIuTh TpUBHATIHHBIE HA3BAHUS
JUISE  OTAETBHBIX TIPEJCTaBUTENEH OpPraHWYeCKUX BEIIECTB (STWJICH, AalleTHIIEH, TOIYoI,
[JIMLEPUH, STUJICHIINKONb, (eHon, QopManbaerua, amneTaablIeru], aleToH, MypaBbUHas
KHCIJIOTA, YKCYCHAasl KHUCJOTa, CTE€ApUHOBAs, OJICMHOBAs, MAJbMUTHHOBAs KUCIOTHI, TJIUIIMH,
aJlaHWH, MaJIbT03a, GPYKTO3a, AHUIIUH, TUBUHUI, U30IIPEH, XJIOPONPEH, CTUPOI U JIPYTHE);

c(OpPMUPOBAHHOCTh YMEHHs OMPEACNATh BHUA XHUMHUYECKOW CBSI3M B OpPraHUYECKHX
COeIMHEHUX (KOBaJEeHTHAas U MOHHAsS CBA3b, G- U M-CBS3b, BOJOPOIHAS CBS3b);



c(OPMHPOBAHHOCTh YMEHHUSI MPHUMEHATh MOJOXKEHHUS TEOPUU CTPOCHUS OPraHUYECKHUX
BemecTB A. M. bytiepoBa miis 0OBbSICHEHHS 3aBUCHMOCTH CBOMCTB BEIIECTB OT MX COCTaBa U
CTPOCHMUS;

c(OpMUPOBAHHOCTh YMEHHMI XapaKkTepu3oBaThb COCTaB, CTPOCHHE, (UINYECKUE U
XUMHUUYECKHE CBOMCTBA TUIIMYHBIX MPECTABUTENEH Pa3InYHbIX KJIACCOB OPIraHUYECKUX BEILIECTB!
QJIKaHOB, LHUKJIOAJIIKAHOB, AJIKCHOB, AJKaJHEHOB, AJKHMHOB, apOMaTHYECKHX YIJIEBOJOPOJIOB,
CIHPTOB, AJIbJETUIOB, KETOHOB, KapOOHOBBIX KHCJIOT, MPOCTHIX M CIOXHBIX 3(HUPOB, KHUPOB,
HUTPOCOETUHEHUN U aMUHOB, AMUHOKHUCJIOT, OEJIKOB, YIJIEBOAOB (MOHO-, IU- U MOJIHCAXaPUJIOB),
WUIIOCTPUPOBAaTh T'€HETUYECKYIO CBA3b MEXKAY HUMHU YPAaBHEHMSIMM COOTBETCTBYIOILUX
XUMHUYECKHUX PEAKIH ¢ UCTIOIB30BaHUEM CTPYKTYPHBIX (GOPMYI;

c(OPMHPOBAHHOCTh yMEHHUS TIOATBEP)KIATh HA KOHKPETHBIX MPUMEpax XapakTep
3aBHCUMOCTH PEaKLIMOHHON CIOCOOHOCTH OpPraHMYeCKUX COCAMHEHWH OT KpAaTHOCTHU M THUIIA
KOBaJIEHTHOM CBSI3HU (OG- U T-CBA3M), B3aMMHOI'O BIMSHUS aTOMOB U IPYII aTOMOB B MOJIEKYJIaX;

c(OpMHUPOBAHHOCTh YMEHHUSI XapaKTEepPH30BaTb HCTOUYHUKHU YIJIIEBOJIOPOAHOIO ChIPbA
(He(Th, MPUPOAHBINA Ta3, Yroib), CHOCOOBI €ro MepepadoTKH W MPAKTUYECKOE NMPUMEHEHUE
MPOJYKTOB NepepaboTKu;

c(OpMUPOBAHHOCTh BJIAJICHUS] CHCTEMOHl 3HAaHUII O €CTECTBEHHOHAYYHBIX METOAAX
MO3HAHUS — HAONIOJICEHWH, W3MEPEHUH, MOJEIUPOBAHUH, OHKCIEPUMEHTE (peaJbHOM U
MBICJIEHHOM) M YMEHUS IPUMEHATh 3TH 3HAHMUS,

c(OpMUPOBAHHOCTh ~ YMEHMSI IPUMEHATH OCHOBHBIC  OMNEPALMU  MBICIUTEIHLHOU
NEeSITeTbHOCTH — aHalW3 W CHHTE3, CpaBHEHHE, O0O0OIIEeHHe, CHUCTEMAaTH3alHIO, BBISBICHHUE
MPUYHUHHO-CJIEICTBEHHBIX CBS3€H — /711 H3y4EHUsI CBOMCTB BEIIECTB M XUMUYECKUX PEAKIUi;

c(OpMUPOBAHHOCTh YMEHUM: BBISBIISTh B3aUMOCBSI3b XUMUYECKUX 3HAHUN C TIOHATUAMHU U
MPEJCTAaBICHUSIMA JIPYTUX ECTECTBEHHOHAYYHBIX MPEAMETOB [UIsi 0ojiee OCO3HAHHOTO
NOHMMAHHUS CYLIHOCTH MaTepUalbHOIO €AMHCTBA MHUpPA, UCIOJIb30BaTh CHUCTEMHBIE 3HAHMS IO
OpraHMYECKONM XMMHHM [UIsi OOBSICHEHHMS] ¥ MPOTHO3UPOBAHUSA  SBIICHUH, HMEIOIINX
€CTECTBEHHOHAYUYHYIO PUPOY;

c(OpMUPOBAHHOCTh YMEHHI: MTPOBOAMTH pPacyEThl MO XUMHUYECKUM QopMmylaMm U
YPaBHEHUSAM XHMHUYECKUX DPEAKIMH C MCHOJb30BaHMEM (DU3MUECKUX BEIUMYMH (Macca, 00bEM
ra3oB, KOJIMYECTBO BEUIECTBA), XapaKTEPU3YIOIIMX BELIECTBA C KOJUYECTBEHHOH CTOPOHBI:
pacuéThl MO0 HAXOXACHHUI0O XMMHUYECKON (hOpMyIbl BellecTBa MO M3BECTHBIM MAaCCOBBIM JOJISIM
XUMHUYECKHX 3JIEMEHTOB, IPOAYKTaM CrOPaHus, MJIOTHOCTH ra3000pa3HbIX BELIECTB;

c(OpMUPOBAHHOCTh YMEHHII: MPOTHO3UPOBATh, aHAJTU3UPOBATh M OLEHUBATh C MO3ULIUN
HKOJIOTUUECKOM 0€30MacHOCTU MOCIEACTBUS OBITOBOM M MPOM3BOJCTBEHHOM JAEATEIBbHOCTH
YEJIOBEKa, CBSI3aHHOM C TepepabOTKON BEIIECTB, HCIOJIb30BATh TOJYUYEHHbIE 3HAHUS IS
HPUHATHS TPAMOTHBIX peIIeHUH MPoOieM B CUTYaIUsX, CBSI3aHHBIX C XUMUEH;

c(OpMUPOBAHHOCTh YMEHHUMN: CaMOCTOSITENIbHO IUIAHUPOBATh M MPOBOJUTH XUMHUYECKUN
HKCIEPUMEHT (TIOJIyYe€HHE U N3yueHHE CBOMCTB OPraHNYECKUX BEIECTB, KAUECTBEHHbIE PEAKLIUU
YIJIEBOJOPOAOB PAa3IMYHbIX KJIACCOB M  KHUCIOPOJCOJAEPKAIIMX OpPraHMYeCKUX BELIECTB,
pelleHre OSKCIEePUMEHTANbHBIX 33/Jad [0 pPACMO3HABAaHWIO OPraHMYECKUX BEIIECTB) C
coOnrofieHreM TMpaBuwil  0e30mMacHOro oOpalleHuss C  BelecTBaMHU M JJaOOpaTOpHBIM
o0opynoBanuem, (opMyIUpOBaTh IeNIb HMCCIEIOBAHUsS, NMPEICTABIATh B pa3iIu4yHONl (opme
pe3yNbTaThl SKCIIEPUMEHTA, aHAJIM3UPOBATh U OLICHUBATh UX JIOCTOBEPHOCTH;

c(OPMHPOBAHHOCTH YMEHHIA:

coOiroAaTh IMpaBUiIa HKOJIOTUYECKU I1eJIeCO00pa3HOro MOBENEHUs: B OBITY M TPYIAOBOMU
JESATEIIBHOCTH B IIEJIAX COXPAHEHUS CBOErO 370POBbs, OKPYXAlOUIEW NPUPOJHON cpenbl U
JOCTHKEHUS €€ YCTOMYMBOrO Pa3BUTHS;

OCO3HaBaTh ONACHOCTb TOKCHUYECKOIO AECMCTBHSI HA JKHUBBIE OPraHU3MbI ONPENEIEHHBIX
OpPraHMYEeCKHX BEIIECTB, MOHUMAas cMbIch rmoka3areis [1/1K;

aHATM3UPOBaTh  LI€JIECOOOPAa3HOCTh  NMPHUMEHEHHS  OpPraHWYEeCKMX  BEIIeCTB B
MIPOMBIIIJIEHHOCTH U B OBITY C TOUKH 3PEHUS COOTHOILIEHUSI PUCK-TI0JIb3;



c(OPMHPOBAHHOCTh YMEHMMU: OCYIIECTBIIATH IIEJICHANPABICHHBIH IMOMCK XHMHUYECKON
MHPOpPMALlUU B Pa3IMYHBIX MCTOYHUKAX (HayyHas M ydyeOHO-Hay4dHas JHUTeparypa, CpeicTBa
MaccoBoi HMH(popmauuu, VHTEpHET M Jpyrue), KPUTUYECKH aHATU3UPOBATh XHMHUYECKYIO
uHpoOpMaluIo, nepepadarbiBaTh €€ U UCIOJIb30BaTh B COOTBETCTBUU C IOCTABICHHON ydeOHOU
3a/1a4en.

11 KUIIACC

[IpenmerHbie pe3ynbTaThl OCBOCHHMS Kypca «OOmas W HEOpraHudecKas XUMHD)
OTpaXkaroT:

c(OPMHPOBAHHOCTH MPEICTABICHHIA: O MATEPHATILHOM €JMHCTBE MUPA, 3aKOHOMEPHOCTSX
Y II03HAaBAa€MOCTHU SIBJICHUM NPUPOABI, O MECTE M 3HAYEHUU XUMUU B CHUCTEME €CTECTBEHHBIX
HayK U e€ poii B 00ECIEYeHUH YCTOWYMBOTO PAa3BHUTHUS, B PEIICHUH MPOOJIEM IKOJIOTHUECKOM,
SHEpPreTM4YecKoil M MuIeBOM 0e30MacHOCTH, B Pa3sBUTHMM MEAMLMHBI, CO3JaHUHM HOBBIX
MaTepHajoB,  HOBBIX  HCTOYHMKOB  DSHEPrHM, B  O0ECIIEYEHHWH  PAIMOHAIBHOTO
IPUPOONOIb30BaHUSA, B JOPMUPOBAHUN MUPOBO33PEHUS U O0ILEH KYIbTyphl YEJIOBEKa, a TAKKE
HKOJIOTHYECKU 0OOCHOBAHHOTO OTHOILIEHHS K CBOEMY 310POBBIO M IPHUPOTHON CPEE;

BIQJICHUE CUCTEMONM XUMHUYECKMX 3HAHMH, KOTOpas BKJIIOYAET: OCHOBOIIOJATAIOIINE
HOHSTHS — XUMUYECKUH 3JIEMEHT, aTOM, PO aTOMa, U30TOIIbI, AIEKTPOHHAsI 000JI04YKa aTOMa, S-
, p-, d-aroMHBIE OpOHMTAIM, OCHOBHOE M BO30YXKIEHHOE COCTOSHHS aTOMa, T'MOpHIM3aLis
aTOMHBIX OpOWTaneil, MOH, MOJEKyJa, BaJEHTHOCTb, AJIEKTPOOTPULATEIbHOCTh, CTENEHb
OKHMCIICHMs, XMMHUYECKas CBs3b (KOBaJEHTHAas, MOHHAs, MeTaJuIMyecKas, BOJOpPOJHAs),
KpUCTAJUIMYECKasl PEIIETKA, XUMHUYECKas PEAKLHUs, PACTBOP, SJIECKTPOJIMTHI, HEIIEKTPOJIUTHI,
JNEKTPOJIMTUYECKAsT ~ JUCCOLMALMsA, CTENEHb JUCCOLMALMM, BOJOPOIHBIM  IIOKAa3aTellb,
OKHCITUTEIh, BOCCTAHOBUTEID, TEIUIOBOH YPPEKT XUMUIECKON PeaKIuy, CKOPOCTh XUMHUECKOU
peakuMy, XHMHUYECKOE pPABHOBECHE; TEOPUM U 3aKOHBl (TEOpUs 3SJIEKTPOJUTHUYECKOU
auccouranuu, nepuoanyeckui 3akon [[.M. MenneneeBa, 3aKOH COXPAaHEHUsS MacChl BELIECTB,
3aKOH COXPAHEHUs U NPEBPALLEHUS DHEPIHH IIPU XMMHMUYECKHUX PEaKLUsAX, 3aKOH IOCTOSHCTBA
COCTaBa BEIIECTB, 3aKOH JIEUCTBYIOIIMX Macc), 3aKOHOMEPHOCTH, CUMBOJIMUYECKUN S3bIK XMMUH,
MHUPOBO33PEHUYECKUE 3HAHUS, JISKAIIME B OCHOBE IOHUMAaHWS NPUYMHHOCTH U CUCTEMHOCTH
XUMHYECKHUX SIBJICHHUM; COBPEMEHHBIC IPEICTABICHUS O CTPOCHHM BEIIECTBA Ha aTOMHOM,
VMOHHO-MOJIEKYJIIPHOM M HAaJMOJIEKYJISIPHOM YpPOBHSX; IIPEACTaBICHHMS O MEXAaHU3Max
XUMHUYECKHX pEeaKklui, TEePMOJMHAMUYECKMX M KHHETUYECKUX 3aKOHOMEPHOCTSIX HX
IPOTEKaHUs, O XHMMHYECKOM PpaBHOBECHUH, pPAacTBOpax M  JHUCHEPCHBIX  CHCTEMAX;
(akTosOrMUecKre CBEJEHUS O CBOWCTBAX, COCTaBE, MOJYyYEHUU U OE€30MaCHOM HCIOJIb30BaHUU
BOXHEHIINX HEOPraHWYECKUX BEIECTB B OBITY M MPAKTUYECKOW MAEATENbHOCTH YEJIOBEKa,
O0LIMX HAayYHBIX IPUHLUIIAX XUMUYECKOTIO TPOU3BO/ICTBA;

c(OPMHPOBAHHOCTh YMEHUM: BBISBIATH XapaKTepHbIEe IPU3HAKK MOHATUH, yCTaHABIUBATb
UX B3aMMOCBA3b, HCIIOIB30BATh COOTBETCTBYIOIIME NMOHATUS NPU ONHMCAHMM HEOPTraHWYECKHX
BELIECTB U UX NPEBPAILECHUN;

c(OpMUPOBAHHOCTh YMEHHUS MCIIOJIB30BaTh XMMHMUYECKYI0 CHUMBOJMKY JUIsI COCTaBJICHUS
dopMyn BemeCTB M ypaBHEHMH XUMHUUYECKUX pEaKLUH, CHUCTEMaTHUYECKYI0 HOMEHKJIATypy
(IUPAC) u TpuBHalibHbIC Ha3BaHUS OT/ICIBHBIX BEIIECTB;

c(OPMHPOBAHHOCTb YMEHUS ONPENENATh BaJICHTHOCTh U CTENIEHb OKUCICHUS XUMUYECKUX
AIIEMEHTOB B COEAMHEHMSIX, BHJI XUMHUYECKOW CBSI3U (KOBaJIeHTHasl, MOHHasA, MeTalInyeckKas,
BOJIOPOJIHAS ), THIT KPHUCTAIITMYECKOM PEIIETKN KOHKPETHOTO BEIIECTBA;

c(OpMUPOBAHHOCTh YMEHHSI OOBSCHATH 3aBUCMMOCTb CBOICTB BELIECTB OT BHJA
XUMHUYECKON CBSI3M M THUMA KPUCTAJUIMYECKOH peméTky, OOMEHHBIH U JOHOPHO-aKLENTOPHBIH
MeXaHU3Mbl 00pa30BaHUs KOBAJIEHTHOM CBSI3H;

c(OPMHPOBAHHOCTh YMEHMH: KJIACCH(PUIMPOBATh: HEOPraHMYECKHWEe BEIIeCTBA MO HX
COCTaBY, XMMHMUYECKHUE PEaKLMU IO PA3IUYHBIM MPU3HAKaM (YUCIY U COCTaBy pearupyromux
BEIIECTB, TEIUIOBOMY J3(P(eKTy peakiuu, H3MEHEHHIO CTENeHEeW OKHCIEHHs 3JIEMEHTOB,



00paTUMOCTH, YYaCTHIO KaTaju3aTopa W APYrHe); CaMOCTOSTENbHO BBIOMPATh OCHOBAHUSA H
KpUTEPUU 11 KJIacCU(PUKALNN U3Y4aeMbIX BEIIECTB U XMMHUECKHUX PEaKIIMii;

c(OpMUPOBAHHOCTh YMEHHUSI PACKpPBIBATH CMBICH Mepuogudeckoro 3akona JI. U.
MenneneeBa U JEMOHCTPUPOBAaTH €r0  CHUCTEMATH3UPYIOUIYIO, OOBSICHUTEIBHYIO U
IPOTHOCTUYECKYIO (YHKIINU;

c(hOpMUPOBAHHOCTh YMEHHI: XapaKTepPU30BaTh AIEKTPOHHOE CTPOECHHUE aTOMOB M MOHOB
XUMUYECKHX JJIEMEHTOB IIEepBOro—4erBéproro mnepuonos llepuommueckon cucremsr JI.H.
MenpeneeBa, UCOB3Ys MOHATHSA «IHEPreTUYECKUE YPOBHUY, «IHEPrETHUUECKHE MOTYPOBHUY,
«S-, p-, d-atoMHBIE OpOUTAIM», «OCHOBHOE M BO30YXKIEHHOE SHEPreTUYECKHE COCTOSHHUS
aToMa»; OODBICHATH 3aKOHOMEPHOCTH HW3MEHEHHUs CBOICTB XHUMHUYECKHX JJIEMEHTOB M HX
COEMHEHUH 10 niepuojaM u rpynmam Ilepuoguueckoii cucremst [. . MenaeneeBa, BaJ€HTHbIE
BO3MO>XHOCTH aTOMOB 3JIEMEHTOB Ha OCHOBE CTPOCHHUSI UX DJIEKTPOHHBIX 000JI0UEK;

c(OPMHPOBAHHOCTh yYMEHHUI: XapaKTepu30BaTh (OMHUCHIBATH) OOIIME XUMHUYECKUE
CBOMCTBA BEUIECTB PA3JIMYHBIX KJIACCOB, MOJATBEPXKAATh CYIIECTBOBAHUE I'€HETHYECKOM CBS3U
MEXy HEOPTraHMYECKMMU BEIECTBAMHU C IIOMOIIBIO0 YPABHEHUN COOTBETCTBYIOIIMX XUMUYECKHUX
pEaKI;

c(OpMUPOBAHHOCTh YMEHMSI PACKPHIBATh CYLIHOCTb: OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaxiuii MOCPECTBOM COCTaBJICHHSI AJIEKTPOHHOTO OanaHca 3TUX Peakluil; peakiuil HOHHOTO
oOMeHa MNyTEM COCTaBJIEHUS HX IIOJIHBIX M COKpPAUIEHHBIX HOHHBIX YpaBHEHHI; peakuuil
TUAPONIN3A; peakIuil KoMIUIeKcooOpa3oBaHusl (Ha MpPUMEPE THIPOKCOKOMIUJIEKCOB ILIMHKA W
ATIOMUHHUS);

c(OpPMUPOBAHHOCTh yMEHUS OOBSCHITH 3aKOHOMEPHOCTH MPOTEKAaHUS XUMHYECKHX
peakiuui ¢ y4€TOM MX DSHEPreTUYECKHUX XapaKTEPUCTHK, XapaKTEp HM3MEHEHHMS CKOPOCTH
XUMHUYECKON PEaKkIMu B 3aBUCUMOCTU OT Pa3IMYHBIX (PAKTOPOB, a TAKXKE XapaKTep CMEIICHUs
XUMHUYECKOTO PAaBHOBECHUSI 110]] BIUSHUEM BHEIIHUX Bo3nencTuil (nmpuniui Jle llatense);

c(hOpMUPOBAHHOCTh YMEHUS XapaKTEPU30BaTh XUMUUECKUE PEAKIINH, JIeKAIINEe B OCHOBE
IPOMBIIIIEHHOTO TIOJYYEHHUs] CEpHOWM KHUCIIOThl, aMMMaka, OOILIME Hay4yHbIE IPUHIUIIBI
XUMHUYECKHX MPOU3BOJCTB; II€IECOO00Pa3HOCTh NPUMEHEHHUSI HEOPraHUYECKUX BEIIEeCTB B
MPOMBIIIJIEHHOCTH U B OBITY C TOUKH 3PEHUS COOTHOILIEHUSI PUCK-TI0JIb3a;

c(OPMHPOBAHHOCTb BJIa/ICHUS] CUCTEMON 3HaHUI O METOJaX HAyYHOTO MO3HAHUS SBICHUMN
Opupoabl — HaOMIOJEHHE, U3MEpEeHHE, MOJAEIUPOBAaHUE, OKCIEPUMEHT (peajbHbli U
MBICJIEHHBIN), MCIOJIb3YEMbIX B €CTECTBEHHBIX HAayKaX, YMEHHUs NPUMEHSATh TH 3HaHUS NpHU
HKCIEPUMEHTAJIbHOM HCCIEAOBAaHUN BEIIECTB M Ui OOBSCHEHHS XHMHUYECKHUX SIBICHUH,
HUMEIOIIHUX MECTO B IIPUPOAE, IPAKTUUECKON IEATEIbHOCTH YEJIOBEKA U B [IOBCEIHEBHOM JKU3HU;

c(OpMUPOBAHHOCTh YMEHHUS BBISBISATH B3aUMOCBSI3b XUMUYECKUX 3HAHUH C MOHATUSAMU U
OpPEJCTAaBICHUAMU JPYTUX €CTECTBEHHOHAayYHBIX TPEAMETOB s Ooyiee  OCO3HAHHOTO
ITOHUMAaHUs MaTepUaIbHOIO €IMHCTBA MUPA;

c(OPMHPOBAHHOCTb YMEHUS MPOBOJUTH PAacU€Thl: C UCIIOJIB30BaHUEM MOHATUH «MaccoBast
JI0JIsl BEIIECTBA B PACTBOPE» U «MOJIIpHAs KOHIIEHTpAIUs»; Macchl BellecTBa UM 00bEMa rasa
10 U3BECTHOMY KOJINYECTBY BEILECTBA, Macce WIM 00bEMY OJHOTO U3 YYaCTBYIOLIUX B PEAKLIUU
BEIIECTB; TEIUIOBOTO 3(dekTa peakiuu; 3Ha4eHUs1 BOJOPOJHOrO MOKa3aTelsd paCTBOPOB KUCIOT
U IIenoveil ¢ M3BECTHOM CTEMEHbI0 TUCCOIMALMHU; Macchl (00bEMa, KOJIMYECTBA BEIECTBA)
MIPOJIYKTa PEAKIMH, €CJIM OJHO M3 MCXOIHBIX BEHIECTB JAHO B BHJIE PACTBOPA C ONPENEIEHHON
MaccoBOW J10Jiell pacTBOPEHHOIO BELIECTBA WM JaHO B H30BITKE (MMEET NPUMECH); JOJIH
BBIXO/1a MPOJYKTa peakuu; 0ObEMHBIX OTHOILIEHUI ra30B;

c(OPMHPOBAHHOCTh YMEHUH: CAMOCTOSITENILHO IUIAHUPOBATh M MPOBOAUTH XUMHUYECKUIN
HKCIIEPUMEHT (TIPOBE/IEHUE PeaKuii HOHHOTO0 OOMEHa, MOATBEPKICHHE KaYeCTBEHHOI'O COCTaBa
HEOPraHWYECKHUX BELIECTB, OIIPENEICHUE CPEIbl PACTBOPOB BEILIECTB C IMOMOILBI UHAUKATOPOB,
U3Y4YE€HUE BIUSHUS pa3IUYHBIX (AKTOPOB Ha CKOPOCTh XMMHMYECKOH peaklMu, pelleHue
HKCHEPUMEHTANIBHBIX 3a/1a4 1o TemaM «Metamibl» U «Hemeramib») ¢ coOMOACHUEM MPaBHI
Oe30macHOro oOpalieHus C BEHleCTBaMHM U J1TaOOPAaTOpHBIM 000pYyAOBaHHEM, (POPMYIHPOBATH



IeNb HCCIEeNOBaHMA, TMPEACTABIATh B pa3IMYHOM (QoOpMe pe3yabTaThl SKCIEPUMEHTA,
AQHAJIM3UPOBATh U OLICHUBATh UX JOCTOBEPHOCTb;

c(hOpMUPOBAHHOCTh YMEHUI: COOTIOATh MpaBUia MOJIH30BAHKUSI XUMUYECKOW MOCYION U
nabopaTtopHbIM 000pyAOBaHHEM, OOpallleHusl ¢ BEIIeCTBAMU B COOTBETCTBHH C MHCTPYKIHUSMU
[0 BBINOJHEHUIO JAa0OpPAaTOPHBIX XHMHYECKHX OIBITOB, AKOJOTHYECKH IIeIeco00pa3HOro
MOBE/eHUs B OBITY M TPYIOBOM JEATEIBHOCTH B IIENIAX COXPAHEHHUS CBOEr0 370pPOBbS,
OKpYXKarolllel NPUPOJHON Cpeabl M AOCTHKEHUS €€ YCTOMYMBOrO pPa3BUTHUsA, OCO3HABATh
ONAaCHOCTh TOKCHYECKOI'O JEHCTBHSI HA KUBBIE OPraHU3Mbl OIPEACIEHHBIX HEOPraHUYECKHX
BEILIECTB, TOHMMAs cMbIca nokazarens [IJIK;

c(OpMUPOBAHHOCTh YMEHHIl: OCYUIECTBIIATH IEJICHANIPABICHHBIM MOUCK XUMHUYECKOU
uHPOpPMALlUK B Pa3IMYHBIX MCTOYHMKAX (HaydHas W ydeOHO-HAaydHas JUTEparypa, CpeicTBa
MaccoBoil uHGopMmanuu, WHTEepHET U [Apyrue), KPUTHUECKH aHAIM3UPOBATH XHUMHUYECKYIO
uHpOpMalnio, nepepadarpiBaTh €€ U UCIOJIb30BaTh B COOTBETCTBUU C IMOCTABICHHON y4eOHOU
3aJa4en.



TEMATHYECKOE IINTAHUPOBAHHUE

10 KJIACC

Ne HaumenoBanue

KoanuecTBo 4acoB

dyeKTpoHHbIE (LM POBbLIE) JlaGoparopHbie
W pasaenon i Tem Beer  Kowrpoaen  Tlpaktutieck o0pa3oBaTe/ibHbIE PeCYpPChI ONBbITHI
n NpOrpaMMmel 0 ble padoThI ue padoThl
Pa3nes 1. TeopeTrnueckue 0CHOBBI OPraHMYecKOH XUMUH
[Ipenmer
OpraHu4YeCcKOn ] JI/O:
https://resh.edu.ru/subject/lesson/6149/start/1703
xumuu. Teopus vy MOJEIIUPOBAHUE
11 o .
CTPOCHIA 8 https://resh.edu.ru/subject/lesson/4823/start/1509 MOTIEKYT
OpTraHU4YCCKUX 33/ OpPraHn4€CKux
coeauHeHui A. M. o BEIIICCTB.
byrneposa
Hroro no pazneny 8
Paznea 2. Yriesogopoasbl
Hpenenbibie JI/O: monyuenue
€BOJOPOABI —
2.1 YHICBOAOPOD! 5 https://resh.edu.ru/su METaHa U U3y4YEeHUe
AJIKaHBI, .
€ro CBOMCTB.
TAKJIOATKAHbI
JI/O: nmonyuenue
H aneTusIeHa u
enpecIbHbIC
P . https://resh.edu.ru/subject/lesson/5412/start/2125 | HU3Yy4CHUE €TO
YTJIEBOAOPO/IBI: 63/ CBOWCTB
2.2 14 1 o . )
ATIKCHEL, https://resh.edu.ru/subject/lesson/6152/start/1508 = JI/O: o3HaKOMIIECHHE
ATAIMCHBL, 50/ ¢ oOpasuamu
AJIKUHBI

IIJ1aCTMACC,
Kay4yKOB U



https://resh.edu.ru/subject/lesson/6149/start/170388/
https://resh.edu.ru/subject/lesson/6149/start/170388/
https://resh.edu.ru/subject/lesson/4823/start/150933/
https://resh.edu.ru/subject/lesson/4823/start/150933/
https://resh.edu.ru/su
https://resh.edu.ru/subject/lesson/5412/start/212563/
https://resh.edu.ru/subject/lesson/5412/start/212563/
https://resh.edu.ru/subject/lesson/6152/start/150850/
https://resh.edu.ru/subject/lesson/6152/start/150850/

PE3UHBI.

2.3

2.4

2.5

ApomMarundeckue
YII€BOIOPOAbI
(apennr)
[Ipupoansie
UCTOYHUKU
YIIEBOIOPOAOB U
uX nepepadoTka

l"anorennpons-
BOJHBIE
YTJIEBOJOPOAOB

Hroro no pasneny
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https://resh.edu.ru/s

https://resh.edu.ru/su

https://yandex.ru/video/preview/1401278115568

7732014

JI/O:
MOJICINPOBAHUC
MOJICKYJI
YrieBo4OpOaA0B U
raJIorHOIpOU3BOJIH
BbIX.

Pa3nen 3. Kucsopoacoaep

Kalme OPrauHndIeCKue COCAMHECHUsA

https://resh.edu.ru/subject/lesson/4769/start/1505

JI/O: okucienne
STUJIOBOTO CIIUPTA B
anbACTHUT

packajgeHHOU
50/ MeTHOMH
31 Criupret. dexon 1 1 https://resh.edu.ru/subject/lesson/5727/start/1505 = mpoBOJIOKOIA;
il JI/O peaxnus
TJIMIEPUHA C
TUAPOKCHIOM
meau(ll);
K https://resh.edu.ru/subject/lesson/4776/start/1506
apOOHUJILHBIC
3.2 COEINHEHU 21 1 04/

aNbaETUAbI U

Eps://resh.edu.ru/subiect/lesson/5952/start/1506

31/



https://resh.edu.ru/s
https://resh.edu.ru/su
https://yandex.ru/video/preview/14012781155687732014
https://yandex.ru/video/preview/14012781155687732014
https://resh.edu.ru/subject/lesson/4769/start/150550/
https://resh.edu.ru/subject/lesson/4769/start/150550/
https://resh.edu.ru/subject/lesson/5727/start/150577/
https://resh.edu.ru/subject/lesson/5727/start/150577/
https://resh.edu.ru/subject/lesson/4776/start/150604/
https://resh.edu.ru/subject/lesson/4776/start/150604/
https://resh.edu.ru/subject/lesson/5952/start/150631/
https://resh.edu.ru/subject/lesson/5952/start/150631/

KETOHBI.
KapGonoBsie
KHUCIIOTBHI.
CnoxHbIe d(HUPHI.
Kupsl

3.3 VYriaeBoasl

Hroro no pasneny
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JI/0:
B3aHMOJICHCTBHE
https://resh.edu.ru/subject/lesson/6150/start/1506 = PacTBOpA IIFOKO3bI
87/ C TUAPOKCUIIOM
https://resh.edu.ru/subject/lesson/5413/start/1507 = memu(ll);
14/ J1/0:
B3aHMMOJCHCTBHE

Kpaxmasa ¢ HOJ0M.

Pa3nen 4. A3oTcoaepikaime opranudeckue coelMHeHust

AMUHEL
41 AMMHOKHCIIOTEHI. 12 1 https://resh.edu.ru/
benkn
Hroro no pazgeny 12
Paspnen S. BeicokoMoOJIeKy I pHBIE COCAUHEHUSA
https://resh.edu.ru/subject/lesson/6095/start/1508
51 Bricokomonexymnsp 5 23/
' HEIE€ COCJIMHCHUS https://resh.edu.ru/subject/lesson/4777/start/1705
36/
Hroro 1o pasuery 6
OBHIEE KOJIMYECTBO 102 3

YACOB I10 [TIPOTPAMME



https://resh.edu.ru/subject/lesson/6150/start/150687/
https://resh.edu.ru/subject/lesson/6150/start/150687/
https://resh.edu.ru/subject/lesson/5413/start/150714/
https://resh.edu.ru/subject/lesson/5413/start/150714/
https://resh.edu.ru/
https://resh.edu.ru/subject/lesson/6095/start/150823/
https://resh.edu.ru/subject/lesson/6095/start/150823/
https://resh.edu.ru/subject/lesson/4777/start/170536/
https://resh.edu.ru/subject/lesson/4777/start/170536/

11 KJIACC

Ne
n/n

Haumenona-
HHe pa3/ie/ioB U
TeM
NPOrpamMMbl

KoanuyecTBO 4acos

Bcero

KoHTtpoJib-
HbIE
padoThI

IIpakTuyec-
KHe padoThl

dyeKkTpoHHbIE (LM pPOBbLIE)
o0pa3oBaTe/ibHbIE PeCYpPChI

JlaGopaTropHbie
ONBITHI

Pa3nen 1. TeopeTnueckue 0OCHOBBI XUMUM

Crpoenue
aToma.
[Tepuoanueckuit
3aKOH U .
11 Teproicckas 9 https://resh .edu.ru/sub!ect/lesson/6479/start/ 150989/
https://resh.edu.ru/subject/lesson/6332/start/151021/
cucTema
XUMHUYECCKUX
anemeHToB /1. 1.
Menneneesa
Crtpoenue
19 BEILIECTBA. 11 1 https://resh.edu.ru/sub?ect/lesson/5581/start/151081/
MHoroo0pasue https://resh.edu.ru/subject/lesson/5911/start/151053/
BELIECTB
JI/O: mpoBenenue
peaKkuuii HOHHOTO
oOMeHa;
. JI/O: onpenenenue
13 Xumunueckue 19 1 3 https://resh.edu.ru/sub!ect/lesson/4938/start/151107/ CPElBI PACTBOPOB
peakuuu https://resh.edu.ru/subject/lesson/5912/start/
BELIECTB C
MIOMOUIBIO
YHUBEPCAIBHOTO

WHIUKATOpa.



https://resh.edu.ru/subject/lesson/6479/start/150989/
https://resh.edu.ru/subject/lesson/6332/start/151021/
https://resh.edu.ru/subject/lesson/5581/start/151081/
https://resh.edu.ru/subject/lesson/5911/start/151053/
https://resh.edu.ru/subject/lesson/4938/start/151107/
https://resh.edu.ru/subject/lesson/5912/start/
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Pasznen 2. Heopranuueckasi Xumusi

JI/O: xauecTBEeHHBIE
peaxiuu Ha
HEOPTaHHYCCKHE
2.1 Hemeramisr 31 1 3 https://resh.edu.ru HWOHBI U KaTHOH
BOJIOPO/IA;

JI/O: nonyuenue u

coOMpaHHe Ta3oB.

JI/O:
B3aUMO/JICHCTBHUE
IIEJIOYHBIX U
IEII0YHO3EMEIbHBIX
METAaJIJIOB C BOJOM
(BO3MOXKHO
HCIIOIL30BaHUE
BUJICOMATEPHAIIOB);
2.2 MerTanasl 23 1 2 https://resh.edu.ru JI/O:
B3aMMO/ICHCTBHUE
THJIPOKCHJIOB
ATIOMUHUS U IIUHKA

C pacTBOpaMu
KHCIIOT M IIEI0YCH;
JI/O xagecTBeHHBIE
peaknuu Ha

KaTHOHBbI MCTAJIJIOB.
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Pa3zgen 3. XuMus M 'KU3HL



https://resh.edu.ru/
https://resh.edu.ru/

Metonasbl

3.1 MOSHAMHA B 9 https://resh.edu.ru

XUMUU. XUMHUS U

KHN3Hb

Hroro mo pazneny 9

OBIIEE
KOJIMYECTBO
YACOB IO
[TIPOTPAMME

102 4 8

YYEBHO-METOAUYECKOE OBECIIEYEHHUE OBPA30OBATEJIbHOI'O ITPOIECCA

OBA3BATEJIBHBIE YYEBHBIE MATEPUAJIBI VIS YYHEHUKA

* Xumus, 10 knace/ Epemun B.B., Ky3smenko H.E., Tepenun B.U., [lpo3no A.A., Jlynun B.B.; nox penaxnueii Jlyauna B.B., O6mecTBo ¢
OTpaHUYEHHOM 0TBETCTBEHHOCTHIO «/[PODAY; AxninonepHoe odmectBo «M3marensctBo «lIpocBemenne»

* Xumus, 11 xnacc/ Epemun B.B., Ky3smenko H.E., Jlpo3nos A.A., Jlynun B.B.; nox pepakuueit Jlynuna B.B., O6miecTBo ¢ orpaHndeHHOM
OTBETCTBEHHOCTHIO «JIPODA»; Akimoneproe odmiectBo «M3aatenbetBo «IIpocBenieHuey

METOAUYECKHUE MATEPHUAJIBI IJIS1 YYUTEJIA

Mertonuyeckoe nocobue k yueOnuky B. B. Epemuna, H. E. Ky3smenxko, A. A. [Ipo3noBa u ap. «Xumus. YriryOaeHHbIN
ypoBenby. 11 kinacc / B. B. Epemun, A. A. /Ipo3nos, 1. B. Epemuna, H. B. Bonkosa, H. B. ®upcrosa, 3. FO. Kepumos. — M. :
Hpoda, 2018. — 423 c. : um.

MU ®POBBIE OBPA3SOBATEJIBHBIE PECYPCbI U PECYPCbl CETU UHTEPHET
POIII https://resh.edu.ru/subject/29/

WHCTUTYT CTpaTeruu pa3BuTHs 00pa3oBaHus

Omnnaita mkona. Mudoypok https://iu.ru/video-lessons?utm source=infourok utm medium=vi
http://skiv.instrao.ru/bank-zadaniy/estestvennonauchnaya-gramotnost/

OUIIN EHT https://fipi.ru/otkrytyy-bank-zadaniy-dlya-otsenki-yestestvennonauchnoy-gramotnosti



https://resh.edu.ru/
https://resh.edu.ru/subject/29/
http://skiv.instrao.ru/bank-zadaniy/estestvennonauchnaya-gramotnost/
https://fipi.ru/otkrytyy-bank-zadaniy-dlya-otsenki-yestestvennonauchnoy-gramotnosti
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