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NOACHUTEJIBHAS 3AITMCKA

Pa6oyas mporpamMma 1o XMMHH Ha YpOBHE cpenHero ofmero obpa3oBaHus
paspaborana Ha ocHose PesepanbHoro 3akoHa or 29.12.2012 Ne 273-03 «O6
obpasosanuu B Poccuiickoit @enepaiumny», TpebOBaHUi K pe3ysibTaTaM OCBOCHHS
(enepansHOM obpazoBaTenbHOl IpOrpamMMBl CPEIHEro obuiero
obpazoarmsa(@OIl COO), npencrasieHHBIX B DellepalbHOM roCyIapCTBCHHOM
obpasoBarensHoM craggapre COO, c¢ yuérom Koxueniuu InpernojaBaHus
yae6GHOro mpemmera «Xumus» B 06pasoBaTeNbHBIX OpraHMsanmsx Poccuiickon
Denepauyn, peaaU3yIONMX OCHOBHBIE 00pasoBaTelbHEIE NPOrpaMMbl, U
OCHOBHBIX moNnoxeHuit «CTpaTeruu pasBUTUS BOcnMTaHus B Poccuiickoi
®enepanuu Ha mepuon g0 2025 roma» (Pacmopsikenue Ilpasutenscrsa PO or
29.05. 2015 Ne 996 - p.).

Xumuss Ha ypoBHe YriyOnéHHOro H3yuyeHMsl 3aHHMaeT BaXKHOE MECTO B
CHCTEME eCTECTBEHHO-HAYYHOro obpasoBanust ywammxcs 10-11 xmaccos.
V3ydeHne TIpeMeTa, peanmsyeMoe B YCIOBHAX Au(QepeHLHpOBaHHOIO,
npopuinsHOro o0ydenus, Mpu3BaHo obecreduts 00meoOpa3oBaTeNBHYIO H
O6IIeKyIBTYPHYIO IIOATOTOBKY BBITYCKHMKOB IIKOJBI, HEOOXOMMMYHO  JUTSA
ajanTaiui UX K OBICTPO MEHSIOIIMMCS YCIOBHAM KH3HH B COLIUYME, a TakxKe JUIi
NpOJONKEHUs OOy4YeHMs] B OpraHu3aluix MpoQecCHOHATHLHOro 00pasoBaHus, B
KOTOPBIX XMUMHS SIBJISIETCS OJHON U3 IPUOPUTETHBIX TUCIUUILIHH.,

B mporpaMme 10 XMMHM Ha3HaueHWe mpeaMera «XuMuS» [OJTydaeT
Nofipo0HYI0 ~ WHTEPIpPETAlMIO B  COOTBEICTBHM C  OCHOBOIMOJIAraroliMH
nonoxenusmu ®I'OC COO o B3aUMOOOYCIOBIEHHOCTH LEINeH, CoaepKaHus,
pe3yibTatoB oOydenns W TpeGOBaHMH K YPOBHIO TMOATOTOBKH BBHIIYCKHUKOB.
CBH/IETENECTBOM TOMY SIBISIOTCS CJEIYIOIIHE BbINOIHAEMbIE MPOrpaMMON IO
XUMHH QYHKIIUAH:

» HHPOPMALMOHHO-METOIUYECKas, pealu3alus KOTOpoi obecreduBaer
TOJlydeHHe TIPECTABJIEHHs O LelsX, COJepKaHuH, oOllell crpareruu
o0ydeHus, BOCIIUTaHWA U Pa3BATHs 00y4aiolIMXCsa CPEACTBAMU IIpeMeTa,
H3y4aeMoro B paMKax KOHKPETHOTO TIpohuIIs;

e OpraHM3al[HOHHO-IUIAaHUPYIOIIAd, KoTopas npefycMaTpuBaeT
oTipefiesieHue: TPHHIUIOB CTPYKTYPUPOBAHHS M I0OCIIELOBATEIbHOCTH
M3ydeHHs y4eOHOro Marepuana, KOMMYECTBEHHBIX M KadeCTBEHHBIX €To
XapaKTEepUCTHK; TOAXO0I0B K (DOPMHUPOBAHHIO COZEPIKATEILHON OCHOBBI
KOHTPOJIL ¥ OLIEHKM 00pa3oBaTeNbHBIX MOCTHKCHMH obOydaromuxcs B
paMKax MTOTOBOM arrectaumu B (opMe eIHHOro TIoCyAapCTBEHHOIO
3K3aMeHa 10 XMMHH.

IIporpamma amns yroyGnéHHOrO H3yUEHHS XUMUM:



* YCTaHABIHBACT WHBAPHAHTHOE MPEAMETHOE COAEpiaHue, obs3aTenbHOE
JUIL H3yYeHHA B paMKax OTACHBHBIX INpoduie, NpexycMarpuBaer
pacripelieleHie M CTPYKTYpPUPOBaHME €ro I0 KIaccaM, OCHOBHBIM
CoZiepIKaTeIbHBIM TMHUAM/pa3aenaM Kypca;

o naéT mpHMepHOe pacIpeleneHue y4eOHOTO BpEMEHH, PeKOMEHIYyeMOro
JUIS U3y4UECHHUS OTJIeNIBHBIX TEM;

* MpeljaraeT INPHMEPHYI [OCIEAOBATEIBHOCT H3YYCHHA Yy4eOHOro
Marepuana ¢ y4€ToM JIOTMKU IIOCTPOEHHMS Kypca, BHYTPHUIIPEIMETHBIX U
MEIKITpeIMETHEIX CBSI3eii;

e 1aéT METOMHYECKYIO HHTEPIpPETALHIO HeNel U 3a1a4 U3y4YCHHs mpeaMera
Ha yriyO6nEéHHOM ypoBHE ¢ y4&TOM COBPEMEHHBIX IPUOPHTETOB B CHCTEME
cpenHero oOmero o0pa3oBaHMs, CONIEPKATENBHON XapaKTepUCTHKU
[UIAHAPYEMBIX ~ PE3yabTaToB OCBOEHMS OCHOBHOM 00pa3oBaTenbHOM
nporpaMmel  cpepHero  ofmero  oOpa3oBaHus (JIMYHOCTHBIX,
METarnpe/IMETHBIX, TMPEAMETHBIX), a TaKkKe C YYETOM OCHOBHBIX BHJIOB
y4eOHO-1O3HABATENbHBIX AGHCTBUIA O00yYalomerocss Mo  OCBOEHMIO
COIeprKaHus MpeaMeTa.

ITo BceM Ha3BaHHBIM MO3WIUSM B NPOTpaMMeE 110 XHMHH IPeiyCMOTpPEHA
MPEEMCTBEHHOCTh C 00yueHMeM XWUMHUM Ha YPOBHE OCHOBHOIO 0OIIEro
oOpaszoBanus. 3a mnpefenaMl YCTAHOBIGHHOM MPOrpaMMOM 1O  XHMUM
00s13aTeNbHOM (MHBAPHAHTHOMN) COCTaBIsIOWIEH ConepKanus yuyebHOro mpeamera
«XuMHS» OCTa&TCA BO3MOXHOCTH BEIOOpa €ro BapUaTUBHON COCTABISIOLIEH,
KOTOpas [OJKHA ONpPENENAThCS B COOTBETCTBHH C HAIPaBICHHEM KOHKPETHOTO
npoduis 00y4deHus.

B cootsercTBHM ¢ KoHuenryamsHeIMEM monoxeHusmMu DOIOC COO o
HA3HAYEHUU TIpeIMETOB 0a30BOro u yrnyOnéHHOro YpoBHEH B CHCTEMe
nudhepeRIMPOBAHHOTO 00yYeHUs HA YPOBHE CpeiHero obIIero o6pa3oBaHmMs
XHMHsI Ha YpOBHE yriyONEHHOTO W3YYEHWs HANpaBleH HA PEealH3aLUIo
NPECMCTBEHHOCTH €  [OCHEAYIOLMM  STalOM  [ONYYEHHS  XUMHYECKOro
o0pa3soBaHusi B paMKaX M3yYeHHS CHENMATBHBIX €CTECTBEHHO-HAYYHBIX W
XUMUYECKUX NMCIMILIMH B By3aX W OPraHM3alliiIX CpefHero mpogeCcCHOHAIBHOTO
obpasosanus. B 370t cBs3u wusydenwe mnpenmera «XHMHS» OPHEHTHPOBAHO
MPEUMYyLIECTBEHHO HAa paclIMpeHHe M yriayOJieHHe TEOpeTHYecKoM u
MpaKkTUYeCKOM IMOArOTOBKM 00Y4YalOMIMKCS, BRIOpaBIIMX OnpeaenéHHbli NpohHIs
00y4eHns, B TOM YHCIIe C IIePCIIeKTHBOM TOCTEYIONIEro NOTyYeH s XUMAYECKOr0
00pa3oBaHysi B OpraHM3alysIX MpodeccHORaTbHOro obpasopanus. Hapsy ¢ stam,
B cBeTe TpeGosanuii ®I'OC COO k MIaHWPYeMBIM pe3yqbTaTaM OCBOCHHS
(enepansHol 0OpasoBaTeNbHOM NPOrpaMMBI CpeHEro o6Mero oGpa3oBaHus
H3y4eHHe IpejMeTa «XUMHA» OPHEHTHPOBAHO TAKXKE Ha pelieHHe 3ajad




BOCITUTAHHS W COLHMAIBHOTO Pa3sBUTHS OGYUAOLIUXCS, Ha (opmupoBanme y Hux
OOLIEUHTEeKTYANBHEIX YMeHuH, YMCHUH palHOHANU3AINH y4e6HOTO Tpyaa u
0000WEHHBIX  crocoBoB IeATETbHOCTH, WMMEFOIINX MEKIUCITUITTHHAPHBIIH,
HaJNpEeAMETHELH XapakTep.

Cocrapnsomumu npenmera «Xumusy Ha YPOBHE yIiyOn€HHOrO H3ydeHMs
ABJAIOTCA  YTIyONEHHBIE Kypchl — «Opranudeckas xumus» u «O6mas u
Heopranuieckas xumusi». [pu onpenenennu noaxonos K 0TOOpY M CTPYKTYpHO#
OPraHM3alik CONEPXKAaHHsS STHX KypcOB B NpPOrpaMMe MO0 XHMHH 3a OCHOBY
UpHHATHL nosioxkeHus PI'OC COO o pasnuumsx 6a3080ro u yray6aéunoro
YPOBHeH U3yueHHs NpeaMeTa.

OcHoBy conmepxanus KypcoB «Opranwdeckas xumus»y u «O6mas u
HEOPraHHHueckas XUMHS» COCTABISET COBOKYNHOCTh IPEAMETHBIX 3HAHWH U
YMEHHH, OTHOCSUMXCS K GA30BOMY YPOBHIO H3ydeHus mpeaMera. DTa cHcTeMa
3HaHWH [OJTyuaeT ONpeaensHHOE TEOPETUYECKOe JMOMONHEHHE, [03BOJISIOLIEE
OCO3HAaHHO OCBOHTb CYIIECTBEHHO OONBIIHH  0GBEM thaxronoruyeckoro
marepnana. Tak, Ha yrmyGiaénsoM yposme H3yYeHus mnpeaMera obecneueHa
BO3MOXHOCTE 3HATATENBHOIO YBEJIHYEHHS O6BEMA 3HAHHA O XUMHUYECKHX
SJIEMEHTaX W CBOMCTBAX WX COENMHEHUM Ha OCHOBE PacUIMpeHUst U yriyOneHus
TPe/ICTABICHUA O CTPOCHHHU BEIIECTBA, XMMHUYECKOH CBS3H M 3aKOHOMEPHOCTSIX
[POTEKAHHS PEAKUHH, PACCMATPUBAEMBIX C TOUKH 3PEHUS XUMUYECKON KMHETHKH
M TepMonuHamMuKH. M3ydyeHWe nepHommMuecKoro 3akoma u Iepuomuyeckoii
CHCTCMBI  XMMMYECKHX  3JIEMEHTOB  Gasupyercs  Ha COBPEMEHHBIX
KBaHTOBOMEXaHU4ECKAX MPE/CTABICHUAX O CTPOEHHH aTOMa. XHMUYECKas CBI3h
OOBSCHSIETCS C TOYKY 3peHus OHEPreTHYCCKUX M3MEHEHUH Npy e 06pazoBaHun K
Pa3PYLICHAY, @ TAKKEe C TOYKH 3PEHMS MEXAaHM3MOB e 06pa3OBaHus. H3yuenue
THTIOB  peakuui  JonomHsercs  (opMUpOBaHHEM npencraBieHuit o6
J/ICKTPOXHUMHMYECKUX MPOLECCaX H SIEKTPOIH3E PACILIABOB I PacTBOPOB BeLIECTB.
B kypce opranmueckoit xumun [IPH PacCMOTPEHHH PEeaKIIMOHHOHM CIOCOOHOCTH
CoeAMHEHHI yaensieTcs 0ocoGoe BHUMAaHUE BOIIPOCaM 00 JNEKTPOHHBIX 5] dexTax,
O BSAHMHOM BITHSHUM aTOMOB B MOTEKyJlaX i MEXaHH3MaX peaKiuii.

Ocoboe 3HaueHme wmMeeT TO, uTO Ha CONCPIKAHME KYPCOB XHMHHU
YTI1yOIEHHOTO YPOBHS M3y4eHHs IS KIACCOB ONPENeNEHHOro NPOQuIs (IIaBHbBIM
obpasoMm Ha wux CIPYKTYPY ¥ XapakTep IHOIONHEeHHH K obmedl cucreMme
TIPeIMETHEIX 3HAHWH) OKa3bIBAIOT BIIHSAHHE CMEKHEIE npeametsl. Tak, HanpuMep,
B COACpXaHNM MpeMETa UL KITACCOB XMMHKO-(H3HYECKOro npoduns Gomsiioe
3HA4YCHHE OyAyT MMETb 37eMeHTHI yuyeGHOro Marepuana 1o obumei xumum. [Tpu
W3YMCHHM TpeIMeTa B NaHHOM Clyvae aKkUeHT Gyier caenaH Ha 001mHOCTB
METOZIOB IIO3HAaHKS, OOLIHOCTE 3aKOHOB U TEOPHH B XHMHH H B ¢usuke: aromuo-
MOJICKY/IApHAA TEOPUS (MOJNEKY/ISAPHAS TEOPHS B (DH3UKE), 32KOHbI COXpaHeHUs



MacChl M 3HEPIHH, 3aKOHBl TEPMOAMHAMHKH, JIIEKTPOIH3a, MPEJACTaBICHUS O
CTPOSHUH BEILECTB U APYToe.

B To X BpeMs B COACpKAHMM IMpeAMETa A KIAcCOB XHMHKO-
fuonormyeckoro npoduis OonsmmMil yaensHbIH Bec OyneT UMETh OpraHuyeckas
XuMHg, B OTOM Cciydae IIpeJOCTABISETCS. ROIMOXHOCTE ansi  Gosee
00CTOATENPHOIO  PACCMOTpPEHUS XMMHYECKOH  OpraHM3alldd  KIeTKH  Kak
OHONTOTMYECKOM CHCTEMBl, B COCTaB KOTOpPOW BXONAT, K IIpUMEpYy, Takue
CTPYKTYpHEIE KOMIOHEHTBHI, KakK JUMHAB,, OelKd, YIrIeBOJbl, HYKIEHHOBBIE
KHCIOTHI U Apyrue. [Ipy 5TOM 3HAHHS O COCTaBe M CBOMCTBAX MPECTaBHTENEH
OCHOBHBEIX KJIACCOB OPraHMYeCKHX BEIIEeCTB CIYXaT OCHOBOW [Uis U3y4YeHHs
CYIIHOCTH TIPOIeCCOB (POTOCHHTE3A, AbIXAHUS, THILIEBAPEHHUS.

B mnase ¢opMUpOBaHHMA OCHOB HAaYYHOIO MHPOBO33PCHHS, OCBOCHHA
00IIeHayYHBIX METOJIOB MO3HAHUS U OIbITA IPAKTUYECKOTO NMPUMEHEHUS HayYHBIX
3HAHWI W3ydeHWe npeaMmera «XUMMS» Ha YIIyOnéHHOM YpOBHE OCHOBAaHO Ha
MEXITPEJIMETHBIX CBA3SMX ¢ Yy4YeOHBIMH NpeAMeTaMH, BXOIAIIMMU B COCTaB
npeiMeTHBIX o0nactelt «EcrecTBeHHO-HAyuHEIE TpejaMeThl», «Maremaruka H
uHpopmaTHka» U «Pycckull 361K W THTEPATypay.

Ilpu wm3ydeHunm ydeOHOTO mpeaMera «Xumua» Ha YriayOn€HHOM ypoBHe
TAaK)Ke, KaK Ha YPOBHE OCHOBHOTO U cpejHero obmiero obpaszosanus (Ha 6a30BOM
YPOBHE), 3a/1a4eil IepBOCTENICHHON 3HAYUMOCTH SIBIAETCS (POPMHPOBAHHE OCHOB
HayKH XHMHH Kak o0OacTH COBPEMEHHOIO €CTECTBO3HAHMA, MPAKTHYCCKOM
JeATENFHOCTH YeJJOBeKa U OFHOTO U3 KOMITIOHEHTOB MUPOBOH KyJIbTYphl. Peiienue
9TOM 3ajauu Ha yruyOnéHHOM ypoBHe H3y4YeHHs MNpeaMeTa MpeanoaraeT
peau3aliio TakuX LeneH, Kax:

e (QopMHpOBaHWE TIPEACTABICHHH: O MaTepHalbHOM EIHHCTBE MHpA,
3aKOHOMEPHOCTSX W MO3HABAEMOCTH ABIEHHH MPUPOJIBI, O MECTE XHMHH B
CHCTEME eCTeCTBEHHBIX HayK U e€ Beylled poiam B oOecredeHHU
YCTOHUMBOTO  pa3BHTHS  UYelOBeYecTBa: B  pelleHuH  npobiem
IKOJOrHYCCKOM, JHCPICTUYCCKOM W NMIICBOi Oc30MacHOCTH, B pa3sBHTHH
MeIMIMHBI, CO3JaHUU HOBBIX MaTepUalioB, HOBBIX HCTOYHHUKOB SHEPrUH, B
obecrieyeHnH paLUOHATIBHOIO IPUPOONOIL30BAHNS, B (DOPMHUPOBAHWM
MMpPOBO33peHust ¥ 0OIel KyImbTyphl YelmoBeKa, a TaKkKe SKOJOrMYecKud
000CHOBaHHOT'O OTHOIIEHHUSI K CBOEMY 3I0POBLIO U PUPOJHOH cpeje;

* OCBOGHHWE CHCTEMbl 3HAHWH, JeXaluX B OCHOBE XHMHMYECKOM
COCTABITIONIEH €CTeCTBEHHO-HAYYHOH KapTHHEI MUpa: (QyHIaMeHTaIbHBIX
MOHATHI, 3a8KOHOB W TEOPHH XHMMHH, COBPEMEHHBIX NpEICTABICHHHA O
CTPOGHHHM BEIecTBA HA pa3HBIX YPOBHAX — AaTOMHOM, HOHHO-
MOJICKYJIAPHOM,  HaJMOJIEKyJIApHOM, ©  TEePMOJAMHAMHYECKHX H
KHHETUYECKHAX 3aKOHOMEPHOCTAX IPOTEKaHUsd XMMHYECKHX PEaKIdid, o




XHMHYECKOM PaBHOBECHH, PACTBOPAX U JUCTIEPCHBIX CHCTeMax, 00 0B6mmx
HayIHBIX IPHHIUNAX XAMHYECKOTO IPOM3BOACTEA;

* ¢opmuposarue y OOyualomMXCS  OCOSHAHHOTO  OHMMAHHS
BOCTPEOOBAHHOCTH CHUCTEMHEIX XHMHUIECKHX 3HaHHH A9 O0BACHEeHus
KIOYCBBIX HICH W TPo6meM COBpeMEeHHON XHMUM, II8 OGDbICHEHHUS H
NPOTHO3MPOBaHUs SBIEHHUMN, UMEFOLIHX ECTECTBEHHO-HAYYHYIO MPUPOLIY;
T'PaMOTHOTO peleHHs MPoGIIeM, CBS3aHHBIX ¢ XHMHEH, [IPOrHO3UPOBAHMUS,
AHann32a ¥ OLIEHKH C MO3HLUIT SKOIOTHYecKOi 6e30MacHOCTH MOC/IEICTBU I
ObITOBON M NPOU3BOJICTBEHHOH IeATENLHOCTH YEJIOBEKa, CBI3aHHOH C
XHMHYECKHM  TIPOM3BOJACTBOM, WCIONL30OBAHHEM ¥ nepepaborkoi
BEILECTB;

e yrunyOieHue mpencraBieHmit o HayyHbIX  METOJAX  MO3HAHUA,
HeOOXOIMMEIX 1 mpuobperenus YMEHUHl OpDHEHTHPOBATECA B MHpe
BEIIECTB U OOBACHEHHS XHMHYECKHX SIBIEHWH, MMEIOIMMX MECTO B
TIPHPOJE, B PAKTHIECKOH ASATENHOCTH H OBCEIHEBHOMN KU3HIL

B mnmane peanusanum TIEPBOOYEPENHEIX BOCTIUTATENILHBIX M Pa3BUBAIOLIAX
Gbynxumii uenocTHOM cHeTeMbI cpennero obwero obpasoBanus mpu U3yYeHHH
npeaMera  «XuMHsS» Ha  yroTy6néHHOM YPOBHE 0COOYI0 aKTyanbHOCTH
NPUOOPETAIOT TAKHE LIENN U 32712491, KAK:

° BOCIHTAaHUE YOEKAEHHOCTH B MO3HABAEMOCTH NBJICHUIL IIPUPOJIE,
YBOKCHHS K TIIpOIeECCY TBOpPYECTBA B 06NACTH TEOPETHYECKHUX W
MPUKTANHBIX HCCIEIOBAHUH B XUMUH, dbopmuposanue MHPOBO33pEHNS,
COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO Pa3BHTHSI HayKH;

® P4a3BUTHE MOTHMBAlWH K OOydeHMIo W MO3HAHUIO, CIOCOOHOCTEH K
CAMOKOHTPOJIFO M CaMOBOCIIMTAHWIO HAa  OCHOBE YCBOGHUS
ofIeuenoBeyeckux LIEHHOCTEH;

* Pa3BHUTHE NO3HABATEIBHEIX HHTEPECOBR, HHTEIIIEKTYalbHBIX B TBOPYECKUX
crocobHocTell  ofyudarommxcs, (OpMHpOBaHHE Yy HHX CO3HATETBHOIO
OTHOLICHHSA K caMOOOpa3soBaHMIO H HENPEPEIBHOMY 00pa3oBaHHIO0 Kak
YCIIOBHIO yCMEIIHOM NPO(ECCHOHANBHOM 1 061ecTBeHHOM JAEATENBHOCTH,
OTBETCTBEHHOTO OTHOIUCHHMS K CBOEMY 3[0POBBIO M noTpeOHOCTH B
30poBOM 06pase KHU3HU;

* (opMHUpOBaHWEe yMEHMH ¥ HAaBEIKOB PasyMHOT0 IPHPOIOTIONL30BAHUS,
PasBUTHE SKONOTUYECKOH KyJIbTYpPBI, IPUOGpETEHHE OMbITa o01mecTBeHHO-
TIOJIE3HOM 3KOJIOTMYECKOI IesTe/IbHOCTH.

O61mee unco uacos, TIPEAYCMOTPEHHBIX J7Is H3YYEHUS] XUMHUM Ha YITyBIeHHOM
YPOBHE cpefiHero obuero obpasosanus, cocrasnser 204 gacos: 8 10 Kjacce —
102 gaca (3 qaca B Hezeno), B 11 xmacce — 102 4aca (3 yaca B HEZEII0).



COJEPXAHUE OBYUYEHUS
10 KJIACC

OPTAHUYECKASI XUMM S

Teopernyueckne 0CHOBBI OPraHHYeCKOl XHMHH,

[lpeamer ® 3HaYeHHE OpPraHU4ecKOM XMMHUHM, NPEJACTABICHHE O
MHOroo0pasuy OPraHMYecKiX COeqHHEHHIA.

ONeKTPOHHOE CTPOCHHE aroMa YIJepoja: OCHOBHOE M BO30YyXIEHHOE
cocrosnusA. BaneHTHBIC BO3MOKHOCTH artoma yriepoja. XMMHUYecKas CBS3b B
OpraHHYeCKUX coeauHeHuAX. Tumbl THOpUAM3aIMKM aTOMHBIX  opOuTanei
yraeposga. Mexanusmpl 06pa3soBaHus KOBAIEHTHOM CBsi3u (0GMEHHBI! 1 IOHOPHO-
aKienTopHsli). Tumbl nepekpslBaHMA aTOMHBIX OpOMTaNEl, ©- M W-CBS3H.
Opnunaphasi, BoiiHas ¥ TpoiHas cBs3b. CrocoOsl paspeiBa CBA3eit B MOJNeKyJIax
opranuveckux Bemects. Ilonatue o cBobomHOM pajukane, Hykmeoduine u
sNeKTpodune.

Teopusi ctpoenus opraHudeckdx coenunenuit A.M. bytneposa u
COBPEMEHHBIE NPE/ICTABIICHNS O CTPYKTYPE MOJIeKy/l. 3HaYeHHE TEOPHH CTPOEHHS
OpraHWYeCKHX COCAWHeHHH. MoneKyasapHble M CTPYKTYpHBIE  (OPMYJIBL
CTpyKTypHBIE (OpPMYNBl pa3siHYHBIX BHIOB: pa3BEPHYTAS, COKpAIISHHas,
ckenetHas. M3omepwms. Bupmer usomepuu: CTPYKTYpHAsl, MpPOCTPAHCTBEHHAS.
Onexrponnsie QbeKTH B MONEKYIaX OPraHUYECKHX COEeIMHEHUH (MHIOYKTHUBHBIH
1 ME30MEPHBIN 3 HEKTHI).

Ilpencrabnenne o KiaccuuKkalMi OpraHWYecKWX BellecTB. [IOHSTHE O
dynknmonansHol rpynne. lomosorus. [omonoriueckue psnbl. CucremaTryeckas
HOMEHKJIaTypa opranudeckux coenuHenuii (IUPAC) u TpuBuansHele HazBaHUS
OTIEJ/IbHBIX IpeACTaBUTENEH,

OcobeHHocTH M KiacCHOUKAIWsl OpraHdueckuX peakimif. OKUCIUTETHHO-
BOCCTaHOBHTEJIbHLIE PEAKIIUH B opraHqucrmﬁ XHUMHH.

OKCIIEpPHMEHTANbHBIE METONB M3ydYeHHs BEIIECTE H HX TIpeBpallieH i :
O3HAKOMIJIEHHEe ¢ Oo0pasnami OpPraHMYeCKHWX BEUIECTB H MaTepualaMu Ha WX
OCHOBC, ONBITHI MO TNPEBPALICHHI0 OPraHHYECKHX BEHIECTB IIPH HAIPEBAHHH
(nnaBnenwe, obyrnmpanue H rOpeHHe), KOHCTPYHUPOBAHHE MOJENCH MOJEKYII
OpraHUYecKUX BEIECTB,

Yraesogoponsi.

AJikansl. ['omosoriaeckuii psiyy ankanos, o6mas hopmyoa, HOMEHKJIATypa H
U30Mepusi. DNIEKTPOHHOE ¥ MPOCTPAHCTBEHHOE CTPOSHHE MOJNEKYJ AIKAHOB, sp*-
rHOpHM3als aTOMHBIX opbuTanell yrimepoaa, o-cBi3b. Mu3WYecKhe CBOMCTRA
AJIKaHOB.



XyMMUecKre CBOMCTBA 4JKAaHOB: peakluy 3aMelleHHsA, H30MEPH3aLHH,
JIeTUPUPOBAHNS, LIHKIM3AIMM, IUPOJIN3a, KPEKUHIa, TOPEHHA. [Ipeacrasienue o
MeXaHHM3Me peaklyii paJluKaibHOro 3aMeIICHHUS.

Haxoxerue B nipupojie. CriocoOb! N10y4eHHs i TPUMEHEHHE alIKaHOB.

Lipknoankansl. OGmas dpopmylnia, HOMEHKIIATYpa W H3OMEPHA. Ocobennoctu
CTPOEHHMS U XMMHHYECKMX CBOMCTB MaJbIX (upKnonponaH, UMKIOOyTaH) M
OOBIUHBIX (LUKIONEHTaH, [UKIOreKCaH) LUKIOAIKaHOB. CriocoObl TIONTy4YeHHs U
NpHMeHeHHe [UKIIOAKaHOB.

Aunkensl. ToMoJIOrHYecKrit psijl ankeHoB, obmas Gopmysa, HOMEHKIATypa.
DHeKTPOHHOE W NPOCTPaHCTBEHHOE CTPOGHME MONEKYJ]  alKEHOB, sp’-
rubpuaM3anus aToMHBIX OpOHTaneil yriepoaa, o- M M-CBA3M. CrpykTypHasi 4
reomMeTpuueckas (IMc-TpaHc-) H3omepus. Pusnueckue CBOICTBAa AllKEHOB.
XyMuHeckde CBOWCTBA: peaKiu¥l TPUCOEIMHEHUS, 3aMelICHUs B O-TIOJIOKCHUC
TIpH JBOWHOM CBA3M, MONMMEpPH3alMH ¥ OKUCIICHUS. INpasuno MapKOBHHUKOBA.
KauecTBeHHBIe PEaKIMHU Ha JBOMHYIO cBs3b. CrOCOO! MONY4eH)s ¥ MPUMEHEHUE
aJIKCHOB,

Ankanuensl. Knaccudukanus ankagieHOB (conpsEHHBIE, H30JUPOBAHHBIE,
kymynupoearnsie). OCOGEHHOCTH 3NEKTPOHHOIO CTPOSHUA M XUMUIECKHX CBOHCTB
CONpsKSHHBIX  JAWeHoB, 1,2- w1 1,4-npucoe/MHEHKE. [omamepr3alinsa
conpsokéHHBIX tuerHoB. Criocobbl NOyH4eHHs U NPUMEHCHHE alKa/IHeHOB.

AJKHHBL TOMONOTHYecKyi psijl alKHHOB, oOmas GopMyia, HOMEHKIATypa 1
W30MepHs. DIEKTPOHHOE ¥ MPOCTPAHCTBEHHOE CTPOSHNE MONEKYI AIKUHOB, Sp-
rubpuap3anms aTOMHBIX opuTanci yriaepoia. duspuecKkye CBOMCTBA ANKWHOB.
XUMHUYECKHe  CBOMCTBA:  peakuud  NPUCOSAMHEHHs,  JUMEpHsalud M
TpUMepH3aLiK, OKUCIeH:s. KUCIOoTHbIe CBOHCTBA aNKMHOB, HMEIOIINX KOHIIEBYIO
TPOiHYyIO CBs3b. KauecTBeHHBIC peaKluy Ha TpoitHyto ¢B3b. Crioco0b! NOMyHEHNS
U IPUMEHEHHUE aJKHHOB.

ApoMaTH4eCKHE YIJIEBOJIOPOABI (apeHs). Tomosoruyeckuil psjl apeHos,
o6mas hopMylia, HOMEHKIATYpa ¥ H30MEpHs. INEKTPOHHOE U IPOCTPAHCTBECHHOE
crpoeHHe MoOJeKynbl Gensona. Du3nuecKue CBOWCTBA APEHOB. XUMUYECKHE
cBOMCTBA GEH30/Ia M €10 TOMOJIOTOB: PEaKIUU 3aMellieHus B GEH30IEHOM KOJIBLE U
YIIeBOOPOMIHOM pajMKale, Peakiyy IPHCOSTUHEHHs, OKHCICHUE TOMOJIOroB
Gensona. IlpejcTapieHne 06 OpHEHTHpYIOWEM JIEHCTBUH 3aMecTHTeNieH B
GeH30MLHOM KOJBIIE HA [pUMEpe AalKWIbHBIX pPaJnKaIoB, KapOOKCHIILHOM,
rUJPOKCHIILHOM, aMHHO- M HHTPOIDYIMEL, aTOMOB TalloreHOB. OcobeHHoCTH
XUMHYECKHX CBOMCTB cTuposna. IToniMepusaliud CTHpOIa. Croco0sl TonydeHus v
IpUMeHeHHe apOMATHYECKUX YIIIeBOIOPOIOB.

IMpuponusiii ras. ITonyTHbIe HEPTAHBIES Ia3bl. Hed1h 1 €€ NpoHCXOKACHHE.
KaMeHHBIH yronb H MPoyKThl ero nepepaborku. CriocoOsl nepepaboTKu HedTH:



MepEeronka, KPeKHHT (TepPMUYECKHH, KaTaTUTHUECKHH), pHU(GOPMHUHT, THPOIIK3.
IIpomyxTel nepepaboTky HedTH, UX MPHMEHEHHE B [POMBIILICHHOCTH 1 B OBITY.

[eHeTHYecKas CBS3b MEXJLy PasIMIHBIMHU KilaccaMH YrIeBOAOPOIOB.

JJIeKTPOHHOE CTPOGHHME TalOTeHIPOH3BOAHBIX YIIEBOOPOOB. Peaxkuuu
3aMellleHds TaloreHa Ha THAPOKCOTpYMIly, HHUTPOrpYIILY, [HaHOIPYIIIY,
amumorpynmy. JlelicTBMe Ha TaJOreHNPOM3BOAHBIE BOXHOIO H CTIMPTOBOTO
pacTBOpa WENOYM. B3aMMOAeiCTBHE AUTANOTCHAIKAHOB C MargueM 1 LHHKOM.
TMousTre 0 MEeTa/I00praHHYeCKUX coeMHEHHAX. Hcnonb3oBaHue
FA/OTEHNPOM3BOIHEIX  YTTIEBOIOPOAIOB B ObITy, TeXHHKE M IIpH CHHTE3€
OpraHUyecKUX BEIIECTB.

JKCTepUMEHTAIIbHbIE METOABI H3Y4YeHHs BEmeCTB M HX TpeBparleHHi:
u3yueHue (GpU3HIECKMX CBOMCTB yIIEBOAOPONIOB (pacTBOPUMOCTD), Ka4eCTBEHHbIX
peakuuil yrIeBONOPOJOB PA3IMYHBIX KIaccoB (obeciiBeurBaHne OpOMHON WU
MOJHOM BOIBI, PAacTBOpa IepMaHraHara Kalus, B3aUMojielicTBUAE aleTHIeHa C
aMMHMaYHBIM pacTBOPOM OKCHIA cepebpa(l)), KauecTBeHHOE OOHAPYKEHHE
yrilepona ¥ BOLOPOJA B OPraHHYECKHX BEmECTBaX, MOMydICHUE STHIIEHA W
H3yYcHHE €ro CBOMCTB, O3HAKOMIIEHHME C KOJUICKIHAMU «Hedts» 1 «YTOIB», C
obpasliaMu ILTACTMACC, KaydyKOB W  Pe3HHBL, MOJIEIMPOBAaHUE  MOJEKYII
YITIEBOZIOPO/IOB H TaOTCHIIPOU3BO/IHBIX YTIIEBONOPOAOE.

Kucopoacoep:Kaiiae Opranuyeckue coeAHHeHuH.

[IpesenbHEIe OJHOATOMHbIE CIHPTEL Crpoenrie MoneKyn (Ha HpUMepe
veraHoa ¥ 9TaHona). L'oMomorwdeckuit psi, obmias bopmyna, usoMeEpus,
Homenkiarypa u  kiaccupukamms. Pusnueckne cBOlicTBa  TIpefeibHbIX
OIHOATOMHBIX CNMPTOB. Bojopommbie CBA3H MEXKIYy MOICKylamMH CTHUPTOB.
XyMH4eckue CBOWCTBA: PEAaKUMH 3aMelIeHws, JeTHApaTalyii, OKWCICHN,
plapMONeHiCTBHE C  OPraHMYeCKWMHM M HEOPraHMYeCKMM  KHMCIOTaMH.
KauecTBeHHAs PeaKiUs Ha OAHOATOMHbIE CIUPTH. JeHCTBIE STAHONA 1 MeTaHolla
Ha opraHusM desnoBeka. CriocoOBI TOMyYEHMS H NprHMeHEeHHe OJHOATOMHBIX
CITMPTOB.

IIpocTsie 3QUpPE], HOMEHKIATYpPa U M30MEPU. OcobeHHoCTH HU3MIECKUX H
XAMHYECKUX CBOHCTB.

MHOroaTOMHbIE CIMPTEI — OJTHIEHIJIMKOND H TIHLEPHH. dusuveckue
XHMEIECKHe CBOVCTBA: PEaKIWH 3aMelleHHs, B3aUMOICHCTBHE ¢ OpraHHIeCKUMH
¥ HEOPraHMYecKWMH KHCIOTaMM, KaueCcTBEHHai peakiysi Ha MHOTOATOMHEBIE
crptel. [IperncTasienue O MeXaHH3Me peakiuii HyKIeo(HIFHOTO 3aMeleHUS.
JlelicTBe Ha OpraHH3M YeloBeKa. Crioco6bl MONyYeHHs W NPUAMEHEHUE
MHOTOATOMHBIX CIIHPTOB.

®enon. CrpoeHne MOJIEKYJbl, B3AUMHOE BIMSHME TMIPOKCOTPYIIBL X
GersonpHOrO sjpa. Pusnyeckue cBoicTBa (eHOma. OcoGeHHOCTH XMMHYECKHX



cBoiicte (exona. KadecTBeHHBIE peaKkiM Ha ¢denon. ToxcHiHOCTD ¢denona.
Crioco6bI TIOTYHeHHUs. ¥ IpUMeHerue (eHoa. ®eHON(OpMaTbIETUHAS CMOA.

KapGoHMIbHbIE COSTUHEHHS — AJIb/ETH/BL 1 KETOHEL. DNeKTPOHHOE CTPOCHHUE
KapOOHUIIBHOX TPYHIIBL. ToMonordueckue psaasl albIeruyioB U KETOHOB, obmas
dopmysia, H3OMEpUs M HOMEHKIATypa. @®u3MuecKHe CBOKMCTBA Aalb/ICTHAOB MU
«eTonoB.  XUMMHYeCKHe CBOHCTBA ~ QIbJETHIOB M  KCTOHOB: peaKuun
npucoeusenus. OKUCICHUE ANBACIHNIOB, KayeCTBEHHBIE PEaKIMy Ha ajlbAeTHBL.
CHoco6b! NoNTydeHus i IPUMEHEHNE ATbACrAI0B U KETOHOB.

OJIHOOCHOBHBIE TIPe/IeNbHbIe KApOOHOBBIE KMCIOTHI. OcobeHHOCTH CTPOSHHSA
MOJIEKYJ KapOOHOBBIX KHCIIOT. M3omepust 1 HOMEHKIATYpa. @Du3uuecKue CBOMCTBA
OHOOCHOBHBIX TpeJeNbHBIX KapOOHOBBIX KHCIOT. BojoponHbie CBA3H MEXIY
MONEKy/1aMi KapOOHOBBIX KHCIIOT. XuMAUecKye CBOMCTBA: KACIOTHBIE CBOHCTBA,
peaKuus OTepHOUMKALMM, PEaKUuy C YyHacTHEM YIIIeBOOPOJHOTO  pajiuKana.
OcoGensocTst  CBOHCTB MypaBbuHOM kucnotsl. [lomstae O NPOM3BOHBIX
KapOOHOBEIX KMCIIOT — CIIOMKHBIX sdupax. MHorooGpasue KapOOHOBBIX KHCJIOT.
OcobeHHOCTH CBOMCTB HENpeNeIbHBIX W apoMaTHHeCKuX KapOOHOBBIX KHCIIOT,
AMKapOOHOBEIX KHCIOT, rEIPOKCHKAPOOHOBBIX KHUCIIOT. IMpezcTaBUTENN BBICIIAX
KapGOHOBBIX KHCJIOT: CTEapHHOBAs, MaTbMHTHHOBALA, ONeUHOBAs, JAUHONEEAA,
aunonenosas xucaoTsl. CriocoOs1 noy4eHus i NPUMEHEHHE KapGOHOBBIX KHCIIOT.

Crnoxusie 3(upsl. I'oMomorndeckuil pas, obmas ¢Gopmyna, u3OMEpus H
HoMeHKarypa. ®usudeckue u XUMHIECKHE CcBOMCTBA: TMPOJN3 B KUCIOH H
IeIIOYHOM cpele.

upel. Crpoenue, Gpu3nIecKre i XUMHIECKHE CRoOlicTBa KUPOB: THAPOIH3 B
kucIoit u menousoi cpene. OCOGEHHOCTH CBOHCTB XHUPOB, coJiepXKalux OCTaTKH
HeTIpe/IeTbHBIX KHAPHBIX KUCIOT. JKHPEI B IPUPOIE.

Mpuia Kak comyM BBICHIMX KapOOHOBBIX KHCIIOT, MX MOIOLICC IeicTBYE.

O611as XapaKTepHCTHKA YTIIeBOJIOB. Knaccudukanust yrieBojioB (MOHO-, ¥~
i monucaxapuisl). MoHocaxapumipl: TIIHOK033, GpyKTO3a, TaNaKrosa, pubosa,
ne3oKkcnprGo3a. DusudecKue CBOWCTBA W HAXOKACHHE B IPHPOAC. DOTOCHHTES.
XyMHYecKkne CBOHCTBA TIFOKO3bI: PEaKIMK € yJaCTHEM CIIMPTOBbIX U anpaeruHON
rpynI, CIMPTOBOE M MOJIOYHOKHMCIOS 6poxenue. [IpumeHeHHe IIIOKO3BL, eé
JHAUCHWE B KU3HENESTENBHOCTH opranusma. Jlucaxapu/bl: caxaposa, MansTo3a 1
naKTo3a. BoccTaHABIMBAIOIIME W HEBOCCTAHABIMBAIOLINE MCAXAPUIBL. T'upponus
nucaxapuos. HaxoxjeHne B NPUPOJE ¥ NPUMEHEHHE. Tlomucaxapusl: Kpaxmar,
FIMKOTeH ¥ Ie/Umono3a. CTpoeHHe MaKpoOMOJEKyl Kpaxmana, TIHMKoreHa H
nenmonossl, ®Pusndeckde CBOMCTBA Kpaxmajna ¥ IEJUIIOI03BL. XumMu4ecKue
cBOJCTBA KpaxMana: TMApONH3, KadeCTBEHHAs PeaKiys ¢ HOLOM. XUMAYECKHE
CBOMCTBA LEIUTIONO3bI: THAPONK3, TONydeHHe dQUPOB MEJIHONO3BL. [lonstie 00
HCKYCCTBEHHBIX BOIOKHAX (BUCKO3a, areTaTHbIH MWENK).




DKCIepHMEHTANbHBIE METOIbl M3Y4eHMS BEIICCTB W HX TpeBpaILEeHUH:
PaCcTBOPUMOCTb PA3NMYHBIX CIIMPTOB B BOJE, B3aHMOJICHCTBHE STAHONA ¢ HATPUEM,
OKHCIIEHHME ITHIIOBOTO CIIMPTa B aibJerhj Ha PackaléHHON MEJHOH IPOBOJIOKE,
OKHCJIeHHEe 3THIIOBOTO CIIMPTa AUXPOMATOM Kajius (BO3SMOXKHO HCIIOJNB30BAHUE
BUIIEOMATEPHAIIOB), KA4eCTBEHHBIC PEAKUWW Ha albJeruisl (C THIPOKCHIOM
nuammuacepebpa(l) u  rugpokcunom Mmenu(Il)), peakums —TaMLepuHa  c
rugpokcugom Mmeau(Il), XMMHuecKue CBOWCTBA PacTBOpa YKCYCHOH KHCIIOTBI,
B3aMMOJlelicTBUE pacTBOpa TJIIOKO3bl € THAPOKCHIOM meua(1l), B3aumoneiicTrre
KpaxMajia ¢ HOJOM, PEeIICHHe IKCIIePUMEHTANBHBIX 33]ad N0 TeMaM «CrupThl ¥
denonsby, «KapGoHoBbIE KUCIOTEL. COXHBIE dQHPBI.

A3zoTcoaepKauine Opranu4ecKHe CoeHHeHMS.

AMMHEI — OpraHHYecKHe TPOM3BOAHbIE aMmuaka. Kiaccupukanys aMuHOB:
anmidaTHuecKkue W apoMaTHYecKHe; INepBUYHBIC, BTOPHYHBIC M TPETHYHBIC.
Crpoenue mMonekyn, obmas (opmyia, H3OMEpHs, HOMEHKIATYpa U (usnueckue
cBOHcTBA. XHMHUECKOe CBOMCTBA aNM(aTHYeCKNX AMHHOB: OCHOBHBIC CBOMCTBA,
aJIKAITMPOBAHKE, B3AMMOJIEHCTBUE TEPBUYHBIX aMHUHOB C A30THCTON KHCIOTOH.
Conu anKu/iaMMOHHS.

AHHIHH — [peACTAaBUTENh aMWHOB apoMaTHYECcKOro psna. Crpoenue
anunmHa. B3auMHEOe BIMSHEE TPYII aTOMOB B MozeKy/e anumHa. Oco0eHHOCTH
XHMIHECKHX CBOWMCTB amEmiuHa. KauecTBemHbie peakumd Ha aHmivH. CriocoGsl
NONydeHHUs M TIpUMeHeHWe amudarwyeckux amuHoB. Ilonmydenwe aHWiMHA U3
HUTPOOEH30J1a.

Ammunokucinotst. Homenknarypa 1 m3omepus. OTenbHble NPeJCTaBUTeNN 0
AMWHOKHCIOT: TNALMH, anaHud. @Ou3MYecKMe CBOMCTBA ~ AMMHOKHCIOT.
XuMHUUecKHe CBOMCTBA aMHHOKHCIOT Kak  aM(pOTepHEIX — OpraHU4YecKux
COe/MHEHKH, peaKlusa IIOJHUKOHIEHCALIUH, obpasoBaHye MENTUHON CBA3H.
Buonorudeckoe 3HadeHue aMuHokucnoT. CHHTES U IHAPOIN3 TIENTHIOB.

Benku KaK IpupoaHbie monuMepsi. IlepBuuHas, BTOpHYHAA U TpETUTHAs
cTpykTypa OeikoB. XWMH4YeCKHe CBOWCTBA O€JIKOB: [W/POJHU3, ACHATyparlii,
KadecTBEHHBIE PeaKIiy Ha OenKku.

DKCTEPUMEHTAIBHBIE METOIBl HM3yYeHHs BEIIECTB M HX TMpeBpanieHui:
pacTBOpeHHe GenKOB B BOJE, JeHATypalysi OENKOB NpH HarpeBaHWH, LBETHBIC
peakiuy Ha GENKH, pelleHre IKCIEePUMEHTAbHBIX 3a/a4 110 TeMaM
«AzoTcomepKale  OpraHd4ecKHe  COCIMHEHUS»  H «Pacro3HaBaHHe
OpraHUYecKUX COCTUHEHUMN.

BeIcOKOMOIEKY/ISPHBIE COeIHHEHHS.

OCHOBHbIE TIOHATUS. XMMHH BEICOKOMOIEKYISAPHBIX COEJMHEHHH: MOHOMED,
[OJMMep, CTPYKTYPHOE 3BEHO, CTENEHb NOJIMUMEPH3alliH, CPEIHsL MOTICKYIApHas



vacca. OCHOBHBIE METONLI CHHTE3a BBICOKOMOJIEKYIISDHBIX COENMHEHANA —
10IMMepHU3allis ¥ IOTUKOHIEeHCAIHs.

TlomuMmepHble Matepuansl. [lmacTMacchl (MONMMOTHNEH, NOJIUIIPOTIMIIEH,
OJNMBUHWIXJIOPHT, TMOMMCTHPON, —TONMMETHIMETaKpUIaT, moJuKapOoHaTH,
romHaTHIeHTEpedTanaT). ¥ THIN3aIu 1 nepepaboTKa MIacTHKA.

OnacToMephl:  HATYpalbHbIM  KaydyK, — CHHTETHHECKHE — KaydyKi
(6yTamMeHOBBIH, XJIOPOPEHOBBLH, M30TIPEHOBBIN) U CHITMKOHBL. Pe3uHa.

BoIOKHA: HATYpaNbHbIe (XJIOIOK, MepCTh, MENK), HCKYCCTBEHHBIS (Bucko3a,
AlleTATHOE BOJIOKHO), CHHTETHYECKUE (KApOH U JiaBcaH).

[Monmamepsl CIELHATBHOIO Ha3HAYEHHS (Tedrnon, KeBJap,
3K TPONPOBOISIIIE TIOTMMEpBI, Giopa3iiaracMbie TIOJIUMEPBH!).

DKCTIEPUMEHTAIBHBIE METOJIbl M3Y4eHH: BEIIECTB M HX npeBpallleHu:
03HAKOMIIEHHE ¢ 06pa3aMy [IPUPOJHBIX M UCKYCCTBEHHBIX BOJIOKOH, TIIACTMACC,
KayuyKoB, PpelleHHe OSKCTEPUMEHTalIbHBIX 337ad N0 TeME «Pacrio3znaBanue
IJIACTMACC Y BOJIOKOHY.

PacuérHble 3a1a4n.

HaxokaeHne MOJeKyTsapHOd (GOpMysisl OpraHHYeCcKoro COeNAMHEHHMs MO
MACCOBBIM  ZOJSM  3JIEMEHTOB, BXOISIIMX B €ro COCTaB, HAXOXACHHC
MOJIEKYIApHOU (OPMYIBI OPraHAYecKoro COEMMHEHMA M0 Macce (0bBEMY)
MPOLYKTOB CropaHHs, IO KONWYECTBY BeIlecTBa (macce, 00BEMY) MPOIYKTOB
peaKiuM W/WIA HCXOTHBIX BEIIECTB, YCTAHOBICHUE CTPYKTYpHOH (OpPMYJIbI
OpraHMYeCKOro BELIECTBA HA OCHOBE €ro XUMHYECKHX CBOMCTB WIH crocoboB
MoJydeHHns, ONpefeNeHne MOJM BbIXOJa MPOAYKTa pPeaKiud OT TEOPETHIECKH
BO3MOXKHOTO.

MeKIpeMeTHBIE CBA3H.

Peauzaius MeKIPEMETHBIX CBS3eil NIPH H3yUeHUH OPraHM4ecKOH XUMIH B
10 xmacce OCYILUECTBISIETCA depe3 HCIONB30BaHME Kak o0IIMX ecTeCTBEHHO-
HAYYHBIX TOHATHI, TAaK ¥ TNOHATMH, NPHMHATBIX B OTACJBHBIX NPEAMETax
€CTeCTBEHHO-HAaYTHOr'o IIUKIIA.

O61e ecTeCTBEHHO-HAYYHBIE TIOHATHS: SBICHHE, HAYqHBIH (aKT, runoresa,
Teopus, 3aKOH, AHAIM3, CHUHTE3, kraccuduKanys, HabIOACHHE, H3MEpEeHue,
SKCIIEPUMEHT, MOJIE/b, MOJETMPOBAHHUE.

dusuka: Marepus, aToM, OIEKTPOH, NPOTOH, HEHTPOH, MOIeKyIa,
SHepreTHYeCKWil yDOBEHb, BEIIECTBO, Telo, O0BEM, arperaTHoe COCTOAHUE
RelecTBa, (DU3MUECKHE BENUYMHBI, SIUHUIBI M3MEPEHUs, CKOPOCTh, SHEPTH,
Macca.

BuoNOrMA: KIeTKa, OpraHM3M, OKOCHCTeMa, Ouocepa, MeTabou3M,
HAC/IEICTBEHHOCTD, aBTOTPOMHBI ¥ reTepoTPO(HBIH THI TUTAHHS, GporkeHnue,



dorocunTes, IbixaHme, OeNKH, YIIEBOBI, JKHPbL, HYK/IEMHOBBIE ~KUCIOTBI,
(hepMeHTEL

['eorpadus: moe3Hble HCKOMAeMbIE, TOIIHMEBO.

TexHONOTMS: TMHIEBbIE TPOTYKTh, OCHOBBI PAIMOHAILHOTO MHTAHHA,
MOFOTIIHE CPEJICTBA, MATEPHATIBI H3 HCKYCCTBEHHBIX U CUHTETHHECIHX BOJIOKOH.

11 KJACC

OBIIAS M HEOPTAHUYECKAS XUMHUA

TeopeTnyueckne OCHOBbI XHMHUH.

Atom. CoCTaB aTOMHBIX saep. XUMHYECKHUH SEMEHT. Uzoronsl. CTpoeHune
2JIEKTPOHHEIX 00ONOYEK aTOMOB, KBAHTOBBIC THCIA. DHepreTHYECKUe YPOBHU H
MOAYPOBHH. ATOMHBIE OPOHTAIIH. Knaccuukaiys XMMAYeCKUX 31eMEHTOB (s-, p-,
d-, f-omementsl). Pacmpesenenue 3IEKTPOHOB IO aTOMHBLIM  OpOUTAIIIM.
JNeKTpOHHBIE KOHOUIYpaLliH aTOMOB SIEMEHTOB T1epBOro—4eTBEPTOrO NEPUOI0B
B OCHOBHOM ¥ BO30YXKISHHOM COCTOSHEHM, JIEKTPOHHBIC KOH(HUTYpaLdd HOHOB.
DIeKTPOOTPUIIATEIBHOCTE.

Iepuopuueckuii 3akoH u IlepuoauHeckas chCTEMa XUMUYECKHX HIIEMEHTOB
JLN. Menneneea. Cpa3h NMepHOJMYECKOro 3aKOHA M [leprOANHECKOH CHCTEMBbI
SHMHYECKAX OIEMEHTOB C COBPEMEHHOHM Teopuel —CTPOCHUS — aTOMOB.
3aKOHOMEPHOCTY U3MEHEHHs CBOACTB XMMUECKAX 3JIeMEHTOB i 00pa3yeMbIX UMH
NPOCTHIX ¥ CHOXHBIX BEIIECTB MO TIPYIHam H neproiaM.  3HaueHHe
nepuoauueckoro 3akoxa JL.. Menneneesa.

Xyumudeckas CBi3b. BHIB XUMHUYECKOHM CBf3M: KOBaJCHTHAd, HOHHAs,
veramugeckas. MexaHusMbl 00pa3oBaHMs KOBANEHTHOH CBASH: oOMeHHBbIH |
JIOHOPHO-aKLENTOPHBIN. DHEPrus U JUIMHA CBSA3M. [lonApHOCT, HATIPABICHHOCTE H
HACHIIAEMOCTh KOBAIGHTHOW CBs3W. KpaTHbie CBi3H. BonoposiHas CBS3b.
MeKMONEKYJISPHEIE B3aMMOICHCTBHS.

BaleHTHOCTh ¥ BaJeHTHHIE BO3MOXKHOCTH aTomos. Csash 2JIeKTPOHHOMN
CTPYKTYPBI MOJIEKYJI ¢ HX T€OMETPHYECKHM CTPOCHUEM (Ha puMepe CoeMHEHNH
3JIEMEHTOB BTOPOTO IIEPUOZIA).

IIpencTaBieHye O KOMILIEKCHBIX COSIMHEHHUAX. CocTaB KOMIUIEKCHOTO HOHa:
KoMIITIeKkcooOpasoBarenb, JHIaHbL. 3gaueHre KOMILIEKCHBIX COEIUHEHHM.
[ToHsTHE 0 KOOPAWHAINOHHOH XUMUH.

BemectBa  MOJEKYJSPHOTO M HEMOJIEKYISPHOrO  CTPOSHWL. Turst
KpHCTAIUTHHEECKIX PerEToK (CTPYKTYP) 1 cBOiCTBa BEILECTB.

TMoHATHe O AUCIEpCHBIX crHcTeMax. McTHHHBIE pacTBOPEL. TlpeacTaBieHue O
KonmnouaHbIX pacTopax. Crocofbl BBIPAXKEHHA KOHIEHTPALMH pacTBOPOB:
MaccoBas oM BEILIECTBA B pPacTBOpPE, MONSAPHAS KOHUEHTPAIAA. HacslllieHHbIE U
HEeHACHIIIICHHBIE PACTBOPLI, PACTBOPUMOCTh. KprCTaioruapars!.



Knaccudukaiys 1 HOMEHK/IATypa HEOPraHHaeCknx pelectB. TpHBHAIBHbIE
HA3BaHMS OTJIEIBHBIX IPEJICTABATENEH HEOPTaHUYECKNX BEIICCTB.

Kiaccuduxanus XUMHIECKUX peakiuii B HEOpraHUYecKol H OpraHnyecKou
XUMIK. 3aKOH COXPAHEHWs Macchl BEILECTB; 3aKOH COXPaHCHHUA H TIpeBpaleHus
SHEpruy MPH XUMHUYCSCKUX peaKiuaX. Termnogble 3QHeKTbl XUMHIECKHX peaximii.
TepMOXHMHYECKHE YPABHEHUS.

CKOpOCTh XMMUMYECKOH peaKiyy, e€ 3aBHCUMOCTE OT pasuyHbIX (HAKTOPOB.
oMOreHHBIE ¥ TeTeporeHHble peaKiyu. Karanus u kaTanu3aTopel.

O6paruMble H HEOOPATHMbIE PEAKIMHU. Xumuueckoe papHosecue. KorcranTta
XxuMHYecKoro pasHoBecHs.. (PAKTOPEI, BIMAONMC HA TIOIOKEHHE XMMHYECKOro
PaBHOBECHS: TEMIIEpaTypa, NaBNeHUC H KOHLEHTPAIUX BeIIECTB, y4acTBYIOMUX B
peaxmyn. [Tpurrn Jle Ilarense.

DyeKTPONUTHYECKas JMCCOLHALIHS. CuibHBle W cliabble  3NeKTPOJIMTHL
Cremens mucconuanuu. Cpeia BOJHBIX PacTBOPOB: KUCTIOTHAs, HeWTpalbHad,
(enounas. Bogopommsii mokasarens (pH) pactsopa. Tuaponus conedt. Peakiuu
MOHHOro 0OMeHa.

OKUCITUTEIbHO-BOCCTAHOBUTEJIBHEIE — PEaKIHH. CTeneHb  OKHCIICHHMA.
OxucnuTeds W BoccraHoBuTenb., [IpoHecckl OKMCICHMSA 1 BOCCTaHOBJ/ICHHUS.
BajkHeiilAe OKUCIMTENM M BOCCTAHOBHTEIH. MeTojl 3J1eKTpoHHOro Oananca.
eKTPOJIA3 PACTBOPOB 1 PACIIaBOB BEMIECTB.

JKCIEpHMEHTAlBHEIE METONbI HM3yHUEHUS BEILCCTB H MX TpeBpalieHH:
pasnoXeHue I[EPOKCHJa BONOpOAA B MPHCYTCTBHH KaTan|M3aTopa, MOJEH
KPUCTA/NTMIECKAX PEIIETOK, MPOBE/IEHHE peakuuii HOHHOTO 0OMEHa, OTIPe/eNICHUE
Cpebl PacTBOPOB C TOMOIIBIO MHIAMKATOPOB, H3YHCHHME BAMSHHA Pa3IAIHBIX
(haxTOpoB Ha CKOPOCTh XUMMUECKOM peaKiiy U TIONOKEHHE XUMHYEeCKOro
paBHOBECHSL.

Heopranuyeckasi XHMHSL.

IonokeHre HeMeTayioB B IlepHomudeckod —CHCTEME XUMUYECKUX
snementos [/, Menneneepa u 0COOEHHOCTH CTPOCHHA MX dTOMOB. Du3nICCKHAS
CBOMCTBA HEMeTALTOB. AJLIOTPONHS HEMETAIUIOB (Ha NpHMepe KUCIOPOAa, Cephl,
docdopa 1 yriepona).

Bojopon. [Monydenue, pusuueckue W XHMUIECKUC CBOMCTBA: peaKIuH C
MeTaniaMd M HEMeTaulaMM, BOCCTaHOBUTENBHBIE cBoiictBa. [ 'HOpHIEL
TorIMBHBIE IIEMEHTHL.

[anorensl. HaxoxaeHue B TPHPOAE, CTMOCOOBI MOJNYHEHHMS, (uzugeckue u
XUMHUECKHe CBOHCTBA. |'anoreHOBOIOPOABI. BaxHermme KHCIIOpOACOAepKalHe
coe/MHenns rajoreH€os. JlabopaTopHbie H IPOMBIIUICHHBIE croco0bl Tomy4eHus
rajioreHoB. [ [pyMeHeHHe TaJIOreHOB ¥ X COCIMHEHHH.



Kucnopoz, 030H. JlabopaTopHble H IpOMBILIJIEHHBIE Croco0Bl TIONY4YeHNA
gucnopona. MUINYECKHe M XUMHUICCKUE cBOiiCTBAa M TIPUMECHEHHE KHCIOPOAa H
o3ona. OKcHIBl U TIEPOKCH/IBL.

Cepa. Haxoxuenwe B HPHPOAL, crioco0bl  TONydeHus, (Qusnueckue 1
xumugeckue cpoiictea. CepoBolopof, cynbdumpl.  Oxenn cepoi(IV), oxcui
cepui(VI). CepHucTas M CepHas KHCIOTHI i ux comu. OcoBeHHOCTH CBOHCTB
cepHoit kuenoThl. [Ipumenerye cepbl i 8 coelIUHEHUH.

Aszor. HaxoxieHue B IPHUPOIE, crocobpl  ToNydeHus, (usMdecKue H
XUMHUecKue CBOMCTBa. AMMHAK, HUTPHbI. Oxcuzpl a30Ta. A30THCTas U a30THAA
KcoTsl 1 ux coni. OcoOeHHOCTH CBOHCTB a30THO# KucnoTel. IIpuMeHeHne asora
1 ero coeUHeHni. A30THBIC Y00peHHUS.

®ochop. Haxoxpenue B TPUPOLE, criocobbl TTONyHeHus, (usHueckue H
sumudeckue cBoiictBa. Dochumpl 1 doctun. Oxcusiel dochopa, hocdopras
kucnora 1 eé comu. [Ipumenenue (hochopa u ero coenuuenuii. PocopHbIe
ynoOpeHus.

Vrieposi, HaxoxaeHuwe B - MPHPOAC. AJUTOTpOIHBIE MOIH(PHUKALHH.
Ouspueckde # XAMHUECKAe CBOWCTBA MPOCTRIX BEIIECTS, o6pa3zoBaHHbIX
yriepogoM. Oxeun yrnepoga(ll), oxcnn yraepona(IV), yronpHas Kuciora eé
conu. AKTHBHPOBAHHBIH Yrojb, ancopOuus. DyIepeHsl, rpadeH, yrjiepoaHbe
panoTpyOku. [IpyMeHeHne MPOCTHIX BEIIECTS, 00pa30BaHHBEIX YTIEPOJOM, H €TI0
COeJUHEHWH.

Kpemuuit. Haxox/eHue B IPUPOJE, CIoco0Bl TOMydYeHHs], (Qu3uIecKue H
wummueckue cpoticrsa. Oxcuy kpemuusi(IV), KpeMHHEBAs KWC/IOTa, CUJIMKATBI.
[TpuMeHeHHe KPEMHHUS U er0 coeurenni. CTEKII0, ero NoayYeHHe, BAJBL CTEKIIA.

Tonoxkenue MeTauioB B TIepromuecKoll CHCTeME XUMITIECKHX 3JIeMEHTOB.
OcoBGeHHOCTH CTPOSHHS 3IEeKTPOHHBIX oBonouex aromos Mertawios. Oo0mme
(usndeckue CBOMCTBA METAJLIOB. TlpuMeHeHHE METaIOB B OBITY M TEXHHUKE.
CrinaBbl META/LIOB.

DIEKTPOXUMHUYECKANH  PAN ganpsokennii  mertamios. OOuwwe crocobnt
Oy IeHHAA MeTaloB: THApOMeETaIypris, MHPOMETaJLTypris,
3JIEKTpOMeTALTypris. TIOHSTHE O KOppO3WH METAILIOB. Crioco6bl 3alMThl OT
KOPPO3HH.

O6mas XxapakTepUCTHKa METAJLIOB TA-rpymnmnsl [TeproaMUECcKOf CHCTEMBI
YUMHHECKHX JeMeHTOB. Harpwii ¥ Kauui: [OJIyueHUE, dusnueckue U
<UMHYECKHe CBOWCTBA, MPUMEHEHHE MPOCTHIX BEILECTB 1 X coeJUHEeHWH.

O6mas xapakTepucTHKa METallioB [IA-rpyrms! Tleprionueckoi CHCTEMEI
XUMHYECKHX 3JIEMEHTOB. Maruuii ¥ KalbUdi: [OTY4YEHHE, buzuHecKHe |
XHMHHECKHe CBOMCTBA, NPHUMEHEHHe TPOCTBIX BEUIECTB M HX COe{THEHUM.
YK ECTKOCTS BOJBI M CTOCOOB! €€ yCTPaHCHHUA.



AmoMHHUI: nonydeHue, pU3nueckre U XUMHYECKHe CBOMCTBA, MPUMEeHEeHUe
NpOCTOro BEIIECTBA M €ro coeiuHeHuH. AMQOTEpHblE CBOWHCTBA OKCHAA H
THAPOKCHZIA alTFOMUHNUS, THAPOKCOKOMILIIEKCH] aTFOMHHHMS.

OOmag XapakTepucTUKa MeTalNoB MOOOYHEIX moArpynn (B-rpyrm)
[Tepuoandeckoil CHCTEMBI XUMUYECKUX 3]IEMEHTOB.

Dusnyeckue ¥ XUMHYECKHE CBONCTBA XpoMa M ero coequHeHuH. OKCHIb! U
ruapokcuasl xpoma(ll), xpoma(lll) u xpoma(VI). XpomaTel U AUXPOMATEI, HX
OKHUCIHUTENbHEIE cBolicTBa. [TonydeHue U NpUMeHEHKE XpoMa.

Ou3nyeckne M XMMHYECKHE CBOMCTBA MapraHua # €ro COeJMHEeHUH.
Baxueitmme coenuuenus wmapranua(ll), wapranna(IV), wmapraama(VI) u
maprasia(VII). TTlepmaHraHat Kanus, ero OKACIUTEIbHbIE CBOHCTRA.

Ouznyeckue U XUMHUYECKHe CBOMCTBa jkene3a W ero coexuuHeHui. Oxcusl,
ruapokcuasl U comu xeneza(ll) u xeneza(lll). ITonyueHue u npUMeHEHHE XKellesa
U €ro CILIABOB.

DusnyecKHe W XAMUYECKHe cBOMcTBa Meau U ed coenunenuil. [Tomyyenue u
TIpAMEHEHHE MeId U €€ COeIUHEHUN.

I{usk: nonydeHue, (usMyeckue W XHUMHUYecKHe CBoicTBa. AmMdoTepHbie
CBOMCTBA OKCHA M THAPOKCHIA IIWHKA, THAPOKCOKOMILIEKCE! IIMHKA, [IpuMmenenue
LMHKA ¥ ero COeIMHEHMH.

OKCIIepUMEHTANlbHBIE METOJbl H3Y4YeHHS BEIECTB U MX MpPEBPallCHHH:
u3yueHue oOpasloB HEMETalioB, TOpeHHe cepsl, (oc(opa, keme3a, MarHus B
KHCJIOpOJie, H3y4YeHHE KOIeKIuKA «MeTa/mbl W CINaBbl», B3aUMOJEHCTBHE
LIETOYHBIX ¥ HMIETOYHO3EMEIBHBIX METAJUIOB C BOAOH (BO3MOYKHO HCIIOIb30BaHUE
BH/IEOMATEPHANIOB), B3aHMMOJEHCTBHE IMHKA M JKele3a C pacTBOPAMHU KHCIOT H
Lienoyeii, KayecTBEHHBIE Peakliy Ha HeopraHu4decKue aHUOHbI, KaTHOH BOJIOpOJa
H KaTHOHBI METAJIOB, B3aHMOJAEHCTBHAE THIDOKCHIOB A/IIOMHHHMA M LHHKA C
pacTBOpaMHM KUCIOT H Lienodel, pelienue dKCIepUMeHTalBHEIX 3a/1a4 [0 TeMaM
«T"anorens», «Cepa u e€ coefluHeHHSN», «A30T U Qocdhop B UX COETUHEHHS»,
«MeTaiisl TTaBHEIX HOATPYIID, «MeTaisl MoOOYHBIX [0 PYIIID».

XuMHA H KH3Hb.

Pouss xiMuu B obecrieyeHUH yCTOMYMBOrO pa3BUTHA venoBevecTsa. [lonsTue
0 HAay4HBIX METOAaX II03HAHWA M METOJONOTHHM HAYYHOIO MCCIeNOBaHHS.
Hayunble DPUHIMIEI OPraHU3alHH XUMHIECKOTO TTPON3BOACTRA. [IpOMEIIIINeHHbIE
crocoObl OMydeHHs Ba)KHEHIUKX BeILeCTB (Ha NMpUMepe NMPOH3BOACTBA aMMHaKa,
CEpPHOH KHMCJIOTBI, MeTaHona). IIpomelnienHsle cnocoObl MOMyueHnsT METalIoB U
criaBoB. XMMUUECKOE 3arps3HeHHe OKPYKAIoIie#d Cpefsl W ero IOCIeACTBUS.
Ponb xuMuu B obecriedeHUH IHSPreTHICCKON 0E30ITACHOCTH.

Xumust u  310poBhe  4enoBeka. JlekapcTBeHmHmle cpexactBa. [IpaBuna
VCIIONIB30BAHUS JIEKapCTBEHHEIX NpenapaToB. Polb XMMUHM B pa3BUTHH METHLIKHbL



X¥MHS MUNIA: OCHOBHBIE KOMIIOHEHTHI, MHIeBbie nobasku. Pons xumuu B
obecneyennu nueBoi GesonacHoOCTH.

Kocmernueckue u mapdromepHsie cpencta. beitosas xumus. Ilpasuna
Ge30[1aCHOr0 HCIONB30BaHUS IIPENapaToB ObITOBOM XAMHM B IOBCEIHEBHOM
JKU3HU.

XuMHS B CTPOUTENBCTBE: BaKHEHIIMEe CTPOMTENbHbIE MaTepuainsl (LeMEHT,
GeToH).

X¥MHs B CelbCKoM Xo3siicTBe. Opranuyeckre ¥ MHHEpaTbHBIE yI00peHHUS.

CoBpeMeHHBIe KOHCTPYKLUMOHHBIE MATepPHAalbl, KPackd, CTEKIJIO, KepamuKa.
Marepuainsl 1)1 3JieKTpoHUKH. HanoTexHomoruy.

PacuérHbie 3a1a4n.

PacuéThl: Macchl BEIIECTBA WM 00BEMA ra30B IO M3BECTHOMY KOIHYECTBY
BelllecTBa, Macce MM 00BEMY OJHOIO M3 YYACTBYIOMIMX B PEaKIUM BELIECTB,
maccel (00bEMa, KOJMYeCTBAa BeNIEeCTBA) MPOMYKTOB DPEaKIWH, €cly OINHO H3
BEINECTB MMEET IpUMecd, Maccsl (00b&Ma, KONMYECTBa BELIECTBA) MPOLYKTA
peaKIiy, eCTM OJHO W3 BEIIECTB JaHO B BUJE PACTBOPA C ONPEACHEHHOM
MaccOBOM JONel pacTBOPEHHOIO BEIIECTBA, MAcCOBOW [ONMM H MOJISIPHOM
KOHLIEHTPALWA BEIIeCTBA B PAacTBOpE, /IONM BBIXOZa MpPOAYKTa peakuuu OT
TEOPETHYECKH BO3MOMKHOTO.

MexrnpeIMeTHBIE CBA3H.

Peajmsaiiss MEXMpPEJAMETHBIX CBA3ed TNpH  H3ydeHHH OOmieH M
HEOpraHu4ecKoi XUMHUH B 11 Kiacce OCyLIECTBIAESTCS Yepe3 HCII0JIb30BaHue Kak
OOLIMX €CTECTBEHHO-HAYYHBIX MOHATHIH, TaK W MOHATHH, TIPHUHATEIX B OT/AEIBHBIX
npeaMeTax eCTeCTBEHHO-HAYYHOro IHKIIA.

O61uye ecTecTBEHHO-HAYYHbIE TIOHATHA: SBJICHHE, HAYYHBIH (DaKT, TUNIOTE3A,
TEOpHs, 3aKOH, aHANW3, CHHTE3, KIACCH(UKAIKs, MepHOAUIHOCTb, HAOMONeHUE,
M3MepeHHUE, SKCIIEPUMEHT, MOJIEIIb, MOJIEIUPOBAHHKE.

dusuka: MarTepus, MHKPOMHp, MaKpOMHMp, aroM, OSICKTPOH, NPOTOH,
HEHTPOH, MOH, U30TOIIBI, PaJUOAKTHBHOCTh, MOJIEKYTIA, SHEPTeTHHECKUH YPOBCHb,
BEIeCTBO, TeNno, OO0BEM, arperaTHoe COCTOSHWE BEIIECTBA, W/CANBHBIH Tras3,
(u3MYecKre BeJIMYMHBL, SMHULB H3MEPEHHUS, CKOPOCTh, SHEPI U, Macca.

Bronorus: KIeTka, OpraHusM, SKockcreMa, Guocdepa, MeTaboIU3M, MaKpo-
W MHKDO3JIEMEHTEI, GEJKH, JKUPBL, YIT€BOEL, HyKIEHHOBBIE KMCIIOTEL, (hEPMEHTBI,
FOPMOHEI, KPYTI'OBOPOT BEIIECTB U MOTOK YHEPTHHU B SKOCHCTEMAX.

Ieorpausi: MUHEpassl, TOPHBIE MOPO/IbI, TIOJE3HbIe HCKOMAeMBbIE, TOMIMBO,
pecypceHl.

TexHONOrUs: XMMUYECKas MPOMBIIUICHHOCTb, METALTYPIHUs, CTPOHTEILHbIE
MaTepHaibl, CelbCKOXO3MMCTBEHHOE MPOM3BO/ICTBO, MUILEBAs MPOMBIIINIEHHOCTD,
(apmaiieBTHYECKas IPOMBIIILIEHHOCTD, IIPOU3BOJCTBO KOCMETHYECKAX



IpenapaTtoB, NPOU3BOACTBO KOHCTPYKLMOHHBIX MaTepUanoB, 3TeKTPOHHas
IPOMBIIIIEHHOCTh, HAHOTEXHOJIOIHH,
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