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Pabouas mporpamma o00611e00pa3oBaTeNbHON yu4eOHOM MUCHMIUIMHBI «XHMHS» TpeIHa3HauYeHa
JUIL OCBOEHUSI OCHOBHOHM mpodeccnoHanbHol oOpazoBaTenbHOl mporpammbl CIIO Ha 6a3e 0CHOBHOTO

o01rero 00pa3oBaHus ¢ MOJIYYCHHUEM CPEIHET0 00IIero oOpa3oBaHms

PaGouast mnporpamma pa3paboTaHa B COOTBETCTBHM C: TpeOoBaHHsMU DenepaibHOrO
rOCy/apCTBEHHOTO0 00pa30BaTeIbHOr0 CTaHgapra cpeanero obmero obpazoanus (PIOC COO);
NPUMEPHOM OCHOBHOW 00pa3oBaTeNbHOM MPOrpaMMbl CpeaHEro ooOmero ooOpasoBaHus (ogoOpeHa
pemieHreM QenepaibHOro y4eOHO-METOINYECKOT0 00beAMHEHUS 1Mo 00meMy o0pa30BaHUIO; MPOTOKOI

ot 28 utons 2016 r. Ne 2/16-3).

PACCMOTPEHO YTBEPXJIEHA
[{uknoBoii kKoMuccHel 0011e00pa3zoBaTeNLHOTO IUKIIA 3am. nupekropa no YP
U QU3HYECKON KYJIbTYPHI I'BIIOY MO JIAT
ITpoToxoa Ne «_» 20 1.

O.B. PribakoBa
[Ipencenarens [IK H.A JlykameBu4 « » 20 T

COCTABUTEJIb —nipenonaBareib XUMHUH Bbiciiel kBanudukaimontoi kareropuu [’ bIIOY MO
JIAT Pri6akoBa O.B.
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IosicHuTeNLHAA 3aNIUCKA

[IporpamMma 001I€00pa30BATENFHON YYEOHOW ITUCHUIUIMHBI — «XUMHS» MpeIHa3HaueHa s
U3yYeHHUs] B TPOPECCHOHATBHBIX 00pA30BATEIBHBIX OPraHU3AIUAX, PEATH3YIONNX 00pa30BaTEIbHYIO
nporpaMMy CpeIHero oOmero o0Opa3oBaHUS B Ipelenax OCBOCHHS OCHOBHOH NpOQecCHOHATBHOM
obpazoBarensHoii mporpammbl CITO (OIIOIT CIIO) ma 6a3e OCHOBHOrO OOIIET0 OOpa3oBaHHS TPU
MOJTrOTOBKE KBATHM(HIMPOBAHHBIX PA00OUYMX, CIYXKAIIUX U CIIEHUAINCTOB CPEAHETO 3BEHA.

PaGowass mnporpamma paspaboTaHa B COOTBETCTBMH C: TpeOoBanusmMu DenepanrbHOTO
TOCYJapCTBEHHOTO 00pa30BaTEIBHOTO CTaHIapTa cpeaHero oomero ooOpazoanuss (PI'OC COO);
MPUMEPHO OCHOBHOW 00pa30BaTeNbHON MPOrpaMMbI CpeaHEro ooOmero ooOpasoBaHus (ogoOpeHa
pemeHreM ¢enepaabHOro y4eOHO-METOAMYECKOT0 OOBbEIUHEHUS 10 001IeMy 0Opa30BaHUIO; MPOTOKOII
ot 28 utonst 2016 1. Ne 2/16-3).

B nporpamme coOmromaeTcsi  IPEEMCTBEHHOCTh ¢ (eliepalbHBIM  TOCYJapCTBCHHBIM
00pa3oBaTeNbHBIM CTAaHAAPTOM OCHOBHOTO OOIIEro o0Opa3oBaHWsS; YYHUTHIBAIOTCS BO3PACTHBIE U
NICUXOJIOTHYECKNE OCOOCHHOCTH CTY/ACHTOB, OOYYalOIIUMXCS HAa CTYHNEHH OCHOBHOTO OOIIETO

O6paSOBaHI/I$I, YUUTBIBAOTCA MCKIIPEAMETHBIC CBA3U.

O0mas xapakTepucTuKa y4e0HOro nmpeaMera.

XUMHs — 3TO HayKa O BEIIECTBAaX, MX COCTaBe M CTPOCHHMHU, CBOMCTBAaX M NPEBPAILCHHIX,
3HAYCHHH XMMHUYECKHUX BEIIECTB, MATEPUAIIOB U MPOIECCOB B IPAKTHYECKOM IESTEIbHOCTH YEI0BEKa.

Conepsxanne o01ieo0pa3zoBaTeabHON yUeOHOM JUCIIUIUIMHBI « XUMUS» HAIMIPABJICHO HA YCBOEHUE
00YyYalOUIMMHUCST OCHOBHBIX TIOHSTHI, 3aKOHOB M TEOPUH XUMHH; OBJAJCHUE YMEHHUSIMH HaOIIOJaTh
XMMHUYECKUE SIBJICHUS, MPOBOAMTh XUMHYECKUH OSKCIEPUMEHT, MPOHM3BOAMUTH pacyeThl Ha OCHOBE
XUMUYECKUX (POpPMYJT BEIIECTB U ypaBHEHHN XMMHUYECKUX peakuuil. B mporecce m3yueHUs XUMHH y
06yqa101111/1xcs[ Pa3BUBAIOTCA  IMO3HABATCJIBHBIC HWHTCPECBI W HMHTCIIICKTYAJIbHBIC CHOCO6HOCTI/I,
NOTPEOHOCTH B CAMOCTOSATEIILHOM TPHOOPETEHHsI 3HAHWH 110 XMMUHU B COOTBETCTBUU C BO3HUKAIOIIUMHU
KM3HEHHBIMH TPOOJIEeMaMH, BOCIIUTHIBAETCS OEpEKHOE OTHOLICHHUS K MPHPOJE, TOHUMAaHUE 37J0POBOTO
o0pa3a jKu3HU, HEOOXOMMOCTH TPEIYIIPEKICHUS SBICHHH, HAHOCAIINX BPeJl 3A0POBBI0 M OKPYIKarOIIeH
cpene. OHM OCBaMBAIOT MPHEMbI FPAMOTHOTO, OE30MACHOTO HCIOIb30BAHHMS XUMHUYCCKHX BEINECTB U
MaTepuaioB, IPUMEHSIEMbIX B OBITY, CEJILCKOM XO34HUCTBE U Ha Mpou3BoJCcTBE. llpu cTpyKTyprupoBaHuu
coiepkanus 00IIe00pa3oBaTeIbHONH YYEOHOH NTUCHUIUIMHBI sl TPO(ECCHOHANBHBIX 00pa30BaTeIbHBIX
OpraHM3aluii, peaTu3yIomuX 00pa30BaTeIbHYI0 IPOrpaMMy CPEIHEro 00IIero 00pa3oBaHus B Ipeaenax
ocsoenuss OIIOIT CIIO nHa 6a3e OCHOBHOrO o00mero oOpa3oBaHUS, YYMUTHIBANIACh OOBEKTHUBHAS

peabHOCTh — HEOONbIIOW O00bEM YacoB, OTMYIICHHBIX HAa H3yYE€HUE XUMHH M CTpEeMJICHHE



MaKCHMalbHO COOTBETCTBOBATH HJESAM pa3BHBaroIiero odydenus. [loaTomy TeopeTmueckue BOTPOCHI
MaKCHMaJIbHO CMEIICHBI K Hadaly U3YYCHHsI TUCIUIUINHBL, C TEM YTOOBI MOCIEAYIOMUN (aKTUISCKUN
MaTepuai paccMaTpuBajCs Ha OCHOBE U3YYEHHBIX TEOPUH.

Peanuzanusi neAyKTUBHOTO MOAXOAAa K H3YYCHHIO XHMHH CIHOCOOCTBYET DPAa3BUTHIO TaKHX
JIOTUYECKHUX OMEepaluid MBIIUICHUS, KaK aHAIW3 U CUHTE3, 0000IICHNe W KOHKPETH3aIus, CPAaBHCHHE U
AHAJIOTHS, CUCTEMATH3AIMSI U KIIaCCUPUKALIUS U JIP.

N3ydyenne xumMuu B TpOGECCHOHATBHBIX O0Pa30BATEIBHBIX OPTraHMU3ANMSIX, PEATU3YIONINX
00pasoBaTeNbHYI0 MporpamMmy cpeaHero oodmiero obpaszoBanus B npezaenax ocBoenust OITOIT CIIO na
0a3ze OCHOBHOro 00Iero o0pa3oBaHus, UMEET CBOM OCOOCHHOCTH B 3aBHCHUMOCTH OT MPOQHIIL
po(hecCHOHALHOTO 00pa30BaHUsl. DTO BBIPAXKAETCS B COACPNKAHUHM OOYUYCHHS, KOJIHYECTBE YaCOB,
BBIJICTISIEMBIX HA M3YUYCHHUE OTICIBHBIX TEM IPOrPaMMBI, TTyOHHE UX OCBOCHHUS O00YUYaIONIMMHUCS, 00heMe
U XapakTepe MPaKTUUYECKUX 3aHATUHN, BUAAX BHEAYTUTOPHOU CAMOCTOSTENILHON pabOThI CTY/IEHTOB.

Nzyyenne oOieo0pa3oBaTenbHON yueOHOU AUCHUIIINHBI « XUMHUS» 3aBEPIIACTCS MOABEICHUEM
uToroB B gopme nuddepeHupoBaHHOTO 3a4eTa B paMKaxX MPOMEKYTOYHOH aTTeCTalluu CTYACHTOB B

npouecce ocsoerust OIIOII CIIO ¢ nonyuenueM cpenHero oouiero oopa3oBaHusl.

H3yyenne XuMHUM HANIPABJICHO HA JOCTHKEHHE CJICYIOIIMX Lesei:

e (QopmupoBaHue y OOyyaromMXCs YMEHHs OICHHUBATh 3HAYMMOCTH XMMHUYECKOTO 3HAHHS IS
KK Or0 4EJIOBEKA;

e (opMupoBaHHE Yy 00y4YaIOIIUXCS LEIOCTHOTO MPEICTABICHUS O MUPE U POJIM XUMHUU B CO3JaHUU
COBPEMEHHOM €CTECTBEHHO-HAyYHOU KapTHUHBI MHUPA; YMEHUSI OOBACHATH OOBEKTHI U MPOIECCHI
OKPY’KAIOIIEW NEHCTBUTEIBHOCTH: PUPOAHON, COLMAIBHOM, KYJIbTYPHOU, TEXHUYECKON CpElbl,
— HCIIOJNIB3YS VISl 3TOTO XMMUYECKHE 3HAHMUS,

® pa3BUTHE y 00YyYaIOIUXCs YMEHUH pa3nuyarh (hakThl U OLEHKH, CPABHUBATH OLIEHOYHBIE BBIBOJIBI,
BUJETb HX CBA3b C KPUTEPUSAMHU OLEHOK U CBS3b KPUTEPUEB C ONPEICIIEHHON CUCTEMOM
LEHHOCTEH, POpMyIHpPOBaTh U 00OCHOBBIBATH COOCTBEHHYIO MO3UIIMIO;

e qpuobpereHre OOydYalOIIMMHUCA  ONBITa  Pa3HOOOpPa3HOM  AEATENHOCTH, TO3HAHUA U
CaMOIIO3HAHUS; KJIFOUYEBBIX HABBIKOB, HMEIOIMX YHUBEPCAIILHOE 3HAYECHHE JUUIS PAa3JIUYHbIX BHIOB
JeSITEIbHOCTH (HaBBIKOB pEIlIeHUs MpobiieM, MPUHATHS pElIeHUH, TOUCKa, aHajau3a U 00paboTKu
nH(pOpMalii, KOMMYHHUKATUBHBIX HaBBIKOB, HABBIKOB U3MEPEHUI, COTPYTHUYECTBA, 0€3011aCHOTO

06paH_[CHI/I$I C BeIllECTBaMH B IIOBCEIHEBHOMN )KI/IBHI/I).



MecTo y4eOHOI TMCUUIIMHBI B Y4eOHOM IUIaHe
[Ipn peanuzanmm coaepkaHus o0O0ME00pa30BaTEIbHOW YUE€OHOM TUCHUIIIMHBI «XUMHS» B
npeaenax ocBoeHus oopazopatenpHoro rukiaa OIIOIT CITO (ITIIKPC, IITICC3) Ha 6a3e OCHOBHOIO
o0miero o0pa3oBaHus ¢ MOJYYCHHEM CPEIHEro oOIero oopa3oBaHusi MaKCUMalIbHAs y4ueOHasi Harpys3ka
CTYJICHTOB COCTAaBIISICT:
o nipodeccusim CITO Texamueckoro npodwmst — 133 yaca. 3 Hux — ayauropHas (o0s3aTenbHas)

Harpyska oOydJaroniuxcsi, BKJIroJas rnpakTuaeckue padorsl — 133 yaca.

HJIaHI/IpyeMl)Ie PE3YJIbTATHI U3YICHUA KypCa XUMHNH

OcBoenue conepkaHus yaeOHON TUCHMITIIMHBI « XUMHUA», 00€CIIeUnBaeT JOCTHKEHUE CTYIeHTaMU
CIIELYIOIINX PE3yIbTATOB:

*  JMYHOCTHBIX:
—— YyBCTBO M'OPAOCTH U YBAXECHUS K UCTOPUH U JOCTHIKEHHUSIM OTEUECTBEHHON XUMHYECKONW HAYKHU;
XMMHUYECKH IPaMOTHOE MOBEJICHHE B MPO(ECCUOHANBHOM AeSATEIbHOCTH U B OBITY ITPHU 0OpAILEHUH C
XUMHUYECKHMHU BEIIECTBAMU, MaTEPUAIAMH U IIPOLECCAMU;
—— TOTOBHOCTB K MPOAOJDKEHHIO 00pa30BaHus M MOBBIIICHUS KBaTH(PUKAIUU B H30paHHOMN
podeCcCHOHATIBLHOM 1eATENTbHOCTH U 00BEKTUBHOE OCO3HAHUE POJIM XUMUUYECKHX KOMIIETEHIIUN B 3TOM;
—— YMEHHE HUCII0NIb30BaTh JTOCTHKEHUS COBPEMEHHON XMMHUYECKON HAYKH U XMMHYECKHUX TEXHOJIOTUI
JUTSL TIOBBIIIIEHUS] COOCTBEHHOTO HHTEIUICKTYaIbHOTO Pa3BUTHI B BRIOPAHHOM MPO(dhecCHOHAIBHON
JIeATEIbHOCTH;

*  MeETalpeIMETHBIX:
—— UCIOJIB30BaHUE PA3JIMYHBIX BUJOB [I03HABATEIBLHOMN NAEATEIIBHOCTU U OCHOBHBIX MHTEIUIEKTYAJIbHBIX
ornepanuil (MOCTaHOBKH 3a/1a4uu, (OpMYIMpOBAaHUS TUIIOTE3, aHATIN3a U CUHTE3a, CPABHEHUSI, 0000111eHuS,
CUCTEMAaTH3alllH, BBISIBJICHUS IPUYMHHO-CIIEACTBEHHBIX CBSI3€H, TIOMCKA aHAJIOTOB, (OPMYJIMPOBAHUS
BBIBOJIOB)/1JIs pEILIEHUS IOCTABICHHOM 3a/1aun, MPUMEHEHUE OCHOBHBIX METO/I0B MTO3HAHHUS
(HaO0IeHN S, HAYYHOTO SKCIIEPUMEHTA) JIIsl U3YUEHUs Pa3IMUYHBIX CTOPOH XUMHUYECKHX OOBEKTOB U
IPOLIECCOB, C KOTOPHIMU BO3HUKAET HEOOXOJUMOCTh CTAJIKUBATHCS B MPOpeccuoHaIbHOU cdepe;
—— HCIIOJIb30BaHKE Pa3IMUHbIX UCTOYHUKOB JIJIS MOJTYUYEHHS] XUMUYECKON HH(OpMallii, YMEHUE OLIEHUTh
€€ JOCTOBEPHOCTb JUISL JOCTHXKEHUS! XOPOIINX Pe3yJIbTaTOB B MpodecCHOHATIBHOM chepe;

* IpEAMETHBIX:
— c(hopMHPOBAHHOCTH MPEJICTABICHUI O MECT€ XMMHH B COBPEMEHHOI Hay4HOU KapTHHE MUPA;
MOHMMAaHUE POJIH XUMHUH B (OPMUPOBAHUU KPYro3opa U GyHKIHOHATBHON IPaMOTHOCTH YeJIOBeKa /st

pCHICHUSA NPAKTUYCCKUX 3a4aY;



—— BJIaJICHUE OCHOBOIIOJIATAIOLIIMMHA XUMUYECKUMU TTOHITUSMH, TEOPUSIMU, 3AKOHAMH U
3aKOHOMEPHOCTSIMU; YBEPEHHOE NOJIb30BAHUE XUMUUYECKON TEPMUHOJIOTMEN U CUMBOJIMKON;

—— BJIaJICHHE OCHOBHBIMH METOJIaMH HAYYHOTO TTO3HAHUS, UCIIOIh3YEMBIMU B XMMHUH: HAOIIOICHUEM,
OTHMCaHUEM, U3MEPECHUEM, PKCIIEPUMEHTOM; YMEHHE 00padaThiBaTh, OOBSACHATH PE3YJIbTAThI
MIPOBEJICHHBIX OMBITOB U JIeJaTh BHIBOIBI; TOTOBHOCTh M CIIOCOOHOCTH MPUMEHSTH METOABI TIO3HAHHUSI TTPU
pELICHUH TPAKTHYECKUX 3a/1a4;

— c(hopMHPOBAHHOCTH YMEHHUS JaBATh KOJIMYECTBCHHBIC OLIEHKH U TPOU3BOIUTH PACUETHI 110
XUMHUYECKUM (POopMyJsiaM B YPaBHCHHUSIM;

—— BJIQJICHHUE MPABWJIAMH TEXHUKH 0€30MacHOCTH MPH UCIOJb30BaHUU XUMHYECKUX BEIICCTB;

— copmupoBaHHOCTH COOCTBEHHOM MO3UIIMU IO OTHOIICHHUIO K XUMUYECKOW HH(OpMAaILInH,

HOquaeMOﬁ M3 pasHbIX HICTOYHHKOB.

BeinmycKkHUK Ha 0230BOM YPOBHE IOJIYYHT BO3MOKHOCTD HAYYHThCH:
* Ha3bIBATh: N3YUYCHHBIEC BEIIECTBA 110 TPUBUAIIBHON MM MEKIYHAPOIHOM HOMEHKJIIATYPE;
* OmnpeleJsATh: BAJICHTHOCTh U CTEIEHb OKUCICHUS XUMHUYECKHMX DJIEMEHTOB, THUIl XMMHUYECKON CBSI3HU B
COCIMHEHUAX, 3aps MOHA, XapakTep Cpelbl B BOJIHBIX pacTBOpaX HEOPIaHUYECKUX M OPraHUYECKHX
COCIMHEHUHN, OKHUCIUTENb M BOCCTAHOBUTENb, IPUHAMIEKHOCTh BEIIECTB K PAa3HBIM Kilaccam
HEOPraHWYECKUX U OPraHU4YECKUX COCNHECHUN;
* XapaKTepPH30BaTh: 3JIEMEHTHl MAJIBIX IIEPUOJOB IO UX IONokeHUIo B llepunoanueckon cucreme .M.
MenneneeBa; o0muMe XUMHUYECKHE CBOMCTBa  METalJIOB, HEMETAJIOB, OCHOBHBIX  KJAacCOB
HEOPraHWYECKUX U OpPraHUYECKUX COCIUHEHHUH; CTPOEHUE U XHMMHYECKHE CBOMCTBA W3YYEHHBIX
HEOPraHWYECKHUX U OPraHU4YEeCKUX COCMHEHNN;
* 00BACHATDH: 3aBUCUMOCTb CBOMCTB BEIIECTB OT MX COCTaBa U CTPOEHUS, IPUPOY XUMUUYECKOU CBSI3U
(MOHHOH KOBaJICHTHOM, METAJUIMYECKON U BOJIOPOJIHOM), 3aBUCIMOCTh CKOPOCTH XUMHUUECKOM peaKluu u
HOJIOKEHUE XUMUYECKOTO PaBHOBECHS OT pa3IMYHbIX (DaKTOPOB;
* BBINOJHATL XUMHMYECKHMH JKCIEPUMEHT: IO pAaCIO3HABAHUIO BAKHEWUIINX HEOPTraHWYECKHX U
OpPraHNYECKHUX COECTMHEHUM;
* NPOBOAMTBL: CAaMOCTOSTENIBHBIA TMOMCK XMMHUYECKOH HH(pOpMalMU C HCHIOJIb30BAHHEM pa3IMUHBIX
UCTOYHUKOB (HAYYHO-TIONMYJISIPHBIX W3JaHUN, KOMIBIOTEpHBIX 0a3 HaHHBIX, pecypcoB HHTepHeTa);
MCIIOJIb30BaTh KOMIMbBIOTEPHbIE TEXHOJIOTHH JIsl 00pabOTKU U Mepefadyn XUMUYecKol nHpopManuu u ee
MPEJICTaBICHUS B pa3IMYHbIX opMax;
* CBA3BIBATH: U3YUYCHHBII MaTepuall co CBOei MpodecCuoHaIbHOM 1S TeNbHOCTBIO;

¢ pemiaTb: paCuUCTHBIC 3aa4r 110 XUMHUYCCKUM (I)OpMYJ'IaM " YPABHCHUAM,



* HCHOJIB30BATHL NPHOOPETEHHbIE 3HAHWUS M YMEHHMS B MNPAKTHYECKON JeATEeJbHOCTH H
MOBCEAHEBHOM KM3HM: 1151 OOBSICHEHHS] XMMUYECKHUX SIBICHUH, IPOUCXOAIINX B IPUPOE, OBITY U Ha
IIPOU3BOJICTBE; OINPEIEICHUS BO3MOXKHOCTH IIPOTEKAaHUS XWMHUYECKHMX IIPEBpAICHUHM B pa3IUYHBIX
YCIIOBUSX M OLIEHKM MX IOCIEACTBHH; DKOJOTMYECKH I'PAMOTHOIO INOBEACHHS B OKPYXKAlOIIEH Cpene;
OLICHKHM BJIMSHUS XUMUYECKOTO 3arpsi3HEHUS OKPY’KAIOIIEH cpeibl Ha OpraHUu3M 4elOBEKa M Jpyrue
KHUBBIC OpPraHU3MbI; O€30MacHOr0 OOpalleHus € TOPIOYMMHU M TOKCHUYHBIMH BEIIECTBAMH U
7a00paTOpHBIM 000pYIOBaHHEM; IMPUTOTOBIICHHUS PACTBOPOB 33JaHHOW KOHIICHTPALMU B OBITY M Ha
IPOM3BOJICTBE; KPUTHUECKOW OLEHKH JOCTOBEPHOCTH XMMHYECKOM MH(pOpMalMM, MOCTyHaroled Hu3
pa3HbIX UCTOYHHUKOB.

BbinyckHuK Ha 0230BOM yPOBHE J10JI’KEH 3HATh:

* BaKHeiillMe XMMHYECKHe TOHSITHS: BEIIECTBO, XHMHYECKHHA JIIEMEHT, aTroM, MOJIEKYIIa,
OTHOCHTEJIbHBIE aTOMHAasi M MOJEKYJSIpHAs MaccChl, WOH, aJUIOTPOIUS, M3O0TOIbI, XUMHYECKas CBS3b,
3JIEKTPOOTPHULIATEIBHOCTD, BaJICHTHOCTh, CTEIIEHb OKUCIIEHUS, MOJIb, MOJIIPHAs Macca, MOJISIPHBIA 00beM
ra3oo0pa3HbIX BELIECTB, BEIECTBA MOJIEKYJIIPHOIO M HEMOJEKYJSPHOIrO CTPOCHMs, pPaCTBOPHI,
DIIEKTPOIIUT W HEDJCKTPOJUT, DSJICKTPOIUTHYECKAs] IUCCOLMAIMS, OKHCIUTENh W BOCCTAaHOBUTEID,
OKHCIICHHE M BOCCTAHOBIICHHE, TEIUIOBOH AP EKT peakiuu, CKOPOCTh XUMHUYECKON pPEaKINH, KaTaus,
XMMHUYECKOE paBHOBECHE, YIIICPOIHBIN CKeNeT, (PyHKIMOHANIbHAS TPYIINa, H30MEpUsl, FOMOJIOTHS;

* OCHOBHbIE€ 3aKOHbI XMMHM: COXPaHCHMs MacChl BEIIECTB, IIOCTOSIHCTBA COCTaBa BEILECTB,
nepuoanyeckuii 3akoH J1.11. Menneneesa;

* OCHOBHbIE€ TEOPUM XHUMHHU: XHMHUYECKOH CBS3U, DICKTPOIUTHUYECKOW TUCCOIMAINHN, CTPOSHHS
OpPraHUYECKHUX U HEOPTaHMUECKUX COEIMHEHUN;

* BaJKHelllMe BelecTBa M MaTepuaJibl: BaXHEHIIME METaUIbl U CIUIaBbI, CEpHasi, COJIsIHAs, a30THas U
YKCYCHasi KUCIIOTHI; OJaropoiHbIe Ta3bl, BOAOPO, KHCIOPO/, TAIOTEHBI, IEJIOYHBIC METAIUIBI; OCHOBHEIE,
KHCJIOTHBIE W aM(OTEPHBIE OKCHIBI M THAPOKCHIBI, IEIIOUH, YTICKUCIBIA U YTapHBIN ra3bl, CEpHUCTHIN
ra3, aMMHaK, BOJa, IPUPOJHBINA ra3, MeTaH, 3TaH, HTWUJIEH, AlleTUJICH, XJOPHUJ HaTpHs, KapOOHAT U
IHJIpOoKapOOHAT HaTpHsl, KapOoHAaT U QocdaT Kaublus, OEH301, METAHON M 3TaHOJ, CIOXKHBIE APUPHI,
JKUPBI, MbIJIa, MOHOCAaxXapuasl (TJIIOKO03a), AMcaxapuibl (caxaposa), moJiMcaxapuabl (KpaxManl u
EJUTF0JI03a), AHWIIMH, aMHUHOKHCIIOTHI, O€NKH, MCKYCCTBEHHBIE M CHHTETHYECKHE BOJIOKHA, KAay4YyKH,

mIaCcTMaccChl;



Conep:xxaHue Kypca XUMHHA

BBeaenue

Hay4mble MeTO/IbI TO3HAHUS BEIIECTB U XUMUYECKUX sBJICHUM. POJb SKCIIEpUMEHTa U TEOPUH B
XUMHUH. MoenupoBaHue XUMUYECKUX MPOIECCOB. 3HaueHNe XuMuU nipu ocBoeHunu npodeccuii CIIO u
cneruanbHocTei CIIO TexHudeckoro npoduis mpopecCHOHATHFHOTO0 00pa30BaHusl.

1. O0masi 1 HeopraHm4veckasi XuMUs
1.1. OcHOBHbIE MOHATHS U 3AKOHbI XUMHU

OcHoBHble TIOHATHA XuUMHUH. BemectBo. Atom. Monekyna. XUMHUUECKUN 3JIEMEHT. AJUIOTPOIUS.
ITpocTeie M cnoxHbIe BemecTBa. KadyeCTBEHHBI M KOJWYECTBEHHBIM COCTaB BEIIECTB. XUMHYECKHE
3HakM M Qopmysbl. OTHOCUTENbHBIE AaTOMHas M MOJEKyJspHas Maccbl. KoiudecTBO BeliecTBa.
OcHoBHblE 3aKOHBI XUMHUHU. CTEXHOMETpHUS. 3aKOH COXPAHEHHS MAacChl BEIIECTB. 3aKOH IOCTOSIHCTBA
COCTaBa BEIIECTB MOJIEKYJISIPHON CTPYKTYpbl. 3aKOH ABOraJpo U ciencTBUs U3 Hero. PacueTHble 3a1aun
Ha HAaXO0XJICHHE OTHOCHUTEJIBHOM MOJIEKYJSIPHOM MAacChl, ONPEIEICHUE MAacCOBOM JOJIM XHMHYECKHUX

JJICMCHTOB B CJIOXKHOM BCIHICCTBC.

Jemoncmpayuu: Monenu aToMOB XMMHYECKHX 3JI€MEHTOB. MOJEIH MOJICKYJ HPOCTHIX U CIIOMXHBIX
BemiecTB (mapoctepkHeBbie U Crioapra—bpurieba). Kosutekiuss MpoOCThIX M CIIOKHBIX BEIIECCTB.
Hekoropsie BemecTBa kKomuecTBOM | Moiib. Mok MoJsipHOTO 00beMa Tra3oB. Ayutorponus docdopa,
KHCJIOPO/Ia, 0JI0BA.

1.2. Ilepnoanuecknii 3axoH u Ilepuoanyeckas cucreMa XMMHYECKHX
jiemeHTOB JI. . Menae/ieeBa 1 CTpOeHUE aTOMA

[Mepuonnueckuit 3axon JI. 1. MenaeneeBa. Otkpeitue J[. . MenneneeBrim I[lepuoandeckoro
3akoHa. [lepmonmnueckuit 3axkoH B QopmymupoBke JI. M. MengeneeBa. Ilepuoamueckass Ttaliuia
XMMHUYECKHX 3JEMEHTOB — rpaduyeckoe OToOpakeHue mepuoandeckoro 3akoHa. CrpykTypa
HNEepUOUYECKON TaONIuIbl: Mepuoabl (Majible M Oosbline), Ipynnsl (raaBHass ¥ mobouHas). CTpoeHue
atoma u Ilepuonuueckuit 3akon [[. 1. MenneneeBa. ATom — cnoxkHas yacTuua. Sapo (MpoTOHBI U
HEUTPOHBI) U deKTpoHHas o0osiouka. M3oronsl. CTpoeHUE AIIEKTPOHHBIX 000JI0YEK aTOMOB 3JIEMEHTOB
MaJIbIX MepuosoB. OCOOEHHOCTH CTPOEHHs 3JIEKTPOHHBIX O0OJIOYEK AaTOMOB JJIEMEHTOB OOJBIINX
nepuoJsioB (mepexoqHbIX 37eMeHToB). Ilonartue o0 opOurtansx. s-, p- u d-opOutamu. DIEKTPOHHBIE
KOH(HUTYpary aTOMOB XUMHYECKUX dieMeHTOB.CoBpemeHHast popmynupoBka I[leproanyaeckoro 3akoHa.
3nauenune llepuonnmueckoro 3akoHa u Ilepuommueckod cucrembl XuMuyeckux snemeHToB [ M.

MenpaeneeBa mis Pa3sBUTUA HAYKU U ITIOHUMAaHUS XUMHYECKOM KapTUHBI MUpa.



Jemoncmpayuu: Pazmuunbie gopmbl Ilepuoamueckoit cucreMbl xXumuueckux snemertoB J[. .
MenneneeBa. JluHamMmuueckue TabMUIBl UIs MoaenupoBaHus [lepuonudeckoil cucreMbl. DineKTpU3anus
T€J U UX B3aUMOJICHCTBHE.

Jlabopamopuwsiit oneim: MonenupoBanue noctpoeHus Ilepuoandeckoid TaOIUIBI  XUMHUYECKHX
JJIEMEHTOB.

1.3. CTpoenue BemecTBa

Honnast xumuueckast cBsizb. KaTtmonbl, mx oOpa3oBaHHME W3 aTOMOB B pe3yJibTaTe IMpolecca
OKHCIICHHS. AHHOHBI, UX 00pa30BaHHE M3 aTOMOB B pe3yJjbTaTe IMpoIlecca BOCCTaHOBIICHUS. VoHHas
CBA3b KAK CBSI3b MEXJYy KaTHOHAMU M AaHUOHAMM 3@ CUYET DJJIEKTPOCTATUYECKOIO MPUTSIKEHUS.
Knaccudukanus HOHOB: MO COCTaBy, 3HAaKy 3apsja, HAIWYUIO TUApaTHOW 000m04yku. HoHHbIe
KpucTajimueckue pemerkd. CBONCTBAa BEIIECTB C HMOHHBIM THUIIOM KPHUCTAUIMYECKOM pEIIEeTKHU.
KoBanentnas xumudeckasi cBsa3b. MexaHn3Mm oOpa3oBaHUsI KOBJICHTHON CBA3U (OOMEHHBIM U JOHOPHO-
aKLIENTOPHBIN). DieKTpooTpuLaTenbHOCTh. KoBajeHTHbIE MoJisspHas U HemossipHas cBsi3u. KpaTHocTb
KOBAJICHTHOM CBsI3U. MOJEKyJISIpHbIE U aTOMHbBIE KpUCTAJUIMYecKue pemieTku. CBONCTBa BEIIECTB C
MOJIEKYJIIPHBIMU M aTOMHBIMU KPUCTAJUIMYECKUMHU perieTkaMu. MeTtaminueckas cBsi3b. Merayunueckas
KpUCTAJUIMYECKasl pElIeTKa M METAJUIMYecKas XHMMHMYecKass CBs3b. PU3MUYECKHE CBOMCTBA METAJUIOB.
ArperaTHble COCTOSIHUSI BEIIECTB U BOJOPOJHAs CBsA3b. 1BEpAOeE, KUIKOE M ra3000pa3HOE COCTOSHMUS
BewecTB. [lepexon BemiecTBa U3 OJHOrO arperaTHOro COCTOsAHMS B apyroe. Bogopoanas cBsizb. Uucteie
BelecTBa U cmecu. [lonsitue o cMmecu BemiecTB. ['oMoreHHble U rereporeHHble cmecu. CoctaB cMecei:
o0beMHasi U MaccoBas JI0JIW KOMIIOHEHTOB CMECH, MaccoBasi J0Js Npumecel. JlucrnepcHble CHCTEMBI.
[lonatue o nucnepcHoit cucreme. JlucnepcHas ¢aza u aucnepcuoHHas cpema. Kriaccuduxarus
JUCIiepCHBIX cucteM. [ToHsATHE O KOJIJIOUIHBIX CUCTEMAX.

Hemoncmpayuu: Mojens KpUCTAJUIMYECKON pelieTku Xiaopuaa Hatpus. OOpasibl MUHEPAJIOB ¢ MOHHON
KPUCTAJUIMYECKOW PEIIETKON: KaJblUTa, ranura. Moaenn KpUCTAINYECKUX PEIIETOK «CYXOro JbAa»
(wnu ¥Hioma), anmasa, rpadura (wiam kBapua). [Ipubopsl Ha xumkux Kpucramuiax. OOpasibl pa3IuyHbIX
JUCIIEPCHBIX CHCTEM: 3MYJBbCHH, CYyCIIEH3WH, a’po3oiiei, reneid u 3oneil. Koarymsamusa. Cunepesuc.
Oddext Tunpans.

Jlabopamopnuie onvimot. [IpurotopneHue cycneH3un kapooHaTa kanblus B Boje. [lomyueHue smynbcun
MOTOpHOTO Macia. O3HaKOMIIEHHE CO CBOMCTBAMH JTUCIIEPCHBIX CUCTEM.

1.4. Boga. PacTBopbl. DIeKTPOJINTHYECKAS U CCOLHAIUS

Boma. PactBopel. PactBopenme. Boga kak pacTtBoputenb. PacTBOpUMOCTH  BEHIECTB.
Haceliiennble, HEHACHIILIEHHBIE, MEPECHIIIEHHbIE PAacTBOPbl. 3aBUCHUMOCTb PACTBOPUMOCTH Ta30B,
KUJKOCTEH M TBEPABIX BEUIECTB OT pa3IUYHBIX (hakTOpoB. MaccoBas H0Js pacCTBOPEHHOTO BEIIECTBA.

BHeKTpOHI/ITI/IquKaH JUCCOoranus. :‘)HeKTpOJ'II/ITBI " HEDJICKTPOMUTHI. SHeKTpOJ'H/ITI/ILIeCKaH Jucconuanus.

10



Mexanuszmel 3H€KTpOHHTH‘I€CKOﬁ aucconuanu it BEMICCTB € pas3JIMYHbIMU THIIAMU XHUMHUYECKOU CBSI3H.
I'unpatupoBaHHbIE U HETUAPATUPOBAHHBIE HOHBI. CTENEHD AEKTPOIIUTUUECKON aucconrannun. CUIIbHbIE
U cnabdble 37eKTPOAUThl. OCHOBHBIE MOJOKEHUS TEOPUU AJIEKTPOIUTUUYECKON aucconuanuu. KucioTsl,
OCHOBAHUS U COJH KakK 3JIEKTPOJIUTHI.

Jlemoncmpayuu: PactBopuMocTh BemecTB B Bojae. CoOuUpaHHe Ta30oB METOJIOM BBITECHEHHUS BOJIBI.
PacTBOopeHue B BOJIe CEpHOM KHUCIOTHI U colieii aMmMoHUs. OOpasibl KpUCTALIOTUAPATOB. M3roToBIeHUE
TUTICOBOM MOBSA3KU. VcnibITaHMe pacTBOPOB 3JIEKTPOIIUTOB M HEIIEKTPOJIUTOB HA MPEIMET TUCCOLUALINH.
3aBUCHUMOCTh CTEIEHH AJIEKTPOJIUTHUYECKON TUCCOLMAIMU YKCYCHON KHUCIIOTHI OT pa30aBlieHUsl pacTBOpa.
JIBuKeHHe OKpallleHHBIX HOHOB B AJIEKTpUYECKOM MoJie. [IpuroroBieHue »ecTkoi BOAbI U YCTPaHEHHUE ee
JKECTKOCTHU. VIOHUTEI. OGpElSL[BI MHHCPAJIBbHBIX BOJ PA3JIMYHOI'O HASHAYCHUA.

Ilpakmuueckoe 3anamue: 11purotoBieHre pacTBopa 3alaHHON KOHLIEHTPALIUH.

1.5. Knaccudukanusi HeOpraHM4eCKUX coeTMHEHUI U UX CBOHCTBA

Kucnmorel m mx cBoiicTBa. KHCIOTBI Kak 3JEKTPOJIUTHI, WX KIACCH(PUKAIUSA IO Pa3IHYHbIM
Npu3HaKaM. XHMHYECKHE CBONCTBAa KHUCIOT B CBETE€ TEOPUHU HJIEKTPOIUTUYECKON JTUCCOLUALINY.
OcoOCHHOCTH B3aMIMOJICHCTBHS KOHIIGHTPUPOBAHHON CEPHOM W a30THOM KHCJIOT C MeETaIaMH.
OcHoOBHBIE CITOCOOBI MOTyYeHus KUcaoThl. OCHOBaHUS M WX cBOMCTBA. OCHOBaHUS KaK AJIEKTPOIUTHI, UX
KJIaCCU(UKALMSA 10 pPa3jIMYHBIM IPU3HAKaM. XWUMHYECKHE CBOHCTBA OCHOBAaHUN B CBETE TEOPUU
SJIEKTPOJUTUYECKON Jucconuanuu. Pa3iokeHue HepacTBOPUMBIX B BoJie OCHOBaHUW. (OCHOBHBIE
crocoObl noy4yeHust ocHoBanuil. Conu u ux cBoiictBa. Conu Kak 31MeKTpoauTsl. Conu cpeHue, KUcibie
Y OCHOBHBIC. XMMUYECKHE CBOWCTBA COJIEH B CBETE TEOPUHU DIEKTPOIUTUUECKON Tuccoruanuu. Crocoosbl
nosydeHust coneit. ['maponus cosneit. Oxcuapl U ux cBoiictBa. ConeolOpasyromue U Heconeo0pa3yroime
okcubl. OcHOBHBIC, aM(DOTEPHBIE U KUCIOTHBIE OKCHUJBL. 3aBUCHMOCTh XapaKTepa OKCHAA OT CTENEHU
OKHCJICHHS 00pa3yIoIIero ero Metaunia. XUMHYECKHUe CBOMCTBa OKcuIoB. [lomydueHrne okCHaoB.
Jemoncmpayuu:. B3auMoneicTBue a30THOM M KOHUEHTPUPOBAHHOW CEPHOM KHCJIOT € MeETajulaMH.
l'openne ¢ochopa u pacTBopeHue nmpoiaykra ropeHus B Boje. IlonydeHne m cBoiicTBa am(pOTEpHOro
ruapokcuaa. Heobpatumblii ruaponus kapOuaa kanbius. OOpaTUMbI THIPOIU3 COJEH pa3iMyHOTO
THIIA.

Jlabopamopmnwsie onvimot. VicnbiTaHue pacTBOPOB KUCIOT MHAUKATOpaMu. B3anMoieiicTBHE METAaJIOB C
KucnoTamMu. B3amMoielicTBHE KHUCIOT ¢ OKCHAAMH METaIUIOB. B3amMoaelicTBie KHCIOT ¢ OCHOBAaHHUSIMHU.
BzaumopeiictBue KUCnorT ¢ coiisiMu. McnplTaHue pacTBOpPOB LIEIOYEN MHIAMKATOpaMu. B3aumonerncreue
mienouen ¢ consiMu. PasnioxkeHune HEpaCTBOPUMBIX OCHOBAaHMM. B3auMoAeNCTBHE COJIEM C METaJUIaMH.

BzaumoperictBue coseit apyr ¢ apyrom. I'maponus coner pa3iIMuHoro TUIa.
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1.6. XuMn4yecKkue peakunu

Knaccudukanus xuMudeckux peakiuil. Peakiuu coeuHeHns, pa3ioKeHus, 3aMelleHns, OOMeHa.

Karanutuueckue peaknuu. OOpatumble W HEOOpaTHMBIE pEaKIMHU. | OMOTEHHBIE M Te€TEepPOTreHHBIC
peakiuy. DK30TePMUYECKHE U HHAOTEPMHUYECKUE peakiuu. TeruoBoi 3pGeKT XUMUYECKUX pPeaKIui.
Tepmoxnmuueckue ypaBHeHHS. OKHCIHUTEIbHO-BOCCTAHOBUTEIIBHBIE peakuuu. CTENeHb OKUCICHHUS.
Oxucnurenb M BOCCTaHOBICHHE. BoccTaHoBUTENns M OKMcIeHHE. MeToj 3JIeKTpOHHOro OanaHca Jyis
COCTaBJICHUS] YPAaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX peakiil. CKOPOCTh XMMHUECKUX PEAKIIHIL.
[lonsiTHE O CKOPOCTM XUMHYECKMX pEaKUHMi. 3aBUCHUMOCTb CKOPOCTH XHMHUYECKUX PEAKIHUH OT
pasiM4HbIX  (PAKTOPOB: MPUPOJBl PpEArupyroIluX BEIIECTB, HMX KOHLEHTpallUH, TeMIIepaTyphl,
IIOBEPXHOCTH CONPHUKOCHOBEHUS U UCIOJIb30BAHUSA KaTanU3aTopoB. OOpaTUMOCTh XUMHUECKUX PEAKIIUH.
OO6parumbie 1 HEOOpAaTUMbIE PEaKIIUU. XUMUUECKOE PABHOBECUE U CIIOCOOBI €r0 CMEIICHUSI.
Jemoncmpayuu: [lpumepbl HEOOPATUMBIX PEAKIUI, UIYIIUX C 00pa30BaHUEM OCaJKa, ra3a WU BOJBIL.
3aBUCHUMOCTb CKOPOCTH pE€akLMH OT INPUPOAbI pearupyrolux BellecTB. B3anMopelcTBHe pacTBOPOB
CepHOW KHCIOTBl C pacTBOpaMHU THOCYJIb(aTra HATPHUsS pa3IMYHOW KOHLEHTPALMM U TEMIIEPaTyphl.
Mopnenb KUMALEro cios. 3aBUCUMOCTh CKOPOCTH XMUMHUYECKOM peaklMy OT MPUCYTCTBUSI KaTaln3aTropa
Ha NpUMeEpe pa3iIoKEeHUs MEPOKCHIA BOIOPOJA ¢ MOMOUIBIO JMOKCHAA MapraHua u Karajiassl. Moneinb
aNeKTpon3epa. MoJenb MEeKTPOIM3HON BaHHBI I MOJIyYEHUs aTIOMUHUA. Mozenb KOJIOHHBI CUHTE3a
aMMuaKxa.
Jlabopamopuvie onvimer. Peakiys 3aMEIeHNs] MEU KEJIE30M B pacTBOPE MEJHOTO Kyropoca. Peakuuu,
uayue ¢ oOpa3oBaHMEM OCajiKa, ra3a MiId BOJAbl. 3aBUCHUMOCTh CKOPOCTH B3aMMOJECHCTBHS COJISTHOM
KHCJIOTBI C METAJUIAMHM OT UX IPHUPOJBI. 3aBUCHUMOCTb CKOPOCTH B3aMMOJEHCTBHS IIMHKA C COJITHOM
KHCJIOTON OT €€ KOHLEHTpalMM. 3aBUCUMOCTh CKOPOCTH B3auMmojeiictBus okcuga meau (II) ¢ cepnoit
KHUCJIOTOM OT TEMIIEPATYPHI.

1.7. MeTaJ11bI 1 HEMETAJLJIBI

Mertamipl. OcOOEHHOCTH CTPOEHHS aTOMOB M KpUCTAUIOB. DuU3MYecKrne CBOWCTBA METAJIOB.
Knaccudpukamumss MeTauioB 1O  pa3IMYHBIM — NpU3HAKaM. XHMHYECKHE CBOWCTBA  METAJIJIOB.
DNEKTPOXUMHUYECKUI pPsii HampsbDkeHud MetasioB. Metamnorepmusi. OOmme crnocoObl MONTYy4YeHUS
MetaiioB. [lonarne o meramnypruu. [lupomeramnyprusi, THAPOMETAITYPrUs U AIEKTPOMETAILTYPIHUS.
CmutaBel uepHbie U 1BeTHBIE. Hemertamibl. OcoOOEHHOCTH CTpPOCHMsI aTOMOB. Hemerayisl — MpoCThIe
BEIIIECTBA. 3aBUCHUMOCTh CBOMCTB TaJOr€HOB OT HMX TIOJOKEHUS B MEPUOJHYECKOM CHCTEME.
OKHCIHUTENbHBIE U BOCCTAHOBUTEIbHBIE CBOMCTBA HEMETAUIOB B 3aBUCUMOCTH OT MX MOJIOKEHUS B PSIAY

QJICKTPOOTPULATCIIBHOCTH.
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Jemoncmpayuu: Konnekuus MetamuioB. B3anmoelicTBre METAIIIOB ¢ HEMETaIaMH (Keje3a, IMHKa U
IIOMHHMS C CEpPOW, AIIOMUHHUS C MOJOM, CYypbMBI C XJIOpOM, FOpEHHE Xele3a B xiyope). ['openue
MmetaisioB. AmomuHotepmus. Kosutekuust HemeramioB. ['openune HemeramioB (cepsl, (ocdopa, yris).
BriTecHeHne MeHee aKTUBHBIX TaJOT€HOB M3 PAcTBOPOB HMX cojieil Oosee akTUBHBIMHU TajJOTrE€HAMH.
Mogenb TpOMBIIIICHHON YCTaHOBKHM ISl MPOM3BOJICTBA CEPHOM KHUCIOTHI. Mojenp meuu aisi 00Kura
u3BeCcTHAKA. KOJIEKIWU MPOMYKIMKA CHIMKATHOW NPOMBINUICHHOCTH (cTekia, dapdopa, dasHca,
LEMEHTA Pa3IMYHbIX MAapOK U Ip.).

Jlabopamopnvie onvimul. 3akaika U OTIyCK cTaau. O3HAKOMIIEHHE CO CTPYKTypaMH ceporo u 0eioro
yyryHa. Pacnio3HaBanue pyJ xenesa.

Ilpakmuueckue 3anamusn. llonydenue, coOupaHme ¥  pacrmo3HaBaHWe Ta3oB. PemieHue
AKCIEPUMEHTAIbHBIX 3a/1a4.

2. Opranunyeckasi XuMust

2.1. OcHOBHBIE IOHATHUS OPraHNUYECKOl XMMHUH U TEOPHS CTPOEHHUSA
OpPraHUYecKuX CoeTuHeHU

[Ipenmer oprannueckoil xumuu. [IpupoaHble, HCKYCCTBEHHBIE U CHHTETUYECKHE OpPraHUYECKHE
BeniecrBa. (CpaBHEHHE OpPraHMYECKMX BEIIECTB C HEOpPraHM4ecKMMH. BanmeHTHocTh. XHMHUECKOE
CTPOCHHE KaK IOpPANOK COECIMHEHHMS AaTOMOB B MOJIEKYJIBI II0 BAJEHTHOCTH. Teopus CTpoeHus
opranuueckux coequHeHuil A. M. BytnepoBa. OCHOBHbIE MOJIOKEHUS TEOPUH XUMUYECKOTO CTPOECHHMSL.
WN3omepust u u3omepbl. Xumuueckue GOpMysiabl W MOJEIM MOJEKYJ1 B OPraHWYECKOM XHMUHU.
Knaccugukarus opranndeckux BemecTB. Kinaccuukaiius BemecTB 1Mo CTPOSHUIO YIJIEPOAHOTO CKeleTa
U Hamuuuio (QyHKIOMOHANBHBIX rpynn. ['omomorm u romonorus. Hawama nomenknatypel [UPAC.
Knaccupukanus peakuuidi B opraHudeckoid xumuu. Peakuuum npucoequHeHus (TUIpUPOBaHMS,
raJIOTEHUPOBAHUS, THJIPOTAJIOT€HUPOBAHMS, THApaTauuu). Peaknuu oTmienaeHus (JeruIpupoBaHMUs,
JIeTUAPOTaJIOTeHUPOBAHUS, lerupaTanun). Peakuuu 3amenienus. Peakiiun nsomepuzaium.
Jemoncmpayuu. Monenu MoJIeKyJ TOMOJIOTOB U M30MEPOB OpraHM4ecKuX coeauHeHni. KauecTtBeHHOe
oOHapy’KeHHe yriepoJa, BOAOPOa U XJIOpa B MOJIEKYJIaX OPraHUYECKUX COCIMHEHUN.

Jlabopamopuuwiit onvim: I3roToBieHre MOEIIEH MOJIEKYJI OPTAaHUYECKUX BEILIECTB.

2.2. YrieBoaopoabl U X NPUPOIAHbIC HCTOYHUKH

AnkaHbl. AJKaHBI: TOMOJOTHYECKHMH psJl, U30MEpUs M HOMEHKJIATypa alKaHOB. XHWMHUYECKHE
CBOWCTBA aJIKAaHOB (METaHa, 3TaHa): TOPEHUE, 3aMeIleHUe, Pa3JIoKEeHUe, AeruaprpoBanue. [Ipumenenue
QJIKaHOB HA OCHOBE CBOMCTB. AJIKEHBl. OTWIEH, €ro IoJydeHue (JETHAPUPOBAHUEM ITaHA,
JNENOIUMEpU3alMed IOJIMATWIECHA). ['OMONOruueckuid psij, H30MEPHUsS, HOMEHKIATypa aJKEHOB.

XVMHYEeCKHE CBOICTBa ATUJIEHA: TOPEHHE, KaueCTBEHHbIE peakluu (oOecuBeyrMBaHUE OpPOMHON BOJBI U
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pacTBopa MepMaHraHata Kaiuus), TuAparauus, noiuMmepusauus. [IpuMeHeHHe >3TuUlIeHa HAa OCHOBE
cBoMcTB. JlueHbl U Kayuyyku. [IoHSATHME O OUMEHAX Kak yIJIEBOAOPOAAX C JIBYMSI JABOMHBIMHU CBS3SIMH.
CornpspkeHHbIE TUEeHBI. XMMUYECKHUE CBOMCTBAa OyTaaueHa-1,3 u u3ompeHa: oOecIiBeYMBaHUE OPOMHOM
BOAbl W NOJMMEpU3auusi B Kaydyykd. HaTypanbHbIi M CHUHTETHYECKHME Kayudykdu. Pe3mHa. AJKHHBIL
Aueruner. XHUMHUYECKHE CBOMCTBAa aleTWJIEHA: TOpeHue, oOeclBeYyMBaHME OpPOMHOM  BOJBI,
IPUCOEAMHEHUH XJIOpOBOJOpOJa M Tujparauus. lIpuMeHeHue aneTwieHa Ha OCHOBE CBOMCTB.
MexkinaccoBasi m30Mepusi ¢ ankagueHamu. ApeHbl. ben3on. XuMudeckue CBOCTBa OEH30J1a: TOpEeHUeE,
peakiuu 3aMenieHusi (rajJoreHupoBaHue, HUTpoBaHue). [IpumeneHue OeH305la HA OCHOBE CBOWCTB.
[IpupoaHble UCTOYHUKHU YTriaeBOAOpoaoB. [IpuponaHbIil ra3: cocraB, IPUMEHEHHUE B KAayeCTBE TOILJIMBA.
Hedts. CoctaB u nepepabotka Hedru. [leperonka negru. HegrenpoayKkrsl.

Jemoncmpayuu: T'openne MeraHa, TWIEHA, auneruiaeHa. OTHOIIEHHE MeTaHa, dTUJIEHA, aleTHIIEHA U
OeH30lla K pacTBOpaM IiepMaHTraHata Kaiauss u OpomHoi Boze. [lomyuenue sTuieHa peakiuei
JNEeTuapaTald dSTaHoja, aleTWIeHa — THUIPOJIM30M KapOuna kajblus. Pa3noxkeHue Kaydyka MpH
HarpeBaHuM, UCIBITAHUE NPOJYKTOB pa3jIOXKEeHHUsI Ha HempenesnbHocTh. Komneknus oOpas3noB HedTH U
HeprenpoayktoB. Kommeknus «KaMeHHBIN yroiib ¥ IPOAYKIHSI KOKCOXMMHYECKOTO TIPOU3BOICTBAY.
Jlabopamopnuie onvimpt. O3HAKOMIICHUE C KOJUIEKIIMEH 00pa31ioB HEPTH U MPOAYKTOB €€ MepepaboTKH.

O3HaKoOMJICHHE C KOJIJIEKIIMEH Kay4yKOB U 06pa3uaMH U3AeIuN U3 PE3UHBI.

2.3. Kucaopoacoaepxamue opranHnyecKkue coeIuHeHus

Crnuprel. [Tomyyenue staHona OpoK€HHEM TJIIOKO3bl U TWApaTalued 3TuieHa. ['uapokcuibHas
rpynmna kak ¢yHkiuoHanbHas. [IoHATHE 0 IpeaenbHBIX OJHOATOMHBIX CHHpPTaX. XMMHUECKUE CBOICTBA
9TaHOJa: B3aMMOJEICTBHE C HaTpueM, oOpa3oBaHME MPOCTHIX M CIOXHBIX I(PUPOB, OKUCICHHUE B
anpaerun. [IpuMmeHeHne sTaHoja Ha OCHOBE CBOWMCTB. AJIKOTOJIM3M, €r0 MOCJIEACTBUS ISl OpraHu3Ma
YeJIoBEKa M MpeaynpexiacHue. [TMuepuH Kak npeacTaBUTENIb MHOTOATOMHBIX cIUpTOB. KauecTBeHHas
peakuus Ha MHoOroaromssle cnupthbl. [Ipumenenue rnmuunepuHa. ®eHos. PU3NYECKHE M XUMHUYECKHE
cBoiicTBa (peHona. B3anMmHOe BiMsSHME aTOMOB B MoJieKyse ()eHoJia: B3aUMOAEHCTBHE C THIAPOKCHIOM
HaTpUs U a30THOM KuciaoTod. [IpuMeHeHue ¢eHosnia Ha OCHOBE CBOMCTB. Aunbnaeruzbl. [lonsrtue o0
anpaeruaax. AnpJaeruaHas rpymnmna kak GyHkiuoHanpHas. GopMalibJerua U €ro CBOMCTBA: OKUCICHHE B
COOTBETCTBYIOIYIO KHUCJIOTY, BOCCTAaHOBJIEHME B COOTBETCTBYMOIIMN crnupT. IlomyueHue anpaerunos
OKHUCJICHHEM COOTBETCTBYIOIIUX cnupToB. [IpuMeHeHue ¢opmanbaeruga Ha OCHOBE €ro CBOMCTB.
KapbonoBrsie kucnotel. Ilonsitue o KapOOHOBBIX Kkuciorax. KapOokcunbHas rpynma  Kak
dyHKIMOHAMbHASA. ['OMOIIOTHYECKUN PSAJ] TIPENIeIbHBIX OJHOOCHOBHBIX KapOOHOBBIX KHCIOT. [lomyuenue
KapOOHOBBIX KHCJIOT OKHCJIEHHEM albJIeTUJ0B. XMMHUYECKHE CBOWCTBA YKCYCHOM KHCJIOTBI: OO0IIue
CBOICTBa ¢ MUHEpaJIbHBIMU KHUCIOTaMU U peakuus 3tepudukanuu. [IpuMenenne ykcycHOW KHCIOThHI Ha

OCHOBE CBOWCTB. BpICIINE JKHpHBIE KHUCIOTHI HAa IPUMEPE MATBMUTHHOBOW M CTEapUHOBOW. CIIOXKHBIE
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3¢upsl U kupbl. [loaydenne cnoxHbIX 3UpoB peakiuen srepuduranmu. CioxHbsie 3QpUpbl B IPUPOJIE,
uX 3HadyeHue. [IpuMeHeHHe CIOXKHBIX 3(UPOB HA OCHOBE CBOMCTB. JKUpPBI Kak CIIOKHBIE A(HPHI
Knaccugukanus xupoB. XUMHUYECKHE CBOMCTBA JKUPOB: I'MIPOJIN3 M T'MIPUPOBAHUE >KUIKUX KUPOB.
[IpumeHeHue >KMpPOB Ha OCHOBE CBOMCTB. Mpuia. VYrieBoibl. YTIJIEBOAbI, HX KIAacCU(PUKALINA:
MOHOcaxapuabl (TIIOKOo3a, (QpykTo3a), aucaxapuisl (caxapo3a) H TOJIUCAXapwuabl (KpaxMal H
HesuTroo3a). ['oKko3a — BEIECTBO C JBOMCTBEHHOW (YHKIMEW — albIerHAOCHUPT. XHUMHYECKUE
CBOWCTBA TJIIOKO3BI: OKHCJICHHE B TJIIOKOHOBYIO KHCIIOTY, BOCCTaHOBJECHHE B COpPOWT, CIUPTOBOE
Oposxenue. [IpuMeHeHue III0OKO3bl HA OCHOBE CBOIMCTB. 3HaU€HHUE YIJIEBOJIOB B KMBOM IPUPOJE U KU3HU
yenoBeka. [IoHATHE O peakUUsaX MOJMKOHAEHCAlMM U TUAPOJIU3a Ha NPUMEPE B3aUMOIPEBPAIECHUI:
[JII0KO03a <> MOJMCaXapuIl.

Jemoncmpayuu: OxucieHue cnupra B anpaeruj. KauecTBeHHble peakliid Ha MHOTOAaTOMHBIE CIIUPTBHI.
PactBOopuMOCTh (peHONIa B BOJIe MpU OOBIYHOM TemmnepaType U HarpeBaHuu. KadecTBeHHbIE peakluy Ha
¢denon. Peakuus cepeOpsiHOro 3epkajia anbIeruoB U IIOKO3bl. OKMCIEHHE albJIEru0B U IJIIOKO3bI B
KUCIOTY ¢ oMomrsio ruapokcuna mean (I1). KauectBennas peakuust Ha kpaxmai. Komneknust 3pupHBIX
Macell.

Jlabopamopnute onvimut. PacTBopeHHe INIMLEpUHA B BOJIE U B3auMojieiicTBre ¢ rujpokcuaom meau (II).
CBoiicTBa yKCYCHOW KHCIOTBI, OOIIME CO CBOHCTBAMH MHUHEpAJIbHBIX KHUCIOT. Jloka3aTeiabcTBO
HENpPEeeIbHOI0 XapaKTepa KUJIKOro Xupa. BzaumoielicTBUE TIIIOKO3bI U CaXapo3bl ¢ THAPOKCUIOM MEAU

(). KauecTBeHHast peakiysi Ha Kpaxmall.

2.4. A3oTcoaep:kamue oprannieckue coefuHenus. loammepsl

Awmunsl. [lonatue 06 amuHax. Anudaruyeckue aMuHblL, UX KiIaccU(pUKalusg U HOMEHKJIATypa.
AHUIMH Kak opraHudeckoe ocHoBaHue. [lomyuenue anmnnHa u3 HUTpoOeH3ona. [IpuMeHeHne anuInHa
Ha OCHOBE CBOMCTB. AMMHOKHUCIOTBL. AMHHOKUCIOTBHI Kak aM(oTepHble TU(PYHKIHOHAIbHbIE
OpraHUYeCKHE COeAuHEHUs. XHUMHUYECKHE CBOMCTBA AMUHOKHCIOT: B3aMMOJEHCTBHE C IIEI0YaMHU,
KHCIIOTaMHU M Jpyr ¢ JpyroMm (peakuusi mnojJukoHaeHcauuu). [lenTuaHas cBA3b M MOJUIEHTH]IBIL.
[IprMeHeHne aMMHOKHUCIIOT Ha OCHOBE CBOMCTB. benku. IlepBuuHas, BTopudHasi, TpETUYHAs CTPYKTYpBI
O0enkoB. XHMMHYECKHE CBOWCTBa O€JNKOB: TOpEHME, JAEHATypauus, TUAPOIU3, ILIBETHbIE pPEAKIIMU.
Buonornueckue ¢pynkuun 6enxos. [Tomumepsl. benku n monucaxapu el kak 6uononumepsl. [lnactmaccsl.
[lonyyenne mnOIMMEpPOB peakUued NOJMMEpPU3alMd W IOJMKOHACHCAlMU. TepMOIUIacTU4YHBIE U
TepMOpeakTHUBHBIE MacTMacchl. [IpencraBurenu muactmace. Bonokna, ux xinaccuduxanus. [lomyyenue
BOJIOKOH. OTJ€NbHBIE IPEACTABUTEIN XUMUYECKUX BOJIOKOH.

Hemoncmpayuu. B3auMonelcTBUE aMMUaKa W aHWIMHA C COJIIHOM KUCIOTOM. Peakuus aHuinmHa C

OpomHOW BojOH. JlokazaTenbcTBO HaMWYMs (PYHKIMOHAIBHBIX TPYNNI B PACTBOPAX AaMHHOKHCIOT.
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PactBopenue u ocaxnenue 6enkoB. L{BeTHble peakiuu OenkoB. ['opeHue NTUYBETO Mepa U MEPCTIHON
HUTHU.

Jlabopamopnuie onvimur. PactBopeHue OenkoB B Boje. OOHapyxeHHE OCKOB B MOJIOKE U MSCHOM
OynboHe. JleHaTypauus pacTBopa Oelika KypHHOro siIla CIHUPTOM, DPACTBOPAMM COJEH TSXKeENIbIX
METaJUIOB U IIPU HAIPEBAHMM.

Ilpakmuueckue 3anamusa. PenieHue SKCIEPUMEHTATIBHBIX 337a4 Ha HMACHTU(DUKALMIO OpPraHMYECKHX

coeaquHeHui. Pacrmio3HaBaHue miacTMacc U BOJOKOH.
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TEMATHUYECKOE IINTAHUPOBAHUE

[Ipenmer: Xumus

HaumeHoBaHMe pa3iesnoB u
TeM

Coaep:xanue yueOHOro MaTepuaJia u (popMbI OPraHu3aLUM AeATeJIHLHOCTH 00yUaI0oIMXCH

Oo0nem

B Hacax

BBEJEHUE. OBIIASA U HEOPI'TAHUYECKASA XUMMAIL.

Tema 1.1 OcHOBHEBIE
[MOHATUS U 3aKOHBI XUMUH.

Coneprxkanue yueOHOro MaTepuana

1. HaquLIe MCTOJBI ITO3HAHUA BEIICCTB U XUMHUYCCKUX siBiieunii. Pons 9KCIICPUMCHTA U TCOPUU B
XUMHU. MO,Z[CJIHpOBaHI/IC XUMHYCCKHX ITPOICCCOB.

2.OCHOBHBIC TTIOHATHS ¥ 3aKOHBI XMMMHU.

B Tom uncie, mpakTHYeCKHX 3aHATUH B 1a00PaTOPHBIX paboT

1. Pemenue 3amaq

Tema 1.2 Ilepunoguueckuii
3akoH, [lepunonnueckas
crcTeMa XUMHUYECKUX
3JIEMEHTOB

AN .Menneneena.
Crpoenue aToma.

Copepxanue yueOHOTO MaTepuana

1.Ilepuoanueckuii 3axon .. Mennaeneena.

2.Ctpoenue aroma u nepuoguyeckuii 3akoH /.M. Menneneesa.

B Tom YUCIIC, MPAKTHYCCKUX 3aHATUH U Ha60paToprlx pa60T

1. Ctpoenue aroma.

Tema 1.3 Ctpoenue

Conepxanue yueOHOro MaTeprasia
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BEIEeCTBA. o 2
Buapl xumuueckoin cBsi3u.
2
ArperaTHble COCTOSIHHS BelecTB. UncThIe BelecTBa U cMecH. JlucrepcHbie CUCTEMBI.
Tema 1.4 Cogepxanne yaeOHOT0 MaTrepuasa 8
Bopa. PactBopsl.
2
DIIEKTPONIUTHYECKAS Bopa. PactBopsl. PacTBOopenue.
JUCCOLIMAITHS. 2
DIEKTPOIUTH M HEIJICKTPOIHUTHL. DIIEKTPOIUTUIECKAS TUCCOIIUAIIS.
Peakiiny norHoro oomMeHa. 2
B Tom uucne, mpakTuyecKux 3aHATHI U 1a00paTOPHBIX paboOT
1. IIpurotoBiienre pacTBOpa 3aJaHHON KOHI[EHTPALIHH. 2
Tema 1.5 Knaccudpukanus | Comeprkanue ydeOHOTO MaTepuaia 14
HEOPraHUYECKUX
COECIMHEHUH U UX CBOMCTBA. | KMCIIOTHI M X CBOMCTBA. 2
. 2
OcHOBaHUS 1 UX CBOMCTBA.
. 2
Comnu ux CBOMCTBA.
. 2
I'maponus cosnent.
. 2
OKcHIBI U UX CBOKUCTBA.
['eHeTHYeckas CBSI3b MEXKAY KJIacCaMHU HEOPTaHMYECKUX COSTMHEHHM 4
Tema 1.6 Xummuueckue Coneprxanue yueOHOro MaTepuaia 10
peaxIuu
2

Krnaccudukanuss XMMHUYECKHX PEaKITHiA.
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DIIEKTPOIIH3.
CKOpOCTbh XMMUUYECKHUX PEAKLIUM. 2
XUMHUUECKOE PABHOBECHE. 2
Pemenue 3anau 2
Tema 1.7 Cogepxanue yaeOHOT0O MaTepuaa 18
Mertauibl 1 HEMETAJLIBL.
OO0m1as XxapakTeprucTHKa METAILJIOB. 2
2
MerTasibl TIaBHBIX TOATPYIII.
2
Mertaiipl TOOOYHBIX MOATPYIII.
OO0m1as XxapakTeprucTUKa HEMETAIIOB. 2
Hemerannbl. 4
B Tom uncie, mpakTHYeCKHUX 3aHATUH B 1a00PaTOPHBIX PaboT
1. Pemenne KCIEpIMEHTAIBHBIX 33/1a4 HA HICHTH()HUKAIINIO HEOPTAaHNYECKUX COCTMHEHU I 2
2. IlonydeHue ra3os 2
KontposnbHoe TecTrpoBaHue. 2
OPITAHUYECKASA XUMMUSL.
Tema 2.1 Copneprxanue yueOHOro MaTepuala 4
OCHOBHbIE TOHATHS
2

oprT: AHUYECKON XUMUH U

[Ipenmer oprannueckoit xumuu. Teopust cTpoeHust opranuueckux coeauHennii A.M. bytieposa.
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TEOpHUSA XUMHUYCCKOT'O

CTPOEHHS OPraHUYECKUX . . 2
N Knaccudukanus oprannueckux emiectB. Kinaccudukamus peakuuii B OpraHM4eckoi XUMHUU.
COETUHEHUI.
Tema 2.2 Coneprkanue yueOHOro MaTepuasa 20
VYTneBoaopoasl U uxX
MPUPOIHBIE UCTOUHUKH AJTKaHBL. 2
AJIKEHBI. 2
Aunkanuensl. Kayuyku. 2
AJIKVHBI. 2
ApeHbl. 2
[TpupoaHbIE HCTOUHUKH YTIEBOIOPOIOB. 2
Pemenue 3anau. 2
['eHeTnyeckas B3aMMOCBSI3b MEXKAY OCHOBHBIMH KJIACCAaMU YTJIEBOJAOPOIOB. 2
B ToM uucne, mpakTuuecKux 3aHATUHN U J1a0OPaTOPHBIX PaboT
1. [Tony4yeHue 3THIICHA U U3yYEHUE €r0 CBOUCTB. 2
2. CtpykTypHBIE (POPMYIIBI OPraHUIECKUX BEIICCTB, HU30MEPHI U TOMOJIOTH. 2
Tema 2.3 Coneprkanue yueOHOro MaTepuana 22
Kucnoponconepxaniue
2
OpPraHMICCKHe CnupThl: 0IHOATOMHBIE.
COCTUHECHHUS. 2

CHI/IpTI)I MHOI'0OaTOMHBIE.

20




denonnl.

AJBIETUIBL.

KapOoHOBBIE KHCITOTHI, X CBOWCTBA.

OT,I[CJ'IBHBIC npeaACTaBUTCIIU Kap6OHOBI)IX KHCJIIOT.

CrnosxHble 3(hUpBbI U )KUPBIL.

VTieBoanl.

I'eneTnyeckas B3aMMOCBSI3h MEKAY OCHOBHBIMU KJIACCAMU KHUCJIOPOACOACPKAIINX COCJIMHEHUH.

B Tom uucne, mpakTuyecKux 3aHATHI U J1a00paTOPHBIX padoT

1. KapOoHOBBIE KHUCIOTHI.

Tema 2.4 Coneprxkanue yueOHOro MaTepuana
AzoTtcoaepkaiue
OpraHUYEeCKHe AMHHBL.
COEIMHEHMUS.
AMMHOKUCIOTHI.
benku.
B ToM uncne, npakTHUECKUX 3aHATHH U 1aOOpaTOpHBIX padoT
1. Pemenne skciepuMeHTANbHBIX 33/1a4 HAa UIEHTH(PUKALINIO OPTaHNYECKUX COeTUHEHUH.
Tema 2.5 Copneprxanue yueOHOro MaTepuala

IInacTMacchl ¥ BOJIOKHA.

[Tomumepsr. Imactmaccesl. BonokHa.
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O6o0maroriee MOBTOPEHHE. 2

B Tom uncie, mpakTHYeCKHUX 3aHATUH B 1a00PaTOPHBIX paboT

1. Pacmo3naBaHue ImiacTMacc U BOJIOKOH. 2

Kourtposnbhast pabora. 1

3auer. 2
Bcero: 133
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b, DNeKTpoHHBINH yueOHO-MeToAnYeCKHi KomIuieke. — M., 2014,

. Cnanxos C. A., Octpoymos U. I'., T'abpuensn O. C., JlykpsnoBa H. H. Xumus nns npodeccuii u
CIIENUATBHOCTEN TEXHUYECKOTO TpOoPuiist. DIEKTPOHHOE MPUIIOKEHHE (DJIECKTPOHHOE Y4ueOHOe

U3J1aHue) UId CTY. yupexkaeHul cpen. npod. oopasoBanus. — M., 2014.

/lna npenodasameneit

. ®epnepanbubiit 3ak0H OT 29.11.2012 Ne 273-03 «O06 obpazoBanuu B Poccuiickoit Deaepannm.

. Ilpukaz MunuctepcrBa obpazoBanust U Hayku P® ot 17.05.2012 Ne 413 «O6 yTBepxaeHUU
(benepaabHOrO TOCYIApCTBEHHOTO 00pa3oBaTEIbHOTO CTaHAAapTa CpeaHero (IOJHOro) oO0Ilero
00pa3oBaHUS».
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(momHOTO0) 00I1IeT0 00pa30BaHUS .
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[Tucemo JlemaprameHTa rocyAapCTBEHHOW IMOJUTHKU B cdepe MOArOTOBKH pabodMx KaapoB H
JAIIO Munobpuayku Poccum ot 17.03.2015 Ne 06-259 «PexomeHmanuu 1Mo OpraHU3alNd
MOJTyYeHUsl CpeAHero olmiero oOpa3oBaHus B Mpefesiax OCBOCHHUS 00pa30BaTEIbHBIX MPOrpaMM
cpenHero npodeccruoHaibHOro o0pazoBaHus Ha 6a3e OCHOBHOIO OOIIEro 0Opa3oBaHus C YUETOM
TpeOoBaHUH (heaepaTbHBIX TOCYAAPCTBEHHBIX OOPa30BaTENbHBIX CTAHJAPTOB M TOIy4aeMOU
npodeccu MM CIIeNUAILHOCTH CPEIHETo MPo(ecCHOHAIBHOTO 00pa30BaHUsD.

la6puensu O. C., JIsicoBa I'. I'. Xumus: kaura s npenojaBates: y4ed.-MeTo1. mocooue. —
M., 2012.

labpuensa O. C. u ap. Xumus s NpoPeccuil U CHeuaibHOCTEH TEXHUYECKOTro MPOQuIs
(3JIEKTPOHHOE MPUIIOKEHHUE).
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www. pvg. mk. ru (omumnuana «Ilokopu BopoObeBBI TOPEI»).

www. hemi. wallst. ru (OGpa3oBarenbHbIii CalT IS IKOIHHUKOB « XUMUSI»).
www. alhimikov. net (OOpa3oBaTenbHBbIi CAaNUT A7 MIKOJIHHUKOB).

www. chem. msu. su (QnekTpoHHas OMOIMOTEKA 110 XUMUH ).

www. enauki. ru (MHTepHET-U3AaHHUE I yIuTelIe « ECTeCTBEHHBIC HAYKNY).
www. lseptember. ru (MeToguueckas raszera «llepBoe ceHTIOps»).

www. hvsh. ru (xypHan «XuMHs B IIIKOJIE»).

www. hij. ru (kypHan «XuMUs U )KUZHBY).

www. chemistry-chemists. com (3JIEKTPOHHBIN XypHAT « XUMHUKH U XUMHUSD) .
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