
My H u u r.r rr aJr bH oe o6ureo6 pa3o BaTefl bH oe yq pe?KAeH ue

<<Ilso6nn bHencKaff uI KoJIa I,I M eH I'I 3.Y.tlal6aula>> ropoAa Alyruru
Pec ny6"rr urcr'r KPuI na

PaccnlorpeHo Ha 3ace[ aHrrvr

IIIMO yvure:refi ecrecrBeHHo-

MATEMATUI{ECKOIO UHKTIA

nporoKon Ne 0l
or <]8> aprycra20l8 r.

ry,-A.l [.A:rrr,rena

CO|IIACOBAHO
3anrecruren6 AI4PeKToPa

tl
_rl@l. H.,rl n n raH

<d31u aerycra 2018 r.

xAAio
bHeHcKat

".l{an6aura>
ABCIEEBA.

8r.
7tl

Pa6oqaq tIporPaMMa
ilo xl,lMlllr

t
( 6a ro e r,l i.i .v Po ne lr u)

sa 207812019 y're6HsIfr rog
11 n.nacc

Ko,rhqecreo qacoB: 34 (l vac e Heae,'rto)

CocraeleHa yr{IireneM

E.B.tenera

c.l4:lo6s:rtHoe. 20 I 8 roa



flOfl CHI{TEILHAfl 3AIII'ICKA

PaSo\ag[pofpaMMalloXI4Mv:,1 n'II' llr<laccapa:pa6oraHaHaocHoBe

flpunrepHtrx [pofpaMM oclloBrioi'o o6ruero oSpaso Bal:|lfl IIo XHMI4H (6a:onltft

yponeHl)(nucrvof{ertapr.al,re}jl.aI.ocyAapcTBeHHofrIIOJIH.II4KI4eo6paaoBa[w
M'uo6puayKr4 p@ oj,. 01 .01.2005 f . N03- 1263), coorBercrBytoull4x

{e4epanrHoMy KoMnoHeH'ty focyAapcrtseHHofo cTaHAapra o6ulero o6pa3oBaHldfl

(6a:oeufi YPoneHs)'
3uo."ooypa6oueilnporpaMMblB3flTanpofpaMMaKypcaXHMLILI

Anr 8-11 KrraccoB oSureo6pa3oBarerlbHblx yvpeNAenraff (aerop H'H'fapa)'

peKoMeH/IOBaHHaq /{euapraveH'foM OSpa:onaTeJIbHbIX [pofpaMM I4 CTaHAapToB

o6ulero o6pa:oeanux MUUUClepcrBa O6pa:onauur P@' OIIySluroBaHHat

r,r3AareJrbc.fBoM <IlpocneuleFlue)) B 2009 ro/IY (I'apa H'H' llporpavturt

o6ureo6pa3oBaTeJlbHr,IXy[JpexAegr,ril.XLrNlHq.-M.:fIpocBeII{eHHe,2009.-56c').
PaSoqaqilpoi'paMMapacKpblBaercoAepxaHl4e"ttl:iyxvrr,ilnr4B11

KJracce osureo6pa3oBareJlbnu'* yuft x;teuuk' Oua paccqwraHa sa 34 u n ro4 (1 u

e ue4elrl).
Pa6o.rar rlporpaMMa IlO XI4MI4I4 COCTaBJIeFIa FIa ocHoBe:

.ayIIAaMetI.faJIbI{ofo^IlpacoAepxaHtlgoSueroo6pa:onaH[fl';

.,rpe6ogagnpiKpe3yJIbTaTaMocBoeHl4trocHosHofto6pa:onarelrgofi
npofpaMMbr ocHoBHOro o6ulero o6pa:o BAHvrs' ilpeACTaBJIeHHbIX e oe4epaJIbHOM

focyAapcrBeHHoM O6pasonareJlbHoM CraHAapTe o6ulero o6pasoeauur;

. ilpl4rraeprroft [porpaMMr,I ocHoBHoro o6ulero o6pa:oBaHv|f' no XI4MI4II;

'fiporpaMMblpa3BV'!:Afl'yI]uBepcaJlbHbIXyue6ur'rxAefi'creuir';
.ilpofpaMMbIAyXoBHo-I{paBcTBeHHoI.opa3B].1rT:'1.fl],lBocIII4TaHu'

JrI4qHocrI4'ofr 
n: gaNuefru rvx 3*r*rl ocHoBFror.o o6*ero o6paroBa'."fl flBIrf.erefl,

rroAfo.roBKa oSyuarou(Hxcs K oco3llarlHOMy t4 o'tBe'fcTBeHHOMy emSopy

xr43HeFrHofo 14 rrpoQeccraollaJlbFlol'O tlyTt{' o6yuarourvecfl AOJI)I(HbI Hayql4Tbcs

caMocTog.|eJlbl'loC.|?I]Hl.bIleJI14 L oIIpe/IeJIf.|bIlyTHvlxAocTI4xeHu''

r4crroJrF,3oBa'fb ilpl4O6pereHHt'tit B IIIKOJIe otlbl'f B peaJIbHOfi NrsHIa' 3a paMKaMI4

yue6Holo IlPortecca'
xutrus.rcar yue6Hr'1fr npeANaeT BHOCI4T CyxlecTBeHHrtfr BKJIaA B BOC[i4TaHI4e

vrpa3BI{'tIIe o6yuaroruuxcfl: oHa IIplI3Tja]F{a Boopyxl{'tb IIX ocHoBaM!{ XI4MI4rlecKI4X

zuauuit, ueo6xo4raMbrx AIq [OBCeAHeeHoiI ]KVr3Hvr, 3aJIo)KI4Tb Qyu4aueHT AJI'

AalrHefrruero coBepueHcTBOBaHItfl 3Ti4X 3Hawufi, a TaKXe cnoco6crBoBaTb

6e:onacHoMy IIoBeAeHI,lto B oKpyxarcUei{ cpeAe n 6epeNuoMy orHouleHplto K

sefi.
Ilellra 14 3aAar{I4 u3yqeHHs rrpeAMera

-.ocBoeHI{e3HauHfioxuvnqecroficocl.aBJlflfoU]efiec.fecT.BeHuouayuHofi
KapTn}{b]Mllpa,gaNgefiu}IxXl,IMl{qecKHXloultufr,3aKoHaX14Teopl4f,X;

o oB,.IaAeHue yMeHu'IMl{ IlpHMeHq.fr, noJlyqerlHble 3l]'aHv:fl, AIq o6lgcHeHn'

pa:Hoo6pa3}{blx XHMI4qecKuX qBjIeH ufi' u cnoficrn BeII{ecTB, oIIeHKI,I ponpl
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xHMr4r4 B pa3BHTHH COBpeMeHHbIX TeXHOJIOfI4ii U [OnyqeHpll',I HoBbIX

MaTep14aJIOI],

. pa3BU.t.Ue rro3rraBaTcJrbrjLIX 14l{TepecoB 14 I'1I{TeJIIeKTyaJIbHbIX CIIOCO6HOCTeT

B llpollecce caMocllotTeJlbHofo iIpl4o6pe'reHul XI4MI4qecKIIX 3Ha]HvIfi C

HCtIOJrb3OBarrneM pa3Jtr4rrHbIX HC'fOLIIJ14KOII 14l-I4)OpMaul4a, Il TOM l{neJIe

KOMrlbloTepI-IbIX;

o Boctlnl'aHHe y5exi71e nuoc'fl4 ll llo3l4l'I'IBHOfi poJrl4 XV|Myf'4 B XI{3HI4

coBpeMerino|o oSrqec'rsa, I{eooxo/il{MoCTH XHMur{ecKI4 fpaMoTHOrO

oTHOrrreHllr K cBOeMy 3llopoBblo L{ K OKpy}Kamlqefi cpeAe;

o I|puMeHerrlte noryqeHHr,lx 3HaHI{fi vr yMeH}Ifi trnfi 6egonacHoro

I4CrrOJrr,3o r.aflHtt BeuIecTB u MaTepvaJIOB e 6ltry, ceJIbcKoM xo3filCTBe H Ha

npou3BO/ICTBe, perreHl4fl [paKTI4qeCKI4X 3atraq B noBceAHeBHOft )KI'I3HI4',

lpeAynpexAeHl4flflBneHuii,FIaHoc'xIHXsPeA3AopoBbloqeloBeKapl
oKpyxaloluefi cpeAe.

Ilanwd,gilporpaMMal]peAycMaTpHBaeT$opul.lpoBaHt,IeyyIIau]I{xc'
o6ureyqe6Hbrx yMe wuit u FIaBbIKOB, yHI4BepCaJIbHbIX CIOCO6OB AeflTeJIbHOCTI4 14

KJtorreBbrx KoMrlereHul4ff. B 3'roM FIa[paBJIeHHH npI4opI{TeraMI'I Ant yqe6Horo

[peAMe'fa ((Xt4N,1I4t{)) B cTaplle'fi LuKoJle lla 6a3oBoNI ypOB]Ie flBJltroTct: yMeHI4e

caMocTo'TeJIbIt()uMOTHBHpoI]aFII{oop|alll43oBbIBaTbcBolofIo3HaBaTenbHylo
.[errTeJIbt{ocl]b (or. iloc'fartoBK14 IteJI14 /IO IIOJIyqel{Hq 14 OUeHKI4 pe:ynila:ra);

oIIpeAeJleHI4e cylIIHoc'rFIbIX xapaK'repI4cTHK L{3yqaeMoro o6'I,exra; yMeHlIe

p4auapnylo o6oCHoBt;IB&'fb CyXAeHHq, ,4atsaTb ortpeAeJIeHIII' TIpHBOAHTr

AoKa3aTelbc,fBa;oIleI{HBaHi{e]nKoppeKTI4poBKacBoefo|IoBeAeHpI'B
oKpyxaroqefr cpeAe; BbIiloIIHeHZe B npaKTl4qecKoft Aef,TeJIbHocTI4 u B

noeteAlreBHor.i 6H3HI4 3KoJIorI4qecKI4x Tpe5oBa*1,rt; L{crIoJIb3oBaHL{e

MynbTt{MeAhfrHbIX pecypcoB vr KoMIIbIoTepHbIX TexHonorl4fi Anfl o6pa6otcu'

[epeAaqr4, cnc.feMaT:|13ar\vt4 r4troopMaunl4, CO3IIaHI4e 6a: AaHHbIX, fIpe3eIITaUUI4

pe3yJI bTaTots tI O3HaBaTeJlI,Hofi u npaxTl,lr{ecKolI Ae fl TeJIbHocTI{.

B ocFroBy IpofpaMMbt I.IO1IO111eH ilptlHI-U4II pa3BI4Barculefo o6yueunx'

IlporpaNarvla OIII4paeTCt F{a MaTepI4aJT, I43yqe}I}rbIfi B B-9 KJlaccax' nosToMy

HeKo.fopbre .reMF,r t(ypca paccMaTpl4BaK)]'Ct IIOB'I'OpHO' IIO ylKe Ha Sonee BbICOKOM

TeopeTl4r{ecKoM yponrle. 'l-axor'l rioilxoA IIo3BoJIfleT ylny6nt{'rb v1 pa3B[BaTb

rror{flTr4e o IlelIIecrBe v xHMI4qecKoM rrpol{ecce' 3aKpefiJltrb npoftAeHHblfr

MaTepHaIBaK.I.I4BI-IOI4IIaM'THyqaul4xcfl,a.faK}KecoxpaH{.fr,IlpeeMcTBeHHocTbB
[pouecce o6yueHHx.

R.Ay,Iu" pojlb ts pacKpbI,IHI] coi]epxaH'rq Kypca X]aM]Z.]I4 11 KJIacca

rrpuHaAne)Kr4T sner(TpoHrloit reopHH, nepuoAlrqecKoMy 3aKOHy v c14cTeMe

xt4Mnr{ecKr4x 3,teMeHToB KaK HaI46oJIee 06ulplM Hayr-IHbIM ocHoBaM xI4MI4lI

B Aagriovt Kypce cI4cTeMaTI43I4pyroTcr, o6o5UarcTc's ra yrny6nsroTct 3HaHufl'

o paHee I43yqeHHbIX OpfalII4I{eCKHX BeUecTBax, Teopuflx 14 3aKOHaX XI4MI4I{eCKOft

HayKI{, xI4MI4qecKHX tlpoueccax fi [poI43BOACTBaX'

ItpoppaMMa o6ecrteqnsael ccl3rIa'reJlbHoe ycBoer{He yrlailluM14ct ocHoB

OpfaHI4qeCKOt Xr4MUl4, Ba)Klleiillil'{X XI4MI4r-IeCKLIX 3aKOHOB' TeOpI4it' U lOtll:].nit';

QopruHpyel' rtpejlc'rallJleHHe o poJll4 xVMI4u Il pa3BI'ITuI4 pa3Hoo6pa:urrx oTpacneil

npopr3BoAcTBa; 3HaKSMI,IT c BeIUecTBaMI'I' oKpyXalouII4MH qeJloBeKa' I-Ipu 3ToM



ocHoBHOe BHr4MaHLre yAeJIfleTcf, cyulHocTt{ xi4MHqecKI4X peaKuvfr' u MeToAaM i{x

ocyulecTBJreHnq, a TaKXe cIoco6aM 3aIIIl4Tbl oKpy)Karouefi cpeAbl'

Ilporpan'rn'tacoc'raBJleHacyqeroMseAyuefiponuxHMI4r-IecKoro
3KCflepr4MeHTa. llpelycrraa'tpl4BaIOTCfl BCe I]l4ItF',I tuKoJIbHOrO X]IMI4LIeCKOfO

3KCnepplMeHTa .- /IeMoHcTp arlvlrl'-rtaSoparopHble oIIbITbI pI ilpaKTl4qecKl',Ie pa6oru'

Pa6oqaq [porpaMMa Ilo XI4MI4I4 peailu3yeTcfl r{epe3 Sopr'lHpoBaHl4e y yqaql4xcs

oSureyueoHbtx yMe rrytfi U HaBbIKOB, yHI4BepcanbHbIX CIOCO6OB AegTeJIbHOCTLL t

KruoqeBbix KoMrlereHql4fi ga c'{d'r LIcrIoJIb3oBaHVfl TexHorlofnfi KoJIJIeKT[BHoro

o6yueHHr,OtlopHbIXKOI{CIIeKToB'/1H/IaKTI4TJeCKL'IXMaTepHaJIoB'vInpUMeHeHI4q
TexFroJrofr4' rpacbuqecKor-o rrpcAcraBJreHr4s uu$opvaunu rrp' CTpyKTypI4poBaHVrr4

3:e.atr4i1"

BueJIoMKypcilo3BoJlqeTpa3BI4TbIIpeAcTaBIIeHvIfl,yqaull4xc{o
rro3HaBaeMoorr4 Mr4pa, eAr,rHcrBe xr4Bofi v riexltsofi tIpHpoAbI, c0opltupoBarb

3HaHH{ o eaxueffrullx acIIeKTaX COnpen'teuuofi ecTecTBeHHOHayuHofi KapTI^HbI

Mr4pa, yMeHr4q, nocrpe6oBaFlHble B IIOBOeAHeSHOft xp13HI4 14 IIO3BOJIflTOUIUe

opI4eHTI4poBaTbcfl B oKpyXaroUIeM Ml,Ipe, BocIlI4]]aTb I{eJIoBeKa, oco3Harou]ero ce6g

qacTbto Ilplrpollbl.

fIJAHI4pyn n iuE pE 3yrbrATbl oFyrIEHrIfl

B pesy:rrrare u3yrl elr4fl xvlMry Ha 6asoeoM ypoBHe yqeHI'IK AoJI)KeH

3Harl' / nouunaals 
^,.n, a,,n. Dorrre.-r :L 3JI.M.HT, aroM'

: ,MltH€iturue xlLvluqecKue noHnmun: BeurecrBo' xIlMI4qecKI4I

MOneKyJIa,oTIIOCl4'IeJIbtIblea'toMl{atHMOJIeKyJISpIraflMaccbl'L'loH'aIIOTpOtII4f'
tr3ororrbl, xtrMI,rrJecKat cBg3b, 3JIeKTpooTpI'IUarenbHocrb' BaJIeHTHocrb' crerreHb

oKr4cJreHrrq, MoJlb, MOIIf,pHat Macga) MoJiqpHblfi O6teu' BeuIecTBa MoneKyiltpHofo 14

HeMoneKyupHofocTpoeHI4''pacTBopbl'3JIeKTponI4Tkl'He3IIeKTpOJIHT'
3neKTponiarnqecxas AT,ICCOU t1alJr4fl' OKI4CJIHTe rb vt BOCCTaHoBI4TeJib', OKI4CJIeHI4e pI

BoccTaHoBJreHI,Ie, len.nonofr a$Sexr peaK[I4H' cKopocTb xnuuqecrofi peaKIJllI4'

KaraJrr.r3, xnMr4r-recKoe paBHoBecr4e, yrnepoAHltff cxeler, Synrcul4oHaJlbHat rpyflna'

I43OMepHf, , roMoJIO]-H',{ ;

ooCHolHbte3(lK()Hl,txu,ry'ult:coxpaHelt4fl'MaccblBeLIIecTB,Iloc.roflHcTBacocTaBa'
nepl4oAl4r{ectcufr 3aKoFI'

o ocHo,Hbte meopuu xu.tuu: xrrMl4rrccxoit cBt3r4, SneK'tponl4Tl4qecKofr Anccoqr4arryvr)

crpoeHn.s opraHl4r{ecKI4x coeAuuenuff ;

. eaucttet.t^ue (teu4ecm6a u .Mamepuaflbli ocIloBI,IbIe MeTaJIJIbI H cIIJIaBbI; cepHafl,

eolr1apafl)a3oTHalt 14 yKcycHaq KI'lcJIoTbI; Iqefloqlr, aMMuaK' MZHepaJIbHbIe yAO6peHnr'

MeraH, 3THJreH, uul'rltarr, 6ettlolt, 3TaHoJI, x'pbI, MbIJIa' fJltoKo3a' caxapo3a'

KpaxMaJI, KJIeTqa'fKa, 6eIKn, llcKyccTBeHHble 14 CI4HT.TI4T{..KI4. B'JIOKHa' KayqyK'',

TIJIACTMACCbI;

yMeTb

. HAJblBAmb H3YqeI{HLIe

HOMeHKJIa'rype;

Beulec'fBa' IIo (Tp14B!{anlsofi> vrilvr MexAyHapo'[Hol4



. onpedenflmbi BaJIeHTFIOC'|b Lr cTeIIeIIb oKI4CJleHHfl xI4MI4qecKI4X 3neMeHTOB', Tt{ft

xl{Mr,lqecKofr eBs3vr B coeArrHeHnflx, 3apflA vroHa, xapaKTep cpeAbl B BOAHbIX

pacTBopax HeopfaHl,IqecKI4X coeAI4HeHI4fi, oKI4cJII4TeJIb v| BoQcTaHoBI{TeJIb,

[pI{HaAneXHocTb BeUIecTI] K pa3JIi4I{HbIM KJIaccaM opfaHItI{ecKI,lX coeAI4HeHI4fi;

.xapaKmepu3osambi3JIeMeI'ITbIMaIIF,IXIepI4oAoBfloI4xIloJ]oxeH}'{rc8
nepr4oAr4qecKoii "r.r.r. /I.I4.MeuAeJreeBa; .,6o.Ue x'Mr4r{ecKr4e cBotrcrBa Me'faJrJroB'

HeMeraJIJroB, ocnoBHbIX KJIaccoB I'IeopI'aH14LIecKI4x v op'aHI4r{ecKI4x coeAI4I{eHI4H;

cTpoeHHe H XHM'iqecKue cBofic.rBa I,I3yqeIrHblx opl.aHLlqecKI,IX coeAl4l"IeHlrft;

. ohtncrunmbi 3aur4cl4Moc'rb cBoficrB BeIIlec'rB or HX cocraBa H crpoeHl4t; [pl4poAy

xnMl4r{ecKofr css:u (uourroii, KoRaJre*'rrrofi, Me'taJUIHrJecKoit)' zavv'cl'IMocrb cKopocrl{

xr4Mr4qecKOfr pcaKr{r,r* 14 ,oJro)KeH14s xr4Mr4qecKofo paBr{oBecr4f or pa3Jrr{qHbrx

Qarropon; ' uo pacno3HaBaHl'Ito BaxHefiur'X
o ilblltoJlHfl'l/tb xutttuuecxuit ?KcnepuJveHm

HeopraHl4qecKux 14 OpfaHHqecKHX Be[IecTR;

.npo\odumbcaMocToflrellurrfi[oI4cKXHMI4I{ecKofinnsopltaquuc
plcrroJrb3oBaHr4eM pa3JII4qHbIx I4CTOqFII4KOB (HayuHo-nofiyn'pHblx uzuartuh'

KgMfrbro.repnbrx 6a: AasHbIX, pecypcoB I4u'repHera); rACnOnb3oBaTb KOMIIbtoTepHbIe

TeXHoJI0I.I4I4 /I]I' o6pa6orrcn V ilepe/Ial{H xul,tuqecrofr r,rrr$oprraauun V ee

[peAcraBJIeHI4t B pa3nl4qHt'tx Qlopvax;

ucIIOJr[,3OBa'rr,rrpr'ro6peTeHHF'le3HaH]IgI',IyMeHufBllpaKTurlecxofr
AefreJrr,Hocrl{ l{ noBceAueeuofr xI'l3Hu AJIx:

. o6tqCseur,rs XI4MHq..KI4X xn.ltcUUfi, Ilpot{cXoAf,I'tIHX B tlpl4poAe' 6r'rry V Ha

ilpoH3BoAcTBe; ry^^r,6qrrrA'r'fi e na3JII4qHbIX

o onpeAeJreHt{, Bo3Mo)r*roc.rr4 tpo'feKaHr4q x'Mr4tlecKt{x flpeBpalreHnft B pa3rnqH

ycnoBl4sx r'I. OqeHKI4 l4x IIOCJIe/tcreufr;

o 3KOJIOfI4qecKr{ fpaMOTHOfo noBeAe ]Hvrs' BOKpyxarculefi cpele;

. oueHKU BrryrflI{ufl. xl4MHqecKofo 3afp fl3HeH'lfl oKpy)Karcueil CpeAbI Ha opfaHI43M

treJroBeKa u Apyfl4e xhBble opfaHI43ML'I;

. 6egouac'oro o6parueu,q c r.opror*{Mr.r r4 ToKcr4qHbrMr{ BerrrecrBaMl4, na6oparopHblM

o6opylonaHHeM; -- ,^---., ra aa^ nn...rr2n.rilcrne'
. ilpuro'roBJleHnt pacTBopoB 3aAaHHofr xoHrleurpallnl4 n 6r'rry 14 Ha npol'I3BoAcrBe'

. Kpr.rTl4r{ecrofi ouel{Kl4 /IOCTOBepHoc-t'h xl',IMl4qecKofr r4HQOpMauhI'l' UocTynaroulefr us

purn"r* I{CTOTIHHKOB'
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TEOPETI4I{E CKNE OCHOBbI XIIMI,IN

Teua l. I3axuefiutue xuMuqecKne llollsTufl vt 3aKoIIbl (3 q)

Arona. XHN,tlrqecKuri 3neMerrr. ttl3olorlbl. Ilpocrure H cJIoxI"IbIe Belr-lecrBa.

3axou coxpaHer{urr Maccbr Beruec'fn, 3aKoH coxpaHerryrfl vl flpeBpauleHHfl

3Heprprl4 tlpu x r.tMl4rtec KL{x peaKllr4r{x, 3aKoH rlocrotHcrBa cocraBa. BeulecrBa

MoneKynflpHofo 14 HeMoJIeKynflpHOfo cTpoeHHt.

Tema 2. IlepuoAr{qecKr{fi :axos H nepr{oAllqecKafl cl,IcreMa xrrMllqecKHx

sJIeMeHToB [,.V[. MenAe.neeBa Ha ocHoBe yqeHI'Iq o cTpoeHnI{ aToMon (4 u)

Aronantre op6utawt, S-, p-, d- ra f-ereKlpoHbl. Oco6esnocra pa3MexleHkIs

3neKTpoHots Ito opluTa6flM B aToMaX MaJIrIX n 6olrurux [epHoAoB.

3HepreruqecKae ypoBHI4, noAypoBHIa. Csqsr [epuolar{ecKoro 3aKoHa 14

nepuoAr.rqecKofi cprcreMbr xnMnrlecKr4x SJIeMeHToB c reopuefi crpoeHnfl aroMoB.

Koporxnfi u l1lrvr:n:',r fi nap nan'rbr ra6JII4 ttbl xHMt4 ttec KI,IX 3JteMeHToB.

flO.nONeune B II epI4OAI4q ec KOfr CUcreve X LIMHr-IeC KHX 3,'IeMeHTO B il,. V.
MeHAeleeBa tsoAopoAa, JraHTaHor4/IoB, aKTI4HotI/IoB 14 I4cKyccrBeHHo nonyr{eHHblx

3JICMCHTOB.

B arie gruocrb 14 llaJrelrrH ble Bo3MoxHoc'rn a'toMoB. Ilepxo4Hr{ecKoe

r43MeHeHr4e BaJIeHTHOCf'H 14 pa3MepOB aTOMOB.

Pacraemubre 3adaLtu. Bblq.ucreHnf, Maccbl, o6renaa wJII4 KoJII4r{ecrBa BeluecrBa

tlo r43BecrHofr Macce, o6beMy IrJ{r4.r(oJrr4r{ecrBy Beu{ecrBa oAHoro pI3 BcryrILIBIrII4x

B peaKuHlo l4nw rTonyrlHBlrrl4xcfl B pe3ynbTaTe peaKuI4H

Tervra 3. CrpoeHlre BeurecrBa (3 q)



XnunqecKafl cl3t3b' llulbl H Mexann:nalt o6pa3oBaHut{ xl{Ml4llecKofi cnssn'

IrlouHar{ cBr3r,. Karuout,t LI aHuOHbt' KoeaJIeH'rHat HerIoJIflpHafl cBfl3b'

KoeareHrrru" nnnrpHarr cRrr3b. 3rexrpoorpr4uareJrb'rocrb. c'renegr oKr4oJieHr{.f,.

MerarrrruqecKas cBt3b. ll671opo/lgat cBfl3b' IlpocrpaHclBeHHoe crpoeHl4e MoJIeKyJI

Heop f aHl4qec KI4X lI Op f al{Hqec K I4X BeIIIe CTB'

Trnlt Kpl4crannnr{ecKl4x peueroK K ceofrclsa BerrlecrB'

IIpuuuHlI uHo;oo5 pa3vtfl.rle[IecTB: H3oMepi4f,' foMoJlorl4x' aJ]JIoTpoIIlLa'

H3OTOIIIJf,.

/{ucrrepqr bre c HcTevt l. tr4c'ruIIFIbIe pacTBOpI)r' cuoco6bl Bblpax eH]/lfl

KoHIIeHTpaltV|^pacTtsopoB:MaccoBa'{I(oJI'pac.ftsopeHHofoBe[lecTBa,MoJIflpHa'
KoHlreHTpaqhq. KolrtonAllble pacrllopbl' 3ollt' I'eJIIl'

/Jeuoucmpatplu.MoAeltnuoHHbIX'aToMHbIX'MoJ]eKyJIgpHbIXI4
MeTarJrr4r{ecKr4x Kpnc'raJrJll4r{ecKI4X peIUeToK. 3S$er<'r Tursilats" MOAeltl MOneKyn

I43OMepoB, t'ol'toLtot'oR'

fl parcn1u'tecKl n Pa Sont a' I lpral'oronJleHile paclrBopoB c 3aAaHHofr rraorqpHoft

"'""Tf:;xr7!,'u ,oaoru.Btt rucrlelrr{e Maccbr (xornuecrBa BeurecrBa, o6renaa)

npoAylqTa peaKuHH, ecJILI AIg efo fionyqeHH 
'L 

l\aHpacTBop c onpeAeneHuofi

lracconoft Aolefi I4cxoAHofo BeurecrBa'

Tenaa 4. Xnnrr.r'recKl{e peaKul'rll (7 t) 
-y- -- ^-

K nacc n$ rz KauHt x I4Mnqec KI'IX pe aKurafi n Heopf aHl4qec Kofr u opraHl4r{ecKoH

""*T*opoc.rb peaKrrnn', ee 3arsrrewMocrb or pa3Jll4qnlrx dlar<'topoB' 3aroH

4efrcrnyro[ll4x Macc. Srrepr.Hr aKTI,IBauI4u. Ka.ralu3 I4 KaTaJII43aTopbI.

o6pa.rra1,roc-r'b pcaKrlr,l,i. Xral,lHr{ecKoe paBtloBccrae' crt'teuteHue paBlloBecr'Iq tloA

gefrcrnueM pa3Jr4r.ruux $arr npou. itp"*r,,",-, Jle lllare*e. llpora3BoAcrBo cepnofi

KICJIOTbI KOHI'AKTIIbIM C TIOCOOOM'

Sn e rcrpon I4TI4q e c K at AI'I C C OU :|lAIIVfl . c tal lHlte n c'[a6 rte 3 JIe KTpon l4Tbl'

Kuclorno-oclIoBUbIe B3aI4MO/(eficTenq B pacTBopax' cpe4a BOAHbIX

pacTBopoB: KI,IcJIafl, nefirpatr I>Hafl,IIIeIoqHaq. l4oHgoe npol{3BeAeHIIe eoAbl.

boaopoasr,tfi nora3arerlb (pH) pac'rBopa

f.n4porria3opfaHl4qecKt{XnHeopfaHl4qecKl,lxcoeAI{HeHI4I4.

fieuoucmpa4uu,3anucnltocTbcKopocTl4peaKukl.vloTKoHueHTpa\Wv|
TeMnepaTypbl.PasloxeHl4e[epoKc:|.ItaBoAopoAaBIIpl4cyTcTBI,luKaTaJILI3aTopa.

orrpelelel{ue cpeAbl pacTBopa c floMolubto yHI4BepcanE'HOfo I4FIAI4KaTOpa'

flafuopamopl'o" onblmbt' Ilpone4eHl4e peaKul{fr uouHoro oSMeHa Arq

xap aKTep vc't' vKvI c no ft crn 3JI e KTpoJI ll'to B'

IIparcmu,tecKan pa,ttntcr. R.rtnsttt'tc pa3JIHLIIIbTX cpaKropoB IIa cKopocTI)

xltMl4qec Ko ii Peantuu'
Pacqemut te gada.ili. BslqncJlel-Il4fl MaCCF'I (roluuecTBa Beu{ecTBa', o6teua)

[poAyKTa peaKunu, ecJIL{ H3BeCTHa Macca I4CXOAHO|O Beu{ec'IBa' coAepxaulefo

oI]peAeJieI{l{yto /loJIto Ilp!{Mecen'

HEO Pf AHT4TI E C KA'{ XII MI{'I

Tenaa 5. Mela.rr"nnr (7 u)



IloLro>xeur4e Me'r'aJrJros B rrepr4o/il4Llecxofr cl4creMe xl,IMI4qecKI'IX 3JleMenroe f{.
IrL MeHleJIeeBa. C)6 rr tu e c soli clila Mel'aJlJI o B. 3l e rcrpoxl4Muqec K uit' p t[
HarrptxeHuil ve.ra,lrlon. 061tne crroco6r,r rroltyueHHq MeraJ'IJIoB. l)-rlercrponur

pacrBopoB t{ pacnJraeon. Ilonx'me o Koppo3I4I{ MeraJlJloe. Ctroco6rt:aulurbl or

r(oppo314H

O6sop Met.aJlJroB rlraBHbrx rroAlpyilil (A-ryynn) nepNoTII4r{ecKoI'I cl4creMbl

XI4MI4qCCK I,IX 3JICMCH'f OB.

O6aop MeraJrJroB ro6o.{Hux rroArpynn (F-rpynn) nepnoAnrrecKofi cucrel{br

xI4MI4r{ecKpIX 3JIeMeI{ToB (nae4r,, IrI4}{K,'rI4TaH, xpoM, xeJle3o, HHKeJIb, nnarnHa).

Cttraebt Me'laJlroB.
C)rcprArt I,r I'uilpoKcl,ulbl MeraJIJIoB.

/leaouqnpat,luu. O:naxovlreHi{e c o6pa:qaMl4 Me'raJIJIoB 14 wx coelJkr]Hewwit'-

BsaraNaoAeftc'rsue uelorlHbrx r,r IueJrotlFIcl3eMeJIbHbIX MeTaJIJIoB c tloAofi.

B:auuoAefrc.rsue MeAH c KgcJropo/loM n cepofr. 3nexlpolu3 pacrBopa xnopl4Aa

nreau(Il). ontrrtr ro Koppo3Hr4 Me'farJroB H 3ailIr4re OT Hee.

Ia5opainopHbte onbil't'tbt.IJ:avt volteiiclsne IIHI{Ka I'I }KeIIe3a c pacTBopaMH

Kr4cJror. H ilIeJrolrel,i. llrraxontct'Bo c o6pa:ttavn Me'raJrJIoB 14 HX PYAarvrpr (pa6ora c
\

KOJIJICKUHqMI4 ).
I

tsacqc'rHbte 3aAaq14.

Naaccoeoft lo.nefi BbIXo.qa

Teua 6. Herrreran.nsl (8v)
O6:op ceofi c're rteMeraJIJIoB.

TI{III4tIH I'IX H eMeTaJlJI OIl.

f'eua ypoKa

lIo
dlaxr I n,rrau

Pac.{erbI rto xt'IMI4rIecKI4M ypaBHeHprqM, cBfl3aHnble c

rrpoAyKTa peaKqI4I4 OT TeopeTHqecKI4 BO3MOXHO|O.

O rncLr ureJl b H o - Boc c'uaHoBHTeJIb H bI e c Bo l4crBa

Orc nAr,l HeMeTaJIIIOB H KI4cJlopo/Ico/{ep6axll4e KI4SJIOTbI. Bo4opO4Hlte

coenl4HerII4s FICMe'f aJIJIOIi.

fie,vtoucmparptu. O6pa:qr,r rreMerarlJlon. O6pa:ubl oKcI4AoB HeMeraJIJIoB lI

Kr.rcnopollcoAepxarrtuX KHcJror. I'operrre Soc$opa, xnopa, xeJle3a H MarHlrt B

KACnopoAe.

JI a 5 o p a n1 o p H bI t't np a K m u Ky tt . I\zau Ntoc B fl 3 F, H e Op raHI4r-I ec KI4X H

opraHuLIecKI4X coeAHHe I{u fi . PemeH[e 3KcIIepHMeHTaJIbHbIX 3aAarl.

KAnEHAAPHO-TEMATI',IqEC KOE IJIAHI4POBAHI"IE
Ko
II

qac

OcHosF{tle
Il0Ht'tI4g

Tenaa l. BaxHefiurue xI,tMl,IqecKLIe loHsTtrtr vt 3aKoHbI (3 'l)

Arona. tr4:orotr

Beulecrno.
Xurrnqecrag

/{orvraruHee
3AI\AHI,]?
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MOJIeKy.Ilflptl0l'0 H

HeM0neKyilfipi:lOI'0

clpqeM_
noAr.tqec6lrfi saxoH LI 11epllOAuqegKaq CqCTeMa XI{MI{qeCKIlX

. MeHneleeBa Ha ocHoBe yrreHllq o crpoeHnu aroMoe (4 u)

Crpoettuc aro\{a.

Crpoeuue

lJreKTp0HHblx

o6o,rorleK aroN'loB

XH N{14LICCK14X

?:leyelJoB
Crpoeune

rneKTpoHHblx

o6oito,leK aroMoB

XI{MUqCCK14X

_?r9u9qlOP
Bzureni:Hocrl,

BarettL't'ute 
.

BO3M0XllOCT[1 14

pa3Mepbr aTON,I0B

XI,IN{HqCCKhX

liteN4eHT0B

Alov 813

coxpaHell14t 14

ilpeBpaueHl'1t 3Hepf 14!1

rrpH xt4N4I{qCCK14X

pcaN r tH flx

3arott IlocrotttcrBa

c0c]'aBa BelrlecrB,

Beuec'l na

lleprao;lu uccKUi4 3aKorl

u Ilepuo,til'tecKar

C14CTC N4A X14 \,I I,I LICC KHX

rlre uerrron f{.tr4.

MeHrereeea.

3axououepuoc'ft4 B

r43MeHeHr.rH csofic'Ls

XNN{14LICCK}4X

SJICMCHTOB

peaKu14q

Reulec'reo.
Xtarran.{ecxa.g

peaKlII4.fl

AloHa.

Xrrruqecrprfi
3JICMCHT

Arou.
Bareursocrt

Xnvuqecrcnfr
3JlCMCHT

3. ClpoeHI,Ie Beurec'rBa (3 'r)

XHIVu.rccKat cBt3F,

- HOHHafl,

KOBAJICHTHAq

Beulectso,



'l
I

I

l
I

I

I

,,1

Cyutnocrr tl

r;taccil$urauur

x t4 I\l14LtCcK 14 x pear uu t,4

0ruclurellHo-
BOCCTAHOBI{TCJIbHbIC

peaK lil'l 14

C xopocrl xl4\{14 Llec KHX

peaxur,lfi. CIarroPt't,

B.ll14fllolllne Ha

cK0p0cTb xl4MI'lqec K14X

peaKIll414
L-_.--. ,--

Xtll,tu'JecKoc

paBnoBecuc. IIPnltuun

ile lllarelre.
ilpor,t:no,ac'ino cePHoil

KI4CJI CJTbI KOHTAKTHbIM

crr9196oru----

3re xrpo"tt tlt l'lqec Kat

iu4ccoul4aLII4t.

Ctt;tt-,ttlte u cla6lte

3JIeKTpoJII4Tr,r. C Pe;1a

Boltllblx pac fBopoB'

Bo;toPolrrr'rlt

uoxa:are;rl (PI{)

lqcl!9!q
I'ulporHr
Opl alluLlccKl4x 14

HeopraHuqecKI4X

BeuIecTB

06o6iueuue n

ct4cTeMaTU3aUnfl

:uaunil IIo reMe

<Xnutlqecrne

0eaKtll414)
L- 

- ----'-

KOHTPOJTbHA-tl

PAFOTA NI

XuntH'{ecras
peaKUHs

Xuuuqecrcu
pcaKLtl414

floeroPurl

\

(Xl{Milr{nCKI4E
PEAKUI'ltl)) l---.-

l0

Crcopocrt'
xHnrn'-Iecxofi

peaKItl'lu

Xnvnqecroe
paBi{oBecl{e

3lercrPoMTuqecK
afl AHCCOU4aIU.HA

XuMn'IecKIae
peaKuI{l'I

lloAroroeHrl
ctK

roHrpollHofi
pa6ore

dloprray,ttst



Teua 5. Meral,rr'l (7 q)

[Io,'ioxeH Iae N'lel'aiIJIoB B

NCXS A t4

Meu,lc:teena. 06utue

c nofi crsa N,{e'l &liioB.

06ulue cttoco(rt-,t

r ro. lvqeli u t NleTa'lJl0B

?.re rtpoLttl: PacrBoPoB l'l

pacnnaB0B

O6:op Mera,'lJIoB rJIaBHbix

ilorrpyril (A-rPYnn)

ilept'toilhqec xoil cucreurt

x4 N{14qecKI4I pIeN{9!J0u

06lop McraJIJloB

rro6oqurlx no,trPYnn (li-

r.pynn ) ttePtloltnuecroil

c trcTeMbl x14M llrlecKl{x

3ile N4eHT0B (ve.1t , tltlt'ttc'

Nelte:o)

Oxcnitlt 14 rnrpoKcl4.llbl

MCTAJlJlOB

tr4Hmpyrrax no f/6'

NPAKTI4iIECKA,fl

PAFOTA If!1.

PL,illrlll4E
3KCIIEPIlMEH'fAIbFI
btx 3AllAt{ n0
tlIOPI-AI'l l'lql]C K014

x14M14t4

06:op cRoilcrs

IICMCTAIJIOB.

0rcuclturellHo-

BOCCTAHOBHTCJibHbIC

cgoilcrsa rl4nl4rlHblx

lieMeT&rlJl0B.

Bo,ropoitH t'le coejl14H eHIl q

0rcn;tu HeMe'l'aJIiloB I"l

Merallr't

Meralltlt
19

20

T;t 6' HeMe'rarlJr br (7'r)

Crp. 144lIP
N4

3rercrPollt:,
pacrBop,

Me'rartrtrt

Meralllt

OxcuAt't,
fHApoKcI4AbI

I{euterartrtlt

OrcuAt't,
K14CJIO't'I)I

ril4 c "_l 
o!0 Jlc 0 ile px a qn e

&31. Cry. 144



KHCJIOTbI

Analnr KoHTPoJIbHol4
I

06o6rleHlte n

c14cTeMaTu3a[14fi

uivqeHllol'0 3a foJI'
:--l---* -'---

flonroPurr
$optuYnrtItn."pY*tutn no T/6'

IIPAKTI4I{ECKA,fl

PAEOTA N2.

IIOJiYqEHI4E,

COBI4PAI-ITAE'14

PACTIO3HABAHI4E

fsqE---
O6o6ueHue t

cficreMarl43alll4fl :ttaHnil

no TeMaM <Mera"l'ut> tl

rrburpo"ttbHA-fl
PAEOTA N2
(BEIIIECTBA I4I,IX

CBOiICTBA',

IloAroroeuru
cflK

roHrPollHofi

Metalltlt,
I{CMCTAJIJIbI

flonroPurr
SopuYru

Beurecreo'
cnoftcrea
BelllecTBa

t2
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