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BBenenue

Kaxnaplil yuutenb X04eT, YTOOBI €ro MPEeAMET BbI3bIBA TIIyOOKUN UHTEPEC Y
oOyJaromuxcsl, YToObl YUEHUKH YMENIU HE TOJBKO MHCATh XUMHUYECKHE (POPMYJIbI
Y YPaBHEHMs pEaKlMil, HO M IIOHUMAaTb XUMHUYECKYK) KapTUHY MHpA, yMEIH
JOTHYECKH MBICIUTh, YTOOBI KaXIbIi YpOK OBLT TMpPa3IHUKOM, MAaJCHbKHM
IIPEICTABICHUEM, JOCTAaBILIONIMM paZoCTh W YYEHUKAM W YUYUTEIr0. Mbl
IPUBBIKJIN, YTO Ha YPOKE YUHTEIIb PACCKa3bIBAET, & YUCHUK CIIYIIAET U yCBAaUBaET.
Cnymate rotoByro MHGOPMALMIO — OJWH U3 CaMbIX HE3(PPEKTUBHBIX CIOCOOOB
yueHus. 3HaHUsI HE MOTYT ObITh NEPEHECEHBI U3 TOJIOBBI B TOJIOBY MEXaHUUYECKU
(ycabiman — ycBows1). MHOTHM Ka)KeTcsl, YTO HY>KHO TOJIBKO 3aCTaBUTh CIYIIATh
YUEHUKA U JeJI0 TYT K€ Moiaer Ha naja. OgHaKo y4yeHUK, Kak Jito0as JUYHOCTD,
HajieJieH cBOOOJION BOJM, ¢ KOTOPOW HeENb3sl HEe cuuTarbes. [loaromy HapymuTth
ATOT MNPUPOJHBIM 3aKOH M MOAYMHHUTh HX cebde Jaxke paau Osarux 1enen
HEBO3MOKHO. JKenaTenbHOro pe3ynbrara Ha 3TOM IIyTH 100UThCS HETb34.

Orcroma criemyer, 4TO HEOOXOAMMO caelaTh M3 YYEHHKAa aKTHBHOIO
COyYaCTHUKA y4eOHOro Ipolecca. YUEeHUK MOXKET YCBOUTh MH(POPMALIUIO TOJIBKO
B COOCTBEHHOM NEATENBHOCTH IPHU 3auHTEpEecOBaAaHHOCTU mnpeameroM. [loatomy
YUHUTENI0 HYKHO 3a0bIThb O poiu HH(pOpMaTopa, OH JOJDKEH HCIOJHATH POJib
OpraHu3aTopa IM03HABATEIBHON JEATEIbHOCTH YUECHHUKA.

MO>XHO BBIIECAUTH Pa3IU4HbIE BUBI JEATEIBHOCTH MO OCBOEHHUIO HOBOTO
MaTtepuana YUYEHHUKOM: MaTepHAIIbHYIO, MaTepHaIU30BaHHYIO U
UHTEUIeKTyanpHyt0.  [log ~ maTepHasbHOM  JEATEIBHOCTBIO  MTOHUMAKOT
NEeATEIbHOCTh C OO0BEKTOM H3yueHHus. i1 XUMHM TakKUM OOBEKTOM SIBIISETCS
BEILECTBO, T.€. MAaTEPUAIBHOW JIEATEIIBHOCTBIO HA YpOKAaX XHWMHH SIBISETCS
IIPOBEICHHE ONBITOB. ONBITHI MOTYT POBOANTH YYEHUKH WIIM JEMOHCTPUPOBATHCS
YUUTEIIEM.

Marepuanu3oBaHHas JEATEIBHOCTh — 3TO AEATEIBHOCTh C MaTepUaIbHBIMU

MozenaMH, GopMyramMu, TaOJIWYHBIM, HU(PPOBBIM, IPaPUUECKUM MaTEPUATIOM U



T.0. B XuMHM — 3TO [€SITENBHOCTh C MAaTEPUATBHBIMH MOJEISIMU MOJEKYII,
KPUCTAJUTMYECKUMHU  pEIIeTKAMH, XUMHUYECKUMU  (HopMyJaMu,  peIIeHUe
XUMUYECKUX 3ajad, COMOCTaBJICHHE (U3UYECKUX BEIMYUH, XapaKTEPU3YIOIIUX
u3yJaembie BemiecTBa. JI0Oas BHEITHSS AEATEIBHOCTh (IEATEIRHOCTh PYKAMM)
OTpa)aeTcsi B MO3re, T.€. MEPEXOAUT BO BHYTPEHHUM IJIaH, B MHTEIUIEKTYaIbHYIO
NesATeabHOCTh. [IpOBO/S OMBITHI, COCTABISAS XUMUYECKHUE (POPMYJIIBI U YpaBHEHHS,
COTIOCTaBIIsAA IUGPOBOM MaTepHall, YICHHUK JEJaeT BBIBOJABI, CHUCTEMATH3UPYET
(baKTbl, yCTaHABJIMBAET OINPECICHHbIC B3aUMOCBSI3H, IPOBOIUT AHAJIOTUU U T.J.

Urtak, yuutenb JOJDKEH OpPraHU30BaTh HA YPOKE JJIsi YUYEHHKA BCE BUJIBI
y4eOHO-TIO3HABATEIbHOM  JesTenbHOCTH.  HeoOxomumo, 4toObl  yueOHO-
MO3HABaTeNIbHAS JCSATEIBHOCTh Y4YEHHKA COOTBETCTBOBaJIa TOMY Y4e€OHOMY
MaTepuaity, KOTOpbIil JT0bKeH ObITh ycBOoeH. HeoOxoammo, 4yToObl B pe3yibTare
JESATEIbHOCTH, YYCHHK CaMOCTOSITEIbBHO MPUXOAWI K KaKUM-IHOO BBIBOJAM,
4yTOOBI caM JIJIsi ce0s CO3UAall 3HAHUE.

Baxueimm MIPUHIIUIIOM JTUTAKTUKH, SBJISIETCS MPUHIIUTL
CaMOCTOSITETILHOTO CO3UAAaHUsl 3HAHUMN, KOTOPBIM 3aKIIFOYAETCS B TOM, YTO 3HAHUE
YYEHUKOM HE MOJy4YaeTcs B TOTOBOM BHUJIE, @ CO3UAACTCS UM CaMHUM B pe3yJIbTaTe
OPraHU30BaHHOW YUUTEJIEM OIPEACICHHON NTO3HABATEIBLHOU JIESITEIbHOCTH.

CamocCTOsITENbHOE OTKPBITUE MaJleHIeld KPYNHIbl 3HAHHUS YUYECHUKOM
JIOCTaBJIIET €My OrPOMHOE  YJIOBOJBCTBUE, TIO3BOJIAET OIIYTUTh CBOU
BO3MOXKHOCTH,  BO3BBIIIAET €r0 B  COOCTBEHHBIX  TIJia3aX.  YYEHUK
CaMOYTBEPXKAACTCA KaK JIMYHOCTh. Ty TIOJOXKUTEIbHYIO TamMMy 3MOIUH
IIKOJBLHUK XPAHUT B MaMTH, CTPEMUTCS MEPEKUTH €lle U enle pa3. Tak BOZHUKAET
WHTEpPEC HE TMPOCTO K MPEeIMEeTy, a 4To 0ojiee IEHHO — K CaMOMY IMpPOIIECCY
MO3HAHUS — MTO3HABATEIbHBIN MHTEpeC. Pa3BUTHIO MO3HABATEIBHBIX U TBOPUYECKHUX
WHTEPECOB y VYYAIUXCS CIIOCOOCTBYIOT pa3MUYHbIE BUILI TEXHOJOTHH:
KOMITBIOTEPHBIE TEXHOJIOTHUHU, TEXHOJIOTHS TPOOJIEMHOTO U HCCIIEI0BATEIHLCKOTO

O0Oy4eHHMsI, TEXHOJIOTHSI UTPOBOTO OOYYEHMsI, HCIIOJIb30BAHKUE TECTOB.



MeToanyeckue peKOMEHAAlUH M0 UCII0JIb30BAHUI0
HHTEPAKTHUBHBIX MATEPHAJIOB

Hcnonp30BaHne KOMIBIOTEPA M MYJbTUMEAMMHBIX TEXHOJIOTUH JaloT
MOJIOKUTENIbHBIE ~ pE3yJbTaThl  MpPU  OOBSICHEHMM  HOBOIO  Marepuana,
MOJIEJIMPOBAHUM Pa3IMYHbIX CUTyaluil, pu cOope HyXHOM HMH(OpManuu, npu
oueHke 3YH u T. 1., a TakKe MO3BOJISAIOT HA IPAKTUKE PEaIU30BaTh TAKUE METOBI
oOyueHusl, KaK: JIeJIOBbIC UTPBI, YIPAKHEHUS M0 PEUICHUIO IPOOIeM, IPEe3eHTALUN
u npouee. KoMbploTepHasi TEXHOJOTUS 1ae€T BO3MOXKHOCTb pacloyiaraTb TaKUM
o0beMOM HH(pOpPMANUHA, KOTOPHIM HE BIAJCIOT YYHTEINs, ONHpAoIIUecs Ha
TpaJMLIMOHHBIE METO/Ibl 00yUYeHUs. B MynbTUMEIUIHBIX 00yYarouX IporpaMmmax
UCITOJIB3YIOTCSl QHMMAllMM M 3BYKOBOE CONPOBOXKJIEHHE, KOTOPBIEC, BO3JEHUCTBYS
Cpady Ha HECKOJIbKO HWH()OPMAIMOHHBIX KaHAJIOB O0y4aemMoro, yCHJIMBAIOT
BOCHpUATHE, 00JIETYal0T YCBOCHUE U 3allOMMHaHKE MaTepuaia. Ha cBoux ypokax
UCITOJIB3YIO Pa3JIMYHbIE IPOrpaMMBbl HA KOMIAKT JUCKaX, KOTOPbIE IOMOTA0T MHE
ISl OOBSICHEHUS HOBBIX WM TOBTOPEHHUS CTapblX TEM, 3aKpeNuTh H
CUCTEMATU3UpPOBaTh IOJy4YEeHHble 3HaHuA. IIpumep opHoro ypoka. Tema:
“Ilogrpymnma kuciopozaa, xapakrepucrtuka. [lomydyenue kuciopona”. B mpouecce
ypOKa  HCHOJNB30BAJCS  MYyJIbTUMEOWA  MPOEKTOp, TIJ€  HAa  JKpaHe
JEMOHCTPUPOBAINCH  OMBITHI,  KOTOpble B IIKOJBHOW  JlabopaTopHuH
MPOJEMOHCTPUPOBATh HEBO3MOXKHO. Tak € Ha DJKpaHe MPOEKTUPOBAINCH
HECKOJIbKO Tabmuu. PebGstam mnpeiaranocs NpoaHAIU3UPOBaTh, CPAaBHUTh U
cienath BbIBOA. 3 BBIIECKAa3aHHOIO MPUXOJUM K BBIBOJY, YTO KOMIIBIOTEpHAs
TEXHOJIOTHUS TIOBBIIIAET YPOBEHb OOYYEHHS U BBI3BIBAET MHTEPEC y4yalIUXcs K
IIPEIMETY.

Texnonoruss mnpoOAEeMHOTO OOy4YeHHs Tpeanojaraer Co3JaHue IMOoJA
PYKOBOJACTBOM YUUTENsI MPOOJEMHBIX CUTyallMii U aKTHBHYIO CaMOCTOSTEIbHYIO
JEATEIbHOCTh YYAIIUXCS MO MX Pa3pelleHHI0, B PE3YJbTATE YETO M MPOUCXOIUT
TBOPYECKOE OBJIAJICHUE 3HAHUSIMH, HABBIKAMHU, YMEHUSIMH U Pa3BUTHEM
MBICITUTENIbHBIX ~criocoOHOCcTei. I[IpoGieMHble cuTyauun Ha YypOKE MOTYT

BO3HHMKATh CAMbIM HEOKMJAHHBIM 00pa3oM. Hampumep, B rpynmne npu u3yyeHuu



TeMbl ‘“DIEKTPOOTPULIATENILHOCTL  YYEHUK 3anan Bompoc: “Bomopon otmaer
AIIEKTPOHBI JIMTUIO WK HA000poT?” OAHOTPYNIHUKU OTBETHIIH, YTO 3JIEKTPOHBI
OTIIaeT JUTHM, TaKk KaK y HEro paauyc aroma Oosbiie. TyT ke Apyrod y4eHHK
crpocwii: “A BO 4YTO MPEBpPATUTCS TOTJa BoaOpoa?” MHEHUs pa3aeiauinuch: OJHU
MOCUUTANM, YTO aTOM BOAOPOJ]A, MPUCOEAUHSS DJIEKTPOH, MPEBPATHIICA B aTOM
reyids, Tak Kak y HEro CTajo JBa 3JEKTPOHA, a JPYrue HE COrJIacWIMCh C 3THUM,
BO3pa3uB, YTO y TeIUs 3apsj sapa +2, a 'y nanHoi yactuisl +1. Tak 4to ke 370 32
yactura? Bo3nukia npoOiemMHas cUTyalus, KOTOPYIO MOXKHO Ppa3peliuTh,
O3HAKOMMBIIIKCH C MOHATHEM 00 noHax. [IpobieMHyI0 cCUTyalnio Ha yPOKE MOKET
co3narh U cam yuurenb. [I[pumep ypoka. Tema: “IIpocTeie u croxHbIe BelecTBa .
Yuutens NOpefoCTaBIseT YYEHHKY IIUPOKOE TMOJ€ JEATENbHOCTH: 3a7aeT
poOJIEMHBIE BOMPOCHI, MpejaraeT U3 MEepPedHsl pa3IMYHbIX BEUIECTB BBIIHUCATH
OTJEJIBHO IIPOCTHIE U CIOYKHBIE BEILIECTBA U MOJBOAUT K TOMY, YTOOBI YUEHUK CaM,
UCIIOJIb3YsI CBOM KU3HEHHBIN OMBIT, 3HAHUS MPEABIAYIIUX YPOKOB, IMOMIBITAJICS
cOpMyYIUPOBATH MOHATHE MPOCTOIO M CIOXHOTO BEUIECTBA. YUEHHUK caM s
ce0s co3uaaeT 3HaHUs, TaK BOZHUKAET HHTEPEC HE MPOCTO K MPEIMETY, a K CaMOMY

IPOILIECCY MTO3HAHNSI.



MeToauyecKkue peKOMEHIAIUN K CAMOCTOATEIbHOMH padoTe
o0y4aromuxcst

UccnenoBarenbckas AESTEILHOCTh OOYYAIONIUXCS — 3TO COBOKYITHOCTH
JEUCTBUN TTOMCKOBOTO XapaKTepa, BEAYIIMX K OTKPHITHIO HEW3BECTHBIX (DaKTOB,
TEOPETUUYECKUX 3HAHUH M CHOCOOOB JEATEIBHOCTH. TakuMm ITyTeM Yydaliuecs
3HAKOMSATCS C OCHOBHBIMM METOJAaMH HCCICIOBAaHUS B XHWMHH, OBJIQJCBAIOT
YMEHUSMH CaMOCTOSITEIbHO JTOOBITH HOBBIC 3HAHHS, MMOCTOSHHO OOpamasch K
teopuu. [IpuBiaedeHne OMOPHBIX 3HAHUM IS PEIICHHUS MPOOJIEMHBIX CHUTYaIlUH
npeanosiaraetT GopMUpoBaHUE W COBEPIICHCTBOBAHHME KaK OOIICYYEOHBIX, TaK U
CIEIUANIBHBIX YMEHHUI ydarmuxcs (IPOBOAUThL XWMHUYECKUE OMBITHI, COOTHOCUTH
HaOJI0/1aeMble SIBIICHHS ¢ M3MCHEHUSMH COCTOSHHUS MOJIEKYJ, aTOMOB, HOHOB,
MPOBOJAUTH MBICICHHBIA XUMHYECKUM SKCHEPUMEHT, MOJIEIMPOBATH CYIIHOCTh
MpoleccoB U T. 1.). MccienoBaHre MOXKET MPOBOJIUTHCSA C IEIbIO TMOJYYEHUS
HOBBIX 3HAHUM, 000OIIEHHUs, MPUOOPETCHUS YMEHUMW, NMPUMEHSATH IOJy4YCHHBIC
3HaHUS, M3Y4YEHUS KOHKPETHBIX BEIIECTB, SIBJICHUM, mpoieccoB. Tak, mpu
m3yyeHun Ttemel  “Conn” MOTYT  OBITh  HCIOJIB30BAaHBI  JJIEMEHTHI
HCCIIe10BATEIILCKOMN padoTHI. HccnenoBanue BKJIIOYAET: MIPOBEJICHUE
TEOPETUUYCCKOTO aHaJIn3a; MIPOTHO3MPOBAHUE CITIOCOOOB TMOYUEHHUS BEIISCTB M MX
CBOMCTB; COCTaBJICHHE TJIaHA SKCIIEPUMEHTAIBLHON MPOBEPKU U €T0 BBHIMOJIHEHUE;
dbopmynupoBanue BbIBoja. llomydyaeTcs joruueckasi IEMOYKa: TEOPETUUECKUMU
aHaju3 — MPOTHO3UpPOBaHuE — 3KcniepuMeHT. Maitkn dapaneii ropopui: “Hu ogHa
HayKa HE HYXJIAeTCs B AKCIIEPUMEHTE B TaKOM CTeNeHU Kak Xxumus. Ee oCHOBHBIE
3aKOHBI, TEOPUU M BBIBOJABI onuparoTcs Ha (akTel. [lodTOMY MOCTOSHHBIN
KOHTPOJIb ONBITOM HeoOxomuMm™”. [l cucTemMaTH3aly IOJydaeMbIX 3HAHHUM
y4Jalirecs 3anoJIHI0T Ta0uIly.
B y4ueOHOM mpoiiecce BBIIEISIIOT 1Ba BUJIa CaMOCTOSTEILHON pabOTHI:
- AyIUTOpHAs;

- BHEAYIUTOPHASI.



AynuTopHasi caMoOCTOsiITeNbHasg paboTa MO JUCIMILIMHE BBINOJHAETCA Ha
y4€OHBIX 3aHATHUSX I0J HEMOCPEICTBEHHBIM PYKOBOJACTBOM MPENOAABATENS U I10
€ro 33JaHHIO.

BreaynuTopHas camocrosiTenbHas padoTa BBINOJHAETCS CTYAEHTOM 110
3aJJaHUIO0 IIPEToIaBaTesi, HO 0€3 ero HeMmoCPEACTBEHHOIO yUacTHsl.

ConmepxaHue  BHEAyJIUTOPHOM  CaMOCTOSITENIBHOM  ompenensercs B
COOTBETCTBHUM C PEKOMEHIYEMBIMH BHUAAMHU 33JaHUN COTJIACHO NPUMEPHON H
paboueil mporpaMM y4eOHON JUCIMILIIUHBIL.

Bunamu 3aganuii 115 BHEayAUTOPHOM CAaMOCTOSITENBHOM PaOOTHI SIBISIOTCS:

- 071 061a0eHusi 3HAHUAMU. YTE€HUE TekcTra (yuyeOHUKa, NEpPBOMCTOYHHUKA,
JIOTIOJIHUTEBHOM  JIUTEPATyphl), COCTABIEHUE IIJJaHa TEKCTa, Tpaduyeckoe
U300paKEHHUE CTPYKTYpPbI TEKCTA, KOHCIIEKTUPOBAHUE TEKCTA, BBIMUCKUA U3 TEKCTA,
paboTa co cilOBaps MU M CIPABOYHHKAMM, O3HAKOMJICHHE C HOPMAaTHUBHBIMU
JOKYMEHTaMH, y4eOHO-UCCIeoBaTeNbCcKas padoTa, HCIOJIb30BaHUE ayauo- W
BHJICO3aNIMCEN, KOMIIBIOTEPHOU TeXHUKU U VIHTEpHETA U 1Ip.

- 0714 3aKpenieHus u cucmemamuzayuy 3nanuti: padoTta ¢ KOHCIIEKTOM JIEKLIUH,
o0paboTKa TeKcTa, MOBTOpHAs paboTa Haja Y4eOHBIM MaTepuanoMm (ydeOHHKa,
NEPBOMCTOYHUKA, JIONOJHUTEIBHON JHUTEpaTypbl, ayAHMO M BHJCO3AIMCEH,
COCTaBJICHHE IIJlaHa, COCTAaBJI€HWE TaOMUI] [ CHUCTEeMAaTHU3alud Yy4eOHOIO
MaTepuana, OTBET Ha KOHTPOJIbHBIE BOIPOCHI, 3aIlOJIHEHHE pabouel TeTpaju,
aHaluTU4eckas  oOpaboTka  TekcTa  (aHHOTHpPOBaHHE,  PEICH3UPOBAHMUE,
pedepupoBaHre, KOHCHEKT-aHalu3 W Jp), [OArOTOBKA  MYJIbTUMEIHA
COOOIICHMIT/AOKIIaIOB K BHICTYIUICHHIO Ha ceMUHape (KOH(EepeHILnH), TOAr0TOBKA
pedepata, cocrtaBieHue  Oubnmorpaduu, TEMATHUYECKUX  KPOCCBOPIOB,
TECTUPOBAHUE U JIP.

- 0113 (hopmuposanus ymenutl. PEIICHUE 3a1a4 U yNpaXKHEHUU Mo oOpasiyy,
pellileHne BapHATHUBHBIX 3a/lay, BBIIOJHEHUE YEPTEeKEH, CXEM, BBINOJIHEHHE
pacueroB (rpaduueckux padoT), pelieHue CUTYalMOHHBIX (TIPOodecCHOHaTbHBIX)
3aJa4, TMOJrOTOBKAa K JEJIOBBIM HIpaM, MPOEKTUPOBAHUE M MOJAEIUPOBAHUE

Pa3sHbBIX BHUAOB W KOMIIOHCHTOB HpO(l)GCCHOHaHBHOﬁ ACATCIIBHOCTHU, OIIBITHO



AKCIIEpUMEHTaIbHas paboTa, pedieKCUBHBIN aHANIU3 MPO(ECCHOHATBHBIX YMEHUN
C MCTIOJIb30BAHUEM ay/INO- U BUJCOTEXHHUKH H JIP.

CamocTrosTenbHass paboTa MOXKET OCYUIECTBIATHCS WHIWBUIYAJbHO WM
TpynnaMu CTYACHTOB B 3aBHUCHMOCTH OT IIeJid, 00beMa, KOHKPETHOW TEeMaTUKU
CaMOCTOSITENIbHOW PabOThI, YPOBHSA CI0KHOCTHU, YPOBHSI YMEHHH CTYJCHTOB.
KoHTponb pe3ynbTaToB BHEAYTUTOPHON CaMOCTOSITENILHOW pPabOThI CTYIIEHTOB
MOJKET OCYIIECTBIISITRCS B Tpeneiax BPEMEHH, OTBEJACHHOTO Ha 00s3aTelbHbIE
y4eOHbIe 3aHATHS MO JAUCHUIUIMHE W BHEAYTUTOPHYIO CaMOCTOSITEIBHYIO paboTy
CTYACHTOB MO JUCIMIUIMHE, MOXET MNPOXOAUTh B MUCHMEHHOW, YCTHOM WIH

CMeIlIaHHOU popme.

Bunipl BHEayIUTOPHOM CaMOCTOSITENIbHBIE PA0OTHI CTYACHTOB 10 XUMHH:
1. [loaroroBka u Hanucanue pedeparoB, JOKIAJOB Ha 3aJaHHbIC TEMBI,

HpI/ILIéM CTYACHTY IIPCAOCTAaBJIACTCA IIPAaBO BLI60pa TCMBI.

2. CamMmocTOsTeIbHOR PCHICHUC CUTYAIUMOHHBIX 3aJa4 C HCII0JIb30BAaHUCM
YCJ'IOBI/Iﬁ n3 3aJa4YHHUKOB, HMCIOIIUXCA B Ka6I/IHCT€, COCTaBJICHUE 3adad C

MNpcaACTaBJICHUCM 3TAJIOHOB OTBCTOB.

3. [TogOop W u3ydeHHe JUTEpPaTypHBIX HCTOYHHKOB, padoTa C

nepnommecxoﬁ [Ic4aThbro, IOAIr0OTOBKA TCMAaTHYCCKUX 0630pOB I10 IICPHUOJHKCE.

4. [ToaroToBka K y4acTHIO B HAYYHO-TIPAKTUYECKUX KOH(PEPEHIUSAX Kak

BHYTPH, TaK U BHE KOJUIEIKA

3. OdopmieHre MyIbTUMEIUHHBIX MPE3CHTALUNA YUeOHBIX Pa3lesioB U TEM,

CHaﬁI[OBOFO COIIPOBOXKACHUA AOKJIAI0B.

6. [ToaroToBka cxem, TabIUIl, KPOCCBOPIOB, TECTOBBIX 3aTaHHM.

7. N3roroBiieHre HATJISIHBIX TOCOOU, MAaKETOB, MYJISIKEH.



YtoOsl pa3BUTh TMOJOXKUTETHLHOE OTHOIIEHHWE CTYACHTOB K BHEAYJIUTOPHOU
CaMOCTOATENbHBIE PabOThI CTYIEHTOB, CIEAYET Ha KaXKIOM €€ JTale pa3biCHSITH
e’ paboThl, KOHTPOJIUPOBATH MOHUMAHUE 3TUX 1I€JIeH CTYJECHTaMH, MMOCTENEHHO

bopMupys y HUX YMEHHE CAaMOCTOSTEIILHOM MMOCTAHOBKH 33141 U BEIOOpA TIEITH.



METOJUYECKHUE PEKOMEHJIALIUU 11O OBYYEHHUIO
CAMOCTOSATEJIbHOM PABOTE YUAIIIUXCSI HA YPOKE

VYyamuecss okpyXaronmili ux OOBEKTUBHBIM MUP HE HCCIEAYIOT, a JIMIIb
U3Yy4aloT Ha OCHOBE Y)K€ MMEIOUIUXCS B MX PACHOPSHKEHUU HAYUYHBIX JTAHHBIX —
U3y4aloT B CHCTEMAaTU3MPOBAHHOM UM  OOOOIIEHHOM BHZAE. Yualuecs
HEIMOCPEJICTBEHHO COINPHUKACAIOTCA JaJeKO HE CO BCEMH H3y4YaeMbIMU HUMU
BEILIECTBAMU U SIBJICHUSIMH, & JIUIIb C TEMH, KOTOPhIE UX OKPYX aIOT U KOTOPHIE
peayCMOTPEHBI TporpaMMoii. B mporpaMmmy BkJTItodaeTcst o01ieo0pa3zoBaTeIbHbIN
MaTepuall I0BOJbHO OIPAHUYEHHBIN — TOJBKO TOT, KOTOPBII ISl UX BOCHPUSITHUS
BIoJHEe noctyneH. [lepexon OT He3HaHMs K 3HAHUIO y4YalllMecs COBEPIIAIOT HE
caMH, a IMOJ HEMOCPEICTBEHHBIM PYKOBOJCTBOM YYMTENS, KOTOPBIM BENET HUX
KpaTyallllliM IyTeM C HCIOJIb30BAHUEM HauOoJyiee palMOHAIBHBIX U YXKe
MIPOBEPEHHBIX MPAKTUKOU METOJIOB OOyUECHHUS.

Takum o0pas3om, ydaiiuecs B Mpoiiecce OOyYeHHsS HaxoIATcs B OCOOBIX
ycnoBusix. OqHaKo U ydaliuecs OT He3HaHUs K 3HAHHWIO B OOIIEM BUJIE MPOXOJSAT
T€ K€ CTYNEHU, KOTOPbIE MPOXOAUT BCE YEIOBEYECTBO B MO3HAHUU OKPY’KAIOIIETO
MHpa, W BOCHPUHUMAIOT 3HAHUSA C TIOMOIIBI0 TeX K€ (U3HOJOTUYECKHUX
MEXaHU3MOB, KOTOPBIE JIEKAT B OCHOBE JIFOOOT0 MMO3HABATENIBHOIO MpoIiecca.

Yuutenb XuMuUH, Kaxk MpaBuiio, MPoIecc 00yuyeHrs HAaYnHAET ¢ KOHKPETHOTO
Martepuajia — C HEMNOCPEICTBEHHOIO BOCIHPHUSATUS H3ydyaeMbIX BEIIECTB U
MPOUCXOAIIUX C HUMHU TPEBpalleHUd — 4Yepe3 MEPBYH CUTHAIBHYIO CHUCTEMY.
KoneuHo, B 1eOM psiie CIy4yaeB €My HNPUXOJUTCS HAYMHATH HE C <GKUBOTO
CO3€epIIaHUs», a ¢ HEKOTOPBIX, 3apaHee HAKOIUICHHBIX YYaAITUMUCS MPECTaBICHUI
W acCCOIMAIlNi, MCIOJB3Ys JUIsl 3TOTO TJIABHBIM 00pa3oM BTOPYIO CHUTHAIBHYIO
cucremy. Tak, Hanmpumep, OH 3HAKOMHT YYalIUXCSl C TAaKUMHU TMOHSATUSIMHU, KaK
«MOJIEKYJIa», «aTOM», <«aTOMHBIA BEC», «aTOMHO-MOJIEKYJIIPHOE YUYEHHE»,

«XUMHYECKHAM JIEMEHT» U JIP.



3amaya y4yuTens Ha MEpPBOM CTyNmeHH OOyYEeHHS COCTOUT B TOM, YTOOBI
OLIYIIIEHUS, BEI3BAHHBIC Y YUAIINXCSA TEMHU WM UHBIMU Pa3ApakKUTENIMU (CAaMUMHU
BEIIECTBAMHU U SIBJICHUSIMHU UM TOJBKO CIIOBECHBIM COOOIIEHUEM O HHX), IOAHITH
Ha YpOBEHb BOCIPUATHS — CBA3aTh MX B MO3TY y4YalllUXCsl C APYTHMMH, paHee
MOJIYYCHHBIMU OIIYIICHUSIMU U BOCHPUSITHSIMH, BKIIOYUTh UX B OOIIMU Mpoliecc
MBIIILJICHUS.

3ajava yyuTens Ha 3TOM MEPBOHAYAIBHOW CTYNEHH OOY4YEHHS] COCTOUT HE
TOJIbKO B MAKCUMAJIbHOM UCIOJIb30BAaHUU HATJISIIHOCTH, HO M B TOM, YTOOBI YMEJIO
PYKOBOJIUTh CaMHM IPOLECCOM BOCHPUATHS — COCPEIOTAaYNBaTh BHUMAaHHE
YYaIMXCS JIMIIb Ha CAMOM TJIABHOM, CAMOM CYILIECTBEHHOM.

Ha ocHOBe OTZEIbHBIX BOCHPUITUN Y yUYaIIUXCS 00 M3ydaeMbIX BELECTBAX
U SIBICHUSX 3aT€M CO3JaloTcad OOlMe MpEeACTaBICHUS W MOHATHS. OTO
OCMBIC/IUBaHHE U OOOOLIEHHE BOCHPHUATHA B CBOIO O4YEpEAb BIUSET Ha YXKe
UMEBLIMECS] TPEJCTABICHUS M TMOHATUS — pPa3BUBAIOT MBIIUICHUE YYalIUXCA.
Mory4um CpeicTBOM Pa3BUTHSI MBILIJIEHUSI CIYKUT pPeYb, a TAKXKE XUMHUYECKas
CUMBOJIMKAa U CIIELMajbHas XUMUYECKass TEPMHUHOJIOTHUS, C MOMOUIIbIO KOTOPBIX
ydalirecss He TOJbKO YCBaWBAIOT paHee OOOOIIEHHBIN OMBIT, HO OCMBICIUBAIOT
BHOBb IPUOOpPETEHHBIE 3HAHUS — PA3BUBAIOT CBOE MBIILIIICHUE.

3amaya yuyuTens Ha BTOPOM CTYNEHM Mpoliecca 00yueHUs: COCTOUT IIaBHBIM
o0pa3oM B OCMBICIIMBAaHUM TOJYYEHHBIX MPEACTABICHUA M TMOHATHHA, B
npeaynpexaeHun popmMaabHOr0 YCBOSHUS y4eOHOro MaTepuania.

CoznanHbple y yyaliuxcs MHOHSTHS TOBTOPSIOTCS U YTOYHSIOTCS IyTeM
IPUMEHEHUsI X B IMpakTUKe caMux ydamuxcs. Ha Tperbeld crymeHu mponecca
oOyueHHus: OYeHb BaXKHBI CHEIHUAJIbHbIE YIPAXHEHUs, XUMHUYECKHUE 3a7aud U
MPOU3BOICTBEHHBIE SKCKYPCHUHU.

VYuutens XUMUU JOJDKEH OOECHEYUTh OCMBICICHHOE M TIyOOKOe 3HaHHUe
OCHOB COBPEMEHHOU XHUMUH.

B nensix obecniedeHusi OCMBICIEHHOTO, TITyOOKOTrO YCBOEHUSI y4eOHOTO
MaTepuasa y4yuTelb XUMUU JIOJDKEH B OCHOBY BCed CBOEH pabOThI MOJOKHUThH

ClIeaAyromue METOANYCCKUC IPUHIMAIIBI:



- 00CTOATENbHO 3HAKOMUTH YYAIUXCS C KOHKPETHBIMU BEILECTBAMHU U
SBIICHUSIMH, @ TAKXKE CO CBS3SIMHU M OTHOILICHUSMHU MEXAY HUMHU — (POPMHUPOBATH
XUMHYECKNE OHATHUS;

- OOBSACHATH CBSA3M U OTHOIICHHUS MEXAY BEIIECTBAMH U SIBICHUSMHU —
yIIyOJIATh COIEpKAHNE XUMUUECKUX TOHSATUMH;

- abctparupoBaTh HauboJiee CYUIECTBEHHbIC NPHU3HAKH, PaCIpPOCTPAHATH
UX Ha Jpyrue BeUIecTBa M SBIICHUS, M3 YACTHBIX MOHATHH (popmupoBaTh Oosee
o61ue — 000011aTh MOHATHS;

- pacKpbIBaTh BHYTPEHHHUE, ECTECTBEHHBIC CBS3H MEX]y BEIIECTBAMH M MX
NpEBpaIICHUSIMA, 3HAKOMHUTh C KIacCU(pUKalMeHd BEIIECTB W SBICHUH —
CUCTEMAaTHU3UPOBATh MOHATHS;

-  UCHPABIATH OIMIMOKHM W HETOYHOCTH B COJEP)KAaHUU paHee YCBOCHHBIX
yUYalIUMHCS TOHATUM, JHOOUBATBHCS SICHOCTH, OTYETIMBOCTH U IMPABUIBHOCTH —
YTOYHSTH MOHATHS;

- TPUMEHATh NPUOOpPETEHHBIC MOHATHS K HM3YyYEHUIO HOBOTO MaTepHuaa
JUI. OCO3HAaHUST M PELICHUs HOBBIX YYEOHBIX W BOCHHUTATENBHBIX 3aJad —
UCTIONIb30BATh M 3aKPETUIATh PaHee MPHUOOPETEHHBIC TOHSTHUS.

MetonoMm 00ydeHHs] Ha3bIBAIOT COBOKYMHOCTh CPEJICTB M NPHUEMOB, NpHU
INOMOIIM KOTOPBIX YYHUTENIb BOOPYXACT y4yalUXCid 3HAHUSMU M YMEHHUSIMH, a
Takke GOPMHUPYET Y HUX MUPOBO33PEHHUE.

[IpenogaBaTenp 00s3aH CUCTEMATUYECKH, IOCIEIOBATEIBHO HW3JIaraThb
IpernoAaBacMyl0 UM IUCIHILIMHY, BCEMEpPHO MpHydas neTeil Kk pabore Haj
y4eOHMKOM W KHUTOH, K Pa3jNdHOTO POJa CAMOCTOATEIHHBIM MHUCHbMEHHBIM
paboram, k pabore B KabuHeTe, B Jaboparopuu. Hamo cucremarnuecku
IpUyYaTh JETed K CaMOCTOATEIBHON paboTe, MIMPOKO MPAKTUKYS pa3IuIHbIC
3aJJaHus B Mepy OBJIa/ICHUS ONPEAEIEHHBIM KYpCOM 3HaHUH.

Takum 00pa3oM, OT yuuTenst XUMHH TpeOyercsi, YyTOObl OH M caM H3Jarai
y4eOHbII MaTepHal, U Mpuydas ydaumxcs padoTaTh caMOCTOATENbHO. B cBs3u ¢
TUM TpeOOBaHUEM METOJbl OOYUYEeHUS XUMHHM MOKHO Pa3AeIuTh Ha JIBE IPYIIIbL:

1) MeToAbI U3NIOKEHUS U 2) METOJIbI CAMOCTOSITEIbHOM PaOOTHI.



Haubonee yacto mpuUMEHSIOTCS: METObI M3JI0KEHUSI yueOHOro mMaTepuaia
YUUTEIEM C HCIOJNBb30BAHMEM paccKasza, JIeKIUH, Oecelbl, HIKCKYpPCHH,
JEMOHCTPALIMOHHBIX OIBITOB U APYTUX CPEACTB HAISIAHOIO OOYYEHHsI, METOJIbI
CaMOCTOSITENILHOM pPaldoThl — nabopaTtopHble pabOTHI, MPAKTUYECKHE 3aHATHS,
pelIeHre XMMUYECKUX 3a/1a4 ¥ padboTa C IUTepaTypHbIMU HCTOYHUKAMHU.

ITpu wucnosb30BaHUM METOJOB Y4YEOHOH paboOThl MO XHWMHUU CIEIYET
UCXOAHTDH U3 CIAEAYIOUINX MPUHIIUIIOB.

HopManbsHO opraHn30BaHHbIN y4eOHBIN Ipouecc TpedyeT NMPUMEHEHUs He
KaKoro-HuOyJlb OJHOTO, YHHMBEpPCAJbHOTO METOAa, a BCEro pasHooOpas3us
CYIIECTBYIOIIUX METO/OB.

Yem pa3zHOOOpazHee METOAbl MPENOoJIaBaHus, TEM BOCIPHUATHE yUYaIIUMUCS
y4ueOHOro Marepuaia 0ojiee BCECTOPOHHE, a ClIeI0BAaTeNIbHO, 00JIe€ OCMBICICHHO,
oonee mnpouHo. OJHO [€10, €CIM Yyyalluecss C KakuM-TM0O0 BEUIECTBOM
MO3HAKOMSITCS TOJIBKO I10 OIMCAHUIO B yUEOHUKE, U IPYTroe AEO0, €CIH YUUTETh 00
TOM BEIIECTBE €IMIe KPAacOYHO (C COOTBETCTBYIOIIMMH JEMOHCTPALUSIMH),
paccKa)xeT, MOKAKET ero (Ha 3KCKYpCHUH) B IMPHUPOJHBIX YCIOBUSX U HPEIJIOKUT
YUYaIIIMCS C TUM BEIIECTBOM MPOBECTH CAMOCTOATEIBHYIO paboTy.

Bce MeTonpl, HE TOJNBKO METOIbl CaMOCTOSITENIbHOM paOOThl, JTOJIKHBI
MaKCUMAaJIbHO BO30YXJaTh aKTUBHOCTh ydamuxcsi. OCOOEHHO Ba)KHO, YTOOBI OHU
BO30Y>KIaJli aKTUBHOCTH HE TOJILKO MOTOPHYIO, HO U MBICTUTEIBHYIO.

Ecniu wucnonb3yercs paxe HauOosee aKTHUBHBIA METOJA, HalpuMep
IKCIIEPUMEHTaIbHas paboTa caMUX ydYalIuxcs, HO TPU DTOM >KHUBas MBICIH
yyaluxcsi He BO30YXZaercs, TO HSTOT METOJ CBOEH OCHOBHOW Y4eOHO-
BOCIHUTATEIbHON LIEJIU BCE-TaKU HE IOCTUTaeT.

Bce MeTonmpl MOMKHBI 00ECHEUNTh HE TOJIBKO CO3HATENBbHOE MPOYHOE
YCBOGHHE YyYallUMHCS OCHOB XHMHH, HO M BOCHUTBHIBATH y HHUX YMEHHUS
HaO0JI01aTh, CIYIIAaTh, a IJIABHOE MBICIUTh — 3aJIOKUTh NPOYHBIA (PyHAAMEHT
CO3HATEIBHOTO MPUOOPETEHUS MPEAYCMOTPEHHBIX IPOTPAMMON 3HAHUI U YMEHUH.

B kaxaom otaenbHOM ciiydae TpeOyercs HanboJiee palliOHAIbHBIM METOA.

BriOop MeTona 00ycClIaBIMBAIOT: COJEp)KAHME U OOIIMH XapakTep Y4eOHOTo



MaTepuaia, CTENeHb Pa3BUTHS M MPEABAPUTENbHAS IMOATOTOBKA Yy4alUXCs, a
TakK€ KOHKpPETHBbIE YCIIOBUSL Juies (HaIuyue XUMHYECKOTO KaOuHeTa,
00€CIIeYeHHOCTh ~ MpHOOpaMu, peakKTUBaMH W  JPYTUMH  HEOOXOIUMBIMU
Matepuanamu). CaMoe omacHOE B 3TOM Ciy4yae — IIA0JIOH: UCIOJIb30BAHUE MOUTH
BO BCEX CIIydasx OJIHOTO M TOTO ke MeTona. Bompoc o BeIOope MeTona, criocoda u
IpUEeMOB 00yUEHHS BCET/Ia PEIIACTCsl KOHKPETHO M OCMBICIICHHO.

B xome ypoka yuurenb oOecreyrBaeT AaKTUBHYIO I[103HABATEIbHYIO
JESATEIIBHOCTh yYaIlIMXCs, HWCIOJB3Yys pasIuvHble (OpPMBI €€ OpraHu3allvu:
(bpoHTaNBbHYIO, KOJJIEKTUBHYIO M MHIUBUYaJIbHYIO.

Opranuzanust yueOHO pabOThl ydalluxcs Ha YpOKe TECHEHIIMM 00pa3oM
CBsA3aHa C (POPMUPOBAHMEM M YKPEIUICHUEM KOJUICKTHBA TPYIIbI. DTOW IeNn
COOTBETCTBYeT (ppoHTampbHOE OOy4YeHHe, NpU KOTOPOM KOJIJICKTHUB Kiacca
BBICTYTIAET KaK €IMHOE 1€JI0€, a KaX/blii YYEHUK B OTJCIHHOCTU YYaCTBYET B HEl
KaK 4WICH KOJUIEKTUBA, BHITIOJHSS MOPYUYECHHYIO €EMY YacTh 00111el paboThI.

®ponrtanpHas (Gopma OpraHum3zanuyd y4eOHOW AEATEIHPHOCTH ydYalluxcs Ha
YpOKE CHOCOOCTBYET YCTAHOBJIEHHIO OCOOEHHO OJIM3KUMX OTHOILIEHUH MEXIY
YUUTEIEM U KIJIACCOM, COBMECTHOM APYKHOH paboTe yueHUKOB, B XOZ€ KOTOPOU
JocTuraercs ofIiee y4yacTHe B PEIIEHHH HE TOJbKO 00pa3oBaTENIbHBIX, HO U
BOCIIUTATEIbHBIX  3aJlad, B3aUMOIOMOIIH, (HOPMHUPOBAHUIO  YCTONYMBBIX
M03HABATEJIbHBIX UHTEPECOB, MO3BOJISIET UCTIOIB30BaTh PA3HOOOPa3HbIE METOIBI U
npueMbl IS aKTUBHM3alMK Tpolrecca oOyudeHus. Irta Qopma obecreynBaet
NpUBJICYCHHE K pabOTe BCEX yUaluxcs Kiacca U uX 00IIuid mporpecc B y4eHHUH.

BMmecrte ¢ TeM oHa HE MOXET ObITh YHHBEPCAIbHOU, TaK KaK HEAOCTATOYHO
YUYUTHIBAET YPOBEHb PA3BUTHSA, IMO3HABATEIbHBIC HHTEPECHI M BO3MOKHOCTH,
cnenu@uueckre BOZMOXKHOCTH Kakaoro ydeHuka. [loatomy ¢dponTansHas pabota
HAa YypOKe coderaercs C UHAuBHAyanbHOW. Tak, Hapsigy ¢ (QpOHTAIBHBIM
U3JI0’)KEHUEM MaTepualia y4yuTelleM, KOTOpO€ NPHUMEHSETCS Yalle BCEero s
cooOlIIeHnus] HOBOW HMHGpOpMAIlUU, HMIUPOKO HMCIOJb3yeTcs (PpoHTabHas Oecena.
[TocTaHoBKO# BOMPOCOB (MPOOJIEMHBIX, HABOJANIUX WU Jp.), KOMMEHTaApUSIMU U

OLCHOYHBIMHU CYKJACHHUAMMA YUUTCIIb HAIIPABISCT X0 6CCCJIBI TaKUM o6pa30M, qTo



KKABIA yJyaluiics BBIMOJHSAET 3aJaHUE WM YINPAKHEHHE CaMOCTOSTENbHO,
OJTHOBPEMEHHO C JPYIMMH, MO YKa3aHUIO W TOJ PYKOBOJACTBOM YYHUTEJNS.
NunuBuayanbHble 3afjaHUs MOTYT COCTaBJIATh 4YacTh OOIIEro KOJUIEKTUBHOTO
3aJaHusl, W TIOCIE€ HX BBIMOJHEHUS BCE YUYEHUKH MNPUHUMAIOT YydacTue B
00CYXXJICHUH TOTYYEHHBIX PE3YJIbTATOB.

NunuBunyanbHass (opma ydeOHOW paOOThl Ha YPOKE XapaKTepU3yeTcs
BBICOKHM YPOBHEM CaMOCTOSITENIHOCTU ydaiuxcs. Ee mpeumyiecTBa cocTOsT B
TOM, 4TO 00y4YeHHE B MaKCUMAaJIbHOM CTENEHU COOTBETCTBYET YPOBHIO PAa3BUTHUA,
CIIOCOOHOCTSIM W TO3HABATEIbHBIM  BO3MOXKHOCTSIM ~ KaXKIOTO  yYCHHKA.
NunuBuayanbHas ¢opma paboThl HamOoJiee IliejiecooOpa3Ha IMPHU BHIIOJTHEHUU
Pa3IMYHBIX YIOPA)KHEHUH W pEIIeHUWH 3a/ay, OHA YCIHEHIHO MPUMEHSETCS Mpu
IPOrpaMMHUPOBAHHOM OOYYE€HHHM, a TakKKe C LeJbl0 yriayOJeHuss 3HaHUU U
BOCTIOJTHEHMSI UMEIOIIUXCS Y ydalluxcs MpoOesoB B U3yYEHUU MaTepuasna, Mnpu
(OpMUPOBAHUN YMEHHUI U HABBIKOB.

WupuBuayanbHass ¢opma pabOThl IIKOJIBHUKOB Ha YpPOKE IO3BOJSET
peryiMpoBaTh TEMII MPOJBHKEHHUS B YUYEHUH KaXKIOI0 YYEHHKa, cOOOpasysch C
€ro MOATOTOBKOH M BO3MOXKHOCTSIMH. YCIEX €€ OIpeaemseTcs] MpaBHIbHBIM
nogoopomM  audPepeHIIMPOBAHHBIX  3aJlaHWM, CHCTEMAaTHUYECKUM KOHTPOJIEM
YUUTENs 332 UX BBIOJHEHUEM, OKa3aHMEM CBOEBPEMEHHOM MOMOIIM B pEIICHUU
BO3ZHMKAIOIIMX Y yYalllMXCs 3aTpyaHeHuid. [IpoBeaeHHbIe ncclieI0BaHus TOKa3aIIH,
YTO JUIsl CJIa0OYCIIEBAIOIINX YUYCHHUKOB cienyeT nuddepeHIMpoBaTh HE CTOIBKO
CJIO)KHOCTh 3a/laHus, CKOJBKO Mepy OKa3blBaeMoul uM mnomou. llpu ymenon
OpraHu3allid UHAMBUAYaJIbHAs padoTa yyammxcs GOpMHUPYET y HUX NOTPEOHOCTh
Y HaBBIKA CaMOOOpa30BaHMUS.

Cepbe3Hblii HEAOCTATOK WHIAMBUAYATHHOH (OPMBI OpraHHU3aIlii paboThI
y4Yaluxcs Ha ypOKE COCTOUT B TOM, YTO OHU MPAKTHUECKU HE OOLIAIOTCS APYT C
JIpyroM, NpuoOpeTaeMblil OMBIT CAMOCTOATEIBHON JESATENIbHOCTH HE CTaHOBHUTCA
JIOCTOSIHUEM KOJUJIEKTHBA, HE OOCYXKJIaeTcsd BMECTE C TOBapHIaMH MO Kiaccy U
yuuteneM. [loaToMy uHAMBHIyalbHas paboTa IMIKOJRHUKOB Ha YpOKE JOJDKHA

COUYETAThCA C KOJUIEKTUBHBIMU (hOpMaMH €€ OpraHu3aluu.



Hapsiny ¢ ¢poHTanbHOM oOpranu3anueid paboThl YYEHHKOB Ha YpOKe
NPUMEHSAETCA U Takas KOJUIGKTHBHas ¢opma, Kak TpyIIoBas paboTa ydariuxcs,
IpU KOTOPOM KJIAcC JIEIUTCS HAa HECKOJBKO TPYIII, BBITOJHSAIOMIUX OJMHAKOBHIE
WIM pa3UyHble 3a7aHus. B 3aBHCUMOCTH OT 3TOT0 pasziUyYaOT EAUHYI0 U
nu¢depeHIIMPOBaHHYIO TPYIIIOBYIO padOTy, IPUUYEM U B 3TOM U B IPYIOM Cllyyae
OHa TECHO M HEPa3pbIBHO CBs3aHa C ()POHTAIBHONM M MHIUBUAYaJIbHOW pabOTOM
yuamuxcs. VMccienoBanusi NOKa3ajid, YTO ONTUMAbHBIA COCTaB rpymm — 5-7
yenoBeK. JIJig ycCHemHod COBMECTHOM pPabOThl HEOOXOJUMO KOMILIEKTOBATh
TPyONbl W3 YYalluXCsl, MMEIOIIUX MPUMEPHO OJMHAKOBYIO YCIEBAaEMOCTb U
OJIMHAKOBBIA Temn padoThl. COCTaB 3TUX TPYII HENOCTOSHHBIN U, KaK MPaBUIIO,
Pa3IMYHBIN MO pa3HbIM IpeaMETaM, ONpPENEsSeTCs] CAMUMH YYEHUKAaMU, YUYUTENb
TOJIEKO KOPPEKTUPYET €T0, YIUTHIBAS B3AUMOOTHOIICHUS MEXITY YIAIlUMHUCH.

['pynmnoBas paboTa y4amuxcsi MOXKET MPUMEHSTbCS Il PELICHUs MOYTU
BCEX OCHOBHBIX JAMJIAKTUYECKUX NpoOJieM: pelleHus 3anad U YIpaKHEHUH,
3aKpeIJICHWs] W TIOBTOPEHHWs, W3Y4YeHHss HOBOro wMarepuana. Kak wu mpu
UHIMBUIyaJIbHOM OOY4YEeHHMH, B TpYIIIaX OPraHU3yeTCs CaMOCTOsITeNbHas padora
yyalmxcs, HO BbIMONHeHHE u(dGEepeHIMPOBAHHBIX TPYNIOBBIX  3aJaHUN
npuy4yaeT oOyYarolMXcsi K KOJUIGKTUBHBIM METOoJlaM paboThl, a 0OIIeHue, Kak
YTBEPKAAIOT TICUXOJIOTH, SBJISETCS HENPEMEHHBIM YCIOBHEM (OPMUPOBAHUSA
MPAaBUJIBHBIX TMOHSTHHA, TaK KaK TO3BOJSET OCBOOOIUTHCS OT CYOBEKTHBHOCTH.
®poHTanpHas, TPyNNoBas W WHAUBUAyalbHas paboTa ydauuxcs I[O-pa3HOMY
CHIOCOOCTBYIOT peanu3alui 00pa3oBaTebHBIX U BOCTIMTATEIBHBIX 3a/1a4. [loaToMy
HEOOXOMMO pAlMOHAIIBHOE WX COYeTaHWe, OOOCHOBAaHHBIA W MPOTyMaHHBIH
BBIOOp TOW WM WHOM (POPMBI YUUTENIEM C Y4E€TOM OCOOEHHOCTEH Yy4eOHOTo
npeaMera,  COJIEpKaHWs  HM3ydyaeMoro  MaTepuana, MeToJoB  OOydeHus,
0COOEHHOCTEM Ki1acca M OTACIbHBIX yYaIIuXCs.

CrenuanbHBIMU  HMCCJIEIOBAHUSIMU  YCTAaHOBJIEHO, 4YTO TICHXOJOTHYECKOE
COCTOSIHME YYCHHKA BO BPEMS €r0 OTBETa Ha BOIMPOCHI YUHUTENs OMpEAeIsieTcs He
TOJILKO T€M, KaK OH TMOJTrOTOBHJI MaTepHall ypoKa, HO TJaBHBIM 00pa3oM

MOBCACHHUEM YUUTCIIA IO OTHOLICHUIO K YYCHHKY. Henarornqecxﬂﬁ OIITUMH3M



YUHTENSA, €ro JOBEPHUTEIbHOE OTHOLIEHHE K Yy4YalluMCs, OpraHu3alMs HX
COBMECTHOTO KOJUIGKTMBHOTO TIIOMCKa Ha YpPOKE B pa3IuyHbIX (opmax
OpraHM3alMyd  JESTeIbHOCTH, OOBEKTUBHAs OLIEHKa pabOoThl IIKOJBHUKOB,
MOCTOSIHHAsI TOTOBHOCTh OKa3aThb MM HEOOXOAMMYIO MOMOIIb — BCE 3TO HWMEET
00JIbIIOE TUAAKTUYECKOE M BOCIUTATENIbHOE 3Hau€Hue, POpMHUPYET y YUEHHKOB

HaBBbIKH KOJIJICKTUBHOI'O TPpYJa U IIOJOXKUTCIIBHBIC HPABCTBCHHBLIC KAaUCCTBA.



METOINYECKHUE PEKOMEHIAILIIUHA ITIO ITOBBIIIEHUIO
AKTUBHOCTHU U CAMOCTOATEJBHOCTHU YHAIIIUXCA

AKmueuzauua OeaAmeabHOCmU  YUauwuxca npu  U3YUeHUU HOB020
mamepuana. Ilepexon K M3y4EHHIO HOBOI'O Marepuaja Ha ypoKaxX ITPOMCXOIUT
€CTEeCTBEHHBIM 00pa3oM. M3 moBTOpeHHMs MaTepuaia B Hadajle ypoKa BBITEKaeT
yueOHasg 3ajada HOBOrO ypoka. YToObl BbI3BATH IOBBIIMICHHBIA HMHTEPEC K
M3y4yaeMOMY MaTepually, HYXHO HauMHATh U3JIOKEHHE C YOeAUTEIHHOTO
pasroBopa O MPaKTHUYECKON WM TEOPETUUYECKOU 3HAYMMOCTH Bompoca. [Ipu 3tom,
€CIIM BO3MOXKHO, HY)KHO CTapaThCsl MPUBJICYb KW3HEHHBIA OMBIT YyYalluXCsl.
CrnenyeTr UCnonb30BaTh UCTOPUUECKHUE CBEACHUS, PACCKA3bIBATH O TPYJIE YUCHBIX-
XUMUKOB, OTKPBIBIIIMX WJIU MOJYYUBIIUX HOBBIE BEIIECTBA, CyMEBIINX OOBSICHUTH
MPUPOLY TEX WIIM UHBIX SBJICHUM, 3aUYNTHIBATH SIPKUE BBICKA3bIBAHUS, OTPHIBKU U3
CTaTE€d M KHUT. YYaluecs MOTYT M HE 3allOMHUTH JaThl U aBTOPOB OTKPBITHU,
OJIHAKO TaKue Oecebl HE MPOXOAIT OECCIeIHO: OCTACTCs YOeXKIECHNE, UTO 3HAHUS
O MPUPOJE HE JOCTAOTCS JIETKO, a SABIIAIOTCA PE3yJIbTaTOM TPyAa MHOTHX JIFOJICH.

Hanpumep, ypok mno u3ydeHuto O€H30Jia HAUMHAEM C PEIICHUs 3a/laud: 6
1825 200y Maiikn @apadeti — aHeAUUCKUU YUeHblll — OOHAPYIHCUTL 8 CBEMUTbHOM
2aze y2neeo0opoo, 6 komopom owviio 92,3 % yenepooa u 7,7 % eodopooa.
Ilnomnocms e2o napos no 6030yxy pasna 2,69. Kaxoea ez2o MmonexyaapHasi
Gdopmyna? Kaxoe cmpoenue ez2o MoaeKyn MOdicHO npeononoxcums? Ilocne
pelieHrss U OOCYXKIEHMsI 3a/laud COOOIIAeTCs, YTO Ha3BaHHE ATOMY BEIIECTBY
ObLIO AaHO mo3aHee, koraa B 1834 rony HeMeukui yuyeHblii MUTYEpaIux Moaydul
ero u3 OeH30MHOW KHUCIOTHL. [lOCKONBKY 3TO BEIIECTBO HEMHOTO HANOMHHAET
MaCJISTHUCTYIO JKHIKOCTb, TO B €r0 Ha3BaHMM IMOSBUJIACh YacTUIla «oi». Tak
00pa30BajioCh HaA3BaHUE «OCH3-0JD».

N3yyenue OeH301a Ha YypOKe MPOAOHKACTCS CIEIYIONUM 00pa3oM.
VYuamuecs: aenaroT TPEeArnoyioKEHUEe O TOM, YTO BEIIECTBO, (opMysia KOTOPOTO
HallJIcHa TpU PELICHUM 3a7a4u, - HENPEIENIbHBIM YIIEeBOAOPOI, COAEPKAIIUN

KpaTHLBIC CBA3H. I[J'ISI IMMOATBCPKACHUA OTOIO0 OHH HpcajiararoT MIpoAciaTb



KauyeCTBEHHBIC pEaKLUMW Ha HEHACHIIICHHbIE AaJKEHbl: C OpOMHOW BOJON U
pacTBOpPOM IE€pMaHraHaTa Kajus. BeI3BaHHBIE K CTOJIY /IBa YYEHUKA MPAKTUUECKU
IIPOBEPSAIOT NPEIAIOJIOKEHUS. Pe3ynbTarsl ONBITOB BXOMAT B INPOTHBOPEYHUE C
OKHJIa€MbIMU: 00€CLIBEUMBAHUsI PaCTBOPOB He mpoucxoauT. [louemy? MHTepec k
MaTepualy BO3pacTacT. ¥Yyalyecs NpoAODKAlOT BbICKA3bIBATh MPEATION0KEHHS O
CTPOEHMM MOJIEKYJIbl O€H30J1a U MBITAIOTC 00OCHOBBIBAaTh UX. YTOOBI elie Oosee
aKTUBU3MPOBATh MX IMO3HABATENBHBI HMHTEPEC, MOXHO COOOIIMTH, YTO Haj
pelIeHHeM 3TOro Bompoca ydeHble paboTtanu cBeimie 40 jer. MoOXXHO Takke
3a4yuTaTh HEOOJIbLINE OTPBHIBKM M3 CTaThU O «3arafoyHoM Oenzone» («Hayka u
XKU3Hb», 1966, No2). Hakownern, clenyeT NpeayioXuTh MOCMOTPETh (parMeHT
KUHOKOJIBLIOBKH «CTpoeHHe MOJIeKysbl OeH3osa». Tenepb ydamiuecs roBOpST O
JIBOMCTBEHHOCTH XMMHMYECKHX CBOMCTB OeH3ousa. [IpenmnosnoxkeHnue goka3bIBaeTcs
OIBITAMHU.

Ha ypokax BHHMaHME ydallMXcs, KaK IMPAaBWIO, HAIPABIIIETCS HA PELICHUE
HAy4HOTro Borpoca. IMEHHO Ha 3TOM OCHOBaHa MPOOJIEMHOCTh B 00yUYEHUHU.

B psage cioydaeB MOXHO  3aMEHHUTHh  JEMOHCTPALIMOHHBIE  OIBITHI
nabopaTopHbiMu. Hanpumep, B 8 kiacce npu U3yYeHUHU 3aKOHA COXPAHEHHSI MacChl
BELIECTB MpoBOAMTCA J1abopaTopHas pabora. [lepen ee mpoBeaeHHMEM CTaBUTCS
3a/laya: BBISICHUTB, OTJIMYAETCS JIM MAcca BELIECTB, B3STHIX B PEAKLUIO, OT MACCHI
noJiyqarouiuxcsi Bemects. Ha cronax yyammxcss HaxoaaTcsl Bechbl, IpUOOpPHI s
JEMOHCTPALIMKA  OIBITOB, MOATBEPXKAAIOIMIMX OSTOT 3aKOH. Ha Kaxnaelii crou
BBIJIAIOTCS MUCHbMEHHBIE MHCTPYKIMU O TOM, KaK CIEAyeT BBINOJHATH padoTy. B
XOJI€ €€ BBINIOJIHEHUSI 00pallaeTcs BHUMAHUE Ha 3aKpEIIEHNE YMEHUS B3BELIMBATh
Ha Becax. PaboTa mpoBOAMTCS MO rpylmam: OJHUM YYEHUKH HCIONb3YIOT Oapus
XJIOpUa U HaTpus cysibdat (B pactBopax), Apyrue — pactBopsl Meab-(I1)-cynbdara
U IIEJI0YH, TPEThU — PacTBOPHI mienoud U ¢eHondranenHa. Pe3ynbraTel Bcex
OTIBITOB 00CYKJIal0TCs, yUalluecs JeNal0T BHIBOJ, @ YUUTENb (DOPMYIHUPYET 3aKOH.

Kpome paszmarouHoro marepuana, KOJUICKIMM, TaOuull, MOJENeH, CTEH OB,

DKpPaHHBIX TMOCOOWII B mporecce OOBSICHEHUS HOBOTO MaTepuaia HEpeaKo



UCIOJNB3YI0 IUIAKaThl HEOOJBIIOro Qopmara ¢ JaKOHHUYHBIMHM 3alUCAMU MU
BBIPA3UTEIHLHBIMU PUCYHKAMH.

B xauecTBe nmpuMepa MOKHO MPUBECTH YaCTh UHCTPYKIUU JJIS1 BHITIOJHEHUS
CaMOCTOATENBHON paboThl HA TeMY «CBOMCTBA KAPOOHOBBIX KHCIIOTY.

NHCTpyKIIMST K CAMOCTOSITEIbHOMY HW3YYEHHIO XHWMHYECKHX CBOMCTB
KapOOHOBBIX KUCJIOT.

Llesnb: W3y4WTh CBOMCTBA YKCYCHOM KHCJIOTBI KAaK IPEACTaBUTEN Kiacca
KapOOHOBBIX KUCJIOT.

3amanue 1

O3HaKOMBTECH C BBIJIAHHOM B CKJISTHKE YKCYCHOM KUCIIOTOM, U3YUUTE €€
dbusnueckue cBoicTBa (ocTOpoxkHO!). OOparhTe BHUMAaHHE Ha XOPOIIYIO
PacTBOPUMOCTb YKCYCHOM KUCJIOTHI B BOJIE.

Bonpoc. byner nm u3MEHSThCS PacTBOPUMOCTH KapOOHOBBIX KHCIOT C
YBEIMYECHHEM MX MOJIEKYJIIPHOM MacChl 3a CYET YIJIEBOJOPOIHOTO pajuKana?

Cosem. CpaBHHUTE ¢ PACTBOPHUMOCTBIO CITUPTOB (CM. yueOHUK, ¢. 110 — 111).

3aodanue 2

BcnoMHuTe 00mmMe CBOWCTBA HEOPraHUYECKUX KHUCIOT M TMPOBEPHTE,
o0JajaeT M ATUMH CBOMCTBAMU YKCYCHAs KUCIIOTA.

1. WcnplTaiiTe pacTBOp YKCYCHOW KHUCIOTHI HHAMKATOpoM. Hamwumure
YpaBHEHUE JIEKTPOIUTHUECKON TUCCOIMAIIMN YKCYCHON KUCIIOTHI.

3ameuanue. Tlponecc aucconnanuu 0OpaTUMBbIN.

2. U3yunte neiicTBHE pacTBOpa YKCYCHOM KHCIOTHI Ha CyXHE COJU
YTOJIbHOM KHUCIOTBI: IOMECTUTE B SAYEHKY IJIACTUHBI HEMHOI'O CyXOro KapOoHara
KaJIMSI U HECKOJIBKO Kameidb YKCYCHOM KHCIOThl. Hanummre ypaBHEeHUE peakiuu B
WOHHOM BHJIE.

Bonpoc. Kak 0cBOOOIUTH SHII0 OT CKOPJIIYTIBI, HE pa3OuBas ee?

3aKaHUYMBAIOTCS. MHCTPYKUIHUHM KPAaTKUMHU BBIBOJAAMH, YKa3aHUEM CTPAHHII

y4eOHUKa, TJIe paCCMOTPEH JAaHHBIN MaTepuai. [IpuBoauTcs 3agaHue Ha JOM.



AKmueuzayua OeameabHOCMU YUAWUXCA NPU  COBEPUIEHCMEOBAHUU
3HaHuil u ymenuil. IloBTOpeHrEe U 3aKpeIUIcHUE 3HAaHUI U yMEHUI, 0000IICHIE U
CUCTEMATHU3alMsl M3YYEHHOTO Marepuaja MPOBOAUTCS MOYTH HA KaXKIOM YpPOKE.
Boraensitores 1uist 3TOro M ceuuaibHbIe YPOKH.

C [oMOILIBIO BOIMPOCOB  YYAIIMMCS MPENOCTAaBISECTCS  BO3MOYKHOCTD
«B3IJISIHYTh» HAa M3YYEHHBI MaTepuan C Pa3HbIX CTOPOH, YCTAHOBHUTh WM SICHEE
NOHATH CBSI3b HOBBIX M MMEIOIIMXCA 3HAHWUW, HCIOJIb30BATh MOJYyYECHHbBIE 3HAHUS
JUIsL OOBSICHEHUS HEMOHSTHBIX MpeXIe siBieHud u T. A. Hampumep, Ha ypoke,
MOCBSIIEHHOM HM3YyYE€HHIO THIOB KPHCTAIUIMYECKUX PELIETOK, B YMCIIE BOMPOCOB
JUISL 3aKpeIUIeHUsl ObUIM «IpPsIMBbIE» W «OOpaTHbIE», 4YTOOBI ydalluecsd JIydlle
OCO3HAJIM, YTO (PU3NYECKUE CBOMCTBA BEIIECTBA 3aBUCAT IPEXKIE BCETO OT TUIA
oOpazyemoil uM Kpucrtauimdeckord pemerku. Hampumep: 1. BemectBo nmeer
MOJIEKYJISIPHYIO KpUCTAJIIMYECKYI0 penieTky. Kakumu (usnueckuMu cBOMCTBaMU
Oyzaer obnanate oHo? 2. Cepa — JNErkomjiaBKoe, Xpylnkoe BEIIEeCTBO, HE IPOBOJIUT
anekTpuueckuil Tok. Kakoro Tuma kpucrajuiMueckas pelleTka XapakTepHa i
cepbl B TBepAOM cocTtosiHuu? 3. Kakoro tuna KpUCTAJUIMUECKYIO pEIIETKY OyaeT
uMeTh TBepAbi kucimopon? 4. KapOopyHa — coequHeHHE KpEeMHHS U yriepoja,
OYEHb TBEPJOE, TYIOILNIABKOE BemecTBO. UYTO MOXKHO CKa3aTb O €ro
KPUCTALNTNYECKOU pereTke?

bonpmiass  ponb B COBEpIICHCTBOBAHMM  3HAHUW M Pa3BUTUHU
CaMOCTOATEJIBHOCTH yYaIllUXCS OTBOAMTCS PEIICHUI0 KadeCTBEHHBIX (YCTHBIX,
MMCbMEHHBIX, SKCIIEPUMEHTAIBHBIX) U pacueTHbIX 3anad. [llupoko mpakTukyercs
IIPUEM COCTABJICHHS YCIOBUH 3a7a4y CaMMMH ydauiumucsa. Bce BUIbI TBOPUECKHUX
3alaHiii OPOPMIISIOTCA YYallMMHUCS Ha KapTouykKax oOIpeaesieHHOro QopMmara,
4YTOOBI 3aT€M MOXKHO OBbUIO MOIMOJHUTH KapTOTEKY AMJAKTHYECKOTO maTepuasa
kaOunera. [loka wu3ywaercs Tema, KapTOYKM BKJIQJBIBAIOTCS B KOHBEPT,
HAKJICCHHBIN Ha MPEINOCIEAHION CTpaHUIly 00JI0KKH TeTpaau. Bo Bpems ypokos
OOy4YaronIMMCsl TIpearaeTcsl BhIMOIHUTD 3aJJaHUs [0 KapTOYKaM, COCTABIEHHBIM
KeM-JI100 U3 yJalluxcsi; TAKUM 00pa3oM, OTBET JepKaT cpa3y HECKOJIBKO YEJIOBEK:

KaK COCTaBHTCIIN BaﬂaHHﬁ, Tak WM ux ucnoiaHutenan. K KOHIY HM3YYCHHA TCMbI



KapTOYKHU (HAa HUX yKa3aHbl Ki1acc M (pamMuiiis ydeHWKa, COCTABHBIIETO 3a/IaHUE)
CHAIOTCS ISl TIPOBEPKH YYaIIUMCS-aCCUCTeHTaM W yuutemo. Hanbomnee ymadno
COCTABJICHHBIC 3aJ]JaHUs HCIIOJIB3YIOTCS JUISl TMPOBEACHUS TPEHUPOBOUHBIX H
MIPOBEPOYHBIX CAMOCTOSATEIBHBIX paboT. [loHATHO, yTO 3Ta paboTa WMEeT HE
TOJIbKO OOydaroliee M pa3BUBAIOIICE 3HAYEHUE, HO UTPACT U BOCIUTHIBAIOIIYIO
posib.  Yuaiuecs, COCTaBJsisi 3a7auyd, MCHOBITBIBAIOT  OOJbIIEe YYBCTBO
OTBETCTBEHHOCTH TIEpeJl KOJUICKTHBOM, IIEpPE] CBOMMH TOBApHINAMH, Yy HUX
BOCITUTBIBAETCSl aKKYpPATHOCTh, I00POCOBECTHOCTD, CUCTEMA B padoTe.

Ecnu TBOpueckas paboTa MO COCTaBICHHIO YCIOBHMM 3a/ay, Kak MpPaBHIIO,
IPOBOAMUTCA JIOMa, TO B CTapIIMX KJaccaX TaKyl0 CaMOCTOSTENbHYIO paloTy
YUYEHHMKHU BBITIOJHAIOT HAa ypoke. Tak, Mmocie U3ydyeHUs CBOWCTB aJKEHOB JAeTCs
NATUMUHYTHOE 3aJlaHUE: COCTaBUTH 3a]lady JIFOOOTO TUIIA, UCIIONB3YS CIEIYIOIINe
CBOICTBa: OpoMupoBaHUE 3TeHa (BapuaHT 1), B3aMMOJIEWCTBHE TMpONEHA C
raJIoreHOBOJIOPOAOM  (BapuaHT  2), THApaTanuio 3TeHa (BapuaHt  3),
TUJPOTEHU3AIMI0 3TeHa (BapuaHT 4), XJIOpUpOBaHUE 3TeHA (BapuaHT S), MOJIHOE
OKHUCJIEHHE 3TeHa (BapuaHT 6). 3areM ydaiuecs, CHISIIME 3a OJHUM CTOJIOM,
OOMEHHMBAIOTCS YCIOBUSAMHU 3aad M pemialoT MoiydeHHyr 3amady. Crycrts
HEKOTOpPOE BPEMSI PEILICHHE 3a/1a4 BCEX BAPUAHTOB MPOBEPSETCS y TOCKHU.

B xon1e ypoka npennaraercs 3aJlaHue Ha JJOM: COCTaBUTh U PEIIUTH IO JBE
3aa4M, UCTOJB3ys JTIOOBIe JBa CBOMCTBA allKeHOB. B mepBoil 3amaue TOKHBI
OBITh M3BECTHBI MACCHl WM O0BEMBI IBYX MCXOJHBIX BEIIECTB, OJJHO M3 KOTOPBIX
JaHO B M30BITKE, a BTOpAs 3a/aua — Ha MpUMEHEHHUe 3akoHa ABoraapo. Kak BumgHo,
JIOMaIltHee 3agaHue o popMe OTIMYAeTCs OT TOTO, YTO BBIMOJIHIIOCH HA YpOKe, a
M0 CYIIECTBY TAKXK€E SIBJISIETCS TBOPUECCKUM.

AKmueusayusa 0eaAmenabHOCmu YUauuxca npu npoeepke ux 3HAHUIL U
ymenuii. OCOOEHHOCTh CUCTEMBI Y4€OHO-BOCTIUTATEILHON PabOThI COCTOUT B TOM,
4TOOBI C/ENaTh MIKOJLHUKOB aKTMBHBIMUA YYaCTHHUKAMHU BCEX 3BEHBEB Ipoliecca
OOy4eHHS — OT IMOATOTOBKM K BOCIPHSATHIO HOBOTO Marepuajga 10 IMPOBEPKH
pe3ynbTaToB ycBoeHHs. [109TOMy OOJBIIMHCTBO YyYalIUXCsl XOPOIIO BIAACIOT

HaBbIKaMHW KOHTPOJIA U CAMOKOHTPOJIA. Ha YpPOKax OHH IMOCTOAHHO aHAJIM3UPYIOT



OTBETHI TOBAPHINEH Y JOCKH, 00paiias BHUMaHUE Ha TAKWE CTOPOHBI, KaK MOJIHOTA,
JI0Ka3aTEeIbHOCTb, CUCTEMAaTUYHOCTh. JOMONHUTENBHBIE BOMPOCHI OTBEYAIOIIUM
MOJKET 3a/1aTh JIFOOON YUEHUK I10 KEJIAHUIO WIIU BHI30BY YUUTEJIS.

B KoHIIe n3y4eHUs HEKOTOPBIX TEM B CTAPIIUX KjlaccaX MHOTIa MPOBOIUTCS
HEOOBIYHBIN ONpoC ¥ AO0CKU. Heckoabko yenoBek (Kak MpaBuUilo, MIECTh YYAITUXCsl)
TOTOBATCS K OTBETY Ha BONPOC, TpeOyromuii 3anucu GopmyJl, ypaBHEHUMN peakiuit
U T. 1., @ HE TOJIbKO CIIOBECHBIX PACCYXIACHUN, HapuUMep: 1) cTpoeHuEe MOJIEKYJIbI
deHoma, B3aMMHOE BIMSHUE AaTOMOB B MoOJIeKylie ¢eHona; 2) XUMHYECKHUe
cBoiicTBa (eHona; 3) MOJIyueHHE M TpHUMEHEHHE QeHona. Y KaKIBIX IBYX
IIKOJLHUKOB BOIPOCHl OJMHAKOBBIC, HO, 4YTOOBI H30€XKaTh MOJICKA30K, OHU
TOTOBATCA y JIOCKM HE pAnoM. OcTalibHbIE y4alllMecsl Kilacca B 3TO K€ BpeMs
MOBTOPSIIOT MaTepHUal.

Korpga 3ammcu caenaHbl, TOTOBSIIME OTBET CAJATCS HAa CBOM MECTa, a K
JIOCKE€ BBI3BIBAIOTCA TPOE Yy4aIIMXCS A NOpoBepku 3anuced. Kaxaplii w3
MPOBEPSIONIMX JIOJDKEH MPOAHAIM3UPOBATH JIBE 3alMCH HA OJHY U Ty XK€ TEMY,
UCIIPaBUTh ONIMOKKM MEJIOM JPYroro IBETa, €ClIU Haao, JOMHCcaTh YTO-TO U
BBICTABUTH OIICHKY. Y4Yaluecs, KOTOPble TOTOBUJIMCH Y IOCKH, MOTYT OTCTauBaTh
CBOC MHEHHE, BCTYINaTh C TMPOBEPSIOMIUMH B JTUCKYCCHIO TIO OOCYXKIIEHHUIO
COJIepKaHMsI KOHKPETHBIX BOIPOCOB. BBICKa3bIBAIOTCS U IPYTHE yUaluecs Kiacca.
B utore yunTenb BBICTABISET OLIEHKH KaK OTBEUAIOIINM, TaK U MPOBEPSIOITUM.

O nmomarnrHeM 3a/JaHUH y4dalluecs y3HAIoT He TOJIBKO (M HE BCErja) B KOHIIE
ypoKa, a Ha BCEM €ro MpoTsikeHWU. Bo Bpemsi 0OBSICHEHHS HOBOIO Marepuasa
YUUTENh HEPEAKO MPOCUT 0OyYaromMUXCs MpepBaTh CBOM 3allUCH B TETPAISIX U Ha
MOJISIX 3amucarTh BONPOC WIM 3aAady g JOMAIIHEro PEUIeHUs, KOTOPhIE IO
COJICP’)KaHMIO TECHO CBSI3aHBI C TOJBKO YTO PACCMOTPEHHBIM MaTepuaioMm. B
TETpajy PSIOM C YCIOBHEM 33Jlaud WIH YKa3aHUEM COOTBETCTBYIOLIETO HOMEpa
3a/IaHUS1 OCTABIISIETCS. MECTO JIJIS MOCIEAYIOIIEr0 PEIICHUS JoMa. 3aTeM H3ydaeTcs
cleayomuil  ¢parMeHT y4eOHOro Marepuaja, M ydalmecs B TETPalsix
MPOJOJIKAIOT BECTU KOHCHEKT ypoKa. TakuWxX «BCTABOK» 3aJaHUW JJIsl JOMALIHEU

paboThI B TEUEHHUE YPOKA MOXKET ObITh HECKOJIBKO.



[IpocmarpuBasi CBOM 3allMCH JOMa, YYEHUKH HE MOTYT MPONYCTUTh TO WJIU
MHOE 3aJlaHue, MOCKOJIbKY JUISI HETO OCTAaBJIIEHO B TETPaJM 0CO00€ MeCTO. DTOT
npueM o0JieryaeT KOHTPOJIb 3a JoMaliHew paboroil oOydarommuxcs. ['maBHOe ke
JIOCTOMHCTBO JAHHOTO MPUEMA B TOM, YTO y4YalMecs Jy4lle BUAAT TECHYIO CBA3b
KJIACCHOM U JIoMalIHeil paboThl, 0COZHAHHO BBIMOJIHSAIOT KaXA0€ 3aJjaHue, TOTOMY
YTO OHO «BITMCBHIBAETCS» B CHCTEMY 3HAHMM, MOJYYEHHBIX Ha YpOKe. Yualuecs
NOHUMAIOT, YTO NPABWJIBHO PELIUThH JOMa 3aJJaHHYIO 3a7ady OHU CMOTYT TOJIBKO
1ocJie TOBTOPEHUSI MaTepuaia, KOHCIEKT KOTOPOro HamucaH B TETpagu Mepen
YCJIOBHEM 3TOM 3aJa4H.

B mporecce Takoi paszHooOpa3HOMl pabOThl PACKPHIBACTCS XapakTep H
CHOCOOHOCTH KaXKJIOTO YUEHMKA, YKPEIUIAIOTCS B3aUMOOTHOLLIEHUS, POpMUpPYETCs
JUYHOCTh  OyIylIero AakTUBHOIO  TPYKEHHKA, MPUOOPETAIOTCS  HABBIKU
CaMOCTOSITENILHOM JiesATeNnbHOCTH. [IpoOiema MOBBIMIEHHS CaMOCTOATEIbHOCTH
yyanmxcsd — OJHA M3 BaXHEHIIMX 1eled B IpakTUUECKOM paboTte
oOpa3oBaTenbHbIX yupexaeHuil. COBpeMEHHBIN 3Tal COBEPIICHCTBOBAHUS YpPOKa
XapaKTEepU3yeTcs M3yYeHUEM OCOOCHHOCTEH OCHOBHOM (hOpMBbI OpraHU3aluu
oOy4yeHHsI B HOBBIX YCJIOBHUSX, KOTJa Tokazarenud 3((EKTUBHOCTH YPOKOB HE
OrpaHUYMBAIOTCA HCKIIFOUUTEIBHO YPOBHEM IOJYYEHHBIX YYalllMMHUCS 3HAaHUU, a
BKJIFOYAIOT CTETECHb OBIAJCHHUS MU MMO3HABATEIHHHIMA YMEHUSIMU U HaBBIKAMH,
(bopMHpPOBaHUS U PA3BUTHS X [MO3HABATEIIBHBIX HHTEPECOB.

BaxxHeWIMM HalpaBlI€HUEM COBEPIIEHCTBOBAHUS CaMOCTOSITEIBHOCTH Ha
YpOKE SIBIISIETCA YCTAHOBJIEHWE ONTUMAJIBHOTO COYETAHHMS W B3aUMOJACHCTBUS
OCHOBHBIX €ro KOMIIOHEHTOB: 3aJad o0Opa3OBaHMs, BOCHUTAHUS U Pa3BUTHUS
coJiepKaHusl yueOHOro MaTepuasia, METOJO0B NPENoJaBaHus U yY€HUs, CIIOCOOOB
OpraHu3alliy mpoiiecca OOy4eHUsl U MO3HABATEIHLHOW JEeATeIbHOCTH ydaiuxcs. B
pellieHny JaHHOW MpOoOJIeMbl HEOOXOJUMO MPEXJIEe BCETO YETKOE ONMpEeNeIeHuE U
IIOCTAHOBKA 3a/lad ypoKa (M CHCTEMBI YPOKOB), KOMIUIEKCHOE IUIAHWUPOBAHUE
y4eOHO-BOCIUTATENbHBIX  337a4  KaXJIoro  ypoka  (oOpa3oBaTesbHBIX,

BOCITUTATEIBHBIX, a TAKXKE 33724 PA3BUTHS O0YJAFOIIINXCS ).



D} PexTUBHOCTh COBPEMEHHOTO YPOKA JOCTUTACTCS MPU yCIOBUU PEIICHUS
BCEr0 Kpyra IIOCTaBJICHHBIX 3a7a4, KOHLEHTPAIIMM BHUMAHUS W MBIIUICHUS
IIKOJIbHUKOB Ha TJaBHBIX, BEAYHIMX HAESIX M TOHATHSIX H3y4aeMOW TEMBI,
OpraHU3alliy MMOMCKOBOU JIESITEILHOCTH, OKa3bIBAIOIIEH MOJIOKUTEIBHOE BIUSHUE
Ha TOSIBICHWE W pPa3BUTHE IO3HABATEIbHBIX HHTEpecoB yuamuxcsa. [lorTomy
OJIHUIM U3 TJIaBHBIX HAMpaBJICHUN COBEPIICHCTBOBAHUS ypOKa SBISETCS
peanu3anus TUAAKTAYECKUX MPHUHITUIOB, BBIOOP PpalMOHATBHOTO COYCTAHUS
METO/IOB OOYy4YeHHMsI, pa3IMuHbIX (OpM OpraHu3anud oO0ydeHus, oOecreyeHue
ONTUMAJIBHOTO YPOBHSI TPYAHOCTHA TPH COOJIOJEHWW TPHUHIIAINA JOCTYITHOCTH
oOy4eHus.

OcoOyr0 3HAUMMOCTh B I1EJISAX TMOBBIIEHUS 3PGEKTUBHOCTH YpOKa
NpUOOpETaCT U3yYEHUE WUHIAUBUIYAIbHBIX OCOOCHHOCTEH ydalllMXcsi Ha OCHOBE
€OUHON CHUCTEMBl OIIEHKHM BO3MOYKHOCTEW KaXJOT0 YYEHHKA KOJUIEKTHBOM
YUHUTENEH, «MIeAarornyecKum KOHCHIILYMOM)). Takoe U3Yy4YEHUE
O0OYYaIOIINXCAMNO3BOJIAET YUYUTEIO MPABUIBHO ONPEAENATh COACPKAHUE YUEOHO-
BOCIIUTATEIBLHOTO  Tpollecca Ha  KakJAOM JTale ypoka, o0ecrneyuBaTh

WHIUBUIYAIbHBIN U TU(PdepeHIMPOBAaHHBIA MOAXOA K yUaITUMCH.



METOJIWYECKHUE PEKOMEHIALIMH IO BBIMOJHEHUIO
TTOMAIITHUX 3AJAHUI

JlomanmHsis yueOHas paOoTa JOMOJIHSET ACATEIbHOCTh YYalluxcsli Ha
ypoOKax, OTJIMYaeTcs OOJBIION CaMOCTOSITENIBHOCTBIO U OTCYTCTBHEM
HEIMOCPEACTBEHHOIO PYKOBOJACTBA YUUTENS.

Jlomammasisi paboTa ydamuxcs UMeeT He TOJbKO 00pa3oBaTenbHOE, HO U
BOCIIUTATEIbHOE 3HAaUeHHUE. PoJIb 3TOT0 BUAa YUEOHOU I€ATEbHOCTH IIKOJIBHUKOB
0COOEHHO BO3pacTaeT B HACTOSIIEE BPpeMs, KOTa B 3a/1a9y IIKOJIBI BXOAUT HAPSIIY
C BOOPYXCHHMEM yYalllUXCs 3HAHUSAMU OCHOB HayK (OpPMUPOBAHHUE Y HHUX
NOTPEOHOCTH K TOCTOSHHOMY CaMOOOpa30BaHUIO HABBIKOB CaMOCTOSITEIIbHOMN
MMO3HABATEJIbHOW W TPAKTUYECKOW JEATEIbHOCTHA. BhINMONHEHNE yYaluMHUCA
JIOMAIlIHUX 3aJaHUuN JIOMOJIHAET y4dyeOHyr0 palboTy Ha ypokax, oOecreyuBaeT
MOJATOTOBKY K HM3YYEHHIO HOBOTO MaTepualia, paclIMpEeHUE U YIIIyOJICHHE YKe
NPUOOPETEHHBIX 3HAHUM, (OPMUPOBAHHME HOBBIX U 3aKPEIUICHUE HMEIOLIUXCS
YMEHHU U HABBIKOB.

Jomaiminsist yyeOHast paboTa ydalMXcsi OpraHU3yeTcss C  y4eToM
BBINOJIHEHUS CJIIEAYIOIINX OCHOBHBIX YCIIOBUM:

- HAJIMYKME Y yYallUXCsl MMO3HABATEJIbHOIO MHTEPECA K BBINOJHIEMbBIM
3aIaHUSIM U TIOHUMAaHUA 1[eJIU padOoThl. Y CIOBUE 3TO 00ECIEUUBAETCS COUETaHUEM
JIOMAIITHUX 3aJaHuil ¢ yaeOHOM paboTOM Ha ypoKaxX, MOCTAHOBKOM ITHX 3aJaHUIl B
poOJIEMHOM TUTAHE U B CBSI3U C KU3HBIO U MPAKTUKOM;

- BOCIUTAHUE OTBETCTBEHHOTO OTHOIICHUS YYalIUXCAd K BBIIIOJHEHUIO
JOMAIIIHUX 3aJaHUd TyTEM OCYIIECTBICHUS IE€AAarornueckoro pPyKOBOJCTBA HU
KOHTPOJISI CO CTOPOHBI YYUTENIEU U POJAUTENEH IKOJIbHUKOB.

- COOJNIIOJICHNE  TPHUHIMNA JOCTYMHOCTH, T. €. TOCHIBHOCTH
MpeIaracMplX  ydaliuMcCs  JOMAIllHUX  33aJaHuid, CTPOTOr0  BBIMNOJHEHUS
YCTAHOBJIEHHBIX HOPM BPEMEHM Ha WX BBITIOJHEHUE.

BaxxnpiM cpeacTBoM ¢GOpMHUpPOBAHUS TMO3HABATEIBHBIX HWHTEPECOB K

BBITIOJTHEHUIO JIOMAITHUX 3aJaHui SBIAETCS pasHooOpasue ux BUAOB. Henb3s



OrpaHUYMBaTh JOMAILIHUE 3a/IaHUs] MEXaHWYECKUM MOBTOPEHUEM MaTepHalia 1o
y4€OHHKY, BBIIIOJIHEHHUEM OOJBIIOTO KOJMYECTBA CTEPEOTUIHBIX 3a7ad U
YIIPAKHECHUU.

[ToaroToBka y4yammxcsli K BBIIOJHEHUIO JOMAIIHHUX 3aJaHUN HPOBOJIUTCS
y4UTEJIeM Ha YypOKe. 3aK/II04aeTcsi OHa B BBIPAOOTKE Yy YYCHUKOB HaBBIKOB
CaMOCTOATEILHOTO PEILICHUS BOIPOCOB, B PA3bSICHEHUHU COJEPKAHUS U METOJUKH
BBIIIOJIHEHUA 3afaHusl Ha JoM. Ha ypokax HCHONB3ylOTCA  MPUEMBI
CaMOCTOATENbHON paboThl C YUeOHHUKOM, CIPABOYHOUW JUTEpATypOM, MPOBEIACHUS
HAOJIO/ICHUIT U ONBITOB, CAaMOIPOBEPKH H JAP., KOTOPhIE HEOOXOAMMBI YUEHUKY
IpU BBIMOJHEHUU JoMaliHuX 3agaHuid. Kpome Toro, HYXHO o00s3aTelbHO
JTOOUTHCSI OTUETIUBOTO MPEJCTABICHUS YUAIIUXCA O TOM, YTO HAJ0 CAENaTh U KaK
CJIEIyET BBIMOJIHATH 3aJJaHUS B IOMAIIHUX YCIOBHUSIX.

CaMOKOHTpPOJIb yyaluxcsi ooecneunBaeT (PyHKIIMOHUPOBAHUE BHYTPEHHEMH
oOpaTHOH cBsi3u B mpolecce oOydeHHUs, MOJyYEHUE yYalUMUCS HHPOpPMAIUHU O
MOJIHOTE M KayecTBE M3YYEHHS MPOrpaMMHOIO MaTepuana, MPOYHOCTH
c(hOpMHUPOBAHHBIX YMEHUN U HABBIKOB, BOSHUKIITUX TPYIHOCTSAX U HEIOCTATKAX.

[IpakTrka MOKa3bIBA€T, YTO JJIsl JIOCTHXKEHHS YCHEXOB B OOYYEHHH U
BOCITUTAHUU OOYYarONIUXCsl Hapsy C APYTUMH (paKTOpaMH BaKHYIO POJIb UTPAET
y4eT WHIUBUIYAIbHBIX OCOOCHHOCTEH Ka)XJO0ro y4eHHKa. A OHHU, KaK U3BECTHO,
OBIBAIOT pa3HbIC: U CUIIbHBIC, U CpelHUEe, U ciadbie. [I[puMeHseMble B HACTOSAIIEE
BpeMsl B Ipouecce OOyueHHUs pa3iMyHble METOAbl U HPUEMbI CHOCOOCTBYIOT
aKTUBHM3aLMMA  MBICIUTEIBHOM  JIEATETbHOCTH  y4yalluXcsl, pPa3BUBAIOT  HUX
CIIOCOOHOCTH.

OpHako, Kak TOKa3bIBAIOT HAOJIONIEHUS, B TIPAKTUKE IMPENoJaBaHUs BO
MHOTMX  OOpa30oBaTelIbHBIX  YUYPEXKJICHUSX €IIe PaclpoCTpaHEHbl  TaKue
KOJUIEKTUBHBIE (OpMBI PabOTHl ydalIMXcs Ha ypoKax, MPU KOTOPBIX y4eOHBIN
IIPOLIECC PACCUUTAH B OCHOBHOM Ha CPEAHET0 YUYEHUKA, HE CTUMYJIUPYET CUIIbHBIX,
0oJee COCOOHBIX yYaluxcsi padoTaTh B MOJHYIO MEPY, CHUKAET UX aKTUBHOCTH U
CaMOCTOATENLHOCTh. WHauBHIyanu3anuss OOydeHUs B TMPENoAaBaHUU YaCTO

CBOJUTCH JIMIIb K AOIMOJHHUTCIIbHBIM 3aHATHAM C OTCTAIOIIUMHU YUAITUMHUCA.



Kak e omnpenensiercs TMOHATHE «UHAUBHUAYaJdbHbIM mnoaxoa»? B
MEJarorMYecKOM CJIOBape CKazaHo: «HMHOusudyanvHulil no0Xo0 — 3MO HPUHYUN
neoazocuky, CO2NACHO KOMOpOMY 6 YVYeOHO-80CNUMAmMeNbHOU pabome ¢
KOJIIEKMUBOM 00CMU2Aemcs neoazo2uieckoe 8030eicmeue Ha Kaxcoo2o yYyeHuKd,
OCHOBAHHOE HA 3HAHUAX Yepm €20 TUYHOCU U YCIOBUL HCUZHUY.

OTtcrofa SICHO, YTO OCYIIECTBUTh WHAMBUAYAJIbHBIM MOJXOJ B OOYy4YEHHH
Heb3s 0€3 3HaHWW OCHOB TEIArOTHKH W TICUXOJIOTHUH, TaK KakK MPU OpTraHU3aINH
y4eOHOro Impoiiecca HE0OXOJMMO YYMUTHIBATh HHAUBHUAYaJbHbIE, BO3PACTHBIC U

APYTHUC IICUXOJIOTHUICCKUC 0COOEHHOCTH yUamuxcs.



Memoouueckue pekomenoauuu
N0 8bINOSIHEHUI0 UHOUBUOYATIbHBIX 3A0AHUTL

OOBIYHO MHAMBUIYATBHBIE 3a/IaHUs JAIOTCS ydalllUMCS KaK JOTOJHEHUE K
o0IIeMy 3aJlaHuIo TPyNMbl. B 3aBUCHMOCTH OT 1eH U COACPKAHUS YPOKa, YPOBHS
3HAHMM ydalluXcsi OHU MOTYT BBIMOJHATHCA Ha ypoke uiau goma. [Ipu pazpabotke
VWHJMBUAYAIBHBIX 3aJaHUN CIIEYET YYUTHIBATh YPOBEHb 3HAHUW YyYalllUXCS, UX
CIIOCOOHOCTH, 3aMHTEPECOBAHHOCTH MpeaMeToM. Tak, claObiM ydanuuMcs MOKHO
MPEIOKUTh TOBTOPUTEIBHBIC YIIPAXKHEHUS JIJISl TUKBUAALIMK TTpoOeia B 3HAHUSX.
TeMm U3 HHUX, KTO HE UMEET HABBIKA CAMOCTOSITENBHONU padOThI, CIEAYET IOMOTaTh,
HalpyuMep: CcooOIaTh IUIAH  pElIeHUs  3aJayd, MOPSAJOK  BBINOJTHEHUS
71a00paTopHOI pabOThl, MOATOTOBKU JOKJIAAA U T. 1.

JIIsl CUJTBHBIX y4YalllMXcsl, MPOSBISIOIIUX HUHTEPEC K XUMHUH, MOAOUPAIOTCS
33JlaHAs. C TIOCTEIICHHBIM YCJIOKHEHUEM, pPa3BUBAIOIIAE WX MBICIUTEIBHYIO
nesTeNbHOCTh. Hanpumep, npuaymaTh HOBBIN CIIOCOO pellIeHuUs 3a/1a4l, COCTaBUTh
CaMUM YCJIOBHE AHAJIOTMYHOM 3aJaud; COCTaBUTh CXEMY MPOU3BOJCTBEHHOIO
npouecca, HCIOAb3ysl JONOJHUTENbHYIO JUTEpaTypy; CHAeJaThb COOOIIEHUE O
CBOMCTBax ¥ MPUMEHEHUH BEILECTBA U T. 1. [[J1s ka0l paboThl yCTaHABIMBAETCS
CPOK €€ BBIITOJIHEHHS.

Knaccuguxayua unousudyaivhvix 3a0anuil

NuauBuyanbHble 3afaHUs MOXHO KiacCU(UUUPOBaTH Ha YEThIpe
TPYIIIIbL:

1. Ob630pno-nosnasamenvhvie — UCIONB3YIOTCSA MEped M3yYEHHEM HOBOWU
TEMBbI (WM B MPOLIECCE €€ U3YUYEHUs), IPU 3aKPEIUICHUH U MPOBEPKE 3HAHUM U T. 1.

2. [Ilpaxmuueckue — TIPUMEHSIOTCS JUIS 3aKpEIUICHHS H3YyYEHHOTO
MaTepuaia, pa3BUTHs TBOPUYECKONW MHUIIMATUBBI, PACIIUPEHUS MOJUTEXHUYECKOTO
Kpyro3opa y4yaliuxcsi U IPUBUTUSI TPAKTHUECKHUX HABBIKOB.

3. Uccnedosamenvckue — UCHOIAB3YIOTCS ISl BBIPAOOTKM W 3aKpEIUICHUS
HAaBBIKOB  XHMHMUYECKOTO  HKCIIEPUMEHTUPOBAHUS, OOOOIIEHUS  HU3YyYEHHOTO
MaTepuana, I YrJIyOJICHHWs W PaCUIUPEHHs 3HAHWM ydYaluxcsl MO0 HU3yYEHHBIM

BOIIPOCAM U T. JI.



4. Tpenupogounvie ynpasxcHenus — ACTONb3YIOTCS JJIs1 BRIPAOOTKHU HAaBBIKOB
B COCTAaBJICHUM XUMHUYECKHX (OPMYJT H YpaBHEHUW, pEIICHWW 3amad, s
JUKBUAALMH MPOOETIOB B 3HAHUSIX.

B kakmyro rpyIimy MOKHO BKIIFOUHUTH CICAYIOIINE 3aTaHMS:

1. O630pHO-nO3HABAMENbHBIE: A) COUNHEHUS, TOKIAIbI (UCTOPUS OTKPBITHUS
XJiopa); 6) OTYeThI 00 PSKCKYPCHUH; B) OTYETHI O KHHO(PHUIbMAX.

2. [Ilpakmuueckue: a) TIPOBENCHUE JJIMTENbHBIX HaOMOAEHUN (pocT
KPUCTAJIOB); 0) COCTaBJICHHE KOJUICKIIMH (TPOCThIE M CIIOXKHBIC BEIECTBA); B)
U3TOTOBJICHUE TMpubopa (mpubop Uisi TMOJYy4YeHHUs YrIEKUCIOro rasa); T)
W3TOTOBJICHUE MOJIECTU, CTEH A (JOMEHHAas MeUb, MUHEPAIbHBIE YA0OpEHMUS).

3. Tpenuposoumnvie: a) OTBETHI Ha BOIPOCHI MO yUEOHUKY; 0) yNpaKHEHUS B
HalMCaHUW YpaBHEHWH; B) pelICHUWE 3aJad; TI) BblUEpUHMBaHUE TpadUKOB
pPacTBOPUMOCTHU BEILIECTB; 1) COCTaBlieHUE TulaHa 1o yueOHuky (Boaa B mpupoe.
Hcnonb3oBanue BObI).

4. Uccneoosamenvckue: a) KOHCTpyWpoOBaHHME Tipubopa (mpubop st
MOJIYYCHUS JUCTHILTUPOBAHHOM BOJIBI); 0) MPOEKTHUPOBAHKE CXEMBI (IIPOU3BOJICTBO
NH3); B) noAroToBka K AEMOHCTpAIlMK ONbITa (MOJy4eHUE YTIEKUCIIOro ras3a); T)

COCTaBJICHHUC NOKJIaJa Ha OCHOBAHHNH I[OHOHHI/ITGHBHOﬁ JIUTCPATYPHI.



MeToauueckune PE€KOMECHIAIIMMA 110 IIOATOTOBKE IIPE3CHTAIIMU U T0KJIAada

1.  Hoxnanm - 3TO COOOIIEHHE MO 33JJaHHON TeMme, ¢ EeIbl0 BHECTU 3HAHUS W3
JOTIOJTHUTEIHHOM JUTEPaTYPHI, CHUCTEMaTU3UPOBATh Martepul,
MPOUJUTIOCTPUPOBATH TPUMEPAMHU, Pa3BUBATh HABBIKK CAMOCTOSITEILHOM pabOThI
C HAYYHOU JIUTEepaTypoil, MO3HABATEIbHBIA HHTEPEC K HAYUHOMY MO3HAHUIO.
2. Tema nokyiaga  J0JKHA OBITH COMVIACOBAaHHA € MpeENojiaBaTelIeM U
COOTBETCTBOBAThH TEME 3aHATHS.
3. Marepuansl  Opu €ro NOArOTOBKE, MOJKHBI COOTBETCTBOBATh HAYYHO-
MetoauyeckuM TpeboBanusM CCVY3a u ObITh yKa3aHHBI B JOKJIAJE.
4. HeoOxoammo co0J1t0aTh pEriiaMeHT, OTOBOPEHHBIN TPH MOJYyYECHUU 3a/1aHMUS.
5. Hnmoctpauuu J0MKHBI ObITh TIOCTATOYHBIMU, HO HE YPE3MEPHBIMHU.
6. Pabota ctynenta  Haj IOKIAJOM-TIPE3CHTAIIMEH  BKIIOYAET
OTpabOTKYy HaBBIKOB OPATOPCTBA W YMEHUSI OPraHU30BATh U MPOBOJIUTH JTUCHYT.
7. CryneHt B Xxoje pabOThI IO MPE3CHTALMKN JIOKJIa/la, OTpadaThIBAET yMEHUE
OpPUEHTUPOBAThCA B MaTepuaj€ M OTBEYaTh HA JOMNOJIHUTEIIbHBIE BOMPOCHI
CIyIIaTENeH.
8. CryneHT B xojie pabOTHI 1O MIPE3eHTAIlMN JO0KJIana, OoTpadaThiBaeT yMEHHUE
CaMOCTOATENFHO 0000IUTH MaTEPHAII U CAENATh BHIBOJIBI B 3aKIFOUCHUMU.
9. Jloknamom Takke  MOXKET CTaTh Mpe3eHTanus pedepata  CTYJCHTA,
COOTBETCTBYIOIIIAS] TEME 3aHATHUS.
10. CryneHt 00s13aH MOATOTOBUTH U BBICTYIIUTH C
JIOKJIaJIOM B CTPOTO OTBEJICHHOE BpEMs IpernoaaBareyieM, U B CPOK.

JIOKIIaqUMKH U COJTOKIIaTUUKH - OCHOBHbBIE JNEUCTBYIONIMUE JIUIIA.
OHU BO MHOTOM OIIPEJEISAIOT COJACPKaHUE, CTUIIb, aKTUBHOCTh JAHHOTO 3aHSTHS.
CioKHOCTh B TOM, YTO JOKJIAAUYUKU U COJOKIATUUKH JOJKHBI 3HAMb U yMemb
OYEHb MHOTOE:

e COO0IIaTh HOBYIO HH(MOPMAIIUIO
e HCIOJIb30BATh TEXHUYECKUE CPEJICTBA

e 3HATh M XOPOILIO OPUEHTUPOBATHCS B TEME BCEU Mpe3eHTaINK (CeMUHapa)



e YMETb JUCKYTHPOBATh U OBICTPO OTBEUAThH HA BOIPOCHI
e YETKO BBIIOJHATh YCTAHOBJIEHHBI pErjaMeHT: Ookiaaauuk - 10 muH.;
COJIOKJIQUUK - 5 MUH.; Auckyccus - 10 MuH
e HMETb NPEJCTABICHUE O KOMIIO3UIIMOHHOM CTPYKTYpPE TOKJIA/a.
Heob6xoaumMo mNOMHUTB, YTO BBICTYIUIEHHE COCTOMT M3 TpeX dYacTeil:
BCTYIUICHHE, OCHOBHAS YacTh M 3aKJIOUCHUE.
Berymiienne momoraer o0ecneunTh yereX BBICTYIUICHUS 10 JTI000H TeMaTHKe.
Berynienue 10KHO coiepKaTh:
- Ha3BaHUE Mpe3eHTalUHU (JOKIaa)
- cOOOIIIEHNE OCHOBHOU HUIEH
- COBPEMEHHYIO OLICHKY IIPEIMETA W3JI0KECHUS
- KpaTKo€ MepEeYrCIIeHHE pacCMaTpUBAaEMbIX BOIIPOCOB
- JKUBYIO MIHTEPECHYIO POpPMY U3II0KEHUS
- aKIEHTUPOBAHUE OPUTMHAIBHOCTH TOJX0/1a
OcHOBHasl 4aCTh, B KOTOPOU BBICTYMAIOIINI JOJKEH TIIYOOKO PacKphITh CYTh
3aTPOHYTOM TEMbI, OOBIYHO CTPOMUTCS IO NMPUHUUIY OT4YeTa. 3ajada OCHOBHOM
YacTU - MPEACTaBUTh JOCTATOYHO MAAHHBIX J/JII TOTO, YTOOBI CiylIaTeld u
3aMHTEPECOBAJIMCh TEMOW M 3aXOTEIM O3HAKOMMTBCS ¢ Marepuanamu. [Ipu stom
JoruYeckasl CTPYKTypa TEOpeTHUecKoro OJjoka He JOJDKHBI JaBaThCsi 0e3
HAIJISIHBIX TOCOOUI, ayIM0-BU3yaJIbHBIX U BU3yaJIbHBIX MaTepUasoB.
3aKiIroueHue - 3TO SICHOE YEeTKOe 00O0OIEeHHE U KPATKHUE BBIBOJBI, KOTOPBIX

BCCraa KAyT CIyIIaTcJIn.



MeToanuyeckue peKOMEeHAAIMU K UCN0JIb30BAHUIO HTPOBOT0 00y4YeHusI

WNurennektyanbHo-TBOpUeckue wurpbl (UTU) cTuMynupyroT pas3BUTHE
MO3HABATENIbHBIX ~ MHTEPECOB  YYalIUXCs, CHOCOOCTBYIOT  Pa3BUTHIO  HX
WHTEJUICKTYaIbHO-TBOPYECKUX CIIOCOOHOCTEH, Jal0T BO3MOXKHOCTH pedsTaMm
CaMOYTBEpPJUTHCA M pealin30BaTh ce0s B MHTEIUIEKTYaJbHO-TBOPYECKOH cdepe
4yepe3 Hrpy, MOMOTalT BOCHOMHUTH Aehuuut oOmenus. UTHU moryr ObITh
WCITOJIb30BAaHbI HE TOJIBKO BO BHEKJIACCHOW M BHEYPOUYHOU pabOTe, HO M HA ypOKax
(Mpu U3y4eHUU HOBOTO MaTepualia, MOBTOPEHUU MPOUIECHHOTO, KOHTPOJIS 3HAHUN
YYaLUXCS U T. [1.)

Hawnbonee cioxxHbl U TPYJOEMKH JI€JIOBBIC U pojieBble UTrpbl. [IpoBeneHue
MOJOOHBIX WIP TMO3BOJIAECT JOCTUTATh CICAYIOMIMX IeJe: Hay4YuTh Y4alluxcs
BBIJICTISITh TJIABHOE B COJIEP’KaHMM y4eOHOro Marepualia, u3jaratb €ro B KpaTKou
dbopme; pa3BUBATh HABBIKM AaHAJIM3a TEKCTA, aCCOIMATUBHOE MBIILICHUE,
CaMOCTOATENLHOCTh CYXKJIEHUH, CIOCOOCTBOBATH CAMOOIIPEICICHUIO YYAIIUXCH,
pa3BUBaTh KOMMYHUKATUBHbBIE CIIOCOOHOCTU, PACIIMPUTH KPYTro30p, MOBTOPSITH U
0000111aTh U3y4YeHHBIN MaTepuall. Tak Ha ypoKkax, MpU U3YyYEHUU TEM, CBA3aHHBIX C
DKOJIOTHEN, Hanmpumep 1no teMme “IIpupoaHble MCTOYHHKHM YTIEBOAOPOIOB M MX
nepepadoTKa”, MPUMEHSIFOTCSL POJIEBBIE UTPHI C TPUMEHEHUEM DKCIIEPTHBIX TPYIIIL.
Krnacc pazOuBaercs Ha JIBe TpYMIbL: “‘CIIENUATUCTOB” U “KypHanucToB”. [lepBbie
noAOUPAOT MaTepuail U MOATOTABIMBAIOT HATJAIHOE MocoOue. BToprie roToBAT
BOIIPOCHI, KOTOPBIE OHU JIOJDKHBI 3371aBaTh BO BPEMS UTPHL.

Jns  3akpernsieHusi MaTepUalioB UCIOJB3YIOTCS IUAAKTUYECKUE WIPHI:
“Xummnyeckne kyouku’, “Xumuyeckoe 10To”, “Kpectuku-nonuxu”, “Haiinu
omuOKy”’, “Xumudeckuii 0oi”. Tak ke Ha BHEKIIACCHBIX 3aHATHSAX ITPOBOISATCS
3peJIMIIHBIE HMHTEUIEKTYallbHO-TBOpUeckue wurpsl: “KBH”, “Yro, rme, korma”,

“3Be3aHBIN Yac” U T.J.



METOINYECKHUE PEKOMEHJIALIUUA K IIOAT'OTOBKE N
HPOBEJEHNIO CAMOCTOSATEJIBHBIX PABOT

[lucbMeHHBI ~ OOPOC  3AKIIOYAETCSs B MPOBEACHUM  Pa3IUYHbBIX
CaMOCTOSITENIBHBIX U KOHTPOJIbHBIX padoT. CaMocTosTeNnbHAs paboTa — HEOOIbILIas
no BpeMeHu (15-20 MuH) nMChbMEHHAsI MPOBEPKA 3HAHUI M YMEHUH IIKOJIbHUKOB
1o HeOOIbIION (enle He MPONAEHHOW N0 KOHIA) TeMe Kypca. OQHOM U3 IIIaBHBIX
nene 3Tol paboThl SBJISETCS MPOBEPKA YCBOEHHUS OOYyYaroIMMMCS CHOCOOOB
pemieHusl y4eOHbIX 3a7a4; OCO3HAHUE MOHSATUN; OPUEHTHUPOBKA B KOHKPETHBIX
npaBuiIax M 3aKOHOMEPHOCTAX. Ecnmu camocrositenbHas paboTa MPOBOAMUTCA Ha
HAa4aJIbHOM JTalle CTAHOBJICHUS YMEHHsS M HaBblKa, TO OHAa HE OLICHMBAECTCS
OTMETKOW. BmecTo Hee yuuTelnb JaeT apryMEHTUPOBAHHBIA aHaIU3 pabOThI
y4YalluXcsl, KOTOPBIM OH MPOBOAWT COBMECTHO C YydeHUMKaMH. Eciau ymeHue
HaXOAMUTCS Ha CTaJUU 3aKPEIUICHUs, aBTOMATU3allui, TO CaMOCTOsITeNIbHAsl paboTa
MO>KET OLEHUBATHCSI OTMETKOM.

CamocTosTenbHass paboTa MOXKET HMPOBOAUTHCS (PPOHTAIBHO, HEOOIBIITUMHU
rpynnaMd WM UHOUMBHAyanbHO. Llenp  Takoro KOHTPOJdS — ompenensieTcs
UHAMBUIYAIbHBIMH  OCOOEHHOCTSMHM, TEMIIOM TPOJABIKEHUS YyYalluxcs B
ycBoeHUHU 3HaHui. Tak, HampuMmep, HHAMBUAYAIBbHYIO CaMOCTOATEIbHYIO padoTy
MOKET MOJYYUTh YUYEHUK, KOTOPBIN MPOMYCTHJI MHOTO YYEOHBIX JHEW, HE YCBOWJI
KaKoOW-TO pas3fesl MporpaMMbl, pabOTaroOmMii B 3aMEIJIEHHOM WM YCKOPEHHOM
temrie. llenecooOpa3HO MCHONAB30BaTh WHAMBUIYAIBHBIE CAMOCTOSITEIbHBIC
paboThl M IJIs 3aCTEHUYMBBIX, POOKUX YYEHHMKOB, UYyBCTBYIOIIUX AUCKOM(OPT Mpu
OTBETE y JOCKM. B 3TOM ciyyae XOpoIIO BBINOJIHEHHas paboTa CTaHOBUTCS
OCHOBAaHHMEM I  OTKPBITOM  MOAJIEPKKHM  OOy4aromierocs,  BOCHUTaHUS
YBEPEHHOCTH B COOCTBEHHBIX CHJIAX.

[Ipennaraercss MPOBOAUTH M JAMHAMUYHBIE CaMOCTOSATEIbHBIE PaOOTHI,
paccuuTaHHble Ha HenpoaoJpKuTenbHoe BpeMs (5—10 MuH). D10 cnocod mpoBepku
3HAHUM W YMEHHU M0 OTHAEJIBHBIM CYIIECTBEHHBIM BOIPOCAM Kypca, KOTOPBIU

MO3BOJIIET TEPMAHEHTHO KOHTPOJUPOBAaTh M KOPPEKTUPOBATH XOJ YCBOCHUS



y4e0HOTO MaTepualia v MPaBUILHOCTh BEIOOPA METOIUKHA OOYUCHHSI IITKOJTHHUKOB.
Jnst Takux paboOT yuyuTeNlb UCHOJIB3YET WHIUBUAYAIbHBIE KAPTOUYKU, OOydarouue

TCKCThI, TCCTOBLIC 3a/laHU, Ta6J'II/IHI>I.



METOINYECKHUE PEKOMEHJIAIIUUA K IIOAI'OTOBKE U
MMPOBEJEHHWIO KOHTPOJIBHBIX PABOT

KoHTtposibHass paboTta wucnosib3yercs NOpd (PPOHTATIBHOM TEKYIIEM H
UTOTOBOM KOHTpOJIE C IICNbI0O MPOBEPKA 3HAHWKW M YMEHHUH IIKOJIHHHUKOB IIO
JIOCTaTOYHO KPYITHOW M MOJIHOCTHIO M3y4eHHOW TeMe mporpaMmebl. [IpoBoasTcs B
TEUCHHE BCEr0 rojia M MPEUMYIIECTBEHHO IO TEM IMpeAMETaM, ISl KOTOPBIX
BaXHOC 3HAYCHUE WMCIOT YMEHHUS W HAaBBIKH, CBsS3aHHBIE C THCHMEHHBIM
odopmieHrueM padboTHl U rpadUIECKUMH HaBbIKaMH (PYCCKUN S3bIK, MAaTeMaTHKA),
a TaKke TpeOyIolIMe YMEHHWs H3JlaraThb MBICIH, MPUMEHITHh MpaBuja S3bIKa U
MUCbMEHHONW peuyu (PYCCKUU S3bIK, OKPYXAIOIIUWA MU, TPUPOIOBEICHHUE).
KonTponbHas paboTa o1ieHUBaeTCsl OTMETKOA.

Copepxanue padbOT AJisl MUCBMEHHOTO OIIPOCa MOKET OPraHU30BBIBATHCS I10
OJIHOYPOBHEBBIM WJIM 1O Pa3HOYPOBHEBHIM, OTIUYAIONIUMCS IO CTEICHH
CIIO)KHOCTH, BapwaHTaM. Tak, A pa3BUTHS CAMOKOHTPOJS M CAMOOIICHKHU
yyanmxcs nenecooOpa3Ho noadupaTh caMOCTOSATEIbHbIE U KOHTPOJIbHBIE PaOOThI
10 Pa3HOYPOBHEBHIM BapwaHTaM. [Ipeanaraemasi AeTIM HHCTPYKIUS OOBICHSAET
UM, 4TO KKl caM MOXET BbIOpaTh BapuaHT paOOThI JTH000M CIIOKHOCTH.

K cranmapTuznpoBaHHBIM METOAMKAM IMPOBEPKHU YCIIEBAEMOCTU OTHOCSATCS
TecToBble 3amaHus. OHU MPHUBJICKAIOT BHUMaHWE MPEXJE BCETO TEM, YTO JAIOT
TOYHYIO KOJHMYECTBEHHYIO XapaKTEPUCTHKYy HE TOJBKO YPOBHS JOCTHXKEHUU
IIKOJIPHUKA TT0 KOHKPETHOMY IMPEAMETY, HO TakKe MOTYT BBISIBHTH YpPOBEHB
OOIIero pa3BUTHUS: YMEHHUS TMPUMEHATh 3HAHMS B HECTAHIAPTHOW CHUTYallWH,
HAaXOJIUTh CMOCOO TOCTpOEHUs Y4eOHOW 3aJayd, CpaBHUBATH MPABUIBHBIA U
HEIPaBUJILHBIA OTBETHI H T.II.

CraHnapTU3MpOBAaHHBIE METOJUKH TIO3BOJISIOT JOCTaTOYHO TOYHO U
OOBEKTHBHO TPH MUHHUMAJILHON 3aTpare BPEMEHU IOJYyYUTh OOIIYI0 KapTUHY
pa3BHUTHUA KJacca, MKOJIbI; cOOpaTh JaHHBIE O COCTOSSHUM CHCTEMbI 00pa30BaHUS B
LEJIOM.

Oco6oit popMOil TUCEMEHHOTO KOHTPOJIS SIBISIOTCS Tpaduueckue padboThI.



K HUM OTHOCATCS PUCYHKH, IHArpamMMbl, CXEMbl, YepTEXHU U Jp. Takue padOThI
MOTYT HCHOJb30BaThCS Ha ypoKax Mo Jo0omy mpeamer. VX menb — mpoBepka
YMEHUS YyYalluxXcs MCIOJIb30BaTh 3HAaHUS B HECTAHJAPTHOW CUTYallHH,
NOJIb30BAaTbCA METOAOM  MOJIEIUMPOBAHUS, padoTaTh B IPOCTPAHCTBEHHOM

IICPCIICKTHUBC, KPATKO PEC3FTOMUPOBATH U 0606H18.TI> 3HaHH.



MeToanyecKue peKOMeHAalUi K HCI0/1b30BAHUI0
TECTOB HA YPOKAX XUMHHU

Hcnonp30BaHrEe TECTOB HA YPOKAaX XUMHUHU TAKKE 3aHUMAET BUIHOE MECTO B
IIPOLIECCE BHEAPEHUSA HOBBIX TEXHOJOTMUA. YTO HAaeT BO3MOKHOCTH MAaCCOBOU
MPOBEPKHU 3HAHWI ydammxcs. TecToBas METOIHMKAa — YHUBEPCAIBHOE CPENICTBO
MPOBEPKU 3HAHWUM, YMEHUU. TECThI ABIAIOTCA YKOHOMHOM LIEJIEHANPABIECHHON U
UHAUBUAYAIbHON (popmoii koHTpossi. CuctemMaruyeckas mpoBepka 3HAHUM B BUJIE
TECTOB CIOCOOCTBYET NMPOYHOMY YCBOEHHUIO Y4€OHOTO MpeAMeTa, BOCIHUTHIBAET
CO3HATENbHOE OTHOIIEHUE K Yydebe, (PopMHpyeT aKKypaTHOCTb, TPyHoII00ue,
LEJIEYyCTPEMIIEHHOCTh, AKTUBU3UPYET BHHUMAHHE, pa3BUBAET CIIOCOOHOCTh K
ananuzy. [Ipu TecToBOM KOHTpOJIE 00ECTIEYNBAIOTCS paBHBIE /711 BCEX 00ydaeMbIX
YCIIOBUSI ITPOBEPKH, TO €CTh MOBBIIIAETCS 0OBEKTUBHOCTD MPOBEPKU 3HAHUNA. DTOT
METO]I BHOCUT pa3HO0Opa3ue B yueOHYI0 paboTy, MOBBILIAET UHTEPEC K MPEAMETY.

B mpaktuke oOyueHus XUMUU Bce OoJiblliee 3HAUYEHUE MPUOOPETAET TaKas
(dbopma KOHTPOJISI M yUeTa 3HAaHUHM ydaluxcs, Kak TECTUPOBAHUE.

Tect — cucremMa JaKOHMYHO W TOYHO CHOPMYIHPOBAHHBIX U
CTaHJAPTU3UPOBAHHBIX 3aJaHUM, HA KOTOpbIE HEOOXOAMMO [aThb B TEUYCHHE
OTPAaHUYECHHOI'0 BPEMEHU KPATKUE U TOYHBIE OTBETHI, OLIEHUBAEMBIE I10 CUCTEME
OaIIoB.

TecTpl Kak MHCTPYMEHT OLIEHMBAHUS HMMEIOT 3HAYWUTEIBHBIC OTIWYUS OT
KOHTPOJIbHBIX paboT. Bo-mepBbIX, TECThl — 3HAYUTEIHHO 0OJiee KAYECTBEHHBIN U
OOBEKTHBHBIM CHOCOO OLIEHMBAaHUS W, BO-BTOPBIX, IIOKa3aTeld TECTOB
OpPUEHTUPOBAHbl HAa M3MEPEHUE CTENEHU, OINPEIAEIEHUE YPOBHS YCBOCHHS
KITFOUEBBIX TIOHSITHH, TEM U pa3/IesioB yueOHON MPOrpaMmbl, yMEHUH, HaBBIKOB. [10
XapakTepy OTBETOB HA BOMPOCHI pa3nyaroT JBa OCHOBHBIX THIIA TECTOB.

TecTbl OTKPBHITOTO THNA, UK TECTHI CO CBOOOTHBIMU OTBETaMH, B KOTOPBIX
UCIIBITYEMOMY HEOOXOAMMO CaMOCTOSITENIbHO JIOMHCATh CJIOBO, CIIOBOCOYETAHUE,
NpeasioKeHne, 3HakK, GopMyldly M T.J. WIH TPEIJOXKUTh CaMOCTOSATEIbHOE
CYXJIEHHE B JOKa3aTeJIbHOM IUIaHEe, T.€. HAIUcaThb CBOCOOPA3HYI0 XHMHUYECKYIO

MUHUATIOPY (XMMHUYECKOE€ MUHU-COUYMHEHHUE). 3aJaHusi ATOr0 THUIIA COCTABJISIIOT



3aKJTIOYUTENbHYI0, Han00JIee BHICOKO OIICHUBAEMYIO 9acTh TecToB EI'D mo xumum.

B Tectax OTKpBITOro THIIA BBIACISIOT CICIYIOIIME BO3MOKHBIE BapUAHTHI
3aJlaHUM.

3agaHus 10NMOJTHEHNUsI — UCTIBITYeMbIA JOHKEH CPOpMyIUpPOBATH OTBETHI C
Y4ETOM MPEAYCMOTPEHHBIX B 33JJaHUN OTPAHUYECHU.

Hanpumep, onno u3 3amanuii yactu C tecta EI'D no xumuu: «Hanumure
YPaBHEHHUSI PEAKLIHM, C MOMOIIBI0 KOTOPBIX MOYXHO OCYIIECTBUTH CIEAYIOIINE

MpeBpAaILCHUS:

STHJIEHTJIMKOJb —2ACk! 5 ) NeOH (il cnpr.p-pl.f
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TecTbl  moc/aeA0BATEJBHOCTH, WJIM  TECThl  Ha  3aBEplICHUE
MOCJIEA0BATEIBbHOCTH, B KOTOPBIX HMCHBITYEMBIA JOJKEH 3aBEPIIUTh HEKOTOPYIO
MOCJIEI0BATEILHOCTD JJIEMEHTOB.

Hanpumep: «3aBepiiure mMoCaeA0BATEILHOCTD: IO YHUCIY M COCTaBY
pearupyromux u oO0pa3yIoIIUXCs BEHIECTB Pa3IMyualOT PEaKlUd COCIUHEHHS,
Pa3JIOKEHUsI, 3AMEILICHUS H. . ).

3aganus CBO0OJIHOTO H3J10KEHHU A — VCTIBITYEMBII JIOJDKEH
CaMOCTOSITENIbHO CPOPMYTUPOBATH OTBEThI, OO HUKAKHWE OTPAaHUYECHHUS HA HUX B
3a/IaHUU HE HAKJIQ/IbIBAIOTCS.

Hampumep: «Monekyna ¢topuna Oopa uMeeT IIJIOCKOE CTPOCHHE, a
Mosekyna (ropuma azora — nupamuaanbHoe. I[louemy? JlaliTe 000CHOBaHHBIN
OTBET».

TecTbl 3aKpBITOr0 THNA, WIM TECThl C MNPEANUCAHHBIMU OTBETaMH, B
KOTOPBIX HCHBITYEMOMY HEOOXOAMMO BbIOpaTh MpPaBUIBHBIA  OTBET U3
MPEVIOKEHHBIX BAPUAHTOB.

Paznuyarot crenytomiye pa3sHOBUIHOCTH TECTOB 3aKPHITOTO THUIIA.

TecTbl ¢ ajdbTePHATMBHBIMM OTBETAMM, IIPU BBIMOJHEHUH KOTOPBIX

HCHBITyeMBIﬁ JOJDKCH OTBCTUTD «Aa» HUJIN «HET».



Hanpumep: «BepHO nu yTBEpKIEHUE O TOM, YTO CE€pa B CEPHOM KHUCIOTE
MPOSIBIISIET TOJIBKO BOCCTAHOBUTEILHBIE CBOMCTBA?

TecTbl C€OOTBETCTBHS, TPHU BBINOJHEHHUH KOTOPBIX HCIBITYEMOMY
MPEJIaraeTCsi yCTAaHOBUTh COOTBETCTBUE 3JIEMEHTOB JIByX CIUCKOB.

O10 60nbIIMHCTBO 3aaHui yactu B tectroB EI'D mo xumuun. Hampumep:
«YCTaHOBUTE COOTBETCTBUE MEXKAY HA3BAaHUSIMHU BEIIECTB U MPOAYKTaMU

9JICKTPOJIN3a €TI0 BOJHBIX PACTBOPOB:

HasBanue Bemecrtsa: [IpomykTel aneKTpONIN3a;
1) fionun Oapust;2) xmopua Oapus;3) | a) Oapwmii, iHom, Boma;0) ruapokcun Oapus, HOJ, BOIOPOI;B) PTYTh,
cympar  pryru(ll);4) cymb(at | KHCIOPOA, CepHas KHCIOTa;r) HAaTPHUIl, KUCIOPOX, BOIAOPOM;I) BOIOPO,

HaTpHsl. KHCIIOTA; KHCJIOPOJ;€) THAPOKCUA OapHs, XJI0p, BOJOPOI».

TecTtbl ¢ BBIOOPOM OJHOIO0 NPABWIBHOIO OTBETA, WM OTBETHl C
BapuMaHTaMU BbIOOpA, MPU BBIIOJIHEHHUH KOTOPBIX HCHBITYEMOMY HEOO0XOIUMO
BbIOpaTh, KaK MpPaBWJIO, OJWH MPABUJIBHBI OTBET M3 IPUBEICHHOIO CIHCKa
BO3MOYKHBIX OTBETOB.

Ot0o Bce 3amanus vactu A TectoB EI'D mo xummm. Hanpumep: «lIpm
B3aUMOJEUCTBUM 1 MOJIb THApPOKCHIA HATpusd W 1 MOJb YIJIEKHCIIOrO rasa
obpazyercs:

1) kapOonat Hatpus; 2) ruApoKapOOHAT HATPUS;

3) oxcun HaTpus; 4) IEPOKCU HATPHUS.

TecTbl ¢ MHOXKECTBEHHbBIM BBIOOPOM NPABHJIBHOIO OTBETa, IIPU
BBINIOJIHEHUH KOTOPBIX MCHBITYEMOMY HEOOXOAMMO BBIOPATh, KaK MPaBUiO, ABa U
0oJiee MpaBUWIIbHBIX OTBETOB U3 MPUBEACHHOIO CIHCKA BO3MOYKHBIX OTBETOB.

Oto 3aganus yactu B tectoB EI'D mo xumumn. Hampumep, «I'mapoxcun
HATpUs B3auMojieicTBYeT c: 1) deHonom; 2) meTwiamMuHOM; 3) Kupamu; 4)
aneTaToM Kajius; 5) CTeapUHOBOM KUCIOTOM; 6) STUIIOBBIM CIIUPTOMY.

TecTbl HCK/IIOYEHUS] JIMIIHEI0, WIM YCTpPaHEHUs JIMIIHEr0 3JIEMEHTA
(«BCTpeTHII JIUIITHEE — YOEpH» ).

Hanpumep: «Xnopup xene3a(ll) e monygaror peakuueii: 1) coequnenus; 2)




pasnoxxenusi; 3) 3aMmeneHus;4) oOMeHay.

TecThl rpynnmupoBaHusi BKIIOYAIOT B Ce0S TEPEUYCHb XHMHYECKHUX
TEPMUHOB WU (OPMYJ, KOTOPBIC CIEAyeT pacnpeleuTh IO 3aJaHHBIM
MIpU3HAKaM.

Hanpumep, onno u3 3amanuii yactu A Ttecta EI'D mo xumuu 2006 r.:
«DopMynbl TOJIBKO KUCTBIX cojielt HaxoasaTcs B psaay: 1) K;SO4 KOH, H,SOy,
NaHSO3; 2) Cu(OH)NO;, Fe(HSOs),, FeCls;, BaHPO,4; 3) NH,HCO3, Fe(OH)Cl,,
CaS, NaCl; 4) NaHSO,4, Ca(HCO3),, NH4H,PO,4, KHS».

TecTbl paH:KUPOBAHMSA MPEACTABISIOT CO00M MepeueHsb (He OoJiee AECATH)
OJTHOTIOPSTKOBBIX XUMHYECKUX (PopMYII, (PU3NIECKUX WM XUMHUECKUX BEIIMYHUH,
XUMUYECKHUX SIBJIEHUH, KOTOPBIE TPEOYETCs PACIIOIOXKUTh B 3aITAHHOM TOPSIJIKE.

Hampumep: «PacmonoxuTe ciaeayromue XUMAYECKHE JIEMEHTBl B TIOPSJIKE
YMEHBIIICHUS UX METALINYECKUX CBOMCTB: XJIOP, KHCIOPOJI, cepa, 00p, KPEMHHUH,

yriepo, Gpochop, aTIOMUHHID.



Buabl 1 popMbI KOHTPOJISI M UX JUAAKTHYECKHE

(pyHKIHMHM HA YPOKAX XUMUH

OgHuM W3 BaXXHBIX CTPYKTYPHBIX 3JIEMEHTOB KaXXIOIO YpOKa M BCEro
nporuecca 00y4eHHs B LIEJIOM SIBJISIETCS IPOBEPKA 3HAHUN U YMEHUHN yJalluxcsl.

Paznuuaror cienyronme BHABI KOHTPOJIA: INPEABAPUTEIIBHBIN, TEKYLIUH,
MIPOMEKYTOUYHBIN, UTOTOBBIM.

IIpenBapuTeNbHBINA, WM  HAa4daIbHBIA, KOHTPOJb —  YCTAHOBJICHUE
WHIMBUIYAILHOTO YpPOBHS OOYYEHHOCTH Y4Yalllerocs, WM TaK Ha3bIBaeMOe
IPOIEIEBTUUECKOE AUarHoctupoBanue. Hampumep, nepen H3ydeHHEM XUMUU
3JIEMEHTOB Lie€JecOo00pa3HO MPOBEAECHUE TUArHOCTHUECKON MPOBEPOUYHOI pabOThI
110 OCHOBHBIM BOIIpocaM Kypca. B Takyto paboTy MOTyT ObITh BKJIIOUYEHBI 3aJaHUS
[0 XapaKTEPUCTHKE 3JeMeHTa (MeTajlla WM HEMEeTaljla) B 3aBUCUMOCTH OT €ro
MOJIO’KEHUS B IEPUOANYECKOM TabIMIIE 1O MIIaHy:

— KOOpPJMHATHI 3JIEMEHTA B IEPUOIUYECKOMN TaOJIULIE;

— CTpPOEHHUE aToMa M, CIEA0BATEIBHO, BO3MOXKHBIE CTEIIEHN OKHUCIICHUS;

— THUIN MPOCTOrO BEUIECTBA M, CIEAOBATENbHO, TUI XUMHUYECKON CBSI3U U
KPUCTAJUIMYECKOW PELIETKH, XAPaKTEpPHOM JUIs 3TOr0 BEIIECTBA, a 3HAYMUT, U
COOTBETCTBYIOLIME  (PU3MUYECKHE CBOICTBa; BO3MOXHOCTh  CYILIECTBOBAHUS
AJTOTPONHBIX MOAU(DUKALIMIA;

— CpaBHEHHME OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB 3JIEMEHTA U
IIPOCTOT'0 BEILLECTBA C COCEASIMU 110 MEPUOLY;

— aHAJIOTMYHOE CPaBHEHUE C COCENIIMHU 10 OATPYIIIIE;

— ¢opMyJia BBICIIETO OKCHUJA M €ro XapakTep (OCHO'BHBIM, KUCIOTHBIA WM
am(poTepHbIit), HanboJiee TUIMUYHbIE CBOMCTBA, WIUTIOCTPUPYEMBIE YpaBHEHUSIMU
COOTBETCTBYIOIIUX PEAKIMi (B TOM YKCIiEe M B MOHHOU (hopme);

— ¢opMyJia BBICIIETO THAPOKCHAA U €ro Xapakrep (OCHO'BHBIN, KUCIOTHBIN
uii  aM@oOTepHbIii), Haubojee TUMHUYHBIE CBOWCTBA, WIUIIOCTPUPYEMbIE
YPaBHEHUSMHU COOTBETCTBYIOIIMUX PEaKIIHii (B TOM YHUCIIe U B HIOHHOU popme).

Haunbonee pacnpoctpaneHHoit ¢GopMoil AMArHOCTUYECKOTO KOHTPOJISI B



HACTOAIIEE BpEMs SIBISIETCA TECTUpOBaHUE, KOTOpoe HG(GEKTUBHO U s
NOCJIEYIOUIUX BUJ0B KOHTPOJISL.

Texkymuii KOHTPOJb, WM KOHTPOJIb 32 XOJOM YCBOEHHS MaTepuaina,
MO3BOJISIET YUUTEIIO MOIy4YaTh CBEJACHHS O MPOIECCE YCBOEHUS 3HAHUW B TEUEHUE
OTPEICTICHHOTO0 TMPOMEXYTKa BpeMeHU (MOYpPOUHBI KOHTPOJIb WM TOCIe
uzydeHHoro naparpada). Hanpumep, rnocie uzydeHus: CBOMCTB OCHOBaHUI MOMXKHO
UCIIOJIB30BaTh CIEAYIOIIEe TECTOBOE 3ajgaHue: «Psja  BelecTB-peareHToB, C
KOKJBIM K3 KOTOPBIX B3aUMOJECUCTBYeT THApPOKCUJ Kamus: a) okcun cepbl(VI),
ruapokcusl Maruus, cyiabpar menu(ll); 6) HUTpaT HaTpUd, TMAPOKCHU]I HATpPHS,
okcup Hatpus; B) okcup azota(ll), oxcua docdopa(V), ruapokcua KaabLus; T)
okcup yriepoaa(1V), xmopun meau(1l), azotHas kuciaoray.

[IpomexxyTOUHBIN, WK PYOEKHBIA, KOHTPOJIb MPOBOJUTCA MOCIE U3YUCHUS
KPYIHBIX pa3zesoB (Moayieil) yaueOHoro kypca. Hanpumep, nocne n3yueHus: TeMbl
«OCHOBHBIE KJIACCHI HEOPraHWYECKUX COCAMHEHWI» 3aJaHUEM I TAKOTO BHJA
KOHTPOJISI MOXET CIYKUTh ciieaytoniee: «ConsiHas KUCIOTa B3aUMOJAEHCTBYET CO
cleqyomuMu  BemectBaMu: okcuaoM wmenu(ll), Menpro, LMHKOM, HHUTpPaTOM
cepebpa, HUTpATOM HaATpus, KapOoHaTOM HaTpus, okcugom yriaepoaa(IV).
3anuIunTe YypaBHEHUS BO3MOXHBIX peakuuil. Tam, rae 3TO HMMEET MECTO,
3allMIINTE TaK)Ke HOHHBbIE ypaBHeHUs. Tam, rie 3TO MMeeT MecTo, pazbepure
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIE MTPOLIECCHD.

HerpynHo 3aMeTuTh, YTO 3TO 3a/JaHHUE JIETKO MOYKHO IPEICTaBUTh U B
TECTOBOU PopMme.

B kauecTBe pyOEeKHOTO KOHTPOJS MOXKET CIY>KUTh 3a4€T MO KypCcy XUMUH,
IIPOBOIMMBIN TI0 OHUJIETaM.

Ilo cy0ObekTy U 00bEKTY, BBHINOJHSIOMIEMY KOHTPOJIb, MOKHO BBIJIEITUTH
CJIEIYIOLIME €r0 BUJIbI: IPOIPAaMMHUPOBAHHBIN, B3AUMHBIA, CAMOKOHTPOJIb.

[IporpamMmupoBaHHbI KOHTpOJb. Hampumep, 3amaHueM, KOTOPOE MOXKET
OBITh 3QJI0KEHO B KOHTPOJIUPYIOLIYIO MpOTrpaMMy, SIBISETCS 3aJaHHUE IO TeMe

«Kpucrammueckue pemerku» (Tadi. 1):



BapuanTel 3anannii no teme «Kpucrammueckue pemeTkn»

Tabomuma 1

Bapuanr 1HF Bapwuant 2Cl, Bapuanr 3NaBr Bapuanr 4CH, Bapuant 5SKNO;

Bapuanr 6KF Bapuanr 7Ca0 Bapwuanrt 8Li,0 Bapuant 9NaNO; Bapwuant 10Li,SO,
Bapuant 11Mg Bapuanr 12Br, Bapwuant 13SCl, Bapuanr 14N, Bapuanr 15Ca
Bapuant 16NH; Bapwuanr 17H, Bapuanr 18CO, Bapuant 19CaBr, Bapuant 20CasN,

Bapwuanr 211, Bapuant 22Al Bapuanr 23H,S Bapuanr 24H,0 Bapuanr 25BaO

«IIpoBenuTe aHanu3 GOPMYJITBI COSTUHEHUS TI0 CICTYIONIEMY TIaHY:
1) THIT KPUCTAITIMYECKON PEIIETKH;

2) 9acTHUIIBI Y3JI0B KPUCTAIUTUICCKON PEIICTKH;

3) TUIT XMMHUYECKOM CBSI3M B BEIIICCTBC;

4) ¢pusnyeckre CBOMCTBA BEIECTRA,

5) mMacca BemecTBa KoauuecTBoM 1,5 Moib;

6) 4uCII0O aTOMOB, 0OPA3YIOIIUX JaHHOE KOJHUECTBO BEIIECTBAY.

B HemanekoM coBeTCKOM TaKOU

IIponjioM  YUYUTCIA  IIPOBOJUIIN

IPOrPaMMUPOBAHHBIA ~ KOHTPOJb O€3MalMHHBIM  criocodoM. CoBpeMEHHbIE
KOMIIBIOTEPHBIE TEXHOJIOTMU TIO3BOJSIIOT HE TOJBKO OBICTPO U 3()PEKTUBHO
OpraHu30BaTh OAHY M Ty K€ CUCTEMY 3aJaHuil, HO U PEryJupoBaTh MOPSIOK
KOHTPOJISI: OT JKECTKO 33JaHHOrO0 IPENoJaBaTesieM JI0 aBTOMAaTHYECKOIo
KOMIBIOTEPHOI'O YIPABICHUS U JJaXKe YIPABICHUS MOPSAIKOM KOHTPOJIS IO BHIOOPY
y4alerocs.

B3aumusbiit kouTposb. [IpoBoauTcs ywyammmucs npu padote B ma'pax WUIU
rpynnax. OH 3 (peKTHUBEH HE TOJbKO MPU BHINOJHEHUN TEOPETUUYECKUX, HO TAKKE
U OKCHEpUMEHTAJIbHBIX 3aJaHuid 1o xumud. Hanpumep, 1Ba 3amaHus
AKCIIEPUMEHTAJIBHOIO Xapakrepa: «OMNBITHBIM IyTEM JOKAKUTE Kaue€CTBEHHBIN
cocTaB xjopuaa Oapust (s OJHOTO YYEHHUKa Maphl) U cyiabdara aMMoHuUs (s
JIPYTOro)».

CaMOKOHTpPOJIb OCYIIECTBIISIETCS KOHKPETHBIM YYEHHKOM IPH MOJATOTOBKE
JIOMAIIHETO 33JaHus MO0 Y4eOHHKY B COOTBETCTBMHU C BOIPOCAMH U 33IaHHUSIMHU K

naparpady (TeKymuid CaMOKOHTPOJIb), BOMPOCAMHU M 3aJaHUSMU K 3a4eTy WU



CeMHHapy (TeMaTHYeCKMHd CaMOKOHTPOJb), C COJAEpKaHHEM OWJIETOB HIIU
TECTOBBIX 33/IaHUH K SK3aMeHY (pyOeXHbI U UTOTOBBIN CAMOKOHTPOJIb).

Paznuuaror cnenyromue ¢GopMbl  KOHTPOJSl: YCTHas, IHCbMEHHAas,
IIPAKTUYECKAs.

VYCTHBIN KOHTpOJb 3HAHUW B pabOTE yduTeNss — OCHOBHOHM croco0 ydeTa
pe3ynbTaToB pa3BHUBarouiero oOyueHus. [Ipu ycTHOM KOHTposie 3HAaHUW €CTb
BO3MOKHOCTb IIPOBEPUTH BECh U3YUYEHHBIM MaTepual 0 TEME ypOKa WIM pasjelia
Kypca. YCTHbII KOHTPOJb 3HAHUM IIOMOTaeT pa3BUBAaTb KOMMYHHKATHBHbBIC
KauecTBa yyaluxcs (pa3BUBaTh YCTHYIO pedb, YMEHUE BECTH JTHUAJIOT B X07€ Oecen
C YYMUTENEM WM OJHOKIIACCHUKAMH, BBIIBUIAaTh M JIOKA3bIBATh TUIIOTE3Bl IpHU
IpoOJIEMHOM MOCTPOCHUH YPOKa XUMHUH, OOIIATHCS MEXKy COOOM U C YUUTETIEM).

YCTHBIN KOHTPOJIb 3HAHWW NMPUMEHSETCS B 3aBUCUMOCTHA OT LEJIW U THUIIA
ypOKa: B €ro Havajie — Iepe]l M3y4eHUEM HOBOTO MaTeprasa, B KOHLE YPOKa WIH
€ro dTamna — C LeJbI0 KOHTPOJISI U OJHOBPEMEHHOIO ITOBTOPEHUS U 3aKPEIUICHUSA
npoieHHoro. Ouenb 3((PEKTUBEH YCTHBIN OMPOC, IPOBOAUMBIN B (hopme Gecepl
IIPU U3YYEHUU HOBOTO MaTepuaja ¢ LEJIbI0 BbISICHEHUS CBSI3M TEMBI YPOKa C paHee
u3ydeHHbIMU. He MeHee >(deKTHBEH YCTHBIM OMpPOC Ha ypOKaxX MOBTOPEHUS U
0000111eH s, TIPH TTOJATOTOBKE K KOHTPOJIbHOW paboTe wiu 3aueTy. B aTom cinydae
palMoHaibHO 3apaHee copMynHpoBaTb BONPOCHL, IO KOTOPHIM OyAer
IIPOBOAMUTHCS OITPOC.

VYCTHBI KOHTPOJIb MOXKET MPOBOJUTHCS MHAMBUAYAIBHO, (POHTAIBHO WU
JUTSL TPYTI YYaIIuXCA.

BaxHOI CTOpPOHOM YCTHOTO OIpOCa YYalIuXcCs SABISETCS Pa3BUTHE
XUMHUYECKOTO s3blKa. Hampumep, BEpHOro MNPOM3ZHOLIEHUS W yNAPEHUS B
XUMUYECKUX TEPMHHAX W  BBIPAKEHHUAX, I OTPabOTKM  XMMHYECKOU
HOMEHKJIaTyphl (Ha3BaHHUM BEIECTB U MPOILIECCOB MO (PopMysiIaM U ypaBHEHUSM U
Hao0opoT). Bo Bpems ycTHOro oTBera yyamierocs Jisi JOCTH)KEHUSI yCTOHYMBOTO
BHUMaHHs Kjacca TOJIE3HO MPEAYCMOTPETh IMOCIEAYIOUIEe 3a OTBETOM
peleH3UpOBaHuE, UCTIPABICHHUE JOMYIIEHHBIX OIHNOOK, TOTOIHEHHUE.

[TucbMeHHBIH KOHTPOJb TO3BOJSET TMOJYYUTh 3a OJIMH YPOK OOIIyIO



KapTHHY 3HaHUN BCEX ydalIuXcs M0 TOMY WM HHOMY pa3fienny Kypca.

OCHOBHBIMH BHJAMH TPOBEACHUS TMHCHMEHHOTO KOHTPOJIS 10 XHUMHH
sBisAtoTcs mpoBepounbie (10-15 MuH) M KOHTpOJBbHBIE PabOTHl (Ha BECh YpOK),
3aJlaHusT KOTOPBIX MOTYT OBITh TPEICTABICHBI KaK B TPAIUIIMOHHOW, TaK U B
TECTOBOM popMme.

Kak npu ycTHOM, Tak W MpU MUCBMEHHOM OIpoce XOopowui 3PGheKT naet
MIPUMEHEHUE XUMHUYECKUX JUKTAHTOB. B yUHTENbCKOM MpaKTHKE HAanOoJiee 4acTo
UCIIOJIb3YeTCsl Hamucanue GopMys COCAMHEHHM MO WX Ha3BaHUSM M HAa0OOPOT.
Pexxe BcTpewaroTCcs IUKTAaHTHI 10 XHMHYECKUM ypaBHEHHUSM (Hampumep,
«TUApATANHS TPOIUJICHAY, ITOJUMEPU3AIHs XJIOPBUHUIAY, «THIPOIN3 KapOoHaTa
KaJlis») WIA 10 MAaTeMaTHYeCKUM BBIPAKEHHUSAM, OTPAKAIOIMIUM XUMHUYECKUE
3aKOHOMEPHOCTH ((POpMysbl CKOPOCTHM XHUMHUUYECKOW peakiuu, 3akoHa Badt-
['odda, HaxoxkaeHnss Macchl, KOIMYECTBA U 00beMa XUMUYECKHUX BEIIECTB U Jp.).

[IpakTuueckre  pabOTHl  MO3BOJSIOT  OCYIIECTBUTH  KOHTPOJb 3@
cOPMHPOBAHHOCTHIO TPAKTUYECKHMX YMEHHH W HaBBIKOB TIIpH paboTe ¢
JabopaTopHbIM  000pyJOBaHMEM U peakTuBaMu. OHU  BBISIBISIOT — TaKKe
CIIOCOOHOCTh ~ y4YaIllIUXCS COCNUHATH TEOPETHMYECKWE 3HAHUS ¥ IPOTHO3BI,
CIEJIaHHbIE Ha WX OCHOBE, C YMEHHUSMH OCYIIECTBIATh HX Ha TMPAKTHKE.
Hampumep, 3amanue «l[lomyduTh THUAPOKCHI aNIOMUHUS peakiuelr oOMeHa u
JI0Ka3aTh OMBITHBIM MyTeM ero aMm(GOoTepHOCTbY. |JIsT 7TOr0 KOHKPETHOTO 3aaHHs
CIelyeT OTMETUTh THUPAXKUPYEMYIO B  MHOTOYHCIICHHBIX  HHCTPYKIIMSIX
IKCIIEPUMEHTAIBHYI0 HEKOPPEKTHOCTD «...MOJYYCHHBIA OCAZ0K pa3AeiuTe Ha JIBE
npoOupku...». Pa3ymeercs, renb HEPACTBOPUMOTO THAPOKCHAA aFOMHHUS
HEOOXOJMMO MOJy4yaThb HE B OJHOM NHpoOupKe (pa3fgesnuTh €ro 3aTeM Ha JIBe
npoOupku OyAeT WIM HEBO3MOXHO TIPU MajioM KOJMYECTBE OCajJKa, WU

HEICTETUYHO — MPHU OOJIBIIIOM), & B IBYX aBTOHOMHBIX.



JAupakTuyeckue U MeToAU4YecKue PyHKIUN

NPOBEPKH 3HAHUI U YMEHUH yYaluxcs

JngakTnaeckue

Metonnueckue QyHKITUU

KouTtponupyromas

BrisicHeHne Hamuyus y ydalmquxcs 3HaHUM O (akTax,
IOHATHUAX, 3aKOHAX M TEOPUSIX XHMHHM B COOTBETCTBUHU CO
CTAHJAPTOM; OIIPEIEICHUE YMEHHUW Yy4YallluXCsl IPUMEHSThH
3T 3HAaHUS B Y4YeOHOM IIpoliecCe; BBIABICHUE YPOBHS
C()OPMUPOBAHHOCTH y Y4YalllUXCSl HABBIKOB OOpaIleHUs C
000pyZOBaHUEM M PEAKTUBAMH B COOTBETCTBUH C MPABUIAMHU

TEXHUKH 0€30IMaCHOCTHU

OO6pazoBaTenbpHas

Pa3zBuTre  JOTMYECKOTO  MBIIUIEHUS  y4yalllUXCd,  MX
XUMHUUYECKON  peud; pa3BUTUE YMEHUS OOBSICHATH W
MIPOTHO3UPOBATh XUMHUYECKUE (DAKThI, POPMUPOBATH HOPMBI U
nmpaBujia  0e30MacHoro  oOpalieHus ¢  XUMHYECKUMU
BEIIECTBAMH, MaTepualaMi U TpoleccaMu; YTOYHEHHE,
yriyOJIeHue, 3aKperyieHne 3HaHWH; MPUMEHEHHUE 3HAHWK 10
XUMUU B Y4eOHOM MpakTHKe, B ObITY W Ha IPOU3BOJICTBE;

BBIABJICHHUC, UCIIPABJICHUC U aHAJIN3 (91117 (8J0) 3 Yaaluxcs

BocnuteiBaronias

Bocnuranue JMYHOCTHBIX KauecTB (Tpynomto0bus,
HAaCTOMYMBOCTH B  JOCTIDKCHHMHM  II€Jei, CHJBI BOJMH,
110003HATEILHOCTH U JIP.); BocIIUTaHUEe O0e30macHOM Jyis ceOs
U OKPYKAIOIIEro MUpa KyJIbTyphl 0OpaIlleHUs C BEIICCTBAMH,
MaTepHaiaMi U XUMHYECKUMHU TIpolieccaMu; (popMupoBaHue
TaKuX  KIFOYEBBIX  KOMIICTCHIMHA  JIMYHOCTH, KaK
KOMMYHHUKATHBHAs, COIIMAIbHASI, HHPOpPMAIIMOHHAS U APYTHE;
MOJITOTOBKA BBIMTYCKHUKOB K OCO3HAHHOMY BBIOOPY TIPOQUIIS

K BBIOOpY By3a WM CPEepbl TPYAOBOU E€ATEITLHOCTH




YPpoBHHM KOHTPOJIS M IPOBEPKYU 3HAHUM 110 XUMHHU

B cooTtBercTBUM ¢ TpeOOBaHMSIMHM CTaHAApTa MO XWMUU W BBHIOPAHHBIX W3
dbenepaibHOTO CHUCKA YYeOHHUKOB YYMTENIb XHUMHU BO BpeMs IIPOBEPKH U
KOHTPOJIS 3HAHUM 110 IIPEAMETY MOKET OPUEHTUPOBATHCS Ha CIEAYIOIIUE YPOBHHU.

[IepBblii ypOBEHb — PENPOIYKTHUBHBIN. BBINIOIHEHNE ydallUMUCS 3aJaHUN
ATOTO YpPOBHS ONMHUPAETCS B OCHOBHOM Ha MaMsATbh. [[OCTMKEHHE 3TOr0 YpOBHS
IIPEANOJIATaeT y yUaIIUXCs:

— 3HAHWE Ha3BaHUU OTHAEIBHBIX XHUMHUYECKUX »JJEMEHTOB, BEIIECTB U
pEeaKIHnii;

— YMEHHUE YCTHO WJIM MHUCHbMEHHO OMUCHIBATh XUMHUYECKUE (PAKThI, MOHATHS
WM SIBJICHUS (PEaKIum);

— TMOHUMAHUE POJIM, 3HAYCHUS WIM NMPUMEHECHUS OTIEIBHBIX XUMHUYECKHX
BEIIECTB WM PEAKLUU;

— MPUMEHEHUE XUMUYECKONW CHUMBOJIMKM — XMMHYECKUX 3HAKOB, GOPMYI U
YPaBHEHMU;

— 3HAHUE HEKOTOPBIX UCIOIb3YEMBIX B XUMUU MPUOOPOB, YMEHHUE COOUPATh
MPOCTEUININE W3 HUX M MCIOJB30BAaTh IPU  BBINOJHEHUH XUMHUYECKOIO
DKCIIEPUMEHTA.

JIg mpoBEpKM 3HAHWMKW W YMEHUW, COOTBETCTBYIOIIUMX IMEPBOMY YPOBHIO,
HCTIOJIB3YETCS pPENPOIYKTUBHBIN BU]] 3alaHUM, MPENOJIararo
BOCIPOM3BEIACHNUE yUAILIUMHUCS OTAEIbHBIX 3HAaHUM U yMeHuH. [IpoBepka nepBoro
YPOBHSI 3HAHUH JIETKO OCYILECTBIIAECTCS (OPMaMU aBTOMATU3UPOBAHHOIO YUETA.

Bropoii ypoBeHb — NOpPOAYKTHUBHBIM. JlOCTH>KEHME OTOrO0  YpPOBHA
MPEIIOJIaraeT y y4aruxcsi:

— oHUMaHue (GOPMYJIUPOBOK BAKHEHIITUX XMMUYECKUX MOHATHUM, 3aKOHOB,
TEOPUM U TPUMEHEHHUE UX B AaHAJIOTUYHBIX CUTYAIUAX;

— YMEHHME YCTaHABJIMBATh B3aWUMOCBS3b MEXKIY COCTABOM, CTPOCHUEM H
CBOMCTBAMHU XMMHUYECKUX BEILIECTB;

— YMEHHE MPOBOJAUTH PACYETHI 110 XUMHUECKUM (HOpMYyJIaM U YPAaBHEHHSIM;

— YMCHHC CaMOCTOATCIIbHO ITPOBOJUTL XUMUYECKHUU OKCIICPUMCHT 110



UHCTPYKIMU Y4eOHMKAa WM TO YKa3aHUI0 yuuTedss U (UKCHPOBATh €ro
PE3yIBTaTHI.

JUisi mpoBEepKHM yMEHUS NPUMEHSTh 3TH 3HAHUS B Y4YEeOHOM MpaKTUKE
WCIIOJIB3YIOTCS 3aJ1aHMs, BBINOJHEHUE KOTOPBIX BO3MOKHO HE TOJIBKO Ha OCHOBE
MaMsTH, HO U Ha OCHOBE OCMBICIEHUS. [loaTOMYy Hapsiay C ICHXOJOTHYECKOU
Omnepaluell BOCIPOU3BEIACHUS IIHPOKO HCIOJB3YIOTCS Y3HABAaHUE U SIBJICHUE
nepeHoca. J{ns BBINOTHEHHWs] TakuX 3aJaHuil TpeOyercss OoJjiee HampsbKEHHAs
MBICIIUTENbHAA AEATEIbHOCTh YYalllUXCS, YEM IPHU BBIIIOJIHEHUU 33/laHUN Ha
IIEPBOM YPOBHE.

TpeTtuit ypoBeHb — TBOpUYECKHM. JIOCTHKEHHE HTOTO YPOBHS MPEAIIONATAET Yy
y4aIuxcsi:

— YMEHHE NPOTHO3MPOBATH CBOWCTBA XMMHYECKMX BEIIECTB HAa OCHOBE
3HaHUS 00 UX COCTaBe U CTPOCHUH U, HA0OOPOT, MpeAIoaraTb CTPOCHUE BEILIECTB
Ha OCHOBE UX CBOWCTB;

— T[OHUMaHue (aKTOpPOB, TMO3BOJSIIONIMX YIPABIATH XUMHYECKHUMHU
peakuusiMu (CKOpOCTbIO, HalIPaBICHUEM, BBIXOI0M IIPOAYKTA);

— YMEHHE NPOEKTUPOBATh, OCYIIECTBIATh XWMHYECKHW DKCIIEPUMEHT, a
Takke (UKCUPOBATH U aHAJIM3UPOBATH €TO PE3YJIbTATHI;

— YMEHHE OpHUEHTUPOBATHCA B TOTOKE XMMHUYECKOM HH(popMau,
ONpeNeNsITh  UCTOYHUKMA  HEOOXOIMMOM  HMH(pOpMalMH,  TOJy4aTh €€,
aHaJIuM3upoOBaTh, J€JaTh BHIBOJBI HAa €€ OCHOBE M MPEACTABIATH B
COOTBETCTBYIOIIEH dhopme;

— YyMEHUE OCO3HaBaTh BKJAJ XUMUU B (OPMUPOBAHHE LEIOCTHON
€CTECTBEHHO-HAYYHOU KapTUHBI MUpA.

JIns mpoBEpKM 3HAHWM, COOTBETCTBYIOIIUX TPETHEMY YPOBHIO, U YMEHUSA
MPUMEHSTh UX B YU4eOHOW MPAKTHUKE MCTIOIB3YeTCs pe(IeKTHUBHBIN BUJ 3aIaHUM,
BBIMIOJITHEHHE KOTOPBIX OINUPAEeTCsl Ha PENpOAyKTHUBHBIE 3HaHUSA, HO Tpebyer
rJIyOOKOTO  OCMBICIICHUS, BIJIAJICHUS JIOTMYECKUMHU MpPUEMaMU YMCTBEHHOMU
NEeSTeNIbHOCTH  (aHanu3, CHUHTE3, O0000IIeHHe, KOHKpETU3alus, CpaBHEHUE,

abcTparupoBaHue, KiaccupuKarus).
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BBIIIOJIHCHHUIO ﬂaﬁopaTopH()ro onbITa 110 XUMHH

OdopmieHre OTYETOB MO  BBHIMOJHEHHUIO JIAOOPATOPHBIX  OMBITOB
OCYHIECTBISIETCS B paboueil TeTpamu mo xumuu. OT mpeablaynieid MUCbMEHHOM
paboTel OTCcTymaroT 3-4 KIETKM W 3alUCBhIBAIOT IOCEPEIUHE CTPOKU HOMEP
naboparopHoro omnbita. Jlanee, Kaxablid pa3 ¢ HOBOM CTPOKU 3aMHUCHIBAIOT TEMY,
11eJ1b, 000pYIOBaHUE U PeakTHBEL. [locne cTpoku «BhIMOIHEHHE OMBITa» KOPOTKO
MOATAITHO TIPUBOIUTCS OMUCaHUE JTa00OPATOPHOTO OIBITA.

B oTdere mo BBIMOTHEHWIO TA0OPATOPHOTO OMBITA MO HEOOXOIWMOCTH
MPUBOMSITCSI OMUCAHUS OMBITOB, HAOTIO/ICHNS, YPABHEHHUS] XUMUYECKUX PEAKIUH,
YCIIOBHSI IPOBEIICHUS PEAKIIUNA, PUCYHKH, OTBETHI Ha BOTIPOCHI.

OdopmiieHre OMNBITOB JOMKHO OBITH BECbMa KpPAaTKUM, YYHUTHIBask TO
00CTOSITEIHLCTBO, YTO OMBITHI HETIOCPEACTBEHHO CBSI3aHBI C COJIEPKAHUEM YPOKA.
dopMa oT4eTa 1O  BBHIMOJHEHHWIO  JTAOOPATOPHOTO  OMBITA, €CIHM  HE
periaMeHTUPYETCs, MOKET OBITh MIPOU3BOJIHHAS.

Ecnmm B Xome ombiTa HEOOXOAMMO OTBETUTH HA BOMPOCHI JIJISI BBISICHEHUS
MOHUMAHUSl YYalllUMHUCS CYIIHOCTH OIbITa, TO 3allMChIBAETCS OTBET, €CIHU
TpeOdyercss O0GOPMUTHL PHUCYHOK, 3alOJIHUTh TaOJMIy, TO COOTBETCTBEHHO
BBITIOJTHSICTCSI PUCYHOK WUTH 3aTOJTHSACTCS TaOIHIIa.

Bce pucyHku g0mKHBI UMETh 0003HAUEHUS COCTaBHBIX  YacTeid,
o0opyaoBaHUs, Ha3BaHHUS PEArcHTOB W TPOAYKTOB pEaKIWH. PUCYHKH TOJKHBI
pacrmoyiaraThCsl Ha JICBOW CTOPOHE TETPATHOTO JINCTA, MOAMUCH K PHUCYHKAM —
BHU3Y.

Tabmuipl 3amoJIHAIOTCS YEeTKO W akKypaTHO. TaOiwia JoihkHa 3aHUMATh
BCIO MIUPUHY TETPATHOU CTPAHUIIBI.

CxeMbl JTOKHBI OBITh KPYMHBIMA M YETKUMH, BBITIOJIHEHHBIMU MPOCTHIM
KapaHJamoM (JOIMyCKaeTCsl MCIOJb30BaHME IBETHBIX KapaHMIAIICH), COaepKaTh

TOJIBKO I''IaBHBIC, HauoOoee XAPaKTCPHEIC OCO6GHHOCTI/I, JACTaJIu.



B koHI1e Kaxxa0ro 1a00paTOpHOTO OMBITa 00S13aTEILHO 3aITUCHIBAECTCS BBIBOJT
[0 WTOTaM BBIMOJHEHHOW paboThl (BBIBOA (GOPMYIHUPYETCS HCXOIs U3 IENu
Ja00paTOPHOTO OMBITA).

[lenecooOpa3no, YTOOBI TepBbIe JAOOPATOPHBIE OMBITHl  yYalIHecs
OIMCHIBAJIM TOJ TUKTOBKY YYHTENs, a B JaJbHEHIIEM UM MOXKHO IMPEIOCTABUThH

CaMOCTOATCIIbHOCTD.



MeToanyeckue peKOMeHAAlUM K BeleHUI0 U 0(pOpMIICHHUIO TeTpajei

A IPAKTHYECCKHUX paﬁoT 0o XMMHH

OcHoOBHas 3aja4ya MPaKTUYECKUX PabOT MO XUMHH, MPOBOJUMBIX B KOHIIE
U3Y4YEHUSI TEM, - 3aKpCIUICHHE 3HAHUNW M NPAKTUYECKUX YMEHUHN YYallUXCH.
[TpakTueckue pabOTHl C HCHOJB30BAHUEM HMHCTPYKIUN YYEHHUKH BBIIOJHSIOT
UHAMBUAyaIbHO. B 9TOM ciydae Kaxknaplii yuyeHUK OyneT mpHoOpeTaTh
HEOOXOJMMbIE TIPAaKTHUYECKHE YMEHHsA. TOIbKO B HEKOTOpBIX paboTax, Ine
UCITOJIB3YIOTCSL MPUOOPBI, @ TAaKKE€ MHOIO ONepaluid BO3MOXXHO BBINOJHEHUE
paboThl ABYyMs yuyeHMKamMu. OT4YeT MO BBINOJHEHUIO NPAKTUYECKON pabdoThI
oopmiseTcs KaxabIM YYEHUKOM HHIMBUIYaJIbHO.

OT4eTsl O BHIMOJIHEHHUIO MPAKTUYECKUX PA00T O XUMUU O(POPMIISIOTCS B
CHELUATbHBIX TETPAIAX.

Terpaap Ay npakTUyecKux paboT MO XUMUH - TOHKasl TETPajib B KIETOUKY,
TONIMHON 12 - 18 nucToB.

Terpanp i npakTUYECKUX PabOT MPOBEPSIETCS] YUUTENEM MOCHE Kaxa0u
MIPOBEICHHON palOThl, OLEHKH BBICTABISIOTCS KaXJIOMY YYEHHKY, C 3aHECEHHUEM
OLICHOK B KJIACCHBIW KypHAIL.

[Ipy BBICTABIEHUM OLIEHKM 32 MPaKTHYECKyl0 paboTy 1O XUMHUU
YUHUTBIBAIOTCS TAKWE KOMIIOHEHTHI:

- CaMOCTOSITEILHOE BBIITOJIHEHHE OIIBITA;

- 00bEM M Ka4E€CTBO BBIIOJIHEHHOW PadOThI;

- IPAaBWJILHOCTh HATMCAHUSl YPAaBHEHUI XUMUYECKUX PEaKLUid U BHIBOJIOB.

Ha cHuXeHue OLeHKH JOJKHBI TIOBIUATH OMIMOKU, JOMYIICHHbIE YYEHUKOM
B NIpOLIECCE BBHIMOJHEHUSI pabOThl (HAmpUMeEp, IJIOXOE€ BIAJICHUE HEKOTOPHIMHU
71a00paTOPHBIMU YMEHUSIMU ), OTCYTCTBHE aKKYpPaTHOCTH B paboTe.

Takke OLIEHMBAEeTCs KayeCTBO BEACHMS  3alUCEd: aKKypaTHOCT,
BBITIOJIHEHHUE CXEM, PUCYHKOB U TaOIuI U T.11. Eciii TpeboBaHus HE BBITIOJIHAIOTCS,

TO OLICHKA CHMXACTC.
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BBIITOJIHCHHUIO npaKanecxoﬁ paﬁ()TbI 1m0 XuMHH.

OT mnpeaplayliell MOpakTAYECKOM paboThl OTCTyHaroT 3-4 KIETKH U
3aIlMChIBAIOT J1aTy BBINOJHEHUS pabOThl U Jlajiee NOCEPEANHE CIENYIOIENH CTPOKU
HOMEp IPAKTHUECKON paboThl. Jlanee, Kaxaplii pa3 ¢ HOBOM CTPOKU 3allMCHIBAIOT
TEMy, LeJb, 000pynoBaHue U peakTuBbl. [locne ctpokn «Xoa padoTh» KOPOTKO
MO3TAallHO MPHUBOJUTCS ONHCAHME IPAKTHUECKOHM paboThl (B COOTBETCTBUHU C
MHCTPYKIIMEH 1O BBIMOJIHEHUIO MPAKTUYECKOM paboThI).

Odopmienre oTyeTa JOJDKHO OBITh JIAKOHWYHBIM. Dopma oTyera o
BBIMIOJTHEHHUIO IPAKTUYECKON pabOThI, €CIIM HE PETJIAMEHTUPYETCS, TO MOXKET ObITh
IIPOU3BOJIbHAS.

Jlyuymie Bcero odopmiATh paboTy mocie Kaxaoro ombita. OgHaKo, Korja
paboTa cBsi3aHa C NOJYYEHUEM ra3a U M3YYEHHEM €ro CBOICTB, ONUCAHHUE €€
IPOBOJUTCS TOCJI€ BBINOJHEHUSA BCEX OMbITOB. OnucaHue padOThl MPOBOAUTCS
TAK)K€ ITOCJIE BBIIIOJIHEHHSI BCEX OINBITOB, B CIIy4ae €CJIU y4allhecs UMEIOT JIEIIO0 C
BpPEAHBIMH BEIIECTBAMMU.

B oTuere mo BBINOJHEHHIO MPAKTUYECKOM pabOThl MPUBOJAATCS OMUCAHUS
HKCIEPUMEHTa, HaONIOJIEHUs, YPAaBHEHMS] XHMHUYECKHUX peakUuid, YCIOBUS
MPOBEICHUSI PEAKIIN, pUCYHKH, OTBETHI Ha BOIIPOCHI, BBIBOIBI.

BaxxHbIM SBISETCS 3HAHWE W YMEHHME NPUBOAWUTH 3alUCH YPABHEHMM
XUMHUYECKUX PEAKUUH, TOATBEPKIAIOIIMX X0 XUMHUECKOro 3kcnepumenTa. [lpu
TOM HEO0OXOJUMO MPUBOJUTH XUMUYECKHUE (OPMYIIbI U Ha3BaHUSI BCEX pPEarcHTOB
Y TNPOAYKTOB pPEAKLIMH, YIOMHHAHME O KOTOPBIX BEAETCS IPU BBINOJIHEHUH
MPaKTUYECKON paOOTHI.

Ecnu B Xxo/1€ BBINOTHEHUS MPAKTUYECKOM pabOThl HEOOXOAUMO OTBETUTH HA
BOIIPOCHI JUISI BBISICHEHUS I[IOHUMAaHWS Y4YalllMMHCS CYIIHOCTH ONBITA, TO
3aMKChIBAECTCS OTBET, €CIIU TpeOyeTcsi OPOPMUTH PUCYHOK, 3aMIOJIHUTH TAOJIUILY, TO

COOTBCTCTBCHHO BBIITIOJIHACTCA PUCYHOK WJIN 3aITIOJIHACTCA TaGJ'II/ILIa.



TaOnuipl 3amoNHAIOTCS YETKO M aKKypaTHO, MPH 3TOM Taliuia JOJKHA
3aHMMAaTh BCIO IUPHUHY TETPAJTHON CTPAHUILIBL.

Bce pucyHku J0mKHBI UMeTh 00O3HAUEHUS COCTaBHBIX — 4YacTeid,
00Opy/IOBaHUs, Ha3BaHHUs PEareHTOB U MPOAYKTOB peakluuu. PUCYHKH HOIKHBI
pacrnoJiaraTbCs Ha JEBOW CTOpPOHE TETPAJHOIO JIMCTA, MOJMUCH K PUCYHKaAM — (C
MPaBOil CTOPOHBI UM CHU3Y).

Pucynku c¢ wu3o0paxeHueM Mojeneil npuOOpoB, CXEM BBIITOJIHEHHS
XUMHUYECKOTO  DKCIEPUMEHTa  JIOJDKHBI  OBITh  KPYNHBIMA W YETKUMH,
BBIIIOJIHEHHBIMU MPOCTBIM KapaHJaluIoM (JOIyCKaeTCs MCIOJIb30BAHUE LIBETHBIX
KapaHaaiiei), coaepkaTh TOJIBKO TJIaBHbIE, HAM0OJIee XapaKTepHbIe 0COOCHHOCTH.

B koHIe Kax a0l npakTudeckoil padoThl 0043aTENLHO 3alIMChIBAETCS BBIBOJ
M0 WUTOraM BBIMOJHEHHOW paboThl (BBIBOA (OPMYJIHMPYETCS HUCXOAS W3 LEIU

MPaKTUYECKON PabOThI).



OBIIUE ITPABUJIA BbBIITOJTHEHU A
JIABOPATOPHbLIX PABOT

JlaGopaTopHbIie pabOTHI SBISIOTCS OJTHON M3 BaKHEUIITUX COCTABHBIX YacTen
Kypca XUMHH. 11 UX BBIIOJIHEHUS CTYAEHTY HEOOXOAMMO O3HAKOMUTHCS C
71a00paTOPHBIM 000PYIOBaHUEM, U3MEPUTEIIBHBIMU IPUOOPaMHU, a TAKXKE C
TEXHUKOHN NPOBEJICHNS OCHOBHBIX J1a0OPaTOPHBIX ONEPALIUN.

[TockonpKy B XUMHUYECKOM 1TaOOpaTOPUM HAXOATCS SIEKTPOIIPUOOPSI, ra3,
SJTOBUTBIE U OTHEOIACHBIE BELIECTBA, CTYIEHTHI IOJKHBI CTPOrO COOJIIOIATH
npaBuiia BHYyTPEHHErO paciops/iKka U TEXHUKH 0€30MacCHOCTH.

[lepen kaxabIM J1aOOPATOPHBIM 3aHATUEM CTYJACHT JOJKEH U3YUHUTh
COOTBETCTBYIOIIUN pa3jie] yueOHMKa, KOHCIIEKTA JIEKIIUI U ONMCaHue
1abopaTopHOI pabOTHI.

[Tpu opopmieHnn oTueTa o NpojaeaHHONW paboTe B 1a0OPATOPHOM KypHaJIe
3aMKCBIBAIOT 1aTy, HOMEP, HA3BaHUE pa0OTHI U OMbITA; KOHCIIEKT TEOPETUUYECKOTO
MaTepHuaa; KpaTKoe OIMCAaHNE X0/1a OIbITA U PE3YJIbTAThI, [I0JYYEHHBIE IIPH €T0
BBITIOJIHEHHUU.

[Tpu npoBeneHny KCHEpUMEHTa HEOOXO0AUMO COOIOAATh CIIEyIOIIHIE
npaBuIa:

1. OnsIT MpOBOAAT BCETAA B UUCTOM NOCYIE.

2. Henb3s BeITUBATH U30BITOK PEAKTHUBA U3 MPOOUPKU OOPATHO B PEAKTUBHYIO
CKJISIHKY.

3. Cyxue coiau HaOUparoT YUCTHIM IIIATENIEM WIH JIOKEUKOU, TPUYEM U30BITOK
peaKTHBa HEJb3sl BHICHINATh 0OPAaTHO B CKIISTHKY.

4. He cnegyer myTath NpOOKU OT pa3HbIX CKISTHOK. YTOOBI BHYTPEHHSISI CTOPOHA
npoOKM OcTaBajach YHUCTOM, MPOOKY KIaayT Ha CTOJI BHELIHEH
MIOBEPXHOCTBIO.

5. Henb3q yHOCUTH peaKTHBBI OOIIETO MOJB30BAHMS Ha CBOE paboyee MEeCTo.

6. Ilocne onpITOB OCTaTKU METAJJIOB B PAKOBHUHY HE BHIOPACHIBAIOT, & COOMPAIOT B

OaHKy.



7. JloporocTosiiue peakTUBbI (HampuMep, OCTaTKH CoJiel cepedpa) CoOMparoT B

CHEHUATbHO OTBEAEHHYIO MOCYAY.

IIpaBuia TexXHUKHN 0€30MACHOCTH

1. He Tporaiite, He BKIIIOUaiiTe U HE BRIKJIIOUalTe O0€3 pa3perieHus
npenojiaBaresis pyoOuIbHUKH U SJIEKTPUUYECKUE TPUOOPHI.

2. He 3arpomoskaaiite cBoe pabodyee MECTO JIMIITHUMU MTPEAMETaMH.

3. Henb3s OpaTh BeliecTBa pykaMu U npoOoBaTh Ux Ha BKyc. [Ipu onpenenenuu
BEILIECTB 10 3aI1aXy CKISIHKY CJIEAYET JepKaTh Ha PACCTOSIHUY W HAIIPaBJISATh
JBI>KEHUEM PYKHU BO3AYX OT OTBEPCTHS CKISIHKH K HOCY.

4. OnbITHI C ATOBUTHIMH BEIIECTBAMHU HAJ0 MTPOBOJIUTH B BBHITSHKHOM KAy .

5. Ilpu npunuBaHUM peaKkTUBOB HEIb3SI HAKIIOHATHCS HAJl OTBEPCTUEM COCYAa BO
n30exxaHue nonagaHus OpbI3Tr HA JIUIO U OJCHKIY.

6. Henb3st HAKIOHATHCA HAJl HATPEBAEMOM JKHIKOCTBIO, TAK KaK €€ MOMKET
BBIOPOCUTD.

7. Paz0aBiisii KOHIIGHTPUPOBAHHBIC KHCIIOTHI, OCOOCHHO CEPHYIO, OCTOPOKHO
BJIMBAIOT KUCJIOTY B BOJY.

8. Bce oOmbITBI C KOHIIEHTPUPOBAHHBIMU KHUCJIOTAaMH M IIEJI0YaMHU
MPOBOAUTH TOJIBKO TOJI TSTOM.

9. C NerkoBOCIUIAMEHSIONIUMUCS KUJKOCTSIMU HEIb3sl paboTaTh BOJIU3HU

HarpeBaTesIbHbIX TPUOOPOB.

IIpaBuiia npoTMBONOKAPHOH 0€30IIACHOCTH

1. OcTtopoxHO oOparaiTech ¢ HarpeBarenbHbIMU Tiprbopamu. [Ipu neperopanuu
CIIUPAIIN AJICKTPOILTUTKHA OTKITIOUUTE TUTUTKY OT 3JICKTPOCETH.
2. Ilpu mpoBeeHNN OTIBITOB, B KOTOPBIX MOXET MPOU30HUTH CAMOBO3TOPAHUE,

HEO0OXO0IMMO UMETh MOJI pPyKaMH MECOK, BOWJIOK U T.II.



3. B cayuae BocmiiaMeHEHHs TOPIOYUX BEIIECTB OBICTPO MOTracuTe TOPENKy,
BBIKJIFOUNTE 3JEKTPOHArpeBaTeiIbHble NPUOOPBI, OCTaBBTE COCY]I C
OTHEOIACHBIM BEHIECTBOM U TYLIUTE MOXKap:
a) ropsAIyUe XUIKOCTH PUKPONTE BOMIIOKOM, a 3aTEM, ECJIM HYKHO, 3aCHIIIbTE
IIECKOM, HO He 3aJIJMBalTe BOAOM;
0) B cilydae BOCIUIAMEHEHHS LIEIOYHBIX METAUIOB TACHUTE IIaMs TOJbKO
CYXHMM IIECKOM, HO He BOOM.
4. Bo Bcex ciyyasix mokapa B J1a0OpaTopuu HEMEJICHHO BbI30BUTE MOXKAPHYIO
KOMaH[y; 10 IPUXO0/a IMOXKAPHOW KOMaH/Ibl BOCIIOIb3YHUTECH YTIEKUCIOTHBIM
OTHETYIIUTEIIEM.

IlepBasi moMOIIb NMPH HECHYACTHBIX CIYyYasIX
B naGopaTopuu ObIBaIOT Cily4dau, TPEOYIOIIHME HEOTI0KHON MEAUITUHCKOMN
MIOMOIIHN, — MOPE3bI PYK CTEKIIOM, 05KOTH TOPAYUMH MpPEeIMETAMU, KUCIOTAMH,
niesouaMu. B 0co60 cepbe3HbIX ciyyasx He0OX0IMMO HEMEIJIEHHO OOPAaTUTHCS K
Bpayy.
Jl1st oka3zaHus 1epBoi oMo B 1abopatopuu umeetcs anteuka. OCHOBHbBIE
npaBuia NepBOM MOMOILU CBOAATCS K CIEAYIOIIEMY:
1. Ilpu paHEeHHUM CTEKJIOM YJIaJIUTE€ OCKOJKHU U3 PAHbI, CMaXbT€ Kpasi paHbl
pPacTBOPOM HO/Ia U MEPEBHKUTE OMHTOM.
2. Ilpu oxore pyk WIH JTUIA PEAKTUBOM CMOMTE peaKTUB OOJBIINM KOJIMYECTBOM
BOJIbI, 3aT€M JTMOO pa30aBIEHHON YKCYCHON KHCIIOTOM (B CIy4yae oKora
IEJI0YbI0), TUOO PACTBOPOM CO/IbI (B CiIyyae 0kKora KUCJIOTOM), a 3aTeM OMsTh
BOJIOM.
3. Ilpu oxore ropsiueit KUIKOCTHIO WIH FOPSYUM MPEAMETOM 000KKEHHOE MECTO
o0OpaboTaiiTe CBEKEMPUTOTOBICHHBIM PACTBOPOM MEPMAHTaHATA KaJIUsl, CMAXKbTE
000CKEHHOE MECTO Ma3bi0 OT 0’KOTa WJIA Ba3eTMHOM. MO>KHO TTPUCHITIATH 0KOT
MUTHEBON COJION U 3a0MHTOBATH.
4. Tlpu XUMHYECKUX 0>KOTax TJia3 OOUJILHO MPOMOMTE TJ1a3a BOJOM, UCTIOJIb3YsI

IJIa3HYI0 BaHHOUKY, a 3aTeM 00paTUTECh K Bpayy.



MeTtoauyeckue peKOMeHAANMHU N0 MOATOTOBKE U NMPOBEJECHHIO 3a4eTa

[IpoBepka u OLIEHKA 3HAHWUW, YMEHUHN U HABBIKOB YYaIUXCS — BaXKHOE 3BEHO
y4e0HO-BOCIUTATENILHOIO MpoIiecca.

Heo0xoaumMocTh KOHTPOJST OOBSCHSETCS MPEXAE BCEro MOTPEOHOCTHIO B
noinydyeHurn uHPopMaruu 00 3PGEKTUBHOCTH (DYHKIIMOHUPOBAHUS CHUCTEMBI
oOy4eHus.

OT TOrO, KaK OpraHNU30BaH KOHTPOJb, 00ECIIEUUBAIOIINNA OOPATHYIO CBSI3b U
TE€M CaMbIM ONEPATUBHYIO KOPPEKTUPOBKY YU4EOHOTO IpoLiecca, 3aBUCAT PE3YJIbTaT
yu4eOHOW JAEsTeNbHOCTH IIKOJBPHUKOB, BOCIUTAHUE Y HHUX TOJOXKHUTEIBHOM
MOTHBAIIMH yYEHUS, MPABUILHONW CAaMOOIICHKH M YyBCTBA OTBETCTBEHHOCTU TEPE]
KOJJIEKTUBOM.

B mocneanee BpeMst yuuTeNns XUMHUH IIUPOKO UCTIOIB3YIOT B CBOCH MPAKTHKE
3a4eThl Kak 0coOyro (opMy OpraHu3aluy KOHTPOJIS 3HAHWN, YMEHMM M HaBBIKOB
ydanxcsa. 3audeThl MO3BOJSIOT OOBEKTHBHO OLICHUTH pe3yJIbTaThl Y4eOHOI
JESTEIIbHOCTH Ka)X/I0TO YY€HHKAa, CBOEBPEMEHHO BBISIBUTH MPOOENBl B 3HAHUAX U
OpraHHU30BaTh KOPPEKTUPOBOYHOE MHAUBHUAYaIbHOE oOyueHue,
IPEIOTBPAIIAIOIIee XPOHNUECKYIO HEYCIIeBaEMOCTb.

3aueTHas cucTemMa 00eCeurnBaeT CUCTEMAaTUUYHOCTh YUYEHHUS U CIOCOOCTBYET
BbIPa0OTKE CHCTEMbI 3HAaHUN KAaK OCHOBBI Pa3BUTHs ILIKOJBHUKOB. 3ayeT, KaK U
BCSAKHI KOHTPOJIb, BBITIONHSAET (PYHKIMH, XapaKTepHbIE IJIs y4eOHOTo mporiecca:
o0pa3oBaTeNbHY0, BOCIUTATENIbHYIO U Pa3BUBAOIIYIO.

Obyuaroujee BIUSHUE MOXHO TPOCICAUTh Ha TakoM mnpumepe. [lpu
OpraHM3ald TPYIMOBOW EATEIHHOCTH YYaIIUXCS MPHUBICKAIOT K aHaU3y
OTBETOB CBOMX TOBAapHILEH, JOMOJHEHUIO U HCIpPABIECHUIO UX. Takum oOpazom,
IPOAOHKAETCS IPOIECC YCBOCHHS MaTepHralia, COBEpPIICHCTBOBAHUE MX 3HAHUH.

Bocnumamenvuvie QyHKUIMN 3a4eTa MPOSBISAIOTCS B €r0 CTUMYJIHPYIOIIEM
BO3/ICIICTBUM HA YYEHHMKOB, B (JOPMUPOBAHUHU y HUX YYBCTBA OTBETCTBEHHOCTH,

JaoJira, AMCOUIINIMHUPOBAHHOCTH.



Paszsusarowee BO3neCTBHE HA yUAIMXCS B IIPOLIECCE 3a4€Ta BBIPAKACTCS B
(GbOpMUPOBaHUN YCTOMUMBOTO BHUMAHHs, MaMSITH, MPHUEMOB CAaMOKOHTPOJS U
CaMOOLICHKHU.

[Ipy mpoBeneHHWH 3a4€TOB K METOJAM KOHTPOJS YYUTEIb HPENBABISET
clieqyromue  TpeOOBaHUS:  IOJIHOTA, BCECTOPOHHOCTb,  CHUCTEMATHYHOCTD,
OOBEKTUBHOCTh ~ KOHTpOJIsL; oOecriedeHne oOydarollero, BOCHUTHIBAIOIIETO,
pPa3BUBAIOLIEIO BIUSHUA €ro, B OTACJIBHBIX CIy4dasgX — HCIOJIb30BAaHUE
¢ depeHIIMPOBAHHOIO NOIX0a K yyaluMcs. PackpoeM OCHOBHBIE U3 HUX.

Ilonnoma W 6cecmopoHHOCMb KOHTPOJIL MOTYT OBITh JOCTUTHYTBI IIPH
BKJIFOYEHUH B COJIEPKAHUE €r0 BCEX OCHOBHBIX 3JIEMEHTOB YYEOHOro Marepuana
Kypca XMMHH, & UHOTJA U JIPYTUX AMCLUIUIMH, IPOBEPKU HE TOJIBKO MPEIMETHBIX
(cnenuanbHbIX), HO M HHTETPUPOBAHHBIX 3HAHWUW, MUPOBO33PEHUECKUX HUJIEH, a
TaK)Ke€ CIELUAIBHBIX, 001eyUYeOHBIX U UHTEIJIEKTYaJIbHBIX YMEHUN U HABBIKOB.

Cucmemnocms  KOHTPOJISI TpPU TPOBEACHUM 3ayeTa 00ecredrBaeTCs
MOJIyYeHUEM HECKOJIBKHUX OLIEHOK 3a pa3Hbl€ BHUJBI JAESATEIBHOCTH MIKOJbHUKOB, a
TaK)X€ X CaMOOLICHOK.

Haubonee pacnpocTpaHeHHBIE THIIBI  3a4€TOB —  meMamuyecKue,
IPOBOJSAIIMECS TMOCIAE HW3YYEHUs OTHEIbHBIX TEM WM HECKOJBKHX TEM
IPOrpaMMbl, U UMO0208ble, KOTOPHIE 3aBEPIIAIOT HM3yYEHUE OOJBIIMX pPAa3/eoB
Kypca XUMHH (OpraHMYecKOM, HEOPraHUYECKOM, 001ei). 3aueTbl NpOBOASAT, Kak
IIPaBUJIO, HA OJHOM WJIM JIBYX YPOKaX MU B OTIEJIBHBIX CIydasX — BO BHEYPOUHOE
BpEMSI.

B npaktuke paOOThl yuyuTedaeil XMMHUHU HCIOJIB3YIOTCA PA3IUYHbIE (POPMBI
3ayeToB. Kiaccuueckuid 3ader (IO THUIy BY30BCKOTO) MpedyCMaTpUBaeT
BBISIBJICHUE YPOBHS 3HAHMM, YMEHHMA M HaBBIKOB YYaIllUXCS BO BpeMs
UHAMBHUYaIbHON Oecenpl yueHuka ¢ yuuteneMm. llocie Takoro 3auera ydutesb
UMEET JIOBOJIBHO TIOJHOE M TOYHOE MPEICTABIECHUE O CTEINEHH YCBOCHHUS
u3ydeHHoro Mmarepuana. CyllecTBEHHBIM HENOCTAaTOK 3TOr0  3adyera —
HEOOXOJUMOCTh TMPOBOJUTH €r0 BO BHEYPOUHOE BpeMs, a Takke OoJbIias

MMPOAOIZKUTCIBHOCTD, YTO BEACT K IICPCTPY3KE KAK YUUTCIIA, TaK 1 yJalllUuXCs.



[lepeHecTH 3a4eT HAa YPOK U TEM CaMbIM COKPATUTh €0 MPOJAOIAKUTEILHOCTD
JI0 OJIHOTO-/IBYX YaCOB MOKHO IIPHU MCIOJIB30BAaHUU B €r0 OpTraHU3alliU 3JIEMEHTOB
cCaMOYIIpaBJiEHUsI M TPyNmoBoll paborel ydamuxcs. Cpeau TakuX 3a4eTOB
3aCITy’)KMBAIOT BHUMAHUS HECKOJIBKO (POPM UX TIPOBEICHUS:

1.  3auem no muny ’k3amena TPUHUMAIOT HECKOJIbKO KomHUcCCHU. B
COCTaB KaXKJOM M3 HUX BXOASAT KaK MUHUMYM JIBa YYEHHUKA JAHHOIO Kjacca WiIH
HECKOJIbKO yYallluXcs U3 pa3HbIX napaiieneid. Craromue 3a4eT 0TBEYarT WICHaM
KOMUCCUM TIO OuiieTaM, COCTaBJICHHBIM M3 BOIPOCOB, MpeAjiaraéMbIX JIJIst
MOATOTOBKH K 3aYETYy.

2.  Ipynnoeoini 3auem mpoBOJAT cienyromuM odpazom. Kiace memst Ha
HECKOJIbKO TPYIMI, COCTOSIIIMX M3 YyYalllUXCS C pa3HbIMU CIIOCOOHOCTSIMHU U
YPOBHEM MOATOTOBJICHHOCTU. ['pyMNImbl MONy4yarOT KapTOuKU-3alaHus. Yucio ux
COOTBETCTBYET KOJIMYECTBY y4YallUXCsl B Tpymre. Bompockl sl Takoro 3adera
JIOJDKHBI OBITh B3aMMOCBSI3aHBI, TOT/IA TOCJE CAAYM 3adeTa y ydammxcs Oyner
Oojee MoiHOE MpencTaBiieHne 00 M3ydeHHOW Teme. KakIplil uieH rpynmnsl 1o
odeped OTBEYAET HAa CBOM BOIPOCHI, OCTaJbHbIE BHUMATEIBHO CIYIIAOT,
WCIIPABJISIIOT, JOTIOJHSIOT U KOJUIEKTUBHO OLICHUBAIOT OTBET CBOETO TOBAPHIIIA.

3. 3auem-kapycens (ero TaKXKe Ha3bIBAIOT «KPYTOBBIM» HIIHA «3a4ETOM-
KOHBeMepom»).Oco0EHHOCTh OPraHU3allK TaKOTO 3a4eTa 3aKJII0YaeTCsl B TOM, YTO
KOKIbIA YJ€H KOMHUCCHUU TMPUHUMAET 3a4eT TOJIbKO 10 OJHOMY BOIPOCY.
VYuammecs 3anofHsI0T UHAWBUAYAIbHBIA 3aYETHBIM JIUCT, B KOTOPOM YKa3aHbI
HOMEpa BOIIPOCOB, a YWICHbI KOMUCCUU CTaBST B HUX OIIEHKU. B UTOre yunrtens uiu
YJ€Hbl KOMHUCCHUU MO HaOpaHHOW cymMMe OajIOB 3a OTBEThl Ha BCE BOIPOCHI
BBICTABJISIOT KOKIOMY YYEHUKY OOIIYIO OIICHKY 3a 3a4erT.

4.  3ayerbl, KOTOpble BKJIIOYAIOT KOMOWHUPOBAHHBIE  3aJaHUs,
npoBoasTcs B (opme 3auema no mapwipymy. C 5TOW LENbIO CO31AIOT TPU
KOMHCCUM W3 ywamuxcs kiacca. llepBas kommuccus, camas MHOTOYHCIICHHAs,
MPOBEPSICT CTENEHb YCBOCHUSI TEOPETHYECKOro Marepualia (OHa, KCTaTH, MOXKET
paboTaTh MO MPUHITKITY 3aueTa-Kapycenn). Bropas koMuccust mpoBepsieT peiieHre

pacueTHbIX 3aj7a4, U sl €€ paboThl JOCTATOYHO ABYX ydaruxcs. UneHsl TpeTbeit



KOMHCCHHM TPOBEPAIOT YMEHUE IUIAHUPOBAaTh M MPOBOAWTH XUMHUYECKUU
sKcriepuMeHT. Kiacc genutcss Ha TpU TPYyNIbl, Kaxaas IOIY4YaeT «MapLpyT
JBH>KCHUS» U B COOTBETCTBUU C HUM CHAET 3a4€T, IIEPEXO0Isl B YKa3aHHOE BPEMSI OT
OIHOW KOMHCCHM K APYrom. B MapmpyTHBIX JMCTax 4Yja€Hbl KOMHMCCUH JEJIAI0T
OTMETKH O CJlaye Ka)KJ0M YacTH 3a4era, a 3aTeM, MOCOBEIIABIIMCH, BBIHOCST
OOIIYyIO0 OIICHKY 3a 3a4er.

B mpaktuke paboThl ydHWTeNnedl XMMHUU IIMPOKO MPHUMEHSIOTCS U TaKue
dbopMbl OpraHu3alid W TMPOBEACHUS 3a4€TOB, KaK 0O0W{€CHBEHHbBIIL CMOMp
3HAHUI, A TAKXKE KOHKYpCbl no muny xumuueckozo KBH.

[Tonyunts Oo0Jee TOJHYHO, HACBILIEHHYIO (akTaMu, OpUMEpaMH
UHPOpMAIIMI0O 1O UIMPOKMM MHUPOBO33PEHUYECKUM IpoOjeMaM, OCHOBHBIM
TEOPETHYECKUM BOIIpOCaM Kypca MO3BOJISIET IMPOBEACHUE 3auemoe-ayKuyuoHOoe.
OmnpeneneHHyl0o cyMMy OasIoB 3a OTBET MOJY4YaeT TOT YYEHHUK, KOTOPBIN
IIOCJIEIHUM JOTIOJIHWII OTBET HA NTOCTABJIEHHBIN BOIIPOC.

DJIEMEHThI UI'Pbl, HAIPUMEP XUMHUYECKOE JIOTO, XUMHUYECKUI JTAOUPHUHT U T.
1., BBOJUMBIE B 3a4€Thl, JAETAIOT UX 00Jie€ UHTEPECHBIMU U YBJIEKATEIbHBIMU IS
y4daluxcs. 31ech MepevrciieHbl HanboJsee pacnpocTpaHeHHbIE (POPMBbI TPOBEACHHUS
3aueToB. Ha camom fiene ux MoeT ObITh 3HAUUTEIBHO OOJIBIIIE 3a CUET Pa3INnYHbIX
COYETaHUMU.

JlesTenbHOCTh y4YMTENAS Ha MNOATOTOBUTEIBHOM JTale BKIKOYAET: OTOOP
3a4eTHBIX TE€M; ONpeJeIeHne Tuna U (GOopMbl MPOBEACHUS 3aUeTa; IPOAYMbIBaHHUE
METOJIMKHU €ro MPOBEJIEHUS Ha OCHOBE B3aMMOCBS3U LIE€JH, OCHOBHBIX TPUEANHBIX
3a7a4 oOy4eHusi, coAepkaHusi, GopM, METOJOB U CPEJCTB JOCTHUNKEHUS LEIU C
y4eTOM TMOATOTOBKM BCEX YydYalluxcsi K padoTe, OCOOCHHOCTEH KOJUIEKTHBA U
WHIUBUYAIbHBIX KauyeCTB YYMTENd; BbIOOp (WJIM HA3HAYEHUE) AaCCUCTEHTOB
(9K3aMEHATOPOB, KOHCYJbTAHTOB, PYKOBOJIWTENEW TIpymm) U paboTa ¢ HHUMH;
oopmiteHne cTenia «IKcnpecc-uHGOpMaLIUsD».

OcTtaHoBuMcsi Ha 0OJiee CIOKHBIX BOIPOCAaX MOATOTOBUTENBHOIO ATarna B

OopraHu3ainuu 3a4CTa.



Kocoa u «xax opeanuzosvieamv yueOHble 2pynnvl U  ONPeoesamv
accucmenmog? I'pynmsl 11e51€c000pa3HO CO3A4aBaTh IOCJIE TOTO, KaK ydaliuecs
Jydllle y3HAIT JIpyr apyra. ['pynma BkitoyaeT 0OBIYHO YEThIpE UEIOBEKa, OJTHOTO
U3 HUX OHHM BbIOMparoT pykoBoauteneMm. [1omoO6HOTO poma BOMPOCH ydamiuecs
JOJDKHBI pelaTh JEMOKPATHYECKUM IIYTEM M YUYUTENII0 HE CIEAYeT aBTOPUTAPHO
Ha3HA4aTh KOHCYJbTAHTA, pyKoBOAWMTENsA TIpynnel. OH  MOXKET  TOJBKO
IIOCOBETOBATh U B ClIydae HEOOXOAMMOCTH APryMEHTHUPOBAHHO OOOCHOBATH CBOE
IpEJIOAKEHUE IO BBIOOPY KOHCYJIBTAHTA, OCHOBHAs OOS3aHHOCTb KOTOPOIO —
KOHCYJIbTUPOBATh y4YalllUXCsl Tpynnsl (HA YpPOKE, MOCIE YPOKOB), PYKOBOJIHTH
IpYIIIOBON pabOTO Ha ypOKe, y4acTBOBaTh B IMPUEME W aHAJIU3€ 3a4€TOB 110
XMMHHU, TIOMOTaTh YUUTENIO B MOJOOpE MaTepuana Jjs 3a4€TOB U y4acTBOBATh B
OOCYXXJIEHMH METOJIMKM uX mnpoBeaeHusa. CylecTByeT pa3Hbld MOAXOA K
KOMIUIEKTOBaHMIO Tpynnbl. Ho, kak mnpaBuio, Oonee 3ddekTuBHO paboTaroT
CMELIaHHbIE TPYIIIbI, C Pa3HbIM YPOBHEM IOATOTOBKHM ydamuxcs no xumuu. [Ipu
TOM OYE€Hb BaXKHO COOJIIO/IaTh MPUHIUII COBMECTUMOCTH B paboTe. ACCUCTEHTOM
OOBIYHO BBIOMPAIOT aBTOPUTETHOIO, CIPABEIIMBOTO, UHTEPECYIOLIETOCS XUMHEN
YUEHHKA.

Hyosicno au cneyuanvho 2omoéums accucmenma K npuemy 3avema? Y YuTeIs
IIOCTYIAIOT NO-pa3sHOMY. Bce 3aBUCUT OT TOro, Kakoil 10 CYETY 3TOT 3a4ET, KAKyHO
1eIb IPECIEayeT YUUTENb, KAKOB YPOBEHb MOJITOTOBKM aCCUCTEHTOB, Kakasi (hoopma
3a4eToB Hcrnonb3yeTrcs. OQHU NMPEnoJaBaTeNy 3apaHee 3HAKOMAT ACCUCTEHTOB C
3a4ETHBIM MaTepuajoM, Apyrue — HaKaHyHe, TPETbU — BO BpEMsI IIEPEMEHBI Mepea
3aueToM. B xone 3adeTra acCUCTEHTBI MOTYT OOpPaTUTHCS 3a MOMOILBIO K YUUTEIIO
WIN J000MYy Y4eHHKY kiiacca. OueHb BaXXHO, YTOOBI PYKOBOAUTEIM TPYII 3HAIH
CBOM OOSI3aHHOCTH M BIJIAJIEIM METOAMKOW IPOBENEHUS JAHHOrO 3ayera. Yare
BCEro Mepes MepPBbIM 3a4€TOM YUHUTENbh 3a0J1arOBPEMEHHO HaYMHAET BECTH paboTy
C YYalIMMUCS, BXOJIAIIMMU B COCTaB 3a4y€THbIX KomHccHil. C HUMU IPOBOIATCS
1ocJie YPOKOB coOece10BaHMsl, KOHCYJIBTALlUU 110 BOIIPOCaM IIPEICTOSILErO 3a4eTa,
oOCy>KIaroTcsl TpearnonaraeMble OTBeThl. llocime 3TOro accUCTeHTh MPOBOAST

KOHCYJIbTAaIUHN C yHalllTUMHCs CBOUX TI'PYIIII.



Hekoropple yuuTenss OIEHWBAIOT 3HAHHUS ACCHUCTEHTOB TMeEpe] 3a4eToM,
JIPYTHE, €CIM YBEPEHbI B 3HAHHUSAX CBOWX IMOMOIIHHKOB, CUYHTAIOT BO3MOXHBIM
BBICTaBUTh UM 3a4ET «aBTOMATOM.

Kaxosa pone yuumensa na 3aueme? B oqHUX cilydasix OH BBITOJHSET POJb
HaOMOIaTeNsA, B JPYTHUX, €CIM CO3/1ajach KOH(MIMKTHAS CUTYyalHs, - KCIepTa, B
TPETHUX — COBETYHKA, & MHOT/Ia ¥ WICHA OJJHOW WJIM HECKOJIbKHX Komuccuid. Ho B
JI000M CiTydae CBOIO POJIb IOJDKEH OMPENEsITh CaM yUUTENb.

DTtanbl TOATOTOBUTENBHON palbOThl € Yy4YalIUMHUCSA 3aKII0YaloTCi B:
COOOIIEHUHN yYalIUMCs TUTaHa M3Y4YEHHUsS MPEICTOSIIEed TeMbl UM CPOKa 3a4era;
O3HAKOMJIGHUH C  COJep)KaHHeM 3aueta (BONpOCaMU  MPHUKIAJAHOTO U
TEOPETUUYECKOr0 XapakTepa, MOoJA00PKON 3a/lady M YIPaKHEHUH U T. 1.). YUUTEIb
HHOOPMHUPYET yUaITUXCs O TOM, UTO YPOBEHb TPeOOBAaHU K UX 3HAHUSIM, YMECHHUSIM
¥ HaBbIKaM [IOJDKEH HapacTaTh MOCTEIEHHO B COOTBETCTBUHM C COJEPKaHHEM
M3y4aeMoro MaTepuala oT ypoka K ypoKy 10 JaHHOM TeMe WK pa3Jeiy.

OOBIYHO YUHTEIS TIEpel U3YUCHHUEM TeMbl BBIBEIIMBAIOT B KAOWHETE XUMHH
11aH paboThl, OCHOBHBIE TPEOOBAHMS K 3HAHUSIM, YMEHHUSIM U HaBbIKAM YYaIluXxcs,
pa3TuYHBIC TaMATKU-JITOPUTMBI, BOTIPOCHI, 3a1auu. MHOTIa yka3pIBalOT HOMEpa
3a/lay U3 3a/IaYHUKOB, YYEOHUKOB, MPUMEPHI YIPAKHEHUN NI CAaMOCTOSTEIHLHOM
pabotel nuddepenmnupoBannoro xapakrepa. [lo mepe usyuenus marepuana dTOT
CIIUCOK MOJKET OBITh JomosiHeH. [lo3gHee aHalOTrMYHBIE BOIPOCHI, 3a7adH,
YIPKHEHUSI BKITIOYAIOT B 3a4ETHBIC 3a/IaHUS.

Ha xaxqoMm ypoke ydJamuxcs IeJICHANpaBIeHHO TOTOBAT K 3adeTy. OdYeHb
BaKHO OTPadOTaTh C HUMH Pa3HbIC BUIBI ICATCIIBHOCTH, UCIIOJIb3yeMbIE Ha 3a4eTe:
paboty ¢ rpadornpoekTopoM M MarHUTOGOHOM (€CIM OH HCIOJIB3YETCS B XOJE
3a4eTa), OIEHKY CBOEM paboThl W pabOTHI TOBApHIEH MO TpyIIe, AEATeIbHOCTH
CBOCH TPyNmbl B IIEJIOM; MPOBEACHUE KOJUIEKTHBHOTO OOCYXICHHSI HEKOTOPBIX
BOIIPOCOB TEMBI; ONIPEACIICHUE W KOPPEKIINIO YPOBHS 3HAHMM CBOMX ToBapuiei. C
ITON TIENBI0 YYUTENsl MPOBOASAT pa3HOOOpa3HBIE CaMOCTOSTEIbHBIE pPaOOTHI,
MO3BOJISIONINE YTITyOUTh, PACITUPUTh 3HAHUS YJaIuXxcs, GopMUpoBaTh UX YMECHHUS

M HaBbIKW, MUPOBO33PCHHUC, PA3BUBATDh Y HUX JIOTHYCCKOC, TBOPUCCKOC MBLIIIJICHHUC.



3adeTtHas ¢opMa TPOBEPKHM 3HAHWN MCIHOJIB3YETCS YUYUTEIEM TOCIe
U3Y4YEHUSI JOCTATOYHO OOJIBIIOTrO pas3fesia MporpaMMbl MO XUMHUHU. 3adyeT —
cBoeoOpa3zHas (QopMa CMOTpa 3HaHUH, B TIPOLIECCE KOTOPOTO IMOBBIIIACTCS
OTBETCTBEHHOCTb  y4YalllUXCS 3@  Pe3ysJbTarbl  y4eOHOro  TpyAa, Kak
WHIUBUYAIbHOTO, TaK U KOJUIEKTHUBHOTO. [Ipm sToM ydeHue mnpuoOpeTaet
AJIEMEHTHl  COPEBHOBAHUS, ydalluecs TMOJy4aloT BO3MOXKHOCTh  JIy4llIe
MOJATOTOBUTHCS K BBIIIYCKHOMY 3K3aMEHY, K ydeOHOil paboTe B By3e. 3adeTbl
1eJ1eco00pa3HO MPOBOJAUTH B CTApPIIUX KiaccaX, UCMONIb3Ysl pa3Hble MeTobl. OIMH
U3 HAX — OpPTaHU3aIis HHANBUIYaTbHON U TPYNIIOBON PabOThI YHAIIUXCS.

Bce kOHTpobHBIE YPOKM (TMCBMEHHBIE PabOThl M 3a4€Thl) MO MPEAMETaM,
U3y4aeMbIM B JAHHOM KJacce, TUIAHMPYET 3aByY IIKOJIbI, YTOOBI MPETYNPETUThH
neperpy3ky ydamuxcs. OONIEMKOJbHBIA Tpa@UK KOHTPOJIBHBIX MEPONPUATUHN
JIOJDKEH CTPOro cobOimonarbes. Bo Bpems mpeaMeTHON Helenu B IIKOJE OJUH U3
KOHTPOJIbHBIX 3a4€TOB IO MPEIMETY MPOBOAAT KaK 0OIIECTBEHHBIM CMOTp 3HAHUM.

PaccmoTpum, Kak MOXHO MOXHO TOATOTOBUTHCS K 3a4€Ty Ha MPUMEPE
MOATOTOBKU 0 pa3lieny «YTJIEeBOAOPOAbD). 3a/adya 3a4eTa — BBIIBUTh YPOBEHb
3HAHUW ¥ yMEHHUM ydalluxcs TpPU YCTHBIX OTBETAaX, pEIICHUH 3ajaad,
pacrio3HaBaHUHM OPraHUYECKUX COCTUHEHHUM.

B kabunere XuUMUU y4YuTeNb MOAOMpPAET HEOOXOIMMBIN NHUIAKTHYECKUUN
MaTepuas i CaMOIOATOTOBKH YYalllUXCs, JJISI B3aUMHOM KOHCYJIBTAIIUU JPYT
npyra. [Ins aroro orBoautcst 30 MUHYT OCIEYPOYHOTO BPEMEHU B ONPE/ICIICHHbBIE
nHu Henenu. KabuHeT oopMIleH clieyoUMH HaTrJISITHBIMU MaTepraiaMu:

1. Cxembl u Tabmunpl: «Metan», «I9TaH u OyTaH», «OTUIEHY,
«Anerunen», «benzom», «IIpupoaHblil ra3 — XuMH4eckoe cbipbey, «IIpumeHenue
MeTaHay, «[IpuMenenue aneruneHay, «Knaccudukanus opraHu4ecKux BEIIECTBY.

2.  AnropuTmbl pemieHWs THUNOBBIX 3amad. l[lmanmer ¢ oOpasmamu
pelieHus 3aaad.

3. [ITapocTepkHEBbIE MOJIETIN CTPOSHHUSI MOJIEKYJI METaHa, 3TaHa, STUHA,
OeH3oa.

4, II;makar ¢ 3amagyamMu 3adera.



3namyu: cocTaB, CBOMCTBA, CTPOEHUE MPEICTABUTENEH Pa3IMYHBIX KJIACCOB
YIIEBOAOPOIOB, UX MOJYyYEHUE U TPUMEHEHUE.

Ymems: pemaTh pacueTHblEe 3aJayd HAa BBIBOJ MOJIEKYJSPHOU (OpMYyIIbI
OpPTraHUYECKOT0 BEIIIECTBA, 4 TAKXKE PACMO3HABAThH YTIIEBOIOPOIBI IO XapaKTEPHBIM
CBOMCTBaM COOTBETCTBYIOIIETO KJIaccay.

S. CxeMa B3aUMOCBSI3M OCHOBHBIX TIOHSTHM XHWMHH, CBSI3aHHBIX C

M3YYCHUEM BEIIECTB:
CrpoeHnue

CocrtaB < >BoﬁCTBa

HOJIy‘-IGHI/IG " IIPUMCHCHUC

Ha ypokax, mpeamecTBoBaBIINX 3a4€Ty, IO MEPE U3YUEHHUS MaTepHalia
ydaluMmcs MpeajiaraloTcsl 3aJaHusi MO COIMOCTaBJICHUI0O M CUCTEMAaTH3alluu
CBOWCTB  OTHEJIBHBIX  NPEACTAaBUTENIEW  Kilacca  yrieBogoponoB. Ilpu
WHUBUTyaJIbHON MOJTOTOBKE K 3a4€Ty yYallHecs: UCTIOIb3YI0T 0000IIArONTyI0
Ta0JIuUILly, B KOTOPOU CUCTEMAaTU3UPOBAHBI 3HAHUS 00 YTJIEBOAOPOIaX.

[lepeunciiiM Hazeanua 6epmuKaIbHbIX CHOI0UO0E:
1. CaoiicTna.

2. llpenenbHBIC YTIAEBOAOPOIHI.

3. HemnpenenbHbie yrieBog0opOIbL:

a) psiia STUIICHA,

0) psaa OyTaaueHa,

B) psiJa alleTUIICHA.

4. ApomaTuyeckue yrieBO0PO/IbI.

Has3zeanun 20pu3onmanbioix cmoaoyoes:

1. MonekynsipHas Gopmyra.



2. CrpyktypHas Gopmyna:

a) BUJIbI CBS3CH;

0) Tun ruOpUIU3aIUY;

B) JUIMHA CBSI3U (HM);

I') BAJIGHTHBIN YTOJL.

3. DnektpoHHas hopmya.

4. dusnyeckre CBOMCTBA:

a) COCTOSIHHE;

0) 1BeT;

B) BKYC;

r) 3amax;

1) OTHOILICHHUE K BOJIE, BO3IIYXY.

5. Xumudeckue CBOMCTBA:

a) TOPEHHE;

0) pazyioxKeHue;

B) oTHolIeHHue K KMnO4, kucioram, mmenodam;

') OTHOIIICHUE K TaJIOTE€HaM;

J1) OTHOIIICHHE K BOJOPO/Y;

€) MOoJMMEPHU3aITHS.

6. Wzomepus (TUTBI).

7. Tlomyuenwue.

8. Ilpumenenue (c ykazaHHeM CBOICTB, Ha KOTOPhIE OHO OCHOBAHO).

9. Twun peakuuii, XapakTepHBIH s Ki1acca.

10. O6muast popMyIia roMOJIOTOB.

Tabmuiy ydYeHHMK 3alojHSAET CaMOCTOATEIIBHO B  XOJE IOBTOPCHUS
MaTepuaia — B KJIacce M JioMa.

Pabora yuamuxcst ¢ oOoOmaromeii Tabnuued obecrieunBaeT Oojee
TIeJICHANPABICHHYIO TIOJITOTOBKY K 3a4eTy, YYUT PalMOHAIBLHOW WM eMKOH (opme
CUCTEMATU3allMM HM3yYEHHOTO Marepuana OojbIioro oObema, obJjerdaer

MOATOTOBKY K 3a4€Ty.



Hucmpyxkmaoic yuawuxcs neped 3ayemom

3aueT MPOBOAUTCS MO OwuieramM, B KOTOPHIX CHOPMYIUPOBAHO

KOMIIJICKCHOC 3a1aHHC. OHO BKIIIOYAET:

1.  Bomnpoc u3 pa3znena «Heoprannueckast XumMush».
2. Bompoc u3 pazaena «OpraHuyeckas XuMus».
3.  PacuerHble 3aaun UK IPAKTUYECKOE 3aJaHUE.

[Tocne pa3bsicHEHUsI XapakTepa U COAEPKaHMsl 3a4E€THOTO 3a/1aHMsI, KOTOPOE
y4aluecs Mnoiay4aroT B OujeTe, yuuTelb onpenesnser GopMbl OTYETHOCTH:

1)  yCTHBIN OTBET YUMTEIIO HA MEPBBIN BOMPOC (OIEHKY CTABHUT yYUTEIh);

2)  oOcyxJaeHHe croco0a pacro3HaBaHHS BBIJAHHOTO OPraHUYECKOTO
BELIECTBA B IPYIIE U IPOBEPKA MPABUIBHOCTHU €0 ONPEIEICHUS Y YUUTEIIS.

VY yuutens Bcerga €cTh BO3MOXHOCTh IMPOBEPUTH BCEX, TAK KaK BOIMPOCHI
BBITOJIHSIOTCS. HA KOHTPOJIbHBIX JIUCTAX.

[Tocne ycTHOro oTBETa y JOCKM C HCIOJIB30BAHMEM HEOOXOIUMON
HaIJISTHOCTH yJanuecs: paboTaloT MHAMBUYyaIbHO, a 3aT€M B Mape WU TpyNnnamMu
110 MEpE BBIMIOJIHEHUS 3aJaHU.

3ader 1o paszzaeny «YTiIeBOAOPOIb 3aHUMAET JABa YPOKa, U MPH JTOJKHON
UX OpraHu3alUy OTHaJaeT HEOOXOAMMOCTh B TNPOBEACHUU KOHTPOJIBHOMN
MUCbMEHHON PabOTHI.

IIpu ycTHOM OTBETE€ y JOCKH y4YUTEIb TPEOYET OTpaKeHHsI B OTBETE
COCTaBa, CTPOCHMsSI, CBOMCTB, MOJY4YEHUS M TMPUMEHEHHUS YIJIEBOJOPOJIOB,
CIEIUT 32 TE€M, YTOObI CBOMCTBA OBUIM PACKPBITHI HA OCHOBE 3JIEKTPOHHOTO
CTPOEHHS MOJIEKYJI BEILIECTB, & TPUMEHEHUE — HA OCHOBE CBOMCTB U CTPOEHUSI.

Jlisg  yyamuxcsi, npoBepsomux rpadudeckue (OpMysbl TOMOJOIOB U
M30MEPOB, YUHTENIb TOTOBUT BOMPOCHI, KOTOPHIE OHU AOJKHBI 33[]aBaTh CBOUM
TOBapHUILAM:

1. Kakue Tumbl M30MepUH XapaKTepHBI AJI1 YKa3aHHOTO BeliecTBa?

2. Kak Ha3Batb nzomep?

3. B yem cxo0cTBO M OTJIMYME U30MEPOB JIPYT OT JApyra?

4. Kak Ha3BaTh roMOJI0TH?



5. B yeM cxoACTBO M OTIIMYKE TOMOJIOTOB APYT OT Jipyra?

6. Wcyepmnan nu nepeyeHb H30MEPOB JJIsl JTAHHOTO BEIIecTBa?

7. YTo Takoe roMoJIOTHYeCKasi pa3sHOCTh?

8. KakoBa obmast ¢hopMyIia 4eHOB TOMOJIOTHYECKOTO psifa?

OTHU BOIIPOCHI NPEUIAraloTCsl y4aluMcsl n30upaTenbHO, B 3aBUCUMOCTH
OT TOT0, KAKME HEJJOUETHI BBISIBJICHBI IIPU BBIIIOJTHEHUH UMHU 33JJaHUI.

COOTBETCTBEHHO MpU HANMCAHWM YPAaBHEHWI pEaKlHil B NMPEBPALICHUSAX,
YKa3aHHbIX B 3a/laHUU, TaKXKe MPEAJIaraloTcsl MPUMEPHBIE YTOYHSIOIINE
JOTNIOJTHUTENbHBIC 3a1aHHS:

1. HazoBure BeniecTBa (MCXOAHBIE U MPOTYKTHI).

2. YKaXXuTe TUIl PEAKIUH.

3. HazoBute ycioBus peakiuu.

4. OObBsicHUTE MEXaHU3M B3auMojencTBus yactuil. U np.

[IpumepHBIii MepedyeHb TaKUX BOINPOCOB HA TMEPBBIX 3a4eTax
HEOOXOIMM, TaK Kak INpelcTaBisieT coboil  oOpaselny  IpaMOTHOCTH
IpelaraéMelX Apyr JIpYry BOIIPOCOB, Ha IOCJIEAYIOLIMX 3ayeTax, [0 Mepe
NpUOOPETEHUS] COOTBETCTBYIOIINX 3HAHUM M YMEHHUI TaKUE€ KOHCYJIbTaTUBHbBIC
MaTepuajbl MOKHO HE UCIIOJIb30BATh.

MakcumanbHbIe OLIEHKH: 3a YCTHBIM OTBET — 5 0ajioB, 3a pacro3HaBaHUE
BelecTBa — 3 Oaiia, 3a pelleHue 3anauu — 5 0aioB, 3a HamucaHue (popmyn
TOMOJIOTOB M H30MEpPOB, a TaKXe 3a MX Ha3BaHue — mo 1 Oamly 3a KaKIbli
NPaBWIBHBIA TpuMep. [Ipu TpynmoBoM OTYETHOCTH MNPOBEPSIOLNIUMHU CTABUTCS
oO1ast OLeHKa, a rpymnmna AeJUT €€ COOTBETCTBEHHO BKJIaay Ka)KO0ro B OTBETHI Ha
BONpOChl. TakuM 00pa3oM, MHTErpajbHas OLIEHKa KaXKIOro YYEHHKa Ha 3auere
CKJIAJbIBACTCSI U3 CYMMBbI OajJIOB, TMOCTABJICHHBIX YUYWUTEIEM, MPOBEPSIOLIIM

TOBApUIICM U I[OHCBOﬁ OIICHKH 34 BBIIIOJJHCHUC I'PYIIIIOBOTO 3a/IaHU:.



IIposedenue 3auema u nodgeoeHue umo208

3a4eT MOpPOBOJAUTCS Ha OTKPBHITOM CIApeHHOM ypoke. Ha 3auder
MpUrianiaeTcs: aAMUHUCTPALIUS JIULIES.

VYyamumecss nony4yaroT OujeT ¢ 3aJaHueM i1 MHAWBUAYaJIbHOTO
BbITIOJIHEHUS. HekoTopble U3 HUX Cpa3y TOTOBAT YCTHBIM OTBET y JOCKHU. Te, KoMy
YTO-TO HESICHO B 3a/IaHUH, MOAXOAAT K YUUTEIIO C BOIIPOCAMH.

IIpumep 3auemnoco 3adanusi:

1.  Cocras, cTpoeHuE, CBOWCTBA, OJYyYEHUE U IPUMEHEHHUE ITHIICHA.
2.  XuMUA KaK HayKa.
3. Ilpm momHom cropanum 1,45 T OpPraHUYECKOTO BEIIECTBA OBLIO

noinyyero 1,12 m1 CO2 (n.y.) u 0,9 r Boapl. [I10THOCTH MapoB BelIecTBa IO

BOJIOpOy paBHa 45. Haitnute monekysipHyto ¢Gopmyily BellecTBa.

VYyammecss paboTalOT CIOKOMHO, TaK Kak 3aJaHue /il HHUX BIIOJHE
nocwibHO. IlepeMelnienns npu OOBEIUHEHUM B TPYIIIBI TAKKE HE HapylIaroT
IIOPSZ0K B KJ1acce.

BriciymmBasi yCTHbIE OTBETBI, IPOBEPSISE HANIMCAHHOE HA JIOCKE, YYUTEIb
3aJ]aeT YTOUHSIOIINE BOMPOCHI, TpeOyeT 005A3aTeIbHOr0 BHIBOJA MM 3aKIIIOUEHUS,
peLEeH3upyeT OTBEThI. PelieH3nun TaroTcs IeTallbHbIe, CTPOTHUE, CIIPABEIIIMBbIC, OHU
HOCSIT XapakTep COBETOB U MOXKEIaHUI B JalbHEWIIEH padoTe Ha/l IPEAMETOM.

B xome B3aMMHOM TIPOBEPKM 3HAHUK CAMUMM YYallUMHUCA YYUTEIIb
IPUMEHSIET BBHIOOPOYHBIA KOHTPOJIb, HAOMIOJas 3a OTBETOM M KOPPEKTHPYS
Ipo1IECC MPOBEPKHU. [Ipr 3TOM OH HAET COBETHI HE TOIBKO OTBEYAOLIEMY YUYECHUKY,
HO M IposepsmoleMy. bamibl  B3aMMONPOBEPKH  y4YalMECS  BBICTABIISIIOT
caMmocTosATenbHO. Ho y yuuTens ecTh BO3MOXKHOCTh MX NEPENPOBEPUTH, TAK KAK
JHUCTHI C PELICHUSIMH 3a/1ad, (GopMyIaMH TOMOJIOTOB M M30MEPOB B XOJI€ 3ayeTa
ydalmuecs cHarT. B ciydae HEKpUTHYHOM WIIM 3aHWKEHHOW OLICHKH YYHWTEIb
OCTaBJISIET 3a COOOM MpaBO U3MEHWTh WJIM YTOUYHHUTH ee. Ho 3To mpuxomurcs

AcJIaTb PEaAKO, TaK KaK Yydalmuecsa OT 3a4€Ta K 3a4CTy OCBAMBAKOT POJIb



IIPOBEPSIOLIET0, ydarcs 3aJaBaTh BOMNPOCHI, BBICAYIIMBATh OTBETHI, JEJATh
3aMEYaHusl.

ITocie 3KCIEpUMEHTAIBHOTO PACIIO3HABAHUS BEILIECTB ydaluecs MOAXOMIT
K YUYUTENI0, HA3bIBAIOT HOMEP MPOOMPKH U BemiecTBo. [Ipyu 3TOM yuuTtens 3aaaer
KOHTPOJIBHBIE BOIIPOCHI: K KaKOMY KJAacCy YIJIEBOJAOPOIOB OTHOCUTCS JTaHHOE
BenlecTBo? KakoBbl ero xapaktepHble cBoiicTBa? Kak Obulo ompeneneHo
Beniectso? U 1. 1.

[Tpu noaBeieHNN UTOTOB YUUTEIh CYMMUPYET OBl M OOBSIBISET UX MEPEN
ki1accoM. TakuM oOpa3oM, ydamuecs B XOJI€ 3a4eTa COCTABISAIOT OINpe/eIeHHBIN
PAHTOBBIN Psifl, T/I€ YETKO BUHBI YCIIEXHU KaXJA0T0 B CPABHEHUH C IPYTUMHU.

3adyeT 1O JAHHOW TEME BBIABISAET HEKOTOPBIE HENOCTATKM B 3HAHUAX
YYALUXCS:

1)  He Bce W3 HUX YMEIOT XapaKTepU30BaTh CBOWCTBA BEIIECTB HA OCHOBE
AJIEKTPOHHOT'O CTPOEHUSI, XOTS U MUIIYT 3JIEKTPOHHBIE (DOPMYIIbI YTIIIEBOJOPOIOB;

2)  TpU YCTHOM OTBETE y4Yalluecs HE BCEr/a yYUTHIBAIOT B3aWMOCBS3b
OCHOBHBIX XHMHYECKMX IIOHATUH NPU XapaKTEPUCTHUKE BEIIECTBA, IO3TOMY
MPUXOAUTCS 3aaBaTh YTOUYHSIOIIUE BOIMPOCHI: KaK OOBSCHUTH MPOSBICHHUE TOTO
WIM HWHOIO CBOWCTBA Ha OCHOBE 3JIEKTPOHHOIO cTpoeHus BemecTtB? Ha dem
OCHOBaHO IMpPHUMEHEHHE NaHHOro BemiecTBa? YUTO JEXUT B OCHOBE pPa3pabOTKH
CIIOCOOOB MPOMBIIIEHHOTO IpuMeHeHus BenlecTBa? U T.1.;

3) YV yuammxcs HEJOCTaTOYHO pa3BUTHl HABBIKK TIPAMOTHOTO
oQOopMJIEHUSI YCTHOTO M MUCBMEHHOIO OTBETOB M MCIIOJIb30BAHUS HEOOXOAMMOM
HaIJISITHOCTH (00 3TOM UM MPUXOJUTCS TOCTOSHHO HAITOMUHATB).

HTorm teMaTHUECKHX 3a4€TOB OOBSBISAIOTCS B KOHIIE 3a4€Ta, HAa3bIBAIOTCS
baMuIuu Ty4IIUX y4amuxcsi, KOTOpble XOPOUIO MOArOTOBUINCH, U TE€X, KOTOPBIE
HEJOCTAaTOYHO YCBOWJIM TeMy. M3 uyucia JAydiiux ydamiuxcs y4uTeldb OTOUpaer

KOHCYJIbTAHTOB JJIs1 IIOATOTOBKH TOBapI/IIHeﬁ IIpH IMOATOTOBKC K IICPCCAa4YC 3a4CTaA.



MeToaunyeckue peKkoMmeHOaUMm No peLleHuto 3agay

1. AkeuesaneHm. MonsipHasi Macca 3KeueasieHmos.
3aKkoOH 3KeueasieHmos

OkBUBaJEHT (D) — 9mo peanvHas UlU YCIOBHASL H4ACMUYA Beujecmad,
KOMOPAsi MOdCEm 3ameuiamns, NPUCOeOUHAMb UIU 8blOEIAMb 0OUH UOH 8000POOd 8
KUCTIOMHO-OCHOBHBIX UNU UOHOOOMEHHBIX PeaKyusx uid OOUH IIeKMPOH 8
OKUCIUMENbHO-80CCMAHO8UmMeENbHbLIX  peakyusax. 1loa  «peanbHON  YacTHIICH»
MOHUMAIOT peabHo cymecTBytomue coenunenus (KOH, H,SO, H,0), mon
«yCIOBHOI» — 10 >TuX peansupix gacTi (¥2H2S0s, /sKMnO,). DkBHBaIeHT
TaKk Jke, KaK aToOM, MOJIeKyJila, MOH — Oe3pa3MepHas BEJIMYMHA U €ro COCTaB
BBIPAXKAIOT C ITIOMOIIBI0O XUMUYECKUX (hOpPMYJT U CUMBOJIOB. KonmmaecTBO BelecTBa
AKBUBAJICHTOB H3MeEpsAeTCS B MOJIX. Macca I monv 3x6ueanenmos Ha3bIBACTCS
MOJISIPHO# Maccoii SkBUBaJIeHTOB (M,) 1 BhIpa)kaeTcsi B I/MOJIb.

DKBHUBaJICHT (MOJSIpHAs Macca SKBHUBAJICHTOB) JJII OJHOTO M TOTO K€
BEIIIECTBA MOXKET MMETh Pa3JIMYHbIe 3HAYECHUs] B 3aBUCHUMOCTH OT TOTO, B KaKyIO
pPEaKIMI0 HSTO BEHIECTBO BCTyNaeT. OKBUBAJICHT W M, pacCUUTHIBAIOTCS
HEOJUHAKOBO 11 KHCJIOTHO-OCHOBHBIX M OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIX
peaKunil.

MonspHass ~ mMacca  SKBHBAJCHTOB  BEIECTBA, y4YAaCTBYIOIIETO B
OKUCTUMENbHO-B0CCIMAHOBUMENbHOU PEAKITUN, PACCUUTHIBASTCS 1O (popMyiie:

MBK :n_1

€
raie M — MomspHas Macca BEIIECTBa, Ne— YHUCIO JJICKTPOHOB, MPHCOCTUHEHHBIX
OJIHOM  MOJICKYJIOM  OKHCIHTENS  WJIM  OTJAHHBIX  OJHOM  MOJEKYJIOM
BOCCTaHOBMTEJIS.

Hanpumep, B  OKHCIHMTEIBHO-BOCCTAHOBUTEIBHOW PpEAKIMA TOPCHUS
cepoBogopomda 2H,S + 30, = 2H,O0 + 2SO, creneHb OKHUCICHHS  CEPBI
U3MEHSAETCS OT —2 (B H,S) no +4 (8 SO,). CnenoarenbHo, Mosiekysna H,S
TepsieT 6 DIJIGKTPOHOB, T. €. OJJHOMY JJICKTPOHY AKBUBAJICHTHA YCJIOBHAS YaCTHIIA

Ye MoJIeKyJIbl H,S.

Mps 34

I(H,S) = YeH,S, a M. (H,S)= =5,6 r/MOJIB.



VY xucnopona crenenb okucienus mensercs ot 0 (B Oy) mo -2 (B SO,) u,
TaKk KaKk B €ro MOJIEKyJie COJCPKUTCI 2 aromMa, TO YHCIO IMPHHATHIX
2JIEKTpOHOB Oyaer paBHo 4. W, Ttakum 00pa3oM, OJHOMY JJIEKTPOHY

HKBUBAJIEHTHA YCJIOBHAs yacTula Y Monekyssl O.

M
9(0,) =Y%0,, a M, (0y)= :1)2 I%IBF/MOHB.

MouisipHas Macca KBUBAJIEHTOB KUCIOMbl WA OCHOBAHUS, YIACTBYIOIINX B
KUCTOMHO-0CHOBHOU PEAKIIUU, PACCUUTHIBAETCA 10 (hopMyIie
M

M., ((KHCTIOTBI, OCHOBaHHS)= — ,
n

rae M — MossipHasi Macca KMCIOTHI WM OCHOBAHUS, N — JJISL KUCAOM — TO YHCIIO
aTOMOB BOJIOPO/a, 3aMEIIIEHHBIX B TAHHOM peakluy Ha METAIUT, N — 711 OCHOBAHUIL
— YHUCJIO THJIPOKCUIIBHBIX TPYII, 3aMEIIEHHBIX B JIAHHON pEaKIMu Ha KUCIOTHBIN
OCTaTOK.

Hampumep, B kucinotHo-ocHOBHOM peakiuu H,S + 2NaOH = Na,S + 2H,0 (1) oba
MOHA BOAOpOJa MOJNEKynsl H,S 3amemaroTcss Ha MeTala W, TaKuM 0O0pa3oM,

OJTHOMY MOHY BOJIOpPO/ia SKBUBAJICHTHA YCJIOBHAs yacTuua 2 H,S. B aTOM ciryuae

M
D (HS) =% H,S, a M, (H.S) =¥ = % =17 r/MOJb.

B peakmuun H,S + NaOH = NaHS + H,0 (2) B monekyne H,S na meramn

3aMelaeTcsl TOJBKO OJWH HMOH BOAOPOAAa W, CIEIOBATENbHO, OJHOMY HOHY
gt
AKBHUBAJICHTHA peajibHas yacTuia — Mojiekyna H,S. B aTom citydae

M 34
THS = T =34 r/MO0b.

D(NaOH) B peakmusx (1) u (2) paber NaOH, Ttak xak B 00oux ciydasx Ha

O(H2S) = H,S, a M,(HS) =

KHUCIIOTHBIM OCTAaTOK 3aMENIaeTcsl OJHa THAPOKCUIbHAs rpymnma. M, (NaOH) = 40
/MOJIb.

MonsipHasi Macca PKBUBAJICHTOB COJii B PEAKIUSIX 0OMeHA PACCUUTHIBACTCS
o ¢hopmyiie

M

M COJIN
COJIN )=

ox(coin) n-|c.o.|’

rie M — MoyisipHas Macca COJid; N — YHCIO0 MOHOB METallla, YYacTBYIOIIHX B

peakiMu OT KaXIAOW MOJEKYJbl, [C. 0. — aOCONIOTHOE 3HAuYeHHE CTEICHH

OKHCIIEHHUSI UOHA MeTajiia (O CTENEeHH OKHCIEeHWs cM. cTp. 55). Hampumep, ot



kaxaon Mosekyiasl Aly(SO4); B peaknmu  Aly(SO4); + 6NaOH = 2AI(OH)3] +
3Na,SO; ydacTBylOT JBa HMOHAa QJIIOMUHMS, CTEMEHb OKHCIEHUS KOTOpOro+3.

Orcrona,

VAl (80,); 342
2.3 6

MonsipHast Macca SKBUBAJICHTOB OKCUOA PACCUUTHIBACTCS 1O hopMyIie

MaK[A|2(SO4)3]: =57 F/MOJ'IB, 3[A|2(SO4)3] paBCH 1/6 Alz(SO4)3

_ oxcuza
M3K(0KCI/II[3.)— n. | c.o. | )

rac M — MOJISIpHasE Macca OKCHAa, N — YHUCJIIO KAaTHOHOB COOTBETCTBYIOLICTO
OKCHY OCHOBAHMA WUJIN YUCJIO aHHOHOB COOTBeTCTBYIOH_Ieﬁ OKCHUAY KHUCIIOTBI, |C.0.|
— a0COJIIOTHOE 3HAYCHUE CTEIICHH OKUCIICHHS KaTHOHA MJIM aHUOHa.

B peakmun P,0s + 3Ca0O = Ca3(PO,), skBuBanent P,Os, oOpasyromiero nsa

TpexsapsiaHbix  ammoHa  (PO,)*, pasen g P,Os, a  M.,(P.0s)
M
= P6205 = 122 = 23,7 r/monb. OkBuBasieHT CaO, naromero oJvH ABYX3apsaHbIN
M
KaTHUOH (Ca2+) paBeH 2 Ca0, a M, (CaO) :% :% = 28 r/MOJb.

YTtoOBI OIIpCACIINTE MOJIIPHYIO MACCY OSKBUBAJICHTOB JjiemMeHma B

COEJMHEHHNH, MOKHO BOCIIOJIB30BATHCA (POPMYIION

M, (311-Ta) = Ma

|c.o.|’

rae MA — MoJaspHas Mmacca dJeMeHTa; [C.0.| — aOCOIITHOE 3HAYCHHE CTCIICHH
OKHCIIeHHs dJieMeHTa. Hampumep, MosipHBIE Macchl SKBHUBaJICHTOB ¢ochopa B
coequnenusx PHs, P,O3 u P,Os coorBeTcTBeHHO paBHbl: 31 /3 = 10,3 r/mons; 31/
3 =10,3 r/monsb; 31 / 5 = 6,2 r/mMmonb, a skBuBaNIeHT (ocdopa B coenunenusix PH;
u P,O3; paBeH /5, P, B coenunennn P,0O — /5 P.

HyxHO Takke HMETh B BHJIY, UYTO MOJIApHas Macca JKBHUBAJICHTOB
XUMHYECKOTO COCIMHCHHUS paBHA CYMME MOJISIPHBIX MacC JKBHBAJICHTOB
COCTABJIAIONIUX €T0 YaCTEH.

Tak, M, (PH3) = M, (P)+ M, (H) =10,3+ 1 =11 r/mons;
M., (P203) =M, (P)+ M, (0O) = 10,3 + 8 = 18,3 r/mo5;
M, (P205) = M, (P) + M, (0) =6,2 + 8 = 14,2 r/M0Ib.
3aK0H JIKBHBAJIEHTOB: MACCbl peazupyrouux opye ¢ OpyeoMm 6euecms

npAMO nponopuuoralIbHbl MOJIAPHHBIM MACCAM UX IKEUBAIEHNOE.



m, My

m2 M3K (2)
HOI[CJ'II/IB MACCy KaXIO0I0 BCHICCTBA Ha MOJIIPHYIO MACCy €TI0 3KBHUBAJICHTOB,
m, m,

MOJTYYUM YHUCIIO MOJIEH SKBUBAJIEHTOB (V): = , WIJIH V1= V2.
MBK (1) MBK (2)

Jns peaktiun A + B = C + D 10MKHO BBIMOJHATHCS COOTHOIIEHHUE VA=V=Vc=Vp,
T.C. YUCO MOJell IKEUBALEHMO8 VHACBYIOWUX 8 PeAKUUU BeUeCm8 PABHbL MeNCOY
coboll.

Ecmm omHO W3 pearupyronmx BeEMIECTB HAXOAUTCS B Ta3000pa3HOM
COCTOSIHUH, 3aKOH 3KBHUBAJICHTOB yI00HO MPEJCTAaBUTh B BHJIC

m V,

rasa

M, V

9K(rasza)
rae V,, — 00beM OJHOT0 MOJISI SKBUBAJICHTOB ra3a. JJis BEIYHUCICHUS 00beMa MOJIS

OKBHBAJICHTOB TI'a3a HGO6XOI[I/IMO 3HATh YUCJIO MOJICH 3KBUBAJICHTOB (D) B OJHOM

M
MoJIe ra3za: v = —. Tak, M(H,) = 2 r/Mo1b; M, (H,) = 1 r/mMonb. CnegoBaTebHO, B
3K

OJTHOM MOJIe MOJIeKyJ1 Bogopoaa H, comepkutcs v = 2/1 = 2 MOJIb 5KBUBAJICHTOB
BoJopoja. Kak m3BecTHO, MOJIb J00OOr0 Tra3a mpu HOPMabHBIX YCIOBUSIX (H. Y.)
(T=273 K, p=101,325 xlIla) 3anumaer o0beM 22,4 5. 3HaYUT, MOJb BOJAOPOJA
3aiiMeT 00beM 22,4 11, a Tak KaK B OJHOM MOJI€ BOAOPOAA COJAEPKUTCSA 2 MOJIb
HKBUBAJICHTOB BOJOPOJIa, TO OOBEM OJHOTO MOJS SKBHBAJICHTOB BOJIOPOJa PaBEH
V,«(Hy) =22,4 /2 =11,2 n. Aranorununo, M(0,) = 32 r/mois, M, (0,) = 8 r/mois. B
OJTHOM MoJie MOJIeKya kuciopoaa O, comepxurcs v = 32 / 8 = 4 wmonb
HKBUBAJIEHTOB KuciaopoAa. OAuH MOJIb SKBUBAJIEHTOB KUCIOPOAa 3aHUMAET 00beM
V,(02)=22,4/4=5,6 n.

lMpumepsb! peweHusi 3a0a4y

IIpumep 1.1. Ha BoccranoBienne 7,09 T okcuaa MeETamia CO CTENEHBIO
okucienus +2 tpedyercs 2,24 1 Bogopoaa (H. y.). Beruucnure MossipHble Macchl

OKBHBAJICHTOB OKCH A 1 MCTaJllla. ‘—IeMy paBHa MOJIAApHaA MaccCa MeTamia’?



Pemenne. 3agada pemaercss IO 3aKOHY SKBHBAJIECHTOB. Tak Kak OJHO U3

pearupyromux BCIICCTB HAXOAUTCA B Fa3006p33HOM COCTOAHUH, TO y,Z[06HO

., . m V, m \Y
BOCIIOJIb30BaThCs (pOpMyII0i VIR, fasa oK __ — v Hz
9K aK(raza) M3K(0K) ak(H2)

HamomuaumMm, uto 00beM 1 MOIB 3KBHBaJICHTOB Bojopoaa paBeH 11,2 1 (H. y.),

TOT1a
7,09-11,2
M, (ox) = ———"= = 35,451/MOIb.
MoisipHass Macca SKBHBAJICHTOB XHMHUYECKOIO COCAMHEHHS paBHA CyMMe
MOJISIDHBIX MacC SKBHBAJCHTOB COCTaBISIOMIMX €ro dactei. OKcua — 3TO

COCIMHEHNE METajlla C KHUCJIOPOJOM, MO3TOMY MOJISIpHAash Macca SKBHUBAJICHTOB
OKCH/JIa MIPEJCTABIISIET COO0M cyMMy M, (okecuna) = M, (Meramna) + M, (xucnopona).

Otcroga, M, (meranna) = M, (oxcuna) — M, (kucnopona) = 35,45 — 8 = 27,45 r/Mo0b.

Ma
MonspHas macca mMeTamia OnpeAesieTcs U3 COOTHOMEHUST M, (meranna) :ﬁ’

c.o.
oTcroga My = M3K(MeTanna)-|c.o.| = 27,452 = 54,9 r/monb. Takum o0pazom,

M, (oxcuna) = 35,45 r/monb; M, (meranna) = 27,45 r/Moab; M(meranna) = 54,9
I/MOJIb.

Ipumep 1.2. IIpu B3auMOIEHCTBUM KUCIOPOJA C a30TOM ITOJIYYEHO 4 MOJIb
skBUBajIeHTOB okcuma azota (IV). Paccuuraiite oObeMbl ra3oB, BCTYNHBIINX B
PEaKLHIO IIPH H. .

Pemienue. Ilo 3akoHYy 5SKBUBAJIEHTOB YHUCIO MOJIEM DKBHUBAJICHTOB
BCTYNAIOLIMX B PEAKLUIO M 00Pa3yIoLIUXCs B PE3yJIbTaTe PEaKI[MU BEIECTB PABHbI
MEXy COOO0H, T.€. V(0;) = V(N,) = V(NO,). Tak kak moiaydeHo 4 MOJb YKBUBAJECHTOB
okcuga azota (IV), To, ciemoBaTenbHO, B pEAKIMIO BCTymuio 4 MOJb
skBUBaJIEHTOB O U 4 M0ab 3KBUBaIeHTOB N».

A3ot u3Mmenser crenedb okucaeHus ot 0 (B8 Ny) no +4 (8 NO,) u, Tak kak B
€ro MOJIEKyJIE 2 aroMa, TO BMECTE OHM OTHAKOT & DBJIEKTPOHOB, MO3TOMY

N2 28

M, (N2)= =?=3,5 r/Mmonb. Haxomum o0beM, 3aHHMMaeMbIi  MOJIEM

8

sKkBUBajeHTOB a3oTa (1V):
28 r/monmb Ny — 22,4 nn

3,5 /™Monb Ny — x




_35-224
X - — =
28

Tak kak B PCAKONUIO BCTYIIUIIO 4 MOJIb PKBUBAJICHTOB N2, TO UX 00BEM COCTaBIISICT

28 1

V(Ny) = 2,8:4 = 11,2 . 3Hasi, 4TO MOJb DKBHUBAJICHTOB KHCJIOpOJAa MPH H. Y.
3aHUMaeT o00beM 5,6 I, paccuuThiBaeM 00beM 4 Moab 3KBHBaJeHTOB Oo,
BCTYNUBIIHX B peakiuio: V(0,) =5,6:4 =224 1.

Urak, B peakiuto Berynmiio 11,2 1 azora u 22,4 1 kuciopopa.

IMpumep 1.3. Onpenenure MOJSIPHYIO MacCy SKBHUBAJECHTOB MeTaslia, €Clu
n3 48,15 r ero okcuaa nojiydeHo 88,65 r ero HUTpara.

Pemenne. YuurniBas, uto M,(okcuma) = M, (meramia) + M, (kucnopona), a
M,(comn) =  M,(meramma) + M, (xucnorsoro  ocratka),  MNOACTaBJsIEM

COOTBCTCTBYIOIIHC JAHHBIC B 3dKOH 3KBHBAJICHTOB!

M +8
4815 _ M3K(MCT)+M3K(O)_ : 4815 _ oK(MeT) ; M, (ver) = 56,2
88,65 Mbok(mer) +Moak(NOs ) 88,65 Mnok(mer) + 62
I/MOJb.

Ilpumep 1.4. Bpruuciaure CTENEHb OKUCIECHHS XpomMa B OKCHUJE,
coneprkarieM 68,42 % (macc.) 3Toro MeTaJa.

Pemenne. Ilpunsis maccy oxcuma 3a 100%, Haxoawm MaccoBYHO OO
kucaoponaa B okcuge: 100 — 68,42 = 31,58%, T.e. Ha 68,42 yacTeld Macchl XpoMma
npuxoautcs 31,58 wacteit macchl kucimopoaa uinu Ha 68,42 r XxpoMma MPUXOIUTCS
31,58 r kucnopoaa. 3Has1, 4TO MOJIIPHAS Macca SKBUBAJIEHTOB KUCIOPOa paBHA 8

r/MOJIb, OMIPENEIUM MOJISIPHYIO MacCy SKBHBAJICHTOB XpOMa B OKCHJE IO 3aKOHY

DKBUBAJICHTOB:
m m M, -Mox(©) 68,428
er___0© ; M,(Cr)= cr = =17,3 r/moub.
Mbok(Cr)  Mbx(0) mg 31,58
CrereHb OKHCIICHUS XpOMa HaXOJIUM M3 COOTHOIICHUS
M M 52
Cr Cr
M,(Cr)= C. 0.|I= = =3
(e OTCIO | | Mbk(Cr) 17,3

|c.o.|’

2. CmpoeHue amoma

ATOM — 3TO HaMMEHbIIAs YaCTUIA XUMHUYECKOTO 3JIEMEHTA, COXPaHSIOIAs
BCE €r0 XMMHYECKHE CBOMCTBA. ATOM COCTOHUT M3 MOJIOKUTEIBHO 3apsKEHHOTO
A/lpa ¥ BPAIIAIOIIUXCS BOKPYT HEro AJIEKTPOHOB. 3apsll siapa aroMa YHCIEHHO

pPaBEH MOPSAIKOBOMY HOMEPY 3JIEMEHTA B MEPUOAMYECKON cucTteMe. Tak Kak aTom



B LIEJIOM 3JIEKTPOHEUTPAJIEH, TO U YUCIIO AIEKTPOHOB, JBHKYILIUXCS BOKPYT s/pa
aToMa, paBHO NOPsJIKOBOMY Homepy. Hampumep, nopsiakoBeiii Homep HaTpus 11.
3HauuTt, 3apan sapa aromMa HaTtpud +11. Bokpyr siapa pasmemaercst 11 31ekTpoHOB
C 00IMM OTpuUATENbHBIM 3apsaaoM —l1. Bce anexkTpoHsl atoMa 00pa3yroT €ro
ANEKTPOHHYIO OOOJIOUKY, CTPOCHHE KOTOPOM OINpeaesieT MHOTHE XUMHUYECKHUE
CBOICTBA AJIEMEHTA.

DNEeKTpOHbl HMEIOT JIBOMCTBEHHYIO TMPUPOJY: OHM O0OJIaaloT  Kak
CBOMCTBAMU YacTHIIbl, TaK W BOJHOBBIMU CBOHCTBaMu. [l JBHXKYIEroCs
AJIEKTPOHA HEBO3MOXHO YyKa3aTh €ro TOYHOE MECTOMOJIOKEHHE. MOXKHO JHUIlb
ONPENCIIUTh BEPOSAMHOCHIL HAXOXKACHUSA DJJIEKTPOHA B PAa3JIMYHBIX YaCTAX
BHYTPUATOMHOT'O MPOCTpaHcTBa. OQbaacms npocmpancmed, 8 Komopot Haubonee
8EPOAMHO HAXOJHCOEHUE IJIeKMPOHA, HA3BIBACTCS aTOMHOI opouTasbio (AO).

CocTosiHME 3JEKTpOHA B  aTOME  XapaKTEpU3YeTCs  YEThIPbMs
KBaHTOBBIMH uHnciamMu. ['JlaBHOe KBAaHTOBOEe YMCJIO N onpedensiem SHEpIUlo
anekmpona 6 amome u pasmep AQ, T.e. YIAJEHHOCTb 3JIEKTPOHA OT sJIpa.
['maBHOE€ KBAHTOBOE YHMCJIO N MPUHHUMAET 3HAYEHUs LIeNbIX uucen 1, 2, 3, 4...
CoB0OKynHOCMb  2IeKMPOHO8 C OOUHAKOBbIM 3Ha4YeHuemM N  Ha3bIBACTCS
IJHEepreTuYecKUM YypoBHeM. HaummeHnbielt sHeprueil 00Ja7al0T 3JIEKTPOHBI
MEPBOTrO OT spa PHEPreTUYECKOro ypoBHs (N=1); ¢ yBemuueHUEeM N SHEPTHUs
AJIEKTPOHA M €r0 YAAJIEHHOCTH OT siipa Bo3pactaeT. Cocmosanue amoma, Kko20a
€20 DJIeKMPOHbL HAXOO0SAMCA HA MAKUX IHEPIeMUUECKUX YPOBHAX, UMO UX
CYMMApPHAs 3Hepeus ABAAemCcs MUHUMATbHOU, HA3bIBAETCS OCHOBHBIM WU
HeBO30y:KaeHHbIM. Cocmosanus ¢ 0o.1ee BblCOKUMU 3HAYCHUAMU OHEpeUl
Ha3bIBAIOTCS  BO30Y:KIEHHBIMH. OHEPreTUYecKHe YpPOBHU 0003HAYAIOT
OyKBaMmu:

UucnoBoe 3HaueHue N 1 2 3 4 5 6 7

bykBennoe o603HaueHue K LM N O P Q

Yucs10 JHepreTuYeCcKUX YpPOBHeH B aToMe, HAXOAAIIEMCH B OCHOBHOM
COCTOSIHUM, PABHO HOMEPY NePHoia, B KOTOPOM HAXOJUTCS IJIEMEHT.

Ha ogHOM M TOM ke PHEepPreTUYeCcKOM YPOBHE MOTYT HaXOJUTHCS aTOMHBIC
opOuTaNM PpasNIUYHOM (POPMBI, OTIMYAIOIIMECS APYyr OT JApyra IO JHEPTHH.
[TosTOMy »SHEpreTHYecKue YpOBHU PA3JENAOTCAd Ha TMOAYPOBHU. JHepeuio
9NEeKMPOHA HA NOOYpOGHEe U (HOpMY aAMOMHOU OpOUMANU XaPAKTEPU3YET
opOuTaIbHOE KBaHTOBOE 4ncJIo |. 3HaueHue | 3aBUCHT OT rJIaBHOTO KBAaHTOBOTO

yucna: | mpuaumaer 3nauenus ot 0 go (n—1), 1. e. 0, 1, 2, 3... (n-1). B npedenax



0aHH020 SHEpeemuyecKo20 VposHsi COBOKYNHOCHb 971€KMPOHOS,
Xapakmepusylowuxcs 00UHaKo8vim 3Hadenuem |, Ha3pIBaeTCS IHEPreTHUECKHM
noxypoBHeM. [logypoBHu 0003Haual0T OyKBaMMU:
OpOuTanbHOE KBAaHTOBOE YHCIIO | o 1 2 3
O603HaueHNE SHEPTETUIECKOTO MOTYPOBHS s p d f

Taxum odpazom, npu 1=0, 1, 2, 3 371eKTPOHBI HAXOAATCS COOTBETCTBECHHO Ha
S-, p-, d-, f-moxypoBHAX. DJIEKTPOHBI Pa3IMYHBIX MMOJAYPOBHEH HA3BIBAIOT S-, P-, d-,
f-omextpoHamu. B 3TOM ciydae TOBOpSAT Takke O COCTOSHUsAX S-, p-, d-, f-
9JICKTPOHOB WJIH S-, P-, d-, f-aTOMHBIX opOUTAISX.

Ywucno sHEpreTHUeCKuX MOAYPOBHEH B YPOBHE HE JIOJDKHO TPEBBINIATH
rlaBHOE€ KBaHTOBoe uyuciao N. Tak, mepBeiii ypoBeHb (N=1) wumeer oJIuH
HIOJTyPOBEHb (S), BTOpO#l ypoBeHb (N=2) — aBa MOAypOBHS (S U P), TpeTuit (N=3) —
tpH (S, p, d), ueTBepThIii (N=4) — veThipe (S, P, d, f). B 00o0I0YKaX aTOMOB HBIHE
W3BECTHBIX AJIEMEHTOB 3JICKTPOHBI 3aCTPAaWBAIOT Ha Ka)XIOM ypOBHE HE Ooiiee
gyeTpIipex noaypoBHeil. Ypoau O (n=5), P (n=6), Q (n=7) coxepxxar 1o
4yeThlpe MOAYpOBHA. [lpu JaHHOM 3HAUYEHMM TJIABHOTO KBAaHTOBOTO 4YHcia N
HaMMEHBIIICH SHepruell oO0Namar0T 3JCKTPOHBI S-TIOAYpOBHsA, 3aTem p-, d-, f-
IIOJTYPOBHEM.

Kaxnplii 1noaypoBeHb COCTaBI€H M3 OpOHUTaNed, YHUCIO KOTOPBIX
OTIpEIEISICTCS MarHUTHBIMH KBAaHTOBBIM 4YHCJIOM M. MarHuTHoe KBaHTOBOE
YHCJI0 Mi ONPECIISET 803MOACHBLE Opuenmayuu opoumanu 6 npocmpancmee. OHO
CBA3aHO C OpOWTAIBHBIM KBAHTOBBIM UYHUCIOM W MOXET NPUHUMATh
IICJIOUMCIIeHHBIC 3HaueHus oT —| 10 +1, Bkirouas HOJb. OnpesieieHHOMY 3HAYCHHUIO
| coorBercTByeT (21+1) BO3MOXXHBIX 3HAYCHHWH MAarHUTHOIO KBAHTOBOT'O YHCJIA.
Yucnio 3HaYeHUd Mi yKa3bIBaeT HA YMCIO AaTOMHBIX OpOMTaneil B MOAYypOBHE U
YHICJIO BO3MOKHBIX HAIpaBJICHHUI, MO KOTOPHIM OHU MOTYT OPHUEHTHPOBATHCS B
MIPOCTPAHCTBE.

Jns s-noaypoBHs =0 u motomMy Mi ©MeeT eIMHCTBEHHOE 3HaveHue: m =0.
Takum oOpa3oMm, Ha S-TIOAYPOBHE HMMEETCS E€IUHCTBEHHAs S-OpOMTaNh M OHA
pacrojiokeHa CUMMETPUYHO OTHOCHTEIILHO siipa atoMa. s p-mogypoBHs =1 u
mi mpuoOpetaeT Tpu 3Hauenus: —1, 0, 1, T. e. p-MOAYPOBEHb HMEET TPH p-
OpOUTaId ¥ OHM OPUEHTHPOBAHBI IO TPEM OCSIM KoopauHaT. d-momypoBeHs ¢ 1=2
UMeeT IATh 3HaueHui mi: -2, —1, 0, 1, 2 u, caemoBaTeNnbHO, IATH O-opOMTaiei,

KOTOPBIC OPUEHTHPOBAHBI IO IMATH Pa3HbIM HampaBieHusM. f-momyposenp ¢ 1=3



uMeeT ceMb 3HadeHud mii -3, -2, -1, 0, 1, 2, 3, 1. e. cemb f-opOuraneii. Yucno

opucHTanui f-opouraneit paBHO CeMH.

YcioeHo AO o0o3HavaroT B BHIE KBajapaTa (KBaHTOBOHM suciikum) [l

LI

S-MIOJypOBHSI UMEETCSl OJHA AO

COOTBETCTBEHHO LI IEREEEE

[T1T1T]
[, s p-momypoBHS — T1pu AO, s d-

noypoBHs 1aTh AO, mis f-momyposHs cemb AO.

Takum 00pa3oM, FJIEKTPOHBI B aTOME PACIONAraloTcs M0 dHEPreTHUYECKUM
YPOBHSIM, YJAJE€HHOCTh KOTOPBIX OT s/Ipa XapaKTEPHU3yETCs 3HAUYCHHEM TJIaBHOTO
KBAHTOBOI'O YHCJIa N; YPOBHU COCTOSIT U3 IMOJYPOBHEH, YHUCIO KOTOPBIX JJIsi
KaXJIOTO YpPOBHSI HE IMPEBBINIACT 3HAUYECHHE N; B CBOIO OYEpelb MOIYPOBEHBb
COCTOMT U3 oOpOuTaned, KOJIMYECTBO KOTOPHIX 3aJaeTCsi YHUCIOM 3HAYCHUU
MarHUTHOTO KBaHTOBOro umcia Mi. KaHroBble uucia N, |, mi xapakTepusyroor
opOHUTAalIb.

KpoMme nBMKeHUs BOKPYT sipa, AIEKTPOH BpallaeTCs BOKPYT COOCTBEHHOM
ocH. DTO JBUXEHHE MOJYYWIO Ha3BaHUE «ClUH». CIIHHOBOE KBAHTOBOE YMCJIO
Ms XapaKTEPU3YET 08a BO3MONCHLIX HANPABIEHUS BPAWEHUS IJIEKMPOHA BOKDPY2
cobcmeenHoti ocu (10 4acOBOM CTpesike Win NMpoTUB). CHIHHOBOE KBAHTOBOE YHCIIO
M TPUHUMAET JBa 3HAUYCHUS: +72 U —Y2. DIEKTPOHBI C Pa3HbIMU CIIMHAMU OOBIYHO
0003HaYyarTCs MPOTUBOMOJO0KHO HAIIPABICHHBIMU CTpesKamu | 1.

Yerblpe KBAHTOBBIX uymcia N, |, mMi, Ms MOJIHOCTBIO XapaKTEPU3YIOT
cocTostHuE 3neKkTpoHa B aroMe. CornacHo npunuuny Ilaynm ¢ amome ne moscem
ObIMb 08YX IIEKMPOHOE C OOUHAKOBLIMU 3HAYCHUAMU BCEX Yemblpex K8AHMOBbLIX
yucen. [lpunuun Ilaynm onpenenser MakCUMalIbHOE YKCIIO JIEKTPOHOB HA OJHOU
opOutanu, ypoBHe u mnoaypoBHe. Tak kak AQO xapakTepu3yeTcs Tpems
KBaHTOBBIMH 4yuCIaMu N, |, Mi, 3JIeKTPOHBI JaHHOW OpOUTAIM MOTYT Pa3iudaThCs
TOJBKO CHMHOBBIM KBAaHTOBBIM 4HCIOM Ms. Ho Ms MOXET MMETh TOJIBKO JBa
3HaueHus +% u —%. CiemoBaTelbHO, Ha OJHON OpOMTAIM MOXKET HAXOJIUTHCS HE
Ooilee JIBYX DJIEKTPOHOB C IPOTHBOIIOJNIOKHO HAlpaBICHHBIMH CIHHHAME L],
MakcuManbHOE YHCIIO 3JIEKTPOHOB HA YHEPTeTUUECKOM YPOBHE OIpeeseTcs KaK
2n°, a mHa momypoBHe — Kak 2(2l+1). MakcHManbHOE UHCIO DIEKTPOHOB,

pa3MEIAOIINUXCS Ha PA3IMYHbBIX YPOBHIX U MOAYPOBHSX, MPUBEICHHI B Ta0. 2.1.



Tabnuya 2.1. MakcumanoHoe Yucio 91eKMPOHO8 HA KBAHMOBBIX YPOBHAX U

NOOYPOBHSX
OHepretu | DHepretu | Bo3moxxHbIe Yucno AO MakcumainbHoe
YECKUU YECKUU 3HAYCHUSA YHUCJIO JJIEKTPOHOB
YPOBEHb | MOJYPOBE | MAarHUTHOTO B B Ha Ha
Hb KBAaHTOBOI'O YHCJIA | IOJIYPOB | YPOBHE | TOAYPOB | YPOBHE
mi HE HEC
K (n=1) s (1=0) 0 1 1 2 2
L (h=2) s (1=0) 0 1 A 2 g
p (I=1) -1,0,1 3 6
s (1=0) 0 1 2
M (n=3) p (I=1) -1,0,1 3 9 6 18
d (1=2) -2,-1,0,1,2 5 10
s (1=0) 0 1 2
p (I=1) -1,0,1 3 6
N (n=4) 16 32
d (1=2) -2,-1,0,1,2 5 10
f (1=3) -3,-2,-1,0,1,2,3 7 14
[TocenoBaTenbHOCTD 3aII0JIHEHUS AJIEKTPOHAMH opOuTanei

OCYIIECTBJISIETCSI B COOTBETCTBHM C NPHUHIUIIOM MHHUMAJIbHOW JHEPIruM,
COTJIACHO KOTOPOMY 3/IeKMPOHbL 3ANOJHAIOM OpOUMANU 8 NOPSOKe NOBbIULEHUS]
YposHs suepeuu opdoumanet. O4epeTHOCTh OpOUTATICH MO YPHEPTHH OMPEACIISIETCS
npaBwioM KiieukoBCKOro: ygenuuenue sanepeuu u coomeemcmeeHHo 3anoaHeHue
opbumarneil npoucxooum 6 nopsioke eozpacmanusi cymmol (N+l), a npu pasnoii
cymme (N+l) — 6 nopsioke 6ozpacmanus n.

llopsidoxk pacnpedenenus 21eKMPOHO8 NO IHEPLEMUYECKUM YPOBHAM U
nOOYPOBHAM 68 000JI0UKe amoMa HA3BIBAETCS €0 IJIeKTPOHHON KOH(pUrypaumei.
[Ipu 3amucu >AEKTPOHHOW KOHQPUTYpaIlM HOMEpP YpOBHS (TJIAaBHOE KBAHTOBOE
4yucio) obo3navatot mudpamu 1, 2, 3, 4..., noxypoBeHb (OpOUTATHPHOE KBAHTOBOE
yucio) — OykBamu S, p, d, f. Unciao »1ekTpoHOB B MOJYypOBHE 0003HAYACTCS
mupoi, KoTopas 3aluchiBaeTCs BBEPXY Yy CHMBOJAa MOAypoBHsA. Hampumep,
3JIEKTPOHHAST KOH(UIYpALKsl aToMa cepbl MMeeT BHI: 165 15°25°2p°3s”3p?, a
BaHAmUA o3V 15°25°2p°35°3p°3d°4s®.




XUMHUYECKHE CBOMCTBA aTOMOB OIPEAEISIIOTCS, B OCHOBHOM, CTPOCHUEM
Hapy)XHBIX DJHEPreTUYECKUX YpPOBHEH, KOTOPBIC HA3BIBAIOTCS BAICHMHbIMU.
[TodHOCTBIO ~ 3aBEpIICHHBIE  DHEPreTHYECKHME  YPOBHH B XHMHYECKOM
B3aMMOJICUCTBUM HE YYacTBYIOT. I[lo3ToMy wdacTto uisi KpaTKOCTH 3aIlvcu
AIEKTPOHHOMN KOH(UTypanuu aToma ux 0003HaYaroT CHUMBOJIOM
IIPEJIIIECTBYIOMEro 61aropoaHoro rasa. Tak, wis cepsl: [Ne]3s?3p*; mist Banamus:
[Ar]3d*4s®. OHOBPEMEHHO COKpALICHHAS 3aIIICh HATIBIHO BBIACISET BAJICHTHEIC
AJICKTPOHBI, ONIPESIAIONINE XUMUYSCKUE CBOMCTBA aTOMOB 3JIEMEHTA.

B 3aBucumocTH OT TOrO, KakoW IOAypOBEHb B aTOME 3arloJHSAETCS B
MOCJICTHIOID OYepe/ib, BCE XUMUYECKUE AJIEMEHTBI ACIATCS Ha 4 3JIEKTPOHHBIX
ceMmelcTBa: S-, p-, d-, f-aeMeHThI. DJIeMEHTBI, Y aTOMOB KOTOPBIX B MOCJICIHIONO
ouepe/b 3aroJHSAETCA S-TOJAYPOBEHb BHEIIHETO YPOBHS, HAa3bIBAIOTCS — S-
JIeMEHTaMHU. Y S-3JIEMEHTOB BaJICHTHBIMH SIBIISIFOTCSI S-3JIEKTPOHBI BHEIITHETO
DHEPTreTUYECKOTO YPOBHS. Y p-3IEeMEHTOB TOCIICTHUM 3aIOJTHICTCS
p-TIONYPOBEHBb BHEITHETO YPOBHS. Y HHUX BAJICHTHBIC JICKTPOHBI PACIIOIOKECHBI HA
P- ¥ S-TIOJAYPOBHSAX BHEIIHETO YPOBHS. Y O-3JIeMEHTOB B IOCJICIHIO OYEPE.ib
3anoJiHsAeTcs d-1oypOBEeHb MPEABHEIIHETO YPOBHS W BAJICHTHBIMH SIBJISIIOTCS S-
9JIEKTPOHBI BHEIIHETO M (-3JCKTPOHBI MPEIBHEIIHETO YHEPTETHUCCKOTO YPOBHEH.
Y f-anmeMeHTOB TMOCIIETHUM 3amoiHsIeTcs f-ToaypoBeHh TPEThEro CHapyKU
DYHEPTETUYECKOTO YPOBHSI.

DnexTpoHHas KOH(GUTYpaAIlUS aTOMa MOKET ObITh U300pa’keHa TaKKe B BUJIC
CXEM pa3MEIIEeHUs JJIEKTPOHOB B KBAaHTOBBIX SYEHKaX, KOTOPHIC SBISIOTCS
rpaduyecKUM H300paKeHUEM aTOMHON opOuTaiu. B KakI0oi KBAaHTOBOM sSUCHKe
MOXXET OBITh HE 0OJiee NBYX 3JEKTPOHOB C MPOTHUBOIIOJIOKHO HAIMPaBICHHBIMHU
cnmaamu M. Tlopsmgok pasMelieHus: >JI€KTPOHOB B MPEEIaX OJHOTO IOLYPOBHS
ompejeNsieTcss mpaBuJaoM XYHAA. 8 npeoenax HNoOypo8Hs  INEeKMPOHbI
pasmewaromcs max, Ymoowvl Ux CyMMApPHbIU CNUH Obll MaKcumalvbHuiM. VIHBIME
CJIOBaMH, OpOWTAIM JA@HHOTO TIOJYPOBHSI 3aIlOJHAIOTCS CHAadaja MO OJHOMY
AJIEKTPOHY C OJWHAKOBBIMH CIIMHAMH, a 3aTeéM I10 BTOPOMY DJIEKTPOHY C

IMPOTHUBOITIOJIOKHBIMHA CITMHAMMU.

E R | i i i f
B n=4 HEREEN
f=3 L4 [ [[]] n=3 T[T
n=2 LTILT n=2
169 n=1 L1 23V n=1




CyMMapHBbIil CIIMH p-3J1€KTPOHOB TPETHErO SHEPIETHUUECKOrO0 YPOBHSI aTOMa CEepbl
paBeH Xms= Y2 — Y2+ Y2 + Y5 = 1; d-anexTpoHOB aTroma BaHamus — LMs= Y2 + 15 +
Vo= 3/ 2.

Yacto n300paxxaroT rpaguecku He BCIO 3JIEKTPOHHYIO (GOpMyJTy, a JIMILb TE

MMOAYPOBHH, HA KOTOPBIX HAXOAATCA BAJICHTHBIC 3JICKTPOHbI, HAIIPUMCECD

3z 3p 3d 4=
168...352 3p4 ’ 23V._.3d3452 ..

[Ipu rpaduueckoM H300paKEHUHM AJIEKTPOHHON KOH(UTYypaluud aromMa B
BO30YXKJICHHOM COCTOSIHUM Hapsily C 3alOJIHEHHBIMU H300pakalOT BaKaHTHBIC
BaJieHTHBIC opOuTanu. Hampumep, B atome ochopa Ha TpeTbeM IHEPTeTUIECKOM
ypoBHe wumeercs omgHa S-AO, tpu p-AO u mare d-AO. U snexTpoHHas
KoH(purypamus aroma pochopa B OCHOBHOM COCTOSTHUHM UMEET BUI:

3z P 3d
15P... 352 3p3
BanentHocts docdopa, onpenensieMas YUCIOM HECIAPEHHBIX AJIEKTPOHOB, PaBHA
3. Ilpu nmepexosie aroma B BO30YKIEHHOE COCTOSIHUE MPOUCXOIUT paclapuBaHHE
AJIEKTPOHOB COCTOSIHUS 3S WM OJMH U3 AJIEKTPOHOB C S-TIOJAYPOBHS MOXKET MEpPEeUTH

Ha (-1moypoBeHb:

xR 3d
pr.. 3s3pPaqt LD LT

[Tpu sTom BaneHTHOCTH (hocdopa mensercs ¢ Tpex (PCls) B OCHOBHOM COCTOSTHHM

1o satu (PCls) B BO30y:KICHHOM COCTOSTHHUH.

lNMpumepsbi peweHus 3aday

Ipumep 2.1. 3anumuTe 5JIEKTPOHHYIO KOH(UTYpaIMi0O aToMa TUTaHA.
Ckonbko  cBOOOmHBIX  d-opOWTaneli  COACPKHMTCS  HA  MPEABHEIIHEM
sHepreTudeckom yposue Ti?

Pemenne. ITopsaxoBsiii HOMep TUTaHa (T1) B meproanyeckon cucreme 22.
CrnenoBaTenbHO, TOJOXKUTEIBHBIM 3apsan siApa paBeH +22 U CTOJBKO Ke
JJIGKTPOHOB B artoMe TuTaHa. [lOCKONbKYy THUTaH HaxoauTcs B 4 mepuoe,

QJICKTPOHLI pacIiojiararoTcAa



Ha 4-X SHEPreTHYCCKUX YpPOBHSAX cCleAyromuM oOpa3om: 11 2e, 8e, 10e, 2e.
3anuch 3JIEKTPOHHOM KOHQPUTYpalMy aroMa TUTaHa MO YPOBHSAM W MOJYPOBHIM
umeer Bux: 15°25°2p°3s°3p°3d%4s?.

B CcOOTBETCTBHH C TIPaBHIIOM XYyHJIA 3JICKTPOHBI Ha O-1TOJypOBHE y atoma
Sl

THUTAaHa pacIojararoTcs CJICIyroInuM O6p&30M: -..
O‘-IeBI/II[HO, 4YTO Ha HNPCABHCIIHECM SHCPICTUYCCKOM YPOBHC aroOMa THTAHA

COICPIKHUTCS TPU CBOOOAHBIE 0-0pOuTay.

IIpumep 2.2. BO3MOXHO JIM HaaM4Me B aTOME JBYX OJJIEKTPOHOB C
OJTMHAKOBBIMHM 3HAUCHHMSIMH TPeX KBaHTOBbIX uwmcen: |, m, ms? IlpuBemute
IPUMEPBI.

Pemienue. /la, BO3MOXHO, 3TO HE NpoTUBOpeunT npuHuumy Ilaynu. J[Ba
ANIEKTPOHA, XapaKTEPU3YIOIIMECS OJIMHAKOBBIMH 3HAYEHUSIMHU TpPEX KBAHTOBBIX
gricen |, Mi, Ms, JOJDKHBI OTIMYATHCS TJIABHBIM KBAaHTOBBIM unciioM N. Hampuwmep, B
aTome hTOpa, MMEKTPOHHAs KOHPHTypawus KOToporo 15°25°2p°, mis 3MeKTPOHOB
1s' 1 25" kBaHTOBBIC UKCIIA GYLYT UMETh CIICYIONIHE 3HAYCHHS:

s 1s®  n=1, 1=0, m=0, ms=%.
s 28t n=2, 1=0, m=0, ms=%.

IIpumep 2.3. Kakue opOuTaii aToMa 3aroiHSIIOTCA 3JIEKTPOHAMHU paHbIIE
5d wu 6S; 4f uam 6p?

Pemenue. ITocnenoBaTenbHOCTD 3aMI0JHEHUS OPOUTANIEH OCYIIIECTBIIAECTCS B
COOTBETCTBUM C mpaBmioM KieukoBckoro um ompenensercs cymmort (n+l). s
noxypoBHs 50 cymma (n+l) paBua (5+2) = 7, ana nogypoBHs 6S (6+0) = 6. B
NEPBYIO OYepe/lb 3aMOJIHAIOTCS OpOUTaNM ¢ MEHBIIEH HPHEprueH, ciaeaoBaTelbHO,
BHayvaje 3amnojHsercs 6S, morom 5d. Jlns momypoBuert 4f u 6p cymma (n+l)
onuHakoBa (4+3) = 7 u (6+1) = 7. Ilpu oauHakoBOM 3HaueHUH cymmbl (N+l)
paHBIIIE 3aMOJHSACTCS MOAYPOBEHD C MEHBIIIUM N, ClIeIoBaTeabHO, 4f.

Mpumep 2.4. 3anuIInTe HIEKTPOHHYI0 KoHbUrypammio noHos Fe** i S,

Pemenne.  DOjexkTpoHHass  KOHUTypamusi  aTtoma  xKejaeza  yFe
15°25°2p°35”3p°3d%4s®. Ecin atoM keresa OTAACT TPH DIIEKTPOHA, OH IPEBPATHTCS
B non: Fe’ — 3e — Fe*'. B MEPBYIO OuYepeab aTOM OTHAET DJIEKTPOHBI ¢ OoJiee
BBICOKOT'O DHEPreTUYECKOTO YPOBHS M MOAYPOBHS. DJIEKTPOHHAs KOHQPUTyparus
ronos Fe** umeer Bun 15°25°2p°35°3p°3d°4s°. Dnexrponnas KoHpHUTyparms aToma
cephl 16S 15°25°2p°3s” 3p*. Tpumss gBa smextpona S° + 2e — S*, atom cepsl

peBpaIaeTCcs B MOH S, aeKTpoHHas KoH(HTyparms kotoporo 15°25°2p°3s°3p°.



IIpumep 2.5. OxapakTepu3yiWTe KBAaHTOBBIMH YHCIAMH 3JIEKTPOHBI
COCTOSIHUS 3p3.

Pemenue. M300pa3umM rpadguuecku pacnpesesieHue 3JIeKTPOHOB COCTOSTHUS

3p
;

3p~: mw=-10 1 . Kaxnaplil 3JIeKTpOH B aTOME XapaKTEepU3yeTcsi HA0OPOM UYEThIpeX
KBaHTOBBIX uymcend: N, |, mi, ms. ['1aBHOe KBaHTOBOE 4MCIO N 0003HAYACTCS
apa0Ockoil 1udpoit. Jlms ykazaHHBIX JJIGKTPOHOB TJIABHOE KBAHTOBOE YHCIO N
paBHO 3. DIEKTPOHBI HAXOIATCA Ha p-MIOAYPOBHE, CIEIOBATEIBHO, UIsl BCEX TPEX
anekTpoHOB |=1. Tpu sneKkTpoHa HAXOIATCS HA PA3HBIX OPOUTANAX, KOTOPBIC
OpPUEHTHUPOBAHbl IO TpPEeM pa3HbM HamnpasiaeHusaMm. Opuenraiuo AO B
IIPOCTPAHCTBE ONPEIEISET MArHUTHOE KBAHTOBOE YMCIJIO Mi, 3HAYEHHE KOTOPOIO
3aBUCHUT OT opOuTasibHOTO KBaHnTtoBoro yucia |. Eciu |=1, m npuanMaeT 3HaueHue
—1, 0, 1 (3HAaueHHWe M yKazaHO MOJ Kaxaoul opoutanbio). CIMHOBOE KBAHTOBOE
YHUCJIO Ms IPUHUMAET 3HaueHus +72 u —'%. TakuM 00pa3oM, JIEKTPOHBI COCTOSHUSA
3p° XapaKTePHU3yIOTCS CIIEAYIOUME KBAHTOBBIMH YHCIIAMH:

n=3, I=1 m=-1, ms=% (umu—%)

n=3, =1 m=0, ms=% (umu—%)

n=3,1=1 m=1 ms="% (umu—%)

3. lNlepuodu4eckas cucmema anemeHmoes [j. N. MeHOeneeega

B 1869 r. JI. 1. MeHnneneeB cooOnmia 00 OTKPBITHH NMEPHOANYECKOTO
3aKO0Ha, COBpeMEeHHas1 (hOPMYIUPOBKA KOTOPOTO TAKOBA: CBOUCMEA IIEMEHMO8, d
makoice Gopmvl U CBOUCMBA UX COCOUHEHUU HAXOOSAMC 8 NepuooudecKou
3asucumocmu  om 3apsoa A0pa  amomo8 U ONpeoestomcss NepuooudecKu
NOBMOPAIOUUMUCT OOHOMUNHBIMU DJIEKMPOHHLIMU KOHGUYPAYUIMU UX AMOMOS.
HarnsinHpiM  BBIpaXXKEHHEM 3aKOHA CIYXHUT mnepuoaudeckas cucrema J[. W.
Menpeaeena.

[lepunonnueckass cucremMa COCTOMT W3 TiepuogoB W Tpynn. Ilepuogom
HA3BIBACTCSI NOCAE008AMENbHBIN PO DeMEHMO8, DPACHONONCEHHbIX 6 NopsoKe
803pacmarus 3apsaoa A0pa ux amomos, INeKMPOHHAs. KOHGUIYpayus KOMOopvlX
usmensiemess om NS- 0o ns°np® (uau do ns’ ¥y nepeoeo nepuooa). Bce mepuomapl
HAYMHAIOTCS C S-2JIEMEHTA U 3aKaHUYMBAIOTCS P-3JIEMEHTOM (Y IepBOTO Tepruoja S-
arieMeHTOM). Marible TIepuobl cojiepkaT 2 U 8 AJIEMEHTOB, OOJIbIINE TEPUOIbI —

18 u 32 snemenTa, ceIbMOM MEPUO]] OCTACTCS HE3aBEPUIEHHBIM. YHCIIO 3JIEMEHTOB



B mnepuonax 2-8-18-32 cooTBETCTBYeT MaKCHUMajJbHO BO3MOXKHOMY YHUCIY
AJIEKTPOHOB HA COOTBETCTBYIOIIMX 3HEPreTUYECKUX YPOBHSX: HA MEPBOM — 2, HA
BTOpOM — 8, Ha TpeThbeM — 18, Ha yeTBepTOM — 32 35IeKTpoHA. B mepuoaax ciepa
HaIIpaBo 0CJAa0E€BAIOT METAIUIMYECKUE U YCUIINBAIOTCS HEMETAINIMYECKUE CBOMCTBA
Y KUCJIOTHBIN XapakTep COCIUHEHUMN.

[lo BepTukanmu B TaOJUIE PACIONONKEHO § TPYII, B KOTOPBIX OJUH IOJ
JPYTUM pa3MEIlEeHbl AJIEMEHTHI, 00JIaJalolie CXOJHBIMU CBOWCTBAMHU. ATOMBI
AJIEMEHTOB OJHOM M TOW K€ TpyNIbl MMEIT OJUHAKOBOE YHCIIO BAJIEHTHBIX
ANEKTPOHOB. KOJIMYECTBO BAJEHTHBIX JJEKTPOHOB B O00OJOYKE aToMa, Kak
IIPAaBUJIO, PABHO HOMEPY TPYNIIbI, B KOTOPOW HAXOAMTCS DJIEMEHT, U OIPENEISIeT
BBICIIYIO CTENEHb OKHCIICHHs JJIEMEHTA. ['pynmbl JOENATCS Ha NOATPYIIIBI —
rjaBHble U T0OOuHbIe. [loArpynmbl BKIIOYAOT B CE0sl 3JIEMEHTHI C AaHAJIOTUYHBIMU
AJIEKTPOHHBIMU CTPYKTypamu (dJeMeHThI-aHayior). B rmaBHbIX (A) moarpymmax
pacnionoxkenbl S-35eMeHTsl (I, |l rpynmer) u p-snementsr (HH-VII rpynner). B
aToMax 3JIEMEHTOB TJIABHBIX MOATPYII BAJICHTHBIC AJIEKTPOHBI HAXOATCS HA S- U
P-TIOAYPOBHSIX BHEIIHEr0 SHEPreTHMUECKOTO YpPOBHS M O0Ilee MX YHMCIO PaBHO
HOMEpPY TIpynnsl. B TrIaBHBIX MOATpyNIax MpH NEPEXOAEC CBEPXY BHH3
YCWIMBAIOTCA METAUIMYECKHE CBOWCTBA, OCHOBHOM XapaKTEp COCAMHEHUN U MX
YCTOMYMBOCTh B HU3ILIEH cTeneHH okucienus. Hampumep, nns snementoB 1V A-
Ipyninbl BO3MOXHBIE CTENEHW OKucieHus +2 u +4. [Ins yrinepoma HauOolee
XapaKTEpHA CTENEHb OKUCIEHHUS 14, MO3TOMY YEThIPEXBAJEHTHBIE COCIUHEHUS
yIJIepoJla YCTOWYMBBI W HE TMPOSIBISIIOT OKHUCJIUTEIBHBIX CBOWCTB. Y CBHHIIA
METaJUIMYECKUE CBOMCTBA BBIPAKEHBI CHJIBHEE, YEM Yy YIVIEpOJA WU Uil HETO
XapakTepHa CTENEHb OKHUCIEHUs +2, BCIEACTBHE YErO COECAMHEHWS CBUHIA CO
CTEIECHbIO OKUCIICHUS +4 SBIAIOTCA OKUCIUTEISIMU.

B no6ounsix (B) moarpynmnax pacnosnararorces d- u f-anementsl. BaneHTHbIC
JNICKTPOHBI B aTomax (-3JIEMEHTOB HAXOJIATCS Ha S-TIOJYpOBHE BHelIHero u d-
MOJTypOBHE IMPEIBHEUIHETO YHEPreTHUECKUX ypoBHEH. B moOouyHbIX moarpymnmnax,
KpOME€ TMOArPYIIbl CKaHAWA, TPH TEPEXOAE CBEPXY BHHU3 YCHIMBAIOTCS
HEMETAJUIMYECKUE CBOMCTBA, KHUCJIOTHBIM XapakTep COCAMHEHUM U UX
YCTOMYHUBOCTD B BBICILICH CTEIIEHU OKUCIICHUS.

d-aeMeHThl MOOOYHBIX MOJATPYII CKJIOHHBI TPOSBISTH TMEPEMEHHYIO
CTETEeHb OKUCIICHHS. XapaKkTep 00pa3yeMbIX UMH COEAMHEHUHN 3aBUCUT OT CTEIICHU
OKHcIieHHs dieMeHTa. COeNMHEHUs, B KOTOPBIX DJIEMEHT HAXOAUTCA B HU3LIEH

CTCIICHU OKMCJIICHHUS, HMCIOT OCHOBHOM XapakKTEp, B BBICILICH CTECIICHU OKHUCJICHUS —



KHUCTIOTHBIM, B MpOMEXyTouHOM — amdoTepHbiii. Hanmpumep, xpom mnposBiser

CTENIEHU OKHUCIeHus +2, +3, +6 1 XapakTep o0pa3yeMbIX UM OKCHUJIOB CJIEIYIOUTUH:

+2 +6
Cr?o Cr,°0, Cr'°o,
OCHOBHOM aMdoTepHBIi KUCJIOTHBIN
DJIEeMEHTHI TJIaBHBIX U ITOOOYHBIX MNOATrPYyIIIl CHJIbHO OTJIMYArOTCA 110 CBOUM

cBoiicTBaM. OOIIMMU IS JIEMEHTOB TJIABHBIX W MOOOYHBIX MOATPYII SBIISIOTCS
(GOopMyIIbI BBICIIMX OKCHUJOB M WX THAPOKCHAOB. Y BBICIIUX OKCHIOB W
COOTBETCTBYIOIIMX WM THUIAPOKCHUIOB anemeHToB |-l rpynm (kpome Oopa)

npeobagaroT OCHOBHBIE cBOiCTBa, IV-VII rpynm — kucnoTHbie

I'pynna I I Il v \Y Vi VI

dopmyna BIC-
Py 302 | 320 | 90, | %0, | 90, | B0, | B30,
mero oxKcuiaa

dopmyna

TUIPOKCHUIA

S0H | D(OH), | D(OH); | H,20; | HD0; | H,D0, | HDRO,

OCHOBAHUA Kucjiomal

JInst  BAeMEHTOB TJIaBHBIX MOATPYNN OOIIMMH  SIBIIAIOTCS  (POPMYJIIBI

BOJIOPOJIHBIX COCTUHEHUMN (THAPUIBI)

[Monrpynna I A A A vV A VA VI A VII A

dopmyna

meepovle 2a3000pasHvle

Tak Kak »JJIEKTPOHHOE CTPOECHHE aTOMOB DJJIEMEHTOB HW3MEHSETCS
MEePUOANYECKH, TO COOTBETCTBEHHO MEPHOJUYECKH H3MEHSIIOTCS U CBOMCTBA
AJIEMEHTOB, OMNpEAe/sIeMble UX DJJICKTPOHHBIM CTPOCHHUEM, TAaKWE KaK SHEprus
MOHU3aLIMU, CPOJCTBO K AJIEKTPOHY.

Ounepeus, nHeobxooumas 0ns OMpwvléa JIEKMPOHA OM aAmomd, Ha3bIBACTCS
sneprueid monusaumu (E,). B pesynprare moHu3anmu atoMm MpeBpallaeTcs B
TOJIOKUTENBHO 3apsukeHHblil noH I’—e—D". E, BBIpaKaeTcsi B 3IEKTPOH-BOIBTAX
(®B) u saBnseTcs MepoW GoccmanosumenbHOU cnocooHocmu diaeMeHTa. Yem
MeHble E,, TeM cuibHee BbIpa)keHa BOCCTAHOBUTEIbHASL CIIOCOOHOCTh AJIEMEHTA.

VY snemMeHTOoB OJHOI'O M TOI'O K€ IICpHOoJa IIpH IICPpEXoac 0T MCIOYHOI0 MCTAJlJIa K



0JIarOpoAHOMY Tra3y 3apsii sApa IMOCTEIEHHO BO3PACTAET, a pPaJUyC aroma
yMmeHblaercs. [loaTomy 5HEprusi MOHM3ALMHU IOCTEIIEHHO YBEIWYUBAETCS, a
BOCCTAHOBUTEJIbHBIE CBOMCTBAa ocjabeBaioT. B rmaBHBIX moArpymnmax ¢
YBEIIMYEHHUEM MOPAIKOBOTO HOMEpaA JJIEMEHTA paguyC aTOMa yBEIMYMBAETCA, a
SHEPrusi MOHU3AIMK YMEHbIIAeTCsA. BoccTaHOBUTENbHAs AKTUBHOCTH S- U P-
AJIEMEHTOB yBeJIMUYMBAaeTCs. B MOOOYHBIX TOArpyNIax TMpUd  YBEIUYECHUU
HOPSIKOBOTO HOMepa E, yBEIUYMBAeTCs, BOCCTAHOBUTENIbHAS aKTUBHOCTH O-
AJIEMEHTOB MMOHUKAETCS.

Duepeus, 6vlOeNAIOWAACS NPU NPUCOCOUHEHUU IIEeKMPOHA K amomy ¢
npespawjeHuem e2o 8 OMmpuyamelbHuili UoH, Ha3bIBACTCSI CPOACTBOM K JIEKTPOHY
(Ee). Dte—D . E. Bbelpaxkaercs B 5B u sBigeTcss Mepoill OKHCIUTEIbHON
criocoOHocTH neMenTa. YeMm Ooubiiie E., TeM cuibHee BbIpaKeHbl OKUCIUTEIbHBIC
cBoiicTBa 3ieMeHTa. C yBeIMYEHHUEM MOPAIKOBOIO HoMmepa snemeHTta E. mo
nepuojaM BO3pACTaeT, MO rpynmnaM ymeHbinaercs. HambonblmiuM CpoJaCcTBOM K
ANEKTPOHY o00JanarT ¢GTop, KUCIOpOI, XJop. OHU Ke SBISIOTCS U CaMUMU

CHJIBHBIMH OKHCIHUTCIISIMU.

Mpumepsbi peweHus 3aday

IHpumep 3.1. Kakyro BBICIIYIO U HU3LIYIO CTEIIEHU OKUCIECHHUS TPOSBISIOT
dbochop, cepa, xsmop? CocraBpTe (POpMYBI COCIUHEHUN IaHHBIX JJIEMEHTOB,
OTBEYAIOIINX ITUM CTEIIEHSAM OKUCIICHUS.

Pemenue. JlanHbIe 3JIEMEHTBHI HaxomsaTcs cooTBeTcTBeHHO B VA, VIA,
VIIA-rpynmax ¥ UMEIOT  DJIEKTPOHHYIO  KOHQUIYpaluuiO  BHEIIHETro
SHEepreTHdeckoro yposHs 3s°3p°; 3s°3p*; 3s%3p°.

Tabnuya 3.1.Cmenenu oxucnenus gocgopa, cepwi, xnopa

CrernieHb OKUCIIEHUS
OIeMEHT Coenunenus
BBICILIAS HU3IIAasa
P +5 -3 Hs;PO,; PH;
S +6 -2 SOs;; Na,S
Cl +7 -1 HCIO,; HCI

I[J'ISI OOJBIIMHCTBA DJJIEMEHTOB TJIaBHBIX IMOATPYIIII BLBICIIASA CTCIICHB

OKHCJICHMA paBHAa HOMCPY I'PYIIIIbI, B KOTOpOﬁ HaxoauTcCsa JJIEMCHT, a HHU3IIasa




CTeNeHb OKHCIIeHHs paBHa pasHoctH N-8, rme N — Homep rpynmel. OTBEeT Ha
BOIIPOC 3aJ1auu CM. B TabI. 3.1.

IIpumep 3.2. Ha kakoM OCHOBaHHMHM MapraHel; ¥ OpoM pacrojOKEHbI B
onHoM nepuoje (4), onnoit VII rpynme, Ho pa3Hbix noarpynnax — A u B?

Pemenne. OnexTpoHHas KoH(Urypalus aTOMOB MapraHua u Opoma
COOTBETCTBEHHO — 2sMN [Ar]3d°4s?; 35Br [Ar]4s?4p°. KoamdecTBo 3aI0HSIOLIIXCS
HPHEPreTUYECKUX YPOBHEH B aTOMaX YKa3aHHBIX AJIEMEHTOB PaBHO 4, 3HAUUT 3TO
aneMeHThl 4 nepuona. Cymma BaJ€HTHBIX 3JIEKTPOHOB Y Ka)KJO0Tr0 aToMa paBHa 7,
cienoBarenbHo, 3T0 3iemMeHThl VIl rpynmnel. Ho BajleHTHBIE 3JIEKTPOHBI aroma
MapraHiia pacrojiOKeHbl Ha 4S-TIOAypOBHE BHEIMIHETO ©  O-MOaypoBHE
IPE/IBHEIIHETO YPOBHS, 3HAYUT, 3TO O-3JIEMEHT W pACIOJIOKEH B IMOOOYHOI
noarpynne (B). BanenTHble 37eKTpoHBI aToMa OpoMa HaxoAsTcs Ha P- U S-
IIOJYPOBHSX BHEIIHETO YpoBHsA. Ce10BaTENbHO, 3TO P-3JIEMEHT U PACIIOIOKEH B
rJ1aBHOM moArpynme (A).

Ipumep 3.3. Y Kakoro u3 3J1€MEHTOB YETBEPTOrO MEPUOJIa — BAaHAIUS WU
MBIIIbSIKA — CWJIBHEE BBIPAKEHbI MeETauIMYecKue cBoicTBa? Kakoil w3 3THX
3JIEMEHTOB 00pa3yeT ra3000pa3HOe COEANHEHUE C BOJOPOIOM?

Pemenne. DJEKTpOHHBIE KOHQUIypalldd aTOMOB JAHHBIX 3JEMEHTOB
2V [Ar]3d4s%; 53As [Ar]4s’4p’. Banammit — d-smement VB-rpymisl, a MBIIMIBSIK —
p-anemenT VA-rpynnsl. Ha BHENIHEM 3HEPreTMYecKOM YpOBHE Y aToMa BaHaIHs
JBa 3JICKTPOHA, a y aTOMa MbIIbIKA — MATh. [IpuHAANIEKHOCTH 3JEMEHTa K
MeTajulaM WM HEMETaJulaM ONpENENsAeTCs, B OCHOBHOM, YHMCJIOM 3JIEKTPOHOB Ha
BHEIIHEM JHEPreTHYECKOM YPOBHE. ATOMBI METAJUIOB HAa BHEUIHEM YpPOBHE
cogepxkat 1-2, pexe 3 oanekTpoHa. MeTamibl  OPOSIBISIIOT — TOJBKO
BOCCTAHOBUTEJbHBIE CBOMCTBA M, OTJaBas CBOM DJJEKTPOHBI, MEPEXOIAT B
IIOJIOXKUTENIBHO 3apsDKEHHBbIE MOHBI. OTpULATENBHO 3apSKEHHBIX HOHOB METAJLIBI
He 00pa3yroT. ATOMbI HEMETAJUIOB Ha BHEIIHEM JHEPreTHUYECKOM YPOBHE HMEIOT
4-7 snextpoHOB. OHM MOTYT KaK INPUHUMATH 3JIEKTPOHBI, T. €. BBICTYIIAaTh B
KaueCTBE OKHUCIIUTENEH, TaK U OTJABATh JEKTPOHBI, T. €. ObITh BOCCTAHOBUTEIISIMHU.
Y  HeMerayuioB  OKMUCIUTEIbHAs  (QYHKUMS  BbIpaXX€HAa  CHJIbHEE, YeM
BOCCTAaHOBUTENIbHASA. ATOMBI HEMETAJIOB 00Pa3ylOT OTPULIATEIBHO 3apsKEHHbIC
noHbl. TakuMm o00pa3oM, BaHAAWK, KaK M BCE MeETaUIbl, O00JIaJIaeT TOJIBKO
BOCCTAaHOBUTEJILHBIMU CBOMCTBAMH, TOTJIa KaK JJIsl MbILIbsiKa 00jiee CBOMCTBEHHbI
okuciautenbHble (QyHkuuu. OOmEld 3aKOHOMEPHOCTBbIO JMJi BCEX TIPyIIl,

CoZiepKalMX p- U d-3JIEMEHTBI, SBJSICTCS MPeo0IIaJaHie METALTHYECKUX CBOMCTB



y d-anemenToB. CienoBareabHO, METALTHYECKAE CBOMCTBA Y BaHAIWS BBIPAKCHEI
CWIbHEe, YeM y Mbllibsika. ['a3000pa3Hoe coelMHEHHE C BOJOpPOJAOM 00pasyer
HEMeTAIUT MBILIBSIK (AS “Hj).

IIpumep 3.4. Berunucianre MOJSPHYIO MacCy U Ha30BUTE JIEMEHT, BBICUIUI
OKCHJ KOTOporo oTBedaeT dopmysne D03, o0pa3yeT ¢ BOAOPOJAOM Tra3oo0pa3HOe
COEJIMHEHHE, MaccoBas J10Ji1 BOJopoAa B KoTopoMm 1,54%.

Pemenue. Boluuciaum cojaepikanue dJeMEHTa B TUIAPHUIE, NMPUHAB Maccy
rugpuaa 3a 100%: 100 — 1,54 = 98,46%, T. €. Ha 98,46 yacTeld Macchl JIEMEHTA
npuxoautcs 1,54 yacteil maccsl Bogopoaa uinu Ha 98,46 T aneMeHTa NpUXOIUTCs
1,54 r Bogopona. 3Hasi, 4TO MOJISIpHAasi Macca HKBUBAJICHTOB BOJAOpoOAa paBHa 1
I/MOJIb, OINpPENEIUM MOJIIPHYIO MacCy SKBHBAJIECHTOB JJIEMEHTAa B THAPUAE IO
3aKOHY SKBHBAJICHTOB:

Moz-ma _ Mokorma) 98,46 Mok (va-ma) |

m, Mok®H) ' 154 1 5 My (o-ma) = 63,9 r/MOIIB.

DOneMeHT oOpaszyetr Bbiciiuii okcupa D0s, clenoBarelibHO, OH Haxomutcs B VI
rpynmne. Ero BeICIIasi CTENEHb OKUCICHUSI B COCIMHEHUU C KHUCIOpoJoM +6, a

HU3IIAsg — B COEAMHEHUH C BOJOpoAoM —2. Haxoamm MoJsipHYIO Maccy 3JeMeHTa

U3 COOTHOLIEHUS. Mbpok=

| 5 M = 63,92 = 127,8 r/mMonb. CienoBaTelIbHO,
C.0.

HMCKOMas MOJIsIpHasi Macca ajeMenTa 127,8, a aieMeHT — TeJutyp.

4. SHep2emuka u HanpaesieHUe XUMU4YeCKUX Npoyeccoe

XUMHUUYECKHE PEAKIHUHU COMPOBOXKAAIOTCS BBIACICHUEM WM TOMJIOMIEHUEM
TEIUIOThl. Peakyuu, npomexarowue ¢ 8vloeieHUEM MENIOmMbvl 8 OKPYHCAIOUVIO
cpedy, Ha3BIBAIOTCS HJK30TEPMUYECKHUMM, a C HO2IOUjeHueM meniomosl —
IHAOTEPMUUYECKUMH. Konuuecmeo mennomsl, Komopoe 6vidensiemcs Uil
noziowaemcs npu XumMuyeckou peaxyuu, HA3bIBAETCA TeIJIOBBIM 3(ppekTom
peaKkumu.

TennoBo#t 3ddexT peakimu, mpoTeKaroiei B ycIoBusx p=const, T=const,
paBeH Wu3MEHEHHIO0 HSHTanblmuu cucteMbl AH wu usmepsercs B k/lx. Ilpu
AK30TEPMUYECKON pEeaKIUU SHTAIBNNSA cucTeMbl yMeHblnaeTcss u AH < 0, a nipu

DHAOTEPMHUYECKON — IHTAIBIINA CUCTEMBI yBennunBaeTcss 1 AH > 0.



Ecnu  ucxoonvie e6ewecmeéa u npooykmul peakyuu  HAXo0amcs 8
CMAHOAPMHOM COCMOSIHUU, MO IHMAIbAUID peaKyuy Ha3bIBAlOT CTAHJAAPTHON U
o6o3nauator AH’ wm AH%gg. BepxHuil MHAEKC OTBEYAET CTAaHIAPTHOMY
nasnennto (101kIla), HUXKHHMI UHIEKC COOTBETCTBYET CTAaHJAAPTHOUN TemmepaType,
IIPUHATOM 110 MEKIyHAPOJIHOMY COTJIAIIEHMIO, paBHOM 298 K.

Ypasuenus xumuueckux peaxyuii, 6 KOMOPLIX VYKA3AHbl UZMEHEHUs.
sHmanvnuu (meniosvie 3hgdexmol peaxyuii), HA3bIBAIOTCS TEPMOXUMUYECKUMHU.

Hampumep, TepMoOXUMHUYECKOE YPAaBHEHUE:
Nar)+ 3H, (1) = 2NH3 (r),  AH, =-92, 4 xJIx.

MoKa3bIBaeT, yTo npu B3aumoneicteun 1 monb N, u 3 mons H, oGpasyercs 2
Mosib NH3 u BeII€NII€TCA KOTMYECTBO TEIUIOTHI, paBHOE 92, 4 KJIK.

B ocHOBe TEpMOXMMHMYECKHX pacueToB JISKUT 3aKoH I'ecca: mennosoti
aghghexm xumuueckou peaxyuu 3a8UCUmM MOJIbKO OM HAYANbHO2O0 U KOHEYHO20
COCMOsAHUS 8ewecms U He 3ABUCUM OM NPOMEINCYMOUYHbIX CMAOUll npoyeccd.
YacTo B TEPMOXMMHUYECKUX pacueTax MPUMEHSIOT cjielcTBHe U3 3akoHa ['ecca:
OHMANLAUSA XUMUYECKOU peakyuu  pasHa cymMme OSHMANbNUL — 00pa308aHus
NPOOYKMOB pDeaKkyuu 3d 6blYemOoM CYMMbl IHMALLAUL 00PA308AHUSL UCXOOHBIX
seujecma ¢ yyemom cmexuomempuueckux Kosgguyuenmos peaxyuu. Hanpumep,

cTaHaapTHas SHTanbnus peakiun aA+bB=cC+dD paccuuteiBaeTcs no gpopmyie:
AH’, ;= (cAH c+ dAH D) — (AH A+ bAH ),

20e AfHO — CTaHJapTHas SHTAJBIHA 00pa30BaHUs COCTUHCHHMS.

CraHaapTHOil JHTajJbNUell 00pa3oBaHMsl  HA3BIBACTCA CMAHOAPMHAS
SHMANLNUA peakyuu o0pazosanus 1 MoIb CLONHCHO20 Gewecmed U3 Npocmvlx
sewecms, ycmouuugvix npu 298 K u oaenenuu 101 xlla. O06o3HavaeTcs AfHoggg
nm A (temmeparypy 298 K MOXKHO OnmycTrTh), H3MepsieTcs B KJDx/momb. AH’
MIPOCTHIX BEIIECTB PaBHA HYIIIO.

Hanpaesnenue npomekanusi xumuueckou peaxyuu OIPEIETSCT IHEPrusi
I'uooca (AG). Ilpu p=const, T=const peaxius camMOIPOU3BOILHO MIPOTEKAET B
TOM HAIpaBJIEHUU, KOTOPOMY OTBedaeT yObuib sHepruu ['nbdoca. Ecniu AG < 0, To
peakmus caMONPOU3BOJIBHO MPOTEKAET B MpsAMOM HampasieHuu. Ecim AG > 0, To
CaMOITPOM3BOJIBHOE MPOTEKAHUE IIpoIiecca B MPSMOM HANpPABICHUHA HEBO3MOXKHO.
Ecmu AG = 0, To peakius MOXKET IPOTEKaTh Kak B MPSMOM HaIlpaBJIECHUH, TaK U B

0OpaTHOM U CHUCTE€Ma HaXOJUTCS B COCTOSHMM paBHOBecus. M3menenue AG,, He



3aBUCHUT OT ITyTH MPOIIECCa U MOXKET OBITh PACCUUTAHO TIO CIICJCTBUIO M3 3aKOHA
I'ecca: usmenenue snepeuu [ub6ca B pe3ylbTare XHUMHYECKOH DPEAKIMH pPABHO
cymme ouepeuil 1'ubbca obpazosanusi NpoOyKmo8 peakyuu 3a 8blYemoM CYMMbl
onepeutt  lTubbca  06pazoeanus  UCXOOHBIX  GeujeCms ¢  YYyemom
cmexuomempu4eckux KodQphuyuenmos. Hanpumep, cranmaptHas 3Heprus

I'n66ca peakiuu aA + bB = ¢C + dD paccuuthiBactes o hopmysie:
AG’, = (cAG +dAG) — (aAG A + bAG ),

rae A{G’~ cranmaprHas sHeprus ['n66ca 06pasoBaHust BemecTBa. OHa OTHOCHTCS
kK 1 Monp BemecTBa u u3Mepsiercss B kJlx/monb. DHeprus ['n66ca obpazoBaHus
IIPOCTBIX BEIIECTB PaBHA HYJIIO. AGOX.p MMEET Ty JK€ Pa3MEpPHOCTb, YTO H
AHTANBINS, ¥ TIOATOMY OOBIYHO BhIpaXkaeTcs B KJ[K.

N3menenue cranaapTHoil »Hepruu ['mOOca XHMMHUYECKOW PEaKIMU MOXKET

6I>ITI> TAaKIKC BBIYHUCJICHO IIO YPABHCHHIO:
0 - 0 0
AG X.p. AH Xp TAS X.p. 1

rae T — abcontoTHas Temmeparypa, ASOX,p, — U3MEHEHUE SHTPOIUHU.

DHTPONUS — AG/IAEMCA MEPOU HEYNOPAOOYEHHOCMU COCMOAHUS CUCEMDL.
OHTpOMNUs — 3TO CTPEMJICHUE YacTHILl (MOJIEKYJ, HIOHOB, aTOMOB) K XaOTUYECKOMY
JBUKEHHIO, @ CUCTEMbl — K IEPEXoay OT 0ojee YMOpsIOUYEHHOTO COCTOSIHHS K
MEHEe YNOPSAOYEHHOMY. ODHTPONMS BO3PACTAET C YBEJIMYEHUEM JIBHOKCHUS
YaCTHUI: MpU HArpeBaHWM, WCHAPEHUH, IUIABJIICHUH, PACIIMPEHHH Ta3a, MpHu
ocnabJeHUH WIK pa3pbiBe CBsI3el MEXIy aromamu U T.1. [Iporiecchl, CBA3aHHBIE C
YIOPSATOYCHHOCTHIO  CUCTEMBI  (KOHJEHCALMS, KPUCTAIU3AIMS,  CXKAaTHE,
YOPOYHEHUE  CBsI3€d, IMOJMMEpU3alusl), CONPOBOXKAAKTCA  YMEHBLIICHUEM
sHTponuu. U3mepsercs suTponus B Jx/Monb-K.

Hsmenenue swmponuu cucmemsvl B pe3yJbTaTe MPOTEKAaHUS XHUMHUYECKOM
peakmu (AS) (SHTPOIIHS PEAKITUHN) PABHO CYMMe IHMPONULL NPOOYKMOE pPearyuu
3a  8vluemom CYMMbl  OHMPONUU  UCXOOHbIX — Gewecms C  YYyemom
cmexuomempuieckux Koagguyuenmos. VI3MeHeHHE HHTPONMM B pe3yJbTaTe

npoTeKaHus XuMudeckoi peakiuu aA + bB = c¢C + dD paBho:
ASOX.p.z (CSOC + dSOD)— (a.SOA + bSO B)

[Ipr XMMHUYECKOM B3aUMOJICCTBUU OJTHOBPEMEHHO M3MEHSETCS SHTANIBIINS,
XapakTepu3yolllasi  CTPEMJICHME CHCTEMbl K  TIOPSAIAKY, W DHTPONUS,

XapakTepu3yroIlas CTpEeMJICHHE CUCTEMbl K Oecmopsaky. Ecnu TeHaeHIMH K



0 0
HOPSAAKY M OECIOpsIKYy B cMCTeMe OJMHAKOBBL, To AH" , = TAS', .., uTo siBNgETCA
YCIIOBUEM PABHOBECHOT'O COCTOSIHUS cHCTeMbl. Eciu mpeHeOpedb HM3MEHCHHSMU
0 0

AH%, m AS%, c yBeIMYEHHMEM TEMIIEPATYpbl, TO MOKHO OIPEIECIUTH
TEMIIEPATypy, IPU KOTOPOM YCTAHABJIMBAECTCA PABHOBECHE XMMHUYECKOU PEaKIUU
JUISL CTAHJAPTHOTO COCTOSTHUSI PEAr€HTOB
= AH%.p.

AS% p.

TpaBH.

lNMpumepsbi peweHust 3ada4y

[Ipun pemeHun 3amad 3TOTO paszfenia claeayeT MoJb30BaThes Tadm. 1
MIPUIIOKECHUSL.

Ipumep 4.1. Beprunciure  TemwioBol  3hdexkT W HaNUIIUTe
TEPMOXUMHUYECKOE YPAaBHEHHUE pPEAKLUU TOPEHUS alleTWICHA, B pPE3yJbTare
KOTOpOM 00pa3yroTcsi mapbl BOJAbI M JIUOKCHA yriiepoaa. CKOJIBKO TErIOThI
BbIACNIUTCA ITpU cropanuu 10 i1 anerunena (H.y.)?

Pemenue. Peakiyst ropeHus aneTuiieHa NpOTEKaeT 10 YPaBHEHUIO:

CoHy(r) + 5720, (r)=2COy(r) + H,O(r)
[Tonp3ysick cnencTBueM U3 3akoHa ['ecca W cpaBOYHBIMU JAHHBIMH M3 Tali.1,

BBIYUCIISIEM TETUIOBOM d(DPEKT 3TON peakiuu:

AH % = (2AH “co+ AH “i0) — (AH °can + 5Y2AH °0)

AH’, , = [2(-393,5)+ (-241,8)] - (226,8+ 5Y5-0)= — 1255,6 ]I
TepMoXUMHUYECKOE YPaBHEHUE PEAKIIMK TOPEHUS alleTHUIICHA UMEET BU/I:

C,Hy(r) + 5%20; ()= 2COy(r) + H,O(r), AHOX.p, =—1255,6 xJIx
TennoBoi 3¢ (pexT 0OBIYHO OTHOCAT K OJHOMY MOJIIO BenlecTBa. CieaoBaTelbHo,
npu cxurannu 1 mons CoH, Beigensiercs 1255,6 k/[x. OmHako, 1O yCIOBHIO
3amaun ckuraercs 10 1 anermiena, uro cocrasisier 10 / 22,4 = 0,446 mons CoH,,
rae 22,4 n/Monb — MOJIBHBIM 00BbeM JF000TO raza MpU HOPMAIBHBIX YCIOBHUSX.
Takum oOpaszom, mpu cropanuu 0,446 mone (10 m) C,H, Beymenurcs 0,446-(—
1255,6) = —560 k/Ix TErIOTHI.

Ipumep 4.2. Peakuus unet no ypaBuenuto Fe,0; + 2Al = 2Fe + Al,Os.
[Ipu BoccTanoBnenun 48 r Fe,03; Boigensercs 256,1 kJx TernoTel. Berunucoure

TEII0BOM (D PEKT peakivu U CTaHAAPTHYIO SHTAIBINIO 0O0pa3oBaHus Fe,0s.



Pemenue. Yucno moneit Fe,03, conepxammxcs B 48 T Fe,03, cocTaBnsier
48 /160 = 0,3 momb, rae 160 r/mMmons — MomsipHas macca Fe,03. Tak kak TeroBoi
s deKT OTHOCAT K 1 MOJIb BellecTBa, TO TEIUIOBOH (G (EKT TaHHON peakIuy paBeH
-256,1 / 0,3 = —853,7 k/lx. 3anumem TEpMOXUMHUYECKOE YPaBHEHUE ITOM
peakiuu
Fe,0s + 2Al = 2Fe + Al,0s5,  AH,,=-853,8 kI

dopmyia 11t pacueTa TerioBoro 3G dexra JTaHHON peakui UMeeT BU/:
AH’ , = (2AH ke + AH °anos) — (AH °re0s+ 2AH ), otctona naxomum AH %keo;
AH ° per00, = 2AH %k + AH °aros — 2AH %6 — AH %y,
[Tocie moaCTaHOBKY CITPAaBOYHBIX TAHHBIX U3 TabJ. 1 momydaem
AH ° fer0s = 2-0 — 1676 — 2-0 + 853,8 = —822.2 kJIk/MOJIB
Takum o6pa3zom, TertoBoit 3pdexT peakumu paBeH —853,8 kJIx, a AH Opegog

coctapisieT —822,2 kJ[>k/MOJIb.

IIpumep 4.3. Vcxona U3 TEPMOXUMUYECKUX YPABHEHUI

Hay(r) + Oy(r) = HyO,(%), AH %3y =187 xJlx (1)
H,0,0x) + Ho(r) = 2H,0(r),  AH %= 297 xJIx (2)
H,O(r) = H,O(x), AH %g= — 44 ]Ik, (3)

paccuMTaiiTe 3HAUeHHE CTaHIaPTHOW SHTANBINU peakiuu oopazoBanus H,O(x).

Pemenue. 3anuiieM ypaBHEHUE peaklnu, TEIIOBOM 3P (HEKT KOTOPOit
HeoOxoauMo onpeneanTh. Hy(r) + 720,(r) = HO(x), AHO(4) —? 4)

B ypasuenus (1), (2), (3) Bxonar H,O; (x) u H,O (1), KoTOpbIE HE BXOAAT B
ypaBHeHue (4). YtoObI UCKITIOUUTH UX U3 ypaBHenui (1), (2), (3), yMHOKUM
ypaBHeHue (3) Ha 2 ¥ CJIO)KUM BCE TPU YPABHCHUS

Ha(r) + Oa(r) + HaO2(x)+ Ha(r) + 2 HO(r) = Ho05(x) + 2H,0(r) + 2H,0(%)
()

[Tocne mpeoOpazoBanusi ypaBHEHUs (5) W JEJNEHHS €ro Ha 2 MoJydaeM
UCKOMOE ypaBHEHHE (4). AHaJOrMYHBbIE JEUCTBUSA MPOJEIAeM C TEIJIOBBIMU
AH®@w) + AH2) + AH 3) - 2

2

B pesynbTare MoaydaeM: —187- 237 —44-2 _ g6 Jiox; T.e. AH 1000 PaBHA

s dexramu: = AH%@).

—286K]1>x/MOb.



IIpumep 4.4. Omnpenenure Temneparypy, HpU KOTOPOW YCTaHOBHUTCS
paBHoBecue B cucteme CaCOj3 (k) = CaO(x) + CO, (1) .

Pemenune. [l omnpeneneHus Temrmeparypbl, MPU KOTOPOM YCTAHOBUTCS

0
PaBHOBECHE, BOCIOJIL3YEMCS ypaBHEHUEM: Tpapy = AH XP.  Jlng 3TOrO CHavasia
AS% p.

BBIYHCIISIEM AHOX,p, u ASOX,p, o dopmynam:
AH Ox.p. = (AH a0 + AH °cor) — AH Pcacos,
ASox.p. = (SOCaO + SOCOZ)_ SOCaCOa

Hcnonb3ys cipaBoyHbIe TaHHbIE U3 Ta0I. 1, momyyaem
AH®, , = [-635,5 + (-393,5)] — (-1207,1) = 178,1 ]I,
ASOX,p, = (39,7 + 213,7) — 92,9 = 160,5 /K unu 0,1605 /K
Orcrona, Temneparypa, npu KOTOpOH yCTaHABJIMBACTCS PABHOBECHE!
Tpass = 178,1/0,1605 = 1109,5 K
IIpumep 4.5. Beruuciute AH Ox,p, AS Ox,p. u AG %5 peaKkIuu, NpoTeKaroen
110 YpaBHEHUIO: Fe,O3(x) + 3C(x) = 2Fe(x) + 3CO(r).
Bo3moskHa i peaknus BocctanoBiaeHus Fe,03; yriaepoaom mpu temmeparype 298
n 1000 K? 3aBucumocTsio AHOX.p, 5 ASOX,p OT TeMIIepaTypbl IpeHeOpeYb.
Pemenne. Brruucnsem AHOX.p. " ASOX.p,
AH’, , = (3AH °co+ 2AH %ke) — (AH %kecos + 3AH ° )
AHoxlp; [3(-110,5) +2-0] — [-822,2 + 3-0] =-331,5 + 822,2 = +490,7 x/Ik;
AS%, = (2S% +35°co) — (S Feros + 35%)
AS°’, p=1(2-27,243-197,5) — (89,9 + 3-5,7) = 539.,9 Ixx/K nmm 0,540 x/Ix/K
Ouepruto ['mb0ca mpu COOTBETCTBYIOIIMX TEMIIEpaTypax HAXOIUM U3

COOTHOIIICHUS
AG®, ,=AH’,, — TAS’,,
AG%595 = 490,7 — 298-0,540 = +329,8 kJ[x
AG000 = 490,7 — 1000-0,540 = —49,3 xJIx
Tak kak AGYg > 0, a AG%po < 0, To Boccranosienue Fe,0; yTIIEpOAOM

Bo3MOxHO 1pu 1000 K 1 HeBo3moxkHO 1ipu 298 K.



5. Xumu4eckasi KuHemuKa u pagHoeecue

XuMHueckasi KUHETUKa — pasfie] XUMHUM, HW3Y4alolluid CKOpPOCTh U
MEXaHU3M XUMHUYEeCKuX peakinii. CKOpOCThI0 XMMU4YECKOH peaKkIuu Ha3bIBAIOT
UsMeHeHue Koauyecmea eewecmea 6 eOUHUyy epemeHu 8 eouHuye odvema (0
2OMOCEHHbIX peakyuil) ui Ha eouHuye nogepxHocmu pazoeia ¢az (014
eemepoeennvix peakyuii). CKOpOCTb PEaKIIMU 3aBUCUT OT MPUPOJILI Pearupyrommx
BEILIECTB, UX KOHIICHTPAILIUU, TEMIIEPATYPhI, IPUCYTCTBUS KaTAIU3aTOPOB.

3aBUCUMOCTh CKOPOCTH PEaKIMU OT KOHIICHTPALIUU BHIPAXKAETCS 3aKOHOM
JAeHCTBHA MACC: NpU NOCMOSHHOU meMnepamype CKOpoCmy XUMUYECKOU peakyuu
NPAMO NPONOPYUOHATLHA NPOU3BEOEHUI0 KOHYEHMPAYUL peazupyrouux eeuecms.
Jns peakuuu NA + mB = gAB maremaTtnueckoe BbIpa)K€HUE 3aKOHA JIEUCTBUS
Macc UMeeT BUJT

v =xC An CB m ,
rjae V — ckopocTh xumudeckoit peakuuu; C, 1 Cg — KOHIICHTpALUUA Pearupyromux
BEIIECTB; N, M — K03 (HUIMECHTH B YPAaBHECHUH PEAKIIUN; K — KOHCTaHTa CKOPOCTH
peakiuuu. 3HAYEHUE KOHCTAaHThl CKOPOCTH HE 3aBUCUT OT KOHIICHTpAllUU
pearnpyronux BEMIECTB, a 3aBUCUT OT UX MPHUPOIBI U TEMITEPATYPHI.

B ciydae reTeporeHHpIX peakinii KOHIICHTPAIIMHA BEMIECTB, HAXOIAIINXCS B
TBepZoi (haze, OOBIYHO HE H3MEHSIOTCS B XOJI€ pEaKIUuu W TOITOMY HeE
BKJIIOYAIOTCS B ypaBHEHUE 3aKOHA JeHCTBUA Macc. Hampumep, s peaxiuu
TOpeHus yriaepoaa

C (¥) + Oz(r) = COx(r) 3aK0H JeHCTBUs Macc 3anuuieTces Tak: V =k Cg,

[Ipu mOBBIIIEHNUN TEMIEPATYPBI CKOPOCTh XUMUYECKUX PEAKITUI
yBenunuuBaeT-csi. CornacHo npasuity Bant-TI'opda: npu noswviwenuu

memnepamypul Ha 10 epadycos ckopocms peaxkyuu yeeauuusaemcs 8 2-4 pasa

TZ_Tl
_2 _ 10

rae V, U Vi — CKOPOCTh peakuuu npu temneparypax T, u Tp; y — TemneparypHbii
KOO(Q(PUIIMEHT CKOPOCTH  peakKIMH, TOKa3bIBAIOIIMA, BO CKOJIBKO  pa3
YBEIIMYMBACTCA CKOPOCTh pEaKIMM TIPU TOBBIICHUH TeMieparypsl Ha 10
IpaycoB.

XUMUYECKHE peakluu JeIsITCI Ha HeoOpaTuMble HW  OOpaTUMBIE.

HeobOpatuMmeblie peakiuy mpoTeKaroT TOJIBKO B IPSIMOM HAIPABJICHUH — JI0 TIOJIHOTO



M3pACXOJIOBAaHUS OJHOTO W3 pearupyrommx BemecTB. OOpaTuMple peakuu
MPOTEKAIOT KaK B MPSAMOM, TaK U B 0OpaTHOM HAaMpaBJICHUSX, IIPU 3TOM HU OJTHO
U3 pearupyroumx BEMIeCTB HE paCX0IyeTCs TOJHOCTBIO.

Cocmosinue obpamumo2o npoyecca, npu KOmMOPOM CKOPOCMU HPAMOU U
obpamuou  peakyuu  paeHvl, HA3BIBACTCSI XMMHUYECKHM PaBHOBECHEM.
Konyenmpayuu peacupyrowux eewecms, Komopbvle YCMAHABIUBAIOMCA NpPU
XUMUYECKOM paeHOGecul, HA3bIBAIOTCA PABHOBECHBIMM. /[11 00pamumbix
npoyeccog 3aKOH JeHCTBUS MAacC MOXET ObIThb CPOPMYIIUPOBAH B CIEIYIOUIEM
BUJIE: OMHOUIEHUE NPOU3BEOEHUS] KOHYEHMPAaYUll NPOOYKMO8 PeaKyuu 6 Cmenemsx,
PABHBIX CIeXUOMempuiecKum Koagguyuenmam, K npou3gedeHuro KoHyeHmpayuil
UCXOOHbBIX 8eUeCms 8 CIeneHsX, pagHblX CMexuoMempudeckum Kodgpuyuenman,
SABNAEMCS BeIUUUHOU NOCMOSHHOU Npu OAHHOU memnepamype. ITa BeIWYHHA
Ha3bIBAE€TCSd KOHCTAHTON paBHOBecHsl. PaBHOBECHBIE KOHIIEHTpPAUUU IPUHATO
o0o3HauaTh He cuMmBoiIOoM «C», a Qopmysnoil BeliecTBa, NOMEIICHHOH B
KBaJIpaTHbIE CKOOKH, HaIrpumep, Ci = [A]Z, a KOHCTaHTy paBHOBECH,
BbIpakaeMyto uepe3 KoHueHTpauun — Ke. Jlins oopatumoint peakuuu

aA+bB = dD+fF
MaTeMaTUYECKOE BBIPAXKEHHUE 3aKOHA JIEUCTBUSA MacC UMEET BUJ
_ [DI[FT
© [AT[BP
Ecam peakuusi mpoTekaeT MeEXIy Tra3aMH, TO BMECTO KOHIIEHTpauuid MOKHO
MOJIb30BaThCS MAPLIMAIBHBIM JaBJICHUEM Ta30B, U KOHCTAHTAa PABHOBECHUS B ATOM
ciyyae 00o3HavaeTcsi CMMBOJIOM Kp.
. PP
P pa Pb
ATB
Kp n Kc cBsa3anbl Mexnmy coboii coornomennmeM Kp = Ke (RT)™, rme R-
yYHHUBEpcallbHas ra3oBas mocrosiHHast, paBHas 8,314 Jx/ monb-K; T— abcomoTHas
TeMmrneparypa; Av — pa3HOCTh MEXJIY YHUCIOM MOJieH ra3000pa3HbIX BEIECTB B
npaBoil 1 1eBoM vacTsax ypasHeHus. Hanpumep, mist peakuun N, + 3H, = 2NH;
Av=2-4=-2 Kp=Kc (RT)?
B peaknusx, nmpotekaroniux 6e3 usmenenust oorema, Kp = K.

XUMUYECKOE PAaBHOBECHUE OCTAETCSI HEU3MEHHBIM JI0 TEX IOP, TOKA YCIOBHUS

PaBHOBECHS, TPU KOTOPBIX OHO YCTAaHOBUJIOCH, COXPAHSIIOTCS MOCTOSIHHBIMU. [Ipu

HU3MCHCHUU yCHOBI/Iﬁ paBHOBECHUA TIIpiAMasad U O6paTHa$I pe€aKkuuss Ha4YUHAIOT



MPOTEKaTh C PA3HBIMU CKOPOCTSIMH M paBHOBeCHE HapymiaeTcs. Uepe3 HeKoTopoe
BpEeMsI CKOPOCTH TPSIMOM W OOpaTHOW PEakIuu CPaBHSIOTCS M B CHCTEME BHOBB
HACTYITUT paBHOBECHE, HO YK€ C HOBBIMH PAaBHOBECHBIMH KOHIICHTPAIUSIMH BCEX
BellecTB. [lepexod cucmemvl U3 00HO20 PABHOBECHO20 COCMOSHUA 8 OpYy2oe
HA3bIBACTCS CMellleHHeM paBHOBecusi. HampamieHue cMemeHus paBHOBECHS
onpenensercs npuHuunom Jle Ilarenwe. eciu na cucmemy, Haxoosawyrcs 6
pasHogecuu, OKA3bleAMb GHEUIHee B030eliCmeue, Mo pasHosecue cmeuwaemcs 8
HanpaesieHuu, Komopoe ociabisiem 3¢hghexm Heulne2o 8030elcmeaust.

[Ipy yBenwYeHWH KOHIIEHTPAIMM HMCXOTHBIX BEIIECTB WM YMCHBIICHHUH
KOHIICHTpPAIlMU TMPOAYKTOB pPEaKIMK pPaBHOBECHE CMEIIAeTCs B CTOPOHY
MPOJIYKTOB peakiuu. [Ipu yBennueHun KOHLEHTpAIUW MPOAYKTOB PEAKIMHU WU
YMEHBIIICHUU KOHIICHTPALU HMCXOJHBIX BEIIECTB PAaBHOBECHE CMeEIAeTCS B
CTOPOHY MCXOJIHBIX BEIIECTB.

Korma B peaknusx y4acTBYIOT ra3bl, pABHOBECHE MOKET HAPYIIUTHCS TIPH
W3MCHCHUM JaBlieHWs. [lpW yBenWueHWHM MaBJICHHWS B CHCTEME pPaBHOBECHE
CMENIaeTCsl B CTOPOHY PEaKklUu, UAYIIEH ¢ YMEHBIICHHEM YHUCiia MOJICKYJI rasa,
T.€. B CTOPOHY IMOHWXECHUS JaBJICHUS; PU YMEHBILICHUU JABJICHUS PaBHOBECHE
CMENIaeTcsl B CTOPOHY PEaKIuu, WAYIIEH ¢ BO3pacTaHUEM YHUCJIa MOJIEKYJ ra3os,

T.€. B CTOPOHY YBEJIMYEHUSI TABIICHUS.

[Ipy mOBBIIEHHM TEeMIEpPaTypbl PAaBHOBECHE CMEIIACTCS B HAIPaBICHUU

SHAOTEPMUYECKOM, ITPU TOHUKEHUN — B HAIPABJIECHUU SK30TEPMUYECKON PEaKIUU.

lNMpumepsbI peweHust 3ada4y

IIpumep 5.1. Peakuus mexny BemecrBamMu A 1 B BeIpakaeTcsi ypaBHEHUEM
2A + B = D. HauanpHble KOHIIEHTpauu cocTaBisiioT: Cp = 5 Momiw/a, Cg = 3,5
moinb/n. Koncranta ckopoctu paBHa 0,4. Beluuciure CKOpOCTh peakuuu B
Ha4yaJIbHBII MOMEHT U B TOT MOMEHT, KOIJa B PEaKLIMOHHOW CMECH OCTaHETCS
60% BemecTBa A.

Pemenne. [lo 3akoHy neiictBus macc V = «CiC,. B HadajabHBI MOMEHT
ckopocts Vi = 0,4 - 5% - 3,5 = 35. Ilo MCTEYCHHH HEKOTOPOTO BPEMEHH B
peakimoHHoi cMecu octanetrcsi 60% BeliecTBa A, T. €. KOHIICHTpAIUsl BEIIECTBa
A cranet paBHoil 5 - 0,6 = 3 Mosb/1. 3HAYUT, KOHLIEHTpAUs A YMEHBIINIACh Ha

5 —3 =2 monp/n. Tak kak A u B B3auMoaeicTByI0T Mex a1y co00i B COOTHOILIEHUHU



2:1, To KoHUEHTpalMs BemecTsa B ymenbimiack Ha 1 Mok U cTajia paBHOM 3,5 —
1 = 2,5 mous/1. CiiegoBaTensHo, Vo = 0,4 - 32. 25=09.

Ipumep 5.2. IIpu 323 K HekoTopas peakuusi 3akaHuuBaercs 3a 30 c.
Omnpenenure, Kak U3MEHUTCSI CKOPOCTh PEAKIIMU M BpeMs €€ MpoTeKaHus npu 283
K, ecniu TemnepatypHsblil K03()(PUIIMEHT CKOPOCTH PEaKIIUU paBeH 2.

Pemenue. Ilo npasmry Bant-I'ohda HaxomuMm, BO CKOJIBKO pa3 U3MEHUTCS

CKOPOCTh PEaKIUH:

v, T,-Ty 283-323 .
=y 10 _p 10 _o4_ 2
16
CkopocTh peakiuu ymeHblnaercs B 16 pa3. CKOpOCTh peakuMu U BpeMs €€
MPOTEKAHUS CBSI3aHbI oOpatHO MPOTOPLIUOHATIBHON 3aBUCUMOCTBIO.
CrnenmoBarenbHO, BpeMsl MPOTEKaHUs JAHHOW PEaKIMU YBEIWYHUTCS B 16 pa3 u
coctaBut 30 - 16 =480c = 8 MHUH.
IIpumep 5.3. Ilpu Hekotopoii Temmneparype B cucteme Na(r) + 3Hyr) =
2NHj;(r)
paBHOBECHBIE KOHIICHTpaIuu coctaBisu (Mois/n): [N2]= 1,5; [Ha] = 1,7; [NHs] =
2,6.
BrluncnuTe KOHCTAaHTY PaBHOBECHUSI 3TOW PEAKIMM U UCXOJHBIE KOHIICHTPAIUU
a3oTa ¥ BOJOpoJa.
Pemrenune. KoHcTanTa paBHOBECHMsS JAaHHOM PEaKUHUM  BBIPAXKAECTCA

YpaBHEHHEM

__INHP _ @8 _
C [NZ][H2]3 . 110ACTaBJIIA JaHHBIC 3a/1a4M, I1I0JIYy4aCM ~MC 1’5 . (1’7)3

I/ICXOI[HBIG KOHOCHTpAlMK a30Ta W BOJOPOJa HaAXOAMM Ha OCHOBC

ypaBHEeHHS peakiuu. CorjjacHO ypaBHEHHIO peaklMM Ha oOpa3oBaHHE 2 MOJIb
NH; pacxonyercsa 1 monbs N,. ITo ycnoButo 3agaun obpaszoBasiocs 2,6 moiab NHs,
Ha 4TO u3pacxoaoBayioch 1,3 mosib N,. YUuThIBasi paBHOBECHYIO KOHIICHTPAIIUIO
a30Ta, HaxOJUM €ro UcXoaHyr KoHmeHTparuio Cy,= 1,5 + 1,3 = 2,8 moub/1.

[To ypaBHeHwmt0 peakiiuu Ha oOpazoBanue 2 moib NH; HeoOxoaumo 3 Momb
H,, a nns momydenus 2,6 mons NH3 tpebyercest 3-2,6 / 2 = 3,9 mons H,. Ucxonnas
KOHIICHTparus Bogopoaa paBHa Cy,= 1,7 + 3,9 = 5,6 moaw/n. Takum o6pazom, K¢
= 0,92, ucxoaHnlie KOHIIEHTpauK cocTaBsn Cy,= 2,8 Moaw/11, CH,= 5,6 MOJIb/I1.

IIpumep 5.4. Peakums nporekaer mo ypaBHeHutro A + B = D + F.

OHpeJICJII/ITe PAaBHOBCCHBIC KOHLOCHTpAOWH PpCarupyromux BCEIICCTB, CCIIM



UCXOJHbIE KOHIIEHTpaIuu BeuiecTB A U B cooTBeTcTBeHHO paBHbI 2 U 1,2 MoIb/,
a KOHCTaHTa paBHOBecus peakiuu Ke=1.

Pemenne. Tak kak Bce BEIIECTBA B JAHHOM pEaKIMU pPEarupyroT B
OJIMHAKOBBIX ~COOTHOIICHHSIX, O0O3HAYMM HW3MCHCHHUE KOHIICHTPAIUU BCEX
pearupyromux Bemects 4epe3 X. K MOMEHTY yCTaHOBJIGHUS pPaBHOBECHSI
obpaszoBasiock x Moiib D u x monbs F u coorBerctBenno [D] = X; [F] = x. Ilo
YPaBHCHHMIO PEaKIMU Ha CTOJBKO )K€ YMCHBIIWIMCH KOHICHTpanmu A u B, T. e.
[A] =2 —x; [B] = 1,2 — x. [logcTaBuM paBHOBECHBIC KOHIIEHTPAIIMK B BBIPAKCHHE

KOHCTAHTHI PABHOBECHS
[DI[F] . 1= X+ X

K= : = ,
(2-x)(1,2—-x)

C X = 0,75
[A] [B]

OTcroma paBHOBecHbIe KOHIeHTparuu paBubl: [D] = 0,75 monw/m; [F] = 0,75
mounb/it; [A] =2 0,75 = 1,25 moas/a; [B] =1,2-0,75 = 0,45 mob/m1.

IIpumep 5.5. O0beMHBIN COCTAaB PEaKUIMOHHON ra30BOM CMECH B MOMEHT
paBHOBecus I peakiuu 2A = 2B + D Oww1 cnenyrommii: 89% A; 7% B; 4% D.
Haitnure Kp u K¢ g1 aTo¥l peakiuu, eciau oOlee JaBJICHHE B CHUCTEME IpH
Temmepatype 900 K pasro 10° ITa.

Pemenue. /s peakiuu, MPOTEKAOIIMX MEXKITY Ta3aMu, IPH BEIYUCICHAN
KOHCTAaHThl PaBHOBECHS YJOOHO ITOJIb30BAaThCS IMApIUAIbLHBIMU JIaBICHUSIMHI
pearupyronmx BemecTB. IlapiuanbHBIM J1aBICHHEM ra3a B CMECH Ha3bIBAaCTCs
JaBJICHHE, KOTOPOE MPOM3BOMI ObI ATOT ra3, 3aHUMas NP TeX K€ (PU3UICCKHUX
yCIOBUSIX 00BEM Bcel ra3oBoil cmecu. OOliee AaBiIEHHWE CMECH Ta30B PaBHO
CyMMe€ MapIHabHBIX JTaBICHUN Ta30B.

JIns naHHOM peakiuu MapiuaibHbIe JaBICHUS COCTABIISIIOT P A:O,89-105 I1a,
P5=0,07-10° I1a, P5=0,04-10° Ila. TlogcTaBiuseM STH 3HAYEHHUS B BBIPOKCHUE
KOHCTaHThI PABHOBECHS:

P’sPo  (0,07-10°).0,04-10°

K. =
P2 (0,89-10°)?

= 24,74

Kc paccuursiBaem o ypaBaenunio: Kp = Kc-(RT)". Tak Kak [/1s JaHHON peaKiiuu
K

24,74
Av=3-2=1,10Kc= L

L = 5314.900 =0,0033=33-10"° Taxum o6pazoM,

Kp=24,74; Kc=3,310°.



IIpumep 5.6. Peakuus nportekaer mo ypaBHeHuto 2SO0, + O, = 2S0;. B
KaKOM HampaBJI€HUM CMECTHTCS XMMHUYECKOE PaBHOBECHE, €CIIU O0BbEM CHUCTEMBI
YMEHBIIUTH B 3 pa3a?

Pemenne. B HauanbHBIII MOMEHT BPEMEHU CKOPOCTH MPSMON M 0OpaTHOM

peakiuu ObUTH CIIEAYIOINE:
2 2
Vip= Kk,Cs Co, voop = K,Cso

[Tpu ymenbiieHnn o0bemMa B 3 paza KOHIIEHTPAIMK BCEX BEIIECTB yBEIHYaTcs B 3

pa3za. [locne yBennueHus: KOHIEHTPALUHA CKOPOCTh NPSAMON PEaKUy CTaja

Vip = K1:(3Cgp, (3 Co,) =xr 9C§O2 +3Cp, = 27Ky Cgo2 -Co, , T. €. BO3pocna B 27
pas; a cKopocTb 0OPaTHOI Vosp = Ko+ (3Cgo, ) =Ky 9C§O3 = 91 Céo3 , T. €.

Bo3pocaa B 9 pa3. CiietoBarebHO, pABHOBECUE CMECTUTCSI B CTOPOHY MPSMOU
peakuuu (BIPaBo).

IHpumep 5.7. B Kakyr CTOPOHY CMECTUTCS XUMHUYECKOE PABHOBECHUE
peakimun A + B & D, ecnu noBeicuth Temneparypy Ha 30°? TemmneparypHbie
KO2(PGULIMEHTHI CKOPOCTH NPSMOM U OOpaTHOM peakIIuu COOTBETCTBEHHO PaBHBI 2
u 3.

Pemenne. [lpu mnoBbeimeHnn Temiieparypbl Ha 30° CKOPOCTH MNPSIMOU
Yy

Vv AT
2np o 23 _g 3
peakiuu  BO3pacTeT B =Y = ~%“pa3, a ckopoctb oOpaTHOW B
1np|
AT
—V Yoop = pa3. Tak kak cKOpocTh OOpaTHOW peakiuu Bo3pocia B 27
lo6p

pas, a CKOpOCTh NPSIMOM B § pa3, TO pPaBHOBECUE ATOM PEAKIIUM MPHU MOBBILICHUU
TEMIIepaTypbl CMECTUTCSI B CTOPOHY 0OpaTHOM peakuuu (BJIEBO).

IMpumep 5.8. Kak nu3mMeHsTCS CKOPOCTH NPSIMOM M 0OpATHOM peaKIuu, eCiu
B cucteMe 2NO(r)+O,(r) = 2NO,(r) ymMeHbIINUTH AaBjicHUE B 2 pasza? [Ipousoiiger
JIY TIpU 3TOM CMeElIeHre paBHoBecusa? Eciu f1a, To B KaKyt CTOPOHY?

Pemenue. JIo yMEHbIIEHUS 1aBICHUS BBIPAXKECHUS IJI1 CKOPOCTH MPAMOM U
OOpaTHOM PEaKIUKU UMEIH BUL:  Vpp = K1 CﬁlOCo2 Voop = K2 C
[Ipu yMeHbIIEHNH AaBJIEHUS B 2 pa3a KOHUEHTPALMU BCEX PEArMpYIOIINX BELIECTB

YMEHBILIAIOTCA B 2 pasa, Tak Kak 00Iuii 00beM CHUCTEMBbI YBEIMUUBAETCS B 2 pasa.

Torna



' 1 2 1 1 2

Vip = Kl(ECNO) '(5 Co,) = §’<1CNOCO2
' 1 2 1 2
Vosp =*2(5Cno, )" =4 %Cho, -
B pe3ynbTaTe yMeHbIIEHUS AaBICHUS CKOPOCTh MPSMOU PEAKIIUA YMEHBIINIIACH B
8 pa3, a ckopocTh oOpaTHOi B 4 pasza. Takum 00pazoM, CKOpPOCTh OOpaTHOU
peaknuu Oyner B 2 pasza Ooiblne, 4eM TPSIMOM M CMEIIEHWE PaBHOBECHS

MIPOU30MJIET B CTOPOHY OOPATHOM peakiiuu, T. €. B cTOpoHy paznoxeHus: NO,.

6. MoHHO-MoOeKynsipHbIe peakyuu obMeHa

HonHble ypaBHEHHs peakiiuii 0OMeHa OTpa)xaroT COCTOSIHUE 3JIEKTPOJIUTA B
pacTBope. IJIEKTPOJMTBI — 210 8ewjecmsd, pacmeopbl U pPAcHagbl KOMOPbHIX
nposooam snekmpudeckuti mok. Pacnao monexyn eewjecmea Ha uoHvl Ha3bIBACTCS
IJIEKTPOJUTHYECKOH aucconuanmeii. K simexTpomuTaM OTHOCATCS KHCIOTHI,
ocHOBaHus, comu. KucaoTel — 2mo anekmponumsl, Ouccoyuupyioujue 8
pacmesopax ¢ obpazosanuem kamuonog 600opooa HCN 2H" + CN™. OcHoBanus
— JNEeKMpOoaUmMbl, OUCCOYUUPYIOUWUE 8 PACmEopax ¢ 00pazosanuem 2uopoKcuo-
uonoe NH,OH 2 NH;” + OH". CymecTByIOT 31I€KTPOJUTHI, KOTOPBIE MOTYT
JUCCOITMMPOBATH TI0 THITY KUCJIOTHI U O THUITY OCHOBaHHS. TaKHWe DJICKTPOIUTHI
Ha3pIBatOTCS aM@orepubiMu. K HUM OTHOCATCA THAPOKCHIBI aM(OTEPHBIX
DJIIEMEHTOB, a TaK)Ke THAPOKCHUILI METAJIOB, HAXOMSIIUXCSA B MPOMEKYTOUHOMN
crereHu okucienus, Hanpumep, Be(OH),, Al(OH)3, Zn(OH),, Cr(OH); u mHorHe
npyrue. /luccoumanuio pacTBOPEHHON YacTH aM(pOTEPHOTO THIPOKCH 1A [0 000UM
THTIAM MO>KHO MPEJICTABUTD CIEAYIOLIEN CXEMOM:

H*+ RO 2ROH=R" + OH"
B HachbIIIEHHOM BOJHOM pacTBope amdoTepHoro ruapokcuaa nousl H', RO™u R,
OH™ HaxomsTCs B COCTOSSHMHM PaBHOBECHS, MOATOMY aM(DOTEpHBIC THAPOKCUIIBI
B3aMMOJICUCTBYIOT M C KHCIIOTAaMHU U ¢ OCHOBaHUsAMHU. [Ipy m00aBIeHUH KUCIOTHI
paBHOBECHE CMEMIAETCS B CTOPOHY MAWCCOIMAIIMM TIO THITY OCHOBAHWS, TpHU
N00aBJICHUHM OCHOBAHUS — B CTOPOHY JUCCOILMAIINY TI0 THUITY KUCIIOTHI.

CoJin — PIIEKTPOSUTHI, KOTOPBIE MPU PACTBOPEHHUH B BOJIE TUCCOLUUPYIOT,
OTIIEIUISIS  TOJIOKUTEIbHBIE HWOHBI, OTJIUYHBIE OT HMOHOB BOAOPOJA, W

OTPpHULATCIIbHBIC NOHBI, OTIIMYHBIC OT THAPOKCUI-NOHOB, HAIIPUMCDP:



Aly(SO,); = 2AI*" +350,>; CuOHCI=2CuOH* + CI;  KHCO; = K*+ HCO; .

ITo cmocoOHOCTH K AWCCONMAIMM AJICKTPOJIUTHI ACIAT Ha CHIIBHBIC H
cmabbie. Y CHJIBHBIX 3JIGKTPOJIMTOB B PACTBOPE JTUCCOIMHUPYIOT HA HOHBI
MPAKTUYECKA BCE MOJICKYJBbI, Y CIa0BIX — JIMIIb YacTh MOJIKYJ. K CHIIbBHBIM
AJIIEKTPOJIUTAM OTHOCATCS TIOYTH BCE€ COJU, OCHOBAHHS IIEIIOYHBIX u
IEJI0YHO3EMENBHBIX METAJUIOB, a u3 BaxkHenmmx kuciaor HCIO, H,SO,, HNO;,
HCI, HBr, HI, HMnO,. K cnabbiM 3JIeKTpOJUTaM OTHOCATCS IIOYTH BCE
oprannueckue kuciothl, Hanpumep, CH3;COOH, Heopranumyeckue coenuHEHUs
H2C03, H2803, H28i03, HCN, HNOz, H3PO4, HF, NH4OH, Hzo " Jpyruc.

Peakiuu B pacTBOpax 3JIEKTPOJHMTOB MPOTEKAIOT MEXKIY HOHAMH U HIYT
MPaKTUYECKU HEOOPATUMO, €CIU B Pe3yJIbTaTe PEaKIIuU 00pa3yroTCs OCaIKU, Ta3bl
u cnabplie AIeKTpoauThl. OOBIYHO TaKHE PEaKIUU HU300pakaroTcs MPH MOMOIIU
HOHHO-MOJICKYJISIPHBIX ypaBHEHHH, B KOTOPBIX OCaJKHU, Ta3bl, clladble
AIEKTPOJUTHI TMHINYTCS B BHJAE MOJEKYJI, XOPOIIO pPAacTBOPUMBIC CHIIbHBIC
AJIEKTPOJUTHI — B BUJE MOHOB. OIMHAKOBBIC MOHBI U3 00CUX YacTeH ypaBHEHUS
HCKITFOYAOTCS.

PaccmoTpum TUTIMYHBIE BapUAHTHI PEaKIMil B pacTBOPaXx JICKTPOJIUTOB.
a) 3AgNO; + FeCl; = Fe(NO3); + 3AgCl| — MonekynspHOe ypaBHEHHUE

0CaIoK

3Ag" + 3NO; + Fe*"+ 3CI" = Fe*+ 3NO; + 3AgCl| — monHoe HOHHOE
ypaBHEHHE

Ag" + CI" = AgCl| — cokpallleHHOE HOHHOE YpaBHEHHUE
0) Na,CO3 + H,SO,4 = Na,SO, + H,0 + CO;1

ras

2Na" + CO;* + 2H* + SO, = 2Na" + SO,~ + H,0 + CO,1
2H" + CO3* = H,0 + CO,?
8) HCl+ NaOH = NaCl + H,0

cy1a0Bblil HIIEKTPOIUT

H*+ ClI + Na"™+OH = Na'+ CI" + H,0
H™+ OH = H,O
HNoHOOOMEHHBIE peakui MOTYT MPOXOJUTh MEXKIY MOJIEKYJaMU BOJIbI U
MOHAMM PACTBOPEHHOMW COJIA, YTO MPUBOAUT K MPOLIECCY TUAPOIU3a. ['mapoamns —
ITO 0OMEHHOe 63aUMOOelCcmeue UOHO8 CONU C B000U, KOMOpoe Npusooum K
00pa308aHUIO C1AO020 IIEKMPOIUMA U CONPOBodcOaemcss usmernenuem PH-cpeosi.
CyTp ruaponusa 3akiroyaercs B cieayroueM. lIpu BHeceHMH B BOAY COJIEH, B
COCTaB KOTOpBIX BXOOAT QAHHWOHBI cna651x KHUCJIOT HJIM KaTHUOHBI cna651x

OCHOBAHWIL, ATH HOHBI cBsi3bBalOTCA ¢ wmoHamum H' wm OH™ w3 Bombl ¢



oOpa3oBaHHEM CJIa00TO 3JIEKTPOJIUTA, B PE3YJIHTATE YETO HAPYIIACTCS PABHOBECHE
ANEKTPOIMTHYECKOM Jucconmaruu Bojael H,O = H" + OH. B pacTBope
HakaruuBaroTess noHsl H' uan OH™, coobmias moiy4eHHOMY pacTBOPY KHCIIYIO
WM IIEJOYHYI0 peakinio. KaTHOHBI CHIIBHBIX OCHOBAaHWW W aHWUOHBI CHIJIBHBIX
KHCIIOT HE 00pa3yloT ¢ MOHAMH BOJABI CIA0BIX AJICKTPOJIUTOB, TOITOMY COJIH,
oOpa3oBaHHbIE CHJIBHBIM OCHOBAaHHEM U CHJIBHOM KHCJIOTOH, THAPOJIU3Y HE
noABeprarorcs. TakuM oOpa3om, THAPOIU3Y MOJABEPrarOTCsS COMHM, 00pa30BaHHbBIC
cnabblM OCHOBAaHHMEM U CHJIBHOM KHCIIOTOM; cJ1ab0l KHCIOTOM WM CHJIBHBIM
OCHOBaHMEM; CJa0bIM OCHOBaHMEM M claboil kucimoToid. B Takom ciydae B
pPacTBOPE MOTYT YCTAHABIMBATHCS CICAYIOMNE PABHOBECHS:
a) npu ruaposinze anuoHa (A”) crnaboil KUCIOTHI:

A+ HOH =2 HA + OH (o0pa3ytorcs nonst OH', cpena menounas, pH > 7).
6) npu rugponuse katnoHa (BY) ciaboro ocHoBaHus:

B*+ HOH # BOH + H" (0o6pa3sytorcsa nonst H', cpena kucnas, pH < 7).
B) IIPH TUAPOJIN3E KaTHOHA C1a00T0 OCHOBAaHUS M aHUOHA CITA00M KUCIIOTHI:

A +HOH=HA + OH

B+ HOH =2 BOH + H" (o6pasyrorcs monsl H u OH", cpena 6nuska k
He#TpansHou, PH = 7).

I'maponus comei, 00pa30BaHHBIX MHOTOOCHOBHBIMH KHUCIOTaMU  WJIU
MHOTOKHCIIOTHBIMHU OCHOBAHHUSMU, MPOTEKAET CTYIICHYATO, IpUIEeM
MIPEUMYIIECTBEHHO IO MEPBOW CTYNEHU ¢ 00pa30BaHUEM KHCJBIX MJIM OCHOBHBIX
cojieii. BBeleHHWE OMOJHHUTEIBHOTO KojmuectBa wmonoB H' wmim OH™ B
PAaBHOBECHYIO CHCTEMY MOXET YCHJIUTh WM TOJABUTH IPOIECC THAPOIH3a B
cooTBeTCTBHUM C ITpuHLUIIoM Jle I1larense.

lNMpumepsbI peweHust 3ada4y

IIpumep 6.1. CoctaBbTe MOJNEKYJSAPHbIE YpaBHEHUS PEAKIMI, KOTOPHIM
COOTBETCTBYIOT CJIEAYIOIINE HNOHHO-MOJIEKYJISIPHBIEC YPABHEHHUS:
a) Fe(OH); + 3H" = Fe** + 3H,0
6) HsPO, + 30H = PO,* + 3H,0
B) HCO; + OH = CO4” + H,0
Pemenue. [Ipu pemennn nogoOHbBIX 3aaHUI ClEyeT MOJb30BaThCsl TaOJI.
2 IPUIIOKEHHUS.
B nmeBol W mpaBoM YACTAX AAHHBIX HOHHO-MOJIEKYJISIDHBIX YPaBHEHUM

YKa3aHbl HOHBI, KOTOPBIC 06pa3y}0Tc;1 Inpu aucconmranmmn CHUJIIbHBIX 3JICKTPOJIHUTOB.



CrnenoBaTeNbHO, IPU COCTABICHUU MOJIEKYJISIPHBIX YPaBHEHUN CIENYET UCXOIUTh
U3 COOTBETCTBYIOIINX PACTBOPUMEBIX CHIIBHBIX JICKTPOIUTOB. Hampumep:

a) Fe(OH); + 3HCI = FeCl; + 3H,0

0) H3PO, + 3NaOH = NazPO, + 3H,0

B) KHCO; + KOH = K,CO3 + H,0

Ipumep 6.2. CocraBpTe MOJEKYJSAPHbIE W HOHHO-MOJICKYJISIPHBIC
yYpaBHEGHUs peakiuii, MOATBEpKAaroe aM(OTEpHBIN XapakTep THAPOKCHIA
CBHUHIIA.

Pemienue. AMdoTEepHBIE 3ICKTPOIUTHI MOTYT JAWCCOIMUPOBATH IO THUITY
KHCJIOTHI M OCHOBaHWsA, odTomy PD(OH), Moxer pacTBOpATHCS Kak B KHCIIOTE,
TaK U B IEJI0YH, 00pa3ysi COOTBETCTBYIOIIHUE COJIH:

a) pacteopenue Pb(OH), B kuciore
Pb(OH), + 2HNO; = Pb(NOs), + 2H,0
Pb(OH), + 2H* = Pb** +2H,0
0) pactBopenue Pb(OH), B menoun
Pb(OH), + 2NaOH = Na,PbO, + 2H,0
Pb(OH), + 20H™ = PbO,* + 2H,0
B cnyugae (a) Pb(OH), BbmojHSET pojib OCHOBaHHUS, IOCTAaBJIsAS B PacTBOP
THJIPOKCHI-UOHBI JIJI1 00pa3oBaHMs MoOJIeKyn Bojawl. B cimydae (0) Pb(OH),
BBIMOJTHSIET Poib kKucioTel (PB(OH), = H,PbO,), mocraBisiss B pacTBOp KaTHOHBI
Bogopoaa. Cxema auccormaiu Ph(OH), BeIrisauT Tak:
2H" + PbO,* 2 H,PbO, = Pb(OH), =Pb*" + 20H"

IIpumep 6.3. CocraBpTe MOJEKYJISIPHbIE U HOHHO-MOJEKYJISIPHBIE
ypaBHeHus ruaposmsa cojieii: CH3COOK, K,S, CuSQO,.

Pemenne. a) Amerar Kaius — COJIb CJIaOOM KHUCJIOTHI WU CHJIBHOTO
ocHoBaHus. I[Ipy pacTBOpPEHHH B BOJIE alleTaT Kaaus AUCCOLUUPYeT Ha noHbl K' 1
AHUOHBI CH5;COO". Karuons! K He MoryT cBsa3biBaTh annonsl OH™, Tak kak
KOH — cumsssiit snextponut. Morsl CH3COO™, casbiBasich ¢ katmoHamu H'
BOJIbI, 00pa3yroT cnadyro kucioty CHz;COOH. I'uaponus uaet mo aHuoHy ciiaboi
KHCITOTBI. COKpaIeHHOE HOHHO-MOJICKYISIPHOS YPaBHCHHE HMEET BHUI:

CH;COO + H,0 # CH3COOH + OH"
Jlyist HanMcaHus YpaBHEHUS PEAKIUU B TIOTHOM MOHHOM (hopMe MprUOaBUM K JIEBOMH
U TIPaBOI YacTsIM ypaBHEHUS MOHBI, HE MPETEPIICBAIOIINE B PE3YyIbTaTe THAPOJIN3A
HU- KaKuX U3MEHEHUH. B paccmaTpuBaeMoM mpruMepe — 3TO KaTHOHBI KaJIHs.

K"™+CH3COO™ + H,0 = CH;COOH + K'+OH"



MOJIEKYJIIPHOE YPaBHCHHUE:

CH3;COOK + H,0 = CH3COOH + KOH
B pactBope nosBisiercst u30bITok HoHOB OH, mosTOMY pacTBOp UMEET MIETOYHYIO
peakiuio (pH > 7).

0) Cynbbun xanmss — COJb JNBYXOCHOBHOW CabO0W KHCIOTHI M CHUIIBLHOTO
OCHOBaHMs. AHHOHBI CIa00i KUCIOTH S° CBSI3BIBAIOT HOHBI BOIOPOAA M3 BOIbL,
oOpa3zyss anuoHbl kuciaod conu HS. Conp rugponusyercs MO aHUOHY.
CoxkpalieHHOe HOHHO-MOJIEKYJISIPHOE YpaBHEHUE:

S* +H,02HS + OH"
TIOJTHOE MOHHO-MOJIEKYJIIPHOE YPaBHCHHUE:
2K'+S* +H,0= K+ HS + K'+OH"
MOJIEKYJIIPHOE YPaBHEHHUE:
K,S + H,0 2 KHS + KOH
[TossBnenne w30BITOYHOTO KojmdecTBa WOHOB OH™ 00ycrmoBIMBaeT MIETOYHYIO
peaxkiuio cpesst (PH > 7).

B) Cynbdar Menu — coib c1aboro JBYXKUCIOTHOTO OCHOBAHUS U CHIJIbHOM
KUCIOTHL. ['MApONM3 Tako COMM HAET IO KAaTHOHY Cj1aboro OCHOBaHUSA C
00pa3oBaHMEM KaTHOHOB ocHOBHOM comu CUOH'. CokpamieHHoe HOHHO-
MOJICKYJIIPHOE YPaBHEHHUE THAPOIIN3A;

Cu** + H,0 =2 CuOH" + H*
MIOJIHO€ MOHHO-MOJIEKYJIIPHOE YPaBHECHHUE:

2Cu*" +2S0,” + 2H,0 = 2CUOH" + SO,* + 2H" + SO,*
MOJIEKYJIIPHOE YPaBHEHHE:

2CuSOQ, + 2H,0 2 (CuOH),S0O,4 + H,SO4
B pacTBope HAKOMMIMCH KATHOHBI BOJOPOIa, KOTOPHIC CO3MaAYT KUCIYIO PEAKIIHIO
cpennl (PH < 7).

IIpumep 6.4. Kakue npoAykThl MOJIy4aTCsi MPU CMELIMBAHUU PAcCTBOPOB
AICIl; u Na,S? CocraBbTe HMOHHO-MOJICKYJIIPHBIE U MOJIEKYJSIPHOE ypaBHEHHE
peaKIuH.

Pemenne. Conp AlCl; rugponusyercs mo karnony, Na,S — mo aHuoHy:

A"+ H,0 =2 AIOH*" + H'
S* + H,0 2HS +OH"
O6pasyronuecst nonbl H 1 OH™ cBA3BIBaIOTCA B MONEKYIIBI CIA60TO DNEKTPOINTA

H,O, cnBuras ruipoiMTHYECKOE PaBHOBECHE BIIPaBO. [ MIposn3 UAET 10 KOHIIA C



obopazoBannem AIl(OH); u H,S. HoHHO-MONEKynsipHBIE W  MOJEKYJSIPHOE
YPaBHCHUC UMCIOT BUI.

2AIF* + 357" + 6H,0 = 2AI(OH)zd + 3H,ST

2AIF* + 6CI™ + 6Na* +35% + 6H,0 = 2AI(OH)zd + 3H,ST + 6Na* +
6CI-

2AICI; + 3Na,S + 6H,0 = 2AI(OH)3{ + 3H,ST+ 6NaCl

7. OKucnumesnibHo-eoccmaHoguUMesibHbIe peakuuu

Peaxyuu, 6 pesyromame Komopvix usmeHsemcs CcmeneHvb OKUCTeHUs]
971eMeHmOo8, Ha3bIBAIOTCS OKUCIUTEIBLHO-BOCCTAHOBUTEIbHBIMH. [10o/ cTeneHkio
OKHUCJIEHHUS (C.0.) MOHUMAIOT 3apsifi AJIEMEHTa B COCJUHEHUU, BBIYHCIICHHBIH,
WCXOJI U3 TPEIOI0KEHUS, YTO COCTUHEHNE COCTONT W3 HWOHOB. OmpenencHue
CTETICHU OKHCJICHHSI IIPOBOMASAT, UCIIOIB3YS CIECIYIONTNE TTOJIOKCHUS:

1. CTeneHb OKUCIICHUS JIEMEHTa B MPOCTOM BeIIecTBe, HanpuMmep, B Zn, Ca, Hy,
Br,, S, O, paBHa Hy:110.

2. CreneHb OKHCJICHHS KHCJIOpOJa B COCIMHEHHUSAX OOBIYHO paBHa —2.
Vckmmouenust coctasmsior mepokenasl Hy, 10,1, Na, ™0, ' u dropua kucnopona
O*’F,.

3. CremeHb OKHCJICHHS BOJOpOAa B OOJBINIMHCTBE COCOWHEHWH paBHa +1, 3a
MCKITIOYEHHEM CONe0OpasHbIX ruapuaoB, Hanpumep, Na  H™,

4. TlocTOSSHHYIO CTENEHb OKHUCJICHHS HMEIOT IIeJIoYHble MeTawibl  (+1);
IIEJIOYHO3e- MEJIbHBIC METaJIbI, Oepuiutuii u Marauii (+2); ¢prop (—1).

5. AnreOpanueckasi CymMMa CTENEHEH OKHUCICHHUS DSJEMEHTOB B HEWUTpaIbHOU
MOJICKYJIC paBHA HYJIIO, B CJIO)KHOM HOHE — 3apsiIy HOHA.

B kauectBe mpumepa paccuutaem c.0. Maprania B coeauHennn Ko;MnO,4 u
Xpoma B aHHOHE Cr,0,%

K," Mn* 0, ? 2(+1)+ x+4(-2)=0 X=+6
(Cr," 07 2)* 2X+7 (-2)=-2 X=+6

JIt00yr0 OKMCITUTEIBHO-BOCCTAHOBUTEIBHYIO PEAKIIUIO MOKHO Pa3IeINTh Ha

JIBE TIOJTyPEaKIIUU: OKUCIICHUE U BOCCTAHOBJICHHE, HAIIPUMED
Ca’+ Cl,°=Ca™ Cl,™*
BoccTaHoBHTeNs Ca’ —2&8 — Ca'™  OKuCIeHHe

OKHCIIUTEID Cl,°+2& — 2CI” BoccranoBienue



Oxucienne — npoyecc omoayu 3INEKMPOHOE8, CONPOBOHCOAIOUWULLCS]
nogvluleHuemM cmeneHu oKucienus 31emenma. BoccraHoBJaeHMe — npoyecc
NpUCoeOUHeHUsi  IJIeKMPOHO8,  CONPOBOACOAIOWUUCS  NOHUNCEHUEM  CMeNneHU
oxkucnenusi onemenma. OKUCIEHUE W BOCCTAaHOBICHHE — B3aUMOCBS3aHHbBIC
IIPOLIECCHI, MPOTEKAOIINE OJHOBPEMEHHO. OKMCIMTEIIMHM HA3bIBAIOT gewyecmed
(amomvl, MONEKYIbl UNU UOHBL), KOMOpblE 8 Npoyecce peakyuu NpucoeouHsom
91eKMpPOHbl, BOCCTAHOBHUTEISIMU — 8eujecmed, Omoaroujue 21eKmponbl.

Paznmnuaror Tpu THDA OKHCIMTEIBHO-BOCCTAHOBUTENBHBIX  PEAKLMN:
MEKMOJIEKYJISIPHBIMA, BHYTPUMOJIEKYJISIPHBIM M JUCHPONIOPUMOHUPOBaHUs. B
MEXMOJIEKYJISIPHBIX PEaKUUAX OKHUCIUTENIb W BOCCTAHOBUTENb COJEPXKATCS B
pa3HBIX MOJEKyJax. B ciydae BHYTPHUMOJIEKYJISIPHBIX PEAKUUN OKHUCIHUTEIb U
BOCCTAHOBUTENb  HAXOAATCS  BHYTPM  OAHOW  MOJEKyJbl. B peaknmsax
JUCIPOIIOPLIMOHUPOBAHUS OJMH M TOT K€ 3JIEMEHT SIBISICTCS OKUCIUTEIEM H
BOCCTAHOBUTENEM, T.€. caM CeO0sl OKHCIISIET U BOCCTAHABIMBAET, HAaXOISACh IPHU

9TOM B COCTaB€ OHHOﬁ MOJICKYJIBI.

lMpumepsbi peweHus 3aday

IMpumep 7.1. Vcxoas u3 cTeneHu OKUCICHHS a30Ta B coeauHeHusx NHs,
KNO,, KNO3, onpenenute, Kakoe W3 HAX MOXKET OBITh TOJHKO BOCCTAHOBHUTEIICM,
TOJIBKO OKHCIIUTEJIEM M KaKOo€ W3 HHUX MOJXKET MPOSBISITH M OKHCIUTEIbHBIC U
BOCCTAaHOBUTEJIHHBIC CBOMCTBA?

Pemenne. Bo3aMo)xHBIE CTEIIEHU OKHUCIIEHUA a3oTa: —3, —2, —1, 0, +1, +2, +3,
+4, +5. B yKa3aHHBIX COEIMHEHUSX C.0. a30Ta paBHBL —3 (Hu3mas), +3
(mpomexyTo4Has), +5 (Bbicwas). CnenmoBarenbHo, NH; — Tonbko
BocctaHoBuTelb, KNO, — u okuciurens m BocctaHoButenab, KNO; — ToOJIBKO
OKHUCJTUTEIb.

IIpumep 7.2. MoryT 1M NpOUCXOAUTH OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE
peakiuu Mexay BemecTBamu: a) HBr u H,S; ©6) MnO, u HCI; B) MnO; u
NaBiO3?

Pemenne. a) Crenenn okucienus B HBr c.o. (Br) = —1 (ausmas); B H,S c.o.
(S) = -2 (umsmas). Tak kak OpoM H cepa HAXOAATCI B HHUBIICH CTCICHH
OKHUCJICHHS, TO OHU MOTYT TPOSBISTH TOJHKO BOCCTAaHOBUTEIHHBIC CBOWCTBA W
peakiys MeXxay HUMHA HeBo3MoxHa; 0) B MNO; c.o. (Mn) = +4 (nmpomexyTouHas);

B HCI c.o. (Cl) = -1 (au3mast). CnenoBarenbHO, B3aUMOJICHCTBHE STUX BEUICCTB



BO3MOkHO, iprdeM MnO, siBisiercst okucnmutenreM; B) B MnO, c.o. (Mn) = +4
(mpomesxytounasi); B NaBiO3 c.o. (BI) = +5 (Beicmias). B3sTeie BemecTBa MOryT
B3anMoieiicTBoBaTh. MNO, B 3TOM cilydae OyeT BOCCTaHOBUTEIICM.

IIpumep 7.3. CocraBpTe ypaBHEHHE OKHCIHMTEIbHO-BOCCTAHOBUTEIBHON
peaKInu, UAYIIEH 10 CXEME!

KMnO,+ KNO,+H,SO, - MnSO,+ KNO; +K,S0O,+H,0

Ompenenute OKUCIUTENh M BOCCTAHOBUTENh. Ha OCHOBaHMH 3JIEKTPOHHBIX
ypaBHEHHI pacCcTaBbTe KOAPPHUIIMCHTHI.

Pemenue. OHpGI[CJ'IHCM CTCIICHN OKHUCJICHHUA TCX JJICMCHTOB, KOTOPBLIC €C
HN3MCHAIOT.

KMn*'04+ KN**0,+H,S0, — Mn*?SO,+ KN*0; +K,S0,+H,0
CocraBisieM 3JEKTPOHHBIE YPAaBHEHUS MPOLECCOB OKUCIEHUS U BOCCTAHOBJIEHUS,
OTpEeIeIIIeM OKUCIUTEIb U BOCCTAHOBUTEIIb!
BoccranoButens N —28 — N*° 5 OKHCIEHHE
110
OKHUCITUTEIb Mn*" + 58 — Mn*? 2 BOCCTaHOBJICHUE
VYpaBHMBaeM peaklMi METOJIOM dJEKTPOHHOro OanaHca, CyTh KOTOPOTO
3aKJII04aeTcss B TOM, 4TO  oOwee  Hucio  3J0eKMpoHO8,  OMOAHHBIX
goccmanogumenem, pagHo YUCTY NeKMPOHO8, NpuHamvlx okucaiumenem. Haxonum
oOlllee HaWMEHbIIEe KPAaTHOE [JIi OTAAHHBIX W TPUHATHIX DJIEKTPOHOB. B
NIPUBEICHHOW peakuuu OoHO paBHO 10. PasgenuB 310 ymMcno Ha 5, moiryyaem
KO(PIULMEHT 2 JIJ11 OKUCIHUTENS U TPOJIYKTa €r0 BOCCTAHOBJICHUS, a MPU JICTICHUN
10 Ha 2 mnomydaeM KOd(D(UIIMEHT 5 na7s BOCCTAHOBUTENS W TPOIYKTa €ro
okucienus. KoadduimeHTsl mnepes BemecTBaMH, aTOMbI KOTOPBIX HE MEHSIOT
CBOU CTETICHU OKUCJICHUSI, HAXOIUM MOJ00POM.
VYpaBHeHue peakuuu Oy1eT UMETh BUI:
2KMnQ,4 + 5KNO; + 3H,SO4 = 2MnSO,4 + 5KNO; + K,SO,4 + 3H,0
IIpumep 7.4. CocraBbTe ypaBHEHHS OKHCIMTEIbHO-BOCCTAHOBUTEIBHBIX
peaKkui, UAYIHNX 10 CXEMaM:
a) Mg + HNO; (pa36.) - Mg(NOs3), + NH4NO; + H,0
6) KC|O3 — KCIl + 0,
B) K,MnO, + H,O - KMnO, + MnO, + KOH
B xaxmoil peakuuu ONpENENUTe OKHUCIHUTENb M BOCCTAHOBHUTEINb, PAaCCTABHTE
K02 PUITMEHTBI, YKAKUTE TUI KAXKIOU PEAKIUU.

Pemenne. CoctapisieM ypaBHEHUS PEaKIIHil:



a) 4Mg° + 10HN">0; = 4Mg*? (NO3), +N *H,NO; +3H,0

0 ~a 2
BOCCTAaHOBUTEIIh Mg° — 28 — Mg" 4  OKHCJIEHHUE
5 o I8l
+ _ _
OKHUCITUTEIb N™ +8 — N 1 BoccTaHoBIEHUE

6) 2KCI*°04 % = 2KCI™ + 30,°

2 _ 0
BOCCTAaHOBUTEIIb 20° —-4e -0, 3  OKHCIIEHUE
|12 |
+5 - -1
OKUCJIUTENID CI™ + 68 — ClI 2  BOCCTaHOBJICHHE

B) 3K,Mn*°0, + 2H,0 = 2KMn*'0, + Mn*™0, + 4KOH

BOCCTAHOBUTEID Mn*® —18 ->Mn"’ 2 OKHCJIEHUE
6 4 | 2 |
OKHCJIATEND Mn™ +2& — Mn" 1 BOCCTaHOBJIEHUE

Kak BUAHO M3 TpEACTABICHHBIX yYpaBHEHUU B peaKlUU () OKUCIUTENb U
BOCCTAHOBUTEND — PA3HbIE AJIEMEHTHI B MOJIEKYJIaX JIBYX Pa3HbIX BEIIECTB, 3HAUMUT,
JAHHAsl pEeakUuus OTHOCUTCA K THUILy MEXMOJEKYISPHBIX OKHUCIUTEIbHO-
BOCCTAaHOBUTEIBHBIX peakuuil. B peakiuu (0) okuciauTenb — XJOp 51
BOCCTAHOBUTENb — KHUCIOPOJA COJEpKarcsi B OAHOW MOJIEKyJlIe — peakuus
BHYTPUMOJIEKYJIsipHasd. B peakuuu (B) pojb OKHUCIHUTENS U BOCCTAHOBUTENS

BBIIIOJIHACT Mapralucu, CJaCJ0BaTCIbHO, OTO PCAKIHA JUCIIPOIIOPITUOHHUPOBAHUA.

8. dnekmpoOdHbie nomeHyuansbl. anbeaHU4YecKue 3fieMeHMmbI

[Ipu norpyxeHun MeTamia B BOAY WIM PACTBOP €ro COJIM aTOMbI METajia,
HAXOJAIIMECS Ha TMOBEPXHOCTH, MPEBPAlIAIOTCA B HOHBI W, TUAPATUPYSCh,
nepexoasT B pacTBop. [Ipu 3TOM 371eKTPOHBI, OCTAIONTUECS Ha METaJlIe B U30BITKE,
3apsKAlOT  €r0  TMOBEPXHOCTHBIM CJIOM  OTPHULATEIBHO. B T1O0 ke Bpewms
TUAPATUPOBAaHHBIE MOHBI MeETallJla, HAXOJAIIUECS B pacTBOpe, OTOupas y
METAJJTHYECKOM TIJTAaCTUHKHU DJIEKTPOHBI, O0pa3yloT aTOMbl MeTajlla, KOTOpbIC
CTAHOBSITCSI YAaCThIO KPUCTAJUIMYECKOW PpEIIETKH. ITOT MPOLECC MNPUBOAUT K
Ne(UIUTY JIEKTPOHOB U BOSHUKHOBEHHUIO HA TUIACTUHKE TIOJIOKUTEIILHOTO 3aps/ia.
Takum  o0pa3oM, MeEXAy METAUIMYECKUM  DJEKTPOJIOM H  PacTBOPOM
YCTaHABIIMBAETCS PABHOBECHE

M =M™ + ne.

B 3aBucuMoOCTM OT TOro, KakOW M3 JBYX pPAaCCMaTpPUBAEMBIX MPOLECCOB



npeo0IaaeT B MPUBEICHHOM PABHOBECHH, HAXOAWTCS 3HAK M BEJIMYMHA 3apsa
MTOBEPXHOCTH METAJLJIA.

DJIEKTPUYECKOE TI0JIE, BO3HHUKAIOLIEE BOKPYI 3JIEKTPOJA, BBI3BIBAECT
HEPAaBHOMEPHOE paCIpe/Ie]IcHHe HOHOB B pacTBope BOMM3U 3iekTpona. Ecnu
MeTaJJIMYecKasl TJIACTUHKA 3apsyKeHa OTPHUIIATENIbHO, TO K HEM MPUTATUBAIOTCS
KaTMOHbI W3 pacTBOpa W pacTBOpP BOJM3M TMOBEPXHOCTH  3apsiKaeTCs
MOJIOKUTENIBHO. EcCIM  MOBEPXHOCTh MeETAJUIa 3apsKeHa  MOJIOKHUTENBHO,
Ha0r0/1aeTCs oOpaTHast KapTHHA.

Takum oOpa3oMm, Ha TpaHUIIE METALI — PACTBOpP OOpasyercs IBOWHOMN
AIEKTPUUYECKUN CIIOM M BOSHUKAET ONMPEACIICHHBIN CKauOK MoTeHIuana. Paznocmo
NOMEHYUAL08, KOMOpAas B03HUKAEN HA cpaHuye Memasl — pacmeop, Ha3bIBaCTC
JJIEKTPOAHBIM  NMOTEHIHAJOM.  AOCOJIIOTHOE  3HAYEHUE  BJIEKTPOJHOTO
MOTEHIAAJIa W3MEPUTh HEBO3MOXKHO. [TosTOMYy 5JIEKTPOJIHBIE MOTEHIHAIIBI
OMPENIECNIAIOT OTHOCUTEJIBHO CTaHJIAPTHOTO BOJOPOJHOIO AJIEKTPO/AA, MOTEHIIUAI
KOTOPOT'O YCJIOBHO MPUHST 32 HOJIb.

Paznocme nomenyuanos mezxicoy memaniom, NOSPYyHCEHHbIM 6 pPACMEOp
ceoell conu ¢ KoHyeHmpayueu uoHog memanna I monv/n, u cmaHoapmuwviv
B8000POOHBLIM ~ 271eKMPOOOM  HA3bIBACTCS  CTAHAAPTHBIM  3JIEKTPOIHBIM
NOTeHIHAJI0M MeTa/uia. O003HavaeTcs (po, n3Mmepsiercs B BosibTax (B). 3Hauenus
HEKOTOPBIX CTAHAAPTHBIX JICKTPOIHBIX MOTCHI[MAJIOB MPUBEICHBI B Ta0I. 8.1.

Pacnonoorwcennvie 6 nopsoke ysenuuenus cmanoapmuozo 31€KMpPOOHO20
nomeHyuana memanivl 00pa3ylOT PsAA HanpsikeHuil MerasioB. [lonoxeHue
MEeTaJlJla B PsAy HAOPSOKEHUW OMNpeeisieT OTHOCUTENbHYIO OKHUCIUTEIIbHO-
BOCCTAaHOBUTEIHHYIO CITOCOOHOCTh METaJlJIa U €r0 MOHOB. UeM MeHbIIee 3HAUCHUE
MMEET CTAHJAPTHBIA AJICKTPOAHBIM MOTEHIMAT MeTajljla, TeM 00Jiee CHUIbHBIM
BOCCTAaHOBUTEJIEM OH sBisieTcs. Yem OoJblie MNOTEHIUAT METAUIMYECKOTro
AJIEKTPOAa, TeM O0Jiee BBICOKON OKHUCIUTEIbHOW CIOCOOHOCTBHIO 00JaJatoT €ero
noHbl. KaxxIpiii MeTal CIocoOeH BBITECHSATHh M3 PACTBOPOB COJICH TONBKO TE
METaJUIbl, KOTOPhIE UMEIOT OOJIbINIEe 3HAYCHUE AIICKTPOTHOTO MOTEHINAIA — 0oJiee

AKTUBHBIU METAJIJI 3aMENIAET MEHEE aKTUBHBIN.



Tabnuya 8.1. Cmandapmuvie sn1ekmpoousie homenyuanst (¢°) npu 25°C

u 3]Z€Kmp00Hble peakyuu onst HEeKomopbslx memajllloe

DnekTpox | DnekTpoaHas peakus | ¢° , B | OnexTpon | DnexTpoaHas peakuus | ¢° , B
Li*/Li Li*+&=Li ~3,045| cd**/cd Cd**+2e=Cd [-0,403
Rb*/Rb Rb*+&=Rb —2,925| Co**/Co Co®*+2e=Co |-0,277
K*/K K'+g=K —2,924| Ni%*INi Ni?* + 28 = Ni ~0,250
Cs*/Cs Cs'+&=Cs —2,923| Sn?*/Sn Sn®* +2&=Sn -0,136
Ba’*/Ba Ba’*+2e=Ba  |-2,906| Pb*/Pb Pb?* + 2& = Pb -0,126
Ca”/Ca Ca®+28=Ca |-2,866| Fe*'/Fe Fe** + 3& =Fe —0,036
Na‘/Na Na* +¢&=Na —2,714| 2H'IH, 2H* + 28 = H, 0,000
Mg*/Mg | Mg* +28=Mg |-2,363| Bi*'/Bi Bi*" + 3& = Bi +0,215
AL**/AL AP*+38=Al |-1,662| Cu*/Cu Cu**+28=Cu |+0,337
Ti%/Ti Ti* +28=Ti ~1,628| Ag‘/Ag Ag'+&=Ag +0,799
Mn*/Mn | Mn*+28=Mn |-1,180| Hg**/Hg Hg®* +26=Hg |+0,854
Zn?*/Zn Zn**+28=27n  |-0,763| Pt*'/Pt Pt?* + 26 = Pt +1,190
cr¥/Cr Cr*+3s=Cr |-0,744| Au**/Au Au**+38=Au  |+1,498
Fe®*/Fe Fe?* +28=Fe  |-0,440| Au‘/Au Au*+&=Au +1,691

[TocnenoBaTenbHOCTh METAJJIOB B PSY HAIPSKEHUM COXPAHSETCS TOJBKO

I cTaHgapTHOM Temmepatypsl (25 °C) M KOHIEHTpaluuMd HOHOB METajlla B
pactBope Imoinb/n. [lpu JIpyrux KOHICHTPAIUSAX JJICKTPOJIUTA DJICKTPOTHBIN

ITOTEHIMAJl PACCUUTHIBACTCS 110 ypaBHEHUIO HepHera:

0,059
o=0¢ + IgC
n
rac (PO - CTaH,Z[apTHblfz'I BHGKTPOHHBIﬁ HOTCHHI/Iaﬂ, n — YucJio BHGKTPOHOB,

YYaCTBYIOIIMX B DJICKTPOAHON peakiuu; C — KOHICHTpalMs MOHOB MeTajia B
pactBope (MOJIB/M).

Ecnu nBa s5ekTpoaa, NOrpyKEHHBIE B PACTBOPHI AJIEKTPOIUTOB, COCIUHUTD

METAJZTMYECKUM  TPOBOJHMKOM,  0Opa3yeTrcsi  TallbBAaHUYECKUU  DJIEMEHT.
l'asbBaHMYECKHUMM  JJIEMEHTAMH  HA3bIBAKOT  YCMPOUCMBA, 6 KOMOPbHIX
Xumudeckas OHep2us OKUCTIUMENbHO-60CCIMAHOBUMEIbHbIX npoyeccoe

npeobpazyemcsi 8 1eKmMpudecKyro IHepeuro.
Tak, peakmus CuSO4 + Zn = Cu + ZnSO,4 B 2IEKTPOXUMUYECKOM BapHaHTE

SBIIICTCS OCHOBOHM TaJbBaHMYECKOro »yeMeHTta Jammdms — SkoOm, cxema



KOTOPOTO (5)Zn[ZNnSO4||CuSOy4|Cu(+) oTpaxaeT cructeMy 0003HAYCHHUN TSI
raIbBaHMYECKMX dieMeHToB. ClieBa 3ammchiBacTcst aHon Zn|Zn®* — oIeKTpor,
UMEIOIINIA MEHbIIee 3HAYeHUE OJIEKTPOJHOIO TMOTEHIHANA, OTPHUIATEeIbHBIN
noyitoc (—), Ha HEM MPOTEKAET MPOIECC OKUCICHUSI — aHOIHAas peakius: Zn —28 =
Zn*. CmpaBa — xartog Cu®’|Cu — 9IeKTpon, MMMl OOIblIce 3HAYCHHE
AJIEKTPOJHOTO TOTEHIMAa, MOJIOKUTEIbHBIA Tooc (+), Ha HEM MPOTEKaeT
MPOIIECC BOCCTAHOBJICHUSI — KAaTOJHAsl PEaKIus: Cu® + 2& = Cu. Oxna
BEpTUKAJIbHAA uyepTa u300pakaeT (pa3oBbIil pa3aes MEeXy METaJIOM U PaCTBOPOM
anekTposnnTa. J[BoliHasi BEpTUKAJIbHAS JIMHUS OTAEISET aHOJAHOE MPOCTPAHCTBO OT
KaTOJTHOTO.

CymmapHas peaxkyus, HnpoOmeKarnwjas 6 2alb8aAHUYECKOM 3JlleMeHme,
Ha3bIBaeTCsl ToKooOpasywuleid. B cioyuae oanementa [anudnsgs — SxoOu
TOKOOOpa3yrolas peakiys UMeeT BU/T Cu?* + Zn = Cu + Zn*.

Maxcumanvuas pasnocms NOMEHYUANO8 2IEKMPO008, KOMOpas MOdcem
Ovimb  nomyueHa npu pabome  2aNbBAHUYECKO20  dlleMEeHmd, Ha3bIBAETCA
yexkTpoaBmkymei cuioi (9J1C). O6o3Hauaetcst E, uamepsiercs B Bonbrax. 3/1C
AJIEMEHTa paBHA PA3HOCTU MOTEHIIMAIOB KaTo/la U aHOJIa: E=0c— 0,

CranpaptHas DOJIC paBHa pa3HOCTH  CTaHAAPTHBIX  DJIEKTPOIHBIX
noTeHIuanos karoxa u amoma: E° = % — ¢%. Tak, mist oimemenrta JlaHuIIS —
Sxo6u craumaptaas IJIC pasra: E° = ¢%c.” ey — 0°20° 120 = +0,337 — (-0,763) =
+1,100 B.

OKHCIUTETFHO-BOCCTAHOBUTEIIbHAS PEAKIMs, XapaKTepusyromas padboTy
rajJbBaHUYECKOI0 3JIEMEHTA, MPOTEKAET B HampasiieHWH, B KotopoM DJIC nmeer
MOJIOKHUTENIBPHOE 3HaueHue. B aTom ciydae AGOX_p, < 0, tak kak »Heprusi ['mb6ca
xuMuueckor peakunu u IJ{C cBs3aHbl COOTHOLIEHUEM

AG® = —nE°F,
raie N — 4YUCIO DJJIGKTPOHOB, YYACTBYIOUIUX B DJIEKTPOJHON peaknuu; F —

nocrosgHHaa dapanes, paBHas 96500 Ko; E° cranaaptaas I/1C.

['anpBaHWYECKHI JIEMEHT, COCTOSIINN U3 ABYX JIEKTPOAOB OJHOIO M TOrO
)K€ METaJUIa, IOTPYKEHHBIX B PACTBOPBI €r0 COJM Pa3HOM KOHUEHTPALIUU,
MPEJCTABIACT COOON KOHYeHmpayuouHsill nemenm. B dTOM cilydae aJEKTpOJ,
MOTPYKEHHBIA B PACTBOP DJIEKTPOJIMUTA C MEHBIICH KOHIEHTPAUMEX HOHOB

MeTaiia, Oyaer aHogoM. B kaudecTBe kartojga OyIeT BbICTyHaTh JJIEKTPOJ,



OIYIICHHBIN B 3JIEKTPOJIUT ¢ OOJIbIIEeH KOHIICHTPAIlE HIOHOB MeTala.

lMpumepbi peweHust 3aday

IIpumep 8.1. Onpenenure I/{C KOHIEHTPALMOHHOIO MEJHOTO 3JIEMEHTA C
KOHIIEHTPALHSMHE HOHOB MM, paBHBIME 10" MosIb/1 y oHOro 31ekTpona u 107
MOJIB/T y fpyroro npu 298 K.

Pemienne. CxeMa Takoro rajibBaHu4eckoro snemenra Cu | Cu2+||Cu2+ ‘ Cu.
[To ypaBHeHnuto HepHcTa paccunThiBaeM MOTEHIMAIBI IBYX MEIHBIX 3JIEKTPOJIOB.

J171s1 mepBOro 3IeKTpoIa:

0 2+ 0 059

oc’ Tew = @’ e + lg10™* = 0,337 + 0,0295-(-1) = 0,3075 B

J1J1s1 BTOpOTOo 3JI€eKTpoIa:

0.059 059 Ig10°® = 0,337 + 0,0295-(—3) = 0,2485 B

(PCu Vi cu— (POCu2+/ cut

[lepBbIii 25MeKTpOa ¢ OONBIIMM 3HAYCHHEM MOTCHIIMANIA B JAaHHOM
DJIEMEHTE SIBJISIETCS KaroioM, BTopoil — anomoM. OJIC paccuuThiBaeM 1O
bopmyie:

E=¢.—¢,=0,3075-0,2485 = 0,059 B.

Mpumep 8.2. Paccunraiite DJIC snementa Cd|Cd?||Cu? | Cu npu

KOHIIEHTPAI[UX HOHOB Cu*" u Cd*, paBHBIX cooTBeTcTBeHHO 0,1 11 0,01 MoB/I1.
Pemenne. Hcnonws3ys ypaBHenus HepuHcra wu  nanHele Tab6n. 8.1,

PaCCUYHMTHIBAEM 3JICKTPOTHBIC TTOTCHIIMAIBI KaIMUS U MEIH.

0 2+ 0 059

(PCuz = O cu leu +

lg10™ = 0,337 + 0,0295-(-1) = 0,3075 B

0 2+ 0 059

pedtlea = @i leq + 19102 = ~0,403 + 0,0295-(-2) = 0,462 B

Tak kak (pcd2+/Cd < (PCu *lcu , TO TOKOOOpa3ylolIeil B ITOM TalbBaHHYECKOM
snemente sBstercst peakumst  Cd® + Cu®* = Cd®* + Cu’. PaccuntsiBaem DJIC
DJICMEHTA
E =@’ lou— @cd”leg = 0,3075 — (-0,462 ) = 0,77 B.

Ipumep 8.3. Mcxoas w3 3HAUYCHWN CTAHIAPTHBIX DIIEKTPOIHBIX

INIOTCHIIUAJIOB H AGO YKaXHTC, MOXHO JI1 B TaJbBAHUYECCKOM OJJICMCHTC

X.p.s
2 - 2

ocymecTButh peakuuo Pb™ + Ti = Pb + Ti*". CocTaBbTe cXeMy raabBaHHYECKOTO

3JIEMEHTA, HAMUIIINTE YPABHEHUS 3JICKTPOIHBIX PEaKIHil.

Pemienue. B cooTBEeTCTBMHM C ypaBHEHHEM pEAKLHUH CXEMY



raJlbBAHUYECKOTO DIIEMEHTa MOXXHO MPEICTaBUTH CIEIyIOIUM obOpa3zom:  (—
)Ti | Ti?*|Pb** | Pb(+). YpaBHeHUsI 37I€KTPOTHBIX PEAKIMI UMCIOT BU/I:

na anone: Ti° — 26 — Ti?

Ha katone: Pb*+ 2& — Ph°
PaccuntsiBaeM crannaptHoe 3Hauenue J/C:
E% =’ — 0% = %% Tpp — ¢'1i2t17i = —0,126 — (—1,628) = 1,502 B.
Auepruio ['n66ca paccuntsiBaeM 1o ypasaerno AG’ = — nE’F= — 2.1,502-96500 =
~289,9 kJIx. Tax kak AG’< 0, TOKOOOpa3ylollasi peakiys BO3MOXKHA.

Ilpumep 8.4. Kak wu3MeHHTCd Macca UMHKOBOW IUIACTHHKU IIPH
B3aMMOJICHCcTBHM ee ¢ pacTBopamu: a) CuSO,; 6) MgSO,; B) Pb(NO3),? ITouemy?
CocTaBbTe MOJIEKYJIIPHBIEC M HOHHBIE YPABHEHUSI COOTBETCTBYIOIIUX PEAKIIHIA.

Pemienue. B COOTBETCTBUUM C IMOJOKEHUEM psiAy HampsikeHud (tadmn. 8.1)
WOHBI MEIM ¥ CBUHIIA 110 OTHOIICHHUIO K IIUHKY OYIyT MPOSBISITH OKACIUTEIHHYIO
akTuBHOCTH. [Ipm koHTakTe ¢ pactBopamu CuSO4 m Pb(NOs), Oyayt mporekaTh
peaKIny pacTBOPEHUS IIUHKA U OCAXKJICHHUS COOTBETCTBYIOIIETO MeTaslia:

a) CuSO, + Zn = Cu + ZnSOy; Cu* +Zn =Cu + Zn*
6) Pb(NO3), + Zn = Pb + Zn(NO3),; Pb** + Zn =Pb + Zn**

OauH MoJb HPKBUBAJIEHTOB LUHKA (32,69 r/Monb) OyJeT 3amermarbes
Ha OJWH MOJIb 3KBHBajieHTOB Menu (31,77 r/monb) unu ceuHua (103,6 r/moub).
YyuThiBasi MOJISIPHBIE MAacChl SKBUBAJICHTOB 3THUX 3JIEMEHTOB, B pactBope CuSO,
Macca IIMHKOBOW TUIACTUHBI Oy/eT HE3HAYMTEIIbHO YMEHBIIAThCS, & B PacTBOpE
Pb(NO3), — 3aMeTHO yBeIMUNBATHCS.

CraHmapTHBIA MOTEHIIMAT MarHus MMEET MEHbBIIee 3HaueHue, 4eM
noTeHnyan nuHka (tadm. 8.1). DTo O3HA4aer, 4yTO MOHBI MArHus HE MOTYT
OKHUCJISITh IIMHKOBYIO IIIAcTUHKY. [loBegeHme IMHKa B TakOM pacTBOpE
AHAJOTMYHO OKHCJIEHMIO IMHKOBOW IUIACTUHKK B Bome: Zn — 28 = Zn*.
[IpoTrekanue Takoro mpoiiecca MPUBEAET K Mal03aMETHOMY CHIKEHHUIO MAacChl

[MUHKOBOMU IIJIACTUHKMU.

9. Koppo3susi u 3awyuma memarios

Koppo3usi — smo camonpoussonvho npomexkaowuil npoyecc pa3pyuleHus
Memanios 8  pesyibmame  XUMUYECKO20 — UIU  IJIeKMPOXUMUUECKO20

e3aumodelicmeusi ux ¢ oxpycarowel cpeoou. 1lo MexaHU3My NpPOTEKaAHUS



KOPPO3HOHHOTO TPOIECCa Pa3IUyaloT XHUMHYECKYI0 H  DJICKTPOXUMHUYECKYIO
KOPPO3HIO.

XUMHYECKON  KOPpPO3Wed  HA3bIBACTCS  OKUCIeHUue Memaila, He
CONpOBoHCOaIouieecs: B03HUKHOBEHUEM 6 CucmeMme dJeKmpuyecko2o moka. Takon
MEXaHU3M HaOJIFOTaeTCs IPU B3aUMOJICUCTBUHM METAJUIOB C arpeCCHBHBIMH Ta3aMU
IpU BBICOKOHM TemriiepaType (ra3oBasi KOPpO3Hs) U C OPraHMYECKUMHU >KUJIKUMU
HEAJIEKTPOJIUTAMU (KOPPO3Us B HEIJIEKTPOJIUTAX).

JJIEKTPOXMMHUYECKOH KOPPO3Meld Ha3bIBACTCS paspyuieHue memaiid 8
cpeoe IeKmpoIUma, CONPOBONCOAULeeCsl 803HUKHOBEHUEM GHYMPU CUCTEeMbl
NEKMPU1eCcKo2o0 mokda. IIEKTPOXUMHUIECKas KOPPO3HsI MPOTEKAET IO MEXaHU3MY
JIEUCTBUS TaJIbBAHMYECKOTO 3jeMeHTa. Ha moBepxHOCTH MeTaia OJJHOBPEMEHHO
TPOTEKAIOT J[Ba MPOLIECCA. AHOJHBINM — OKMcIeHue MeTaana M —ng — M"™

KaTOJIHBIN — BoccTaHOBIeHHE okucauTens (Ox): Ox + ng — Red.
HaubGonee pacmnpocTpaHEHHBIMU  OKUCITUTEISIMU  TPU  AJIEKTPOXUMUYECKON
KOPPO3MH ABIAIOTC MoJeKynbl O, BO3ayXa W MOHBI Bojgopoaa H' snexrponura,
BOCCTAaHOBJICHHE KOTOPBIX Ha KaTOJE MPOTEKAIOT [0 YPABHEHUSIM:
O, + 2H,0 + 4& - 40H — B HeWTpaJIbHOW WJIH LIECIIOYHOU CPEIE
2H" + 28 — H, — B kucoii cpeje.

Hampumep, mpu KOHTakTe »Kejie3a C MEIbI0 B PacTBOpPE DJIEKTPOJUTA —

COJISTHOMN KHCIIOTHI — HA aHOJE HAET MPOLECC OKUCICHHS JKeTesa:  Fe — 28 = Fe**
Ha KaToJie¢ — MPOIECC BOCCTAHOBJIEHUSI MOHOB BOJIOPO/JIA: 2H" + 26 =
H,
B pesynbrare jkene3o paspymiaeTcs, a Ha MeAH BbiAenseTcs Bojopoia. Cxema
o0pa3yromerocs Mpy 3TOM ralbBaHUYECKOTO AJIEMEHTa UMEET BUJ!
() Fe| Fe** |HCI|H,| cu (+)
[Tpu koHTaKTe Kejae3a ¢ Meapio BO BiaxkHoM Bo3ayxe (O, +H,0) mporecc
KOPPO3HH BBIPAKACTCS YPAaBHCHHUSIMHU.
Ha aHoJIC: Fe — 28 = Fe?*
ga karone. O, + 2H,0 +4e = 40H
Cxema 00pa3yromerocsi raTbBaHUYeCKOro AJIEMEHTA!
(-) Fe| Fe**| 0,, H,0 |OH | Cu (+)
BO3HMKAOImEE B pe3ylbTaTe KOPPOSHH HOHBI Fe’"  CoeamHSIOTCS C

HAPOKCHIBHBIMU TPYIITIAMH, BBISISIOMMMICS Ha Katoze: Fe’ + 20H™ = Fe(OH),.
Hanee Fe(OH), okwucnsercs B Fe(OH)z;: 4Fe(OH), + O, + 2H,O = 4Fe(OH);3,



KOTOPBIN YaCTUYHO TEPSET BOJAY U MPEBPAIIAETCS B PKABUHHY.

Homner unu monexynvi, Komopwvle 60CCMAHABIUBAIOMCA HA KAmooe,
Ha3bIBAIOTCA AenojspusaTopamu. Kopposus ¢ yuactuem uonoB H' naseiBaercs
KOppO3ued C BOJOPOJHOM Jenojsipu3aiueid, a ¢ ydactueM MoJjekyln O, —
KOppOo3uell ¢ KuciaopogHou nenoisipuzamnueil. [lpu atmMocdepnoit koppo3un —
KOPPO3HH BO BJIAYKHOM BO3/yX€ MIPU KOMHATHOM TeMIiepaType — ACHOIIPU3aTOpOM
SBJISIETCS] KUCIIOPO/I.

OgHuM #3 METOJOB  3alIUThl METANIOB OT KOPpPO3UU  SIBIISIETCA
WCITOJIb30BAaHUE METAIMYECKUX IOKPBITHI. Pa3nuyaroT KaTOIHBIE W aHOJHBIE
NOKpBITUS. [loKpbimue 3awuujaemo20 Memanla MeHee aKMUGHbLIM Memaiiom
Ha3bIBACTCS KATOAHBIM. KaTOIHBIMU, HapuUMep, SIBISIIOTCA HMOKPBITUS Ha CTaU
U3 Meau, HUKens, cepedpa. Ilpu moBpexaeHNH TaKUX MOKPBITUN 3alllUIaeMblid
METaul CTAaHOBUTCA aHOJAOM M OKHCIsieTcs. [lokpuimue 3awuujaemo2o memaina
Oonee aKMUGHLIM MemailoM Ha3bIBAETCS AHOMAHBIM. AHOJHBIMU, HANpPUMED,
ABJIAIOTCS TOKPBITHS HA CTAJld W3 QJIIOMUHUA, LMHKA, Xpoma. B »TOoM ciyuae
3alUIIAeMbIil MeTaiul OyJIeT KaToJ0M KOPPO3MOHHOIO RJIEMEHTA, IIO3TOMY OH HE

KOppOoaupycCT, a OKUCIIATLCA 6y,[[€T MCTAJIJI IIOKPBITHUA.

O@deKTUBHBIM METOJOM 3alUThl OT KOPPO3HH SIBISETCA NPOTEKTOpHAs
3ammTa. B 3TOM MeToAe K 3aluIiacMOMy METAJLIy NPUCOECAMHSETCA JINCT,
U3rOTOBJICHHBI M3 0Oojiee akTUBHOrO Metajuia. B pesynbrare 3amuiiaemoe

U3JIeJINE€ CTAHOBUTCA KaTOAOM, a KOPPOAUPYET METAILI-IIPOTEKTOP (aHOM).

lNMpumepsb! peweHus1 3ada4y

IHpumep 9.1. Kak nponcxoauTt Koppo3us UUHKA, HAXOASAIIETOCS B KOHTAKTE
C KaaMmueMm, BO BJaxXHOM Bo3ayxe W B kucioM pactBope (HC1)? CocraBbre
ypaBHEHUSI aHOJHOTO U KaTOJHOTO TpoiieccoB. [IpuBeaure cxembl 00pa3yromuxcs
MIPU STOM TaJIbBAHUYECKUX 3JIEMEHTOB. ONpeAeuTe COCTaB MPOIYKTOB KOPPO3HUH.

Pemienne. [{uHk nmeeT MeHbllee 3HaueHue mnoteHimana (—0,763 B), yem
kaamuit (—0,403 B), mosToMy OH SBISETCA aHOAOM, a KaaMUA — KaTOJOM.
CnenmoBarenibHO, IIMHK pacTBOPSETCS, a Ha MOBEPXHOCTH KaAMUSA UIET
BOCCTAHOBJICHUE JICTIONSPU3ATOpPA: B KHCJIOM pPAacTBOPE — C BOJOPOJHOMU
JIETIOJIIPU3ALMEN, BO BIAXKHOM BO3JIyXE — C KUCIOPOJIHOU JAENOISPU3ALACH.

AHoHSBI Tponece: Zn — 28 = Zn**



Katonuelii mpouecc: B kucioM pactsope 2H' + 28 — Hy
BO BIaxkHoM Bo3ayxe O, + 2H,0 +4¢ — 40H
Cxema 00pa3yromerocsi raTbBaHMIECKOTO AJIEMEHTA BO BIAKHOM BO3IIYXE:
(9)Zn | Zn?*] 0,,H,0 |OH " | Cd(+).
Cxema 00pa3yromerocsi raTbBaHIYECKOT0 AJIEMEHTA B KUCIIOM pacTBOPE:
(-)Zn| Zn*HC1[H, | Cd(+).

Bo BIaXHOM BO3myXe MOHBI ZN°* ¢ TI'HIPOKCHIBHBIME TPYIIIAMI,
BBIICTISIIONUMUCS Ha KaToje, OoO0pa3ylT MaJopacTBOPHMBIA THAPOKCHA ITMHKA
ZN(OH),, KOTOPHIH U ABIAETCS MIPOTYKTOM KOPPO3HH.

B kucnoil cpene Ha TOBEPXHOCTH KaJMHs BBIACISIETCS Ta3000pa3HbIil
BozI0po/1. B pactBop mepexomat nowsr Zn*,

IIpumep 9.2. Xpom HaXOaUTCsA B KOHTaKkTe ¢ Menbto. Kakoil u3 meramion
OyZeT OKHUCIATHCS MPU KOPPO3HUH, €CIIM ATa Mapa METAJJIOB IMOMAaJaeT B KUCITYIO
cpeny (HC1)? IlpuBenure ypaBHEHHS aHOJHOTO M KaTOJHOTO MPOIECCOB, CXEMY
oOpa3yromerocss TalbBaHWMYECKOTO JJIeMEeHTa. KakoB cocTaB  MpPOIYKTOB
KOoppo3uu?

Pemenue. [1o monoxxeHuto B psiay HANPsH>KEHUW METAIIOB BUTHO, YTO XPOM
0oJice aKTUBHBIA METAJII (q)OCrSJ'/cIr = —0,744 B), yeM meab ((pOCuZJ'/Cu =0,337B). B
oOpa3oBaHHOM ragpBaHudeckou nape Cr — aHoj, oH okucisercs, a Cu — karoj, Ha
ee MOBEPXHOCTH BbIAesIeTcs (BoccTaHaBiuBaercs) Bogopoa u3z HCI.

AHofHsI ponece: Cr —3& = Cr**
Karomuslit nponecc B kucioii cpene: 2H" + 28 — H,
Cxema ranpBaHuueckoro seMenTa: (—)Cr |cr**|HCl | H, | Cu(+)
Tosmstoruecst noubl Cre* 06pasyrot ¢ xmopua-annosamu (13 HC1) pacTBopivoe

coenuaenne — CrCl;, Ha moBepxHOCTH Meu BhiAenseTcs: H.

10. dnekmponu3s

DJEKTPOJIU3 —  COBOKYHHOCHMb — NPOYECcco8,  NPOUCXOOAUWUX — NpU
NPOXOHCOEHUU NOCMOSHHO20 IJIeKMPUUECKO20 MOKA Yepe3 INeKMPOXUMUUECKYIO
cucmemy, COCMOAWYI0 U3 08X 921eKmpooo8 U pacniasd Uiy pacmeopa
97IeKmMpoIUma.

CylIHOCTb 3JEKTPOIn3a 3aKJII0YaeTCd B TOM, UYTO MPHU MPOMYCKAaHUHU TOKa
yepe3 pacTBOp WIIM PACIUIAB 3JIEKTPOJIATA TMOJIOKUTEINBHO 3apPSIKEHHBIE HOHBI

nepeMenialoTcss K Karoay (OTpHUIATeIbHOMY 3JEKTPOAY), a OTpHIATEeNIbHO



3apsHKEHHBIE — K aHOAY (MTOJIOKUTEIHHOMY SJIEKTPoay). JIOCTUTHYB 3IEKTPOJIOB,
MOHBI Pa3psDKAIOTCS: Y aHoJa BOCCTAHOBUTENb OTNAET JJEKTPOHBI (B CETh) U
OKHUCJISIETCS; Yy KaroJa OKUCIUTEIh MPUCOCIUHSAET BJIEKTPOHBI (M3 CETH) H
BOCCTAHABIIMBAETCSI.

Hampumep, mpu NpOXOXKICHHH 3JIEKTPUYECKOTO TOKAa dYepe3 pacIuiaB
MgCl, kaTHoHbl MarHusi TOJ JCHCTBUEM 3JCKTPUYECKOTO TIOJS JIBHKYTCS K
KaTOJly YU BOCCTAHABIIMBAIOTCS HA HEM JI0 METaslIa:

Mg +2& = Mg

AHUOHBI XJIOpa TEpPEMENAIOTCI K aHOAY W OKHCISIOTCS Ha HEM C
o0pa3oBaHUEM MOJIEKYJI Fa3000pa3HOTO XJI0pa:

2C1 -2&=Cl,

CyMMapHbIii Tporecc, MPOTEKAIOUU TpH DIIEKTPOJIN3Ee, BhIpaKaeTcs
YpaBHEHUEM OKHUCIUTEIIbHO-BOCCTAHOBUTEIHHOM PEAKIIUU:

Mg* +2C1 = Mg + Cl..

[Ipu amexkTponm3e BOAHBIX PACTBOPOB, KPOME HOHOB DJJICKTPOJIHWTA B
OKHUCJIUTEIbHO-BOCCTAHOBUTEILHOM TMPOIECCe MPUHUMAIOT Y4YaCTHUE MOJIEKYJIbI
BOJIBI.

Ha xarojie MosieKkysibl BOJIbI MOTYT BOCCTaHABIIMBATHCS:

2H,0+2&8=H,+20H (¢ =-0,41 B),

a Ha aHOJIe — OKUCIISITHCS

2H,0 — 48 =4H" + O, (p =+1,23 B).

XapakTep KamooHo2o npoyecca TIPU DIEKTPOJIN3E BOJIHBIX PACTBOPOB
ompeesaeTcs MoJIOKEHUEM MeTasula B psay HanpsbkeHud (taodu. 8.1). Ha katone B
MEPBYIO OYepelb BOCCTAHABIMBAIOTCS KaTUOHBI, UMEIOIINE HAUOObIIIee 3HAUYCHUE
AJIEKTPOJHOTO TOTEHIMaNa. Ecin KaTHOHOM JJIEKTPOJIUTa SIBISICTCS METalll,
AJIEKTPOHBIN MOTEHIIMAI KOTOPOTO 3HAYUTEIBHO 00Jiee OTPUIATEIbHBINA, YEM —
0,41 B, To Ha karoje MeTaJlJl BOCCTaHABIMBATbCA HE OyleT, a MHpPOU30MIET
BOCCTAHOBJICHME MOJICKYJ BOABL. OTH METAUIBI PACHOJIOKCHBI B PSIAY
Hanpspbkenuid ot Li mo Al  BrimrounTensHo. Ecnu xatnoHOM »JeKTpOUTa
SBJISICTCSI ~ METaJUI,  DJIGKTPOJAHBIA  TOTCHIIMAJI  KOTOPOTO  3HAYUTEIHHO
nojoxurenpHee, yem —0,41 B, To W3 HeUTpadbHOrO pacTBOpa TaKOTO
DJIEKTPOJIUTA HA KaTroje OYyIeT BOCCTAHABIMBATHCA METaUl. Takue MeTalljIbl
HaXOJIATCS B PAAY HANpsDKEHUH BOJIW3HM BOAOPOJA (MPUMEPHO OT OJIOBA M TOCTE

HeFO). B CJIyda€ MOHOB MCTAJIJIOB, MMCIOIIUX 3HAYCHUA IMOTCHIMAJIA OJIM3KHE K —



0,41 B (Zn, Cr, Fe, Cd, Ni), B 3aBUCHMOCTH OT KOHIICHTPAIMH JJICKTPOJIHTA U
YCIOBUM AJIEKTPOJU3a, BO3MOXKHO KaK BOCCTAHOBJIGHHWE MeTaijla, TaK U
BBIICJICHHE BOJIOPOA, & HEPEAKO U UX COBMECTHBIN pa3psi.

Ha anooe B mepByro odepenp OCYIIECTBIACTCS OKHUCICHHE HamOoJee
CHJIbHBIX BOCCTAHOBHUTEIICH — MOHOB, MMEIOIIINX MEHBINIEE 3HAUYEHNE JICKTPOTHOTO
MOTEeHIHANA.

PaznuuaroT SJeKTposiM3 ¢ HWHEPTHBIM (HEPACTBOPUMBIM) aHOJIOM H
AIEKTPOJIU3 C aKTUBHBIM (PAaCTBOPUMBIM) aHOJIOM.

Hnepmmuwiii anoo (rpadurt, yroib, IUIATHHA) HE TIPETEPIICBACT OKUCIICHUS B
xome onektposmsa. [lpuw  diekTposm3e  BOAHBIX — PAacCTBOPOB  IIEJIOYEH,
kucnopoaconepxkamumx kuciaor (HNOjz;, H,SO, H3PO,) u ux coneit (Hutpatsi,
cynbdarsl, oprodocdarsl u ap.), a Takke GTOpoBOAOpPOoaa U GTOPUIOB HA HEM
MPOUCXOJIUT DICKTPOXUMUYECKOE OKUCIICHUE BOJIBI.

Ecim anvonsl anekrposmta 6eckuciaopomausr (ClI-, Br, I, SZ*), TO OHH U
paspsKaroTCa Ha aHOJE B XoJie dnekTponu3a. Hampumep, 2 C1 — 2€ = Cl.,.

AxmueHblll aHoO W3TOTOBJIEH W3 MaTepualia, KOTOPBIA MPHU 3IJIEKTPOIIU3E
MOYET OKHCIATBCS 1m0 cxeme: M? — ng = M™.

PaCCMOTpI/IM HCCKOJIBKO CJIY4AacB 3JICKTPOJH3a BOJHBIX paCTBOPOB COJICH.

onekTponuns pacteopa CuCl, ¢ MHepTHbIM aHOA0OM
B Bomnom pactBope xuopua memu (1) muccommmupyer: CuCl, = Cu®™ +
2C1". Cranpaptaslii 25ekTpoaabiid motennuan meau (1) (+0,337 B) cymecTBeHHO
BBIIIIE 3HAYCHHUS TOTEHIIMAJa BOCCTAaHOBJICHUS MOHOB Bojopoja u3 Boabl (—0,41
B). ITosToMy Ha Katome OyIeT MPOMCXOIMTH paspsa moHoB CU®* U BbImeneHHE
MeTayuinyeckor Meau. Ha anone OyayT OKHCIIATBCS XJIOpUI-aHUOHBI.
Karox < Cu2+, H,O Anong < C1°, H,O
Kamoomnwiii npoyecc: Cu**+2&=Cu Anoomwtii npoyecc: 2C1° — 28 =
Cl,

[TpoaykTsl a5ekTposuza — Cu u Cl,.

AnekTponuns pacteopa KNO; ¢ MHEPTHbIM aHOAOM
B BoiHOM pacTBope HuTpaT Kanus auccoruupyer: KNO;= K"+ NO3z~
. CTangapTHbIN 3JEKTPOIHBIN NOTeHIMaN Kanus (—2,924 B) 3HAUUTENbHO HHXKE

3HAYEHMs TMOTEHIMaja BOCCTAHOBJEHUS MOHOB Bojopoaa u3 Boabl  (—0,41 B).



[ostomy katmomsl K* He OyIyr BOCCTaHABIMBAThCA HAa  KaToJIe.
Kucnoponconepkame annonsl NO 3~ He OyIyT OKHCIATBCSA Ha aHojae. B aTom
cllydae Ha KaToJle M Ha aHOJE BOCCTAHABIMBAIOTCS M OKHCISIOTCS MOJICKYIIBI
Bozbl. [Ipy 5TOM B KaTOAHOM MPOCTPAHCTBE OyayT HakarmBaTbcss MOoHBI OH,
obpasyrome ¢ wuoHamu K’ menous KOH. B aHOJZHOM IpOCTpaHCTBE
HakaruuBaroTcst HoHsl H, o6pasyronue ¢ nonamu NO3~ kucimory HNOs.
Karon < K*, H,0O Anon < NO; -, H,O.
Ha xamooe: 2H,0 + 28 =H, + 20H" Ha anooe: 2H,0 — 48 = 4H" +
O,
[TpoaykTsl anekTponusa — H, u O,.
V katoma: KT+ OH = KOH VY anoma: H + NO; = HNOj
OnekTponus pacteopa NiSO, C HMKENEBbIM aHOO0M
B BoaHOM pactBope cynbdar aukess guccormupyer: NiSO, = Ni%* + SO,
B »TOoM ciyyae okucIeHHIO TIOJBEpraeTcsi aHoOJ, a Ha KaTojie Mpolecc
MIPOTEKAET TAK K€, KaK U TPH JIEKTPOJIN3E PACTBOPOB C HHEPTHBIM aHOIOM:
Karon < Ni**, H,0 Anon < SO,%, H,0, Ni
Kamoonwiii npoyece: Ni** + 28 = Ni Anoomnwiti npoyecc: Ni — 28 =
Ni2*

3aKOHBI JIEKTPOJIN3A

1.  Koauuecmeo  eewecmea,  ucnvimasuie2o  91eKMPOXUMUYECKUE
npespawerus Ha 1eKmpooe, NPAMO NPONOPYUOHATILHO KOIUYECEY NpouLeoule2o
anexmpuyecmea. 1lpu nmpeBpalieHu OJHOTO MOJISI SKBHBAJIEHTOB BELIECTBA HA
anekTpoAe uepes Hero npoxoaut 96500 Kit snexkrpuuectsa.

2. Maccovl npopeazupogasuiux Ha 31eKmpooax eewecme npu NOCMOSIHHOM
KOU4ecmee 1eKmpuiecmed OMmHOCAMCs Opy2 K Opy2y KaK MOJISIpHble MACCbl UX
9KBUBATIEHMOS.

[lepBblii © BTOPOM 3aKOHBI DJIEKTPOJIM3a OMHUCHIBAIOTCS OOBEIMHEHHBIM
_ My Q
- F

M — Macca BEIIeCTBa, BbIJIEIUBIIETrOcsa Ha 3aekTpoae (T), M, — MoJsapHas macca

YPaBHEHUEM: m , e Q=It

DKBUBAJICHTOB BEIIECTBA, BBIJCIMBIIETOCS Ha »dJekTpone (r/momp); Q -
KOJIMYECTBO JJICKTPUYECTBa, Ipoieaniee yepe3 dnekrponaut (Ki); | — cuna toka
(A), t — Bpems asekTposiuza (C).

Ecau Ha QJICKTPOAax BbIACILAIOTCA TIa3bl, TO MOXHO BOCIIOJIB30BATbHCA



V I-t

9K (eaza)

F

TIE V (raza) — O0BEM rasza, BBIIECIUBIIErOCs Ha d1EKTPOAE (1), Vi (rasa) — 00BEM 1

bopmyoii: V asa

MOJIb 35KBUBAJICHTOB I'a3a, BBIICIIMBIICTO HA 3JICKTPOAC (J'I)
BLIXO)I MO TOKY — BBIPAXXCHHOC B IIPOLCHTAX OTHOICHNC MAaCChl BCIICCTBA,
(I)aKTI/I‘-IeCKI/I BBIJICJIMBHICTOCA Ha 3JICKTPOAC, K TCOPCTUICCKU BBIYMCIICHHOMY €C

3HA4YCHHUIO.

_ M paxm

n -100 9%

M meop

lMpumepsbi peweHus 3aday

IIpumep 10.1. Ckonapko IpaMMOB HHKEJNS BBIAEIUTCA Ha KaToOAE IMpHU
NPOIyCKaHUM 4Yepe3 pactBop cepHokucioro Hukens NiSO, Toka cuimoir 5 A B
teueHne 10 mun? IlpuBenute cXeMbl ANEKTPOAHBIX ITPOIECCOB, MPOTEKAIOIINX
IIPU AJIEKTPONIH3€E C MHEPTHBIM aHOAOM. Ompeenure IpoayKThI 3JEKTPOIHN3a.

Pemenune. B BogHoMm pactBope cynbbar nukens () nuccomuupyer:
NiSO, = Ni** + SO,*". CranzapTHBIH 3MeKTPOAHBIH HoTeHmHan Hukems (—0,250 B)
BBIIIIE 3HAYCHHUS MOTEHIIMAIa BOCCTAaHOBJICHHUS MOHOB Bojoposa u3 Boabl (—0,41
B). ITostoMy Ha KaToie OymeT HMPOMCXOXMTH paspsa uoHoB Ni** U BblemeHue
METAINTMYEeCKOro HUKensd. [Ipu 31eKTponr3e CEepHOKUCIBIX COJEH HAa WHEPTHOM

aHOAC TIIPOHUCXOOHUT OISJICKTPOXHUMHYCCKOC OKHCJICHHUC BOAbI C BBIICICHHUCM

KHCIOPO/Ia.
Karon < Ni%*, H,O Anon < SO4%, H,0
Ha xamoode: Ni** + 2& = Ni Ha anooe: 2H,0O —4e =4H" + O,

[MpoxyxTer anektponuza — Ni u O,,
Y anoma: 4H" +2S0,” = 2H,S0O,
MomnsipHass Macca SKBHBAJICHTOB HUKeNsI (MOJ. macca aToMoB — 58,71 1/mMoJib)

paBusiercst 58,71 / 2 = 29,36 r/mounb. [lojacTaBisist 3TO 3HaYCHHE, a TAKKE CHILY

M, -1-t
TOKa U BpeMs 3JIEKTpoiu3a (B CeKyHaax) B GopMyny M ZBKT’ nojy4yaem

UCKOMYIO Maccy Hukens: m = (29,36 - 5 - 600) / 96500 = 0,91 r.
IIpumep 10.2. CxonabKO BpEMEHU HYKHO MPOIYCKaTh 4YEpe3 pPacTBOP

KHUCIIOTHI TOK cuyioit 10 A, yToObI momyuuTs 5,6 71 Bogoposa (pu H. y.)?



Pemenne. [IpoaykT 3nmekTposan3a npeacTaBiseT co0oil razoo0pasHoe
BEILECTBO, [I03TOMY JUIsl PEILIEHUS BOCIIOJIb3yEMCSl YPAaBHEHHEM

V I-t

3k (2aza)
Vv raza F . Tak xkak 1 MOJIb PKBUBAJICHTOB BOJOPOJa 3aHUMACT IIPHU

HOPMAJIBHBIX YCJIOBHSIX 00beM 11,2 71, TO ICKOMOE KOJIMYECTBO BPEMEHHU

: t= Yeaa © __56-96500_ oon 100
HpOXO)KI[eHI/IH TOKaA. V | - 11,2 ] 10 C=Il4y MHUH

9K (eaza) )

25c.
IHpumep 10.3. IIpu npoBeaeHun 3JE€KTpOIM3a BOJHOTO PacTBOPA XJIOPUAA
JIBYXBaJICHTHOrO MeTauia 3arpadeHo 3561 K snextpuuectBa. B pesynbrare
npolecca Ha Karoje Bwlaenwiock 2,19 r sroro meramia. Onpenenure MeTal,
BOJHBIA pacTBOpP XJOpUIA KOTOPOTO MOABEPIIM 3JIeKTponu3y. [IpuBenure cxemy
AIEKTPOJHBIX IpoleccoB. Onpeaenure NpoyKThl SJIEKTPOIH3a.
Pemienne. Haxomum  MOJSIpHYIO MacCcy  JKBUBAJIEHTOB — METaJlIa:
F-m 96500-219
Q 3561

(BasieHTHOCTh MeTaia) mosydaem 118,69 r/Moib, 4TO COOTBETCTBYET MOJISIPHOM

M, = = 59,347 r/mMonb. YMHOXasi 3Ty BEJIWYUHY Ha 2

Macce aToMoB ojioBa. ClieIoBaTeIIbHO, AJICKTPOIM3y moaeprim pactsop SNCl,. B
BOZHOM pactBope xuopux onosa (I1) mmccomumpyer: SnCl, = Sn®* + 2C1.
Cranmaptaelii snekTpoanbii moteHmuan ojosa (1) (-0,136 B) cymiecTBeHHO
BBIIIIE 3HAYCHMS TMOTEHIIMAJa BOCCTAHOBJICHUS MOHOB Bojopoaa u3 Bojbl (—0,41
B). [losToMy Ha KaToie GYIeT MPOUCXOMMTH paspsia MOHOB SN°* m BhIIeIeHHE
MeTayuTmIecKoro onoBa. Ha aHoae OyayT OKHUCIATHCS aHUOHBI XJI0pa.
Karon < Sn**, H,0 Anon < C17, H,0

Kamoonuwiii npoyecc: Sn** +28=Sn  AnooHuviil npoyecc: 2C1 28 =

Cl,
[TpomykTe! anexkTponmsa — Sn u Cl .

IMpumep 10.4. [Ipu snexrponuse pactBopa CuSO, Ha yroapbHOM aHOJE
BbIIETIIOCH 350 MJT KHCJIOpOJa NP HOPMAIBHBIX YCIO0BHUSAX. CKOJIBKO TPaMMOB
MEIU BBIIETIIIOCH Ha Katoae? [IpuBenure ypaBHEHHsS SJICKTPOIHBIX MPOIECCOB,
OTIPEICITUTE MPOAYKTHI DJICKTPOIN3A.

Pemenue. B BonaoMm pactBope cynbdat menu(ll) aucconnnpyer mo cxeme:
CuSO, = Cu*" + SO,”. DrexrpoHblii moteruuar meau (+0,337 B) 3HAYHTEIBHO

OoJibllle TIOTEHI[MAJla BOCCTAHOBJIGHHMS] MOHOB Bojopoja u3 Boasl (—0,41 B).



[105TOMy Ha KAaTOAE IPOMCXOIMT IPOLECC BOCCTAHOBICHWs HOHOB CU®". Ilpm
AJICKTPOJIN3E BOJHBIX PACTBOPOB CYJb(aT-aHHMOHBI HE OKUCISAIOTCS Ha aHome. Ha
HEM ITPOUCXOJUT OKUCIICHHUE BOJIBI.
Karon < Cu*, H,0 Auon < SO,%, H,0

Ha kamooe: Cu®* + 28 = Cu Ha anooe: 2H,0 — 48 = 4H" +

0,.
[TpoaykTsl anekTponusa — Cu u O,.

VY anoma: 4H" + 28042* =2H,S0,
OauH MOJIb SKBUBAJICHTOB KHCIOpOJa TpH H.y. 3aHHMaeT o0beM 5,6 I

CnenoBarensHo, 350 ma cocrtasistror 0,35 / 5,6 = 0,0625 mons. CTONBKO XKe

MOJIEH PKBHBAJICHTOB BBIACIMIOCH Ha kKaroae. OTcioma, Macca Meau M = ?
0,0625 =1,98 r.

Hpumep 10.5. byayr mm, W B Kakod IIOCIEIOBATEIBLHOCTH,
BOCCTaHABJIMBATHCS HAa KaTOAC OJHOBPEMEHHO TPHUCYTCTBYIOIIHME B pacTBope (B
paBHBIX KoHueHTparmsix) monel A1%*, Ni**, Sn®*, Au®* u Mg*? Hanpspkenue
JIOCTATOYHO JIJIs1 BBIJIETICHUS JTF000T0 MEeTallja.

Pemenne. Ha karoje cHaudana BOCCTaHABJIMBAIOTCS KaTHOHBI, UMEIOLIUE
OoJplIee 3HAYEHHE AJNEKTPOJHOro noreHuuana (tadn. 8.1). [loatomy, B mepByro
odepelb, Ha KaToe OYAyT BOCCTAHABIMBAThCS HOHBI AU (+1,498 B), namee Sn**
(-0,136 B) u, Haxoner, Ni** (0,250 B). Honsr A1%" (-1,662 B) u Mg®* (-2,363
B), umerome 3Ha4eHUs AIEKTPOJTHOTO MOTEHIIMANA 3HAYUTEIBHO OTpUIlaTeIIbHEE
TMOTeHNMana BoccTaHoBlIeHHs noHoB H' m3 Bomsl (0,41 B), mpu smekTponmse
BOJHBIX PAaCTBOPOB HE BOCCTAaHABIWBAIOTCA Ha Karojae. [Ipu smektponmse ux

COJIEN MTPOTEKAET BOCCTAHOBIIEHUE MOJIeKyn Boasl: 2H,0 + 28 = H, + 20H .



MpunoxeHue
Tabnuua 1. CtTaHgapTHbIe 3HTanbNUMU obpa3oBaHuA AfHozgg, 3HTpONUU 80298

n aHeprum M66ca o6pasoBaHua AG’,05 HEKOTOpPBIX BellecTB npu 298 K (25

)
BewiecTBo AHP 508 kKDKIMONB | S%0g Opk/MONbK AG%0g KOX/MOIb
Al (K) _ 28,32 _
Al,O3 (k) -1676 50,9 -1580
C(rpadowur) — 5,7 —
CO (1) Z110,5 1975 _137.1
CO, (1) -393,5 213,7 -394,4
CH, (N 74,9 186,2 50,8
C,oH, (1) 226,8 200,8 209,2
C,H, (1) 52.3 219,4 68.1
CH3OH (%) —238,6 126,8 -166,23
C,HsOH (r) —-235,3 278 -167,4
CaCO; (K) 212071 92.9 11287
CaO (k) 6355 39,7 —604,4
CaC, (K) 62,7 70,3 ~67.8
Ca(OH), (k) ~086,2 83.4 ~898,5
CuO (k) -162 42,6 -129,4
Fe (x) _ 27,2 _
FeO (k) 22648 58,8 2443
Fe,03 (K) -822,2 89,9 —-740,8
Ha (1) _ 130.6 _
H,O (1) 241,8 188,7 2286
H,0 () 2858 70.1 2373
HsPO4 (k) -1279,9 110,5 -1119,9
NHs () — 46,2 192,6 16,7
NH, NOs (K) ~365,7 151,1 ~183,9
NO () 90,3 210,6 86,7
NO, () 33,5 240,4 51,84
N,O(r) 82,1 220 104,2
0, (1) _ 205 _
PCls (r) 277 311,7 286.3
PCls () ~369,4 324,6 ~362,9
P,0s (K) ~1492 1145 13488
Pb (k) _ 64.9 _
PbO (K) 2173 69,5 1885
PbO, (K) 2276.6 76.4 219




Tabnuua 2. Pacmeopumocms cornel u ocHogaHul 8 eode (P — pacmeopumoe, M

— Marnopacmeopumoe, H — npakmuyecku HepacmeopumMoe 8elecmaso, NpoYepkK

— 03Ha4Yaem, 4Ymo e8ewecmeo He cyujecmeyem usnu pasnazaemcsi 6000U)

AHWNOHBI
KaTnoHbl
OH | CI” | ¥ | NOs | SOs* | SO~ | COs* | Cro,” | Si0s” | PO, | CHsCOO™

NH,* P|P|P| P P P P P - P P
Li’ P|P|P| P P P P P P H P
Na’ P|lP|P| P P P P P P P P
K* P | P|P| P P P P P P P P
Ag’ - |H|H]| P H M H H - H P
Mg** M | P M| P M P H P H H P
ca*" M | P M| P H M H M H H P
Ba” P|P|P | P H H M H H H P
zn* H| P |H|P H P H H H H P
Hg™ ~|P|H| P H P - H - H P
Pb* H| M|H| P H H H H H H P
Cu** H|P|H| P H P H H - H P
Fe®' H|P|H| P H J H - H H P
Fe® H| P |- | P - P - - H H -
A H| P |-|P - P - - H H P
cr” H P |-|P - P - H - H -




[MPUJIOXXEHUE 2

[InaH-KOHCHEKT YpPOKa XMMHHM C NpPUMEHEHHEM TEeXHOJOTUHU
MOIYJ/JIBLHOI'0 00y4YeHUs
Tema: Kucnotsl
Hean:
1. O600uIEeHNE TOHATHS O KUCJIOTaX, U3yYEHHBIX B MPEABIAYIIAX TEMAX.
2. Ilo3nakomuThcsl ¢ KiaaccuUKaIMel KUCIOT U UX B3aMMOJIEUCTBHEM C
COJISIMH.
3. PazBuBaTh yMEHHE COCTaBIATH YpPAaBHEHUS XUMHUYCCKHX PEAKIUH,
MPOU3BOJIUTH PACUETHI IO HUM, OCYIIECTBIISATh XUMUUYECKUN IKCIIEPUMEHT.
Metoabl:  00BsicHeHHE, Oecena,  YIOPaXXHEHHs,  XUMHUYECKUM
DKCIIEPUMEHT.
dopMa ypoKa: KOJJIEKTUBHOE U3YyUYEHHE HOBOTO MaTepuaa.
OO0opynoBaHue M peaKTHBBI: XUMHUecKkas rmocyaa, CuO, SiO,, Cu, Zn,
NaOH, BaCl,, nakmyc, meTunopanx, ¢perondraienn, H,SO,4, NaCl.
OcHOBHBbIe TOHSITUSI: KHUCIOTHBIE M OCHOBHBIE OKCHJbI, KHCJIOTA,
WHJIUKATOP.
Xoa ypoka:
BBoaHas yacrth.
Ha npomuom ypoke Mbl MU3y4HJIM OJIMH U3 KJIACCOB HEOPTraHUYECKHUX
COCIMHEHU — OKCHIBI, & CErojHd 0000IIMM APYyron Kiacc COEAUHEHUN —

KHCJIOTHI.



Y4eOHbII MaTepHal ¢ yKa3aHueM 3aaHui

PykxoBoACTBO K yCBOEHMIO

1 2 3
Ilens: 3HATH XUMUYECKUE CBOMCTBA OKCUIOB (B3aMMOICHCTBHE
C BOJOH, OCHOBaHHUSAMH, MEXTy cOOO0M

Y30 BxomHOM KOHTpONb (HHANBHITYyaIbHOE TECTHPOBAHNUE) 10 MuHYT

1. Vi3 nepeusn eewjecrs enibepure
I sapuausm Il sapuasm
KWCMOTHLIB OKCUAbI OCHOBHEIG® OKCUABI 2 Oamna
a) CO;, MgO., a) Na;0, S0, Ag,0;
CuQ, Cl;0;
6) CuO, ZnO, K.0. 6) NO., SO;, P,0,.
2. HazoBwnTe no cucTeMaTHUYeCKON HOMEHKNS| , 6
Type CneayoLiee BelecTBo: ajlia
FB;OQ AIZOB |
a) ’Xenes3o-oKkCcug; a) anioMUHMI-KMCNopPoA; |
6) xeneso(llokcua; 6) anomurui(lll)-okeua; |
B) OKWUCb Xene3a; B) anioMUHWA-OKCHUA;
r) xkene3so(lll)-okcug: r) antoMuUHMn-rugpokeHal
3. C Kakumu U3 NnepedncneHHblx BELEcTs, 4 bamna
copmynbl koTopeix KOH, H,0. HCI, Fe,
CO;, Ca0 moxeT pearvposats SO,
2KOH+S0,—+
Coc*raaE;Te YPBBHEHNSA BO3MOXHbIX — K,50;+H,0;
peakuuii. SO;+H,0—
— H,S0;;
Ca0+S0,—
— Cas0s.
4, Kakas Macca COJH JO0JDKHA MOJTYYUTECS TIPU B3auMoeiicTum: | 4 Gamna
I BapuaHT: OKCHa Maraus Maccoil 4 T ¢ a30THOM KUCIOTONU? MaxkcumanbHoe
(14,8 ) KOJIMYeCTBO OaioB — 12
I BapuanT: yriepon (IV)-okcuaa ¢ Kambluii OKCHIOM MAacCOi BzaumokoHTpOJIb
151? (26,8 1)

Vol CpaBHUTENbHAS XapaKTEPUCTUKA U HOMEHKIIATYpa KUCIOT 3 MUHYTBI
Ienb: uccienoBaTh COCTAB M HOMEHKJIATYPY KHUCJIOT; CPABHUTh CaMOCTOsITeNIbHAs paboTa
(hopMyIBI KUCITOT. B TETPAIX.
[Ipouwnraiite TekcT yueOnnka Ha ¢. 112-113 (mo moHsTHS 00
WHINKATOPax) U OTBETHTE Ha BOIPOCHL:
1.Yrto obmiero B popmynax KHCIOT?
2.Yem oTiMIaeTCs COJSIHAS KUCI0Ta OT a30THOM? 2 Oaia
3.CuenaiiTe BBIBOA: KaK 00Opa3yrOTCsl Ha3BaHU 3 bayta
OECKUCIOPOIHBIX U KHCIOPOACOAEPIKAIUX KHUCIOT? 5 6atoB

MakcumainbHOe
KOJM4ecTBO Oaytos - 10
Y32 Ilenb: M3y4nTh B3aMMOACHCTBYE HHAMKATOPOB C KUCIOTAMH. 5 MHUHYTBI

[Ipouwnraiite TekcT yueOHuKa Ha ¢. 113-115, npocieaure
M3MEHEHHE OKPACKH WHIMKATOPOB B pacTBOpax KHUCIOT (Tao. §,

c. 115)

JemoHcTpanys: B3auMOIEHCTBUE a30THOM KUCIIOTBI C

CaMOCTOATCIIbHAA pa60Ta

B TeTpalasdax




HHAUKaTOpaMunu

3 bamna

y33 Ilenp: M3y4ynTh MEXaHNU3M B3aUMOJEHCTBUS METAIIIOB C 10 MuHYT

KHCIIOTaMH; U3Y9NUTh MEXaHN3M PEaKIUH 3aMCIICHUS,

BBITCCHUTENBHBIN PsIJl METAJLIOB

Hemonctpanus: JlaboparopHas padbora Ne 5 camocTosTeNbHas pabora

B3anmozelicTBue METAIIIOB ¢ KUCJIOTaMU

Cxema omelTa:

H,SO, + Mg = 5 bamioB

H,SO, + Fe =

H,SO, + Cu =

Hanummure ypaBHEHNSI BO3MOXKHBIX PEAKIUI.

Bamanme: N8, c. 118 5 6amIoB
Vo4 3akpenuieHre, CucTeMaTH3anus 1 0000IIeHne H3YIeHHOTO 15 MunyT

MarepHaa

PaboTa B ManbIx rpynmnax.

Llenb: OTHOCUTENBHO OBICTPBIN 3aMep YPOBHSI yCBOCHUS
uH(OopMaLUK TyTeM BKIIOYCHUS CAaMUX y4alllUuXcs B IIPOLECC.

B TeTpamsx yuamuecs 4epTsT TaOIHILY:

Bonpoc: A | Tpynna | 3TtanoH

- (0)
- (1)
- (2)
- ()

DO WN =

VYyamyecs 3aUCHIBAIOT OTBETHI HA BOIIPOCHI B KOJIOHKY «5»,
psiIoM B cKOOKaX MPOCTABIISIOT CTENEeHb YBepeHHOCTH: () — He
yBepeH; 1 — COMHeBaroCh; 2 — yBEpEH; — - HET OTBETA.

ITocne 3amucu oTBeTa B KOJIOHKY «SI» uaer o6 cyxaeHne B
MAaJIbIX I'pyIInax. Ecnu orBeThI He COBIIAAArOT, TO B KOJIOHKY
«["pymnmay 3anuchIBalOT HOBBIN OTBET. 3aTEM HIET
KOJUICKTHBHAsI ITPOBEPKA OTBETOB, U NMPHU HEOOXOIUMOCTH B
KOJIOHKY «OTaJO0H» 3aIHChIBAETCS IPAaBUIIbHBINA OTBET.
Bomnpocsr:

1. VYxaxure BaJICHTHOCTH KHCIOTHOTO OCTAaTKa B KDEMHEBOM
kuciore H2Si03:

a) 1;0) 2;8) 3;1) 4.

2. Kak MOXHO OTJIIMIUTH PACTBOP KUCIOTHI OT OKCHAA?

a) MMPHU IOMOIIY XUMHYECKIX PeaKITHii;

0) pu NOMOIIN UHANKATOPA;

B) 1orpo0oBaTh Ha BKYC;

r) cMelaTh C BOJIOH.

I'pymnmst no 2 gedn.

2 Gamia

2 6ama




3. BribepuTe N3 nepeyrcIeHHbIX PeaKkLni

PEaKIHIo 3aMeIICHUS:

a) FeCl, + H,SO, — FeSO, + ,HCI;

6) FeSO, + Cu — CuSO, + Fe;

B) MgO + CO, — MgCOs;

r)Fe + 2HCl — FeCl, + H, 1

4. Kako#i U3 nepeyucIeHHbIX METAJUIOB HE BBITECHSIET BOJIOPO
U3 KUCHOT?

a) Zn; 6) Na; B) Cu; 1) Fe.

5. BeibepuTe, B KaKOM psITy HaXOAATCSI OECKUCIOPOTHBIE
KHCJIOTHI:

a) HCI; H,SO,4; HNO3; H,COs;

6) HCI; H,S; HBr; HNO3;

B) HCI; HI; H,S; HBr;

r) HNOg; H,SO4; H3PO4; H,COs.

6. Kakoe xuMHu4yecKkoe KOJIMYECTBO CEPHOM KHCIOTHI
coIIepXKUTCs B mopiun ee maccoit 98 1?7 (OtBet: 1 Mob)
a) 2 MoJtb; 0) 2,5 1; B) 1 MoJib; T') 3 MOJIB

Iocne BrImoOTHEHUS paOOTHI MPOBOANUTCS MPOBEPKA U
BEICTaBJICHHE 0aJIIOB.

3ananue Ha om: §24, Nel — 3, ¢.118, Bompocsr 4,8

B koHIIe ypoka 3anoHseTcs TabiuIa.

Y30 Y31 Y32 | ¥33| Y34 | Obuee

KON-80
Dannor

Makcu-

NaneHoe

Xonu- 12 | 10 | 3 10 | 13 43

YECIRQ

Gannos |

Menysexc

fannor

2 6ama

2 Gama

2 6ama

2 Ganna

MakcumaipHoe

KOJIN4eCcTBO O6asuioB - 13

Hroru ypoxka.

40 — 35 - 10 6ayoB
34 — 30 — 9 6anmoB
29 — 25 — 8 bamoB
24 — 20 — 7 6anmoB
19-15-6 Oamos
14 — 10 — 5 GamnoB
9—-5-4 6anna
5—3- 3 Gamna




[MPUJIOXEHUE 3

IL/1aHBbI-KOHCNIEKTHI YPOKOB XHMHM C NPHUMEHEHHUEM TEeXHOJIOTHU
«(ppaHIy3CKHX MACTEPCKUX)»

Tema: XuMHUECKHE CBOMCTBA aJIKAHOB.

O0BeKT uccjaes0BaHus:
XHUMHUYECKHE CBOMCTBA aJIKAHOB.
Peakimu oxucneHus.

Peaxnum 3amenenus.

> W e

[lony4yeHne U IPUMEHEHNE AJIKAHOB.
Hean:
1. Pa3BuBaTh yMeHHs paboTarb B IMapax M TIpyIIax, pa3BUBaTh
TBOPYECKUE CIIOCOOHOCTH.
2. Pa3BuBaTh HaBBIKM CAMOCTOSITEILHOM paOOTHI M CAaMOAHAJIN3A.
3. MHccnemoBaTh XHMMHUYECKHME CBOWCTBA, TIOMYyYEHHE U TMPUMEHEHHE
aJIKaHOB.
4. 3akperuieHHe YMEHUW U HAaBBIKOB PEIICHUS 3a/1a4.
MeTtoa: uccien0BaTeIbCKUN.
®opma padoThI: TPyNMoBas, MapHas.
Xoxa ypoka:
36yuum cnokouHas, MenooOudHas My3bIKd.
Yuureab: CerogHs Mbl OTKpbIBa€M Hallly MacTepcKyro. Kaxaplil u3 Bac
— TBOpEL], MBICJIUTENb, UCCIIEI0BATENb. Bl MomyyaeTe npaBo CBOOOAHO XOAUTH
110 MacTEePCKOM, BBICKA3bIBaTh CBOM MBICIH. BaMm maeTcs mpaBo Ha CBOOOIHBIN
MOUCK pEUIeHUsl, HAaXOJIUTh CBOW MYTh MCCIEIOBAaHUS JTaHHOM MPOOJIEMBI.
CeroHsi OOBEKT HAILIErO UCCIIETOBAHUS — XUMUYECKUE CBOMCTBA aJIKAHOB.
Nupyknus. Ilpu cropanuu 4,3 T oOpasia agkaHa BBLICIUIUCH OKCHIL
yriaepoaa (IV) oosemoM H.y. 6,72 1 u 7,2 r Boawsl. Onpenenure Gopmyny

aJIKaHa.



JlaHO: Pemenne:
m(C.H,)=44 CO;, - C
V(CO,)=6,72n 6,72 n X x=922;1—%2=3,6r(m C)
Vo = 22,4 nimons | 22,4 12 '
m(HQO) = 7,2 r HQO - H2
72-2
Mdb.- ? 63r b y=T=0:8r (mH)
18 2
m(CH,)=36r+08r=44r
C:H=x:y= 34;:$=0.3:0,8=3:8
Omeem: C;Hg (nponax)
CamokoncTpyknusi. IlocMOTpuTe BHMMATENIBHO Ha IMOJYYEHHYIO

dbopMyIly U 3alUIIUTE B TETPAlb BOMPOCH], KOTOPHIE Y BAC BOZHUKIIU.

Counaﬂmamm. 3aunTaiiTe CBOM BOIIPOCHI, MJOIIOJIHAA 3aIlMCH B

TeTpaau BOIIpPpOCAMH OAHOKIACCHHUKOB (qu/ITeHB 3aIIMChIBACT BOIIPOCHI HaA

JTOCKE).

Kak nonyuaroT ankanbl?

*® & & O o oo o

['ne npuMeHSIOT anKaHbl?

Kak Ha3bIBaeTcs MOIy4EHHOE BEIIECTBO?

K kakomy Knaccy cOeIMHEHUN OHO OTHOCHUTCS?

B kakoM arperaTHOM COCTOSTHUM HaXOJUTCS BELIECTBO?
Kaknmu xuMruyeckuMu CBOMCTBAMH OHO 00J1azaeT?

C KakuMU BellleCTBAMHU B3aHMMOJICHCTBYIOT aJIKaHbI?

Counoxoncrpykumus. Paboras B mapax, OTBEThTE Ha 3TH BOINPOCHI,

KpaTKO 3aIllMChIBasA OTBCTHI B TCTPAAb ITIOCIIC 06CY)K,Z[€HI/IH.

Conunanuzanusa. Kaxnas mapa ydammxcs npeajaraet CBOM OTBEThI Ha

BOIIPOCHI. HUC 3alIUCBIBAIOT B TECTPpaAH OTBCTHI HAa TE€ BOIIPOCHI, HA KOTOPHBIC
2

HC CMOIJIM OTBCTHUTDb CaMU.

Pa3pbiB. A y MeHs TOXe MOSIBUWIKCH BOnpockl. [lonpoOyiiTe 0TBETUTH

Ha HHX.



1. Hanumure ypaBHEHHE XUMHUYECKOW PEAKLIMHU, KOTOPOE OTpa)aer

pPC€aKIOo OKHCICHUA aJIKaHOB.

CH; + 20, — CO,1 +2H,0 +Q
2.  Ilomyuure aneTuieH U3 MeTaHa.

1500°
6CH, + 0, ———> 2CH=CH + 2CO1 + 10H,1

3a c4eT 4ero noAepKUBAOT BHICOKYIO TEMIIEpATypy peakiuu’?
Omeem. BBICOKYIO TEMIIEpaTypy pEaklUu MOJJIECPKUBAIOT 3a CUET
COKMTaHUs 00pa3yrolIerocs: BOAOPo/ia.
3. C kakuMHU BeIIECTBAMM pEarupyroT ajkaHbl mpu ocBerieHuu? Kak

Ha3bIBaeTCA NaHHbIA TN peakuuu? Omeem: Cl, Br.

CH, +Cl, —~— CH.CI + HC

XJIOpMETaH

h
CH,CH; + Cl, ——> CH,CH,CI + HCI

XJIOPATaH

4.  TlomyuuTe U3 METaHa TETPAXJIOPMETaH.
Clo Cly Cly Cly
CH;, — CH3Cl — CH,Cl, —=— CHCl,—>CCl,
50)0%1

250-400°
CH, + 4Cl, ©cCl, + 4HCl

5.  Hanummmre peakuuio 3aMelIEHUs POIaHa C rajJoreHaMHu.

h
2CH3;CH,CH; + 2Cl, — CH3CH,CH,CI + CH3CHCICH; + 2HCI

1-xnopnponan 2-xJ10pnporian



6.  Kak B maGopaTopuu noiay4aroT ajJKaHbI?
peakyus Bropya
R—-CH,Br+2Na+Br-CH,-R— R-CH,—-CH,—-R + 2NaBr

7.  HanummTe ypaBHEHHE pEaklUHU, KOTOPOE OTpa)xaeT MNepepadoTKy

MC€TaHa B CUHTEC3-TI'a3.

Ni
%
CH, + H,0 850°C CO? + 3H,1

8. I'ne npumensiercst metan? Cxema 16 Ha c. 37.

(YuuTens 3anuchIBa€T BOMPOCHI HA IOCKE)

Counoxoncrpykums. M3yunte marepuan yueOnuka §7. OOcynure B
IPYIIaxX OTBETHI HA 3TU BOIPOCHI, 3aMIUIINTE OTBETHI B TETPA/IH.

Conunanuzanusa. Kaxmas rpynna 3a4dTbiBa€T OTBETHl Ha BOMPOCHI U
3aMUCHIBAET HA JIOCKE COOTBETCTBYIOIINE YPABHEHUS PEAKIIUI.

CamokoHcTpyknus. IIpounTaiiTe BCce CBOM 3amucCH, CICJIIAHHBIE Ha
ypOKe, BCIIOMHUTE, C Y€r0 HAa4aJICs YPOK.

Pemmre 3ag. Ne2 — 4, 5* na c. 38.

Pedaexcus. [Ipucnymaiitech k cedbe. BcnomHuTe, Kak MEHSJIUCH Ballld
OLIYIIEHWs] W YyBCTBAa B XoJe¢ MmacTepckoil. [lomymaiite, kak Obl BBI
OXAPAaKTEPU30BaJIM CBOE COCTOSIHUE B JIAHHBIA MOMEHT. BBbICKaxXuTe 3TO
COCTOSTHUE.

IMoaBenenue UTOrOB.

JomamHee 3aganue: §7, Bonpocsl S — 7, c. 38.



Tema: XuMnueckue CBOMCTBA ATKEHOB: PEAKIINU TPUCOCTUHEHUS.

O0BeKT uccjIeI0BAHUA:

1. XHUMHUYECKHUE CBOMCTBA aJIKECHOB.

2. OOpa3oBaHuE CBA3E B OPraHUYECKUX COCTUHEHUSX.

3. Peakiuu npucoeuHeHUS.

4, Peakius noaumepusanuu.

Heas:

1. PazBuBath ymeHusi paboTaTh B TpyIIax, pa3BUBaTh TBOPUECKHUE
CITOCOOHOCTH.

2. UccnenoBarh XMMHUYECKHE CBONCTBA aJKEHOB, pPacCMOTPETH

PCaKIuu IIPUCOCINHCHM .

3. [IpuBuBaTh yMEHHE BBICKA3bIBaTh CBOM MBICIH, 0000IIATH
pe3yJIbTaThlI.
4. 3aKperIsATh HABBIKK PEIICHHUS 33]1a4.

MeTtoa: ucciienoBaTeIbLCKAN.

®opmMbl padoOThI: TPYINOBasi, HapHas.

Xoxa ypoka:

38yuum cnokotinas, mMerooudHas My3viKda.

Bcemynumenvhoe cnoso yuumens.

Nupykuus. MI3BeCTHO, 4TO AJ1s1 MPUCOEAUHEHHUS K AJIKEHY Maccou 8,4 T

noHaoomitock 0,15 Moas Bogopoaa. Halimure popmyny ankeHa.

JaHo: Pemrenue:
m(C,H,)=84 84r  03r
n(H>) = 0,15 mony CH,+H, - CH,.,
x p/monb 2 riMons
CH -7 M(H;)= 2 r/mone; m=M-n=0,15mMonb - 2 r/Monb =
=03r
8.4.2

PR 56 r/monb (M C.H,)

o M(CxHy) _ 56_4
M(CH,), 14

Omeem: C;Hs.



CamokoncTpykuusi. IlocmMoTputre BHHMATEIBbHO Ha MOJYYEHHYIO
dbopMyITy ¥ 3alUIINATE B TETPAAh BOMPOCHI, KOTOPHIE y BaC BO3HUKIIU.

Coumanm3anusi. 3a4WTAiTE CBOM BOMPOCHI, JAOMOJHSAS 3allCH B
TE€Tpagyd BOMPOCAMH OJHOKJIACCHUKOB. (YUHUTEIh 3amUChIBAET BOMPOCHI Ha
JTIOCKE)

Counoxoncrpykuus. Pabotas B mapax, OTBEThTE Ha 3TH BOIPOCHI,
KpAaTKO 3aIKChIBasi OTBETHI B TETPAJIb MOCIIE 00CYXKIACHUSI.

Conmamm3anus. Kaxnas napa ydammxcsi npeajiaraeT CBOU OTBETHI Ha
BOIIPOCHIL. JIpyrue 3ammchiBalOT B TETPAJb OTBETHI HA T€ BOMPOCHI, HA KOTOPHIC
HE CMOTJIM OTBETUTH CAMH.

Pa3pbiB. Y MeHs TOXe MOSBUWIMCH BOMPOCHL. [lonpobyiiTe 0OTBETUTH Ha
HUX.

1. Kakune peakuuy Ha3pIBalOTCS PEAKIUSAMHU MPUCOCTUHEHUS ?

2. Kaxk o6pa3zyetcs 6 u m-cBsi3p? [IpuBeaure npumep.

’
/c s C
N
H H G-CBA3b T-CBS3b
G-CBSI3b
3. Kakast u3 3Tux cBs3eld MeHee IPOYHasi U mouemy?

Omeem: TIPOYHOCTHh T-CBSI3M MEHBIIE, T.K. DPHEPTUsl G-CBA3U OOJIbIIIE
(347 xJIx / Monb), yem y mt-cBsi3u (265 kJIx / Mouib).

4. Hanuimure ypaBHeHHE B3aUMOJECHCTBUS 3TEHA C OPOMOM.

CClI
H,C = CH, + Br, ———> BrCH, — CH,Br

1,2-nubpomaTan



5.  ITlpuBeauTe KaYECTBEHHYIO PEAKITHIO HA aJIKCHEI.
O6ecupeunBanue pactpopa Br2
6. Kak mpoumcxoauT TPHCOCIWHEHWE BOJBI W TaJOT€HOBOJOPOIOB K

HCHACBIIIICHHBIM yrHCBOIIOPOI[aM?

H+
H2C = CH2 + HZO — H3C — CH2 — OH

7. [IpaBriio MapkoBHUKOBA.
CH;3;CH = CH; + HX — CH3CHXCHj3;
8.  IlomyuuTte MONMATHIIEH U3 ITEHA.
n(CH, =CH;) —» (- CH, - CH; —)n
9.  Peaxiuu OKHCTICHUS U MTOJYYCHUS aJIKEHOB.

Counoxoncrpyknus. M3yunte marepuan ydeOHuka §8. O6cynure B
rpynmax OTBETHI B TETPAIH.

Counanuszanus. Kaxnas rpyrina 3a4uTbiBaeT OTBETHI Ha BOIIPOCHI.

CamoxoncTpykuus. Bonpocs! 3 —4 Ha c.43.

Hrorm ypoka.

Jlomamnee 3aganme: §8 — 9, 3ax. 6, 8, c.43.



Tema: XumMuueckre CBOMCTBA aJIKUHOB.

O0BeKT uccjIeI0BaAHNA:

1. XHUMHUYECKHE CBOMCTBA aJIKMHOB.
2. Peakuuu nprcoequHeHus.
3. [TomydyeHue ¥ TPUMEHEHHUE aJTKUHOB.
Hean:
1. Pa3BuBath ymeHue paboTrarh B Tapax, TpYIIax; pa3BUBAThH

TBOpPYECKHE CITIOCOOHOCTH.
2. HccnenoBaTh XMMHUUYECKHUE CBOMCTBA aJIKUHOB.
3. [IpuBuMBaTh yMEHHUS U HaBBIKM BBICKa3bIBaTh CBOM MBICIIH,
0000111aTh PE3yNIbTATHI.
4, 3akperiiaTh HaBBIKU PELICHUS 3a]1a4.
MeToa: ucciieqoBaTeIbCKUM.
®opmMbl padoThI: TPYINOBasi, HapHas.
Xoj ypoka:
38yuum cnokotnas, mMerooudHas My3siKda.
Bemynumenvnoe cnoso yuumens.
Nunyxums. B pesynbrare cropanust 1 odbema razoo0pa3HOro ajakuHa
oOpazoBanoch 2 oobema CO2 u 1 o6vem mapoB H20. Onpenenute Gopmyy

AJIKHaA.

Jlano: Pemenne:
V(CxHy) = 1 CxHy +2%0, — 2 CO, +H,0
V(H,0) =1 n(CxHy) : n(CO,) : n(H;0) = V(CxHy) : V(CO,) : V(H,0) =

V(CO,) =2 =1:2:1
n=2

CxHy =72 ChHono+ 2720, — 2C05 + H,0
n=2

Omeem. CH;.



CamokoncTpykuusi. IlocmoTpute BHHMATEIBbHO HAa TOJYYEHHYIO
dbopMyIly U 3alUIIUTE B TETPAlb BOMPOCH], KOTOPHIE Y BAC BOZHUKIIU.

Counanm3anusi. 3a4yuTaiiTe CBOM BOMPOCHI, JOIMOJHSS 3aliCH B
TE€Tpagyd BOMPOCAMH OJHOKJIACCHUKOB. (YUHUTEIh 3amUChIBAET BOMPOCHI Ha
JTIOCKE)

CounoxoHcrpyknusi. PaGoTtas B mapax, OTBETbTE Ha 3TH BOIPOCHI,
KpAaTKO 3aIKMChIBasi OTBETHI B TETPAJIb MOCIIE OOCYKICHUSI.

Counamm3anus. Kaxnas mapa ydammxcsi npeajiaraeT CBOU OTBETHI Ha
BOIPOCHKI. JIpyrue 3anuchiBalOT B TETPaJb OTBETHI HA T€ BOIPOCHI, HA KOTOPHIC
HE CMOTJIA OTBETUTH CaMH.

Pa3pbiB. Y MeHs TOXKE NOSIBUIMCH BOIIPOCHI.

1. Hanumure oOuryro ¢Gopmyiy alleTHiIeHa U PacCCKaKUTE, KAKUE CBA3U
BXOJIAT B cOCTaB MojieKyJibl C2H?2.
T
T
HC=CH
o

2. Hanummire peakiuu npucoeuHeHus aleTuieHa ¢ OpoMoM.

CH =CH + Br, — CHBr = CHBr
CHBr = CHBr + Br, - CHBr, — CHBr;,

HazoBute IMOJIYYCHHBIC BCIICCTBA

3.  Kak npucoenunsiercs BOJOPOa K aJIKHHAM?

CH=CH + H2—>CH2:CH2
CH2 = CH2 + H2 — CH3 — CH3

HazoBute IMOJIYYCHHBIC BCUICCTBA



4. Hanumute peaknuto Kyueposa (T.€. HOTy4YHUTE YKCYCHBIN alIbJETHI).

H'/Hg % 0
CH=CH+H20CH3-C — .
H
5.  IlpucoemunuTe BOAY K NPONMUHY B yclHoBHUsAX peaknuu Kydeposa
(moJlyuuTe aneToH).
H'/Hg* ~ O
CH3-C=C-H+H20CH3-C <« .
A1eToH CH3
6.  Ilomyumre aneTuieH AByMs CIIOCOOaMHU.
1500° C
1) B mpowmeimieHHoctu: 6CHy + O, ————> 2CH = CH + 2CO7T +
10H,1

2) B aaboparopun: CaC, + 2H,0 — CH = CH + Ca(OH),

0
Ca0 +3C — CaC, + CO}

Counoxoncrpykuus. Mzyunre marepuan §11, obcyaure B rpymmax

OTBCTLI HA JaHHBIC BOIIPOCHI, 3aIIMININTC OTBCTHI B TCTPAb.

Coumanm3zanusi. Kaxmas rpynma 3audThiBaeT CBOM OTBETHI Ha

BOIIPOCHI.
Camoxkoncrpykuusi. Bonpocer 1 — 3, 6 Ha c. 55.

Hrorm ypoka.

Jomamnee 3aganue: §11, Borip. 7 -9, c. 55.



Tema: /[neHOBBIC YIIIEBOIOPOABI.

O0BeKT uccjIeI0BaAHNA:

1. CtpoeHue 1 HOMEHKJIaTypa TUEHOBBIX YTIIEBOIOPO/IOB.

2. XuMUYECKUE CBOMCTBA IUEHOB.

3. [Tony4yeHue AMEHOBBIX YIIIEBOIOPOIOB.

Hean:

1. Pa3BuBath yMeHwe paboTaTh B Tapax; pa3BUBAaThb TBOPUYECKHUE
CITOCOOHOCTH.

2. UccnenoBars CTpoeHHE U CBOMCTBA IMEHOBBIX YTJIEBOIOPO/IOB.

3. [IpuBHUBaTh YMEHHS M HaBBIKA BBICKA3bIBATh CBOM MBICIIH, 0000IIATh
pe3ynbTaThl.

4, 3aKperisiTb HABBIKU PEIICHUS 3a/a4.

Mertoa: ucciaea0BaTeNbCKUM.

®opma padoThI: TPyNIOBAas.

Xoxa ypoka:

Oprasnu3anMoOHHbIA MOMEHT.

Nupykmus.  Onpenenute M.d. ankuHa, ecid TOpH  MOJHOM
xsiopupoBanuu 0,8 T ero 0,896 nm3 (H.y.) XJI0pa MOJIYYHIIA COOTBETCTBYIOIIEE

XJIOPIIPOU3BOTHOE.



Jano: Pemenne:
mM(CrHzn2) =0.8 T n(Cly) = \— = M =0,04 monb
Va 224mu°/n
V(Cl,) = 0,896 am? M= ﬂ m=M-n=71r/Monb- 0,04 MONb=284Tr
n
Vn(Clk) =224 om3/n | x= M 40 (M CxHy )
284
CXH_]'—? n:M_LO~S C3H4
M(CH), 13
CH;=C= CH nponagueH-1.2 (annex)

CamokoHcTpykuusi. [locmoTputre BHUMArenpHO Ha (QopMyly H
3alMIINTE B TETPaJb BOIPOCHI, KOTOPHIE Y BAC BO3HUKIIU.

Coumanm3anusi. 3a4ATaTe CBOM BOIPOCHI M 3AIMIIUTE OTBETHl B
TeTpanb.

Counoxoncrpykumsi. Paboras B rpyrre, OTBEThTE Ha 3TH BOIPOCHI.

Counaﬂmamm. Kaxcz[aﬂ I'pyIilia ydalmuxcCs Ipcajiaract CBOU OTBCTLI

Ha BOIPOCHI.
Pa3psbIB. Y MeHS TOXKE NOSBWINCH BOIIPOCHI.
Packporite CylmHOCTb MOHATHS «IUECHBI».
OnummuTe XUMUYECKHE CBOMCTBA MOJIEKYJIBI OyTanuena-1,3.

Kakas cuctema cBa3eil Ha3bIBA€TCSI CONMPSIKEHHOM ?

H W e

CocTaBbTe CXEMBI peakiiuu OyTaJneHa C:
a) H;0) Cl,. Ha3zoBuTe mosy4eHHbIC BEIIESCTRA.

5. Hanummre peakmuto C.B. JleGenena.

t, Al,Og
%
2C2H5OH Zn0 H2C = CH — CH = CH2 + 2H20 + HzT

6.  Ilomyuurte Oyranuen u3 OyTaHa.

CH; — CH, — CH, — CH; ——> CH, = CH — CH = CH, + 2H,1



Conunoxoncrpykuusi. M3yunte matepuan yueOnuka §10 obcyaurte B
rpynmnax OTBETHl Ha 3TU BOMPOCHI.

Coumanuszanus. Kaxnas rpynma 3aunThiBaeT CBOM OTBETHl Ha
BOTIPOCHI.

CaMOKOHTPOJIb. Yyaluecss 3amoJHAIOT TaOMUIbBl W 3alKCHIBAIOT
JIOMAIITHEe 3a/1aHue.

CamoxkoHcTpykuusi. Bonpocs 2, 5 ¢.52 —53.

Hrorm ypoka.

Jomamnee 3aganme: §10, Bonp. 7**, ¢.53.



Tema: Apomatnueckue yrieBoa0pOIbI.

O0BeKT uccjIeI0BaAHNA:

1. Crpoenue OeH3oa.

2. Peakuus 3amenieHusl.

3. [Tonyuenue OGeH3oa.

4. B3anmHbIe peBpaIieHus yrieBo10pOI0B.

Heas:

1. PasBuBaTh yMeHUs paboTaTh B apax, peliaTh pacueTHbIC 3aJa4H.

2. HccnenoBath CTpOCHHE u CBOICTBA apOMaTUYECKHUX
yTIIEBOIOPO/IOB.

3. [IpuBHBaTH HABBIKU BHICKA3bIBATH CBOU MBICITH.

MeToa: ucciienoBaTeIbLCKAN.

Xoxa ypoka:

Oprann3aunmoHHbIIE MOMEHT.

Nupykuus. [lpu cxurammm 11,7 © OpraHmyeckoro BeEIIECTBA,
OTHOCHUTEJIbHAsA IUIOTHOCTh MapoB KOTOPOro IO BO3AyXy paBHa 2,69,

obpazoBainock 20,16 nm3 (1.y.) CO2 u 8,1 T Bogsl. M.¢. — ?

Haso: Pemenne:
m(e-Ba) =11.7r M(CxHy) =2.69 - 29 =78,01 r/ monb
D{soza.) = 2,69 COz - C
V(CO;)=20,16 gm* | 224 12
Vm =224 am® / mone| 20,16  x = M =108T
224
m(H0)=81Tr H,O — H:
M. - ? 81 — ¥ V= 811—2 =09r
18 2
m(O) =m(g-8a) —m(C)-m(H)=11,7r—-108r—
-09r=0
x:y=22=22-09:00=1:1
¥ M(C4H,) 78
M(CH) 13

Omeem: CsHs.

CamokoHcTpykuusi. IlocMoTpuTe Ha mnodydeHHYIO (OpMyILy H
3aMMILINATE BOMPOCHI, KOTOPBIE Y BAC BO3ZHUKAIOT.

Coumnanu3anus. 3a4yuTaiTe CBOM BOIPOCH U OTBETHTE HA HUX.



CoumnoxoHcTpyKIus. B rpynmnax oTBeThTe Ha BOIIPOCHL.
Conmaan3anus. 3a4UTaliTe CBOM OTBETHI.
Pa3psbiB. OTBETHTE HA MOU BOTIPOCHI.

1.  Kakoe ctpoenue numeet 6eH301?

2. Hanumure PCAKINIO 3aMCIICHUA OeH304a ¢ XJIOpOM.

CesHg + Cl, — C¢HsCl + HCI

3.  Tlomyuute HUTPOOEH3OII.
4.  Tlomyuute OEH30JI U3:
a) reKcaHa.

reKCaH — IUKJIOTeKCaH — OEH30II

0) areTuiIcHa.

3C2H2 C—,t> C6H6

5. Bomnpoc 3, c. 61.
6. Bomnpoc 4, c. 61.
Conuoxkoncrpykumsi. 3yuure §12 1 0TBETHTE HA MOU BOIIPOCHI.
Coumnanu3anus. Ydaiyecs nIpeajiaraloT CBOM OTBETHI HA BOIIPOCHL.
CaMOKOHTPOJIb. Yuaiuecs 3alojHsII0T TaOMUIy W 3alUCHIBAIOT
JIOMalIHee 3a1aHue.
Hrorm ypoka.

Jomamnee 3aganue: §12, Bonpocs! 8,9, c. 61, §13.



Tema: Knaccudukarms cnupTos.
OO0beKT uccjie10BaHuA:
Knaccudukanus cnupTos.
CrpoeHue CiupTOB.

['oMosornueckuu ps CliupTOB.

A W o

Howmenxkiarypa cimpros. M3omepus.
Heas:
1. Pa3BuBaTh HaBBIKM CAMOCTOSITEIHLHON pabOTHl U cCaMOaHAJIN3A.
2. HccnenoBath cTpoeHue, PU3NIECKUE CBOWCTBA CITUPTOB.
3. [IpuBHBaTH YMEHMSI 1 HABBIKH BHICKA3bIBATH CBOU MBICITH.
Mertoa: ucciaea0BaTeNbCKUN.
®opMma padoThI: TPyNIOBasl.
Xoxa ypoka:
Oprasnun3anMoOHHbIA MOMEHT.
38yuum cnokouHas, Mer00udHasl My3blKd.
Bcemynumenvsnoe cnogo yuumens.
Nupykuums. 3aganue 12, c. 75. Omeem: C3H;OH.
Camokoncrpykuusi. I[locMoTpute Ha moNydeHHYIO GopMylny U
3aMUIINTE B TETPAAb BOIPOCHI, KOTOPBIE Y BAC BOZHUKIIU.
Coumanm3anusi. 3a4WTaiTeE CBOM BONPOCHI, JAONOJHSAS 3alllCH B
TETpPaJay BOIPOCAMHU OJHOKIACCHUKOB.
Counoxoncrpyknusi. Paboras B rpynmnax, OTBETbT€ Ha 3TH BOIPOCHI,
KpaTKO 3aIAChIBasi OTBETHI B TETPA/Ib.
Counamm3anusa. Kaxnas napa yvammxcsi npeajiaraeT CBOU OTBETHI Ha
BOITPOCHI.

Pa3pbiB. A y MeHS TOXE MOSIBUINCH BOTPOCHI. [lonpoOyiiTe OTBETUTH

Ha HUX.
1.  Kakwe opraHnmdYecKue COSIUHEHUS OTHOCATCS K KJIACCy CITUPTOB?
2. Ha ocHOBaHMM KaKuX MPU3HAKOB KIACCUPUITUPYIOT CITUPTHI?

3. Hanumure o0uryro ¢popmyiny CUpTOB.



4. CocTtaBbTe Bce BO3MOXHBIE U30MEPHI IEHTAHOJIA.
5. Bomnpocsr 7, 8, 10, c. 74.
Counoxoncrpykumus. M3yuute wmarepuan ydeOnuka §l14 — 15.
OOcyauTe B IpyInax OTBETHl HA 3TU BOIMPOCHI, 3aMUIINTE OTBETHI B TETPA/Ib.
Peduiexcus. 3anonHure TabIUIy ¢ CAaMOOIIEHKOM.
Hrorm ypoka.

Jomamnee 3aganme: §14 — 15, Bonp. 5, 6(0), 7(n), c. 74.



Tema: XuMnueckue CBOMCTBA U MTOIYUYEHUE CIIUPTOB.
OO0beKT uccjie10BaHuA:

Peakunu 3aMenieHust CIUPTOB.

Peakuust stepuduxarmm.

Okucnenue CrupToB.

Jernaparanus.

o~ WD e

[lony4yeHne U IpUMEHEHNUE CIIUPTOB.
Hean:
1. Pa3BuBath yMmeHHS paboTaTh B TMapax U Tpynmax, pa3BUBATh
TBOPYECKUE CIIOCOOHOCTH.
2. Pa3BuBaTh HaBBIKM CAaMOCTOSITENILHOM pabOThI M cCaMOaHaJIN3a.
3. MHccnenpoBaTh XMMHUYECKHE CBOMCTBA U TTOMyYEHUE CIIUPTOB.
4. llpuBuBaTh yMEHHMS M HaBBIKM BBICKA3bIBaTh CBOM MBICIH, 0000IIAThH
pEe3yJIbTaTHI.
5. 3akperuieHHe YMEHHUI U HABBIKOB PEIICHUS 3a/1au.
MeTtoa: uccien0BaTeIbCKUN.
®opMma paldoThI: TPyNmoBas, MapHas.
Xoa ypoka:
36yuum cnokouHas, MenooOudHas My3bIKd.
BerynuresabHoe ¢10B0 yuuTesas. CeroHs Mbl OTKPBIBAEM OYEPEIHYIO
Hallly MacTepcKyro. Kaxapiil 3 Bac — TBOPEL, MBICIIUTEND, UCCIEN0BATENb. BbI
MOJIy4aeTe MpaBO CBOOOJHO XOJUTh IO MAaCTEPCKOM, BBICKA3bIBaTh CBOU
MbIcid. BaM faercs mpaBo Ha CBOOOJHBIM MOMUCK PEIICHMS, HAXOJUTh CBOMU
nyTh UccleAoBaHus NpoodaeMbl. OOBEKT HAILIErO CErOHSAIIHETO UCCIIEIOBAHMS
— OJTHOATOMHBIE CIIUPTBHI.
Nuayxuus. Onpenenure MOJIEKYIApHYIO (GOpMYIy CIUpPTa, B KOTOPOM

MaccoBas f1oJig yriepoaa 60% u kuciopona 26,66%.



Hawo: Pemenne:
w(C) =60% w(H)=100% — w(C)— w(0)=100- 60— 26,66 = 13,34%
w(O) = 26.66% o(C) : o(H) : ®(0) o 60r : 1334r : 2666T _
M(C) MH) M(O) 12r/moms 1r/moms 16 r/moms
CxHyQz - ? =5:1334:16=3:8:1

CzH;OH

CamokoHcTpykuusa. IlocMoTpuTe BHHMATENIBHO Ha MOJIYYEHHYIO
(GopMyJly U 3aUIIUTE B TETPAIb BOIPOCHI, KOTOPBIE Y BAC BOZHUKIIU.

Counanm3zanusi. 3auyuTaiiTe CBOM BONPOCHL, JOMOJHSS 3alUCH B
TETpaau BONPOCAMU OJHOKJIACCHUKOB (YyYWUTEIb 3alMCBIBAET BOIPOCHl Ha
JTIOCKE).

CamokoHcTpykuus. Pabotas B rpynmnax, OTBETbT€ HAa 3TH BOIIPOCHI,
KpaTKO 3alMCbIBasi OTBETHI B TETPAAb I1OCIE 00CYKICHUSI.

Conunanusanusa. Kaxnas mapa ydammxcs Mnpeajiaraet CBOM OTBEThHI Ha
BOIIPOCHI. /Ipyrue 3anuchIBatoT B TETPAJAX OTBETHI HA T€ BOIPOCHI, HA KOTOPBIE
HE CMOTJIM OTBETUTH CAMH.

Pa3pbiB. Y MeHs Toxke ecTh Bonpockl. [lonpoOyiiTe OTBETUTH HA HUX.

1. HanumuTe o01ryro cxemy moJIy4eHHs aIKOTOJISITOB.

2ROH + 2Me — 2ROMe + H2

AJIKOTI'OJIAT

2. Hanumure ypaBHEHME peaklUuu, OTPa)Xarlled B3aUMOICHUCTBUE

AJIKOTOJISITOB C BOJIOM.

CH;ONa + H,0 — CH3;0H + NaOH

3. [TosicHuTe, MOYEMyY CIUPTHI HE U3MEHSIOT OKPACKY UHIUKATOPOB.

4. CocTaBbTe ypaBHEHUE CIENYIOLIEH PEAKLIUU:

Cs;H,OH + HBr — C3H,Br + H,O



5. Hanummre peakuuio geruaparanuu  3taHona. Kak oOpasyrorcs

AJIKCHBI U3 OAHOATOMHBIX CHI/IpTOB?

CHs — CH, — OH ——> CH, = CH, + H,0
6. Kak cniupThl pearpyroT ¢ raloreHoBoi0poamu?
C,HsOH + HBr — C,HsBr + H,O

1. Hanumure pPCaKkinun BSaHMOHGﬁCTBHH CIIMPTOB C OPraHUYCCKUMMU

KHCJIOTaMU.



0
[

2C;HsOH + H:80; —2€ C;Hs - O = S = O = CH; = CHs 4 2H;0

I
0
ANaTuNcyneDAat
- O - 0
C:HsOH + OHC —C;Hs-0-C + H0
TNCHs  stunsuersr  —~CHjs

8.  Hamummre ypaBHEHHE peakiuu, KOTOPOE MPUBOAMUT K 0OpPa30BaHUIO

aJIbJETU/IA.
O

CH, — CH,— CH,O0H — 2T H280s oy oy

A

9.  Tlomyuurte cnupt Tpemsi crioco0aMu. (YUHUTENb 3aITUCHIBAET BOMPOCHI
Ha JIOCKE)
Counoxoncrpyknusi. M3yuute wmartepuan ydeOnuka §16 — 17.
OO6cyauTe B rpynmax OTBETHI Ha 3TU BOIPOCHI, 3aMUIIIUTE OTBETHI B TETPAb.
Conunanuzanusa. Kaxgas rpynna 3a4dTbiBa€T OTBETHl Ha BOMPOCHI U
3alUCHIBAET HA JIOCKE COOTBETCTBYIOIINE YPABHEHUS PEAKIIUI.

llonyuenue cnupma:

P

a) B IIPOMBIILICHHOCTH 13 cuHTe3-rasa: 2H, + CO —— CH;OH
0) ruaparanueii stena: CH, = CH, + H,0 — CH3; CH,OH

B) B J1abopaTopuu:

R — CH, — CH,CI + NaOH H4‘20> R - CH, - CH, - OH + NaCl

Camoxkouncrpykuusi. Boripocki 3(a), 4(a), 6, c. 78.

Peduexcus. [pucnymaiitecs k cede, moctaBpTe ceOe OIEHKH 32 YPOK
1 OOIIYIO OLIEHKY IPYMIIbI.

Hrorm ypoka.

Jomamnee 3aganue: §16 — 17, ponp. 5, 10, c. 78; Bomnp.7, c.81.



Pa3paboTumk:

Kanua A.B., mnpemonmaBatenpr xumud W (Gu3ukd ['ocynapcTBEHHOTO
OIO/DKETHOTO 00pa30BaTENFHOTO YYPESKIACHUS HAYaIBHOTO MPO(ECCHOHATHHOTO
oOpazoBanus npodeccruonanbHoro Juies Nel3 MockoBckoii o0iacTu.



