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A. C. Ucaes
COLL Ne 43, Teepb

A. E. CoGones
Teepckou rocyaapCTBEHHbIA TEXHUYECKNA YHUBEPCUTET

KOHKYpC AMAaKTUHECKUX Urp

«XUMUYMECKAA UTPOTEKA>»

BHEYPOYHAHA
OEATEJIbHOCTb

BEPCKOE PErMOHAIBHOE OTAeNeHHe MeXXpernoHalbHOH ob1me-

CTBEHHOM OpraHH3aLuM «ACCOIMALA YYUTENEH 1 Peno/aBa-
tenei xumuu» [1-3] exerozHo OpraHu3yeT U NPOBOAHT KOHKYPC
METOAMYECKUX Pa3paboTOK AUJAKTUYECKUX UTP «XHMHUYecKast
UTPOTEKAa», KOTOPHIH MOXHO OTHECTH HE TOJIbKO K KOHKypcaM
npodecCHOHANIBHOTO MACTepCTBa Nejaroros, HO M K HHHOBA-
HUOHHEIM $OpMaM OpraHM3alnUyi BHEYPOYHON AEATENbHOCTH
IIKOJILHUKOB 110 XMMEH [4, 5].

IJens xoHKypca — dopMHpOBaHHe HaHKa AMAAKTHYECKHX
UTp Y NponaraHAa XMMHYecKux 3HaHUH. 3adauu KOHKypca:
1) BHIAIBJIEHME JYYITMX ABTOPCKHMX pa3paboToK y4eGHEIX UTp Mo
XMMHH; 2) TIOBHIIEHHUE TTPOGECCHOHANTLHOTO YPOBHSA yuUTeIeH
U npenozasareieii; 3) 06o6meHye U pacpoCTpaHEHHE TIEPEAO-
BOT'O NeAaroru4ecKoro OIBITa; 4) u3jaHue cCO0pPHMKA aBTOPCKUX
OUIAKTHYECKUX UTP IO XUMHH; 5) GOPMHUPOBAHHE U Pa3BUTHE
y IIKOJIbHUKOB Y CTYAEHTOB N03HABAaTeIbHOI0 HHTEPECA K Ipea-
MeTYy.

KoHKypC MPOXOAMT MO C/IEAYIOMMM HOMHHaUUAM: «Camas
OpUTHHAJIbHAA WIpa», «Arpsl HA Y4eGHEIX 3aHATHAX TT0 XUMHH»
U «/Irppl Ha BHEYPOYHBIX 3aHATHAX MO0 XUMUM>».

THIIONOTHA JUAAKTHYECKHX UTp pasHoobpasHa [6]: BMKTOpH-
HBI, XMMUYEeCKHe MapHIpyTh W JAOMPUHTHI, MOABIDKHEIE HIDHI,
XUMMYECKOE JIOTO, TOJIOBOJIOMKM, KPUNTOrPaMMEI, YaHBOPARI,
3arajiKi, JOMMHO ¥ KyGMKH, ATHAIIKH M IIAIIKH, KapTH, CO-
PEBHOBAHUA U ITYTEMECTBUA, JE/IOBEIE U POJIEBhIE MIPHI, XHMH-
YecKHil XOKKel, MOpcKoit 6oif, urpsi-pacciesoBaHus, pebycsl,
KPOCCBOPAHI U T. I

K y4acTHIO B KOHKypCe TIPHUIJIAMIAIOTCA YYHUTENS XUMHHU
¥ 00y4aroImuecs cpelHUX o01meo6pa3oBaTeNbHBIX YUPEXACHHH,
NpenoAaBaTe/]y CPeAHUX CIEIUANbHBIX U BHICHIMX y4eOHBIX




3aBeACHUH, CTYACHTH XUMHYECKHX M NeAaro-
FHYECKHUX CTEIHaJbHOCTEH U HampaBAeHHH
HOATOTOBKH. P

Ha KOHKypC IpHHMMAIOTCA TOJTBLKO OPHTH-
HAJIbHBIE aBTOPCKHME XMMWY€eCKUe UTPHI (BhINON-
HEHHbIE MHAWBHAYAILHO WIH B COAaBTOPCTBE),
He ny6JMKOBaBIIHECA paHee, COAEpKAHHE
KOTOpPLIX HE BBIXOAMT 3a PaMKH Kypca XUMHHM
CpeAHeH IIKOJILL

Konkypc nmpoxoauT B Tpu 3Tana. Ha noaro-
TOBHUTEJIbHOM dTarne (ceHTa6pb-aexkabpsb) ocy-
IECTBAAETCA pa3paboTKa aBTOPCKMX JUZAK-
THYECKHX UTD {to xumuH. Ha OCHOBHOM 3Tamne
(aHBapp—QeBpajb) MPOUCXOAUT OTIPABKA KOH-
KYPCHBIX pabOT B OPrKOMHTET M HX 3KCTIEPTH3a.
3aKTIOYUTENbHEIN 3Tan (MapT) — NOABEAEHHE
HTOTOB KOHKYpCa, BEPCTKA U mybmixauus c6op-
HHKa «XMMHYeCcKas UTpoTeKa» [7].

Kaxaasa KOHKypcHasa paboTa A0/KHA CO-
AepKaTh MpaBIIa Urpsl (TP HEOGXOAUMOCTH),
coZiepXKaHWe U pellleHUe 3aaHUiA.

Pa6oThl yyacTHUKOB mHpVIOT. UX 3kcrep-
TH3a OCYIecTB/seTcA B 06e3/1MIeHHOM BHJE,
YTO MCKJIIOYaeT BO3MOXKHOCTb YCTaHOBAEHUS
aBTOpCcTBa. Bce paboTel mMpoxoAAT NpPOBEPKY
4yepe3 CUCTEMY «AHTUIUIarHar».

s IpoBeAieHUA SKCHEepPTU3bl OPrKOMHTET
KOHKYpCa CO3/a€T HE3aBUCUMYIO0 KOMHCCHIO
M3 ONMBITHHIX MeAAroroB-MPaKTUKOB M aBTO-
PUTETHBIX HAayYHBIX paboTHUKOB. [To uTOram
3KCHEPTHU3bl KaX(blil WieH XIOpH 0pOpMIIeT
IIPOTOKOJI, B KOTOPOM ZIa€T KPAaTKYI0 XapaKTepH-
CTHKY pabOTHI U ie/Ia€T BHIBOJ O BO3MOMKHOCTH
e€ myb/MKaryu B cOOpHUKe, DKCIEPT ONpeAes-
€T, He BHIXOJAMT JIU COAEPIKAHHE UTPH 32 PAMKH
Kypca XMMHM Cpe/iHel IIKOMbI, X YCTaHABITHBA-
eT Haavuue (6o orcyrcrBue) paKTHUECKHX
OIIMOOK B YCIOBHH M pemeHuH. 110 KaKaoMy
Y3 HWKENPUBEAEHHBIX KDUTEPUEB IKCTIEPT BhI-
crassAeT oneHkH (ot 0 g0 5 6amwios): 1) obujee
BMeYaTIeHHe OT y4e6HOU Urphl; 2) eé OpuUrH-
HaJbHOCTb; 3) TPaMOTHOCTE B GOPMYIMPOBKE
IIpaBWA; 4) JOCTYIMHOCTD YCJAOBHSA ANA MOHH-
MaHMA y4al[uxcd; 5) panvMoHANbHOCTD pelie-
HHA. B 3aBMCHMOCTH OT ZI0H OPUTHHAJIBHOIO

aBTOPCKOI'O TEKCTA HAYUC/IAIOTCA JOTIONMHHTEb-
Hble 6aytbl Mo cnexyomeii cxeMe: oT 40,10
59% — 1 6ajur; ot 60 A0 69% — 2 6anna; ot 70
A0 79% — 3 6ayuna; ot 80 A0 89% — 4 6amia;
oT 90 g0 100% — 5 6asnoB. g onpezeneHus
NpU3EpoB K nobeauTeieif SKCIIEPTHBIE OLEHKU
YCPeAHSIOT.

Bcio Heobxoaumyio unpopManmo o6 yya-
CTHH B KOHKYPCE METOAUYECKUX pa3paboToK AH-
JAKTUYECKHX MTP N0 XMMHH, a TAKXKE €r0 UTOIH
pasMeIlaT Ha caiiTe ACCOLMAlMU YIMUTEEH
M npenofasarenieil xumun TBepckoit 06aacTH:
http://chem-teacher.ru.

3a nepuop 2014-2018 rr. B KOHKypce «XH-
MHYecKasd UrpoTeKa» IPUHAIM yaacTue 166 ge-
JoBek u3 21 cybpexra P®; 6bU10 nIpeacTaBIeHO
199 pa6ot. B nocaeguue rogsl 3aMeTHO BO3-
POCJIO KOMMYECTBO CMEIAHHHIX KOJUIEKTHBOB
aBTOPOB («yUMTENb» — «IPYIIIA YYAUMXCA»),

B xayecTBe npuMepa AMJAKTUIECKON HTPhI
10 XMMHH, paspaboTaHHOMH B Iponecce BHEY-
po4HOH AeaTenbHocTU [8], mpuBeséM Kpoce-
BOp/ 10 TeMe «XuMuA MeTawioB IIIA rpynnsi»
(cM. 3 c. 065102KKH), IOATOTOBIEHHBIH YYalH-
muca 9 knacca COLI N243 r. Teepu A. JlyGenerl,
B. lliTeinéBo#t, H. I'ypuHO#M MoA pyKOBOACTBOM
yunrens xumuH JI.C. Mcaesa. B cooTBeTCTBIM
¢ TpeboBanuamu OI'OC nogobHas TBOpYeckas
paboTa MoxeT GHITH 3aCYATAHA aBTOPaM B Ka-
YeCTBe HTOrOBOro NpoexTa no xumuu [9, 10],
a TaxKe MCNoJb30BaHa YYUTENeM B JajbHell-
IIEM MPH MPOBEAEHHH YPOKOB XHUMUH B 9 WM
11 xnaccax.

3ajgaHuda
K KPOCCBOPAY

1. Pasrapaitre pebyc. B oTBeT 3anmumuTe no-
JIy4MBLIEECH CJIOBO.

...OAMHaMKKa
...0C
...OXMMWA
...0Nn3
...ocTar
...OMeTp

AI!!!l+0+ +Mﬂ
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2. Jlansl BemectBa: A, B, C, D, E, K, BcTynaio-
IMe MeXAy co00ii B CeylomHe PeaKiyH:

t,°C

A+ H,0 B + H,T;
Bt’—oc-C-l-HZO;

B + D — E + H,0;
A+D—E+H,T;

K + H,0 — D + HCIO;
C+ D — E + Hy0;
A+K—E.

M3BeCcTHO, YTO A — O4YEHb MATKHH, cepeb-
pUCTO-6€/IbIii, TVIACTUYHBIHA C ToMy6bLIM OTTEH-
KOM MeTaJLl, MPOSBAAIOIMWNA B COeAMHEHHUAX
cTemeHb okucieHus +3. TaeT B pykax.

B — aMop¢HBIi 'MAPOKCH/, HEPACTBOPH-
M&Iii B Boge. E — 6ejioe, HU3KOIUIABKOe JIeTydee
BemecTBO. K — TraJioreH, KeJITo-3eJEHBINA ras.
Onpeaenute Bce BemecTsa A, B, C, D, E, K.
CocraBbTe YpaBHEHHA BCEX YKa3aHHbIX XHMH-
4eCKHUX peakuuii. B oTBeTe yKaXkKuTe Ha3BaHHe
XHMHYECKOT'0 3/IeMEHTA A.

3. Cosb A 6enoro 1BeTa, Jerko pasjaaraercs
npu 150-200 °C Ha BemecTBO B, Gyphiii ras
¥ kucopoa. [Tpu A06asaeHuH K pacTBOpY COMH
A HefoCTaTKa THAPOKCHAA HaTpHs BHINaJZaeT
6ennlit aMOpHELA 0CafioK, TEPMUYECKOe pas-
JIOXXEHHE KOTOPOro IPH TEMIIEPaType BhILIE
575 °C npuBOAMT K 06pa3oBaHMIO BellecTBa B.
HenspecTHOe BellecTBO B OTHOCHTCA K Kaaccy
oxcupoB. CTeneHb OKHCIEHUA MeTalla B HEM

paeHa +3.
t,°C

B

t,°C
'A(OH)]

A
+NaOH

Ipu B3aMMOJENCTBHH BellecTBa B Maccon
25,5 r ¢ u3bEITKOM KOKca obpasyercs 16,8
(u. y.) yrapHoro rasa M Kap6H 3Toro MeTasuia.
CocTaBbTe YpaBHEHUA ONMMCAHHBIX XMMHYECKUX
peaxiii. OnpezieNyTe U 3allMIIHTE B OTBET Ha-
3BaHHe HeU3BECTHOroO MeTaLia A.

4, DNEKTPONN3OM paciiiaBa Kakoro mp-
POAHOrO COEAMHEHUA B KPMOIUTE TOMYJAKOT
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aJIOMHMHUIA B NPOMHIUIEHHOCTH? COCTaBLTE
ypaBHEHHE peaklMi. B OTBETE yKaKMTe Ha-
3BaHME MCXOZHOTrO BENIECTBA.

5. OTo coeamHEHUE ANTIOMMHUSA BCTYMAET
B XMMMYECKYIO PEaKI[HIO KaK C COITHOH KUCIO-
TOH, TaK ¥ C TMAPOKCUAOM HaTpus. OHo o6naza-
€T aZicopOUPYIOIMM K O6BOTAKUBAIOIUM AeH-
CTBUEM, BXOAWT B COCTAB MHOTHX aHTALWZHBIX
CPEeACTB — JIEKapCTBEHHBIX NIPENapaToB, npea-
Ha3HAYEHHBIX /11 YMEHbIIeHUS KUCIOTHOCTH
KEJTyZI0YHOTO COKA. YKaMHTe KJIAcC COeqHHE-
HHIi, K KOTOPOMY OTHOCHTCS JaHHOE BEMIECTBO,
eCJIA M3BECTHO, YTO OHO MOXKeT OBITh IOTy4eHO
13 6POMHJIA ATIOMMHHSA 1O PEAKHH HOHHOTO
obmMeHa. B orBeTe OyKBBI PacIlOIOXKEHBI B Xao-
TUYHOM TIOpAJKE:

alr|c|kKk|uwuw pP|A|O

Hanumure ypaBHEHMA YIIOMAHYTBIX peak-
115050

6. OGpa3sel aMmaJbraMMpOBaHHOIO AIIOMH-
HUA MpopearupoBaj ¢ BOAoM. [IpM 3TOM BHI-
AenmuwIca ra3, KOTOphIid cobpamu npu t = 27 °C
U p = 746 MM pT. cT. PaccuuTaiiTe Maccy amo-
MHHHA, €CIM B pe3y/lbTare peaKliH BbiAE/TH-
nock 7,00 1 BoZopoAa. B oTBETE YKAXKUTE MACCy
aMIOMMHMA B rpaMMax (IIpONUChHIO).

7. Pasrajaiite npeayioKeHHYIO CXeMY:

+N/aOH

tHO0 +N, AN
5) | 3)
4)

+Hz504 (xoum)
HarpesarHe

CocTaBbTe YpaBHEHMs BCeX ONHCAHHBIX
XMMUYECKHX peakuuii. B ypasHenuax (1), (3)
1 (5) npoayKTaMu peakuuu 6yAeMm CUMTaTh
coorBeTcTBEHHO N,0O, S ¥ TeTparupoxcoao-
MHHAT HATPHA.



Paccuuraifre cyMMy KO3QHIIMEHTOB B KaXK-
AOM U3 ypaBHeHUM peakumit (1)-(7). Kaxaoi
CyMMe COOTBETCTBYeT cBoA OykBa (¢M. Tab-
quiy). CocraBbTe M3 3TUX OYKB CJIOBO — Mu-
HepaJIoTMYecKoe Ha3BaHUe THAPOKCHAA raJUus
Y 3aIIMILUTE €ro B OTBET.

a|6|B|r|a|le|&8|x|3|wn|#
772|325 |11|15] 9 [18]6a]13]27
K|(nan|{m|inw|o | n|p|lc|T|Y|®
1963211236 [14[17]22] 8 |53 24
X | u|Y|wjw|»|b|b|2|0|n
10 (3026|2316 |25| 4 [42]31]49]21

8. CocTaBbTe ypaBHEHHA peaKLui:

Al+S — ...
Ga + NH; — ...
In203 + H2 —_— ..

B oTBeTe ykaxxure yCIOBHE, IPH KOTOPOM
NPOTEKAIOT 3TH peaKiyH.

9. Cynbdar anmomMuHuA pearupyer ¢ pazbas-
JIEHHBIM PaCTBOPOM €AKOro HaTpa. B pesysnsrare
obpasyercs 6eJblii TEpMUYECKH HEYCTOMYUBEIA
0CaJoK H cyibdar HaTpusa. B oTBeTe ykaxure
MHHepaJIormyeckoe Ha3paHue ocaaka. [Tozckas-
Ka JaHa B Buze pebyca:

| s n=20
ICaSO.‘-ZHzOl » ) A=T
@
Goxeut

10. AmoMuHMi pearupyer ¢ BelecTsoM X.
B pesysbTaTe mosy4aeTca XJIO0PUA ANIOMHHHS
(ero rexcarmapar uMeeT MUHEPAJIOTHYECKOE
Ha3BaHHe «XJIOPATIOMUHUT») U JIETKMii ra3. Ha-
NUIIMTE YpaBHEHHe AaHHOM peakuuu. B oTBer
YKaXHTe CyMMY K03)QPHUILHEHTOB.

OTBeTH K 3aZJaHHAM

1. Anlomomepmusn.

2. lannuii.

A— Ga; B — G&(OH)3; C— Gazo:;; D —
HCl; E — GaCl;; K — Cl;

2Ga + 6H,0 ——— 2Ga(OH), + 3H,T;

2Ga(OH); ——— Ga,0; + 3H,0; ,

Ga(OH); + 3HCl — GaCl; + 3H,0;

2Ga + 6HCl — 2GaCl, + 3H,T;

Cl, + H,0 — HCI + HCIO;

Ga,03 + 6HCl — 2GaCl; + 3H,0;

2Ga + 3Cl, — 2Gacl..

3. Anomunutl. _

OnpeaennMm, Kakoi META/UT BXOAMT B COCTaB
COJIH ¥ OKCHJA. :

2Me,0; + 9C = Me,C; + 6COT.

PaccyuTaeM KOMMYECTBO YrapHOro rasa:

n(CO) = 16,8 1/22,4 n/monb = 0,75MO0b.

Haiigém konudectBo oxcuza Metamna(lll).

Tak xak n(Me;03) :n(CO) = 2:6, TO
n(Me,0,) = 0,75 monb : 3 = 0,25 MOMb.

Onpeaemim MOJISPHYIO MacCy OKCHAA MeTal-
na(Iln:

M(Me,0,) = 25,5 / 0,25 Mob =

= 102 r/Moib.

BEIMMCIMM MOJIIPHYIO Maccy MeTajuia:

M(Me) = [(102-3-16) / 2] r/Monb =
= 27 r/MONb.

HcKoMBbIi MeTain — amoMHHUMA.

Cosp, Jierko pasnararwomasca npu 150-200°C
Ha BewecTBO B (Al,0,), 6yprIii ras u KHUCIO-
pon, — Hutpar amomunusa Al(NO,),:

4Al(NO,), _150-200°C |
— 12NO,T + 30,T + 2AL,0,.

[lpu nobaBnenuu k pacrBopy comu AI(NO,)4
HeAocTaTka rugpokcuga NaOH Brinagaet 6e-
JIbI aMOpHBI 0CAZ0K MMAPOKCHA AMIOMMHNA
Al(OH);:

AI(NO;); + 3NaOH = Al(OH),! + 3NaNO,.

Tepmuyeckoe pasnoxenue Al(OH), npu
TeMneparype 6onpue 575 °C IpUBOAUT K 06-
pasoBanwmio BemectBa B (Al,O,):

2A1(OH), =25+ AL,0, + 3H,0.
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4. Iuno3ém.
AJMIOMUHHI NONY4alOT 3/1€KTPO/IM30M I/IH-
HO3éMa B KPUOJIUTE:

AIEKTPOANS pacTiiapa
» Na,[AlFg)

2A1,0, 4Al o + 3057 (aon

MuHepasiorudecKoe Ha3BaHHE OKCHAA aio-
MuHUA Al,0; — DIHHO3éM (OCHOBHOM KOMIO-
HEHT pyab! 60KCUT).

5. l'udpoxkcuo.

Al(OH); + 3HCI = AICl; + 3H,0;
Al(OH); + NaOH = Na[Al(OH),];
AlBr; + 3KOH 4ez00r) = Al(OH); + 3KBr.

6. [Iame.
2Al (ayanrausy + 6H0 = 2A1(0H); + 3H,T.
Hcnonb3ys 06beAHEHHBIN Ia30BbIA 3aKOH,

npusegém o6BEM BOZOPOAA K HOPMAaJIbHBIM
YCIIOBUSIM:

pV/T = pVo/ T,
Vo = @V/T) - (T,/po).
V, =
= (746 MM pT. cT. - 7,00 1/ (273 + 27) K) X
X (273 K / 760 MM prT. cT.) = 6,25 1.

PaccyuTaeM KOJUYECTBO BHIZEAMUBIIETOCA
BOJAOpOJA:

n(H,) =
= 6,251 / 22,4 n/momb = 0,279 MOnb.

[TockonpKy 10 ypaBHEHHIO peakiu1

n(Al) :n(Hy)) = 2:3,Ton(Al) =
= 0,279 monsb - (2/3) = 0,186 monb.

Macca anoMUHUA:

m(Al) = 0,186 mMonb - 27 r/MONB =
=5,022r=5,0r.

7. 3éHzeum.

1) 8Al + 30HNOj (a5 =
= 8AI(NO,); + 3N,0 + 15H,0.

Cymma koadduuuerros: 8 + 30 + 8 + 3 +
+ 15 = 64, Gyksa 3.

2) 2Al + 2NH, = 2AIN + 3H,T.
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Cymma koadpduumenTos: 2 + 2 + 2 + 3 =
9, 6yxsa E.

3) 2A.I. + 4HZSO4(KOHL[.) -

= AL (SO,); + 4H,0 + S (mpu HarpeBaHuH).

Cymma koapdunuenros: 2 + 4 + 1 + 4 +
+ 1 = 12, 6yxsa H.

4) 2Al{nopom01c] + N2 = 2AIN.

CymMma koadpdunuenTos: 2 + 1 + 2 = 5,
byksar.

5) 2Al + 6H,0 + 2NaOH =

= 2Na[Al(OH),] + 3H,T.

Cymma ko3dpdunuentos: 2 + 6 + 2 + 2 +
+ 3 = 15, 6ykBa E. :

6) 2Al + 6HF, = 2AIF, + 3H,T

Cymma koadpduimentos: 2 + 6 + 2 + 3 =
= 13, 6yksa H.

7) 4A]l + 3C = A14C3.

Cymma ko3duuuentos: 4 + 3 + 1 = 8,
6yxsa T.

8. Hazpesahue.

Ob1ee ycroBUe NPOBeAi€HYUA JaHHBIX PeaK-
LMl — HarpeBaHue:

24l + 35 2L ALS;

2Ga + 2NH, —2120% . 2GaN + 3H,;

In,0; + 3H, 2<%+ 2In + 3H,0.

9. lubbcum.
Al,(SO4); + 6NaOHenocry =
= ZAI(OH)gl + 3N32504.

MuHepanoruieckoe HazBaHue ocajKa
Al(OH); — ru66cwur. ”

10. Tpunadyams.
2Al + 6HC 6, =2AICL; + 3H,T.

CymmMa k03¢GUUHEHTOB B ypaBHeHuH: 2 +
+6+2+3=13. n
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