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Or.nan.neIIItre

flpeAnuroeue ...-..............

fn a s a 1. flenloucrpaunouuuft xlrMfi'Iecxtlft 3KcnepI{MeHT

CauoAerrnrre pH-uu,ul.txaropbl Ir3 3KcrpaKToB pacreHuit (7). Kpoar uru
reruyn? (xuuur r.I cyAe6Ho-naeAllltllHcKa, excnepru:a) (9)' Ilna-sya

s urKoruHofi na6oparopuu (11). Iluporexuura 6e: KHcJIopoAa (13). Kax

3aurrrrr,rrb apxllBHbre AoKyMeHrbl or floxeJlreHra? (15). fieltoucrpaqra
rrepaoSasHoil pearqnu nplr KoMHarHo[ reuneparype (16)' ,{erercrop
rpe:aocrn (AeMoHcrpalll{r oKI{cJIeHm cnrapron) (1 6). [euoHcrpaul4fl Ae-

ru4paraur.t, yrneBoAoB (17)..{errloucrpaul{fl cllHre3a Bfuepa (19). ,{euou-
crpauu, floryqeHll tt3oKpaclrreneft (20)'

f n a s a 2. 3aHnrr.rareflbHble n 3pelllurHble orIbITbI no XHMlIrl

CexperHoe rIocJIaHI,Ie (22). Cteao6Hafl cBeqa (22). VcueuyBua'I BoAa

(cnoflcrna [onuaxpl,tJlara narpua) (23). 3y6Har nacra AJIfl BeruKaHoB

(23). fixnHn n 6yrurnre (23). faosaraxa-xaMeJleoH (24). flepeeo n: cepe6-

pa (25). 3araAo.IHas rpy6xa Q5). flnpa I{3 yrJlelo4cnoro ftBa (27). Xelrutfi
cuep.r (27). Pacmroultrsanue 6yrrrlxll B pe3yJrbrare peaKI-IHLI nefirpalu-

zauuu (27). O6napyxeuue roilflpHocrll MoJIeKyJI nolrr (28). Kararusa-

rop-xaMereon (28). flolyueune lt co6ltpauue ra3oB ro ueroay Ann (28)'

3rexrponns ftoAuAa xalufl B reJle (30). <Pyuuofi> ras (30). Bonrue6Hrtfi

xurrax (31). Bsprte B KoHcepBHoft 6auxe (31)' loprurne uapbl (32)' Mera-

soasrfl nenraran (32). PearrHnuuftABr.rrareJrb Hacrnpre (33). lopeune uar-

Hlrfl B yureKI{cJIoM riBe (34). Tanrryroluee raaMfl (34). 3anycr noAopoAttoft

paxern(35).3uea ra:nynrcaua(36). 
:

Ia a n a 3. Xnuu.recKlrenpaKrIlI{yMbI

3aHuuarensuafl.xttM:afl c xITAKITM uBoroM (xuuuuecxnft npaKTIrKyM Arfl

MnaA[nx luroJlrulmoa) (38). Ceur npenpaueHufi s oAHoil npo6rapxe (o6o6-

uarouuil axcrrepuMeHT no o6urefi xuultll c MHKpoKoJII'ItIecrBaML peaKTH-

uoa) (42). 3roloruqecxufi lparrnxyu (47); l. O6uapyxeHl{e cBI'IHIra B

npeAMerax o6uxoaa (47); 2. O6uapyxeHlle xpoMa B croqHblx BoAax (49);

3. HccreAosaHr{e ToKc[qHocrn 6gtos],x neuecrn (52). Cnnres 3THJICtIrII'I-

uaJrara rr3 acnupuna (56). 3rcrpaxulu roipeuna ns qafuux lucrseo (58)'

5

7

22

38



Ifl a e a 4. O6yveune xuMr.tlt MeroAoM aHalorufi
OrHoureHrq MexAy rrroAr,Mu KaK Morenb cocrof,Hn, aer4ecrna (60).
Aaro4pou KaK MoAeJrr, x r.iMrrr{e cxoro n:aa uo4e ilcrnua (66). poNaeHlre
Aerefi rax MoAeJrb peaKuHpr flepBoro roprAKa (67). Moaetr sJreKTpoH_
nofi uorsocru <Cxarauu, cryAeHra)) (6g). Moaenr MexMonexynrpHoro
ssaaN{oAeficrnlrr <Kynanue B BaHHe)) (70). Moaelu xr,rMHqecKoro paBHo_
recHx <cynepMapKer)) (71). o6racnlreM xrrMrrqecxrze {BJreHn, (Ha [€urb_
uax,> (72). LlJeplox Xonruc ycraHaBnr.rBaer rloprrayru Be[IecrB rro [po-
AyKraM cropauna (75).

Ir a s a 5. MeroAuqecKafl Mo3arrKa

Bcr xunar sa ABe Manyrtr (79). ?I:yvaena xnMr.rrc c noMor{bro 3nerrpoH_
Hofi noqrsr (81). Kax oBnaAerb BHr,rMaHreM xlacca? (g2). Kax cAeJrarb
Harnf,AHbrM rBJreHfl e repfioAr.r{Hocru? (94). flepuoqrzvecxiu c.creMa a,fl
caMbrx MJraAruax (85). Xrura,.recrilfi AereKTllB (<peaxryrr 3aMeureHr{r, }lJru
Y6uficreo npoQeccopa lpaynaepa>) (89). vpaaHr.rBaeM Ao 6ecxoue.{Ho-
crn (93). MeroA lpolr:BoJrbubrx crefleHefi oxracnen Lrfl, llrfl oKLtctr,rreJlbHo_
BoccraHoBHreJrbHbrx peaKrrufi (95). Mo4eaupoaaurle $rl:uxo_xaMrrqecxr4x
npoqeccoB c rroMorublo Ko.[ocxona (97). BrrvuclreM qrzcro Anoragpo na
KoMnbrorepe (98). CxaennaeM MoAenH Syruepeuon (99). I4syvenue Mero_
AoB oqHcrKr.r crorrHbtx eoa (l0l).
I-a a e a 6. IlpoerrHbrerexHororrrrl

Ilpoexrnpyeru roBapbr 6trroaoii xuuuu (I06).

f r a s a 7. Hemnoro 6o.nurue, ueu nyve6Hlrre
Bce rr Mbr 3HaeM o6 r.r:ovepax 6en:ola? (ll0). Iloverr,ry coeAtrHeHr,rfl
a3ora B3pbrBoonacHrr? (l I 4).

I-a a s a 8. ArryalbHbre Boflpocbr xuMr.rqecmom o6paronaHru
HayuHaa 3Tr'r*a B ur(oJrbHoM r(ypce xr,rM,r{ (r20). 3xsa*reH rro xriMrr,
B aMeprixaHcrofi ruxole: uosbrfi nolxoA? (122). Auepuxaucrcui,t xn_
ruur ru6upaer xaprepy (I2g).

fIpeguc.rroBrre

Ore.recrseHHbre rpaAHuuH ecrecrBeHHo-Hayr{Horo o6pa3oBaHus co-
xpaHrrcr sa poccuficxofi rurcorofi BeAyur4e ro3HrIHH B MHpe. Mu nnpase
roplHTbcg TeM, qTo poccuficxnfi rIJKoJrbHHK, KaK rrpaBlrJlo, 3Haer o6 ycr-
poficrne oKpyxarcqero Mr..rpa 6oluue, qeM ero cBepcrHHKH lr3 MHorr{x
pa3BHTbrx cTpaH. Ho r.r aapy6exsulfi onbrr rrpe[o.qaBaHHr ecrecrBeHHbrx
HayK TaruKe npeAcraBrser 6olsruoil r.rHrepec. B nepayro oqepeAb y)Ke

noroMy, qro gro dpyzoil onrrr. I4esecrHo, HarrpuMep, qro s 6omulHH-
crBe urKoJr CIIIA Her o6qsareJrbHoro Kypca xvtMkta) a ocHoBbr xtrMuqec-
xnx suaurzfi rrpenoAalorc, B cocraBe HHTerpHpoBaHHoro Kypca ecrecrBeH-
Hr,rx HayK. B ouuque or poccnftcrcoft ruxo.llsl, rAe y[op Aenaercf, Ha $yu-
AaMeHTrUrbHbre H cHcTeMaTHr{ecKHe 3HaHI,Ifl, aMepHKaHcKas. cHcTeMa
ecrecrBeHHo-Hayr{Horo o6pa:oeaun, copaeHTupoBaHa B ocHoBHoM Ha

o6yueuue peureHaro npHKJraAHbrx 3aAar{, cBq3aHHbrx c ruHpoKHM KpyroM
6urosrx qsreHr4fi.

B rcHare He craBurcq 3a.u,aqa cpaBHHTb noAxoAbr K rrpenoAaBa-
Hnro xlrMHH B HauHoHaJrbHbrx trIKoJIax, Ho rrpeAcTaBJreHbl Te Qopnaur
:apy6exuoro orrbrra, Korop6re Moryr 6urs npxuo aAanrnpoBaHbr B

garuefi uKoJIe 6e: uapyrueHHc ee HcTopuqecKH cJroxnBrrrerocfl cBoe-
o6pasun. KuHra cocraBJreHa ruraBHbrM o6pa:ona Ha ocHoBe MHoro-
JrerHHx o6aopoa <<Journal of Chemical Education> (<Xypnarr xr.rMlr-
qecKoro o6paaoaauur>, CIIIA) kt flBr'eercs no46opxofi opr{rnHanb-
Hbrx MeroAr,rqecKHx pa:pa6ororc [perroAaBaHlnfl xvMrkt B rrrKoJrax H

KoJrJIeAxax sapy6exnsrx crpaH. lnt uzgarte oro6paurr roJrbKo Mare-
prraJlbr, coorBercrByroulue coAepxaHulo pocclrfi crcux rrrKoJrbHbrx [po-
rpaMM no xHMr.{H uru 1nwlrcwe K HHM, a fioroMy MoryT HcnoJrr3oBarbc.n
Ha ypoKax xr,rMnlr B o6uleo6pasoBareJrbHbrx n npo$ur*rbrx K;raccax, AJrt
o praH H3aqur{ B H eKJr accHo fi pa6orsl no [peAMeTy, Ha 3aHflTvtflx rrIKoJ] b Ho-
ro Kpy)KKa H AP. Y.rHrenb-npaKTHK saiiAer 3Aecb orrHcaHHe 3ooeKTHbrx
AeMoHcrpaurroHHbrx u,,ra6oparopHbrx orrbrroB, HHTepecH6te uogu$ln<a-
uLrH lrlrrpoKo r{3BecTHbrx 3KcrrepHMeHToB, 3aHuMaTeJr bH ble xH MprqecKHe

npaKTraKyMbr, crleHapH H AeJroB brx H rp, HHTef paTH BH bre ypoKH, na6opa-
TopHbre pa6orbr c gKoJroruqe cKrlM coAepxaHueM.

,ftr yao6crBa noJrb3oBaHH, Marepnar KHHnu o6reAsues B TeMarH-
qecKue uraBbr. ftaea 1 nocsrqeua AeMoHcrparIHoHHoMy xHMr,rqecKoMy
gKcnepr,rMeHry. B uase 2 Aar.:.i' otrucaHnf, 3peJrurrHbrx n e$Qercrurrx



xHMHqecKHX OnbrroB. B mase 3 - nlerogurcu npaKTHqecxux pa60r H r-rpaK-
THKYMOB, NPUqEM OCO6O BbIACNCHI,I PA6Orrr HHTCTPATHBHOTO, B TOM .{HCIE
sxoJrorHqecKoro, coAepxaHx.rr. B maae 4 npune4eua yHHKaJrbHa{ noA_
6o prca Marep,irJr oB n o rexHon oru u o6y veH r,r s .HMHH M eroAoM anar orufi .B mase 5 * unrepecHbre MeroAHqecKHe npneMbr ra paspa6orKH K or_
AETI,HbIM TEMAM H YPOKAM XI7MVTL.., HCO6SIqHSIC TIOAXOAbI K OPTAHH3AI,IHH
KOHTpon{ sHaHHfi no npeAMery. oco60 orMeqeHbr re soprrru pa60:rrr,
Koropbre MoryT 6rn r ncnolr3oBaHbr An, nporreAeBTr,rqecKux KypcoB
*HMHH B MJraArxHx Krraccax. B mase 6 gau npr,*lep peaJrH3arr,H npoeKr-
nofi rexHolorun. B mane 7-4onoJrHuTeJrbHirf y.re6nuf r-"pr-, pu"-
runprrcrqufi r,H{oprrraqrarc [o orAenbHbrM reMaM Kypca. B noclegueft,
8-fi, uaoe o6cyx4arcrcq a*TyanbHtte npo6leno, *rrr"a"no- _*oro_
noro o6pa:oBalavrfl.

.{au uoe ug Aa,ne uo rrroxe'r s$ semnnno Hc noJr b3oBars :apy6exusr ft
ofrbrr B npaKTilKe npenoAaBaHHflxHMHr4 n poccuficrcofi rurcone,6y4er rnu-
TepecHo H rroJre3Ho yr{HTensM_[peAMeTH]rKaM r{ MeTO.{ncTaM.

B nepenoqe Marepn.noB rrpHHraMaJrH aKTHBHoe yqacrrre yqafllHecs
MocnoscKofi ruxonur I/b 125 9 c y rny6 neHHbrM H3yqeHrreM HHocrpaHHbrx r3br-
xon. @parueHTbr H3AaHHa uy6rurona-nHcb B xypHan e <<XuuuiB rrrrcoJre).

f.nasa 1

,[entorrcrpaqrrorruBrft xrrMrrrrecrcnfi
9rcGrreprrMefIT

B sroft rnase co6paHbr onHcaHuq AeMoHcrpaquoHHbrx onbIToB H3

npaKTH K r,r pa6omr y.tur e nefi xrtu vtvt aHl'ror3bl tIH brx crpaH. C oAepNan ae
onbIToB B ocHoBHoM coorBercrByer nporpaMMaM [o x]rMHI,t, .qeftcrnyro-
uIHM B Poccrlficxofi Oe4epaqnu, qro no3BoJlrer HcnoJlb3oBarb Hx Ha ypo-
Kax HJrH Ha BHeypor{Hbrx MeponpHlTuflx Nrfl, HJrrlrocTpauHrz cooTBercTBy-
rorqrrx pa3AeJroB rurcomHofi nporpaMMbI.

Camoge.nrnrre pH-rrrrgrrrcaropEr
rr3 erccrparcroB pacrerrufi *

B.H. fotoenep
CauoAelrHsre r,rHAnKaropbr rc pa-

cTHTeJIbHbrx SKCTpaKTOB CBICIOTC,I

npeKpacHr,rM noco6ueu 4r e, rrcyletrfl
xI,IMHr{eCKOrO paBHOBeC}U, I]OCT(oI bKy

cnoco6urr o6parnuo MeHrrb oxpacKy
B 3aBHcHMocrH cn 3HaqeHHr pH cpe-
4rr. flefturnue [pnpoAHbrx Hr{AlrKaro-
poB ocHoBaHo Ha cnoco6HocrH aHTo-

TIHaHHHOB, npeACTaBJrflrOUIHX CMeCL

TJInKO3HAOB, COAepXarqHXCfl B UBeTKZrx

H nroAax pacreuuil, o6pasonslnarr a
pa3Hbrx cpeAax paBHoBecHbIe crpyK-

rypsr (puc. 1). IIpu Hr,r3KHx 3HaqeHflfi
pH xaparrepHofi Sopvofi aHroqHaHH-
HoB fiBnrercfl orcoHr4essrfi uou(1), npr.l-

Aaroulufi pacrBopy posono-xpacuufi
user. flo Mepe yMeHbueHHfl Kr,rcJror-

HocrH 3Ta cTpyKrypa npeBparqaer-
cq s 6ecqserHoe coeAHueuwe (2), a
e qenouHofi cpeAe - B xHHoH.4Hoe co-
eAHHeHHe (3), ranaerouree rony6yro

OH

R. OH-
-li-

Rrg
H-

o

\

OHOH

3

Puc. I. Crpyr<rypsr
AHTOUUAHI,IHOB

* Joumal of Chemical Education. 1995. Ne 12. P. ll3l-1132.



oKpacKy. flocrcoltry Bce_3TH npoqeccbr o6pamusr, To, H3MeHrrr pH cpegrr,
Mo)r(Ho MHoroKparHo ua6lrc4a.rs fiepexoAbr rlBera.

oAnaro BoccraHoB,r" racxo4urrfi rcpacnufi uBer aHTorllraHuHoB Ao-
BOJI'HO CJIOXHO BBI,IAY TOTO, t{TO B CI,IJIbHO UIEIOVHOfi CPEAE XHHOHAHOE
coeArHeHr{e (3) Heo6parHMO OK}rcJrsercq Kr,rcnopoAoM BO3AyXa B noJrH-
MepHoe coeAlrHeH,e Kop,qHeBoro rrBera. .{-rr npeqorBparr{eH,, 3Toro
[poqe cc a pe*oMeHAyercf, 3 atrl,rqarr, pacr,Tel tH rrfi r.r HAr,, Karop rroJr,_
caxapHAHbrM reneM.

Hnxe onHcaHa rexHoJror,g Ir3roroBneHH, caMoAeJlbHbrx l.IHAHKaro-
poB B BHAe rrrapHKOB, CoAepxaq,x pacrareJrbu,ft erccrpaKT H noJr,ca-xapu4uui HanoJrHVTeJrb H3 zrJrbrHHara KzrJrbqHt. fint,oryr"rru no_
cJreAHero Heo6xoAniurr xJropHA KrrnbqH, il arbtv*ar n-pa, 1np"[apa!r<oroprrfi ,rcnoJrb3yerc, B Kaqecrse cra6r,urr.r3aropa r.{ gMyJrbraTopa B
nlilqerofi , KocMerr{qecxoil r-r sapuaqesrHqecxofi nporu,-r",irocrn).'IUa-
PHKI.{-HHAIiKATOPbI MOryT 6;Nr N:TOTOBJIEHbI H3 NHTMEHTOB PA3HbIX PA.creHufi (ra6-u' I ) r'r cnoco6Hbr MHOroKparHo .qeMoHcrp,poBarb o6paru-
Moe H3MeHeHHe oKpacKH rrpu H3MeHenuu pH cpeAbr. {erraoucrparlu, rro_
BCAEHH' UIAPHKOB-XAMEJIEOHOB HA YPOKE YKPACHT PACCMOTPEHHC TEMbI
<Xuuuqecrcoe paBHoBecHe)), a Hx H3roroBneHHe Moxer 6rtrr errHeceuo
HA 3AHfrTytfl xHMHqecKoto KpyxKa.

Xapamrep ucru KH pacrrrreJr brrbrx rr HA rl r(aropoB

Pacrexrle
(vacrs ero)

(aer uxqura.ropa npu pH
Konuqecrso
rroBTopoB AO
pillpyreruf

IIrapIll(aI 7 13
Terrasar rfacolr Kpacnrrfi (D[onerosrrfi Xelro-

sereHrrI
4-5

Buuorpag (roNurra) PosonHft Cupeuerrrfi Xearo-
sereHrrfr

5*8

KpacuoxovaHHar
KarrycTa

KpacHufi fony6ofi Xelro-
psrxufi

5-8

Bocxosnua (rrogu) Pososufi .flpxo-
po:onufi

Opauxe-
aufi

34
-flnoHcxprft 6ar,ua-
xau (xoNlrqa)

Posono-
rpacurrfi

Kpacuo-
$noleroauft

,lKerrufi 4-5

Azatnq (unerxn) IlypnypHo-
xpacHufi

Poaosrrfi Xelrufi 4-5

Ay6 (qserxa) Porosuft fpxo-
opauxertrfi

OpaHNe-
ssrfi

3

Acrpanaa (uaerxH) Po:osrrfi Tevso-
rYPrYpHErfi

Xenrsrfi 3
* Journal of Chemical Education. 1996. Ns 1. P. 60-61.

Ta1trurya I

Texro.norrr.E rrsroroB.nerlrr,E
urapurcoB-rrIIAIIrcaropoB

100 r rmcrseB KpacHoKoqauuofi Kanycrbl (raru apyroro pacrxTeJlb-
Horo cbrpbq, cM. ra6n. 1) n 400 ul xun.sureft BoAbI BblAepxa'rs 10 uau.
Ornap ocryAr,rrb u npo$r4nbrpoBarb uepes 6ynaxusrfi $ulurp. 30 rnrl

rroJryqeHHoro 3KcrpaKTa cMemarb c 20 un ZVo-soro BoAHoro pacrBopa
ilrrbrprHara Harpnr. B qncrrtfi craKaH noMecrltrb 100 ru.n loZ-Horo soA-
HOrO pacrBopa xJropHAa Kiulbrlufl H npH HerlpepbIBHoM nepeMelIIHBaHHpI
(,ryvrue naarHurHoft uerualxofi) Ao6aBnrrb H3 nuIIerKH no KanJIrM [pH-
roroBJreHHbrfi pacrnop 3KcrpaKTa c aJIbrHHaroM Harpl4{. flonar a pa-
crBop CaC!, Kauru cpa3y cBeprbtBarorc, B uapHKH. lllapraxu cJleAyer
co6pars u flpoMbrrb HecKonbKo paa eo4ofi B MeJIKoM craJIbHoM clrreq-
re. 3a AeHb Ao AeMoHcrpauHH peKoMeHAyerc, BbrAepxarb ruapHKH
B pacrBope CaCl, u xoJroAr4nbHlrKe rpI,I TeMflepffiype oKono 4 oC.

,(ervroucrpaurr,fi o6par*t uoro
II3MEIIEIIIIIT I{BETA

Halurs r npo6rapxy 0,1M pacrnop HCI u noMecruTb B Hero He-
cKoJIbKO r.XaplrKoB-xaMeJreoHoB. oxpacra uHAI4Karopa craHoBHTcfl
,pKo-KpacHoft. ,{o6aurrr 0,1M pacrBop NaOH cHaqara 4o Hefirpa-
nH3aurlr,r pacrBopa, a 3areM go o6pasoaaHnq Hg6rtrKa ulerotlu. IIIa-
p[rKH MeHflrcT rlBer cHar{a;Ia ua rony6ofi, a 3areM Ha pblxe-xel'rutfi
(npu pH = 13). MraHyr qepe3 n.,rrb pacrBop MoxHo BHoBb cAeJlarb
KHcJrorHbrM, Ao6aBHB us6srror 0,1M pacrnopa HCl. Lllapuxu MeHr-
ror qBer r o6patroil nocJreAoBareJlbHocru. 3ror upoqecc MoxHo
rrpoAoJrxarb M Horo KpaTHo, fro Ka [rap r,rKH He pa3pyllraTcr.

ICporr riutrt rcerrryn?
(xnnru,s u cyge6uo-Me4rrrlrrucrcas orccrreprrrsa)*

Oqnult H3 BaxHbrx npaKTI,IqecKHx npI,IJroxeuufi auarnruqecrofi
xHM hH -rr BJrf erc.f cyAe6Ho- MeAH rIH Hc Ka, 3xc neprH3a. 3auacryro HM eH-
HO XUM UqecKlre M eTOAbr aHaJrlr3a no3 BOJITIOT B OCCTaHO B HTb IIpaB I,IJIb-

Hyrc KapTHHy npecrynreHlr.rr.
BcerAa JIlr MoxHo cr{r,rrarb KpacHbre [srHa Ha Mecre npecryflJle-

HH, oAHo3Har{HbrM cBrAereJrbcrBoM KpoBoupolurur? B 1995 r. so
BpeMfl cJryuraHr.rf, Aena o6 y6raftcrne B yroJroBHoM cyAe JIoc-AuAxe-
Jleca 3aurnTa npu6ema K HeoxHAaHHoMy rploKy,3asB:aB,.rro o6Ha-
py}(eHHbre Ha BerrlecrBeHHbrx AoKa3aTeJIbcTBax nflTHa KpoBH flBJIfl-
IOTC' Ha CaMOM AeJIe CJTeAaMU KeTqyna.



A xax s AeficrshrerbHocrn KpLlMHHanHcrbr HAeHTaQr.rqupyror
rcpors? 3ror nonpoc BnoJrHe Moxer crarb rrpeAMeToM o6cyxlesus
Ha ypoKax xHMr.rH. Telr 6olee, qro ero MoxHo conpoBo,{HTb .,po"r"r,u y 6e pure nbH brM Ae MoH cTparIH o HH6r M orr brro M.

OAHurvr r,r3 MeroAoB 3Kc[pecc_aHant3a Ha KpoBb B cyAMeAoKcnep_
TV3e rBJrsercf, rrBerHaf, peaKqHf, oKHcreHH.f, $enon$ran#nu,'*oropytoHecJroxHo BocnpoH3BeCTH B ruKo"[unofi na60pffopktr.. Mero4 .cHoBaH
Ha oKHcJreHlru SeHon$raneuHa rrepeKucr*o lnepoxca4onr) uoilpoou, nu_TaJrH3HpyeMoM reMorpynnofi relromo6nua KpoBH. rlpu erona', pacrBop
Qenol$ra,reHHa H3 6ecqserHoro craHoB,Tcq KpacHbrM. Xuuasrra npo-qecca Bbrp&KaeTc.s peaKrr r4fl,Mlr, l.t :o6paxeuHrrrMH Ha puc. 2.
, OcHosHofi pacraop peareHra roroBrr pacrBopeHHeru 2 r Qenon_Sra.nenua u20 r rr{Apo*c}rAa Kailv.n 100 r 4acr;"rto;;;or ,oo",.3areru np, flepeMe ufii,aH,wAo6aers]or zo . nopo,,*oJop*""." rrHHKa,{o o6ecuneqHBaHHfl pacrBopa. OcHosuoil pacrBop xpaHrr B 3aKpbr_rofi relrsofi eMKocru c Hs6brrrcoNa uHHKa lsro noaaonx", noro"p^r-narr SeHor$raleuu B BoccraHosneHuofi '+opr"t. p;oorrilu.ruop

PEATEHTA TOTOBflT PA3BEAEHI,ICM OCHOBHOIO PACTBOPA 3TAHOJIOM B CO-orHorueulra 1:5.

, Als AeMoHcrpaquH orbrra noHaqo6a.rcr o6paseq Marepuana(rxaHr, ApeBecHHa H Ap.) co cJreAaMr4 KpoBH (a xauecrne 3aMeHHTe_lIf, KpoBH MoxHo npeAJroxuTr, cMecr, 0,5M pacraopa KOH c Kpac_
rrbr M 

'H 
rre B br M Kpac,rel erra). l4v*n u py n A"i, 

"r 
r^ r' KpLrMr4HaIUtcr a,yq,TeJrb *rln na60paHT XJronr{aro6yrraaNHrrnr raMnoHoM pacT,paer

HccJIeAyeMoe ntrHo, 3areM cJIerKa cMaqHBaer raMnoH AHcraJrJrHpo-eaHuofi ao..ofi, Ao6asr.rer ABe KanrrH pa6overo p;;;;;r;O"rorqru_
JIeHHa, a qepe3 30 c _ ABe KaurH cBexero 3yo_noro pu"rropu ,epoK-cHAa BOAOpo4a' flo.aueHHe po3.B.fo oKparuuBaH,{ Cqaraercf, no-JIoxl'ITeJI b H bI M pe3yn braroM, orcyrcrBHe oKpacKH - orp r.ruareJrbHbr M.

*',o,ffih H2o+t/2o2

Ananusupy, pe3yirbrarbr orrbrra, cronT o6cyAurr c yqa:lJuMncfl
rpaHHIIbr ero n pH MeHHM ocrr,r B Kpr.rMH HtlJrucrlrKe. O6uapyxeuulo Kpo-
BI{ 3THM METOAOM MOTYT MC[XATb MHO|I'IC BEUIECTBA, KOTOPbIE AAIOT
noxoxyro peaKuuro. K Huna orHocrrc, fiog, pxasvr.{Ha, MeAb, nep-
MaHraHar I.r AuxpoMar Karrfl, Hurparbr HHKeJL II xo6a.urra, Koropbre
cnoco6Hu oxncrqrb {euontfranelar, a raKxe MHorr4e rrpoAyKTbr rtu-
Tatlafl (r6noxu, a6puxocu, raproSelr, Kanycra, nyK H ap.), co4ep-
xarque pacrHTeJrbHbre [epoKcHAa3br - Sepveursr, Koropbre, KaK H

renorno6us, cnoco6crsyror pa3noxeHl,rrc nepoKcHAa BoAopoAa.
Taxuu o6paaou, B AaHHoM MeroAe aHailla3a oKoHqareJlbHbrM rB-

rrrercq roJrbKo orpur{arenbusrfi pesylrrar, xoropsril roBopur o6 or-
cyrcrBuH KpoBH. flpu noroxuTeJrbHoM pe3ynbrare BcerAa Moxer
Bcrarb Bonpoc: <Kporr H,'rH Kerr{y[?>, nocxo.lruKy Kerqyn coAepxlrr
nyK r,r Meuraer o6napyxeHHlo KpoBH.

fIpas4a, cueqrlQnvuocrb MeroAa MoxHo noBbrcurb, ecJrH yqecrb,
r{To Bce nepequcaeHHbte HeoplaHHrrecK}te oKHcJIHTeJIH MeHfroT oK-
pacKy pa6overo pacrBopa Qeuon$rareuHa erre Ao Ao6aeretutHrO",
a pacTuTenbHbre [epoKcHAa3br Ae3aKTr4Br4 pyroTcrr rlpH HarpeBaHIlu Ao
100 "C, TorAa KaK reMouro6au coxpaHrer npu srofi relrneparype
KATAJIHTI'IqECKYIO AKTHBHOCTb.

B nro6ornl cnyqae AeMoHcrpaunf, gKcrrpecc-aHaJrH3a Ha KpoBb Mo-
xer crarb He roJrbKo qpKr,rM npuMepoM Bo3MoxHocreit auailurvqe-
cxofi xuuHu, Ho H rroBoAoM Arc nHrepecuoil po,rerofi urpbr B KJracce.

ff.nasiua B rrrrco.nlrrofi .na6oparoprru*

flrasN{a u nJra3MoxuMuqecKr4e peaKrlr,rH - r4HTepecHeiiurue npu-
poAHbre qBreHr,rfl. Cnelyroqufi :rccnepuueHT rro3Bonrer B ycJroBHrx
urrcortnofi ,ra6oparopun rrpoleMoHcrpl,rpoBart gro oco6oe cocrofl-
HHe BeUeCTBa.

,{rr onura ueo6xoglrubr: ABa 3neKTpoAa (auo4 - H3 aJrroMri-
HLrfl tttw TatTaila, KaroA - H3 Hepxaneroulefi crar,r, trrarrHbt r4tu4

aJIToMHHHx), pacraop oJreKTponr4ra (ra6n. 2) u ucrounHK rrocroflH-
HOIO HJrH IrMnyJrbCHOrO TOKa C BbrxOAHbrM Hanpfl)KeHHeM He HHx(e
90 B. flrr npuroroBneHr,rfl pacrBopa 3JreKrpoJrura rpe6yercr 4rlc-
TIiJTJIHpOBaHHa' BOAa, TaK KaK CJreAOBbre KOnHqeCTBa XJlOpa ilpe-
nffTcTByloT reHepauHll rrra3Mbr.

l0
* Journal ofChemical Education. I 996. Ng 8. P. 782.
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Ycronurr 3KcrrepHMeHTa rro feHepauI|II

Axoa Karol Srerrpolur, r/n Hanpr-
xesre. B

Tor
30-cpr Ta-cnr{paJrb,
.qlraMeTp npoBonoKH
1 tvttrr

Pt
)-() cM-)

240 NazMoO+ =80 flocrosH-
Hrrfi

5O-crrl AI-cnupalu,
/qlraMeTp npoBonoKH
1 ruru

AI 33 NaF = 115 llocroqH-
Hbtfi

225 NazCO:.lOHzO = 110 I4nrnylrc-
Hrrfi

Al-xonryp nJroulaAbro
4O cu'

HepN.
CTAJIb

77 NaHzPO+.2HzO
2l NaF
38 NazBaOr.l0 HzO

130 [4rrlnynsc-
urrfi

flpu 2err.roHcrpa.r.Iul, orrbrra 3JreKTpoAbr florpyx(aror B pacrBop
gJreKTpoJrHTa (pr4c. 3), a HanprxeHHe flocrefieHHo yBenHquBa[or Ao
yKa3aHHoro B Ta6rHr-le 3HaqeHHr. B1I,uzu noBepxHocTfi aHoAa Oop_
MIrpyercfl 3a[uparcquit cttoit, H IIo AocrHxeH14 H KpHTHrrecKoro Ha_
rprxeHHq rrpoHcxoAnrAasneKrpuqecrufi npo60fi. rlpra eronr Ha rpa-
HITqE PA3AEJIA AHOA/SJIEKTPONHT B PC3YNbTATE NJIA3MOXHMHqECKI'IX
pearcqufi JraBr'rHoo6pa3Ho o6pa3yrorc, cao604nue 3apqxeHHbre qa-
crHrrbr (r'ronrr H sneKTpoHsr). Ha6nro4aeTc.fl cocroxHr,re [ra3Mbr co
BCeMLT xapaKTepHbrMH npr.r3HaKaMH: CHJIbHbrfi pa3ofpeB, HcKpeHfie
aHoAa, cnequQzvecKoe rroTpecKr,rBaHue B pe3yJrbTaTe MHKpOB3pbr_

fllarlra

Puc.3. Ilpu6op
IIJL AeMOHCTPaUI?I [JIUI3MbI

12

BOB rry3brpbKoB ra3a.
Erqe s$$exrHee 3Tor onbrr, ecnu aHoa

r,r3roTo BJIeH B BUAe npoBoJroqHo it cnupwru.
B erona cnyqae MoxHo ua6lrc4ars ABr.rxe-
HHe rrJra3Mbr r]o flpoBonoKe. HcKpquleecfl
o6larco rloKpbrBaer aHoA KaK JraBa.

Oco6sre yKBaHr{r:

- pa6ora rpe6yer ocropoxHocru. Bog-
MoxHo pas6pusrneaHr.re gneKTpoJrr,rra;

- 6rrcrpoe oKHcJreHHe aHoAa B pa-
cTBOpe [pr.rBoAr,lT K rrpeKpaqeHr,rrc nJra3_
MoxuMlrsecKnx peaKrIHit. Ms soso6Hos-
JreHr,r, npouecca cJreAyeT rroBbrcHTb Ha_
npflxeHue Ha 5 B;

- peKoMeHAyeM AeMoHCTpHpoBarb
3KCnepHMeH'r' B 3aTeMHeHHOM nOMeuIeHHH.

Ta1tuqa 2
TIJIA3MbI fluporexnrrrca 6es rclrc.ropo4ar

flnporexuuqecKue peaKrrur,r - carrroe y6egllTeJrbHoe AoKa3areJrbcrBo
MoryqecTBa xuMlvtu An.fl [oApocTKa. EIIIe 6rl: npoqecc conpoBox(Aaer-
c, HcKpeHHeM, cBeqeHHeM, 3ByKoBblrr,lr,r srfoemaMlu, a To I,r B3pbrBoM!
OAHarco rrr4porexHaKa He roflbKo 3peJrurrlHa. Kax yue6uac AeMoHcrpa-
rlrrfl oHa Moxer 6Hr:s ucnolb3oBaHa flpu ra3yqeHr.IH xr.rMr43Ma oKI,IcJrI{-

TeJI bHO- BOCCTaHOB HTenbHbrx IIpOUeCCOB.

Hau6olee pac[pocrpaHeHHbre flHporexHurrecKpre cocraBbr o6br.{Ho
coAepxaT BeruecTBo, rBnrrouleec;I ucToLrHHKoM KHcJropoAa (unrpar,
x;ropar, repxJropar u Ap.), u raxoft-ru6o roprovnfi KoMnoHeHT (uarHufi,
iurloMHHufi, cepy, $ocQop H Ap.). XHNTHaNT npouecca B 3roM cnyqae cBo-

EVtTCfl, K TOMy, UrO UeprHft KOMIOHeHT pa3laraeToC C BbrAeJreHHeM KHC-

JropoAa, xoropsrfi 3areM oKHcnrer r-oprcqee. HnorAa AaI(e rroJrararor,
qro qeM 6oluue MaccoBa, AoJrfl KncJropo4a B pa6ovelr BerqecrBe, TeM

a$Serrnauee cocraB. B rou, rrro 3To He raK, MoxHo y6e4ursc.r npo-
crbrM conocraBJreHueM, HanpuMep, x;ropara u cyrr$ara Kiurur. flo co-
AepxaHnro KHcJropoAa cylu$ar (36 %) noqru He ycrynaer xJropary
(39 %), Ho rrpaKTuqecKr{ He [pof,BJrser oKHcJrHTeJrbHr,rx cBoilcrB, B orJur-
LrHe or 6eproleronofi conr.

Eoree roro, oKr,rcJrHTeJreM B [HporexHuqecKoM flpoqecce uoxer 6urrr,
BerqecrBo, BoBce He coAepxaulee KncnopoA. flo cyru AeJra, rruporexHu-
.IECKI,Ifi NPOqECC - OKHCIHTCIbHO-BOCCTAHOBUTEJIbHA{ PEAKUI,\', OTJII,IqA.

roularc, uHcorcoft cKopocrbro H BbIAeJreHHeu 6olruroro KorHqecrBa
TCIJIA 14 CBETA.

Ilpe4naraernlbre nnporexHr4qecKne peqelrbr HHTepecHbr reM, qro Hrr-

Jrrocrpupyror oKr4cJrr.rreJrbHbre cBoficrBa 6ecKucJropoAHbrx coeAuHeHfifi, a
TaKxe noKa3br Baro! rcaxofi rvroruu sfi eH eprvrnqecxufi ncrreH rIHaJr 3aKnroqeH

B BeqecrBix, Koropbre nopofi c.rnarcrrc, uHeprH[,rMu (uaupurraep, Te$roH).

Cocran Ns 1: e*recr rerrca$ropfreppara (III)
rc4.'I[fi II AJIIOMIIIIII'il

OrnclureleM B oroM cocraBe sBJrserc, rercaSrop$eppar (lII)
KailAfl, xoropuil [onyqarcT rrpu peaKrruu Sropr.r4a KaJrr,rr c xJropHAoM
xereaa (III):

6KF + FeCl, : KrFeFu + 3KCl.

Bsar.moAeficrBue KrFeFu c €urloMnHneu noAo6Ho rr3BecrHoMy aJrro-

MorepMr.rqecKoMy BoccraHoB.rreHHrc oKcHAa xele:a (III):

KrFeFu + Al: KrAlFu + Fe.

* Journal of Chemical Education. 3.P.2512s2.
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flp u roro ar Rror rercca$rop$eppar (II I) rcan ux creAyrouruM o6pa:oru.
B 200 Mn BoAbr pacrBop.sror 56,5 r (0,6 rnlo,'rr) AAtHApara Qropra4a
KaJrr4f, (KF'2HrO) (n nlacraxoeofi el,{rcocnr). B noryveuurrii pacrBop
rrpH [ocro.rHHoM nepeMeurH BaHr.rH rouxoft crpyfi xoft npr,rJrHBaror pa-
crBop 27,0 r (0,1 nrolr) reKcarHApara xJropHaa xeresa (lII)
(FeClr'6HrO) n 100 Mrr BoAbr. Cpasy xe BbrraAaer ocaAoK KoMrrJreKc-

Hofi colu. Cuecs eule 10 lrnn nepeMerxaBaror, a 3areM ocaAoK or-
{rarrrponurBa}or qepe3 qerbrpe cloa Snlrrporalruofi 6yuaru n ro-
poHKe BroxHepa, [poMbrBarcT TpeMq nopuurMrr BoAbr no 50 nan, 4ry-
Mq lropuHrmu 95o/o-Horo 3THnoBoro crrHpra no 25 MJr H ocraBJrrror
cyruHTbcq Ha Hoqb. 3arerrl npoAyKT cyruaT B cyrxHnbsofi ne.ru npN
120 oC B TeqeHHe cyroK H ocropoxHo pacrHpalor B cryflKe. Ifner
ronyr{eHHoro rerca$rop$eppara (III) ralm Bapbrapyerc.g or 6elo-
ro Ao xeJrro-6yporo. BurxoA - oKono 92 % (26,2 r).

.{erraoncrprzpyror nuporexHuqecKyro peaKr-llr}o B cneAyroqeM nopsAKe.
B ge6olrruou 6ylraxuoM craKaHrlr.rKe [JIacrr4KoBbrM r{nu AepeB.f,H-
HbrM rrlnareJreM ocropoxHo cMeurusaror 14,35 r (0,05 rvro.nr) KrFeFu
u 1,35 r (0,05 lronr) noporuxoo6pa3Horo arrcMHHHrr. floryueHuyro
cMecb rroMeuraror s crarrHofi THreJrb ua 30 Mn 14 cJrerKa yrpaur6o-
BbrBaror. Tnrels 3aKpenJl.gror B KoJIbue Ha rrrrarnBe, rroA THTeJIE no-
rvreularoT KpHcTaJrnl,r3aTop c IIecKoM H B cMecb ycTaHaBJrr,rBarcT 3a-
rraJr - MarHHeBylo JreHTy Alauofi oKoJro 8 clr. flocre rroAxuraHHf, 3a-
uala neo6xo4nrrro orofiTr Ha 3 u. Cuecr cJrerKa AbrMur v vtcKpur,
coAepxHMoe rHrJrfl AoKpacHa pacKan.rrercc. llocre ocrbrBaHt,tf, cMe-
cr4 B THrJre MoxHo o6uapyxaru se6onrrune oKpyrurble 3epHa xere3a.

Cocrar Nlb 2'. cMecb rerpaSroperrrJreHa
(re$;rorra) rr uarrrx,r

B grofi cMecu oKr4cJrHTeneM cJryxHT opraHnqecKoe coeAnHeHlte -
reQnou:

(CF, - CF2), + ZnMg-+ ZnMgFr+ ZnC.

B 6yvoxuoM craKaHtruKe nJIacrrrKoBbIM r,rJru AepeBrHHbrM rufiare-
JreM ocropoxHo cMelrr{oaror 5,0 r (0,05 rtaom) noporuroo6pasuoro reS-
JroHa n 2,43 r (0, 1 rraonr) noporuxoo6piuHoro MarHr.rr. Kaqecrso cMeurn-
Bar:afl He BJrHrer Ha xoA peaKuHH. .{ansuefiruyrc noAroroBKy r-r 3a.:Kura-
Hr.re cMecu [poBo.[qT TaK xe, KaK onHcaHo Bblure.

Cpa6arrraaHue cocraBa conpoBoxAaercfl ocJrefl r.rreJrbHoft scnrrru-
rcoft, ncxpeulreM I,I cHJrbHbIM rrorpecKl{BaHHeM. Turers oKyrbrBaror KJ'Iy-

6ur vepHoro AbrMa.

t4

Texuuxa 6 es onacuoc ntu. fieuottcrpauurc o6eux peaxqafi cneAyer

npoBoAHTbB3aII}tTHbIxoqKaxHnepqaTKaxBHe.AocgraeMocTHoTBoc-
nnaMeH,f,}oU{]axc, LlroprcI{HxMaTepI,laJIoB,noBo3MoxHocTH_BHe[oMe-
uleHl{c. B rercc.re yKa3aHbt MHHItM€LrrbHble KoJIHT{ecTBa peareHToB, Aato-

rrlHe nnporexHu'{ecrcHfi etP$ercr.

ICarc sarrlrrrrrrB apxuBHEre [orcyMenTrr
OT IIO}ICE.IITEIIIIA?*

floxel.reuue ra:erHofi 6yvarn - neu:6exrltft npouecc o6pa:onaunr

xponro{o poB B pe3yJlbrare pa3Jloxe HHs^KoM rlo HeHTo B 6yuarno fi M acobl

noA Aeiicr"HeM oKpyxa'o'eil cpeAbl. Oco6esso HecroeK K oKHcJreHHro

JrlIrHHH, cocraBJlrlourufi w 40 o% 6yrnlaNHofi uaccst'

flpeAlaraerr,r npocrofi cnoco6 or6elHsaHl4fl fa3eTHblx Bblpe3OK H AO-

KyMeHTOB, noxeJrTeBrrrr{x oT BpeMe}rH. onblT MO)KeT 6strs nocraBJleH B

-*or"roii na6oparopuu (ua saHar,rlx x,M,rlecKoro Kpyxxa) ulu e '4o-
MarrIHI,IX ycJIoBl{flx.

Peaimuoat u o1opydooauue; 6oprvnpttl Hutpt4fl (NaBHo)' Hacbl-

ulenurr il (0,2Yo-urti,t) pacrBop Ca (OH)r, Al'IcrHn JI upo B aHHaq BoAa, orpe-

3OK [eHo[Jracra (nanpuMep, oT y[aKoBOr{HOrO MaTepHaJIa)' ruoaera ulr'r

rro.uAoH, pe3HHOBble nepqaTKH.

Memodurca oKcneputweHma. 3axpenurb ra3erHyrc Bblpe3Ky Ha neHo-

nracroeofi noAlox,x-e ocBeTJrrreMofi cropoHofi BBepx. flonecTuru noA-

JroxKy B KIoBery H 3zuIHTb Aacrl4nJluposaHHoil eoAofi' flpu4anlarl no4-

JroxKy KycKoM creKJIa rax, uro6ul Bblpe3Ka oKa3aJlacb B BoAe' Hepe:

15 uun H3Breqb [oAno)KKy H3 K[oBerbI H cJI],Tb no6yperru-y.ro BoAy' Buogs

[oMecT6rb rroAiroxKy c rsrpe:xofi B K]OBery h 3aIIHTb 1olo-sult ur6elu-

Balou-(LIM pacrBopoM NaBHr. Hepes 15-20 MIIH cJII4Tb pacrBop or6elu-

BaTenr H [poMbITb BbIpe3Ky B KroBeTe HecKoJIbKHMH CMeHaMH AHCTI4JIJIH-

ponauuoft BoAbL flocleAuee npoMbIBaHHe - HacblrreHHblM pacrBopoM

Ca(OH)r.
' 
Eopruapug HarpHs BoccraHaBJIHBaer oKpareHHble xpoMoSoporu $op-

Mrr s 6ecuegrHbte u Hefirpa.nu3yeT HaKOnJIeHHylo Kh0JIOTHOCTb 6yuarn.

Irlssecrxosanne 6ylraru rHApoKcHAoM KilJlblrll' co3Aaer 6y0ep, fipenqr-

crnyroutufi aa-nrHeft rueMy HaKonJreHHro KHcJlorHocrH' 3S$ercruruocrr
*"roau MOX(ET 6Srts oqeHeHa conocTaBJIeHHeM gHa.{euufi pH 6yrvraru ao

H nocJre or6erHsauHg. B rasernsrx Bbrpe3Kax 14-nerseft AaBHOCTH yAa-

ercfl [oHlr3urb KHcJIorHocrb c pH : 4,8 Ao pH :7,4' flpegloxeuurtfi
MeroA He peKoMeH,Il,yercf, Hcnorb3oBarl Alr or6elHBaHH' o6pasuoa 6y-

MaII],coAepxauHxHaA[I4cHI],BeTHI,IMHqepHHnaMHHnHApyrHMHuBeT.
HbIM}I NUTMEHTAI4I4,

x Journal of Chemical Education. 1995. Ng 7. P' 651'
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fieruorrcrpaqns ruepgo$asnofi pearcrlrru
rrplr rcoMrrarnofi reurreparype.

Xopouro H3BecrHO, rrro rBepAbre BeurecrBa Moryr nsaur\aoAeficrso-
Barb npH noBbrueHHofi reuneparype. Ho B HeKoropbrx cryrraqx rBepAo_
Qa:uar peaKuufl rpn KoMHaruofi reunepuryp" ,a"i 4axe 6rrcrpee. ,{nr
AeMoHcrpauuu 3Toro [apaAoKcaJruroro Sarcra Mbr flpe4naraeM 3Kctrept,t_
MeHT, JretKo ocyruecrBlrMrril e urrcoruHofi na6oprropua.

^ Ceexenp,roroBJreHHbrfi npoceauuslfi rcpucrannorr.rgpar CuC Ir.Z\O u
2-avuuonwpvrliivtlivtT (AfI), nrrrHe s srcsnNabrrpHoM coorHorrreHHlr, rroMe-
ularor s He60lsuryrc npo6Hprcy c npo6rcofi. Peareuru rurareJrbHo repeMe-
rrrfiBalor Bcrprxr{BaHueu npo6raprca. I{aer cMecH [pr.r STOM MeHflercfl
c rory60ro Ha xeJrro-3eleurrfi, qro yKa3brBaer Ha flporeKaHr,re peaKur4r,r:

cucl, . Zryo + AII : Cu(AII)C1,

O6pa:oraHne npoAyKTa peaKrl,lr (xoumexcuoto coeA,Henar rnle4u)
oco6enso HarJrqAHo npu cpaBHeHuu c Apyrofi npo6uprcoil, cogepxauleil uzc-
rrrfi rcpucralnonupar

,{nr ycropeHu, npoqecca HcxoAHr,re Berr(ecrBa fiepernparoT 2 vuu
B CTynKe. B STON,{ CJry^{ae Bce rrpeBparueHlre 3aHHMaer oKoJro 15 rurras.

fierercrop rpesBocrrr
(Aeuorrerparllls orcrrcJrerrllfi crruproB)**

B ruxoru'ol.r Kypce opraH,r{ecKofr xunanu oKHcneHHe cn,proB B aJIb-
AeruAbt o6sr''rHo AeMoHcrpr4pyror Ha npHMepe peaKrIHH gTnJrOBOro c[up-
Ta c oKcr'rAoM MeAH QI). npu norpyxeHHH B cnHpr pacxaaeusofi rraeaHofi
cfiupaJru rIpofi cxoAHT BocCTaHOBJTeHHe MeAH, O6paSyrorqefi ua nonepxuo-
cru cn14paflt,t He)ruo-po3osrrfi Harer.

He ueuee xpaclraofi 6ya", AeMoHcrpauufl oKltcJreHuq clupra B arb-
Aerl,i.,' coeruHeHHrMH ruecrr4B€ureHTHOrO xpoMa. 3ra peaxqu.fl oco6euHo
HHTepecHa reM, rrro Ha ee ocHoBe AefiCrsosarr.r npu60prr [epBr,rx noKo-
t eId'uit Ar c o[peAeJreH H' Tpe3 BOCTH asrON,{o6Hn Hcros. Ecr}r noAbr[rarb
n rpy6our<y, coAepxalqyrc noAKHcJreuHrrfi pacraop AHxpoMar a KaJtHs,
TO rrpH H.arvqvut napoB 3TaHoJra B AOCTaroqHofi rcoHqeurpa\t4t4 fipolrcxo-
.qHT BOCCTaHoBJTeHHe xpoMa. orcpacxa pacrBopa B 3TOM Cryqae MeHfl-
erc, c xeJrro-opaHxesofi Ha 3eJleHyro:

8H* + 9rrOrr- + 3CrHrOH -+ ZCr3, + 3C,H,O + 7H,O.
(x.-opaHN.) (:er*ex.) z

* JournalofChernical Educarion. 1996. -Ile I l. p. l0lg.
* * Journal of Chemical Education. I 996. Ne 2. p. 135.
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* Journal of Chemical Education. I 995. Ilb 10. P. 927 -929.
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Ha ypore xHMHr,r MoxHo orpaHlrrrurbc, AeMo Hcrpaqr.refi n pLIHIrHna

Aeilcrsuc npu6opa. BrlnoaHsq ra6oparopHsrfi onrt'r, yqauruec.s HarH-
Baror B npo6upxy 21 ul noAKHcJIeHHoro pacrBopa AllxpoMaraKaltnts.
(rorornrcr pacrBopeHr.rev, 2 r KrCrrO, n 20 v.tt KoHlreHTplaposaHHoil
tl2SO4 s 80 r.{r Ar,rcrr,rJuruposaHHofi no4u) ra Ao6anr.srcT rlo KalJIflM
oKoJro 0,5 vl (upurvrepuo 10 xanens) eruJroBoro cnupra, Ha6rrcAas ag-
MeHeHr{e oKpacKra pacrBopa. Ecru onur npoBoAHTc{ KaK AeMoHcrpa-
uuouHsrfi gKcnepHMeHT, KonuqecrBa peareHToB Moryr 6urr nponop-
qaoH,rnbHo yBenuqeHbr.

fienrorrcrpaqns AerrrAparaqurr yr.rreBo4oBr

.flueuue Aerr{Aparaqu[ yrJreBoAoB xoporuo H3BecrHo Ha npn-
r',repe o6yrnvtBalF.us caxapa noA AeficrsueM KoHrleHTpHpoBaHHofi cep-
soft rcucrorsr. AuaaoraqHbrM o6pa:ou cepHa, KncJrora 4eftcrryer
pr Ha Apyrue yrJreBoAbr u yrneBoAcoAepll(aurue [poAyKrbl. Ilpu.reu
cKopocrb nporeKaHr,r, peaKrruH t.r ee BHerrrHHe npr,r3HaKu s 6orruofi
creneHH onpe,{enrrcTce rHnoM yrJreBoAa. flosrouy AeMoHcrpauHq
orofi peaxqun Moxer [ocJryxuTb He roJrr,Ko npHMepoM xapaKTep-
uoro croficrBa yrJreBoAoB, Ho H MeroAoM pacrro3HaBaHl,L pa3Hblx
rrpeAcraBuTelefi groro KJracca, a raKxe cnoco6ou HccJIeAoBaHHg
3aBT,ICI,TMOCTH CKOpOCTT,T peaKqrllr OT rrpHpOAbr BeuleCTBa U yCnOnUfi
IIpoBeAeHH, rrpoqecca.

Memoduxa oKcnepuueHma. B craKaH Ha 400 MJr fioMeuaror 40 r
o6pasqa yrneBoAa HirH yrureBoAcoAepxaqero npoAyKra, Ao6asrstot
40 r'an KoHrleHTpr4pogassofi (18 M) cepuoil KncJrorbr n aKKyparHo pa3-
MeruuBaror 4o o6paronaHufl oAHopoAHoil Maccbr. Hs coo6paxeHufi 6e-
3onacHocru craKaH cJreAyer ycraHoBuTb B qaury c necKoM. r{epes He-

Koropoe BpeM, nof,Brsrorcq [pr{3HaKH peaKr.Ir.ru: cMecb npuo6perae'r
xeJrroBarbrfi ottenor, 3areM TeMHeer H craHoBlrrc.r uepuofi, BcJIeA 3a

sTHM Harrr,rHaerc, BcrreH:aBarue: B craxaHe o6pa:yercr nopucrurfi yr-
JrepoAucrbrfi cron6 qepHoro uBera. BcnennsaHue npoucxoAlrr BcJIeA-

crBr,re BbrAeJreHr.rs rasoo6pasubrx rrpoAyKToB pa3JIoxeHH, peareHToB.
flo AaHHsru xuMr4qecKoro aHuurn3a o6pasyrorqarcx cMecb ra3oB co-
AepxHT oKorro 66oh CO,17 yo CO2s l7 Yo SO, (a cnyqae o6ymnraHur
caxaposu).

I,Iccle4yr 3aBucuMocrb cKopocru AerllAparaqul or ycJloBufr npo-
TeKaHHfl peaKUHH, B craKaH [epeA Ao6asreuHerr.r cepuofi KHcJrorbI no-
Meularor onpeAeneHHslfi o6reu no4rr (ra6n. 3).
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t8
* Journal ofChemicalEducation. 1996..I1! 6. P.539.
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B npoqecce BbrnoJIHeHH, onbrra $arcr.rpyror xapaKTepHble KHHeTH-
qecKr.re napaMeTpbr pearIHH: /1 - BpeMt norBJIeHH, nepBbrx [pH3HaKoB
loqepHeHl,rs H ,2 - BpeMs, KorAa BbIcoTa yHlepoAHcToro crol6a AocrH-
raer orMerKu 300 vrn Ha craKaHe.

O6cycrcderuue pe3ynbmamo6. B ra6n. 3 npune.4enbt pe3yJlbra-
Tbr, fiIrofl.r|yqeHHbre flpu AerHApaTauvHpflI.a yrneBoAoB B pa3HbIx cHTy-
aqHqx. flaparnrerprt t, u t, AoBoJrbHo HHAr{Br.tAyiurbHbr AJr.fl KaxAoro
yDIeBOAa, OAHaKO I{CrrOJIb3OBaTb lrx HenOCpeACTBeHHO AJL HAeHTH-

SrExarlan pa3Hbrx caxapoB 3arpyAHHTeJrbHo, TaK KaK KlIHerHKa peaK-

rlHr,r Bo MHoroM oflpeAerqercfl acxoAHofi $opr"roil peareHTa (rpaHy-
nflT, rropouorc) u xorl.rqecrBoM Ao6aBr.fleMofi BoAbL Hanpunep, n

cryqae caxapo3br uan6olrruac cKopocTb pa3JloxeHH, AocTHIaeTcs
AJI,fl caxapHoE ny4psr, yBeirHqeHlre o6r,elra BoAbr cHaqaJla noBbluaer
cKopocrb peaKrIHH, a 3areM (caurrue 50 rur) cHrrxaer ee Ao HyJIfl.

OAsaro ecnH npouecc npoBoAhrb B oAHorHnHbrx ycJIoBHrx, To KHHe-

Tr,rqecKue xapaKTepr{cTHKrr B o[peAeJIeHHofi creneuu trpHroAHLI An.fl
pac[o3HaBaHr4fl yrureBoAos. K npnMepy, npoBoA, Aerl{Aparalru}o yr-
JleBoAa B pacrBope c o6seuortr soAsr 50 MJr, Mo)r(Ho orJrHqHTb caxa-
po3y H rlpyxrosy or MaJrbro3br, JIaKTo3bI H I-JrIoKo3st. lrr nepBblx
AByX CaXapOB B STHX yCnOBHqX AOCTHTaeTC' OqeHb BbICOKa.TI CKO-

pocrb pa3noxeHus (t, = 2 c, tr: 4 c), a AetHAparaIIH.,I ocriulbHbtx
Tpex B TaKoM KOrHqecTBe BOAbr rroAaBrfleTcc.

Taxunr o6pa:onr, AeruAparauafl caxapoB B KaqecrBe yue6uofi 4e-
MoHcrpaur4H He roJrbKo 3penHUIHa r sS$exrua, Ho H no3Borcer c$opMn-
poBaTb y yqalquxc, HaBbrKr{ 3Kc[epHMeHTzuIbHoro onpeAeneHH{ npo-
cTefiurux KHHerHr{ecKrdx xapaKTepHcrHK H npaKruqecKor-o IrpHnoxeHH{
pe3yJrbraroB oKcnepuMeHra (a.ra pacrr o3HaBaH Hr ymeno4on).

Texuuxa 6esonacruocmu. Onun BbrnoJrHrercfl B 3arqHTH6Ix oqKax H

pe3aHoBbrx nepqarKax, Eclu neua BbrxoAHT 3a npeAenbl craKaHa, Heo6-
xoAlrMo HaKpbITb ero cBepxy 65nrruuu craKaHoM. flpt aeircpailu3a\Hu
ocrarKoB Kr4cJroTbr peaKqr.roHHyro cMecb rroMeularor r 6orsruyro eMKocrb
u o6pa6aruBalor He6o,rrurar\an rtopuurMu rnApoKap6ouara uarpur (ua
40 r'rn KoHrleHTpapoaaHHofi cepuori KucJrorbr - oKoJIo 121 r nurueaofi
co4sr).

,{ervrorrerpaqrr,E crrnTesa B6aepa*

Kar HssecrHo, rroJryqnB B 1828 r. MoqeBHHy HarpeBaHI4eM unaHara
aMMoHHr, @. Benep AoKa3iur Bo3MoxHocrs He6uoror[qecKoro cgrTe3a
opfaHHqecKHx BeuIecTB.



.{euoHcrpauu.fl groro 3HaMeHr4Toro onbrra e urxomHofi na6oparo-
pur,r r,rHTepecHa KaK r,lJrarocrpaqH{ K oAHoMy r43 Bar(Hefturux sranoB B

HcroplrH xvrMHH. MeroA ocHoBaH Ha HarpeBaHr.rr,r KoHr{eHTpHpoBaHHblx
pacTBopoB xJropHAa aMMoHr.rs H t\AaHaTA KzlnH-rr. o6pa:yrorqaflcfl npht
eroM MoqeBuua o6napyxr.rBaercfl AeficrsueM pacrBopa ulaneleoofi xuc-
loru (nsrnaAaer 6enufi ocaAoK oKcuurara naoueauHu).

Pearcmued u o6opydooaHue: TBep4sre NHTCI, KOCN, qaBeJreBa.rr

KncJrora, MoqeBr,rHa; ropeJrKa, npo6uprcz.
Ilpueomoeneuue pa6ouux pocm6opo6i
A - 2 r MoTIeBHHbI s l0 rvur BoAbr;
6 - 1M pacrBop qasenesofi KHcJrorbr;
.B- 2 rNHoClru3 r KOCN s 10 Mr BoAbr rrpu nepeMeurlrBaHlru.
Me moduxa oKcn e puMe Hm a :
1. ,{er',roncrpauu, MeroAa o6uapyxenraq MoqeBHHbr. K 3-4 Mn pa-

crropa 6,qo6asnrr 2-3 u t pacrnopa A. Ha6nrcAart o6pae onauue ocaAKa
KprrcTallur{ecKoro oKcruraTa MoqeB HHbL

2. ,{euoHcrpa\vs cr.rHTe3a BElepa. 21 ut cBexenp}rroroBJreHHoto
pacrBopa,B uarperarr 30-60 c B nJraMeHlr ropeJrKr.r. Oxla4nrs, 4o6a-
snrs 3-4 MJr pacrBopa 6. flpr.rnaepHo r{epe3 nonMaHyrbr aunagaer 6e-
l srfi ocaAo x, AoKztsbr Balorqn ft o6pa.:o BaHlae MoqeBHHbr.

3. KoH'rpolrsuft onur. K 2-3 nm cBe)rcnparcnoBJreHuoro pacreopa,B
Ao6asars 2-3 ut pacrBopa 6. Ocaaox He BbrraAaer (eo:uoxuo
ue6oluuoe rroMyrHeHr,re pacrnopa), qro AoKa3brBaer orcyrcrBr,re Mo-
qeBraHbr B HcxoAHoM pacTBope.

,(enrorrcrparlrra rro.Tryqenrr,E asorcpacnTeJrefi *

Knacc a3oKpacuTe.fiefi cocraarf, er DIaBHyto qacrb npoM brrrrJleHHoro
npou3BoAcrBa cuHTeruqecKlrx xpacnrelefi . MeroA Lrx noJryqeHr.r, ocHo-
BaH Ha peaKrrr.ru a3ocoqeraHas colefi Ar{a3oHH, c pa3HbrMl,r zBoKoMrro-
HeHraMH (uanpnuep, $eHolau r.r).

lpyuna rpenoAaBarerefi us Aacrpalnn rrpeAJraraer npocrofi n eQ-

SextHufi cnoco6 roryqeHH, Tpex Kpacurelefi eroro pcAa B rurorsnofi
ra6oparopuu, ocHoBaHHrrfi Ha pearcqau Aua3orr4poBaHa, 4-uurpoaHrzlu-
Ha I4 nocJreAyrculeM nsauMoAeficrBlrra c $eHolaun.

B ro.rr6y 3pneurraeftepa eMKocrbro 25 r'.rn noMerrlaror 50-100 nar

4-ua'rpoaHu.nnHa, 1 rul xoHrleHTpapoBannofi coltHofi rcuclcnsr u 2 lrl noAu.
floryueuHrrfi pacmop x.nopuAa ur.rrpo$enruaMMoHr.r-fl oxJra4Aaror JrbAoM
H MeAreHHo Ao6asrrror H3 KanenbHofi noponru pacrBop Hr4Tpr.rra Ha-
rpur (100 Mr Ha 2 rral no4sr)) cile4fl) qro6u reMneparypa He [oAHr,rMa-
Jlacb Brrrrre 5 oC. B pe3yJrbrare o6pa:yvrcr xJropHA uurpoSeuuJrAr,ra3o-
Hnr (puc. 4).

20

* Joumal ofChemical Education. 1996.ll! 6.P.529.

NaNO,

Puc. 4. IlolyveHne a3oKpacl'trenel'I

,(alee B TpIa craKana ua 250 MJI noMelqalor no 50-100 Mr coorBer-

crBeHHO Qeuona, nadrona-1 u uasrona-2 I,t pacrBopr]or Ao6aeJIeuueN'I

l0 ru eruroBoro cnupra n 5 ul 2M pacraopa rHApoKcHAa Harpltfl'

flpr,r 4enaoucrpalrl4l, noJlyqeHlrfl xpacnrelefi TpH craKaHa c npuro-
,roBJIeHHblM H pacTBopaMH ycTaHaBJIHBarcT Ha cTeKJIo 3[I,IA[acKoIIa.

d *ar,g"rr ,, ,r* Ao6urrr,o, l-2 xarutu pacrBopa xJIopHAa Hrarpo$e-

H HJrAHa3o HHa. O6pasyrorcfl Kpacuren I'I Tpex IrBeroB : qpKo- KpacHolo' cu-

Hero H $uoreroaoro.
Texuurca 6esonacuocmu. Bce o[epauuH c apoMaruqecKuMu aM[I-

HaMlr H $eHolauH rrpoBoArr rIoA BblrflxKofi u n nepuatxax'

NH,

Ar)Y
NO,

-NH3Cr

AY
NO,

HCI

N2*Cl-

-(
[]Y

NO,



SarruuareJrruBre rr gpeJrrruluEre orrrrrsr
rIO XITMIIII

B srofi mare co6paHbr orrHcaHur 3peJruulHo-g$Qerrmx onbrroB, crro-
co6Hsx yBJreqb H 3ar.{HTepecoBarb xr,rMueil urconsuuxoB pa3Horo Bo3pacra.
B ro xe BpeM.fl 6omruuHcrso H3JroxeHHbIx 3Aecr, 3KcnepHMeHToB MoryT
6uns ncuorb3oBaHbl B no3HamTeJlbHbrx qeJlgx, a r4x xuMuqecKoe coAepxa-
Hr,Ie Nloxer 6orrs aHrepnperr.rpoBauo c pa:Hofi creneHblo my6uuur B 3aBH-
cHMocrH orypoBH, noAroroBKr ay1rTopllt4. Onsrrsr voDrr6rm peKoMeH-

AOBaHbr AJrr [poBe.qeHH_s Ha 3aHrTHqx xll MHqecKoro Kpy)KKa, Ha [rKoJrbHbrx
xuMHqecKHx Beqepix, Ha ypoKax [poneAeBTHqecKoro Kypca xr.IMHr.r.

Cercperrroe uocJraurre
Orolo 1 r xpucralnoB nonuaKpvnaM:a1a 3aMor{HTb B BoAe B Tese-

HHe HecKoJrbKHx r{acoB (eu1e nyvure - ocraBnTb ua Hous). BoAocrofirurvl
MapKepoM HaHecTr.I Ha AHe KpHCTaJrJrH3aTOpa, XHMHqeCKOTO CTaKaHa HJrH

Apyroro cocyAa c nnocKlrM AHoM KoporKyro HaAnHcr (uanpuuep, (na
3ApaBcrByer xunrus!>l n r.n.). HaAnuct 3aKpbrrb cJroeM rHAparr,rpoBaH-
Hbrx Kplrcr:rnlon. llpo4eMoHcrpHpoBarb, r{To Ha cBery HaA[Hcb He BprA-

ua. Ocropoxuo Ao6asHTb B cocyA BoAbr - HaA[r4cb rrpocrynaer.
3$$exr o6rqcHsercf, npocro : KpucraJrJrbr rroJruaKpr.rJraMr,rAa HMeror

oqeHb BbrcoKyrc aAcop6upyrouyro cnoco6Hocru u nomoqaror o6reM BoAbr.
s 400-900 pa3 npeBocxoryulufi Hx co6crseHHufr. B pe3yJrbrare oHH nocJre
3aMaqr.rBaHHs ua99 %o coqogr H3 BoAbt. HeyAuararelbHo, qro H noKzBa-
TeJrb npeJroMJreHH, y Hrdx rroqru raxoft xe, Kax y BoAbr. I4tresHo nogToMy
rHAparHpoBaHH bre KpHcranJr br nonlraKpunaM r,rAa np H 4o6aa.neu uu B cocyA
BOAII CTaHOBTTCfi HeBHAHMbIMLI H He MerxarcT [pOr{TeHHIO HalnuCa. .{e-
MOHCTpI,Ipy, STOT OnbIT, HeJII{IIIHe HaIIOMHHTb 3pLITeJIrM, qTO nOnHaKpHn-
aMHA coBepluun Hacroflxlyrc peBoJlloullrc s 6srry: HMeHHo ou 6ru ]4cnoJrb-
3oBaH B KaqecrBe aqcop6eHra B naMnepcax nepBoto [oKoneHH{.

Cre4o6rrarr cBerra
Bsrpe:arr us 6pslu:sr nnn rcapT o$enr.6olnauny cBer{u, rrpocBepJrHTb

n uefi ornepcrtl.e vr BcraBHTb $ururr, BbrcrpyraHHufi 6pnrrofi H3 3epeH
MHHAaJIT. Muu4arrHttfi $r.rru-rrr cnoco6eu ,pKo roperb B TeqeHHe
HecKoJrbKHx ceKyHA rrpH oTcyTcTBHH cKBo3HflKOB B nOMetIeHHH.
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ItrcueexYBrrra.fi BoAa
(crofi crsa rroJrrrarcprrJrara rrarprr'f, )

B oAHH H3 Tpex HeIrpo3paqHblx cocyAoB, croflIrlux Ha AeMoHcrpaqu-
()trHoM cToJre, noMecTI{Tb 2,5 r notuaKpHJlaTa HaTpLIfl. Haqusas AeMoH-

crpalrulo, BbrnHTb B cocyA c peaKtI4BoM 200-250 MJI BoAbI I'{ HecKoJIbKo

pa3 noMeHrrb oAuHaKoBbIe Ha BI'{A eMKocrll MecraMH' flpe4loxurb yqa-

ruHMcr onpeAeJIHTb 3anoJlHeHHbrfi cocyA. fIpN nonstrKe BbIJII'ITb coAep-

)KHMoe oKrDKercfl, r{To H}I s oAHofi eMKocrH BoAbI Hel raK qro He HMeer

3HaqeHprr, Ha xaxofi cocyA yKiDI(yr.

,fioN.qanurucb nocJleAHefi ueygavHofi nonrtTrcu orblcKarb BoAy, IIo-

3 HaKoMHTL ayAl{Topurc co csofi crsaM H noJI HaKp Hrara Harplytfl , cn o co6-

rroto 3a 5 c a6cop6apoBarb ao 250 MJI XHAKOCTH LI IIIHpOKo I{c[oJIb-

syeMoro B Kar{ecrBe a6cop6eHra Arrfl naM[epcoB 6narogapa 3roMy

caoftcrey.

3y6xa.s rracra AJrfi BeJrrrrcauoB

,ft .r onrma n oHaAo6nrc g 3 lo/o-ustit pacrBop ne po KcHAa 
-B-oAopoAa'

xHAKOe MbrJro 14 ToHKOAUCnepcuHfi fiOAnA ralng. flovecrurr 50 rr,rn HrO,

B ITHJInHAp o6rerrlott 1 n. (flpu orcyrcrBHlr 6onrruofi eMKocrH MoxHo

npoBecru o[btr B lulIIIlHApe ""*o"r"o 
100 un, yMeHbuHB o6leu HrO,

ab tO rtrl.;,{o6aeum B ITHJIHHAp 5 ul xtlAxoro MbIJIa' Suepruuno nepe-

Meuarb cnn""u. .fio6annrs HeMHoro fiorytAa K'IJII4'' B quluu4pe ryr xe

o6pa:yercr ruraHTcKaq 3Me, H3 neHbl, Bbllle3arcuruu lra uunnHApa, cJIoBHo

:y6Har nacra H3 rHraHTcKoro rro6uxa.
Texuuxa 1esonacuocmu. Yuauluecfl qacTo xoTfT noTporaTb [e[Iy.

3ro uoxer 6urr onacso, TaK KaK neua o6slqso COAepxI.IT OC'rarrcu HrOr.

flo srofi xe npHqlrHe cJreAyeT npoBoAHTb OnbIT B 3aulhTHblx flepqaTKax'

ficrcrrurr r 6Yrsunrse

,{.ru onurra noHa4o6xrcr pacrBop nepoKcHAa BoAopoAa, noporuroo6pas-

""rfi 
MoO? KycorreK Mapnl4, KopI(oBiuI npo6xa ra z'turpomn 6yrrutrca u:-noA

ra3LrpoBaHHoH BoAbl. Bupesaru Hs MapJIH KBa,(pa-r 5 x 5 crvr' B qeurp xsa4-

p-u ,or.".rro I r (nprauepu o I l2'aaf/IF|oitloxrt{) roHxoAlrcnepcuoro MnQ
(npyrr"r" qacruubl Moryr noMeurarb flpoBeAennrc onlna)' Co6parr MapJIIo

c qerbrpex KoHqoB H, Aepxa ee oguofi pyrofi, .qpyroil HeMHoro oAepHyrb Map-

nrc cHI'I3y,'rro6sl csopuuponarr se6onsurofi r*leruoqex c oKcHAoM MapraH-

qa. Ilepems*" ,error"r uu:rxofi, a KoHIIbl MapnH o6pesarr' 3areu noAro-

,osr.rrinpo6Ky: c.qerrarb Ha uefi ysrulfi Begr,KaJlbHbrfi cpes (rcax noKa3aHo Ha

puc. 5). .i"p"ir- orBepcrr.re 6yler yaarflrbcfl ra3, ecln npr'r6op sapa6oravr
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[oqBreHHH.qXr4HH4 ropxecrBeHHo Bb*eprD/ru npo6lry rEs 6yruiarcn. Meruo-
ll1 " mof rraAasr Bnepoxcr.rA BoAopoAa, liurarvlupyfl ero pa3Jro)r(eHue.
llpH 3r0M oopa:yercx 60l'uoe KoJr,rrecrBo [apoB BoAbr, MorrIHbrM noroKoM
BbxoAqr.rlr,( us 6yrsurr<r,r. Alr<unn ua coo6oge! .[pr 6onsruero s$Serra rr,rorc-
Ho orr(pbrrb noApsA rlenyo 6arapero 3apaHee noAroronrreHHsrx 6yrruox.

Iaoe4nrca-xaMe.rreort
.(nr onu'ra B3flTb qerrrpe oAHHaKoBLrx KBaAparHbrx crrpe3Ka rKaHH.

flo.uoxars ux .AHH Haapyiofi. Cloxnrr.ronora, r.r o6pesarr ,,oJrHHH,
cru6a ocrpbrM HoxoM uru 6purrofi (pNc. 6). [oryuerifro-t_"rofny.
3aroroBKy co6parr B rapMornKy c uaroM c*raqor 6 rr,rrrl. fapuorury
rrepexBarnTb B cepeAuHe npoBonoKofi n pacnpaBr.rrb Kax(Ayro cruraAKy
rax, vro6rr floiryqrrrcq MaKeT rBO3Ar.rKr.r. flponurarr ((r{Berob) Syo-ustu
pacrBopoM QeHoaQral eHHa H nogcyrunri. Henocpe4crBeHHo repeA
AeMoHcTpaquefi on,ra (rBo3AHKy> o6pa6oruru * nynbBepn3aropa
5%o-HbrM pacTBopoM aMMHaKa. Marepraal cTaHoBlrTc, spKo_KpacHbrM.
.{euoHcrpupys onbrr, noAyrr Ha (rBo3AHxy>. OHa 6lelneer^u o6ec_
uBeq[BaeTc, Ha ruIa3ax.

E [rffi
\, a

npexAeBpeMeuuo (HanpaMep, ecrn
HecKoJrbr(o KpynHHoK Mne npocu_
rrflTc, rt3 rrleurovra). B 6yrsu4y ua_
Jrr,rrb oKoJro 25 wt flepoxcr,rAa BoAo_
poAa, o[ycrrarb MeuroqeK c Mneu
3aKpe[rdrb ero npo6xofi nprluepHo Ha
rroJroBuHe Bbrcorbr 6yrsurua HaA pa_
crBopoM FlOr. Cro6orurrfi KoHeu
uma o6peears (co6paHnsrfi npa6op
noKa3aH uapuc. 5).

.{enaoHcrpnpys onLl1 cJreAyer
Tax ycraHoBLrrb 6yrrr.nrcy, .rro6n srrs
c MerloqKoM 6suru ue Bu1u:til ay1vr-
ropru. flperynpeAuB o rpeAcroru.leM

Puc. S.,(xnuu n 6yrruxe

Puc. 6. fsosAr,rxa_xaMeJreon:
a - cJroxr.rrb nonorzrM; 6 _ o6pezau, no crn6y; 6 _ cJroxr.irr

a _ nepexB&rr.rTr nponolorofi
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B rapMout(y;

3$rferr o6rscsgetcfl neryqecrbrc aMMHaKa, ycuJruBaeMoil npuny-
/(ure.nssoft r.lnpKyarqaefi eo:gyxa. Kpoue roro, BbrAbrxaeruulfi Bo3Ayx
o6oraureH ynreKr{cnbrM ra3oM, xoropsrfi r aoguofi cpeAe HefirparH3yEr
ruApoKcrrA aMMoHr,rfl - orcpacrcd Qe uonS'raaeuHa r,rcqe3aer.

ftepero rrs cepe6pa
Pacruopl.r'rs 0,34 r AgNO, s 20 r.rr BoABr. ,{o6aur.rrr ro KanJrflM Ha-

curuleuHufi pacrBop aMMHaKa Ao BbrrraAeHnfl ocaAKa (AgOH). flpogon-
x<ars 4o6aureHlre aMMuaKa npu nepeMerrHBaHHH Ao pacrBopeHu, ocaA-
ra. O6pasyercr 0,lM pacrBop aMMnaqHoro KoMnneKca Ag(NHr)r*.
flonaecrnrs pacrBop B qauJKy flerpu, rrocraBuB ee Ha BHAy y Knacca.
K x.neunarra craHAaprHofi 9-B 6arapefirur noAuroquTb gneKrpoAbr (rraox-
Ho r{cnoJrb3oearu o6 brq Hyro npoBonory). KoHeu noJroxnTeJrb Horo gJreKT-

poAa norpy3HTb B pacTBop, a KoHrIoM oTpHqaTenbHoro 3nercrpoAa nr,flxb
cJrerxa KocHyrbcc noBepxHocru pacrBopa. Ha rcaroAe Haqr,rHalor Ha rrra-
3ax pacrr,r AJrHHHbre AeHApr.rrbr cepe6pa. Eqe 6onrruero eQQerT a Mox-
Ho Ao6ur:ucr, coeAr,rHHB nocneAoBareJrbHo ABe 1arapefircu * yBerHrrHB
Ha[pflxeHr.re lo 18 B. Taxnu o6pasorvr MoxHo Bbrpacrr,rrb oco6eHno 6olr-
uue (rpo3AbD). Xr,rMrBM onbrra o6tscHrsrcs gJlercpoAHbrMr,r peaKqu, Mr,I :

Ha KaroAe: Ag.(P-P) + e: Ag ('rn),
Ha aHoAe: ZHrO = Or(r) + 4e * 4H*.

Saragouuas Tpy6rca

3ror onur MoAeJrr,rpyer crdryarlra[o ((qepHoro .rrr1uKa>). 3pure.nxu
AeMoHcrpr,rpyercr npn6op, ycrpoficroa Kcrroporo oHr{ He 3Haror. Anaru-
3apy, pa6ory npu6opa, oHr,r AonxHbr pa3raAarb npHHqHn ero ycrpofi-
c'rsa. HMeHHo raKue yMo3pl.rrenbHbre 3aAaqn npuxornTc, pe[rarb yqe-
HbrM, HccJreAyfl HeBrrAururre o6rexrbr, HanpuMep aroMbr.

,(lr onsrra norpe6ye'rc, nJracrlrKoBar rpy6xa glnxoft oKoJIo 60 cru,

r xoropofi Ha paccrocHuu 4 cu or KaJ(Aoro H3 KoHuoB npocBepnuTb tro
ABa CKBO3HbTX OTBepCTr,r' AraaMeT-
porr,r 6 MM, a B rleHrpe rpy6rcn no-
MecrHTb KoJlbrro. flo orpe:rqy 6e-
r{eBKH, raxAufi BABoe AJIHHHee
rpy6xu, npo[ycrr.rrb c p:BH6rx KoH-

rIoB ee qepe3 BHyTpeHHee KoJr[,qo,
a KoHqbr BbrBecrH Hapyxy qepe3

npocBepJleHHbre orBepcrux. BHyr-
peHHee ycrpofic'mo co6pauHoro
npr,r6opa rroxa3aHo ua puc. 7. Puc. 7. 3araAo.rHaa rpy6ra



K rcouqau 6euenox, '{ro6rl HcKJrroqrrrb rlpocKanb3blBaHue qepe3 or-
Bepcrlt.fl, npHKpe[HTr ruafi6oqxa pa3Hbrx rIBeroB: r ogHofi _ Kpac-
Hyro H xeJrryro, x Apyrofi - caHloro H 3eneHyro. flpu6op roroB
K AeMoHCTpa\HH.

HauottHulr, uIaBHbrM n srofi AeMoHcrparr HH flBlrflercflTo, qro 3pH_
TeJr.rrM Heus,ectn*o BHyrpeHHee ycrpoficrao rpy6xn. floorony oHa Aon-xsa 6urs ln60 ag Herpo3paqHoro rrJracrHK a,^ i,60ronpu."nu. 3pure-
II'M AOJIX(HTT 6IIrS BHAHbI TOJIbKO KOHIIbI 6CqCEOK 

" PU3HOq""THbIMHruafi6o.{Kar\,r}r.

.{anee 3pHTenrM AeMoHcrpHpyerc, cepn, MaHunyJrrquil c rpy6-
rofi (pac. 8).

l. lepxa oAuofi pyxofi rpy6Ky nepeA co6oil, rorflHyrb Apyrofi aacuHnn urafi60vxy BBepx. rlocrolrxy np, 3TOM 3ereHafl ruafi60.{xa
TIPHXOAHT B ABHXEHHE, 3PI,ITCJ'IH Y6CXgArOrCq, qTO CHHg,fl H 3EJIEHAg
ruafi6oqru cBfl3aHbr oAHa c apy.oil. 3a.reru nor.,rHyrb sa:eleHyrc ruafi_
6ouxy BHr,{3 Ao HcxoAHoro noJroxeHr.rfl.

2' Tenepr rrorrHyrb BHH3 3a ilcermyn ruafi6ourcy. flpu srou orrflrb
trpaxoAHT B ABuxeHHe 3e.]teHafl uraft60qra (oc.ralrHrre neno4auxHrr).
flolyuaercs, rtro 3ereHafl urafi6oqxa cBr3aua rerrepb yNie He c cu_ueil, a c lrcelmoil.

3. Ilorauyrb BBepx 3a KpacHyn urafi6ovxy _ npprxoAnr B ABHxe-
HHe ilcenmafl. 3nauu', Ha caMoM AeJre cBfl3aHbr KpacHafl il ilcermca
ruafi6oqxn! Bepuyru xeJrryro ruafi6o.rxy B HcxoAHoe nonoxeHre.

4. Tlorxayrb BBepx sa cuHton ruaE6ovrcy. Ilpnxogur B ABHxeHHe
orrflTb otce,ma, (ocralrHue [o_npe]KHeMy nenogsr,rxHu). H 3pnTenH
oKoHr{areJlbHO 3anyrbrBarorc.g B nopcAKe coeAHHeHHfl ruafi60qerc uex-
ay co6ofi.

?uauru spnr-enefi - [peAJroxLtrb MoAenb BHyrpeHHero ycrpoficrra
rpy6xu, o6rxcnarcqyro Bo3MoxHocrb ilpoAeMoHcrpHpoBaHHbrx gefi-
creufi (uuaue roBop.fl, HM HyxHo AoraAarbcs o cyurecrBoBaHur,r BHyr_
peHHeto ro.nrrla).
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5 ru F r
Puc. 8. MaHranyarqH[ c 3ara.qoqHofi rpy6xoft

,flApa rrg yrJrercrrcJroro rasa
Eyrruxy H3-rroA ttHBa HJIa BoAbI 3a[oJIHHTb roprqefi soAofi I'I noJlo-

,r(HTb B Hee HecKoJlrxo rcy6urcoB cyxoto lrAa. CoeAHHHTb c 6yrsllrcoil
c'reKrqHHylo BopoHKy nocpeAcrBoM pe3I{HoBoro uraHra ra npo6xu. .fur
/tcMoHcrpaur4H onbrra npHAercfl Bcrarb Ha xpafi xaQe4psl, a erqe nyq-
rue - crorla (puc. 9).

Puc. 9. flgpa ns yuexncJrot'o ra3a

BcreAcrsue HHTeHcuBHoro ucnapeHnr, CO, H3 BopoHKH HaqHHaIor
rlbrJre3arb orpoMHble [y3brpu, 3anoJIHeHHbte yt-JIeKHcJIsltt raaou. fIpH
aKKyparHoM crpsxHBaHHH c BopoHKrl oHH, noAo6Ho rsxeJlbIM rApaM,
rraAaroT Ha flon H pa3pblBaloTcfl.

)ICe.nrrrfi cMepq
Pacrnopurr 1 r Pb(NOr), (HI,Irpar csuHqa) s 1 .n soAul. 3anolHnrr

pacrBopoM 6onsuryro eMKocrb (on voxer xpaHuTbcs I-oAaMH H Hc[oJIb-
3oBarbcfl Anf, AeMoHcrpauplH MHoFoKparHo). Ha AHo eMKocrH tloMec-
lHTb Jrorracrb MarHlITHofi ueuralru. Eut<ocrs xpaHHTb sarputrofi.

,fta 4evoHcrpaqHH onbrra npuroroBl{Ts 10 rul KoHqeHTpl{poBaHHoro
pacrBopa iloAlrAa KzlrrHfl. Ycrauosuru eMKocrb c pacrBopoM Pb(NO3),
rr a M arH HTHyIo MeIxaiI Ky. Orperyl n po Barb c Ko pocrb BpaureH YIfl ltofi acrll
ran, vro6u B pacrBope co3AaBrrrlc, ue6orsruofi BoAoBopor c pa3MepoM

BopoHKH oKorro I ctr.l. fiunerrcofi Ao6asJlflTb B ueHTp BopoHKI4 pacrBop
ilo1ulLa KaJII{r. B cocyAe o6paayercr rcpacuurtfi xe:rrrtfi cMepr{.

Pacn.nroulrrBarrue 6ytrunrcrr B pesy.IrBTare
pealcrurlI llefiTpaJlrrsarlrrll

,4lg onstra rorpe6yerc t 2 - twrp osa, nJI acrnKo Ba"r 6yrsur xa, H crorl-
HHK yrneKucJroro ra3a (cyxofi r,e[, HIwI 6alros co cxarblM COr) u Pa-
crBop eAKoro Harpa KoHlleHrpauuefi > I M.
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3anonsurs 6yrlrlxy ynreKncnbrM rarou (uoxuo 6pocnrr Ha .AsoHecroJrbro KycoqroB cyxoro nrb4auAoxAarbcfl, noKa oH acrapurcr). flpu
AeMoHcrparrHn onbfra cHrrb c 6yrrr.nrca KprrrrrKy ra go6arurr
100 rrall pacrnopaNaOH. Eucrpo ra""pryr" xpb,xxy H sHeprHr{Ho Bcrp'x_
f_" gyr"rrry 4r, yBeJr rqeH,r cKopocrr.r peircqrr. Ha masax yqaul,xc.s
oyrbrnKa cxHMaerc.f, . 3fi Qerr o6rccHcsrcs nporeKaHrreu pearcqrft :

_ NaOH 1CO: = NaHCO,
NaHCO, + NaOH'= NarCO, i ,rO

B peeylrrar.e norJrorueHutr yrJreKucJroro ra3a pacrBopoM urenoqu
B cocyAe rrpoHcxoAHr p.BpexeHHe.

O6rrapyarceHrre no.rrffpuocrrr Mo.rrercyJrr BoAEr

3axpenurr 6rope'rxy c ro4ofi B rrrrarlrBe Ha Bbrcore 40-50 cM HaA
npHeMHbrM co cyAoM. Orperytr upoBat, noJroxeHue KpaHa rax, .rro6rr eo4a
BbrJrr'rBruracb us 6rcperru rouxofi crpyfixofi. 3ap.aaarr crexstxuattir unus6onlrrossrft ruapux crarurrecKrdM 3neKTpr,rq"ir"o, (uanpnuep, nore_
peB ero o cyruo) H rroAHecr, n crpyfixe BoAbr np,MepHo ui 10 cu Huxe
BbrxoAHoro orBepcrr.r, 6rcperxa. Ha6aro4arr, orKnoHeHae crpyu noA
Aeftc'rsHel,r cr.rJr rrpuTrxeHr,rfl .

ICara.zusarop _xaMeJreorr

Onsn AeuoucrpHpyer o6paruMoe pBMeHeHHe oKpacrca xnopuAa rco6alr_
T4 rafaJrr{3Hpyroqero oKrrcreHne cerHeroaofi conu nepoKcr.qoM BoAopoAa.

B 400-ruHln*rr,rpoBoM craKaHe cMerrrarb 200 iran 3yo+oropacrBo-
P3 

HrO, c pacrBopoM,BHHHoKHcJroro Harp,s- RarAfl f "".,"rouof conr.r).
Harper:t cMecb go 75 "C,pa3nHTb * 4au 

"ru*ura 
(o4r.ru _ xonrpolsHufi);

B OTCYTCTBHE KATZIJIH3ATOPA OKI,ICIEHHC I,IAET MEAJIEHHO. BO NiOPOft CrA-
y1lo6j*rr CoClr: Karann3arop pe3Ko ycKopqer peaKqxrc. flpr.r srourposorufi rlBer xnopxAa rco6aasra ,rsues"ercr Ha geleusrfi, u no b*orru_
HHr,r peaKrIHH BHOBb CTaHOBHTC' po3oBbrM.

ffo.zyuenrre lt codllparrrre rasoB rro Mero gy A,tt:r-

opurnua-ussufi ra:ouerp Moxer 6rmr cxoscrpyHpoBaH H3 nJracr,-
KoBoro unp,rla, KoJrnaqKa n pesuuonofi npo6nr,r. CyulHoc* ueroga Alu
B TOM, rrro ra3 rroJryqaercfl nprMo B ra3.Merpe np, B3ar{M.4eficrnau
AByx peare'Tos: A - xr,rAKocrr.r l.r ,B - raepAoro serqecrsa (raru.re n6prr
Moryr 6rtrr no4o6palr Ntfl roryr{eHH.f, MHorHx ra:oe). B npurrr"no
co6pauHou ra3oMerpe peareHTbr rrpocrpaHcrBeHHo piBAeJreHbr H cMe_
urHBaroTcfl IIpH noryqeHHH ra3a B pe3yJrbTaTe npocToto BcTpflXHBaHHr.
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flpuueuuteJrbno K noryr{eHurc ymeKHcJroro ra3a peareHr A -
yl(cycHar KucJrora (xr.r4xocrs), peareHT -B - nHUIesa, coAa NaHCO,
1 r'nep4ar).

fasorrrerp co6apaercx cneAyrorlHM o6pa:olr. (Bce oneparluu BbI-
roJrHsrorc, B 3arquTHbrx ovrcax.) B rconnaqox (naoxuo B3srb KpbrrrrKy
()'r'a[TeqHoro rry3brpbKa, no pa3MepaM npoxoAquryrc a runpuq) Hacbr-
rarb Ao rroloBnHbr nuuresofi coAbr. (YrcasauHoro KoJIHqecrBa Aocra-
lor{Ho Arr nonyqeHr,r, npr,rMepuo 50 rr.u COr; KpoMe roro, KoJr[aqoK
lle Tepser rtraByqecrt,l rrpu noMeuteHrau Ha noBepxHoc'rr xngrcocru.)
llsrHy, s H3 [rnpurla nopureHb [r 3anorHaTr ero soAofi, sarpbrB naJrb-
rleM BbrxoAHoe orBepcrue. Ha noBepxHocrb BoAbr [oMecrrrrb KoJrna-
,rorc c coAofi (puc. 10, a). Peryrr,rpy, [aJrbueM noroK BoAbr, ocropo)K-
rro cfiycrrrrb BoAy H3 rrrfipnqa rax, uro6rr He onpoKhHyrb KornaqoK.
llo rr,repe tIoHHxeHH, ypoBHc BoAbr KoJr[aqoK oceAaeT H B KoHrIe KoH-
rtoB onycKaerc, Ha.quo. B qaurKy flerpra HrlrrHTb peareHT A -yt<cyc,
ycraHoBr4Tb n uefi urnpurl B BepruKzrJrbHoM noJroxeHr{H, BcraBnrb nop-
llreHb H BT.f,Hyrb B [rnpuq uexoropufi o6reu yKcyca rax, u'ro6sr ro.n-
uaqoK HaqaJr rrJraBarb (pnc.l0, 6). fasoMerp roroB x pa6ore. ,{lx
rroJryr{eHH.fl ra3a Ha AHo rrrupoKofi nracruaccosofi qaurKa ycraHoBxrE
pe3HHoByro npo6xy. He runycxafl coAep)KnMoro urnpl,tqa, nepeHecrn
cro B r{a[rKy H nocraBr,rrb nJIorHo na npo6ry B BeprHKiuIbHoM noJlo-
)l<ett4vt (puc. 10, c).

Bcrprxuy'm unpuu, rpoAoJrxa,yflHparbc, urra s npo6rqy. flpu rmpe-
x.4BaHHu BoJrHa yrccycuofi Kr,rcJrorbl norraAaer B KoJInaqoK H Bcryrraer B

peaKuuro c ruApoKap6ouarolr Harpnr. HaqnHaercs au4enexue CO,
/laBJIeHHe B lxrlpuqe pacrer, lt [oprxeHb Har{I4Hagr noAHr,rMarbcg. KorAa
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6
10. Co6upauue ra3ano ueto.uy Aln
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nop[reHb AocTr.rfHeT oTMeTKH 50 rvrl, rrpHnoAH.,rTb uflpuu ua4 npo6rofi l.r

cJlrzrb ocrarKlr yxcycHofi KncJrorbt B rrauKy. Esrcrpo 3axpblrb BbrxoAHoe
orBepcrne rxflpurra cneuuarbHbrM KornaqKona. fa:onaerp 3anoJrHeH 3a-

AaHHsIM KonrrqecrBoM ra3a. Teneps Arfl [oAar{H co6pauuoro ra3a HaAo
Bcero JIHrub cHrrb gauursrrfi KoJrnaqoK I,r Haxarb Ha noplxeHb. MeroA
npocr B HcnoJrHeHHu, Ho rpe6yer ussecrHofi cHopoBKH. Hexoropyro rpya-
Hocrb noHar{aly Bbr3brBa}or npaBaJrbHa.r ycraHoBKa rxnpHua na npo6rcy
AIfl [OnyqeHr,rfl repMeTHqHofo ynIoTHeHHc, a TaK)Ke TexHHKa BcTprxH-
BaHHc AJI, COeAT4HeHHS peareHTOB.

g.nercrpoJrrrg fioArr4a rca.[rra B reJre
HarcaHyue AeMoHcrpaqH[ onbrra co6parl npu6op An.s 3reKTponu3a:

B3.f,Tb craKaH Ha 400 MJr, B KaqecrBe 3rercpoAoB HcnoJrb3oaarr rpaQu-
ToBbre crepxHn HnH HHxpoMorym (ao:naoxHo r.r rrJraruHoByrc) npooonov-
xy. B craxaHe noAroroBurs loh-nafii pacrBop KI (Ha 100 r'ar soArr - I r
KI). flo6anurr 1 cr. JroxKy npo3paqHoro xenaruHa Hrv atap-arapa.
flonaecrurr cMecb B xoJroAr,rJrbHHK H AoBecrH ee Ao reJreo6pa:uofi rou-
rleHTpaqHH.

3nerrpo4sl orrycrnTb B craKaH rax, uro6r,r oHH HaxoAr,rJrHcb y npo-
TuBononoxHbrx ero KpaeB, Ho npu 3ToM He corrpnKaczulrct c Huuu. Ha-
rHque xeJraruHa B cMecH noMor(er:aSurccupoaarb rroJroxeHHe 3Jlerff-
poAoB.

Haquua.{ AeMoHcrparluro, noMecrnrs npu6op AJr, SneKrponu3a Ha

3nHAuacKon. CoeAuHltrb KoHur,r 3neKrpoAoB c 9-so,rrrHoil 6arapefircofi
npu noMourx 3DKHMoB THna (KpoKoAul>>. Cpazy xe HaqHerce BbrAene-
HHe BOAOpOAa U KHCnOpOAa:

Ha KaroAe (eoccraHouenae): 2H2O + 2e = Hr+ zOH-
Ha aHoAe (oxucleuae): 2H,O:4H* + Or+ 4e
wtu2I-(pacrnop) = lr+ 2e.
rlepes HeKoropoe BpeM.fl nocJre fiorBreHn-fl nepBarrHbrx npH3HaKoB pe-

aKrrHH rrpoqecc BbrAeJreHr,r, rason Ha6eper cairy, H Ha 3KpaHe 3[HAHacKo-
na 6yayr orqerrr-rBo BHAHrI [pHqyArHBbre AopoxKH H3 MHoroqr4cJreH-
Hr,rx flpo3paqHbrx rD4brpbKoB riBoB, npoKJraAbrBaroulHx rr],rb HaBepx cKBo3b

MyrHoe Snoleronoe o6laxo ftoAa.

<Py.urofiD rag
250-uulr.wntErponufi craKaH AoBep{y HaroJrHr.{rb pacrBopoM $euo.n-

Srareuua B Altcrr{JrnHponauuofi BoAe H ycraHoBnTb HaAeMoHcrpauuoH-
urrfi crol. P.sAor\a [ocraBuTb cocyA c KoHrIeHTpHpoBaHHbrM pacrBopoM
aMMHaKa. Orrpuru cocyA. Courcuyn naAoHr.{ repeBeprryTofi qaurefi saA
cocyAoM, co6npars B Hee Hcflapgrouuficg aMMHaK. JIaAosu c co6paH-
HbrM aMMHaKoM nepeMecrnTb K craKaHy c pacrBopoM SeHon$rarer.lHa.
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li;raro4apr 4n$sylura u xopourefi pacrBopl'IMocru B BoAe aMMHaK rlo-

.'','"n"rnb t "p"fa"t 
B pacrBop. BoAa s craKaHe npuo6perer po3oBylo

()KpacKy. TpaucnoprrapoBKa ra3a JIaAoHflMl'l H H3MeHeHI'Ie oKpacKH pa-

c'rBopa (HzIJIoxeHHeM pyp) cMorpqrcf, or{eHb srf$erruo'

Bo.nrrre6nrrfi ,ffrrlnrc

ArxyparHo cpe3arb oAHy H3 cropou ue6olsurofi rcaprouuofi xopo6-

ru. Ha ie ,ecro ycraHoBnTb JIHcr l.{HAnKaropuofi 6yuaru, npeABapu-
.rcJrbHo cAeraB Ha sefi c BrryTpeHHeil cropousl HaAnlrcb lunrcofi lesrofi
HnH nacreJlrro. HaAuucb He AoJIxHa 6u'ru BHAHa Ha [pocBer' Mecra

o'rbrKoB JIHcra c xopo6xofi 3arepMeru3upoBarb cKorqeM' B AHuure rco-

po6xu Bblpe3arb oinepcrue roqHo noA pa3Mep ropJIblIIrKa 6y*tlxlt
c aMMHaKoM. Bolure6uufi sruur (pnc. 1l) roroe!

fi

flpn geuoucrpaql'IH <<sonule6Hbtx> csoficrB
,rrqnKa K orBepcrHlo B AHHLqe npucranuru 6y-
'r'brJrb c KoHIIeHTpI4poBaHHbIM pacTBOpOM aMMH-

axa. flapu aMMI,IaKa [ocre[eHHo 3anoJIH,T Ko-

po6rcy, ,luet rnAr*aropnoft 6yuarn Ha cso6oA-

IIbIX OT TEKCTA YIIACTKAX H3MEHHTCq, H HAANI'ICb

cTaHeT BUAHa Ha flpocBer.
<Bolure6Hue> csofcrBa sulnKa rrocne Ae-

MoHcrpalruu He yrpaquBarorcs. flocre rpoBer-
phBaHl,lc napbl aMMHaKa yneryqHBalorc,, uBer

HHAHKaropHofi 6yruarrl BoccraHauHBaerc', H

,rruHK BHOBb roToB K AeMoHcTpauHH.

Bsprra B rcoucepBnofi 6arrrce

,ftr ousna nouaAo6urcfl uHrlrHApHqecKafl
KoHcepBHas 6asxa c KaproHHbIMH creHKaMH H

>recrrnoil rprtutroft. Y ocHosaHllr 6auxn npo-

AeJrarb HecKoJItKo ornepcrnfi AHaMerpoM Ka-

paHAaua (puc. 12). B uesrpe KpbIlxKH roxe
rrpoAeJlarb y3Koe orBepcrue ,u,HaMerpona I vr"r

(grIs raqecrBeHHoro [poBeAeHH.,I oIIbITa rpe6y-
erc, crporo BblAepxarb 3Tor pa3Mep). Bpeueu-
HO 3aKpbIB BepXHee oTBepcrHe cKoTqeM, qepe3

oAHo H3 HHxHI,Ix ornepcrni 3anoJlHlarb 6aHrcy

BoAopoAoM. flo uepe HanonHeHI{, 6anrul ler-
KuM ra3oM nof,BJlrercfl xapaKTepHblfi ycunHna-

rculnfics co BpeMeHeM cBucr. Kax rolrrco sror

Puc.11. Bonrue6usril
flIUltK

OT aepcrue
AUaMeTpOM
I ruu

Puc. 12. Bsprtr
n xoncepeHofi 6anxe
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3ByK CTaHeT paBHOMepHbrM, MoxHo cqHTaTb, r{To 6aHKa 3anoJrHeHa Bo-
AopoAoM. (XpaHr.lrs 3anoJrHeHHbrft npu6op Herrgc !,{euoncrparrnro cJre-
Ayer HaqnHarb cpa3y xe flocJre 3anoJrHeHns 6auxu.)

flpegynpegHB ayAnropuro o rpeAcrorureu e$$erTe rr 3areMHr,rB tro-
MeuIeHr,Ie, cHrrb cKorr{ c BepxHero orBepcrH, 6aurca, noAxeqb crpyfixy
BoAopoAa u orofirn Ha 6esonacHoe paccrorHue. Heroropoe BpeMf, Ha-
6rrogaercr paBHoMepHoe ropeHr,re rasa (xelroBaroe nJraM.r), a sar:eu
npolrcxoAHT ouryur.rreJmHsrfi neprm, u 6auxa B3MbrBaer B Bo3A)rx.

3$Sexr o6rccHcercfl nocreneunrru o6pa:oBaHaeM n 6aurce rpe-
uyuefi cMecr,r. B orcyrcrene Kr,rcJropoAa BoAopoA aoo6ule ue ropur. Ha
BbrxoAe Hs 6aHKrl oH ropuT 3a cqer conpuKocHoBeHur c KtrcnopoAoM
Bo3Ayxa. IIo uepe nporopaHur BoAopoAa r 6auxy qepe3 HHxHrle orBep-
crrc, 3acacbrBaerc.s Bo3Ayx. Kax rolrxo o6reuHoe coAepxaHue BoAo-
po4a u KucJropoAa s 6aHrce Aocrr{rHer coorHo[eHw, 2:l , cMecb B3op-
BETC'.

Ioprrrqne urapbr

3ror onur yAo6Ho npoBoAr,rrb BMecre c .na6opaurou. B qaurKy
flerpu HaJrHTb pacrBop AJrs BbrAyBaHHr MbrJrbHsrx nysupefi. pesuHo-
eofi r:py6xofi coe4uHurb creKJrrHHyro BopoHKy c ra3oBbrM KpaHoM.

flycrnrr lerxufi rox MeraHa. florpy-
3HTb BopoHKy B MbrJrbHrtfi pacraop, rlr-
Hyrb H, Aepxa nepeBepHyrofi, nrrgyru
ny3brpb. KorAa ry3brpb 6yaer roroB
oTopBaTbc, oT BopoHKr.r, [oBepHyTb ee
ropH3oHTaJmHo (puc. I 3) u pesxuM ABH-
xeHHeM.cTpflxHyTb ny3brpb, rcoropufi,
oTAeJIHBIU}ICb OT BOpOHKH, HatIHeT MeA-

A
Puc. 13. loprulue uapu

JIeHHo rroAHHMarrcr (ueraH Jrerqe aosgyxa). KorAa oH noAHuMercfl
npHMepHo ua 1,8 M or noJra, la6opaur noAHocnr K HeMy nopsulyrc
cBeqy H [oAxHraeT.

MerarrorBrfi Be.rrurcau

lla onsrra rpe6yrorcr Z-turposat nJracrr,rKoBar 6yrrrlra r,r3-noA
ra3npoBaHHofi BoAbl, pe3uHoBas upo6xa Ns 3 c orBepcrHeM, creK-
lfl,HHafl, rpy6xa, pesuuoaufi [rJraHr u3oh-ssri,t pacrBop MbrJra. O6pe-
3aB AHHUIe y 6yrunxu, co6parr npu6op (pxc. 14).

Pacrrop MbrJra flepeA AeMoHcrpaur.refi TnlareJrbHo [epeMerrrarb
v 3anyffb n 6yrsrlry rarc, vro6u ypoBeHb ero 6ul sa Z cu Bbrrrre
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c lcKJrflHHofi rpy6ru. [Iol-
t(JtrorlltTb llIJIaHf K fa30BoMy

l)o)r(Ky lr nycrrlTb cna6slfi
r'oK ra3a. Merau, [poxoA,
,rcpe3 pacrBop MbIJIa, o6pa-
'tyeT Ml,rnbHbre tly3brpll, KO-

r'0pble ilocTeneHHo Br,IJIe3a-

ror rr3 6yrunxu. Ha ua:ax 2

)'qaulr4xcfl nocTerleHHo BbI-

l)acraer rpoMaAHafl 6arusq
ru: nyssrpefi. (Arq yAarlHoro
ilpoBeAeHH, OnbrTa BaxHo
r r paBHJTLHO OTperyJI IrpOBaTb
'r'oK ra3a. Ecru ny:rtpH 6y-
/(yT cJIHIITKOM BeJIlIKll, oHH

6urcrpo nonalorc.fl , ecllvt
CJIHIIIKOM MAJIEHbKITMH _

ooopyxeHlle v3 [y3brpeii oxaertsaercq HeycrofiqHsstNl H pylxuTcr.
t I pegaapareJlbHas rpeHHpoBKa rIo3BoJII,IT Bo3ABI{Farb ycrofi uurue
rleprr4KaJlbHble KoJIoHHbI H3 rry3blpefi rasa.)

KorAa NreraHoaulfi BeJIHKaH AocrutHer AocraroqHo BHyurI'ITeJrb-

rrofi sucotsr (1 v), MoxHo orAeJIHTb ero or 6yrutlrcu,.flepexBarnB y
o c H o BaHIr.f, BJI axH bI MLI rlan b IIaMu. flo44epxrlaa, cHH 3y, M oxHo upofi -
'rHcb c HHM rIO ayAHTOpHl,I, a 3aTeM 3acTaBHTb efo npoAeMoHcTpll-
poBarb HeKoropble rploKu. Hanputtep, Ka[HyB BeJIHKaHy Ha (roJlo-
Ry)) HeMHoro BoAbI, onutrnslfi ApeccupoBlIrHK MeraHoBblx BeJIltKa-

rroB 3acraBur ero H3ortlyrbct B BHAe rcpacunoil pa.uyxuofi apKI'I, a

3areM cJro)Kr4Tbcs uanoAo6ue rpoua4Hoft 3MeI4 H r. A. Heo6xoAHMo
rroMHr4Tb, rrro npu rceil noclytxHocru BeJIIIKaHa y Hero or{egb Kpy-
'rofi upae (aegs ero 3a[oJ]Hfler roprovufi ras). HanocJIeAoK MoxHo
noKa3arb ayAuToplru, KaKoB oH (B tHeBe). Orsecs KoJIoHHy I'13 rly-
:srpeil s 6esonacFloe Mecro, [oAHecrpl K BepluHHe Aocraror{Ho AnHH-
rryro(!) roprutylo ryquHy. BelltxaH MoMeHraJIbHo npeBparl'ITc,
e sQQexrHsIfi orseuHslii ruap.

Pearcrnsrrrrfi ABrrrareJrl rra crrrrpre

MoAers paKerbl - 2-lurposaq n;lacruKoaar 6yrulxa. Tonruso -
cnupro-Bo3,4yluHafl ra3oBar cMecb. forosurcc oHa cJleAylourprrr'r o6-
pa3oM. Co4epxauue KhcJlopoAa s o6teN{e 6yrr,llrcN cJleAyer AoBecrH
rpI,IMepHo Ao 50 oZ (arvrecro o6ltqsoro 2l %). (OaaH H3 BapI'IaHToB

Puc. 14. Merauonrtfi BeJILIKaH
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o6orarqeuu, Bo3Ayxa KHcJropoAoM: 3aJrHTb e 6yrrurcy 5 rran 30oZ_noro
pacrBopa HrOr, 4o6anurr KpncraJrJrrlK MnO, AoxAarbc.fl nonHoro
pa3nox(eHH' nepoKcHAa, OCTarKr.r xHAKocrH cnurs.) 3arena froMec-
Trrrb B 6yrunry l0 rran graHoJra, 3aKpbrrb npo6rofi vt Aertb l0 ur.rn
orcrorrr,cfl. 3a sro BpeMf, naprlHaJrbHoe AaBJreHHe rrapoB cnrzpra Ao-
crsrHer paBHoBecHoro 3HaqeHHfl) kt B 6yrulxe o6pasyercx paBHo_
BecHa, cMecb Bo3AyXa H [apoB CnHpTa B CTeXr4OMeTpAqecKoM oTHO_
rueHarr. ocra'rxu cn[pra cJrHTb. Ey'runxy npo"ororroil neuefi npu-
Kpenrrrb x AanuHofi BepeBXe. <parcera>> roroBa rc:anycry!

flpu AerraoHcTparlua cH.rrrb c 6yrulxn npo6xy , ,oa*""" 4lraHHofi
ryuuuoft ra3oByro cMecb. flpourofi4er HarrpaBJreHurrfi ntpun, H (paKe_
Ta>) B3Moer n rosgyx! Ontncuorpurcq oco6eHuoeQ$errHo, ecJrh [peA_
BapHTeJISHO 3aTeMHHTb [OMeuIeHfi e.

Ha6-nroAaeuoe qBreHr4e o6r,scu.serc.fl peaKTrrBHslNr AeficrerdeM na-
poB BoAbr r.r ymeKucJroro ta3a, o6paayroqnxc.s npa ctopaHnr cnHpra:

C2H5OH + 3O2_r 2CO2+ 3H2O.

flocle rtpu3eMJreHHs ((paKerbr) MoxHo npoAeMoHcrpr4poBarb
[pH3HaKH [pOBeAeHHOfi xuuuqecrcofi peaxqlln: 6yrruxa ouryrHMo Ha-
rpenacb, Ha cTeHKax ee cKoHAeHCHpOBanacr, BoAa.

foperrne Marurra B yrJrercnc.rroM rage

Als ontna rpe6yrcrrcr ABa KycKa cyxoro nsAa. B oAHoM H3 HHx _
ocHoBaHHH BbrCBepJrHTb JryHKy Ar.raMerpoM 4 cu u my6nHoft oxo.uo 2 cu.
Bropofi KycoK - KpbrrxKy o6pa6orarr rar, uro6rr o, .rrorro npuKpbr_
aar yrayoneHre. Jlynry HaroJroBHHy 3arorrHnrb raarHlresofi crpyNxofi .

floArorosarb 3a[an: MarH,eByro J]eHry A.nuuofi oKoJro l5 cnr cnepHyrr r
c[Hprurb. flepxa cnHpaJIb naHueroM, noAxer{b ee KoHerr ropenxofi, orryr_
crr'rrb B JryHKy r4 cpa3y xe rpr.rKpbrrr xpururcofi. 3areuHurs noMeilreHHe
U HA6.NTOAAI6 KPACHBYIO PEAKI.IHTO 

_ TOPCHHE MATHI,If, B YUICKHCNOM I:BE:

ZMg + CO, : 2MgO + C + 809 xflx/rraonr.

Tarrqyroulee uJraMff*
Ocuoaa npu6opa-AHcKAHaMerpoM oKono 25 cu, cno6o4Ho apa_

arcrqHfic.fl BoKpyr ueHTpaJrsHOit ocu. B qacrHoc.ru, npra60p Moxer
6rrrr co6pas sa 6a:e o6rrqsoro AeMoHcTparIHoHHoro croJrr{Ka, ecJr,

x ouucaru.rq eroro H npeEr.uyull4x o[r,rroB Besrrr u: <Effective Use of chemisty
Demolstration Program> Bproca M:rcoua (Kpeftroucxr.rii yuueepcnrel urr. He6pac-
xa) r 3lsapaa Ke6epu (IOro-3ana4nrrft yu unepc urel ul Munnecora).
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ruapHHpHoe coeAraHeHHe AonycKaeT cBo-
6oAuoe BpaxreHue ocHoBaHHs cronhKa.
Ilo oxpyxuocru cro;rHKa cneAyer 3aKpe-
lrH'rb fipo3paqsuft uacrnxossrfi Jrr4cr raK,
,r'r'o6u o6pasonalcq norrrfi orxprlrufi
rlunHHAp srlcoroft [pHMepHo 20 cu, guu-
rrleM KoTopot-o ,BJrreTc{ ocHoBaHHe cTo-
JIHKA,

flpu .qerr.loHcrparruH onbrra (puc. 15)
r qeHTp croJruKa rroMecrr{Tb vaurrcy fle'r-
pH c necKoM, nponHTaHHbrM arIeToHoM

Puc. 15. Tauqyrcuee ruranar

(5 r-rn). Epocna B uunr,rHAp cnHr{Ky, rroAxeqb aueroH. Ha6rrcAaercs
paBHoMepHoe ropeHue c nJraMeHeM ssrcorofi oKoJro 25 cvt.

Ocropoxuo Haqarb pacKpyr{HBarb croJrHK. flraMq no Mepe Bpa-
u{eHHs o6pasye'r nphqyAr}rBue Qurypur, H BcKope B uunrrHApe Har{H-

uaerc, (3axrrareJrruufi>> TaHerI, B KoropoM c[Jlerarorcq fi Bo3Ho-
C'ITC{ OTHEH}IbIE BCNOJIOXH.

Sanycrc Botropotrrrofi parcerBr *

B ocHony orrbrra [onoxeHa peaKrrufl B3pbrBa rpenay.refi cuecu. An-
naparypHoe oQoprnrrenue onsrra oqeHb HecnoxHo lr B T'o )Ke BpeM, Ae-
Jraer peaKqr,uo oco6eHso s$SerrHofi rr 3peJrurrrHoit. Nts npoBeAeHufl orrbl-
la rpe6yrcrcs roJrbKo 6urossre peaKTHBbr ra o6opyaoraHrae, a raKxe
rHLpoKcHA HaTpHs.

Pearcmueu u o6opydooaHue: anrouunufi (30-40 r; uoxuo HcnoJIb-
'ioBarb o6pe:rcu aJrroM HHr{eBofi Somru, [poAyKToBoil o6eprxa, KpbrIuKH
MoJroqHbrx 6yrslnorc), rHApoKcHA HarpHfl (I 5-20 r); crexlruuat 6yru*
Ka Arrfl noJryqeHus BoAopoAa, nJracruKoBoe BeApo c nogofi AJL ee ox-
JraxAeHr,rs, 2-rurpoaa.a nJracruKoBa, 6yrrrrxa (<pareru) u 6orsurac
6auxa H3-noA xoSe (<craproBa, rrJronlagxo).

Mentoduxa oKcnepurteHma. C nJracruKoBofi 6yrslarcu cHcrb grI,I-

KerKy r,r npoAeJrarb B AHe ocrpbrM HoxoM orBepcrr,re 4nalrerpou 5 cu.
3aueuarr [racrMaccoBy]o KpbrruKy Merarrurrecxofi (uanpuMep, c Bo-

,,loquofi 6yrsurra), B qeHTpe nocreAHefi [poAenarb 2-uu cnrepcrHe rBo3-

71eu. Orseprxofi npo6nrb B AHe 6auxu H3-noA xo$e uecxonbKo rxupoKux
ornepcrr,rfi, qro6u qepe3 HHx cgo6oAHo npoxoAnJr Bo3Ayx.

Aruouuuuenyro $onury rl3Merbltr.{Tb H 3acbrrrarb B creKJIflHHyIo
6yrsuxy. Ty.qa xe noMecrnrb rnepAsrft rnApoKclrA Harpu, lr Ao6a-
rlnTb noJrcraKana (100 w) BoAbr. flepeueruarb cMecb, ocropoxHo

* Journal of Chemical Education. 1 995. Il'e 12. P. 1128-1129.
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noKar{HBa, 6ytrrnrcy. r{nr npe4orBparqeHa.rr neperpeBa noMecrrarb
6y:rrury B BeApo c eo4ofi. 9epes l-2 nalar' nofiAer 6ypnax peaKr{Hr,
co[poBoxAaeMafl, pe3Kr,rM rroB br rueHHeM Te M nepaTypbr r,r BLTAeJTeHH-

eM BoAopoAa:

2Al + 2NaOH + 6H2O = 2Na[Al(OH)4] + 3H2.

flocre HaqaJra peaKr.IHH ropJrbrrrrKo 6yrrrrxu BcraBHTb B orBepcrue B

ocHoBaHHH (paKeTbr), npeABapHTenbHo 3arureHB oTBepcTHe B Kpbrureq-
Ke (paKerbr>> lnnrcofi leurofi, .{ro6rl BoAopoA, co6uparcs B nracruKo-
noft 6yrsmxe, He BbrxoAr,rr rrepe3 Hero. flpuuepHo qepe3 noJrMuHyrbr
Bo3Ayx 6y4e'r BbrrecHeu, a ((paKero) - roroBa K 3a[ycKy. flepeHecru
(paKery) B BeprHKaJrLHoM nonoxeHHH Ha ((cTagroBylo nJroulaAr(y), cHrTb
Jrlr[Kyro JreHTy c orBepcrHfl B KpbrluKe, [oAxer{b BblAeJr*oquftc.s soAo-
poA r,r ryr xe orofiru. flo rrlepe nporopaHr,rfl BoAopoAa qepe3 orBepcrHe
B AHHrqe B ((paKery) [ocrynaer Bo3Ayx:

ZHr+ O,:ZHrO.
Karc rolrxo coAepxaHr4e BoAopoAa B cMecu yrueHb[rr,rrcs npuMepHo

lo 74 %o, nponsofi4e'r B3pbrB H (paKero) B3MoeT B Bo3.ryx.
Bpeua or floA)r(HraHnfl Ao crapra 3aBHcHT B ocHoBHoM or BeJrr,IqH-

HbI OTBepCTHfl B AHHTIIe ((paKeT6r)).

Snres rlg ByJrrcana*

Onur4erraoucrpupyer no.sBneHue ((3Merr)) us (<rfiqa) noA cJroeM (ED/Jr-

KaHuqecKoro trettJla>). B ocuony onblTa noJroxeHbr I,r3BecrHble peaKur{H -
((ByJrKaHqHK> n <$apaouoBbr 3Mer,r).

Peaxmueu u o6opydooauue. luxpoMar aMMoHur (30 r), ruoqua-
Har pryru 0I) (10 r), 4ercrpnH (l r), nepMaHraHar Kiuru.fl B nopouKe
(l r), rnuqepnu (Hecrcolrxo xanelr), AHcrHJrJrr,rpoBaHHas BoAa, orHeynop-
Hafl noAcTaBKa.

Memoduxa ?KcnepuMeHma. fltx [puroroBJrenlrs (sfiqo) cJreAyer
TUIaTeJIbHO nepeMeIIIaTb rIr[aTeJIeM TlrOrIHaHaT pTyTr{ [r AeKCTpITH, 3a-
TeM, [poAoJrxafl pa3MerrrHBaHlae, [ocrerreHuo Ao6asurt 4-6 xanelr gu-
crnnJrr.rpoBaHHofi soArr Ao [oryr{eHur nacroo6pa-:Hofi Maccbr (u:6rrrorc
BoAbI AeJraer racry cnaurKoM xl.lgxoft). Crarars (r nepuarrax!) nacry
B urapr,rK-((sfiuo> l,r ocraBnTb coxlryrb sa necxo.nsxo Asefi.

IIpu 4erraoHcTpaqHn o[brTa [oJroxHTb <<rfiqo>> Ha ofHey[opHyro noA-
craBKy lr 3acbrnarb AuxpoMaroM aMMoHHfl rax, uro6u naA <<qfirloM))

o6pasonaracb ropKa. Ha nepruuue cAeJrarb ,MKy, KyAa Ha KoHqrrKe
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I I I I taTeJrfl rrOMeCTInTb nepMaHraHaT KZUIUTI. CnepXy KanHyTb HeCKOJIEKO

kiuteJrb rnnqepnna(AtlflycKopeHl,Iq peaKIIl4I,I riIHIIepI4H MoxHo no4orperr).
tlcpe: 10-30 c cuecr BOcIIJlaMeHltTC, BCJIeAcTBHe cHJIbHo3K3oTepMrI-
, 

r c c Kofi peaKIII4H UTHIIepI'IHa c uapranqoexofi :

l4KMnOo + 4C3H8O3 : 7IICOr* TMnzO: + 5CO2 + l6H2O,

ir '|areM HaqHercfl TepMHqecKoe pa3noxeHHe AHxpoMara auuoHua (<<ns-

ItcpxeHLIe rylxaua>):

(NHr)rCrrOr= CrrO, * Nr+ 4H2O.

qepes HeKoTopoe BpeMs nocJre yracallvs, (ByJrKaHa)) r,r3 Kyr{I{ TenJIO-

t.() fieflJra e$QexT Ho BblnoJI3eT ((3Mefl) AJIHHOil OK6JIO MeTpa, cocTosuliul

r'l yrnepoAa c npuMecblo cyluQuga pryru.
Texuurca 1esonacnocmu. Coe u*teHl4c pryrn ,AoBHTrI. Bce onepa-

llHH 116 1pTTTOTOBJIeHHIO I{ MaHnnynHpOBaHHIO <cfqgM) I{ OCTaTKaMH

(('tMeH) BblnoJlHstoTcfl B flepr{arKax' flocle onblTa noMelqeHHe xopouo
rrponerpurr!



I.rrana A

Xuuu.recrcue rrparcrrrrcyMrr

B sroil HraBe AaHbr r.rHc'rpyKrIHH K npaKTHqecKHM H la6oparopHuu
pa6orau no KypcaM HeopraHr,rqecroft, oprauuqecrcofi a o6qefi xr.rMHr,r r,r3

yue6Hrrx nporpaMM cpeAHHx txKoJr H rro,.ureAxefi ClllA. Osu omuqa-
rorcg or poccr,lficxux aHzl[ot-oB, Ho HHTepecHbr reM, qro [o3BorqlorycH-
nHTb [paKTHqecKyro, npHrutaAHyro Ha[paBJreHHocTb Kypca xHMHH, pur3_
Bltrb ero gKororaqecKyro cocraBJl.flrouyrc. B ro xe BpeM.rr coAepxaHue
npaKruKyMoB B OCHOBHOM He BbrxoAtrr3a npeAeJrbr [porpaMMHbrx rrrKoJrb-
Hrrx rpe6onauuil no xvtwytt a Poccuv.

SaHntuare;rErrafl xrril,rrr,fl c rrcrrgrcrrM agoroM
(xunnn.recrcllfi rrparcrurcyM

AJrtr MJraArrrfix rrrrcoJrBrrrrrcoB)*

Bor yNe nrrb Jrer B MyHrrrrunaJrbHoM KoJrJreAxe oKpyta Ox-nesA
(urrar MrlvuraH, CIIIA) npoao4m leHb ecrecrBeHHbrx HayK Anr urKoJrb-
HHKoB B Bo3pacre or 6 Ao 13 ler. OAHo na MeponpacrHfi sroro npa3AHr.r-
Ka * oAHo/xHesHsrfi xr{MHqecKHfi uparcraxyu, K yqacrHro B KoropoM npu-
BJreKarorc, yqa[-(Hec, B BO3paCTe l2-13 ne1 ToJrbKo Hatrr4Haro[IHe 3Ha-
KoMcrBo c ecrecTBeHHbrMH HayKaMlt, I{ noroMy oco6eugo BzDKHo cAenarb
lns HVx3Tor rrpoqecc yBJreKarenbHbrM. Kax noxagal onbrr rrpoBeAeHu,
ilpaKTHKyMa, npu AoJrxHoM KoHTpone co cropoHbr opraHH3aropon (rax
npaBr,rJro, 3To npefioAaBarerH H oAHH-ABa acclrcreHTa) a o6.asare-usHorr,r
HHCTpyKTaXe yqacTHr.rKoB MaHlrrryJrf,rlHH c XHAKT.IM a3OTOM BnOJrHe rro
cLIJraM uKoJrbHuKaM gToro Bo3pacra. 3aro xaxne SeepHvecxue [peBpa-
u1eHH, Moryr 6urrr cosep[reHbr c ero nolroulsrc!

flpaxrr.rrcyu Brurrcqaer urecrb onbtroB, Koropbre yqauuec, Bbrnon-
Hrlor B rpy[nax no ABa qeJroBeKa. IIo rtaepe Br,rnoJIHeHHr onbrroB oHH
3anHcbrBalor csoH Ha6rroAe{krs. Lt orBeqalor Ha Borrpocbr rlpefloAaBa-
rerc. Bcela yqacrHlrKaM Mepoflplrrrl,rfl BbrAarorcr:

- 6laurc orqera o npoAenaHnofi pa6ore;
- HHcrpyKrlr.tfl rro rexHare 6esonacuocrn;
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- HHcrpyKrrr.{r4 o nop-,rAKe BbrrroJrHeHna pa6or (e rorr,t qflcre LIJIJIIoo-

r l)ilrtHH, rloqcHrloulue ycrpofic:rno npu6opoB H cyr.rlHocrb HeKoropbrx
r lrr nuxo-xnuuqecKHx rnneuufi );

- cnoBapHK ocHoBHbrx xuMl{qecKr4x nouqrufi (yuacrunxu npaKTH-
h,yMa eul,e He HMeror HHKaKoro xHMllrrecKoro o6paaonaunx).

llepeg HaqiuroM orrbrroB npoBoAr,rrcf, HHcrpyKTax no'rexnnxe 6e-
r( ) r r acHocru. Vqarqlrl{cq BbrAarcTc.f, 3aITIHTH bre oqxlr H 3 00-uurlruur-
lrorrurfi craKaH Ars xHAKoro a3ora (ogHH Ha rpylny) B neHonJlacroBoM
r r(rtcraKaHHuxe. Orpa6arbrBaercf, TexHHKa neperllBaHHs xHAKoro a3o-
rrr (pe6ara yqarc{ Aepxarb npo6upxlr c xHAK}rM a3oroM 6yuaxHuna
n()rroreHueM) u :ao.qno o6cyNgaro'rcs ero csoficrsa. (B na6oparoprnn
lor4rcnfi a3or xpaHrr B cocyAax [uoapa.)

Orrsrr 1, p rroropoM rrponcxogrT ToJrBrco
Srnouuecrctre fiBJreHtl il

Kaxaofi rpynne yqacrHuKoB BbrAaercrl o6pa:er1 xHAKoro asora. Hx
'raAaqa - sa6lrcAarb 3a ero noBeAeHr,{eM I,r orBerl,rrb Ha Bonpocbr npe-
iloAaBaTelq.

Or ronraxra c TerrrblM craKaHoM xllAxufi a3or Har{HHaer KH-
rrers. B sepxuefi qacru craKaHa o6paeyercr 6e-nrtfi Haner, a HaA
r r r.{ M - JrerKHil'rynaan. B }rA xnnq Iqefi xuAxo c'rpr oAHo3 HaqH o acco qpr r4-

l)yerc, y pe6m c xnnqrqeft soAofi r,r Bbr3brBaer Hnnro3r,rrc ssrcoKofi
|cMnepaTypbr B cTaKaHe.

B o n p o c l. Raxoso pearbHot me 4nepatnypa B cmaKaHe? (Orter
cpa3y x<e cMeHfler H;rJrro3r4ro xapbr oulyqeHHeM JreAeHnqero xo.no4a.)

B o n p o c 2. Vmo npedcmaennnm co6oto 6enatil Hanem u my-
vau? Pelgra BbrABHraIor cBoH BepcHH, B qacrHocru npeAnonarafl, qro
')'ro coorBercrBeHHo u:nefi s eo4rHofi nap. (flonyruo o6cyxgaercc co-
c'raB Bo3Ayxa.) Pe6ara y3Halor, r{To raKue [peAnonoxeHr.rfl B HayKe npn-
r rrITO HZL3btBUtb ?Unome3atwu.

B o n p o c 3. Rarc Mo)tcHo nposepunxb zunom$y o moM, vmo
tienatit Harem u mywoH * omo eoda a po3Hbtx azpeaamHbtx cocnto-
turrur.x? IIpu o6cyxAeHuu cneAyer rroABecrH pe6rr K MbIcJrH, qro
ru4enru$ uqlrpoB arb Belr{ecrBo Mox(Ho no e ro csofi crsaM. Haup u rr.rep,

oocKpecrr,r co craKaHa HeMHoro 6eroro HaJrera, H3MepHTb reMnepa-
rypy ero [JraBJreHHfi H cpaBHHTb c reMneparypofi nnarneHufl JrbAa.
'larcuu o6pa:ona oHr{ 3HaKoMsrcs, c npocrefiruuMH MeroAaMH xHMh-

'tecKoro aHaflv3a.



Onrrr Z, B rcorolrcM BoEa o6rrapycrsuBaer
cBorr rreo6rrrrnrre csoficrsa
oAuo lrs lrurepecuefiurax csoficrB BoAbr * yBer,rreHae ee o6r,elra npu

3aMep3aHr4,. 3sarolrscr c 3rHM flBJreHreM, pe6ara HarLrBarcT n upo6upxy
(npur'repuo 40 noJroBHHbr) soay 14 orMeqaror ee ypoBeHb noaocxofi cKorqa.
3areu ocropoxHo o[ycKaror npo6r,rpxy B craKaH c )KT4AKHM a:orou (6y-
MDKHoe nolcrreuqe!) H ocraB.nrlor ee raM Ha MnHyry. Boaa 6ucrpo sa_
MCP3AET I,I NOAH}IMAETC,g HA HECKOJIbKO MI,IJIJ]HMETPOB HAA SAQUXCTZPOSAH-
Hbr M ypoBHeu. flocraa upo6upry n: craxaua u o6Hapyxz s rcNaiHeHfl e o6re-
ua, pe6ara 3anr.rcbrBalor pa3HHrIy B TerpaAb.

B o n p o c l. Vmo maKoe o6te.u aa4ecm6a u vmo osHavqem eeoyseruveHue? cav no ce6e Sarcr pacruupeH,fl BerUecrBa .,pr4 .xJrDKAe-
HI4U HE 

'BN'ETC' 
A]I' MNAAUII'X II]KOJ]I,HHKOB YAHBHTEJIbUTiIT. OUU rE4I

elrle He 3Harcl rrro AorxHo 6srrs uao6opor. 3aro cleAyrouptfi 3rc[e_
PI,IMEHT, B KOTOPOM MbI BHOBb CT,LIIKHBACMC,'I C TEM XE CSOfiCTSOM BOAbI,y,*e HraKoro He ocraBUT paBHoAyr.rrHsrna. pe6qra norpyxaror s xraAKAfi
asor ltttznoft uBeroK (Hanpuuep, rno:4uxy), u 4o"ruo"ao, o6uapyxura_
IOT, r{To oH cTan xpynKHM xax crer-no!

Bonp oc 2. Raxoe setqecmso, codepcrcauleecu arenecmKaxqsem-
Ka, Mozlo y*eruqumbcfl e o1ueue u cmamb xpynKxuvt npu mewnepamy-
pe ctcudrcoeo asoma? Cqe_uauuue B ofibrre na6riroaenas ni", 

"rrr"r*", "o3HAKOM 6IM H frBJTEHU'TMI4. HANPUNACP, TIPHCYTCTBYIOUIZUI B KJ]ETKIX I{EIO BE-
Ka BoAa npl,r 3aMep3aHltu Toxe yBernqr.rBagrc.fl s o6belue, r{To Moxer rrpra_
BECTH K P:.'P'IBY rXAUEfi. TO XC CAVOE .,POHCXOAHT B KIIETKAX OAHOJIETHITX
pacreruft np, 3aMopo3Kax. H uarcoueq, sro xe csoficrso BoAbuBJurercfl
npauanofi pacrpecKHBaHu, AopoxHbrx norprrufi suNrofi .

O rr rr r 3, n rcorolrcM rroJryrrax)T Bcero oAHy
rcarr.nx), lto saro rcarcyro!

-B ororvr o[brre yqaqprMc, npeAocraBJr.rrercf, peAKafl Bo3MoxHocrb
ua6lroAart xu4nnfi KncnopoA.

Pe6sra ocropoxHo o[ycKaror B craKaH c xrrAKrrM a3oroM ABe nyc_
rrre npo6up*r.r H ocraBJr.sror Hx raM Ha 5 uuH. IIorca npo6upK, oxn,r(Aa_
Iorcl, npoBoAHM c pe6rranrrz ue6olruryro 6ecegy.Bonpoc l. Mocrcuo lu cltumama npo1iprcy a1connmrto nyc_
moil? BancHreM, qro npo6raprca HanoJrHeHa Bo3AyxoM, r.{ nonyrHo Bcno-
MI,rHaeM, qro B eto cocraB BxoAflT a3or, KHcJIopoA, yDleK,crntfi ras Lr
Bna.a. .{ocran oAny Hs npo6raporc H3 craKaHa, 

-p"Arru 
o6uapyxroaro,

Ha AHe KanJrro xHAKocrH KpacuBoro roly6oro rrBera n $raxcr,rpyrorB orqere ee oKpacKy r{ BpeMr, rpe6yrouleec, Ao rroJ.rHoto ee Hcqe3Ho_
BeHr4fl (r coxaleuurc, o6pasyuquficr Ha creHKax upo6uprcn nHefi sa-
rpyAHrer Ha6lrogeuur).
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llonpoc 2. Raxan crcudxocma o1pasoeanacu a npo1uprce?
l\,lt( llpaBHro, pe6rra flpeA[onararor, trro 3To BoAa. t{ro6st pacceqrb 3To
Lti)[yr(IeHI,Ie, HanoMuHaeM HM o noBeAeHr{H BoAbr B xLrAKoM a3ure B npe-
r,ulyrqeM onbrre. B nrore npuxoAl4Tcfl npeAnono)Klrrb caMoe HeBeporr-
rrr)e - nepeA HaMH xHAKlafi xracropog! .IIpl norcueuus 3Toro napaAoKcuulb-
Iror11 1[s613 npeAnaraeM pe6xram paccMorpeT[, cxeMbr, Ha KoTopbrx [oKa-
r;ur(), r{To Bce pa3nurrras Mex,(y ra:oo6pasurrM H KoHAeHcHpoBaHHbIM

{ (,e lOqHHeM BeIIIeCTBa 3aKJI}OqarOTCtr B nop.fl.nKe paC[OJIOXeHH, MOneKyn.

Orrrrr 4, g rcoropoM rrlrcllcxo4fiT
rtpeBparqellrrf BerrIecTB

l(o cnx nop Mbr paccMarplrBulJr14 ToJrr,Ko $u:uvecxue qareHnq. Te-
r('J)r, xe yqeHHKaM npelnaraeTc,,I npoBecTH HecnoxHyro xHMHrrecKylo

/{ocraa ra: craKaHa c xv,qKHM a3oroM BTopy}o [po6uprcy n Aan efi crerxa
rriu psrbcr, BHocHM B Hee roprtqylo ryrl4HKy. Xrlarolft KncnopoA, cKoHqeHT-

Ir rlxlBasrxufi crr Ha AHe npo6uprcu, ycrreBaer r{acrHrrHo Hc[apHrrcl, o6paso-
rrru B rrH)KHei4,racrr npo6nprcr.r crofi no:4yxa, o6oraqeHHoro KuciropoAoM.
ll,)',ruHxa B HeM pa3ropaercrl. Pe6sra 3annclrBator Ha6rrcAeHng.

O6cyx4aa pe3yJrbrarbr onbrra, [oAtrepKHBaeM pa3Hlrqy uexay Su-
rrlrccKHMH L, xHMHqecKHMH rrBJreHHsuu. Eclu npu QusrauecKux rIBreHH-
ll\ l{3MeHseTcfl TOJTbKO paCnOnOXeHHe MOIeKyJl, TO flpU rOpeHuH nyqHH-
lll h3MeHfleTcq BHyTpeHHee CTpOeFIple MOJIeKyn, COCTaBITIOUIHe HX aTO-

rrr,r o6pa:yror HoBbre ron6usaquu. floqcHqeM 3ro HJlnrocrpauvflMrt)
r r u 16 pa:xaro urr4 M H ycrpo fi cruo M oJr e Kyn H cxoAHbrx Be ure crB (x uc.nopo4a
r Mcraua, KoropbrM AJrq ,cHocrr4 pacyHKa 3aMeHqeM qeruro-uo:y) H [po-
lyr(ToB peaKuHH (yuexucroro ra3a n no4rr).

B saKrro.{eHr,re pe6ara no.[Hocsr ropeuyrc ryr{HHKy K ropnoBnHe
( r'irKaHa c,(HAKHM a3oroM r,r y6ex<garorcq, qro a3or, B orJIHqHe or KHc-
[()poAa, He [o.u,AepxuBaeT ropeHHfl - nyquHKa racHeT.

Ourrr 5, a rcoropoM Bosgyrurmrfi rrrapxrc
TO yBeJIrMIIBaeTC,fi, TO yMeIIBrrraeTCE

Bsruoruqq onsrr, pe6rra Ha.qyBaror no:gyurHsrft tuaplrK Ao pa3Me-
pou cpe4Hefi BernqrrHbl 3KcnKaropa, nrorHo 3aBr3brBalor ero u rroMe-
ularoT B SKcHKaTOp.

B o n p o c l. Rarcue zazu (uazoeunre He .ueHee mpex) HanorHfltum
ttrttpurc? 3arerr,t uapnK oxJraxAaror, [onHBzur se6oruruulrn (no 5 rlln) nop-
r (rrflMH xHAKofo a3c[a qepe3 KopcnKr4e npoMexqrrKu BpeMeHH. KorAa o6rev
r r r a pr4 Ka oqyruMo yMe HbrrrHTcfl , oxJriDKAeHHe flpeKparqaror. Harperarcs,
r)lr onflTr, yBerl{qllBaercr s o6beNae.
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B o n p o c Z. C ue.M c6n3aHo u3MeHeHue o1tena ruapuxa? Cl6_
cy)n<lafl orrbrr, npHxoAHM K BbrBo/Iy o B3aaMocnqgH o6.r,ei\,{a , i"rrn.r"pary_
pbr ra3a' 3ror nueo4.sBJ'lqercq prBBuBarour,M COAepXaHHeM Onbrra, Hope6rr B HeM yB,Ire*aer KoHeqHo, BHeurHrr cropoHa. oHU roroesr noBTo-prrb ero 6es xoHqa, rcax<4srf pa3y$wBJrflflcb roMy, qro, He repf,s Bo3Ayxa,
rxapHK TO yMeHbrrraeTcr, To yBeJruq%Bae.fc, B pa3Mepax.

O n rr r 6, B rcoropoM rro.rryqaror
JIIIMOHHoe Mopoercelloe

3ro'r onsr.r npHBoAHT pe6rr B Bocropt oco6eHno KorAa oHH y3Haror,
r.rro [oryqeHHoe MopoxeHoe MoxHo 6yAer nonpo6oearr.

.ftx npuroroBJreHHfl Mop.x(eHoro rpe6yrorc.a 2,t uolorca, 3 craxaua
caxapa, 1,5 cr.axaua cBe)KeBr,txaroro rraMoHHoro coKa u I cr.. noxKa
IreApbr. Bce sro, KpoMe coKa, cMeurnBaerc, B AepeBqHHofi rcpyx<xe,:a_
reM TyAa )I(e BbIJIltBaror coK H MeAneHHo, rrpH nepeMerxr4Bauwu go6az-
r.flror 3 ,rr xHAKoro a3ora. (Onslr Bbr'oJrHrer rrperroAaBarell. Bo u:6e_
x<aH:ae iloil a AaHHt. 3 arp.fl 3 HeH r.r fi uc n o.a s:y ror Ho a rl ii co cyA {urcapa. )MopoxeHoe noryqaercq MrrKoe, Bo3AyruHoe H or{eHr, xonoAHoe.r{epe: 34 mun pelxra c yAoBonbcrBueM cleAator rlo craKaHqnKy.

Sror onrn H,uronH-fler Hx croJrr, rop.aveil rrc6osllo K )KHAK,My a3ory,rrro yxoArzrr a: la6oparopnH oHH yxe He xorflT. OAsaro rporpaMMa
npaKTHKyMa r.rcqepnaHa. Ha nanrqrr BceM yuacrHHKaM Bbrralor rror{er_
HbIe AanJIoM bI cJreAyroqeno coAepxaHlrq : ((HacTosqufi Aurrrro M Bbr.(aH
yteHuxy(Ue) (yxasslralorcx $arvtulux, uvt) B rroATBepxAeHHe Toto, r{To
oH(a) ycneruHo ocaorur(a) rcypc Ma.,.4 c Hcrro.[r,3oBaHHeM )Kr,rAKoro a3ata,
He orMopo3us ce6e npu 3ToM yurefi, Hoca H Apyrux qacrefi TeJra, H HarrpaB-
n*ercfl 44.a ga,ruueftruero o6y.reHus sorue6HbrM 3aKOHaM XlrMr4H).

, _ Ceur rpeBpauleurrfi B oArrofi rrpo6uprce(o6o6rqarcqufi erccrepnMerrr no o6irqefi lnnruu
c MurcporcoJrrrqecrBaMu pearcrrrBoB)*

-opuruHarrnrrfi xunauqecrcuft 3KcnepaMeHr no csoficrBaM MeriurJroB
no6oqsslx noArpynn pa:pa6orau nu o"*ro"" MeroAaKH luaast3nn, npe_
noAaBaren, xllMrlvt us clIIA. oco6euuocrb M.ToAHKH - rrpoBeAeHr,{e
cepakl nocJreAoBareJrbHbrx npeBpauleHHfi COe4AHeHAi nccregyeuofo sJre-
MeHTa e o4uoft n rofi xe npo6r.rprce. {nx rcaxgoro orrbrra pearcranu 6e-pyrc, B M HKpOKO,'IH rrecrBax, n o3ToMy Cyu napH sl fi o6r,el,r HcfIoJr b3OBaH-
Hbrx pacrBopoB no 3aBeprrreHHr.r cepnLl He npeBbrrxaer l/g npo6upxn.

* Joumal ofChemical Education. 1995. Ne 6.p.545_546.
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I lirtroll ueo6xo4l,rrvroro o6opyAonaHnq raK)(e MhHHMiureH: npo6upra, nu-
lt{' t hirl cMKocTI,I C peafeHTaMl{.

l(irxgar cepur npeBpauleHufi oxsarlrsaer r.xrrpoKr4fi rcpyr xHMrIqe-
, hil\ ,rBIeHHI A gaKOHONtepHOCrefi, |1rCCIIeAyfl, HX Ha [pHMepe COeAHHe-

nuii ucrallos no6oqHsrx noArpyfln (e rou qucre yciroBuq nporeKaHur

1'r';rrir tuil HoHHoro o6ueHa, KHcJIorHo-ocHoBHoe paBHoBeche, ruApoJur3,
ilh ilcJthTeJIbHo-BoccTaHoBHTeJIbHbIe peaKIII,IH, KOMnJIeKCOO6paeOnaUUe).

I rrr.rriu o6pa:oru, npeAnaraeMrrfi encnepuMeHT - npeKpacHoe cpeAcrBo
, rt ro6u1eHHfl MarepHana no Kypcy o6qefi xI,tMHH, K ToMy xe HarurqAHoe,
rl r('lllillHoe a npocToe B HcnoJIHeHH]r.

(l)opMy rIpoBeAeHHr gKcrrepuMeltra ntt6upaer yqt{TeJlb. 3'ro lroxer
{,r,r r r, fi AeMoHcrpaqlroHHufi 3rccnepuMeHl n la6oparopnrtfi orrbr! u npaK-
nlrccKa.fl pa6ora. flocleAHprfi BapHaH! c Haruefi ToqKLr 3peHHfl, npeA-
llr ttl1P11"r"r.

11 epra,u cepras: rrpeBparqeurrn rroua rrceJresa

Mentodttxa eKcnepw,eHnto. B npo6rapry noMeqalor 30 xanerr
l),I M pacrnopa FeCl, v nflTb KarreJrb 2M pacraopa NarCOr. B pe:ynrra-
re o6pa3oaauu.s Hecrofixoft xr.tc.ilotu H HepacrBopnMoro rl,tApoKcu,qa xe-
Irc ra ttpolrcxoAut Heo6parnuslfi rugpolH3 coJrpr:

2FeCl. + 3NazCO: + 3HrO: Fe(OH), + 3CO2 + 6NaCI.

I( no.nyueuHoMy oca.qKy KupnuqHo-KpacHoro qnera go6anrrrror ceMb
k;urc;rb 3M pacrnopa HCl. B pesynu'rare cBq3brBaHprfl ocraBuluxcs Kap-
I ) r ! I I AT- HOHOB H paCTBOpeHI,L O CaAKa paCTBOp CTaHOBHTCfl [po3par{H brM :

Fe(OH), + 3H*: Fe3* + 3H2O.

.flo6aueuue r{erbrpex Karerb 0,05M pacrBopa KSCN npr{BoAur
r( oKpalllHBaHr4Io pacTBopa B KpoBaBO-rpacuHfi uBeT BcJIeACrUue o6pa-
r(,traHHq KOMnTeKCHOTO UOHa:

Fe3r + 6SCN- : Fe(SCN)ur-.

flpu 4o6aen uauu 20 KarreJrb I M pacrnopa NaF pacrBop o6ecuseqH-
rr:lc'rcfl BcreAcrBue o6pa:onaHus 6o.nee cra6ulruoro Sropra4Horo KoM-

ilJtoKca:

Fe(SCN)u3- + 6F-: FeFu3- + 6SCN-.

llocleqyrculee Ao6asneulre l0 xanelu 1M pacrnopa NaOH pa3py-
rnacr KoMnJrexcur,lfi HoH H npHBoAHT K BLInaAeHHlo KupnuqHo-KpacHoro
( rcaAKa:
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FeFu3- + 3OH-: Fe(OH), + 6F-.



flpr,r 4o6aaneHnu K ron)rrreHHoMy pacrBopy AByx Kanelt l M pacreopa
Nar S rpexraJreHTHoe xeJle3o BoccraHaBn vBaercfl B AByxBaneHTHoe,
repexoAuT lrs ognofi ocaxAeHHofi Sopuu (rra4porccn4) n 4pyryro _
6olee npoqHylo (cynr0,g). B npo6uprce o6pasyercr ocaAoK'rrepHoro
r.IBeTa:

Fe(OH), + 2S2- : FeS + S + 3OH-.

Bropar ceplr,fi: rrpeBparqeurra rroua Mefirr

Memo duxa eKcnepuweHma. B npo6r,rpxy noMerrlalor cr:apronsrfi
pacrBop - 20 xanenr 0,]M pacrBopa CuSOo. flpu 4o6aua"rr, 10 *a_
nen-r 0,2M pacrBopa NarCO, rpoucxoAr.rd neo6parauufi rugpo.nns
tt o6pasyerc, ocaAoK cuHero uBera:

CUSO. + NazCO: + HzO : Cu(OH), 1 COz + NazSOo.

lalee 5 ranels lM pacrropa HCI npuBoArr K pacrBopeHaro Bbr_
rraBrxero ocaAKa:

Cu(OH), +2H* =CLr2* +2H2O.

,(o6aaleuae n npo6upxy rrrr, KareJrr, 1M pacrnopa KI soccraHaa-
JlrcBaer cu2* n cu* u orr3uaaer o6pa:oBaHHe ocaAKa KopHqHeBoro rrBe-
Ta - cMecu 6eaoro fioAupLa rr,re4u I lr cao6o4Horo fioAa:

2Cu2*+41-:2CuI+Iz.
Eure oAsa oK,cJrHTeJrbHo-BoccraHoBr4TeJrbHafl peaKrr,s npoucxoAHT

npH rroMerqeHuvr B o6pasonanruuficr pacrnop nrrH KaleJrb 1M pacrnopa
NarSrOr. Trnocylr$ar Harpu, cBr3brBaer cso6o.U{rrft fiog, a p".yroru_
Te qero uBer ocaAKa craHoBHTcc 6ersM - 3To ocraBuufics CuI:

252032- * Iz 54062- + 2I-.

IIpu go6an.rresuu20 KaneJrb 3M pacrnopa NH, ocaAoK pacrBopser_
C,,I BCJIEACTBNE O6PA:ONATTHq 6ECqSETHOTO KOMTIJIEKCHOTO COEAHHEHI,Ifl
MEAH:

CuI + 2NHr: Cu(NHr)r* + I-.

,{o6auenue o4uofi KarJrH 3olo-noro pacrBopa repoKcHAa BoAopoAa
BHOBb OKI,ICJI'ET CU* S CU2* II TIPHBOAI4T K OKPAI,JII,IBAHI4IO PACTBOPA
n rny60rufi cuuufr, qBer BcneAcraHe o6pa:oBa*Hfr,OKparrreHHoro KoM[-
rrexca Cu(NHr)r2*:
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2CuQ\lHr)r. + HrO, + 4NH, : 2CuQ\lHr)or* + zOH-.
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l-larcoHeq, Ao6asreHlre qerbrpex Ka[eJrb 0,5M pacmopa NarS [pHBo-
/(rn K pa3py[eHuro KoMnJreKca BcJreAcrrue o6pasoBaHAs qepHoro ocaA-
r.rr CuS c oqeHb HI43Kr,rM npoH3BeAeHHeM pacrBopHMocrrr:

Cu(NHr)o'* + 52-: CuS + 4NH3.

PeroueH4oeaHHbre roHqeHTpaqlrlr H KoJrHr{e crBa pe areHror nogo6pa-
r r,r 3KcneplrMeHTaJrbHo, Ho Moryr norpe6onam uexoropoft KoppeKrHpoBKlr
trraBr-rcuMocru or ycJroBufi xpaueuus rr qHcrorbr peaKTHBoB.

B sasucr{r\.{ecru or rroAroroBJleHHocrr4 yqeHr,rKoB u qelefi, Koropbre
r' r'aBHT yqHTeJIb, o6cyN,4euue pe3yJlbraroB 3Kc[epuMeura ruoxno gu $-
rlrcpenqupoBarb B oqeHb mHpoKoM Alrana3oHe. Hanpuuep, paccMorpeH-
rr,re cepHn [peBpaueHnfi uoryr 6rrrl scnorb3oBaHbr Ha 3aHflTuflx xH-
MHqecKoro KpyxKa s HaqaJrrHofi cral.tkt H3yqeH[rfl xHMlrH. B s'rou cly-
,rae cneAyer orpaHHqHTbcr e$$enrnofi sHerlHefi qacrbro oKcrrepnMeHTa.
[)c:rcue H MHoroqHcJreHHbre H3MeHeHHr oKpacKH pacrBopa npu 4o6an-
,rcHHH Bcero HecKoJrbKI,Ix KaneJrb peareHToB BcerAa Bbr3brBaror y pe6rr
lrilTepec.

B crapurux npo$ulruux K;raccax pe3yJrbrarbr 3Kcrrepl,rMeHTa MoryT
c'rarb noBoAoru o6cyAurb r,rHTepecHue $uruxo-xuMuqecKne qBJreHHr,

lAKHe, Ha[pHMep, KaK npr,rpoAa oKpacKH pacrBopa. OAau u ror xe HoH
(rranpuuep, Fe3*) npragaer coeAHHeHHflM pa3Hbre oKpacKH no Mepe H3-
MCHEHI{q CB'3AHHbIX C HHM AHI'IOHOB.

Kpoue rofo, K:uKAafl cepvr. npeBpauleHufi ssr.flerc.f, eule u HJrJrrocr-

llaquefi TepMoAuHaMuqecxofi cra6ursuocrn o6pasyrorrluxc.rr coeAnHe-
rrufi. Kar H3BecrHo, peaKrrua B pacrBopax HAyr B HanpaBJreHrau cB.s3brBa-
rrus [oHoB. flo uepe Ao6asrenras n npo6uprcy Bce HoBbrx H HoBbrx pe-
lureHToB B pacTBope HaKanJrHBaeTcr necTpa, cMecb HoHoB, H3 KoTopblx
r.rccJreAyeMbre HoHbr xeJre3a HJrH MeAH raxArril pa: <nu6npalor)) aHrroH,
o6pasyrorqufi uau6oree ycrofivunoe coeAHHeHne. Taxupr o6pa:ou, xax-
/(oe nocne.(yroqee coeAnHeHue n pa:o6paHHbrx cepurx npespaueuufi
cra6unrsee B pacrBope, qeM npeAbrAyuee, He3aBlrcuMo or cyurHocrr.r
nporeKalouefi npu ero o6pa:onaHHu peaKrrr.ru.

HaxoHeu, B Krraccax 6asogoro ypoBn, noAroroBKr.r paccuorpeuusril
')KcnepraMeHT Moxer [ocJryxHT6, KaK yxe roBopr,rJrocb, cpegcrnou o6o6-
rrreHrE.rr MarepuaJra no Kypcy o6ruefi xvrMHH, nocKoJrbKy [o3Borcer B eAH-
rroM gKelepr4MeHTzurbHoM uuKne 3arponyrs qelrrfi cneKTp rBJrenufi (orlrc-
nI.ITeJIbHO-BOCCTaHOBr,rTeJIbHbre peaKqHH, IHApOJTH3, peaKIII,IU HOHHOTO

o6Meua, KoMnJreKcoo6pasonauue, oco6eHuocru MerzurJros no6oqHux
noArpynn H Ap.).Ffuxe npaoe4eHbr BapuaHrbr r.rucrpyKrlufi n xourporsuue
Bonpocbr r pa:pa6orauuofi Hauu npaKrnqecKofi pa6ore. (Morercynrp-
Hbre ypaBHeHHfl peaKuufi n AaHnoil pa6ore, KaK npaBuJro, He 3anr,rcbrBa-
rorc.rr BBriAy 6olsuroro qucJra pa3H6rx HoHoB, npucyrcrByroqux
n pacrnope.)



Bapv aHT: flpeBparqeHrrfi rroua trseJrresa,

Ilpe4laraerc.r npocneAarb 3a noBeAeHr,reM HoHa xeJre3a B pa3Hbrx
cr,rcTeMax, ocyuecTBH B CreAylorrlHe npeBpauIeHH' :

p"g 1-N"po' 
(H.9LFe(OH), 191- Fd* g 

Fe( SCN).,. I!L.

- 
FeFu'- EgL n"1OH), % f"S.

(Bce onslru BbrrroJrHflrorc{ nocJreAoBareJrr,Ho s oAHoft npo6npxe.)
1. flouecrure a npo6upxy 30 KarreJrb pacrBopa FeClr. .{o6aarre

nqrb Ka[eJrb pacrBopa NarCOr. 3anuruure ypaBHeHEe peaKrlutr
fHApoiru3a.

2. lo6asme K Bbr[aBrrreMy ocaAKy Fe(OH), ceMb KareJrb pacrBopa
HCI ao pacrBopeHus ocaAKa. 3anuuare HoHHoe ypaBHeHHe peaKuxr,r.

3. B rolyveuHrrfi pacrnop, co,qepxaulafi aouu Fe3*, Ao6asrre .re-
Tbrpe Karrnu pacrBopa poAaHr4Aa KaJrH, KSCN. IIpu srou uou Fer* npe-
Bparqaercq B KoMruleKcHtrfi noH [Fe3.(SCN)1]3-. 3annruu:re uoHHoe ypaB-
HeHHe erofi peaxqun.

4. B no.nyveHuufi pacraop Ao6anrre 20 rcanenr pacrBopaNaF. Ilpr.r
oroM npoucxoAuT o6ueH: KoM[JreKcHblfi uou Fe(SCN).3-, oKpalraBaro-
u1ufi pacrnop a xpacHufi uBer, npeBpaxraercfl s 6oree y6rofiuuasrfi xou-
nlerccnuil nou FeFur- (pacrnop craHoBaTcf, 6ecqaerHsrr'r). 3anuurure
HoHHoe ypaBHeHlre eroft pearcqulr o6uesa.

5. B nolyueHHufi pacrnop Ao6arlre 10 xane.ul pacrBopa NaOH. Ilpr,r
3TOM KoM[JrercHslfi aou FeFu3- pa3pyuaercx, o'puyx KHpnHqHoro rrBera
ocaAoK Fe(OH)r. 3anuruure roHHoe ypaBHeHHe srofi peaxqr,ru o6ueua.

6. B nonyueunuft pacraop Ao6anme 10 xanels pacrBopa Na,S. IIpu
3ToM HoHbr Fe3* eoccraHaBrrrHBatorcg Ao Fe2-:

Fe(OH), * Na,S -+ FeS + S + NaOH.

flo46eprare rcos$Sr.rureHrbr An, 3roro ypaBHeHH, MeroAoM 3Jrercr-
po HHoro 6alaaca, 3a[HrI]HTe uoHHoe ypaBHeHHe.

BapraaHT: rrpeBpauleurr,E rroua Metrrr

flpeglaraer:c, npocJreAlrrb 3a rroBeAeHr,reM HoHa MeAr,t B pa3Hr,rx
cHcTeMax, ocyulecTB14B cJreAyloulHe rlpeBpauleHHc :

Na,CO.([LO) _ HCt - KI Na,S,O, NtI
C u So4--:'+ Cu(O H), -:+ 6 rz+:i C ul(+l r)aC u I (+t1:

* cu(NHr)r" & au6*Hr)1. g 
cus.

(Bce onsnsr Bbr[oJ]Hrrorcq [ocreAoBareJlbHo a o4Hofi npo6upxe.)
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l. llonecrure s npo6apxy 20 KareJrb pacrBopa CuSOo. ,{o6aesre
l() r(anerb pacrBopa Na,COr. 3annruure ypaBHeHHe rnAponr43a.

2. ,(o6aaure r< o6pa:oBaBueMycq ocaAKy Cu(OH). flrrb KaneJrr,

l)iro'rBopa HCI ao pacrBopeHxq ocaAKa. 3annruure r4oHHoe ypaBHeHr4e

Irclltfl_lHl.r.
3. B no,.ryueHHufi pacraop, coAepxautuii nouu Cu2n, Ao6asbre rlsrb

rriilroflb pacTBopa KI. flpu 3ToM r{oHbr N{eA[ BoccTaHaBJrHBaroTcr e Cu*,
( 
'rll)il3y, 6elufi ocaAoK CuI, u BblAeJrrrercfl cso6o.(Htrfi ilo4 6yporo uBera:

Cu2*+I ->Cul+I,.
[Io46epnre rcoeSSuqraeHTbr Ar.fl 3Toro Hor{Horo ypaBHeHHtr Mero.qoM

' 
r r c KTpoHHoro 6alaHca.

4. /{o6ansre B [oryqeHHsrfi pacrnop [rrb KaneJrb pacrBoparHocyJrr,-
rlxrla uarpal NarSrO, !.tfly!.ailetriq cso6oAHoro iioIa. B pacrnope oc-
rircrcq 6erufi ocaAox CuI:

Na,SrO, + 12 -+ Na"SoOu + Nal.

Paccrasbre xos$$nuueHTbr H 3arthuHTe coKpaueHHoe r.{oHHoe ypaB-
rrcr rHe arofi peaKuHH.

5. [o6anrre B pacrBop 20 rcanelr pacrBopa aMMHaKa. IIpu sronr
,)cilAoK CuI pacrnopf,erc.fl, o6pa:yr 6ecueerHoe KoMrrJreKcHoe coeAr,r-
il(J ilHe Me.II,t4:

Cul + 2NH, = [Cu"Q\H,)r1' l-.
3anuruure coKpaqeHHoe HoHHoe ypaBHeHHe s'roii pearquu.
6. lo6anrre B pacrBop KarJrro pacrBopa repoKcr,rAa ao4opo,qa. flpn

) r()M HoH Cut sHosr oKucrlrrcq qo Cu2*, o6pa:yr oKpat[eHr{oe KoMnJreK-
\'tr()c coeAHHeHne. B uouHofi $opue ypaBHeHHe srofi pearqru:

[Cu(NH.,)r]. + HrO, + NIl+ [Cu(NH,)J" + OH-.

flog6eprzre rcoeS$r.rqr,reHrr,r Anq 3Toro HonHoro ypaBHeHrz, MeroAoM
I r rcKTpoHHor-o 6alauca.

7. l{o6anure B nolryr{eHHrrfi pacraop qerblpe KarrJrH pacraopa NarS.
I lpn arorrl KoMrrJreKcHoe coeAurreHue pa3pyuaercx BcJreAcrBr,re o6pa:oaa-
r r r r r ocagrca CuS. flonpo6yfire :anncarr HoHHoe ypaBHeHue orofi pearu1nu.

9rco.noruqecrcrrfi rrparcrurcyM

l. O6rrapysrceuue cBrrurla B rrpeAMerax o6uxoga*

3ro oAua us la6oparopHux pa6or, [peAnaraeMbrx cryAeHTaM KoJr-

nol)Ka CaH [>ros (rural Kalrz$opulzx, CIIIA), HMeroulas flpKo Bblpa-
,rioHH)/lo npaKTurrecKyro HanpaBr'reHHocTb. oHa npocra B HcrroJIHeHHr.r

*Journal of Chemical Education. 1996.Y.73.Ile 7. P. 669470.
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H MOXer 6rrtr sbrnoJrHeHa na o6pasqax H MarepHUIaX, rrpHHeceHHbrx
yqaulldMuca a3 AoMa.

coeAasenzq cBHHua ocrarorcs 
'AHLTM 

r{s eaxHefiuux $arcropon sar-
p.s3HeHH, oKpyxaloqefi cpe4rr. I,Ix ocHoeHrre HcTor{Hr,rKpr - 6nrrostre
KpacHTenH (npaega, e CIIA eue B 1978 l.. 3anpeqeH nponsrruleuusrfi
BbrnycK rcpacarelefi, coAepxaulux caaueq), llru3ypt4 Ha H3AeJrHrx H3 Ke_
paMI,rKH, xpycrrrnb H 6r,noeaq nJracrHKoBafl Tapa (rouuee, KpacqulHe
nHrMeHTbr ua uefi). Caaueq oco6eHuo o[aceH Anc Aerefi. flo raugrrnr
CTATIICTI4KH, OKOJIO 4 N,IIU AErEft S CIIIA CTPAAArcT NOCJIEACTBHflMH OT.
paBneHHq CBHHUOM. ErO roxcuqecxoe 4eficrBr,re cBr3aHo c rroAaBneHr,r-
eM BOCnpoH3BOACTBa rerr,romo6aua H Ae3aKTr4sauHefi SH3HMOB B tOJtOB-
HOM MO3ry n uepnuofi cHcreMe. B :anncuuocrH or KoHUeHTparILlU CBLTH-
IIA B OPTAHI,{3MC 3TO TIPHBOAI{T K IIATONOTHH PASHOfi CTCfIEHV TflXECTH:
or ueo6yuaeMocru 4erefi Ao cMepreJrbHbrx HcxoAoB.

flpe4,raraevrrfi uero4 o6uapymeunq cBHHua ocHoBaH Ha userHofr
peaKrIHH, B pe3ynbrare roropofi o6pasyercr xelrufi ocaAoK fio4u4a
cBH H rra (I I). [pegaapr.rreJrbHo aHirJr r,r3HpyeMoe H3Ae.rHe BbrAepxuBarcr
a yrccycuofi KncJrore, .{ro6rr nepeBecrr4 coAepxalrluilcs e HeM cBHHeu
B pacrBopr{Myro Sopuy:

Pb2* + 2CH3COOH -+ pb(CH,COO), (p_p) + ZH*.

.. 3areu K roryqeHHoMy pacrBopy arlerara cBHHua (II) ao6aarglor
fioar,A Kilrrufl. Eclu npn 3ToM BbrrraAaer rxerrsrfi ocaAoK, iHarrr, ,s.qe-
JrHe coAep)Kzrllo cBuHeu:

Pb(CH,COO)r(p-p) + 2KI(re.) -+ Pblr(rs.) + 2CH3COOK(p-p).
(6ecqneralrfi) (xelrrr{ ocaAor)

Ecru oca4oK He BbrflaAaer,3HarIH! H3AenHe He coAepxuT cBHHeq
B OulyruMblx KoJrHqecrnax. qyecrnarerbHocrb MeroAa - 0, I rrrr e 5 vr
pacrBopa. Mexay nepaoft u sropofi o[epaquefi ueo6xoluuo floJrHocrb[o
y!.arldrr' ocrarKH yxcycuofi Kncnorbr H3 pacrBopa, TaK KaK Osa O6raAa-
er M acKHpyrouru rr,r ge fi crs ae na ( rcaran a:rapyer oK[rcJreH He fi o4uga Karv fl
Kr4cJropoAoM Bo3Ayxa, B pe3ynbraTe rleto o6pa:yerc.r 3JreMeHTapHrrrl fiog,
TaKxe Aaroqrzfi )r(erroe oKpauHBaHue pacraopa).

Peaxntuou u o6opydoeaHue : cy uuaJtbHa, neqb, Tur-e,rrbHr,re ururrubt,
H3Mepr4TeJrburrfi qul uu,u,p eMKocrbro I 0 lrl, 3 O-uullnlurpoBbre craKa_
urt (crerclruHac nocyAa npoMbrBaerc q Alcr?.nnvtpoeaHnofu rH AeuoHLt-
so eauHo I aoqo il) ; KoHrIeHTpr4poBaHH afl yKcycHa{ Kr.rcJrora, Kpr.rcraJrJr H_
qecxufi ito1ugKzuHq.

Ifopndorc pa6omat. Harauyue ee npoBeAeHuq yqaulr4Mcs npeAna-
raror rrpuHearu A3 AOMa npeAMersl o6nxola, rroreHuHiurbHo coAepxa-
ulue cBr.rHeq. 3ro uoxer 6urr ora3ypoBaHHa, KepaMHKa, vr,Aen4s H3
xpycTzurr, nJracrHKoBbre 6yrruxn c HaAIInccMH, KyCOTTKH Kpacsqero cJ]o,
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c() creH. Taroft noAxoA Bbr3brBaer y pe6rr orpouuufi r4HTepec. Euqe 6ur,
ro/tb oHH 6yayr HccJreAoBarr co6crseHuyro cpeAy o6uraHu-fl!

l. flogro'roara o6pasuos (eurxNuofi urrca$):

- e usdetun u3 KepaMuKu u xpycmaJtn Harurl 25 un yrcycHofi
r(HcJlorbr, xoporxo ss6orrars H ycraHoBnrb B rreqb AJIfl yAtrJreHnfl vlg-
6r,trra KHcJrorbI;

- o6pa3rrbr Kpocnryeeo cnon co cren (Aru orrbrra Aocraror{Ho He-
cKoJrbKO r(ycoqKoB KpacKH o6rqurra pa3MepoM c MoHery) noMecTHTb B

I 0- uurut slutpos st fi craKaH, 4o6 an urr 2 5 rral yxcycuofi rcu c.noru u y cr a-
uoBHTb B rrer{b AJt,g yAaneHus ll:6rrrxa KncJrorbr;

- Ll*emHbte uadnucu c nnacmuKoautx 6ymamor( aKKyparHo Bbrpe-
'rarb H [oMecrrrrb s 3O-Nar,uuuraarpoarrfi craKaH. .{o6au.rrr 25 u.r yx-
cycHofi Kr.rcJrorbr, norpy3uTb o6pa.:eq B KucJrcrry c'rerurrusofi naro.{xofi
/lo pacrBopeHufl KpacrilIero cnoq. 3areu y1urvtrb r43 pacrBopa ocrarKlr
uracrHKa uaroqrcoft H ycraHoBr.rrb craKaH B fleqb Ant yAaneHHq l4s6rn-
KA KUCJIOTbI.

Ynapnnarr pacrBop B rer{eH}re qaca npu 150-200 "C. flonHcrry yAaJre-

rruq Kucrorbr MoxHo KoHTponupoBrrrb no oKpacKe craseft laruyconofi 6y-
MaDKKH, HarureeuHofi Ha crexJro Bbrrsxuoro urca$a c ouyrpeHueft cropoHbr.
llcln npu orKpbrBaHur.r rurca$a oqyulaerc, 3anix yKcyca, npoAoJDKHrb y[a-
pHBaHLre, noAlurB TeMneparypy ao l7G-200 oC. HsAerr.rs r,r3 xpycr:urr Bbr-

rrnMarb H3 nequ ToJrbKo nocJre oxJrorqeHr,rs npu orKpbrrofi Aseplle.
2. Brmrro.{HTb nerrb H BbrHyrr, HccreAyeMoe u3AeJr[e ulurrqaMlr,

Aepxa 3a BHeurHlolo qacTb.

3. flocne oxJroKAeHHJr u3lteilArAo6aearr 5 ur geuouusosanHofi ao4u
H xopouo sg6orrarb An, pacTBopeHr4c auerara cBHHua. flolyuaercr
npospavurrfi 6ecqserusrfi pacrBop. Hs uenpo:paqHbrx KepaMHqecKHx
uz4etuit pacrBop cJrHTb B creKJrrHHbril craxau u ua6lrcAarb oKpacKy.

4. lo6asurr B pacrBop HeMHoro KpucriurHqecKoro fio4nAaKarufl.vr
pa3Merxarb Ao pacrBopenlrq. Harr,rrrue B pacrBope cBr,rHqa Sr,rrcr,rpyvr-
c, [o Bbr[aAeHr,rn xeJrToro ocaAKa.

2. O6rrapycrceurr€ xlroMa B crotrrrBrx Bo4ax*

L[Iecrusaresrurrfi xpoM - oArrH H3 ToKcur{Hbrx 3arpr3Hr.rrelefi oxpy-
xarouefi cpeAbr. B a-epo:oruHoil Sopne os cnoco6eH Br,r3brBarb rsxe-
Jrbre nopilKeHHfl Koxr{oro noKpoBa, BepxHHx AbrxareJrbHbx nyreft, pax
JrenKHx. Torcuqecnoe AeficrsHe Cr6* s naTuenofi noge Mer{ee u3yqeHo,
Ho [peAnoJroxHTeJrbHo sBJlgercs raKI,rM xe. I,1cro.{HHKoM uecrr,rBzLIIeHT-
Horo xpoMa Moryr 6uru npegnpvsrtls, Ha Koropbrx npHMeHslorcq rarh-
BaHI,IqecKr,Ie npoqeccbr (xporr,rnpoaaHue c r,rcnoJrb3oBaHlreM B KaqecrBe
greKTponr.rra xpoMoBofi xucrorsr), croxru BoAflHoro oxJraxAeHH,
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(r4e xpouoBafl Kuclrora Hcnorb3yercfl B KaqecrBe aHTHKoppo3HoHHoro
cpegcrna), a raKxe HeKoropbre 6rnosrre xuMHKaTr,r (xpacurenr,r, H€p-
HHJra, fiurreBbre KoHcepBaHTbr, $yHrHur.r4rr). lonycruutrfi yponeur
coAepxauns Cr6* B BoAe cocraBJr.rrer 50 urr/n (sgecr H AaJrbrxe yKrBa-
Hbr HopMarHBbr, npuHqrsle n CIIIA), oAHaKo peaJrbHo oH peAKo npeBbr-
uaer 3 rvrrrh 4axe B croqHbrx BoAax [poMburrJreHHbrx npeAnpuxruit.

flpe4naraeuyro la6oparopHyro pa6ory nocraBrrJra Mepu XeppMaHH -
lpero.4aBareJrbHHqa XHMHIi H3 rlrara orafio (clxA) c rreJrbro o3HaKoM-
rellljs, yqatrlHxc.fl c 3KoJrorHqecKEM MOHT,TTOpHHTOM Ha npnMepe onpeAe-
rreHwfl. coAepxaHus xpoMa B croqHbrx BoAax u cnoco6auu uefirpalusa-
IrHH ero roKcuqecKoro geficrnua. Me.roa onpeAeJreHH.r * nnsyalrrrsrft
KoJr opaMerpu.{e c Krrfi auar,yt3 ) oc Ho BaH H brfi ua qneru ofi peaxqura MexAy
coeAlrHeHufl nrn Cr6* u 4uSeuulxap6asugou.

Peaxntuott u o6opydoeqHue:
craHAaprHbrfi pacrrop Cr6* c KoHrleHTparlweir I mr/t (rorouurcr

pacrBopeHr.reu 3,6 rrar IlCrrO, r.r 10 ul KoHrreHrpuposaHHofi H2SO4
e 500 Nrr AracruJrnHpoaauiofi rogbr c rrocJreAyrour,M AoBeAeHr4eM o6rel
Ma pacrBopa 4o 1 n);

o6pa:eu lrcKyccrBeHHo 3arpr3HeuHofi soArl ( I 00 rran craHAaprHoro
pacrBopa Ct'* ua I I gucru.nlupooauuofi no4u);

pacrBop guQeHunxap6azula (0,5 r na 200 un aqeroua);
pacrBop acrop6uuonofi ruc;roru (0,2 r na 100 rr.rl AHcrHJrJrHpoBaH-

uofi ro4sr);

- 0,18M pacreop cepuofi Kucnorbl (ror.osurcr pacrBopeHueM
10 ul xouqeHTpupoBaHHofi cepuofi KucJrorbr s 500 rvfi guc:runlapooan-
uofi roqsr c nocneAyrcqltM AoBeAeHlreM o6renra pacrBopa Ao I l);

3M pacraop cepuofi Kr.rcJrorbr (roronurcr pacrBopeHaeu 42 un cep-
uofi rcuc.noru s 150 MJr Ar,rcrunJruporauHofi BoAbr c [ocJreAyroulnM AoBe-
AeHrreM o6teua pacrBopa ao 250 uil);

MepHa, [HnerKa ua 0,5 ul;
H3MepareJrlHrrfi qu,ruu4p Ha l0 Mr.
Memoduxa onpedeneuua. lrt npnroroBreHnf, granoHHbrx pacrBo-

poB B [recrb npo6upox c.llb 0, 1,2,3,4, 5 nro4rr coorBercrBeHHo 0; 0,4;
1,0;2,0;4,0; 10,0 MJI craHAaprHoro pacrBopa xpoMa u l0;9,6;9,0; 8,0;
6,0; 0 rul 0,18M pacrBopa cepnofi Kncrrorbr. flpo6nprcusarprmarc.rnpo6-
KaMn H TrrrareJrbHo nepeMerxuBaor BcrprxlrBaHr{eM. 3areu B KaxAyro
npo6upry Ao6asr.flror nunerrcofi roqHo no 0,5 MJr pacrBopaguseur.rnxap-
6asuga. Bnonr BcrprxHBarcT H Aaror nocrosri 5 unH AJu pa3BHTH{
oKpacKH.

IIpu na.nu.ruu cnerrpoQoroMerpa MoxHo rl3Mepr.rrb onrr,rqecrq o rlrcn-
HOCTr 3TaJrOHHbrX paCTBopoB HaArrrHe BoJrHbr 540 nu H nocrponTb fpaAylr-
poBorrHylo KpHBylo. OAnaxo onpeAeJraTb coAepxaHue xpoMa MoxHo r,r BH-
3yuurbHbrM cpaBHeHHeM OKpaCKH HCCreAyeMOro pacrBopa c 3TaJroHHbrMH.
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BrrnorHss auana3, yqauruecf, floMerqaror n npo6upxy l0 un nccle-
rtycMoro o6pasrla BoAbr, Ao6aer.rror 12 ranem 3M pacreopa cepuofi
rorcJrorbr, 0,5 ul pacrBopa ga$enr.rlxap6asula (nunerrofi) H Aalor no-
e loqrb 5 uuu Ars pa3BHTHc oKpacKH. Co4epxaHr{r xpoMa e o6r,tqHofi
roAorrpoBoAnofi ao4e HeAocraroqHo AJrfl o6napyxeunfl AaHHbrM Mero-
.rloM, nogToMy B Kaa{ecrBe r.rccneAyeMbrx o6pasqoe BoAbr ytla[luMc,
rpeAnararor HcKyccrBeHHo 3arpfl3HeHHyro BoAy c 3apaHee ussecrHofi
r( ) r r rleHTpau uei,t Cr6* . 3areu HHTeHcr{B Ho crb oKpacKH pacrBopa cpaBH H-
rrluor Ha Dra3 c 3TrrJroHHsrMH pacrBopaMu (Nr 0, 1,2,3,4,5)v onpeAeJrr-
ro'r [praMepHoe coAepxaHHe xpoMa.

Memodurca ueilmpatusaquu 3azpn3Humern. B pa6ore npeAyc-
Mo]'peHo 3HaKoMcTBo yqaulHxc, c AByMq npoMbrrxleHHbrMr4 MeTo-
i t a rta u u e fi rp a]llv3 ar]xt4 ilrecT r{ B aJr e HTH o ro xp o M a.

flepaslfi MeroA - pas6arleuHe 3arpfl3HeHHofi eoAsr 4o 4onycruuofi
r()r{rleHTpauuu. Y qaquMcq npeAnaraercfl peruuTb 3aAaqy.,{onycrnrt,
npoMbrrrrJreHHoe npeArrpuflTne ocyruecrBJrrer c6poc 100 r ao4u, sa-
r llrlneHHofi Cr*6, roHqeurparlr.rfl Koroporo 6rula ueuepeHa gKcrrepuMeH-

rirJrbHo r nepnofi qacru pa6oru. Heo6xoAnuo onpeAeJrurs, narofi o6reu
,rrlcrofi BoAbr rrorpe6yerct, qro6ul noHH3HTb KoHrreHTparrr4ro xpoMa Ao
,rtonycrlrMoro ypoBHs (50 nrxr/n ) uero4ornl pas6anleua.a.

Bropofi MeroA - BoccraHoBJreHhe Cr6* s Cr3* . TpexsareHrHsrfi
\poM ropa3Ao MeHee roKcuqeH, ero Ao[ycrraMag KoHrreHTparrra, I rr.rrln.
Vuauluecr Ao6asrsror x o6pasqy HcKyccrBeHHo 3arpr3HeHuofi soAsr
5 xauerr pacrBopa acrcop6uuonofi rcncrorrr (noccraHonurelr), rula-
t'cJrbHo nepeMerxHBarcT pacTBop r.r BHoBb onpeAerqrcT coAepxaHr4e
(lr*6. 3arerra cpaBHriBalor HcxoAHyro r,r KoHeqHyro KoHueHTparrw 3a-
lpfl3HHTeJrs H onpeAeJrfllor sS$ercrHBHocrb Heilrpalusaquu.

C4euapuit detoeoil uzput. Aaalu: o6pasqoB BoAbr Ha coAep)KaHue
xpoMa Mox(Ho BxJrloqhrb n cqeHapufi Aerosofi urpbr c 3KororuqecKHM
coAepxaHueu. OAras H3 Bapr,raHToB TaKoB. B cauenu4eMcraHrrulo ropo-
71a N nocrynaer cr4rHilrr, r-rro oAHo H3 npeAnpurrnfi, pacnoJrox(eHHbrx y
l)eKu, HecaHKrIHoHHpoBanno c6pocuno B peKy croqHbre BoAbr c noBbr-
I rreHHbrM coAepxaHHeM xpoMa. Heo6xoArarr.ro oilpeAenHTb [peArrpHrTHe-
rrapyurrreJm. Cxeua npu6pexuofi reppu'ropru.r c yKa3aHHeM pacnoJlo-
xeHHbrx ua sefi npeAnplurrnfi npularaercr (puc. I 6).

'l-e.{eHrre I
peKr,r

l]aribra-,,4.re I lJo-ponc-a, I

I cxufiuex I I csan*a I

Puc. I 6. Cxeua :apaxeHHoro yqacrKa
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Ar.fl srrnorHeHr{, nocrasreFrHofi 3aAaqu yqaur4ec, KJracca o6pa:y-
roT HecKoJrbKo HccJreAoBaTeJrbcKr4x rpyflIl, KaxAar H3 KoTopbrx ocyqe-
crBJrser sa6op npo6u BoAbI B oAHofi H3 KoHTponbHbIx roqeK l-6 s4or,a
3aporeHHoro yqacrKa (cu. prac. 16) ra onpe4eJl.fler coAepxaHne xpoMa
no orrucaHHofi pauee MeroAr4Ke. (O6pa:urr BoAbr AJu or6opa npo6 sa-
paHee roroBflTcfl yr{HTeneM u BbrcraBJrrrorcq B ruIacce B fipoHyMepo-
BaHHbrx eMKocrrx. Moxuo [peAJroxuTb rarcoft cocraB o6pasqor: ]rs 1

er l\|l 2 - 500 MJr BoAorponognofi BoAbr; Ns 3 - 250 lu crar{AaprHoro
pacrBopa Cr6* H 250 rra.n BoAbr; Ilb 4 - 150 rvrn craHAaprHoro pacrBopa
Cr6* u 350 vl BoAbr; Nq 5 ra Ns 6 - 100 rr,rn craHAaprHoro pacraopa Cr6*

n 400 ur ro.4rr.) 3aren pe3yJrbrarbr auar,n3a HaHocrrcr Ha Kapry H rro

AHHaMr4Ke B6tMbrBaH14' XpOMa O11peAeJIseTCrI npeAfipHqTUe-Hapytxhrenb.

8. LIccl,ne4oBaurre
6rrrogrrx gsrr\ecTB*

I-\er u yve6uoro 3KcnepaMeHTa, paspa6orau Horo ytl HTen, M H xHM H H

rurara Baruu H rro u (CllIA), - HccJreAo BaH LIe roKcr.r qe cKoro Aeitcr nu n

Ha xprBbre opraHu3Mbr 6rtroesrx BeulecrB. flo xoay pa6orsr yqauuecfl
npoBoAflT orrbrrbr HaA 6ecloseouoqHbrMH xlIBorHbrMH - 4arlHuruu, nog-
Bepra, Hx noeAeficrBr4[o iurKoroJrr, HI,IKorr4Ha, xo$e v pflAa neKapcrBeH-
Hbrx [pe[aparoe. Ha6r[oAa, 3a noBeAeHHeM ga$lnuit, yqaunec, onpe-
AeJISIOT CTeneHb TOKCIIT{HOCTH BeU-l,eCTB, HX M}l HHMaJILHyIO TOKCHT{e-

cKyrc KoHrIeHTpaquro Ia xapaKTep roKcuqecKoro AeilcrsHq.
floruunao pa3BHTH, o6qeyue6Hbrx H crequul bHblx (la6o paropuux)

HaBbrKoB AaHHac pa6ora no3Bonrer pacunpHTb Balleororl4qecKne 3Ha-

I{H{ YI{AUIHXCS. B CAITOU AEJIE, BCEM H3BECTHO O6 ONACHOCTH HHKOTI4HA

l.t EIJrKoroJu Alr, 3AopoBbfl rreJloBeKa. H reu He MeHee MnpoBoe nofpe6-
JreHHe ra6axa H aJrKoroJrfl or SToro He cHuxaercs. 3aro Bo3MoxHocrb
yBuAerb cBoHMH ruIa3aMH pe3yJlbrarbr nogAeficrsHr{ grHx BeurecrB Ha

xHBoe cyqecrBo (aasunro) Moxer ocTaHoBHTb s 6yayruerrl or 3noynor-
pe6leHnr aJIKoroJreM L KypeHI4eM. Baxuo H To, tITo B npouecce 3Kcne-
phMeHTa craHoBHTcfl rloHrrHo, qro B onpeAeleugofi Ao3HpoBKe Aaxe
6eerpe4usre BeurecrBa (xo$e, rercapcrna) Moryr 6strs onacHut.

Bunolueuue pa6cnsr He rpe6yer cneuuaJlbHbrx sHaFILIfi rro xHMHH HJI]I

6noloruu, u noroMy LIccJIeAoBaHHe Moxer 6stru npoaeAeHo yqau]HMH-
cq rro6oft noepacruofi rpyrrbr.

Cogepmanze pa6orsr

Onuru npoBoAsrcfl HaA 6ecnosBoHotlHuMh paqKaMH - 4a$unrun,
o6urarouranu s 6orsrxr{HcrBe He[poroqHblx BoAoeMoB. [a$Huil MoxHo
TaK)Ke npuo6pecru ua 6uororsqecKux craHl(Hcx. On:uororuqecKoe
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( rl)()cHr,Ie erux 6ecno3BoHoqHblx tto3BonfleT ua6lro4ars 3a coKpailIeHH-

'rNrrr 
cepAqa, vro oco6euHo BiDI(Ho Anr BbIflBJIeHHfl xapaKTepa 4eficmur

Ir('lr(ccTB Ha OpraHIr3M.
t) pa6ore HccJleAyrcTc.c roKcl,IqHoc'ru xoQe, croJloBoro anHa (Ha-

rl)rrMep, xepeca), AHMeApona, acfivlpnHau xeBareJlbHoro ra6axa' B cu-ny

r(Ilo, qro ga$ur.u - BoAonJlaBalouee xHBorHoe, AJIfl onbIToB HyxHbI
ilc caMll BeqecTBa, a ux pacTBopbl.

Pa6ora BbrnoJlHrercfi B tpyflflax [o qerblpe-nrrb qeJIoBeK. Kax.(aq
ilrroneAyeT TOKCHqHOCTb OAHOTO I43 BeUIeCTB.

flpurorosreHHe pacrBopoB:
I ) xo$e - rpenrufi cBexecBapenurtfi;
2) act:apwn - pacrBopr4'rs ra6lerrcy (500 rr,tr) s 10 Nar BoAbI;

3) arzrvreapon - pacrBopurs 1 rcancyly u 10 MJI BoAbI;

4) crolonoe BpIHo - uepa:6aaleuuoe;
5) xenarelsHstfi ra6arc - cMeularb I r c 10 n-n renlofi BoAbI lI eg6ar-

r r,rBarb Ao rex nop, iloKa pacrBop ue npuo6perer .flHTapHbtfi orreuorc.

flop,r4ox pa6orsr

B nqft npo6upotc, coAepxauux npnMepHo no 10 rr,rn npyAoBofi BoAbI,

ltoMeulzrlor no oAHoil gaQuurz. H: rr,repnofi IIHrIsrK[I B nepBble qerblpe tlpo-
(rHpru Ao6aarqlor oAHH H3 HccJIeAyeMbx pacrBopoB B Kornqecrze 1,2,3 u
.l xanerr coorBercrBeHuo. flsraa npo6npxa rBJlflerc, xourpolrHofi:
rr rrefl 4aSHur, Ha Kcflopyro He oKa3btBastcc so:AeficrBufl, ocrasrcr 3Aopo-

rurfi Ha [porDKeHI{H Bcero 3KcnepIrMeHTa. Eclu sra gaSuu.r yMupae!
IO NOIYI{EHHbIE AAHHbIE CqHTA}OTC'I HEAOCTOBEPHbIMI4.

Kaxaas rpynna yqaqnxc, [ocrorHHo ua6lrcAaer 3a noBeAeHHeM rlo-

/ torrbrrHLrx xhBorHbtx. O.4uH ylaquficr $ur<cr4pyer BHAHMr,le H3MeHeHH.s B

/tnuxeHu;lx 6ecuo:eouoqHoro, ABoe ApyrHx cneA.flT 3a H3MeHeHHeM cep-

i (eqHoro pHTMa H.{BHxeHu,fl xa6ep. Bce pe:ynsrarbt 3arlucblBatorcc qer-

rleprblM yqeHHKoM. O6rtquo xeBareJlbHtrft ra6ar Ature B MzuIbIx Ao3ax
trpr4BoAnT x 6srcrpofi ru6elu ga$rlnn. CrOrlosoe BHHo BHaqiue 3aMe,II.IIfler

cepAevuufi pHTM, a [p]I yBeJII{qeHHH KoHqeHTpauHH Bbl3blBaer cMeprb.

AcnupuH H AnMeApoJI npuBoArr K JleranbHoMy HcxoAy roJIbKo s 6orsmpx
Jto3ax. Ko$e auurs ycKop,Ier cepAeuurtft pHrM, He rpHBoAfl K cMepru.

O6cyxcgeru{e pesyJrBTaroB

Baxueilurefi pmBuBarcurefi qacrr,ro pa6orst flBr,sercs o6cyx4,eHne
rroJryqeHHblx 3KcrIepHMeHTiuItHo pe3yJlbraroB. Moxso ttpoBecrl{ ero

u f,oprrle Auclriyccvtu.
B o n p o c l. Vmo narflenxctt aKmuGHbtM KotvnoHeltmou e xactcdott

us uccnedyeubu seulecms? flo cyru acnupnH, AI4MeApon, roQe, crolo-
3Oe BHHO 14 )KeBaTeJlbustfi ra6arc flBIctOTcfl He LIHAHBHAy1UIbH6IMI,I BeUIe-

crBaMH, a cMecqMH. Jlornqso fipeA[ono)Khrb, qro B cocraB grux cuecefi



BxoAHT HeKHft aKTHBHbril KoM[oHeH! Koropbrft H BJrHrrer Ha Aa+Hfiro.
O6u.{Ho npuHfro crlurarb aKTHBHI,IMI,I KoMnoHeIITaMH Te BetuecrBa,
Koropr,re yKa3aHbr s ra6n. 4.

Tadtuqa 4
Ar:runnrre KoMrroneuTbr BelqecrB

Ho cyuec'rByer Bepotruocrb roro, qro paqKu Boc[plruMr{HBbr
K KaKHM-To ApyruM ToKcLIrrHbtM KoMnoHeHTaM. Arq npoBepKu gToro
rrpeAflonox(eHHc MoxHo npeAJroxHTr xaxAoft rpytrrre npoBecru KoHT-
polrurrfi gKclepHMeHT, B3cB HccJreAyeMoe BeulecrBo 6eg axrusHoro
KoMrroHeHTa (uanpurraep, 6esalroroirbHoe nuno, xo$e 6es rcoQeuua, ra-
6ax c nonltxeHHbtM coAepxaHneM HHKorr,{Ha). Eclu arcTusHrrfi KoMno-
HeHT, yKa3aHHrtfi s ra6l. 4, B caMoM Aere roKcurleH, To cMecb, JIIIttIeH-
Haq ero, ne sosAeficrryer nary6uo Ha 4aSHnro.

B o n p o c 2. Ifoveny oduu eettlecmza moKcltunee dpyzux? 3ro
Mo)Ker 6snr o6r.scHeHo c AByx rro3nuufi: lu6o axrhsHurfi KoMloHeHT
coAepxuTcr s ssrcorcoft KoHrreHTparruw, r.u6o 3To BeqecrBo cHJrbHo-
geficreyrollee, T. e. ofiacHo 4lr gaQunn Aor(e B valofi 4ose.

B ra6.rr. 4 yrca:aua KoHrreHTpaurq aKTHBHoro KoMnoHeHra n npo6r,rp-
Ke, KyAa 6u,ra nouerqeHa Jrlrurb oAHa Kaflrq recrupyeMoro Beu{ecrBa.
Eclu ueo6xo4HMo o[peAeJruTb KoHrreHTparlaro B Apyrfix npo6rprax, go-
craroi{Ho yMHoxHTb qllcro KaneJIb Ha 3HaqeHHe, yKa3aHHoe s ra6r. 4
AJtr AaHHoro BerlecrBa. Hcuolr:yr ra6luqurre AaHHbre, yqaquec, pac-
cr{r,rrbrBaror MuHumalbHytu moKcuqecKyn KoHqeHmpaqun (MTR),
T. e. MHHUMaIbHOe KOIHqeCTBO aKTI4BHO|O KOMnOHeHTa B paCTBOpe, npu
KoropoM .qa$urar noru6aer. Peaylmaru pactteroB npeAcraBJrsrorcrr
B BhAe AHarpaMMbr, o6o6u1arourefi pa6ory Bcex rpyrr (puc. 17).
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I{cc.neqyeruoe
BEIIIECTBO

Arrgsxsrfi
KOMNOHCHT

Co.qepxaure
AKTUBHOTO

KOMNOHCHTA
B lrccJreAyeMoM

BEUICCTBC

Kouqeurpa-
qun r nepnoil

npo6rpre,
l,zrlmt

LDrna.nr
rcprrc, r/rr

xllsoil
Maccl't

AcnupaH Aueruacarrurro-
BAf KHCJIOTA

500 vr/
ra6lerxa 0.25 1,5

.(uMegpon

,{Huetularr.tnuo-
3rr.rJroBoro a$apa
oeH30rr{Apona
u.rApoxJropH.q

50 r'lr/
Ta6aerxa 0,03 0,5

Xerarels-
Hu[ ra6ax Huxorun 3 vac.o/o 0,01 0,23

Korle Ko$enH
106 ur
s 100-N.{r
vaurxe xor[e

0,005 0,l3

Crorosoe
nHno (xepec) 3raHor l7 o6. oh 0,7 10,6

Ae rrupun

/[ruelpon

tr
)l(cumemnrtfi ra6ar

0.0

( r oiroBoe BHHo

1,0

Kouuernpa(nn aKruBHoro xounortes, a, ur/nn

Puc. I 7..(uarpaurrla MUHI,IMtIJIbHrIx roxcI'IqecKrx
KoHueHrpauufi 4nx 4aQuufi

I4s 4uarpauMbr BLIAHo, qro HccJIeAyeMbIe BelqecrBa no Bo3pacra-
ilnlo roKcHr{HocrH pacnoJlararorc, B cneAy}oqeM [oprAKe: 3TaHoJl, aqe-
'I'HJICttiIHr-lHJrOBaf KHCJTOTa, AHMeApOJI, HHKOTITH. KOrfeUH He TOKCHqeH AJIfl

/ta$Hr,Ir{ Aaxe B 6o.nrruux KoHueHTpauHflx.
B o n p o c 3. Moacuo xu ymlepilcdamr,, qmo moKcuttuarc dnn dafi-

ttuu 6eulecm6a nloKcu\Hat u dnn qenoaerca?

,{lr orrera Ha 3Tor Bonpoc seo6xoAurrao yqecrb 4sa $ama:
rro-flepBbrx, ga$uut n]IaBaer B pacrBope HccneAyeMor-o BeulecrBa, a

cneAoBareJIbHo, conpHKacaerc, c uHNl ecefi noBepxHocTbto cBoero TeJIa,
'torAa KaK B opraHa3M seJIoBeKa oHo [Iocrynaer qepe3 por HnIl qepe3

xoxnsrfi noKpoB. Bo-rroprtx, gKcnepHMeHT HaA paqKaMa KparKoBpeMeH-
rrslfi, a 3Haqu! HcKJrIoqeHa Bo3MoxHocrb pa3BltrHfl 6ole:uefi, cBfl3aH-

l rbrx c AJrHTeJrbHbru ynorpe6neHlleM TecrupyeMoro BelqecrBa.
IlpHHarrrar Bo BHHMaHHe, uro SusuororHqecKoe crpoeHl,Ie ga$auuu

qeIOBeKa pa3JII{r{HbI, MOXHO JIHIIIb npeA[OJIaraTb, r{TO TOKCLIT{HLIe AJIfl

la$snpr setqecrBa oKDKyrc, ToKcItt{HbIMH L4 Nrs. uac. flogroMy HHTe-

pecHo conocTaBHTb 3KcnepHMeHTiuIbHO noryr{eHHble pe3yJlbTaTbl AJL
laOnnfi c AaHHbTMH o roKcHr{HocrH Tex xe BeurecrB A.[q 6oree 6rug-
Kr.{x K qeJroBeKy MJIeKOnHTaiOITIHX, HanpHMep Xpuc. oqeuHTL ToKcHq-
ilocTb MoxHo no BeJruqHHe, yKiBaHHofi e ra6r. 4,LDso- Ao3e roKcHq-
rroro BexrecrBa, JIeraJIbHofi Arr 50 o% o6rqero qHcJIa Kpbtc, ttoABeprHy-
rbrx ero Bo3AeficTBHto. crarucrnKa IeTiIJIbHocrI,I OnpeAeJIfieTCfl CI]ycT'
r{eAeJrro nocJre BBeAeHuf roKcHt{Horo BeulecrBa. Jlera,rsua, Ao3a
(LD'J [oKa3brBaer, HacKoJrbKo c].rJlbHoAeilcrBytoul'IM rBJlflerc, Beu{e-
CTBO: qeM HH)Ke AO3a, TeM TOKCI,IqHee BeIUecrBo.

OcHosrrnaqcr sa'ra6llrqHbrx 3HaqeHurx JleriulsHofi aogst AJIfl Mne-
KOTIHTaIOqUX, yqa[IHeCC MOryr pacnonoxHTb HcrlblryeMble BetuecTBa

rro Bo3pacraHuro LDro B cneAyrcuIHfipta: xo$euu, HHKoTHH, AhMeApon,
auerHJrcurJIHIIHroBas KucJlora, graHoJI. flocrolsrcy B onblTe c ga$uneft
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Qurcnpyercs aHarloruqHa-rr aKTaBHocrb BerqecrB, To flcHo, qro Bce Hc-
nblTyeMbre BeurecrBa Aeficrnyror Ha MJreKonHTarour[x n ua 4aSnnfi o4u-
HaKoBo. EAuucrseuHoe pacxoxAeHue Ha6lroAaercfl AJrr rco$euua, xoro-
pstfi ueuee roKcur{eH ptt ga$nnu, qeM AJr.r MJreKonuTamrqux.

3axaHqusa, o6cyx<,4euue pe3ynbraroB pa6orsl, cJreAyer eqe pa3 Ha-
noMHHTb yqaquMcfl o6 onacuocru yuorpe6.neHufl cunbHoAeficrnyroulnx
rpenaparoB n o co6lroAeHuH yMepeHHocrn n ynorpe6leHuu gaxe 6eso-
6ulnsx ua nepoufi BrJrrA BerrlecrB. fl or JreKapcrBa orJrnqaer roJrbno

Ao3a, roBopan eue s XVI B. BbrAaloulr4ficc ecrecrsoucrrbrrareJrb l.r Bparr
flapaqenuc.

Clrrrres orrrfiea.[[qrrJrara rrg acrrnprrxar
Cu Hres 3TlrncirJr lrunla'ra (sruloaoro eQupa ciurnrlHJroBo il xllcro-

rsl) us ra6rerox acnuprua-TH[oBa, na6oparopHar pa6ora, rpeAira-
raeMa, craprxexJraccHnKaM H cryAeHTaM KorJreAxefi CIIIA rrpu H3y-
LIeHlrn Kypca opraHHqecKofi xr.luun. BnnorH.gq ery pa6ory, yqauluecf,
3HaKoMsrcs Ha npaKTr.rKe c MHorocraAnfiHsru opraHuqecKuM cHHTe-
3oM, peaKrlnfl M H ruAponr,r3a H sre pH$r,rxaquu.

Me'ro4urca, paspa6oranHafl B yHV Bepcurere ,{perccera (Or,rna4ers-

Sur, urrar fleHcHnusaur.rr, CIIJA), no3 BoJrrer o6ofirucs npocreiluruu
ra6oparopnuu o6opyAoBaHHeM n 6uronuuH xuMuKarauu. Becr cuu-
rea (erclrovas onepauur.r BbrAeJreHH, n orrHcrKlr) saHunaaer 34 axale-
Mr{qecKnx qaca v Moxer 6rtm ssruoJrHeH B HecKoJrbro granoB.

P ear<muoat : acrlrpr.rH (n ra6lerrcax), coraHar KprcJlora (2l%o-uan),
3TaHoJr (100%-uufi), 6opuar KucJrora, rr{ApoKc}rA ladtpLrfl,, cyrrSar rraar-

Hr,rr (6e:nognslfi).

flop,r4on pa6orsr

3 r a u 1. Ilrgpo.rrr,rs ACIC (aqerrucaJrrrqrrJroBofi rczc.norrr) (pzc. 18)

,fur nrrnolHeHu, pa6oru ryr{ue 6parr acrupnH poccuficxoro
npou3BoAcrBa, rrocKoJrbKy HMfloprHsrfi acnapuH rroMHMo aKTHBHoro KoM-

noHeHTa coAepxnT pa3Hbre HanoJrHr,rreJrr,r (rpaxrr.ral, KJrersarKy H Ap.).
o
il
c roH

ococrL
a

HCI
+

o
il

"t o"
OH

o
lt

c4AoH

B

Puc. 18. fi.r4ponn: ACK: a - aqerlrJrcrurrrluJroBar,
6- cannuunoBafl, 6 - yKcycHafl KucJrorbr

e(
o
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l 0 r aUerulcarHuH.flosofi KLrcJrorbt (20 ra6nerox no 0,5 r rpeABapHTenb-

l() n,iMeJtbtlrts) n 100 un2Uo/o-ttOit colqHoil KHcJIoTbI [oMecTHTb B Ko-

l u r l c c Kyro 2 5 0-rvr r.rlnr.u HTpoByrO xon6y. YcrauOstmr ron6y H a SIeKTpo-

ril;1t,t.KrH HarpeBaTb 30 rr.lr.rH npra 5G-60 oc (He nulue), nepuoAl4qecKll

rre l psxr,tBa, AJI.I nepeMeurHBaHHt coAepxHMoro. OrcouqauHe npoqecca

rlrrrxcupyercr no norBJreHurc 3alaxa yKcyca H 3arycreHHrc cueca' flpo-
rt()Jl)r(aTb HarpeBaHr4e eure l0 MuH,3aTeM Currr rol6y c nJIltTKH. flocle
(lxJlaxAeHlrs Ao6asnrs 100 rtu xono4uofi BoAbI H otSrurrponarb cMecb'

( )c,t.aBurgeqr n Sr,rlppe KpHCTaJInbI caIHIIttJIOsOfi xt'ICIorbI npOMbITb

lccKoJrbKHMH nOpUpIrML xo.nOAsofi BoAbI rro 10 rvrl gls yAiI;1eHI'L cneAoB

vricycHofi KHCJIOTbT H BbrcyrxHTb. (IIpa Hiurr'rrrHH B BOAOIIpOBOAHOfi sOAe

1()trOB XeJIe3a BO3MOxHO IIOTBIeHHe $uOle'rOrOrO OKpaIlItBaHH'I

ItcJ I eACTBLIe O6pa:OnaH Uf, KoM11JIeKCHOIO COeAIIHeHI'Ifl C CaI HIIHI1O SOil

xucnorofi.)

gra,rr 2 . crcrneeurmca,rulrryurara II3 caJms4IIOBOfi ItEqIIOTbI

rr erarroJra (Puc. 19)

o
ll

A/-\ou -q
\-\ + HocH,cH, -OH

o
il
C.'ocHrcHr+H2O

OH

a60

truc. l9.CHHres grurc atut\*tnara(e) u: caluUulosofi Kl'Icrotrl (a) u araHona (6)

floayveuuylo Ha nepBoM 3Tane caJIHIl[noByIo

Krrcnory (G7 r) noMecrlrrb e 25O-IvIHrrHJIHrpoByIo

KoHur{ecKy}o rcon6y, Ao6asu'rr 12 un 3THJIoBoro

crr.rpra (100 %), 0,5 r 6opHofi KHcJIorbI (6olee,qoc-
'rynHslfi KarzlJlu3arop, qeM cepHafl ruclora) H 4Ba-
l'pr.r KycotlKa [eM3bI Anfl paBHOMepHoro KI'IneHa.f'

3arcpstrr xon6y o6parHur*l XoJIoAI'IJIrHHKoM, B Ka-

LrecrBe Koroporo MoxHo Hcnollb3oBars o6rt'*ryrc
ur{poKyrc npo6r,rpry, 3anoJIHeHHyIo KycoqKaM}I JIbAa

H BcraBneHHylo B ropJloBHny nol6ul (pnc' 20). IIpo-
6Npxa 3aKpe[Jl.flercs cKorqeM TaK, qro6bl B Mec-

Te coeAHHeHHf, OCTaJTHCb HenJroTHOcrH AJIfl Bblxo-

Aa H3JIr{IuKa rasa. B npoqecce sKcrlnyarauwrrflpw-
6opa cregyer 3aMeHrrb npo6r'rprcn no Mepe raflHvtfl

Puc. 2 0. BepruxanrHuil xolto4ulrHrr-npo6Hpra



nbAa. ycraHoBHT6 noI6V Ha gJreKTponnHrKy 14 HarpeBarb rrpu nocrof,H_
HoM KHneHH h cM ecv. !4r uolHofi erep ra Snrca q vH cuturlltilosofi rcHcrorrr
rpe6yercx oKoJto 6-v, o4uaxo y*" 

"ny"r, rroJrropa qaca Aocruraerc,
BbrxoA nop.flArca 50 %.

I ra u B. Otryzcrxa r{ BbrAeJreHzre esrapa

flocle oxnarKneHilq fl,epennTb [onyqeHHyro cMecb n 6olsruyrc npo_
6upxy, Ao6asuru 10 nal.2M pacrBopa ir4pon"r4u Harpvs(ll.a uefirpa-
JrH3aqHH Kara[H3aropa) ra 4arr cMec, orcrorrbcr. dsrp co6upaercx
Ha AHe npo6uprcr-r (nrorHocrs l,r r/nal). orqer,ro 

".o MoxHo
c rroMourbro Aen,TeJrbHofi eopouxz rn60 0rcocau nepxHufi caofi nnner-
xofi uau mnpHueM. Brrcyruuru s$np 6esso4r",* 

"yri6*oila 
MarHu.f,. Hs_

MepHB O6r,eu [o,rD.qeHHoro STHJrCanHr{ turaTa v 3HAflero nJIOTHOCTb, MoxHo
npelnoxnTb yqaulHMc, Bbrr{HcJrHrb Aonro BbrxoAa npolyKTa. O6rr.{Ho
trs l0 r acfiupr.rHa yAaercs noryq,Tb oKoJro 3 r,u srnlcarrurrura. o6ru_
Aaroueto npHrTHbrM apoMaToM rpyuaHKr.r.

Orccrparcqrrff rco+elltra rrg qafirrrrx JrrrcrleB*
THn osas r a6oparopu at p a6or a, npeAJrarae M aq cryAeHTaM HexHM H_qCCKHX ,.O,,,IEAXEfi CIIIA ,,PH O3HAKOMJIEHHH C COCTABOM TIPHPOAH.IX

,,pory]croB, paccq,TaHa Ha rpH aKaAeM,qecKux qaca, He rpe6yer cJrox-
uoro o6opyAo BaHHq H [o3BoJr.rr er noryr{t4Tb xpacu e u fi np, 

"i-irrecru fi
rcoSeuu.

Cyulu o c m o nre nt o d a. 3rcrpa rqar rcoQeuHa AuxrropMeranoru ([XM)
c nocJr eAyro ur'r M u cnapeH,eM pacrB op HTe:rr . flpr.r u cnoJr b30Ba HHh qrt c -roro IXM BbrxoA [poAyKTa oqeHb MaJr, TaK rcax caa6oureroquofi noceoeil npupoAe r<oSenH o6pasyer c 4y6r.urHuMH Kuc;rorarua (rauuHa_
iu r'r) rpy4 Hop acrBopu Mylo_con r. Jlyvu,rfi pesyn urar il onyq aerc,,pu H c -
noJrb3oBaHHH cMecu AXM n pacrBopa eAKoro Harpa, cnoco6crnyrcuero
raAponr,r3y yxa:aH uofi con u.

_ . Ilorylorc pa1ontu.2 r .{afiHslx JrHcrbeB (naxerurc ropqproHHor-o rla.,r
Lipton Yellow Label) [oMecr,rb s 50-N{r.uur,rr]rpoByro KoH,qecKyro rcon6y,
Ao6asurs 15 ur lXM u 5 vr 0,5M pacrnopa i\aOH. 3axprns'npo6rofi
H xoporxo (7 r'ruu) pa3Meurarb lrarsaruofi naeurarxofi (200 06/rrln,). or-
AeJrHrb cloft IXM BcacbrBarouluu $ulrrpoBaHueM vepee 3 . u6"op-
6eura L{erur 545. JIHcrrs npoMbrrb i5 w [XM. Becr axM 

" 
pu"rro-

peHH brM, Betue crBaM H nepe H e crr.t a 5 0_ N.{ rzrn a Merpo By}o KpymoAo H Hyro
xon6y u ynap,Barb Ha BoArHofi 6aue (npu 25-30 ;c) 

oo .ffi.o o.r*nu
[pH Bpar{eHuz ro16rr. flo.nyveuusre HeoqruleHHbre KpHcTZUrJrbr HMercT
KopHqHeBaTyro oKpacKy.

* Journal of chemicar Education. r996. i\e 6. p. 556-557; Ns r2.p. u72.
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O.rH[Iarcr ro$er.ru B cJreAyroueil nocreAosare;rbHocrrl. K nolyveH-
rrtruy rcoSenr"ry Ao6anHrb ABe noprruu no 0,5 MJI cMecu reKcaHa u Akrsrvt-
r()rloro s$r.rpa (coorHorreHlre 1 :1). EonsrunHcrBo nplrveceii pacTBopr,rMo
rlr'rofi cMecu, a xoQeun - Her. C,'rofi pacrnopuTen,{ c nprzMecrMu orco-
uiu'b nnnerKoit u y4wmrb B cocyA Ans orxoAos. OquureHHufi rcorlerau
rMcer 3enenoBaryro oKpacKy. ,{lr 6onee nornofi oqr{crKH pacrBopnTb
xorlreuu s I N.rr IXM a pacrBop orQulrrpooars n npo6npry. Kon6y npo-
r\r,rrb AByMrr [oprIHqMH no 0,5 rtu,{XM u o'r$unrrpoBarb B Ty xe npo-
uuprcy. YAalHrr pacrBopl{TeJrb Ha sogRuofi 6aue (60 "C, asrrrxHofi
rrrxa$). Cyxofi ocraroK pacrBopr{rb B KHnflureM rporaHoJre-2 (npuuepuo
0,8 rvu), pacrBop oxJraAHTb Ao KoMHarHofi reruneparyprr. flo6aouru
0,8 un reKcaHa I,r npoMblTb 1 rr,r,'I cNaecu teKcaHa H AH3THJroBoro sdn-
1ra (l:l). B npo6upKe ocax,(arcTcr 6ecl(settrcre HroJrrqarbre KpHc-
'r'aJrJrbl xo$er.rua. Vz 2 r qailuux JrucrbeB yAaercq H3BJreqb 20-30 rrar
,rHcroro ro$euua.

ModuQuxat4ua uemoda. Yqu'ruleax roKcr,rr{Hocrr IXM (r<aHrlepo-
lcrr), Mrcppefi, XanceH u Xalrn npe&qaralor HcrroJrb3oBarb B KaqecrBe
')Kcrparupyloureno areHra nponauol- 1. floc.re pacrBopeHHa xo$euua s
r poraHoJle- 1 r cuecu 4o6an,rrror lU%o.lr.i,it aoAHrr[ pacrBop NaOH arr
r3BJrer{eH}L TaHHHoB. 3areu cMecr, ocyrua}or 6egsoAurtN,r NarSO, u
ynapuBaror. Iolyueuurrfi xo$eun Aaxe 6e: nocneAyroqefi o.{HcrrcLr
HMeeT KpacHByro xeJrryrc oKpacKy.



O6yuerrue xfiMrrrr MeroEoM aua.rrorfift

B srofi mare co6paH yHHKiurbHrrfi ueroAuqecrcufi MarepuaJr, AeMoH-
crpupyrcqufi, rcaK MoxHo rrpocro r{ AoxoAquBo, HcnoJrb3y, MeroA aHa-
lorufi , o6rscuurs cJroxHbre xHM 14 qecKlre noHqrnf, .

Asalorun oco6enso s$Sercrrannbr [pH n3yqeHnn Tex pa3.qeJroB Kyp-
ca xLrMHH, Koropbre He Moryr 6urs npoHlJrrocrprrpoBaHbr 3KcnepHMeH-
TaMll, Lt rpe6yror pa3BuToro a6crparrHoro MbrrrrJreHn.fl. B srzx cnyqarx
aH:ulornu - eAraHcrBeuurrfi cnoco6 cAelarr yue6uufi MarepuurJr Ao-
crynHbrM Anq o[peAeJreHHbrx xareropafi yqaxluxcfl. Huxe [pHBeAeHbr
npnMepbr LrcrroJrb3oBaHnfl aHuuloruft ug onrrra pa6orrr yuurelefi xlrMHH
CIIIA u KasaArr.

Orrrorrreurrff MerrcAy JrrogbMrr
rcalc MoAeJrB eoeTo,firrrrff BerrIecTBa*

Beurecrsa B TBepAoM, xr.rAKoM n raaoo6pa:HoM arperarHbrx cocro-
flHtrflx orJrurralorc, no cBoeMy noBeAeHflro. TaepAsre BeulecrBa v)KLIA-
Kocru HecxHMaeMbr, xlrAKocrn H rur3br reKyqr,r, TBepAbre rela o6laAa-
ror $oprraoft ur.a. fipt noHnMaHHq 3Tr,rx pa3n]rqprfi seo6xoAzMo rrpeAcra-
rurs cy6uuKpocKonr4qecKoe crpoeHae BeqecrBa B pa3Hbrx arpetarHbrx
cocTosHlrrx. 3ro rraoxHo cAenaTb c floMoulbro prrAa aHilJrornfi, ynogo-
6ua crpoeuue BerrlecrBa HeKoropbrM ckfiyalrytsM B orHorrreHlr.,{x MexAy
nloAbMpt. lnr npocrorsr 6ygerr.l cHaqirJra paccMarpuBarb roJrbKo Beule-
cTBa MoJreKynqpHoro cTpoeHHfl .

a) Aprueficrcaa ErrcrlnrrJrrura (rnep4ue aeulectna,)

Ilpe4craeuu ce6e crpofi conAar (puc.21), B KCropoM 3a Kor(AbrM aoJr-

AaroM 3aKpermeHo rrocrorHHoe Mecro. 3ro vecro conAar o6.ssaH coxpa-
Hrrb lI npn nocrpoeHnu, fl npu ABloKeHrlH. Car{oeorbHoe nepeMeuleHr{e BH},T-

pH crpofl 3anpeulaerc.f,, Bo3MoxHo roJrbKo ABDKeHue scefi xoroHHofi. Ana-
JIOTIIqHO yCTpOeHbr TBepAbre BeUIeCTBa, ITMeTOUIHe Kp[CTalIHLreCKyrO
peurerKy. Molexyrur B Hr,rx 3aHnMaror qerKo ycraHoBJreHHbre Mecra B y3-
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Puc. 21. APrtaeficxax Al'rcuI,ttrnlrHa
(analortlr raepAoro arperarHoro cocror Hux):

paccToflHue MexAy Mo.lIeKyJlaMI4 MaJIO; CTpyKTypa xecTKo cBq3aHa;

MOneKyJrbl pacnonoxeHbt ytIopflAoqeHHo; xaoTldqecKoe ABI'lxeH14e

orcyTcrByer

r I ax KpHCTar1;1 H.{e crcOfi peIIeTKI.l, paCCTOfl H H, MexAy MOJISKyJIaMLI MH-

I I H MaJrbH bI, xaoTHl{ecKoe ABHn(eHUe MOne KyJI [paKTHqecKI'I OTCyTCTBy-

c r: OAHurra cJIoBoM, nopqAoK H AlIcuLInnHHa.

6),{pyr$ec$a,fl Beqeprrursa (ucuArcocru)

flpe4craauu cebe
/ tpyxecKylo BerIepHH Ky,

r lpoxoAfl[IyIo B AOBOJIb-

rro recHoM 6aHxernou
rare (puc. 22). Ilpurna-
llreHHbIe ne4yr ce6l
uo-pa3HoMy: KTO-To
'r'aHuyer, KTO-TO XOAHI
r(To-To cnoxoiluo 6e-
ceAyer c Apy3bflMpr.
I{axArril I,I3 flpucyr-
cTBylotuux MoxeT crrHo-

oHTeJIbHo cso6oAHo
nepeMeulaTbcf, Ho B IIe-
JroM .{BI{)I(eHHe O lpaHI,I-
qeHo pa3Meparrau 6au-
r(erHoro sala. Kpoue
'roro, rocrefi AoeorrHo
MHOrO A HaAO BCe

rlpeM, oDlrAbIBaTbcq,

Puc. 22. [pyxecrar BeqePrHKa
(aualorru xnAKoro arperarHoro

cocroruur):
paccTo.f, Hue MexAy MoneKynaMI'I Mrlno; crpyKrypa
o6naAaer reryrlecrr,Io; cretreHL ylrop[.qoqeltHocrll

MeHb[Ie; xaoTl4qecKoe ABI4)I(eHT'le MoIIeKyJr

supaxeuo cla6o
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qro6br He roJrKHyrb Koro-HH6yAb rIoA JroKorb HJrH He HacrynHTb Ha Hory.
PaccraHost(a rroAefi Ha nJrorqaAu 3zlra Bce BpeM, r,r3MeHsercr: KTo-To
orxoAHT x crofire 6apa, xro-ro HaquHaer Hosrrfi TaHeu. Xorc JrroAa sos-
clo pa3BJreKaroTcq, Ho ecJrl,{ nocMoTpeTb Ha 32ur cBepxy, To Bo3HHKHeT
BneqarJreHHe lrx cnoxoilHoro (nepereKaHHfl) rro ttoMelt1enurc. Eclu Ao-
6aears roprqurenbHbrx HarrHTKoB, To, Bo3MoxHo, ABHxeHue crauer 6o-
nee HHTeHcHBHsTM. 3ra xapruua aHarorur{Ha crpoeHuro xuArcocrefi:
B pacrloJroxeHHH MoJreKyJI Het qerrcofi yfloprAorreHHocru, xorfl oHH pac-
noJlararorc, oqeHb 6.flusrco oAHH K ApyrHM, xaornqecKoe ABHxeHHe Mo-
ireKyn ecrb, Ho BbrpaxeHo AoBoJrbHo cla6o. XuArcocru HecxnMaeMbr.
B cauoru AeJre, npeAJroxuTe yqacrHHKaM BeqepHHKH (cu. puc.22)
nepefiru B noMeqeHue, B ABa pa3a MeHblxee, - oHH HaBepHflKa orKa-
xyTcc: u rarc Tecuo!

a) (Dyr6o;rrurcrfi Martr (rasrr)

Ha $yr6onrHoM noJre (puc.23) Aocraror{Ho npocrpaHcrBa AJrr MaHeB-
poB - AJIHHHIrx pbrBKoB, o6no4orc, cJloxHbrx MHotoxoAoBrx rcou6usaqufi.
floee4enue Syr6onncroB aHzurorur{ Ho rroBeAeHnro MoJreKyJr ra3oB : oHH Ao-
BoJrbHo He3aBHcHMo u 6ucrpo [epeMeularorcr, paccrosHus MexAy MoJre-
KyJraMH BeJTHKH, o6ecneqfigac 6olsruyro 4.rruHy cuo6o4uoro npo6era. Eclr,r
KOMaHAa npoHfpbBagr; ee urpoKu, KaK npaBHno, HaqHHatoT ABr4raTbcg xl,l-
see. AHanoruqHo MoJreKyJtbr riBoB ABmrqrrcfl 6rrcrpee npn HarpeBaHur,r.

Heo6xo4auo o6parnrs BHhMaHHe yqauluxcfl Ha orpaHaqeHHocrl>
npeAJroxeHHbrx aHzuroruft. Tax, B TBepAbtx reJrax H xuAKocrrx rrpaKTH-
qecKu Her rrpocrpaHcrBa Mexqy o6pa:yroulr,rMu Lrx qacrrarlaMn, B orJu{-
que or pacnoJroxeHux mo4eft Ha pr.rc. 2l u22. Kponre roro, HeoOxoAHMo
yKa3arl Ha ro, r{To Ha grux p}rcyHrax uao6paxeHbr pa3Hbre Kon[qecrBa
BelqecrBa. B nporuruoM cryqae, yBHAeB, r{To KonHrrecrao lroAefi (r. e.
rr,rOler<yl) MeHfleTCfl OT KapTltHKH K KapTHHKe, yLrarUHeC, MOryT nOAy-
MaTb, rrTo npH nepexoAe BeuIecTBa H3 o,(Horo afperaTHofo cocTorHr.{s
B Apyroe HapyuaeTc, 3aKoH coxpaHeHr,lfl BeuIecTBa.

(aHalorua raroo6pasuoro cocro, HLu oeulecraa):
paccTorHue MexAy MoJreKyJraMH BeanKo; noABr,rxHocTb Monehyn BenHKa;

ynoprAor{eHHocT6 B pacnoJroxeHr.rpr oTcyTcTByeT

Puc. 23. Oyr6olruuft uarv
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r) Tunrr rcprrcraJrJrrrqecrcrrx re.rr
' I'aeparte BeIrIe crBa c KpI,IcTiIJIJII{qecKHMu peuerKaM H pa3H blx r}ttlo B

r\r ( ))r( Ho npeAcTaBHTb cJIeI0/lOqUM H aHaJIOIHTIM H.

[4:necruo, HalpI,IMep, qro y BerlecrB c MoneKyr-flpHblM crpoeHzeM B

\"urax KpltcTamuqecrcofi perxeTKu H€xoAflTC' MOJIeKyJIrI C [pOqHblMH KOBa-

ne rlnHbrMH cBfl3qMra Merrq4y aroMaMlr. B ro xe BpeM, orAeJIbHbIe MoJIeKy-

il,t l]3ar{MocB.maHbr ropa3Ao cna6ee (AHnorb-AH[oJlbHoe, HHA/KUHOHHOe B3a-

r r r'roAeft crnne, BoAopoAHsle cu:lr), qTo AeJIaeT MOJISKyJUIpHS1I XpUCram

r()uoJrbHo HeIIpoqHbM. Moxuo yno4o6u'rs 3Ty crpyKrypy rpynre ceMefi-

rr,rx nap (puc.24). B ra:uofi nape cynpyroB cBr3blBarcr npoqHble y3bl

trparca (no4o6Ho npouHoil cssgu aroMoB BHyrpu rtaolexylrt), a BCrr cnHo[Ie-
llrfl MexAy rrapaMl,I HocflT ropa3Ao 6oree noBepxHocrHltfi xapaxrep: oHI't

r\'t()l)T ApyxHTb ceMbqMlr, HcnbITbBaTL Apyr K Apyry ApyxecKl4e qyBcTBa,

n() AoBoJrbHo cso6oAHo Mor)"r o6ofirucu H Apyr 6es 4pyra.
lopasao 6olee npotIHbIM .lBr.flerc, uosnr,til KpHcr€uIJI, B y3nax pe-

I I torKH KOTOpOTO pacnonox(eHbl pa3HoHMeHHO 3apsxeHHble I4OHbl, yAep-

rr(H Ba€MbIO CHJIaMH 3JIeKrpOCTaTHrlecKolo npuTsxeHHq. YnoAo6HM gTy

c lpyKrypy rpyflI]e paclonoxeHHbx B [IaxMaTHoM I]OpsAKe Myx${HH u xeH-
rrlnu (puc. 25). flycrr l\,tyxq!{HbI cl4MBonu3upytor KarnoHbl, axeHIIIHHbI -
iprHoHbL TorAa xa;x,qrtfi qeJIoBeK oKarlblBaercfl B 3oHe Aeficrsa, o6acHus
( ) l(pyxaloulKx ero flpeAcras l,Irerefi n porH BononoxHoro fIoJ] a, K KoTopbI M

orr (Oua) B cIlJIy 3aKoHa trpltTsxeHHs npoTnBononoxHocreil HcnbITbIBaeT

ilrrTepec. Hu'repec SToT oAHHaKOBO BT,IpZDI(eH BO BCeX HanpaBIIeHHflx, IIo-

cKoJrbKy Ha pHCyHKe - XOJIOCTbIe MyXtII4HbI U He3aMy)KHHe )I(eHLIIIaHbI.
')run u o6tccHgercfl [oBbII]reHHaJI npoqHocrb HoHHoro KpHcranna.

Puc. 24. lpynla cynpyxecxltx rap
(aHarorr.u MoneKyarpHoro xpu cranna)
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Pu c. 2 5. Pouauruqecra, cr,rJra BJIeqeHlrt

(auarorua HoHHoro xpncrarua)

B yslax aroMHofi Kplrcr:urur{ecrofi petuerKn HaxoAflTc, aroMbr, cBr-
3aHH6le npoqHbrMH KoBnneHTHbrMH cBc3flMH B npoTsxeHHyro npocTpaH-
crBeHHylo cerr. B 3ToM cnyqae crpyKTypa ornur{aercx raKuM BHyr-
peHHHM eAHHCTBOM, qTO MOXHO CKa3aTb, qTO BeCb KpHCTrUrn [peACTaB-
n.f,er oAHy MoJrexyny. Beqecrna c raKHM THrroM crpoeHvrr, KaK npaBnJro,
[rtaB.srcs npn 6oree BbrcoKux reMneparypax, qeM HoHHbre coeAr,rHeHur.
flpuiraeprr: rurMa3, KBaprI, rpeuHufi r,l gp. AHanorr4efi aroMHoro Kpr,rcraJr-
ta sBilsercfl ruMHacrrrrrecKiu [HpaMwpa (puc. 26).

KaNgufi rr{MHacr ua uefi cnMBonr{3upyer aroM yrnepoAa, cBc3aH-
uuft ue'rsrpbM, KoBzureHTHbrMn cBr3sMH c coceAHHMH aroMaMH. I{e.no-
crHo crb crpyrcrypbr iloAAepxr,r Baercs H cKrrroq HTeJrbHo 6r aro4apr ycn-
JrHflM KaxAoro H3 ruMHacroe. TarcHr\.{ o6pasou, 3aBucuMocrb rrroAefi Apyr
or Apyra s srofi cHTyarrHH 6olsrue, qeM Ha nrc6ou rc npeAbrAyurHx pH-
cyHKoB (sro u rBJrf,erc, aua.roruefi noBbrrrreHHofi npouuocrr aroMHoro
rpracralla). IlrEpananga (crra. puc. 26) aertloscrpHpyer raK)Ke BsrcoKyro
83 aHMo c Bfl s aHHocrb y3Jro B arouu o fi Kpr,rcrirnJr Hqe crofi peurerKu : cro HT

oAHoMy r{3 rlrMHacros ocna6urs roJrbKo oAHy cBq3Ky, r,r Bc, crpyKrypa
Moxer pyxHyrb. Sror npauep r.rJrJrlocrpr,rpyer BuDl<Hylo oco6ensocrs
BelrlecrB c aroMHbrM crpoeHueM: 6yayuu ryronraBKHMr.r H oqeHb rBep-
AbrMH, OHH B TO )I(e BpeMs OTJil,rqarcTor XpynKOCTbrc.

. fipx rdirJrrocrpaqr,ru crpoeHu, MeraJrJroB B TBepAoM cocro.sHrll,r Hafi-

Aena oco6eHHo 3KcrpaBaraHTHas aHaJrorus. Ipynua Myxqr.rH (pnc.27)
uso6poxaer KarHo Hbr MeraJrJr o B (yan sr MerzurJr H qe c rco fi rpucrarn aqec-
xoft peruerxn). Bce npocrpaHcrBo MexAy HHMH 3anoJrHeHo JreraloquMn
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n,rcraMr, (sro, nouarHo, cro6ogHbre sneKrpoHu). PucyHorc y6e4urelruo
I I J rJr rocTpHpyeT cHJr bt, yAepxr4Baloque oAHoHMeHHo 3apgxeHHbre KaTr,ro-

ilt,r B y3Jrax peureTKh: npH BceM xeJraHHr,r AeBaTbcs HeKyIa - BcloAy
u,rclru!

Puc. 2 6. funHacruqecKa, nupaMr,raa
(aualorur aroMHoro xprlcrarua)

'fufuffi,fufu
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ffi-ffi,ffi-ffi,ffi,
Puc. 27. CPeAa n'{er

(auaronar crpyKrypbr uerarma)
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Asro4poM rcarc MoAeJrB
xrrMrrqeercoro BgarrMogefi ctsrrs

Pr4 noHmufi xuvuqecxofi rcuuerurcr4 MoxHo o6r,rurrr.r,, r{orroJrb-
3yr cJreAyrcrqyro aHaJrof hro.

Vno4o6unr Hercoropuii :anlruyrstfi o6rena, rAe rutcl. xuMnrecKafl
peaKl_lur, aBToApoMy, rro KoropoMy xaoru qec KH ABH)t(yT.c fi a rr nl n o6 ur u_
MOJreKy-IIbr. fllr 6urr.rolexylrpHoil peaKuHH aKTOM s:]aUNttl/lciic'r'B]r, ,rB-
rflercfl croJrKHoBeHue AByX MOJreKyn. qev 6o,rsuc o'r'oJilfltoltu[il.i npo-
HcxoAHT B eAlrHlrrly BpeMeHr.r, renl 6oltrue cKopocrr, poaKrtltil. OpaeHu-
Bag pHc. 28, a u28,6, uerpylrro coo6pa:urb, trro .tcM 6oJrr,ruc Ma[rHH
HaxoAHTCr Ha aBTOApOne (ue*r 6oluue KoHrleHTparlul rnrarrrurr), rerra
6olrrrte BeporrHocrb croJrKHoBenufi uexAy Ht4Mvl. Arra:ror.n.nro npH no-
BLImeHHI'1 KoHIIeHTpallhH pearupyloulHx BeluecrB yBcJrH,lHrlac'r'c, rrHcro
aKToB B3aHMoAeficrsns. T. e. cKopocrb peaKunH.

Braruue ua cKopocrb peaKuul,r eqe oAHoro Qax.ropa - rcMflepa-
Typbr - rerKo yrcHHTb, cpaBHHBa, puc. 29, a u 29,6. Vuc.rr14qeHHe
TeM[IepaTypr,r fioBbruraeT cKOpOCTb ABHXeHHfl MOJteKyJr, (l-[o aHaJ]o_
tLlqHO rroBbrrl]eHHlo cKopocrlr ABHxeHHs asroNto6Hlrcii rra aa'rolpo-
Me. [IoH.qrHo, qro npu 3ToM pacrer qacrora croJrKltoBcltr.rfi, T. e.
cKopocrr, xHMHqecKofi pearquu.

A rcax o6trcuurs, qro He .nrc6ste croJlKHoBet{Hrr r'roJrcKyiI f,BJI,-
rcTcr pe3ynbraruBHbrMu? B xunaaqecroft KHlreruKe trpHilfl1.o roBopHTb
o TaK Ha3r,rBaeMbrx aKTHBHbrx cOyAapeHHflX, B pe3yJlbTal.e KoTopbrx

Puc. 28. Ha:xas KoHueHrpauuq *
BeporrHocrb croJr KHoBeHr{ it mua (a),

6oruulas - se r'wxa (6)

@9-d
;ii1
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Puc. 29. Husxar cNopocrr' (reuneparypa)-
qacrora croJrrnoseHnir rtrana (a), Bbrcoxar - Be nnxa(6)

[poucxoAuT pa3pbrB csrsefi B pearapyroulax qacruuax. EyAeM cqu-
TaTb aKTHBHbIM TaKOe CTOJTKHOBeHHe MaIIHH Ha aBTOApOMe, B pe-
3ynbrare Koroporo qacrb 6amnepa oAHoro asrol.{o6um ocraerc,
ua 6alrnepe Apyroro (pnc. 30). Oveeu4Ho, 3ro Mo)Ker npou3ofirH,

Puc. 30. Ax'rusHoe coyAapeHue

roJrbKo ecil*l cHJlaylapa npeBbrrrraer HeKoropylo I]oporoBy[o BerHqH-
Hy, Koropar 6y4er auarornefi 3HeprHH aKTHBauuH. floH.flrHo raKxe,
qro coyAapeHue Moxer 6rrrr aKTuBHbrM ToJrbKo npu ro6oeoM croJr-
KHoBeHHlr anrouo6urefi. 3ro no3Bonrer o6tgcunrr BrHqHHe Ha cKo-
pocr6 peaKurd[r npocrpaHcrBelrHbrx $arcropon, B qacrHocru opueH-
TaTIHH MOneKyn rrpH cTonKHOBeHHH.

Poercgerure Aerefi
Icarc MoAeJrE pearcqllfi IlepBoro ilop,fiflrca*

,{nr peaxqrafi nepnoro nopflAKa nonyrepHoA peaKrrulr (r. e. npeu.r,
3a Koropoe pacxoAyercc noroBnHa B3rroro seulecraa) sBrrerc, Be-

,rnquHofi nocrosunofi u He 3aBHCHT or HcxoAHoFo KonHLrecTBa Beule-
crna (xouqenrpaqnra). Sror $axr o6r,rqno c rpyAoM BocrpnHHMaerc.fl
yqauruMHcs. 1,1 e caraoN.r AeJre, AoBonbHo rpyAHo [oBepHTb B To, qro
[oJrToHHbr Beu{ecTBa pacxoAyeTc, 3a To x(e BpeM.rr, qTo H [oJIrpaMMa.

,{lr o6rrcueHu, BocloJrb3yeMc, clegyrculeft auaroruefi. Ogua cyn-
pyxecKaq napa cnoco6ua npou:necrrr Ha caer pe6euxa:a 9 uecrqen.



5 nap

I napa

9 uccrrlcrr

+

9 Mecxues

l

Puc. 3 1. Bpeur noflBJreHu, pe6eHKa
He 3aBUCt4T OT KOJII qeCTBa CeMefiHblx nap

Ecnu cynpyxecK[x rtap 6yAer nrrb, To oHH cnoco6lrbr po/tu.r.b nsrb Ae-
Tefi, npHrreM Ar.fl 3Toro r{M [oHaAo6qrcq re )r(e 9 rr,tccrrlcu (puc.3l).
Taxupt o6pa:orr.r, BpeMfl poxAeHH, pe6eHKa s o6cHx cH.r.yarlurx oArr-
HaKOBO Ur OnpeAenseTc.fl rrepr4oAoM 6epeMeHHOCTH, ilO CcJtH CCMefiHbrX
rtap 6orbue, To H Aereft 3a 3To BpeMq poxAaerc, 6o.rrr,rrrc. llogo6uufi
npI,IHIII4II Aeficrayer z B XHMHH Arq peaKur..til nepBoro rropr/(Ka: rtcM 6oJrb-
[Ie B3CTO BeUIeCTBa, TeM 6onbue eto pacxoAyeTcr, ilo BpoM, pacxoAa
He 3aBHCHT OT ITCXOAHOTO KOJrHqeCTBa.

Mo4e"rr eJrercrpounofi rrJrornoerrr
<<Crcuranrrff crytr€rrTar> *

flpegcraueHur o6 3neKTpoHHofi nlornoclH xax rllyrrr<r(Hl.r Bepof,T-
HOCTIT HaXOX(AeHr,Iq 3reKTpoHa o6rrqHo oco6eil ilO't'l)/(r r r,t /ulfl rroHHMa-
Hlas npv Lr3yqeHHH crpoeHufl aroMa. Ogua ur lrail6oJtcc uarJrr/ltrr,rx aHa-
rorafi 3Aecb raKoBa. flpegnaraeM yqaqr.rMcfl npocJtc/fu.t.r, 'la )r(H3Hbro
cryAeHTa, [ocryrruBr.rreto Ha xnMuqecrufi Saxylul o r. (rtl to].o 143 yHr.lBep-
cHTeTOB H noceJrHBtxeroc, B o6ulexurun. Ha s;rxtr(lil,tc ()il 0.rtlpaBJLfl-
ercr Aovofi K poArireJrrM, a B cao6oAHrte or rarlx'r'lrii rtitct,r rre npor{b
3atJlxHyrb s HoqHofi xly6 na .qlrcKoreKy. Hro6piuurrr o6pa: xr,r3Ha
cryAeHTa (puc.32, a), norcaxerra rycrorofi ToqeK rrac.r.o.ly (rrcporlrrocrl)
er-o Haxox,4eHHr B oAHoM tr3 yKa3aHHbrx Mecr. O,rcrrtr/(rro, rraH6orsruaq

I pe6eNor

68

* Journal ofChemical Education. 1994. Ilir 11.P.943 944
69

KoHrreHTpaqufl ToqeK [pl4Aerc, ua o6urexurl4e ?I yHHBepcI]Te! a Hav-
MeHb[ra, - Ha yqacrKrl ilyr2t, BeAyulue oT oAHolo o6lexra K ApyroMy.
Tenepr y[pocrHM cl4ryaunlo eqe 6oJIblxe, AonycruB, rtro cryAeHTa HH-
qero B )KH3HH He l{HTepecyer, KpoMe yqe6bl. B grom cnyqae Bc,I ero

AesTeJrbHocrb KoHueHTpHpyercfl BoKpyl AByx o6beIOoB * yHI',IBepohre-

Ta r{ o6ulexvrvtfr c BblHyxqqeHHofi, Ho MHHHMzLIIbHofi sarparofi xu3HeH-
Hbrx cHJr Ha rpaHcnopr (puc. 32,6).3ra rcapruHa 6yaer 6lugrcofi aHaJIo-

rHefi pacnpeAeJreHurc 3neK'rpoHHofi nloruocru Hap-op6HTanll, rAe sJIeK-

TpoHHoe o6laxo cryuraercfl B .II,Byx o6racrqx H cxoAHT Ha Her
B npocTpaHcTBe MexAy HI4MH.

Ecru renepb npeAnonoxurb, qro o6urexurue HaxoAHTcq p.lAoM c
yHHBepcureroM, To cxeMa, u:o6pax<aroulafl nepeMelqeHHfl cTyAeHTa-

ByHAepKuHAa, 6yAer ana,roruefi pacnpeAeneHuq 3neKrpoHHoil nJIorHo-

cru Ha s-op6uraln (r npoenqua Ha nlocrcocrl).

,":tf i'! <- YHnsePc,'rrer

aaaa aaa

a

<- O6qexurue

a

a
O1

t
Aot"t

a
aa <- Hovnofi ray6

,'isti!'.t * vtrraePcurer
- iirl'

, '":i"!'i 
* o6ureNnure

Puc. 3 2. Ileperueqeuua 6e:ala6epuoro (a)
rr rrprrJrexHoro (6) cry4enron



Moge"rr MelrcMo.nercyJrff pnoro B garruogoli c rnua
<ICynarrue B Banrre>>*

oAsrrtr r'r3 Br.rAoB MexMoJreKyJrqpHoro rpHTc)Kcr r l r [,rr.r,rc.r.c, A'rc-
[epcHoHHOe S:aanro4efcrnae (,roH40HoBCKHe Cr.lrr,r) BCJrc/lc: r rilrc rplyr-
ryatlwia gJreKTpoHHoft nloruocra B MoneKyJr ax. ltn o6.r,ur.:trcrrrur rrpHpo_
Abr 3Toto asaunao4eilcrBu, Bocnonb3yeMcf, cle/tyrorrlcii lrruroruefi.
Bceu 4oaogHJrocb npuHHMarb BaHHy, H rroroMy ,c'r'l)y/(r() lrcr()MHHTb,
riro BoAa e uefi pegxo 6rreaer cuoxofiHofi. Jfto6oc /lrlil)r(cilrrc ilpHrloAHT
K TOMy, qro c oAHoro Kpa, ua 4pyrofi HaKarbrBael'cH rr()Jilrir. rlpcMeHHo
floBblrua]otIrafl Ha HeM ypoBeHb BOAr,r. 3arena lrillililrirc.r.c,l 06parnoe
ABHXeHHe' B cpe4uev ypoBeHb BOAbr B sanHofi ilc,l,illrcilur H o/IHHaKOB
no scefi ee ArHHe. O4Harco n xaxAulfi xoHrcper,r,lii M()r\tc,r.ypoBeHr,
BoAbr Ha oAHoM r,I3 KoHrIoB BaHHbr 6oluue, r{eM ua /(pyrr)M, r}cJteAcrBue
ecrecrBeHHofo BO3MyrqeHH{ BOAbr. flpe4craeuut rt.tl) trilil ilil Ha[oJrHe-
Ha nerofi (3JreKTpoHHOfi XA4XOCrbto) - aHzu]oro M ) r c K'r.l)or r r r o i;i rrlorHo-
crl'r B AByxaroruuofi MoJreKyJre. Ha Aue BaHIrr,t paclt()Jrilr.arol.cs flApa
o6oplx cBg3aHHblx aroMoB, Mo,reryla HefloJ]gplra. ')rrl tl.rrra,rae! LITo

B CTaTILIOHapHOM COCTOrHr4n 3JreKTpOHr{afl X(HAKOCTb pacnpeAeJreHa IIO

AJTHHe BaHHbr paBHoMepHo, ypoBeHb Be3Ae oAuHarcos. Ho renepb 6yger
froHfTHo, r{To BcJreAcTBHe ecTecTBeHHor-o Bo3MyuleHr4r slexrpoHnofi
xHAKocrH 6yayr npolrcxoAnTb flepnoAHrrecKHe rcore6auHr, To noBbrura-
roruue, To noHuxarolrlue ee ypoBeHL Ha Kpa.flx BaHHbr. B peaylrrare s
HerroJrrpHofi uonercyre 6yayr Bo3Hr.rKarb MrHoBeHHbre [oJrrcca
(prac. 33, a). flocrannM'renepb ABe raKue BaHHbr prAoM (r. e.4se Hero-
JIrpHbre uoleryrsr). BpenaeHHoe rroHaxeHue ypoBH, )r(HAKoc'rrz Ha oA-
HoM KoHIIe uepnoft BaHHbr rrpuBeAer K ToMy, qro o6saxuBrrreecfl .rrApo
HaqHer cHJIbHee npr4TflruBarb (3neKTpoHHylo xu4Kocrb) Bo eropofi eau-
He, Br,r3brBas u s Heir xo:re6auuq ypoBHr[ (puc. 33, 6). B cr,eayroulee
MrHOBeHr,Ie Har{HeTCq OTKaTHOe ABHXeHHe XT,TAKOCTH, T. e. [OIqpHOCTb
MOneKyJr rroMeH.8eTcf,, Ho npHTqxeHHe MexAy HHMH coxpaHI1.TC'
(puc. 33, c). Onucauuafl MoAenb ,rB;rrercfi auiuoroM AucnepcnoHHoro
ssarN{oAefi crB H,r Mex(Ay HenoJrfl pH r,r M H MoneKynaMu.

Moxuo cAenarb eule HecKonbKo noJre3Hr,rx Ha6nroAenzfi. Hanpruep,
noHsrHo, trro [epenaAbr ypoBH, BoAbr B Bar{He reM 6o,rsrue, qeM ArilHHee
BaHHa u qeu 6o-nurue Macca BoAbr B uefi, nocxo,rbKy H To H Apyroe yBe rv.uv-
Baer cHny BoJrHbr. AuaroruqHo AucnepcnoHHoe B3auMo,(eficrnue rena culs-
Hee, rIeM 6orrue qacrutlHbre 3apllAbr Ha MfHoBeHHbrx no.nrocax, T. e. qeM

AIHHHee MoreKyJra n qenr 6orsrue 3neKTpoHoB B cBrr3aHHbrx aroMax.

Moge;nr xrrMrrqecrcoro paBuoBecrrs
<Cyrrepnraprcer)>*

B reue <O6parurvrsre peaKquu)) yquTenb pacflonaraer oqeHr, orpa-
HHqeHHbTMH cpeAcrBaMH HarrrqAHocrrz. Oco6eHuo rpyAHo o6r,.rcHHrr
AHHaMuqecxuil xaparcrep xHM r.{qecKoro paBHoBecur. Bocnorr:yeMc{ AJrrr

3Toro aHanoru efi . flpegcraB lrM ce6e rpynu srfi cyneplrap Ker, 3aH nMalo-
u1ufi 4syxsraxHoe 3p.aHre. B Hraxnen 3Taxe Haxor,rrc, clyxe6usre no-
MeuIeHHq, aBTocrof,HKa H Kalrepa xpaHeHlrfl. Ha nropona 3Taxe - Top-
roerrfi sar. O6a 3TaKa cBfl3aHr,r 3cKzlnaropauu. flocrcorurcy uasurrft
npouecc - noKy[Ka - npoHcxo-
AHT Ha BTOpOM 3TaXe, TO yno-
.qo6una rroroK noxynareleii no
gcKanaropy, pa6orarouleMy Ha

rroAT,eM, np.nvofi peaKuuu, a
Bo3BpauleHue no BTopoMy 3c-
KaJraropy - o6parHofi peaKuuL
(prEc. 34).

Puc. 3 4. Moaenr xuMuqecKoro
paBHoBecil,I

I 994. .I\re 1 1 . P. 9 43-9 44.

.o-H.
l/rallrr,al

u.H-aHa-
laallazrl

6

Puc. 33. MoAe,ru BaHHbt c 3neKrpoHHofi xr,rAr<ocrurcr
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Haqalo pa6ouero 4ua. flepssre fioKynarena noAruM:a(]rcn , .ropro-
nuft 3ar, flcrroK Lrx Bce yBei]HqnBaercx, no o6parHoro ,ItBH)r(cr nrl r r()Ka He!
rlocKoJtbKy HHKTO elqe He ycflen cAeJlarb rroKynKH. (Arrnlrrlr.rur: l] rraLriue
o6p.amnaofi peaKrruu HAer nprMofi npoqecc, a o6pa.r.rr,rii nf)ilr(,l.HqecKn
uer). co BpeMeHeM o6parusrfi floroK noKyrrarelefi HaqHlrirc r,y,i"r,r.runam-
cg, H K cepeAHHe pa6ouero AH' noroKH noKynareJleii rKr 06orru ,)cKzrJlaro-

paM BbrpaBHr{Ba}orcr. YcraHaerHsaerc, cBoeto poAa patril()trccilc: rtHcJleH-
HOCTb nol(ynarelefi B TOp|OBOM 3aJre [paKrnqecKH ilC McilIc.r cfi. .\o.r, exe-
Mr'rHyrHo npoHcxoAHt rzx o6uosreHlre. Sror npurucp y6e/lu'rersHo
noKa3blBaer, qro paBHoBecHe He o3Haqaer fipeKpautctttln ttlx)llccca, BeAb
o6a scrcararopa pa6oraror 6ecnepe6ofiuo.

rlorcaxena c noMorrbro srofi uogera, KaK BJrHrror ra l)ruu()rccHc BHeur-
HHe ycJroBHr. Agwcrram, r{To B TOpTOBOM 3ilne Ha BTOpOM .il.il)r(c 06r,qgzru
pacnpoAaxy c 60ruurnrrau CKHAKaMH. 3rO Cpa:y xe nJ)Hrurc,rcr. MHoxe-
crBo HoBLlx fiorcynanerefi, Koropbre pHHyrc, BBepx no:)cKluriur)py. Kouqeu-
Tpaqujr noKyrrareJrefi n roprosoM 3ulrre pe3Ko yBeJtH,lrft.cfl. (),,1rraxo uepel
KaKOe-TO BpeMfl BCe OHr4 HaqH)'r Bo3Bpar.uarbcR o6pa'r.lr0. H ilocreneHHo
noroKH nO O6Ouu ScKiuraropaM (r. e. cropocrn nprrr,loii u o6prurrofi pearc-
qafi) aHoau BbrpaBHrrc.[. BHoss Hacry[HT paBHoBccnc, H r(()rr(crrrpauur rro-
rcynarelefi B ToproBoM 3irne cHoBa craHer cra6u.lrr,rroii, rro 691r,irefi, verr
Ao o6bqereHufl pacnpoAa;Klr. llsNaeHeHue cr4ryauHu R cyucl)MapKere npr4
o6's sn eHnn pacn poADKH aHirJronrtr Ho noBeAe H H ro pa rl no rec n o ii c ucrerrarr
B Cnyqae orBoAa oAHOtO H3 npOAyKTOB H3 3OHbr pcaKltr{lr. ,l(urrarrauvecrcufi
xapaKTep paBHoBecl4, rrpoflBnfleTc, B TOM, rrTO nocJlc B()|Mytr(cllHfl cHcTe_
MbI oHa BHoBb npI'IxoAHT B paBHoBecl'le, Ho ),DI(e c Itoul,tMl.t'tttatttottHflMH paB-
HoBecHbx KouqeHrpaqnfi .

A Harorprq cynep MapKera c paBHo Bec uofi cH c'rc u o i.i r.r,r cql o n peAeneH-
Hbre orpaHflqeHns. MoxHo fiperroxHTbyqaulHMcq rraii.t.r.t']r.H ofpaHHqeHr,tc
caMocro.srelsuo. HanpnMep, B roHqe pa6overo Altrt n()l.()t( iloKyrrare-nefi rc
BbrxoAy Bo3pacrasr; H B r(oHue KOHTTOB rU.lCnO nOrynarc.rrcii B.rl)proBoM 3iure
yMeHr,uraercfl Ao Hyns, qro paBHocHJrbHo rrpeKparueilHlo o6pirr.rvofi pearc-
qurl. B pealsuofi paBHoBecHofi cacrene 3Toro He rrpoHcxo/IHl..

O6r,ncrr,seM xrrMrrqecrclte tf, B.rrerrr{ff
((rra na"ltBrlax>)*

a) Pyrcouo3rcarrre rcarc MoAe.rrE
MetrcMo.lrercy;rff pHoro BsarrMogefi crurrn
Karc c4erars HarurrAHbr M MexMoneKyJlfl pHoe n p H'r', )r(cr r rre, o6rqc usro-

ulee MHorHe csoilcrsa BeulecrB, B ToM qrdcJre reMneparypy rnneunr? Hur
HHqero npoue - HaAo Aarb ero noqyBcrBoBars! coc4urrHM KoHqHKH
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yKa3arenbHbrx fl:rnbueB negoft u npasofi pyrc.r. fionpo6yeu cuecrurb oAHH

cnHoct4reJrbHo Apyrorc. tlyncrnyere? floqru Hr.rKaroro yculvx He rpe6yer-
cr. A renepr cJroxHM naAoHH reeofi u npaeofi pyK 14 ronpo6yeru c4auuyrr
oAlry BAonb apyrofi. 3ro pNe rpe6yvr HeKcroporo ycvnlat. B qeu pa3Hurra
grr.rx AByx onrrros? KoHevuo, B rrnouraAu xoHrarra! 9eu oua 6olsure, Terrl

6onsrue cLIJIa cqeflneuuc. ToqHo raK xe, qeu 6orsure [J]orqa.qb conpprKoc-
HoBeHH, MoJreKyJr, reru 6oluue cHJIbr Me)KMoneKyJrflpHor-o npursxeHr4, H

TeM Bbrr.ue reMrreparypa KHneHH-fl. K npurraepy, cuJrbr npr4TrxeHHfl Merqy
pa3BerBJIeHHbrMH MoJrexyn arv,n 2,2- awueruJr[porraHa cyulecrBeHHo MeHb-

IUE, qCM MEXIO/ MOJIEIq/JIAMH NEHTAHA NPH OAHHAKOSOfi MOJIEKYJI'PHOfi UACCE

3THx Beulecrn. llosrouy u reMneparypa KHrreHH, y neHraua (36 oC) nsnue,
qeM y ero rcoMepa (0 'C).

Ecru xe MoneKyJrbr BeqecrBa erqe u noJlrpHbr, To cuJrbr [pHT.,I)Ke-
HHs MexAy HHMH pe:Ko Bo3pacraror. fur 4euoucrparrHr,r 3Toro rBJre-
HHq coBMecrHM JraAoHH eule pa3, coeAlrHHB r4x B pyKonoxarnu. flonsr-
Ho, qro oropBarb oAHy naAoHs or gpyroil Ha sTor pa: 6yaer ropa3Ao
TpyAHee. Aualoruqno rornpHbre MoJreKyJIbr (qe[nflrorcr)) oAHa 3a Apy-
ryrc q acTr,rrr Hbr M r.t 3ap s AaMu, yBeI H qr,r Ba, TeM [epaTy py K[rn e H H.rr Beule-
craa. HnaeuHo no3ToMy reMneparypaKHDeHns eoasr (100 oC), uolexy-
ru xoropofi npeAcraBnflror AlrrroJrlr, cyqecrBeHHo Bbr[re, qeM, Ha[pH-
Mep, He[oJrrpHoro MeraHa (-161,5 oC), npu cxoAHbrx 3HaqeH]rflx
MoneKynfl pHo fi tvraccsr.

6) BrryrprrMo.rrerryJrffpuoe BsarrMo4eficrnrre
IrpoqHee MesrcMoJrer€yJr,EpHoro

Y6e4I'raurucb, t{To noJlflpHble MoJleKynbl raK xe cJIoxHo p:BbeAH-
HlrTb, KaK coeAuHeHHbre B pyKorroxaTuv pyKvt, noKuDKeM, qTo pa3opBaTb

cBs3b MexAy aroMaMH BHyrpu MoJreKynbr erI1e rpyAHee. EyAeu culr-
Tarb, qro flanbr.lbr oAsofi pyKH - 3To aroMbr, coeAHHeHHbre B MoneKyJIy.

Jlemo JrH orAeJrr4Tb oAHH flaneu or Kr,rcrl4 pyxra? ,{axe ue [poBoA, sror
onacHufi gKcnepHMeHT, flcHo, rrro gro norpe6yer ropa3Ao 6olsruuxycr.r-
lufi, Heu pa3beAr4HeHHe coeAuHeHHbrx pyK. AHaroruqHo I4 cBr3H Mex-
Ay aToMaMu 3HaqHTenbHo rrpoqHee, qeM cBr3H MexAy MoJIeKyJIaMH.

flosrorray, B qacrnocru, H3MeHeHHe arperarHoro cocroflHH, BerrrecrBa c
MoneKynspHbrM crpoeHHerta rpe6yer o6ulqno MeHburHx 3arpar 3Hepru{u,
qeM xr.rMltrtecKa.fi peaKr_(r,rfi , KoTopa, conpoBoxAaeTc, pa3pblBoM cBf -
sefi rr.rexAy aroMaMH. Henoszuaulre 3Toro rrpr{BoAHT K pac[pocrpaHeH-
sofi oruu6re, KorAa Ha Bonpoc <t{'ro nporacxoAlrr B npoqecce KHrreHHfl
soAbr?)) yqatquecg orBeqalor, qro noryr{a}orc, ABa ra3a - KHcnopoA
r,r BoAopoA.



s) Onruqecrcaff rrsoMeprrff

O6rccr{xs f BJreH He onr}rqecrcofi H3oMepHH, npe r r(ul:r nir.r.ct r r, o6srqHo
AeMOHCTpHpyernaAoHH resofi u npaaofi pyrc, vro6sr iloKil ril,r,. ,r.r'o SHaH-
THOMepLI COOTHOCTTC, KaK npeAMer r.r ero 3epKilJrblroc rrrllirurcrrne. Ho
xax 6urt, ecJra B Moneryne HecKoJrbKo xHpuurbHr,tx r(ctrrl.ron,/ B gronr
cnyqae qHcno oflTl'qecKHx l{3oMepoB 2' , rge n - .qucJl.):lclrMMe-r'pHtlec-
KLI, aToMOB, l.r AByx lagOuefi 6yAer HeAoCTaTolrrro. II. rrr,rxo4 eCrs!
.{ouolHutu naAoHH napofi [epqaroK, ]l no,IBHTc, Bo,tMo)rrroc.rr> AeMoH-
9]qu5ry AByx nap 3HaHrHoMepoB npII Harvt9fiHAByx xHl)itril,ilr,rx rleHrpoB
(RRiLL u RL/LR). Ec,ru sroro Mirrro - ao6agsre errrc r rr.py 6oruuor<,
Bor H Tperufi xupaluHstfi qeurp, co:AaroulHfi qe.rr,rpc ,,,r,rnnr.rr,.no," sep-
KzuIbHLIe rapbr (JraAoHb - nepr{arrca - 6orunox>: I{l{l{/l ,1,1,, l{RL/LLR,
RLR/LRL r.r LRR/RLL.

r) .{zacreprroMepBr

.{uacrepuorr,repbr - 3TO OrrrHqecKHe Lr3oMepr,r, Ko,r\)l)r,r0 ilc ,rBJrqrorc,
B3aHMHO 3epK,ulbHbr MH KOnHgM H. .IIp-r 4euoHcrpar l}rn,)rr)r 1) llocraroqHo
cno)KHoro rureHHfl BocrroJrb3yeMc, o[rrrb aHaroMH.tccxoii flrra.]Krrnefi. llycm
.AHH r{3 yr{eHHKOB resofi pyrcofi KOCHercfl renofi cryrrrr.r, . rrpaaoii pyxofi -npanofi crynuz. Bropofi yqeHHK BCTaHer Ha[porH B'cpr()r.o r r r roBropr.rr ero
4efrcrnur. .{auHaa napa AerlroHcTpHpyer, KaK coo'r'il()cfl,r.c, rr[IHTr.{oMepbr
(onruuecrcne H3oMepbI,,Br.,rrcr(Hecr 3epKiIJIbHl>r M H ilr'r.r.r r(ularu ra). 3arenr
nyc,b oAr4H ns pe6rr noMeHqer pyrca (reuofi pyKol'r Kocr rc'r''r l rpaaofi cryn-
Hl.t u uao6opor). Teneps nepeA rc,.raccoM MoAenb /tlrilc.rcl)uoMcpoB.

a) Xporvrarorpafrnr

!-nr 4err.roucrpaq,H Toro, KaK rrpo,cxoAHT pa3/(cJrcrHc ,erqecrB nplr
rzBoxuAKocrHofi xpollarorpa$ lru, BocrroJt r,3yc M clt cJr o/ty toule fi aualo_
rueil. Tpoe pe6* 6ylyr u:o6paxarr rpn KoMtro,c'r.il cMccu: rleHTaH,
6yranol- l H MacrflHyro Kr4cJrory (rerrlneparypbr KHr rcr rp,r 3(r, l l g vt l 64 oc
coorBercrBeHHo). ,{enrarcb rro [poxoAy Mer(/ty oc.l.itJtr,ut,tMH yqaulu_
MHcq, flepBslit, uAer, He ocraHaBJll,tBarcb, aropOii ilox]|\tilc.f KDr({oMy
BcrpeqHoMy pyKy, a rperui [oxxMaer KDr(AoMy crrilrtAJril (Uury, a noroM
H BTopyro pyrcy. EcrecrBeHHo, rtro BpeMf, ABH)i(crH, r(.)r(/l()r.o u3 yqacr_
HHKOB AeMOHCTparrvlw 6y Aer pa3HbrM. Auarorn q r r()c fl BJr cr r Hc rlpoHcxo-
AAT H npLi nepeMeqeHyrl/, cMecu neryqHx BeLUeC',[r rt .\l)()Ma1.0rpa$nuec-
xofi roroune. t{ev 6olsure floJrrpHocrb MoJreKyn,.r'cM ulJr,rrce B3auMo-
Aeficrsr4e KoMnoHeHTa cMeca c pa6ovefi xHAKoc r.r,r() lr KoJronKe u reM
6olrrue BpeM, BbrxoAa Ir3 KoJIoHKr.r.
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e) ilpurrqrrrr rcBauToBarrrrfi

Karc c4erar6 npuHr1lrn KBaHToBaHu, AocryrrHbrM Ai.r, yqaulnxc,
8-9-x KraccoB, rAe BnepBbre BBoAHTcfl rrpeAcraBJrenue o6 gHeprern-
r{ecKlrx ypoBH{x H [oAypoBHqx? Her HHqero npoule! ,{ocraHrre u3 Ko-
rrIeJIbKa HecKoJrbKo MeJIKrjx MoHeT, H y Bac Ha naAoHH oKzDKeTcs npe-
xpacuuft o6pa:uurc trpuHrluna KBaHToBaH[r, roroprrfi HcrroKoH BeKoB rlc-
rlonb3yercr B KpeAHTHo-AeHexuofi cucreue. B caMoM AeJre,
rocyAapcTBo BbrnycKaeT MoHeTbr AocToHHcTBoM B rrrTb, Aec.rrTb KoIIe-
eK H T.A., HO He CyqeCTByeT MOHeTbI AOCTOHHCTBOM qeTbrpe, CeMb KO-

[eeK H T.A.

Mo>xuo npoAeMoHcrpupoBarb flprHrrurr KBaHToBaHHI u n 6olee 4u-
uarvruqHoil MaHepe. flpe4roNur,l rorvry-ua6yls lt: pe6ffi coBepurdrb ce-
puro rrpbrxKoB: c rroJra - Ha cryJr, co cryJra - Ha croJr, a 3areM o6paruo.
3ru npsrxrcuu6ylyr aHaroruefi repexoAoB 3neKrpoHoB MexAy 3Hepre-
THqecKHMr4 ypoBHqMH. llpn nenecrHofi cHoporKe Moxrro yxHTphrbcJr
3anpbrrHy'rb c noJra cpa3y Ha cror, MHHyq cryn (rarcoft:Hepreravecrcuil
lepexoA Toxe Bo3Moxeu), Ho Hr{KaKa.fl $u:nvecrcar noAroroBKa He rro-
3BoJrHT npbrrarcrueMy ocraHoBuTbcq r-Ae-Hlr6ygu o flpoMexyrKe MexAy
TpeMfl [oBepxHocrrMu: noJra, cryilavt crola). To xe H B aroMe: 3HeprHs
gJreKTpoHa Moxer npHHHMarb roJr bKo onpeAeJreHHue, $urccapoBaHHbre
3HAI{EHH.'I.

Trr6p"r191c Xo.nuc ycranaB.TrrrBaer $opn ry.nrr
BerrIeeTB rro llpoAyrcraM eropallrrE*

MeroAuxa pelxeHr4q MHorHx pacr{erHbrx 3aAaq craHoBr.rrcfl rcHee
npu r-rcnoJIb3oBaHHH aualornft . Hanpuntep, 3aAaqu Ha ycraHoBneH ue Mac-
cbr rrcxoAHoro BeulecrBa rro H3BecrHofi uacce npoAyroa peaKrIHH npoue
scero o6r.RcHHTb Ha [prrMepe KyJrHHapHbrx peue[ToB. Ecnu rr3BecrHo,
cKoJrbKo MyKH HaAO B3qTb Ar' [pHrOTOBneHUf, OAHOTO [upora, TO He-
TpyAHo paccqrdrarb, cKo;rbxo ee norpe6yerc, Ar.a AByx, Tpex r,r r.A. rru-
pofoB. 3ra xre aHzIJIoru, rroAxoAr4T v lnfi, parbscHeHH.rl cMr,rcJra 3aAaq

ua lrs6sIrorc. Eclpr B perrenre yKa3aHbr HecKoJrbKo HHrpeAueHTon (rc npu-
Mepy, MyKa u rrracno) Ir oAr,rH r43 HHx (4onycrnu, rr,racro) yxe ra3pacxo.(o-
BaH, TO OCTaBrXylOcs MyKy HHKaKr4Mn cpeACTBaMH B nHpor He rrpeBpa-
TLITI]b.

TpyaH"" uo4o6pars [oHsrHyro aHaJrorurc p.nfi,za4av' Ha ycraHoBne-
Hne Soprllyr BeulecrB rto [poAyKraM cropaHr{fl. Huxe npuBeAeH oAr4H H3

BO3MOXHbTX TTOAXOIOB.

llleprox Xoruc H AoKrop Barcos npu6rurr.r g CnomesA-fp.l uo npu-
rJraureHHro HHcneKropa JIecrpefi 4a.

* Journal of Chemical Education. I 995. Ns 3. P. 222-223.

75



- Pa4 aac BHAerb, Mt crep Xonurc, - cKa3aJr uHcfieKrop. _.f noclal
3a BaMr'I' TaK KaK HaKOHeU HaIrIeJr AeJro, Koropoe Aaxe nanr 6y4er ue no
sy6ana. B rr, rcoHeuHo, rroMHHTe Aep3Koe orpa6reHue,or"r rpnlfi $a6pra_xu ABC B npourJroM roay? TorAa 6uln yrpa4en cefiS, co4epxauluft :o_
Jroro, rlrrMa3rr, py6uusr H r,t3yMpyAbr, rrpeAHa3HaqeHHbre AJu npor.r3BoA_
crBa roBeJrr'rpHbrx H3Aeruil. Tar no1 $upnral BC oo cHx rrop He [oJ]yqu-
Jra noJrararoqyrccs eil crpaxonrcy.

- floueuy? - crpocrn Xoluc.
-,{eno B ToM, uro cefiS 6111 4ocraaJreH Ha Sa6puxy nepeA caMbrM

IOXHUIEHI.IEM H ErO AIDKE HE YCIIENI4 OTKPbITb. A NOTOITY HEI,I3BECTHO,
CKoJTLKO B HeM 6UlO :Olora u ranruefi KaxAoro BI,rAa B orAeJrbHocrlr.
H.:aecrso Jr,rrrb, v:ro o6u1ar Macca coAepx,Moro cefisa cocraBrsra
50 Synroa. EcrecrseuHo, r{To crpaxoBaq KoMnaHH.r xoqer Bo3MecrHTb
sru 50 $ynroa no crorrMocrH caMoro AeureBoro H3 ,MeBr,Hxcr n cefise
MarepH{rJIoB, a nocrpaAannrufi ocnapHBaer 3TO peureHHe, yKa3brBar, r{To
6orrruyro qacrb coAep)Kk \{oro cefiQa Mor cocraBrnrr, uao6opor, ca-
urtfi 4oporofi uarepual. l4urepecuo, qro Mbr yxe Aaxe Ha[rJrr.r [oxr4TH-
rels. 3ro roBeJrr.rpHa, supvaxYZ, KOTOpa.fl pacrroJrarana 60rrurlru rco-
rHrlecrBoM 3oJlora, Ho He MolJIa Hal.a4lflTb npoLI3BoAcrBo H3-3a orcyr-
crBH.f, AparorreHHbx xausefi. Pa4a xarruefi oHu r4 perxuJrHcb Ha Kp:DKy.
flpanAa, Qr.rprr,ra XYZ roxe He 3Haer cro,Mocrr.r coAep)Kr4Moro cefi$a.

- Kax 3To Bo3MoxHo? - sMetuzurc{ B pa3roBop Barcou.
- SrenaeurapHo, - orBer,n Xoluc. - oqesr.rAHo, oHH flycrHJlr.t B

npoH3BOACTBO IIOXUI]IeHHOe 3oJroro BMeCTe C CO6CrneHHbrM, H Teflepb
HeBO3MOXHO yCTaHOBHTb, CKOJIbKO 6r,tro sgsro H3 KaxAoro HcroqHaKa.

- CoreprueHHo BepHo, - rpoAoJrxal JlecrpefiA. _ EAraHcrBeHHoe,
r{To HaM H3BecrHo, - Bce aJIMa3bI rIotxJI}I Ha I'I3foroBJleuae rcoleq, o6-
ula, Macca Koropbrx cocraBHna 12 $ynron. Bor oAuo H3 KoJreu, ocruurb-
nste 6rIrpt roqHo raKLrMr4 xe. Py6ansl 6rmu uc[oJrb3oBaHbr B npoH3BoA-
crae 6poruefi, a usyrr,rpyAbr - B [pou3BoAcrBe cepet. Bce raslerlrf, yxe
peaJIr.BOBaHbr, HO y MeH' ecTb rro oAHoMy 3rceMflnrpy.

- c_rolslro $yHron 6poruefi H ceper 6srro npo4auo? - nouurepeco-
Brrrrc, Xoluc.

- Eruo rpoAaHo 35 QyHron 6poruefi v 33 Syrrra ceper. Bce u:4elur
oAHorr.rlHbr, - orBerr.rJr Jlecrpefi g.

TorAa Xoluc o6rssun:
--fl peury gry 3aAarry, ecJIH Bbr MHe no3BoJtHTe B3r.rb KoJrbrro, 6porur

I,r cepbtr,t.

- C y4onolbcrBr,reM, - orBetran Jlecrpefig. - I Io yu'nre. qro Hr4Ko_
uy e-CrcorleHa-fple He yAzlJrocb perrrurb 3Ty 3aAaqy.

Koraa Xorvrc u Barcou BepHyJrucb Aorraofi, Xo.,rrnli pa:ncpHyn Aparo-
IIeHHocrH, rlpl'IHec Becbl H HeKoropoe BpeM, 3aHH MaJ tcn H3McpeHHrMH.
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-Vrax, Aoporofi Barcou, B 3ToM KoJrbue oAHH aJIMa3, npuqeM Macca

KoJrbqa - 7 ,297 yil\uu, a amra3a - 0, 1 10 yHr4zrl. Epours uecur 2,629 yHrllru,
a py6uu s Hefi - 0,203 yHqnn. Ceprra vecur 1,237 yHIrI.rH H coAepxl.rr
3 rasyupyaa xax<Asrfi - no 0,742 yHqHH. A reneps, Barcon, orHecllre 3rH
KaMHr,r B roBeJrupHbrfi rrara:HH,4n-fl oqeHKH.

Bcrcope Barcou BepHyJrcfl co cJreAyloqeil uuSopna\ueir: <OAIrn
aJrMa3 crouT 320, py6nu - 37, usyrupyl - 22 Aorrrrapa. I{eua so.nota -
120 4o.rrnapoB 3a yHrIHlo).

- Beluxoreuso! - BocKJrprKHyJr Xoluc. - flouunre aa Jlecrpefi4ou.
KorAa ror noflBuncr, Xoruc o6tssun:

- Crpaxonas KoMrraHlr{ AoJrxHa Bo3Mecr}rrb y6rnrcu Ha cyMMy
169 334 Aorrrrapa.

- 3anreqarelsno! - BcKpuqiur Jlecrpefig. - Ho xax BaM sro yAanocs?

***

MeroA peureuuf, HcnoJlb3oBansstfi XolucoM, ,BJlrerc.f, KJIIoT{oM K

rroHr4MaHHro 3aAat{ Ha ycraHoBJreHrEe $opvyn rto npoAyrcraM cropaHH{.
6y4ena paccyx,4arr, BMecre c Xorucona.

CHaqa,'ra npoBeAeM 6a.nanc no aJrMa3aM:

o6ruaq Macca KoJreq c aJrMa3aMu - 12 SyHrou (sa4an), r. e.

192 ya\uu(o o4uou Qyure I 6 yuquft);
Macca oAHoro KoJrbua 1,297 ywquw;
TOrAa qHCnO KOneU paBHO OTHOIIeHHIO MaCCbI BCeX KOJIeU K MaCCe

oAHoro KoJrbrra, r. e. 148;
rllrcJro zurMa3oB paBHo rrzcny KoJreu, r. e. 148;
Macca oAHoro anMa3a 0,11 yuqnr,r;
o6uras Macca zIrMa3oB : r{HcJro zIJrMa3oB x Maccy oAHoro a[Ma3a:

:16,3 yHur4r,r.

AualornqHufi 6alaHc no py6r,ruarrl lacr 1704 KaMHq o6urefi uac-
coia 345,9 yHrrur{. fua usyupyaoB aHzrJroruquo floryqut't 1287 xauuefi
o6urefi uaccofi 182,7 ylnlquu.

TorAa Macca Bcex AparoqeHHbrx xauuefi cocraBJrfler 544,9 yru\uu.
flocxolsrcy xe Macca coAepxHMoro cefi$a H3BecrHa H3Har{aJrbHo
(50 Syuroa, ulu 800 yHr1ufi), To Macca 3oJrora a ceftSe 6r,ma panua
255,1 ymluu (800 - 544,9).

O rco Hqarer sHo crou Mocrb coAepxu r'aoro ce fi Sa oflpeAer.r ercs raK :

(148 a.nrraa:on x 320$) + (1704 py6raHa x 37$) + (1287 u:yupyAoB x 22$) +
+ (255,1yHrrnra 3orrora x 120$): 69 334$.
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IlpuueHxr 3Tor MeroA K perlteHulo xlrMaqecKl4x 3a/liut. tloc[onb3y-
eMcfl cneAyrouleil aualoruefi :

1. Macca coAep)KuMoro cefi$a (50 $yHror) - s'ro Macca lreu3Becr-
Horo BeqecrBa, cocrosulero H3 yrurepoAa rr BoAopo/ta (/(llaroueHstre
rcaltun), a raK)(e KucJropoAa (soloro). CogepxaHne Ka)K/tor'() H3 HHx He-
r43BecrHo, rrro Bblpoxaercr Sopvynofi C,H..O_.

2. Heussecrlroe se,recrBo cxuraer cn'c'go6arrt c u HcM KncJropoAa
(aorora, npHHaAnexaqero $upxre XYQ u o6paaye'r oKcH/tr,l CO, u H,O
(rosenupu sre r,r3Aen Hc - KoJrbrla, 6pouru, cepuru), Macc r,r xtr r'.rpr,,x 

-llsae6r-

Hsr (12, 35 u33 Qynra). Tpe6yercr ycraHoBHrb $opnay.rry rlcurecrBa.
3. [trt o[pe.qeJreHufl coAepxaHus yrJrepo4a (a:rtra'rrln) a C,HrO,

AeJrlrM o6uqyro Maccy CO, (nce rorrrla) Ha MoJrlpryur rrraccy CO,
(ogHo rconrqo) H yMHoxaeM Ha MoJrspHylo Maccy ynrcpoAa (ogran
anrrra:). {nr onpe4eJreHHfl coAepxaHuq BoAopoAa (py6nuon) n C,H,O"
AeJIHM o6rqyro Maccy HrO (nce 6poruu) Ha MoJllpuyro uaccy HrO
(o4ua 6pours) u yuuox-aeM Ha MoJr.rpHyro Maccy uo/(opoAa (oallu
py6nu). Co4epxauue KucJropoAa (sonora) u C.ll,,O- onpeAerqeM,
BbrrrHTas r{3 Maccbr C,H,,O, (necs cefi$) Hafi4elrrryro Maccy yrurepoAa
H BoAopoAa (aparorrenirtrx rcatrHefi). (CeprrH c H3yMpy/IaMrr * 3ro
pe3epB AJrfl erue oAHoro eleveura.)

f.nasa 5

Merograrecrcaff Mosarr$a

MeroAu.recKr{e npueMbr H [eAarorHqecKue parpa6orru, co6pauHrte
s eroft DIaBe, no3Borqr pa:noo6pasuTb ypoK xul,u.ru, uafiTn HecraHAapr-
HbIe [o{xoAbr K pe[reHr,rro o6pasorareJrbHbrx 3a4aq, oBnaAerb BHr{MaHH-

eM KJracca B xoAe ypoKa, orKpbrTb HoBble pecypcbr B LrcloJrb3oBaHwvt
TexHuqecKzx cpeAcrB o6yueuur.

Bca xurvur,r ga IIBe Mrrrryrrr*

I,ls pasroropa ryMaHHTapvfl t4 TexHapfl.
Texuapa. PaA c BaMH no3HaKoMHTbcs. 9en ganvuaerecs?
lyuauumapuil. fl, nnca'reta.
Texuapa (noogymeareHno). Oro, rarc uHTepecHo. A r xul.ttx, Hccne-

Aylo Ar4a3ocoeAHHeHHr.
lyuauumapuil (pazouaporauuo). A-a ...
Ha gron pa3roBop 3aKaHqnBaercs. floHcrHo, rrro Hec[eqr{aJrr{cry

HeHHTepecHo cJry[arb o xHMHH: Aonro 14 HyAHo. Bce uut ocBanBaeM B

[KoJre 3ry HayKy uenbrx qerbrpe roAa, H y 6olruaucrBa ocraerc, npeA-
craBJreHr-re o xvMuvt, KaK o flpe.(Mere MzLrIonoHqrHoM u 3anyraHHoM,
floerouy cBercKafl 6ecega o xuMr4r-r BprA nr4 Bo3MoxHa.

Mex4y reM Bce Mbr exeAHeBHo noJll3yeMcfl AocrIIxeHlItMu xH-
uun. Xulrnfl Hac KopMr.{T r,r o.{eBae! Jrequ! co3Aaer KoHcrpyKrruoHHbre
Marepuzrnbr. Moxso JIH paccKa3ars o6 groM rar, vro6u Bbr3Barb HHTe-

pec K npeAMery? Moxno H HyxHo. Ho c.{Hraercs, qro AJrr sroro qeJro-

BeK cHaqaJla AoJIxeH noHrrb ocHoBbr xvMr4r. A Ha ocsoenrae ocHoB yxo-
AHT croJlbKo BpeMeHH vt cvut) rrro HHTepec K IIpeAMery Heus6exHo
IACHET.

Ilpeno4asareJrb xuMur.r ur CenepHofi Afiosrr (CIXA) P. Marrpro
cqaTae! r{To r43 srofi curyaquu AoJrxe}{ 6rrrs erxoA. t{ro6u 3ar.rHTepe-

coBarb cJryruareJrr, XHMHK Lor)KeH yMerb roBopHTb o cBoeM [peAMere
KparKo r HHTepecHo. HaAo HayquTrJcs paccKiBr,rBarr o6o rceu upe4-
Mere, He paccKa3brBa, Bcero [peAMera. I4Aeq MaKrprc 3aKruor{aercq B

rou, vro6u co3Aarb Kypc xr4MHr.r [poAoJlxtireJrbHocrbro 2 uutt.3a 120 c

* Journal of Chemical Education. 1993. Ns 7.P.543-544.
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HetIoAf oToBJre HH blfr cJryrrraTen b AoJrx(eH nolyqr4Tb n peAcTa t]J I c r r He o cy-
uIecTBe xvMvfil l,l ee fipar(fHqecKofi qeHHocTr4, yBreqbcg ilpc/lMeToM H

r4cfrbrrarr, r,rHTepec K yrJry6neHI,rIo 3HaKoMcrBa c HHM. Ocrrorrrrrre rpe6o-
BaHHf,: He[paHyXAeHHOCTr, peqr V KpaTKOCTb r,r3JrOXeHHx. I (cnS CUAra-
eTcr AocTHruyrofi, ecnlr aBTop ycneeT 3aHHTepecoBan, cBol.rM paccKa-
sou clyuaftHoro nonyrr{HKa B lu$re, noxa xa6usa ABH)r(crc, Mexly
[epBbrM rz ABaAqaTLTM STZDKOM, HJ.IH npOH3HeCeT MOHOJ|OT'-CilHq BO Bpe-
M' 3aCTOIbC.

Marrprc cquraer, qro Alrr flperroAaBareJrr onbrr cocl'ar]JrcHufi AByx-
MHHyrHoro 3KcKypca s csofi [peAMer or{eHb noJre3ell. Hrt,t vorruo, K npn-
Mepy, Haqars Hosrlfi yue6Hsril ro4.

OqeHs noJre3Ho 3To ynpax(Henrae 6yger H An, yqaqnxcn. llpn4yrvlsr-
Baq AByxMHnyrurrfi MoHonor o xHMHn, yqauraec, o6yvaurcr cHcreMa-
Tn3alJ;av noryqeHHr,rx paHee 3uanuit, npuo6peraror HaBr,tK pa3AeneHu,
ruraBHoro H BTopocreneHHoro. Kporre roro, npr4 3ToM pacrer 3HarlHMocrb
caMoro [peAMera B ux rJra3ax. BeAu cAeJrarb cnofi paccxa3 yBJreKa-
TeJIbHbIM AJIg CJIyIIaTeIC BO3MO)KHO, TOJIbKO BKJ'ilOr{HB B HerO
rrro-To 4eficraure.ubHo l4HTepecHoe r{ Ar,g ce6s.

flpegcraareHHe pe3ynbraroe pa6oru MoxHo npeBparurb B yBJreKa-

TeJrbHylo ncHxoJrorurrec Kylo u rpy. K flpr,rMepy, yqauru M c, fl peAJraraercfl
o3Bytlurb coeAauusrfi HMr.r AByxMr,ruyrHtrft Kypc xHMltH poAnreJrsM Bo
BpeMs yxHHa, Ha Ber{epHHKe B KoMIIaHVH, rIpH BCTpeqe CO CBepCTHHKOM,

a raK)Ke Bo MHoxecrBe r4Hbrx curyaqrafi. YcneruHocrb oueHr.rBaerc, rro
cTefieHH 3aHHTepecoBaHHOCTH r,r peaKUUH OKpyXaTOUIHX.

Anrop HAeH rrpeAnaraer cBoro Bepcuro raKoro Kypca oprannuecrcofi
XHMHH.

L Bcmyrueuue. Muorue seulecrBa B npupoAe cocrorr r,t3 MoJreKyJt - oqe HL MareHL-
KHx qacruu. Kax<4oe xonrperHoe BeulecrBo cocrouT ToJrr,Kr ril csoftclsetrrlblx eMy MoJIe-

Kyn: Bora - r,r3 MoneKyJr Boabr, aepeBo - t43 MoJreKyJI uerrrcJlo3r,r. Mo,rery,rur pixtrtrrraKlr-
cr no (lopne, pa3Mepy lr, B cBoro oqepeAb, cocrosr u3 aroMoB - rracrxqer MeHbrxe

MoJIeKyJr. O6uree HallBaulre ,{Ju Bcex aroMoB c oanHar(oBt rM crpoeHucM - 3leueur. Bcero
B npupoAe cyuecrnyer'92 rrlna aroMoB, pa3nurrarcrunecfl no c'rpoerrHlo, r. e. 92 slerueura.
fuasHoe csoficrso aroMoB pa3rrr,rx SJreMeHros - cnoco6llocrb cocltl4nrrbc, B MoreKyJrbI

pa3HLrx BerlecrB - coellrHeHufi. firasHrrfi:reMeHT oprauuqccxoii xr.rrr.rul.r - yrnepoA: Bce

opI'aHr4qecKHe Be[lecrBa coAepxar ero. Arotrsr yrrrepoAa, coe,{hrrr,{cb, o6pasyxrr uole-
Kynbr, rlo r[opue uanolauHaroulne rlenu r,r Ko]rL(a. K ernn rlenflM H KoJrr,rlaM MoryT [p]rco-
eAITHflTLCq aTOMLT BOAOpOAa! Kr.rCnOpOAa, a3OTa, HeKOTOpr,re /lpyrl,lc 3JlCMeHTbl, a TaKXe

rpyIIrIbr aToMoB.

ll. llpeduem uccnedosauun I,I:sectHo oxo:ro l0 MJln ymepoAHsrx coeAnHeunfi,
MHorue I,rMetor llpoMbnxJreuHoe rtpuMeHeHne. MHoro.ItrcrernLrM14 t4ccJle.{oBaHl,t.f,MtI I,t 3Kc-

nepI4MeHTaMx ug uux 6srlr,r noJryqeHLr: TonJrHBo pa3Hrrx nurolt, KpacKlt, KocMerr{Ka, Jre-

KapcrB4 nJlacrMaccbl I,t MHoroe Apyroe. Yar-rssremurte cnoficrna opranHqecKrix coeAilHe-
uufi:aslrcqr or crpoeHH, H npocrpaHcrBeHxofi r[oprrlsr lrx MoJrcKyJr. C<lspeueurrax xr.rlrur
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r.r3yrrufia CTpoeHI{e u, KaK CJIeAcTuue, cBoiiC'rsa pa3Hblx BelleCTB. Partsrue rlolyqeHue

HoBr,rx coeluseHafi 6bt.[o Bectua c;tyvaiittt ti\r, llo B Ilaure BpeMr, KorAa npeaMe'r Aocraroq-

Ho l,t3yqeH, MoxHo uelet{anpaBnetl}lo IIoJlyr1z15 ueo6xoAtltuute BeuecrBa.

lll. 3uaqeuue. hry'reltne opnatll{qecKHx MoJlcKyJl II03Bojlrcr noH,Tl' MHorue Tafinu

xrCBofi npupoAu. Xunofr opraIILl3M coCToHT LI3 llo.4bl, ItcKoTopt'lx MlIHepiIJIoB, a Taot(e u3

OpraHgr{egK}.tx coeAr.ruertnii - 6eflxos, xllpoB I4 ymeBoAOn. leHertl.lecKyl6, T. c. HacJIeA-

CTBerrHylO, rlu$oprr,rar1urc tte6yT MoJIelrynu AI:IK - oco66l"I oprauuqecKoil xucloru. Bce

3Tr{ BerrlegTBa rz }tx csOficTBa OIIpeAeJlr{m'r ocO6eHsocru CTpoelI[, !I noBeAeHn, xI'IBblx

cyulecTB.
Teneps Br,t [OHHMaeTe, KaK TeCHO XliMHr CB.fl3aHa C xl{3lll}O qeJlOBeKa, U cMoxeTe

oLIerrr4TL STy HayKy no .[ocTourlcTBy.

Cnac[6o sa sH]IMaH]Ie.

Coruacnrecb, 3a.(Be MHHyrbI cKa3aHo AocraroqHo MHoro. A npe4-

cTaBJrreTe, cKoJIbKo MoxHo ycleTb cKa3aTb 3a TISTL MHHyT! BCe sro
3acTaBJrreT no-HoBoMy oTHecTHCb K tIpo6JIeMe [IeAocTaTKa y'Ie6HbIx
qacoB nplr H3yqeHr4lt xt4MALl.

A renepr BepHeMc, K Aaanoty, c Koroporo Har{uHuIJIacb 3Ta crarlr.
lyuauumapuil. Pal c BaMH rlo3HaKoMlzrbcr. tIeM 3aHuMaerecb?

Texuapu. fl,, zuaete JIH, xt{MHK. Xorure y3Harb Bce o XHM}IH 3a

120 cercyHa?
fyvauuntapuil (zau*tepecoBaHHo). Eqe 6ur ! Kax urrrepecHo!

I{eyuaenr xrrMrrx)
c iloltroulBx) gJrercrporrHofi rrorrTBr*

Haeepuoe, M HorHM n peIloAaBarenrM npHxoAHnocb crzul KI4Barl,c, c

ararueilH rlaccHBHocrl,ro KJIacca. Kax 3alteqb I'rHTepec B pe6flTax, ecn[,

IlM KZDKeTCfl, qTO BCe yBneKaTenbHoe npoHcxoAHT 3a CTeHaMU lxKoJIb-

HbrX Ka6HHeTOB? A qTo eor'll4 HC[OJIb3OBaTb I4X BHeUIKOJIbHuIe yBneqe-

Hrae Ha ypoKax?
Cpegn noApocrKoB oqeHb flonynrpHbl KoMrlbrcTepHble HoBHHKH, oco-

6eHuo HurepHer. flpenogaeareJlblluue LI3 CIUA M. ,{apeHq6ypr l4cronb-

3yeT 3TO npl4 H3yqeHLIH Kypca XHN{HH. oHa SaperucTpl'rpoBana Ha cBoe

HMfl aApec B KoMfib[orepHofi 3neKTpoHHOfi flOqre H npeAnoxHJla cBoHM

yqeHHKaM cBr3blBarbc, c Hefi no JIIo6blM yr{e6Hblru BogpocaM B nlo6oe

BpeMs qepe3 KoMnbrorepHyro ceTb. STor npocTofi npl4eM (rorranurorep

ecrb B rlo6ofi aMepHKaHcKofi cenrse) Bbl3BuuI orpoMHbli'i 3Hry3Ha3M.

KoHeuuo, pe6rr B fiepBylo orlepeAb rlpuBneKaer HerpaAHIrHoHHa.fl $op-
NIa o6uleHl4fl c yllurereNt, Ho pa3Be 3aAaqa npenoAaBarerf, He 3aKjlrcqa-

eTcc KaK pa3 B ToM, qro6bl yBJIeKareJIbHblMh $opMaMH AeflTeJIbHOCTI{

Bbr3Barb HHTepec K cBoeMy flpeAMery? Kpoue Toro, KoMIIbIOrepHblfi

* Joumalof Chemical Education. 1996. N! 11.P. A273-A214.
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AHAJIOT PBBI4BAET Y YLIAUIHXCfl KAqCCTBA, KOTOPbIX NOPOfi HCAOCTACT HA
ypoKe. Ouu nuercr Bo3MoxHocrs o6gyuarb Bo[poc, craparorcfl rpa-
MorHo ero c$opnaynnpoBarb (ace-rarcu rucbMeHHa' peur rpe6yer 60nr-
ruefi co6paHHocrH, uen ycrua-r), Mofyr 3arpoHyrb orBJreqeHHbre Boflpo-
cbr xprMr.il4, o6cyAnrt AoMaurHee 3aAaHHe. Haxoueq, rpafirre BaxHo, r{To
oHH JrHrrHO O6paqarorc, K yqHTenro H JrHqHo nonyqator or Hero orBer.
EcrecrseHuo, cHcreMa (oJreKTpoHHoro> o6yveH,fl He noAMeHfler rpa-
AHrrraoHHr'tx zaunrufi B KJraCCe, a nHIXb pacmfipfler Bo3Mo)r(r{ocru o6u1e-
HHq MexAy yqeHHKoM H yqurereM. Caua M. lapeuu6ypr ortre.rael
uro 6laro4apr 3JreKTpoHHbrM rrocJraHlr.,rM MoxHo ryque noHflTb oco-
6essocru M brlureHuq v vH At4BLrAyaJr bHbre cruro H Hocr.H o Bo Hx pecrroH-
AeHTOB.

A nor eule oAHa uH'r.epecHas [eAaroruqecKas, HAefl lofr xe [peno-
AaBareJrbHlrqrr. Yclonno ee MoxHo Ha3Barb zurepue.q xoTn KoMnbrore-
pa Ar.s ee Bol]norleHH.,r He rpe6yercr. Ilpocro caMo noc'rpoelrHe ypoKa
MoAeJrHpyer rpHHuHr] opraHH3arlr4u n pa60rsr KoMrIbroTcprrclfi cera. flpu
rr3yqe}ll/,Lt, HanpHMep, rlepuo4a ue crcofi cacrelr br Ka)r(AoMy y qe H HKy no-
pyr{aercq [oAf oroBHTr rausopuarlrrc o csofi crBax or r pc/lcJr eH Hofo 3Jre-
MeHTa, CBOeTO po4a cafir - 6,rorc raHoopnaarlr.rH B KoMr[>l(rrepuoil ceru.
Ha yporce gra (cerb) HaqaHaer pa6orarr. Xeras ,,p,rcr'"71r.is AHHaMr,r-
Ky I,r3MeHeHHr, Ha[pHMep, SHepfHH ]toHH3arIHH B nepHo/lc HJil4 tpynfie, yqH_
TeJIb aApecyercfl K coorBercrByrou{HM <cafirarra> (y,rclrrrcarra), H flepeA
KJraccoM pa3Bopaq a B aercfl pe.A HnJrrocrpaun fi par6 ra pac M r,r x 3aKoHoMep-
Hocrefi. CrunrynrapylorrlHM Qaxropona 4lr pe6r.r flBJlrc'rcfl eule H To,
qro ((flayrnuu pa6oraer roJrrbKo 6laro4apr yrtac'r.Ht() rr rrcfi xaxAoro
<cafira>.

Tarc npuueueHHeM cpaBHr,rrenbHo rrpocrbr x c pc/lc'r', r r r x..rr ru ur fi xypc
xvula]1, o6peraer areprbr rexHHqecKHx AocrH)r(crrrii ila,raJra XXI eerca.

ECarc oB.rragerb BrrlrMarrTTeM rcJracca? *

HaaecrHo, qro KoHIreHTparrH, BHVMaHHfl I 2- I 4-l rc'r'r r l r x r l r KoJrbHr{KoB
Ha paccKa3e yqHTem B TeqeHrde 2010 MHil ill)c/tcrilrrJrflc.r. 6olsruyro
cJro)KHocrr,. Brrcrpoe yroMJreHae or MoHoJIo|n,rccr0ii l)c,ilj tr paccer{H-
HOCTb BHHMaHHf, npHBOA,IT K rOMy, rlro MarcpltilJt ylx)l(lt 6r,rBaer,rr{6o
He ycJrbl[IaH, x,u6o He ycBoeH. B ro xe BpeMfl JICKllil()illtilu <lropua:aur-
ruit Hevs6exHa rlplr H3yqeHHH ecrecrBeHHbrx rrayl(. n rr rrilc.r.lrocrlixtr-
naau. Kax yAepxarb BHHMaHHe ruracca Ha npol'rl(crrrrrr .rrcrrluu?

Hercoropue [pefloAaBarelr rro6.sr ,,o oKor.rilr r r rr c u()cr'() paccKa3a
npeAroxHTr xorvry-Hu6yAs u: pe6ff KparKo nor]'t'()l)il ilr ()cil()tiiloc coAep-
xaHHe reKuHI,r. OAuaxo rarcar $oprraa o6parrroii L:D,ltlr L: iry,,1uropuefi

oKa3brBaeTca r'.raloso$exrfl sHoil. Ecl u nHcryrrJreHH, c Me cTa rlpoHcxo-
Arr no xeJraHlrlo caMrlx pe6r1 To orBeqarr, Bbr3blBa]orcq oAHH u re xe
(ycneruuue) yueHrrua. Ec,ra xe npu3Barb K orBery xoro-uu6yAb Lr3 He-
paAr4Bbrx cryruarerefi, To oH HaqHHaer nyrarbcfl B cJroBax H AeMoHcr-
papyer noJrHyro HeroroBHocrb K cBrsHoMy paccKa3y. B o6onx cnyqa.flx
KJracc cKyqaeT.

Y.{HrenrHr.Iqa xr,rMrau ug KauaAsr M. Max6zr HcloJrb3yer uHTepec-
Hut ft naeroAnqecrcufi npl4eM, no3BorqloillHfi axrususnpoBarb B H HMaH r4e

KJracca Bo BpeM.c neKuprH. .{n.e srofi qeJru y Hee 3atoroBJreH KoMrrJreKT

cBoero poAa Bn3r.rrHbrx Kaprorrex c SanulvflMvt t4 HMeHaMu Bcex yqa-
ur.rxcfl KJlacca. llepe4 HaqanoM JreKqHH Bce KaprotrKu neperacoBbrBa-
Iorcff H.ruraAyrcf, cronrcofi Ha croJr yquTeJrr. OgHa u: KaproqeK, ecre-
crBeHHo, oKa3brBaercq HaBepxy. Hvesuo ee BnaAeJrr,uy u 6yler [peAJro-
xeHo B KoHue JreKqHH BbrcryrrnTb c pe3roMe. OAsaxo Ao KoHua ypoKa
KaproqKa He orKpbrBaercs, a rroroMy 6yayurufi AoKJaAqrzK He H3BecreH.
3ro cosAaer HHrpHry, Koropas yBreKaer pe6rr n cnoefi urponofi (lore-
pefi uofi) cropoHoft r.r npeAnoJraraerraofi orBercrBeHHocrbro (Ha4o regs
He OIpOCTOBOJIOCHTbCg, eCJIH AOBeAeTc.s AepxaTb peqb nepeA x-UaCCOr*l).

B pesynrrare Bc, ayAHTopH.,r cJreAur sa o6T,ccHeuHeM c ueocna6esarc-
LrIHM BHHMaHrreM, MbrcJreHHo $opnay:rrapyfl cBoe noHHMaHHe o6cyxAae-
uofi npo6reuu,

Karc ornreqaer M. Max6HT, gror npocrofi DpHeM oKa3brBaercq qpe3-

srtqafi uo [JIoAorBopHuu. floruunao KoHrleHTparIHH BHHMaHH, K,.racca, oH
Heus6exHo npoBoqupyerAncKyccnro B KoHqeneKuru. BeAs rcaxgsrfi (rarra

nor{TH xox4rrii) ns pe6r'r no xoAy JreKrIr,rH roroBnTc, K Bo3MoxHoMy
BbrcryrrneHHro H BoJrbHo LiJrr{ HeBoJrbHo $oprraynupyer cBoe uHeHr.re. Xer
naHue BcTyrrHTb B [oJleMHKy c TeM, Ha Koro yKaxeT BepxHflfl KapToqKa,
Heus6exuo yxe xorfl 6sr norolry, qro xaxAsrfi r43 cnyrxarelefi ylonul s
neKuHH KaKAe-TO CBOH HlOaHCbr HJIH CqHTaeT npaBunbHbrM r{3JrOXHTb

BbIBoA ApyrHMH cJroBaMH. floHaua-ny M. Marc6lrr Aaxe nyrirJracb ropr-
uefi peaxquH cBor.rx cnyruarerefi. Ho ncrcope noHrJra, qro npoxcxoAuT
KaK pa3 To, o r{eM Merrraer xa:xArrfr JreKTop: 3anHTepecoBaHHoe H co-
AepxareJrbHoe o6cyxueHne reMbr ypoKa. To, vro rroBoAoM An, AracKyc-
cHH flBrflercs se o6r,scHeHue yqurerr (xoropsrfi, c rosKlr 3peHHq pe6a1
((He Moxer omu6nrlc.fl >>), a pesrclr Hpyrouee BbrcryrrJreHue oAHoruracc-
HuKa, HHKaK He cHHxaer [eAaroruqecroro eQQexra. B rrrore Marepuan
JIeKUHH nporoBaprrBaeTc.fl rro xoAy ypoKa Tpmr(Abr: cHaqara yquTeJreM,
3areM oAHr4rr,r us pe6lr H, HaKoHeu, BceM KJIaccoM Bo BpeM, o6cyx4e-
HH.s. HssecrHo, KaK noJre3Ho AJII noHHMaHHs cyurecrBa Borrpoca ycnbr-
urarb ero B pa3Hbrx HHTepflperaqusx. OAuoBpeMeHHo npoucxoAr4T aK-
THB Hoe ocBoeHHe xu unqecxofi TepM 14HoJrof uu u $oprr,rzpylorcq HaBbrKr.r

rpaMorHoro H3roxeHaq cBoux nartclefi .

h

{
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Ecrr, npaa4a, onacHocrb roro, qro rrpaBo Bbrcryfiarb <no xpe6Hro>>
BbI[aAer ronly-ur,r6ylb H3 Tex yqeHHKoB, xoro o6sr.tHo y.urreJu o6xoAsr
npu ycrHoM oflpoce. B xlacce BcerAa 6ursaer HecKo:.rbKo pe6a1 4lr
KOTOpbrx B cHJry r]cHXOrOrHqecKHx OCO6eUUOCrefi ny6rlruubre BbrcryII_
JIeHWfl rrporr.rBo[oKa3aHL,r. B Srux cJryqarx, crirzraer M. Max6n1 B[oJrHe
MoxHo cAenarb no6laxrcy H Bbt.rsHyrb errle oAHy KaprortKy.

Moxuo pa:Hoo6pasarb Hlero c (BH3HTHr,1MH Kapro(r6aMr{)), Brurroqaf,
Hx B ApyrHe $opvrr yue6uofi AeflTeJrbHocru. Hanpranaep, /.u,, nn :no ,oa]luH
BHHMaHHfl yqaurr4xcc flpn AeMotrcrpar]HoHHOM SKCnepHMCil'r'c r],lr].b H3 cron_
Kr{ cpa3y ABe KaproqK}r, rrpeA,'rafac ax o6raAareJr.rrM sr,[i l,rr K llcMoHcrpa-
rIHoHHoMy croJly, [pocJ'IeAHTb 3a xoAoM 3Kc[epHMeHTa H r]r,rcKa3arb cBoe
cpl(AeHr4e. flsa lrueuur BcerAa xorc 6sr HeMHoto orjrHrtar()r'cfl H rrpoBouH-
pylcrr qenHyrc peaxrlr4ro o6cyxi4eulrr rlo BceMy Knaccy.

Eure oAus BapHaHT HcnoJlb3oBaHr.r.s KaproqeK BbrJrrul,'r"r'.x. rlo orcoH-
qallilId JreKUHr.r yrrHTenb npeAnaraer BceM n HcbMe r r l r o ril.Pcrlr(] plrpoBarb
ycJlbturaHHoe, 3areM <no x<pe6uto) orHH H3 yqeHHKOB 3alrilr.n,rBaer csoil
BbrBoA, trpoucxoAH'r O6CyX4euHe, nocJre Koropo|o M())KilO Bil00TH n3Me-
HeHH' B [epBoHar{iubHo Ha[HCaUHUfi rexcl a nor.oM C/Uu.r, cfo Ha [po-
BepKy' B sroM cnyqae ,eKrop HMeer Bo3MOxHOC'r'r, ()r'cJrL)ru-ru o6par-
Hyro cBr3b c KaxAbrM ug cltvurarelefi.

ICarc c4eJrarB rrar./ragrrrrM
ff B.rreIrIIe rreprIoAIIrrHOeTr{? *

fleprrre ypoK14 rro rer\{e <<flepuogn.recKafl c,c,r,cr\,rir .)JrcMeHToB))

MO}KHO CAeJIarr, oco6eugo I{aruIflAI{bIMH, HCtroJil,,}yrt rrlloc r.oii caMo-
Ae,ts_nufi na6op H3 KaproHa (aarop HAev - yrrH.r.cJu, xlrN,lllr H:l [Ise_
4uuv[. Eo,rr,arpeH). Karc [r:secrHo, rrpra nocL:pocrrrrrr llcrrrro/ru.recnofi
cucTeMbr {. lI. MeHgeJreeB pacnoraraJr 3JrcMcil.r.r,r ilo r().r[)acraHuro
orHocr.ITenbHofi arousoil uaccu. ,{na yao6c.r.nit /tcM()uc, 1r,,,1,.,N rro_
I-o npHHuHna BLIpelKeM H3 KaproHa Kpyxt(H, /rHiu\rc'r'l)r,r rrr)r'0[)Lrx rrpo-
lropuHoHajlbHbr aroMHbrM MaccaM 3JreMeH.r.()B (rrc:crrr,l,l ) r.Lraaustx
noArpynII. Ha xax40rr,r Kpy)r{Ke orrrerrHBo 3ArnrucM rrilr( .).]rcMerrra
H BeJIHaTHHy OTHOCHTeIuuoll arouHofi Maccr,r. l'rrcriplrcrrrr rrarnAutfi
KpyxoK OAHAM H3 BOCbMlr pa3Hbrx uBero8 (0rrpcTlcrrurrrr,rii rlrrc.r co-
orBercrByeT 3JreMeHTatr o4uofr rIoArpynflbt). l( o6pirr rroii c.r.1;psra
KaxAoto KpyxKa IlpHKJrer4M MafHHTHK.

Mogelupyr nocrpoeHHe flepuo4nuecrcofr ,rc'r c* l,l, )J r(.M cr'*)r, yqH-
Tenb cHaqaJla pacloJlaraer KpylI(KH-3JIeMelt.l.l,r ilil r\rill rrrrliloii ltocKe
XaOTHqHO, npeABapHTeJIbHO npHDpgTaB KpyX(OK C(r,il tiut( )A,t. |lltUpxMep
TEDMAHH'I.

* Journal of Chemioal Education. 1995. Ne 4. p. 337 I tlt
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3areu yqaqHMcfl npeAnaraercrr cHcreMarn3HpoBarb unreroutufic.s
na6op 3JIeMeHToB no aroMHbrM MaccaM. B urore [Ia AocKe noryr{aercs
Ar uusufi HenpepbrBHufi pr4 KpyxKoB. yBe.rrnr{e Hr.re AnaMerpa Koropbrx
rBJr.rlerc-R HamsAHoil analoruefi yBennqeHHrr aroMHbrx Macc, a qepeAo-

BaHhe qBeroB cHMBoJrH3Hpyer H3MeHeHHe cgoficrs 3JleMeHToB. Paccuor-
peB noryqeHusrfi pr4, yrrauuecr 3aMet{aror, qro ron6nuaur,rn uBeroB B

HeM rroBTopflrorcfl rrepe3 Kar(Abre BoceMb Kpyx(KoB (aualoravuyrc 3aKo-
HoMepHocrb o6Hapyxru-rr,{. I{. MenaerreeB B 1869 r.). Tenepr cneAysr
KaxAylo raKylo roru6nsaqnrc cAerarb orAerbHr,rM pflAoM, pac[oi]oxuB
Hx oAHH noA ApyrnM. flareHHe nepuoAr.{qHocru AeMoHcrpupyercl srofi
MoAeJrbro, TaK cKa3ar[,, Bo BceM qeere! Kax<4ufi pr4 (nepuo4) nparcru-
r{ecKr4 nonHocrbro Ko[Hpyer npeAbrAyurHe fio uBeroBofi ranue rrpx oA-
r{oBpeMeHHoM yBerHr{eHuw AWaMeTpoB Kpy)Kr(oB, a B Ka)rqqou crol6ue
(rpynne) qBera KpylKKoB HAe[rrHqHbr, yKa3brBax Ha cxoAcrBa csoftcre
3J]EMEHTOB.

Ilocrpoeuua, MoAenb )ao6Ha rnq AeMoHcrpaul4n v a*anv3a pAAa
3aKOHOMepHOCrefi. HanpUrrrep, yqauHecfl 3aMeqarcT, qTo B AByx Mec-
rax (K n Ar, I ra Te) nocleAoBare.flbHocrb qepeAoBaHr.r, uBeroB Hapy-
ruaercr, a rr,fl ee BoccraHoBJreHNr rpe6yloTc, KpyxKpr 6olrruero Ana-
Merpa rrocraBurb nepeA KpyxKaMu MeHbuero AuaMerpa. Konaneuru-
py, 3TO flBJ'IeHII€, ytIHTenb COO6Ulaer, qTO IIMSHHO 3TO IIO3BOJIHJIO

/{. 14. MeHaeJreeBy [peAnonoxnrb, qro nepHoluqHocrs ceoficrs ere-
MeHToB onpeAenrercq lre aroMHoft uaccol"r, a KaKHM-To ApyrHM napa-
MeTpoM, He H3BecrrrbrM B To BpeMs HayKe. Eure nauqAHee npo6el Ha

Mecre [p]r[prraHHoro yqllreneM KpyxKa co 3HaKoM repMaHnr. I4Hrep-
nperHpyfl oror npo6el, yqaq[ecs Heas6exHo npuxoArr K BbrBoAy o He-

o6xogauocrn cylqecrBoBaHrls eu-(e oAHoro 3JreMeura MexAy rarrrleN{
H MbruJr,lKolr. Teneps caMoe BpeMs Aocrarb npnnprraHHrtfi xpyxorc lr
paccKa3arr, o roM, KaK, noJrb3yrcr, flocrpoessofi urvr flepro.4uqecxofi
cucreMofi, .(. t4. MeHgeleeB flpeAcKa3irfl cyuecrBoBaHr{e pqAa HoBbrx
3JI EMEHTOB. T'ICNO IVIY I 3AKOHOMEPHOCTH B h3MEH CH HH OKPACKI,{ KAPTO.
qeK, yqauluecr cMoryr cAeJrarL, nporHo3 o HeKoropblx csoficrgax
3IEMEHTOB.

flepuogrrqecrcafl crrcreMa
AJIJI CaMBT>( MJIaETTIIIX*

MoxHo JrH cAeJrarb 3HaKoMcrBo c MlrpoM xnr\,tHqecKHx 3JreMeHToB
yBJreKaTeI bHbrM }r oAHoRpeMeHHo no3rraBaTeJr bHbrM AJrfi caM[,rx MJIaA-

rlrux luKol b H nrcoa? K. Kappaao, corpylH r.r ua xHM H qecxoro Sarcyl urera
Aproucrcoil saquonal suoil ra6oparopu r.r (urrar Vtutuwoi,rc, CIIIA),

* Journal of Chemical Education. 1993. Ne 8. P. 658-659.
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cqHTaeT, qTo He ToiIbKO MoxHo, HO u HyXHO Har{aTL HCCJTCAOBaHHe

flepuo4u.recrofi cucreubr eule B HaqzL,IbHofi [rKore. Bnpo.rcv. paspa6o-
TaHHa, ero MeroAHKa Moxgr 6sns ycneruHo r,rctroJrb3ooarra H u cucreMa-
THqecKoM Kypce xvMHA 8-ro x-nacca. Oco6eHuocrb aBl'opcr<oii ugeu -
B MaKcHMiurbHoM HcrroJlb3oBaHupr Ha ypoKe ecrecrBelrrroii rraurru pe-
6qr. Orcassreaercq, qro MnaA[He rrrKoJrbHuKrr AoBoJrbrro Mnoro 3Haror o
x[MHqecKHx 3JreMeHTax H3 noBceAHesHofi xH3HH. 3a,,ta,ra yqHTen.fl -
nocrpe6orarb H clrcreMarr3HpoBarb 3TH 3HaHHr. Mc'r'il/t cucreMaru-
3auI4H suaHrafi or{eHb npocrofi - pa3rJrrAbrBaHue H pacKpaurHsaHue IIe-
plIoAuqecKofi ra6luqbr 3JIeMeHToB, npaBAa AoBoJrr,u() rrco6srqnofi
(prac.35): ua Hefi pa3Mep qqefiru Kor(Aoro sJreMeHTa coo'r'rcceH c ero
pacrtpocrpaHeHHocrbro Ha 3eule.

Hanpuuep, KHcJropoA, Aonff Koroporo oco6eHno RcJrrKa (r s aruoc-
rlepe, ra s :eNauofi xope), HMeer coorBercrBeHuo u rrau6o.lrr,runfi pa3Mep

c.{efi rcH. A pe4xoserr,teJrbHbrM 3JreMeHTaM orBeAelrbr r rc6rur r,rrrure qqeft-
xtl. Ecrs B groM BapHaHTe flepno4nvecrcoft cucreur,r x crror.r ycnoBHoc-
Tl,r: BceM HecyqecrByrouluM e :elauofi npHpoAe fJrcMcu'r'ilr\,r o'rReAeHL,r

s.refircH paBrroro pa3Mepa.

Yrre cava Soprraa [peAcraBneH]rq ra6rl-{ubr Br,r'l,r nlrc'r' y yqaurnxc,
xzeofi HHTepec H ecrecrBeHusrfi eonpoc: <floucuy Karorc- r'o lJreMeHTbr

,,KpynHee(( Apyrux?) C oreera Ha 3Tor Borrpoc H uA.rlrilc'r'cu rro4po6Hoe
pa3DrqAbrBaHHe H o6cy>r4eHue cHcreML,I xnlll,rrrcclcrx )JrcNrclrron. 3a-
Hqrne MoxHo [ocrponTb B cneAyrouefi nocleAona lcJu,uoc'r'H.

1. PacrcparrrrrBaeM g.refircu

Yqnrerr pa3Aaer pe6mau Jrucrbr c uao6paxcnucv llcpnolluuecrcofi
cHcreMbl ( pnc. 35), npe4laraer BHlrMareJIbHo pa3r)r,ulc'r'r, urMrloJrbr xnMra-
qecKnx 3JIeMeHToB H rrorrsrrarbcfl ymAarb Ha3BalrHx xorr 6r,r rcKc[opbrx
H3 HHx. Ecru slelreHT HiBBaH rrpaBHJrbHo, To ero r.rciir<l l)ilo(llllrur{Baerc,
IrBgrHblM KapaHAauoM. Hanpuuep, Bce, Kro Aora/liulcn. tr 11) 'r riu( <H> o6o-
3Haqaer BoAopoA, pacKpauuBaror elo ruefircy. Ec:ur r<l()-r() uc ilraer Ha-

3BaHlrq, Ho cMor uro-uu6y4r, BcnoMHI,ITb o npuMclrcrlur ')'ror'() fJIeMeH-

Ta, - Toxe xopoulo. Hanptrltep, )^{eHI4K coo6pa'ru.tt, tnr) yr:lrclxrl KaK-To

cBfl3aH c rpu$ererr B KapaHAauax HJrH c zurMa3oM. r)r7ll ()u'r())r(c noJryqa-

er npaBo pacKpacuTb rueircy AaHHoro gJIeMelrla. l) 6ccclty rrorlrcKaerc,
KaK Mo)KHo 6olsure pe6xr, w mo6as HHHuuarHBa u(x)lrll)ncre ,r rro'lMo)KHoc-

Tbrc pacKpaclrrb erle oguy ruefircy. B arore o6cyir<71crrrru (iyltcl co6paHa

vpesrsluafi uo o6urnpuax u H$oprraaqux o6 erer'aer r lir x.
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2. fonopuru oArro, a rrrfirreM Apyroe
Yqlnels flpeAraraer pe6rrana o6secrn LI,BerHr,rM rapaHgaurona ruefi-

KU Tex SJIeMeHTOB, pyCCKHe HA3BAHAA KOTOpbTX He COBna,qalOT C r.rx 3HaKa-

uu. Hanpuurep, Ha3BaHHe <<rcpenauafi>> HHKaK He coorBercrayer:uary <<Sil>,

a cnoBo ((cBHHeu)) - 3HaKy <Pb>. 3aro Mo)crlo 6erro .rurars no ra6luue
Ha3BaHH, TaKHx 3neMeHToB, KaK uarpr.lfi (Na), anror'aunufi (Al), rnraH (Ti) n
ap. lhq 3Toro AocraroqHo 3Harr, anmnficrcnfi ar$aarar. Tar n urponoil $op-
Me AaeTcc HaqzurbHoe [peAcTaBJIeHr.Ie o Me)r(AyHapoAHoM q3r,rKe xprMHH.

Oco6o o6cyxgarorcq ga6aeHsre orpexu, Ha[pHMep nor r r,r'r'Ka upoqurarb
sHaK ((As) rcax <acrlalrr>. Kcrarn, pe6lra HHorAa 3aAaror Bonpoc:
<A no.leuy s ra6rrrue He npeAcraBneHr,r 3HaKa MHorHx H3necrHbrx HM Be-

urecrB: 6euauHa, Bo/Ibr, Bo3Ayxa u 4p.?> floresHo 6yacl o6cyanTb, rrro

flepno4uvecKzur cHcreMa coAepxr.rr 3HaKH Bcex H3Bec'nn,rx na ceroAHfl
3JreMeHToB, v ecrvl rcaxoe-lu6o BeulecrBo He npeAcraRJreuo B uefi cauo-
grorrenbHbrM 3HaKoM,3HaqilT, oHo rnnrerc.r r116o cNaecbro rpyrrx BeqecrB,
.[u6o xHMH.{ecKHM coeAHHeHr.reM 3neMeHToB. Tarc, rarrp}rMcp, aoaa (HrO)
f BJrreTc, coeA[rHeHHeM BoAopoAa [r KHcJropoAa.

3. I{so6panrcaeM arperaruoe eocroffrrlre
rr MHoroe Apyroe
B ulaAurux ruraccax cnoxHo o6rscHHrs pa3nhrty Nrc)K/(y xHMnqe-

CKHM 3I9IUeHTOM H COOTB€TCTByIOUIHIVI npOCTl,lM llclllcc'l l|oNt. nO3lOMy
yqurenb Moxer o6ofiru 3ry Terlry, npeAnox(HB pc6r'larr ucroMulrrL, Ha-

3BaHl.z,r, KaKHx gJreMeHToB accoqrl Hpyrorcq c ra3oo6 pil' r r r l,r M H neruecrBa-
MIr, r,r HapucoBarb B coorBercrBytorqHx flqefiKax ny r,rl)r,r(rr, il flqefiKn,
coorBercrBytolrlue xl4AKocrflM, 3anoJIHHTb BoJulr{crr,rMrr rrrrrrrrgHtla. K.ro
B Kiracce cyMeer uailru 6orsue npaBr,rJrbHbrx pcrlcrurii'/

,{anee Mox(Ho o6cyAurs caMbre pa:Hoo6pa'rr t r,rc rlryr r rr 1nH oreMeH-
TOB I{ COOTBeTCTByrcIU1HX HM BeUIeCTB, noMeqafl t(nc',r'il\'ultO ltqeilrH, S

KOTOpbTX yqauluecx o6rrapyNar flAoBr.rTbre, HcttoJil,'r)'l()ilurccfl B MeA[.rqH-

He, HMeroilIue 6noxuv ttqecKoe 3HaqeHHe, o6rra/la ror r tr rc l)il/ (noaKTHBHo-

crbro, u Ap. Beurecrna (eneueuru).
B n'rore [poBeAeH[rofi pa6orsr [epeA Ka)rqlr,rM ln .]"lcurr(on oKa3br-

BaeTcfl fieplto4uvecKa, cHcTeMa, pacKpatucllllill n c()(rntctc'r'nHH c efo
ypoBHeM npeAcraBneHNfi o6 oKpyxarcqeM Mr.rllc. l(irrr tt;llrrlr-rro, Aarre y
TpeTbeKIaccHHKOB AoBonbHO 6olsruaq qac'r'r,'r'it6lurr1t,t 6t,rtItct'3aKpa-
meHa, rrro craHoBHrcq cu:rsHofi yve6nofi uo'ntturrurcli: crrlc 6r,r, ora3bl-
Baercfl, oHH TaK MHoro Bcero 3HarcT! ,{anec x I lcprrrulrr,rccroii cucreMe
cocTaBJIreTc, JIefeHAa, norcH9loulafl flplfltuHil ltcil()Jil' r()l|iullr}l rlReToB.

Jlyuurue pa6orsr MoxHo BbrcraBlrrb B KJraccc. 14 crrlc ()'lcur, rur)Klro co-
xpaHHTb Bce 3TH pacKpacKpl Ao oKoHqaHHfl lur(()Jlr,r. ( ),tctrr,.rrto6ortstrso
Kax(AoMy yBHAerb, KaKHMr.r 3HaHVflMvt o6ra/tir.rr rt /l('r( ur('.
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Xruwu.recrcltfi EerercrrrB
(,<Pearcqrr,fl SaMerrIeHrrS' rz.Jt*t V6ufierso

nPo&eccopa f Pa,YrrAePa>)*

I{e;rs sroro paccKa3a - [peAclaBHrb HayqHyro npo6nernly n $oprnre

.qeTeKTHBHOfi nCropnu c oco6ulu aKrleHTOM Ha 3llaFll,le ocHoB OpraHH-

qecrcofi xllM]y't4,a []onyJtflpHste u -nro6ulrbte BceMLI nlrTeparypHble l.epoH-

llleplor Xoluc t4 AOKrop Barcou - cAeJIaIor Ilpouecc peutetlu, 3alaqv

y*n"**"n"ustlrl. Aeropbl HAeH - T. ,n2K. Vo.l'enl pr T'P' Pu6onr H3 yHI'I-

Bepcurera rxrara Teuueccn (CtlIA).
Terccr coc1oltT r43 AByX qacrefl: n nepnoft I'r3J]alaeTcfl AeleKr11sHntfi

cloxer, eo sropoil - ero pa3ra.qrca. ilepeA npoqreHHeM eropoil qacrn

npeAflapaeTcfi flOnblTaTbcfl CaMOCToflTeJILt{O Hafiru peu]el{He, I4cnOIIb-

3yfl 3HaHHe o cHoB opraHl4qecKo it xutvtuvt.

{acrr 1. TaurrcrBeHuoe Y6uficrno

Esrl renlsrfi qcHsrfi Bet{ep, cTonb HeIIpHeUrqHutfi An, oceHHero JIos-

AOna. _fl Bo3Bpaualcq AoN,rofi c Bbr3oBa. lny6orcaa clIHeBa ue6ec, :o.no-

Tbre JILICTL' HaCTpoHJIH MeH, I{a lupuvecxnft laA' Huqro He npeABeula-

Jro rparuqecKax HoBocreil. Boilas B Hauy KBaprupy ua Eefixep-crpl'IT, fl

o6Hippnun raM HHcneKtopa IIecrpeftga, yAo6no ycrpoHBruerocq B MoeM

KpecJIe. Os qro-ro o6cyNgan c Xolucou'

-AsoruBarcoH,-cKa3uulXoltvlc,yBHAeBNIeHs,-noAcax<nsafi-
recs no6luxe K orHro. KcraTl1, Bbr c,'rbrruzug IIOCISAHI{e sonocra? Bqe-

pa BeqepoM B yHuBepcurere y6ur r,oKrop Onoila fpayu4ep'' 
f 6u]|lt flpocTo rroTpsceH STHr\{ r43Becrraeu. KOuy MoI noMeularb

npoQeccop xuuruu? ! Jlecrpefi g no.4po6 uo repecKa3arr MHe rparuqecKl{e

co6strus:

- flpoSeccop fpayH4ep, crl1s 3a rlHcbMeHHblrll croJIoM B cBoeM yHH-

,"part"r"nou xa6unere cnutloii KABepH, Koropylo peAKo 3artHpanH, 6bln

y6nr yaapoM Hoxa B lueto. Buepa B lpyflfie cryAeHToB, cneurranu3[py-

rouHxcf Ha opfaH Hqecro fi xt4MLlVt, II potl 3oII]eJI Hen pHfi THt'lii u rt uuuxeur.

Bo apeur [HcbMeHHoro onpoca fpayHaep ny6lnuuo o6eh]l]-lrt oAHoro

H3 cryAeHTOB B cnucblBaH14H n rpeAynpe.u,HJl, qro norpe6yer ero

HeMeAJIeHHoro HcKJlroqellHr' [Ipas4a cAena'rb 3Toro oH He ycI]eJI'

H eure oAHa HHTepecrlarl Aerars: s la6oparopuu AoKTopa l-payHAepa,

rrpHMbrKalouefi r ero xa6Huery, 6srno pa:6uro Bce o6opyAonaune' a

npHllaAnexaBurHe eMy uellHbIe o6pa:ust npupoAHblx BeqecrB a 6yx-

BturbHoM cMbIcJIe pa3Ma3anH no creHaM.

I

* Journal of Chemical Education. 1996. Nll l2'
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Koraa r{HcneKrop 3aKoHrrHJr cnofi paccra3, , flepBbrM AenoM [oHHTe-
pecoBzurcr' KTo xe sToT yrHqeHnsrft s cflncbrBaHrrr{ cryAeH.r. Jlec.rpeft4
EXUAHO 3AMETHJ], I{TO BP'A IH 6rI OH 3AECb CHACJI, ECIN 6II NOJIHUHH
6ruo H:secrHo r.tM, 3Tor-o rleJloBexa. Ou cran 6ut [epBbrM noAo3peBae_
MbIM, TaK KaK I'rMeJI H Bo3MoxHocrb, H MorHB coBepuHTb y6r.rficrno.
_ Xolltc, pemrrB He reprrrr, BpeMeHH AapoM, rrporrHyJl MHe naqKy
6yrraar:

-3ro, B-arcou, pa6oru cryAeHToB-xHMHKoB 143 tpynrbr npo$eccopa
fpayn4epa. HHcnerrop npeAycMorp,rerbHo 3axBar,Jr ux c co6ofi. Bo:-
MO)KHO, oHt{ cMoryT o MHOTOM HaM rroBelaTb.

Jlecrpefig cKerITH t{ecKu ycMexHyJrcf, :

- BosMoxrHo, Mucrep Xolnrc. Tolsxo o6r.scHnre Mrre, KaK. B rpyn_
ne25 cryreHToB r.r coorBercrBenao25 pa6or. cre4ooarenbr,ro, Mbr HMe-
et..a 25 noAo3peBaeuux. Hervrano Aaxe Ailfl Bac, Mncrep Xorrnac?

- rlocn'ro'pHM, HHcneKTop. c naurero rro3BoJreHHr, Mbr :afiueucs
grr{M AenoM. -f nosnoHro BaM, KaK TorrbKo uro_uN6yAs nbrrcHro.

Mtr nonpoularyrcb c HHc[eKTopoM, H oH Bbuiler.
- A renepr, BarcoH, - cKa3aJr ,,olnrc, rorHpa, pyKh,_ ganafire_rca

nocMorpnM sru pa6orrr.
,f, ssgr neporrfi nonasuHfic.rr MHe JrHcroK H nporrH'r.aJr lra HeM 3aAa-

uue: <HanuruHTe ypaBHeune o4uofi H3 Bo3MoxHurx pcarcr1ufi 3aMeuIeHHq
apeHoB. Paccrassre n uena rcoaS$uqueuru>.

B reqeuue cJreAyrcr{ero qaca Xolnrc BHHMareJlr,lrn H.}yr1ny1 oAHy pa6o-
Ty 3a Apyrofi u, nu4nruo, He HixoAfl Toro, qro HcKiur. c pil3llpor(eHneM or_
6pacuaal rrx B cropoHy. Bapyr oH rpsuHyJr MHe /lRa Jrxc.rKa (pac. 36).

CI

+
NO,

+ Nl -CH(COoCH),

cl (

+
Nol

'rr(C(x)cl,tr),

t Nir(ll

CI

+
NO,

+ Na. -CH(COOCH),

X-++
N( ),

( 'l l(('( )( x'l Ir),

t N:r('l

floxa q pa3rnrAbrBal aScorrcrso Hnqero He roBopsrur4e MHe 3HaqKh

rr cHMBoJrbr, Xolnc Bbr3Bilrr Mllccnc XaAcoH H orAaJr KaKHe-To pacflopq-
XEHI4'I.

- Muccuc Xalcou cefi'rac cBrxerc, c saruefi <6ocouorofi areHTy-
pofi>, a 3Tlr loHbre AxeHrJrbMeusr 6e: rpyAa BbrcreAflT 3S0" fa6opno r.r

flxoHa Mugclrnra B yHnBepcurere. f AyMaro, qro yxe 3aBTpa yrpoM
rurr 6yaena uMerb yAoBonbcrBhe rprue3perb 3THx MonoAbrx lroAeft y Hac.

H ocraeHs MeHfl B noJlHoM HeAoyMeHHH, Xorvc 3aHflJrcr KaKnMH-TO

orrbrraMlr s csoefi xunuqecroil na6oparopuH. Mse Huqero He ocraBa-
J'IOCb, KaK npOBeCTH OCTaTOK Beqepa 3a qTeHUeM AJIHHHTOIUOTO H nor{e-
My-TO MOAHOTO pOMaHa.

fonno s 9 qacog yrpa MHccHc XaAcou BBeJra B Hatuy KBaprupy AByx
cryAeHroB-xHMHKoB H3 rpynnbr npo$eccopa fpayuaepa. 3f,Qu fa6o-
puo oKa3trnacb Maneut Kofi uepHonorocofi geayrurcofi, ogvrofi BecbMa ByJrb-

rapHo. Osa nolsgoBzL.racb AyxaMH c oqeHb crpaHHbrM cra6sru apoMa-
ToM, BeporrHo, AerreBbrnau. OHa.flnuo 6srra He B Ayxe. Xornc yLrrHBo

rroKJIoHHJrcfl, uro6rt norreJroBarb efi pyrcy, qto 6rrrro coBceM He B ero
xapaKTepe (o6sruno oH orpaHuqvBailcs KoporKlrM noruroHoM B Kar{ecrBe
npuBercrBrrr). Cnyrur,rr 3QQa, !>rcoH Muucuuq 6rm, uanpornB, oAer
BecbMa H3flrqHo H rto [ocJreAuefi uoAe. Mologsre JrroAra rBHo HeAoyMe-
BuurH, no KaKHM npr.rqHHaM r{x npr4rJracur sernxuil cburluK. Xolmc cpaay
x(e [epeueJr K AeJry:

-flonepsre MHe, Mr,rcc fa6opuo r.r Mucrep MuHcuHq Barrr BH3ur r,rMeer

orpoMHoe 3Haq.eHHe. 3aseprro Bac, oH He orHHMer MHoro BpeMeHH.
.fl xorer 6rr :a4ars BaM Bcero Jrrlrrrb rro oAHoMy Boflpocy, H Bbr cpa3y xte

cMoxeTe BepHyTbcq B yHHBepcHTeT.

- Hrax, Mlrcc, - oH o6paruncr rc 3$$u, - 3Haere JrH Bbr xnnauqecruil
sHarc Harpur?

3QQ" 6rrla no:nayxreHa: oHa Hr4KaK He oxlrAzrJra Borrpoca no xHMHH.

Xoruc Be)KJrHBo, uo uacrofi'{uBo [onpocuJl ee orBernTb.

- Hy, Na, - rpor.{3Hecna 3$Su.
Xoruc o6parurcx x MHucuury:

- Mucrep MnHcuuq qro npeAcrasrse'r co6ofi peaKuu, sar\aeureHns?

- Hy, q ue oco6esuo cHJreH B 3ToM Boflpoce, Mncrep Xoluc. Ho
eoo6ule-ro fl AyMaro, rrro B peaKrlflqx 3aMerueHufl KaKafi-Hw6yls orprr-
uareJrbHo 3aprxeHHa, rpyntta 3aMeHrer x.llop y rcaxoro-nH6yAb aroMa
yrurepoAa.

Xornc, Ka3aJrocb, 6slrt snorHe yAoBrerBopeH ycnbrrxaHHbrM v -flBHo

Bo BceM pasoOparcr. Os no6laroAapnJr cryAeHroB H HacKopo c HHMH

nonpoqancc. MoroAsle JrroAH noKr,rHyJril Haur AoM B eule 6olsruelr ue4o-
yMeHr.rH, r{eM flpaAf, B Hero. 3anaevy, uro r pa:6upaJrcs B [poucxoAquleM
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HHqyrb He nyqtlle Hx, o qeM H cooorrlHJl XOnrr.rcy, KaK ToJrbKo Mbr ocra-

Jrr,rcb oAHH...
B erou Mecre Mbr npeAnaraeM qlrrareJrro npepBarr,c, H noflbrrarb-

csuaitrny6*irrry npoQeccopa fpayu4epa. hcnonisyfire rp, 3roM crre-
,qyrouHe HaBoIrrIHe Bonpocbr :

l. flovenry Xoluc 3auHTepecosalcr pa6oraMra HMeHHo 3Tr4x AByx
cryAeHros?

]. _{arcyro uHsoprraaqr.l}o oH Br,rHec r.r3 pa3roBop a c uurvwt?
3. Kro H3 gruxAByx cryAeHToB cnHcbtBaJr yApyrorc H coorBercrBeHHo

nor 6srrs y5wilrqefa npoSeccopa fpaysaepai
A renepr nocMorpuM, KaK peuruJr ory 3aAar{y Xoln,tc.

t{acrr Z. O.nemerrraprro, Barcou!

-klrarc, Xonuc, Kro xe y6un npo$eccopa?
- Ipyr uofi, - cKa3zur Xoruc, CHncxo4ureluuo ynsr6a,teb) _ Bbr xe

By.Aer,u pa6orrr! 9ro xe BaM errle Henoumuo?
- Hy, ao-uepBbrx, iloqeMy uz 25 pa6or osr oro6paru uMeHHo 3T,

gne?

- Sleueurapuo, Barcou, - orKJrprKHyJrct oH c 3Hry3Ha3Morra. - Be^s
canaa Qoprr.rylupoBKa 3a1al:as, [oApa3yMeBaer, qro rpuMCpoB peaxquil
3aMeuIeHu, orreHb MHOro, a MHcc fa60puo H MHCTep Murrcnrrr au6paru
oAHH n ror xe. cauo uo ce6e sro, KoHeqHo, He floAo3ptl,reirbHo, HO AeJIO
B TOM, qro o6a oHr4 AorD/crLrJrH o.qHHaKOByrO a, 3aMe'rb].e, oqerrb rny[ylo
omu6rcy. I{3 atoro, KaK MHe Ka)KeTcr, cneAyer, ttro o/lult H3 urx cnncbr_
Birn y Apyroro.

- na o KaKLtx 3To tJlyrrbtx oruu6rcax Bbr Bce ro,rKyc.[e, Xolprc? _
cnpocHJr q, [blrarrcb p:BrnsAerb xorb rrro-HH6yAs cTparUroe a pa6orax.

- Hy xax xe, Barcou! flla Hava,ra 3aMerHM, rn.o nHr.porpytrfla HMe_
er rfoprrryly NO, a BoBce He NOr. Bo-nropbtx, y Hcxo/lnux BeulecrB
AoJIxHa rlpHcy?rcTBoBarb rpynra coocH3, a ue coocl I: cpaauure co
crporofi npoAyKToB. Srnx ouru6oK, MexAy npoqHM, .rrrrcc rre.r 6olsue
HH y Koro B rpy[ne. K rorr.ry xe MHcc fa6opuo H Mnc.r.op MurrcnHr ogr.r_
HaKoBo pacnoJroxaln $oprvryntr Ha Jrr,rcre.

- Aa-Aa, Xolprc'.' Boauoxuo, BL,r npaBbr. I-r. ,cc-'r',xrr rr,r rre Moxe-
Te onpeAenHTb HaBepHrKa, KTO y Koro crrHczul.

- I4 sro, Ba'rcou, coBceM HecJroxHo. Bsl garr,,c,r'rr.rr. r1,1.., r)rll$ra 3Huura
xHMr4qecKHfi SHaK Uarput? To.aa [oqeMy ]r(e ora /()ryc.r ,Jra.r.aKyru rny-
neftruyrc ouru6ry - HarrHc.rJra n tepxueii crpoKc N, ,ucc *, Nai

Teneps roJrbKo, yxe B roropsril pas ,iprc,.,,irr,rr,, r,cua.rpHBarcb
B 3HaKLt u Qopnaylsl, f, yBHAeJr ro, r{To Xolrrlc 3aMc,r,uJr yxc /(aBrro.

- fl AoraAancil Vt1alexa 3$$u nprHrra 6yr<uy u,,i, n pa6ore
MuHcuHra:a gsoftrcy.
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- flpasursuo, BarcoH, Bu AeJlaere ycnexu. Kpor.ae roro, HecMorpg
Ha ro, rrro Mracrep MascuHr HMeJI, MflrKo roBopfl, BecbMa o6rqee upe.q-

craBJreHr4e o peaKqnr4 3aMeureHxfl, oH Bce-TaKI4 cMor Koe-KaK o6rxc-
HHTb ee cyrrlHocrb. lI ero pa6ora c sroil TorrKH 3peHu, rorz.rHa. 3re-
MeHT, Koropsrfi ou BbrqepKHyn r.rs Qopr'lynsr [poAyK'ra, - Mop, TaK KaK

oH, HaKOHeq, AoraAiucs, qro orpHrlareJlbHo 3apf,xeHHa, rpymla AoJIxHa
3aMecruTb xnop. Brz4uMo, oH iloHcr 3To B caMoM KoHIIe 3atflTvts, u 3Sfiu
He ycnena HcrrpaBuTb onu6rcy s csoefi pa6ore, T. e. c rotIKH 3peHH,
peaKuHH 3aMeuleHHfl ee ilpaMep He Hr\reeT cMbIcJIa.

- .{a... - ToJrbKo H cMor BbrroBopnrb r, o6ecrcypaxesurtfi crporofi
uenblo ero paccyxAewwit. - Ho... 6urr Moxer, 3TH cHMBoJIbI H 3HaKI,I

TagT coBceM Apyrylo ucropzrc?

- r{a ner, BarcoH, Bce BepHo. Kcraru, - Xorlrc ryKaBo yru6Hyncl, *
Bbr 3aMeruJrr4, KaK yr{THBo , rroqeJroBan pyKy 300fi npu :uaxolrcrne?
Ounquo! Ha carraotr Aene c ilpocro xoren yAocroBepnTbc.fi, t{To or Hee

flaxHer reprreHoN{. O6pa":r1sr nMeHHo sToro Be[IecrBa xpaHHJrHCb B Jra-

6oparoprara npo$eccopa fpayuaepa. Tepneusr, BatcoH, noAo6uo Macay
JrHMo Ha, HMeror croii xail xapaKTeplrbIfi :anax.

Tenepr MHe Bce crulro rroHflTHo B groM Aere. Bce 3BeHb, Iretrr,t co-
6srrrafi Bcrilrrn Ha cBoH Mecra.

-Vrarc, Xolrurc, 3S0, fa6opzo H ecrb y1uiaua npo$eccopa lpayu-
gepa. Bsr pacKpbrnu 3To Ae;ro, Ho, KaK Bcer-Aa, ocraHerecb e reHlr. JIaA-
uo,6y4eu xorr 6u HaAerrbcr, vro JlecrpeilA noryvar [oBbr[IeHLre.

YpanrruBaeM Ao 6ecrconertxoeru"
Xopouro H3BecrHo xeJraHfie MHorHx yqauruxcfl paccraBrlfll'r xosQ-

Sr,rqr,leursr B ypaBHeHH.sx oKHcrr4TeJIbl{o-BoccraHoBareJIbHux peaxqufi
MeroAoM no,46opa, oco6enuo ecJrH oHH HerBepAo 3Haror Apyrl4e cloco-
6 ur (sr e xrposHur fi 6arauc, flonypeaKqnr.r). flopor{Hocrb srofi npaxruru
HarnrAHo AeMoHcrpupyer npHM ep cregyrculefi peaKuI.rH :

KCIO3 + HCI -r KCI+ H2O + Cl2 + ClO2.

flpe4loxure yqeHHKaM paccraBxTb xosSrfxulaeHrbr B 3roM ypaBHe-
Hrin MeroAona noA6opa. Muorue H3 HHx HaBepHrKa noJryLrar nporl,rBope-
qaulHe ua6opu rco:Sdr.rqueHroe. A norlbrrKa nai,rru cpeAH HHx npaBHJIb-

Hrrfi o6peveHa Ha npoBirJr - ace ua6opbl oKoxyrcfl rpaBr.IJIbHbIMu.2T ra-
rcux Ha6opon xoe$SraqneHroB, He KparHbrx oAr4H ApyroMy, npHBeAeHbI
s ra6n. 5.

flpr.rverr,r 3To rre [peAeJI. MoxHo [oryqHTb H ApyrHe ua6opst, ttc-
non b3y, cre4yrcuqa fi an[opHTM :

* JournalofChemical Education. 1996. Ne 12.P.1129.
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KCIO3+ HCI-+ KCI + H2O + Cl, + ClO, KCIOr+ HCI-+KCI+II2O + Cl2+ ClO,

2 4 2 2 I 2 8 32 8 l6 t4 4
J t0 ., 5 4 2 8 24 8 t2 9 6

4 l6 4 8 6 2 8 16 8 8 4 8

4 8 4 4 2 4 9 46 9 23 22 2

5 22 5 11 I 2 9 38 9 19 t1 4

5 14 5 7 5 4 9 30 9 l5 t2 6

6 28 6 14 13 2 9 22 9 ll 1 8

6 20 6 10 8 4 9 I4 9 1 2 10

6 t2 6 6 J 6 10 52 l0 26 25 2

1 34 7 t7 L6 ) 10 44 r0 22 20 4
1 2(t 7 t3 11 4 10 36 l0 l8 1.5 6

7 18 l 9 6 6
l0 28 t0 t4 t0 8

7 t0 1 5 8

8 40 8 20 19 2 10 20 l0 l0 5 10

Ta1nuqa 5

- rcos$QrauueHrbr rrepeA KClO., n KCI aolxHu 6ulr.r, oAHHaKoBbrMH,
TaK KaK c o6eux cropoH yparuenn.e roJrbKo oAH[{ aroM KanHr,

- rcoe@$raqueHT ilepeA ClO, acer4a 6yaer Lrcl.ubrM rrHcJtoM H3-3a
qerHoro r{HcJra aroMoB xropa sClru qerHoro rcoetlr(rr.rrlucrrra nepe4 HCI;

- nocJre onpeAeJreHH{ KO3+oHrIHeHTa Arc clo. oc.ranutHec,'I aroMbr
KucJropoAa ypaBHnBarorcx rosS$raqueHroM nepea i l.O ;

- rcos+$HqraeHr repeA HCI 6yaer BABoe 6orsue xorrlr(rr.ruaeHTa ne-
pe4 HrO, TaK KaK s HCI - oAr4H aroM BoAopoAa, a n IJ,O - ABa. Teneps
r{Hcro aToMoB BOAOpOAa ypaBHeHo;

- rcosS$HrrueHr nepeA C l, onpeAel.rrerc, B br q H'r.a r r r.rc M r<o:(rrlurlueu-
Ta repeA ClO, r,rs rcoeQ$urlueHra nepeA HCI n /tcJtcuncM p"ryr"r-u
TIOTIOJIAM.

MarenaaruqecKra oAapeHH br M yr{eHuKaM N,r o)r(r ro I I pci ul o)r(HTb Aaxe
BbIBecrH na 6a:e groro iurropuTMa cucretry a.rrr.c6paH,rcoKHx ypaBHe-
Hufi, xoropaq [o3BonuraBToMarHqecKI{ onpeAenfl1.r, r<o,lrlrrlrnrlueuru. Ec.nu
o6oanaqnru rcoe$Sr,rqueHrbr nepeA KCIO3 n ClO, c(x).nro.r.crBeHHo qe-
pe3 x v y, To ocriurbHtre roe$$hrlr.reHTbr 6yayr pacc.rH.r.l,rta.r.bc, TaK:

KCI = x, HCI :2(3x - 2y),
HrO : 3x _ 2y, Clr= l2(3x _ 21) .1,112.

B pe:ylrrare [onyr{arb rrpaBnnbHbre ua6opr,r rco lrlrrlrurlr.rclrroB Mox-
uo 4o 6ecrcoHeqHocrlr. O4uarco npH groM xHMH3M ul)()rlccca uoAMeHrer-
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c, qHcTo a.nre6pauuecKHMH orrepaqlrsMH c trl4craMH. B erolt u nopotl-
Hocrb MeroAa no46opa rcos$$raqueuroa. flpasuJlbHbIM xe cneAyer cr{u-
rarr rarcofi ua6op xosQ$uuueHToB, Koroprtfi orpaxaer cylqHocrb npo-
qecca, T. e. [epeHoc 3ireKrpolloB.

flpe4roxnr B 3aKJIroqeHHe yqeHl4Karvr no4o6parb KogSQHUHeHTbl

MeroAoM SneKTpoHHoro 6araHca, Mbr [onyqHM ToT eAHHcrseHHrtft Ha-

6op uucel, xoropsrfi orpaxaer xHMlr3M flporeKaroqeil pearcquu:

2KCIO3 + 4HCl= 2KCl +2H2O + Cl2 + 2ClO2.

Merog rrporrgBoJrrutrx crerrene:E orcue.nenrrtt

, ilJtfi orcrrcJrrrreJrLHo - Boc cTarroBrrreJrBllsrx
peaIcrlrrfi*

Hsnectuo, r{To B croxHblx oKHcJIHTeJILHo-BoccraHoBHTeJIbHbIx pe-
aKuHfx, rAe 6olee AByx 3JreMeHToB MeHrrcT creneHu oKHcJIeHHfl, noAo-
6paru ros $Sll uue HTbl o6u qs srrr,Ir,t c no co6au a 6bt saer 3arpyAH IareJIbHo.

flpeno4anarerb yHr{Bepcr4rera BHnnauona (rurar fIeHcHJIbBaHI,Ir, CIUA)
O. Jlrcgslrr npeAJraraer B 3ToM cnyqae ac[oJrb3oBarb MeroA npoH3BoJIb-

HbIX CTeneHefi OrUCleUUr, CyUIHOCTb KOTOpOTO 3aKrloqaercfl B ToM, rITO-

6sr, npucaonB aroMaM npora3BoJrr,Hbre, HHorAa gaxe a6cypAHble crerle-
HI,I OKHCJIEHH,I, OCTABI,{Tb B PEAKIIHHTOJIbKO OAHH OKHCJIHTEJIb H OAHH BOC-

cTaHoBI{TeJIt. caUn CTe[eHH OKHCJTeHHS npl4 STOM MOIyT He HeCTH

HHKAKOTO XHMHqCCKOTO CMbICJIA.

Paccuorpuu, HanplrMep, peaKrruro :

HIO, + Fel, + HCI -+ FeCl, + [Cl+ H2O,

a rcoropofi Tpr4 aroMa MeHtrror creneHH oKHcJIeHHfl (fioA - ABa;ItAbt I..I

:rere:o). flonrsylcs MeroAoM npoH3BonbHbrx creneHefi oxucleHul, 3a-

nurrreM y aroMoB H, O ra Cl rnnuqsue A-[, Hnx creneHn oxr-rcrenux (+l),
(-Z) t (-l), a aroMaM fioAa e Fel, npucsor.rM npoH3BoJIbI{y}o crerleHb
oKucreHaq (+l), raryrc )Ke, KaK B coeAHHeHHu lCl. TorAa y aroMoB xe-
resa FeI, creneHb oKr.rcreHuc oKa3brBaercr panHofi (-2). Tarula o6pa-
3oM, qacrb aroMoB iloAa nar 6st <<sblBoAuTcq lr3 urpbr)), H B peaKul{rl ocra-
ercfl ToJrbKo oAktH BoccraHoBH't'eJlb - xere3o, H3MeHrrculee cTeneHb oKHc-
reHI,Ifl or (-2) Ao (+3), lI oAlrH oKtacJII4TeJIb - fioA, BoccraHaBJluearctuufics
cn (+S; ao (+1). flocxolrxy o6ulee yBeJIHr{eHHe creneuefi oKHcJIeHHt AoJI-
xno 6utrr paBHo yMeHbrxeHr.no, o6rruHr,tn,t cnoco6ou 3JIeKTpoHHoro
6anauca noryqaeM repeA FeIrrosQ$HuueHr 4, atepeg HIO3- 5.

fiarIl,ure JrerKo rronyqarorcfl crexuoMerpfiqecKl,I [paBHJIbHbIe xosS$u-
qr.reHTbr repeA Sopuyraruu Apyrnx coeAuseHnft s erofi peaKl-Iulr.

* Journal ofChemical Education. 1996. Ns 6. P. 507.
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Hcuors:yeu raxoil lt<e MeroA Ars noA6opa xo:lS$r.rqueHroB peaKuHH:

CuSCN l KIO: + HCI -+ CuSO, + KCI + HCN + ICI + H,O.
Paccragrcs creneHu oKncJreHur, HCrurror{HM H3 yqasrur4KoB peaKuHH cepy,
rrpncBoHB efi a cresa H c[paBa crerreHb oKHcfleHHq (+6). Clurar 3aprA
rpyrnbr CN parHurna (-1), nonyullw Ltlfl aroMoB MeAH B CuSCN cre-
neHb oKlrcJreuur (-5). Taxuna o6pa:ovr, MeAb oKncJrrelc, or (-5) ao
(+2) n CuSO., a fioA soccraHaBrraBaercr or (+5) n KIO., ao (+1) n ICl.
To ecrr crerreHb oKHcJreHHq MeAH n3MeHserc-rr Ha 7, a iloga - ua 4 enu-
Hnubr. CooreercreeHHo nepeA coeAhHeHuflMn MeAu lrallo craBr.rrb Ko-

s$SnqraeHr 4, a nepeA coeAnrreHusruu iloAa - rcoe(rSuuuenr 7. flocle
orrpeAeJreHHr ocrarbHbrx rcoer!$aqfieHToB floryqaeM clexuoMerpuqe-
cKH npaBHnbHoe ypaBHeHHe.

Oco6eHso spKnM [pHMepoM AocroHHcrB MeloAa rrpou3BonbHbrx
creneuefi oKHcJreH Hfl 6y.uer raKa;r peaKl(r.{fl :

[Cr(NrHoCO)uJo[Cr(CN)01, + KMno4 + ['l"So4 -)
-l KrCrrO, + MnSO.r + CO, + KNOr + I-12O.

B sefi AeiicrnurelbHo rpyAHo noao6parr xo:rfr(ruqrzulrst o6ur.{Hst-
un cnoco6aun.

Ho ec,ru (Br,rBecru H3 rrrpbr) aroMbr N,H,C H O, rrpucronB HM npou3-
BOJIbHO TaKHe }Ke CTeIIeHU OKHCJTeHHq, KaK H B npoAyK'raX peaKUHH, 3aAa-
qa cyu{ecrBeHHo ynpocr}rrcr. B :rou cnyqae orrlrb ()c'ralryrcn roJrbKo

ABa 3JreMeHTa, MeHrrourrre creneHH oKrlcJreHHr, - Mn u Cr. Llro6rr pac-
cqHTaTb cTeneHb oKHcJIeHH, xpoMa, 3anHIrIeM KoMilJroKctroe coeAHHe-
r{He B BHAe CarNouHruCr rOro^, yr{HTbIBar, qro crencrrH oKr.tcreHHfl N,H,C
n O paaHur ux o6srqHutv creneHflM oKr4cJreHufl, noJlyrrHM /ln, xpoMa cre-
rreHb oKlrcJrenr.r.(*54617). B 4r.rxpol{are KilrrH, crcrreur, oKHcJIeHH, xpo-
Ma paBHa (+6) rlnn (+4217). Taxuu o6pa:ona, n :l't'oii pcaKr(r'rH crereHb
oKr.rcreHas ceMH aroMoB xpoMa u3Mer{sercrr rra 5tl8 c/([rnlrl. B ro xe
BpeM, MapraHeq BoccraHaBnnBaercs or (+7) s KMnO,, /to (r 2) n MnSOo,
T. e. Ha 5 eArlHuu. B pesyrsrare nonyqaeM nepeA coc/ptrcrrucM xpoMa B

resofi uacrr.r rcos(r$HuHeHT 5, a nepeg KMnOo - x<l:xlrrlxr r tuu rr 5 88. Aalt-
rrre HerpyAHo rtoJtyqnTb ocriur bHbre npaBHn bHbrc xo'lrlrrlrrr r lrrct t'rur.

KoHeuHo, MoxHo nocnoplrrb o AonycrHMoc'rn 'r'aKlrx rlrauracruue-
cKHx creneHeft orucleuufl, KaK 54617, Ho orMclHI\t. tlr'() c'r'crcub oKHc-
IreHus- H3Haqzur[,Ho ycJroBHoe noHflTHe (<yclourrr,rii 'rirpu71 iu'oua>). nne-

AeHI{Oe B XHMHH I,ICKnK)qHTenbHO B MaHIZnyJIrl'HBilr,tX riCJrXX H He rBJIg}O-

rqeec, Qyu4arr,reHraJrbHblM no cnoefi flpr{poAc. 'l'ato.ru o6pa'tornr, MeroA
rlpoH3BonbHblx crelleHeil oxucneuufl MoxHo crrluil'n, nc/llrorHr{ecKH
oDpaBAaHHbrM noroMy, qro on He roJrbKo no3BoJlHc'r' nl)n n lrlcc'r'noil rpe-
FrupoBaHHocru JrerKo no46rzparu xoer[$aqraenrbr r] cJr())ron,rx ()KHcJrureJlb-

Ho-BoccraHoBHTeJIbHbIx peaKuHrx, Ho H co sccii o,rcurr/lu()c'n,to AeMoFI-
cTp HpyeT ycJro B HocTb rrol{flTr.rfl (cTerre H b o KHCJ r c r r l r fl )) .
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Mo4e.nupoBanrre Srrsruco-xrlMrrqecrcrrx
npoqeccoB c rroMorrlbx) rcoAocrconar

I4Cnolrgo gaHHe Bo3MoxuOcrefi KoAoCKOna IIo3 BoJIfl eT HaIJITAH6

o6r.gcHurr MHorHe Qururco-xtlt"tnqecKl'te flpoqeccbl'
Hanpuuep, BceM H3BecrHo, qro MacJIo He pacrBop'ercs B BoAe'

I I IrOl grnru qaCTO OrUn6OqnO O6ts CU.f, IOr 3TO OTTUUIKI'IBaH HeM MOJIeI(yn

BOAbr H MacJra. MeNay reu Aeficrnurelruofi npuvuHOfi HeCMeIIII,IBae-

Mocrl{ xnAxocrefi ,BJIrerc.[ npHTrxeHue MexAy noJLpHbIMH MoneKy-

JraMr.l BoAbI, o6ycloueuHoe BoAopoAHbIMId cBfl3qMH I4 AHnOnb-AHnoJIb-

HbrM B3ar.rMoAefic.rsHeru. Monexylu Macra HenonflpHbl, a [oToMy Bbl-

TanKuBarorcr u o6pa:yror orAeJIbHbIfi clofi'
' Mo4enr,rpoBaHHe 3TOrO .flB.fleHrrf, c noMOU{bIO KOAOCKOna no3BoJI-neT

rroHrTE CyTb MexMoneKyJrrpHbtx B3aHMOAe itctsuit lI co3Atrrb yMo3pll-

TeJrbHOe npeAcTaBJIeHHe o 3aKoHax pacrBopl{MocrH'

H: npospau uofi nl enxn u3roTaBJrr{Ba}oT HeCKOJI t KO npcMOyroJIbH I',I-

*OU ,, O"UrOr. KOUq", OB1JIOB OTMeqaKlT 3HaKaMH (+) H (-) (Ouu Ct'ttuaO-

nr,ts npyrcT nonrpHble MoneI(yJI bI no4rt), np, MoyroJI b HHKH 3aKpalx HBaIor

*pacr"r* $norrlacrepou (ero MoneKyJIbI ruacaa). Bo opeur AeMoHcrpa-

IIHI,IoBzUtbIHnpcMoyIoJIbHHKLIxaoTuqecKHpa3MeulaloTHacTeKneKo-
Aocrola. lncAr Ha 3KpaH, yqauluecs 6ee rpyla AoraAblBalorcs, r{To

3apf,xeHHbte oBaJIbI 6yayr npl{rf,ruBarbcfi oAHH K ApyroMy, o6pa:y'r egra-

HytocHcreMy.KarcToJlbKoyr{urenbpeiubHoc6rugH'roBiulblHacreKJIe'
KpacHbre npfl MOyroJrbHr,rKH nel{s6exuo 6y4y'r BbrTecHe HLI, uJlnlocTpl4pys

B3aHMHyrc HepacTBopl{Mocrb MacJIa L BOAbI.

3ryaenoHcrpauHro Mox(Iro cAenaTb eule 6oree y6e.qnrelsHofi, ecJlu

OBaIIbr (rrlOleXylUl sO.qSr) 3aMeHI,lTb MaJIeHbKHMLI uOJIOCKOB6IMH MarHHTa-

Mlr, a nprMoyroJIbHI,tKI'I (rraonerynrr ltacna) - (ycoqKaMa napanaopa' Manrn-

Tbr H KyCor{KH MpaMopa xaoTHqecKr,r [epeMe[rr,rBarcT B qaureqxe flvrpu r't

ycraHaBrnBaror ee Ha creKrro KoAocKona (puc.37, a). MeNry MarHIrTaMll

Puc. 37. Mo.qeluponarue tfnruxo-xlrNIlrtr{ecK[x npoueccoB

c^ oo
/eooNooco@o

oOo
ooo,

* Joumalof Chemical Education. 1996. -l\! 6.P.497.
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HAqHHAIOT AEfi CTBOBATb-CTUIbI NPHTflXEH}Ifl , 14 AOCTATOqHO J]ETKOIO BCTPfl -
XHBAHI,I' qAIUEqKH, qTO6bI OHH B3AI.IMHO COPHEHTXPOB'INHCb I,I O6PA3OBATTH
cB.s3Hbrfi crofi, BbrrecHsfl Kycor{Kr,r MpaMop; (puc.37, 6). 

I

flpo4onxa.r AeMoHcrpau,ro, noMecrr,rM B Ty xe qaueq*y MarHHTbr
apyrofi sopuu (ouu cuuaoJrr{3,pyror HeKoe HoBOe BerqecrBo nonrpHofi
npupo4sr). Bc'rpxxueu qaueqKy eue pa3. Hosrre MarH,rbr ryT xe oKa-
3blBarorcc cpeAH cBOr{X <<CO6parrea>>. 3ro o3Haqaer, qro HoBOe flonflp-
HOe Beqec'rBo pacflpeAeJr]rJrocb B CJrOe nogrr. Tenepl go6aauu r ua-
_I,eqKy KycorrKra MpaMopa Hosoft orcpacru (uoBoe Heflonrpuoe aerqecrro).
flocne Bcrprxr'rBaH Hfl oHu oKaxyrc.s B He[oJrrpHoM cJroe ruacla" o6e
AEMOHCTPAIIHH HJIJI IOCTPI,IPY }OT APEBH EfiruIfiT 3AKOH XH M H U : < NOgO6UO EpacrBopfler no4o6uoe>> (puc. 37, e).

floxoxa.s rexHuKa Moxer 6urs ucnolr,3oBaHa AJu AeMoHcrpariuu
M HOrHX ApyrHx s,arets.uit: t t4\par arr4tt r.roHo B llp r.r 3Jr e KTpor urnqecxofi
Auccouuaquv, cHHTe3a 6elxor, rra4poQnrrHoro u raApodlo6Horo nsaH_
uo4eficraur npu rr.rex$asHoM Karzuruee ra r. n.

Mo4elHponaHHe c [oMorrlb]o KoAo cKora MaKpo c Kon u qecK,x B3au-
uo4eftcraufi rro3Bonrer scHo [peAcraBHTb MexaHH3M ilOflBneHHs y Be-
rqecrB Tex HJrH HHLIX MaKpocKonHrrecKux croficrr. Ilpu.reu saxHeil-
ruefi oco6euHocrbto raxofi MeroAHKLr .f, BJlrerc.fl Bo3Mo)ro rocTb AeN,roH-
crpaIII,IH ornx B3arjMoAeficrsufi B AaHaMHKe, B orJlrrtHc o.t.cTarHrrHLIx
pHcyHKoB n y.re6Huxax.

Brrrrrrc.rrff eM q,nc,ro aBoraApo ,,a rcoMrrBx)Teper

3garcous yqaqaxc.f, c rroHrrueM ((MoJIb)), yr{HTeJrb o6r,r,rrro crzurKH_
Baercc c ueo6xoAuMOCTbIO AOCTynHbTMH cpeAcrBaM u r rorcl lHr.r,, cKoJIb
BeJIHKO TIUCIO AnOra4po. couaclrrecb, qTo 3anHcr, 6,02 . l0rr rre cJrHtu_
KoM HaDrrAua. 3anacas 3To qHcro Ha AocKe c 2l lr-y.rrcr,a, 24-:llauurru,
MoxHo Aocrr,rrrb 6olrruero sdl$ercra, Ho r,r 3Aecb p"6r.,.yltrurrfler B oc_
HOBHOM IJIIaHaCTpOKa.

_ A eor npenoAaBarenlHlrla xlrMHH ras cpegnefi llt*()Ju,t l: I lpona4euc
(u'rar Pol-AilneH.q, CIIIA) M. Tonyarac rpeAnarac.r.cr.ii crroco6 Ae-
MoHcrpaUHH qucra AsoraApo. Iry 3roro nyxeH xax1lii-rrrr6y/tt, c.rapeHb_
xufi rconrntrcrep (c He cJrar.rrKoM 6olsuruu 6src:.p,,l1ciicrr,rcrrny. M. To_
JTyAHC rrcrroJrb3oB:ura MaJrocKOpOCrUOfi KOMnbro.,.cp <Aplllcu (nr<y1err II).
Buecre c yqeHr,rKaMH oHa Han,czrrra HecJroxHyro ,pol r)ilMMy r, uASIi,
no3Bon.Srcqylo paccq HTbIBarb cKoJIb yroAHo 6()J l r,r il.c' il r c J r ( ) il ocreAo_
BATCIbHbIM CJIOXEHI,IEM.

Korrn,orep HaqkHaer Bbrr{[cneHHfl no flporpaMMc, rcr(yrrcc rr,cro
nocrorHHo oro6paxaerc, Ha MoHHTope, a pe6ni:r .,,,a",,,,,,,1 r() (racaM:

* Joumal of Chemical Education. 1996. Nq 5.
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cxoJrbKo BpeMeHr,r norpe6yerc, KoMnr,Iorepy, uro6rt Aofiru B pacqerax
Ao KaKoro-Hw6yls Kpy[Horo qEcJ]a. .{onycrau, qro 3a 20 rvruH Mar.Irr4He

yAaJrocb AocrruTarb ao 32 000. TorAa HerpyAHo BbrrlHcrrrrrb, KaKoe r{Hc-

Jro oua rrolyrlpll 3aqac,3a cyrKrr, 3a roA. H crcolrxo goo6u{e BpeMeHIt
no'rpe6yercr, uro6rr rocqr4rarb r{HcJro Anoragpo? BcuoruH[s Kypc Ma-
TeMarr,rKH, pe6ma BbrBeAyr $oprrayly, no3Bonf,roqyrc paccqurarb, 3a
cKoJrbKo Jrer KoMnbrorep AocrnrHer qlrcJra AsoraApo:

6,02 ' 1023 ' [20 (muu)132 000 (onepaqufi)] ' [ (uac)i60 (unu)]x
x [ (cyrrur)/24 (taca)] ' [1 (roa)/365 (cyrox)].

flepaoe BpeMr pe6rra c ybleueuueu sa6nrcAaror 3a pa6orofi xorra-

nLrorepa. KaxAoe 3aHrrne B KJracce HaqHHaercs c npoBepKr,r: ua raxofi
crap.nvL HaxoA-rrrcfl pacqerbr. Ho npoxo4ar AHH, HeAeJrr,r, a KoMlbrorep
Bce npoAonxaer BbrqucJleHllr. Hnorga crD/cu Mec.flIIbI pe6ara BApyr
Bc[oMHHaIor o 3arD/IqeHHofi nporpauMe I{ noAxoArr K MoHHTopy npoBe-
pHTb pacqerrr. Ho Her, ,qo trucJra Aroragpo eule AzrneKo. Kax coo6qaer
M. Tonyauc, nopofi, yxe 3aKoHqr,rB rrrKoJry, BbrrrycKHnKu saxo4rr x Hefi
y3Harb, He (cocqr,rraur)) JrH, HaKoHeq, KoMlbrorep Ao 6,02' 1023? B urore
orpoMHocrr, qncr.a Anoragpo HaAorrro ocraerc, y HHx B naMrrH.

Crc.[eusa,eM Moge.rrrl &y.rr.rrepenoB*
Co npeueuu Hx crrKprrrus e 1985 r: c$epr,rvecKrle Moner(yJrbr ynrepo-

Aa, qarqe Bcero Ha3brBaeMr,re Sylnepeuarr,ru, ocralorc.s oAHHM r,r3 r{HTe-
pecHefrruux ssreHr,rfi xvtMHH. OcHosHurrvr MeroAoM Hx nonyqeHufl ceroA-
Hc f,Bnrerc, ra6oparopuufi cuure3, xore ecrb cBeAeHH, o6 o6Hapyxe-
HurE $yn.nepeHoB B rpupoAe (unHepar rxyHrnr coAepxnT lo 0,1 o/o

$yarepeH on). florvr nrr.ro paruoo6parHbrx nepcneKrnB npuMeneHr.rr $yn-
JrepeHoB (crepxnponoAHlrKu, HocHTerH r.rHQopuaqan co cBepxBrrcoxofi
[JroTHOCTbrO 3AilvQv! Cbrpbe AJrs npor43BoAcTBa aJrM[BoB, trreguquua), ux
MoJrer(ynrr r.rHTepecHbr caMH no ce6e, rax KaK Aaror 6orarefiruufi uare-
puul Ntfl IrccJreAoBaHH, pa3Hbrx BHAoB cHMMeTpun.

B cauopr o6qerra ou.ue QyruepeH npeAcraBJrrer Qrrypy BparrleHHf, -
cSepoug ns M HororpaHHHKoB AByx Br,rAoB : mecrurpaHHr,rKoB (rercaroHon)
H nrrnrpaHHnroa (neHrarouon). BepruuHann Bcex MHororpaHHHKoB.flB-
rflrorcs aroMbr ynrepoAa. floaepxuocrr c$epoH.qa, cocraBJreHHoro lr3
M HororpaHHHKoB, noAquHrercs Soprrayne 3 finepa :

N,(6 - n): 72, (1)

rAe N,- qucro /r-rpaHHnKoa, o6pa:yroulnx c$eponq. flplrueuuTeJrbHo
rc $ynnepenaM sra $opr*ryna [pHHHMaer BHA:

fr(6 - 5) + il6(6 - 6)= 12,

* Journal ofChemical Education. 1995. V. 72.Ns 10. P. 863-869.
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Cun- In Cro - Drn
rAe ffs n Nu- urEcna [eHTaroHoB H reKcilroHoB coorBercrBeHHo. H3 Qopuy-
Jlrsr (2) qcHo, qro Qyruepen AoJrxeH coAepxarb 12 neHrarosoB r,r npou3-
BoJIbHoe qucno reKczlroHoB. .{eficraurenbHo, Bce noJryqeHHbre }r,JrH cMoAe-
nHpoBaHHbre QynnepeHbr HMeror 12 <o6BareJrbHbID) ncrHyrorbHHKoB.
B sasllcnrvrocrH xe or KoJraqecrBa rexcaroHoB cocraB c$epnvecrulx naore-
Kyr Mo)Ker 6rnr pasurru. flpocrefirunfi QynnepeH TeoperuqecKH r,rMesr

$op,"rylry Cro u cocrou'I:roJlbKo lrg 12 neurarouon, o6pasyrcurax rpaBnnb-
usrfi uuororpaHHrrK - AoAeK:DAp. O4naro BBH,q/ ueycrofivrluocryr ramoft
Mone{ynbr BrrAeJrrrrb $yrrnepeH-20 nparruvecKu He yAaBan ocb. Comacuo
cyrrecrByrour.rM Bo33peHH.rM Ha crpyrcrypy $yrrepeuos ycrofi unauuu
rvroryr 6srrr roJrbKo re H3 Hr.rx, B Koropbrx 12 <o6caarerbHl,rp) neHT:noHoB
pa3AeneHbr reKcaroHaMr H He HMeror MexA/ co6ofi o6uux BeprxHH HJru

pe6ep. Han6onee HccJreAoBaHnsrft SynnepeH Cuo HMeer Soprury yceueir-
Horo HKocagApa H tro BHeu]HeMy cxoAcrBy c $yr6onrubrM MqqoM qarue

HtBbrBaerc, $yr6onepeuou. Molexyla Cuo coAepxur 32 rpaHH (a rorra
r{r.rcre 12 neurarosos w20 rexcaroHon). Brrcruue Sylnepeuu (nanpr.r-
uep, C^ uau Cro) Ao[ycxarcT pasHsrft nopflAoK (BbrKJraAbrBaHHfl) no-
BepxHocru [eHTaroHaMH H reKcaroHaMr,r npu coxpaHeHnlr ux o6ulero
qHcJIa H npr,IHIIH[Ala3lntfllqt,i,la neHTarOHOB, T. e. HMeKTT r:OUepU. rftX
aHaJru3a raKr,rx MoJrer(yJr rrcnoJrb3yrorcfl pa3Hbre (ropr'ar,r oro6paxenur
Hx crpyKryp: or u3oMsrpn.recrcofi npoerrlrru Tpexnaepnofi MoAenH Ha flJroc-
r(ocrx Ao Jrusefisoil ranucu noprAKaqepeAoBaHns MlrororpanHnroo. K npu-
rvrepy, Qyrurepeu C, c cuMMsrpnefiCru s rr,ruefiHofi 3anncu BbrDrflAHT TaK:

5 666665 665 65 65 66,65 66666665 6665 65 65665 66666s .
flporue Bcero HccJreAoaarr $ymrepeHbr no Hx MoAeJrrM, Koropr,re He-

TpyAHo cKJreHTb us 6yuaru. OAHH r.rg MeroAoB 6yvaxlroro MoAenHpoBaHH-tr

pa:pa6oran [:r. Eutou N3 yHnBepczrera Ke.nrusrroua (CUIA). Ha pnc. 38
npHBeAeHbr nJrocKocrHbre pa3BeprKu Tpex caMbrx r.r3 Bc cll r br x dryrnepeHon :

C*(0yr6onepex), Cro(ualouunarou{nfi MsrI Am per6n) u C*o (ttanotlnua-
rorqafi Mfl,t N$ 6efic6ora, flpfiqeM Aru HaurrAHocrr nillrcccr{ AruKe uroB
rraa.ra). B o6osHa.{eHHH pa3Beprox SymepeuoB, Hanpurucp Cr,; Drn, cHaqa-

na yKa3aH cocraB H3oMepa (Cro), a 3areM Tr,rn chMMsrpHH (l),n). .tl.nr yao6-
crBa aHaJrll3a MoAe.lrH Ha pa3BeprKax xHpHbrMH JIl,rlrHrMH noKa3aHbr pe6pa,
o6ulue roJrrKo Arfl reKctrroHoB.

flpu cxleuaaHuu TpexMepnofi MoAeJIH pa3Bep'r'Ka cr rarriura yBerHqHM-
srcf, TaK, qro6rr Nfi4nape6ep rr,rHororpaHHI,IKoB cocranJrrJra 2-3 cu.3arerr,t
pa3BeprKa o6pesaerca rro nepnMerpy. Ierccarousr c tlurlrpoii <5> nutpesa-
roTcfl co cropoHbr BeprlrHHbr, norraegeusofi roqmofi (fiplrrtrlu ilpope3aercfl
Be.ryrqee x Hefi pe6po), u ygannlcrrcq. feKcaroHu c 6yxrxrii <'li> flBnsrou
f3brqKaMl.t AJI{ cKIIeHBaHpLs. CoceAHHft c g:stqroM ulcgl url)iluur{K cMa3bl-
Baerc.s c nnxgefi cropoHbr K[eeM, coBMeulaercfl c r3r,rrrK()M lr rilKJreuBaer-
cs Ha Hero. Onepaqnr [ocJleAoBareJrbHo noBToprsrc, r() rrccMy rrepnMer-
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Puc. 3 8.Pa:aeprrn 6yuaxuulx t'toAeneil.rpex eaxHeilul4x Qyllepeuoe:- ---' 
C.o($yr6olep-eua)rC,(Per6r'mePena)'

C*o (6erc6on-ePeHa)

py pa3BeprKlr no tlucny fl36It{KoB. flpu erou Ha Mecre Bblpe3aHFIbIx reKca-

io*iou 
" 

qr.r$pofi <5> o6pasyrorcf, (oKH'D) tlflruyroJlbHoil {oprnrn (neuraro-

uu). Co6paxHEu raKI'lM o6pasou MoAgJlb SymepeHa cocroxr H3 qeperyrc-

uruxc, (cKBo3HbIx)) neHTaroHoB (Iax 6yaer o6qgaremHo 12) u <morultxl>

reKcafoHoB. Tarcyrc MOAeIb yAo6so LrccJIeAOBaTb H CHapyxn, u u3Hlrpu

(qepe: <<orsa>). Bepruuubl cKneeHHoro MHororpaHHHKa coc[BercrBylor aro-

MaM yrJlepoAa, a pe6pa - xHMI{qecKHM cBx3'M MexAy HHMH'

Ey*u*n"r" MoAeJIH ,Bll-rtorcfl He3aMeHaMbntl uoco6ueu Arfl u3yqe-

n* 
"tpy*ryp 

Synnepenor. IIpu HccrIeAoBaHI'IH cHMMerpI{H MoJIeI(yJtbI Aoc-

ralo*t{o npti"oryt"6yMoKHyIo MoAeJIb cnuuefi BAoJlb ocl{ cuMMsrpHH I'Inr

uarr,retnrr $lon,lucr"po, KOHryp ceqeHH'I flnocKocTbto cl]MMeTpHu' Kportae

roro,6yuaxHble pa3BeprKl'l Moryr flocnyxuTb Mar€puaroM Arc caMocro-

x.rensHtft pa6or"iyrur1rX"fl, a H3roTOBJteHHble Im HI4x MoAeJIu CTaIIyT npe-

KpacHbIM HaulffAHblM noco6ueu H yKpacflT xa6uHer xnMHu'

I{syuerrue MeroAoB ottrrcrrcrr crotrHrrx BoA*

OAno ug saxHefiuax HarpaBneHuii coapelteuuofi npupolooxpauHoil

Aef,TeJIbHocTH - oqucTra 6slrosrtx H npoMbIluJIeHHbIX CTOKOB OT 3a-

r-ps3HflrourHx BeulecrB. Illrcoluurtfi Kypc XHMI'{H AorIxeH AaBarb xou

ffi
C* (Baseballerene)

* Journal ofChemical Education. 1993' Ns 5' P' 395-396'
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6ur npocrefiurr4e npeAcrameHnfl o roM, KaK pemaercfl 3Ta :laga.ra. Co-
r py Atzrlrct4 {aryrlrera ecrecrBeHnbrx HayK yHaBepcrzrera BocroqHofi
Hu4raauu (CIXA) pa:pa6ora.nr.r nporpaMMy no3ranHoro H3yqeHurr Mero-

AoB H3Breqennr n o6e:npe)r(HBaHru orlioAoB H3 crorlr{brx BoA, Koropag,.ler-
Ko BcrpauBaerc, B urxolsHsrfi Kypc xHMr-rH.VAes, aBTopoB fiporpaMMbr 3a-

KrxJqaerc, B ToM, qro6sr npnBq3arb 3HaKoMcrBo c reMl, HJIH HHI,IMH Mero-

AaMH ottHcTKH CTOKOB K CoOTBeTcTByIoIUeMy pa3AeIy nporpanrur,t. lbna
caMbrNr ycrinHBasrcq npaKTnqecxar (n vacruocru, 3KoJroruuecxar) HanpaB-

JreHlrocrb Kypca XLIMHH. Kporte roro, Il3yqeHhe MeroAoB or{ncrKh crorrHbrx
BoA rro3BoJrflgr s csoeo6pasHofi Qopue [oBTopurb H 3aKpeflHrb npoftAen-
Hrrfi reopernqecruafi Marepr4an cocnBercrByrouefi TeMbr. Flnx<e xoucnerc-
THBHo H3JloxeHbr ocHoBHbre aJreMeHTbr yrca:auuofi flporpaMMbr [pHMeH..I-
TeJrbHo K TeM pa3AenaM Kypca xvuIjt4) B KoTopblx oHH Lr3yqaurcr.

I. @rlsutrecrcue MeroABr olrrrcrrcrr

Teu a. @llsuqecxrte rl xrrMrrrrecrue,flBJrerrus

Yqurerr {ropurapyer npeAcraBneHr4e o AByx ocHoBrrbrx rHnax 3arpff3-
uurelefi: pacrBoplrMbrx u HepacTBopHMbrx B BoAe. Kporrre roro, no alpe-
rarHoMy cocTorHHro ocHoBtrbre npoMbIrxJIeHHbre 3ar-pq3t rH'rcrH rrrorlr 6strs
xlrAKllMH HnH TBepAr,rnu. B gaaucuMocrr or KoHKperrroro Bura 3arprl3r{H-

uIHe MsroAbI: AeKaHTar.IHR, 6esHanopHa, u orcaclrBaroulaq t}lurr,rpar1nr,
ueHTpa$yrupoBaHLre, Aucrnrrsrrrc, AHirlrr{3 H ocMoc.

Yqnrenr KparKo 3HaKoMHT yqa[lnxcfl c oco6ertuocrrMl.r Kallqoro Me-

ToAa H yra3brBaer rpaHI4IrbI ero npHMeHHMocrI,r. K npur'acpy, llr'Ifl H3uer{e-
HHfl H3 BoAbr mBeceii rsepAsrx qacrHu MoxHo HcnoJlb3onarr, npocrefiruHfi
rueroA orcranBaHur (AercaHrauu u) unu $ra-r srparlu u. [l or ryrro o6cy;lc4a-
rcrncr au4ur Qmrrpou (necvaHbre H rpanuftarre noAyrlKr4, noruurcprrsre cfr.ulu-

Tpbr, cerqarsre $rus'rpu Lr3 creKrroBoJroKHa u Ap.) n npnrrLltlrr nx rxeiicteHg.
Hanpuuep, Aeilcrnrae yroJrbr{brx $r,rrrrpor ocHoBa}ro lra lltvrclrr.r}r a4cop6-

uHH - npunnflann, HeKoropbx BeuecrB K noBepxHocru a.r1cop6o rra. Tanuna

o6paaorrl. H3 BoAbryAaflgercs 6olsruoe KoflHr{ecrBo }reoprilturtlccKux t{ opra-
HHqecKHx BeulecrB, a raxxe HeKoropble 6uonorltqccxrc o6r,crmr, npHAa-
roullre BoAe uBeI 3anax r.r Br(yc.

If. Xrrnrrrqecrcrle MeroEBr ortrrrcrrcrt

Xuuuqecrcae MeroAbI orrHcrKI{ croqHbrx BoA cRo/ls'r'cx rr oclroBrroM
K nepeBeAeHHrc pacTBopeHHbrx uJrr.r AHcneprr4poBalilil,rx r] u(ulcToKcHq-
Hbrx npuMecefi s HepacrBopnMble npoAyKTr,t ]rJur l)ac'r'rlopHMbre
HeTOKCHT{Hbre $Opnsl. B easncr.tlnrocTr4 0T KoHKpc'ul()l () ntutil :}al'px3HH-

Ten, Arq s'rux uereft Mor)"r npnMerlrrbcfl npoucccr,t ttcii'r';rit.rnt:aquu,
oKr,rcJrHTeJIbHo-BoccraHoBureJIbHbre I,IJIH HoHH0-06ncrtt tr,rc l)cirKr(HH.

102

1. Hefirpa.nrrsarlrrff ltoBrrrrrenrrofi rcrrc'noTrrocrrr

T e wr a. Xrrurqecrcxe csoficlra' tcrreJror r ocrrosarutft

O6cyNaan npo6nertly floBbl uIeH l{ofi xuclorHocrn npoM bl luJIeH I{bIx

croKoB, yqHTerb Mo)Ker HcnoJIb3OBarb y)Ke NlterculHilcfl y yqauIHXC'f

sanac QaxrHqecKoro Marepnara, 3a,[aB HM cJleAyroll:--aonPocst : 9erra

MoxHo Hefirpalusoruti *'"'ory? r{ro Aenarb c pauurofi xNcrorofi?

Kax y:Harl, norlHocrbto lu ueftrpala3oBaHa rcHclora? Kaxue ocHoBa-

Hr,rfl MoxHo Hctlollb3oBarb AJLI Hefirpa'wtaaul'IH' ecJll{ nponnTa coJlgHag

*ra"otuf Karcne npo6lenaut Moryr Bo3HI'IKHyrb npI'I Hc[onb3oBaHH?I 'qJlfl

uefirpalnsaul'IH eAKoro Harpa HrH eAKoro rcanlrr? Moxcso nlt Aln Hefir-

paJII.I3aIInH I',lcrloJrb3oBarb coJrH U KaKHe ntleHUO?

BnpovtslurneHtlocrH4-nnueftrpalH3auHHKl'IcirorlxHpoKollcllonb3y-
rcr xap6oHarHble fiopoAut (uanecrnxK I{ AoJIoMLlr)' a raxxe usnec"rs (ra-

[reHylo I'I HeraueHyro). B vacruocrt'I, Arq Hefirpanueauull croKoB' co-

.(ep)Kaunx cepHylo *r", ory, o6 r'r'{ H o I4 cnonb3l Io1 
ry::jY.:]:!:M 

e IU aH-

iio,r nupon"ar nrirurr, nzurrunr)'-CyqHocrb npoueccoB uert'rpalu:auult

oAnoo"no"rofi rcuclorur Moxer 6'rs nsrpaxeHa cJleAyrouruMH HorIHbI-

ML{ ypaBHeHI',I.rIMH:

CaO + 2W + 2A- :Car* + 2A- + H2O'

caMg(COr).+ 4Hn + 4A-= c** + Mg'** 2H"O + zCO"+ 4A-'

2. Merog orpaurrqeuufi Aocryrra peareuTa

T e rvr a. Cepxa.r KrreJrora' SarcoHoluepuocrrr
nporercaxutr xrrMrrqecrcrrx pearcr;llfi

OAHa Hs npo6nen, Bo3HHKarcurHx rpH pa:pa6orre rol:t]o ropoA

luaxTHblM MeroAoM, 3aKrrcqaercs B caMonpoH3BoJlbtloM obpa:onaHuu

cepHoilKHcJIorbInpHB3aHMoAeficrsnHcepHoroKoJIqeAaHa'Bo'abl14ar-
r,loc$epuoro KHcJlopoAa no peaKuuH :

2FeS, + 2H2O + 7O2= 2FeSOa + 2H2SO4'

flpuveru gTor rlpouecc Moxer nponcxoAlrrb KaK Ha 4eficrnyroulux

pyAHI{Kax, TaK u B AaBHo :a6poureHHllx luaxrax' t{To npnBoAhr K Ao-

BoJrbHo 6olsururra 3arparaM na Hefirpa'nu3auHIo o6paayrcult'txct Kl'cJlor-

l{blx orxoAou' oarn' r'rs cnoco6oB BocnpeflsrcrBoBarb cruxuilHotvty

o6pasonaHuro cepHofi Kl'lcJlorbl 3aK[rcqaercfl B orpaHuqeHuH Aocryna

oAHoro H3 peareHToB * KHcJlopola' Anq 3Toro Bblpa6orauusle uraxrbl

repMerH3Hpytor, KoHIIeHTpauHfl KHcnopoAa B crBOJIe [Iaxrbl noHHXaeT-

cr, H CKopocrb nporeKaHHq peaKuHu pe3Ko yMeHbuaercc'
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3. Orclrc.rrrrreJrruo-BocerauoBrrre.rrrrrBre MeroABr
O*.rclrrenrHo-BoccrauoBaTeJrbHEre rrpoqeccbr rrmporco t{cnoJrb3)ircT A,o6eapexuaaH,, opr-aHrrqecKr.rx Berqec'*(Hanpr,rrraep, seuo.non u anauuon),

1TryKe HeopraHuqecrr,rx coeAHneuwi,r, coAepxarucx HoHbr Mnr*, Feri,
CrOo2-, 52, CN-, SO32-. B KaqecrBe oK,cnr,oullrx areHToB np,MeH.,rror
KucnopoA (nos4yx), o3oH, xJrop, AHoKcHArcrlopa, nepoKo.rA BoAopoAa.

3a. Casrrraurle orxogoB
T e rra a. ICtre.nopog, orcerIArr, roperrrre
MgroAlr cxaraHuq HJrH o3oJreHH, Hc[oJrb3yror Anfl npeBparrleHr,

BPEAHbIX OPTAHHqECKHX I{ HEOPTAHI,IqCCKHX BEIIIECTB B OTHOCIITEJILHO
6e:ope4urre oKclrAbr. flpeasaprreJrbHo H3 npeAHa3HaqeHHbrx K c)K,ra-
HHIo orxoAon $u:uvecxprMH MeroAaMH BbrAeJlsr{rr BerqecrBa Arc BTo_
pl.rvuoft nepepa6orrH, a raKxe HeroplorrHe npHMecH. B o6ruev BHAe [po_
uecc cxHraHHf, HeKOTOpOTo opraHHr{ecKoro BerqecrBa B IOTOKe Bo3AyXa
Moxer 6rns nrrpaxeH cneAyrcqefi cxeuoft:

C-HrE * rcoz + \ -+ xCo, + 0,5yHro + zEO+ N, + /e,
r4e E - $ocSop, xJrop HJrr,r Apyrofi xHMr,rqecKufi sreN{e}tr.

CxraraHue ocyulecrBJr.serc, [pr,t BLrcoxr.x reMreparypax H upH_
BOAHT K CyUIecrBeHHOMy yMeHbureHHIO MaCCbr raepAoii qacr, orxo-
AoB r.r pa3py[eHHro 6olr,ruuuc.rBa BpeAHbrx Beqec.rn. B ro xe Bpe-
M' CETOAH,I METOAbI C)KHrAHU,f, HMCIOT BECbMA OTPA,II4qEHIJOE TIPH-
MeHeHVe. Cs.ssaHo 3To c olacHocTbto nu6poca ,Aoor.ao,* ra3oB:
.K.HAOB Cepbr, a30Ta, yrirepoAa (II) r.r o6pasoBalr,n, TOKcHrrlrbrx [po-
AyKTOB B 3OJTeBOM OCTaTKe.

86. O6egspelrsrrBaHrre qrrarrutr_rlolron
T e rvr a. Orcue.nrrre.rrLxo-BoccrauoBr{TeJrLxbre poercqrrrr
I-{naHncrue coeAH Herru, fl Brsrorcr orxoAoM rx H poKo n pH M e Hf, eM brx

rzurlBaH,qecKHx npoqeccoB H [peAcraBJrrrcr 6orrr,rryr. y,:pory AJr.,r oK_
pyNarcrqefi cpeAbr. Haxe np,BeAeHbr ypaBHeuH, pca rr 1u ii, r ro3BoJrflo-
tuHx npeBparHTb flAOBATBre r\waHilEbt cHaqaJra B r(ilililar.r,r. a 3areM
a 6esnpe4Hrre yrureK[cJrnfi ras H BoAy:

2NaCN + 4NaOH + ZClz= 2NaCNO + 4Na(.1 I 2il,O,
2NaCNO + 4NaOH + 3CL : 6NaCl + ZCO,,r N, .t. 2tl,O.

_ Moxuo [peAno)KHTb yqaxlnMc, caMocrorTeJll,rrrl rrryq,6pir'u ro:$_
suqueurr,r B cxeMax 3THx peaKlurfi veroAou 3JlcK,r.r)()alr()rrr 6.rrarrca.
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4. Mero4br ocacrcAeHu,E rronoB

T e rvr a. Pearcqrru rrourroro o6lrerra

MeroAsr oca>K,qeHurr rxupoKo ucrroJrb3ylor Arfl H3MeLreHHc I43 croq-
Hbrx BoA lroHoB TrlKeJrbrx MeranJIoB. YAaleuue TsxeJrblx MerzurJroB fro-
3Bolrxer MHKpoopraHu3MaM 6olee e$$ercrunno nepepa6arbrBarb BpeA-

Hbre opraHHqecKue coeAr4HeHrrfl. 3ra npo6leMa crol.rr oco6enuo ocrpo,
ecJrn KoHr{eHTpauu, Tr)r(eJroro MerirJrJra npeBbruaer 50 rrr/n. CyulHocrs
MeroAoB oczDKAeHHr{ cocraBrqror peaKrrul4 uoHHoro o6neua, npHBoAr-
ruue K o6pa:oranuro ocaAKoB, T. e. K yAzrneHHro LroHoB TrxeJlbrx MeraJI-
JroB H3 eoAnofi cpeAbr:

cd20+20H-:cd(oH)r,

Pb2* + CO32-: PbCO,,'

Hg'* + 52-: HgS.

KoHxperH sr fi peareur .4nq o can(AeHur nu 6upa erc t43 coo6paxeu n fi
3KoHoMr4r{HocrH H 6esonacHocru. MeroAr,r ocax(AeHufl o6srquo or{eHb
rlyBcTBHTeJr bHbr K TeM flepaType, KoH ueHTpaquH peareHTo B H HeKoTopbIM

ApyfHM napaMeTpaM npoqecca.

5. BoccrarroB.rreurre c [ocJreAyrorqrrM ocasrc4errrreM

T e l'lr a. Coe4nrrexrra rrepexoAnbrx MeraJr.rroB

Pacrroplrrrlrre coeAuHelrHfl rrrecrxBzureHTHoro xpoMa fl Bngrorcs cHJIb-

HoroKcHqHbrM orxoAoM HeKoropbrx riurbBaHu qecKr4x npor43soAcrs. Ha
IIpHMepe Ir3BJIeqeHHf, xporlta H3 cTOqHLlx BOA MOxHo IIpOcneAHTb
He roJIbKo npaKTr4qecKnfi naeroA oqncrKr{, rro 14 fipeBpauleHu, pa3Hblx
coeAuHesufi 3Toro DJreMeHra. Ha nepBoM 3Tarre coeAHHeHHq Cr6* soc-
craHaBJrnBalor B Cr3*, rcoropsrfi 3areM ocax(Aaror B BHAe HepacrBopu-
Moro flrApoKcil,qa:

2HrCrOo+ 3[I2SO3 : Crr(SOr). + 5H,O,

Cr,(SO.), + 6NaOH: 2Cr(OH), + 3NazSOo.

H epacrnopra na sr I rr4poKcuA xpoM a (lll) ealen,t orSrnrrporbrBaer-
c, H flpeBpaulaerofl B rrpoMbruneHHo BaxHbre coeAnHeHur. flocrcolsrcy
xpoM - qeuurtfi MeriLrrJI, MeroA 3KoHoMHqecKH onpaBAaH.



Iyrana 6
ffpoercrubre TexrroJrorllrl

rlpoexru ur e rex HoJrorH H orJr, qarorc"fi or rpaA r.r u,o H H 6rx o6pa^: oo a-
TeJrbHbrx cr{creM cnoco6ou opraHta3arlur.r yve6uofi AeerenbHocrr,r yqa_
ulHxcfl n [j'laHrapyeM brMH pe3ynbraraMu srofi Ae{TeJrt Hocrfl. pesvrsra_
THBHo [poeKT npeAcraBJrrer qelocru slfi 3aKoHqeHHbrfi yve6Hsrfi ,p'oay*r;
co3AaHHe KOTOpOTO o6uquo rpe6yer pe,,eH,' KOMnJreKca pa3Hbrx 3a-
Aar{ : optaHn3ar1uoH H brx, npeAMorHux, oQopurr.rreJrbcKgx H T.A.,{ecrer s_
Hocrb yqaqlrxc, no paspa60TKe npoeKTa Brulroqaer 60rsuroil o6reu
caMocrorreJrsHofi, B TOM rr,Cre rsopvecrofi, pa60rur, HHTerpar_(Hro 3Ha-
wuit u yue6rrrx HaB >rKoB, [oryrreHHbtx B piBHr,rx pa3Aerax Kypca, a qac-
To - lr B pa3Hbrx yue6usx gHcurrnJrlrHax. CogAasael.{srfi npoexr:, KaK npa_
Br,rJlO, HMeeT [paKTHqecKyro qeHHocTb vnv vMt4TzlpyeT ee.

B xaqectne lpuMepa pe ailv3ar\vtu npoexruofi ,eiro,rorm Mbr npuBo_
4UU PASPA6OTKY, BbITIOJIHEHHYIO YT{XTEI'MH XHMLIH HS CI.IIA. B XOACpa6orsr HaA 3Tr,rM npoeKToM yqa[Iuec, oBJrar\eBaror H rroJrr,3yrorcr 3Ha_
HHflMU VI3XUMAVI, SKOHOMI.IKH, ncHxoJIofHI4, yr{acTByloT B CaMbIX piBHbIx
BHAax AecrenbHocrH : oIIbITHo-SKcnepHMeHTa.[bHofi , pacveruofi , napxe-
rHHroeofi, cult ua}oT Qu,rru. flpu groru co6crseHHO Xr4Mr.rqecKac cocraB-Jltroqa' npoeKTa HeBeJIHKa' qro flo3BoJlf,er LrcrroJlb3oBarb ero yxe Ha
paHHHX CTaAHflX Id3yYleHVr. xHMr,tH.

flpoercrupyeM ToBapEr drrrosofi xrrMrrrr*
Hnrepe c nyro Soprray npoe KrHoro o6yueuHr parpa6oral H corpyAHH_

Iy]yyrf ."roro $axylsrera yHuBepcHrera n Mr44rrayrr (urar Orafio,clxA)' Exero4Ho yH HBepcarer opmH r3yer JrerH rcro x H M H q ecKyro,rKo-
JIy AJ,, yqa[r,xcq ll-15ler. I-rrasHas 3aAaqa uKoJr,r - [oKa3arb rrp,-
KnaAHOe 3HaqeHHe xHMHqecKr,Ix suaHHfi. Bo nper'lr gailrr.Hil urHpoKo Hc_
ronb3ylorcs arpoBbre $opurr o6yueHur.

O4an as rrpaMepoB - co3AaHr4e rrpeArrpHrrr, rro rrpoH3rlollcrBy cpeA_
crBa Ar.r Mbrrbs orcoH. lna y.uasrvfl B Hr-pe rpe6yc.r.cr MHTTHMyM [peABa_
pHTeJTLHbX 3ruauuit no XHMHH. YuacrHurca pag6HSaro r cfl ,,,, apy, u,o, t,o rpH-
rlsrb._qeroBerc, o6pa:yx (([pon3BoAcrBeHHbre (rnpnr,r>. t,lcpca xax4ofi
raxofi <<Qaplaofi>> crasrrc.f, crrreAyro u\He 3a1arll:

* Journal ofChemical Education. 1995..IIb4. p.344 345.
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- paspa6orarb npoeKr HoBoro cpeAcrBa A:r.rr Mbrrb, oKoH;

- H3roroBHTb gKcnepnMeHTurrbHr,re o6pa:qu HoBoro cpeAcrBa H npo-
BECTH HX I4CIIIJiTAHL'Ifl ;

- paccquTars ce6ecrouvocrr pa:pa6oraHHoro roBapa;

- [poBecTH MapKeTHHroBbre LrccJleAoBaHrrfl n peKnaMHyrc KaMI]a-
HHro HoBoro roBapa, [oryrrrTb ceprra$r.rxar KarrecrBa.

flo xoay Hrpbr rxKoJrbHHKH He roJrbKo 3HaKoMqrc.lt c cocraBoM H xH-
MH3MoM Aefictsas 6r,rrossrx Mororrlux cpeAcrB, Ho u rroryqalor Haqzllb-
HbIe rrpeAcraBJreHu, o6 ercosorrauKe H pbrHorrHbrx crparerusx. I,Itorou
y.re6uofi Aecrer bHocru rax(Aofi < Supnro> q Brfl ercq rexHHKo-3KoHoM H-
qecxufi [poeKT HoBoro Mo[ou1ero cpeAcrBa.

Hrpa nporo4uTcs B cle4yrcu1efi nocreAoBaTenr,Hocru. Csaqala <<co-

TpyAHHKH) rca>r<,Aofi <Quprraru> BMecre c npe[oAaBareneM ucrrbrrbrBarcr or,Ho
r43 cTaHAapTHbrx cpeAcTB.uI, MbrTbfl oKoH, nepe[HcbrBaroT c STHKeTKil efo
xlrlru.recrcHfi cocraB u pas6uparor rrpaHrrun Moroulero Aeiicrnuc. O6sl.ruo
B cocraB Moroulr{x cpeAcrB BxoAflTTpH ocHoBHbrx KoMnoHeHTa: no4a (y4a-
r.aer Bce BHAbr 3arpr3HeHufi, KpoMe xr.rpon n uacel), H3orrpoflunoarril cnupr
(cuavuaatorqnfi areur), aMMI4aK (xoporuo yAaJIrIer )Kapbt u rr,racra).

Ha cre4yorueM 3Tarre KoMaHAbr rrpucryuarcr x pa:pa6orxe co6-
crseHHoil peuenrypbr Moloulero cpeAcrea Ha ocHoBe rex xe rpex KoM-
noHeHToB (npuuell o6r,en aMMHaKa He AoJrxeH npeBbrrrrarb 20 Yo o6-
rueno o6r,eua). MoNuo 4ars pe6rraM Bo3MoxHocrr, caMlrM rrr6pars
[poqeHTHoe coAepxaHr4e KaxAoro HHrpeAr,reHTa (n sroru cryqae cocraB
cMecH AoJrxeH 6urs yrnepxAeH (rocyAapcrBeFrHbrM HHcneKTopoM no
6srrosurN,r xHMrrKaraM)), T. e. npenoAaBareleu), a MoxHo npeAnoxnrr,
r<axlofi <Saprr.re> yxe roroBbre peqenTbr (ra6r. 6).

Ta1nuqa 6

lfpnnrepnue Bap[aHTbr cocraBoB Morcrqero cpeAcrBa

I,Inrpelnexrur
Peuenru

l-fi 2-ir -'r-tf 4-ir 5-I| 6-fr

BoAa

I,Ironponu.noauii
cnr.rpr

Arraruuar

25 un
(50 Vo)

20 vn
(407o)

5 run
(lO 7o)

25 rral
(50 Vo)

25 rnrn

(507o)

40 ur
(80 Vo)

l0 rr,tr
(20 7o)

50 rtan

(lo0 Eo)

50 rvrn

(lO0 7o)

40 r',rn

(80 7o)

10 rran

(20 Vo)

.{aree xaa<Aufi npoercr npoxoAnT craAnrc la6oparopuoro BonJrorre-
HHc. Ha ocHoBe pa:pa6orauuofi peqenrypbr yqarquecfl cMeruuBaror
Heo6xoArausre Korr4r{ecrBa peaKrr.rBoB (pa6ora c aMMHaKoM - B 3auluTHbrx
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oqKax!) H noMeulalor nonyqeHHyro cMecb B He60JrbrxHe 6yru,rouxa c
[yJrbBepH3aTOpOrra (moxHo Hc[oJrb3oBarb nycrbre eMKOCTH [r3-roA Ay-
xoB HJrH o4exoroHa).

Ha xaNgylo 6yrtrloury npaxreuBa[or 3THKerKy c roproBbrM Ha3Ba_
Hu-en'r 6yayruero H3AeJrHr (ero npr,r4yrrabrBalor cavr.r pe6rra) u uaAnucsro
<<Hoeoe cpeAcrBo AJr.rr Mblrb, oKoFr).

Ha c.ne4yroqeM 3Tane <<Honoe cpercTBo)) DpoxornT KoHTpoJrrb Ka_qecrBa. flpu sron KaxAa, <rfuprvru sKcrrep,MeHT'rrrbHo orreHHBaer Mo-
rouryro cnoco6Hocrl csoefi cMecu no cpaBHeHHlO C [oKynHr,rM MororrrHM
cpeAcrBoM. Tecrnporau,e flpoBorr.{rc, cneAy}orr1u, o6pa:oM : oKoHHoe
creKJro, paBHoMepHo HcrraqKaHHoe 3arp.s3rrHTeJrrMH pa:Hoft [pltpoAbr,
pa3AeJlflerc' Ha ABe oAHHaKoBbIe qacrH, oAHy H3 Koropbrx or[rrqa]or
noKynHbrM cpeAcrBoM, a Apyrylo _ sKcnepr,lMeHTiurbHbrM. tlpoqegypa
cocroxT H3 AByxKparuoro pa-s6pu3raBaHu, naorculefi xHAKocrH Ha 3a-
rps3HeHHOe cTeruro c [ocJreAyrorrlHM Tpex_qeTbrpexpa3oBbrM npoTr]pa_
HHeM cre*Jla 6yrr,raxHofi canQerxofi c orr{HaKoBb,, y"irrr"r. 3areu rcax-
.{y}o nonoBHHy creKJIa nporHpa}or B TeqeHHe MHHyrbr cyxHM BarHr,IM
TaMnoHoM Ntfl cHflTrfl ocrarKoB rp.s3r.r. O6a rananoua HccneAyror BH3y_
zulbtro c noMourblo nynbl c rpexKparHbrM yBei.rHqer fi1eM u onpeneJrrrox,
B KaKoM cnyqae ocrarorrHa_fl 3arps3HeHHocru 6o.nurue.

3arena KaxAafl <Snpnaa> paccqHTbrBaer ce6ecrouMocrb paspa6o_
TaHHOTO MOIOUrero cpeAcrBa Ha OCHOBe AaHHbrx o6 0nrossrx qeHax ua
rcaxqgsrff H3 KOMIOHeHTOB r,r Ha rapy. cpauuun [onyqcHrryro ce6ecroa-
MOCT' c pe*nsHofi qeuoil Ha npoMbrrxJreHHbre Moro',l,e cpe4craa u o6-
Hapyx, B cyulecTBe H Hyro pa3 HHrIy, M OxH O OptaH r, 30 BaTr, nn oAoTB opHyro
6ece4y o Apy*rx crarr,qx npo,3BoAcrBeHHbrx pacxoAoB: cro,Mocrlr
TpyAa, aMopru3arrua o6opyaoa aH:z^s., 3arpar Ha rpa H c r r op.ru poB Ky H xpa-
HeHue rrpoAyKqhn H Ap.).

cle4yloulu fi sran pa:pa6or*.r n poeKra - rory qc r r H c ( ro cyAapcrBe H-
Horo) cepra$Hrcara KaqecrBa Ha HoBoe Morouec cp"71".,.,rn. Kur,4a,
<$r.rprvlu DpeAcraBnrer Ha yrBepxAeHHe cJreAyloulr.tc cBc/lurus o cBo_
eM TOBape: coorBercrBH e il3I,errvfl, rpe6yertlstira cra r ri tap.r.a M KaLrecrBa
(pesyn*aul na6oparopHbrx Hcrrbrr ur i1, orcyrc.r.B,o :)K()rorHqecKH
o[acHbrx Be[recrB, HilrrHqHe HHCTpyKT-IHH o cnoco6c rrpHMclrcril{ fl u xpa-
HeHH' v3!.erwfl, npoeKT Toproeofi srHKerKH, npeArroJral'a0M()c r ra3BaHHe
H OpHeHTHpOBOrtHyro rleHy H3Aerr.{q.

flocle nonyqeHus ceprusurara KarrecrBa Ka)rglit, <rflu;xra> opra_
HH3yer MapKerHHfoBoe HccJreAoBaHHe. c sroil ucJ[,r() r.r,il.([.ilr]Jr HBaror_
cc MynffKra 6yayurero Molorqeto cpeAcrBa paar,rofr oKpacKu (rur,r1a, no4_
Kpar.reHHarr rrnureBbrMH KpachrenrMu) n noa6apar()r.cll i lr]l_.r,pr.r BapHaH_
Ta Ha3BaHHfl, prcD,e\u*. Pe6rra npoBoA.sT Onpoc ,()r,clrrlraJrbHr,rx
norpe6urelefi ronapa (r. e. cnoax poAcrBeHHHKoB H ,rrilr(()r\,rr,rx) rra npeg-
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Mer onpeAe ileHlafl o nrH MaJr b Hofi o rpacrcu H Haa6oaee IrpH BJIeKaTeJI bHo-
ro Ha3BaHHr pa:pa6oraHHoro HMLI Motourero cpeAcrBa. C y.rerorr.r pe-
3ynbraroB orrpoca H3roraBJruBaercq onblTnurfi o6paselr roBapa (x uue-
rcurefic.fl cMecH Ao6asrcercn nu6pauHufi xpacurels), xoroprtfi MapKH-
pyerc{ ropronofi gTuxerxofi, coAepxaqefi orcoHqarelrHrtft BapuaHT
Ha3BaHHr la31eltvl, ero cocraB u cnoco6 rIpuMeHelrnq.

FIa saxrrrcqfiTeflbHoM 3Tane pa3pa6orxu npoeKra KDI(Aa, <dupna>
npoBoAI{T peKJIaMHy}o KaMnaHHIo. C srofi qenblo pe6rra cauocrosrerbHo
pa:pa6arurnaror cloxer u cHuMalor Ha BnAeoKaruepy 60-cercyHguurfi
peuauHufi ponaK. Hrororu Hrpbr Moxer crarb npe3eHTarru.fl l{oBoro
cpe.qcrBa AJrfl Mbrr6, oKoH c [pHruIaueHHeM poAHTeJIeft u 4pyrnx yqacr-
HHKoB rarpul. Bo BpeMq npe3eHTalrnn npeAcraBHTeJIu KaxAofi <$rapnaur>

paccKa3rrBaror o MexaHHsN{e AeficrBu, Morollax cpeAcrB, o AocroHH-
crBax pa3pa6orauuoro uMr4 ToBapa u AeMoHcrpapyror BuAeoKJIHn, T. e.

r Sopue, csoficrseHuofi polenoil Hrpe, orqurblBarorcs o floryr{eHHblx
3HAHH'X.



I.naga 7
I{eurroro 6ofibrrre, qeM B yqe6urrrce

Bce "rru MEr snaena o6 rrsoMepax 6errsoaa?"

C crrxprrrux 6eusora n 1825 r crpoeHue Monel(yJrbr CoHo ua npprrxe-
Hr,rH MHorr,rx lgr 6rmo o6remortr npucranbHoro BHr,rMaHI4fl MHorux xvtv,u-
xon. (DopuarbHo yrJreBoAopoA cocraBa C,H. AorxeH coAepxarb
r = (2n + 2 - nt)/2 uprKJroB u (unu) KparHbD( ceqseil. .{nr rnroneryn cocraBa
Cu{ , : 4, .rro roApa3yMeBaer cJreAylorqHe BapnaHTbr crpoeHl{.s:

- qerbrpe rrHKJra 6e: rcparHsrx cnr:efi;
- Tpr{ uHKJra r,r oAHy gnofinyrc cBs3b;

- ABa uHKJIa z Ane AsofiHr,re cBfl3H,

- ABa uhKJra H oAHy rpoEuyro cBq3b;

- oAHH ur.rrur H rpu goofiHue cBq3H;

- oAHH r-luKJr, oAHy gaofiHyro H oAHy rpofiHyro cBfl3u;

- qerbrpe Aeofiusre cBflsu;

- ABe AeofiHsle u oAHy rpofiHyro cBr3H;
* ABe rpofiHsre cBr3r.r.

flpurr,repsr coeAusesnfi Ka>KAoro nuga uso6paxenbr ria puc. 39. 06-
u{ee xe qrrcro r,r3oMepoB cocraBa CuHu orca:rrBae'rcfl o(renb BeJII,IKo,

nocKonbKy xaxAslfi BapHaHT crpoeHHfl oro6paxaerc, ue eAr.rHcrBeH-

Hoil crpy rcrypHofi $oprnlylofi . MeroAaMH KoM nblorep Ho ro M olteJr H po Ba-

Hrrfl ceroAHfl nonyqeHbr 217 coeauuenxfi c Sopruyrofi C,,l-ln.

C noqsreHr.renr s 1865 r. $opuynsr Kercyne H, rro3)r(e, trpc4clanleuufi
o AeJroKanu3aqHH p-3JreKTpoHoB Bonpoc, KaKoe xe r4Mc1rilo H3 3THx co-
e4uHeuufi flBrllfle'rcs 6euaolou, yTparr,rJ] aKryaJI blroc'r'r,, o,/Ir raKo 3To

He AeJraer MeHee HHTepecHbrM H3yqeHHe H3oMepoB 6uno.lra. 'l'ax, aun-
luficrufi Susnrc pr xHMHK .{xefirrrc.{sroap eqe s 1867 r:, /(cMOIrcrpupy,
Bo3MoxHocru u:o6pureHHoro r{M KoHcrpyKropa H3 npy'r'HKorr H ulapHKoB

4lr Hso6paxeHus crpoeHr,r, opraHHqecKux MoJrcKyJr, cMoi lcJr r.rpoBzlrr

rrrecrb H3oMepoB cocraBa CuHu (prac. 40), o4rzH H3 Kolr)pl,rx /laxe 6str
HiBBaH B ero qecrb 6eHsorov .{srcapa (na pucyurc rrocrtcTlrtuii).

6

HC=C-CH{H2-c=cH
9
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/--l--l\"
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C-

H-

HH
C

ll
C
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C

il
C

*/ \n

45
H,C=C=C=C=CH-CHr HrC:CII-C=C-CH=CHz
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Bce

3Tr.r BerrecrBa, KpoMe r{erBeproro rl ceAbMoro, yxe rioly'rdnui 3Kc[ep[MeHTalrHo)

HH

C

t1
C

il
C

il
C

C-

). -. -c 
_c :" 

{r,

H2 CH, ,1

uHlllI
\/\/'C:C C-C

l:J € [_ll-l I I

H,c - 
cH2 H,C - 

CH,

Puc. 4 0, Bo:n,toNHste crpyrryprt CuHu,

nocrpoeHHlle ,(x. .(sroapou (1867 r')
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Oco6srfi HHTepec npeAcraBrflror raK Hzr3r,rBaeMbre BaJIeHTHL'Ie H3o-

uepul 6eusora, T. e. MoJreKyJrbr, B Koropbrx no4o6uo 6eH:ony xaxcrstfi
aroM yrrepoAa coeAHHeH c oAHHM aroMoM Bo.(opoAa, nx Sopuynlr (CH)u.
HgsecrHo roJrbKo rrrrb coeAuueHnfi TaKoro poAa, oAHo H3 Koropblx -
co6crseHuo 6eusor (puc. 41, a). EeH:or flsroapa (puc. 41 ,6),6eusaa-
,reH (puc. 47, e) w npr{3MaH (pwc.41, e), nolyveuHble coorBercrBeHHo B

1963,196'1 n s l9l3 rr., .rrBJrfllorcq HecrofiKr.rMu 6ecuserHbrMH xHAKo-
crru\lH. B 1989 r. 6sln noayqeH uocleAulrfi H3 H3BecrHbrx BaJIeHTHL'rx

H3oMepoB 6eHsora - 6Huuxlorpones,-2-wtr (puc.4l , d). Ho 3Haqr4r JrH 3ro,
rrro HHbrx cnoco6os coeAuHeHlr, [ecrl4 rpyfln CH ne cyurecrryer?

,{,rr orsera Ha 3Tor Bonpoc Boc[onb3yeMcg MeroAoM MareMaru-
qecKoro MoAeJrHpoBaHur (reopuefi rpa$ou). flocraer{ru 3aAaqy cneAy-
[ouIHM o6pa:orta: naircw Bce Bo3MoxHbre BapHaHTbr coeAHHeHH, Mex,qy
co6ofi uecru Bepur4H (rpynn CH) rar, qro6sr K:t>KAa, H3 HHx 6ltla css-
3aHa c Apyrr.rMn Bep[rHHaMH TpeM, cBrr3rMn (uvenuo cronbKo cexgefi
MolKer o6pa:oaarr rpyfina CH). Eyaerrt Ha3blBarb BepuLIHy HacbtuleH-
Hofi, eclu or Hee orxoAflT Tpkr cBfl3u.

O6oeHa.IUNt 3aAaHHbre tuecrb Bepur,rH cI,rMBoJraMll V,, V2, V3, Vo Vs

n Zu. HauneM Hx coeAHHeHHe c AByx rrepBbrx Bepr.xHH - Vru Vr. Orue-
THM, qro ABe BepuuHbr He MoryT 6srru celgauu rpoilrofi cBfl3bro, TaK

KaK B 3TOM Cnyqae Cpa3y [OnyqaeTc.fl HacbtUIeHHa, KolicTpyKuH[,u oc-
TiurbHble qerblpe BepulnHbr ocralorc, BHe Hee, 3Ha.rn'r, Bo3MoxHl,I /lBa
BapHaHTa coeAHHeHHfl: o4uHapHofi nlu Aaofisoft ceg'rbro. Paccuorpnnt
rropofi BapvaHT. Ecla uepurnnat V,u Vrcansaau Anoilnofi cBfi3bto, To

KiDKAa.[ H3 HHx Moxer 6urs cs.s:aHa eue c oAnofi BepuuHo]"r. Bo:ntox-
Hbr cneAyroqHe cHTyar,\HH :

(A) aeprunHu V,u I/,:arraxnyrur Ha oAHy r.r ry )Ke ueprurlry 2.,;
(E) nepurnnat Vrw Z, coe4uueHbr c AByM, BeprxunaMu - V, u Vu

<+

a

B cryuae (A) uepurnH a Vr6yli* c-Y39Ha eue c oAuofi nepulauofi Zo

lrr-ru"i,uteHur. B'caoro ovepe4s, Vo-fYrcr HacblureHa' ecnu or Hee

orxoAflr erle ABe cBr3l'l K BepuHHaM Vru Vu, Koropble u'Ty 
^"-ly^'11"

coeAnHrlorc, MexAy co6ofi eAHI.lcrBeHHblM crloco6oM - ABoLIHoH cBq-

:sro (prac. 42, d).
B clyvae (B) nepurrH r,r Vru Votu6o (li') He tu'=u1l1r^"]tly co6oil'

rrra6o (Er) cBr3aHbl-o4uHapubfi cB'3blo (rarc xarc AnoilHar rpHBeAer

K npexneBpeMeHHoMy Hac['luleHuro ecefi rcoucrpyrcurara)' -
B clyuae (8,) ocraull{ec, BepmPIuu Vru l,uworYr-6r'trs 

rm6o co-

e.rr,HHeHbr KaxAa.s c o6eults Bepl'IIHHaMH V, u Vo' a xPoY-! i"::-:-T.".:

^[*rV 
co6ofi (pnc. 42, c), nlt6o coeAuHeHbl KaxAas rt'ltlrb c oAHot{ H3

;;;;, Vru VoH AonorlHHrerbHo - I're)KAy co6oil (puc' 42' a)' 
.--'E 

"ryiue 
1d,) eaurlctseHt]stfi BaplraHr Hact'IUreHHr ocraBull4xca Bep-

urHH noKa3aw na Puc. 42, 6'
Aualornqrtble paccyxAeHl.Ig, npoBeAeHHble npu ycnoBI'IH' qTo B KoH-

cTpyKuuu npHcyTcTByloT TOJIbKo oAHHapHble cBfl3ll' npl4Bo,4fr K crpyK-

typu*, ,:o6Pax"HHblM Ha Puc' 42, z' e'

Herpyauo 3aMerhrb, tlro flepBble nrrl rpa$oB (a - il) uapuc' 42

.sy6nHpy;r crpyKrypHble $oprrlylsl a3BecrHbtx BareHrHblx l'l3oMepoB

6eHsora (cna. prac. +ii. A eor iuecrofi rpa$ (prac' 42' e) He Moxer

6srrt nocraBleH B COOTBeT0TB]'1I) HA O4HOft t{3 H3BecTHbIX MOneKyJl'

Tarult o6pasou, Teopufl rpa$on npqMo yKa3blBaer Ha Bo3MoxHocrb

cyutecrBoBaHllfl eule oAHOlo BaJIeHTHolo I',BOMepa 6eHsora' B npo-

crpaHcrBe 3Ta MoneKyJIa Moxer npeAcraBrqrr co6ofi qro-To BpoAe

HcKaxeHHoro oKTa3Apa, y Koroporo orcyrcrByer pra pe6ep' 3aro 
'IMe-

ercrrpailue.qJIHHHaflcBfl3b,coeAHHfloul'aflAaJIbHI'teBep[II{Hbl

ry
6

H
tl

a6(x
zd

Pu c. 4 2. BaPuaHrut coeAI{HeHrI fl urecrl4 nepuruH (CH)

tt2
Puc. 4 I. H:aecrHure BaJreHrHbte (CH)u-urorucpt,r 6cttttr'tta

113



H

Pu c. 4 3. Herssecrnurfi saneHrHurE
H3oMep deHsora

r.r npoxoArrqa, r{epe3 3KBaropHZUrb_

Lr Hyro nnocKocr-s (pNc.43). Eesycloe_t 
lo. yrneBoAopoA TaKoro crpoeHy,
6y4er xpafiHe ueycrofiuuu, bgruno
$opnaa.nsuo oH yAoBnerBoprer rpe_
ooBaHHflM rulaccHqecKofi reopnu xN_
MuqecKoto crpoeHur. Hensoecruo,
6ylvr nu oH KorAa-JrH6o crEr"rreazpo_
BaH, Ho cau Sarcr o6uapyxeuur uo_
BOto B€IJIeHTHOTO a3oMepa 6eu:ola
{Bnrercfl xpacnaofi ulmocrpaquefi
npHMeHeHHfl MaTeMaTIrqecKLlX MeTo_
AoB B opraHaqecroii xHMuLl.

Ha ocHose aMMHaqHofi cerrrrpbr pa:pa6orauu npoMbr[rneHHbre B3pbrB-
qarbre cMecu, nprrMeHreMbre npu rpDKAaHcKHx crpoHTenbuux pa6orax
(npoxna4r<e Aopol paspa6orrce KapsepoB r.r uraxr, npo6unxe rouuerefi
r,r r. A.). Murluouaulr roHH npoH3BoAHTc, B3pbrBqarKa, coAepx(aulas95 o/o

r-paHyJrr.rpoBaHHoro HHTpara aMMoHH, u 5 Yo xuht<oro TorlJrHBa. CN4ecs sra
3KOHOMHqHa, 6eSOnaC Ha npH TpaHC[OgrHpOBKe H XpaHeH U H, TTOCKOJT bl(y U H r-
peAHeHTbr cMeruuBarorc, HerrocpeAcrBeHHo Ha Mecre B3pbrBHbrx pa6or, a
npoAyrcbr B3pbrBa HeroKcr,rqHbr (o6pa:yrorc, rJraBHbrM o6pasolr a3o! BoAa

H yrJreKlrcJrbrfi ras). llluporco npaMeHflercr vrogur[uqapoBaHHuur cMecr, -
xeJraTHH r.r3uponauu sl il aoAHu I pacTBop aN.rlaHa.rH ofi ceJl HTpBr, B KoropoM

AucneprnposaHlr Heo6xoAuMbre KonuqecrBa iurroMnsnegofi nyApbr H xHA-
Koro ronJlr,rB a. ?t a cMecb n H6o nocraeJurercf, B [n acrMaccoB brx KancyJrix,
ru6o saKa.ruBaerc, u: euxocrefi B crBoJr 6ygyuefi uzxrbr HrH ToHHerq.

,{eronaropoM .uFn Hee flBrcercfl cMecb rpLrHhrporoJryoJra (THT) u reHra-
3purp raTrerpaHurpara (n3TH).

Curssrr rrau B3pr,rBqarbrMu BerrlecrBaMu rBnqlorc, H opraHuqecKlre
BeurecrBa, coAepxaurhe xracroru urfi ocraroK a3ornofi rucroru Hn H H r.rrpo-
rpynny: HHTpornaqepuH, Hr4TporreJrJrloro3a,TpHHHTporlJryoJr, orroreu (qurc-

ncrerpaMerr4reHrerpau urpoau nn). I4x crpyxrypurre Sopr'.rylbr npHBeAe-
nunapuc.44.

O6ruaq oco6esuocrb 3THx coeANueHail B ToM. qro rlx MoneKyr,'rbr

coAepxaT oAHoBpeMeHHo H BoccTaHoBHTeJrb, r.r oKHcJluTeJrb, a [poAyK-
TaMH pa3JIOXeHLIfl IBIflIOTCT, KaK npaBHJIO, IBOT, KHC.iIOpO4, yrapUltfi ulU,
B HeKoropbrx cJryqaflx, ymercaclsrfi ra:.

OrNOC H r--,^. ..-CHTONO2
orNocHr/-\cHroNo,

d

Puc.44. CrpyrcrypHure {opuynrr opraHr.rqecxux a3orocoAepxauflx B3pbrBqarbrx
Beu{ecrB:a-HltrpournrlepuHa; 6-nurpouerJrroJro3br; 6-TprlHaTporonyor.a;

e-oKroreHa;d-II3TH

frouenay coegrrueurr,s agora BsprrBoorraeu$r? *

.{a.a Havala - HecKonbKo AoKyMeHTaJrlHux Qarroa.I' l6 anpenr lg47 n n.oAuoru n3TproMoBroproBoro cyrHa <fpaulreun>, crorBure-ro y npuva-na Texac_Cura (rurar Texac, CIXA), ,ornr* noxap. Ha 6opry cyAHa laxoAu_nocr 2,5 rurc. T rpaHyJrHpoBauHoro yAo6peglr, _ aMMnaqHofr cenrrrpLl. Kolraura He cMor-na cnpaBurrc, c noxapoM, n cny_crt37 l,ruu lrrlrpar aMMoHtl, B3opBarcr. flocrelcrstlrB3pbrBa oKa3aJrucb yxacHsrM,. yUUqroNeHUr 6u,rll He'roauxo <l parrlreunr, HO r.r cTOrB-uni prgou c Hr'rM cyxorpys (xafi lDaafiep>, roxe rpyxeHHrrfi rrnrparolr aMMolrfifl, aTaKxe paclonoxeHHrrfr p.slior\.{ xaN,{.recKafi:asoa uMo,carrr"r. nrpo,lnor'"Jr,ror 6nrropa3pyrxeHo ABe rpern lgaauil B ropore, rrpn groM rronn6an 6o.ree i00 qeroBer.
2' Xypuan <The Economist>> m lg nrar rggl r. nrca:r: <Ir rcqenue rlocJrerHeFoBpeMeHA ,,oxapHoe BeroMcrBo cugr,ra lrue,ro reno c prroM Upesnsrrafino cxollrrbrx rroA_xoros' Bo scex cryqarx reMneparypa [JraMe]rH 6urla cro,ru BLrco*ar qro B 30re Bo3ropa-HH, rrraBfiJlacE crarL H rpouralcr 6crou. flpe4nolaraercr, rrro nollxHrar.eJrtr ]rcrro:rr,3o_Baru cMec' armM,Hfiesofi nYAPrr a HfiTp,.a aMMO,r.lrr, Koropaq BocrrnaM.Hflerc, np'4o6ar,reuua BoILt u cnoco6Ha pa3Br.{BarLreNrneparypy lo 3000 oC>.

3' B 1990 n 6urn y6ur pa60q,fi x,N.ru'recroro ron6nsma rrrupruu <Apryp l{. Jlurra,Kolrnasq> B pe3yn6Tare MoluHoro B3pr,rBa cMecH TrraHoso, crpyxr(H c rrurparon cepe6-pa' [Ioc're,yro[I14e HCrrLrraHH' rroKa3a,lH, qro cMecb r,Tara H ]rHrpz,ra cepc6pa rryBcrBH_
TeJrEHa K C.'rpflcerfirc u cnoco6sa B3pbrBar.c, rrp, yAape urwt,pt4 rrarpcBarulr.

I4s npaeeAeHHblx npaMepoB BHAHo, r{To npqr{HHaMH Tpa[hqecK,xco6srrufi nocnyn<HJrn coeAuHelr,, a30Ta - Hrrrparbr, B qacrrroc.r.r.r HHT-
PAT AMMOHHC. 3rO XOPOIIJO H3BCCTHOE COCAHHCHHE IUHPOKO TIPHNIEHqCT-cs B KaqecrBe xtlMr4qecxoro y4o6peHnr, Ho B To r(e BpeMr o6la4ae.rcsoficrsaN'{}r .HJI'HOTO oKI,ICrIHTen.rI H B CMec}I c BOCCTa}roB ...-eJrrMLt CTA_HOBT,ITC, 83pbrBoonacHbrM.

* Journal of Chemical Education. I 993. Ns S. p. 3g2-3g4.
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B '{eru xe npzqaHa B3pbrBr{arbrx croficre HLrrparoB (anrvouzx H Apy_rux)? lln Haqiua paccMorp,M xr4Mlr3M coorBercrByroru,x npoqeccoB.Teprunvecxoe pa3JroxeHr.re HHTpara aMMoHH, npHBoAHT x o6pa:oaaHuro
KrrcJropoAa u 3a".HCr' a30Ta, KOTOpa, MOXer Aa,rb[re pa:rarirscx c o6-pa3oBaHraeM cao6o4uoro zBoTa H KucJropoAa:

NH.I9dl"] = 2H,o(.) + N,o(r),
2N.o(r):2N/r) + o,(r). (t)

Huengo grr.r npoqeccbr [poreKaror rrpu [onx vtaHHHHHTpara aMMo_
HH-,I XI,IAKHM TONNHBOM.

B cueca c BoccraHoBHTeJrflMH, Hanp,Mep c noporxKoo6pasusrurz
MET'UIJIAMH, HHTPATbI BEAYT CC6q rcAX CHJIbHbIE OXUCIIUTCIH: '

3Ti(rn) + 2AgNe(rn) = 3T'iOr(ra) + 2Ag(rs) + Nr(r), (Z)2Al(rr) * 3N-1.\9,(Iu) : er,o,ira) + ci,biO * i'iii.l, (3)zn (rs) + NH,N,, (re) = zicilrui + zr1,o[i + n;ii): $)
Pasroxe,lre opraH,qec*Hx coeA,HeuHil asora (rarnx rcar 

'I3THI'rJrH oKTareH) ouH'raerc.rr reM, qro a3 Ue60lruoro Kor,qecrBa rBepAo-ro Kpl'rcranJr,rrecKoro BeurecrBa o6pa:yerc.n orpoMHOe K.n,rrecrBo
T€I3OB:

rl3rH(ra) 
?_?I,(.).:1t,o(l)_o 2co(i) + 3cO,,(r), (s)orroreu(rs) __+ 4Nr(r) + 4HzO(r) + 4CO(r). (6)

flpu srorvr c.nely^eT l1rffie yqecTs, r{TO B 3OHe B3pbtBa pa3Br4Baercq
TeMneparypa ao 3000 oC, a B 3rl.rx ycJroBr.t.sx I raoirs aua, aunrrr"ao6rev rue22,4 Jr, a nopslxa200 *

Teneps pas6epeuca B ToM, qro xe raKoe B3pbrB. B:ptrnou npr4lrrro
Ha3br Barb c HJrbHo 3K3orepM H rrecKylo peaKuHlo, HAyrqyrc c o6pasonauu_eu 6olrruoro Konar{ecrua auroo6p*n",* rrpoAyKToB. CrperrlarelsuoepacuHpeHue rop.sqnx ra:or (c reMneparypoZ nopsara ZtiOO_:OOO .C;
npHBorHT x QopuuporaHuro 83p6r Bro * roru rr, ttpor43BoArrrle fr pa:pyrue_
uu.a. Cxopocrb nporeKaHHq peaKrr,H pa3JroxeH,{ pe,,arc,,uru oopasonaBJrHqer Ha cnlty B3pbrBa. Tax, 6oeaure B3pbrBqarbre Beulecrsa THT,il3TH u oKToreH trpu AeroHaqn_lr-o6pasyrcT B3p6rBHbre BoJrHbr, pacnpo_crpaH.sroquecf, co cKopocr,{M, 6,9, 9,4 u9,7 xtntlc"ooruar"r"",i-,ro, ,. 

".co cBepx3ByKoBbrMlr cKopocrflMH. Cro.nr BbrcoKHe cKopocrr4 06bscHq_
rcrc.f, cno6oAHopaAr,rKilrr,HbrM xapaKTepoM pa3noxeH,, STHX opraHaqec_
KHX BEIIIECTB.

Ba;NHsru ycJroBHeM Qop^auponaH,{ B3pbrBHofi sor rlst rr Br rr ercs B br_cao6ox4euze 3HeprHH u b6pa:o"aHr, .*ot6p*r, 
"* ;il;t;;;J. Trn^o6pa:ou, cr'rJra B3pbrBa s 6onsuofi Mepe onpeAeJrrerc, cre[eHbro ,oHH-xeH,',r 3HTaJrbtr'H u floBbr[reH,s SHTporrHH. B qacruocrr, nocrcorury co6-
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crBeHHo pa6ory B3p6rBa [por.r3BoArr ra:oo6pasubre npoAyKTbr, To t{eM

6onuure ra:or o6pa:yercs fipn pa3JroxeHr,rn (r. e. ueu 6olurue pocr oH-
rponuu), TeM cHJrbHee, n o6u1ev, 6yrer eopsrnHarr BoJrHa. C srofi ToqKlr
3peHus uAeanbHr,rM npoAyrcroM pajJroxeHuq flBJrrercfl aaor. 6y4yua xra-
MHqecKH AoBoJrbHo r4HeprHbrM, o6pa:yroulr.ritcn npw B3pbrBe a3or npaK-
THqecKH He B3ar,rMoAeilcrnyer c ApyrHMH BeuIecrBaMH, T. e. He cBr3br-
BaeTcfl Bo BToplrr{Hbre npoAyKTbr, rioTopble MoryT BbrBoAHTb ra3 H3 3oHbr
peaKuHH. HueHHo no3ToMy Bce h3BecrHbre MoulHbre B3pr,rBqarbre Be-
qecrBa rBJrfltoTc.fi coeAHrreHuflMH asora.

Oruerav raK)Ke, Lrro HeH3MeHHbrM flpoAyrcroM oKHcJrHTeJrbHo-Boc-

craHoBureJrbHbrx peaKrrlrfi (l), (3), (4) c yqacrHeM HHTpara aMMoHHruB-
rrrercq no4a. Bnugy sr,rcoroil npoqHocrr.r cssseil B MoJreKyne BoAbr 3Tr,r

peaKuHH corrpoBoxAalorcq surcso6oxAeHueM 6orruroro KorHqesrBa 3Hep-
run. flogroruy MoxHo yrBepx(Aars, qro r.rMeHHo o6pasoaauue MoJreKyJr

BoAbr npuAaer pa3roxeHarc HHTpara aMMoHHfl a:puauofi xapaKTep.
OAnaxo n pHHrrHn H aJr r,H o Ba)KH brM, BJI rerc, se a6comorHo e KoJrHqe-

crBo BbrAeJrrorqeilc.a trpu B3pbrBe 3HeprHH n ue o6unfi o6reu ra3a, a
KoJrurrecrBo 3HeprHH, flpHxoAsueilcx ua eAHHHrry o6reua o6pa:yrorqe-
rocfl ra3a, nocKonbKy HMeHHo gra BerHrrHHa xapaKTeprsyer cnoco6Hocrt,
pacrrruprroueroofl rit3a rrpo H3BoAHTT pa6ory.

I4rrrepecHo no3roMy cpaBHHTb pa3Hbre B3pbrBqarr,re cMecu rro Konn-
qecrBy o6paayroulerocf, npH B3pbrBe ra3a, a rarcKe no gHepruu, npuxo-
4rrqeficr Ha MoJrb tl3aur,v ua 1 r peareHToB.

K npurr,repy, cpaBHuBarr peaKrrnn (2) m (3), cJreAyer orMerr.rrb, r{To

rrpH corrocraBuMbrx BeJrHqI{Hax lt3MeHeHHq gHTiIJrbrrHH (coorsercrneuuo

-2589 xAx</naors a3ora lr -2033 rc!2</rrao"rrr oKcr4Aa alrcuuuur) B cMecu
TilAgNO, Bcfl BbrAenrrcur,arcq oHeprvfl nplrxoAr.{rcs Ha MoJrb o6pasyrc-
ureroc, rasa (asora), a n cnaecu AINH4NO3 oHeprr,,s pac[peAen{erc,
Mexqy AeB.flrbro ruorrMa rara (6HrO + 3Nr). flos'rovy B nepBoM cJry-
qae B3pbrBHoIt o$Sercr 6yAer 6oree 3Har{HTerbHbrM, a cMecb zurtoMr.rHHf

c HHTparoM aMMoHr,Is rrpn B3pbrBe seAer ce6.fl 6oree cnorofino, Ho raK-
,Ke AaeT MOUIHOe nJraMr, KOTOpOe [paKTHqeCKH HeBO3MOXHO rrOTyrrIHTb.

B soenurrx qeJrrx oco6uil HHTepec [peAcraBnfler Kornr{ecrBo Bbrc-
so6oxAaer\,{oft ouepruu sa I r peareHToB. K npurtrepy, AJrfl cMecH
Ti/AgNO. 3ry BenurrfiHy paccqHrbrBaror cJreAylorquu o6pasou
(crvr. ypauueuue (2):

Macca rpex naolefi TlaTaHa .......144r;
Macca 4syx iuolefi HHrpara cepe6pa .........340 r;
o6uqaa Macca peareHroB ..........484r;
3Heprus B pacqere na 1 r .........2589 :484= 5,35 x,{xrlr.

Pacqernue 3 HaqeHH{ saxHefi ruux B3pbrB Hbrx xapaKrepHcraK HeKo-

Topbrx cvecefi rrpuBeAeHbr e ra6r. 7.
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Bsprrnurre xapaKTeprrcrr{Krr
Ta6,ruqa 7

HeKoropbrx cuecefi

Brpun.raraa
cMecb

Lff
peaKuurr,
rlx/ruo.nu

Ko.n-no 3Hepruu

MOJIL
MOJIL

-l[-9rrBr
rAx

MOJIb ra3.
Mx

r pear.
TilAeNOq -2589 U5 0.0020 2589 5,35
AI/NII]NO? -2033 9/5 0.0306 226 6.92
ZrlNlI+NOr 467 3/2 0.0206 156 3.21
AYNII4CIO/ -9334 18/16 0.0185 518 9,57
N3TH -1998 I Ut 0,0348 182 ,6,40
Oxroren -1836 t2/r 0,0405 153 6,20

O6pauleuue c flepx;roparoM aMMoHhs, KaK H co MHorHMra ApyrHMLr
coeAHHeHHrMr.r iBora, Tpe6yer 6o;rsruofi ocropoxHocru. 3ro coeAr,rHe-
uue o6raAagr cBoficrBaMlr cHJrbHoro oKHcrHTeJrrr H cnoco6Ho pa3Jrararbc,
co B3pbrBoM npr.{ HaFpeBaHr4H Ao 400 oc, o6paayx a3or, xJrop, KrrcJropoA H

BoAy. B 1988 r. B urrare HesaAa B pe3yJrbrare B3pbtBa rrepxJropara aM-
MOHHS lr BO3HHKUIeTO BCJTeACTBHe STOIO noxapa 6Ul nOIHOCTbTO yHHq-
TOXeH 3aBOA, rrpOH3BOAHBrUUfi paXerUoe TOfIJILrBO.

3arepurar rcparxuft o63op B3pblBoonacHbrx cMecefi Ha ocHoBe co-
eAuuesprfi a3ora, orMerHM el]Ie pa3 Hx saxuefiurne oco6ellHocTH.
Bo-neprurx, o6rsarelr,HbrM rrpoAyKToM peaxqr-r il uexqy MeTaJIJIaMH H

HHTpaTaMH, B qaCTHOCTH HHTpaTOM aMMOHHfl, 
'BJlrercfl 

raSOO6pa:HSlfi
a3o! xHMaqecKaq naccHBHocTb KoTopo[o HcKJrroqaeT cBr3bIBaHHe ero
ApyrI,IMr{ BeuIecTBaMr4. HueuHo zr3or flBJr.,{erc, noSToMy oaxuslrra 4efi-
crByroulr{M areHroM B o6pa3y}ouleficr oapuauofi sor}re. .{pyruuu npo-
AyKTaMr.r raKnx peaxqufi rBJrflrorcfl oKcHAbr Mer€rJrJroB n (nnn) BoAa. 3TH
coeAHHeHH.rr xapaKTepH3yloTcq oqeHb [poqHbrMH cBq3rMr.r, a [oToMy Hx
o6pasonaHng rrpuBoAl.rr K pe3KoMy noH HxeHLIIo 3Hrzul brIHH (euc no6ox-
AeH Hro e ueprzr.r). Hueuuo BbrAeneHue 6oluuoro KoJll4rlecrBa oHeprHH

oAHoBpeMeHHo c o6pa:oBaHueM ra:oo6pa:Hux npoAyKToB npHBoAHT K

sBJreHHro, Koropoe Ha3brBarcT B3pbrBoM. Mouluocrs mpbrBa s 6orsuofi
creneHH onpeAeJrfl ercfl KoJrHqecreor\a srrceo6ox(Aaenaofi SHepruH B pac-
qeTe Ha MoJrb BbrAeJrrloulerocfl ra3a.

Tenepu HerpyAHo froHrrb, norreMy HH oAHa aBI,IaKoMfiaHufl Ml,tpa He

npHHHMaer ua 6opr rpaHcnoprHbrx caMoneroB xHMuqecKHe yAo6peHLrfl,
ecJrn B Hx cocraB BxoAHT Hlrrpar aMMoHr{r. Begs rcopnyc I,I MHorHe Ae-
TaJIH BO3AyrrrHblX CyAOB CAeJIaHbI l{3 ZUr}OMHHHeBbTX CrrJraBOB, a nOTOMy

caMoJIe! HaqHHeHHbrfi Hnrparou aMMoHHr, crar 6br, no cyrr,r, rergqefi
6on6oil!

Auanrlsapy;r AaHHbre ra6t.7, HerpyAHo BHAerb, vro xax4slfi [Hpo_
TexHuqecKafi cocras o6la4aer cBoltMH oco6euHocrsMH, o[peAenflro_
nIHMH o6racru Hx ilpHMeHeHHq.

Hanpulrep, cMecb TilAgNO, ouaqaeicr or rpoqux reM, qro Becb
renrosofi e$$exr peaKuHH npnio4urcx Bcero Jruurb Ha oAHH MoJrb Bbr-
Aen.qrourefoc.s ra3a. @opir,rapyroulascfl npH B3pbrBe srofi cuecu B3pbrB-
Hafl BorIHa 6yaer oco6erno pa:pyruslsrina. Cj*roren u II3TH o6paey-
ror npu B3pbrBe oqeHb 6oltruoil o6r,eu ra3oB H npn 3ToM xapaKTeprcy_
rorcs BbrcoKHM 3HaqeHHeM 3HeprHr4, rrpl4xoAf,I"Ireficr ua 1 r peareuror.
I4lreuuo,nosroMy o6a cocrasa nprr"nito, B BoeHHr,rx qeJr.[x.

Oco6o cneAyer ocraHoBurbc, Ha cMecH AIA{H4ClO4. flpa :ncrpe_
MrlrrbHo BbrcoKoM 3HaqeHuH Lr/": -9334 x,{xdnonr (!) eror cocraB xa-
paKrepu3yerc_fl oTHocHTeJrbHo Hzsrcofi (_1 rulc) cKopocrbro topeHar, r{To
no3BoJr.rrer cAeJrarb peaKrlr.rrc yflpaBJrfleMofi. A nocro.nbKy gTa CMecb K
ToMy )Ke .,IBJ'Ifl ercfl peKopAcMeHoM IIo BeJrHr{aHe gHepr}rH, srrceo6oxAa-
eNlofi s pacr{ere ua 1 r peareriroB (cu. ra6,r. 7), ^ro oHa oKi*L,rBaerc.fl
TIOTITI4 I,IACAIIHOfi B KAI{ECTBE TBEPAO|O TONJIHBA ANfl PAKCTHbIX ABHrA-relefi. Be4s npu noAbeMe KocMuqecKoro rcopa6lr Ha op6nry craHoBnr_
c.[ BzlxHbrM xax(Aurfi rpaMM no.ne:sofi uarpyaxa!

BsafiNaoAeficrBHe aJIroM t4HHfl v rrepxJropara aMMoHr,rf, rlo cBoHM xa-
paKrepr4crHKaM qBrlsercr, cKopee, He B3pbrBoM, a oqeHb 6srcrpo flpore_
Karcuefi c HJr bHo3K3orepM HqecKoii peaxql.refi ropeH ur :

6NHnCIOT(ra)_+ lOAl(rn) = 3N,(r) + 9H,O(r) + (7)

rlp u crapre,un","l,i*k ""'jI"] ; f,X"tl{;} 
"B 

epiu ruox H o s a6*o-
Aarb MorrIHbfit runeit$ 6eloro AbrMa -'r'oHKoAkcnepcuofi 83BeCH oKCHAa
ztrrroM HHH, r rasoo6pa: Ho M xJropoBoAopoAe, BbrAerqrou.(Hxc, npn cro_
paHuu ronrrHBa fcrvr. ypaaHeHr4e peaKr_lH A (7)).
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f.rasa 8
Arcrya.nlurre Borrpocsr

xrrMrrqecHoro o6paaoraHrr,E

I{ayrurar grrrrca B urrco.nBrrotrl rcypce xnMlllr*
Ilo4r'ororxa 6yayruero xrzMrarca.uonxHa BKJ,noqarb ," ,oro- 6rn_AaMeHTaJr'HOe o6pasonaHHe, HO II HpaBcrBeHHOe BOC,HTaHHe. 3ronay

Borrpocy 6rrra nocr.sr{.".rg_ gf ru n: xousepeuqraft Au epu KaHcKoro xH_Mnr{ecKoro o6qecraa (AXO).
Cero4ur yxe oqeBHAHo, rtro HccneAoBaHHe npnpoAbr He yruraAbrBa_erc, B rrpocryro cxeMy <o6rercr hccJreAoBaHur _ cy6r,exni"arr"4o"u_

HHs), Koropofi npla4epNHBaJrHcb erle B Halruue XX s. y.{euslfi He.rrBJr.s_ercr Heft 'rpaJ.r bH6r M ua6lro.4areleu, S arcupylournM o6rexru nuyro pe_
arrbHocTb. Or ero ruquoft no3HuHH u ao6pocoBecrHocru ,unprry*o
3aBucn^r noryqaeM bt^e pe3yJrbrarbr (AocraroqHo BCIoM Hr4Tb HauryMeB_Iuylo B Haqare 1990-x roroB HcropuKl c (xoJroAl{blM repMo.flAoM)).
Kponae Toto, coBpeues H urfi nuy, n 

", 
fi [pouecc _rrBr.{ercfl KoJr.rreKTH B HbrMgeficrruena, yqacrHuK KoToporo AoJrxeH 6srrs roros * n"oonoanar{Hoc-

TH OTHO[reHufi c xollenaMH H yMerb cr{HTarbc, c xpurnxofi. Haxoueq,
AocruxeHus HayKH AaBHo yxe nepetrrjru Ty rpaHuUI ao rcoropofi oHu
Morulr4 cq,Tarbc{ ((MHJrbrM, npHrryaaMr.r) ecrecrBo,cn,rare:refi . ce_
roAH.r or rpaxAaHcrcofi oreercrBeHHocru yrreHoro 3aBHcHT 6y4yrqee ve_JroBeqecrBa: BC,OMH14M XOrq 6ur o x71epuofi 3Heprer,Ke , ."nnox HH,ne-
Hepnu. Mex,y reM, KaK orMer{iurocb ua xo'$eper,,rr, **oririr, *yp"
XHMHH He HaueneH Ha no.(roroBKy yqaul,X.' K CJ.roxHr,rM HpaBcTBeH_Huu npo6leMaM, r{a xoropbre -yKa3brBanu eu{e pyKoBo Anrenm MaHxsr_
reHcKofo npoeKra P. onneurefirnrep n B. fefi:eHdlpr. B xo4e uocre4nefrrpynHofi pe$opurr clrcreMbr odpa:oaauar e CIUA (rnrirrporarruoii
YCIEXAMH CCCP B OCBOCHHH XOCUOCA) BCC CI'IJIhI HAqHOHZL'II,HOil NE4A-rofHKH 6uuu 6porueHr,r Ha yrny6leHHe $yu4arraeHra,bHoro o6pa:lona-Iil,fl r4 ycKoperlfie noAroroB*H rrayqHr,rx KaApoB. B rarore B flocrcrryrHr{_
KoBylo epy (xarc Bbrpu*arorc, aMepr4Karru",) ,, rurorsr,ofi , uyrou"*oli[pofpaMM OKa3ancf ncKnroqeH Aaxe Kypc [c.ropHH HayK, B KoropoM
xo'rb KaK-To 3arparaBiurhcr, Bonpocu nayuuoil sruru.

* Journal ofChernical Education. I 996. Ne l. p. 33_34.
t2a

Ho c Ha.{ana 1990-x rcAoB npeAIrpHHI4MaIorcfl.ycvnAe [peoAoJlerb He-

Koropyrc oAHo6orcoc'rb ecrecrBeHHo-HayqHoro o6pa:onaurl. Hanpuuep,
o6xgare:rsuulM ycJroBueM [onytreHHr HauHoHiuIbHtrx rpaHToB e sroil o6ra-
cTr.r cra.qo rrarHqHe B BbrABHraeMblx rrpoeKTax reMaTHqecKolo pa3Aeila
<<Hayuuar 3rHKa). B sec'rHuxe AXO c 1994 r. perynf,pHo nevaraercr py6-
pnrca <3'rurca coBpeMeFrrrbrx HccneAosatuit s o6racrH XHMHH). Cpenu ax-

ryaJIbHblx 3TlrqeCKHx acneKloB CoBpeMeHHorO llayqHO|O IIpOqeCCa Ha3LI-

Barorc.q cneAyrou1ne: (ranuca(rrzrcauput lt [oATacoBKa pe3]flbraroB; niratH-
aT; KotlKypeHqnq HHTepecOB HCcneAoBaTeJILCKHX rpytlll' BeAylIIHx
napaJrneJrr,Hsre pa:pa6orxlr; npuopurer H aBTopcrno orrcputruil; rcoutla,1eu-

uHaJrbrrocTr, r.{ yTeqKa Aar[rbrx: tte4o6poconecTH0crb B pelHcTpaquH H LlH'

Tep[peraqnu rfarcron; 3aurn'la qeJIoBeKa a rKrasofi npupoAbt or BpeAHbtx

so:Aeiicrspu"r, yrvtrunal\ufl orxoAoB 3KcflepuNreHTanurrofi HayKH.

B qeHrpe BlruN{aHH, yr{acl'nHKoB rcour}repenquu AXO, eclecrBeHIIo,
oKa3aJrcrr Bonpoc: xax peSopnHpoBarb o4cleMy xHMliqecxoro (n uoo6-
u1e e crecrBe H lIo- nay qHo ro) o6pa:o BaI'I[lfl c yqeroM aKryan b Hocra gru-
qecKnx npo6:ienr? MonoAoii cfieuHanacr] AonxeH 6ulrr noAroroBrteH K

ToMy, trro B floBceAl{enuofi nparcrl4Ke eMy npH/lercq peuarb [Ie roJIbKo
HayqHbte. Ho H lIpaBCTBeIllIr,le 3aAaLIH, 6olee Tolo, oH AoIxeH yMeTb

pa:o6pamcq B curyal(t{H H IIoH.lrb, nepeA KaKHM nst6opov oH crouT.
Hagsrsanocs rreeKoJrbKo noAxoAoB: HanpHMep. H3Me[teHHe Haqrlo]laJILHLIx
o6pa:oaare:IbHbrx crar-IAaproB HJII.t IlBeAeHHe cneul4zlJrLIIoro yue6uoro
rrpeAMera <FlayuHar 3THKa). O6paula;rocb raxxe BHI4MaHHe Ha ro, t{To

caN{ npollecc npenolaBaHHs flBiltlerc.q saNHefi[rHM cpelcrBoM BocI]H-
TaHHx HpaBcrBeHHocrrz. O6urenHe yLlnreJlfl c ytleHHKoM Hr,rKorAa He lB-
rse'rcu Hefirpa.nsnurrrt. f{axe nroxofi npenoAaBareJlb BJIHfler Ha r}opr'ar-
poBaHHe MHpoBo33peHl4s cBoux yqeHHKoB. A norouy Kax.II,oAHeItHafl py-
THHHafl pa6Ora Ha ypoKe u ecrb, s AeficrsHreJlbl{ocrH, To. qro
3aKJraAbrBaer 3THqecKHii xoAelic 6yayulero ytreHoro. B ceqgh c 3THM

yq HTeL M XHM HH npeAJI aralo I'Cfl cII eAyroullle peKoMe[{AauH H :

B npouecce npe[oAaBaHuq He orcrpaHsrbcs or o6cyr6qeuHrI HpaBcrBeH-

Frbrx acneKTon u:yuaenaofi reust. I-lan6onee e$(rertruBHo raKoe o6cyNle-
uue, KorAa ero npe&ramsr yqeuuK, a He ) {urers. Ilo:ronay o6cyxqgeune
cnopHr,rx curyaqafi, Bo3HHKIrIax ecrecrBel{Hbtnl o6pa:ont rro xoAy ypoKa,

ropa3Ao,roJr e3Hee lr c KyccrBeH lro B Bo,qlr Morro orAen bHoro Kypc a <Flayu n aa

3TIIKfu);
yAenrrb 6orsruoe BuuMauLte HcrophqecKoft n couua-nsHofi o6crarlosrce

Bo3HHKHoBeHurr rex HJIH HHr,rx HayqHstx teopuii, rx $unoco$cKoMy coAep-

)r(aHnro. Yqauruecl AoJlxHl,r noHHMarb, tITo HayqHoe orKpbt'rl4e -
He roJrrbKo nroA 6.necrsqeii urpsl yMa, Ho H pe3yJlbrar cJIo)KHoro 14 rle BcerAa

HpaBcrBeHHo oArro3Har{Horo npouecc4 orpa3}rBulerc sce oco6eHHogfll csoeil
3noxu H cnoco6uoro, B cBoHJ oqepe.qb, culbHo r.r3MeHu'I'b )t(H:ut 1rc4efi;
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nooup.,lTb yLlaunxc, K npoBeAeHHrc CaMocTOrTeJrbHstx HccIeAO_BaHHfi, Bbr[oJlHeHHro KypcoBr,rx pa6oT H noAtoroBKe peQeparoB no re_MaM, 3aTparlrBarOUIHM 3TuqecKlre npo6neMbr HayriHOrO npoqecca [po-urJloro H HacTorqero;
noMHr,tTb, qTo BaxHefiuHM y.noBHeM BOCIHTaHH_'' HpaBCTB.HHO 3pe_no,.o qeroBe*a gBJ'rrrorct BLIcoKI4e MopaJIbHbIe KaqecrBa caMoro Boc-NHTATEJIfl.

OrcsaMeH rro xuMrrrr B aMeprrrcarrcrcofi rrrrco.ne:
rrostrfi rrogxoq?*

r{r'cr rarcoe erc:aueu? fleuoucrpaL\Aq yMelrrfl 3anoMuHarb dn$op_Mauhro Hnr, [poBepKa yMeHH' [OJrb3oBaTb cA erc Anfl,perxeH,' pa:uoo6_
pa3Hbrx saAaq? Ka:alocr 6ul, orner oqeBHAeH: COBpeMeHHa fl c*creMao6pa:oaaHHfl HaueJreHa Ha BocnHTaHHe y yrlaul14xcs yMeHH.,r rBopqecKHpa6orars c uuQoprrraquefi. B Haqzue xil u. xoporxr,rM cneu,anHcroM Bcsoefi o6lacra cqr,rraercq He ro! KTo nyque 3anoMr_rHaer (rce panHoBcero He estyturus), a ror, KTo nyque yMeer aHiulra3HpoBarb H cHcre-MarH3LrpoBaTb, ycTaHaB,rr r.{Barb cBr3H MexAy r}arcrarra a. Toraa floqeMyxe Ha BbrnycKHbrx 3K3aMeHax B .u*oJre, xax ra 100 -[er Ha3aA, BbrrrreB.efo rreHr4TCq cnoco6Hocrr, yqeHHKa 3ayqHTb H BOC[poH3BeCTH Ha ,,a_Mf,rb rpynry o6oco6neHusrx Sarroa?

3ror nonpoc craBHT B crarbe 4rr <Journar ofchemicar Education>yqHrerb xu*L',4 rz: c[rA p. Bexrcep. <c nepnrrx rer pa60rrl B rrrKoJ]eMeH, nopaxzuro Borru{totqee fiporlrBopeqHe Me)rqy fiocrpoeHgeru yve6-
HO,-O Kypca H COAepxaHHeM nroroBoro sK3aMeH ano xuMvtkr>. {eilc.raa_TeJIbt{o, B TeqeHr4e yve6uoro ro.(a 3aHrry, crpocrc, B nonHoM coor_
BETCTB H H C CO BPEMEHH T,I M 14 TCHAEH .IH,'I M N A O6PASOTAHUH : NPHMEH' IOT-ca pasuoo6pa3Hbre o6pasoeareJrbHbre TexHoJrorHH, nooulpqeTcflrpynfloBa, pa6ora, yqau{r.rMCfl npHBr,rBaercq yMeHHe pa6orars co c[pa_BoqHHKaMH, yue6uoI nHTeparypofi, co6cieerror*, *or"n"*rurr,
.ur'rpoKo H.nonb3yerc, yrleHuqecxufi sxcnepaueur. Ha 3K3aMeHe ,*e Ha_6lroAaercs [prMo rrporrBononoxHas KapTHHa: rce Sopuu AerreJrbHo_cT[r, K KOTOpr,tM yqeHr4Ka cTapaTen[,Ho ilpHyqanH, Tenepb eMy 3a[peua_rcrcr. Jlurues,tr fi Bo3M oxHocrlr B3aH MoA eitcreus, 

" 
yrrr"rlnn- H cBorr-

MH TOBapH UIaMH, OTpe3auuufi or HcrorrHr-' KOB HnsopNraqhu, uec.racru rt IsK3aMeHyIouluitct AoJIxeH or6apa6aw 
"tr[, BbryqeHHrrri uaxauyne HoqbroTeKcr. Hey4naureJrbHo, qro MHo,.He np, 3ToM nepex,Baror crpecc,rraMflTb o KoTOpOM COXpaHreTcq Ha IOrrrHe tolbl

<Heo6xoAu Mo I,I3MeH HTb caMy HAeoJrorHro npoBeAeHHfl gK3aMe u a),-
cr{HTaer P. Eerc<ep. Bnecre c rpynnofi KoJIJrer-eAflHoMbrnrJreHHHKoB u3
ITIKoJI lurara Muccypn (CIXA) on paspa6oran H ocyqecrBrrrer Ha npaK-
TuKe HoByro Sopvry [poBeAeHu, HToroBbrx 3K3aMeHoB no xuuuu. B oc-
HoBy rroJroxeHbr qerbrpe KJrroqeBbrx npHHuH[a: 1) :rcaarvreuaunoHHbre 3a-

LaHlas. r,rMeror He penpoAyrrueHbrfi, a npo6leuHsrfi xapamep; 2) na:rc-
3aMeHe pa3pe[raerc fl u Aa)Ke cvlaraercfl o6sgareJrrH;rM r.rcrroJrb3oBarb
cnpaBor{Hyro JrnTeparypy, a raxxe KoHcnercrbr yqarquxcr; 3) anr nsr-
rroJIHeHrrg v c1av-v 3K3aMeHarruoHHbrx 3aAauufi yvauluecx o6r,eguHxrcr-
cq B rpy[nbr; 4) srcsaveHaqlroHHaq pa6ora BKJrroqaer 6orsruofi o6reu
3KcrrepHMeHTZLIIbHbrx 3aAaq.

Csofi noAxoA aBrop apryMeHTupyer creAyrculnn o6pa:ou. Xa-
MH, B rrrKoJre H3yqaerc.a He Arq roro, uro6u yuauluficr 3arBepAHJI

HaH3ycrb IepuoguuecKyro cr4creMy HJrH 3anoMHlrJr csoficrra scex
H3yqeHHLrx BelqecrB. 3ru cseAeHHfl oH BcerAa cMoxer npN ueo6xo-
Ar,rMocrr4 sailru B cnpaBoqHofi rureparype, Koropac ceroAHfl o6qe-
Aocry[Ha. 3a.reNr xe Ha gK3aMeHe craBHTL yqeHHKa B HeecrecrBeH-
Hoe noJroxeHae, 3aBeAoMo HeBo3Moxuoe B coBpeMeHuoft x<u:ua,
H Jrltilrarb ero Aocryna K HcroqHarcau uuSopMaqu[ uMeHHo rorya,
KorAa oH B HHx 6olrrue Bcero HyxAaercfl? Ha srcaNaeHe cneAyer
rrpoBeprrb, KaK oH Hayr{}rnc.fl pa6orars c HcroqHHKanara r.rH$opMaquH

AJrf, perxeHur npo6lertrHr,rx 3aAaq, T. e. To, qeMy ero, co6crneHno,
u y,uur'v B rxKoJre. <<Ecrn xro-Hu6yAs u3 MoHx pe6rr noMHur Han-
3ycTr,, K [pHMepy, qHcro Anora4po, - rrHllleT P. Eerrcep, - To 3To
[poHcxoAHT He [oToMy, qTo ero 3acTaBJrrroT ero 3arroMHHTL, a [oTo-
My, qro oHo 3anoMHHaerc, cauo co6ofi np14 MHoroKparHoM ynorpe6-
neHptH. I{o ecnu cnycrff ner ABaAuarb ror )Ke qeJroBeK, craB, K nprr-
llepy, npo$eccuoHaJrbHbrM nporpaMMr4croM, 3arpyAHlrrcq npH cry-
qae c xoAy BcnoMHI,ITb TorIHoe 3Har{eHHe 3Toto r{HcJIa, To AoJIxeH JIl4

q cqnTarb sro 6parcorra s csoeil pa6o're? [yvarc, qro Her. Eclu vofi
BbrrrycKHHK, orxpbrB uyxuslfi cnpaBoqHHK, uairger ran rpe6yeuoe
3HaqeHl,re u cMoxeT rpaMoTHo Hcnonb3oBaTb efo npH perxeHHH BDK-

Hof, Arc Hero npr.rKJraAHoft 3ap.aqr, s 6yly cqr4Tarb 3To aAeKBarHbrM

caoefi npenoAaBarenscxoil Aef,TeJrbHoc:ru>>. Bor noqeMy Ha 3K3aMe-
He B r.uKoJre P. Eexxep pa3perxaer rroJrb3oBarbcs lro6uuu noco6ug-
MH, Ho 3aro 3aAaHHs 3K3aMeHa Hocrr npo6leuuurfi xapaxrep.

IIpu srou ua6rrcAaercfl rdHTepecHufi eQQercr. 3Has 3apaHee, qro
Ha gK3aMeHe MoxHo 6y4er [oJIb3oBarbcg xoHc[eKTaMH ypoKoB, yrla-
uuec, HarrrHalor HHarre orHocuTbcg K TeKyuIt{M 3annQrM. OHu co-
Beplxalor cBoero poAa orKpbrrne: oKa3brBaerc.g, caMa, o6u.{uac
pa6ouaa rerpaAb Moxer 6urr ue roJrbKo cpeAcrBoM orqrrrarbc,

t22
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no [pofiAeHHoMy Marepuary, Ho H nocrorHHo flororHs[oueficr 6asofi
AaHHbrx, npurogHofi Ars pettreHLu caMbrx pasuoo6pa:Hux sa4au. 3ro
3acraBrfler MHorux pe6ar xpaHHTb rerpala rro xr4MHH Aaxe nocJre
oKoHqaHus ruxolsl!

florxaryfi, caMbrM Heo6urqHurrra B cucrer\{e, Koropyro nprrAyMaJl
P. Eercxep, ,aBrrercq BbrnoJrr{eHr4e 3K3aMeHauuosuofi pa6orbr B rpynne.
Bnpoueu, JrorHKa aBTopa Brroflne y6egrarelsua. B carraou AeJre, Aefl-
Te.[bHocTb vqeHOro, HccJrerxoBaTeJlt. HH)Ke]Iepa ceroAHfl HeMbIcIHMa BHe

TBopr{ecKoro B3auMoAer'icrer4q c KoJrJreraM}r. Pa6ora a ra6oparopau, n

HccreAoBarer ucrco ri rpyfl rte rpe6yer yrtreH H, pacflpeAeJrurb rrocraBJ]eH-
Hylo 3aAaqy Mex(Ay qJreHaNrH KoJrreKTHBa, r(oopAuHHponirrs csorc pa6o-

ry c [aprHepaMH, H HaKoHeu, xaatAslil H3 yqacrHuKoB Ion)KeH odlaAars
orrpeAene H Hbr M ri KoM Myn H Karu BH brM H HaB br KaMu . Vua\e ro Bop{, Tpe-
6yercr MHH[rMyM :uannfi a yrlrennft s o6racru ncuxolrorHn pa6orsr rpyn-
nsr. B flpuHuune B coBpeMelrHoil rurcole raKue HaBbrKH pe6lrau aau'.
A norouy ecrb Bce ocHoBaHh, n Ha 3K3aMeHe co3Aarb cHTyaL(Hlo KoJr-

rercrnsHofi rnopuecrofi pa6orur. IIpa erona, fipanAa, Bo3HHKaror Her.r3-

6eNurre Bonpocbr: xax o6ecnequTb 3arpyx(eHHocrb Bcex qJreHoB rpyn-
rILI. KaKHM AonxeH 6urrb cocrae rpynrt H KaK BbrBoAarb orleHKH 3K3aMe-
HyrouHMc, a rpynnax?

C nepeofi npo6nerraofi P. Eercxep crpaBrflerca, $opnrynupyfl srcaMe-
Har-tlroH[{oe 3aAaHHe raKrrM o6pasorr,r, qro6rr MoxHo 6rrro ssrrtoJrHuTb

ero 3a oTBeAeHHoe BpeMr, HcnoIb3yc ToJrbKo rpyflnoBbre TexHoJrorHH.
t{ro xe Kacaercfl cocraBa rpynrl... <.fl onpo6oBan pa3Hbre rrpnHrrnflbr, -
nH[rer ou. - Kar ]r3BecrHo, ceroAH, oqeHb rronynrpHbr MeToAHKH B3aI4-

rrroo6yueuu,l B rpyfinax. flpu srou rpynna, ecrecrBerjHo, KoMrrJreKryer-
cs H3 pa3ubrx no ypoBHro 3uarrur [peAMera yrreHHKoB. Ho ercgaureu -
3To He yue6a, a t,tcrrbrrar{He yr(e Bbrpa6oranuux HaBbrKoB. A norouy n

npurxeJr x y6e;r4eHnro, qro rpyflrly creAyer co3AaBarb r{3 paBHbrx no
cBoH M AocrH)r(eHnr rvr pe6r'r. 3'ro upnuqpr rr uar unsrii MoMeHT. l4rrlesso
rpynrta paBHbrx no cHJraM cnoco6ua K rroAJrr4HHo rBopqecKoMy B3ara-

n,loAeilcrsulo. 3r$$enr or raroil opraHH3auHu 3K3aMeHa norpscalo-
u1rzft. floHraMas. qro or yc[etrrHocru coBMec'ruofi pa6orur 3aBHcr.rr r,rro-

roBas oqeHxa Kaxloro h3 HHx, pe6rra Haql4Haror orHocnTbc, Apyr K

Apyry KaK Hacro-flulne naprHepbr, pacnpeAeilfls Me)KAy co6ofi o6rqufi
o6r,erra pa6orur, arar.v3vpys Aeficrsas Apyr Apyra, BMecre roroBscr,
K rrpeAcraBreHr.rro pe3yJrbraroB. .fl He nepaufi r-oA rrpoBoxy 3K3aMeH

no rarcofi cucreMe H He yorarc fiopaxarl,c, ToMy, KaK Ha MoHx fJra-
3ax pox(Aaercg rBopqecrafi rolreKTHB, cnoco6usrfi pemarb nocraB-
JreHHbre 3aAaqn. {a u nlox<uo Jrr{ ocraBarbcg paBHoAyrrrHbrM, cJrbrua,
HanpHMep, raxofi AHzuror:
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- Eclu f, [paBHnbHo noHrJl, HaM HaAo onpeAenHTb nrlo'lttocru s.roil

rrrTyKOBl4Hbl.

-HyAa.3ro3neMeHTapHo:HaAoMaccypa3/lcjlll'l'l'llao6't'cM'
,I(anafi-r<a, fl ee B3BettrY'

- ila s yxe Haure; Maccy. Ho rcax flocqurarb o6r'eu'/

- A qro ecnn rronpo6osarb MeroAoM BblrecHeHHlt tro/lt'l'l

- Tarc BeAb HaM He Aanh HI4 oAHoro MepHoto cocyAa! Morl<c't; lxtc-

cqHTarb no $oPr',tYne?

- Toqsol HaAo nloula.[b yM]toxurr ua nslcory!

- ,{a, uo STa IIrryKa He rlp'MoyroJlbHar'

- O, rocnoAu! ." n r' A.

teneps o cnoco6e BbIBeAeI{H;t oqellKH 3a 3K3aMerI' IIocrcolurcy ouc-

nruu"t", pa6ora lpynnbl, ro rax.qstil ee yqacrrluK [oJlyqaer ry xe

oqeHKy, t{To H ero [aprHepbl. KaxAa'I rpyrIrla cocrouT ASrrgrl4 rIeJIoBeK'

Tarcuu o6pasou B Knacce B cpeAHeM {roplrr'rpyercfl uecrb 3K3aMeHa-

uLIoHHE'Ix ipy.rn. Bce sru rpyntrbl pa3nHqalorcfl tro ycreBaeMocrn: cI4JIb-

uefiruas - ipynn, Nl 1, Hau6oree cra6a'l - Jt 6' Bce rpynnsl Ha 3K3a-

MeHe BbtnoflHfltor oAHo l'{ To )I(e 3aAaHlre, a yctreuHocrs pa6orsl oIreHH-

BaeTcq [o oTHo[reHr.r]o riHcJra Bbl[oJIHeHHltx :aAaHufi x o6ueuy ux

qncny. Hanpuuep, ecJIH ,13 30 :aAarrrfi BblnorHeHo roJrbKo ulecrb' To

cTerreHb BbtnoJIHeHHr pa6orlt - 20 %, u r'A' 3areu H3 npoqeHTHolo

BbrpaxeHHrl ouellKa ,"p"uo4"'"r n o6stuuyrc nq'rh6anrbHylo urKany'

3lecr, npaBAa, ecrb onpeAeJleHHble rpyAHocrl4' floHrtuo' qro ecnlt

pa6ora uortoru"nu ua 100 o/o, ro rpynna llojlyqaer olIeHKy (oTJIHqHo)'

A ec.nu crenetlb BLInoJIHeHHn pa6orut -- 70 %? fl.nn culuueiiruefi nrrep-

KH 3TO BecbMa suzr<uit [oKa3aTenb, a AItfl 6onee c:raSstx BIIOJIHe IIOT',I-

Her Ila (xopouo) H AaXe Ha ((orJll'ltlHo))'

.{lr uoestruenHq o6bercrl4BHocrn oueHKH pe3yJlbrara 3K3aMeIIa

P. B!rcrcep paepa6cnal MeroAI4 Ky pa3HoypoRHesofi ar$SepeH qHauuII Kol{-

Tponfl3ttauufi,pa6oraroutylo,[paB.(a,ToJIbKoec'I143K3aMe]IcAa]orcpa-
3yHecKonbKoKraccoB.,{onycrurra,rIToSK3aMeHylorcflyataulrecflTpex
KJIaccoB, B KzDKAoM H3 Koropblx o6pa:onaHo [Iecrb pa3HoypoBHeBblx

rpynn. Bce oHu BbrrroJrHfl[OT OAHy r.{ Ty x(e 3K3arlleHaul,loHHy}o pa6ory.

[ip, uor*"g,eHHH 3K3aMeHaquouuofi oqeHKI'I cpaBHHBarcTcfl noKa3arenH

rpynfl oAHoro yponH.r. Hanpuuep, ecr]I rpynrbl Ne I (cnnruefiurue) uo-

Ka3arnpe3yJlbrarblg0,g5v't64oh,To3a?TaJ]ottsstfinorcagarenbnpHHl4-
MaeTcq'95 o/o *t oueHKaMH 6yayr cooTBercTBeHHO ((OTJIHqHO))' ((orilHr{-

Ho)) H (yAoBJIerBopHreJlsHo>. Eclt't xe rpynnbl Nl 6 (cna6.efiune) nue-

Ior [oKa3arerH, cKa)KeM, 50, 36 n 45 o/o, To 3a 3TiLilosHltfi noxa:aTels

rrpr4HriMaeT cg 50 Yo H OUeHKaM14 6yayr ((oTJIHIIHO)), (xOpOUIO) H (oTJlHq-

Ho)), nocKonbKy AnrI cla6utx yqaulrxc't 50 % - oqeHb xopourail
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pe3yJlbrar. flpan4a, cyuecrByer oflacHocrb, r{To o;11a u3 tpy1;;r cJry_
'rafiHO fiO*axer aHoMaJrbHo srrcox,fi AJ, CBOero ypoBHfl pe3yJrbrar.Hanpuuep, ecnH rpyn[sl Ns 2 HMeror no*uaur"r, 70,74 u 95 o/o, ro,[pHHHMa, 95 Yo za 3TaJroH, Mbt 3arr]r3HM oUeHK[r AByx ApyrHx rpyfln.H nao6opor, Mo)Ker cJryqr.rrbc_fl, r{To Bce rpu tpynrtbr oAHoro ypoBH,noxa3alra aHoManbHo Hr.rsxHfi pe3yJlbraT: cKaxeM, 40, 42 u 3g %oHa ypoBHe .l\Js 3. B 3roM crryqae creAoBaro 6sr pesyrrrr* i2 %o o\e-HHBaTb Ha (oTrHrrHo)), HO Ha caMoM lene Anf, .qaHHOtO ypoBHfl OHcJrHrrrKoM HlrsKHfi. 9ro6sr us6exars yKa3aHHbrx HeTor{Hocrefi, p. Eex-Kep fipeAJlaraer sraJroHnufi norasareJrb Ha KaxAoM ypoBHe o[peAe_nflTb Koppenrquefi ryrrurktx pe3yJrbraroB rro BceM ypoBH.r{M. cyuruoc*
MeroAa rloKa3aHa ,.u p1:. 45. Hepe: ryvrxHe pe3ynLrarbr, [oryrre'-
Hbre B rpynilax m 1., Jrl! 6, npoeoAnrcfl ycpeAHrrouafr npfl,Mafl rrLt_Hllfl., a 3a 3TuuIoHHsrfi norcagateJlb Ha KaxAoM H3 ocraJrbH,x yponueErrp,rrHNraerc, TOqKa nepeceqeH,.s srofi nprr'rofi c lruuefi 

"ooru"r-cTBylouero ypoBHq.
,{yrraercr, rr,TareJrro 6y4er He6esrrHrepecHo no3HaKOMHTbC.fl

c coAepxaHlreM 3K3aMeHarr,oHHbrx zagauuitno *ranrra, B aMepuxaHc-rofi urrcore' Ho cHaqana HecKonbKo croe o6 opraHH3au,r auJo.o r*-3aMeHa e KuprnyAcrcofi cpe4uefi urrole (rurai Mr.rccypu), *" np.ro_Aaer P. Bercxep.
O $opnre rpoBe.{eHuq 3K3aMeHa yqauluecf, r,lH(ropuxpytorc{

B Haqare yve6uoro ro4a. Eluxe K ero KoHrry, npuMepHo 3a HeAeJrro
Ao 3rcaMeHa, coo6ulaerc, cocraB rpyfin, B Koropbrx yvaquecr 6y-Ayr BbrDoJrH-srr, 3K3aMeHarr[roHHyro pa60ry. 3ro nosaonrer pe6rrau

HacrpoaTbcf, Ha KoJrJreKTHBHyro pa6ory u pac[peAernlu o6l:annoc-
Tr.r MexAy co6ofi. Ha rpeur npoBeAeHnfl oK3aMeHa B ayAHTopHH opra-
Hr.r3yrorcf, pa6ouHe Mecra Arr xaxAofi rpynnbr. Ha pa6ouervr Mecre
HMercTcfl seo6xoAuvbre peaKTHBsr n o6opy.uoBaHue, c[paBoqHHKH,
TerpaAH yqaulnxcs, pacfieqarKu 3K3aMeHauHoHHr,rx :aAaunil. Ha
BbrnorHeHne pa6orrt prs 30 saAaHufi, certr-aoceMl lr3 Koropbrx 3Kc-
rrepnMeHTarbHbre, oTBoAHTcfl nonropa araca.

B saxrloqeHHe npHBeAeM HeKoropbre BapHaHTbr 3K3aMeHaL(fioH-

Hbrx 3aAaHHfi c oreerart{r4 H KoMMeHTapHflMH:
l. flafire Ha3BaHHe coe.qaHeHuro c Qopruy.nofi FeFr. (Oruer: Sro-

puA xene3a (III).)
2.Pacc\urafire sHa.renrae pH 0,00725M pacrBopa HCl. (Orner:

2,140.)
3. Onpeaenure KonuqecrBo crpyKTypHbrx rl3oMepoB, uMerourr4x

o6rqyro $oprnryny C,H,O. (Orner: 14.)
4. PaccqurafiTe, rcarcar Macca KCI t'loxter pacrBopaTbcs u 65 r

BoAbr npu 83 "C? (Ilpra perueuna erofi 3aAaqn 3K3aMeHyrouluec, Aon-
xHbI IpaBHnbHO BOcnOJIb3OBaTbC, CrIpaBOqHblMH AaHHLIMn O paCTBO-

pHMocrH xJropuAa Karvfl) HHTeprronupoBaB Hx Ha 83 oC a [epecqaTaB
pe3yJrbrar co 100 r na 65 r BoAbr. (Oraer: 34 r.)

5. Onpe4e-rrr.rre cyMNrapHoe KoJrHLrecrBo nporoHoB B MoJIeKyne oK-
raua. (Orser: 66.)

6. Barra BbrAaHbr pacrBopbr nrru HeH3BecrHbrx BeulecrB, 3aKoAHpo-

BaHHbre 6yxsartrn A, B, C, D, E. I4ccleAyfire Bo3MoxHocrb Bcex nonap-
H[,rx peaKuHfi vexay Hr.,tMrr, orMernB npH3HaKH pear<qnfi. B gpyrou nsr-

AaHHoM eau ua6ope pacrBopbr rex )Ke BeurecrB pacnoJro)I(eHbr B I4HoM

nopsAKe r.r 3aKoAaposaHsr qra$pavu 1,2,3, 4, 5. Onpe4e,rure sKcIIepH-
MeHTaJrbHo, xarcar qn$pa H3 BToporo ua6opa coorBercrByer xax4ofi
6yrcee H3 nepBoro. (B srornr 3aAaHHH nepeA3K3aMeHylotrluMncf, He cra-
BHTca 3aAaqa u4euru$uxaur4u caMux pacrBopoB. I-Ipoeeprercrl nHrur,

Hx Ha6rrcAareJrbHocrb H yMeHHe rpaMorno ycraHaBJIHBarb rrpH3HaKH

peanr1rfi. OAraH us Bo3MoxHL,rx Bapr,raHToB groro 3aAaHHq coAepx[T
lM pacrsopu: HCl, Pb(NO3),, NaHCO, KI, HNO3.)

7. Hcnolr,gyx ueo6xo4uuoe ra6oparopHoe o6opyAonauue, rrpH-
roroBbre 1,35M pacrBop NarSOr. flonycraer'roe pacxoxAeHne c 3a-

4auuofi KoHueHrpauwefi - 3 o/o.

8. Onpe4erHTe nJrorHocrb BbrAarrHoro oAuopoAHoro rBepAorerrb-
Horo npeAnera (u: ,.rrc6oro Marepuara c reoMerpuqecKu flcHbrM
KoHrypoM, HanpHMep qunuHApa. Ero o6r,ena onpeAerrercfl no H3Becr-
Hr,rM H3 reoMerpnu tpopuy.nau, a Macca - 3KcnepHMeuraruuo).

illll

ltiI

1tlil

itiil

ilt1l

lill

llrl

il

ll
liil

111

l,l

till

lirll

l

iiil

il

I

)
z3
d
F,4
_a
L

f,

6

Ctenerrs IbrnoJrHeHLtfl
)r:laue sauuoHsorl
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9. Barrr BbtraHbr pacTBopbr HeKoropbrx BeulecrB G, I_1, W flpo4e_tailre c HrlMH CJreAylouIHe O.,brrbr. Orrueprre r0 rcanerr, pacrnopa G enpo6rapxy, a s He6orru,ofi crarcau-g xane,rrpacrBopa Hu2KarJtHpacrBopa W. 3areua nepe"ueilre coAeplKuMo" npo6rpn,, B craKaH, nepe_nreurasafire 3--5 c u Ha6lrc4aEre nor"r"rra,nplr3HaKor] peaxqNra. llpo_nofire npo6uprcy u crarau. A rerepb nonpo6yfire 
""r;6;;;;;aKoe co_orHo[re]rHe pearerj'roB c, H u w, .rro6rr npa3HaKH peaKL\HLlnOr{BJr.rrJrHcb

poBHo uepes 30 c nocJre o6r,egnueun.s pacrBopoB. Koraqecreo [peABa_
PI4TEJIbII[,IX 3KC,IEPHNICHTOB HE OTPAHHqHBACTC', HO TTPOAON)KHTEJIbHOCTI,
KOH'rpoJrr'HOr-O o,,r'rra AOJr]K]ra 6rrrr xax MOXHO 6,uxe K 3aAaHHOr-r.(B :rou 3aAaHHH npoBeprercfl He croJrbKo 3HaHHe KHlrerHKH xHMHqec_
KHX peaKuuii, crolsrco clrcrer\{HOCTb MbruJre}rH, H yMefirre nrarrrpoBarbuayuusrfi 3KCnepHMeHr. pacroopr,r G u [I - 3TO TaK Ha3brBaeMbre xnMr.r_qecKHe qacbr, Harp,.Ill_g 

]I}S2O5 
+-HCl * xpaxua.n. H = KIO,. O6apacrropa llocraroqrro pas6asaeHir, .rio6rr npH3HaKH peaKuau (norrne_Hue cHHero oKpauHBaHnt) o1napylxT}aJtacb He paHee verrr vepe: 6_l0 c. W - npocro noga.)

AnrepurcaHcrcufi xrrMrrrc rrr6upaer rcapLepy*
Kar u:uecrso, cHcreMa Bbrclrero o6pasoeauuq s CIIIA fipeAyqr.rar__p,Baer AByxcryneHvanoe o6yueH,e, Ko.ropoe 3aBepuaerc, [oJryqe,14_eM crererra 6axaraapa (nepeal cryncuu) H /loKropa (nropar crynent).K npr.^aepy, cTyAeHr-xHMHK, 3a*oHr{Hnruafi 6axa,ra,pr;, ;;";r rrepeAnsr60pona: 3aBep[HTbJra 310M cnoe o6pa:oBaH,e xrw noit-aB AOKTO-paHrypy. <Journal of cher, ical Education>r ony6luxoea,r rrc6onsrruoe

HCCneAoBalr,e o nepcner(T,Bax Kapbepbr xur\r,Ka, KOrOpoe 6y4er ue6e-3brr{?'epecHo r.l pocc aiicroMy qHTarerro.
{onycrlrnr, qro,3aKoHqHB'epByro cry[errb o6yveunr H [onyqHB cre_

ne g s 6arca'raBpa xH M HH, HOBOH Crre qe uu lt il cnequaJ.r H cr pe,,raer rrpoAoJr-xHTb cBoe o6pa:onauue. Oxa:ursaeTc.,r, Arrg 3Toro eMy coBceM He o6q_3areJrbHo cBfl3brBarh cBoro AiurbHefiuyro Kapbepy Hr\{eHrro c xlrnueil.Bsrnycxunxoe c 6a:osrlNa xHMHqecKHm o6pa:oaarHeM roroBbr npuHrrbHa ropxAu qecrcue $aryl bTe,rbr (no cneunaJr br rocrH < flareHro seAeHHe)
tr.rru <SxolotHqecKoe npaao>), a rax>r(e B MeAHuHrrcKHe yquna[{a AarnoAroToBKH n paueil ueor,roxr ro p.i noM or!H. Kaxoil u",Oop'"r"ayer cAe_larr? Ha nepnrrI B3rnrA caMbrM ecrecrBe[rHbrM peueHaerra 6yAer npo_
AOJrX(eHre co6cree'rlro x,r\rHrrecKoro o6pa:ouar{Hr{, TeM 60lee qro ro_cyAapcrBo (C[XA) BcrrrecKa 3T.o iloouprer H Aa)Ke toroBo BbrrrJ.raqa_Barb AoKTopaHTy c.rHileHrruht Bce nrrb ler o6yver{Hr, Tor-la KaK

lopuAhqecKoe H MeAHuHrrcroe o6pa:oBaHHs nJrrarHbre u o6oil4yrcl yqa-
urnMctr B KpyrJreHbKHe cyMMbr. OAHarco, eu6upar npoSeccuro, cJleAyer
pyKoBoAcrBoBarbc, 6o:ree AonrocporrHbrMH nepcfleKTHBaMH, conlacHo
KoropbrM Kapbepa ropucra vilv Bpa'ra ryAa 6oree npuBneKtrreJrbHa, qeM

Kapbepa xHMHKa. Bur6op, nepeA KoropblM croltr xurr.rux-6axaraBp, oxa-
paKTepr43oBaH cJreAyloulHMH r{HcreHHbrMH noKa3areJrfl Nrr,l :

Kax su4uo, Ha craAuH o6yueHnl Kapbepa xuuurca co6la3HfiTeJrbHee,
Ho yxe s nepnslfi ro.a pa6orsl ropncr H MeAHK rIoryr{ar cytrlecrBeHHoe
flpeuMyrrlecrBo B 3apfinare. Y.rurrtBaq, qro cpe.qHeroAonoii pocr :lap-
nJrarbr s CIIA cocTaBJlrer 5 o/o, pa3}]xga B Aoxo.4ax ]opHcTa 14 MeAI{Ka

orHocuTeJrbHo xHMHKa 6yger exeror,Ho pacru.
B ra6.ir. 8 norcasaua AHHaMHKa roAoBbrx AoxoAoB xHi\,tHKa, ropucra LI

Bpaqa rlo Mepe npoABr4)KeHHq Hx Kapbepbr. Orpuqarer;Hoe 3HaqeuHe Ao-
xoAoB ropncra L4 Bpa.ra Ha paHr{l4x craAHflx Kapbepbr cBfl3aHo c TeM, r{To

Bo BpeMrr o6yveHur oHH He nonyqalor AeHbr-r.r, a rparflT nx. (flpuueu
3arparbr paccqr4TbrBarorcfl KaK cyMMa nnarbt sa o6yueulte H pacxoAoB

Ha xH3Hb. I-locreAHue Air, [pocrorbr npuHuMarorctr paBHbrMn crn[eH-
Aur,r AoKTopaHTa-xHMlrKa.) Ilpnpocr 3apflJlarbr Bbrr{HcJlflercfl H3 pacqe-
ra 5 o/o a ron (cpegHecra'rHcrnqecxuii roKa3areJrb s CIIIA).
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B;rrag:rtmlr;P HogaPor'lru TanrosteP

Xraururr

9uclensue rr oKzBareJr H IreyMoJrH Mo cB HAereJrbcrBylor o n pe H My-
urecrBax rcpacra H Bpaqa, HMercrqux 6a:onoe xuMnqecKoe o6paso-
BaHHe, nepeA qucrbrM XHMHKoM. C roAarrau 3To flpeliMyuecrBo roJIbKo
pacrer. Ecnu xe fioAcr{HTarb coBoKynHbrfi AoxoA Bcex rpex cnerlua-
JIHcroB 3a Bce rogrt o6yuerufl t4 pa6oru, To K MoMeHTy BbrxoAa Ha

neHcrro (65 rer) pa3pbrB Aocrr.,raer xaracrpo$uqecrcofi BeJlHqHHbr:
rcplrcr 3a BpeMr csoefi Kapbepbr :apa6oraer ua2 r.z.mt AoJrJr., a Bpaq -
aa 4,5 MJIH AorrJr. 6olrrue, qeu xnunr! flpas4a ecrn yqecrr,, qro pocr
3ap[JlaTbr B ocHoBHOM KOM[eHCHpyeTCC rrOBbrUIeHneM rIeH, H CrrHTaTb

uaqa.nsusrfi oKJraA Bcex rpex cneqllzlJrucroB HeH3MeHHbrM BnJIorL Ao Bbr-

xoAa Ha rreHcnro, To pa3Hnua B coBoKynHoM AoxoAe 6yAer uecronsxo
MeHbrxe: 0,45 u 1,8 urH AoJrJr. coorBercrBeHHo. OAnaro H B 3ToM cJry-
uae, ,rro6u sapa6orars crorrbKo xe, cKoJIbKo Bpar{, xHMHKy npr.rAercg
rpyAurbcfl aa34 ro1a 6olrrue n sslfiru Ha neHcuro s 99 rer!

flpasla, MarepnurnbHure coo6paxeHu.s He AJu Bcex rBrrrorc.s eAr{H-
crBeHHbrM Kpr4repaeM npu orr6ope npoSeccar.r. flora eu(e HaxoArrcq
JIroAH, Koropbre nul6uparor c[eu]rar bHocrb no rrpH3BaHH]o.


