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B MeToauyecKuX yKasaHMSX OTpakeHbl TEOPETHYECKHE BO-
MPOCHI PA3IMYHBIX Pa3/eioB XUMHH IS CAMOCTOATENLHOM paboThI

CTYAEHTOB IIPH NOArOTOBKE K BBINOIHEHMIO 1a00paTOpHBIX paboT

0 3THUM pasjgejiaM.
:ﬁﬂhmmwmmﬁomz JUIsl CTYJEHTOB IIEPBOro Kypca.

Ta6n. 7. n. 1. bubnuorp.: 5 Ha3s.
PenieH3eHT KaH. XuM. Hayk, gol. B.IL 'opmyHosa

OTBeTCTBEHHBIN 32 BBIMYCK 3aB. Kadenpoil O-p TexH. Hayk,
npod. B.A. He6onbcun

ITewataercsa mo PEIICHHUIO PEeAAKIIMOHHO-U31ATENBCKOTO CO-
BETA WOUOEOVKORO_;O FOCYZIapCTBEHHOIC TEXHUYECKOTo yHHBEPCH-

TE€Ta

© ®I'BOY BIIO «Boponexckuii rocy1apcTBeHHBIH
TeXHUYECKUH YHUBEpcUTeT», 2015

INPEJMCJIOBUE

3ajaya HaCTOAIIUX METOIUYECKUX YKa3aHWl - 3aKpenuTb U
YrilyOuTh 3HaHUS CTYIAEHTOR IPH M3YYEHHH TEOPETHYECKUX OCHOB
xumuu. B Hux nogo6paner paboTel, OTpaXaroLue Kype XUMHHU, YH-
TaeMbIH Ul pa3jIMYHbIX HanpaBlcHUH U crenuanbHOcTel Bopo-

HEXKCKOI0 roCyiapCTBEHHOIO TEXHUYECKOTO YHUBEPCHUTETA.
Meroauueckue ykazaHMs HMEIOT TEOPETHYECKOE BBEACHHE K
Ka)X/I0i paboTe, paccyMTaHbl Ha CaMOCTOSTENBHYIO MOArOTOBKY
CTYACHTOB IO COOTBETCIBYIOIUMM TEMaM H IHpEIBAPUTENbHOE
O3HAKOMIJICHHE C CcojJieprkaHMeM JlabopaTopHoi pabotht goma. B

KOHIE KaX(10H paboTh! AaHb! BONPOCE! U1 CAMOKOHTPOJIS.

BBIIIUCKA
N3 HHCTPYKIMH 11O TEXHHUKE BE3OIIACHOCTH

L. Tlpu BbinoHEHKH JIaGOPaTOPHBIX paboT MO KypCy XHMHH
0043aTe/IbHO BbINOJHEHUE BceX TpeGOBaHMM Mo TexHUKe Gezomac-
HOCTH NpH paboTe B XMMHUYECKUX 1a60paTopUsaX U 0OCTYKHBAHHU
3JIEKTPOYCTAHOBOK.

2. K BeiosiHeHnio 1abopaTtopHsiX paboT CTYAEHTDLI JOMyc-
KaloTCs TOJIbKO mocie Geceap! ¢ MpenojaBareieM Wil [AeXypPHBIM
71ab0paHTOM O COJEPXKaHMK U HOPSI/IKE BHIIOJHEHMS IKCTIEPHMEH-
T4, CTPOro cobiojas BCe YKa3aHUs MO TeXHMKE GEe30MacHOCTH,
KOTOpbI€ JIaHbl B METOAMYECKMX YKA3AHUAX HPU ONMMCAHHMU OIbI-
TOB.

3. Kateropuyecky BOCHpeLI2eTCs MPOU3BOAUTD pa3idyHbIe
HCHBITAHUA U OIBITBI, HE YKa3aHHbIE B PYKOBOJICTBE.

4. Ilpy HarpeBaHWM MAKOCTH AEpKaTh MPOGHPKY OTBEp-
CTHEM B CTOPOHY OT ceDsl M coceliei, HaXOAAIUXCS PALOM.

5. Bce ONBITH C SN0BUTBIMHU K HEIPUATHO MaXHYLIMMH Be-
IECTBAMH IIPOBOJUTE B BBITSDKHOM LUKaQy.

6. IIpu paboTe NOCTOAHHO CIEUTH 3a TEM, YTODBI PEaKTH-
BBl (OCOGEHHO KMCIIOTBI, WIEA0YM) HE MONajaid Ha JHUO, PYKH U
Oy BO M30€KaHHE OXKOIOR, NMOPYU ONEH bl PexoMeHayeTcs,
HallUBask pacTBOp, AepKaTh NpoOHUPKY U CKISHKY C pacTBOPOM Ha
HEKOTOPOM pacCTOSHUU OT celds.




7. Ipu pacno3sHaBaHHM BEIAENAIONIErOCA rasa [0 3anaxy
clie/lyeT HIOXaTh a3 TOJIBKO M3/ajly, HarpaBlisisd €ro CTpylo IBH-
YKEHMEM JaIoHU PYKH OT cocyna K cebe.

8. Kareropu4yecku 3anpeliaeTcs BbUIMBATE W3MHILEK PeaKTH-
Ba 00OpaTHO B CKIITHKY, U3 KOTOPO OH B3ST.

9. He myTath mpoOKH OT PEAKTHUBHBIX CKIISTHOK.

10. Hukakue BerjecTsa B XMMHUYECKOH JJaOOpATOPUX HENb3d
npoboBaTh Ha BKYC.

11. Henp3s 6pocaTh B pakoBMHY OCTAaBIIMECH IOCJIE OMBITOB
KYCOYKH META/UIOB M APYTUE TBEPAbIS IPEAMETHI.

12. INpunumare nuuly B 1a00paTOpUH KaTErOPHYECKH 3a-
npeujaeTcs. !

13. Ilocne paGoTE! TLIATEIEHO BEIMBITE PYKH.

14. Kaxpapld CTyAEHT AOJ/DKEH 3HAaTh MECTO HaXOXIEHHUs
NPOCTEHIINX CPEJCTB OrHETYLIEHHWHU: BOJA, IECOK, CHELHAJILHBIE
oJiesna, OPHETYIUUTENH, & TAKOKE YMETh UMM [10J1b30BATHCSL.

15. Bce anekTponpubOpel U 3JIEKTPUYECKHE YCTAHOBKU 06-

IOEero noJib30BAaHUA TaKHE, KakK BBITSDKHO U E_Ameu BBINIPSIMUTEITHA
S3JIEKTPUYECKOI'0 TOKA, BK/IIOHAIOTCA TOJIBKO IpernoaaBaTeiieM HIIU

11ab0paHTOM.
16. B cnydae HeoOxoaAMMOCTU oOpalaThes K Mpernojasare-
JIFO WK 1a6OpaHTy MU HCIOJB30BaTh ANTEYKy [ OKa3aHHUs 3KC-

TPEHHOH MOMOIUH.
JABOPATOPHASI PABOTA Ne 1
OCHOBHBIE HOHSITUS M 3AKOHBI XUMHA

Onsit 1. OnpeneneHne XMMUYECKOr0 3KBUBAJIEHTa MeTall/la
1o o6’peMy BOI0pO/Ia. .

XUMHYECKUMM OJKBHUBAJIGHTOM DJJIEMEHTa HA3bIBA€TCA Takas
€ro macca, KOTopas B XMMHYECKUX peakuusX NPUCOECTUHAET HIIH
3ameinaer 1,008 exMHHI Macchl BOJOpOJa WIM 8 €QMHHUI[ Maccel
KHCIIOpO/Ia.

B konue XVIII B. Obl1 OTKPBIT OYE€HL BaXKHBIH U1 XUMUM
3aKOH 3KBMBAJIEHTOB: BEIIECTBA B3aUMOICHCTBYIOT MEXIy cOOOH B
MacCOBBIX KOJIMYECTRAX, PO NOPLUHUOHAIBHBIX X SKBUBAJIECHTAM.

MaremaTHYeCKOe BBIPAKEHUE 3aKOHA SKBUBAJICHTOB:

€ IMa U Mp - MacChl B3aMMOACHCTBYIOUINX BEIECTB A U
B; DA 8 OB - COOTBETCTBEHHO WX 3KBUBAJICHTHL.

W3 3axoHa 9KBUBAJICHTOB BhLITEKAET:

1. Yucna 8,000 nnsa xucnopona 4 1,008 ans Bojopoaa aBis-
FOTCSl JKBUBANIEHTAMU 3THX 3JIEMEHTOB.

2. DKBUBAJICHT 3JIEMEHTAa MOXHO OTPEJENIUTh [0 COCTABY €ro
COCAMHEHUs C APYTUM 3JI€MEHTOM, SKBHBAJIEHT KOTOPOro H3Be-
CTEH.

Mex 1y 3KBHBaJIEHTOM 3JIEMEHTa 3, €ro aTOMHOM Maccod A
Y BaJIEHTHOCTBIO 3JIEMEHTA # CYIIECTBYST COOTHOIICHHE

T.€. 3KBHBAJICHT 3JieMEHTa 3aBUCUT OT €ro BAaJICHTHOCTH B
JlaHHOM coejauHeHun. Ecnu 371eMeHT 00pa3yeT HECKOJIBKO COeAM-
HEHMI C KAKUM -JIMOO0 JPYTrUM 3MEMEHTOM, HanpuMep ¢ KHUCIIOpO-
JIOM, TO OH OyIeT UMETh HECKOJbKO 3HaUeHHH IKBUBAJIEHTOB. TakK,
SKBMBAJIEHT yriepona B oxcuae yriepoga CO papeH 6 a.e.M.
(12/2), a B nuokcupe yriepoaa CO; - 3 a.e.m. (12/4).

Ha ocHOBe 3aKOHA 3KBHBAJICHTOB MOXXHO BBIRECTH CIEIYIO-
e GOpMyYITBI IS BBIYHCCHUS SKBUBATEHTOB CJIOXHBIX BEIIECTB:

1. DKBUBAIEHT OKCHIA MOJISKYIIIPHOHM Macce OKcuaa, AenEH-
HOM Ha MPOM3BEACHHE YKMCIa aTOMOB 2JIEMEHTa Ha BAJIEHTHOCTh
3NIEMEHTA.

Hanpumep:
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2. DKBMBaJIGHT OCHOBaHHUs paBeH MOJIEKYJSIPHOH Macce oc-
HOBAaHMs1, JE€JICHHOW Ha YHCIO I'MAPOKCHIIBHBIX I'PYII B €ro Molie-
KyJe.

Hanpumep:

M 74

caomy _ 1T
Scacory, TN e =37 g.em.

3. DKBUBAJIGHT KHCJIOTBI PaBeH MOJIEKYJSIPHOM Macce Kuc-
JOTBI, JIEIEHHOH Ha €€ OCHOBHOCTb.
Hanpumep:

Sloiee el gt
H1S0, 5 >

4. DKBHBAJIEHT COJIU paBeH ZO.:Q@SM@EON Macce COJIH, ne-

JIEHHOM Ha MPOU3BEACHUE YUCIA aTOMOB MeTaJlJla Ha BaJl€eHTHOCTh
MeTana.
Hanpuwmep:
M ArseyL T 3a0

MW\A\.N?AQ.,X i NW = m ”M‘N a.em.

OKBMBAIEHTAMH COEAMHEHHH MNOJIB3YIOTCS JUIA BbIpaXKEHUs
KOHUEHTpPALMHA paCTBOPOB U MPU MHOIMX XHMHUYECKHUX pacyueTax.

KonnuecTBo BellecTB B rpamMMax, YHCIEHHO PaBHOE €ro K-
BHBAJIEHTY, Ha3bIBA€TCSl 3KBUBAIEHTHOH MacCOA.

OKBUBaNEHTHAas: Macca 3JIEMEHTa MOXeT ObITh OlpedeseHa
M0 KOJIMMECTBY KMCIIOpPOJa, KOTOPO€ JaHHBIH 3JIEMEHT NpPHUCOEIH-
HSIET, MJTH 110 KOJINYECTBY BOJOPOJIA, KOTOPOE OH BBITECHSET.

OnpeneneHye DKBHBANEHTa MeTa/lla METOIOM BBITECHEHHA
3aKIIFOYaeTCs B TOM, YTO Ha OIMpeJe/ieHHOEe KOJUYEeCTBO MeTala
JNEHCTBYIOT KUCIOTON. BBRIAENAOIMICS PU 3TOM BOJOPOJ coOu-
paloT U 3aMepsIloT ero o6Bem. [MpuBens o6weM BOJAOpOJA K HOp-

MaJIbHBIM YCJIOBMSIM, BBIYHUCIIAKOT MacCy BOAOpPOAA B 3TOM obnpeme.
S.‘bmboou IONB3YACh 3aKOHOM 3KBUBAJIECHTOB, ONPEACIISIIOT mwin s

m ik EK«
my
_u_@h—u CN@OHT—“ OIpEACIICHUC 3KBUBAJICHTA METallla METOJIOM
3aMelICHUuA WOhOﬁOhN. i

OKCIIepMMEHTaJIbHAsl YacTh

OnpepeneHye KBUBAIEHTa MeTajlla MPOU3BOJMTICS B IpH-
oope, uzobpaxxeHHOM Ha pucynke. [Ipubop coctout u3 aByX 6r0-
perox A u b, KOTOpbie 3aKkpemieHbl B JIallkax MITaTUBa. BropeTku
COeIMHEHBI Mex 1y co00l pe3uHoBo# TpyOkoi# B. K onHoii u3 61o0-
PETOK mpucoeuHeHa nmpodupka I

Yrobel noaroroputk npubop k padote, BHIHETE NpPOOKY H3
npobupku u B O1opeTKy b Halelite CTOJBKO BOAbL, 4ToObI 06e 6ro-
PeTKH OBIIH 3aMoJIHEHBl BOAOH A0 IOJOBUHBI CBOero obrema. 3a-
TeMm OIOPETKY MOAHUMHTE W 3aKpeluTe B TAKOM MHOJIOKEHUH, YTO-
OBl ypOBEHB BO/Ibl B OIOpeTKE OKa3aics Ha HyJEBOM JENEHHUHU.

IIpoBeprTe repmernunocTs nprbopa. [lnsg storo 3akpoiite
IUIOTHO OTBepcTHe npobupk# npodkoit. Omycture OropeTKy b BHuU3
Ha 10-15 cM u Habmojaiite 3a ypoBHEM BOJbI B OlopeTke A B Te-
gyenue 3-5 muH. Ecim npubop repmeTHueH, TO YpOBEHb BOJbI B

ﬁ




GropeTke A BHayalle HECKOJBKO MOHK3HTCSH, 3aT€M OCTaHeTcs Ge3
VI3MEHEHHSL.

VoenuBuinucs B repMeTHiHOCTU Npubopa, BEpHUTE OIOpETKY
B cHOBa B Takoe MoJIOXKeHHe, YTOOEBI Bojia B 00eux OropeTkax Oblina
Ha OJHOM M TOM JKE YPOBHE. ,

ITonyunte y nabopaHTa B3BELICHHBIH Kycouek MeTala u
NIOMECTUTE ero B OJHO W3 KOJIeH MPOOHPKH, a B APYTrO€ KOJIEHO
npobupku Hanelte 10 mn consHol kuciote (1:1). 3atem mosep-
HHTE NPOOGUPKY TakuM 06pa3oM, 4ToGhl KACIOTA Mepeniach B TO
KOJICHO NpoOHUpKH, rAe HaxoauTca MeTal. OTMETLTE YPOBEHb BO-
Il B O10peTKe no HmwkHeMy MeHUCKy. Korpa Beck MeTail pacTBo-
PHUTCS, MPEKPATUTCS MOHUWXKEHUE YPOBHA BOJbI B GropeTke. OKOH-
yaTebHbIM TOYHBIM OTCYET NoKazaHUi Ha OlopeTke caeaite Io-
clie TOro, KaK mpoOHpKa OXIaguTCs 10 KOMHATHOR TeMOepaTypsl.

Pe3ynpTarhl U3MepeHui 3anumuTe B Ta0. 1.

Tabnuya 1
‘|HaBec- | O6bEM Temnepatypa |ATMocdeproe| [laBieHue
Ka Me- BbiTecHeH- |onbiTa t, °C  |1aBIeHHe HaChILIEH-
Tanna HOro rasa p, [1a HOTro BOJs-
m,r V, M HOro mapa
% TIpH TeMmIie-
paType
OnbITa
Pio-1a

'3

[TpuBenure 00BEM BBIAENHUBLIErOCS BOAOPOJA K HOPMalb-
HBIM ycloBUsAM. [Ipu 3TOM y4TUTE, YTO BOJOpOJ, COOpAaHHBIH Hag
BOJIOM, COMEPKUT BOSHOM nap U 4To olliee naBieHue ra3a B Oro-
peTke, paBHOe aTtMocdepHOMY, CKJIAABIBACTCA M3 NapUHalIbHBIX
JIaBJIeHU# BOJOpOaa U BOASHOrO napa. Takum obpa3om, 06seM Bo-
JIOpoJa MPH H.y. ONPEAEIIeTCs 110 YPaBHEHHUIO:

V(p~Prp)-273

T O 1oi3ie

ﬁ\o

rac EENQ - JAaBJICHHC HACBIIICHHOTO BOAAHOTIO IIapa npH

Temnepartype omnbiTa (Tadi.2).

Tabnuua 2
P o108 B2 7 1,94 T M o e R i e
2
t. R 16 7 18 19 20

Pl 2729, 12,6 MR T B WY

o 21 2 23 24 25

OKBUBAJICHT MeTalia, CooTBeTCTBYIommid 1,008 r Bogopoaa
(o o6wvemy 11200 mn), paccuutaiite no gopmyne:

11200 - m
m»w\\ﬁ =i i
ﬂ\o
B 3zawmodeHue BpluMCIUTE BeauduHy owubku (1) B
NpoLeHTax 1o gopmyne:

A@S&GQ 5 wctnz v
. 100%.
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Ounpit 2. Onpefenedye MOJSIPHONR Macchl YIJIEKHCIIONO rasa.

MonekynspHOH Maccoif BelecTBa Ha3blBae€TCs Macca ero
MOJIEKYJIbI, BBIPA)KEHHAs B aTOMHBIX €IMHULIAX Macchl (a.e.M.). .

3a aTroMHYIO €AMHUUY Maccbl NpuHsATa 1/12 4Yacte Macchl
atoma '2C. MoJleKy/iapHas Macca - 5TO OTHOCUTENBHAs BEJIHYHHA.
Ona Mmoka3bIBaeT, BO CKOJbKO pa3 Macca JaHHOM MOJIEKYJIbI 00Jib-
me 1/12 maccel atoma C. Tax, monekynspHas Macca KUCIOpoja
cocTaBiiier 32 a.e.M.

Enunuuedt koiuyecTpa BEliecTBa B XMMMYECKHX pacyeTax
SIBJIAETCA MOJB. MOJIb - 3TO KOJHMYECTRO BEIECTBA, COJACpIKallee
CTOJIBKO CTPYKTYPHBIX €IHHML, (MOJIEKYJ], aTOMOB, HOHOB), CKOJIb-
KO aToMOB comepsxutcs B 0,012 kr umum 12 r yrnepoga - 12 (*2C).




Macca BellecTBa, B3ITOro B KoiudyecTBe 1 MOJIb, Ha3bIBaeTCs
MOJISIpHOM Maccoit. O6o3HavaeTcst oHa M (1/MoJib, KI/MOJIB):

e m - Macca BEMIECTBA B rpaMMax MM KMJIOTpamMMax; v
~KOJIMYECTBO BELIECTBA, MOJIb.

MonspHas Macca BELIECTBA, BBIPDKEHHAsd B IpamMax Ha
MO (KI/MOJIB), YMCIIEHHO paBHA ero OTHOCHTENHHOM MOJeKysp-
HOM Macce, BEIpaXKeHHO# B a.e.M. Tak, MoJisIpHas Macca KUciopoa
paBHa 32 r/MOJIb. !

MHOTrHe pacyeThl JJIs IPOLECCOB IPOU3BOJATCA C UCHOJB30-
BaHHEM 3aKOoHa ABOraapo, KOTOpPBIH IJIaCHT: B paBHBIX 00beMax
Pa3TMYHBIX ra30B MPY OAWHAKOBEIX YCIOBHAX COJEPXKUTCA OHHA-
KOBOE YKCJIO MOJIEKYII.

CnpaBelyiuBO W 06paTHOE 3aKIIOYEHHE - PABHOE YMCIIO MO- .

7Kyl pH OJIMHAKOBbIX YCIOBHSX 3aHMMAET OIMH U TOT XKe 00BeM.
1 monp moboro raza COAEPXHUT OAUHAKOBOE YHUCIIO MOJIEKYII
W, CJIeJOBATENbHO, 3aHUMAaeT NMPU OOUHAKOBBIX YCIOBHUAX OJIMH U
TOT e 00BeM. DTOT 06BEM Ha3bIBAETCS MOJISIPHBIM; mpu H.y. (0
*C; 0,1 MIla) ou paBeH 22,4 n/Moib.
MoJsipHyto Maccy rasa MOXHO HalTH, 3Has €ro OTHOCHUTE/b-
HYIO IUIOTHOCTh. OTHOCHTENBHOHN MIIOTHOCTEIO JI Ha3blBaeTCs OT-
HOULIEHHE Macchl OJHOIO rasa K Macce Takoro ke odbema JApyroro
- rasa, B3STBIX IIPU OJAUHAKOBBIX YCJIOBHX:

i

m,

Yajue BCero OTHOCHTEIBHYIO IMIOTHOCTH a30B ONpPEJeNsioT
no Boxopoay My wiu 1o Bo3ayxy [sozs. Ilpr 9TOM NpHHUMAIOT
MOJIEKYIAPHYIO Maccy BO3yXa Mposy. paBHOH 29.

H3 3akona >m0~.,m¢EuO CJICAYCT, YTO NPH OAMHAKOBBIX YCIO-
BHAX MACCBHI m paBHBIX 00BEMOB ra3oB OTHOCATCA, KaK UX MOJIAp-
HBIE MACCHI:

C M,
NEAOBATENLHO, [ ponr = PR R
Tk

M, H\Nmowh. M.

Hcnonwsys Ju wn [6030., HailieM BBIpOXCHHS MOJSPHOM
Macchl Yepe3 ero MIOTHOCTE N0 BOJOPOY WJIM MO BO3JYXY:

»\S\_H\,NI.\KNIHNNNI Amv
Uniu
M =4 BOyl M BO3 = 297 BO3IL ; ©)

Llenp paGoTbl: onpeneneHue MOAPHONR MAccChl YTIIEKMCIOTO
rasa ¢ UCIOJb30BaHUEM €r0 OTHOCMTENBEHON IJIOTHOCTH MO BO3AY-

Xy.
DKCIepuMeHTalbHas 9acTh

Cyxyro koJify 3akpoiite nNpobKkoil U OTMETHTE BOCKOBBIM Ka-
paHaaWoM ypOBEHb, 0 KOTOPOro npodKa BOLLIA B FOPJI0 KOJIOBL

B3secrTe Koy ¢ npcOKOH Ha TEXHUKO-XMMHUYECKUX BecaX ¢
TouHocThio A0 0,01 r. 3anumiute mMaccy koJaObl ¢ npoOKoil U BO3-

JlyXOM B Tabnuity ().
HanonHute konly yriaeKuCILIM ra3oM, HUCNOJB3Ys annapar

. Kunna.

I'a3 mpomnyckaiite B KOJOY MEMIEHHO, TaK, YTOOBI MOXCHO
ObUIO cyMTaTh NOOYNBKKBaOIUE My3bIpbKU. Yepes 5-7 MUHYT, He
3aKphbIBag KpaHa, MEJICHHO BBIHBTE OTBOJHYIO TPYOKY U3 KOJIOBI U
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TOTYAC 3aKpoiTe KoNby MpoOKoi. 3arem nepekpoiiTe KpaH anmapa-
f Ta Kumna.
, B3gecbTe KONMOY C YrIEKUCTBIM Ia30M Ha TEX K€ BecaX U C

TO# € TOUHOCTBIO, 4TO M KOJIOY € BO3xyXoM (m} ).

e (m7 ). Macca mj MOXeT OTJIMYATECs OT [EPBOrO B3BELUMBAHHS

m} He 6osee yem Ha +0.01r. Eci pasHuia B Macce mpeBblmaet

9Ty BEJIMYMHY, 3alOJIHUTE KO0y B TPEeTHil pa3 U B3Bechre. Ecnu
K€ [Ba INOCJCAHUX B3BCLIMBAHMS OTIWYAIOTCA APYr OT Apyra He
6onee yem Ha 0,01r, TO Hamo/sHEeHHe KOJIOBI CHEAYeT CUUTATh 3a-
, KOH4YeHHBIM. [IOCTOSHCTBO Macchl - TapaHTHs YUCTOTHl YITIEKHC-
JIOTO rasa.

HsmepbTe 00bEM KONOBI (V), U 4€ero HaroJHUTE AMCTHUII-
JIMPOBAHHOM BO/OH N0 YepTHl Ha Leiike KOJOBI K BhUIEHTE BOJY B
MEpHBIA UMIUHAP.

Huowv\.:v.ﬂm‘:u_ onpeaciceHuss MaccChl KOJOBI C BO3AYXOM m; U C

YIJIEKUCNIBIM Ta30M My, €€ 00séMa V, a Tarke MoKa3aHMs TEPMO-
MeTpa u DapoMeTpa 3anuiluTe B TabIuLy.

Tabnuua 3
Macca Macca xoin- | O6béM | AbcomoTHas ATMOcdepHoe
KoJObl ¢ | 6b1 ¢ Mmpo6- | KONOBI | TeMIIepaTypa |[JaBlieHue  TMpH
npo6Koil | KOi M yrme- | V, M’ | NpoBelIgHHs [IpOBEAEHUH
U BO3/1Y- | KUCJIBIM Tra- oneita T, K onpita  p, [1a
XOM mi, | 30M My, KI
KT

Haiigute maccy Bo3yxa B 00bEME KONOBI Mgosn, MMEA B BH-
Xy, 94To Macca 1 M’ BO3JyXa NpH HOpPMAJLHBIX YCIOBHAX PaBHa
1,29 kxr. [Ins sToro o6béM KoJOBI HEOOXOAMMO NPHBECTH K HOP-
MaJIbHBIM YCJIOBHSAM 10 GopMmyIie:

V-£-T,
gl TR T v

T-F,
I 70 KT
Macca kos0bI 6€3 Bo3yxa ms paBHa:
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CrnenoBaTellbHO,

BroBb 3anonHute NQ:@% YIII€KUCIIBIM I'a30M, 3aTEM B3BECETE |

M3=m | ~Mposg-
Maccy yriekuciioro rasa i, ONpejenuTe CleayiouuM o06-
pasom:
\Rﬁou =Io=113:

Tenepe MOXHO HaHTH OTHOCHTEIBHYIO IJIOTHOCTH YIJIEKHC-
JIOrO rasa 1o BO3IyXy: ¥

i oY
‘N.N BO3T — &
§ae.&

Hakonew, 3Has /],,,0, Haligute M co, -

M o, = 29 Ms0mn.
OtHocurenbHyto oubxy paccyuraiite no gopmysie:

M NJ.MQ.a Y. Ew\ﬁﬁﬁ
. awi e 100%.

co,

i1

KoHTponbHele BONpOCk

1. OcHOBHBIC MOHATHA XUMUHU;

1.1. ATom, MOJieKy/ia, XUMH4ECKHl 2TIEMEHT.

1.2. AToMHas macca, MonieKynsipHas Macca.

1.3. Monb, MosisipHas Macca.

1.4. DxBuBaneHT, HKBUBANEHTHAd Macca, BaJICHTHOCTh. K-
BHUBAJIEHT CJIOXKHBIX BELIECTB: OKCHAOB, KHCJOT, OCHOBaHUii, cO-
Jiel.

2. OCHOBHBI€ 3aKOHbI XUMKH:

2.1. 3aKOH COXpaHEHHs MACChI BELIECTB.

2.2. 3aKOH MOCTOSHCTBA COCTABA.

2.3. 3aKOH 3KBUBAJICHTOB.

3. OCHOBHBIE ra30BbIE 33KOHEL:

3.1. 3akon ABorapo.

3.2. VpaBHeHHe COCTOSHMA WeaNbHBIX razos (KnaneipoHa-
Meunneneesa).

3.3. 3aKOH napuUMabHbIX AaBIeHHMIL.

4. Peluuts 3a1a94:

4.1. OnpenenuTs MOJISIPHYIO Macey rasa, eciu 4,285 r ero

3aHUMAIOT O0BEM NPH HOpPMaJibHEIX YeIoBUaX 3,0 I

Ll

|
_
|




rasa, ecniu 4,285 r ero 3aHumMaroT 00bEM IPU HOPMaIBHBIX

yenoBusax 3,0 1.
rasa, eciiv 4,285 r ero 3aHUMAIOT GOBEM NPU HOPMATBHBIX

yciroBusax 3,0 o
rasa, ecinu 4,285 r ero 3aHUMarOT OOBEEM IIPU HOPMAaJIBHBIX

ycsoBusax 3,0 n.
4.2.B 2,48 r oxcuaa OHOBAIEHTHOTO METalJ1a COAEPIKUTCS

1,84 r meTanna. BerauciuTe SKBUBAJIEHTHBIE MACChl METAIIa UEro
OKCHJA.

JIABOPATOPHAS PABOTA Ne 2

NEPUOIUYECKASI CUCTEMA .. MEHJEJIEEBA
U CTPOEHUE ATOMA

VyeHue O CTPOCHUU aTOMa BCKPBUIO IyOOKMH (QU3HYEeCKU

CMBIC/1 IEPUOMYECKOTO 3aKOHA, KOTOPEIl B COBPEMEHHOH Qopmy-

nupoBke 3BYUUT: «Ceolcmea MeMeHmOos, a maKdice Gopmul u
C60TICMBa UX COCOUHEHUL HAXOOSMCH 8 NEPUOOUYECKOU 3A6UCUMO-
Cmu om 8eaUNUHBL 3aPA0A A0PA UX AMOMOE.

INepuoauyeckas CUCTEMa COCTOMT M3 7 MEPHOAOB (ropu-
30HTalIbHBIE psAbl) U 8 rpynn (BEpTHKAIbHbIE PA/BI, MPEACTaB/IA-
[OlME TOCIEOBATENIbHBIA P 3JIEMEHTOB, Pa3sMELIEHHBIX B MO-
psjlike BO3pacTaHMs 3apsaja sAapa \maonw“ w%aﬁvomzmw KOHHUTY-
paius KOTOPBIX U3MEHSETCS OT #1s” [0 Ms np. WM JI0 ns” Y NepBOro
nepuoia), KOTOphle [EeJSATCA Ha MIaBHYyO noarpynmy (A) u no6o4-
nyto (B). I'maBHas noarpymma (A) HaUMHAETCs 3JIEMEHTaMH 2-TO
nepuoja. [lepBbie TpH NepHoJa HA3BLIBAIOTCA MAalBIMU M COJEpXKAT
2 u 8 sneMeHTOB, 4.5.6-0ii — GonbUMH U cojepxar 18 u 32 sie-
MEHTa, 7-0# - He3aKOHYEHHBIH.

[TeprOAMYHOCTD 3NEKTPOHHOTO CTPOEHHMs aTOMOB 3MEMEH-
TOB 3aJl0)K€HA B CAMOM [OCTPOEHHH NEPUOJUYECKOH CHUCTEMBL
Omna 3aKIro4yaeTcs B TOM, 4TO 4Yepe3 Oolpees€HHOe KOJHYECTBO
3JIEMEHTOB TIOBTOPSAOTCS S, p, d, f -3IEMEHTHl C OJJUHAKOBBIMH
KOH(HUIypalUsAMH BHELIHUX 3JIeKTPOHHBIX YPOBHEH U opOutaneh,
T. €. K@Kl Meproji Ha4MHAeTCs JABYMs §- JJIEMEHTaMU, a 3aKaH-
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YMBAETCsl MHEPTHBIM [a30M C 3JIEKTPOHHOMN CTPYKTYpPOH BHELIHEro
ypoBHs s°p®. WTak, s- 37MeMEeHTH HAXOAATCA B [VIABHBIX MOACPYIl-
nax lu 2-o#f rpymi, B OCTANIBHBIX [NIABHBIX NOArPYIIIaX HAXOAATCS
P — DIEMEHTHI; d M f - 3JIeMEeHThl pa3MelIaloTcs B MOOOYHBIX MO/~
rpynnax. JlanraHouas!l u aktuHous! (f — anementel) B 111 rpymnme
noO0YHOM MOArpyMIbl B COOTBETCTBUH ¢ OCOOEHHOCTAMH X DJIEK-
TPOHHBIX KOH(}urypauuil (B kierkax 57 u 89 snementor). V d —
3JIEMEHTOB Ha BHEIIHEM 3JIEKTPOHHOM YpOBHE He GoJiee 2-X dJieK-
TPOHOB (COrNIaCHO NPUHUMIYY MHHUMYMa JHEPruH, MEPBOro mpa-
Bu1a KneykoBcKoro cHayana 3amosiHsIeTcs s — OpOUTasb BHELIHErO
5JICKTPOHHOIO YPOBHs), a OCTa/lbHEIE NEKTPOHBI 3aMOHAIT d —
opbHTaNb NMPEeNNOCACHEr0 3NEKTPOHHOTO YPOBHS (KOJNMYECTBO UX
onpeienseTcs Mo Pa3HOCTH My HOMEPOM TpyIIibl M YUCIOM
3JIEKTPOHOB Ha s- opbuTanu). CX0ACTBO 3J€MEHTOB [JIABHOW U [0~
OOYHOM MOArpYNN MNpPOSBIAETCS MPU BBLICIIEH IIOJOXKTENBHO
CTENICHH OKMCJIEHHMS, KOIa 3JIeMEHTbi 00eHX MoArpynn obpasyiot
KMCJIOTHBIE OKCH/bl. DJIEMEHTHI [VIaBHbIX MOJPYII HMEIOT OAMHa-
KOBO€ CTPOEHHME BHEIIHETO 3JIEKTPOHHOrO YPOBHS (Y HHMX 3amoJi-
HAIOTCS § U p- OpOUTasn).

Du3MYECKHE U XMMHYECKUE CBOMCTBA JIEMEHTOB M HX CO-
€IMHEHMUHI ONpPEJEAOTCS 3IEKTPOHHBIM CTPOCHUEM MX aTOMOB M
NEPUOAMHYECKUM U3MEHEHHEM HX aTOMHBIX PaIdiyCOB.

ATOMHEIE PaHyCEl 3IEMEHTOB MEPHOJUUECKH M3MEHAROT-
Csl B 3aBUCHMOCTH OT BEJMYMHBI 3apsaa saapa. B mepuoae atomHble
paguychl YMEHbIIAIOTCA OT IEJIOYHOTO MeTaula K rajioreHy, 4to
0OBsACHACTCA TEM, YTO ¢ YBEJIHYCHHEM 3apA/a AJipa yBeIHUMBACTCA
CHJIa KYJOHOBCKOIO MPUTDKEHHs 31EKTPOHOB K sapy, KoTopas
NpeBaJUpyeT HaJ CHJIAMHM B3dHMHOrO OTTAJKHMBAHHS 3JIEKTPOHOB.
B rnaBHBIX noArpynnax aroMHble pauychbl, Kak MpaBuIiO, YBEJIU-
YHMBAIOTCA NPU YBEIMYEHUHM HOMEpa nepHoia (HO eCTh HUCKIKoYe-
HUA).

Ewg B Oosbuie# crenenu nposiBAsSETCA NEPUOIUIECKOE

' UIBMCHCHHUE DJHEpruy HOHH3aLMH ¢ U3MEHEHHEM m.:miﬁommom

CTPYKTYPBL: «DHepaus, Heobx0oumas Ons yoanieHus 0OH020 MOAs
SNEKMPOHOE OM O0OHO20 MO AMOMO8 KAK020 NUOO 31eMeHma,
Haszvigaemces nepgou snepeueu uonuzayuu Ij». B pesynprate u
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HOHHM3aUH aTOMBI MPEBPAIAIOTC B [ICJIOXKHUTEJIBHO mwﬁmxﬁommva,

HOHEI.
mvmwgoﬁmco,:u SHEPruyv MOHMU3ALMK BhipayKaeTCs HIA B KHJIOIKOY-

71X Ha MoJib (kJIK/MOJIB), MK B 3neKTpOHBOJIbTaX (OB).

B rnaBHO# MOATpYIINe NpU YBSIIMYEHUHU MOPSAKOBOTO HO-
Mepa HaGJIOJaeTCs YMEHBIUEHUE [; YTO CBA3aHO C YBEIMYCHHEM
pajidyca aTOMOB, a 3HAYHT M YCHJIEHHEM METAIIMYECKHX (BOCCTa-
HOBHUTENBHBIX) CBOMCTB. B mepuonax B OCHOBHOM TPOUCXOJUT
MOCTEHNECHHOE yBENMYEH e dHepruy HoHuzauuu I; (He Oe3 uekmo-
yeHHii) B CBA3M C YMEHBILIEHHEM pajinyca aTOMOB, a, CJieJ0BaTelIb-
HO, YCHJICHHEM HEMETAUIMYECKMX CBONCTB.

«Onepzemuneckutl 3gpgpexm npucoeouHenus Mo NeKmpo-

HO8 K MO0 HeUMmpanbHblX amoMOG HA3bl6ACMCS CPOOCHBOM K
anekmpony E.,». B pesynprare aTOMbl NPEBpPaIllaloTCs B OTpULA-
TEJBHO 3apsHKEHHbIE HOHBL.

Jlns xapaKTepUCTHKH CIIOCOOHOCTH aTOMOB B COEIMHEHUSX

MPUTATUBATE K cebe SJICKTPOHBI BBEAEHO IOHATHEC 3eKmpoor-

puyamensrocms (D0), KOTOpas BbIPAXKAETCA CYMMOH WM MOJY-
CYMMOii 3Hepruyv HOHM3aLUH U SHEPTUHU CPOJICTBA K /IEKTPOHY
20 = r =p mnn .

DJ1eKTpOOTPHUIIATEIEHOCTE 3JIEMEHTOB BO3pacTaeT B Ie-
pHOJIE C POCTOM MOPSJKOBOrO HOMepa U yOBIBA€T B INIaBHBIX MOJ-
rpynnax 1, 11, V, VII rpynn v cnoXHbI# XapakTep 3aBUCUMOCTH B
JpYTHX noArpynnax. Beipakaercs >31M€KTpoOTpUuaTeNbHOCTE B
OTHOCHUTENIbHBIX €JMHHUIIAX: HAUMEHbLIee 3HAaUeHHE HMMEET JIUTHH

—1,0, a HauGowuiee pTop — 4,0

WQEOEQZ—@@EOQ-,: H3MEHEHHUs] XHMHYECKHUX CBOMCTB
3JIEMEHTOB H UX COeAUHEHU B rpynmnax ¥ nepuoaax

CBOIICTBa OKCHIOB M THIPOKCUJIOB OIPEAENAIOTCS CBOUCTBA- .

MH 3JIeMeHTa MX obOpasyromiero. Yem Gosee MeTanIM4ecKue CBOMH-
CTBa MpOSIBJSET 3JIEMEHT, TeM CUJIbHEE NPOSBIISIOTCS OCHOBHBIE
CBOICTBA OKCUIOB M THAPOKCUIOB . B riaBHBIX NOArpyInax cBep-
Xy BHHM3 C POCTOM IIOPAAKOBOrO HOMEpa YBENIHYMBAETCS pajUycC
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aToMa, MeTaNINIEeCKHUEe CBOHCTBA 2JIEMEHTOB, & 3HAYUT U OCHOBHBIE
CBOICTBa OKCHIOB U rHapokcuioB. Hanpumep, B noarpynne I B

Be(OH),, Mg(OH),, Ca(OH),, Sr(OH),, Ba(OH),
ruapoxcus Be(OH), sBnsetcs amdortepusim, a Ba(OH), - cunpHOE
OCHOBaHMe. TaK Kak IIEeJOYHbIE U LICIOYHO3EMEJIbHbIE METalbl
CaMple aKTUBHBIE, TO UX I'MIPOKCHUJIBI SIBISIOTCA CUJIBHBIMH OCHO-
BaHUsIMU, XOPOLIO PACTBOPUMBIMHU B BOJIE, T.€. IIETOYAMHU.

B nepuoze ¢ pocToM NMopsKOBOro HOMepa pajuyc YMeHbIIaeT-
Cs, OCHOBHOM XapakTep OKCHIOB H THAPOKCHUIOB IIOCTENEHHO
ocnabnseTcs, NepexouT B aM(OTEpHBIA U [ajiee ¢ yBeIUYEHHEM
CTENEHU OKUCAEHUS B KUCIOTHbBIM:

meo zmo >_mow m_Ow Twom MOu O_wOw

OCHOBHOH OCHOBHO# amdoTep. KHCAOTHBLT KHCIOTHBI KMCIOTHbIA KMCIOTHBIH
NaOH Mg(OH), AI(OH); H,SiO3 H3PO4 H,SOs HCIO4
; !
H3AlIO;

OKcHABl U THIPOKCHIB! BCEX OCHOBHBIX METALIOB (KpoMe
IIEIOYHBIX M IIEJIOYHO3EMENBHBIX) B BoJAe HepacTBOpuMEL Co-
CTaBJIAIOT MCKJ[IOYEHHE OKCMILI U I'MAPOKCHUB! METAJIOB B BbIC-
LIE€H CTENEHU OKUCIEHUs, T.6. Yy d — METAJUIOB B Ipynimax ¢ 60Jib-
LIMM HOMEPOM MOSIBJIAIOTCA Pa3fiMYHbBIC CTENIEHU OKMCIEHMA U Xa-
paKkTep MX OKCHIOB M IMAPOKCUIOB U3MEHSETCS C YBEIHYEHHEM
CTENEHH OKUCIEHUs OT OCHOBHOTG K KMCIOTHOMY :

CrO Cr05 CrO;
OCHOBHO# amdoTep. KUCNOTHBIH
Cr(OH), Cr(OH)3 H,CrOs, H,Cr,0;
!
EmeH Qu
15



eJib_paboThl: MO3HAKOMUTECA C 3aKOHOMEPHOCTSIMHU H3Me-
HEHHs XMMHUYECKUX CBOMCTB 3JEMEHTOB, UX OKCHAOB H THIPOKCH-
JIOB B TIEpHOJIaX U Ipynmnax.

@NOE@USZOIHNHFE&& qacTh

Omnbit 1. B3aumosaeiicTBue HaTpHs ¢ BOAOM.

W3BNe4yE€HHBIA UIIAMKH U3 KepOCHHa KyCOYeK HaTpus, ocy-
mute GUIBTPOBANBHOM OyMaroit 1 OpockTe B KPUCTAUIU3ATOP C
BO/IOH, B KOTOpyro nobamnen ¢enondranerd. Haxpodite kpu-
cTanu3aTtop crewioM. Habmonaiite Ttedenue oneita. CocraBbTe
ypaBHEHUE peakU Uy B HOHHOM U MOJISKYJIIPHOM BUJAX.

OneiT 2. B3auMojeicTBUE MarHus U aJtOMHHHSA C BOJIOH.

B nse npobupku Haneite 2-3 M AUCTUNIMPOBAHHOHN BOABI U
OpockTe B OIHY KyCOUYEK MarHus, B ApYryro — antoMuHus. Upér nu
peakuus 6e3 HarpeBaHusa? Harpeiite npoOGupky B MjIamMeHU cnup-

ToBKM. YTO0 Habmonaere? JlobaBpTe B MOJydeHHbIE pacTBOphl 1-2

xaniu geHondranenna. Yro Habnrogaete B o6eux npodupkax?
CocTaBsTe ypaBHEHHE peaKUMii, eclii OHHM MPOTEKAIOT, B MOHHOM
¥ MOJIEKYJISIPHOM BHJIaX.

Kako# U3 U3 ykazaHHBIX METAJUIOB U OYEMY pearupyer ¢ BO-
Jo#t Bosiee sHEpruyHO?

Omnwit 3. CpoifcTBa rugpokcnoB aieMeHToB Il nepuona.

B oaHy npoOupky HaneiiTe MMEIOLLYIOCs COJIb MarHus, B
JpYTYIO ~ UMEIOILYIOCS COJIb aJIIOMUHMS, B TPETHIO - HMEIOLLYIOCS
conb KpeMHus. B nepBeie gBe npobupku AoOaBbTE MO KaIllsaM LiE-
JIOYb [0 MOSIBJIEHHsI OCajika, B TPETHIO — COJsIHYIO KMcloTy. Co-
JEPKUMOE KaXIOoH U3 npobupok pasaenudre Ha ase yact. K on-
HOM yacTu noGaBiisiite WENOYL BO BCE TPU MPOOUPKH, K APYroH —
COJNIIHYIO KHCIOTy. UTOo Habmonaere B kaxaoid u3 npobupok? Co-
CTaBbTE YpaBHEHUE peakiuil, €ClIM OHU MPOTEKAIOT, B MOHHOM H
MOJIEKYIAPHOM BHJAX, CAENAHTEe BHIBOJA O XapaKTepe H3MEHEHUs
CBOMCTB 'HJIPOKCHUAOB 3JIEMEHTOB OJIHOFO M TOTO K€ MEpPUoa.

Onpit 4. CBoOMHCTBa r'MIPOKCHOB 3JEMEHTOB IVIABHOH M NO-
OOYHBIX MOArpyIIIL.
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B omny mnpoGupky naneiite IM pactsop uMeloweiics coju
Kanplus B Apyryio - 1M pacteop umerowieiics conu Gepunnus. B
KXAYI0 U3 NpoOUpOK a06aBUTh MO KaruisiM 1M pactsop wménoun
Ao BemmageHus ocankoB Ca(OH); n Be(OH),. Copeprxnmoe Kax-
[0ii u3 nmpoOMpoK pasjenute Ha aBe yacTH. K oHO# yacTu no6as-
NAHTe, K APYrod — kucnoty. Yro Habiosaere B Kaxao# U3 npo-
Oupok? CocTaBbTe ypaBHEHUE peaklii B HOHHOM M MOJIEKYJIS -
HOM BHJaX.

AHAJIOTUHHBIH OMBIT MPOAENATh, 3aMEHUB COJIM KaJbLKs ¥ Oe-
punnua Ha 1M pactBopb! creit nuHKa U Kaamus. CocTaBbTe ypas-
HEHUE PeaKUHidi B HOHHOM M MOJIEKYJIAPHOM BHMJAX.

Ha ocnopanuu onbita 4 cinenaiite BbIBoJ 06 H3MEHEHHUM Xa-
paKTepa ruIpOKCUAOB 3IEMEHTOB ITTaBHON U MOOOYHBIX MOArPYIIIL.

Ko HTPOJIBHBIC BONPOCHI

1.V kakux snementos , Sr unu Cd, Ba unu Hg, cunbHee
BBIDXKEHBI MeTalIuyeckne ceoiictea? OTBET MOTMBHpPOBATh, MC-
XO/s U3 3JIEKTPOHHOM CTPYKTYPh! ATOMOB.

2. Hanucatb 2NeKTPOHHBIE H  3JIETPOHHO-IpadUyecKue
¢opMmyiibl BHEIIHETO, MPEABHEIUHErO U NpeANpEABHEILHErO JJeK-
TPOHHBIX YPOBHEH 3/IEMEHTOB TaHTalla U BUCMYTa, ONpPEAEIUTh UX
THII ($-, p-, d-, f-), DPOSIBISIEMYIO BBICLIYIO CTENEHb OKUCIECHHUS.

3. Kakasa sHepreTHyeckas opOMTAanb 3alOJHAETCA paHbLIE:
4d unu Ss, p nnu 4d?

4. Kak u3MeHseTcs SHeprus HOHM3AUMU B MEpPUOJaX H
[JIABHBIX NOArpYyNnax MepruojiuyeckKoi CUCTEMBI?

5. Kax u3aMeHsAoTCs CPOACTBO K SIEKTPOHY M 3JIEKTPOOTpPH-
LATeJILHOCTh B MEPUOAAX M IIABHBIX MOArpyNnax nepuoan4yeckoi
CHUCTEMBI?

6. CKOJIbKO 9JIEKTPOHOB BO BHEIIHEM 3JIEKTPOHHOM YPOBHE
COJIEpHAT UOHbI Wc&ﬂ Srt, Zr*", Ag', Cd**? Kakue U3 HUX CXOHEI
10 3EKTPOHHOMY CTPOCHHI® ¢ GTOMOM WHEPTHOTO ra3a KpUIToHa?

7. Kak MeHsaeTcs Xapakiep OKCHIOB U MHAPOKCUIOB B 1A u
IIA rpynnax ¢ ypenudesse HOPALKOBOrO HoMepa?
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JJABOPATOPHASI PABOTA Ne 3
PEAKIIMHU OKHUCJIEHUSI-BOCCTAHOBJIEHMSI

K OKHCIHUTENHHO-BOCCTAHOBUTEILHBIM PEAKIMIM OTHOCATCA
pa3IMYHbIE MPOLECCHI, CBA3aHHBIE C U3MEHEHHEM CTeNCHHU OKHCIIe-
HUs (OKMCIIUTENHHOTO YMCIia) 3NEMEHTOB B pe3yJIbTaTe Mepexona
3JIEKTPOHOB OT OJHUX aTOMOB WJIM HOHOB K IPYTMM WJIHM B PE3YJib-
TaTe OTTACMBAHMS CBS3BIBAIOILMX 2IEKTPOHHBIX Map K Haubolee
3JIEKTPOOTPULIATEIFHOMY 3/IEMEHTY.

OKUCIUTENBHOE YUCAO MOXKET UMETH ITOJIOXKUTENbHOE, HyJIe-
BOE WJIM OTpHL@TENbHOE 3HaueHue. Tak, y a30Ta CTeneHp OKHCIe-
uus B NHs, Na, N;O; paBHa coOTBEeTCTBEHHO -3; 0; +3. Anrebpau-
yeckas CyMMa BCEX OKHMCIUTENBHBIX YMCENl aTOMOB, BXOJAILIMX B
MOJIeKyNy BenlecTsa, papHa 0, a BXOAALIMX B MOH, -3apsi 1y HOHA.

IIporecc 0TAauy 3NEKTPOHOB Ha3bIBAIOT OKUCIEHHEM, & TIPO-

LeCC MPHUCOEAUHEHUS ~ BocctaHoBaennem. Ob6a npouecca B CUCTE-

e 06s3aTeIbHO MPOTEKaloT OJHOBPEMEHHO, MpHYeM 001Lee THCIIO
3EKTPOHOB, OTJAHHBIX B MPOLECCE OKHMCIEHHs, paBHO OOuIeMy
4UC/TY 3JEKTPOHOB, MPHUCOEJUHEHHBIX B MPOLECCE BOCCTAHOBIE-
HHUSL.

BeiiecTBa, B COCTAB KOTOPbIX BXOAAT aTOMbl UM MOHBL, OT-
[AIOLKE SIEKTPOHBI, HAa3bIBAIOT BOCCTAHOBMTEISIMU: BEILECTBA, B
COCTaB KOTOPBIX BXOJAT aTOMbl HJIM HOHBI, NPUCOEAUHSAIOIHUEC
JIEKTPOHBI, - OKUCITHTENAMH.

B xo/e OKHCIMTEIHHO-BOCCTAHOBUTEIbHBIX pEaKUdi BOC-
CTAHOBUTEJIb OKUCIISIETCS, a2 OKMCIIUTENb BOCCTAHABIMBACTCS.

CooTHOLIEHHE MEXAY BOCCTAHOBUTEJIEM H OKHUCIHMTENIEM
MOXeET OBITh MPEJICTABICHO CICAYIOIEH CXEMO:

B80CCMAHOBUMENL <=2 3NEKMPOHbL + OKUCIUMEND.

OKUCIIUTENBHO-BOCCTAHOBUTEBHBIE CBOHCTBA HEHTPaTIBHBIX
ATOMOB ¥ HMOHOB HENOCPEACTBEHHO CBs3aHbl C MOJIOXKEHUEM 3JIe-
MeHTOB B nepuoauueckoil cucteme JI.M.Menneneesa. ATOMBI U
MOHBI MOryT 00nafarh TOJBKO BOCCTAHOBHUTEJBLHBIMH, OKUCIIH-
TeJIbHO-BOCCTAHOBUTELHBIMHI, TOJIBKO OKUCIIHTENBHBIMA CBOM-

CTBaMH.
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Boccranosurenu:
a) HEWTpaJIbHbIE aTOMBI, MMEIOIHE B HAPYXKHOM cJioe oT 1
210 3 31eKTPOHOB U CIIOCOOHAIE X TOJBKO OTAABATE;

0) aneMeHTapHBIe OTPULATENIBHO 3apssKeHHbIe MOHBI He-
MeTaJuIoB, Hanpamep: F~, CI~, Br~, J~, S* .

OKHUCIIUTENN-BOCCTAHOBUTENU: a) ATOMBI SJIEMEHTOB, MMeE-
IOLIME B HAPYXHOU 000s104Ke OT 4 10 7 MEKTPOHOB; 3TH 3NeMeH-
TBl MOTYT, [PHHHMAs B3JIEKTPOHbI, MNPOSBIATL OKHMCIHUTEIBHBIC
CBOMCTBA, a OTAaBas WX (kpome ¢rTopa), MposABAATH BOCCTAHOBH-
TebHbIC CBOMCTBA; 0) s1eMEHTapHbIE MOJIOKHUTENBHO 3apsiKeHHbIE
MOHBI, NPUHUMAS 3JIEKTPOHLI, PEarHpylOT KaK OKHCIUTENH, a B
Cllyqae BO3MOXKHOCTH Nepexo/ia B Gosiee BBICOKYHO CTENeHb OKHC-
JICHUS, CBA3aHHYIO C OTHaueil IEeKTPOHOB, MPOSBISAIOT BOCCTAHO-
BUTE/IbHbIE CBONCTBA; B) OTPULIATENLHO 3apsXKEHHBIE CIIOXKHBIE HO-
HBI C IPOMEKYTOYHOH CTENEHBIO OKUCIICHMS LEHTPAIbHOIO aToMa.

OxucauTenu: a) cBOGOAHBIE MONEKYbl 31EMEHTOB, COCO6-
HbI€ TO/NBLKO MPUCOCHMHATE 3MeKTPOHB! (F2,05); 6) nonoxurensHo
3apsXKEHHbIE 3JIEMEHTAPHBIE MOHL! ¢ MaKCHUMAaJIbHOM CTENEeHBI0
okucaenns (Ag", Cu’", A4u™, Sn*" u gp); B) ciaoxmpe o1-
pHULATENbHO  3apsDKEHHBIC HMOHBI € MAKCHMMAJIBHOH CTENneHbIo
OKHMCJIEHHs LEHTpallbHOro atoma( MnO, , NO; ,CrO} ,SOF).

OKBUBANEHTHas  Macca BEUIECTBA B  OKUCIHTENBHO-
BOCCTAHOBMTEJIBHOH peaKlUMy HaXOOMTCd KaKk OTHOLICHHE ero
MOJIbHON Macchl (M) K uMCITy OTAABAEMBIX MJIM NPUCOEAMHAEMBIX
€ro MOJIEKYNIOH 3JIEKTPOHOB: ,

A g
Sl
n
Hanpumep, OKUCJMTEIBHBIH  DKBHBAJEHT K>Cr,0;,
NPUHUMAIOLIETO 6 3JIEKTPOHOB, PALEH:
294.22
wm?@ = g =49,03r,

a BOCCTAaHOBHMTENbHBIM 3kBMBaJIeHT HpSOs, ornaromei 2
JNIEKTPOHA, pPaBeH:

4
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Ou,s0, 5 41 r.

BeulecTBa, B COCTaB KOTOPBIX BXOJIST JIEMEHTHI C NEPEMEH-
HOM BaJIEHTHOCTBIO, B 3aBUCHMOCTH OT YCJIIOBHMH MOIYyT UMETh pa3s-
JTMYHBIE OKHCJTUTENIbHO-BOCCTAHOBUTEEHBIE SKBUBAJICHTBHI.
Tak, OKMCIUTENNbHBINH 9KBUBaNEHT KMn(Oy B KUCIOTHOHR cpejie pa-
BeH M:5, T.e. 158,04:5= 31,63 r.; B HeiTpanpHOi - M:3, T.e.
158,04:3= 52,07; B wenouHoii - M:1, t.e. 158,04:1 = 158,04.

Ilens paGoTHI: MO3HAKOMMTBECS C PasHOOOpa3sHeM OKHCIIH-
TEIBHO-BOCCTAHOBUTENBHBIX peaKLUil, YCTAHOBUTE BIMAHUE CPEIbI
Ha 5TH PeaKiuH, 3aKPeTUTh YMEHUE PACCTABIATE KOIQOULIHEHTE! B
YPAaBHEHHMAX OKHC/IHWTENBHO-BOCCTAHOBUTENBHBIX pEeaKUuii ¢ Huc-
NOJBE30BAHMEM METO/Ia 3JIEKTPOHHOro OanaHca.

wzozmﬁsgm HTaJibHas 4acCTb

OnbiT 1. K ogHOMy KycodKy UMHKa J00aBUTH HEOOIBILOE -

KonudectBo (3-4 mu) consino kucnotel (1:1). McneITaTe BeIAENS-
fommiics ra3. HanucaTte ypaBHeHue peakuuil. Kakoi HOH y4acTBy-
€T B peakllui OKUCTIEHHs?

OnpiT 2. HecKonbKO KyCOUKOB MENHOH CTPY>KKH 00paboTath
KOHLEHTPUPOBAHHOM a30THOM KHCIOTOM Ha xomody. OOpaTuth
BHHUMaHHE Ha LIBET BBLACJSAOLIErocs rasa.

Omnpit 3. a) K mogKucieHHOMY CepHOH KUCIOTOH pacTBOpY
MepMaHraHaTa Kamus no6aBuTh pactBop cynbdura Harpus. Kak
u3MeHuncs 1peT pacteopa? 6) Ipoxenars 3Ty peakuuro 6e3 noi-
xucnenus. Kak B 3TOM ciydae M3MeHuics upeT pactsopa? Obpa-
TUThH BHUMaHKe Ha oOpa3zoBaHHe ocajka, B) K CHIBHO 1IEJI0YHOMY
pactBopy cynbdura HaTpus NpuUOaBUTL PAcTBOp NE€PMAaHraHaTta
kanusa. Kak usMeHwics uBer pactBopa? BnHseT M HU3MEHEHUE
KHCJIOTHOCTH Cpe/ibl Ha MPOTEKAHUE MCCIEAYeMOH peaKiiu?

Onpit 4. B nmpobupky HanuTe pactBop coju xpoma (1) u
JI00aBUTH pacTBOp MIENOYHM A0 0Opa3oBaHHs 3€JICHOrO pacTBopa
xpomuta. [Ipunute GpoMHYyI0 Boxy M HabIIOAATh MOCTENEHHOE
M3MeHeHMe OKpacku pacTBopa. Kakas peakuus npoTekaer?
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Oneit 5. a) K pacrBopy Gpomuza xanus NPHINATE XJI0PHYIO
Bojly. OOpaTuTh BHUMaHHE Ha M3MEHEHHE L[BETa pactBopa. [Ipuba-
BUTH HEMHOI'O OPTraHWYECKOTO PacTBOPUTENS, HAlPUMEP M30aMHU-
JIOBOI'O CIIMPTA, M 3HEPTHYHO NEepeMeliaTh COAEPIKUMOe IPOOUPKH.
O6patuth BHMMaHHE HA LBET CIIUPTOBOrO CJos, 0) IloBTOpUTE
onbiT, B3sB KJ BMecto KBr . OT™MeTuTh LBET pacTBOpa, 06paso-
BABILETOCs BCJICACTBUE PACTBOPEHHA HOJIA B M30aMUIIOBOM CIIUPTE.

Ongit 6. Kycouek xene3Hoil npoBosioku 06paGorars pactBo-
pom CuSO, . OGpaTuTh BHUMaHHE Yepe3 HEKOTOPOE BPEMs Ha W3-
ME@HEHHE LBETA IIOBEPXHOCTH MeTallja.

Omnprt 7. Heckonbko KpUCTamInkoB GUXpoMara aMMOHHS
MOMECTHTH B CYXYIO MPOOUPKY M HArpeTh JO Hayaua peakiuy pas-
noxenus. OBpaTuTh BHUMaHKeE Ha XapakTep 06pasyrouluxcs npo-
AYKTOB peaKlMH U 3aKOHYMTh YPaBHEHUE PEaKLMH:

(NH ,),Cr,0,——Cr,0, + N,

KoHTposibHBIE BOMPOCHI
1. Kakue u3 nepeyucneHHsIX HIXKe BEIIECTB MOFYT [pOSB-
JIATE TOJIBKO OKHUCJIHMTEIbHEIE CROHCTBA? TONBKO BOCCTaHOBUTEN b-
Hble? Kak OKMCIMTENBHEIE, TAK M BOCCTAHOBUTEBHbIE:

a)HCIOy, KCIO;3, NaBr, Fe;
6)FeCl,, Cly, PH;;
B)Ti0; NasS, S, Cu.

2. B3aMMONEHCTRUE MEpMaHIaHATa Kalus C HUTPUTOM
HaATpPUs MPOTEKAET M0 CXEME:
a) B KHCJIOH cpene:
KMnOy + NaNO; + H,SO; — MnSO, + K>SO + NaNO; +
+N|NNQ
6) B 1IEN0YHOM Ccpefe:
KMnOy4 + NaNO; + KOH — K>MnOy4 + NaNO; + H>0.



[opbepure K03GPUIUEHTHL W BBIMUCIMTE OKBHBAJIEHTHI

MmepMaHraHaTa Kajius U HUTPUTa B 3THX PeaKkuHiX.

3. Honbepute ko3pPULEEHTH B YypPaBHEHHAX CIECAYIOWINX
OKMCIUTENHEHO-BOCCTAHOBUTENEHBIX PeaKUui U BEIYUCIIUTE B KaX- !
JOH U3 HUX OKMC/IMTENbHBIH SKBUBANEHT a30THOU KUCTOTHL:

Cts ngmmumwm.\ == QSS\QQ\N = NOL mNQ.. -
Sn + Ezomsuwwm,v — %EQ/\QQN + N,O+H,0;
Zn + ngu%nwm.\ —> N:Q/\waw + NH,NO; + H0.

4. TTon6epute K03QPULHEHTH B CEAYIOMUX OKHCIUTENEHO-
BOCCTAHOBMTEJILHBIX PEAKUHSIX U YKaNWTe OKUCIHTENH M BOCCTa-
HOBHUTEJIH:

1) H5S + HNO; — HS50, +NO + H>0;

2)H,S+Cly+H,0— H;S04+HCL;
3)AgNO3+Na;SnO,+NaOH — Ag+Na Nm.mgm._.z&/\@ﬂrmqo
4) Na;MoO, + HCI + Al — MoCl; + NaCl + H,0+AICl;
mV J, + I..ZOm e T:ow + NO, + me.

JIABOPATOPHASI PABOTA Ne 4

CKOPOCTH XUMAYECKHNX PEAKITHA.
XUMMYECKOE PABHOBECHE

VO—AO@OQHV XUMHYECKHX ﬁm”%::—w—

Pazpen xumuy, Umoogmﬁ.ﬁxmmmoEsm CKOpPOCTh U MEXaHHU3M b

XUMHUYECKHX IIpOLECCOB, HAa3bIBACTCA XUMHUUECKOH KWHETHUKOH.
XUMUYECKHUE pe€aKuuy MOTyT COBEpLIATHCA MEIJICHHO, B T€CYCHHC
UEJBIX [e0NIOrHYeCKUX MNEepUoaO0B, KakK, HalpuMep, BBIBETPUBAHUEC " ,s.

FOPHBIX MOPOJ, ¥ MOI'YT COBEPINATLCA OYEHB OBICTPO, B MUKPOCE- ,
KyH[BI M BX fon4. Hanpumep, pasinoxeHHe B3PBIBIATHIX BCLIECTB.
[TosToMy /r060€e XUMHYECKOe B3aUMOJEHCTBUE MOXKHO XapaKTepH-

30BaTh CKOPOCTBIO.
CKOpOCTh XMMHYECKOH peaKldy paBHa H3MEHEHHIO KOHLCH-

TpaL{K pearupyiolyX BeUIeCTB B €AHHHIY BDEMECHHU.
a2

-

Hns peakupn mA + nB = pC + g1
Fosta=G AC M)
T Ac

B ypaenennu (1) 3Hak «+» OTHOCHTCH K U3MEHEHHMIO KOH-
IEHTpaLK NIPOIYKTOB PEAKIUH, @ «-) - K H3MEHEHHIO KOHIEHTpa-
LIMH HCXOJHBIX BEILECTE.

[TockonbKy CKOPOCTh peakuuu BCe BPeMsl 3MEHSIETCS, TO B
XHMHYECKOH KHMHETHKE 4alleé pacCMaTPUBAIOT HCTHHHYIO CKO-
pOCTb, IOHUMAs MO/l HEH CKOPOCTh B JaHHBIA MOMEHT BPEMEHH:

V= +QIQ )
dt

CKOpOCTh XMUMHYECKOH pPeaKuMu 3aBUCHT OT NPUPOIEl pea-
TMPYIOLIMX BEIIECTB U YCJOBUH NPOTEKaHUS PeaKLUK: KOHUEHTpa-
UMM, TEMIEPATypEl, NPUCYTCTBUs KAaTAIM3aTOPOB, a TAKOKE OT He-
KOTOpPBIX Apyrux paKTOpoB (Hanpumep, OT [AaBjeHUs B Clydyae ra-
30BBIX PCaKUMH, OT CTENEHU KH3MEIbYEHUs - B Cllyyae TBepaodas-
HBIX peakuui).

3aBHCHMOCTE CKODOCTH XHUMHYECKOI peaKuuy
OT KOHUCHTPAUNH

Uto6Bl OCYLIECTBUIIOCH XHMMYECKOE B3aUMOJCHCTBHE Be-
wecTB A ¥ B, HX MOJeKynbl NODKHBI CTONKHYThbcA. YeM Gosblue
CTOJIKHOBEHHH, TeM OBICTpee npoTeKaeT peakuus. YMCIo CTOIKHO-
BCHHUH YBCNMYUBACTCS NPHU YBENWYEHMH KOHUEHTPAUMH pearupy-
FOLUMX BEUIECTR.

Ha ocHoBe 0GLIMPHOrO 3KCHEPHMEHTATBLHOTO MaTepHana
copMyIMpPOBAH OCHOBHOMN 3aKOH KHUHETMKH, YCTAaHABIHBAIOLIMA
3aBUCHUMOCTh CKOPOCTH XMMMYECKOH peakiuu OT KOHLUEHTpaluu
pearupyolmx BemecTB: CKOPOCTh XUMMYECKOM peaKkLuH Mporiop-

: IMOHaJIbHA NPOHU3BEACHHIO KOHUCHTPALUMH pearupyroiux BeIecTB

B CTEICHAX, COOTBETCTBYIOUIMX CTEXHOMETPHUYECKUM KO3 PHuIH-
€HTaM B YPaBHCHHH peaKIHu:
F=k-C) - 3)
rae C4 u Ce - KOHUCHTPALIMK BELUECTB > u B, moJp/n;

N
W



k — ko3¢ duLEeHT HPONOPUMOHAIEHOCTH, HA3bIBACMBIH KOH-

CTAHTOM CKOPOCTH pPEaKIHUU.
OCHOBHOHM 3aKOH XAMUYECKOH KHHETUKH 4YaCTO Ha3bIBAIOT

3AKOHOM JIEWCTBUS Macce. 5
U3 ypaBHeHuUs (3) HETPYJHO YCTaHOBUTD (HU3UYECKUI CMBICT

KOHCTaHThl ckopocTd. OHa YMCJEHHO paBHA CKOPOCTH pPCaKInu
[IpY YCHAOBUH, SCITH KOHLEHTPALMs KaX/(Or0 U3 pearHpyroluX se-
Eooam coctaBigeT 1 mMonb/n. 3Has mm:::_c\iw k , MoxxHO mnmmm:-
BATh CKOPOCTM XHMHYECKOTO B3aUMOJEHCTBHMS pasM4HBIX BE-
miecTB: yeM Gospuie k , Tem OblcTpee pearupyioT AaHHBIC BELIC-
crBa. KOHCTaHTa CKOPOCTH peaKiuH 3aBUCUT OT TEMIIEpATypel M OT
TPUPOJIbl PEArHpYIOUINX BELUIECTB, HO HE 3aBUCHT OT KOHICHTpa-
LMY MOCJIEIHUX.

Ecnu B romMoreHHbix (0aHO(}a3HbIX) CUCTEMax XHMHYCCKOE
B3aMMO/IeHCTBUE IPOUCXOAUT BO BCeM 0ObeMe, TO B _,oan.cowo::!x
(MHOroda3HpIX) cHCTeMax JUilb Ha MOBEPXHOCTH amanhow (a3,
KOTOpas OCTaeTCsk Heu3MeHHOH. [Ipu 3TOM KOHUCHTpalua TBEPO-
ro y4acTHHMKa peaklMy TAIOKe HE U3MEHSACTCA.

Tax, ans peakuuu ropenus yris Ct + Oxrazy = COz(ra3) 3a-
KOH JEHCTBYIOLIMX MacCc MOXET OBITh 3alUCaH CJCAYIOINM obpa-

30M:
4

V=%-C 8, L., 4)

rae k - KOHCTaHTa CKOPOCTH; S - BENHUYHHA MMOBEPXHOCTH
yriist; Ce - €ro KOHUEHTpaLus. "

O603Hayas NpOU3Be/IeHUE MOCTOSHHBIX BENMYMH 4Yepes Ky

MOJIYYUM: -
A V=k-Cp, %)

T.e. CKOPOCTh FeTEepPOreHHOH XMMUYECKOH peaKuuu :\wo:oc-
LMOHAIBHA JIUIIb KOHIEHTPALUH ra3000pa3Horo peareHta (Kucio-
poJa), KOHUEHTpauusi M IUIOWahb MOBEPXHOCTH TBEPAOTO Belue-
cTBa (YIJisl) BXOJUT B 3HAYE€HME KOHCTAHThI CKOPOCTH.

24

WNWEOEZ—O&H? CKOPOCTH XUMHYECKON PC€aAKIHH
OT TeMieparyphl

3aBUCHMOCTE CKOPOCTH PEAKLMH OT TEMIIEPATyphl ONpeaes-
€Tca npaBuiIoM Bant-I'ogda: npu moseimennu TeMIIepaTypbl Ha
Kaxcapie 10 rpanycos ckopocTs peakuun yBenuumBaeTcs B 2—4
pasa.

Maremaruyeckn 51a 3aBHCHMOCTB BBIp@XAeTcsi COOTHOLIIE-
HHEM:

6

ey (6)

rae V, u V, - CKOPOCTH peaKUuH Npu KOHEYHOH th ¥ Hayamp-
HOH t | TeMnepaTypax, a y - TeMIlepaTypHBbiii ko3¢ uuuesT ckopo-
CTH pCaKUMK, MNMOKa3bIBAIOUIKMMA, BO CKOJBKO pa3 yBelIHYMBAETCS
CKOpOCTb peaKUMH C MOBLILICHUEM TEMIEPATYpbl pearupyoLInux
BewecTs Ha 10 rpagycos. Ilpasuino Baut-Todga sisercs npu-
ONVOKEHHBIM M OPUMEHUMO JIHIIb A1 OPHUEHTUPOBOYHOM OLEHKH
BJIMAHUSA TEMIIEPATYpPhl Ha CKOPOCTh PEaKLMH.

Temnepatypa Bnuser Ha CKOPOCTb peaKuMH, YBENUUYUBAs
KOHCTaHTY CKOPOCTH.

DHeprus aKTUBALHH. st Toro, 4To6hl HpoU30LLIa peakius,
T.€. YTOOBI 00Pa30BANKCE HOBbIE MONEKYJIbI, HEOOXOMMMO CHAYaIa
pasopBath WM OC/IA0MTh CBA3M MEXKIY aTOMaMM B MOJIEKYJIaX HC-
XOAHBIX BemlecTs. Ho 310 Hafo 3aTpaTuTe OnpemeneHHyro amep-
ruio. Ecnu crankuaromuecs Mosiekynbl He 06/1aatoT Takoi 9HEp-
THEH, TO CTONKHOBeHME OyAeT HeIP(EKTUBHBIM - He NPHBEAET K
om@muommmsa MOJIEKyNbl HOBOI'O BeillecTBA. ;

M36bITOYHas SHEepry, KOTOpol AODKHBI 06NaaTh MOJEKy-

- JIbl JIs1 TOTO, YTOOBI UX CTOJIKHOBEHHE MOTJIO NPpUBECTH K O@UNwO-

BaHHUIO HOBOI'O BEIICCTBA, HA3LIBAETCA JHEPrHEH akTUBALNHU JaH-

. HOH peaKuu. @EOHZJSM AKTUBAIIAHM BhIpAXKACTCS B KHJIOKOYIIAX Ha

MOJIb MM KMJIOKQJIOPUAX Ha MoJb. Mosekynsl, obnagatouiue Ta-
KOH 3Heprueii, Ha3bIBAIOTCA AKTHBHEIMU MOJIEKYNAMHU.
Ilpn yBennyenun TeMnepaTypsl KOHCTAaHTa CKOPOCTH pacter,

U TeM -CHJIBHEee, yeM OOolbile BenHyuHa SHEPIrur aKTHBalMHU. Ma-
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TEMaTHYECKH 3aBUCUMOCTh KOHCTAHTBI CKOPOCTH OT TeMINEpPaTyphl
BBIpQXKaeTCs YypaBHEHHEM AppeHHyca:

E
mhk=-—2+C. @)
RT
BenuurHa 3Hepruy aKTUBALMHU 3aBUCUT OT IIPUPOJbI pearu-
PYIOIMX BEIIECTB U SBJIAETCA BaXHOH KMHETUYECKOH XapaKTepH-

CTUKOH peakiuu.

XumMuyecioe paBHOBeCHE
Bce XMMHYECKHE peakiuyd MOXHO pa3sOMTh Ha [ABE rpyNIIbL:
HeoOpatuMble W obpatumele peaxkuuu. HeoOpaTumble peaxuuu
MPOTEKAIOT TOJILKO B OJ(HOM Hampabinenuu. Ilpumepsr HeoOparu-
MBIX peaKLHi:

2KClO, - 2KCI +30, T, ®)

Na>CO3+H>80,—> H,0+CO; T +Na;SO,, (9)

BaCly+H>S0,—> BaSO4 +2HCI. (10)

BOJBLIIMHCTBO peakuuil SBASIOTCS OOpPaTUMBIMH, T.€. OHHU
MPOTEKAIOT B MPOTUBOMNOJIOXKHBIX HANpaBIEHHAX U HE MOYT JO
KOHIIa, TaK KaK MPOAYKTHl peakuuH, B3aUMOJEHCTBYS MEXIY CO-
0oil, BHOBE JalOT MCXOJHLIE BellecTBa. TakoBbl, HalpUMep, peak-
107078

3H, + N, & INH,, ; (11)
St H) e i 0, (12)
Koo d 0l BT, (13)

OOpaTuMble peakiMHi 3aKaHYMBAIOTCS JOCTHXKEHHUEM COCTOS-
HUS XUMUYECKOro papHoBecus. B ofiuem cilyqae XMMHYECKOE paB-
HOBECHE MO>KHO ONpEENIUTh KaK TaKoe COCTOAHHE CHCTEMBI pea-
THPYIOLIHX BEIIECTB, MPU KOTOPOM CKOPOCTH MpAMOH U 0OpaTHOM
peakuuii paBHBI MEXY COOOM.

B cocTosiHMM paBHOBecHs MpsiMas W OOpaTHas peakuuH He
MPeKpaIatoTcs, MOITOMY TaKOE paBHOBECHE HA3BIBACTCA I1OABIIK-
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HBIM, WM JAMHaMU4YeCKuM. B pearupyroiieil cMecd BUAMMBIX H3-
MEHEHHUI He MPOHCXOAMUT: KOHIIEHTPALMU BCEX BEILECTB, KaK HMC-

- XOOHBIX, TAK U O@UWMM%OES%OMF OCTArOTCs MOCTOSAHHBIMHU. KoHLIeH-

TpalMU BCEX BELIECTB, KOTOPHIC YCTAHABJIMBAIOTCSA MPH XUMHUYE-
CKOM paBHOBECHH, HA3bIBAIOTCS PABHOBECHELIMMU.
Tak, ana obpaTuMoro npoyecca
mA+nB < pC+qll (14)
IIpY YCTAHOBUBIIEMCS PABHOBECHH, Vyp = Vogp, T.€. COINIACHO
OCHOBHOMY KMHETUYECKOMY 3aKOHY: :

EC S C ik, Gl Gl 6 slikB)
OTKyZa
A b
PN ) A (16)
TR 5

rae Ca, Cg, Ce, u C, - paBHOBECHBIE KOHLIEHTPALIMK YYaCTHU-
KOB peakluu; k| 1 ky - KOHCTaHTBI CKOPOCTH MpsIMOH M 0OpaTHOM
peaxuuii; K - KOHCTaHTa XHMUYECKOrO PaBHOBECHA.

Bripaxcenue (17) HOCUT Ha3BaHUE 3dKOHA JEHCTBUA MacCC:
OTHOLLIEHUE NPOU3BEACHUS PABHOBECHBIX KOHLEHTpalUUd MpOayK-
TOB K MPOU3BEACHUIO KOHLIEHTpaUUil UCXOJHBIX BEIIECTB B CTelle-
HAX, PaBHBEIX CTEXHOMETPHYECKHM KO3((PHLUEHTaM B YpaBHEHHHU
peakiyu, €CTh BeJIMYMHA OCTOsIHHAA [IPHY JaHHOM TeMIIepaType.

W3 3TOr0 3aKoHa Clie/lyeT, YTO KOHCTAHTa XUMHUYECKOrO paB-
HOBECHs HE 3aBHCHT OT KOHUEHTpaLUH, a UBMEHAETCA JIMILIb C U3-
MEHEHHUEM TeMIepaTypBHl.

Ecnu KoHCTaHTa paBHOBECHsl BBIpa)K€HA 4Yepe3 KOHLIEHTpa-
UMK peardpyrolMX BEIIECTB, TO € NpUHATO obo3HadaTh K. Ml
peaKiyii, MPOTEKAIOIKUX C Y4acTHEM ra3o00pa3HbIX BEIECTB, KOH-
CTaHTY paBHOBECHS BBIPAXAIOT Yepe3 NMpONOPLUOHANBHEIE aBlie-
HUA ¥ 0003Ha4aroT Kp, HanIpuMep, Uil peakuuu:
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CmeleHue XMMHYECKOT0 PABHOBECHH

Ha cocrosHne XMMUYECKOTO paBHOBECHS OKAa3bIBAIOT BJIMA-
HUE KOHIEHTpalUs pearupyloLlUX BEILECTB, TeMIeparypa, a s
rasoo0pa3HbIX BELIECTB M JaBiieHue. [Ipu uzMeHeHHH oEu_owo u3
3THX MApaMeTpOB PaBHOBECHE HAPYIIACTCs U KOHLEHTPAIMU BCEX
pearupyrommx BELECTB OyayT W3MEHSATHCS J0 TeX [Op, IMOKa He
YCTAHOBUTCA HOBO€ PaBHOBECHE, HO YK€ MNpPH HMHBIX wummaw::mx
PaBHOBECHBIX KOHUEHTpauui. [lepexo peakiiMOHHOM CHCTEMBI U3
OJIHOTO COCTOSIHMs PABHOBECHs B JIPYro€ Ha3bIBAE€TCH CMELIEHUEM
(M4 CABUTOM) XUMUMYECKOTO PABHOBECHSL.

Hanpasnenue cMemeHus: XMMHYECKOrO paBHOBECHS OIpe/ie-
JSETCs OOLIMM MONOXKEHHEM, U3BECTHBIM IO/ Ha3BaHUEM NPUHIIU-
na Jle Illatenpe: M3MEHEHWE OJHOIO M3 YCJIOBMi (TeMIepaTypkbl
KOHUCHTPALMY, AABJIEHUA), NPU KOTOPHIX CUCTEMa HAXOJIUTCS m
COCTOSHMM pPAaBHOBECHS, BbI3bIBACT CMELICHUE DABHOBECHS B
HamnpaBJieHUH TOH peaklHH, KOTOpas MPOTHBOACHCTBYET MPOU3BE-
JEHHOMY U3MEHEHHUIO.

Cornacho npunuuny Jle Illatenbe, npu NOBLILICHHU TEMIIe-
mwdﬁ_w_ MPOUCXOJIUT CMEILEHWE PAaBHOBECHS CTOPOHY 3HIOTEPMHU-
vnwmmm_\wmmz:::u OpU NOHWXXEHUHU - B CTOPOHY 3K30TEPMHUECKOM

BBejieHe B paBHOBECHYIO CHCTEMY JIONONHUTEIBHBIX KOJTH-
4ECTB Eomomo M3 pearupyroulux BELIECTB YCKOPAET Ty nmml_EEo
NpH KOTOPOH OHO pPAacXoNyeTcsi: YBEIMYEHHUE KOHLEHTpaluu Snw
XOJIHBIX BELIECTB CMELIAET paBHOBECHUE B CTOPOHY 0Opa3zoBaHMs
M_moaﬁom peakuyH; yBeJIMYeHHE KOHUEHTpalUUUd NPOAYKTOB pe-
wo“ﬂﬂam%nEmwa paBHOBeCHE B CTOPOHY OOpa3sOBAHMS MCXOJIHBIX

H3meHenue naBneHusi ACHCTBYET Ha CMELICHUE PAaBHOBECHS
Fa3oBBIX peaKkuMi, UIYUIMX C U3MEHEHHEeM 4ucia Mojel. YBenu-
YCHUE JaBJICHHUs CMEILAeT paBHOBECHE B CTOPOHY TOH peakuuu,
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HBOJAUT K V\ZQEWEOESB obulero 4ucia MOJIEH B raso-

goTopas Ip
K V\Z_OE&E@ZS—O NaBJICHU B CUCTEMC.

poif daze, a CNEJOBATE/BHO,

PaBHOBecCHE B reTeporeHHoi cucreme

[ereporeHHas cucrema pasjie/icHa Ha OT/ENTBHBI
pasel - TpaHMLAMH pa3jena. Ecu MeX/1y BelleCTBaMH, COCTaBJIsd-
joruMH (assl, MPOUCXOJMT obpaTumas peaKiui, TO vmw:omoo:o.
JOJDKHO yCTaHABIMBATBLCS HA BCEX IpaHUuax pasjiena Mexay Bce-
Mu dazamMu. .

Ecii B reTeporeHHOi peakuun y4acTBYIOT TBEP/BIC Belle-
CTBA M ra3bl, HAPUMEp, PeaKius ropeHus yris, 10 B BBIpaXKEHHUE
JUTS KOHCTAHTBl XHMH4ECKOro paBHOBECHA BXOJAT JIMIIb Mapiu-
ANIBHBIC TABJEHUs ra3000pa3HBIX YIACTHUKOB PEAKIIH:

€. yactu. -

Cory + Oyrasy < COy1u3)5

I
gt co,
Lo,

Mn_m.:v EN@O%E” U3YyUHUTDH 3aBUCUMOCTE CKOPOCTH XUMHYECKOH
peaxkiuuu OT KOHLEHTpauuu H TeMIiepaTypbsl, a TAKOKE BIUSHUEC W3-
MEHEHHs KOHLEHTpalurdn EON:A@V\—.OE:% BElleCTB Ha CMELIEHHE

XUMUYECKOTO PABHOBECHS.
OnpiT 1. 3aBUCUMOCTH CKOPOCTH FOMOTEHHOH peakluu OT

KOHIIEHTPALIUH.
KnaccuueckuM [OpUMEpPOM TOMOIEHH

B3aUMOIEHUCTBUE MEXKIY —UNO.HNOGO_S THOCYJIb
KHCIIOTOH, —.:uOﬂOZNwOEGO no v\ﬁmeO—.:\:.O“

Ol peakiyu SABJIACTCA
dara HaTpus ¢ CepHOH

ZerwQOmem%QAHM,_x +mmhgm+zmm,w©k. Qwv

Bo3HUKaOWAas Py 3TOi peakiuy cepa BhI3bIBacT [OMYTHE-
Hue pacTBopa. HeoOX0AMMO H3MEPUTE o ceKyHIoMepy Bpems OT
MOMEHTA CJIUBAaHUs JI0 MOSIBJICHUSA €1Ba 3aMeTHOM MyTH. 3Has Bpe-
Msl TIPOTEKaHHWs peaKiyu (c), NErKo OmpejeNuTb CKOpOCTh peak-
[JMH, TAK KaK MOC/IEAHsAS ABIACTCA BeJIMUMHOM, 0OpaTHOH BPEMEHH:
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B 3 npobupxu (1, 2, 3) naneifte u3 GropeTku (OTCUET MO
HIDKHEMY MEHMCKY) 10 3 MJI cepHO# Kucaoth. B 3 apyrue npo-
6upku (la, 2a, 3a) Haneiite u3 GIOPeTOK yKazaHHOE B TabHIeE KO-
JIMYECTBO pacTBOpa THOCYJIb(aTa HATPUS M BOJIBL.

Tabnuna 1
Homep O6bem, M OtHocuTenpHas | Bpe- | Cko-
npobupku KOHUEHTpauus | Md pocth
NayS,0; 164 (C peak-
pactBop | H,O MU
mewNOu ! m\Am+mv V=
(a) (B) =1/t
la 3 0 1
2a 0 1 2/3
3a 1 2 1/3

Brieiite cogepxumoe npobupku la B npobupky | u Toryac
K€ BKJIIOYUTE CEKyHIAOMEp. 3aMeTbTe BpeMs MNOABIEHHUA caboi
MYTH (ZaHHble 3anumnte B Tabn. 1). Ilpoaenaiite aHanOruyHbIe
OMBITBI C PaCTBOPaMM B APYTUX fpobupkax.

Ilo nony4eHHBIM JaHHBIM [OCTPOfiTe Ha z::::z_ngomom
Oymare rpaduk 3aBUCHMOCTH CKOPOCTH peakuyH (0ch Op/IMHAT) OT
KOHLeHTpauuu (ock abcuucce).

Kakoii nuHuelt BelpaxcaeTcs HaifIeHHAs 3aBUCHMMOCTH?
JIOIDKHA NI INHUA [IPOXOIMTH YEPE3 HAYANIO KOOPHAHHAT?

OneIT 2. 3aBHCUMOCTB CKOPOCTH IOMOTEHHOH peaKiuu OT
TEMIIEPATYPBHI.

B 3 npo6upxu (1, 2, 3) naneiite u3 GropeTky no 3 mi pac-
TBOpa CEpHOM KHC/IOTHL, B 3 Apyrue npoGupku (la, 2a, 3a) - no
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3mi1. pactBopa Na,S;03. Bee npobupku nocTaBbTe B CTaKaH € BO-
joit. Yepes 5 MUH U3MepETe TeMIepaTypy BOAbI B CTaKaHe. BhIHb-
Te U3 BOJbI Npobupku 1 U la, cneiite coep)KUMOe B OJJHY U3 HUX H

OTMETBTE M0 CEKYHAOMEPY BpEMsI OT MOMEHTA CJIIMBAHHA [0 MOsB-

jeHus ciaboi, efpa 3aMeTHOW MyTH. BhMInuTe pe3ynsTaT B
Tabn. 2.

Tabnuua 2
Howmep Temnepartypa Bpewms CkopocTb
npoOHpKH OInbITa T .0 peakuuu
S # 1
et
T
hla
Dia
87 3a

Harpeiite ctakan ¢ Bojoii Ha 10 °C Bbllle nepBOHaYaNbLHOM
TEMIIEPaTypbl U MPOBENUTE AHAJIOIMYHBIM ONBIT C PaCTBOpaMH B
npo6upkax 2 u 2a. PacTBope! B npo6upkax 3 u 3a cieiite npu Tem-
nepatype Ha 10 °C Beiwe npeasiaymeii. Ha MmunnumerpoBoit Oy-
Mare nocTpoiTe rpaguk 3aBUCUMOCTH CKOPOCTM PEaKiUH OT TeM-
mepaTyphl, OTKJIAbIBas 1O OCH abcLMCC TemIepaTypy, a Ho OCH

' OpAMHAT - CKOpOCTh. [IPOXOUT NM MOJTy4eHHas Ha rpaduKe IHHUA

yepe3 Hauyano koopausar? Kako TemmepaTypHbiid KoadduuueHT
CKOpOCTH JIAaHHOH peakuuu?
OnpiT 3. CMeneHne XMMUYECKOro paBHOBECHS TIPU U3MEHE-

HHUH KOHLUCHTpALHHu.

B npobupky Bneiite npuOnusutensHo 10 MI BOABI M
no6aBbTe 110 | Kare HACBILIEHHOTO pacTBOpa POJaHKIA aMMOHHSA
NH;SCN u xnopsoro xenesa (III) FeCls; pactBop no/nkeH UMETh

 CBETJIO-KpacHBIHl LBeT (ecnu HEOOXOAMMO, pacTBOp pasdaBbTe

BOJIO#).
CocTaBbTe ypaBHeHHE 0OpaTHMOM peakUMy W 3aMHLIHTE Bbl-

pakeHHne KOHCTAHTBI pABHOBECHS.
Pasneiite pactBop B 4 npoGHpKku Tak, 4ToObl 0OBEMEL pac-
TBOPOB OBLIM PUOIU3UTEIBHO OJJMHAKOBBIMHU.
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B nepsyro npobupky Bieiite 2 Karin KOHUEHTPHPOBAHHOIO
pactBopa FeCls. M3aMeHs€TCS 1M WHTEHCHBHOCTh OKPackH H Kak?
Haiite 00bACHEHHE, HCXOM U3 MAaTEMATHYECKOrO BBIPAKEHHS 3a-
KOHa JEHCTBYIOLIMX Macc. B KakKyro CTOPOHY CMECTHIIOCH paBHO-
BECUE CUCTEMBI?

Bo Btopyro npobupky no6aBbre 2-3 KamiMm HachIIEHHOIO
pactBopa NH,SCN; Beaute HabmoeHus 3a NPOUCXOASIUMY U3-
MEHEHHSMH H JaliTe He00X0AMMbIe OOBSICHEHHUS.

B Tperpio npobupKy BHecHTe LINATENeM LIENOTKY KPUCTAJ-
nuyeckoro NH4Cl, cuneno B360TaliTe COMepUMOe NMPOOUPKH U
CpaBHUTE OKPAaCKy ¢ OKpAacKOi pacTBopa B 4YeTBepTOH MpoOUpKe.
Yrto npoucxXomuT B naHHoM ciydae? JlaiiTe HeoGXxoamuMble 06bsaC-
HEHHS.

Kak Hagmo M3MeHWTh KOHUEHTpalUMH BELIECTB B oOpatumoii
CUCTeME, YTOOBI CMECTMTh PABHOBECHME B MPIMOM M OOpaTHOM
HalpaBjeHHUAX?

KoHTponesHEIe BOMPOCHI

1. CKOpPOCTh XUMUUECKON peaKiLiiy, ee pa3MepPHOCTE.

2. OCHOBHOM KMHETHYECKHMH 3aKOH (3aKOH AeHCTBYIOMMX
Macc) i FOMOTeHHBIX B IeTEPOreHHBIX peaKLiHii.

3. 3aBHCHMOCTB CKOPOCTH XMMMYECKOH peaKkUHH OT TeMIle-
parypbl. ,

3.1. IlpaBuno Baut-T'odda.

3.2. YpaBHeHue AppeHuyca.

3.3. DHeprus aKTuBaLUu.

4. XAMHYECKO€ paBHOBECHE, €r0 0COOEHHOCTH.

5. Matematu4eckoe BBIP@KEHUE KOHCTAHTBI PaBHOBECHS IO-
MOI€HHOH U re€TEPOreHHONH XUMHUYECKUX peaKLiuii.

6. BolpaxceHHe KOHCTaHTbI PABHOBECHS Yepe3 KOHLEHTPalUu
H NaplUaIbHbIe JaBJIEHUs PEarupYIOIIHX BEilleCTB.

7. BnusHue U3MEeHEeHUs KOHUEHTPAWK, TEMIIEPATyPhl U 1aB-
JIEHUA Ha cMeljeHre xumuyeckoro paprosecus. [punun Jle Ila-
TeJIBE.

8. PacueT XMMHYECKOIO PaBHOBECHS C MCHOJIL30BAHUEM 3a-
KOHa JIEUCTBYIOIIHX Macc.
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JJAGEOPATOPHAS PABOTA Ne 5

PACTBOPBI
XapakTepHCTHKA PACTBOPOB

PacTBOpOM Ha3biBaeTCsi TOMOreHHas (OAHOPOIHAdA) CHCTEMA,
COCTOSAINAsk U3 PACTBOPUTEIIS, PACTBOPEHHOTO BEIIECTBA U MPOIYK-
TOB MX B3aUMOJICHCTBHs. PacTBOPBI OBIBAIOT JKMIKHE, TBEPIBIE H
razooOpasHele. Hanboipliee 3HaYeHHE MMEIOT JXKUIKUE PacTBOPHL,
B KOTOPBIX paCTBOPUTENEM SABJISAETCS BOJA.

PactBoputeneM OOBIYHO CYMTAETCA BEIUECTBO, CYLIECTBYIO-
11i€€ B YMCTOM BUJIE B TAKOM K€ arperarHoM COCTOSIHMH, YTO H 1O-
Jy4eHHEI! pacTBOp. B ciydae, Koraa pacTBOpUTENs M PacTBOpPH-
MO€ BEIECTBO MMEIOT OJIHO arperaTHoe COCTOSIHHE, pacTBOpHUTE-
neM sBJISeTCs BelecTBO ¢ mpeobaajatoiiedl maccoi. OaHOpOA-
HOCTH PacTBOPOB, BBIICNIGHHE TEIJIa [IPY PACTBOPEHHH HEKOTOPBIX
BEWIECTB M 00Opa3oBaHUe THAPATOB YKa3biBA€T Ha CXOJCTBO pac-
TBOPOB C XUMHUYECKUMHU COEAMHEHHAMHU.

OTCcyTCTBHE Yy PacTBOPOB MOCTOAHCTBA COCTaBa, T.€. 3KBUBA-
JIEHTHBIX OTHOLIEHUH MEXIY KOJMYECTBOM PaCTBOPEHHOIO Belle-
CTBA U PACTBOPHUTENS], a TAKKE HAlM4ME B CBOHCTBAaX pacTBOPOB
MHOTUX CBOMCTB €ro OTAENbHBEIX KOMIIOHEHTOB NPUOIMKAOT pac-

. TBOPBI K MEXaHUYECKUM CMECAM.

CnenopatesnsHo, pacTBOPEl 3aHUMaKOT NPOMEXYTOYHOE I10-
JIOXKEHUE MEXJY MEXAaHHUYECKUMU CMECSIMH H XUMHYECKNUMU CO-

. €AMHEHHSIMHA.

~ Ilpu pacTBOpeHMH MHOTHX BEIUECTB MOJICKYJbl X CBA3bIBA-
IOTCA C MOJIEKYJIaMH PacTBOPUTENs, 00pasys COCAWHEHHUs - CONlb-
BaThl. Korma pacTBopuTeNneM SBJSETCS BOJQ, ST COCAMHEHHUA
Ha3BIBAIOT PMPATaMH, a IPOLECC NX 00pa3oOBaHus rUAPATALUCH.
O6pasoBaHie CONBBATOB OOYCIOBIHBACTCS MOMAPHOCTBIO

© MOJIeKyJ pacTBOPSEMOro BelllecTBa, Garoaaps KOTOpOi OHU NpH-

TATMBAIOT TOJIAPHBIE MOJICKYJIBI PacTBOPUTENS. YCTOHYMBOCTD
COJILBATOB 3aBUCUT OT BEJIMYHUHBI TMOJSPHOCTH TEX WK MHBIX MO-
nexyn. Haubonburel MOJSPHOCTBIO M3 pacTBOpHTesed obnajaet
Bojia. [IpaKkTHUeCKH PUXOAUTCA MMETH eI ¢ THAPATaMH, TaK KaK
Yaile BCEro BCTPEYArOTCs BOAHBIE PAacTBOPHI. ['HApaThl JOBOJBHO
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HEYCTOMYMBBIE COEAMHEHHS, BO MHOTHX CIy4asX pasiaraloliuecs
y>Ke NP BbINapuBaHuM pacTBopoB. Ho mHOTrAa Boja MpouHO CBs-
3aHa ¢ MOJIEKYJIaMU pacTBOPEHHOI'O BEUIECTBA, W MPH KPUCTAJLIU-
3allMM ero U3 pacTBOpa OHAa BXOJHUT B COCTaB KpucTayuioB. Takue
KpUcTanauyeckue oOpa3oBaHUs, B MOCTPOCHUH KOTOPBIX MOJIEKY-~
7Bl BOZBI YYacTBYIOT KaK CaMOCTOSTENIbHBIC €UHUILIbI, HAa3bIBAIOT
KPUCTAINIOTHAPATAMH, a COJepXKallasicss B HUX BOJA - KPUCTA/LIU-
3aUMOHHOM Bonoi. CocTaB KpHUCTAlIOrH/IPAaTOB MPUHATO U300pa-
#aTh QopMynaMy, MOKA3bIBAIOIIMMU YKMCIO MOJEKYN BOJBI, MpH-
XOAALIMXCA Ha | MOJIeKy/ly BEIeCTB.

Ipumep: Na,COs « 10H,0, CuSO; « 5H,0, MgSOy +
7H,0.
Tennosoi yddext pacrBopenns
Pacteopenue TBepIpIX BELIECTB B XMIKOCTAX Ooibllel ya-
CTBIO CONpPOBOXJAAETCs MOrnouieHuem Terna. Hekotopeie TBepabie
BELLECTBA PACTBOPAIOTCS C BBIACIICHUEM Teruia. Beiaensercs Temio
NP4 pacTBOPEHUH HEKOTOPBIX XXHU/IKOCTEH H ra30B.
Konuuectso Temna, nornowaoimerocst (Wi BblAEIAIOIIErO-
Cs) MPU PaCTBOPEHUH OJJHOTO MOJIsi BELIECTBA, HA3bIBAIOT TEILUIOTOM
pacTtBopeHMs 3Toro BeulecTBa. [IpuunHa TOro, 4To pacTBOpeHHE
OJIHMX TBEPJBIX BEUIECTB B BOJE MJET C MOIJIOMIEHHEM, a JPYTHX C
BBIJIEIEHHEM TEILIOTHl, 3aKJifouyaeTcsi B caenyrowem. [Ipouecc pac-
TBOPEHHMs TBEPAOIO BEIECTBA COCTOMUT M3 JBYX IMOCJEIOBaTElNb-
HBIX CTaJMi, Kaaas U3 KOTOPbIX COMpPOBOMKAACTCS TEMIOBBIM 3¢-
¢dexroM: 1. PaspyiieHne KpHUCTAJUIMYECKOM peLIeTKH, T.€. pachaj
€€ Ha OTJe/bHbIE YaCTHLIb, CBsA3aH ¢ 3aTpaToil 3Hepruu Oy. 2. B3a-
MMOJIEHCTBUE YaCTUL] PACTBOPEHHOTO BELECTBA C MOJIEKYIaMH BO-
Apbl (THUApATaLNs) CONPOBOXKAAETCA BhifieaeHUEM 3Hepruu Q,. Cre-
JOBAaTeNbHO, TEIUIOTa PACTBOpPEHHUA eCTh anareOpavyeckas cymma
MEePEYUCICHHBIX TeMIOBBIX 3 dekToB, T.e. Q = Q;+Q,. 310 ypas-
HEHUE NIOKa3bIBAET, YTO PaCTBOPEHHE TBEPAOIO BEIECTBA ABJAETCA
3K30TEPMHUYECKHM IPOLECCOM, €CH MPU MMApaTaliy BbIIEIAETCA
9HEpruu OoJblie, YeM ee pacxoyeTcs Ha pa3pyluleHHe KpHCTallIu-
yeckoi pereTku. PacTBopenue aBigeTca 3HAOTEPMUUYECKUM IIPO-
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L{ECCOM, €C/TH Ha paspylleHHe KPUCTATIMYECKOH PelieTKH pacxo-
IyeTcs SHeprum GOJNBIIE, YEM €€ BUIENISETCS IPH MH/IPATALWH.
PactTBOpuMOCTH

PacTBOPMMOCTRIO Ha3bIBAE€TCS CIIOCOOHOCTH BELIECTBAa pac-
TBOPATHCSA B TOM WM MHOM pacTBOpHTene. Mepoit pacTBOpHMOCTH
CIYXCMT KOHIEHTpAlHs HAachlIEHHOro pacTBopa. Ee BhipaxaroT
KOJIMYEeCTBOM I'paMMOB BelllecTBa, Hachlmatomum 100 r pactBopu-
TeNsA NPU JaHHOW TeMIlepartype.

Ecnu B 100 r Boap! npu KOMHATHOH TeMmIlepaType pacTBOps-
ercsa 10 r BEIECTBa, TO TAKOE BELIECTBO NPUHATO HA3bIBATH JIETKO-
pactBopuMbIM. Ecu pactopsieTcs MeHee 1 I BewlecTsa - TPYIHO
pactBopumMbiM. Eciu B pactBop nepexoaut menee 0,01 r, To Beue-
CTBO Ha3bIBAIOT MPAKTHYECKH HEPACTBOPUMBIM. AOCOJIOTHO He-
PACTBOPUMBIX BEWIECTB He CylecTBYeT. C NOBBILICHHEM TeMIepa-
TYpbl pACTBOPUMOCTE MOYTH BCEX TBEPABIX BELIECTB YBEIIMYMBACT-
csl.

B ornuyuMe OT TBepAbIX BEIUECTB M XMAKOCTEH pacTBOpH-
MOCTb I'a30B C IMOBBILICHUEM TEMIIepaTypbl NOHMUXKAETCA U YBEIH-
YMBAETCS C MOBBILICHUEM JIaBICHHUA.

3aBUCHMOCTb PACTBOPHUMOCTH ra30B OT AABIEHUS BBIPAXKAET-
¢ cieayromumu 3akoHamu ['enpu-JlaneTona:

1. Macca rasa, pacTBopsiolasics B JaHHOM 00beMe JKHIKO-
CTH, NMPOMOPLHOHABHA JAaBJIEHUIO rasa.

2. O6beM rasa, pacTBOPAIOLIETOCs B JAHHOM 00BEME XKHIKO-
CTH, HE 3aBHUCUT OT JABJIECHHU.

3. [1px pacTBOPEHMH CMECH ra3oB KaXkJas COCTaBHasA 4acTh
9TOW CMECH pPacTBOPSETCs MPONOPLUHOHANIBLHO CBOEMY Mapuualb-
HOMY JaBJICHUIO U paCTBOPUMOCTH.

XKHAKOCTH TaxKe MOTYT PacTBOPATHECA B XKHUAKOCTAX. Bos-
MOXHBI TPH CiTy4asi paCTBOPUMOCTH JKHAKOCTH B XHIKOCTH:

a) HeOrpaHHWYEHHasi PACTBOPHMOCTD, €CIIH XKUIKOCTH CMELIH-
BAIOTCA JAPYT C APYroM B JIOOBIX oTHOWIEHUsAX. Hanpumep: cnupt u
BOJA, IIMUEPHH U BOJAA;

6) orpanuyeHHas pacTBopumMocTb. Hanpumep: adup u Boja
B3aUMHO PpACTBOPSIOTCS JIMIIB OO H3BECTHOro mpefena. Ecnu
B30osTath 3Up ¢ BOMOH, oOpa3yeTcs IBa CiOA: BEPXHHH Npen-
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CTaBjIsieT COOO0# HACHIEHHbIA PACTBOP BOAKI B 3dupe, a HIDKHUIH -
HaCBhIICHHBIH pacTBOp 3¢upa B Bose. Tak Kak C MOBBIIEHHEM
TEMIEPATYpbl PACTBOPUMOCTH OOBIYHO BO3pACTaeT, TO NPU HEKO-
TOPO# TeMIlepaType MPOMCXOAUT NOJHOE B3aMMHOE PacTBOPEHHE:
9Ta TeMIiepaTypa Ha3biBacTCsi KPUTHYECKOH TeMIlepaTypoil pac-
TBOpEHUs. Belie 3T0# TeMnepatypsl paccioeHus He HabJIIoJaeTcs;

B) NMOYTH MOJIHA HEPacTBOPHMOCTH (BOJA-KEPOCHH, BOJa-

PTYTb M Ap).

PacTBOpEI B 3aBUCHMOCTH OT KOHLEHTPALMH PaCTBOPEHHOIO
BellecTBa OpIBAlOT HACHILCHHBIC, HEHACHIEHHBIE U MEPECHICH-
HBIE.

HacelienHbIM Ha3bIBaeTCs TakOW pacTBOp, B KOTOPOM He-
pacTBOpPEHHOE BEMIECTBO (B OCaJKe) HaXOAMTCA B PaBHOBECHM C
pacTBopeHHbIM. Ilponecc pacTROpeHHs He TNpekpamaercs, Ho
Hapsy ¢ HUM UJET KPUCTaJIM3allus BELECTB M3 pacTBopa. Konu-
YECTBO PACTBOPAIOILEIOCsS BEIECTBA B €IMHMLY BPEMEHH DPaBHO
KOJIMYECTBY BEILLUECTBA, BHINAJAIOLIEr0 HAa pAcTBOp B BHIE KpU-
CTaJUIOB.

PactBOp, KOHLEHTpauusi KOTOPOIO MEHbIE KOHLEHTPAaLUH
HaCbILIEHHOTO NPH TOH >ke TeMIlepaType pacTBOpa, Ha3blBaeTCs
HEHACBIILEHHBIM.

PacTBop Ha3biBaeTCs mepechilleHHbIM, €ClIH €ro KOHIEHTpa-
uMs OonblUE, YeM KOHLEHTpalLMsl HACHIILEHHOrO pacTBOpa MpU TOH
e Temnepatype. IlepechillieHHBIH pacTBOp nosy4yaeTcs MpH OCTO-
POXHOM OXNaXJEHUH TOpSYMX HACBILIEHHLIX PAacTBOPOB, HE CO-
Aepakaliux TBepaoi ¢aspl. Hy)>kHO MOMHHUTE, YTO MEpecHIEHHbIE
pacTBOpHI ABIAIOTCS HEYCTOHYMBBEIMU CHCTEMaMHU, U KPUCTAILIU3a-
LMIO TAKOTO PacTBOpPA MOXKHO BBI3BATh IYTEM TPEHMS CTECKIIHHOM
NajoyYKH O CTEHKH COCYAa, BHECCHHMEM 3aTpaBK¥ KpHCTajlla, pe3-
KMM OXJIQXKICHUEM.

Crioco0sl BBIPAKENHs] KOHIEHTPANHH PACTBOPOB

MaccoBoe KOJNHMYECTBO PacTBOPEHHOTO BEIECTBA, COAepKa-
[eecsi B OMpe/IeICHHOM KOJHWYecTBe (MaccoBOM MM OOBEMHOM)
pacTBOpa MM PACTBOPHTENS, HA3bIBAIOT KOHLEHTPALUEH.

Eclii KONMMYEeCTBO pACTBOPEHHOIO BEIECTBA OTHECEHO K
OIpe/ie/IeHHOH Macce pacTBOpa, TO KOHLIEHTpaUHs Ha3blBaeTCA
MacCOBO#, eciid ke K 00bpeMy pacTBopa, To 06beMHON. MaccoBas
KOHUEHTpPALHs pacTBOPOB OOBIYHO BHIPAXKAETCA B MPOLEHTaX WM
XK€ XapaKTepU3yerTcs IUIOTHOCTBIO pacTBopa. OOBeMHas KOHLEH-
TpalUMsi BBIPAXKAeTCsd MOJIIPHOCTBIO, €CIIM Macca pacTBOPEHHOTO
BEILECTBA BBIP@KEHA B MOJISX, WJIM HOPMAaJIbHOCTEIO, €C/IM B 3KBH-
BaJIGHTHBIX Maccax Ha | Ji pacTBopa.

1. MaccoBbiit npouient. KoHUEHTpanus pacTBOpa BhIpaXKaeT-
Cs B DTOM CJlyyae B MAacCOBBIX MPOUEHTAX, T.€. OTHOUIEHHE MACChI
PACTBOPEHHOTO BELIECTBA K Macce pacTBopa, yMHOXxeHHoe Ha 100,
WIH YKa3blBaeTCsi 4MCJIO MPaMMOB PAaCTBOPEHHOIO BELUECTBE, CO-
nepkauierocst B 100 r pacrBopa. Hanpumep: 10%-Hbiii pacTBOp
roBapeHHoH conu couepxut 10 Macc. 4. conu U 90 macc. 4. BOAbI.

2. BrlpakeHre KOHIIEHTpPAlUU PACTBOPOB YEpPE3 MOJIBHYIO
JOJIK0 PacTBOPEHHOrO BemecTBa. bonee ynoOHBIM [UIf BEIABIEHUA
3aKOHOMEpHOCTEll B CBOMCTBAX pacTBOPOB OKAa3bIBAETCsl COMNOCTaB-

. JICHUE€ HE MAacCCOBbIX KOJHMYECTB pPacTBOPEHHOI'0O BELIECTBA H pac-

TBOPHUTENS, 2 UX MOJIbHBIX KOJHYCCTB. :_u: 3TOM COCTaB pacTBOpa
MOXKHO BBIpaXXaTh KaK B MOJIAPHBIX AZOETEVU@ J0JIX, TaAK 1 B MO~

~ JIIPHBIX (MOJIbHBIX) MPOLEHTAX.

MounbHo#t goned N pacTBOPEHHOIO BEIIECTBA HA3LIBAETCA
OTHOILIEHHE YKC/Ia MOJIeH # paCTBOPEHHOIO BELIECTBA K CYMME YH-
ceJl MOJIel pacTBOPEHHOTO BEIIECTBA # M PACTBOPUTENS Hy:

oot bty
g
MounbHblit iponieHT paseH N« 100 .

3. MonspHas KOHIEHTpauus BBIPAXAETCsl YUCIOM MOJIEi
pacTBopeHHoro Bemecta B 1 11 pactBopa. Pactop, coaepxamuii 1
MOJIb paCTBOPEHHOrO BelecTea B 1 J1 pacTBopa, Ha3bIBa€TCs OAHO-

3




z_o:mnmm_z._\._ 0603navaetcs 1 M; comepsxamuii 0,1 mosa B 1 51 pac-
TBOpa - AeuuMossipubm (0,1 M) u 1.4.

Jlns mpUroToBNeHHs OMNpele/ieHHOro obbeMa pacTBopa 3a-
JJAHHON KOHLEHTpPAUMH CHAaYyalla pacCUMThIBAETCS HaBECKa pacTBO-
psieMOro BEILECTBA, 3aTEM 3TO BEIIECTBO (MOJIHOCTEIO, 6€3 NoTeph)
MEPEHOCUTCA B MEPHYIO KOJOY COOTBETCTBYIOLEI0 00bEMa, KOTO-
past IOJHMBAeTCs BOJIOH 0 OTMETKH Ha ropJibILIKe KOJIOBL.

4. MoJisiibHass KOHUEHTpauus BbIPAXKAETCd YUCIOM MO-
neid pactBopeHHoro Beluectsa B 1000 r pacTBopuTens.

[Tpumep: | - MOJIANIBHBIH pacTBOP MKOKO3bl B BOJE COAEPIKUT
1 mob CsH1206 =180 r B 1000 r BO/IBL.

5. HopmanpHas KOHIEHTpAlMs BhIPaXKAETCA YUCIOM 3KBUBA-
JIEHTOB PacTBOPEHHOIO BEILECTBA, COAEpKaLMXcsa B 1 1 pacTBopa.
PactBop, B 111 KOTOpOro coaepxutcs 1 3KBUBaNeHTHas mMacca pac-
TBOPEHHOTO BELIECTBA, Ha3bIBACTCA OAHO-HOPMANbHBIM, MK HOp-
MajibHbBIM, M oOo3Hauaetcs I H; 2 3KBMBaNEHTHBIX Macchkl -
aByHopMmanibHbiM (2H); O,] 3KkBHBaneHTHOM MAacChl A€LIMHOPMallb-
HbM (0,1) u T.1.

Jnst npakTudeckux paboT yaoCHee noJib30BaThCs pacTBopa-
MM HOPMaJbHBIX KOHLEHTpalui, TaKk KakK BEUIeCTBA peardpyroT
MexXay coboii B 3KBHBAIEHTHBIX KOJMYecTBaX. PaBHblE 0OBEMEI
pacTBOPOB OJMHAKOBOM KOHLIEHTPALUUHU (HOPMANIbHOCTH) COJEPIKAT
OJIMHAKOBOE YMCJIO SKBMBAJICHTOB PACTBOPEHHOTO BELIECTBA.

[TpuroToB/ieHHEe HOPMAJIBHBIX PacTBOPOB  MPOU3BOAUTCA
aHAJIOTHYHO MPUTOTOBJICHHIO MOJIIPHBIX PACTBOPOB, C TOM JIMILBL
pa3sHULIeH, YTO MpU pacyeTe HABECKM pACTBOPAEMOrO BEIIECTBA
HY)XXHO OpaTh He MOJIIPHYIO Maccy, a 3KBUBAJIEHTHYIO Maccy.

6. BrplpakeHUe KOHIEHTpaliMy pacTBOpa Yepe3 ero Iot-
HOCTh (OOBIYHO BBIPAKAETCA B IpaMMax Ha caHTUMeTp B Kybe). C
HW3MEHEHHEM KOHUEHTpPAllMd pacTBOpa MEHSETCS ero IUIOTHOCTE.
CrnenoBaTenbHO, ONpPENEJICHHOW MUIOTHOCTH pacTBopa COOTBET-
CTBYET OIpele/ieHHass KOHUSHTPaLlis pacTBOPEHHOIO BELIECTBA B
pactBope. JIist paCTBOPOB HEKOTOPBIX BEINECTB (KUCIOT, LIENOYEH,
cosiei) UMEIOTCs CrelUalibHbIe TabJULbl, TOJB3YACh KOTOPBIMM,
MOKHO IO TUIOTHOCTU PACTBOPOB HAXOJAUTE UX IPOLEHTHYIO KOH-
LEHTPALHUIO.
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74 O.:cwbmho_‘m&@ NOIEOI@UWESS pPacTBOPOB METOAOM THUTPO-
BaHWA. NH:m OIpeneIeHUs KOHIEHTpauKU PAaCTBOPOB IOJIB3YHOTCS

. METOAOM THUHTPOBAHUA. H:HUOWDISO - ONpeacjieHue HEU3BECTHOM

KOHLICHTpAIlUd OJHOTO pAcTBOpa IO M3BECTHOH KOHIIEHTPaLMU
JPYroro, MyreM Hu3MepeHHs OOBEeMOB pPacTBOPOB pearupyrolux
BellecTB. i onpeziesieHus KOHUA peakuuu (KOHeil TUTPOBAHHMSN)
UCIONB3YIOTCA MHAMKATOPH! - BEUIECTBA, MEHsIOIME CBOM LBET B
3aBUCUMOCTH OT cpeabl pacTBopa. Haubonee uacto s onpenene-
HMSl KOHLEHTpAlMU INEeNOYH WM KHCJIOTBHl MOJIB3YIOTCA METHJIO-
pamkeM U QenondranenHom. Tak Kak peakiuy MeXx/1y BellecTBa-
MH NPOTEKAIOT B 3KBUBAJICHTHBIX KOJIUYECTBAX, TO KOHIEHTPAlUU
pPacTBOpPOB B METOJI€ TUTPOBaHUs YnoOHee BhIPaXKATh B €AMHHULAX
HOPMallbHOCTH:

m  9Ke8
Cy = 7 >
S
rane  Cy - HOpMalbHas KOHIEHTpalUus pacTBopa; m -

macca pacTBOPEHHOIO BEILECTBA; O - SKBUBAJICHTHAs Macca Belle-
cTBa; V' - 06beM pacTBOpa B JIUTpax.
m

ITpeo6pazyem dopmyny C,, -V Hlm.. Kax neas, tak u
[paBasi HaCTH paBEHCTBA IPEACTABIAIOT COOOH KONMHYECTBO SKBU-
BaJICHTOB BELIECTBAa, paCTBOPEHHBIX B 00beMe V. YuuThIBas 3aKOH
SKBMBAJICHTOB, MOXXHO C/€NaTh BBIBOJ O TOM, YTO MpPOU3BEACHMS
CyV 1y pacTBOPOB JIBYX BEINECTB, BCTYNAIOLIMX B peakuuto 6e3
OCTaTKa, paBHbI MeX 1y cO00H, T.e.

m.wb s w.\w

Cy, ¥
Takum 06pa3oM, 00BEMEI pACTBOPOB PEarupyrOLIUX BEILIECTB
00paTHO MPOTNOPIHOHANBEHBI HX HOPMAIBHBIM KOHLIEHTPALIMSM .
[lenp paboThI: HAYYUTHCS PACCUMTHIBATE HABECKY M FTOTOBHUTH
PacTBOpPHI 33JJaHHONH KOHIIEHTPAIMH, a TAKKe ONpPeeNATh KOHLEeH-

Tpaluro paCcCTBOPOB METOJOM TUTPOBAHUA.
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Onpit 1. OnpeaeneHre KOHUSHTpaLMK PacTBOpPA MO IIOTHO-
CTH.

ITonyuute y nabopaHTta CTEKNIAHHBIA LMIMHAD, apeoOMeETp W
pacTBOp XJIOPUCTOro Hatpus. OnpenenuTe ¢ NOMOUIBIO apeoMeTpa
IUIOTHOCTE 3TOro pactropa. [lone3ysick Tabnuuei, HalguTe mpo-
LIEHTHOE COJIEpHaHue COJIN B pacTBOPE.

Ta6nuua 1

o (G T B T
HOC g
%:; NaCl & ”mms NaCle |7 """ lume NaCle
20°C 100r pac- 20°C 100 NNOQ 100 r pac-
r/em’ wwo?r r/em’ M s s r/cm® B i
1,005 BEao7l 10 |1,140 19
12013 2811078 11 11,148 20
1,020 3 {1,086 1256 21
1027 4 (1,093 13 |1,164 29,
1,034 SEHILT O 14818879 08
1,041 6 1,109 15 1,180 24
1,049 780116 16 |1,189 25
1,056 8 (1,124 e o7 26
1,063 9132 1812 26,4

:CS BBINIOJIHEHUH OIbITa HY>XKHO CJII€AHTH 32 TEM, YTOObI
ap€oOMETp HE KacaJiCs CTEHOK LUMJIHMHApA. I'loxkazaHus IIKaJIbi apeo-
METpa CHUMAKOTCA IO HWXKHEMY MEHHUCKY XKHJIKOCTH.

Oneit 2. [Tpurotosnenne 100 ma 0,1 M pacTBOpa cepHOKHC-
JIOH Meu.
a) Paccumraiite kosmuectso CuSO,5SH20, HeoOX0auMoe

s npurotosienust 100 ma 0,1 M pactBopa CepHOKHCION Menu,

6) OTtBecbTe B NpeABapUTENbHO B3BELICHHOM CTAKaHYMKE 3TO KO-
JIMYECTBO COJIM HA XMMHUKO-TEXHHYECKHX Becax ¢ TOYHOCTBIO O
0,01r. B) IlepeceinbTe yepe3s BOPOHKY B3ATYIO HABECKY B MEPHYIO
xonby Ha 100 M1 ¥ TIATEIBPHO CMOHTE ¢ BOPOHKHM OCTaBUIYIOCS Ha

40

geit cone. HaBecky B koJyibe pacTBOpUTE B MAJOM KOJIMYECTBE BO-
161, IONIGHTE MEPHYIO K06y BOIOH JIO UepThl, 3aKpoiiTe NpobKoil 1
xopollo nepemeraite. I'0oToBBIN pacTBOp cAaiTe 1abopaHTy.

Omngit 3. [Ipurotonenue 100 mn 0,1 H pacTBopa cepHOKHC-
MOro LAHKA.

a) Paccuuraiite, kakoe xonuuectBo ZnSOy  7H,0 notpely-
2tes i npurotosnenus 100 ma 0,1 pacTBopa cepHOKMCIIOrO LIUH-
Ka.

0) OtBechbTe B NPEJABAPUTENILHO B3BEIIEHHOM CTAKAHYUKE ITO
KOJIMYECTBO COJIM HAa XMMMKO-TEXHUUYECKHUX Becax ¢ TOYHOCTLIO A0
0,01 r.

B) IlepeckinbTe uepe3 BOPOHKY B3ATYHO HABECKY B MEPHYIO
Kooy Ha 100 M 1 TUIATEIBHO CMOMTE C BOPOHKH OCTaBLUYIOCS HA
He#l conb. HaBecky B konbe pacTBOpuTe B MajJOM KOJMYECTBE BO-
JIBI, J0JIelTe MepHYIo KOJOy OO 4epThl, 3aKpoiTe MpoOKOM U XO-
pOIUO MepemMellanTe.

Ongit 4. [Npurotosnenue 20 r 10% -ro pacTBopa yriekucio-
ro HATpPHUs U3 KPUCTAIITHYECKOH COJIH.

a) Bpluuciaure, Kakoe KOJIMYECTBO KPHUCTAIIMMECKOH COJM
Na;COjse 10H,0 notpebyercs anst npurotopnenus 20 r 10%-unoro
pacTBOpa B pacuete Ha 6e3BoaHyt0 conb Na,COs,

6) OTBechTe B MMpPeBAPUTENLHO B3BELIEHHOM CTaKaHYHKE 3TO

'KOJIMYECTBO COJIM HAa XHMHKO-TEXHMYECKHX BecaX C TOYHO-
eTpto o 0,01 r.

B) Paccuurtaiite, Kakoii 00beM BOJIbI HEOOXOAUM Ui PacTBO-

'PEHUs B3STON HABECKH.

r) OTMepbTe MEH3YpKOH 3TOT 0OBEM BOJBI W PacTBOpUTE B
HEM B3BELICHHYIO cOJb. [loNydeHHBIH pacTBOpP BbUIEHTE B MPU-
COTOBJIEHHYIO CKJIHKY.

OmnbiT 5. OnpeaeneHyue KOHLEHTPaUUU pacTBOPa KUCIOTHL.

3anosHuTe OIOpETKY PacTBOPOM ILEJIOYM BbllIE HYJIEBOro
Jenenus. M30bITOK meaouu u3 O0peTky clIeHTe B M0CTaBICHHBIA
CTaKaH, MOKa HWKHUH MEHHUCK JXHUAKOCTU HE OCTAHOBUTCS Ha HY-
JIEBOM JieJieHuy OropeTKH (Mpu OTCYETe a3 Haburozarens JoJDKeH
OBITE HA OZIHOM YPOBHE C HIDKHUM KpaeM MEHHCKA JKMJKOCTH).
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Habepute mepHoif nmunetkodt 10 M pacTBopa KMCIOTBI U
BJieliTe ee B KOHHYECKyr KoJioy eMkocthto 100 mut. Tyna >xe BBe-
aute 2 karu pactBopa (esondraneuHa. Iloa kondy mosoxure
Oenplii MCT Oymaru M MPUCTYNHUTE K TUTPOBAHMIO: U3 OHOPETKH
[OpYIMBalTE PacTBOP LEIOYH HeGONbIIMMHU nopuusimMu (o 0,2 M)
B PacTBOP KMCJIOTBI, HEMPEPHIBHO MNEPEMEIINBAsl COAEPHKUMOE KOJI-
Obl.

Mecto, B KOTOpOE MOMajAaeT IIeN04Yb, OKPAIIKWBAETCs B Ma-
JIMHOBBIA 1BET, OBICTPO Mcyesaroluit npu B3GanTeiBaHud. Korpa
MaJIMHOBBIH LIBET HAYHET MCYe3aTh, NPUOABISITE PACTBOP IIEIOYH
[0 OJHOM Karuje A0 TeX Iop, 0Ka OT OJHOM Kaijiy pacTBOp NpH-
MET HEMCYE3aroly0 MaJMHOBYIO OkpacKy. Ha atom TuTpoBaHue
3aKOHYeHO. OTMeThTe NO JENEeHUSM OIOPEeTKH, C TOYHOCTBIO 0
0,05 M, obbeM pacTBOpa LIENOYM, U3PACXOJAOBaHHBIA HA HEHTpa-
JIM3aLUI0 KUCIIOTHI.

IToBTOpHTE TUTpOBaHME elle ABa pa3a. PacxoxaeHue Mexmay
pe3yJpTaTaMy TUTPOBAHUs HE JAOJDKHO npeBbimath 0,1 M.

IlonyyeHHble JaHHBIE 3aMUILMTE B TaOIHILLY.

3anuuuTe HOPMANBHYIO KOHLEHTPALMIO pacTBOpa KUCHOTHI,
ONpeENCHHYIO U3 COOTHOMICHHS

ﬁ,mzi .w\@xs i ﬁ.mEm.%% ;\quSFE

Tabnuna 2

TutpoBanue Obbem B3sToro | O6sem Cpennee
pacTBopa KMCJIOTHl | pacTBOpa | 3HaueHHe

HIEJI0YH obnema

© | wenoyu

e s niompene-ulf Fi et ias apasdilin e UaaRiRaR g
JICHHE W SOOI OO OR[N e B
2-e Wonpeme [ i Ei i il S St ; S
JIEHUE ORI 2 - e B
3-8 AOHPpEIeR LT LA PR L% e} R RIS
JICHUE PEINER I O TR e RS | S e
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‘ KoHTpoEHBIE BOIIPOCHI
1. PacTBOpBI, WX OTIMYME OT XMMHMYECKUX COEJUHEHUH M

-CMecei.

2. DHeprerudeckue 3pQeKThl pu 06pa3zoBaHUH PACTBOPOB.

3. PacTBOpUMOCTE, M€pa pacTBOPUMOCTH.

4. HacelileHHble, HeHACHIIUEHHBIE, NEpPEeCHIleHHbIE PacTBO-
)38

5. BiusiHUe TeMneparyphbl Ha paCTBOPUMOCTb TBEPIBIX, KU~
KUX ¥ ra3000pa3HbIX BELLECTB.

6. 3akoH ['enpu-ansToHa.

7. CriocoOsl BhIpa>keHUs1 KOHLEHTPALUU pacTBOPOB.

7.1. IINOTHOCTB pacTBOPOB.

7.2. MaccoBblii MPOLEHT.

7.3. MossapHOCTb, HOPMATBHOCTh, MOJISUIBHOCTB, MOJIBHAA
JOJIS1.

8. Onpenenenue KOHUEHTPALMKY METOOM TUTPOBAHMA.

JIABOPATOPHAS PABOTA Ne 6

PEAKIIMHA OBMEHA B PACTBOPAX 3JIEKTPOJIATOB.
NPOU3BEJIEHHE PACTBOPHUMOCTH

_umméssu [POTCKAOUINE B pacTBOpax 3JICKTPOJIMTOB, CBO-
JATCA K B3aUMOJICHCTBHUIO MEXAY HOHaMHU pacTBOPCHHLIX BCLICCTB.

 Peaxuuu B pacTBOpax 3/EKTPOJMTOB HJAYT TOJBKO B TOM Cllyyae,

€c/in B pe3yibTare 31eKTPOCTATHIECKOrO B3aMMO/IEHCTBHUS pasHO-
MMEHHO 3apSUKEHHBIX HOHOB 00pa3yloTcsi MOJIEKYJIbl HOBOTO Belle-
CTBa: TPYAHO PAaCTBOPHMOro, ra3000pasHOro MJIM MaJIOAUCCONUU-
poBaHHOro. EC/IM HM OJ{HO W3 TAaKUX BEIIECTB IIPH PEAKUUH He 00-
pasyercs, TO He MPOUCXOAMT U caMoii peakuuu. K cnabpim snek-

* TPOJIMTAM OTHOCATCSA HE TOJBKO MOJICKYIIBI cnabpIX KUCJIOT 4 OC-

HOBaHMMH, HO M HX HMOHBI, oOpa3yrolmuecs Ipyd JUCCOUUALMUH IO
NepBoOM Uy BTOpOH CTYTIEHAM (Hanpu-

mep, HCO; umwQM-,iQO "). KoHcTaHTa AMCCOLMALMH HX, KakK
IPaBHUJIO, MEHBIIIE KOHCTAHTBI JUCCOUMAUN COOTBETCTBYIOIIUX UM
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KHCJIOT M OCHOBaHMi. K cabhiM 3IEKTPOIMTAM OTHOCATCS M OTHO-
CHTEJIbHO NPOYHBIE KOMITJIEKCHBIE HOHBI.
Peaxunu, ugymme ¢ o6pazoBapuemM ciaadbix
2JIEKTPOJIUTOB:

a) Peakuuyu Heitpanuzaumu. [Ipoiiecc B3aMMOACHCTBUA
TMAPOKCH/I- HOHOB HOHOB BOJI0Opo/ia ¢ 00pa3oBaHueM ci1aboro e-
KTpOJIUTa BOJBI Ha3bIBACTCs peakuueil HeHTpanu3aluuu, Hanpu-
Mep:

KOH + HNO; —» KNO; + H,0,
OH™ +H" —H0.

O6pasoBanre 1 monb Boael u3 uomoB H' u OH™ npu
HEUTpanu3auuu CUJIBHBIX KUCIOT ClIa0BIMM OCHOBAHUSAMH COIpPO-
BOXJaeTcs BoiaesnenneM 57, 54 k] TennoTel (TemioTa HeuTpau-
3aLluu).

6) Peakumu, waymue ¢ obpazoBanvemM cinabbIX KHCJIOT WU
OCHOBaHUM, HAIPUMED:

CH; COONa + HCl — CH3;COOH + NaCl,

WM B MIOHHOH dopme:

CH;COO~ +H" — CH;COOH.

B) Peakuuu, conpoorxaaromuecs oOpa3oBaHUEM KOMILIEKC-
HOI'O MOHA, HallpuMep:

Zn(OH); + 2NaOH — Na;[Zn(OH)4],
Zn(OH); + 20H™ — [Zn(OH),]*" .
Peaxkunu, uaymue ¢ o0pa3oBaHHeM TPYAHO PACTBOPHMBIX
BeIECTB

3HaYMTENBHO Yalle MPUXOIUTCA UMETh AeNo ¢ 06pasoBaHU-
€M TPYIHO PaCTBOPHUMbIX BEUIECTB, KOTOPHIE YAANIIOTCS U3 cephl
peakLuy B BUAC OCaKa, HAIIPUMED:

Ca(NOs)y+NayCO; —CaCO3; 4 +2NaNO;s

VpaBHeHHE peaKkLiMd B HOHHOM Qopme UMeeT BU:

Cad’* +CO¥ —CaCOs 4.
H3yyeHue paBHOBECHs B HACBILUICHHBIX pacTBOpax CUJIBHBIX

3NEKTPOMTOB (HANpUMep, COJIeid) JaeT BO3MOMKHOCTH BBIACHHMTH
YCJIOBHs, BBI3BIBAIOLME 00pa3oBaHUe MJiM PACTBOPEHHE OCaJKOB B
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9THX pactBopax. [Ipu pacTBOpeHUM KPUCTAIUIOB 3JIEKTPOJHTOB C
HOHHOM KPHCTAIUIMYECKON PelIeTKON B pacTBOp NEPEXOIAT He MO-
JIEKYJIBl, @ HOHBL

B HachIleHHOM pacTBOpe KakKoW-mubo COMM € OCaAKOM
(nanpumep, CaC03) UMeeT MECTO paBHOBECHE:

G0 e g Ol
e e
CBsI3aHHbIE HOHEI owo§~
TBEPAOH COJH B pacTBOpE.

[Tepexoax uOHOB 3 TBepAOi ¢a3bl B >KUIKYH MPOUCXOJUT
TOJIBKO C MOBEPXHOCTH M HE 3aBUCHT OT KOJIUYECTBA TBEPJOro Be-
IECTBA.

O603HAaYMM YHUCIO MOJIb HOHOB, MEPEXOIAIUX B PACTBOD 3a
€JIMHULY BPEMEHHU C eIMHULUBI MOBEPXHOCTH, Yepe3 K ;. DTa BeJH-
yrHa OyAeT BbIpaXkaTh CKOPOCTb Mepexoja MOHOB B pacTBOP, T.€.
v =k, . OueBuaHo, BenuyuHa v | OyIeT 3aBUCETh TOJNBKO OT MpPH-
POJIBI BELIECTB U TEMIIEPATYPhI.

OO6paTHBIii poliecc - Nepexo] HOHOB U3 pacTBOpa B 0CAJOK -
[POMOPUHMOHaNeH MX KOHUEHTpauuu B pacTBope. CKOpPOCTh 3TOro
IpOLIECCa BBIPAXKACTCSl PABEHCTBOM:

v =ks[Ca’"][COI ], (1)
rae ko - ko3pdULMEHT MpoNnopIUOHATBHOCTH, PABHBIH CKO-
POCTH BbIJCNCHUS WOHOB M3 pacTBOpa Ha €JMHMLY NMOBEPXHOCTH

2+ 2+
ocajka npu koHuenTpauusx Ca” u CO;” , paBHBIX €AMHULE.

. B MoMmeHT paBHOBecus: |
-+ &y
vi=vy uky= ko _”Omu U_H O@w “_
[Tepenecs BenuuuHy k; 6 NEBYIO YaCTh, MOTY4aEM:
k 2 "
TCa R CO.),
\ﬁw
W3 3TOr0 paBeHcTBa BUIHO, YTO NPOM3BEJCHHE KOHLIEHTpa-
LU MOHOB B HACKHIIIEHHOM pPACTBOpPE €CTh BEIHMYMHA INOCTOSHHASA.
OTta BenMYMHA HA3BIBAETCS [POU3BEEHHUEM pPACTBOPUMOCTH U
06b14HO 0603HavaeTcs 6ykBamu I1P:
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UP.c =ita TE0 ] )

IIpousseaeHue pacTBOPUMOCTH XapaKkTepu3yeT
PAacTBOPUMOCTH TBEPAOTO AJIEKTPOIHTA MPU ONPEAEIIEHHOM TeMITe-
patype. M3 ABYX OJHOTHUIIHBIX COJIEH MEHBIUEH pacTBOPUMOCTHIO
obnamaer Ta COJib, Ui KOTOpPOW MpPOU3BEJEHUE PACTBOPHUMOCTH
MEHBLUE.

Cnenyert, 0/iHaKO, OTMETUTE, YTO pacyeThl Mo Qopmyine (2)
OyAyT TOYHBIMM TOJBKO B CIEAYIOLIMX CiIydasx: 1) koraa pactBo-
PHUMOCTE COJiel O4YeHb Majla U 2) KOrja pacTBOp HE COIAEPXKUT I0-
CTOPOHHMX COJIEH.

H3MeHsst KOHIEHTpalMiO HOHOB B HACHIMIEHHOM pacTBOpE,
MOXXHO HApyLIMTh PAaBHOBECHE U BbI3BaTh OCAKICHHE WIIM PACTBO-
PEeHUE OcagKa IEKTPOTHUTA.

Ocax/ieHue BBI3BIBACTCS YBEJIMYEHUEM KOHLIEHTPalUy HOHOB
nyTeM BBEIEHHs B pacTBOp OJHOMMEHHBIX MOHOB. [Ipumep: mpu
noGaBneHun kpenkoro pactBopa Na;CO3 K HachIIIEHHOMY pacTBO-

py CaCOs, yBennunBaetcs koHUeHTpauus uonos COZ™ B pacTBope

¥ PaBHOBECHE CMELIACTCs B CTOpOHY obpa3oBanus ocaaka CaCOs.

PacTBOpeHue ocajKa BbI3bIBAETCS YMEHBIUEHHEM KOHLIEH-
TpaUMH HOHOB MyTEM CBA3BIBAHHs UX B MOJIEKYJIBI MaJloJUCCOLUH-
pyromux Beuiects. [Ipumep: npu nobasnenun HCI K HACBIIEHHO-
My pactBopy CaCQs; ¢ ocafKOM IMPOMCXOAUT peakius MEeXay
MOHAaMHu:

OOwu i5 Ner = meQw.

Takum 00pa3om, MPOUCXOAUT YMEHBIUEHHE KOHUCHTpaUUH
MOHOB B pacTBOpe. DTO BBI3BIBACT CMEIIEHME PABHOBECHS B HAChI-
IEHHOM pacTBOPE B CTOPOHY 06pa3oBaHus HOBEIX HOHOB CO o
CYET pacTBOPEHHUs OCajKa.

Hepeaxo NpUXOAMTCS BCTPEUATECA C PEAKLMAMH, IIPH KOTO-
PBIX TPYOHO pacTBOPUMBIE COEJUHEHMA UMEKOTCS B UMCIE M UC-
XOJIHBIX BEILECTB, U KOHEUHBIX POAYKTOB, HAIIPHUMEp:

wDQQm& +NaSOy4 <=> BaSOq4d +Na,CO:s.
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Wmm:.omoosm MoI0OOHBIX CUCTEM CMEUIAeTCs B CTOPOHY O@—umu
30BaHUs BeLieCTBA ¢ MCHBUIUM 3HAYEHHUEM IMPOU3ZBCACHUA pacTBO-

. PUMOCTH.

Peaxnmn, ugymme ¢ o6pazoBaHueM rasza
K 3TMM peakuyusM OTHOCSTCS B OCHOBHOM PEaKLHH, COIpO-
BOXKAAIOIKECS BBIACICHHEM BOJOPOJHBIX COEJIMHEHHH Hemera-
nos H,S,HF, HCI, HJ, NH3 u np. Hanpumep:
ZnS + 2HCI — ZnCl ; + H;S T,
WJIY B MOHHOH opme:
ZnS+2H — Zn'* + H)S T

Tax xak cynbua [MHKA [10X0 paCTBOPUM B BOJIE, B HOHHOM
YPaBHEHWM PEaKiMU 3TY COJIb 3alUCHIBAIOT B MONEKYISIpHOH ¢op-
me. [Tpu 3TOM, OIHAKO, MMOMHST, YTO PACTBOpPEHUE cynbduia LUH-
Ka B COJITHOH KMCJIOTE€ MPOUCXOJHUT 3a CUET TOr0, YTO MEXAY ZuS,
HaXOSIIMMCA B COJITHOW KHUCNOTE, M PACTBOPEHHOH €ro 4acTbio
CYUIECTBYET paBHOBECHE:

Zns = 2w s
ocagok pacTtBop
KOHO_uOo CABHUraceTcs mEUNwO 1o 3@@@ CBA3BIBAHHUA HMOHOB ,.wm
B ZObQ@SE Om—uowohomuohm.
[leap paGoThi: M3ydeHHE peak Uil OOMEeHa B pacTBOpax 3jeK-’

~ TPOJIMTOB.

DKcrepuMeHTaNbHas 4acTh
O06pa3oBaHHe MAJIOPACTBOPHMBIX COeHHEHH

OneiT |.  a) B Tpu npo6upku Hanuthk 0o 1 Ml pacTBOpOB: B
OJIHY CEPHO# KHMCIOTHI, B PYTYI0 cyabdara HaTtpus Na;SOy, B Tpe-
TeIO cynbata meau CuSO, B kaxayto u3 npobHpox NpHOaBUTEH
no taxoMmy >xe ooreMy xnopuna 6apus BaCl,. Bo Bcex mpobupkax
obpasyetcs ocagok cynbdara 6apus BaSO,.

Hanucats MOJIEKyJISIpHbIE YpaBHEHUs peakuud U OfHO 06-
mee wonHoe ypasHeHue. [lox dopmynoit BaSO, HamucaTe uUBET
ocajka.
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6) K 1 mn pacteopa Hutpara cBuHua Pb(NOs); npunuts |
MII pacTBopa oauaa kanus KJ . HabmogaTe NBET BBIACITMBIIETOCS
ocajka. HanucaTe MONIEKYJISIpHOE 1 MOHHOE YPABHEHMs peaKIMi.

Onpit 2. [Tonp3ysch BLICTABICHHBIMM Ha J1a00paTOPHOM CTO-
Jie peakTHBaMH, OCYUIECTBUTH PEaKLHIO, BLIPAKEHHYIO CIIEAYIO-
IIMM MOHHBIM YpPaBHEHUEM:

Fe** +30H™ = Fe(OH);,

Hamucate MoJiekynsspHoe ypaBHeHMe peakuud. Ocamok
Fe(OH)3; coxpaHuTh JJis1 OMbITa 6.

Omneit 3. B oany npo6upky Hamuth | mMi pactopa cynbgarta
mequ CuSOy, B Opyryto Takoi sxe 06beM pactopa cyibdara HUH-
Ka, B TPETBIO pacTBOp Xjopunia sxenesa FeCls, B 4eTBEpTyIO pac-
TBOp xJopuzaa kagmus CdCl ;. [lpunuTh B Kaxayro npoOupky no 1
MI1 pacTBopa cynbduaa HaTpust NaaS.

Hanucate MonekynspHbie M HOHHbIE YpPaBHEHHWS peaKLUH,
ykazaB nojg dopmysnamu oOpa3oBaBILMXCA CylbPUIOB HUX LIBETA.
Coxpanuts npobupku ¢ ZuS Ajis onbiTa 4, ¢ cyabQuaamMu xenes3a 1
MeHU - JUIs OmbITa 9.

[locne onpITa TIWATENBHO BBIMBITh PYKH.

omﬁWwONNEEG MaJIOAHCCOUHMHPOBAHHBIX coefHMHEeHHIl U ra3oB

Onpit 4. JTo6aButh B MpoGUPKY ¢ CylpGUIOM LHMHKa ZnS
HEMHOI'0 pacTBOpa C CONIsIHOM Kuc0Thl. OGpasyiomuiics npu pe-
aKUUH CEPOBOIOPOJ OOHAPYKUBAETCS 110 3araxy. ;

HanucaTe MOJIEKyIsipHOE U MOHHOE YPaBHEHMs peakuuil.

OmnpiT 5. B HeOONBIIOM  KOJMMYECTBE BOIBI  B30ONTATh
IENOoTKy pacreproro B nopowmok mena (CaCOs;) u npuinth
HEMHOTO pacTBOpa coJisiHo#M kucyioTel. Kako# ras BeiienseTcs npu
aToM? COCTaBBTE MOJIEKYIIIpHOE ¥ HOHHOE YPaBHEHHS peaKuuu.

OnbiT 6. ITonB3ysch MOMYYEHHBIM B OMBITE 2 OCAAKOM M-
pokcupa xene3a .Fe(OH)s, ocymecTBUTL peakUHIo, KOTOpas BEbI-
paxkaeTcs CIeAYIOIMM HOHHBIM YPABHEHHUEM:

Fe(OH); + 3H" = Fe’* + 3H,0.

Hanucath MOJNEKyIsIpHOE YPABHEHHE PEAKIIUH.
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AMQOTEPHOCTE YJIEKTPOTUTOB
Oneit 7. Y3 umeromuxcs B JaOOpaTOpUU PeaKTHBOB MOJIY-

. YUATh OCajloK FMIOpPOKCUJa LUHKA. B36onTtare noiaydeHHbIH ocamok

¥ OTJIUTE HEOOJIBIIOE KONMYECTBO €ro B ABe Mpobupku. B oauy u3
npobupox no6aBute pactBop HCI, B npyryio NaOH (B u36kITKe).
Yro nabmopaerca? Hanucate ypaBHEHHS peakuuii B MOJEKyJAp-
HOH U HOHHOH dopmax.

Omnpit 8. Hanute B mpoGHpKy 2 MJI pacTBOpa COJM TpeXBa-
JISHTHOTO XpOMa M, BCTPAXHBAs MPOOUPKY, NPUIMBATE K HEMY O
KalulAM pacTBOp ILENOYM [0 MOSIBJACHHS Cepo-3elIeHOro ocajka
THAPOKCHIA XpoMa.

HanucaTe MoONeKynsipHoe M HOHHOE ypaBHEHHE DEaKIUH.
Ionyuennsiit ocanok pasgenuts Ha 2 4actu. K ofHO# NpHIMTH
pacTBOp KHCIOTEL, K APYTOH - U30BITOK pacTBOpa LIEJOYH.

Hanucats MoniekynsapHOe M HOHHBIE YpaBHeHHs 00€HX peak-
uuit. Y4ectp, yto npu pacteopenuu Cr(0H); (i H3;CrO;) B me-
JIOYM TOJIYyYatOTCA XPOMMTEI 3€JEHOTO LBETa - COJIM METaXxpOMM-
croit kucjiotel HCrO; tak kak H3CrO; mpu oGpazoBanuu conu
OTIIEILIAET MONEKYITY BOJbI:

H:Cr0; — HCrO,+H>O.

3aBHCHMOCTDh PACTBOPHMOCTH OCA/IKOB TPYAHOPACTBO-
PHMBIX 3JIEKTPOJHMTOB OT BeJIHYHHBI HX NPOU3Be/eHHA
PACTBOPHMOCTH

Oneit 9. Ha nonyueHHsle B OMbITe 3 OCaaKd CYIb(OUIAOB
JKenesa 1 Menu nopeicTsoBath 2 H pacTBOpOM COJISHOW KHCIOTEL.
Kako#t u3 ocanxoB pactBopuics? OOBsACHHTE pa3jiuvue B pacTBO-
PHMOCTH OCAaAKOB, HCHOJB3Ysl 3HA4YeHUS NPOU3BEIACHHI pac-
TBOPEMOCTH: TPps=5,18+107%  ITPcus=3,5-10™%

Hamuuimre noHHBIE YpaBHEHUS PEaKIIUM.

KoHTpoJsibHEIE BOPOCH]
1. CyIHOCTE TEOPUH NEKTPONUTHIECKON IUCCOLHALIHN.
2. KHCOTBI, OCHOBaHHMSI M CONMH ¢ TO3ULMH Teopuu
SEKTPOJTUTHYECKOM JTUCCOLMAIHH.
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3. CreneHb JMCCOLUALUH, BIMSIHHE  KOHUEHTpauHuu
pacTBOpa M TEMIIEPaTyphl HA €¢ BEIIUUHHY.

4. KoHcraHTa [UCCOLIMALIMM, €€ CBA3b CO  CTCHEHbIO
JIUCCOLIMALIUM.

5. U3oToHH4eCKuii KO3 PHULIMEHT.

6. Ilpou3BeieHEe paCTBOPUMOCTH.
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