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MerToauYecKue yKa3aHus I CaMOCTOSTeIbHON MMOArOTOBKA

Y BBITIOJIHEHUS J1a00paTOPHBIX paboT Ne 1-6 Mo AuCIUIUTHHE
"Xumus" sl CTYACHTOB OakallaBpHaTa U CIICHUATbHOCTEH
BCEX HAIIPABIICHUH OYHOU UM 3209HOHN (opM 00yUCHUS
/ ®I'bOY BIIO «Boponexckuii TocyaapcTBEHHBIH
TEXHUUYECKUH yHUBepcuteT»; cocT. B.B. Kopneena, A.H.
Kopueesa, B.A. He6onbscun. Boporex, 2015. 50 c.

B MeToguyecKuX yKasaHMsX OTpakeHbl TEOPETHYECKHE BO-
MPOCHI Pa3IMYHBIX Pa3/eioB XUMHH IS CAMOCTOATENLHOMN paboThI

CTYAEHTOB IIPH NOArOTOBKE K BBINOTHEHMIO 1a00paTOpHBIX paboT

0 3THUM pasjeciaM.
IIpﬁﬂHa3HanHblﬂHﬂ CTYHJEHTOB IIEPBOro Kypca.

Ta6n. 7. n. 1. bubnuorp.: 5 Hass.
PelnieH3eHT KaHJ. XUM. HayK, gou. B.I1. 'opuiyHoBa

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

INeuataeTcs MO PEIICHUIO PEJAKLIMOHHO-H3ATENBCKOTO CO-
BeTa BOPOHEXCKOr0 rOCYIapcTBEHHOIO TEXHHYECKOTO YHHBEPCH-

TE€Ta

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

NDPEJMUCIIOBUE

3ajaya HacCTOALIMX METOIMYECKMX YKa3aHHH - 3aKpenuTh H
YrilyOuTh 3HaHUS CTYHAEHTOR IPH M3YYEHHH TEOPETHYECKHUX OCHOB
xumuu. B Hux nogo6paner paboTel, OTpa)arolue Kype XUMHHM, YH-
TaeMbIH JUIA pa3jIMYHbIX HanpaBlcHUH U crenuanbHOcTel Bopo-

HEMXCKOI0 roCy/IapCTBEHHOIO TEXHUYECKOT0 YHUBEPCHUTETA.
Meroauueckue ykazaHMs HMEIOT TEOPETHYECKOE BBEICHHE K
KaX/I0M paboTe, paccyMTaHbl Ha CaMOCTOSTENBHYIO MOArOTOBKY
CTYJIEHTOB 10 COOTBETCTBYIOUIMM TeMaM H IpeJBapHTENbHOE
ocnaxomienHe ¢ cojepskanveM JlabopaTopHoi pabothi goma. B

KOHIE KaX(1I0H paboTh! AaHB! BONPOCE! U1 CAMOKOHTPOJIS.

BBIIIUCKA
N3 HHCTPYKIMH 11O TEXHHUKE BE3OIIACHOCTH

L. Tlpu BbinOIHEHKH JIaGOPATOPHBIX PaboT MO KypCy XHMHH
0043aTe/IbHO BbINOJHEHUE BCeX TpeGOBaHMM Mo TexHUKe Ge3omac-
HOCTH NpH paboTe B XMMHUYECKUX 1a60paTopusax U 0OCTYKHBAaHHU
JIEKTPOYCTAHOBOK.

2. K Beiosinennio 1abopatopusiX paboT CTYAEHTLI JOMyc-
KaloTCs TOJIbKO mocie Geceap! ¢ MpenojaBareieM Wil [AeXypPHBIM
n1ab0paHTOM O COJIEPXKaHMK U HOPSI/IKE BBHIIOJHEHMS IKCTIEPHMEH-
Ta, CTPOro cobyozas BCe YKa3aHUs MO TeXHMKe Ge30MacHOCTH,
KOTOpbI€ JIaHbl B METOAMYECKMX YKA3AHUSAX NPU ONMMCAHHMHU OIbI-
TOB.

3. Kateropuyecky BocnpeLi2eTcs NPOU3BOAUThL pa3iudHbIe
HCHBITAHUA U OIBITBI, HE YKa3aHHbIE B PYKOBO/ICTBE.

4. Ilpu HarpeBaHWM MAKOCTH AEpKaTh NMPOOHPKY OTBEp-
CTHEM B CTOPOHY OT cebsl M coceliei, HaXOAAIUXCS PALOM.

5. Bce ONBITHI C ANOBUTBIMH K HEIPUSATHO MaXHYLIMMH Be-
IECTBAMH IIPOBOJUTE B BBITSDKHOM LUKaQy.

6. IIpu paGoTe NOCTOAHHO CIEAUTH 3a TEM, YTOOBI pEaKTH-
BBl (OCOGEHHO KMCIIOTBI, LIEI0UYM) HE MONajaid Ha JHUO, PYKH U
Oy BO M30€KaHHE OXKOTOR, NMOPYU ONEXbl. PexoMenayeTcs,
HallMBask pacTBOp, AEpKaTh NpoOHPKY U CIJIIHKY C pacTBOPOM Ha
HEKOTOPOM pacCTOSHUH OT ceOs.




7. Ilpu pacrno3sHaBaHHM BEIAENAIONIErOCA rasa [0 3amaxy
clielyeT HIOXaTh a3 TOJIBKO M3/ajld, HarpaBliisd €ro CTpyio IBH-
YKEHMEM JaIoOH! PYKH OT cocyna K cebe.

8. Kareropu4yecku 3anpeuiaeTcs BbUIMBATE W3MHILEK PeaKTH-
Ba 00paTHO B CKIITHKY, U3 KOTOPOi OH B3ST.

9. He myTath mpoOKH OT PEAKTHUBHBIX CKIISTHOK.

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

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

12. INpunumatre nuuly B 1a00paTOpUH KaTErOPHUYECKH 3a-
npeujaeTcs. !

13. Ilocne paGoTE! TLIATEIEHO BEIMBITE PYKH.

14. Kaxpaplid CTyAEHT AOJDKEH 3HAaTh MECTO HaXOXKIAEHHUS
NPOCTEHIINX CPEJCTB OrHETYLIEHHWHU: BOJA, IIECOK, CHELHAJILHBIE
oJiesNa, OPHETYIUUTENH, & TAKOKE YMETh UMM [0J1b30BATHCSL.

15. Bce anekTponpubOpel U JIEKTPUYECKHE YCTAHOBKU 06-

IOEero noJib30BAaHUA TaKHE, KakK BBITSDKHO U U_[Kafb, BBINPSIMUTEITHA
S3JIEKTPUYECKOI'0 TOKA, BK/IIOHANOTCA TOJIBKO IpernoAaBaTeiieM HIIU

11ab0paHTOM.

16. B cnydae HeoOxoaAMMOCTU oOpalaThes K MpernojaBare-
JIIO WM Jab0paHTy M MCMONb30BATh ANTEYKY Ul OKa3aHHUA 3KC-
TPEHHOH MOMOIUH.

JABOPATOPHAS PABOTA Ne 1
OCHOBHBIE HOHSITUS M 3AKOHBI XUMHA

Onsit 1. OnpeneneHne XMMUYECKOr0 3KBUBAJIEHTa MeTallla
1o o6’beMy BOI0pO/IA. '

XUMHYECKMM ODKBHUBAJIGHTOM DJJIEMEHTa HAa3bIBA€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 OYEHL BaXKHBIH U1 XUMUM
3aKOH 3KBUBAJIEHTOB: BEIIECTBA B3aUMOIECHCTBYIOT MEXIy cOOOH B
MacCOBBIX KOJIMYECTRAX, PO NOPLUHUOHAIBHBIX X IKBUBAJIECHTAM.

MartemaTHYeCKOe BBIPAKEHUE 3aKOHA SKBUBAJICHTOB:

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

W3 3axoHa 9KBUBAJICHTOB BbLITEKAET:

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

2. DKBUBAJICHT 3JIEMEHTA MOXHO OTPEJENIUTh 0 COCTABY €ro
COCAMHEHUs C APYTUM 3JIEMEHTOM, SKBHBAJIEHT KOTOPOrO H3Be-
CTEH.

Mex iy 3KBHBaJIEHTOM 3JIEMEHTa 3, €ro aTOMHOM Maccod A
Y BaJIEHTHOCTEIO 3JIEMEHTA # CYIIECTBYST COOTHOIICHHE

T.€. DKBHBAJICHT 3JieMEHTa 3aBUCUT OT €ro BAaJICHTHOCTH B
JlaHHOM coejauHeHun. Ecnu 37eMeHT 00pa3yeT HECKOJIBKO COeAM-
HEHMI C KAKUM -JIMOO 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 yrinepoaa CO; - 3 a.e.m. (12/4).

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

1. DKBUBAIEHT OKCH/IA MOJICKYJIIPHOHM Macce OKcuaa, AenéH-
HOM Ha NMPOM3BEICHHE YKMCIAa aTCMOB 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:
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3. DKBUBAJIGHT KHCJIOTBI PaBeH MOJIEKYJSIPHOM Macce Kuc-
JOTBI, JIEIEHHOH Ha €€ OCHOBHOCTb.
Hanpumep:

M. 8 -
- I, 50, = %ﬁo‘ = ~92— =49 a.e.m.

4. DKBHBAJIEHT COJIU paBeH MOﬂeK}/ﬂHpHOFI Macce COJIH, ne-

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

3AIZ(S0.; ) i 23 = 6 =57 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.
I/Ii,uanee, IONB3YACh 3aKOHOM 3KBUBAJIECHTOB, ONPEACIISIIOT SME s

mMe
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!__]CJ]I: [ZaGOTbIZ OIpEACIICHUC 3KBUBAJICHTA METallla METOJIOM
3aMelIeHHuA BOaopoaa. 2

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 NpUCcOeIuHEHa podupka 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
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GropeTke A BHayalle HECKOJBKO MOHM3HTCS, 3aT€M OCTaHeTcs Ge3
VI3MEHEHHSL.

VoenuBuiucs B repMeTHiHOCTU Npubopa, BEpHUTE OIOpETKY
B cHOBa B Takoe MOJIOXKEHHE, YTOOEI Boia B 00eux OropeTkax Oblia
Ha OJHOM M TOM JKE YPOBHE. ’

ITonyunte y nabopaHTa B3BELICHHBIM Kycouek Merala u
NIOMECTUTE ero B OJHO W3 KOJIeH MPOOHPKH, a B APYrO€ KOJIEHO
npobupku Hanelte 10 mn consHol kucioTe (1:1). 3atem mosep-
HHTE NPOOGUPKY TakuM 06pa3oM, 4ToGhl KACJIOTA MEepeniach B TO
KOJICHO NpoOHUpKH, rAe HaxoauTca MeTal. OTMETLTE YPOBEHb BO-
Il B O10peTKe no HmwkHeMy MeHucKy. Korpa Beck MeTail pacTBo-
PHUTCS, MPEKPATUTCS MMOHUWXKEHUE YPOBHA BOJbI B GropeTke. OKOH-
yaTepHbIM TOYHBIM OTCYET NokazaHui Ha OlopeTke caeaite Imo-
clie TOro, KaK MpoOHpKa OXIaguTcs 10 KOMHATHOR TeMOepaTypsl.

Pe3ynpTaThl U3MepeHUi 3anumuTe B Ta0. 1.

Tabnuua 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-
paTtype
OnbITa

Pio- 12

[TpuBenure 00BEM BBIAENHBLIErOCS BOAOPOJA K HOPMalb-
HBIM ycloBUsAM. [Ipu 3TOM y4TUTE, YTO BOJOPOJ, COOpAaHHBIH Hajg
BOJIOM, COMEPKUT BOSHOM nap U 4To olliee naBieHue ra3a B Oro-
peTke, paBHOe aTMOC(epHOMY, CKJIAABIBACTCA M3 INapUUalbHbIX
JIaBJieHu# BoJOpoaa U BOASHOrO napa. Takum obpa3om, 06seM Bo-
JIOpoJa MPH H.y. ONPEAENIeTCs 110 YPaBHEHHUIO:

 V(p=Pup) 273
S OBYD- 101396

rac pHZO - JAaBJICHHC HACBIIICHHOTO BOAAHOTO IIapa npH

Temnepartype onbiTa (Tadi.2).

Tabnuua 2
P08 B2 o7 1,94 YT G o e R i
2
t R 16 (7 18 19 2.0

10> |2,49 |2,64 I VR s T

o 21 2 23 24 25

OKBUBAJICHT MeTala, cooTBeTcTBYyIomuid 1,008 r Bogopoaa
(mo o6wvemy 11200 mn), paccuutaiite no gopmyine:
j 11200 m
Me VO i
B zawmodenue BpluMcIuTe BeauduHy owubku (1) B
NpoueHTax 1o gopmyne:

(amcou 0 33/\'01)
=1t = (00"

meop

Ongit 2. Onpefenedye MOJSIPHONR MacChl YIJIEKHCIIONO rasa.

MonekynspHOH Maccoif BellecTBa Ha3bIBae€TCs Macca ero
MOJIEKYJIbI, BBIPA)KEHHAs B aTOMHBIX €IMHULIAX Macchl (a.e.M.). .

3a aTroOMHYIO €AMHUUY Maccbl NpuHATa 1/12 4Yacte Macchl
atoma '2C. MoJleKy/iapHas Macca - 3TO OTHOCHTENBHAs BEJIHYHHA.
Ona Mmoka3bIBaeT, BO CKOJiBKO pa3 Macca JaHHOM MOJIEKYJIbI 00Jib-
me 1/12 maccel aroma "°C. Tax, monekynspHas Macca KUCIOpoza
cocTaBiiier 32 a.e.M.

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




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

Fed
M=,

14

TZie m - Macca BEMIECTBA B rpaMMax M KMJIOTpamMMax; v
~KOJIMYECTBO BELIECTBA, MOJIb.

MonspHas Macca BELIECTBA, BBIPDKEHHAsA B IpamMMax Ha
MO (KI/MOJIB), YMCIIEHHO paBHA ero OTHOCHTENHHOH MOJIeKysp-
HOM Macce, BEIpaXkeHHO# B a.e.M. Tak, MoJisipHas Macca KUciopoa
paBHa 32 r/MOJIb. !

MHOTrHe pacyeThl JJis IPOLECCOB IPOU3BOJATCA C UCHOJB30~
BaHHEM 3aKoHa ABOraapo, KOTOpPBIH IJIaCHT: B paBHBIX 00beMax
Pa3TMYHBIX ra30B MPY OJAUHAKOBEIX YCIOBHAX COJEPXKUTCA OMHA-
KOBOE YHCJIO MOJIEKYII.

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

IeKyNl IpH OJIMHAKOBbIX YCIOBHSX 3aHMMAET OIMH U TOT XKe 00beM.
1 mMonp moboro rasa CoOAEPXHUT OAUHAKOBOE YHUCIIO MOJIEKYII
W, CJIeJOBATEeNbHO, 3aHUMAaeT MPHU OJUHAKOBBIX YCIOBHUAX OJIMH U
TOT e 00BeM. DTOT 06BEM Ha3bIBaETCs MOJISIPHBIM; mpu H.y. (0
°C; 0,1 MITa) ou paBeH 22,4 n/Moib.
MosipHytO Maccy rasa MOXHO HalTH, 3Has €ro OTHOCHUTEIb-
HYIO IUIOTHOCTE. OTHOCHTENBHOM MIOTHOCTEIO JI Ha3biBaeTCs OT-
HOUIEHHE Macchl OJHOIO rasa K Macce Takoro ke odbema JApyroro
- rasa, B3STBIX TIPU OJAUHAKOBBIX YCIIOBHX:

Yajue BCero OTHOCHTEIBHYIO IJOTHOCTH a30B ONpPEJCNsIoT
no Boxopoay My wiu 1o Bo3ayxy [sozs. Ilpu 9TOM NpHHUMAIOT
MOJIEKYJIAPHYIO Maccy BO3yXa Mposy. paBHOH 29.

N3 3akona ABOF&APO CJICAYCT, YTO NPH OAMHAKOBBIX YCIO-
BHAX MACCBHI 1 paBHBIX 00BEMOB ra3oB OTHOCATCA, KaK UX MOJIAp-
HBIE MACCHI:

m, M,

C M,
NEAOBATENLHO, [ ponr = B S R TR
Tk

M, :ﬂBOS'/]- M.

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

MJ:ﬂH'MszrZZH (a)
Uiu
M =4 Boyl " M BO3 = 2974 BO3IL ; ©)

Llenp paGoTbl: onpepeneHue MOJAPHONR MAcchl YrIIEKMCIOTO
rasa ¢ UCIOJIb30BaHUEM €ro OTHOCMTENBEHON IJIOTHOCTH N0 BO3AY-

Xy.
DKCIepUMeHTalbHas 4acThb

Cyxyro kojify 3akpoiite npobKkoil U OTMETHTE BOCKOBBIM Ka-
paHaaoM YpOBEHb, 40 KOTOPOro npodKa BOLLIA B FOPJIO KOJIOBL

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

JlyXOM B TabnuiLy ().
HanonHute konly yriaeKC/IbIM ra3oM, HUCNOJB3Yys annapar

. Kunna.

I'a3 mpomnyckaiite B KOJOY MEMIEHHO, TaK, YTOOBI MOXCHO
ObUIO cuMTaTh NOOYNBKKBaOIUE My3bIpbKU. Yepes 5-7 MUHYT, He
3aKphbIBad KpaHa, MeJICHHO BbIHBTE OTBOJHYIO TPYOKY M3 KOJIOBI U
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TOTYAaC 3aKpoiTe KoNOy MpoOKoi. 3arem nepekpoiiTe KpaH anmapa-
\ Ta Kunna.
‘ B3gecbTe KOMOY C YrIEKUCTBIM Fa30M Ha TEX K€ BecaX U C

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

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

m} He 6osee yem Ha +0.01r. Eciu pasHua B Macce mpeBblimaet

9Ty BEJIMYMHY, 3alOJHUTE KO0y B TPEeTHil pa3 U B3Bechre. Ecnu
K€ JBa INOCJECAHUX B3BELIMBAHMS OTIWYAIOTCA APYr OT Apyra He
Gonee yem Ha 0,01r, TO Hamo/sHeHue KOJIOBI CHEAYET CUUTATh 3a-
\ KOH4YeHHBIM. [IOCTOSHCTBO Macchl - TapaHTHs YUCTOTHl YIJIEKHC-
JIOTO rasa.

Hsmepbre 00bEM KOOI (V), U 4€ro HaroJHUTE AMCTHUII-
JIMPOBAHHOM BO/OH N0 YepTHl Ha Lueiike KOJOBI K BhUIEHTE BOJY B
MEpHBIA UMIUHAP.

PCB}/IIbTaTbl onpeaciceHuss MaccChl KOJIOBI C BO3AYXOM m; U C

YIJIEKUCNIBIM Ta30M My, €€ 00séMa V, a Tarke MoKa3aHus TEPMO-
MeTpa u DapomeTpa 3anuiliuTe B TabIuLy.

Tabnuua 3
Macca Macca xoin- | O6béM | AbcomoTHas ATMOcdepHoe
KoJObl ¢ | 6b1 ¢ Mpo6- | KONOBI | TeMIlepaTypa |[JaBlieHue  TMpH
npo6Koil | Kol M yrme- | V, M’ | IpoBeleHHS [IpOBEAEHUH

YU BO3AY- | KUCJIBIM Ta- oneita T, K onpita  p, [1a
XOM mi, | 30M My, KI
KI'

Haiigute maccy Bo3ayxa B 00bEME KONOBI Myosn, MMEA B BH-
Xy, 94To Macca 1 M’ BO3JyXa NpH HOpPMAJBHBIX YCIOBHAX PaBHa
1,29 xr. [Ins sToro o6béM KoJOBI HEOOXOAMMO NPHUBECTH K HOP-
MaJIbHBIM YCJIOBHSAM 10 GopMmyIie:

VBT,
gl TR MO T v

T-F,
I 70 KT
Macca kos0bI 63 Bo3yxa ms paBHa:
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CrnenoBaTellbHO,

BnoBb 3anonHute I(O,ﬂ6y YIJI€KUCIIBIM I'a30M, 3aTEM B3BECETE |

M3=m | ~Mposg-
Maccy yriekuciioro rasa i, ONpeeNUTe CleyIOuHM 06-
pasom:
mmz =Io=113:

Tenepe MOXHO HaHTH OTHOCHTEJBHYIO IJIOTHOCTH YIJIEKHC-
JIOro rasa 1o BO3IyXy: ¥

i o
Hpog 57— ¢

6030

Hakonew, 3Has /],,,s, Halinute M co, -
M o, = 290503

OtHocurenbHyro oubxy paccyuraiite no gopmysie:
v A/j‘é'bo‘().” Al 3KCIT

IT= 2% L o0

TEOP
co,

KoHTponbHele BONpock
1. OcHOBHBIC MOHATHA XUMUHU;
1.1. ATom, MOJieKyia, XUMH4ECKHIl 2TIEMEHT.
1.2. AToMHas macca, MonieKynsipHas Macca.
1.3. Monb, MosisipHas Macca.
1.4. DxBuBaNeHT, SKBUBANEHTHAsd Macca, BaJICHTHOCTh. K-

BHUBAJICHT CJIOXKHBIX BELICCTB: OKCHIOB, KUCIOT, OCHOBaHWi, cO-
JIEH.

; 2. OCHOBHBIE 3aKOHbI XUMUM:
\ 2.1. 3aKOH COXpaHEeHHs MACChI BELIECTB.
] 2.2. 3aKOH MOCTOSHCTBA COCTABA.
2.3. 3aKOH 3KBHBACHTOB.
‘ 3. OCHOBHBIE Ta30BbIE 32KOHBIL:
ol 3.1. 3akon ABorapo.
3.2. VpaBHeHHE COCTOSHMA WIeaNbHBIX razos (KnaneipoHa-
Meunneneesa).
f 3.3. 3aKOH napuUMahbHbIX AaBJIeHHMIL.
4. Pewruts 3a1a4yu:
4.1. OnpenenuTs MOJISIPHYIO Macey rasa, eciu 4,285 r ero
: 3aHUMAIOT O0BEM NPH HOpMaJibHEIX YeIoBUaX 3,0 I

Ll

|
l
|




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

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

yeinoBusax 3,0 i
rasa, ecnu 4,285 r ero 3aHUMarOT OOBEM IIPU HOPMAIBHBIX

ycsoBusax 3,0 n.
4.2.B 2,48 r oxcuaa OHOBAIEHTHOT'O METaJl/1a CONEPXKUTCS

1,84 r meTania. BerquciuTe SKBUBAJIEHTHBIE MACChl METAIlIa Uero
OKCHJA.

JIABOPATOPHAS PABOTA Ne 2

NEPUOIUYECKASI CUCTEMA .. MEHJEJIEEBA
U CTPOEHUWE ATOMA

VyeHue O CTPOCHUU aTOMa BCKPBUIO IyOOKMH (U3MYEeCKU

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

nupoBke 3BYUUT: «Ce0UCmEa NEMEHIO8, A MaKdice Hopmbl U
C60TICMEa ux COeOUHeHUL HAXOOAMCS 8 NEPUOOUYECKOU 3A6UCUMO-
CMU Om eaUNUHBL 3aPA0A A0PA UX ANOMOE.

INepuomuyeckas CUCTEMa COCTOMT M3 7 MEPHOAOB (ropu-
30HTalIbHBIE psAAbl) U 8 rpynn (BEpTHKAIbHbIE PA/BI, MPEACTaB/IA-
[OlME TOCIIEOBATENbHBIA P 3JIEMEHTOB, Pa3MELIEHHBIX B MO-
psjlike BO3pacTaHMs 3apsaja sAapa aTOMOl?, S‘SIICKTpOHHa}; KOHpHUTY-
pauus KOTOPBIX U3MEHSETCS OT 1™ [0 s np. WM JI0 ns” Y NepBOro
nepuoia), KOTOphle [EeJSATCA Ha MIaBHYyO noarpynmy (A) u no6o4-
uyto (B). I'maBHas noarpymma (A) HaUMHAETCs 3JIEMEHTaMH 2-TO
nepuoja. [lepBble TpH NepHOJa HA3BLIBAIOTCA MAJBIMU M COJEpXKAT
2 u 8 sneMeHTOB, 4.5.6-0ii — GonbUMU U cojepxar 18 u 32 sie-
MEHTa, 7-0# - He3aKOHYEHHBIH.

[TeprOAMYHOCTD 3NIEKTPOHHOTO CTPOEHHs aTOMOB 3NEMEH-
TOB 3aJl0)K€HA B CaMOM [OCTPOEHHH NEPUOJUYECKOH CHUCTEMBL.
Omna 3aKIro4yaeTcs B TOM, 4TO 4Yepe3 Olpees€HHOe KOJHYECTBO
3JIEMEHTOB TIOBTOPAOTCS S, p, d, f -3IEMEHTHl C OJUHAKOBBIMH
KOH(HIypalUsAMH BHEUIHUX 3JIEKTPOHHBIX YPOBHEH U opOutane,
T. €. K@Kl Mepro/i HaUMHAeTCs JABYMs s- JJIEMEHTaMU, a 3aKaH-
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YMBAETCsl MHEPTHBIM [a30M C 3JIEKTPOHHOMN CTPYKTYpPOH BHELIHEro
ypoBHs s°p®. WTak, s- 37eMEHTH HAXOAATCA B [VIABHBIX MOACPYIl-
nax lu 2-o#f rpymni, B OCTAIBHBIX [VIABHBIX NOAIPYIIIaX HAXOAATCS
P — DIEMEHTHI; d U f - 3JIeMEeHThl pa3MelIaloTcs B MOOOYHBIX MO/~
rpynnax. JlanraHouae! ¥ aktuHous! (f — anementel) B 111 rpymnme
noO0YHOM MOArpyMIbl B COOTBETCTBUU ¢ OCOOEHHOCTAMH X DJIEK-
TPOHHBIX KOH(}urypauuil (B wierkax 57 u 89 snementor). V d —
3JIEMEHTOB Ha BHEIIHEM 3JIEKTPOHHOM YpOBHE He GoJiee 2-X dJieK-
TPOHOB (COrNIaCHO NPUHUMIYY MHHUMYMa JHEPruH, MEPBOro mnpa-
Bu1a KneykoBcKoro cHayana 3amosiHsIeTcs s — OpOUTasb BHELIHErO
5JICKTPOHHOIO YPOBHsA), a OCTa/lbHEIE NEKTPOHBI 3aMOHAIT d —
opbHTaNb NMPEeNNOCACHEr0 3MEKTPOHHOTO YPOBHS (KOJNMYECTBO UX
onpeenseTcs Mo Pa3HOCTH MEXIy HOMEPOM TpyIIibl M YUCIOM
3JIEKTPOHOB Ha s- opbuTanu). CX0ACTBO 3J€MEHTOB I[JIAaBHOW U [0~
OOYHOM MOArpYNN MNPOSBIAETCS MpPU BBLICIIEH IIOJOXKTENBHO
CTEIICHH OKMCJIEHHMS, KOIa 3JIeMEHTbi 00euX moArpynn obpasyiot
KMCJIOTHBIE OKCH/bL. DJIEMEHTHI [VIaBHbIX MOJPYII HMEIOT OAMHa-
KOBO€ CTPOEHHME BHEIIHETO JIEKTPOHHOrO YPOBHS (Y HHMX 3amoJi-
HAIOTCS § U p- OpOuTasn).

Pu3MYECKHE U XMMHYECKUE CBOWMCTBA JIEMEHTOB M HX CO-
€AMHEHUH ONpPENENAOTCS 3IIEKTPOHHBIM CTPOSGHUEM MX aTOMOB H
NEPUOAMHYECKUM U3MEHEHHEM HX aTOMHBIX PaIiyCOB.

ATOMHEIE PaHyCEl 3]IEMEHTOB MEPHOJUUECKH M3MEHAROT-
Csl B 3aBMCHMOCTH OT BEJMUYMHBI 3apsaa sapa. B mepuoae atomuble
paguychl YMEHbIIAIOTCA OT IENOYHOTO MeTalla K rajioreHy, 4to
0OBsACHACTCA TEM, YTO ¢ YBEJIHYCHHEM 3apAJa AJIpa yBeIHUMBACTCA
CHJIa KYJOHOBCKOIO MPUTDKEHHs 31EKTPOHOB K sapy, KoTopas
NpeBaJUpyeT Hal CHJIaAMHM B3dHMHOrO OTTAJIKHMBAHHS 3JIEKTPOHOB.
B rnaBHBIX noArpynnax aroMHble pauychbl, Kak MpaBuIio, YBEJIU-
YHMBAIOTCA NPU YBEIMYEHUH HOMeEpa nepHoia (HO eCTh HUCKIIoYe-
HUA).

Ewg B Oosbuiel crenenu nposiBAsSETCA NEPUOIUUIECKOE

' UIBMEHCHHUE DJHEpPruy HOHH3aLMH ¢ U3MEHEHHEM BHCKl‘pOHHOﬁ

CTPYKTYPBL: «DHepaus, Heobx0oumas Ons yoanieHus 0OH020 MO
SNEKMPOHOE OM O0OHO20 MONAL QAMOMO8 KAK020 NUOO 31eMeHma,
Haszwvigaemcesa nepgou snepeueu uonuzayuu Ij». B pesynprate u
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HOHHM3aHUH aTOMBI MPEBPAINAIOTCA B [ICJIOXKHUTEJIBHO 3ap;1>i<emxme‘

HOHEIL.
PaBMCpH()CTb SHEPruyv MOHMU3ALMKU BhipaKaeTCs HIA B KHJIOKOY-

71X Ha MoJib (kJIK/MOJIB), MM B 2neKTpoHBOJIbTaX (OB).

B rnaBHO# MOATpYIINe NpU YBEIIMYEHUH MOPSAKOBOTO HO-
Mepa HaGJIOJaeTcs YMEHBIUEHUE [; YTO CBA3aHO C YBEIMYCHHEM
pajidyca aTOMOB, a 3HAYHT M YCHTIEHHEM METAIMYECKHX (BOCCTa-
HOBHUTENBHBIX) CBOMCTB. B mepuonax B OCHOBHOM TPOUCXOJUT
MOCTENCHHOE yBENMYEH e dHepruy HoHuzauuu I; (He 0e3 ueKmo-
yeHMii) B CBA3M C YMEHBILIEHHEM pajinyca aTOMOB, a, CJieJ0BaTelIb-
HO, YCHJICHHEM HEMETAUIMYECKMX CBONCTB.

«Onepzemuneckutl 3¢pgpexm npucoeouHenus Mons NeKmpo-

HO8 K MO0 HEUMmpanbHblX amoMOGE HA3bI6ACMCS CPOOCHBOM K
anekmpony E.,». B pesynprare aTOMbl NPEBPaIllaloTCss B OTPULA-
TEJBHO 3apsKEHHbIE HOHBL.

Jlns xapaKTepUCTHKH CIIOCOOHOCTH aTOMOB B COEIMHEHUSX

MPUTATUBATE K cebe QJICKTPOHBI BBEAEHO IOHATHEC SNeKmpoor-

puyamenvrocmp (D0), KOTOpas BbIPAXKAETCA CYMMOH WM MOJY-
CYMMO# 3HEepruy MOHH3ALHUH H SHEPTUH CPOJICTBA K NIEKTPOHY

aToMa, METaNINIEeCKHUEe CBOHCTBA 2JIEMEHTOB, & 3HAYUT U OCHOBHBIE
CBOICTBA OKCHIOB U rHapokcuios. Hanpumep, B noarpynne II B

Be(OH),, Mg(OH),, Ca(OH),, Sr(OH),, Ba(OH),
ruapoxcu Be(OH), sBnsetcs amdortepusim, a Ba(OH), - cunpHOE
OCHOBaHMe. TaK Kak IIEeJOYHbIE U LICIOYHO3EMEJIbHBIE METallbl
cample aKTUBHBIE, TO UX IMJPOKCHUIBI SABIAIOTCA CUILHBIMU OCHO-
BaHUsIMU, XOPOLIO PACTBOPUMBIMHU B BOJIE, T.€. LIETOYAMHU.

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

NazO MgO A]QO} SIOQ PzOs SO3 C1207

OCHOBHOH OCHOBHO#H ampoTep. KHCAOTHELT KHCIIOTHBI KMCIOTHbIA KMCIOTHBIH
NaOH Mg(OH), AI(OH); H,SiO3 H3PO4 H,SOs HCIO4
; !
H3AlIO;

OKCHMABI U THIPOKCHB! BCEX OCHOBHBIX METALIOB (KpoMe
IIEIOYHBIX M IIEJIOYHO3EMENBHBIX) B BoJAe HepacTBOpuMEL Co-
CTaBJIAIOT MCKJ[IOYEHHE OKCMILI U I'MAPOKCHUB! METAIOB B BbIC-
LIE€H CTENEHU OKUCIIEHUS, T.6. Yy d — METAJIOB B Ipynimax ¢ 60Jib-

I ; 90 =I; +Eq.
‘\‘I‘ ! SﬂeKTPOOTpl/IU,aTCHBHOCTB 3JIEMEHTOB BO3pacTacTt B II€-

| PHOJIE C POCTOM MOPSAKOBOIO HOMepa U YOBIBAeT B IVIABHBIX MO/~

{H»ii\ rpynnax 1, 11, V, VII rpynn u cloxHbIA XapakTep 3aBUCMMOCTH B i Oé”gleﬂm 54 SCHSBHO‘"O K KHCIIOTHOMY :

| ApYrMX MoArpynnax. BeIpakaercs 3JIeKTpoOTpULATENbHOCTh B BT aMngTez_ nggfbm
OTHOCHTEJIbHBIX SAMHULAX: HAaUMeHblllee 3HAYeHHe HMeeT NUTHH .

‘”m —1,0, a HaubGopuiee pTop — 4,0 Cr(OH), Cr ((1)P )3  HaCrO4, HyCry0;

H3ACT 03

LIMM HOMEpOM MNOABJIAIOTCA pa3sirdYHbIC CTCIICHU OKMCICHHS U Xa-
PaKTEp HX OKCHAOB U IFMIPOKCHIOB U3SMEHSACTCA C YBEIHYECHHUEM

3&KOHOMCPHOCTH H3MEHEHHUs] XHMHYEeCKHUX CBOMCTB -
3JIEMEHTOB H UX COeAUHEHU B rpynnax ¥ nepuoaax

CBOICTBa OKCHIOB M THPOKCUJIOB OIPEAENAIOTCS CBOWCTBA- '
MH 3JIeMeHTa HX ofOpasyromiero. Yem Gosee METalIM4eCKHe CBOMH-
CTBa MpOSIBJSET 3JIEMEHT, TeM CUJIbHEE NPOSBIISIOTCS OCHOBHBIE
CBOICTBA OKCUIOB M THAPOKCUIOB . B riaBHBIX NOArpymmnax cBep-

Xy BHH3 C POCTOM MOPSJKOBOrO HOMEPA YBENMYHUBAETCS pajuyc
15
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eJib_paboThl: MO3HAKOMUTECA C 3aKOHOMEPHOCTSIMHU H3Me-
HEHHs XMMHUYECKUX CBOMCTB 3JEMEHTOB, UX OKCHAOB M THIPOKCH-
JIOB B IIEPHOJaX U Ipynmax.

SKCHepHMCHTaﬂbHaﬂ qacTh

OmnbiT 1. B3aumopaeiicTBue HaTpHs ¢ BOAOM.

W3Bne4yE€HHBIA MUITaMKH U3 KepOCHHa KyCOYeK HaTpus, ocy-
mute GUIBTPOBANBHOM OyMaroit 1 OpockTe B KPUCTA/UIA3ATOP C
BO/IOH, B KOTOpyro nobamnen ¢enondranerd. Haxpoiite kpu-
cTayM3aTtop crewioM. Habmonaiite tedenue oneita. CocraBbTe
ypaBHEHUE peakU Uy B HOHHOM U MOJISKYJIIPHOM BUJAX.

OneiT 2. B3auMojgeicTBUE MarHus U aJtOMHHHS C BOJIOH.

B ase npobupku Haneite 2-3 M AUCTUNIMPOBAHHOHN BOABI U
OpockTe B OIHY KyCOUYEK MarHus, B ApYryro — antoMuHus. Mpér nu
peakuus 6e3 HarpeBaHusa? Harpeiite npoOGupky B MjaamMeHHU crnup-

TOBKM. Y10 Habmonaete? Jlo6aBpTe B MOJyYeHHbIE pacTBOpbl 1-2

xaniu geHondranenna. Yro Habnrogaete B o6eux npodupxax?
CocTaBsTe ypaBHEHHE peaKuMii, eclii OHM MPOTEKAIOT, B MOHHOM
¥ MOJIEKYJISIPHOM BHJIaX.

Kako# 13 U3 ykazaHHBIX METAJUIOB U MOYEMY pearupyer ¢ BO-
Jo#t Bosee sHEepruyHO?

OmneiT 3. CpoifcTBa rupokcnoB aieMmeHToB Il nepuona.

B oaHy npoOupky HaneiiTe HMEIOLLYIOCs COJIb MarHus, B
JpYTYIO ~ UMEIOILYIOCS COJIb AIIOMUHMS, B TPETHIO - HMEIOLLLYHOCS
conb KpeMHus. B nepBeie gBe npobupku AoOaBbTE MO KaIllsaM LiE-
JIOYb [0 MOSIBJICHHsI OCajika, B TPETHIO — COJsIHYIO KMcnoTy. Co-
JEPKUMOE KaXIoH U3 npobupok pasaenure Ha ase yacT. K on-
HOM yacTu noGaBiisiite WENOYL BO BCE TPU MPOOUPKH, K APYroH —
COJIIHYIO KHCIOTy. UTOo Habmonaere B kaxaoi u3 npobupok? Co-
CTaBbTE YpAaBHEHUE peakiuil, €ClIM OHU MPOTEKAIOT, B MOHHOM H
MOJIEKYIAPHOM BHJAX, CAENAHTEe BHIBOJA O XapaKTepe H3MEHEHUs
CBOMCTB 'HJIPOKCHUAOB 3JIEMEHTOB OJIHOFO M TOTO K€ MEpPUoa.

Onpit 4. CBoOHCTBa I'MIPOKCHIOB 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 BeimageHus ocankoB Ca(OH), u Be(OH),. Copeprxumoe Kax-
[0ii u3 nmpoOUpoK pasjenute Ha aBe yacTH. K oHO# yacTu no6as-
NAHTe, K APYrod — kucnoty. Yro Habionaete B Kaxao# U3 npo-
Oupok? CocTaBbTe ypaBHEHHE peaklii B HOHHOM M MOJIEKYJIS -
HOM BHJaX.

AHAJIOTUHHBIH OMBIT MPOAENATh, 3aMEHUB COJIM KAJIbLMA U Oe-
punnua Ha 1M pactBopb! crieit nuHKa U Kaamus. CocTaBbTe ypas-
HEHUE PeaKUHii B HOHHOM M MOJIEKYJIAPHOM BHMJAX.

Ha ocnopanuu onbita 4 cienaiite BbIBoJ 06 H3MEHEHUM Xa-
paKTepa ruIpOKCUAOB 3IEMEHTOB ITIaBHON U MOOOYHBIX MOArPYIIIL.

Ko HTPOJIBHBIC BONPOCHI

1.V kakux snementos , Sr unu Cd, Ba unu Hg, cunbHee
BBIDXKEHBI MeTalinyeckne cpoiictea? OTBET MOTHBHpPOBATh, HC-
XO/sl M3 3JIEKTPOHHOM CTPYKTYPh! ATOMOB.

2. Hanucatb 2NeKTPOHHBIE H  3JIETPOHHO-rpadUyecKue
¢opmyiibl BHEIIHETO, MPEABHEIUHErO U NpeANpEABHEILHErO SJeK-
TPOHHBIX YPOBHEH 3/IEMEHTOB TaHTalla ¥ BUCMYTa, ONpPEAEIUTL UX
THII ($-, p-, d-, f-), DPOSIBISIEMYIO BBICLIYIO CTENEHb OKUCIECHHUS.

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

4. Kak u3MeHseTcs SHeprus HOHM3AUMU B MEPUOJaX H
[JIABHBIX NOArpYyNnax nepruojiuyeckoi CUCTEMBbI?

5. Kax u3MeHsAoTCs CPOACTBO K HIEKTPOHY M 3JIEKTPOOTpPH-
LATeJILHOCTh B MEPUOAAX M IIABHBIX MOArpyNnax nepuoandyeckoi
CHUCTEMBI?

6. CKOJIbKO 9JIEKTPOHOB BO BHEIIHEM 3JIEKTPOHHOM YPOBHE
COJIEpAT UOHbI Rb'*, Srt, Zr*", Ag', Cd**? Kakue U3 HUX CXOHEBI
1O 3IEKTPOHHOMY CTPOCHHI® ¢ GTOMOM WHEPTHOTO ra3a KpHUIToHa?

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

K OKHCIHUTENHHO-BOCCTAHOBUTEILHBIM PEAKIMIM OTHOCATCA
pa3IMYHbIE MPOLECCHI, CBA3aHHBIE C H3MCHEHHEM CTeNCHHU OKHCIIe-
HUs (OKMCIIUTENHHOTO YMCIia) 3NEMEHTOB B pe3yJibTaTe Mepexona
3JIEKTPOHOB OT OJHUX aTOMOB WJIM HOHOB K IPYTMM WJIM B PE3yJib-
TaTe OTTACMBAHMS CBS3BIBAIOILMX 2UIEKTPOHHBIX Map K Haubolee
3JIEKTPOOTPULIATEIFHOMY 3/IEMEHTY.

OKHCIUTENBHOE YUCAO MOXKET UMETH ITOJIOXKUTENbHOE, HyJIe-
BOE MJIM OTpHL@TENbHOE 3HaueHue. Tak, y a30Ta CTeneHp OKHCIe-
uus B NHs, Na, N;O; paBHa cooTBeTCTBEHHO -3; 0; +3. Anrebpau-
yeckas CyMMa BCeX OKHMCIHTENIBHBIX YMCENl aTOMOB, BXOJAILIMX B
MOJIeKyNy BenlecTsa, papHa 0, a BXOAALIMX B MOH, -3apsi1y HOHA.

IIporecc 0TAauy 3NEKTPOHOB Ha3bIBAIOT OKUCIEHHEM, & TIPO-

LeCC MPHUCOEAUHEHUS ~ BpocctaHoBaennem. Ob6a npouecca B CUCTE-

e 06s3aTeNIBHO NMPOTEKaloT OJHOBPEMEHHO, NpHyeM 001Lee THCIIO
3EeKTPOHOB, OTJAHHBIX B MPOLECCE OKHMCIEHHs, paBHO OOuIeMy
4UC/TY 3JIEKTPOHOB, MPHUCOEJUHEHHBIX B MPOLECCE BOCCTAHOBIE-
HHUSL.

BeiiecTBa, B COCTAB KOTOPbIX BXOAAT aTOMbl UM MOHBL, OT-
JAIOL{e SIEKTPOHBI, HAa3bIBAIOT BOCCTAHOBUTEISMU: BEILECTBA, B
COCTaB KOTOPBIX BXOJAT aTOMbl WJIM HOHBI, NPUCOEAUHSAIOIHUEC
JIEKTPOHBI, - OKUCTHTENAMH.

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

CooTHOLIEHHE MEXAY BOCCTAHOBUTEJIEM H OKHUCIHMTENIEM
MOXeET OBITh MPEJICTABICHO CIEAYIOMEH CXEMO:

B80CCMAHOBUNENL <=2 3NEKMPOHbL + OKUCIUMEND.

OKUCIIUTENBHO-BOCCTAHOBUTEBHBIE CBOHCTBA HEHTPATIBHBIX
ATOMOB ¥ HOHOB HEINOCPEACTBEHHO CBs3aHbl C NOJIOXKEHUEM 3JIe-
MeHTOB B nepuoauueckoil cucteme JI.M.Menneneesa. ATOMBI U
HOHBI MOryT 00Nafarh TOJBKO BOCCTAHOBHUTEJLHBIMH, OKUCIH-
TEIHO-BOCCTAHOBUTELHBIMH, TOJIBKO OKUCIIHTENBHBIMA CBOM-

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

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

OKHUCIUTENU-BOCCTAHOBUTENU: a) ATOMBI SJIEMEHTOB, MMeE-
IOLIME B HAPYXHOU 000s104Ke OT 4 10 7 MEeKTPOHOB; 3TH 3NeMeH-
TBl MOTYT, [PHHHMAs O3JIEKTPOHbI, MNPOSBIAATL OKHMCIHMTEIBHBIC
CBOMCTBA, a OTAaBas WX (kpome ¢rTopa), MposABAATH BOCCTAHOBH-
TebHbIC CBOMCTBA; 0) s1eMEHTapHbIE MOJIOKHUTENBHO 3apsiKeHHbIE
MOHBI, NPUHUMAS 3JIEKTPOHLI, PEarHpylOT KaK OKHCIUTENH, a B
Cllyqae BO3MOXKHOCTH N€pexo/ia B Gosiee BBICOKYHO CTeNeHb OKHC-
JICHUS, CBA3aHHYIO C OTHaueil JIEKTPOHOB, MPOSBISAIOT BOCCTAHO-
BUTE/IbHbIE CBONCTBA; B) OTPULIATENLHO 3apsXKEHHBIE CIIOXKHBIE HO-
HBI C IPOMEKYTOYHOH CTENEHBIO OKUCIICHMS LEHTPAlbHOIO aToMa.

OxucauTenu: a) cBOGOAHBIE MONEKYbl 31EMEHTOB, COCO6-
HBI€ TO/NBLKO MNPUCOCHMHATE 3MeKTPOHB! (F2,05); 6) nonoxurensHo
3apsXKEHHBIE 3JIEMEHTAPHBIE HMOHL! ¢ MaKCHUMAJIbHOM CTENEeHBI0
okucaenns (Ag", Cu’*, Au™, Sn*" ugp); B) ciaoxmee o1-
pULATENbHO  3apsDKEHHBIC HMOHBI € MAKCHMAJIBHOH CTENneHbIO
OKMCJIEHUsI LICHTPAJIBHOIO aTOMa(_MnO;,NO;,CrOf",SOf‘ )3

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

I=—.

n
Hanpumep, OKUCJMTEIBHBIH  DKBHBAJEHT K>Cr,0;,
IPUHUMAIOLIETO 6 3JIEKTPOHOB, PAREH:
294.22
SKZOZO? = ——6~—— =49,03r,
a BOCCTaHOBHMTENbHBIM 3kBMBaJIeHT HpSOs, ornaromei 2
JNIEKTPOHA, pPaBeH:
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B2
N 41 r.

BeulecTBa, B COCTaB KOTOPBIX BXOJISIT JIEMEHTHI C NEPEMEH-
HOM BaJIEHTHOCTBIO, B 3aBUCHMOCTH OT YCJIIOBHMH MOIyT UMETh pa3s-
JIMYHBIE OKHUCJIUTENIbHO-BOCCTAHOBUTENIEHBIE SKBUBAJIEHTBI.
Tak, OKMCIUTENNbHBIH 3KBUBaNeHT 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 wienouHoii - M:1, t.e. 158,04:1 = 158,04.

Ilens paGoTHI: MO3HAKOMMTBECS C PasHOOOpa3sHeM OKHCIIH-
TEBHO-BOCCTAHOBUTENBHBIX peaKLUil, YCTAHOBUTE BIIMAHUE CPEIbI
Ha 5TH PeaKiuy, 3aKPeTUTh YMEHUe PACCTABIIATE KOIDOUILIHEHTE! B
YPaBHEHMAX OKHC/IHTENBHO-BOCCTAHOBUTENBHBIX peakUuii ¢ Huc-
NOJBE30BAHMEM METO/Ia 3JIEKTPOHHOro OanaHca.

SKCHBPVIME HTaJibHas 4acCTb

OnbiT 1. K ogHOMy KycodKy UMHKa J00aBUTH HEOOIBILOE -

konudectBo (3-4 mu) consino kucnotel (1:1). McnbitaTe BeIAES-
jommiics ra3. HanucaTte ypaBHeHue peakuuil. Kakoil HOH y4acTBy-
€T B peaklui OKUCTIEHHs?

OnpiT 2. HecKonbKO KyCOUKOB MEQHOH CTPY>KKH 00paboTath
KOHLEHTPUPOBAHHOM a30THOM KHCIOTOH Ha xomody. OOpaTuth
BHHMaHHE Ha LIBET BBIACISAOLIErocs rasa.

Omnpit 3. a) K moaKkucieHHOMY CepHOH KUCIOTOH pacTBOpY
MepMaHraHaTa Kamus no6aBuTh pactBop cynbdura Hartpus. Kak
u3MeHuIcs 1peT pactBopa? 6) INpoxenats 3Ty peakuuro 6e3 noi-
xucnenus. Kak B 3TOM ciydae M3MeHuiIcs UpeT pactsopa? Obpa-
TUThH BHUMaHKHe Ha oOpa3zoBaHHe ocajKa, B) K CHIBHO 1IEJI0YHOMY
pactBopy cynbdura HaTpus NpuOaBUTL PAcTBOp NE€PMAaHraHaTta
kanusa. Kak u3MeHwics uBeT pactBopa? BiuseT 4 U3MEHEHUE
KHCJIOTHOCTH Cpe/ibl Ha MPOTEKAHHE MCCIeAyeMOH peakiiu?

Oneit 4. B nmpobupky HanuTe pactBop coju xpoma (1) u
JI00aBUTH pAacTBOp MIENIOYM A0 0Opa3oBaHHMs 3€JICHOrO pacTBopa
xpomuta. [Ipunute GpoMHYI0 BOxy M HabIIOAATh MOCTENCHHOE
M3MeHeHMe OKpacku pacTBopa. Kakas peakuus npoTekaer?
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Oneit 5. a) K pacrBopy Gpomuzaa xanus NPHINATE XJIOPHYIO
Bozly. OOpaTuTh BHUMaHKHEe Ha M3MEHEHHE L[BETa pactBopa. [Ipuba-
BUTb HEMHOI'O OPTraHWYECKOTO PacTBOPUTENS, HAlPUMEP M30aMHU-
JIOBOI'O CIIMPTA, M 3HEPTHYHO NEepeMelaTh COAEPIKUMOe IPOGHPKH.
O6patuth BHMMaHHE HA LBET CIIUPTOBOrO Cios, 0) IloBTOpUTE
onbiT, B3sB KJ BMecto KBr . OTMeTuTh LBET pacTBOpa, 06paso-
BABILETOCs BCJICACTBUE PACTBOPEHHA HOJIa B M30aMHUIIOBOM CIIUPTE.

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

Omnprt 7. Heckonbko KpUCTamIMKoB 6GUXpoMara aMMOHHS
MOMECTHTE B CYXYIO MPOOUPKY M HArpeTh JO Hayana 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 HIKe BEIIECTB MOFYT [pOSB-
JIATH TOJIBKO OKMUCIMTENBbHbIE cBOHCTBA? TONMBKO BOCCTAHOBUTEN b-
Hple? Kak OKMCIMTENBHBIE, TAK M BOCCTAHOBUTEIBHbIE:

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

2. B3aMMONEHCTRUE MEPMaHIaHATa Kalus C HUTPUTOM
HATpPUs MPOTEKAET 0 CXEME:
a) B KHCJIOH cpene:
KMnOy + NaNO; + H,SO; — MnSO, + K>SOy + NaNO; +
+[‘1’20
6) B 1IEN0YHOM Cpefe:
KMnOy4 + NaNO; + KOH — K>MnOy4 + NaNO; + H>0.



[opbepure K03GPUUIUEHTH W BBIMUCIMTE SKBHBAJIECHTHI
MmepMaHraHaTa Kajius ¥ HUTPUTa B 3THX PeaKkuuiX.

3. Honbepute ko3pPuULHEHTH B YpPaBHEHHAX CICAYIOWINX
OKMCIUTENEHO-BOCCTAHOBUTENEHBIX PeaKUUi U BEIYUCIUTE B KaX-
JOH U3 HUX OKMC/IMTENbHBIH SKBUBAIEHT a30THOU KUCTOTHL:

Clts HNO_;(pmﬁ_) == CU(WO3)2 + NO. & H0;
Sn + HNOB(pagGA) — SH(]VOg)Q + N,O+H,0;
Zn + HNOj(pagg_) —> ZH(NO3)_7 + NH,NO; + H0.

4. TTonbepute K03QPULHEHTHI B CEYIOMUX OKHCIUTENEHO-
BOCCTAHOBMTEJILHBIX PEAKUHSIX U YKaN(WTe OKUCIHTENH M BOCCTa-
HOBHTEJIH:

1) H5S + HNO; — HS50, +NO + H>0;

2)H,S+Cly+H,0— H;S04+HCL;
3)AgNO3+Na;SnO,+NaOH — Ag+Na 25’]103+N61N02+H70

4) Na;MoO, + HCI + Al — MoCl; + NaCl + H,0+AICl;
5) Jo + HNO3 e HJ03 + NO, + H_?O.

JIABOPATOPHASI PABOTA Ne 4

CKOPOCTH XUMAYECKHNX PEAKITHA.
XUMMYECKOE PABHOBECHE

CKopocTh XUMHYECKHX PeaKuHii
Pasfnen xumuM, paccMaTpUBArOLIMA CKOPOCTh U MEXaHH3M
XMMHYECKUX MPOLECCOB, HA3BIBACTCS XUMMYECKOH KHHETHKOH.
XUMUYECKHE peaKld MOTYT COBEPINATHCS MEICHHO, B TEYECHHE
LENBIX Fe0JIOrMYECKHX MEPUOAOB, KaK, HalpuMep, BbIBETPUBAHUEC
FOPHBIX MOPOJI, ¥ MOI'YT COBEPINATECA OYEHB OBICTPO, B MHKPOCE-
KyHJbl M ux gond. Hanpumep, pasiioeHue B3pBIBYATHIX BEIECTB. .
[TosToMy M1060€ XMMHYECKOe B3aHMOJeHCTBIE MOXHO XapaKTepu-
30BaTh CKOPOCTBIO.
CKOpOCTh XMMHYECKOH peaKiuy paBHa H3MEHEHHIO KOHUICH-
TpaLMK pearupyiomyX BeUIeCTB B €MHMIY BPEMEHH.
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Hns peakumn mA + nB = pC + g1

V=t—"—— o L] iAC—'. (1)
£yt AT

B ypaBnennu (1) 3Hak «+» OTHOCHTCH K U3MEHEHHMIO KOH-
IEHTpaLMK NPOIYKTOB PEAKIUH, @ «-) - K H3MEHEHHUIO KOHIIEHTpa-
LMU HCXOJHBIX BEILECTE.

[TockonbKy CKOPOCTh peakuuu BCe BpeMsl H3MEHSIETCS, TO B
XHMHYECKOH KHHETHKE Yalleé pacCMAaTPUBAIOT HCTHHHYIO CKO-
pOCTb, IOHUMAs MO/l HEH CKOPOCTh B JaHHBIA MOMEHT BPEMEHH:

V= +d_C )
dt

CKOpOCTh XUMHYECKOH peaKuMu 3aBUCUT OT NPUPOIEl pea-
TMPYIOLIMX BEIIECTB M YCJIOBUH NPOTEKaHUS PeaKLUK: KOHUEHTpa-
UMM, TEMIEPATypPEl, NPUCYTCTBUs KAaTAJIM3aTOPOB, a TAKOKE OT He-
KOTOpPBIX Apyrux GakTopoB (Hanpumep, OT [AaBjeHUs B Clydae ra-
30BBIX PCAKLMH, OT CTENEHU KM3MEbYEHUs - B Cllyyae TBepaodas-
HBIX peakuui).

3aBHCHMOCTE CKOPDOCTH XUMHYECKOI peaKuuy
OT KOHICHTPAUNH

Y1066l OCYLIECTBUIICCH XMMHMYECKOE B3aUMO/ICHCTBHE Be-
mecTB A ¥ B, HX MOJeKynbl N0DKHBI CTONKHYThbcsA. YeM Gosblue
CTOJIKHOBEHHH, TeM OBICTpee npoTeKaeT peakuus. YMCIo CTOIKHO-
BCHHUH YBCNMYUBACTCS NPHU YBENHYEHHH KOHLUEHTPAlUUH pearupy-
IOUIMX BELECTB.

Ha ocHoBe oGLIMPHOrO 3KCHEPHMEHTATBLHOTO MaTepHana
chopMyIMpPOBAH OCHOBHOMN 3aKOH KHUHETMKH, YCTAaHABIHBAIOLIMA
3aBUCHUMOCTh CKOPOCTH XMMMYECKOH peakiuu OT KOHLEHTpaluu
pearupyolmx BemecTB: CKOPOCTh XUMMYECKOH peaKkLuH Mporiop-

: IMOHaJIbHA NPOHU3BEACHHIO KOHUCHTPALUUH pearupyrolux BeIecTB

B CTENEHAX, COOTBETCTBYIOUWIMX CTEXHMOMETPUYECKHUM KOIhduiu-
€HTaM B YPaBHEHUH peaKLHU:

p k C!" 'y Il (3)
rae C4 u Ce - KOHUCHTPALIMK BELUECTB A u B, moJp/n;

N
W



k — ko3¢ duLHEEeHT NPONOPUMOHAIEHOCTH, HA3bIBACMBIH KOH-

CTAaHTOM CKOPOCTH peaKIUU.
OCHOBHOHM 3aKOH XAMUYECKOH KHHETUKHM 4YaCTO Ha3bIBAIOT

3aKOHOM JISHCTBUS MAce. k s
W3 ypaBHeHuUs (3) HETPYJHO YCTaHOBUTD (HU3UUECKHH CMBbI

KOHCTaHThl ckopocTd. OHa YMCJIEHHO paBHA CKOPOCTH pPCaKInu
IIpY YCHOBUH, SCITH KOHLEHTPALMs KaX/Or0 U3 pearHpyrolux se-
niecm coctaBigeT 1 mMonb/n. 3Has Bennqlv/my k , MoHO (.)paBHH—
BATh CKOPOCTM XHMHYECKOTO B3aUMOJEHCTBHMS pasiIH4HBIX BE-
miecTB: yeM Gospiie k , Tem ObicTpee pearupyioT AaHHBIC BELIC-
ctBa. KOHCTaHTa CKOPOCTH peaKuuH 3aBUCHT OT TEMIIEPATypel U OT
TIPUPOJIbl PEArHPYIOUINX BEUIECTB, HO HE 3aBUCHT OT KOHICHTpa-
LMY MOCJEIHUX.

Ecnu B romoreHHbIX (0AHOGA3HBIX) CUCTEMAX XHMHYCCKOC
B3aMMO/IeHCTBUE IPOUCXOUT BO BCeM 0ObeMe, TO B I‘eTGpOVI‘eHHBlX
(MHOroda3HpIX) cHCTEMAax JUillb Ha MOBEPXHOCTH TBCp,lIOIj[ ¢a3kel,
KOTOpas OCTAaeTCs Heu3MeHHOH. [Ipu 3TOM KOHLEHTpalua TBEPLO-
ro ydacTHHMKa PeaKlMy TAIOKe HE U3MEHSACTCA.

Tax, g peakuuu ropenus yris Cr + Oxra3y = COz(ra3) 3a-
KOH JEHCTBYIOLIMX Macc MOXET OBITh 3alUCaH CJCAYIOINM obpa-

30M:
VF=%-C 8, L, 4)

rae kK - KOHCTaHTa CKOPOCTH; S - BENUYHHA MMOBEPXHOCTH
yriist; Ce - €ro KOHUEHTpaLus. "
O603Hayas NpOU3Be/IeHHE TOCTOSMHHBIX BENMYMH 4Yepe3 K

MOJIYYUM: -
: V=k-Co> (5)

T.6. CKOPOCTh FeTepPOreHHOH XMMUYECKOH peaKuuu n{(ponop—
[MOHATBHA JIUIIb KOHIEHTPALMH ra3000pa3Horo peareHta (Kucio-
poJa), KOHUEHTpauusi M IUIOWahb MOBEPXHOCTH TBEPAOTO Belue-
cTBa (YIJisl) BXOJUT B 3HAYEHME KOHCTAHThI CKOPOCTH.
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33BHCHMOCTB CKOPOCTH XUMHYECKON PC€aAKIHH
OT TeMIlepaTyphbl

3aBUCHMOCTE CKOPOCTH PEAaKLMH OT TeMIIEPATyphI ONpeaes-
€Tca npaBUiIOM Bant-I'ogda: npu nmoseimennu TeMIIepaTypbl Ha
Kaxcapie 10 rpanycos ckopocTs peakuun yBenuumBaeTcs B 2—4
pasa.

Maremaruyeckn 51a 3aBHCHMOCTB BBIp@XAETC COOTHOLIIE-
HHEM: '

Gl

kg L g (6)

rae V, u V, - CKOPOCTH peaKUuH Npu KOHEHOH th ¥ Hayanp-

HOH t | TeMnepatypax, a y - TeMIepaTypHBbiii ko3¢ duuuesT ckopo-
CTH pCaKUMK, MOKa3bIBAIOUIKMHA, BO CKOJBKO pa3 yBelHYHBAETCS
CKOpOCTb peaKUMH C MNOBLILICHUEM TEMIEPATYpbl pearupyoLIux
BewecTs Ha 10 rpagycos. Ilpasuino Baut-Todga seisercs npu-
ONVOKEHHBIM M OPUMEHUMO JIHIID A OPHUEHTUPOBOYHOM OLEHKH
BJIMAHUSA TEMIIEPATYpPhl Ha CKOPOCTh PEaKLMH.

Temnepatypa Bnuser Ha CKOPOCTb peaKuMH, yBENMUUBAs
KOHCTaHTY CKOPOCTH.

DHeprus aKTUBALHH. st Toro, 4To6kl HpoU30LLIa peaKius,
T.€. YTOOBI 00pPa30BANKCE HOBbIE MOJEKYJIbI, HEOOXOMMMO CHAYaIa
pasopBath WM OC/IA0MTh CBA3M MEXKIY aTOMaMH B MOJIEKYNax HC-
XOAHBIX BemecTs. Ho 910 Hafo 3aTpaTuTe OnpepeneHHyro auep-
ruio. Ecnu crankuaromuecs Mosiekybl He 061aatoT Takoi 9HEp-
THEH, TO CTONKHOBeHME OyAeT HeI)(EKTUBHBIM - He NPHBEAET K
06pazoBaHmo MOJIeKyNbl HOBOI'O BeillecTBA. ;

M36bITOYHas SHepry, KOTOpol AODKHBI 06MakaTh MOIEKy-

- JIbl JIs1 TOTO, YTOOBI UX CTOJIKHOBEHHE MOTJIO IIPUBECTH K o6pa3o—

BaHHUIO HOBOI'O BEIIECCTBA, HA3hIBAETCA JHEPrHEH akTUBALNHU JaH-

. HOH peaKuu. SHCpFHH AKTUBAIIAH BhIPAXKACTCS B KHJIOKOYIAX Ha

MOJIb MM KMJIOKQJIOPUAX Ha MoJb. Mosekynsl, obnajamouiue Ta-
KOH 3Heprueii, Ha3bIBaIOTCA AKTHBHEIMU MOJEKYNaMH.

Ilpn yBennyenun TeMnepaTypsl KOHCTAaHTa CKOPOCTH pacter,
M TeM CHJIBHEe, YeM GOJIbIIE BeNHYMHa SHEPTUH aKTHBalMu. Ma-
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TEMaTHYECKH 3aBUCUMOCTh KOHCTAHTBI CKOPOCTH OT TeMINEpPaTyphl
BBIpQXKaeTCs YpaBHEHHEM AppeHuyca:

P e o S0 o 0
RT

Benuunna SHEpPruy axKTuBaliy 3aBHCHUT OT IIPUPO/Abl pearu-
pYHOLIHUX BEIIECTB U SABJICTCH BAXKHOU KMUHETHMYECKOM XapakKTepu-

CTUKOU peakiuu.

XumMuyecioe paBHOBeCHE
Bce XMMMYECKHE peakiuyd MOXHO pa3OHTh Ha [ABE IpyNIIbL:
HeoOpatuMble W obpatumele peaxkuuu. HeoOpaTumble peaxuuu
NPOTEKAIOT TOJILKO B OJ(HOM Hampabinenuu. Ilpumepsr HeoOparu-
MBIX peaKLHi:

2KCIO, —» 2KCI +30, T, ®)

Na:CO3+H>80,—> H,0+CO; T +Na;SO,,  (9)

BaCly+H>S0,—> BaSO\ +2HCI. (10)

BOJILIIMHCTBO peakuuil SBAsSIOTCS OOpPaTUMBIMH, T.€. OHHU
IPOTEKAIOT B MPOTUBOMNOJIOXKHBIX HANpaBIEHHAX U HE MOAYT JO
KOHIIa, TaK KaK MPOAYKTHl peakuuH, B3aUMOJEHCTBYA MEXIY CO-
0oil, BHOBE JalOT MCXOJHLIE BellecTBa. TakoBbl, HalpUMep, peak-
1007078

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

OOpaTuMble peakiMHi 3aKaHYMBAIOTCS JOCTHXKEHHEM COCTOS-
HUS XUMUYEcKOro papHoBecus. B ofuem ciiyqae XMMHYECKOE paB-
HOBECHE MO>KHO ONpEJENIUTh KaK TaKoe COCTOAHHE CHCTEMBI pea-
THPYIOLIHX BEIIECTB, MPU KOTOPOM CKOPOCTH MpAMOH U 0OpaTHOMH
peakuuii paBHBI MEXY COOOM.

B cocTosiHMM paBHOBecHs MpsiMas W OOpaTHas peaKuuH He
TPeKpaIatoTcs, MOITOMY TaKOE PaBHOBECHE HA3BIBACTCS I1OABHIK-
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HBIM, WM JAMHaMU4YecKuM. B pearupyroiieil cMecd BUAMMBIX H3-
MEHEHHUI He MPOHCXOJMUT: KOHIIEHTPAUUU BCEX BEIECTB, KaK HMC-

- XOOHBIX, TAK U o6pasy10muxcx, OCTArOTCs MOCTOSAHHBIMHU. KoHLIeH-

TpaUMU BCEX BELIECTB, KOTOPHIC YCTAHABJIMBAIOTCSA MPH XUMHUYE-
CKOM paBHOBECHH, HA3bIBAIOTCS PABHOBECHLIMMU.
Tak, aya obpaTuMoro npoyecca
mA+nB < pC+q/l (14)
IIpY YCTAHOBUBIIEMCS PABHOBECHH, Vyp = Vogp, T.€. COINIACHO
OCHOBHOMY KMHETUYECKOMY 3aKOHY: :

EC S C i, Gl sl Gl 6 slikB)
OTKyHa
A b
PN ) A (16)
AR 5

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

Bripaxcenue (17) HOCUT Ha3BaHUE 3dKOHA JEHCTBUA MacCC:
OTHOLLIEHUE NPOU3BEACHUS PABHOBECHBIX KOHLEHTpalUUd NpOayK-
TOB K NMPOU3BEACHUIO KOHLIEHTpauuil UCXOJHBIX BEIIECTB B CTelle-
HAX, PaBHBEIX CTEXHOMETPHYECKHM KO3((PHLUEHTaM B ypaBHEHHHU
peakiuu, eCTh BeJIMYMHA OCTOsIHHAA [IPHY JaHHOM TeMIIEpaType.

M3 3TOr0 3aKoHa Clie/lyeT, YTO KOHCTAHTa XUMHUYECKOrO paB-
HOBECHs HE 3aBHCHT OT KOHUEHTpaLUH, a UBMEHAETCSA JIMILb C U3-
MEHEHHUEM TeMIepaTypBHl.

Ecnu KoHCTaHTa paBHOBECHsl BBIpa)K€HA 4Yepe3 KOHLIEHTpa-
UMK peardpyrolMX BEIIECTB, TO €€ NpUHATO obo3HadaTh K. M
peaKiyii, MPOTEKAIOIUX C Y4acTHEM ra3o00pa3HbIX BEILECTB, KOH-
CTaHTY paBHOBECHS BBIPAXAIOT Yepe3 NMpONOPLUOHANBHEIE aBlie-
HUA ¥ 0003Ha4aroT Kp, HanIpuMep, Uil peaKuuu:
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COy a3y + Hyryzy < CO, +H. O

(['43) 2Y(I'43) °
AR o
e e »
Pcol 'PHZ Lt

CmelueHue XMMHYECKOT0 PABHOBECHH

Ha cocrosHne XMMUYECKOTO paBHOBECHS OKAa3bIBAIOT BJIMA-
HUE KOHIEHTpalUs pearupylollUX BEILECTB, TeMIeparypa, a s
rasoo0pa3HbIX BELIECTB M JaBiieHue. [Ipu uzMeHeHHH om’{oro u3
3THX MapaMeTpOB PaBHOBECHE HAPYIIAETCs U KOHLECHTPAIMU BCEX
pearupyrommx BEECTB OyayT W3MEHSATHCS J0 TeX MOp, IOKa He
YCTAHOBUTCA HOBO€ DPaBHOBECHE, HO YK€ MNPH HMHBIX 3’Ha‘{eHI/IHX
paBHOBECHBIX KOHUEHTpauui. [lepexo peakiiMOHHOM CHCTEMBI U3
OJIHOTO COCTOSIHMs PABHOBECHUs B JIPYro€ Ha3biBAETCH CMELIEHUEM
(M4 CABUrOM) XUMHMYECKOTO PABHOBECHUSL.

Hanpasnenue cMemeHus: XMMHYECKOrO paBHOBECHS OIpe/ie-
JSETCs OOLIMM MONOXKEHHEM, U3BECTHBIM IO Ha3BaHUEM NPUHIIU-
na Jle Illatenpe: M3MEHEHWE OJHOIO M3 YCJIOBMi (TeMIepaTyphbl
KOHUCHTPALMY, AABJIEHUA), NPU KOTOPHIX CUCTEMa HAXOJIUTCSH B:
COCTOSHMM pPAaBHOBECHS, BbI3bIBACT CMELICHHE DABHOBECHS B
HamnpaB/ieHUH TOH peaklHH, KOTOpas NPOTHBOACHCTBYET MPOU3BeE-
JE€HHOMY U3MEHEHHUIO.

Cornacho npunuuny Jle Illatenbe, npu NOBLILICHAU TeMIIe-
}::Typlz! NPOUCXOJIUT CMEILEHWE PAaBHOBECHS CTOPOHY 3HIOTEPMHU-
pegzﬁl}?eaxuuu, OpU NOHWXKEHUHU - B CTOPOHY 3K30TEPMHUECKOMH

BBejieHne B paBHOBECHYIO CHCTEMY JIONONHUTEIBHBIX KOJTH-
4ECTB mo601;0 M3 pearupyroulux BELIECTB YCKOPAET Ty pea-Kumo
NpHd KOTOPOH OHO pPAacXoNyeTcsi: YBEIMYEHHUE KOHLEHTpaluu nci
XOJIHBIX BELIECTB CMELIAET paBHOBECHUE B CTOPOHY 0Opa3zoBaHMs
l;gzozxymoa peakUyH; yBeJIMYeHHE KOHUEHTpalUUH IPOAYKTOB pe-
Be;lzpcngl'\qemaeT paBHOBeCHE B CTOPOHY OOpa3sOBAHMS MCXOJIHBIX

H3meHenue naBneHus ACUCTBYET Ha CMEIIGHHUE PaBHOBECHS
ra3oBBIX peakuUMd, UIYUIMX ¢ U3MEHEHMEeM 4ucia Mojel. YBenu-
YCHUE JABJICHHUs CMEILAeT paBHOBECHE B CTOPOHY TOH peakuuu,
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KOTOpas pUBOJAUT K )’MCHBIIIGHI/IIO obulero 4ucia MOJIEH B raso-
BOW (ba%, a cJie1oBaTeIbHO, K }’MCHBUK?HH['O NaBJICHU B CUCTEMC.

PaBHOBecCHE B reTeporeHHoi cucreme

FCTepOFBHHaﬁ cucrema pazneneﬂa Ha OTHCIBHBIE qacTu -
pasel - TpaHMLAMY pa3jena. Ecu MeX/1y BellecTBaMH, COCTaBJIsd-
roruMu Qaspl, MPOUCXOIUT obpatumas peaxuus, TO paBHOBecue'
JIOJDKHO YCTaHaBHHBaTbCﬂ Ha BCEX rpaHnuax pa3ﬂena MexXay BCE-
MH azaMu. ,

Ecnu B reTeporeHHod peakuuu yqacTBYHOT TBEepAbIE BeLlC-
CTBA M ra3bl, HAPUMEp, PeaKlus ropeHus yris, 10 B BBIpaXKEHHUE
i KOHCTAHTEI XHUMHUYECKOTro paBHOBCCl/IS{ BXOJAT JIAIUDb napuu-
ANTBHBIC TABJEHUs ra3000pa3HbIX YIACTHUKOB PCAKIIH:

Cory + Oyrazy < COy(1a3)5

F co,
Lo,
L_]GJII) [2360Tbl2 U3YUHUTDH 3aBUCUMOCTH CKOPOCTH XHMK‘JCCKOﬁ

peakuuu OT KOHLEHTpauuu H TeMIiepaTypbsl, a TAKOKE BIUSHUEC W3-
MEHEHHs KOHLEHTpalurdn pearnpymmux BEllEeCTB Ha CMELIEHHE

XUMUIECKOTO PaBHOBCCHS.

K, =

OnpiT 1. 3aBUCUMOCTH CKOPOCTH FOMOTEHHOH peakuuu OT

KOHI[EHTpaLUH.
Knaccuuec
B3aMMOJIefiCTBUE MEXY paCTBOPOM tuocyibdara HaTpUs ¢ ce

KHCJIOTOVI, npOTeKa}omee o ypaBHeHum:

KM [PHMEpPOM TOMOTEHHOH peaKiiH SIBJIAETCS
pHOH

Na2S203+HZSO4=S~L +H2503+N02S04. (18)

Bo3HUKaOWAas IpH 3TOi peakuuy cepa BhI3bIBacT MOMYTHE-
Hie pacTBopa. Heo6xoaumo H3MEpHTE 1o ceKyHzomepy Bpems OT
MOMEHTA CJIMBaHusl [0 MOsIBJICHUA ABa 3aMeTHOM MyTH. 3Has Bpe-
Msl TIPOTEKaHHWs peaKiyu (c), NErko ompejeNuTb CKOpOCTh peak-
[IMH, TAK KaK MOC/IEAHsAS ABIACTCA BeIMYHMHOM, 06paTHOW 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-
Gupku (la, 2a, 3a) Haneiite u3 GIOpeTOK yKazaHHOE B TabNHIe KO-
JIMYECTBO pacTBOpa THOCYJIb(aTa HATPUS M BOJIBL.

Tabnuna 1
Homep O6bem, M OtHocutenpHas | Bpe- | Cko-
npobupku KOHUEHTpauus | Md pocthb
NayS,0; 14 (C peak-
pactBop | H,O MU
NZQSQO:; ! a/(a+B) V=
(a) (B) =1/t
la 3 0 1
2a D 1 2/3
3a 1 2 1/3

Brieiite cogepxumoe npobupku la B npobupky | u Toryac
HE BKJIIOYUTE CEKyHIAOMEp. 3aMeTbTe BpEeMs NOSBJIEHHUA caboi
MYTH (ZaHHble 3anumdte B Tabn. 1). Ilpoaenaiite aHanOrHyHbIe
OMBITBI C PaCTBOPaMM B APYTUX fpobupkax.

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

Kakoii nuHuelt BelpaxcaeTcs HaiieHHAs 3aBUCHMMOCTH?
JI0IDKHA NI INHAA [IPOXOIMTH YEPE3 HAYANIO0 KOOPHAHHAT?

OneiT 2. 3aBUCUMOCTB CKOPOCTH I'OMOTEHHOH pEeaKiM OT
TEMIIEPATYpBHI.

B 3 npobupxu (1, 2, 3) naneiite u3 GropeTku no 3 mi pac-
TBOpa CEpPHOM KHC/IOTHL, B 3 Apyrue npoGupku (la, 2a, 3a) - no

30

3mi1. pactsopa Na,S;0s. Bee npobupku nocTaBbTe B CTaKaH € BO-
joif. Yepes 5 MHUH U3MepETe TeMIepaTypy BOAbI B CTaKaHe. BhIHb-
Te U3 BOJbI Npobupku 1 U la, cneiite cofep)KUMOe B OJJHY U3 HUX H

OTMETBTE M0 CEKYHAOMEPY BpEMsI OT MOMEHTA CJIIMBAHHA [0 MOsB-

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

Tabnuua 2
Howmep Temnepatypa Bpems CkopocTb
npoOHpKH OInbITa %0 peakuuu
S # 1
gt
T
5la
2i2a
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 npeasiaymeil. Ha MunnumerpoBoit Oy-
Mare nocTpoiTe rpaguk 3aBUCUMOCTH CKOPOCTM PeaKiUH OT TeM-
mepaTyphl, OTKIAbIBas 1O OCH abCLMCC TeMIMepaTypy, a Ho OCH

' OpAHMHAT - CKOpOCTh. [IPOXOUT NM MOJTy4eHHas Ha rpaduKe JIHHUA

yepe3 nHauyano koopauuar? Kako TemmepaTypHbiid KoadduuueHt
CKOpOCTH JIaHHOH peakuuu?
OnpiT 3. CMeneHne XMMUYECKOro paBHOBECHS TIPU U3MEHE-

HHUH KOHLUCHTpALHHu.

B npobupky Bneiite npuOnusutensHo 10 MI BOABI M
no6aBbTe 10 | Kare HACBILIEHHOTO PacTBOpa POJaHKIAa aMMOHHSA
NH;SCN u xnopsoro xenesa (III) FeCls; pactBop no/nkeH UMeTh

 CBeTJIO-KpacHBI LBeT (ecnu HEOOXOAMMO, pacTBOp pasdaBbTe

BOJIO#).
CocTaBbTe ypaBHeHHE 0OpaTHMOM peakiMy W 3aMHLIHTE BbI-

pakeHHne KOHCTAHTBI pABHOBECHS.
Pasneiite pactBop B 4 npoGHpKu Tak, 4ToObl 0OBEMEL pac-
TBOPOB OBLIM PUOIU3UTEIBHO OJJMHAKOBBIMHU.
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B nepByro npobupky Bieiite 2 Karin KOHUEHTPHPOBAHHOIO
pactBopa FeCls. M3aMeHseTCS 1M WHTEHCHBHOCTh OKPackH H Kak?
Haiite 00bACHEHHE, HCXOAA U3 MAaTEMATHYECKOrO BBIPAKEHHS 3a-
KOHa JEHCTBYIOLIMX Macc. B Kakyro CTOPOHY CMECTHIIOCH paBHO-
BECUE CUCTEMBI?

Bo Btopyro npobupky mo6aBbre 2-3 Kamium HachIIEHHOIO
pactBopa NH,SCN; Beaute HabmoeHus 3a NPOUCXOASIUMY U3-
MEHEHHSIMH H JaliTe He00X0AMMbIe OOBSICHEHHUS.

B Tperpio npofupKy BHecuTe LINATENeM LIENOTKY KPUCTAJ-
nuyeckoro NH4Cl, cuneno B360TaliTe COMepuMOe NMPOOUPKH U
CpaBHUTE OKPAaCKy C OKpAacKOi pacTBopa B 4YeTBepTOH MpoOMpKe.
Yrto npoucxomuT B naHHoMm ciydae? JlaiiTe HeoGXoamuMble o6bAC-
HEHHS.

Kak Hagmo M3MeHWTh KOHUEHTpaUMH BELIECTB B oOpatumoii
CUCTEME, YTOOBI CMECTMTh PABHOBECHME B MPSAMOM M OOpAaTHOM
HarpaBjeHUAX?

KoHTponpsHbIe BOMPOCH!

1. CKOpPOCTh XUMUUECKON peaKiiiy, 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 akTuBaUUu.

4. XAMHY€ECKO€ paBHOBECHE, €r0 0COOEHHOCTH.

5. MatemaTu4eckoe BBIP@KEHUE KOHCTAHTBI PaBHOBECHS IO-
MOI€HHOH U re€TEPOreHHONH XUMHUYECKHX peaKLiuii.

6. BolpaxieHHe KOHCTaHTbI PABHOBECHS Yepe3 KOHLEHTPalUu
H NapLUaJIbHbIE JaBJIEHUS PEarupYIOIIHX BEilleCTB.

7. BnusHue U3MEeHEeHUs KOHUEHTPAK, TEMIIEPATYPhl U 1aB-
JIEHUA Ha cMeljeHre Xxumuyeckoro paprosecus. [punun Jle Ila-
TeJIBE.

8. PacueT XMMHYECKOIO PaBHOBECHS C MCHOJIL30BAHUEM 3a-
KOHa JIeUCTBYIOIIHX Macc.
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JJABOPATOPHAS PABOTA Ne 5

PACTBOPBI
XapakTepHCTHKA PACTBOPOB

PacTBOpOM Ha3biBaeTCsi TOMOreHHas (OAHOPOIHAdA) CHCTEMA,
COCTOSAINAsk U3 PaCTBOPUTEIIS, PACTBOPEHHOTO BEIIECTBA U MPOIYK-
TOB MX B3aUMOJCHCTBHs. PacTBOpEI OBIBAIOT JKMIKHE, TBEPIBIE U
razoo6pasuele. HauGoipliee 3HaYeHHE MMEIOT JKUIKUE PacTBOPHL,
B KOTOPBIX paCTBOPUTENEM SABJISAETCS BOJIA.

PactBoputeneM OOBIYHO CYMTAETCA BEIUECTBO, CYLIECTBYIO-
l1l€€ B YMCTOM BUJIE B TAKOM YK€ arperarHoM COCTOSIHMH, YTO H 1O-
Jy4eHHEI!l pacTBOp. B ciydae, Koraa pacTBOpUTENs M PacTBOpPH-
MO€ BEIECTBO MMEIOT OJIHO arperaTHoe COCTOSIHHE, pacTBOpHUTE-
neM sBJISeTCs BelecTBO ¢ mpeobaajatoiiedl mMaccoi. OaHOpOA-
HOCTB PacTBOPOB, BbIJIC/IEHHE TeIUIA [IPH PACTBOPEHHH HEKOTOPBIX
BEWECTB ¥ 0Opa3oBaHUe THAPATOB YKa3biBA€T Ha CXOJCTBO pac-
TBOPOB C XUMHUYECKUMHU COEAMHEHHAMHU.

OTCcyTCTBHE Yy PaCTBOPOB MOCTOAHCTBA COCTaBa, T.€. 3KBUBA-
JIEHTHBIX OTHOILIEHUH MEXJY KOJMYECTBOM PaCTBOPEHHOIO Belle-
CTBA U PACTBOPHUTENS, 3 TAKKE HAM4MEe B CBOHCTBAaX pacTBOPOB
MHOTUX CBOMCTB €ro OTAENbHBEIX KOMIIOHEHTOB NPUOIMKAOT pac-

. TBOPBI K MEXaHUYECKNM CMECAM.

CnenoBatesnbHo, pacTBOpPEl 3aHUMaKOT NPOMEXYTOYHOE I10-
JIOXKEHHAE MEXJY MEXAaHHUYECKHUMU CMECIMH H XUMHYECKNUMU CO-

. €AMHEHHSIMH.

~ Ilpu pacTBOpeHMH MHOTHX BEILECTB MOJICKYJIbl MX CBA3bIBA-
IOTCA C MOJIEKYJIaMH PacTBOPUTENs, 00pasys COCAWHEHHUs - CONlb-
BaThl. Korma pacTBopuTeneM SBJSETCS BOJA, ST COCAMHEHHUA
Ha3BIBAIOT PMPATaMM, a IPOLECC UX 0Opa3oBaHus rUAPATALUCH.
O6GpasoBaHHe CONBBATOB OOYCIOBIHBACTCS MONAPHOCTBIO

© MOJIeKyJ pacTBOPSEMOro BelllecTBa, Garoaaps KOTOpOi OHU NpH-

TATMBAIOT TOJIAPHBIE MOJICKYJIBI PAaCTBOPUTENS. YCTOHYMBOCTD
COJILBATOB 3aBUCUT OT BEJIMYHUHBI MOJSPHOCTH TEX WX MHBIX MO-
nexyn. Haubonburel MOJSPHOCTBIO M3 pacTBOpHTesed obnajaet
Bojia. [IpaKkTHUECKH PUXOAUTCA MMETH [€JI0 ¢ THIPATaMH, 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 uHOTrAa Boja MpouHO CBs-
3aHa ¢ MOJIEKYJIaMU PacTBOPEHHOI'O BEUIECTBA, W MPH KPUCTAJLIU-
3allMM ero U3 pacTBOpa OHAa BXOJHUT B COCTaB KpucTayuioB. Takue
KpUcTanauyeckue o0pa3oBaHUs, B MOCTPOSHUH KOTOPBIX MOJIEKY-~
7Bl BOZBI YYacTBYIOT KaK CaMOCTOSTENIbHBIC €IUHUILIbI, HAa3bIBAIOT
KPUCTAINIOTHAPATaMH, a COJIepXKaIlasicss B HUX BOJA - KPUCTALIU-
3aUMOHHOM Bonoi. CocTaB KpHUCTalIOrH/IPaTOB MPUHATO U300pa-
#aTh QopMynaMy, MOKA3bIBAIOIIMMU YKMCIO MOJEKYN BOJBI, MpHU-
XOAALIMXCA Ha | MOJieKyly BEIECTB.

Ipumep: Na,COs « 10H,0, CuSO; « 5H,0, MgSOy +
7H,0.
Tennosoi yddexT pacTBopenns
Pacteopenue TBepIpIX BELIECTB B XMJIKOCTAX Ooibllel ya-
CTBIO CONpPOBOXJAAETCs NMOrnouieHuem Terna. Hekotopeie TBepabie
BELLECTBA PACTBOPAIOTCS C BBIAC/IICHUEM Teruia. Beiaensercs Temio
NP4 pacTBOPEHUH HEKOTOPBIX XXU/IKOCTEH H ra30B.
Konuuectso Tenna, nornowaoimerocst (Wi BblAEIAIOIIErO-
Cs) MPU PaCTBOPEHUH OJJHOIO MOJIsi BELIECTBA, HA3bIBAIOT TEILIOTOM
pacTtBopeHMs 3Toro BeulecTBa. [IpuunHa TOro, 4To pacTBOpeHHE
OJIHMX TBEPJBIX BEUIECTB B BOJE MJET C MOIJIOIIEHHEM, a JPYTHX C
BBIJIEIEHHEM TEILIOTHl, 3aK/ItouyaeTcsi B cnenyowem. [Ipouecc pac-
TBOPEHHMs TBEPAOIO BEIECTBAa COCTOMUT M3 JBYX I[OCJEIOBaTelb-
HBIX CTaJMi, KaXaas U3 KOTOPbIX COMpPOBOMKAACTCS TEMIOBBIM 3¢-
¢dekroM: 1. PaspyiieHne KpHUCTAJUIMYECKOM pELIeTKH, T.€. pachaj
€€ Ha OTJE/bHbIE YaCTHLIbI, CBsA3aH ¢ 3aTpaToil 3Hepruu Oy. 2. B3a-
MMOJIEHCTBUE YaCTUL] PACTBOPEHHOTO BELECTBA C MOJIEKYIaMH BO-
Apbl (THApATaLNs) CONPOBOXKAAETCA BhifieaeHUEM 3Hepruu Q,. Cre-
JOBAaTeNbHO, TEIUIOTa PACTBOpPEHHUA eCTh aiareOpavyeckas cymma
MEPEYUCICHHBIX TeMIOBBIX 3 dekToB, T.e. Q = Q;+Q,. 310 ypas-
HEHUE NIOKa3bIBAET, YTO PaCTBOPEHHE TBEPAOIO BEIECTBA ABJAETCA
3K30TEPMHUYECKHM IPOLECCOM, €CH MPU MApaTaliy BbIIEIAETCA
SHEpruu OoJblie, YeM €€ PacxoyeTcs Ha pa3pyluleHHe KpHCTallIu-
4yeckoi pereTku. PacTBopenue aBnsgeTcA 3HAOTEPMUUYECKUM IIPO-
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L{ECCOM, €C/TH Ha paspylleHHe KPUCTATIMYECKOH PellieTKH pacxo-
IyeTcs SHeprum GONBIIE, YEM €€ BHUIENISETCS IPH MH/APATALKH.
PacrBOpuMOCTE

PacTBOPHMOCTRIO Ha3bIBAE€TCS CIIOCOOHOCTH BELIECTBa pac-
TBOPATHCA B TOM WM MHOM pacTBOpHTene. Mepoit pacTBOpHMOCTH
CIYXCMT KOHIEHTpAIMs HAachIIEHHOTo pacTBopa. Ee BhipaxaroT
KOJIMYEeCTBOM I'paMMOB BelllecTBa, Hachmatomum 100 r pactBopu-
TeNsA NPU JaHHOW TeMIlepartype.

Ecnu B 100 r Boap! npu KOMHATHOH TeMIlepaType pacTBOps-
ercsa 10 r BEIECTBa, TO TAKOE BELIECTBO NPUHATO HA3bIBATH JIETKO-
pactBopuMbIM. Ecnu 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 CyliecTBYeT. C NOBBILICHHEM TeMIepa-
TYpbl pACTBOPUMOCTE MOYTH BCEX TBEPABIX BELIECTB YBEIMYMBACT-
col.

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

3aBUCHMMOCTb PACTBOPHUMOCTH 'a30B OT JABIEHUS BBIPAXKAeT-
g ciaeayromumu 3akoHamu ['enpu-Jlanetona:

1. Macca rasa, pacTBopsiolasics B JaHHOM 00BeMe JKHIKO-
CTH, NMPONMOPLHOHANBEHA JAaBJIEHUIO rasa.

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

3. [lpy pacTBOPEHMH CMECH ra3oB KaXkJas COCTaBHas 4acTh
9TOW CMECH pPacTBOPSETCs MPONOPUHOHANIBLHO CBOEMY Mapuualb-
HOMY JaBJICHUIO U paCTBOPUMOCTH.

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

a) HeOrpaHHWYEHHasi PACTBOPHMOCTD, €CIIH XKUIKOCTH CMELIH-
BAIOTCA JAPYT C APYTOM B JIIOOBIX 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, oOpasyeTcs Ba CiOA: BEPXHHH Npen-
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CTaBjIsieT COOO0# HACHIEHHbIA PACTBOP BOAKI B 3dupe, a HIDKHUIH -
HaChIIUCHHBIH pacTBOp 3¢upa B Bose. Tak Kak C MOBBIIEHHEM
TEMIEPATYpbl PACTBOPUMOCTY OOBIYHO BO3pACTaeT, TO NPU HEKO-
TOpO# TeMIiepaType MPOMCXOAUT NOJHOE B3aMMHOE PacTBOPEHHE:
9Ta TeMIieparypa Ha3biBacTCsi KPUTHMYECKOW TeMIleparypoil pac-
TBOpEHUs. Belie 3T0# TeMmnepatypsl paccioeHus He HabJIoJaeTcs;

B) NMOYTH MOJIHAS HEPacTBOPHMOCTH (BOJA-KEPOCHH, BOJa-
PTYTb M Ap).

PacTBOpEI B 3aBUCHMOCTH OT KOHLEHTPALMH PaCTBOPEHHOIO
BellecTsa ObIBAlOT HACHILCHHBIC, HEHACHIEHHBIE U MEPECHILCH-
HBIE.

HacelienHbIM Ha3bIBaeTCs TakOW pacTBOp, B KOTOPOM He-
pacTBOpPEHHOE BEMIECTBO (B OCAaJKe) HaXOAMTCA B PaBHOBECHM C
pactBopeHHbIM. Ilponecc pacTROpeHHs He mpekpamaercs, Ho
Hapsy ¢ HUM WJET KPUCTaJIM3allUs BEeLECTB M3 pacTBopa. Konu-
YECTBO PACTBOPAIOILEIOCsS BEIECTBA B €IMHMLY BPEMEHH DPaBHO
KOJIMYECTBY BEILLUECTBA, BHINAJAIOLIEr0 HAa pAcTBOp B BHIE KpU-
CTaJUIOB.

PactBop, KOHLEHTpauusi KOTOPOIO MEHbIE KOHLEHTPALUH
HaCbILIEHHOTO IPH TOH >ke TeMIlepaType pacTBOpa, Ha3blBaeTCs
HEHACBHIILEHHEIM.

PacTBop Ha3biBaeTCs mepechilleHHbIM, €ClIH €ro KOHIEHTpa-
1Ms OonblUE, YeM KOHLEHTpaLMs HACHIILEHHOrO pacTBOpa Mpu TOH
e Temnepatype. IlepechillieHHBIH pacTBOp nosy4yaeTcs MpH OCTO-
POXHOM OXNaXJEHUH TOpAYMX HACBILIEHHLIX PAacTBOPOB, HE CO-
Aepakaliux TBepaoi ¢aspl. Hy)>kHO MOMHHUTE, YTO MEpEecHIEHHbIE
pacTBOpHI ABIAIOTCS HEYCTOHYMBBEIMU CHCTEMaMHU, U KPUCTAILIU3a-
LMIO TAKOTO PacTBOpPA MOXKHO BBI3BATh IIYTEM TPEHHS CTECKIIHHOM
NajoyKH O CTEHKH COCYAa, BHECCHHMEM 3aTpaBK¥ KpHCTajlla, pe3-
KMM OXJIQXICHUEM.

Crioco0sl BBIPAKENHs] KOHIEHTPANHH PACTBOPOB

MaccoBoe KOJNMYECTBO PacTBOPEHHOTO BEIECTBa, COAepKa-
[jeecsi B OMpe/IeICHHOM KOJHUYecTBe (MaccoBOM MM OOBEMHOM)
pacTBOpa MM PACTBOPHTENS, HA3bIBAIOT KOHLEHTPALUEH.

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

1. MaccoBbiit npouent. KoHUEHTpanus pacTBopa BbIpaXKaeT-
Cs B DTOM CJlyyae B MAacCOBBIX MPOUEHTaX, T.€. OTHOLIEHHE MACChI
PAcTBOPEHHOTO BELIECTBA K Macce pacTBopa, yMHOXxeHHoe Ha 100,
WIH YKa3blBaeTCs 4MCJIO MPaMMOB PAaCTBOPEHHOIO BELLECTBA, CO-
nepkauierocst B 100 r pacrBopa. Hanpumep: 10%-Hbiii pacTBOp
roBapeHHo# conu couepxut 10 macc. 4. conu U 90 macc. 4. BOAbI.

2. Belpakenue KOHIIEHTpAlWU PACTBOPOB YEpPE3 MOJIBHYIO
JOJIK0 PacTBOPEHHOrO BemecTBa. bonee ynoOHBIM [UId BEIABIEHUA
3aKOHOMEpHOCTEli B CBOMCTBAX pacTBOPOB OKAa3bIBAETCsl COMNOCTaB-

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

TBOPHTES, 2 UX MOJIbHBIX KOJHYCCTB. le/l 3TOM COCTaB pacTBOpa
MOXKHO BBIpaXXaThb KaK B MOJISIPHBIX (MOI]I:HBIX) J0JIX, TaAK H B MO~

~ JIIPHBIX (MOJIbHBIX) MPOLEHTAX.

MonbHo#t moned N pacTBOPEHHOIO BEIIECTBA HA3LIBAETCA
OTHOILIEHHE YKC/Ia MOJIeH # paCTBOPEHHOIO BELIECTBA K CYMME YH-
ceJl MOJIel pacTBOPEHHOTO BEIIECTBA ©7 M PACTBOPUTENS Hy:

oot bty
g
MounbHbli iponieHT paBeH N« 100 .

3. MonspHas KOHIEHTpauus BBIPAXAETCsl YUCIOM MOJIEi
pacTBopeHHoro Bemiectsa B 1 1 pactBopa. PactBop, coaepxamui 1
MOJIb paCTBOPEHHOIrO BeleCTBa B 1 J1 pacTBOpa, Ha3bIBa€TCs OAHO-
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MOJISIPHBIM u 06o3nauaetca 1 M; coaepxamuii 0,1 Mons B 1 i pac-
TBOpa - aeuuMossipubm (0,1 M) u 1.4.

Jlns mpUroToBNeHUs OMNpele/ieHHOro obbeMa pacTBopa 3a-
JJAHHOM KOHIEHTpAUMH CHAaYyalla pacCUMThIBAETCS HaBECKa pacTBO-
psieMOro BEILECTBA, 3aTEM 3TO BELIECTBO (MOJIHOCTHIO, 6€3 NoTeps)
MEPEHOCUTCA B MEPHYIO KONOY COOTBETCTBYIOLEI0 00beMa, KOTO-
past IOJMBAeTCs BOJIOH 0 OTMETKH Ha ropJibILIKe KOJIOBL.

4. MoJisiibHasi KOHUEHTpauus BbIPAXAETCsd 4YUCIOM MO-
neid pactBopeHHoro Beluectsa B 1000 r pacTBopuTens.

[Tpumep: | - MOJIANIBHBIHM pacTBOP MKOKO3bl B BOJE COAEPIKUT
1 mob CsH1206 =180 r B 1000 r BOAIBL.

5. HopmanpHas KOHIEHTpAlMs BbIPaXKAETCA YUCIIOM 3KBUBA-
JIEHTOB PacTBOPEHHOTO BEILECTBA, COAEPKAaLMXCa B 1 1 pacTBopa.
PactBop, B 111 KOTOpOro coaepxutcs 1 sKBUBaNeHTHas mMacca pac-
TBOPEHHOTO BELIECTBA, HA3bIBACTCA OAHO-HOPMANbHBIM, MK HOp-
MajbHBIM, M oOo3Hauaetcs I H; 2 3KBMBaNEHTHBIX Macchkl -
aByHopMmalibHbiM (2H); O,] 3KkBHBaneHTHOM MAacChl A€LIMHOPMAllb-
HbM (0,1) u T.1.

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

[MpuroToB/ieHHEe HOPMAJIBHBIX PacTBOPOB  MPOU3BOAUTCA
aHAJIOTHYHO MPUTOTOBJICHHIO MOJIIPHBIX PACTBOPOB, C TOM JIHMILBL
pa3sHULIEH, YTO MpU pacyeTe HABECKM PACTBOPAEMOIrO BEIIECTBA
HY)XXHO OpaTh He MOJIIPHYIO Maccy, a 3KBUBAJIEHTHYIO Maccy.

6. BrlpakeHUe KOHIEHTpaliMyi pacTBOpa Yepe3 ero Iot-
HOCTh (OOBIYHO BBIPAKAETCA B IpaMMax Ha caHTUMeTp B Kybe). C
HW3MEHEHHEM KOHUEHTpallMd pacTBOpa MEHSETCS ero IUIOTHOCTE.
CrnenoBaTenbHO, ONpPENEJICHHOW NUIOTHOCTH pacTBopa COOTBET-
CTBYET OINpele/ieHHass KOHUSHTPALlis pacTBOPEHHOrO BELIECTBA B
pactBope. Jist paCTBOPOB HEKOTOPBIX BEINECTB (KHUCIOT, LIENOYEH,
cosiei) UMEIOTCs CrelUalibHbIe TabJULbl, TOJB3YACh KOTOPBIMM,
MOJKHO IO MUIOTHOCTU PACTBOPOB HAXOJAUTE UX IPOLEHTHYIO KOH-
LEHTPALHUIO.
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74 OHDB}ICJICHPIC KOHHCHTDaHPIH pPacTBOPOB METOAOM THUTPO-
BaHUA. IIHH OMpeaeIeHUs KOHIEHTpauHU pAaCTBOPOB INOJIB3YHOTCS

. METOAOM THUHTPOBAHUS. THTpOBaHHC - ONpeacjieHue HEU3BECTHOM

KOHLICHTpAIlMd OJHOTO pAcTBOpa IO M3BECTHOH KOHIIEHTPaLMU
JIPYroro, MyreM HU3MepeHHs OOBEeMOB pPacTBOPOB pearupyroux
BellecTB. i onpeziesieHys KOHUA peakuuu (KOHeil TUTPOBAHHMS)
UCNONB3YIOTCA MHAMKATOPH! - BEUIECTBA, MEHsIOIME CBOM LBET B
3aBUCUMOCTH OT cpeabl pacTBopa. Haubonee uacto s onpenene-
HMSl KOHLEHTpAlMU INEeNOYH MM KHCJIOTBHl MOJIB3YIOTCA METHJIO-
pamkeM U QeHondranenHom. Tak Kak peakiuM MeX/y BellecTBa-
MH NPOTEKAIOT B 3KBUBAJIICHTHBIX KOJIMYECTBAX, TO KOHIEHTPAlUK
pPacTBOpPOB B METOJI€ TUTPOBaHUs ynoOHee BhIpaXKATh B €AMHHULAX
HOPMallbHOCTH:

m  9K8
L SR
S
rae Cy - HOpMajibHas KOHIEHTpalus pacTBopa; m -

macca pacTBOPEHHOIO BEILECTBA; D - SIKBUBAJICHTHAs Macca Belie-
cTBa; V' - 06beM pacTBOpa B JIUTpaXx.

ITpeo6pazyem ¢opmyny C, -V = Kax neas, tak u

wl3

opaBas 4aCTH paBC€HCTBA IPEACTABIAIOT Cc0o00ii KONHYECTBO 3KBU-

¢ BAJICHTOB BEILECTBA, paCTBOPCHHLIX B ob0beme V. YuuTeiBas 3aKOH

9KBUBAJICHTOB, MOXKHO CJIE/IaTh BBIBOJ O TOM, 4TO MPOW3BEACHUS
CyV 1y pacTBOpPOB JIBYX BEINECTB, BCTYNAIOLIMX B peakuuto 6e3
OCTaTKa, paBHbI MeX 1y cO60H, T.€.

Takum 06pa3oM, 00BEMEI pACTBOPOB PEarupyrOLIUX BEILIECTB
00paTHO MPOTNOPIHOHANBEHBI HX HOPMAIBHBIM KOHLIEHTPALIUSM .

[lenp paboThI: HAYYUTHCS PACCYMTHIBATE HABECKY M FTOTOBHUTH
PacTBOPHI 3aJJaHHONH KOHIIEHTPAIMH, a TAKKE ONpeeNATh KOHLEeH-
TPaLUIO PaCTBOPOB METOI0M THTPOBaHHS.
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9KCHCpHMCHTaJIbHa${ 4acTb

Onpit 1. OnpeaeneHre KOHUSHTpaLMK PacTBOpPA MO IUIOTHO-
CTH.

ITonyuute y nabopaHTa CTEKIAHHBIA LMIMHAD, apeoMeTp W
pacTBOp XJIOPUCTOro Hatpus. OnpenenuTe ¢ NOMOUIBIO apeoMeTpa
IUIOTHOCTE 3TOro pacteopa. [lone3ysick Tabnuuei, HalguTe mpo-
LIEHTHOE COJIEpHaHue COJIN B pacTBOPE.

Tabnuna 1

o (O T L o [
HOC 3
Hpﬂ“’ NaCl & ggﬁ“’ NaCle """ lume NaCle
20°C 100r pac- 20°C 100 28°C 100 r pac-
Yok ’ TBOpa, i > Ir pacTBOpaA, e ¥ TBOpa, I

P r
1,005 I 1,071 10 |1,140 19
1,013 2 |1,078 11 }1,148 20
1,020 3 {1,086 120156 2
1,027 4 11,093 13 11,164 29
1,034 S0 14 (1,172 23
1,041 6 (1,109 15 |1,180 24
1,049 7L 16 16 {1,189 25
1,056 8 11,124 7 bk 26
1,063 Qe 99 Ieatlibou 26,4

Hpu BBINIOJIHEHUH OIbITa HY>XKHO CJII€AHTH 32 TEM, YTOOKI
ap€oOMETp HE KacaJiCs CTEHOK LUMJIHMHApA. I'loxkazaHus IIKaJIbi apeo-
METpa CHUMAKOTCA IO HWXKXKHEMY MEHHUCKY XKHUJIKOCTH.

Oneit 2. [Tpurotosnenne 100 ma 0,1 M pacTBOpa cepHOKHC-
JIOH Meu.
a) Paccumraiite kosmuectso CuSO,5H20, HeoOX0auMOE

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

6) OTBecbTe B NpeABapUTENbHO B3BELICHHOM CTAKaHYMKE 3TO KO-
JIMYECTBO COJIM HAa XMMHKO-TEXHHYECKHX Becax ¢ TOYHOCTBIO O
0,01r. B) IlepecrinbTe yepe3 BOPOHKY B3ATYIO HABECKY B MEPHYIO
xonby Ha 100 M1 ¥ TIaTeIPHO CMOHTE ¢ BOPOHKHM OCTaBUIYIOCS Ha
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geit cone. HaBecky B koJyibe pacTBOpUTE B MAJOM KOJIMYECTBE BO-
161, IONIGHTE MEPHYIO KOOy BOIOH JIO UepThl, 3aKpoiiTe NpobKoil 1
xopolIo nepemeraite. I'0oToBBIN pacTBOp cAaiTe 1abopaHTy.

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

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

6) OtBechbTe B NPEJBAPUTENILHO B3BEIIEHHOM CTAKAHYUKE ITO
KOJIMYECTBO COJIM HAa XMMMKO-TEXHUUYECKUX BecCax ¢ TOYHOCTLIO [0
0,01 r.

B) IlepeckinbTe uepe3 BOPOHKY B3ATYHO HABECKY B MEPHYIO
ko10y Ha 100 M 1 TUIATEIBHO CMOMTE C BOPOHKH OCTaBLLUYIOCS Ha
He#l conb. HaBecky B konbe pacTBOpuTe B MajOM KOJMYECTBE BO-
JIBI, J0JielTe MepHYyIo KOJOy OO 4epThl, 3aKpoiTe MpoOKOM U XO-
pOIUO MepemMellanTe.

Ongit 4. [Npurotonenue 20 r 10% -ro pacTBopa yriekucio-
ro HATpPHUsl U3 KPUCTAIJTHYECKOH COJIH.

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

6) OTBechTe B MMpPeIBAPUTENLHO B3BELIEHHOM CTAKaHYHKE 3TO

'KOJTMYECTBO COJIM Ha XHMHKO-TEXHHUYECKHX Becax ¢ TOYHO-
fereio. o' 0,01 b

B) Paccuurtaiite, kKakoii 00beM BOJIbI HEOOXOAMM Ui PacTBO-

'PEHUs B3STON HABECKH.

r) OTMepbTe MEH3YpKOH 3TOT 0OBEM BOJBI M pacTBOpUTE B
HEM B3BELICHHYIO cOJb. [loNydeHHBIH pacTBOpP BbUIEHTE B MPU-
COTOBJIEHHYIO CKJIIHKY.

OmeiT 5. Onpenenesye KOHUEHTPaUUK pacTBOpa KUCIOTHL.

3anosHuTe OIOpETKY PacTBOPOM ILEJIOYM BbIlIE HYJIEBOrO
Aenedus. M30bITOK meaodu U3 OI0peTky clIeHTe B M0CTaBICHHBIA
CTaKaH, MOoKa HWKHUH MEHHUCK JXHUAKOCTH HE OCTAHOBMUTCS Ha HY-
JIEBOM JieJieHuy OropeTkH (Mpu OTcYeTe a3 Habyrozarens JoDKeH
OBITE HA OJIHOM YPOBHE C HIDKHUM KpaeM MEHHCKA JKMJKOCTH).

41



Habepute mepHoif nmunetkodt 10 M pacTBopa KMCIOTBI U
BJieliTe ee B KOHHYECKyr KoJioy eMkocthio 100 mut. Tyna >xe BBe-
aute 2 karuu pactBopa (esondraneuHa. Iloa kondy mosoxure
Oenplid MCT Oymaru M MPUCTYNHUTE K TUTPOBAHMIO: U3 OHOPETKH
[OpYIMBalTE PacTBOP LEIOYH HeOONbIIMMHU nopuusamu (o 0,2 min)
B PacTBOP KMCJIOThI, HEMPEPHIBHO NEpPEMEIINBasl COAEPKUMOE KOJI-
Obl.

Mecto, B KOTOpOE MOMaAaeT MIEeN0Yb, OKPAIIKWBAETCs B Ma-
JIMHOBBIA 1BET, ObICTPO Mcyesaroluit npu B3GanTeiBaHud. Korpa
MaJIMHOBBIH LIBET HAYHET MCYe3aTh, NPUOABISITE PaCcTBOP IIEIOYH
[0 OJHOM Karuie A0 TeX Iop, OKa OT OJHOM Kaijy pacTBOp NpH-
MET HEMCYE3arolyr0 MaJMHOBYIO OkpacKy. Ha atom TuTpoBaHue
3aKOHYeHO. OTMeThTe MO JENEeHUM OIOPEeTKH, C TOYHOCTBIO JI0
0,05 M, obbeM pacTBOpa LIENOYM, U3PACXOJAOBaHHBIA HA HEHTpa-
JIM3aLUI0 KUCIIOTHI.

IToBTOpHTE TUTpOBaHME elle ABa pa3a. PacxoxaeHue Mexmy
pe3yJpTaTaM4 TUTPOBAHUs HE JAOJDKHO npeBbimath 0,1 M.

IlonyyeHHble JaHHBIE 3aMUILMTE B TaOIHILLY.

3anuiuTe HOPMANBHYIO KOHLEHTPALMIO pacTBOpa KUCHOTHI,
ONpeENCHHYIO U3 COOTHOMICHHS

CH,\M;_,, Viwen = CHME-W,,, 'VLuEJIOtIM

Tabnuua 2

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

LIET0YH obbema

| menoyu

e sniompene-ulf T et ias apasdlin e URaRinaR g
JIEHUE 2, USRI DS RPN TN Fra et £)
2=¢ Wonpeme [l il S St Sy
JIEHUE A TRt (e YRR g uass
3-8 AOHPEIeR LT LA PR L% 2 | R RIS
JIEHHE N e e R e
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, KoHTpo/IEHBIE BOIIPOCHI
1. PacTBOpBI, WX OTIMYME OT XMMHMYECKUX COEJUHEHUH M

-CMecei.

2. DHeprerudeckue 3pQeKThl pu 06pazoBaHHUH PACTBOPOB.

3. PacTBOpUMOCTE, M€pa pacTBOPHMOCTH.

4. HacelilleHHble, HEHACHIIUEHHBIE, NEpPeCHIleHHBIE PacTBO-
)38

5. BiusiHue TeMneparyphbl Ha paCTBOPUMOCTb TBEPIBIX, XU~
KUX ¥ ra3000pa3HbIX BELLECTB.

6. 3akoH ['enpu-anpToHa.

7. CriocoOsl BhIpa)keHUs1 KOHLEHTPALUU pacTBOPOB.

7.1. IINOTHOCTB pacTBOPOB.

7.2. MaccoBblii MPOLEHT.

7.3. MossapHOCTb, HOPMATBHOCTh, MOJIUIBHOCTB, MOJIbHAA
JOJIS1.

8. Onpenenenue KOHUEHTPALMKY METOOM TUTPOBAHMA.

JIABOPATOPHAS PABOTA Ne 6

PEAKIIMHA OBMEHA B PACTBOPAX 3JIEKTPOJIATOB.
MNPOU3BEJIEHHE PACTBOPHUMOCTH

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

 Peaxkuuu B pacTBOpax 3EKTPOJMTOB HAYT TOJBKO B TOM Cllyyae,

€C/IM B pe3yibTare 31eKTPOCTATHIECKOrO B3aMMOIEHCTBHUS pasHO-
MMEHHO 3apSUKEHHBIX HOHOB 00pa3yloTcsi MOJIEKYJIbl HOBOTO Belle-
CTBa: TPYAHO PAaCTBOPHMOro, ra3000pasHOro MJIM MaJIOANCCONUU-
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-

HOBAHWH, HO M MX MOHBI, oOpa3yromuecs IpH JAUCCOUHUALMH IO
NepBoM Uy BTOpOH CTYTIEHAM (Hanpu-
mep, HCO; ,HPOf",MgOH "). KoHcraHTa AMCCOLHMALMH HX, KaK
IPaBHUJIO, MEHBIIIE KOHCTAHTBI JUCCOUNAUN COOTBETCTBYIOIIUX UM
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KHCJIOT M OCHOBaHMiA. K ciabhiM 3JIEKTPOIMTAM OTHOCATCS M OTHO-
CHTEJIbHO NPOYHBIE KOMITJIEKCHBIE HOHBI.
Peaxunu, ugyummne ¢ o6pazoBapuemM caadbix
2JIEKTPOJIUTOB:

a) Peakumu ne#tpanuzaumu. [lpouecc B3auMOAeHCTBUS
TMAPOKCH/I- HOHOB HOHOB BOJI0po/ia ¢ 00pa3oBaHueM ci1aboro e-
KTpOJIUTa BOJBI Ha3bIBaeTCs peakuueil HeHTpanu3aluuy, Hanpu-
Mep:

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

O6pasoBanre 1 monb Boael M3 uomoB H' m OH™ npu
HEUTpanu3auuu CUJIBHBIX KUCIOT ClIa0BIMU OCHOBAHUSAMH COIpPO-
BOXJaeTcs BoiaesnienneM 57, 54 k] TennoTel (TemioTa HeuTpasu-
3aLluu).

6) Peaxumu, naymue ¢ o6pa3oBaHueM ciabbIX KHUCJAOT WM
OCHOBAHUM, HAIIPUMED:

CH; COONa + HCl — CH3;COOH + NaCl,

WM B MIOHHOH dopme:

CH;COO~ +H" — CH;COOH.

B) Peakiuu, conpoBoraaromuecs oOpa3oBaHUEM KOMIUIEKC-
HOI'O MOHA, HallpuMep:

Zn(OH); + 2NaOH — Na[Zn(OH)4],

Zn(OH); + 20H™ — [Zn(OH),]* .
Peaxknum, naymue ¢ o6pa3oBaHHeM TPYAHO PacTBOPHUMBbIX
BEINeCTB
3Ha‘«II/ITCJII>HO qaue npuxomauTrcs UMETh AEJI0 c'o6pa305aﬂu-
€M TPYAHO paCTBOPHUMBIX BCUICCTB, KOTOPHIC YAANSAKOTCA U3 C(l)epbl
peakluy B BHIE OcajKa, HallpuMep:
Ca(NO3)y+Na;CO; —CaCO3; 4 +2NaNO;s
VYpaBHEeHHE peakuu B HOHHOH dopMe UMeeT BUL
Cad’* +CO¥ —CaCOs 4.
I/I3y‘{CHl/IC paBHOBECHs B HACBILICHHBIX pacTBOpax CHUIIBHBIX
3NEKTPOJIMTOR (HAaMpUMEp, COJIEH) HAeT BO3MOXKHOCTH BBIACHHUTH
YCJIOBHSA, BbI3BIBaIOIIKe 06pa30BaHH6 HJIH PacTBOPCHUC 0OCaaKoOB B
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9TUX pactBopax. [Ipu pacTBOpeHUM KPUCTAILUIOB 3JIEKTPOJHUTOB C
HOHHOM KPMCTAIMYECKON PeIeTKON B pacTBOP NEPEXOIiT He MO-
JIEKYJIBl, @ HOHBL

B HachIIEHHOM pacTBOpe KakKoW-Tub0o COMM € OCaAKOM
(nanpumep, CaC03) UMeeT MECTO paBHOBECHE:

NN e
{1 Bl el
CBsI3aHHbIC HOHEI cao%cﬁﬁe_ﬁcﬁxlﬂ
TBEPAOH COJH B pacTBOpE.

[Tepexoax uoHOB 3 TBepAOH ¢a3bl B >KUIAKYH MPOUCXOJUT
TOJIEKO C MOBEPXHOCTH M HE 3aBUCHT OT KOJIMYECTBA TBEPJOrO Be-
IECTBA.

O603HAaYMM YHUCIO MOJIb HOHOB, MEPEXOAIUX B PACTBOD 3a
€JIMHULY BPEMEHHU C eIMHULUBI MOBEPXHOCTH, Yepe3 K ;. DTa BeJH-
yrHa OyAeT BbIpaXkaThb CKOPOCTb Mepexoja UOHOB B pacTBOP, T.€.
v1 =k, . OueBuaHo, BenuyuHa v | OyIeT 3aBUCETh TOJNBKO OT MpPH-
POJIBI BELIECTB U TEMIIEPATYPhI.

OO6paTHBIii poliecc - Nepexo] HOHOB U3 pacTBOpa B 0CaJ0K -
[POMOPUHMOHaNEeH MX KOHUEHTpauuu B pacTBope. CKOpPOCTh 3TOro
IpOLIECCa BBIPAXKAETCSl PABEHCTBOM:

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

ocajika npu koHuentpauusax Ca” u CO2™ | paBHbIX eMHHUIE.
. B MoMeHT PaBHOBECHA: |
vi=vy uki= ks [C82+][ C@g_].
[lepenecs BeMUUHY k; 6 JIEBYIO YaCTh, IOJIy4aem:

k 2 "
2L =[Ca™][ CO¥],
k2

U3 3TOro paBeHCTBa BHIHO, YTO NPOM3BEAEHHE KOHLEHTpa-
Uil HFOHOB B HACBILIIEHHOM PacTBOpE €CTh BEIHYMHA MOCTOSIHHAS.
OTa BenMYMHA HA3BIBACTCS [POU3BEJACHHUEM pPACTBOPUMOCTH M
06r14HO 0603Havyaercs OykBamu I1P:
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P =ita TE0 ] )

IIpousseaeHue pacTBOPUMOCTH XapaKTepu3yeT
PacTBOPUMOCTh TBEPAOTO AJIEKTPOIHTA MPU ONPEAEIIEHHOM TeMITe-
patype. M3 ABYX OJHOTHUIIHBIX COJIEH MEHBIUEH pacTBOPUMOCTHIO
obnamaer Ta COJib, U KOTOpPOW MPOU3BEJEHHE PACTBOPHUMOCTH
MEHBLUE.

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

H3MeHss KOHIEHTpalMiO MOHOB B HACHIMIEHHOM pacTBOpE,
MOXXHO HApyLIMTh PAaBHOBECHE U BbI3BaTh OCAKICHHUE WIIM PACTBO-
pPEHME OcagKa IIEKTPOTHUTA.

Ocax/ieHue BBI3BIBACTCS YBEJIMYEHUEM KOHLIEHTPalUY UOHOB
nyTeM BBEIEHHs B pacTBOp OJHOMMEHHBIX MOHOB. [Ipumep: mpu
noGaBneHun kpenkoro pactBopa Na;CO; K HachILIEHHOMY pacTBO-

py CaCOs, yBennunBaetcs koHUeHTpauus uonos COZ™ B pacTBope

¥ PaBHOBECHE CMELIACTCs B CTOpOHY obpa3oBanus ocaaka CaCOs.

PacTBOpeHMe ocajKa BbI3bIBAETCS YMEHBIUEHHEM KOHLIEH-
TpaUUH HOHOB MyTEM CBA3BIBAHHs UX B MOJIEKYJIBI MaJloJUCCOLUH-
pyromux Beuiects. [Ipumep: npu nobasnenun HCI K HACBIIEHHO-
My pactBopy CaCQs; ¢ ocaiKOM MPOMCXOMUT peakiuus MEeXxay
MOHaMHU:

CO§' i5 .Zf{+ = H;C()g.

Takum 00pa3om, MPOUCXOAUT YMEHBIUEHHE KOHUCHTpaUUH
MOHOB B pacTBOpe. DTO BBI3HIBACT CMEIIEHHE PABHOBECHS B HAChI-
IEHHOM pacTBOpE B CTOPOHY 06pa3oBaHus HOBEIX HOHOB CO o
CYET pacTBOPEHHUs OCajKa.

Hepeaxo NMpUXOAMTCS BCTPEUATECA C PEAKLMAMH, IIPH KOTO-
PBIX TPYOHO pacTBOPUMBIE COEJUHEHMS UMEKOTCS B UMCIE M UC-
XOJHBIX BEILECTB, U KOHEUHBIX POAYKTOB, HAIPHUMEp:

BaC03\L +NaSOy4 <=> BaSO4d +Na,CO:s.
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PaBH_OBGCPIe MoI0OHBIX CHCTEM CMEUIAeTCs B CTOPOHY 06pa-
30BaHUs BeLieCTBA ¢ MCHBUIUM 3HAYEHHUEM IPOU3BCACHUA paCTBO-

. PUMOCTH.

Peaxnmnn, ugymme ¢ o6pazoBaHueM rasza
K 3TMM peakuusM OTHOCSATCS B OCHOBHOM pPEaKLHH, COIpO-
BOXKAAIOIKECS BBIACICHHEM BOJOPOJHBIX COEJIMHEHHH HeMeta-
nos H,S,HF, HCI, HJ, NH3 u np. Hanpumep:
ZnS + 2HCI — ZnCl ; + H,S T,
HJIY B MOHHOH dopme:
ZnS+2H — Zn'* + H)S T

Tax kak cynbua [MHKA [10X0 paCTBOPUM B BOJIE, B HOHHOM
YPaBHEHWM pEaKilMu 3Ty COJIb 3alUCHIBAIOT B MONEKYISIpHOH dop-
me. [Ipu 3TOM, OZIHAKO, MMOMHST, YTO PACTBOpPEeHUE cynabduaa LUH-
Ka B COJITHOH KMCJIOT€ MPOMUCXOAHUT 3a CYET TOro, 4TO MEXAy ZnsS,
HaXOJIIMMCA B COJITHOW KUCNOTE, M PACTBOPEHHOH €ro 4acTbio
CYUIECTBYET paBHOBECHE:

Zns = 2w s
ocagok pacTtBop
KOTOpOC CABHUraceTcs Bl'[paBO 1o Mepe CBA3BIBAHHUA HMOHOB S2
B MOH@KyJ'lLI CCpOBO,&OpO,&a.
[leab paGoThi: M3ydeHHE peak Uil OOMEeHa B pacTBOpax 3jeK-’

~ TPOJIMTOB.

DKcrnepuMeHTaNbHas 4acTh
O6pa3oBaHHe MAJIOPACTBOPHMBIX COeHHEHH

OneiT |.  a) B Tpu npo6upku Hanuthk 0o 1 M1 pacTBOpOB: B
OJIHY CEpPHO# KHMCIOTHI, B PYyTYIO cyabdara HaTtpus Na;SOy, B Tpe-
TeIO cynbata meau CuSO, B kaxayto u3 npobHpok NpHOaBUTE
no taxoMmy >xe ooreMy xnopuna 6apus BaCl,. Bo Bcex npobupkax
obpasyetcs ocagok cynbdara 6apus BaSO,.

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

Onpit 2. ITone3ysch BLICTaBICHHBIMHM Ha 1a00paTOPHOM CTO-
Jie peakTHBaMH, OCYUIECTBUTH PEaKLHIO, BLIPAKEHHYIO CIIEAYIO-
IIMM MOHHBIM YpPaBHEHUEM:

Fe** +30H™ = Fe(OH);,

Hanucath MoJiekyssipHoe ypaBHeHMe peakuuu. Ocamok
Fe(OH)3; coxpaHuTh JJis1 OMbITa 6.

Omneit 3. B oany npo6upky Hamuth | mMi pactopa cynbgata
meau CuSOy, B Opyryto Takoi sxe 06beM pactopa cyiabdara HUH-
Ka, B TPETbIO pacTBOp Xjopujia sxenesa FeCls, B 4eTBEpTyIO pac-
TBOp xJopuzaa kagmus CdCl ;. [lpunuTh B Kaxayro npoOupky no 1
MI1 pacTBopa cynbduaa HaTtpust NaaS.

Hanucate MonekynspHbie M HOHHbIE YpPaBHEHHWS peaKLUH,
ykazaB noj ¢opmynamu oOpa3oBaBLUMXCA CYlb(UIAOB HX LIBETA.
Coxpanuts npobupku ¢ ZuS Ajis onbiTa 4, ¢ cyabQuaamMu xenesa 1
MeHU - JUIs OmbITa 9.

[locne onpITa TIWATENBHO BBIMBITh PYKH.

Oﬁpaxosalme MaJIOAHCCOUHMHPOBAHHBIX coefMHEeHHIl U ra3oB

Oneit 4. JIo6aBuTh B MpoGUPKY ¢ CyNbGUAOM LHMHKa ZnS
HEMHOI'0 pacTBOpa C CONIsIHOM Kuc0Thl. OOpasyiomuiics npu pe-
aKLUUH CEPOBOOPOJ OOHAPYKUBAETCS 110 3araxy. ;

HanucaTe MOJIEKYIsipHOE U MOHHOE YPABHEHMs peakuuii.

Onpir 5. B HeGONBIIOM  KOMMYECTBE BOABI  B30ONTATH
IENOoTKy pacreproro B nopowmok mena (CaCOs;) u npuinth
HEMHOTO pacTBOpa coJisiHo# kucyioTel. Kakoi ras BeiienseTcs npu
aToM? COCTaBBTE MOJIEKYIIIPHOE B HOHHOE YPABHEHHS peaKiuu.

OmnpiT 6. ITonB3ysch MOMYYEHHBIM B OMNBITE 2 OCAAKOM M-
pokcupa xene3a .Fe(OH)s, ocymecTBUTL peaklHIo, KOTOpas BEI-
pakaeTcs CIeAYIOIMM HOHHBIM YPABHEHHUEM:

Fe(OH); + 3H" = Fe’* + 3H,0.

Hanucarh MOJNEKyIsIpHOE YPABHEHHE PEAKIIUH.
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AMQOTEPHOCTE YJIEKTPOTUTOB
Oneit 7. M3 umeromuxcs B JaOOpaTOpUU PeaKTHBOB MOJIY-

. YATh OCajloK FMIpOKCUJa LUHKA. B36onTtars nonydeHHbIH ocamok

¥ OTJIUTE HEOOJIBIIOE KONMYECTBO €ro B ABe Mpobupku. B oauy u3
npobupox no6aButh pactBop HCI, B npyryio NaOH (B u36kITKe).

- Yro nabmopaerca? Hanucate ypaBHEHHsS peakuuii B MOJEKYJAp-

HOM U HOHHOHU dopmax.

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

HanucaTe MoNekynsipHoe M HOHHOE ypaBHEHHE DEaKIUH.
Ionyuennsiit ocanok pasgenuts Ha 2 4actu. K ofHOH NpHIMTH
PacTBOpP KHCIIOTEL, K APYroi - U30BITOK pacTBOpa IIETOYH.

Hanucats MosiekynsapHOe M HOHHBIE ypaBHeHHs 00€HX peak-
uuit. Y4ectp, yto npu pacteopenuu Cr(0H); (umu H3;CrO;) B me-
JIOYM TOJIYyYatOTCA XPOMMTEI 3€JEHOTO LBETa - COJIM METaXxpOMM-
croit kucjiotel HCrO; tak kak HzCrO; mpu oGpazoBaHuu conu
OTIIEIIAET MONEKYIY BOJbI:

HyCrls — HCrOy - H0.

3aBHCHMOCTDh PACTBOPHMOCTH OCA/IKOB TPYAHOPACTBO-
PHMBIX 3JIEKTPOJUTOB OT BEJIHYHHBI HX NPOU3BCACHUA
PaACcTBOPHUMOCTH

Oneit 9. Ha nonyueHHsle B OmMbITe 3 OCaakd CYIb(OUIAOB
xenesa u Meau nogercrsosats 2 H pacTBOpoM COJISIHOH KHUCTOTEL.
Kakoi#t u3 ocankoB pactBopuics? OOBsACHHTE pa3jiuvue B pacTBO-
PUMOCTH OCaJKOB, WCIOJIB3Yys 3Ha4yeHUs MPOU3BEICHHUH pac-
TBOPUMOCTH: TTPps=5,18+107%  ITPcus=3,5-10™%

Hamuuimre noHHBIE YpaBHEHUS PEaKIIUM.

KoHTpoJsibHEIE BONPOCHI
1. CyIHOCTE TEOPUH AEKTPONUTHIECKON UCCOLHAIINN.
2. KHCOTBI, OCHOBaHHMS M CONH ¢ TO3ULMH Teopuu
SEKTPOJUTHYECKOM JTUCCOLMAIHH.
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3. CreneHb JMCCOLUALUH, BIMSIHME  KOHUEHTpauuu
pacTBOpa M TEMIIEpaTyphl HA ee BEIUIHHY.

4. KoHcraHTa [UCCOLIHALIMM, €€ CBA3b CO  CTCIHEHbIO
JIUCCOLIMALIUM.

5. U3oToHH4eCKui KO3 PHULIMEHT.

6. IlpousBeieHHEe paCTBOPUMOCTH.
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