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Mpeaucnosue

K#ura, KOTOpyio BbI Iep:KUTE B pyKaX, MPEICTaBIsIET COOOM
0OHOBJIEHHBIN BapuaHT 3agaunuka H. JI. Tinaku, mpodeccopa,
aBTOpa BBICOKO O eHMBaeMoro yuyeOnmuka «Oo1mas xumus». [1o-
cJie CMePTH aBTOpa KakK yueOHUK, TaK U 3aJa9HUK HEOJHOKPAT-
HO TniepeusziaBajauch. [lociennue 1Mo BpeMeHu BbIXOJA B CBET
18-e (2012) u 19-e (2013) uzmanust yueOHUKA MTOJIB3YIOTCS [10-
CTATOYHO BBICOKUM CITPOCOM, UTO MTOOYANIO PETAKTOPOB TOTO
U3aHUs TPEANPUHSATH PaboTy TI0 CYIECTBEHHOM TIepepaboTKe
U JIOTIOJTHEHUIO 3a/[aYHUKA.

HoBoe nznanue 1010/HEHO pa3InyHbIMU TUTIAMU 337124 U BO-
MIPOCOB, B YaCTHOCTU YaCTh BOITPOCOB MMPUBeZIeHA B BU/Ie TECTOB,
MOJIYYMUBIIIUX PpAacIIPOCTPaHeHMe B ITPAKTUKe ITpero/laBaHus] Xu-
MUM B IaHHBIU TIepruoji BpeMmeHu. MarepuaJsibl 3a/la4HUKaA pac-
1pejieJieHbl 110 TJ1aBaM, B OCHOBHOM COOTBETCTBYIOIIUM TJlaBaM
yuebHUKaA. B 3a1auHUK BKJIIOYEHBI YCJIOKHEHHbBIE 3a/1a4M, OT-
MeYyeHHbIe 3Be3/I0YKOM.

B navasie kaxxmoll riaBbl al0TCSI KpaTKUe CBeJleHUs, Kaca-
foruecs ypaBHeHud u opmysi. Ecam nHTEpecyoT Kakue-To
0IpOOHOCTH, TO UX MOKHO HalTH B yueOHUKe. B GosbImHCTBE
rJIaB JIaHbI IPUMEPHI pellieHusT TUTIOBBIX 3a/1a4 (TaM, I/le OHU
OTCYTCTBYIOT, TIO/Ipa3dyMeBaeTcs, 4YTO 3a/lauM cJjelyeT peliaTh
Ha OCHOBE 3aKOHOB M MPAaBUJI U C UCIIOJb30BAaHUEM ITPUMEPOB,
paccCMOTPEHHBIX B MpeAbIAyuX riaaax). CamocTtosaTelbHbIe
pas3bopbI STUX TIPUMEPOB SIBJISIIOTCST TIOJIE3HBIMU YIIPasKHEHUSIMI
1 UMEIOT MePBOCTEINIeHHOE 3HaYeHe B PA3BUTUU YMEHUS pelllaTh
3a/1aum 1o XMMUU. PekoMeHyeTcsl 10 X0/ly YTeHUsl IpuMepa
3alMCchIBaTh B paboyeil TeTpaan MCIIOJIb30BaHHbIE (DOPMYJIHI,
uX peoOpa3oBaHue, aHAIN3 eINHN  U3MEPEHWUS, TTOICTAHOBKY
YUCJIOBBIX 3HAYEHUU U caMU BbluucyeHusd. [loHaB peliieHue 3a-
Jlayyl B TOM WJIA UHOM TIpUMepe, MOKHO MTPUCTYTIUTh K PEIIEHUTO
3a/IaHHOM 33/1a4M M YCIIEITHO ee PelIUTh. SHAYeHUs PAa3JIUUYHbIX
(busnYeCKNX 1 XUMUIECKUX KOHCTAHT, HEOOXOAMMBIX JIJIsT pelie-
HUS 3a/1a4u, OepyTCs U3 MpujiaraeMbix Tabau . [Ipu BOSHUKHO-
BEHUM KaKNUX-11O0 COMHEHWI MOKHO MCIIOIh30BaTh CIIPaBOY-
HUKU 110 XUMUU U (PU3UKe.
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B GosbinmHCTBE 337129 yKa3aHbl BHEITHUE YCIOBHUS (TeMIepa-
TYpa, IaBJICHUE ), OTIPE/IEJISIONINEe COCTOSTHUE BellleCTBa UJIU ITPO-
TeKaHue Mpo ecca. Eciu B ycsioBUM 33/1a4M BHETITHUE TTapaMeTPhbl
HUKaK He OIIpe/leJIeHbl, TO B 3a/la4ax Ha Ta3bl PEKOMEH/yeTCsI Bbl-
o6upars HopMasbHble yeamoBus (0°C, 101,3 kIla), a B ocTaabHbIX
3ajauax — crangaptabie (25°C, 101,3 kl1a).



BeegeHue

M3yuyeHre XuMu1 HEBO3MOIKHO IIPEAICTaBUTh cebe 6e3 perrre-
HUST pa3HOOOPA3HbIX PACUETHBIX 3a/1a4 W BBITIOJTHEHUST yIIPasKHe-
HUI, TOMOTAIONINUX YSICHUTD CYIIIHOCTDh 3aKOHOB M IIPaBUJI XUMUU.

CaMbIMM pacrpoOCTPAaHEHHBIMU TUIIAMU PellaeMbiX B XUMUK
3a/1a4 SIBJISIIOTCST pAaCYeThl COCTaBa BEIleCTB U MX CMecell U pacyeThbl
110 YPaBHEHUSAM XUMUYECKUX peak uil. B ocrasibHOM pelieHue Xu-
MUYECKUX 3a/1a4 MaJIO OTJIMYAeTCs OT pellleHuns 3a/1a4 10 (pusnke.

Cienyer moHUMAaTh, UTO pellleHue 3a/1a4 110 XMMUU BOBCE He
cBOANTCS K pacdyeTtam. IIpeskie Bcero M0/KHO OBITH MPaBUIBHO
IOHATO U YSICHEHO ycJaoBue 3ajauu. Eciin B ycJa0BUM 4TO-TO
0CTaJIOCh HESICHBIM, TO TPYIHO PACCYNTHIBATD, YTO 3a1a4a Oyger
peliieHa MpaBWJIbHO. PellieHne CTpouTCs HA OCHOBE CO3HATEJIbHO
BBIOPAHHBIX XUMUYECKUX 1 MaTeMaThndeckux (hopmy. [TosTomy,
MPUCTYyTIas K pellieHuIo 3a/laui, He cJe/lyeT cpa3y NIPUHUMATbCS
3a Kakue-To cjydyaliHble, HEeM3BECTHO K YeMy Be/lyll[1ie pacueThl.
Pacuetr — 3T0 3aKJI0UNTENbHBIN 3TAll BHIIIOJHEHUS 3a/1a4H,
KOI'7la B IPUH UIIMAJIbHOM ILJIaHe pelieHue yke roroBo. OcHo-
BBIBASICh HA MHOTOJIETHEM OITbITe TIPelio/laBaHns XUMUH, aBTOPbI
npeJiaraloT CJAeyIOInil aJIropuTM, U, TIPOIile TOBOPS, MJ1aH
JIeUCTBUH TIPU pellleHnr 33/1a4u (B 3aBUCUMOCTH OT TUTIA 3a/[a4U
HEKOTOPBIE MTyHKTHI IIJIaHA MOTYT He TTOHAI00UTHCST ).

1. ¥Ysacuutp ycaosue. [loHAaTh, 0 KaKuX BelllecTBaxX U MPo-

eccax uzietT peub. [locTapaTbest HArJISITHO TPEJICTABUTD CUCTEMY
C TIOMOIIIbIO cXeMbl WK pucyHka. [IpesBapuTesbHO O €HUTD,
B KaKUX I'PaHU aX MOKeT HaXO/IUThCS ITPABUJIbHBIN OTBET.

2. lloHATb, MAYT JIN B 33JTaHHOI CUCTEMe XUMUYECKHEe peak WH.
Ecnu peak um uayT, To HanmcaTh UX ypaBHeHUs (ypaBHeEHUe).

3. OmpenennTh, K KAKOMY TUITY OTHOCUTCS 3a1a4a. Hanboutee
OOBIYHBIE THUITHI 3a/1a9: pacyeT 10 yPaBHEHUIO peak WU, pac-
YyeT KOJMYeCTBEHHOI'O COCTaBa CMeCH, yCTaHOBJIeHUE (DOPMYJIbI
BelleCcTBa, IPUTOTOBJIEHUE PACTBOPA, PacyeThl 110 peak UIM
C yd4acTueM ra3oB, PU3NKO-XUMUYECKNEe PACUEThI.

4. BcrpetuBiimecs B 3a/1aue He3HaAKOMble TePMUHBI, (hOPMY-
JIBI BEMIECTB, X CBOMCTBA YTOYHUTD 110 yUeOHUKAM, TTOCOOUSIM,
TabIM aM.
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5. Permenue 3ajaun  ejecooOpasHO HAYMHATH C KOHEUHOI
(opMyJIBL, ITI0 KOTOPOI AOJIKEH ObITh moydeH orset. Ciemyer
HaIucatb 3Ty (opMyJay B KOHKPETHOI (popMe MPUMEHUTETbHO
K JJaHHOM 3ajiaue. /laiee mociegoBaTeIbHO YCTAHOBUTD, KAk Oy-
JyT Hali/IeHbl BEJIMUMHBI, BXO/A1IME B (POPMYJTY.

6. IloHATh, pemaeTcs Jn 3aja4da ¢ IMPOU3BOJIbHBIM KOJIMYe-
CTBOM BellleCTBA MJIM KOJIMUECTBA BEIIECTB YKe Olpe/iesIeHbI
ycJa0BUeM 3a1a9u (TIPSIMO WU KOCBEHHO ). /{71 yripotienus pac-
YeTOB OOBIYHO OEPYT EAMHUYIHYIO MACCy, 00beM UM KOJTUIECTBO
BelllecTBa.

7. KoanuecTBeHHBIE JJaHHbBIE, OTHOCIIIMECS K BellleCTBaM
(MoJIsIpHAast Macca, KOJIMYeCTBO BelllecTBa, Macca, 00beM) 1 OyK-
BEHHbIE 0003HAYEHNSI NICKOMBIX BEJIMYUH €J1ecO00pa3HO IIPei-
CTaBUTH B Bujie Tabim bl. Ecyn 3ammcarth ot JaHHbIE 101 HOp-
MyJlaMHW B YPaBHEHUU peak WU, TO YCTPaHSIETCSI MHOTOKPATHOE
repenucbiBaHue OJHUX U TeX Ke (DOPMYJI U eIUHU  U3MEPeHUs.

8. Ilpwu pereHnn 3agaun IPUXOIATCS BEIOMPATD, IIPUHSITD JIH
3a HEM3BECTHOE KOHEUHBIN OTBET WU BBECTH MPOMEKYTOUHBIE
HEU3BECTHBIE, B KAYECTBE KOTOPBIX OOBIUHO BHICTYIAIOT KOJINYe-
cTBa BellecTsa (X, Y, ..., MOJIb).

9. /Iyt HaXOXKIeHNsT HEU3BECTHBIX COCTABJISAETCS YPaBHEHUE
WJIM cUCTeMa YypaBHEHU.

10. Eciv ypaBHeHUS /1719 HaXO0K/I€HN ST HEU3BECTHBIX COCTaB-
JIEHBI, TO 3aj/1a9a, B IPUH wuIe, pemnieHa. OcTaioTcs MaTteMaTuye-
ckue mpeobpa3oBaHusI U pacdeThl. Jlo/KHA OBITH ITOJTHAS YBEPEH-
HOCTh B MPABUJIbHOCTU MCITOJIb3yeMbIX MOJIEKYJISTPHBIX Macc.
Hano Tak:ke ciaeauTh 3a TPaBUJIBHOCTHIO U COTJIACOBAHHOCTHIO
e/IMHU U3MepPEHUH.

11. B 3anucu pacueToB 10JKHBI TPUCYTCTBOBATDH BCE YUCJIO-
BbIe JaHHble. He 10/15KHO OBITH YrCel, TOSIBUBIIIXCS B PE3yJIbTa-
Te YCTHOTO BhraucyeHus 6e3 3amcu. Ho B TO jke Bpemst uaJuimHe
3alMCbhIBATh ITPOMEKYTOUHBIE TAIIbl BBIYMCJIEHN. 3a UCXO/IHBIM
pacyeTHBIM BbIpa’keHUEM MOKHO HEIIOCPEJCTBEHHO CTAaBUTH
pe3yJbTaT BbIYUCJICHUS.

12. B mpo ecce BBIYUCJIEHUN HE CJieyeT OKPYTJISTh IIPpoMe-
JKYTOUYHBIE Pe3yJIbTaThl, CHUCHIBAS UX C KaJbKyJisiTOpa. Yuciao
Ha KaJbKYyJISITOpe He cOPachIBAIOT, a UCIIOJIb3YIOT B IIOCIIELY-
foreM pacuete. OKPYTASIOT TOJTBKO OKOHYATEJbHBIM OTBET,
OCTaBJIsISd, KaK ITPaBUJIO, TPU 3HAUaIe U@PHI.

13. O eHuUTH MPaBAONOLOOHOCTD U CMBICJI IIOJIYYEHHOIO OT-
BeTa. OTBET [OJIKEH OBITHh THATEJIbHO IIPOBEPEH, U YMCIOBOE
3HaUYeHUEe COTIPOBOK/ICHO €/IMHN €l M3MepeHns.



1. KonnyecTBeHHbIW COCTAB BELUECTBA

1.1. KpaTkue TeopeTuyeckue cBeleHus

CoctaB 60JBIIMHCTBA BEI[ECTB BhIpaskaeTcss (popMyTaMu THUIIA

A B,C..,rne A, B, Cut.i. — cMMBOJIbI XUMUYECKHMX 9JIEMEHTOB, a HUK-
HIe UHAEKCHI a, b, ¢ — 91CJI0 aTOMOB COOTBETCTBYIONIETO XUMUYECKOTO
aJieMeHTa B CTPYKTYPHOI eIMHU € BelecTBa. ITU (pOPMYJTbI BBIPAKAIOT
3aKOH [IOCTOSIHCTBA COCTaBa. Y BEIeCTB IIepeMeHHOoro coctasa (6eproi-
JINJIOB) HEKOTOPBIE MHIEKCHI MOTYT OBITH APOOHBIMHI. [[J151 71106011 TTOP-
WU BelecTBa C KOJIMYECTBOM BEIEeCTBA 7 CIIPABEIJINBO COOTHOIIIEHUE

n(A) n(B) n(C) B
i - n(A,B,C )= (1.1)

OTO PaBEHCTBO O3HAYaeT, YTO OTHOIIEHU KOJUYeCcTBA BelllecTBa
Ka’K/I0TO 3JIeMEHTa K COOTBETCTBYIOIIEMY UH/IEKCY PaBHBI MEXK/Y CO-
60ii. Ha ocHOBe 9T0i1 (hOpPMYJIbI MOKHO BBIYMC/ISITH MACCOBBII COCTaB
BellecTBa WJIH, HA060POT, BBIBOAUTD €r0 (POPMYJILy, MMest JaHHBIE O CO-
cTaBe 110 Macce.

[Tpu pemtennn 3aj1a4 4aCTO UCTIOJIb3YyeTCs Takke hopmyJia

n(x) =242 (1.2)
M(X)
riae n, mu M — cOOTBETCTBEHHO KOJIMYECTBO BellecTBa, Macca U MOJISIP-
Hasl Macca HEKOTOpOoro BelecTsa X.

1.2. llpumepbl peleHus 3apay

IIpumep 1.1. Beruncanre MmaccoBble 10U XUMUYECKUX 2JIEMEHTOB
B pubose C.H, O..

Pewenue

IIpoussenem pacuer, B3siB 1 Mok pub03bl. ETo Macca cocraBisieT

150 r, Tak Kak
M=12-5+1-10+5-16=150.

r

Boeruncimum maccoBbie JOJIN:

12-5
C)=—"" 84 (40%);
o(C) == (40%)
m(H)zw 8,0667 (6,67%);

150
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©(0) = % 8,533 (53,5%).

Omeem: w(C) = 0,4; o(H) = 0,667; o(0O) = 0,533.

IIpumep 1.2. [Ipu okuciaernun amomunnst oopazosanoch 10,2 r ok-
cuza amovunus Al,O,. BerancinTe Maccy B3 TOTO aTIOMUHUS.

Pewenue

[Tpumenum bopmyary (1.1):

(Al _ n(ALO.,).

[enaem nogctanoBky 1o ¢popmyiie (1.2):
m(Al)  m(AlO,)
M(Al)-2  M(ALO,)’
Boruncasiem nau 6epem u3 Tabm vt M(AlLO,) =102 r - Mmonn™!.
[Toncrasiisiem 3HaueHUsT B (DOPMYJIY U BBIUUCIISIEM:
10,2r-2-27

m(Al) :T = 5,4 TI.

Omeem: macca aIlOMUHIS COCTaBJISIET D,4 T.

IIpumep 1.3. YcranoBute mpocTenInyio (popMyJy BellecTBa, B CO-
ctaBe Kotoporo 69,56% Kuciaoposa, a ocTaabHOe — a30T.
Pewenue
Hanumiem nckomyio hopmysny B Buje NxOy. CornacHo ypaBHe-
Huio (1.1)
nN) _n(0)  m(N) _ m(0)

x y 14x 16y

Jlnst Berumcsiennii yaqo6uo B3sTh 100 T BelecTBa, Tak Kak B 9TOM
cJIydae MacChl 9JIEMEHTOB OY/IyT YMCJIEHHO paBHbI MAaCCOBOI 10J1€ B %:

100-69,56 69,56

14x 16y ’
oTCIOA
x 1
y 2

Ecim npunars x = 1, ro y = 2. [Tomyyaem npocreiinryio ¢hopmyry NO.,,.
Omeem: NICKOMOE BEIIeCTBO — NOZ.

1.3. 3apaHusa gna camocTofATeNIbHOW PaboThbI

1. Berumcinre MaccoBble 10 XUMHUIECKUX 2JIEMEHTOB B BOJIE.

2. ITpu cxxuranuu 6,2 T pocdopa obpasosanock 14,2 r okcuza.
Boeruncanre maccoBbie O XUMUYECKUX 2JIEMEHTOB B ITOJTY-
YEeHHOM OKCH/IE.
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3. Ilpu cxxuranum yriaeBogopoja oopasoBaioch 6,6 T yrie-
KHCJIOTO Ta3a u 5,4 T Bosbl. O1ipesiesiuTe cocTaB yIraeBoI0PO/Ia.

4. Ilpu coxuranuum 3,8 T cepoyriepoza 06pa3oBanock 6,4 T OK-
CHIa CEPBI C paBHBIM COZlep;KaHueM CePhbI M KMCJIOPO/Ia IO Macce.
OrtpeiesinTe MaccoOBBIE JIOJIN 3JIEMEHTOB B CEPOYTJIEPOIE.

5. IIpu pasnoxenun 1,56 T BOZOPOAHOTO COEIMHEHMUS] MbI-
mrbsika (apcuHa) obpasoBasock 1,5 r mbimbsaka. Paccuuraiite
MacCCOBYIO JIOJIIO BOZIOPO/Ia B apCUHE.

6. [Ipu cokuranum 24 r kokca (T/1aBHasi cCocTaBHasl 4aCTh KOK-
ca — 2JIEMEHTHBIN yTyiepon) obpasoBaioch 80,4 T yIIEKKCIOTO
rasa. Kakyio maccy rprmeceii cojiepskast B3sITbIil oOpase KoKca?

7. Kakast macca BoJibl HoJsiyuutcs npu ckuranuu 20 r yriaeBo-
JI0PO/Ia, B COCTaBe KOTOPOTo 75% yriepoja?

8. IIpu pasnoxkenuu kapboHara Kajab s 00pa3oBajoch 28 T
OKCH/Ia KaJib U W 22 T yIJIEKUCJIOTO ra3a. 3Hasl, YTO B OKCHU/IE
KaJIb Ms HA 5 BECOBBIX YaCTEH KaJib WsI IPUXOJIUTCS 2 BECOBBIX
JacTh KUCJIOPO/a, a B YIJIEKUCIOM Trase Ha 3 BECOBBIX YaCTH
yriaepojia 8 BECOBbIX YacTel KUCJI0POJa, paCCUUTAUTE COCTAB
KapOoHaTa Kajib WUsl.

9. Beruncmre MaccoBBIE 0N XUMUYECKHUX 2JIEMEHTOB B OPO-
mate marius Mg(BrO,),,.

10. Borunciinre MaccoBblie 101 XpoMa 1 6opa B 6opuze Xpo-
ma CrB,,.

11. YcranoBute nmpocreiyo (hopMyJTy BENECTBA, B COCTAaBE
KoTOporo 63,64% a3zoTa, a ocTaJlbHOE — KUCJIOPOI,.

12. YcranoBute pocTtelinnyio (hopMyJTy BelllecTBa, COCTOSIIE-
ro u3 43,4% narpus, 11,3% yriepoaa, a octaaibHOE — KUCJIOPO/I.

13. YcranoBute nmpocreiitryio opMyay BelllecTBa, B COCTAB
KOTOPOTO BXOJAT BOJIOPO/I, YIIEPO/I, KNCJIOPO 1 a30T B MaCCO-
BOM cooTHomeHuun 1:3:4:7.

14. YcranoBuTte (hopmyJsry KpUCTAJLIOTHIpATA XJIOPHUIA Kalb-

us, Tocse nmpokaauBanusg 14,6 T KOTOpoTro Macca TBEPIOTO
ocajzka cocrtasmjia 7,4 T.

15. Ycranosure hopmMyJy KpUCTAJIOTUpaTa, IPU TEPMUYE-
ckoM obesBokuBanum 14,3 T kotoporo Beigesiercst 9,0 T mapoB
BO/IbI M OCTAeTCst OE3BOHbBII KapOOHAT HATPUS Na,CO,.

16. BoiBenute popmysty KpUcCTaLIOTUAPaATa, B COCTaBe KO-
toporo 20,09% :xenesa, 11,53% cepsi, 5,07% Bomopoza, ocTaab-
HOEe — KUCJIOPO]I.

17. YcranoBuTe mpoCcTeUIyio (pOpMyJIy CUJIMKATa, B COCTaBE
KOTOpOTo 48,27% okcupa Kaib us u 51,73% oxkcujga KpeMHUSI.

18. BriBegure MosiekyasgpHyo ¢GopMyay OMHAPHOTO Belle-
crBa ¢ M = 44,1 u maccoBoii foJiel yriepojaa 81,71%.
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19. BemectBo AB cocTouT M3 ABYX 2JIEMEHTOB OJIHOIO IIe-
puoja. MIx BogopoaHbie coefuHeHns conaep:kar 4,76 u 2,47%
BO/IOPO/ia. ¥ cTaHOBUTE (POPMYJTY BellecTBa.

20. O61ree ynCa0 aTOMOB B 06pa3 e rajoreHunga HaTPus,
B KOTOPOM MaccoBasl JI0JIsI MeTajia 00JIbIlle MaCCOBOM JOJIH
rajiorea, pasto 6,02 - 10%2. Beruncsmre maccy obpas a.

21. Coenpunenne meranna tuna MI'; (M— meramn, I' — ra-
Jjoren) conep:kuT 48,1% rajsorena mo macce. Y CTAaHOBHUTE €TO
dopmyy.

22. MaccoBast 10JIs KUCJI0PO/a B HEKOTOPOM OMHAPHOM CO-
enunenuu 0,091. YcranoBure hopmyJry coeIMHEHUS.



2. CBOMCTBA ra3os.
YpaBHeHuA cOCTOAHUA rasa

2.1. KpaTkue TeopeTuyeckue cBeleHus

Bce raser B 06/1acTi HE OY€Hb BBICOKMX JIaBJIECHUI, COITOCTaABUMbIX
¢ OO6BITHBIM aTMOC(hEPHBIM JIaBJIEHUEM, U TTPU TEMIIepaTypax, OJTU3KIX
K KPUTUYECKOU TeMIlepaType rada Ujiu peBbIIIaIINX ee, TOAYNHSIOTCS
HECKOJIbKUM IPOCTBIM 3aKOHAM, Ha3bIBA€MbIM 3aKOHAMU U/1€aJIbHOTO
rasa. K unciy aTux 3aKoHOB IMpUHa//Iekat 3akoubl boitng — MapuoTra,
leit-JTioccaka, [lapsst u ABoragapo. OO0beauHenne ypaBHEHNH TEPBBIX
TPeX 3aKOHOB IMPUBOANT K OOBEIMHEHHOMY Fa30BOMY 3aKOHY

VvV pV
ogk

0
rie naaekcom «0» 0603HaYeHBI HOpMAaJIbHBIE TEMITEpATypa 1 JaBJIeHNE,
a Takke oObeM Tasa IMpPU HOPMaJIbHBIX yciaoBusx. C ydeToMm 3aKoHa
ABorazipo

Vo= nVo, M)

riae V, ,, — HOpMaJIbHbII MOJIAPHbBIN oO6bem raza 22,4140 i1 - moap~!,

L,=0,022414 m3/monb. HammoMunm, 4T0 32 HOpMasibHbIE yCIOBUA
(cokpamienno H.y.) npunaro p, = 101,325 xllau T, = 273,15 K (0°C).
BBosst o603HaueHme

pOVO,M :_R

T

0

ImoJiy4a€eM ypaBHEHHNE COCTOAHUA NAE€AJIBHOTO Ira3a, KOTOPOeE Hanbouee
MU POKO MUCIIOJIb3YETCA B XUMHNYECKUX paCyeTax:

pV =nRT. (2.2)

[ToncraBisia B ypaBHeHue (2.2) Bbipaxkenue n = m/M, noayduum
BapUaHT 9TOr0 ypaBHEHUS, Ha3bIBaeMbIll ypaBHeHueM MeHieneeBa —
Kaneiipona:

m
V = —RT. 23
p v; (2.3)

yHI/IBepCaJIbHaH razoBag nmoctossHHasi R nmeer Pa3HbI€ 3HAYCHUA,
3aBUCAIINE OT HpHMeHHeMOﬁ ¢AVHU bl JaBJICHMA. KPOMG €NHU bl
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nackanb (I1a), ncrosbayemoii B cucteme CU, mpuMeHSIIOTCS €IUHUA bl
aTMocdepa (aT™) U MUJLIMMETP PTYTHOTO cToJI6a (MM PT. CT.):

R:poVo,M 10132:5 Ha-22,4140-10_3M3-M0Hb_1:8’31447 a-m’ ,
T, 273,15 K MoJIb - K
a TaKxKe

R =62,3636 mm pr. cT. - a1 - K71 - Mmosip™!
u R=0,082057 atm - 1 - K™ - mosip~1.

B pacuerax 110 XuMuu JJIst Ta30BOM ITOCTOSHHOI 60JIee ITOXOMUT
ee BhIpakeHUe yepe3 KUaonackaau u JJUTphl. [Ipu aTom yncioBoe 3Ha-
yenue R He usmensiercs. IIpu oObIYHBIX pacdeTax 3HaYeHrue R 0ObIYHO
OKPYTJISIOT /IO YeThIpeX 3HAaUaImx udp:

R=8314 <A1
MOJIb - K

IIpeob6pasys ypasuenus (2.2) u (2.3), moaydaem opMyJibl 15T BbI-

YUCJEeHUs KOH €eHTpa WU U MJIOTHOCTU ra3a:

c=2 L. puny. c= 1 0,046 monb -1, (2.4)
V RT Voo
m M M 4
P=y R PHEYPToo (25)

B HexkoToOpbIX 3a/1ayax paccYUTBhIBAETCS OTHOCUTEJbHAS IJI0T-
HocTb D HekoToporo ra3a 1 1o gpyromy rasy 2:

_p, pPM, pM, M,

p, RT RT M

2

B wactHOCTH, OTHOCUTEbHAS MJIOTHOCTH Ta3a MO BOJOPOIY BbI-
qucJisieTcs mo popmye

D, = (2.6)

I'as3bl CITOCOOHBI CMEIMIMBATHCS B JTIOOBIX KOJHYECTBEHHBIX COOT-
HoteHusax. Cieyer y4uTbIBaTh, YTO OJHU Ta3bl HE PEarupyoT MKy
co6oii, HbIe HAUMHAIOT PearnpoBaTh HETIOCPECTBEHHO ITPU CMEIITNBa-
Hun. Yacto 06pasyioTcs U TaKue CMECH, B KOTOPBIX Peak s HAUMHACTCS
TOJIPKO TIPU UHU WHWPOBAHWU HATPEeBAHUEM, TIO/KUTAHUEM, KAaTaJIU30M
win obrydenneM. [a30Bbie cMecH XapaKTepU3yIoTCsT CPeHEN MOJISIP-
HOIT Maccoil M, MacCOBBIMU JOJSMU 0 U 0ObeMHBIMHU (MOJIbHBIMM )
JOJISIMU .

Cpenusist MongpHast Mmacca

M=17— (2.7)
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Maccosas JOJIA rasa

W =t (2.8)

1 zm

i

O6bemHas (MOJIbHas ) T0JIs ra3a
V. n

i i_
2V Xn
i i
I[aBJIeHI/Ie Tra30BOU CMECHU CKJIA/IbIBACTCA N3 I1ap HMAJIbHOT'O 1aBJICHUA

Kayk0oro rasza B cMecu. [lap wmajibHOe gaBjieHMe MPOIop MOHAIbHO
06beMHOIT (MOJISIPHOI) [10JI€ Ta3a:

p,=p 9 (2.10)

[Tpu 3HaUNTETBHOM MOHUKEHUN TEMIIEPATYPhI U TTOBBIIIIEHUH JIaBJIe-
HU [IOBEJICHNE PEAJIbHBIX Fa30B OTKJIOHAECTCA OT YPAaBHEHUSA COCTOAHUA
HeaTbHOTO Ta3a. ITO MPOSBIISIETCS B yMEHBIIIEHUN 0O'beMa 110 CpaBHe-
HUIO C PACCUUTAHHBIM 10 YPAaBHEHUIO COCTOSIHUA HjlealbHOro rasa. K pe-
aJIbHBIM ra3aM MOJKET OBITh IIPUMEHEHO ypaBHeHne Ban-nep-Baabca

(p+%j(V—b):RT, (2.11)

ranean b— IMTOCTOAHHDbIE, 3aBUCAIIME OT IIPUPO/IbI I'a3a.

¢ = (2.9)

2.2. lpumepbl pewieHns 3apad

IIpumep 2.1. IIpu vHopmanbubix ycaoBusax 10 r Bo3ayxa 3a-
HumaiotT oobem 7,73 s1. Kakum Oyzet o6beM Toi jKe MacChl BO3/1yXa
npu p =78,3 xklla?

Pewenue

[To nanHbBIM 3a71aUM, YMEHBIIAETCS JIaBJIE€HUE Ta3a OT UCXOHOTO
101,3 xITa mo 78,3 kI1a, 4TO MIPUBOAUT K yBEINUEHUIO OObEMA TI0 3aKOHY
boiing — MapuorTa:

78,3-V=101,3-7,73; V=10,0 1.
Omeem: obbem 10 1 Bozayxa yBeanuunrcst 10 10,0 1.

IIpumep 2.2. ITpu 25°C u 98,6 kI1a HEKOTOPOE KOIMUECTBO ra3a nMe-
710 06beM 1569 mur. ITpusemure 06beM raza K HOpPMAIbHBIM YCJIOBUSIM.

Pewenue

[TpuBenenue o6beMa raza OT JaHHBIX YCAOBUM K HOPMaJIbHBIM I10-
BJIEUET yMeHbIIeHne 00beMa, TaK KaK MOHU3UTCST TeMIlepaTtypa U 1o-
BBICUTCS AaBieHue. [Ipeobpasyem ypasrerue (2.1) o0beANHEHHOTO
ra30BOTO 3aKOHA:
v _ pV T, 9871569 mn-273,15K
T p, " (25°C+273,15°C)-101,3 klla

Omeem: ob6bem Taza ymeHbmurcest 10 1400 mur.

=1400 M.
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IIpumep 2.3. /IBa GayioHa ¢ aproHOM BMeCTUMOCTBIO 5 1 10 J1 co-
eIMHEHbI TPYOKON ¢ 3aKPBITBIM KpaHoM. /laBiieHre aproHa B IepBOM
6amone 100 kIla, Bo Bropom — 50 klla. Kakoe ycranoBuTcst maBieHme
B GaJLIOHAX MTOCJIE OTKPBITHS KpaHa?

Pewenue

[Tocsie oTKpBITHS KpaHa /laBJieHUE BBIPOBHSAETCS U YCTAHOBUTCS
mesky 50 1 100 kIla. I'as 3aiimer obuuii o6bem V, + V,,. Kosmmdyectso Be-
I[ECTBA TaKKe CJI0KUTCS: 11, + 1,. [laBieHne BhIYHUC/ISETCA 110 Y PAaBHEHUIO

_ (n, +n,)RT
Vit+V,
HauasibHO€e KOJTMIeCTBO BelecTBa B OAIJIOHAX BBIUUCJISIETCST TTO0 UX

06beMy U JaBJIEHUIO Ta3a:
RT RT
[Tpu TosicTaHOBKE ATUX BBIPAKEHUU B UCXOAHOE yPaBHEHE TTIPON3-
BesleHust RT cokparsres. [lonyuaem:

_pVi+pV, ~_50-5+100-10
V,+V, ' P 5+10
Omeem: yctanoButcs nasienue 83,3 klla.

= 83,3 klla.

IIpumep 2.4. B kakoii 00beM ciielyeT TOMECTUTD 44 T YIJIEKUCIOTO
rasa, 4ToObI oH co3gas gasierue 1500 kIla nmpu Temmneparype —20°C?
PacueT mpousBecTu 10 ypaBHEHUIO COCTOSIHUS M/1€aTbHOTO Ta3a U 110
ypaBHeHnmuio Bau-mep-Baanbca. O6cyauts pesyabrat. [locTostHHBIE
nnsa CO, cnexytomue: a = 365,8 klla - 1% - Mo 2, b =0,0429 71 - Mmoan™".

Pewenue

JlanHasg macca coctasJisteT 1 MoJIb COz. Paccuntaem oo6beM naeasin-
HOTO Ta3a IMPU JIAHHBIX YCJIOBUIX:

nRT 1-8,31-(~20 +273,15)

V= = =1,40 ().
p 1500
[ToxcTaBum Te ke nanHble B ypaBHeHue Ban-nep-Baasnbca:
(1500 + 3652’8)0/ —0,0429) =8,31 ( 20— 258,15).
%4

BricTpee Bcero MOsKHO BEIYUCINUTH V METOIOM MTOA00pa Ha KaJIbKYy-
sgsarope. [Tonyuaerca V=1,26 1. AV=1,26-1,4=-0,14 1.

Omeem: o6beM peabHoro raza CO, TIpH TaHHBIX yCTOBUSAX OKa3a/ICs
na 0,14 j1 MeHblie, 4eM 0O0bEM UEATBHOIO rasa.

2.3. 3afaHua ans camocToATeNbHOM PaboThbl

23. T'az o6beMoM 5 Ji Ipu gaBjaeHun 1,2 aT™ CKUMAIOT [0
obbema 2 1. Kakoe 3HaueHune MPUMET JIaBJIeHNE ra3a Py TOCTO-
aHHol TeMIiiepatype? OTBeT naTh B Klla.
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24. T'a3 npu gasiennu 202,6 kIla sanumaer o6bem 30 1. a3
cKUMaloT 10 obbema 25 1. Kakoe 3HadeHne IpUMeT JaBJIeHHe
ra3a Ipu IMOCTOSTHHOU TemIieparype”?

25. IIpu HOpMaJIbHBIX YCJIOBHSX 1 I BO31yxa 3aHUMAaeT 00beM
773 mu1. Kakum 6yeT o0beM TOIl ke MacChl BO3IyXa IIPH JaBJie-
Hnu 93,3 kllau 0°C?

26. B craspbHOM 6a/1IOHE BMECTHMOCTbIO 12 J1 HAXOAUTCS KUC-
sopon oz nasyienueM 150 arm ipu remmepatype 0°C. CkobKo
JIUTPOB KUCJIOPO/Ia IIPY HOPMAJIbHBIX YCIOBUSIX OyAeT HOoIyue-
HO M3 3TOT0 OasmoHa?

27. IIpu tremnepatype 0°C u nasnenuun 119,4 klla 28 r azora
sannMaioT oobeM 19 1. Kaknm Oyzer o0bem a3oTa Ipu HOpMaJib-
HbBIX YCJIOBUSIX?

28. I'az o6bemom 580 M pacmmpsieTcst TP IMOCTOSIHHOM
naByieHnn 3a cdyeT HarpeBanus ot 17 no 1000°C. Paccuuraiite
KOHEUYHBI 00beM rasa.

29. /1o kakoii TemnepaTypbl cjeJlyeT HarpeTh ra3, Haxo/s-
HIUiicsa B 3aKpbITOM cocye npu temieparype 0°C, 4ToObI ero
JlaBJIeHNe YBEJIUYUIOCh B 2 pa3a?

30. /lo xakoli Temmeparypsl cjaeayeT HarpeThb ra3 ot 27°C
IIPU ITOCTOSTHHOM JIaBJI€HUHU, YTOOBI €ro 00heM yYBETUUNTCS
Ha OJTHY TPeTh?

31. IIpu remneparype 7°C naBjieHre ra3a B 3aKpbITOM COCY/Ie
pasHo 96 klla. Ha ckosibko kuonackaaeili yMeHbIITUTCS JaBJie-
HUe 1pu oxJiakaeHuun 10 —33°C?

32. /laByieHne ra3a B 3aKpPBITOM COCY/ie TIPU TeMIlepaType
21°C paBno 112 klla. I[Ipu kakoii TemiiepaType JAaBjeHUe Ta3a
IOCTUTHET HOPMaJIbHOTO 3HAYEHU S ?

33. Kosiba BMecTMOCTBIO 750 MJI ¢ KHCJIOPOIOM IIPU TEM-
neparype 27°C umeet maccy 83,34 r. B Tex ke yca0oBuUsAX aTa
KoJi0a ¢ Bo3ayxoM BecuT 83,22 1. Onpenenre gaBaeHIe KIC-
JIOpo/ia.

34. basnon 3anonneH azorom 1pu temieparype 18°C u naB-
seaun 150 atm. [1pu kakoii TeMrepaType /laBjieHue TOCTUTHET
npejesibHo Oe3omacHoro suadenus 200 aTm?

35. IIpu Tremneparype 15°C u paBiaenun 96 klla HekoTopoe
KOJINYeCTBO rasza uMmeso oobem 912 mur. IlpuBeaure o6beM rasa
K HOPMAJTbHBIM YCJIOBUSIM.

36. I'az o6bemoMm 10 i1 mox maienuem 100 xlla marpenn
ot 27 no 39°C. KakuMm craJio gaBjieHue ra3a, eCjau ero o0beM He
U3MEHUJICS?

37. T'azoBasi cMech IMPUTOTOBJIEHA U3 5 JI BOJAOPO/Ia TIPH JIaB-
sennu 90 klla u 2 s aTunena npu gasaenun 110 xIla. Haiigure
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rnap uajbHbIE J[aBJIEHUS Ta30B B CMECHU MPU YCJIOBUH, UTO €€
06beM paBeH cymMme 0ObEMOB Ta30B.

38. Bzssaro 2 a1 kucmopoaa nipu aasiaeanu 100,8 klla. Kakoit
00beM a30Ta MPU TOM JKe JTaBJIEHUH CJIEAYET CMEIaTh ¢ KUCJIO-
POJIOM, 4TOOBI ITAp HMaJIbHOE JaBJIeHIE KUCIOPOIa YMEHbBIIIIIOCH
1o 84,0 kIIa?

39. Bosayx comepxut 21% kuciaopoga mo obbemy. KakoBo
nmap uajgbHOE JaBJeHNWe KUCJIOPOoia TIPYU HOPMAJIbHOM aTMOC-
depHOM /1aBIEHUN?

40. B razoBoii cmecu okcusioB azota(ll) m azorta(IV) nap u-
aJIbHBIE JlaBJIeHUsI PaBHBI cOOTBeTCcTBeHHO 36,25 n 70,38 klla.
Boruncsimre oObeMHbBIE T MACCOBBIE JIOJIV Ta30B B CMECH.

41. B rasomerpe ¢ oObeMoM Trasa 7,4 J1 Hasl BOJOI HaXOISATCs
KUCJOPOJ U mapbl Bo/bl ipu Temnepatype 23°C u naBieHun
104,1 xIla. /laBieHne HaChIIIIEeHHOTO BOJSHOIO I1apa IIpu 3TOU
temreparype — 2,8 klla. Kakoii o6bem 3aiiMeT HaXOSIITUIAICS
B ra3oMeTpe KUCJIOPO/I ITPU HOPMAJIbHBIX YCTOBUSIX ?

42. JIBa GaylyloHa ¢ KUCJIOPOJAOM BMECTUMOCTBIO 6 1 8 J1 co-
eIMHEHBI TPYOKOI ¢ 3aKPBITBIM KpaHoM. [/laBiieHne Kuciaopoma
B 11epBoM OasmoHe 56 kIla, Bo Bropom — 103,6 kITa. Kakoe ycra-
HOBUTCSI JIJaBJieHNe B Oa/IIOHAX TIOCJIe OTKPBITHS KpaHa?

43. I'azoBas cmech ¢ naBisienuem 101,3 klla npurorosiena
u3 3 1 metana u 1 g okcuna yraepoga(ll) ¢ HavanpHbIMU /1aB-
nmenustmu 202,6 klla. Kakoit o6beM Bog0po/ia TPy HOPMATIHHOM
IaBJIE€HUU cJenyeT Jo0O0aBUTh K CMECH, YTOOBI ITap MaJIbHbIE
NaBJIEHUS MeTaHa W BOJIOPO/Ia OKA3aIUCh OIMHAKOBBI?

44. MImelorcsa 6alIOHBI ¢ aMMHUAKOM, a30TOM U apTOHOM.
3 aByX ra3oB IPUTOTOBJIEHA CMECH ILJIOTHOCTHIO 1 1/cMm? (Hop-
MaJIbHbIE YCJIOBUS ). Kakoil 3 Tpex ra3oB HaBePHIKA BXO/IUT
B COCTaB cMecu?

45. Kakoe xosmuecTtBO BenecTBa cojepxut 1 m> rasa
MIPY HOPMaJIbHBIX YCJIOBUSX?

46. PaccunTaiiTe cpeiHIO0 MOJISTPHYIO MacCy BO3/yXa B IBYX
npuOIMKEHUIX: a) YYUTHIBAEM IBa TJIaBHBIX ra3a — KUCJIO-
pox 21% 1o o6bemy, ocTaabHOE a30T; 0) Kucaopona 21% 1o 00b-
eMy, aproH 1%, octajibHOe a30T.

47. 1Ipu kakoil TemrepaType B yCJIOBUSX HOPMaJIbHOTO JlaB-
JIEHUSI MOJISPHBIN 00beM ra3a cocTaBuT 44,8 1?

48. B kakoM oObeMe IIPpY HOPMAJIbHBIX YCIOBHUSAX HAXOAUTCS 8 T
MmetaHa? Kak usmeHuTcst o0beM, ec/ii MeTaH HarpeTh 0 TeMITepa-
Typbl 100°C 1 omHOBpEeMeHHO TTOBBICUTH AaBenue a0 138,4 klla?

49. Kakne o6beMbl TP HOPMAJIbHBIX YCAOBUSX 3aHUMAIOT
40 r xucaopoaa, 1,5 r okcuga azora(ll) u 60 r aprona?
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50. B kxakoM o6beMe raza Impu HOPMaJIbHBIX YCJIOBUSIX COIEP-
xures 2,69 - 1022 Mmosekyr?

51. CKOJIbKO aTOMOB PTYTH COAEPKUTCS B 1 MJI «IIyCTOTBI»
HaJ[ CTOJI00M PTyTH B bapometpe mipu Temiteparype 20°C, ecin
nasJsieHue mapoB pryTu coctassisieT 0,000173 xlla?

92. CKOJIbKO aTOMOB BOJIOPO/Ia COJIEPKUTCSI B COCTaBe MO-
sgekyJs B 11,2 1 (H.y.) cMecn aMMuaka U MeTUJIaMUHA, UMeEIoTei
Mmaccy 12,7 1?

53. B ogHOM 13 ABYX COCY/I0B OIMHAKOBOTO 0OheMa HAXO/IST-
csa 5 r xkucaopoqa nox gasaenueM 100 xIla. B gpyroii cocyn 1mo-
MetiieHo 10 r kpunToHa npu ToOM ke Temnepatype. PaccuuTraiite
NlaBJIeHWE KPUIITOHA.

94. B3gThl paBHbIE MacChl KUCJIOPOA, MeTaHa U BOJAOPO/Ia
IIPY OJMHAKOBBIX yCI0BUSAX. KakoBO oTHOIIEHE 00BEMOB 9THUX
razoB?

35. Cocyn BMecTUMOCTHIO 1 JT 3aTOJIHEH KHUCJIOPOJIOM
MIpU HOPMAaJIBHBIX yCJIOBUAX. B ipyromM cocy/ie Toii ke BMeCTH-
MOCTHU HaXOJUTCS YTIJIEKUCJIbIN Ta3 mpu temiepatype 90°C mog
masierneM 70 kIla. B kakom cocye macca rasza 60JibIire?

56. Paccuuraiite oTHOIIEeHE 0OBEMOB OJJUHAKOBOIO KOJINYe-
CTBa Ta3000Pa3HON U JKUIKOI BOIBI IIPU TEMIIEPATypPe KUIICHUS
U HOpMaJIbHOM aBiernu. IlnorHocTs sxuakoii Boabl 0,958 r/cm?,

97. B xakoMm ciryuyae 4mciio MOJIEKYJI IBYX Ta30B OJIMHAKOBO:

a) 2 r KucJjiopojia v 2 T BOJIOPOJIa;

6) 8 r kucsaopoma u 11,2 i1 (H.y.) Bogopoa;

B) 5,6 1 Kucaopoaa u 2,8 J1 BOIOPO/Ia,;

r) 4 r kucaopoja u 2,8 1 (H.y.) Bogopoja?

98. B kakux cijydasx 4McJ0 aTOMOB B COCTaBe JIByX ra30B
ONHAKOBO:

a) 8 r kucjopojia u 4 r BOJIOPO/1a;

6) 8 r kuciopona u 2,24 1 meraHa (H.y.);

B) 2,24 1 MmeTaHa u 2,24 71 BOIOPO/1a;

r) 3 g1 asorau 2 a1 okcuzga azora(l).

99. Ha BoicoTe 5000 M IJIOTHOCTH BO3/yXa IIPU TEMIIEPATYPE
0°C coctasagert 0,7 r/n. PaccuuTaiite atMmocdepHoe JaBjaeHue
Ha 3TOU BBICOTE.

60. CrasbHoil 6an10H BMecTUMOCTBIO 10 JI comepsKuT
1 xr xkucsoposa. PaccunraiiTe maBjieHne C;KaTOTo KHUCJIOPO/ia
ripu 20°C.

61. B 6aore BMecTMOCTBIO 20 JT HAXOAUTCS BOLOPO IO/
naBimennem 125 atm npu 18°C. Haiizure Mmaccy Bogopo/a.

62. PaccuuraiiTe OTHOCUTENIBHYIO TIJIOTHOCTD a30Ta 0 BOJIO-
pouy, TeJinio u OyTaHy.
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63. 'MmeeTtcs cMech Bojiopo/ia M a30Ta ¢ OTHOCUTETbHOU T1JIOT-
HOCTbBIO 110 Bogopoay 12. PaccuuraiiTe cpeiHIOI0 MOJISPHYIO
MaccCy cMeCH, OTHOCUTEJIHbHYIO IJIOTHOCTD 10 KUCJIOPOJY U TIJIOT-
HocTh 1ipu Temiieparype 0°C u naBinenun 101,3 kIla.

64. BasaTa cmech a3oTa U BOZOPO/Ia CO CPeTHEN MOJISPHOU
Maccoii 24. Paccunraiite cocTaB CMECH B MACCOBBIX M OOBEMHBIX
(MOJIBHBIX) JTOJISX.

65. IIMmeercst cMech paBHBIX 0OBEMOB a30Ta U YIJIEKUCIOTO
rasza. byzger jim oTHOCHUTETbHAS TIJIOTHOCTD CMECH YBEJIMINBATHCS
npu 1o6aBIeHNN K Hell a) HeoHa; 0) KUCI0PO/Ia; B) XJI0POBOJIO-
poxa; r) a¢upa CH,OCH,?

66. 'azoBas cmech coctout (1o macce) u3 10% aprona,
30% renus u Bogopoxaa. Paccuuraiite coctaB cMecu B 00beM-
HBIX (MOJIBHBIX) /10J151X. CKOJIBKO aTOMOB aproHa ImpuxoIuTCs
Ha 1000 moJstexyJ Bojiopozia B 9TOl cmecu?

67. B 3akpbITOM cocy/ie, 3alIOJTHEHHOM a30TOM, 4acTh a30Ta
3aMEeHUJIM PaBHBIM KOJIMYECTBOM BelllecTBa okcuja azora(l).
[Tpu aToM macca raza ysesimuunsiach Ha 0,16 r. Beraucsure maccy
okcuna azora(l) B cocyne.

68. /IBa rasa mMeOT OJMHAKOBBIN 3JIEMEHTHBINI COCTAB —
85,63% yraepona n 14,37% Bomopoaa. IlioTHOCTH 3THX Ta30B
10 BOZIOPOY cocTaBJisAioT 14 n 28. Y cranoBute (hopMyJibl Fa30B.

69. Kakas Macca xjiopuja HaTpust TpeOyeTcs JJIsl IOy YeHUsI
56 JI XJIOpOBOOPOIA TIPU H.Y.?

70%!'. Cmech okcuna yraepona(IV), okcuna yraepona(Il)
U Kucjopoza ¢ miotHocTbio 1,84 r/cm? mpu remmneparype 0°C
u nasiaenun 101,3 klla mogoxkrau. [locsie cropanus ras moJiHo-
CTHIO TIOTJIONIAeTCSd PACTBOPOM THUAPOKCcUa HaTpusa. Haliaurte
COCTaB MCXOMIHOM CMECH B MACCOBBIX I OO'bEMHBIX JIOJISIX.

71*. IIpennoxure popMyIy AT Ta3000pa3HOTO BEIECTBa,
conmepskarniero 5,89% Bogoposa u elle OJUH dJTEMEHT, €CJIU
91,5 mu aToro rasa npu temneparype 273,15 K u gaBienun
101,3 klla mmeroT Takyio ke maccy, kak 100 M a3oTa ipu TeM-
neparype 0°C u gaBinenun 112,5 xIla.

72%. CMmech aMMHaKa ¢ KUCJOPOJOM M CMeCh OKCHUOB
azota(Il) u yranepona(IV) umeroT npu oAMHAKOBBIX YCJIOBUSIX
OJIMHAKOBYIO IJIOTHOCTh. OnipenennTe 06aCTh JOMYCTUMBIX
3HAYEHUI JI/Is1 0ObEMHO IO/ aMMUaKa B IIEPBOI CMECH.

73*. T'asz o6bemom 20 1 ipu Temriepatype 22°C u 1aBjaeHUN
101,7 xIla comepxut 2,5 - 10> cBA3aHHBIX B MOJIEKYJIbI aTOMOB
u uMeeT I10THOCTD 1,41 1/11. [Ipeyioskute BO3ZMOKHYI0 (OPMYJTY
9TOTO rasa.

1 S,Z[CCI) u gajiee CMMBOJIOM «*» OTMEYEHbDI 3aZlauyn MHOBBIIIIEHHON CJIOKHOCTH.



3. PacuyeTbl Nno ypaBHEHUAM
XUMUYECKUX peakLuu

3.1. KpaTtkue TeopeTnyeckue csefeHus

Yucto XUMUUYECKUMU 3a/la4yaMU SIBJSIOTCS 3a/1a4l HA PAcyeThbl
110 YPaBHEHUSIM XUMHUYECKUX peak Wil. B apyrux tumax 3ajad, Kax
cJeyeT, HallpuMep, U3 IpeIbIyIei T1aBbl, IPUCYTCTBYIOT PACCY K-
JleHUs 1 pacyeTsl, cBsa3aHHble ¢ ¢dusukoil. Ho u B 3asavax, oTHOCS-
HUXCS K TAHHOU TJiaBe, TOXKe TIPUXOAUTCS IPUMEHSTh (pusndeckue
3aKOHBI [IJIsT TIpeoOpasoBaHust UCXOAHBIX JaHHBIX. Hanpumep, 3Hast
06beM pearupyIoniero ra3da, MOKHO PAaCCUUTATh KOJUIECTBO Bellle-
CTBa WJIU MaccCy 3TOro ra3a. PacyeTsl 110 ypaBHEHUSIM XUMUYECKUX
peak uil TpaJlu MOHHO BBIOJIHSAIOTCS Ha OCHOBe TIporiop uii. Bmecre
C TeM BCe IIMpe PacIpoCcTpaHseTcss HOBbIN, 60Jiee TeXHOJTOTHYHBII
U OOTIUIT TTOIXO/T K PEIIEHUTO TAKUX 33/1a4 110 CTEXUOMETPUIECKOMY
MPaBUJLY: /IJISI BCEX BEIIECTB B YyPaBHEHUN XMMUYECKOI peak MU OTHO-
IIeHNs M3MEeHEeHU KOJTnIecTBa BelecTBa (Kak TpopearnpoBaBIiero,
Tak 1 00pa30BaBIIETOCsT) K CTEXHOMETPUUECKOMY KOI(hDIU HMeHTy
PaBHBI MEKTY COOOM.

Harmuiiem ypaBHeHre peak WU B 00IIIeM BH/IE:

VA+v,B+vC=v M+v P+VvS.
COrIacHO CTEXNOMETPUYECKOMY TIPABHILY
An(A) An(B) An(C) An(M) An(P) An(S)
v, v, v. v v v,

a c m p s

€2Y)

OTHouleHMe KOJMYecTBa BelecTBa K CTeXUOMEeTPUYECKOMY KOa(-
(bu meHTYy Ha3BIBAIOT TPUBEAEHHBIM KOJMYECTBOM BEIECTBA 72;

n'(X) = % (3.2)

[TpuBeeHHOE KOJIMIECTBO BEIIECTBA TIOKA3BIBAET, CKOIHKO 0OOPOTOB
peak MU MOYKHO IIPOBECTH € 3TOU mop uel BemiecTBa. Ecan 1t mipo-
Be/ICHUS peaKk WU BelIeCcTBA B3STHI B OJIMHAKOBBIX KOJIMYeCcTBax 7',
TO MTOJTyYeHHAsI CMeCh BEIIECTB Ha3bIBAETCSI CTEXUOMETPpUUIecKOi. B aTom
cjiydae BellecTBa MOTYT ITpopearnpoBaTh 6e3 octatka. Ecim npusesen-
Hble KOJIMYECTBA BENIECTBA HEOAMHAKOBDL, Hanpumep n(A)/v,>n(B)/v,,
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TO BEIECTBO A B34TO B M30BITKE, a BenecTtBo B — B Hepocrartke. Takas
cMech Ha3bIBaeTcsl HecTexuoMeTpudeckoii. OcTaneTcst Helpopearnpo-
BaBIINI N30BITOK BelecTsa A.

B ycioBusix 3ama4y MosKeT ObITh YKa3aHO, YTO OJHO M3 BEIIECTB
B34TO B U30BITKE (He0CTaTKe ), NN HEIIOCPEACTBEHHO JJaHbl KUCXOIHbIE
KOJIMYECTBA BellecTB. B mocieaHem ciydae Tpebyercst BBIYUCIUTD UC-
XOHBIE 3HAYCHUSI 72’ Y TTO HUM YCTaHOBHUTD, UMEETCSI JIN U30BITOK OHOTO
13 BENIECTB UJIN CMECh CTEXNOMETpUIecKas.

/{14 pacyeToB 110 ypaBHEHUSIM XUMUUYECKUX Peak Hil MOKHO UC-
I10JIb30BaTh TaK’Ke 3aKOH 2KBHUBaeHTOB. CHavajia XUMUYECKUI DKBUBa-
JIEHT OTIPeIesIsIcs KaK YUCJIO BECOBBIX YacTel BEIeCTBa, pearnpyioninx
C OJIHOI BECOBOIT YaCThIO BOJOPOA MJIM BOCEMbBIO BECOBBIMH YACTSIMU
Kucaopoaa. Bogopos n Kucsopo ObLIN MTOJI0KEHBI B OCHOBY OIIpejie-
JIEHVSI 9KBUBAJIEHTa KaK 9JIEMEHTbI, COCTABJISIONINE BOLAY. 3aTeM ObLI
paszpaboTaH HOBBIH IOAXO0/ K OIIPe/Ie/IEHUIO SKBUBAJIEHTA He KaK MACChl
BEIIeCTBa, a KaK 0COO0T0 POJia YaCTU bl.

XUMUYECKUY 9KBUBAJIEHT — 9TO peasibHast WM YCJIOBHAS 9acTH a
BellecTBa, 0OMeHnBaIas (IPUCOEUHSIIONIAN) OAUH OAHO3AP/HbIIA
noH, win 1/2 nByxsapsgaHoro noHa, unu 1,/3 Tpexaaps/iHOTO MOHA U T.1I.,
WUJIA yYacTBYIONIAS B TIepeHOCEe OJHOTO 3JIEKTPOHA.

.1 1
IKBUBAJIEHT 0O03HavyaeTcst hopmysioit —X, riae — — (haKTop 9KBU-
z

BAJIEHTHOCTH, a YUCJIO Z PABHO CYMMapHOMY YHCJIY HOHOB OJHOTO

3HaKa, 0OOMEHMBAEMbIX CTPYKTYPHOI eMHU €il BelleCcTBa, UM YUCILY

9JIEKTPOHOB, IPUHUMAEMbIX WJIM OTAaBAEMbIX CTPYKTYPHOU eIUHN  €ld.
B o6MenHOI peak uu THTA

AL(SO,), + 3BaCl, = 2AICl, + 3BaSO |

SKBHUBAJIEHTBI PEareHTOB éAlZ(SO4)3 u %BaClz.

DKBUBAJIEHT BEIIECTBA 3aBUCUT OT 0OCOOEHHOCTEN peak WU, B KOTO-
poit ono yuyactByet. DocdopHas kucaora B 3aBUCUMOCTU OT YHUCJA

1
0oOMeHMBaEeMbIX MOHOB BOAOPOga MMEET 3KBUBAJIECHTDI §H3PO4,

u H,PO,. IlepmanranaT Kaius B peak MaX OKUCIEHUS-BOCCTAHOBICHHA
MIPUHUMAET MATh, TPU WU OJIUH 3JIEKTPOH U UMeeT 9KBUBAJEHTDI

éKMnO4, %KMHO4 n KMnO,.
CwMmbIca BBe/leHUd TOHSITUST «9KBUBAJEHT» COCTOUT B TOM, 4TO,
10 OTIpefieJIeHNT0, B Peak WM y4acTBYeT paBHOE YUCJIO SKBUBAJIEHTOB
060X peareHTOB: KMCJIOThI I OCHOBAHUSI, OKMCJIUTEISI 1 BOCCTAHOBHTE-
Jisl, peareHToB, 00Pa3yoIINX 0CAIOK, 1 T./l. B IpUBeIeHHOI BBIIIE peak-
U1 OCaKIeHNs cyJibdaTa 6apust y9acTBYOT 6 9KBUBAJEHTOB CyJIbdaTa
amoMuHug (0/lHA CTPYKTYPHAs €/IUHU A COCTABJISIET 6 9KBUBAJICHTOB)
1 6 9KBUBaJIEHTOB XJIopuaa 6apust (3 CTPYKTYpPHbBIE €IMHN bl TOKE CO-
CTaBJSIOT 6 9KBUBAJIEHTOB).
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Ilopuusa BemecTsa, cogepxamasn N, = 6,02 - 1023 3xBUBANIEHTOB,
COCTaBJISIET MOJIb 9KBUBAJIEHTOB. Ee Macca 4ncIeHHO paBHA MOJISIPHOM
Macce 9KBUBaJIEHTA:

1 MX
M|-X|= ﬁ
z z

(3.3)

OTHolIeHIe MaCCHI BEMECTBA K MOJIFIPHOfI MdCCE€ 9KBUBAJICHTA JA€T
KOJIMYECTBO BEMIECTBA 9KBUBAJICHTA.

n| 1x | = meoy/m| 1x ], (3.4)
Z Z

Ha ocHoBe KoJjiMuecTBa BeleCcTBa 9KBUBaJEHTa (bopMmepyeTCH
3aKOH 3KBHBAJICHTOB.

B xumuuecroi peaxkyuu yuacmeyem pasroe Koauuecmeo seuwecmaea
aKksusanenma 060ux peazenmaoes:

1 1
n| =X, |=n| —X, | (3.5)
Zi ZZ
ITy DopMyJsTy MOXKHO 3alMCATh Yepe3 MACCHl PEATUPYIOIIHUX Be-
TIECTB:

m(X,)/M Zix1 = m(X,)/M Zix2 . (3.6)

1 2

ITpumeHsis B pacueTax 3aKOH 9KBUBAJIEHTOB, MOKHO HE COCTABJISATD
ypaBHeHUe XUMUYECKOU peakIii ¥ BMECTO 3TOTO Cpa3y MOACTABIATD
YHCJIOBBIE 3HaUeHs B ypaBHeHue (3.6). Takue pacyeTsl HMIMPOKO ITpUMe-
HSIOTCS B aHAJTATUYECKON XMMUK. ITO OCHOBHASI 00JIACTD IIPUIOKEHHUS
3aKOHA 9KBUBAJIEHTOB.

Hanmo otmMeTHnTh, YTO 3aKOH S5KBUBAJIEHTOB HE BCET/IA MOXKHO TIPH-
MEHUTH K pacueTy 10 YPaBHEHUIO XMMUYECKOU PEaKIUM, B KOTOPOKH
y4acTBYIOT TpH, a MHOT/[a U OoJee BenlecTB. Bo3abMeM peakimio

2KMnO, + 10KBr + 8H,50, = 2MnSO, + 5Br, + 8H,0 + 6K,SO,.

(DaKTop 3KBUBAJIEHTHOCTY IlepMaHTaHaTa Kajaus — 1/5, bpoMmuza
KasIisi — eIMHUIA, cepHO# KucaoTel — 1/2. C yueTom xoapduiirerTa 8
B PeaKIuu y4acTByOT 16 5KBHBaIeHTOB cepHOM K1CaI0ThL. CrpamuBa-
eTcsl, r7ie Te 16 9KBUBAJIEHTOB OCHOBAHUS, KOTOPBIM HEUTPATU3yeETCS
cepHasi kucsjora? HenmpocTo oTBETHTD Cpasy, YTO B POJIM OCHOBAHUS BBI-
CTYIIAeT TOT JKe IePMaHTaHAT KaJIusI, KOTOPBIHA TepseT MOHBI KHCJIOPO/a,
aocsieHue 00pa3yioT Boay. [losy4aercs, YTo B OAHOM U TOH K€ peak-
mu KMnO, numeer 1Ba pasHbIX SKBUBaJIeHTa. Eciu Hafo paccuuTaTh
KOJIMYECTBO 3aTPAYEHHOM B PEAKIIUU CEPHOU KUCJIOTHI, TO CAEIATH 3TO
TI0 3aKOHY 9KBUBAJIEHTOB He yfaercs. Pacuet kosmmuecTBa 3aTpauyeHHOMN
CEPHOM KUCJIOTHI IPOU3BOAUTCA IO CTEXMOMETPUIECKOMY ITPABUIY.
OHO nMpuMEeHUMO K J1I000i1 peaknuu. /[ pacuera TpebyeTcss TOIBKO
VIMeThb YpaBHEHUE PeaKIlUH, a IPUPOa PeaKINy He UMeeT 3HAUEeHUsL.
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3.2. llpumepbl pelieHus 3aaay

IIpumep 3.1. Kakas macca cyabduga Banaaus(1I1) obpasyercs
npu peakuuu 15,3 r BaHagusA ¢ U3OBITKOM CEphI?

Pewenue

Hannune u30bITKA CEPbl 03HAYAET, YTO BECh BaHAAMM BCTYIIUT
B peaknmio. Hanwmiem ypaBHeHNe peakluy U HEOOXOAUMBIE JAHHBIE
0 BeIlECTBaX 0] X (DOPMYJIAMH:

2V+38=V,S,
M,r/momp 51 198
m, T 15,3

[ BBIUMCIEHUN NTUNIEM yPaBHEHUE 10 CTEXUOMETPUUYECKOMY
IpaBUILY:

n(V) _n(V,S,)
2 1

JlesiaeM B ypaBHEHNE MOJCTAHOBKY 7 = m/M u nipeobpasyeMm ero
JIJISI PacveTa MacChL:

m(V) _ m(V,S;) m(V)-M(V,S,)
M(V)-2 M(V,S,) MN)-2
HOI[CTaBJI}IeM YHCJIOBBIC 3BHAYCHUA U BBIYUCIACM:

15,3-198
512

m(V,S,) =

m(V,S,) = =29,7r.

Omesem: m(V,S,;) = 29,7 r.

Pemntenrie MOXHO TIPE/ICTaBUTh U B IPYTOM BapHaHTe — B BUJIE Ma-
Tpuipl. Berauciaenus o popmynam (1.1) u (1.2) MOXKHO He 3aITUCHIBATD
Ha OyMare, a TOJIbKO BHOCHTb Pe3yJIbTaThl BEIYUCAECHUM B KOJIOHKAX
IO/l ypaBHEHMEM peakiuu. Mecto, riae OyIeT HalucaH OTBET, MOXKHO
00603HaYUTH PAMKOIL:

2V + 38 = VS,

M, r/momb 31 198
m,T 15,3
7, MOJIb 0,3
n’, MOJIb 0,15

Ha cnenymomeMm sTane penieHus: IPUMEHSIEM CTEXUOMETPUIECKOE
IIPaBUJIO, IIEPEHOCS 3HAUeHUe 7’ B KOJIOHKY TIPOAYKTA, M BBIUUCISIEM
Maccy IpOayKTa:



26 3. PacyeTtbl N0 ypaBHEHHAM XMMHUYECKMX peaKLUii

2V + 35 = VS,

M, r/monb 51 198
m, T 15,3
7, MOJIb 0,3 0,15
7, MOJIb 0,15 - 0,15

Bcs 3ammch perieHns 0Ka3ajgach Ha 4 CTPOYKaX IOJ YpaBHEHUEM
peakruu. Pamka BBIZIE/ISIET OTBET.

PaccMoTpuM puMep penieHust 6oJiee CIOKHOM 33/1auH, B KO-
TOPOii TpeOyeTcs MPOBECTH PACUETHI JJIsT BCEX BEIECTB B ypaB-
HEHWU PEaKIVH.

IIpumep 3.2. Cmemasum pacTBOpHI, cogepxamue 15,0 r 6pomuza
kasbus u 12,3 r pocdara HaTpus. PaccunraiiTe Maccy ocazka U MacChl
BEeNIEeCTB B PaCTBOPE II0CIIE OKOHYAHUS PEaKIINN.

Pewenue

B ycnoBuM maHbl Macchl 060MX PeareHTOB, UTO SBJISIETCS TPU3HA-
KOM BO3MOJKHOTO M30BITKA OHOTO U3 peareHToB. MI36hITOK peareHTa
¥ PaCTBOPUMBIN B BOJIE MPOAYKT OpOMUI HATPUsi OyAyT HAXOAUTHCS
B pactBope. B ocasiok Bemaznet ocdar kanmbims. B xosmonkax mudp moz
yPaBHEHHEM PEAKITHH I1€JIeCO00PA3HO 3aIMCATh B PA3HBIX CTPOYKAX Ha-
YaIbHbIE X KOHEYHBIE (TIOMEYEHbI HHIEKCOM <, ») KOTMYECTBA BEIIECTBA
u Maccsl. Bemectso, B3sToe B u3bniTke (Na,PO,), aBTOMaTHYECKH BHI-
SIBJISIETCSL B XO7ie BerancaeHui. /7151 IpOBEpPKHU IPaBUIBHOCTH PACICTOB
nobassieHa Komouka «Cymmas (Z).

3CaBr, + 2Na,PO, = Cay(PO,), + 6NaBr X

M, 200 164 310 103
I/MOJIb

m, T 15,0 12,3 — — 27,3
7, MOJIb 0,075 0,075 — —

n’, MOJIb 0,025 0,0375 — —
An’,monp 0,025 -0,025 0,025 0,025

n’, MOJIb — 0,0125 0,025 0,025

7., MOJIb — 0,025 0,025 0,15

m, T — | 41 | | 775 | | 1545 | 273

Caemyer oOpaTuTh BHUMaHKE HA TO, YTO IIPH PENIEHUH 339U IIPO-
M3BeIeH OOJIbIINIH 00hEM BBIYMCIECHHI, HO 3aIIMCh PEIIEHUS OCTAIACH
KPaTKOM U JIETKO HOAaIneiicsa pasbopy u nposepke. B cTpouke An’
moTPeb0BAIOCh YUECTh 3HAK U3MEHEHUS KOJIMYECTBA, TAK KaK KOJIM-
YeCTBO PEareHTOB YObIBAET, a KOJIMYECTBO MPOAYKTOB YBETHUNBAETCSL.

Ipumep 3.3. Cmenianu pacTBOPHL, cofiepxantue 14,7 r pochopHOi
kucyaoTsel ¥ 10 r ruapokcuaa HaTpusa. PaccunuTaiiTe Macchl BENIECTB
B IIOJIyY€HHOM PacTBOPE.
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Pewenue

B ycnoBuu nospazymeBaeTcst pacueT Macc MPOAYKTOB HEUTpaIu3a-
UM, TaK KaK KUCJIOTa U 1IEeJI0Yb PEarupyioT HETIOCPEJICTBEHHO B MOMEHT
cMmemuBanus. MocdopHast KMcI0Ta TPEXOCHOBHASA U HENTPATU3YETCS
crynenyaro. [Ipu HegocTaTKe 1ea0un 00pa3yIOTCsl OMHO- U ABYyX3a-
MelleHHble KUcabie coyu. [1oaToMy peaKImuu HeTpau3aIuu ciaeayeT
3aIMCBIBATh 10 cTagusaM. [lepBas craams:

H,PO, + NaOH = NaH,PO, + H,0

M,t/mMons 98 40

m, T 14,7 10

7, MOJIb 0,15 0,25

n., MOJIb — 0,1 0,15

BoruucisaTs 7’ He HOTPebOBAIOCH, TAK KaK Y BCEX BELIECTB Koadhu-
nueHTs v = 1. Ha nepBoii craguy HeHTpaIH3aIlMH IIEJI0Yb OKA3aIacCh
B 30bITKE. ITHIneM ypaBHeHHE BTOPOM CTaJWH HERTPATU3aI[H:

NaH2P04 + NaOH = NaZHPO4 + HZO

M,r/momp 120 — 142
m,T 0,15 0,1
1, MOJIb 0,05 — 0,1

7 MOTS -

Omeem: B pactBOpe OyAyT HaxoauThes 6 r nuruapodocdara HaTpHsT
u 14,2 r ruppodocdara Hatpuss. OOpasyOIAsACS IPH HEUTPATH3AIMK
BO/Ia YBETMIMBAET MacCy PACTBOPUTEJIA.

IIpumep 3.4. Cmecs okcuzna ceper(1V) u xucaoposa B MOJIBHOM
cooTHomeHuH 1 : 1 mpomynieHa Yepe3 KOHTAKTHBIN anliapaT ¢ OKCHAOM
BanaausA(V). IIpu sToM 06beM cMecu ymeHbImIcs Ha 12,7% mpu o-
CTOSIHHBIX [JaBJIEHUHU U TeMIepaType. PaccuuraliTe MacCOBYIO 0OJIIO
MIPOAYKTA PEAaKIIMH B CMECH U €T0 BBIXO/I.

Pewenue

B xonraxTHOM anmnapate uzer okucienue SO, 10 SO,. O6bem cmecu
YMEHBINAETCSI BCJIECTBHE YMEHBIIEHHS] KOJIMIECTBA BENIECTBA I'a30B.
BosbMeM 00beM cMecH, cozepakaiui o 0,5 Mob SO, u O,, n B KagecTBe
MPOMEXYTOYHOTO HEM3BECTHOTO IIPUMEM 32 X KOJMYECTBO BEIECTBA
KHCJIOPOZIA, BCTYTIMBINETO B peakiuio. CocTaBJisieM YpaBHEHUE PEAKITII
M CXEMY JIJISI PACYETOB:

250, + O, = 2804 +S
M, r/momnb 64 32 80
1, MOJIb 0,5 0,5 — 1
m, T 32 16 —
An, MOJIb -2x -x 2x -X

n., MOJIb 05-2¢x 05-—=x 2x 1—x
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YMmeHbIIeHMe 00beMa Ha 12,7% o3HavaeT, YTO MCXOAHBINA 00beM,
KoTopsiii mpumeM 3a 100%, ymenbimurcest xo 100 — 12,7 =87,3%. Vicxons
13 TPOMOPI[HOHATPHOCTH 06bEMa M KOJIMYECTBA BENIECTBA, HAIKIIEM
ypaBHEHUE

100% 1

87,3% 1-x
W3 ypaBreHus noxydaeM x = 0,127 mosn. CrenoBatesnbno, SO, 06-
pazoBasoch 2x = 0,254 MOJIb.
PaccunTaeM MaccoOBYIO JIOJIIO MPOAYKTA PEAKIIVIH:
80-2-0,127
o(SO,)=——-"7"-=0,422(42,2%).
(50,) (64+32)-0,5 (42,2%)
BrIxo/1 1 PACCUMTHIBAETCS KAK OTHOIIIEHUE IOJIyYEHHOTO KOJIMIECTBA
BEIEeCTBa K TEOPETUYECKH BO3MOXKHOMY. BoLo B3sTO 0,5 MOb SO,,
KOTOPbIH MOT GBI TIOTHOCTBIO TIPpeBPaTHTHCA B SO, CIeI0BATENBHO,

2 0,127
0, 05
Omesem: w(SO,) = 42,2%; n = 50,8%.
IIpumep 3.5. Ilpu cropanuu 6,2 r ¢ocdopa obpasyercs 14,2 r okcuzaa
docdopa. Onpenenure MOISIPHYIO Maccy SKBUBaJieHTa hocdopa U ero

(axTOp 5KBUBAIEHTHOCTH.
Pewenue

= 0,508 (50,8%).

Uckomas Benmuuna M (1PJ = M(P) / z G6yneT BHIYUCJIEHA, €CIIH
z

omnpezneseH GakTop SKBUBAJEHTHOCTH. ETO MOXKHO OIIpeieTuTh 10 KO-
JIMYECTBY KUCJIOPO/A, BCTYTIUBIIIETO B PEAKIIHIO.
MossipHast Macca 9KBUBaJIEHTa KHCJIOPO/Ia, TIPUHUMAIOIIETO 2 3JIeK-

1 _
TpoHa, M (EO =8 r-monp '. KomuecTBO BelecTBa 3KBHBAJEHTA

KHCJIOpOoda COCTaBUT

nGo) = m(O)/M[%O] = (14,2 - 6,2)/8 = 1 Mox®.

Oxka3asocsk, 4yTo Macca ¢ocdopa 6,2 r urcIeHHO pPaBHA eT0 MOJISIPHOM
Macce 9KBUBAJIEHTA, TAK KAK €CJIM BCTYIIHJI B PEakIuio 1 MoJb 5KBUBa-
JIEHTOB KUCJIOPOJIA, TO CTOJIBKO Ke IIpopearupoBaio u pocopa. OTciona
HEIIOCPEICTBEHHO OIPEeJIIeTCs BETNYMHA 2

31r-moap !

z= M(P)/MC ) T =5

6,21 - MOJIB~

Omeem: M(lP) =6,2 1 -Momp ™} 1_ 1/5.
z z
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3.3. 3apanus ana camocToATeNbHOM paboTbl

3.3.1. 3amaum Ha pacyeTsl 10 yPaBHEHHUSIM PeaKIHii

74. K pactBopy, conepxxamemy 15 r H,SO,, no6asum 13 r
NaOH. Kakyio peakiuio (KUCIyIO, HIEJOYHYIO WU HEHUTPasb-
HYIO) UMeeT MOJIy4YeHHbIN pacTBOp?

75. Kakast Macca THIpOKCH/IA HATPHSI TIOTPEOYETCS IS TOJI-
HOT'O OCK/IEHUS THAPOKCHIA MEIU U3 PACTBOPA, COEPKAIIETO
110 r cysnbdara megu?

76. Kakas Macca ruipOKCuia Kaausi otpedyercs aJst pe-
akiuu co 105 r cepHO# KHUCIOTH ¢ 0Opa3oBaHMEM KHCJION
com? CKOJIBKO €lle THAPOKCU/A Kalus HoTpedyercs 106aBuTh
7151 TIpEBPAITIEHUST TIPOAYKTA B HEUTPATIBHYIO COJIb?

77. CKOJBKO MOJIb BOJBI TIOJIYYUTCSI TIPA BOCCTAHOBJIEHUN
BoziopozoM 200 r CuO 1o Metasia?

78. C kakoif MaKCMMAaJIbHOM MacCOX OpOMHM/IA KAJIbIIVS IIPO-
pearupyiot 4,1 r docdara HaTpusa?

79. Kakag macca ocagka o6pasyercs npu peakuuu 28,5 r
XJIOPH[A MarHusI ¢ U30BITKOM (pocaTa Kamus?

80. Cmemnranm pacTBOpHI, cozepakarue 34,2 T XJI0pHa MarHUs
u 42,4 r pocdara kamus. PaccuuTaiite Maccy 00pa3yIomerocst
0CajKa.

81. CMemmau pacTBOPHI, cojiepsKalnye 57 T XJIOPHAa MaTHUS
u 42,4 v ¢pocdara kanus. Paccuuraiite Maccy ocaska u Maccy
BEIIECTB B PaCTBOPE.

82. Cmermnaju pacTBOpEI, cofiepkamue 34 r HuTpara cepebpa
u 21,6 r 6pomua HaTpus. Bee s KoauyecTBO HUTpaTa cepebpa
BCTYIIUT B Peakinio? BeruucinTe Macchl BEIECTB 1OCJIe PeaKITI.

83. B ornenbubix crakanax pacteopum 8,4 T NaHCO, m 2
NaOH u pactBopbI cMemianu. PaccumnTaiiTe MaccChl coiei B IOJTY-
YEHHOM PacTBOPE.

84. K pactBopy, conep:xarmemy 0,2 mosib xopuza xesneza(11T),
nobasmnu 0,24 MOJIb THAPOKCHA HATPH. Brruucaure Maccy 00-
pasoBasmerocs ocazika. Kakas macca FeCl, ocranmacs B pactsope?

85. Kak mpeBpatutb cony Na,CO, B HOBapeHHon cosib NaCl?
Kaky1io Maccy nmoBapeHHOi cou MO>KHO TOJTy4uTh U3 263 T CObI?

86. Kakue maccsl compt Na,CO, 1 xy10pHzia KaIblus Heobxo-
JIAMDBI JIJIS] TTOJTY YU 200r oca;uca KapOoHaTa KaIbIHs?

87. [lns HeliTpanmsaiiuy 25 T pacTBOPa CEPHOM KUCIOTHI TO-
TpeboBaoch 1,2 r ruapokcuaa HaTpust. KakoBa MaccoBast 10JIst
CEPHOI KHCJIOTHI B PaCTBOpPE?

88. Kak mosyuuth HUTpAT Meau, uMes cyabdaT Med, a30T-
HYI0 KHCJOTY U ruapokcus Hatpusa? CocTaBbTe ypaBHEHUS
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peaxkuuii. Kakyio maccy kpucramioB Cu(NO,), - 6H,0 moxHO
IIPUTOTOBUTH, ecyint B3ITh 315 T 20%-H0i1 a30THOHN KUCJIOTHI U CO-
OTBETCTBYIOIIEE KOJIUYECTBO JAPYTHUX PEaKTHUBOB?

89. Kakas macca Maprasiia moJy4uTcs o aaTlOMUHOTEPMHU-
YeCKOU peakiiuu

3Mn,0, + 8Al = 9Mn + 4A1,0,,

€CJIM MCXOJIHAsA CMeCh mpurotosyieHa u3 34,3 r Mn,O, m 17,4 r
AJTIOMUHUS ?

90. Kakoit 06seM Bogopoa (TIpH H.y.) TIOJIYYHUTCS TP Peak-
an 30 T KaabIus ¢ ©3O0BITKOM BOABI?

91. Kakxue maccel nuHKa 1 20%-HO# cepHO# KMCIOTHI IIOTpPe-
Oyiorcs g noxydenus 112 1 Bogopona (mpu H.y.)?

92. CKOJBbKO JUTPOB alleTuyeHa (H.y.) MOXKHO IOJIYYUTh
1o peaknuu 12,8 r kapOua KaibIUs C BOAOM?

93. Kakoii cyMmMapHBIii 00bEM ra30B IOJYYUTCS TP Pasjio-
’KeHUH 3J1eKTPon30M 36 T BOJHI?

94. B xaxoit macce 6epronerosoii comu KCIO, conepxurcs
KOJINYECTBO BeIIeCTBA KMCJIOPO/a, KOTOPOE B BUJIE€ Ta3a 3aHs-
Ji0 681 06BeM 15 1 (22°C; 96 kI1a)?

95. Ilpu nponycKaHWM BOJSHOTO TIapa HaJl pacKaJeHHbIM
YIJIEM TIOJIYHYAEeTCS TaK Ha3bIBAEMBIN BOASTHOM T'a3 10 PeaKINu

C+H,0=CO + L,.

Kaxkoii 06beM BOASHOIO ra3a, M3MEPEHHBIN [IPH H.Y., TIOJIy-
YUTCS TEOPETUIECKU U3 3 KT YIJIST?

96. 113 usBecTHsIKa, comepKaiiero 92% CaCO,, B pesynbrare
TEPMHUYECKOTO Pa3JI0KeHUS MTOTYIuIu 7,6 T HeraleHoH U3BECTH
CaO. HatianTe Maccy B3sTOTO JJIsl Pa3I0XKeHUST N3BECTHSKA.
ITpuMecH ITOSTHOCTBIO TIEPEILIN B COCTAB MTPOAYKTA.

97. B mabopatopuu yrieKUC/bli Ta3 MOIy4aloT AeHCTBUEM
COJITHOHM KHCJIOTHI Ha MpaMop. Kakas Macca MpaMopa, cozep-
xamero 98% CaCO,, norpebyercs ns noxyderns 84 1 CO,
TP HOPMAJIBHBIX YCIOBUSIX ?

98. Kaxoii o6beM Bozziyxa ¢ copepxarneM ¢(0,) = 21% mo-
Tpebyercs 11 cxuranusa 1 M3 ra30Boi cMeCH CIEAYIOIIETO CO-
crasa: O(H,) = 50%, ¢(CO) = 40%, ¢(CO,) =5% n o(N,) = 5%.
OOBbeMBI PaCCUMTHIBATD IS H.Y.

99. Cmemaym 14,6 r x0poBoiopo/ia u 8 r ammuaka. Paccun-
TaiTe Maccy oOpasyromerocsi Tepaoro Bemecrsa. Kakoit 06bem
ra3a [py H.y. OCTAHETCS HEMPOPEarnPOBABIINM?

100. IIpu mponyckanuu yepe3 KOHTAaKTHBIU ammapar ¢ Ka-
Tasm3aropoM cmecu 10 moms SO, 1 15 Mos O, obpaszoBaioch
8 mozb SO,. Paccuwmraiite kommuectsa Bemecrsa SO, u O,, He
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BCTYIMBINUX B peakiuio. Kakve MOryT ObITh IPUYUHBI HEIIOJI-
HOTO IIPEBPAIlEHNS BENECTB?

101. ITpu cxxuranum 6 r anTpanuTa noxyuuaock 10,6 1 (1.y.)
yraekucyaoro raza. CKoJIbKO IIPOIEHTOB IIPUMECE Co/lepKa
aHTpAIUT?

102. Kakoii 00bem cmecu kucaopona ¢ 20% ozona (mo 06sb-
€My ) IPH HOPMAJbHBIX YCJIOBUSAX HEOOXOAUM JIJIsi COKMTAHUS
32 r MeTaHa?

103. B 1ByX 0MHAKOBBIX GAJLJIOHAX, IPACOEIMHEHHBIX K KOH-
11aM TPYOKM C BEHTHJIEM, HAXOASTCSA aMMMAK II0J JaBIECHUEM
120 xIIa u xnopoBopopon oy naBiaenueM 140 x1la. Kakoe naB-
JIEHWE YCTAHOBUTCA B 6aJL/IOHAX OC/IE€ OTKPBITUS BEHTHJIS?

104. Kakoit 06beM okcuza yriaepoaa(IV) nobasuau x 5,6 i
okcuza yraepoga(ll) (a.y.), eciu u3BeCTHO, UTO YUCIIO JEKTPO-
HOB B TIOJIyYE€HHOM CMECH MOJIEKYJ cTajo B 14,5 pas Gobime
yrcga ABoraapo?

105. ITokaxute Ha rpaduKe, KaKk U3MEHSIETCS JaBJIECHHUE
B CMECH BOZIOPO/Ia ¥ MAPOB MOJA II0 MEPe MOCTENEHHOTO 00pa-
30BaHUs MOIOBozIopoa pu TemrepaType 150°C.

106. Kak uaMeHuTCS AaBjeHHE Ta30Boi cMecu 1 oObeMa
a3oTa 1 3 00BEMOB BOIOPO/IA, ECJIH IIOJIOBHHA KOJTMYECTBA a30Ta
IIPEBPATUTCS] B aMMHUAK?

107. B 3akpeiToM cocyze npu temnepatype 0°C Haxoaurcs
CMeCh alleTU/IeHa U KKCI0POoja B 00beMHOM oTHOmEeHWH 1 : 4.
Ha cKo/IbKO IIPOILIEHTOB YMEHBIITUTCS JIaBJIEHUE B COCY/IE TIOCIE
CTOpaHUs alleTUIeHa U OXJIAXKIEHUS JI0 UCXOHOM TeMIepaTyphl?

108. Kaxoii 06beM KHCI0POA IOTPEOYETCS IS CKUTAHUS
1,5 J1 cepoBOAOPO/A B ABYX CJAyYasIX: a) CEpa OKUCJSIETCS [0
IIPOCTOrO BEWIECTBA; O) cepa OKUCsIETCs 10 oKcuaa cepbi(1V)?

109. CepoBomxoporn o6bemom 3,36 71 (1H.y.) cropes 6e3 ocTaTka;
IpU 3TOM 00pa3oBajioch 1,6 T cepol. Berumcivre 00beM BCTyIUB-
NIET0 B PEAKITUIO KUCJIOPOa.

110. Kaxoii 06beM yIJIEKUCIOro ra3a 00pasyercst IIpu cropa-
aun 3 1 6yrana C,H,,? O6beMbl H3MEPAIOTCS IIPH OJMHAKOBbIX
YCJIOBUSIX.

111. ITocse momxkuranus 50 M cMecu BOAOPO/a U KUCJIOPO/a
(u.y.) ocraincst u3bbITOK 14 M1 Kucsopoza. Paccunraiire mapim-
aJIbHbIE JTABJIEHUS Ta30B B UCXOTHOM CMeCH.

112. TIpu IpOXOXKAEHUM CMECH PABHBIX 0OBEMOB OKCH7IA
cepel(IV) u KucIOpO/ia Yepe3 KOHTAKTHBIH alnmapar ¢ KaTajan3a-
topoM 90% oxcuza cepoi(1V) npespartiaercs B okcuz cepsi( VI).
PaccuwnTaiite 06bEMHBINH COCTAaB CMECH Ha BBIXOJE M3 KOHTAKT-
HOTO almnapara.
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113. IIpu peakum mexay okcuaom yriaepoaa(ll) u xiaopom
13 PaBHBIX 00bEMOB Ia30B 00pa3yeTcs TaKoi ke 00beM (ocreHa.
Ycranosure popmyty docrena.

114. Tlpu coxuranuum 2 1 ra3000pa3HOro yIaeBogopoaa oopa-
3yeTcsi 6 J1 yrieKkucaoro ra3a u 8 Ji BOASIHOTO napa (IIpy OluHa-
KOBBIX YCJIOBUSIX). Y cTaHOBUTE (POPMYIIy YIIEeBOAOPOA.

115. Ilpu roperny aMMraKa B XJI0pe 00pa3yioTCst XJI0POBOIO-
poz 1 a30T. B Kakux 06beMHBIX OTHOIIEHHSX PEATUPYIOT aMMUAK
1 XJIOP, ¥ KAKOBO OTHOIIIEHHE MEXKIY 0O0beMaMu 0OPa3yoIHXCsI
ra3oB?

116. B xakoM MacCOBOM OTHONIEHUU PearupyioT aMMHUaK
¥ KHUCJIOPOJI IIPY TOPeHnH ¢ 00pa3oBaHKWEM BOAH 1 a3oTa? Ka-
KOBO 0OBEMHOE OTHOIIEHNE PEATHPYIONIAX TA30B?

117. B xakoM 0ObEMHOM OTHOIIEHUM PEATHPYIOT AMMUAK
¥ KMCJIOPO] IIPU OKUCJIEHUH aMMHuaKa /1o okcuza azota(ll)?
KakxoBo MaccoBoe OTHOIIEHNE PearnpyouX BENlecTB?

118. IIpu peaknum MarHusi ¢ PpaCTBOPOM CEPHOM KHUCJIOTHI
00pa30Baoch 54 r cyabthara Maruusa. Haiiure Macchl BCTYIUB-
IIETO B PEAKIINIO MaTHUS Y CEPHOU KUCJIOTHI.

119*. Cmech okcuaa cepri(1V) 1 Kucioposia B MOJIBHOM COOT-
Homienuu 1 : 1 mporryiieHa yepe3 KOHTaKTHBIM allapar ¢ OKCH-
nom Bananusi(V). IIpu atom faBieHne cMecu noHU3mI0Ch ¢ 300
1o 266 xIla mpu IMOCTOSHHBIX TeMileparype u o0beMme. Paccuu-
TaliTe MaCCOBYIO JIOJIIO ITPOIYKTa PEaKIIMi B CMECH U €T0 BBIXO/I.

120*. IIpu pactBOpeHuu B cepHoii kucJaore 1,6 r cMecu mo-
POIIIKa ITMHKA M OKCHUIa IMHKA BBIZIETUIOCh 448 MJ1 Boziopoza
(n.y.). Paccumraiite 10110 OKCH/Ia ITMHKA B CMECH.

121*, B cocyn BmectumocTbio 1 J1, conepsxamuii 100 M
10%-1oro pactsopa HCI, 66110 nomemeno 3,25 r uuHKa, I0OCIE
4ero cocy ObLI TOTYAC XKe TepMeTniecKy 3aKkphiT. Kakoe maBiie-
HU€ YCTAHOBUTCS B COCY/IE TTO OKOHYAHUH PEAKITUH IIPY TEMIIEPA-
type 21°C u HavambHOM Aasaernn 101,3 k[1a? O6vem pacTBopa
CYMTATH HE U3MEHUBIIAMCS.

3.3.2. 3agauu Ha XUMHYECKHE KBUBAJIECHTBI

122. Tlpu cropanuum 5,4 T amomunus obpasyercs 10,2 T ok-
cuza amomunusi. OupeneanTe MOJISIPHYIO MAacCy SKBUBAJIEHTA
AJTIOMUHMS.

123. Cyabdun metanaa conepxur 52% merasaa. Omnpene-
JIUTE MOJISPHYIO MacCy S5KBUBAJIEHTa MeTaJljia, 3Has, 4TO cepa
nByxBajieHTHa. [Ipu Kakoli CTeleHN OKUCICHUSI HEU3BECTHOTO
MeTaJjlIa IOJIyYaeTCs Haulydllee COBIaJeHue ¢ A slIeMenTa
B Tabauie Menzaeneesa?
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124. Ilpu peakiuu 3,04 r MeTajia ¢ KUCJIOTOM BBIIEIUIOCH
2,8 1 Bomopoza (H.y.). Beluncaure MOJAPHYIO MacCcy 3KBUBa-
JIeHTa MeTaJLia.

125. Onpenenute M (lX] Metasia, 0,993 r koToporo BhI-
z

nensoT u3 pactBopa coiu Meau 1,132 r menn. M(lCuJ =
z

=31,8 - moapL.
126. 1,603 r xanbnusa u 2,616 r IIMHKA BEITECHSIOT U3 KUCJIO-

. 1
THI OIMHAKOBBIE 00BbeMBI Bogopoaa. Haliqure M| —Zn |, 3Hag,
z

yto M 1Ca) = 20,04 - MOJTB .
z

127. Kakoit 06beM KHCIOPO/Aa PACXOAYETCs TIPH CTOPaHUM
21 r marausa? [110THOCT KMCIOpPOJA TIPU YCIOBUAX OIBITA

1,41/ M(lMg] =12,151 - Mo,
z

128. Ha BoccTaHoBeHue 2,68 T OKCHIa MeTaJIJIa 3aTPpavyeHo

795 M Bomopoza (H.y.). Paccunraiire M [1 X) OKCH/Ia M MeTaJLa.
z

1
129. Onpenenute M| —X | coefuHEHUS XKeJle3a C XJIOPOM,
z

3Hast, 4TO Macca 1,352 T aToro coeHeHus pearupyeTt 6e3 ocTat-
Ka ¢ 1,00 r ruzpokcua HaTpHsI.

130. Kakue popMyJibl MOT'YT COOTBETCTBOBATh S9KBUBAJIEHTY
CEPHOM KHCJIOTH B peakIusx oOMeHa:

a) H,SO,;

6) 1/2H,SO,;

B) 1/4H,S0O,?

131. IIpu peaknuu 1,27 r MeTasjia C BOJOM BBHIAEIUIOCH
380 mut Bomopoaa pu temueparype 21°C u gaBaennn 104,5 kl1a.

. 1
Haiinute M| —X | MeTasia.
z

132. Y maprania HanOojiee OOBIYHBI CTEIIEHH OKUCIEHHS +2,
+3, +4, +6 u +7. IIpu kakoM peBpallleHNH S9KBUBAJIEHT MapraHiia

OyaeT BhIpaskaThCst GopMyJIoi %Mn:
a) Mn(+7) - Mn(+2);
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6) Mn(+7) — Mn(+4);

B) Mn(+6) —» Mn(+3);

r) Mn(+2) - Mn(+6);

1) Mn(0) —» Mn(+4).

133. Kakumu popmysiamu BeIpaKaeTcsl 9KBUBAJIEHT XJIOPHUA
xene3a(ll) B caenyonux npeBpameHusIx:

a) FeCl, —» Fe(OH),;

6) FeCl, — FeCl,.

134. Kakue 3Hauennsa ¢pakTopa 9KBUBAJEHTHOCTH MOXET
“MeTh (pochopHas KUCIOTa B peaKIIUy HEUTPATU3AIIUN ?

135. Onpenenmute HaKTOPHI AIKBUBAJIEHTHOCTH UOA U HOIUIA
HaTpUs B peaKIuu

I, +Na,S,0;, — Na,S,O, + Nal.

136. Onpeaenure hakTOPHl SKBUBAJIEHTHOCTH COENNHEHMS
yriepo/ia (MeTaHOJIa) B CIeAYIOMUX IPeBPallleHUsIX:

a) CH,OH — CH,0;

6) CH,OH — HCOOH;

8) CH,O0H — CO,,.

137. Onpexnenure MOJAPHYIO MacCy SKBUBAJIEHTA aMMHaKa
B CJIEAYIONTUX PEAKITUSX:

a) NH, + HCl=NH,C];

6) 4NH, + 30, =2N, + 6H,0;

B) 4NH, + 50, = 4NO + 6H, 0.

138. OnoBo obpasyer aBa OKcHMAa, comepxamux 78,76
u 88,12% osioBa. Berunciute MOJIIpHBIE MAacChl SKBUBAJIEHTA
0JI0Ba U HAWJIUTE COOTHOIIIEHUE MEXKIY HUMH.

139. Kakoe KosiuuecTBO BellleCcTBa SKBUBAJIEHTA XJI0pa BCTY-
TIUT B PEAKITHIO

Fe + Cl, — FeCl,

¢ 5,58 r xene3a?
140. Kakas Mmacca xyiopuzia HaTpusi MOXKET TIPOPearupoBaTh
¢ 7,9 r mepMaHTaHATA KATUS 110 PEAKITNHT

KMnO, + NaCl + H,SO, - MnSO, + Cl, + H,0 + Na,SO,.




4. Mepuoan4yecknit 3aKoH. ATOMbI.
ATOMHbIE Aapa. PagnoakTUBHOCTD

4.1. KpaTkue TeopeTuyeckue ceefieHus

Jluist pelneHus 3a1ay, MPUBEIECHHBIX B TAHHOM TJIaBe, HCIIOIb3YIOTCS
3aKOHBI M IPABUJIA, IPHMEHSIBIIMECS B IPEABIAYIIMX IJIABAX.

JIJ1s1 OTBETOB Ha BOIIPOCHI IAHHOM TJIaBBI CJIEYET 3HATH CIIEAYIONINE
TEOPETHUYECKUE CBEJICHUS, PACCMOTPEHHBIE B TJL 4 yuebHuKa «O06mas
xumust» H. JI. [nmuaxku:

* IOHATHUS «<XUMHIECKHI DIEMEHTY, <HYKJIU/I>, <U30TOIBI»;

+ 3aKOHOMEPHOCTH U3MEHEHUsI CBOWCTB aTOMOB IO IIEPHOJAAM
¥ rpymmnam tabsmisr MeHeneesa;

* 3AKOHOMEPHOCTH (hOPMHUPOBAHUS 3JIEKTPOHHBIX 060JI0UEK aTOMa;

* COCTAB aTOMHOTO SIfIPa, BEIYHUCICHHUE €r0 MaCChl U 3aps/ia;

* OCHOBHBIE BHJIBI SITIEPHBIX TIPEBPALICHUH U 3aKOHBI CMEIEHHUS.

4.2. 3apanua pns camocToATEeNbLHON paboTbl

141. Chopmynupyiite nepuoanyecKuii 3aKoH (3aKOH Tepu-
OJIMYHOCTH ).

142. Kakue areMeHTHI 06pa3yioT ra3000pa3Hble COeNHEHMUS
¢ BogoponoM? Kak oxu pasmernensl B Tabuuie Menzieneesa? Ile-
PEYUCINTE TUMTMYHBIE XUMUYECKHE CBOMCTBA STUX COETMHEHUH.

143. Kakue areMeHThI 00pa3yoT ra3000pasHble COeNHEHNUS
¢ kucaopogoM? Kak onu pasmenens! B Tabamie Menzeneesa?
IlepeuncinTe TUMTMYHBIE XUMUYECKHE CBOMCTBA 3TUX OKCHUJIOB.

144. DneMeHT, 06pas3yIOIIKii B BHICIIEH CTEIIEHN OKUCIEHUS
okcuz X,0,, B COEIMHEHUH C BOJOPOIOM MMEET MAaCCOBYIO JI0JIIO
96,12%. Y cTaHOBUTE, KaKOI 9TO SJIEMEHT.

145. Ob6paser| rajoreHuaa pyouaus, B KOTOPOM MacCOBas
1oJsi pyOuIus MEHbIIE MAaCCOBOM I0JIU rajoreHa, COAEPKUAT
B cymMme 0,01 Mosib MOHOB pyOuaMs U rajoreHa. Berauciaure
Maccy obpasa.

146. B HEKOTOPOM OMHAPHOM COEIMHEHWH MacCOBast JIOJIS
kucaopona 21,235%. Y cranoBute (hOpMYJIy COEIUHEHMSI.
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147. Kakvie XuMW4YeCKye 3JIEMEHTHI OTHOCSTCS K S-3JIeMeHTaM ?

148. OxapakTepusyiiTe pacIoOKeHNE d-31EMEHTOB B Ta-
6miie Mengeneesa.

149. ITo xaxoii opmy.ie oTpenesseTcs MAKCUMAIbHOE YHUCTIO
3JIEKTPOHOB Ha PHEPTeTUYECKOM YPOBHE?

150. ITo xakoMy KBAaHTOBOMY YHCJIY OTJIMYAIOTCS SJIEKTPOHHI,
HaXO/SAIUECS Ha OJJHOM ¥ TOM JKe opOuTaan?

151. Pacnosoxute cBoboansie 3d-, 4p-, 4s-opburaiu B 10-
psiike BO3paCTaHUS SHEPTUM.

152. PacrosioxkuTe 3aroHeHHbIE 4p-, 4s-, 3d-opbuTanu B 1o~
psiike BO3paCTaHUS SHEPTUM.

153. Kakomy atomy cootserctByeT hopmya [Ne]3s'3p??

154. Ha3zoBuTe ueThIpe pasHbIE YACTUITBI, UMEIOIITHE (DOPMYJIY
[Ar]3d'%4s%4pS.

155. YTo Ha3BIBAIOT 3JIEKTPOOTPHUIIATETBHOCTHIO?

156. Kaxoii asilemMeHT 60J1€€ 3JIEKTPOOTPHIIATEIEH — a30T UJIH
KpemMHuit? /laiiTe mosicHeHUsI.

157. ITocTpoiiTe sHEpPreTHYECKHE AUATPAMMBbI aTOMOB C TI0-
PSAAKOBBIMU HoMepamu 14, 15, 16, 17 u 18. Ykaxute MakcUMaJIb-
HbI€e TOJIOKUTEbHYIO U OTPUIIATEIBbHYIO CTETIEHb OKUCIEHUS
KaK/IOTO 9JIEMEHTA.

158. IlocTpoiiTe aHEepreTUYeCKNe AUArpaMMbl HOHOB CEDBI
¥ XJIOpa C OTPUIIATeIbHBIMU 3apsiziaMu. [loueMy 5TV MOHBI ¢ OIMHA-
KOBBIM YHCJIOM 3/IEKTPOHOB CUJIbHO PA3JIMYAIOTCSI IO CBOMCTBAM ?

159. Ilouemy asieMeHTH d-0JI0Ka SABJSIOTCS METa/LIaMH,
a GOJIBITMHCTBO 3JIEMEHTOB pP-0JI0KA B TPYIIIAX C TEMH K€ HOMe-
paMu — HEMETAJLIbI ?

160. C xaxuMm siemeHTOM 60JIE€E CXOIEH MOJIHOEH IO CTPO-
€HUIO aToMa — ¢ cesleHoM uiu xpomoM? Kakue cBoiicTBa xa-
PaKTEPHBI IJIST HETO — MeTaJ/UTNYeCKUe WU HeMeTalTndecKue?

161. Y kaxoro ssemenTa rpynnsl IIA xumMuyeckass akTuB-
HOCTb BbIIlle — y MarHus win 6apus, u moueMy? ['mapokcus Ka-
KOT'O M3 IBYX 3JIEMEHTOB SIBJISIETCS G0JIee CHIBHBIM OCHOBAHUEM?

162. Y xakoro anemenTa rpynmnsl VIIA xummyeckasi akTHB-
HOCTH BhIIEe — y TOpa wim nozaa, u nouemy? BogopoaHoe co-
eIUHEHKEe KaKOTO U3 IBYX SJIEMEHTOB SIBJISIETCS 00Jiee CHIBbHOM
KHCJIOTOM ?

163. Kak uameHs10TCS XUMUYecKue cBoiicTBa (MeTaIny-
HOCTb, aKTUBHOCTb) 3JIEMEHTOB S- U P-0J10KOB Tabuisl MeH-
nesieeBa B mepuoAax u rpymnmax? Jlaiite o6bsiCHEHE, UCXO/S
13 CTPOEHUSI ATOMOB.

164. CpaBHUTE pa3Mepbl aTOMOB TepMaHUSI U CyPbMBI: Kak
CUJIBHO Pa3/MYalOTCs UX PaILyChl?
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165. B xakoii rpyrie HaXOASTCS 3JIEMEHTBI, ATOMBI KOTOPBIX
HUMEIOT Ha BHEITHEM SHEPTeTUYECKOM YPOBHE JBa 3JI€KTPOHA,
a Ha TIpefBHenTHEM — 137

166. KakyMy XMMUYECKHMM CBOMCTBAaMH J0JIKEH 06J1a1aTh
asmeMeHT Ne 877 IloueMy 0 ero cBoliCcTBax JaHHBIX IIOYTH HET,
B TO BpeMsI KaK MOAPOOHO HUCCIeN0BaH HCKYCCTBEHHO IOy YeH-
HBI a71eMeHT Ne 987

167. XumuyecKkuii 371eMEHT UMEET BBICIIYIO CTETIEHb OKHC-
nenust +7. Ha BHemmHEM ypoBHE y Hero JBa ajiekTpoHa. Obpa-
3Y€eT JIA 3TOT JIEMEHT Ia3000Pa3HOE COEIMHEHUE C BOAOPOAOM?

168. UeM 00BACHIETCS IEPHOJUIECKOE N3MEHEHVE BAJICHT-
HOCTH C YBEJIMYEHUEM TTOPSITKOBBIX HOMEPOB 3JIEMEHTOB?

169. Hanumure ¢opMysibl HOHOB 37IEMEHTOB 3-TO TIEPUO/Ia,
HMMEOIINX 3JIEKTPOHHYIO CTPYKTYPY HEOHA.

170. Hanumute ¢opMyJibl HOHOB 3JIEMEHTOB 4-TO TIEPUO/IA,
HMMEOIINX 3JIEKTPOHHYIO CTPYKTYPY aproHa.

171. Kakue yacTuIlbl UMeIOT KOH(PUTYpAIUIo BHEITHEHN 2JIeK-
TPOHHOM 06004KH 25225

a) aTOMBI XJIOpa, HeOHa W HATPUS,;

0) aTombl (pTOPA, HEOHA M HATPHSI;

B) F-, Ne u Nat;

r) CI, Aru K*?

172. CK0JbKO 3JIeKTPOHOB Ha BHEIIHEM YHEPreTUYECKOM
YPOBHe y aTOMOB MarHus u ¢ocdopa:

a)2u2;

0) 1 u4;

B) 21 5;

r)Su2;

n)2u3?

173. CKobKO 9/IEKTPOHOB Ha 4d-TI0ypOBHE B OCHOBHOM CO-
CTOSTHMM B aTOMaX BaHAIUS U XpOMa:

a)2wul;

6)3u5;

B)lul;

r) 3 u 4;

n)2wu2?

174. CKOJIBKO 3JIEKTPOHOB Ha 4d-110lypOBHE B OCHOBHOM CO-
CTOSTHUM B aTOMaX HUKEJISI M MeJIH:

a) 9u 10;

6)8u9;

B)2u i;

r)8u 10;

n)2wu2?
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175.Bpsaay I — Br— Cl — F:

a) YBeIMYUBAETCSI PAAMYC aTOMa;

6) YMEHBIIAETCST 9JIEKTPOOTPHUIIATEHHOCTD;

B) YCUJIMBAIOTCS MPU3HAKU METAJLIMYHOCTH 3JIEMEHTOB;

T') YMEHbIIAETCS YHCIIO 3aCeIeHHBIX SHEPreTHYECKUX YPOBHEH.
176. B psny O — S — Se — Te — Po:

a) YCUJIMBAIOTCSI IPU3HAKU METALJIMYHOCTY 3JIEMEHTOB;

0) yBeIMYMBAETCS IEKTPOOTPHUIATETHHOCTH;

B) YBEJIMUMBAETCS YUCJIO 3aCEIEHHBIX 9HEPTeTHUECKUX YPOBHE;
T') He UI3MEHSIETCS TUT KPUCTALINIECKON CTPYKTYPHBI IIPOCTHIX

BEMHIECTB.

177. B psiay Ca — Sr — Ba — Ra:

a) YBEJIMYMBAETCS 3JEKTPOOTPUIIATETHHOCTD;

0) U3MEHSIETCH arPETaTHOE COCTOSIHUE IIPOCTHIX BEIIECTB;

B) YMEHBIIAEeTCA XUMAIECKAST aKTUBHOCTD TIPOCTHIX BEIECTB;
T') He MI3MEHSIETCS BAJIEHTHOCTb.

178. Bpsagy Ti — V — Cr — Mn:

a) TTOHMIKAETCS BBICIIAS CTETIeHb OKUCJIEHUS;

0) yBeIMIMBAETCS YMCJIO BAJIEHTHBIX 9JIEKTPOHOB OT 4 710 7;
B) YBEJIMYMBAETCS YUCJIO BAJIEHTHBIX 3JIEKTPOHOB OT 2 110 J;
I') YBEJIMUUBAETCS PAAUYyC aTOMOB M UX MOHOB.

179. B pany Ca— Sc — Ti — V:

a) YMEHBIIAEeTCS PaAUyC aTOMOB U X UOHOB,;

6) IIOBBIIMIAETCSA MAKCUMAJIbHAS CTETIEHD OKHCIEHMS;

B) YBEJIUINBAETCS YHMCJIO BAJIEHTHHIX 3JIEKTPOHOB OT 2 710 5;
I') YBEJIMUNBAETCS YMCJIO BaJIEHTHBIX 3J1eKTPOHOB OT 0 710 3.
180. B psaay asneMeHTOB OT HaTpHUsI A0 XJIOPa:

a) HaOJTIOIAETCS YCUIEHNE METAIJINYECKUX CBOMCTB;

0) yBeIUYMBaETCS PagUuyC AaTOMOB;

B) YCHUJIUBAETCS CIIOCOOHOCTD K TIEPEXO/Y B COCTOSIHHE C OT-

pPIHaTeJIbHOfI CTEIIEHBIO OKMNCJ/JICHNA,

1") B aTOMaX YBCJIWYNUBAETCA YMCJIO 3dIIOTHEHHBIX SHEPIre€TU -

YECKUX YPOBHEM.

181. B psimy snemeHTOB OT 60pa /10 HEOHA:

a) 3aIMOJIHSIETCS 3JEKTPOHAMY SHEPTeTUIECKII yPOBEHb L;
0) 3aTOJIHSIETCS 3JIEKTPOHAMH MTO/[yPOBEHb 25;

B) 3aIIOJTHSETCS 3JIEKTPOHAMH IOy POBEHD 2p;

T') HEKOTOPbIE BJIEMEHTHI HE 06Pa3yIoT ra3000pPa3HBIX OKCHIOB.
182. Copmynupyiite ornpeziesieHUsI HOHSATUN «XUMUYECKUT

JIEMEHT», «<HYKIUI», <«<N30TOIIbI>, «1/1306apb1>>, <«MOHOHYKJIWN-
HbBIA IJICMEHT», «PAJUOHYKJIAI>.

183. CchopmynupyiiTe npaBuia cABUTA TIPY PATUOAKTUBHOM

o- u B-pacmane.
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184. 13 nByX 2/1eMEHTOB — MarHusl M aJlOMUHUSA — OXUH
SBJISIETCS] CMECBIO M30TOIIOB, & IPYTO# MOHOHYKIUAHKIH. [Tob-
3ysAch Tabaureit MeHeneeBa, yCTAaHOBUTE COOTBETCTBHE:

1) marawuit; 2) amomMuaNN — A) MOHOHYKJINAHBIN; B) cMech
M30TOIIOB.

185. Mezp B Ipupoze MMeeT aToMHyIo Maccy A = 63,546 u co-
CTOWT U3 M30TOIOB 5 Cu (A,=62,9296) n gg Cu (A,=64,9278).
PaccuuTaliTe aTOMHBIE 1 MACCOBBIE 10U 9TUX U30TOIIOB.

186. [IpupoaHOE cepe6PO COCTOUT U3 ABYX M30TOIOB 'y Ag

(A,=1069) u 'Y Ag (A,=1089). Bosbmure u3 Ta6uiisl TOYHOE
3HaueHHe aTOMHON Macchl cepebpa ¥ paccuMTaiiTe MAaCCOBBIE

7I0JTM M30TOTIOB B CIUTKE OUHIIEHHOTO cepebpa.
187. Asor cocrour u3 uzoronoB '*N u N, a Bogopon — u3

H u ?H. Ckoubko passoBuzaHocTei Moneky1 NH, coxepxurcs
B ammuake? Kaxyro M, imeer camast TsKesIas MOJIEKy./1a aMMHUAKa?
188. 3a 1 yac pacmagaercsa 24,6% MMeOMErocs KOJIUIECTBA

PaiMOHYKIN/A gg Mn . Hanecure Ha rpadmike TOYKH, TOKA3BI-
BaloMINe KOJMYECTBO 3TOTO paauonyknja (B %) uepes 1, 2, 3
u 4 gaca. [lo rpadwmky onpenennte nepuo moaypacmuasa.

189. B zamasauoM cocyzne umeercs 0,001 r paguonykauaa
222

s R0 C meproxom moaypacmaaa I/, = 3,8 cyt. Kakas macca
pasioHa (OKPYIJIEHHO) OCTaHEeTCs B cocyie yepe3 38 cyT.?

190. YeMm 0OBSICHSIETCS, YTO XUMUYECKHUE 3JIEMEHTHI IIOJIOHUH,

acTart, pa/ioH, (ppaHITNil, TEPUO/IbI ITOIypacaia KOTOPhIX COCTaB-

JISTIOT OT MUHYT /10 TO/Ia, UMEIOTCSI B 3eMHOM Kope?

191. Onwn rpamm pazwst 2 Ra HAXOMTCS B CTAIMOHAPHOM CO-

crosianu ¢ 0,66 mm® (B.y.) pazoHa * Rn. Bo ckombko pas mepron
TIOJTypacia/ia paloHa MEHbIIE, YeM TIEPUO]T, TTOTyPACTIaia PaIvs ?

192. 3a CKOJIBKO JIET Macca HyKJIn/A “2gRa yMEHbIIMTCS OT 8
no 1r(T,/,=1599 ner).

193. Atrom 2°U ¥ IPOZYKTHI €0 Pacmiaa U3JIydaroT B CyMMe
8 a-uactunl u 6 B-gactui. Kakol HyKIua ABJIsI€TCS KOHEUHBIM
TIPOIYKTOM PacIa/ia 3TOro HyKana?

194. Kakoii 06beM resiust 00pasyercs P IOJIHOM IIpeBpa-
meHny 2 T PaJus 1o CXeMe o Ra — 25 Pb?

195. Kakwue Macchl cBUHIIA ¥ Teist 00Pa3yIOTCS B PE3YIbTATE
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5. CTpykTYypa BewecTsa. XMMHYECKHE CBA3M

5.1. Kpatkue TeopeTu4yeckue cBeieHus

HanomMHUM HEKOTOpPBIE MOJJOXEHUS TEOPUU XUMUYECKOH CBSI3U
(cMm. 1. 6 yuebuuka H. JI. ITmunakun). OO6pa3oBaHue MeXIy aTOMaMU
XMMHWYECKUX CBSI3ei cle[yeT CIUTATh BAXKHEHIITUM CBOMCTBOM aTOMOB,
IIPUBOJSIINM K BOSHUKHOBEHHUIO HECUMCIEHHOTO MHOXKECTBA MHOIO-
ATOMHBIX O0BEKTOB. ITO MOJIEKYJIBI X KPUCTAJUIMYECKUE CTPYKTYPHIL.

Coco6HOCTD aTOMOB 06Pa30BbIBATh XUMUIECKHE CBSI31 HA3BIBAETCS
BJIEHTHOCTHIO. ATOMBI Ka)K/IOTO XMMHUIECKOTO 3JIEMEHTA ITPOSBIISIOT
OTIpe/IeNIEHHYI0 BJIEHTHOCTh. ECTh OTHOBaJIEeHTHBIE, IBYXBAaJIEHTHBIE
ATOMBI # T.Jl. MaKCHMaIbHASI BAJIEHTHOCTD 8 TIPOSIBJISIETCS DJIEMEHTAMU
rpynm VIIIA u VIIIB. ¥ MHOrEX aTOMOB BaJIEHTHOCTD IIepEMEHHAs.
MakcumanbHas BAJIEHTHOCTh XMMUYECKOTO 9JIEMEHTA IMOYTH BCET/a
COBIIaJIa€T C HOMEPOM TPYIIIH B Tabsvite MeHeeeBa.

[IpoyHOCTh XUMUYECKOH CBSI3U OIpENEsIeTCSI SHEPTHEN CBS3H,
T.€. SHEPIUeH, BRIEISIOmercs npu 06pa3oBaHnuy CBsI3K. 3arpara Ta-
KOI Jke SHEpTUU HeoOX0MMa JIJIsT pa3PhiBa CBSI3H.

BasenTHOCTH aTOMa B MOJIEKYJIIPHOM COETHHEHWH OTIPEZEISIETCS
YHCJIOM HECTIAPEHHBIX 3JIEKTPOHOB B OCHOBHOM WMJIM BO30YKIEHHOM
COCTOSTHMM aTOMa.

BaseHTHOCTD aTOMa B MOHHOM COEZIMHEHUH PABHA CTETIEHN OKHUCIEHHSI.

Crenens okucnenusi (CO) — 3To popMasIbHBIN 3apsifi aTOMa, PaBHBIN
YUCITY 3JIEKTPOHOB, YaCTUYHO WJIHM TIOJHOCTBIO TIEPEMEANTHAX OT HETO
K 6oJiee aeKTpooTpruaTe bHbIM aToMaM ( CO MOJIOKUTENIBHA ) HIIH IIPH-
HSITBIX OT MeHee 3JIeKTPOOTpUIlaTeTbHbIX aTOMOB ( CO oTpUIIaTETbHA).

KoBasenTHas cBs3b co3/iaercs oO1ei 5JIeKTPOHHOM IapOi aTOMOB.
Pa3noBuAHOCT KOBAJIEHTHO! CBSI3W — HETOJSPHAS U TIOJISTPHASL.

WonHas cBsi3b — IPUTSIKEHNE UOHOB C TIPOTUBOIIOJIOAKHBIMU 3a-
psanaMu. VIoHHBIE CBSI3M 00YC/IOBIMBAIOT 06pPa30oBaHKMe HE MOJIEKY.I,
a MOHHBIX KPUCTAJUIMYECKUX CTPYKTYP.

KoopauHaIlimoHHOe YKCII0 — 5TO YKCJI0 AaTOMOB B OJTHKaifIiieM OKpy-
JKeHHH JaHHOTOo aToMa. KoopamHaIiimoHHOE YHCIIo, a CIe10BaTENbHO,
Y YHCJIO CBSI3€H MOTYT IIPEBBIMIATH BAIEHTHOCTb.

JIOHOPHO-aKIIENITOPHAS CBSA3b — HTO JOMOJHUTEIbHAS CBSA3b, 00-
pasyioasics repeiaueil BAJIEHTHOU 3JIEKTPOHHOM Maphl OJTHOTO aTOMa
(nmoHOpa) Ha cBOOOAHYIO OPOUTAID APYTOro aToMa (aKIEmTopa).

B 3aBHCHMOCTH OT PUPOJIBI CBSI3€H B BENIECTBE 00Pa3yIOTCS MOJIEKY-
JISIPHBIE, KOBaJIEHTHBIE (KapPKaCHBIE ), HIOHHBIE U METAJUINIECKHE CTPYKTYPBL




5.2. 3apaHusa Ans camocToATeNbHO! paboTbi Ly |

Mexny MoJieKyiaMu eUCTBYIOT CUJIBI IPUTSKEHUSI, Ha3bIBaeMbIe
MEXXMOJIEKY ISIPHBIM B3aUMOZIEVCTBAEM. JHEPIUS MEKMOJIEKYJIISIPDHOTO
B3auMozieiicTBuA B 10—20 pa3 MeHbIIe 3HEPTUU XUMHYECKON CBS3MU.

5.2. 3apanua ans camocToATenbLHOM paboTbl

196. B xakoM psimy mepedncieHbl TOJIbKO BEIEeCTBA, UMEO-
TI1ie MOJIEKYJISIPHOE CTPOEHME:;

a) xJyiopua Hatpusi, okcuz yraepoaa(IV), 030H, OKCHI KaIbITHS;

6) OKCH/ MarHusl, OKCHUJ, KPEMHUS, aJIMa3, CyIb(ar KaJjvs;

B) TMAPOKapOOHAT HATPHs, cepa, KpemHuii, okcun meau(1I);

r) cepa, xjop, okcup azota(Il), okcun yraepona(IVv)?

197. Yo Ha3BIBAIOT KOBAJIEHTHOM CBA3b10? IIpuBenuTe npu-
Mep COeIMHEHNUSI C KOBAJIEHTHOM! CBSI3bIO.

198. UTo Ha3bIBaeTCs CTETIEHBIO OKMCIEHHUS aTOMA?

199. ConocTaBbTe IIOHATHUS «CTEIIEHDb OKUCJIEHUS>, «BAJIEHT-
HOCTB» W «KOOPAMHAIMOHHOE YHUCIIOY.

200. TlepeuyncavTe OCHOBHBIE TUIIBI XUMUYECKOU CBSI3N.

201. B uem 3akiiovaeTcss pa3HuIla MeXAY KOBaJIEHTHOM TI0-
JISTIPHOM ¥ KOBAJICHTHOU HETOJSIPHOU CBS3BIO?

202. B xakoM psy BelllecTBa PACIIOJIOKEHBI B TIOPSIIKE YBe-
JIUYEHUST TIOJISTPHOCTH CBSA3€EH:

a) HF, HCI, HBr, HI,

6) NH,, PH,, AsH,, SbH.,;

B) H,Te, H,Se,H,S, H,O;

r) CO,,CS,,CSe,, CH,?

203. Yo Ha3bIBAIOT MOHHOM CBSA3bIO?

204. B xakoM coeiMHEHUN aTOMBI CO€IMHEHBI TOJIBKO MOH-
HBIMU CBSI3SIMU:

a) cyabdar auTHS;

6) GpoMu]I KaTus;

B) OKCHJ KDEMHUST;

r) KapOoHAT HATPws?

205. Onpenennte IO AAHHBIM O YaCTUYHBIX 3aPsIIaX aTO-
MoB (8), mpuBeneHHbIM B aparpade 38 yuebuuka H. JI. Tannkwy,
MIPOIIEHT MOHHOCTH CBsA3U B MosieKyJie HBr.

206. IIpuBeanTe pUMep HETOISIPHOMN MOJIEKYJIBI, BCE CBSI3U
B KOTOPOU IIOJISIPHBI.

207. B KaKkoii u3 IpHUBEIEHHBIX Tap B 000MX BEIECTBaX MMe-
IOTCSI IOHOPHO-aKIIeNTOPHEIE CBSI3U:

a) NH;, NH,Br;

6) [Ag(NH,),]Cl, CH,NH,CI;
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8) NH,, H,O;

r) [Cu(NH,),]SO,, ZnSO,?

208. Kakoii Buz CBsi3¥ Ha3bIBaIOT BOJIOPOAHOM CBSI3BIO?

209. Kakue BUIBI CBsI3el UMEIOTCS B KUIKOM aMMUaKe?

210. PacnonoxwuTe cilenyONiue IBYXaTOMHBIE MOJIEKYJIBI
¥ VIOHBI B IIOPAZKe yBenndenus kpatHoctu cBsasu: O,, NO, N,,
F,, 0,5, 0,"

211. OauHaKOBHI JI 3HAYEHUS BAJIEHTHOCTH U CTETIEHU OKHC-
JIeHWs yIJIepojia B MeTaHe 1 TeTpadTopyriepoe?

212. Chopmyupyiite onpeneeHne MOHATAS «THOPUIA3a-
IVsT AaTOMHBIX OpOUTAIET>.

213. YcTaHOBHTE COOTBETCTBHE TUIIOB TUOPUM3AIINH OPOU-
Tajieil ¥ BaJIEHTHBIX YTJIOB:

1) sp3; 2) sp?; 3) sp — A) 120°; B) 180°; B) 109°28".

214. IIpuBeauTe IpUMEP OPTaHMYECKOTO COEIUMHEHUS,
B KOTOPOM OAVH aTOM YTIJIEpOJa HaXOAUTCS B COCTOSIHUM
Sp3-rubpUaAN3aNUY U [BA — B COCTOSIHUY Sp2-THOpUAN3aIIUK.

215. [IpuBeauTe MpUMeEP IIPOCTOTO BEMIECTBA, B MOJIEKY.JIE
KOTOPOTO MMeEeTCs O/IHa G-CBA3b U JIBE T-CBA3U.

216. Monexkymna OF, uMeer yriosyio CTpyKTypy. B KaxoMm
TUOPUIHOM COCTOSTHUM HAXOAUTCSI aTOM KHUCJIOPO/a B MOJIEKY.JIE
dTopuna kucnaopona?

217. Kakoit Buj rubpuau3aIium 1eHTPaJbHOI0 aTOMa MMEET-
CSI B TETPA3APUIECKUX MOJIEKYJIaxX?

218. Yem 0OBSICHSIETCSA OTKJIOHEHHUE YIJIa CBSA3W B MOJIEKYJIE
BOJIBI OT TETPA3I[PUIECKOTO yTaa?

219. Obwsacuure, moyemy Mosexysa NH, umeer mapamuzais-
HOE CTPOEHME, a MoJeKyaa BF, — nmockoe?

220. B xakoM psily TPUBEIEHBI TOJIBKO HETIOJISIPHBIE MOJIEKYJIBI:

a) H,0O,NH,, CH,, F,;

6) C,H,, CCl,, CO,, BF,;

8) CH,CI, CHCI,, N,, O,;

r) O,, O, C,H,, NH,?

221. Xumnueckasi cBs3b B uoauze 1e3us Csl:

a) KOBJIEHTHASI TIOJISIPHAS;

6) KoBaJIEHTHAS HEIIOJIAPHAS;

B) METAJJIMYECKAS;

I') MIOHHAs.

222. OxapakrepusyiitTe TpY BUIa MEXKMOJIEKYISIPHOTO B3a-
MMOJIEUCTBUSI.

223. Kakue cuJibl CTaOMIM3UPYIOT MOJIEKYISIPHYIO KPACTAJI -
JIMYECKYIO CTPYKTYPY?




6. KoHLeHTpaLusa pacTBOpoB

6.1. KpaTkue TeopeTH4eckue cBefieHus

Komnenrpamus. CBoiicTBa pacTBOPOB 3aBUCST He TOJBKO OT IPH-
POJIBI COCTABJISIONINX MX BEIIECTB, HO ¥ OT OTHOCHUTEJIHLHOTO COJIEPKAHMS
BEIIIECTB, T.€. KOHI[EHTPAIHH.

KoH1eHTpaIueii Ha3bIBa€TCA OTHOCUTETBHOE CO/IEPXKaHUE PACTBO-
PEHHOTO BelecTBa. Ec/v B OTHOIEHUH 6Py TCA OMHOPOAHEIE BEJIHYH-
HBI, TO TAKO¥ BUJ] BRIPAKEHUS KOHIIEHTPAITMY Ha3bIBAETCS I0JIEH.

CaMbIM pacIpoCTPaHEHHBIM B MPAKTHYECKUX IPUIOKEHUSIX SABJIS -
€TCsI BRIpaKeHHE COCTaBa PaCTBOPa B MACCOBBIX JIOJISX:

m m
0,=—————n,%=—"—100%
m + m, m, + m, (6.1)
m m
wm o, = ——; 0,%=—=2-100%,

p-pa mP‘Pa
I7le m, — Macca PaCTBOPEHHOTO BEIIECTBA, 7M., — MAacca PACTBOPHUTEIS.
Eciu pacTBop uMeeT 60JIe€e CI0KHBIA COCTAB, TO CYMMHUPYIOTCS MaCChI
BCEX UMEIONTUXCS B PACTBOPE BEIIECTB.
B dbusmieckoi XUMUY UCIIOIB3YETCS TAKIKE MOIBHASI /I0JISI BETIECTBA
B PacTBOpE:

X(X,)= &
n(X,)+n(X,)
MaccoByio 010 ¥ MOJIBHYIO JIOJIO CJEAYET CIUTATh OTINIHBIMU
OT KOHIIEHTPALMX CIIOCO0aMHU BHIPAXKEHUS KOJMIECTBEHHOIO COCTaBa
pactBopa. /[o/sTMU Ha3BIBAIOT OTHOIIIEHUSI, COCTaBJIEHHbIE U3 OHO-
POIHEIX BeWYrH. 1109TOMY KOHIIEHTpaIMeld B Y3KOM CMBICJIE CJIOBA
Ha3bIBAETCS OTHOIIEHWE PA3HOPOHBIX BEJUYNH, XaPaKTePUIYIOIINX
COJZiepKaHKe PaCTBOPEHHOTO BEIIECTBA.
MonspHas KoHIIeHTpaiusa. MosipHOI KOHIIEHTpallfeil Ha3bIBaeTCs
OTHOIIEHHE KOJIMYECTBA PACTBOPEHHOIO BEIIECTBA K 0OBEMY PacTBOPa

(6.2)

c= @ (6.3)

V
MouisipHasi KOHIIEHTPALKS ¢ YHCIEHHO PaBHA KOJIUIECTBY PacTBO-
peHHOrO BelllecTBa B 1 1 pactBopa. EnyHuna nuaMepeHus ¢ — MoJjb/JI.
B ciyyae CHIbHO pa30aBJIeHHBIX PACTBOPOB MOJISIPHYO KOHI[EHTPAIIMIO
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BBIPQKAIOT B MMOJIb/J1. [IpriMeHeHre MOJISIpHOM KOHIIEHTPAllUU B XMMHU-
YEeCKHMX PacyeTax O4eHb yAO0OHO, TAK KAK MO3BOJISIET HEIIOCPEACTBEHHO
BBIMHCJIATH KOJIMYECTBO BEIIECTBA B JAHHOM 00bEME PacTBOpa:

n(X)=c(X)-V.
MousiabHasi KOHIeHTpamus. MoJIsIbHOM KOHIeHTpaluei b Ha-

3BIBAETCs OTHOIIEHME KOJMYECTBA PACTBOPEHHOTO BEIECTBA K Macce
PaCTBOPUTEJIS M., BHIPAXKEHHON B KMJIOTDAMMAaX:

b X)) _ n(X)-1000 _ m(X)-1000
Cmyxr)  m, ()  MX)-m, ()

MosnsinpHasi KOHIIEHTpaALUs YUCIEHHO paBHA KOJINYECTBY pac-
TBOPEHHOTO BemlecTBa B 1 KT pacTtBoputessi. EfuHuIa u3sMepeHUs
b — moub/Kr. MoJIsisIbHASI KOHIIEHTPAIMS IPUMEHSETCS B QU3HKO-XH-
MHUYECKMX BBIYUCJIEHUSAX, TAK KaK OCOOEHHOCTBIO €€ SBJISETCS MOTHOE
HOCTOSIHCTBO IIPH M3MEHEHHWH TEMIIEPATYPHL. B ciyuyae pa3baBiaeHHBIX
BOJIHBIX PACTBOPOB 3HAUEHUS MOJISIBHOU 11 MOJISIPHOM KOHIIEHTpAIINA
pasnuvaioTcs HesHaunTeabHo. Hanpumep, mis 0,5%-Horo pactBopa
XJIOPU/I2 HATPHS € M b COBIIAZAIOT 0 TPETHETO 3HAKA IOCJIE 3AIATOM
(0,086 mos16,/1 11 0,086 MOJIB/KT), a 711 1%-HOTO PACTBOpA PACXOXKACHHE
cocTaBiseT efMHUITY B TpeTheM 3HaKe (0,172 monb/nu 0,173 Moab/Kr).

MaccoBas koHneHnrpamusa. MaccoBoi KOHIIeHTpallfell Ha3bIBaeTCs
OTHOIIEHHE MACCHI PACTBOPEHHOIO BENIECTBA K 00bEMY PacTBOPA:

o =mX) (6.5)
e v .

OO6B4HO C, . BPIPAXKAIOT B I/J1. MaccoBasi KOHIIEHTPallyisl IOBOJILHO Ya-
CTO HCIIOIB3YETCS B Pe3yJIbTaTaX aHATU30B. JHAHME (POPMYJIBI PACTBOPEH-
HOTO BEIIECTBA JIJISI BRIYKMCJIEHHS MACCOBOI KOHIIEHTPAIINK He 00s13aTe bHO.

PactBOopuMocTb BemecTB. BentecTBa, HaXoAsIIMeCs KaK B TBEP/IOM,
TaK ¥ B ra3000pa3HOM arperaTHOM COCTOSIHUY, XapaKTEPU3YIOTCS Orpa-
HUYEHHOU paCTBOPUMOCTBIO B JKUJIKOCTSX.

KosmaecTBeHHO# MepO#l paCTBOPHMOCTH SIBJISIETCS KOHIIEHTPAITUS
BelllecTBa B HACKIII[EHHOM PacTBOPe, UJIHU J0JIs1 BElecTBa B HACBHIIIIEHHOM
pactBope. B cripaBouHMKaxX 9acTO IAaeTCs TaK Ha3bIBaeMbIN KO3 GUITUEHT
PACTBOPHUMOCTH, KOTODBIM IIOKA3BIBAET MACCY BEIECTBA, 0OPA3YIOILYIO
HachbleHHbIH pacTBop B 100 r pacTBOpUTEIS IIPH JaHHOM TeMIlepaType.

PacTBOPMMOCTD Ta30B YaCTO BBIPAsKAeTCs 00beMHBIM Kod(hHI-
€HTOM PACTBOPMMOCTH, KOTODHIN II0Ka3bIBAE€T OOBEM Ia3a B JIUTPAX,
00pasyoNuii HaChINEHHBIN pacTBOP B 1 JT pacTBOpUTES TIPU JaHHOU
TeMItepaType. PacTBopuMocCThb ra3a, BeIpakaeMasi B T/JI, 3aBUCUT OT JlaB-
nenus rasza. [IpermMyinecTBo 06beMHOT0 K03 hHIIMEHTA PACTBOPUMOCTH
COCTOMT B TOM, YTO OH He 3aBUCHT OT AaBJICHUA.

Y xuakocreii BcTpeyaeTcsi Kak OTpaHUYEHHAsT, TAK ¥ HEOTPAHMY€EH-
Hasl B3aUMHAas1 PacTBOPUMOCTb. Cpeil HEOPTaHMYECKUX XXKUAKOCTEH
C BOZIOM HEOTPaHWYEHHO CMENIUBAETCS cepHas KucaoTa. Orpanuden-
HOI PacTBOPHMMOCTBIO XapakrepusyeTcss 6pom. Cpenu OpraHu4ecKux
JKUAKOCTEH HEOTPAHUYEHHO CMETIIMBAIOTCS C BOAOH 3TAHOJ ¥ YKCYCHAS

(6.4)
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kucaoTa. OTpaHu4YeHHO PacTBOPSETCS ANSTUIOBEIN a¢up. IIpakTideckn
HEPaCTBOPUMEI B BOJIE YTJIEBOJIOPOBL.

6.2. lMpumepbl peweHna 3apay

ITpumep 6.1. PactBop npuroTossieH u3 6 r mutheBoii coml, 9,5 T IOBa-
peHHoit comu 1 84,5 T Bozibl. HaiiinTe MaccoBbI€ I0JIH BEIECTB B PACTBOPE.

Pewenue

Maccosas mons Beruucisercs mo ¢popmy.e (6.1).

Macchl pacTBOpeHHBIX BellleCTB [JaHbI B ycaoBun. Haiinem maccy
pacTBopa:

m_ =Xm=6+9,5+845=100r.

p-pa
PaccuntaeM MacCOBBIE JIOJIH PACTBOPEHHBIX BEMIECTB:
6 9,5
0, =——=0,06(6%); 0,=_
100 100
Omeem: B pacTBOpPE MacCCOBas J0JIsl IUThEBOM cobl 6%; MaccoBast
J0JIs1 IOBapeHHO cou 9,5%.

= 0,095 (9,5%).

O6paruM BHEMaHKE Ha TO, YTO B pacTBope ¢ Maccoi 100 r
MAaCCOBBI€E [IOJIY BENIECTB YHCIEHHO COBIAAAIOT C MACCON PacTBO-
PEHHBIX BEIECTB. JTO CIEACTBIE YI0OHO B PACCYKIEHUSIX TIPH pe-
meHuy 3371a4. [1py 1coIb30BaHUM MaCCOBBIX HOJIEH IJIST XapaKTe-
PUCTHKM PaCTBOPOB HE00s3aTeIbHO 3HAHUE XMMUIECKUX (DOPMYL.
ITO CIOCOOCTBYET IMMUPOKOMY HCIOIB30BaHHIO TAKOTO CII0c0oba
BBIP)KEHUS COCTaBa PACTBOPA B MIPAKTHUYECKUX MTPUIOKEHUSIX.

ITpumep 6.2. B 125 r Boxsr pactBopiuiu 8,8 r remrraruzapara cy/sgara
maraua MgSO, - 7H, 0. PaccunTaiite MaccoByIo 10110 COJIH B PaCTBOPE.

Pewenue

MaccoBbl€e 10/11 COJIeH B paCTBOPaxX PacCUMTHIBAIOT Ha O6E3BOIHYIO
COJIb HE3ABUCUMO OT TOTO, B KAKOM BHJIE B3SITO UCXOJHOE BEIIECTBO.
IIpu pacTBOPEHNHM KPUCTALIOTHPATA COAEPIKALIASICS B HEM BOjia 00b-
€IMHAETCA C OCTAIBHOMN BOIOM, B3SITOM /IS pacTBOopeHus. Paccuutaem
Maccy 6e3BozHOro Beiectsa 1o ¢gopmy.e (1.1):

n(Mgs0,) = "0,

JlesaeM MoJICTaHOBKY 1o dhopmye (1.2):
m(MgS0O,)  m(l,0)
MMgSO,) M@H,0)-7

Vmeem M(MgSO,) = 246 r/momb. Obo3nauum Maccy 6e3BoHOI
conu m,. Iloxyunm:

m, _8,8—m1.
246  18-7 '

m,=34r.
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HpI/I pacuere MaCCOBOM JI0JT! MacCCy paCTBOpPa BBIYUCIIAEM 11O GasaH-
Cy, T.€. CKJIaJbIBacM MaCCBI BEIIECTB, JaHHBIC B YCJIOBHH, TaK KaK BCA
MaccCa ITOIJIa Ha o6pasoBaHHe pacTBOpa:

3.4
=3t 00254 (2,54%).
= 88+125 (2,54%)

Omeem: MaccoBas 10 B JAHHOM pacTBope 2,54%.

IIpumep 6.3. Haiizyre Maccy HUTpaTa HaTpHs B paCTBOPE 00bEMOM
400 M ¢ MaccoBoit foseit commu 40%. [lnorHOCTH pacTBopa 1,317 /M.

Pewenue

W13 popmysr (6.1) Berpaxaem m,:

3 0%
"= Mem100%
Maccy pacTBOpa pacCUMTHIBAEM IO JAHHBIM YCJIOBUSI:
m Vp.

p-pa -
IloacTaBasgeM dnceHHbIE 3HAUEHUS:

M, =400 M- 1,317 r/mm = 526,8 r; m, = 526,8 T - 40%,/100% = 210,7 r.

Omeem: macca HuTpaTa HaTpus B pactBope 210,7 r.

IIpumep 6.4. PaccunaiiTe MOJISAPHYIO KOHIIEHTPAIIUIO PacTBOpa Cep-
HOM KUCJIOTHI ¢ MaccoBoit mosteit 49%. ILnotHocTs pacTBopa 1,386 /M.

Pewenue

JL1s1 pacueTa MoJIIpHOM KOHIeHTparuy 1o popmy.te (6.3) Hazio 3HATDH
KOJIMYECTBO BEINECTBA M 00beM pacTBopa. KOHIlEHTpaIus He 3aBUCUT
OT B3ATOr0 00’bEMA, TI0STOMY JIJISI IPOCTOTHI PACYETOB IOA0KUM V=11
(1000 mur). KommuecTBO BelecTBa BEIYUCIISIIOT 110 hopMmyJie n=m/M, tie
MOJISIpHasA Macca cepHoit KucaoTel 98 r/momb. OcTaeTcst HeM3BECTHOM
Macca cepHo# kucaotbl. OHa BerymcsieTcs mo gpopmyste (6.1):

m=m %
P2 100%
B aTom BeIpaskeHMM Hen3BecTHA Macca pacTBopa. OHa BEIUUCSAETCS
COIJIACHO B35TOMY O0BbEMY M JAaHHOM ILIOTHOCTH:
m, o= Vp.
IToxcraBysieM 4KCIOBBIE 3HaYEHUS, TIEPEXO/SI OT MOcaenHeH Gop-
MYJIBI K IIEPBO:

m, = 1000 mut - 1,386 r/Mn = 1386 T;

m=1386r- 49% =679,11;
100%
679,11

n=-————
98 r/Mob

= 6,93 MoJIB;
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_ 6,93 mosp

c = 6,93 Mmosb /1.

1n

Omeem: MOJISIpHAS KOHIIEHTpAIHs pacTBopa 6,93 Mob /1.

IIpumep 6.5. Kakoit 06bem 40%-Ho# a30THOM KKCIOTHI (TLIOTHOCTb
1,2466 r/Mi) ciemyeT B3SATD A1 IPUTOTOBJIEHUS 2 JT paCTBOPA C KOH-
nentpanuei 0,1 Mmosn/n?

Pewenue

IIpescTOUT BHIYMCIUTD 0OBEM HCXOAHOIO PAaCTBOPA a30THOM KHC-
JIOTHI, KOTOPBIH MocjIe pa3baBIeHHS BOAOM B IPaJyHPOBAHHOM COCY/IE
(MepHO# K0s16€) 710 2 J1 JacT KOHEYHBIH PACTBOP € KOHI[EHTpaIHei
0,1 moup/1. Haliziem KOJIM4eCTBO BEIECTBA K MACCY A30THOM KUCJIOTHI
B KOHEYHOM pacTBope 1o ¢opmysiam n = cV; m=nM = cVM:
n=0,1 momp-11-21=0,2 Mmoa; m=0,2 Mmonp- 631 -Momb1=12,6T.

Boruncmmm Maccy UCXOAHOTO PacTBOpA:

100%
m,_, = 12,6 - 10% =315r.
HaiizeM 06beM HCXOZHOTO PacTBOPA:
m
V=—"12"F_ 31,51 = 25,3 MIL.

p 1,2466 T - M

I1oT 06beM 40%-HOM a30THON KHUCJIOTH IIEPEIUBAIOT M3 MEPHOTO
ITMJIMH/IPA B TPy MPOBAHHDIH COCY/I ¥ JOOABIISIOT TUCTH/UTHPOBAHHYIO
BOJIY 710 TpeOyeMoro oobeMa.

Omeem: 1711 IPUTOTOBJICHUS 33IaHHOTO PACTBOPA TPEOYETCsI B3ATh
25,3 MJI ICXOIHOTO PACTBOPA a30THOM KHCIOTHL.

IIpumep 6.6. PactBopuMmocTb xopuaa HaTpus B Boge mpu 20°C
pasna 35,9 r Ha 100 r Boxsl. Paccuuraiite MaccoByIO 0O COJTM B Ha-
CBIIIIEHHOM PacTBOPE.

Pewenue

KoadbdunmeHT pacTBOPIMOCTH MOKa3kiBaeT Maccy coau B 100 r
Bozbl. IloaToMy MOXKHO HETTOCpEACTBEHHO TPUMeHUTD popmyry (6.1)
JIJISI pacdyeTa MacCOBOM JOJIH:

m, 35,9
(D1 = =
m,+m, 359+100
Omsem: maccoBas 1o NaCl B HaceimenHOM pacTtBope 26,4%.

IIpumep 6.7. Onpenenute, kakas Macca kpucraiios CuSO, - 5H,O
BbiiesiutTcst u3 500 r pacTBopa, HackimeHHOoro Npu 35°C, P OXJIaXK-
neuuu ero a0 25°C. KoaddunmeHTn pacTBOPUMOCTH IJIsI TAHHBIX
TEMIIEPATYP U APYTHe JaHHbIEe IPUBEIEHBI HIDKE:

« Koa(ppunuenT pactBopumoctu ipu 25°C — 21,96, npu 35°C — 26,16

« MaccoBasl JIOJIST B HacHIeHHOM pactBope mpu 25°C — 0,180,
mpu 35°C — 0,207;

« M (CuSO,) = 159,6; M (CuSO, - 5H,0) = 249,7.

= 0,264 (26,4%).
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Pewenue

B pe3ysbTaTe OXJIaK/I€HUS HACBIIIEHHOTO PACTBOPA BBIETIUTCS KPU-
CTAJLIOTHIPAT, KOJIMYECTBO BellecTBa KOTOPOTo mpuMeM 3a x. OTBeTOM
Oyzner Macca Kpuctajuioruzapara m = 249,7x. Macca pacTBopa yMeHb-
MIMTCSI HA MACCY KPUCTAJLIOTHUAPATA, & MacCa PACTBOPEHHOTO Bellle-
CTBa — Ha Maccy 6e3BOTHOTO BENIECTBA B KpUcTaIoruapare m = 159,6x.
YMeHbIIeHUE MacChl PACTBOPEHHOTO BEIECTBA U PACTBOPA JAOJIKHO
OBITH TAKOBO, YTOOBI B PE3YJIBTATE OXJIAKAECHHS MACCOBASI IOJIS BEIIIE-
CTBa IPUHsLIA 3HAYEHHE, COOTBeTCTBYomIee 25°C.

Macca BemecTBa B MICXOIHOM PACTBOPE BBIPAXKAETCS IPOU3BEIEHIEM
500 - 0,207. Temeph MOXKHO COCTABUTH YPABHEHUE:

500-0,207 — 159,6x
500-249,7x
Pemast ypasuenue, norydaem x = 0,114 mons. Haxomum maccy:
m=249,7-0,114=285T.
Omsem: B ocanok BeimazeT 28,5 r kpucramnoruzapara CuSO, - SH,O.

0,180 =

6.3. 3apanns ans camocTosiTeNbHOW pa6oTbl

6.3.1. 3agaun Ha KOHIIEHTPANHUIO

224. B cocyn ¢ 80 ma (em?) Bogbr mobasum 20 T xmopuzga
Kanpius. Halizimre MaccoByIO 100 COTM B MTOJYYEHHOM pac-
TBOpe. ILnoTHOCTD BOABI 1 T'/MUL

225. B cocyx ¢ 80 mut Bozbl 106aBuu 20 T reKcarumpara XJio-
puza Kayibiusa. Haiiyure MaccoByIO 010 COJIM B TOJyY€eHHOM
pacTBOpeE.

226. B cocyzx ¢ 80 r 10%-Horo pacTBopa XJIOpPHAA KaJbIIHUs
nob6aswiu 20 r 9701 Ke comu. HaliimTe MaccoByIo J0JI0 COMA
B IIOJIyYeHHOM pacTBOpeE.

227. B cocyn ¢ 80 r 10%-Horo pacTBopa XJIOPUAA KaJbIIU
nob6aswmm 20 r rekcaruapara xJjaopuaa Kaabnus. Haiinnre mac-
COBYIO JIOJIIO COJIM B ITOJIyY€HHOM PacTBOPE.

228. PaccumTaiiTe MOJISIPHYIO KOHIIEHTPAIINIO COJITHOU KHC-
sioTeI ¢ MaccoBoit moseit HCI 20%. ILnotHocTh pactBopa 1,1 r/Mi.

229. Kakue maccu Terpabopara Hatpus (6ypsr) Na,B,O, x
x 10H,O u BozbI HaIO B34Th /1151 IPUTOTOBIEHNS] 2 KT g%-HOI‘O
pacTBopa’?

230. Kaxas macca cynboura Harpus Na,SO, nmorpebyercs
JIJIs1 TIPUTOTOBJIEHHS S JI pacTBOpa ¢ MaccoBoi1 foJeit 8%? ILnot-
HocTh pactBopa 1,075 r/miL.

231. Cmemaiu 40 T 5%-Horo u 60 r 8%-HOTro pacTBOpa XJIO-
puaa Maraus. PaccunTaiite MacCOBYIO ZI0JII0 COJIA B HOJIyY€HHOM
pacTBoOpe.
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232. Kakyio maccy Bozs! cienyer aobasuthb K 100 mur 20%-Horo
PacTBOpa CEPHOI KUCIOTH (IIOTHOCTD 1,14 r/MiT), 4TOOBI MOy -
YUTh D%-HBIN PaCTBOP?

233. K 500 ma1 a30THOI KHCJIOTH C MacCcOBO# foiaeit 32%
(mnotHocts 1,192 r/min) mobasuinm 1 i1 Boxgsl. Paccuuraiite mac-
COBYIO JOJIIO HNO B IIOJTy4EHHOM PaCTBOPE.

234. Kaxoit O6'I)EM A30THOM KHUCJIOTBI C MAaCCOBOI foieit 67%
(mwnotHocts 1,401 r/mir) Tpebyercst B3sATh /s IIPUTOTOBJIEHUST
3,0 71 pacTBOpa C KOHIIEHTpaIKel a30THOM KucaoThI 0,25 MoJb//1?

235. Jlo xkakoro obbema caenyer pa3baButh Bomoi 500 mi
20%-mnoro pacrsopa NaCl (mwiotHocts 1,148 /Mir), 4T066I TIOJTY -
IUTH 4,D%-HBIN PACTBOP (IIJIOTHOCTb 1,031 r/MJI)'?

236. PacTBOp a30THOM KHCJIOTH ¢ MaccoBoit goneir HNO,
24% (runorHocTb 1,14 1/Mi1) pa3baBuIM TPORHBIM OOBEMOM BOlII)I
Haiire MOISIPHYIO KOHIIEHTPAITUIO MTOJTyYeHHOTO PacTBOPA.

237. Kakoe KOJIWYECTBO BENIECTBA CEPHOM KMCJIOTHI COED-
XKHUTCS B 3,5 JT pacTBopa ¢ MaccoBoii gojeit 49%? ILaoTHOCTD
pacrBopa 1,385 r/cm3.

238. K 150 r pacTBOpa rHIpOKCHA KAJIUS C MACCOBOM JOJIEH
4,2% nobasuiu 6,3 r aTOrO XKe BemecTBa. Paccunraiite MaccoByIo
JI0JIIO BEIIeCTBA B IIOJIyYeHHOM PacTBOPE.

239. [Ins xakux map BelleCTB MacCOBbIE M MOJISIDHbBIE JIOJTN
B CMECH O/IUHAKOBBL:

a) BOj/ia ¥ 3TAHOJ,;

0) a30T U STUJIEH;

B) KHCO, u CaCOg;

o) NaBr u KCI?

240. Nwmerores pacrsoper HNO,, H,SO,, AICl, u Cr,(SO)),
C OAMHAKOBOM MOJISIPHOM KOHHCHTpaHPIePI 0 5 MOJIB/JI Paccun
TaliTe MOJISIPHYIO KOHIIEHTPAI[NIO 9KBUBAJIEHTA 3TUX PaCTBOPOB
B PEAKIIMSIX MTOJHOrO OOMEHA HOHOB.

241. Kakoit 00beM pacTBOpa CEPHOM KHCJIOTHI C KOHIIEHTPA-
muei ¢(H,SO,) = 2 monb/n HOTpe6yeTCH JUJISI TIPUTOTOBJIEHUS
500 M pacTBopa ¢ konnenTparnueii ¢(1/2H,SO,) = 0,5 mosn/n?

242, PaccunTaiiTe MOJISIPHYIO KOHHeHTpaIII/IIO 9KBUBAJIEHTA
KOHI[EHTPHUPOBAaHHOM COJITHOM KHCJIOTHI ¢ MaccoBoii noseit HCI
36,5%. ILnoTHocTs pactBopa 1,181 r/cm?.

243. Kakoit o6beM 10%-Hoi cepHO# KUCTOTHI (ILIOTHOCTH
1,069 r/mn) morpebyercst Ajisi HEUTPAIU3AINH PACTBOPA, CO-
JepKaIiero 24 T THAPOKCU/IA HATPUS?

244. Umerotcs pactBopsl, copepxamue 18,9 r HNO, m 3,2
NaOH B 1 1. B kakoM 06beMHOM OTHOIIEHUH CJIETYET cMemmaTh
ST PACTBOPHI [IJISA MOyYeHUS HEUTPAITHHOTO PACTBOPA?
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245. Kakoii o6beM pactBopa ¢ konnenrparuei c(NaOH) =
= 0,2 Moab/s moTpebyeTcs AJs MOMHOTO OCAaXKIAEHWS TH-
npokcuaa xeaesa(Il) us 100 mx pacTBopa ¢ KOHIIEHTpAIHEH
c(1/2FeCl,) = 0,5 monb/a?

246. I<231<y10 MaKCHMaJbHYI0 MacCy KapOoHaTa KaJib-
U MOXHO ocaauTh u3 400 My pacTBopa ¢ KOHIIEeHTpalnuei
c(1/2CaCl,) = 0,5 Momb/11 TIpH 106aBI€HIH OIXOISIIETO pe-
areHTa’?

247. Ha uetitpanusanuio 40 Ms1 pacTBOpa THPOKCH/IA KaJIHS
notpe6oBasiocs 24 M1 pacTBopa ¢ KoHuenTpanuei ¢(1/2H,S0,) =
=0,5 MoJib/71. Kakoit 00beM COJISTHOM KHCIOTHI C TOM JKe KOHIEH-
Tpammei noTpeboBaics 65 B3aMEH CEPHOM KUCIOTHI?

248. Kaxyro maccy 6pomuna kanbims CaBr, - 6H,O cienyer
no6aBuUTh K pacTBOPY HUTpaTa cepebpa o6bemom 240 M1 1 KOH-
rierTparmeit 0,05 MoJIb,/J1, 9TOOBI IPOMUBOIILIO TIOJTHOE OCAXKIECHIE
HEPacTBOPUMOIi cou?

249. B pacTBop KapboHaTa KaJus ¢ MaccoBoi gosei 12,3%
IPOITYCTHUJIM YTJIEKUCIIBIH Ta3 JI0 TIOJyYeHUs PACTBOPA C PaBHHI-
MU MaCCOBBIMM JIOJISIMM PaCTBOPEHHBIX BemecTB. PaccumnTaiite
MOJISIDHBIE KOHIIEHTpanuy BemecTB. ILII0OTHOCTD MOTyYeHHOTO
pactBopa 1,07 r/m.

250. Kakas macca ocajka o6pasyercs Ipy CMENIMBAHUHI Pac-
TBopoB BaCl, u CuSO,, eciiu mepBEIil pacTBOp € U3OBITKOM
Na,CO, naer 18 r ocanxa, a BTopoii ¢ U3OBITKOM H,S maer 12t
0CaIKa'

251. [lng HeATpaaM3aIui pacTBOpPa, coaepskaiiero 2,25 r
KHCJIOTHI, ITOTPE00BATIOCH 25 MJI paCTBOPA IEJI0YH C MOJISIPHOMI
KOHIIEHTpaIneli 3KBUBaJieHTa 2 Mo/ 1. OnipeiesinTe MOJISIPHYIO
MAacCy 5KBUBAJIEHTA KUCIOTHI.

252. Ha =eiitpaau3zamnuio 20 MJI pacTBOpa, COAEPHKAIIETO
12 r/71 me04u, 6HLIO0 U3PACXOA0BAHO 24 MJI PACTBOPA KHACIOTHI
C MOJISIpDHO#M KoHIleHTpaluel skBuBajenTa 0,25 mosn/i. Pac-
CYMTANTE MOJISIPHYIO MAcCy 9KBUBAJIEHTA IIEJIOYH.

253. Cmemasu 100 Ms1 pacTBOpa TUPOKCHUIA HATPUSA C KOH-
neaTpanuei 0,25 mosb/a 1 200 Ma pacTBOpa XJIOPOBOZOPOIA
c kounenrpanueii 0,15 moap/n1. PaccunraiiTe MOJISIPHYIO KOH-
IEHTPAITAIO COJTU B TIOJTyY€HHOM PacTBOPE.

254. Kakoii 06beM cepHOM KHCJIOTBI ¢ MaccoBOM poeit 70%
(wtotHOCTH 1,61 1/MJT) HEOOGXOAUMO B3SIT [JISI HEUTPAIU3AIMK
300 mut pactBopa ¢ konrerTparueit ((KOH) = 0,25 mosb/n?

255. K 130 M pacTBopa cepHO# KMCJIOTH ¢ KOHIIEHTPAIIK-
eit 1,2 mosb/n gobaswam 170 M1 pacTBOpa rMAPOKCHAA bapus
c xkounenTparuei 0,9 moan/n. PaccunTtaliTe KOHIIEHTPAIIUH
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BEILECTB B [OJIyYEHHOM PAaCTBOPE, IIPUHSB €r0 00bEM 32 CYMMY
00BEMOB B3SITHIX PACTBOPOB.

256. Kakyto maccy Bozipi caenyet ucnaputh u3 600 r 14,0%-Horo
pacTBOpa KapOOHaTa HATPHSI, YTOOBI B OCTATKE MOJIYUUTh KPUCTAII-
JIbI KapOOHATa HATPHS JeKarumpaTa?

257. Cmemanu 23,9 r pactBopa GochOpHOIT KHCIOTHI C MACCO-
Boi oseit 20,5% 1 38,9 r pacTBOpa IMAPOKCH/IA KAIUS C MACCOBOM
noueit 14,4%. Halimure Maccy BOABI B IMTOJYYEHHOM PacTBOpE
¥ MaCCOBEIE JIOJTH PAaCTBOPEHHBIX BEMIECTB.

258. K 120 r 4%-Horo pactBopa cyibdara Harpusi mpubaB-
neo 60 M1 pacTBopa ¢ kormenTpanuei ¢(BaCl,) = 0,45 moms /1.
BrinaBinuii ocaZiok 0ThHIBTPOBAH M IIPOMBIT BOZIOM, TaK 4TO 06-
muii 00beM prrbTpara cocrasmt 260 M. Halinnre Mmaccy ocagka
1 MOJISIPHBIE KOHIIEHTPAITUH BEIECTB B (pUIbTpAaTe.

259. Kakyio Maccy meHTaruzpata cyibdara Meau HeoOXo-
Mo 106aBuTh K 500 1 7%-HOr0 pacTBOpa 3TOM XK€E COJIH, YTOOBI
noay4ynTth 12%-Hblit pacTBOp?

260. B 160 r 20%-HOTO pacTBOpa CEPHOI KUCIOTH PaCTBO-
puiu 32 r okcuna cepsi(VI). Paccuuralite MaccoByio 0710
BeIECTBA B MTOJIyYEHHOM PAaCcTBODE.

261. Ha HeliTpaiausanuio pacTBopa, cojepsxamiero 15,3 r
CMECH CEPHOM M YKCYCHOM KucJoT, Tpebyercsa 168 r 10%-Horo
pacTBopa ruapokcuaa Kaausa. Kakoii o6beM pacTBopa HUTpaTa
Gapus ¢ KoHneuTparmei 0,06 MoJIb/1 HEOOXOAMM JIJISI IIOJTHOTO
OCaXK/IEHUST HEPACTBOPUMOM COJIU U3 3TOTO pacTBOpa?

262. Cmemanu 06beM V pacTBOpa CEPHOM KHMCJIOTHI C IBY-
KpaTHBIM 06beMOM pacTBOpa xsopuzia bapus. IIpu aTtom B pe-
aKITMIO BCTYNWJIA TIOJIOBMHA MMEIOMIETOCS KOJIUIECTBA KUCJIO-
Tol. Ha HefiTpaaus3aIiuio aToro xe 00beMa KHUCIOTH 3aTpadyeHo
170 mu1 pacTBOpa rMAPOKCH/A HATPHS B Ba pa3a OOJIbIIeii MO-
JISIPHOM KOHIIEHTPAIIMH, YEM KOHIIEHTPAIIMS PACTBOPa XJIOPHAA
6apus. Haiinure o6bem V.

263. B Boze maccoii 2,5 kr pactBopuiiu 120 1 ammuaka u 160 o1
6pomoBozopona nipu gasiexHun 101,3 kI1a u temneparype 273 K.
PaccuuTaiiTe MacCcOBBIE 1OTM BEMIECTB B IOJyYEHHOM PAaCTBODE.

6.3.2. 3anauu Ha pacTBOPHMOCTD

264. Hacwimennsiii pactBop cyJsibdata Kasus mpu 100°C co-
aepxur 25,4% conu. PactBopumocts cysbdara Kass mpu 10°C
cocrasisieT 7,2 r Ha 100 r Bogpl. Kakast Macca coJiu BBIZIEIUTCS
pu oxyaxaenun 550 T HaceimeHHoro pactBopa ot 100 no 10°C?

265. ViMeeTcst HaChIEHHBIN PacTBOP CyJibdaTa HATPHSI, CO-
nepxamuit 19,4 r conmu Ha 100 r Boxsl. B pactBop BHOCAT 20 T
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6e3BOIHOIO CyJib(daTa HaTpHst. PaccuunTaiiTe 00IIyI0 MaCcCy OCaaKa
TocJie TUApaTaIyy fobasaeHHoro Bemectsa 1o Na,SO, - 10H,0.

266. IIpu pactBopenuu 116,1 r cysnpdaTa Marausi remnraru-
apata B 100 r Bozibl 00pa3oBasics HackimeHHbIH pacTtBop (25°C).
BhipasuTe pacTBOPUMOCTD CyJ/ibhaTa MarHust Maccoi 6e3BOTHOTO
BemecTBa Ha 100 r BOABL

267. Kakast Mmacca HUTpaTa Kajius BBIIEJIUTCS B BUJle KPU-
crasuioB u3 105 r pactBopa, HackimenHoro npu 60°C (pacTBo-
pumoctb 110 r Ha 100 r Bozgsl), npu oxuaxkaeruu ero go 0°C
(pactBopumocTsb 13,3 r Ha 100 r BoAEI).

268. Kaxyro Maccy xJopu/a aMMOHUSI HaJ0 1006aBuTh K 170 T
ero 20%-H0ro pacTBopa, YTOOBI C/AEIaTh €r0 HACHIIEHHBIM
mpu 80°C? Kakast Macca KPUCTAJIJIOB BBIZIETUTCS ITPU OXJIAXK/Ie-
HUU ToTydyeHHOTo pactBopa f0 0°C? PacTBopuMOCTh Xj10puia
ammonus: 0°C — 33,3 r; 80°C — 65,6 r va 100 r BozBbL.

269. Kakyio Maccy neHTarujpara cyiabdara Meau HaJo J10-
6aButh K 170 r 12%-Horo pacrBopa CuSO,, uT06HBI C/IeIaTh €To
HacbineHHbIM Tipu 80°C? Kakasi Macca KpHUCTa/LJIOB BEIIEUTCS
IpY OXJIAXKIEeHUU ToJiydeHHOTo pactBopa o 0°C? PactBopu-
MocTth coau: 0°C — 17,4 1; 80°C — 55,0 r Ha 100 r BoxbI.

270. Kakue 13 cieyIoNUX BEMECTB PACTBOPSIIOTCS C IIOTJIO-
MIEHWEM TETIIOTHI:

a) TeKcaruipatr XJOpuAa KaJblIus;

0) XJI0pHUJ KaJbliysi OE3BO/IHEIIA;

B) cyJsb(aT HATPUS;

I') HUTpaT Kaaus (3Ta COJIb KPUCTA/UIOTHPAT He 00pasyer).

271. Yepes 300 r 9%-moro pacTBopa THAPOKCHIA HATPHS
MPOIYCTUJIN YTJIEKUCABIN Ta3 0 HaCHIIIeHus pacTtBopa. Pac-
cuuTaiite Maccy obpasosasurerocs ocagka NaHCO,. Pacrso-
PUMOCTbD BellleCTBa B YCJIOBUSIX OMbITa cocTaBisieT 9,6 THa 100 T
BOJIBL.

272. PactBopuMOCTh KapOoHaTa HaTpus paBHa 21,5 rua 100 T
Boms! (ipu 20°C). Paccuuraiite MaccoByIo 10110 KapboHaTa Ha-
TPUSI B HACHIIIIEHHOM PaCcTBOPE U €T0 MOJISIPHYIO KOHIIEHTPAIIUIO
(rumorHoCTh pactsopa 1,19 r/cm3).

273. TIpu oxnaxaenun 250 r HacsienHoro mpu 70°C pac-
TBOpa noauza bapust (pactsopumocts 241,3 r Ha 100 r BoxsI)
70 0°C Beimasio 173 r KpucTa/IoruApaTa, a KOHIEHTPAIUS COJTH
B PacTBOPe OKa3anach 3,2 MoJb /I (IIO0THOCTH pactBopa 2,00 r/
MJ1). Y cTaHOBUTE (POPMYJTY KPUCTAJLJIOTHIIPATA.

274. NmetoTcs cMecH BOJBI U 3TAHOJIA C MACCOBEIMU JIOJISIMU
atanosa 70,55 u 40%. Kakyio *KMIKOCTb CIeyeT CYUTATh pac-
TBOpHUTEJIEM B KAK/IOM CIIydae?
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275. Bozia v aTOKCHATaH (IUATUIOBBIH 3¢UP) UMEIOT OTPaHMU-
YeHHYIO B3aUMHYIO PAaCTBOPUMOCTb: 6% acupa B Bozie u 1,2% Bozb
B a¢upe (1ipu 20°C). Paccuuraiite Macchl 3UPHOTO U BOIHOTO
CJIOEB JKUAKOCTH, ecyir 6110 cMemano 20 r a¢upa u 80 r BOABL

276. Bona HacblllleHa YTJIEKUCIBIM Ta30M IIPU TeMIIepaTy-
pe 0°C nozx naBnenuem 506,5 xIla. Kakoii o6vem CO, BeIzie-
squtcst u3 1 J1 BOABI IPU CHUKEHUM JIaBJIEHUS 0 HOPMaJIbHOTO
arMocdeproro? OO0beMHBIN KO3(DOUIIMEHT PACTBOPUMOCTH
K(CO,)=1,71.

277. 1Ipu temneparype 0°C 1 i1 Bogst pactBopsiet 1,71 a1 yrie-
KHCJoro rasa. PaccunTaiite MacCOBYIO IOJIO PaCTBOPEHHOTO rasa
B HaChIeHHOM pacTtBope npu aasnennn CO, 303,9 klla.

278. Cmech u3 10% yraekucioro ra3a u 90% BOJIOPOjia
110 00bemy 1pu Temmeparype 0°C u gaiennu 10 at™ nporryieHa
Yyepe3 BOAY A0 00pa30BaHuUs HACKHIIEHHOTO pacTBopa. Hatimure
0OBEMHBIN COCTaB PACTBOPEHHOTO raza. OO beMHbIe KO3 duIu-
enTnl pacrBopumoctu: CO, — 1,71; H, — 0,021.

279. O6beMHBII Ico:-)(b(bI/IuHeHT paCTBOpI/IMOCTI/I aMMHaKa
B Bozie K, =702 npu Temneparype 20°C. Paccunraiite MaccoByIo
JI0JII0 aMMHaKa B HACHIIIIEHHOM PacTBODE.

280. B cocyzn BMecTHMOCTBIO 2 J1 oMetieHbI 1 j1 Boasl u 1 11
VIJIEKKCJIOTO Ta3a Py HOPMaJbHBIX yciaoBusax. Kakoe ycraHo-
BUTCSI JIaBJIeHIE ra3a B Pe3yJIbTaTe 00Pa30BaHMsI HACHIIIEHHOTO
pacteopa CO,? K (CO,) =1,71.

281. O6'bCMHI>II/I Koa(b(bHuHeHT PaCTBOPUMOCTHU CEPOBOJIO-
pozna B Boze K, = 4,62 npu temneparype 0°C. Ilox kakum mu-
HUMAaJIbHBIM IIaBJIeHI/IeM HaJI0 PaCTBOPSITH CEPOBOIOPOI, YTOObI
TOJIYYHUTH 5 %-HbII pacTBOP?

282. IIpunHuMasi, 4TO BO3AYX UMEET 0OBeMHBIA cocTaB 21%
Kucaopoga u 78% a3ora, paccuMTaiiTe MOJISIPHOE OTHOIIIEHHE
KVCJIOPO/Ia ¥ 230Ta B BO3/IyXE M B BOJIE, HACHIIIIEHHOMN 3TMMU ra3a-
mi. O6bemHble KoadduiuenTs pactBopumocth: K (O,) =0,031;
K.(N,) = 0,016 npu remneparype 20°C.



1. JHepreTuKa (TepmogMHaMuKa)
XMMHYECKUX peakLun

1.1. Kpatkve TeopeTH4ecKkue CBeieHuA

[Tpy XMMUYECKHUX PEAKIIMAX HAOIIONAETCSA KAK BLIIEJIEHUE, TAK U IT0-
TJIONeHe SHEPTHH B pa3HbIX (hopMax. HekoTopsle peakIiy mpoBosATCS
CIIEMAJIbHO JIJISI IIOMyYEHHsI SHEPTUH. B IPyrux peakiusax 3arpara
aHepruu (HarpeBaHWe, CKATHE, JIEKTPOJIN3 ) WU OTBOJ 9Hepruu (OX-
JIKIEHHE, PACIIHPEHre) HeOOXOMUMBI I/ OCYIECTBIICHHS PEaKI[UH
C IIEJIBIO TTOTYyYEHNST 3aJaHHBIX IIPOAYKTOB.

PeakIiinu pOBOASATCS B CHCTEMAX, KOTOPHIE MOTYT OBITH OTKPBITBIMK
Y 3aKPHITHIMH. T€OPETHYECKH PACCMATPUBAIOTCS TAKKE H30JMPOBAHHBIE
cucTeMbl. VI3MeHEHMsI B CHCTEMAX, B TOM YHCJIE M XUMUYECKHIE PEAKIINH,
Ha3bIBAIOTCS TPOIlECCAaMU. B 3aBHCHMOCTH OT YCJIOBUI IIPOBEAECHUS
Pas3IMYaAT U306apHO-U30TEPMUYECKHE, H30XOPHO-U30TEPMHYECKHE,
aguabaTryeckue u Apyrue BUABI Ipoieccos. [lepesaya TEIIOTH U CO-
BepIieHre paboThl 3aBUCAT OT 0OPaTUMOCTH TIPOIIECCa.

OO6paTuMBILi IIPOIECC UAET B YCIOBUX, 0ECKOHEYHO OIM3KHX K CO-
CTOSIHHIO PABHOBECHS], ¥ COBEPILIAET MAKCHMAJIbHYIO ITOJIE3HYIO paboTy
W'. TIpu 5TOM YMEHBIIAETCS KOJUYECTBO BBIIEISIEMOI TETLIOTHL.

Heobparumslii mmporiecc uaeT 6e3 MpeosoJeHusT BHEIIHETO COIIPO-
THBJIEHMUS, TI0JIE3HAS pabOTa HE COBEPIIAETCS, HO YBEIMIMBAETCS KOJIHU-
YeCTBO BBIIEJAIONENCS Tema0Thl. CyMMa TETLIOTH U PabOTHI SIBJSIETCS
MIOCTOSIHHOM BEJIMYMHOM COIVIACHO HIEPBOMY HA4Yaly TEPMOIUHAMUKH.
B u306apHO-M30TEPMUYECKOM TIPOIIECCE

AH = Q — W (8 HeoOparumom miporiecce AH = Q); (7.1)
B U30XOPHO-M30TEPMUIECKOM IIPOIIECCE
AU= Q- W (B HeoOpatumom mporecce AU = Q), (7.2)

rie u3MeHeHus sHTaNbIIUU AH 1 BHyTpeHHel sHeprun AU cBA3aHBL
COOTHOIIEHUEM

AH =AU +pAV. (7.3)

JLa1st TepMOIMHAMIYIECKHX (TEPMOXMMHYECKHX ) PACYETOB HEOOXOIU-
MBI CTAaH/IAPTHBIE 3HAYEHNS TEPMOANHAMIYECKUX (DYHKIIHI, OTHOCUMBIE
K 1 MOJTh BemecTBa B CTAHAAPTHOM COCTOSTHUY cucTeMbl. CTaHIapTHBIE
3HaYeHUS QYHKIIMI OTMEYAIOTCS CUMBOJIOM «°».

CrangapTHOe COCTOSTHYE UHIUBUYAIbHOTO BEIleCTBa — YCTOMYHN-
Bas opma BetectBa mpu Temrieparype 298,15 K u qaprennu 101,3 kIla.
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ITH 3HAYEHHS TEMIEPATYPHI U JaBICHUS IIPUHSATHI 38 CMAHOApMHbIE
ycaosusi. Ho MOHSATHE CTAHJAPTHOTO COCTOSIHUS BKJIIOUAET U JIPYTHE
XapaKTEPUCTUKH, B YACTHOCTH arperaTHOE COCTOSHUE BemecTBa. CTaH-
NapTHOE COCTOSIHME MOYKET OTHOCUTHCS HE TOJBKO K CTAHAAPTHOM
TEMIIEPATYPE, HO M K KAKOM-IM00 APYroi, HanpuMep (DU3H0I0THIECKOM
temreparype 310 K.

CrangapTHOE COCTOSTHHE PAaCTBOpa — KOHIIEHTPAIIUU BCEX PACTBO-
PEHHBIX BemecTB 1 MoJIb/J1 IIpu onpeneeHHol TemmnepaType (0OBIYHO
298,15 K).

CranmapTHOE COCTOSIHME CMECH TAa30B — IAPIUAIBHOE aBJIeHUE
kaxzoro rasa 101,3 xIla (1 atm) npu onpeneseHHON TeMIIepaType
(o6srun0 298,15 K).

TepMoITHAMUIECKHE PACUETHI KOJMYECTBA TEILIOTHI, BHIAEISIONIEH-
Cs1 MJIW TIOTJIOMIAIONIENCS TPU XUMUYECKUX PEAKIIMIAX, IPOU3BOISITCS
Ha OCHOBe 3aKoHa ['ecca: menoma xumuueckoll peaxyuu pasua cymme
menaiom 1106020 Psi0a Nocie008amerbHbIX PEAKUULL C MEMU JHce UCXOOHbL-
MU BEUECTNBAMU U KOHEUHBIMU NPOOYKMAMU.

3aKOH CTPOTO BHITIOHSETCSI TIPY MIPOBEIEHUH PEAKITUH WITH TIPH T10-
CTOSIHHOM 0OBEME, MJIH IIPH ITOCTOSIHHOM JaBJIEHUH.

PacueT npousBoaUTCS /7151 KOJTMIECTBA BEIECTBA, TTOIPa3yMeBaI0-
MIETOCSI B YPaBHEHUH PEAKIINH. DTO 3HAYUT, YTO KOJUIECTBO KAXKIOTO
BEIIEeCTBA JOJKHO COBIIAATh CO CTEXHOMETPUUECKUM K03 hHIIEH-
TOM V B ypaBHeHNH. [[peBpalmenne TaKOro KOJIMYECTBA BEMECTBA KO-
POTKO Ha3bIBAIOT 000OPOTOM XMMHUYECKOM PEAKI[UH.

CragmapTHas TeIsIoTa peakuyy (CTaHAAPTHASI SHTAIBITHS PEAKITH )
A H® — 370 TeILI0Ta OHOTO 060POTa PEaKIMY IIPK OIPE/IeIeHHBIX YCII0-
Bisx. B TabmIax oObIYHO HatoTcs 3Havenus 11t T = 298,15 K (25°C).

Hau6osiee 00muM MOAX0I0M K PacUeTy CTaHIAPTHON SHTAIBIIUK
PEAKITAU SIBJISIETCSI MCTIOIb30BaHKE CTAHAAPTHBIX 3HAYEHII DSHTAIBITHH
00pa30BaHus ¥ SHTAJIBIIMY CTOPAHKS BEIECTB.

CrangapTHas Temiora (SHTAIIINS ) 00pa3oBaHus A fH" , KJ2K /Moutb,
YHC/JIEHHO paBHA M3MEHEHMIO SHTAJBIIMK IIpU 0O6pasoBaHuu 1 MOJIb
CJI0KHOTO BEIIECTBA M3 TTPOCTHIX BeeCTB. J[OmoTHUTeIbHbIE YCIOBUST:
COCTOSTHHE TTPOCTHIX BEMIECTB CTAHAAPTHOE.

CrangaprHas Temiora cropanus A H°, k[ /MoJib, YCIEHHO paBHa
M3MEHEHUIO SHTAIBIITNH ITPH cropaHnn 1 MoJTb BEIECTBa B KMCJIOPOIE.
JlomoTHUTEIbHBIE YCIOBHS: 00pa3oBaHue BHICIIUX OKCHIOB, KPOME
a30Ta, 06pasyromero Mosexyisl N,

W3 3axona I'ecca ciemyer:

AH = Y vAH - Y vAH; (7.4)
TPOXYKTH PeareHTH

AH =Y vVAH - Y vAH. (7.5)
peareHThl TPORYKTH

B ocymmecTBisieMBIX Ha IPAaKTHKE XUMUYECKUX PEAKITUAX YIACTBY-
10T Pa3Hble KOJUYECTBA BelnecTsa 7. [l pacyeTa 0OLMIEro M3MEHEHHUSs
SHTAJTBITUH WU APYTOM (DYHKIIMH COCTOSTHUS CHCTEMBI CJIEAYET TIOMHO-
XKHTb CTAHAAPTHOE U3MEHEHHE HA YKCJIO 060POTOB PEAKIUK:
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AH=AH-2, (7.6)
A"

r7e 7 — KOJUYECTBO JI0O0r0 U3 yYaCTBYIOIUX B PEAKIIMM BENIECTB,
N — €T0 CTEXHOMETPHYECKUI K03 (PHUIIHEHT.

PacyeTs MaKCHMAJIBHOM 110JI€3HOM PabOTHI IIPOLIECCa U CBA3aHHOIO
C 3TUM HAIIPaBJIEHUS CAMOIIPOU3BOJIBHOTO IPOTEKAHNUS ITPOLIECCa MTPo-
MU3BOASITCSA Ha OCHOBE BTOPOTO Hadyajla TEpPMOANHAMUKH.

B u3osnupoBaHHO# crcTeMe BO3MOXXHBI JIMIIb TaKHe IIPOIECCHI,
IIPY KOTOPHIX SHTPOIMS Bo3pacTaeT (HeOOpaTUMBIA MPOIECC) UK
0CTaeTcs IOCTOSHHOM (0OpaTHMBIH IIPOIIECC):

AS > 0. (7.7)

W3 3TO0rO0 yCI0BUA BBIBOAUTCSA, YTO B 3aKPBITOM CHCTEME B CIydae
CaMOIIPOM3BOJIBHOTO (HEOOPATHMOTO) TIPOIIEcca

AH —TAS <0. (7.8)

PasHocThb B n1€Boit yvactu ypaBHeHus (7.8) paccMaTpuBaeTcs Kak
nu3MeHeHue sHepruu ['n66ca G, YUCIEHHO PaBHOE MAKCHMAJIBHOM II0-
JIE3HOH paboTe mporiecca:

AG = AH - TAS; (7.9)
AG <-W’ (7.10)

B HeoGpaTrMOM IIporecce moJIe3Hast pa60Ta He coBepinaetcs, W =0,
YTO ¥ MPUBOJAMT K ypaBHeHuio (7.8). B o6patumMoM mporecce
AG =-W! (7.11)

Maxc®

CraHgapTHOE U3MEHEHVE SHTPOIUU PEaKIui U CTaHJaPTHOE U3-
MeHeHue sHepruu I'ub6ca pacCUMTHIBAIOTCA 110 TAOJMYHBIM JaHHBIM
IO YPaBHEHUSIM, aHAJIOTMYHBIM ypaBHeHuIo (7.4) mj1s1 pacyeTa cTaH-
IapTHOTO U3MEHEHUsI SHTAJIBIINHU PEaKIuy 110 3akoHy ['ecca. i3meHenue
SHTPONHNH PEAKITUH MOXKHO OIIEHUTDh KAUeCTBEHHO B CJIyYae PeaKITuii
c yuacTueM ra3oB. [Ipu nmepexojie BelecTsa B ra3006pa3Hoe COCTOSTHIE
MPOUCXOAUT CUJIBHOE YBeJIUUYeHNEe SHTPOINY, TIPEBHIIIAIOIIee APyTHE
daxropsl, BymsIoNTIE HA SHTPOIHIO. I[03TOMY 110 KOTMYECTBY BeNECTBA
ra30B B IIPABOM U JIEBOU YACTSIX YPaBHEHUS PEaKI[UM MOXKHO OIIpejie-
JIUTB, BO3PACcTaeT SHTPONMS UM YMEHbIIAETCS.

3navenus A Hu A S MoryT OBITh KaK IIOJIOXKHTEIbHBIMH, TAK ¥ OT-
PUIIATETbHBIMHU B Pa3HBIX COUETAHUSIX B Pa3HBIX peakiusx. x pac-
CMaTPUBAIOT KaK JHEPreTUYEeCKU (3HTAJIBIIUITHEIN) U d9HTPOIUMHBINA
dakTopsI, ONIpeneNAIONINe BO3MOKHOCTh CAMOIIPOU3BOJIBHOTO IIPO-
TekaHus peaknuu. Crenyer 06paTUTh BHUMaHHE HA TO, UTO AEHCTBUE
9HTpon1/H71Hor0 (axropa 3aBucut ot TemneparypsL [Ipoussenenne TA S
IPY HU3KOH TEMIIEPATypPe MOKET OKa3aThesl MeHbIne yeM A H , a npn
BBICOKOI — Gosbme. Bimusaue A Hu A, S Ha BO3MOXKHOCTD HpOTeKaHI/IH
peaKIMy II0Ka3aHo B Tabu. 7.1.
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Tabnuya 7.1
Bausune A_H v A S Ha BO3MOXKHOCTD IPOTEKAHUS PEAKIHH

JHePreTUYeCKui | DHTPOITUIHBINA BO3MOAKHOCTS PEaKIAR
dbaxrop AH daxrop AS p
AH<0 AS>0 Peakuuisi BO3MOXKHA IPH OO0
TeMIIEpaType
AH<0 AS<0 MozxeT uaATH IpY HU3KOK TEMITE-
parype
AH>0 AS>0 MoeT MATH IPU BBICOKOH TeMIIe-
patype
AH>0 AS<0 Peaxnuus MaTH HE MOKET

1.2. lpumepsbl peweHnsa 3apay

IIpumep 7.1. PaccuuraliTe CTaHAAPTHYIO SHTAIBINIO PEAKIIHI
CO,(r) +4H,(r) = CH,(r) + 2H,0(x)
JABYMSI CIIOCOOaMHU — C UCIIOJb30BaHHEM TaOJIMIHBIX 3HAYEHUN A T
uA .
Pewenue
Boimuiiem u3 a6 11 (cM. mpuioxenue) 3HaveHus A fH" uA H:

CO,(r)+ 4H,(r)= CH,(r)+ 2H,0(x)
AfH" , klx/Momp  —393,5 0 -74,6 -285,8
A _H, x/Ix/M0nb 0 -285,8 -890,8 0

PaccuursiBaem A _H' 1o ypasrenusim (7.4) u (7.5):

a)A H* =(2-(-285,8) + (-74,6)) — (-393,5) = —-252,7 x/Ix/Moib;

6) A H® =4 - (-285,8) — (-890,8) = —252,4 x/Ix/M0mb.

Heb0:1b1110€ pacxoXIeHUe MEXAY Pe3yIbTaTaMH pacuera 0Obsc-
HSIETCS CIyYaHBIMH OIIMOKaMM 9KCIIEPHMEHTAIBHBIX ONIPENeICHHIA
TEIJIOT 00Pa30BaHMs M CTOPAHMS BEIECTB.

Omeem: a) A H® =-252,7 k]I /Momb; 6) A H® =—252,4 k]I /MOmb.
Peaxiust 9K30TepMUYECKAST.

IIpumep 7.2. PaccunTaiiTe CTAaHAAPTHYIO TEIJIOTY PEaKIINU Pa3Jio-
’KeHHs1 KapboHaTa KaJbIs IIPU IOCTOSIHHOM JaBiaenun (A _H') u npu
nocrossHHOM o6beme (A U").

Pewenue

Bhlnuvinem ypaBHEHNE Pa3JIoKeHHsI KapOOHATa KaabIIUs U 3HAYEHHS
A H’ (no raba. I11):

CaCOy4(xp) = CaO(xp)+ COL(T)
AH, k]lx/mons  —1207,6 —634,9 -393,5
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CTaHmapTHYIO TEMJIOTY Pa3jIoKEeHUs IIPU ITOCTOSTHHOM JIaBJIEHUH
(A, H’) BEIYMCIAEM HETIOCPEACTBEHHO 10 TabJIUYHBIM TAHHBIM:

A H' = (—634,9 + (-393,5)) — (-1207,6) = 179,2 k]I /Mob.

CranzapTHYyIO TEILIOTY Pa3/IOMKeHs Py OCTOSTHHOM obbeme (A U”)
BBIUHCJISIEM, TIpeoOpasys ypaBHenue (7.3):

AU =A H —pAV.
ITpu BbIUMC/IEHNH CIEAyeT YIUTBIBATE, yTO pousBenenue 1 klla- 1 1=
=1 JIx.
B nanHoM mporiecce AV IOOXKUTENBHO, TaK Kak 06pasyeTcs 1 Mosb
rasa. [lomyyaem:

AU =179,2 - (101,3 xIIa - 22,4 71)/1000 /I - k/x ! =176,9 k/IK/MOJIb.

Omeem: A H° =179,2 kI /monb; A U” = 176,9 k[l /moib. Peaxnus
sHA0TEpMUYECKas. [IorIomeHre TEemIOTH IIPY IIOCTOSHHOM 0OBEME
MEHBIIE, YEM IIPH ITOCTOSTHHOM JIAaBJIEHWH, TaK KaK CCTEMa HE COBEP-
IaeT paboThI IPOTUB BHENIHETO AaBJICHU 110 PACIIMPEHMIO rasa.

IIpumep 7.3. IIpoBepbTe IPABHIBHOCTh TAOJIMYHOTO 3HAYEHHS
TETJIOTH 00pa30BaHus IPOMaHa A fH° PACYETOM 110 TAOIUYHOMY 3HA-
uenmio A, H°(C,Hy).

Pewenue

TemnoTy 06pa3oBaHust YIIIEBOJOPOIOB HEMIOCPENCTBEHHBIM 3KCITE-
PUMEHTOM He OIIpe/lesIsiioT. BMecTo 3Toro MpoBOAAT pacyeT Mo 3aKOHY
['ecca c ucroIb30BaHUEM TEILJIOTHI CTOPAaHUs. TaKoH pacyeT U IPeJICTOUT
npoBecTH. Brmumenm ypaprenue u sHavenus A H° (o taba. I11):

3C(rp) + 4H,(r)= C,Hy(r)
A I, x]lx/moms  —3935 —2858 -2219,2

ITo ypasuenmuio (7.5)
AH =(3-(-393,5) +4 - (-285,8)) — (-2219,2) = -104,5 x/[>x/M0b.
Omeem: A H*(C,H,) = —104,5 x/]x/mons. Hebomnpiroe pacxox-
nenue ¢ TabauuHbIM 3HaveHneM —103,8 k/[x/Mob 00BICHSETCH,

IIO-BUAUMOMY, TEM, YTO PAaHEEC IIPDU PACUETE OBbLIM UCITOIb30BAHbL JaH-
HbI€ 3 IPYTUX UCTOYHUKOB.

IIpumep 7.4. Kakoit 06beM (IpuOIHM3UTENBHO ) IIPOIIaHA HEOOXOH-
MO Cxeydb sl HarpeBauus 3 j1 Boabl oT 20°C g0 kunenus? TennoeM-
KOCTD BOJBI Cp IpUHATH paBHoy 4,2 [Ix - 1 - K1, a KIT/] paBubsiM 20%.

Pewenue

ITpu HarpeBaHWM BOJIA MOTJIOMIAET TEILIOTY, KOTOPYIO MOKHO BBI-
YUCTUTD 110 hopMyJIe

Q=mCAT.
ITO XKe KOJIMIECTBO TEILIOTHI, yBeIndeHHoe B cooTBercTBuu ¢ KII/I,

AJOJI)KHO BBIACJINTHCA IIPU CTOPaHUHU IIpOIIaHa. Hcxonsa u3 I9TOTIO, BbI-
YUCJIUM KOJTHYECTBO BEMIECTBA IIPOIIaHa U 3aTEM €TI0 oObeM.
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Crauasa HaiiileM Maccy BOJIBL:
m=Vp=3n-1xr-a1-1000r-xkr1=3000r.
BerunciisieM KOTMIeCTBO TEILIOTHI:
Q=3000r-4,2 Ix-r!-K*- (100 — 20)K =1 008 000 [Ix = 1008 x/[x;
Q,, = 1008 - 100%,/20% = 5040 x/Ix.

Io Tabnumne I11 A, H°(C,Hy) = 2219,2 x/Ix. Haiinem Komm4ecTBo
BEIIIECTBA [IPOIAHA JIeJIeHHeM TPeOyeMOro KOJIMIECTBA TEILIOTH Ha CTaH-
IDApTHYIO TEIJIOTY CTOPAHMSI:

e AH -5040 x/Ix
AH -2219,2 x]lx - Monb ™
Haxoaum o6beM mpomaHa:
V=224n=22,4-227=50,9 1=51 1
Omeem: [Jis1 HarpeBaHUS BOJBI IIOTPEOYETCS CKedb 51 JI mpomaHa.

= 2,27 MOJIb.

IIpumep 7.5. PaccuuTaiiTe cTaHmapTHOE M3MeHeHre sHepruu ['nboca
(MaKCUMAJIBHYIO TI0JIE3HYIO pab0oTy) PEaKITMK CrOPAHUST #30-OKTaHA

u30-CgH,o(r) + 12,50,(r) = 8CO,(r) + 9H,0(x)

ABYMSI CIIOCOOAMH — TI0 TaOJUYHBIM 3HAYECHUSAM A fG" M 110 3HaYEHUAM
AH unS.
f
Pewenue
Beinumem u3 Tabsvis! 111 maHHbIE AJIS BEIIECTB, YYaCTBYIOIIMX
B peaKInu:

u30-CgH 4(r) +12,50,(r)= 8CO,(r)+ 9H,0(x)

AG, kllx/Moms 12,55 0 -3944  -237,1
A B, x[lx/moms  —224,7 0 3935  -2858
S, Ik /(K- Moms) 4225 2052 2138 70

Brruncisiem uameHeHUs GYHKINI COCTOSTHUS /111 PEaKI[UK:
A G =8-(-394,4) +9 - (-237,1) - 12,5 =-5301,65 x/Ix/MoJ1b;
A H =8-(-393,5) +9 - (-285,8) — (—224,7) = -5495,5 k][ /MOIb;
AS=8-2138+9-70-(422,5+12,5-205,2) =-647,1 [Ix/(K - Momb).
Paccunraem Taxxe A G° 1o ypasHenuio (7.9):

A G* =-5495,5 - 647129815 _ 55096 k]I /MOJTD.
1000
Pacuer A G° nBy™ms1 crocobaMu J1ajI XOPOIIO COBIAAAIOIIHE PE3Y.Ib-
TaTHL.
Wtak, MakcumasbHast pabota npornecca W =—-A G° = 5302 k/[x/MoJb.
B aT0M Ciry4ae BRIAENUIOCH Obl HE3HAYMTETBHOE KOJUYECTBO TEILIOTHL

Q=-5495,5 — (~5302) = —193,5 K/[/MOJb.
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ITpuMep cropaHus #30-0KTaHA HHTEPECEH TEM, YTO 9TO BEIECTBO
BXOJIMT B COCTaB OEH3MHA U SBJISETCS TAJIOHOM IIPH OIIPEeIeHUH Ka-
yecTBa OeusuHa. IIpsiMoe cxxuranue GeH3nHA He SIBJISETCS 00paTHMBIM
IIPOIIECCOM, BCJIEACTBUE YETO MPOM3BOAUMAS [BUTATEIEM MTOJIE3HAS
pabora jajeKa OT MAKCUMAJIbHOM.

Omeem: A G° =—-5302 k[x/Momb; W = 5302 x/I%/Mob.

ITpumep 7.6. Paccuuraiite anepreTudeckyo eHHOCTh 350 T MUIIEBO-
T'O IIPOAIYKTa, copepxkairero 30% 6enkos, 15% xkupos u 55% yTIeBOIOB.
VI3BeCTHO, 4TO yAeAbHAS TEILUIOTA CropaHus 6eaka 4,1 KKa/T, xKupa —
9,3 kkan/T, yranesoaoB — 4,1 kkan /1. [lepeBenure pe3yabTaT B KJ[X.

Pewenue

OueBHUIHO, YTO I PacyeTa IHEPTETUYECKON IEHHOCTHU CIEAyEeT
TIOMHOKUTH Maccy 6eJika, JKUpa WK YIJIeBoa Ha COOTBETCTBYIONIYIO
VIETBHYIO TEIJIOTY CTOPAaHUS U BCE CIOXKUTE:

Q(6enok) =350 - (30%,/100%) - 4,1 kxamn/r = 430,5 KkKa;

QCxup) =350T- (15%,/100%) - 9,3 xxan/T = 488,25 kka,

Q(yraeBon) =350 - (5%/100%) - 4,1 kkan/T = 71,75 Kxa;
Y0 =430,5+488,25+71,75= 990,5 xxan.

B e Boit TPOMBITIIEHHOCTH M TOPTOBJIE TIPUMEHSIETCS BhIpayKe-
HHE SHEPTUH B KAJIOPUSX U KHJIOKATOpHAX. /[ Iepexo/a K e TMHUAIIAM
CU caenyer ncmonp30BaTh ciaenyomye K0ahGUITMeHTH:

1 xxan = 4,184 x/[x, nmm 4,184 x /I /kkan = 1,
1 xam =4,184 JIx, v 4,184 [ /xan = 1.
Boerumcavum kosmuecTBO 3HEpTUM B K/[x:

Y .Q =990,5 xxaun - 4,184 x/Ix/kxan = 4144 k/[x.

Ilpumeuanue. BeipaxkeHre 3HEPTeTUYECKON IIEHHOCTH IIPOIYKTOB
yepe3 TENJIOTH CTOPAHUS HE O3HAYAET, YTO B OPTaHU3Me BCS IHEPTHS
WJIET HA TPOU3BO/ICTBO TEIIOTHL 3a cueT (hocopuImpoBaHUs MOJIEKYT
B OpPraHu3Me IIPOM3BOAATCS Pa3IMYHbIe BUABI PabOTHI, HO COIJIACHO
MEPBOMY HAYa/ly TEPMOAMHAMHUKH CYMMa TEILJIOTH U PaboThI OyaeT
PaBHa HEPTeTUYECKOM IIEHHOCTH TTPOAYKTA.

Omeem: sHepreTHYECKas IEHHOCTH JaHHOTO poaykTa 990,5 kkau,
ny 4144 xJx.

IIpumep 7.7. Berumcimre CTaHAAPTHYIO SHTAJBIIMIO 00Pa30BaHMs
xnopusa ¢ochopa(V), uMes cienyrone TEpMOXUMUYECKIE YPaBHE-
HUST:

P, (6en) + 6CL,(r) = 4PCL(r), A H® = —1148 x /I /MO ()
PCl,(r) + ClL(r) = PCly(r), A H® = -87,9 x/I%/Momb. (1ID)
Pewenue

OnHo u3 ciaenCcTBUA M3 3aKOHA ['ecca COCTOUT B TOM, YTO K TEPMO-
XVMHYECKHUM YPaBHEHUSM MOKHO IIPUMEHSITH a/ireOpandecKue MPaBuJIa.
B nannoM ciyuae ciezlyeT yMHOKUTD BTOPOEe ypaBHEHHE Ha 4 Y CIIOKUTD
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o6a ypasuenus. IIpu atom dpopmymnsr PCL(T) coxpararcs. Ilomydaem
ypaBHEHHE PEeaKIUK
P,(6ex) + 10Cl, (1) = 4PCl(1).
Hnst nero A H° =—1148 + 4 - (—87,9)= -1499,6 x /I /moOb.
CraHgapTHast SHTAIbIIMS 00pa30BaHUS BEIIECTBA PACCUNTHIBAETCS
Ha 1 MoJB:

AfH" =AH°/4=-1499,6/4 = -374,9 /X /MOIb.

Omeem: cranzapTHAst SHTAJIBIIHS 00pazoBaus xtopuza pocpopa(V)
B Ta3000pa3HOM COCTOSIHUH A fH" =-374,9 x/[:x/MOIb.

IIpumep 7.8. Beruucure Temneparypy, mpu KOTOPOM CTaHAAPTHOE
COCTOSTHHE CHCTEMBI, COCTOSIIIEH 13 ra3000pa3HEIX OkcHoB a3oTa NO,
1 N,O,, coBnazaer ¢ paBHOBECHBIM COCTOSTHMEM PEaKIMy

2NO, 2 N,0,.

Jlna peaxuyu usBectHbl: A H° =-55,3 x/Ix/Monb; A S° =-175,8 JIx/
(K - Mmop).

Pewenue

Beps amst pacueta craHgapTHBIE 3HAYEHUS] (QPYHKITUM COCTOSHUS,
MBI y’Ke MIMEEM B BUIy CTAaHJAPTHOE COCTOSTHHE CHCTEMBI, B KOTOPOM
p(NO,) =p(N,0O,)=101,3 xIla. Ectu 0THOBpEMEHHO 3TO PABHOBECHOE
cocrosinue, 10 A G° = 0. I[Ipumengem ypasuenue (7.9):

0=AH -TAS".
IIpeo6pasyeM ero u MoCTaBJISIEM YHMCIOBbIE 3HAYECHMSL:
T A H° _ -55,3-1000
AS° -175,8
Omeem: cucTreMa HAXOIUTCS B PABHOBECHU B CTaHAAPTHOM COCTOSI-
HUM pu Temreparype 41,4°C.

= 314,56 K (41,4°C).

1.3. 3apanusa gns camocToaTenbHon paboTbl

283. [laiiTe KpaTKyIO XapaKTepPUCTUKY OTKPBITHIX, 3aKPBITBIX
¥ M30JMPOBAHHBIX TEPMOAMHAMMYECKUX cucTeM. [IpuBennTe
TIPUMEDBL.

284. Kakune pa3HOBUIHOCTH IIPOIIECCOB PAa3JIMYAIOT II0 YCJIO-
BUsAM MX nporekanus? K kakomy tumy Hanbosiee 6J1M3KH IIPO-
IIECCHI B OPTaHU3MeE YeJIOBeKa?

285. YUto Ha3biBaeTCsa PYHKITUSIMHA COCTOSTHUS ¥ TTaPAMEeTPa-
MU COCTOSTHHUSI?

286. Kakumy 0COOEHHOCTSIMHU XapaKTEPU3YETCS Mepeaaya
dHEPrHK B (popMe TEIIOTH U B opMe pabOThI?

287. B yem pasziuunie 3aK0Ha COXPaHEHUSI DHEPTUU U TIEPBOTO
HAYaJIa TEPMOAMHAMUKY ?
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288. Urto mospasymeBaeTcs MO/ CTAHIAPTHBIMU YCJIOBUSIMU
U CTAHJAPTHBIM COCTOSTHUEM CUCTEMBI?

289. Ilepeuncaute OCHOBHBIE IPU3HAKKW PAaBHOBECHOTO CO-
CTOSIHUSL U CTAllMIOHAPHOTO cocTosIHUA. IlosicHITE TprMepaMu.

290. N3menenreM Kakux QYHKITNI COCTOSHUS XapaKTepH3y-
I0TCSI TIepeiava TEILUIOTHI U Tepeada paboThi?

291. B yeMm cymiHOCTB BTOPOTO Hauajia TEPMOJUHAMUKN ?

292. Yto HaswBaercs sHTponmei? Kak cBsI3aHO U3MEHEHUE
SHTPOIINY C Tlepe/iadeil TENIOTHI?

293. Kak MaTeMaTH4eCKy BHIPAXKAETCSI BTOPOE HAYasIo TEPMO-
JTMHAMUKH JI711 U30JIMPOBAHHBIX U 3aKPBITHIX CUCTEM?

294. TlosicHuTe, KaK MPOXOAUT PacUIMPEHME Ta3a B 0OpaTu-
MBIX ¥ HEOOPATHMBIX YCIOBHUSIX.

295. B kakvx caMOIIPOM3BOJBHBIX MPOIECCAX BO3MOXKHO
yMeHBIIEHUE D9HTPOITUHN ?

296. Kak Biusier u3MeHEHUE TEMIIEPATYPHI HA BO3MO>KHOCTD
CaMOIIPOM3BOJIBHOTO ITPOTEKaHUs IIpoliecca?

297. B xakux 13 IpUBEJIeHHbIX HUXE PEAKIN POUCXOIUT
yMEHBIIIEHUE SHTPOITNH:

a) K,CO, + H,S0,=K,SO, + CO,T + H,0(x);

6) 2S0,(r) + O,(r) = 250,4(r);

B) 2H,S(r) + O,(r) = 2H,0(x) + 2S(xp);

r) CL(r) = 2Cl(7);

n) C,H,(r) +30,(r) = 2CO,(r) + 2H,0(x).

298. O6bsicHUTE HA OCHOBE BTOPOTO Havajia TEPMOIMHAMUKH,
II0YEMY [IPY HU3KOM TEMIIEPATYPE aTOMBI BOAOPOAA 06Pa3yIoT
MOJIEKYJIbI, a TIPH BBICOKOI TeMIlepaType MOJIEKYJIbI BOJOPO/a
pacIaaloTCcs HA ATOMBI.

299. Chopmynaupyiite 3akoH 'ecca. Kakue ciencTBus BbI-
TeKaroT 13 3aKoHa ['ecca?

300. ChopMyupyiiTe IOHSTHUS: a) CTAaHAAPTHOE U3MEHEHNE
SHTAJBIINY PeaKkuu; 6) CTaHAaAPTHOE U3MEHEHUE SHTAIBIINN
00pa30BaHMs BEIECTBA; B) CTAaHAAPTHOE U3MEHEHME SHTAIBIINN
CrOpaHUsI BelleCTBa.

301. Yto BHI IpeAnpUMETE JIJIsl OTIpeieIeHNsI CTaH/IapTHOTO
M3MEHEHUS SHTAJBIIUY CJEYIONIUX PeaKI[hii;

a) 2C(rp) + 2H,(r) + O,(r) = CH,COOH(x);

6) CO,(r) + CH,(r) = CH,COOH(x);

B) CO(r) + CH,OH(x) = CH,COOH(x);

r) C,H.OH(x) + O,(r) = CH;COOH(x) + H,O(x).

ITpoBenuTE MOUCK U PaCUETHL
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302. BeiuncanTe cTaHAApPTHOE U3MEHEHNE SHTAIbIIUN U SH-
TPOINU PEaKIIUI:

a) ANH,(r) + 50,(r) = 4ANO(r) + 6H,O(x);

6) ANH,(r) + 30,(r) = 2N,(1) + 6H,0(x).

303. BeruncanuTte craHapTHOE U3MEHEHME SHTATBIIUN Peak-
LM} CTOPaHUs:

a) P,(6em) + 50,(r) = P,O,,(xp);

6) SiH,(r) + 20,(r) = SiO,(xBap) + 2H,O(x).

304. BeiuncanTe cTaHAapPTHOE U3MEHEHNE SHTAIbIIUN U SH-
TPOIIUY PeaKIHii:

a) 2NO,(1) + O4(r) =N, O4(xp) + O,(r);

6) 3CO(r) + O4(1) = 3CO,(r).

305. Beruucimre crangapTHOE M3MEHEHHE SHTAIBIIUMY CTOPA-
HUs XJ0pMeTaHa. [Ipo/yKTaMu peakiuu sIBJISIOTCS Ta3000pas-
Hble okcuj yriepoaa(IV), Boga u xinoposonopoz.

306. BerumcimTe craHAapTHOE U3MEHEHNE SHTAJIBITAY PEAKITHM:

a) C,H,(r) + H,(r) = C,H(T);

6) C,H,(r) + 2H,(r) = C,H(7);

6) 3C,H,(r) = CH (x);

r) C,H(x) + 3H,(r) = C.H, (%),

WCIIOJIb3YSI B KaXK/IOM IIYHKTE CTAHaPTHBIE SHTAIbIUU 06pa30-
BAaHUS U CTOPaHUS BEUIECTB.

307. Kakoe KOJTMYECTBO TEIJIOTHI BBIIETUTCS IIPU OKUCTIE-
HuK 150 T TI0KO3bI KMCIOPOAOM [0 YIJIEKHCJIOTO ra3a M BOIbI
B XKU/IKOM COCTOSTHUM ?

308. IlepenumuTe ¢ yiakoBKU MUIIIEBOTO ITPOAYKTA COAEPXKa-
HUE B HeM OEJIKOB, JKHUPOB U YTJIEBOJOB M MMPOBEPHTE PACUETOM
MPaBWJIBHOCTD YKa3aHHOU SHEPTreTUYECKOM I[€HHOCTH.

309. Beruucinrte cTaHZapTHOE U3MEHEHUE DHTAJIBIINU U BHY-
TPEHHEU 3HEPTUM PEAKIINIA:

a) 2H,(1) + O,(1) = 2H,0(r);

6) 2H,0,(x) = 2H,0(x) + O,(1).

310. Beruucsvre cTaHAapTHOE U3MEHEHNE SHTAIBIINN PEAKITAN

4KClO,(xp) = 3KCIO,(xp) + KCl(xp),
uCnoab3ya A _H® clefylomyx PeaKkIyi:

2KClO,4(xp) = 2KCl(xp) + 30,(r), A H’ = -77,6 x[[x /MOJIb;

KClO,(xp) = KCl(xp) + 20,(r), A H® =-3,7 x/I5k/M0b.

311. CKOJBKO TEILJIOTHI BBIAEIUTCS IIPU CTOPAaHUHU Ta30BOM
cMecu 5,6 1 kucaopoza u 11,5 i1 Bogopoza mpu mpu p = 101,3 xIla
u T=298,15 K?
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312, Beruucsure 1o 3akoHy ['ecca AH® peakiiuu rujipataiiin
CuSO,(xp) + SH,0(x) = CuSO, - 5SH,O(xp),

aHass A" pacrBopenust: A H"(CuSO ,(xp)) = 73,05 x/Ix/Momb;
AH(CuSO, - 5H O(Kp)) +7,49 x/lx/Momb.

313. BbI‘{I/ICJII/ITe 1o 3akoHy l'ecca cTaHmapTHOE N3MEHEHNE
SHTAJIBITHY peaKiuu ruapatarnuu 6essogaoro CaCl, ¢ o6pasosa-
nueM kpuctamoruzpara CaCl, - 6H,0. MsBecTHbr CTaHILapTHbIe
M3MEHEHHS SHTAIBIINH paCTBOpeHI/IH A H*(CaCl,) =-75,3 x/Ix/
mosbe u A H°(CaCl, - 6H,0) = 19,1 k1% /Moib, Kax 6y1LeT U3-
MEHSITHCSI TEMIIEPATYPa IIPH PAaCTBOPEHUH BEIECTBA?

314. Beruucaure mo 3akoHy I'ecca cTaHAapTHOE U3MEHEHHE
SHTAJILITMY PEAKI[UH THPATAIIMY alleTaTa HaTPUs

Na(CH,COO)(xp) + 3H,0(x) =
= Na(CH,COO) - 3H,0(xp)
IO TaHHBIM 0 AH" pacTBOpEHUS:
A H*(Na(CH,COO)) =-16,5 x/I/Monb
"
A H°(Na(CH,COO) - 3H,0)) = 19,2 k1% /MOJIb.

315. BrumcanTe cTaHAApPTHOE H3MEHEHHE DHTAJIBIIUK Pac-

TBOPEHUS HUTPATa aMMOHUS Ha OCHOBE PEAKITNU

NH,NO,(xp) +ag=NH,*(aq) + NO; (aq)
Kak 6yzieT n3aMeHsIThCSI TEMITEpaTypa Py PACTBOPEHUH Be-

eCTBA?
316. Berumciire cTaHAApTHOE U3MEHEHNE SHTPOITAN PEeaKITI:

a) K,CO4(aq) + H,SO,(aq) = K,SO,(aq) + CO,(T);

6) 250,(r) + O,(r) = 2S0,4(r);

B) 2H,S(r) + O,(r) = 2H,0(xk)+ 2S(xp);

r) CL(r) = 2CI(r);

n) C,H, +30,(1) = 2CO,(r) + 2H,0(x).

CpaBHure ¢ BbIBoJIlaMH B Bompoce 297.

317. BoIsicHUTE POJIb SHTATIBIIMIHOTO ¥ SHTPOIIUITHOTO (ak-
TOPOB B PeaKIIUsIX:

a) 4HCI(r) + O,(r) & 2CL(r) + 2H,0(r);

6) CO(r) + ClL,(r) & COCl,(r).

318. Borumciure craHaapTHOE n3MeHeHue aHepruu [n66ca
PeaKIuii:

a) CO,(r) + 2NH4(r) = CO(NH,),(xp) + H,0(x),

6) SiH,(r) + 3HCI(r) = SiHCL () + 3H,().
ABYMsI ciocob6aMy — WMCIIOJIb3yST 3HAUEHUSI A/G® v 3HAYeHHsI
As mus.
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319. BeruncinTe MaKCMMaJIbHYIO HOJIE3HYIO pabOTy PeaKI[uii:

a) P(6em) + 50,(r) = P,0,,(xp);

6) 2Fe(xp) + O,(r) = 2FeO(xp).

320. IIpu kakux TeMIiepaTypax B CTaHAAPTHBIX COCTOSTHUSIX
ra3oBBIX CMECEU YCTAHOBUTCS PABHOBECHE PEAKITNN:

a) N,+3H, £ 2NH,;

6) 2CO 2 C(rp)+CO,.

321*. Ilpu temnepatype 450 K peakiiusi ciHTe32 aMMuaKa

N,+3H, = 2NH,

XapaKTepu3yeTcsl CIeyIIVMUA 3HAaYeHUSIMU TepMOJUHAMMYe-
CKUX QPYHKIWIL:

A, =—84,8 k[Ix/Momb, A S° . =—179,2 JIx/(momsb - K).

PaccunTaiite usmenenus Gyukumii AA H° u AA S° npu 10BbI-
neHuy Temiepatypbl ot 298 1o 450 K. Uem 06 BSCHSIOTCS H3Me-
HEeHUS TepMOVHAMUYECKUX (DYHKITNH peakiuii Ipyu N3MeHEeHUN
TeMIIEPATyPHI ?

322*. PaccuuTaiite 1ByMs CIIOCOGAMM TEMIIEPATYPY, IPH KO-
TOPOM B CTaHJAPTHOM COCTOsAHUH ra3oBoit cMecu N, H, u NH
YCTaHOBHTCS PABHOBECHE PEAKIMH (cMm. 3agauy 321). Iloxpasy-
MEBAETCS UCIO/Ib30Banue 3HaueHnid A H° u A §° TIPH TeMTIEpaTy-
pax 298 u 450 K. Kakue gaHHbIe Aai0T '6omee Toumbiit pe3yJIbTar?

323*. Ilouemy B Tabauie I13 gaHBl OAMHAKOBHIE 3HAYEHUS
TEPMOAVMHAMNYECKUX PYHKIWHN AT XIOPOBOAOPOAA U XJIO-
pHUJI-MOHA B BOJTHOM pacTBope?



8. XuMuyeckoe paBHOBecCHe

8.1. KpaTkue TeopeTH4yeckue cBeeHus

B TEPMOANHAMUKE XUMHUYCCKOE PaBHOBECHUE OIIPEACIAIOT KaK CO-
CTOSHHUE CUCTEMBI, B KOTOPOM OHA HE MOXXET ITPOU3BOHUTDH pa60'ry, T.C.

AG=-W=0.

TToHSTHE «<XMMUYECKOE PABHOBECHE»> IIPUMEHAETCS K 0OpPATUMBIM pe-
AKIVISIM, T.€. TAKMM, KOTODbIE IIPOTEKAIOT HE3ABUCHMO OT KOJIMIECTBEHHOTO
COCTaBa CHCTEMBI OJHOBPEMEHHO B IIPAMOM ¥ 0OPATHOM HAIIPABJIEHHSIX.
B cocTosiHuM paBHOBECHSI KOHIIEHTPAI[UY BEIIECTB CTAHOBSTCS TOCTO-
SIHHBIMH, YTO BO3MOKHO TOJIbKO IIPH PaBEHCTBE CKOPOCTEH IIPSAMOI 1 06-
PATHOM peaKiyii. ITO 00sI3aTeIHHOE YCIOBHE XMMHUIECKOTO PABHOBECHS.

[l KOTMYeCTBEHHOTO PACCMOTPEHUST XUMUIECKOTO PABHOBECHS
TpeOyeTCs 3HATh 3aBUCHMOCTD M3MeHeH ! sHepruu [m66ca XMMIYecKoi
PEAKITMHU OT KOHIIEHTPAIIMil PEareHTOB U IMPOAYKTOB PeaKIMK. JTa 3a-
BHCHMOCTD BRIPaKaeTCs ypaBHEHHEM M30TEPMBI XUMHYECKOH pPEaKITHI

IT ¢*X)
AG=AG +RTIn™2=_———, 8.1)
IT ¢*X)
peareHTH
B KOTOPOM B UHCJIMTEJE APOOU MO/ 3HAKOM JioraprdMa 3aITMChIBAETCS
MIPOU3Be/IeHrEe KOHIIEHTPAIHi IPOyKTOB PEAaKIIUU B CTETIEHSIX, PABHBIX
KoadduImeHTaM B XUMIYECKOM YPaBHEHUH PEAKINY, a B 3HaMeHare-
Jie — aHAJIOTHYHOE TIPOM3Be/IEHNE KOHIIEHTpaluii peareHToB. /J[poOb
O/ 3HAKOM JiorapudMa B I[eJIOM Ha3bIBAIOT IIPOM3BE/IEHUEM PEAKITUN
U KpaTko o6o3navaoT Kak Ilc. s ra30B, y4acTBYIOIIMX B PEAKIUAX,
BMECTO KOHIIEHTPAIIHii TOICTABIAIOTCS MapIiaIbHbIe TaBJICHUS.

IIo Mepe TipoTekaHus peakIuy cjieBa HApaBo (B IPSIMOM HaIpaB-
JIEHUH ) KOHIIEHTPAI[UU B YUCIUTENE JPOOU yBEIMUUBAIOTCS OIHO-
BPEMEHHO C YMEHbIIIEHNEM KOHIlEHTpaIuii B 3HaMeHaTexe. [[poOb
YBEJIMYUBAETCSI, U COOTBETCTBEHHO yBeJIUYnBaeTcs ee jJorapudm. Ha-
CTYIIAET COCTOSIHME, B KOTOPOM BTOpOe cjaaraemoe B ypaBaenuu (8.1)
CTaHOBUTCS PABHBIM 110 MOZIYJIIO IIEPBOMY OTPHIIATETbHOMY CJIaTaeMO-
my. CymMMma oOpaiaercsi B HOJIb:

AG=0.
HacTtynuao cocTosiHMe paBHOBECHUS, H3MEHEHHE KOHIIEHTDa-
IUH IPEeKPaTUIOCh. Y CTAHOBUBIINECS ITOCTOSTHHBIE (PaBHOBECHEIE)
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KOHIIeHTparuu 0603Ha4YaoT cuMBoJioM ¢ (17151 ra3oB p). IIpousse-
JleHue KOHI[eHTPallMii Tak)Ke CTaJI0 IOCTOSHHOM BEJIMYUHON, KOTOpast
Ha3bIBAETCSI KOHCTAaHTOM paBHOBecHs K:

T g (8.2)
PpeareHTH .

B ypaBuenuu (8.1) nmpousBe/ieHre KOHIIEHTPAIIUN HAXOJUTCS IO
3HAKOM JioraprdMa 1 J0JKHO OBITh 6e3pasMepHOil BeTMuuHOM. IToaTo-
My B BeIpaxkenusx Ic (ass rasos Ip) nopcraBisiorcs: be3apa3mepHbIe
OTHOINEHUS JAHHOUW KOHIIEHTPAIIMHU K CTAHAAPTHON KOHIEHTPAINN
(1 Mo /1) ¥ TaHHOTO AaBIeHus K cTanAapTHOMY faBienuio 101,3 k1la.

[ToncraBus B ypaBrerue (8.1) Bemmunny K 1 OHOBPEMEHHO 3HAYE-
aue A G = (), IoIyYrM 3aBHCMMOCTD JIOTapH(PMa KOHCTaHTHI PABHOBECHST
ot A G° XUMHYECKOH PeaKkIuH:

A o]
A G°=—RTInK, mm InK=- G . (8.3)
RT
MoHO mepeiTH K 9KCIIOHEHITUAIBHOM (hOpMe YpaBHEHHST:
_AGe
K=e R, (8.4)

W3 ypasuenus (8.4) ciexayer BHIBOZ, YTO KOHCTaHTA PABHOBECHUSI
KaX /IOl PeakIMK OIpe/iesiseTca 3HaueHneM A G° ¥ TeMIepaTypou.
Kaxymmasicsi 3aBUCMMOCTb KOHCTaHTHI PABHOBECHS OT KOHI[EHTPAI[HiA
(ypaBrerue (8.2)) B e iCTBUTEIHPHOCTH O3HAYAET, YTO B COCTOSTHUM
paBHOBeCHSI, HE3aBUCUMO OT HAYaJIbHOTO COCTOSIHUS, KOHIIEHTPalluK
MIPUHUMAIOT TaKue 3HaYeHHs], YTO COCTaBJIEHHOE U3 HUX BhIPAKEHUE
(8.2) paBHO KOHcTaHTe paBHOBecus K manHoi peaknum. B aToM cymi-
HOCTb 3aKOHA JIEHCTBYIOIUX MaCC 1JIs1 XUMUYEeCKOTO PAaBHOBECHSL.

KoHcTaHThI pABHOBECHS MOKHO BEIYHUCIISITH [0 TAOJTMYHBIM JAHHBIM
0 TEPMOIWHAMUYECKUX ITIOCTOSIHHBIX BellleCTB UJIU 110 pe3yJbTaTaM
oIIpefieJIeHNs] pABHOBECHBIX KOHIIEHTPAIIHI BEIECTB B CUCTEME.

IToncraBisas Beipaxenne A G° yepes KOHCTaHTy paBHOBecu: (8.2)
B ypaBHeHMe (8.3), HoJIy9rM ypaBHEHNE U30TEPMBI PeaKINU B IPYyTOii
dbopwme:

A,G =—RTInK + RTnIIc,

nJin
ArG=RTln%. (85)

Ypasuenue (8.5) ymoOHO /17151 OBICTPOro OIPeeIeHHST HAIIPABJIEHHUS
00paTUMO peaKIMy IIPK JAHHBIX KOHIIEHTPAIIUSIX BEIIECTB Oe3 BHIUKC-
JieHus u3MeHeHust sHepruu ['nb6ca. TpebyeTcs TOMBKO 3HATh 3HAYEHHE
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KOHCTaHTBI PaBHOBECHSI M BBIMMCIIUTH ITpousBeeHne peakyu [c. Ecou
Ic < K, T0 1p0o6b 11071 TorapruMOM MEHBIIIE eIMHUIIBL, €€ JIorapudMm oT-
puUlIaTe/IeH M OTPMIIATETLHO 3HaYeHUe A G. Peak1us HET B IIPSMOM Ha-
nipaByeHuH. [IoHATHO, yTO IpU IpoTUBONIONIOXKHOU cuTyaluu (Ic > K)
peaxius OyIeT UATH CAMOIIPOM3BOJIbHO B 0GPATHOM HAIIPABJIEHHUH.

CrangapTHOe U3MeHeHHe SHepPruy I'nb0ca peaKiy 3aBUCHUT OT TEM-
MEePaTyphL:

AG =AH -TAS".
IToncrasnsas Beipaxenue Ams1 A G° u3 ypaBHenus (8.3), momydnm

-RTInK=A H -TA S". (8.6)
W3 ypaBrenus (8.6) MOKHO HAWTH TEMIIEPATYPY, TPH KOTOPO# K = 1:
A H°
T=—"-1 8.7
G ®7)

YpaBuenue (8.7) uMmeeT pU3UIECKUN CMBIC] TOJBKO IMPU OJUHAKO-
BBIX 3HAKAaX U3MEHEHHUs] SHTAIbIIMK U SHTPOIIMH, TaK KaK TeMIIepaTypa
HE MOXKET OBITh OTPHIIATEIHHOIM.

ITocse mpeobpasoBanus u guddepeHnpoBanus ypasHeHus (8.6)
TIOJTyYaeM ypaBHEHuUe U306apoL peaxyuil, OTIPeIeIsIoNiee X0/ U3MEHEHHUST
KOHCTAHTHI PABHOBECHS ITPU U3MEHEHUH TEMITEPATYPhI:

dinK A H*

dT  RT?
OueBHzHO, YTO XapaKTep TeMIEPATYPHOI 3aBUCHMOCTH KOHCTAHTHI
PaBHOBECHSI 3aBUCHUT OT CTAaHAAPTHOTO U3MEHEHUS SHTAIbINH. B ak30-
TePMHUYECKOM peakuun (A, H® <0) Ipy NOBBINIEHWH TEMIIEPATYPhI KOH-
CTaHTa PaBHOBECHS YMEHBIAETCS. I1py MasioM aGCOMIOTHOM 3HAYEHUH
A H® KoHCTaHTa paBHOBeCHsI C/1ab0 3aBUCHUT OT TeMiepaTypbl. OGBIYHO

ypaBHeHne (8.8) mpuMeHsIOT B IpUOIMKEHHOM hopMe, 3aMeHsI Mud-
(epeHIIMATBI HA KOHEYHBIE PA3HOCTH:

AlnK A H°
AT  RT?*’

(8.8)

OTKy7Zia
In—2="r2 |2~ (8.9)

Crenyer yYuTHIBaTh CJIEAYIONINE CBOMCTBA KOHCTAHT PABHOBECHS:

a) KOHCTaHTa PaBHOBECHS 0OPaTHON PEAKLUH SIBIISIETCS o6paTH0171
BeJINYHHOM KOHCTaHTHI PaBHOBeCHsI psiMoit peakimn: K =1/K /

6) KOHCTaHTa PaBHOBECHS PS/IA IOCJIE0BATEIbHBIX pealcunn paBHa
MTPOU3BEICHUIO KOHCTAHT OT/I€JIbHBIX CTAUN;

B) IpousBezieHue Ilc reTeporeHHO peakliy He 3aBUCHT OT KOJII4e-
CTBa MMEIOIIEHCs B CHCTEME TBepAoH (pa3bl, 1 KOHIIEHTPAIUS TIOCTeTHEN
MIPUHUMAETCS paBHOU eJUHUILE.
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8.2. lpumepsb! peweHusa 3agay

IIpumep 8.1. B 3akprIThIil cocy momemieH okcup azota(IV) mox
nasiaenreM 101,3 xI1a mpu temneparype 25°C. B pesysbrare mumepu-
3aITUH 110 PEAKITUN

2NO,2N,0,
JaBJeHre MOHU3UIOCH 110 52,63 KIla mpy MOCTOSHHBIX 0OBEME U TEM-
neparype. BorancinTe KOHCTaHTY PaBHOBECHSI.

Pewenue

IToHmKeHMe 1aBJAEHUS B COCY/IE SIBJISIETCSI CJIEICTBIEM YMEHBIIECHUST
KOJIMYECTBA BelecTBa ra3a. KoHeuHoe /1aBjieHue SABJSIETCS CYMMOM
napumaiabHbX AaBaeHudt NO, u N,O,. Koncranra PaBHOBECHS pac-
CUUTBIBAETCS Yepe3 OTHOCI/ITeJIbeIe 3Haqu1/151 nasnenuit p’ =p/101,3.
Wnaye roBopsi, AaBjeHre (popMaTbHO IIEPEBOAUTCS B AaTMOCHEPHL

HauanpHoe gaBienue p, =101,3/101,3 =1.

B cocrostanu pasroBecust P’ = 52,63/101,3 = 0,5195.

J171s1 BBIUMCIEHUS TApIMATBHBIX IaBJIEHUH BENIECTB BBEJIEM HEU3-
BECTHOE X — TapIHaIbHOE JaBieHue numMepa. IlapimansHoe 1aBreHne
HCXOHOTO OKCH/Ia COCTaBMT 1 — 2, TaK Kak Ha Kaxmyio Mosekyry N,O,
3aTpadeHo 2 Mosiekynsl NO,. HaiineM x u3 ypaBHeHUS

(1-2x) +x=0,5195.
IMomyuum x = 0,3355. PaBHOBECHOE /1aBJIEHTIE ICXOTHOTO MOHOMEPA
NO,: 1 -2x=10,329.
BrrumcoisieM KOHCTaHTY PaBHOBECHS IO 3aKOHY JEUCTBYIOIINX MACC:
p(N 0O ) 0,3355
- pANO,)  0,329*

IIpensoxuTe Crrocod IPOBEPKH IPABUIBHOCTH PE3yJIbTaTa.
Omeem: K = 3,1.

IIpumep 8.2. HanumuTte BIpa’keHUe 3aKOHA JAEUCTBYIONHX
Macc (3/[M) ans peakniuu B pacTBOpe

BaCO,(xp) + Na,SO,(aq) < BaSO,(xp) + Na,CO,(aq).

BhIumc/IMTE KOHCTAHTY PABHOBECHS Y€PE3 KOHCTAHTHI PACTBOPUMOCTH
ocagkoB KapOoHara u cyabgaTa bapusi.

Pewenue

B peaxruu npoucxoznur obmen nonos CO,2 na SO, u obparHo
B 0CA/IKaX IPAKTHYECKH HEPACTBOPHMBIX COTEN 1<ap60HaTa U cyabdara
Oapusi. HanuieM peakitiio B MOHHOH (opMe:

BaCO,(xp) + SO,* < BaSO,(xp) + CO,*.
CoriacHO TIpaBHJIy IPHMEHEHHUS 3aKOHA IEUCTBYOIMX MACC K Te-

TEPOTeHHBIM IIpoIleccaM B ypaBHeHue 3/IM He BXOAAT KOHIIEHTPAIUH
OCAIIKOB:

gl

_§(COY)
T &S0
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HesaBucuMo oT Macchl OCaIKOB B PaCTBOPE YCTaHABIUBAETCS TI0-
CTOSIHHOE OTHOIIEHHE KOHIIEHTPAIMi KapboHAT- U CyIb(haT-HOHOB.

J171s1 BBIYUCIEHUST KOHCTAHTHI PABHOBECHSI YCJIOBHO Pa3JjIOKiM pe-
aKIMIO Ha CTAJINIO PACTBOPEHUSI OJTHOTO OCAIKA M BHIMAJIEHHS IPYTOTO:

BaCO,(xp) + SO,* & CO,* + Ba** + SO, > = CO,* + BaSO (xp).

IlepBas cragus xapakrepusyercs Koncrantoi K (BaCO,), a Bropas
TIPEICTABISAET COOOM MPOIIECC OCAKIEHMS, 0OPATHBIN PACTBOPEHMIO, U,
cJIeZIoBaTeNIbHO, XapaKTepusyercs KoHcranroit 1/K(BaSO,). Ilpous-
BeJIEHUE KOHCTAHT TOCJIEIOBATEIbHBIX CTAU 1ACT KOHCTAHTY PaBHO-
BECHS PEAKIUHU B 11€JI0M (KOHCTAHThI PACTBOPUMOCTU MOKHO B3STh
u3 Tabu. 113 B IpujIoKeHun):

1 258-10°
K (BaSO,) 1,08-107"°

Omeem: KOHCTaHTA PaBHOBECHSI TaHHOM ob6MeHHOM peakim K = 23,9.

K=K (BaCO,) 23,9,

IIpumep 8.3. B xakoM HarpaBJIeHUH TOUAET OOMEHHAsT PEaKIUsT
CaSO,(xp) + 2AgNO,(aq) s Ca(NO,),(aq) + Ag,SO,(xp)
TIPY HATUYUH 000MX OCAJIKOB U CJIEAYIONUX KOHIIEHTPAIIMSIX BEIECTB
B pactBope: c(AgNO,) = 0,1 moms/n u ¢(Ca(NO,),) = 0,06 monb/n?
KoncranTa paBHOBecus K = 4,1.
Pewenue. HanmeM peaxnuio B MOHHOK hopMe:

CaSO,(xp) + 2Ag" < Ca® + Ag,SO,(xp).

IIpuMeHnM 3aK0H IEUCTBYIOIMX MacC U BEIMUCIUM ITPOU3BEIEHIE
PEeaKITuu:

~ 2+
k=2C2) 41 ne=9%_g
¢*(Ag") 01

Oxkasajoch, uTo 17151 fanHoi cucremsl Ilc > K.
Omeem: peakuus OyaeT WATH B HaIIPaBJIECHHH CIIPaBa HAJIEBO.

Ilpumep 8.4. PaccumraiiTe KOHCTaHTY PABHOBECHS PEAKIIUH XJIO-
puna meau(I1) c Bomopomaom, a Takxke 1o ¢opmysam (8.7) u (8.9) BeI-
YUCJIUTE TEMITEPATypy, Ipu Koropoi K = 1 (cranzapTHoe cocTostHIE
COBIIQ/IaeT C PABHOBECHBIM ).

Pewenue

HanvmeMm ypaBHeHMe PeaKIMK ¥ BO3bMeM 13 Tabauisl I11 Heobxo-
IVIMBIE TEPMOAMHAMUYECKIE KOHCTAHTHI BENIECTB:

CuCl,(xp) + Hy(r) s Cu(xp) + 2HCI(r)
A, [k /moms —220,1 0 0 -92,3
S°, Ix/(K-momp) 108,1 130,7 33,2 186,9

BorumcinM cTaHZapTHbIe M3MEHEHMS SHTAIBIINN M SHTPOIIUH Pe-
aKIUH:

A H =2 (-92,3) - (-220,1) = 35,5 kI /MOIIS;
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A §5°=2-186,9+33,2-(108,1 + 130,7) = 168,2 [Ix /(K - MozIB).
OueBHIHO, YTO IIPOTEKAHUIO PEAKITUH CIIOCOOCTBYET SHTPONUAHBII

daxrop.
Boruncisiem nusmenenve sneprum I'm66ca mpu 298,15 K:

AG'=AH -TA S = 35,5-298,15 - 168,2/1000 = —14,65 x/[>x /MOIb.
Bomucistem K:

—-14,65 - 1000

M =T 831429815 K'=369,6.

B cTaHAapTHOM COCTOSIHUM PEaKIIHs UET CAMOIIPOU3BOJIBHO.

B sHI0TEpMUYECKO# pEaKIINi KOHCTAHTA PABHOBECHS YMEHbIIIAETCS
TIPY IOHVDKEHUY TEMIIEPATYPHL BrruriciuM TeMeparypy, Ipu KOTOPOit
K =1, no ypasueruio (8.7):

T 35,5-1000
1682
Borancavm Temnepatypy 1o ypaBHeHu1o (8.9):
In 369,6 35,5-1000 (1 1
1~ 8314 \T 29815/
Boruncnenwve naer T=211 K.

Omeem: ipu oxaaxaennu cucteMbl oT 298 mo 211 K xoncranTa
paBHOBecus yMeHbIUTCSI OT 369,6 10 1.

=211 K (-87°C).

8.3. 3apanusa pns camocToATenbHOM paboTbl

324. Kakue xuMy4ecKye peakiiy Ha3bIBAIOTCS 0OpaTMbIMU ?

325. B uem 3aKi04aeTcs pasandyne NOHATUM «obpaTuMas
XAMHUYECKas PEaKIUsa» U «00PaTUMBIH [poreccs ?

326. IlepeuniciiviTe OCHOBHBIE XapaKTEPUCTUKUA XUMHYECKOTO
PaBHOBECHS.

327. fABasieTcs v MOCTOSTHCTBO KOHIIEHTPAIlU BEIIECTB
B CUCTeMe JI0CTaTOYHBIM IIPU3HAKOM XMMUYECKOTO PaBHOBECHSI?

328. Kakue peakiuu Ha3bIBAIOT MPAKTUIECKH 0OPaTUMBIMU
Y IPAaKTUYECKH HEOOPATUMBIMU?

329. IlpuBeanTe NIpUMEPHI «3aTOPMOKEHHBIX» CHCTEM.

330. Kakoe cocTostHIIE CHCTEMBI HA3bIBAETCSI CTAI[IOHADPHBIM
¥ YeM OHO OTJINYAETCS OT COCTOSTHUSI paBHOBECHS ?

331. ChopmymmpyiiTe 3aK0H AEHCTBYIONINX MACC /IS XUMU-
4eCKOT0 pPaBHOBECHSI.

332. Yro Ha3pIBaeTCs KOHCTAHTOM XMMITYECKOTO PABHOBECHS ?

333. Kak BBHIBOJWTCSI KOHCTAHTa XMMUYECKOTO PAaBHOBECHS
B TEPMOIMHAMMKE Y B KWHETUKE?
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334. Kaxkasi cymiecTByeT CBSI3b MeXy KOHCTAHTAaMU PaBHO-
BECHsI PEAKI[UH B IPSAMOM 1 06PaTHOM HAIPABJIECHUSIX ?

335. Kak BbIuHC/IsIeTCSI KOHCTaHTa PAaBHOBECHS IIPOIIECCA,
COCTOSIIIETO U3 Psifia MTOCIe0BATENbHBIX PEAKITAMA ?

336. B yueM cocTouT NpUHIUT OIpe/iejieHNs HallpaBJIeHUs
00paTUMO PeaKI[UH B CTAHAAPTHOM COCTOSIHMM M B COCTOSIHWH,
OTJIMYAIONIEMCS OT CTAHAAPTHOTO?

337. IlpuBenute npuMeps HA3BAHUN KOHCTaHT PAaBHOBECHUSI
JIJIs1 PA3HBIX TUTIOB XMMUYECKNX PEAKITU.

338. Uto Ha3bIBaeTCA CMellleHHEM XUMIYECKOTO PABHOBECHST?

339. ChopmyaupyiiTe MIPUHITUT CMEIEHUST XUMUIECKOTO
DPaBHOBECHSI.

340. Kakue Bo3aelCTBHS Ha CUCTEMY MOTYT CMEIIATh COCTO-
STHUE XUMUYECKOTO PaBHOBECUS ?

341. B yeM 3akI09ai0TCS 0COOEHHOCTH TPUMEHEHS 3aKOHA
JeHCTBYIOMNX MacC ¥ TIPUHITUIIA CMENIEHUSI pABHOBECHUSI K TeTe-
POTEHHBIM CUCTEMaM ?

342. B KaKkuX yCJIOBHAX OIBITOB OOHAPY/KMBAETCS BJIUSTHHE
A, H’ Ha KOHCTaHTy PaBHOBECH?

343. B zakpsiThIil cocyZ BMecTUMOCTBIO 0,2 J1 TOMECTHIIH
0,15 moab Bogopoza u 0,0031 moapb noza. Ilocie qocTKeHuUs
paBHOBecHs B cocyie obpasoBasoch 0,0054 MoIb HOLOBOZOPO/A.
Berumciite KOHCTaHTY paBHOBECHS.

344. 1lpu uayuenuy paBHOBeCHSI B Ta30BOi1 (haze

H,+1,< 2HI
OKa3aJIoCh, YTO PaBHOBECHBIE MaplMaibHble gaBaeHusa H,, I,
u HI paBusl coorBercTBerHO 40, 40 u 15 kIla. B gpyrom ombite
IIPU TOM XK€ TeMIlepaType PaBHOBECHBIE TIAPIIHAIbHbBIE JaBJIe-
nust L, u HI 6p11m 40 u 12 kI1a. Paccunraiite paBHOBECHOE Tap-
ITUAJIBHOE IABJIEHUE BOIOPOA B 3TOM OIIBITE.
345. Peakius

250,(r) + O,(r) 5 2S0,(r)

XapaKTePU3yeTCs CAEAYIONUMY 3HAUEHUSIMU TEPMOANHAMU-
yeckux Qynkuuit (298 K): A G° = —142 x][x/monb, A H® =
=-197,8 x/Ix/Moub. Paccunraiite npuOIMKeHHbIe 3HAYEHUS
KOHCTaHT paBHOBecus mmpu 600 u 800°C.

346. KoncranTa paBHOBeCHSI peaKI[UU

250,(r) + O,(r) S 250,(r)

npu 600°C paBHa 53. BeuncinTe paBHOBECHOE TTapIHAIBHOE
nasnenne SO, npu p(SO,) = 4 kllau p(O,) = 10 xIIa.
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347. B xakoM HanpaBJjieHUM WJI€T PeaKIus MPU yKa3aHHBIX
MAPITHAIbHBIX JABIEHUSIX U TeMiiepaType 550°C:

250,(r) + O,(r) = 2504(r)
p,xlla 5 20 76

W cnonb3yiiTe TepMogrHAMUYEcKre PYHKIIUY U3 33129 349.

348. I1pu cuHTe3€ aMMMaKa B CMECH C TTIAPIIMATbHBIMU JIaBJIe-
auamu p(H,) = 1000 xI1a (10 atm) u p(N,) = 3000 xIla (30 atm)
nipu Temrneparype 300°C coctosiHne paBHOBECHS TOCTUTAETCS
TIPU BBIXOJIE aMMHaKa 53%. PaccunTaiiTe KOHCTAHTY PABHOBECHSI.
KakuM ctas 6bI BBIXOJ aMMMaKa, €CJIM Obl MCXOJHOE [aBJIEHHE
ITOHU3UJIOCH B 5 pa3?

349. KoHcTanTa paBHOBeCHs peakiluy CUHTe3a aMMuaKa
npu 25°C paBHa 5,4 - 10°, a npu 200°C ona ymenbmaercs 0 0,6.
IloueMy cuHTE3 aMMUaKa IMIPOBOJIST MIPU BEICOKOU TEMIIEPATYPE,
HECMOTPS Ha pe3KOe yMeHbIIIeHNe KOHCTaHThl PABHOBECHS ?

350. PaccunTaiiTe KOHCTAHTY PAaBHOBECHS PEAKITAN

CaF,(xp) + 2HCl(aq) < CaCl,(aq) + 2HF(aq).

351. PaccunTaiiTe KOHCTAaHTY PAaBHOBECHS PEAKITUN

MgF,(xp) + 2LiCl(aq) < MgCl,(aq) + 2LiF(xp).

B xakoM HampaBJIEeHUH UAET PEAKITUs IIPU KOHIIEHTPAIUAX
c(LiCl) = 0,25 moun/1 1 c(MgCl,) = 0,01 Moub/1 ¥ TIpY HaT4IM
HEPACTBOPUMBIX BEIIECTB?

352. PaBHOBecHe peakiuu

C,H, + H,0 = C,H,OH, AH’ = —46 x/lx
ycranoBusioch npu tTemneparype 300°C u gaBienuu 80 aTm.
B KakoM HanpaB/IeHUN CMECTHUTCS PABHOBECHE TIPH CIEAYIOUIHX
BO3/IEMCTBUSIX:

a) B CMeCh JI00aBISIOT STUJIEH;

0) 13 CMeCH yIAJISAIOT HEKOTOPOE KOJMYECTBO BOJIBI,

B) YAQISIOT HEKOTOPOE KOJIMYECTBO ATAHOJI;

r) TeMnepaTypa crajia 563 K;

1) naBjeHue craio 87 atM?

353. B 3aKpbITOM CTEKJITHHOM COCY/IE€ YCTaHOBIJIOCHh PABHOBECHE

2NO,(r) = N,O,(x).
B xakoM HampaBJIEHNY CMECTUTCS PaBHOBECHE:
a) npu gobasnennu xuznkoro N,O,;
0) IIpY BHECEHUH OCKOJIKOB CTeKJIa

B) 1Ipu 100aBJIeHAN ra3006pa3Horo NO,?

Kakoe maBjieHue 6yneT B CHCTEME, Kor/:[a OHA BHOBbB IIPHUJIET
B COCTOSTHHE PABHOBECH?
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354. Ilpu KakoM BO3/IEHCTBUY HA CUCTEMY, B KOTOPO#i yCcTa-
HOBHJIOCH PaBHOBECHE

PCLy(r) + Cl(r) 5 PCL(r), A" = -87,9 x/Ix,

KOHCTaHTa PaBHOBECHS Oy€T YMEHBINATHCS:

a) IIOBBILIAIOT JIABJIEHUE;

0) 106ABJIAIOT XJIOP;

B) HarpeBaloT;

T') OXJIAXK/IAIOT;

1) TTOHWXKAIOT IaBJieHue?

355*. [laiiTe TepMOIMHAMMYECKYIO XaPAKTEPUCTUKY PEAKIIAN
OCKIEHUS TUIPOKCU/IA KAJIbITVsI U3 BOAHOTO PacTBOPa

Ca?*(aq) + 20H (aq) = Ca(OH),(xp)

0 CJIEAYIOIUM ITYHKTaM:

a) Beramciute A H,

6) Boraucute A S’

B) BBamcauTEe A G° 1ByMS CTIOCOGaMH;

T') HAITUIIIKTE YPaBHEHUE 3aKOHA IEUCTBYIOIIMX MACC JIJISI PaB-
HOBECHS PEAKITH,

1) BBIYMCJIUTE KOHCTAHTY PAaBHOBECHS IIPU TEMIIEpAType
298 Ku 310 K;

€) OoIpezeinuTe, B KAKOM HAlPaBJIEHUH MOMNET 3Ta Peak-
nuaA npu cMemunBanuu kpucTtamwamdeckoro Ca(OH), u pas-
HBIX 06BEMOB PACTBOPOB C KOHIIEHTPAIUAMU: pacTBop (a) —
c(CaCl,) = 0,04 momn/m; pactop (6) — c(KOH) = 0,05 Momn,/717?
KakoBsl OyyT paBHOBECHBIE KOHIleHTpanyuu HoHoB Ca? u OH-
B pacTBoOpe?

356*. BoruncauTe KOHCTAHTY PABHOBECHS PEAKI[MN CHHTE3a
aMMHaKa U3 IPOCTHIX BeMECTB Npu TeMiepaTtype 450 K:

a) [0 YPaBHEHMIO N300apbl PEAKITHM;

0) 10 3HAYEHUSAM TEPMOAMHAMUYECKUX (QYHKITUN PEaKI[Un
A I . =—-84,8 k[l /Momb, A S° ., =—179,2 Ix/(Momb - K).

O6CyanTe NOTyYEeHHbBIE PE3YIbTATHL

357*. PaccunTaiiTe KOHCTAaHTY PaBHOBECHS 00pa30BaHUS
KPUCTAIMYECKOTO XJIOPHUIa aMMOHUS TIPU CMENTWBAHUH Ta-
3000pa3HBIX aMMHaKa ¥ XJIOPOBOAOPO/A U BOXHBIX PACTBOPOB
Tex e BemecTB. OOCyAUTe PE3YITATH PACYETOB.




9. KHHeTMKa XMMHUYECKUX peakLui

9.1. KpaTkue TeopeTuyeckue CBEAEHUA

ITox xuHETHKOM TOZPa3yMeBAIOTCSI CKOPOCTU M MEXaHU3MbI XUMUYE-
CKMX peakiuii. 3HaHue (PaKTOPOB, ONPEETTIONTNX CKOPOCTH PEAKITUH,
JlaeT BO3MOXKHOCTb YIIPaBJIATh IPOTEKaHUEM XUMUYECKUX IIPOIEeCCOB
1 106MBaTHCA MAKCHMATBHOM 3((eKTHBHOCTH MX ITPOBEICHMSL.

IIpu pacCMOTPEHMM KMHETUKHU PEAKIIHHA HEOOXOIUMO pa3rpaHu-
YyeHHe MPOCTHIX (OZHOCTAUMHBIX) M CIOXHBIX (MHOTOCTQIMNAHBIX )
PeaKInii, a TaK)Ke TOMOTeHHBIX (0HO(A3HBIX) M TeTEPOTEHHBIX (MeX-
(asHbIX) peakuii.

3aBHCHUMOCTh CKOPOCTH OT KOHIleHTpauuii BemecTB. K mpocToit
TOMOTEHHOU peaKI[y IPUMEHUM 3aKOH JIEUCTBYIOIIMX MacCC:

v=k-c' G- 9.1)

JTO ypaBHeHUe Ha3bIBalOT KWHETUYECKUM ypaBHEHUEM PEaKI[UH.
B HeM k — KOHCTaHTa CKOPOCTH, ¢, — KOHIIEHTPAIlUH PearHPYONIAX
BEIIECTB, V, — COOTBETCTBYIOIIUE CTEXUOMETPUIECKHE KOO DUITMEHTEL.
KoHCTaHTBI CKOPOCTH Pa3HBIX PEAKINH U3MEHSIIOTCS B OU€Hb IIMPOKUX
npeienax. CKOpocTh peakiivii B OCHOBHOM U OIIPeZiesisieTCsI KOHCTaH-
TaM¥ CKOPOCTH, TaK KaK MPAKTUYECKU aKTyaJIbHBIE KOHIIEHTPAIINN
BeI[ECTB U3MEHSIIOTCS He B CTOJIb IIMPOKUX Ipefenax. Cienyer UMeTh
B BHUZY, YTO B IIPOCTHIX pPeaKIusiX cyMMa K03 UIIMEHTOB B KUHETH-
YeCKOM ypaBHEHUM He MOXeT IPeBhIMaTh 3HaYeHue 3, Tak Kak HeT
3JIeMEHTapHBIX IIPOIECCOB, UAYIMX Yepe3 OAHOBPEMEHHBIE COYAapEeHUST
OoJiee TPexX YaCTHIIL.

CKopoCTb MHOTOCTaIMITHBIX PEAKITUH TOKE 3aBUCUT OT KOHIIEHTPa-
U pearupyolKX BEIIeCTB, HO KOHCTAHTHI CKOPOCTH IIOCIIEIOBATEb-
HBIX CTaUi UMEIOT pa3Hble 3HAYEHUS], B pe3yJIbTaTe Yero 3aBUCUMOCTh
npuoOpeTaeT HempeACcKa3yeMblii xapakTep. Ee MOKHO TIpenCcTaBUTh
B BUJIE IPOU3BEEHUS

v="Fk-cl-cl-.., 9.2)

T7ie TI0Ka3aTeau CTEeIleHU P, ¢ U T.]l., Ha3bIBaeMble TTOPSIIKOM PeaKIIuu
IO KOHIICHTPAIUK JAHHOTO PEareHTa, OIPeAEISIIOTCS] TOJIBKO 9KCIIE-
PUMEHTAJbHBIM IIyTEM U MOTYT UMETh BCEBO3MOKHbBIE 3HAUEHUS —
1eJIOYKCIIEHHBIE, IPOOHBIe, HyeBble. CyMMa YaCTHBIX MOPSAKOB P, g
U T.JI. Ha3bIBAeTCS MOPSIKOM KMHETUYECKOTO YpaBHeHUsI. KOHCTaHTHI
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CKOPOCTH 2 MIMEIOT Pa3HYI0 PA3MEPHOCTD, KOTOPasl OIIPEIEISIETCS U3 YC-
JIOBUSI, UTO TIPOM3BENEHHE B IIPABOM YaCTH YPABHEHMS JOJKHO AaBaTh
Pa3MepPHOCTh CKOPOCTH J1/(MOJIb - C).

Y 100HBIM CIIOCOOOM BHIPaXKEHHUSA TEMIIA MPOTEKAHUS PEeaKIuU
SABJISICTCS IIEPHO/, IOy TIPEBPAIIEHHS (nomypacnana) ¢, o ITO OTpe-
30K BPpEMEHH, 32 KOTOPBIM KOHIIEHTPAIIHS peampyromero BellleCTBa
yMeHbIraeTcsa B 2 pasa. Caeayer o6paTuTh BHUMaHKHE HA TO, YTO
IIepHOo/I TOJYyIIPEBPAIleHUsT B IIpotieccax 1-ro mopsaaka He 3aBUCHT
OT KOHIIEHTPAIIUH, T.€. SIBJISIETCS ITOCTOSHHON BEJTMYMHOM, XapaKTe-
pU3YIOIIEeH mpoliecc.

Kunernueckue XxapakKTepUCTUKH TMTPAKTUYECKH BAXKHBIX ¥ YaCTO
BCTpPeYaoImuxcs peaknuit 1-ro, 2-tro u 0-ro MOpsAAKOB IpUBEAEHBI
B Tab1. 9.1. Peakiiuu HyJIEBOrO MOPSIAKA HE IOCTABJIEHBI B IEPBOM
CTpOYKe TabJIMIIbI, TaK KaK B OTJIMYHE OT Peaknuii 1-ro u 2-1o nmopsiaka
OHH SABJISIOTCI MHOTOCTaAUHHBIMH.

Tabnuua 9.1
Kunernueckue XapaKTePHCTHKH PeaKIMii pa3HbIX NOPSIKOB
Mopsnox | o Enununa c ; Jlunetinas QyHK-
u3MepeHust k 172 I[UST BpEMEHU
1-i ke |ct c,exp(—kt) 111_2 Inc
k
2-i kc? |- momp! - ¢t % ki 1/c
kt+— ¢
CO
0-i1 k |mom-mt-ct |c -kt < c
2k

IIpu 5KCIEPUMEHTAIbHBIX UCCIEI0BAHMIX KWHETUKH PEAKI[HiA He-
00XOAMMO CBOJMTHh K MEHUMYMY YMCJIO IIEPEMEHHBIX KOHIIEHTPAIIMMA
pearenToB. IIIMPOKO NPUMEHSIEMBIH METOL COCTOUT B TOM, YTO OJHH
13 PEareHToB HGEPeTcsl B HEJOCTATKE M €ro KOHIEHTPAIMSA YMEHbIIa-
eTCs 10 X071y peakiuu. KOHIleHTpalyu OCTalbHbIX PEATEHTOB 34 CYET
6OJIBIIOTO M30BITKA OCTAIOTCS TMPAKTHIECKH MOCTOSTHHBIME. [Ipu Ta-
KOM COOTHOIIIEHUY KOHIIEHTPAIINI TOHMKAETCS KKYIUNUCS TOPSIOK
peakiuu. Hanpumep, peakuus 2-ro nmopsaxa uaer Kak peakius 1-to
nopsiaka. ClieoBaTebHO, OIPENEISIETCS TIOPSAIOK 110 KOHIIEHTPAIH
oiHOro u3 peareHToB. [Ipy 5TOM pOJIb KOHCTAHTEI MIPaeT IPOM3BEIEHIE
HACTOATIEH KOHCTAHTHI CKOPOCTH HA TIOCTOSTHHYI0 KOHIIEHTPAIIHIO BTO-
POTO peareHTa. TO IPOU3BENEHHE, SIBJISIONIEECS KOHCTAHTOM B TAHHBIX
YCJIOBUSIX SKCIIEPHMEHTA, HA3BIBAETCS SKCIIEPMMEHTAIBHOM KOHCTAHTOM
ckopocTH k___. B 001ieM Bujie sl peakIiu

aKen’
A + B — npoaykTh
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pH U30bITKE pearenTa B momyunm
v=Fk-c(B)-c(A)=F___-c(A). (9.3)

Cpenu ca0XKHBIX peakIluil 4acTO BCTPEUYAIOTCS CAeAyIoNue pas-
HOBH/IHOCTH: IIOCJIEJOBATEIBHEIE, TADAJLJIEIBHBIE U IIOCIE0BATEb-
HO-TIapaJljieJIbHBIE.

[locnemoBaTebHAST PEAKIUSI COCTOUT U3 Psifia IPOCTHIX CTAIMMI,
MMEIONUX Pa3Hble KOHCTAHTHI CKOPOCTH. CKOPOCTh PAaCXOOBAHUS
MCXO/HBIX BENECTB U CKOPOCTh 00pa30BaHMUsT KOHEYHOTO TIPOAYKTa He
COBIIAJAIOT MEXIY COOOM, TaK KaK 00pa3yloTCs IIPOMEXKYTOYHBIE IIPO-
aykTel. CKOPOCTh YMEHBIIEHUSI KOHIIEHTPAIMY MCXOAHOTO BEIECTBA
OIIPEIEISIETCST CKOPOCTHIO MIEPBOM CTaJ[MK PEAKIIMH, 2 CKOPOCTh 06pa-
30BaHMS KOHEYHOTO IIPOYKTa — CKOPOCTHIO CAMO MEJIJIEHHOM CTAIIVH.

B mapasiieTbHBIX PEaKIMSIX OMHH U T€ JKe PeareHTh 006pa3yIioT 1Ba
WJIM HECKOJIBKO Pa3HbIX KOHEYHBIX IPOoyKToB. KommyecTBo 06pa3oBas-
IIMXCSI TPOYKTOB ITPOIIOPIIMOHAIBHO KOHCTAHTAM CKOPOCTH KaXKI0H
13 TMapaJLIeIbHBIX PEAKITHi, TPUBOSIIMNX K UX 00OPa30BaHMIO.

B mocreioBaTeIbHO-TIapA/IJIEIBHBIX PEAKITUSAX OTHU U T€ K€ KOHEY-
HEIE IIPOAYKTH 00PasyOTCS 10 PA3HBIM KMHETHYECKUM MEXAHH3MaM.
Baxxuelineit pa3HOBUHOCTBIO TaKUX PEAKIIHIM SBJISIOTCS KaTaJIUTAYe-
cKue peakuu. IIpy oTCyTCTBUM KaTaIn3aTopa OHHU UAYT 110 OTHOMY Iy TH
C KOHCTaHTOl CKOPOCTH k_, 3 B IIPUCYTCTBUM KAaTaIN3aTOPa J06aBIIsIeTCS
ellie O/IVH ITyTh, 3aBUCAIIME OT KOHIIeHTpaIuK KatanusaTopa (k. ). Ilo-
3TOMY KOHCTAaHTa CKOPOCTH OKA3bIBAETCSI CYMMOM IByX KOHCTAHT:

k=k_+k_-c(K) (9.4)
¥ 3aBUCHUT OT KOHI[eHTpaIuu Karaausatopa. IIpu abdexruBaom neii-
CTBHM KaTaJIM3aTopa craraeMoe k_MaJio 1o cpaBHeHuIo ¢ k- ¢(K), n um
MOXKHO IIpeHeOPeYb.

B rereporeHHBIX peaKIMAX MOSIBISIOTCS AOMOJIHUTENbHbIE (DAKTO-
PBI, BJIUSIONME HAa CKOPOCTh. CKOPOCTh peaKlMK 3aBUCUT OT BEJTMYMHEI
MexdasHoi mosepxHocty S. Hanpumep, MeJIKo pasapobieHHOe TBEPOe
BENIECTBO WJIM 3MYJIbIMPOBAHHAS JKMIIKOCTh PEArHPYIOT C PACTBOPOM OhI-
CTpee, UeM TO ke Bell[eCTBO B BU/ie OZTHOTO arperaTa W >KUKOCTb B BUJIE
CJIOSI Ha JIHE COCYZIA C pacTBOPOM. B cirydae reTeporeHHOTO KaTasmsa CKo-
POCTB ITPOIIECCa 3aBUCHT OT IJIOMAAM KaTaTuTHIeCKOro Marepuaia. Kpo-
Me TOTO, CKOPOCTb T€TEepPOTEHHBIX PeaKIIUii 3aBUCUT OT IlepeMeITBaHus
(a3 1 OTHOCUTEILHOTO 0GBEMA TBEPOH 1 KUAKOH (Tazo00pasHoii) Bas.

3aBHCHUMOCTB CKOpOCTeii peakiuii oT Temneparypbl. Koncran-
THI CKOPOCTH, a CJIe0BaTEJbHO, © CKODOCTH BCEX pPeakIUi 3aBUCST
oT TeMueparypsl. Bce peakiuu, 3a HCKIOUEHHEM OMOXUMHUYECKUX
(pbepMeHTATUBHBIX PeaKITUi, TIPY TOBBINIEHNH TEMIIEPATYPhI YCKOPSIIOT-
ca. TeMepaTypHasi 3aBUCAMOCTh KOHCTaHTBI CKOPOCTH TIOAYHHSIETCS
ypaBHEHUIO AppeHmyca

E
E=A- N 9.5
exp| ~r (9.9)

rfe A — TaK Ha3bIBAEMBIN [TPEIIKCIIOHEHIINAIBHBIM MHOKUTEIb, PABHBIH
00IIIeMy YHCITY COyAapeHwii YaCcTHIL ( BBIPAXKEHHOMY B MOJIb) B €[IMHUILY
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BPEMEHH B eIMHAUIIE 00BEMa; SKCIIOHEHTa PaBHa JI0JIe aKTUBHBIX COY/Iape-
HUH, 3aKaHYNBAIOIUXCS IPeBPaIleHNeM YaCTHUI] PEareHTOB B IPOIYKTHI
peaxImy; B IOKa3arese cTenenu E, — sHeprus akTuBanmy, R — ynusep-
caJIbHast Ta30Basi IIOCTOsTHHAS, T — aOCOIOTHAS TEMITEPATYpA.

W3 ypaBHenwus (9.5) caenyer, 4To ¢ yBeJIUIeHHEM SHEPTUH aKTH-
Ball¥ B KAaKOM-TO PSIAY PeaKIuii KOHCTAHTa CKOPOCTH TIpU JaHHOMU
TeMIlepaType cTaHOBUTCS MeHbIne. Ho ¢ yBerndyeHneM TeMIepaTyphl
1pu GOJIBIION SHEPTUU AKTUBAIMK KOHCTAHTA CKOPOCTU BO3PACTAET
ObICTpEE, YeM TIPH MaJION SHEPTHH aKTUBAI[UH. [103TOMY M3 IBYX pe-
aKIMii ¢ PA3HBIMU DHEPTUSIMH aKTUBAIKU 60Jiee MEIIEHHAS PEAKIIHsT
TIPU HU3KOM TEMIIEPATyPE MOYKET OKa3aThCst 60s1ee OBICTPOH IPH TTOBHI-
NIEHUH TEMIIEPATYPHI IPU IIPOYUX PABHBIX YCIOBUSIX.

IIpu pemenny 3124 OOBIYHO MCIIOIB3YETCS YPaBHEHHE APPEHIYCa,
npeo6pa3oBaHHOE /I IBYX TemnepaTypHbix Touek T, u T, ¢ cooTBer-
CTBYIOIIMH KOHCTaHTaMHM CKOPOCTH &, 1 k.,

EOE(1 1
nf-Zfl_1) 9.6
e TRITTT ©.6)

N3 sTOT0 ypaBHEHNS BRIYUCIsSIETCS SHeprus akTuBali. Eciu sHep-
TUsI aKTUBAIIH YKe H3BECTHA, TO, 3HASI KOHCTAHTY CKODOCTH IIPH OTHOM
TEMIIEPATYPe, MOKHO BBIYUCIUTH KOHCTAHTY CKOPOCTH TIPH JII060i
IpyToli TeMIiepaType.

N3 ypaBrenus (9.6) MoxkHO BEIBeCTH (GOPMYJTY IJIsI pacUeTa TEMIIE-
paTypHoro Koadduimenta ckopocTy, umu Koadduimenta Bant-Todda:

y= kT+10 ) (97)

kr
B ypaBuenue (9.6) oz sHak sorapudma nmoacranisieM Koadhduiu-
€HT Y, a B IPaBYIO YaCTh YPaBHEHUS — COOTBETCTBYIOIIHE TEMITEPATYPEL
[Ipuxonum K ypaBHEHUIO
my=PafLl__1 )_ 10E, (9.8)
R\T T+10) RT(T +10)
N3 ypaBrenus (9.8) caenyer, 4To pU MOBBIIEHUH TeMIIEPaTyPhI
TeMIIepaTyPHBIH K0a(PUITMEHT CKOPOCTH YMEHBIIAETCSI.
I[Ipu mpubIMKEHHOM pacyeTe KOHCTAHTHI CKOPOCTH HA OCHOBE TEM-
nepaTypHOTO K03 dUIMeHTa UCTTOIb3YyeTCsl PopMyJIa
ﬂ
k,=Fk 10 10 9.9)
J1J1s1 MHOTMX XUMWYECKUX PEAKIIHi, HAYIUX TIPU YIaCTHH KaTasIu-
3aTOpa, YBEJUYEHHE KOHCTAHTHI CKOPOCTH OOBSICHSIETCSI B OCHOBHOM
CHIJKEHHEM SHEPTUM aKTUBaIMu. MOXHO UCIONb30BaTh GOPMy.Iy,
CBSI3BIBAIONLYIO k1 k_(CM. BhIIIE) C M3MEHEHHeM SHEePTUH aKTHBAIUK:

Inoe=""2 (9.10)
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9.2. llpumepbl pelieHns 3aaay

IIpumep 9.1. IIpu usydyenun peaknuu OPOMaTaHA CO IIEIOUBIO
B CIMPTOBOM PacTBOPE IIPY PaBHBIX KOHIIEHTPAIUSIX PEareHTOB OIperie-
nena kounenrpanusa C,H.Br B mocieioBateibHble MOMEHTH BpEMEHM:

t, cex 0 | 116 | 348 811 1737
¢, momp/n | 0,1 | 0,05 | 0,025 | 0,0125 | 0,0625
At, cex 116 | 232 463 927

Onpenenvrte nepuo;] MOAyIIPeBPaIIEHNs], TOPSAOK PEaKIInK U KOH-
CTaHTY CKOPOCTH.

Pewenue

B yciioBuu npuBe/IeHbI JaHHBIE O XOJI€ PEAKITUH 3aMeTIeHUsI

C,H.Br+ OH =C,H,OH + Br".

OO6parvM BHHMaHHE Ha TO, YTO B IIOCJIEJOBATENbHBIX TOUKAX M3-
MepeHNs KOHIIEHTPAITHs KAK/BIH pa3 yMeHbImaercs B 2 pasa. Orciona
CJIeTyeT, YTO UHTEPBAJIbl BpeMEHU AL MeXK/y U3MepeHUSIMHU (TIOCIETHSS
CTpOYKa B TaO/IKIIE) PaBHBI IEPUOY HOJIypaciajia. VI3 YucIoBhIX AaH-
HBIX CJIEZYET, YTO KaXKIbIN pa3 IIPH YMEHbIIEHNN KOHIIEHTPAIIUH B [BA
pasa mepuoji MoJyINpeBpalleH!s] YBeJIMYUBAETCSA TakKe B J[Ba pasa.
Peaxiusa uzietT o KHHETUYECKOMY YPaBHEHUIO 2-TO MOPSIIKA.

KoHcTaHTa CKOPOCTH BBIYHCJISIETCS 110 YPABHEHHIO B -1 KOJIOHKE

1 1
Tabn. 9.1: ¢, , = —, oTkyma k=—.
kc ] /o€
Hawnbosiee IpaBUIbHBIN PE3yIbTAT IOIYIHTCS, €CIM BHIYHUCIUTD &k
JI7ISL KaXKJIOM TOYKHU B YCJIOBUM 33/]a4M M B3SITh cpeiHee. MOXHO orpa-
HUYHUTHCS BBIYMCICHUEM AJISI OAHOM TOUKU:

1
- 116 ¢- 0,1 Momb - 1~

- = 0,086 1/(moi5 - C).

Omgem: peakius UAET 110 BTOPOMY IIOPSIIKY C YBETMIUBAIONIIMCS IIe-
PHO/IOM IIOIYTIPEBPALIEHHST; KOHCTaHTa cKopocTH k= 0,086 j1/(Mob - ©).

IIpumep 9.2. [IpoBeseH ONBIT IO UCCIELOBAHNUIO PEAKIIUN 3aMe-
MeHus
C,H.Br + OH = C,H.OH + Br~
1py HavaabHbIX KoHeHTparmsx ¢(C,H.Br) = 0,001 momb/1 u ¢(OH™) =
= 0,1 mosb/1. Pe3ynbTaTe U3MepeHuA:

t, cex 0 80 160 240 320
¢, moms/a | 0,001 | 5,03-104 | 2,53-10 | 1,28-10* | 0,642 - 10
c/c, 1 0,503 0,253 0,128 0,0642

OnpenenuTe MOPAAOK PEAKITUH, KOHCTAHTY CKOPOCTH M TIEPHOT,
MOJIyTIPEBPAIIEHUSI.
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Pewenue

B rab:miie, JaHHOM B yCJIOBUH 33124, IIPEACTABJIEHbI PE3YIbTATHI
M3MEPEHMH KOHIEHTpAI[Hh OPOMITaHA YePe3 PABHBIE TPOMEKYTKH
BpeMenu 80 c. V3 mocienneit CTpouKH TabJIHIbI CIELYET, YTO 3a KakK-
neie 80 ¢ KOHIIEHTpaIMs yMeHbIMaeTcsl HAa paBHyIo noio 0,497, nim
B 1,99 paza. 910 uMeeT MecTo B peaknuax 1-ro mopsaka. [lopsamox
peakiuu moHusuics (cM. mpumep 9.1) BciencTBUe TPOBEAEHUSI Peak-
I[MH IIPU CTOKpaTHOM M36bITKe pearenta OH~. OueBHAHO, YTO EPHOST
MOJIYITPEBPAIEHNS He 3aBICHUT OT KOHIIEHTPAI[MH 6POMaTaHa ¥ OJIH30K
K 80 c. BeranciuM KOHCTaHTY CKOPOCTH, UCIIOJIb3Y Sl 3aBUCUMOCTD TEKY-

melf KOHI[EHTPaI[MX OT BpeMeHH (KoJoHKa 4 B Tabu. 9.1): 7=, e,
1. ¢
otkyzna k=-In-2,
t ¢ .
OrpaHMYUMCST PacUyeTOM JJIsI OHOM TOYKH, KaK B IIPEAbIAYIIEM
TIPUMEPE:
po= 1 In 0,001
T80 5,03-107
BorauciiviM nepuoyt mosrypeBpanieHust:

, _In2_ 2 _
2 b 0,0086

9KCIT

=0,0086¢c™".

81c

Hafinennas KoHCTaHTa k__ ABJISETCS IPOM3BEICHNEM HCTHHHOM
KOHCTaHTBI CKOPOCTH Ha KOHI[EHTPAIMIO PEATEHTA, B3SITOTO B U30BITKE
(ypasuenue (9.3)). Iloaromy

k _0,0086

T «OH) 01

3HaveHre KOHCTAHTEI CKOPOCTH COBIIAJIO C PE3YJIbTATOM, IIOITyIEH-
HBIM B nipuMepe 9.1.

Omeem: peaknusi IpoTeKaaa 1Mo 1-My NOPSIZIKY BCIAEACTBUE U3-
OBbITKa OZIHOTO U3 peareHToB. KOHCTaHTHI CKOpOCTH: k:—)Kcn= 0,0086 c1;
k= 0,086 /(Mo - ¢). Ilepuos moaynpespamenus 81 c.

= 0,086 1/(mob - €).

IIpumep 9.3. PaccuuraiiTe CKOPOCTh peaKIuy MTUPPOJIa C XJIOpMe-
TAHOM IIPU YKa3aHHBIX KOHIIEHTPAIUSIX PEareHTOB:

C,HN + CH,Cl = C.H,NCl + HCI
Co» MOJIB/ T 0,2 0,15
Koncranta ckopoctu k& = 3,1 - 1072 1/(moxs - ¢). Kaxoii craner
CKOPOCTH PEAKIIMH B MOMEHT, KOT/]a KOHIIEHTPAITUS XJIOPMETaHA YMEHb-
mruTcs g0 0,05 mosn/a?
Pewenue

W3 pa3aMepHOCTH KOHCTAHTHI CKOPOCTH CJIEAYET, YTO PEaKIUsl UAeT
o 2-My nopsiiky. Kuneruueckoe ypaBHeHme

v=Fk- c(C,HN) - ¢c(CH,CI).
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BrruuciisieM CKOpoCTh B HaUaJIbHBIH MOMEHT:
0,=3,1-102.0,2-0,15=9,3 - 104 momp/(11 - ¢).
B MOMEHT, KOT/Ia KOHIIEHTPaIMs XJIOPMETaHa YMEHBIIUTCS A0
0,05 moub /11, KOHIleHTpanusa nupposa craner 0,1 Mosb/J1, Tak KaK

BCTYIHT B peaknuio mo 0,1 Mosib/1 060ux peareHTOB. Brraucisiem
CKOPOCTb B 3TOT MOMEHT:

v,=3,1-102.0,1-0,05=1,55 - 10~ monp/(1 - C).
Omesem: vo 9,3 - 10 moms/(1 - ¢); v, =1,55 - 1074 Momb/ (a1 - €).

IIpumep 9.4. Paunonywmp; s Cs uMeer MepUoJ TOJIypacmaaa
t, »,=30,2 roaa. 3a CKOJIbKO JIET KOJIMYECTBO STOTO HYKJIH/Ia, TIOMABIIETO
B OKPYXKaIONIylo Cpesy B pe3yibTaTe aBapuy, ymenbiurcs B 1000 pas?

Pewenue

Pacnan pagnoHykauaoB sBsieTcs mporeccoM 1-ro nopsiaka. [1pu-
MEHUM COOTBETCTBYIOITHE YPABHEHHUST:

In2 1. ¢
E=2% t—ZIn&
12 k¢
L C
otkyzna t = —In-2,
n2 ¢
ITo ycioBuio co/ ¢ =1000. IToacTaBasseM YHUCJIOBBIE 3HAUCHUS:
_ 30, 2
" In2

ITIpumeuanue. O6BrYHO IpHHUMAaETCsI, uTo 3a 10 IeproI0B HoIypac-
Majia KOJIM4eCTBO painoHykiauaa yMeHnbmaercs B 1000 pas. to nmox-
TBEPK/IE€HO B JAHHOM IIPHMEPE.

Omgem: komectBo '5:Cs ymensmmres B 1000 pas 3a 301 rox.

IIpumep 9.5. ATMOC(bepHaﬂ PeaKITus
CH,+0,=C,HO+O0O,

XapaKTepusyeTrcs KOHCcTaHTo# ckopoctu k= 1,02 - 103 1/(Mois - ¢)
(25°C) u sueprueit aktuBanuu E, = 21900 [[)K/MOJII) Paccuuraiite
KOHCTaHTy CKOPOCTH TIpH TOBbIIEHIH temreparypsl Ha 100 rpagycos
U TeMIepaTypHbie K03 hUIIMEHTH! Y IIPU 00eUX TEMIIEPATYPaX.

Pewenue

KoHcTaHTa CKOPOCTH HaHHOM PEaKIMM XapaKTePHU3YeT ee Kak Obl-
CTPYIO, YTO XapaKTEPHO JJIS PEAKIINH C YIACTUEM HEYCTOUYMBOTO 030-
Ha. [To BTOi JKe IPUYKHE Y PEAKIIMH HEOOIbIIIAst DHEPI S AKTHBAI[VH.
MO3XHO IIPeITIOIOKUTH, YTO TEMIIEPATYPHBIN KOA(PDUITMEHT OKAXKETCSI
HeOOJIBIIOM, BHE HUXKHEH TpaHuIlsl 2 mo mpaBuay Baut-Todda.

[Ipumenum ypaBHeHue Appennyca (9.6):
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In k, ~ 21900 1 _ 1 )
1,02-10° 8314\ 25+273 25+273+100)’

orciona k,=9,4 - 103 1/(mo1s - C).
TemmnepatypHble K03()HUIMEHTH paccunTaeM 1o ypaBHeHUIO (9.8):

Ea(l 1 J 10E,
Iny=—2|—--

R\T T+10) RT(T+10)
Nmeem:
lnv.. = 10-21900 . _133
Yo5 = 8,314-298'(298+10)’ Y95 = 1,00;
10-21900
111in5= 1,18.

8,314-398-(398 + 10); Y125=
Omeem: k,=9,4 - 10° 11/(MoIb - €); ¥, = 1,33; ¥, = 1,18.

IIpumep 9.6. Bo cKOJbKO pa3 mpUOIU3UTENBHO YBEINUYNBAETCS
KOHCTaHTa CKOPOCTH Pa3JIoKeHus yroabHou kucaotsl ipu 310 K, eciu
B peakiuu ¢ dhepmenToM Kapboanruzpasoii E, = 49 x/lx/Moib, a 6e3
depmenra E, = 86 k/Ix/Moib?

Pewenue

Bymem cuuTath, 4TO yBEIMIEHME KOHCTAHTHI CKOPOCTH 00YCJIOBJIEHO
TOJIBKO TTOHMKEHUEM SHEPTUM aKTUBAITUH. 1OT7]a MOKHO TPUMEHHUTD

dopmyy (9.10):

ke J AL _ (86-49)1000 g0 K 47y 06
k_RT  8314-310 k

H

H

Omeem: B IPUCYTCTBUH KaTaIM3aTOPa KOHCTAaHTA CKOPOCTH BO3Pac-
TaeT B 1,7 MHJIMOHA Pas3.

9.3. 3apaHus Ana camocToATeNbHOW PaboTbl

358. JlaiiTe onpeneneHUs MPOCTHIX M CIOKHBIX XUMHYECKHUX
PeaxITuid.

359. /laiiTe onpeneneHss TOMOTEHHBIX 1 TeTEPOTEHHBIX XH-
MHWYECKUX PEAKITUHN.

360. Yrto moxpasymeBaeTcs moA KHHETHIECKUM (PaKTOPOM
XUMHWYECKUX PEAKITHii?

361. Ot xakux (HaKTOPOB 3aBUCUT CKOPOCTh TOMOTEHHBIX
peakIii?

362. Ot kakux (akTOPOB 3aBUCUT CKOPOCTh T€TEPOTEHHBIX
peakIii?

363. ChopmynupyiiTe 3aK0H AEHCTBYIOIHUX MACC JJIsI CKOPO-
CTEN XUMNYECKUX PeaKITHi.
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364. UYto Ha3bIBaeTCs MOJIEKYJISIPHOCTBIO peakiun? Kakue
CYIIECTBYIOT Pa3HOBUAHOCTU PEAKIINI 10 MOJIEKYIIPHOCTH?

365. Uto Ha3bIBAETCS YACTHHIM ITOPSIAKOM PEAKIMH U TIOPSI/-
KOM KMHETUYECKOTO YPaBHEHUS ?

366. B uem cyIiHOCTD SIBJIEHHS KaTaan3a?

367. EcTb /i1 cXO[CTBO MEXaHM3MOB KaTalnu3a ¥ MHTHOMPO-
BaHUS?

368. Kakyio poJib B n3y4eHNY KMHETHKH PEAKIIUI UTpaeT
IIPOBEIEHHE PEAKITNH TP U3OBITKE peareHTa’?

369. Kax cooTHOCSTCSI TOPSIZIOK U MOJIEKYJISIPHOCTD B CIy4a-
SIX TTPOCTBIX U CJIOKHBIX PEeaKITHii?

370. IloueMy KOHCTAHTBHI CKOPDOCTU MOTYT UMETh pa3Hbie
pa3sMepHOCTH?

a

RT

371. B yem pusnyeckuii CMBICT COMHOKUTENEN A 1 exp| —

B ypaBHeHUH AppeHuyca?

372. Ot kakux QaKTOPOB 32aBHCUT CKOPOCTb TOMOTEHHOM
KaTaJUTAYeCKOU Peakiny B pacTBOPE:

a) MPUPO/IBI KaTaInu3aTopa;

6) KOHIIEHTPAIIHH KaTaIn3aToPa;

B) IJIOMIAIW IIOBEPXHOCTH KATAJIM3aTOPA;

) aTMOC(EpPHOTO JIaBJIEHUS;

1) TeMIIepaTyphl?

373. Ot xakux (pakTOPOB 3aBUCUT CKOPOCTH XUMHYECKOM
PEAKITNH MEXK/Y BEIECTBOM B PACTBOPE U TBEPIBIM BEIECTBOM:

a) KOHIIEHTPAIIMH BEIECTBA B PACTBODE;

0) aTMOC(EPHOTO JABJIECHUSI;

B) ITepEMENTUBAHNS;

T') BeJIMYNHBI MeX(a3HON TOBEPXHOCTH;

1) TeMIIepaTyphl?

374. MonekyIsipHOCTHIO peaKINy Ha3bIBAIOT:

a) CyMMY IIOKa3aTeJel CTelleHH B KHHETUYECKOM YPaBHEHNUH,

0) YKCJIO YACTHII, YIACTBYIOMIUX B DIEMEHTADHOM aKTe pe-
aKITUH;

B) sIBJIEHHE YYaCTHs B 3JIeMEHTAPHOM aKTe PeaKIIMu TOJIbKO
MOJIEKYT;

T') OTHOIIIEHNE MOJIIPHBIX KOHIIEHTPAIlHii BeIecTBa JI0 U T0-
cJie peakIuy,

1) IpeBpallleHlie MOHOB PearupyioninuX BeIeCTB B MOJIEKYJIbI
IIPOLYKTOB.

375. DHeprueii akTHBAI[MK HA3BIBAETCS:

a) SHTAJIBIINA AKTUBUPOBAHHOTO KOMILIEKCA;
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6) MUHUMAJIbHBIN U30BITOK SHEPTUU OTHOCUTEIBHO CPeTHEN
BHEPTUU YACTHUIl, HeOOXOIUMBIH /1Jisi 0O0pa30BaHUs aKTHBUPO-
BaHHOTO KOMILIEKCa;

B) MUHUMAaJIbHASI CyMMapHasl KHHETUYECKasl SHEPIUsI YaCTHII,
HeoOX0MMast ISl TOTO, YTOOBI IPU X CTOJIKHOBEHUH TIPOU30-
I1JIa PeaKIys;

r) u36BITOK sHepruu I'mbOCa, HEOOXOAMMBIH JIJIsl HEIIPEPHIB-
HOTO IIPOTEKAHWST XUMUYECKOTO IIPEBPANICHST,

1) Pa3HOCTHh MEX/Y MOTEHIIMAIbHON dHEPTHUEN TPOYKTOB
PEAKIUM ¥ UCXOAHBIX BENIECTB.

376. TlopsankoM KUHETUUYECKOTO YPaBHEHUS PeaKIuy Ha-
3BIBAETCSI:

a) CyMMa BceX CTEXHOMeTPUYecKrX Koa(pUIIneHTOB B ypaB-
HEHVUU XUMUAYECKOU PEaKIUH;

0) 4MCJI0 YACTHII, yIACTBYIOIIHAX B DJIEMEHTADHOM aKTe pe-
aKIvy;

B) TIOCJIEJIOBATENBHOCTh 3aMIUCU BEMIECTB B YPAaBHEHUM XU-
MHWYECKOU peaKIiny;

I') CyMMa TIoKa3areJjiei CTeleHn IPY KOHIIEHTPaIlisAX B KUHe-
TUYECKOM yPaBHEHWY;

1) CyMMa CTeXHOMeTpUYecKuX kKoappunueHToB B JeBOM
YaCTU ypaBHEHUSI pPeaKInii;

377. llepuon mosynpeBpalieHusI SIBIASETCS ITIOCTOSTHHOU Be-
JYHOM (TIpU TaHHOM TeMIneparype) B:

a) peakIuy HyJIeBOTO MOPSIKa;

6) KaTAIUTHIECKOH PEaKIM;

B) peakluy ITePBOTO IOPSI/IKA;

) POTOXMMUIECKOMN peaKIinuy;

1) peakIiuy BTOPOTO MOPSIAKA.

378. CBo60AHBIMY PaJIKATIaMHU HA3bIBAIOTCSL:

a) OZIMHAKOBBIE TPYIIIHI AaTOMOB, BXO/ISIIIIE B COCTAB Pa3HBIX
MOJIEKY JT;

0) MOHBI, yYACTBYIOIUE B OOMEHHBIX PEAKIUSX;

B) aTOMBI XJ10pa B MoJiekyie Cl,;

I') 1I06bIE YACTHIIBI, YCKOPSIIOMIME TPOTEKAHUE PEAKITHIA;

1) 4YaCTUIIbI, MMeIOoIe HeCllapEeHHBIE 3JIEKTPOHEI.

379. Peakius HaspiBaeTcst DOTOXMMUYECKOH, €CIIN:

a) MOJIEKYJIa KCXOTHOTO BEIECTBA TOKHA aKTUBUPOBATHCS,
norJioniasi (POTOoH;

0) OHa IIPOTEKAET IO IEHCTBUEM U3JIyYEHHSI TOJBKO B BUIH-
MO 00JIaCTH CIIEKTPA,;

B) OHa YCKOPSIETCS TIPH 00IyUYEHNH;

T') UCXO/THBIE BEIIEeCTBA PA3JIaraloTcsi O/ AeCTBAEM U3JTyYeHMUSs.
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380. IIpu npoBeieHUY ONBITA B OIPE/I€JIEHHBIX YCIOBUSIX
YCTAHOBJIEHO, YTO KOHIIEHTPalus (PPYKTO3bl U3MEHSIETCS CJIe-
AYIOIUM 06pa3oM:

t,4 0 1 2 3 4
¢c,mmons/n 120 105 90 75 60
Onpenennre TOPSAOK PEaAKITUMN.
381. Konnenrpanusa H,O, B sKcIiepuMeHTe IPH OIIPeeIeH-
HBIX YCJIOBHUSIX M3MEHSLIACH CJIEAYIONUM 06pasom:
t,u 0 1 2 3 4 5
c,mmonp/n 240 170 121 85 60 42
Ompenenure MOPSAOK PEAKITUH.
382. KoHIiieHTpaIus IpOMOHOBOM KMCJIOTHI B PEaKINY 3Te-
pudUKAITIY C ATAHOJIOM IIPH ONPeIeIEHHBIX YCIOBUSIX NU3MEHSI-
JIaCh CJIEAYIONIMM 00pa3oM:

t, MUH 0 10 30 70 150
c,momp/n 0,68 035 0,17 0,086 0,043
OmnpenenuTe MOPSIOK PEAKITUH.
383. st peakiuu

N,0, — 2NO,

M3BECTHB KMHeTHYecKue mapameTphi: A = 1 - 1014 ¢,
E, = 54,4 x/Ix/Mob. BerauciuTe KOHCTaHTY CKOPOCTH IIPK CTaH-
JAPTHOM TEMIIEPATYPE ¥ YKAKUTE IMOPSANAOK PEAKIIHH.

384. /lnsa peakniu n3oMepu3annmn

yuxno-C,H, — CH,—CH=CH,

M3BECTHBI KHHETHYECKHe mapamerpel: A = 1,5 - 101 ¢,
E = 272,8 x/Ix/Monb. BHuKcIuTE KOHCTAHTY CKOPOCTH
pu temnepaTypax 450 u 460°C u TemmepatypHbIi Koadhuiim-
€HT CKOPOCTH. YKaXKXUTeE IOPSJIOK PEAKITNH.

385. /lust peakiyu

H,+1,—> 2HI
U3BECTHBI KMHETHYeCKHe nmapamerpsr: A = 1,6 - 101! /(Mo - ¢),
E, =165,5 x/I/MoJb. BeraucuTe KOHCTaHTY CKOPOCTH ITPH TEM-

nepatype 430°C. YkaxxuTe MOPSIOK PEaKIINm.
386. Briuncante CKOpOCTh peaKIUuy TUPOIU3a CIOKHOTO

acupa
CH,COOC,H, +NaOH = CH,COONa + C,H.OH
C, MOJIb /JI 0,02 0,02
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IIPY YKa3aHHBIX KOHIeHTparusx. KoHcTtaHTa ckopocTH k =
= 0,085 11/(Mois - ¢) (25°C). Kak n3aMeHUTCSI CKOPOCTb pEaKITNH
TIpY pa30aBJIeHUH PACTBOPA PABHBIM 0OEMOM BOJIbI?

387. I'ugponus atunarerata (cM. 3aa4y 386) uzeT npu KoH-
neuatpanuu adupa 0,001 Moab/1 1 KOHIIEHTPATUH IEJI0YHN
0,1 Moab/n. BeruucauTe mnepuoj moayIpeBpainienus adpupa.
KoHI1leHTpanuio me109u MOKHO CUMTATh TIOCTOSTHHOM.

388. BoruncauTte mepuo/ mOayIIpeBpanleHnsT PeakIuu 3a-
MeIeHUsI

CH,Br + KI = CH,I + KBr
c,mons/n 0,15 0,15

IpU YKa3aHHBIX KOHIeHTparusx. Koncranta ckopoctu k =
=7,6 - 10 1/(mo1s - ¢) (25°C). BeruncinTe KOHIEHTPAI[MH KC-
XOJIHBIX BellecTB uepe3 40 MuH.

389. BoiuncinTe mepuo MoayIpeBpalieHns 6poMMeTana
B PeaKI[UU 3aMelleHus

CH,Br + KI = CH,I + KBr
c,monp/n 0,012 1,5

IIPH YKa3aHHBIX KOHI[EHTpaIsax. KoHCTaHTa CKOPOCTH IpHUBe-
nena B 3amade 388. Konnenrparuio KI MoXHO cunTaTh IOCTO-
SHHOM. BBIYKC/INTE KOHIIEHTPAIHI0 OPOMMETAHA 110 IPOIIECTBAN
20 MuH.

390. /{s1s peakiuu 3-T0 TIOpSIIKA

2NO + Cl, = 2NOCI

KoHCTaHTa cKopoctd k=8,9 - 10™ 12 - moss~2 - ¢! mpu Temmepa-
type 25°C. BbruucmTe CKOpoCTh peaKITUH IPU KOHITEHTPAITHSIX
oxcuza azora 0,03 moms /a1 u xmopa 0,015 Moms/1.

391. Bo ckosbKO pa3 yMeHbIIaeTCsA KOHIIEHTPAIUsA U KO-
JIMYECTBO BelecTBa B peaknuu 1-ro mopsisika 3a 2 u 3 mepuojia
TIOJTyTIPEBPAIEHMS ?

392. B peaknuu

H,0, +2HI=2H,0 +1,
CKOPOCTb IIPOIIOPIKOHAIbHA KoHLeHTparmsam H,O, u HI, a kon-

cradTa ckopoctH k = 0,015 1/(moisb - ¢) (20°C). Haiiaure Ha-
JaJIbHYI0 CKOPOCTDb PEaKITuy IpHU cMenmuBanuu 80 MJI pacTBopa
c xonnenrpanueit c(H,0,) = 0,05 monn/n u 20 Ma pacTBopa
c kounentparuei c(HI) = 0,75 monb/.

393. Peakitvsi TupUpPOBaHUS 9TUJIEHA

C,H,+H,=C,H,
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Xapakrepusyercs sHepruei aktusanum E, = 180,5 x/[x/Momb
u A H° =-136,4 x/Ix/Monb. PaccunTaiiTe 9HEPrUIO aKTUBAI[MH
06PATHOM pEeaKIuH.

394. I1pu noBbImtesuy TeMieparypsl ot 15 10 35°C ckopocTh
peakImu

CH,Br+1I"=CH,I+Br-
Bo3pocia B 8 pa3. Halinurte TemmnepaTypHbIii KooapuiiueHT
CKOPOCTH.

395. KomcranTa cKOpOCTH THAPOIN3a MECTUITHAA (PeHypOHa
k=4,3-105c? (18°C, pH 8,8). 3a KaKoe BpeMs KOHIIEHTPALIHSI
TOHU3HUTCS OT ucxonHoi 0,05 MOJIb/JI 710 TPEAETBLHO JOITYyCTUMOM
1- 1075 Mmosb/n?

396. B szakpriToM cocyze o6beMoM 3 JI, coAepKaIieM
0,12 mosb okcuza azota( V), MAET peakius pa3aoKeHus

2N,0,=4NO, + O,,.
Komcranra ckopoctu pasnoxenus 1,54 - 1073 ¢! (55°C). Borunc-
JIUTE CKOPOCTh PEAKI[MH: a) B HAYAIbHbBIM MOMEHT; 0) B MOMEHT,
Koraa obpasosasioch 0,01 MOJIb KMCJIOPOZA; B) B MOMEHT, KOTZA
o6pasoBanock 0,04 monb NO,; ) B MOMEHT, KOT/[a OCTaJI0Ch
0,01 momb N,O.. [lna HyHKTOB (6) (B) u (r) BBIUMCINTE TIPO-
MEXYTKHU BpeMeHI/I

397. KoHcTanTa CKOPOCTH pa3yoxkeHUs: okcuaa azoTa( V)
npu 25°C pasHa 3,4 - 1075 ¢!, a mpm 45°C — 4,7 - 10 ¢, Bur-
YUCJIUTE SHEPTUIO aKTUBAIIUU U TEMIIEPATYPHBIHN K03GhGUITHEHT
CKOPOCTH B 3TOM MHTEPBaJIe TEMIIEPATYPHI.

398. /15 peaknmuy pasaoXeHHUsS MOAOBOAOPOIa OIpene-
JIEHBI CJIeIyIONINe 3HAYEHUs] KOHCTAHTHI ckopocTu: 250°C —
2,25 - 107% 1 /(Mo - ¢); 350°C — 2,18 - 1072 1/(mob - ¢). Boi-
yucyute KoHCcTauty ckopoctu ripu 300°C.

399. Peakums Bogopoaa ¢ noaom rpu 200°C rmpoTeKaeT ¢ KOH-
CTaHTOM cKopocTH k = 8,56 - 10~ j1/(MOJIb - C) IIpY SHEPIUH AKTH-
BaIuu E = 186,4 x/[>x/Mob. Beiuncinte KOHCTAaHTY CKOPOCTH
pu 300 ’C.

400. JHeprus aKTUBAIIUM PA3JI0XKEHUS TTAPOB AUITUIO-
Boro awmpa E, = 224 x/I>/Monb. B mpucyTcTBUM NapoB noza
B KauecTBe KaTajIu3aTopa HePrus aKTUBAIIUU CHUXKAETCS /10
144 x/I»x/Moib. Bo ckoTbKO pa3 Bo3pacTaeT KOHCTaHTa CKOPO-
CTU KaTAJIUTUYECKON peakIii OTHOCUTETbHO HEKaTaluTuye-
ckoii mpu 85°C?

401*. B nienrHO#M peaKIiM¥ BOAOPOA C XJIOPOM MMEETCSI IIPO-
MEXKyTOUHAS paIUKaJIbHAS PeaKIUs

Cl+H,—»HCl+H
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/1L KOTOPOM M3BECTHA KOHCTaHTa cKopocTtu k= 9,6 - 106 1/
(Moib - ) (25°C) u aneprus aktuBammu 19,1 x/[x/Moib. 3a Ka-
KO€ BpeMsl KOHIIEHTPAIMsI CBOOOIHBIX PAJIMKAIOB XJIOPA YMEHb-
muTtcsa B 10 pas B rase ¢ gaBaenueM Bogopoaa 10 I1a u koxnen-
Tparueit pagukaios 1 - 10719 moas /a1 mpu —50°C?

402%*. [Tepuon mosympeBpalieHusI HEKOTOPOM peakiuu 1-ro
nopsiaka paBeH 1 mun 34 cek npu 40°C. KoHcTaHTa cKopocTH
stoi ke peakiun pu 20°C pasaa 0,086 mun~!. Berauciure suep-
THWIO aKTHBAIUH.




10. KonnuratusHble cBOWCTBA PacTBOPOB

10.1. KpaTkue TeopeTuyeckue CBEAAEHUA

Cpenu pa3Ho0Opa3HBIX CBOMCTB PaCTBOPOB BBIZENSIETCS TPYIIIA
0COOBIX CBOMCTB, 3aBUCANIMX OT KOHIEHTPAIlMX PACTBOPA M HE 3a-
BUCSIIHAX OT MPUPOJBI PACTBOPEHHOTO HEJIETYYETO BelecTBa. Takue
CBOICTBA Ha3BIBAIOTCS KOLIUZAMUBHbIMU. K HUIM OTHOCATCS TIOHMXKEHHE
JaBJIEHWS ITapa PaCTBOPUTEJIS, IOHUXKEHHE TEMIIEPATYPHI 3aMEP3aHUST
pacTBOpa M IIOBHIINIEHNE TEMITEPATYPHI KUTIEHHS PACTBOPA OTHOCUTEIBHO
BTHUX K€ XapaKTEPUCTHUK KMIKOCTH, B3ATOM B KAUEeCTBE PaCTBOPUTE-
as1. K KOJLTUTaTUBHBIM CBOMCTBAM OTHOCHTCS TAK)K€ OCMOTHYECKOE
IaBJIeHUE PacTBOPOB. Bee mepeunciieHHbIe CBOMCTBA MHAYE HA3BIBAIOT
OCMOMUYECKUMU CBOUCMEAMU.

KosumraTrsHabie CBOMCTBa OIMCHIBAIOTCS 3aKoHamy Paysist u BanT-Tod-
(ba, KoTOpBIE MOTIH GBI COBEPIIIEHHO TOYHO BBITIOIHATHCS /IS HICAIbHBIX
PacTBOpPOB. B peasbHbIX pacTBOpax 0OHAPYKMBAIOTCS OTKJIOHEHYS], CTa-
HOBSIIHECS IPEHEOPEKMMO MAJIBIMU B CJTy4ae pa3baBIeHHBIX PACTBOPOB.
ITox pasbaBIeHHBIM PaCTBOPOM ITOIPa3yMEBAETCS PACTBOP C HeOOIBIIOM
KOHIIeHTpaIel B mpeaeiax a1 pasabix Bemects 0,001 —0,1 Mo /KT,
a MHOT/a ¥ MEHBIIIE.

Cornacuo 3axoHy Payiisi cripaBeiIUBBI CIELYIONINE COOTHOIIEHUSL.

1. OTHOCHTEIbHOE TIOHM)KEHHE JTaBJIeHUs Tapa pactBoputes (B)
HaJ| pacCTBOPOM PaBHO MOJIbHOI /I0Jie pAaCTBOPEHHOTO BelecTBa (A):

PP _ xa), (10.1)
Py
r/ie p, — AABJICHNE NIapa PACTBOPHUTEJIS HAJ YUCTOH KUAKOCTBIO, P —
AaBJICHUE ITapa PaCTBOPUTEIIA HaZ PAaCTBOPOM.
2. IloHmxeHue TEMIIEPATYPhI 3aMEP3aHMSI PACTBOPA OTHOCHTEIBHO
‘-IPICTOfI KUIKOCTU IIpOHOpIII/IOHaJIBHO KOHI.[CHTpaI_[I/II/I paCTBOpeHHOTO
BEIIIECCTBA.

AT, =Kb; b= AT%, (10.2)
rae b — MoJIsIbHAS KOHIIEHTPAIUs paCTBOPEHHOrO BelecTBa, K — Ko-
a(pbUIMEHT IPONOPITMOHATBHOCTH, KOTOPBIA HA3bIBAETCSI KPUOMETPH-
4eCKOH MOCTOSAHHOM XUAKOCTH (enauHuna usMepenus K - kr - momns1);
AT BBMHCIAETCA BMMUTaHUEM TEMIIEPATYPhl 3aMEP3aHKs PACTBOPa
13 TEMIIEPATYPhI 3aMEP3aHMS YUCTOM JKUIKOCTH. Pe3yIbTaT BHIYUTAHUS
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MOJIy4aeTCsl OJUH U TOT ’Ke KaK IIPU BBIpaXK€HUU TeMIIepaTyphl B rpa-
nycax Lenbcus, Tak u B KeabBUHaX. OTMETUM TaKXe, YTO PacTBOP,
B OTJIMYME OT UHIUBUAYAIBHOU XKUAKOCTH, UMEET OTNpe/ieIeHHYIO
TeMIlepaTypy Hadaja 3aMep3aHusi. 3aTeM, II0 Mepe BBIMOpakMBaHUS
PacTBOPHTeEJIA, TEMIIEPATyPa 3aMeP3aHU IIOCTEIIEHHO OHMKAETCSL.

3. IToBellIeHNE TeMIIepaTyphl KUIIEHUS] pacCTBOPa OTHOCUTEIBHO
YMCTON KUAKOCTH IIPOMOPIMOHAIBHO KOHIIEHTPAIIMN PACTBOPEHHOTO
BeIeCTBa:

AT
AT =Eb; b= %, (10.3)
r7ie b — MOJISLIbHAS KOHIIEHTPAIHSI PACTBOPEHHOTO BellecTBa; E — koad-
(UIMEHT TPOMOPIMOHAIBHOCTH, KOTOPBIN HA3BKIBAETCS 30y IHOMETPH-
YeCKOM MOCTOSTHHOM XuaKocTH (enuuuna uaMepenus K - kr - Mmonpt);
AT, BBHIYMCIAETCA BRMMUTAHUEM TEMIIEPATYPHI KMIIEHHST YMCTOM KU/~
KOCTH U3 TeMIIepaTypbl KUIICHUS pacTBOpa.

3HaueHUs MOCTOAHHBIX K U E 7151 JKUKOCTEl, IPUMeHsIeMbIX B Ka-

YecTBe pacTBOpHTeseit, 6epyT us tabmuir (tabi. 10.1).

Tabruya 10.1
KoHCTaHTbI JKHIKOCTE#, BCTPEYaIoMMXCs B 3a1a4ax

Kprowve- IOy moMeTpuye-
BermectsBo t ,°C TPIICECKAT | , °C | ckas mocrossHHas,
sam [OCTOSIHHAS, |  *um K - k,/MOJb
K - kr/momp
Boma 0 1,86 100 0,513
STaHOJI —-114,14 — 78,29 1,23
Jluokcan —45 4,63 106,1 3,01
Justrnossiii agpup | —116,2 1,79 34,5 2,20
YkcycHas kuciora | 16,64 3,63 1179 3,22
Iuknorexcan 6,59 20,8 80,73 2,92
Benson 5,495 5,07 80,09 2,64
Hutpobensoin 5,7 6,879 2109 5,2

Cormacao 3axkony BanT-T'odda ocmoTnieckoe gaBiermne pacTBopa
IIPOIIOPIMOHAILHO MOJISIPHOM KOHIIEHTPAIMH ¢ ¥ aOCOJIIOTHOM TeMIte-

parype T:
Do = RcT (10.4)

r/ie K03 PHUIMEHT IPOIOPITHOHATIBHOCTH R UNCIEHHO COBIIAIAET C YHHU-
BepCaJIbHOU ra30BOM IIOCTOSTHHOM.

Korma roBopsiT 06 0CMOTHYECKOM JIABJIEHHH PACTBOPA, TO MOZPa3-
yMeBaeTCs MOBEJIEHNE PACTBOPA B YCIOBUSAX BOSHUKHOBEHUS OCMOCA —
JKMIIKOCTH JIOJDKHBI OBITh Pas/ieieHbl MOy IPOHUIIAEMON MeEMOPaHOIA.
B aTom ciydae TeopeTuuyecKoe 3HAUEHHE OCMOTHYECKOTO JIaBJIeHUS
OyZeT JOCTUTHYTO IIPY YCTAHOBJIEHUY MEMODAHHOTO PABHOBECHSL.




10.2. MpyMepsbI pelleHns 3apay g1

OcMoc urpaet 0coOGEHHO BaXKHYIO POJIb B OMOJIOTHYECKUX ITPOLIECCaX,
TaK KaK KJII0YeBBIM (haKTOPOM KM3HENESATETHbHOCTH SBJISIETCS TEPEHOC
BEIIECTB Yepe3 KIETOUHbIE MEMOPaHABI, ITPOSIBIISIONINE U30HPATEIBHYIO
IPOHHUIIAEMOCTb 110 OTHOLIEHWIO K Pa3/IMYHbIM KOMIIOHEHTaM OHUOJIOTH-
YECKHX XKHUIKOCTEN. B 61omornu 0CoOOEHHO MIMPOKO HCIOJIb3YIOTCH O~
HSITUSI K30TOHUYECKHIA, THTIOTOHUIECKUI ¥ TUTIEPTOHUYIECKHI PACTBOPBIL
[TompasymeBaeTcsi BeTUUMHA OCMOTHYECKOTO JABJIEHUSI HEKOTOPOH JKHJI-
KOCTH II0 OTHOIIIEHHIO K OCMOTUYECKOMY JaBJIEHUIO B OMOJIOTMYECKOM
KJeTKe. B M30TOHMYECKOM pacTBOpe Ha MeMOpaHe KJIeTKH NMEETCSI OC-
MOTHYECKOE PaBHOBECHE; 00beM KJIETKH IIOCTOSIHEH, B rumoToHnYecKoM
pPacTBOpEe HAYMHAETCS IIOCTYILIEHUE BOJBI U3 OKPYKAIOMIEH XUIKOCTH
B KJIeTKy. OObeM KJIETKH YBETUUNUBAECTCS. Pe3HCTEHTHOCTD MEMOPaHBI
MOJKET OKa3aThCS HEOCTATOYHOM JJISI CIEPKUBAHNS BO3HUKAIOMIETO
IIOTOKA PACTBOPUTEJIS B KJIETKY, ¥ IIPOUCXOIUT JIU3UC — Pa3pylIeHHUE
KJIETKW. B TUTIEPTOHNYECKOM PacTBOPE KJIETKA Yepe3 MEMOpaHy TepsieT
BOIy M CxuMaeTcss. HOpMaIbHBIM OCMOTUYECKUM JaBJIEHUEM ILIa3MbI
KPOBMU YeJIOBEKA CUMTAETCs JaBjenue B mpenesnax 730—780 kIla.

IIpu Gosee AeTaJbHOM PAaCCMOTPEHHH KOJLIMTATUBHBIX CBOMCTB
PacTBOPOB BBISICHSETCS, YTO OHU 3aBUCAT OT CYMMapHOHN KOHI[EHTpa-
VU JIFOOBIX BUOB KHHETHYECKH HE3ABUCUMBIX YaCTHI] PACTBOPEHHBIX
BemnecTB. VI3aMepeHHbIE 3HAYEHHST KOJLTUTATUBHBIX CBOMCTB 3JIEKTPO-
JUTOB Pe3KO IPEBHIMAIT 3HAUEHHUSI, BEIYUCIEHHBIE IO (OpMYyJIaM
(10.1)—(10.4). B aToM niposiBisieTcsl yBeJIMUeHNE KOTUUECTBA KHHETH-
YeCKH He3aBHCHMBIX YaCTHII 32 CUeT 00pa3oBaHus HOHOB. Hampumep,
IIPH PACTBOPEHMH XJIOPHUA KAJIBITUA B KOJW4YecTBe 1 MOJIb, B pacTBOpE
6yner naxoauThes He 1 Moab cTpykTypHbIX equaul CaCl,, a cymmap-
HO 3 moub oHOB Ca?* u Cl~. iamepenHoe 3HaUeHME KOJUIMTATHBHOIO
cBOMCTBa OyZ€T B TPU pasa MpeBhInaTh oxupaemoe. OqHako s exTsi
B3aMMOJIEUCTBUS MEXKAY DJEKTPUUECKH 3aPSIKEHHBIMU YacTUIIAMH
MIPUBOJIAT K HEKOTOPOMY CHIDKEHHUIO KPATHOCTH BO3PACTAHUSA KOJLIU-
TaTUBHOTO CBOMCTBA.

OTHomeHne N3MEPEHHOTO KOJUIMTATUBHOTO CBOMCTBA PacTBOpa
BJIEKTPOJINTA K BRIYUCIEHHOMY TI0 (pOpMYyJie, He YUYUThIBAOMIEH HO-
HU3AIUIO BETIECTBA, HA3BIBAETCS N30TOHMIECKUM K03 DUIIMEHTOM i:

AT AT Docse

3aM - pluying —
Kb Eb  RcT’
J17151 cyMMapHO# KOHITEHTPAIlM KHHETMYECKH HE3aBUCUMBIX YACTHII
HCTIOJIB3YIOTCS TIOHSITUS OCMOAAPHOCMD (OCMOJIb/J1) Y OCMOASLILHOCL
(ocMosBb/KT).

i=

(10.5)

10.2. Mpumepbl pelieHus 3aaay

IIpnmep 10.1. Vimerorcs aBa pactBopa, copepkaue 1o 0,15 Mo/
AVICaXapHUIOB caxapoabl 1 TakTo3bl B 600 r Bozbl. KakuM OyzeT naBieHne
HACBINIEHHOTO Mapa BOJBI Hajl pacTBOpaMu Iipu Temnepatype 20°C?
JlaByenue mapa 4uCTO# BOABI IpH 3T0 TemmepaType 2338,8 1la.
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Pewenue

ITo 3akoHy Pay.is naBiieHne HACBIIEHHOTO IIapa BOBI HaJ 000MMHU
pactBopamu 6yzeT oauHakoBo. M3 dpopmysst (10.1) moaydaercs cie-
aytoliee BeIpasKeHUe JIJIsT IOHMKEeHUS IaBJIeHHUS Tapa:

Do~ P=pX.
Berumcavm MobHYI0 10110 X, OTMHAKOBYIO /17151 oboux pacTBOpPOB:
= n(A) ; n(H,0) = m_ 600 = 33,3 MoJIB;
n(H,0) + n(A) M 18,0153
=015 400448,
33,3+0,15

IToxcraBuM M3BeCTHEBIE BEIMYVHEL B POPMY.ILY:
py—p=2338,8-0,00448 = 10,5 IIa.
IToncraBiisieM 3HaYEHKE P, U BHIYUCIIAEM UCKOMOE IaBJIEHHUE Tapa:
p=2338,8-10,5=2328,3 Ila.
Omeem: naBjieHUe TTapa BOABI HaJ pacTBopamiu p = 2328,3 Ila.
IIpumep 10.2. PactBop, comepkariumii 4,5 T yriaeBoja B 250 r Bofbl,
HauuHaeT 3amep3ath npu —0,22°C. PaccuuraiiTe MOJISIpHYIO Maccy
yraesona. [Ipeanonoxure GopMysIy 9TOTO yriieBoza.
Pewenue
3Has TeMIlepaTypy 3aMep3aHUs PaCTBOPA, MOXKHO BHIYHCIHUTH ETO

MOJISLTBHY0 KOHIIEHTPAIIWIO, a lajiee TIPU M3BECTHON KOHIIEHTPAIAN
MOXXHO BBIYUCJIUTH U MOJIIPHYIO Maccy:

po MO0 _m)-1000. o
m, (xr)  M(X)-m,

MOJIHJIIJHYIO KOHIICHTPAIINIO BEIYUC/INM U3 KDHOMETPUYCCKUX IAHHDIX:

b= A?T; AT=0-(-0,22) =0,22 K; K= 1,86 (10 cipaBoYHUKY);

m(X)-1000
b-m,

2

0,22

b —012K.
186
BhIumciisieM MOJIAPHYIO Maccy:
45-1000
MX)=—"—"-—"=150 .
X)=0.12.250 r/Moms

Hon naiizenHyo MospHYIo Maccy noxxonut pubosa C.H, jO..
Omeem: mossipHast Macca paBHa 150 r/Mous (prbo3sa).

IIpnumep 10.3. [Ipurorosien pactBop, conepxartiii 0,052 MoJIb T7II0-
ko3sl B 500 r Bogsl. B mpoiiecce 3amep3anus u3 pacTBOPA BRIZEIUIOCH
130 r 1pa. HaitinTe moHMKEeHUS TEMITEPATYP 3aMEP3aHUS UCXOTHOTO
pacTBOpa ¥ pacTBOPA, U3 KOTOPOTO BBHI/IENTUIACh YKa3aHHAA Macca JbJia.
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Pewenue
JL71s1 BBIMMCIIEHUSI TIOHW)KEHUST TEMITEPATYPHI 3aMep3anusi 1o ¢Gop-
Mmye (10.2) naiineMm cHavama MOJISLIBHOCTU PAacCTBOPOB:

_ n(A)-1000 _ 0,052-1000
' m(H,0) 500

= (0,104 Monb /KT;

_ n(A)-1000 _ 0,052-1000
2 m(H,0) 500 -130
Borumcnsgem AT,
1) AT, =1,86-0,104=0,19K;

2) AT, =1,86-0,1405=0,26 K.

Omeem: NOHMKEHUS] TEMIIEPATYPHI 3aMEP3aHUsI PACTBOPOB PaB-
ubI (0,191 0,26 K. B mporiecce 3amep3anust pacTBOpa YBEJIUYMUBAETCS €T0
MOJISLIBHOCTb, BCJIEZICTBHE Y€TO IIOHIKAETCS TEMIIEPATYPa 3aMeP3aHusL.

= 0,1405 moub/KT.

IIpumep 10.4. Byzer 1 KUTIETH PaCTBOP XJIOPU/IA HATPUSI C MOJISLITD-
HOM KoH1eHTpaiuei 1 moas/xr mpu 101,5°C?

Pewenue

XJtopuzi HaTpUsl paclajiaeTcsl B pacTBope Ha 2 noHa. Ero usotonu-
yecKui Koo PUIMEHT TPy pa3daBIeHUH PACTBOPA CTPEMHUTCS K 3HAYE-
HUIO 2. BBIuyc/iuM OBBITIIEHUE TEMITEPATYPHI KUTIEHUS:

AT__=iEb=2-0,52-1=1,04 K.

KHAII
ITomyyaem T, _=101,04°C.
HpI/I6JII/DKeHHIJII/I pacuer naer T’ MEHBIIYIO, 9€M B YCJIOBHHM 3a1a9H.
PactBop 3akumnut npu Temneparype Hike 101,5°C.
Omeem: pacTBop 3akunuT IIpu Temmeparype Mensiie 101,5°C; rem-
neparypa kunenusa 101,5°C Gyzer JOCTUTHYTA IOC/IE YACTUIHOIO BhI-
KUTIAHUST BOJBIL.

IIpumep 10.5. Beiuucaute ocmotudeckoe aasjienue 10%-Horo
pactBopa caxapossl C,,H,,0,, npu temneparype 20°C. IL1oTHOCTD
pactBopa 1,0381 r/ma. Kak MOKHO OIIEHUTH OCMOTHUYECKOE /IaBJIEHUE
3TOTO pacTBOpPa IO OTHOIIEHUIO K IIJTa3Me KPOBU?

Pewenue

71 BEIUMCIEHNSA OCMOTHUYECKOTO aBjeHus 1o ypasHeHuIo (10.4)
Tpebyercst HalTH CHAYaIa MOJISIPHYIO KOHIIEHTPAITHIO PacTBOPa:

M M =342,2 r/momb; ¢ = 10-10-1,0381 0,303 monb/1.

342,2
BhIunciisseM 0CMOTHYECKOE IaBJICHUE:

=8,31-0,303 - (273,15 + 20) = 738,1 kIla.

Omeem: p_,, = 738,1 xIla. PacTBOp M30TOHMYEH ILIa3Me KPOBH.

OCM
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10.3. 3apaHus Ans camocToATeNbHOi paboTbl

403. Kakum Oyzer JaBieHHE I1apa BOALI IPH TEMIIEPATYPE
60°C nag pactBopom, cocrosmum u3 13,08 r caxaposs C,H,,O,,
1 90 r BozbI? [laBiieHre HACHIINEHHOTO ITapa HaJl BOAOM IIpU /1aH-
Holi TeMrieparype 19,932 klIla.

404. Beruucivite AaByeHue mapa Boasl Hayl 18%-HbIM pacTBo-
pom mouesunbl CO(NH,), npu remneparype 100°C.

405. Beruvcivre OTHOCUTENBHOE TIOHIDKEHHE TaBJIEHNS TTapa
HaJl PaCTBOPOM TJIFOKO3bI C MACCOBO¥ J1oJieit 6%.

406. Ha xakyio BeJIMYMHY TIOHU3UTCS aBJ€HUE Tapa BOIbI
npu 40°C Hazx pacTBopoM, copepxamuM 36 T rIioKo3bl B 540 T
BOABI (1M AaHHOM TemuepaType p,(H,0) =7,3814 klla)?

407. IIpu Temneparype 70°C naBieHue mapa HaZi paCTBOPOM,
coctossmuM u3 270 r Boabl 1 12 r HEKOTOPOTO BeIeCTBa, paBHO
30,766 klla, a naBnenne mapa Haz Boxoit 31,176 klla. Haiiaure
MOJISIPHYIO MacCy PaCTBOPEHHOTO BeIeCTBa.

408. I1pu KaKkoM yCJI0BUY PAaCTBOPHI Pa3HBIX MOJIEKYJISIPHBIX
BENIECTB IIPM OJMHAKOBOM MaCCOBOH f0Je OyAyT 3aMep3aTh
IIPU OJTHOM U TOM Ke TeMIlepaType?

409. Haiinute noBbillieHNe TEMIIEPATYPBI KUTIEHUS PacTBOPa,
coctosimero u3 100 r BoasI 1 9 T IJTIOKO3HI.

410. HaiiauTe noHn:XeHNe TeMIIepaTypbl 3aMep3aHUs pac-
TBOpa 4 r HadrasmHa B 100 r 6enzoua. [Ipu Kakoii Temeparype
3aMep3aeT 3TOT PacTBOP?

411. BeiuucauTe TeMiepaTyphbl 3aMep3aHus U KUIEHUS
45%-10r0 pacTBOopa (PPyKTO3HI B BOJIE.

412, Kakue mMacchl caxapo3ssl ciaenyet pactBoputs B 100 r
BOJIBL, 4TOOBL: a) pacTtBop 3amepsai npu —0,1°C; 6) pactBop Ku-
nest mpu 100,1°C?

413. PacTBop, cocTosmuii u3 5 r BemectBa u 200 T BozbI, 3a-
mep3aet 1pu —1,55°C. PaccuuTaiite MOJISIpHYIO MacCy BeIecTBa.

414. IloueMy BOZAHBII PacTBOP IJIIOKO3BI KAIIUT IIPU TeMIIe-
patype Boitiie 100°C, a BosiHBIN pacTBOp 3TaHOJ/Ia — IIPU TEMIIe-
patype Huke 100°C?

415. PactBop 1 r HeusBecTHOrO BemecTBa B 20 T' AuOKCaHa
kurmT npu 106,9°C. Beruncanre MOISAPHYIO MacCy BellleCcTBa.

416. I1pu pactBopenuu 15,4 r kamdopsi B 400 r 113THIOBOTO
atupa TeMIiepaTypa KuteHus mosbicuiach Ha 0,453 K. Omnpene-
JIVTE MOJISIPHYIO MacCy KaM(OPBHIL.

417. Tlpu pacrBopennu 3,142 r cepsl B 40 r 6eH301a OKa3a-
aock, uto AT = 0,81 K. YcranoBuTe coctaB MOJIEKYJIBI CEPBL
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418. YcranoBute unuekc n B popmyae keunossl (CH,0),,
BOJHBII pacTBOP KOTOPO# ¢ MaccoBoii foieit 1,96% 3amep3aer
mpu —0,248°C.

419. B 1 1 pactBopa mpu temnepatype 35°C comepKuUTCS
0,05 M0JIb MOJIEKYJISIPHOTO BelecTBa. PaccunTaiiTe oCMOTHYE-
CKOe JIaBJIeHueE.

420. PaccumTaliTe OCMOTHYECKIE JIaBJIeHNE PACTBOPA aHWJIM -
Ha ¢ MaccOBOM KoHIleHTpanuel 3,1 r/x nipu temneparype 21°C.

421 . Kakyio MOJISIpHYIO KOHIIEHTPAIIUIO IOJIKEH UMEThb pac-
TBOP MOJIEKYJISIPHOTO BelecTBa npu temmneparype 0°C, 4ToObI
OCMOTHYECKOE J[aBJIeHre OBLIO paBHO 1 aTM?

422, VI3MepeHO OCMOTHYECKOE JIaBJIeHUE PACTBOpPa KCHU-
J103BI ¢ MaccoBOU koHIeHTpanueit 3 r/i. Ilosyuen pesysibrat
49,55 xlla mpu Temneparype 22°C. [IpaBUIbHO JU TPOBEEHO
u3MepeHue?

423. PactBop conepsxut 0,05 MOJIb/J1 TIFOKO3BI 1 pr003y. Oc-
MOTHYECKOE JIaBJieHre pacTBopa Ipu Temiieparype 22°C paBHO
226 xIla. PaccunTaiiTe MOISPHYIO KOHIIEHTPAIHIO PUOO3EL.

424. JIBa pacTBOpA TIEPEIaHbI B TaOOPATOPHIO IS N3MEPEHHS
OCMOTHYECKOTO JIABJIEHHST: a) PACTBOD CaXapo3bl, 0) PacTBOP Caxapo-
3Bl M XJI0pK/ia HaTpHsL. 1711 Kakoro pactBopa otHomenue p . /(RT)
cJieflyeT pacCMaTpUBaTh KaK OCMOJISIPHOCTD, U TIOYeMY ?

425. Bo3bMuTe cpeiHee 3HaUeHHE OCMOTHYECKOTO JaBJIEHUS
KPOBU U BEIYMCJIUTE MOJISIDHYIO KOHIIEHTPAIIWIO PacTBOpA IJI0-
KO3bI, ”30TOHUYHOI0 KPoBU IIpU TeMiepatype 37°C.

426. PaccuuTaiiTe 0CMOTHYECKOE JIaBJIeHIEe pacTBopa ppyk-
TO3Hl ¢ KoHIleHTpalueii 0,303 moub/n mpu Temmneparype 37°C.
Kakum oka3bIiBaeTcsi 3TOT PaCTBOP 10 OTHOIIEHUIO K KPOBU?

427. OnumnTe oBeAeHNEe SPUTPOLUTOB IIPK TeMIIepaTy-
pe 37°C B pacTBOpe IJIIOKO3bI ¢ MaccoBoii poseit 2,1% (1iot-
HOCTh 1,118 r/M).

428. OcMoTHYECKOE [aBJIEHHE TKAHEBBIX JKUAKOCTEH cTebieit
60I0THBIX pacTeHui HaxoxuTcs B mpepenax 200—1600 kIla
npu temnepatype 25°C. BeiuuciauTe OCMOJSAPHOCTD 3TUX
KUAKOCTEMN.

429. PacTBOp IJIIOKO3bI C MAaCCOBOM KOHIIEHTpanue 25 /i
1 PacTBOP CaxXapo3bl, pa3/ieJIeHHbIE TTOJTYIPOHUIIAEMON MeEM-
OpaHOi1, HAXOATCS B OCMOTHYECKOM paBHOBecuu. PaccumnTaiite
MaCCOBYIO KOHITEHTPAIIMIO CaXapO3bl B PACTBOPE.

430. B ynpyryio moayIpoHUIIaeMy0 000J0UYKY, COAEpKa-
nryo 20 MJI BOAHOTO pacTBOpa TJIOKO3bl C KOHI[eHTPAIlUueEH
0,04 MoJib/J1, M3 OKpYKalolel cpeabl mpoHukIo 1,5 r Boasl. Ha
KaKyI0 /I0JTI0 MU3MEHUJIOCh OCMOTUYECKOE JIaBJIeHNE?
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431. PacTBOpHI IlepeynCIeHHBIX HUXE BEIIEeCTB CO/lep)KaT
OJIMHAKOBBIE MACCHI BelllecTBa Ha 1 KT BOJBL Y KakoTo pacTBopa
MaKCHMaJTbHOE TIOHWKEHWE TEMIIEPATYPhI 3aMeEP3aHUs:

a) IJII0K033;

6) MOYEBHHa,;

B) caxapo3a;

r) pubo3a?

432. YeTspIpe pacTBOPA COJIEPKAT OAMHAKOBBIE MACCHI CJIEY-
fomux BeriectB Ha 500 T BObI:

a) caxapos3a;

6) MoueBUHa,

B) OPYyKTO33;

I') KCUJIO3a.

¥ kakoro pactBopa camast HU3Kasi TeMIIepaTypa KATIEHWST ?

433. Y xakux map pactBopoB ¢ KoHIleHTpanuei 0,001 mob/n
OCMOTWYECKUE JIaBJIEHUS OIMHAKOBHI:

a) pub03a ¥ MOYEBHMHA;

6) NaCl u CaCl,;

B) ryioko3a u HCI;

r) NaCl u KBr?

434%. B mponecce kunenusa 200 r pacTBopa rIIOKO3BI
IIPY HOPMAJTBHOM JIaBJIeHUM TeMIiepaTypa nosbicuiach ot 100,12
mo 100,15°C. Kakas Macca BOABI BEIKHUIIE]IA M3 PaCTBOPa?

435*. B nBa cocyza momernieHo 2,1 r rioko3s! u 5,1 T caxapo-
3bl. Kak cienyet pacupeneauts 200 r BoAbI MeXKIY STUMU COCY-
IaMu, 9TOOBI MOJIYYHUTh PACTBOPHI C OAUHAKOBOM TEMIIEPATY POt
3aMep3aHus?




11. PacTBOpbl 3N1€KTPOSIMTOB

11.1. KpaTtkue TeopeTU4eckue cBeJeHusa

VcxonHbIM TPU3HAKOM PACTBOPOB 3JIEKTPOJIUTOB SBJSETCS Ha-
JIMYHUe IIEKTPUIECKOH MpoBOAUMOCTH. OHOBPEMEHHO 3TH PACTBOPHI
He ITOAUYMHAIOTCS 3akoHaM Payisa u Baut-T'odda B popme, onmceiBa-
IOIIel OBeIeHWe PAaCTBOPOB MOJIEKYJIAPHBIX BemecTB. PacxoxmeHne
B CBOMCTBaX PacTBOPA JIEKTPOJIUTA U HEIJIEKTPOIUTA ONMMMCHIBAETCS
n30TOHNYeCKUM Koaddunmentom i (cm 1. 10). IlpenenpHoe 3HaUeHKE
M30TOHUYECKOro K03 (HIMEHTA AJIsI O4eHb pa30aBIEHHOr0 PpacTBOPa
SIBJISIETCSI II€JIBIM YMCJIOM, PABHBIM YMCJIy HOHOB B XUMHUYECKOH (POpPMY-
ne BemecTsa. Hanpumep, B dopmye cyrbdara amomunus Al(SO,),
AaTh HOHOB. Ero nsoronnueckuit koagduirment i — 5 mpu ¢ — 0.

DIEKTPOJIUTHI JAENAT HA CUJIbHbIE U ciabwie. Cpeau ciaabbix
3JIEKTPOJIUTOB BBIAEJSIIOT 3JIEKTPOJUTHI CPETHEN CUIIBI CO CTENEHBIO
muccoruamuu ot 10 10 90%. Tabaumna 11.1 n03BO/IsIET YCTAHOBUTH
TMPUHAIEIKHOCTD 3JIEKTPOJUTOB PA3HBIX KJIACCOB BEMIECTB K CHJIbHBIM
WM CJIa0BIM.

Tabruya 11.1
CuibHbIe U cla0ble 2JIEKTPOJIUTHI

CunpHbie Ciabrre
Kace Crernenb AUCCONMAIII Crenenp aucconuanyu
[¢)
6mska k 100% (> 90%) menbte 100%

9JIEKTPO/IATA 1 MaJIO SABKCHT 1 U3MeHseTcs 06paTHO
OT KOHIIEHTPAIIUH MPONIOPIMOHANBHO JZ
[aioreHU B HEKOTOPBIX

BosapmuncTso cosneit. [Tpak- | meramios (Hg?t, Cd%,

Conu TUYECKM BCE COJIM € OfiHO3a- | Bi3*); HekoTopsIe com

PAAHBIMA KaTUOHAMHA MHOTOOCHOBHBIX OpraHu-
YECKHUX KUCJIOT

HCI, HBr, HI, H,S0,,
Kucnorsl HNO,, HCIO,, HCIO,, OcrasbHble c1abble
HMnO,, CF,SO,H
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Oxonuanue mabn. 11.1

CusbHbie Ciabrie
Kace CTeneHb IUCCOMUANIH Crenenp aucconyanuu
o
6mska k 100% (> 90%) Menbie 100%
SJIEKTPOJIATA 1 MaJIO 3aBHCHT 1 U3MeHseTcs 06paTHO
OT KOHIIEHTPAITK TIPOTIOPIHUOHAIIBHO \/E
Iuppoxcunsl a1eMEeHTOB
OcuoBanms |rpymm IA (Li—Fr) u IIA OcrasbHbl€ c1a0bIe
(Ca—Ra)
Kommaekce- o
He umeromue BHelHel
Hble coenu- | MiMeromue BHeNTHIOW chepy
HEHUs cpeper

Ci1abbie 3JIEKTPOJIUTHI PACTIALAIOTCS HA HOHBI YACTHYHO, U B X Pac-
TBOPaX YCTaHABIUBAETCS PABHOBECHE MEXKAY MOJIEKYIAMU M HOHAMU.
Pacmazs Ha MOHBI TPOUCXOAUT cTymeHuyaTo. [IpakTiuuecku Hanbosee
4acTO BCTPEYAIONIMECS CIabbIe 3JEKTPOIUTHI OTHOCSATCS K KJIACCY
kucsioT. KosmmaectBeHHO paciaz ¢1aboro aeKTpoImTa XapakTePU3YI0T
CTETEHBIO AUCCOIUAIMY M KOHCTAHTOM Ancconuanun. BaanumocBsisnb
MEXTy HUMU JlaeTcs ypaBHeHueM OCTBaIba

co’

R
re K, — koHCTaHTa AMCCONMALNY, O — CTEIIEHb AMCCOLMAIMH, ¢ —
KOH]_[eHTpaIII/IH KUCJAOTHL. KOoHCTaHTa [UCCONUANAN SIBIISIETCS OHOM
13 Pa3HOBU/THOCTEN KOHCTAHT PABHOBECHSI Y 3ABUCHUT OT TEMIIEPATYPBL
B Tabnuiax AaoTcs 3HaUeHHS KOHCTAHT KMCTIOTHOCTH K, uMCIeHHo co-
BIIA/IAIONTHE C KOHCTAaHTaMU aucconuaru. KoHcTaHnTs, H606XOI[I/IMI>IC
JIIST PELIEHNS 3324, mpuBeaeHs! B Tabr. 112 B npunoxenun. Crenessn
IUCCOIIMAITAY 3aBUCUT HE TOJBKO OT KOHCTAHTBHI, HO ¥ OT KOHIIEHTPaIlin
pacTBopa.

[Tpu 3uauernuu o< 0,1 (10%) moCTaTOUHO TOUHBIN PE3Y/IBTAT PACUETA
IIOJIy4YaeTcs 110 yTIIpolleHHo! dopMyie

(11.1)

2 Kﬂ

K, =co’; a= " (11.2)
VzoToHnueckuil koappuineHT pactBopa caaboro aJIeKTpoInTa
3aBHMCHT OT CTETIEHU AUCCOIMAIIMH ITO TIEPBOU CTA/NH, TAK KaK CTENIEHb
AMCCOIMAIIMY IO BTOPOM ¥ MOCIEAYIOIEH CTaANsIM B COTHH Pa3 MEHb-
me. PaccMoTpuM aucconumaruio anekTpoauta KA Ha KaTHOH ¥ aHUOH
TP KOHIIeHTpaIuu ¢. KOHIeHTpaIus HOHOB KaXI0TO 3HaKa 3apsizia
COCTaBUT O.C, 2 KOHI[eHTpalus ocTaBumxcs Moiekysa — (1 — a)c. Ot-

CI0/1a BRIYHCJISIEM U30TOHUYECKUH K03 dUIireHT:

_oac+ac+(1-o)e
c

=1+a (11.3)
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B pacTBOpax CHJIBHEBIX 9JIEKTPOJUTOB IIPOUCXOAUT IPAKTUIECKHI
MOJIHBIH paciaji pacCTBOPEHHOTO BellleCcTBa Ha MOHBL. OIHAKO, KaK II0-
Ka3bIBAIOT UCCJIE0OBAHMS CBOMCTB CUJIBHBIX 3JIEKTPOJIMTOB, B PACTBOpPaX
C KOHIIEHTPAIMsIMH, TIpeBbIaomumu mpubsmsureasao 0,001 Mos /i,
KaKYIIAsiCs CTENIEHb AUCCOIMAIIAN MEHDIIE €IMHUIIBL. ITO OO BSICHAETCSI
HaJIMYHUEM 3JIEKTPOCTATUIECKOTO B3aMMOIEHCTBUSI MEXKIY HOHAMH,
KOTOpoe MOoHWXKaeT 3¢ PeKTUBHYIO (IEUCTBYIONIYI0) KOHIIEHTPAIIHAIO
HMOHOB 110 CPaBHEHMIO C HCTUHHOMN KOHIIEHTpaIeH.

KoHIleHTpanusi HOHOB M CaMOTO 3JIEKTPOJINTA, TIPOSIBIISIIOMIASICS
B CBOMCTBAX PacTBOPA, HA3BIBAETCSI AKTUBHOCTHIO M 0003HAYAETCS a.
AXKTUBHOCTb CBSI3aHA C KOHI[EHTPAITHEH:

a=fc (11.4)

rae f — K03 PHUIHEHT aKTUBHOCTH, KOTOPBIHN JIJIS1 O4€Hb Pa3baBIeHHBIX
BOJHBIX PACTBOPOB MOXKET ObITh BRIYKCJIEH 110 (POPMYJIE

~lg f =0,51152%1, (11.5)

B KOTOPO#1 z — 3apsA MoHa, | — NOHHAA CUJIa, BBIYUCISIEMAsi CYMMUPO-
BaHUEM IIPOU3Be/leHII MOJISIPHBIX KOHIIEHTPaIVi BceX MOHOB B IAHHOM
pacTBOpe Ha KBaJ[paThl X 3apsi/IOB:

I=%Ecz2. (11.6)

KoadduimeHTs aKTHBHOCTH HOHOB B IIPAKTHYECKH YaCTO IIPHUMEHST-
€MBIX pacTBOpax ¢ noHHoM cuioit 0,0005—1 ompenensior o Taba. 11.2.

Ilpumeuanue. [Ins coxpaiieHus1 pacieTOB MOXXHO YUYUTHIBATh, YTO
WOHHASI CUJIa, CO3/1aBaeMasi 3JIEKTPOJUTOM C OHO3APSIAHEIMU NOHAMHY,
YUCJIEHHO PaBHA KOHIIEHTPAITUH 3JIeKTposnTa. B cirydae TpeXxmoHHBIX
snekTposuToB K,A u KA, noHHast cusia paBHa yTPOEHHOM KOHIIEHTpa-
I[UU 5JIEKTPOJIUTA.

Tabruya 11.2
KoadduirneHTs aKTHBHOCTH f~OHOB B BOJHBIX PACTBOpax

Wonnas cura pacteopa, [

Honnt 0,0005 | 0,001 | 0,01 {00201 (020305 1,0

KoadduuenTs: akTuBHOCTH

H 098 | 097 091]090|0,87|0,81|0,80]0,79 | 0,85
NH,*, Ag", K,

Lit, CI, Br, | 098 | 0,96 |0,900,87|0,75| 0,67 [ 0,62 | 0,55 | 0,44
I,NO,-, NO,"

H-, F-
8104’_ ’ 098 | 0,96 |0,90|0,87(0,76|0,68 | 0,63 | 0,56 | 0,46

Na*, H,PO," 098 | 0,96 {0,90|0,87|0,77|0,73|0,70| 0,67 | 0,63
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Oxonuanue mabn. 11.2

Wonnas cua pactBopa, [

Wonst 0,0005 | 0,001 {0,01|0,02| 0,1 (02| 03| 05| 1,0

KoadduimeHTh akTHBHOCTH

Pb%, SO,2,
CrO,>, CO,%,| 090 | 0,87 |0,66|0,62|0,36|0,29|0,25|0,22 0,18
SO,*, HPO,*

SI'2+ Ba2+

Hete 5 0,90 | 0,87 |0,67]0,63|0,380,30|0,26|0,24 (0,20
gzz 1(:::22 0,90 | 0,87 [0,68]0,64|0,41(0,33|0,280,25(0,21
Mg, Be* 091 [0,87 [0,69|0,65|045 0,37 |0,34]0,28(0,23
PO 080 (073 [040|— |og0|— |— |- |-
Al*, Fe¥, Cr* (0,80 [0,74 [045|— [018|— [— |— |-

OCMOJISIPHOCTD PaCTBOPA, COAEPIKAIIETO OMUH M HECKOJIBKO Pac-
TBOPEHHBIX 3JIEKTPOJINTOB, PABHA CyMMAapHOM aKTUBHOCTH UMEIONITNXCS
HMOHOB.

11.2. lpuMepbl pelLeHus 3apav

Ilpumep 11.1. Paccuuraiite cTenens auccornuaiuu 2%-HOH XJ10-
pykcycHoit kucioTer CH,CICOOH (mnotHOCTD = 1 I/MJT) TI0 TOYHOM
U IpubIMKeHHON hopMyiam 3akoHa OcTBaIbA.

Pewenue

B ¢popmyasr (11.1) u (11.2) moacTaBsiioTCsT MOJISIPHBIE KOHIIEHTPA-
Y. BEIYUCIuM MOJISIPHYIO KOHIIEHTPAIINIO KUCIOTHI:

C_10co%p_10-2-1
T M 945

KoncranTy auccoruanuu HaiigeM B Tabur. I12: Kﬂ =1,35-1073.
BeruucianM crernesb JUCCOAALINN:

2
1)1,35-10° = 2212°% . _ 0,0767 (7.67%);

=0,212 monn /1.

2)1,35-102 =0,212- o%; o =0,0798 (7,98%).
Omeem: pacdeThl TTOKA3bIBAIOT, YTO TIPU CTETIEHY JUCCOIUAIINH

okoJo 8% pacxoxaenue cocrasiser aumb 0,3%. [To mpubamxeHHOM
dbopMyJie pe3yabTAT IOIYYAETCS 3aBBIIIEHHBIM.




11.2. MpuMepbl pelLenna 3apay 101

ITIpumep 11.2. Boruucivre nzotonnyeckuit koadoument 1%-Hoit
XJIOPYKCYCHOM KUCJIOTHI (TINIOTHOCTD 1 T/MIT).

Pewenue

[l71s1 BBIYMCIEHUS] U30TOHUYECKOTO K09 PUIlueHTa HaJ0 3HATD
crenenb aucconunanyuu. [loctymaem xak B mpumepe 11.1. Beruuciasem
KOHI[EHTPAIUIO pacTBOpa:

,_100%p _10-1-1
M 945

BBIYKCIIUM CTENEHDb AUCCOIUAIMH 110 TPUOIMKEHHON (DopMy.te
(KOHCTaHTy JUCCOTMAIIIY MOXKHO B3sITh U3 puMepa 11.1):

= 0,106 momb /1.

1,357
0,106

Boeruucasem usotronnueckuii koapdunment:i=1+0,113==1,113.
Omeem: pacTBOP XJIOPYKCYCHOM KUCJIOTHI IIPU JAaHHOW KOHIIEHTpa-
muu umeer i = 1,113.

IIpumep 11.3. K pacTBopy XJI0pyKCYyCHOM KHCJIOTBI C MACCOBOM J10-
neit 1% no6asisumu comb sToi xke kucaotel CH,CICOONa no onunako-
BO#1 KOHIIEHTPAIIUY C KICI0TOM. Kak M3MeHs1ach CTeneHb UCCOIMAIIN
KHCJIOTHI, ¥ KaKOil OHa CTaJa B ITOJIy9eHHOM pPacTBOpe?

Pewenue

JloGaBJisieMast COJTb, SIBJISIIONIASICS CUJIBHBIM 3JIEKTPOJIUTOM, TIOBHI-
IIaJ1a KOHIIEHTPAIUIO AaHMOHOB KUCJIOTHL BesencTBre 9TOTO paBHOBECHE

CH,CICOOH & CH,CICOO™ + H*

CMEIIATIOCH BJIEBO, T.€. B CTOPOHY 00pa3oBaHuUs MOJIEKyT KucaoThl. Cre-
TIE€Hb TUCCOIUAINY KUCIOThl YMEHbIAIACh. [[JI51 BHIYUCIEHUSI CTETIEHN
JIVICCOITMAIINY KUCJIOTHI B ITOJIy9eHHOM pacTBope ¢opmysia OcTBanibia
He IPUMEHUMA, TaK KaK IIPHU €€ BBHIBOJIE IOCTYIUPYETCSI PABEHCTBO
KOHIIEHTPAIIMH KaTHOHOB M aHMOHOB CJ1a60T0 a/ieKTponuTa. B mannoii
3agaue KoHneHTpamus annoHoB CH,CICOO™ 3aBefoMo npeBbimaer
KOHITeHTpaIuio katuoHos H*.

[171s1 BEIYMCIIEHUS CTENeHH AUCCOIMAINY IPUMEHUM 3aKOH JIeii-
CTBYIOIINX Macc:

=0,113 (11,3%).

x - &Y E§CH,CIC007)
*~ §CH,CICOOH)

B cocrostHuu paBHOBECHSI KOHIIEHTPAIIMS MOJIEKYJI KMCJIOTHI OyIeT
paBHa (1 — a)c, KoHITeHTpaIus KaTuoHoB H* — oic, a KoHIleHTpaIus
anronoB CH,CICOO- 6yzer paBHa cyMMe KOHIIEHTPAIHI COJIM H JIHC-
COITMUPOBABIIIEHN KUCIOTHI, T.€. C + o, wru (1 + a)c. [logcraBum uncio-
Bbl€ 3HAYEHU B ypaBHEHKE (KOHI[EHTPALMsI KMCIOTHI ObljIa BEIYKMC/IEHA
B mpuMepe 11.2):

1,35-107° =

0,106 (1+c)-0,106
(1-a)-0,106
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Pemenue ypaBuenus aaet o = 0,0124 (1,24%). B uricrom pacTtBOpe
kucaotel o = 11,3% (cm. mpumep 11.2). PacueTHOe ypaBHEHHWE MOXKHO
YIPOCTUTH, TIpeHeOperasi BEMTUYUHOM Ol B BhipakeHusiXx 1 + oo u 1 — o
Torpa nonyuum o = 0,0127 (1,27%). Pazuuna B 3HaYEeHUSX (L HE3HA-
YUTENbHA.

Omeem: cTeNeHb AUCCOIMAIIUN KUCJIOTHI B IPUCYTCTBUU €€ COJIH
pasHa 1,24%.

Ilpumep 11.4. PaccuuraliTe HOHHYIO CIIy BOJHOTO pPacTBOpa, CO-
nepxamero 1o 0,1 mosb/n mutpara Hatpust NaN O, u xs10pyzia Kaabius
CaCl,.

Peweuue

PactBOp coziepKUT CHIbHBIE 3J1€KTPOJIUTEL 11py X mmosHoI 11ucco-
TUAITAY KOHT[EHTPAITHH HOHOB Na*, Ca?*,NO, GynyT PaBHBI KOHIIEHTDA-
IUSIM COJIeit, a KOHI[EeHTPalusl HOHOB cl-— y/:[BoeHHon KOHIIEHTpaIuu
cosd. BeraucisieM nonHymo cury no ypaBaenuio (11.6):

I= %[0,1 A2 4+0,1-(-1)> +0,1-22+0,2-(-1)’] = 0,4.

CoryacHO IPUMEYAHHUIO Ha C. 73 MOHHYIO CHILy MOHO OBLIO BbI-
YHCIUTD caenyommm obpasom: I=0,1+3-0,1 =0,4.
Omeem: uoHHas cujia 1aHHoro pactBopa 0,4.

ITpumep 11.5. Onpenennre aKTUBHOCTY KOHOB B PACTBOPE HUTPA-
ta Kayibiusa Ca(NO,), ¢ konnenrpamuei 0,067 mons/n. Paccuuraiite
OCMOJISIPHOCTH PacTBOPA.

Pewenue

CornacHo ypaBHeHuU10 (11.4) 1y1s1 onpeiesieHNss aKTUBHOCTH HOHOB
cienayer HaTH K03 duimeHTs akTUBHOCTH f. [[J15 9TOr0 HA/MO BHI-
YUCJIUTh HOHHYIO CHJIY W MCIOJIb30BaTh TaOIHUIy KO3(D(PUIINEHTOB
AKTUBHOCTH.

st Tpexuonnoro anekTpoauta I =3¢ =3 - 0,067 =0,2.

ITo tabu. 11.2 npu HalieHHOM 3HAYEHUHM MOHHOM CHJIBI HAXOIUM
xoaddurmentsr axrusHocTH: f(Ca?t) = 0,33; f(NO,™) = 0,67.

Berumciisiem akTHBHOCTH MOHOB:

a(Ca?*) = 0,33 - 0,067 =0,022; a(NO,") = 0,67 - 2 - 0,067 = 0,09.
Haxoaum ocMOISIpHOCTE pacTBOpa:
¢ =a(Ca?) +a(NO;") =0,022 + 0,09 = 0,112 ocmob/11.

Omeem: akTuBEOCTH MOHOB a(Ca?*) = 0,022; a(NO,") = 0,09. Ocmo-
JsipHOCTD pactBopa 0,112 ocMomb /1.

IIpumep 11.6. B xaxux npezeax OyaeT H3MEHSATHCA H30TOHMIECKHIH
K03 (UIIMEHT PaCcTBOPa HUTPaTa KaabIust 06beMoM 0,5 J1 ¢ KOHIIeHTpa-
ueit 0,067 Mo/ (cM. mpumep 11.5) 1pu mocTeneHHOM A00aBICHHH
4,5 1 BombI?

Pewenue

M3oToHnYecKui Koo PHUIIMEHT i KCXOIHOTO pacTBopa Oy/eT pa-
BEH CyMMapHO# aKTUBHOCTH KMHETHYECKH HE3aBUCHMBIX YACTHI]
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3JIEKTPOJIUTA C IAHHOM KOHIIeHTpaIllel, OTHECEHHOM K TaKOM XKe KOH-
IEHTPAI[UU HEDIEKTPOJINTA:

. 0,022+0,09
0,067

IIpu nobasnenuu 4,5 1 Boasl K 0,5 J1 pacTBOpa MPOM30HIET pas-

Oasienue B 10 pas:
Vi Vi = (0,5 1+ 4,5 1) /0,5 1= 10.

Bo cTosBKO Ke pa3 yMeHbIIATCs KOHIEHTPAIUSA PacTBOpPa M HOHHAS
cuna. B mosyuuBmieMcst pacTBOpe KOHIIEHTPAIIHS COJIM M MIOHHASI CHJIa
OyIyT CIIENYIOLINE:

Coon = 0,067/10=0,0067; I =3c, . =3-0,0067=0,02.

7151 aTOTO 3HAYEHMS MOHHOM CHIIBI KO3(MUIIMEHTH aKTUBHOCTHI
MOHOB HaiizieM B Tabmutie: f(Ca?*) = 0,64; f(NO,™) = 0,87.

BbIunciisieM aKTUBHOCTH HOHOB:

a(Ca?") = 0,64 - 0,0067 = 0,0043;
a(NO,;)=0,87- 20,0067 =0,0116.

BeIunciisieM H30TOHUYECKHH KOa(pdUIIMEHT pa3baBIEHHOTO pac-
TBOpA:

=1,67.

. 0,0043 +0,0116

0,0067

Omeem: 3HaueHNEe N3OTOHNYECKOTO KO3 DHUIIMEeHTa UCXOTHOTO
pacTBopa 1,67 manexo or npeneabHoro snauenus 3. PazbaBienue pac-
TBOpa B 10 pa3 BeseT K MOBHIIIEHUIO H30TOHUYECKOTO KO3ddunmenTa
Jto 3HaueHuwus 2,37.

=2,37.

IIpumep 11.7. Onpenenmute K03 PUITMEHTH aKTUBHOCTU BCEX MOHOB
B PacTBOPE C KOHIIEHTPAIUSIMU YKCYCHON KHUCJIOTHI M XJIOPH/Ia HATPUS
0,1 Mo/ .

Pewenue

KoahduimeHTs! aKTHBHOCTY 3aBUCAT OT MOHHOU cuibl. Haunem
pelieHre ¢ BEIYUCIEHNUS MOHHOM cuiibl pactBopa. Ciaabast kucioTa
JaeT He3HAYUTeJbHBINA BKIaa B 3HaueHue I. [ToaTomy monHas cuia
JAaHHOTO PacTBOPA YKCJIEHHO PaBHA KOHIEHTPAIUU XJIOPHU/A HATPUSL:
I=0,1. Haxoaum 1o Tab1. 11.2 koadduirmeHTh aKTHBHOCTH BCEX HOHOB
B PacTBODE.

Omeem: f(Na*)=0,77; f(CI") =0,75; f(H*)=0,87; f(CH,CO0~)=0,76.

11.3. 3apanua ana camocToATENbHOM paboTbl

436. IlpuBeauTe BaxHelIINe XapaKTEPUCTUKUA CUJIBbHBIX
¥ CJ1a0BIX DJIEKTPOJIUTOB.

437. Kak 3aBHCHT CTENEHD JUCCOIUALIMH CIab0r0o 3IeKTPO-
JIWTA OT €T0 KOHIIEHTPAIIM! ¥ KOHCTAHTHI JMCCOITAAIIAN ?
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438. Kak 3aBHCUT CTelleHb IVCCOITUAIIMY OT TEMIIEPATYPHI?

439. Kak noBymsieT Ha cTelleHb HOHU3AIlUM aMMHaKa B pac-
TBOpE J00aBJIEHKE: a) XJIOPU/Ia aMMOHHS; 6) XJIOpHa HATPUS?

440. Cyutas, 4YTO cCUa KUCJIOTHI ONPEAESIeTCS CTEIIeHbIO
JVICCONIMAINIVY TP JAaHHOMN KOHIIEHTPAaIlUH, ONpeJleJIUTe, IPo-
MTOPIIMOHATBHA JIM CUJIa KUCJIOTHI KOHCTAHTE AMCCOIIMAITUH.

441. TIpaBUJIBHO JIX YTBEPXKAECHHE, YTO IIPH OECKOHETHOM
pa30aBIeHNH PacTBOPaA CTENEHD AUCCONMALIMA CIA00M KUCIOTHI
CTPEMHUTCS K eTUHUIIE?

442. Hanmmute ypasHenus aucconuanuu Ha noust K,CO,,
Cal,, Ca(OH),, AICl;, Fe(NO,),, H,C,0,, HCI, HCIO, H,PO,.

443. B xakoii mocienoBaTeIbHOCTH BO3PAcTaeT OCMOTHYE-
ckoe gasnenne pactsopos: a) HCI; 6) CaCl,; 8) C.H,,O; r) KCI;
n) CH,COOH npu oguHaKOBOM MOJSIPHOW KOHIEHTPALMK
Y TTPOYUX PABHBIX YCJIOBUSIX?

444, Y kaxoro BemecTBa HauOOJBIINNA NU30TOHWYECKUH KO-
5 PUIUEHT B CHJIBHO pa30aBJIEHHOM PacTBOPE:

a) HUTPAT aJIOMUHUS;

6) xmopuz 6apus;

B) cysabdat xenesza(1Il)?

445. B kakoif mociefoBaTETbHOCTH MOHMKAETCS TEMIIE-
paTypa 3aMep3aHusl BOAHBIX PAaCTBOPOB CJIEYIONIHUX BENIECTB
IIpU OTMHAKOBOM MacCOBOM KOHIleHTparuu 1 r/ur:

a) caxaposa;

0) XJIOPHU/ HATPHS;

B) Gpomuz bapus;

T') TJIIOK033;

1) YKCyCHasl KHcaoTa?

446. EcTp 111 pa3murie MeXIy PaCTBOPaMH, IIPUTOTOBJIEHHBI-
MU 13 crenyomux komnorenTos: a) 11,1 v CaCl, u 20,6 r NaBr;
6) 20 r CaBr, u 11,7 r NaCl?

447. PaccuunTaiiTe CTeleHb JUCCOIAAIIUY YKCYCHOM KHUCJIOTHI
pu ee KoHnerTpaiuu 0,176 moms /1.

448. Brrancimte cTenieHh MOHM3AIMY aMMUaKa B BOIHOM pac-
TBOPE C MaccoBoii foieit 2% (maoraoctdb 0,9895 r/mu).

449. B nByx pacrBopax ob6bemom 1 1 comepxkutcsi 6 T u 0,06 T
YKCYCHOM KUCJIOTEL. BO CKOJIBKO pa3 OTIMYAEeTCs CTENEHD JIUC-
COIIMAITMH KHCJIOTHI BO BTOPOM PacTBOPE OT EPBOTO?

450. Kak uamenurcsi (yMEHBIIUTCS, YBEJIUYUTCSI) CTEMIEHD
JIVICCOTIMAIIAN TTPONIMOHOBOM KUCJIOTHI TIPU PaCTBOPEHUHU HEKO-
TOPOTO KOJWYECTBA XJIOPOBOIOPOAA?

451. TIpu Kako¥l KOHIIEHTPAIIMK CTENE€Hb JUCCOITUAIINN VK-
CYCHOM KHCJIOTHI MOXET JOCTUTHYTE: a) 10%; 6) 90%?
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452, Ilpu kaKoif KOHIIEHTPAIIMA MyPAaBbUHON KMCJIOTHI CTeE-
meHb Auccoruanyu 6yaer pasaa 10%?

453. Kak OTHOCATCS CTENEHH JUCCOIUAIUN ABYX CIAOBIX
KHCJIOT ¢ KOHCTaHTaMu auccotuanuu K u K |, Ipyu paBHBIX
KOHIIEHTPAITUSAX U IPOYUX PABHBIX YCIOBUIX?

454. K Boze o6pemoM 5 11 obasuiu no karisMm 0,3 r reasHoi
(6e3BOHON) YKCYCHOM KUCJIOTHL. 3aTeM a00aBuju eime 2,7 T
3TOM JKe KUCJIOThL. Kak M3MeHsIJIach CTENEHb JUCCOMAITAN KHC-
JIOTHI B TIpo1iecce fobapieHus? Paccunraiite cTemneHs JUCCOIH-
alMM B IPOMEXKYTOYHOM M KOHEYHOM pacTBopax. M3aMeHeHneM
oObemMa pacTBOpa peHebpedb.

453. PaccuuraiiTe cTemeHb AUCCOIHAIMH TI0 TIEPBOM CTAANN
¥ U30TOHUYECKUH KOa(pDUIMEHT I[aBesieBOi KMUCIOThI B paCTBO-
pe c kournenTparuei 0,05 Mosb/ .

456. CpaBHUTE MOHHYIO CHJIy PACTBOPOB XJIOPUIA HATPHS
1 XJIOpH/Ia KaJbIus ¢ KoHIeHTpanueii 0,15 Mois /1.

457. BeluncnTe MOHHYIO CUJTy PacTBOpa CyJibdaTa MarHUS
c koumenTparueit 0,1 Moab/.

458. Berumciinte MOHHYIO CUJTY PaCTBOPA, cojepKaniero B 1 1
o 0,25 Mosb 6pomuza Kaausa u 6pomuga Kaasius. Oupegenaure
AKTUBHOCTH KaX/IOTO U3 UMEIOIMIMXCS B PACTBOPE HOHOB.

459. Berunciite HOHHYIO CHJIy PacTBOPA, COAepsKamiero B 1 1
0,2 moab xopuaa kaaus u 0,1 Mmosb cysnbdara kamus. Omnpesne-
JIUTe aKTUBHOCTH Ka’K/IOTO M3 UMEIOIUXCS B pAaCTBOPE UOHOB.

460. Kax moBiusieT Ha aKTUBHOCTb MOHOB, UMEIOIIUXCA B
1%-HOM pacTBOpe XJOopH/a HAaTPus, JoOaBIeHNE B PACTBOP:
a) IJII0K036I; 6) OpOMHUIa MATHHUS?

461. K 200 ma pactBopa ¢ kounenTpanueir ¢(KOH) =
= 0,25 moab/n gobauan 300 M pacTBOpa ¢ KOHIEHTpaI[Hei
c¢(HCI) = 0,5 Mosb/1. Berumcinre ak THBHOCTh MOHOB BOZIOPO/IA
B ITOJTyYEHHOM PaCTBOPE.

462. PaccunTaiiTe o0cCMOTHYECKOE JaBjieHNE (DU3UOJTOTHIECKOTO
pactBopa (0,9%-Hbiit x70pua Hatpus) pu TeMieparype 37°C ¢ yue-
TOM K03(pUITMeHTOB aKTUBHOCTH. [110THOCTD pacTBopa 1 r/miL.

463. Berunciure n30TOHMYECKHH K03 dUIIMERT U TeMItepa-
TYpy 3aMep3aHus pacTBOpa XJIOpHU/a HaTPus C KOHIleHTpaIlue
1 Mosb /KT € yueToM K03 UITMEHTOB aKTUBHOCTH.

464. Brruncivite MOHMXEHNE TEMIIEPATYPHI 3aMeP3aHUsI U TI0-
BBIIIIEHHE TEMITEPATYPhI KMIIEHUS PACTBOPA IIABEJIEBOI KUCIOTHI
¢ MoJisLTbHOM KoHIleHTpanuei 0,05 MoJb/Kr. M30ToHMYeCcKuii
Ko durineHT pactsopa i = 1,64.

465. BerumcivTe TIOHMKEHVE TEMITEPATYPhI 3aMEP3aHUs U T10-
BBINIIEHUE TEMIIEPATYPHl KUIIEHUS PACTBOPA CEPHOUM KUCJIOTHI
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¢ MoJIsiibHOM KoHTleHTparueit 1,134 monb/kr. VI30TOHUYeCKuUiA
Ko dureHT pacteopa i=2,61.

466. PacTBOp KaKoil KACJIOTHI MMEET HanbOIbIee OCMOTH -
yecKoe aBjeHue npu KoHieHTpanuu 0,08 Moab/1 ¥ MPOYUX
PaBHBIX YCJIOBUSIX:

a) YKCYCHOI;

6) maBeseBoii;

B) MyPaBbIHOW;

I') IPOTTOHOBOM ?

467*. Pacnionoxure CleAyonue pacTBOPhI C MACCOBBIMY KOH-
neHTpanusamu 12 r/n npu oIMHAKOBOM TeMIlepaType B MOPSIIKE
YBEJMIEHNST OCMOTUYIECKOTO JIABJIEHNST: 2) TIPOTIMOHOBAS KMCJIOTA;
6) maBesieBasi KACJIOTA; B) MOAUJ KAJbIUS; T') XJIOPHU/] MATHUS.

468*. Mopckas Bojia C CYMMapHBIM COZIEPXKAHUEM COJIEH
2,5% 1o Macce HauMHaeT 3aMep3ath pu Temiepatype 1,332°C.
BerumciauTe 0CMOJISLIIBHOCTS MOPCKOUM BOJTBI ¥ MOJISIPHYIO Maccy
HEDJIEKTPOJIATA, KOTOPBIN aJ1 ObI TaKoM ke 3(pdexT.

469*, PactBop a1 uH(DY3Uil «IUCOIbY COMEPKUT, KaK yYKa3a-
HO Ha 3TUKETKE, 2 T HaTPUS YKCYCHOKUCJIOTO U 6 T HaTPUs XJO-
puza B 1 1 Boxgbl. TeopeTuueckast 0CMOJISIPHOCTD 252 OCMOJIB/J1.
BocmpousBenute, Kak ObLIO MOJTyYeHO 9TO 3HAYEHUE OCMOJISIPHO-
ctu. Kak BbI camu ooty ObI K BHIYUCIEHHIO OCMOJISIPHOCTH?

470%. YcraHoBieHO cienyiollee coAepskaHue HOHOB B BOZE
MepTtBoro mops B rpammax Ha 1

X0p (C) 2124 | Marmuit (Mg2) | 40,6
Bpom (Br-) 5,1 |Harpuii (Na*) 39,1
Cyasdar (SO) 0,5 |Kambuuit (Ca?) | 16,9
I'mppoxap6onar (HCO;) | 0,2 | Kammit (K*) 7,34

C xaKoi TOYHOCTBIO IO 3TUM AdHHBIM 3apsal KaTUOHOB KOM-
IICHCHUPOBaH 3apA10M aHUOHOB?




12. Kucnotbl U oOCHOBaHMUSA

12.1. KpaTkne TeopeTHYecKHe CBEfieHHs

Cpenu 1eoro psAga TEOPUM KUCIOT U OCHOBaHMM HauboJIbIIee
MPaKTUYeCKOe 3HAaUeHNE UMEIOT KOHIIEIITUS XKECTKUX U MSITKUX KUCIOT
M OCHOBaHWIA /1151 IPOrHO3MPOBAHMS H30MPATENBHOIO B3aMMOIEHACTBHUS
YACTHII ¥ TPOTOJIUTUYECKASI TEOPYS 711 PaCIETOB KOHIIEHTPAIIMI HOHOB
u pH pacTBOpOB KUCJIOT ¥ OCHOBaHUH.

HammomuuM, 4TO COTJIACHO ITPOTOIUTUYECKOM TeopuM Kucaora HB —
3TO JOHOP IIPOTOHA, a OCHOBaHMe B — akuenTtop nporoHa. IIpoTton
p* B pacTBopax obo3HauaoT kak H*. B TakoM 0003HaueHHH TO/Ipas-
YMEBAETCS, YTO ITPOTOH CBSI3aH C MOJIEKYJIAMH PACTBOPHUTEIS, T.€. TH-
ZPpaTUPOBaH WJIM COJbBATHPOBaH. B BOZHOM pacTBOpe IIPOTOH YacTO
3alMChIBAIOT B BU[€ MOHA TUIPOKCOHUS H o

Kuc/10Thl ¥ OCHOBaHHSI MOTYT OBITH KAk MOJIeKyJIaMI/I TaK ¥ NOHAMH.
Ecsv oftHa 1 Ta ke yacTHIla MOXKeT JIeHiCTBOBATh U KaK JIOHOP IIPOTOHA,
¥ KaK aKIeIITop IIPOTOHA, TO OHA HasbiBaeTcs amdomrom. CaMbiMK 0OBIY-
HBIMH aM(l)OJII/ITaMI/I apyaiorca kucasle comu NaHCO,, KH,PO, n mp.

KuicioTHO-0CHOBHbIE CBOHCTBA IPOSBIIAIOT HE TOJIBKO BemeCTBa Tpajau-
I[MOHHO PACCMATPHUBAEMBIX K/JIACCOB KMCJIOT M OCHOBAHMIA, HO 1 OOJIBIIMH-
CTBO COJIEN ¥ MHOTHE KJIaCChI OPraHM4eCKUX COeAMHEHUN. PacTBOpEeHHEIE
B BOJIe BellleCTBa CO3/al0T HEKOTOPYIO KOHIIEHTPAMI0 NOHOB BOZOPOa
u Tuipokcuaa. Kpome Toro, cocTosiHyie BEIeCTB 3aBUCUT OT CPEIBI, CO3/1a-
BaeMOM APYTMMY NMEIOIIIIMICS B PACTBOPE BemIeCTBaMu. HAHME KOHIIECH-
Tpalyii ¥ aKTHBHOCTEW MOHOB BOJOPO/A M THIPOKCH/A B paCTBOpaxX MMeeT
6os1bII0e IpaKTHUecKoe 3HaueHue. [loaromy yoxe B 1909 r. IT. Cepencenom
6bLI0 BBEZIEHO mOHsATHE PH — BOAOPOAHBII TOKa3aTeb:

H =-lgc(HY).

IJTO NOHATHE PACIPOCTPAHEHO U HAa KOHI[EHTPAIH JPYTUX NOHOB,
Hanpumep pOH = -Igc(OH").

AnnaparypHbie M3MepeHUS TO3BOJISAIOT OIIPENETUTh AKTUBHOCTHI
MOHOB B pacTBope. B y4e6HbIX 3a/1auax yaiiie IIPOBO/IAT PaCYeThl Ha OC-
HOBE KOHIIEHTpAIWi, HO B . 11 6bLIM JaHBl POPMYJIBL [JIS PacyeTa
aKTUBHOCTe# MoHOB. [Ipu pacyeTax ¢ uCONb30BaHUEM KOHIIEHTpAIUN
CJIEyET MMETH B BUJLY, YTO HTO PACYETHI IPUOIMKEHHbBIE, HO TOYHOCTD
WX TEM BHIIIE, YeM MEHbIIIe KOHI[EHTPATIHSL.

KucioTa u ocHOBaHHe, B KOTOPO€ NIEPEXOAUT 3Ta KUCJIOTA B pe-
3yJbTaTe OTAa4M IIPOTOHA, PACCMaTPUBAIOTCA KaK COIPSKEHHAs
KHCJIOTHO-0CHOBHas mapa HB?/B? 1,
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CyIIHOCTH peaknuil MeXy KUCIOTaMi M OCHOBAHUSIMU CBOJUTCS
K IIepejiade MPOTOHA:

HB?+Bf < Bf‘1+ HBZy”, (12.1)
I/le Z ¥ i — 3apsiAbl YaCTHII.
Cuijia KHCJIOThI XapaKTEPU3YETCsI €€ CIIOCOOHOCTHIO OTAABATD IIPOTOH
MOJIEKYJIE BOJIBI II0 PEAKITNH

HB*+H,0 s B:-1+ H,O".
YeM cHIbHEE PABHOBECHE CMEIEHO BIPABO, TEM CHJIbHEE KUCJIOTA.

Takum 00pa3oM, CHJIa KUCIOTHI BRIPAXKa€eTCsl KOHCTAHTON paBHOBECHUS
BTOM PEaKIIuH, Ha3bIBAEMOM KOHCTAHTOU KMCIOTHOCTH K ;

_c(H,0")- c(B*™)
¢ c(HB?) '
YuicieHHO KOHCTaHTa KUCJIOTHOCTH PaBHa KOHCTAHTE THCCOHUAITMY
K, HO CMBICI €€ COCTOUT B OTHOCHUTEJIbHOM CIOCOGHOCTH OT/AaBATh
HpOTOH JMaHHOM KUCJIOTOM U TH/POKCOHHEM. KoHcTaHTa KMCIOTHOCTH
THIPOKCOHUS IIPUHUMAETCS PaBHOM KOHIIEHTPAIIMK BOBI 55,3 MOJIb/JT
mpu 298 K.

AHajornuHEIM 00pa3oM XapaKTEPU3YETCs CUJIa OCHOBAHUH Yepes
KOHCTaHTHI OCHOBHOCTH:

(12.2)

B+ H,0 = HB**! + OH;
y+iy | -
- c(HB*")-¢(OH )- (12.3)
c(B?)

KoHcTaHTa KUCIOTHOCTH KUCJIOTHI M KOHCTAHTa OCHOBHOCTH CO-
TPSKEHHOTO €81 OCHOBAHMSI SIBJISIIOTCS 00PATHO MPONOPIMOHAIBHEIMH
BeJIMYUHAMM, [IPUYEM UX TPOU3BEIEHIE PABHO MOHHOMY [TPOU3BEIEHHUIO
BO/IBL:

K(HB)-K(B")=K,, (12.4)
r/e noHHoe npousseserue Boasl K = 10714 (mpu remnepatype 298,15 K).
B criipaBouHBIX TabsMIIax OGBIMHO ARI0TCS TOIBKO KOHCTAHTHI KHAC-

JgotHocTH. Ilo aTum JaHHBIM B CJIy4ac HeO6XOlII/IMOCTI/I MOJKHO paCCUH-
TaTb KOHCTaHTBI OCHOBHOCTH.

Kw
Vaz
K, (HB’"")
[Ipu pacyeTax KOHI[EHTPAIMil ¥ AKTUBHOCTEN MOHOB yA0OHO IpH-
MEHATD CHJIOBbIE II0Ka3aTe M KUCAOT PK v ocHoBanui pK, TIpe7ICTaB-

JIAOIne coboii JIOI‘apI/I(beI COOTBETCTBYIOIITUX KOHCTAHT C 3aMeHOI
3HaKa Ha HpOTPIBOl'IOJIO}KHbIPI.

CyMMa CHUJIOBBIX ITOKa3aTeel KUCIOThI 1 COIIPAKEHHOT'O OCHOBaHUA
PaBHa CUJIOBOMY IIOKa3aTEJ/0 BOABIL:

pK (HB?*1) + pK,(BY) = 14. (12.6)

K,(BY) = (12.5)
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Koncranra PaBHOBECHA HpOTOJIPITPI‘-IGCKOfI PE€aKIINHN 3aBUCUT OT KOH-
CTaHT KUCJIOTHOCTH 1 OCHOBHOCTH PCAaTrUPYIOIUX BEMICCTB:

_ K,(HB*)-K,(BY)
= % X

w

YuuTsiBas B3aMMOCBs13b MeXy KOHCTaHTaMu K 1 K, B cOIIpsiKeH-
HOM [ape, MOXKHO IIpuiaTh ypasHenuo (12.7) 6oJee mpocryio Gopmy:

K, (HB?)
K = J— P
K, (HB**")

Cornacho ypaBHenuio (12.8) xoHCTaHTa pPaBHOBECHS ITPOTOJIUTHU-
4ecKOM peakuuy paBHA OTHOIIEHUIO KOHCTAHT KUCJIOTHOCTU KUCJIOT
B JIEBOU U IIPaBOM 4aCTSIX ypaBHEHUS PeaklUH.

U3 ra1. 11 yxe n3BeCTHO, YTO CHUJIbHAS KMCJIOTA XapaKTEPU3YETCS

K

(12.7)

(12.8)

CTEIIEHBIO AUCCOLUALINH O, ~ 1, a B ciry4ae c1ab0ii KHCJIOTHI Ol ~ /K x /c.
KoHcranTa 1ucconualiii YMCJAeHHO COBIIAIAET C KOHCTAHTOM KMCJIOTHO-
ctu. VI3 5TOTO CIIETyeT, UTO B pACTBOPE CUIIBHON KHCIIOTHI KOHITEHTPAITHST
HOHOB BOJIOPO/Ia PaBHA KOHI[EHTPAI[MH CAMOM KHCJIOTHL. B pacTBope
¢1a00H KUCIOTBI

c(H") =ac=./Kc. (12.9)

B Boze, cryxkarmieil pacTBopUTesieM Yallle APYTUX KUIKOCTeN, UAeT
MIPOIIECC Ay TOMOHHU3AITHH:

2H,0 s OH~+ H,0".

BcaepctBue 3TOTO KaK OT/AEIBHO B3SATASI BOJA, TAK M BOJIHBIE PAc-
TBOPHI OAHOBpeMeHHO cozepxaT nonsl OH™ u H,O*. Ilo 3akoHy aei-
CTBYIOIINX MacC MPOU3BeIeHHE KOHIIEHTPAIIMA NOHOB IIPH JAaHHOM
TeMIIepaType SIBJISIETCA IOCTOSHHOM BEJIMYMHOM, Ha3bIBAeMON HOHHBIM
npoussezieHneM Bogabl K (cM. Bbile). 3Hasd KOHIEHTPALUIO MOHOB
BOJIOPO/Ia, MOKHO BBIYMCJIHUTH KOHIIEHTPAITUIO HOHOB THAPOKCHU/IA,
u Haobopot. Hanpumep:

Kw
c(H)

Wmeem pOH = 14 — pH pu Temneparype 298,15 K.

[l1s1 pactBOopa amdoanTa 3aBUCUMOCTh KOHIIEHTPAIUHA UOHOB BO-
ZIOPOZIa OT KOHIIEHTPAIUH BEIIECTBA U KOHCTAHT KUCIOTHOCTH OUY€Hb
croxHa. [Ipubmxennoe suavenue c¢(H*Y) amsa amboaura HB? MoxxHO
BBIYUCJIUTSH IO hopMyJie

c(H") = K, (H,B"*") - K, (HB"). (12.11)

IIpu uccieq0BaHNK BOAHBIX PACTBOPOB OYEHD YACTO HEOOXOIUMO
crabumuzupoBaTh pH. 310 mocTHraeTcsa npuMeHeHHeM 6ydepPHBIX
cucteM. BydepHasi cucrema mmpeacTasisier co00i cMeCh IIPOTOHHPOBAH-
HOM ¥ JENPOTOHUPOBAHHOMN (hOPM HEKOTOPOTO CIA00TO SJIEKTPOIUTA.

¢(OH") = (12.10)
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ITpumepamu Gy(hEPHBIX CHCTEM C Pa3HBIMM 3apsilaMi KMCJIOTHBIX
1 OCHOBHBIX (DOPM MOTYT CJIysKHTh:

- aneratHass CH;COOH/CH,COONa (HAc/Ac");

 amMuauHo-amMmormiinas NH,Cl/NH, (NH,*/NH,);

- bocdarras KH,PO,/Na,HPO, (H,P0,/HPO,?).

PacTBop, cogepKaiui OQHy WIH HECKOJIbKO OydepHBIX crcTeM,
Ha3BIBaeTCs OyhepHBIM PACTBOPOM, TaK KaK CIIOCOOEH B OIPEIETEHHOM
00J1aCTH TOIEPKUBATH OTHOCHTEIBHOE OCTOSTHCTBO PH.

Boxopoausiit mokasarenb OyGepHO CUCTEMBI PACCYUTHIBAIOT
1o ¢popmyJsie

Bz—i)

H=pK,+1g%E ), 12.12
C(Bz—i)

WY, BBeist obo3Hauenne — - = g, noxyduM pH = pK_ +lga.
o(HB?)

Cmocob6HOCTh 6yepHOTo pacTBOpa MOAAEPKUBATH TIOCTOSTHCTBO
pH orpannuena. OHa xapakrepusyercsi 6ydhepHoii eMKocThIO [3, 3aBu-
cAllel OT OTHOIICHY S KOHIIEHTPAIH KOMIIOHEHTOB @ U OT CyMMapHOM
KOHI[eHTpanuu KoMnoHeHToB ¢ = c(HB?) + ¢(B*~1):

a
~237i— %
b T@+1)

Ananus ypasHenus (12.13) nokassiBaeT, 4TO NpU 3HAUEHUSIX @
menbine 0,1 (Iga=-1) u 6onbme 10 (Iga=1) 6ydepHast eMKOCTb CHIIBHO
YMEHBINAETCs U IpuMeHeHve OyhepHOii crcTeMbl CTaHOBUTCSI Headdek-
tuBHBIM. [ToaTOMY cumraercsi, uTo 6ydepHasi cucrema MOXKeT paboTaTh
B 30He pH oT pK — 1 10 pK , + 1. IIpakTiecky 17151 KaKO#-TO IpeacTo-
smieit paboThl cenyer BbIélI/IpaTb OydepHYIO CHCTEMY, OPUEHTHPYSCH
Ha Tpebyemoe 3HaveHme pH: OHO 10IKHO monmaaaTh B 30Hy OydepHOro
NEeCTBUS CUCTEMBL.

B ciydae pacTBOpPOB HEM3BECTHOTO KAYECTBEHHOTO U KOJIMYECTBEH-
HOTO cocTaBa OydepHast EMKOCTb OMPENEISETCS MyTeM TUTPOBAHUS.
K ormepenHoMy 06BbeMy 6ydepHOTO pacTBOpa J0OABJISIOT PacCTBOP
CHJIBHOW KMCJIOTHI (MJIU IeIoun) A0 yMeHbineHus (yBeaudenusi) pH
Ha eauHuULy. /lasee pacCUUTHIBAIOT KOJIMYECTBO BENIECTBA TUTPAHTA
Ha 1 J1 6ydepHOro pacTBOpa. ITO KOJIUYECTBO BEMECTBA YUCJIEHHO PABHO
TaK Ha3bIBaeMOl MHTerpabHOi GydepHoii eMkocTu 1o kuciore ()
1 ocHoBauMIO (3,):

Ba=_

(12.13)

¢V

. Cr 'VT
-ApH’

-ApH

B, = (12.14)

6yd 6yd

(urpexcoM T oTMeYEHBI KOHIIEHTPAIKS U 00bEM TUTPAHTA, T.€. 100aB-
JISIEMOTO PACTBOPA KHUCJIOTHI MJIH IIEJIOYH ).

Pazimuue mexay asymst hopmynamu (12.14) cocrout B TOM, 4TO

TIpH OIIpefie/IeHHH B, THTPAHTOM SBJIAETCA KUCI0Ta, pH moHmxaercs
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u usmenenne pH orpunarensso. Ilepen ApoObIO CTABUTCS 3HAK <—>.
IIpu onpenenenuu B, TATPAHTOM fABJIseTCA ea04b, pH nosrimaercs
u usMenenne pH nonoxurenasHO.

12.2. Mpumepbl pelieHna 3agay

IIpumep 12.1. Paccunraiite c(H"), a(H*) u pH B pactBope HCI
¢ xounenrpanuei 0,01 Mo /1.

Pewenue

PacTtBOp X/10pOBOZOPOAA, MM COJISTHASI KACJIOTA, — 3TO CUJIbHAS
kucaora. Cinenosarensto, c(H') = ¢(HCI) = 0,01 mosb /1.

Ana Beraucnenuss a(H*Y) nHaiigem k03hDUIUEHT aKTUBHOCTH
no taba. 11.2: f(H*) =0,91.

Haxomum akTHBHOCTH MOHOB BOZIOPO/IA:

a(H)=fc=0,91-0,01=0,0091 monp/11.

HaxomyMm pH 110 npubamKeHHOMY ¥ yTOYHEHHOMY BapHaHTaM:

a) pH =-lgc(H") =-1g0,01 = 2;

6) pH = -lga(H") = -1g0,0091 = 2,04.

Pasznuune B 3Hauenusx pH He6osbinoe, BO BTOPOM 3HAKE IIOCIE
3aITOM.

Omeem: c(H*) =0,01 mosn/i1; a(H*) = 0,0091 moss/i1; pH = 2 (6071
To4uHO 2,04).

IIpumep 12.2. Paccuuraiite c(H*) u pH B pacTBOpe nponroHoBoOiA
KucoThl ¢ KoHneHTpanuei 0,001 moib/ .

Pewenue

ITpomonosas kucnora C,H.COOH — cma6as. Ilo Tabn. 112 K =
=1,35 - 10-5. Beruncisem c(HY) 1o dopmyae (12.9):

c(H") = \/Kac = \/1,35 -107.0,001 =1,16-10™* momn /1.
B pactBope c1a60T0 3JEKTPOJIMTA MOHHAS CHJIA MAJIa, U €€ MOYKHO
He YUUTBHIBATh. AKTUBHOCTH MOHOB BOIOPO/Ia TPAKTUYECKU COBIIA/IaeT
¢ koHIleHTpanuei. Beraucasiem pH pacrBopa:
pH=-lg1,16 - 10-4=3,93.

Omeem: a(H*) = 1,16 - 10~* momn/m; pH = 3,93. 3nauenne pH < 7,
YTO ¥ CJIEZIOBAJIO OXKUAATH JJIST PACTBOPA KUCJIOTHI.

IIpumep 12.3. PaccunTaiitTe KOHCTaHTY OCHOBHOCTH M CHJIOBOH I10-
Ka3zaTeJlb MeTHJIaMIHAa CH3NH2.

Pewenue

MeTHiaMuH pearupyeT ¢ BOoH Kak ciiaboe OCHOBaHWME:

CH,NH, + H,0 <5 CH,NH,*+ OH".
W3 Tab. T12 6epeM KOHCTAHTY KACTOTHOCTH COTPSIKEHHOM KUCIIO-
THl — MOHA METUJIAMMOHUSI ¥ €TO CUJIOBOM ITOKA3aTENh:

K,=2,19- 1074 pK, = 10,66.
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HaXOI[I/IM KOHCTAHTY OCHOBHOCTH METHUJ/IAMHWHA II0 YPAaBHCHHUIO

(12.4):

K 107
K,=—2=———-=457-10""
K, 219-10
CutoBoii MOKa3aTesb MOXKHO HalTH WK lorapu(pMIPOBaHNEM BBI-
YUCJIEHHOM KOHCTAHTBHI, WM IO ypaBHeHHIO (12.5):

pK, =14 - 10,66 = 3,34.

Omeem: MeTHIAMVH UMeeT KOHCTaHTy ocHoBHocTH K, = 4,57 - 107
u pK, = 3,34.

Ilpumep 12.4. Paccuutaiite c((OH™) u pH B pacTBOpe aHUIHNHA
C.H,NH, ¢ xonnenrpamuei 0,02 mosb,/J1.

Pewenue

AHWINH, KaK U IPyTHe aMMHBI, SBJAAETCS CJIa0bIM OCHOBAHHEM.
Ero compspxennas xucnora C.H.NH,* (uon dpennnammonnit). bepem
u3 Tab. I12 KoHCTaHTy KI/ICJIOTHOCTI/I K =1,35 - 10~° u BBIYKCIIEM K,
aHWJIVHA:

K, 10 i
s =K. " 135007 A0

a

Brraucasiem xkonnenTpanuio nonoB OH™ mo ypaBaenuio (12.9),
IIPUMEHSIS €T0 K PAaCTBOPY OCHOBAHUS:

c¢(OH™) = K,c = \/7,41 107°.0,02 = 3,85-107° monn /.
Jls1 Beruucienus: pH cHavasma HaxoauM KOHIIEHTpalmio noHoB HY
o ypaBHenuio (12.10):

10—14 10—14
H+ = =
)=o) = 3.85.10°

Boruucasiem pH: pH = -1g3,85 - 1076 =8,59.
Omeem: B narHoM pactBope annamna c(OH™) = 3,85 - 1076 mosn/11;
pH = 8,59 cooTBeTcTBYET HIENIOUHOI Cpefie.

=2,6-10° momp/m1.

IIpumep 12.5. PaccuuraiiTe KOHCTAHTY PABHOBECHS TPOTOJIUTHYE-

CKOI1 peakiuu eHoJIa C AHUIMHOM
C,H.OH + CHNH, =5 CH,O"+ C.HNH,*
K, 1,02-10710 1,35-1075

Pewenue

Koncranta paBHOBECHS TPOTOJIUTUYECKOM PEAKIIMY PACCUUTHIBA-
ercs 1o ypasHenuio (12.6) wiu (12.7). Y 100Hee HCII0Ib30BaTh ypaB-
Henwe (12.7). Haxoxum B Ta61. I12 KOHCTAHTHI KHCIOTHOCTH, KOTOPHIE
3alUCHIBaeM 1oJ; GOpMyJaMU B YpaBHEHUHU peakinuu. Boraucasem
KOHCTAHTY PaBHOBECHUSI:

1,02-107"°

=135 g5 = 5610
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Omeem: naHHas MPOTOJUTUYECKAS PEAKIINS XapaKTEPU3YETCS KOH-
ctanToil paBHoBecus K = 7,56 - 1075. PaBHOoBecre CHIBHO CMEIIEHO
BJIEBO, TaK Kak (peHoI Gostee cnabas KUCI0Ta, YeM (DEHUIAMMOHUIA.

IIpumep 12.6. Beruucure kounenTparuio nonoB OH™ u pH pac-
TBOpa KapboHaTa HaTpus ¢ KoHieHTpanueit 0,005 Mob/ 1. Beraucanre
TaK)Ke CTEIeHb THIPOIN3a.

Pewenue

KapboHaT HATPUS SIBJISIETCS COBIO C1ab0M YTOMBHOIM KUCTOTHI ¥ B
3HAYNTEIbHOM CTeNIeHH IIO/[BEpraeTcsl TuapoIm3y 1o annony CO2~:

CO%2 +H,0 s HCO,; +OH~.

BbramciieHrs1 MOXXKHO HA4aTh C KOHCTAHTHI ¥ CTETIEHHU TUAPOJIN3a.

B pacTBope noBsIaeTcs KoutenTpaius OH-. AumoH ciaboif Kuc-
JIOTHI, CBA3BIBAst IIPOTOH, AEHCTBYET KaK c1aboe ocHoBaHue. PaccunThl-
BaeM KOHCTAHTY OCHOBHOCTH (OHa k€ KOHCTaHTa I'MPOJIH3a) TaK Xe,
Kak B mpumepe 12.4.

Bepem u3 1ab:1. I12 KOHCTAaHTY KMCIOTHOCTH CONPSIKEHHOM KHMCIOTHI,
1.¢. ruapokapbonar-uona: K = 1,35 - 1075, Berauciusiem K, mona CO2Z:

-14
szﬁziio 11 =2,14'10_4-
K, 4,68-10

[IpoBeprM MPUMEHUMOCTD YpaBHeHus OCTBaJIb/Ia B IPUOIVIKEHHON
(dhopMe /1151 BBIYMCIIEHWS] CTEIIEHY THAPOJIN3a A aHAJOTHYHO CTETTEHH
IVICCOLMAITNN:

/K ’2 14-10™
h=,~t=,]""———=0,207(20,7%).
c 0,005 ( )

IIpu a > 10% caenyer npuMeHuTh ypaBHeHue OcCTBaIbJa B UC-
X0HO# hopMe:

ch® 0,005 - A2
K, =—— 21410 =—"—
1-h 1-h
OG6patuM BHUMaHYeE, YTO PACXOXKIEHHE MEX/Y PE3yIbTaTaMu pac-
4eTa [0 TOYHOM U MpHOIMKEHHOM PopMyiaM cocTaBuIo 2%.
Brruncisiem xonnentpaiuio nonoB OH™

c¢(OH) =hc=10,187-0,005=9,35 - 10~ MoaB/11.

s Beranciaenus: pH cHavana HaxoauM KoHIleHTpaluio noHoB H*
1o ypaBHenuio (12.9):

10—14 10—14
c(H") = — = —=1,07-10""" mMomb/1.
o(OH™)  9,35-10

Boruncisiem pH: pH =-1g1,07 - 10711 = 11,0.
Omeem: B naHHOM pactBope Kap6onaTa Hatpusa ¢(OH™) =9,71 - 10~
12 moss/m; pH = 11,0 COOTBETCTBYET INETOYHOR CPEJE.

. h=0,187 (18,7%).
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IIpumep 12.7. Paccuutaiite pH 6y¢epHOro pacTBopa, COAEPKALIEr0
muruapodocdar Kaaus u ruapodocdar Harpus B KoHnenTpanusx 0,02
u 0,04 Mosb/11 cooTBeTcTBeHHO. KakoBa Oy(epHast eMKOCTb 3TOTO pac-
TBOpa?

Pewenue

B mantiom 6y(dhepHOM pacTBOPE B POJIH KUCJIOTHI BBICTYIIAET JUTHPO-
doctar-non H,PO,, a B pom ocHoBaums1 — rugpodocdar-non HPOZ

ITo Tabm. I12 HaxoauM cuoBok nokasaresb kucyorsl: pK (H,PO, ) =7, 21
IToxcraBisiem manubie B ypaBHenue (12.12) u BeraucsasieMm pH

0,04 =7,51.
2

Jlns Beramcierns 6yepHoi eMKkocTH o dopmyire (12.13) Borumc-
JIMM CHaYaja 3HaYeHHus a U oOmei Kormenrpanuu: a = 0,04/0,02 = 2;
¢=0,04 + 0,02 = 0,06 mosb/n.

Haxoxum 6y¢)epHy10 €MKOCTb:

B=23c—=5=23-0,06——5 2 = 0,031 Mo /1.

(a+ 1) 2+1)?
Omeem: ipu faHHOM cocTaBe OydepHoro pactsopa ero pH =7,51;
Oydepnas emxocts = 0,031 Mosb/a1.

IIpumep 12.8. MMeroTcst 1eCTh pACTBOPOB C OIMHAKOBBIMY KOHIIEH-
tparmsiMu 0,1 MOJIB/JT: yKCyCHAs KMCJIOTA, alleTaT HaTpyst, AUuTuapodoc-
dat xamus, ruapodocdar HaTPU, AMMHUAK U XJIopu aMMoums. Kakue
ZIBa PacTBOpPa U3 IPEAJIOKEHHBIX CIeAYET B3SITh AJIsl IPUTOTOBJIEHUS
Oydeproro pacrBopa ¢ pH = 8,6? Kakue 06beMbl BLIOPAHHBIX PACTBOPOB
CJIeLyeT CMEIATh JJist moayderust 1 1 6ydepHoro pacrsopa?

Pewenue

IIpensiosxKeHsl TPU Maphl PACTBOPOB, COCTABJSIONMUX OydepHbie
cucremnl. IIpuMeM Bo BHUMaHMe 30HBI UX Oy(EepHOro AeHCTBUS:

HAc/NaAc; pK, = 4,756; 30na neiictsus 3,756—5,756;
KH,PO,/Na,HPO; pK = 7,21; 3ona neficreua 6,21—8,21;

NH,Cl/NH;; pK, = 9,25; 30na aeficrus 8,25—10,25.

O‘{eBI/II[HO YTO 3aJaHHBIH 6y(1)eprm PacTBOP MOIAAET B 30HY
IeMCTBUS aMMHUAaYHO-aMMOHUIHON OydepHOil cucTeMbl. Beraucamm
00beMbl pacTBOpoB. OTHOIIEHYE KOHIIEHTPAIMii B ypaBHenun (12.12)
MOJKHO 3aMEHHUTH OTHOLIEHHEM KOJMYECTBA BENIECTBA, TAK KAaK 00a
KOMIIOHEHTa HAXOAATCS B OJTHOM U TOM Xe 06beMe OydepHOro pac-
TBOpa. Ko/IM4ecTBO BelecTBa BEIPa3suM Yepe3 00beMBI MCXOHBIX Pac-
TBOPOB: 71 = cV. O6BeM pacTBopa aMmmuaxa o6o3nauuM kak V,. Toraa
o6wem pactBopa NH,Cl: V, =1 - V,. IToacTaBisieM uncIoBbIe 3Haqu1/m
B ypaBHeHue (12. 12)

V,-01
(1—V1)-0,1'
[loryyaem V,=0,183 1, V,=1-V,=1-0,183=0,817 1.

8,6=9,25+Ig
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Omseem: Tpebyercsa B3sTh 0,183 1 (183 M) pacTBOopa aMMuaka
u 0,817 1 (817 M) pacTBOpa XJI0pHaa aMMOHUS.

IIpumep 12.9. K 0,1 1 pacTBOpa X710pH1a AMMOHMSA C KOHI[EHTpA-
et 0,15 Mob /71 100aBISIOT PACTBOP TMAPOKCHA HATPUS C TAKOM XKe
KOHIleHTpanueii. B kakoM [uanazone MOTYT HaXOAUTHCSI OOBEMBI 110~
6assienHoro pactsopa NaOH, 4ToObI IOy YMBIIHIACSA PacTBOP 001314
OyGbepHBIM IeficTBrEM?

Pewenue

IIpu moGaBjeHMM THAPOKCHA HATPUSA K XJIOPHAY AMMOHUS MIET
oOMeHHAsT peaKilvs ¥ BhIAEISIETCA aMMUaK. B pacTBOpe MOsABISIETCS
6ydepnas cucrema NH;/NH,. IIpu HekoTopoMm o6beme Ies109u X 10-
CTUTAETCSI MUHUMA/IbHASI KOHIIEHTPAIINSA AMMHUAKA, YAOBIETBOPSIONIAs
yemosmio n(NH,) = 0,1n(NH}). ITpu nanbueiniem I[O6aBJIeHI/II/I eJI04M
10 00beMa y KOHIEHTPAIUS aMMHUAKa MOBBIMIAETCS 0 OTHONIEHUST
n(NH,) = 10n(NH}). IIpu 6o1buem o6seme menoun 6ydeproe geii-
cTBUe yTpaunBaeTcs. CoCTaBUM ypaBHEHUS AJI BBIMUCIEHUS x U . 7151
BTOTO TIOJ BEIECTBAMH B YPaBHEHUH 3aIIMIIIEM KOJIMYECTBA BENECTBA.
Beruncimm Havaneroe kosmmgectso NH,Cl:

n(NH,Cl)=0,1-0, 152 0,015 mMoJIb.

NaOH+ NH,Cl = NH, + NaCl + H,0
n 0,15x 0,015 —
n. — 0,015-0,15x 0,15x
n 0,15y 0,015 —

=S
o
|4

KOH o 01015 - 0;15y 0,15y

Boruucisiem x: 0,15x = 0,1 - (0,015 - 0,15x); x = 0,0091 1 (9,1 mr).

Boruucisiem y: 0,15y =10 - (0,015 - 0,15y); y = 0,091 1 (91 mn).

Omsem: 06beM 100aBISIEMOTO THAPOKCUIA HATPHSI JOJKEH HAXO-
TUTBCS B ipefiesax oT 9,1 g0 91 mu.

12.3. 3apanns ana camocToATENbHOM paboTbl

471. TlpuBenuTe IpUMepHl MOJIEKYJ, KATUOHOB Y aHUOHOB,
KOTOpBI€ COTJIACHO IIPOTOJIMTUYECKOM TEOPUU SBJISIIOTCS: a) KHUC-
JoTaMu; 6) OCHOBaHUSIMU.

472. ITpuBevTe MPOTOJUTHYECKHE PEAKIIUU B BOHOM pac-
TBOPE: a) MypPaBbUHOM KHCJIOTHI; 0) CEPOBOAOPO/A; B) STIIAMIHA
C,H.NH,; r) runpococdara Harpus.

473. Kax u noueMy usMeHsietcss pH BOIBI IpU TTOBBITIIEHUT
TeMIIEPATYPHI ?

A74. Y KaKoi KUCJIOTHI CTEMIEHb AUCCOIUAIUY MUHUMAThHA
TIPU PABHBIX YCIOBHUSIX:

a) YKCYCHOM;

0) cepHO;



116 12. Kucnotbl ¥ OCHOBaHMSA

B) CUHUJIBHOW;

I') MypPaBbUHOM?

475. B xaxoii nocjenoBaTeIbHOCTH HOBBIaeTcss pH cieny-
IONIMX BOAHBIX PACTBOPOB IIPU OJJMHAKOBHIX YCJIOBHSX: a) Mac-
JstHast, 6) PTOPOBOAOPOAHAS; B) CHHIJIBHAS T') CEpHAs?

476. B kakoii mocaenoBaTeIbHOCTH ITOHMKaeTcs: pH pacTBopoB
CJIE/YTONIMX BEMIECTB: a) OPOMUJI Kasiwist; 6) a30THAs KUCJIOTa; B) Me-
THJIAMMH; I') aMMHAK; 1) YKCYCHasi KUCJIOTa; €) THAPOKCHJ Oapusi?

477. HanunuTe IPOTOJUTUYECKUE PEAKITUN TU/IPOJIN3a, BhI-
6paB [BE COJIM U3 CJIEAYIONIETO CIIMCKA: OPOMU/L KaJIbIIKsT, MO/
HaTpus1, KapOOHAT HATPUSI, HUTPAT Gapusi, HUTPAT ATIOMUHHUSI.

478. IlpuBeanTe GOPMYIIBI TPEX COJEH, PACTBOPHI KOTOPBIX
nmeoT pH>7, pH<7upH=7.

479. B pactBope kakoit conu pH cunbHee OTKIOHSIETCS
OT 3Ha4YeHUs 7 MPU NIPOYNX PABHBIX YCIOBUSIX:

a) cynbGUT HATPHSI;

0) xkapOOHAT KaJlusl;

B) CyJb¢U/ HATPUS;

r) hopMuUaT Kaaus?

480. Hanmuimute ypaBHEHUs] HOHU3AIIUY JIJIST PAaCTBOPOB CJie-
AYIOIINX BEIIECTB: CEPHASI KUCI0Ta, hocchopHast KUCIO0Ta, TH-
npokcuz 6apus, sranauamus NH,CH,CH,NH,,.

481. Hanmmummure nporonutudeckue peakiuu B pactBopax HF,
KF, NaHCO,, AICl,, FeSO,, K,PO,, Ca(S0O,), AL,S..

482. IIpu xakoit koHuenrpanun HNO, koaddunmenT akTus-
HOCTHY MOHOB Bogopoza f = 0,87

483. Kaxoii 06beM Bojibl carenyeT 106aButh K 400 M1 a30THOM
KHCJIOTHI ¢ KoHIeHTpanueii 0,005 MoJIb /I, 4TOOBI IOIYYUTh pac-
tBOp ¢ pH = 3,67

484. Paccuuralite cTenens auccoruanuu u pH pactBopa
MACJITHOM KHMCJIOTHI IIPY KOHIIEHTPAITUN 5 MMOJIb/ L.

483. PaccunraiiTe KoHIeHTpanio noaoB H* u pH pactBopa
XJIOPHOBATUCTOM KUCJIOTHI IpU KoHNeHTparuu 0,2 MoJIb/ .

486. Ilpu xakoit KOHIIEHTPAlIMHA PAaCTBOpa CTENEHD JHCCO-
IHAIMK a30TUCTOM KUCIOTH OyzeT paBHa 20%?

487. Haiiaure oTHOIIIEHNE KOHIIEHTPAIINI MOHOB BOIOPOAA
B PacTBOpax MypaBBUHOH U IIPOIMOHOBOM KHUCJIOT C KOHIIEHTPA-
vy 0,03 Mo /1.

488. Omnpenennte aKTUBHOCTD THAPOKCUA-NOHOB 1 pH B pac-
tBope NaOH c xonnenTparueii 0,2 Moib/J1.

489. PactBop comepxut 0,56 r rugpokcuna kaaus u 1,01 r
HuTpaTa Kaaus B oobeme 200 M. PaccuunTaiite ak THBHOCTD HO-
HOoB OH™ u pH pactsopa.
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490. Paccumuraiite koHnerTpamwmio nonoB H* u pH B pacTBope
MYPaBBUHOM KHCJIOTHI IPH CTETIEHN AUCCOITHAITAN 3 %%6.

491. K 2 1 pactBopa ¢ Konnenrpanueit ¢(HNO;) =
= 0,0034 Moxab/n1 gobaBuau 1 J pacTBOpa ¢ KOHIEHTpaIueR
¢(KOH) =0,0056 mob/1. Beruricsre pH mosryueHHOro pactsopa.

492. Beruncaute pH pacTBOpa, MoIydeHHOTO CMeNIBaHUEM
paBHBIX 00beMOB pactBopoB HNO, ¢ konnenrpariueii 0,2 MoJb/J1
Y aMMHaKa C KOHIIEHTpaIei 0,1é5 MOJIb/JL.

493. Bo ckosbKO pa3 yMeHBIUTCS KOHIleHTpaIus nonos H*
B 1 1 pacTBOpa yKCyCHOM KUCJIOTHI € KOHIleHTpawueii 0,2 MoJib/n
mocJie godasenns 0,1 MoJib ameraTa HaTpHS?

494. K pactBopy JakTata HaTpusi (COIb MOJIOYHON KUCJIOTHI)
nobassa Mostounyio kucaoty CH,CH(OH)COOH no pasrbIx
KOHIIEHTPAIIMI KMCJIOTHI M cOJTH. IIpy 3TOM yCTaHOBHIIOCH 3HAYE-
Hue pH = 3,86. Beruncante KOHCTaHTY KUCJIOTHOCTHA MOJIOUHOMN
KHMCJIOTHIL.

495. Paccunraiite konnentpanuu uonos H* u CH,COO-
B pacTBOpe, coaepxkanieM 110 0,01 Mob/a yKCyCHOM KHCIOTHI
Y XJIOPOBOJIOPOJIA.

496. Paccuuraiite KoHIeHTparuio noHoB H* u pH pactBopa
cePHUCTOH KUCIOTH npu Kouneutpanuu 0,02 Mosb/ 1.

497. Paccuuraiite c(H*) u pH caregyroniux pacTBOpoB: a) TH-
npokapboHaTa HaTpus; 0) THAPOCYIb(hUTA HATPHUS, YUUTHIBAS,
YTO 3TO aM(OUTEHI.

498. Paccuuraiite pH pacTBopa cepHOil KUCJIOTHI C KOHIIEH-
tpanueit 0,01 Mosb/71, ecsiu cTenieHb AMCCOIMAIINY TI0 BTOPOM
cTamuu o = 42%.

499. PaccunTaiiTe KOHCTAaHTH pABHOBECHS ITPOTOJUTUYECKUX
peaKIuii:

a) NaClO + CH,COOH s ..,

6) KF + CH,COOH s ...

500. BerunciinTe KOHCTAHTY PABHOBECHSI PEAKIIMK TUIPOXJIO-
pHUAa AaHWJINHA C METHJIAMIUHOM.

501. PaccunTaiiTe KOHCTaHTY OCHOBHOCTH M CUJIOBOU IIO-
Ka3aTeJb AaHWJIMHA.

502. CpaBHUTE KOHCTaHTbI PABHOBECHsI PEAKITUI HEHTPAIH-
3aI[M¥ aMMHAKa YKCYCHOM 1 OEH30MHOM KUCTIOTaMH.

503. B kakoMm HampaBJIeHUM TOHET peaKI[Us NMPH CMe-
INIMBAHUYU PaBHBIX 0OBEMOB JBYX PACTBOPOB CIEAYIOIIETO CO-
ctaBa: a) popmuar HaTtpus 0,2 MoJib/J1; MypaBbUHAS KHCJIOTA
0,02 moub/i1; 6) portmonat Hatpust 0,04 MoJIb/JT; IPOITMOHOBAST
kucaota 0,4 Mosb/n?

504. O6bsicHUTE MEXaHU3M JIEHCTBHS Oy(DEPHBIX CHCTEM.
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305. B math cocymoB nmomerteno no 100 M pacTBopa yKCyc-
HOI KHCJIOTHI ¢ KoH1leHTpanue 0,1 Moab/s. B Kaxabpiii cocyn
100aBJIsLIM PasHble 0OBEMBI PACTBOPA THAPOKCHIA KAJIHs C Ta-
KOi1 JKe KoHieHTpamueit: a) 5 m; 6) 50 mut; B) 75 mur; 1) 100 wu;
1) 120 mi. Kakrie u3 moaydeHHBIX PACTBOPOB O0JIAAAI0T CyIie-
CTBEHHBIM OyhepHBIM IeHCcTBHEM?

306. PactBop cozmepsxut 0,2 Mmosb ammuaka u 0,05 MoJb CyJib-
dara ammonms. Paccunraiite pH pactBopa.

907. VmertoTcst pacTBOPHL: a) YKCYCHOM KMCJIOTH; 0) arierata
HaTPUST; B) THAPOKCHIA HATPUS C PABHBIMHU KOHIIEHTPAIIUSI-
mu BemecTB. IIpemoxuTe aBa crocoba mpuroToBaeHus 1 J
O0ydepHOro pacTBOpa C PaBHEIMM KOHIIEHTPAI[USIMM KOMIIO-
HeHTOB. Kakue 06beMbl MCXOHBIX PACTBOPOB MOTPEOYIOTCS
IIJISI 9TOrO?

508. MeroTcst pacTBOPHL: a) aMMHaKa; ) XJI0PH/a aMMOHUST;
B) COJISTHOM KHCJIOTBI C PABHBIMH KOHI[EHTPAI[USIMU BEIECTB.
IpeamoxuTe aBa criocoba mpuroToBienus 1 i1 6ydepHoro pac-
TBOpa ¢ oTHoIeHneM KouneHTpaiuii ¢(B)/c(HB) =2/3. Kakue
00bEMBI MCXOIHBIX PACTBOPOB IOTPEOYIOTCS JIJIsSI 9TOTO?

509. Kakas u3 1Byx O6yGhepHBIX CUCTEM AEHCTBYET B IIEJI0Y-
Ho# obsactu pH:

a) IIpoNMOHaTHAS;

0) aMMHMaYHO-aMMOHUIHAs?

510. IIpurorosien 1 1 6ydepHOro pacTBOpa, COAEPIKAIIETO
12 r yxcycnoii kucaotsl u 8,2 r arjetara Hatpusa. Paccuuraiite
pH u 6ydepHyio eMKOCTb.

911. Kak usmenurcs pH pactBopa, cogep:xamero 0,01 Moib
KH,PO, 1 0,03 moss Na,HPO, ipn no6asiiernu x Hemy 20 M
pactBopa NaOH c konnenTpanueii 0,1 moab/J1.

912. Ykaxure 30Hy OydepHOTro [AeHCTBHS CAeayomux Oy-
depusix cucrem: a) H,PO,~/HPO,*; 6) HPO, > /PO >~

513. Yro HaswBaoT 6ydepHoii emkocThio pacTBopa? OT Ka-
K1X (PaKTOPOB 3aBUCHT OyhepHast EMKOCTH?

914. Kak MOXXHO ONBITHBIM IIyTEM OIIPEAESUTh OydepHyIo
€MKOCTB?

915*. Kakum 6yzer pH pactBopos, cogepsxamux: a) HCI
1 6) KOH npu xouunenrpanusix 1 - 108 moss/n?

916*. Kakoit o6beM Bogsl ciaenyer mobasuth K 300 mMur pac-
TBOPA YKCYCHOM KUCJIOTHI ¢ KOHIleHTpanuei 0,25 MOJIb/J1, 4TO0bI
CTETIeHb JNCCOIAAIINH KUCJIOTHI YIBOUJIACH?

517*. Cmemanu oguHaKoBbie 06beMbI (POPMHUATHOTO U alle-
TaTHOTO Oy(PepHBIX PACTBOPOB C OJJMHAKOBHIMHU KOHIIEHTPAI[H-
SIMH KOMITOHEHTOB B 060mx pactBopax 0,1 mozb/i. Ioiiger jm
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XUMUYECKasT PEAKINA B CMECH, U B KAKOM HampaBjieHuu? Bor-
YUCIUTE KOHIIEHTPAITUHY BEIIECTB B TIOJYYeHHOM PAaCTBOPE.

518*. Paccuwmraiite ¢ yuerom noHHO# cuiasl pH OydepHoro
pacTBoOpa, copepakaiiero guruapodocdar kammsa u ruapodocdar
HaTpus ¢ KoHueHTpanusamu 0,2 moas/a u 0,1 Mosas/a coort-
BeTCTBeHHO. [IpoBeauTe Takke pacueT 6e3 yueTa MOHHOM CHJIBI
pacTBopa.



13. eTeporeHHble HOHHbIE peaKLuu

13.1. KpaTtkne TeopeTuyeckme CBEAEHHA

K reTeporeHHBIM HOHHBIM PEAKIIUSAM OTHOCSITCS IPOIIECCH 00pa3o-
BaHUSA M PACTBOPEHUS KPUCTALINIECKOM (Pa3bl BEMIECTB 9JIEKTPOJINTOB.
HawuGosiee OOITMPHEIM KJIACCOM TaKUX BEIECTB ABJISIOTCS cou. MeHee
MHOTOUYKCJIEHHBI THAPOKCUIBI METAJLIOB. B Kiacce KUCIOT TBepAbIX Be-
TIECTB B ANATIA30HE TEMITEPATYP CYIIECTBOBAHHS BOJHBIX PACTBOPOB MAJIO.

Peakivu 06pa30BaHuUsA ¥ PACTBOPEHMS OCATKOB MOJKHO CUMTATH OHOM
13 CaMbIX PacIpOCTpaHeHHbIX pa3HOBUAHOCTeM peakinii. Ha H1x ocHOBa-
HO MHOKECTBO aHAJIMTHYECKHX ITPO0 JIJIs1 yCTAHOBJIEHHSI COCTaBA PACTBO-
POB 1 KPUCTAJIMYECKHX BEIlECTB; OIy4YeHe MAJIOPAaCTBOPUMEIX BELIIECTB
110 OOMEHHBIM PEaKI[MsIM; OUMCTKA BEIECTB EPEKPUCTAILIM3AIHE,

Bemecrsa ¢ pactBopumocTsio (opueHTHpOoBOYHO) MeHee 10—20 1/
1 710 1 T/71 Ha3bIBAIOT MajiopacTBOpUMEIMU. IIpu pacTBopuMOCTH MeHb-
mie 1 T/71 BelmecTBa CUMTAIOT MPAKTHUYECKN HEPACTBOPUMBIMH. B cu-
cTeMe ¢ KPUCTAJIJIAMU M HACHIIIEHHBIM PACTBOPOM YCTAaHABJIMBAETCSI
paBHOBecHe

KPHUCTAJLIBL 9JIEKTPOJIMTA < MOHBI 9JIEKTPOJIATA B PACTBOPE.
B 061eM Buie IPOIECC 3aMUCHIBAECTCS CIEAYIOIAM 00pa3oM:
— n+ m—
K, A, (kp) S mK™ + nA™.
IIpumenuM 3aK0H AEMCTBYIONMX MacCC:

Em(Kn+)'5m(Am_) _K (13 1)
¢(K A) s '

B yucaurene ypasHerus (13.1) 3anncanbl KOHIIEHTPAallUM UOHOB
B HACBIIIIEHHOM PacTBOPE, 4 B 3HaMeHaTeIe — KOHIIEHTPAIlHsI BEIeCTBA
B TBepzoi ¢ase. IlonpaszymeBaercs, 4TO peub UAET O pACTBOPEHUY UH-
IVBUAYaJIbHOTO BENeCTBa, KOHIIEHTPAIMsI KOTOPOTO B KPUCTA/LJIaX OCTa-
etcsi nocTostHHOM. [Ipu BeIpaskeHHY B MOJIBHBIX JOJISIX KOHIIEHTPAIKS
WHIWBUYaJbHOTO BellleCTBa paBHA equHuIle. IlocTaBisis MOTbHYIO
noaio X = 1 B 3HaMeHarTeJe, TOIydaeM

~m n+ ~n m—\ __
¢c"(K"™)-c"(A™)=K.. (13.2)
Ypasuenue (13.2) npakTryecKu IPUMEHSIETCS B PacueTax reTepo-
TEHHBIX MOHHBIX paBHOBecuit. KoHcTanTa Ks Ha3bIBaeTCSA KOHCTAaHTOH

PacTBOPMMOCTH, 4 YaCTO TAKXKe npoussedenuem pacmeopumocmu. Ilpe-
nesst uamenenust K. mpubnusurensro ot 1072 go 1074, Ecm umeercs
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HEKOTOPBIA PAJ, OMHOTHIIHBIX coJe, Hanpumep KA,, To yuem MeHbIe
KOHCTaHTa PAaCTBOPMMOCTH, TEM MEHee PAaCTBOPHUMA JaHHAS COJIb.

YcTaHOBUM B3aMMOCBSA3b MEXIY PaCTBOPUMOCTHIO BEIECTBA
U KOHCTAHTOM pacTBOPUMOCTH. KOJM4YeCTBO BelllecTBa, HaXOAIIeecs
B PACTBOPEHHOM COCTOSIHMHM B OJHOM JIMTPE HACHIIIEHHOTO PacTBOPA,
YHCJIEHHO PaBHO PaCTBOPUMOCTHM BellecTBa S. [[pu 3TOM B pe3ysbTare
TIOJIHOM JUCCOLMALHU 00pasyeTcs ms MoJib/J1 KaToHoB K™ 11 s Mouib /11
aanoHoB A™". [logcTaBUM 3TH KOHIIEHTPAIIMH B YPaBHEHUE 3aKOHA
JIeCTBYIOIIMX MacCC:

(ms)" -(ns)" =K_. (13.3)
[Tocte mpeoOpa3oBaHus MOLYIaEM
s =mip I,f _ (13.4)
mn

B ciyuae HanboJsiee 4acTO BCTPEYAOIIUXCS 3JIEKTPOJIUTOB, CO-
CTOSIINX U3 ABYX U TPpeX MOHOB, ypaBHeHUe (13.4) ynpomaercs nocie
MOJICTAHOBKY B HETO KOHKPETHBIX 3HAUEHUIA M U 7.

PacTBOpHMOCTD JBYXHOHHBIX 3JIEKTPOIUTOB THIIA KA, r/1e noHbI
MOTYT OBITh KaK OfTHO, TAK U ABYX3aPSAHBIMU;

s=4K,. (13.5)

PacTBOpUMOCTD TPEXMOHHBIX 3JIEKTPOJIMTOB THIa K,A 1 KA,

s=3 & (13.6)
4

IIpu moMeleHUH MEJIKOTO MOPOIIKA MaJIOPACTBOPUMOTO 3JIEKTPO-
JIUTa B YHCTYIO BOAY IPOU3BeZeHNe KOHIEHTPAIN MOHOB COTJIac-
Ho ypaBHeHuIO (13.2) okasbiBaerca MeHbie K, izer pacTBopeHue
¥ HaCBINIEHUE PAcTBOpa MOHAMHU ke IIPH CaMOM HUYTOXHOI pac-
TBOPUMOCTH BemlecTBa. [Ipu cMemuBaHNY JBYX PaCTBOPOB XOPOIIO
PacTBOPHUMBIX COJIEH MOJKET UATH OOMeHHas peakIusi ¢ 0Opa3oBaHUEM
ocazika. B aTom ciydae npounsBezieHre KOHIIEHTPAIHIT HOHOB B PaCTBOpE
6ombme K. ViHOrZa BMeCTO BHIaZieHNsI 0CagKa 06pasyeTcs Hepechl-
MIeHHBIN PacTBOP, a TaKyKe KOJJIOUIHBIM pacTBop. Kak mporecc pac-
TBOPEHUS, TaK U MPOIIECC OCAXK/IEHUS 3aKaHIUBAIOTCSI YCTAHOBIEHUEM
paBHOBeCHS, IIPU KOTOPOM BBITIOJIHSAETCs ypaBHeHwe (13.2).

Ha pacTBOpMMOCTh MaJIOPaCTBOPUMBIX 3JIEKTPOJIHUTOB OKA3BIBAIOT
BJIUSIHUE JIPyTHe 3JeKTPOIUTHI, IPUCYTCTBYIoNe B pactBope. Hau-
0oJiee CUIIBHO BJIMAIOT 3JIEKTPOJUTHL C OMHOMMEHHBIMM MoHamMu. [lox
TaKUM Ha3BaHUEM IIOAPA3yMEBAETCSI XOPOIIO PACTBOPUMBIN 3JIEKTPO-
JIUT, OTUH M3 NOHOB KOTOPOTO OZIMHAKOB C MOHOM MaJIOPACTBOPUMOTO
31eKTPOUTa. TaKoil 51eKTPOIUT CO3/IaeT MOBHIIEHHYIO KOHIIEHTPAITIIO
OZIHOTO U3 MOHOB B ypaBHeHuH (13.2). Torga 7151 BeIOIHEHUS paBeH-
CTBa JI0JKHA TIOHU3UTHCS KOHIIEHTPAIS BTOPOTO MOHA MaJIOPacTBO-
PUMOTO 3JIEKTPOJINTA. B 3aBUCMMOCTH OT XapaKTepa MPOBOANMOIO
OTIBITA BENIECTBO PACTBOPSIETCS B MEHBINIEM KOJMYECTBE WJIH, IPH IIPO-
Be/ICHUU PEaKIIUY OCAKAEHNS, yMEHBIIIAETCS OCTATOYHAS KOHIIEHTPAIIHS
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BemecTBa. lIpu pacuerax MpUHUMAIOT, YTO PACTBOPUMBIN 3JIEKTPOJIUAT
IIEJTMKOM CO3/IaeT KOHIIEHTPAITNIO OTHOMMEHHOTO MoHa. Toraa pacTBo-
PUMOCTH OTIpeZiesisieTcsA KOHIIEHTpaIuell ocTaBierocs: noHa. B ciyuae
anekTposuta KA

sc(A) =K, (13.7)
€CJTH 5JIEKTPOJIMT C OAHOMMEHHBIM HOHOM KA, nin
c(K)s=K, (13.8)

€CJTH 3JIEKTPOJIMT C OAHOMMEHHBIM HOoHOM KA’

13.2. Mpumepbl pelieHus 3aaay

IIpumep 13.1. Vimeercs GecuBETHBIM BOAHBIN pacTBOp 6€3 ocaj-
Ka. J/lobaBIeHEM KaKUX PeareHToB U3 ciaexyiomero coucka: a) KCl;
6) K,CO,; ) NaNO,; r) Na,SO, MOXHO yCTaHOBHTD HAJTMIME UIH OT-
CYTCTBME MOHOB Oapusi B 9ToM pactBope? OqHo3Ha4YeH i1 OYAET BBIBO?

Pewenue

CortacHo Tabiuile pacTBOPUMOCTH Oapuit 06pa3yeT HepacTBOPH-
Mble KapOoHaT u cyabdar. Eciu mpu 1o6asiennu pactBopos (6) u (T)
IIOMyTHEHME WM OCAJI0K HE TIOABJIAIOTCS, TO HOHOB Gapusi B paCTBOPE
Het. Eciiu ipu 1o6aBIeHUU 5THX PaCTBOPOB KUIKOCTH B IIPOOMpKE
MyTHEET ¥ HAUMHAETCS BHIIAJEHHUE OCAMIKA, TO BO3MOXHO IIPUCYTCTBHUE
Gapusi. MHOTHE ApyTHe KaTHOHBI TaKxke 00pa3yioT HEPaCTBOPUMbIE
kapboHatbl. HepacTBopuMBIX Cy/ib(aToB MEHbIIE, Y4eM KapOOHATOB.
ITosTOoMy eciin 00pa3yercst 0CaJioK TOJABKO IIPH A00ABIEHUN PACTBO-
pa (6), To Gapus HeT.

IIpumep 13.2. PaccunTaiite pacCTBOPUMOCTS B BOZIE€ OKCAJIATA KaJTh-
st ¥ (pTOpUAA KaJIbIMs B MOJIb/J U B r/71. ChienaiiTe BEIBOJBI U3 pe-
3yJbTaTa.

Pewenue

O6e cosr CYNTAIOTCS TPAKTUYECKH HEPACTBOPUMBIMH. JleiicTBY-
TEJbHO, MX KOHCTAHTHI PAaCTBOPMMOCTH BeCbMa MaJbl (cM. Tadu. I13),
HO TeM He MeHee KaKasi-TO PAaCTBOPUMOCTb €CTh. BBIUUCINM pPacTBO-
pPUMOCTb, IpuMeHss ypaBHenus (13.5) u (13.6). 3anuniem naHHbIE
Y PE3YJIBTATHI PACYETOB [/ OOEUX COJIEI:

PacrBopuMocTs aByxuonHoi comu CaC,O, okaszanach MEHbIIIE, YEM
pPacTBOpMMOCTD TpexuoHHoM cou CaF,, HecMOTps Ha TO YTO y IepBOi
COJIM KOHCTAHTa PACTBOPMMOCTH OOJIbINE. ITO OOBSICHAETCS TEM, UTO
IIPY BBIYUCJIEHUH PACTBOPUMOCTH U3BJIEKAIOTCS padHble KOPHU U3 Ma-
sbIx umnces. Vi3Biedenne KyOMYeCKOro KOPHS IIPUBOAUT K OOJIbIIEMY
pesyabTary. [loaToMy He KOPPEKTHO CpaBHIBATh PACTBOPUMOCTH COJICH
Pa3HbBIX MOHHBIX TUIIOB HEIIOCPEJCTBEHHO 10 KOHCTAHTAM PaCTBOPUMO-
ctu. [|7151 cpaBHEHUS caeyeT BBIMUCIUTD PACTBOPUMOCTb.

PaccmoTpenHbIi IpuMep MOKa3bIBA€T, YTO IIPU KOHCTAHTaX pac-
TBOpuMOCTH TopsaaKa 10710 pacTBOpHMOCTD «HEPACTBOPUMOMY> COJIH
OKa3BbIBA€TCsI BIIOJIHE ONTyTUMOI BeJTMIMHOM.
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CaC,0, 5 Ca? + C,07"
c 1 0 0

Haq

c=s 1 s s
c(Ca?*) - ¢(C,0.2)=K;

s'=K,; s'=K;

K,=2,32-10°%

$§=+/2,32-10"° =4,82-10" Momp/T;

s, =4,82-10-128,1=6,17 - 103 /a1

(6,17 mr/m).

CaF, 5 Ca* + 2F-
c, 1 0 0
E=s 1 s 2s

c(Ca?) - cA(F)=K;

K
4s3=K; s = ,3/—‘;
4

K,=3,45- 101,

s=133,45-10" / 4 =2,05-10™ momb/m;

s, =2,05-10%-78,08=16,0-103r/n
(16,0 mr/m).
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IIpumep 13.3. Bo ckosibko pa3 pacTBOPUMOCTH THIPOKCH/IA MATHUS
B Bojie 60JIblie, YeM PacTBOPMMOCTH 3TOTO JK€ BENMIECTBA B PACTBOPE
TUAPOKCH/a HaTpud ¢ KoHIeHTpanueit 0,01 moan/1?

Pewenue

I'mppoxcun maraus Mg(OH), — tpexnonnbiii snekTpoant. Bynem
CUMTATh, YTO TP OUEHD MAJIO KOHIIEHTPAIIMH 3TOT CIA0BIM 2JIEKTPOIUT
IMCCOIMIPOBAH IIPaKTUYeCKU NOMHOCThIO. IIpoBesieM pacuer pacTBo-
PHMOCTH TaK Xe, KaK st PTOpUIA KATBIIHSI:

Mg(OH), < Mg* + 20H-
C, 1 0 0
c=s 1 s 2s
c(Mg?*) - c>(OH) =K ; 4s*=K;

s= 3/%; K, =561-10"% s=3561-10" / 4 =1,12-10" moms/x.

PaccunTaeM pacTBOPUMOCTH TIPU HAJTUYHUHU B PACTBOPE IIEJIOYH
NaOH:

Mg(OH), < Mg + 20H-
Cy 1 0 0,001
C=s 1 s 2s’ + 0,001
c(Mg?*) - c2(OH) =K; s - (25 +0,001)2 = 5,61 - 10712,
[Ipenebperaem masioii BeJuuuHOM 2’ B CKOOKax:
s’ -0,0012=5,61-10"1% s =5,61 - 107% mosn/i1.
[Ipu TOYHOM pelleHn  ypaBHeHus moaydum s’ = 5,50 - 1076 mosb /1.
Haiinem oTHOIIEHNE paCTBOPUMOCTEIH:
s’/s=1,12-107%/5,50 - 106 = 20,4.
Omeem: IpN AaHHOW KOHIIEHTPAIIUHU IIEJ0YH PACTBOPHUMOCTD TH-

JIPOKCH/IA MATHUSI TIOHU3UTCS TPUOIM3UTEIHHO B 20 pa3 OTHOCUTENBHO
PacTBOPUMOCTH B YUCTOM BOZIE.

Ilpumep 13.4. a) ByzeT s nosTy4eH HachIIEHHBIN pacTBOP IIPH pac-
tBoperuu B 0,5 i1 Boas! 2,1 r cyabdara cepebpa? 6) Boigeaures u
OCaJOK NP CMENIMBAHMUY PaBHBIX 06beMoB 0,5 J1 paCTBOPOB HUTpPATA
cepebpa (¢ = 0,07 mosb/n) u cyabdara kaaus (¢ = 0,04 Mmoab/m)?

Pewenue

a) Hacrimennsiil pacTBOP HOJIyYUTCsI, €CIIU TP PACTBOPEHUH Be-
mecTBa IIc monos gocrurrer 3navenus K. Koncranty pacrBopumo-
cru (K = 1,2 - 10-5) u MossipHylo Maccy Bemecrsa (311,8) Bo3bMeM
u3 Tabu. I13.

BoruncauM MakcuMasibHyo KoHneHTpaumio c(Ag,S0O,), koTopas
HOJIYYHJIACh ObI IIPH IOJHOM PACTBOPEHMH JAHHOM MACCHI COJIH:

c(Ag,50,) =2,11/(311,8 r - Mom~ - 0,5 1) =0,0135 Mo - L.
Hamnuiem KOHIIEHTPAIlii HOHOB:
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Ag,SO, =2Ag" + SO
C, MOJIb/JI 2-0,0135 0,0135.

HaxomuwMm Ic:

ITc=(2-0,0135)%-0,0135=9,84 - 1075

Ilo pesyabTaTy pacuera BuauM, uTo Ilc < K.

Omeem: iocJie pacTBOPEHUs JaHHOM Macch! BemecTsa B 0,5 JI BOAbl
pacTBOp Oy/IeT HEHACHIIIEHHBIM.

6) IIpu cMemMBaHMYU AaHHBIX PACTBOPOB II0 OOMEHHOM pPeaKIuu
MOKeT 00pa30BaThCs 0CAIOK CyabdaTa cepebpa, eciu Ilc noHoB Agt
u SO,* oxaxercs 6ompure K. BEr9ucauM KOHIIEHTPAIMK BeIIeCTB
W HOHOB B PacTBOPE C yYETOM yBequeHI/m oObeMa IIpH CMENTMBAHUH
B /IBa pa3a, T.e. 1o 1 i

c(Ag") = c(AgNO,) = 0,07/2 = 0,035 Mo/ 15
c(S0,2) =¢(K,S0,) =0,04/2 = 0,02 moms/71.

Boruncium Ilc: c2(Ag) - ¢(SO, 2-)=0,0352- 0,02 = 2,45 - 1075,

ITpou3sBesieHrie KOHIIEHTPALIU UOHOB 0Ka3a710Ch GoTBIITe B3STOTO
3 TabsmIp! 3HaveHust K, pasuoro 1,2 - 107

Omeem:Ilc> K CJIGI[OBaTeJIbHO, TIPY CMENTUBAHNH PACTBOPOB OyieT
BBIMTAJIATH OCAIOK cym)cba'ra cepebpa.

IIpumep 13.5. B xakoM HanpaBJeHWHU B CTAHAAPTHHIX YCIOBUSIX

uzeT OOMEeHHas PeaKIUs
Na,SO,(aq) + BaCO4(xp) =Na,CO,(aq) + BaSO (xp)?

PaccunraiiTe KOHCTaHTY PaBHOBECHSI.

Pewenue

CrneBa B ypaBHEHUHU JJAaHHOUW PeaKIIMU HAXOIUTCS HEPACTBOPUMOE
BEIECTBO KapboHaT 6apwus, a ciipasa cyabdar 6apust. [losTomy Hesb3s
TIPUMEHHUTH IIPOCTOE TIPABUIIO, UTO OOMEHHASI PEAKITHS UIET B CTOPOHY
obpasoBaHus 0cajiKa, rasa WK caaboro saekrpoauTa. Heobxomumo
3HATh KOHCTAHTY PABHOBECHSL.

HanumeM peakninio B MOHHON (hopMe U MBICJIEHHO pa3/iesluM ee
Ha J[BE CTAJUX — MEPEXOJ 0CaJKa B PacTBOP U 06pa3oBaHKHE HOBOTO
ocanka. [lis kapboHnata u cyabdaTta 6apusl BHIIMIIEM U3 TAOJUIBI
KOHCTaHTHI PACTBOPUMOCTH:

BaCO, + SO,* =BaSO, + CO,*
2,58 - 10—9\ 1,08 - 10710

CO,> +Ba?* + SO
W3BecTHO, YTO JIJIsT TOCEA0BATENIbHBIX peaKHI/Iﬁ 06111351 KOHCTaH-
Ta PaBHOBECHA paBHA IIPOM3BEACHHUIO KOHCTAHT OTAEJbHBIX CT&IIPIﬁ.
[Tpu 9TOM CJIeAyeT y4eCThb, YTO JAJIsI Cyabdara GApus CIEAYET B3AThH
00paTHYIO BeJIMUNHY KOHCTAHTHI PACTBOPHMOCTH, TAK KaK pacCMaTpH-
BaeTCsl He IIePexXo]] 0CafKa B pacTBOP, a 06pa3oBaHue OcagKa:

1 K(BaCO,)
K (BaSO,) K,(BaSO,)’

K, = K (BaCO,)
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Beruncium koHcranty: Ky =2,58 - 109/1,08 - 10-19=23,9.
CoracHO 3aKOHY JeHCTBYIOIMX MacC B PACTBOPE yCTAHABINBAETCS
OTHOIIEHME KOHIIEHTPAIMH aHHOHOB:

o(CO,>)
o(SO,”)

Peaxmus noiizeT ciaeBa HaIIpaBo 0 TAKOTO COCTOSIHUSA, KOT/a KOH-
IEHTpaIisI KapOOHAT-HOHOB IIPEBBICHT KOHIIEHTPALIHIO CYIb(aT-NOHOB
B 23,9 pa3a.

Omeem: koHcTauTa paBHOBecus K, = 23,9. Peakus nzier B CTOpoHy
npeBpaiienus ocanika BaCO, B BaSO "

IIpumep 13.6. Bo3aMOXKHEI JTi TeTEPOTE€HHEIE PEAKITNY PACTBOPEHUS
cyibdara 1 kKapboHaTa 6apusi B COJISTHON KUCIOTE?

Pewenue

Cyabgar 6apust — 310 cosb crtbHO# kucaoTs! H,SO,, koTopas Moxker
o6pa3oBaTh B pacTBope Houbl HSO,~, Ho He o6pasyeT Mosiexy1. IToaTomy
KMCJIOTHI IIPAKTHYECKH He PacTBOPsIoT ocanok BaSO,. B mporusono-
JIOXKHOCTB CyJibdaTy Oapust KapOoHAT Gapus SBJSETCS COJBIO CIa00M
YTOJbHO# KUCJIOTH X PAcTBOPSIETCSI HE TOJBKO B COJITHOM KUCJIOTE,
HO ¥ B ¢J1a0bIX KHCI0TaX. IIoATBEPIUM 5TO pacyeTaMu KOHCTAHT PaBHO-
Becusl. Hanuiem MoHHBbIE ypABHEHUS PEAKIMIT ¥ 3HAYEHUS] KOHCTAHT
K, u K_ 1oz BemecTBaMu:

1) BaSO,  +H,O*=Ba?+ HSO; + H,0
1,08-101° 553 1,02-107

2) BaCO,  +2H,O*=Ba%* + H,CO, + 2H,0
2,58-10° 553 4,47 - 1077

4,68 - 101
BrruncisieM o61mpe KOHCTaHTBI PABHOBECHS K.

1,08-107.55,3
1 K = y ?
) K 1,02-107°
- _9 - 2
2) K 2,58-107-55,3

* 4,68-10™-4,47-107
B CTOPOHY PacTBOPEHHS 0Ca/iKa v 06pa3oBaHus c1ab0i KUCIOTHL.

Omeem: cynbdar bapusi He pacTBOpsieTcs; KapboHar Gapus pac-
TBODSIETCSL.

=K, =23,9.

=5,84-107; K; < 1, peakuus He uzer;

=3,77-10"; K, > 1, peakuus uzer

IIpumep 13.7. Kakyio maccy 6pomuia Kajaus ciaeayer 100aBUTh
K 2,5 1 pactBopa HuTparta Tamnusa(l) c konmnenrparuei 0,04 Mmosb/ 1,
4T00BI KOHIIEHTPAIMS TS yMeHbimaach 10 0,0001 mous/n?

Pewenue

Bpomu Kajvst 10/KeH OBITh 100aBJIEH K PACTBOPY B TAKOM KOJIH-
yecTBe, 4TOOBI 06pasoBascs ocanok TIBr, a B pactBope mpousBezieHne
¢(Br~) Ha 0CcTaTOYHYIO KOHIIEHTpaIuio HOHOB T1* paBHSIOCh KOHCTAHTE
PacTBOPUMOCTH:

c(TI*) - e¢(Br) =K.
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[NozicTaBisieM YHACIOBBIE 3HAYEHMSI Y BHIYMCIISEM:
0,0001 - ¢(Br)=3,71 - 1075; ¢(Br~) = 0,0371 momn/11.
HaxonuM KoJIM4ecTBO BEMIECTBA B TAHHOM 0ObeMe PacTBOpa:
n(Br) =cV=0,0371momb - 11 - 0,25 1= 0,009275 Mob.

OnpeneneHHOE KOJIMYECTBO BelecTBa Br nepeiineT B ocanok. Pac-
CUUTAEM 3TO KOJIUYECTBO TIO PEAKIINHU

TI+ + Br < TIBrd

0,04
Coon 0,0001
Ac 0,0399

n=AcV  0,009975 — 0,009975

Haiinem obuiee Heo6X0IMMOe KOJIMUECTBO BemecTsa Br:
n(Br), 4, = 0,009275 + 0,009975 = 0,01925 mob.

Haiinentoe koanuecTBo BemecTsa Br BXoauT B cOCTaB TaKOro e
KosmmdecTBa 6pomuza kanus (M, = 119). Beraucisem mMaccy:
m(KBr) = nM = 0,01925 monsb - 1191 - moms 1 =2,29 .

Omeem: x pactBoOpy caenyer nobasuts 2,29 r KBr.

13.3. 3apanns ans caMmocToATeNbHON paboTbl

519. IIpu KaKKMX yCIOBHUAX reTEPOTEHHBIN MPOIECC MEKIY
3JIEKTPOJIUTOM B TBEP/IOM COCTOSTHUM U PAaCTBOPOM HIET B CTO-
POHY pacTBOPEHUS, B CTOPOHY 00pa3oBaHust TBEPAOH (Das3bl MK
HAXOAUTCSI B COCTOSTHUY PABHOBECHST?

520. HanumwuTe BRIpaKEHUsS 3aKOHA JIEUCTBYIONINX Mace
JLJISL PACTBOPEHMS XJI0puza cepedpa, 6poMua CBUHIA, HOAUAA
BucmyTta(1lIl), bocdara Kanbius.

521. IloueMy KOHCTAHTbI PACTBOPUMOCTH NIPUMEHSIIOTCS
TOJIBKO K MaJIOPACTBOPUMBIM COJISIM?

922, Hanumvte opMyry 715 pacyeTa pacCTBOPUMOCTH COJTA
tumna Bil,.

923. Kak BiusieT Ha paCTBOPUMOCTD MAJIOPACTBOPUMOI COJTH
nobaByieHWE B PaCTBOP PACTBOPUMOM COJIA C OJHOMMEHHBIM
WOHOM?

524. TloBnusieT v fob6aBJIEHNE HUTPATa KAJIHMsA Ha PacTBO-
PMMOCTB XJIOpH/a cepebpa?

525. IToueMy oO6MeHHBIE PeaKIMH, CBSI3aHHBIE C IIPEBPAILECHHN-
eM ocaakoB (cM. mpumep 11.5), IPOTEKAIOT MEAIEHHO?

926. Kak BiusieT Ha pacCTBOPMMOCTDH MAJIOPACTBOPHUMOI COJTH
no0aBjieHEe B PACTBOP CHIBHBIX M CIA0BIX KACIOT?
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927. K pacTtBOpy, cozepKaieMy OAHOBPEMEHHO XJIOPH/IbI
KaJIbI[UsI, CTPOHIMS U Oapusa B KoHIeHTpanuax 0,5 Mojb/ 1,
100aBJIAIOT IO KAILIAM PacTBOP cyJbdara Hatpus. B kakoii mo-
CJIEZI0OBATEIbHOCTH Oy AET IPOUCXOAUTH 06pPa30oBaHUE OCAAKOB?

928. K pacTtBOpY, cojiepKallieMy 0JHOBPEMEHHO BCE rajiore-
HUBI Kajus B KoHIeHTpamusax 0,1 Mosb/1, 106aBIsgIoT 110 Ka-
ILUISIM PacTBOp HUTpara cepebpa. B kakoii mocsiezioBaTeIbHOCTH
OyZeT IPOMCXOANTH 0O6Pa30BaHUE OCAAKOB?

929. B pacTBOpe HaxXoAATCs XJOPHUA U CyJab(aT MarHusl.
IIpemioxuTe ABE COMH, 00ABIEHIE KOTOPBIX 110 OTAEIbHOCTH
BBI3BAJIO ObI 00pa30BaHKME CMENIAHHOTO 0CAIKA ¥ WHANBUIYAIb-
HOTO OCAJIKA.

930. MoHbI CTPOHIIMSI MOTYT 3aMEIATh HOHBI KAJIBIIHUS B TBEP-
noit paze Ca(PO,),OH. Uem obbscHseTCs TaKOE 3aMelieHne?
[ToueMy paaroHYKIU CTPOHIINH-90 0YeHDb OMAceH NP MOTa-
TAHWM B OPTAaHU3M?

931. IIpu KakoM yCJIOBUH TONZET XUMUYECKAS] PEAKIUS
IIPY CMENMMBAHUY PACTBOPOB XJIOPHU/IA KATBIIUS W THIPOKCHIA
KaJIusi?

932. PaccuuraiiTe ¥ CpaBHUTE PACTBOPUMOCTbH B BOJIE XJIOPH-
ma u 6pomuza cepebpa.

933. PaccuwutaiiTe 1 cpaBHUTE PaCTBOPUMOCTD B BOJIE CYJIb-
(ara 1 xpomara Gapusi.

934. PaccuuraiiTe ¥ CpaBHUTE PACTBOPUMOCTbH B BOJIE XJIOPH-
Ia ¥ XpoMaTa cepebpa.

9335. Bo CKOJIbKO pa3 pacCTBOPUMOCTH OKcajiaTa MapraHIia
B Bojie 00JIbIlle, Y4eM PACTBOPUMOCTD OKCAJIaTa KaJbI[Us?

536. Bo cK0J1bKO0 pa3 pacTBOPUMOCTH (hTopuia 6apus B Boze
60JIbIIIE, YEM PACTBOPUMOCTH (DTOPHIA KAJIBIIHS ?

537. Paccuwnratite pacCTBOPHMOCTH B BOJIE KapOOHATA KAIBI[HS
(B Mr/mm).

538. PaccunTaiite pacTBOPUMOCTS B BOjIe CyJbdaTa cepedbpa
(B MOJIB/71 ¥ B T/ 7).

939. Kakas macca docdara kaabius cogepxutcs B 10 1 Ha-
CBIII[EHHOTO pacTBopa?

940. PaccuvTaiiTe pacTBOPUMOCTD CyJib(aTa CTPOHIIMS B BOJI-
HOM pacTBOpe cyJibdaTa HaTpus ¢ KoHmenTpaiuei 0,05 Moib /1.
CpaBHHTE Pe3yIbTaT C PACTBOPUMOCTBIO TOM K€ COJTU B BOJIE.

941. IIpu KaKoii KOHIIEHTPAIMY KOHOB XJIOPa PACTBOP HATPA-
Ta cepeOpa ¢ kourenTpamuei 0,002 MoJib/J1 cTaHeT HaChIIEHHBIM
OTHOCHUTEJIBHO XJI0pHa cepebpa?

942. PaccumTaiiTe KOHIIEHTPAIIMIO MOHOB (PTOPA B HACHITIIEH-
HBIX PACTBOpax: a) GTopH/a IIMHKA ¥ 6) (TOPH/IA MATHYSI.
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543. B kakux o0beMax HACHIIIEHHOTO pacTBOpa dhropuiaa
KaJIbIMA COAEPKUTCS 1 T Kambius B 1 MOJIb KaIbITUA?

544. B xakoM o6beMe HACHIIIEHHOrO pacTBOpa cyJbdara
cepebpa cozepKUTC 5 T cepebpa?

545. B KakOM MUHMMAJIbHOM 0OBEME BOJBI MOJKET COZEP-
’KaThCs 2 T paCTBOPEHHOr0 KapOoHaTa HUKEJIS ?

546. B Bony o6memom 5 i1 BHeceno 0,5 T cyabdaTa CBUHIIA.
PaccuuraiiTe Maccy ocajika mocJjie yCTaHOBJICHMSI PaBHOBECHS
MEX/Ly OCaIKOM U PaCTBOPOM.

547. Ob6pasyercst I HACHIIEHHBIA PACTBOP B PE3YJIHTATE
nepememmBanus 200 r Boas! ¢ 0,7 T propuaa muTus?

548. O6pasyercst 1 HACHIIEHHBIA PACTBOP B PE3YJIHTATE
nepemeniBanus 8,8 T cysibdara cepedpa ¢ 2 J1 BOAbI?

949. OxapakTepusyiiTe COCTOSTHUE CUCTEMBI TIOCJIE YCTAHOB-
Jienust paBHoBecus Mexxay 10 1 Bozb! u 482 Mr cysibgaTa CBUHIIA.

530. ITpu nobaBreHnM KaKKX COJIEH K HACKIIEHHOMY PACTBO-
py xj0opua cepedpa BeposiTHO 00pa3oBaHUe MEPECHIIIEHHOTO
pacTBopa:

a) Na,SO,;

6) KNO;

B) KF;

r) KBr;

n) Nal?

951. PaccumTaiiTe KOHCTAaHTY PAaBHOBECHS PEAKITAN

AgCl(xp) + KBr(aq) = AgBr(xp) + KCl(aq).
952. B xakoM HarpaB/eHUH TIONIET PEAKITUS
Na,SO,(aq) + BaCO,(xp) = Na,CO,(aq) + BaSO,(xp)

npu KoHnenTpanuax ¢(Na,SO,) = 0,001 mois/1 u ¢(Na,CO,) =
= 0,1 monb/1 u Hammamu ocagxos BaCO, u BaSO,?

953. CMentasu 1Be OPITUY PaCTBOPA HUTPATa CBUHIIA C PaB-
HBIMU 06BbEMaMH PacTBOPOB: a) CyJIbthaTa HATPHS U 0) XJIOPHIA
Harpus. Byzer nu Habmonarbes obpasoBanue ocagkoB? Kou-
neHTparuu Bcex pactBopos 0,02 moub /1.

554. O6pasyercst v 0CaJIOK IIPU CMEIIMBAHUY PABHBIX 00'b-
€MOB PaCTBOPOB XJIOpHUIA CTPOHIHUS U cyabdaTa Kamusa? Kon-
HeHTpanuy 000uX pacTBopoB 5 - 1074 Moub /1.

959. B HaceimennoM pactBope xsopuaa tammsi(1) pactBopu-
s 6Gpomu Kasimst B kosmaectse 0,04 r/. Byaer siu osydeHHbIH
PacTBOP MEPECHINEHHBIM OTHOCHTEIbHO Opomuaa Tammmsi(1)?

956*. IIpu oTHOBpEMEHHOM BJIMBAaHUM PACTBOPOB XJIOPHA
KaJIbITUS ¥ TUAPOodocdaTa Kaausi ¢ PABHBIMU MOJISIPHBIMU KOH-
IEHTPAIUsIMA C OANHAKOBOM CKOPOCTHIO B BOLY 00beMoM 1 1,
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oOpa3oBaHHUE 0CajIKa HA4aJIOCh TP 06beMe KaXKI0ro PacTBOpa
131 M. BeraucinTe KOHITEHTPAIIMIO PACTBOPOB.

957*. Nmeercs 0,4 11 pacTBOpa HUTpaTa CBUHIIA C KOHIIEHTPA-
nueii 0,04 monn/u1. Kakyio Maccy xaopuaa HaTpHUs CIIeLyeT AO-
GaBUTH K PacTBOPY, YTOOBI IOHU3UTH KOHIIEHTPAIMIO MOHOB Pb?*
1o 0,001 monp/n?

358*. Cmemanu 1o 1 j1 IByX PacTBOPOB: a) HUTPAT CBUHIIA
0,004 monb/1 ¢ ocankom 0,766 r cyabdaTa cBuHIA U 6) HUTPAT
crponnus 0,08 mosb/a ¢ ocagkom 0,339 r cysbdara cTpoHITHS.
Macca kakoro ocajika 6yner ymenbinarbesi? Kakue 6yayT Macch
BENIECTB B OCAJIKE B COCTOSTHAY PaBHOBECHS ?

359*. PaccuuTaiiTe KOHCTaHTY PACTBOPUMOCTH TMIPOKCHU/A
KaJIBIIUST, UMes CIIeyTollie TEpMOAnHaMUYeckue faHable (K/x/
moub): A.G°(Ca(OH),xp) = -897,5; A,G°(Ca**aq) = -553,6;
AG°(OHaq) = —157,2. O6cynute pe3yJIbTaT




14. Peakuu1 oKUCNeHUA-BOCCTAHOBNEHUSA

14.1. KpaTkue TeopeTM4ecK1e cBefieHus

PeaknusiMu OKMCIIEHHST-BOCCTAHOBJIEHUS HA3BIBAIOTCSI TAKHE PEAK-
[UM, TIPA KOTOPBIX IIPOUCXOAUT MTEPEHOC PA3HOTO YHMCIA IJIEKTPOHOB
OT OTHHUX aTOMOB K IDYTUM, U U3BMEHSIIOTCS CTEIIEH OKACJIEHHS AaTOMOB.

K peaknusiM oKHCIEHUS-BOCCTAHOBJIEHUS OTHOCSITCSI BCE PEAKITUN
MEX/y TIPOCTBIMH BENIECTBAMM, PEAKIINH TOPEHUS, PEAKIINU METAJLIIOB
C KHCJI0TaMH, IOJIy4eHre METaJJIOB U3 PYA B METAILLyPIUU, DEaKIUK
PasJIO’KEeHHS BENIECTB U MHOTHE JIPYTHE.

Crenens okucaennsi (CO) — 310 (hOpMaIbHBIN 3apsii AaTOMA, PaBHBIN
YUCJTY 3JIEKTPOHOB, YACTUIHO UJIU TIOJTHOCTBIO TIEPEAAHHBIX OT JAHHOTO
aToMa K 0oJjiee 3JeKTPOOTPUIIATEAPHBIM aTOMaM IPU 00pa30BaHUK
cBsi3eit ¢ Humu (CO ION0XKUTETBHA ) WV PUHSITHIX OT MEHEE 3JIEKTPO-
oTpuliaTeabHBIX aToMOB ( CO oTpuIlaTesibHA).

Crenenu OKMCIEHUS ATOMOB BEIYHCIISTIOTCS 17151 yCTAHOBJIEHUS THIIA
peakiuu (SBJISIETCS JIM PEAKIINS OKUCIUTETbHO-BOCCTAHOBUTEIBHOMN )
1 1111 OBICTPOTO COCTABJIEHUS YPABHEHUHN PeaKIuii.

ITo abcomoTtHOoM Beamuuae CO cOBIIALAET ¢ BAJIEHTHOCTHIO AaTOMOB,
KPOMe TeX CJIyYaeB, KOT/la pACCMAaTPUBAEMBIH aTOM OJHOBPEMEHHO
CBsA3aH Kak ¢ 0oJIee, TaK M ¢ MEHEE BJIEKTPOOTPHUIIATEIbHBIMI ATOMAMH.
CrereHn OKHUCIEHUS] PACCYMTHIBAIOT HA OCHOBE CJIEYIONINX IIPABIIL.

1. CBs13u MeXX Ty OJMHAKOBBIMH aTOMaMH Ha CTENIEHb OKUCJIEHUST HE
BJIMSIIOT. /13 3TOTO BEITEKAET CIIEICTBHUE, UTO CTETIEHA OKUCJIEHHSI aTOMOB
B IIPOCTHIX BEIIECTBAX PABHBI HYJIIO.

2. B c/103KHBIX BENECTBAX IIOCTOSTHHBIE CTEMTEHU OKUCJIEHHST UMEIOT:

—2 — KMCJIOPOJI BO BCEX COEIMHEHMSIX, KpoMe tepokcuzioB (—O—-0-),
cynepokcuzos (O,) u OF,;

—1 — ¢rop; ocTambHbIE TaJIOTeHbI (XJI0p, OPOM U MOM) BO BCEX CO-
eIMHEHUSIX, KPOME COEIMHEH M C KUCJIOPOIOM; BOZIOPO/I B COEIMHEHUSIX
C METAIJIAMHU ¥ KPEMHUEM;

+1 — BOZOPO/I B COEANHEHUSIX C OOTBIIMHCTBOM HEMETAJLIOB, KPOME
KPEMHHST; 3J1eMeHTHI Tpynisl IA ot utus no dpanims;

+2 — aneMenTsl rpynmnbl [TA oT GepHILINs 10 PaIuis; IIMHK;

+3 — aTIOMUHUT.

3. B gacrutie, cocTosmieit n3 HECKOJIBKUX aTOMOB, CyMMa CTeTIeHeH
OKHCJIEHUS BCEX AaTOMOB paBHA €€ 3apsifly.

[TpuMeHsist 5TH TIpaBUJIa, MOXKHO BBIYHMCJISITh CTETIEHH OKHUCJIEHUS
MPOYUX ATOMOB.
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CocraByieH1e ypaBHEHUSI peakuy OKUCJIEHUSI-BOCCTAHOBICHUS
MOJeET OBITH JIOBOJBHO TPYAHOM 3aa4eii, TAaK KaK B PEAKI[HH MOLYT
y4acTBOBaTh HoJiee ABYX pPeareHTOB (OKHUCIUTENb, BOCCTAHOBUTED
U cpefa) 1 06pasoBaThCS HECKOMBKO MPoAyKToB. Onpenesenue Koag-
(duruenToB nepes GopMyIaMH IyTeM CIy4afHOro moA60pa 3aHUMAET
60JIbIIIEe BpEMEHH, YeM TPUMEHEHNE OTHOTO M3 pa3pab0TaHHBIX METO/IOB
COCTaBJIEHHS YpaBHeHUs. PaccMOTpHUM Ha MPUMeEPax TPU METO/IA.

1. Kuciopoausiit MeToa. B aToM MeTozie He TpeOyeTcs: OIpenesTh
MPUPO/y PeakLvu U 3apsi/ibl aToMoB. Hazo cocTaBuTh 1BE CXEMHI ITpe-
BpalleHUsT MCXOIHBIX BEMECTB, yPABHUBASA aTOMBI BCEX JJIEMEHTOB
TOJIBKO (POPMYJIaMU BeIIEeCTB, y4aCTBYIOIIUX B peakiuy. B nmociexnio0
ouepensb YPaBHUBAIOT KUCJIOPO/, T0OABJISAS aTOMBI KMCIOPO/A, ECTH
TpebyeTcs, ceBa WM CipaBa. IIpy CI0KEeHNM COCTABJIEHHBIX CXEM
3THU aTOMBI cOKpamaiorcsa. CoCTaBUM YpaBHEHUE CIEAYIONIEH PeaKInm:

Cu + HNO, - Cu(NO,), + NO + H,0

Mezb 06pasyer ¢ a30THOM KUCA0TOM HUTpat. OCTAIOMMHACI BOAOPOL
MIEPEXOUT B BOAY, & HEAOCTAIOIIMIA CJIEBAa KUCIOPOJ, CIELYET 100aBUThH
B BUJIE aTOMa:

Cu +2HNO, + O = Cu(NO,), + H,0 |3
A30THas1 KUCJIOTa IIPEBPAAeTCs B OKCH/ a30Ta. Bomopo mepexoaur
B BOLY, U AJIs1 HAMCAHWS (DOPMYJIBI BOABI CTABUM CJeBa K03 duiim-

€HT 2; KHCJIOPOJl CHOBA YPaBHUBAeM Z00aBIEHUEM aTOMOB, HO B 3TOM
CXeMe CIIpaBa:

2HNO,=2NO + H,0 +30 |1

CxitafipIBaeM HAITMCAHHBIE CXEMBI, YMHOXKAST MX HA YHCJIA, HATTMCAH-
HBIE CIIPaBa, YTOOBI YPABHSITh ATOMBI KUCJIOPOJIA:

3Cu + 8HNO, = 3Cu(NO,), + 2NO + 3H,0

OugeBuHA IPOCTOTA 3TOTO METOZA, HO B OTAEJBHBIX CIydasiX
Ha IIPaKTUKe MOTYT BO3HUKATD 3aTPy/THEHN, KOTOPHIE IPE0A0JIeBAIOTCS
COOCTBEHHBIM Pa3MBILLICHHEM.

2. MeToa 3JIEKTPOHHOrO 0ajiaHca. DTOT METO/I OCHOBAH Ha YPAaBHH-
BaHWU YMCJa OTAAHHBIX ¥ IPUHATHIX 3JIEKTPOHOB UCXO/IS U3 UBMEHEHUS
cTerneHel okucieHns1 aToMoB. COCTaBUM ypaBHEHHE TOU K€ peakinu
METO/IOM 3JIEKTPOHHOrO Oajanca. HensmeHsrommecs CTeeHu OKUcIe-
HUSI KUCJIOPOZia ¥ BOJIOPO/ia He 3aIlChIBAEM:

0 +5 +2 +5 +2
Cu+ HNO; — Cu(NO,), +NO + H,O

CocraBiisieM 3JIEKTPOHHBIN OaaHC:

0 +2
Cu-2¢=Cul|3
+5 +2

N+3¢ =N|2
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KoaddpummenTs! mepen dopmyramMu Men, HUTpaTa MEAN U OKCH/IA
a30Ta, OUEBH/IHBIE U3 COCTABJIEHHOIO OajaHCa, IEPEHOCHM B CXEMY
peaKIuu:

3Cu + HNO, — 3Cu(NO,), + 2NO + H,0

Koaddunuent nepen ¢popmysioit a30THOM KUCJIOTH BBIBOJUM
U3 4ncia aToMoB a3oTa cipaBa (8). Ilocie aToro ompenensieTcs: xo-
appunment nepexn dopmynon Boast (4). OKOHUATETHHO OTyYaeM
TaKoe K€ YpaBHEeHHeE, KaK B KMCJIOPOIHOM METO/IE.

3. Mertoa noaypeakuuii. [Io MeTOy TTOTypeakiiuii COCTaBIISIOT
CHayaja ypaBHEHHE B HOHHOM (OpME, KOTOPOE IIPH HEOOXOAUMOCTH
peobpasyioT B MOJIEKYIAPHOE ypaBHeHue, CTelleH: OKMCIEHNSI aTOMOB
IIPY IPUMEHEHUH 3TOTO METO/IA He Hy>KHBI. B MCXO0IHOM cXeMe peakIuu
cJIeiyeT BhIABIATH MOJIEKYJIBI M MOHBI, U3MEHSIONINE CBOM 3aps/i U/ Wu
cocras. ITosypeakiyy BRIPayKaioT IPOLIECCH HA AHOE M KATOJIE, €CJIH OB
PEaKIIHs MPOBOIUJIACH B TAJIbBAHUYECKOM dieMeHTe. COCTaBHM C II0-
MOIIBIO 3TOTO METO/Ia YPaBHEHHE PEaKIUA METU C a30THOM KHUCJIOTOM.
B cxeme peakituu (cM. BBITIE) HAXOTUM YaCTHUIIBI, U3MEHSIONHE 3apsi]
M COCTaB. Y DABHHUBAEM B TIOJYPEAKIUSIX BCE aTOMBI, YIUTHIBAS, ITO
cpena Kucast. 3apsiabl ypaBHUBA€EM, [00OABJISIS MJIH BHIUNTAS 3JTEKTPOHBI
B JIEBOU YaCTH yPaBHEHUS:

Cu-2e = Cu? |3
NO, +4H*+ 3¢ =NO + 2H,0 | 2
CxuagpiBaeM IIOJIypE€aKIIUU C yYETOM MHOHUTEJIEH. CyMMbI 3apgaa0B
HMOHOB CJIEBa H CIIpaBa JOJIXXKHBI OKa3aTbCA OAMHAKOBBIMMU!

3Cu+2NO, + 8H* = 3Cu* + 2NO + 4H,0

[Tosryyeno ypaBHeHHe peakiuu B HOHHOM hopme. CyMMBI 3apsiioB
IIPOBEPBTE CAaMOCTOATENbHO. [Ipu epexose Kk MOJeKyIsIpHOU opMe
ypaBHeHUs K03 duimeHT nepe/; GopMyJIoit a30THOM KMUCIOTEI COBITAIET
¢ koapdurmertom nonos H*:

3Cu + 8HNO, = 3Cu(NO,), + 2NO + 3H,0

MeToz cocTaBJieHHsI YpABHEHUS BRIOUPAIOT MO CIOKHUBIIENCS CH-
Tyaruu. Hanpumep, eciv B 9K3aMeHaIlMOHHOM 33JJaHUU IIPE/JIOKEHO
COCTaBHTh YPAaBHEHHE U HAIIMCATD CXEMY 3JIEKTPOHHOTO OajiaHca, TO CJie-
IyeT IPUMEHUTD BTOPOI METO/I.

OTaenpHOM KOMILJIEKCHOM 3a/aueil sIBJsIETCSI pacueT KOHCTaHT
PaBHOBECHS M ONpeeJIeHr e HAIIPABJIEHUs PEAKIINI OKNCIEHUSI-BOC-
CTaHOBJIEHUS. JTa 33/la4a TECHO CBS3aHa C 9JIEKTPOXUMUEH.

Ha rpanutiax paszesna ¢a3 caMOIpOU3BOIBHO WITY TP MEXAHTIECKOM
BO3/IEVCTBMY BO3HUKAIOT 3JIEKTPUUIECKHE 3apsiib! (IIpoIie roBOps, IIPo-
MCXOJIUT 3JIEKTPU3ALIYS ) ¥ CKAYKH 3JIEKTPUYECKOro MoTeHImaia. Ckadok
MOTEHITMAJIA HA TPAHMIIE Pasziesia METAJLI/3JeKTPOIUT HAa3bIBAETCS AJIeK-
TPOAHBIM OTEHITMAIOM. COOTBETCTBEHHO, CHCTEMA METAJL/3JIEKTPOIAT
HOCHT Ha3bIBaHKE 3JIEKTPO/I. /IBa COEMMHEHHBIX MEKLY COOO0M BiIeKTpoaa
00pa3yIoT raJibBaHUYECKHI 3/1eMeHT (TaIbBaHIIECKYIO I1enb ). Hekoropsie
raJIbBAaHNYECKYE 9JIEMEHTHI IIPUMEHSIIOTCS KaK XMMUYECKVe UICTOYHMKH
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TOKA. ITO BCeM U3BEeCTHEIE bamapetiku. amepenst D] C rabBaHUYECKHX
3JIEMEHTOB JIAIOT KOJIMYECTBEHHYIO XapaKTEPUCTUKY CYJIBI OKUCIUTENIEH
¥ BOCCTAHOBHUTEJIEl U TIO3BOJISIIOT BBIUUC/ISITh KOHCTAHTh PABHOBECHSL.

JJIEKTPOAHBIN TTOTEHITNAJ 3aBUCHUT OT IIPUPOIBI METAJLIA, KOHIIEH-
TpaIuil BemecTB U TeMueparypsl. IloTenmnman ssekTpona B CTaHAAPT-
HOM COCTOSTHUM Ha3bIBaeTCS CTAHAAPTHBIM MOTEHIIHAIOM ¢°. Pa3HOCTD
CTaH/IAPTHBIX MIOTEHITNAIOB 3JIEKTPOIOB B TAJTbBAHWMYECKOM ITEMH PaBHA
3JIEKTPOJIBIDKYIIEH CUJIE B CTAHAAPTHOM COCTOSTHUH:

IJIC’° =|Ag° | = ¢°(xaTon) — @°(anox). (14.1)

Y cI0BHO NPUHAT 33 HOJIb CTAHAAPTHBIN MOTEHIIUAJ BOJOPOAHO-
ro anektpona (cM. yuebuuk H. JI. Tnunku). [losToMy uaMepeHHOE
s3Hauyenre I/ C raarpbBaHUYECKOH IENH, BKIOYAIONIEN CTAHAAPTHHIN
BOZIOPOJHEIN 3JIEKTPOJ, YMCIEHHO PABHO CTaHJAPTHOMY IOTEHITHALY
BTOPOTO 3JIEKTPO/Ia B 9T0M Ienu. CTaHAApTHBIE TOTEHITAAIIBI 2JIEKTPO-
JIOB JIAIOTCS B TabIUIIaX.

Pa3muyaioT HECKOBKO pa3HOBUHOCTEH 2JIEKTPOZIOB, CPEIU KOTO-
PBIX OTMETHUM CJIEAYIOIIHE,

HonHo-MeTananyeckuii aaexkTpos 1-ro poga. IT0 METaJLI, TI0-
MeIIEHHBIN B PACTBOP €r0 XKe COMH. JIEKTPO 0003HAYAIOT CUMBOJIOM
Me|Me*. BepTukanbHasl 4epTa O3HAYAET IPAHHUILY pasfieia MeTaLIa
¥ JKUIKOTO 3jeKTposnTa. Hampumep, MenHast IIAaCTUHKA B PaCTBOPE
cyabdara Mmenu obpasyer saekrpos, Cu | Cu2t. TloTeHIMaI HOHHO-Me-
TAJTIIECKOTO 3JIEKTPO/IA 3aBUCUT OT IIPUPO/TBI METAJLIIA, TEMIIEPATYPHI
¥ KOHI[eHTpanyy (aKTUBHOCTH ) NOHOB. JTH BEJIMYWHEI CBSI3aHbI yPaB-
HenuneM HepHcra:

O=q°+ E1na(MeZ ) (14.2)
zF
T7Ie (0 — TIOTEHITUAJ 3JIEKTPO/IA B IAHHBIX YCIOBUSAX, (O° — CTAHAAPTHBIH
noteniuai, F — nocrosanas @apanes (96 485 Ki/moub). Hatypains-
HBI JoTapu(dM OOBIYHO 3aMEHSAIOT AECSTUIHBIM, BBOIS MHOKHUTED
JIIS TIEpPEXOoIa:

P=0°+ R—§2,30261ga(Me2 . (14.3)
4

IIpu cranpaptHoii Temnepatype 298,15 K Beipakenue RT - 2,3026/F
nepen 3HakoMm g umeer 3nauenue 0,059159. Ipu BHIYMCIEHUAX €TO
Cpa3y NOZCTaBJSIOT B yPaBHEHHUSI.

HoHHO-MeTa/LInYecKuii 3JeKTpo 2-ro poAa. JTO METAJLI U €T
HEPACTBOPUMAas COJIb, IOMEIIEHHEIE B 3JIEKTPOJIUT, COAEPKAIINIM AHNOH
atoii comn, Hanipumep Ag,AgCl | Cl~. B aToM citydae KOHIIEHTpaIXs HO-
HOB MeTajlia (Ag") 3aBUCHT OT KOHIeHTpanuu xaopuaa (06srauo KCl)
B 2JIEKTPOJIUTE:

¢ = 0°(Ag,AgCICl") — %m a(Cl),
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NN
¢ = °(Ag,AgCl|Cl) - %Z,BOZGIga(Cl‘). (14.4)

XtopcepeOpsiHBIi 3JIEKTPOJL MUPOKO IPUMEHSIETCS] B UBMEPEHUSIX
D1 C 151 MpaKTUYECKUX IeJIeH.

OxkucaurenpHo-sBoccranoBureabnbiii (OB) aaexrpoa. Omnpene-
JISIIONTUM IIPU3HAKOM TaKOTO 3JIEKTPO/a SIBJSETCS IPUPO/ia YacTHll,
MIEPEXOISINIINX YePe3 TPaHuIly paszena dha3. B paccMOTpPeHHBIX BEITIIE
MOHHO-METAJJIMIECKUX 3JIEKTPO/IaX Yepe3 TPaHully paszesa ¢as mepe-
x0T noHbI MeTaJIoB. B OB-anexTposax yepes rpanuily paszaeia ¢as
MepexosT 27eKTpoHbL. MeTasummueckoit pasoit B OB-anexrpoze ciy-
JKUT MHEPTHBIN MeTasl IlaTuHA. [1pr 3TOM Kak OKUCIeHHasd, Tak ¥ BOC-
CTaHOBJIEHHAs (pOpMa OKHCIUTETHHO-BOCCTAHOBUTEIBHON CUCTEMEI
HaXOJSATCS B PacTBOpE. DJIEKTPOJ, 3alMCanubii B Buze Pt | Fedt Fe?t
O3HavaeT IJIATUHOBYIO POBOJIOYKY WJIU IIJIACTUHKY B PaCTBOPE CO CMe-
cbio couteit xxeme3a(1l) u xxeneza(11l). Ha noBepxHOCTH NIaTHHBI TPO-
HCXOMUT 0OMEH dIeKTpoHaMu Mexay noHamu Fedt u Fe?t. IToTeHuman
OB-anexTpoza 3aBUCUT OT KOHI[eHTpaluii (AaKTUBHOCTEH ) M OKUCJIEH-
Ho#t (Ox) u BoccranossenHo# (Red) dopm cucremsr:

Q=0°+ Hlnia(Ox)
nF  a(Red)’
WIIH
RT a(Ox)

¢ =0°+—2,30258lg (14.5)
nF

a(Red)’

TJe 77 — YHCJIO HIEKTPOHOB, OT/[ABAEMBIX BOCCTAHOBHUTEIIEM.
OB-a5exTpoj1, B peakiuy Ha KOTOPOM HE YYaCTBYIOT MOHBI CPEIbI
(H*, OH"), HasbiBaetcs asekTpozioM 1-ro Tuna. Ha asmextpoze 2-ro Tuma
IPOIECC UAET C YYACTHEM MOHOB CPEJIBI, ¥ IEKTPOHBIN MOTEHI[AAT
3aBucut oT Konnenrpauu H*(OH™). B 06mem Bujie 17151 peakiuu

Ox + mH* + ne” = Red + mH, 0,
HOTEHI[UAJT BRIYUCIISETCS II0 YPAaBHEHHUIO

RT 1 a(0Ox)-a™(H")
n
nF a(Red)

(o]

’

NINn

a(Ox)-a™(H")
a(Red)

CrangapTHbiit noTeHnMan otHocuTcs K 3HadeHuio pH = 0 (a(HY) =
= 1 mosnp/n). lIpu pemenun MPaKTHIECKUX 3a71a4 MOXKET OKA3aTh-
Cs1 11eJ1eCO00pa3HBIM OTPEESITh TOTEHI[HAI TPU HEKOTOPBIX APY-
rux 3HaueHusix pH. IIpu cTaHZapTHBEIX KOHIEHTPALUSIX OKUCTUTEIS

O=0°+ £2,302581g (14.6)
nF
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¥ BOCCTAHOBUTEJIS M TIPOM3BOJIbHOM 3Hauenwnn pH, mpeoGpasyst ypas-
Henwue (14.6), momyaum

Q=0°- R—;2,30258 -m-pH. (14.7)
n

B 61oXuMHUYECKHX UCCIEIOBAHUAX W aHAJIN3aX YaCTO UCIIOJIb3YeT-
cs1 3HAUEHUeE MOTeHIMaIa ¢’°, COOTBETCTBYIOIIEee HERTPAIbHOM Cpefie
(pH =7). 9Ta pa3HOBUIHOCTD NOTEHIINAJIA HA3BIBAECTCS YOPMATLHbIL LIV
Mmuonotinm-nomenyuan. Hanvmrem dhopmyiy /s pacuera ¢hopMaIbHOTO
moTeHIuaa, nogcraBuB pH = 7 1 ipyrue moctostHHbIE B ypaBHeHue (14.6):

RFT, 2,30258 - 7Tm = ¢°— 0,4141™". (14.8)
n

P =0 ——
n

MemOpanHbiii 31€KTpoA. MeMOPaHHBIH 5JIEKTPOI IPEACTABIISAET CO-

6011 31eKTPO JTI0O0T0 THIIA, 3AKTIOYEHHBIH B MEMOpaHy, Ha KOTOPOM BO3-

HUKAIOT 3JIEKTPUYECKHE 3apSATIbl ¥ CKaYOK ToTeHInana. Eciu MemGpaHa

pasiesisieT Ba OAMHAKOBBIX 3JIEKTPOJIA, TO M3MepeHHoe 3HaueHue I/[C

paBHO MeMOpaHHOMY MoTeHIHATy. C IpMMEHEHHEM CTEKITHHON MeMOpa-

HBI B TAK Ha3bIBAEMOM CTEKJISTHHOM 3JIEKTpOo/ie u3MepsieTcss pH pacTBOpoB.

KoncranTa paBHoBecusi POB paccuuTtbiBaeTcst UCXO/Is1 U3 paBeH-

CTBa XHMHUYECKOH U SJIEKTPUYECKOM PaOOThI B COCTOSIHUY PABHOBECHS.
ITO BBIPAXKAETCS yPAaBHEHHEM

W, =W

M~ am

nJIn
RTInK = nF(¢° o, — 0°5.0). (14.9)

B ypaBHeHMM B CKOOKaX UMEETCS Pa3HOCTh CTAHIAPTHBIX TOTEHI[HA-
JIOB OKMCJIUTEJISI M BOCCTAHOBUTEJIS B JIEBOM YAaCTH YPaBHEHUS PEAKITHH.
N3 ypaBuenwns (14.9) nomygaem:

nF
K= eXP(ﬁ((POOX - (p°Red)). (14.10)

14.2. Npumepbl pelLeHns 3aaay

IIpumep 14.1. CocraBbTe ypaBHEHHE U YKaXXKUTE POJIM BENIECTB
B PEaKIuy

KMnO, + KNO, + H,SO, — MnSO, + KNO, + H,0 + K,SO,

Pewenue
CocTaBJisieM 5JIeKTPOHHbIH OaJaHC U yPaBHUBAEM:

+7 +2
Mn + 5¢=Mn | 2
+3 +5
N-2¢=N|5

[Tomyuaem ypaBHeHUe
2KMnO, + 5KNO, + 8H,SO, = 2MnSO, + 5KNO, + 8H,0 + K,SO,
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OrmpeniesiMM posIu BEIIECTB:

1) oxkucmurens — KMnO

2) Boccranosutens — KNO,;

3) cpena — H,SO, (ueiitpamusyer O?~ u3 mona MnO,");
4) mpoxyxT Boccranosaenus — MnSO,;

5) mpoxaykT okuciaenus — KNO.;

6) TPOAYKT HEUTPATUIATIUYU — ﬁzO;

7) nmpoxykt nonnoro obmena — K,SO,.

IIpumep 14.2. PaccuunraiiTe 371€KTPOAHBINA ITIOTEHITHA CHCTEMBI
Cu|Cu? npu xonuenrpaiuu nonos meau c( Cu?*) = 0,005 moib/m.

Pewenue

B yci10BuY 3a1aHa CHCTEMA, IIPECTABJISIONas COO0M HOHHO-METaI-
JIUYECKUI 971eKTPO. J{Jisi BEIYMCIEHNS TOTEHITHAA OepeM ypaBHEHHUE
(14.3). IloBropsioreecs B ypaBHeHusix Boipaxenue RT/F=0,02569 B
HOJCTaBIsIeEM HenocpeacTBeHHo. CTaHaapTHBIA HoTeHI[uaa 6epeM
u3 TabJ1. I14. AKTUBHOCTH HOHOB M€Y TIPUMEM PaBHOM KOHIIEHTPAIIUH:

0,059159

@ =0,3419 + 1g0,005 = 0,274 B.

Omeem: TOTEHIINAI 3JIEKTPOJA IPU JAHHOM KOHIEHTPAI[UH (@ =
=0,274 B.

IIpumep 14.3. BeruvicmTe KOHIIEHTPAIVIO NOHOB KaJIMUS B CUCTEME
Cd|Cd?, nyia xoTopoii n3mepeno 3HaveHue noTennuana ¢ = —0,46 B.

Pewenue

B ycii0Buy 3a/1aHa CHCTEMA, TIPEACTABJISIONAs COO0M MOHHO-MeTaI-
gudeckuit anekTpon. IloTeHITnaN ccTeMBI HUXKE CTAaHJAPTHOTO IIOTEH-
1[aa, JaHHoro B Tabi. I14. ITo 03HaYaeT, YTO KOHI[EHTPAIMs MOHOB
Cd?* menbire crangaptHoi 1 Mosb/m1. B ypasuenue (14.3) moacraBum
M3BECTHEIE YHCJIOBbIE 3HAUEHUST:

0,059159

—0,46 = -0,403 + Ing; a=0,012.

Omeem: KOHIIEHTpaIIUA MOHOB Kaamus ¢ = a = 0,012 Moss /1.

IIpumep 14.4. Beruucivre nmorennuan cucreMsr Pt|Fe3t, Fe?, ecm
100 M1 BosiHOTO pacTBopa mpuroroseHo us 0,4557 r FeSO, u 0,2999 r
Fe,(SO,),.

Pewenue

Cucrema IpeicTaBIIsIeT COO0M OKUCTUTETHHO-BOCCTAHOBUTETbHBIN
371eKTPOZ. JLyIs BBIYMCIIeHUSI TOTEeHITUaa CllelyeT IPUMEHUTD ypaBHe-
uue (14.5). CHayasia BRIYWC/ISIEM WJIHM BHIMMACHIBAEM U3 CIPABOYHUKA
MOJIEKYJISIPHBIE MACCHI COJIEl:

M (FeSO,) = 151,91; M (Fe,(SO,),) = 399,88.
Brrunciisiem KOHIIEHTpaIMK MOHOB JXKeJle3a:
m _ 0,4557
MV~ 151,91-0,1

c(Fe*) = = 0,03 Momb/71;



138 14. Peakuuu oKMCNeHUs-BOCCTAHOBAECHUS

2m _ 2-0,2999
MV 399,88-0,1

Brruucosiem no ypasaeruio (14.5) morennuan anekTpoaa (CTaH-
JapTHBIN MoTeHnua 6epem u3 tabur. I14):

0,059159 In 0,015
1 0,03
Omeem: notennuan cucrembl Pt |Fed*,Fe?* pasen 0,753 B.

c(Fe**) = = 0,015 mMo1b/11.

(p=0’771+ =0,753 B

IIpumep 14.5. Boruvcaute popMaibHbIi TOTEHITHAT BOAOPOIHOTO
3JIEKTPOJA.

Pewenue

M3BecTHO, YTO CTaHAAPTHBINA ITOTEHITNAI BOAOPOIHOIO 3JIEKTPO/IA
TIPUHSIT PaBHBIM HYJTI0. DTO 3Ha4YeHue cootBercTByeT a(HY) = 1 Mmosn /71,
w pH = 0. Ha Bomopo/1HOM 2/IeKTpo/ie UAET peaKITust

H,=2H"+2e"
[anee cnenyetr npumeHuTs ypaBHeHue (14.8), yautsiBasi, 9TO B Ha-
nIeM cJIydae m = n:

RT
nkF
0" =0¢"-0,059159-7=0-0,059159-7 = -0,4141B.

Eciu TpebGyeTcst BBIYMCIUTH IIOTEHITHAI BOJOPOLHOIO 3JI€KTPOAA
Tpu MPOU3BOJABLHOM pH pacTBOpa, TO B ypaBHEHNE BMECTO 3HAYEHUS 7
TOZICTABJISIETCS aHHOE 3HaYeHue pH:

©=-0,059159 - pH.

Omeem: GopMaTbHBIN TOTEHITHAT BOAOPOIHOTO 3JEKTPO/Ia PaBeH
-0,4141 B.

IIpumep 14.6. CocTaBiieHa raJbBaHUYECKAS €I U3 BOLOPOIHOIO
3JIEKTPOJIA ¥ XJIOPCEPEOPSHOTO JIEKTPOA ¢ KOHI[EHTpAIMEH XJI0pH/Ia
kanus 1 moas/n. IIpu usmepenuu I/[C nenu noaydeHo 3HaueHUe
0,538 B. Brruncaure pH pacTBopa, BXOASIIETO B COCTAB BOAOPOIHOIO
3JIEKTPOJA.

Pewenue

CMBbIC 3371a4¥ COCTOUT B TOM, UTO TaJbBAaHNYECKAS [EMb JAHHOTO
THIIA MOXET OBITH MCIOJIb30BaHa IJis1 onpeaencans pH moboit xuza-
KOCTH, B35TOM /I aHaIn3a. XJI0pCcepeOPsHbIA 31eKTPOJ IIPUMEHS-
eTcs B KauecTBe 3JieKTpoja cpaBHenusa. Ero morennman @° = 0,222 B
(o tab;. 114). Bomopoausiil 3;IEKTPOJ] COCTOMT U3 H3y4aeMOM Ku/l-
KOCTH, B KOTOPYIO IIPOIIYyCKAIOT ra3000pasHbIil BOAOPO ¥ HOTPYIKAIOT
IIATUHOBYIO TacTuHKy. Msmepennas J/IC nenu paBHa pasHOCTH
HMOTEHI[UAJIOB XJIOPCEPEOPSHOTO U BOAOPOAHOIO 3JIEKTPOIOB:

D/IC = ¢°(Ag,AgCl| CI") - p(H*/H,),
OTKy/la II0JydaeM

=0 - 2,30258-7m=(p°—0,059159-7ﬁ;
n
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o(H*/H,) = p(Ag,AgCl | CI") - B]IC.

Cornacuo npumepy 14.5 o(H*/H,) = -0,059159 - pH. U3 atoro
ypaBHeHuUs paccuntaeM pH: ¢( H*/Hz) = 0,222 - 0,538 = -0,316 B;
pH =-0,316/(-0,59159) = 5,34.

Omeem: pH pacTBopa B BOZOPOIHOM 3JIEKTPOE 5,34.

Ilpumep 14.7. PaccunTaiiTe KOHCTAHTY PAaBHOBECHUS PEAKITHHI
2TP* + 2H,0 = 2T1l* + O,T + 4H*
0°,B 1,252 1,229

B xakoM HampaBIeHUY UAET PEAKIVS B CTAHAAPTHOM COCTOSTHUM ?

Pewenue

Koncranra paccuntriBaercs 1o ypasaenuio (14.10). Heo6xoxumeie
3HAYEHUS CTAHAAPTHBIX MOTEHI[HAJIOB YK€ BRITUCAHBI U3 TabJIUIIHI.
W3 ypaBHEHUSI peaKINy OYEBUIHO, YTO B PEAKIIUH BOCCTAHABINBAETCS
TAJUTAH U OKUCJIsIETCsI Kucaopoa. CpaBHUBAS MMOTEHITHAJIBI, MOXKHO CJie-
JIaTh BRIBOJI, 4TO MOH TI3* Gojiee CHIIbHBINM OKHCIMTED, YeM KHUCIOPO]
O,. KorcranTa paBHoBecust 6yaeT Gombire exunuinsl. [logcrasisiem
YHUCJIOBbIE 3HAYEHUS B yPABHEHUE M PACCIMTHIBAEM:

4-96 485
K =exp (1,252 -1,229) | = 35,9.
8,31447-298,15

Omgem: Halifeno 3Ha4eHre KOHCTaHTHI paBHOBecus K =35,9. B cran-
APTHOM COCTOSIHMM PEAKITHS UIET B CTOPOHY OKHCJIEHUS MOJIEKYJ
BOJIBI MOHAMH T13+,

IIpumep 14.8. B kakom HampaBiieHUM TIOWUJIET PeaKITU
2MnO,” + 10Br™ + 16H* = 2Mn?* + 5Br, + 8H,0

¢, momp/n1 0,01 0,1 0,01 0,01
TPY KOHI[EHTPAIUAX, 3alIUCAHHBIX MO/ BeNleCTBAMU B YPaBHEHWH,
u pH =4,5?

Pewenue

XopoIIo U3BeCTHO, YTO ITIEPMaHTaHAT-HOH B KMCJION CPEZIe OKUCIISET
HOHBI XJI0pa ¥ TeM 6oJiee HOHBI OpoMa 710 pocThix Bemects. Ho cuia
MnO," xak OKMCIMTENS CUIBHO 3aBUCUT OT KOHIIEHTPALUH MOHOB
Boz[opo,r_[a, TaK KaK B YpaBHEHUE PEaKIIUHM 3TH MOHBI BXOAST C K03g-
dumnuentom 16. lannoe B ycioBum 3nauenue pH 4,5 coorBeTcTByeT
c(H*)=10%=3,16 - 10~°. JloCTaTOYHO /I TAKOM KUCJIOTHOCTH JIJIf1 IIPO-
TeKaHus peakiuu ? /[J1s1 oTBeTa Ha BOTIPOC 33/[aYH MIPEACTOUT BHIYUCIIUTD
KOHCTaHTy paBHOBecus K u npousBesienue peakuuu llc. s Beramc-
JIEHUSI KOHCTaHTBlI paBHOBecHs 10 ypaBHeHUIO (14.10) 3Hauenus ¢°
BO3bMeM 13 TaOuL. IT4. HyXHO TakXe IOACYUTATh YHUCIIO DJIEKTPOHOB,
MePeXOSIINUX OT BoccTaHoBUTE s Br k okucaurenio MnO,~ corsacHo
ypaBHeHMIO peaknnu. OueBuHO, 9T0 Yncyao 10. [loxyyaem

10-96 485
K =exp
8,31447 - 298,15

1,507 - 1,087)) =9,8-10".
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Boeruucasiem Ilc mo 3akoHy AefiCTBYOIAX Macc:
_ #(Mn*) - ¢*(Br,) _ 0,012 -0,01° o
n=- - 10 - 16 fLT+Y 2 10 -5\16
¢"(MnO,)-c"(Br)-c°(H") 0,01°-01"-(316-107)
CpaBHUBas 3HaYeHUSI KOHCTAHTHI PAaBHOBECHUS M IIPOU3BEAECHUS
peaxiun, otMedaeM, uTo II¢ > K. B 1aHHBIX YCIOBUSAX OPOM OKHC/ISET

WoOHBI Mn?Z*,
Omeem: peakiyisi UIET CIIPaBa HAJIEBO.

IIpumep 14.9. /{1151 30/109€HUST METALTMIECKOTO KyOKa C ILIOIIALBIO
noBepxHOCTH 560 cM? KyOOK B KauecTBe KaToja IOMECTHUIIN B DJIEKTPO-
JM3ep ¢ pacTBopoM Terpaxiiopoaypara Harpust Na[AuCl,]. Dnexrpomm3
mpoaosukaicsa 3 4 40 mun npu cuie Toka 2,5 A. PaccuuTaiite Maccy
¥ TOJIIIIAHY MOJYYE€HHOTO TTOKPBITHSI.

Pewenue

PacyeTsl 110 37IEKTPOIHBIM PEAKIIVSAM IPOU3BO/STCS 110 TEM JKe ITpa-
BUJIaM, KaK M PACYETHI IT0 OOBIYHBIM XUMHUYECKHMM peakusm. [Ipu sTom
3JIEKTPOHBI PACCMATPUBAIOTCS B KaUeCTBE peareHTa MK IPOAYKTa
peaxiuu. KommdaecTBO BellecTBa 3JIEKTPOHOB PaCCYMTHIBAETCS 110 (U~
3M9ecKoi popmyie

n(e”) =IAt/F.
B manHOM TIpoLIecCe WIIET PEeAKIUS
[AuCl,]-+ 3¢ = Aul +4Cl-
ITo cTexMOMETPUIECKOMY TIPABILILY
n(Au) n(e”) m(Au) IA:
1 3 ' M(Au) 3F’

ITepeBenem Bpems B cekyHAbL: At =3 - 3600 + 40 - 60 = 13 300 c.
Boeruncaum Maccy 3o0s10Ta:

M(Au)IA: 196,97 -2,5-13 200
3F 3.96 485

Boraucimm TOJINTUHY ITIOKPBITHA B MUJJIMMETPAX JCJICHUEM obbeMa
30JI0Ta Ha IIOIaAb IIOBEPXHOCTH U3/ICTIUA:

jom_ 22,456 T
" pS  19,3r-cm-560 cm?

Omeem: ocaxx/ieHo MOKPHITHE U3 30j0Ta ToauuHou 0,021 MmM.

m(Au) = = 22,456 T.

10MM-cm ! = 0,021 MM,

14.3. 3apanua gng camocToATENbHON paboTbl

960. CocTaBbTe ypaBHEHUS PEAKIIHIA:
a) FeS + O, — Fe, O, + SO,;
6) Mg + Fe,0, —» MgO + Fe;
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B) KCIO, + Cal, — KIO, + CaCl,;

r) KCIO, — KCl + O,;

m) (NH,),Cr,0;, — N, + Cr,O, + H,O;

e) KMnO, — MnO, + K,MnO, + O,;

x) Al + KCIO, + K,CO, — KAIO, + KCl + ...

361. CocraBbTe ypaBHEHUS peaKIUii B HOHHOM U MOJIEKY-
JIsipHOM (popMme:

a) KMnO, + SO, + H,0 — MnSO, + H,SO, +..;

6) K,Cr,0, +Na,SO, + H,SO, — Na,SO, + Cr,(S80,); + ..,

B) K,Cr,0, +C,H.OH + H,SO, - CH;COOH + Cr,(SO,), + ..,

r) KCl+KCIO,; + H,SO, — Cl, + H,O +..;

n) Fe + HNO; — Fe(NO,); + NO + ..

e) KMnO, + NaNO, + H,0 — MnO, + NaNO, + KOH;

x) K,Cr,0, +Na,S + H,0 — Cr(OH); +S + ..,;

3) Al+ KNO, + NaOH + H,0 — Na[Al(OH),] + NH, + ...

562. CocraBbTe ypaBHEHUSI U YKKHUTE POJIb KAXKIOTO Belie-
CTBa B peaKkINu:

a) KBr+ H,SO, + K,Cr,O, — Br, + Cr,(SO,), + (NH,),SO, + ..,

6) Cl,+S0O,+H,0 - HCl+ H,SO, + ..,

B) Cr,(SO,); + H,0,+NaOH — Na,CrO, + ...

5963. Hanumure XuMu4eCcKre PeaKIMu IIEPEKUCH BOAOPO/A
C MO/IM/IOM KaJIvsl 1 HUTPUTOM HaTpPHs B KUCJIOH cpeJie.

564. ChopmymupyiiTe MOHATHS OKMCIUTENb X BOCCTAHOBH-
T€JIb, OKMCJIEHNE Y BOCCTAHOBJIEHWE, OKNCIUTETHLHO-BOCCTAHO-
BUTEJIbHAS MMapa.

563. IIpuBeauTe IpUMEPHI OKUCIUTEIbHO-BOCCTAHOBUTEh-
HBIX TIap, COJEPKAIIMX 3JIEMEHT JKEJIe30.

566. O6bsacuuTe pusndecKnii cMbic noctossanoi Mapajes.

567. Uto Ha3BIBAIOT 3JIEKTPOJHBIM ITOTEHITHAJIOM, X KaK OH
BO3HHUKAET?

568. Yem xapakTepu3yIOTCS CTaHAAPTHBIN U (DOPMAIbHBIIN
3JIEKTPOIHBIE TIOTEHITUAIIBI ?

569. Yto Ha3bIBaeTCSA TAIbBAHUYECKOI TIETIHIO?

370. Uto siBIsieTCs HENOCPENCTBEHHO H3MEPSIEMOI BEJTMYHHOIM:

a) 3JIEKTPOAHBIN IOTEHIINAT;

0) CTaHIAPTHHIA 3JEKTPOIHBIN IOTEHITHAT;

B) I/1C rasibBaHNYECKOM 1ETIH;

r) paboTa mepeHoca 3apsaa?

571. Kakue 3/1€KTpO/Ibl Ha3bIBAIOTCS aHOJIOM U KaTO0M?
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972. Ilpu KaKuX U3MEHEHUAX YCJIOBUI 3JIEKTPOIHBIN I10-
TEHI[MAJ BO3PaCcTaeT:

a) TIOBBIMIAETCST KOHIIEHTPAIIMS BOCCTAHOBJIEHHOM (POPMBI;

0) TIOBBIIIAETCS TEMITEPATYPA;

B) Ha 9JIEKTPOJIE UIET TIPOIIECC BOCCTAHOBJIEHHUST;

T') IOHMKAETCST KOHI[EHTPAlIsl BOCCTAHOBJIEHHOU (POpMBI?

973. Kakve U3 mepeyncaeHHbIX BEIECTB MOTYT IIPOSIBJISITH
OKHCJINTEJIbHO-BOCCTAaHOBUTEJIbHYIO ABOMCTBEeHHOCTD: a) KF;
6) H,0,; B) F;; 1) L,; 1) MnO,?

974. Pacrionoxute OKMCIUTETbHO-BOCCTAHOBUTEIbHBIE TIAPBI
B TIOpSIZIKE YBeIMYEHNUs CHJIbI OKHCauTeNs: a) Br,/Br; 6) I,/T;
B) Fe3*/Fe?; r) O,, H*/H,0; n) Cd*/Cd.

975. Pacrioioxxute OKMCIUTETbHO-BOCCTAHOBUTEILHBIE TIAPBI
B [IOPSIIKE YBEJIMYEHHUS CHJIBI BOCCTAHOBHTEJIS: a) Ag/Agh; 6) S/
H,S; ) O,, H*/H,0,; r) Zn?/Zn; o) L,/T~.

576. BeibepuTe BelecTBa, KOTOPHIE MOTYT BOCCTAHABINBATD-
CSI MOJTA/IOM KIS B CTAH/ITAPTHOM COCTOSTHUM:

a) xsopup xene3a(11I);

6) xmopuz xeneza(II);

B) [IepMaHTaHAT KaJIUS;

r) okcuz cepei(1V).

977. Ilouemy a3ot(V) B cocraBe KNO, He oxucsieT xkeJes0,
a B coctaBe HNO, — oxucser?

578. /Iluxpomar Kajusi paCTBOPEH a) B arieraTHOM Oydep-
HOM pacTBOpe u 6) B aMMHaYHO-aMMOHUTHOM OydepHOM pac-
TBOpE. B KakoMm ciydae okucauTenbhbii norennuan K,Cr,O,
BBITIIE?

579. B kakoM ciry4ae XJI0pcepeOpsIHBIiA 3JIEKTPO OyAET aHO-
7I0M, 2 B KaKOM KaTO/IOM, €CJIM BTOPO 3JIeKTPO/] B TaJlbBaHUYe-
ckoi neru a) Sn?*/Sn; 6) Agt/Ag?

980. [IpuBeavTe yCIOBHYIO 3alIMCh TaJbBAaHNYECKOM IIETH,
COCTOSIIIEH M3 METHOTO U XJIOPCEPEOPSTHOTO 3JIEKTPO/IOB.

981. IloiiayT /i peakiiuu MEXKAY CAEAYIONIUMHU BEIECTBAMHU:

a) Fe+ HCl —

6) Ag + Cu(NO,), —

B) Cu+ HCl -

r) Zn+ MgSO, —

n) Hg+ AgNO, —

e) Mg + NiCl, —?

982. Ha xejie3Holi TIaCTUHKE B PacTBOpeE CyJibdaTa MeIu
BBIJIEJINIIACH MEJb, TPUYEM MacCCa TLIACTUHKHA YBEJIUYHUIIACH
Ha 0,77 r. BeruucanTe Maccy BbIIeIUBIIEHCS MEIH.
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583. HukesneBas u KafMueBasi ILIACTUHKYA COEIUMHEHBI ITPO-
BOJHUKOM ¥ OIYIIEHBI B pa3baBjeHHBIN PacTBOP CEPHOM KHC-
sothl. Ha kakoit mmactunke 6yaeT HaOIIOaThCS BhIIEIEHUE
BojIOpoOA?

584. O6bsacHuTe cMbIc caexytomeit popmyass: Ag,AgCl|Cl-
|ICH,COOH |H.,,Pt (nBoiinas 4epra | 0603HaUaET HIEKTPOIUTH-
YECKUHM MOCTHK MEXKY 3TEKTPOIaMM ).

585. K kakomy 31eKTpojy Oy[eT HallpaBJIEHO ABUMKEHUE
3JIEKTPOHOB B CJIEAYIONTUX TATbBAHNYECKUX DJIEMEHTaX:

a) Mg|Mg(NO,), | Pb(NO,),|Pb;

6) Pb|Pb(NO,), [ Cu(NO,),|Cu;

B) Cu|Cu(NO,), [ AgNO,|Ag?

Kak Ha3bIBAIOTCS 3JIEKTPOIBI B 9TUX HJIEMEHTAX ?

986. Hanmiire cxeMbl ABYX 37IEMEHTOB, B OJTHOM M3 KOTOPBIX
MeJIb SIBJISLTIACH OBI KaTOOM, a B IPYroM aHozoM. Paccuuraiirte
cranzaptayo J/1C sTuX 3/1eMEHTOB.

987. Kak mmpoBecTH peakIiuio pacTBopa Cyibdara Meu ¢ Ke-
JIe30M, He TIOTpy»Kasi KeJie30 B 3TOT PacTBOP?

588. JKene3Hast v IMHKOBAs IIACTHHKY 10 OT/EIbHOCTH Pac-
TBOPSIIOTCS B CEPHOM Kucyore. Kak m3aMeHUTCS X0/ TIpoitecca,
€CJI YCTAHOBUTH KOHTAKT MEXX/y IIJIACTUHKAMU U IIOTPY3UTh
UX B Ty K€ KUCJIOTYy?

589. Paccuuraiite 3/[C sneMeHTa, COCTOSIIETO U3 JBYX
MEIHBIX 3JIEKTPOJIOB C KOHIIeHTpanusiMu cyiabdata meau 0,5
u 0,001 moub/71. Kakoii u3 a1eKTponoB OyaeT urpath poJib aHoma?

590. BriuncanuTe moTeHIHaa BOJAOPOIHOTO 3JIEKTPOAA
npu pH = 3, HopmanpHOM faBieHuu Bogopoga u T =298 K.

991. BuiuucauTe MOTEHIIMA BOJOPOIHOTO 3JIEKTPO/A
pu KOoHIleHTpalusx BemiecTs B aekTposaute c(NaCl) = c(HCl) =
= 0,1 MOJIb/JT ¥ TPOYMX CTAHAAPTHBIX YCIOBUSIX, IPUHUMAS
BO BHUMaHV€ NOHHYIO CHJIy PacTBODA.

992. BeruucarTe IOTEHIIHAI IIMHKOBOTO 3JIEKTPO/A IIPH KOH-
neHTpanuu aurpara uuaka 0,04 mosns/m1, =298 K.

993. Boeruuciute noreniuan OB-amekTposa npu KOHIIEH-
tpanusax K, [Fe(CN).] u K [Fe(CN),] 0,02 u 0,12 monb/21 co-
OTBETCTBEHHO.

594. Borunciute noreniman OB-amekTpona, 4715 KOTOPOTO
3JIEKTPOJIUT IIPUTOTOBJIEH CMENTUBAHUEM 25 U 75 MJI paCTBOPOB
K,;[Fe(CN).] u K,[Fe(CN),] c paBHBIMH KOHIIEHTDAIIAAMH.

595. Cmemanu paBHble 06BeMbI pacTBOpoB Na,S,O, u
Na,S,0, ¢ onguHakoBbiMu KoHLeHTpanusamu 0,04 mosb/n. Br-
yucymute notenrman OB-aekTposia ¢ 3TUM 3JIEKTPOIUTOM.
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596. [Ins anextpoga Ag|AgNO, usMepeH moTeHIUAT @ =
= 795 MB. Berumcimre Maccy HutpaTa cepebpa B 80 Mu1 pacTBOpa.

997. Ha cK0JIbKO MUJIIMBOJIBT MOHU3UTCS TMOTEHI[AAT
OB-anexrpoaa Pt|Sn%*,Sn?, ecin HavanbHBIE KOHIEHTPALAN
noHoB Sn*tu Sn?* 6b1m pasus 0,08 1 0,04 Mosb/J1, a B pe3y.Jib-
TaTe pabOTH 3AE€KTPO/Ia KOHIIEHTpanusa Sn*t yMeHbIIMIaCh
B 2 pa3a’?

598. Boruncinre cranaaptayio 3/[C rajbBaHHYECKOrO 3JI€e-
MEHTa, COCTABIEHHOTO U3 CEPEOPSHOTO U XJIOPCEPEOPSIHOTO
a7eKTpoaoB. Hanuimure peakiiuio, UAYIIYIO HA aHOIE.

999. Cranzapraas 3/1C raibBaHMYECKOTO 3JIEMEHTa C MEJI-
HBIM 3JieKTpozioM paBHa 0,599 B. Briuucanre craHmapTHbIN
MOTEHITAAJ BTOPOTO 3JIeEKTpoia. V13 KaKMX MaTepuajioB COCTOUT
3JIEKTPO/?

600. Berurcianre nsmeHenre suepruu I'mb6ca AG® peaxifuii:

a) 2I"+ 2HNO, + 2H* =1, + 2NO + 2H, O;

6) 2Fe?* + Sni*= 2Fe>* + Sn?*,

UCIIOB3Ysl cTanAapTHele OB-mioTeHIIMANEI.

601. MoxHO Jii TpoBecTH BoccTaHoBIeHne Sntt — Sn?* ciie-
mytonmmu BemecrBamu: a) H,S; 6) KI; B) Fe?

602. Borunciaure KOHCTAHTY PABHOBECUS PEAKITUU

2[Co(NH,) ]** + I, = 2[Co(NH,)]** + 21"
603. OnpenennTe HaIpaBIeHUE PEAKITUN

Hg + 2Ag*=2Ag + Hg**
npu cjaeayionmux KoHueHrpanusax: a) c(Ag*) = 0,1 moas/x;
c(Hg?*) = 0,0001 mousn/i1; 6) c(Agh) = 0,0001 monn/o1; c(Hg?*) =
=0,1 mosp /1.

604. Byzner 1 OKMCAATbCA HUTPUT-UOH MoHOM MnO -
npu KornerTparmsax o(NO, ) = c(NO,™) =c¢(Mn*) =c¢(MnO,") =
= 0,1 Mo /a1 mpu pH = 67 OTBeT moATBEPANTE PACUETOM.

605. IIpu xakom 3HaveHuu pH OB-norennman cucre-
MbI pymapar-cyknuaat (fOOCCHCHCOO™ + 2H* + 2e™ =
=-0O0CCH,CH,COQ") npx 04MHaKOBOM KOHIIEHTPALUK KOM-
TIOHEHTOB paBeH HyTi0? (¢”°=+0,0366 B).

606. /115 nuamepenust pH xeryb moMelieHa B KAUeCTBE dJI€K-
TposuTa B ranpBanndeckyio nenb Ag,AgCl|Cl-|xemus|H,,Pt.
Kounenrpanuss Cl- 1 moan/n. Pe3yabrar m3aMepeHuUs:
I C =702 mB. Paccuuraiite pH xemun.

607. CocraBbTe cXeMBI 2JIEKTPOJIM3a BOJAHBIX PACTBOPOB XJIO-
puza 6apust ¥ HUTpaTa CBUHIIA.

608. Kakwe mporiecchl MpOTEKAIOT Ha ITMHKOBOM KaTOJIe 1 TPa-
(buTOBOM aHOJIE TPY SIEKTPOIU3E PACTBOPA XJIOPHUAA ITMHKA.
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609. OuHAKOBHI Jix OY/IyT IPOAYKTHI, BRIIE/SIONMECS M3 Pac-
TBOPOB KapOOHaTa Kaaus ¥ CyJibdara Kaaus IIPU SJIEKTPOJIH3E
BTUX PaCTBOPOB?

610. CocTaBbTe cXeMY 3JIEKTPOJIM3a BOJAHOTO pacTBOpa
cynbdaTta MarHus. YTO OKUCISAETCS U YTO BOCCTaHABINBAETCS
IIpY 3TOM ITpoiiecce?

611. B TeueHUMe HEKOTOPOTO BPeMEHU OCYMNIECTBJISJICS
5JIEKTPOJIN3 TIOCTIE/I0BaTEIbHO COeUHEHHBIX pacTBopoB SnCl,
171 SnCl OanHaKoBBI JIM KOJIUYECTBA BEIIECTBA 0JI0BA U XJIOpa
BbIZIeJII/IBH_II/IeCH B KaK/IOM pacTBOpe?

612. IIpu snextposm3se pactBopa Hurpara xpoma(1ll) Ha ka-
tofie Bbiiesmnoch 0,26 T xpoma 3a 10 MuH. Beraucanre ciry Toka.

613. PaccuuTaiiTe city TOKa 3JIEKTPOJIM3a PaCTBOPA CEPHOM
KHUCJIOTHI, IpU KOTOPOM 3a 20 MUH BBIfIeJisieTCs B cyMMe 282 mit
BOZIOPOZIa ¥ KMCJIOPOA.

614. 3a xakoe BpeMs 37eKTPOJIU30M pasyaraercs 1 Moub
BOJIbI TIPH CUJIe TOKa 5 A?

615. CKoIbKO BpeMeHH IOTpeOyeTCs MPOILyCKaTh TOK CHU-
s0# 3 A, 4TOOBI 3JIEKTPOTUTHYECKH OCAAUTh HA METaJLTHYe-
CKOM MOBepXHOCTH ILTomabio 80 cM? ¢jIoii cepebpa TOMMIMHOM
0,005 mm? ILnoTHOCTH cepebpa 10,5 r/cm3.

616. Kakoe kosmuecTBO 3/IeKTPIYECTBA CIELyET MPOIYyCTUTD
4yepe3 PaCTBOP COJU cepebpa, YTOOBI BBIAEINUTD 2 T METAJLIA?

617. Kakoe KoIMueCcTBO BEIIECTBA CEPHOM KUCIOTHI 06pasy-
€TCs B PacTBOpe CyJibdhaTa MeIH IOCIe POXOXKIAEHUS Yepe3 HETO
1930 K anexrpuyecTBa?

618. Kakue nportecchl WyT Ha HUKEJIEBBIX KaTO/e U aHOJIE
IIPU 3JIEKTPOJIN3€e pacTBOpa cyiabdaTa HuKens1? Kak naMeHUTCS
Macca aHo/a TTOCJIe TIPOXOXKAEHHUS ToKa cuIok 2,5 A B Teuenue 1 9?

619. 'anbBaHMYECKWIT 97IEMEHT C IIMHKOBBIM aHO/IOM JIaBal
ToK cuiol 0,8 A B Teuenue 2 4. Kakast Macca I[MHKa [TO/IBEPIJIach
OKHCJIEHUIO ?

620. IIpu sanexTposu3e coseil B TpeX OMBITAX 32 OJIMHAKOBOE
BpeMs noaydeHo: a) 1,08 r cepebpa; 6) 0,635 r menu; B) 0,327 r
1uHKa. B kakux ombitax 6bl1a OJMHAKOBASI CUJIa TOKA?

621. CocTtaBbTe cxeMy 3JEKTPOJIHU3a XJI0OpHU/Ia HATPUS U IO/ -
CUMTaliTe, KaKoe KOJUYECTBO 3JEeKTPUIECTBA TPOXOUT Yepe3
HJIEKTPOJIUT K 00pa3oBaHuy 1 KT THAPOKCH/IA HATPHSL.

622. Tox cuoit 5 A BEIIEISET U3 PAaCTBOPa COJIH ILIATHHBEI
1,516 r metasna 3a 10 mun. Onpesiennre cTeneHb OKUCIEHUS
TIJIATUHBL.

623. IIpu mpoxoxaenuu Toka cuioii 1,5 A B Teuerne 30 MuH
yepe3 pactBop conu metasna(11l) va karozne Boiaenunocs 1,07 r
MeTtasia. OmpesiesinTe aTOMHYIO MacCy MeTajlia.
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624*. CymmapHast KOHIIEHTPAIMs MOHOB JKeJle3a B PacTBOPE,
comepxaimeM FeSO, u Fe,(SO,),, pasua 0,3 Moib/11, a u3Me-
pennas JJIC rampBanmueckoii nenu Ag,AgCl|Cl-| Fe3*,Fe?t| Pt
c 3TUM pacTBopoM paBHa 0,75 B. BerumcinTe KOHIEHTPAIITH
KaxkIol couu kene3a. KormenTparus xjaopuaa Kaausa 1 Mosb/J1.

625*. B ransBarndeckoM anemerre Cu|CuSO,|ZnSO,|Zn
KOHIeHTpaIuu 31eKTposuToB 0,1 Moss/71. Beramicinte mosie3Hyio
paboTy s/1eMeHTa B 00OpAaTMMOM IIPOIIECCE, ECIM MACCa MEHOIO
3JIEKTpO/Ia yBeJauduaach Ha 20 Mr.

626*. Cmemanu paBHbie 00BbEMBI ABYX PacTBOPOB:
a) H,AsO, — 0,2 monn/n1 u HAsO, — 0,02 mons/1; 6) KI —
0,4 mosb /1, m KI, — 0,02 mosb/n1. B o6oux pacrsopax pH = 1.
IloiineT 1 B cMecu peakus

H,AsO, + 3KI + H,SO, = HAsO, + KI,; + 2H,0 + K,SO,?
PaccuuTaiiTe KOHIlEeHTpPAaIlU COEAUHEHUM MBINIBSIKA B CO-
CTOSTHUY PaBHOBECHSI.




15. KomnnekcHble coeuHeHUS

15.1. KpaTkue TeopeTMyeckue cBefleHus

KoMniekCHBIMU COeJUHEHUSIMU CYUTAIOTCS T€ HeOpraHu4YecKue
W OPraHWYeCKHE BEMECTBA, B CTPYKTYPHBIX €IMHUIIAX KOTOPHIX MMe-
€TCsl aTOM C KOOPJUHAIMOHHBIM YMCJIOM, NIPEBHINIAIONIAM CTEIEeHb
OKHUCJIEHHUSI. ITOT aTOM Ha3bIBAETCS IIEHTPATIBHBEIM aTOMOM (MHOT/IA €TO
HA3BIBAIOT KOMILJIEKCOOOPA30BaTEIEM ), & OKPY KAIOIINE ATOMBI, HEIIO-
CPeICTBEHHO CBsI3aHHBIE C HUM, — JJOHOPHBIMU aToMaMU. /(OHOpHBIE
aTOMBI MOTYT BXOJIUTh B COCTAB MOJIEKYJI ¥ CJIOKHBIX HOHOB WJIH TIPE]I-
CTaBJISITh COOO0M OIHOATOMHBIE YACTHIIBL

B nesom vacrtuiia, cBs3aHHasi ¢ IeHTPAJIbHBIM aTOMOM, Ha3bIBAETCS
suran/. PasHbIX I[EHTPAJIbHBIX ATOMOB CYIIECTBYET IIPUOIH3UTEIBHO
CTOJIBKO, CKOJIBKO MMEETCS METAJLIIOB B Tabmuiie Menneneesa. Muorue
MeTaJLIbl MOTYT BXOJUTDb B COCTaB KOMILJIEKCHBIX COEIMHEHUH B IBYX
WJIM HECKOJIBKUX Pa3HBIX CTeleHsAX okucaenus. Hanpumep, xeme3o
obpasyer KOMILJIEKCHBIE COEIUHEHNUS B CTENEHAX OKucaenus 0, +2
u +3. HecomoctaBumo 6oJibliiee pasHOOOpasue 3aKII0YEHO B JIUTAH-
Jax. 9TO MOTyT OBITh IIPOCTBIE M CJIOXKHBIE HeOpraHudyeckue Mool (F-
¥ ipyrue noHH ragorenos, NO,™, SO, 27, PO, u 1.1.). 9T0 MOTYT GHITH
MoJeKy bl Heopranwdeckux Bemects: H,O, NH,, N,H,, PH,, CO u ap.
Yo ke KacaeTcs OpraHUYECKUX COeJUHEHUH, TO OHU MOTYT BBICTYTIaTh
B KQUECTBE JIMTAH/IOB IIEJIBIMHA FTOMOJIOTUYECKUMH PSIAMU: Pa3HbIE THITBI
aMHUHOB, KACJIOTHI, AMUHOKHUCJIOTHI, TUKETOHBI, TETEPOIUKITNIECKIE CO-
€TUHEHUsT, MAKPOITUKINYECKIE COETUHEHHS, OEIKN U MHOTHE JIPYTHE.

[TpnMeHeHUE OPraHMYECKUX JIUTAHIOB TIO3BOJIAJIO PA3PEIIUTD IIPHH-
OUNTHATHHO BXKHBIE BOIIPOCH XMWY KOMIIEKCHBIX coepmHermii. Ha
MPOTSIXKEHUU OBOJIBHO JIOJITOTO IIepUO/[a U3YyUYeHUS] KOMILIEKCHBIX
COETMHEHWH 10 CepeNHBI IIPOIIJIOTO CTOJIETUS CUUTAIOCH, YTO KOM-
IJIEKCO0OPA30BaTEISIMU MOTYT OBITh TOJIBKO DJIEMEHTHI IEPEXOIHBIX
DPSIIOB, T.€. d-dJIEMEHTBL. JTa TOYKA 3PEHHUs OBLIA OIIPOBEPTHY T BaKHBIM
orkpbITHeM. OKa3ajI0Ch, YTO AaHUOHBI AMHHOIIOIMKAPOOHOBBIX KMCIOT
(ux Ha3BaJIM KOMILUIEKCOHAMM) CIIOCOOHEI CBA3BIBATH MOHBI METAJLIIOB
BTOpOH rpymisl Me?* (s-a/1eMeHTbI) B IPOYHBIE KOMILIEKCHBIE COEIHHE-
Hust. [Tocse 3TOro ocTamuch TOMBKO HOHBI MIETIOYHBIX METAJLIOB, KOTO-
pble He 00pa3yIoT KOMILTIEKCHBIX COETMHEH NI Taske C KOMILTIEKCOHAMH.
Ho smurasgbl u3 006JacTH OPraHUYECKON XMMHUHU HAIIIMCh ¥ Ha HUX.
MoJteKy1bl Pa3HBIX MAaKPOITUKINIECKUX COEMUHEHUN C TETEPOATOMA-
Mu O, S, N 3axXBaThIBAIOT ¥ IIPOYHO CBSA3BIBAIOT MOHBI BCEX IIETOYHBIX
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MeTa/LIoB. Besbix 1sTeH B mpobieMe KOMILIEKCO0Opa30BaHusI B TA0 IHIIE
MenneneeBa He 0CTAJIOCH.

HanoMHUM TepMUHOJIOTHIO, OTHOCATIIYIOCS K CTPYKTYPE KOMILIEKC-
HBIX COeIMHEHUI:

KoMILtekcHbIi KaTHOH,
BHYTpeHHsISI cepa

\ Anuon BHe1THei chepu SOi_

—
[Cu(NH,),]SO,

/

IlenTpansHbIi aTOM Yucao auraunos 4
Cu2+
Jlurana NH,

KoMiutexkcHble cCoefMHEHNS IIPETEPIIEBAIOT XUMUYECKHE IIPEBPa-
MEeHUs, XapaKTepHbIe U JJIS1 APYTUX BUAOB COEUHEHUN: TEPMUYECKOE
pasjioxeHue, POTOXMMHUYECKHE PEAKITUH, PEAKITHN OKNCIIEHUSI-BOC-
CTAaHOBJIEHMS, MOHHBIA 00MeH, nsomepusanus. CnenupuuecKuMu
IL151 KOMILJIEKCHBIX COEIMHEHUH SIBJISTIOTCSI PeaKITUX 3aMeIIeHsI JINTaH-
ZI0B, UIYIIIE CAMOIIPOM3BOJIBHO B HAIIpaBJIEHNH IIpeBPaIeHUsI MeHee
YCTOMYMBBIX KOMILIEKCOB B O0JIEE YCTOMYHMBHIE:

H,CHN H,CHN

% 2
‘ \Cu + 4NH,

[Cu(NH,),]* + 2NH,CH,CH,NH, = Cu
H,CH,N H,CH,N
Cl-
\ +2 / NH3

K[PtCL]+2NH,= Pt +2KCl

cr NH

3

KomMmruiekcHble coeTnHEHNS, UMeIOIIe BHENTHIOW cdepy, pacma-
IAlOTCS B PACTBOPE HA MOHBI KaK CHJIbHBIE 3JIEKTPOIUTHL. MOXHO OT-
METHUTh, YTO KOMILJIEKCHBIE KHCJIOTHI M OCHOBAHUSI OKA3BIBAIOTCSI O0JIee
CHJIbHBIMH 3JIEKTPOJUTAMHM, YeM OJIM3KHUE TTO0 COCTABY HEKOMILJIEKCHbIE
coenuuenust. Hampumep, ruipokcuz Meau — c1aboe OCHOBaHHE, 2 KOM-
miekcHoe coeaunenne [Cu(NH,),](OH), — cuibHOe ocHOBaHUE.

KoMriekcHble KATHOHBI, AaHMOHBI M MOJIEKYJIBI B OOJIbIIEH MK
MEHbIIIEH CTEeMEHN B 3aBUCUMOCTH OT YCTONYMBOCTH PaclagaioTcs
Ha COCTaBJISTIONINE NX YacTUIbl. V3 OKpyKeHHUs IIEeHTPaIbHOTO aTOMa
JIUTaHBI CTYIEHYATO U 00PATHMO JUCCOLUUPYIOT, 3aMEINAsCh MOJIe-
KyJiamu pacTsoputens. Ha nmocienueit craguu pacmaza o6pasyercs
TaK Ha3bIBaeMBIH CBOOOIHBINM MOH KOMILIEKCOOOpa3oBaresi. TouHee
ObLIO OBI HA3BATh €I0 TMAPATUPOBAHHBIM HOHOM.

CryneHyarbie peakiuy B KPaTHOM 3a1KCH, T.€. O€3 yueTa ruIpaTalum:

[Cu(NH,),]* 5 [Cu(NH,),]* + NH,, K;
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[Cu(NH,),]** < [Cu(NH,),]* + NH,, K,;
[Cu(NH,),]* = Cu(NH,)]** + NH,, K,;
[Cu(NH,)]* < Cu?** + NH,, K,
CyMMapHas peakiys pacrajia:
[Cu(NH,),]** & Cu?+4NH,, K _=9,3- 10713,
Peaxuus pacnazia KOMILIEKCa C y9€TOM TUAPATaIliN:
[Cu(NH,),]** + 4H,0 < [Cu (H,0),]*" + 4NH,
KoHcTanTbl paBHOBECHSI peaKInii pacia/ia KOMILJIEKCHBIX COeInHe-
HUii Ha3BIBAIOTCA KOHCTaHTaMu HectolikocTy, K . O6paTHble peakiuy

HPEICTaBISIOT COOO0M peakiuu 00pa3oBaHUsI U XapPaKTEPU3YIOTCS KOH-
cranTaMu o6pasoBanus P

B=—. (15.1)

OupezesieHNE CTYIIEHYATHIX KOHCTAHT HECTOMKOCTH U 0OpasoBaHus,
a TakXe pacyeT KOHIIEHTPAIMH BCEX BUJOB YACTHII, IPHCYTCTBYIOIIMX
B PacTBOPE, IPECTABIAIOT COO0M JOBOJIBHO CIOXHbBIE SKCIIEPHMEH-
TaJbHbIE M PACUETHBIE 3a1a4n. Ha HauaIbHOM DTaTle M3YYEHUS] KOM-
IIEKCHBIX COEIMHEHMI MOKHO OTPAaHHYHTHCS PACYETOM KOHIIEHT ALK
CBOOO/IHBIX HFOHOB KOMILJIEKCOOOPa30BaTe s B PACTBOPE KOMILJIEKCHOTO
COETMHEHMS, COAEPHKAIEM TaKXKe H30OBITOK CBOOOJHOIO JIMTaH/A:

[MeL J* < Me™ +nL
¢, Monb/n c¢([MeL ™) —x x c)+y

IIpeneOperast MaJIbIMU CJIATAEMBIMU X U i B PABHOBECHBIX KOHI[EH-
TPaIUAX KOMILIEKCa ¥ IUTaH/1a, ITOJIyIuM

m
¢"(L)

7151 HauMeHOBaHUST KOMILJIEKCHBIX COETUHEHNH IIPUXOAUTCS HC-
MOJIb30BaTh JOCTATOYHO CJIOXKHYI0 CUCTEeMY HOMEHKJIATYPHBIX ITPABUIL
Crenyer 03HAKOMUTHCS C HEKOTOPHIMU BaXKHEHTIIMMU TTOJIOXKEHUSIMU
3THUX ITPABUIL

Ha3BaHusT KOMILJIEKCHBIX COETUHEHUN OOBIYHO COCTOSIT M3 IBYX
CJI0B, 0003HAYAIOIIIX BHYTPEHHIO ¥ BHEIIHIOW cepsl. /i1 BHyTPeH-
Hel cephl YKa3BIBAETCS YUCJI0 YACTHI] JIUTAH/A, HA3BaHWE JINTAH/A,
HEHTPAJIBHBINA aTOM C €70 BAJIEHTHOCTHIO, BEIPDAKEHHON PUMCKOH 1iu-
poit. HaszBaHusi HOHOB BHEIIHEH cdephl OCTAIOTCS TaKHe Xe, KaK Ha-
3BaHMS MOHOB B OOBIYHBIX COJIsX. [T0 MEXIyHAPOAHON HOMEHKIATYPE
CHayvaJjia Ha3bIBaeTCsS KaTHOH, IOTOM aHHOH. B u3aHUsAX Ha PyCCKOM
SI3bIKE OOBIYHO COXPAHSETCS HOCJIEA0BATENbHOCTh AHUOH (B MMEHH-
TeJIbHOM I1aJleskKe ) — KaTUOH (B poAuTeabHOM nasiexke). HazBanus anu-
OHHBIX KOMILTEKCOB 3aKaHUYUBAIOTCS cy(pdurcoM «aTs. LleHTpasbHbIN
aToM 0003HAYAETCs JIATHHCKUM Ha3BAaHUEM SJIEMEHTA, KOTOPOE B PSIE
CJIyyaeB He COBIIQ/IAeT C PyCCKUM Ha3BaHUEM:

(15.2)
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Mn MaHTaHaT Ag apreHrar
Fe eppar Hg TUIPAprUpaT
Cu KyTpar Au aypar

B KaTHOHHBIX 1 HE3APSYKEHHBIX KOMILIEKCAX IIEHTPAIbHBIM aTOM HMEET
pycckoe HazBarue 6e3 cydukca «ar>. B Ha3BaHUM HEATPATBHOIO KOMILIEK-
ca CTeTleHb OKMCJIEHHS LIEHTPaJIbHOIO aToMa He yKasbiBaercs. He TpeOyercs
TaK’Ke YKa3bIBATh CTEIIEHb OKUCJIEHS METAJLTIOB, Y KOTOPBIX OHA IOCTOSTHHA.

HasBanus auranioB B O0JIBIIMHCTBE CIYYaEB COBIAAAIOT ¢ OOBIY-
HBIMH Ha3BaHUSIMH BEILECTB MM OCTAaTKOB KHUCJIOT. K aHMOHHBIM JIH-
rauzaM 100assstercs cyPoukc «o». Claeayer yINTHIBAT CAELYIOIUE
HUCKJIIOUEHUS B Ha3BaHUSIX JIUTAHOB: Bojla — aKBa, aMMHaK — aMMUH,
okcup yraepoaa(Il) — xkapGoHuIL

UnCI0 IMraHAOB YKAa3bIBAETCS IATUHCKYM HJIU IPEYeCKIM YHUCTUTE -
HBIM TIepe]] Ha3BaHUEM JIMTaH/a. Ec YncavTeIbHOE yKe UMeETCs B Ha-
3BaHMM JIUTAH/IA, TO KCIIOJIB3YIOTCS TPEYECKUE TOPS/IKOBBIE YUNCIUTEHHBIE:

J g murannos | g aurannos J g murannos | J[ag urannos
6e3 urcau- C YUCIU- 6e3 YucIu- C YHUCIUTEIb-
TEeJIbHBIX TEIbHBIMUA TeJbHBIX HBIMU B Ha3Ba-
B Ha3BaHUU B Ha3BaHUU B Ha3BaHUU HUK
1 | MOHO — 5 |meHTa TIEHTaKIC
2 |mm 6uc 6 |rekca TeKCAKHUC
3 | pu TPpHUC 7 |remnta TeITaKuc
4 |Terpa TETPAKUC 8 |oxkra OKTaKuC

B cMemmaHHOMTaHHBIX KOMILIEKCAX CHAYAJIA TIEPEYHCIITIOTCS AaHH-
OHHBIE JIMTAH/IBI,  TIOTOM MOJIEKyJsIpHbIe. [Ipr HATHYNY HECKOJIBKIX
Pa3HbIX aHMOHHBIX HJIM MOJIEKYJISIPHBIX IUTAH/IOB OHU TIEPEYNCIISTIOTCS
1o aaBUTy.

JanpHelne NOJMOKEHNSI HOMEHKIATYPHBIX TPAaBUJI KacaloOTCs
MHOTOSIIEPHBIX KOMILIEKCOB, KOMILIEKCOB C OCOOBIMU BHIaMH CBSI3€i
u p. Ha HMX ocTaHaBIMBaTBHCA HE OyIeM.

Hexoropbie KOMILJIEKCHBIE COEAMHEHUS] UMEIOT UMEHHBIE, 4 TAK)KE
TPaIUIIIOHHEIE HA3BAHUSI:

« yuc-[Pt(NH,),CL,] — coms Ileiipone, yuc-1MXI0pOANAMMUHILIA-
THHA,;

- mpanc-[Pt(NH,),Cl,] — xnopuzx 2-ro ocrosanus Peiize;

« K,[Fe(CN),] — kpacuast KpoBsHas coJib, rekcanuanodeppat(11I)
KaJIus;

- K, [Fe(CN),] — xenraa kpoBsHas coub, rexcanuanogpeppar(Il)
KaJIusl.

Crenyer HAyIMTBCS IaBaTh KPaTKYIO XapaKTEPUCTHKY KOMILJIEKC-
HOTO COEIWHEHUS TI0 CJIEAYIOIMHUM ITyHKTaM:

1) non BHemHe# cepsl (€CIU eCTh);

2) KOMILJIEKCHBII MOH, €r0 3apsif;

3) muranz (MUTaHAB ), JOHOPHBIE ATOMBI IUTAHIOB; IEHTATHOCTD;
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4) eHTPaJbHBIN aTOM, CTENIEHb OKUCJIEHUS], TUII IIEHTPAIbHOTO
aToma (s-, p-, d-371eMeHT);

5) KOOPIUHAIIMOHHOE YHCJIO;

6) MpOCTPaHCTBEHHOE CTPOEHUE, CTPYKTYPHast hopMy.Ia;

7) THII KOMILIEKCHOTO COETMHEHUS; dJIEKTPOIUT (HEIIEKTPOJINT),
IO IPUPOJie TUTAHAOB (HeOpraHWYeCKHe, OpTaHUYeCKUe, MAKPOITHKIIH -
YyecKue), XeJaTHbIN, CMeIaHHOJIUTaHTHBIH;

8) Hazpanme;

9) nucconuanysa B pacTBOpE, yCTORYUBOCTD (K ).

15.2. lpumepsbl pelueHua 3apad

ITIpumep 15.1. /JaiiTe XapaKTepUCTUKY KOMITJIEKCHBIX COEIMHEHU
a) K;[Fe(C,0,),]; 6) [Zn(NH,),](NO,),; B) [Co(NH,),(NO,).].

Pewenue

IIpuMeHsieM IPUBEAEHHBIN BBIIIE IIJ1aH pa3bopa KOMILJIEKCHOTO
COEVHEHUSI.

a) K,[Fe(C,0 )3]

1. Bo BHeHIHeI/I chepe KOMILIEKCHOTO coeJUHEeHHsI KaTHOHBI K¥,

2. Kommnexcusrii non [Fe(C,0 4) 1*~. 3apsn 3— onpenensiercs cym-
MapHBIM 3apsiZIOM KaTUOHOB BHeHIHeI/I cq)epm

3. JIvranzpl — aHMOHBI OPraHMYECKOM masereBoit kucaotel C,0 -
/lBa aToMa KuCI0pOo/ia SIBJISIIOTCS TOHOPAMHM 9JIEKTPOHHBIX TIap. ITO Ou-
JEHTATHBIH JIUTAH].

4. IlenTpanbHblii aTOM — d-37€MEHT XKene30. /|19 BEIYMCIeHHs
CTeTeH! OKUCJIEHUST CYMMUPYEM BCe 3apsi/Ibl Ha aTOMaX M OKCaJIaT-MoHe
B (popMy.ie BelmecTBa:

3-(+1)+x+3:(-2)=0;x=43.

5. Koopaunammontoe uwncso (KY) nentpasbHoro atoma 6, Tak Kak
CBSI3U C IIEHTPAJbHBIM aTOMOM 00pa3yioT IO JBa aTOMa KHCJIOPOa
OT TPEX JINTAaH/IOB.

6. KoMILIeKC ¢ KOOPAMHAIIMOHHBIM YHCJIOM 6 UMEEeT OKTasIpuiecKoe
crpoenue. BueHTaTHbIE JIMTaHbl 00PA3YIOT IIMKINYECKHE (XeIaTHBIE)
TPYIIIBI AaTOMOB:

T
C O
N/
o /C/
5| O
{ e\
- o
O¢C O
Oz C
NS
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7. KoMiiekcHoe coeinHeHNe MOXKHO OIIMCATh KaK 3JIeKTPOJIHT,
AHMOHHBINA KOMILIEKC; KOMILTEKC d-2JIeMEHTa; KOMILIEKC C OpraHuYe-
CKUMM JIUTaHJJaMU; XeJIaTHBIM KOMILIeKc. BHenaMi BUI — caiaTHO-
3eJieHble KpUcTa/LTEL. PacTBopuM B Bojie. Pasznaraetcs moj aeiicTBueM
Y O-uznyueHusl.

8. Hazpauue o Homenkiaatype MIOITAK: rpuokcanarodeppar(11l)
KaJIHsL.

9. KomItekc B pacTBOpe O4Ye€Hb YCTOWYHUB K pacmaay Ha MoHbL 11o
Tabmune K = 6,3 - 1072,

6) [Zn(NH,),]J(NO,),.

1. Bo BHemHe# cepe KOMILIEKCHOTO COeTMHERNs aHMOHBI NO,~

2. KoMILTEKCHBIH MOH [Zn(NH3) 1?*. 3apsaza 2+ onpenensercs cyM-
MapHBIM 3apsiZIOM aHHOHOB BHeIJ_IHeI/I chepsl.

3. JluraHzel — MOJIEKYJIBI aMMHaKa. JJOHOPHBIN aToM a30T. Jluran;
MOHO/IEHTATHBIN.

4. IlenTpanbHbIil aTOM — d-3eMeHT UHK. CTeleHb OKMCIEHHUST
IIMHKA BCET/A IIOCTOSTHHA +2. 3apsii KOMILIEKCA COBITA/IAET CO CTETIEHBIO
OKUCJIEHUS IIMHKA.

5. KoopauHaIimoHHOE YKCJIO MEHTPATBHOTO aToMa 4 COBIIJJaeT
C YMCJIOM MOHO/IEHTATHBIX JIUranzoB NH.

6. Kommekc MuHKA ¢ KOOPAMHAITMOHHBIM YUCJIOM 4 MeeT TeTpa-
3IPUYECKOE CTPOEHHUE:

NH 2+

Zn2+

/
NH, I\\IH\ NH
3

3

7. KoMILIekCcHOE coeIMHEHNE MOKHO OMUCATh KaK 3JIEKTPOJIUT,
KaTHOHHBIA KOMILIEKC; KOMILIEKC d-3/IEMEHTA; KOMILIEKC C HEOPraHH-
YECKUMU MOJIEKY/IaMU aMMuaKa. Bremnuii Bug — OeJible KPUCTAJLIBL
PactBOpUM B BOZ€E.

8. HazBanue mo Homenknarype UIOIIAK: HuTpar TeTpaMMUHITHHKA.

9. Kom1iekc B pacTBOpPe CPETHEYCTOMYUB K paciary Ha MOHBI ITMHKA
u ammuax. ITo Tabmme K =2 - 10710,

8) [Co(NH,);(NO,),].

1. B BemecTBe HET HOHOB BHEMIHEH c(ephl, TAK KaK KOMILIEKCHAS
YyacTHUIIA He UMeeT 3apsifia.

2. KoMIutekc mpezcraBisier co00i MOJIEKYTy.

3. Jlurauzab! — B KOMILIEKCE IBa Pa3HbIX Buza JuranzoB. Hurporpym-
TIBL NOZ‘, M30MepHbIE aHUOHAM a30TUCTOM KUCIOTHL. [|OHOPHBIN aTOM —

a3oT. Mosiekyibl aMMIaKa, B KOTOPBIX IOHOPHBIH aTOM TaksKe a3o0T.
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4. IlenTpanbHbIil aTOM — d-3J1eMEHT KOOabT. [/ BEIYUCIECHHUS
CTETIEHY OKUCJIEHUS X CYMMHUPY€EM BCE 3aPs/Ibl Ha IMTaHAAX B (popMy.te
BeIlecTBa:

x+3:-(-1)=0;x=43.

5. KoopauHaiimoHHOE YrCJI0 IIEHTPATBHOTO aToMa 6, TaK KaK B KOM-
JIeKce 6 JIUTaHAoB.

6. KoMILIeKc ¢ KOOpAMHAIIMOHHBIM YHCJIOM 6 IMEET OKTasIpHiecKoe
cTpoenue. /[Ba pa3HbIX BU/A IATAHAOB MOTYT UMETH Pa3HOE B3AaMMHOE
noJsioxkeHue. [10aToMy BO3MOXKHBI 1Ba IPOCTPAHCTBEHHBIX M30MEPA:

NH, NH,
NH, ON-
O,N- Co NH, ON- /Co NH,
ON- ON-
O,N- NH,

B u3omepe ciieBa Ha BCEX OCSTX OKTas/ipa HAXOAATCS Pa3HbIE JIUTaH-
ne1. B m3omepe cipaBa Ha IBYX OCSIX UMEIOTCSI OfMHAKOBBIE JINTAH/IBL.

7. KoMILIeKCHOE coeIMHEHNE MOXKHO OITUCATh KaK HEIJIEKTPOJIUT,
MOJIEKYJISIPHBINA KOMILIEKC; KOMILIEKC d-2JIEMEHTA; CMEIIaHHOIUTAH -
HBIM KOMILIEKC; KOMILJIEKC C HEOpraHUYeCKUMU JIUTaH1aMu. BHerHuH
BUJI — XKeJTO-KOPUYHEBbIE UTOIbYAThie KPUCTAJLIBL. PacTBOpUMOCTD
B BoJie HeOOJIbIIast, B PACTBOPE BEIIECTBO YCTOMYMBO.

8. HazBanue mo Homenknarype MIOIIAK: TpUHUTpOTPHAMMUHKO-
6anpT(I1T).

9. KoHCTaHTBI HECTOMKOCTH B CIIPABOYHHUKAX HET.

IIpumep 15.2. PaccuuraiiTe KOHCTAHTY PAaBHOBECHS PEAKIIMH 3a-

MEIEHUS JTUTAH/IOB
2+ - 2-
[Zn(NH,),]** + 4CN- < [Zn(CN),]* + 4NH,

K,_, 2,0-10710 1,0 - 101°

[Tox popmynamu 3aTMCaHbl KOHCTAHTHI HECTOMKOCTH KOMILIEKCOB,
B3sThIe M3 TaOuIbl. OUEBUIHO, YTO IPOAYKT PEAKIIMHU OO0JIEe YCTOMIHB
U PeaKIys IOUJIeT B IPSIMOM HalpaBJieHUU. Kak BEIYMCIUTD €€ KOHCTaH-

Ty paBHOBecH:A? MBICIEHHO Pa3JOKUM PEAKIIMIO HA CTAAMIO paciaga
MCXOMHOTO KOMILJIEKCA H CTa U0 06pPa30BaHMsI KOHEYHOTO MIPOAYKTA:

[Zn(NH,),]?* + 4CN- S [Zn(CN),]> + 4NH,

.

4ANH, + Zn** + 4CN-
K- &([Zn(NH,), )& (CN)
&([Zn(CN"), e (NH;) -
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ITepBas ctagus paciajia XapakTepyU3yeTcst KOHCTAaHTOM HECTOMKOCTH
aMMHAYHOTO KOMILIEKCA, a BTOPasi CTaiusi 00Pa3oBaHMsi HOBOI'O KOM-
TJIEKCA XapaKTepU3yeTcsl 00paTHOM BEIMYMHOM KOHCTAHThI HECTOMKO-
CTH 3TOTO KoMILIeKca. /lasee yYuThIBaeM, YTO KOHCTAHTa PaBHOBECHS
CYMMapHOTO TIpoliecca paBHA IIPOU3BEIEHUI0 KOHCTAHT OTAEIbHBIX
craquii. CiieZioBaTebHO,

K= 2-10‘10# =2-10°,
1-107"

Omeem: KOHCTAHTA PAaBHOBECHS PEAKIIMHU 3aMeEIeHUs aMMHaKa
Ha [TMAHOTPYIIIH B KOMITJIEKCE IHHKA UMeeT OOJBIIYI0 BETHYUHY. 3a-
MeIIEHNE UET TPAKTHYECKH HEOOPATHMO.

IIpumep 15.3. Boruncinre KOHIEHTPAIMIO CBOOOIHBIX HOHOB HH-
KeJisg B pacTtBope TerpaMmMuHHUKeAb(1]) HUTpaTa ¢ KOHIIEHTpaIuei
0,01 MoJ1b/71 TpU OTHOBPEMEHHOM MPHUCYTCTBUHU ammuaka 0,05 MoJib/I1.

Pewenue

B pesysbrare 00paTHMOM peakIMK Pacliafia KOMIUIEKCHOTO HOHA
B PaCTBODE MOSIBJISIOTCS CBOOOHBIE (THAPATUPOBAHHBIE ) HOHBI HUKEJIS:

[Ni(NH,),]?* = Ni?* + 4NH,

PacueT MOKHO ITPOBECTH HETIOCPEACTBEHHO IO ypaBHeHHUIO (15.2).
ITomcraBuM B ypaBHEHNE KOHKPETHBIE (DOPMYJIbL:

. 2+
x= i SUNINE) ) g 10*"% = 5,4-10 Mo/

" ¢*(NH,)

Omeem: ¢(Ni*") = 5,4 - 107 mosb /1L

IIpumep 15.4. PaccunTaiiTe KOHIIEHTPAIUIO CBOOOIHBIX HOHOB
KaJIbIIMS ¥ CTEIIEHb Paclajia KOMILIEKCA B PaCTBOPE HATPUEBOM COJHU
STHJIEHJMAMUHTETpaalerara Kaabuus (KpaTtkas ¢popmyna Na,[CaY])
c kounenTpanueit 0,002 mosn /1.

Pewenue

Kommnnekcon-I11I, unu nuHaTpueBasi coab 3TUIEHANAMUAHTETPAYK-
CYCHOI KHCJIOTHI, 00pa3yeT yCTOMYMBhIE KOMILJIEKCHI CO BCEMU HOHAMH
MEeTaJLJIOB, KpOME OTHO3APAAHBIX. [Ipy HamMuuK B cocTaBe KOMILTEKCA
JIMIIIb OTHOT'O JIUTAH/Ia Paciia KOMILIEKCA UAET Ha IBe YacTHUIlhl. [loaTo-
My KOHIIEHTPAIIM¥ MPOAYKTOB pacnaaa (IMCCOMMAIINN ) BEITUCIISTIOTCS
1o 00bruHOM opmyse Ocraabaa. Haxogum B Tabuulle KOHCTAHTY
HECTOMKOCTH M PacCYUThIBaeM KoHueHTpanuio CaZ:

o(Ca?) = Jc- K, =+0,002-2,7-107" =2,3-107 moss/x.
PaccunrtaeMm cremneHb paciiaga:
Comee _ 23-107

Com 0,002
Omeem: ¢(Ca?*) = 2,3 - 1077 mosn/m; o.= 0,011%.

o= =1,15-107* (0,011%).
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15.3. 3apanua ana camocTosTeNbHOW paboTbl

627. ChopmysmpyiiTe oripeiesieHrie TOHSTUSA «KOMILIEKCHBIE
coegmHeHUsI». Kakme BB 3HaeTe Pa3HOBUHOCTH KOMILTEKCHBIX
COeIMHEHUI ?

628. B uem 3akitiovaeTcst pa3anyune XeIaTHbIX U MaKPOIIMKIIU-
YECKUX KOMILIEKCHBIX COeJTMHEHMIH ?

629. Kakue BemecTBa Ha3bIBAIOT KPUIITAH/[aMH, KOPOHAH/IA-
MU, KPUTITATAMHA ¥ KOPOHATAMU ?

630. Kakue Buabl rubpuan3anumu opouTajeil BOSMOKHBI
B KOMILTEKCHBIX COEUHEHUSIX d-27IEMEHTOB?

631.B yem cocTOUT IPUHIIMTTHATIBHOE Pa3jindne IUCCoIMa-
1Y B PAaCTBOPaX MOHOB BHENIHeH cephl U JTUraHg0B?

632. Kax Ha3BIBAIOTCS CIIeyTolie KOMILTIEKCHEBIE COeTMHEHNS
1o cuctemarrdeckoii Homerkarype: Na[CuCly ], [Cu(NH,),]SO,,
[Cr(H,0).CI|Cl, [Co(NH,),(NO,).], [Zn(NH,),CL], [Fe(CO)],
[Pten,]Cl, (en = NH,CH,CH,NH,),, K;[FeF], [Cu(NH,),]Cl],
Na,[Pb(OH),(H,0),], Rb,[Mn(C,0,),], Na[AuCl,],

(NH)),[Fe(SCN).H,0], K;[Pb(S,0,),], K,[Hgl,]. Hanummre
Ha3BaHUSL.

633. Hanmnmure popMyibl KOMILIEKCHBIX COEIMHEHUM: XJI0-
PUJI TEKCAaKBaJIIOMUHUS, CYIbDAT YUc-AUTHONINAHATOTETPAAM-
munKobanbTa(11l), Terparmanonukenar(1l) kamus, mpanc-terpa-
xsopoguamMmuHILTaTUHA(IV).

634. CocraBbTe KOOpPAMHAIIMOHHBIE (POPMYJIBI CIEYIONIUX
coeIMHEHU:

Pt(CN), - Ba(CN),; AICl, - 6H,0; Co(NO,), - 3NaNO.,;

CoCl, - 5NH H,O.

635. Ompenesmre 3apsiz KOMHJIGKCHI)IX noHos [Cr(H,0),CL)]

[Pt(NH,),CL], [Ag(CN),], [Co(NO,),], [Cr(NH3)5Cl] [PtClZG]

¢ nenTpajibHbiMu atoMamu Crt3, Pt Ag*, Co*3.

636. 113 pacropa Bemectsa PtCl, - 3NH, n36piTkOM HETpaTa
cepebpa ocaxkmaercs Y4 4acThb I/IMeIOIIIeI‘OCH xsiopa. Hanumure
KOOD/MHAI[HOHHYIO (DOPMYJIy BEIECTBA.

637. U3 pacrBopa CoCISO, - 5SNH, npu fo6apiennu HUTpaTta
cepebpa 0Ca 0K He BBINAJIAET, a pu ZIO6aBJIeHI/II/I HUTpaTa 6apus
BhINaziaer Gesbiii ocagok. Hanummre KoopaguHAIMOHHYIO (Op-
MYJIy BEIECTBA.

638. [laiiTe pa3BepHYTYIO XapaKTEPUCTUKY CJEIYIONNX KOM-
nyexcHbIX coequernt [ Cr(NH,) Cl]SO,, [Co(NH,),(SO,)(CN)] x

x 2H,0, K,[Fe(CN),], Na[Au(CN), ], mpanc-[ Pt(CN),(NH,),].
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639. Hanummre peakiuu AUCCOITUAITMY KOMILIEKCHBIX CO-
exuHenuii B BogroM pactsope: [Cr(NH,).CI]SO,, K [FeF],
mpanc-[ Pt(NH,),Br,].

640. B xakoM HamipaBJIeHUY CMEIeHO PABHOBECHE PeaKIHi

[CaCyt]™ + Y+ = [CaY]* + Cyt?
[CaY]> + A  [ALY] + Ca?

(Cyt3 — aHHOH JTMMOHHOHA KUCJIOTHI, Y4~ — aHWOH 3THJIeHANA-
MUHTEeTPayKCYCHOM KUCIOThI)?
641. B xakoM HampaBJIeHN CMEIEHO pPaBHOBECHE PeaKITil

[FeGly,] + Cu?* < [CuGly,] + Fe**
[FeY] + Cu?* s [CuY]?* + Fe3+?

642. PaccunTaliTe KOHCTAHTY PaBHOBECHS PEAKIUU
[AZ(S,0,),1 + 5,05 5 [Ag(S,0,);]
KoHcTaHThI HECTOMKOCTH KOMILTEKCOB HaliinTe B TaOIHIIE.
643. B xakoM HampasjieHuu OyZET CMENAThCS PABHOBECUE

[CuCL,((H,0),] + 2H,0 < [Cu((H,0),]** + 2CI
B PacTBOPE JKEJITO-KOPUYHEBOTO IBETA TPH Pa30aBIE€HUH pac-
TBOpa Bofoli? Kak naMeHUTCS OKpacka pacTBopa?

644. TIpu nobasnennu Tuonuanara kanus KSCN k pactso-
py FeCl, mossnsercs naTeHcHBHAA KpacHas okpacka. Uem Mox-
HO 06’b$ICHI/ITI) 4TO 1pH pasbaBieHUN PacTBOPa BOAOI OKpacKa
ocsabeBaeT 6b1CTpee YeM YBEJIMIUBAETCA 0OBEM pacTBOpa?

645. B kakoii mocyenoBaTeIbHOCTHA YBEJIMYUBAIOTCS KOOP/IH-
HaI[MOHHbIE yncaa KoMmiuiekcoB Nit?, Agt! u Pt ¢ nmanorpymn-
noi? Vcnonb3yiiTe CipaBOYHBIE JaHHBIE.

646. Kakue KOMILIEKCH UMEIOT OKPacKy U IapaMarHUTHBIE
CBOMCTBA:

a) [Fe(H,O0)(]*";

6) [AL(H,0)4]*;

B) [Zn(H,0),]*;

r) [Cu(H,0),]*;

1) [Cr(H,0)4]*?

647. Kakue 13 ciaeayommnx KOMIIJIEKCOB UMEIOT OKPacKy:

a) [Cu(NH,),]";

6) [Co(NH,;)¢]™;

B) [Zn(NH,),*;

r) [Cu(NH,),]*%;

1) [Co(NH,),]*?
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648. IIpu nobapnenun okcanara kams K,C,0, B pacTBop
cyb(dara Meau BeIIagaeT Geblii 0Cag0K, KOTOPHIM PACTBOPSIETCS
upu U30BITKe OKcaiaTa. Hanuiure ypaBHeHHs PeaKIInid.

649. PacrnonoxuTe KoMILIeKCHBIE coequnenns Pd+2, Hg?,
Pt*? u Cd*? ¢ muranaoM Br~ B mopsijike yMeHbINEHUsI YCTOWYM-
BOCTH.

650. BospmeMm psax xommekcoB [MeGly,]. KornenTparus
KaKOI'0 MOHA B PaCTBOPE Oy/ieT HauOOJIbIIEH IIPH IIPOYMX PABHBIX
ycaoBusx: a) Zn?t; 6) Ni%t; 8) Mg?*; r) Fe?*; n) Cu?*?

651. IIpu nobasienun k pactBopy [Ag(NH,),]NO, xmopuna
KaJIusl BUMMBIX N3MEHEHHH He TPOUCXOJINT, a IPH A00aBIeHUN
6pomuza Kasaust pactBop MytHeeT. OObsicHUTE HAabII0IaEMOE
SIBJIEHHUE.

632. Berunciure KoHeHTpanuio noHoB Hukessi(11) B pactso-
pe TJIMIIMHATA HUKEJA ¢ KoHnenTpanuei 0,025 Mo /71 ipu u3-
obiTke ramiuHa 0,04 Moib /1.

653. Beiuncaute KoHieHTpaiuio nouos Cu’t B pactsope
[Cu(NH,),]SO, ¢ xornenTpauueit 0,005 Monb/;1 1pu U36BITKE
ammuaka 0,01 Mmoib/J1.

654. Kakast Macca MarHusi B BiZIe MOHOB cofepxxkutcs B 0,5 11
pactBopa [MgGly,] ¢ xornentpanueit 0,015 Moxs/ 1 Ipu u3-
6eiTKe mOHOB Gly~ ¢ TaKoii JKe KOHIeHTpaImuein?

655. Kakas Macca cBoOGonHBIX HOHOB Fe?* comepxutcs B 2 11
pactBopa Na,[FeY] ¢ xornenTpanweii 0,004 mosn/a?

656. K murpary 6apus maccoii 0,5227 r 1o0aBHIM PaCTBOP
0,4 1 Na,Y (sTrIeHAMaMUHTETPAALIETAT HATPHA) C KOHIIEHTPA-
et 0,025 MoJib/J1. BeraucinTe Maccy 6apus B BUE CBOOOTHBIX
VMOHOB B ITOJIyY€HHOM PacTBOPE.

657. HaliguTe oTHOIIEHNE KOHIIEHTPALMHA CBOOOAHBIX HOHOB
Fe?* u Fe3* B pacTBOpe ¢ paBHBIMM KOHIIEHTPAIMSIMU THICH (M-
aMUHTETPAAIETATHBIX KOMILJIEKCOB JKeJe3a.

658. K pacrBopy Na,[Ag(S,0,),] o6pemom 0,4 11 1 KoHIIEH-
tpanueit 0,05 moab/n go6asuau 0,02 Moap THOCYIbGaATA Ha-
Tpusi. BeruncImTe KOHI[EHTPAMIo 06Pas3yoIerocs: KOMILIEKCA
[Ag(S,0),1%

659. BerumcuTe KOHCTAHTY PAaBHOBECHS PEAKIINH

[FeY]?* + Co?* = [CoY]?* + Fe?*

660. Boruricsivte KOHCTAHTBI PABHOBECHS TIPSAMO# ¥ 0OpaTHOI

peaxIui
[Zn(NH,),]** + Cu* < [Cu(NH,),]* + Zn*
661. Beruncoute KOHCTAHTY paBHOBecus U AG® peakiuu

[Pt(NH,),]?" + 4CN- 5 [Pt(CN),]> + 4NH,
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662. B xakoM HalipaB/IeHUY UIET PEAKITUS
[CoY]?* + Cd?*t < [CAY]* + Co**
c,momp/n 0,01 0,015 0,02 0,012

IIPY KOHIEHTPAITUSIX, YKa3aHHEBIX 110/l GOPMYJIaMU B ypaBHEHUH
peaxkiuu?

663*. Cmemmau paBHbie 0OBEMBI PACTBOPOB CO CJIEAYIONIN-
MM KOHIeHTpauuamu semecTs: a) ¢(FeSO,) = 0,002 monn/ 11,
c(Na,[FeY] ) = 0,02 mosn/11; 6) c(MgSO4) 0 08 Mo/,
c(Naz[MgY] )=0, 002 MoJb/1. Hanmuimute ypaBHeHME peaKIlni,
KOTOpas IOUIET B CMECH.

664*. PaccuunTaiite cTangapTHOE H3MeHeHne sHepruu I uboca
peaxIuu

[Zn(CN),]* < [Zn(CN),]~+ CN-

Beruucaurte koHienTpanuio noHoB CN~ B pacTBope ¢
¢([Zn(CN),]*) = 0,001 Momb/T ¥ CTeNEHb AUCCOLUAIMU KOM-
JIeKca.

665*. B pacTBOpE Haj OCaZKOM XJIOpHAA cepedpa B COCTO-
STHUM PaBHOBeCHs HaxoAasaTcss aMmuak (¢ = 0,2 MoJb/J1) U XJI0-
pun kanusa (¢ = 0,01 Mmonp/n). Beruucanre KOHIEHTPAIIHIO
mammuHcepeopo(1)-noHoB u Maccy cepebpa B 1 J1 pacTBOpa.




16. Bopopon ¥ XUMHYecKue
3/IEMeHTbl p-6noKa

16.1. KpaTtkue
TEOPeTHYecKne CBeaeHus

B 610K p-amemenTOB BxoAsT 3jementhl rpymmn [ITA—VIIIA. TIpo-
CTBIE BelIeCTBa GOJIBIIMHCTBA 3THX 3JIEMEHTOB SIBJISIOTCS HEMETALIAME
WK TToyMeTaiaMi. TOJIBKO Y JIEBSATH 3JIEMEHTOB p-0710Ka Tipeobiia-
IA0T METAJJINYeCKHe CBOMCTBA.

Bogopon otHOCUTCS K S-971EMEHTaM, HO IMEET CBOMCTBA HEMETAJLIA,
4TO COMMAKAET €TO C BTIEMEHTAMHU p-0J10Ka.

DJIEKTPOHHAS CTPYKTyPa aTOMOB 9JIEMEHTOB p-0JI0Ka XapaKTepH3Yy-
€TCs1 [TOCJIeZI0BATeIbHBIM 3acesleHheM 3IeKTPOHAMU P-TIOTyPOBHS BHeIII-
HEro IHEPTETUYECKOTO YPOBHsL. Bo3HMKa0mMii HEOCTATOK CBOOOIHBIX
BaJIEHTHBIX OPOMTAJIEH Y aTOMOB OKa3bIBAETCS IPUIMHON TPe0l.IaiaHus
HEMETAJNINYECKUX CBOMCTB Y 9TUX 3JIEMEHTOB.

IIpu BBIMOJIHEHWY 3a7IaHUI STOU TJIaBHI CJIeAyeT UCTOIb30BaTh HE
TOJIKO MaTE€PHAJ COOTBETCTBYIOmuUX riaB yueOnuka H. JI. TanuHky,
HO Y ITPOM/ICHHBIV paHee TEOPETUIECKUI MaTepHaJl 10 CTPOEHUIO aTOMa
U XUMWYECKOH CBSI3M, 9HEpreTUKe U KMHETHKe peaKIUii, Ipoleccam
1 PaBHOBECHSAM B BOAHBIX pacTBopax. HeoOXoauMble [Jis1 pelleHus
3a71ay 3aKOHBI, IIPABUJIA U yPaBHEHM AaHbI B I71. 1—15 B ganHOM 3a-
mayHuKe. 3 Tex e I1aB MOTYT OBITh MCIIOJIb30BaHbI K OMTU3KHE II0 CO-
Iep:kaHuio mpuMepsl. MCoab3yioTes TakKe CIIpaBOYHbIE TaOJIUIIHI,
JTaHHBIE B TPUJIOKEHUH.

[Ipu xapaKTepuCTHKE XUMUYECKIX CBOMCTB IIPOCTOT'O MJIX CJIOKHOTO
BeI[ECTBA PEKOMEHAYETCsI IPUAEPKIBATHCS CeAyIoell OpreHTUpO-
BOYHOH II0CJIeI0BATEIbHOCTH:

1) peakiuu ¢ IPOCTHIMU BEIIECTBAMM:

« HeMeTaJLlIaMH;
« METAJLIIaMU;
2) peak1iuu co CJI0KHBIMU BeNleCTBAMMU:
* KICJIOTAMU;
« OCHOBaHUSIMY;
+ OKCU/IaMU;
* COJISIMY;
+ CaMble XapaKTepHbIe PeaKI[UU ¢ OPTaHUYECKUMU BellleCTBaMH.
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16.2. 3apanua gns camocToATENbHON paboTbl

16.2.1. Bonpocs! 4 3a1auy 10 BOOPOIY

666. OxapakrepusyiiTe MOJ0KEHNE BOAOPOAa B TabuIle
Menneneesa.

667. B ueM cocTOUT 6MOIOTHUECKOE 3HAYEHHE BOZOPOJA?

668. Berunicimte aTOMHYIO Maccy BOZIOPOZa, He COZePsKalllero
IIPUMECH IEUTEPUSL.

669. Kakue npocteie BemiecTBa o6pasyer Bogopoxa? Urto Ha-
3BIBAETCS OPTO- U NAPaBOJIOPOAOM?

670. B xaxoMm cayuae TpeOyercsa 60JIblas 3aTpaTa SHEPIHH:
IJ1S1 TACCOITAAIIMY MOJIEKYJIBI BOJIOPO/Ia Ha aTOMBI WJIH JIJISI KO-
HHU3aIMH aTOMa Boiopoza?

671. YkaxuTe /Ba BemeCTBa, MEXIY MOJIEKYJIaMH KOTOPBIX
obpasyioTcst Hanbostee mpounbie Bogopoaubie cssu: a) HCI;
6) H,O; B) HF; r) H,S; 1) CH,.

672. IlepeunciuTre BasKHEUIINE CBOMCTBA MOHA Bojopoaa HY,
OTJINYAIOIIIHE €TO OT BCEX KATUOHOB METAJLIIOB.

673. llepeuncaute BaxKHENITIE TUTIBHI TIPUPOTHBIX COEIMHE-
HUI BOJIOpO/A.

674. I'me B mpupoze mMeeTCSA BOJAOPOJ B BHJIE OTIETbHBIX
aromoB H n monexyn H,?

675. IlepeunciuTe IPOIECCH IPOMBIILIEHHOTO U Jlabopa-
TOPHOTO TTOJTy4YeHus Boiopojia. Hanummte ypaBHeHUs peaKInii
1 YCJIOBHS UX ITPOBEAECHUSI.

676. B xakux IpOMBIIIJIEHHBIX IIPOIECCAX UCIIOJIb3yeTCs
HanboJIbIIIeE KOJIMIECTBO BOJOPOIA?

677. Kakue pasHOBUJHOCTH MOJIEKYJI UMEIOTCS B IIPUPOTHOU
BOJI€ C YUETOM HJIMYUS U30TOMOB KaK BOJIOPO/IA, TaK M KUCJIO-
pona? Kakasi MoJeKyJIsipHast Macca CaMoi TsKeJIONH MOJIEKYJIbI
BOJIBI?

678. Kakyo posb urpaer sogopos H, B peaknuax ¢ IpocTsl-
MU U CJIOKHBIMU BellecTBamMu? [IpuBeinTe mpuMephl peakIiuii.

679. B xakoii xuMHUYecKoil peakIiuy BOIOPO/Ia BBIJIEJISIETCS
HanbosIbIIee KoIMdecTBO 3Heprur Ha 1 Mo H,: a) ¢ xucaopo-
noM; 6) ¢ xaopoM; B) ¢ GTOPOM; T) ¢ a30TOM; 1) ¢ cepoit? OTBeT
HOJTBEPIATE PACIETOM.

680. Kak monyyaiot Bogopo/ B Buzie aToMOB? CKOJIBKO 3HEP-
TUX BBIIEJSETCS P PEKOMOMHAILIMK aTOMOB ¢ 00pa30oBaHUEM
1 moss H,?

681. Kakoii MexaHM3M XapaKTepeH JJIsl peaKIuid Boopoa
C KMCJIOPOJIOM ¥ TaJIoTeHaMu ?
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682. Ilpu naBaenuu 101,3 klla u remneparype 3500°C cre-
TIEHB JIUCCOITUAITAY BOJIOPO/Ia HAa aTOMBI cocTaBJaeT 29,6%. Pac-
cuMTaliTe IJIOTHOCTb BOAOPO/IA IPH BTUX YCJIOBUSIX.,

683. B kakux ycaoBHAX 0OpaTHMasi peakiusi XKeJjie3a ¢ mapa-
MH BOJIBI

Fe + HZO = FeO + H,

Oy/IET UATH JI0 TIOJTHOTO OKUCJIEHHUS JKere3a?

684. [Ipenmonoxum, 4TO B3ATH OMHAKOBHIE MACCHI YETHIPEX
MIEPBBIX MEJOYHBIX MeTaJI0B. Kakoii 13 MeTaJIOB IPU PeakIuu
C BOJIOM (WJIM CIIMPTOM) BBIZEJIUT HAMOOJbIIMI 00bEM BOJO-
poaa’?

685. B3sarTo mo 8 r muTus, ruapuaa IUTHS U HaTpus. Beruwc-
JIUTE OTHOIIIEHHE 0OBEMOB BOAOPO/Ia, BBIAESAIOMIUXCS IIPH Pe-
aKIIUM 3TUX BENIECTB C BOJON.

686. YkaxuTe OCHOBHBIE THIIBI OMHAPHBIX COEAMHEHHI BOJIO-
pona.

687. IIpu peaxiuu 35,31 r ruapuaa s-3IeMeHTa ¢ BOJIOM BhI-
neauaock 6,53 i rasza (99 klla, 22°C). YcranoBute popmyry
TUIPUJIA.

688. I1pu asrekTposM3e pacTBOpa XJIOPHA HATPHS ITOJIyYeHO
20 r Bogopona. Kakoit 06beM XJ10pa U Kakast Macca ImeJ0dH 00-
Pa30BaJINCh OJTHOBPEMEHHO C BOIOPOJIOM?

689. Hanmimte ypaBHEHME PEAKITNN MEXIY TUAPUAOM Kb~
111 1 GPOMOBOZIOPOIOM.

690. Kakas u3 1ByX peakiuii MOXET UATH CaMOIIPOU3BOJIBHO:

a) Al,O, + 3H, =2Al + 3H,0;

6) CuO + H,=Cu+H,0?

Ortser paiite Ha ocHOBe pacuera A G°. CrenaiiTe BRIBOZ.

16.2.2. Bonpocs! u 3aaauu 1o asemeHTaMm rpymmsi VIIA
(rajoreHsnl)

691. ComocraBbTe 3/1EKTPOHHOE CTPOEHHE ATOMOB TAJIOTEHOB
C MX CBOMCTBaMM.

692. B ueM cocTonT GHOJIOTMYECKOE 3HAYEHIE TAIOTEHOB?

693. MmeloT jin rasioreHbl IPUPOIHBIE M30TOITHI ?

694. [lepeuncauTe BakHelIe MPUPOHBIE COENNHEHUS
Ka)K/IOTO M3 TaJIOT€HOB.

695. BerumcimTe MaccoBble 0 M30TONOB 6poma . Br u
g; Br B nmpupojHoi cmech.

696. Kak uaMeHsI0TCS B TpyIlNe TajJOreHOB: a) PaJuyChl
aTOMOB; 0) 3JIEKTPOOTPHUIIATENBHOCTD; B) PACIIPOCTPAHEHHOCTh
B IIpupojie?
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697. Kak u3MeHSI0TCS B TPYIINIe TaJOT€HOB CBOMCTBA IIPO-
CTBIX BEII[ECTB: a) TEMIIEPATYPHI ILIABICHUS U KAIEHMST; 0) OKIC-
JINTEIbHAS CIIOCOOHOCTD; B) DHEPIHUS CBSA3HU B MOJIEKYJ/IaX ?

698. Kak n3mMeHSIOTCS B TPYIIIe TaJIOT€HOB CBOMCTBAa NOHOB
c 3apsiioM —1: a) BOCCTaHOBHUTEIbHAS CIIOCOOHOCTD; 6) pasrych
HOHOB, B) KHCJOTHBIE CBOMCTBA COEANHEHMI C BOIOPOAOM?

699. IIpu kakuX yCJIOBUAX rajoreHbl MOTYT BXOAUTH B CO-
eAMHEHUS B TIOJIOXKUTEIBHBIX CTEMIEHSIX OKUCICHUS ?

700. IIpuBeanTe CXEMBI ¥ PEAKIIMH IIPOMBINLIEHHBIX ¥ J1a00-
PATOPHBIX METOOB ITOJIyYeHHST (PTOPA U XJI0PA.

701. ITouemy peakuus

KMnO, + HCI — Cl, + MnCl, + H,0 + KCl

UIEeT U B J1abOpaTOPHM IPUMEHSAETCS /IS MOJIYYEHHs XJI0Pa,
a peaKIysi
KMnO, + NaCl+ H,0 —

He ujer? O6bsacuure ¢ mpumenenrneM OB-moreHnmaios.
702. OxapakrepusyiTe XuMHUY€eCKIE CBOMCTBA XJIOPa C IIPU-
MepaMU XapaKTePHBIX PeaKI[Hil.
703. PaccMoTpuTe BOIpoc, Kak OyAyT IPOTEKATh B PACTBOPE
cefyIole peaKkiuu:
KMnO, + HF — ..; KMnO, + HCl + HBr - ...?

704. Kakumu crioco6aMu TOJIyYaloT IPOCThIE BeNecTBa OpoM
U Mox?

705. Kakoii raysoren 6y/eT BBIIEIATHCS B BUJE IIPOCTOTO Be-
I[eCTBA IIPH HarpeBaHuu cMecu okcuza Mapranna(IV), 6pomuza
HaTPUS U COJITHOU KUCTOTHI?

706. IIpu snexTposM3e paciiaBa, COCTOSIIIETO U3 XJIOPHU/IOB
MarHus, HaTpUs M KaJjus, Ha KaToze obpasosanoch 1084 r mar-
uus. Kakoit 06beM XJ10pa BBIJIEIUIICS Ha aHOJE?

707. Kakoii o6beM mapos 6poma (985 rlla, 60°C) Heobxomu-
Mo pactoputs B 330 cm® CCl, (mnorrocts 1,59 r/cm?), uTo6BI
HOJIYYUTD 6%-HbIH pacTBOp Gpoma?

708. Kpucrasmuieckuii m0j] MOXKXHO OUYHMIIATH BO3TOHKOM.
OO0BbsicHUTE, I0YEMY TEPE] IPOBEAECHUEM BO3TOHKH K HOMAY J0-
GaBJISIOT MOAU KaJIUsI?

709. /17151 yero mpUMEHSIETCST peaKIins MoAa C KpaxMajoM,
Y 4TO IIPH 3TOM HabJII01aeTCst?

710. ITpu nporryckanuu Xa0pa B paCTBOP MOU/a Kajus CHa-
YaJia yCHUJIMBAETCS OKPacKa pacTBoOpa A0 KPacHO-Oypoit, ToTOM
BBITIAJIAET YEPHBIM OCAJZIOK M PACTBOD CBETJIEET, a JIAJIEE OCATOK
HocTeneHHo ucuesaer. [IpoTekaHneM Kakux peakiuii 00bsACHS-
IOTCSI 9TY SIBJIEHUS ?
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711. Kakoii 06beM XJ10pa IIOSYYUTCS IIPH Peakimu 9 r 6epro-
setoBoii comu ¢ 590 r cossaroi kucaoTs (¢(HCl) = 0,94 Mmonb/1,
waoTHOCTH 1,015 r/cMm3)?

712. TIpu obpaborke BogaHoro pacrsopa FeBr, u FeBr, us-
OBITKOM XJIOpa Macca obpa3oBasIeiics cou B 1,5 pa3a MeHbIe
II0 CPaBHEHMIO C MAaCCOM MCXOTHOM cMecHu coJeil. B kakoM Mo-
JISPHOM OTHOTIIEHWY HAXOAUJIVCh COJIA B ICXOMTHOM PacTBOpE?

713. PaccunTaiiTe KOHCTAHTHI PABHOBECHS PEAKITHH, MCIIOJIb-
3ys cranzaptTabsie OB-TIoTeHITUAIE:

a) 2KF + Cl,=2KCl + F,;

6) 2KBr + Cl, = 2KCl + B,

O6cynvTe pe3yJibrar.

714. Kakue BeniecTBa MOTYT PearupoBaTh C XJIOPOM:

a) SCl,; 6) SO,; B) SO,; ) AlCL;; 1) CO,?

7135. Kakyio poJib UTpaeT NOA0BOIOPOL, B CJEAYIOIINX PEAKITUSIX:

a) 2HI + 2FeCl, = I, + 2FeCl, + 2HC];

6) 2HI + Zn=H,T + ZnL,;

B) 2HI + CaCO, = Cal, + CO,T + H,0.

716. Kak uameHsieTcst: a) Cujia KMCJIOTHBIX CBOMCTB; 6) OKHC-
JIUTeNbHAs aKTUBHOCTD B cieayiomeM psaxy Bemects: HCIO —
HCIO, — HCIO, — HCIO,?

717. Hekoropoe 6uHapHoe coeaunenne comepxut 0,091
10 Macce KNUCJI0Poa. Y CTAaHOBUTE €T0 (opMy.Ty.

718. K 1ByM pacTBOpaM XJIOPHOBATHCTOM KUCJIOTHI I00aBJIs-
IOT II0 KAILISIM: a) PacTBOp (hropuaa Kajus: 6) pacTBOP HOAM/IA
Kanus. Byayt qim HabmogaTeest uameHenus? Hanummre ypas-
HEHUS PEAKIINH.

719. Hanumute ypaBHeHUs peakiuii (ecau peakiuy BO3-
MOJKHBI ):

K,CO,+HCIO - ..
K,CO;+Cl,+H,0 — ...
K,SO,+Cl,+ H,0 — ...
K,SO,+Cl,+H,0 — ...

720. Kaxas macca 6pomara HaTpust 00pa3yercsi TeOPeTHIECKH
IIpH MocTeneHHoM gobasienun 160 r 6poMa K HarpeToMy pac-
TBODY, cozepkamemy 150 r ruzpokcuia HaTpus ?

721. [Insa obecupeunBanus pactopa uoza (KI + L,) morpe6o-
BaJIOCh 100aBUTH 26,3 MJI THOCY/Ib(haTa HATPHUS C KOHI[EHTPAI[H -
eii 0,19 monp /1. Paccumraiite maccy noza L, B pactsope.

722. Kakas mMacca xyopa Beiiesutcs mpu oopaborke 100 r
XJIODHOM M3BECTU M30OBITKOM COJISIHOM KMCJIOTHI, ECJIM COCTaB
B3sTOr0 06pasra 6;m3ok k dpopmye CaCl, - Ca(OCl),.
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16.2.3. Bonpocs! 4 3aaun 110 3jeMeHTaM rpynmsl VIA
(XaJbKOTreHbI )

723. ComocTaBbTe 3JIEKTPOHHOE CTPOEHHE aTOMOB XaJIbKOTe-
HOB C UX BaJIEHTHOCTBIO.

724. Kakue BaJIEHTHOCTH ITPOSIBJISIOT KUCJIOPOJI, U Cepa B IIPO-
CTBIX BEIIECTBAX ?

725. CpaBHHUTE CIIOCOOHOCTD KUCJIOPO/A U CEPHI BXOAUTH
B COCTaB CJIOXKHBIX BEIIECTB B IOJIOXKUTENBHBIX 1 OTPHUIATEIb-
HBIX CTETIEHSX OKUCJIEHMUSL.

726. IIpuBenuTe TpUMeEpHI Pa3HBIX TUIIOB BENIECTB, B KOTO-
PBIX UMEIOTCSI CBSI3U MEXKIY aTOMaMu KHCJI0pO/ia.

727. B 3aKpBITOM COCY/Ie C KACIOPOJIOM YacCTh KHCJIOPO/a 3a-
MEHUJIV 030HOM 6€3 M3MeHEHHS TEMIIEPATyPhI ¥ AaBjerust. [Ipu
3TOM Macca cocy/ia ¢ Ta3oM yBeauumiaach Ha 0,12 r. Berunciure
MacCy 030Ha B COCY]IE.

728. Ha3zoBuTe 0CHOBHblE 3aKOHOMEPHOCTU U3MEHEHUSI
CBOHCTB 271eMeHTOB B psiny O — S — Se — Te — Po.

729. TIposaBasIOTCS JIN IPU3HAKY METAJLTUYHOCTH Y XaJlb-
KOT€HOB?

730. [ToueMy OKCHIIBL, a HE COEMHEHHUS KAaKOr0-JI00 IPyroro
3JIEMEHTA IIPUHSTO BBIZAEISATH B KAUeCTBE OHOTO U3 BAXKHEHTITNX
KJIaCCOB BEI[eCTB?

731. OxapakTepusyiiTe 6MOJIOrHUYECKOE 3HAYEHUE KHUCIOPO/Ia,
CepHI, ceJieHa M TIOJIOHNS.

732. VImeloT 1 XaIbKOTeHBI IPHUPOAHBIE U30TOIIBI?

733. KakoBa pacrpocTpaHeHHOCTDb KHACJIOPO/ia ¥ CEPHI B IIPU-
pone? IlepeuncivTe BaXKHEHITE TUIIBI IIPAPOIHBIX COETUHEHNH
KHUCJIOPO/Ia ¥ CEPHI.

734. Kax MOXHO O6BSICHUTD, 4TO aTMOC(HEPHBIN KHUCIOPOL
¥ MHOK€CTBO THUIIOB TOPIOYMX MaTEPHAJIOB MOTYT COCYIIIECTBO-
BaTh B YCJIOBUAX OMOChEpPHI?

735. TlpuBeauTE OCHOBHBIE METO/IBI MTOIYUE€HUS KHCIOPO/a
B IIPOMBIILIEHHOCTH U B J1a00pPaTOpHsX.

736. [ToueMy KHCJIOPOZ, TTOJ IaBJIEHHEM HAXOAUTCS B 6aLio-
HaX B BUJIE T'a3a, 3 HE B BUJIE JKUKOCTH ?

737. IIpuBeuTe METO/IBI TOJIYYEHUS CEPBI, B TOM YMCJIE B Ka-
4ecTBe IMOOOYHOTO MTPOAYKTA IPOU3BOACTBA.

738. IIpuBeaute HopMyJIbl MOJIEKYJ, HOHOB U PAJUKAJIOB,
COCTOSIIIINX U3 KUCJIOPOJIa U BOJIOPO/Ia.

739. OxapakTepusyiiTe XUMHUYeCKH€e CBOMCTBA BOBI C TIPH-
MepaMU XapaKTePHBIX PeaKI[Hi.

740. IIouemy MoJeKyJIBl BOABI U MEPEKNCU BOJOPOJA IIO-
JISIPHBI?
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741. Kakoii o0beM kucaopoza (H.y.) Beigenaurca us 200 v
3%-HOTO pacTBOpa IEPEKUCH BOJIOPOAA IPU BHECEHUU B HETO
okcuzaa mapraana(IV)? B uem posb okcuma mapraamna(1Vv)?

742. TIpu IpoKaIviBaHKY B IIPOOKPKe 15 T HUTpaTa KajIus Bbi-
nemuioch 1100 M kucimopoaa (1.y.). OxapakTepu3yiTe COCTaB
OCTaBIIETOCsI B TPOOUPKE BEIECTBA.

743. B pesysibTaTe mpolycKaHuUs KMCI0PO/a Yepe3 030HATOP
00beM raza ymeHbimics Ha 468 mu (u.y.). Paccuuraiite maccy
00pa30BaBIIIEr0oCs 030HA M MUHUMAJIBHYIO PaboTy, 3aTPaYeHHY IO
Ha ero o0pa3oBaHue.

744. [Insa onpesesieHrs: IpuMecH 030Ha 2 JI BO3/[yXa IIPOILy-
CTWJIM Yepe3 MOJKUCICHHBIN pacTBOp noanaa kanus. Illpu arom
BhIZEnI0CH 2,6 - 1078 Mosb moza. IIpeBhiIaeT u cojepxKaHme
030Ha IIPeEeabHO fomycTMoe 3Hauenue 0,1 mr/m3?

745. Kakne xuMuuecKue peakiiny UAyT Ha IIOBEPXHOCTHU Ha-
Tpus B atMocepe cyxoro Bo3ayxa? UTo U3MeHUTCS, eCJIN B3SITh
BJIQKHBIH BO3IYyX?

746. IlpuBenuTe NpUMepPHI peakIivii, B KOTOPBIX II€EPEKUCH
BOJIOPOJIa IEUCTBYET: a) KaK OKUCJIUTENb B KUCJIOTHOU cpejle,
0) KaK BOCCTaHOBUTEJIb B KMCJIOTHOM CPEJE, B) KAK OKUCIUTED
B II[eJIOYHOMU CpeJIE.

747. Kakue BelecTBa Ha3bIBaloTCs cynepokcuaamu? Kakoe
IIPaKTUYECKOE IIPUMEHEHUEe HaXOIST CyTIePOKCHUIbI?

748. Kaky1o poJb uTpaet cepoBOZIOPO/I B CAEAYIONMIUX PEAKITHUSIX:

H,S + NaOH =NaHS + H,O;
H,S+1,=S+2HL

749. B pesysbTate cxuranus 6,72 i (1.y.) cepoBojioposa
ob6pasoBasioch 4,8 r cepor u okcu cepri(1V). Berauciure Mmaccy
BCTYIIUBIIETO B PEAKITHIO KUCJIOPO/A.

750. Kakyio Maccy cepbl MOXKHO IOJIyYHUTh TEOPETUYECKH,
cmerraB o 50 J1 cepoBopopona u okcuza cepsi(1V)?

751. B 150 ma1 Boabl pacTBopuau 415 M1 cepoBOiopoa
(101,3 kIIa, 0°C). KakoBa maccoBas 710Jis1 CEPOBOIOpO/ia B pac-
TBOpe? Kakyio Maccy 5%-Horo pactBopa cyibdara Meu CIeayer
06aBUTH B PACTBOD, YTOOBI ITPOPEATHPOBAJ BECh CEPOBOIOPOI?

752. PacriosioxuTe OMHAPHBIE BOAOPOIHBIE COEAMHEHMUS dJIe-
MeHTOB Ipyniibl VIA B psz 10 yCUIEHUIO KMCJIOTHBIX CBOMCTB.

753. HanummTe YeThIpe peakiiii C HICXOHbIMH BEIleCTBAMU
Cu, FeS,, S, CaSO;, onuuM 13 IPOJYKTOB KOTOPHIX ABJISAETCS
okcuz cepei(1V).

754. Ta3, mosryyeHHbIi mpy o6xxwure 6,0 KT IIpHUTa B TOKE BO3-
nyxa, mpomyiieH yepe3 100 kr BogHOI cycnieH31H, co/iepkalieit
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3,6 Kr ruzmpoKcuaa Kayibis. Hailire MaccoBbie 10/ BEIECTB
B IIOJIyYEHHOM pacTBOPeE.

753. Monbuas mons okcuna cepbi(1V) B HaCBIIIEHHOM BOJI-
HOM pacTBope paBHa 2,9 - 1072, Bbruuc/iuTe MacCOBYIO J0JIIO pac-
TBOPEHHOT'O BENIECTBA ¥ MOJISTbHYIO KOHITEHTPAITHIO.

756. Vet i B CTaHAPTHOM COCTOSTHMH B BOJHOM PacTBOPE
okucyaenne okcuzaa cepsi(1V) nogom?

757. Hanvmure peaknyy 06pa3oBaHuUs U Pa3/IOKEHUS THO-
cynbdaTa HaTPUSI B BOIHOM PacTBOPE.

758. Kak n3MeHsieTCsI KOHCTAaHTa PABHOBECHSI PEAKITHH

250, + 0, 5 250,

[P TOBBIIIIEHNHU TemmepaTypbl? OTBeT MOATBEPAUTE KOJIde-
CTBEHHBIMU JIAHHBIMH.

759. Kakumu cBoiicTBaMM CEPHOM KHUCTOTHI 06YCJIOBJIEHO €€
TUTaHTCKOE IPOM3BOJICTBO (/IECSITKA MUJIJTMOHOB TOHH B TOZ)?

760. Oaeym maccoit 8,8 r ¢ cogepxkanuem 37% okcuaa
ceppi( V1) mobasasiior x 60 r 30%-Hoit ceproit kucaotsl. Oxa-
pPaKTepu3yHTe COCTaB MOJYyYeHHOTO PacTBOPA.

761. C moMoIIpIo KaKoro 0JTHOTO peaKTHBa MOKHO Pa3jininTh
pacTBOpHI Cyabdua HATPuUs, CyabdaTa HATPUs U cyiabdara
AJIIOMUHNS ?

762. OnrHaKOBOE JIM KOJIMYECTBO BEIIECTBA CEPHOM KHCIOTHI
noTpebyeTcs st pacTBopeHust 176 T HUKEJIS IPU IPUMEHEHUH
KOHIIEHTPUPOBAHHOM 1 pa3baBjaeHHOM KucaoTel? Hanumure
yPaBHEHUSI PeaKIui [7is1 000MX BAPUAHTOB U BHIYUCIUTE MACCY
H,SO,, xoropas 6v11a OBl 3aTpayeHa Ha IPOBe/iEHNE PEAKIIHIL.

763. Hanmumte ypaBHeHUs peaklnii KOHIEHTPUPOBAHHOMN
CEpHOI KUCJIOTHI C MaTHUEM, IIUHKOM U PTYTBIO.

764. B sxcukaTop B OT/Ie/IBHBIX OTKPBITHIX COCYy/IaX TIOMe-
meno 100 r 98%-Hoii cepHoii kucaoTsl u 50 T cyabdara Meau
neHraruzpara. Paccunralite MacCOBYIO J0JIIO PaCcTBOPa CEPHOM
KHCJIOTHI TIOCJIE TOJTHOTO 06€3BOKUBAHMS KPUCTAJLIOTHIPATA.

765. TlogOepuTe peareHThl M COCTaBbTE YPABHEHMS PEAKIIUI
K CJIEIYIOIMM I[eTI0YKaM IIpeBpalieHu:

a) S — ZnS — SO, — Na,SO, — BaSO,;

6) SO, — K,S,0, - KHSO, = K,SO,;

B) BaSO, - BaS— H,S - S.

16.2.4. Bonpocs! 1 3aja4yM 110 3J1€eMEHTaM rpynmnsl VA

766. PaccMoTpuTe BaJleHTHBIE COCTOSIHHUSI aTOMOB a30Ta
1 docdopa Ha OCHOBE UX 3JIEKTPOHHON CTPYKTYPHIL.
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767. AtombI KaKkoii TpyIIIEl 2-T0 U 3-TO TIEPUOIOB UMEIOT HaM-
OOJIbIIIEE YKCJIO HECIIAPEHHBIX 3JIEKTPOHOB B OCHOBHOM COCTOSTHUU?

768. CpaBHUTE 3JIEKTPOOTPHIATENHHOCTD a30Ta 1 ¢ocdopa
C BOZIOPOZIOM U KucaopoaoM. Kakue MOXHO clies1aTh BHIBOIBI ?

769. CpaBH¥HTE yCTOWYNBOCTD ¥ PEAKIIMOHHYIO CIIOCOOHOCTH
IIPOCTHIX BelecTB a3oTa 1 docdopa.

770. CpaBHHTE YyCTOMYMBOCTh U OCHOBHEIE CBOMCTBA BO/IO-
POJHBIX COeTMHEHMI a30Ta U ocdopa.

771. CpaBHHTE YCTOWYMBOCTD U KACJIOTHBIE CBOMCTBA KUCJIO-
POIHBIX cOeTMHEHMH a30Ta u ocdopa.

772. OxapakrepusyiiTe OMOJOTHUYECKOE 3HAUEHNE DIIEMEHTOB
azora, pocdopa u MBIITbSIKA.

773. HasBanue a30T o3HavyaeT «6e3:Ku3HEHHbI». O4eBUIHO,
4TO 9TO HA3BaHUE HE COOTBETCTBYET OMOJOIMYECKOMY 3HAUEHHUIO
azora. Kak 0HO MOTJIO TIOSIBUTHCS ?

774. JlaiiTe KpaTKyI0 XapaKTEPUCTUKY PACIIPOCTPAHEHHOCTH
3JIEMEHTOB TPyl VA B Ipupojie: Te, CKOJIBKO U B BUJIE YETO.

775. 13 anemMeHTOB rpynibl VA TOJIBKO a30T U CypbMa MMe-
IOT 10 /IBa yCTOWUMBBIX u30Toma. OcTrajbHble — OJIMHOYHBIE
HyKauabl. [Ipu 3TOM 3/1eMeHTBI COCETHUX TPYTI UMEIOT MHOTO
HU30TOTOB. KakoMy IpaBUIy 3TO COOTBETCTBYET?

776. Kak nomy4aiot asor N, B IPOMBIILIEHHOCTH 1 B J1abopa-
TOPHBIX yca0BUsAX ? Hanmumure ypaBHeHMS peakiii.

777. Jlns mosrydyeHust a30Ta B3sIT pacTBOP, cozepxamuii 60 T
xjopuaa aMmMoHusA. Kakyio Maccy OAHOTO u3 CJAEeAYIOIHNX Be-
IIECTB CJeAyeT J0OaBUTh K 9TOMY PACTBOPY, YTOOBI MOJYIUThH
22,4 m azota (1.y.): a) Ca(NO,),; 6) NaNO,; B) Li,N,; r) KNO,;
n) MgN.,.

778. HaniumnTe ypaBHEHUsI peaKInii, B KOTOPBIX Y4aCTBYET
asor N,

779. O6beM cMecH a30Ta W BOAOPOJA MTOCJIE TIPOXOKIECHUS
yepe3 KOHTAKTHBIH almapaT U IOIJIOIIeHUsT 06pa30BaBIIEroCs
ammuaka ymenbmics Ha 20%. IIpu aToM cozepikaHue Bogopoa
B cMecu coctaBuio 40% 1o o6beMy. PaccuunTaiite 06beMHBIi
COCTaB UCXOAHOM CMECH.

780. Kakoii 06bemM ammuaka (H.y.) CJIeqyeT pacCTBOPUTH
B 1,8 11 Boxbl, 4T06E! OTyunTh 10%-HBIM PACTBOP aMMHaKA.

781. Kaxk pearnpyetr amMuak ¢ Bozioi? Hanmmmme ypaBHeHHE
peakium B uoHHOM dopme. Paccuuraiite pH pacTBopa ammuaka
¢ koHuentpaiueit 0,0125 mob /1.

782. Hanumute ypaBHEHHS peakIUuii aMMHUaKa C CEpHOM
KHCJIOTOU, KUCJIOPOJIOM M HaTpueM. K KakuM TUaM OTHOCSITCS
3TH peaKIum?
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783. K pactBopam cyabdara aMMOHUS U CyJibdaTa Kaaus
noGaBJieH rUAPOKCU/ HAaTpusA. Kak ompenesnTh ¢ TOMOIIBIO
WHIUKATOPHOM OyMaru, B KaKoil mpoOupKe ObLjIa COJIb aM-
MOHHUSA?

784, Hanumure peakiiuu, AylIue IpU HarpeBaHUY XJIOPU-
7a aMMOHUSI, HUTPaTa aMMOHUS U HUTpUTa amMMoHus1. Kakas
13 9THUX Peaknuii oopaTuma?

785. Harpesaior xopoino pactepryio B crynke cmech NaCl
u (NH,),SO, B Momsaprom coorronteryy 2 : 1. Kakast comb Gyzer
B TBEPAOM OCTaTKe?

786. Harpetyio cmech Bo3ayxa (comep:xkaHue KHCJIOPO-
na 20%) v aMMuaka B 06bEMHOM OTHOIIEHUH 25 : 4 TIPOILYCTHIIH
Yyepes IJIATHHO-POMEBYIO ceTKy. PaccunTaiite 0ObeMHBIE 10JH
rasoB B HOJIy4eHHOM cMecH pH Temieparype 110°C u 06braHOM
JIaBJIEHUM, CUUTAS BBIXOJI IIPOAYKTOB PEAKITAN TIOJTHBIM.

787. Ilpu KakuXx yCJIOBHSIX a30T pearupyer C KUCIOPOAOM?
Hanumute ypaBHeHMe peakiiuu. Bo3aMoXHa 1 3Ta peakius
1pu paboTe aBTOMOOHMIIbHBIX IBUTATEIEH?

788. HanummTe ypaBHEeHNE PeaKIlWH, IIPH KOTOPOH 00pa-
gyetcst okcuz azota(l). Haueptute cTpyKkTypHYyIO (hopmyry
aroro BemtectBa. CKOJIBKO XUMUYECKHUX CBsI3€il 06pPa3yioT aTOMBI
azora’?

789. Hanumite ypaBHeHNA peakiuii okcuza azota(1l) c kuc-
JopojsioM 1 okcujzioM azota(lV).

790. Yem MoxHO 06BsCHUTB, uTo oKcnz azoTa(V) N,O, 6omee
ycTOMuMB, yeM gumep okcuaa asota(1V) N,O,?

791. Kak uaMenseTcsa oKpacka raza B 3allagHHON aMIIyJie
c okcuzioM azota(lV) npu oxmaxaeHUn?

792. bynert mu napnenvie NO, M3BMEHATHCS TPH CXATHH TIO0 3a-
KoHy Boitna — MapuoTtTa?

793. Hanmmmmmte 11€1I0YKyY ITOC/IEIOBATENbHBIX PEAKITUIA B TIPO-
MBITIJIEHHOM ITPOIIecCe TOIyYeHUs aQ30THOM KUCIOTHI.

794. CocTaBbTe ypaBHEHUS PeaKIMil KOHIIEHTPHUPOBAHHOM
A30THOM KHCJIOTHI C MEZIBIO, CEPpebPOM U PTYTHIO.

795. CocraBbTe ypaBHEHHS PeakIuii pa3daBIeHHON a30THOM
KUCJIOTHI C MEJIBIO U JKEJIE30M.

796. CocraBbTe ypaBHEHUS PEAKI[UI OYEHb Pa30aBIEHHON
A30THOM KUCJIOTHI C aJIIOMUHVEM U IITHKOM.

797. Hanumure ypaBHEHUS peakinii a30THOM KMCIOTHI C ce-
poii, pochopom u yriem. Kakue ycaoBust HeOOXOAUMBI JJIsI TIPO-
BeJIeHUS TUX PEaAKITHiA?

798. IlepeuncinTe TIaBHBIE PA3JIMYUS B CBOMCTBAX MEXIY
a30TUCTOM M a30THOU KHCJIOTaMMU.




16.2. 3apanua Ans camocToATeNbHOA paboTol 169

799. Hanumure ypaBHeHUS peakiinii HUITPUTA HaTPHUsI, B O]~
HO# 13 KOTOPBIX 3Ta COJIb UTPAET POJIb OKUCJIUTEJS, a B IPYTOH —
BOCCTaHOBUTEJIS.

800. Kakue xuMHUIecKre PeakIliid MOXHO IIPOBECTH MEXKIY
ammuakom, HutpatoM xejae3a(ll) u pazbaBieHHON a30THOM
KHCJIOTOM?

801. Kakyio KUCIOTY MOXKHO B3SITh JI/ISI IPOBEIEHUST XUMMU-
YeCKOU peakiumn

Na,SO, +..— SO,T

a) HNOg;

6) HCI;

B) CH,COOH?

802. Kakoii 06beM a30THOI KHUCIOTHI C MACCOBOI /01ei 12%
(mwrotHOCTHh 1,066 /M) Tpebyercs nobasuth K 10 r 20%-Horo
pactBopa okcuzia cepbl( VI) B cepHOii KUCI0TE, YTOOBI MACCOBBIE
JIOJIV PAaCTBOPEHHBIX B BOJIE BEMIECTB OKA3aJIUCh OJJMHAKOBHI ?

803. B cocraBe kakux coeamHeHn BcTpevdaeTcs: pocdhop
B IIPHUPO/IE:

a) dochup METAILIOB,;

0) BOZOPOIHBIE COETUHEHNST;

B) docdarsr;

T') TaJIOTeHU/bI?

804. Cxoabko ¢pocdopa moxHO nosryuuth u3 700 r docdo-
puTa, cogepxkaiero 11,4% npumeceii?

805. Hanumure ypaBHeHUs pPeakIluii, XapaKTepU3yIOMINX
XMMHUYECKHE CBOMcTBa 6esioro ¢ocdopa.

806. Kax MOXHO Ji0Ka3aTh, 4TO GBI ¥ KpacHbIA dhocdop
COCTOSIT U3 OJTHUX M T€X XK€ aToMOB P?

807. ITpomyxre! peakitmu 9,3 r hocdopa c 34,3 r GeproeToBoit
COJIM PACTBOPHJIA B Bojie 00beMoM 463 mu1 ipu HarpeBanuu. Pac-
CYMTAMTE MACCOBBIE JIOJIV BEIIECTB B TIOJTYIEHHOM PACTBOPE.

808. Hanummure ypaBHeHus peakiuii okcuga ochopa(V)
C BOJIO¥ TP OOBIYHOM TEMIIEPATYPE U IIPU KUIISTIEHUN.

809. Hauepture cTpyKTypHBble (DOPMYJIbl NU3BECTHBIX BaM
KHCJIOPOZICOAEPKaNUX KUCIOT docdopa.

810. Kakywo maccy docdhopHoro anruapuza (OKcuaa
docdopa(V)) HykHO pacTBOPUTH IIpu HarpeBanuu B 450 ma
21,8%-Hoii ¢pocdoproii kucaotsl (mroTHOCcTH 1,125 /M), UTO-
OBI IIOJIYYUTH PACTBOP C MacCOBOM ZI0JIeH KUCIOTHI 42%7

811. Yem 06bSACHSAETCS YBEIMYEHNE PACTBOPUMOCTH B PSIAY
coxeit Ca,(PO,), — CaHPO, — Ca(H,PO,),?

812. K 100 Mz pactBopa ruzapodocdaTa HATpHs ¢ KOHIIEHTPA-
mueii 0,1 Mosb /1 nobaBuiu 4,5 T KapOoHaTa cepebpa U PacTBOP
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npokunsaTuau. Haliinte KoHIIEHTpalK BEIECTB B ITOJIYY€HHOM
pactBope. O6BeM pacTBOpa He M3MEHUJICA.

813. Kakue peakiimu MOXKHO OCYIIECTBUTD, CMEINBAS TI0-
IIapHO PacTBOPHI Auruapodocdara Kajus, KapOoHaTa HATPHS,
THIIOXJIOpUTA Kaabius U (pocdoprcToi KUCIOTHI ?

814. K pactBopy H,PO, 106aBisioT 10 KaImisaM pacTBOP
ruipokcua Hatpusi. Kakue BerectBa OyayT COAEPKATHCS B T10-
CTETIEHHO U3MEHSIOIIENCS CMECH ?

813. Ilouemy Tpex3amelnenHubIii oprodocdar aMMOHUS He
CyIIeCTByeT?

816. Hammmimite nocieoBaresibHbIE peakimy (pocdopa ¢ XJ1o-
POM U peakuu xjaopunoB ocdopa ¢ Bopoi.

817. Kak nsMeHsieTcss yCTOHYMBOCTb COEIMHEHNI CO cTele-
HsIMU OKucaeHus +5 B psany P — As — Sb — Bi? Iloarsepaute
CBOIO TOYKY 3pE€HUSI IPUMEPaMU XUMUYECKUX PEAKITHH.

818. Cpasnute ycroiumsocTb oKcuaos P,O. u As,O,, uc-
ToJIb3yst 3HaUeHusT AG”.

819. Kakue peareHTHI ciieflyeT B3sITh JIJisI IIpeBpalleHusl OK-
cuza Merubska(I11) B seTyuee coenvHeHNe MBIITbSKA:

a) H,Ou Cl,;

6) Ag u NaOH;

B) KMnO, u H,SO;

r) Zn u HCI?

820. /To/LKHBI I UATH XUMUYECKIE PEAKIINU MeX/TY IIMHKOM
U pacTBOpPaMHU COJiel CYypbMbI U BUCMYTa?

16.2.5. Bonpocs! u 3agaun mo 3aemMeHTaM rpymmsi IVA

821. Kakue anemenTsl rpynnsl IVA nposBasiioT npeumy-
MIeCTBEHHO HeMeTaJInYeCKue CBOMCTBA, M KaKue SBJSIOTCS
MeTaJLIaMu ?

822. PaccMoTpuTE BaJIEHTHBIE COCTOSTHUSI aTOMOB 3JIEMEHTOB
rpyniibl IVA Ha OCHOBE UX 3JIEKTPOHHOM CTPYKTYPBHIL

823. Kak uameHsieTcs1 yCTOWYMBOCTD /IBYX- U U€THIPEXBAJIEHT-
HOTO COCTOSIHUSL y 371eMeHTOB rpynnel I[IVA?

824. Kak nuaMeHsieTcsi 3JIeKTPOIIPOBOHOCTH IIPOCTHIX Be-
mects B psagy C — Si — Ge — Sn — Pb?

825. CpaBHUTE 9JIEKTPOOTPHUIIATEIHHOCTD 3JIEMEHTOB TPYTITIbI
IV A ¢ 2/1eKTpOOTPHIIATEIFHOCTHIO BOZOPO/IA.

826. OxapakTepusyiite 6MOJOrMYECKOe 3HAYEHUE SIEMEHTOB
rpynmsl IVA,

827. [laiiTe KpaTKyI0O XapaKTEPUCTUKY PACIPOCTPAHEHHOCTH
aneMeHTOB rpymmsl IVA B ipupoe: rie, CKOJIbKO 1 B BUJIE Y€TO.
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828. IlepeunicinTe U3BECTHBIE BaM IIPOCTHIE BEIECTBA, 00-
pasyeMble YIJIEPOIOM.

829. Ectb 5111 BeliecTBO ¢ Ha3BaHUEM <YTJIEPO»> ?

830. Kakue pasHOBUAHOCTH IPOCTHIX BEMIECTB YIJIEPOIA
HAIILIK HanboJiee IMHUPOKOE IPAKTHYECKOE IPUMEHEHHE?

831. Kakue BelecTBa Ha3bIBaIOT (pyjjiepeHaMU U YTJIEPO-
HBIMH HAHOTPYOKaMu ?

832. Kak B IpOMBIINIIJIEHHOCTH MOJy4YaloT rpaduT, ajimas,
YTOJIb ¥ CAXKy?

833. IlepeuncinTe HECKOIBKO PAa3HOBUAHOCTEN YTJIsI.

834. Hanumute ypaBHEHUS PeaKIUi, XapaKTePU3YIOMNX
XMMHWYeCKHe CBOMCTBA YIJIA.

835. HamumuTte ypaBHeHUS PEAKIIUH YT/ C OKCHAAMHU
azota(1V), kanpnusa u xemesa(I1I).

836. Kak B3ammMozeiicTByIOT Mexkay cOOOM yroab U XJIOp
IPY OOBIYHBIX YCIOBHSIX?

837. B xakux ruOpHUIHBIX COCTOSTHUAX HAXOAATCS aTOMBI
yriepozna B Mosiekyax CCl,, COCl, u CO,?

838. B kaxoii mape MoJieKyJ BCe aTOMEI YIJIepo/ia HaXOSATCS
B OJIHOM M TOM XK€ COCTOSSHUM THOPHIU3AINH: a) C,H,, CO,;
6) C,H,, CH,8) C,H,, C,H,;r) C,H,, C,H,; 1) C,H,, C;H,?

839. Ilpu cxxuranmu 1,1 T 06pasiia KaMeHHOTO yTJist 06pa3oBa-
sock 1,79 1 (u.y.) yraekucioro ra3a. Haliaure maccoByio 10110
yriepoza B obpasiie.

840. Hammmmute mpuMephl peakIinii OKMCIeHNA-BOCCTAHOB-
JIeHVsT, OOMEeHa ¥ Pa3/IOXKEHMsI, OJJHIM W3 MPOAYKTOB KOTOPHIX
siBasieTcs okeup yraepoga(IVv).

841. Kakue mpoijeccsl OAAePKUBAIOT IPUOIN3ATEIBHOE
ITOCTOSTHCTBO cojiepxkaHus okcuza yriaepoga(IV) B atmocdepe?

842. Hanmmmre ypaBHEeHUs peakiinii okcuaa yriaepoaa(lVv)
CO CJIEAYIOIMMH BEIECTBAMU: a) BOZIOM; 0) BOAHBIM PACTBOPOM
aMMMAaKa; B) MarHKUEM; ') YIJIeM; 1) paCTBOPOM KapOoHaTa Ha-
TPpUsL. Y KaXKUTE YCJIOBUSA ITPOTEKAHUS STUX PEAKITU.

843. Kaxoe BereCcTBO BBIZIENISIETCS B 0CJIOK ITPH TOTJIOMEHNH
aMMuaka 1 okcuza yriaepoaa( V) HachileHHBIM PaCTBOPOM XJIO-
puna Hatpusa? Hamummre ypaBHEHNE PEAKITUH.

844. Hanumute ypaBHeHus peakiuil okcuza yriaepozaa(1l)
¢ BoAiopozoM (IIPU y4acTHH KaTajau3aTopa), KUCIOPOIOM, XJI0-
powm, okcuziom xee3a(1l).

845. Tpebyercs Jiu 3aTpaTa SHEPTUU Ha IPOBEIEHNUE PEAKITHI

a) C(rp) + CO,(r) =2CO(r);

6) C(rp) + H,O(r) = CO(r) + H(1)?
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846. B 505 mut 10%-Horo pactBopa KapboHata HaTpus (ILIOT-
HOCTh pacTBopa 1,048 r/Mj1) OBLIO MOTJIOIIEHO 5 JI YIIEKKCIOTO
rasza (H.y.). PaccumTaiite MaccOBBI€E 10T PACTBOPEHHBIX BENECTB
B IIOJIyYEHHOM PacTBOPE.

847. K 303 mi1 10%-Horo pactBopa kapOboHara HaTpus (ILIOT-
HOCTB pacTBopa 1,048 r/Mi1) ocTeneHHO IPH IIepeMeNTUBaHUT
66110 106aBIEHO 247 MJI COJITHOM KHMCJIOTHI C KOHI[EHTPAIHEH
¢ =1,012 mons /5. PaccumTaiiTe KOHIIEHTPAIIMH BEMIECTB B IOy -
YEHHOM PaCTBOPE.

848. Paccuuraiite pH pacrtBopa, cogepxaniero 13,8 r kap-
6onara kasms u 10 r rugpokapbonara kanms. O6beM pacTBOpa
okoJio 1 1.

849. CpaBHute ruOpHUIHBIE COCTOSTHUS aTOMOB YTJIepoja
1 KDEMHUSI.

850. B ueMm npuumHa PE3KOTo pas3anyust (pU3NUECKUX CBOMCTB
okcuoB yraepoaa(lV) u kpemuans(I1V)?

851. Kakas Macca Marams TeOpeTHYECKH HEOOXOAMMa
1151 BOoccTaHOB/IeHusI Kpemuwnst u3 150 r okcuga kpemuuss(IV)?

852. OxapakTepHu3yiTe CIIOCOOHOCTh KPEMHUS BCTYIaTh
B XUMHUYECKHE PEAKITNH C TPOCTHIMH U CJIOKHBIMU BETECTBAMMU.
Hanummnre ypaBHEeHUS peaKIuii.

853. KpaTko onuinute CTPYKTYpPy ¥ CBOMCTBA CHIMKATOB.
Kakue cumrKaThl paCTBOPUMEI B BoZe?

854. VI3 KaKuX CTPYKTYPHBIX 3JIEMEHTOB COCTOUT CHJIMKAT
HATPUS:

a) u3 Mosekys Na,SiO;

6) u3 uonos Na* u SiO,%;

B) 13 HoHOB Na* 1 mosmmmepHEIX noHOB (Si0,%),;

r) us nonoB Na* u (Si,0,)%;

1) uMeeT aMOPQHYIO CTPYKTYpPYy?

855. Kak pearnpyioT KMCJIOPOAHBIE COEMHEHNST KPEMHMS
C TUTAaBUKOBOM KucjaoToi? Hanumure ypaBHeHUS peakIvii OK-
cuna kpemuus(I1V) u cuiukara Harpus ¢ usbsirkom HF.

8356. [Touemy pacTBOp cUIMKaTa HATPUS (CUIUKATHEIHN KJleil)
BSI3KWH M KJIEUKW?

857. HanmiuTe peakiiny B paCTBOPE CUINKATA HATPHS C CEP-
HOU KUCJIOTOM 1 XJIOPUAOM aMMOHUSL.

858. Uto Takoe cHIMKaresib, ¥ IJie OH HAaXOAUT IIPUMeHeHne ?

859. AHaIM30M YCTaHOBJIEHO, YTO OOPA3EI] CTEKIIA COEPIKUT
17,51% Na, 0O, 31,64% CaO u 50,85% SiO,,. Paccunraiite Mosip-
HOE OTHOIIIEHHWE CUJIMKATOB HATPUS U KaJIbIIUS B 9TOM CTEKJIE.

860. HanummTe ypaBHEHUsI PeaKIIUi TeTPaXJIOpUa KPEMHUSI
C BOZIOW Y TUIPHJIOM HATPWUSI.
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861. Kax Ha3BIBAIOTCS COEIMHEHUS KPEMHUS C METAJIJIAMU?
Hanwmute ypasnenue peakiuu Mg,Si ¢ Bomoii.

862. /laiiTe kpaTKOe cpaBHeHME CBOMCTB cuaHa (MOHOCH-
JIaHa) ¥ MeTaHa.

863. IIpuBeauTe MpUMeEpPHI COENMHEHNH 3JIEMEHTOB OTPYII-
IIbI TePMaHUSI B /IByX- U YeTHIPEXBAIEHTHOM COCTOSTHUM.

864. Hanmuivte ypaBHEHUs peakiliii 0JI0Ba ¥ CBUHIIA C Pa3-
0aBJIEHHOH a30THOM KMCIOTOMH.

865. Caenaiite BoiBox 06 ycroitumBocTn okcumoB 0,

OT KPEMHHUS /IO CBHHIIA Ha OCHOBE CPaBHeHUs 3HaueHuit A H’
uA G°.

866. Kak u3MeHSIOTCS OKUCJIUTETbHO-BOCCTAHOBUTEb-
Hble cBolicTBa coenuuenmii B psgax Ge(11) — Sn(IT) — Pb(II)
u Ge(IV) — Sn(1V) — Pb(1V)?

867. Hanumure ¢popMyabl KOMIIEKCHBIX KUCJIOT 0JI0Ba
u cBuHIa ¢ guradgamu Cl- u F~ u KoMILTIEKCHBIX coJteit ¢ -
rarzom OH™.

868. YkaxuTe cTeneHn oKuCIeHUd CBUHIA B okcugax PbO,
Pb,0,, Pb,O, u PbO,,

869. IloueMy mpu IpPUTOTOBJEHHUHU PAacTBOpa XJOPHIA
osioBa(Il) 106aBASIIOT COMSHYIO KUCTOTY?

870. Kakwe sneKTpomHbIe PeaKI[H IPOTEKAIOT B CBUHIIOBOM
aKKyMYyJISITOpE TIPU €To 3apsifike U paspsike?

871. Hanmuinyte MpOLyKTHI CAEYIONIUX PEAKIIU U PaCcCTaBb-
Te KO3(PPUITUEHTHI:

a) Ge+ HNO; — ..;

6) Sn+ HCl— ..;

B) Sn+ KOH — ..;

r) Pb+ KOH— ..

1) PbO,+ HCl — ..

e)Sn+Cl,— ..

872. Hanuinvte MPOIYKTHI CAEYIONIUX PEaKIIUii ¥ pacCTaBb-
Te KO3(PPUITUEHTHI:

a) Pb,O,+ KI+H,SO,— ..;

6) SnCl, + FeCl; — ..;

B) SnCl, + K,Cr,0, + H,SO, — ..;

r) Pb,O, + K,Cr,O, + HNO; — ...

16.2.6. Bonpocs! u 3aiaun no 3aemenTaMm rpynmsi ITTA

873. OrMmeThTE BaxkHeHUInEe 0COOEHHOCTH 2JIEKTPOHHOTO
CTpOEHUS aTOMOB 3jieMeHTOB rpymmsl 111A o cpaBHenMIO C /IpY-
TUMU p-3JIeMEHTaMU:
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a) HaJIM4Me 3JIEKTPOHHOM Maphl HA BHEITHEM S-TIO/[yPOBHE;

0) 1eULINT SJIEKTPOHOB;

B) HU3KAasI 3JIEKTPOOTPUIIATETBHOCTE;

I') BO3MOKHOCTD II€PEX0/ia B BO30YKIEHHOE COCTOSTHHE.

874. K xakoMy TuIly 2/1eMEeHTOB OTHOCSITCS 3ieMeHThI [1TA:

a) METaJLJIBI;

0) HEMETAJLILL,

B) GOJIBIIMHCTBO HEMETAJLIBI,

T') OJWH HEMETAJLJI 1 METAJLIIBI?

875. Kakue BaleHTHOCTH XapaKTepHBI 17151 9ieMeHTOB 11TA?
Kak usMeHseTCsT yCTOMYMBOCTD BaJIEHTHBIX COCTOSTHUH B PSILY
B— Al— Ga—1In—TI?

876. OxapakTepusyiiTe pacpoCTPaHEHHOCTh B IPUPOE
anemeHTOB rpynmnsl [1TA.

877. Kakas Macca 60pa MOXeT 00pa30BaThCs TEOPETUIECKU
B cMecu 78 1 okcuga 6opa u 70 r OpoIIKa MarHus ?

878. OObsiCHATE IPUPOJLY XUMHUYECKOM CBSI3U B IIPOCTEHIIEM
u3 6opoBonoposos B, Hy.

879. Ilepeuncaute HEKOTOPHIE IIPU3HAKU CXOJICTBA MEXIY
XUMUYECKUMH dJIEMEHTAMK OOPOM U KDEMHHEM.

880. Paccuuraiite c(H*) u pH pactBopa 60pHO# KHUCIOTHI
c koHnenTparnuei 0,1 Mosb/J1.

881. Ha uem ocHOBaHO mpumMeHeHue Gyps (TerpabopaTa Ha-
TpUA) Opu MassHuKU? HanumuTe ypaBHEHUS peaKInii, HAYIINX
TIpH CILIaBjeHnn Oyphl ¢ okcuaamu MetajuioB CuO, Fe,O,, NiO.

882. Hanmumute popMysibl HECKOJIBKUX MITHEPAJIOB aJIIOMU-
Hust. OOBSCHUTE IPUHITUII CTPOEHHUS ATIOMOCHINKATOB.

883. Kakumu crioco6amMu MOKHO IIOIyYUTh ATIOMUHKMA B BUIE
MeTasuta? HanumuTe ypaBHeHHSA peaKIIui.

884. KaxuM crioco6oM mosrydaeTcsi 6e3BOAHBIN XJI0PH]] aJII0-
MuHusa? Hanumure ypaBHeHUe peakiiu. Hanummure cTpyKTyp-
HyI0 hopMmyIy.

885. 3BecTHa cosb rekcaruapaT xjopuaa amoMunus. Ha-
MUIIMUTE CTPYKTYPHYIO hopMyty 3TOTO BemecTBa. Kak MoxxHO
IIOJITBEPAUTD, YTO B ITOM KPUCTAJLIOTUPATE HET IIPSIMOi1 CBSI3U
MEXy aJIOMAHUEM U XJIOPOM?

886. Urto Takoe kopyHA? Kak MOXHO MOJYy4YUTh KOPYH]
13 XJIOPU/Ia aTIOMUHUSA ?

887. K pacrBopam cyibdaTa aJlOMUHUS B ABYX IPOOUpPKax
IIOCTEIIEHHO A06aBasioT: B mpobupky 1 — pactsop NaOH o
pacTBOpeHHS 00Pa3yIOIIETOCS OCAKa; B TPOOUPKY 2 — PacTBOP
Na,CO, B us6rrTke. Hanmmyte ypaBHeHUS peaKIfHii.
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888. Ilouemy anioMuHUI He pearupyeTr ¢ YUCTOU BOJIOH,
HO pearupyeT ¢ BOAHBIM PAaCTBOPOM IEJI0YN ?

889. Kakas mMacca MapraHija MoeT 00pa30BaThCsI B CMECH
680 r Mn,O, u 240 r amoMuHMs?

890. Ilouemy mpu go6aBIEeHUM KAl PACTBOPA IMIEJIOYH
K PacTBOPY COJIM ATIOMUHMS HaOMIONAETCS IOMYTHEHUE, a TIPH
n06aBIEHUM KaIlIA PAacTBOPA COJIM AJIOMUHUS K PacTBOPY IIe-
JIOYM PACTBOP OCTAETCSI IPO3PAYHBIM ?

891. Haiigute Maccy 30%-Horo pacTBopa ruZIpOKCHU/Ia KaJTus,
KOTOPYI0 Haz0 100aBuTh K 75 Mu1 20%-Horo pactBopa cyabdara
amomunus (mrotHoctd 1,23 r/Mir), At TOTo 4TOOBI MEPBOHA-
YaJTbHO BBITIABIIHI OCAIOK TTOJTHOCTBIO PACTBOPHJICSL.

892. Ilpu peiictBuu rugpokcuaoM HaTpus Ha 8,01 r ramore-
HU/Ia ATIOMUHMS B BOJJTHOM PaCTBOPE OIMHAKOBASI MACCa OCA/IKA
obpasyercs Kak mpu gobasiennu 0,6 1, Tak u 1,4 T menoun. Ka-
KOU TAJIOTEH BXOIAJI B COCTaB COJIM ?

893. Kakue xumMmieckre peaKIiu MOKHO IIPOBECTH, CMEIIIN -
Basi MONIAPHO PACTBOPHI aMMHUAKa, XJI0PU/Ia TIOMWHIS, HUTPaTa
cepebpa 1 ruAPOoKapbOHATa KaJIbIIVA?

894. IIpennoxuTe peareHTHI K I[eNIOYKE ITPeBpallleHnH 1 Ha-
IIUAIIVTE YPaBHEHUS PEaKLIMii:

Al — AICl, — AICI, - 6H,0 — Al,O, — NaAlO.,,
895. CocraBbTe ypaBHEHHUS PEAKIINI
a) Al+NaNO, + KOH — ..;

6) Al +NaClO + KOH — ..;
B) Al+ KMnO, — ...

896. IToueMy rasummii, HAWN U TaJUIUI pacCMaTPUBAIOT B Ka-
YEeCTBE «IIOATPYIIIIB MHANS> ?

897. UeM 0ObsACHSIETCS MOBBINIEHHAST YCTOMINBOCTD COEH -
HeHuil Tamua(l) no cpaBrenuio ¢ Tammem(11T)?

898. Coenunenuve MeTtasjia B CTelIEHU OKUCJIEHUS +3 C ra-
soreHoM comepxkut 48,09% mocentero. YcraHosute popMyry
BelllecTBa.
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17.1. Kpatkne TeopeTH4YecK1e cBeleHus

Yriepon oOpa3yeT OrpOMHOE YHCJI0 XUMUYECKUX COEIMHEHHIH, He-
CPaBHUMOE C YHCJIOM COeTUHEHUI PyTUX 31eMeHTOB. [1o cioxuBmieiics
TPAIUIIIH, IO OPTAHUYECKUMHU BEIECTBAMY TIOJIPa3yMEBAIOT IJIABHBIM
00pa30oM coeTUHEHNS, COIEPKAHIE YTIIEPO] 1, B IFOOBIX COYETAHUSX, BO-
ZI0POJI, KUCJOPO, a30T, CEPY, TAJIOTeHbl. Ecin ke KpoMe 3THX 3JIeMEHTOB
B COEIMHEHUY COAEPIKATCS APYTre HEMETAJLIBI U METAJLJIBL, TO MX HA3HI-
BAIOT 3/IEMEHMOP2AHUMECKUMU I MEMATLIO0PZAHUYECKUMU COETUHEHUSIMMU.
Hampumep, opranudeckyie CoeZIMHeHMsI KPEMHHUST OTHOCSITCSI K 9JIEMEHTOP-
TAaHUYECKNM, 2 OPTAHUIECKHE COETMHEHNS CBUHITA — K METAJIJIOOPraHuIe-
ckuM. CoJM OpraHUYeCKUX KUCIOT He CYMTAIOTCS] META/LJIOOPTaHUYECKUMU
COEMMHEHMSIMY, TaK KaK B HUX HET CBSI3€H METAJLJIA C YIJIEPOAOM.

B pasnenax o61ieit 1 HeOpraHMJYeCKON XMMHHM YKe BCTPEYATUCH TPU-
MEPBI OPraHUYECKUX COEAMHEHHNH M OBLIM PACCMOTPEHBI MX CBOMCTBA:
CIIOCOOHOCTH TOPETh, PEarMPOBATh C KMCJIOTAMH, OCHOBAHUSIMH, COJISIMH.
Haub6oJiee XxapaKTepHbIe CTPYKTYPHBIE OCOGEHHOCTH M CBOMCTBA OPraHy-
YeCcKUX COeIMHEHUH CBA3aHbI ¢ HamnyueM B HuXx cBa3eii C—C u C—H.

B opranunueckoit XMUMUHU MOABJISIIOTCS. HOBBIE TIOHSITUSI, OTCYTCTBY-
IOI[Me B HEOPTaHUYECKOU XMMUU: BBICOKOMOJIEKYJISIPHBIE BEIIECTBA,
TOMOJIOTH, Pa3HOOOPa3HbIE BUbI H30MEPUH, HYKJIeO(DUIbHBIE U JJIEK-
TPOMUIBHBIE PEAKITUU. DT MOHATHUS IPUCYTCTBYIOT B BOITPOCAxX U 3a-
Jlayax Ha OpraHUYecKHe BEIIECTBA.

OO61meit peakiiueil MOYTH BCEX OPraHMYECKUX BEINECTB SABJSIETCS
ropenue. CXUraHue OpraHIeCKUX COeIMHEHNH TPUMEHSIETCS /711 aHa-
JIN32 C 11eJIbI0 YCTAHOBJIEHUS COCTaBA.

17.2. Mpumepbl pelueHns 3apav

IIpumep 17.1. Tlpu cxuranuu 0,0671 r BemecTBa 06pa3oBaIOCh
0,0968 r okcuaa yraepona(IV), 0,0693 r Boas: u 12,32 mut a3oTa (H.y.).
OmpenenuTte nmpocretintyio popMysty BellecTsa.

Pewenue

Pe3ysibTaThl aHAIM3a MOKA3BIBAIOT, YTO B COCTaBE BENIECTBA OBLIH
yTIEPOJI, BONOPOZA 1 230T U MOT TaKXXe COepKaThcsl Kucaopoa. Paccun-
TaeM KOJIMYEeCTBO BelllecTBa KaskKI0ro 37ieMeHTa 1 COOTHOIIEHUE MEXTY
HUMU (CJIELYET MPEACTABUTD CeOE, YTO MOCIIENHSST KOJOHKA TaOIUIIbI
CHayaJIa He 3all0JHEHA):
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Bemmunna| CO, C H,O H N, N O
Mrjvoms| 44 | 12 | 18 | 1 14 | 16
V, M 12,32
m, T 0,0968 | 0,0264 | 0,0693 | 0,0077 | L |0,0154 0,176
{ T d ) T {
mvoms | %0922 0,0022 |%09385] ,0077 | 2099551 ¢,0011 | 0,0011
{ l d d
n/n. 2 7 1 1

Haiizem MacCy epBBIX TPEX 3JIEMEHTOB B IAHHOMN Ipo0Oe BelecTRa:
Zm =0,0264 +0,0077 + 0,0154 = 0,0495 r.
3

Henocratomast macca MIPpUXOAUTCA Ha KUCJTOPOI:

m(0O) =0,0671 - 0,0495=0,0176 .
CoracHo mocJieiHel CTPOYKe B TaGJIMITE BEIECTBO MMEET GOPMYJIY
C,H NO.
B opranmryeckoit XuMiu IIMTPOKO UCTIONB3YIOTCSI CTPYKTYPpHbIE (Pop-
MYJIBI MOJIEKYJI, ©U306pakalolye X ¢ PA3HOM CTEIEHbIO IPUOIMKEHNS
K peaJIbHOU CTPYKTYPE.

IIpumep 17.2. Hanumure 00mu1yio GpopMyity u CTPYKTYpHYIO ¢Gop-
MyJty 1-T0 WieHa TOMOJIOTHYECKOTO PS/ia, COAEPIKAIIETO IBYXOCHOBHYTO
aurapayiw kuciaory HOOC-CH,—~CH,-COOH.

Pewenue

BelecTBa HCKOMOTO TOMOJIOTUIECKOTO PsA/la MOTYT COJIEPKATH
KaK MeHbIIee, Tak 1 Goabmee yuciao rpynn CH,, Ho koHIeBbIe
TPYIIIBL JOJKHEL OCTAThCS TE JK€ CaMble, 4 MHAYE ITO y:Ke He OyayT
AByXocHOBHBIE KHCIOTHL CiezioBaTe/IbHO, 001ast hopMmyJia psga Oyuer
HOOC-(CH,),-~COOQOH, rae n vmeeT MUHUMAJIbHOE 3HAYEHWE HOJIb.
Ilepsoiii winen psaga — masenesas kucaora H,C,0, ¢ nByms aromamu
yTIepoa:

O=(|1—(|1=O
H-O OH

IIpumep 17.3. Cxosbko uzomepos y mosiexyn C,H, jO, conepaxamux
Kuca0po/ B Buzie rpymnsr OH?

Pewenue

ITH MOJIEKY.JIBI MOXKHO PaCCMATPHBATh KaK OyTaH, B KOTOPOM OfMH
aToM BoJIopo/ia 3aMeHeH Ha Tuapokcorpynny OH. B HepasBeTBieHHOM
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HN30MEPE TIMAPOKCOTPYIIIIa MOKET 3aMCHHUTDH BOJIOPO/ Y OTHOTO U3 Kpaf/'I-
HHUX WJIN Yy OAHOIO U3 CPEAHUX aTOMOB YTJIEDO/IA. HpaBaH 1 JIeBad 110-
JIOBUHBI MOJICKYJIBL 6yTaHa HIAEHTUYHDBI, U IIO9TOMY ITOJYYalOTCA ABa
u3oMepa:
HO-CH-CH,-CH,
HO-CH,-CH,-CH,-CH, u |
OH

u30-bytan umeer Tpu oguHakoBbie rpynnbl CHy u rpynmy CH.
Taxum obpasomM, rpynmy OH MOXKHO pasMecTUTh ABYMsI CIIOCOOaMH,
Y ToJiy4aercs 2 u3oMepa:

OH
HO-CH,-CH-CH, |
| u CH,~C-CH,
CH,
CH

3

Wrak, MosleKy1a, COOTBETCTBYIONIAs YCIOBUIO, MIMEET YeThIpe U30-
Mepa. KpoMe Toro, mpu JaHHOM COCTaBe MMEIOTCSI TPY U30Mepa MoJie-
KYJI C ABYMsI YIJIeBOZOPOIHBIMY PaJIKaIaMU Y aToMa KUCJI0poza (3To
MIPOCTHIE 3(PUPHI):

CH,-CH,-0-CH,~CH,, CH,~CH,~CH,-O—CH,

CH,~CH-O-CH,
51
CH

3

B 3apayax o opraHn4ecKUM COeZIMHEHNSIM 3HAUUTeTbHOE BHUMaHKE
yZAeJIsIeTCS HOMEHKIAType — COCTABJICHUIO Ha3BaHMH COeAMHEHUM Un
HAIIMCAHWMIO XMMUYECKO# (POPMYJIBI 10 HA3BAHUIO BENECTBA.

IIpumep 17.4. CocTaBbTe Ha3BaHMeE YIJIEBOIOPO/Ia CO CTPYKTYPHOMH
dbopmyoit
CHS—CH2—CH2—CH2—CH2—(|‘,H—CH=CH—CHB
CH,-CH,-CH,-CH,

Pewenue
B aT0ii MOJIEKyIE ciiefyeT BBIOpPATh IEIb, COAEPIKAILYIO ABOMHYIO
CBSI3b, U IIPOHYMEPOBATH €€ OT KOHIIA, OIMKANIIEro K IBOMHOMN CBA3M:

9 8 7 6 5 4 3 2 1
CH,-CH,-CH,~CH,-CH,~-CH-CH=CH-CH,

CH,-CH,~CH,~CH,

JleBsITH aTOMOB YIJIEPOZIa COOTBETCTBYIOT JIKAHYy HOHAHY, a IIPH
HAJIMYUU JBOMHOU CBSA3M UCHOb3yeTcsa cyhdukc «eH». Henymepo-
BaHHas IEIIOYKA COCTaBJIsAeT pagukan Oytui. Iloayyaem Ha3BaHUE:
4-GyTHJIHOHEH-2,
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IIpumep 17.5. Harmmmmvite opmyJisl coevHenHuni 3-0KcOyTaHOBasT
KHCJIOTA ¥ 5-THAPOKCHOyTaHOH-2.
Pewenue
B mepBoM BellecTBe cTapiias rpymma KUCJAOTHAs, 2 BO BTOPOM —
KetoHOBas. JlanpHelmee sicHO u3 GpopMy.T:
O=(|3—CH2—COOH HO—CHZ—CHZ—CHz—C|Z=O
b CH, 2) CH

3
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899. Kakne xuMuyecKre 371eMEeHTHI Yallle BCETO BXOAST B CO-
CTaB OPTaHUYECKUX BEIIECTB?

900. ITo xakuM NpU3HAKaM COEAMHEHUS YTIepPOola OTHOCSIT
K OPTaHMYeCKUM WU K HeOPTaHUYeCKUM BelecTBaM ?

901. Ilo xkaknM TpU3HAKaM KJIACCUDUITMPYIOT OPraHUYECKHE
BelllecTBa?

902. Kakue BemnjecTBa pacCMaTPUBAIOTCS B KAYECTBE a) U30-
MepoB 1 6) TOMOJIOTOB?

903. Hanumute cCTpyKTypHBIE (POPMYJIBI MSATU U30MEPHBIX
monekyn C.H

904. CxobKO M30MEPOB MMEET pa3BeTBIEHHAS MOJIEKYJIA
C,H,,, B kotopoii Her rpynn CH, B KauecTBe paguKasos: a) 7;
6) 6; B) 5;1) 4; n) 3?

905. Hanmmute cTpykTypHBle hopmysl nsomepos C,H,O,
OTHOCSITIIUXCS K KJIaCCy CITUPTOB.

906. Pacupenesnte cienyioniye MOJIEKYJIbl YIJI€BOAOPOI0B
IIO I‘OMOJIOI‘I/I‘ICCKI/IM pamam. 1) C;H; 2) C,H, ; 3) C.Hg; 4) C,H,;

H,g 6) C;H,, — a) ankamsr; 6) AJIKEHHI; B) aJIKI/IHbI
aK Ha3bIBAIOTCSI 3TU BelllecTBa?

907. IloueMy B opraHM4eCcKOl XMMHUHU ¥ TEXHOJIOTHHU Opra-
HAYECKUX BEMIECTB IMUPOKO MCIIOJb3YIOTCS Pa3HOOOpa3HbIE
KaTaJu3aToOpPhI?

908. Omnpenennte mpocTeiiryio GOpMyJIy BelllecTBa U Clie-
JIalTe TPEAIOJIOKEHNS O €eT0 CTPYKTYPE MO JaHHBIM aHAJIN3a:
npu ckuranum 1,78 r BemecTBa o6pazoBaioch 2,640 r oxcuza
yraepoaa(IV), 1,260 r soxsr u 224 cm® azora (H.y.).

909. HanumuTte cTpyKTypHYIO OpMyJTy 2,2-TUMETUIITUI-
MEHTaHA. YKaXXUTE B MOJIEKYJI€ TPETUYHBINA U YETBEPTUIHBIN
aTOMBI yTJIepo/Ia.

910. Kakue npeBpaiiieHrsI MOJIEKYJT BO3MOXKHBI Y aJIKAHOB:

a) KPEKUHT;

0) U30MepHU3aIHS;
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B) TUPUPOBAaHMUE;

T') IOJUMEPU3AITHST;

1) pa3jioKeHue?

911. Kakue npenenbHble YII€BOAOPOIBI MOI'YT 0OPa30BaThCs
TIpHY JeHCTBUM HATPHS Ha CMECh 2-OpoMIIporaHa u 6pomMaTaHa?

912. Hanumute ypaBHEHHS PeaKMK XJI0PHUPOBaHUSA MIPO-
nana. Kakue ycioBusi HeOOXOAMMBI JIJIsI IPOTEKAHYSI PEAKITHN?

913. Kak uameHsieTCs cTelleHb OKUCIEHUST aTOMa YIJIepoia
B Pe3yJIbTaTe Peakinu

CH,-CH, + Cl, = CH,~CH,Cl + HCI?

914. Ankan, comepxaiuii 16,67% Bomopoma, 06pasyer JIHIb
O/THO MOHOXJIOpP3aMelleHHOe TTpou3BoaHoe. Hannmmure ero
CTPYKTYpHYIO popMy.ILy.

915. Hanwmmre peaknyu 2-x0pOyTaHa ¢ BOAHBIM U CIIMPTO-
BBIM PaCTBOPaMHU I'MIPOKCUA HATPUSL.

916. Hanmmmvite Tpu mocjieoBaTeIbHBIE PEAKITAN IIPpEBpPaIIle-
HUSI 3TaH — METUJIIIPOTIaH.

917. Hamumute peakiuu 6yTaHa ¢ KMCJIOPOOM IIPY TOPEHUHT
U KaTaJTUTUYECKOM OKUCIECHUH.

918. Hamimire cTpykrypHbie popMyJibl uknoankaioB C.H, .

919. Hanmumure peaknuio JeruIpoIuKInN3alliu n-TerTaHa.

920. YrieBomopo/, He IPHUCOEIUHSIOMMI OPOM, COTEPKUT
85,71% yriepoaa u umeeT m1otHocTh 3,125 r/am3 ipu HopMaib-
HBIX YCJIOBUSIX. Y CTAHOBUTE €T0 CTPYKTYPHYIO (hOPMYILY.

921. Hanmmure peakiiuu mprcoeanHenust Gpoma u 6pomo-
BOZIopofa K 6yTeny-1.

922. 1-Bpommponan 06paboTany CIMPTOBHIM PaCTBOPOM
IEJI0YU ¥ K OPTAHUYECKOMY TIPOAYKTY PEAKIINY IIPUCOEAUHIIIN
6pomoBoxopo. Hanuiure ypaBHeHUS peaKITHii.

923. 1-6pomOyTaH IpeBpaTUTE B TPY CTAAUH B 3,4- TUMETHII-
TeKCaH.

924. B mporiecce KaTaIuTHIECKON TH/PATAI[IK STUIEHA OBLIO
noay4sero 2000 kr staHoa ¢ BerxozgoM 85%. Kakoit 06bem aTu-
JIeHa 3aTPayeH Ha IPOBEJIEHNE PEAKIIVH ?

925. IIpu moIMMepU3aluK STUJIEHA YHCJI0 MOJIEKYJT YMEHb-
moch B 840 pa3. Berauciure cpeiHIO MOJIEKYISPHYIO Maccy
TIOJIYYEHHOTO TTOJIMATUIIEHA.

926. PaccuuTaiiTe n3MeHeHUe SHTATBIIUN B PEAKITNU

2CH,— C,H, +3H,
B xakux ycyoBUSIX MPOBOAUTCS STOT IIpoiiecc?

927. HanmumuTte 1eNOYKYy peakIyil MoJIydeHUs alleThIeHa
13 HEOPTaHUYECKHUX BEIECTB.
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928. Kakue yr/ieBoZIOpO/Ibl MOTYT pEarupoBaTh C aMMHUAYHBIM
PacTBOpPOM OKcHzia cepebpa:

a) OyTuH-2;

0) OyTun-1;

B) OyTen-1;

T') alleTUJIEH;

1) 3TUJIEH?

929. Hanumure peakiiuu OyteHa-2 u 6yTuHa-2 ¢ TepMaHra-
HaTOM KaJIusl B HEUTPaJIbHOM Cpe/Ie.

930. HanumuTe peakiyu IIporeHa-2 1 MpoIrHa-2 ¢ IrepMaH-
TaHATOM KaJIus B KUCJIOTHOM Cpejie.

931. IIpu mponyckaHUM CMeCH 3TaHa U alleTUJIeHa Yepe3 COo-
CyZ ¢ OpOMHOM BOIOM Macca KMAKOCTH yBeJnumaach Ha 1,3 T,
a IIPU CTOPAHWY TAaKOTO K€ KOJUYeCTBA CMECH 00Pa30BaIOCh
14 1 yriekucioro rasa (H.y.). KakoB 06beM HCXOIHOI ra3oBoit
cmecu? PaccunTaiiTe MacCOBEI€ 10T BEIIECTB B HEW.

932. Kakue pasHOBUIHOCTU KayyyKa MOXHO TOJYYUTh
py mojuMepusanuu OyTagueHa-1,3 B pasjMuHBIX YCIOBHUSAX?
Hapucyiite cxeMbI CTpO€HMS MOJIEKY L.

933. [lepeuncure BaxkHeliue ocobeHHOCTH OEH30J1a U JIPY-
T'UX COeIUHEHNI, Ha3bIBAEMbIX apOMATUYECKVIMU.

934. Cocrasbre ypaBHeHus peaknmi 1o cxeme C.H, ,Br, —
— CH,, » C;H, —» C,H.Br, Bri6pas Heo6X01MMbIE peareHTHl
Y KaTaJnu3aTopHI.

935. HanumuTte cTpyKTypHBIE (DOPMYJIBI IBYX U30MEPOB
¥ JIIOOBIX IBYX TOMOJIOTOB 0-KCHUJIOJIA.

936. Hanummure peakuun 6eH30/1a ¢ OPOMOM, XJIOPITAHOM
Y a30THOM KHCJIOTOH C yKa3aHHUEM HEOOXOIMMBIX KaTaIM3aTOPOB.

937. Hanuinvte peakiyy MOJIyYyeHUs] KyMoJia C UICXOAHBIMU
BeIlleCTBaMH C6H6 " CHZBr—CHZ—CH?).

938. IIpu ruapupoBannu 6eH30/1a 10 MUKIOTEKCaHA Macca
TIOTJIOIIIEHHOTO BOAOpo/ia cocTaBmia 6,15% OT Macchl HICXOXHOTO
GeH30J1a. BbraucauTe BHIXO/ IPOAYKTA PEAKITHH.

939. HanmmuTe peaxiiuu ToJIyoaa U 6yTHIOEeH30.1a ¢ mep-
MaHTaHATOM KaJIusi B KUCJIOTHOM CpeJie TIpU HarpeBaHUM.

940. O6BsICHUTE SIEKTPOHHYIO CYITHOCTH HAMPABJISAIOIIETO
NefCTBUS 3aMECTUTEIEH B apOMAaTHYECKUX KOJbIaX B 0-, p-
U M-TIOJIOKEHUH.

941. Hanumute peaknuy 3aMemenns AByX QYHKIIMOHAIb-
HBIX IIPOM3BOHBIX O€H30/1a, 00Pa3yIOIIKX IPEUMYIIECTBEHHO
IPOAYKTHI 3aMEIIEHNS B a) M-II0JIOKEHUHU U 0) pP-I0JI0KEHUI
Y 0-TIOJIOXKEHUM.
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942, IlepeuniciiiTe XapaKkTepHble QU3NMUECKHE U XUMIYECKIEe
CBOICTBA KMCJIOPOCOAEPKAITUX OpraHIecKuX BelecTB. [1pu-
BeJIUTE TTPUMEPHI.

943. /lna monexyn ¢ 6pyrTo-dopmynoit C,H,,O npusenure
10 /IB€ CTPYKTYpPHBIE (DOPMYJIbI CIUPTOB U MPOCTHIX 3(PUPOB.

944. ITouemy onuu u3 usomepos C,H O npu 06bMHEIX yCi10-
BUSIX SIBJISIETCSI )KMIKOCTBIO, a IPYTOil — ra3om?

945. Kakoe u3 claeaymoiux COeANHEHN MOXKET SBISATH-
ca mpefenabarM cnuprom: a) C,H,O; 6) C,H,O; B) C;HLO,;
r) C,H,O; n) C,H,O,?

946. TlepeunciiuTe oOMII¥IE METOIBI TIOJYYEHUST KACIOPOICO-
AepKaIUX OPraHNYeCKuX BemecTB. [IpuBeauTe mpuMepsl.

947. Ycranosute (hopMyJIy CIUPTa U3 TOMOJIOTHIECKOTO Psifia
MeTaHOJIa, JJIsl Ckuranust 1 Mosb Kotoporo tpedyercst 134,4 i
Kucjaopozaa (H.y.).

948. HanummTe peakniuu OKKCJIeHUs Mpomnanosa-1 u mpo-
IaHoJIa-2 TUXPOMATOM KaJivsl B KHCJIOTHOM Ccpejie IPY U30bITKE
OKUCJINTES.

949. CKOJBKO TEIJIOTH MOXET BHIJIEJIUTHCS IPU CTOpa-
HUU 1 KT CMeCcu #30-0KTaHa M 3TAHOJIA C CO/IEPXKAHUEM ITa-
HoJa o Macce 50%? VcxonHble BenecTBa U IPOAYKTHL B3SITh
IIPU CTaHAAPTHHIX YCJIOBUSIX.

950. HammummiTe peakituu, COOTBETCTBYIOIIME IPEBPAIIEHUIO
OyTaHoJia-1 B OyTaHOH B TPH CTAUH.

951. Bemectso C.H,,O pearupyer ¢ Kanuem, HO He pearupy-
et ¢ K,Cr,O,. Hanmmure ero cTpykrypHyio popmyry.

952. Coequnenue C.H,,O pearupyer ¢ HaTpreM, HO He pearu-
pyet ¢ 6poMHo Bogoi. Hammimure ero CrpyKTypHY0 (hOpMy.ILy.

953. Kakue peakiiy MOTYT ITPOTEKATh MEXKTY STAHOIOM, XJIOPO-
BOJIOPOJIOM, TH/IpoKCcUIoM HaTpust u okcuom menu(I1) momapuo?

954. IIpuBeauTe (OPMYJIbI TOMOJIOTOB STHIEHTINKOJIS 1 TJIH-
IeprHa.

955. Kak pearupyer IJIMIEPUH C TUAPOKCHIOM HATPHUS U TH-
apokcuzoM Meau? Hanuivte ypaBHeHUST peakiinii.

956. [IpemoxuTe ABE TOCTEA0BATENBHBIE PEAKITUH JIJIsI TIPE-
BpaneHus 1-xjopreHTaHa B IeHTaHuoa-2,3.

957. Pacmosioxkurte 0-Kpe3oJ, MPOMaHoJi-2 U BOAY B Pl
10 YCUJIEHUIO KUCJIOTHBIX CBOMCTB.

958. Mesx 1y KaKvMu BelecTBaMu 60J1ee BHIPAsKEHO PAs3IMIMe
TI0 KMCJIOTHBIM CBOMCTBaM: a) 3TAHOJ U TJIMIIEPHH; O) dTAHO
1 peron? Yem 0OBSACHIETCS MMEIOLIEECS PA3InIMe?

959. ByzeT i BBIIEASTHCA YIJEKUCIBIN ra3 MPU PeaKIuu
(deHoJIa ¢ KApOOHATOM HATPHU?
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960. Kakue nu3oMepbl Oy/yT MOJYYaThCS IPEUMYIIECTBEHHO
IIpY HUTPOBAHUU (PeHOJIa U XJIOPUPOBAHUN HUTPOOEH301a?

961. O6paser; kpe3osa maccoi 16,2 r 06padoTanu U36BITKOM
opomHOM Bozbl. Macca ocajska okasanachk 39,9 r. YcraHosure,
KaKoil M30Mep Kpe30Jia OBLT B3ST JJIST MCCIE0BAHUSI.

962. Kakue BelliecTBa OKUCISIOTCS 0€3 ZIeCTPYKIMH YIJIEPOI-
HOTO CKeJIeTa MOJIEKYJIBL:

a) 2-MeTUJITPOTIaHoJI-2;

0) 3TaHO;

B) IIPOTIaHAJIb;

r) OyTaHOH;

1) TIeHTaHOH-3?

Hamummre ypaBHEeHNS peaKIUii.

963. Kakue BemecTBa OCTENEHHO JUMEPU3YIOTCS U TIOJIH-
MEPU3YIOTCS:

a) areToH;

6) OyTtano-1;

B) OyTaHaJIb;

r) GopMaJbIETH];

1) 3TAHOJI?

Hanwmwre ypaBHeHUS peakIiuii.

964. Hanumute peaknmio rugpokcuna meau(1l) ¢ oqanm
W3 AJTBJIETHIOB.

965. Kak kiaccuuIMpPyIOTCS PEAKINN IPUCOEANHEHMS
I10 IBOMHOM CBSI3U B QJIKEHAX U OKCUCOENHEHUSIX ?

966. BriOepuTe 1Ba BelecTBa M3 CIEAYIONMIErO CIIMCKA ¥ HAIIH-
IITe ypaBHEHMSA PeakIlyii ¢ aneranbaeruiom: a) NH,; 6) NaHSO,;
B) NaHSO,; 1) CuS; n) C,H,.

967. YeM 00DBSICHSIETCS BOSHUKHOBEHHE XOPOIIIO BHIPAXKEH-
HBIX KHCJIOTHBIX CBOMCTB B BENECTBAX, COAEPKAIUX KapOOK-
cuibHylo rpynny —COOH?

968. Hanmumute cTpyKTypHBIE POPMYJIHI U30MEPHBIX MACJISI-
aeix Kkucaor C,H.COOH.

969. Ilo xakuM Tpu3HaKaM KJIacCU(pUIMPYIOT OPraHUYECKUEe
(xapOOHOBBIE) KHUCIOTHI?

970. MoryT Ji KapOOHOBbIE KUCJIOTHI 0OPA30BHIBATD KHCJIBIE
com? IIpuBeanTe mpumep.

971. Kak BiusioT pasyimyHble (QyHKITMOHATIbHbIE TPYIIIHI U YTJIe-
BOZIOPOZHBIC PA/IMKAJIbI Ha BeTMuHy K kKapOOHOBBIX KHCTIOT?

972. B xakoM HampaBJIeHUM CMEIeHO paBHOBECHE PeaKITUN

HCOOH + CH;COONa s HCOONa + CH,COOH?
BeruucanTe KOHCTaHTY PaBHOBECHS.
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973. IlpeanoxuTe 11€MIOYKY peaKIil OJTyYeHNUsT YKCYCHOM
KUCJIOTHL U3 alleTUJIEHA.

974. V13 KakuX BEIECTB MOYKHO HOJIyYUTh KAPOOHOBYIO KHC-
JIOTY B OZIHY WJIH JIB€ CTAIVU:

a) ATaHOJ,

6) OyTaHAJIb;

B) OyTaH;

r) Oy TUJIIIPOIIMOHAT;

1) 2-MoTponaH?

Hanumwure ypaBHEeHHSI peakIiuii.

975. Ilpu peakiuu 25,6 T 0IHOOCHOBHOM KapOOHOBOM KHCJIO-
THI ¢ KapboHaToM HaTpus Beieauaocs 3,26 1 CO, (101,3 kI1a,
273 K). Haniumure cTpyKTypHBbIe OPMYJIBI BOSMOXHBIX U30-
MEPOB Y NX Ha3BaHMSI.

976. Coenunenne C,H.O 3 PEarupyeT co MeIOYbIo; C n30BIT-
koM HBr gaer C,H,O, Br an/I neiicreun KMnO, B HeiTpaib-
HOM PacTBOpE 06pa3yeTCﬂ C H,O.. HpI/IBeZII/ITe z[Be BO3MOJKHEIE
CTPYKTYpHBIE (DOPMYJIBI 1 ypaBHeHI/IH PeaKIIHiA.

977. CocTaBbTe ypaBHEHUS PEAKIIAI IO CXEME C MCIIOJIb30-
BaHMEM CTPYKTYPHBIX (DOPMYJI BEIECTB, BLIOPAB MOAXOMISIIEE
3HaueHUe 7

C,H,  ,ONa—CH, ,ONa—CH,0,—CH, _,O

Csni3Hn 4206 Canznoz - CnH2n - 102C1 - CH,,0,

978. Hanuimute ypaBHEHUS PeAKIUi MOTyIeHUS DYHKITU-
OHAJIbHBIX TIPOM3BOHBIX MPOMMOHOBOM KUCJOTHI: a) CJIOXKHBIN
aup ¢ mponaHosoM-2; 6) aHTUAPHU, B) XJIOPAHTHAPHU/,; T) aMHUI,
Kax pearupyioT 3T IpOU3BOIHBIE C BOJOM?

979. Kax MOJKHO I0Ka3aTh, YTO IIPY 0OPA30BAHKH CIIOKHOTO 3(u-
pa 13 KUCJIOTHI ¥ CIMPTA 3aMeMIaeTCsl TUAPOKCO-TPYIINA KHUCIOTHI?

980. K xakoMy kJiaccy BemecTB 110 XUMUYECKOMY CTPOECHUIO
OTHOCSITCSI KUPBI?

981. HanumuTte peaknuu TUAPOJIN3a B MEJOYHOU Cpejie
JIJISI MOJIEKYJTBI JKMpa (BRIOEPHUTE CAMU ) ¥ STHJIAIIETETA.

982. Kakue (hopMyJibl COOTBETCTBYIOT OMOJIOTHYECKH HEOD-
XOJIMMEIM Pa3HOBHAHOCTAM yriesoos: a) C.H,,0,6) C.H,,O
B) C¢H,,04 1) C;H, O 1) C;H,,Og?

983. YKaxkuTe BO3MOXKHBIE IIPOAYKTHI OPOKEHMUSI TIIFOKO3BI:

a) JIaKTaT;

0) sTaHO;

B) CO;

r) COz,

1) OyTHpar.
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984. Ilepeuniciute XapakTepHble (U3NUECKHE T XUMHIECKHE
CBOMCTBA a30TCOZIEPKANTNX OpraHdecKux BemiecTs. [IpuBeauTe
TIPUMEPBHI.

985. Kakue cymecTByOT pa3HOBUAHOCTH AMUHOB IO YUCTY
Y TIPUPO/IE YIJIEBOIOPOAHBIX PATUKAIOB?

986. Hamuninte mprMephl peakiiuii OKMCIEHUSI-BOCCTAHOB-
JIEHUS ¥ 3aMellleHus], IPUMEHSIEMBIX /17151 TTOTyYeHUs] aMUHOB.

987. Oxapakrepusyiite 00I[He CBOMCTBA AaMUHOB KaK OCHO-
BaHMH.

988. C xakuM HEOPraHMYEeCKUM BEIIECTBOM 3TUJIaMUH ITPOSIB-
nsget HaubobIee cxoAcTBo: a) LiN,; 6) NO,; 8) HCN; r) KNO,;
1) NH,?

989. IIpu mocrenenHOM 106aBIEHNH PAaCTBOPA METHIAMMHA
K PAaCTBOPY CyJib(ara I[MHKA IOSIBJISIETCSI OEJIBIA 0CAIOK, PaCTBOPSI-
IONIMICS B M30bITKE MeTHIaMuHa, Harmuime ypaBHEeHMSI peakITuii.

990. O6bsiIcCHUTE HA OCHOBE 3JIEKTPOHHOM CTPYKTYPhI MO-
JIeKyJ TIPOSIBJIEHNE aPOMAaTUYHOCTU TUPPOJIOM U IMPUIUHOM,
TAPUMHUITHOM U ITyPUHOM.

991. Kakue xuMU4YecKue CBOMCTBA MPOSBJISIIOT IIyPUHOBBIE
¥ TUPUMUIMHOBBIE OCHOBAHUSI B COCTaBe MOJMHYKJIEOTHUIOB?

992. IloueMy aMUHOKHCJIOTHI SIBJISIIOTCSI KPUCTAJLIMYECKUMHU
BellleCTBaMM, B TO BpeMsI Kak MOHO(DYHKIIMOHAIbHbBIE KUCJIOTHI
Y aMUHBI — I'a3bl ¥ )KUIKOCTU?

993. OxapakTepusyiite obuye CBOMCTBa aMUHOKHUC/IOT KaK
aMdoTepHBIX COeTVHEHUIH.

994. Kakyio cpeny co3iaioT CleAyIoliie aMUHOKMCIOTHI
B BOTHOM PacTBOpe (B OTBeTe — KOMOMHAIMS OYKBBI 1 TUDPHI):
a) JIn3¥H; 0) IIyTaMIHOBasA KHCJIOTA; B) cepuH — 1) KACIOTHYIO;
2) 6;M3Ky10 K HEATPaIbHOM’; 3) MET0YHYIO.

995. C KakuM BeIeCTBOM aMWHOKHCJIOTa BCTYIIAET B PeaK-
110 COEIMHEHNS U C KAKUM — B PEaKInio 0OMeHa: a) XJI0POBO-
nopom; 6) THAPOKCHUL KaJIHs ?

996. 1o xkakoMy IPUHITUITY pearupyioT aMUHOKHCIOTHI MEX-
my coboit? Hamummmre cxeMy peakiun.

997. IloueMy B enTUAHON TPYIIIie BCE YeTHIPE aTOMa pac-
MIOJIOJKEHBI B OZTHOM TJIOCKOCTH?

998. Kakne hyHKIMOHATBHBIE TPYIIIBI, KPOME MENTHAHOM
TPYIIIBL, COMEPKAT AUTIETTTU/IHI ?

999. CKo0JIbKO pa3HbIX TPHUIIENTUAOB MOTYT 00pa3oBaTh:
a) JIBe pa3Hble aMUHOKHCJIOTHI 1 0) TpY pa3Hble aMAHOKHUCIOTHI?

1000. IToueMy Ha IIPOCTPAHCTBEHHBIX MOEJISIX MOJIEKYJI Ger-
KOB MHOTHE aTOMBI CEPhI OKa3bIBAIOTCS IIOMAPHO COMMKEHHBIMHU
MEXKLY Co00M?



18. ucnepcHbie cMcTeMbl

18.1. KpaTkne TeopeTHyeckme CBEAEHUA

IToBepXHOCTHbIE SIBJICHUS M aAcopOmms. B cuctemax, cocrosmux
13 ABYX U Gosee (a3, Ha rpaHulle pasjena (a3 CymeCTByeT MOBEPX-
HOCTHBIH CJION TOJIIIIUHOM OT OJJHOTO JI0 HECKOJIbKUX MOJIEKYJISIPHBIX
mrameTpoB. COCTaB U CTPOEHHE 3TOTO CJIOSI OTIMYAIOTCSI OT BEIIEeCTBA
B Iuy6uHe (a3bl. MOJIEKY/ISIPHbIE B3ANMOJEHCTBHSA B IIOBEPXHOCTHOM
CJIOe HETIOTHOCTBIO ypaBHOBelleHbI. B pe3ysibTaTe MOBEPXHOCTHBIIH CIIOH
nuMeeT W30bITOUHBIH 3ammac sHepruu [n66ca. CaMOIIPOU3BOIBHO UAYT
ITPOIIECCHI YMEHbIIEHHUST MeX($a3HOL IIOBEPXHOCTH ¥ YMEHBIIEHUS II0-
BEPXHOCTHOTO HATSIKEHMUSI.

PacTBOpeHHEbIE BellleCTBa MOTYT:

a) IOHMXKATh IOBEPXHOCTHOE HAaTsIKeHue (G,
I0TCS [TOBEPXHOCTHO-aKTUBHEIMU (IIAB);

0) IOBHIIIATH IOBEPXHOCTHOE HATSKEHUE (O
IOTCSI TIOBEPXHOCTHO-VWHAKTUBHBIMU;

B) He U3MEHATH IOBEPXHOCTHOE HaTsKeHue (O
3BIBAIOTCSI IOBEPXHOCTHO-HEAKTHBHBIMH.

Coco6HOCTh paCTBOPEHHBIX BEIIECTB U3MEHATH TIOBEPXHOCTHOE
HaTSKEHUE PAaCTBOPUTEJISI Ha3BIBAETCS TIOBEPXHOCTHOM aKTUBHOCTBIO.
Ee mepa

< 0,); OHU Ha3bIBa-

b-pa > Go); OHH Ha3bIBA-

-pa = Op)s OHM Ha-

g=-2, (181)
dc
T7ie G — MIOBEPXHOCTHOE HATSKEHUE; ¢ — KOHI[EHTPAIIUSL.

BemecTsa, NOHMXAIONIKE IIOBEPXHOCTHOE HATSKEHNE, CAMOIIPOM3-
BOJIbHO HAKAILIUBAIOTCS B IOBEPXHOCTHOM CJIOE. JTO SIBJIEHUE MOy~
YIJIO HazBaHuWe ancopOiuu. [[yist rpaHuIbl pasjiesia KUAKOCTh — ras
agcopbiuio I’ uamepsitor B Moib/M2. OHa MOXeT OBITh BBIYHCJIEHA
o ypasuenuio [u66ca

r-_4o. ¢ (18.2)
dc RT

[ToBepxHocTHast akTuBHOCTh IIAB B cooTBETCTBUM C ITpaBUIOM
kim0 — Tpay6e B HEKOTOPOM F'OMOJIOTHYECKOM DIy BO3PACTAET IIPHU-
Ou3uTENBHO B 3—3,5 pasa MpH YBEIHYEHHH JJIVMHBI IEITH MOJIEKY.IBI

Ha Kaxayio rpymry CH,,.
Besmuwmna ajcopOuuu ¢ poctom KoHunenTparuu ITAB Bospacraer 1o
HEKOTOPOTO IIpefiesibHoro 3Havenus (I ) Bcaencrsue 00pa3oBaHuUsA
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Ha IpaHUIC pa3aciia (baa HaCBIMICHHOTO MOHOMOJIECKYJIAPHOI'O CJIOA.
3Has BCJIMYUHY I‘max, MOJKHO PpaCCUHUTAaTh IIJIOIIAAb IIOIIEPEYHOIO CeUe-

HUs1 MoJieKyJel [TAB:

1
S =— 18.3
MO rmaxM ( )
H €€ [JIVHY B HACHIIEHHOM aCOPOIIMOHHOM CJIOE:
r M
[=—max (18.4)
p

riie M — MoJIsipHast Macca rasa; P — IIOTHOCTb.

IIpu agcopOIMu ra30B WK PACTBOPEHHDIX BEIECTB TBEPIBIM TEJIOM
(ancopbeHTOM ) BETMYKMHY a/ICOPOIIHY @ BHIPAXKAIOT KOJMYECTBOM aJICOP-
OMpOBaHHOTO BelecTBa (agcopbara) Ha eAMHHUIY MacChl aZicopOeHTa.
3aBUCHMOCTD BEJIMYMHBI ACOPOLUY OT KOHIIEHTAIIMM PACTBOPEHHOTO
BellecTBa (TpaHMIIA Pa3fiesia K — T) WJIH JlaBJieHus Ta3a (TPaHUIla pas-
Jiefia T — T) ONMCHIBaeTcsl ypaBHeHusiMu JIsurmiopa (18.5) u (18.6)
u Opeiinanuxa (18.7) u (18.8):

—q S . 18.5
@ e o+c ( )
a=a__-—L; (18.6)
oa+p
a=kc" (18.7)
a=hp", (18.8)

rie a_._ — KOHCTAaHTa, paBHAas IpefiesIbHOI azcopbmum, HabmoxaeMoi
IIPH OTHOCHUTEIBHO GOJIBIINX PABHOBECHBIX [ABJEHMSIX, MOJIb/KT; P —
JaBJeHuMe rasa, KI1a; o0 — KOHCTaHTa, YMCIEHHO PaBHAas faBjenuio Klla,
TIPY KOTOPOM @ = a__ /2; k — KOHCTaHTa, YHCJICHHO PaBHAsI afcopoum
npu paBHOBecHOM JiaBienuu rasa 101,3 kIla (1 atm), moas/(kr - k11a);
p — JaBJeHMe rasa, KIla; # — KOHCTaHTa, OIpeesionas KPUBU3HY
M30TEPMEI aicOpOLIMH, ee 3HaueHHe Kouebercs B mpegenax 0,1—0,6.

B pesyJibTare azcopOIiy U3 pacTBopa KOHIIEHTPAIMs PacTBOPEH-
HOT'O BEIECTBA B PACTBOPE YMEHBIIAETCS. Bemuumy agcopOuuu omnpe-
JIeJIAIOT 10 PA3HOCTH KOHILIEHTPAIINK HCXOAHOTO (C,) X PAaBHOBECHOTO
pacTtBopa ajacopbata (¢):

- (c, —c)V,
m

rae V — o0beM pacTBopa; m — Macca afcopoeHTa.

ITpu ancopOumu rasa (agcopbara) TBEPABIM TesioM (acOpOEHTOM),
Macca aficopOeHTa YBeJIUYHUBAETCS, II09TOMY BEJIHMYUHY a[copOIHH
OTIPEEJIAIOT 110 TIPUBECY aACcopOeHTa:

oo (m—-m,)
m,M

(18.9)

, (18.10)
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r7ie m, — HCXOZHAs Macca aficopbenTa; m — Macca aicopbeHTa 1mocJe
YCTAHOBJIEHHS aICOPOIMOHHOIO PaBHOBECHST; M — MOJISIpHAsi Macca rasa.

Koanouannie pacrBopsl. KosmouHele pacTBOPH (30J11) TIpef-
CTaBJISIIOT COO0M Pa3HOBHIHOCTD AUCIIEPCHBIX CUCTEM, COCTOSIIIYIO
M3 JKUIKOM CPepl M YaCTHUI] AUcIepcHoi (a3l pasmepoM 10°—1077 m.
J1J1s1 XapaKTePUCTHKH Pas3APOOIEHHOCTH TUCIEPCHOM (Da3bl HCIIOMB3YIOT
CTEIeHb AUCIIEPCHOCTH 8, KOTOPast U3MEPSIETCS BEIMYMHOM, 00paTHOM
CpeqHEMY JUAMETPY YacTHuil d:

I
8= (). (18.11)

Kostonaasie pacTBOPHI MOMYYai0T METOAAMH JUCIIEPTHPOBAHUS
1 KoHzeHcanuu. Ilociie mosy4eHus: KOJIOUIHBIE PACTBOPHI COIEPKAT
IIPUMECH HCTHHHO PACTBOPEHHBIX BEIIECTB M IPYOOMUCIIEPCHBIX CHCTEM.
JI 7151 O4MCTKY OT IpUMeECed UCTIOB3YIOT (PUIIBTPAITIIO, THATIH3, BJIEKTPO-
M3 U YIbTPabUIbTPALIO.

Yacrunpsl gucnepcHo (assl UMeIOT MUIIeJUISIpHOE cTpoeHue. Pac-
CMOTPHUM CTPOEHHE KOJLIOUIHOM YaCTHIIbI Ha IPUMEPE THIPO30/Is HO/H-
na cepebpa. [Ipu 06pazoBaHyy 0CaKa MATIOPACTBOPHMOI'O 3IEKTPOJIUTA
M3 PaCTBOPA YaCTh BEIECTBA OKA3BIBAETCS B KOJLIOUIHO-HCIEPCHOM
cocrosiamu. [TycTs o6pasyercs noauz cepedpa 1o peaxkIinu

AgNO, + KI = Agl(xp) + KNO,

1pu u30BITKE HUTpaTa cepebpa. B xoxe peaknuu 06pasyoTcst KpucTa-
JIMYECKHUE arperaThl U3 m CTPYKTypHbIx eauaui Agl. Ha noBepxHocTH
arperaTa agcopOupyercs # noHoB Ag. Ha moI0KMTeIbHO 3apsKeHHOM
TIOBEPXHOCTH SIIPA CBSA3BIBAETCS HEKOTOPOE YucJIo (7 — x) bouee ciia-
60 aacopbupyromuxcs HoHoB NOj, 06pasys rpanyy. OcranbHble X
HUTPAT-HOHOB OCTAlOTCS B I dy3HoM ciaoe. Iloayyaercs Muienia
CO CJIEAYIONIAM CTPOEHUEM:

Aapo

Tpanya
+ _ Xt -
{m[Agl} nAg"(n— x)NO;} xNO;,
arperar acop6ITHOHHEIH CroH mupdysu-
OHHEI
cioit
T —

Eciu 3071b 5TOr0 K€ BemecTBa IMOJIyYaeTCsl IPY U3OBITKE MOLU/A
Kajvsi, TO (POPMY.JIa MUIIELIBI IIPUMET BU/I
{m[Agl] - nI~(n — x)K*}*xK*
KoJsutoniHblie pacTBOPHI TEPMOANHAMUYECKH HEYCTORYUBSL. TIpu-
YMHOM ABJISIETCS OOJbINas Mex(asHast IOBEPXHOCTD U, CIEA0BATEIBHO,
60JIBIII0H M3OBITOK TOBEPXHOCTHOM sHepruu ['nb6ca. I103TOMy B KOJLIO-

UTHBIX PACTBOPaX CaMOIIPOM3BOJIbHO MIPOTEKAET ITPOIIECC YKPYITHEHUS
YaCTHIT, IPUBOASIINI K KOATyJISIITAN — OTAEJIEHUIO TUCIIEPCHON (Pa3bl
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OT IUCIIEPCUOHHOM cpelbl. BMecTe ¢ TeM KOJJIOUIHBIE CUCTEMBI CO-
XPaHSIOTCS HHOT/IA B TeYE€HUE JITTUTETbHOTO BPEMEHH.

PaznuyatoT KuHeTU4YeCKY10 (CeIMMEHTAMOHHYIO ) ¥ aTrperaTUBHYIO
yCTOMYUBOCTD 30J1ei. KuHeTH4yeckast yCTOMYMBOCTD XapaKTepPU3yeT
CIIOCOOHOCTD MHIIEJLTT OCTABATHCS BO B3BENIEHHOM COCTOSIHUH. Arpera-
THBHAsI YyCTONYUBOCTD XapaKTepU3yeT CIIOCOOHOCTH MUIIEJLT TIPOTHBO-
CTOSITH arperalum.

Arperaipst 4acTHIl 0COOEHHO CHIIBHO 3aBUCHT OT CKAYKA [IOTEHIMATA
MeXIy rpanyoit u nuddy3uoHHBIM ciaoeM. /[o6aBsieMble B PaCTBOP
3JIEKTPOJIMTHI MOTYT IIOHMKATD STOT MOTEHIMAT M BBI3BIBATH OBICTPYIO
KOAryJISIIIUIO.

ITpu Koaryisanuu KOJUIOUTHBIX CUCTEM IIPOUCXOTUT U3MEHEHME pas-
MEPOB U YHCJIa KHHETUIECKH aKTUBHBIX YacTuil. IloaToMy o Koarysmn
30J1€¥1 MOXKHO CYZUTh 10 UBMEHEHUIO UX MOJIEKYJIIPHO-KUHETHYECKUX,
ONTUYECKUX U DJIEKTPOKMHETUYECKUX CBOMCTB.

Koaryssmust HaurHaeTCsl TOT/a, KOT/Ia KOHIIEHTPAIlHs SIeKTPOIATA
IOCTUTAET MUHUMATBHOMN BEJTMYMHBI, HA3BIBAEMOI TOPOTOM KOAary-
asuu (C ). Benrnunna, o6paTHasi MOPOTY KOATYJISIMH, HAa3bIBAETCS
Koaryupyiomeii criocobxocTsio anexrposuta (V. ):

1
V.=—. 18.12
KC C ( )

o

ITo mpaswry I'apau — I1lyblie KoaryIupyOLUIUM AeiicTBHEM 001a-
JIaeT TOT HOH JIEKTPOJINTA, KOTOPBIH UMEET 3apsifi, IPOTHBOIIOIOXKHBIN
3apsily TPaHyJIbl, & er0 KOaryJIMpylomiee aeiictBue TeM 60Jiblne, yeM
6oJIblIIE €70 3PS,

Bricokomonekyaspasie Bemecrsa (BMB). Bemecrsa ¢ otHO-
CHTEJIbHOM MOJIEKYIApHO# Maccoii M, = 10000 maspiBaoTCs BHICO-
KOMOJIEKyIApHBIMU (TouMepamiu). Ilo pasmepam mosekyiast BMB
COTIOCTaBMMBI C pa3MepaMi MUIIEJIT KOJIOUAHBIX PaCTBOPOB, BCIE-
CTBHE YETO MHOTHE CBOMCTBA pacTBOpoB BMB 6su3Kku K cBOMCTBAM
30JIe¥1 — 3TO paccestHUE CBeTa, MellieHHast 1u(y3usi, BOSHUKHOBEHHE
anmekTpodopesa, HU3K0oe ocMoTHYecKoe naBiaenue. PacrBopsr BMB
CUUTAIOTCS UCTUHHBIMY, 4 HE KOJJIOMIHBIMU PACTBOPAMM, TaK KaK
oHM 00pasyIoTcsi ¢ yMeHblIeHeM sHepruu I'nb6ca (AG,, ., < 0). Pac-
TBOPHMOCTD IIOJIMMEPOB B BOJIE ONpeesieTcs HATUYUeM MOISIPHBIX
TPYTIT aTOMOB, UMEIOTIUX CPOJCTBO K MOJIIPHBIM MOJIEKYJIaM BOZEL. /{151
MOJIyYEHUSI PACTBOPOB IIOJUMEPOB IMHMPOKO MPUMEHSIIOTCS Pa3IMIHBIE
XKUJIKUE OPTaHMYeCKUE BENECTBA.

OcMmoTueckoe faByieHue pactsopoB BMB nipu ycinosuu chepiue-
CKoW (M30IMaMETPHYECKON) KOH(MOPMAITUH MOJIEKYJIbI IOTYNHSIETCS
ypasHenuio Baunt-T'odda.

[TosmMepHwl Tax e, KaK M HU3KOMOJIEKYJISIPHbBIE BEIIECTBA, IO MX
CIIOCOGHOCTH K IUCCOIIUAITHHN IEJISITCS Ha HESJIEKTPOJIHTHI U 3JIEKTPOJIH-
ThI (IIOJIMKUCIIOTHI, IOJMOCHOBAHHUS ¥ TTosaM@osnter ). Baxkneimmumu
TIPEICTABUTEISIMH TTOMaM(OIUTOB SIBJISIOTCS Oenku. B Makpomote-
KyJiax GeJKOB B paJiMKaJax aMHHOKKCJIOT HMEETCS PA3INYHOE YHCIIO
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KapOOKCHJIbHBIX TPYIIIT M aMUHOTPYIIL I103TOMY yCTaHOBI/IEHHE PaBHO-
BecHs1 0OMeHa IIPOTOHAMM CO CPEIOH MOXKET IPUBOAUTH K PA3INIHBIM
3HaueHusM pH pacTBopoB 6eskoB. Y Kaxaoro 6eska B pacTBOpE BO3-
MOXKHO TaKOe COCTOSTHUE, KOT/la CYMMapHO€ YKCJIO ITOJI0KUTETbHBIX
¥ OTPUIIATEIbHBIX 3aPS/I0B Ha MOJIEKYJIe OAMHAKOBO. MosieKyia B I1eJIoM
He 3apsiXeHa. Takoe cocTosiHie HasbiBaeTcs n30anekTpudeckuM (M1IC),
a 3HaveHnue pH Takoro pactBopa — usoanekrpuyeckoi Toukon (MIT,
pH, mam pI).

PactBopsl BMB — tepMoauHaMudecku yCTOMYUBEIE CUCTEMBIL.
VX ycTOMYMBOCTD OOBSCHSETCS HAJTUYMEM 3HAYMTENHHOM COJbBAT-
HOM (B cJiyyae BOAHBIX PACTBOPOB — IMAPaTHOMN) o6omouku. [1oaTo-
MY HapyIIUTh YCTOWYUBOCTH pacTBOpoB BMB MoXHO TosBKO ITyTEM
necoybpBaTanuu (JeTUApaTai ) MaKpoMoJsieKy. IIpu ocTopokHOM
n06aBIEHHY HU3KOMOJIEKYISIPHBIX 3JIEKTPOJIMTOB K PacTBOPY Oeska
BO3MOJXKHO €T0 pasfiejieHNe Ha JBe KuAKue Haspl. ITO sIBJIEHNE Ha3bl-
BaeTCs KoallepBallien.

[Ipu n06aBeHUH K pacTBOPY 6eKa GOIbIIOT0 KOJUYECTBA HHM3-
KOMOJIEKYJISIPHOTO 3JIEKTPOJIUTA HAOMIOAAETCS BhIIETIEHHE PHIXJIOTO
0CajKa MoJUMepa. JTO SIBJIEHUE TIOJYyINIO Ha3BAaHWE BHICATMBAHMS.
KaTtuoHsl ¥ aHMOHBI IO MX BhICAJIMBAIOIIEMY JeHCTBUIO MOXKHO pac-
TIOJIOXKMTH B THOTPOIHEIE psisl: Lit > Na* > K* > Cst; Cyt3 > SO 2~ >
>CH,COO > Cl->1">CNS~.

PacTBOpHI GEIKOB HaMEHeEe YCTOMYUBHI K BHICAIHBAIOIIEMY JI€H-
cruio ipu pH =pl.

ITpu noBeienny KoHIleHTpanuu BM B 1 noEM:keHUM TeMIiepaTypsl
BO3MOJKEH IIEPEXOI pacTBopa Oesika B TBepaooOpasHoe cocTosiaue. I1o-
Teps TeKydecT pactBopamu BM B nosnyuyunia HazBaHue 3aCTyIHEBaHN,
a 00pasyIoIIHecs: PU TOM CHCTEMbI Ha3bIBAIOT CTyAHsSMHU. KoHIleHTpa-
musi BMB B cryausax cocraisier yacto 0,1—1%. [Ipuunna nepexona
pacTBOpa B CTyZIEHb CBA3aHA C 00Pa30BaHUEM IPOCTPAHCTBEHHON CETKH
(cTpyKTypHI), 0b6a1at01ell MeXaHUYIECKO mpoaHOCThI0. O6pa3oBaHMIO
CTYZHEH CIIocOOCTBYET MOHMKEHUE TEMIIEPATYPBI, I00ABJICHUE JJIEKTPO-
sToB, co3fanue pH = pl. Cryanu MOTyT BBIAEISITH HUIBKOMOJIEKYJISIPHBIN
pacTBOpUTEJIb. ITO sIBJIeHNE IIOIy4YIIO Ha3BaHNe cCHepesuca. B cTyrasax
IIPH MEXAaHWMYECKOM BO3/IEHCTBUM BO3MOXKEH OOPATUMBIH M30TEPMIIE-
CKUH IIepexoz B PACTBOP. JTOT IIPOIECC TTOIYYN HA3BAHVE TUKCOTPOIIIL.

18.2. Mpumepbl pelieHus 3aaay

IIpumep 18.1. IloBepxXHOCTHOE HATSIXKEHHE BOJHOTO PACTBOPA IT€HTA-
Hoja 6 = 55,3 H - Mm~! (ipu 298 K) mipu kornenTpanmu ¢ = 0,03 MoJib/I1.
Orenute BenuuHy azcopOiu 0yTaHosa upu ¢ = 0,015 Mos /1. Koad-
(uLHeHT IOBEPXHOCTHOTO HATSDKEHUs BOAb 6, = 71,97 - 103 H - M.

Pewenue

HaiiyileM moBEpXHOCTHYIO aKTUBHOCTD ITEHTAHOJIA B MHTEPBAJIE KOH-
nenrtparui 0 (uucras sBoxa) — 0,03 mosb/1:




18.2. lpumepbI peLLIeHNs 3aaay 191

Ac c,—O
— — 2 1
g(CH OH)=-—=- .
Ac ¢, — ¢
Coraacuo npasuiy Joxno — Tpay6e HOBEpXHOCTHAS aKTUBHOCTD
OyTaHOIa, TPEABIAYIIETO YWieHA JaAHHOTO TOMOJIOTHYECKOTO Psifia, OyaeT
NpUOIM3UTENBHO B 3,2 pa3a MEHBIIIE:

g(C,H,,OH)
3,2 '

Iockombky ¢(C,HyOH) = 0,15 Monb/ 11 sB/IA€TCSI CepeIMHOM HHTEP-
BaJIa, B KOTOPOM PaCCYUTHIBAIACH TOBEPXHOCTHASI AKTUBHOCTD, BEJINIH-
Ha a/ICOPOIINH B 9TOM PACTBOPE PACCUUTHIBAETCS IO ypaBHeHuUIo ['166ca:

g(C,H,OH) =

cg
F(C4H90H) = ﬁ

HOI.[CTaBJIHeM YUCJIOBbIC 3HAUYCHUA:
_(55,3-71,96)-10° H/m H-n

=0,555 ——;
(0,030 — 0) Mmonp/ 11 MOJIb - M

0,555=0’174 H-n ;
, MOJIb - M
0,015-0,174
8,31-298

Omeem: T'(C,H,OH) npu6musurensHo papHa 1078 moms/M2

g(C,H OH)=

g(C,H,OH) =

I(C,H,0H) = =1,05-10° momb/m.

Hpumep 18.2. ILnomaas nonepeyHOro ce9eHNsT MOJIEKYJTBI TTaTh-
MUTHHOBOM KucaoTh S = 2,1 - 1071° M2 Beuucaure ee nmpenenbHyio
acopOIHIo Ha rpaHuIle OEH30JIbHBIN pacTBOP — BO3ayX. Kakoit 00b-
€M TaKOr0 PacTBOPA C MaCCOBOM KOHIIEHTpaIuei 4,24 r/n tpebyercs
JIUISL TIOKPHITHS. MOHOCIoeM 1,5 M2 BOIHOM mMOBepXHOCTH (TIOCIE HC-
napeHus 6eH30/1a)?

Pewenue

BesnuuHy TpeieIbHOM aficOpOIHK pacCUMTHIBAIOT, IIPeoOpasyst
ypasrenue (18.3). [l/is1 MOKpEITHS ILIOINAAH S MOHOCIOEM IIOTPeOyeTCs
S/S.,., Monexy. [yl BhIMCIEHUs KOJIMYIECTBO BEIIECTBA YMHOKAIOT
Ha 33/IaHHYI0 IJIOIAb.

MoJsipHasi KOHIIEHTPAIUS JaHHOTO PacTBOPA MaJbMUTHHOBOM
KUCI0TH ¢ =m/(MV).

Tpebyembiit 06beM pacTBopa V = n/c. IloacraBisieM 4ucIoBbie
3HAYEHUS:

1

r = =7,9-10"° Momp - M3
™ 21-10"° M*- 6,02-10% momp™

n=7,9-10%monp-M2- 1,5m% =1,19 MoB;
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4,241

256 T- MOJIb—1 . 1 I = 1’656 . 10_2 MOJHJ/JI_

K-THI

Haxoavm TpebyeMblii 06beM pacTBOpA:
3 1,19-107 moum
1,656 - 107 MomB/7I

Omeem:T =79 107 momn - Mm% V=0,719 M.

IIpumep 18.3. YcraHoBieHa MakcuMaibHas agcopoOmus ITAB
(M, =60)a_._=5,0-107 moxs - r'; a0 = 0,06 moss - 1! (ypaBHe-
uue (18.5)). Kakas macca BelectBa aacopbupoBaHa agcopbeHTOM
Maccoy 2 I U3 pacTBOpa C paBHOBeCHOM KoHIleHTpatueii ¢ = 0,1 Mosb/n?

Pewenue
ITo ypaBHenuio (18.5) paccyuThIBaeM aJICOPOITHIO:

0,1 Momb/n
a=5-10" momn/r ’ / =3,1-10 momp/T.
0,06 monw/n + 0,1 Monb/1
PaccuuThiBaeM KOJUYECTBO aJCOPOMPOBAHHOTO BEIECTBA Ha 2 T
azicopbenTa:

=719-10* 1=0,719 M.

=3,1-10"° moab/T-21 = 6,2-107° MoID.
Haxoavm mMaccy aacopOMpOBaHHOTO BEIIECTBA:
m = 6,210 mons - 60 r/mMomb = 0,37 T.
Omeem: Macca ajcopObupoBanHoro semectsa m = 0,37 T.

ITpumep 18.4. 3o1b 6p0MH11a cepe6pa HoJIy4eH cMermuBanueM 40 Mt
pacTBopa c KOHIIeHTpaIII/IeI/I c(AgNO,) = 0,0040 moab/1 1 60 M pac-
TBOpa ¢ KoHmeHTparuei ¢(KBr) = 0%)062 Moub/ 1. OnpenenauTe 3HaAK
3apsijia rpaHy. KOJUIOMAHBIX YacTuil. Kak Ha3kIBaeTCss METO/ IOy YeHHS
3TOTO 301517

Pewenue

B pesysbraTe amcopOiuu rpaHysibl oOpasyoinerocs 6pomuaa ce-
pebpa MPUMYT 3aps/ TeX CTPYKTYPOOOPa3YIOIUX HOHOB, KOTOPHIE
OKa3a/uCh B U30BITKE. BHIUKMCIMM KOJHYECTBO BEIIIECTBA PEATEHTOB:

n(AgNO,) = 0,0040 Mo/ - 40 M - 0,001 1/Mmm = 1,6 - 10~* MoJTB;

n(KBr) = 0,0062 mojb/ - 60 M - 0,001 /v = 3,72 - 1074 Mo,

Bpomuy kasust B3sT B M30BITKE. AIICOPOMPOBATHCS Oy yT HOHBL Br.
Omeem: 3HaK 3apsa IPaHy.Jl OTPUIATEIbHBIH; 30JIb IOJIYYEH METO-
ZIOM XUMWYECKOM KOHIEHCAINH.

IIpumep 18.5. /{11 HEKOTOPOTO 307151 YCTAHOBJIEHBI CJIEAYIOMTHE TIOPO-
T'¥ KOAryJIAIMN: C, (CaCl2) 0,3 momb/m; ¢, (Na,SO,) =0,0209 Mo/ i1.
Kaxkoit 1o 3HaKy 3ap;111 Ha TPAHYJIaX 30715 !

Pewenue

Koaryupyromast cnoco6HOCTB CyJ/ibhaTa HATPHSI OKA3aJIaCh BBIIIE,
yeM KOoaryJupyollas CIIoCO6HOCTh XJI0pHuaa Kaabiius. [IpuMeHsis
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npaBuyio Ilyabne — lapau, IpUXoauM K BEIBOLY, YTO KOATyJIMPYIO-
UMY UOHAMH ABJISIOTCS aHMOHBI SO 42‘. CienmoBaresbHO, 3HAK 3apsiia
TPaHyJI 30JIs1 TOJIOKUTETbHBII.

Omeem: 3HaK 3aps/ia MOJOKUTETbHBIH.

IIpumep 18.6. Koarymsanus 20 ma 3ons ruapokcuza xenesa(111)
Ha0JI01a1ach Iocje A00aBIeHus K HeMy He MeHee 4 MJI pacTBOpa
¢ xonnenrpanuei ¢(Na,SO,) = 0,0012 monb /1. Beraucanre nmopor xo-
aryJISIIIMK ¥ KOATyJIHPYIOILYI0 CIIOCOOHOCTD 9JIEKTPOJIMTA.

Pewenue

JloGaBieHHBIH K 307110 Cy/abdaT HATPUS PACIPEAEIIETCS BO BCEM
obbeMe HoJIy4eHHOR cMecH. Ero KOHIEHTpausa B cMecu U OyZeT Io-
POTOBOM KOHIIEHTPAIIHEH:

Crop * (V(307B) + V(N2,S0,)) = c(Na,SO,) - V(Na,SO,).
[IpousBoauM BHIYKCIEHNE:
_ 0,0012moub/1 - 4 Mt

20 M1+ 4 Ma

=0,0002 monn /11 = 0,2 MMOJTB /1.

Cnop

BhruuciisieM KOaryIMpyoInyio CIIOCOOHOCTb:
V 1 /cIIOp =1/0,0002 Mo/ = 5000 71/MOJTb.

nop =
Omegem: iopor KoaryJsiiguu 0,2 MMOJIB /JT; KOaryIupyomast crocob-
HocTb 5000 J1/Mob.

ITIpumep 18.7. K xakomy ameKTpoay mpu 3jeKTpodopese OYAyT
JIBUTAThCS MOJIEKYJIBI SMIHOTO anbOymuna (pl = 4,71) B aneraTHOM
6ydepnom pacrsope ¢ koruerTparusamu ¢(CH,COOH) = 0,25 Mo/
1 ¢(CH,COONa) = 0,05 momn/n?

Pewenue

Hamnpasienue geukeHus MojeKyI Oeka Oy/eT 3aBUCETh OT 3HAKA
3apsiza. [Tpu pH < pl MosieKysib1 3apsizKeHbI TTOJIOKUTETBHO U IBUAKYTCS
K Katoxy; npu pH > pl Mosiexyst 3apsykeHbI OTPHUITATETBHO U ABUKYTCST
K anony. Beruucium pH 6ydeproro pacrsopa:

o(CH,COONa) _, .\ 0,05
o(CH,COOH) 0,25

IJto 3HaueHue pH Mensbme pl.
Omeem: MOJIEKYJIbI ABUXKYTCSI K KaTOYy.

pH=pK, +1g = 4,06.

ITpumep 18.8. Mossipast Macca siaroro ambOymisa M =44 000 T/MoJb.
PaccuunTaiiTe 0CMOTHYECKOE JIABIEHHE PACTBOPA albOyMHUHA C Macco-
BOI1 KOHIleHTpaIwmeii 5 r/i upu temneparype 25°C. Benok Haxomurces
B HeliTpasbHOU (hopMe (MOJIEKYIBI H30[UAMETPUIHE ).

Pewenue

Jl71s1 pacTBOpAa € U30MAMETPUUECKUMH MOJIEKYIaMU OCMOTHYECKOE
JlaBJIeHHE PaCCYIMTHIBAETCsA 110 ypaBHenuio Bant-Topdap = cRT.

CHavasa BBIYKC/ISIEM MOJISIPHYIO KOHIIEHTPAIUIO ATbOyMUHA:

c=n/V=m/MV=>5/(44 000 - 1) =1,14 - 10~ moms/.
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Brrunciisiem ocMmoTrueckoe fjaBiieHue:
Py = 1,14 - 10 momn/m1 - 8,31 xIla - 11 - Mmosms! - K™ - 298 K = 0,281 1Ta.
Omeem: ocMOTIYECKOE JIABJIeHNE pacTBOpa ansOymimap, = 0,281 kIla.

18.3. 3apanus ana camocToATeNbHON paboTbl

18.3.1. Bonpocsl 1 3a71a4¥ 10 NOBEPXHOCTHBIM SIBJICHUAM
4 a/icopOoun

1001. YTo Ha3pIiBaeTcs rpanutiei paszaena das? Ilo kakomy
MpU3HaKy KjaaccuPuUIUPYIOTcs rpaHuilbl paszena ¢pa3? [Ipuse-
JUTE TIPUMEPHI Pa3JIMYHBIX IPAHUI] pa3zaena ¢aa.

1002. YTo Takoe moBepxXHOCTHOE HaTsKeHne? B Kakux eam-
HUIAX u3MepsieTcst K0O3hPuUIeHT MOBEPXHOCTHOTO HATSIKEHUS ?
Kaxue akTophl BAUSAIOT Ha BETUYNHY TOBEPXHOCTHOTO HATSI-
JKEHUSI )KUIKOCTEH ?

1003. Kakumu MeToJlaMi MOXXHO U3MEPUTDh KO3 uimeHT
TTOBEPXHOCTHOTO HATSKEHUS KUIKOCTEM ?

1004. Kakorsr ocobenroctu crpoetust mosieky ITAB? Tlpu-
BeJ[uTe TpuMepsl IpupoaHbx ITAB.

1005. Kakyio 3aBUCMMOCTb BHIPAKA€eT N30TEPMa IOBEPXHOCT-
HOTO HaTsiKeHUs ? IIpuBenvTe IpuMephl U30TEPM MTOBEPXHOCTHO-
ro HaTspKeHus 17151 [IAB 1 moBepXHOCTHO-HEAKTUBHBIX BENIECTB.

1006. IToxaxxuTe rpadruecKy B3aUMHOE TTOJIOKEHHE NU30TEPM
ITIOBEPXHOCTHOI'O HATSKEHUS] pACTBOPOB MAaCJISTHOM, YKCYCHO#
Y IPOIIMOHOBOU KUCJIOT.

1007. 3a cueT KaKUX IIPOIIECCOB MOKET IIPOM30UTH yMEHBIIIe-
HHE II0BEPXHOCTHOM sHepruu I'nb6ca: a) B OJHOKOMIIOHEHTHBIX
cucreMax; 6) B MHOTOKOMIIOHEHTHBIX CICTEMAX?

1008. ITouemy azcopOIust ABISETCSA CaMOIIPOU3BOJIbHBIM
Ipolieccom?

1009. Kakyio 3aBHCHMOCTD BBIpaXKaeT ©30T€PMA aCOPOIwm?

1010. IIpeacraBbTe Ha OHOM rpaduKe CEMEHCTBO U30TEPM al-
copOImy pacTBOPOB MACJISTHOM, YKCYCHOM ¥ IIPOITOHOBOM KHCJIOT.

1011. ITpencrasbre ceMeicTBa M30TEPM aaCcOPOIMH, TIOBEPX-
HOCTHOTO HATsIKEHUS U TIOBEPXHOCTHOM aKTUBHOCTH JIJIS1 PACTBO-
POB IIPOIaHOJIa, FeKCaHo Ia U OyTaHoIA.

1012. Bo ckoibKO pa3 pa3m4aeTcs IOBEPXHOCTHASA aKTHB-
HOCTb YKCYCHOUM M MacCJSTHOU KHCJIOT IIPY PABHBIX KOHIIEHTPA-
IUSAX B pa30aBJI€HHBIX BOHBIX PACTBOPAX?

1013. 13006pasure cxeMaTH4ECKH, KAK OPUEHTUPYIOTCST MOJIE-
kysbl IIAB B HachIlieHHOM aCcOPOIIMOHHOM CJIOe Ha TPaHUIaX
pasjiesia Bojja — BO34yX U OEH301 — BOZA.
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1014. ITpuBeauTe ypaBHEHUS [ pacyeTa JIJTNHbBI MOJIEKY JTbI
ITAB u niomanu, npuxosiieiics Ha MOJIEKYJTy B HACHIIIEHHOM
azicopOImoHHOM cyioe. OObSICHUTE CMBIC/I SKCIIEPUMEHTAIBHO
OIIpeJIEIIEMOM BEIMUMHBI, BXOAAIIEH B 9TH YPAaBHEHUSI.

1015. OguHaKoBa Jiu TOJIMHA HACBITIIEHHOTO aJ[COPOIMOH-
HOTO CJIOsI ¥ TLJIOMIA/lb, IPUXOASIIASACS HA OHY MOJIEKYJTY B HEM,
JIJISI TIPOTIaHo Ia U meHTaHoa? OTBeT 06bsCHHUTE.

1016. IIpuBeauTe Ha oHOM rpaduKe U30TEPMBI (PH3MUECKOI
azicopOIMy BeNecTBa IIPY Pa3IMYHBIX TEMIIEPATYPaXx.

1017. IIpuBenvte MpuMeEPHI IOASPHBIX U HETIOJISIPHBIX aZICOP-
6eHTOB. /[J11 KaK¥X 11eJIei IIPUMEHSIIOT a[COPOEHTHI?

1018. Kakue (hakTOphl BAMSIOT HA BEJIMYUHY ancopbium
ITAB u3 BogHoro pactBopa? OObsiCHUTE XapaKTep BIUSHUS
upupoast IIAB u ajcopbenTa.

1019. Kak 3aBucuT BesmunHa aICOPOITMY OT YAEIHHOM 110~
BEPXHOCTH ajicopbenTa? Kak MOXKHO 3KCIIEPUMEHTAIBHO MO
TBEPAUTH 3Ty 3aBUCUMOCTH?

1020. Ilouemy nprposa pacCTBOPUTENS OKA3BIBAET BIUSTHUE
Ha BeJIMuuHy azcopbumu? Kak skcrieprMeHTaIbHO OTIPENETUTh
BJIMSTHHE TIPUPOJIBI PACTBOPHUTEJIS HA BEJIMYMHY aAcOpOImm?

1021. IIpuBenuTe IpUMEPHI, HITIOCTPUPYIOMINE IPUMEHH -
MOCTb IIPaBWJIa BHIDAaBHUBAHUS TIOJISIPHOCTEN Pebunpepa.

1022. Kak sKcnepuMeHTAJIbHO ONPEAESETCS BeIMUMHA ajl-
cop0O1Mu 13 PacTBOpa Ha TBEP/OM ajicopOeHTe?

1023. B yem 3aK/I109ai0TCA 0COOGEHHOCTH afCOPOIMH CHJIb-
HBIX 3JIEKTPOIMTOB? Ilepeuncimre pa3sHOBUIHOCTH aiCOPOIUM
CUJIBHBIX 3JIEKTPOJIUTOB.

1024. VimeeTcst pacTBOD, COAEPKAIIMIA XJIOPH Oapust, MOMH/
KaJIbLius v 6poMuz crponius. Kakue BelecTa HyKHO 100aBUTh
B HEOOJIBIIIOM KOJITYECTBE K 3TOMY PaCTBOPY, YTOOBI IOBEPXHOCTh
00pasoBaBLIENCs TBEPAOHA (Pas3hl 3apPSAAUIACE: a) IOJOKHUTEIBHO;
6) orpuraTeIbHO? YKaXKHUTE TOTEHIINAIOIPEAEISIONINE HOHBIL.

1025. CpaBHuUTE IOBEPXHOCTHYIO aKTUBHOCTD IIPOITMOHOBOM
¥ MACJISTHON KMCJIOT B BOJAHBIX PAaCTBOPaX B JAHHOM MHTEpBAJe
KOHIICHTPAINK:

o, mH/M
C, MOJIb/J1
ITpomonoBast kucioTa MacnsHast KucIoTa
0,0312 69,5 65,8
0,0625 67,7 60,4

Brimosiusiercs jim npasuio Tpaybe?
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1026. C yBenuveHeM KOHIIEHTPAI[UM PacTBOpa M30Mac-
nsHoi KucaoTsl ¢ 0,125 go 0,250 Mosb/J1 €ro TOBEPXHOCTHOE
HaTsDKeHHMe CHU3MIIOCH ¢ 99,1 10 47,9 MH /M, a pacTBOpa 1n30Ba-
JIepHaHOBOI KucaoTh — ¢ 43,2 no 35,0 MmH /M. CpaBuuTe Ben-
YHHBI aJICOPOI[UHU BEMECTB B JAHHOM MHTEPBAJI€ KOHIEHTPAL[AH
mpu I'=293 K.

1027. CpaBHuTE BETUYHUHBI a7ICOPOIIMH TPOITMOHOBOM ¥ Mac-
JISTHOM KMCJIOT M3 BOJAHBIX PACTBOPOB B Pa3JIMYHBIX MHHTEPBAJIAX
KoHIleHTpanuii mpu T =298 K:

o, MH/Mm
C, MOJIb/J1
[IponimoHOBast KMCIOTA MacnsHas kuciora
3,12:1072 69,5 65,8
6,25-102 67,7 61,6
0,25 60,2 479
0,50 54,0 39,8

1028. I1nomaap momepevyHoro ceueHns MOJIEKYJIBI ATUIAIle-
tara S = 2,2-1071° M2 Onpenenute AauHy MOIEKYIbI (IZIOTHOCTD
stumarerara p = 0,9 r/mn).

1029. [l1s agcopbIiuu YKCYCHOM KMCJIOTH Ha agcopbeHTe
KOHCTaHTH ypaBHeHust Opeiinanxa pasusl: k = 0,50 Moub/T,
n = 0,45. Paccuuraiite BemunHy aacopOIuu Py PaBHOBECHOMI
KoH1eHTpanuu 0,22 Mo /J1.

1030. PactBop yKcycHO# KuCIOTE 06beMoM 50 MII ¢ KOHIIEH-
Tparueit 0,1 MoJIb/J1 B36aITHIBAICS C aficOPOEHTOM Maccoii 2 T.
ITocme gocTrXKeHus aacopOIIMOHHOTO PABHOBECHS HA TUTPOBA-
Hue ¢puabTpaTa o6bemom 10 mur 66110 3aTpadeHo 15 Mt pacTBopa
TH/IPOKCH A Kasns ¢ KoHreHTparueii 0,05 Moms /1. Onpenenute
BEJIMYMHY a7ICOPOIIMH YKCYCHOMN KHCJIOTHL

18.3.2. Bonpocs! 1 3aauM 10 KOJUIOUIHLIM PaCTBOpPaM

1031. Yto Takoe cTenens aucnepcHoctu? Kak kimaccudu-
IUPYIOTCSI IUCIIEPCHBIE CUCTEMEL: a) TI0 pa3Mepy YacCTHIL JUC-
mepcHoi (asbl; 6) MO arperaTHOMY COCTOSIHHIO JUCIIEPCHOM
(a3bl ¥ AMCTIEPCUOHHON CPEJIB; B) TI0 CUJIE MEXXMOJIEKYISIPHOTO
B3aNMOJENCTBYUA B HUX ?

1032. O6®bsicHuTE, IOYEMY JUCIIEPCHBIE CUCTEMBI TEPMO/IH-
HAMHUYECKU HEYCTONYNBHL

1033. IIpuBenuTe MpUMeEpPHI MOJYyYEHUS 30J€d METOIaMU
(usnyeckoit KoHAEHCATINY U (DU3NIECKOTO AVCIEPTUPOBAHMS.
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1034. OcHoBHoi1 yacTbio annapara «VIcKyccTBeHHast ToYKay
sIBJIsIeTCS [uanm3arop. KakoB IpUHIINII yCTPOMCTBa IIpocTeiiie-
ro quanm3atopa? OT Kakux IIpuMeceil MOKHO OYMCTHUTH KPOBb
nocpeacTBoM Anannsa? OT Kakux pakTopoB 3aBUCUT CKOPOCTH
auannsa’?

1035. OxapakTepusyiiTe MOJEKYIIPHO-KMHETHYECKHE CBOII-
CTBa 30Jieli ¥ CPaBHUTE UX C HCTUHHBIMUA PAaCTBOPaMHU.

1036. ITouemy ocMOTHYECKOE AaBJIEHNE KOJJIOUAHBIX PACTBO-
POB MEHSIETCSI BO BpEMEHM ?

1037. O6bsicHUTE IPUYNHY BO3HMKHOBeHMsT KoHyca Dapa-
nest — TuHAANSA TpU TPOXOXK/IEHUN JIyda CBETA Yepe3 30J1b.

1038. O6BbscHMTE, TOYEMY 30JIM PACCEMBAIOT MIPEUMYIIE-
CTBEHHO KOPOTKOBOJTHOBOE U3JTyY€eHUE.

1039. Kakumu crioco6amu MOXKHO Pa3JIMIUTh PACTBOP HU3KO-
MOJIEKYJISIPHOTO BellecTBa U KOJUJIOUAHbBIN pacTBop? Ha Kakux
CBOMCTBaX OCHOBAHBI 3TH CIIOCOOBI?

1040. Kakne sByreHHs HaOMIOAAIOTCS [IPH HAJIOKEHUH Pa3-
HOCTU TIOTEHIIMAJIOB Ha KOJJIOUHBIN pacTBOp?

1041. Kaxve 371eKTpOKHHETHYECKHE SIBJIEHUS HAOJII0[a0TCsT
TIPU MEXaHNYECKOM ITepeMENEHNH: a) YaCTHUIL AUCTIEPCHOM (a3l
OTHOCHTEJIBHO TUCIIEPCUOHHOM CPeIbl; 6) IMCIIEPCHOHHOM CPeIbl
OTHOCUTEJIBHO YaCTHUII AUCIIEPCHOM (a3bI?

1042. Yto Ha3pBaIOT KoaryJsinueii? KakoBel BHeITHME IIPH-
3HAKU KOATyJSIUU? YKaKUTe BO3MOKHBIE TTPOAYKTHI KOAryJIsi-
IIUY 30JIeH.

1043. KakoBa 3aBICMOCTH IIOPOTa KOATyJIAIMH JIEKTPOINTA
OT BeJIMUYMHBI 3apsi/ia KOaryJIupyoniero noHa?

1044. YTto HaswBaOT nenTu3aiuei? Yem pasnruyaiorcs af-
COPOLIMOHHAS U TUCCOIOTIMOHHAS TTETITH3AIHSA?

1045. Hanmmmre cxeMy CTPOEHWMSI MUIIEJLIBI 30J151 THAPOKCH-
na xxenesa(1Il), moxyyenHoro merogom ruzposmn3aa.

1046. IIpu ruaposuse ameraTa aJlOMAHAS 06pa3yeTcs 30J1b
THIPOKCHA amoMuans. Hammmwure dhopMyy MUIesLTs 3TOTO
30J1s1.

1047. Kak MOXHO TIOJTyYUTh THAPO30IH CyIb(daTa KaabIus
C Pa3JIMYHBIM 3HAKOM 3apsijia KOJIOUIHbIX yacTull? Hanmuimure
CXeMBI CTPOEHMSI MUTIEJLITBI 30151 [I7TST KasK[OTO CIIyqast.

1048. ITorennuanonpeaeasOMMUMA HOHAMH 30J15 XJOPHUIa
cepebpa oKa3anuch HOHBI cepebpa. Hamuimure cxemy cTpoeHust
MUIIEJLTBI 3TOTO 30JI51.

1049. IIpoTuBOMOHAMM 30/ XJIOPHA cepebpa OKa3aIuCh
WoHHI HaTpus. Hanummure cxeMy CTPOEHUS] MUIIEJJIBI 3TOTO
30714.
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1050. K 3010, rpaHyJibI KOTOPOTO 3apPSIKEHBI OTPUIATEb-
HO, ITOPO3Hb M06ABIISLINCH PACTBOPHI 3JEKTPOJIUTOB: XJIOPH-
7la HaTpus, cyabdara HaTPU, XJOpUAa ATIOMUHMUS, XJIOPUIA
KaJbIus, rekcarinanodeppata(ll) kanus. Pacnosoxure sTu
9JIEKTPOJIMTHI TI0 WX YOBIBAIOIIEH KOATYIMPYIOIEN CIIOCOOHO-
ctu. OTBeT MOSICHUTE.

1051. 3o0ap GepaAMHCKON Ja3ypH, CTAOMIN3UPOBAHHBIH
rekcanmanodepparom(Il) kanus, mOpo3Hb KOATYJIHMPOBAJICS
CIIEMYIONMWVMU 3JIEKTPOJIMTAMU: CYJIbGhaTOM Kayus, CyIb(daToM
MAaTrHUSI, XJIOPUIOM aIOMIHUSL. PacnosioxxnTe 3TH 3J1€KTPOTUTHI
B MOPSI/IKE YOBIBAHMS 3HAYEHUS X TOPOTOB KoaryJisiiun. OTBeT
TIOSICHUTE.

1052. Tlopor Koarysuu 30Jis1 XJIOPUAOM Kayus OOJIbIIE,
yeM xJ0puoM OGapus. KakoB 3HaK 3apsijia KOJIOUMIHBIX YACTHUI]?
[IpuBennTE MPUMEPHI SJIEKTPOJUTOB, JIJIsI KOTOPHIX 3HAYEHUS
TIOPOTOB KOAry ISy OYIyT OHOrO MOPSIKA.

1053. Tloporu KoaryJIsaIuy 30151 XJIOPUIOM ITUHKA U CyJibda-
TOM MarHusi IPIMEPHO OAMHAKOBHL. KakoB 3HaK 3apsiia 4acTuIl
3oJis1? [IpuBeanTe MpUMEPHI 3JIEKTPOJIUTOB, IJIT KOTOPHIX 3HA-
YEeHUs TI0POra KOaryJIsiuu OyayT MeHbIIe; OOJIbIIIE.

1054. 3osp noguma cepebpa OBLI TOSYYEH IIPU CMENTHBAHNH
pacTBOpPOB HMUTpaTa cepebpa u noguaa ammonust. Koaryaupy-
I0I[asi CIIOCOOHOCTD XJIOPHIa MArHHS [0 OTHOLIEHHIO K STOMY
30J110 GOJIBINE KOATYIUPYIOMIEHN CITOCOOHOCTH CyIb(aTa HATPHSI.
HamummTe hopMyIy MUIIEIIBI 3TOTO 3014

1055. Iloporu KoaryJsiuu TUAPO30JIsi TUAPOKCHUAA XKeJie-
3a(III) cyabpdaToM HATpUSA U XJIOPUIOM ATIOMUHUS COOTBET-
crBerHo paBHaI 0,32 u 20,50 mmoss /1. OmpeennTe 3HaK 3apsizia
KOJIJIOMJTHBIX YaCTUI] 30J151. BerumcianTe BeJIMUMHBL KOATyJIupy-
IOIEN CITOCOOHOCTHU HTHX HIEKTPOJIUTOB U COMOCTABHTE UX OT-
HOIIIEHWE C BBIYUCAEHHBIM 110 ipaBwiy 1lyseite — Tapam.

1056. Koaryasnus 3045 cyabduaa 3oi0ta oobemom 1,5 i1
HACTYIIUJIA NIPU A00aBIEeHUN PACTBOPA XJIOPHUAA HATPUs 00b-
emoM 570 ma ¢ koureHTparueit 0,2 Mosb/J1. BeruucauTe mopor
KOATYJISAIIVH 30151 HOHAMHA HATPUSL.

1057. Koarysnus 30715 cysbguaa 3010Ta 00beMoM 650 Mt
HACTYIWJIA IIpU A00aBjIeHnu pacTBopa cyabdara xpoma(lll)
obbemoM 1,18 mut ¢ konrerTpanueii 0,025 Mosib/ 1. Beraucinrte
TIOPOT KOATYJISITTAU 307151 CYIb(aT-NOHAMM.

1058. Koaryssitust 305 ruppokcuza xene3a(I11l) obbemom
4 51 "Hactynuiaa npu godasienun 10%-Horo pacTBopa cyJabdara
marausi o6semom 0,91 mur (mwrotvocts 1,1 v/mir). Berauciaure
TIOPOT KOATYJISITTAN 30151 CYJIb(aT-nOHAMM.
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18.3.3. Bonpocs! # 3a1auM 110 BBICOKOMOJICKYJISIPHBIM
BelecTBaM

1059. IIpuBenuTe nprMeps! GU3NKO-XUMUIECKUX ITPOIIECCOB,
PUBOASIINX K U3MEHEHUIO KOH(OPMANY ¥ KOH(MUTYpaAIHN
MaKpPOMOJIEKY L.

1060. O6bsicHUTE MIPUYMHY BO3HUKHOBEHHUS B PACTBOPAX
BMB sasiMOeKyISIPHBIX CTPYKTYP.

1061. O6bsicHuTE, TIOYEMY B M303IEKTPUYECKOM COCTOSTHUM
MIPOSIBJSIOTCS] 9KCTPEMabHbIe 3HaUeHUs CBONCTB PacTBOPOB
OEJIKOB.

1062. B yem 3akiioyaeTcs CymHOCTb onpenenenus NIOT
Genka aeKTPOPOPETHYECKIM METOIOM ?

1063. O6BsicHUTE, TIOYEMY OCMOTHYECKOE JABJIIEHHE B PACTBO-
pax MOJTUMEPOB CPEHUX KOHIIEHTPAINH ITPEBHINIAET 3HAYEHMS,
paccuuTanHble 1o ypaBHeHWI0 BanT-T'odda.

1064. Kakue dhakTopsl, CBSI3aHHBIE C TIPUPOIOH MTOJUMEPA,
BJIMSIIOT Ha BSI3KOCTh UX pacTBOpoB? IIpuBenuTe mpuMepsI.

1065. Kak 3aBucut Bs3kocTh pacTBopoB BMB ot npupob
pactBoputesisi? OObsICHUTE 3aKOHOMEPHOCTb.

1066. Yem BoicanuBanve BMB u3 pacTBopoB oTmyaeTcs
OT 3JIEKTPOJIUTHOM KOAryJISIIIUM 30JIeM?

1067. [leticTBuem Kakux (paKTOPOB MOXKHO HAPYIIUTh YCTOM-
YUBOCTh pacTBOpoB BMB?

1068. Kakue mpoiieccsl, mporekaiomye B pactBopax BMB,
paccMaTpUBalOTCs KaK HapylleHUe UX YCTOMIUBOCTU?

1069. IIpuBenuTe npuMepsl TUKCOTPOIIHBIX TpoiieccoB. Ka-
KOBa MX POJIb?

1070. Kakue ¢pakTOpHI BJIUSIOT Ha MPOIECC 3aCTyIHEBAHUS ?

1071. K xakomy 3;1eKTpOay OYyIAyT IEPEABUTATHCS YACTHIIBI
6enka (pH; = 4,0) npu anextpodopese B aneraTHOM Oydepe,
IPUTOTOBJIEHHOM U3 PacTBOPA arjerara HaTpusi 00bemoM 100 Mt
c koHIeHTparueit 0,1 Mosb/1 1 pacTBOpa YKCYCHON KUCJIOTHI
00beMoM 25 M1 ¢ KoHLeHTparuei 0,2 MoJb/1?

1072. Onpenenure HalpaBjeHNE ABUKEHNS MAaKPOMOHOB
B-naktornobynuna (pH, = 5,2) npu anexrpodopese B cpene
6ydeproro pactsopa ¢ pH = 8,6.

1073. Ilpu pH = 6 uncyaun npu anekrpodopese ocTaeTcs
Ha cTapTe. K kakomy a/ieKTposy MHCY/IMH GY/IET IIepeMEmaThCs
pu 3JeKTpodopese B paCTBOPE XJIOPOBOAOPOIHOM KHUCIOTHI
c kounentparuei 0,1 Mmoap/n?

1074. KakuMu MeTOZaMu MOXKHO BBIJEJIUTH P-rI00yauH
U3 PacTBOPA, COEPKAMIETO, IOMIMO 9TOTO OeJIKa, TaKKe OL-TJI0-
OyJIMH U Y-TJI00y/IMH?
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1075. Hanpasiienne ABMKeHMs] MAKPOMOHOB O€JIKA IIPH dJIEK-
Tpodope3se B pactBopax ¢ pH 5,2 u 6,7 paszuoe. Onpenennte aua-
na3oH 3HayeHuii pH, B koropoM MosxkeT Haxoxutcst pH, 6esika,
U HalpaBJjIeHNe IBIKEHIST MAKPOUOHOB B 000UX CIIyYasXx.

1076. Paccunraiite 0CMOTHYECKOE aBJIEHIE PaCTBOpa HeIKa
(otHOCHTEIBHASA MoOJeKyasApHas Macca 10%) ¢ MaccoBoii gomei
10% mpu TemmepaType ¢HU3MOJIOTUIECKOI HOPMBI (MOJIEKYJIa
6esKa N30[HaMETPUYHA ).

1077. OcMoTHYECKOE JaBjIeHHEe BOJHOIO PacTBOpPa OesKa
¢ maccoBoit goneit 0,01 mpu Temmeparype GpU3NOIOTTIECKOM
HOpMBI paBHO 292,7 I1a. Onpenesvite BeTMUMHY MOJISIPHOI Mac-
cbl Oesika (MoJIEKyJIa OGeIKa U30/[HaMETPUYHA).




19. XumMus S-3N1eEMEHTOB

19.1. KpaTkue TeopeTuyeckue cBefleHus

B s-6;10k o0benuueHs! rpynmsl [A u ITA Tabiuns Mengeneesa.
Y aTOMOB 3JIEMEHTOB 3THUX TPYIII 3aMIOTHSIETCS 3JIEKTPOHAMY BHENTHUIA
ns-ToIypoBeHb. BHeHmiA 7p-110[ypoBeHb ocTaeTcst CBoOoAHBIM. KpoMme
HEMETAJLJIOB BOJOPO/IA U TeJINs, SIEMEHTHI S-0JI0Ka TUIIMYHBIE U OYEHD
AKTUBHBIE METAJUIBL. JTa KPAaTKasl XapaKTEPUCTUKA HE BIIOJTHE TOYHA
JIVITITD J1JisT OEPUJLIIVSI K MATHUSI, TIPOSIBJISTIONIMX HEKOTOPbIE OCOOBIE CBOH-
CTBa. DJIEKTPOHHASI CTPYKTYPA S-3JIEMEHTOB OIHOTUITHA ¥ OYEHD TPOCTA:

- rpymma A — [6maropousiii ras]nst;

- rpymma ITA — [6maroponmsiit ras]ns?.

Mertasurst rpynist IA uMetoT 0011iee Ha3BaHHE MIEJIOYHBIE METAJLIBL,
TaK KaK WX TMAPOKCHIIBI TPEICTABJISIOT COO0M XOPOIIO PACTBOPUMBIE
cuJIbHBle OCHOBaHUS. B rpynne IIA BbIeSIOT TOATPYIILY IE€JI0OYHO-
3emenbHBIX MeTawioB (Ca, Sr, Ba, Ra).

[IeTouHbBIE METAIIBI — HEYETHBIE DJIEMEHTHI, UMEIOTTINE B TTPUPO/IE
JIOBOJIBHO MaJio U30TonoB. HaTpuii u 11e3uii sIBASIOTCS OMUHOYHBIMU
Hykmgamu 2 Na u ‘% Cs. Y mmrus 2 craGrmbHbix usotona o Li (7,5%)

u JLi (92,5%). Kanuii u py6unuii umeior He TOJIbKO cTabUIbHBIE,
HO U IPUPOJHBIE paZII/IOHyKJII/IlIbI Y xams nzoronst K (93,26%) u ;K

(6,73%) crabumnbus, a 19K (0,012%) palII/IoaKTI/IBeH €ero t1/2
=1,25-10° net. Kaymii — 6I/IOI‘eHHbII/I 9JIEMEHT, H, CJIEN0BATENIHHO, AaTOMBI
PaIMOAaKTUBHOTO KAJIHS BCET/a COMEPXKATCS B JKUBBIX OPraHU3MaXx.
Anements! rpymmnbl ITA — gyernsre. Onu 6osiee PacIPOCTPAHEHE
B IIPHPOJIE, YEM DJIEMEHTHI TPYIITHI [A, M MIMEIOT 110 HECKOJIbKY CTaOMJIb-
HBIX M30TOIOB. VICKII0UeHne cocTaBsieT OepUILIHIA, MMEIOIUI JIUIIb
OIINH yCTOI/I‘{I/IBbII/I HYKJIUL 9Be Cuenyromuii 3a OEpHIIIHEM DJIEMEHT
MaFHI/II/I nmeer 3 CTa6I/IJII)HbIX uszorona (Haubojee pacnpocTpaHeH

2 Mg — 79%), kanbuuii — 6 craGuiibHEX 30TONOB (5 Ca — 96,9%),
CTpOHI_[I/II/I — 4 crabuibHBIX H3oTona (SoST — 82,6%), Gapuit — 7 cra-

6unbHBIX n30TonoB ('oBa — 71 7%). Paguii He uMeeT yCcTONYUBBIX

HU30TOIIOB, HO 9TO XOPOIIIO I/I3y‘-IeHHI)II/I paI[PIoaKTPIBHI:IfI 2JIEMEHT, TaK KaK

€T0 PaIMOHYKITHZ 2 Ra BXOZUT B IIENOYKY IpeBpamenuii *s U 1 ume-

€T TIEPHOS t,, = = 1600 xeT.
CBOI/ICTBa aTOMOB $-3JIEMEHTOB OXapaKTepH30BaHbl B Tab. 19.1
u 19.2.
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dneMeHTH s-6J0Ka B 3 1 4 nepuogax — HaTPWA, KaJui, MarHUH
Y KaJIbITUH — IOIMPOKO PAcCIPOCTPaHeHsl B mpupoje. Kampmuii mo co-
Nep>KaHUIO B 3eMHOI KOpe 3aHMMaeT TIsIToe MecTo (IIocje KUCI0po/a,
KpeMHUs, aJllOMUHUA U XKeje3a). PacipocTpaHeHHOCTh OCTalbHBIX
3JIeMEHTOB 3HAaYnTEIbHO HIKe. Illesounbie MeTaIBl MEHee pacipo-
CTPaHEHBH], YeM IIeJI0YHO3eMEbHEIE.

O0mKUMH XMMUYECKUMY CBOMCTBAMH BCEX 3JIEMEHTOB-METAJLIIOB
s-6J10Ka ABJISIOTCS JIETKOCTD IIOTEPH 3JIEKTPOHOB C BHEITHEN 000I0YKH
¥ 06pa3oBaHKe YCTOMYMBBIX MOHOB C 3JIEKTPOHHOM CTPYKTYpO# 6Jiaro-
POMHBIX Ta30B. ATOMBI IIE€JIOYHBIX METAJIOB OTAAIOT 110 OJTHOMY BHEIITHE-
My 3JIEKTPOHY, 00pasys uonsl Me*. U3 tabu. 19.1 cienyer, uro sHeprus
WOHU3AIMY [IPU [IOTepe aTOMOM IIEePBOTO 3JIeKTPOHA B HECKOJBKO pa3
HUKE, YeM TIPY TIOTePE CIAEAYIONETO 3JIeKTPOHA. B xuMmueckux mporiiec-
cax IoTepsi BTOPOTO 3JIEKTPOHA M3-32 3TOTO OKA3BIBAETCS HEBO3MOKHOM,
U 1eJIOYHbIE METAJLIBI UMEIOT eIMHCTBEHHYIO MTOJIOKUTENbHYIO CTEIIEHb
okmcaenus +1. Y metayuros rpymisi I1A passiaue B 9HEPTUSIX HOHU3AINH
1t 1-10 ¥ 2-T0 3IEKTPOHOB He BeMKO (cM. Tabir. 19.2), Ho Habmoxaercs
OoJIbIIOo# cKauoK 3HaveHuit I mpu morepe 3-ro smekrpoHa. [loaToMy Bee
METAJLTBL 3TOM TPYIIEI B YCTOWYMBBIX COEAMHEHNSX UMEIOT €MHCTBEH-
HYI0 TIOJIOXKUTEIbHYIO CTETEHb OKUCIeHUsT +2. B 06erx rpyniax sHepriuu
MOHHU3AIUH YMEHBIIAIOTCSI [IPH IIEPEXO/IE CBEPXY BHU3, 9TUM 00YCJIOBJIEHO
yBeJMYEHUE B TOM K€ HaNPaBJIeHNH XUMHYECKON aKTUBHOCTH METAJLIOB.

XUMUYECKUE CBS3HM METAJLIIOB S-OJI0KA HOCST TPe0b.Iaiatoniuii HOH-
HbIi Xxapaktep. Mloasr Me* u Me?* HaxoATcs B OKCHaX, THAPOKCHIAX
¥ OYeHb MHOTOYHCJIEHHBIX COJIsiX. [Ipy Hammamny HeOOXOAMMBIX YCIOBHIA
9TH MOHBI yYaCTBYIOT B OOMEHHBIX peakiusax. OKUCIUTETHHO-BOCCTAHO-
BUTEJIbHEIE PEAKITUY B PACTBOPAX JIJIST 3TUX MOHOB COBEPINEHHO MCKJTIO-
yeHBL. VIOHBI S-2/IEMEHTOB METAJLIOB MTOYTH He 00Pa3yioT KOMILJIEKCOB
C OOBIYHBIMM MOHOJIEHTATHBIMM JIUTAHIAMHU. B KOMILIEKCHBIX COETH-
HEHWSX OHHM MIPAIOT POJIb MOHOB BHeIIHEH cdepbl. TakuM o6pasoM,
Ha JIOJII0 BCEX STHX MOHOB B PACTBOPAX OCTAIOTCS TOJIBKO peakinuu 06-
Pa30BaHUA OCAAKOB. 3/1eCh CJIelyeT IIPOBECTU PE3KYIO TPAHUILY MEXKITY
HOoHaMH ¢ 3apsifiamMu +1 1 +2. OiHO3aPSIIHBIE HOHBI IIEJIOYHBIX METAJLIIOB
00pasyioT 04eHb MaJI0 HEPACTBOPHUMBIX B BOJIE coeinHeHMi. J]/1s 1By X-
3apSIHBIX HOHOB, HAITPOTHB, XapaKTEPHO 0OpasoBaHUe HEPACTBOPUMBIX
coJieii ¢ OOIBIIMHCTBOM MHOTO3aPSIHEIX AaHHOHOB.

[Ipu pelteHUM 33j1a4 B 3TOM pasjiejie MOKET BO3HUKATh HEOOXO-
JTUMOCTb IPUMEHEHUS 3aKOHOB, IIPABUJ U ypaBHeHUH u3 1. 1—15
B JJAHHOM 3aJauyHuKe. VI3 TeX e pas/iesioB MOIyT OBITh UCIIOJIb30BaHbL
¥ OJTM3KHE TI0 COMEPKAHUIO TIPUMEPHI.

19.2. 3apanua ans camocToATENbHON paboTbl

19.2.1. Bonpocsl 1 3a1aum o saeMeHTaM rpynnsi 1A

1078. OxapakrepusyiiTe 3JJEKTPOHHOE CTPOEHHE aTOMOB
eJI0YHBIX MeTaJIoB. [lodemy B rpymme sneMeHToB Li — Na —
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K — Rb — Cs Hab:monaercst HanboJiee IiaBHOE U3MEHEHYE CBOIMCTB
II0 CPaBHEHUIO C IPYTUMU IPYIIIAMU:

a) aTOMBI MMEIOT Bcero 1 a/IeKTPOH Ha BHENTHEM YPOBHE;

6) y aTOMOB OJMHAKOBOE YUCJO 3JEKTPOHOB HE TOJBKO
Ha BHENITHEM, HO ¥ HA BTOPOM CHApYK¥ SHEPTeTUYECKOM YPOBHE;

B) Y aTOMOB 3TOM IPYIIIIEI caMasi HU3Kasl SHEPTUsl MOHU3AINY;

T) 3jieMeHTHl [A UMeIOT TOJbKO OJIHY MOJIOKUTENBHYIO CTe-
MeHb OKUCJICHUS ?

1079. Ilouemy nouTH He M3yUeHbI XUMUYECKHE CBOKCTBA I10-
CJIEJTHETO AJIEMEHTA TPyNIBl — (hpanHImst?

1080. Tepeuncinte 6uoreHHbIe 31eMeHTbI Tpymisl [A. B uem
3aKJIIOYAETCS] MX OMOJIOrMIECKasT POJIb?

1081. V¥ kanus ecth NpUPOAHBIN pafuoHYKIU Kanuii-40.
O3HauaeT M 3TO, YTO B JKMBBIX OPTraHU3MAaX MOCTOSTHHO UJET
PaZIiOaKTUBHBIN paciaj?

1082. Kakue MuHepabsl 06pa3yioT 3JeMeHThI rpymmbl IA?
KakoBa mx pacrnpocTtpaHeHHOCTH B mpupoze? K kakoMy kiaccy
BEIIIECTB OTHOCATCA 3T MuHepassr? O6pasyer Jiu MUHEPAJIbI
pyoumit?

1083. Kak B IpOMBIIILIEHHOCTH TOTYYalOT MIEJIOYHbIE METAJLITBI ?

1084. Kakue rmpenMyIecTBa 1 HEAOCTATKU UMEET IOIyIeHHE
HATPUS 3JEKTPOJTM30M PaCIJiaBa XJI0pUIa HATPUS M PaCILIaBa
TUIPOKCHU/Ia HATPUSL.

1085. Hanuiure peakiiuu, XapakKTepPU3YIOIINe XUMAYECKIE
CBOMCTBA MIEJIOYHBIX METAJLIOB Ha IIPUMEPE HATPUSI UK KaJIHsI.

1086. BoibepuTe peareHThl ¥ HAMIOIUTE PEAKIUU, OJHAM
13 TIPOAYKTOB KOTOPHIX SIBJISIETCSI TUPOKCHU HATPUS:

a) Na,CO;+...—> ..;

6) NaH + ... —> ..,;
B) Na,O, + ... > ...

1087. Kakue peaxiuu OyAyT UATU Ha IOBEPXHOCTHU JIUTHS,
HaTPUS U KaJIUs, €CJU METAJLIB He 3allUIIEHBl OT KOHTaKTa
C BO3/IyXOM?

1088. B pactBop KapbonaTa HaTpus (COABI) IPOMYCKAIOT
YIJIEKUCJIBbIN ra3. Bolllie Kakoil MUHUMaJIBHOM MacCOBOU 10U
cozsl 1pu Temieparype 20°C MoXeT BHIIAAATh OCaJOK THAPO-
KapOOoHaTa HATPUS?

1089. Breruucaute pH aByx pacTBOpOB ¢ KOHIIEHTpaIU-
mu: a) ¢(Na,CO,) = 0,05 monn/m; 6) ¢(Na,CO,) = 0,05 moan/n
1 ¢(NaHCO,) = 0,05 momn/71.

1090. Yem obbsACHSETCSA pa3begaolee JeiCTBHE MeJI0uei
Ha KOJKHBIE TTOKPOBHI?
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1091. Hanmimmre peakiiyuu, XapakTepU3yONINe XUMUYECKHE
CBOICTBa I'U/IPOKCHU/IA HATPHUSI.

1092. 1Ipu KaKOM MOJISIPHOM COCTaBE CMeCH MEPOKCH/IA Ha-
TPHUS U CYIEPOKCH/IA Kainsi 00beM IIOTION[AEMOT0 YIJIEKKCIOTO
rasa 6yzieT paBeH 06beMy BBIJIEJISIIOMIETOCS KACIOPOIa?

1093. PacTBOpEbI THAPOKCHAA HATPUS 1 TMAPOKCHIA KNS C OU-
HaKOBOM MacCOBO fosieit 20% pearrpyioT ¢ ra3000pasHbIM XJIOPOM
Y HarpeBaHuu. ByeT 1 4eM-TO OTIMYAThCA X071 PEaKIHii B 000-
ux caydasx? (Yxkasanue: yauTbiBaliTe paCTBOPAMOCTD COJIEH.)

1094. 1Ipu nornomenun CO,, BHIAEIAIOMEr0Cs IIPA CXKUTa-
HUH OPraHMYECKUX BEIECTB, PACTBOPOM CO/IbI, TPYOKa 3a6mBa-
€TCSI KPUCTAJLIaMU; TIPY IIPUMEHEHUH PACTBOPA IOTAIIa BMECTO
COJIBI DTOTO He TporcxoauT. B yem mprynna?

1095. Boibepute peareHTsI IS IPOBEJEHNS IENOYKH PEAKIA

Li — Li;N — LiOH — LiF(xp).

Hanumite ypaBHeHUS peaKIuii.
1096. MoxxHO i1 OCYIIIECTBUTH PEAKITHIO

Na,O + Al - Na + AL O,.

Ortser nogTBepanTE pacdeToM A G° 1 CpaBHEHHEM (DU3MIECKIX
CBOVICTB BEI[eCTB.
1097. Ucxons us peaknuu

NaNH, + H,0 = NaOH + NH,

clleJiaiiTe BBIBOZI, KAaKOe OCHOBAaHUE CAJIbHEE — aMU/l HaTPUs WK
TUIPOKCU/] HATPUS.
1098. byzner s uaTH XMUMUYECKAsT peaKIis

Na,PO, + 3LiCl = Li,PO, + 3NaCl.

1099. C surangamMu Kakoro Tiia o6pasyoT yCTONYMBLIE
KOMILJIEKCHBIE COeJUHEHUS] MOHBI IIEJIOYHBIX METAJLIOB:

a) ¢ KOMILJIEKCOHAM;

0) C KpUIITaHaAMU;

B) C aMUHaMU;

T') C aHMOHAMHU KHCJIOT?

19.2.2. Bonpocs! ¥ 3agxaum 1o 3jaemMeHTaM rpymnmsi ITA

1100. Kak u3meHs10TCs CBOMCTBa aTOMOB B psity Be — Mg —
Ca — Sr — Ba — Ra? Ilouemy a7 Bcex aTOMOB XapaKTepHa
CTelleHb OKMCJIEeHNS +2 1 He XapaKTePHa CTeleHb OKucaeHust +17

1101. Kakue sjieMeHTHI paccCMaTPUBAIOT B KAYeCTBE TIO/I-
TPYIIIIBI IEJI0YHO3EMETbHBIX METAJITIOB?




19.2. 3apanna NS camocToATeNbHOA paboTbl 207

1102. ITouemy pajuii, ¢ HEGOJIBIIUM IIEPHOIOM II0IyPacIIajia
B F€0JIOTHYECKOM MacIiTabe, IPUCYTCTBYET B 3€MHOM Kope?

1103. Ilo KakuM MpU3HAKaM OCOOEHHO 3aMETHO pa3Jndue
B XUMHYECKHX CBOMCTBax s-aseMeHToB I u 11 rpymnm:

a) TI0 CIIOCOOHOCTH 06PA30BHIBATH KOMILIEKCHBIE COEMHEHNST;

6) 110 BOCCTAHOBUTEIBHBIM CBOMCTBAM METAJLIOB;

B) 110 HAJTMYUIO TPAKTUYECKH HEPACTBOPUMBIX COJIEW;

T') IO OCHOBHBIM CBOMCTBaM TUPOKCU/IOB?

1104. [Tepeuncaure 6uoreHHbIE 3eMeHTHI rpymmbl 11A.
B ueM 3aK/II09aeTCst X OHOJIOrMYECKast POJIb?

1105. B 1950-x T. B pe3y./ibTaTe siZIEPHBIX UCTILITAHUE B OKPY-
JKAIOMIYIO0 CPely MOTal0 3HAYUTEIbHOE KOJMIECTBO PATHOHY-

ka5t (T,/, = 29,1 ner). Kaxas nonst o6pasosasiierocst

HYKJHWa OCTaJIaCh K HACTOAIIEMY BpeMeHI/I? 3a HavYaJIbHBIN

MOMEHT MOYHO NIPUHSTH Hagano 1954 1. Iloyemy 5 St Okasaics
oIlacHee IPYTUX PaJUOHYKJIUIOB?

1106. Kakue MuHepasibl 00pasyioT sjaeMeHTsl rpyImbl [TA?
KaxoBa ux pacrpocrpaseHHOCTb B ipupoze? Bce ju asieMeHTH
(KpoMe pasivisi) UMEIOT CBOM MUHEDAJIBI ?

1107. Kax B IpOMBINIJIEHHOCTH TIOJYYAIOT MarHUU U IIeJI09-
HO3€eMeJIbHBIE METaJLIIbI ?

1108. Kakas Macca Maruus TeopeTudecku OyzeT 3aTpayeHa
mist mosryaenust 900 r 6epuiing u3s dropuaa 6epuins?

1109. Paccuutaiite A G° Ipu BOCCTaHOBJICHHH GepHILIUA
u3 (propua GEpUILINSI MATHUEM.

1110. Hamuimute peakiiuu, XapaKTepU3yIOIe XUMIUIYEeCKre
CBOMCTBA MarHwusl.

1111. OgHUM U3 MUPOKO NTPUMEHSIEMBIX B CTPOUTEIbCTBE
MaTepHUajioB sIBJsieTCS HeTallleHasl M3BeCTh (MU MPOCTO U3-
BecTh). Hammummre XuMuueckyio peakiiuioo, Ha OCHOBe KOTOPOit
MIOJTy4aeTcsl HeralleHasi U3BeCTb.

1112. B yem 3aksmoyaeTcs mpoiiecc raireHust u3Bectu? Paccun-
TaiiTe, CKOJIBKO TEILIOTHI BBIIESIETCS IIPU TallleHUH 2 KT U3BECTH.

1113. Kakue BszKyII1M€ CTPOUTETbHBIE MATEPUAIIBI IIPOU3BO-
IATCS Ha OCHOBE XMMUYECKUX COeJIMHEHUI METaJJIOB TPYIIIIbI
ITA? Hanmuinvute XUMUYECKUE PEAKITUY UX TTOTYYEHHUS.

1114. HanmummuTe peakIinio ToOpeHus TUAPUIA KaJabIUs 1 pe-
aKITUIO TU/IPU/IA KAJIBIIUS C BOIOK.

1115. Tuapokcua MarHusi HEpaCTBOPUM B BOJIE, HO PACTBO-
psieTcsl B pacTBOpe xJjopuza ammonus. Hanumurte ypaBHeHMe
PEaKINY U PACCUNTANTE €€ KOHCTAHTY PAaBHOBECHSI.

1116. Comu 6apusa BaSO, u BaCO, npezcrassioT coboii Ge-
JIble, HEPACTBOPUMBIE B Bojie Topoiku. C mprMeHeHreM KaKoTro
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peareHTa MOXKHO Pa3JIMYUTh 3TO BEIECTBA: &) COJISTHOU KUCIIOTHI,
6) Na,SO,; B) K,CO,; r) NH,C; 1) ceproii kucmoTs?

1117. Kakue xuMu4yecKrie peakiiud MOXKHO TIPOBECTH, CMEIIN-
Basl MOMAPHO PAaCTBOPHI THAPOKApOOHATa HATPHS, THAPOCYIb(U-
Ta KAJIbIUsI, THAPOKCHIA KAIUs ¥ THIIOXJIOPUTA Oapusi?

1118. MoXHO i1 TPUMEHUTDH KOMILIEKCOH STUJIEHINaMUH-
TETPAAIETAT HATPHUSI JJIs1 PACTBOPEHMST OCa/IKa CyibhaTa Gapust?

1119. Hamumwre cTpyKTypHYIO OpMYJIy KOMILIEKCOHATA Mar-
must Na,[MgY], rre Y+ = (OOCCH,)) ,NCH,CH,N(CH,CO0),*

1120. IIpucyTcTBUE KaKuX COJIEH B IIPUPOIHOM Boze 00y-
CJIOBJIMBAET €€ KECTKOCTh ?

1121. Ilouemy B KauecTBe IIpUMECEH B BOjIe, 00y CIOBINBAIO-
X €€ KECTKOCTh, PACCMATPUBAIOTCS TJIABHBIM 00Pa30M COJIH
37eMeHTOB rpynmnsl 1TA?

1122, Kakue TpUMEHSIOTCS METO/BI YCTPAHEHUS] BpDEMEHHOM
Y TIOCTOSTHHOM ’K€CTKOCTH BOJIbI?

1123. B xakux eMHUIIAX BBIPAXKAETCS JKECTKOCTD BOJIBI:

a) MOJTb-9KB/JI;

6) MOJIb /I,

B) MMOJIb/TI;

') MMOJIb-3KB/JT;

n)r/n?

1124. Ha TutpoBanue 50 M Bozbl 3aTpaueHo 5,9 M pac-
TBOpa 3TWIEHANAMUHTeTpaalleTaTa HaTPUsI ¢ KOHIleHTpauuei
0,02 Moab/1. PaccunTaiite 00110 )X€CTKOCTh BOJBL

1125. AHaM30M BOJBI M3 POAHMKA OBLIO YCTAHOBJIEHO CO-
IepXKaHne HOHOB MeTa/LtoB rpymmsl ITA: Mg?t — 42 mr/n, Ca?t —
112 mr/71. PaccuuTaiite 061y1o *KeCTKOCT BOJIBL




20. InemeHTbl d-6n0Ka

20.1. KpaTkue TeopeTH4eckue cBeieHus

B nepuopax ¢ 4-ro no 7-i nmocjie 3acesieHUs 3JI€KTPOHAMYU BHeEII-
HETO S-TIOZ[yPOBHS HUKHUM BAKAHTHBIM CTAHOBHUTCS d-IIOIYPOBEHD
MIPeIOCAeIHETO SHEPTETUYECKOTO YPOBHS. B aTHX mepuozax aToMEI,
CJIeyIONINe 3a 3JIEMEHTOM BTOPOI TPYIIIBI C BHENTHUM 3aII0JTHEHHBIM
nS-TI0yPOBHEM, HMEIOT [00aBOYHEIH 371eKTPOH Ha (7 — 1)d-1oxypoBHe,
1 TAKUM 00pa30M HAUMHAETCS PSIT M3 IECATH d-271EMEHTOB. d-DIeMEHTHI
OObEUHAIOTCS B TPYIIIBI IO YETHIPE dJIEMEHTA C HOMepaMH oT 1 10
VIII u 6ykBeHHbIM 06o3HaueHMeM «B»!. [Ipu TpaguumonHOM pac-
npefieJIEHUY 3JIEMEHTOB II0 BOCBMH TPYIITIaM OCTAIOTCS /[Ba JIMITHUX
d-snemenra. ITostomy B rpymnmy VIIIB B kaxaoM nepuoje ObLIO 110-
MEIEHO 10 3 2JIEMEHTa:

Ilepuon rpymma VIIIB
4 Fe Co Ni CewmelicTBO Xeje3a
5 Ru Rh Pd CeMeiiCTBO ILIATUHOBBIX
6 Os Ir Pt METAJLJIOB

Bce d-sneMenTsI SBAAIOTCA MeTajLiaMu. PaHbine ux Ha3bIBaau
TIEPEXOIHBIMU METAJLIAMH, & COOTBETCTBYIOIIHE TPYIIIHI — MOOOYHBIMM
TPYIIIAMHK. DTH HA3BaHUS HE OTPAXKAIOT COBPEMEHHBIX TEOPETHYECKHX
B3IJIS/IOB HA MEPUOJNYECKYIO CHCTEMY 3JIEMEHTOB, HO BCTPEYAIOTCS
B yueOHHKaX.

Mertananueckuii XxapakTep d-371eMEHTOB OObSICHAETCS HAJTHINEM
CBOOOIHBIX BAJIEHTHBIX OpOUTAJIEN: Y HUX HE 3aCE/IeH DJIEKTPOHAMHE
BaJIEHTHBIH p-IIOAYPOBEHD U YACTHYHO 3aCejIeH d-IIOAyPOBeHb. Y sile-
MEHTOB 4-TO IIepUOia CKaHAWs, THTAHA ¥ BaHAJU 3aCEIIOTCA OpOu-
Tasu 3d-oypPOBHS B COOTBETCTBUH C MpaBmioM XyHza. Ilpu aTom
IIPOMCXOAT ObIIee MOHMUKEHNE SHEPTUH IIOAYPOBHEH U IIOCTENEHHOe
cOmmxenue moaypoBHei 4s u 3d. B pesyabrare 3TOro COMMKEHUS
Y CJIEYIOIIETO JIEMEHTA XPOMa BCE BAJIEHTHBIE 3JIEKTPOHBI TIOOIMHOYKE
pacnpenessiorcs Ha 4s u 3d-opburanax (4s'3d°). Y menu 4s-110[ypOBEHbD

1 PeanpHoe 3Hauenue AJIg XUMUA UMEIOT TOJIbKO TPH IIEPBLIX 3JICMEHTA
Ka)X/I0i B-TpyIIIisl, Tak Kak y d-3J1EMEHTOB 7-TO IIepUO/ia HeOOIbIINE IIEPUOIBI
HOJIypacmaa.
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TI0 SHEPTUH OKA3BIBAETCSI BHIIIIE, Y€M IOy POBEHD 3d, M HA HEM OCTAETCS
TOJIBKO OfiuH 371eKTpoH (3d'%s?).

B 6s10Ke d-371eMEHTOB BHYTPH OTAEIbHBIX TPYIIIT OTMEYAETCS 0~
CTATOYHO 3HAYUTEJBHOE PA3JUYHE B CBOMCTBAX MEXAY dJIEMEHTAMU
4-T0 TIEPHMO/IA, C OMHOM CTOPOHBI, M 3JIEMEHTAMH 5-TO 1 6-TO IIEPHO/IOB,
C ZIpyToii cTOPOHEL. B TO ke BpeMsi maphl 971eMEHTOB 5-TO U 6-TO Tepu-
O/IOB, TaKMe KaK IMPKOHMM ¥ TadHUH, HHOOMH M TaHTaJ, MOJIUOIEH
1 BOJIbpaM U T.J., TPOSIBJISIIOT [IOBBINIEHHOE CXOACTBO MEXKIY COOOM.
370 sIBIEHNE OOBSICHSIETCS TANMAHOUOHBIM CHCATUEM.

Haub6oee xapakTepHOE CBOMCTBO d-2JIEMEHTOB 3aKJII0YAETCs B Ha-
JUYUHU y OOJBITMHCTBA U3 HUX IMEPEMEHHBIX CTENEHEN OKUCIEHUS
B CJIOKHBIX BeiectBax (Tabi. 20.1). TTouru a1 Beex d-3/1eMEHTOB Xa-
PaKTepHa CTeIleHb OKUCIEHHS +2. B 3TOM COCTOSIHUY aTOMBI OTAAIOT CBOU
BaJIEHTHBIE DJIEKTPOHBI C S-I0AypoBHst. Kazamoch Obl, CHAYaa JOIKHBI
YIAIAThCS 9JEKTPOHBI ¢ 60Jiee Bbicokoro d-moaypoBHs. Kaxyieecst
HapyIIeHHe CBSA3aHO C OCOOBIM CBOMCTBOM d-OpOUTAJIEl: IPH OIIpezie-
JIEHHBIX YCJIOBUSAX OHU PaCIIEIUIAIOTCS Ha TPYIIIBI OpOUTAIEl ¢ pasHOI
sHepruel. B pesysibraTe Takoro pacimerieHusl SHEPTHS S-OpPOUTAIIH
OKa3BIBAETCH BBIIIE, YeM SHEPTHA OMHOM U3 IPyI d-opbuTaineit. Pac-
IEIJIEHHEM d-TIOZYPOBHS OOBSACHSAETCS TAKXKe TIOSBIEHUE OKPACKH,
XapaKTePHOI /115t 60JIBIINHCTBA COETUHEHHI d-2IEMEHTOB.

B psiny d-371eMEHTOB OLHOIO IIEPHO/A BBICIIAS CTEIIEHD OKMCIEHHS
cHavasia Bo3pacTaeT oT rpynnsl 111B o rpynner VIIIB. Ona paBHa
CYMMapHOMY YHMCJIy BHEIIHUX DJIEKTPOHOB HA S- ¥ d-OpOUTAIISIX.

Tabruya 20.1
Crenenu okucaeHus d-31eMeHToB 4-ro nepuoaa*

onewert | ron” | orcenms
Sc 4s%3dt; 3 0,+3
Ti 4s23d% 4 0,42, 43, +4
\Y 4523d3; 5 0,42, +3, +4, +5
Cr 451345 6 0,+2,+3,+6
Mn 45%3d5; 7 0, +2, +3, +4, +6, +7
Fe 45%3d5; 8 0,+2, +3, +6, +8
Co 4s23d7; 9 0, +1,+2, +3, (+5)
Ni 45238 10 0,+2, +3, +4
Cu 3d'%st; 11 0,+1,+2, (+3)
Zn 3d'%s2; 12 0,+2

* [TomuepkHyTH Hanbosee xapakrepHbie CO; B CKOOKax JaHBI MaJIO-
ycroituussie CO.
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C aTOMOB kejle3a HAYMHAETCS 3acesieHne d-opouTaieil BropbIMH
aIeKTpOHaMu. biiarogapst yBesnueHuI0 3apsiaa sapa 3IeKTPOHHAS CTPYK-
Typa JOCTATOYHO CTAOMIM3MPYETCSI, U BOSHUKAIOIIHE Ha d-TI0LyPOBHE
BJIEKTPOHHBIE TIAPHI, KAK IIPABUJIO, YK€ HE SIBJASIOTCS BaJ€HTHBIMU.
C atuMm u cBsA3aHO MoHMWXKeHKe BoicX CO TIpu ITepexojie B PSIAY JKeJie-
30 — MeJlb. Y caMoro xeJe3a obpasoBanue HeycroliuuBoro okcuza FeO,
JIOKA33HO CPABHUTEIBHO HEIABHO.

IIpu mepexojie B rpynnax d-3JeMEHTOB CBePXY BHU3 Boiciuue CO
CTaOMITUBUPYIOTCS, T.€. OKHCIUTENIbHBIE CBOMCTBA COOTBETCTBYIOIIUX
coeIVHEHUH 0cIabeBaloT.

BoamoxxuocTsi0 namenenust CO d-371eMeHTOB 00y CIOBIEHO ITPOTE-
KaHKe MHOTOYHMCJIEHHBIX OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX PEAKITHIHA
HE TOJIBKO C yJaCTHEM TBEPBIX BEIIECTB U ra30B IIPH BHICOKUX TEMITE-
parypax, HO ¥ B paCTBOpax.

d-Opb6uTaan akTHBHO Y4aCTBYIOT B 00pa30BaHUN XHMUYECKUX CBSI3EH
Y B THOPUU3ALIY C OPOUTAJISIMH S- M P-TIOAYPOBHEH. ITHM 00YCIOBIEHO
o0pa3oBaHue d-31eMEHTaMH HEOOBIYARHO OOJIBIIOTO YKCJIa KOMILIEKCHBIX
COeIMHEHUI C IUTAaHJAMH BCEX TUIIOB — MOHO/IEHTATHBIMH, MTOJIH/IEH-
TATHBIMH, MAKPOIUKINYECKMMH — ¥ C Pa3HBIMH JOHOPHBIMU ATOMaMH.

Kak mpaBuiIo, yCTOWYUBOCTh KOMILJIEKCHBIX COETUHEHMIT BO3pac-
TaeT B PANLY d-3JIEMEHTOB OT CKaH/MSI K ITUHKY. OCOOEHHO XapaKTepPHBI
KoMIutekcHbie coemuaenus st xpoma(11l), xxemesa(ll), xenesa(lll),
kobanbra(IIl), rukens(Il), mexu(1), mequ(1I), murka(1l). Kommrekc-
HBIE COE{UHEHMS TSKEIBIX d-51eMeHTOB (5-i 1 6-1 1Iepro/sl ) IpOYHEE,
4eM KOMILIEKCHbIE COEIUHEHUS d-3JIEMEHTOB 4-T0 epHuoa.

20.2. 3apaHna ana camocToATeNbHOW paboTb!

20.2.1. Bonpocs! u 3agayu no 3aemenram rpymn IIIB—VB

1126. ITo xakoMy NPU3HAKY CPEIU XUMUIECKUX BIIEMEHTOB
B Tabsniie MeHzeeeBa BhIESETCs OJIOK d-371eMEHTOB?

1127. Tlouemy Bce d-3J1EMEHTHI SIBJISTIOTCS] METAJLIAMM?

1128. Kak sanonssiercst 3d-moypoBeHb 9JIEKTPOHAMHY B PSILY
d-371EMEHTOB TPETHETO IEPUOJA?

1129. CKoJBbKO XMMUYECKUX 9JIEMEHTOB HAXOIUTCS B KAXKIOU
TPYyIIIIEe d-3JIEMEHTOB?

1130. B xaxoii rpymme HaxoAsSITCS 9JIEMEHTHI, aTOMbI KOTOPBIX
UMEIOT OUH 3JIEKTPOH Ha d-nogyposse: a) IB; 6) I1B; B) IIIB;
r) VB?

1131. B 4yeM coCcTOST BaskHEHIIME OTANYUS d-3]IEMEHTOB
OT 3JIEMEHTOB-METAJLIOB S- U P-0JI0KOB?

1132. KakoBa 0011ast 3aKOHOMEPHOCTh M3MEHEHHMSI YCTONYM-
BOCTH CTENEHEH OKUCIIEHUS d-DIEMEHTOB IIPH MEPEXO/IE B IPYII-
Max CBepXy BHU3?
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1133. Kakas cyiecTByeT B3aMMOCBS3b MEKY d-2JeMEHTaMU
rpynmsl [ITA u f-3nemenTamMu?

1134. Kakue cTenneHu OKHCJEHUSI U3BECTHHI Y 3JIEMEHTOB
rpynnst [11B?

1135. Kakum criocoboM moIy4yaroT CKaHANM, ATTPHIH 1 IAaHTaH
B METALIMYEeCKOM cocTossTHUM ? HanmumuTe ypaBHeHVe peaKIIuu.

1136. Kakue crenenu okucjieHus u3BecTHHI y TutaHa? Ilpu-
BEINTE TPUMEPHI COETMHEHMI.

1137. Kakas 11eriouka peakiiuii IpuMeHsIeTCs 1JIsI TOJTyYeHUs
TUTaHa u3 okcuzaa tutana(lV) (Mmunepasn pyrumn)?

1138. B kakoii crenenu okucaenust — Ti(I11) wau Ti(IV) —
TUTaH 00pasyer OKPaIlEHHbIE COEIMHEHVS ?

1139. Kakue crernieHy OKUCI€HNS U3BECTHBI y BaHA/Ms, HU-
00Ms ¥ TaHTaIa?

1140. Kakoe nmpakTuueckoe MpuMeHeHNEe UMEET OKCHU/J
BaHaausi(V)?

1141. Paccuuraiite A G° aIIOMHHOTEPMUYECKOM PEaKIIMK
BOCCTaHOBJIeHU oKcua BaHaausaA( V).

20.2.2. Bompocs! 1 3a7jayu o 3eMeHTam rpynmnsi VIB

1142. Hapucyiite 1 00bSICHUTE SHEPTETUYECKYIO TAATPAMMY
aToMa XpoMa B OCHOBHOM COCTOSTHUM.

1143. Ha nmpumepe coeamnennii xpoma(Ill) wau Ha apyrux
IpuMepax 00bsSICHUTE BOSHUKHOBEHHE OKPACKHU Y COENUHEHMH
d-271€eMEHTOB.

1144. B Buze KaKux COeIMHEHNH HAXOASTCS B 3€MHOM KOpe
XpOM, MOJIHOIEH ¥ BOJIb(pam?

1145. IlepeunciuTe OCHOBHBIE 00JIACTH IPUMEHEHHS XPOMA,
MoJIubieHa ¥ BoJb(dpaMa i UX COeNHEHUH.

1146. KakoBa 6M0JIOTHYECKAsT POJIb ¥ TOKCUYHOCTD 3JIEMEH-
TOB IPYIIIBLI XpoMa?

1147. Kakue yci0BHs CIOCOOCTBYIOT II€PEXOaM

Cr — Cr(II) — Cr(III) — Cr (VI)

u 06paTHO? Hanuimure ypaBHEHWS PeaKIUi.

1148. TlpuBenuTe IPUMEPHI COEANHEHUM XPOMa, B KOTOPHIX
XPOM MOJKET: ) TOJIBKO BOCCTAHABIMBATHCS; ) KaK OKUCIISATHCH,
TaK ¥ BOCCTaHABIWBaThcA. Hanmmimute ypaBHeHUST peaKITnii.

1149. Hanuimre ypaBHEHHE PEAKIIMU XPOMa C Pa30aBJIeHHOM
CEPHOU KHUCJIOTOM.

1150. Pearupytor i ocaaku rugapokcunoB xpoma(ll) u xpo-
Ma(III) B Boze ¢ rupoKcuaoM Kayus u Kucjaopoaom? Hanmmure
ypaBHEHUS PEAKIIUH.
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1151. Cmemmanu 100 r pactBopa cynbdara xpoma(Ill) u 33,7 r
pacTBopa cyibdara aMMouus ¢ MmaccoBeiMu gossmu 20%. Pac-
CUMTaiTe Maccy BBIIEISIONIUXCS KPUCTAIIOB aMMOHUM-XPO-
MoBeIxX kBaciioB NH,Cr(SO,), - 12H,0 npu temnepatype 30°C

(pactBopuMocTs 11,9 r va 100 r Bozb!).

1152. Hanumwure GopMyJisl coeJuHEHMI: OMCOKCAIATO-
nuamMmuaxpoMaT(IIT) kanus, xjJopua TpUCITUIEHIUAMUH-
xpoma(I11) u rexcaxapbormaxpom(0).

1153. Xpom oOpasyer COHABHYEBOE COEIUHEHNE AUOEH-
soaxpoMm(0). Halimure cymmy uncia BaJleHTHBIX 3JIEKTPOHOB
XpoMa U T-3JIeKTPpOHOB Oen3osa. C KaKo# XapaKTepHCTHKOMR
d-371EMEHTOB COBIIA/IAET 9Ta CyMMa?

1154. Kakas Macca XxpoMarta Kaaust 06pa3yeTcs IIpy HarpeBa-
HHUH CMECH 5 KT XPOMOBOM Pyl XPOMUTA C KAPOOHATOM KaJIHsI
B TOKe Kucjaopona. MaccoBast 107151 IpuMeceii B pyze 4%.

1155. Kaxoii peareHT cjieyeT B3sITh /i/Is IIPEBPAIEHIS XPOMATa,
Kayms B uxpomar kamst: a) H,0,; 6) KOH; 8) H,SO,; 1) AL(SO,),?

Hanuimmute ypaBHeHue peakiuu. Kak nsmMmeHsieTcsi okpacka
pacTBOpa IIpU IIPOBEJIEHUY PEAKITNU ?

1156. Kak mosryyatotr okcuz xpoma(lll) B mpomsliiieHHO-
ctu? KakoBbI HAaITpaBJIeHNS MTPAKTHYECKOTO IPYMEHEHHS 3TOTO
BelllecTBa?

1157. K pacrBopy cyabdara xpoma(IIT) mobaBuiu rugpoKcus
Kasust B u3bbiTKe. ITocse aTOr0 K pacTBOpy A06aBIISIN 1O Ka-
IUISIM GPOMHYI0 BOZY /10 MBMEHEHMSI I[BETA PACTBOPA 3EIEHBIA —
xenrerid. Hanmimme ypaBHEHUS TPOUCXOANIAX PEAKIIHI.

1158. IIpu gobaBieHNH K PACTBOPY XPOMHMTA HATPHS
Na,[Cr(OH),] pacTBopa xJopuza aMmmonus HabmogaeTcs o6pa-
30BaHue 3eJIeHOBaTOro ocajika. Hanuinre ypaBHeHIe peakiiny.

1159. PaccuuraiiTe KOHCTaHTY PaBHOBECHUS PEAKIUU JTUX-
poMara Kajus ¢ XJ0PUI0M Kalus B KUCIOTHOM cpefie. B kakoM
HalpaBJeHuH OYIEeT CMEIATHCS paBHOBECHE NIPU HarpeBaHUHU
pacTBopa B OTKPBITOM COCy/ie?

1160. Kakue BelecTBa OKUCJISAIOTCS JUXPOMATOM KaJIUs
B KHCJIOTHOH Cpejie Ipy OOBIYHOM TeMIIepaType:

a) CH,COOH;

6) NaBr;

B) FeSO;

r) Na,SO,?

Hanummte ypaBHEeHHS peaKIIHil.

1161. B rax HassiBaemoit xpomosoi cmect (K,Cr,O, + H,SO,)
HabrogaeTcss 06pa3oBaHue KPACHBIX MTOABYATHIX KPUCTAJLIOB.
Kaxoe sT0 BemecTtBo? Hanuinmvre ypaBHeHUE peaKIIUM.
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1162. Kax nsmensieTcs yctoiunBocTb OKCHOB B pagy CrO, —
MoO, — WO,?

1163. Kakue THIIBI COeIMHEHUH 00pa3yIoT MOJIUO/IEH ¥ BOJIb-
(dbpam, HO He 0Opas3yeT XPoM:

a) raJoTeHH/Ib;

0) reTepomoIUCOEIUHEHNST,

B) KJIaCTepHBIE COeIMHEHNS;

T') COEIMHEHUS B CTETIEHN OKUCJIEHUS HOJb?

1164. Hanumure ypaBHEHHE PeaKIIMu MOJUOaTa HATPHS
¢ ¢ochopHOI KUCTOTON B Cpefie a30THOM KUCIOTHI.

20.2.3. Bompocs! 1 3aga4yu no aaemMenTam rpymmsl VIIB

1165. OxapakTepu3yiiTe pacpOCTPAaHEHHOCTH B IIPHPOJIE
MapraHIa, TEXHEIVs ¥ penusi. Kakue MuHEpaIsl 06pasyoT aTu
BJIEMEHTHI ?

1166. B uem cocTouT Gmosiornyeckasi posib Maprauma? Ha
YeM OCHOBAHO IpUMeHeHNe COe/IMHEHWI MapraHiia B MeTUIIUHE?

1167. Kak nosyyaioT Maprasei] B IpOMBIIIIJIEHHOCTH ?

1168. Hanmiite ypaBHeHNs peaKIInii MUPOJIIO3UTA C &) aJlio-
MUHHEM U 0) ¢ KapOOHATOM KaJIMsI B TOKE KHCIOPOJIA.

1169. Kakue crenenu oxkucaeHus Harbosiee OOBIYHBL B CO-
eJIMHEHUSIX MapraHIa?

1170. Hanumute ¢popMyJTbl OKCUIOB MapTaHIIA C Pa3InYHbI-
MU CTETIEHSMU OKWCJIEHNSI MapraHiia.

1171. Kakoe u3 nByx coequaenuit — MnCl, u Mn(OH), —
pearupyeT B BOJHOM cpefie ¢ Kucaopoaom? Hammmmure ypaBHe-
HUS pPeaKITHil.

1172, HanummTe ypaBHEHUS PeaKI[Hil TEPMUUYECKOTO Pa3Jio-
e cosieit: a) kapborar maprauna(Il); 6) murpar mapranma(1l).

1173. Ilouemy cosm maprauna(lll) ¢ 06BIYHBIMU AHHOHAMM
Heycrofunsel? Hanummre ypaprenue peakiu MnCl, ¢ Bogoti.

1174. IIpuBenuTe TpYMEPHI KOMILJIEKCHBIX COEIUHEHWIH Map-
TaHIa.

1175. Kakyio crerneHb OKUCTIEHNUSI MIMEET MapraHell B KOM-
wreKcHOM coenuaerny Na|Mn(CO).]?

1176. PaccuuTaiiTe 3/IeKTPOAHBIN TOTEHIINAJ CUCTEMBI

MnO,” + 8H* + 5e-= Mn* + 4H,0
npu pH=7.

1177. llpu cMemmBanuY pacTBOPOB cyJibdara Maprania(ll)
¥ TIepMaHTaHaTa KaJIusI TOCTENIEHHO BhIAESIETCS OYPHIA OCaIOK.
KakoBa OyzieT TeOpeTUYeCKH Macca 0CajKa MMOCJe OTAeJeHHs

OT pacTBOpa ¥ 00€3BOXKUBAHMS, €CJIU UCXOAHBIN PaCTBOP CO-
nepxain 3,16 r KMnO, u 4,53 r MnSO,?
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1178. Hanmuimure mpuMepbl peakiivii lepMaHTaHaTa Kalus
KaK OKHCJIUTENSI B KUCJIOTHOM, HEUTPaJIbHOU U IEJOYHOU Ccpe-
Jax. YKaKuTe U3BMEHEHUsI OKPACKU PaCTBOPOB.

1179. HanuimuTe ypaBHEeHUSA PeaKIIMK TEPMHYECKOTO pa3-
JIO)KEHUS TIeEpPMaHTaHaTa Kajus: a) UHAUBUAYAJTBHOTO BEIECTBA;
6) B cMecHu ¢ KapOoHATOM Kajust. YeM 00yCIOBIEHO Pa3indue
B XOJIe PeaKITUi Pa3IOXKeHUs?

1180. Hanummmre peakiinio Ha aHOZE IIPH 3JIeKTPOJIHU3€E pac-
TBOpa MaHTaHaTa KaJIusl.

1181. Hanumure peakiinio pa3yioxeHWsI MaHTaHATa KaJusl
npu pH<7.

20.2.4. Bonipocsl ¥ 3a/1auu 110 3jeMenTam rpynnst VIIIB

1182. Yem otsinuaetcs ctpykrypa rpynnsl VIIIB ot apyrux
rpymn Tabauisl Menzeneesa?

1183. Ha kakue cemeiicTBa IPUHSITO JIEJIUTH 3I€MEHTHI IPYII-
el VIIIB?

1184. OxapakTepusyiiTe 3J1€KTPOHHYIO CTPYKTYPY XKeJje3a,
K00OaJIbTa ¥ HUKEJISL.

1185. ITepeuriciuTe HanboIEE CYIIECTBEHHBIE 0COOEHHOCTH
IIJIATUHOBBIX METAJLJIOB.

1186. Kakue crenienu okucieH1sI BO3MOXKHEI y xkese3a? [Ipu-
BeJITE TIPUMEPHI COEMHEHWI.

1187. Kak u3MeHSI0TCS BBICHINE CTETIEHY OKMCIEHUS TIPU TIe-
pexoze mo psaay Fe — Co — Ni? Yem 10 00yC/I0B/IEHO?

1188. OxapakrepusyiiTe 6GHOJOTHYECKYIO POJIb U METUIUH-
CKOe IIpUMeHeHNe 3jieMeHTOB rpynmsl VIIIB.

1189. Onumurte pacpocTpaHeHHOCTh 3JIEMEHTOB TPYIIIIBI
VIIIB B ipupoje: rzie, CKOJIBKO 1 B BUIE YETO?

1190. IIpuBenuTe Ha3BaHUSA U (POPMYJIBI BAXKHENIIINX MUHE-
paJioB KeJie3a.

1191. Ha xakux XMMHAYEeCKHUX PeaKIHAsIX OCHOBAHA TEXHOJIO-
TSI TIOJTyJ€eHUs JKeje3a?

1192. Kaxkoii nepBu4HOi epepaboTKe OABEPraeTCsI IUPUT
FeS,?

1193. Ilepeuncnute BaskHelmue 06IACTA IPUMEHEHUS Ke-
Jie3a, KOOAJIbTa, HUKEJIS M MX COE[HHEHMIA,

1194. Paccuwuraiite A H° peaxuun

Fe,O,+ CO =3FeO + CO,

1195. Ha cko/1bKO IpaycoB IpUOJU3ATENHHO A0JKHA TOBHI-
CUTBCS TeEMIIEpaTypa P BOCCTaHOBJIeHNH OKcua xene3a(1Il)
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ATIOMUHUEM, ECJIA TIPUHATD CPETHIONI YIETBHYIO TETIOEMKOCTh
npozykros peaxmun C,, = 0,86 [1x - r1.KL

1196. Hanmumure ypaBHEHUsT peakinii, XapaKTepU3yOInX
XUMHYECKHE CBOHCTBA JKeJe3a.

1197. Iloxbepute peareHTHI ¥ HAITUIITUTE YPABHEHUST PEAKITHIA
K I[ETI0YKe [TPEBPALEHMI

Fe,(SO,); — FeCl, — FeCl, — Fe(OH),.

1198. Kakue dhakThl HOATBEPXKIAIOT, YTO THAPOKCH]L
xene3a(IIl) apnsiercs caabeim ocHoBanuwem? Hanumiure ypas-
HEHUE PEaKIuU

Fe(OH); + CaO — ...,
uAyniel Mpy NpOKaIMBaHUY CMECH BEIECTB.

1199. Kakue peakiuu uayT mpu 100aBaeHUIHN pacTBOpa Kapbo-
HaTa HaTpus K pactBopaM cyiabdaros xene3a(1l) u sxenesa(11l)?

1200. HanumuTte ypaBHEeHUSI peaKIuii B lIeTI0UKe

Fe,0;+Na,CO, — ...+ H,O — Fe, O, + ...

1201. Hamumute ypaBHEHUST PeaKNi, XapaKTepU3yIOIIHUX
cysibgar xene3a(Il) kak BoccranoBuTeb U cybgat xeneza(111)
KaK OKUCIIUTEb.

1202. Hanumute ¢popMysbl KOMILIEKCHBIX COeINHEHU:
a) rexcanuanodeppar(Il) kamms; 6) rerpadropodeppar(III)
pyounust; B) tpuccamunmiatodeppar(Ill) kamus; r) sTraeHn
amuHTeTpaanerarodeppar(Il) marpus.

1203. Kak 6yzmeT M3MeHSIThCSI OKPacKa PacTBOPa IIPH PEAKITHH
XKeJITOI KPOBAHOM cos ¢ 6pomMom?

1204. Hamummrte 06MEHHYIO PEAKITHIO MEXKIY KPaCHOU KPO-
BSIHOM coJibIo U cyabgarom xemeza(ll).

1205. Hanumute GopMyibl KPUCTANIUIYECKUX BEIIECTB:
a) JKeJIe30-aMMOHMMHBIE KBACIbL 6) cosmb Mopa.

1206. Kak pearupyet runpokcu xenesa(Ill) ¢ xmopom
B CUJIBHOIIIEIOUHOM cpejie?

1207. BeinonHseTcs 11 IPaBUJIO «BOCEMHAIIATH 3JIEKTPO-
HOB» (npaBuio Cupxsuka) B ciaydae pepponena Fe(C.H,),?

1208. IloueMy B pacTBOpEe HEYCTOMYHUBHI OOBIYHBIE COJH
kobanpra(I1l), Hanpumep CoCl,, Ho ycToiramBEI pasHOOGpasHEIe
KOMILJIEKCHBIE COeJTUHEHNS ?

1209. Hanumwure peakinmio NiO(OH) ¢ cepHoit kucaoToi
B BOJIHOM cpefie.

1210. BribepuTe peareHThl ¥ HATTUIIUTE IETIOYKY PEAKITHIL:

Pt— H,[PtCl ] - K,[PtCl] - K,[PtCl,] — [Pt(NH,),CL].

Ykaxkute KoHPUTypalnio KOHEYHOTO TPOAYKTa B JaHHOM 11e-
nouke peakiuii. [loueMy BOZHMKaeT UMEHHO 3Ta KOH(pUTypams ?
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20.2.5. Bonpocs 1 3aauu 1o 3j1eMeHTaM rpynnsi 1B

1211. YKaxuTe 0COOEHHOCTH 9JIEKTPOHHOTO CTPOEHHS aTo-
MOB MejH, cepebpa 1 30J10Ta.

1212. Ilepeuncivre cTEEHN OKUCIEHUS MEIH, cepebpa ¥ 30-
JIOTa C IPUMEPAMHM OOBIYHBIX ¥ KOMILIEKCHBIX COEMHEHUMA,

1213. Kakas sjieKTpOHHAsI CTPYKTypa aTOMOB MEJIU B CTe-
neHsix okucaenus +1 u +2? [JoskHa 1M BO3HUKATh OKpacka
COETMHEHHNH B 9TUX COCTOSTHUSIX ?

1214. Onvmmre pacIpoCTpaHEHHOCTh MEH, cepedpa ¥ 30710~
Ta B npupoje. [lepeunciure BaKHEAIIE MUHEDAJIBI.

1215. IlepeunciuTte OCHOBHBIE 0OJIACTH IIPUMEHEHHS MEJIH,
cepebpa 1 30JI0Ta.

1216. KakoBa 6uoiornueckasi pojib ¥ TOKCHYHOCTD 3JIEMEH-
TOB T'PYIIIBI METU?

1217. TlepeuncinuTe BaxKHENITIE METOABI TIOJIYUYEHUS MEIH,
cepebpa u 30710Ta U3 pyA. Hamuimure ypaBHEHHS peaKIvii.

1218. Paccuwmraiite A H” m A G° 1714 peaknyum

Cu,S(xp) + 2CuO(xp) = 4Cu(xp) + SO,(r)

Kakumu u3MeHeHUSIMH YCJIOBUM MOXHO CMECTUTDH PaBHO-
BeCHe PEaKI[UU B HAIPaBJIeHUN 0Opa30BaHUsI MeIH ?

1219. Ha yeM OCHOBaHBI METO/IBI OUKUCTKU 3JIEMEHTOB IPYIIIIBI
Menu? deM 0ObsICHSIETCS HEOOXOAMMOCTD IIIyOOKOM OYMCTKH
Menm?

122(. OxapakTepu3yiiTe XMUMUYECKHE CBONCTBA MEIU U TIPU-
BeINTE IPUMEPHI PEaKIINH.

1221. IIpuBeauTe 1aHHBIE O KOPPO3UOHHOM CTOMKOCTH MEIH,
cepebpa u 30;10Ta. Hanuimmre ypaBHEHUsT peaKIuii.

1222. Kak obpasyrorcs okcuzasr meau(1) u meau(I1)? Hamu-
IIATE PEAKIIMN OKCHIOB MY C Pa3baBIeHHOM CEPHOM KMCIOTOM.

1223. Hanummute peakiiuu cyibgara Meaii B paCTBOPE C TH-
IpOKcHIoM ¥ KapboHaToM HaTpusa. Kak HassiBaoTcs 00pasy-
folecs BemniecTBa? YTO IPOUCXOIUT € OCAKOM THAPOKCH/IA
Meau(1l) npu HarpeBaHumM?

1224. Kak n3MeHseTCsI OKpacKa 0cafika IIpH J00aBIeHun
aneranpaeruaa Kk ruapokcuay menu(I1)? Hanumure ypaBHeHME
peaxIunu.

1225. Hanumvre ¢opMyJibl yCTONYHMBBIX TAJIOTEHU/IOB ME/IH.
PacTBopsitoTcsi i1 311 cOu B Bojie?

1226. PacTBOp HHUTpaTa MeIu ¢ MaccoBoii fomeit 50% ox-
naxpaaoT g0 temmuepatypsl 0°C. Kakass Mmacca KpuCTaJljioOB
Cu(NO,), - 6H,0 sripenutca u3 250 r pacrsopa? PactBopn-
MOCTb COJIN 82,§ r Ha 100 r BojbL
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1227. Tlon6epure peareHTH U HAIKIINTE YPABHEHUS PEAKI[HIA
K I[ETIOYKE

Cu — CuSO, — [Cu(NH,),]SO, — CuSO, - Cul.

1228. HanmumuTe peakiuio B pactBope xjaopuaa meau(Il)
1pu 100aBIeHUH CyIb(DUTA HATPHS.

1229. Mennb okucisieTcst pactBopoM xiyopuza xemne3a(11I).
Hammmwre ypaBHEHWE PEAKITUN.

1230. HanumuTre Ha3BaHUS KOMILJIEKCHBIX COeIUHEHUM
meqau: a) [Cu(CH,NH,),](NO,),; 6) [Cu(NH,CH,COO),];

) K,[Cu(OH),J; r) Na | Cu(S,3,),]; 1) K,[Cu(CN),].

1531. Hanuinmute XMMHAYECKYI0 PEAKIIAI0 B PACTBOPE CYJIb-
(dara Meay ¢ M30BITKOM aMMHAKa ¥ PEAKIMI0 00pa3yomerocs
KOMILTEKCA C KUCJIOTOM.

1232. B aByx pacTBOpax HaXOAATCS KOMILJIEKCH MeIH
[Cu(NH,),]* u [Cu(NH,),]* B xounenTpamuu 0,01 Moxs/1
npu u3beiTke ammuaxa 0,02 Mosb/1. Bo ckosbKo pa3 pasauya-
I0TCS1 KOHIIEHTPAIMK CBOOOIHBIX HOHOB MEIM B 9THX PaCTBOPax?
Kaxkast okpacka pacTBOpoB?

1233. Kakoii peareHT MOXHO NIPUMEHHUTD, YTOOB MeEIb
u3 cyabduna meau(1l) nepeBecty B pacCTBOPUMOE COETMHEHHE:

a) CEPHYIO0 KUCJIOTY;

6) YKCYCHYIO KHCJIOTY;

B) a30THYIO KHCJIOTY;

r') aMMHaK?

Hanwumure ypaBHEHHE PEeaKITHH.

1234. Kakumu peareHTaMu cepedpo 1 30JI0TO MOXKHO IIEPEBECTH
B pacTBOpUMbIe coenuHeHus ? Hanuimure ypaBHEHUs] PEaKITU.

1235. Kakass MakcMMaJjbHast Macca 30JI0Ta MOJXKET BhIjie-
nmThest Ha Karofie u3 pacrsopa K[AuCl,] npu npoxoxzaenun
14 695 Kux snexrpudectna?

1236. Hanvmmre peakimu HUTpara cepebpa B paCTBOPE C T~
JPOKCHUIOM HaTpHsi, ©30BITKOM aMMuaKa u HuTparoMm xee3a(1l).

1237. Hanmmmre peakipuio guammutcepedpo(l) rugpoxcuaa
C alleTaTbIETUIOM.

20.2.6. Boripocs! 1 3a1ayu 1o 3aeMenTam rpymnmsi 11B

1238. 3anonHeHne KaKOTO 3JIEKTPOHHOTO IOy POBHS 3aBep-
IaeTCsl y aTOMOB IIMHKA, Ka/IMUS U PTYTH?

1239. Ilouemy pactBopsl coseir Mmeaun(1l) okpameHsl B cuHMiA
I[BET, & PACTBOPBHI COJIEH IIMHKA OECIIBETHBI ?

1240. Kakve 4acTHUIIBI UMEIOT OJMHAKOBYIO 3JIEKTPOHHYIO

CTPYKTYDPY:
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a) Ni%t, Cu?t, Zn?%;

6) Cu?*, Zn?, Ga3*;

B) Cu*, Zn?**, Ga®,

r) Ni, Cu*, Zn?*?

1241. Kakue cTenieHu OKUCIEHUS ITUHKA U KaIMUST BO3MOX-
HBI B UX COEIUHEHUSX ?

1242. Kak 00BsCHSIETCS HAJIMYME Y PTYTH CTETIEHEH OKHUCIe-
HuA +1 1 +27?

1243. Ha xakue MOHBI PaclaialoTCs IPU PaCTBOPEHUM HU-
tpatel pryTu(l) u pryru(ll)?

1244. Kak n3MeHsieTCs XUMUYECKAs aKTUBHOCTh METAJLJIOB
B PSIIy IIMHK — KajMuii — pTyTh? IIpuBeanTe KommyecTBeHHYIO
XapaKTEPUCTHUKY.

1245. Kakune MuHepasbl 00pa3yioT IIMHK, KaAMUHA U PTYTh?
KakoBa ux pacnpocTpaHEHHOCTb B IPUPOJE?

1246. Tlepeuncinte OCHOBHBIE O0JIACTH MPUMEHEHUST IIMHKA
¥ KaJMUsL. YKaxXuTe 0COGEHHOCTH MTPAKTHYECKOTO MPUMEHEHST
PTYTH.

1247. B Kakux crjiaBax IpUMEHSIOTCS IUHK U PTYTh?

1248. OxapakrepusyiiTe OGHOJIOIrNYECKYIO POJIb M TOKCHY-
HOCTb 3J1eMeHTOB rpynnsl 11B.

1249. IlepeuncarTe BaXKHENIITHE METO/IBI TIOJYUEHUS [TUHKA,
KaaMus U pTyTu u3 pyA. Hanummure ypaBHeHUS peakIuii.

1250. Kakue nmpuMeHsioTCs GU3NYECKHE U XUMUYECKHE Me-
TOJBI OYMCTKY IIMHKA, KaMUS U PTYTH?

1251. [laiiTe CpaBHUTENbHYIO XapaKTEPUCTUKY XUMHUUIECKUX
CBOMCTB ITUHKA U PTyTU. HamuiuTe ypaBHEHUS PEaKIUIA.

1252. Kak nsmensieTcs yCTONYMBOCT OKCHIOB B psiy ZnO —
CdO — HgO? IlpuBenuTe KOJUYECTBEHHbIE TAHHBIE.

1253. Kakue kucI0THO-OCHOBHBIE CBOMCTBA IPOSIBJISIOT TH-
IPOKCHIbI IIMHKA, Ka/IMUS ¥ PTYTH?

1254. [leiicTBrEM KaKOTO peareHTa MOYKHO PA3JIUYUTD OCAIKH
THIPOKCHUIOB AJTIOMUHUST M [IUHKA:

a) NaOH;

6) NH,;

B) HNO,;

r) KMnO,?

Jli1st BHIOPaHHOTO peareHTa HAUIIIATE YPaBHEHUE PEaKIHH.

1255. Hanuimure Tpy peakiiMyM OCAXKAEHUSI HEPACTBOPHUMBIX
coJiel IIMHKA.

1256. MoXHO i1 pa3JMYUTh PAaCTBOPHI HUTPATOB I[MHKA
¥ KaaMmust 100aBJIeHuEM:

a) cysabdaTa KaIns;
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6) KkapboHaTa HATPU,

B) IepEKUCH BOAOPOa;

r) cysabduaa HaTPUS?

1257. B xakoM HalpaBJIeHUH UIET PEAKITHS

Zn? + [CAY]? & Cd2* + [ZnY]>

IpyU cTaHAapTHHIX yeaoBusx? (Y4~ — aHWOH STHIEHAVMaMUHTe-
TPayKCYCHOM KUCJOTHI). PaccuuTaiiTe KOHCTaHTY PaBHOBECHSL.

1258. Hanuniute ypaBHeHUA Peakluil PTYTH C HUTPATOM
prytu(1l) u surpara prytu(l) c a30THOI KUCIOTON U TUPOK-
CUZIOM HaTpusl.

1259. Harmmmre ypasrenus peaximii cynemsr HgCl, ¢ us-
OBITKOM XJIOPHIA HATPHUS, CO PTYTHIO ¥ C AaMMHUAKOM.

1260. Kakoe BemecTBO Ha3bIBAIOT KpacHOU pTyThio? Kakyio
OKpacKy UMeeT JIpyras (hopMa 3TOTO BellecTBa?
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Tabruya I11

TepMoauHaMHYeCKHEe CBOICTBa BENECTB, BCTPEYAIOMUXCS
B 3amavax (T =298,15 K)

Bermecrso AT, A IT, AG, S°, x/
k/Jx/Moub | kx/Moms | k[[xk/Momb | (Moib - K)

ALO,(xp) -1675,7 — -1582,3 30,9
As,O.(xp) -9249 — -782,3 105,4
BeF,(xp) -1026,8 — -979,4 33,4
C(rp) 0 -393,5 0 5,7
CH,(r) —74,6 -890,8 30,5 186,3
C,H(r) -84,0 -1560,7 -32,0 229,2
C,H,(r) 52,4 -1411,2 68,4 219,3
C,H,(r) 2274 -1301,1 209,9 200,9
CyHg(r) -103,8 -2219,2 -234 270,3
CHy(x), 6eH301 49,1 -3267,6 124,5 173,4
uux-CH () -156,4 -3919,6 — —
u30-CH, () —224,68 | —5464,99 12,552 422,5
CH,OH(x) —-239,2 -726,1 -166,6 126,78
CH,CI(r) -81,9 — — 234,6
C,H,OH(x) -277,6 -1366,8 -174,8 160,7
CH,COOH(x) —484,3 -874,2 -389,9 159,8
CeH,,04(r1. kp) -1273,3 -2802,5 — —
CO(r) -110,5 — -137,2 197,7
CO,(r) -393,5 — -394,4 213,8
COClL(1) -219.1 — -204,9 283,5
CO(NH,),(xp) -333,1 -632,5 -197,0 104,7
CO,%(aq) —677,1 — -527,8 -56,9
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Bemectso Kﬂif/lli\;;)ﬂb KH?KC/FI\I/IO(,)JII) Kﬂ?lg/f{(’)ﬂb (n‘f:)’JIZI?-KI/()
CaO(xp) —634,9 — -603,3 38,1
CaCO,(xp) -1207,6 — -1129,1 91,7
Ca(OH),(xp) —985,2 — -897,5 83,4
CaCl, -795,4 — — —
Ca?*(aq) -553,6 — — —
CdO(xp) -258,4 — -228,7 54,8
Cl(r) 121,3 — 105,3 165,2
Cl(r) 0 — 0 2231
HCI(r) -92,3 — -95,3 186,9
HCl(aq) -167,2 — -131,2 36,5
Cl(aq) -167,2 — -131,2 56,5
Cu(xp) 0 — — 33,2
CuCl,(xp) -220,1 — — 108,1
CuO(xp) -157,3 — -129,7 42,6
Cu,S(xp) -79,5 — -86,2 120,9
CuSO,(xp) —771,4 — -662,2 109,2
CuSO, - 5H,0(xp) | —2280,99 — — 300,6
Cu?**(aq) 64,8 — 65,5 -99,6
HF(r) -273,3 — -275,4 173,78
Fe(xp) 0 — 0 27,3
FeO(xp) -272,0 — — 33,9
Fe,O,(xp) -1118/4 — -10154 146,4
Fe,O5(xp) -824,2 — -742,2 87,4
GeO,(xp) -580,0 — -521,4 —
H,(r) 0 —-285,8 0 130,7
H*(aq) 0 — 0 0
OH"(aq) -230,0 — -157,2 -10,8
H,O(x) -285,8 0 -237,1 70,0
H,O(r) -241,8 0 -228,6 188,8
H,0,(x) -187,8 — -120,4 109,6
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Bemectzo Kﬂﬁ(f/lf;é)ﬂb KI[?KC/I:;(,)JIL Kﬂﬁ{/f/[(,)ﬂb (sz;ﬂﬂb%é)
HgO(xp) -90,8 — -58,5 70,3
K(xp) 0 — 0 64,7
K*(aq) -252,4 — —-283,3 102,5
MgF,(xp) —1124,2 — -1071,1 57,2
N,(r) 0 — 0 191,6
NH,(r) —459 — -16,4 192,8
NH,(aq) -132,5 — -79,3 1134
NH,*(aq) -132,5 — -79,3 1134
NH,Cl(xp) -314,4 — -202,9 94,6
NO(r) 91,3 — 87,6 210,8
NO,(r) 33,2 — 51,3 2401
N,O,(r) 11 — 99,8 304,4
N,O.(xp) -252,4 — 113,9 178,2
NO, (aq) -207,4 — -111,3 146,4
NH,NO,(xp) -365,6 — -183,9 151,1
O,(r) 0 — 0 205,2
O4(r) 142,7 — 163,2 2389
P,(6er) 0 -3010,1 — 41,1
PCL(r) -374,9 0 -305,0 364,6
P,0,,(xp) -3010,1 — — 231
PbO,(xp) -277,4 — -217,3 —
S(pomb) 0 — 0 321
H,S(r) -20,6 — -33,4 205,8
SO,(T) —-296,8 — -300,1 2482
SO4(r) -395,7 — -371,1 256,8
SO,2(aq) -909,3 — —744,5 20,1
SiH,(r) 34,3 — 56,9 204,6
SiHCl,(x) -539,3 — —482,5 227,6
SiO,(xBapr) -910,7 — —-856,3 41,5
SnO,(xp) -577,6 — -515,8 —
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A, A IT, A, G, S°, lx/
Bemectso KZ[)Kf/Ili\ZOJIb k/[>x/MoJIb KZ[)Kf/MOJH) (Mo - K)
V,0,(xp) -1550,6 — -1419,5 131,0
ZnO(xp) -350,5 — -320,5 43,7
Tabauya I12

KoHCTaHThI KHCJIOTHOCTH H CUJIOBBIE NIOKAa3aTe/H CIa0bIX
KHCJIOT, BCTPCUYAIONMIHUXCA B 3ajavdax

Ha3sBanue KucI0TH ConpsxeHHast napa K, PK,
Asotucras HNO,/NO,~ 562104 | 3,25
Bopuas H,BO,/ H,BO," 537101 | 9,27
Il1aBukoBast HF/F- 6,31-104 | 3,20
CepHaucras SO,+H,0/HSO,~ 1,41-102 | 1,85
Won rugpocynsdur | HSO,7/ SO, 6,31-108 | 7.2
CepoBoznopoznHas H,S/HS- 891-10% | 7,05
Tuppocyabdug-uon | HS /S 1-10-1° 19
CunusbHas HCN/CN- 6,17-1010 | 921
YrombHas CO,+H,0/HCO," 447107 | 6,35
Von rugpokapborar | HCO,/CO,2 4,68-10-11 | 10,33
®Dochopuas H,PO,/H,PO," 6,92-103 | 2,16
Won gurugpodocdar | H,PO,/HPO > 6,17-10% | 7,21
Vior runpodocar | HPO,2-/PO > 479108 | 12,32
T'umoxopucras HCIO/CIO- 3,98-108 7,4
MypaBbpuHas HCOOH/HCOO- 1,79-10% | 3,75
YkcycHas CH,COOH/CH,COO~ | 1,754-1075 | 4,756
IIpormuonosas C,H,COOH/C,H,COO"- 1,35-1075 | 4,87
BensoitHas C,H,COOH/C,H,COO~ | 6,25-1075 | 4,204
MacasHas C,H,COOH/C,H,COO~| 1,48-1075 | 4,83
IlaBeneBas H,C,0,/HC,O, 562102 | 1,25
VloH rugpooKcaiaT HC,0,/C,0,* 1,55-10™ | 3,81
Moounas ggigggggggggf{/ 1,38-10 | 386
Dexon C,H,OH/CH,O" 1,02-101 | 9,99
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Ha3zBanne KUCIOTHI ComnpskeHHas Tapa K, pK,
Won aMmMmoHMit NH,*/NH, 562-10710 | 9,25
AmMuak K,(NH,) 1,78 - 1075
Won Mernmammonnii | CH,NH,*/CH,NH, 2,19-10"11 | 10,66
Won ¢penmnammonnit | C.HNH,*/C HNH, 1,35-105 | 4,87

Tabruya 113
KoHCTaHTBI paCTBOPUMOCTH MAJIOPACTBOPHUMBIX
JJIEKTPOJHUTOB, BCTPCHYAIONINXCA B 3aJa4Yax
HasBanue Dopmya M, pacgglli);'ﬁggsn K,

Bapus kapOGoHat BaCO, 197,35 2,58 - 10-°
Bapus cynbdar BaSO, 233,40 1,08 - 1010
Bapus propun BaF, 175,34 1,84 - 1077
Bapus xpomar BaCrO, 253,33 1,17 - 10710
Kasmbuus rugpoxcus Ca(OH), 74,09 5,02-10
Kasbuus xapOoHat CaCO, 100,09 3,36-107°
Kaspums okcanat CaC,0, 128,10 2,32.107°
Kambums cynsgar CaSO, - 2H,0 | 136,14 493-105
Kasbius Gropus CaF, 78,08 3451011
Kansmus docdar CaPO,), |31018| 20710
Kanbims rugpogpocpar | CaHPO, 136,06 2,7-107

Jlutus propun LiF 25,94 1,84-1073
MarHust TUApOKCHT Mg(OH), 58,32 5,61 - 10712
Marnus propus MgF, 62,30 5,16 - 101
Maprasia okcajart MnC,O, 147,96 1,7 - 107

Huxkess kapOoHaT NiCO, 118,72 1,42 - 107
Csumiia cynbdar PbSO, 303,25 2,53-108
CBuHIA XJI0PUL, PbCl, 278,10 1,70 - 103
Cepebpa bpomus AgBr 187,77 5,35- 10713
Cepebpa nomuz Agl 234,77 8,52 - 1017
Cepebpa cynbdar Ag,SO, 311,80 1,20 - 1075
Cepebpa xmopua AgCl 143,32 1,77 - 10710




226 Mpunoxenune

Oxonuanue maba. I3

Cepebpa xpoMar Ag,CrO, 331,73 1,12- 1012
Crponnus cyabsgar SrSO, 183,68 3,44 - 107
Tannmua(l) Gpomup TIBr 284,27 3,71-1075
Tammsa(1) xaopuz TICI 239,83 1,86 - 10
Iurka propun ZnF, 103,37 3,04 - 1072
Tabnuya 114

CTaH,ZIapTHI)Ie JICKTPOAHBIC MOTCHITHAJIDI
OKHCIIMTEJbHO-BOCCTAHOBUTEIIbHBIX I1IAP, BCTPEYAIOIIHUXCA

B 3a/layax
OKHUCIUTETFHO-BOCCTAHOBUTENbHBIE AP .
Oxucinennas ¢popma | Yucno e | Boccranosnennast popma @0
Agt 1 Ag 0,7996
AgCl { Ag+Cl KCl 1M 0,222
KCl macpmr. 0,201
H AsO, + 2H* 2 HAsO, + 2H,0 0,560
Br, 2 2Br- 1,0873
Cd* 2 Cd —0,4030
Cl, 2 2CI- 1,35827
2HCIO + 2H* 2 CL,+H,0 1,611
2HCIO, + 6H* 6 ClL,+4H,0 1,628
2HCIO, + 10H* 10 ClL,+6H,0 1,47
2HCIO, + 14H* 14 ClL,+8H,0 1,39
Cr,0,* + 14H* 6 2Cr** +7H,0 1,332
[Co(NH,)]* 1 [Co(NH,)]* 0,108
Cu® 2 Cu 0,3419
F, 2 2F- 2,866
FeZ 2 Fe 0,447
Fe?* 1 Fe?t 0,771
[Fe(CN)]* 1 [Fe(CN)(]* 0,358
Hg? 2 Hg 0,851
I, 2 21 0,5355
I- 2 3I- 0,536
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OKuCAUTETFHO-BOCCTAHOBUTEILHBIE TIAPhI .
Oxucnennas ¢popma | Yucno e~ | BoccranoBnennas ¢opma 9.8
Mg?t 2 Mg -2,372

MnO, +8H* S Mn?* + 4H,0 1,507
MnO, + 4H* 2 Mn?* + 2H,0 1,224
Ni2+ 2 Ni 0,257
NO; +3H* 2 HNO, + H,O 0,934
HNO, + H* 1 NO +H,0 0,983
H,0, + 2H* 2 2H,0 1,776
O,+4H* 4 2H,0 1,229
O,+2H* 2 H,0, 0,695
S+2H* 2 H,S 0,142
S0 2 28,0, 0,08
SO, +4H* 4 S+2H,0 0,449
Sn?* 2 Sn -0,1375
Sn** 2 Sn?* 0,151
TI3* 2 TI+ 1,252
Zn?t 2 Zn -0,7618
Tabnuya IT5

KoHcTaHTBI HECTOMKOCTH KOMILIEKCHBIX COCI[I/IHCHHﬁ,

BCTPEYAIOINIHUXCA B 3a/lavdax

Kommiekxe K, Kommiexe K,
[Ag(NH,),]* 59-108 [Ag(S,0,),]* 3,5-10
[Cu(NH,),]* 9,3-10°1 [Ag(S,0,),]*> 7,1-10°%
[Cu(NH,),]* 1,38 - 10 [CaCyt] 1,4-1075
[Ni(NH,),]** 34-108 [CuGly,] 2,57-10°16
[Pt(NH,),]* 1-1072 [FeGly,] 1,58 - 1078
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Kommexc K, Kommiexc K,
[Zn(NH,),]?* 2107 [MgGly,] 3,54 - 1077
[BiBr,]- 1,4-10%  |[NiGly,] 2,69 - 1011
[CdBr,]> 1,2:-10°  |[ZnGly,] 1,1- 1010
[HgBr,]>- 1-1072 [AlY]- 2,7- 1011
[PdBr, > 81014 [BaY]* 1,66 - 1078
[PtBr,]* 3,2-1021  |[CaY]* 2,6- 1011
[Ag(CN),|- 1,4-102  |[CdY]* 3,5- 1017
[Ni(CN),]>- 1103 [CoY]* 49- 1017
[Pt(CN),|> 11040 [CuY]* 1,6 - 10719
[Pt(CN),]> 1.10-7 [FeY] 591072
[Zn(CN),]* 24-102  |[FeY]* 6,3 10715
[Zn(CN),]- 89-1017  |[MgY]* 2,04-10°°
[Fe(C,0,),* 6,3-1021  |[ZnY]* 3,16- 1017

Y% — aHHOH STHJIEHIMAMUHTETPAYKCYCHOM KHCJIOTHI;
Gly~ — anvoH ruunusa (AMUHOYKCYCHOM KHUCJIOTHI);
Cyt® — aHMOH JIMMOHHOM KUCJIOTBIL.

Tabauya I16

PacTBOpHMOCTb HEKOTOPBIX coeit HaTpus u kams (20°C)

Coun s, /100 r Boab! Coun s, /100 r Bozb!
Na,CO, 21,8 K,CO, 110
NaHCO, 9,56 KHCO, 33,19
NaCl 35,89 KCl 34,03
NaClO, 97,2 KCIO, 7,23
NaClO, 196 KCIO, 1,7
NaNO, 87,3 KNO, 31,9
NaNO, 82,1 KNO, 305
Na,SO, 19,2 K250, 11,05
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Tabruya I17

MdyHgaMeHTaIbHbIE TOCTOSTHHbIE

3apsiz 37IeKTPOHA U IPOTOHA
(3/1eMeHTaPHBIN 3IEKTPUIECKUI

3apsifT)

e=+1,6021765 - 10-¥ Kx

Hopmamsaoe armocdepHOe 1aB-
JieHue

p, = 101 325 Ila (760 mm pr. cT.)

Temmeparypa 3aMep3aHUsT BOJbI
IIp1 HOPMaJIbHOM JaBJICHUHA

T,=273,15K (0°C)

HopMasbHbIli MOJISIPHELA 00beM
rasa

Vo= 22413996 71 - MOJIb !

YHuBepcaibHasi ra30Basi IIOCTO-
SIHHAsI

R=8,314472 klla - 1 - moap1- K1
(x - momp~t - K1)

Ilocrosinnas (yucao) ABoraapo

N, =6,0221415 - 102 monn!

ITocrosinnas (uucio) Dapanes

F=96 485,338 K - Mmosp™!

IMocrosinnag Ilaanka

h=6,626069 - 1034 Ik - c

CxopocTh cBeTa B BaKyyMe

c=299792458 M- ¢t




OTBeTbl Ha 3ajauu

I'nasa 1

1. 11,19% u 88,81%. 2. 43,66% u 56,34%. 3. 75% C u 25% H.
4.158 Cu 84,2% S. 5. 3,85%. 6. 8,6%. 7. 45 . 8. 40% Ca, 12% C
u 48% O. 9. 8,68% Mg, 57,05% Br, 34,26% O. 10. 70,63% B,
29,37% Cr. 11. N,0. 12. Na,CO,. 13. CH,N,0. 14. CaCl, - 6H,0.
15. Na,CO, - 10H,0. 16. FeSO, - 7H,0. 17. CaSiO,. 18. C,H,
19. CaSe. 20. 2,1 r. 21. InCl, 22. Br,O.

I'1aBa 2

23. 303,9 klla. 24. 243,1 kIla. 25. 768,9 ma. 26. 1788 .
27. 22,4 1. 28. 2546 1. 29. 273°C. 30. 127°C. 31. 13,7 Ila.
32.-7,1°C. 33. 133 kIla. 34. 115°C. 35. 819,3 mx. 36. 104 xIla.
37. 64,3 u 31,4 xIla. 38. 0,4 1. 39. 21,3 xlla. 40. ¢(NO) = 34%,
o(NO) = 25,1%. 41. 6,83 1. 42. 83,2 xlla. 43. 6 n. 44. Am-
mMuak. 43. 44,6 monb. 46. a) 28,84 r/monsb; 6) 28,96 r/Moub.
47. 273,15°C. 48. 11,2 x; ne usmenurcy. 49. 28; 1,12 u 33,6 x.
50.11.51.4,28-1013.52. 12,6 - 10?3, 53. 76,4 xI1a. 54. 1: 2 : 16.
55. B nepBom. 56. 1629. 57. «r». 38. «6» u «r». 59. 54,8 xIla.
60. 75,2 atm. 61. 208 r. 62. 14; 7; 0,48. 63. 24 r/mounn; 0,75;
1,07 /7. 64. o(H,) = 15,4%; ¢(H,) = 1,28%. 65. Byzner B crydasx
«B» 1 <I'». 66. 0,0066 Ar; 0,2 He; 0,795 H.,; 8. 67. 0,44 1. 68. C,H,
u C,H,. 69. 146,1 1. 70. ¢, %: CO, — 81,02; CO — 12,65; O, —
6,33; w, %: 86,49; 8,59; 4,91. 71. H,S. 72. 0—13,3%. 73. CH,F.

I'zaBa 3

74. lenouynas. 75. 55,1 r. 76. 60,07 r; cToabKO Xe.
77. 2,51 moxb. 78. 7,50 r. 79. 26,23 r. 80. 26,25 r. 81. 26,25 1;
44,67 1; 28,47 1. 82. Bce; 37,58; 16,41; 2,2 1. 83. 4,2 1; 5,3 1.
84. 8,5T; 19,5 . 85. 292,2 r. 86. 212 1; 222 r. 87. 5,88%.
88. 147,8 1. 89. 24,7 r. 90. 16,8 1. 91. 327 r; 2452 1. 92. 4,48 n.
93. 67,2 1. 94. 47,95 r. 95. 11,2 m3. 96. 14,4 1. 97. 383 r.
98. 2143 1. 99. 21,4 1; 1,55 1. 100. 2 moun; 11 Moaw. 101. 5,4%.
102. 81,45 1. 103. 10 xI1a. 104. 11,2 1. 106. YMmenbmmrcs Ha 25% .
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107. Ha 62%. 108. 0,75 u 2,25 1. 109. 3,92 1. 110. 12 1.
111. 48,6 um 52,7 kIla. 112. 6,5% SO,; 35,5% O,; 58% SO,.
113. COCL,. 114. C,Hy. 115.2:3u 1:6.116. 17 : 24 n
4:3.117. 4 : 5 u 17 : 40. 118. 10,9 u 44,0 r. 119. 45,3%
u 37,7%. 120. 18,3%. 121. 237 «lla. 122. 9 r/Mo0Jb.
123. 17,3 r/monb. 124. 12,16 v/monab. 125. 27,9 r/MoIb.
126. 32,7 r/monb. 127. 9,88 1. 128. 37,75 u 29,75 r/mMob.
129. 54,1 r/monb. 130. <a», «6>. 131. 39,1 r/moab. 132. <a».
133. 1/2FeCl, u FeCl,. 134. 1, 1/2,1/3.135. 1/2, 1. 136. 1/2,
1/4,1/6.137. 17; 5,67; 3,4. 138. 29,7 u 59,34. 139. 0,3 M0/1b-3KB.
140. 14,6 1.

I'naBa 4
145. 1,012 1. 171. «B». 172. «B». 173. «<6».174. <r>. 175. <1>.
176. <a», «B>». 177. «r». 178. «6». 179. «a», «6», «B». 180. «B>.
181. <a», «<B», «<r>. 184. 1B, 2A. 185. 69,15 1 30,85% (ar); 68,48%
u 31,52% (macc). 186. 51 u 49%. 187. 8; 21. 189. 0,000001 r.
191.1,5-105.192. 4797 net. 193. 2‘;ng. 194. 991 M. 195. 865,5
u 134,5 xr.
I'nasa 5
196. «r». 202. «B». 204. «0». 207. «0». 213. 1B, 2A, 3b.
220. «6».221. «T>».
I'naBa 6

224. 20%. 225. 10,13%. 226. 28%. 227. 18,13%.
228. 6,03 moun/1. 229, 189,5 r; 1810,5 r. 230. 430 r. 231. 6,8%.
232. 342 r. 233. 11,95%. 234. 50,3 mia. 235. 2474 wmu.
236. 1,09 moas/m1. 237. 24,2 mosb. 238. 8,06%. 239. «6», <B>.
240. 0,5; 1; 1,5; 3. 241. 62,5 M. 242. 11,8 moab/n. 243. 275 M.
244. 1 : 3,75. 245. 250 mu. 246. 10 r. 247. 24 M. 248. 1,85 .
249. 0,558 momn/1 K,COy; 0,768 monn/n KHCO,. 250. 29,3 .
251. 45 r/moub. 232. 40 r/moib. 253. 0,083 mob /1. 254. 3,26 M.
255. 0,01 momn/m. 256. 373,2 1. 257. 54,1 1; 13,87%. 258. 6,3 T;
0,208 monn/x NaCl; 0,026 mons/n Na,SO,. 259. 48,15 T.
260. 37,1%. 261. 2,04 1. 262. 42,5 mu1. 263. 4,56% HBr; 16,56%
NH,Br. 264. 110,2 r. 265. 60,2 r. 266. 35,7. 267. 48,35 .
268. 55,21 r u 43,88 r. 269. 140,4 ; 130,6 . 270. <a», «B»,
«r». 271. 30,5 1. 272. 17,7%; 1,99 monw/m. 273. Bal, - 7,5H,0.
274. H,0. 275. 15,1 r u 84,9 1. 276. 6,84 1. 277. 1%. 278. 90%
CO, u 10% H,. 279. 33,2%. 280. 37,4 klla. 281. 760,6 xIla.
282.1:3,7u1:1,9.
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I'nasa 7

297. «6», «B», «a». 301. a) —484,3; 6) —16,2; B) —134,6;
r) —492,4 (B x/[>x/momb). 302. a) —1166 x/[x/momab; —534 [Ixx/
(moms - K); 6) —1531,2 x/Ix/moab; —583,6 [Ix/(Moab - K).
303. a) -3010,1; 6) —1516,6 x/[x/Monb. 304. a) —461,5 x/[x/
moab; —335,7 Jx/(moab - K); 6) —991,7 x/[xK/MOIb;
—-190,6 /Ixx/(moub - K). 305. —649,7 x/[x/monsn. 306. a) —136,4
u —136,3 x/Ix/Momb; 6) —311,4 u =312 kI /Moqb; B) —633,1
u —635,7 x/Ixx/Monb; T) -205,5 u -205,4 k/[K/MOJIb.
307. 2335,4 x/1x. 309. a) —483,6 x/I>x/Mosb 1 —485,9 k1K /MOIb;
6) —196 x/Ixx/monp u —198,3 k/I:x/monb. 310. —144,1 k/Ix/
mouib. 311. 142,9 k. 312. —80,54 x/I>x/mMomb. 313. —94,4 x/1xx/
Mok, 314. —35,7 kI /mounb. 313. 25,7 x/Ix/Moib. 316. a) 290,8;
6) —188,0; B) —412,6; r) 107,3; n) —277,3 /I /(moas - K).
317. a) AH’= —114 cnocoberByet; AS°= —129 mpensitcTByer;
6) AH’= —-108,6 crmocobctByeT; AS°= —137,3 IpensaTCTBYeT.
318. a) —6,9 u —7,0 x/Ix /Monb; 6) —253,5 u —253,3 K/[x/MOb.
319. a) 2760,8; 6) 498,7 x/Ix/monb. 320. a) 190°C; 6) 708°C.
321. -7 x /[ /Mo u —18,9 [1:x /(moib - K). 322. 190°C u 200°C.

I'raBa 8

343. 0,495. 344. 25,6 xIla. 345. 8 - 10?4 53 u 0,43.
346. 92,1 Ila. 347. CneBa mampaBo. 348. 0,05; 12%.
350. 8,66 - 105, 351. 1,52 - 1075; BmeBo. 354. «B>.

I'aaBa 9

372. «a», «<6», «1». 373. «a», «<B», <>, <I». 374. «6». 375. «O>.
376. «r». 377. «B». 378. «1». 379. «a». 380. Hynesoii. 381. Ilep-
BB, 382. Bropoii. 383. 2,94 - 10% ¢!, mepsbrii. 384. 2,95 - 1075 ¢,
5,49 - 1075 ¢, 1,9, nepssrii. 385. 0,081 1 - mons~! - ¢!, BTOpOIA
386.3,4- 107 1 - momp~! - ¢!, ymenbmuTes B 4 pasa. 387. 81,5 c.
388. 146 mun; 0,118 moun/1. 389. 608 c; 3,06 - 10~3 Moab/ 1.
390. 1,2-1078 monn/(i1 - ¢). 391. B 4 u 8 pas. 392. 9 - 105 mosn/
(n - c¢). 393. 316,9 x/x/moxnn. 394. 2,8. 395. 29 cyr.
396. a) 6,16 - 10~ Mosb/(11 - ¢); 6) 3,08 - 1075 Mosb/(11 - ¢); 450 c;
B) T0 %€;T) 1,54 - 10~° Mosib/(11 - €); 900 c. 397. 103,6 x/I%/MOB;
3,7.398.9,45- 104 1 - momp! - ¢1. 399. 0,333 1 - moss~! - L.
400. 4,6 - 101, 401. 5,1 - 1074 c. 402. 62,5 x/I3x /MOJIb.

I'nasa 10

403. 19,781 kIIa. 404. 95 xI1a. 405. 0,00634. 406. 0,0492 xI1a.
407. 60 r/momb. 409. 0,26 K. 410. 1,584 K; 3,91°C. 411. -8,45°C;
102,33°C. 412. a) 1,84 1; 6) 6,57 1. 413. 30 r/moub. 415. 188 r/
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MoJib. 416. 152 r/monb. 417. S,. 418. n =5. 419. 128 xlla.
420. 81,5 xIla. 421. 0,0446 MOJIb/JI 422. 3aswmireno Ha 0,5 xI1a.
423. 004 MoJib/ 1. 424. «6». 425. 0,29 monb/n. 426. WU30TO-
Huueckuit. 427. Uget remoaus. 428. 0,08—0,64 ocmous/ .
429. 47,5 v/n. 430. Ymenbimumoch Ha 7%. 432. «a». 433. «r».
434.31,61.435.87,8ru112,2r.

Inasa 11

443. «B» < «ZI» < «a» < «T» < «0». 444. «B>. 443. <a» >
> «I» > <B» > «II» > «0». 446. Paznmund Het. 447. 1%. 448. 0,39%.
449. B 10 pas. 450. Ymenpmurca. 451. 1,6 - 104

u 2,2 - 1078 monp/m. 452. 0,016 monn/m. 453. /K, /K,

454. YMmenbpmmiaace ot 13 1o 4,2%. 433. 64%; 1,64. 456. 0,15
n 0,45.457. 0,4. 458. I=1; a(K*) =0,11; a(Ca?*) = 0,053; a(Br) =
= 0,33 momb/11. 459. a(K*) = 0,22; a(Cl) = 0,11; a(SO,2>) =
= 0,022 moas/n. 460. a) He uamenurcs; 6) yMeHbITUTCS.
461. 0,16 moun /1. 462. 580 xIla. 463. I=1,07; -2°C. 464. —0,15°C;
100,04°C. 463. 5,5°C; 1,54°C. 466. «0». 467. «B» < <a» < «O» < «T».
468. 0,716 ocmoib/kr; 35,8 r/mMoib. 470. 0,07%.

I'naBa 12

A74. «B>. 475D, «T» < <0» < «a» < «B». 476. «<€» > <> > <a» > «II» >

> «0». 479. «B». 482. 0,3 mon/51. 483. 7,6 1. 484. 5,4%; pH 3,57.
485. 8,92 - 10~ monn/m; pH = 4,05. 486. 0,011 moun /1. 487. 3,6.
488. 0,136 mosn/m; pH = 13,13. 489. 0,0087 mosn/1; pH = 12,94.
490. 0,036 moun/1; pH = 2,44. 491. pH = 2,4. 492. pH = 2,3.
493. B 53,4 paza. 494. 1,38 - 104 495. 0,01 u 1,75 - 10> moub /1.
496. 0,0112 moms/m; pH =1,95.497. ) 4,6 - 10~ moun/m; pH =8,3;
6) 2,98 - 1075 moun/m; pH = 4,53. 498. pH = 1,85. 499. a) K= 441;
6) K =0,0278. 500. K = 6,16 - 10°. 501. K, = 7,41 - 10719,
pK, =9,13. 502. K(6) : K(a) = 3,55. 503. B HAIPaBJICHIY o6pa—
30BaHMs IIPONMOHATA HATPUSA M MyPaBbUHOM KHUCIOTHL 509, «0»
u «B». 306. pH = 9,55. 507. 0,5 1 <a» u 0,5 1 «6»; 0,667 11 <a»
1 0,333 11 «B». 508. 0,4 11 <a» 1 0,6 1 «6»; 0,625 11 «a» 1 0,375 71 «B>.
509. «6».510. pH =4,455; 3 =0,153 moun/1. 511. Ot 7,69 10 7,81.
512. a) 6,21—8,21; 6) 11,32—13,32. 515. a) ~6,96 u 6) ~7,04.
516. 0,9 1. 517. HCOOH u CH,COONa no 0,024 moms/1;
HCOONa 1 CH;COOH o 0,076 MOJIb/JI 518. pH=6,43 1 6,91.

I'naBa 13
532. 1,33 - 105 u 7,31 - 107 moan/x. 533. 1,04 - 1075
u 1,08 - 10-° mons/n. 534. 1,33 - 10~° u 6,54 - 10~ mMoan/ 1.
535. B 8,6 pasa. 536. B 24,1 paza. 537. 5,8. 538. 0,0144 monb/;
4,5 r/n. 539. 0,35 mr. 540. 6,88 - 1075 u 5,87 - 10~ moas/ 1.
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541. 8,85 - 108 mosp/a1. 542. a) 0,393 u 6) 4,69 - 10~ Mosb /7.
943. 122 n u 4878 1. 544. 1,61 m. 345. 45,2 n. 546. 0,259 r.
547. O6pasyercs. 548. He obpasyercs. 549. Hachoirennsiii pac-
TBOP. 930. <>, «1». 351. 331. 552. CrpaBa HaneBo. 333. a) by-
netr. 394. He obpasyerca. 533. Byzer. 556. 5 - 103 moab/ 1.
557. 4,471.558. 0,709 r 1 0,155 . 559. K, = 6,75 - 10°5.

I'naBa 14

570. «B». 372. <0, <T». 373. «O», <>, <1». DT4. <> < <O>
< «B» < «a» < «I». 375. «B» < «a» < «II» < «O» < «T». 576. <a»,
«B», «T». D78. «a». 579. a — xkarox, 6 — anoxa. 382. 6,36 r.
589. 0,08 B. 590. -0,18 B. 5391. -0,065 B. 5392. -0,8031 B.
593. 0,404 B. 594. 0,386 B. 595. 0,13 B. 596. 11,36 r. 597. Ha
17,7 mB. 598. 0,5776 B. 599. -0,257 uau 0,941 B; noaxo-
aut Ni%*/Ni. 600. a) —86,4; 6) —119,6 x/Ix/Moab. 601. Mox-
HO <a» M «B». 602. 2,84 - 10'4 603. a) Bmpaso; 6) BieBo.
604. K=7,28-10%; IIc = 1 - 103, peakuus nosizer. 605. pH =7,62.
606. pH = 8,2. 612. 2,4 A. 613. 1,35 A. 614. 10 g 43 mMuH.
615. 2 muH 5 c. 616. 1787 K. 617. 0,01 moub. 618. YMeHs-
mTes Ha 2,74 1. 619. 1,95 1. 620. «a» u «B». 621. 2,41 - 10 K.
622. +4. 623. A = 114,7 (Tl). 624. c¢(FeSO,) = 0,0505;
c(Fe,(80,),) = 0,1247 mons/n. 625. 67 Ix. 626. Iloiiger;
c(H;AsO,) =0,091; c(HAsO,) = 0,019 mon /1.

Inaea 15

642. K =49. 646. <a», <T», <«». 647. <6», «<T», «11». 650. «B>.
652. 4,2 - 1071° moab/n. 653. 4,65 - 101, 654. 0,283 mr.
655.5,6-1071.656. 2,28 - 107 1. 657. 1,03 - 10°. 658. 0,0156 MoB/71.
659. K=1,3 - 10% 660. K =2,15-10% K, = 4,65 - 10™
661. K=1-10"; AG" ——628KI[>K/MOJ11> 662. K=1,4; IIc = 1,6,
BJIeBO. 663. I1c < K, peakiiysi HOHIET B CTOPOHY 3aMeEIIEHNS B KOM-

ILJIEKCe MOHA MarHusI Ha MOH KeJte3a. 664. 20,4 k/[x /Momb; o= 40%.
665. 1,2 - 1072 Moy /5 1,29 1.

I'nasa 16

671. <6», «B». 677. D,'80, M = 22. 679. «B>. 680. 436 x/Ix.
682. 0,005 r/x. 685. 3,3:5,8:1. 687. CsH. 688. 224 ; 800 r.
690. «6». 695. 54,2 u 45,8%. 706. 999 1 (n.y.). 707. 5,89 .
711. 4,94 1 (my.). 712. 1,89:1. 713. a) 1,06 - 10-%%; 6) 1,45 - 10°.
714. «a», «B». 716. a) YBenuuuBaercs; 0) MOHUKAETCH.
720. 55,4 1.721. 0,635 1. 722. 55,84 1. 727. 0,36 1. 741. 1,98 1.
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742. 8,36 r NaNO, u 5,07 r NaNO,. 743. 2,006 r; 6,82 x/[x.
744. 62,4 vr — npesbimiaer. 749. 9,6 r. 750. 107 . 751. 0,42%;
59,1 1. 754. 9,2%; 0,16%. 753. 9,6%; 1,66 mosab/kr. 760. 40%
H,SO,. 762. 294 r u 588 r. 764. 83%. 777. <«r», 85 1. 779. 53%
N,; 47% I,. 780. 263,5 1. 781. pH 10,67. 786. 66,7% N,; 13,3%
NO; 20% H,0. 801. «b0». 802. 81,7 mu1. 803. «B»>. 804. 124 T.
807. 1,48% KCI; 2,34% H,PO,; 4,87% KH,PO,. 810. 106,5 r.
812. 0,1 monb/n1 Na,CO,. 819. «r». 838. «a». 839. 87,2%.
846. 6,9% NaHCO, u 5,4% Na,CO,. 847. 0,091 mosp/1 Na,CO,
u 10 0,455 Mo/ NaHCO, u NaCl. 848. pH 10,33. 851. 121,5T.
854. «B». 839. 1 : 2. 873. «b0», «B». 874. «r». 877. 20,76 .
880. 7,33 - 107% moun/m; pH 5,14. 889. 489,8 r. 891. 80,53 r.
892. AlBr,. 898. InCl..

I'naBa 17
904. «1».906. 2 — 2,5;6 — 4,6; 8 — 1, 3. 910. <a», <B»,
«71». 926. 376,6 k[ /Momb. 928. «6», «r>. 931. 7 15, 7% C H,.
938. 79,9%. 949. 38 778 x/x. 962. <<6>> «B». 963. «B», <<r>>

974, «ay, «b>, «B», <T'», «I». 982. «O>, «B», «I». 983. «a»,
«0», <>, «11». 988. «1». 994. a3; 61; B2. 999. a) 6;6) 9.

InaBa 18

1025. g(C;H,COOH):g(C,H,COOH) = 3,1 — BrImosHsAeTCS.
1026. I‘((CH )y CHCOOH) 4, 43 1078 mosms - M73; T((CH,),C
HCH COOH) 5,05 - 1076 mous - M3, 1027. F((C H.COOH)
paBHa 1,09 - 1076 u 3,75 - 107 mouxs - Mm3; T'((C, H COOH)
paBHa 2,54 - 1075 u 4,90 - 1075 moap - M 3 1028 074 HM.
1029. 0,253 mob - 1. 1030. = 6,25 - 10 MOJIb/I‘. 1052. 3apsn
yacruif —z. 1033. 3ap5111 YaCTHUI[ —2.

1054. {nAgl - mI- - xNH*}™ - *NH*-. 1055. 3a-
pAo YacTHI +2; (Na SO,) = 3,1 n/moub;
Vop(ALCLy) = 0,049 JI/MOJIB 1056 cnop(Na+) 55 MMOJIB /1.
1057. ¢, (SO*) = 0,136 mmonp/n. 1038. ¢, (SO*) =0
208 MMOJII)/JI 1071. pH > pH,, yacTuIbl ABUXYTCA K aHO-
ny. 1072. Makpowuons! aAsuxyrcsa k anoxy. 1073. pH < pH,,
JacTUIBl ABUXYTCcSA K Katoxy. 1074. Omextpodopes
npu pH 5,2. 1075. 5,2 < pH < 6,7. 1076. p_., = 26 kIla.
1077. M =88 - 103 r/moib.

I'naBa 19

1078. «0». 1088. 5,63%. 1089. a) pH 11,01; 6) pH 10,33.
1092. 3:2.1099. «6». 1103. <a», «<B». 1103. ~25%. 1108. 2427 r.
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1109. -91,7 x/I>x/mouas. 1112, 2303 k/[x. 1116. «a». 1123. «r>.
1124. 4,72 mmonb-3kB/71. 1123. 9,05 MMOJIb-3KB/J1.

I'masa 20

1130. «B». 1141. -3653 /% /Monb. 1151. 28,33 . 1133. 18.
1154. 8329 r. 1135. «B». 1159. 2,29 - 1073. 1160. «6», «B», <T».
1163. «6», «B». 1176. 0,845 B. 1177, 4,35 r. 1174. 19,4 x/Ix/
moisb. 1195. AT = 4633 K. 1218. 97,3 u 45,5 k/[’k/MoIib.
1226. 65,7 1. 1232. ¢(Cu?*):c(Cu*) = 168. 1233. «B». 1235. 10 .
1240. «B». 1254. «0». 1256. <«r». 1257. Bupaso; K=1,1.
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