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[MPEOUCJIOBHME PEIAKTOPA
K TPETBEMY HW3IJAHUIO

PykoBoacTBO N0 KOJHUYeCTBeHHOMY aHajusdy KouabTtrodpa n
Cengana siBasercs o6uienpu3HaHHbIM. IlepBble nBa u3Marus KHHTH
Ha PYCCKOM #3blKe OBICTPO pasomauck. HoBoe, TpeTbe pycckoe
U3JaHUE SIBJSIETCS NEPEeBOAOM C MHOCJENHEro H3JaHusd, BhIIIeJUICro
B CIIA B 1946 r., 3HauHTENHHO TepepaGOTAHHOTO aBTODAMH.

W3 cpenaHHBIX aBTOpaMH JONOJHEHHH clefyeT 0C060 OTMETHTH
rjaBy, NOCBALIEHHYIO TEOPHU OLIMGOK M CTATHUCTHUECKOH o6paGoTke
Pe3yJbTAaTOB KOJHYECTBEHHBIX olpefeieHnil. 3HaunTe]bHO nepepalo-
TaHbl OUEHb BaKHble TJIABLI, MOCBSIIEHHbIE 06pPa30BaHMIO OCAJKOB M
sIBJeHnI0 coocaxuenusi. HoBele pasjessl o cneKTpodOTOMETpHH H
aMIIepOMeTPUYECKOM THTPOBAHHH BIIOJIHE OTBEUAIOT TOMY 3HAUEHHIO,
KOTOpOe 3TH METOJbl HAUMHAIOT IPUOGPETaTh B aHAaNHTHYECKOH XH-
MHH. ABTOpHl BBe/I B KHHT'Y TaKiKe HEKOTOpDble HOBbLIE, IOJyYHBIIHE
pacnpocTpaHeHHe B MOCJEJHHE ToJbl METOAbl aHajH3a YepHBIX Me-
TaJUIOB L PYA.

B pycckoMm mepeBoge BBIAEDIKKH M3 aMEPHKAHCKHX CTaHAapTOB
Ha OOGOpYIOBaHWE U pEaKTHBBH 3aMeHEHBl COOTBETCTBYIOUIUMHU
HAIUUMH CTaHAApPTaMH.

ABTOpBI OUEHb MAJIO CChIJIAIOTCS HA TPYABI PYCCKHX U COBETCKHX
YyYeHBIX M HCIOJB3YIOT UX B CBOEil KHHre B CaMOil He3HAUHTEJbHON
mepe.

Tak, roBops o Xxpomarorpaduu, aBTOPEl He YKa3BIBAIOT TOTO,
UTO METOJ 3TOT GBI co3iaH TpyAaMmu pycckoro yuesoro M. C. Ilse-
ta. ABTOpPH He YNOMHHAIOT Psifa UEHHBIX PaGoT, omyGJMKOBaHHBIX
COBETCKHUME 2HANUTHKAMK B HOCJEJHUE TOJbl i HMEIOIINX HEMoCpen-
CTBEHHO€ OTHOIUEHHE K H3JlaraeMbBIM B 3TOM PYKOBOJCTBE METOAAM.
Tax, HanpuMep, He OTMeYeHbl TPYJbl COBETCKHUX YUEHBIX II0 3JEKTPO-
aHajqu3y (BHYTpPeHHHI aJiekTpoJu3 6e3 nuadparMel H C IOKPBITHIM
KOJIJIOAWEM aHOJ0M), HOBBIH MeToJ OO0'b€MHOT0O aHaju3a (BaHaLaTo-
MeTpus), npenjoxenusiii B. CeipokoMckum, tTeopusi H. Tananaesa o
BJIUSIHUE MEeToJa OCaXKJeHHs aMOP(HBIX M CKPBITO-KPHCTAJIHUECKHX
0CajKOB Ha HX YUCTOTY, HOBble MHAMKATOPEHI, IPeNJIOZKEHHbIE COBET-
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CKHMH XHMWKaMH, HOBbIE OpraHHUECKHE peaxTHBbI, NPELJIOKEHHbIE
y nac B CCCP anas onpejesenusi HuoGHs, TaHTaJja, LUPKOHHUSA, 0JIO-
Ba, KaJus H APYTUX JJIEMEHTOB, W T. A. IIpeasoKeHHBIH COBETCKHM
ananutukoM K. Tumocderokom wMeTon ocakAeHUs KPEMHEKHCJOTHI
B INPHCYTCTBHH JKCJATHHBl aBTOPbl [NPHIHCHIBAIOT HHOCTPAHHBIM
Y4eHbIM.

Oco6enio cHJIbHO CKa3ajioCh HE3HAKOMCTBO aBTOPOB C TPyAaMH
COBGTCKHMX YUCHBLIX B NpeJJaraeMblX MMH MeTOLaX aHa/M3a CIJIAaBOB
UBETHLIX MeTajuioB. B 3Toil 06JacTH COBETCKHMH XHMMHKaMH CHe-
JIaHO OYCHb MIOI'OC, M HAUId CTAHAApPTHl Ha METOABl aHAIHM3a IBET-
HBIX METQJIJIOB 3HAUNTCJBHO IPEBOCXOASAT AMEPUKAHCKUE CTaH/dapThl.

Muoio cjicaiannl COOTBCTCTBYIOLIHEe NO6GABJICHAS H HCHPABJCHHA
B TCKCTC M Jlall psiji CCLLJIOK Ha TpPyJAsl coBeTCKUX aBTopoB (B. Chi-
poxomckoro, H. Tananaepa, IO. UepnuxoBa, M. lllyGuna, K. Tumo-
deioka, C. IlunGepra u ap.). JlomonneHus, CHeNaHHBIE MO, OT-
Meuensl 3Be3fouKaMu (* *),

10. Jlypoe



NPEOVCJ/IOBHE ABTOPOB
K HMCITPABJIEHHOMY U OOIIO/JIHEHHOMY M3 AHHIO

B HOBOM wM3maHuM 3TOH KHHIH OCHOBHOE ee COAEp:KaHHe U pac-
NOJIOXKEHNe MaTepHasla OCTaJHCh, B OOLIEM, TeMH Ke, KaKHMH OHHU
ObLiM B TEePBOM H3TAHMHU. B KHHUTY BBeIeHB, OJHAKO, MHOTOYHCJIEH-
Hble [ONOJIHEHHS W MCIpaBjeHus. I[lomoJHUNMCL pasiesbl, NOCBS-
IIeHHBIE OPraHWYeCKHM peaKTHBaM, CIeKTPohOTOMETPHH, OouHOKaM
aHalu3a, ¥ HEKOTOpble ApYrie; MOMelleH HOBBI pasjen o6 aMmepo-
MeTpHYeCKOM THTpPoBaHHH. [y1aBbl 06 006pa3oBaHHM M CBOHCTBaX
0CaJKOB, O SIBJIEHHH COOCAaXIEHHS U TEODHUH 3JIeKTPOaHaJH3a Iepe-
paGoransl. IlpuGaBsenHo MHOro HOBHIX 3azad. Kopoue rosops, Bech
TEKCT NOJBEPrcsl OCHOBATeJbHOI InepepaboTKe.

Mrl HCKpeHHO 6J1aroZapHM BCeX MeJaroros, KOTOpPble I0JIb30Ba-
JIUCh TEPBLHIM H3JaHUEM 3TOro yuyeGHUKA INpH OOyUeHHUH CTYAEHTOB
U MpHCJaJX HaM CBOM 3aMeyaHWs W TpenJjioxeHHus. Bce ux mnoxe-
JlaHus OBbUIM HaMM TIIATeJbHO DPACCMOTPEHBl, W €CJH OllpeleseH-
Hoe GOJIBIIMHCTBO BHICKA3bIBAJIOCh 32 TO HJIM HHOE H3MEHeHHe
B TEKCTe, Mbl CHEJIAJH 3TO M3MEHEHHe B HAaCTOSIIEM H3JaHHU. DoJb-
1110e pacXOXKIeHHe BO B3IJAfax Yy pas3HBIX I[efaroroB Kacajoch
qHCJa paccMaTpuBaeMBlX B ydeGHHKe npoGieM. Hekoropele cuu-
TaJid, YTO MHOTHE H3 HHX MOXKHO HCKJIOUHTb. JIpyrue HaxoIHJIH,
UTO YHCJO HX JAOJXKHO ObITH yBenuueHo. IIpum TakoM pasjH4uu
B MHEHHAX MBI CTapajuch HafTH KOMIIDOMHCCHOE pelIeHHE.

H. Koavbreogh
E. Cendsa



IMPETUCJIOBUE ABTOPOB
K TMEPBOMY M3IAHUHIO

B HaCTOsILLCe BPCMSI HMeeTCs 60JIbIIIOEe YHCJIO yl]C6IIHKOB KOJIH-
yecTBeHHOro anajusa. KaxaoMy H3 aBTOPOB 3THX YueOGHHKOB NpH-
noch, 0e¢3  CcoMIICHUs, paspewaTb AJs cebs TPYAHYIO 3amady:
B KakoM oGbeMC CJEAYeT BBOAUTb B Y4eOHHMK H3JIOXKEHHE TCOPHH
aHaJiM3a UM CKOJIbKO NOMeIlaTh B HEM INPAKTHYECKHX YIpaxKHCHHH
M0 aHaJHu3y Pa3JHYHBIX BEIIECTB. TOT KOMIIDOMHCC, K KOTOpPOMY
aBTOp HeH30eXXHO JOJXKEH NPUTTH, YAOBJETBOPSAET OJHUX IeJaro-
rOB, HO HE YJOBJIETBOPSIET JPYTHX. DJjeMeHTapHbII Y4eGHHUK KoJiuue-
CTBEHHOI'O aHaJii3a BCerZa OrpaHHyYeH B CBOMX pasMepax W MHOTHe
OueHb BaXKHble BONPOCHl AHAJHUTHUECKOH XMMHM U3 Hero IpUXOMUTCSH
HCKJIouaTh. PyKOBOZCTBa NOBBINIEHHOTO THIA HMEIOT OOBLIYHO IeJo
C OTAEJNBbHBIMH Y3KHMH O0JIaCTSIMH aHaJH3a, U OCHOBHBIE 3aKOHBI H
MOJIOXKEHHsI aHAJIMTHUECKOH XUMHH B HHX He paccmarpuBaiorcsi. Ham
Ka3aJoCh JKeJaTeJbHBIM CO3JaTb YYeOHHK, KOTOPHIH Mor Obl Cay-
XKHUTb 3JIEMEHTAaDHBIM KypCOM H B TO K€ BpeMs IO IOJHOTE CBOEH
BIIOJIHE COOTBETCTBOBaJI 6Bl TpeGOBaHHSIM IOBBIINIEHHOrO Kypca aHa-
JIUTHYECKOH XUMHH. B CBA3H C 5THM Mbl BKJIIOYHJH B 3TO PYKOBOX-
CTBO H TEOPETHUeCKHH MaTepHaJs, KOTODBIH MOJXKeH O3HAKOMHUTh
CTYNIEHTOB C OCHOBHBIMH TEODHSIMH B 3TOH 06JacTd, U INOApPOGHOE
ONUCaHKe TEXHUKH aHAJUTHUeCKOH DaboThl, U BaxKHEHIIHE KJaCCH-
YyeCcKHe METOJBl aHajau3a. MerToJbl, OCHOBaHHble Ha HM3MepeHMH (u-
3UKO-XHMHUYECKHX CBOHCTB BellecTB (KOHAYKTOMeTPHUECKOe M IIO-
TEHIHOMETPHYECKOe TUTDPOBAHMS, aHAJM3 Tras3oB, HedegoMerpus,
ciektporpadusi ¥ T. I.), HeJb3s1 GbUIO, KOHEUHO, OMHCATb BO BCeH
NoJIHOTE, HO BCe Ke 00 3TUX MeToAaxX CKasaHO JOCTaTOYHO IJist
TOro, uTOGLI yYalllHecs CMOIVIH OIEHUTh WX npeumymiectBa. [as
TeX, KTO 3aMHTEPeCcyeTcsi MMH, NpHBeIeHa AOCTAaTOYHO OOIIHpHAsE
JUTepaTypa.

Ilpn cocraBneHun y4yeOHMKA MBI CTPEMHJIHCH IepefaTb B HeEM
KaK TCOPCTHUCCKYIO, TaK U IPAKTHUYECKYI0 CTODOHBI Heopranuye-
CKOI'O KOJIMuecTBCHHOro aHaJju3a. Mmeercs ofiias TeHAEHLHs Ipe-
YBGJHUHBATL 3HAUCHIC «TEOPHH» 3a CUYeT NPaKTHYECKOH YaCTH XH-
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muyeckoro aHagausa. CJaefyer MOMHHTb, UTO ONHOH H3 BaKHEHILHX
nejed Kypca KOJHUYECTBEHHOI'O aHaJjiu3a B BEBICIIEH IIKOJE sIBJSETCS
O03HAaKOMJICHHE YyJalllUXCS C NMPUMEHSIeMbIMH Ha IIPaKTHKe MeTOJaMH
anauusa. IlpakrTHueckue ympaxKHeHHs HAfO BHIGHPATh TakK, YTOGHI
ydJalygecss YCBOMJH OCHOBHBIE MeTOABl aHaJIH3a, OOYUHJIHCH TEXHUKE
KOJIMYECTBEHHOIO aHalu3a H npuobpesu JOBepHe K pe3yJbTaTaM
co6cTBeHHOH paGoThl. OBJajeHue NMPAKTUKOH aHAJUTHUECKOH XUMHH
HMeeT TaKoe OCHOBHOE 3HAaueHHe B YHUCTOH M NPUKJIALHON XHMHH,
a Takxe M JPYIHX eCTeCTBEHHBIX HayKax, YTO HU OJMH CTYJEHT,
KakK Obl IPEKPacHO OH HU YCBOWJ TEOPETHUECKHE MPHHIUIIbI, HE JOJ-
’KeH OBITb «IIPONYIIEHHLIM» Uepe3 3JIeMeHTapHBIH KypC, MOKa OH He
HayuHTCS YAOBJETBODUTEJBHO IPOU3BOAMTbL aHAJU3bl. MBI He XO-
THM 3THM CKas3aTb, YTO H3 CTYAEHTOB HaJA0 CO3LABaTh TOJBKO
HCKYCHBIX, HO HEBEXXECTBEHHBIX B HAQyYHOM OTHOIIEHHUH aHAJHUTHKOB.
3nech Hago HafTH NpaBUIbHOE paBHOBecHe. Kypc KoJMYeCTBEHHOTO
aHaJu3a MOXKeT ObITh YIOBJIETBODHUTENBHLIM TOJBKO B TOM CJjydae,
€CJIH CTyAeHTa o0yyaloT B HeM NOHHMAaTb H NPaBHJILHO OOBICHATh
KaxkJoe sIBJeHUE, C KOTOPLIM OH BCTPeUaeTcs B CBOEH NMpaKTHYeCKOH
pa6ore.

Teopus M mnpakTHKa JOJKHBI HWTTH pPSIOM, pykKa o0 PYKY.
MHorue u3 CTYNEHTOB MO OKOHYAHHH Kypca B CBOEH NpPaKTHUECKOH
JesITeJIbHOCTU MOTYT BCTPETHTBCSl C aHaJHTHYECKHUMH 3ajadyaMi, ro-
TOBOTO pEIIeHHsT KOTOPHIX OHM He HaWAYT B DYKOBOACTBaX, HO KO-
TODblE OHHM BCE K€ CYMelOT NPABHJILHO pa3pelidTh, PasyMHO IpHUMe-
HSIST Te OCHOBHBIE MOJIOXKEHHS aHAJUTHUYECKOH XHMMHHM, KOTOPBIM OHH
00yy4asuch.,

IlpunpMas BO BHUMaHHE 3aTPyAHEHHS, C KOTOPbIMH OGBIYHO
BCTPEUAIOTCS] HAUYHHAMOIIME CTYHEHTHl, KOTZa HX BBOASAT B COBEp-
LIEHHO HOBYIO JJIsi HUX 06JacTh, MBI CUHTaeM, YTO C JAHMAAKTHUECKON
TOYKHM 3DEHHs] BECOBOH aHaJH3 JOJIKEeH NpeALIeCTBOBATh 00beM-
HOMY.

Teopust BeCOBOro aHaju3a 3HAYUTEJNBHO INpOILEe TEOPHH 00b-
emMHOro amaausa. IlosroMy, HaumHas oOydYeHHe C BECOBOTO aHa-
JI3a, PYKOBOJHUTEJNb MOXKET IIOCTENEHHO PaCKphiTh Mepex CTyXeH-
TaAMH TeOpeTHUeCKHe OCHOBBI KOJHMYECTBEHHOrO aHajiusa, He Iepe-
rpy»kas MX upe3MepHO C caMoro Havajga Kypca. BooOme ciexyer
IIPHIEPKHUBATECS ITpaBUIa, YTOOBl CTYHNEHT He MPHCTynaJg K Ipak-
THUECKOMY OMNpEJEJNeHHI0 TOTO HJHM HMHOrO KOMIIOHEHTa, He YCBOMB
TCOPETHUECKHE MOJIOKEHHS, Ha KOTOPbIX OCHOBAHO 3TD ONpeleJIeHHE.

[Tepexons temepb K obuieMy 00beMy NpeiJjiaraeMoro Marepuasna,
Mbl JIOJIZKHBI CKa3aThb HECKOJILKO CJIOB OTHOCHTEJIbHO TOIO, YTO NpeX-
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Ha3HayaeTcsi MAJIs HauaJbHOTO Kypca H HTO MJOJUKHO OBITb OCTa-
BJIGHO JJIfi Kypca IOBBIIIEHHOro Tuma. Ilpexne Bcero, caeayer oOT-
METHTb, YTO MEXJY TeM H ADYTFHM KypPCaMH HeJb3s IPOBECTH deT-
Kolf, pasrpaHuuuBaouleff ux JuHHH. BriGop yueGHOro MartepHasa
JJIsl HayaJIbHOTO Kypca JOJKeH OCHOBBIBAaTHCSI Ha TeX 3HAHHAX [0
XMMHHM, KaKide yJallgecsl NOJYYHJIM paHblle, H HAa TOM, B KaKo#l Mepe
OHH GYAYT MOJIL30BAThCSl KOJMMUECTBEHHBIM aHAJH30M B CBOeH INo-
caenymole nesTeJbHOCTH.

OnHako st o6JieryeHys IMOJB30BaHUS STHM Y4eGHHKOM MHI CO-
CTaBHJIX €ro, NMPUMEeHSs TPH PasJUYHBIX LIpudTa

1) cammiii Meskuii mpudT NMokaswiBaeT Marepuas GoJsiee WM MeHee
HHPOPMALMOHHOrO XapakTepa (peakTHBBI, NPHOOPHI, TEXHHKA BBINOJ-
HEeHHUA Pa3/IMYHBIX OMNepamnuit U T. IL);

2) cpenHuli wpudT NOKaspBaeT yacTH B yuyeOHMKe, NpejHasHa-
qaeMble /15 Kypca NOBBHIIEHHOI'O THIA, H, HAKOHEll,

3) kpynHHIM WPH(TOM HamneyaTaHO TO, YTO JOJKHO ObITb AaHO
B 3JIEMEHTapHOM Kypce.

Cnenyer mnoauepkHyTb, 4YTO pasMep Impudra BOBCe He yKa-
3nBaeT Ha GoJbllee MJM MeHbllee 3HAYCHHE HamneyaTaHHOTO
aTuM wpudToM MaTepuana. Ecnum TOT Wi uHOH pasmen yueb-
HHKa MOaH MeJkuM wmpudroM, H3 3TOTO He CJeAyeT, 4YTO €ro
Mo HO onycTHTb. Hao6opoT, MHOTHe OueHb BaXKHbIe C NPAaKTHYECKOH
TOYKH 3peHHs IJIaBhl Ha6GpaHel 3mech neturoM. [Ipemmosaraercs,
HalpHMep, YTO CTYHEeHT NOJIKEH O3HAKOMHTHCS C VIaBOH O TeXHHKe
BBIMOJIHEHHS OGLIYHBIX OMEpalMi aHaJu3a mepely HavajoM paGoTH
B nabopatopun. I'py6o ompenesisisi, MOXHO CKasaTb, YTO CTYAEHT
JOJIKEH Mpo4uTaTs TO, YTO HAaNeyaTaHO IIETHTOM, H 8bly4uTo Hame-
yaTaHHOE OOBIYHbLIM LIPHPTOM.

KoneuHo, Takas kjaccuukanus yueGHOro MaTepHasa He MOXKeET
He ObiTh B TOH MyM HHOH Mepe cnopHoii. Psax «reopernuecKux» rjas
Mhl OTHECJIH K MaTepHaJy <«MOBhILIIeHHOro» Tuma. Eciam usyueHue
KOJIHYeCTBEHHOr0 aHa/JM3a OrpaHHYHBAeTCs OJHHM 3JIeMEHTapHBIM
KYpPCOM, MHOM'Me M3 3THX IJIaB CJe0BaJlo Gbl BKJIOUHTb B TaKOH
Kype. Ho, ecnnm KoauuecTBeHHBIH aHaJHM3 NPOXOMHUTCA B JABa KOH-
IeHTpa (MepBOHAaYaJbHBIX M MOBBILEHHBIH KypCHl), TO B NEPBOM H3
HHX He Halo CJHIIKOM IeperpyxaTb CTYJEHTOB TEOPETHUECKHMH
sonpocaMy, OCHOBHOe 3HaueHHe MMeeT 3HaHHe 3aKOHa HEHCTBYIO-
KX MacC K ero NPUIOKEHHs K pacTBOPaM 3JEKTPOJHTOB, OCOOEHHO

1% MarepHas, HaneqaTaHHHA B aMepUKAHCKOM H3RAHHH CPENHHM UIPHOTOM,
B HACTOAUEM W3R3HKK JaH KPYMHLIM WIPHDTOM ¥,
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B 06beMHOM aHaJjii3e, I'fe NOHUMAaHHEe MPUMEHSEMBIX METOHOB MO-
JKeT ObITh JOCTUTHYTO TOJBKO [pH OBJAaJEeHHH TEOpHeH paCTEOpOB
9NeKTpoJuTOB. T1OBBIUIEHHBIH KYPC aHAJHTHIECKON XHMHH (KOTODHIH,
10 HauleMy MHeHHIO, Tpebyercsl IJisi BCEX CTYLEHTOB XHMUYECKOH
CHelnHasbHOCTH) JIyulle BCEro NMPOXOAMTH N0 OKOHYAaHHM Kypca ¢u-
3M4yecKoil xuMuu. Torma ycBoeHue OCHOBHOII Teopuu OYyZeT OTHOCH-
TEJIbHO JIEFKO, H CTYLEHTHl CMOTYT C HHTEPeCOM OTAATbCSl H3YYEHHIO
MHOTOYHCJIEHHEIX NpobJeM aHauuTHueckoil xuMmuM. Ilpum mpoxoxne-
HHH 3TOrO IOBHIIIEHHOTO Kypca ydaliuMcsi CJeJyeT NOKa3aTb, Kak
MOIKHO pallHOHAJIbHBIM IPHMeHEHHeM (H3UYECKOH M OpraHHYeCKOH
XMMHH CO3JAaBaTh HOBBIE METOJB! aHAJH3a H YJydlllaTh CYLIECTBYIO-
mge. IToaTomMy ryiaBel 0 CBOMCTBaX OCaJKOB, aJCOPOLHH M coOCa-
JKJEHHH, O BOJLe B TBEPABIX TejaX, 00 3JeKTpoaHajause (QUIHKO-XH-
MHYECKHMX MEeToJaX OIpelesieHHs1 KOHIa TUTPOBAHHMS, KOJOpDHMeE-
TpuH, GH3UKO-XUMHUUECKHX METOJaxX aHaJH3a M T. II. JIyyllle OCTABHTh
IS 3TOT0 BTOPOTO KOHLIEHTPAa, K KOTOPOMY YuYalllHecsl HPHUCTYIAT,
03HAaKOMMBILIKCH C (DH3HUECKON XUMHell.

Pazrpannunte ueTko, Kakyl JaGopaToOpHyl0O paboTy cjexyer
BHIMOJIHATL B HAUaJIbHOM Kypce M Kakylo B Kypce [OBHIILIEHHOM,
HEBO3MOXKHO, HO MBI BCe Xe yKaxeM Te yIpaxKHEeHHs, KOTopule, IO
HallleMy MHEHHIO, CIe0BaJ0 Obl BKJIIOUATH B 3J1eMEeHTapHBIH Kypc.

BecoBo#l anmaaua. KocBeHHBIH MeTON ONpeNesJeHHUs BOILLI
B THADPATHOH COJIM; IpOBepKa pasHOBecokK !; ompeienenre uoHa CI-,
onpefeseHHe  kejesa, omnpefesenne moHa SO;-;  aHanu3
H3BecTHsAKA (OmpelesieHHe KaJbIusi, MarHus U ABYOKHCH YTJIEpona);
onpenesenue (ocdaToB; onpeseseHHe KDPEMHEKHCIOTHI B TODHOH
NOpOZe; 3JIEKTPOJUTHYECKOE OIpefesieHHe MeAH.

O6bemub i anaaus. Kamu6poBaHHe MepHOH MNOCYZHL.

Auugumerpus nuankajgumerpHusda IlpuroroBnenne TH-
TPOBaHHLIX DACTBOPOB COJISIHOH KHCJOTHI B enakoro Hartpa (1N,
0,1 N u 0,01 N); ycranoska turpoB 0,1 N kucaorer u 0,1 N menoun;
yIpaKHEeHUs, ONHCAHHBIE Ha CTpP. 573; THTPOBaHHe clabofi KHUCJOTHI;
onpenesyieHne OukapGoHaTa HaTpusi W KapOOHaTa HaTPHA B CMeCH
o6eux cojiefl WM aHaa M3 KaJbLHHUDOBAHHOH COXBI; OHpelesIeHHe
aMMpaka B aMMOHHHHOH COJIH.

Mertoan ocaxpgeHus. [lpuroroBieHue THTPOBAHHBIX pac-
TBOPOB JJIsi apreHTOMETpHH (HHTpara cepe6pa, XJOpHAA HATPHL,

1 [1posepKy Pa3HOBECOK HaLO AeMaThb JHIUb TOrJAa,KOrja yuamuecs XOPOIIO
OCBOATCA C B3BEWIHBAHHEM Ha aHAAMTHYECKHX BecaxX., DeITh Moxer ayyme
OTJOXHTb TNPOBEPKY Pa3HOBECOK Ha CAeLylOIUi KOHUEHTD (MOBHINEHHBIH

Kypc).
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polaHula Kajus) M YCTAaHOBKAa THTPOB STHX PacTBOPOB; ompefelie-
HHe XJopa no Mopy, no Posprapfy U npu NOMOUIH aACOPGUHOH-
HOTO HHIHKATOpa.

Oxkcugumerpus I[IpuroroBjieHne TUTPOBAHHOTO PacTBOPa
nepMaHraHaTa 4 yCTaHOBKa €ro THTPA, ONpexesieHHe KaJblHs; HpH-
rOTOBJIEHHE THTPOBAHHOTO pacTBOpa OHXpOMaTa KaJiHs, Ompeiele-
HHe JKeJje3a B JKeJe3HOH pyJde TUTPOBAHHEM OHXpPOMATOM; IIPHIO-

TOBJIEHHE THTDPOBAHHOI'O pacTBOpa GPOMaTa KaJjausi, THTPOBaHHE
MBbIIIbAKOBHUCTOIO aHTruApHAa.

Homomerpusa. [IlpuroroBseHne THUTPOBAHHBIX DaCTBOPOB
H yCTAHGBKAa MX THTPOB; YIPAaXKHEHHs, ONMHCAaHHbIE Ha CTp. 647;
omnpejeseHde aKTHBHOIO XJiopa B OEMJIBHOM H3BECTH; ONpelelieHHe
MeId B pyXe.

B HacTosIeM pYKOBOACTBe NPHUBOILUTCS MHOTO 3a4au M BOIPO-
coB OoJbplIell 4acThiO C oTBeTaMH Ha HUX. OpHaKo Ipexrnojaraercs,
4TO PYKOBOJHTENb IIPHCOEAUHUT K HHM JOCTaTOYHOE KOJHUIECTBO COO-
CTBEHHBIX 3aJa4Y U NPUMEPOB M IPHYYHUT CTYAEHTOB K KOJHYECTBEH-
HBIM BBIYHCJeHHsM. HaM He Ka3anoch HYXKHBIM IOADOGHO 31€Ch
BXOJHUTb B TO, KaK HAJ0 INPOHU3BOJUTb pAa3/HUHble BHIYHUCJIEHHS
B KOJHMYECTBEHHOM aHasiuse, DTy OYeHb BaXKHYI0O CTOPOHY KOJH-
YeCTBEHHOrO0 aHa/ju3a JMJOJUKEeH pasbfiCHUTh YYallluMCsl Ipeno-
IlaBaTe/b.

OG6yuenre aHAJUTHUECKOH XHUMHH HeJb3sl CUHTAThb BIIOJHE YIO-
BJIETBOPHTEJILHLIM, €CJAH YydalllhueCs He 3HAKOMSATCS C TeKylled JIH-
TepaTypoit ¥ cnpapouHykamu. IlosToMy MBI JaeM 34eChb MHOTrO Jid-
TepaTypHBEIX CCBLIOK. IIpu NPOXOXKIEHHH MNOBBLIIIEHHOTO Kypca cJe-
IyeT mo6yxaaTh CTYIEHTOB Iodamie o0pamiaThCsl K OPHTHHAJbHBIM
UCTOYHHKAM.

Jo cux mop emie, K COXaJeHHIO, He BCe NOHUMAIOT, YTO aHaJH-
THYECKash XHMHSI ABJISIeTCs ORXHOH H3 OCHOBHBIX BeTBeH XHMMHYECKOH
Haykd. Mpl HajgeeMcs, YTO KHHTM, IOJOOHbIe 3TOH, OyAyT cro-
cOGCTBOBAaTh Da3BHTHIO IIOHHMAHUS 3HAYEHHs KOJHYECTBEHHOTO
aHaJu3a.

Mbl GymeM GiarogapHbl KaxKAOMY, KTO CHejlaeT HaM Te WM
UHble NPENJIOKEHHs] IJsi YJyulleHHs 3TOr0 PYKOBOICTEA.

H. Koavreogh
Munneanonuc, CIIA
®deppann 1936 E. Cendsan
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FIABA I
BBEJEHHUE

KayecTBeHHbIH M KOJHYECTBEHHBIH aHaJu3

AnanuTHueckas XMMUS pacnajgaeTrcs Ha JBa pasfena: KaueCTBeH-
HBIM aHAJH3 W KOJWYECTBEHHbI aHamau3. llesb KauecTBEHHOro aHa-
JIU3a — OTKPBITh H OTOXKAECTBHTb COCTAaBHbHIE YACTH XHMHYECKOTO
COeHHEHHs HJIH CMECH Pa3JIMUHBIX XMMHUYecKux coenuHeHui. Omnpe-
JelleHHe MPOLIEHTHOTO HJIH MOJIEKYJSIDHOTO COCTaBa  pPas3JHYHBIX
BelllecTB — 006JIaCTh KOJHUYECTBEHHOTO aHaJH3a.

Muorre H3 peaknuii KayeCTBEHHOIO aHaJju3a, IOCJe COOTBer-
CTBYIOLIETO HMX YCOBEpIIEHCTBOBAHHSI M YTOUHEHHS] YCJIOBHH HX BHI-
NIOJIHEHUsI, MOXKHO CHeJlaTh OCHOBOH KOJHMYECTBEHHBIX OIpeleseHH.

He Bcerma, ognako, xo pa6oThl, NPHBOAAIIMA K XOPOLIMM pe-
3yJbTaTaM B KaueCTBEHHOM aHaJjIH3e, MOXKeT ObITh NPHMEHEH H B KO-
JIHYeCTBEHHOM aHaJju3e. B kauecTBeHHOM aHajH3e, HanpuMep IPH
pasfesieHHH pa3JiMuHBIX 3JE€MEHTOB, YaCTO He HMeeT 3HaueHHs, YTO
YyacTh HCKOMOro B (HibTpaTe sJeMeHTa OyAer yAepiKaHa OCamKOoM.
IlosToMy mnpexzae, ueM NpPUMEHHTb KaKOH-JIUOO H3 METOAOB Kaue-
CTBEHHOI'O aHaJHu3a K KOJHUYECTBEHHOMY pasfeJeHHIO, Hafo 3TOT
MeToJ, KPHUTHUECKH HccaenoBaTh. KpoMe Toro, B KOJIHUECTBEHHOM
aHaJiM3e 4YacTo IOJIb3YIOTCH peaKIHSMH, MaJjio IPHMEHSeMbIMH HJIH
JlaXke COBCEM He NPHMEHSIEMBIMH B KaueCTBEHHOM aHajusde. Eciau
NIPOUCXOXKJIEHNE aHAJHU3UPYEMOro BellleCTBa COBEPIIEHHO HEH3BECTHO,
HaJ0 CHayaJjia NMPOH3BECTH KaueCTBEHHBIH ero aHaJi3 H TOJBKO IO-
TOM NpPUCTYNATh K KOJHUYECTBeHHOMY aHanudy. HoO xauecTBeHHHIH
COCTaB BelleCcTBAa YaCTo ObIBaeT HM3BeCTEH II0 ero IPOHCXOXIEHHIO,
H TOTZA MOXKHO Cpa3y HayaTb C KOJHYECTBEHHOro anaJausa. [Ipen-
BapHTEJbHOE BHINIOJIHEHHE KayeCTBEHHOIO aHajh3a OKa3blBaeT 60Jb-
HIyI0O NIOMOLIb B BBHIGOpDE INPaBUJIBHOIO MeTOAA KOJHYECTBEHHOIO
anasm3a. MHOrHe KOJIMYeCTBEHHBIE METOJBI ONPEAEJNeHUs Pa3IHYHBIX
5JIEMEHTOB NPUBOAAT K OIIHOOYHBIM pe3ysJbTaTaM B HPHCYTCTBHH
IDPYTHX, «MELIAONINX» 3JeMEHTOB, H JJI NPEOJOJIEHHSI 3TOr0 Me-
IIAIOIIEro BJHSHUS HAA0 OCHOBHOH X0J paboThl U3MEHHUTb COOTBET-
cTByfouiuM o6pasoM. OnpenesneHue 5jeMeHTa B UHCTOM PacTBOpE €ro
COeMHEHUd, T. €. B pacTBOpe, He COAepxKalleM HHKaKHX JIpYyrux
BEIIECTB, MPOHU3BOLUTCS CPaBHHUTEJbHO IPOCTO, HO KOTJa oOnpexe-
JSIEMBIH 3JIEMEHT CBfI3aH CO MHOTHMH JDYTHMH 3JIeMEHTaMH, Kak
9TO NOYTH Bcerja ObiBaeT B NPAKTHYECKOM aHaJIU3e CJOXKHBIX IpPH-
POJHBIX MaTepHaJIOB M HCKYCCTBEHHBIX NPOAYKTOB, oONpefeieHHe
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€ro 3HaYHTEJbHO yCJaoxHsercs, [losToMy B Takux ciaydasx npensa-
PHTEJILHBEIY KaueCTBEHHH aHaJi3, OTKPHIBAIOIIKI, KaKHe COCTaBHbIE
YaCTH UMeloTCq B npobe M NpUMepHO B KaKHX KOJHUYECTBaX, YacTO
AABJIAETCH HEO6XOAMMOCTRIO.

3HaueHHe KOJHMYECTBEHHOro aHaJjH3a H ero o6beMm

HcruHHOE NOHMMaHHe KaXXIOro NPHPOXHOTO SIBJIEHHSI HEBO3-
MOXHO 0Oe3 3HaHHs CBI3aHHBIX C HUM KOJHYECTBEHHBIX OTHOUIEHHII.
KosuuecTBeHHBIR aHaNM3 OKasas upe3BHIYANHO ILEHHYIO YCJAYry pas-
BUTHIO XHMHUYECKONX HAayKH H APYTHUX HaYK, NOJB3YIOLHXCS NaHHBIMH
XHMHUYeCKHX HccaenoBaHMi. OTKDHITHE OCHOBHBIX 33aKOHOB XHMHH
6LIJIO OCHOBAHO B 3HAUHTEJbHOH Mepe Ha pesyJibTaTax KOJHYECTBEH-
HbIX aHaJH30B. XHMHYECKOMY aHaJH3y Mbl 00f3aHBl Takxke 3Ha-
HHeM COCTaBa 3eMJIH H JaKe BHe3eMHOH MarepuH. IIpaBuJIbHO cKa-
3aHO: «BAYMUHMBHIH M OCTODOXKHBIH XHMHK BBIBOJUT 32KJIOYEHHS H3
CBOHX HCCJIEAOBAHUI INIaBHEIM 06pa3soM Ha OCHOBAHHH KOJIHYECTBEH-
HOr'O XHMMHUYECKOrO aHaJjHu3a, KOTOphIH SBJsSeTCHd HPOOGHBIM KaMHeM
oas BCeX XxuMmuueckux rumores» ([I. Moprar). Bo MHorux orpac-
JIIX 3HAHUA aHaJUTHYeCKas XMMHS Urpaer BaXKHyl pojb. OHa, Ha-
npuMep, HeofxoauMa B GHOJIOTHH, MHHEPaJOrHH, NeTporpaduu, reo-
XHMHH H T. 1.

IToMHMO CcBOEro OCHOBHOTO IHOJOXKEHHS CpPefH HayK KoJHde-
CTBEHHBIII aHaJU3 HMeeT OYeHb OOJblIOe 3HAUeHHe M B NpaKTHYe-
CKOH JesTeJIbHOCTH uesioBeKa. LIeHHOCTb NMPOH3BOICTBEHHOTO CHIPbS,
IPHTOAHOCTb [IPOMBIIIJIEHHOTO NPOAYKTa AJS NpPENHA3HAYEHHOH eMy
LeJdd, KOHTPOJb IIpolecca IPOM3BOACTBA — BCE 3TH NpOGJEMHI,
a Take M MHOrue Apyrue, TpeGyIOT NpHMeHEHHsS KOJHYECTBEHHOTO
aHaJu3a JJsl CBOero paspelleHus.

Ha ckasaHHOro sCHO, 4YTO OOBbeM KOJHYECTBEHHOrO AaHallH3a
OYeHb BEeJIHK, H [OTOMY B HAyaJbHOM Kypce Heu30eXHO IpPHXO-
JOUTCS OTPAHUUMTBCA TOJIBKO YacThio ero. KosHuecTBeHHBIH XHMMYE-
CKHf aHanu3 yno6HO pasfesuTb Ha JBa OOJBIIMX OTAEJA: Heopra-
HHYeCKMHK M OpraHMYecKHHl aHaJM3bl, H3 KOTOPBIX Mbl OyAeM pac-
CMarpuBaTh TOJNBKO NepBhlfi. Ho ¥ ONMH HeOpraHMYECKHH aHaJu3
HACTO/ILKO WIMPOK, 4TO B yue6HOe DYKOBOACTBO MOXKHO BKJIOUHTb
TONMbLKO: 1) OCHOBHblE TEOpeTHUYECKHe MOJIOXKEeHHs, OCOOEHHO BaX-
Hbl€ NTOTOMY, YTO OHM HMelOT oflllee 3HaUeHHe, H 2) HEKOTOphIE NpH-
Mepbl, HJJIIOCTPHPYIOIIHE NDHJIOXKEHHE YKasaHHBIX BhIIIE NPUHIH-
MOB K NpPaKTHYECKUM CJyyasaM aHajusa.

Ha 3Tux npumepax yuamuecs oCBaHBAIOT TeXHUKY KOJIHYECTBEH-

HOro aHaJgausa.

XHMHK-aHAAMTUK H JaCopaHT-aHAJHTHK

BrinonHeHHe XHMHUYECKOTO aHaJH3a — 3TO HCKYCCTBO, Tpelyro-
1Iee OT aHAJMTHKA M3BECTHOrO MacTepCcTBa, BHHMAHHS H TEpNEHHS.
[Tocne AOCTAaTOMHOR NpaKTHKH KaXXAbli J0OGPOCOBECTHBIH 4YeJIoBeK
MOXET CTaTh XopowlM 1a6OopaHTOM-aHAaJHTHKOM, HO 3TO
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He O3HauyaeT, 4To Tako#l JaGopaHt (chemical analyst) Gyaer B TO
XKe BPeMsi H XOPOIUHMM XHMHKOM-aHaJuTHKoM (analytical chemist).
[TepBriit — uesoBeK, BNOJIHE OCBOHUBINHMICS C TEXHH KO H KoJjHye-
CTBEHHOT'O aHaJK3a, HO OH MOXeT U He NMOHHUMAaTb XUMHIO BHINOJHse-
MBIX HM aHaJHTHYECKHX INPOLECCOB.

XUMHK-aHAJUTHUK JHOMKeH 06JagaTh CIHOCOGHOCTHIO paspe-
maTh Bce Hpo6saeMbl aHaau3a JOOOro xapakrepa 4 JioOOH CJ0XK-
HOCTH, C KAKHMH OH MOXeT BCTPeTHThCA. OH JoJKeH GHITH CHOCO6-
HBIM pa3paboTaTh COOGCTBEHHBIE METOIbl aHaJid3a, KOTAa eMy IIpH-
XOAWTCSl HMEeTh JEeJIO C MaTepualjlaMH, XOJ, aHaJH3a KOTOPBIX He OIH-
caH B CIPAaBOYHHKAX HJH PYKOBOACTBAaX IO aHAJMTHYECKOH XHUMHH.
XUMHK-aHaJIUTHK JOJIXKEH 3HATh BCe OTpaHHYEHHS NPHMEHAEMBIX HM
METOZOB, OH AOJIXKEH YMeThb OOBSICHUTb, I0YEMY TOT HJIH HHOH METOX
aHaJM3a B OTHEJbHHIX CJIy4YasfX MOXKeT He NPHBECTH K yJOBJETBODH-
TeJIbHBIM pe3yjbTaTaM. Bce 3To TpeGyeT NMOHUMaHHS TEODHH, Ha
KOTOPOH OCHOBBIBA€TCSl aHAJUTHYECKass XHMHS, 3HAHUS aHaJHTHYE-
CKHUX peaKUufi BceX 371eMEHTOB M 3HAKOMCTBA C Da3JIMUYHBIMH HCTOY-
HUKaMH OIIHGOK, BO3HHKAIOIIMX IIPH BBLINOJHEHHH KaXKIOro oOfpe-
neaenusi. [lo 3TUM mpuuYMHAM TeopeTHUECKHe OCHOBHI aHaJHTHUe-
CKOH XHMMHH B HACTOSIIEM pPYKOBOACTBE pa3bHPalOTC OCOOEHHO
TIaTeJbHO. Teopust aHaJIUTHYECKOH XMMHH He COCTaBJsieT CHelHaJib-
HOro pasgeyia oO6Iiell XHMHH; OHA SIBJISETCA IPHJIOXKEHHEM BCEro
HayYHOTO 3HAHHS K ONpeNeJeHHOH 4acTHOH ueau. XHMHK-aHAJHTHK,
3aMHTEPECOBAHHBIH B pacIIHPEHHH I0JI CBOEH HesaTejbHOCTH, HOJI-
»KeH GbITh B Kypce pa3BHTHUs BCeX APYrHX obJjacTeil XMMHH H jJaxe
JIPYTHX Hayk.

Jns onpeneneHusa KaXXAOH COCTaBHOM 4YacCTH aHaJU3HPYEMOro
MaTepHalia BCerJla HMEEeTCs] HEeCKOJbKO BO3MOXKHBIX METONOB aHa-
J¥3a; OOBIYHO OHH JAIOT Pe3yJbTaThl C Pa3jiMYHOH TOYHOCTBIO. BhI-
NOJHEHHEe KaXIOro aHaju3a CBSA3aHO Heu3beXXHO C HEKOTOPhIMH
omunb6kaMy. Vcnosb3ys Halle 3HaHHE HCTOYHHKOB 3THX OLIMGOK, MBI
MOXKEM CBeCTd HX K MHHHMYMY M TOTAa pe3yjbTaT aHajausa OyHAer
6JU3KUM K TeopeTHYecKoMYy. XHMHUK-aHaJHUTHK JAOJIKEH NOHHMATh,
YTO BEIOGOpP TOTO WJIM HHOIO METOAAa aHaJ/M3a, CBA3aHHBIH C ero Tou-
HOCTBIO, ONpEReNsieTCs IVIaBHBIM 00pas3oM IeJblo, AJI KOTOPOH 3TOT
aHaaus Gyner CJayXuTh. Tak, Npu ONpeNeJeHHH aTOMHBIX BECOB
pasJIMUHBIX 3JIEMEHTOB [OJIKHEI OBITh IPHHATHI BCe BO3MOXKHHIE
IIPEeOCTOPOXKHOCTH, YTOOBI NOJYyYaeMBIH pe3yJbTaT OblI BO3MOXHO
6ivXe K HCTHHHOMY 3HAueHMIO aToMHOro Beca. Ha cBasaHHBIH
C 5THM pacxol, BpeMeHH H TpyRa He NPHUXOXHUTCH obpamaTtb BHH-
MaHHsl.

C npyroit cTOPOHBI, XHUMHK-(PH3HMOJOr, IKeJalOmUHi Y3HATh, Ha-
npUMep, CoAeprKaHHe XJOPUIOB B mpobe KPOBH, GyIeT BIOJHE YAO-
BJIETBOPEH, €CJIM pe3yJbTaThl ONnpefesieHHss OYAYT OTKJIOHATbCS OT
HCTHHHOIO 3HAYEHMs] HA HECKOJBKO IIPOIEHTOB. B Tex ciayuasx, Ko-
rna GoJsibluasi TOYHOCTh He TpebGyeTcss WJIM KOrJa HaAO0 NPOH3BECTH
aHaJN{d3 BO3MOXKHO GOBICTpee, XHMHK-aHAQJIHWTHK HOJXKEH BIOJHE CO-
3HaTeJbHO BHIGMpATh NPOCThIE ¥ OLICTPbIE METOIBl B3aMeH METOLOB
oueHb TOuHbIX. OOGUIHX NPaBUJ B STOM OTHOLIEHHH IaTh HeJb3d, TaK
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Kak Tpe6GyeMasl WM KejaeMasi TOYHOCTb OyZeT pasJIHyHOH B pas-
JIMYHBIX CJIy4Yasix aHaJu3a.

B aroM pyKoBOACTBe MEI GyJeM pacCMaTpHBaTh IJIaBHEIM 06pa-
30M HauboJjiee TOYHHIE METOXAb! aHajM3a, UMes B BHIY CJELYIOIIHe
nesu: 1) 03HAKOMHUTh Y4Yalllerocsl ¢ TOUHBIMH METOJAaMH aHaJHUTHYe-
CKOlf XHMHHM, 4TOOBI OH IOJIYYHJ YBEpPEHHOCTb B cefe, B HalexKHO-
CTH cBoell paGoThl M NMpPHOGpPeJN psX HpaKTHYECKU IOJIe3HBIX 3HAHHUIE;
2) mnoAuepKHYTb MHOTOUHCJIEHHBEIE HCTOUHHKH OIIHGOK B XHMHUe-
CKOM aHaju3e H MOoKa3aThb YyYallluMcs, KaK IpPH HOHHMAaHHM Teope-
THYECKUX OCHOB aHaJIUTHYECKOH XHMHH MOXKHO YMEHBIIHTb 3TH
OlIUGKH.

Kaxapif, HayuyuBLIKHACS YAOBJETBOPUTEJIHHO NPOH3BOAUTH OUEHb
TOYHbIE aHaJIW3hl, CMOXET NPOM3BOJAUTH 3aTeM H MeHee TOUHbIe, —
HO 06paTHOrO CKa3aTh, KOHEYHO, HEJb3s.

MeToabl KOMMYECTBEHHOro aHaJH3a

Onpenenenue BelecTBa B KOJHYECTBEHHOM XHMHYECKOM aHaJju3e
OCHOBaHO Ha ()H3HYECKOM H3MepeHHH (U3UYECKOTOo HJIH XUMHYe-
CKOT'O CBOJICTBa 3TOr0 BEIECTBA, SABJSIOMIETOCS (DYHKIHEH OT KOJIHU-
YyeCcTBA €ro, NPHCYTCTBYIOILEro B IpoGe.

B 1uensix kiaccudUKanuu METONbl aHAJHU3a MOXKHO pas3fesHTb
Ha 4 rpynnsl:

1. BecoBo#t ananu3. B Meromax 3TOH TpyNNel ONpeAeNseMYIo
COCTaBHYIO YaCThb aHAJU3UPYEMOro BeEIIeCTBA H30JHDPYIOT WJIH, KakK
TaKOBYIO, B YHCTOM BHIE, WM (YTO BCTpeYaercss yauie) B BHIE
COeQHHEeHHs ONpeNeseHHOr0 cOCTaBa, KOTopoe B3BemuBaioT., Otxe-
JIeHHe, TNpHUBOJsLLEEe K H30JHPOBAHHIO ONpenessieMoi COCTaBHOH
YyacTH, MOXeT OhIThb NpPOU3BEHNEHO (DH3UYECKUMH MJIH XUMHYECKHMHU
MetogaMu. Yaiue Bcero npuGeraroT K NocCjeJHHM METOAAM, TaK Kak
npo6a MOXET HMeTb CJOXKHBI COCTaB, a TaKoe OTHEJeHHe IOJKHO
6uTh cneuMdUUeCKUM JJIs JAaHHOTO KOMIOHeHTa. BaxXuefmm# Me-
TOJ, BblIEJIEHHS ONpelessieMOl COCTaBHOH YacTH COCTOHT B OCazKje-
HHH ee JobaBjieHHeM B H306LITKE peakTHBa, 06pasyIoLIero ¢ Hed MaJo
pactBopuMoe coenuneHne. OcafloK WJIH HENOCDPEACTBEHHO B3BeEllH-
BalOT MJAH CHayajia NpeBpallaloT B ADYroe COeJHHEHHEe H3BECTHOIO
cocraBa. MeTroAbpl BeCOBOTO aHajH3a NOAPOGHO paccMaTPUBAIOTCS
B ra. IIL

2. O6beMHblli (THTpOMETpHYECKHMii) aHaau3. B oOGbeMHOM aHa-
JIM3e onpenessieMOMY KOMIIOHEHTY AAlOT pearHpoBaTh C PeakTHBOM,
KoTophi# 106aBJsIOT B BHAE PacTBOpa ONpeNeJeHHOH KOHIEHTPaIHH
(THTpoBanHbift pacTBop). MeromaMH, KOTOpble MBI ONHLIEM JaJiblile,
onpexensieTcss MOMEHT, KOrja peaktuB Oyner npuGaB/ieH B KOJH-
4YeCTBE, IKBHBAJIEHTHOM COJEpXKaHHIO ONpefessieMoll COCTaBHOH ua-
CTH npodu; caMO CoOJepKaHHe pACCUHTHIBAIOT 3aTeM 10 00beMy
THTPOBAHHONO pAcTBOpa, M3pacXONOBaHHOMY Ha THUTpOBaHHe (I

XXVIII) 4,

1 Cresayer OTMETHTh, YTO OGbeMHblE METOLH B TOM CMBICIE, B KaKOM Ml
ynorpe6aseM 38ecb TepMuH OO beMHBI M, OTIMYAOTCA OT APYFHX METOLOB
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3. dusuxo-xumuueckuii amaqu3 (ra. XLII). B atux Meromax
CoCTaBHEIE YaCTH aHaJU3HPYeMOro BelllecTBa ONPEAeNsIOTC H3Mepe-
IHeM  QHSHKO-XHMHYECKHX CBOHCTB, HampuMep IJIOTHOCTH, NOKasa-
TSI IPEJIOMJIEHHS, [B€Ta H T. . B Merozax KOJOPpHMETDHH
olpenesnsieMylo COCTaBHYIO 4acTh NpoGhl NpeBpamlaloT B OKpallleH-
II0C COeNMHEHHE M HMHTEHCHBHOCTH OKDAaCKH IOJYYeHHOro pacTBopa
CpaBHHBAIOT CO CTaHAAapTOM, NOJB3YSACh KOJOPHMETPOM HJH H3Me-
psis ee cmekTpodoToMeTpoM (cTp. 663). B Meromax Hededgo-
MeTpHUHU onpenessieMblii KOMIOHEHT NpPEBPAlllaloT B MaJjio PacTBO-
pHMOe CoefHHEHME, KOTOPOe OCTaeTCsl B BHAe CYCNEH3HH, H KOJHue-
CTBO [OCJEJHEro HaXOAST MO HHTEHCHBHOCTH CBeTa, PAacCceHBaeMoro
YaCTHLAMH 3TOr0 COEJMHEHHS, IO CpPaBHEHHI0O CO CTaHJapTOM
(ctp. 712).

Ot MeToxn HauGoslee MPHTOAHBL AJs ONpelelieHHs KOM-
TIOHEHTOB, BXOAMIIMX B COCTaB aHAJH3HPYEeMOro BellleCTBa B OYEHb
MaJbIX KOJHYecTBax.

4. T'asomerpuuecknii ananus. KosmuecTBo ompesesiieMoro Belie-
CTBa HAXOJST MO Oo6beMy rasa NPH H3BECTHOM HABJIEHHH H TeMIle-
patrype. DTHM rasoM MoxeT OHTb caMa onpejeiseMasi COCTaBHas
yacTb MJIH Kakoe-JHGO ee NPOH3BOLHOE.

Cuyienyer pasjuyaTh MaKpoO- M MHKDO-METOAH aHaJH3a.
B mnepBBiX H3MepHIOT HJIH B3BEWHBAIOT OTHOCHTEJbHO 60JIbLIHE
KOJMYEeCTBa BelecTBa (HaBecKa mpoOn oO6wniyHOo mnpesnimaer 0,05
i 0,1 2).

B MuKpo- INONYMHKPO-METOA2X paGoTaloT ¢  3HAYHTEJNIBHO
MEHBUIHMH KOJIMUeCTBaMH BeulecTB (HaBecKH 1npo6ul 0OGbIYHO
HaxonsATcs B npenenax ot 1 mo 50 xe). IlociaenHue MeToAR HayaJH
pasBUBAaTbCS B aHAJHTHUECKOH XMMUM CDaBHHTEJbHO HemaBHO. Mx
nprMeHeHHe HeOOXOAHMO B TeX CJydYasx, KOrxa /Mg aHaJusa
HMeercsl JHIIb OYeHb He3HauHTeJbHOe KojHuecTBo mpobu. Ilo-
CKOJIKY peub HIAeT O TeOPeTHYeCKHX OCHOBaX aHaJju3a, Mexnay
MakKpo- ¥ MHKPO-MeTOZaMH HeT pasjnuus. PasHHIa COCTOHT JIHLIb
B NpHMeHsieMhIX npHGopax W B TexHHKe paboTh. BecoBrle, o6beM-
HEle, rasoMeTpuuyeckHe H (PU3MKO-XHMHYECKHE MeTOAHl, — BCe OHHU
MOTYT NPHUMEHSIThCS H B MHKpoXuMuyeckoii paGore. Hekoropme pu-
3HKO-XMMHYECKHE METOMbI, HamnpuMep KOJIODHMETpHYECKHe HedeJio-
MEeTpHYECKHe, CHeKTPOGOTOMETPHYECKHE H CNEKTPOCKONHYECKHE, 0CO-
GeHHO TOJIe3HBbI JJisi ONpeIeNeHHsT COCTaBHBIX YacTell, HPHCYTCTBYIO-
IHX B MHKPOKOJHUECTBaX. OTH METOJBl INPHMEHSIOT JJsi Ompe-
HeseHUsT TAKHX KOJHYecTB 6e3 0COOhIX H3MeHeHHH B TeXHHKe
paboTHL.

TEM, UTO PEaKTHB B HHX NPHOABAAETCH BCErja B 9KBHUBAJEHTHOM KOIH-
yectse., B orpomMHoM 60nbUIHHCTBE CAYYaeB KOJIMYECTBO MPHOABIEHHOrO peak-
THBa HAaXo#AT mo o0beMy ero pacTBopa: OTCIOla M Ha3BaHHE ,00beMHHIH“.
MoxHO, OZHAKO, onpeldelsaTb He 06beM, a BeC pacTBopa npH6GaBJICHHOTO DeakK-
THBa, YTO H JielaeTcs MPH BHINOJIHEHHH Haubo/Jee TOYHbIX aHa/NH30B ,00bEMHBIM®
meronoM. [lostomy mpaBunphee ObIO 6B Ha3biBaThb ,00bE€MHBIE“ METONBI
THTPOMETPHUYECKHUMH, HO Mbl OCTaBIfieM TEePBHH TEePMMH, TaK Kak

OH YXe MNpPOYHO BOWIEA B NPAKTUKY A3bIKA KaK CHHOHHMM THTPOMETPUYECKHX
MCTOI0B,

92  Bax. 3584. Koabrrod m Cenmair.



JINTEPATYPA 110 KOJIMYECTBEHHOMY AHAJIN3Y

1. O6mHe pYyKOBOACTBA NO KOJHYECTBEHHOMY aHaJH3y

A. Teopus KoauuecmgeHH0:0 aHAAU3Q

Baccer I'.,, Teopuss KONMYECTBCHHOrO aHANH3a M €€ MPAKTHYECKOE MPH-
mencuue, JI. 1932,

OctBaabyg B. OCHOBH aHAIUTHYECKOH XUMUH,

* Tamanaesn H. AHaiurHueckas xumusa. TeopeTduecKoe BBEIEHHE B XHMH-
yeckuil aHaau3, Knes 1931%.

5. Becosoli u obsenmubill aHaaus!l

Bepr B., lpumenenvue 8-OKCHXMHOJMHA B aHAIHTHYECKOH xumuH, M., 1937.

Buawvnu I, Buas iy 8., KoanuecrBennnii ananus, M. 1933

Fnane6paun B, Jlenneas I, [lpakTnueckoe pykoBogcTBO 1O HEOpra-
HHMYeCKOMY aHaiu3y, u3i. 2-e, M. 1937.

Tpenseana ®., Fona B, Kypc anaruruueckoii xumuwy, T. II, Koanuecrsen-
HBlH anaJdHu3, 4. 1 — BecoBod amanu3, y. 2— OO6bemHbil aHaaus, usfg, 7-e, M.
1935.

* Kpanusun C., KoanuectseHHuit anamus, usn. 2-e, M. 1930.*

Muruea A, Yopunu A., HoBbe MeTonb KONHYECTBEHHOIO XHMHYECKOTO
ananusa, M. 1938.

* Tananaes H., BecoBoit anartus, usg. S-e, CeeparoBck 1938, *

B. OGsenmrvili anasu3

Koastrog W, O6bemuslii aHaaus, nepeB. moj pex. B. Xuomuna, 1. L
Teé)pnﬂ o6bemHoro anamausa, JI. 1930; 1. II, [IpakTnka oGbemHoro asaausa, Ji.
1932.

* Tamanmaes H, O6bemubiii ananus, usn. 6-e, CBepuaock 1939,

dayans3 I, O6bemunii asamus, M. 1934.

Iuaos H, O6bemunii anaaunsz, M, 1933.

MMerpawens B, O6bemunit anamuz M. — JI. 1946, *

II. Tpyas mo cneuHandbHbIM METOAAM aHajusa

A. Saexmpoarnaiu3

KaxacceH A., DaexTpoananus, KonnuecTBeHHbHH aHAaIM3 TOCPEICTBOM 3JIEK-
Tpoausa, M., 1934.

dumep A, WIlneitxep A, drekrpoananu3, MeToxsl yCKOPEHHOrO 3Jek-
TPOaHa/NM3a NPH ABHXKEHHH SJEKTPOJHTA MIH 3nekTponos, JI. 1931.

B. duexmpomempuneckue smemodst (cM. ria. XXXII)
B. I'a3omempuueckuii anaaus (cm. ra. XLII)
I'. Muxpoananrus

*Bbepenc I',, Knei Il, Mukpoxumuueckuii ananus, JI. 1928,
Kopeuman M., KonnuecTBenubiii MHKPOXHMHYECKHH aHaau3, JI. 1936.
Kopeuman W., Mukpokpucraanockonus, M. — JI. 1947,

1 W3 nmepeuncleHHbX 37eCh DPYKOBOJACTB OCOGEHHO BhIIEJAsieTcsl KHMra [ua-
ne6panja u Jlengeas, oJHH H3 Ha#6OJEE aBTOPHTETHHIX TPYNOB IO XUMHYECKOMY
aHaJM3y, OXBATHIBAIINMI AHAIMTHUYECKYIO XHMHIO IPAKTHYECKH BCeX 9JEMEHTOB
M conepxamMii KPHTHYECKH TNPOBEPEHHBIE METOJBl HX ONpejieJeHHst H pasje-
JICHHS.
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Hpsrap &, KomumuecTsennnii oprannveckuii mMuxkpoaraaus, M, — JI. 1934

dpunpux A, IlpaxTuka KOIHYECTBEHHOrO OPraHHYECKOr0 MHKpOaHa-
au3za, JI. 1939,

dmux P, MuxkpoxHMHYecKHH aHanu3. Meron M mpaxTHKa, IepeBol NoOJ
pex. A. Pedopmarckoro, JI. 1932, *

. Qusuko-xumuneckue memods (cM. ra. XLII).

IlIl. Tpyabl no anaju3y CnelHaabHbIX MalepHaloB

A. Obujuii mexnuneckult anaaus

Jloure I, bepas E., XHMHKO-TeXHUYECKHE METOIbl HCCIELOBAHNS, T.
I, o, 1, 2, JI. 1937; 1. 1L, u. 1, Bum. 1, JI 1936; 1. 11, u. 1, Baim, 2, JI. 1937,

b. Cnaaso

1. Yepnble mMeTamlabl (CM. CTp. 762)
2. LisetHble MeTamabl (CM. C1p. 732)

B. Munepaasot u pydot

Myp P., Xumuueckuil aHalM3 pPeiKUX TeXHHYECKUX MeTaaaos, JI, 1931.

Wenanep B, [Toysa B.,, AHanu3 MHHEpaJOB H PyJX, COLEPHALHUX peiKlie
yaeMeHTol, JI. 1928 (HoBoe aHramiickoe uspanue 1940 r.).

AHanu3 ropHbeIX IOPOX (CM. cTp. 764)

I'. Peaxmusgwst (cM. cTp. 185)

. Booa

* Kopakul 0., Unctble XxuMHUECKHE peaKTHBH, u3n. 2-e, M. — JI. 1947.

XnonuH B.,, MeToibl CaHHTAaPHBLIX HCCAENOBAaHMII, T. I, AHANN3 NUTbEBbIX,
CTOYHBIX M MHHepalbHbiX Box, JI. 1928; 1. I. BuiN. 1, ABaAN3 NMUTbEBHIX M CTOY-
HbIX BOJ, M3l. 2-e, JI. 193V; 1. I, Bhm, 2, AHalu3 MHHEpPaJbHBIX BOJX, H3l. 2-e
JI. 1932,

WuectutyTr uM. Dpucmana CraHgapribie MeTOHAb aHaiHM3a BOJbI,
M. 1932.

I'OCT’mt 1°47— 1948 rr. Ha MeToxbl ONpeNeJCHHs B BOAE Kadblius, Maruug,
XK enes3a, MBIIbSKA, KECTKOCTH, LIEJIOYHOCTH U T. I. *

IV, XXypnaabi

[epeunciennble HHKE KYDPHaAbl IIOCBSIIEHBl HCKIAIOYHTEAbHO BOIPOCAM
AHANMTHYECKON XUMHH:

*Kypsan aHanuTHYECKOH XHMHH,

3aBojckas Jgabopatopus.*®

The Analyst.

Annales de chimie et de chimie appliquée et revue de chimie analytique
ré¢unies,

Industrial and Engineering Chemistry, Analyiical Edition,

Microchemie,

Zeitschrift fiir analytische Chemie.

KpoMe Toro, craTbH NO aHAJUTHYECKOH XHUMHHM MOMELIAIOTCS B KYpHAlaX
ofliero xapaxkrepa, YHCJIO KOTODHIX HAacTOJBKO BEJIMKO, YTO OHH HE MOIYT ObiTh
34CCh TIPHBENEHEL.



FTABA II
CTEXHOMETPHS. BbIPA)KEHHE PE3YJbTATOB AHAJIM3A

MeTojibl KOTHYECTBEHHOTO XHMHUYECKOTO aHaJii3a OCHOBaHBI Ha
HCCKOJILKHX 3aKOHAaX O BECOBBIX OTHOIIEHHAX MEXKAY 2JIeMEHTaAMH
B HX COCAMHEHHSIX. 3aKOHBI 3TH KaxXyTCsd HaM 4YaCTO OYeBHIAHLIMH,
caMmo ¢co06oi0 pasyMemuMucsa, 1 NOTOMY MHOTHE€ He€ 3HAIOT, 4TO
STH 3aKOHblI ABJAIOTCH TEM Q)YHIIaMeHTOM, Ha KOTOPOM TIIOCTpOE€Ha
BCA HAaykKa O XHMHYECKOM aHaJiuse.

CoeaunnresbHble Beca

B nauane pgessiTHazmaroro croJietdsi JlaabToOH yKasal, 4TO JJA
Ka’kJIoro 3JIeMeHTa MOXHO YCTAaHOBHTb OIIpEAeJieHHOe YHCJIO, IIpH
MOMOIUH KOTOPOro JIETKO BBIPA3HThR BECOBOE COZEpXKaHHE JaHHOTO
3JIEMCHTA B €ro COeIMHEHHSX C JPYTHMH 3JieMeHTaMH. IDTO YHUCJO
Ha3biBACTCA COENHHHUTECJBHBM BeCOM JOAaHHOI'O 3JiIEeMEHTA.
3akoH coegfHHHTEeJbHB X BecoB JlaJbTOHAa MOMXHO
¢opMysiMpoOBaTh CJEAYIOIUM 0OpasoM:

Iaementor coedunaroTcs Opye ¢ Opyzom 8 OTHOWIeHUU uxX Coe-
OUHUTERbHLIX 8ECO8 UAU KPATHOLIX 3TUM COCOUHUTENbHbIM B8ECaM
qucen.

DTOoT 34KOH BKJIIOYaeT M 3aKOH NOCTOSHCTBa CO-

crtana (Puxrep u Ilpycr):

Kancdoe undusudyarvroe xumuueckoe coeOuHeHue umeer no-
CTOSIHHOLE cOCTag, T. e. 8ce2da COCTOUT U3 OOHUX U Tex dce
XUMUHMCCKUX 3ACMEHTO8, coeQuHeHHblx mexcdy co60t0 8 OOHOM
I TOM e B8eCcOBOM OTHOUIEHULL.

TlpnunMasi COeaMHUTENbHBI BeC BOJAOPOJA 3a €NUHHILY, MOXKHO
BLITHCJIMTL COGOUHUTENbHble Beca H BCeX ADYTHX 3JEMEHTOB.
Co BpCMCHH nNosiBJieHHsT aTOMHO# Teopuu [lajbToHa MBI 3HaeM,

UTO CJIOXKIIbIE XHMHYECKHe BellleCTBa MOJIYYalTCsd B pe3yJbTaTte CO-
C/UTHCHST aTOMOB pPAa3JyIMYHbLIX 3JEMEHTOB JApPYr € ApyromMm B MoJle-
KyJbl 11 UTO aTOMBbI 3TH HUMEIOT ONpeJesieHHble MOCTOSIHHbIE BECA.

ATOMHBIE Beca

AtroMnneseca Pa3JIMYHBIX 3JIEMEHTOB MOXKHO KpaTKO OIpe-

JCJIITL KAK OTHOCHTCJIbHBIE Be€ca aTOMOB 3THX 3JeMeHTOB. [lo MHO-
CHM  OCHOBANMSIM  BCC AaTOMa KHCJOpoJa OBl NPHHAT PaBHBIM
16,000 1 uo oruoumendio K 3toil nudpe ObLIN PaCCUHTAHBl aTOMHbIE

Beca JPYrux JeMeHnTosB.
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AToMHBIN Bec, BHIDAXKEHHBIi B rpaMMax, Has3hIBaeTrcs I'paM M-
ATOMOMHMIMTPAaMMAaTOMHEM BecoM I'paMMaToM KHuCJO-
pona, caeroBatesabHo, paBeH 16,000 e. MosekyJasipHbl Bec Belle-
(TBAa PaBeH CyMMe aTOMHBIX BECOB COCTABJISIIOIIHUX 3TO BEIECTBO 3Ji€-
VIEHTOB, NPHYEM aTOMHEII BeC KaXXIOro 3JIeMeHTa HaZo IIOMHO-
/KUTh Ha YMCJIO aTOMOB 3TOTO 3JIeMEHTa, BXOISLIHX B COCTaB MoJe-
KyJbl coefnHeHHsl. MoJieKynspHbIH Bec, BbIpaKeHHBIi B rpaMmax,
11a3blBaeTC 'PaMMOJEKYJSAPHBM BECOM HIH MOoJeMl,

AToMHBHIe Beca NpEeACTAaBJAIOT o000, CJeI0BaTeJbHO, OTHOLIEHH I'pPaMMaTo-
VOB Da3JMYHHX SJIEMEHTOB K I'pPaMMaToMy KHCJOPONA, KOTOPHIi NPHHSAT PaBHHM
16,000 2. Tounoe 3HaHHE aTOMHHX BECOB MMEET HCKJIIOYHTEJNbHOE 3HayeHHe B aHa-
/IMTHYECKOH XHMHM, TaK KaK Ha HHX OCHOBaHH BCe pacueTH, NpHMeHseMHe B KO-
JHYecTBEHHOM aHaiuse. Puuapnc (1868—1928), nonyuuBmuii BCceMHpHYIO H3BECT-
HOCTb M HarpaxkJIeHHHi 3a CBOM TPYJH IO ONpejeNeHHI0 aTOMHHX Becos HoGenes-
cKOfl Npemuel, OfHaXIH BHpasuica o cBoell paboTe B CHEAYIOIIMX CJIOBAX: «3TO
nojie AEATeJbHOCTH OHJIO BHIOPAHO MHOI0O He TOJbKO NOTOMY, YTO I YYBCTBOBAJ
ce6si B 5TOM HanpapJeHuH GoJiee KOMIETEHTHHM, YeM BO BCeX APYTHX, HO M TMO-
TOMy, YTO aTOMHHE Beca MHe Ka3aJHCh BCeria ONHOH M3 OCHOBHHIX TallH MHpa.
3t0 1nudpH, KOTOpHE He MOTYT OHTb U3MeHeHH. OHH Kak GyATO GH He 3aBHCAT OT
NPOCTPaHCTBA M BpEMeHH» (9TO GHJIO CKa3aHO 1O OTKPHITHS paXHOAKTHBHOCTH H
H30TONOB). «OHH GHIIM MOJUYAJMBHMH CBHIETENISIMH 3apOKJEHHs HaLero MHpa
H CHMMeTpHs IIEPHOIMYECKOH CHCTEMH, HaNOJOBHHY pa3bACHEHHas, HANOJIOBHHY
ellle COKPHITAas OT Hac, TOJNBKO YCHJHBaeT Hallle JIIOGOMHTCTBO B OTHOUMIEHHH STHX
3aragouHux wugp. Bosee Toro, cpean MHOTMX CBOHCTB, KOTOPHIMH O6Janaer sJje-
MEHT, aTOMHHH Bec ero Ka)kercs HaM HauOojee ONpeleJeHHHM H NOCTOSHHEIM.
[TosToMy B CBOHX CTpeMJIEHHMSIX PacCUIHPHTb HAIIH 3HaHHA 06 OCHOBHOH MNpHpoxe
Belleil MH JOJXKHH €CTECTBEHHO YIeJHTb aTOMHHM BecaM mojo6aimmee HM 3Ha-
UHTEJIBHOE MECTO»,

ATroMHBIH Bec 3JIeMEHTa HaXONSAT SKCIepHMEeHTaJbHO, ONpeNeJisis
nan6ojiee TOUHBIMH M3 HMEIOIIMXCS METOLOB ero COeJHHUTENbHBIH
sec. Ho HH OOMH U3 aHaJHTHYECKHX METOIOB He COBEeplLIEHEeH H
03TOMY UH(PH aTOMHBIX BECOB BCETZa HECKOJbKO oun6ouHnl. [lo
Mepe TOro KaK pacCIUHpPSIOTCSl HAalU¥ 3HaHUS W Pa3BHBAETCH TEXHHKa
JKCIEepUMeHTa, UHGPbl aTOMHBIX BECOB IIpeTepfeBaloT HeGoJbliue
usmeHnenust. IlosaroMy exeromno Komurer aTOMHHIX Becos Mexny-
HAPOJHOIO XMMHYECKOro OO'beHHEHHsI aeT KPHTHUECKHH 0630p pa-
OTHl 110 ONpeNeJeHHI0 ATOMHBIX BECOB, NPOJEJaHHOH 3a rof, H Co-
crapjser TaGJuIy MeXAYHaDOLHBIX aTOMHBIX BeCOB Ha AaHHBIA ToOA.

C aHaJUTHYECKOH TOYKA 3peHHs GHJIO GH JOCTaTOYHO NYGJIHKOBaTh MOROOHYIO
Ta6nuly B OTHOLIEHHH OGHYHO pacHpOCTPaHEHHHX 3JieMeHToB pa3 B 10 Jjer, Tak
KaK H3MEHEHHs B aTOMHHIX BeCaX B Te€YeHHe MOCJEIHEro IecATHJIETHs OHJIH Tak
MaJlbl, YTO OHH HE MOTYT OTPasuTbCA Ha TOYHOCTH DE3yJIbTAaTOB aHaju3a. B oTHO-
IEHHH K€ PENKHX SJEMEHTOB JeJo OOCTOMT HHauye, TaK KaK COEIHMHEHHs STHX
peoKHX SJEMEHTOB 3HAYHTEJNbHO TPYAHee NOJYuHTh B uMcToM BHAe. Hanpumep,
ATOMHHI Bec nesuss B 1933 r. 6ula mad pasuuM 132,81, B 1934 r. — 132,91; artom-
unit Bec ocMua B 1933 r. — 190,8, B 1934 r. — 191,5. ATOMHHI Ke Bec Kajus H3-
menusca ¢ 39,10 (1933 r.) mo 39,096 (1934 r.), 1. e. Toabko Ha 0,01%, — Benu-
4MHY ]IS aHAJHTHUKA HHYTOXKHO MaJylo.

C OTKpPHTHEM CYyHIECTBOBAaHMS y OOJIbUILIHCTBA PACHpPOCTPAHEHHHX 3JIEMEHTOB
I30TONOB BO3HHKJIO COMHEHHE B 3HAUEHHH OOHIYHHX AaTOMHHX BecoB. SIBJeHHe
1JOTONHM O3HAyaeT CyLleCTBOBaHHe JJA PsJa 3JEMEHTOB HECKOJbKHX XHMHYECKH

1 Yucao MoJaexyd B OJIHOM MOJe BelleCTBa — BEJNUYIIHA NOCTOAHHAs; Oka
nasuiBaeTcA yHcioM ABeraapo u pasHa 6,02 - 10%,

21



HepasjaeJuMBIX (pOpM, KaxKIasg U3 KOTOPHIX HMEeT TO 2Ke aTOMHOe NOpPSILKOBOE
YHCJI0, HO JAPYroil aTOMHBIII BeC. DJIEMEHTH fIBJSIOTCS CMECHIO NOCTOSIHHOTO COCTaBa
HECKOJIbKMX H30TOMNOB, M OGHIUHBIA AaTOMHBEII BeC He BHIpaxKaer co6oi0 Beca OT-
[EeNbHOTO aToMa TOrO HJIK MHOTO SJIEMEHTA, HO SIBJIAETCS CPEeIHHM TPpaMMaTOMHHIM
BeCOM 5Toil cmecn H30TONOB. K cuacThio, H30TONHYECKHi cOCTaB OOHIKHOBEHHBIX
3JIEMCHTOB B IpHPOJe NMOCTOSIHEH 3a OUeHb pPEIKHMM MHCKJIOUEHHAMH; CJefoBa-
TeJbHO, H aTOMHbIE Beca — BEJIMYKMHKE HOCTOSTHHEIE,

Panplie npeanoJarasoch, YTO KHCJAODPOZ HE MMEET H30TONOB, H BeC ero Guul
npuunT pasuniv 16,0000, Temeps MbI 3HaeM 4T oObIuHEIA KHCaopox (O€) comep-
KHT ouenb Majibie KoJmdectBa m3otomoB O17 u OB, Ecan Bec 00BIYHOI'O KHCJIOPOAA
npuusith pasusiM 16,0000 m mo memy paccumtaTh Bec ymcrtoro u3otoma O1%, To on
okaxercsi paBHEM 15,9965 -+ 0,0002. Ilpu :xenaHuu OTHECTH Bce aTOMHBIE Beca
He K OGBIYHOMY KHCJIOpORy, a K uucromy usorony O!® Hamo ysennunts HX Ha
0,022%,. DTO BCTPEeTHJO BO3paxKeHHs, H KoMuTer aTOMHBIX BecoB MexayHapon-
HOTO XHMHUECKOTO OO'beNHHEHMS] DEIIHJ COXPAaHUTh MJIsi «OOBIKHOBEHHOrO KHCJIO-
pona» uubpy aromHoro Beca, pasBuyio 16,0000, me ofpamas BHuUMAHMA Ha
ero msoronuueckuil cocraB. Cienyer, OZHAKO, SICHO IOHATH, YTO 3TO JOMYIIeHHE
HA B KakOH Mepe He OTpa)kaeTcsl Ha LEHHOCTH OOGBIYHBIX AaTOMHHIX BeECOB, TaK
KaK JIJIs XUMHYECKHX Lesiefl HaM HYXKHBl OTHOIIEHHS BECOB IPaMMaTOMOB pasJiHy-
HBIX 3JIEMEHTOB, BCTPEYalOUIMXCSi B MNPHPOXE, a He TeX HHAMBHAYaAJbHBIX H30TO-
HOB, U3 KOTOPEIX OHH COCTOSAT.

HHTepecHO OTMETHTb, YTO BOJA B IPUPOJE COHAEPIKHT NPUOAH3HTENbHO 1 u. Td-
xeyoit Bomn (He201%) na 5000 4. jerkoit Bomst (He'O1%) m uTo OTHOIIEHHE 5TO
¢aKTHYeCKH MOCTOSIHHO,

Crexnomerpus

XuMuyeckoe ypapHEeHHe SIBJSIETCS CHMBOJIHUECKHM BBIpaXKeHHeM
KOJIMYECTBEHHOTO OTHOIIEHHS MeXJY pearupylollHMH BelllecTBaMH
I NPOAYKTaMH peaxIiiuu.

Tax xumnueckoe ypaBHeHHe

AgNOz; - NaCl — AgCl--NaNO,

yKasblBaeT, 4To 1 MOJb HHUTpaTa cepebGpa pearupyer ¢ 1 MojeM XJo-
puna HaTpusi ¢ o6pasoBaHHeM | Mousi xJopuaa cepebpa w 1 Moas
HuTpaTa HaTpusi. Ilpm cMemeHuu pacTBopa HUTpara cepebpa c pac-
TBOPDOM XJIODW/Aa HATPHsI Deakiys HAeT KOJHYeCTBEHIO cJieBa Ha-
IpaBoO M ypaBHEHHe MOKa3biBaeT, uro 169,88 2 murparta cepebpa,
pearupyst ¢ 58,54 e xjopmaa Hatpus, pawmoT 143,337 e xJaopuna
cepebpa (ocamok) u 85,006 2 uurpara HaTpus. Kpome Toro, us
ypaBHeHHs MOXHO BbIBecTH, uto 107,880 2 HoHOB cepe6pa, COenH-
usiich ¢ 35,457 2 wona Cl-, obpasyer 143,337 2 xJaopuna cepebpa.
Orcrona JIerKO BBIYHCJHTb, CKOJIBKO XJOpHAa cepebpa mainyT a
rpamMMoB cepeGpa ujau @’ TIpaMMOB HuTparta cepebpa, uau b rpam-
moB uoHOB Cl~ miu b’ rpaMMoB XJopuia HaTPHS.

Moxno ckasath Takxke, uro 143,337 e xJjopuga cepe6Gpa 3KBH-
Bajedrunl 107,880 2 cepe6pa u 35457 e xjopa HnH, B OOLIeH
dopme, w rpaMmoB xJopuia cepe6pa IKBHBAJEHTHBI

107.880

43337 ¥ TPamMmoB cepeGpu

WITH
35457

1_4.3.'.337—- W TpaMMoB XJopa

[)
(]



Iiciu B peakuuio BCTynarwT rasoo0pasHble BellecTBa HJIM Ia3o-
o0pa3Hble BellecTBa IOJYYalOTCS B pe3yJbTaTe DeaKUHH, TO XHMH-
'I0CKHe YpaBHEHHSI IIOKaXKyT HaM H COOTHOLIEHHsI MeXIy BeCaMH H
oivbeMaMd 3THX rasoB. 3akoH ABorapgpo (1811 r.) riacur:

IIpu odunaroselx Temneparype u OasieHul 8 PABHLIX 00BEMAX
20308 co0epicurcs O0OUHAKOB0e KOAUYECTB80 MOAEKYA.

OnuH MOJib MEEaJbHOTO Ta3a 3aHUMaeT IPH HOPMAaJbHBIX YCJIO-
wisx (mpu Temnepatype 0° W jnaBjeHuu, paBHoM 760 mm pT. CT.)
nOobeM B 22,41 .x.

Xumuueckass peakidss MexAy KapOGOHATOM KaJblHs H COJSHON
KUCJIOTOM MPOHUCXOAUT KOJHYECTBEHHO COrJIACHO YPaBHEHHIO

CaCO; -+ HCl — CaCl, -+ CO,--H,0

YpaBuenne nokaseiBaer, uro 1 Mosb mam 100,09 e xapGonara
kagpuus paior 44,01 2 AByoKHCH YrJepoia, 3aHMMaromlell o6beM
5 22,41 2 npu 0° u maBnenuu 1 ar. O6bem Vo, KOTOpBI 3aHUMAaeT
cyxoii ras npu temneparype t° C u JaBjeHHEM p, MOXKHO HaHTH IO
¢opmy.Je L.

A%

=R (razoeast KOHCTaHTA),

rae T==(273 4+ t°) 1 V — o6bem rasa npu JaHHBIX YCJOBHSAX.

BripaxkeHne pe3ysbTaTOB aHaJu3a

XuMHYecKoe BbIpaXceHHe pe3yJbTaToB. KoOJHUECTBO TOro HJIH
1IHOTO COCTaBJSIIOUIETO B NAaHHOM o0paslue HCCleayeMOro MarepHala
BBIYUCJAIOT U3 De3yJbTaTOB aHaJH3a N0 METOAaM, KOTopble GYAYT
onucansl nospHee, Cefuac MBI OCTAHOBHMCSI Ha BOINPOCE: Ha KaKoe
XUMHYECKOe BEeIeCTBO CJellyeT pacCUuTaTbh 3TH pe3yJbTaThl aHa-
auza? Hanpumep, B u3BecTHsKe OBl ompeleseH Kaaenzi. Ciexyer
J1 pe3yJbTaT aHaJH3a pacCUYHUTaTh Ha 3JIEMEHT KaJblluH, MM Ha
Kap6oHaT KaJblUs, HJIH Ha OKUCh KaJbIUS?

B o6meM, MOXHO CKasaTh, 4TO, TA€ TOJBKO 3TO BO3MOXKHO,
onpenessieMblii 3JeMEHT Haf0 NPeACTaBJATh B TabJHile pe3yJbra-
TOB B TOH ¢opMe, B Kako#i OH AEHCTBHTEJbHO NPHCYTCTBYET B aHa-
JH3HpyeMoM BemecTBe. Hampumep, pesynbrarThl onpefesieHHss a3oTa

iano paccuureiBath Ha HHTpaT (NOz uam NeOs), murpur (NO:
und N20s3) wam ammuak (NHs), B 3aBHCHMOCTH OT TOro, B KaKOM
BHOE WJIM B KaKUX BHAAX a30T HAXOAHTCS B HCCIenyeMoi mpoobe.
PesysabraThl aHajin3a OTAENBHOH COJMHM MOXHO NPEACTAaBUTh B BHIE
ce woHOB (Hanpumep, npu aHamuse Ke2SOs paccuutath pesysibTaThl
na Kt u Ha SO;"‘). Ecsu cocraB anaausupyeMoro BelleCTBa HEH3-
BECTEH H He MOXKeT OBITh JIETKO OIPeNeJieH, pe3yJbTaThl HalOTCA

I BpluMCJIEHHS B KOJMYECTBEHHOM aHAJH3e MOAPOOHO OGbsiCHEHb B KHHTE:
JI.. TamuabToly, C. CummncoH, Boluucaenus 10 KOJIHYECTBEHHOMY XHMH-
ncckomy aHaamsdy, M.—JI. 1931,
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o6blYHO B IlepecyeTe Ha 3JIEMEHTHl HJIH HUX OKHCJbL. Pesyuabrar
ONpefesyIeHHs KaJibllisl B HEH3BECTHOM BelllecTBe Haxo GbLIO Obt
IIpeCTaB/sATL B NepecyeTe Ha 3J€MeHT, TaK KaK HeH3BeCcTHO, B Ka-
KOH KOMOMHAUHH OH BXOAMJ B 3T0 BeuiectBo. Ho wacro mpencra-
pasieMast ¢opma omnpefensiercs HeJsMH aHaiau3a. Hampumep, co-
JepKanue KaJbliusd B H3BeCTHsKe YIOOHO BBIpaXkaTh B pacuere Ha
OKHCb KaJIbLHS, €CJIH 3TOT M3BECTHSIK CJIYXKHT IJIs IOJYyYEHHUS H3
Hero HeraleHoil usBectH. CojepKaHHe Keje3a B JKeJe3HOH pyLe
NPCANOYUTAIOT BHIPAXKATh B INepecueTe Ha METAJJIMYECKOE KEene30
H T I

[Tpu nonnoM aHanM3e CJOXKHBIX BEILECTB, COAEPKALIUX KHCJIO-
pol, OOBIYHO OPENNOYHTAIOT PACCUUTHIBATH COMEPIKAHME Pa3JIHYHBIX
sjgeMeHToB Ha uXx oxkucael (K na KeO, Ca na CaO, FeUD na FeO,
FeD ga Fe:Os, S Ha SOs, P na P205 u 1. 1.). Ecte psix ocnosa-
HHH AJs1 3roro: 1) KHCJODOX HHKOI[A He OIpeessieTCs Helmocpen-
CTBEHHO ¥ €ro Haxo NO03TOMY pacHpeldesisaTh CpPeldd TeX 3JeMEeHTOB,:
B COEJHHEHHH C KOTODBIMH OH HAaXOIHUTCS, 2) HpH TakKoM crocobe
BbIDaXK€HUs1 Pe3yJbTATOB SCHO BHIHA CTENEeHb OKHCJEHHS pasJiuy-
HBIX 3JIEMEHTOB, 3) B MAeaJbHO TOYHOM aHaju3e CymMMa Cofjepza-
HHS BCeX KHCJBIX M OCHOBHBIX OKHCJIOB (BKJIIOYasi BOALY), BhIpa:KeH-
Has B IpoleHTax, AojkHa ObiTh paBHa 100.

B Tex cuaywadx, Korja KHCJI0TOOOpa3yloOlHe 3JEeMEeHTHl IIPHCYT-
CTBYIOT B HCCJIEYyEMOM BellleCTBe B BHJAE HX OKHCJOB, IPOTHB Ta-
KOr0 MeTOHa BBIPa*KEHHS pe3YyJbTATOB aHaJM3a HHUYETO HeJb3s
BO3pa3HTb; HEKOTOpHIE 3aTPYAHEHHS BO3HHUKAIOT, €CJH KHCJOTHbIE
3JeMeHTH He CBSI3aHbl C KHCJIODOJAOM (raJioreHHAbl, CyJabOHIbE
n T. I.). B sTuX ciaydasx Takue 3JeMEHTHl NDPEACTABJSAIOT B 3Je€-
menrapuoit popme (Cl, S™ u 1. .) U 3areM, BBIUHTAA H3 CYMMbE
pe3yJbTaTOB aHaJjH3a KHCJOPOXA, SKBHBAJEHTHBIH 3TUM 3JeMeHTaM
(ctp. 797), moayuaror 100%.

PesysibraThl aHaJH3a PacTBOPOB 3JEKTPOJHTOB OOBIYHO Mepe-
CYHTHIBAIOT Ha IPUCYTCTBYIOLIHE B HUX HOHHL

YncienHoe BbipajKeHHe pe3y bTaToB. [loCKOJNBKY B aHaJH3HU-
pyeMOM BeLIecTBe HMEeT 3HaueHHe TOJbKO OTHOCHTEJbHOE
KOJIHYECTBO OINpPEAENIsieMOro KOMIOHEHTa, pe3yJabTaThl aHaju3a
JaloTCs CJAeAYIOUUM OOLIUM BbIPAXKEHHEM:

b
rie q — HalJeHHOe KOJHYECTBO ONpeJessieMOro KOMIOHEHTa, @ —
KOJINYECTBO BelIeCTBa, B3ATOE JJISi aHAJIH3a, C — HEKOTOPHIH GaKTop.
®dakTop BBOIUTCS JJIS TOTO, YTOOBI Pe3yJbTaThl BRIPAIKAJNUCh B €IH-
HUIAX NOAXOASLIEro pasmepa.

Ecin ¢ u Q maHBl B OAMHAKOBBEIX BECOBBIX €QMHHIAX, & ¢ MNpH-
HATo paBHBIM 100, To MBI moJyYyaeM KOJIMYECTBO OIpPENeNsAeMOTs
KOMIIOHEHTa B Tpo0e BhIpa’KeHHBIM B N pOIleHTaxX Mo BecCy.
Eciu ¢=1000000, a ¢ u Q maHel B OAHHAKOBBIX BECOBBIX GIH-
HHIAX, MBI IIOJIyYaeM pe3yabTaT B YacTAX Ha MIUIMOH 1G
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Beey! u 1. 4. KouauuectBa ¢ u Q MoryT OHITh BBIpa:KeHbl, KaK Mbl
YBHIUM Jajee, B 00'beMHbIX €IHHHUIIAX.

Teepable BemecTBa. Koria npousBOAMTCH aHaJu3 TBEPAOTo Be-
IecTsa, OGBIYHO KOJHYECTBO ONpefesseMOd COCTaBHOH YaCTH ero
BBIPaXKalOT B NPOIEHTAaX IO Becy:

Bec cocTtaBHOH YacTH 100
Bec npo0bl, B310i 5 aHanH3a :

)Xunkue pemecrtsa. IIpu aHann3e KHUAKAX BEUIECTB NPHMEHSIOT
passu4Hele (OPMBI BEIPAXK€HHsS pe3yJbTATOB:

1) B npoyenrax no secy. KoauuecTBo yacTedi onpenesieMoro
komnonenTa B 100 u. mpo6el (¥ TO W Jpyroe mo Becy). dta ¢dopma
BbIpaKeHUs MOXeT ObITb NpeAcTaBJeHa 3Hakom Py .

2) B npoyenrax no ob6wemy. Uncio o6beMOB ONpPeLeNsIeMOro
KOMIOHeHTa, cojepxamuxcd B 100 oGbeMax mpoObl NpH JaHHOH
pelenType, XaeT YUCJIO NPOLEHTOB mo oO6beMy. Drta (opMma BhIpa-
JKEHHs1 pe3yJbTATOB YacTO IIPUMEHsieTcs, KOrAa OnpejelseMblil
KOMIIOHEHT — JKHMAKOCTb HJH ra3. Ee MOXHO BHIpa3HTb 3HaKoM PU.

3a) B uacrax no secy xomnonenta Ha 100 4. no ob6vemy npobHL.

36) B uacrax no o6semy kommoHenta Ha 100 4. no secy mpoGhl.
Ot (opMbl MBI 0603HauuM PY m PY. B KaXIOoM H3 3THX Clyyaes
JoJKHa OBITh yKasaHa Ttemneparypa. IlepByio ¢opmy P2 MOMKHO
IPUMEHHTb IJs1 BhIPaXKeHHs KOHIEHTPAlUH TBEPAOrO HJIM KHIKOTO
BeIlleCTBAa B JKHJKOCTH, BTOPYIO PP njsi Bhpax<eHus oObeMa XK U I
KocTH (WiaM rasa) B JaHHOM BECOBOM KOJIMUECTBe APYroi KHI-
KOCTH.

OO6biuHO BceM ApPYyruM (opMaM BbIpaxkeHUs pe3yJIbTaTOB Ipex-
nounralor GopMmy P2, Tak KaK OHa He 3aBHCHT OT TeMIIepaTyphl.
Ecau w BblpaxKeHO B rpaMMax, v — B MHIJIIWJAATpax H d o6o3HayaeT
IJIOTHOCTb B 2/M/A, TO OTHOLIEHHS] MeXIY NepeuucJieHHEIMH (hopMaMu
MOryT GOBITb HpPEACTaBJIEHHl B CJAeLYIOUIUX ypaBHEHHSIX:

Py =d,- Py(d,—1uji0THOCTb B3ATOH uJd aHa/JH3a MNPOGLI
KUAKOCTH),

PU)
Py == ~d—”’ (d,—naoTHOCTH cnpepeaseMoii KrAKOH COCTABHOM 4aCTH)
[
4 ) d, w
Py,= (TQ‘ - Py.
(4]

CyliecTBYIOT JApyrue MeTOJBl BBIDAXKEHHS] KOHIEHTPAlMHd pPacTBO-
pOB, KOTOpBblE MBI PAacCMOTPHM MNo3JHee (Hanpumep, ctp. 38).

Korza KoJMYeCTBO KOMIIOHEHTAa B pPacTBOpe MaJio, DPe3YJbTaThi
aHaJu3a Jyyllle BbIpa)aTh B 4YacTAx mo Becy Ha 1000000 u. no
o0beMy pacrBopa. Tak, HpH aHaju3e NPUPOJAHHIX BOJA KOJHUECTBO

1% Hanpumep, B rpaMMax Ha TOHHY, KdK 3TO NPHHSTO BbIPawaTk NpH cripe-
Jejenuy 6.JarOPONHBIX METaanoB ¥,

25



OOHaPYKCHHBIX HOHOB DPAa3JIMYHBIX COJIeH BBIPAXKalOT B MHJUIMIPaM-
Max Ha Jutp, Hanpumep 30 me Mg2t B 1 2 Boxel. Ilpu ananuse
pasdfaBJeHHB X pacTBOPOB OOJbLIOIO 3HAYEHHS HE HMeEeT,
B3SITO JIU KOJIMUECTBO PacTBOpa MO BeCcy MWIH 1o o0beMy, TaK Kak

997 2 Boabl TNPM KOMHATHOH TeMmIepaType 3aHHMalT 06beM
B 1000 ma.

Tasei. Cocran cMCCH ra3oB OGBIUHO BHIPAXKaiOT B 0G'beMHBIX HPO-
nenrax (Py).

SAOAYH

Hpu pewenuu stux sadas, Kax u scex nocredyrowux, yaauuecs JoixHsL CTA-

parecn NOAYYUTL OTBET CAMOCTOATEAbHBIM paccyxicOeHuem, u3bezas Mexanuieckozo
UCnoAb308aNUR POPMYA U YPaBHEHU.

1. 100 ma cyxoro NHs, ormepennoro npu 25° u pasaenun B 750 mm pT. CT.,

6btn moraomenst HeSO.. Kakoft Bec 6yner umers o6pasopasmmiics NH«HSO4?
Ors.: 0,4645 2.

2. 2 2 cyxoro Boznyxa (0°, 760 mm pr. cr.) mponyerunu sax NaOH pas morao-
uieHus cojepxasweiicss B Bosayxe CO: VYBenuuenue B Bece NaOH cocra-
Bwio 1,2ue. Uemy pasro npouentHoe conepxanue COsz B BO3Ayxe mo 06bemy?

Ors.: 0,03%.

3. Boma, Haxomamiascs B pPaBHOBECHM C BO3AyXOM IIPH KOMHATHOH TeMmepa-
Type, comepxur CO: B KOHUeHTpanuW, paBHoii 1,5-10°M. UeMmy pasHH
Bec u o6bem (0°, 760 ma) CO:2 B JiUTpe 5TOH BOAH?

Ors.: 0,66 m2; 0,34 ma.

KounentpupoBantasi ¢ochopHaa kucaora, cogepxamas 85% HsPQs, umeer
wioTHocTh 1.69. Buiumcaute, ckojbko rpammoB u Modgeit HsPOs comepixurcs
B JIUTpe 37Ol KHCJIOTH? KakoBa ee MOJspHast KOHIEHTpAIMs?

Ors.: 1437 2; 14,7 mons; 4.7 M.

5. Kakofi o6pem xonuentpuponansolt HCI, mmeromeii mnotHocts 1,200 u conep-
xameit 39,11% HCI, Tpebyerca nna npuroroBsieHus: a) 1 4 KHCJIOTH, Comep-
xameit 20,01% HCI (nnotsocts 1,100); 6) 1 2 6 N KucioTh?

Ors.: a) 469,0 ma; 6) 466,2 ma.

6. IlnorHocTh Gessomuoro sTaHoja pasHa 0,7939. UeMy paBHO NpOLEHTHOe cO-
IepXKaHWe O BeCy CnupTa B CHHPTOBOM pactBope 95%-mHomM mo o6bemy (ero
nnorHoc”sb 0,8160)?
0rs.: 92,43%.

7. i KOJOPUMETPUYECKOro ompexesenuss Gopa Tpebyerca cepHas KHCJIOTa,
conepxaumasn 98.5% H:SOs. JIng ee NDUTOTOBJEHHS TPWIUBIIOT AHMAIYIC
H.SOs, comepxautyio 20% csoSognoro SOs x o6ukHOoBenHof#i H2SOs, umero-
weit 95% H2SOs. CxoabKo rpaMMOB KaKIOH H3 STHX KHCJOT Tpebyercsa st
npurotosyendsi 100 e rpeGyemoit Kucjaothl 98,5%-HOH KOHLEHTpanuu?

b

8. Buuuciute NpoleHTHHH cocraB KpHcraminyeckoii CuSOs-5H:O0 (comepxa-
uue Cu, SOs 1 H:20).
Ore.: 25,46% Cu; 38,479% SOs4; 36,07% H-:0.

9. Cmemennem NaCl u KCl mamo npurotoButh mnpoGy, comepxkaumyio 50%

xJopa. B KakoM OTHOIIEHHH Hajzo cMemarth 06e COJH?
10. lna ompenesienus STaHOJA B HEKOTOPOH JKHMAKOCTH OHJIa B3dta 0poba
- 2
B 25,00 ma sToil KupkoctH npu 20° (IJIOTHOCTH KHAKOCTH d4° = 1,030), pas-

6apsena no 150 ma Bojo#i M moxsepruyrta meperonke. Co6pano 100 ma Aectui-
JaTa (CcomepKallero Bechb COHPT B35TO NPOGH) M oNpejeJeHa ero MJOTHOCT,

KoTOopasl okasasach pasHo#i 0,97953 (dzO ), uto coorsercrByer 14,50%-HOMy co-

JAepKaHuIO crupra o o6bemy mpm 20° u 11,68%-HoMy conep:KaHHIO CIHpPTa HO
Becy. Bhluncsinte: a) mpoueHTHOe cojepxKaHMe cmupra (o Becy) B NepBo-



3.
4.

b

nauaJibHoH 1mpo6e; 6) NPOLEHTHOe COoAep:KaHue CIHPTAa B TOH ke mpobe no

o6vemy npu 20°; B) comepxanme cnuprta B rpammax B 100 Mz npoGer mpu 20°.

. TunpatupoBanuasa coamr Kkangmus comepxur 43,82% Cd, 37,45% SO« wu

18,73% H:0. Hanumute ee ¢dopmyay.

. Hanumwure ¢opmyny Munepana, comepxkamero 64,59 SiO., 27,4% ALO:

u 8,4% Li=0.

Ors.: LiAl(SiOs)2 umu Li2O - Al:Os - 4SiOe.

Kakyio ¢opMmysay uMeer cofb, copepxamas 54,4% F, 1289% Al u 32,8% Na?
Bepnennyc B 1843 r. onpenenun atomuniii Bec Ca, mpespamas uncryio CaO
B CaSO4. Huaa storo ou o6paGateBai CaO cepHOM KHCJIOTOH ¥ H3GHITOK
nocjefiHeli yjaansj nNpokajuBanweM. B ommom u3 ero onmitoB 2,5040 2 CaO
nam 6,0750 2 CaSOa. ITpunumas atomusie Beca S = 32,06 u O = 16,00, Boi-
yHcJAUTE aTOMHHiE Bec Ca, He NpOU3BOAsi NONPABOK Ha B3REMIMBAHWE B BO3-
ZyXe BMECTO B3BENIMBAHHsI B MyCTOTE.

Ors.: 40,14.

Xenurcrumup ¥ ZaxtyieGen (1929) onpemenmsnum atomuble Beca Ag u Ba,
npespauaz Ge3BoAHKI mepxyopar Gapus npokaiusanunem B BaCle u onpenenss
Bec Ag, HeoGxogumoro s ocaxneHuss Cl B MoJyueHHOM XJjopuzne. B ogsom u3
stux ananusos 11,69950 e Ba(ClO4): nanu 7,24609 2 BaClz, KoTophie 0Ka3auch
sKkBHBaJieHTHBIMU 7,50692 2 Ag (Bce Beca NepeuuC/IEHH Ha B3BeNINBaHUE B IIy-
crore). [10 STUM HaHHHIM BHUMCJAHTE aTOMHHe Beca Ag u Ba, mpuruMas aT. Bec
O = 16,000 u at. Bec Cl = 35,457.

Ors.: Ag = 107,882; Ba = 137,35.



BECOBO1 AHAJIU3

FJTABA I
BECOBON AHAJIM3. BBEJEHHE

K.naccudmxauuu METOAOB BECOBOro aHaJjMsa

Bo Bcex meromax BecoBOro aHaiiu3a (3a MCKJIOUeHHEM KOCBEH-
HbIX METOZAOB) onpenejsieMasi COCTaBHasi 4acTb NPOGBI HJIM Kakoe-
HHOYIb ee COoeJUHEHHE MOCTOSIHHOTO COCTaBa OTHENsIeTCsi OT BCeX
OCTaJIbHbIX COCTaBHBHIX yacTelf mpoGbl B Buae uHcrod (pasbl. Brige-
JIeHHoe COoeAWHEeHHe B3BCLIMBAIOT M IO HalJeHHOMY BeCy pacCCUHTHI-
BalOT BeC OmpefessieMOro KOMIIOHeHTa npoObl. Pasaenenue, KoTo-
poe J0JIIKHO, CJIeOBaTeJbHO, BCErja NpellecTBOBATh B3BELINBAaHHIO
BBIJEJE€HHOT0 COeNMHEHHsl, MOXeT OBITb NPOU3BENEHO PpasJHYHBIMHU
cnocobamu. Kiaccupuxamus BeCOBBIX METOZOB OCHOBaHa, Ipexie
BCEro, Ha TOM, KaKOH Crnoco0 HpHUMeHsIeTCsl JJIs 3TOro pasjeseHHs.
Mbl pacrnosiaraem BecoBble METOABI B NOPSAAKE HX 3HAUEHHS.

Metoabl ocaxjeHus. B Meromax ocaKIeHHsS onpenesseMbli
KOMIIOHEHT BBIAEJSIIOT B OC3JOK B BHIEe OUeHb MaJjo pPacTBOPHMOTC
coefuHeHUs (HMHOTrAa B BHAE CaMOro 3JieMeHTa) U Bec 3TOro coenu-
HeHus onpeznenstor. OueHb YacTo OCaXKIeHHOe COelUHHEeHHe Ieper,
B3BEIIHBAHHEM INpPEBpalaloT B COeHHEHHEe APYroro CoCraBa, B BHAE
KOTOporo ero ynoGHee mouemy-jau6Go B3BemmBaTh. Hanpumep, npu
onpenenennu uoHa C|~ pacTBop HccrexnyemMoro BeuiectBa o6paba-
teiBajOT H36GRITKOM AgNOs. Brizeasercs ocamok AgCl. dtor oca-
J0K OTOHUJIBTPOBBEIBAIOT, OTMBIBAIOT OT pPacCTBOPUMBIX BeIeCTB H
s3pewmnBaioT B Buae AgCl. Ilo Becy BBHICYIIEHHOTO OCajKa pacCdH-
ThHiBalOT Bec HoHa Cl~ B pacTBOpe M NPONEHTHOE COAEDPIKAHHE
Cl B uccaenyemom BemectBe (cM. HuxKe). Kak yxe ObLIo CKasaHo,
onpenesieMbli KOMIOOHEHT YacTO B3BELIMBAIOT HEe B BUAE TOrO COe-
IOUHEHHs], B KAKOM OH OblJI ocaxAeH. Tak, KaJbUUi ocaKIaloT B BUAE
MoHOrHapara okcajsara Kajabiusa CaC:0s-H20, HO B3BelHBawT
B Buxe CaO uau CaCQOs. DaexTposuTHYECKHe OlpejeleHus, IpH
KOTODBLIX oIpenessieMblii MeTaJsll BHIAEJSETCSs KaK TaKOBOH Ha Ka-
TOJle UJIM HEKOTODBIe aHHOHBI OTJIaTAlOTCS B BHIE MaJIOPACTBODHMBIX
coJiell Ha aHOJe M3 TNOAXONAINero Merajja (HanpuMmep, raJjores-
HOHBl B BHJE TaJIOTeHHIOB cepeGpa Ha cepeGpsiHOM aHOAe), TaKiKe
TIPHHAAJIEXKAT K ITOH TpyINIne MeTOLOB.

Mertoanl ocaxaeHuss UMelOT HauboJbllee 3HAaYeHHe, TaK KaK OHH
4yacTe B OoJbliell WM MeHblleH CTeneHHW crnelH@HUYHBI JJIs1 onpeje-
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NICMOrO KOMIIOHEHTa (T. e. JONYyCKaloT €ro onperejeHde B IPUCYT-
¢ 'BHH MHOTHX HPYTHX BeIlecTB) H, KPOME TOTO, OHH OOLIeNpHMEeHHMBI.

Metoap orromku. B 3THX MeTomax ompexpensieMasi COCTaBHas
nacTh OTroHsiercd. i storo Hy:KHO, yToOBl OHa Oblia JeTydeit
I Morja ObITh TpeBpalleHa B JeTyuee COeJHHEHHUE.

a) Ilpameie merodot. B Meromax 3TOH HNOATPYNNbl OTTOHSEMBIH
Jeryyuft  KOMIIOHEHT MOIVIOW[AeTcsl MOAXONSIIUM IJIsT 3TOH IleJH
BCHECTBOM, W I10 YBEJHUEHHIO Beca IOCJELHEro CyHSIT O Bece [o-
IJIOIEHHOIO MM JIETYYero COefMHEHHsl. IDTOT MeroJ GYHeT Ccheuu-
(PMUHBIM TOJIBKO B T€X CJyuasiX, KOTZa OTCYTCTBYIOT JpYyrHe Jery-
e BeIUeCTBa, TaKKe IOIJIOHIaeMble BHIODAHHBIM MOIJIOTHTEIEM.
MoXHO, HanmpuMep, ONPEAENHTb COHEep:KaHHe BOAbI B TBEPIOM Be-
1IlcCTBE, HarpeBasi HaBeCKy STOro BelllecTBa NpH TpeGyeMoH Temie-
paType ¥ IOIJOIlas YJETYYHBAIOIIMeCs] Napbl BOXBI HOAXONSIINM
BHICYIIHBAIOIIUM BeELeCTBOM, HampuMep Ge3BOAHBIM I1epXJIOPaTOM
maruus. Ecam uccienyeMmoe BelecTBO COLEPXKHUT KapOOHAThl, TO
soigensomasics CO: He nomellaeT ONpeHeNIHHIO BOABI, TaK KakK
OHa He yIepKHBaeTCs NepXJopaToM MarHus (HO OHa NOIJIOIIaeTcs
BHICYIIHMBAIOIIMMY BeleCTBAMH OCHOBHOTO XapakTepa, Hampumep
CaO, KoTophle, CJeNOBaTeNbHO, HeJb3si B 3TOM CJydae NPHMEHATb).
AnajoruuyHo 3TOMy MOXKHO onpenenutb COsz, TPHCYTCTBYIOULYIO
B HCCJIeyeMOM BellecTBe B BHAe Kapbonara HaH OukapOoHaTa,
ecJii HaBeCKy npoGbl 06paGoTaTh U3OBITKOM KHCJOTHL M NPONYCTHTh
BBIIENAIOMIUICS a3 yepe3 NOAXOLSILIMH MOIJIOTUTENb, HampuMmep
HaTPOHHYIO H3BeCThb. ['asbl mpelrBapHTENbHO OCBOGOXKAAIOT OT BOAS-
HBIX IapoB INIPONYCKAaHHEM 4Yepe3 BBICYLIMBAlOLIee BeLeCTBO. 3AeCh
MBI HMeeM, CJIeOBAaTeJbHO, CAyYail XHMHUECKOro pasjielieHHsl IBYX
JeTyYHX KOMIIOHEHTOB. Pa3zesieHHe JIETYUHX KOMIIOHEHTOB 4YacTO
IIPOU3BOIAT (PU3HUECKHMMH MeTOIaMH, HanpuMep (paKIHOHHOH KOH-
aencanueil. OueBHIHO, JIETKO COCTaBUThb NpubOp Tak, 4TOOBI B HC-
CIeIyeMOM BelIeCTBE MOXHO OGBIJIO ONpENeUTh ONHOBPEMEHHO H
Birary u CO:. Tak yacTo NOCTYNAIOT NPH 3JIEMEHTaDHOM aHaJjH3e
OpPraHWYeCKUX BeIIeCTB: HaBeCKy NpOObl CXKHraloT B TOKe KHCJIO-
pona u Beigensiomuecs CO, u H20, oGpasyromuecss npa CropaHHd
BOIOpOXA H Yyrjepona, MOIJIOMIAIOT OTHEJNbHO MOIJOTHTEISIMH, pac-
nosiarasi Hx B TpeGyeMoM MOpSAAKe.

6) Kocsenrnole merodel. B 3THX MeTomax ONpeNesiioT Bec
OCTaTKa I[OCJEe OTTOHKH HJIM BblIapHBaHHSA OMNpeNensseMOoro KOMIIO-
HeHTa. PasHocTh B Bece HCHBLITYEMOTO BelecTBa JO H Iocje OT-
TOHKH II0OKa3biBaeT KOJHYECTBO YJETYYUBLIEroCsl COeNHHEHHd. DTH
MeTOIbl OUeHb HPOCTHl, HO OHH He YaCTO NMPHUMEHHMBl, TaK KaK IpPH
OTTOHKE MOTYT YJEeTYYHBaThCs HECKOJBbKO Da3JIMYHBIX COERHMHEHHI,
2 HCIHITyeMOe BelecTBO MOXeT BO BpeMsi HarpeBaHHs IIperepme-
84Th XMMHYECKHE HM3MEHEHHS, OTpaKalolluecss Ha Bece OCTaTKa
{HampuMep, OKHCJeHHE) H T. I

IIpuMepoM KOCBEHHOIO METOJa MOMKET CJIYKHTb OIpeneseHue
KOJIMYEeCTBA COJIH (HMJIH coJiefl), PacTBOPEHHOH B BoZe. DTO MOXKHO
cHenaTb, NPOCTO BbIIapHBas HaBEeCKy pacTBOpa JOCyXa, BBICYLIH-
Basi OCTATOK MNpPH MOAXOAsINell TeMmepaType M B3BeIIHBasi ero.
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Doablnioe 1npaKTHYeCKOE 3HAaYeHHEe HMEeT KOCBEHHBLIH MeTOX
onpenesierus Baaru (ctp. 315) B TBepAbIX BelllecTBaxX. Ecju HCIBI-
TyeMOe BelleCTBO He pasJlaraeTcs NpHU HarpeBaHUH, MOXKHO oOIlpe-
JeJINTh Colep:KaHHe B HeM BJIaTH, HarpeBas HaBeCKy IPH TeMIepa-
Type, AOCTaTOYHO BBICOKOH [Jisi IOJIHOTO YyAAaJeHHs: BOAHL. Ecau
BellleCTBO pasJjiaraercs C BhIJeJEHHEM JIeTyYuX IPOAYKTOB pasJio-
JKeHHsl [pH TeMIepaType, KakKas HYXHa JUIg YRaJeHHs BOJBI,
MOXHO HHOTZa BCE XK€ ONpPeNeJUTh B HeM BJjary, npubaJjsis K Ha-
BeCKe HCIBITYeMOro BelIeCTBa OTBELNIEHHOE KOJIMYEeCTBO JPYrora
HeJIeTy4ero TBEepAOro BELIECTBA, MOIJIOLIAIOILEro JeTyyHe MpPOLYKThI
pa3JI0KeHHUsI NepBoro.

HHorna x coam JeTydyel KHCJOTH NPHOABJISIOT HEJETYYHI KHCJOTHHIA OKHCEJN
H HarpeBaloT; NPOHCXOAUT XHMHYECKas peaKUHs C BhIJEJCHHEM aHTHAPHIA JeTyueh
xXHeJoTH. HampuMep npu HarpeBaHHH HHTpaTa KaJsus ¢ IABYOKHCbIO KpeMHHs o6pa-
syerca K2SiOs u yaeryunsaercss N2Os:

2KNO; 4 SiOz —» K;S105 - N,O;.

INorepa B Bece nokasuBaer KosnuecTso yuaereBmefi N2Os. ITonsTHO, uTO TaKoi
MeTOX HH B KaKOH Mepe He MOXKET CUMTATbCs CNelH(HUHBIM, TaK KaK COJH JAPYTHX
KHCJIOT BeayT ce6s noZoGHO HuTpaTaM (HampnMep, cyibgath Bugeasior SOsu T. 1).

Conu JleTyyux KHCJIOT MOXKHO o6paGorath Ipyro#f MeHee JieTydyeii KHCJOTOM
i Harpeth 1O yZRaJeHHs INEepBOH KHCJOTH M H30HITKA MHOC/IeXHeH:

2NaCl 4 HpS0, — Na,SO, + 2HCI,
INaNO; 4 HySO; — NaySO, -+ 2HNO,

B atax npuMepax NaCl m NaNOs koamyecTseHHo npespamawoTcss B Na:3Os,
TaK yTo N0 yBeJHuyeHHIo Beca mpo6u (NaCl) muu mo ymeHbmernuio ero (NaNOs)
MOXHO BHUHCJHTb COAEpXKAHME TONO MJIH HHOTO M3 STUX BEIIECTB B IpoGe. DTOT
METOJI, KOHEUHO, TaK Xe He chenuduueH, KaKk NpeabAyIui, HO OH BCe XXe HHOTAZ
OYE€Hb HOJe3eH.

MOKHO HCIOJIB30BATL TaKKe M APYrHe XHMHUECKHe IpPeBpallleHHsi, TPHBOAL-
mue ¥ 06pa3s0BaHUIO JETYYHX NPOAYKTOB, HaPHMEp:

CuO +4 Hy — Cu - Ha0,
SiOg 4 4HF — SiF;+ 2H0.
TlocnenHIO peakuuio OYeHb YACTO HCHOJB3YIOT JUJI HAXOXKAECHHS HCTHHHOTO
seca SiO2 B NpoKaNeHHOM HEYHCTOM ee ocTatke (cTp. 421).
B xauecTBe PeakTHBOB i KOCBEHHLIX METOJOB HAaXONAT NpPUMEHEeHue Trajo-
renuasl amMmonus i. Ilpm HarpeBaHHH OHHM pasJjiaralOTCsi Ha aMMHMAaK H TaJIOTeHO-

BOJOPOAHYIO KHCJIOTY. AMMHaK, B CBOIO oyepelb, pacnanaeTcs Ha as3oT M BOAOPOX
{CTEHEHb JUCCOUHAUVN aMMHKHAaKa BO3DacTaeT C INOBHIIIEHHEM TeMnepaTypb!):

NH,Cl = NHg -+ HCl,
ONH; = Ny -+ 3H,.
KpOMB TOro, xnccounnpye'r H l‘aJIOl'eHOBOJJ,OpO}lBaﬂ KHCJIOTa:

2HCI = Hy+ Cly,

CTENERb JNCCOIMAalMH TaJloTeHOBOLOPOAHBIX KHCJIOT NpH [AAHHOH TeMmIiepaType
vMmerpmaercsi B nopsike: HJ > HBr > HCI.

1 L. Moser, S. Marian, Ber. 59, 1335 (1926).
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INpu 327° KOHCTAHTH AMCCOLHAIMM 3THX KMUCJIOT papHH 1,5 -10-6 gaa HCI,
3,5-1078 naa HBr u 18,9 naa HJ. INepxyopar Kajns MOXKHO KOJMUECTBEHHO Ipe-
spatuth B KBr marpesanuem npu 400—500° ¢ us6bnitkoMm NH4Br u mosropennem
sTo# onepanuu 1—2 pasa. Ilocae yneryunBanus u36utka NH4Br ocraercsa uncThii
KBr. ITogo6ubiM ke o6pasom MoxHo mnpeBpatdTh K230s n Na:SOs B KBr u
NaBr.

Ilpoune merodsl. B RecoBOM aHajm3e NPUMEHSFOTCS HHOrAA METONbI, KOTOPHIe
HeJIb3sl OTHECTH HM K METOJaM OCaxK[EHHsl, HH K MeTofaM OTroHku. [Ipu ompenee-
HHY, HampuMep, KOMIOHEHTOB TETEPOreHHOH CMECH YacTo MOXKHO NPUMEHHThb IpOo-
CTHE MeTOmH (u3Huyeckoro paspenenus. Tak, Iy onpeneseHdss MyTH B NPUPOLHOA
BOJL€ HaBeCKy ee (HJIBTPYIOT ¥ B3BEUIMBAIOT OCAafOK Ha (PHIbTPE HOCJE BHICYWIUBA-
Hug ero. Jlis onmpenesieHHss OTHOCHTEJbHBIX KOJHYECTB Pas/MYHHIX TBEPAHIX Be-
IECTB B MeXaHUYECKOH CMECH NPHMEHSIOT MHOTAa JKHAKOCTb TAaKOH IJIOTHOCTH, 4TO
OHa COCTaBHAs 4YacTb CMECH B Hell He TOHET H MOXKeT GHTb TaKMM 0Gpa3oM OTxe-
JeHa OT OCTaJIbHOTO BeLlecTBa M B3BelleHa. Ecjii MMeercs HeCKOJNbKO TaKuX IKHI-
KOCTe#l pPAa3JMYHBIX IJIOTHOCTEH, MOXHO NPOU3BECTH IOJHOE pa3lelieHHe CMECH.
Jpyrue ¢u3nueckue cBOHCTBAa KOMIIOHEHTOB, IOMHMO HX IJIOTHOCTEH, TaKXKe HCIIOJIb-
3yI0TCA [JIs paspeseHus. MoxXHO, HanpuMep, OTAEIUTh BELIECTBO, NPUTATHBAEMOE
MariuToM, OT BellecTBa, HAa KOTOpPOe MarHUT He JedcrByer. Jlaxe pasjiuunsi BO
BHEIIHEM BHJE HHOTZA IAIOT BO3MOXKHOCTb IPOM3BECTH pas3fiesieHHsi (HampuUMep MO
usery). Bce 3TH MeTo[nl NPHUMEHSIIOTCSI PEIKO, HO MHOTA4 OHH OY€Hp MOJIEe3HH
(ctp. 619).

VmeeTcst psil METOZOB BECOBOTO aHa/IH3ad, B KOTOPHIX HCHOJIB3YIOTCH PasjIHUHbIE
PacTBOPHMOCTH KOMIIOHEHTOB CMECH B Pa3HHIX PacTBOPHTENAX. DTH METOAbl YacCTO
IPHMEHSIOTCS B OPTaHMYeCKOM aHaJju3e, pexe B HeopraHuueckoMm axajause. [Ipu-
MepoM HX MOXKeT CIYXHTb onpeneneHue K B IpHCYTCTBHH Na 3KCTparipoBaHHeM
CMecH TepXJIOPAaTOB 3THX MeTaJIOB OPraHMYecKHM pacTBopuTedeM (cp. cTp. 062).
[Tepxmopar Kannmss HepacTBODHM B STOM pacTBOpDHUTEJNe, NEPXJOpAT HaTpHsi JIETKO
pacTBopsiercsl. VI3BeCTHH M ApYyrHe MeTOIB 3KCTPAKIHH, B KOTODHIX PacTBOpP HCIIHI-
TyeMoro BellecTBa B3GaJTHBAIOT ¢ HeCMeINHBaiolleHcss ¢ HUM JKHAKOCTHIO, B KOTO-
poil pacTBopsieTcsl onpexnessieMHH KOMIOHEHT M He DacTBOPSAIOTCS OCTaJbHHE CO-
CTaBHbIE 4acTH mpobel (cTp. 92).

Bce 3TH MeTonHl pasgesieHHs MOXKHO, KOHEYHO, NPHMEHSTH NeEPel aHaJH30M
upo6bl ADYTHMH METOJLAaMH, He BECOBBIMH.

AHaau3 ocaxjJeHuem

Mrbl Bo3BpamraeMcsi Tenepb K HpOIECCAM OCaX{IEHHs, TaK Kak
MeTOABl OCaXKAEeHHus, Kak Haubojee BaxKHble, TPEOYIOT HaJibHeHIero
omHCaHus.

Popmbl ocaxaenus (precipitation forms). BriGop coexuHenus,
B BHIE KOTODOIO IIPOH3BOJAT OCaXKAEHHE ONpeHessieMOro KOMIO-
uenta ((GopMbl OCaxKIeHHS), 3aBUCHT OT MHOrHX ¢akropos. IIpexne
BCEro, ocCaxkJaeMoe COeAMHEHHEe JOJKHO ObiTb TaK MaJio pacTBO-
pHMO, 4TOGBI OCaxkJeHHe GBUIO KOJHYecTBeHHHIM . 3aTeM ocaxje-
M€ JOJKHO OBITh BO3MOXKHO GoJiee crnenu(HYHEIM, T. €. Jpyrue
COCTaBHBIE YaCTH HCCJIeAyeMOro MaTepHasa He JOJDKHH [aBaTh
MaJloO pPAaCTBODHMEIX OCAaAKOB C IpPHMEHsSIEMBIM pEakTHBOM, He
JWOJKHBI OHH TaKXKe 3aJepXHBaTb 00pa3oBaHHE TPeOyeMoro ocajka.
Ocafiok onpezesseMOro KOMIOHEHTAa He MOJDKEH JIerko 3arpsa-
NATBCS PACTBOPHMBIMH BeIleCTBAMH, HaXOASIIMMHCSH B pPacTBOpe
(cM. ra. VIII o siBneHum coocascOenus). Hakonen, ocafiok moJKeH

1 MakpoocaxieHde H Jpyrde INpHMcHseMble B aHalu3e NPOLEcchl MOXHO
CUHTATh KOJA WY ECTBEHHBI MH, eClIH MOTEPs BEU(ECTBA B HUX He NPEBLILAET
0,1 w2, 1. e. npelesa 4yBCTBUTEJILHOCTH OOBIKHOBEHHBIX aBAJHTHUECKHX BeECOB,
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¢MeTh TaKyio CTPYKTYpY, KOTOpasi NO3BOJIsNA GBI JIErKO OTQHILTPO-
BaTb €ro, NPOMBITb H MOATOTOBHThH JJIS. B3BGMIMBaHEA.
BT HépeuutieHHble  YCHOBUS pPEJKO COENMHSIOTCS B OIHOM
«opme ocaxknenus. Haie Bcero eii HeJocTaeT CBOHCTBa chenuduy-
#octd. IlosToMy oueHp 4acTo mepex BLIAEJNEHHEM OIPEAENsseMOro
KOMIIOHEHTa NpoObl B BHAE YHUCTOr0 COEJHHEHUs MPOU3BOAAT MHOTO-
yucJieHHble pa3fiesieHds1 (0 pasfeneHusx cM. B ria. VI). Ecau pas-
IeJieHUe JOCTHraeTCs OCaxKJeHUEM OlpPeNessieMOro KOMIIOHEeHTa, TO
gacTo 3TOT ocafok («gpopma pazdesenun») pacTBOPSIOT B INOAXO-
JsIIeM pacTBOpHTesJie H BHOBb OCAaXHalOT yxXe B Jpyro#i ¢opme,
KOTOPYIO MOKHO HENOCDEICTBEHHO B3BEIIUBATh HJH IPEBPATHTh
8 BecoBylo ¢opMmy (cM. Huxe). MlHorma B BuAe ocajka OTAEJSIOT
NOAXOASIIIUM pPEeaKTHBOM MeIlalollde BellleCTBa, a OCTaBIUIHHCH
B pacTBope ompeneJiieMblli KOMIOHEHT HPOOBl OCaXAAIOT IOTOM
JPYruM peakTHBOM. IlJifi ymajieHHsi COOCaxKAEHHBIX BelleCTB OCafoK
YacTo MEepeoca’knaloT HecKoabKo pa3 (crp. 130) mam pactBopsioOT
€ro H BBIIEJSIOT B OC3aJiOK 3axBaueHHHle UM NpHUMecH. B HekoTo-
PHIX CJyYasix CoOOCaxKJeHHble BelleCcTBa He OTAeJSoT, a Ompe-
AeJSIIOT uX KOJIHYECTBO BO B3BelIeHHOM, BBICYIIEHHOM - HIH IIpO-
KaJeHHOM Ocajke H 3aTeM BBIYHTAIOT KX BeC K3 BeCa BCero
ocajgkKa.

BecoBbie dopmnl (*weighing forms, B Hemenkoi Jurepatype
Wigunsformen ! *). QueHb .4acTo ompeleasieMblli KOMIOHEHT He
B3BelIWBaeTCA B (OPME TOTO COeNHMHEHHs, B BHAe KOTOPOro OH. Qbla
ocaxgeH. EcTb MHOro HpH4HH A5 3toro. PopMa ocaxkieHHs, Ha-
IpUMep, MOXKET HMeTb HeOompefeNeHHbIH cocraB. Tak, TpexBaJjeHT-
HOe XKeJle30 YacTO Oca)KAalT B BUAEe BOAHOH OKucH ero, Fe:Os-
- xH,O, HO HUKOrZa He B3BEIIHBAIOT B BHJAE 3TOr0 COEIHMHEHHS,
[IOTOMY 4TO OHO [IOCJIe BHICYIIHBaHHA NpPH KOMHATHOH TeMmnepartype
unu 100° comepuT HeompenesieHHOe KOJHYECTBO BOIbI, 3aBHCsAIIEe
OT YCJIOBHE ocCaxKIeHus ¥ BhICymnBaHus. Ho BOAHYIO OKHCh MOXHO
Jierko npokajutb 2 no Fe2Os u B3Becuth ee B 3TOH Qopme. B3pemn-
BaHMEe OCaJKa MOCJe BLICYUIHBAHHS €ro NpH -KOMHATHOH TeMmepa-
Type unn 100° Moxer Bcerja BBHI3HIBATH COMHEHHE, He OCTaJjacCh JiU
B HeM ellle azcopbupoBanHas Boga (ctp. 127). Mer He XOTHM 3THM
CKa3aTb, YTO HHKOTJa He CJeAYyeT B3BeLIMBaTb OCaAKH NOCJE BHICY-
IUMBAHUs HX; BCe 3aBHCUT OT TOTO, O KaKOM Ocajke HAET pedb, HO
‘BO BCEX CJIy4asix BOMpPOC CJeAyeT TIIATEeJbHO 3SKCIEePHMEHTAJbHO
nccnenosath. Kak Mbl yBHAMM JaJjblle, MHOTHe BeHIECTBa, O0CO-
OEHHO HaXOASILHECs B COCTOSIHHM TOHKOIO H3MeJbueHHs, YIepKH-
BalOT O4E€Hb NPOYHO BOAY, OT KOTOPOH MOXKHO OCBOGOLHTH HX TOJIBKO
npokajiBaHHEM [pH BbiCOKoH Temnepatype. Ilostomy mnpoxajusa-
HHe nepel B3BeWHBAHHEM TaK YacTO BCTPEYAeTCs B BECOBOM aHa-
Juse. K npokasieHHOMY OCaJKy MOXKHO HDeXbABHTb CJEAYIOLIHE
‘TpeGOBaHUS: XKeJlaTeJbHO, YTOOH MpeBpaleHne (OpPMBI OCaKAEHHUS

1% Cy, Tax:ke ', Tananaes, BecoBoii ananus, Ceepuiosck 1938 *.
? TepMuH ,TpOKaMBaHUE* B AHANNTHUECKOH XMMUIl O3HAYaeT HarpeBanue
NpH BBHICOKHX TeMIepaTypax.
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3 BeCOBYI0 GopMy! NPOUCXOAHJIO TPH BO3MOXKHO G6o0Jjiee HU3KOH
1eMIepaType M 4ToGhl NOJIyYeHHAasi BeCoBasi (opMa Oblia YyCTOHYHBA,
lic pasJjiaranach, He yJeTydyHBajach W NpH GoJiee BBICOKHX TeMIlepa-
Typax, — 3TO JacT BO3MOJKHOCTb IIDHMEHSITb OOLIYHblE TOPEJKH H
lieyd, 6e3 TOUYHBIX PEryJsaTopoB TeMmepatypbl. [IpokaseHHblii oca-
JIOK He JOJi2KeH OBbITh 3aMEeTHO THIPOCKONHMYHBIM. IIpH mpouux pas-
IbIX YCJIOBUSIX CJIeJlyeT BbIOMPATh BECOBYI (OpMY, UMEWIY0 GOJb-
WKH MOJIEKYJISIDHBIH Bec, HJIHM, BepHee, Ty (OpMYy, B KOTOPOH OTHO-
IIEHHE ee Beca K BeCy ONpenesseMOro KOMIOHeHTa OyAer Hau-
OOJIBILHM,

Cuoenyer YHOMSIHYTb 3L€Chb, YTO OZHUM H3 IPEHMYILECTB BeCO-
BbIX METOAOB Ilepel OGbEeMHBIMH SIBJISIETCSI BO3MOXHOCTh HCCJIEL0-
BaHHs NPOKaJIEHHOIO M B3BELIEHHOI'O OCaJKa Ha COAEpPXKaHHE B HEM
IpUMecell ¥ BHECEHHsI COOTBETCTBYIOIUHX IONpaBokK 2. * C mpyroit
CTOPOHEBI, 06’b€MHbIE METOJAbl HMEIOT DS NPEeHMYIIEeCTB Nepei Beco-
BbIMH,, H3 KOTODBIX BaxHelulee — UX OoJibliasi CHenH(PHYHOCTD,
BO3MOKHOCTb OIpe/ieieHHs] OTAEeJIbHbIX KOMIIOHEHTOB B NPHCYTCTBUH
MHOTHX JIDYTHX *,

BoluncjieHdsi B BECOBOM aHaJH3e

Briuncienust B BeCOBOM aHaJiH3e odeHb HpocTel. OGBIUHO Tpe-
Oyercs onpejesieHHe NPOLEHTHOTO COJAEPXKAaHHS 10 Becy HaHHOM
¢oCTaBHOH 4acTH B HaBecKe NpoOwl. Ilpumensiercs ¢dopwmyina

& - 100,

rae P — npoueHTHOe CojepXKaHHe ONpeieasieMOro KOMIIOHEHTA,
W — BeC OMNpejesisieMoro KOMIIOHEHTa B HaBecke mnpo6bi, W — Ha-
Becka npobbl.

Ecnu onpenensieMblii KOMIIOHEHT B3BElIHMBAETCH B TOH HMEHHO
hopMe, B KOTOpOH TpebyeTcss BBIPA3HTb €ro IMPOLEHTHOE COojepka-
HHE B HCCJEAYEMOM BelecTBe, HaJlo BMECTO W B 3TOM YpaBHEHHU
1II0CTaBUTh BeC BBICYLIEHHOrO HJIM TPOKajJileHHOro ocajka. Ho uarmye
BCErO OnpeAessieMblii KOMIOHEHT B3BeUIMBAIOT B BHAE XHMHUE-
CKOTO COEJMHEHHs, B COCTaB KOTOPOIO OH BXOHHUT B ONPEIeeHHOM,
1I0CTOSIHHOM OTHOLIEHHUU.

B stom cayuae AJsi HaXoKJAEHHS BEJIHUYHHBI @ TIO BeCy BBICY-
HIGHHOTO HWJIH TNPOKaJIeHHOro Ocajika w@’ MOJb3YIOTCs (HOpMYJIoi

w = Fw’,

B KoTopoil Ko3puuueHt F (HasbiBaeMmblii (paKTOpOM mepecyera, XUMH-
CCKHM MHOJKHTeJeM, BecoBbIM (DaKTOpOM U T. J.) IIOKa3blBaer

1 B HEKOTOPHX CJAyYasx JJs IpeBpalllcHHS B BECOBYI0 GOpPMy OCaJOK
0paGaThiBAIOT MOAXOAANIUM PEAKTHBOM M H3GBITOK TOCHENHErO yAaisiioT BbiMa-
pnsandeM. CM., HanpuMep, B3BelUMBaHHE KaJabllHsd B BHIe cyabdara. cTp. 372.

2 Ecan Bec OCajka OYEHb MaJ, CAelyeT NPOBEPHTb, JEHCTBHTEIbHO JH OH
WRASETCSL TIPEANOJaraeMblM COCIWHEHHEM, a He COBEPUIeHHO [pPYrHM Belle-
¢ TBOM,

3 3ax. 3584, Koaeptrodr m Cenma:. 33



collep:KaHKe OmNpelesisieMOro KOMiloHeHTa B 1 ¢ BecoBoit (opMbl.
HHaue rosops, F siBjisieTcd OTHOUIEHHWeM FpaMM-2KBHBaJIeHTa OIpe-
JeJIsieMOH COCTaBHOH YacTH K TPPaMM-3KBUBAJEHTy B3BEIIEHHOTO
coeIUHEeHHs.

Tax npu onpenenenun norna Cl~ B3pelunsaHueM ero B Bune AgCl,
noJlyyeHHOro o6pa6oTKoii pacTBopa npoOel H36BITKOM AgNOs, mpu-
MEHSIOT CJeLYIoWHUH dhakTop:

Cl 35,46
—_—e—— B3 = 9
F,&iiﬁ AgCl ™ 14334 0,2474.

fIpumep. Hasecka B 0,2501 e pacTBOPHMOTO XJIOpPHAA NOC/E COOTBETCIBYIOIIEH
o6pa6otku nana ocagok AgCl, secsiunii 0,5009 e. Uemy paBHO IPOLEHTHOE COIEp-
JKaHne xJaopa B npobe?

P = F-w-100 0,2474 - 0"?,@9' 100 =49.55%, (1.

CJrexyer NOMHHTb, YTO B OTHOLIEHHHM, BbIPaXKaeMOM XHMHUYECKHM
(akropoM, (opMyJa HCKOMOIO BelleCTBAa BCEeria HaxOAWTCA B YH-
cautejie, a GopMyJia B3BEIIHBAEMOro BelecTBa B 3HaMeHarese. Tax
KaK XHMHYECKHH (pakTop BHIPAXKAaeT OTHOLICHHEe ABYX SKBUBAJEHT-
HBEIX Jpyr JApPYTY BeLIeCTB, YUCJAHTEJNb MU 3HaMeHaTeJlb [OJIKHBI
CONepkaTh OJUHAKOBOE UYHCJIO aTOMOB ONPELEJsIEMOro KOMIIOHEHTA.

HanpuMmep, NpH BBIUMCJIEHHH Beca iKejJe3a MO Becy [POKaJeHHOH
IFe

OKHCH Kejie3da (hakTop Iepecuera paBeH FoOo " Caenyomre npH-
2Y3

Mephl TOSICHAIOT 3TO:

li:;?.ee;,xf}elg;:ﬁg Wckomoe coennnenne daxTop
MgaP2Cq MgO N?ggq%;
MgyP204 Py04 'M%%o}

Fe,O; - Fe,0, ?%ii%)(zg

Baso, K,SO; - Al(SOy)s- 71H,0 12504 A;E(SSOS? - 24H,0

Mckomoe coenmueHue MOXKeT K BOBCE He BXOAUTH B COCTaB B3Be-
UIHBAEMOIO BEIeCTBA, €CJH TOJbKO CTeXHOMeTPHUECKHe OTHOIIEHHS
MEXIY HHMH H3BEeCTHbl. TaK MOXHO ONPEHEJUTb COJAepKaHUe Kalius
B pacreope umcroro KCI no Becy AgCl, BbIeJEeHHOTO U3 3TOrO pac-
TBOPa, TaK KaK BECOBOe OTHOIUGHHE KaJusg K XJIOpHAYy cepebpa

y3rectHo. PaKTop mepecyera B 3TOM Ciayyae paBeH He umeer

AgCl®
SHAYECHHsI, CKOJBKO NPOMEXKYTOUYHEIX EELIeCTB OBLI0 B Cepuu CTexuo-
METPHUYCCKHUX OTHOIHGHHI;'I; B CpaKTOp rnepecyeTa IOMEUialT TOJIbKC

Neppoe peluleCTBO U MOCJIELHEE.
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Koceennpiti aHaaus. CyniecTBYIOT HECKOJIbKO THIIOB KOCBEHHBIX
oupenejgeHuii. Bo Bcex Hux ompenessieMblii KOMIOHEHT He H30JIH-
pyercss B UHCTOH (popMe W He B3BemMBaercs. MoxHO, HampuMmep,
HOJYYHTh BeC CYMMBI N KOMIOHEHTOB, 3aTeM BBINEJNHTh H OIpeLe-
aiTh (n—1) KOMIIOHEHTOB; TOrZa BeC IMOCJEIHEro KOMIIOHEHTa
JerKO HaXOAMTCS Mo pasHocTH. MlHOrZa Bce KOMMOHEHTHI (OGHIYHO
B 3TOM CJydae HX TOJBKO 1Ba) ONPENEJNSIOTCS KOCBEHHBIM ITyTEM.
MoxxHO, HanpuMep, ONpeeNUTb KOJHYECTBO NBYX BEIIECTB B CMECH,
e cojepxkamieidl IPyrHX BeIecTB, IO TOMY H3MEHEHHIO B Bece, KO-
ropoe 3Ta cMechb IpeTepleBaeT, ecjH 00a 51U BelllecTBa MPEBPaTHTH
i IBAa HOBBIX BeIlleCTBAa, OTJHYAIOUIYXCS MO CBOEMY MOJEKYJSIPHOMV
ecy Kak JApyr OT Apyra, TaK H OT IePBOHAYaJbHLIX BellecTB. Bo-
ncex 9THX CJydYasfx HalO HMeTb BO3MOMKHOCTb COCTABHTb CTOJBKO
1e3aBUCAIIUX JPYr OT JApPYra YypaBHEHHH, CKOJBKO ONpeHeJsieTcs
xoMIoHeHToB. IlpuBenemM npumep, KOTOPHII YacTo B 3THX CJydYasx
jlaercs. MOXHO onpefesHTh COAEPXKaHHE XJIOPHIA HATPHA H  XJIO-
pHIA KaJjMsi B UACTOH CMECH 3THX JBYX coJiell IO Becy 3Toii cMmecu
i ecy AgCl, xoTOpHlil BHIZEIIETCA U3 PacTBOpa CMecH mpu jgoba-
vaenun K Hemy AgNOs.

[Tycts @ — Bec cmecu oboux xjgopunos, b — Bec AgCl, x — Bec
NaCl, y — sec KCl.

Tornma
xX+y=a
i
AgCl AQCX
NaCl + KC] =10.

Pemas stu aBa ypaBHeHHS C ABYMsl HEH3BECTHBIMH, MOJyJaeM:
2,452x 4+ 1,923 (a—x) = &,
x =1,8906—3,635a.

3uasi @ ¥ b, JEerKo BBIYHCIHTL X U Y.

KocBennble MeTOABI HAXO NPHMEHSTH OCTOPOIKHO, TaK KaK OHH
e MOI'YyT JaTh OUYeHb TOYHBIX pe3yJabTaToB. MaJjieHbKast OIIHGKA BO
B3BELINBAHAN OTPAyKaeTcsl Ha pe3yJbTaTe, YBEJHUHBASiCb BO MHOTO
pas. PaccMoTpeHre HamHCaHHOTO YpaBHEHHsI II0Ka3bIBAET, YTO
ownbka B 0,1 M2 npM B3BEIIMBAHUU CMECH XJOPHIOB HACT OUIMOKY
npudausutesibio 0,4 e B naiinensoM Bece NaCl (crp. 308).

SALAYH
. PaccunraiitTe XuMHueckue (GakTOPH AJs CJAEAYIOWHX ONpeme/eHii:
BspewsanoT Onpenensior
ALO, Al
CaF, AlF,
MHQPQO'y :“11703
C&COg CalHCOg)g
Pt KCI(KCl — KoPtClg — Fti
PbMoO, Ps0; (P2O; — (NH),PO, - 12MoOy — PbMoOy)
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. HaBecky B 1,000 ¢ maseseBoii KHCJIOTHI PacTBOPHJH, OCAaguju HpHOaBjIeHHEM

CaClz B H36bITKe, NPOMBIIM OCaAOK, HPOKAIUIH H B3BecHau nosyueHayio CaO.
Bec mpoxasnendoro ocaiaka okasanca pasubiM 0,4402 e. Briumcsnure npoueHt-
Hoe copepxkauue H2C204 B mpoGe.

Ors.: 70,68 %-

. HaBsecka B 0,7500 2 pacTtBopumoro cyJubdara, coxepikautero 0,50% Baars,

nana 1,044 ¢ BaSOs. Bhuucaure mnpoleHTHOe cojAepzKaHme cepel B IpoGe:
a) B pacueTe Ha BJIaXKHOe BeIEcTBO; 6) B pacuyeTe Ha CyXOe BEIIECTBO.
Ors.: a) 19,129%; 6) 19,22%.

. 25,00 ma pactBopa BaCle, He coxzepxKamero IpPyrHX BelleCTB, AaJd CYXOiH

ocanok AgCl, secaumit 0,3408 2. Buiuncaure: a) Bec BaCle B suTpe pacrsopa;
6) MOJISIPHYIO KOHLEHTPALMI0 pacTBOpa; B) HOPMAJbHYIO KOHIEHTPAIHIO 3TOro
pacrtsopa, ecay ero GyayT NPHMEHsATb KaK peakTHB Ha HOH SO r) Bec KeSOy,
ocaxznaemoro 25,00 ma sToro pacrsopa.

. Cmechb Gespopunx NaCl u KCIl, Becamas 0,1000 e, mana 0,0155 e K.PtCle.

Boiuncante nponeHTHole conepxanusg K u Na B 970l cmecH.

. IIpoGa B 0,4000 2 umcToil Ge3BOJAHOI COJIH, COAepKalleili TOJbLKO HaTpHid, GOp

# kucaopon, nana 04914 e HsBOs u 0,2324 2 NaCl. Haiinure dopmyay 3TOH
COJIH.

. Cmecp umcrnix cyxux NaCl u KCl, Bec koropoii Geu1 pased 0,5986 2, npu

o6paborke ee H2SO4 nama 0,7072 2 Geapoaublx Na:SOs u K230 Bruumcaute
npouentHoe coxepxanue NaCl u KCl Bo BasaToit cmecu. [Ipeanosoxure, 4To Ipu
B3BEIIMBAHUH CMeCH CyJabharoB caenatin omu6Ky B 0,2 Me; Kakod HOPOLEHT-
HBIH COCTaB CMECH XJIOPHIOB HOJYYHJICA GBI B 3TOM Clyuae?

. 10,00 ma pacrBopa H2SOs muornocteio 1,010 mator ocamok BaSOs, Becsuyuii

0,3780 2. BuuucsuTe HpoleHTHOe cogepxkanue no secy H2504 B 3TOM pacTsope,
€ro MOJISIPHYIO M HOPMAaJIbHYIO KOHIEHTPaIlHH.
Ors.: 1,672%; 0,1619 M; 0,3238 N.



TEOPETHMYECKAY YACTb

TJTABA IV
3AKOH JEMCTBYIOILUX MACC

AHCCOUBALLUA FTNEKTPOJIUTOB. KOHUEHTPALLUA
HOHOB BOJOPOJA B PA3JIHUYHBIX PACTBOPAX

" PaBHoBecue o6paTHMoil peakuud. 3aKOH JAEHCTBYIOUWIMX Macc

Ecan nBa BemectBa A ¥ B BcTymaoT B peakuuio ApPYyT ¢ APYTroM
¥ HacTyllaeT MOMEHT, KOTZa OTHOCHTEJIbHBEIe BeCOBble KOJHYECTBA
pearHpyloIiuX BENIeCTB HE MEHSIOTCS, MBI TOBODHM, UTO IOCTHIHYTO
paBHoBecwue. Ecau npopykrel peakuun C u D moryr pearupo-
2aTh JPYT C IpyroM ¢ oOpa3oBaHueM BemlectB A u B, Mbl HasbiBaeM
TAKYIO Peakiuio o6 paTU MO U NUIleM ee B cjepyouiei popme:

A1lB = C+D.

B xoJsuuecTBEHHOM aHaJii3e OOLIYHO HMEIOT AeJsio ¢ 06paTHMbIMH
peakMusMM, B KOTOPBIX TOMOre€HHOe paBHOBeCHE JOCTUraeTcs
I CPaBHHTEJIbHO KOpPOTKOe Bpems. PaBHoBecHe 3TO He CTaTHYECKOe,
4 IMHAMUuecKoe. DTo O3HAUaeT, YTO B YCJOBHSIX paBHOBecHs A U
I3 mpomoJkalT pearnpoBath ApPYr ¢ npyrom ¢ o6pasoanueM C
n D, a nocjeaHue B CBOIO OYepelb pearupyior APYr ¢ JApyrom, o6-
pasysi BemecTBa A M B; B Kaxaplil JaHHBIH MOMEHT KOJHYECTBA
nentects A u B, Hcuesalollux BeJIe[CTBHE peakIUM MexXIy HHMH,
PABHBI KOJIHUECTBAM ITHX BEUICCTB, MOSBJSIOIMIUXCA B pe3yJbTaTe
peaknuu Mexay C u D. JIpyruMHu cJoBaMH, NPH JOCTHXKEHHH PaBHO-
BecHs CKOPOCTh peakIiuu MexAy A u B paBHa CKOPOCTH peakIud
mezkay C m D. CKOpocTh peaKLHH BHIPaXaeTcss 3aKOHOM [ e H-
CTBYIONIHX Macc, BOepBble ueTko (opmysupoBaHHOM [yJaba-
neprom n Baare 1. '

JTOT 3aKOH MOXKHO BbIPA3UTh CJAELYIOLIHUM 00pasoM;

CKropocTo xumuueckux peaxyuti nponopyuUoOHasbHA AKTUBHBIM
KOHUEHTPAYUAM peqesupyroujux seulects, Kkancdas U3 KOTOPbLX
no3sedena 8 CTeneHv, YUCAEHHO PABHYIO HUCAY MOAEKYA COOT-
neTeTeYIOUjec0 8ewecT8a, 8X00AULUX 8 YPABHEeHUe peaKyuu.

I3 9rofi KHHUIe MBI B OOJIBLIMHCTBE CJyuyaeB «aKTHBHble MacChl»
Wl «IKTHBHOCTH» pearupyiolluX BellecTB 3aMeHseM KOHIEHTpa-

"¢, Guldberg, P. Waage, J. prakt. Ch. [2], 19, 69 (1879).
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[USIMH 5THX BeIleCTB, BbIPa:KEHHLIMH B MoJisXx Ha Jjutp. Kak 6Gyzer
o6bAcHEHO Ha CTp. 59, NOHATHI «AKTHBHOCTH® H <«KOHLEHTPAIHUA»
He BIOJIHE COBNAjfaloT APYr C APYroM; BCe XKe B OOJBLIMHCTBE
paccyKAeHu# ¥ BBIBOAOB, CBS3aHHBIX C KOJHYECTBEHHBIM aHAJH30M,
Takasi 3aMeHa JOIyCTHMa.

MousipHble KOHUEHTpaUK OOBIYHO BBIPAXKAIOT XHMHYECKOH op-
MyJIOH BellecTBa, 3aKJOUeHHOH B mpsiMble ckoOku []. Ecau Bmecto
AKTHBHBIX MacC Mbl IIOMECTHM KOHIEHTPAUHH pearnpyoIuX
Beniects, (opMmysa 3akKoHa [NeHCTBYIOUIMX Macc JJIf peaKnuy
Mexay A u B npumer Buu:

vy = ky [A] [B],
a ans peakuuu mexay C u D:
0= ky [C] [D].

B 3tux Qopmynax v, M U, — CKOPOCTH peakLHH, 2, H A, — KO-
craHThl. [Ipu nocTuKeHMH paBHOBECHS U, = Uy H

ky [A][B] = £, [C] [D]
HIn :

1A = — K (npu nocToAHHOII TeMueparype).

Ecnun peakuuss npoucxoxut mexnay 2A u B:
2A4+B & C+D
A+-A-+B & C-+D.

HJIa

JETrKO BbIBECTH, 4YTO

[[/Sll‘zilglj‘zl( (Mpu MOCTOARHON TeMmeparype).

Haxonen xoHCTaHTa paBHOBeCHSI O6PATUMOIl PeaKIMH, BblpazkaeMoi
obuiet ¢popmMyaoi:

aA+6B+cCH...2 pP+qQ-- /R4 ...,
OyleT paBHa

. PI”[QIIRY".....
K= [A]#[B]? [Cle... ~

K HaspiBaloT KOHCTAHTOH pPAaBHOBECHS peakUuy NpH
naiHo#d Temnepatype. Crenyer HOHATb, YTO MEXAY CKO-
POCTBIO, C KOTOpOf# peakiust IPUXOAUT K COCTOSHHIO DaBHOBECHS, U
BeJMUMHON KOHCTAHTH paBHOBecHs HeT 3aBucuMocTH. CKOpoCTb
BCeX peakuuil GBICTPO BO3pacCTaeT C YyBeJHYEHUEM TeMIepaTyphl
(06GBIYHO [JiIT TOMOTEHHBIX peaKUHH OHa YBEJHUHBAeTCs GoJblle 4eM
8 2 pasa npu NOBbIIeHWH TeMmepaTypsl Ha 10°). Kpome Ttoro, Ha
Hee OKa3blBaeT BJMsIHHE IIPHCYTCTBHE HEKOTOPBIX BeLIECTB, HMeo-
mux cnenuduyeckoe peiictBue. Eciu 3TH BemecTsa Yy B €JI MU H-
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i 10 T CKOPOCTh peaKUMH, HX HAasblBAlOT MOJOXK HUTEJNbHBIMHU
KaTaJH3aTOpaMU.

ITonoxKuTeIbHEIE KaTAH3ATOPH NPHMEHSIOTC B aHAJH3€ JJI YBEJIHYEHHS CKO-
POCTH MEJJIEHHHIX, HO KOJIHYECTBEHHO IPOTEKAIOUIMX B OAHOM HalpaBJEHHH Deak-
wtii. OueHp MENJIEHHO MIAYT HEKOTOphie peaKlHH OKHCJIEHHS-BOCCTAHOBJIEHHs, Ha-
nupumep peaknus Mexay He0. w HoOmMaoM B KHCJION cpelle MJIH peakius MeXIAy
6poMaTOM H HOOHIOM TaKxkKe B KHCJOH cpezne:

Hg()2+ 2H+ +2]- — QHzo + J2~
BrO; + 6HT 4 6]~ — B+ 31,4 3H,0.

Crnenn Mosu6aaTa B pacTBOpe KaTaJHTHYECKH HACTOJNBKO YCKOPSIIOT 3TH peax-
HH, YTO B HX NPHCYTCTBHH THTPOBAHHE BHIZENHBLIErocs MOAa MOXHO NPOH3BOAHTS
cefilyac ke IoCJie CMeLIeHHs1 PearHpYIOUHX BELIeCTB.

Mpusuun Jle-lllarense — Bant-Todda

D10 moJiokKeHHe, o0befHHSAIOUee pa3JHuHbe CJIyYad CMeUIeHHs
PaBHOBECHS,, MOXXHO BBIPA3HTh CJIEAYIOUIAM . 06pa3oM:

Kancdoe usmernenue 8 akropax, onpedessiowjux XuUmuiecKos
pasHosecue, 8bl3bl8AET npoyecc, cO8UAIOWULl 3TO pasHOBecue
8 HanpasaeHuu, ocaabaaouiem 3PHekT npoudsedenHnozo usme-
HEeHUSL.

Hanpumep, yBenuueHue teMmepaTypbl CHCTEMBI, Haxomsuledcs
B DaBHOBECHH, BBHI3BIBAeT IpOLlECC SHIOTEPMHYECKHH, T. €. TaKoi,
MPH KOTOPOM IIPOMCXOJAHMT IOIJIOUleHHe Tema. Peakuust Hedrpasu-
3allHM CHJIbHON KHCJIOTHl CHJIbHBIM OCHOBAHHEM BBbIPAaXKaeTCs CJre-
JYIOHMIUM VDaBHEHHEM:

H*+ -+ OH- = H,0 - 13900 xa-1.

OO6pa3oBaHye BOJBI — INPOIECC IK30TEPMHUECKHl, HAYILHH C Bbi-
AejieHHeM GoJiblioro kKoJgudectBa Ttemnia. CiieoBaTesbHO, COTJIACHO
npunuuny Jle-lllatense — Bant-T'odda npu noBwilieHWH TeMmepa-
TYPBl DaBHOBECHE CMeEIaeTCs CIpaBa HaJieBO, APYrdMH CJIOBaMH,
nucconnauuss BoAbl Ha Hounl HY w OH™ Bospacraer ¢ yBesnyenuem
TEMIICPATYPHL.

CujbHbie U cJjabble 3JEKTPOJMTHI

DJIeKTPOJINTAMH Ha3bIBAIOTCSl BeL{ecTBa, pacnajgaioimuecs B 60Jib-
UM WJIM MEeHbLIeH CTEeNeHH HAa HOHBl NPH PaCTBOPEHHHM HX B BOXe.
CorslacHO COBpeMEeHHBIM 3JIEKTPOXUMHUYECKUM TEODHSIM CJELYET pas-
JUYaTh CHJbHB e H cJabple 3jekrpoaurhl. CuIbHBIE 3J€K-
TPOJIUTHl IPH PaCTBOPEHNH HX B BOJE pacrnajaloTcs Ha HOHBI TOJ-
HOCTBIO, 4 PaCTBOPBI CJA6BIX 3JEKTPOJUTOB COAEP:KAT M HELHCCO-
IIHHPOBaHHBIE MOJIEKYJIbI 3JEKTPOJIUTA U €ro HOHHL.

K rpynne cCcUHJABHBIX 3JT€KTDPOJHUTOB OTHOCATCS:

a) GoJblIHHCTBO Heopraunuveckux Kucjor: HCIOs4, HNOs, HCi,
HBr, HJ u np.

§) THAPOOKHCH IeJIOUHBIX MeETaJJIoB, cepebpa H ILEJOYHO-
3CMEJIbHBIX METAaJIJIOB,

B) MoYTH Bce coJsid (UCKJIOYEHHS: TraJIoTeHH[Abl, HMAHUJAB H PO-
JIQHUAB! PTYTH, KaJAMHS M IHHKA U HEKOTOpble IPYTHE COJIH).
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K rpynnme cinal6bXx 3J€KTPOJHTOB OTHOCATCS:

a) Hekoropble Heopranuueckue kucjorsi: HsPOs, H,SO3, HsBOs,
HeCOs u np.

6) HEKOTOphbie HEOpFaHI/I‘IeCKHe OCHOBaHud: pacTBOp aMMHakKa,
6OJII)IHHHCTBO FI/I,Z[pOOKI/ICEI/I JABYXBaAJICHTHBIX H TpeXBaJIEH’leIX Me-
TaJIJIOB ragpasuH, THAPOKCHJIAMUH,

"B) BCe OpraHuYeckue KHCJOTHI (3a HCKJIOUEHHeM CYJIb()OHOBBIX
KHCJIOT),

I) BCe OpPraHHYeCKHe OCHOBAHHS.

Kouuempaum{ HOHOB B pPACTBOpPax CHJbHBIX JJEKTPOJHTOB

Tak Kak CHJIbHbIE 3JIEKTPOJHTE B BOJAHBIX pPacTBOpax HOHH3H-
pOBaHBl IOJHOCTBIO, KOHIEHTPAIMI0O HOHOB HX B pacTBOpe JIETKO
BBIYMCAUTb 110 MOJIEKYJISIDHOH KOHIIeHTPalHH pacTBOpa.

Ipumepuo::
HCl — H+ -+ CI-.

B 0,1 M pacrsope HCI KOHueHTpauKﬂ Bojopoaubx HoHos! [H+] pasua
KoHueHnTpauuu xjaopui-uonos [Cl—] u pasua 0,1 nau 10-1!

NaOH — Na* -+ OH-.
B 0,01 M pacrBope NaOH: [Nat+] =[OH-] =0,01 =10-2,
BaCl, — Ba2t+ - 2Cl-.
B 0,01 M pactsope BaCls: [Ba?+] = 0,01 = 10—2
[Cl-] = 0,02 =2-10-2
Ag,S0, — 2Ag"™ 4+ SO7 ™.
B 0,001 M pacrsope Ag,SOy: [Ag+} =0,002 = 2.10-5%,
[soi7] =0001 =107

JInccouuanus cjaabbix 3JE€KTPOJUTOB

Cnabas xucjiora HA B BomHOM pacTBOpe pacmnafaercss Ha HOHB!
TOJBbKO UACTHYHO; TJIaBHAsi 4YacTh KHCJOTBL HaXOLUTCH B HEHHC-
COIHPOBAHHOM COCTOSIHUH:

HA = H+—4A-. (1)

dra peaknus oGpaTiMa U K COCTOSIHHIO DaBHOBECHSI OHa NpPHXO-
JUT MCHOBEHHO. Mbl MOXKEeM CJIelOBATEJbHO K KasKIOMY pacTBOpPY
¢aboro 3JeKTPOJUTA NPHUJIOXKHUTh 3aKOH JAEHCTBYIOUIHX Macc:

[—HEL%“I-&—?:-]-zK(an NOCTOSIHHOH TeMLRepatype). (2)

! B pefictBurteabhocTn cBoSopusie nmporonsr H+ He cymectsylor. B Boauoit
Cpeje OHH COeJMHSIOTCA C Mojaekyaamu pactopuredss HoO, obpasys 1oun
rugpokcouns HzO+. [lasi BbIpa:keHHss KOHLEHTPALMH HOHOB BOJOPOAA Mbl I1OJIk-
syemcs cumBogom [H+], HO Hano MOMHHTE, 4TG OH O3HauaeT [H;O*].

40



Koncranra paBHoBecusi K HasbiBaercss KOHCTAHTOH HOHH-
“aIMHH JaHHOH Kucjorbl. Kuciaora HA mpm apuccommanuu macTt
[4BHOE YHCJIO HOHOB BOXOpoAa u aHHOHOB. ClleqoBaTeJbHO,
|H*} ==[A~] u ypaBHenue (2) MOXKHO HaIMCaTb TaK:

[H]?
[]’TAT= K, (3)

Ecsn MoJgsipHast KOHIEHTPALUsi KHCJIOTBL paBHA €, TO KOHIIEHTpa-
st HepmcconuuposaHuo# ee uactu [HA] paBra pasnoctn Mexny
ofuleil KOHIIeHTpaluel W KOHIIeHTpallHell TUCCONMUPOBAHHON YaCTH:

[HA} ==c—[Ht] =c—[A"].
CaejoBaTeJibHO: g
Hte
1 c—[Ht] T =K, ©)
H

=5 )/ ke (5)

Bbljto Haii1eHo, uTo BO MHOTHX cjydasx BesuuuHa [H*] upespsl-
aiilo MaJjia 1o CpPaBHEHHWIO C ¢; Torja pasHocts ¢ — [H] moxHO
HPHHSITL PABHOW ¢, W ypaBHeHHe (4) NpuUMeT BHA:

[H_%P = Kac:

=V K (6)
#opau? pH =1/, pK,—1/,lgec. #

Ypasiiennem (6) MOZKHO TIOJIb30BAThCS BO BCEX TeX cayuasx,
worpa seauumHa [H*] cocramasier menee 5% OT BeJHUYHHBL C; pe-
SYJABTATHl TOTJA TIOJYYalOTCsT JOCTAaTOYHO TOuHbIMH. Ecam [Ht]
fojice 5% OT ¢, HAJO I10JIb30BATHCSI TOUHBIM ypapHeHueMm - (5).
B raGa. 1 naHbl KOHCTAHTBI MOHH3AlUWH PAa3JIMUHBIX KHCJOT H OCHO-
BaHUN,

flpusep. temy pasna xonneurpanus nonos H+ B 0,1 M pacrsope kucnorhi,
inieueH KOHCTauTy Homu3dauuu-10—5 (nas ykcycioit kuciors K, = 1,74 .10-9)?
Coraacno ypasuenuio(6)

[H+] =10-3,

raK Kak ¢ = 10=1, a ¢ — [HH+] MOXHO NpPHHATL PaBHBIM C.
{[lokawunre, 4TO NPy BHIYKUCIEHHH KOHUEHTpauuH Hono H+ B 0,0001 M pac-
TBOPE YKCYcHONH KHMCHAOTHI HEJAb3sl NPHMeHsiTb ypaBHenue (6)].

]_IBYXOCHOBHIDIG KHCJIOThI HzA HMEIOT JABe¢ KOHCTaHTblI HOHHU3aIlUuH:
H,A & H* - HA- (7)

HA- & H* A2, (8)

! He cuaenyer 3amoMHHaTh 9TH BbIPAXEHHS, HO HAJO YMETh HX BLIBECTH,
noria 970 morpedyercs.
*# pH— mokasaTte/lb BOLOPOXHLIX HOHOB (cTp. 45)*.
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Ta6anua 1 Koucmanms UOHU3AKUU HEKOMOPHX KUCAOM U OCHOBAHUI

npu 25°
Heoprannueckue KHCAOTbI Ky — 1K, =pK,
Bopnas Ki « .. 55-107" 9,26
MnapukoBas . . . . . .« . . . «} 1,67-107° 4,78
Cepuas Ko o o« . 1,2-107° 1,92
CepHHCTas K 17-107° 1,77
Ko 6,2-107° 7,21
CepoBonopon Ky 57-107° 7,24
K» 1.2.107" 14,92
Yroabnas K 351077 6,46
Ko « - - . 5.1071 10,39
docthopuan K « - - . 70.107° 2,16
e , 7.107° 7,16
Ky ... . 4.1071 12,4
XpomoBas Ky . ... 1.0-1077 7,00
Opranuyeckue KUCJIOThl K, — 13K, =pK,
Bemsoimag . . . . . . ... .. 6,67-107" 4,18
Bunnas K .« . .. 9,6-107* 3,02
e 29-1077 4,54
JIuMoHHas K 87.-107* 3,06
Ko 1,8-107 4,74
Ky « ... 40-10"8 5,40
MypaBbuHas . . . - . . . . . . 2.107* 3,70
CHHMJIBHAS . . . . . . . . .. 72-10710 9,14
YKeycHas . ... ... .. .. 1,74-107° 4,76
IlaBeneBas Ki .. .. 6,5-1072 1,19
Ko 6,1-107° 4,11
OcHoBaHHS ! Ky, — 18Ky = pK,,
-+
AHHTHE . . o o o oo oo 4.107%° | 9,40
THOPABHH . . - . . . . . . . 3.1078 5,52
T'uapookuch CBHHHA K 96-10"% ! 2,02
MeTHAAMAH . « . « « « « « . . 44-107* 3,30
[upuIHE . . - - « . o . . .. 14.107*° 5 8,85
PacrBop aMvuaka . . . . . . . | 1,75-107° 476
|
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ITpuMensas 3akoH AeHCTBYIOIMX Macc, NoJydaem:
[H+]1[HA-]

Al — Ko
[H+] [A%]
AT Ke

K1 HasbIBalOT NEPBOH KOHCTAHTOH HWOHM3aUMH, K, — BTOpOH KOH-
CTAHTON MOHWUSAUMH KUCJOTHL. IIpH BHIUMCJICHHH KOHLEHTPAUUH BO-
1OPOJHBIX HOHOB B PAaCTBOPE JBYXOCHOBHOH KHCJIOTHI OBGBIYHO MOKHO
npeHeGpeub ! BTOpOH AMcconmauuei [mo ypasueHuio (8)], moromy
110 OHA MNOAABJAETCA HHCCOnMalued 1o ypaBHeHHIO (7). MoxHo,
JICZIOBATEJIbHO, TIPH pacueTax npuMeHsTb Gopmyasl (5) m (6), npu-
unmasa K, paBHbBIM Ki.

KOHIleHTIpaIIHH nonos OH~ B pactBopax cja6eix ocHoBanuii BOH
BLIYACJAIOT CAeAYIOIUM 00pa3oM:

BOH & B+--OH-,

[B+][OH-]
B = K @)

o =—% 1)/ ke

1WIH, TPHOJHKEHHO:

[OH-]1= VK.

pOH =1/, pK;, — /5 Ig¢,
pH=14—1/,pK; 4[5 lgc *

* HaIn

Jduccounauus Boabl. IMokazateab BOgOpogHbIX HoHOoB pH

Bopna — upe3BpiuafiHo cjabblii 3JIEKTPOJIUT, B O4eHb HE3HAYHTE/b-
HOH Mepe pacnafamuuica Ha HOHBI:

H,O & H* - OH-. (10)
”DHJI&F&H 3aKOH )ICﬁCTBYIOHLHX Macc, mnoJiyyaem:

[H+[[oH-] .

o =K (11)

rne [HeO] — mosipHas KOHUEHTpaUHUsi BOJbl B BOJE.

[TockosmbKy MBI HMeeM JelI0 ¢ pa3GaBjieHHBIMH BOIHBIMH PACTBO-
pamd, KoHueHnrpauuioo Boxbl [HeO] MoxHO NpHHATH NOCTOAHHOMH.
Torna pasenctBo (11) npu mocTOfHHOH TeMIepaType HPHMET BHA:

[H+][OH-] = K [H,0] = K, (12)

1 Boaee moapo6Ho 06 stom cM. B kuure: . Koastrod, I, JlafitTunesn,
Oupcepenenne KOHUEHTPalMH BOLOPOXHLIX MOHOB M 3J1eKTPOTHTpOBaHHe. M. 1947.
* X. BpurToOH, Botopogssie uomsl, JI. 1936 *.
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Bo Bcex Bomnpocax, CBSSaHHBIX C KHCJIOTHOCTBIO WJH UIeJO0U-
HOCTBIO paCTBOpPOB, KOHCTaHTa K, HMrpaeT oO4Y€Hb 3HAYHTEJIbHYIO
poab. Ee HasbiBaloT HOHHBM IHNpOH3BeJE€HHEM BOJH.
BesnunHa 3Ta OBICTPO BO3pacTaeT C yBeJHUEHHEM TeMIepaTyphbl.
IMTpu 24° K,, pasua 1-107'4 npu 100° oHa npuOJIH3HTEJLHO pPaBHA
1-10712, 1. e. npyd ysequueHdH Temmepatypsl oT 24 no 100° Besu-
ugHA KoHCTaHThl yBejuunBaercss B 100 pa3. Bo Bcex HamMx pacuye-
TaX H pacCyxKIEHHSX Mbl npumMeM, 4ro K,, Npu KOMHATHOH TeMIle-
parype paBHa 1074, xoTst 3TO chpaBeldJHBO ToibKo npu 24°. Tlpu
VBeJIMYEHHH TeMmmepaTyp Ha 1° BeqmunmHa K, BospacraeT npubau-
3uTesJbHO Ha 8%.

C nomomrbio ypaBHeHHs1 (12) Jerko BBIUMCJMTL KOHILCHTPALHIO
BOZOPOJHBIX FOHOB B UHUCTOH BoJe.

C npakTHYeCKO#l TOYKM 3DEHHs BayKHO OTMETHUTb 31eCh, UTO
MOJIYUHTh COBEPUIEHHO UUCTYIO BOJY H COXPAHHTb €e B TaKOM BHIE
uypesBbluaiino Tpyano. Bosmyx atmocdepst comepxut 0,03% (mo
o6bemy) COs, KOTOpBII JIETKO pacTBOpsieTcss B BOJe, paclpene-
JISISICh MeXKAy BOAOH v BO3JLyXoM B oTHomenuu 1 : 1. Jlpyrumu cio-
BaMH, BOJa, HAXONSIIASICSI B DaBHOBECHH C BO3AYXOM, COJEPIKHT
0,03% (o odowvemy) CO:. Taxoit pacTBOp HMeeT KOHIEHTPaIMIO
BOJIOPOJIHBIX MOHOB, T10uTH B 20 pa3 NpeBbLIILAIONlyI0 KOHIIeHTPAaLHIO
9THX HOHOB B UMCTOH Bome (CM. 3amauy 3 B KOHIE IJiaBbl). Hucryio
BOMY OGBIYHO MOJYYAIOT AECTHJUISIIHe!l 1leJOUHOTo pacTBopa. Ecun
BOJa IepBOHAYAJBHO cofep:Kajia HebOJbIlioe KOJTHYECTBO aMMHAKa,
OH TepefileT B JECTHJJIAT H IIOHH3UT KOHLIEHTPAIHIO BOJODPOLHBIX
HOHOB B IlocjegneM (CM. 3amauy 2 B KOHIlE TIJiaBel). Eciu uncras
BOZA HAXOJUTCS B OOBIUHON CTEKJSTHHOHI TMOCyJe, OHA H3BJEKAeT H3
Hee IIeJJOYHbIe MeTaJibl U KOHILEHTpAIlUsi BOAOPORAHBIX HOHOB B HEH
yMmeHblizaercs. B atmocdepe sabopatopuy Boja OBICTPO MHOTJOLIAET
H3 BO3JyXa KHCJble M IHejouHble mapel. [losTomy c uucroit BomoH
o6pauiarTcst ¢ GOJBIIOH OCTOPOXKHOCTDLIO M COXPAHSIOT €€ B YyCJIO-
BUSIX, He JIONYCKAIOUIHX COMPHUKOCHOBEHUS C BO3LYXOM.

U3 ypasrenuss (10) crmeayer, yTo mpH AHCCOUHALHH BOABI 06pa-
3yercs OJAMHAKOBOE KOJHYECTBO HOHOB BOJOPOAA H THIPOKCHJ-
nonoB. CJjegoBareqnio, B unctoii Bojge [HY] = [OH"] u

[H' ]2 = [OH-] =10-1,
[H*]=[OH- ] =10-" (upu KOMHATHOH TemnepaType).

Yucrass BOMA COXEPXKHUT OAHY JECITHMHJJIHOHHYIO TpaMma
HOHOB BOJODPOJA H CeMHAALaTh JAECATHUMHJJIMOHHBIX I'paMMa THIpO-
KCHJI-FIOHOB B JIUTpE.

Kaxnwiii BOmHBIN pacTBOp CONEPIKUT KaK HOHBI BOZOPOHA, TaK
B THAPOKCHJ-HOHBL., Eciau 1npn 1g0GaBJeHHH BOXOPOAHBIX HOHOR
(gucaotel) [HT] cranoBurcsi Gosbme 1077, Tto [OH~] coorset-
CTBEHHO yMeHbInaercs. B imesounbix pactBopax [OH~™] Gossmie
1077 u Gosbuie [H*]. Bennunna npouseenenns [H*] [OH~] Bscerna
OoCTaeTCss HeHM3MeHHOH, paBHoi 10714 mpu 24°:

K, o Ky
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Hpunep. Yemy pasna [H*] B 0,01 N pacrsope NaOH?
10-14

= 10-12
o=r = 10712

[OH-1=10~2 caenoBareabro [HT] =

[Io MHOrUM cooOparkeHHSIM OKa3aJoch yaoOHee BbIpaXKaTb KOH-
HCHTPALMK PA3/IMYHBIX HOHOB B BUJE JECSTHUHBIX JIOTAPH(MOB, B3si-
1mix ¢ o0paTHBIM 3HAKOM. DTH JorapuMbl Ha3bIBAIOTCS MO HH Bl M H
noKaszaTeJdssMHu H 0603HAYAIOTCS CHMBOJIOM p.

pH osnayaer nokasaTteab BOLZOPOLAHB X HOHOB. On
paBeH JiorapuMy KOHILEHTPAlHM BOJOPOJAHBIX HOIOB, B3SITOMY
¢ 0OpaTHBIM 3HAKOM:

pH=—Ig[H*];
10jJI06HO 3TOMY
pOH = —1g[OH-].
pOH — nokxasaTeJb ri APOKCHUJIHOHOB. OTHolleHHe Me-

A&Jly KOHLEHTpalHeil HOHOB H II0OKa3aTeJeM HOHOB IIPOCTO BbIpa-
KACTCH CACAYIOMUMH (OPMYJIaMH:

szlg[—ﬁl—;}=——lg[H+],

[H+]=10"""
Hpuasepesi:
1) [H+} =5-10-% Ycemy pasen pH? !
pH=—1g(5-10-3)=—Ig 5 +3=—0,743=2,3.

2) pH = 4,4. Uemy paBna [H+]?
[H+]=10"%*=10".10""0 = x. 107.
10798 = x; 1gx=0,6; x==398.
[H+]=3.98-10-.

Mbl MoxKeM Tenepb Hanucarh ypaBHenue (12) ¢ nomolubio Jora-
pudmMoB, B3ATBIX C OOPATHHIM 3HAKOM:

DH+ pOH ::“_'pKu"

pK, o3nauaer JorapudM HOHHOTO TPOH3BEAEHHS BOAbI, B3ATHIH
¢ o0paTHBIM 3HAKOM (mOKa3aTeJb HOHHOTO npousselenus). Ilpu
KOMIATHON TeMneparype

pH - pOH — —1g 10-1 = 14
pH =14 —pOH
pOH = 14 — pH.

(IR

" B uucaax, Buipakaowux pH, He creayer craBurb 6o.abnie ABYX wHpp
HOCIC 3aNSTOH.



Ecau [H¥] = [OH] =107 unu unave pH=pOH =7, pac-
TBOp HMeeT HelTpajbHylo peakuuio. Ecam [H*] > 1077 > [OH]
wmi pH <7 < pOH, pacTtBop HMeer KHCJIyI0O peaknuioo. Ecuau
[H*] <1077 < [OH"] wau pH >7 > pOH, pactBop uMeer mieyou-
HyIO0 peakiuio. Cjefyer NOMHHTb YTO YMeHbIIe HH e BEeJHYHHHI
pH oshHauaer yBeJsHUeHHe KOHIEHTpPDAalLHH HOHOB
Bopgopoxma. Puc. 1 mo-

LA IN HGL bUM |, xasuiBaer 3Hauenne pH paz-
JINYHBIX PaCTBODPOB.

- — 0JN HCL ———————— /3 P P

- —————— (01N H0L ———————— -/ [uapoJu3 pacTBOPOB COJIeH

| ~————— Q1 N yhcycHas iucnoma——- /i

Mgl BHAeNd, 4TO 4H-
- <70 ctas BOJA 4acCTHYHO pacna-
1 N yhoycras hueroma+ —_ JaeTcss Ha HOHBI BOAOPOAA

QDB N Y R DN D

19
Q7N ayemam namopus U T'UIDOKCHJI-HOHBL [lpn
3 14 npuMeHeHHH BOABI KaK pac-
L —ueman Goda- nedmpann peatug— < 7 TEOPUTEIA  JUIA - COJM  MEX
MmoJyyaeM pacTBOp, HMelo-
- — NaHGO0, 10 wmmii HefirpanbHYIO, KHCIAYIO
i {5 unu wemounyio peakumio B
—— 01N NK, OH+ 07N NH, Gl ——— 3aBHCHMOCTH OT CBOCTE
9 r 14 aroit comu. Ecam compb co-
s 1 3 cTouT M3 KaTHOHA CHJILHOTO
// gg,VNNS" g:  OCHOBAHHS H aQHHOHA CHIIb-
2t ’ a 1“ HOU KHCJOTHI, peakuus pac-
13} ——O/N NaOH ———— — {7 TBOpHTEJsT He H3Me-
u b /N NaOH {pHAETCA Takue conu Ha-

3LIBAIOTCI HEHUTp aJib-

Puc. 1. Uixara pH—pOH npu 21° HEIMHU cOJsiMHu. [Ipume-

Ky = 1014, paMud HEHTPAJIbHBIX CoJiel

MOTYT CJIYXHTb COJIH Lie-

JIOUHBIX W LIEJIOYHO3EMEJIbHBIX MEeTaJIJIOB, TaJIOTeHOBONOPOEHBIX
gucjaor u HNOs, HCIO4, H2SO4.

NaCl, OyRy4H CHJIBHBEIM 3JIEKTPOJIUTOM, B DPACTBOpE IIOJHOCTBIO
pacnagaercst Ha wousl Nat u Cl=. Tak kak NaOH — cunbroe ocro-
BaHHe, WOHbl HATPHS HE COENHHSIOTCS C THJPOKCHJI-HOHAMH BOJBI
B Hemuccouunporeanrste Mosekyasl NaOH. Touno tak xe wu XJo-
PUZI-HOHbI HE COENMHSIOTCS C HOHAMH BORODOAA M3 BOAEI C 00paso-
BauneM HCIl. CuenoBatesnbHo, npubaBieHHe HeHTpaJdbHOH
COJW K BOJE HJU DAacTBODY He HM3MeHseT KoJjuiyectBa HOHOB HY
1 OH™ B 3TOM pacTBOPE M MOTOMY HEe MEHHAET ero pPeakI um.

Paccmorpum Temepp cojib €1aboro OCHOBAHMS M CHJBHOH KHC-
aorel, HanpuMmep NHsCl. Kak u B mpeabiayuieM ciydyae, XJIODHA-
HOHBl He GYIYT COeRMHSTbCA C HOHaMu Bomopozaa. Ho uonel ammo-
HHSI — 3TO HMOHBI CJJaGOTO OCHOBAaHHUS, CJIEHOBATEJ]bHO, OHH COCNH-
HSIIOTCST C TMAPOKCHUJ-HOHAMH, 00pasysa HEJUCCOLMHUPOBAHHbBIE MoJle-
kyast NH4OH. Konuentpanusi ruipOKCHI-HOHOB B PacTBOpE AOJKHA
YMEHBIIATLCS,, a Tak Kak npousBenenne [HT][OH™] — Besnunna
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110CTOsIHHAs, TO KOHLEHTpalnusl HoHoB [HT] momkHa cOOTBETCTBEHHO!
VBEJIHUUTHLCS

NH,Cl — NH{ --CI-,
NH; + H,0 = NH,OH - H+.

BsaumopneiicTBue KaTHOHA W BOJIBI SIBJISETCS MPUMEPOM T H I P O-
sus3a. B pesyabrare rugposusa pacTBOpP COJNH CHJIBHOH KHCJIOTEH:
11 caaboro OCHOBaHHSA IOJyuaeT KHCJIYIO peakiuioo. Pacrteop cosn
CHJIBHOTO OCHOBAHHS H CJIaGOH KHCJOTbI JOJIXKEH HUMETh BCJENCTBHE
HApOJIM3a 1IEJOUYHYIO DEaklHIo, KaK 3TO SICHO H3 CJeAYyIOIIHX
YDaBHEHHH:

KCN — K+-+CN-,
CN---H,O & HCN-}+OH-.

MOXHO BBIYHCJHTb KOHIEHTPALUIO HOHOB BOJOPOJa B PAcTBOpPE
rugpoJsusyiomieiicss conu. M3 npemmiiyliero Jerko [oHSITb, UTO
cTemelb THAPOJM3a COJNU CJaGOT0 OCHOBAHHS ¥ CHJIbHOH KHCJOTHI
JI0JKHAa BO3pAcTaTb C YMeHbLIEHHEM CTeleHH IUCCONHanuH (HJn
KOHCTAQHTBHl AMCCOLMALIVK) STOTO OCHOBAHHS M C YBEJHUYEHHEeM JHUC-
COHMalUMU caMoH BOABI (C mNOBBILIEHHeM TeMnepartypel). Crenens
THAPOJIN3a COJIH CJa0OH KHCJOTHI M CHJIBHOTO OCHOBAHUSI VBEJHYH-
Baercs C yMeHblIeHMeM CTeNeHH JUCCOIMAIHH (CHJBI) STOH KHC-
JOTBI M C YBEeJHYEHHEM JHCCOLMAIHH BOMIDI.

HaiineM KOHLEHTPALHIO BOJZOPOAHBIX HOHOB B pAacTBOpe COJIH
BCl, rne Bt — kaThHon cjlaGoro OCHOBaAHHS:

BCl — B+-+Cl-,
B+ H,0 = BOH--H-*. (13)

[Mocnennsissi peakuust oGpaTiMa M, CJENOBATENLHO, K HeH MOXKHO
IPHIOKHTE (DOPMYJYy 3aKOHA JEeHCTBYIOLIMX MAcC, ONpeesionyo
COCTOSIHME PABHOBECHS:

[BOH] [H+]
[B+] [H2O]

KonmenTpanuio Bogbl MOXKHO NPHHATL MOCTOSIRHOH K HanucaTe

npeapaymyo GopMysay B BHIE

BOH +
‘[_Tglq_[]i”] = Kl‘unp. (14)

Kruyp. HA3BIBAIOT KOHCTAHTOH runponausa. Jlerko noka-
34Th, YTO BeJIMYMHA ee fIBJseTCS npoctoit dyukuueir or K, u K,,.

YMHOXKasT YHCAUTEIb U 3HaMeHaTeab B ¢opmyse (14) ma [OH-],
HHOJTY UMM

BOH
[B‘_*L][*(‘)F}_’_T ”‘I E’] [OH - ] == Krnl\p.' (l 5)
o enipaxenne Tg%g_—] SIBJISIeTCSE OOpaTHOl BeJUUIHGH JIeBOH

nactu popmynet (9); oHO parHO % ,a [H][OH]=K,.



CJaenoBaTeJbHO

TB“%l'lli[OoIii]-l [ TTOH- ]—& = Kensp (16)

YpaBHenne (13) mokasbiBaeT, YTO IPH THAPOJNH3e oOGpasyercs
OJMHAKOBOE KOJIHYECTBO HEeAHCCOLMUpPOBAHHBIX MoJjiekyn BOH u
uoHOB Bogopoxa H*. CurenoBaresbHo, B pacTBOpe THAPOJH3YIO-
eHcs COJIH:

[BOH] = [H+]. (17)

Cama coJib — CHJIBHBIl 3JIEKTPOJIMT, pacnajaloliuiics B BoJe Ha
MOHBI MOJHOCTBIO. Ec/iH ¢ — KOHIEHTPALHS COJIH, TO

B+] = [Cl-]=c (18)

[B mefictBurenpHocTH [B*] =c— [BOH], Ho oummbka npu npume-
HeHUH ypaBHeHHs (18) Tak Masa, 4TO €l0 MOXKHO IpeHeGpeusn|.
U3 ypaeuenuii (14), (16), (17) u (18) nHaxomum, uro

[BOHJ[H ) _ [H-1__ Ky
1By o ~ K,
u
e/ K. <
[Hi]== '/Kb C. (19)
* WU

PH=T7—1/,pK;—1ylgc *

Ipunep. Yemy pasna [H+] B 0,1/N pactBope NI,CI mpu 247, ecan A,
pasHa 10-5?

[H+] = ]f < 0,1 == 10-7,

Jas pacTBopa coju cjaGoi KHCJIOTbI H CHJIBHOT'O OCHOBaHHS
flojlyyaeM BbIpaXkeHHe, aHaJjgoruvnoe (19):

KA — K+ A
A-+Hy0 & HA -+ OH~;
HA] [OH- w (¢
ngti_] ] "‘—-‘Kmmp. "-:/;'(’a' (":0)
[OH-]* __ K.
c Ka
(OH-| =/ Keg, @1
Ky Ky = - /'/‘ ii(_ 2t
A= iy = =TV )
V k¢

* Wan
pH =7 J{" 1.?;‘2 pKlL + 1,"21g6 *
48



Peakuus pacrBopa caaGoil KHCJIOTHI H €€ COJH
HAM cjaaboro ocHOBaHHMA H ero coau. Bydephoe aelicTBue

B xaxkjgom pacrBope, comep:kariem caabyio kuciaory HA, pasuo-
pecHe onpegessieTcss BEJHYUHOH KOHCTAHTHI HOHH3AUMU:

[H+] A1
ma - — K

H
(He1 =118 g, (23)
[A-]

Ilepeiinem Tenepp K cMecu caaGoit KucaoTel U ee couu. Coub
‘KA — cunbHblil  3JI€KTPOJUT H, CJIEOBATEJNbHO, KOHIEHTPALUsi
A~-noHoB, 00pa3ylOIUXCS MPH JHCCOLMAUUH COJIH, IPAKTHYECKH
paBHa MOJSIDHOH KOHIGHTPALMU COJH C, Tak Kak cojJb obpasyer
B pacTBOpPC HOHBI A~, 0OHa 5THM IOAABJSET AUCCONHAIMIO KHUCJIO-
1 HA.

Bo MHOrHX cJlyyasix 3TO [OJ/laBJIEHHE JIUCCOUHALHH KHCJIOTHI
B NPUCYTCTBHH €e¢ COJIM TaK BEJIMKO, YTO NPAKTHYECKH BCSI KHCJIOTa
HaxoAMTCSI B PacrBOpPC B HEXHCCOLHHPOBAHHOH Qopme.

Ecam mbl npumem, 9ro KOHIEHTPALHUs KHCJOThl paBHA C,, TOTAA
HA =¢,, a [A~], xak ykasaHo Bble, paBHa ¢,. lloACTaBJIsis 5TH
3HayeHHus1 B ypapiienue (23), noayuaem:

(1) = K, 9
* pin |
pH :——-—]gcn, +1g€~ _'}'_ pKa *

310 ypaBHenue, X0TA ¥ NPUGTMIKENHOE, JOCTATOYHO BCE KE TOYHO JJisi NpaK-
THUECKHX IieJiell v Mbl UM Gy/JeM NOJb30BaThed B 9Toll KHure. He TpyaHo BHIBecTH
u Gosee TouHoe ypasuenne. Ecin cmech ¢1a60il KHCJIOTE M €€ COJI HMEET KHCIYIO
peaxuuio, To HacTh cNaGoil KMCJIOTH B pacTBOpPe HOHW3OBaHa ¢ 0GpasosaHHeM paBs-
soro konuuectsa uonos H* u A~ Caenosatenbno, ucrHHHas BennmuuHa HA
B pacrtsope pasua ¢,— [H*], a [A"] = c, + [H*]. Beens smi 3nauenus B ypas-
genue (23), nosyuaem:
¢g— [HF]
g 1]

STO KBaJpaTHOE ypaBHEHHe MOXKHO JIEFKO pelruTs B otHowenmu [Ht].
CMmech oyeHb ¢J:aGoii KHCJIOTH M €€ COJM MOZKET HMETb M LIEJOYHYIO PEaKiuio
BCJEJCTBHE THAPOJM3A COJH:

A~ + HyO = HA 4+ OH-.
A- + H:0 = HA + OH-.

[H+] = K, (24a)

Tuxponus 3T0T noxaeiserca NPHCYTCTBHEM B pactBope Kuciota HA. Jlerko
BHIETb, YTO B STOM CJyyae

[HA] = cg+ [OH~] = ¢4 + [S'/:]
4
‘ -1 = -1 = K
(A} = c;— [OH-] = ¢ — 17ty -

4 Bax. 3584, Koabtrodh m Cenpam 49



BBons aTH 3paueHus B ypaBHenue (23), moayuaem.

K
o e tHA
[H "] = '*'—Tw' Ka. (246}
s T

370 — TOXE IPOCTOe KBaApPaTHOe YpaBHEHHE, KOTOPOE JIEKO peilliiTh B OTHO-
menun [H*].

AHaJIOFH‘{HblM pacCyxkaeHueM HaxoauM, qT0 B CcMecu cJjaboro
OCHOBaHHSI H ero COJIH
[B+] [OH-]
[BOH]
[BOH]

[OH—]_~[B+] Kb C: Kba

= Kin

. Ky- ¢
[He) = Keote (25)

pH =14 —pK,—Igc,-+-1gc,.

¢, — 3[eCb O0O3HauaeT KOHIEHTPAIHIO COJIM CJaGoro OCHOBAaHHS,
a Cj, — KOHLEHTPAlMI0O CaMOro OCHOBaHHS.

PacTBopel citaGbIX KHCJIOT W HUX COJIeldl HJIH CJaGhIX OCHOBaHMI
H UX coJiell Ha3blBalOTCI O6y(GepHBIMH pacTBOpaMHM, Tak
KaK KOHYeHTpayus B8000POOHLLX UOHO8 8 TAKUX PACT8OPAX MAAO
MeHsaeTca npu 006aBAeHUL HeOOAbUIUX KOAULECT8 KUCAOT UAU OCHO-
sanuii. pH GydepHBIX pacTBOPOB MaJjio MeHsSIeTCSl M IpPH pa3baBiie-
HHH HX.

ITpeanosioxxuM, 4T0O MBL HMeeM B PacTBOPE CMeChb YKCYCHOI KHC-
JIOTHI M ameTaTa HaTpuag H ¢,==c,=0,1. KoHmeHTpanus BOIO-
POIHBEIX HOHOB B 3TOM DacTBOpe paBHa

[H+] =K, =K,=18-10-5,
8
pH = 4,74.

*  pau

Honycrum, uro Kk 100 Mz 3TOro pacTBOopa NPUJIHJIM HEMHOTO
mesnoun, Hanpumep 1 ma 0,1 N NaOH. Hekoropoe kosuuecTBo
YKCYCHOM KHCJIOTHl GYHEeT TOrga HeHTpajiM30BaHO €IKHM HATPOM H
obpasyercsi COOTBETCTBYIOIlee KOJHYECTBO alerata HaTpus. Beju-
ypHa [HA] cranmer pasnoi 0,1—0,001 =0,099, a [A"] =0,1 4+
-+ 0,001 =0,101. Torma

0,099
0,101

+=0,98K,=1,76 - 10-5,
pH=4,75.

Takum o6GpasoMm, moGaBjeHHe HeGOJBLIOTO KOJHYECTBA HIENOYH
[OYTH He OTpas3mjoch Ha BennuuHe pH pacrsopa.
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BydepHeie pacTBOpbl HIPAIOT GOJBILYIO POJb B KOJOPHMEL pUye-
CKOM onpeznenennu pH ¢ moMomibio mHAMKaTOopoB. BooGuie cBoiicTBa
INX DaCTBOPOB HOCTOSIHHO HCIOJb3YIOTCSI B aHAJNHTHYECKOH XHMHH.
ERAXIeHUe, HanpHMep, 4acTo NOJIXKHO NPOM3BOAUTLCS B OIpene-
EBRHux rpanunax pH pacrBopa. TpeGyemoe 3maueHue pH ycra-
WABNMBaIOT nobaBJsieHueM moxxopsiuiel 6ypepHoi cmecu. Ilpu oca-
MAeHUY 2JIOMHHUS aMMMAaKOM MBI BCTpeuaeMcsl C TOH TPYLHOCTBIO,
BP0 ocaxneHHass THIPOOKHCh AJIOMHUHHSI YaCTHYHO pPaCTBODSIETCS
B M30hITKe aMMUaka ¢ o0pa3oBaHHEM aJjlloMHHATa. PacTBOPHMOCTH
MHAPOOKHCH AJIIOMUHEA SBJSETCS JUHEHHOH (YyHKIHeH OT KOHIeH-
FpaLuy THIPOKCHJI-MOHA B pactBope. [lo6aBiss mopxoisiiee KOJH-
wectso NH4Cl, nacrosibKo MOHMKAIOT KOHIeHTpamuio Hona OH-,
w10 pacrBopumocts Al(OH)s cranoBurcsi HuuTOXHOH. DBydepnoe
ReficTBHe cMecH aMMHaK - aMMOHHHHAsi COJIb HCIIOJb3YEeTCs TaKxkKe
B0 BCex pasjeneHHsX, Korjga Hajgo yaepxartb Mg(OH), B pactBope.

T cJay4aii pasoO6paH HaMH NOJAPOOHO B IJIaBe O pasJesieHHsIX
(eTp. 72), rme maHbl TakxKe W JPyrHe NpuUMepsl DpUMeHeHus Gydep-
HHX cMecefl.

Bo MHOrux cjayvasix mepei BBINIOJHEHHEM TOH WJIM HHOH aHaJH-
THUECKOH omepaliy HAaJO YMEHBIUHTb KHCJIOTHOCTb CHJIbHOKHCJIOTO
pacrsopa.

3ro jaocrturaercss N0oGaBJEHHEM COOTBETCTBYIOIIETO KOJHYECTBA
alleTaTa HaTpHs HJIM HHoria OHKapOOHaTa HaTpHs.

B nocnennem cayuae mer nMeeMm Gydepryio cucremy H2COs + NaHCOs:

i IH‘J(‘O.S] Ky = []—12(*03] .3.10-7.
[HCO; ] [HCO;]

(1+]

H2COs oTHOocuTeJHHO MaJO pacTBOpuMa B Bojxe. Ee wHacwimieHHHH pacTBOp
(6uicTpo Tepsiiownit CO= Ha BO3LYXe) HMEET KOHIEHTPAUHUIO, paBHYo HPHGJIH3H-
renpHo 5- 1072 M. Jlas pactBopos, HachmeHHHX COe9, umeeM:

[H+] = ——1—:— +5-10-2.3-10-7= —1—_— -1,5-10-8,
[HCOZ] [HCOZT]
Ecsu xonuenrpanus NaHCOs pasra 0,15 N, To
1,5-10-8 ’ .
) = ~———— = - | =
[FI+] I570-1 10 u pH =7

Cnenosatensno, cmecu NaHCOs n H2COs numewT peakumio, oueHb GIH3KYIO
K HeATpaJbHOH TOUKe.

OueHb LeHHOE NPHJIOXKEHHE 5TOH GydepHOil CHCTEME MBI HaXOXHM B THTpO-
BaHHH MBIIIBSKOBHCTOrO aHTHAPHAA HOIOM:

A8;0, -+ 2Jp + 2H,0 5 As,05 4+ 4H+ - 4J-.

Peaxuust sTa o6paruma. B He#iTpaspHOM pacTBOPe OHAa KOJMYECTBEHHO HIET
CJIeBa HANpaBO; B CHJIbHOKHCJIOM pacTBOPe OHa KOJHYECTBEHHO HJIET cIpaBa
HaneBo. I103TOMYy NHpPH THTPOBAHHH MHIILSIKOBHCTOH KHCJOTH HOAOM K KHCJIOMY
acl'fl%)py MHIIBSKOBHCTOH KHCJOTH IIepe] THTPOBaHMEM J06aBiAlOT H3GHTOK
aHCO:s.
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3AJAYH

. Buuncaure KOHUEHTpALMIO BOJOPONHHX HOHOB H pH  ciedyiomux pactBo-
pos: a) 0,01 M HCl; 6) 0,1 M ykcycHoit kucjotsl; B) 0,001 M ykcycHoit Kuc-
Jgotu; T) 1 M pacrBopa ammuaxa; n) 0,01 M pactBopa ammuaka; e) 0,1 M
pac-raopg_ NaOH. TaGmuma KOHCTaHT HOHH3AaUMM NpHBENeHa Ha crp. 42.

K= 10714,

Oms.: a) [H+] =1,0-10-% pH =200 r) [H*¥] =24-10-12; pH = 11,62
6) [H*]=13-10-3; pH =288 nx) [Ht] =25.10-1; pH = 10,61
B) [H+] =1,2-10-4 pH =391 ) [H¥]=1,0.10-13 pH = 13,00

. [Ipo6a Bomum copmepxkuT 0,85 m2 NHs B 1 2. Boiumcaure pH stoii BOmH,
CUHTas, UTO APYrMX 3arpssHeHuil Boxa He umeer. K;, = 1,8-10-5,
Ors.: pH = 9,35.
. JecruuinpoBaHHasi BOJA, HAXOASIasACAd B DPABHOBECHH C BO3AYXOM, COAEp-
xur CO: B KoHmeHTpanuy, orsevaiomeii 1,35-10-> M. Brumcoure pH sroil
Boabl. K1 yrojpHOH KHCJOTH! paBHa 3- 1077,
Ors.: pH = 5,73.
. Bryucamre [OH-] u pH 0,1 M pacrBopa aMMHaKa: a) mpu 25° w G) mpu
100°. K,, = 10~ npu 25° u 102 pu 100°; K; = - 10-% mpu 25° u 100°.
Ors.: a) [OH"] = 1,3-1073%; pH = 11,13; 6) [OII ] =1,3-1073; pH = 9,13.
. Buumcnure pH caexyomux pacrsopos: a) 1 M NaH:BOs; 6) 0,01 M pac-
TBOpa To# ke coum; B) 0,1 M pacTBOpa mepxJopaTa @HHIIHHA.
Kiy,n RO, — =55+ 1071 Ka.uwmnn =4-10710,
Ore.: a) pH = 11,63; 6) pH = 10,62; 5) pH = 2,80.
. Boiuncnure pH pacTtBopoB, comepixamux:

a) 0,05 moast ykcycnoil kucaoTnt 0,05 moas amerara Hatpus B 1 4;
6) 0,05 moas yxcycnoii kuciors u 0,005 Monast amerara Hatpus B 1 4;
B) 0,005 mosa ykcycuoi xucaors u 0,05 Mosisi ameraTa HaTpHusa B 1 4;
r) 0,005 momna yxcycHoii kucior u 0,5 MOJs auerara HaTpua B 1 4.
K =18-10"%

Ors.: a) pH =4,74; 6) pH = 3,74; 8) pH = 5,74; r) pH =6,74.
. Buuncaure pH pacreopos, conepikamux:

a) 0,1 mosst NH«OH u 0,1 mons NH4Ci 8 1 2
6) 0,01 mosss NHsOH u 0,1 mons NHaCl 8 1 a;
8) 0,1 mons NH:«OH u 0,01 moas NHsCl B 1 4.

Kyp=18-10-5

Ors.: a) pH = 9,26; 6) pH = 8,26; B) pH = 10,26.
. K 100 ma 05N eapkoro wnarpa mupubasmeso 5,35 e NH4Cl. Boiuncaure pH
HOJIYYEHHOTO pacTBoOpa, CYuTasi, YTo 06beM HEPBOHAYAJIBLHOTO PacTBOpA He H3Me-
HMJICS. OT HOGaBJIeHHs] K HEMy PacTBOPHMOH COJIH.

Ors.: pH = 9,26.
. K 100 m2 0,IN HC! npubaBisior augerar Hatpus, 4Tobnl u3menhts pH ot 1
20 4,4. CKOJIbKO rpaMMOB TBepJ.‘IOH conu Hago mpuGaBHTH?

Ors.: 1,98 e.



r1ABA V
PACTBOPHMOCTb U MNPOU3BEJAEHHE PACTBOPHMOCTH

IpousBenenue pacTBOPHMOCTH

B ananusax, npoH3BOAMMBIX METOLAMH OCaXkKAEHHs, OGLIYHO
HAMeIoT fleJIo ¢ MaJlo PacTBOPHUMBIMH COJIIMH, KOTODbie B pacTBOpe
peayr cebsg KakK CHJIBbHBIE 3JIEKTPONUTHL. COIJIACHO ONPENEIEHHIO
CHIBHBIX 3JIEKTPOJIMTOB 3TH COJIM B PaCTBOPaxX INOJHOCTHIO pacra-
faiorcst Ha HoHbl. CJefloOBaTeNbHO, HACHIIIEHHBIE PACTBOPHI TAaKHX
MaJlo pacTBODUMBIX COJIel HOJIXKHBI COJLEpKaTh B cebe TOJBKO OT-
JAeJbHble HOHBI 3THX cojiell. B pacrtBope Majio pacTBOpuMOi COJMH
BA, naxoxsimeMcst B paBHOBECHH ¢ TBepHOH dasoit BA, umeem:

BA & Bt +A-

TBEpAAs pacTBop
da3za

Peakuus sra mpeiacraBjeHa Kak o6paTHMasi, IOTOMY UYTO 3KCIIe-
pUMEHTaJbHO MOXKHO JOKa3aTb (C IMOMOILBIO PAJHOAKTHUBHLIX HHIM-
KaTopoB), 4TO NPH PAaBHOBECHH TaKoe XKe KoJjHyecTBo BA mepexomur
B pacTBOp (peaKuus CjeBa HampaBo), KaKoe B TO Ke BpeMsi o6pa-
syercsi coequHenneM Bt ¢ A~ (peakuus crnpaBa HameBo). [IpuMensis
(opMyJsry 3aKOHa AEHCTBYIOIIMX MacC K 3TOMY DaBHOBECHIO, IIOJY-
yaeMm: (B+]1A-]

[A- .

, TBaA T K. (1

[B*] u [A~] B 3TOM BHIpa)KE€HHH — KOHIEHTPALUH (HJH JyYlle —

AKTHBHOCTH, cM. cTp. 59) wnonoB B* u A-, [BA] — vonuentpanus

tBepaoro BA. IlocrnenHsiss — BeJHUHHA NOCTOSIHHAsI, He 3aBUCSIIAS

OT abCoMIOTHOrO KOosuuecTBa TBepHoil ¢asel. I[lo3TOMy BMecToO

ypaBHeHHs1 (1) MOXKHO HamucaTh ,

[B+][A-]=K[BA]==Sza. 2)

Sbsa— KoHCTaHTa (IpPH IIOCTOSIHHO# TeMIepaType), HasbiBaeMasi
NnpousBeneHHEM PAacCTBOPHUMOCTH coju BA1L

Ecau mano pacrBopumasi coab HMeeT ofmyio ¢opmyay B,A,,
TO NPH AMCCOLMAIMU ee MOJYyuaTcs Mm KATHOHOB U N aHWOHOB:

B,A, & mEnr+ L pAm-,
inlMeHﬂH 32KOH ﬂeﬁCTBYIOIHHX Macc, InoJydyaeM:
[Bn—i—]m [Am—-]n — SB'mA‘n' (3)

1 Tlpou3reneHne pacTBOPHMOCTH o0o3Hauawt Takxe [IP, Sp, Zp.
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PaCTBOPHMOCTb U npousseaeHde pacTBOPHMOCTH

B HacbilleHHOM pacTBOpe MaJo pacTBopuMoil cosu BA B Boge
KOHIleHTpauust uoHoB Bt paBHa KoHmeHTpauuu moHoB A~-. Tak Kax
HOHH3alWa COJIM B pPACTBOPE IMOJHAsSA, TO MOXHO CUHTATh, UTO

[B-]=[A-]=s5s, 4)
rne S — MOJISIPHAasi pacTBOPHUMOCTb COJIH.
U3 ypasneunit (2) u (4) HaxomuM, YTO B HACHIIIEHHOM pac-
TBOPE
[B¥]2= [A-]2=15%=Sga,
[B+] =[A-] =s=V s . )
Taxum o6Gpa3oM, 3Has NPOU3BELECHHE PACTBOPHMOCTH, Mbl MOXKeM
JIErKO HaiTd pPacTBOPUMOCTb, KOHIIEHTPALHIO aHHOHA W KOHIIEHTDA-
IIHUI0 KaTHOHA.

Hpum)p. ITpoussenenne pacrBopumoctn AgCl npu 25° npu6m3menbﬁ0

Ha JuTp, U B HACBHILIEHHOM BOJ‘HOM pacrBope 3T0]i coau
[Ag+] = [Cl-]=10-5.
Ecan majio pactBopuMasi coib uMeer dopmyay B,A, To Bhipaxe-
HHE NPOH3BENEeHUs PACTBOPHMOCTH IJsI 3TOH cojid OYyAET HMeTb BHA:
[B+]2[A%-] = Sp,a. (6)
B mnacwimeHHoM pactBope cosu [BY] =2[A-], Tak xax npH
JIACCOLHAUMK Ha Kaxkabii noH A%~ oGpasyiorcs 2 woHa B*:
B,A = 2B+ A%-
Orciona

_; [B+]3=4[A2%-]3= Sp.a 7

Ecau ™Mbl onsatb MOJIAPHYIO DPaCTBOPHMOCTL COJAH 0003HAYUM
yepes S, TO
[A2-]=s, [Bt]=2s,

3 /ST
s.—=[/—f;i. ®)

Ipusep. [poussegedne pacTBOPHMOCTH XpoMaTa cepebpa npH 25° pasHO
npubansirensno 10-12, CnepoBaTenbnO, MOJApHAsA pacTeopumocts Ag.CrO,
paBHa

a

141

10-12
s = e 0,63-10-¢
I B HACKUICHIOM BOJOM pPAcTBOpe

[CrO3™] == s = 0,63 - 10-4,

[Agt]=2[CrO]7] =1,26-10-%



HeiictBue oGuiero uona. IlosMora ocaxjaeHus

Bo Bcakoli cucreme, rie TBepAOe BeLIECTBO HAXOAUTCS B PaBHO-
WeCHH C pacTBOPOM 3TOr0 BeIeCTBa, NPOM3BEAEHUE KOHIEHTPAIUH
¢ro MOHOB  ONpEIeJseTcs 0
NCJUYHHOH  IpOM3BeNeHHst
pacTBOpUMOCTH. Tak, eciau 99
h HACBHIIIEHHOMY pacTBOpY
ApCl B Bome mnpubaBHTDL
130bITOK  HOHOB Ag*, TO
DOM3BENEHUE KOHIEHTpAa- o7
it nowos Agt u CI- B ’
pactBope Oymer GoJblie
11POU3BEJEHHUSI pacTBOPHMO-
ern AgCl; B pesyabrate
yroro AgCl BeigessgeTcs U3
piacTBOPa A0 TeX Iop, MOKA
npou3BefeHHe KOHIEHTpa-
il MOHOB B pacTBOpe He
CTAHET PaBHBIM IIPOH3BEAE-
o pacreopumoctd.  To
4C TIPOM3OHMET, €Cjd MBbl /
K HACBIIIEHHOMY pacTBODY /
AgCl mpu6GaBuM H36GBITOK )
wIopua-uoHoB. Takum 006- _ N
pii30M, COEIHHEHUsI, HMEIO- 2 3 4% S 4 J 2
nie OOIMMH HMOH € MaJjo pag =t pci-
PACTBOPUMOIL -~ COJIBIO, T O~ pye o Pacropumocts AgCl B mpucyTCTBHH
HuxXamwT ¢ee pacTBO- Ag+ u Cl-.

PUMOCTDL (HeHcTBHE
nbumero noua). Ilo kosuuectBy npuOaBJeHHOro OOLIEro HOHA
JICTKO BBIYHCJHTh YMeHblLIeHHe PacTBOPHMOCTH COJIH.

W3 ypaBHeHus (2) caenyer, uTo BO BCSIKOM pacTBOpE, HaXoAs-

nemcs B PaBHOBECHH C TBepJoH cosbio BA

OacmbopumacmsX 105
'&

ES)
N

I\

o1 Spa
1
S
(-] =54 (10)

licam cosp MMeeT cocTaB BA, To no06aBjienue u36biTKa HOHOB BF
it go6aBJeHHe TAKOrO0 K€ TOYHO H36BITKAa HOHOB A~ BiHSET
1l PACTBOPHUMOCTb OJMHAKOBO.

[Ipumep. Bwumcaure pacrsopumoctn AgCl B 0,001M, 0,01M u 0,1 M pac-
INOPaX XAOPHAA KAMHA S ,cy = 1010

B 0,001M pactBope KCl — [Cl=] =10-3,

ClenoBaTeabHO:
Agr) =107 jo-s
[g 1= 102 - M

en
ol



B 0,01M pacrope KCl: [Ag+]= i—g——? = 10-8

B 0,1M pactsope KCI: [Ag+] :.-L_—_ 10-

B 3Tux pacuerax Mbl npeHeGperim KoHueHTpanueil uonos Cl,
noay4yeHuHbX B pacrBope npu Aucconuauuu camoro AgCl, Tak Kak
BeJIMYHHA 3Ta HUUYTOXKHA IO CPABHEHHIO ¢ KOHIeHTpalueil uouos Cl,
npuGapyennblix B Buge KCl (cm. Takxke crp. 485).

Tak kak pacrBopumoctb AgCl B Bome paBHa 1075, MBI BHIHM,
yro B 0,001 M pacreope KCIl ona ymenwmumnace 8 100 pas, B 0,01 M

; pactBope KCl — B 1000 pas

k u B 0,1 M pacrBope KCl—

B 10000 pa3. Touno Tak

K€ YMEeHBbIIaeTcsi pacTBO-

\ pumocte AgCl u B 0,1 M,

\ 0,00 M u 0,001 M pacrBo-
pax AgNOs (puc. 2).

\ Ecim Mbpl uMeeM geJo

G

-~

: ¢ coJsbio Tuma BeA [cwm.
i L ypaBHeHue (6)], To ycJo-
T\ BHS  paBHOBecus OyAyT

/ i N\ BBIPaXK€HB  CJIELYIOLUMH

; AN YPaBHEHHSIMHU:

BZUPIR N

: S
0 20 30 (40 30 20 10 B+] = ‘/ SBA
PAlf“I“PCrDZ' ‘ 5] ey (D

Puc. 3. PacrBopumocts AgsCrO,; B npucyr- i Sp
cteun Ag+ n CrO; ™. [A2-] =5 [B+]2 (12)

Pacriboperocme < 10°

~ N W

B stoM caydae u30bITOK HOHOB BT mMOHM)KaeT pacTBOPHMOCTD
COJIM 3HAUMTeJsIbHO GoJibllie, YeM U3GBITOK 1HOHOB A2~ (puc. 3).
Hpumep. Bruucaute pacrBopnmoctd AgaCrOs B 0,001 M, 0,01 M u 0,1 M
pacrBopax AgNOs. Sy, 0.0, = 1072
B 0,001 M pacteope AgNOs:
[Ag+] =107%; [CrO}T] = oog = 107"
B 0,01 M pacrsope AgNOs:
[CrO] ] =10"".
B 0,1 M pacreope AgNOs: '
[CrO7™) =107,
Tort ke npumep, Ho ¢ 3amenoit pacteopos AgNOs pacrBopamu K=CrOs (Tex xe
KOHI€HTpanHii), DIPUBOJUT K CJAEAYIOUIUM pesyJbTaTaM:
10-12

[CrO27] = 0,001 [Ag™] =V =z =32 1072,
LI 0_12 —
[CrOF]1=0,01 [AgT)= 10-7 =105,

[CrO37] =0, {Ag+]_]/m - =32.107"



PacrBopumoct AgCrO4 B 5THX pacTBOpax paBHbL:

B pacrBopax KoCrO4. . .1,6-10-3 05.10-% u 0,16.10-5
» » AgNO;. . .10-8 10-8 u 10-10

[TopaBieHne pacTBOPUMOCTH COJiM JelicTBHeM oOLiero HOHa
HMeeT OrpOMHOe IIpaKTHUeCKoe 3HauyeHHe B BecoBoM aHasuse. IIpu
100aBJIeHHH JOCTATOYHOTO H3GBITKA OCaKJaloIlero peakTHBa pac-
TBOPHMOCTb OCaJKa OGBIYHO HACTOJBKO YMEHBIIAeTCsl, 4TO HoTepei
€ro BCJIEACTBHE PaCTBOPUMOCTH IpeHeOperawr.

IMpunsep. Cxoavko BaSO, maxomurca B 200 #2 pacTBOpa, KOHOEHTPAUMH
xoToporo B otaoiwiennu BaCly paBua 10-2 mMoaspHOIl; SBaso, = 10-10,

-10
107 10-s.

[SOy 1= 10-%

CnepoBatennHo, kosnuectso BaSO4 B pacTBOpe paBHseTCs:

200
e .10~8. —47.10-7
1000 10 233,4=4,7-10-7 2z nan 0,00047 ae.

B Ta6u. 2 maHbl HpOH3BElNEHUS] DACTBOPHMOCTH OOBIYHO BCTpe-
JAIOUIMXCA B BECOBOM aHaju3e OCAaAKOB IIPH KOMHATHOH TeMmmepa-
tType (okoso 20°).

IlpuBenenHble pacCyXKAEHUST MOIJIM Obl NPHBECTH K BHIBOALY, UTO
[IPH OCaKAEHHH HaZo JN00aBJsAT BO3MOXKHO OoJbliee KOJHYECTBO
ocaxpmaiollero peakrusa. Kak Mbl YBHAMM HHXKe, BBIBOX 3TOT He-
sepeH. Kak npaBmio, H30OBITOK peaKTHBA JOJIKeH OrpaHHYMBATLCH
koHientpanusmu, pasasiva 0,01 — 0,05 M.

Ta6auuwa 2. 7lpoussedennss pacmsopuMmMocmuy HEKOMOPHX MAN0 Pac-
meopuMstx coaeii t npu xomnamnoli meunepamype (pS osnauaem sozapudry S,
83amsil ¢ O6pamHbiM 3HAKOM = — 1gS)

Haspanue coaun N pS= I1gS
Coumn Agt: 6poMaT . . . . : 5,0-10-15 4,3
GPOMHI . o . . .| 40-10-18 12,6
MAPOOKHCHE . . . 2,0.10-8 7,7
HOXAT . . . . . . 2,0.10-8 7,7
WONME . . . . . . 1,0-10-16 16,0
kapGoHaT . . . . 50.10-12 11,3
OKCaJaT . . . . . 5,0-10-12 11,3

1 [IpousBeficHNs ; PACTBOPHMOCTH CYJAbQHIOB PasIMUHBIX METAMLIOB CM.
v 1aba. 4, crp. 68. '
2% [UIPOOKHCH HEeMb3sl, KOHEUHO, HA3blBATh COMAMM.™



[1podoasxcerue

Hasgaxnue coau S pS =138
Conn Ag+ pONaHHX . . . . . 1,0-10-1* 12,0
XJAOpHL . . . . . 1,1-10=10 9,96
XpoMar . . . . 2,0-10-12 11,7
IHaHUL . . . . . 2,0-10-12 11,7
Coau Ba2+: HOZAT & + . + . . 6,0.10-10 9,22
Kap6oHAT . . . - 7,0.10-9 8,16
okcanar . . . . . 1,7-10-7 6,77
cyabpar . . . .. 1,0-10-10 10,0
XpoMar . . 2,0.10-10 9,7
Coau Ca2+ kapOoHaT . . 1,2-10-8 7,92
oKcanat . . . 2,0-10-9 8,7
cyaptar . . . . . 6,1 -10-% 4,22
¢ropux . . . . . 3,5-10-1t 10,46
Com Cut: HOIMI . . . « . . 5,0-10-12 11,3
POXAHHL . . . . . 1,6 - 1011 (?) 10,8(?)
Comn Hg+: 6pomun, (HgsBrs) . 3.10-% 22,5
xaopun (HgoCls) 6-10-19 18,2
Comn Mg?+: THAPOOKHCH? . . . 1,2-10-1 10,92
KapGoHaT . 2,0-10-4 3.7
MgNH,PO, - 61,0 2,5-10-13 12,6
okcasatr . . . . . 8,6.10-5 4,07
dropun, . . . . . 7,0-10-9 8,16
Homar . . . . . . 3.10-13 12,5
Coan Ph2+: KapGoHar 3,3-10-14 13,48
okcamat . . . . . 3,4-10-11 10,47
cyabdar . . . . . 1,0-10-8 8,0
¢ropuz . . . . . 7,0-10-9 8,15
xpoMar . . . . . 1,8-10-14 13,75
Conun Sr2+: Kap6oHaT 1,6.1079" 8,80
okcamar . . . . . 50.10-8 7,3
cyabdar . . ., . . 28-10-7 6,56
Coan Tl+: 6poMux . . . . . 2,0.10-6 57
HOBAT . . . . . . 2,2.10-6 5,66
HOmML . . . . . . 28-10-8 7,55
XJIOPHL . . . . . 1,5.10-4 8,32
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PacTBOPHMOCTh OCaJAKOB B PACTBOpPAX CoJied, HE HMEIOUIHX C HHMH OOU{MX HOHOB

Ilpun u3/0KeHHH 3aKoHa HeHcTByIOIHX Macc (cTp. 37) MBI yiKe YKasnBadjil,
YTO NOHSTHE AaKTHBHASl MaccCa WIH aKTHBHOCTDH HOHOB MOXKHO B G0Jib-
MHCTBE CJYyYaeB 3aMEHATb NOHATHEM KOHLEHTPAllMH 5THX HOHOB, HO He BCErjia
MOKHO 3TO AejaTh. [Ipu Takoil 3aMeHe MH BHOCHM HEKOTOPYIO HETOYHOCTb, IpH-
GIHKCHHOCTD BO BCC HAIUM PACCVXKAEHHsT H pacyeThl, a B HEKOTOPHIX CJydyadx
Iy 0ObsiCHeHHsI OT/EJbHBLIX SIBJEHWH Hajo I0Jb30BaThbCsi 6ojiee TOUHBIMH BBIpA-
KeHusiMd U opmysiamu. OHu TpeGYIOT 3HAHUs TEPMOJMHAMHKH M IHOSTOMY MHI
MOXEM 3/eCb HPHBCCTH HX TOJLKO B OUEHb 3JIEMEHTApHOH M HeCOBEpIIEeHHOH
<opme.

Mexgy aKTHBHOCTHIO @ f KOHLLEHTp allu el ¢ CYLECTByeT OTHOLIE-
Hue, Bbpaxkaoweecst PopMyJLoil

a=cf, (13)

ric [ — Tak na3piBacMbiil KO3 QU HEHT aKTUBHOCTH JAaHHOrO KOMIIOHEHTa,
OTPaXKaIoLHii CTCHECHL OTKJOICHHS €ro OT WAeaJbHOro moBeneHus. BeanuuHa Kos-
GHLMeHTa aKTUBHOCTH 1O 3aBHCHT OT NPHCYTCTBHSl JDYTHX HOHOB B pacTBOpE.
Ilpu  Geckonernom  pasGassenud [ UpHGJHKAaeTcsl K eIHHUIlE M @ CTaHOBUTCA
pasnnM ¢. C yBCJIMUMCHHCM KOHICHTPALMH HOHOB B PacTBOpe BeauuHHa f YMEHb-
maerest, UpUOJINAKAsICh K HEKOTOPOMY MHHHMaJbHOMY 3HauenHio. Koaduumuent
AKTHBHOCTH HONA B PACTBOPE 3JICKTPOJMTA 3aBHCHT OT BAaJIEHTHOCTH 3TOrO HOHA,
€ro MHAHBUAYWILHLIX CBOIHCTE M OT KOHICHTpAlMH M Xapakrepa APYIHX HOHOB,
LIPHCYTCTBYIONMX B pactBope. B (opmysax, OCHOBAHHEX HA 3aKOHe JEeHCTBYIOI{HY
MACC, H30 ObLIIO OLL BMCCTO KOULCITPAIMH  CTaBUTh aKTUBHOCTH.

Hanpumep, ast 1pOHSBCACHHSI  PACTBOPUMOCTH MaJio pacTBopuMoit cosm BA
rovgioe BLHIpKCHHC UMOeCT BHIL
g dy- = Syas (1)
TAC @+ 031aYaeT aKTHBHOCTL Honos BY, a @, - — akruBHOCTL HOHOB A~

Coepunsist ypasneuus (13) u (14), noayuacwm:
[B] A= fy+Sa= = Spa> (1%

’ uf 3jleCh KOI(PHLHCHTL aKTHBHOCTH HOHOB Bt u A-. B HachluieHHOM pac-
B+ A

TBOPE MaJIO PacTBOpIMOil cojn BA B BoJC KOHIEHTPAlMH HOHOB Tak Masel, YTO
3HaueHus f + u f— npakTiicckd pasusl 1. Ilpu 100aBJIEHHR K TAKOMY PacTBOpPY

SJICKTPOJIMTA, 11€ HMEIOWLEro o6 ero Hona ¢ combio BA, 3HaveHus fy+ H fy — yMeHs-
AIOTCS:

SB.\

Bria-l= .0 (16}

Besnunna Sp 4 — KOHCTAHTa; CJIEJOBATENLHO, YMeHbIIeHME 3HAueHHi fpy Sy -

NPUBOJAMT K YBELHUEHHIO 3HaueHHss npousseieHus [B*] [A~]. Drto osHauaer, uTo
PACTGOPUMOCTO MAAO PACTBOPUMOLE COAU 8 PACTBOPe IACKTPOAUTA, He umeroujeco
¢ Heil o6wux uonos, obbiino Goabule, dem @ 800e. SIBJIEHHE 5TO MOXKHO Ha3BaThb
coneBH M 3¢ dexToM OH 3aBHCUT OT BaJIEHTHOCTEH HOHOB, COCTABJSIOUIMX
0ocajiok, U OT NPHPOJH! 3JekTposuta. C yBeJIHYEHHEM BaJEHTHOCTell HOHOB OCalKa
cosieBoil 3¢ eKT cuIbHO Bodpacraer (tabna. 3). JlBa mpuMepa STOTO SIBJICHHS NpH-
BeleHH HHUKE.
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Ta6auna 3 Pacmeopumocms xaopuda cepebra u cyavpama 6ap us
8 pa36asAeHHbX pacmeopax Humpama xaausl

(So — PacTBOPHMOCTb B BOAE IpH 25°; § — PaCTBOPHMOCTb B PacTBOpe anexrponn-ra)

MouagpHas AgCl MousipHasi KOH- ;so: o o
xouu}%i&'r iluml Se105 s/ so ue;g)gl:m 5105 s/so
i _

0 1,278(S,) 1,00 § 0 0,96(Sg) 1,00
0,001 1,325 1,04 0,001 1,16 1,21
0,005 1,385 1,03 0,005 1,42 1,48
0,01 1,427 1,12 0,01 1,63 1,70

| | 0036 2,35 2,45

paCTBOpI/IMOCTb \VOHOrHMApaTa OKCaJlaTa KaJblHsg B pacTtBopax

xJopuja Hatpus npu 37° 2:
Monspuas kounentpauus NaCl . . . 0 0,005 0,01 004 01 04 06

Pacmopumocw CaC,0y- HZO MOAB[A
(+1085 . . .. . . ... . .... 005 008 0091 012 0,16 0,26 0,29

OTtHocutensnoe yBenuuenne pacrBopumoctd AgCl B pactsope KNOs 3naum-
TEeJBHO MeHblIe, yem yBeamyenne pactBopumoctH BaSOs wmn CaC:04 B TOM XK€
pacTeope, IOTOMY UTO HE€pBas COJIb COCTOHT

5% M3 ABYX OAHOBAJCHTIHIX HOHOB, a ApYyrue u3
JIByX NBYXBaJCHTHHIX HoHOB (puc. 4).

17t JeiicTBue OOIIErOo HOHA, OUYEBHIHO, MPO-

16} THBOMNOJIOXKHO coJieBoMy 3(peKTy. VBenuuende

’ Baso, KOHIIEHTPALMH OOINEero Wola B pacTBope MpH-

18t BOJUT K YMCHBUICHHIO PacTBOPHMOCTH COJIH,

KOTOpPOE OJIHAKO 4iCTHUNO  KOMICHCHPYeTCs

A yBeJuueHneM codiesoro sdpekra. 310 —.QpHa

13t W3 _IPHUHIL, NOUCMY [IPH KOJIYICCTBCHHEIX oca-

~ HKICHH “mﬁm"'rr _60Jib1oro H3bLITRE oca-

127 AdCL KIAIOUICro  Hola  (CM.Takixe mnaparpad o6

it 9 o6pA3oBanm KOMIICKCIILIX HOHOB).
* Yeranosseno®, uTo BO BCeX PACTIOPAX
19 00‘0/ w005 s C OIHIIAKOBOW MOHHON cHJIOil KO3duu-

- CHT AKTUBHOCTH JiOGOTO HOHA OJMH H TOT XKe

Monspras Koiyenmpauus KNDy 1 nopopatenniio «conenoit sgeKT», MPOHs-

BONMMHII STHUMH DacTBOPAMH, B OTHOIUEHHH

Pnc. 4. OT‘*OC"Te"b“Qe YBEJIHYE-  5nHoro M TOro e 0CAAKA JIOJIKEH OWTbh OfU-

mue pactsopumocteid AgCl M yakopnm. Mommas cmia, 0Gosuauacmas GyK-

BaSO, B pacrBope KNOsj. BOH ., AIBJISIETCS] MEpOil HANDSIKEHAs] SJEKTPH-

YECKOTO [OJIsl, CYUIECTBYIOLIET0 B PacTBope.

Ona ompenessieTcss Kak NOJyCyMMa NPOH3BC/CHHII MOJSIPHBIX KOHLEHTpAUuii scex

MOHOB, HAXONSNIMXCs B pacTBOpPe, Ha KBaipar ux BajeurtHocred. Tak B 0,7 M
pacrBope HCI, comepxamem 0,5 M BaCle, vonnas cHia pasHa

v=1,{01(mas H+) 1,1 (qas Cl=) - 0.5- 22 (nan Ba2+)} = 1,6,
Cuntaercs, UTo CHJIbHBIE SJIEKTPOJHTH HOJHOCTbIO HOHH3HPOBAHBI, a IVt CIAGHX

3JIEKTPOJIUTOB NIPE€ABAPUTES.bHO HAXOAAT KOHLEHTPAUHH UX HOHOB, YMHOXKas oﬁmylo
KOHUEHTPAUHIO KaxKJAO0ro 3JIEKTPOJHTA Ha CTEIEHb €ro AHCCOLHAIHH *

18 Popoff, E. Neuman, J. Phys. Ch. 34, 1833 (1930). E. Neuman
J. Am. Ch, Soc. 55, 879 (1933).

2 G, Hammarsten, C. r. Lab. Carlsberg, 17, Ne 11 (1929).

3% Lewis, Randall, J. Am, Ch. Soc. 45. 1112 (1923) *,
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B KauecTBe H/JIIOCTPALHH K CKAa3aHHOMY BLILIE NPHBEXCHH NAHHLIE O PacTBo-
PHMOCTH cyJbdara CBHHUA B pacTBOpax cyJuedata Harpus! upa 25°:

MonsapHas  xouieit-

tpamms Na,SO, . . . 0 0001 001 002 004 0,100 0200 0,500
PacTBopHMOCTH M0AB/4

(<105 .. .....152 24 16 14 13 16 23 23

PacrBopumocts PbSOy,
BHIYHUCAEHHAA 10
IPOM3BELEHHIO Pa-
crBopumocty (- 105) . 152 23 0,23 0,11 0,055 0,02 0,0064 0,0043

udps HUKNETO psina BBHIYHCJCHK NO NPOH3BELEHHIO pacTBOpHMOcTH PbSOs

¢ npuMcneuuem komentpauui nonos Pb3t iy £042-, a He ux akrusHocreii. Tosbko

B ouenn pasGasaennnuix 0,001 M NasSOs puuuciieHnas BeJE'IHHA PacTBOPHAMOCTH

IpHMEPHO coBHajacT ¢ HaliICHHON sKcnepumcnTadabno. B 0,01 M Na:SOs nefictBu-

‘TeAbHas pactsopumocts Pb304 yae B ceMb pa3 mpeBuiaer BuuucieHnyo. C yse-

JuyenreM xkouuenrpanun Na:SOs pospacraer pasunla MeXAy BBYHCIAEHHOMH  pac-

‘TBOPUMOCTHLIO M lalijeHnol skcnepumenTanabiio. B 0,056 M Na:SOs pacTBopHMOCTh
Pb301 umect Mmunumadnioe 3uaichue. Boe 9T0 MOKaswBaeTr, 4To IpH BCEX TOUHBIX

. BRIUHCJICHTHAX HAaj0 IOJL30BATLCSE aKTUBHOCTAMII HOHOB, a HE uX KOHIEHTPaIHAMH.

Biunnue TemMnepatypbi Ha pacTBOPUMOCTb

EcJyit pacTBopenue coit B BOAC 1POUCXOJHT ¢ [IOrJIOLICHHEM Tela
BA -{-reuno = Br--A-,

710, coraacno  nputuuny Jle-Illarcane — Baur-Fodpga (cTp. 39),
NOBLILEHHC TCMIICPATYPBl LOJDKHO CHBHIATh PaBHOBECHE, YCTaHO-
BUBLIEECH NPH OoJice HHU3KOI TeMliepaType, cjicBa HANPABo; HHAUYe
rosopst, ¢ NOBLIUICHHCM TCMICPATYPLL pACTBODHUMOCTL COJIM YBEJIH-
uuBaeTCs.  DOJILITMHCTBO  OCaJKOB, C KOTOPBIMI Mbl BCTPEYaeMCs
B KOJIMMECTBCUTIOM aIANH3C, NPHIYJUICHKHUT K 3TOMY KJaccy; WX pac-
TBOPHMOCTb  GOJLIIC B FOPSIMUX  PACTBOPAX, UCM B XOJIOLHBIX.
B cnyvae AgCl 310 Bawustiine TeMiepatypbl ouelb BeJHKO:

Temncparypa °C . . . . . . . 10 25 50 100
Pacresopumocts, w2fe. . . . . 0,89 1,72 5,23 21,1

D cayiae BaSOa Baunanue teMmaepaTypbl 3HAUHTENBHO MeHbIUE,
HO BCE XK€ 3aMeTHO:

Temneparypa “C . . . .. 0 10 25 50 100
Pacrpopumoctn, #2/2. . . 1,9 22 28 3,36 3,9

[lpucyrcTone H36BITKa oOCaXkKJawollero peakTHBa OObIYHO Ha-
CTOJIbKO YMEHDIIACT PAaCTBOPHMOCTbL OCAJKa, UTO BJHSIHHE TeMIepa-
TYpPB! Ha HEe CTAHOBUTCS HMUTOXKHO MasbiM. OnHAaKO OCalKH IBOH-
HBIX (pochaToB aMMOHHS M MarHHsl, MapraHua HWJH IIMHK2, a TaKke
cyabata CBHHLA M cyJabdaTa CTPOHUHUS HaZo (PHILTPOBATH IIPH
KOMHATHOIl Temneparype, utobbl wusbexarb INOTEPd OT pacrBO-
peHusl.

1L Kolthoff,R. Perlich, D. Weiblen. J. Phys. Ch. 46, 561 (1942)
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Bausanue PacTBOpUTE A

PacTBOpUMOCTL HEOpPraHHYeCKMX COeJHHEHHH B BoJge OOBIYHO
yMeHbIlIaeTcss Npu J06GaBJeHWH OpraHMYECKHX pacTBOpHUTeNel, Ha-
[IpUMep MeTaHOJIa, 3TaHOJa HJIHM MpollaHoJa, aneToHa u T. m. Pac-
tBoprMocTb CaSO4 B 50%-HOM 3TaHOJIe TaK MaJjia, 4YTO B 3TOH Cpefe
MOIKHO IIPOM3BECTH KOJIHUEeCTBEHHOEe ero ocaxiaenue. Ilpu Bcex Ta-
KHX OCaxKIeHHdX He CJIelyeT, ONHAaKO, JOOGaBJATh CJAMIIKOM MHOTO
OPraHHYeCKOro pacTBOPUTENS, TaK KaK MOTYT BBIACThb B OCaJOK H
IpYTHE COJIH, TIOMHUMO KejaeMo#. IHorma opraHuueckie pacTBOpH-
TeJH NPHUMEHSIIOT BMECTO BOJbI JJIsi Pas3/eJIeHHsI COCTaBHBIX uyacTei
CMecH.

Hanpumep, LiCl, pacrBopum B amunoBom cnupre, B kKoropoM NaCl u KCl
MPAaKTHUECKH HEPACTBOPHMEI; TAKHM 006pa3oM Li MOXKHO OTHEJNHUTb OT APYrux Lie-
JIOYHBIX MeTa/uoB. OpraHHuYecKHe pacTBOPHTEIH HPUMEHSIOTCS M IPH ONpeIeeHHN
kanust B sune KClOs. PacTBOpHMOCTH IOCJ€IHEr0 B OPTaHHYECKHX PaCTBOPHTEJNSIX
3HAYHTEJPHO MEHbIle, YeM B BOJE, a IepXJopaT HaTpHs B STHX DacTBOPUTENSX
Xopolio pacTBopsieTcsi. HuKe NpPHBOAMM ! pacTBOPHMOCTbL MEPXJOpATa KaJiHs
B OpraBMYeCKHX DacTBOPHTeNsIX mpu 25°:

Pacreoputens . Boga Mertuino-  dtuao- [Ipommmo- Bytuao- Drtua- Aie-
BbI CIIUPT BbIH CIUPT BbIM CIIUPT BBHIH COMPT auerat Tou

PacTBopumoCTb,

z Ha 100 2

HACHII{EH HOTO

pacrBopa . . 2,02 0,105 0012 0,010 0,0045 0,0015 0.155

IMpu oTheNeHNH Kajus OT HATPHsi STHM METONOM JOJKHEI OTCYTCTBOBAaTh
HOHEI SOi‘, Tak Kak Na:304 B OPraHHYECKHX DACTBOPHTEJSIX COBEpIICHHO Hepac-

TBOPHM.

pB.mmHHe OpraHMYECKHX PAacCTBODHTE/CH HA PacTBOPHMOCThL cojiedl, B OOLIEM,
BO3pACTaeT C YBEJHUYCHHEM BAJIEHTHOCTEH KAaTHOHA M aHHOHA MAJIO PACTBOPHMON
coau. Tak, nanpumep, spdeKr HeficTBHS 5TaHOJa HAa PACTBOPHMOCTh OyjeT 3HAYH-
TeJbHO GoJsiblue 1yt Takux coseil, kak Ba30s, CaSOs u PbSOs, yem ngs coud,
noxoGHOH mepxJopary Kajus. YMeHblleHHe pacTBopumocTH PbSQOs ¢ yBemnueHuem
KOHIIEHTPAIlHH 3THJIOBOFO CHHPTa B BOJHO-CIHPTOBOH CMecH 2 IOKa3aHO HHXKC:

KoOHUeHTpauus 3THIOBOrO
cmmpta, Y/ (mo o6vemy) 0 10 20 30 40 50 60 70

PacrBopumocts  PbSOy,
M2fn .. .. 11 42 1,5 051 032 020 0,06

PactBopumoct I.)b.Sé,*..
Moavfa (-10%) . . . . 15 54 21 076 025 016 0,10 0,03

BausHie 0GPa30BaHUs KOMILIEKCHBIX HOHOB

[Ipu oGcyxkmeHuu JHeiicTBHS oOLIero uoma (cTp. 55) Mbl yKa-
3aJI, 9TO NPU KOJIMUECTBEHHBIX OCAXKIEHHsAX OObIYHO H30EraioT IpH-
©aBJICHHST CJIUIUKOM OOJIbIIOro HM30BITKAa OCaXKIalollero peaKTHBA.
Mauorie 0CajgKH, COEIHHSSICh C H3GBITKOM OJHOIO H3 HX COOGCTBEH-
HBIX HOHOB, 06Pa3ylOT KOMILJIEKCHble HOHBI, B Pe3yJbTaTe Yero BO3-

1 H, Willard, G. Smith, J. Am. Ch. Soc. 43, 286 (1923).
2], Kolthoff, R. Perlich, D. Weiblen, J. Phys. Ch. 46, 561 (1942).



pacraer HX pacCTBOPHMOCTb. SIDKHM NpPHUMEPOM TAaKOrO KOMILJIEKCO-
oBpasoBanus saBjsercs AelictBie n36biTka KCN nHa AgCN. Ecam
Kk pacrBopy AgNOs npu6aButh KCN, To Bhimager ocagok AgCN
(McTuHHBIL coctaB Koroporo otBeuaer ¢opmysne Ag[Ag(CN):],
a He AgCN). Ilpu no6asiaennn KCN B KosuuecTBe, 3KBUBAJIEHT-
HOM MpPHCYTCTBYIOLIEMY B pacTBOpe cepeGpy, HOCTHUraercss IOJHOe
ocaxKJieHue, Tak Kak mnpousBejgeHue pacrtBopumoctd AgCN paBHO
Tonbko 2-1072. B sror momenr: [Agt] =[CN]=V2-10-2=
1,4 1076, Jauapueiiiee npuGasienne KCN nmpHBoZHT K pacTBOpe-
nuio ocagka AgCN ¢ oGpasoBanuem KoMmyekcHbIXx HOHOB Ag(CN)sz =

AgCN -+ CN~- = Ag(CN)2”

[Ipunarass x sToMy paBHOBecHio (OPMYJy 3aKOHa JEHCTBYIOIIMX
Macc, HoJyuaeM:
[IAgCN] [CN-] e

[Ag (CN):]

INoka uuanuy cepebpa, npucyrcrsyer Kak teepaas ¢asa, [AgCN]—
BeJIMYHHa nocrosindas. B atom cayuae

_[CN7) = K’ = 10-10, (17)
[Ag (CN)T)

TIpenuosio:kum Tenepp, 4To Mbl NPUOABUJIH K PACTBOPY H3OBITOK
AgCN, coorsercrayouuit 0,01 M ero kouueunrpanuu. Hactb sroro:
H3GBITKa OCTaHETCss B BujAe Iuanuia 06e3 H3MEeHeHus, 4acTb BCTY-
nut B peakuuio ¢ AgCN o ypaBHeHHIO

AgCN + CN— = Ag(CN). -
[CN-]+ [Ag (CN);] = 102 (18

U3 ypasuennii (17) u (18) HaxoauM, 4TOo NPH AOCTHKEHHUH PaBHO-
BeCUs

[CN-])=10-12, a [Ag(CN);]=102—10-2~10-2
OueBuzHO, uTOo NpakrHuyeckH Bech mpubasienHelit KCN mpespa-

Taica B KommiekcHble uoHbl [Ag(CN)e]~ u uro KCN pacrBopser
sKBHBaJjieHTHOE eMy KoJuuectBo AgCN.

CaemoBaTesbHo

MHorue Apyrae Majo pacTBODHMHE IHAaHHAB METalJsOB BeXyT cebs NOXOGHO
AgCN, xora ob6pasyeMble HMH KOMIUIEKCH M He TaK YCTOHYHMBH, KaK KOMILIEKC
Ag(CN); -

- Jpyroii mpumep pacTBOpPEHHs Ocagka B H3GHITKE peakTHBAa Mbl HaXOmuM Np®
ocaxnenun HgJ:. KpacHHil ocajiok mociiefHell JIeTko pacTBOPSETcs NpPH AaJjbHeH-
mweM Ko6GaBJeHHH HOHOB J™:

Hg J, 4+ 2= = HgJ; ™.

Y GosbmMHCTBA OOBIYHBIX OC3aJKOB KOMILIEKCHBIE HOHBI, 00Opa-
aylongyecsi Npu noOaBJieHHH K HUM H30BITKA PeaKTHBA, He TaK YCTOH-
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YKMBBI, KaK B BblUe IPUBEJEHHBIX cjaydyadax. Dwio maineno, uto
BHayYajie NpH NpHOABJEHMH H30BITKA OCaXKIAIOIIero HOHA pacTBO-
PHMOCTb YMEHBLIAETCs, KAK 3TO M CJAEHLYeT OXHAAThL COIJIacHO Mpa-
BHJAY O JAe#cTBHE obmero mona. Ho 3To yMmeHblleHHe pacTBOPHMO-
CTH BCKOpPe BCTpeiaeTcsi € IIPOTHBONOJIOXKHOI TeHIeHIHell K obpa-
30BAHHUI0 KOMILJIEKCHBIX MOHOB. CJjlenoBaTesbHO, CYIIECTBYeT HEKO-
TOpasi MUHHMAaJjbHas pPacTBODHMOCTb OCajKa NpPU ONpeJeJeHHOM H3-
ObITKe OOLIero HOHA; YBEJHYEHHE XKe 3TOro H3ObITKA NPHBOAUT
K YBEJHMYEHHIO PacTBOPUMOCTH.

Huxe npuBeneHa pacTBOpHMOCTh XJiOpHaa cepcebpa B pasba-
BJEHHBIX DPAacTBOPAX XJIOpHAA HaTpua !:

HopmanbHas xoxiuen-

Tpamus . . . . 0) 0,0039 0,0092 0,036 0,08 0,35 0.5
PactBopuMOCTD AﬂCl
2-axg/a (-103) . . . (0,013) 0,00072 0,00091 0,0019 0,0036 0,017 0,028

Hanee npusesieHa pacTBOPHMOCTb XJIOPH/LA ('(‘P(,‘.()[)ﬂ B KOHILEeH-
TPUPOBAHHBIX pacTBOpax XJIOpHIa HaTpHs 2

HopmanvHas kouueun-

TpamHst . . . . . () 0,9 1.4 1,953 287 3,82
Pacrsopumocts AgC I
z-oxs/a (-103) . . (0,013) 0,10 0,18 0,39 10,00 24,91

Munumanpnas pactpopuMocts AgCl okasajlach npH npudIH3N-
tejbHO 0,004 N xonnmentpanun NaCl B pactBope. Ouenn caabo pac-
TBOPUMBIA AgJ NMOKasbiBaeT OHPC/ACJCHHO BBIPAMKCHHYIO TCHIEHIHIO

K 00Da30BaHUIO KOMILICKCOB Kak C H3OLITKOM HoHom J~, Tak W ¢ H3-
ObITKOM HOHOB Ag*. Pacreopumocts AgJ B uncroit poje pasHa

108, wo 8 0,5 N pacreope KJ oma sospacraer jgo 2107, B I'N
KJ ona pasna 1,48-1072, B 02N AgNO;—29-10%, B 05N
AgNO3 — 1,27 -103 u B 1,2 N pacrsope AgNOs; — 1,3-107=.

KoMmieKkcHble HOHEI MOTYT OOPa3oBAThCsl He TOJNLKO C HGHAMH
OCaIuTesd, HO H ¢ JAPYTHMH HOHAMH, NPUCYTCTBYICUIMMH B pac-
TBOpE. XOpOIIO H3BECTHO, HanpuMep, UTO MIIOTHE MaJIo PacTBOPH-
Mble T'MAPOOKMCH MET4JIJIOB PACTBOPSIOTCS B aMMHake ¢ o6pa3osa-
HHEM KOMIIJIEKCHBIX aMMHaKaTOB:

AgOH +2NH,; 5 Ag (NH,) + OH-.

YBenuueHnue PacTBOPHUMOCTH B 3TOM CJlyyae CBSI3aHO C CocAMHe-
HHEM HOHOB cepeﬁpa C aMMHaAKOM IO YpaBHEHHIO

AgT+2Nil, = Ag(NHpF

[Ag=] INML® __ pr 7. 10-5, (19)
[Ag (NHy)F]

1 G.Forbes, H. Cole, J. Am. Ch, Soc. 43, 2427 (1921).

2J, Kendall, C.Sloan, J. Am. Ch, Soc. 47, 2306 (1925).
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Koncranta K Ha3blBaeTcsts KOHCTAaHTOH JHCCOLHAILHU
KOMIJeKCa UIX KOHCTAHTOH HeyCTOHYMBOCTHU KOMILJIEKCA. BeJm-
4YuHa, o6paTHasl 3TOH KOHCTAaHTE, IT0OKa3bIBA€T MPOYHOCTh KOMILJIEKCa.

O6pasosanue xommickca Ag(NHs)¥ npuBogur k TOMy, 4TO
pPacTBOPUMOCTb BCCX MAJIO PacTBOPMMBIX coJjiell cepebpa B NPHUCYT-
CTBUM aMMHaKa yBeaqduusaercsl. BbluuCIHM, HanpuMmep, ueMy paBHa
pacrBopumocth AgBr B 1 N pactsope NH4OH, ecau npuusith, uTO
nocie mocrmxeius pasnosecust [NHz) =1:

[Ag*] [Br-]=4- 1015 (20)

B wacoimennom pacrsope A¢Br s NHiOIl ofGuiee kosnwecTtso
nepelllefuIero B pacTBop cepebpa JoJKIO ObITL PaBHO KOHIEHTPA-
uun wonos [Br]:

[Ag ][ 1A (NHL)] = [Br=] ==
== piacrBopuMect AgBr B oaTolt cpeje. (21

Ws ypasncuua (19) naxomum, uro

S 134 IR P

(AR (NI, | ’ 22)
tak Kak [NHz] no ycnosumio pasmna 1. Torna
Ag ,
(Ag (NIt == S8 23)
Coemuusas ypasuemust (21) m (23), nonyuaem:
(A8l — . (24)

10

[Topcrasasist 1o 3Haueuue [Br] B ypasuenuc (20), nmeewm:

) . Agt
[Ab"‘.l{ (Ag ]I "7[ i’() ]s }:4 S1o=
H

[Act] =1,7- 10710
Hafinennoc anauenue [Ag'| noxcrabasieM B ypaBHenusi (23) u (24):

Agr]  17-10-0 »
[Ag (NHQ‘:)] 7[ 1go ]s 7-10-8 2,4-10

(Br-1 == [Ag ]+ [Ag (NI1y)]1=2,4 - 1075

Hrak, pacrsopumocts AgBr, koropast B Bome paBHa 6,3 107,
B | N pactBope amMMHaka Bo3pacraer ao 2,4-1073.

B aHasuTHYCCKMX pa3fejiendsiX 4acTo MNOJIb3YIOTCS IpeBpalle-
HHEM OJHOI0 H3 KOMIOHEHTOB B KOMILJIEKCHOe COelMHEHHUe, B BHIE
KOTOPOTrO 3TOT KOMIIOHEHT He O0CaX[aeTcsi IPUMEeHsIeMbIM peaKTH-
BOM, B TO BpeMs KaK JPYrAe KOMIIOHENTbl CMeCH 3THM peaKTHBOM
ocaxpawpTtcad. CoOTBETCTBYIOLLHe NpHMephl JaHBl B TJaBe, [I0CBS-
uleHHoH pasgeseHusam (cTp. 72).

5 Bak. 3584, Koawmrrogr u Ceniaa. 65



Bausinue KOHUEHTPaUHH BOJOPOJHBIX HOHOB

JleficTBHe KHCJIOT Ha MaJjio PacTBODHUMBIE COJIH CHJBLHBIX KHCJIOT
N CHJIbHBIX OCHOBaHWH, HapUMep Ha TaJIOTeHHAB! cepe6pa, He OTJIH-
yaercs OT MeHCTBHS Ha HHX BCEX ADPYTHX 3JEKTPOJHUTOB, HE HMEIO-
mux ¢ wuMua obmux wuoHos (ctp. 59). Ho wa maJjo pacTBOopUMbIE
COJIH CJaBbiX KHCJIOT CHJIbHBIE KUCJOTH JEHCTBYIOT PacTBOPSIOIIUM
o6pasoM. BosbMeM, Hanpumep, Takyw cojb, Kak CaFa:

CaF, & Ca?%+ 4 2F-. (25)

Ecnn K cycrmeH3umH 5TOH COJMH NPUIHTh CHJBHYIO KHCJOTY, TO
HOHBI BOAOPOJA STON KHCJOTHl OYIYT COeAUHATHCA C PTOPUA-HOHAMH,
tak KaKk HF — oTHOcuTesbHO ciiabasi KHC/IOTa:

F--+ H*+ < HF. (26)

Horn F~ ynajsoTcss u3 pacTsopa H B pe3yJbTaTe 5TOTO DPaBHO-
BecHe ypaBHenusi (25) JMOJKHO CABMHYTLCS CJIeBa HaNpaso.

Mexny pacTBOpUMOCTbIO NOZOOHOH COJM INPH JAHHOH KOHIIEH-
TpauH® BOJOPOAHBIX HOHOB, e€e TNpOU3BEIACHHEM DACTBODUMOCTH U
KOHCTaHTOH HMOHH3auMH CcJaGod KHCJOTH, o6pasyiomeil 3Ty COJb,
CYIIECTBYET omnpeneneHroe coorHoiienue. OueBHAHO, PacTBOPSIO-
iree JEHCTBHE KUCJOT JOJKHO BO3PACTaTh C YBEJHUEHHEM INPOH3Be-
JIeHMsT PACTBOPUMOCTH COJIM M C yMEHBbIIEHHEeM KOHCTAHTHI HOHH3a-
IHH CJAaGoi KHCJOTbl. B KOJMYECTBEHHOM aHAJH3¢ IIOCTOSIHHO IpH-
XOJIUTCST CUMTATBCS C STUM DACTBODSIONIUM AedcTBHEM KHCJOT. Bcee
KapOoOHATHl, HaNpUMep, PACTBOPSIOTCS B KHCJOTaX, AaKe CPaBHH-
TeJIbHO cJIabblX; GOJBIIMHCTBO MaJsiopacTBOpuUMbIX (ocdaTos, apce-
HATOB, XPOMAaTOB, () TOPHUIOB, CyJb(UTOB, HHAHHAOB (3a HCKJIOUe-
HHeM LMaHuma cepefpa, KOTOPBLIH SIBJSIETCS COJIBIO He cjiaboil Kuc-
gotel HCN, a cuibroli xucmorst H[Ag(CN):z]), oxcamatoB u
coJiefl APYrux OPraHHUECKHUX KHUCJOT, PACTBOPSIIOTCH B CHJBHBIX KHC-
Jgorax. HHorga KoJMYeCTBEHHOe OCa)KAeHHe BO3MOXKHO B cjaabo-
kucyoit cpexe (pH =4), kak, nanpumep, ocaxgenne CaCz201 n
muorux ¢ropunos. C apyroit croponsl, MgNHPO, n GosbiunHCcTBO
npyrux docdatoB HacTONLKO pacTBOPHMEI NpH 3ToM pH, uTo MX npu-
XOJUTCS OCaxKAaTh U3 CAAGOLIENOYHON CPenbl.

PacrBopsiioniee AeHCTBUE KUCJAOT HUMeeT 3HaYeHHe Jaxe B CJay-
yae MaJio pacTBOpuMbIX cynibhatoB. Xota HeSOs u cumralorT 0ObIUHO
CUJIbHBIM 3JIEKTPOJIUTOM, BTOpPAsg CTajdsl ee MAUCCOLMAllMM BCE XKe
He HWIeT A0 KOHIAa M CepHas KHUCJAOTa UMECT MEHBUIYI0 KOHIEHTPaLHMIO
BOMOPOJHBIX HOHOB B pactBope, ueM HCI, HCIOs nim HNOs Toit xe
KOHIeHTPAaLVH:

HeSO, & H* -} HSO; (noanas pmccouuanus),
HSOr = H* 4 SO;~ (He mosiHas IHCCOLHALKSA)
[H+] [SO;]

4 —3.10"2
[HSO7]



p 2
JTH YypaBHEHHS I[OKa3blBalOT, 4TO HOHB SOji COEIHHSIOTCS

« nonamu H*, o6pasya monsr HSO; , u, clenoBaTesbHO, YHAJSIOTCS
npn peiicteuu HoHoB H* u3 pactBopa. PacTtBOopuMocth cysbdatos,
(10JIOBATEJIBHO, JOJKHA BO3PacTaTh B KHCJABIX pactBopax. Cysbdarsl
fiaiist, CBUHIIA M CTPOHIUS B PAcTBOPaX CHJIBHBIX KHCJOT GoJjiee pac-
mopiMel, ueM B uncTod BoAe. Huxxe mpusemena pacTBOpHMOCTB
vyvanpara 6apust B a30THOH KHCJOTE 1:

Mouasipuas kKouucurpauus HNOjz;. 0,05 0,1 0,5 1,0 2,0
Mousipuast pactBopumoctb BaSOy

npu 19° (-103%) . .. . 09 1,2 3,9 7,7 11,9
Mouisipuas paCTBopnMOCTb BaSO4
npu 100° (-10%) . . . . . .. 717 — 26,5 41,6 —

Itecmorpst Ha To uto BaSOs4 B KuCJIOTax cuibHee pacTBOpsSIETCH,
Wenl B OHeHTpasibHOR Cpeflle, OCa)KAeHHe €ero OOBIYHO IPOHU3BOJST
n cnaboKHCIOH cpefe, 4TOOBl TOJNYYHTh OCAIOK, Jerie QUIbTpye-
sitii. B aToM ciyuae pacrBopsiollee JeHCTBUE KHUCJIOH Cpebl KOM-
NCNCHPYICT JeficTBHeM H30BITKa OCaXkJalollero HoHa.

I3jMsIHMe KHCJOTHOCTH Ha pacTBOPHMOCTb MaJoOpacTBOPUMBIX CyabduIoB pas-
MULILIX  METaMJIOB HMeeT OCOGeHHO OCoJbiIoe 3HAUeHHe B aHaJHTHUECKOH XHMHH.
C.epOBOLOPOL — OYeHb cJabas KHCJOTa, AMCCOLHMAlMs KOTOPOiH NPHCXOIUT B JiBE

CLHAL
HeS = H+ 4 HS-, (27)
HS- &= H+ 4 S2—-, (28)
[H+] [IIS ] . 10— '
[H25] =Ky =84-10-8, (29
[H+] [S'“’"‘] — .10-15
s T Ky =1,2-10-15, (30)

llacHIeHHk pacTBOp cyJabduaa ABYXBAJE€HTHOTO METajjla B BOAE He COLEp-
M PABHOTO KOJIMUECTBA HOHOB MeTaslJla W HOHOB S?7, Tak Kak 00Jbmiasg 4acrb
wonos S rugposnsyercss ¢ oGpasosannem H3~ u HeS:

MS — M+ - S2-,
- 4-HaO = HS- -+ OH-,
(S2- -+ 2H,0 = HyS5 -+ 20H-).

Ilpu ocaxienun HOHOB PA3NHUYHEIX METasJlOB CEPOBOJOPONOM B KHCJIO cpeje
RONILCIITPAIHSl HOHOB 3%~ B PACTBOpE UPEe3BLIYAIIHO Mala, HO BCE XK€ B IPUCYTCTBHH
orika CyJabGHIOB OHAa NOJUHHEHA yDPaBHEHHIO

[M2+] [S2-] = Sy, (31)
Vmnoxas ypasnenne (29) Ha (30), mosyyaem:

(H*]? [S*~]

= (o = - 22 32
[15] KKy =10-2, (32)

' [ Kolthoff E.Vogelenzang, Z anal Ch, 58, 49 (1919).
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KonnuecTBo mepemefuero B pacTsop cyJbduga MeTalJa, 3KBHBajeHTHoe [M2+],
HaxonuM u3 ypasHenuil (31) u (32):

. Sus  Sws [HF]?
NG I e (39

PactBopuMocTh cyJb(ujia BO3pacTaeT NPONOPUHOHANIBHO KBAaZpPaTy KOHLEHTpPa-
LA BOLOPOAHLIX MOHOB. Ecsii pacTBop Haceiulen H:S npun KOMHATHOI Temmeparype,
[H23] — sesinunua nocrosiuHasi, npubmausutenabno pasuas 0,1. CaegoBaresbHO,
3Hasi NPOMU3BEJEHHEe PacCTBOPUMOCTH CYJb(HUAZ, ML MOMKEM BBIUMCIHTL PACTBOPH-
MOCTb €r0 B HaCblLEHHOM CEpOBOJOPOAHOM PacTBOPEe NpH JIOGOH KOHUCHTPALUH
BOLOPOAHLIX HOHOB.

Ecau meraan opnosanenten (Agt, TI*), a me IByXBaseuTeH, Mbl BMecTo ypa-
BHeHUsI (33) mosyyaeM HECKOJIbKO OTJIHYalOLleecst OT Hero:

[M+] = L/W:SE_S, i (34)
10-2[H,5)

B TaGa. 4 npuBeneHb NPOM3BENEHHS DPACTBOPHMOCTH Sys pas-
JHUHBIX CYJbGHAOB; PSus O3HAuaeT JjorapudM IPOU3BENEHHS pac-
TBOPHMOCTH, B3sTBIi ¢ oOpaTHbIM 3HaKoM. B uerBeproél rpade
TabJMIbl JaHBl 3HaUEHUs] PACTBOPUMOCTH Cy/1b(HA0B (3KBHBAJEHTHbIE
KOHILEHTPAIHH HOHOB MeTaJ/JoB) B pactsope, IN 1o coxepxaHHio

B HEM HOHOB BOJAOpPOAA W HacelilleHHOM H2S (mpeagnoJaraercs,

Ta6auna. 4 7Ipon3s. denns pacme pumociu (Sys) paA3AULIBX MARO
pacmeopusmsx cyibuoos u ux aczapn@dmol (pSygl, 8imble € oOpamHyli
SHAKOM

{M] o3HayaeT PACTBOPMMOCTL B PACTBOPE, CoiepikameM noubl H T B xounenrpanuu, pasHoif 1, n
HACDLILILCHHOM CePOBOAOPOIOM

Cyabdus MeTania Sms PSMs M)
MnS (teaecHoro usera) 7,0-107' 15,16 6,3 - 107
MnS (3eaembiii) 6,2-107% 21,21 5,6 - 108
FeS 33-107%—1.1071% 18,5—18 la) 3-10%
G) 9- 104

T1,S 1,210 2 23,92 3,3-10-1

zZnS 7-1077 25,16 6,3-10-3

CoS 1,9-107% 26,72 1,7-10—4

Ni3 L,1-10 ¥ 26,93 1,0-10-3

CAS (3 CdCl,) 7,1.107% 27,15 6,5-10°

CdS (13 CdSOy) 51-107% 28,29 46-10°6

PbS 34-107"8 27 47 3,1-107°

Bi 3, 1L,6-10 7 (3 71,8(?) 3,5-107*

CS 3,5-10 * 41,46 3.1071

Ag,S 1-10 @ 50,00 3.107H

Hg s 1.10° 47,0 0,95-107*

Hgs 3.10°* 53,5 2,7-10~%

IIpumeunanue: 1) vocas ,crapesn“; 6) ca>weocaxnennsii Cm. 1. Kol t-

hoff, F. Gritfith, J. Am. Ch. Suc. 61, 2036 (193%).
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wTo MEXKAY OCagKoM cyjabdHIa ¥ PacTBOPOM YCTaHOBHJIOCL DaBHO-
necue). Ilpu mosp3oBaHMH nudpamu 3TOH TaGJHUBl AJd pacdera
VCJIOBHH OCaKaeHHs CyJbOHIOB METaJJIOB M3 pa30aBJeHHBIX KHC-
ALK pacTBOPOB CJeNyeT NOMHHMTb, YTO CKOPOCTb OCaXAeHHS
MIOTHX  cyabQuAOB oueHb wmaJga. Hanpumep, 0,1 M pacrtBop
SnSOs B IN cosisiHOH KucJIOTe OCTaeTcsl NPO3payHbIM NPH  Hachl-
ICHAM €T0  CepOBOJOPOJOM, H BCe K€ OH O6yneT MepechlllleHHbIM
1 OTHOIIEHHWH ZnS, TaK KAaK KOHIEHTpAIUsl pPaBHOBECHsI OTBeyaeT
roibko 0,006 M comepxkanuio Zn?t B pactsope. Eciu Ttakomy pac-
150pYy HaTh [OCTOSATh B TeYeHWe Mecsila, TO, B KOHIle KOHILOB, H3
nero Belmazer ocafok ZnS. Ecou ocakjaeHnue cysabdhuna Hayajochb,
10 jlaJiblile OHO HAeT C GoJiblliefl CKOPOCTBbIO, TaK KaK BblAEJUBIIMHACS
OCAJIOK KaTaJHTHYECKH YCKOpsIeT Npolecc Ocaxk[eHus (cp. ¢ «Imo-
CACTYIOIIMM ocaxaeHueMs, cTp. 121).

dpakuHoHHOE OcaxAeHUHe

Ecau nBa pasHbIX aHMOHA 0o0pas3ylOT Majlo pPacTBOPHMbIE COJH
¢ OJIHEM H TeM € KaTHOHOM, TO NpH NpHOaBJEHHH OCaXKAaIoILero
peiaKTHBA K pacTBODY, coiepiKalleMy ob6a 3TH aHHOHA, B NEPBYIO
wiepelb HauyHeT BbIIafgaTh HaUMeHee pacTBOPUMOe COeJHHEHHe.
[ou110 TaK e eCJH JBa pPa3HbIX KaTHOHA 00pasyloT MaJjo pacTBO-
pIIMbIe COJMH C OJHMM H TE€M Ke aHHOHOM, TO NPH OCaXKACHHH 3THX
concli U3 pacTtBopa, copepauiero ob6a KaTHOHA, B NEPBYIO OYyepelb
IiHeT BbIaZaTh HaHMeHee pacTBOpHMasi CoJib. B mpakTHKke aHa-
Jsa GOJIbILIOe 3HAUEHHE UMeEeT oNpeliejieHHe TOTO, HAaCKOJIbKO MOJIHO
BLNAJ B OCaZOK MEpBBbIH MOH, IpexJe YeM Hayajoch OCaXKIeHHe
N roporo. '

[lpenmnoJsic:kuM, 94TO MBI HMeeM CMeCh XJIOpHAA H HOIHAA, KOTO-
pyio oOpaGatsisaem HUTpaTOM cepeGpa. Tak kKak AgJ pacTBopuM
mence, ueM AgCl, To OH HauHeT BBAEJSATbCS NepBbLIM H, KOraa
Aoanias 4actb oauaa Gyner B ocaake, HauHercss ocakjenne AgCl.
Mujkoers Han ocajgom AgJ+- AgCl noskHa ObITh B DPaBHOBECHH
¢ 00CHMH TBepJIbIMH (pa3aMH, T. €. KOHLEHTPAIHM HOHOB B pacTBope
JAVJUKHBL YIOBJIETBOPATD CJACAYIOLIUM YPaBHECHHSAM:

[Ag*] [J-]1= Sag = 1018 (35)
[Ag+] [Cl] = Sigc1 =10-10. (36)
Iy ypaBuenuit (35) u (36) Haxomum, 4TO
Sags  Sagal
T v 3
[Ag*l=rT =15 - (37)
lpin nanmuuu B ocaske oGenx TPYAHOPACTBOPHMBIX cojiell cepelpa,

ApJ u AgCl, umeewm:

Cl- Sagc 10-10
=S e
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Korgma [{:qul B pactBope Menbiie 108, ocamok [AgCl] He MoXeT
o6pa3oBaThCsi W TpH JoGaBJEHUM K pacTBOPy HHTpaTa cepeGpa
G6yner Beimagath AgJ Mo Tex mop, MOKa 3TO OTHOIIeHHe He CTaHeT
pasubiv 108, ITpu nmanbueiimem po6asaenun AgNOs GynyT OMHOBpe-
MEeHHO Bhimagath o6a ocanka AgJ u AgCl, Tak 4T0 OTHOIIEHHE [[%I_T]
B pacTBope Bce BpeMsi GyJeT ocraBaTbcsi paBHBEIM 108.

Eciu Mb umeem BHauagie pactBop, 0,01N mo ornomenuio K KJ
# 0,IN nmo orHomenmo K KCI, To mpu mo6amneHun AgNOs Oyner
BbIIaJaTh CHavajia ToJbKO AgJ 1mo Tex Mop, IOKa KOHIEHTpalus
HoHa J~ B pacTBope He CTaHET PaBHONH E:lloT]=10‘7. Ho sta Beju-
yyHa coctaBisier Tojbko 0,001% or nepBoHAauaJbHOH KOHIEHTpA-
mun KJ; craenoBaTenbHO, OTAEJNEHHEe HONUAA OT XJIOpPHAA TaKuM
Crnoco60M MOXXHO CUHTaTh KOJHYECTBEHHBIM M IPHUMEHATh €ro
B KOJIMYeCTBeHHOM aHaju3de. IHamo TOJNBKO HMeTb BO3MOXKHOCTb
OTpE/IeJIUTh MOMEHT IIOJHOTO ocaKJeHus. B oGbeMHOM aHaju3e
JUIsI 9TOTO CJAYXKHUT B KauecTBe HHAMKaTOopa Hopx-kKpaxmaJa. Iloka
HMEIOTCS B PacTBOpPE HOHBI J~, HHAMKATOp OKpAIUHBaeT €ro B CHHHHA
I[BET; NMPH NOJHOM 2Ke oca)KJeHuu AgJ H mepen HayajioM OcaKie-
uusi AgCl pactBop craHoBuTCS OeclBeTHbIM. IIpH mnpuMeHeHHH
cepeGpsSHOro 3JIEKTPOJAa B MOTEHLHOMETPHYECKOM THUTPOBAHHHU IOJ-
HoTa ocaxiueHuss AgJ ompenesnsiercs pPe3KHM H3MEHEHHEM IIOTEH-
nuasa 3JeKkTpoma. B rsaBe o pasmesenusx (cTp. 72) u nmpu 00-
CYyXJEeHHH METONOB OCa)KIeHHs B oObeMHOM aHajnude (Merox Mopa,
cTp. 488) Mbi BCTpeTHMCH ¢ JPYTHMH CJydasiMd UCHOJB30BAHUSA
(ppakMOHHOTO OCaXJeHHUS.

3404494

1. Ilpoussenenne pacropumoctd AgCl npu KoMHATHOII TeMmIepaType paBHO
1,1- 1071, Yemy paBHa pacTBOPUMOCTb 3TOil cosu: a) B Bome; G) B 0,01 M
pacteope NaCl; B) B 0,01 M pacteope AgNO;?

Ore.: a) 1,06-10M; 6) 1,1-108M; B) 1,1-108 M,

2. ITpu 100° pacrBopumocts AgCl B BOme pasna 21,1 me/a. Bounciure:
a) npousBefenne pacrsopumoctu AgCl npu 100°; 6) MOMsIpHYIO pacTBOPHMOCTh
sTo#l cosir B Boje mpu 100°; B) MOJADHYIO PAaCTBOPHMOCTH €€ IPH TOH Ke TeM-
neparype B 0,01 M pacrBope NaCl.

Ors.: a) 2,16-1078; 6) 1,47-107%; B) 2,16 - 1075,

3. IMpoussenenne pacrsopumocty Mg(OH)2 pasmo 1,2-10-1.. B nachenHOM
pacteope Mg (OH)2 noJHOCTBIO AMCCOUMHDPOBAaHA. BrluucaAHTe: a) PacTBOPH-
mocte Mg (OH)2 B Bome; 6) koHueHTpauuio noHoB OH~ B HachIleHHOM BOJHOM
pactBope Mg (OH)2; B) KoHmeHTpamuioo HOHOB Mg+ B 3TOM pacTBOpe; I') KOH-
IEHTpaluio HOHOB Mgt B HacwimennoM pacrsope Mg(OH): B 0,01 N NaOH;
1) pacrBopumocts Mg (OH)2 B 0,01 M pacrsope MgCle.

Ore.: a) 1,44 10~ M; 6) 2,88 104 \1,44-107%; r) 1,2-10~%; n) 1,73- 10 M.

4. K pactsopy cvecu NH4OH u NH4Cl, 0,5 N mo comepxanuio mepsoif u v,) N
0 CoAepIKaHuio Broporo, npu6basisiior pacrBop MgCle. KakoBa nomxna OHTb
KOHUeHTpauus noHos Mg?t B obpasyouieMca pacTBOpe B MOMEHT NOfABJEHUS
Heucyesamomero ocagka Mg(OH)»? Koncranta nonusanunm ammuaka 1,8-1075

Ors.: [Mg2t] = 0,12.
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. PacrBopumocts AgJOs B 0,5M pacrsope KNOs pasua 2,67- 104 M mpu 25°.
K 500 ma Taxkoro HachlilleHHOro pacTtBopa npu6assneHo 0,0005 moas TBepmoro
AgNOs. Brounenure KoHeuHble KOHUeHTpauuu unoHos Agt m JOs~ B pacTBope,
koJiuecTBo ocaxpaeHHoro AgJOs u kosauuectBo AgJOs, ocraBmerocs B pac-
TBODE.

Ors.: [Ag*] =1,068-10% [JO;1=6,8-10"5 ocaxneno 0,0282 e AgJOs;
ocranoch B pacrsope 0,0096 e.

. Bounesnnre  pactsopumocts  CaC:0: B GydepHoM pacTBope, HMeIOMEM
pH = 4. Ilpoussenenne pacteopumoctn CaC20s pasno 2,0 - 10-%. Bropas koH-
CTaHTa HOHM3aLHUH INaBeLE€BOH KHCJOTH

[H+] [COF] _
[HC,O]
IIpu pemennu 3Toil 3afayd YYTUTE, UTO

[Ca2+] = [C,057] + [HC,07 1.

6-10-5.

Ors.: 7,3 105 M.

. ITpousBenenne pacrBopuMoctd AgJOs B yMCcTOH BOJe IpU KOMHATHOH TeM-
nepatype paBHo 3-1078, a mpousBenenne pactBopumoctd AgCl pasxo 10710,
K 100 ma cmecu 0,1 M xgopuna u 0,1 M uomara npuGasmero 100 mz 0,1 M
AgNOs. a) Uemy paBHa cyMMa KOHIEHTpauuil XJOpHAA W HOJara Iocse Jo-
Gapienusi AgNOs? 6) UeMy paBHbH KOHIEHTpPaluH XJOpPHIAAa ¥ HOJATa B OT-
nenbHocTH? B) UeMy paBHa KOHIEHTpalMs XJOPHAA B PACTBOPE B TOT MOMEHT,
xorga npu goGassiennn AgNOs mpoucxoaur otaensenne AgJOs oT XJopuaos
B pacTsope?

Ore.: a) [CI"]+[J);1=0,05; 6) [CI"]=166-10"; [JO;]=498-10"2
B) [CI-] = 1,67 - 104

. Tuppookucy Meramna M(OH): saBisiomlasics CHJIBHBEIM OCHOBAaHHEM, HMeeT
IpousBeleHHe pacTBOpUMOCcTH pasHoe 4-1071% K 0,1 M pacrsopy conu STOrO
meraJuia npuGasisitotr TBepablii NaOH. Ilpurumas, yto o6bemMm pacTBopa He H3-
Mensiercs1, Bauncaute pH pactsopa nocse ocaxaenus: a) 1% meramna; 6) 50%
MmeraJna; B) 99% merasa.

Ors.: a) 7,30; 6) 7,45; B) 8,30.

. Bouncaure pactsopumocts AgCl B pactsope, conepxKamem ammuak B8 1M
xouuentpauuu 1 NaCl B 0,1 M kKoHleHTpauHH.

10~ [AgF][NIL]2

S = =7-.10-8.
Ascl [Ag (NH,)f]

Ors.: 1,21-102 M.
. Bruiuuciure pacrsopumocts AgBr B 1M pacteope amMMHaKa, HAaCHIICHHOM
XJIOpHAOM cepebpa:

Sager = 10710 Spop, =40-10-15

Or8.: 1,5+ 104 M.

11. Hago ocanuTh chenylomue Bemectsa: AgBr, BaSOs CaC:0s, Ba(JOs):

(nogHOBaTasg KUCJIOTa — CHJIbHAsi Kucjgora), QocdaT I1HHMHKA H aMMOHHI,
Mg (OH)e, CaF:. B kakux cjyuasix MOXKHO OXH/ATbh KOJHUECTBEHHOTO BblJeJe-
nus ocajxa B KMCJOH cpexe?



TJTABA VI
KOJIMYECTBEHHBIE PA3JEJIEHHS
PasnencHus XxuMHUueCKUMHU METOJaMHU

PpakunOHHOE OCa¥KJeHHe

O6mas Teopusi ¢ppaKIMOHHOTO OCarKIeHHsl faHa Oblla B Ipelbl-
nymeii raaBe (ctp. 69). Tam OGobimo mokasano, 4To ecJad IBa Hola
JaloT MaJio PacTBOPUMBIE COEJMHEHHS C OAHHM M TeM Ke DeaKTH-
BOM, TO IIpH TNPHOGaBJIEHHMH 3TOTO PEAKTHBA K CMECH, COAepiKallei
00a HOHA, B NEPBYIO ouepelb GyAET ocaAaThbCsd TO COeAHHEHHE, KO-
TOpO€ HauMeHee pacTBopuUMO. TakuM 06pa3oM, MOXHO pasAeuTh
3TH HOHBI, €CJIH NPOH3BEHEHUS] PaCTBOPUMOCTH 00OOMX Majo pPacTBo-
PUMBIX COEIMHEHHH MOCTATOYHO OTJHYaOTCs ApPyr oT apyra. Ilo-
3TOMY TEOpETHUYECKU MOXNCHO NyTeM COOTBETCTBYIOLIHX BBbIYUCICHHM
ONpEeNeNIUTh: BO3MOXKHO JIH KOJHUECTBEHHOE pasjesienue AaHHbiX
JIBYX MOHOB ()PaKIHOHHBIM OCa¥KAeHHEM, WU 1eBo3MOoxHOo. Pesyiin-
TaThl TAKHX PAcUeTOB HAZO, OJHAKO, BCCrJa MPOBCPSTb SKCIEPHUMCH-
TaJIbHO, TAK KaK HOH, NAIOIMH OTHOCHUTCJILHO 0OoJjiee pacTBOPUMoe
COEUHEHHE, MOXKET OKa3aThCsi COOCAaK/ACHHB M C MeHee pac-
TBOPHUMBIM coegunenueM (ra. VIII).

Hexkoropeie pasnesenusi, oclioBatHble Ha ()paKIHOHHOM OCaXK/C-
HUH ¥ Ba)XHble C IPAKTHYECKOIl TOUKH 3DCHHS, MBI OOCYIHM OGoJce
nogpoGHO.

Pasjenenne ruapookuceit

Eciaun maso pacTBOpUMBIE THIPOOKHCH [MJIH BepHee BOJHbIE
OKHCH, TaK KaK COLepiKaHHe BOIBl B HUX HC COOTBETCTBYET TOYHO
tdopmynam M(OH): u M(OH)s] Mcra/soB HaXOASITCA B PaBHOBECHH
C HX pacTBOPOM, TO

[M2+] [OH-]?*= Swm(om, e))
M3+] [OH-]® = Smom,

Cucrema, cocrosiiiasi U3 THIPOOKHCH MeTaJljla M pacTBOpa COJIH
3TOro MeraJjuia, nposisaser GydepHoe paeficTBue (ompeneneHue Oy-
tdepa cMm. Ha cTp. 49). Us ypaBHenus (1) mbl BHAKM, 4TO

S
oH-1= |/ Jxom @
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HIH

(H+ = Ko/ L1 3

M (OH)y

TTpuGaBieHHe KHCJIOTHI HJIH IEJOYH K CHCTEME «HOH MeTaJia —
FHAPOOKHCh MeTaJljla» NPHBOAUT K HW3MEHEHHI0 KOHIEHTpalUw
MOHOB MeTaJjla B pacTBOpE H, CJElOBATEJbHO, K H3MEHEHHIO KOH-
LEeHTpallNl BOAOpoAHbIX HOHOB. Popmyna (3) mnokaseiBaer, 4TC
B cay4ae AByxpajeHTHoro merasyua 100-kpaThHoe ymeHblieHne [M2t]
coorBeTcTBYeT 10-KpaTHOMY YMEHDLIUEHHIO KOHIEHTPalu¥ BONOPOJX-
HBIX HOHOB. LEcau M3BeCTHO mnpoussejeHHe pacTBOPHUMOCTH THIPO-
OKHCH, MBI MOXXEM BLIYHCJHTb, MOJL3YSICh TOH Ke dopmymoit (3),.
KaKkasl 4acTh HONOB MeTaJjljla OCTAHEeTCsi B pacTBope npu gaHHOM pH
¥ npu KakoM pH ocaxkacHHe THAPOOKHCH MOXKHO CUHTATh KOJHYe-
CTBEHHBIM.

B Ta6n. 5 npuBenennt 3nauenus pH, MpH KOTOpPHIX Oca)XpaloTcs pas3jMYHbLIE
THAPOOKHCH 1.

TTonbsomatnca wH(ppamy 9Toit TaGaHULI NPH KOJMHUECTBEHHBIX pasHeseHUsX
METaJJIOB B BHJE MX FHAPOOKHCCIT H1ajlo ¢ OYeHb GOJIbLIOH OCTOPOXKHOCTLIO. [Tpexae
Bcero, camuic IHGpL He ouenb TOU-

mel. Haiijeno 2, panpumep,  uwro  TaGawuw'a O, 3 auenna pH, pu ro-
Zn(OH)s naunnaer ocaXxaarnest npu mopotx npcucxodum cax derue pas--
pH, paBaom 5,80, ecan ocaxicnue AMbIX 2u0pOocKiicelt
npoussosnutcst Hi3 0,26M  pacrsopa

Q 1 o
ZnS€0s4, npu pH, pannom 6,17, cenu pH T——

ocaxjcHue npoussoaurca uz 0,05M
pactBopa 7ZnsOa, u npn pll, pasiiom -

6,5, ccar pacrnop ZnSOa Boaue

OCaXKJICHHST HMCCT  KOHUCHTPAIHIO 11 Mg

DOIA, T uoon oetaente 0| vl L, !

8 ST (o .

gonHuM npu pH = 6, Kag 9TO yKa- ) Ce'™, ‘](l’- Ni, Cd, Pr, Nd, U

3ago B Taba. 5. 7 Sm, 17¢'(?), Pb (?)
Pcaynnpratul HeeJeoBanuit jipy- 6 Zn, Be, Cu”, Cr”'

THX aBTOpPOB Y TaKXC HC COOTBCT- 5 Al

CTBYIOT AaHubM TaGua. 5. BB 9THX uc- 4 W o

C/NIeNOBAHUAX  ABTOPLI  ONPCHACISIIA u K Th .

P TMOMOULH CTEKJISTHIOrO 9JCKTPO- 3 Sn', Fe''', Zr

Ja pH magana ocaxpenus rujapo-
OKHCCH PCAKHX 3CMeJib, KOI'Zl K
0,01 M pacrsopom cysib(aton STHX McTanson npuGasasau npu 25° 0,1 N pactsop
NaOH. Onu namsm gas Ladt 7,61 (8,03, ccam ocaxnamu LaCls), nna Cett 7,07,
aas Nd* 6,73 (7,40, ecan ocaxpamu NdCls), nas Pr3t 6,98, nas Yb3t 6,16, mias:
Th% 391 u pun Cett 27.

3atem peanuuna pH 3asucHT OT TOro, Kakue amuonnl NMPHUCYTCTBYIOT B pac-
TROpe. Ecan Kk pacTBopy HOMOB MCTaia NPUGABHTL €1KYIO ILEJ0Yb, TO BhIJEJ SI0-
mascs THAPOOKHCh HE GYACT UHCTOIl; Olla BCerja 3aXBaTHT ¢ CO00Ad TO WM HHOE
KOJINYECTBO aHMOHOB M3 PacTBopa. DTO COOCAXKACHHE MOXHO OODBACHHUTHL axcopd-
LHell aHHOHOB THAPOOKHCHIO HJIM OGPA30BAHMCM OCHOBHLIX cosied. Uem GoJble-
GyZeT BaJelTHOCTI, AHHONOB B PacTBOPE, TEM CHJbHEe Yy HHUX OyHeT TEHAEHIHs
K coocax¢aenuio ¢ ocankoM ruapookucil. CynapdaThl, nanpumep, yBJaeKaioTess ocan-
KOM 3HaydTeabno GoJsbme, ueM xjopugnl. Oco6eHHO CHJBHO COOCAXKIAIOTCS:
C OCaZKOM IHOHbl OPraHMYecKHX KHCJIOT.

1 H.Britton, J Ch. Soc. 125, 2124 (1927).
21, Kolthoff, T. Kameda, J Am. Ch. Soc. 53, «32 (1931).
BJ. Bowles, H. Patridge, Ind, Eng. Ch.. Ana.Ed. 9, 124 (1937).
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Hecmorpss Ha Bce 5TH 3aTpyAHEHHs, Ipd TOYHOH peryJupoBke pH pac-
‘TBOPpA MOXKHO IHPOHU3BECTH BIOJHE YZIAOBJETBOPUTEJbHHE TIPYNNOBHE pa3neseHusd,
KaK B KHCJION Cpele, HPHUMeEHsisi COOTBeTCTBYMOIMit Gydep, Tak U B aMMHavHOR
«cpene.

OcaxaeHHe aMMHAKOM B NPHCYTCTBHH aMMOHHIHBIX coJjeil. ['u-
JPOOKHCH ILIEJIOYHO3eMeJbHBIX METaJJIOB He OCa)KAaloTCs aMMHa-
koM. He ocaxpaerca um u Mg(OH)e, ecanm pactBop comep:KuT
JIOCTATOYHOE KOJMYECTBO aMMOHHUUHBIX cojeld. IlpousBenmenue pac-
tBopuMoctd Mg (OH), paBro 1071t CiemoBaTenbHO, THIAPOOKHCH
‘MarHus He OyHeT OCaXKAaThCs M3 PACTBOPOB, COXEpPXKAIIUX HOHBL
‘Mg?t B konnenrpanusix, menbmux 0,1 M npu pH pasHom 9 wuiu
MenbiieM 9 [* 3To JlerKo BBIYHCJUTB, MOJB3YSICh dopmydoi (3) *].
CunpookucH Menw, NMHKA, HUKEJIs W KoOajbTa OCaxKAAIOTCsi aMMHa-
KOM, HO pacTBOPSIOTC B H3OBITKe INOCJIEeJHET0o € oOpa3oBaHUEM
KOMILJIEKCHBIX HOHOB. ['HIPOOKHCh MapraHia He OCaxKIaeTcsl aMMHUa-
KOM, €CJIM pacTBOp COAEPKHUT JOCTATOYHOE KOJHYEeCTBO aMMOHHI-
'HBIX colell (OOBSICHSIETCST 3TO TaK Ke, KaK M HeocaxaeHue Mg (OH),
B Tex ke ycaoBusax). Ho B 1iesouHoft cpege MOHBI MapraHna Jerko
-OKHCJISIOTCST KHCJIOPOJOM BO3JyXa W NOTOMY NpPH CTOSHHH aMMHay-
HOTO pacrsopa Hauunaer BuAensaTecss Mn(OH)e. C pgpyroit cro-
ponbl, HOHBl XkeJje3a (III), xpoma M aMIOMHHHS KOJUUECTBEHHO oOca-
JKIAKTCS B 3THX ycJoBusix. [Ipu 3ToM pasjcieHHd PEeKOMEHLYCTCs
mpubapaenne OOJBLUIONO KOJHYECTBAa aMMOHHUHBIX coJjiefl, BO-mep-
BbIX, IOTOMY, YTO H30BITOK aMMOHHHHOH COJIM MOJNNEPKUBAET HH3KOC
:3HavYeHHne BesuunHbl pH u Takum o6pa3oM yMeHbIIAET PacTBOPHU-
mocth AI(OH)s (ctp. 338), BO-BTOpPBIX, MOTOMY, uTd OGOJBIIONH H3-
OBITOK aMMOHHMUHOH COJIH YMEHBIIAET COOCAX/ICHHE TAKHX KaTHOIIOB,
KaK MOHBI KaJbI[Usl, MarHus, LUHKa M HHKCJSI.

Pasnenenusi, nponsBoauMble [o0aBJeHHEM aMMHaKa, C KOJHUC-
CTBEHHOU TOYKH 3DEHHs BCTPEYAIOT HEeKoTopble Bo3paxenus. Oca-
JKJeHHbBle THAPOOKHCH HMEIOT BHJ CTYIHS, HX TPYAHO OTQHJIBTPO-
BaThb U HPOMEITb; OHM HMEIOT CKJIOHHOCTL aJCOPOHPOBATL KaTHOHDI
JDYFHX MeTaJlJIoB, Haxoasiuiuecss B pacrBope. OueHb 4acTo M ABY-
KpaTHOe oCa)KIeHHe He JaeT YHCTOTO OCaJika W BCs NMPOIEAYypa Tpe-
0yeT 3HAUUTEJbHOIO BpPEMEHH, TaK KaK (PUJIbTPOBAHUC U IPOMLIBA-
HHe IPOUCXOAAT OuYeHb MeajeHHo. [HecMoTpsi Ha Bce 3TH HCMO-
CTaTKH METOJa, IpUMEHeHHe aMMUaKa AJsT pasfieieHuil HMeeT O'ICHD
60JIbIIIOe MpaKTHUeCKoe 3Hauenue (cTp. 769).

OcaxjeHue M3 KHCJIOro pacTBopa NPH KOHTPOJUPYEMOil BeH-
ypne pH. Tlyrem npaBuabHo#t u Touno# ycraHoBku pH pacrtropa
Moxkuo ormenuth Fe!'', Al u Cr or Zn, Mn, Ni, Co u mejo4Hose-
MeJIbHBIX MeTaJuioB. IJTa ycraHoBka plHl pacTBopa JjocTHraercs
Tipu6aBJIeHHeM K HEeMY COOTBeTcTBylolleil OydepHoi cmecu. OucHb
JIEFKO TMPOU3BECTH KOJHYECTBEHHOE OCaXKJIEHUe rKeje3a TaK, 4TOOHI
LHHK, Maprasell 4 T. Il. OCTAJIUCh B pacTBOpe, NOTOMY 4To Fe KoJu-
4yeCcTBEHHO BhlAessdercs npu pH, paBHom 3. 3HauMTeJLHO TpyAHee
Ha#TH pH, mpu KOTOpPOM KOJIHUECTBEHHO BBILEJHIUCH Obl AJIOMHHHI
# TpexXBaJIeHTHBHIH XpOM, a [OpYrHe MeTaJuibl OCTajuCh Obl Heoca-
2KAeHHBIMH. B JsmTepaType omucaHbl pa3jiMiyHble METOAB! OTHEJIEHHS
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rpCXBaJIEHTHBIX HOHOB OT JIBYXBaJIEHTHHIX B KHCJIOH cpene. M3 Hux
wanbogbliee pacOpocTpaHEHHEe HMeEEeT aleTaTHbIY METO/.

Auneratupiii metoa. B sToM Merome Tpefyemast KHCJOTHOCTb
¢peppl (ee pH) ycranaBmuBaercsi npubapyenvem GydepHoli cMecH
*yKCYCHasi KHCJOTAa — aleTaT aMMOHHsI». Merox 3TOT, B 0O0IIeM,
Il faeT oYeHb XOPOLIMX pe3YJbTaTOB, TaK KaK HEBO3MOXKHO MOJHOE
nhJeIeHHe aJIOMHHMS M XpoMa 6e3 YacTHUHOTO OCaXKAEeHMs LHHKa
1 Apyrux MmeraJsioB. Ilocsnennue 4acTbio CaMM OCaxKAAIOTCS B BUAE
OCHIOBHBIX aIleTaTOB, YaCThi0 COOCaX/JalOTCsi C OCHOBHBIMH aleTa-
IIMH TPeXBaJIGHTHBIX MeTaJsuioB. JlJisl moJsiyuyeHHsi KOJHYECTBEHHOTO
paspesieHHss TpeOyeTCsl NO3TOMY IepeocaKJeHHe 0CaJKa, HHOTAA
MUIOTOKpaTHOE.

BMeCTO «YKCYCHOIH KHCJIOTBI — alleTaTa» NPHUMEHSIOTCS U ApY-
viie O6ydepHeie cmecn. MypaBbHHasi KHCJIOTa HMEET KOHCTaHTY
HIOHU3allMK, B JECSITh pa3 IMpPeBBILIAIILYI0 KOHCTAaHTY HOHU3aLUH
YKCYCHOH KHCJIOTBI; [I0O9TOMY, NpuMeHsiss OyQepHylo CMeCb «MYypaBbH-
11ast KHCJIOTa — MYDPaBbUHOKHCJAA COJIb», MOXKHO NPOU3BOJAUTb OCa-
KAeHue npu MeHbuiel Beauumne pH. Opnako HH 3Ta cMecb, HH
<MeCh SIHTAPHOH KHCJIOTHI C €e COJIbI0O He JalT pe3yJbTaToB, OJH-
IIAKOBO YIOBJIETBODUTEJLHBIX BO BCeX cJydasx. Deulo Hafizmeno !,
uro Haumgyuwell OydepHoll cmecblo sBJafeTcss «OeH30HHAsT KHUC-
JloTa — 6eH30aT aMMOHHA», Jalollasl OueHb XOpOLIHEe pPe3yJbTaThl.
Ilpy npUMeHEHHH 3TOIl CMeCH XKeJie30, aJlIOMHHHH H XPOM KoJHue-
etBenno ocaxpaioress (pH==3,8), a paByxBajeHTHbie MeTaJJbl
ocratorest B pactBope. [laxke coocarkgeHue NnocjJefHUX OUY€Hb MaJo,
¢CJIM BCC YCJOBHSI oCaKAeHnd CcobJIOAAIOTCS.

CyIecTByeT elle ilejiblil psii METOAOB OCAXKIEHHSI TPEXBaJIeHT-
IBIX MeTaJiioB, B Koropblx pH cpenwl ycranaBnuBaercsi moGaBie-
IHeM COOTBCTCTBYIOUIHX peakTHBoB. MoxkHo, Hanpumep, npu6a-
BATH K DPAacTBODY CYCHEH3HIO MaJjio PACTBOPUMOH THIPOOKUCH Me-
Tajyia, Koropas, Kak MBIl BHJAENH, C HOHaMH 3TOTO METaJsa, nepe-
XOASILIUMH B pacrpop, obpasyer Oydep. [as sToil mesu cayxar
cycnendud  ZnO, MgO, HgO. TIlpumeusiiorcst Taxkxke KapOOHATHI
Kaabuusi, 6apusi, KaJAMHUsi U CBHHHA.

Jast Toit ke nesu (0caXKJCHHSI TPEXBAJEHTHBIX METaJIJIOB B ITPH-
CYTCTBHH JIBYXBAJIGHTHBIX) MOTYT CJIYXKUTh cJiabble OpraHHuecKue
OCHOBAHHs, HanpUMep aHHJINH, NHPUAHH 2, TeKCaMeTUJeHTeTpaMuH 3
1 hennarHApasHH, XOTAd GOJBIIOrO NPUMEHEHHUS OHU He HMEIOT.

Jpyroit meronm ycranosku Tpebyemoro pH pacTBOopa COCTOHT
» moOaBJeHHH K HEMY peaKTHBAa HJH CMeCH DeaKTHUBOB, YHAJSIO-
HMX HOHBl Bojopojd. Ecsau, Hanmpumep, KHNSITUTb PacTBOpP COJH
amomrHus ¢ NaNOg, To woHBI BOZOpOAa, obpasdyioliuecss HpU TH-
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IpOJiH3e COJIH aJIOMHHHsS, GYyAyT pearupoBaTb C HHTPHUT-HOHAME
¢ o6pasoanneM HNO,, pasnarawoomelics u yJeTyuMBalouledics Nph
KUIISIYEHHH; B pesyJibTaTe 3TOro npousoimer ocaxaenue Al(OH)s:

AlCl3+ 3NaNOy -+ 3H,O — Al(OH);-+ 3NaCl—-3HNO, T .
TMonoGubiM ke oGpasom aeiictByior Na2S:03 u KCNO:
NagSy0g -+ 2H+ 