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Bae.aeaHe 

8b!Jl9JI9HH9 H p8.3Jl9JI9HH9 Ul9JIO'IHb!X 9119M9HTOB JlO CHX nop HBJISI9TCSI 

OJlHOA H3 HHTepeCHb!X npo6neM 8.H8.JIHTH'I9CKOA XHMHH, Bom.WHHCTBO M9TOJlOB 

paaJleneHHH 9THX aneMeHTO~ OCHOB8.HO H8. HOH006MeHHOil: H 9KCTp8.KUHOHHOA 

xpoMaTorpa~HH/1-4/ • 

B nocneJlHee apeMSI aoapoc HHTepec K npHMeHeHH~ HeopraHH'IeCKHX 

HOH006MeHHHKOB /1,5,6/ KSK ceneKTHBHO )leii:CTBY~IllHX cop6eHTOB, npHMeHe

HHe H X o6yCJIOBJI9HO rnaBHb!M o6p830M pSIJlOM Tpe6oBaHHil: 1 KOT0pb!9 npeJl'bSIB

JISf~TCSI coapeMeHHOil: T9XHHKOA. BOJibWHHCTBO H3 HeopraHH'I9CKHX" HOHHb!X 

o6MeHHHKOB 06JI8Jl86T pSIJlOM npeHMYIIl6CTB nepeJl opraHH'IeCKHMHj T8K 1 B 

yMepeHHO KOHU9HTpHpOB8HHb!X Ill9Jl0'18X H KHCJIOT8X OHH He Ha6yxa~T, YCTOii:

'IHBbl K neii:CTBH~ TeMnepaTyp H HOHH3Hpy10I.UHX H3JIY'I9HHA, 

B caoHx pa6oTax ApneHJl/6/, BpecTHeaa/7/, KaprHH/8/Hccne.aosanH 

ancop6uH~ HeKoTOpbiX aneMeHTOB Ha CHJIHKarene. AaTopb!. aaMeTHnH, "'TO 

ancop6UHSI M9T8JIJIOB nepBoil: H BTOpoil: rpynn nepHOilHqeCKOil: CHCT9Mhl HB'IH

HaeTCSI B W9JIO'IHOil: cpene C pH =8 H CHJibHO B03p8CT89T C yB6JIH"'9HH9M pH 

paCTBOpa, 

ApneHJl/6/ npeJlnonO:H<Hn, 'ITO CHJIHKarenb pa6oTaeT. B meno"'HOA cpeJle 

KaK K8THOH006MeHHHK, 

EcJIH HCXOilHTb H3 9TOro, TO ilOB9Jl9HHe KBTHOHOB nepsoli: rpyililbl llOJI:H<

HO ilOJl"'HHSITbCSI OCHOBHb!M yCJIOBHSIM HOHHOrO 06MeHa, T,e, HaH60Jiblli99 cpoll

CTBO K CHJIHKaren~ 6yll9T npOSIBJISITbCSI y 6onee TSI:H<9Jlb!X 9Jl9M9HTOB1 T8KHX 
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KSK uemftl:, H oeo6eHHO <J>paHUHi!:, B eBSI3H e 3SKOHOM9pHbiM YM9Hblli&HH9M HX 

rHJlPSTHpOBSHHbiX HOHHbiX paJlHyeOBo 

lie.1Ib!O HaeTOSIIUeil: pa60Tbi SIBJISieTeSI p83Jl9.1I9HHe 9.1I9M9HTOB nepBolt rpyn

Tibi: HSTpHSI, py6HJlHSI, U93HSI H iflpaHUHSI e HeTI0.1Ib30B8HH9M eH.nHKare,ng MSpKH 

KCK-2. 

IToeTaHOBKa TaKolt aanaqu HHTepeeaa 6hl.na e ToqKH apeHHSI noa6opa ye

.noaHil: paane.neHHSI eMeeH KSTHOHOB 9JlHHbiM 9.1I!09HTOM, a TaK)!{e BbiSieHeHHSI 

aneop6UHOHHbiX eBoil:eTB eH.nHKare.nsr. 

3KcnepHMeHTBllbH8H qaCTb 

Paane.neHHe IU9.1IOqHbiX M9T8.1I.1IOB oeymeeTBJISIJIOeb Ha eTeKJISIHHOft KOJIOH

Ke a.nHHoi!: 50 MM, .QHaMeTpOM 2,5 MM, aano.nHeHHoft eH.nHKare.neM MapKH KCK-2 

e aepHeHHeM 60 p. 

ITepen onbiTOM e ue.nb!O yna.neHHSI opraHHqeeKHX H HeopraHHqeeKHX npHMe

eeft e eH.IIHKare.nSI OH o6pa6aTbiB8.1ICSI B yKa3aHHOi!: llOC.1I9JlOBaTe.1IbHOCTH KOH

U9HTpHpOBaHHOit eOJISIHOi!: KHCJIOTOi!:, ilHCTH.1I.1IHpOBaHHOi!: BOJlOi!:, 9TH.1IOBhlM aifJH

poM, enHpTOM, BOJlOft H paCTBOpaMH HHTpaTa aMMOHHSI B npene.nax KOHU9HTp.a

UHH 0,05 - 0,2M, ll0JliU9.1IOqeHHbiMH 8MMH8KOM llO. pH= 10, C TIOMOIUb!O KOTOpbiX 

npoBO.QH.noeb Jl8.1IbH9Jilllee p83Jl9.1I9HHe CyMMbi KaTHOHOBo 

22 86 184 212 228 
CMeCb K8THOHOB Na , Rb , Cs, ' Fr H8HOCH.naeb B Hec-

K0.1IbKHX K8ll.1ISIX 9.1I!09HTa Ha aapaHee llOJlrOTOB.1I9HHY!O KOJIOHKy, noe.ne qero 

npoHaaonu.nocb paane.neaue. CKopocTb npoxo*neHHSI a.n10eHTa cocTaB.nSina 

0,1 MJIIMHHo 

C U9.1Ib!O BbiSieHeHHSI B.1IHSJHHSI KOHU9HTpauHH HHTpaTa aMMOHHSI Ha paane

.1I9HHe me.noqHbiX aneMeHTOB . 6biJIH onpene.neHbi Koa$$HuHeHTbi pacnpene.neHHSI 

9THX a.neMeHTOB Ha CHJIHKare.ne B CTaTHCTHqeCKHX YCJIOBHSIX B 38BHCHMOCTH 

OT pH paCTBOpa npH llOCTOSIHHOi!: KOHU9HTpaUHH HHTpaTa 8MMOHHSI 0 a TaK)!{8 

B 38BHCHMOCTH OT KOHU9HTpaUHH HHTpaTa aMMOHHSI npH nOCTOSIHHOM 3HaqeHHH 

p H paeTBopa. OnbiTbi a cTaTHCTHqeeKHX yc.noBHSIX npoaonH.nHcb c.neny!OIUHM 

06paaoM: 6 MJI 830TOHOKHC.1IOro paCTBOpa, COJl9p)!{aiUero OJlHH H3 MHKpOKc;>M-

llOH8HTOB ( HaTpHft, py6HJlHi!:0 U83Hi!:), KOl:!TaKTHpOB8.1IHCb C 0,1 r CHJIHKare.nSI 

B TeqeHHe JlBYX qaCOBo n.nSI pacqeTa KOs$$HUH9HTOB pacnpene.neHHSI B eTaTH

qeeKHX ye.nOBHSIX npHM9HSI.naCb iflopMy.na/9/: 
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HMTI 
-aKTHBHOeTb 9.1I9M9HT8 ( -----) 7cop6HpOB8HOrO Ha CHJIHKare.ne, .M -

MHH 
HMn 

8KTHBHOCTb ( ----) HCXOJlHOrO paeTBOpa, V ~6'beM paCTBOpa ( •M.n") 0 
MHH 

o6maSI 

m - aaaeeKa cu.nHKare.nSI ( "r"). 

Bee onbiTbi Bhln0.1IHSI.1IHCb e HH.QHKaTopHbiMH KO.nHqecTBaMH 
32 

N a 
8 8 

R b 

184 212,228 /10/ Cs H Fr , noe.neJlHHft no.nyqa,ncSI B peay.nbTaTe pacmen.neHHSI 

TOpHH npOTOH8MH C SHeprHei!: 660 Mas Ha CHHXPOUHKJIOTpOHe na6opaTopHH 

SIJlepHbiX npo6.neM 011.SB1 no peaKUHH 

282 212 228 

90 Th [p,4p,l7n(6nl] Fr ,( Fr l. 
8 7 87 

B 
212,2ll8 . 

e,nyqae 9.1I!OHpOBSHHSI Fr e KOJIOHKH paCTBOp BbiKSTibiBSJICSI HS Ta6-

.1I9TKH 113 nayaKe 50 X 12, npHrOTOB.1I9HHbl9 M9TOJlOM npeceOB8HHSI CMOJibl C paeT

BOpOM llOJIHeTepo.na B TO.nyo.ne, npH 9TOM iflpaHUHi!: SJlCOp6HpOBSJlCSI Ha noBep

XHOCTH Ta6.neTKH , $H.1IbTp8T )1{8 npOXO.QHJI qepe3 aee. TaKOI MeTOJl 

npHrOTOBJI8HHSI HCTOqHHKOB iflpaHUHSI 6bi.1I oqeHb yno6eH npH H3MepeHHH a-

- {3- aKTHBHOCTeJ:I:. HaMepeaHe f3 -y -aKTHBHOCTeii TaKIIX KaTHOHOB, KaK 

22 86 184, 228 . Na, Rb, Fr npoaoaHnocb c noMOIUb!O Topuoaoro ctJeTqHKa MCT-17. 
1 

212 a -aKTHBHOeTb Fr 113M9pSIJ18Cb HS CUHHTHJlJlSIUIIOHHOM cqeTqHKe e $oTO-

yMHO>KHT9.1I9Mo 

Pe:3ynbTBTbi H o6cy)f(aenHe 

Ancop6UHSI s.neMeHTOB nepBoil rpynnhl HS CHJIHKare.ne B CH.1IbHOil CTeneKH 

3SBHCHT OT KOHU8HTpSUHH SJI!08HT8 H OT KOHU8HTp8UHH BOJlOpOJlHhlX HOHOB B 

pacTBope. 

Ha puc.l,2,3 Hao6pa*eaa aaaHeHMoeTb Kos$$uuueHTOB pacnpene.neHHH N a, 

Rb , Cs OT KOHU8HTpaUHH BOJlOPOilHbiX HOHOB npH TIOCTOSIHHbl;lt KOHU9HTpa

UHSIX O,OIM, 0,05 M, O,lM HHTpaTa aMMOHHSI. B 0,02M paCTBope HHTpaT 

8MMOHHSI HS6.1I!Oil89TCSI pOeT KOs$ifJHUH8HTOB paenpeae.neHHSI llJISI 9THX 9.1I8M9HTOB 

aaqHHSSI C pH =8, .tlOCTHrS!Oli!Hil MSKCHMSJlbHOrO 3HaqeHHSI npll pH= 10, a aa-
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TeM yMeHblllaiOmHltCH c soapacTaHHeM pH pacTBopa. TaKaS! *e aaBHCHMOCTb 

Ha6moJlaeTCSI llpH KOHUeHTpaUHH 0,05M HHTpaTa 8MMOHHSI { CM. pHc.2) • C yBe

IIH'IeHHeM KOHUeHTpaUHH HHTpaTa 8MMOHHSI JlO 0, 1M xapaKTep 3aBHCHMOCTH 

KOaQJ<IJHUHeHTOB pacrrpeJl~lleHHSI OT pH paCTBOpa llpH06peTaeT BHJl o6bi'IHbiX 

a)lcop6UHOHHbiX KpHBb!Xo EcnH COIIOCT8BHTb Me)I{Jly C06oft KpHBbie, llpHBeJleH

Hbie H8 pHC. 1,2,3, TO BHJlHO, 'ITO 3H8'1e.!IHSI Kos4J!fJHUHeHTOB pacnpeJleneHHSI 

Na , Rb , Cs yMeHblll8IO:CSI C ysenH'I9HH9M KOHUeHTpaUHH HHTpaTa 8MMOHHSio 

J1aMeHeHHe XOJl8 KpHBbiX, 110 BCelt BepOSITHOCTH, MO)I{HO 06'bSJCHHTb, C OJlHOft 

CTOpOHbi, 8JlCOp6uuelt HOHOB ()H- Ha CHIIHKarene, C Jlpyrolt - 'laCTH'IHbiM 

pacTsop~H-rReM ero npH BhiCOKHx aaa'lleRHsrx pH pacTsopa/11/. 

Ha puc.4 npeJlcTasneaa aaBHCHMOCTh Kos¢!fJuuueaToB pacrrpeJleneRHH Na, 

Rb Cs OT KOHU9HTpaUHH HHTpaTa aMMOHHSJ llpH IIOCTOSIHHOM 3Ha'I9HHH 

pH = 10 pacTsopa. BHJlHO, 'ITO c pocTOM KoaueHTpauHH aaoTHOKHcnoro aM

MOHHH .110 1M Kos!fl!fJHUHeHTbl pacrrpe)leneHHSJ menO'IHbiX sneMeHTOB yMeHhllla

IOTCSJ IIHHeltHOo ITpH JlanbH9ltllleM ysenH'I9HHH KOHUeHTpaUHH HHTpaTa aMMOHHSJ 

Kos!fl!fJHUHeHTbl npaKTH'I9CKH He H3M9HSJIOTCSI H OCTaiOTCSJ IIOCTOSIHHbiMH JliiSI 

scex sneMeHTOB. 

Kos!fl¢uuueHTbi pacnpeJleneHHSJ JliiH sTHx· MeTannos { puc.l,2,3,4) 

ysenH'IHBaiOTCSJ B pSIJle N a< R b < C s cor nacHo c aaKoHoMepHbiM yMeHhllleHHeM 

HX I'Hilp8THpOB8HHbiX HOHHblX paJlHYCOB, 'ITO yKa3biBaeT H8 HOH006M9HHbl9 

CBOHCTBii CRIIHKarensr B IIl9IIO'IHOlt cpe)le. AH81IOI'H'IHbl9 BbiBOJlbl cnellyiOT H3 

KpHBblX 91IIOHpOB8HHSJ, H306p8)1{9HHbiX H8 pHc.5 H 6. 

B pe3yiibTaTe COIIOCT8BII9HHSJ· nony'leHHbiX Jl8HHbiX,rrpeJlCT8BII9HHblX H8 pHc.l, 

2,3,4, 6binH IIOJl06paHbl OIITHM81IbHbl9 KOHU9HTp8UHH 911109HTOB {0,05M - 0,2M 

IIpH pH =10) lliiSJ p83Jl9119HHSJ H8TpHS1 1 py6HilHSJ 1 U93HSJ, !flpaHUHSJ B llHH8MH'I9C-

KHX yCIIOBHSIX, 

Ha puc.5 npuseneHbi KpHBbie paaneneHHH cMecH KaTHOHOB 0,05M pacT

BopoM 830THOKHCIIOI'O aMMOHHSJ IlpH CB060JlHOM o6'heMe pa6oqelt KOIIOHKH lle

CSJTb K81191Ib. ITo IIOIIO)I{9HHIO IIHKOB p831l9IISJ9Mb!X 9119M9HTOB H8 STOM pHCyH-

Ke MO>KHO Bbi'IHCIIHTb Kos!fl!fJHUH9HT p83JleneHHSJ 1 KOTOpb!H paBeH 1,8. ITpH pa3-

lleneHHH CyMMbl K8THOHOB1 COil9p)I{81IlHX !flpaHUHlt, IlpHM9HSJIICSJ 0, 2M paCTBOp 

NH' NO 3 C uenbiO COKp81Il9HHSJ Bp9M9HH SIIIOHpOBll.HHSJ ¢paHUHSJ, T8K K8K 

212 228 
rrepHOilbi rronypacnana • F r paBHbl 19 H 23 MHHyTaM COOTB9TCTB9HHOo 
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B aToM cny'lae KO~HuHeHT paaJleneHHSJ py6HilHH - ueausr pasea 1,7, a ue

ausr - !flpaHUHSJ 1,4. 

CpaBH9HHe pHC.5 H 6 IIOK83hlB8eT, 'ITO 91IIOHpOB8HHe K8THOHOB C KOIIOH

KH B cnyqae, H306p8)1{9HHOM Ha pHc.6, 11pOHCXOJlHT IIO'ITH B llB8 paaa 6b!CT

pee. 3To oco6eaao Ba)I{HO nnsr rrocneJlyiOmelt pa6oTbi c !flpaHuHeM, xoTsr rroBbi

llleHH8SI KOHU9HTp8UHSJ HHTpaTa 8MMOHHSI BIIHSJeT Ha KOs!fl!fJHUH9HTbl p831l9119HHSI 

STHX sneMeHTOBo ITo BCel!: BepOHTHOCTH, IIOB9Jl9HHe menO'IH0-39Me·nbHblX sne

M9HTOB H8 CHnlt:Karene 6y)leT 8H81IOI'H'IHO IIOB91l9HHIO menO'IHbiX 9119M9HTOB
0 

BbiBOabi 

2:1 
1. ITpoHaBeJleHo paaJleneaue KaTHOHOB N a , 

86 
Rb IUC 212,1111L 

, s , "I•·r 

Ha cHnHKarene MapKH KCK-2. 

2. OnpeneneHbi Kos¢!fluuueHTbi pacnpeneneausr Na, Rb, Cs B38BHCH-

MOCTH OT KOHU9HTp8UHH HHTpaTa 8MMOHHSJ H KOHU9HTp8UHH BOilOPOJlHblX HOHOBo 

3. Cnoco6HoCTb KaTHOHOB ynep>KHBaTbcsr aa cunHKarene ysenH'IHBaeTcsr 

B pSIIl9 N a < R b < C s <F r, 'ITO xapaKTepHO lliiSJ 06bi'IHOI'O HOHHOI'O o6MeHa. 

4. XpoMaTorpa¢uqecKoe paaneneaue Ha CHnHKarene MO>KHO ucnonhaosaTb, 

JliiSJ rronyqeHHSJ KOHUeH:rpHpOB8HHbiX paCTBOpOB 1Il9110'1Hb!X MeTannoB 6e3 HOCH

TenSI B ae6onblllHX o6'beMax. 

5. Paapa6oTaHHbilt MeToJl paaneneHHH meno'IHbiX sneMeHTOB HBnsreTCSI 

6onee SKCIIpeCCHbiM H Yll06HbiM 110 Cp8BH9HHIO C JlpyrHMH M9TOil8.MH. 

B aaKniO'IeHHe nonbayeMcsr soaMO)I{HOCThiO no6naroJlapHTb 11.3sapy, 

K.A.faBpHIIOB8 38 llHCKyCCHIO IIpH 06Cy)I{Jl9HHH pa60Tbi. 3a IIOMOIIlb B npoae

ll9HHH 9KCIIepHM9HT8 Mbl 6narOJl8pHbl T. IT.KapayllleBolt. 
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PyKonac& nocTynana B aanaTen&eKHA oTnen 
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Puc.5. KpHBSH 9Jl10HpOB8HH!I N a. R b. c. H3 KOllOHKH, HanonHeHHOA CHllHKareneM 

KCK-2 npu noMOWH 0,05M HHTpaTa aMMOHHII. 
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Puc.6. KpHBBH smoupoBBHHH Na, Rb,Cs uFr ua KonoaKH, aanonaeaaoll cHnHKa

reneM KCK-2 npa noMomu 0,2M HHTpaTa aMMOHRH. 

lJO KGMU. 


