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BBE/JIEHHE

C OTKpeITHEM H  MNPAKTHYECKUM  HMCIOJb30BAaHUEM  SIBICHUS
PAAMOAKTUBHOCTH HapsiAy C slepHON (DU3MKOM MOsSBHUIIACh HOBasi OTPACIb
XUMUU — paguoxuMus. TepMuH «paguoxumus» Obu1 BBeneH A. KamepoHom
(81910r.) u @. Comau (B 1911 r.) u ObICTPO 3aBOEBAJ MOMYJISAPHOCT. 110 HX
omnpenencHuio «Pagnoxumus — 3TO pasnen HayKd, U3YJaroluuid TpUpoOAy U
CBOMCTBA PaJIMOAKTHBHBIX AJIEMEHTOB U MPOIYKTOB UX PACIIajiay.

H3BectHO MHOTO (QopmynupoBok, Hampumep, 1o HW.E. Crapuky
«Pamnoxumusi — 3T0 00JIACTH XUMHUHU, B KOTOPON HM3y4aIOTCS XMUMHYCCKHUE U
(U3UKO-XMMHYECKHE CBOWCTBA PAIMOAKTHUBHBIX HM30TONOB». [IpmHITH-
MUATBHOE OTIUYHE XUMHUHU M PATUOXUMHUHU COCTOHUT B TOM, UTO TEpPBasi U3yJaeT
CBOWCTBA TeN TP W3MEHCHUM WYHCIA, COACPKAHUS U COOTHOIICHUHN
AJIIEMEHTOB (aTOMOB), @ BTOpasi — KPOME TOTO U MIPEXK/IE BCETO — MO/ BIMSIHUEM
MU3MCHEHHUsI COCTaB s/pa, KOrJa BO3HHMKAIOT HOBBIC AJIEMEHTHI (HM30TOIIBI),
HOBBIE TIEPEXO/IbI TJAHHOTO U30TOMA PJIEMEHTa B APYTOi SJIEMEHT U T.JI.

[{enpro 9TO# HOBOM OTpaC/Ii XUMHUU ABJISIETCS] U3YYEHHE XUMUUYECKHUX U
(GU3UKO-XMMUYECKUX  CBOMCTB  PaJMOAaKTHBHBIX  djeMeHTOB  (PAD)
(pamuoaktuBHBIX u30TONMOB (PAW)), MeTOIOB WX BBIJEICHUS, KOHIICHTPU-
pOBaHUSA M OYMUCTKH. JIJISI paTiMOXMMHUU XapaKTEPHO HCCIIEIOBAHUE CBOMCTB
PaIMOAKTUBHBIX U30TOIOB C TIOMOIIIBIO UX SACPHBIX H3TYUCHUH.

Brinenenne  paaMoXMMUM  KaK  CaMOCTOSATEIBHON  TUCITUTIIMHBI
BBI3BAHO, MIPEXKJIEC BCETO, TEM, UYTO PATUOICMEHTHl UMEIOT OTPaHHMYCHHOE U
4acTO BeChMa KOPOTKOE BPEMsI CYIIECTBOBAHHUS M MOITOMY HEPEIKO MOTYT
OBITH TIOTYYEHBI TOIBKO B OYEHb MaibIX KOMMdecTBax (mopsiaka 10 —10r,
a UWHOIJAa MPOCTO HECKOJbKO aTtoMoB). HeoOxomumocth paboTaTh ¢
HUYTOXKHO MAaJIbIMA KOHIIGHTPAIlMSAMH BEIIECTBA 3aCTABJISIET YYHUTHIBATH
TaKhe€ HECYIIECTBEHHBIC [JI1 BECOBBIX KOHIIEHTPAIMA SBJICHHS, Kak
azIcopOIMsi, HEBO3MOXKHOCTh 00pa30BaHMS BEIIECTBOM COOCTBEHHOM (hasbl U
T.1. [loaToMy OYeHb MHOTHE OSKCHEPUMEHTAIbHBIE METOMABI, IIUPOKO
UCIIOJIb3yeMble TMpU pabdoTe C BECOBBIMU KOJMYECTBAMHU BEIIECTBA,
OKa3bIBAJIUCh HEMPUTOJHBIMUA JIJII  KOPOTKOXKMBYIIUX PaJIUOAKTHBHBIX
AJIEMEHTOB U MOTpebdoBagach pa3padoTKa CHeUaIbHBIX TPUEMOB.

Hpyroit 0COOCHHOCTHIO PATUOXUMUU SBJISIETCS TO OOCTOATEIBCTBO, UTO
pa3iuyYHbIe PAJMOM30TONBI OJHOTO W TOTO JKE€ DJIEMEHTAa, XapaKTepH-
3YIOIIHAECS OAHUMH M TEMH XK€ XMMHYCCKUMH CBOMCTBAMH, Pa3IUYAFOTCS
PAIMOXUMUYECKH, TIOCKOJIBKY Ka)XIOMY HM30TOITy MPHUCYI CBOW BHJ PagHo-
akTUBHOTO TmpeBpamnicHus. CrenuduUecKuMu TaKXKe SIBISIOTCS CIOCOOBI
MOJTyYEHUS] TOTO WJIM WHOTO M30TOMNA, TTOCKOIBKY OHU CHJIBHO 3aBHUCST OT €ro
MPOUCXOXKJICHUS W PATUOAKTUBHBIX CBOMCTB. Kpome Toro, mpuxomutcs



YUHUTBIBATh, YTO PAJUOAKTUBHOE BELIECTBO, pacCMajasch, HEMPEPHIBHO
TEHEPUPYET aTOMbl JIOYEPHErO0 D3JIEMEHTa, a €CJIM IMOCIHEIHUA TOXKe
PaAMOAKTUBEH, TO BOSHUKAET 1[€Jasi TaMMa HOBBIX BEIIECTB.

XapakTepHOl OCOOEHHOCTHIO PATUOXUMUM SIBISIETCA BO3MOKHOCTh
OOHapy)KEHHMsSI W M3YyYEHHsS CBOWCTB pPaJMOAKTHUBHBIX H30TOIOB IO HUX
SICPHBIM HM3JIYYCHUSM. BbICOKasi UYyBCTBHTEIBHOCTh M CICIH(PUIHOCTH
PaAMOMETPUYECKUX  METOJIOB  IO3BOJSIOT  MPOBOAUTH C  MOMOIIBIO
PAAMOAKTUBHBIX 3JEMEHTOB HEKOTOPBIE HCCIENOBAHUS, HEBBIIIOJIHUMbIC
KJIACCUYECKUMH METOJaMU HEOPraHMYEeCKON XUMUHU.

B 1896 r. Aupu bekkepesnem Obula OTKphITa PaIuOaKTUBHOCTH ypaHa.
B 1898 r. cynpyru Ilsep u Mapus Kropu OTKpbUIM paguOaKTUBHBIC
AJEMEHTBl — TMOJOHMM W paguid. C Tex NOop pa3BUTHE 3HAHUN O
PAaAMOAKTUBHOCTH W PAJAMOAKTHBHBIX 3JEMEHTaX MPUBEIO K CO3JaHUIO
HOBBIX 00OJ1acTell (PU3UKU U XUMUU — SIIEPHON (PU3UKHU U paJUOXUMHH.

bonee mnoO3nHee omnpeAeleHUEe paJUOXMMHUHM, OTBEYAIOUIEE COBpE-
MEHHOMY €€ COCTOSIHHIO, 3BYYUT CIIEIYIOIIUM 00pa3oM: paouoxumus —
obracmv Xumuu, u3yyaOWaAs XuMuilo paouOAKMUEHBLIX UZOMONOSE,
97IeMeHmo8 U Gewecms, ux QuU3UKo-Xumudeckue Ceoucmed, Xumuio
SA0EepHbIX NPe8paujeHutl U CONYmCcmeyowux UM @QU3UKO-XUMUYECKUX
npoyeccos.

PainoxuMuio MOKHO YCIIOBHO pa3[IeNuTh Ha 3 pa3aena:
1) oOmas paaruoXuMus,
2) XUMUS paJHOaKTHBHBIX JJIEMEHTOB,
3) npuknaaHas pagHoOXUMUSL.

Obwas paouoxumus wu3ydaeT (HU3NKO-XUMHUYECCKHE 3aKOHOMEPHOCTHU
MOBEJICHUS M CBOMCTBAa paJMOAKTHBHBIX BEIICCTB MPU BEeChbMa MaJbIX (Tak
HA3BIBAEMBIX PATUOXUMHUYCCKHIX ) KOHIICHTPAIHIX.

B camMom Hauaje MCTOpHH PaJHOXMMHU OBLJIO HEU3BECTHO O BIIMSHUU
pPaJMOaKTUBHOCTH Ha XUMHYECKHE CBOWCTBA BEIICCTB, OCOOCHHO MPU HX
HUYTOXKHO MaJIbIX KOHIICHTPAIHSX.

DTOT pas3iea H3ydaeT COCTOSHUE PaJUOAKTUBHBIX HW30TOIOB B
yIbTPaMaJIbIX KOHUEHTpAlMsAX B pacTBOpax, ra3oBod M TBepAod ¢azax, a
TaK)KE W3ydaeT paclpeieiicHue PaTuOaKTHBHBIX M30TOIMOB MEXKIY pa3iind-
HbIMH (a3aMU B TPOIECCaX COOCAKICHWMS, aJCOPOITMU, HOHHOTO W M30TOII-
HOTO 0OMEHa, SKCTPAKITUH, IJICKTPOXUMHUSCKUX TPEBPAIICHUSX.

Xumusi paouoaxmuenvix 9S1eMeHmos — OTOT pasfell PaIHOXHMHH
paccMarpuBaeT (HU3MKO-XMMHYECKHE CBOWCTBA €CTECTBEHHBIX W HCKYC-
CTBEHHBIX PaJMOAKTUBHBIX 3JIEMEHTOB W WX coenuHeHud. Kpome sroro,
3/IeCh PAacCMATPHUBAIOTCS BOIPOCHI BBIICICHUS M CBOWCTBA IPOIYKTOB
Pa3IMYHBIX AACPHBIX IPEBPAIICHHH.



K mnpuknaonou paouoxumuu OTHOCAT IOJYYEHUE ECTECTBEHHBIX H
HCKYCCTBEHHBIX PAJMOAKTUBHBIX 3JIEMEHTOB, U30TONOB U UX COCAUHEHUM, a
TaKXe BOMPOCHI UX TPUMEHEHMUS.

Takum 00pa3om, 3TOT paszies paIuOXUMHUHU PACCMATPUBAET BOIIPOCHI
obecrieyeHusl AIEPHBIM TOTUIMBOM U ITPOU3BOJICTBA PAIUOMU30TOIOB, IIIMPOKO
MIPUMEHSIEMBIX B IPOMBIIIJIEHHOCTH, MEJIUIIMHE U B HAayKeE.



1. UCTOPUA PAIANOXVMHNN

B oOmem cimydae UCTOpUS paJUOXHMHHM MOXET OBbITh pa3/ejieHa Ha
YeThIpE FTarna.

Ilepswiii nepuoo (1898-1911 2.2.)

Havano paguoxumuu ObUIO MOJIOKEHO OTKpHITHEM A. bekkepeinem B
deBpane 1896 roma sBmenus pamuoaktuBHOCcTH. B mrome 1898 r. Ilsep m
Mapus Kropu oTKpbUTH TOJIOHUHM, @ B nekadbpe 1898 r. — paauil. 910 ObuIU
MEPBBIC DJIEMEHTHI, OTKPBITHIE COOCAKIEHUEM U3 OECKOHEUHO pa30aBICHHBIX
pactBopoB. B 1898 r. Opima oOHapykeHa pPaguOaKTHBHOCTb TOPHS
(M. Kwopu, I'. Hmuar). B 1899 r. A. JleObepH, corpyanuk M. Kiopu,
otkpbL1 aktuHui. B 1900 1. 3. JIopH OTKpBUT paJMOaKTUBHBIN Ta3000pa3HbII
AJIEMEHT PaJoH, B 3TOM ke roxy O.Pesepdopn u P.OysHC OTKpbLIH
«OMaHaIIo» Topus (BBIICICHUE PaJHOaKTHBHOIO Ta3a pajoHa U3 Topus). B
1902 r. 3. Pezepdopaom u @. Conau npeioxeHa Teopus paauoakTHBHOTO
pacnaga atomoB. B 1905 r. moka3zaH CTaTUCTMYECKUM XapakTep pacmnana
atroMoB. Jlanee B 1906 r. OTKpbITa PagWOAKTUBHOCTH KaJIWsl W CBUHIA
(Kemnbemur). B 1907 r. BmepBbie ObUIM NPUMEHEHBI PATUOAKTUBHBIE
WHJIUKATOPBl IS W3YYEHHS PaJUOAKTUBHOCTH MaJOPaCTBOPUMBIX COEIH-
Henuit Topus (B. Cnuipin). B 1908 r. A. BacuibeB noaydust ruipathl cojei
ypaHuia # uW3ydywn wux (Qusuko-xumuyeckue cpoiictea. B 1910T.
H./. 3enuHckuii MpoBen MEpBbIE ONBITHI MO paguoxumuu. llepBbril 3tan
XapaKTepu3yeTcsi BO3HUKHOBEHHMEM W CTAHOBJIEHHUEM PAJUOXHMHUHU KakK
HAyKH, OTKPBITUEM COOCTBEHHBIX OOBEKTOB HM3YYCHHS — €CTECTBEHHBIX
PaaMOAKTUBHBIX 3JIEMEHTOB M PaJUOaKTHBHBIX HU30TONOB. B 3TOT mepuon
Ob1710 OTKPHITO 40 €CTECTBEHHBIX PAJIMOAKTHUBHBIX M30TOMOB M TOJYyYEHO S
HOBBIX paJMOaKTHBHBIX 1eMeHTOB (PO, Ra, Rn, Ac).

Bmopoii nepuoo (1911-1925 2.2.)

B »TO Bpemsi yCUJIEHHO HM3y4aroTcsi OOIIME 3aKOHOMEPHOCTU PaJHO-
xumun. B 1912 r. 6ynymuit HoGenesckuit Jlaypear pagnoxumuk @. Cogau
BBea nousTre nzorornun. B 1912 ®. [Tarer co3man MeTOI MEYEHBIX aTOMOB.
®. Conmu n K. @asguc B 1913 r. He3aBUCMMO Apyr OT apyra chopmyiu-
pOBaJI MpaBWIIO cABUTA (CMEIICHUS), ObLIH MPOBEACHBI MEPBHIC OIMBITHI IO
coocaxaeHuto u aacopomuu. B 1917 1. O.Tanom u JI. MeiiTHEp OTKPBIT
npotakTuHU. OOHApY>KEHO KOJUIOMJIHOE COCTOSHUE HEKOTOPBIX PaJHo-
aKTUBHBIX HM30TOMOB. B o00mem ciydae BTOpO#Ml 3Tam XapakTEepHU3yeTCs
YCUJIEHHBIM  HM3yYEHUEM I[IOBEICHUS HHUYTOXHO MAJbIX  KOJIMYECTB
PAIMOAKTUBHBIX  DJIEMEHTOB  TPU  PaA3IUYHBIX  (PU3UKO-XUMHYECKUX
Ipoueccax.



Tpemuii nepuoo (1925-1934 2.2.)

OTOT TMepuoJ XapakTepusyercs NEPEeXoJOM OT KayeCTBEHHOI'O
U3Y4YEHUs TMOBEJAECHUS PAJAMOAKTHUBHBIX 3JEMEHTOB K YCTAaHOBJICHHIO
KOJIMYECTBEHHBIX 3aKOHOMEpHOcTed. Hawamo storo mepmopa cCBs3aHO C
pabotamu B.I'. XimonmHa M0 TEOpHH COKPUCTAILIU3AMNK PAJTUOIIEMEHTOB C
KPUCTAJUIMYECKUMU OCaJKaMH, a Takxke ¢ paboramu O. ['aHa 1o ocaxaeHUIo
Y YMaHUPOBAHHUIO.

Yemeepmuiii nepuoo (c 1934 2. no nacmosuee epemsi)

Ero nauamom moxkHo cumtath 1932 r. (korma k. UeaBHUK OTKpBLI
HelTpoH) win ¢ 1934 r., xoraa cynpyru @punepuk u Upen Komamo-Kropu
OTKpPBLIN SIBJICHHE MCKYCCTBEHHOHN paanoakTuBHOCTH. K 1935 r. nmosBunuce
YCKOPUTENN 3apsDKEHHBIX YacTull (LMKIOTPOHBI, OETaTpOHbI), KOTOpHIE
MO3BOJIWJIM TOJYYUTh H30TONBI MHOTHX 3JIEMEHTOB CEpPEAUHBI IEPUOIH-
yecko cuctemsl. Tak, O. ®epmu B Utanuu u psa Apyrux uccienoBaTelen
32 KOPOTKUH MEpUOJ CUHTE3UPOBAIU HECKOJIBKO JECSATKOB PaJUOAKTUBHBIX
HM30TOIIOB, B TOM YHCIIE 431¢C, g7F I, gsAL.

B 1939r. O.Tan u . llltpacMaHn OTKPBUIN SIBJICHHUE JEICHUS
msoxensix saep (U) mog meiictuem Heitrporos. B 1940 r. KA. Ieprxak u
["'H. ®nepoB OTKPBHIBAIOT SIBICHHE CHOHMAHHO20 (CAMONpou3soibHO20,
Yennoeo) JNeNEHUs sIep ypaHa ¢ 00pa30BaHUEM HEHTPOHOB. DTO OTKPHITHE
Obul0 caenaHo mnoj  pykoBoactBoM M.B. KypuaroBa B moa3zeMHbIX
BbIPa0OTKax CTaHIMKU MeTpo «JuHamoy» (rimy6uHa okoiio 70-Tu METPOB) ISt
3aI0ATBl  OT KOCMHYECKOTO, B TOM YHCJIE HEHUTPOHHOIO H3IIyYEHHUS.
NuTepecHo oTtMmeTuTh, 4TO HayuyHbld pykoBomutenb — W.B. KypuaroB —
OTKa3aJICd OT COABTOPCTBA 3TOTO OTKPBITHs. [IpHHIMNHMAIBHOE OTINYUE
aBineHus oTkpbiTua K. Ilerpxaka u I'.dnepoBa 3akiroyaercss B TOM, 4YTO
peKLMs IeTICHUs Aep ypaHa MPOUCXOJUT CaMOMPOU3BOJIBHO (CIIOHTAHHO) U
0€3 BHEILIHEr0 HCTOYHHKA HEHTPOHOB.

B 1940r. B oOnyyeHHOM HeWTpoHaMu ypaHe O.MakMWwiIiaH H
Aii6ncon obHapyxmw Np”®, a T'. Cubopr u ap. — Pu®®, Pu™®. B 1944 r.
I'. Cuboprom ¢ coTp. MOTydeHBI gsAM, o6CM>*,

B 1940 roay I'. Cubopr, 2. Mak-Mumnnan, J[x. Kennenu u A. Youn
noyywin  u3zoron  3neMeHta  Ne94 ¢ maccoBeiM  umcioM 238
OoMOapaMPOBKOI ypaHa B IIMKJIOTPOHE IEHTPOHAMH:

238

92U+21H _)2(:)Ln+238 B 5 91cyr ;238 O 92 roma

93I\IIO ? 94

> (L)

B nepBbIxX onbITax MmiIyToOHUI-238 BeIACHSIN METOA0M HocuTenei. [1pu
ATOM OBLJIO YCTAHOBJIEHO €r0 XUMHUYECKOE CXOJICTBO C YPAHOM M HENTYHHUEM.
3aTeM XMMHUIO TUIYTOHUA-238 CTanu U3y4arb MUKPOXUMHUYECKUMH METOJaMH
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Ha MHUKPOTrpaMMOBBIX KOJHMYECTBAX, IMOJIYYEHHBIX Ha LUKIOTpOHE. JIuiib
nocse padoT ¢ IIyTOHUEM-238 yAalloCh YCTaHOBUTD, UTO paclaj HENTYHUs-
239 nelcTBUTENBHO MPHUBOIUT K OOpPA30BAaHUIO JOJTOXKHUBYIIETO H30TOIA
Ty ToHUsI-239.

Bce 3TH OTKpBITHS MO3BOJIMIIM CO3/1aTh U 3allyCTUTh NEPBBIE SECPHBIC
peaktopbl Ha mnpupogHoM ypane B CIIA u B CCCP gns nHapa®bOTKu
opyXenHoro mryToHus-239.

Takum o6pazom, B 30-x romax XX Beka ObUIM CJeJaHbl Ba)KHbIC
OTKPBITHS, CBS3aHHBIC C IIOJYYCHUEM HCKYCCTBEHHBIX pPaJIMOAKTHBHBIX
WU30TOTIOB W HOBBIX PAJHOAKTHBHBIX 3JIEMEHTOB. B 3THX OTKPBITHAX
pEIIaloNIy0 POJIb CHITPA METOABl PAaTUOXMMHH — METOJbI HOCHTEIICH,
xpomaTtorpaduu ¥ yJIbTPaMUKPOXUMHH.

L]ennoti npoyecc oenenus s0ep ypara

K nauvamy 1940-x romoB (pu3MKK yCTaHOBWUIIH, YTO AApa ypaHa-235 u
ILUTYyTOHUS-239 nenarcs Ha JBa OCKOJIKA U UCIYCKAalT ene 2—3 HEUTpOHa,
KOTOpbIE MOTYT OBITh 3aXBauy€Hbl JAPYTHUMHU SApaMHu ypaHa-235 wiu
wiytonns-239. llocnennue mnpu AENEHUU TakkKEe HCIOYCKaloT 1o 2-3
HEUTPOHA, T.€. B IPUHLMIIE MOKHO OCYIIECTBUTH LEMHON MPOLECC NCICHUS
anep. BnepBele 0 BO3MOXXHOCTH LIEITHOTO IpoLEcca ACICHHs sAIep ypaHa
3asBiiid B 1940 rogy coBerckue yuenble f.b.3enpnoBuu u FO.b. Xaputon,
BnocineacTeuu cuapimme akagemukamu AH CCCP. Pacuernsl mokaszaiu, 4To
IUI pealii3aliy LEMHOro Mpolecca AeIeHUsI HE00X0AUMO UMETh JeTAIIUnics
Marepuan BbICOKOM U30TONMHOW U XMMHYECKOW YMCTOTHI, IPUYEM MaCCA €ro
JOJKHA TPEBBIIATH ONPEAEICHHYIO BEJIMYMHY, Ha3bIBAEMYIO KPUTHUYECKOM
Maccou. B 3ToM ciydyae HEWTPOHBI, UCITYCKAaE€MbIC IEIAIIUMCS SAPOM, HE
MOTJIOIIAIOTCS SIIPaMU aTOMOB JIEMEHTAMHU-NIPUMECSIMU U UX JOCTATOYHO
JUTSL OCYILIECTBIIEHHS LIETTHOI'O MEXaHU3Ma IMpolecca AEJIEHUs TAKENbIX sAep
ypaHa (WM MIyTOHMS), IPU 3TOM YacTh HEMTPOHOB HE BBIXOAMT 32 MPEEIbl
Jensierocss Marepuana. Ecium uUX moTepss HE CIUIIKOM BeluKa U 0OoJiee
OJIHOTO HEHUTpPOHA WJET Ha JEJIEHHWE MOCIEAYIOIIMX S]Iep, TO HAaYMHAETCs
uenHoe  genenwe  (puc.l.1). Takue pacueTsl ObBUIM  IPOBEIEHBI
aMEpUKaHCKUMU  (U3UKaMU-SICPIIMKAMA W, HE3aBUCUMO OT  HHX,
YIOMSIHYTBIMU BBIIII€ COBETCKUMH YUEHBIMHU.

UToOBI TIEPEUTH OT PACcYETOB K MPAKTUKE, HYKHO OBLIO BBIICITUTH U3
M30TOMHOW CMECH ypaHa €ro HM30Tomn ypaH-235 Wik MOIYy4YUTh KUJIOTpaM-
MOBBIE KOJIMYECTBA H30TONA HOBOTO HMCKYCCTBEHHOI'O PaJMOAaKTUBHOTO
AJIeMEeHTa ITyTOHUA-239. J{ns nonydeHus miyToHus-239 HeoObxoauMo ObLI0
pa3paboTaTh CEHUATLHYIO PEAKTOPHYIO TEXHOJIOTHIO.
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Bropas MupoBas BoliHa npuBesa K SMUTpAlMKU U3 ['epManuu U Apyrux
EBpomneiickux rocy1apcTB MHOTMX 3HAMEHUTBHIX YUY€HbIX. A. DWHINTENH,
H. bop, 3. ®epmu, JI. Cuunnapa u apyrue oOOCHOBAINCH B AHIVIMM U B
CHIA. Tlmesma »TMX y4YeHBIX Hadanga pabOTHI MO peau3alHy Iporecca
JEJICHHS] TSDKEJIBIX AJIEp ypaHa Mo LEMHOMY MEXaHHU3MY.

bbuI0 yCTaHOBIIEHO, YTO NEJIEHUE SAep ypaHa-235 OCYIIECTBISIETCS C
00JIbIION BEPOSITHOCTHIO MEJJIEHHBIMHU (TEIUIOBBIMHM) HEUTpOHAMH. 3ame-
JIEHUE HEUTPOHOB MPOUCXOIUT Hambosiee d3PPEKTUBHO MPU CTOJIKHOBEHUU
UX C sIpaMH aTOMOB JIETKMX JJIEMEHTOB, TAKUX, KaK BOAOPOM, ACUTEpHH,

yIAEPOI U T.10.
: @ :
n @ @ n

n
n n ..
o)
DD O T hH &

Puc. 1.1. Cxema yennoco npoyecca oenenus s0ep

B 1942r. O. ®epMu € COTpyAHUMKAMH YJIAJIOCh OCYIIECTBUTH Ha
MpaKkTUKe LEenHyro peakuuto aenenus. [lox tpubynamu ctaguona B Yukaro
(CIIIA) 6bu1 MOCTpOEH MEPBBIA AAECPHBIA PEAKTOP, B KOTOPOM JENSIIMMCS
MaTepHaJIOM SBJISICA ypaH-235 — €CTeCTBEHHBIM M30TON ypaHa, a 3aMelJIv-
TEJIeM HEWTPOHOB CIYXKUJ TpaduT. B TakoMm peakTope MAyT MapauiebHO
JIBa MpoLecca: 3aMeUICHHbIE HEUTPOHBI 3aXBaThIBAKOTCA YpaHOM-235, sS1apo
KOTOPOTO JENUTCS Ha 2 «OCKOJKa» C BBIJIEJICHUEM HEHTPOHOB, a OBICTphIE
HEUTPOHBI PEArupyroT C ypaHOM-238, MpU ITOM MPOUCXOIUT OOpa3zoBaHUE
Ty TOHUS-239

~ . 24104
238U(n Y)239U B, 23 vim 230\ _ P i 23 eyt ,239p G 34107 ner

? 93 ? 94 .(1.2)

B simepHom peaktope 1mo Mepe ero paboThl pacxoaoBaiics ypaH-235 u
HaKarIMBaJICAd MITYyTOHUI-239. OnHaKO KOHUEHTpalHUs MOCIEAHEr0 B ypaHe
Obl1a OYeHBb MaJjia M Tepe]] YUCHBIMU BCTajla 3ajilada MOCTPOUKH PEaKTOPOB
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JUTSI HAaKOTJICHUSI B HUX JIOCTATOYHBIX KOJHMYECTB IUTYTOHUSA-239 W BhIfCIE-
HUA €ro U3 00Jy4eHHOI0 ypaHa. 3ajada cJIO>KHasi, HOTOMY 4TO HaJo ObUIO HE
MPOCTO BBIAEIUTH «HEBECOMBIE» KOJIMYECTBA IUTYTOHUA-239, a MOJIyYUTh €ro
KIJIOTPAaMMOBBIE KonudecTBa. J[is 3Toro HeoOXxomumMo ObLIO pa3paboTaTh
TEXHOJIOTHIO TIOJIyYeHHMs] M30TONA 3JIEMEHTa, XHMHYECKHE CBOMICTBa
KOTOPOTO €lIe HE ObUIM U3y4YEHBI.

Tonyuenue niymonus-239

AMEpUKaHCKHE YYEHBIE CTPEMIUIUCh KaK MOXHO OBICTpee MOJIYYHTh
JIOCTaTOYHbIC KOJWYECTBA ypaHa-235 u 1iyToHuMA-239, monaras, 4To 3TH
MaTepuayibl OyAyT HMMETh HEOOBIYAWHYIO0 B3pPBIBHYIO CHIIY, TaK Kak MpH
NEJIEHUN SIIEp BBIACIAETCS OrpoMHas sHeprusi — okosio 200 MaB Ha oaunH
akT aeneHus. HeoOxomumo ObLIO omepeauTbh BO3MOXKHOIO COINEPHHUKA —
YYEHBIX, OCTaBIIMXCS B (hamucTckoi I'epmanuu.

B CIIOA yyensiMu Obul M30paH cieAyromuil myTb. OHU MONXYYHIH
MUKpPOIPAMMOBBIE ~ KOJMYECTBA IUIYyTOHHS-238 0O0JlydeHHMEM ypaHa B
LHUKIOTPOHE IeUTpoHaMH. Pa3paboTka TEXHOIOTUH BBIJCICHHUS TIyTOHUS U3
ypaHa NpPOBOAWIACH C MPUMEHEHHEM YJIbTPAMUKPOXUMHUYECKOW METOAMKHU.
[lepexoa OT MUKpOTpaMMOB K KAJIOTpaMMaM, MIPOEKTUPOBAHKUE 3aBOJIOB U UX
CTPOUTEIBCTBO OCYLIECTBISUIM, HMCXOAS U3 pPe3yJbTaTOB YIBTPAMUKPO-
xumudeckux omnbIToB. B 1945 rony B CIIA Obulo MOTy4€HO JOCTATOYHOE
KOJIMYECTBO IUIYyTOHUA-239 u ypaHa-235 1ns co3AaHusi, WCOBITAHUS H
IPUMEHEHUS SAEPHOTO OPYKUS.

Kak BuaHO, B pa3pa0OTKe TEXHOJOTUHU MOJYUYEHHS SACPHOTO B3PHIB-
4aTOro MaTepuajla Ha 3TOM 3Tale pa3BUTUS PAAUOXUMHUU OCHOBHYIO POJIb
ChIlpajia yJIbTPAMUKPOXHMMHMS, HO CaMble NEPBbIE TEXHOJOTUYECKUE pa3pa-
00TKM OBUIM CBSI3aHBI C MPOLIECCAMH COOCAXKIECHHUS M COKpPUCTAJUIM3ALUU.
OpHako B MOCIEAYIOIIUX pa3pabOTKax riaBHAs POJb CTala MPUHAMJIEKATH
MPOLIECCaM 3KCTPAKIMU U HOHHOTO OOMEHa.

B 1950-60-x romax nHayunbimMu koyiektuBamu [. Cubopra (CIIA) u
I'. ®nepora (OOBeMHEHHBIN WHCTHTYT SICPHBIX HCclenoBanuid, r. [lyOHa,
CCCP) OTKpBITBI TPAHCYPAHOBBIE AJIEMEHTHI.

Takum 00pa3oM, Bce JAOCTHXKEHHUS 4-TO, COBPEMEHHOTO, Mepuoja
CBA3aHbl C MCKYCCTBEHHOW paJUOAKTUBHOCTBIO, C OTKPBITUEM IIPOLIECCOB
JEJICHUS TSAXKETBIX SAEP U MOJyYEHUEM TPAaHCYPAHOBBIX JJIEMEHTOB, a TAKXKE
C TEPMOSIEPHBIMHU MPOLIECCAMU CUHTE3A JIETKUX 3JIEMEHTOB.

Pazeutne pamnoxumun B CCCP mnpuBeno K HUCHOBITAHUIO aTOMHOM
6oMObI B 1949 1. m B 1950 . BepBblc B MHpEe — TepMOsIACpHON (BOJIO-
poaHoii) 6oMObI, a mainee, B 1954 1. — K CO374aHHIO aTOMHON SHEPreTHKHU
(neppas B mupe ADC 3anyuieHa B r. O0HuHCKe B 1954 1.).
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2. HAXOXJIEHUE PAJIMOAKTHUBHBIX N30TOIIOB B ITPUPOJIE
2.1. OcHoBHbBIE onpeaeeHust

[Tomo6HO XMMHYECKMM CHCTEMaM SJICPHBIE CHCTEMBbI MOTYT HaXo-
IUATBCS HE TOJBKO B YCTOMYMBOM, HO M B HEYCTOMYMBOM COCTOSIHHSX.
HeycroitunBble  simepHbIE  CUCTEMBI  HA3bIBAIOTCA  paAOUOAKMUBHBIMU.
PannoakTuBHBIC sipa MEpexoasIT B 00Jiee YCTOMUMBOE COCTOSTHHUE WM OoJiee
YCTOMYMBBIE sipa B pe3yjbTaTe CaMOMPOU3BOJILHOTO (CIIOHTAHHOTO)
pacriajia, Ha3bIBaEMOTO paduoakmushvim pacnaoom. OH OCYIIECTBISIETCS
32 CYET TMPOTEKAaHUS HKZOTEPMHUUECKMX PpEAKLMH, TaK KaKk »HEprusd
PaIMOaKTUBHBIX sjiep OOJbIle PHEPTUU SAep, 00pa3yroImMXcs B IPoOIEcce
pacnaga. Pa3HOCThp 3HEPrHil CHUCTEMBI MOMHO BBIYMCIUTH MHPU IOMOIIHN
HU3BECTHOT'O COOTHOIICHUS DUHINTEHHA

E = Amc?, (2.1)

rae m— macca; A m — nedekT Macchl; E — 3Heprus; ¢ — CKOpOCTh CBETA.

BugHo, 4TO pagmoakTUBHBIN pacnajy COMPOBOXKIAAETCS H3MEHECHHEM
MacChl, a KOJNMYECCTBEHHO HEYCTOWYMBOCTh PAJMOAKTUBHBIX simep Z° ¢
Maccoi M MOKeT ObITh BhIpa)K€HA COOTHOIICHUEM:

E=[A-ZMy—(A—Z)M,]-931 M>B, (2.2)

rine Mpu My — cOOTBETBETCTBEHHO MAcChl TPOTOHA U HENTpoHA; Z U A —
MOPSZIKOBBIE U MaccoBbIe uncia; 931 MaB — sHeprus, 5KBUBaJICHTHAs OJHOM
aToMHol enuuuiie Maccol (1 3B =96 525 JIxx / monb ninm Ik / r-atom).

Takum 00pa3oM, HEYCTOMYMBOCTH SIJIEP CBA3aHA C HEPABHOBECHBIM
3HAYEHUEM COOTHOILIECHHSI MEXIY YHCIOM HEUTPOHOB M MPOTOHOB B HUX.
HeycTrolunBOCTh TSDKENBIX siAEp, T.€. siAEp C OOJBIIUM 3aps/ioM, BBI3bI-
Ba€TCs, KPOME TOTO, HEMPEPBIBHBIM POCTOM 3JIEKTPOCTATHUYECKOTO OTTall-
KUBaHUS MEXIY MPOTOHAMHU.

Paouoaxmusnuiii sn1emenm — XUMUYECKUW DJJIEMEHT, BCE H3OTOIIBI
KOTOPOTO paJoakTUBHBI. Clie10BaTEeIbHO, PAAUOAKTUBHBIN 3JIEMEHT — JTO
BU/JI PAJIMOAKTUBHBIX aTOMOB C OJITMHAKOBBIM 3apsIIOM sI/Ipa.

Paouoaxmuenwiti uzomon — COBOKYIHOCTh PaJUOaKTUBHBIX aTOMOB
JAHHOT'O XMMHYECKOTO 3JIEMEHTA, UMEIOIINX OJIMHAKOBOE MACCOBOE YKCIIO.

PaznuyHbie M30TOMBI OTHOTO XUMUYECKOTO AJIEMEHTA UMEIOT OJIMHAKO-
BBIW 3apsij A7Ipa, HO OTJIMYAKOTCS JPYr OT JIpyra aTOMHOW MacCOW: U™ u
2U?, siipa aTOMOB Pa3THYAIOTCS KOTHYIECTBOM HEHTPOHOB.

B o611eM ciiydae IpHHATO 0603HAUCHHE: 7DIeMeHT”, rie Z — aTOMHBIIA
HoMep (TIOPSAKOBBI HOMEpP) dJeMeHTa; A — aTOMHas macca JJIEMEHTa
(MaccoBoe 4ucio).
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Paouoakxmusnocms — cnocoOHOCTh sAJep pacrnafaTbCs CaMOIPOU3-
BOJIBHO, 0€3 KaKoro-amub0 BHEITHETO BO3JCHCTBUS, IPEBpaIlasCh IPU 3TOM B
A]lpa aTOMOB JIPYTUX 3JIeMEHTOB. [Ipu 3TOM CKOpOCTh pacnaga sl KaXI0ro
PaAMOAKTUBHOTIO M30TOINA MOCTOSHHA U HE 3aBUCUT HU OT KaKUX BHEUIHUX
BO3JICUCTBHI (HM 3KCTpEMAaJIbHbIE TEMIIEPATyphl M JABJICHUS, HU DJIEKTPHU-
YECKHUE Y MarHUTHBIE MOJIS U JIp.).

PagnoakTuBHblE mpeBpalieHus 00JalalT JBYMsT OCOOEHHOCTSMH,
JENaUMU UX 00Jiee MPOCTHIMU MO CPABHEHMIO C XUMUYECKUMH IpEBpa-
meHusaMy. llepBasi 0cOOEHHOCTh 3aKIIIOUAETCsl B TOM, YTO Ul BCEX THUIIOB
PaAMOAKTUBHBIX IPEBPALICHUIN CIPABEIJIUB OAWH KHUHETUYECKUN 3aKOH.
Bropass 0COGEHHOCTH COCTOUT B TOM, YTO KOJMYECTBO THUIIOB paJHOAK-
TUBHBIX IIPEBPALICHUI OYEHb OIPAHUYEHO.

2.2. 3aKOHBI M BU/IbI PAIMOAKTHBHOIO pacnajaa
3akonvl paouoaxmusHo2o pacnaoa

Kaxnplii paguodIeMEHT MOKHO OXapaKTEPU30BATh CIIEAYIOIINMU
OCHOBHBIMHU MOCTOSIHHBIMU PAJMOAKTUBHOTO pacnaga: A, T u t. [locTostHHas
A mpencraBisieT coOOM BEPOSATHOCTh TOTO, YTO ATOM KaKOro-iu0do paauo-
AJIEMEHTA IOJBEPTHETCS paclagy 3a €IMHULy BpeMeHH. YHciao aTtoMoB
pPaarodIEMEHTA, OCTaBIIEECs 10 UICTEUEHUH BPEMEHH {, paBHO:

—At
Ny =Nge ™, (2.3)
rome Np — 4YuclIO aToOMOB BelIECTBA C MOMEHTA Hadyaja HaOJIOIEHHUS.
CrnenoBaTtesbHO,
dN
—L =N,
dt

T.€. TIOCTOSTHHAs pacraja A SBJISICTCS BEIMYMHOMW, IOKA3bIBAIOIICH, Kakas
4acTh aTOMOB JIAHHOTO PAJIMO3JIEMEHTA PACHAACTCS B €IMHUILY BPEMEHH.

[Tox BenuuuHoOM Ty, TOHUMAIOT IEPUOJ BPEMEHH, B TEUEHUE KOTOPOTO
MOJIOBUHA BCEX MMEIOIIMXCS aTOMOB paJIMO3JIEMEHTa pacnanaercs. Ecnu B
ypaBHeHuU (2.1) Bennuuny t 3aMeHuTh Ha Ty, TO

1 —AT.
ENO = Noe 1/2, (24)
[Tocne cokpamienust obenx yacreit ypasHeHust Ha Ny Oyaem UMeTh
1 It
Z—e Y2
2
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AT
e V2 =2

WITH
[TposoraprumMupOBaB 3TO BHIPAXKEHHE, TTOTYIHM
AT, =In2
WITH AT, =0,69315,
OTKy[a
0,69315 0,69315
TL,=—"T"—mu A=—"—. (2.5)
7\’ Tl/2

N3 IMPUBCACHHBIX ypaBHeHHﬁ BHIAHO, YTO II0O HCTCYUCHHHU BpPCMCHHU

o n
NT,,, ocraercs Hepacnasieiics (1/2) gacTh OT NMEepBOHAYAIBHOTO KOJIH-

yecTBa paauodiieMeHTa. B mpenenax ommOKku OOJIBIIMHCTBA OMPEeTICHUM
MOHO MPOAOIKUTH, YTO 3a NEpHOJ BpeMeHHu, B 10 pa3 Oonblumii nepuoaa
nojypacmnaaa  JAHHOTO  PaJuodJIeMEHTa,  IOCIHEIHUNA  pacnajgaercs
MpakTUYEeCKU Haieno. B ToM ciiydae, eciid TPOUCXOAUT HE pacmai, a
oOpa3oBaHHE HOBBIX PAJAMODIEMEHTOB 3a Iiepuojs BpemeHu, B 10 pa3
IPEBBIIAIOMINK  TIEPHOJT TMOJypacnaga oOpa3yroIIerocss paarodJeMeHTa,
HACTyInaeT paJIMOAaKTUBHOE PAaBHOBECHE MEXKY UCXOIHBIM U 00pa3yIOIIUMCS
pagruodIeMEHTaMH.

[Ton BenuYMHOM T JJISI AaTOMOB JAaHHOT'O PAJMO3IEMEHTAa MOHUMAIOT
cpeaHee BpeMs JKM3HHM, KOTOPOE ONpeAeseTcs CASAYIOMUM 00pa3oM.
Uucno aToMOB pagurodJIeMEHTa, paclaJaroluxcs B MIPOMEKYTOK BPEMEHHU
dt, mocne Toro Kak paJrol’IeMEHT MPOXKUI MEepHo]] BpeMeHu t, paBHo AN dt
AN ANoe*)"dt. DTO BBIPAXEHHUE MACT YMCIO AaTOMOB PaIHUO3JIEMEHTA C
MPOJOJIKUTEILHOCTBIO JKU3HU, PaBHOU 1; OTCrlOa cpegHee BpeMs KU3HU
aToMa

T= j Ate Mt
0

WIIH =" (2.6)
A
Takum oOpa3oM, cpeaHee BpeMsl KHU3HHM aToMa JaHHOTO pajno-
aKTUBHOT'O dJICMEHTa T €CTh BEIMYMHA, oOOpaTHas paJuOaKTUBHOU
IIOCTOSIHHOM A.
Mexnay BceMH TpeMsi OCHOBHBIMHM JJISI KaXKJIOTO PaJHOdICMEHTA
BeTUYMHAMH A, T1/; ¥ T CYIIECTBYIOT CIICAYIOIINE COOTHOIICHHUS:
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T= 1 _ T2
A 0,69315

Hapsiny ¢ TOCTOSHHBIMU  PaJMOAKTUBHOTO  pacrmaja, KaxKIbli
PAAMOAJIEMEHT MOXHO OXapaKTepU30BaTh MO TEM SJACPHBIM H3ITYUYEHUSM,
KOTOpble OH HcmyckaeT. Eciaum  JaHHBI — paguModJeMEHT  SIBISETCS
o-U3TydaTesieM, TO JUIsl €ro OJHO3HAYHOW XapakTEepPUCTHKH, T.€. A
KaueCTBEHHOI'O €Tr0 OMpEe/eNieHUs B MPUCYTCTBUU JIPYTUX PaJUO3IEMEHTOB,
JIOCTaTOYHO TOYHO OMNpENENUTh JIMHY npobera R ero a-gactuil B Bo3myxe
Opy  OMNpEeNeTICHHOW TeMmIepaTrype M JaBJi€HUM Bo3ayxa. s mosHoM,
OJTHO3HAYHON XapaKTEPUCTHKHU [-HU3iIydaresnss HEOOXOAMMO 3HaTh pacipe-
JIeJIEHUE HCIYCKAaeMbIX PaTUO3JIEMEHTOM [-4acTHIl MO SHEPTHsIM; 3TH K€
COOOpaXeHHMsI  OTHOCATCA W K  pPaJUMO’IIEMEHTAM,  HCITyCKAIOIIUM
Y-U3IIy4YECHHE.

(2.7)

Buowl paduoaxmuenozo pacnada

PagnoakTHBHBIE sapa aTOMOB MOTYT paclagaTbCs MO CISAYIOIIHM
CEMHU OCHOBHBIM THIIAM:

1) a-pacnanm;

2) pf-pacmapn;

3) e -dIeKTPOHHBIIT 3aXBAT SAPOM ATOMA;

4) y-pacmaf;

5) HEUTpOHHBIN pacmas;

6) TPOTOHHBIN pacmas;

7) CHOHTaHHOE JCIICHHE.

a-pacnao
Cxema a-pacnaja:

Dy M= 209" + He', (2.8)

rjae Z — 91ciio MPOTOHOB B sAzipa; M — MaccoBOe YHCIO 3JIEMEHTa.

Taxkum 00pa3om, paaroOaKTUBHOE SIIPO dJIEMEHTa pacmaaaercs ¢ odpa-
30BaHMEM HOBOTO DJJIEMEHTa M Sapa aToMa Telusd. 37eCh CIpPaBeIIUBO
npasuno cmewenus PDaanca—Cooou: snremenm, 00paz08asUIULICS 8
pe3yibmame Qa-pacnaoa, 3aHumaem 8 nepuooudecKkol cucmeme mecmo,
nedcaujee Ha 2 KiemKu Jiegee UCXOOH020 INeMeHmd 8 Nepuoouyeckoll
cucmeme.

[pacnao

B-pacniag MOXHO U300pa3UTh CXEMOI:
)72 > (Z+1)*+e mmn—op+e

6) 2" > (Z-1)"+¢" nmp—n +e' (2.9)
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W3 31Ol cXeMbl BUIHO, YTO [-pacmaj] 3aKII0YacTCsl B HCITyCKaHHUH
PaJMOAKTHBHBIM SAPOM »JIeKTpOHA WM mo3uTpoHa (B'-uacTumsl) n
o0Opa3oBaHUM sJIpa HOBOTO 3JIEMEHTA. DTOT JJIEMEHT SBJSETCS H300apoM
PaAMOAaKTUBHOTO JIEMEHTA, TAK KaK mMacca siiep NpH -pacnaje npakTHYeCKu
HE MEHseTCsA, a 3apsaa sapa Jmbo yBenwumBaeTcs (P -pacmam), aubo
yMeHbIlaeTcss Ha ofHy eauuuiy (B-pacmam). B cOOTBETCTBHH ¢ 3THM,
npasunio coguea TIACUT, UTO npu B-pacnaode HOBbIU d1eMeHm 3aHUMAaem
6 mabauye /[.U. Menoeneesa mecmo, nexcauee Ha 0OHy KIemKy npasee
(npu B~ -pacnade) nubo ma 00wy kiemky neeee (npu B -pacnade)
UCXO0O0HO020 3NIeMeHma.

[Ipupona B-uactuil Obuta BriepBbie ycTaHoBieHa [Ibepom m Mapueit
Kropu. B -pacmany moaBepraroTcsi siipa, MUMEIOUIME HU30BITOK HEHTPOHOB,
npuurHoOii B -pacnana sBseTcsa N30BITOK IPOTOHOB.

B-pamnoakTUBHOCT, Haubojee pacHpocTpaHeHa IO CPaBHEHHUIO C
IpYTMMH TUNaMH. Beiaensromascs mpu pacmnajae dHEpPrusi pacCUUTHIBACTCS
13 COOTHOLIEHUN:

(ZMA — Z+1|\/|A)-931=AE MbB s -,
(,MA =, M*).931=AE Mop s §', (2.10)

3necb Z U A — TOPSAAKOBBIE W MaccoBble umcia; 931 MaB — sHeprus,
SKBUBAJICHTHAS OJHOM aTOMHOMN €IWHUIIE MacCCHI.

InekmpoHHblU 3axX6am

PannoakTBHOE SIIPO BMECTO pacraja MOXKET 3aXBAaTUTh CO CBOUX
ommkaimux K wim L 0601049ek 37eKTPOH 10 cXeme:

M = M
z91) t& =719 (2.11)
oPUP" + & = o3Np*'. (2.12)

N3 »TOM cXembl BHUIHO, YTO JJEKTPOHHBIM 3aXBaT 3KBUBAJICHTEH
MTO3UTPOHHOMY pacnaiay, TaKk Kak B TOM M B IPYI'OM CIIy4ae B SIAPE UMEETCS
M30BITOK TPOTOHOB, MEPEXOASANIMX B HEUTPOHBI. [l03TOMY 3IEKTPOHHBIN
3axXBaT, 4acToO Ha3biBaeMblil L- min K-3axBaTtoMm, kKak mpaBuio, KOHKYpUPYET
C TMO3UTPOHHBIM pACMAIOM. 3axBaT 4Yalle XapaKTEepeH I TSKEIbIX
UCKYCCTBEHHBIX AJIEMEHTOB, U JIaXe 37€Ch HaOIIOAAETCs €r0 KOHKYPEHIHUS C
O-pacrauoM.

3axBar L-snextpoHoB Habmomaercs pexe K-3zaxsata. OcBoOoxnma-
Ioleecss B OJIGKTPOHHOM O00OJOYKE MECTO 3aXBau€HHOTO JIJIEKTPOHA
3aMoJIHAETCA DJEKTPOHOM C JIPYrod 00OJOYKH, B PE3yJbTaTe MPOUCXOAUT
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PEHTTCHOBCKOE M3JIYYCHHE C YacTOTOH, COOTBETCTBYIOIIEH AJIEKTPOHHBIM
nepexoiam.

y -pacnao

Snpo aToMma, KaK ¥ JIEKTPOH B aTOMHOU 000JI0YKE, MOKET HAXOAUTHCS
B Pa3JIMYHBIX YHEPIeTUUECKUX COCTOSHHSX, U €T0 MOXHO IEPEBECTU B OJIHO
13 BO30YXKICHHBIX COCTOSHHIA, COOOIIMB €My JOIMOJHUTEIbHYIO HEPTHIO.
Bckope sapo Bo3Bpamiaercs B cBoe OCHOBHOE cocTosiHue. [Ipu aTom sHeprus
BO30YXKICHUSI MOXET OBITh BBIJEICHA pa3nuuHbiM oOpa3zoMm. Eciu ona
MEHBIIIe MPUMEPHO 3 M3B, TO e HeIOCTATOYHO AJIsi TOTO, YTOOBI MPUBECTH K
HCITyCKaHHIO SIPOM HYKJIOHA WM (-4acTullbl. B Takom ciydae u30ObITouHas
DHEPTUsl BBIACISCTCS B BHUJIE JICKTPOMArHUTHOro (y) uanmydeHws. Tak kak
Pa3HOCTh HEPTETUYECKUX YPOBHEH sApa BEJIMKA, TO U3TyUCHHUE, BHIXOIAIICE
u3 sijpa, OyJeT OoueHb KOPOTKOBOJHOBBIM. Pedb HIET O KECTKUX pEeHTre-
HOBCKHUX JTy4aX, KOTOPBIE HA3bIBAIOTCA J~TydyaMu:

ZSA(BOBG.) = 29A+ V- (213)

Heumponnwiii pacnao

HeilitponHbiii pacnag HaOmomaeTcs y saep, OOpa3yroluxcs Ipu
NEJICHUU SIACp TSKEIBIX DJIEMEHTOB. OTH HEUTPOHBI ISl OTJIMYMUS OT
HEUTPOHOB, OOpa3yIOIIMXCSI B MOMEHT J€J€HHUs, Ha3bIBAIOT 3ama3/ibl-
BaronuMu. [Iponiecc ucnyckanus 3ana3bIBalOIIMX HEUTPOHOB MOAUUHSIETCS
AKCIIOHEHIIMAJIbHOMY 3aKOHY.

CymiecTBOBaHME HEUTPOHOB KaK YacTHUI[ C Maccoi, paBHOM Macce
IpPOTOHA W HE HMEIONIEH JJIEKTPUUECKOro 3apsija, ObUIO MpeacKa3aHo
Pezepdpopaom B 1920 1., a OTKpHITHE HEUTPOHOB MPUHAIICKHUT YUeaBUKY
(1932 r.). Heflitpon sBIsSeTCS HEYCTOMYMBOM YacTHIICH, MOBEpraroIeics
pacrajny ¢ nepuoaoM 12,5 MUH. MO cxeMe:

n—-p+e. (2.14)

[Ipy MpOXOXKAEHNN HEUTPOHOB B BELIECTBE UX JHEPTUS PACCEUBACTCS B
MPOLIECCE YIPYroro M HEYNPYroro B3aWMOJCWUCTBUSA C SApaMH, T.€.
MPOUCXOAUT 3aMEIJICHUE HEUTPOHOB. 3aMEIJICHUE MOXKET MPOXOAUTH 10
«TEIUIOBBIX» 3HaueHuil »3Hepruu HeuTtpoHoB (= 0,02553B). Koneunbim
pe3yJIbTaTOM  B3aWUMOJCHCTBUS SIBJISETCS 3axXBaT HEUTPOHOB SApaMH,
KOTOPBIM MNPOUCXOAUT BECbMA JIETKO M3-3a OTCYTCTBHS IOTEHUHUAIBHOTO
Oapbepa siaep 11l HEUHTPOHOB.

IIpomonusiii pacnao

[IpoToHHBIN pacnag, Kak W JJIEKTPOHHBIM 3aXBaT, XapaKTEPEH I
s1Iep, UMEIONTUX M30BITOK TPOTOHOB. DKCIIEPUMEHTAIBLHO 3TOT BUJ pacrajia
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oOHapyxkeH B 1962 r. coBerckumu (usukamu. Brigenenue mMTPOTOHOB
OCYIIIECTBIISIETCS ITyTEM TYHHETHHOTO 3¢ (eKTa M0 aHAJIOTUU C BBIJCICHHEM
a-yactull. [IpoTOHHBIN pacnag MOXKET OCYLIECTBIATHCA U IO MEXaHU3MY TaKk
HAa3bIBAEMOM «3ama3/bIBAIONIEN IPOTOHHOW paJMOAaKTUBHOCTW». B 3TOM
ciTydae sIpo BHavase npeTeprenaeT no3uTponHslii (B*) pacnaz, B pesynbrare
KOTOPOTO 00Opa3yromiascs dHEPTUs 3aXBaThIBACTCS OJHUM M3 M30BITOYHBIX
IIPOTOHOB, MPU 3TOM MOCIEAHUN MOKUAAET SIAPO. 34ECh IPOTOHHBIN pacmaz
COTIPOBOXAAET IMO3UTPOHHBIA, NpHUYEM NEpUOJ Mosypacrnajga aias oOoux
pacnazoB OJUHAKOBBIN.

B3auMopeiicTBuE IPOTOHOB ¢ BELIECTBOM CPE/bl aHAJOTUYHO B3aUMO-
JENCTBUIO 0-YaCTHULL.

Cnonumannoe oenerue

CrnoHTaHHOE JeJeHHWe — A3TO SIBJICHUE, KOTJa aTOMHOE SApO caMo-
MIPOMU3BOJIBHO PACIaIaeTCs Ha JIBa SApa Pa3IMYHBIX SJIEMEHTOB. DTO SIBIICHUE
XapakTepHO JUIS TSDKENBIX DJIEMEHTOB W COIMPOBOXKAACTCS BbIJCICHUEM
HEUTPOHOB. CIOHTAHHOE JAEJEHUE XAPAKTEPHO IJIs1 TOKENbIX saaep. Jid
Ka)XJIOT0 THUIIA SIIEp XapaKTEpPHO CPeJHEE YUCIO HEUTPOHOB, BBHIJCISIEMOE B
MpOIECCe KaXJIOT0 aKTa CHOHTaHHOTrOo jeyieHus. CIIOHTAHHOE JICJICHHE
CONPOBOKJIACTCS  BBbIJICJICHUEM OOJIBIIOTO KOJWYECTBA DHEPrUU, COOT-
BETCTBYIOIIET0 AehEKTy Macc, ¥ aHAJOTHYHO JICJICHUIO SJIEp MPU BHEITHEM
BO3JCHCTBUU.

2.3. EcrecTBeHHbIE PAIHOAKTHBHbIE 3JIEMEHTbI

VYpan u Topui OBUIM W3BECTHBI 3aJI0IT0 1O OTKPBITUS PaJHOAK-
TUBHOCTH, OHHM IIMPOKO PACHpPOCTpPaHEHBI B MPHUPOJE, COJEpKaTCs B pyaax,
TOPHBIX TIOPO/IaX, MOYBAX, BOJE PEK U MOPEH, B JKUBOTHBIX M PACTUTEIHHBIX
opranusmax. [lepuoapl monypacmaza psaa TPHPOAHBIX H30TOIMOB ypaHa U
TOpHUSI HACTOJIBKO BEJIMKH, YTO OHU COXPAHUJIUCH B 36MHOW KOpPE ¢ MOMEHTA
ee 00pa3oBaHUs.

M3oTomnsl ypaHa ¥ TOPUS SBISIOTCS POJOHAYATLHUKAMH TPEX CEMEHCTB
PaIMOaKTUBHBIX 2JIEMEHTOB. Bce OCTanbHBIC €CTECTBEHHBIC PAIMOAKTHBHBIC
AIIEMEHTBI BCTPEUAIOTCS B IPUPOE KaK MPOAYKTHI PATUOAKTUBHOTO paciiaa
ypaHa W Topws. B cTapblx, HE MOJABEPIIINXCS IACHCTBUIO TE€X WM HHBIX
XUMUYECKUX PEarecHTOB MHUHEpalaX M pylaax, UMEeT MECTO PaJuOAKTUBHOE
paBHOBecHe, TMPU KOTOPOM COOTHOIIEHUE PAJAMOAKTHBHBIX H30TOIMOB
Pa3IMYHBIX DJIEMEHTOB OTBEYAET 3aKOHY PaIMOAKTUBHOTO PABHOBECHSI.

B pesynbpTaTe mpolieccoB paspylieHHUs TOPHBIX TOPOJ], WX BHIBET-
pUBaHUS, TPOUCXOIUT MUTPAIHS PATUOAKTUBHBIX JIEMEHTOB U HAPYIIAETCS
pPaIOaKTUBHOE paBHOBecHE. PaqnoakTUBHBIE DJIEMEHTHI, OTAEJICHHBIE OT
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MaTE€pUHCKOI0 3JIEMEHTa — ypaHa U TOpPUS — IMOCTENEHHO pacnagaroTcs.
KOpOTKOXKHBYIIHE — OBICTPO HCUE3AI0T ¥ OCTAIOTCS JIMIIb Takue, Kak Th?>,
Pa®' u Ra*®. JIOATOXKUBYIIME PaJUOAKTUBHBIE JJIEMEHTHI 00pa3yroT
BTOPUYHBIE OTJIOXKEHHS, HAIPUMEP, YEPHBIE TJIMHBI U BOJHBIE MCTOYHHUKH,
coAepKalre painil.

Pamuit conmepxxutcsa B mouBax, B BOJax MoOped M pek. Bcemencrsue
IIMPOKON PacCIpOCTPAHEHHOCTU pPAIHsl B MPUPOAE B BOJOEMAax M BO3AYyXE
coJiepKaTcsl MPOAYKThI €r0 pacraja — U30TOIbl pajoHa (IMaHalluu): PaJoH,
TOPOH M AaKTHHOH. BO B3BEIIEHHOM COCTOSHMM B BO3AYyXE WU B
PAaCTBOPEHHOM COCTOSIHUHM B BOAE MMEIOTCS MPOAYKTHI pacrajga dMaHalMil:
M30TOIIbl TaJUIWS, CBUHIIA, BUCMYTA, MIOJIOHUS U acTara.

M3 1nouBBl NPHUPOJHBIE PAJUOAKTUBHBIE JJIEMEHTHI NONANAIOT B
pacTeHus, a U3 PACTEHH B XKUBOTHbIE opranu3Mbl. CoaepkaHue ypaHa B
pactenmsix cocrasisier 10° — 10 % %, pamus — 10 %. CoznepskaHue paaus B
’KHBOTHBIX OPraHM3MaXx COCTaBIseT 0komo 10 %,

B pannoakTUBHBIX CEMENCTBAxX W, CJIEAOBATEIbHO, B pyJax ypaHa U
TOPUS €CTh U30TOIBI JIEMEHTOB C MOPSAAKOBBIMA HOMepaMu 85 u 87. Kpome
ypaHa, TOpUsS U MPOAYKTOB UX paclaja B IPUPOJE HAlICHbI paInOAKTUBHbBIE
M30TONBI TAKMX XUMHUYECKUX 3JIEMEHTOB, KaK, HallpuMep, KaJluid, KaJlbLUM,
pyouamii, 0JI0BO U Jp.

CrnenoBaTenbHO, MHOTHE XMMMYECKHE 3JIEMEHTHI 00JalaloT paauo-
aKTUBHOCTBIO. CpellHee CoJepkKaHuEe X B 36MHOW KOPE COCTAaBISET OKOJIO
0,1 %. IloatomMy B pacTeHUsX U IKUBOTHBIX OpraHM3Max Hapsay ¢
HEOOJIBIINM COJIEp)KaHUEM ypaHa, TOpUs, paaus U MPOAYKTOB MX pacraja
COJEpKaTCd PAJAMOAKTUBHBIE HM30TOIBI JAPYIHX XHMHYECKHX DJIEMEHTOB,
HaIpUMep, 3HAUUTEIbHBIE KOJIMYECTBA PaJIUO0aKTUBHOTO n3oToma Kanus-40.

2.3.1 PagnoakTuBHBEIE CEMENCTBA

Bce BcTpeuaromuecs B IpUpo/ie 31EMEHTHI ¢ aTOMHBIM HOMEpPOM Oosiee
83 (Bi) — pagmoaktuBHBL. OHHM TPEACTABISAIOT COOOW 3BCHBS IICTCH
MOCJIEIOBATEIbHBIX MPEBpPALIEHUN. OJIEMEHTbl KaXxJOW ILenu o00pa3yroT
PaaMOAaKTUBHOE CEMEWCTBO WM PAIMOAKTUBHBIN PSI.

Paouoaxmuenvie cemeticmea — 3TO TeHeaNOruyecKue psiabl pagnoaK-
TUBHBIX U30TOMNOB, B KOTOPBIX KaXAbIA MOCIEAYIOIIMI N30TON BOSHUKAET U3
MPEIbIAYIIEro B pe3yJIbTaTe O- WM [-IIpeBpaLCHHUS.

PannoaktuBHBIE ceMmelcTBa ObUIM  OOHApYXKEHBI TPU  HU3YyYEHUU
PaAMOAKTUBHOCTH XMMHMUYECKHX 3JEMEHTOB C aTOMHBIMU HoMepamu 81-84,
86, 88-92. Oxkazanock, uTo 0k0y10 40 MPUPOIHBIX PATUOAKTUBHBIX U30TOMOB
ATUX DJIEMEHTOB SBIIAIOTCS WIEHaMH TPEX pPaJUOAKTUBHBIX CEMEUCTB,
Ha3BaHHBIX MO JOJTOXHUBYIIEMY POJOHAYAJbHUKY psia, T.€. pOJOHAYAIb-
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HUKaMHM BCEX CEMEMCTB CIIyXaT H30TOIIbI O-U3JIydaTClIin C JOCTATOYHO
OOIBIINMHU nepuoaaMu I11ojrypaciaad, CpaBHHUMBIMH C BO3pPAaCTOM 3emiu.
HckimroyeHue CcocTaBisieT I/ICKYCCTBGHHHﬁ snemeHt N p, mepuom I1oJay-

pacmaga xotoporo 2,14-10° mer. DTo HAMHOrO MEHbIIE BO3pacTa 3eMid,
MO3TOMY OH OTCyTCTByeT B mpupone. llpu o-pacmame atomHas macca
(MaccoBOE YHMCII0) U3MEHSCTCS Ha 4 eMHUIIBI, a MPU [B-pacrajae U3MCHECHUES
Macchl TMpeHeOpexxutenbHo Mano. [loaToMy aToMHBIE MacChl 3JE€MEHTOB
BHYTPH KXKIOTO cCeMelcTBa KpaTHsI (4N + X).

N3BecTHO 4 cemeicTBa:

1) 4n— cemeiictBo Topus (99 Th?*?), Ty, = 1,41-10" nier;

2) (4n +1) — cemeiictBo Herrynus (isNp™'), Ty, = 2,14-10° ner;

3) (4n + 2) — cemeiictBo ypana (U?®), Ty, = 4,5-10° nter;

4) (4n + 3) — cemeiictBo aktHHOYpaHa (5U™), Ty = 7,13-10° rer.

Bce cemeiicTBa KOHEYHBIM TPOJYKTOM HMEIOT CTAOWJIBHBIA H30TOII
CBUHIIA, UCKIIOUYECHUE COCTABIISIET CEMEHCTBO HENTYHUS, 3aKaHYMBAIOIIECECS
cTabmibHBIM H30oToroM Bi-209 (puc. 2.1-2.4).

B Tpex mpupoaHBIX ceMeHCTBax MMEIOTCS M30TOombI diaemMeHTa Ne 86,
SBJISIIOIIETOCS. MHEPTHBIM PAJHMOAKTUBHBIM HMHEPTHBIM Ta30M paJoOHOM
(vHOTIAa HA3BIBAEMBIM SMaHaIMei). JTO pa3TuYHbIE H30TOINBI WHEPTHOTO
paguoaKkTUBHOTO Ta3a pagoHa: paaoH (Ti, = 3,825 nHs) — B ceMmeilcTBe
ypana-238, topon (T1,=54,5 cekyna) — B cemeicTBe TOpHs-232, aKTHHOH
(T2 = 3,92 cexkynn) — B cemeiictBe ypaHa-235; y cemeiictBa NP Takoro
YJieHa psiJia HeT.

DJeMeHTHI TsbKeJee ypaHa (TpaHCypaHOBBIE JIEMEHTHI) B MIPUPOJIE HE
OoOHapyXeHbl, MOTOMY YTO BCE OHHM PAJMOAKTHUBHBI M UX MEPHUOABI MOTY-
pacnajia HaMHOTO MEHbIIEe Bo3pacTa 3emiid. B peakiusax JeneHus TAKeNIbIX
anep (B peakTopax, B3pbIBHBIX YCTpPOWCTBAaX) OOpa3yrOTCs HOBbIE
pamroaxtusHsie m3otomsl (U — A + B +2-3;n'+ AE), nperepnesatomue [
pacnajibl, HO X OOBIYHO HE Ha3bIBAIOT CEMEICTBaMH.
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ooU ¢ (ypau)
5
v 1,62:10 met
285 B
1P |(mporaxTunmii o
27,02 ous i
229
Th
gl (Topuii)
7340 ner
225 5
goAC a (axTUHUI)
v r 10 nuein
250
gsRa (pammit) o
14,8 nus )
21
g7k T (ppanrmit)
4,8 MuH
geRN o
Y
217
At
A (acrar)
0,032 cek
2130
gaPO a (mosnoHwmit)
-6
v 4,210 cek
213, - B 200 -
. Bi 0 Bi
gsBI (BHCMYT) (97.8%) (CTaOMIIBHEII)
47 muH v
o y 295 B
82 0 (cBuHEN)
! (2:2%) 334
209
LU L
g 11 (Tanmmuit)
2,2 MUH

Puc. 2.2. Cemeiicmso nenmynusi (4n+1)
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“u, Ul U, Ul
U | (pain ) | (ypan 1)
4,510 ner B 24710 ner
*'pa, UX, B (99,87%)
oPa | o y’ [1ri0.13%)
A4 p \
®Th, UX, “*Th, o
o0l (ypau X,) (HOH?ﬁ)
24,1 nus 8,010 mer
gdAC a
Y
*’Ra, Ra
gsRa (pammit)
1602 roga
g7kl a
?’Rn, RN
geRRN (pamon)
3,823 nus
218At
gsAL o (acrar)
v BA 2cex
7
#*Po, RaA| | ““Po, RaC' “po, RaF
8aP0 (pamuit A) | (0.019%) | (pammii C) (mooHit)
3,05 MuH 1,54'10" cex P x 1384 mus
_ o B, RaC/ B “Bj, RaE
83B| (99,98%) (pa[[l/n‘/'l C) (99,98%) o (paI[I/Iﬁ E) a
i) ]3// 19,7 mun # 5,01 mHs v
?‘pp, RaB| |« i Zph, RaD| o *°Pb, RaG
aPb (paauit B) (0,021%) | (paawuii D) (0,3.10-4%) (cTabums-
26,8 muH | | B 21 ron il /B HBIi)
7
- “°T1, RaC'l| Tl RaE’
81 (pamuit C")||(1,7:10"%)| (paamii E")
13 mun |} 4,19 mun
206 B
soH9 Hg
8,5 mun
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Puc. 2.3. Cemeiicmeso ypana (4n+2)



U, AcU
ooU (aKTI/IHO%lpaH)
7,13:10 et
“'Pa, Pa
o P2 o (np0TaKTLI;IHI/II7I)
73,2510 ner
Birh, Uy ! 2
Th , “ Th, Rd Ac
9% (ypan Y) (paaroaKTHHHIA)
2554 v 18,72 nus
227AC, Ac 7 |P (98,6%)
goAC (akTUHMIN) o
21,6 rona v
o | *Ra, AcX
gslR@ (1,4%) (axTuHUHR X)
v 11,43 rona
“Fr,Ack ~|P
g7 T (axTuHuH K) o
22 MUH v
a “’Rn, An
geRM: (0,005%) (aKTHUHOH)
v 3,92 cex
29 74 B(3%) 215 54
gsAL (acTar) o (acrar)
0,9 Mmuna » 10_4 CEK
215 / 211 /
o Po,AcA” | P Po, AcC
g4P0 (97%) (aKTHHHfI A) |(0,00023%) (axrnmuii C)
i) 111,78-10_ CeK a" 0,52 cex
/ .
. 250, B o “'Bi, AcC [3 280
7 MHH v »1> MHH v
211Pb, AcB 7B N 207Pb, AcD
5P (axTuHUH B) (99,72%) (cTaOuUNbHBIN)
36,1 MmuH v
“T1, AcC'| P
81T| (axtunnit C")
4,79 MuH

Puc. 2.4. Cemeiicmeo ypana (4n+3)
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2.3.2. PagnoakTuBHBIE U30TOIIBI, HE BXOASIIME B PAIMOAKTUBHBIE CEMENCTBA

[Tocne OTKpBITHS SBJIEHUS PAAMOAKTUBHOCTH BCE U3BECTHBIE 3JIEMEHTHI
ObUIM TPOBEPEHBl HA ECTECTBEHHYIO paJuOaKTHBHOCTh. K HacToslemy
BPEMEHHU U3BECTHO 14 MPUPOIHBIX PAJHMOAKTUBHBIX U30TONOB, HE BXOASIIMX
B paJIMOaKTUBHBIC bl (Tadmd. 2.1).

Tabmuma 2.1
EcrecTBeHHbIC pPaaAnOaKTUBHBIC U30TOIIbI,
HC BXOAIIHUC B PAAUOAKTUBHBIC CEMENCTBA
Paguo- Tun [Iepuon Pacnipoctpanen- CtaOunbHBIN
AKTUBHBIN pacnajga | mojiypacmaja, | HOCTb U30ToIma, % | IpoJyKT pacnaja
H30TOII JICT
K* 8,93 1.27-10° 0,012 ca®, Ar®
Vs 4,33 6.10% 0,24 cr, Ti°
87 - 87

Rb ﬂ 5’7_1010 27,8 Sr

In*® A 5.101 95,7 snt®
Tel23 93 1 2_1013 0,87 Sbl23
La™® 3, § 1.1-101 0,089 Ba™’, Ce™
Ce™* a 5.1015 11,07 Ba™*
Nd™* o 5 4.10% 23,85 Ce™
S o 11.104 14,97 Nd™*
Gdlsz o 1’1.1014 0.2 Sml48
Lu'™ K 3.10%° 2,59 Hf "
Hf" o 9.10 0,18 Yb'"™
Re™ A 6.10%° 62,9 0s™’
pt™" o 7.10% 0,013 0s™

* ~
93 — anexmponnsiii 3axeam.

Kak BuaHO M3 Tabmuubl, B OJHHUX CIydYasX AOJS PagUOAKTUBHOIO
M30TONA B MPUPOJHOM CMECHM OYeHb Majla, B APYIMX — OYEHb BEJIUKHU
nepuoabpl Modypacnaga. OTo B 000MX clydasX 3aTpyAHSIET HU3MEpPEeHHe
OPUPOAHON PAMOAKTUBHOCTH.

2.3.3. PagqnoakTUBHOCTb, 00YCIIOBJICHHAS! KOCMUUECKUM U3 Ty4YeHUEM

[TonbITKM OOHAPYXUTH HOBBIE MajO0 WHTEHCHUBHBIC pPaJIMOAKTUBHBIC
M3IIyYCHHS] HATAJIIKWUBAIOTCS HA TPYIHOCTH, 00YCIOBJICHHBIE HANIMUeM (hoHa
U3IIy4CHHUS] B KaXJoW JnabopaTtopuu. IOTOT (OH BBI3BAaH MPHUCYTCTBHEM
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CIIEJIOB ypaHa, TOpUS, KalHUs WM JPYTHX ECTECTBEHHBIX PaJMOaKTHUBHBIX
M30TOMNOB. B 3HaunTeNbHON cTEneHN (OH 0O0YCIOBIIEH TAaKKE KOCMUYECKIMHU
Jy4yaMH, TIPEICTaBISIIOIIMMHA CO00W HAa0Op MPOTOHOB, HEUTPOHOB U APYTHUX
AIIEMEHTAPHBIX YACTHI] BHICOKOW SHEPTHUH.

Kocmuueckoe uznydeHue SBIsSeTCS NPUYMHONW 00pa30oBaHMs €Ile JIBYX
PaIMOaKTUBHBIX U30TOMOB HA 3€MJI€ — TPUTHS (H® u paauoyriepoja (C™),
KOTOpbIE HEMpPEphIBHO 00pa3yloTcs B arMocdepe Moj AeUCTBHEM KOCMU-
YECKOr0 M3JyYeHUs Ha KOMIIOHEHTBI aTMocdepbl — razooOpa3Hble a30T U
KuciopoZ. B  ypaHOBBIX pyAax, BBIXOASIIMX HA TOBEPXHOCTh, MO
JEUCTBUEM HEHUTPOHOB KOCMHYECKOTO H3IydeHusi mno peakiuu (1.2) u3
ypaHa-238 B HUYTOXXHO MaJIbIX KOJMYECTBaX 00pa3yroTcs HeNTyHUi-239 u
TUTYTOHUN-239.

Tputuit (,T°, ;H®) — 570 P-pamHoaKTHBHBI H30TON BOIOPOJA,
o0pazyeTcs 10 peaKIuu:

NY 4 ont = CH +  H2. (2.15)
[lepuon momypacnaga Tputusi cocrasisieT 12,4 rona; B arMmocdepe ero

KOJTHYECTBO HUYTOXHO Maito (~ 4-10*° % ar. cpexu m3oTomoB Bogopoxa). B
BEPXHHMX CIOSIX arMoc(epsl MpOTeKaoT Takke peakmuu (H- (N, y) (H .
Tputnii momagaer B BOAY U, TaK K€, KaK paJWOAKTUBHBIA YIJIEpO.,
HOTJIONIAETCS PACTCHUSMHU U KUBOTHBIMH. VICKYCCTBEHHO MONYYarOT TPUTHUI
B SIZIEPHBIX PEAKTOPAX 110 PEAKIUH:

3Li6 + onl = 2He4 + 1H3 . (216)

OTa peakius MOXKET MPOTEKATh W B JMTHUEBBIX MHUHEpanax. TpuTHil
HCIIONB3YETCSl KaK MaTepHall TEPMOSIACPHBIX B3PBIBHBIX YCTPOMCTB B BHJE
CMECH THJPUIOB (IEHTEPUS U TPUTHUS) JIUTHSL.

14
Pamuoyrneponq — wusoton ¢C~ — oOpasyercs B armocdepe Mo

JEHCTBHEM KOCMHYECKOTO M3TYUCHUS IO PEaKITUu:
N+ ont =M+ H. (2.17)

B aromapHOM COCTOSSHMM pPaaMOYTIAEPO]l XUMHUYECKH OYEHb AaKTHUBEH U
OBICTPO OKHCJSCTCS JO PaadoOaKTHBHOIO JUOKCHIA yriepoja: C1402;
T2 (CY) = 5720 ner.

B pesynprate mporieccoB ¢GOTOCHMHTE3a paaUOYTIIEpO] BMECTE C
06BbIYHEIM yriIeponoM B Buae C*O, momazaer cHauana B pACTCHHS, a 3aTEM B
KUBbIe opraHu3Mbl. [locie rubenn >XMBOTHOTO WM PACTEHHUS MPHUTOK
paauoyTiiepoia 3a CYeT OOMEHa C YIIIEKUCIOTON aTMocdephl MpeKpamaeTcs
U COJIEpKaHWUE €ro YMEHBIIAETCS I0 3aKOHY paTuOaKTUBHOIO pacraja.
CpaBHHBas YACIBbHYIO AKTHBHOCTh YMEPIIUX OPTaHU3MOB C Y/IEIBHOM

AKTUBHOCTBIO KMBBIX OpraHu3MoB (15,3 pacn./MuHT), onpeaensitoT BO3pacT
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KUBIIETO KOTJA-TO OpraHu3ma. Takum oO0Opa3oM yAaeTrcs ONpeaeTuTh
Bo3pacT opraHu3moB, cymectBoBaBmux 30000—40000 net mazan. B HacTo-
AIIee BpPEeMs 3TOT PaJUOYTIIEPOTHBIA METOJ SIBISIETCSI OCHOBHBIM METOIOM
aHayM3a 00bEKTOB B apXECOJIOTUH.

B 3eMHOl KOpe Mo ACHCTBHEM 0-4aCTHIl, OOPA3YIOLIUXCA B PE3Yb-
TaTe pacrnaja €CTeCTBEHHBIX PAaTUOAKTHUBHBIX 3JIEMEHTOB, MPOUCXOIUT P
AJIEPHBIX PEaKIM, MpU KOTOPBIX OOpa3yrOTCs, B YAaCTHOCTH, U PaaAHO-
AKTUBHBIC M30TOIBI, HANPHMEp, HATpmii-22 mo peakmuu oF (o, n)iNa®.
[TogoOHBIX peakinii MPOUCXOAUT B 36MHOM KOPE MHOTO, OJTHAKO HAKOILJICHUE
PaAMOAKTUBHBIX H30TOMNOB, OOpPa3yIOIIMXCA B PE3YJbTaTe€ ATUX PEaKIIU,
HUYTOXKHO Majio. B3auMopeiicTBue o-4acTull C siipaMyd MHOTHX 3JIEMEHTOB
(xucnoponaa, dropa, xjopa, OepwiUius U JAp.) NPUBOAUT K 0Opa30BAHUIO
HEHTPOHOB: g0 (o, N) oNe?t, ,Be’ (o, N) sCY.

Takum o00pazoMm, O-H3Ty4arOmKUe d3IEMEHTHI — ypaH W TOPHH —
SIBJISTFOTCST MICTOYHUKAMHU HEHTPOHOB B MIPUPOJIE.

bnarogapsi mporieccy COHTaHHOTO JENEHUs ypaHa B 3€MHOW KOpE B
HEOOJBIIUX  KOJMYECTBAX OOpa3yloTCsl MPOAYKTHl JEJNCHHUA  ypaHa.
BOABIMHCTBO W3 HUX TPEACTABISIIOT COOOW pPaJWOaKTUBHBIC WM30TOIIBI
XUMHAYECKUX DIIEMEHTOB C TMOPAIKOBBIMM HoMepamu oT 30 po 65.
PannoakTuBHBIE W30TOMBI TPOHUKAIOT BO BCE PACTEHUS (OKOJIO 10° %) uB
OpTaHM3MbI YEIOBEKA H KHBOTHBIX (0K0710 107 %).

2.3.4. PannoakTMBHOCTbH, 00YCIIOBJICHHAS pa00OTON aTOMHBIX NIPEANPUSTUN

[Ipu pabote simepHOro peakTopa B pe3yibTaTe NeJeHUs siep ypaHa
(0o TUIYTOHMS) TMOJ JACUCTBHUEM TEIUIOBBIX HEUTPOHOB oOpasyeTcsi 0OJb-
10€ KOJIMYECTBO MPOIYKTOB JEICHHS («OCKOJIKH) MO PEaAKITHH:

- U + y (5= 114 6apn)
U™+ (2.18)

22+ 20"+ 2,46 g’ (8 = 580 Gapn)

3aech A; + Ay, + 2,46 + AE = 235 — atomHas macca;
Zy + Z, = 92 — aTOMHBIN HOMED dJIEMEHTA.
Snpo U**, mormomast HEUTPOH, YaCTUYHO MNPEBPAILACTCA B O.-aKTUB-

metii U™ ¢ T1,=2,39-10" ner. OxHako ocHOBHasi 4acth (~ 84 %) POMEXKY-
TOYHBIX SIZIEP HAXOJIUTCS B CBEPXBO30YKIEHHOM COCTOSIHUM W pacragacTcs
Ha 2 HOBBIX fi/Ipa («OCKOJKA»), UCIYCKas IPU 3TOM B cpeHEM 2,5 HEHTpoHa
Ha 1 akT pacmama. OOpasyroliuecs sjapa KpailHe HEYCTOWYMBHI M pacraja-
IOTCSI C UCITYCKaHUEM TTOCIIeA0BATEILHO HECKOJIBKUX [3-4acTHIL.

W3 puc. 2.5 BumHO, 4TO0 OCKOJNKM ¢ Maccamu 96 u 140 naumbGoiee
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BEpOSTHBI. TakuMm 00pa3om, B pe3yJibTaTe MPOIECCOB JEICHUS B SIACPHBIX
peakTopax 00pa3ylOTCSd MOYTH BCE DJIEMEHTHI, MPU ATOM HAUOOIBIIUN
BBIXOJT HAOJIOMAaeTCs IS JIEMEHTOB CEPEIMHBI MEPUOIUICCKON CUCTEMBI
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235 .
Puc. 2.5. 3aeucumocmo vixooa «ockonxoe» npu oenenuu U™ noo delicmseuem
MeONIeHHbIX HEUMPOHO8 OM MACCOB020 YUCIA (MAK HA3bI8AEMbIU «8epONI00»)

2.3.5. IIpoiyKTBI AI€PHBIX B3PBIBOB B IPUPOIE

Hauunas ¢ 1945 r. 6bU10 MPOBEIEHO OOJBIIOE YKMCIO B3PHIBOB aTOM-
HBIX U TEPMOSJEPHBIX OOMO B pAa3IMYHBIX YaCTAX 3eMHOro Imapa. B
pe3ynbTaTe 3TUX B3PHIBOB MPOIYKTHI SAEPHBIX B3PHIBOB PACTIPOCTPAHUIUCH
yepe3 atMocdepy 1Mo 3eMHOM MOBEPXHOCTH.

Atomuast 6omGa comepxur U™ mmm Pu®’, B KOTOPEIX B MOMEHT
B3pbIBa TPOTEKAET IIEMHAs pPEaKius JACJICHUs SAep aTOMOB ypaHa WU
ryToHus. [Ipu aToMHOM B3pbIBEe 00pa3yroTCsi MPOAYKTHI JEICHHS YpaHa UK
IUIyTOHHSI M OCTAIOTCS HepasjeimBIOdecs siapa atomoB U® mm Pu®®,
KOTOpBIE BEIOPACHIBAIOTCS B aTMOC]epy.

JleiicTBre BOAOPOIHONM OOMOBI OCHOBAaHO Ha TEPMOSIECPHON peaKIHU

B3aMMO/ICHCTBHS ICHTEPHS K TPUTHS (CHHTE3 SAEP JIETKUX JIEMEHTOB):
2 3 4 1
H +H >, He"+,n", (2.19)

DTa peakiusi TPOTEKAET B TCUCHUE 3-10 ®c ¢ GONBLINM BBIICICHHEM
sHeprud. OaHako s e€ Havana HeoOXoAuMa OYeHb BBICOKAsI TeMIlepaTypa.
Takas TemmepaTypa pa3BUBAeTCA NP B3pbIBE aTOMHOM OOMOBI. [loaToMy B
BOJIOPOJHON Oombe, cojepikaieii cMech JIeHUTepusi U TPUTHS B BUIE UX
TBEPIIBIX THUJPUIOB JIUTUSA, B KauyeCTBE JAETOHATOpPA CIYXKUT aTOMHas

30



wryTonueBass Oomba. [lpu TepmosiiepHOM B3pbIBE BOJOPOAHON OOMOBI
cHayasia (haKTHYECKH TPOUCXOJUT B3PBIB aTOMHOM OOMOBI, a 3aTem
MIPOTEKAET TEPMOSIACPHAS PEAKLIMS.

Benencteue menennst U2 wmm Pu® npu B3peiBe aToMmmHO# 6G0OMOBI, a
TaKk)Ke€ TPHU B3PHIBE BOJOPOIHOM OOMOBI BBIAEISIETCA OONBIIOE YHCIIO
HEUTPOHOB. OTH HEUTPOHBI JEHCTBYIOT HA OKpYXKalOllUMe BEIIECTBA U
0o0pa3yloT paJuoaKTUBHbIE HW30TONBL. Tak oOpa3zyeTcs 3HA4YUTEIbHOE
KomuuecTBo pajguoaxtuBHoro C* u tputusa. Kpome Toro, B armocdepy
BbIOpachIBaeTCs OOJBIIOE KOJIMYECTBO MPOAYKTOB JeJleHHs; Haubosee
omacubl 13 HEX Sr° u Cs™’. IIpogyKThI JCICHNS HAKATUIMBAKOTCSA HA 3eMIle
NOCJE KaXIOTO SIEPHOrO0 HCHBITAHUS W PaCla]l HUX MPOUCXOJIUT OYEHB
MEJVIEHHO.

PannoakTuBHBIE TOPOAYKTHI  SJAEPHBIX  B3PHIBOB  MOIJIOLIAIOTCA
aTMOc(EepHOU MBUIBIO, JTOXACBONM BOJOM M TMOCTENEHHO OCAXKIAIOTCA Ha
MOBEPXHOCTU 3€MJIM Ha OOJIBIIKUX PACCTOSHUSAX OT MECTa B3pbIBA B TEUEHUE
JIUTUTEIIBHOTO BPEMEHM TMOCJIE B3pbIBA. TaK, MOCIE€ HCHBITAHUN ATOMHOU
O00oMObI B aroiuie buknHU pagnoakTUBHOCTH Obuia oOHapyxeHa B CLIA B
mrate Texac, a mocie ucneiTanuit B CIIIA (mrat HeBanga) paguoakTuBHBEIE
HU30TOIIBI Lam, Srgo, YgO, Bam, 13! 6B oOHapyXeHbI B 1ITaTe Mu4urax, B
Kanane n naxe B [lapuxe.

PannoakTuBHBIE IPOAYKTHI SAEPHBIX B3PBIBOB PAaCIPOCTPAHSAIOTCS IO
Bcel 3emuie, 3apakas BOJIHbIE HCTOYHUKU U MouBY. Ocaxaasch Ha OOJBIINX
IUIOIAASAX 3€MHOM TOBEPXHOCTH, PaJUOAKTUBHBIE IPOIYKTHI SACPHBIX
B3PBIBOB  KOHLEHTPUPYIOTCSI B CEJIBCKOXO3SIMCTBEHHBIX  IMPOAYKTAX,
HaIpuMmep, B CEHE, 3€pHE U APYIruX, a, IOINajgas B BOJAY, HAKAIUIMBAKOTCS B
Tenax pbi0. M3 pacTuTenbHBIX MNPOAYKTOB OHU MEPEXONAT B OPraHu3M
KUBOTHBIX, OTTY/Ia — B OPraHU3M 4esioBeKa. HekoTopbie U3 pagnoakTUBHBIX
M30TONOB AKKYMYJHMPYIOTCS OTAEIbHBIMU OpraHamMu Tella W HaJoJro
3aJI€pKUBAIOTCS B opranusme. Tak, Sr* HakaruIBaeTCS B KOCTSIX.

Takum o0Opa3oM, B OTIEIbHBIX OpraHax 4YeJOBEKa MOTYT HaKaIlIu-
BaTbCA 3HAYUTEIbHBIE KOJUYECTBA PATUOAKTUBHBIX M30TONOB. [loBbIIEHHE
00JTy4eHHUs TeNa YeJIOBEKAa U €ro OTIEIbHBIX OPraHOB — JaXXe HE CIUIIKOM
00JIBIIIOE — HEAOITYCTUMO.

B nHacTosmee BpeMs n03a OT M3JIY4YEHUS B IIOYBE M TEJIE YEIOBEKA,
co3zaBaeMas MPOAYKTaMHM sJIEPHBIX B3PHIBOB, Maja [0 CPAaBHEHUIO C 0301,
CO37aBa€MOM KOCMHUYECKMMH JIydaMd W, €CTECTBEHHO, PaJHOaKTHBHBIMU
aneMeHTamMu. OJHAKO JajNbHEWINEE HAKOIUIEHHE NPOAYKTOB SIEPHBIX
B3pBIBOB MPEACTABISAET OONBIIYIO OMACHOCTb.

YyuThiBas 3TH OOCTOSITENILCTBA, B HACTOSIIEE BpeMsi BO BCEM MUPE
3anpelieHbl Ha3eMHbIE, BO3AYLIHbIE WU MOABOJHbBIC HCHBITAHUS SIIEPHOTO
OpYXHS.

239
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14,

15.
16.

17.

KoHTposbHBIE BONPOCHI K pa3aety 2

Yro Takoe paluOaKTUBHBINA 3J1EMEHT?

Yrto Takoe paMOaKTUBHBIN U30TOI?

Jlaiite onpeneneHue paiuoaKTUBHOCTH.

Huddepennnanbias U UHTErpaibHas (POpMBI OCHOBHOTO 3aKOHA Pajuo-
aKTUBHOTO pacmaja.

[lepeuncnure BUIbI paInOAKTUBHOTO pacnaja.

Chopmynupyiite mnpaBwia cmemenus PasHca—Comau 1 o- U f-
pacnana.

HazoBuTe pagnoakTuBHbIE CEMENCTBA.

Kakue npupoanble paguoakTUBHbBIE 3JIEMEHTHI BaM n3BeCTHbI?

HazoBute nepuoapl nosypacnana ypana-238, -235 u topusi-232.

. [loueMy 1 Kor/1a MOCIEAHUM OBLITIO OTKPBITO CEMENUCTBO HENTYHUSI-2377

. Uro npencrapigeTr coO0l KOCMUYECKOE U3ITydYeHHE?

. Hamummre peakmuu o6pazoBanust TpuTusi B atmocdepe.

. Hamummre peakuuio oOpa3oBaHWs TPUTUST B IPOMBIIUICHHBIX

MacmTabdax.

Hamummure peaknuu o0pa3oBaHWS — paguoyryiepoaa, KaKOBBI €0
paaroOaKTUBHBIE CBOWCTBA?

Hanumure peakiuto neneHus saep ypana-235.

KakoB BUJl TUIIUYHOW 3aBUCHUMOCTH BBIXOJIa MPOJYKTOB JIETICHUS SJIEP
ypaHa-235 oT MopsAKOBOTO HOMEPA 3JIEMEHTOB?

Hamummre peakmuro CHUHTE3a JIETKUMX SJI€p B TEPMOSACPHOU
(BozmopoiHOI) Gombe.
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3. COCTOSIHUS PAIMOAKTUBHBIX N30TOIIOB B XXUJIKOW,
TBEPJIOU U1 TA30BOU ®A3AX

3aKOHOMEPHOCTH, ONPEEIISIONINE TOBEACHUE YIEMEHTA, 00YCIOBIICHBI
€ro COCTOSIHHEM B HCCIIETyEMOI CHCTEME.

[long TepMuHOM «cocmosaHuey NOIPA3ZYyMEBAETCA COBOKYNHOCHb
gcex hopm cywecmeo8aHus dieMeHma, Haxoosaue2ocs 6 0anHoll gasze.

CocTostHME  XapaKTepu3yeTcs CTENEeHbI0 OKHCICHUS DJIEMEHTa,
XUMUYECKOM (OpMOM €ro CyliecTBOBaHMS, CTENEHbIO JAUCHEPCHOCTH
BEIIECTBA B >KUJKOM MJIM ra3oBod ¢azax, MOJOKEHHEM €ro aroMoB B
KPUCTAJUIMYECKON pelIeTKe TBepAod (a3bl U OINpeAessseT XUMHYECKOe U
(U3UKO-XMMUYECKOE TTOBEJCHUE DJIEMEHTA.

3.1. CocrTosiHHE PATHOAKTHBHBIX H30TOIOB (3JIEMEHTOB) B pacTBOpax

[Ipy pagMOXUMHUUECKUX HCCICIOBAHUSAX YAaCTO NPUXOJIUTCS HMETh
JeJI0 C OYeHb pa30aBICHHBIMH PACTBOPAMU HJIEMEHTOB: 10" mons/1 u
MeHee. [Ipu Takux MajbIX KOHIEHTpALUSIX CYIIECTBEHHYIO POJb WUIParoT
MPOIECCHl  aACOPOIMM M KOJUIOMI000pa3oBaHUs, H3-3a KOTOPBIX MIpPHU
HEIMPaBUJILHON paboTe MOXKHO MOTEPSATh BCE BEIIECTBO HA CTEHKAX COCY[a,
Ha (QuiIbTpe WIM HA MeEJbYAWIIUX TBEPJbIX YaCTHIAX (3arps3HEHUSIX),
MPUCYTCTBYIOIIMX B PAacTBOpPE, €CIM IMOCJIEIHUA HE MOABEPTHYTh
CIIeIMAJIbHOM 00paboTKe.

Hapsigy ¢ o0mumu 3aKOHOMEPHOCTSMH TOBEICHUS MUKPOKOJIUYECTB
BEILIECTB B PACTBOpAx, ISl paIMOAKTUBHBIX 3JIEMEHTOB UMEIOTCA HEKOTOPHIE
cnenuduuecKue SBJICHUS, CBSI3aHHBIE C PACIa/iOM, ACHCTBUEM H3IIYYCHHS U
HaJIM4YUeM aToMoB oTnaud. [loatomy mpu paboTe ¢ paarMoaKTUBHBIMHU
AJIEeMEHTaMU HEOOXOJAMMO 3HATh 3aKOHBI WX TIOBEACHUS B pacTBOpax.
Bbicokass 4yBCTBUTENIBHOCTh PAJUOMETPUUECKMX METOJOB IMO3BOJMIA C
JIOCTATOYHOU TOYHOCTBIO BBISICHUTH COCTOSIHHE PAJIMOAKTUBHBIX M30TOIOB B
pacTBOpax.

[Tox cocTosiHMEM PaIMOAKTHUBHOIO 3JEMEHTA B PACTBOPE COBPEMEHHAS
paguoOXUMUsl TOHMMAET BCIO COBOKYMHOCTH (opM, 00pasyeMbiX IJaHHBIM
AJeMEHTOM B pactBope. Takumu ¢GopMaMu MOTyT OBITh MPOCTHIE U
KOMIUJIEKCHBIE MOHBI, MOJIEKYJIbI, PA3JIM4YHOIO pOja COJbBATHI, ABOWHBIC U
CMEIIIaHHbIE KOMIUJIEKChI, MOHO- U MOJIUSIEPHbIC MPOAYKTHI TUAPOIN3A U T.1.
B obnactu moctmxenust [IP (mpousBeneHuss pacTBOPUMOCTH) MPUXOIUTCS
CUUTAThCS C 00pa30BaHMEM KOJUIOMIHBIX cHCTeM. Hapsimy ¢ 3TMMH HUCTUH-
HBIMH KOJUTOMJAMH, TPEACTABISIONMMUA COOCTBEHHO TBEpAyw a3y,
HEPEAKO 00pa3yrTCs TaK HA3bIBAEMBIE «IICEBIOPATUOKOIUIOUIBDY, SIBISIO-
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[IMecsl MPOayKTaMH aacopOIMH PaIMOaKTUBHBIX 3JIEMEHTOB Ha KOJUIOMJAX
KPEMHEKHUCIIOTHI U IPYTUX 3arpsA3HEHUN.

YToOBl OXapaKTepHU30BaTh COCTOSHUE AJIEMEHTA B PacTBOPE, HYXKHO
YCTAaHOBUTh HE TOJIBKO TO, Kakhue HMEHHO (OopMbl 00pa3yeT IaHHBIH
AJIEMEHT, HO M KOJMYECTBEHHOE COOTHOLIEHHE 3TuX (opMm. B ycrnoBusx
PAaBHOBECUS JAHHOE OTHOIIEHUE OIpPEAEIACTCs 3aKOHOM JIEUCTBYIOIINX
Macc, NPUJIOKEHHBIM KO BCEMl COBOKYIHOCTH TOMOTEHHBIX U I'€T€POr€HHBIX
peaKkuuii, MPOTEKAIOIINX B JAHHOM PAacTBOPE.

Hapsigy ¢ oOummu 3aKOHOMEPHOCTSIMU TOBEICHUS MHUKPOKOJIMYECTB
BEIIECTB B PACTBOpaX HMEIOTCS HEKOTOphbie crenuduueckue sBICHUS,
XapaKTEepHbIE JJISI PaIMOAKTUBHBIX JJIEMEHTOB, CBSI3aHHBIE C UX PaCHaoM,
JNEUCTBUEM H3IIy4EHUs W HamuuueM sjuep oraadd. lloatoMy st kaxzIoro
PaAMOAKTUBHOTO HM30TONA CYIIECTBYET BEpPXHSS T'PAHMUIA KOHIIEHTPALUA,
BBIIIIE KOTOPOM paAMOAKTUBHBIMU CBOWCTBAMM MOXXHO THpeHeOpeub U
paccMaTpuBaTh PACTBOP €ro Kak OOBIYHBIN, COAEp KAl TaHHBIA U30TOM B
kadyecTBe mnpuMmecu. C Jpyrod CTOPOHBI CYIIECTBYET HWIKHAS TpaHMIA
KOHIICHTpAIui, MPpU KOTOPOM ellle MOXXKHO OOHApYXUTh M30TOI B PacTBOPE
Oylaroapsi €ero paJMOaKTHBHBIM CBOMCTBaM. JTa TpaHMIA CHWXKAETCS MPHU
YMEHBIIIEHUU TMEPHOJA MOJIypacnaga M30TONa W COCTAaBISAET I KOPOTKO-
skuByIuX n30ToroB (T, = 5-20 areit) 10 *-10" monb/m1.

VIMeHHO paj0aKTHBHBIE METO/bI, MO3BOJIAIOIINE (PUKCUPOBATh MOBE-
JI€HUE OT/AEIbHBIX aTOMOB, JJAalI0OT BO3MO>KHOCTh IPOHUKHYTh B 00J1aCTh TaKUX
HUYTOXKHO MaJIbIX KOHLIEHTPALMI, KOTOPbIE HEJOCTYIMHbl HUKAKUM IPYTUM
MeTonaM uccienoBanus. Kpome toro, painoxummkaMm HOPUXOAUTCS HMETh
JIEJ0 C MHKPOKOJMYECTBAMU BELIECTBA BO BCEX TEX CIydasx, Korja
MAaKpPOKOJIMYECTBA TOrO WMJIM MHOTO PAJUOAKTHBHOTIO M30TONA OKAa3bIBAKOTCA
MPOCTO HEAOCTYITHBIMH.

Takum 00pa3oMm, roBOps O COCTOSHUM PAJAMOAKTHUBHOTO 3JIEMEHTA,
clielyeT UMETh B BHUJy, UTO clieuuduka padoThl onpeaensieTcs, BO-MEPBbIX,
BO3MOXHOCTBIO (M HEOOXOJUMOCTBIO) U3y4YaTh COCTOSTHUE MUKPOKOJIMYECTB
BELIECTB U, BO-BTOPBIX, BIMSIHUEM PAJUOAKTUBHBIX CBOMCTB BEUIECTBA HA €r0
COCTOSIHHE B 00JIACTH JJOCTATOYHO OOJIBIIUX KOHUEHTPALIHA.

B obmem ciiyqae oCHOBHBIMU (hOpMaMH COCTOSIHUS PaTHMOAKTHBHBIX
M30TONOB B pacTBOpax SABJISIFOTCS ABE PA3HOBUIHOCTH:

1) WCTHHHBIC PaCTBOPBI (HOHHO—MOJICKYIIIPHO—IUCIIEPCHOE COCTOSHHE).
2) KOJUIOUJHOE COCTOSIHKE (TICEBJI0- U HICTUHHBIC PAIHOKOILIOU/IBI).

B TeueHne IIUTENBHOIO BPEMEHH CYIIECTBOBAJIO JBE TOUKHU 3PEHUS Ha
npupony (IMIPOMCXOXKIEHHE) KOJUIOWJHOTO COCTOSIHHMSI PaJuOaKTUBHBIX
U30TOIIOB.

CornacHo omuoit u3 Hux (@. I[laner) paavoKoJUTOMIAMU SIBJISIFOTCS
MeJbYaliliie arperarbl, COCTOSIIHNE U3 TPYAHOPACTBOPUMBIX COEAMHEHUMN
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JAHHOTO 7JJIEMEHTa. JTO TJIABHBIM 00pa3oM KOJUIOUJIHBIE THUIPOKCHU/IBI,
oOpasyroluecs B pe3yJbTare THAPOJIW3a, T.€. MPU 3TOM JIOCTUTAETCS
npousBenenne pactBopumoctd (ITP) maHHOTO COoemuHEHHS. OTO Tak
Ha3bIBAEMbIC UCTUHHBIEC KOJUTOUJIBI.

CornacHo apyroit Touku 3penus (P.3urmonmu, O.T'an, M. Kiopn)
o0Opa3oBaHHe PaJMOKOJIIONIOB CBSI3BIBATIOCH C aCOPOIMEN painoaKTUBHBIX
M30TOMOB Ha KOJUIOMAHBIX WIJIM OoJiee KPYIHBIX YacTHIAX 3arpsi3HEHHM.
[TocnenHue Bceraa NpUCYTCTBYIOT B pacTBOpPax, UMU MOTYT ObITh KOJUTOUIbI
KPEMHEKHUCIIOThI, THUIPOKCUABl METAJIOB, BXOJSIIME B COCTaB CTEKJa
(mocyapl, anmapaTypsl). DTO TaK Ha3bIBAEMbIE MICEBIOPATUOKOIIION/IBI.

Tonbko B koHue 20-x rogoB WM.E. Crapuk (mmozke — 4jieH- Koppec-
nouaeHT AH CCCP) ¢ coTpyaHuKaMu, U3y4dasi TMOBEICHUS TOJIOHUS MPH
pa3IMuHbIX 3HaueHusXx pH, Mmokasan, 4YTO paJAMOAaKTUBHBIE HW30TOIBI B
yabTpapa30aBICHHBIX pacTBOpax MOTYT 00pa30BbIBaTh KaK UCTUHHBIC, TaK
Y TICEBIOKOJIOUBI.

HeobxonumbiM ycrioBUEM 0Opa3oBaHUsS MCTHUHHBIX PAJIMOKOJIOUIOB
SBJISIETCS JOCTH)KCHUE BEJIMYMHBI TipousBeneHUs pactBopumoctu (I1P)
TPYIHO-PACTBOPUMOIO COEAUMHEHHUs, O0O0pa3ylollero JIUCIEepCcHY0 (a3y.
I[Tomumo IIP kpurepuii 00pa3oBaHUS HCTHHHBIX PaJAMOKOJUIIOUIOB
OTPENEIIIETCS 3HAKOM HUX 3apsiia ¢ y4eToMm npaesuna bunemya: 6 pacmeope
He Modxcem ObimMb 08YX PASHO3APANCEHHBIX KOMLIOUOHbIX yacmuy. Torna,
NOCKOJIbKY B BOJHBIX pAacTBOpaXx B KOHTAaKT€ CO CTEKJIOM BCErjaa
NPUCYTCTBYIOT arperaTbl KPEMHUEBOM KUCIIOTHI, 3apsKEHHBIE OTPULIATENBHO,
TO B OTHUX CIy4yasX HE MOTYT HaXOAUThCA KOJUIOWABl THAPOKCHIOB
MHOTOBAJICHTHBIX ~ JJIEMEHTOB,  KoTopble g0 pH=7-8  wumeror
TOJIOKUTEIIBHBIN 3apsii.

[TockonbKy MCEBAOKOJIIONIBI O00pa3yloTcs B pe3yibTaTe aacopOLuu
PaIMOaKTUBHBIX U30TOMOB HA YaCTHUIAX MTOCTOPOHHUX 3arpsI3HEHU, CTEIICHb
UX JUCIEPCHOCTU 3HAUUTEIILHO HIXKE, YeM UCTUHHBIX PaIUOKOUIOU]IOB:

— pa3Mepbl MUIIEUT UCTHHHBIX PaJMOKOJIONIOB cocTaBisiioT 1-3 um (1
HaroMetp = 107° m);
— pa3Mepsl MUILeIUT rceBaopaarnokoionoB — oT 10 g0 100 am u BeImIe.

3.1.1. MeToapl nccne0BaHUs COCTOSHUS PAJUOAKTUBHBIX H30TOIIOB
B pacTBOpax

BaxuenmmMu MeTogaMu U3y4eHUs SIBIISFOTCS:
1) anmcopOrws,
2) mecopOrus,
3) uenTpuyrupoBaHue U yIbTpalleHTPU(PYrupoOBaHuE,
4) ynprpaduiIbTpanus,
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5) nwanus,

6) aekTpodopes, AMEKTPOMUTPAITHS,
7) DICKTPOXUMHUYCCKUI METO,

8) panmumorpadwus,

9) cnekTpodoromerpus,

10) muddys3us.

3.1.1.1. Memoo aocopobyuu

Otor wmeron npemioxkeH W.E.Crapukom B 1930-1933 rr. s
YCTAHOBJICHUSI TPUPOIBI PAAUOKOLIONAO0B. CyIIHOCTH METOAAa 3aKIIko-
YaeTcsi B M3YYECHHMHM aJCOPOLIMOHHBIX CBOMCTB PaJMOAKTHUBHBIX H30TOIOB,
HAXOJSAIIUXCS B PacTBOpaX B MHMKPOKOHIICHTPAIUAX, B 3aBUCHUMOCTH OT
CBOMCTB M cocTaBa pacTBopa (pH, mpucyTCTBUSI MOCTOPOHHUX AIEKTPOIUTOB
U KOMIUIEKCooOpa3oBareyiei, COOCTBEHHOW KOHIEHTpaluu M T.J.) U B
COTIOCTABJICHUU TIOJYYEHHBIX MaHHBIX C pPe3yJbTaTaMH JAPYTHX METOIOB
uccienoBanuil. [10CKOJIBKY OT MEpEevHCIEHHBIX (PAKTOPOB 3aBUCUT COCTOSI-
HUC PAJIMOAKTHBHBIX H30TOTIOB B PAacTBOPE, TO MOXKHO IO BEIIMYWHE U
XapakTepy aJcopOLnu CIeInTh 3a ero CocTosTHueM. B kauecTBe aicopOeHTOB
HCTIONB3YIOTCS MOHOOOMEHHBIE CMOJIbI, HEOPraHUYECKUe HMOHOOOMEHHUKH,
AKTUBUPOBAHHBIC YT, OyMa)kKHbIC W BOJIOKHUCTHIE (DHIIBTPHI, IIACTMACCHI U
T.1. Hanbonee 4acto MCHOIB3yeTCs CTEKJIO, Ha MOBEPXHOCTH KOTOPOTO B
KOHTaKT€ C BOJHBIMH pacTBOpaMH oOpa3zyeTcs TIUIEHKa KOJIJIOUIHOMN
KPEMHUEBOW KHUCJIOTHI. JTa IUIeHKa OO0yClIaBIUBaeT aJCOPOIIMOHHbBIE
CBOMCTBa cTekya W, HauuHas ¢ pH = 2-3, uMeeT OTpUIIATETBHBIN 3apsi.
Bribop crekiia B 3TOM MeETOJE SIBIsIETCS OOOCHOBAHHBIM, T.K. MPHUPOJA
MOBEPXHOCTH CTEKJIA W KOJJIOMJHBIX 3arps3HEHHM, MPUCYTCTBYIOIIMX B
BOJHBIX pacTBOpax, OAMHAKOBA.

B kadecTBe pacTBOpHTENEH HCIIONB3yeTCs HE TOJBKO BOJA, HO H
JIPYTHUE KUIKOCTH:

— OpraHWYecKWe pPacTBOPUTETH (CIUPTHI, KHUCIOTHI, OCHOBAHWSI,
apOMaTHYECKHE YTIICBOIOPOIbI);

— pacIuIaBIeHHbBIEC METAJIIBI (CBHHEII, OJIOBO, YpaH, TUTyTOHUH, CIIaBhI);

— pacIuUIaBJI€HHbIE COJIM (TaJOT€HUbl, HUTPAThl, CyIb(aThl);

— OKCHUJIHBIC PACIUIaBbl U PACTIABHI IIEIOYEH U T.1.

CreneHp afcopOIMM PaJAMOAKTUBHBIX DJIEMEHTOB Ha aJCcopOeHTax,
CIIOCOOHBIX K HOHOOOMEHY, MIOJDKHA CHJIBHO 3aBHCETh OT MPHUCYTCTBHS
MMOCTOPOHHUX HOHOB, €CIIM HW3Y4aeMbIi D3JIEMEHT HAXOJWTCS B HMOHHOUN
dbopme.

U3 puc. 3.1 Bugno, uto amcopOrms Sr*° Ha KaTHOHHMTE MagaeT mpu
nopbiiicHnn  KoHHeHTpamuun  UO,(NO3), (IOCTOpOHHEro 3IIEKTPOJIUTA),
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KOTOPBIH, KOHKYPUPYS CO CTPOHIIUEM, BRITECHSCT €r0 B PACTBOP.

W3 3Toro e pucyHka BUIHO, 4TO ¢ pocToM KoHIeHTparun UO,(NOs),
amcopouus Zr u ND He TOJNBKO HE YMEHBIIAETCs, HO JaXKe YBEIHMYHUBACTCA.
OOBsCHSCTCS 3TO TEM, YTO 00a OHM HaXOIATCS HE B BHJIC MOHOB, a B BHIC
KOJUIOWIOB, IIO3TOMY  aiCOpOIMs KX MPOHCXOTUT II0 MEXaHH3MY
HEOOPAaTUMOIO TOTJIOICHHS KOJUIOMIHBIX YacTUIl. bosbias KOHICHTpaIus
MOCTOPOHHUX MOHOB B JJaHHOM CJIyYae YCHJIMBAET KOAry/sIHI0 KOJUTOWIA, a

100 - Nb®*®
S
E 7r 95
=
(o}
U
Q
Q —
=t
<
2
=
2]
=
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89
Sr
0 .

1
[UO2(NOs).], momas/n

Puc. 3.1. Buusanue Humpama  ypauunia Ha — a0COpoOyUlO  HEKOMOPbLIX
PAOUOAKMUBHBIX DNIeMEHMO8

MOHOOOMEHHAs CMOJIa BeJIeT ce0s Kak aJicOpOEeHT.
DKCIEPUMEHTAIBHO OMPEIeNIeMO BEIMYMHON B METOJE afCcopOLUU
ABJISIETCS KOA(PPUUKUEHT afcopOInu:
a
Kooe. = a_S , (3.1)
v
rle as — MOBEPXHOCTHAs (HA MOBEPXHOCTU aJcopOeHTa) U @y — OOBbEeMHas
TEPMOJMHAMHYECKHE aKTUBHOCTH BELIECTBA B PACTBOPE.

KonuvecTBO pagnMoaKTUBHBIX M30TOMOB HAa MOBEPXHOCTH aACOpOEHTa
PacCCUMTHIBAIOT MO PA3HOCTH HCXOJHOW W PABHOBECHOW AKTUBHOCTEW B
pactBope. Kputepuem oOpa3oBaHMsI UCTUHHBIX PaTUOKOJUIOMIOB SIBISIETCS
HEecoBMaZeHUE 00JIacTeil MpOsBICHNU MAKCUMYMOB a/ICOPOLIMOHHBIX CBOWMCTB
U KOJUJIOM1000pa30BaHusl, YCTAHOBJIEHHOTO MPSIMbIMU METOJaMHU.

Takum 00pazoM, NOJIB3YSACh PA3IMUYHBIMU aICOPOCHTAMU B PA3ITMYHBIX
YCJIOBUSIX, MOXHO YCTAHOBUTH TPU (DOPMBI HAXOXKACHUS PaTUOAKTUBHBIX

QJICMCHTOB B paCTBOpax: HOHHYIO, MOJICKYJISIPHYIO U KOJIJIOMIHYTO.
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3.1.1.2. Memoo oecopoyuu

OH sBIsAETCA HE3aMEHUMBIM JOMOJHEHUEM K METOIy aacopOmuu u
OCHOBBIBACTCS HAa TOM, YTO XapaKTep W MPOYHOCTH CBS3U PaTUOAKTUBHOTO
M30TOMNA C TIOBEPXHOCTHIO aJCOpPOCHTa 3aBHCIT OT TOro, B Kako (opme
HAXOJIUTCS aCOPOUPOBAHHBINA U30TOTI.

C nmomMo1p0 MeToAa 1ecopOId MOYKHO UCCIE0BATD:

— 00paTUMOCTb aJICOPOITUH;

—  3aMCIIAeMOCTh PATUOAKTUBHBIX H30TOIMOB HOHAMH  Pa3JIMYHBIX
AJICKTPOJIUTOB;

— JIeliCTBHE KOMILIEKCOOOpa3oBaTeici Ha aicOpONPOBaHHBIA W30TOII.

[Ipn wu3ydyeHHM OOPATHMOCTH aJCOPOIMH PaJHMOAKTHUBHBIM H30TOII
NecOopOUpYIOT pPAacTBOPOM TOrO K€ COCTaBa, HO 0€3 paJMOaKTUBHOIO
n3orona. Kak mpaBmino, aacopOMpOBaHHBIC MOHBI JIECOPOUPYIOTCS TOpas3ao
Jerde, 4yeM KoJulownbl. Ecim B KadecTBe JECOPOHMPYIOMIETo SJECKTPOJIUTA
WCIIOJIB30BaTh KHCIOTHI, TO HAJA0 YYHATHIBaTh, KPOME BBITECHSIOIETO
JEUCTBUS THUIAPOKCOHHUSI, CIIOCOOHOCTHh KHCJIOT pPacTBOPATh YACTHIIBI Ha
MTOBEPXHOCTH aJCOPOEHTA.

Heo0xo1uMo MOTYEpKHYTh, YTO METOJbI aJACOpOIMU U JecopOIuru
4acTO HCMOJB3YIOTCA BMECTE, T.€. OHM JOMHOJHSIOT Apyr aApyra. [Ipumepom
MOCJICIOBATEILHOTO HCMOJIb30BaHUS COPOLMM M JACCOPOLMH B IPOMBIIII-
JIEHHBIX MacIITadax MOXKET CIIYKUTbh HOHHBI OOMEH.

3.1.1.3. Memoo yenmpugpyeuposanus

OTOT METOJ TMO3BOJSET YCTAaHOBUTH, B KOJUIOMJIHOM WJIM HOHHOM
COCTOSIHUM HaxOAUTCA PaJMOAKTUBHBIM M30TON B pacTBope. Pamnyc
KOJUJIOMJIHBIX YaCTHUI] ONPEAEIISETCS IO BBIPAXKEHUIO:

Xy
gnin—=
(2= . (3.2)
2(p = po wt

rae I — paauyc 4acTHll; ( — YCKOPEHUE CUJIbI TSKECTU; 7] — BI3KOCTh CPE/IbI;
Oy Po — TUIOTHOCTH YacCTHIl M Cpefbl; W — YIJIOBas CKOPOCTh; Xp, X —
PacCTOSIHME YaCTHI] OT OCH BpallleHUs] B Hayajie U B KOHIIC OIbITA.

Ecnmm pannoakTWBHBIC HW30TOINBI MOYXHO BBIJICTUTH TPH CKOPOCTSIX
3000-6000 06./MuH., TO 3TO 3HAYUT, YTO OHH AICOPOUPOBAHBI HA CITYIAMHBIX
3arpsi3HEHHSIX B pacTBope (TmceBAoKouionus). VICTHHHBIE Ke KOJUIOUIBI B
ciydae X OECKOHEYHO MasbIX KOHIIEHTPAIMii OYeHb BBICOKO(TOHKO)IHC-
MEPCHBI (pa3Mep YacTUll ~ 1 MKM) B OCaXJal0TCsl MPU YCKOPEHUSIX MOpsJIKa

3-10* g, 9TO COOTBETCTBYET BPAILICHUIO CO CKOPOCTBIO 15—20 ThIC. 00./MHH.
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st neaTpudyru paguycom 10 cm.

OOBIYHO W3YYaOT 3aBUCHUMOCTHh JOJM PAJUOAKTHBHOTO H30TOIA,
OCaXIAIOMIETOCS TPU IIEHTPU(YTUPOBAHUM, OT COCTaBa pPacTBOpa, HaIpH-
Mep, oT pH; Takum 00pa3oM OmpeessitoT 00 PaluOaKTUBHOTO U30TOMA B
BU/JIE KOJIJIOUIOB.

3.1.1.4. Memoo ynompagurompayuu

JlaHHBIA METON TMO3BOJIICT pPa3[CUTh HOHHYIO, KOJUIOMAHYIO U
NICEBAOKOUIONAHYI0 (opmbl. B kadecTBe QUIBTpYOIIEro Marepuaia
NPUMEHSIOT OMOJIOTUYECKUE YIBTPAPMIBTPHI C pa3MEepPOM TMOpP B HECKOJIBKO
MMK (MHUJUTHMUKPOH), KOJIJIOJUEBbIC YIBTPAQUIBTPHI C MEHBIITUMH IOPAMH U
nemwodanoBsie GUIBTPHI ¢ pasmepamu mop ~1 vk (10°° m). TIpumensitores
TakKe QUIBTPHI U3 MOPUCTOTO CTEKJIA U METANINYECKHE TTOPUCThIE (QUITBTPHI
(0coOeHHO ISl pacILIaBoOB).

OmnpenenstoT I0MI0 PagHOaKTUBHOTO H30TOMA, MPOIISANIETO 4Yepes
GUIBTP, B 3aBUCUMOCTH OT COCTaBa pacTBopa, Hanmpumep oT pH. Ha puc. 3.2
B KayecTBE MpUMEpPa MpPUBEIEH TpaduK 3aBUCHUMOCTH JTOJH KOJUIOMIHOTO
Nb*® B a30THOKHCIOM pacTBOpe OT €ro KHCIOTHOCTH. JTOT Tpaduk
MOKa3bIBaeT, 4YTo Mo Mepe pocra pH pactBopa pacrer mons Nb* B BHze
KOJUIOMJa, KOTopas 3ajepkuBaercs QuibTpoMm, U npu pH >3 moutu Bech
Nb*® okaspiBaeTCs BHIE KOLIONAA.

A A

g 1,0 N

= <

S 08+ < |

= > |

g < |

D) 0,6 1T

= |

= I

m 04+ |

S I

= 024 o

= L

s 0= —t—F—t—+ > | .

= 0 1 2 3 4 5 6 pH 0 a 6 pH
Puc. 3.2. 3asucumocms 0onu Puc.3.3. Buusanue pH pacm-
PAOUOAKMUBHO20 HUOOUS 8 KOJIOUOHOLL 60pa Ha cnocobHOCMb
Gopme om pH pacmeopa 6 onvimax no MHO208AIEHMHBIX UOHOB K
yasmpaguibmpayuu yasmpaguiempayuu

Crnengyer OTMETHTH, YTO KOJUIOMAHBIC (UIBTPHI MOTYT 3aJICPKUBAThH
JUIIH YaCTHIIBI, pa3Mep KOTOPBIX MpeBbHIMIAaeT pazMep mop ¢uibtpa. A.IL
PatHepoM mokaszaHo, 4TO NpW pa3IMYHBIX 3HA4YeHUAX pH mons mosioHws,
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3ajepuBaeMas (OMIBTPOM, MEHSETCSl M YTO 3TO CBSI3aHO C HM3MCHEHUEM
pa3MepoB KOJUTOMAHBIX YacTUll. CKOPOCTh yAbTPAQHUIBTPALIMA MOXKET OBbITH
MOBBIIICHA HAJIOKEHUEM IIEKTPHUUECKOTO TOJISI.

Tunuynas kKapthHa BiMsHUS pH Ha KoJmonmooOpa3oBaHHE MHOTO-
BaJICHTHBIX MOHOB, YCTAaHOBJICHHAsT METOJIOM YJIbTPaIIbTPAIlUH, TIOKa3aHa
Ha puc.3.3, TA€ TO OCH OpAWHAT OTJIOKEHO OTHOIICHUE YACITbHON
aKTUBHOCTH YJIbTpaQuiIbTpa 4 K yAeIbHOH aKTUBHOCTH HCXOJHOTO PacTBOpa
Ao. Ilpu Manbix 3HadeHusx pH paguoakTUBHBIA HU30TON HAXOIUTCS B HOHHON
GopMe U MOTHOCTBHIO MPOXOAMT uepe3 ynpTpaduistp. Korga 3nauenue pH
JIOCTUTaeT BEJIMYMHBI 8, HAUWHACTCS THAPOJIN3 M YaCTh BEIIECTBA NEPEXOAUT
B KOJUIOMJ, KOTOpPBIH M 3ajepxuBaercs ynbTpadguiabTpoMm. HHTEpecHO
OTMeTHTb, YTO0 pH 00pa3oBaHusl KOJIOMIOB JJISi MUKPOKOJIHYECTB COBIIA-
JAI0T C €ro 3HAUYCHUSMU MPHU 00pa30BaHUU OCAJKOB, KOTJA 3TO ke BEIIECTBO
MPUCYTCTBYET B MAKPOKOJINIECTBAX.

3.1.1.5. Memoo ouanrusza

MeTon OCHOBaH Ha TOM, YTO KOJUIOMIHBIE YACTHIBI HE MPOHHUKAIOT
4yepe3 NOJyNpOHUIIAEMbIE MEMOPAHbI, KOTOPBIE, OHAKO, POMYCKAIOT HOHBI.

MewmOpaHHas sideiika Auanu3atopa, 3alojHEHHas PacTBOPOM pajiho-
AKTUBHOTO 3JIEMEHTA, MOTPYKAETCSI B pACTBOP TOYHO TAKOIO K€ COCTaBa, HO
0€3 paJuoaKTUBHOIO 3JIEMEHTa. PacTBOpHI BHYTPU U CHapyXH AHAIU3aTOpa
HEIPEPBIBHO NepeMelnBaroTcs. C TeYEHUEM BPEMEHU HOHHAS YacTh PajHo-
aKTUBHOTO H30TOMa, TUbOYHIUPYS yepe3 MeMOpaHy, pacipeIesieTCs TAKUM
0o0pa3oM, 4TO KOHLIEHTpAlLUsl €€ CTAHOBUTCS OJMHAKOBOW KaK BHYTpH, TaK U
BHEe nuanu3atopa. KosuiomaHast yacTh pajiMOaKTUBHOTO 3JIEMEHTAa OCTAETCS
BHYTpH auanu3aropa. Ecinum mnpeneOpeub ancopOuueil paauoakTUBHOIO
BELIECTBA HA MEMOpaHe (HarpuMep, HaChITUTh MPEIBAPUTEIHLHO MEMOpPaHY B
YCIIOBHSIX ONBITA), TO MOKHO PAacCUMTATh JOJIO0 PAJUOAKTUBHOIO BEIECTBA,
HaxoJIALIErocss B KOJUIOMTHOM M MOHHOM COCTOSIHUSIX. Tak oOcTouT Aeno,
€CJIM B MCXOJHOM PACTBOPE PaJUMOAKTHUBHBINA 3JIEMEHT HaXoIuTcs B (opme
MCTUHHOTO KOJUIOUA U B BUJE HOHOB.

Ecnu e B UCXOHOM pacTBOpPE pPaJMOAKTHUBHBINA M30TON HAaXOAUTCS B
(opmMe MCEeBAOKOUIONJAa U HOHOB, TO, TaK KaK BHEIIHUA PacTBOpP TaKXKe
COJICP)KUT 3arpsi3HEHUs, Ha KOTOPBIX MOTYT aJcOpOMpPOBATHCS HOHBI,
KOHIIEHTpallMsi MOHOB BO BHEIIHEM pacTBOpe OyAeT yMEHbIIAThCSA. ITO
OpHUBEIET K IMEpexoly HOBBIX MOPUMN HMOHOB U3 Jauaiu3aropa. Tak Kak
KOHIIEHTpAllusi MOHOB BHYTPU JAMAIM3aTOpa YMEHBIIUTCS, TO HAYHETCS
aecopOLus paiiOaKTUBHOTO 3JIEMEHTa ¢ KOJUIOMIHBIX YaCTHUI] 3arps3HEHUA.
Eciu KoHLEHTpalMsi TakuxX 3arps3HEHUN OJMHAKOBAa BO BHYTPEHHEM U
BHEIIHEM pAcTBOpaxX, TO MOCTENEHHO AWalu3 MPUBEAET K BbIPABHUBAHHIO
KOHIIEHTpAIlMii aKTHUBHOIO BEIIECTBA B OOOUX pacTBOpax, XOTd W
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3HAYUTEIILHO MEIJIEHHEE, YEM B CIIy4ae UICTUHHOT'O pacTBOPA.

Meton auanu3a HeyqoO€H TeM, YTO PAaBHOBECHE YCTaHABIUBAECTCS
OYEHb MEIJICHHO.

B kagectBe mpumepa Ha puc. 3.4 mpuBeieHa 3aBUCUMOCTb KOJIMYECTBA
YIIEALIETO U3 SYEUKU U30TONa Mn*® ot pH pactBopa. [Jo pH = 9 Bech Mn>®
HaxoauTcs B (opme MOHOB, a ipu PH > 10 ocHOBHas 4yacTh HAXOAWTCA B
BU/JIE KOJUIOUA, OCTAIOLIErocs B sTYECHKE.

A
1,0 4
M
£
£ 08 1
=
=
= 0,6 -
[aa]
o=
o= 041
7
3
= 0,2 1
0

Puc. 3.4. 3asucumocmo donu paduoaxmugnoz2o mapeanya, npoxooaue2o uepes
yennoghanosyio memobpamny npu ouanuse, om pH pacmeopa

B Hacrosimiee BpeMsi BMECTO MOJYINPOHUIIAEMBIX MEMOpaH ynoTpeo-
JSIOT CEJIEKTUBHBbIE M MOHOOOMEHHble MeMOpanbl. Kpome Toro, muanus
OPOBOJAUTCS TP HAJOKEHHM DJIEKTPUYECKOrO TMOJIA, 4YTO IO3BOJISIET
ONPENENATh OHOBPEMEHHO pa3Mep U 3apsil YACTHIL.

Ha u3mepenun ckopocTH auanv3a OCHOBaH OJWH U3 METOJOB M3yde-
HUS KOMIUIeKcooOpa3oBaHusa. Cxema YCTaHOBKM IIOKa3aHa Ha pwc. 3.5.
BHyTpeHHUI pacTBOp COAEPKHUT HCCIETyEeMblii MUKPOKOMIIOHEHT Ha (hoHE
MaKpOKOMITIOHEHTa. DTOT PacTBOp 4epe3 MOPUCTYIO JuadparMy MpUBOAUTCS
B COIIPUKOCHOBEHHME C PACTBOPOM AHAJIOTMYHOI'O COCTABA, HE COJAEPIKAIINAM
MUKpPOKOMITIOHEHTa (HapyXHbIi pactBop). O0a pacTBOpa HHTEHCUBHO
nepememmBaiorca. Ilpu stom wuccrnenyemsli moH auddyHaupyer uepes
MeMOpaHy C OMNPEIEIIEHHON CKOPOCTBIO, OTBEYAOIIeH KOHCTaHTE AHaln3a
JAHHOT'O MOHA:

A= 1 In &, (3.3)
t C;
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rae t — Bpemst nuanuza; C, — HadalibHasi KOHLIEHTPAILMS KCCIEAYEeMOro
BenecTBa; Ci— KOHIEHTpAIMs JaHHOTO BEIlleCTBA B MOMEHT BpeMEHH 1.

a B w DN

Puc. 3.5. Cxema ycmanosku 051 uzyyeHuss KOMNIEKcooOpa308anusi Memooom
ouanusza: 1 — mewanka; 2 — ouanuzamop; 3 — enympennuil pacmeop, 4 — membpana;,
5 — Hapyoicuwill pacmeop

Ecnu uzyuaercs peakiys 0OMEHHOT0 KOMILIEKCOOOpa3oBaHus

MeL'+ L" =MeL" +L", (3.4)

To nuanu3 yactull MeL' xapakTepusyercss KOHCTaHTOM A, quaau3 4acTHIl
MeL"— koncrantoii A"; ompezgensemas SKCHEPUMEHTAIBHO KOHCTAHTa A
3aBUCUT OT OTHOIIeHWs KoHueHTpauuii MeL' u MelL" u mostomy wusme-
HSETCd C WM3MEHEHHEM COCTaBa pacTBOpa NMYTEM HM3MEpPEHUsT KOHCTAHTHI
qManM3a HMHKa (MHAEKaTop Zn>) B 3aBucuMocTH ot pH pactBopa.
KoHcTaHTy paBHOBECHs MCCIEIyEMOW pEaKkUUU ONPEAEISUIA C HMCHOJIbB30-
BaHHMEM a0CIIMCCHl TOYKH Tepernda KpuBou mo Gpopmyiie

L]

[L"]T. IL (3.5)

rae [L"] T.1. — KOHIeHTpaluss HOHOB THAPOKCHIA B Touke nepernba; [L'] -
KOHIICHTpAIMs HOHOB arleTara.

®opmyna (3.5) cipaBesiiBa B TOM ClIy4yae, €CJu KOHCTAHThI CKOPOCTH
npsMoit u oopatrHoi peakimu K; m K, mo kpaiiHelt mMepe Ha JBa Mopsiika
BBIIIIC 3HAYEHUSI KOHCTAHT A' 1 A",

42



3.1.1.6. Memoo snexmpoghopesa, snexmpomuepayuu

Meton npumeHsieTcsl i1 yCTAHOBJICHUSI BEJIMYMHBI M 3HAKa 3apsiia
yacTull (MMPOCTHIX U KOMIUIEKCHBIX HOHOB) B PaCTBOPE.

DNEeKTPOMUTPAIMOHHBIA ~ METOJ ~ MCHOJIb30BAIM MOPU  U3YUYEHUH
komruiekcoB miryToHus (III), amepunus (I11), kropus (III), peaxo3emMenbHbIX U
JIPYTUX OCKOJIOYHBIX DJJIEMEHTOB C PSJOM OPraHUYECKHX KOMILIEKCO-
obpazosareneit (H,C,04, D/ATA u ap.).

MeTton  OCHOBBIBaeTCS Ha  3aBUCHMOCTH  MEXAY  CKOPOCTBIO
CYMMapHOTO 3JIEKTPOMHUTPAIMOHHOTO TEpEeHOca HMCCIEAyeMOro MeTallia |
COOTHOIICHHEM  KOHIEHTPAIMil MpPOCTBIX U  KOMIUIEKCHBIX  HOHOB,
HAXOJSLIUXCSI B paBHOBECHM ApPYr c ApyroMm. KoimuecTBEHHO 3Ta CBS3b
BBIPAKAETCs YPAaBHEHUEM 3JIEKTPOMUTPAIUU:

_ Upg +U1K1[L]+ U2K2[L]2 +...
1+ Ky [L]+ KoL +...

Uc ' (3.6)
rie Uc — CyMmMMmapHas CKOPOCTh SJEKTPOMHIpalluu; Uy — TMOJBHKHOCTH
MPOCTHIX MOHOB; U; U Uy — MOJBMXXHOCTH KOMILJIEKCHBIX HOHOB MeL 1, MeL.,.

CKOpOCTh 3JEKTPOMUTPAIlUM PAJTMOAKTUBHBIX 3JIEMEHTOB YJI00HO
ONpeNeNiaTh C TMOMOIIBI0 3JleKTpodope3a HAa HUHEPTHOM TMOPUCTOM
HaroHuTene. Ilo mpuHOMMIY JaecTBUS TPHOOPHI IS AiIeKTpodopesa
MOYHO OTHECTH K JIByM OCHOBHBIM THIIaM: IIPEPHIBHOTO (IIEPHUOIUYECKOTO)
anekTpodopesa W HempepbslBHOTO 3jekTpodopesza. Cxema mpubopa s
IPEPBIBHOTO AIeKTpodopesa rmokazaHa Ha puc. 3.6.

2

Puc. 3.6. Cxema npubopa ons npepvignozo snekmpoghopesa’ 1 — niockas kamepa,
3ANOHEHHAS. NOPUCIMBIM HANOJIHUMENeM, 2 — d1eKmpooHble Kamepul, 3 — COOPHUK OISt
@paxyuti pacmeopa, 4 — oxnaxcoarowas pyoauika
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[ToaBMKHOCTH HOHOB BEIYHCIIACTCS 11O (hOpMyJIe
o

T Et

rac I — CMCUIICHUC KOHHGHTpaHI/IOHHOFO MaKCI/IMYMa 30HBI B IIOJEC C
HaIPsHKEHHOCTHIO E 3a Bpewms t.

TunuyHas KpuBas 3JIEKTPOMHUIpAlMU (3aBUCHUMOCTbh CpEAHEH CKO-
POCTH 3JIEKTPOMUTPALIMU OT KOHIICHTPAILIUU JIMTaH/1a) TTOKa3aHa Ha puc. 3.7.

T

Uc (3.7)

o 20 X\
<
3
a 10 \
- 0 .
S 8 6 \\4{ 2 | 10,0,
'10 U\P-

Puc. 3.7. Kpusas snexkmpomuepayuu amepuyus (Ill) 6 pacmeopax wasenesoti
KUCTIOMbl

Hcrnonb3oBaHue JaHHBIX O CKOPOCTHU DJIEKTPOMUTPALIUU ISl U3YUCHUS
COCTOSIHHUSI DPaJMOAKTHBHBIX DJEMEHTOB B PAacTBOpPE BKJIIOYACT OMpEIIe-
JICHWE 3HAaKa W BEJTWYMHBI 3apsjia MPUCYTCTBYIOIIMX B PAacTBOPE YACTHII,
YCTAaHOBJICHME Ha JTOW OCHOBE COCTaBa KOMIUIEKCOB U, HAaKOHEI,
BBIYMCIICHHE KOHCTAaHT YCTOWYMBOCTH KOMIUIEKCOB. Hampumep, mpu
M3YyUYCHHHM OKcalaTHbhIX KomiuiekcoB amepurusi (III) mokazano, uro
MpeaeNbHOe 3HadYeHHe U, JOCTUTaeMO€ TpHU OONBIIMX KOHIICHTPAITUIX
nurasaa (cM. puc. 3.7), XapaKTepHO ISt KOMIUIEKCHOTO HOHA ¢ 3apsaoM (—1).
W3 3Toro ciemoBano, 4TO BHICIIUM KOMIUIEKCOM B JIaHHOW CHUCTEME SIBIISIETCS
6o AMOX,, muoo AM(HOX),.

CriennabHbBIE OMBITHI, MMOKA3aBIIIKE, YTO CKOPOCTh JJEKTPOMHTPAIIAN
HE 3aBHCHUT OT KOHIeHTpanuu noHoB HOX (mpu MOCTOSHHON KOHIIGHTpa-
e noHoB OX®"), O3BOMIHIIM OTAATH MPEIIOYTEHUE IEPBOil THIOTESE.

Takum oOpa3om, B ypaBHeHUH (3.6), UCTIOIB3YyEMOM JIJIs1 BHIYHCIICHUS
KOHCTAHT YCTOWYMBOCTH, MOXXHO OBLIO OTPaHUYMUTHCS TOJBKO UJICHAMH,
otBeyaronmmu kommiekcam AmOx” u Am(HOX) 4.

s pacdera KOHCTAaHT YCTOMYMBOCTHM KOMIUIEKCOB Ha OCHOBE
ypaBHeHHs (3.6) MOXXHO HCIOJIb30BaTh OOBIYHBIE METOJbI TpaduyecKou
AKCTPAITOJISINH, B TOM YUCJIC U C TIOMOIIBIO QyHKITUN

44



n=-2_-¢.—,
0wz (3.8)

rae N — cpemHee YKMCIIO JTUTaHAOB, TPUXOISIINXCS HA OJUH aTOM METallja;
Z — 3apsn cBOOOJHOTO (HEKOMIUIEKCHOTO) KaTHOHA MeTaiia; Z' — 3apsn

gl
AN
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1A\
NN

S S e

/

\Q—H\U’

-16 -8 0 8 16 24 32

2 5
CkopocTh 1BHXKEHUS 30H, ¢M /(B cex 10 )

Puc 3.8. Uzmenenue cxopocmu osudicenus 3ou snemenmos (La, Ce, Pm, Eu, Y)
6 0,01%-nom pacmeope mpunona b 6 3asucumocmu om xuciomuocmu

DJIEKTPOMUTPALIMOHHBIM METOJI, TOAOOHO APYTUM PaJUOXUMHUYECKUM
MeToAaM (PKCTpaklMs, WOHHBIM OOMEH), SBJISETCS OJHOBPEMEHHO Kak
METOJIOM HM3Y4YE€HHUSI COCTOSIHUSI PaIMOAKTUBHBIX DJIEMEHTOB, TaK U METOJOB
WX pa3JeieHus.

Paznenenue anemeHTOB B mpubope i daeKkTpodope3a OocyliecT-
BIISIETCS 3@ CUET CMEILICHUS 30H JIBUKEHUS Pa3JIUYHBIX AJIEMEHTOB OTHOCH-
TenpbHO Jnpyr Apyra. IlogmoOHoe cMemeHue, OOYCIOBIEHHOE PAa3IMYHON
YCTOMYMBOCTBIO KOMIUJIEKCOB PA3ACISEMbIX 3JIEMEHTOB, OTpa)Xaercs B
Pa3IUYHOM TIOJIOKEHUU KPHUBBIX CKOPOCTH JBMIKEHHUS 30H OJU3KUX 10
cBoMicTBaM 3jeMeHTOB (puc. 3.8). DTo eme pa3 MOKa3bIBae€T B3aMMOCBS3b
MEXK]ly COCTOSIHUEM PAJUOAKTHUBHBIX D3JIEMEHTOB M UX IOBEJACHUEM B
MPOLIECCAX MPUKIATHON PATUOXUMUU.

3.1.1.7. Dnekmpoxumuueckue memoowl

I[J'ISI HN3Yy4YCHUSA COCTOSAHUSA padVOAKTHUBHBIX 3JICMCHTOB MOXHO ITPHUMC-
HATb CaMOIIPONU3BOJIBHOC 3JICKTPOXUMHUUYCCKOC BbBIICIICHUC (HeMeHTaHI/IIO).
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BennunHa moTeHIMANa BBIJCICHHUS 3aBUCUT OT KOHILEHTPAILUU
CBOOOJHBIX HMOHOB PaJMOAKTUBHOTO H30TONa B pacTBope. CBs3bIBaHUE
PaIMOaKTUBHOIO M30TOMNAa B KOMIUJIEKC WM OOpa30BaHUE TUIPOJIU30BAHHBIX
MOHOB B KOJUIOMJHBIX YaCTHUIAX BBI3bIBAET CJIBUT MOTCHIIMANA BBIJICICHHUS.
[Ipy »>TOM KOJIMYECTBO BBIACICHHOTO U30TONA yMmeHbinaercs. Eciu B
pacTBOpe MPUCYTCTBYIOT MCEBAOKOJIOUABI, TO TOCJE OCAXJICHUS MOHOB U3
pacTBOpa HUIET TMOCTENEHHOE pa3pylICHHE ICEBIOKOUIONAOB (IecopOrus
PAW) u nanbHeiiliee BoIEICHUE PAUOAKTUBHOIO 30TOMA.

3.1.1.8. Memoo paouoepaguu (aemopaduepaghuu)

[[Tambe 1 XappuHrToH B 1927 1. 111 U3y4eHUs COCTOSIHUS TOJIOHUS B
pacTBopax NIpUMEHWIM aBTopaguorpaduio. B ombitax Ilambe ¢oro-
OMYJIbCUIO TUIACTHUHKU MOKPBIBAIN CIIOJOW, Ha KOTOPYIO HAHOCWIIM KaIUIO
HCCIIEAYEMOTO PAacCTBOPA, COAEPKAIIECTO PAAUOAKTUBHBIN H30TOI (Po”%). B
KHCIIBIX ~ CpeJax [Mojyyajgach aBTOpaJHOrpaMma C  PaBHOMEPHBIM
MMOTEMHEHUEM, a B LIEJIOYHBIX U HEUTpPaJIbHBIX MOYEPHEHUE OBLIO HEOIHO-
ponHbIM. M3 3TOro aBTOpBI CHENAIM 3aKIIOYEHHE, YTO B ULIEJIOYHBIX U
HEUTpaJIbHBIX PACTBOpPAax IIOJIOHMHA HAaxOJWJICS B BHUJE arperatoB —
KOJUIOMJHBIX YacTHUIl, @ B KUCJIBIX CpPElaxX — B BUAE UCTUHHOIO PacTBOpA.
AHanoruyHelie pe3yabTaThl NOTYYaIUCh U IPU IPSIMOM HAHECEHUH PacTBOpa
Ha smynbscuto. Ognako W.E. CtapukoM ObplIO MOKa3aHO, YTO MOJyYEHHBIE
pE3yJIbTaThl SABJIAIOTCS CIEACTBUEM aJICOPOIIMH paAOaKTUBHBIX U30TOIOB HA
CJIIOZIE WJIW OMYJIBCUU U OTPAXKAKOT HE COCTOSIHUE PAJUOAKTUBHBIX M30TOIOB
B pacTBOpax, a XapakTtep uX ajacopOuuum u3 pactopa. I[lpu sTom,
€CTECTBEHHO, MOXET OBbITb HaWJeH OTBET M Ha BONPOC O COCTOSHUU
paZMOaKTUBHBIX M30TOINOB B pacTBOpe, HO Ooyiee YETKUE pPE3yJbTaThl
MOJIy4aroTCs C MNpUMEHEHHEeM OoJiee MpocThiX aacopOoeHToB. Hanecenue
pacTBOpa HEMOCPEICTBEHHO HA AMYJIbCUIO MO3BOJISIET BBISIBUTH HATMYUE UITU
OTCYTCTBME HWOHHOW (OpMBI, TakK Kak KoJuloujaHas ¢opma IETUKOM
3a/IepKUBAETCA HA TOBEPXHOCTH 3MYJIbCUH, & MOHHAS MPOHUKAET BHYTPb
sMmyJsibcud. BoWa mpuMeHus1 OBICTpOE 3aMOpaKMBAaHUE Karellb pacTBOpa Ha
AMYJIbCHH, KOTOPOE MOATBEPANIIO pe3ynbTaThl [llambe.

&Y

HEHTpanbH 0,003N HCI 001N HCI 0,IN HCI

Puc. 3.9. Obpa3zosanue konrnoudoe UcCmMymom 6 3a8UCUMOCMU OM KUCTIOMHOCTU
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Ha ¢gorosmynbcun, moaBepruyToil BO3AEUCTBUIO pacTBOpa (WK rasa),
COJIEpIKaIler0 PaJlOaKTUBHOE BELIECTBO, MPHU MPOSBICHUU BO3HHUKAIOT
HEOJIHOPO/IHBIC TIOYEPHEHUs. DTO sBIICHHE ObUIO OOBACHEHO KaK pe3ysbTar
U3ITyYEHUS! PaIMOAKTUBHOTO HM30TOMA, KOTOPHIH HAXOAMUTCA B KOJJIOMIHOM
COCTOSTHHH.

[Ipy MOHWKEHMM KHCIOTHOCTH YBEIUYMBACTCI HEPaAaBHOMEPHOCTD
nouyepHeHus: ¢oTortacTuHku (puc. 3.9), Tak Kak IpPU 3TOM YCHIIMBAETCS
THJIPOJIU3, TIPUBOISIINN K 00pa30BaHUIO KOJIJIOUIOB.

3.1.1.9. Cnexmpogomomempuueckutl memoo

OTOT METOA UMEET 0cOO0E 3HAUEHHE NPU UCCIIEOBAHUN AKTUHOMIHBIX
AJIEMEHTOB, OCOOEHHO NpHU paboTe ¢ HEYCTOWYMBBIMU BAJIEHTHBIMU COCTOSI-
HUSIMH. XapaKTEPHBIEC CIEKTPHI NOTJIOMIEHUS ITUX JIEMEHTOB, BECbMa PE3KO
OTJIMYAIOIIMECS JJIA Pa3HbIX CTENEHEHW OKHUCIECHHMs, IO3BOJSIOT H3Yy4yaTh
KOMIUIEKCOOOpA30BaHUE DJIEMEHTa, OJHOBPEMEHHO KOHTPOJUPYS €ro
BAJIEHTHOCTh. C MOMOIIBIO CIIEKTPO(YOTOMETPUYECKOTO METO/Ia U3YYEHBI, B
YaCTHOCTH, MHOTHE KOMIUIEKCHI HENTYHUS M IUTyTOHHUS, HaXOJsAlIuecs B
Pa3IMYHBIX CTENEHSAX OKUCIICHHUS.

3.1.1.10. Memoo ouggyszuu

Meton auddy3un MO3BOJNSIET CYAWTh O pa3Mepax  YacTHIL
PaJAMOaKTUBHOTO BellecTBa B pacTBope. CBsi3b Mexy pasmepom yactuil (I,
em) 1 kodddunrenTom nuddysun (D, cu’/c) yeTaHABINBACTCS YpaBHEHHEM
OitHmreitna—Crokca:

RT 1
.F ' (39)

D-——~
67Z'N07’]

rne R — ynuBepcanbHas razoBas nocrosHHas (8,3 Jhx/rpaa-moinb); No —
9UCII0 ABOraapo; ] — BA3KOCTb CPEJIbI.

Crporo roBopsi, NPUBENCHHOE YpPaBHEHHUE CIPABEMJIMBO JIMIIb JUIS
HE3apsDKEHHBIX C(EpUUYECKUX YacTHUll, pa3Mepbl KOTOPBIX 3HAUYUTEIbHO
IPEBBIIIAIOT pa3Mepbl YaCTULl PACTBOPUTEIIS.

[TaneT n XeBewu, KOTOpbIE NEPBBIMU MPUMEHUIIA 3TOT METOJ], HAILLIH,
YTO JIJIi MHOTMX PaJMOAKTUBHBIX BelECTB KodppuuueHt nuddy3nn umeer
AHOMAaJIbHO HU3KHE 3HAUCHHUA. JTO YKa3bIBAET HA UX KOJJIOMJIHOE COCTOSIHUE
B PacTBOpE.

Hu oauH oTnenbHO B3ATHIA METOA HM3YyYEHHs] COCTOSHUS Ppajuo-
aKTUBHOTO 3JIEMEHTa HUKOTJAa HE JAacT OJHO3HA4YHOro OTBETa O opMme ero
HaXOXIEHUSI: HTO MOXHO YCTAHOBUTH TOJBKO KOMIUIEKCOM METOJ0B
UCCIICIOBAHUN.

47



Becema HarmsimHyto wHGOpMAaNWO O KOMIUIEKCHOCTH METOOB
OTIPEIEICHUS COCTOSHUS PAANOAKTUBHBIX N30TONOB aaroT puc. 3.10 u 3.11.
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Puc. 3.10.  3asucumocmsv cooepoicanHus UOHHBIX POpM NPOMAKMUHUSL B8O

GPMopuoHbIX pacmeopax pazHol KUCIOMHOCIU OM KOHYEHMPayuu UoH08 pmopa:
1 - Pa(OH)F,**™*; 2 — PaF,"; 3— PaFs; 4 — PaFg ; 5— PaF;; 6 — PaF;

100 -
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Puc. 3.11. 3asucumocms cocmosinusi npomaxkmunusa-233 npu KOHYyeHmpayuu

~10™"2 monw/n om pH pacmeopa: 1 — adcopbyus na xeapyesom cmekne; 2 —
decopbyuss ¢  nogepxHocmu  cmekia;, 3 —  3a0epicanue  YeriopaHo8bim
yavmpagunbmpom,; 4 — ocasxicoenue npu yeHmpugyeuposanuu
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3.1.2. O6mue BBIBOABI K pazaeny 3.1

1. PagmoakTHBHBIE HW30TOMBI MOTYT HAaXOAMWTHCS B  CICAYIOIIUX
COCTOSIHUSIX:  HMOHHOM,  KOMIUIEKCHOM,  MOJEKYJISPHOM,  HCTUHHO-
KOJUIOUJTHOM, TICEBIOKOJUIOUTHOM.

2. CunbHO pa30aBiieHHBIE PACTBOPHI PAIMOAKTUBHBIX U30TOMOB MOTYT
OBITh TMOJIUIUCIICPCHBI, T.€. OAHOBPEMEHHO HAXOIUTHCA B HECKOIBKUX
COCTOSIHUSIX.

3. KomnougHoe coctosiHue OmpeAenseTcss XMMUYECKUMU CBOMCTBaAaMU
U30TOTA.

4. OOpa3oBaHHW€ WCTHHHBIX KOJUIOUJOB CBSI3aHO C JOCTHIXKEHUEM
IPOU3BEICHUSI PACTBOPUMOCTH TPYAHOPACTBOPUMOTO COCIMHEHUS.

5. Tonbko KOMIIEKC METONOB IMO3BOJISIET ONPENEIUTh, B KakKoil
KOJUTOMIHOM (popMe HaXOIATCS MUKPOKOMITOHEHTHI.

6. 3aKOHOMEpPHOCTH B COCTOSTHUH PAJAHOAKTUBHBIX N30TOIOB:

a) WIEJIOYHBIC AJIEMEHTHI HE 00pa3yl0T HUKAKUX KOJUIOMJOB B IIMPOKOM
uHTepBane pH, a HaxoaATCA B pacTBOPE B BUJIE€ MTPOCTHIX HOHOB,

0) IIEIOYHO-3€MEINIbHBIE 3JIEMEHThl HaXOASATCS B pPACTBOPE B HMOHHOM
COCTOSTHUM W MOTYT O0Opa3oBBIBaTh aJCOPOIMOHHBIC (IICEBI0-) KOJIOWIBL,
CKJIOHHOCTh K 00Opa30BaHUIO MOCIEAHUX PACTET C AaTOMHOM MaccCoi;

B) TpEX-, YETHIPEX-, MATUBAICHTHBIE 3JIEMEHTHI MOTYT OOpa30BHIBATH
pazMyHble TPOJAYKTHl THAPOIM3a, MOTYT HAXOJUTHCA B  HOHHOM,
MOJIEKYJIIPHOM COCTOSIHUSIX, T.€. HAXOJAUThCS BO BceX (hopMax, B TOM YHUCIIE
OJIHOBPEMEHHO.

3.2. CocTosiHHe PaIMOAKTHBHBIX H30TONOB B TBEPABIX TeJax

[Ipu paccMoTpeHUHN BOIIPOCA O COCTOSIHUM PAJIMOAKTUBHBIX U30TOIOB B
TBepAOW (haze cieayer pa3nuyaTh MATEPUHCKUE M JOUYEPHUE HU30TOIbI, T.K.
MepBble CYIIECTBOBAIM B MOMEHT 0O0Opa3oBaHUs KpUCTaJla, BTOPBIC
o0pa3zoBaliuCh B pe3yJibTaTe pPAJAMOAKTHUBHOTO paclajga YK€ B TOTOBOM
Kpucrasie. B pe3ynbpTaTe pacnana B Kpuctaiie MOryT 00pa3oBaThCs:

a) ra3000pa3HbIC BEIECTBA;

0) TBep/ible BEILIECTBA;

B) JOYEPHHE W30TOMBI MATCPUHCKUX BEIICCTB (B YpPaHOBBIX MHHEpajax
sro U U**, B Topuessix Th?*? — Th*®);

r) crabmisnble n3ortoms (Ph7% 227 2% Ar He).

Kpome pacmana pagmoakTUBHBIE W30TOMBI MOTYT 0Opa3oBHIBATHCS (B
TBEepAOi ¢aze) B pe3ysbTare SACPHBIX PEAKIUNA MPU OOJIYICHHH TBEPABIX
muieHed. Ilpu 3ToM MOTYT 0O0pa30OBBIBATHCS HM30OTOIMBI  O0IYy4aeMOTO
snemMeHTa (N, y-peakiuu) Wik U30TOMbI IPYTUX JIEMEHTOB.
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O cocCTOSIHMM pPaJAMOAKTHBHBIX HM30TOIOB B TBEPIAOM TEJIE€ MOXKHO
CYJIUTh MO CIETYIOIIUM MPOLeccam:
a) SMaHMUPYIOIIasi CIOCOOHOCTh KPUCTAJIIOB,;
0) BBINIETAYNBACMOCTh PATMOAKTUBHBIX U30TOMOB U3 KPUCTAILIOB,;
B) CcyOmuManusi paJuoaKTUBHBIX H30TOIOB.

3.2.1. DmaHupoBaHue

Omanuposanue — BBIICIEHUE U3 BEIIECTBA  PaJUOAKTUBHOIO
WHEPTHOIO rasza, KOTOPbIH 00pa3yeTcsl B pe3yJibTaTe IePHBIX MPEBPAILICHUA.

DOMaHaIlMOHHBIA METOJ U3Yy4YEHHUS COCTOSIHUSI PAJIUOAKTUBHBIX HU30TO-
OB B TBepAOH (paze 3akiio4aeTcsi B U3yYCHHUH BBIJICJICHUS PaIMOAKTUBHOTO
ra3a u JaeT BO3MOXXHOCTb CJIeJaTh BBIBOJIBI O (DU3UKO-XUMUYECKOM COCTOSI-
HUU CUCTEMBI, O BHYTPEHHEU MOBEPXHOCTU Teja, O (a30BbIX (AJUIOTPOMHBIX
¥ TONUMOpP(HBIX) Tepexojax, O MpoIeccax PEeKPUCTAITU3ALNHN, CIICKaHUs,
XUMUYECKOTO TIPEBPAIICHUS U T.]1.

Mepon, xapakTepus3yrolleld BBIACICHUE OMaHAlMA U3  OJHOIO
BEIIIECTBA, SIBIISICTCS amanupyiowas cnocoonocms (E). Tlon smanupyromeit
CIIOCOOHOCTBIO KaKOTO-TMOO0 Tela Moipa3yMeBaeTCsl OTHOIICHNE KOJTUYECTBA
BBIJICIISIIOIIETOCS. M3 3TOTO Tella paJloaKTUBHOTO Ta3a pajoHa (IMaHAIUH) K
o011IeMy KOJIMYECTBY pajJioHa (dMaHaluu), oOpa3yroleMycs B pe3yibTare
PaAMOAKTUBHOTO pacrnaja MaTEepUHCKOrO BEIIeCTBa 3a 3TOT KE MEPHOJ
BPEMEHU.

bnarogapsi siBieHuI0 OTAAauu, KOrJa HOBOE s/po, oOpasyrolieecss B
pe3ysbTaTe o-pacnana NG A (2,2)3/H + ,He* MpUOOpETaeT KMHETHICCKYIO
sHepruto ~0,1 MaB ¥ MOXeT NOKMHYTH IIpelenbl TBEPAOTO Tela B
atMoc(epy, OKpPYKAIOIIYI0 TBEPAOE TEJIO0, MOXKET BBIICIUTHCS JIHIIb
HeOOoJbIas 4acTh dMaHauu E,,,. OcTaipHble aTOMBI OTJa4d 3aKaHUYWBAIOT
CBOW TmpoOer BHYTPHM Tella W MOTYT BBIUTH W3 €ro TMPEAeSOB JIUIIh
MOCPECTBOM OTHOCHUTEIILHO MEIJICHHOTO mpoiiecca auddysuu (E,).

Takum oOpa3oM, OSMaHUpPYIOIIAas CHOCOOHOCTh FE craraercs u3
SMAHUPYIOIICH CHOCOOHOCTH BeiieAcTBUE OTAa4YH (E,,y) W 3MaHUpYOIIEH
criocoOHoCcTH, 00ycioBieHHON nuddy3ucii panona (E,):

E= Eomd. + Ed . (310)

Cocrasnsromas E,,y He 3aBUCUT OT TEMIIEPaTyphl, TOCKOJIbKY SHEPTUs
atoMa oraaud (~10°5B) 3HAUMTENHHO MPEBBIIACT TEIMIOBYIO SHEPIHIO
aTroMoB TBepaoro tena (~0,05 3B).

CocraBnsitomias E, npornopuuoHanbHa kodgduuuenty auddysuun D,
KOTOPBIN 3aBHCHUT OT TEMIIEPATYPHI:
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D =Dye W/RT (3.11)

rie D — xoaddumuent muddysuu, W — sHeprus akTuBaIuu Iporiecca
muddys3uu. Torma

E, = Ae T, (3.12)

riae A = const.

Hanpumep, ¢ pocTtoM TemmepaTypbl SMaHHUPYIOMIas CIOCOOHOCTH
xyopuaa 6apus HesHaunuTenbHO yBenuuuBaetrcs 10 400 °C (puc. 3.12), nanee
OHa pe3ko Bospactaer. [Ipu s5Toil TemmepaType H BBIIIE MPOUCXOAUT
pa3phIXJIEHHE KPUCTAIlIa, B pe3ysbTaTe 4ero pe3ko ycuiauBaeTcs auddysus
anemeHToB. [loHmxkeHnue smanupyromeir cnocodHoctn mpu 830-920 °C
OOBSICHSIETCS] TIEPEKPUCTAITN3AIUEH, «3aTeUNBAaHUEM) TPEUIUH W HCYE3HO-
BeHueM mnop. [lpu nanpHeillieM HarpeBaHWM 3MaHMUPYIOIIAs CIIOCOOHOCTH
yBenuuuBaetcs u gocruraet 100 % npu niaBieHuH.

100
E, %

10

[Om

1

100 300 500 700 900 t, °C

Puc. 3.12. 3asucumocmv  amanupyroweti cnocobrocmu xaopuoa obapus om
memnepamypul

[lepexon kpucramia w3 OAHOW MOAMPUKANMK B APYTYIO TIpH
U3MEHEHUH TEMIIepaTyphbl COMPOBOXKIAETCS CKaYKOOOpa3HbIM U3MEHEHHEM
AMaHUPYIOIIEH CIIOCOOHOCTH.

BennunHa MOBEpXHOCTH BELIECTBA, U3 KOTOPOTO MPOUCXOAUT dMaHU-
pOBaHUE, CYIIECTBEHHO CKAa3bIBAETCS HA AMAHUPYIOIIEH crocoOHoCTH. Tak,
JUISL  CBEXKEMPUTOTOBICHHOTO THUAPOKCUAA IKele3a C CHIBHO pPa3BUTOU
MOBEPXHOCThI0O OHa Oynm3ka kK 100 %, HO MO Mepe cTapeHusi ocajka ero
AMaHUPYIOIIAsl CHOCOOHOCTh PE3KO MaJIaeT.

3.2.2. BrienaunBanue U CyouManus

O cocTOsIHMM paJMOAaKTUBHBIX HM30TONOB B TBEPIABIX TEJIAaX MOKHO
CYyIUTh N0 UX CIOCOOHOCTH MEPEXOJUTh B PAacTBOP MPHU BO3ACHCTBUU Ha
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TBEPJOC TEJIO PA3JIMYHBIX CEICKTUBHO JCHCTBYIONIUX pPAacTBOPUTENCH (HE
pacTBOPSAIONIUX OCHOBHOE BEIIECTBO). OJTHUM METOJIOM B OCHOBHOM
M3Y4aINCh MUHEPAJIBI, COACPIKAIIUE PATNOAKTHBHBIC BEIECTBA.

MatepuHCKHE W30TOIBI, BXONAIIME B COCTaB KPUCTAJUTHYECKOU
pEIeTKH, OyIyT MEPEXOAUTh B PACTBOP JIUIIIHL B CIIy4ae pacTBOPEHUS CaAMOTO
KpUCTajU1a, T.€. HApYIICHUH €ro pemeTku. JlouepHue H30TOIbI, HAXOMs-
muecs B Kamuuisipax u JedeKTax perieTki, MOTYT MePEXOAUTh B pacTBOp, HE
HapyIIas eJIOCTHOCTH PEIIETKH.

B kanwmisipel ¥ aeeKThl pemeTKd MPOAyKThl paciajia MOoMmagaloT B
pe3ynbTaTe BBUIETA sep OTHayu u BeaeactBue ux muddysuun. Ilockombky
nporecc auddy3ud o4veHb MEICHHBIM, TO IU(PGY3UsT MOXKET OKa3aTh
BJIMSIHUE TOJBKO Ha BBINIETAYMBAHUE JIOJTOXXHUBYIIUX HM30TONOB. BrusHue
mubdy3ur  Ha pe3yabTaThl BBHIMICTAYUBAHUS Pagus WIUTFOCTPHPYETCS
IaHHBIMHA Ta0. 3.1.

Tabmuma 3.1
Brnusitnue nudy3uu Ha pe3yabTarhl BhIlECTaYMBAHUS PaIUs
Ne onepariiu % [Ipumeyanue
BBIIICTAYNBAHMS
1 0,068
2 0,004 | BelulenaunBanue pOBEIEHO HEMOCPEICTBEHHO
3 0,003 | OZHO 32 IpyruM
4 0,069 | BeimemnaunBanue mposeneHo uepes 1,5 roga

W3 Tabauupl BUAHO, YTO BBIMBITHIA W3 KalWJUISIPOB PajHvil HaKaIlIu-
BaeTCsA BHOBb I10 UCTEYEHUU BPEMEHH, TIOCTATOUHOTO A1 qudpy3un.

Panuii HaxoauTcs B Kanmwiuisipax B aJCcOpOMPOBAHHOM COCTOSIHUU. B
MOJIb3y ATOr0 TOBOPUT TOT (PaKT, YTO OH OBbICTpee BbIIIEIAYNBACTCS
pacTBOpaMH COJIEW, YEM YMCTOM BOJOM, MPUUYEM I10 CUJIE ICHCTBUS KATUOHBI
pacrojararTcs B TAKOM K€ MOPSAIKE, Kak U B PsIly 1€COPOCHTOB:

H* > Ba® > Pb* > Sr** > Ca** > K* > Na". (3.13)

Cuenyer ormeruth, uto U®) sBmsiommiics HOYepHHM MPOXYKTOM
U”*® maxomurcs B KpucTale B Ooliee MOIBWKHOM COCTOSHHH. Ilpw
BoienadnBanny ypana 0,1N pacrBopom Na,COj; coorromrerne U?:U™ B
pacTBOpE MOBBIIAIOCH 110 1,23.

Takol e pe3ynbTaT OarT ONbIThI O CPAaBHUTEIBHOW BO3TOHKE
paZMOaKTUBHBIX H30TONOB M3 TBEPIBIX Tel. YpaH, BO3OTHAHHBIA U3
ypaHoBo cMOJIKH B Bakyyme mipu 800 °C, OblT 3HAUUTETHLHO 00OTaIeH Uz

U=tu”*=3..
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Tax kak gogepuuit U™ o6pasyercst w3 U**® uepes psig snementos (Th
u Pa), oTnuyaromuxcs Mo XMMHUYECKMM CBOMCTBaM OT ypaHa, a TaKkke
BCJIC/ICTBHE SIBJICHUS OTJa4M, TIOJIOKEHUE €r0 B TBEPIOM TeJe, €CTECTBEHHO,
OTJIMYAETCS OT TMOJIOKEHUS MATEPUHCKOTO M30TOMa (KOTOPHIN y4acTBYeT B
MIOCTPOEHUN KPUCTAJUIMYECKOW pEeIIeTKH). OTHUM U OOBsCHSETCS Ooliee
noxBmwkHoe cocrostame  U?) ero Gomee serkas BO3TOHSEMOCTh 1
BBILIEJIAYNBAEMOCTb.

3.2.3. O6mwme BriBobI MO pazaeny 3.2 (nmo U.E. Crapuky)

1. AToMBl MaTEpUHCKUX pPaJMOAKTUBHBIX M30TONOB HAXOASATCS
IIPEUMYLICCTBEHHO B Yy3JIaX KPUCTAIIMYECKOW peleTKH. boublias 4dactsb
aTOMOB JOYEPHUX PAJAUOAKTUBHBIX H30TOIIOB HAXOAUTCA B BHUJAEC HOHOB,
a7copOMpOBAaHHBIX HAa CTEHKAaX KamwuIApoB (BCErJa HUMEIOUIMXCS B
peanbHbIX KPUCTAIaX), U MEHbIIIEE — PACTBOPEHO B KAIMJUIAPHOI BiIare.

2. MarepuHCKHE paJMOaKTUBHBIE W30TOMBI MOTYT TOMNAaAaTh B
KanWULIPbl U TPELIMHBI PELIETKH, TA€ OHM CYIIECTBYIOT, IIO-BHINMOMY, B
BHJIE€ THUIPOJIM30BAHHBIX (POPM.

3. I[Ipu BhIENaYNBAHUN PAJAMOAKTUBHBIX M30TOIMOB U3 MHUHEPAJIOB, a
TaKK€ IIPU UX Pa3leIbHONM BO3TOHKE, MOXKET NMPOUCXOAUTh M3MEHEHHE HX
COOTHOILICHHSI, U30TOIHBIA COCTAaB B OTHEIBHBIX YaCTAX PEIIETKH MOXKET
OBITh pPa3INYHbBIM.

3.3. CocTosiHMe paguOAKTUBHBIX U30TOINOB B ra3oBoii ¢ase

B rasoBoii ¢aze (B AaHHOM pasaerne 3TO aTMOC(HEpPHBIH BO3IYX)
PaAMOAKTUBHBIE H30TOIBI MOTYT MPUCYTCTBOBATH IO Py MPUYHUH.

1. Tlom nericTBMEM KOCMHMYECKOTO H3IIyYeHHUsS B atMocdepe Hempe-
PBIBHO 00Opa3yloTcs paJMOaKTHBHBIE HM30TOMbI (CM. Takxke pazaen 2.3.3).
[TomMmuMo paamoyTaepoa U TPUTHS, KOTOPBIE 00pa3yIOTCs 10 y>Ke 3HAKOMBIM
peakIusiM, UCTOYHHKAMHU PaTUOAKTUBHBIX M30TOIOB SIBJISIOTCS CIICIYIONTHE
peaKInH:

7N14(a30T arMoc(epHOro BO3X1yxa) + 0nl — Bll + He4’ (3-14)
N14 + Onl — C12 + HS,
N14 + 0nl — C14 +Hl,
N* +on"=3He" + H®.

2. 3HauuTEIHbHOE KOJWYECTBO PATUOAKTUBHBIX H30TOIOB MOSBIISETCS
B Tra30BoM (haze B pe3ysibTaTe dMAaHUPOBAHMS 3€MHOU MOBEPXHOCTH, YEM U
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00BSICHSIETCSI MPUCYTCTBUE H30TOIOB pajioHa M MNPOJYKTOB HUX pacrnajga B
aTmocdepe.

3. B armocdepy moryT momamath MCKYCCTBEHHBIC PaJHOAKTHBHBIC
M30TOIBI: OJIarOPOJIHBIE Ta3bl, TAIOTEHbI — T€, KOTOPbIE UMEIOT JOYEPHUE
pPaIMOaKTUBHBIE W30TOIbI, HAXOJMSIIHECS B MHOM arperaTHOM COCTOSIHHM.
Kpome 3toro, cpeau mpoayKToB JCJIEHUS B SIEPHOM TOIUIMBE €CTh JIEMEH-
Thl, OOpa3yromue ra3bl (KpUIITOH, KCEHOH, pajoH). Hampumep, neryuuit
TETPAOKCHJ PYTEHHUS HACTOJIBKO 3arpsi3HWI arMmocdepy, 4TO MOITydeHUE
HEPAJMOAKTUBHOTO METAJUIMYECKOTO PYTEHMsI CTajo B HACTOAIIEE BpeMs
NPAKTUYECKHA HEBO3MOKHBIM.

Hapsigy ¢ 9TUM TIpU OXJIOKIEHUHU SACPHBIX PEaKTOPOB BO3IYXOM B
pe3yJIbTaTe HEHTPOHHOTO O6ITyUeHHs 06Pa3yeTcs pagHOaKTHBHBIH Ar'',

4. SIBneHue OTIayud aTOMOB NPHU PAJAMOAKTHBHOM pacmaje Takxke
MPUBOJUT K TOSBJICHUIO PAaJHOAKTUBHBIX HW30TONOB B arMmocdepe. B
HEKOTOPBIX CJydyasX OTJada NpH BbUIETE PaJUOAKTUBHOMW YACTHUIBI TakK
BEJIMKA, YTO €€ XBaTaeT Ha OTPBHIB OT BEIIECTBA IEJOW TPYIIbI aTOMOB
(arperara). DTO sBJIEHHUE MOJYYWJIO Ha3BaHUE arperaTHOW WM TPYIIOBOM
OT/IauH.

PannoakTuBHBIE H30TONBI B Tra30BOM (paze MOTyT CYIECTBOBAaTH B
paznuuHbix (opmax. ['a3000pa3Hbie paUOAKTUBHBIE H30TOIBI O0Pa3yrOT
aTOMbl U MOJEKYJIbl, a BELIECTBAa, [JII KOTOPBIX B MAaKpPOKOJIUYECTBE
XapaKTEpHO TBEPJIOE COCTOSIHUE — B BUJE arperatoB pa3jinvyHON BEIUYUHBI.
OO0Opa3oBaHUIO0 arperaTtoB CHOCOOCTBYET HalWYHE TMOJISIPHBIX MOJIEKYJI.
Jloka3aHO CyIIECTBOBAHHME arperaTtoB, COCTOSIIIUX W3 PaJUOaKTHUBHBIX
aTOMOB, OKPYKEHHBIX NOJISIPHBIMH MOJIEKYJaMH, U C JAPYrOM CTOPOHBI —
CYIIECTBOBAHHE arperaToB, COCTOAIIUX M3 HEAKTUBHOIO MaTepuaia, Ha
KOTOPOM COpOUPYETCsl paAuOaKTUBHBIN U30TOTI.

J{nst u3ydeHust COCTOSIHUSI paIMOAKTUBHBIX 2JIEMEHTOB B Ta30BOM (haze
WCTIONB3YIOTCA ~ METOAbl  HEeHTpUudyrupoBaHus,  yiabTpadUIbTpalUH,
cegumeHTanuu, audysuu, paguorpadun u T.4. [Ipn H3ydeHHH MeENKO-
JUCIIEPCHBIX  a’pO30JIel TPUMEHSIIOTCS METOJbl  YJIBTPAMUKPOCKOIIUM U
AIEKTPOHOMUKPOCKOTIHUH.

TBepaple YacTUIBI PATUOAKTHUBHBIX BEIIECTB, HAXOMSIIHECS BO
B3BEILICHHOM COCTOSIHUM B BO3/1yX€, HOCAT Ha3BaHHUE a’3p030Jei. A3po30iu
JIEJSITCS. HA HEYCTOWYMBBIE BO BpeMeHHU (IIbUIM) C pa3MepaMu 4acTHI] Oojiee
10 MKM ¥ yCcTOMYMBBIE BO BpEMEHHM (pa3Mep 4acTUll MeHee 1 MKkM). A3po30u
¢ gacturamu ot 1 g0 10 MM oOnagaroT MPOMEKYTOUYHBIMU CBOMCTBAMHU.
Oxkoisio 90 % paIuOaKTUBHBIX a’3p030JI€l MMEIOT SKBUBAJCHTHBIA JHAMETP
MmeHee 0,5 MKM.
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KoHTposbHBIE BONPOCHI K pa3aeny 3

1. Yto Takoe npou3BeACHUE PACTBOPUMOCTH JJIsl TPYTHOPACTBOPUMBIX
COETUHEHUIN?

2. UTo Takoe KOJUIOUIHBIC YaCTHUIIbI, X XapaKTePUCTUKA?

3. Hazosute ocHoBHBIE popMmbl cocTosinusi PAU B pacTBopax.

4. JlaiiTe onpeesieHUE TICEBA0PATUOKOIUION]IOB, UX XapaKTEPUCTHUKY.

5. HazoBuTe BaxkHelmme MeETOAbl U3ydYeHHs cocTtosHuss PAW B
pacTBopax.

6. B uem cynHoCcTh METOIOB aICOPOIIMH U J1IeCOpOLIUU B pacTBOpax?

7. Kakue GpopMbl COCTOSTHUS MOKHO YCTaHOBUTH METOJIaMU (PUIIbTpaiuu
U yapTpaduiaTpanumn?

8. Kakue popmbl COCTOSIHUS MOKHO YCTaHOBUTH METOJaMU LIEHTPUDYTH-
pPOBaHUS U YIbTPALICHTPUPYTUPOBAHUS?

9. Ha yem ocHOBaH MeTo quaian3a’?

10.B ugeM 3akaro9aeTcs CyITHOCTh METO/1Aa AIEKTPOMHUTPAITIH ?

11.CpopmynupyiiTe OCHOBHBIE 3aKOHOMEpPHOCTH cocTosiHuss PAUWN B
pacTBOpax.

12.B Kakux COCTOSHHUSIX MOTYT HaxoauThcss PAU B TBepabIx Temax?

13.Kakumu MeTogamMu MOXKHO YCTaHOBHUTH cocTostHne PAU B TBepapIx
Tenax?

14.B kakoit (hopme npeumMyniecTBEHHO HaxosuTcss atombl PAU B TBepabIX
Tenax?

15.M3 KaKuX COCTaBIISIONINX CKJIAJbIBACTCS dMaHUPYIOIIAs CIIOCOOHOCTD
TBEPABIX TEJ?

16.B kakux arperaTHbIX COCTOSIHUAX MOTYT nonanate PAU B atmocdepy?

17.Y71o Takoe sBiIeHNE OTAAYN?
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4. METO/JbI BBIAEJEHUA N PA3JAEJIEHUA
PAJIMOAKTHUBHbBIX 2JIEMEHTOB

4.1. OOuue MoJI0KeHUS

Pa3neneHne 31€MEHTOB, B TOM 4YHUCJIE€ WU PAJAHOAKTHBHBIX, B OO0Jb-
IIIUHCTBE CJIy4aeB MPOBOAMUTCS B ABYX(A3HBIX TETEPOTCHHBIX CHCTEMAX:
KUJKOCTb—TBEPAOE (3K—T); KUIKOCTb—KHUAKOCTh (EK—XK); KUJIKOCTb—Ta3
(x—T); TBEepaoe—Ta3 (T-T); TBepaoe—TBepaoe (T—T); raz—ras (r-r).

Cucrembl TBEpA0E€—TBEPAOE UCIOIB3YIOTCS KpailHE pellKO BCIE/ICTBHE
MasbIx ckopocted auddy3un, m1u60 B3pHIBHOTO XapaKTepa B3auMOJICHCTBUS
B BBICOKODHEPICTUYECCKMX KOHJCHCHPOBAaHHBIX CHUCTeMax (Hampumep,
opoxa, TBep/ble pakeTHbIe TormBa). CucTteMbl raz—ra3 (Wi nap—mnap, raz—
map) SBISIOTCS TOMOTCHHBIMA M HE MOTYT OBITh HCIOJIB30BAaHbI IS
BBIZICICHHSI M Pa3/ICTICHUS PAIMOAKTHBHBIX DJIEMCHTOB.

Pacripeneneane BemecTB B TETEPOTCHHBIX CHCTEMaX OIKCHIBACTCS
TEPMOJUHAMUKON (B cllydae JOCTHXKEHUS paBHOBeCUs) U (WJIM) KUHETHUKOU
TeTEPOTCHHBIX (DU3UKO-XMMHUYECKUX TPOIeCCOB. B 3HAUMTENbHOHN CcTereHn
METO/IBI TOJYYCHHsSI BCEX OCO00 UYHCTHIX BEIIECTB OBLIM pa3paboTaHbl Ha
OCHOBAaHHWM 3aKOHOMEPHOCTEH, TOJYYCHHBIX MPH H3YYCHHH OECKOHEYHO
pa30aBIICHHBIX PAJMOAKTUBHBIX CHCTEM.

Ecnu paaroakTUBHOE BEIIECTBO HAXOJUTCS B BECOBBIX KOJIMYECTBAX U
NEPHO/] €ro MOoJIypaciajia I0CTaTOYHO BEJIMK, TO 3aKOHBI €r0 paclpeeICHUs
HUYEM HE OTJIMYAIOTCS OT OOIIEM3BECTHBIX 3aKOHOB pacHpeeseHUs s
CTAaOMJIBHBIX 3JeMEHTOB. Ecim e BemecTBO MPHUCYTCTBYET B BECOBBIX
KOJIMYECTBaX, HO MEPHOJ] Mojypacnaja Majl, TO Ha 3aKOHBI paclpeeICHUs
CKa3bIBACTCS BIMSHUE COOCTBEHHOU PaJIMOAKTUBHOCTH.

HakoHemn, ecnu paagvoOakTHBHOE BEIIECTBO HAXOAHWTCS B MHKPO-
KOJTMYECTBAaX, a TIEPHOJI TIOJIypaciaia He YYUThIBAETCS (JOCTATOYHO BEJHK),
TO B 3TOM Cllydac CIPaBEIJIMBBI CBOU (paJHMOXMMHYECKHE) 3aKOHBI pacIpe-
JENeHMs. DTH 3aKOHBI CTAJIM U3BECTHBI OJIaroaapst MOSIBJICHUIO PATHOXUMHUHU
¥ UMEHHO OHU OYyJyT pacCCMOTPEHBI B TaHHOM pasJiedie.

3aKkoH pacopeneneHuss MexX1y JByMs (azaMH MHUKpPOKOJIMYECTB
PaIMOAKTUBHBIX 3JIEMEHTOB OJMH M TOT K€ JIJIT BCEX BO3MOYKHBIX COUETAaHUIN
¢a3 mo age.

[Ipn nmoCTM>XKEHUM PAaBHOBECHOTO COCTOSIHHSI PA3HOCTh XMMHUYECKHUX
MOTEHLIMAJIOB (1) BellecTBa B 00eux (a3zax paBHA HYIIO WU (= Up (TAC yy U
[l — COOTBETCTBEHHO XUMHUYECKHE MOTEHIINAJIBI PACIIPEACIIIEMOr0O BEIIECTBA
B l-oif m 2-oii (azax). [lockonbky 00e (ha3bl HE SBIAIOTCS HICATHLHBIMU
pacTBOpaMH, TO MPU MOCTOSHHBIX TEMIIEpaType M JaBJICHUU CIPABEIJIUBO
COOTHOIIICHUE
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0
u, =u; +RT Ina,,
1 1 1 (41)

i, = s +RT Ina,,
rae g W p; — CTAaHIAPTHBIE MOTEHIUANBL, a a3 U dy — TEPMOIUHAMUYECKHUE
aKTUBHOCTH pacIpeiensieMoro BemiectBa B obOeux (¢azax. CraHmapTHbIE
MOTEHIMANBl 3aBUCAT OT YCIOBUM CTaHAApTU3alMM, IO3TOMY €CIH 3a
CTAaHJIapPTHOE COCTOSIHUE NPHHATH HJCaJbHOE COCTOSHUE, TO pi # 5. Torma

(4.1) npeoOpa3syeTcs B BRIpaKEHUE

a
K=21,
. (4.2)
e K= exp(— (/U(Z) _/UZP )RT)
AN RTInK=H(1)—H(z)’

T.€. BeanunHa K ABIISIeTCs KOHCTAHTOM, CITy’Kallled Mepoil pacrnpeneneHus
BEILIECTBA MEXKAYy AByMs (ha3zamu. SIcHO, 4yTO JUIs onpeaesieHus BeluduHbl K
HEOOXOJIMMO 3HATh AaKTUBHOCTHM WM  KOA(DPUIMEHTH aKTUBHOCTU
pacrpenensonerocs Bemectsa B o0enx dazax. OnpeneseHue 3TUX JaHHBIX
AKCIIEPUMEHTAIILHO 3aTpyAHEHO. [103TOMy Ha MpaKTHKE MOJIb3YIOTCS BMECTO
KOHCTaHT pacnpeneneHus K koappuuuentamu pacupeaeacHus o

o=— (4.3)

rae C; u C, — aHAUINTHYECKHUE KOHIICHTPAIIMU PaCpeIesIIeMOro BEIeCTBa B
obenx ¢azax. Koadbduiuenr pacnpeneneHuss B oOIIEM cilydae YxKe HE
SIBJISICTCS TTOCTOSIHHOM BEJIMYMHOM B OTJIMUME OT BEJMYUHBI K, a 3aBUCHUT OT
OTHOIIECHUS KOHIICHTPAIIMI BEIIECTB.

B cucreme XuIKOCTh—Ta3 3aKOH M3BECTEH IOJ Ha3BaHueM [ eHpu—
JlanbTOHA; B CHUCTEME KXHAKOCTH—KHUIKOCTh — 3aKkOH beprimo—Hepncra; B
CUCTEME KHUJKOCTh—TBEPJOE — 3aKOH XJIONMHWHA, TBEpPJOe—Ta3 — 3aKOH
Huxutuha.

DTOT 3aKOH COOJTIOJJAeTCS MPU BBHIMOJTHEHUH CJICTYIONIUX YCIOBUI:

1) a3l HaxOmATCS B COCTOSHHUM HCTHHHOTO TEPMOJIMHAMHUYECKOrO
paBHOBECHS,

2) cocTtaB 00eux (a3 B Impoleccax pacrnpee/ieHus He MCHSICTCS,

3) cocTosiHHE pacIpeIeSIONIEIocs BellecTBa B 00enx (azax HEM3MEHHO.

[lepBoe yciOBHE TPAKTUYECKH BCEra MOXKET OBITh COOJIOICHO;
HEKOTOpbIE 3aTPYJHEHHS BO3HUKAIOT TIPU PACCMOTPEHUU MPOLIECCOB
pacmpenenieHuss MEXIy XKUIKOW W TBepAou dazamu, s KOTOPHIX Xapak-
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TEPHBI HEKOTOPHIE OCOOCHHOCTH M KOTOpBIE OyAyT pPacCMOTpPEHBI Oosee
MOAPOOHO HUXKE.

Bropoe ycrnoBue cobmomaeTcsi B TOM cCllydae, €CIM H3MEHEHHE
KOHIIEHTpAlMi B XOJI€ paclpe/esieHusi He BJeueT M3MEHEHHs cocTaBa (as.
OTO MMEeT MECTO MPU MHUKPOKOIUYECTBAX pPACIPENEsIeMOro BeliecTBa (B
onmuo#t paze C = 0, B npyroii. C—0; mocne pacnpeneneHus konmneHaTpanuu C
B o0eux (azax CTpeMsATCS K HyJI0). XJOMWH TOKa3aj, YTO 3TO YCJIOBHE
BBIIIOJIHAMO B Ipezenax kouuentpaumii 10°—10 % mons/1 n Menee.

Tperbe ycnoBHE BBIMOJHACTCS NPAKTHUECKH BCETAa, a B CiIydae

HEBBITIOJIHEHUS 3aKOH HECKOJIbko MeHsieT (opmy. Hampumep, mnpu
AKCTPAKIIMH:

Cf

pacnp = C%/m , (4.4)

K

r7e N — YUCJIO0 YacTHIl, Ha KOTOPbIE PACIIaIaloTCs MOJICKYJIBI B TIepBOH (ase;
M — CTEeTNeHb acCOLMAIIMK BO BTOPOH (dase.

Haubomnbiiee pacnpocTpaHeHHE B PAaJIUOXUMUM TOJTYYUIIA METOIBI,
OCHOBaHHbIC Ha pacIpeleieHUsIX B CHUCTEMaxX KHUIKOCTb — TBEPJIOE,
KUJKOCTh — JKUJKOCTb, ra3 — TBepaoe. Croj1a OTHOCSTCS:

| —MeTonbl coocaxkaeHus (1 — COKpUCTAILTU3AIMN U 2 — aacopOInn),
Il — MeTomBI HOHHOTO OOMEHa,

1l — MeToab! SKCTpaKInH;

IV — snekTpoxuMuueckne MEeTOIbI,

VIl — meTonp! aacopOuum ra3os.

KonTtponbsHbie Bompocsl kK pazneny 4.1

1. Jlaiite ompeneneHus MOHIATHSAM KOMIIOHEHT, (pa3a, cuctema.

2. Uem oO0ycioBI€HBI OCOOCHHOCTH TIPOILIECCOB pacnpeneneHus PAU
MEXIy JTF0O0BIMH IByMs (pazaMu?

3. Uro Takoe XUMUUYECKHUMN U CTaHJIAPTHBIA XUMUYECKUN MTOTEHITUAIBI?

4. Yem xapakrepuszyercsd ((popMalibHO K Ha TMPAKTUKE) COCTOSHHUE
MCTUHHOTO TEPMOJMHAMUYECKOTO PAHOBECHS?

5. Cddopmynupyiite 3akonbl I'enpu — JansTona u beprno — Hepucra.

6. CdopmynupyiiTe OCHOBHBIE YCIOBHUSI PaBHOBECHOT'O paclpeeiIeHus
KOMIIOHEHTa MEXTy IByMs (hazaMu.

7. Uem 0OyCIIOBJICHBI 3aTPyIHEHUS MPU JTOCTHKEHUN PABHOBECHUS MEXY
TBEPAOU U KUAKOHN pazamu?

8. Ha coueranmsix kakux (a3 OCHOBaHBI METONBI BBIJACICHUS U
pa3/ielieHus BEIIEeCTB?

58



4.2. PacnpejaesieHrne MUKPOKOMIIOHEHTOB MeK1Y TBepPAOH
U JKUJAKOH (pazaMu

4.2.1. CoocaxueHue

PamnoakTBHBIE 3JEMEHTHI 3a4acTyl0 HAXOIATCS B CTOJb MaJIbIX
KOHIIEHTpalusax (MeHee 10 moms/i), uro mHe MOTYT OCaXIaTbCsl C
oOpa3zoBaHneM COOCTBEHHOW TBEp/OM (pas3bl, T.K. HE TOCTUTACTCS BEITUYMHA
npousBeneHust pacteopumoctu (I1P) naxke nns caMmbIx TPyAHOPACTBOPUMBIX
COE€IMHEHUM.

Ecnu panvoakTUBHBIE 3JIEMEHTHI HaxOHSITCS B PacTBOpPE B YJbTpa-
MaJblX KOHIIEHTpAlUSIX M TpPU 3TOM J00aBJIIEHHE BELIECTB, CIIOCOOHBIX
JaBaTh TPYJHOPACTBOPUMBIE COCIUHEHUS, HE MPUBOJUT K OOpPa30BAHMIO
CaMOCTOSITENIbHON TBepAOW (pa3bl, TO BBIACISIOT €ro M3 PacTBOpPa COOCAXK-
JICHUEM C HOCHUTEJIEM, KOHIIEHTPAIMs KOTOPOTO B PACTBOpPE AOCTATOYHA JIJIS
oOpa3oBaHus TBEPOM (azbl.

Takum oOpa3oMm, coocadcoenue — 3TO TIPOILIECC, B KOTOPOM
MUKPOKOMITOHEHT YBJIEKA€TCSI W3 PacTBOpa OCAKIAIOIMIUMCSI MaKpoO-
KOMITOHEHTOM-HOocumesiem. DTOT MPOIECC PAKTUIECKHA BCET1a UMEET MECTO
P OCAKICHUH MaKPOKOMIIOHCHTOB CHCTEMBI, T.€. BCEr/Ja TMPOUCXOIUT
3aXBaT NPUMECEN OCATKOM.

N3BeCTHO HECKOJIBKO THUIIOB HOCUTEIIECH:

1) M30TOIHBIC HOCUTEIIH;
2) cnenuduuecKre HEU30TOMHBIC HOCUTEIIH;
3) Hecnenu(prUeCKue HEU30TOHBIC HOCUTEIH.

B mepBoM ciyuae B KadyecTBE HOCHUTENS MPUMEHSIOT CTaOWIIbHBIN
U30TOMN (WJIK CMECh CTAOMIJIBHBIX M30TOMOB) JIAHHOTO 3JeMeHTa. [TockonmbKy
XUMUYECKHE CBOMCTBA M30TOINOB MPAKTUYCCKH OJMHAKOBBI, TO TIO TOBEIE-
HUIO HEPATNOAKTUBHOTO H30TOIA-HOCUTENSI MOKHO CYJHTh O XUMHUYECKOH
MPUPOJE H3Yy4aeMOTO PATUOAKTUBHOTO W30TOoma. [IpuMEHSIOT Takue
HOCHUTEJIA TJIABHBIM 00Opa3oM I YCTAHOBJICHUS XHMHYECKOW TPHUPOABI U
BBIXOJ]a TIPOIYKTOB TIPH PA3IUYHBIX SACPHO-XUMHUYECKUX IIPOIIeccax.
Cnenyer WMMETh BBUIY, YTO OTIEIUTH H30TONBI MHUKPO-KOMIIOHEHTa OT
M30TOTIOB-HOCHUTEJICH  TOCIE  COOCAKICHUS XHMHYCCKUMH  METOIaMH
HEBO3MOKHO.

Bo BTOpoM ciyyae HOCHTENEM SBISIETCS DJIEMEHT, XWMUYECKHE
CBOMCTBAa KOTOPOTO AaHAJIOTMYHBI, HO HE TOXKJIECTBEHHBI TAKOBBIM JIJIs
M3y4aeMOTO MUKPOKOMIIOHEHTAa. OCHOBHOM 11ETIbI0 TPUMEHEHUS HOCUTEIICH -
aHajoroB (T.e. cHenU(PUUECKUX HEU30TOMHBIX HOCHUTENEH) SBISICTCS
YCTAaHOBJICHHE XUMHUYECKON (OPMBI M BBIJCICHHE HCCIEIYEMOTO MHKPO-
KOMIIOHEHTA (4acTO C TOCTEAYIONINM OTACICHUEM OT HOCUTEISA).
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B Tpethem ciyuae NMPUMEHSIOTCS COSAMHEHHS SJIEMEHTOB, CBOMCTBA
KOTOPBIX 3HAYUTEIBHO OTIUYAIOTCS OT CBOWCTB COOTBETCTBYIOIIUX
COCIMHCHWA M3y4aeMOro MHUKPOKOMIIOHEHTa (T.€. HecmenuduuecKue
HEU30TOITHbIE HOCUTEIN).

Bo Bcex Tpex pacCMOTPEHHBIX CIIydasX pacupeaeisieMblii MHUKPO-
KOMITOHEHT JIOJKEH HaXOJUTHCS B HOHHOM, JTHOO MOJICKYJIIPHO-AUCTIEPCHOM
COCTOSIHHM, ITOCKOJIBKY PaJuOKOJUIOMABI JIETKO MOTYT IIOTEPSITh CBOO
YCTOWYUBOCTh (KOAryJIMpOBaTh), HE MOTYUHSSACH OINPEIACICHHBIM 3aKOHHO-
MEPHOCTSIM.

B mepBBIX JBYX CIIlydasX COOCAQXKJICHHEC SBIISACTCS PE3yIbTaTOM
00BEMHOTO  pacHpe/le/icHHss MHKPOKOMIIOHCHTa MEXIYy OCaJKOM |
PacTBOPOM, T.€. IPOUCXOIUT COKPUCTAIIITN3ALIMS.

B mocnennem, TpeTbeM, cirydae, IpOUCXOIUT MTOBEPXHOCTHO-00HEMHOE
pacmpeneneHre, Tak Ha3bIBEMOE aJCOPOITMOHHOE COOCAKICHNE.

4.2.2. CoxpucTaIM3aIus

Cokpucmaniusayus — 3mo npoyecc coocaiCoeHus MUKpOKOMNO-
Hewma ¢ KpUCMANIU4ecKumMu o0caokamu, npu KOMoOpoM MUKPO-
KOMNOHEeHm pacnpeodeisemcsi no 6cemy oOvemy meepool ¢Ga3zwl,
yuacmeys 6 HNOCMPOeHUU KpUCMANIUYecKou peuemKy MAaKpoKoM-
nonwenma. Ilpu >3TOM 00pa3yrOTCs CMEIIaHHBIE KPUCTAUIBI (TBEPIbIC
pPacTBOPBI) — HO 3TO HE MEXaHWYEeCKasi CMECh MOHOB, aTOMOB, MOJICKYJ, a
BCE OHHU SBIAIOTCS DPABHOINPABHBIMU YYaCTHUKAMU B TOCTPOCHUU
KPUCTAITUYECKUX PEIIETOK.

BrnepBoie mpaBuiio coocaxaeHus Obuio chopmynupoBaHo DasHcoM
(1913r.): ecau paduoakmusmwill dnemenm  obOpazyem  mpyoHO-
pacmeopumoe CcoeouHeHue ¢ aHUOHOM MAKPOKOMNOHEeHmAd, Mo OH
gvinadaem 6 0CA00K COBMECMHO C MAKPOKOMNOHEHMOM U 8 MOM
bonvwem  Koauuecmee, UeM  MeHbUle  pPACMEOPUMOCMb  IMO20
COeOUHeHUs.

OpHako 3TOro YCJIOBHS HEIOCTATOYHO, YTOOBI JOOUTHCS TMOJTHOTHI
OCaXkJIeHUSI MUKpoKoMmmoHeHTa. Hanpumep, nzoton ThB (u3oron cBuHIa-
212) He ocaxmaeTcsl TOJHOCThIO Ha HOMHOW pTyTH, XOTs PDbl, mmmoxo
PacTBOPHM.

B 1924r. B.J.XnonuH (oguH ©3 OCHOBaTeJle COBETCKOM
pagMOXUMHUH,  BIOCIACACTBHU  aKaJIEMHK, HAy4YHBIH  PYKOBOJHTEIb
paguoxumudeckoro paszaena Atomuoro mnpoekra CCCP) mpemyioxun, a B
1926 r. O.T'an chopmynupoBan YCIOBUS, JOCTATOYHBIE ISl BbIACICHUS
MUKPOKOMITOHEHTA: pAOUOAKMUBHBIL UNU 000U OpY2OoU XUMUYECKUU
aNleMeHm, Haxo0AwWulicsa 8 suoe ciedo8 (MUKpOKOMHNOHEHM), nepexooum
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u3z pacmeopa 8 meepoyro KpUcmaiiuieckyro ¢asy, eciu oH ¢ AHUOHOM
meepoou  ¢gasvl  obpazyem  coeduHenue,  KpUCMALIU3YIOUjEeCs
UBOMOPDHO UIU UZ0OUMOPDHO.

N3omopHbIe BemiecTBa COCOOHBI K COBMECTHON KpPUCTAITU3AIUU U
00pa3yloT ¢a3bl MEPEeMEHHOT0 COCTaBa, KOTOPhIE HAa3bIBAIOTCA TBEPIBIMU
pacTBOpaMH  (CMEIIAHHBIMH KPUCTaJUIAMH), YTO SIBJISETCS OCHOBHBIM
IpU3HAKOM H30MOpduU3Ma.

Ssnenne nzomopduszma otkpbul Mutdepaux B 1819 r. MzomopdHbIMU
OH Ha3bIBaJl BEIIECTBA, CXOJIHbIE B XMMUYECKOM OTHOIIECHUH, 0OJIaJaroIIHe
OJIMHAKOBOW KpHUCTAUIMYeCKOW ¢dopmMoit  (CTPYKTypol) M  CHOCOOHBIC
0o0pa3oBbIBaTh CMEIIaHHbIE KpUCTaUibl. Pa3Butue ero pabor u Oolee
MIMPOKOE TMOHMMaHue u3zomMopdusMa naHo B Tpynax ['pumma (1924r.) u
lNonpammvuara (1927r.). JanpHeliiee pa3BUTHE ATUX pabOT OCHOBAaHO Ha
pEeHTreHOrpapuIeckoM U3yUYeHUN CTPOCHHS KPUCTAJIIOB.

HctuaHO  m30MOp(HBIMH ~ SBJISIFOTCS ~ BEMIECTBA  AHAJOTUYHOM
KPUCTAITTNYECKON CTPYKTYPBI, KOTOpasi OMPEAEIseTCs:

1) OJWHAKOBBIM YHCICHHBIM COOTHOIIICHHEM pAa3JIMYHBIX YAaCTHII,
00pa3yroIIUX KPUCTAILT;

2) OIU3KUM COOTHOIIICHUEM Pa3MEpOB;

3) CXOACTBOM IOJIAPU3AIIMOHHBIX CBOMCTB YaCTHII,

4) OJHOTHITHOCTBIO CBSI3H.

[onpammMuar paznuyan 3 Buga uzomopduszma:

1) y 060uX coeTuHEHNI CyMMa 3apsi/IoB aTOMOB, BXO/SIIMX B UX COCTaB, U
pacmpeneneHue 3apsaoB Mo OTACIbHBIM YaCTHIIAM OJTUHAKOBBI:

Ba2+86+0§‘ _ Ra2+86+oi- :
2) cyMMa 3aps0B OJWHAKOBA, HO WX pacHpeesiCcHHe IO OTACIbHBIM
JacTuaM pa3jinvdHoO:
Ba2+86+0£— _ K“Mn”Oﬁ' :
3) cymMma 3apsii0B HOHOB pa3jilyHa, HO YKCI0 aTOMOB OJMHAKORBO:
Ba2+86+oﬁ— _ K1+B3+F41f' .

B nByx mocnepHux ciay4dasx u3oMop(u3M HE UCTHUHHBIN, U3y4YeHUE
TaKMX W MHOTHX JPYTHMX CHCTEM OBbUIO BBI3BAHO OOJIBIIUM KOJIWYECTBOM
Pa3HOOOPa3HBIX CMEIIAHHBIX KPUCTAILIOB.

K]ZCZCCMd)MKClMM}Z CMEWAHRHKbIX KpUucmaljilioe

CoBpeMeHHbIE NPEACTABICHUS N30MOp(dH3Ma LIETUKOM 0a3UpPYIOTCS Ha
W3YYEHUH KPUCTAIUIMYECKUX PELIETOK COeAVMHEHWW. B Hacrosiee BpeMms
pa3IMyYaroT 5 BUAOB CMEIIAHHBIX KPUCTAJIIOB.
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1. Cmemmannbie KpucTasuibl |1-ro poga (n3oMopdu3M 3aMeIIeHus).
Hon B pemerke |-ro komnoHeHTa 3ameniaercss uoHoM ll-ro  wona.
XapakTepucTuKa MUKPO- U MAaKPOKOMITIOHEHTOB:
1) 6:M30CTh pa3MepOB aTOMOB;
2) oIMHAKOBasi CHMMETPHUS FJIEMEHTAPHBIX SUCeK ;
3) 6muskue nonsgpusyroniue cporictea (Hapumep, KCI — RbCI).
K saTomMy BuAy OTHOCUTCS U N30AUMOPHU3M.

2. Cmemanable  kpuctauibl |l-ro poma (m3omMopdu3M BHEAPEHUS).
Atombl |l-ro Tuma 3aHMMalT MYyCTOTHI B pemieTke |-ro KoMmoHeHTa,
Hampumep, yriepoa B pemietke Fe wmm Ti. s takoro uzomopdusma
HeoOXxoauma OoJbIliasi pa3HHIIA B pa3Mepax OCHOBHOTO M BHEAPSIOIMIETOCS
aToma.

3. CMmeraHHbIe KPUCTAIIIBI, 00pa3yroIIuecs: 3aroJHEHUEeM MPOCTPaH-
cTBa (M30MOpGU3M 3aMoNHEHHs TpocTpaHcTBa). Hampumep, cucrema CaF,—
YF;. Urtpuii ¢ aromubiM paguycoM 0,97 aHrctpemM 3aMelIaeT B PEIIETKE
CaF, arom Ca c pagmycom 1,04 anrctpem, a Tpetuir atoM (propa 3aHMMaET
OKTadIpHUECKUE MyCTOTHI.

Ot 3 TPyNmbl CMEMIAHHBIX KPUCTALIOB OTHOCATCS K HCTHHHOMY
n3omoppusmy.

4, I'pUMMOBCKHE CMEIIaHHBIC KPHUCTAJLIBI.
[To I'pummy wu3oMopduU3M HMEET MECTO IIPH HAJWYUU aHAJOTHH

XUMUYECKUX COCTUHECHUN (Ba(Pb)SO4 - K(NH4, Na)MnO4; NaCl-KCl)

IIPH CXOJICTBE CUMMETPHH 3JIEMEHTAPHBIX SYCCK M OJIM30CTH UX Pa3MEpOB.

OOpazoBaHue CMENIAaHHBIX KPHUCTAJUIOB CBSI3aHO C BO3HUKHOBECHHEM
YYaCTKOB KPHUCTAJIOB OJHOTO KOMITIOHEHTa B JIPYTOM, TIOSTOMY JJISI TaKOTO
pola m30oMOppHU3Ma MUMEET MECTO HIDKHSS TpaHUIla CMEIIUBaeMOCTH. B
ATOM Cllydae MPU KOHIEHTPAIMM MHUKPOKOMIIOHEHTA HHWXKE OIpeaciICHHON
o0pa3oBaHMs CMEIIAHHBIX KPUCTAUIOB HE MPOUCXOIUT.

C 1nenpio pacmupeHus MOHATHS [ pUMMOBCKOTO M30MOpQHU3Ma OBLIO
BBEJICHO TOHTHE N30AUMOphU3Ma (MPUHYAUTEIBHBIN U30MOPPU3M):
UB00UMOPPHBIMU  AGNAIOMCS  Bewecmsd, 00HO U3 KOMOPbIX umeem
Heycmoudusyo opmy, u3oCmpyKmypHy Opyeomy eewecmey, m.e. 8
IMOM ClyHae 08a seujecmed no O0MOeIbHOCMU KPUCMATLIUZYIOMCSA 8
PA3IUYHBIX  KPUCMATLIUYECKUX MOOUPUKAYUAX,d NPU  COBMECMHOM
npUCymcmeuu cnocoOHbl 0a8ams cMeuantvle KPUCMAibl .

Hanpumep, BaCl, u PbCl,. BaCl, kpucramiusyercs B Buje quruapara
B MOHOKIuHHOU cucteme, a POCl, — 6e3Boanblii — B poMmbuueckoit. OmgHako
OHH MOTYT COOCKIAThCs, 00pa3ys CMEIaHHbIe KPUCTAILIBI, TIPHU 3TOM
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Tabmuma 4.1

Cucremsbl ¢ 00pa3oBaHHEM CMEIIAHHBIX KPUCTAJIIOB

Tun cMemaHHbIX IIpumepsl cuctem [Ipumeuanne
KPUCTAJJIOB M UX PU3HAKU
HcTuHHbIE Ra—Ba(NO; )2 -H,0
- O/INHAKOBAs BAJICHTHOCTH; Ra—BaC,0, —
- OJHOTHUITHbIE XUMUYECKUE -
bopMyIB; —6,5M pacteop NaCl
- OJIU3KUE MOJIEKYIISIPHBIE Pb-Ba(l03), —H,0
00BembI Mn —Co(NO3), - 7H,0~H,0
['pumMOBCKHE BaSO, —KMnO,4
- OJJMHAKOBBIE . BaCrO, — KMnO,
KPUCTAIITUYECKUE PEIIETKHU; PbCIO, — BaSO, -
- pa3Has XuMHUIecKas
npuposa CaCO3 —NaNO3,
AHOMaJbHbIE Campble
- OJIM3KHUE KPUCTAIUTHYECKUE pacmpocTpaHeHHbIC
pEIIeTKH,
- HET XUMHYECKOTO
CXOJICTBA!
a) ¢ HIKHEH TpaHuIeit NH,Cl — FeCl; — H,0O [To Xionuny n
CMEITUBAEMOCTH LaF; — ThF, —H,0O Hukutnny nmpocxoaut
(10°%-10"° M) LaF; — RaF, — H,O 3aMeHa yJacTKa
pEIIeTKH, a HE HOHA
6) Ge3 HIDKHCIT TPAHHIIBI @eppolMaHuIbl TSKEIBIX Hpennonaraezca
CMEIIHBACMOCTH (110 1072 M) merasios (Fe, U, Zr u ap.) — | BHenpeHue ABOHHBIX
dbepporaHuIbl MEeTOUYHbBIX coneit u
METaJJIOB KOMIUIEKCHBIX COJICH
PU4+ — Lag(C204)3 - H,O 1 UOHOB
K,SO, — Ce*" (La*", Y*,
Am**, Pu*, zr*) -
—0,5M HNO;
O6pa3oBanue ThB — K;SO4 — PbSO,4 — Koadpunmentsr
BHYTPUAICOPOLIMOHHBIX - H,0 KpucTtaymuzauuu D
COeMHEHU I ThB - K,CrO, — PbC,0, — OYCHb BEJIUKH (10
H,O 300), Bo3MOXKHA

BEpXHSIA rpaHula
CMEIITNBAEMOCTH,
CTENEHb COOCAXKICHHS
3aBUCUT OT NPUCYT-
CTBUSI MHOTO3apsi/I-
-3+
HbIX HOHOB (BI™,

Al¥ Fe* u ap.)
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mukpokomnoneHT — PDCl, — xkpucrammsyercss B nByxBomHo# (dopme
(«IIpUHYXKIEHHOY).

5. AHOMaJIbHO CMEIIaHHbIE KPUCTAJIBI — 3TO CMEIIAHHbIE KPUCTAILIBL,
He oTBevaroue uzomoppusmy no I'pummy—Tonpammuary. Hanpumep,
cmerrannbie kpuctamisl NH,CIl-FeCls.

Takue kpucrtamipl, MOJ0OHO ['PUMMOBCKUM, MOTYT UMETh HUKHIOIO
IpaHUIly CMEHIMBAaEMOCTH, a KpPOME TOr0 — M BEPXHIO (MOJ00HO
BHYTpPHUAJACOPOLIMOHHBIM CUCTEMAM).

Cokpucrammsanus XapakTepU3yeTcsl CICAYOIMMI IPU3HAKAMMU:

— BpeMsl JOCTUKEHUS] pABHOBECHS BEJIHMKO (OT 4acoOB JI0 CYTOK);

— TOBTOPHOE IEPEOCAKICHUE HE M3MEHSET PacHpelelieHue MHUKPOKOMIIO-
HEHTA;

— pno00aBlieHHE TOCTOPOHHUX aJCOPOMPYIOLIMXCS MOHOB HE BIUSAET HA
pacnpeneneHue MUKpOKOMITOHEHTA;

— U3MEHEHHE 3aps/ia MOBEPXHOCTU OCaJlKa HE BIMSET Ha paclpeaesieHue
MUKPOKOMITOHEHTA.

Crnengyer OTMETUTh, YTO ydeHUE 00 M30Mop(dHU3MEe HENb3sl CUUTATH /10
KOHIIa pa3pa0OTaHHbIM, T.€. CBSI3b MEXIY M30MOPHU3MOM M 00pa30BaHHEM
CMEIIaHHbIX KPUCTAUIOB YCTAHOBJIEHA HE MOJHOCTBIO.

4.2.2.1. l'omocennoe (pasnosecroe, pagnomepHo) pacnpeoeieHue
MUKDOKOMNOHEHMA MeHcOy meepooil U HcuoKou gazamu

[Ipouieccel uzomophHON W  HU30AUMOPIHON COKPUCTALIM3AIMNKN B
3aBUCHUMOCTH OT YCJIOBUH OMbITA MOTYT MPUBOJUTH K PABHOBECHOMY
(roMOreHHOMY, PaBHOMEPHOMY) WM HEPAaBHOBECHOMY (T€TEpPOreHHOMY,
HEPAaBHOMEPHOMY) PAaCIpPEICICHUI0 MUKPOKOMIIOHEHTa 1O BCEMY OOBEMY
TBEpAOH (a3bl.

[Ipn roMoreHHOM pachpee/IeHU KOHILICHTPAIUsI MUKPOKOMIIOHEHTA
OJINHAaKOBa BO BCEX TOUKaX o0ObeMa TBEpAOH (pa3bl.

[Ipu cobOnroeHu YCIOBUN pPaBHOBECUSI PACTIPECICHUE OJKHO
MOYUHSTHCSI U3BECTHOMY 3aKOHY:

C,/C, =const = qa.. (4.5)

OTO MOYHO IPOBEPUTH TEPMOAMHAMHUYECKU. PaccmoTrpum mpouecc
COKPUCTAJNIM3ALMN Ha IPUMEPE XJIOPUIOB paausl U Oapus:

BaC1S) + RaCIlY) — RaCI®) + BacIl) (4.6)

31€Ch MHJIEKCHI (S — TBepAoe W L — KuaKoe) 03HA4YaloT MPUHAIJICKHOCTD
KOMITOHEHTA K TBEPJIOM U KUJIKON (pazaM COOTBETCTBEHHO.
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B ciydae mocTimKeHHsI TEPMOIUHAMUYECKOTO PABHOBECHUS XUMUYECKHE
MOTEHITUABI PACTIPEEIAIONIErOocs KOMIIOHEHTa B 00emx (a3ax TOKHBI
OBITH OJINHAKOBBIL:

L S
HRacl, = MRacl, - (4.7)

[lockonbKy KOHILIEHTpauus pajauds HUYTOXKHO Maja (T.. pacTBOP
ABIIIETCS OECKOHEYHO pa30aBICHHBIM), TO aKTUBHOCTH MOKHO 3aMEHHUTHh Ha
KOHIICHTPALUU:

s _ s0 S

HRacl, = Hract, T RTINCroqy.
L _ L0 L

HRacl, = Hract, TRTINCpoqy,

SO LO
roe £# , H — CTaHJAPTHBIC XUMHWYCCKHUC ITOTCHIHAJIBI YHUCTOI'O R&Clz -
TBEPAOI'O U JKUAKOT'O COOTBECTCTBCHHO.

Taxk xak ,us :,u", TO

120 +RTInCS = 40+ RT InCt, (4.8)
c, ¢S Lo_ 80

T.€. pacnpeleseHue MHUKPOKOMIIOHEHTOB MEXJ1y TBepaol ¢as3oil u
pacTBOpPOM (MI€abHBIMU) ONMCHIBAETCS YPaBHEHHUEM, MOJIOOHBIM 3aKOHY
beptiio—HepHcra.
W3 3TOro BBITEKAIOT T€ YCIOBHUS, MPU KOTOPHIX 3aKOH paclpeneseHus
MUKPOKOMIIOHEHTOB CIIPABEJINB:
1) mOMmKHO COOMIOIATHCS HCTHHHOE TEPMOJINHAMUYICCKOE PABHOBECHE;
2) TpOIECC COKPHCTAIUIM3AIMK JIOJDKEH MPOTEKAaTh MpPU HEU3MEHHOM
cocTaBe (as3;
3) cocTosiHHE pacIpeAeloIerocs BeecTBa B 00enx ha3ax OJUHAKOBO.
B03MOXXHOCTB pacnpenesieHuss paJuoakTUBHBIX U30TOIOB B CUCTEMAX
KUIKOCTb—TBEPIIOE 10 3aKOHY bepmiio—HepHcTa noaroe Bpemsi oTpuLianach
OOJBIIMHCTBOM Y4eHbIX. OCHOBHBIM TEOPETUYECKUM JOBOJIOM OBLIO TO, YTO
U3-3a OYEHb MEJJICHHOW CKOPOCTH MpoueccoB Iud@y3un B TBEpABIX Tesax
Opy HU3BKUX TEMIlepaTypax HE MOXET ObITb 00eCneYyeHO COCTOSIHHE
UCTUHHOTO TEPMOJMHAMHYECKOTO PABHOBECHUS MEXAY KpUCTaIaMU U
PacTBOPOM.
Onnako uccnenoanuda B.I'. XnonuHa nokasanu, 4To B ONPEICICHHBIX
YCIOBUAX MOXET OBbITh JOCTUTHYTO HWCTUHHOE TEPMOJUHAMUYECKOE
paBHOBECHE U IOATOMY JOJDKEH coOmogaThesi 3akoH beprino—Hephcra.
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XJOMHUH J0Ka3ald 3TO B OMBITaX MO paclpeAesieHUuIO0 paaus B Ipoleccax
npoOHOM KpucTayuu3anuu. OCHOBOM €To ycrexa sIBUJIOCh TO, YTO B KaYECTBE
pacmpeIeNAIomerocss BEeIIeCTBa ObUIM B3ATHI PaJMOAKTUBHBIE H30TOIBI B
OCCKOHEYHO pa30aBJICHHOM COCTOSHHUW, YTO U OOCCICUYMBAIO JTOCTHKCHHE
BTOPOTO  yCIOBUS  (HEM3MEHHOCTH COCTaBOB), HEOOXOIWMOTO  AJis
cobmonenus 3akona beptino—HephcTa.

XyonuH cQOopMyIUpOBall 3aKOH: ecau 08a Geujecmed s8IAAI0Mmcs
UBOMOPDPHBIMU UTU U0OUMOPPHLIMU U KOHYEHMPAYUsL 00HO20 U3 HUX
mana, mo pacnpeoeneHue MUKDOKOMNOHEHmMA Mexc0y Kpucmaniiu-
yeckou azou u pacmeopom npu HOCMOAHHOU memnepamype U
0asleHuU xapaKxmepuzyemcs noCMOAHHOU GeIUYUHOU U He 3a8UCUM Om
KOJUYeCMB8EHHO20 COOMHOWeHUs (has3.

Cokpucrammzanusi ~ TakKe€  ONUCBIBACTCS ~ 3aKOHOM  XaHa:
MUKPOKOIUYECMBA pAOUOAKMUBHO20 deMeHma KpPUCmaiiu3yomcsa ¢
Makpoaiemeumom, eciu oba obpaszyiom u3zomMoppuvle uiu U300U-
MOpghHbIe KpUCMALIbL C 0OUHAKOBLIM NPOMUBOUOHOM .

OKcIepuMeHTaNbHbIM yTeM B.I'. X70nuH ¢ COTpyIHHKaMH ITOTYYHUIT
ypaBHEHUE:

X pr K (a_x)pp

m X mp (4.10)

r71I€ X — JI0JIsl MUKPOKOMIIOHEHTa, Mepeleamnias B TBepayto ¢asy; pr v Pp —
IJIOTHOCTH TBEPJON M KUAKON (a3; Mr U Mp — MacChl TBEPAOU M KUIKOU
¢a3; a — obiee KOJIMIYECTBO MUKPOKOMIIOHEHTa B CUCTEME; X — KOJIMYECTBO
MUKpPOKOMITIOHEHTa B TBepAOH (paze, Ky — KOHCcTaHTa XJIONHHA.
VYpaBaenue 4.10 HAEHTUYHO YPABHEHMIO, BBIPAXKAIOIIEMY 3aKOH
beptio—HepHcra, T.k.
X-pr X (XO—X)PP Xo — X

rae Vi u Vp — 00beM TBepnoi (a3l U pacTBOpa; Cr U Cp — KOHIIEHTpAITUs
MHUKPOKOMITOHEHTA B KPHUCTaJIaX ¥ pacTBOPE.
bonee ymoOHBIM 1JI TPAKTHYECKUX IIeJield BBIpaKEHHWE 3aKOHA
XnonuHa Obu10 nipesioxkeno ['ennepconom u Kpeuekom:
X Xg — X
2_plo_ 2
y Yo=Y
rae Xo (MM a) ¥ X — KOJMYeCTBa MHUKPOKOMIIOHEHTa B CHCTEME U B
KpucTaiax; Yo (MM 6) U Y — KOJIMYECTBA MAKPOKOMIIOHEHTA B CUCTEME U B

(4.12)
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kpuctaiax; D — koaduLueHT KpucTayum3aiui.

Bunno, uro Bepakenue 4.12 wumentudyHo BoIpakeHuto 4.10, ecnm
3aMeHUTh Mp/pp yepe3 (Y —Yo)/C, My, yepe3 y u KiC/ pr gepes D. 3nech
C — TMOCTOSIHHAsl KOHIIGHTpAlMsi MaKpPOKOMIIOHEHTa B €ro HaCBIIICHHOM
pacTBope.

3akoH XJONKHA BO BCEX €ro (hOpMyJIUPOBKaX €CTh HUYTO MHOE Kak
ypasHeHue uzomepmvl npoyecca cokpucmaniuzayuy. TUNNYHBIE U30TEPMBI
COKpHCTAJNIM3allUY IpUBEIeHa Ha puc. 4.1.

X, %

D=5/
80
a4y
60
/ 3
40 /

20

/
O 20 40 60 80 y,%

Puc. 4.1. H3omepmbl pagnosecrnou coxpucmaniuzayuu. Y — KOIUYECMB0 0CaAHiC-
0EHHO20 MAKPOKOMNOHEHMA; X — KOIUYEeCMBO O0CAHCOEHHO20 MUKPOKOMNOHEH-
ma; 1) D=1 — pacnpedenenuss nem; 2) D=5 — oboeawenue muxpoxomnomnen-
mom,; 3) D=0,2 — obeonenue muxpoxomnonenmom

KoadgdunmeHT kpuctamimzainuyu MOKHO BbIPA3UTh:
X Y
a-x 6-Y’

D=

(4.13)

Takum o0OpazoM, KOIPOUIIMEHT KPUCTALIU3AIMKA TIOKa3bIBAET, BO
CKOJBKO pa3 Oombiie TBepaas (aza oOoramjaercss WM OOEAHSIETCS
MHKPOKOMITOHEHTOM, YeM MAaKpOKOMIOHEHTOM. llociennue BhIpakeHUs
SIBJISTFOTCST Pa3TMIHBIMA (DOPMYITUPOBKAMH 3aKOHA XJIOMHHA.

Kak oTmedasiocs BbIlE, TPYAHOCTh JOCTHIKEHUS PaBHOBECHS 00YCIIOB-
JeHa MeqyieHHON aud@dy3uell KOMIIOHEHTOB B KpUCTajUiax. XJIOMUH Halles
IyTh BBIPAaBHUBAHUS KOHIICHTPAIIMA MUKPOKOMITOHEHTa TI0 00bEeMYy TBEpIOH
¢a3bl: 3TO OKa3aach MHOTOKPATHAs TIEPEKPUCTAITU3AIINS.

br110 ycTaHOBJIEHO, YTO B CiIyyae 00pa3oBaHUs KPUCTAIUIOB U3 CUIIHLHO
MEPECHINIEHHBIX PACTBOPOB YHCIIO TEPBOHAYATIHLHO BO3HUKAIOIIMX IIEHTPOB
KpUCTAJUTM3AIMd BO MHOTO pa3 OO0JbIlle YMCIa BBIPOCIIMX BIIOCIEACTBUHU
KpucTauioB. Takum 006pa3oM, poCTy KPUCTAIJIOB MPEAIIeCTBYeT oOpa3oBa-
HUEe OOJBIIOrO YKCIIAa 3apOJIBIIIeH, KOTOPhIE €Ile B CTaauud CYOMHUKPOHOB
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YCIEBAIOT MHOI'OKPAaTHO MEPEKPUCTAIUIN30BBIBATECS W TAKUM IIyTEM
TOMOT€HU3UPOBAThCA. POCT KPUCTANIOB B 3TOM CIy4yae MPOUCXOIUT IyTEM
cpacTaHus OTJEIbHBIX OJTHOPOIHBIX KPUCTAIIIOB (CYOMUKpPOHOB).

Pu3N4eCKON NPUUYMHON MEPEKPUCTAIUIN3ALNN SBISIETCS 3HAYUTEIIBHOE
OTJINYUE TEPMOJANHAMUYECKUX CBOMCTB CYOMHUKPOHOB OT COOTBETCTBYIOLIUX
CBOMCTB Makpoda3. ITo MpOSBISETCS B MOBBIIICHHOM JAaBJICHUU Tapa Hajl
MEJIKMMU YaCTUI[AMU TBEPJOTO BEUIECTBA U B OOJIbIIEH MX PACTBOPUMOCTH.
Hanpumep, yactunpl cynbdara Oapus BaSO,; pazmepom okosno 0,7 MKM
obOnagaroT pactBopuMocThio Ha 80 % Oo0JbIIEe PACTBOPUMOCTUA OOBIYHBIX
KPUCTAJJIOB, HAXOJSALIMXCS B PaBHOBECMUM C pacTBOpoM (T.e. Koraa
KPHUCTAJUTBI 00J1aJal0T MUHUMAJILHOM TTOBEPXHOCTHOM YHEPIHEH ).

TakuMm o00pa3zoMm, ABMKYILIEH CHUJIOW Mpolecca MepeKpUCTAIUIU3ANU
ABJISIETCSI CTPEMJIEHUE CHUCTEMbl K MHUHUMYMY IOBEPXHOCTHOM HHEPruu
(M30bITOYHAs TOBEPXHOCTHAsT JSHEPrus MNpOSBISAETCA B  3HAYEHUSIX
M30BITOYHBIX TEPMOJUHAMUYECKUX (DYHKITUN).

BcenencrBue  pasnuuHOW — pacTBOPUMOCTH — YAacCTHIl CHUCTEMa  HE
HaxOJIUTCA B YCTOMYMBOM paBHOBeCHH. PaBHOBecHE HACTymaeT Toraa, Koraa
MOJIUJIUCIIEPCHAsT CHUCTEMA IIyTEM MHOTOKPaTHOW MepeKpUCTAIIN3alun
MEePEXOAUT B  MOHOJUCIEPCHYIO (PacCTBOPHUMOCTh  YacTHUI KOTOpPOH
OJIMHAKOBA). DTO MPOUCXOJIUT B Pe3yJibTaTe€ OYEHb MHTEHCHUBHOTO Iepeme-
IMIMBAHUSA, TIPU STOM MPOUCXOTUT pa3pylICHUE KPUCTAILIOB M 0O0pa3oBaHUE
HOBBIX, T.€. HEOJHOPOJHBIE KPUCTAUIBI HEHNPEPBIBHO PACTBOPSIOTCS
(TIpOUCXOIUT CBOETO POJia IEpeMENIMBaHUE B TBEpAOH (aze).

JU1ss  mocTHKEeHUsT ATOM 1edu XJIONMH HCIOJb30Bal  HECKOJBKO
METO/10B (MyTei).

llepgvii nymv 3aKkiO4aeTcsi B JJIUTENbHOW MHOTOKPATHOW Iepe-
KpUCTAJUIM3alMM KPUCTAIJIOB MAaKpPOKOMIIOHEHTa B €ro HachIIIEHHOM
pacTBoOpe, colAepkKalleM MHUKPOKOMIIOHEHT. JlJii 3TOro K MEIKOU3MENb-
YEeHHOM COJM MAaKpOKOMIIOHEHTa JOOaBIJIM HACBIILIEHHBIA  pacTBOP
MaKpOKOMIIOHEHTA, COAEpPX AIIero MUKpOKOMITIOHEHT. [IpoOupku nomeranu
B TEpMOCTAaT M TMEpPEMEIIMBAIM JO TE€X TMOop, IMOKa KOHIEHTPALHS
MUKPOKOMIIOHEHTa B HACBIIIEHHOM pPAacTBOPE HE IMEPECTaHET M3MEHSThCS.
Bpemst ycranomienusi paBHoBecusi — 3—4 nenenu (mpu 25 °C). 310 myTh
yCTaHOBJICHHsI paBHOBecus CHU3Y (Ky m3mensiercs ot 0 1o K).

Bmopoii nymb CcOCTOUT B KPUCTAUIM3ALMU W3 IEPECHIILIEHHOTO
pacTBOopa MpHU PHEPrUYHOM IMepeMeluBaHuU. [ 3TOro K MeEIKoU3Melb-
YEeHHOW COJIM MAaKpPOKOMIIOHEHTa JOOaBISIOT HACHIIICHHBIA PAacTBOP
MaKpOKOMITIOHEHTAa, COAEpKalluii MHUKPOKOMIIOHEHT. Jlanee HarpeBaroT
pacTBOp A0 MOJIHOTO PACTBOPEHUSI M HEMEMJIEHHO MOMEUIAIOT B TEPMOCTAT C
TOW TEMIIEPATYpPOM, IPU KOTOPOM TOTOBUJICS HACBILLEHHBIN PAaCTBOP MaKpoO-
KOMITIOHEHTa. PacTBop mnepememmBaoT 4—8 YacoB [0 TMOJHOTO CHSTHS
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MEPECHIICHUS, OTJCIAIOT 0Ca0K U IPOBOIST aHAIM3 TBEPION U KHUAKOU (a3
Ha CoAepKaHuEe MaKpO U MUKPOKOMITIOHEHTA.

OTO TaK HAa3bIBAEMBI MPSAMON METOJ — 31€Ch MEPEKPHUCTAIIN3ALNA
UET HACTOJBKO OBICTPO, YTO PABHOBECHUE YCIEBACT yCTAHOBUTHCS YK€ B
npouecce 00pa30BaHUs KPUCTAIIIOB.

I
K, |

I
I
I
I

I I
I
! 3 - 4 Henenu

CYTKH
Puc. 4.2. IIymu oocmudicenus pasrnosecusi. | — nymo «cnuzy», |l — «npsamoiiy memoo,

Il — nymo «ceepxy»

Tpemuit nyms COCTOMT B MPOJOJDKUTEIBHOM  MHOTOKPAaTHOU
NEPEKPUCTALIN3ALMK 3apaHEe IMPUTOTOBJICHHBIX CMEIIAHHBIX KPUCTAJIIOB
MaKpO- U MUKPOKOMIIOHEHTOB B HACBILLIEHHOM PacTBOPE MAKPOKOMIIOHEHTA.

D10 nyTh AOCTUXeHUsl paBHOBecus cBepxy (K, m3mensercs ot 100 %
no K,). Jlius 3TOro TOTOBAT HACHIIICHHBIH pPacTBOpP YHCTOIO MaKpo-
KOMIIOHEHTa M JOOABIISIIOT MEJIKOM3MEIbYEHHbIE CMEIIAHHbIE KPHUCTAIIbI
MaKpo- M MHKPOKOMIIOHEHTOB. lIpu »3TOM Temmeparype SHEPrUYHO
[IEPEMEIINBAIOT 10 JOCTHKEHUS PABHOBECHSL.

Kak cnemyer u3 puc.4.2, Bce Tpu MeETOAA NPUBOIASAT K OJHOMY
PABHOBECHOMY COCTOSIHUIO.

4.2.2.2. Brusinue pa3nuunsix haxmopos Ha pacnpeoenenue
MUKDOKOMNOHEHMA MedHcoy meepooll U HCUOKOU gazamu

(1) Brusnue omnocumenvuou pacmeopumocmu MaKkpo- U MUKPOKOMNOHEHMOB

B camom Hauane UCTOpUM PaAHMOXUMUU OBLIO MPHUHSTO CUYUTATH, YTO
CIIOCOOHOCTh K HM30MOP(GHOMY COOCKIECHUIO KOMITOHCHTOB OIPEEsIeTCs
COOTHOIIICHHEM MX PAaCTBOPHUMOCTEH. [lelicTBUTEILHO, O0OTaIlIeHUE TBEPAOM
¢da3pr MmukpokommnonenToM (D > 1) mpoucxoauT yarie Bcero B TOM CiIydae,
€CJIM PaCTBOPUMOCTD €r0 COCIMHEHUSI MEHBIIIE PACTBOPUMOCTH COCAUHEHUS
MaKpoKOMIIOHEeHTa. B TakoMm ciiydae BO3MOXHO ObLUIO Obl HA OCHOBAaHUU
AKCIEPUMEHTAIIbHBIX 3HAYCHUN KOI(PGUIIMEHTOB KPUCTAIUIU3AIUUA CYJIUTh O
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PacTBOPUMOCTHU COJIEW U HA0OOPOT. B EHCTBUTENBHOCTH UMEETCS CIOMKHAsS
¥ HEOJHO3HAa4YHasl 3aBHCHUMOCTh MEXKIYy OTHOCUTEIBHON PacTBOPHUMOCTHIO
MHUKPO- U MAaKPOKOMITOHEHTOB U KO3(PPHUIIMEHTOM KPUCTATITH3AIIH.

Tabmnuma 4.2

KoaddurmenTsr kpuctammm3anuu 1isi HEKOTOPBIX coseid Ra u Ba
Y COOTHOIIICHHUE MX PACTBOPUMOCTEH

mrgl_o)

Cucrema mi(LO) Di n
Ba(Ra)Br,— H,O 1,91 10
Ba(Ra)Cl,— H,0 2,07 4,5
Ba(Ra)SO4— H,O 2,43 1,8

Ba(Ra)(N03)2— H,O 0,83 1,6
m,"°, mi® — MomsUIbHBIE pACTBOPHMOCTH COOTBETCTBEHHO MAKpO- U
MHUKPOKOMIIOHCHTOB.

0) Bauanue memnepamypwl Ha pacnpeoenerHue MUKpOKOMNOHEHM 08 MeHCOY
KpUCmManiiamu u pacmeopom

BnusHue Ttemmeparypbl Ha pacnpelereHue BecbMa CIOXKHO. B
OOJIBIIMHCTBE CIy4YaeB MOBBILICHUE TEMIIEPATYPhl IPUBOAUT K YMEHBIICHUIO
D, nmpuuem uHOrAa BAMSHHE 3TO HACTOJBKO CHJIBHO, YTO IPOUCXOIUT
n3Menenue 3uauennii or D > 1 1o D < 1 (cm. tabm. 4.3).

B o6miem ciydae BiausiHuEe TeMiepaTypbl Ha KOAQ(UIMEHT KpUCTaILI-
mu3aiuu D, KOTOpBIN 3aBHCHT OT CBOMCTB KOMIIOHEHTOB B WX YHCTBIX
HACBIIIIEHHBIX PAacTBOpaXx M B COBMECTHOM pacTBOpE, a TaKkKe OT pabOThI
00pa3oBaHUsI TBEPAOrO0 pacTBopa (CMEIIAHHBIX KPUCTAIJIOB) OMHUCHIBACTCS

ypaBuenneM A.Il. Patnepa (wr-xopp. AH CCCP, yuyeHWKa W KOJUICTH
B.I'. XnonuHa):

v v SO 0
ant Vit My — Ui

exp L———L
Qj+ Vn+ RT ’ (4.14)

D=

rae | — MUKPOKOMIIOHEHT; N — MAaKPOKOMIIOHEHT; V = vV, + V_ — 00IIiee Yuciio
WOHOB, Ha KOTOpPBIE JWCCOIMUPYIOT MOJICKYJIbl MHKPOKOMITOHCHTAa U
HOCHTEIIS, a.— AaKTUBHOCTH KOMIIOHCHTOB B YHCTBIX HACBHIIICHHBIX
pacTBOpax; Y+— CpeAHEHOHHBIC KOI(PPUIIMEHTH AKTUBHOCTH MHKPO- U
MaKpOKOMITOHEHTOB B COBMECTHOM PacTBOPE; (i = 1) = — pa3HOCTh
CTaHAAPTHBIX XHMHYECKHX IOTCHIIMAJIOB MHUKPOKOMIIOHEHTAa B TBEPIOH
¢daze, 0Opa3oBaHHONW YMCTHIM BEIICCTBOM, M B TBEPAOH (ha3ze CMEIIaHHOTO

KpucTasia, T.e. paboTa mo oopa3oBanuto 1 MoIb OECKOHEYHO pa30aBIEHHOTO
TBEPJIOTO PACTBOPA.
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Tabmnura 4.3
3aBUCHMOCTD KO3(PPHUITMCHTA KPUCTALTU3AIUN OT TEMIIEPATyPhI

Cucrema T,°C D
0 2,31
Ba (Ra) (NOg)g—HzO 35 1.49
101,8 0,654
0 2,06
Pb(Ra)(NOz),—H,0 25 2,47
100 2,83
50 0,96
Ba(Ra) (CH;COO),—H,0 75 0,92
100 0,89

VYpaBHenue PatHepa mo3BossieT 000CHOBAaTh BHIOOpP cHeU(pUUECKOTO
HOCUTENS Ul OINpPEAEIEHHOT0O MHUKpPOKOMIIOHEHTa. OJHaKo Ha MHpakTHKE
U3-32 OTCYTCTBUS CIIPABOYHBIX JAHHBIX O 3HAYEHUSAX KOAPDOUIIMEHTOB aKTUB-
HOCTEH M XMMHUYECKUX MOTEHIMAJIIOB B TBEPHBIX PacTBOpax HEBO3MOXKHO
3apaHee MOAOOpaTh HOCHUTENb M IOITOMY MPAKTUYECKH BCErjaa BbIOOD
HOCHUTEJSI IPOBOJUTCS SKCIIEPUMEHTAIIBHO.

AHanu3 ypaBHeHHs] PaTHepa moka3bIBaeT, YTO BIMSHUE TEMIIEPATypPhI
Ha BEJIIMYMHY KOA(DPUIIMEHTa KPUCTAUIM3ALMKU BEChbMa CII0KHO, MOCKOJIbKY
€ro TeMIlepaTypHas 3aBUCUMOCTb ONpENEsieTCAd TEIUIOBBIMHU 3¢ (deKTamu
HECKOJIbKMX pa3JIMYHBIX MPOIECCOB: H3MEHSAETCS KOHCTaHTa pPABHOBECHS
reTepPOreHHOW HMOHOOOMEHHOM peaklMM, HU3MEHSETCS OTHOIICHHE KOA(-
(UIIMEHTOB aKTHUBHOCTH, HAKOHEI], M3MEHSETCS SKCIIOHEHIIMAIbHBIA MHO-
xutenb. CioxHbld BUI (QyHKUHOHANBHOU cBsi3u D(T) mo3BonsieT oxxuaaTh
caMOil  pasNMYHOW  TEeMIepaTypHOl  3aBUCUMOCTH  KoddduimeHTa
KPUCTAIA3AIUH.

B TO BpeMs Kak OTHOLIEHUME TEPMOJAMHAMUYECKUX aAKTUBHOCTEMU
Makpo- H MHUKPOKOMIIOHEHTOB M OKCIIOHEHIUAIbHBII MHOXHUTEIh B
ypaBHeHUU 4.14 MOCTOSHHBI AJiA JIFOOOW CHCTEMBI, OTHOIICHHE Kod(hdu-
[IUEHTOB aKTHUBHOCTEH MOXKET M3MEHSThCS B OOLIEM Cllydyae B 3aBUCUMOCTU
OT MOHHOM cuiibl pactBopa. [Ipu npaBuiabHOM Noad0pe 100aBOK M3MEHEHUE
ATOr0 OTHOUICHHS MOKET OJIArONPUSITHO CKA3aThCS HA Pa3IeeHHH.

8) Biusinue cocmasa s#cuoKkoul ¢pazvl Ha pacnpeoenerue MUKpo KOMIROHEHMA
Mmedncoy meepootl aszotl U pacmeopom

BnusHaue cocraBa xunkon a3kl MOKET HOCUTH COBEPIICHHO pa3iind-
HBII XapakTep B 3aBUCUMOCTH OT TOTO, KaKMM 00pa30M U3MEHSETCS] COCTaB
pacTBopa.
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XjonuH chopMmynupoBan mpaBwio: «[lpu usmenenuu cocmasa
aHcuokou ¢hazvl KodIPuyuenm Kpucmaiiuzayuu NPAKMuyeckKu He
MeHsemcs, eciu OMHOWeHUue mMepMOOUHAMUYECKUX aKmMueHocmelu
UOHOB MAKPO- U MUKDOKOMNOHEHMO8 OCMAemcsl HeU3SMEeHHbIM.

Ecnu orce uzmenenue cocmaesa sxncuokou gasvl enevem 3a cobdbou
HeoOUHAK0Boe U3MEHeHUe MepMOOUHAMUYECKUX AKMUBHOCMEU UOHOS
MAKpO- U MUKDOKOMNOHEHMO8 8 CULY KOMNIEKCO0OPA308aHUs UNU
00pazo6anus HeOUCCOYUUPYIOWUX COCOUHEHUU UNU N0 KAKUM-TUOO
Opyeum  NPUYUHAM U eCAU  NPOUCXOOUM  Npeumyujecmeennoe
YMeHbUleHUe — MePpMOOUHAMUYECKOU  AKMUBHOCMU  UOHO8  MAKpO-

KOMNOHEHmMO8, m.e. OMHOUleHue aKmueHocmel naoaem (an/ai), mo

snauenuss K, u D eospacmarom, e npomueononoscnom cayuae ux
3HAYeHus naoaom.»

31ech peub UIET O TEPMOJAUHAMUYECKAX AKTUBHOCTSIX KOMIIOHEHTOB
IIPA OJHOBPEMEHHOM IPHUCYTCTBHH B PACTBOPE B OTJIWYHUE OT YPABHEHHMS
PatHepa. K aToMy ke pe3ynbTaTy NpUBOAMT U aHAIU3 ypaBHEHHs PaTHepa.

OTHOmIEHNE AKTHMBHOCTEM MOXKHO PEryJUpOBaTh 3a CYET HEOAHM-
HaKOBOTO HW3MEHEHHUs KOIPPUIMEHTOB AaKTUBHOCTEH MpU J100aBIECHUU
NOCTOPOHHUX  3JIEKTPOJIMTOB. 3aMETHOE BIMSHUE Ha KO3(pPUIHMEHT
KPUCTAJUIM3AMN OKa3bIBAIOT KOMILJIEKCOOOPa3yIolue BEIECTBA, €CJIU OHU B
Pa3HOM CTENEHU B3aUMOJEHUCTBYIOT C MUPO- U MakpoKOMIOHeHTamH. CBs3b
MEXy KO3PPUIMEHTaMU KPUCTAUIM3ALUN JUIsl cllydasi 00Opa30BaHusl OJHOTO
KOMIUJIEKCa B cucteme jnaerca ypaBHeHueM 4.15. IlpeumyrectBeHHoe
CBA3BIBAHUE PAJMOAKTUBHOIO 3J€MEHTa (MUKPOKOMIIOHEHTA) NPHUBOIHUT K
YMEHBUIEHUIO KO3 (DUIIMEHTa KPUCTATUIU3AIMH, B TO BPEMS KaK CBSI3bIBAHUE
AJIEMEHTA-HOCHUTEIIS — K €70 BO3PACTAHUIO:

[AB']
[A']
K-[AB'] - (4.15)

1+
Kl [Al]

1+

rae [ABl] u [Al] — KOHIICHTpAIlMd KOMIUIEKCHBIX W CBOOOJHBIX HOHOB
MaKpOKOMIIOHEHTa; K 1 K* — xoHCTaHTBI YCTOWYHMBOCTH KOMIUIEKCOB MUKPO-
1 MaKpOKOMITIOHEHTOB; Dy — koadduimenT kpuctau3anuu B MIPUCyTCTBUU
KOMIUJIEKCYIOIIIETO areHTa.

Dy otnumuaercs ot D Ha MHOXXUTENb, BEIMYMHA KOTOPOTO 3aBUCUT OT
otnomenuss K/K' u oT OTHOIICHUS KOHIICHTPAIUH CBSA3aHHBIX U CBOOOHBIX
MOHOB MAaKpOKOMIIOHEHTa. [IOCKOIbKY OTHOIIEHUE K/K' nensmenno s
OJHOM W TOM K€ CHCTEMBI, TO PACIPEICICHUE MOXKET HU3MEHUTHCS
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BCJIC/ICTBHC YBEIIMUCHHS CTCIICHN 3aKOMITJICKCOBAHHOCTH MaKPOKOMITOHCHTA.
1 1
B cnydae [A7] << [4B°] (nmpakTHYeCKH IOJHOE 3aKOMILJICKCOBBIBAHHE

M&KpOKOMHOHeHTa) KOB(b(bI/IHHeHT KpucCTain3alyuyu A0CTUTracT IIPCACIIBHOTO
1

3HaueHus Uil AaHHOM cuctembl: Dy = D——. OueBuHO, UTO € MOMOILBIO
K

3TUX YPaBHECHUM MOYKHO ONPEAECIUTH OTHOIIEHWE KOHCTAHT YCTOWYMBOCTH
COCMHEHU MHKPO- U MaKpPOKOMIIOHEHTOB. Kpome 3TOoro, ecim u3BECTHA
KOHCTaHTa YCTOWYMBOCTH MAaKpOKOMIIOHEHTA, TO MOXXHO HAlTH KOHCTaHTY
YCTOMYMBOCTH KOMILJIEKCHOTO COCIMHEHUSI MUKPOKOMITIOHEHTA. JTO OJIUH U3
HEMHOTHX METOJIOB OINPENEICHUS] KOHCTAHT YCTOMYMBOCTH KOMILIEKCHBIX
COCIMHEHUI JJIEMEHTOB, KOTOpPbIE MOTYT OBITb JOCTYNHBI TOJBKO B
MUKPOKOHIIEHTPALIUSAX.

Tabmuua 4.4

2+
Koo durmentsr kpuctammmsanan O ¢ Ba(NO3),
B 3aBHCHMOCTH OT JOJIH Ba’", CBA3aHHOTO B KOMILIEKC

[BaKOMl'U'I ]/[BaHGCB;B] Dk Kgr /KBa (K/Kl)
1,63 0,0065 31,8
0,456 0,0116 33,6
0,195 0,0235 30,1  cpemnee 30,5
0,0195 0,083 30,7
0,000 0,13 -

B tabn. 4.4 npuBeaeHsl K0O3PPUIUEHTH KPUCTAILUTAZAIMN CTPOHIIUS C
uutpatom Oapus Ba(NO3), B mpucyrctBum Tpunona B, ¢ koTopeiM 006a

37eMeHTa 00pa3yloT KOMIIJIEKChl THIA NaZ[Me(QI[TA)] . B o0mewm cnyuae
W3MCHCHHE KOHIICHTPAIlMM MHUKPOKOMIIOHCHTa B MpejeiiaXx MHKpPO-
koHIteHTparmii (1o 0,1 M) npaktuuecku He BieueT usmMmenenus K u D.

Ha Benmunny ko3 dunmenTa KpucTauTu3aiid MOKET 3aMETHO BJIUSTH
nepeMeHa PacTBOPUTEIISA, MOCKOJIBKY IMPU 3TOM H3MEHSIOTCS TEepPMOJIUHA-
MHUYECKHE aKTHBHOCTH KOMIIOHEHTOB PacTBOpa.

2) Brusnue e6mopoco MUKPOKOMNOHeHmMA

Ecnu B pacTBOope mpHUCYTCTBYIOT JIBa HE B3aUMOJICHCTBYIONTUX JAPYT C
JPYroM MUKPOKOMITOHEHTA M BHEJIPEHUE WX B PEIICTKY MaKpPOKOMITOHEHTA
HE BBI3BIBACT M3MEHEHUS YHCiia e(PEKTOB PEIICTKH, TO MX PACIpPEICICHHEC
IIPOUCXOIUT HE3aBUCUMO JIPYT OT JIpyTa.

Ecnmm kaTMOH BTOPOr0 MHKPOKOMIIOHEHTA HMMEET WHYIO CTEICHb
OKHCJICHHUS, TO €ro BHEIPEHHUE B KPUCTAJUIMYECKYIO PEIICTKY BBI3BIBACT
00pa3oBaHUE JIOTOJIHUTEILHBIX JCPEKTOB, KOTOPhIE BEIyT cels MOoI00HO
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MpUMECH U BIUSIOT Ha D (4Jaiiie Bcero yMeHbIaror).

0) Brusinue cocmasa meepooii (pasvl

[InaBHOE M3MEHEHHE cocTaBa TBEPAOW (a3bl JOCTUTACTCS ILIABHBIM
M3MEHEHHEM COCTaBa >KUAKOW (pa3bl, KOTJIa B PAacTBOP BBOJUTCS BTOPOM
MHUKPOKOMIIOHEHT, U30MOP(HO COKPUCTATU3YIOUIHICS ¢ mepBeIM. B 3TOM
cllydae TMapajjieIbHO C HM3MEHEHHEM CcOocCTaBa TBepAOH (ha3bl IUTaBHO
m3Mmenstitoresa K, u D.

Ha puc. 4.3 nokazan xapaktep u3MeHeHus K, ¢ HI3MEHEHHEM COCTaBa
TBepAoi (a3bl Ha MPUMEpPE COKPUCTAJUIM3AIMHU PaJUsl C HUTPATOM Oapusi u
ceuHIa ripu 25 °C. Mmeer MecTo maBHOE yMeHbIIEHNE K, OT €ro 3HaYeHus
U paclpeiesieHusl paausi B YUCTOM HUTpare Oapus K €ro 3HauYCHUIO i
pacupeneseHus: B YuCTOM HUTPATe CBUHIIA

[InaBHOE€ u3MEHEeHHME cocTaBa TBEpJOM (ha3bl BHI3BIBAET ILJIABHOE
m3meHenue K, u D. Ilpu pe3kom n3meHeHuu coctaBa TBepaoi ¢assl K, u D
U3MEHSIOTCS  CKauKooOpa3Ho. Tak, NpuU COKpUCTAIUIM3AaLUM pPaaus C
aurparoM crponnus 10 34°C tBepaas dasa umeer cocraB Sr(NO3), 4H,0, a
npu 34°C ona nepexoaut B 6e380aHyI0 coib Sr(NO3z),, IpHu 3TOM BeIMUYMHA
D pe3ko Bo3pacrtaer, 4To BUJIHO U3 puc. 4.4.

D A
K
X 3]
40
a
2 .
30
20- 11 a
10 T T T T T O . . : »
0 20 40 60 80 100 0 0 60 90
[PB(NO5),], % mo. Temmeparypa, "C
Puc. 4.3. MHWzmenenue roncmaumol Puc. 4.4. 3asucumocmov xo3¢hghu-
pacnpeoenerus paous 6 3a8UCUMOCMU yuenma  cokpucmaniuzayuu Ra
om cocmaea meepooi ¢hasvi 8 cucmeme ¢ Sr(NOgz), om memnepamypuol
Ba, Pb(NOg)g — Ra(N03)2 -H,0 npu
25 °C

[InaBHOE€ uW3MEHEHHE cocTaBa TBepAOW a3bl BHI3BIBAET IUIABHOE
u3menenue K, u D. Pe3skoe wusMmeHeHue coctaBa TBepHod (a3l
ckaukooOpazHo uaMensietT K, u D.
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4.2.3. I'ereporenHoe (HepaBHOBECHOE, HEPABHOMEPHOE) pacIipeie/ieHre
MUKpPOKOMITOHEHTA B TBEpAOH (haze

['eTeporenHoe (HEpPaBHOBECHOE, HEPABHOMEPHOE, JIorapuMuiecKoe)
pacupenesieHue MHUKPOKOMIIOHEHTa MEXJy TBEpIOM M JKHUIAKOW (a3zamu
MOXET OBITh JOCTUTHYTO MEUICHHBIM HCIIAPEHUEM PACTBOPUTEIA MPU €ro
HEIPEPBIBHBIM MEPEMEIINBAHUM, T.€. MEPECHIIIEHNE CHUMAETCs (Kak U BO
BTOPOM IIyTH PAaBHOBECHOW COKPUCTAJUIM3AIMK) POCTOM KPHUCTAILIOB,
CO3/IaeTCs e MEPECHIIEHUE 3a CUET MCHApEHHUs, T.€. COCTaB KUIKON (pa3bl
MOCTOSIHHO M3MEHseTcs (HapylaeTcsi BTOpPOM MPUHIUII PaBHOBECHOTO
pacrpenesieHus: 0 HEM3MEHHOCTH COCTaBOB (ha3).

PaccMoTpum cokpucTamn3anuo 6apus u paaust (MUKPOKOMIIOHEHT).

B kaxzaplli MOMEHT pPOCTa MEXIy IOBEPXHOCTBIO KpHUCTAUIA H
pPacTBOPOM MPOUCXOAUT UOHHBIM OOMEH, MPUYEM Ha TOBEPXHOCTH KpUCTAILIA
HapsamLy ¢ woHamum Ba®* dukcmpyiorcs u  msomopbmsie moHBI Ra>,
KOJIMYECTBO KOTOPBIX MPSMO MPOMOPIUOHAIBHO HMX KOHIEHTPALMH B
pacTBope.

Ecnau mponecc mpoucxoAuT AOCTATOYHO MEIJICHHO JIJIE TOTO, YTOOBI
MEXIy TOBEPXHOCTHBIM CJIOE€M KpHUCTalla M PacTBOPOM YCIIEBAJIO
YCTaHOBUTHCS PAaBHOBECHE, TO K paclpeeneHnio Ra (B OTHOLIEHUH KaXI0Tr0o
OTIENBHOTO CJOA pacTyUIEro KpHUCTaUIa) MOXKET ObITh INPUMEHEHO
ypaBHeHue XJonuHa B quddepeHnuansaoi popme:

dx La-x 416

ay “boy’ (4.16)
rae OX — KOJMYecTBO MHKPOKOMIIOHEHTA, MEPENICIIero B 3JIeMEHTapHBIN
clloil KpucTayuioB; dy — KOJMYECTBO MAKPOKOMIIOHEHTA, MEPEIIEANIero B
AJICMEHTAPHBIA CJIOW KPUCTAUIOB, @ W D — KOJWYEeCTBA MHUKPO- H
MaKpOKOMIIOHEHTOB B CHCT€ME€; X MU Y — KOJIMYECTBA MHUKpPO- U
MaKpOKOMITOHEHTOB, NEPEICAIINX K JAHHOMY MOMEHTY KPUCTAJIM3ALMH B
CMEIIaHHBIA KPUCTAIIT; A — MOCTOSIHHAS KPUCTAIA3AIUH.

[locne oOpa3oBaHusi MEpBOro CioOsl (PIEMEHTApPHOIO) HAYUHAET
00pa30BBIBATHCSI BTOPOM CJIOM KPHUCTAIOB. MeXy HOBBIM 3JIEMEHTapHBIM
CIIOEM U PAcTBOPOM BHOBb YCTAHABIMBAETCS HWCTUHHOE pPAaBHOBECHE,
BHYTPEHHHE CJIOM KPUCTAJUIOB AKPAHUPOBAHbl HAPYKHBIMU U B OOMEHE
MOHAMH C PacTBOPOM YK€ HE Y4YacTBYIOT, T.K. OOMEH MEXIy OTAEIbHbIMU
TBEPABIMU CIIOSIMU TPAKTUYECKU HE MPOMCXOAMT BCIEJCTBUE MEIJICHHBIX
npoueccoB Tupy3un U nepekpucTaIN3aIUH.

B otux ycioBusIX pacmnpeiielieHHe MHUKPOKOMIIOHEHTa  Oyner
OTPEICNAThCS 3HAUCHHEM IOCTOSIHHOW Kpuctaumsaimuu A (mogodno D B
TOMOTEHHOM PaCTpEICTICHUH ).
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B Tom cmydae, korma A=1 (Hampumep, TpH pacIpeicICHUH
U30TOMOB), KOHIIEHTpAIUsl PacHpeiessaionerocss MUKPOKOMIIOHEHTa OyaeT
OJIMHAKOBA BO BCEX CJIOSIX U MOJIYYUTCS OJTHOPOIHBIN KPUCTAILI.

Eciu A# 1, To kpuctain 0yner HeoqHOpOoAHBIM. OUEeBUIHO, YTO TPU
A>1 KOHIEHTpauus Cj MHUKPOKOMIIOHEHTa B TIOBEPXHOCTHOM  CJIO€
KpucTamia Oylner MaKCUMalbHOM B CaMOM Hauaje KpHUCTaIM3aIUu.
OOpazyromuecss B JajgbHEdIIeM ciion OyAayT OelnHee MUKPOKOMIIOHEHTOM,
T.K. TpOLECC KPUCTAUIM3ALUUU MPUBOAUT K  MPEUMYIIECTBEHHOMY
o0eHeHHIO UM pacTBopa. Takum oOpaszoM, pu A > 1 00pa3yroTcs CIOUCThIE
KPHUCTAJIbI; COAEPKaHNEe MUKPOKOMITIOHEHTa B HUX YMEHBIIIAETCS OT L[EHTpa
k nnepudepun. [IpotuBononoxHas kapTuHa HabmoaaeTcs npu A < 1:

Co
Cl
A>1 A<1
Co>C1> Co< C1 <(y G,
[Ipeobpazyem nuddepeHnnanbHOe ypaBHEHHE XIIOMHHA:
dx d
o (4.17)
a—x b—y
Inlb—y)+c=In(a-x); c=Ina-Inb. (4.18)
W3 navanpubix yenoBuit (7 =0, x =0, y = 0) morydaem:
a b
In—=4-In——
2 x b_y (4.19)

— 910 YypaBHeHue JlepHepa—-lockuHca WIH 3aKOH J02apu@muueckoeo
pacnpedenenus. B 5ToM ypaBHEHHH BCE BBIPAKEHO Y€pPE3 COCTaBBI JKUJKHX
¢da3 mo Makpo- ¥ MUKPOKOMIIOHEHTaM JI0 M TI0CJIe KPUCTAJIIN3AIUH, T.€. BCIO
uHGOPMAITUI0O MOXXHO TOJYYUTh M3 COCTABOB JKMIKHX (a3 10 u mocie
Kpuctaumzanuu. Ero dopmynupoBka ciaenyomas: 102apu@dm omHouleHus
KOHYEeHmpayuu MUKpOKOMNOHEHMA 8 pacmeope 00 KPUCMAallu3ayuu K
€20 KOHYeHmpayuu 6 pacmeope nocie Kpucmaiiuzayuu, OeaeHHbll Ha
n02apum omHoOUeHUs: KOHYeHmMpayuu MaKpoKOMNOHEeHMA 68 pacmeope
00 Kpucmaniuzayuu K e2o KOHYeHmpayuu 6 pacmeope nocie Kpucmain-
aU3AYUU, ecmsv GelUYUHA NOCMOAHHAA, HaA3a8aeMas NOCMOAHHOU
KpUucmaniu3ayuu.
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a b
/Moy = (4.20)
WuTerpanbHas (opma ONMHMCHIBAET pacHpeeieHne MUKPOKOMIIOHEHTA
MEXAY BCEM KPHUCTAJUIOM M PacTBOPOM B IIEJIOM M OTHOCUTCS K CIyyalo,
KOIJla MCTUHHOE paBHOBECHE MEXIy TBepAoi (a3oil U pacTBOpoM He
CYILIECTBYET.
B3aumocBs3p Mexny D u A B mporeccax roMo- U TeTEpOreHHOTro
pacripeneneHus BuaHa u3 puc. 4.5.

61 D=537

D, A
/

-
-
<~ A

e ~
-

20 40 60 Y 20 40 60 80 100 Y

a) 0)
Puc. 4.5. Bzaumocesnsze medxncoy D u L scucmeme BaCl,~RaCl,—H,0 ( 'y — konuuecmeso
ocancoenHo2o paous, % macc.): a) KPUCMALIU3AYUst U3 NepecbliyyeHHo20 pacmeopa npu
CUTbHOM NepemMeusanuy (PaeHoBecHass Kpucmaiiuzayus), 6) Kpucmaiiuzayus npu
MeOleHHOM UCHApeHUuU pacmeopa (MeonieHHas KPUCMALIU3aAyUst)

[Ipn MemjaeHHOM HCHAapeHUH pacTBOpa (HEpaBHOBECHAS COKPHCTA-
nu3anums, puc. 4.56) A>1, T.e. pacTBOp OOCHHSAETCS MHKPOKOMIIOHCHTOM,
MIOATOMY IOCTOSIHCTBO A JOCTHTaeTcs MOCTOSIHHBIM pocToM D.

Crnenyer  OTMETUTH,  4TO
nJorapuMHUUIECKOe pacrpeecHue 100 %
MHKPOKOMITOHEHTa 00Jiee BBITOJHO
JUISL pa3/ielIeHus] KOMIIOHEHTOB; ATO
BUJHO M3 pHC. 4.6 mMpuU COMoCTas-
nenun 3HadeHut D uw A mpm
OIMHAKOBBIX  3HAYCHUAX  «I».
OnHako B peambHBIX YCIOBUSX
MIPOIIECC KPUCTAUTA3AIMHN BEIYT TIO

3akony  XmonuHa (Il myTs)

BCJIEACTBUE MEHBIIINX 3arpar

BpPEMEHMU. 0 y 100 %
YuciieHHoe 3HAYECHUE A 00JI51 0CAANCOCHHO20 HOCUMEIIS

3aBUCHT  OT CKQP OCTH  KpUCTail- Puc. 4.6. Conocmasnenue  3nauenui
mmsanuu TBepAoi dasel. Ecmi B yondduyuenmos «Dy u Wy npu
mpouecce  00pa3oBaHHS  KpHC- OOUHAKOBBIX 3HAUCHUAX «P»
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TAJUIOB B JIFOOOM MOMEHT BPEMEHHM HMEET MECTO HCTMHHOE pPAaBHOBECHE
MEXy MOBEPXHOCTHBIM CIIOEM KpHCTAJJIa U PACTBOPOM (POCT KPUCTAILIOB
UET JIOCTaTOYHO MEIJIEHHO), TO A NpHUMET CBOE MpeleiabHOe 3HaueHUE,
YUCJIEHHO paBHoOe D.

4.2.4. PacnipenienieHne MUKPOKOMITOHEHTa MEX Iy TBepaon (pazoit
U pacIIaBoOM

OTOT TUI PaclpCaACaCHUus U3y4daliCAa XJIOMUHBIM C COTpYAHUKAMH Ha

npuMepe cructeM ¢ npocthivu 3TekTikamu trma Me(Ra)(NO 3), —NaNOg,
rae Me — ato makpokommoHneHT Ba, Sr u 1.1.

Teepnas ¢asza BblAensiIach oxjaxJaeHUeM pacmiiaBa. K HacTosmemy
BPEMEHM YCTaHOBJIEHO, YTO B JTHX CilydasX paclpelesieHue MUKpPO-
KOMIIOHEHTa MEXAY KpHUCTaUlaMH MU PacIiUlaBOM HPOUCXOAUT IO 3aKOHY
XJ0MKHA; JIOTapu(pMUUECKOTO 3aKOHA pacIpenieeHus] He HaOII0JaeTcsl HU
npu Kakux ycnoBusx. CrenoBaTellbHO, B CHCTEMax KpHUCTaJUI—pacIljiaB
JOCTUTAEeTCAd UCTUHHOE paBHOBECHE. B OCHOBHOM 3TO 00YCIIOBIEHO BBICOKOU
ckopocTbio Au(¢y3un (BCIEACTBUE BBICOKUX TEMIEpaTyp), a TaKke
OTCYTCTBHUEM Yy MOHOB pacIljiaBa COJIbBATHBIX (TUAPATHBIX) 000JIOUEK.

B pesynpTaTe wHccienoBaHUN paccMaTPUBAEMbBIX CHCTEM  OBLIH
BBISICHEHBI OCHOBHBIE 3aKOHOMEPHOCTH paclpe/iesIieHUsi MUKPOKOMITOHEHTA!
MPU COKPUCTAJUIM3ALMU KaK W3 PacIUIaBOB, TaK U M3 pPacTBOPOB, 3aBUCH-
MOCTh KOd((pHIIMeHTa KPUCTAIIIM3AIMHN OT BEIMYWH aKTUBHOCTEH MUKPO- U
MaKpOKOMIIOHEHTOB oOJiuHaKoBa. Kpome TOro, MexaHusmbl YCTaHOBJICHUS
paBHOBECHSI HOCSIT OJJMHAKOBBIN XapaKTep.

Bmecte ¢ TeM yCTaHOBJIEHO, YTO BBIJEICHHE MHUKPOKOMIIOHEHTa W3
pacriaBa XxapakTepu3yeTcss HEKOTOPBIMU OTJIMYUTEIbHBIMA OCOOEHHOCTSMMU:

1) npu BBIACICHUM W3 pacilaBa HE HAOIOMACTCS pachpee/icHHe I10
norapuMUIECKOMY 3aKOHY;

2) BO BCEX M3YYEHHBIX CHCTEMaxX HE MMEET MECTO OOOraliecHHe TBEPIOH
¢a3pl MHKpOKOMIIOHEHTOM, T.e. D<1
(puc. 4.7).

3HadeHne Kod(PPUIMEHTOB KPUCTAII-
mm3aiii D Ui maHHBIX  CHUCTEM  HE < P
3aBUCUT OT KOJHMYECTBA BbIJACICHHON - #7
TBepAoi a3pl, B TO BpeMs Kak A B D<1
ypaBHeHun JlepHepa—l'ockunca Hermnpe-
pBIBHO BoO3pactaeT (puc.4.7), mpu 3TOM Puc. 4.7 Bsaumocssse D u A
XapaKkTep U3MEHEHUs1 A OJMHAKOB ISl BCEX npu  cokpucmanIuzayuu U3
M3Y4YEHHBIX CHUCTEM: MOCKOJIbKY D < 1, To pacniaos
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M0 Mepe KPHUCTAJUIM3AlMK paciiiaB 000TramfaeTcsi MUKPOKOMIIOHEHTOM, T.€.
MIPOUCXONT YBEIUUCHHE A 17151 oOecreueHus mocTostHcTa D.

4.2.5. [IppumeHeHue MpoIeCCOB COKPUCTAIUIM3AIMH CO CHEIU(PUICCKUMU
HOCHUTEIISIMU

[Ipouiecchl pacmpeneneHruss MUKPOKOMIIOHEHTa MEXKIYy PacTBOPOM H
TBepAoi (a3oil UMEIOT OO0NbIIOe 3HAYEHUE M psijia o0JiacTel TEXHHKH.
MukpokoiaudecTBa MNpUMECE B TBEPAOM BEIIECTBE, WX KOJIMYECTBO U
XapaKTep pachpeeseHUs OKa3bIBAIOT OOJIBIIIOE BIMSHUE HAa Ba)KHCUITHE
CBOMCTBAa TBEPIbIX BENIECTB, HANPUMEP. HA AJIEKTPONPOBOJHOCTD
MOJTYNPOBOJHUKOB, aKTUBHOCTh KAaTaJIM3aTOPOB, CBOWCTBA JIOMUHOGMOPOB,
CONPOTHUBJICHUE H30JIITOPOB, MPOYHOCTh U IUJIACTUYHOCTh METAJUIOB,
CKOPOCTb MOJIMMEPHU3ALNH U T.J.

PaccmoTpum  OCHOBHBIE ~ 00JlacTM ~ TNPUMEHEHHUS]  MPOLIECCOB
COKpHUCTAIITU3ALINH.

1. COKpI/ICTaJ'IJ'II/I3aIII/I$I MOJKET OBITh HCIOJIB30BaHA HE TOJIBKO JIIA
IMOJIYUYCHUA TBCPABIX BCHICCTB C 3alaHHBIM COACPKAHHUCM H PACIIPCACICHUCM
HpI/IMGCCﬁ, HO W AJIA IIOJIYYCHHA 0c000 YUCTBIX BCIICCTB.

2. CokpucTamiui3anus UMEeT OOJIbIIOE 3HAYCHHE Jis OTACIICHUS U
KOHIICHTPUPOBAHUS PAJUOAKTUBHBIX 3JIEMEHTOB, KOTOpPbIEC, KaK MPaBUIIO,
OPUCYTCTBYIOT B Kau€CTBE MHKPOKOMIIOHEHTOB. METOJOM COOCaXACHUS
ObuM BHepBble BbiAedeHbl Ra u PO, mpoaykTel nenenus ypana — PU u
«OCKOJIKIY.

Hanpumep, mIyTOHMH, SBISIONIMUACS HUCKYCCTBEHHBIM  SIICPHBIM
TOIUTUBOM, TIPUCYTCTBYET B | TOHHE ypaHa (Iociie peakTopa) B KOJIUYECTBE,
paBHom 100400, a paguit — okoso 330 mr/t U («rox paGoTel — B rpamMm
tpyne» — M. Kwopu). Ilocme Bckpbitus (pactBopenus) TBDJIos
(TerutoBBIIEIAIONUX deMeHTOB) KoHIleHTpanuu U u Pu cocraBistor 200 1/
u 0,2 T/71 COOTBETCTBEHHO.

st Beimenenuss PU MCHONIb30BaIMCh JIaHTaH-CYJIb(aTHBIN, JTaHTaH-
dbTopunHeIii, BUCMYT-(pochaTHbIN U ApyTHe CIOCOOBI COOCAXKICHUSI.

JlanTan-cynbhaTHbIN criocob coocaxaeHus PU mpoTekaer mo cxeme:

La:Pu=100:1, [La]=20r/x, [Pu] =0,2 r/m; (4.21)
La®* +K* +2(S04 )~ +4H,0 - KLa(S0, ), -4H,0 - (4.22)
PU™ +4K* +4(S0,4 " +H30 — K4Pu(S0,), - Ha0 4 (97-98%) . (4.23)

Takum o00pa3oM, HCTOPHUYECKH OTO ObUIa TMepBas TEXHOJOTHS,
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MO3BOJIMBIIASL BIEPBHIE PEHINTHh MPOOJIEMY KOJUYECTBEHHOTO H3BIICUCHHUS
TUTYTOHUS U TIepepaboTKU 00IYyYEHHOTO TOTLITUBA.

3. Cokpuctam3anus MHUKPOKOMIIOHEHTOB CO  CIEIH(PUICCKUMU
HOCUTEJISIMH MOXET OBITh WCHOJIb30BaHa ISl WACHTH(UKAIMHA PaJaHO-
aKTUBHBIX M30TOMNOB. TakuM oOpazom ObLIH uaeHTHGUIIMpoBaHkl Ra, Po, Tc,
Pa, Ac, Ku (Rf) u T.1. B manHOM citydae KpUTEpHEM CIYXKHUT H30MOP(HU3M
MHUKPOKOMITOHEHTA C HOCHUTEJIEM, T.C., 3Has MMPUPOY HOCUTEIIS, OMPEACIISIIOT
TEM CaMbIM MECTO MHUKPOKOMIIOHCHTA B MEPUOIMYECKON cucteme. J[ms aTux
IeJICH YacTO MPUMEHSIOT COOCAXKICHUE C H30TOITHBIM HOCHTEIICM.

4. Cnenyromiasi 00J1aCTh MCIOJB30BaHUS CHENUPUUIECKUX HOCHUTENEH
CBS3aHA C YCTAHOBJICHHEM XWMHUYECKOW (POpPMBI CyIIECTBOBAHUS PaIUO-
AKTUBHBIX HW30TOMOB B pPa30aBJICHHBIX PACTBOpAX, T.C. ISl YCTAHOBJICHUS
CTENIEHU OKHCIICHHUS, COCTaBa M CTPYKTYPhl COCIWHEHHH pPaTAOAKTUBHBIX
M30TOIIOB.

Eciu B pe3ynpTaTe HCCIEIOBaHUN BBIICHEHO, YTO pacCIpeeieHHe
MHUKPOKOMITOHEHTa MEXKYy TBEPJOH M KUAKOW (pazaMu MOTIMHSAETCS 3aKOHY
XJomHMHA B IPU ATOM KO3(PPHUIIMEHT KPUCTATUTH3AIIUN OCTACTCSI HEM3MEHHBIM
MIPU M3MCHEHUH B IIMPOKUX TPEAesiax KOHIICHTPAIIUH pacipeaelIsromerocs
BEIIIECTBA, TO 3TO MOXET CIYKHUTh JOKA3aTeILCTBOM CXOJACTBA XUMHUUIECKOTO
COCTaBa M CTPYKTYPbl COETMHEHU MUKPO- M MaKPOKOMIIOHEHTOB.

OTUM METOJIOM, HampuMep, OblIM OOHAPYKEHBI COCIUHEHUS 2-X U
6-TuBameHTHOTO PO mMpU M3y4EHHH MPOILIECCOB €r0 COKPUCTAUIM3AIUU C
HocuTeneM Te (KoTophlii siBiseTcst OvKaiiuM anaaorom Po).

5. Meton npobHoM kpuctammmzanuu. COKpHUCTAIM3AlUS HUCIOJIb-
3yeTcsl HE TOJBKO /Ui BBIJACICHUSI MUKPOKOMIIOHEHTA HA HOCUTEJIE, HO U JJIS
ux pazgenenus. llocnegHee 0OCTOATENBCTBO CBA3aHO C TEM, YTO H3-3a
OJIM30CTH XUMHUYECKUX CBOMCTB pPaJUOAKTUBHBIX H30TOMOB (M JAPYTrHUX
MUKPOKOMIIOHEHTOB) M  CHEHU(DPUYHOTO HEWU30TOMHOIO HOCHUTENS UX
pazneneHue OOBIYHBIMM XUMHUYECKHMMHU METOJaMH HE€ JaeT YJOBJIETBO-
PUTENBHBIX PE3yJIbTATOB.

Jlnst  pas3pneneHds pagMOAKTUBHBIX HM30TONOB M HOCUTENEH ObLI
pa3paboTaH crenuaibHbI METOJ, Ha3bIBAEMbIN OpOOHOU Kpucmaiiuzayueu.
CyTh npoOHOUM KpUCTAUIM3AIMHU 3aKII0YAeTCs B TMPOBEACHUH OOJBIIIOTO
YyycCia CTaAuN KPUCTAIIA3AMA C PA3ACICHUEM Ha KaX0W CTaIUM KUJIKOU U
tBepaoil ¢a3. Ecnmu D> 1, To ocamku OyayT oboramarbcsi, a pacTBOPHI
00€THATHCS PAANOAKTUBHBIM U30TONOM (MUKPOKOMIIOHEHTOM).

[Ipomecc npoOHOM KpUCTAIU3AIMU XapaKTepU3yeTcss OOBIYHO HE
kod(ppunmenTom kpuctraumzanuu D, a kosdduuuentom oboramieHus
TBEpJIOM (a3bl MHUKPOKOMIIOHEHTOM O U KOdh(UIMEeHTOM o0O0eTHEeHUs
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pacTBopa o' MUKPOKOMITOHEHTOM:

X a . a-x._a
b o b—y b :

Koaddumuent oboramienuss 3aBUCHT OT Koddduimenra kpucrai-
JU3alliU U BO3pacTaeT ¢ yBennueHueM D wnm A u mo Mepe yBemudeHHs
OCQXKJIEHHOM 10711 HOCUTETIS.

Ha mpakTtuke 3To ocyiiecTBisercs cieayomuM oopazom. CMeniaHHbIe
KPUCTAJUIBI MOCTE COOCAXKIACHHS OTACISIIOT OT MAaTOYHHUKA M PACTBOPSIOT.
PactBOp, conepkamuii Makpo- U MUKPOKOMITIOHEHTHI, YIapHUBaIOT TaK, 4YTO
U3 HEro KpHUCTAJUIM3YeTCs JIMIb 3aJaHHasi 4YacTh MaKpOKOMIIOHEHTa
(manpumep, 1/3, 1/2). OcaxxaeHne BeaeTcs: U3 MEPECHIIICHHOTO PacTBOpa MpH
SHEPTUYHOM TMEepeMENIMBaHuU (T.€. TIO0 «BTOPOMY» IyTH), TPHU OSTOM
JOCTUTAETCA pacrpeaesieHue, OIM3K0e K TePMOANHAMUYECKU PAaBHOBECHOMY.

B cooTBercTBHM C 3aKOHOM XJONHWHA (T.€. C BEIMYUHOM KO3(PPu-
UeHTa Kpuctaumsanuu D), mpu 3TOM TPOMCXOTUT COOCAKACHUE OTpee-
JIEHHOW J0JIU MHUKpOKOMIIOHEeHTa. Ocafok (20108Hy0 hpakyuro) OTACISIOT
OT pacTBOpa, PacCTBOPAIOT W BHOBb IPOBOAAT ONEPALUI0 YACTUYHOTO
OCaXKIECHMSI, BBIACIISAS TAKYIO e JO0JIK0 MaKpPOKOMIIOHEHTa B 0CaJI0K, UTO U Ha
npenpiayien craauu. PactBop (xeocmosyro gpaxkyuio) Takke CHOBa yIia-
PUBAIOT M U3 HErO BBICA)KMBAIOT HOBYIO MOPLHIO KPUCTALIOB (KpUCTAJLIIU-
3alIMI0 BEYT, KaK MPaBUJIO, IO BTOPOMY IIyTH).

Ecnu npoBeneHO «N» OOMHAKOBBIX OINEpPALUMNA KPUCTAIUIM3ALUU U

(4.24)

OT/JEJICHUS] KPUCTAIOB, TO KOHIIEHTPALIMSI MUKPOKOMITIOHEHTA X, B TOJIOBHOM
U XBOCTOBOHM (pakuusix Ha 000N CTaJAuM KPUCTAJUIM3ALMUN MOXKET OBITh
HaliJIcHa 110 YPaBHEHUSM:

n
B T'OJIOBHO# (ppaKium Xn =Xq 0" (4.25)

i r\N
B XBOCTOBOM (ppakiuu Xr)1c * = Xa - (5 ) , (4.26)

rne X, — IepBOHaYalIbHAST KOHIICHTPAITUSI MUKPOKOMITOHCHTA.

OCHOBHOE TpaBWJIO TPOBEACHUS JAPOOHOW KpUCTAJUIM3AIUU: 0.1
mozeo, umoObl UCKIIOUUMb NPOMENCYMOUHble NO KOHYEeHmpayuu
Gppaxkyuu, OpobHYIO Kpucmaiiuzayuro e6edym mak, uYmoObl KOHYEH-
mpayusi MUKpPOKOMNOHEHma 6 pacmeope caedyiowel CcmyneHu
KPUCMALIUZAYUU 20N08HOU Ppakyuu Oblia pasHa e20 KOHYEeHmMpayuu 8
Kpucmauiax caeoyiowell CcmyneHu Kpucmaiiuzayuu Xeocmosou

ppaxyuu.
DTO  JOCTUTAaeTCs TIpu  COOJIIOJCHUM HA  KaXIO0M  CTYNEeHHU
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KpucTauin3alnuu CJICAYIOIICTO YCIOBUA:

_1 xa__ 1
b-y b
X a—X
o 3aKoHy XJIONTMHA y = Dry, (4.28)
a—-x_ a
TOTaa o0=D b—vy b’ (4.29)
D(a-x)/(b-y)
S =
T.C. a/b (4.30)

YMHOXHUB 00€ YacTh 3TOr0 ypaBHEHHUsS Ha JIEBYI0 M IMPaBYI0 YacTH
ypaBHEHUS

5 1 B a/b
a=x.a (a-x)b-y) (431
-y b
[1OJIy4aeM:
»_D(@-x)b-y) ab
©) a/b (a-x)/b-y)
T.e. 5=AD. (4.32)

D10 yclIoBUE (5 = %') SIBIIIETCSI HEOOXOAUMBIM U JIOCTATOYHBIM

U1 o0ecrieueHusT ONTHMAJIBHOCTH IPOBEJICHHS IIpollecca COKPHUCTAJIIH-
3aIuM, T.e. ¢ MUHUMAJIBHO BO3MOJKHBIM YHCIIOM MPOMEXKYTOUYHBIX (hpaKiuit
HeomnpeneiaeHHoro cocrtaBa. Ha pwuc. 4.8 mnpuBegeHa cxema JIpoOHOM
KPUCTAITU3AIUN XJIOPUIOB Oapus U paausl.

Hns oroit cucremsl D=4, a 6=2, T.e. 3TO O3HAYaeT, 4YTO IMpHU
BBIICJICHMM B o0cagok 1/3 wyacT HaxXosIIerocs B pacTBope Oapus
(MaKpOKOMIIOHEHT) C HUM BBIJIETIsICTCS 2/3 HaXOAsIIIerocs pajaus,

x. a XY
5:—.—:— -,
T.K- y b a b
x 1 1
2=2:2: = L=2.2=2
T.C. a 3 a 3 A



Torma B TONOBHOW (Qpakiui OTHONIEHWE Oapwsi K paaWio0 PaBHO

Ba:Ra=-:-=112, 'a B xBocTOBOil  (paKIMH  COOTHOIICHUE

Ba:Ra=-:-=1:05 T[Ipomexyrounsie ¢pakmum uMEOT OTHOIIEHUE

Wi Wl
Wl Wl

Ba:Ra=1:1, Te. kak B HCXOAHOM pacTBOpe, K KOTOPOMY HUX U
PUCOETUHSIOT.

Puc. 4.8. Cxema Opobnoil kpucmaniuzayuu Xaiopuoog 6apus u paous.
Ilepsonauanvroe coomuouieHue KOMNOHEHMO8 YCIO06HO NPUHAMO paeuvim 1:1
(D = 4, yughpol cnesa omnocsames k 6apuio, cnpasa — K paouio)

DOTa cXxeMa KpUCTAUIM3ALUUU SBJISIETCS ONTUMAJIBHOM, MOCKOJIBbKY
00ecreynBaeT OTCYTCTBUE OOMBIIOTO YUCIIA MPOMEXKYTOUHBIX (pPaKIUK.

4.2.6. AncopOIMOHHOE COOCAKICHUE

ITpoueccel aacOpOLIMOHHOIO COOCAXIEHUS B COOTBETCTBHM C DPaHEE
IIPUBEIECHHON Kilaccu(UKanyved IpoLEecCOB COOCAXKIEHUS OTHOCITCS K
CJIy4ar0 COOCAXKICHHS ¢ HEeCHEIM(PUUIECKUM HEU30TOMHBIM HOcUTENeM (Apy-
IOl BApUaHT COOCAKIEHUS — COKPUCTAJUIM3ALUS — PACCMOTPEH BBILIE).

Ecnu mnpu COKpUCTAIUTM3AlMM  MHUKPOKOMIIOHEHT pacIpeaessaeTcs
MEXIy PacTBOPOM U OOBEMOM OCAJIKa-HOCHUTENS, Y4acTBYsS B MOCTPOCHHUU
KPUCTAITTINYECKON PEIIeTKH, TO MPU aJCOPOLIMOHHOM COOCAKICHUH HMEET
MECTO TIOBEPXHOCTHO-OOBEMHOE pacIpelesieHHe 3a CyYeT MEepPBUYHOIM,
BTOPUYHONM W BHYTpEHHEH ajacopOuuu (MPU3HAKK  aJCOPOLMOHHOTO
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COOCXKJICHUS JIaHbI B TAOJIHMIIC COKPUCTAUIN3AINH paHee — Ta0. 4.1).

AJICOPOIIMOHHOE COOCaXKJCHHUE 3aKIIOYaeTCsi B TMEPEHOCE BEIECTBA
(MOHOB, MOJIEKYJ, KOJUJIOMJHBIX 4YaCTHIl) W3 pPacTBOpa Ha TMOBEPXHOCTH
TBepAOH (pa3bl, HA3BIBAEMOUW adcopbenmom WU Hecneyupuueckum Heuzo-
MONHLIM HOCUmMeneM, B TO BpeMsl KaK NpPU COKPUCTAJUIM3ALMUU MUKPO- U
MaKpOKOMITOHEHTHI JTOJDKHBI HAXOAUTHCS TOJBKO B HOHHOM (hopMe.

B niepBbie rojibl pa3BUTUS PAIUOXUMUH aJICOPOLIMOHHOE COOCAXKICHUE
3a4acTyl0 OTOXKJECTBISUIM C COKPHUCTALIM3ALMEH, XOTs aJcOpOIMOHHOE
COOCAXKCHUE OTIUYACTCS MO CICAYIONIUM MTPU3HAKAM:

— HOCHUTEJIb MOXET O0Opa30BBIBATHCS B IMPOIECCE COOCAKACHUS WIH
PUTOTaBINBATHCS 3apaHEe;

— yJaJieHHe MUKPOKOMIIOHEHTa C HOCHTENS He TpeOyeT o00s3aTelnbHOro
pacTBOpPEHUsI TIOCJIEIHETO (3a4acTyl0 3TO BBIFOJAHO JJIsl MOCJIEAYIOIIETO
pa3/iesieHUs] MUKPO- U MAaKPOKOMITIOHEHTOB).

AJnicopO1usi urpaetT B PaJMOXMMHUM HCKIIOYUTEIHLHO BaXXKHYIO POJIb,
BbI3bIBAs 3HAYUTEIBHOE IepepacrpeiesieHne pPaJuOaKTUBHBIX H30TOIOB
(HAXOISAIMXCST 4YacTO MPH MPEACNbHBIX pa3z0aBlICHUSIX < 10710 M) mexny
pacTBOpOM U TBepHOM (a3ol WM KOHCTPYKIIMOHHBIMH MaTepuaiaMu
(cTexs10, METaslIbl U T.11.).

B To xe Bpems aacopOIMOHHBIE METOJAbl OYEHb MIUPOKO HCIIONb-
3YIOTCS JJIsl BBIJICJICHUS] PAJUOAKTUBHBIX H30TONOB M JPYTUX MHUKPO-
KOMIIOHEHTOB U3 PaCTBOPOB.

OCHOBHYIO pPOJIb B pPaguOXMMHUU UrpaeT ajacopOlus HOHOB
PaIMOAKTUBHBIX HM30TOMOB Ha CIEAYIOMMUX THUIAX HeCcnerupuuecKkux
HEU30TOIHBIX HOCUTEJICH:

1) MEJIKOKPUCTAITAYECKUE OCAIKH;

2) OoCaJKd C CHJIBHO pa3BUTOH IOBEPXHOCTHIO THIIA THIPOKCHJIOB,
CUJIMKaresjen, allFlOMOKPEMHUEBBIX TEIEU U T. [1.;

3) MpUpPOIHBIC U CHHTETHYECKHUE HOHOOOMEHHBIC BEIIICCTRA,

4) 6ymakHbIC (DUITBTPHI;

5) cTexiio u T.1I.

B nacrosiiiee Bpemsi Hau0oJiee TOJIHO M3y4eHa ajcopOIusi Ha MOHHBIX
(MOJIAPHBIX) KpUCTAIIIAX.

4.2.6.1. Aocopbyus Ha uOHHBLX (NONAPHBIX) KPUCTALLAX

B ocHOBE 3THX IIPOLECCOB JIeXKAT NIPEACTABICHUS O JIBOMHOM JJIEKTPU-
yeckoM ciioe ([IDC) Ha rpaHuIle KPUCTAILII—PACTBOP (DJIEKTPOIIUT).

JIBOWMHON 3JEKTPpUUYECKUN CJIOM Ha MOHHBIX KpHUCTaJiax oOpaszyercs
cienyomuM o00pa3oM. IloBEpXHOCTP HMOHHOIO KpHUCTaJJla COCTOUT W3
MOJIOKUTEIBHBIX U OTPULIATEJIBHBIX MOHOB, HaXOJAIIUXCS B JUHAMUYECKOM
PABHOBECHHU C COOTBETCTBYIOIIMMHM HMOHAMH pacTBopa (T.€. MOHBI MOBEPX-
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HOCTHOTO CJIOS KpPHUCTaJIa MEPEXOaiT B PacTBOpP, MPU ITOM TAKOE KE HUX
KOJIMYECTBO TIOCTYIIAET B PEUICTKY U3 pacTtBopa). Takum oOpazom, cucrema
HaxOJIUTCA B COCTOSHMM JIWHAMHYECKOTo paBHOBecHs. IIpormecc oOmeHa
COOCTBEHHBIMH HOHAMH MEXIy TOBEPXHOCTBIO KPHCTAJIOB M PACTBOPOM
BCJICJICTBHE HEOJIMHAKOBOTO CPOJICTBA COOCTBEHHBIX KATHOHOB MJIM aHHOHOB
K TOBEPXHOCTH KPHUCTAJJIOB MPUBOIUT K OTKJIOHCHHIO COCTaBa IOBEPX-
HOCTHOT'O CJIOSI KPUCTAJUIOB OT CTEXMOMETPHUUYECKOT0, YTO B CBOIO Ouepeib
oOyCliaBIMBaeT BO3HUKHOBEHHE CBOOOJHOTO 3aps/la Ha IOBEPXHOCTH
KpucTamia. B 1enoM ke TeTeporeHHas CUCTeMa «KPHUCTAJUIbI—PacTBOP»
ABJISIETCSL dJEKTpoHeuTpanbHO. C Japyroil CTOPOHBI, MOJIEKYJIbI U HOHBI
PAcCTBOPUTEIISL MO-PA3HOMY B3aWMOJICHCTBYIOT C HMOHAMHU IMOBEPXHOCTHOIO
CIOA KpHUCTa/lla, a TakKe C HWOHAMH, HaxXOJAIIMMUCSI B PacTBOpe
(conbBaTanus, rupaTanys, TuapoIIn3).

Taxkum 00pa3om, MpUIMHAMHU BO3HUKHOBEHUS 3apsia Ha MOBEPXHOCTH
KpUCTaJlja, T.6. CKayka MOTEHIMalda Ha TPaHMIE KPUCTAI-PacTBOp, B
obmem ciaydae (0e3 u30bITKa B pPacTBOpPE OJAHOTO U3 BUIOB COOCTBEHHBIX
MOHOB — KATHOHOB WJIM aHMOHOB — B PACTBOPE) SBIISETCS:

— pa3nuuue CW, YACPKUBAIOIINX KaTHOHBI WM aHUOHBI Ha TIOBEPXHOCTH
KpHUCTaJIa;
— HEOJMHAKOBOE B3aMMOJICHCTBHE HMX C pacTBOpUTENeM (HampuMmep,
pa3nuyHas CTENCHb COJbBaTaluy (THUApaTallii) KaTHOHOB M aHWOHOB B
pacTBope).

MoxxHo caenatb W OOpaTHBIM BBIBOJ: BO3HMKHOBEHHE CKayka
NOTEHIIMAJIa Ha TpaHulle pasznena ¢a3 O3HAayaeT, YTO Ha TOBEPXHOCTHU
UMEEeTCsT HEKOTOPhIN M30BITOK OJHOTO W3 BUIOB MOHOB KpuCTaia. beuio
MOKa3aHO, YTO MOTEHIMaI-00pa3yronuMu (T.e. U30BITOYHBIMU) MOHAMU Ha
MOBEPXHOCTU KPUCTaAJIa MOTYT OBITh TNOO COOCTBEHHBIE, INOO U30MOP(HbIE
HOHBI.

[lepBbIM  SKCIIEPUMEHTAIBHBIM  JIOKA3aTEIBCTBOM  POJIM  3apsaa
MOBEPXHOCTU KpHUCTaIa, T.€. TOro, 4TO ajcopOuus o0yclioBlieHa 00pa3o-
BanueM JIDC, Ob1a paboTa 10 N3YUYCHHIO aJICOPOIUH Pbm(Th B) Ha ocagkax
Agl B mpucyrctBun n3oeitka AGNO3 mrbo Kl B pactBope (puc. 4.9).

B nepBom cnydae (puc.4.9a) — npu u3beiTke B pactBope Kl —
BHyTpeHHss oOknaaka JIOC cocrour w3 uoHoB |, T.K. OHa Bcerma
o0OpasyeTcsi 13 HOHOB, BXOISAIIUX B COCTaB ocajka. [loBepxHOCTh KpucTasia
Agl umeer, ciaenoBarensHO, OTPUTIATEIBHBIN 3apsa. Bo BHemHel oOkiagke
JIDC naxonsarcs nonsl K*, HazpIBaeMble KOMIEHCHPYIOIHUMH.

Kaptuna u3MeHuTCs Ha TPOTHUBOIIOJIOKHYIO, €CITU B PACTBOPE UMEETCS
u30bITok Ag'(NO3) (puc. 4.9 6). B 3ToM cilydae MOBEPXHOCTh KpHCTAjLIa
Agl 3apspkaeTcs OJOKUTEITHLHO 3a CUET MIEPBUYHOMN aJICOPOIMH M30BITOYHBIX
1oHoB AQ’, ABIAIOMUXCS COOCTBEHHBIMU, a KOMIIEHCUPYIOUIMMU HOHAMH

85



aBisitoTest noHbI NO; .

1 2 3 4 1 2 3 4
+ + oo~
AghIm (- K e
I~ Ag* K+ |‘Ag+—~\\ NO;
Agt i |-, Ag" 1~ |Agh
- + _\\ _ +[_ -~
PAGT e "ATES.INo;
+ - |-~ + - + 3
Ag Im [~ Ag' I” |AgT
I"Ag* I"Ag"|---
a) 0)

Puc.4.9. J{souinou snexmpuueckutl cioii 8 cucmeme ocaook Agl — pacmeop:

a) 6 pacmeope uzboimox |~ (K1);  6) 6 pacmeope uzbvimox Ag* (AgNOs);
1 — wpucmamn Agl; 2 — euympenmnsisi uyacmo nenoosudcrnoco JIC — nepsuunas
NOMEHYUANONpedenaouas u 0OMeHHAs a0copoyus, 3 — GHEWH S YACb HeNOOBUNCHO2O
JOC — smopuunas obmeHnunas aocopoyusi — KOMneHcupyrowue uoHvl, 4 — 6HewHull
oughghysnwiti cnou — mopuunas aocopoyus

VccnenoBanns mokasamn, urto Pb*(ThB) mmoxo amcopOupyercs
ocamkoM Agl mpu u30BITKE B pacTBOope HOHOB Ag' W Xopomo — B
NpUCYTCTBUM | . DTUM caMbIM 3KCHEPUMEHTAIbHO ObLIa YCTAHOBJIEHA POJIb
3apsA/ia MOBEPXHOCTH, KOTOpas HE YYHMTHIBAJIACH MPABUIOM COOCAXKACHUS
[lanera—@asiHca  (COrJIACHO  KOTOPOMY  PaJAMOAKTUBHBIA  KAaTHOH
azcopOupyeTcsl TEM CHIIbHEE, YEM MEHEE PAaCTBOPUMO COEIMHEHHUE, KOTOPOE
obOpasyeTrcs ¢ aHHOHOM OCaJIKa).

Ponmp  3apsima  NOBEPXHOCTH  yUMTBHIBAETCA ~ 3aKOHOM  ['aHa:
PaouOaKmuBHblll d1eMeHm aocopoupyemcs Ha NOJNAPHOM Kpucmaniie 8
mom  cayyae, eclu NOBEPXHOCMb  KpUcmaula umeem  3apso,
NPOMUBONONONCHBIL 3apA0Y UOHA pAOUOaKkmueHno2o snemenma. Illpu
amom aodcopbyus meMm CcuilbHee, YeM MeHee pPACMEOPUMO UNU
ouccoyuuposano  coeduHenue  paoduOAKMuU8HO20  dlemMeHma ¢
NPOMUBONOTONHCHO 3APANCEHHBIM UOHOM peulemKu.

[TosTomy, Hampumep, cBunel] (ThB) amcopbupyercs Ha HMOAMCTOW U
XJIOPUCTOM PTYTH TPHU €€ HEIOJHOM OCaXJICHUU B IPUCYTCTBUH ThB.

Ucxons w3 npeacrasienuit o I9C, ancopOIiuo MOKHO pa3iaeiiuTh Ha
JIBa BUJIA: IEPBUYHYIO U BTOPUUHYIO.

[lepBuunas ancopOuus 3akioyaeTcd B 0Opa30BaHUM BHYTPEHHEH
obxmanku JI9C, BropuuHas — B 00pa3oBaHMM BHENIHEW 0OKIaaku. B oboux
cllydasx afcopOMpOBAHHBIE HMOHBI HAaXOAATCA B IOBEPXHOCTHOM CJIO€
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KPUCTAIITNYECKON pemieTku. [l nepBU4HOM aacopOLuu XapaKTepHO TO, YTO
a71cOpOMPYIOIIUECS HOHBI TEPSIIOT THUAPATHBIE 0OOJOUYKH.

[TepBuunas agcopOrus

/ \

MOTEHIIHAIO0pa3yIoIast: oOMeHHas:
XapakTepHa  JUISI  «BECOBBIX» XapakTepHa Ul ~ MHKPOKOH-
KOJIMYECTB HOHOB B pacTBOpE, [EHTpAIlMi, TPOUCXOAMUT BCIECI-
00yCNaBIMBAIONINX BO3HUKHOBE- CTBHE KHHETHYECKOTO OOMeHa
HHUE CBOOOJMHOrO 3apsjga (coO- noHaMH  (COOCTBEHHBIMH  WJIU
CTBEHHBIC HOHBI) HM30MOp(PHBIMK) MTOBEPXHOCTH

ocaika u pactBopa. [lpumep —
ThB na xpucramnax PbSO,

Bropuunas agcopO1us Takke ASIUTCS Ha ABa BUAA:

1) BropryHasi 0OOMEHHas aJICOPOIUS — ITO MEPEHOC HOHOB M3 PACTBOPA BO
BHEIIHIOW 00knaaKy JIDIC. 3T0 KOMIEHCHUPYIOIIUE UOHBI, KOTOPhIE MPOYHO
YACPKUBAIOTCS DJIEKTPOCTATUUECKUMH cujaMu. [loCKOIbKY 3TH MOHBI HE
BXOJSIT B PEIICTKY KPHUCTa/la, OHU B 3HAUUTEILHOW CTEIECHH COXPAaHSIOT
CBOIO THJIPATHYIO 00OJIOUKY. DTOT BHJ aJCOPOIIMM MEHEE CEIEKTUBEH, T.K.
ylIepKUBAEMble HOHBI MOTYT OBITh HE 00f3aTEIBHO COOCTBEHHBIMH WITU
U30MOP(PHBIMH;

2) Ban-nep-BaanbcoBckas BTOpu4Has afcopOIMs CBs3aHa ¢ OOMEHOM |
yIepKaHUEM Yy TIOBEPXHOCTH aJcOpOEHTa KaK HMOHOB, TaK WU MOJIEKYI,
IpUYEM Ha BCEMl IMOBEPXHOCTH, a HE TOJbKO Ha 3apSIKEHHBIX YYacTKax.
[TockonbKy ATH CHIIBI HOCST CJIOXKHBIN xapaktep (aucrnepcuoHHbie (JIoHm0-
HOBCKHE) CHJIbI, JUIOJb-JAUMNOJBHOE B3aMMOJECUCTBUE UM T.1.), TO Ha
MOBEPXHOCTU (DOPMUPYETCS CJIOW OPUEHTUPOBAHHBIX JUIOJIBHBIX MOJIEKYI
pacTBOpUTENI WKW PACTBOPEHHBIX CIAOBIX AJIEKTPOJMTOB, KOTOPBIA MOXKET
OBITh JIOMOJIHUTENIbHON MPUYMHOM OOpa3oBaHMs CKayKa NOTEHIMala Ha
MOBEPXHOCTH paszelia acopOeHT—PacTBOp.

Haubonbiiee 3HaueHue i paJMOXMMUM UMEIOT JIUIIb JIBa BHJA
afcopOIMM Ha TeTEepONOSPHBIX aJcOpOEHTaX: MepBUYHAs OOMEHHAs W
BTOpUYHAsE OOMEHHasi, MPU STOM B MPUCYTCTBUU 3HAUUTEIHLHOTO M30BITKA B
pacTBOpe COOCTBEHHBIX HMOHOB OCaJKa TJAaBHYIO pPOJIb OOBIYHO WIpaeT
BTOpHUYHAs OOMEHHAas afCcopOITusl.

[lepBuunass moTeHnuamooOpasyromas aacopOuus npu pabore ¢
PaaMOaKTUBHBIMU U30TOMAMU MPAKTUYECKA HE UMEET 3HAYEHUSI, IOCKOJIbKY
PaaMOAKTUBHBIE H30TOINbl HAXOJATCS B MHUKPOKOJMYECTBAX M HE MOTYT
BCJIEACTBUE OTOr0 CO34aTh 3aMETHBIA cliod. Bropuunas Ban-nep-
BaanbcoBckast aacopO1ust urpaeT He3HAUYUTEIbHYIO POJIb.
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B omauume oT aacopOIMM COKpUCTAUIM3AlUA  XapaKTepusyercs
CJIEYIOIIMMH TPU3HAKAMHU:
— BpeMS JOCTUKEHUS Majlo (MUHYTHI);
—IpH  MOBTOPHOM  MEPEOCAXACHHH  CTENEHb  aACOpPOIMH  OOBIYHO
YMEHBIIAETCS;
— IIpU 100ABJIEHUU IOCTOPOHHUX ACOPOMPYIOIIMXCS MOHOB PACIpPEEICHHE
MUKPOKOMIIOHEHTA U3MEHSIETCS;
— U3MEHEHHE 3apsa OBEPXHOCTH OCaJKa NPUBOJUT K U3MEHEHUIO pacIpe-
JIEJIEHUSI MUKPOKOMITOHEHTA.

4.2.6.2. Ilpumenenue aocopoyuu 6 paouoxumuu

Bce ancopOeHThl MOXKHO pa3/iednTh Ha JBE TPYIIIIHI.

K nepBoii oTHOcsATCS ancopOEHTHI, KOTOphlE 00pa3yroTCsl HEMmocpes-
CTBEHHO B TIpoliecce aacopOIuu, HampuMep, THUIPOKCHIBI METaJlIOB,
KOJUTOM/IbI, aTIOMO- M CHJIMKAareid, CyCIIeH3UH, MOJISIPHBbIE KPHUCTAJUIbI, TO
€CTh T€, KOTOPBIE aJICOPOUPYIOT PaTMOAKTUBHBIC M30TOIBI HETTOCPEICTBEHHO
BO BpeMsl OCaxieHus (HEOOXOAMMO WMETh B BHUAY, YTO 3aXBaT OCAIKOM
MOCTOPOHHUX MOHOB UMEET MECTO MPAKTUYECKU BCETIa IPU OCAKICHHH ).

Ko BTOpOii rpymme oTHOCSATCS ancopOeHTHI, KOTOPbIE MPHUTOTOBJICHBI
3apaHee. DTO aKTUBUPOBAHHBIE YTIIH, T€ K€ AJIIOMO- M CHUJIMKArelu, CTEKIIO,
Oymara, npupoAHble (MHHEpalbHbIE U OpPraHUYECKHUE) U CHUHTETUYECKUE
HUOHHUTHI.

[lepBas rpynma ancopOEeHTOB OOBIYHO MCIIONB3YETCS ISl OTICJICHUS
PaZMOaKTUBHBIX M30TONOB OT COMYTCTBYIOIMX UM IpUMECEH IMyTeM OJHO-
KPaTHOT'O IPOBEJECHUS MPOLIecca METOJJOM COOCaXKACHUS.

Bropas rpynma aacopOEHTOB HCIIOJIb3YeTCSl HE TOJBKO ISl Bblie-
JICHUS], HO | JUTSI pa3fielieHns MUKPO- U MAaKPOKOMITOHEHTOB (Harie).

[Ipumenenue ancopOEHTOB BTOPOM TIpyImIbl (T.€. MPHUTOTOBIEHHBIX
3apaHee) MO3BOJISIET MPOBOAUTH MPOIIECC aACOPOIIUU IBYMS CTOCOOAMMU:

1) B CTaTUYECKHUX YCIIOBUSIX;
2) B IMHAMUYECKHUX YCIIOBUSIX.

AncopOuusi B CTaTHUECKHX YCJIOBHSIX 3aKJIIOYAETCS B JJIUTEIHHOM
KOHTaKTe aJIcOpOEHTa ¢ PAacTBOPOM MPU MOCTOSTHHOM TMEPEMEIIUBAHUU 10
IoCTHKEeHHsT paBHOBecHs. [locie 3Toro ¢asel pazfenstoTcss U aacopou-
POBAHHBIN dJIEMEHT yasnsiercs (aecopoupyercs) ¢ ancopOeHTa.

AncopOuusi B TMHAMUYECKHX YCJIOBHUAX 3aKIIOYaeTCs BO B3aWMO-
JEHCTBUM JIBHKYILETOCS PacTBOPA, COAEPKAIIETr0 paJiOaKTUBHBINA W30TOII, C
HEMOJIBKHBIM aJICOPOEHTOM, T.€. aJAcopOIMs B JUHAMHUYECKHX YCIOBHSIX
ABIIIETCS. HEPABHOBECHBIM IIPOLIECCOM B OTJIMYUE OT aAcopOuuu B
CTAaTUTUYECKUX YCIOBUAX. MIHOTIa MCTIOB3YyeTCsl B3aUMHOE JIBIDKEHUE (as.

[Tportecc HEpaBHOBECHOTO pacCHpeleleHUs] KOMIIOHEHTa MEXKIY
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TBEpIOW ¥ IKUAKOW (azamMu, OCHOBAHHBIM Ha SBJICHHH aacopOmmw,
Ha3bIBACTCS Xpomamozpaguell.

4.2.7. BHyTpeHHsIsl afcopOLus

[TomumoO mepBUYHONW M BTOPHUYHOM ajcopOLMii W3BECTHA MAJOU3Y-
yeHHass ¢opma amcopOumm Mo BceMy O0OBEeMy KpHCTauia, Ha3bIBaeMmas
BHYTpPEHHEU ajacopOiueii. OHa MOXKET MPOUCXOJUTHh B TEX Clydasx, KOTJa
COOCaXKIaEMble MUKPO- U MAaKpOKOMITIOHEHTHI HE M30MOP(HBI, HO 001a1a0T
CXOJHOM KpHUCTAJTMYECKON cTpykTypoil. Takasi aacopOIus KOJIMYECTBEHHO
XapaKTepU3yeTcs: KOHCTAHTOW (paKkIMOHUPOBAHUS, SBISIOIICHCS TOCTO-
STHHOM BEJIMYMHOM MPU MOCTOSTHHOW KOHLIeHTpauuu PAW u ymMeHbIIaromencs
C POCTOM MOCTIETHEN.

[lepBoe 0OCTOATENBCTBO COMMXKACT BHYTPEHHIOW aJCOpOIMIO C
COKpHUCTAJIU3aIued, a BTopoe — pasnuyaeT ux. KoHcranta (paxuuoHupo-
BaHUSI B CUJIbHOW CTEMEHW 3aBUCUT OT MPUCYTCTBUS MHOTOBAJICHTHBIX
KaTUOHOB. [Ipu BHYyTpeHHEaACOPOIMOHHBIX MPOIECCaX TEPMOAUHAMUYECKOE
PaBHOBECHE YCTAHABIMBAETCSA JOCTATOYHO OBICTPO (MOAOOHO aacopOIu-
OHHOMY COOCQXJEHUIO M B OTJIMYME OT COKpUCTAIM3aiuu). Brepsbie
ABJICHHE BHYTpEHHEH ajacopOumu Obut0  oOHapyxeHo [‘aHom mpm
coocaxkJieHnu MukpokonndectBa cBuHIa (ThB), pamus (ThX) u mononus ¢
XpoMaTaMu U CyJib(paTamu 1MEeTOUYHBIX METAJIIOB.

OTOoT BHUA COOCAXKIACHHA MOKCT COIIPOBOXIAATH COKPUCTAIN3AIUIO W
aI[C0p6HI/IOHHOC COOCaAXKACHHUC, HO CaAMOCTOATCIIBHOI'O 3HAYCHUI HC UMCCT.

KoHTposibHbIE BOMPOCHI K pazzaeiny 4.2

1. Ilpu xakoM YCIOBUHU TPYJHOPACTBOPUMOE COCIMHEHHE HE 00pa3yeT
COOCTBEHHYIO TBEpAYIO (ha3y?

2. Yro Takoe coocaxiaeHue?

3. JlaiiTe xnaccuUKaIIO TUITOB HOCUTEIICH.

4. TlpoBenute kinaccu(UKaIMIO BCEX TUIIOB HOCUTENEH.

5. B KakoMm COCTOSTHUU U MOYEMY JOJDKEH HAXOAUTHCS MUKPOKOMIIOHEHT
IIPU COKPUCTAIIIU3ALUM ?

6. JlaiiTe ompenenieHne mMpoiecca COKpUCTaUTH3aIUH.

7. CdopMynupyiiTe 3aKOHbI COKpUCTAIIM3aluK XonuHa u ["aHa.

8. Maiite onmpenenenue nzomopdusma mo Murtuepnuxy, ['onpammunry u
I'pummy.

9. HazoBuTe TUIBI CMEIIAaHHBIX KPUCTAIIOB.

10. Yro Takoe uzogumMophuzm?

11. Ha3oBuTE OCHOBHBIE MIPU3HAKH MPOLIECCOB COKPUCTATIM3ALINH.

12. HanummTe 3ak0H XJIOMMHA U 00BSICHUTE BCE 0003HAUCHUSI.
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13. Urto noka3zpiBaeT K03 (PUIIMEHT KpUCTATUTU3AIIH?

14. N306pa3ute rpaduuecku H30TePMy COKPHUCTAIITU3AIIAH.

15. KakoBo BIIMSIHHE TEMIIEPATYPbl HA MPOLECC COKPUCTAILTU3ZALMH?

16. IIpoananusupyiite ypaBHenue PatHepa.

17. Kak BiauseT WM3MEHEHHE COCTaBa JXKUIAKOW (a3el Ha Kod()PHUIIMEHT
COKpHUCTAILITU3AIHU?

18. Kak nocturaercss rereporeHHOe pachpeliejieHUe MPU COKPUCTAILIN-
3a1uu’?

19. Hanummte ypaBHenue [lepHepa—I ockuHca 1 IpoaHaIu3UpyHTe ero.

20. Yrto nmokasbIBaeT MOCTOSHHAS] KPUCTAILTU3AINN?

21. KakoBbl OCOOCHHOCTH COKPHUCTAJUIM3ALUU MEXIY TBepaAou (a3oil u
pacIuIaBoOM M UX MPUYUHBI?

22. HazoBuTe 001acT MPUMEHEHUS MTPOIIECCOB COKPUCTATA3AIIH ?

23. B deM 3akirodaercsi CyHIHOCTh METoj/a APOOHON KpUCTaNTM3alud U
KaKOBBI YCJIOBHSI €€ ONTUMAIBFHON pearn3amnun’?

24. B 4yeM 3aKiro9acTCs NPHUHIMITHAIBHOE OTIWYHE aJCOPOIMOHHOTO
COOC@XJIEHUS OT COKPUCTAIIN3AIINN?

25. OOBSICHUTE TPUYMHBI BO3HUKHOBEHHUS JBOWHOTO 3JIECKTPUICCKOTO
CJIOSl Ha TpaHMIle TBepaas (paza—pacTBop.

26. Chopmynupyiite 3akoH ["aHa 17151 aACOPOIIMOHHOTO COOCAKICHUS?

27. OOBIICHUTE CYITHOCTh MEPBUYHOMN a7COPOINH, €€ BUIBI.

28. OOBsICHUTE CYITHOCTh BTOPUYHOM a/1cOpOLIUU, €€ BUIHI.

29. HazoBuTe OTIMUUTENIBHBIC PU3HAKU aJICOPOITMOHHOTO COOCAKICHUS.

4.3. Xpomarorpadus

[Tpexxae Bcero cieayeT OTMETHTD, YTO 3TH METOJIbI UCIIOJB3YIOTCS KaK
JUTS aHAJTMTHYECKUX Ieiel (KOJOHKH JUaMETPOM B JIOJIM MIJITUMETPA), TaK
Y TPOMBIIIICHHBIX (ammapaThl JMAMETPOM HECKOJIBKO METPOB U BBICOTOH B
HECKOJIBKO JIECATKOB METPOB), HAIPUMEP, B TEXHOJOTHUH 30J10Ta, ypaHa H
MHOTHX APYTHX PEIKHX DJIEMEHTOB. Xpomarorpadus daiie IpUMEHSICTCS
JUTS pa3/ieJIiCHUs] CMECH KOMITOHCHTOB Hapsay C BBIJACICHHEM HMX H3 OECKO-
HEYHO pa30aBJICHHBIX PACTBOPOB.

B coBpeMeHHOM MpeCTaBICHUH XpoMaTorpaduyeckiue MEeTOIbl OCHO-
BaHBl HE TOJILKO Ha aaCOPOIMOHHBIX sBIcHHX. Kiaccudukamms xpomaTo-
rpaduUecKuX METOI0B MOXKET ObITh MpecTaBicHa cxemoit (puc. 4.10).

B 3aBHCHMOCTH OT MeXaHW3Ma B3aMMOJCHUCTBUS B HACTOSAIIEE BpeMs
pa3nuyaroT 4 TUIa XPOMOTOTrpaGUUECKOro pa3aeIeHus.

1. Aocopbyuonnas xpomamoepagus — WCTHOIB3YET aJCOPOIHIO
MOJICKYJI 1 MOHOB. B OCHOBE 3TOr0 MeToja JISKUT HEOJAWHAKOBas aJcopo-
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[IMOHHAS CIIOCOOHOCTH BEIIECTB MO OTHOIICHHIO K TBEPAOMY aJCOPOCHTY.
Otor metox O6bu1 OTKpHIT B 1903 1. pycckum Ootanukom llBerom (M3ymu-
TeIbHOE CO3BY4YHE (DaMUJIMHM yYEHOTO B COUYETAHHH C OTKPBITHIM SIBICHHEM
pacmpesiesieHusi pa3esiieMbIX KOMIIOHEHTOB 10 OKpacke IO BBICOTE
KOJIOHKH).

| [a3oBas KunkoctHas ['a30-xuaKOCTHAS

Il | Komonounas TorkocI0MHas BymaskHas

Puc.4.10. Knaccuguxayus xpomamoepaguueckux memooos: | — no acpecammnomy
cocmosanuio pacnpeoensioujecocs gewecmsa, |l — no mexanuzmy snemenmaprozo
akma s3aumooeticmeus; Il — no xapaxmepy ocywecmenenus npoyecca

2. Homoobmennas xpomamoepagusi — OCHOBaHA Ha pa3jelieHUU
MOHOB C TIOMOINBI0 TIPUPOAHBIX M CHHTETHUYECKHMX HOHOOOMEHHHKOB
(MOHUTOB). DTH HMOHUTHI MOTYT PAacCMAaTPUBATHCS HE TOJIBKO Kak (U3U-
YECKUE aJICOPOCHTHI, HO M KAK XUMUYECKUE PEareHTHI.

3. Ocaoumenvhas (UHO20a HA3LIBAIOM OCAOOYHAS) XPOMAMO2pAPuUs
— 37IeCh HCIOJB3YIOTCS BEIISCTBA, OCAXKIAIONIUE PACIPEICIISIONIHIACS
KOMITOHCHT B BHJEC MajopacTBOpUMOro coeauueHus. Ocaautenb OO0 caM
3aMOJIHAET KOJIOHKY, JHUOO WM TPONMTHIBAIOT HHEPTHBIA HOCHTENIb. B
KayecTBE aJCOPOCHTOB MOTYT OBITH HCITOJIb30BAHBI MOHUTHI, HACHIIICHHBIC
MPOTUBOMOHAMH, KOTOpPBIC O0pa3yloT C pa3ieiiIeMbIMH HOHAMH TPYIHO-
pacTBopuMbIe coeauHeHus. (Ocaakd  pacrojaralorcs B KOJOHKE B
COOTBETCTBUHM C BCIMYMHAMM IPOW3BEICHUN PACTBOPUMOCTH, HAaYWHAs C
HaMMCHBINNX 3Ha4YeHUH. D(HOEKTUBHOCTD pa3eicHUs] 3aBUCUT OT Pa3IHUuHs
B 3Ha4YCHUAX /[P KOMIIOHEHTOB pa3IeII€EMON CMECU HOHOB.

4. Pacnpeodenumenvuas xpomamoepagus — 31eCh B OTIWYHE OT
MEepBLIX TpeX ciydaeB (rae TBepnaas (asza MpUHUMAET HEMOCPEICTBEHHOE
y4acTHe B pacHpeleluTeNbHbIX B3aMMOJICHCTBHIX) TBepaas (aza sBusercs
WHEPTHBIM HOCHUTEJIEM XHUIKON (ha3bl, HE CMEIIUBAIOIICHCS C PACTBOPOM.
Paznennenne B maHHOM cilyyae OCYILECTBIISIETCS 3a CUET PACHPENCIICHUS
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PAIMOAKTUBHOTO HM30TOINA MEXIY IBYMS KUAKAMHU (azamu (pacTBOPOM U
KUIKOCTBIO, COJIEPKAIICHCS B TBEPIOH (ase).

Pa3nensemas cmeck Oepetcs B BUJE pacTBOPA, PACTBOPUTENL KOTOPOIO
HE CMENIMBACTCS C HETOBIKHOM kKo (azoil. BenencTBue aToro pasme-
JICHHUE BEIIECTB B 3TOM CJIy4yae MOJYUHSACTCS 3aKOHOMEPHOCTSIM AKCTPAKIIUU-
OHHBIX MPOIECCOB.

B 3aBucumoctu OT cmoco0a peanu3aludd XpoMmaTtorpaduss MOKeT
OCYUIIECTBJISATHCS Ha KOJIOHKAaX, Ha OyMmare, B TOHKOM CJIO€ aJicOpOeHTa.

1. Kononounas xpomamoepadhus.

Kononounass xpomartorpadus MOXKET MPOBOAUTHCS CIEAYIOIMIHUMHU

METOJIaMHU:
1) ppoHTaTBHBIM;
2) IPOSBUTEIBHBIM (JTIOCHTHBIM);
3) BBITECHUTEIHHBIM.

B Kkoy0HKE IpOTEKarT OOBIYHO ClIEAYyIOIIMe Mpouecchl. KOMIIOHEHTHI
pacTBOpa COpOMpPYIOTCSI Ha HOCUTENE B BEpPXHEW 4YacTh KOJOHKH. Jlanee
apyruM  (aecopOuUpyIOIMM)  PacTBOPOM  MPOBOJUTCS — U30UpaTEIbHOE
BBIMBIBaHUE M3 COpPOEHTAa OTAENbHBIX KOMIIOHEHTOB cMecH. IIpu 3Tom mo
Mepe TMpOJABMXEHHS pacTBOpa IO KOJOHKE THPOUCXOJUT MHOKECTBO
IPOLIECCOB COPOIMHU—IECOPOLINY, TOITOMY JlaXKe HE3HAYUTENIbHbIE Pa3Indus
B aJCOpPOLIMOHHON CHOCOOHOCTM OOYyCNaBIMBAIOT pPa3Hble CKOPOCTU
JIBUKEHUSI OTJIIEIbHBIX KOMIIOHEHTOB BMECTE C MPOJIMBAEMbIM IOTOKOM
pPacTBOPUTEIIS, YTO MPUBOAUT K Pa3eIICHUIO UCXOAHON CMECH.

KoHTponp 3a pa3nelieHHeM KOMIIOHEHTOB CMECH MOXKET OCYLIECT-
BJISITHCSI TIO OKPAcKe 30H Pa3/esIeHUs] UM MO KOHLEHTPALUU BBITEKAIOLIETO
pacTBopa JOOBIM JOCTYHHBIM METOJOM (CIEKTPO(POTOMETPUUECKH, T10
ANEKTPONPOBOHOCTH, PATUOMETPUUECKUM U JIp. METOJAMH ).

DpoumanvHblil MemMoo

AHaIM3UPYEMBIN PACTBOP HENPEPBHIBHOW CTpyel MPOMYCKAIOT 4Yepe3
KOJIOHKY. CHauana W3 KOJIOHKM BBITEKAET YMCTBIA PACTBOPUTEND, 3aTEM
HavMeHee aJcopOupyeMblii KOMMOHEHT. Jlaliee HauMHAeT BBITEKaTh CMECh
MIEPBOTO U BTOPOTO KOMIIOHEHTOB U T..

B 3aBucumocTtn OT 00beMa TO/IaBaeMOW >KHIAKOCTH Ha BBIXOJE U3
KOJIOHKA MMEET MECTO CIEAYIoIas KApTUHA paclpeAcsieHus KOMIOHEHTA
(puc. 4.11). Dror Merox oOJagaeT HU3KOW CeaeKTHBHOCThIO. C ero mo-
MOIIBIO B YHCTOM COCTOSSHUM MOXKET OBITh BBIJEICHO JIUIL HEOOJBIIOE
KOJIMYECTBO TIEPBOIO KOMIIOHEHTA. Pa3neineHue CIIOXKHBIX CMeced Ha
OTAEJBHBIE COCTABISAIOIINE NPAKTUYECKU HEBO3MOKHO.

Meton dpoHTanbHOM XpomaTorpaguu TpPUMEHSETCs, KaK MpaBuo,

92



JUISL  KOHIIEHTPUPOBAHUsS (BBLACIIEHHS) CMECH MHKPOKOMIIOHEHTOB Ha
azicopOeHTe 13 pa30aBIEHHBIX PACTBOPOB.

Konuenrpanus
KOMITOHEHTA

A i A A

O6beM mpoIMBaEMOro pacTBopa

Puc. 4.11. 3asucumocms cocmasa pacmeopa Ha 8vixo0e U3 KOJIOHKU Om 00bema
NPOIUBAEMO20 PACMBOPA NPU PPOHMATLHOM Memooe

lIposisumenvhuiii (3110eHmMHbBLU) MEMOO

HeGomnpiioe KOIMYECTBO HCXOIHOTO PACTBOPA BHOCSAT B BEPXHIOIO
4acTh KOJIOHKH, a 3aTe€M KOJIOHKY ITPOMBIBAIOT YHCTHIM PACTBOPUTEIIEM, JTHOO
PacTBOPOM, COJICpPIKAIIUM UOH, MEHEE aJICOPOUPYEMBIi, UeM HOHBI, aJIcOpOuU-
pPOBaHHBIC HAa KOJIOHKE.

[To Mepe mpOMBIBaHUS KOJIOHKH MPOUCXOJUT MEepeMeENIeHre aacopou-
POBaHHBIX HMOHOB C TOTOKOM pacTBopa. CKOpoCTh mnepeMenieHus Oynaer
HauOOJNBIIEH 11 HauMeHee aJcopOMpyeMoro KomroHeHTa. BceneactBue
ATOTO 1O MEpe MPOJIBIKEHUS PACTBOpa BHU3 MPOUCXOIUT paslieliCHUuE
KOMITOHEHTOB CMeCH Ha oOTaenbHbie (pakmuu. Ha puc. 4.12 noka3ana
3aBUCUMOCTh KOHIICHTpAI[Mii KOMITOHEHTOB B BBITCKAIOMICH JXUIKOCTH OT
00beMa BEIMBIBAIOIIETO (AJIIOMPYIOIET0) pacTBopa.

Konnenrpanus
KOMITOHEHTOB

B C

O06beM AMIoUPYIOUIEH KUIKOCTH

Puc. 4.12. 3asucumocms KOHYyeHmpayuu evlmeKkarowe2o pacmeopa om odvema
anoupyioujeti HCUOKOCMU 8 IH0eHMHOU Xpomamozpaghuu

CHayana M3 KOJOHKHM BBITEKACT YHUCTBIM pPaCTBOPUTEb, 3aTEM —
pacTBOp KOMIIOHEHTa A; BHadajle €ro KOHIICHTpAIMs BO3pacTacT, 3aTeM
noHmxkaercs. [Ipu 10CTaTOYHON JJIMHE KOJOHKHA W MaJIOd CKOPOCTH MOTOKa
pacTBOPUTEI KOHIEHTPALUS €r0 MOHMKAECTCS A0 HYJIS, IPEXKIEC YEM HAUYHET
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BBITeKaTh BTOpoii (B), 3aTem tpetwnii (C) U clieAyonmue KOMITOHEHTHI.

[IpoMbIBaHME MOKET MPOBOJUTHCS HE OJHUM, a PA3IUYHBIMU PacT-
BOPUTEJISIMU, W30MPATETbHO BBIMBIBAIOIIUMHU OTACIBHBIE KOMIIOHEHTHI
cmecu. OHUM M3 BapHAHTOB SJIIOEHTHOTO METO/A SIBISIETCS MPOMBIBAHUE
KOMILIEKcooOpa3oBareseM. KommiiekcooOpa3zoBaTenbHbIA CIIOCOO 3aKIIIOYa-
€TCsl B TOM, YTO OJUH M3 pa3JeisieMbIX KaTHOHOB C TMOMOIIBIO COOTBET-
CTBYIOILIUX PEArcHTOB MEPEBOJAT, HAIIPUMEpP, B aHUOHHYIO (opMy, a Apyrue
OCTaBJISIIOT B BHUJIE€ KaTUOHOB (MM HA00OPOT). DTUM CIIOCOOOM pa3lEmsIoT
OOJIBIIMHCTBO METAJUIOB BCJIEICTBUE BBICOKOM CEIEKTUBHOCTH.

KomnnekcoobpazoBaHue MOKHO IPOBOJUTH KAaK B HCXOJHOM
pacTBOpe, TaK U HENOCPEACTBEHHO B KOJIOHHE C IIPEIBAPUTEIBHO
a71copOMpPOBAHHBIMU HOHAMH.

Bvimecnumenvnvii memoo

[Tocne BHeceHHMs CMeCH B BEPXHIOIO YacTh KOJOHKH IPOBOJUTCS
IPOMBIBaHUE PACTBOPOM, COJEPXKAIIUM BEIIECTBO, KOTOPOE afcopoupyercs
Jaydiie, dYeM KOMIIOHEHTBI, YK€ aJCOpOMpOBAaHHBIE B  KOJIOHKE.
BreITecHArOMMI KOMIOHEHT 3aHMMAeT MECTO paHee aJcopOMPOBAHHBIX
BEIIECTB W IO MEpE MPOABMKCHHUS B KOJOHKE MPOUCXOIUT auddepeH-
[IAAINS, TIPA KOTOPOM KOMIIOHEHTHI 3aHUMAIOT 30HBI CBEPXY BHU3 B MTOPSIIKE
yObIBaHUS aJICOPOUPYEMOCTH.

CHauana BBITEKA€T YHCTBIA pPAaCTBOPUTENb, 3aT€éM HaWMEHEe

Konuenrpauus
KOMIIOHEHTA
=

A C

O06nem nporieanero pacTeopa

Puc. 4.13. 3asucumocms KoHyenmpayuu vlmexaroujeco pacmeopa om oovema
npoutedule2o pacmeopa 8 8blMeCHUmMenbHoU Xpomamozpaguu

ajcooupyeMbiii KomroneHT A, mainee — B u T.1. (puc. 4.13). 3aecs mmeer
MecTO (BO3MOXKHO) TICPEKpPHIBAHHE 30H KOMIIOHCHTOB B BBITEKAIOIIEM
pacTBOpe, YTO HE JIaeT BO3MOXKHOCTH TPOBECTH ITOJTHOE Pa3JeCHUE CMECH.
st ycTpaHEHWS TIEPEKPBHIBAHWS YBEIMYWBAIOT JIJIMHY KOJIOHKH, JHOO
YMEHBIIIAIOT CKOPOCTh MPOJIMBAHUS PACTBOPUTEIIS.

2. Bymaoicnas xpomamoepadghust
bymaxknass xpomarorpadus OCYIIECTBISETCS HAHECECHUEM pa3Jens-
eMOM cMecu Ha Kpad OyMa)KHOM MOJOCHI WJIM YroJl JINCTa CIEHHATIbHOU
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(GUIBTPOBAIbHOM OyMaru. ByMakHyO TTOJIOCY HFDKHUM KpaeM ITOMEIIAI0T B
pactBop (puc. 4.14).

T ! bymaxnas nonoca

/

Paznensemasa cmechb
[—

PactBOp

Puc. 4.14. Yemanoska ona xpomamoepaghuu na bymace

Pa3nenenue KOMIIOHEHTOB IIPOMCXOJMT B pe3yJbTaTe pas3jInuds B
CKOpOCTAX IIEPEABHKECHUSA KOMIIOHEHTOB pa3AeisieMON CMECH B PacTBO-
putene mo OyMakHOM JeHTe. JIBUXKEHHE KHUAKOCTU IPOMCXOIUT IOA
JEUCTBUEM KanmWULsIpHbIX cuil. [locne amompoBanusi Oymary BBICYIIMBAIOT,
ONPENEIIAIOT HA HEW 30HBI OTAEIBHBIX KOMIIOHEHTOB CMECH M PAa3pe3aroT Ha
ITOJIOCHI JUIsl KOJTMYECTBEHHBIX U3MEPEHUM.

3. Toukocnotinas xpomamozpaghusi

TonkocnoitHas xpomarorpadus OCYIIECTBISIETCS Ha HHEPTHBIX
MJIaCTUHAX-HOCUTENSIX, TMOKPHITBIX TOHKUM cioeM (0,1-0,5 mm) amcopOenTa
(oKcuga aJrOMHUHMS, CUJIMKAreys, UOHWUTA, aKTUBUPOBAHHOTO YT U T.1.).
Kak u B xosoHOYHOUN Xpomartorpaduu, 31eCh MOKET UMETh MECTO aJcopO-
IIMOHHAs, HOHOOOMEHHAsI WJIM pacTpeenTeNIbHast XpoMaTtorpadusi.

TonkocnolHas U OymMakHas xpoMarorpaduu MPUMEHSIOTCS TJIaBHBIM
00pa3oM B aHAIMTUYECKHUX IEJSAX, B TO BpeMs KaKk HOHOOOMEHHAsi XpOMaTo-
rpadusi MpUMEHSETCS Kak B IMPOMBIIUICHHOCTH, TaK U B AHAIUTUYECKOU
XUMHUHU.

KoHnTponbHbIE BOIPOCH K pazaeny 4.3

1. Jlaiite onmpenenenue xpomarorpaduu.
2. Ilepeunmcnure THUIBI TMPOIECCOB XPOMATOTPaUUECKOTO pasaeiecHUs
BELIECTB.
Kak ocymecTBuTh ppoHTaNIBHYIO XpOMaTOrpaduio?
B ueM 3aknroyaeTcst NposiBUTENbHAS (II0€HTHAsA ) XpomaTorpadus?
B ueM 3aknroyaeTcsi BBITECHUTENIbHAs XpoMaTorpadus?
B yem cyTh OymMakHOM U TOHKOCJIONHHOW XpomaTorpadun?
UYro Takoe HOHHBIN OOMEH?
JlaliTe onpesienenre BHyTpEHHEH afcopOInu.

© N OA W
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4 4. Uonublii 00MeH

HMoHOOOMEHHBIE MPOLECCHl 3aHUMAIOT BAaKHOE MECTO B TEXHOJIOTHSX
IIPAKTUYECKH BCEX PEIKHX, PACCESIHHBIX W PAaJHOAKTUBHBIX JJIEMEHTOB, a
0COOEHHO — B aTOMHOW NpPOMBINUIEHHOCTH. Hapsiny ¢ nmpumMeHeHuem uist
M3BJICUECHHS] ypaHa M3 PACTBOPOB (MyJbIl), IMOJIYYAE€MbIX IPU BBILIEIA-
YMBAHUM YPAHOBBIX KOHLEHTPATOB M MOA3EMHOIO BBIIIEIAYMBAHUA Py, ITH
IPOLECCH UCIOJIB3YIOTCA ISl IOJHOro obecconuBanus Boasl Ha ADC, ais
yJIaBJIMBaHUS PAJUOAKTUBHBIX H30TONOB M3 CTOYHBIX BOJ ATOMHBIX
OpeIIpUITUN, TIPU IEpepaboTKe 00IYyYEHHOTO AAEPHOTO TOILIMBA.

4.4.1. OO0OuIMe MOJIOKEHUS

Uonnvlti 0bmen — 3mo npoyecc cmexuomempuieckozo ooOMeHda
UOHOB8 00HO20 3HAKA MedHCOY UOHUMOM U PACNBOPOM.

[TockonbKy HOHOOOMEHHBIE CMOJIBI SBJISIOTCS TBEPABIMHU BELIECTBAMH,
TO NPOLECCHl PA3JAEIEHUSA C MX MOMOLIBI0 OTHOCATCS K TPYIIE METOMNOB,
OCHOBAaHHBIX HAa SBJICHUU PACHPEACIICHUS BEIIECTBA MEXKAY TBEPAOU H
KUAKOHN pazamu.

Honumamu (uonoobmenHbIMU CMOAAMU) HAZBIBAIOM OpP2AHUYECKUe UTU
Heop2aHudecKue geujecmed, NPAKmu4yeckyu Hepacmeopumbvle 8 600e U Opyux
pacmeopumensix, cooepicauue akmughsle (LOHO2eHHble) ePYNNblL ¢ NOOBUIC-
HbIMU UOHAMU U CHOCOOHLIMU OOMEHU8AMb MU UOHLL 6 IKBUBANECHMHOM
KOJU4ecmee Ha UOHbL OPY2UX 2NeKMpOoIUmos (no2iouaemvle UOHbL).

HNoHooOMEHHBIE CMOJBI TPEJCTABISIOT COOOW TBEpIbIE HEPACTBO-
pUMBIE TOJUAJIEKTPOJIUTHl (KUCIOTBHI, OCHOBAHHs, COJIM) M SIBISIFOTCS
BBICOKOMOJIEKYJIIDHBIMA ~ COCIMHEHUSIMHM,  HUMEIOIIMMU  TPEXMEPHYIO
IPOCTPAHCTBEHHYIO CTPYKTYpPY MaKpOMOJIEKYJI. OTHUM U OOBICHSETCA HX
HU3Kas pacTBOPUMOCTh. KaKIblii MOHUT COCTOMT M3 Kapkaca (MaTpulbl),
CBSI3aHHOTO BAJICHTHBIMM CWJIAMH WJIM CHUJIAMHU KPHUCTAILUIMYECKOW PELIETKH.
B Marpune 3akpersieHbl (PUKCUpPOBaHHBIE MOHBI, KOTOPBIE CO3/Ial0T Ha HEH
MOJIOKUTEIIbHBIN WM OTPUIATEIBHBIN 3aps, KOMIICHCUPYIOIIUICA 3apsI0oM
MOJABMKHBIX MOHOB MPOTHUBOIOJIOKHOTO 3HaKa (MIPOTUBOMOHOB). [IpoTHBO-
MOHBI CBOOOJHO MEPEMENIAIOTCSA B MOpaX MOHUTA U MOTYT OBITh 3aMEHEHBI
APYTUMU TPOTUBOMOHAMH. KaTHOHUT mpeacTaBisieT cOOOM MOJUAHUOH C
MOABWKHBIMA KaTHOHAMH, a AaHHUOHUT — TOJHMKATUOH C TOJBHXHBIMHU
aHnoHamu. bumnomsipabie MOHHUTHL (aM(OJTUTBI) HMEIOT KATHOHO- 17}
aHMOHOOOMEHHbBIE TPYMIIHI.

W3BeCTHBI CIeayrOIME TUIIBI HOHUTOB.

1. Munepanvnvie uonumol. IIpupoaHble MUHEPAIBHBIE HOHUTHI — 3TO,
KaK TPaBUJIO, KPUCTALIMYECKUE aTioMO- WIH (eppOCUIIMKATHI, >KEeCTKas

96



pelieTka KOTOPhIX HeCceT M30BITOYHBIN 3apsifi. XapaKTEpHBIMU IIPEACTaBU-
TEJISIMU SIBJIIOTCS LIEOJTUTHI (MOJICKYJIIPHBIEC CUTA), IECKH, TJIMHbBI, allaTUTHI.

2. CunmemuuyecKkue HeOpeamudecKue UOHUMbBI — ITO HUCKYCCTBEHHBIC
ATIOMOCHJIMKATHI IIEIOYHBIX METAJUIOB (MEPMYTHUTHI), a TAKKE THAPOKCHUIBI
BaHaAMsl, TATAHA, IUPKOHHSI.

3. Uonumsel Ha ocHose yenell W NPyrue BEIIECTBA ¢ MOHOOOMEHHBIMU
cBoiicTBamMu. HekoTopble copTa KamMeHHBIX yrieil, Oypble yriu, Topdbl,
JUTHUH, CHAHIBl 00JIajaloT CBOMCTBAMM CIA0OKHCIOTHBIX KAaTHOHUTOB
BCJICJICTBUE HAIMYMS B HUX KapOOKCWIbHBIX U (PEHOJIBHBIX FPYIIT

4. Cunmemuueckue uOHOOOMeHHble cMoabl. VI3 BceX TUIIOB MOHUTOB
OHM HMEIOT HauOoJbllee NpakTUYecKoe 3HaueHue. Mx mnpeumyiecta:
Oonpllas XUMHUYECKass M MEXaHM4YecKas CTOMKOCTb, BBICOKAass OOMEHHas
€MKOCTh, BBICOKas pabouasi CKOPOCTh MPOIecca, BO3MOXKHOCTh BapbUPO-
BaHUs CBOWMCTB CMOJI. 3a UCKJIIOUEHUEM CUJIBHBIX OKHCIMTEIECH U BOCCTaHO-
BUTEJICH OHU YCTOMYUBBI MPAKTUYECKHU KO BCEM PACTBOPUTEIISM.

B  3aBucuMocTH OT  XapakTepa BBEJACHHBIX  HOHOOOMEHHBIX
(MOHOTEHHBIX ) TPYIIT BCE MOHUTHI IENATCS Ha 3 TPYIIIIHI.

1. KaTuoHUTBI — COpPOEHTHI, COJEpKalllie B CBOEU CTPYKType
KHCJIOTHBIE TPYMIbI, T.€. COPOEHTHI, 00JIaal0lIUe CBOWCTBAMHU KHCIOT U
CrocoOHBIE K OOMEHY KaTHOHOB. B KauecTBe MOHOTEHHBIX CIIY)KAT TPYIIIBI
(nu coneBbie POPMBI ITUX TPYIIM):

—-SO3H  — cynsdorpynmna,
—COOH - xap06oxkcuibHas,
—OH — (eHONTUAPOKCUIIbHAS.
JIMCCOLMMPYIOT KATHOHUTHI Ha TTOABMAKHBIE noHbl (H') nmu xatuons (Kat™):
RAN™! H* RAn""! Kat"*

H *— xatuoHut (Na*, K*, Ca”"...) — katnoHwuT.

2. AHMOHUTBI — COPOCHTBI, COJIEPKAIIUE B CBOCH CTPYKTYpE OCHOBHBIC
TPYNIBI, T.€. COPOEHTHI, 00JIaIAr0IINE CBOMCTBAMU OCHOBAHUM U CITIOCOOHBIE
K 0OMEeHY aHHOHOB. B KauecTBe HOHOTEHHBIX IPYIIN B AHUOHUTAX CITY>KaT:

— NH; — nepBuuHbIE aMUHOTPYTIIIBI,

=NH — BTOpUYHBIE AMUHOTPYIIIIHI,
=N — TPETUYHBIE AMUHOTPYIIIIHI,
=N" - yeTBepPTHYHBIC AMMOHHUEBBIE OCHOBAHMS.

JuccouunpyroT aHMOHUTHI (OCHOBAHHUSI WM MX COJIM) HA TOJABUKHBIE
voubl OH™ wnu anmonsr An"
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RKat" OH" RKat™ |An~
OH — aHnOHUT aHWOHUT B coJieBoit popme, Hamp.,Cl
3. AmdotepHble HOHUTHI (aMpOIUTBI) — B 3aBUCUMOCTH OT pH

pacTBOopa JUCCOLMUPYIOT KaK KHUCJIOTHbIE WM OCHOBHBIE HOHWUTHI B
cooTBeTcTBUM ¢ npuHounoMm Jle-lllatenbe (Ha mpakTUKE HE HaLUIU
IIUPOKOTO IPUMEHEHHUS).

[Tepen copOuueil MOHUTHI MOABEPralOT HA0YXaHUI0, KOTOPOE NMPOUCXO-
IUT 3a CYET COJbBAaTallMd TUAPOPWIBHBIX TPYNI HOHUTOB B TMOJSPHBIX
KUAKOCTSAX, YTO NPHUBOJUT K JAUCCOLMALMA HOHOT€HHBIX T'PYMI BCIIEICTBUE
ocnabneHust HOHHOM cBs3u. [loaToMy HaOyxIas cMosa crmocoOHa BCTYNAaTh B
peakuuy oOMeHa HOHaAMU C paCTBOPaMU JIEKTPOJIUTOB.

OOMeHHBIE peaKkIMd HOHOB pPAacTBOpa M HOHUTA MOXKHO 3alucaTh
CJIEIYIOIIMMH CXEMAMM:

— JUI KATUOHMTA:

B H" -popme

RH + Na Cl = RNa + HCI: (4.33)
B conenoii — (Na")-dpopme

2RNa + Ca,SO, = R, Ca + Na,SOy; (4.34)
— JUISl AHMOHUTA:
B OH -¢dopme:

ROH + NaCl = RCI + NaOH; (4.35)

— B COJIEBOI (hopMe:

2RCI + Na2804 = R2804 + 2NaCl. (436)

4.4.2. PaBHOBecHe (CTaTHKa) HOHHOTO OOMEHa

[Ipotiecc moHHOTO OOMEHa SIBISIETCS 0OpAaTUMBIM, PaBHOBECHE JTOCTH-
KUMO C oOeux cTOpoH. [Ipum paBOBECHMM KOJIMYECTBEHHBIE COOTHOIICHHUS
IPOTUBOMOHOB B MOHUTE OOBIYHO Jpyrue, 4yem B pactBope. Kak mpasuio,
HMOHMUT TMPEANOYTHTENbHEE MOTJIOMAET OJAWH M3 MPOTUBOMOHOB M obora-
mjaercsa uM. [lonoxeHne MOHOOOMEHHOTO PaBHOBECHUS! 3aBUCUT OT CBOWCTB
MOHWTA, OT BUJA MPOTUBOMOHOB, MX KOHIICHTpAIHiA, 00IIel KOHIIEHTPAIUU
pactBopa, ero pH, remmneparypsl.

JIroOyro cucremy mpu 00pabOTKE MOHUTOB PaCTBOpaMH HEOOXOIUMO
paccMaTtpuBaTh Kak rereporeHnyto. [Ipu mocTmkeHUn paBHOBECHS B MOHO-
0OMEHHOM crucTeMe COCTaBbl (ha3 HE 3aBUCAT OT MyTel ee 00pa30BaHus U MPU
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MOCTOSIHHBIX yclIoBUsX (P, T) mOAYMHAIOTCS TE€M K€ 3aKOHAM, 4TO U BCE
TOMOT€HHbIE M  TIE€TEPOrE€HHBIE  CUCTEMBI, COAEpP)KAIUE  PacTBOPHI
JIEKTPOJIUTOB.

Hampumep, eciii B peakiusix HOHHOIO OOMEHA CUCTEMbI HE JOCTUIIIH
paBHOBECHS, TO MEXTy (pa3aM B 3TUX PEAKLHUAX MPOTEKAIOT HOHOOOMEHHBIE
peakMy B COOTBETCTBUU C 3aKOHOM JIEMCTBYIOIMX MAaccC, T.€. BJIEBO WJIU
BIIPaBO.

Ecin B kakoil-mmbo0 M3 3THUX CHCTEM PAaBHOBECUE CUJIBHO CJIBHUHYTO
BIIPABO WJIM BIIEBO, TO MOYKHO I'OBOPUTH O CEJIIEKTUBHOCTH HOHMTA, T.C. O
IPEANOYTUTEIBHOM IOTJIOIEHUHA HOHUTOM COOTBETCTBYIOIErO HOHA.

B nenom oOMeH MOHOB B MOHOOOMEHHBIX CHUCTEMAX IPOUCXOAMT HE
KOJIMYECTBEHHO, T.€. HE J0 MOJHOI0 3aMEUICHUs] B MOHUTE OOMEHHBAEMBIX
MOHOB, HO, B O0LIEM Ciy4ae, CTPOro SKBUBAJIEHTHO, IIOCKOJIBbKY HOHUT JI0 U
nocye oOMeHa ocTaercs 00513aTeIbHO 3JIEKTPOHENTPATIbHBIM.

B coorBercTBMM ¢ 3aKOHOM JEHCTBYIOIIMX MAacC, KOTOPBII
UCIIONIb3YETCs JJIsl aHAIUTUYECKOTO ONMKUCAaHUS MOHOOOMEHHBIX PaBHOBECHUH,
TEPMOJIMHAMHYECKNE KOHCTAHTBI PABHOBECUH JJI PEAKILIUIA:

RH+Na"+CI"=RNa+H"+Cl ", (4.37)
ROH + Na" + ClI" = RCl + Na* + OH"~ (4.38)
PaBHBI COOTBCTCTBCHHO.
a ‘a :
K = RNa “y+ K—aRC' I
aRH -y, + " B a -a ' (4-39)
Na ron Qg

riae a — TepMOJMHAMUYECKHE AKTUBHOCTH HMOHOB B PaBHOBECHBIX (pazax
(aRNa, ARH, Arcly ARoH — B (base I/IOHI/ITa).

Jlnst pa30aBlIEHHBIX PACTBOPOB BMECTO AKTMBHOCTEH MOYKHO HCIIOJb-
30BaTh KOHIICHTPAIIMA OOMEHUBAIOIINXCS HUOHOB, TTIOCKOJIbKY KO (OUIIMEHTHI
AKTUBHOCTEH MOHOB B OECKOHEYHO pa30aBJICHHBIX PacTBOpaxX OJIM3KHU K 1.

BmecTo akTUBHOCTEH MOHOB B MOHHUTE (KOTOPBIC B HACTOSIIEE BpeMs
HE MOTYT OBITh ONpPEAENICHBI) TaK)KE€ MOXHO B3STh KOHIICHTPAIMH, €CIIH
MIPUHSATH OTHOIIICHUE KOY(PPHUIIMESHTOB aKTUBHOCTEH MOHOB B (pa3e MOHUTA 3a
MIOCTOSIHHYIO BEJIMYUHY.

B oOmem ciydae st IByX OOMEHMBAIOIIMXCS MOHOB aKaJeMUKOM
b.I1. HuKOIbCKMM BBIBECHO YpaBHEHUE U30TEPMbI HOHOOOMEHA!

(alR)}él K (al)}él ”
(aZR)%z (az)%z ’ (4.40)
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31ech Z1, Z> — CTEIEHN OKUCJICHUS HOHOB 1 1 2.
C ydJeToMm JIOMYIICHHA, W3JI0’)KEHHBIX BBIIIE, YpaBHeHUE HHKOIBCKOTO
MO>KHO 3aIucaTh B cleayroueil popme:

(), (€)%

PN N (4.41)
(CZR)%Z (Cz)/zz
X a—X
(momoOHO 3aKkoHy XJIOITHHA ; = Dﬂ . T.C.

K (ClR)}él : (Cl)%Z1
) (CZR)/]/ZZ (Cz)}éz ’ (4.42)

rae K¢ — KOHIIEHTpallMOHHAs KOHCTaHTa OOMEHa.
K¢ MOXHO TIpeIcCTaBUTh U B Ipyroi Gpopme:

K :(C1R)/]/Zl :(CZR)/ZZ
‘ (Cl)/]/zl (Cz)/]/zz ' (4.43)

Koncranta oOMeHa 3aBUCHUT
OT TeMIlepaTypbl U XUMHUYECKOUN
MIPUPOJIbI 0OMEHUBAIOITUXCS
MOHOB WM HWOHUTA, OT 3apsAna u
pasMepa HMOHOB, WX THUJIpaTalluu.
Bemnunna ee  xapakrtepusyer
MPOYHOCTh 3aKPEIUICHUSI JTaHHOTO
MOHA B  pEIIETKE  HWOHMUTA,
Hanpumep, npu Kc>1 TBepaas
daza oOoramaercss HOHAMH C
uHaekcom «ly», mpm Ke<1l -

@
gy

KoHuienTparus noHa
B (haze noHUTa

MOHAMU «2». CocrosiHue Konuentparus nona  C1
paBHOBECHS XapaKTepu3yeTcst B PacTBope
M30TEPMOM  MOHHOTO  OOMEHa, Puc. 4.15. Uzomepma uonnozo obmena

KOTOpas npuBesieHa Ha puc. 4.15.

KoncTtantel oOMeHa pa3nuu-HbBl A Pa3HBIX HOHOB, MOJTOMY TpHU
OPOMYCKAaHUM PACTBOPA CMECHM HOHOB 4Yepe3 KOJOHKY MPOUCXOAUT
pacmpesieieHie WX B COOTBETCTBHMM C BEIWYH-HOM K- T.e. HOHBI
pacmojararoTcs B KOJOHKE CBEPXY BHU3 B MOPSIKE YMEHBIIICHUSI KOHCTAHTHI
HMOHHOTO OOMEHa.
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HauGonee mosnHyo wH(OpMaIMio O paBHOBECMHM B HOHOOOMEHHOMU
CHCTEME JTaeT Kodgduyuenm pacnpeoenenus o, KOTOPbIA B COOTBETCTBUU C
ypaBHeHHeM  bepTiio—HepHcTa MOXHO  BBIpa3suTh KakK  OTHOIICHHE
KOHIICHTPAITMH HOHA B COCYIIECTBYIOMMX (ha3ax B COCTOSIHHHM PaBHOBECHS:

Cr _Gr

a="T="1R (4.44)
Cx G

Ot K0AhPUITMEHTH HE 3aBUCAT OT COOTHOIICHHUS KOJUYECTB TBEPAOU H
KUIKOU (as.

JImst  XapakTEepUCTHKHA BO3MOXKHOCTH pa3/eNIeHUs JBYX HMOHOB C
MTOMOIIIBI0 HOHHOTO OOMEHA CITYKHUT K03(duyuenm pazoenerus [3, KOTOPBINA

PaBEeH OTHOIIECHUIO KOA(DPUIIUEHTOB pacpeiesICHHUS:

p=

% (4.45)
an

JUIss HawiIydllero paszieieHus HEeoOXOOUMO MoA0OpaTh TakUe YCIOBUS, B
KOTOPBIX BEJIMYMHA [/ MaKCUMallbHa (TOYHee, HauboJsee oTiinyaeTcs oT 1).

Ha cocrosHue paBHOBECHUS HOHOOOMEHHBIX IPOIIECCOB BIUSIOT
cienyroiue HakTopsl.

1. Onexmpocenekmusenocms. Haxonsch B paBHOBECHM C CUJIbHOpA3-
OaBJICHHBIM PAcTBOPOM, WOHHUT MPEANOYTUTEIbHEE IOIJIOMAET MPOTHBO-
HOHBI C OOJIbIIUM 3apsiioM. M30upaTenbHOCTh BO3PACTAET C YBEIUYEHHUEM
KOHIICHTpau (PUKCUPOBAHHBIX HOHOB (EMKOCTH MOHHUTA) U C pa30aBieHuEM
pacTBopa.

2. Pasmep wuonos (B THAPATHPOBAHHOM COCTOSHUM). VMoHHT
MPEANOYTUTENbHEE MOTJIOMAET MPOTUBOMOH C MEHBIIMM HKBHBAJICHTHBIM
00beMOM (B THIPATUPOBAHHOM COCTOSIHMM). M30HMparenbHOCTh YBEIWYU-
BaeTCid C POCTOM PA3HOCTH 3KBUBAJIEHTHBIX OOBEMOB, €MKOCTH HMOHUTA,
KOJIMYECTBA IOMEPEYHBbIX CBSI3€M B HWOHUTE, C YMEHbBIICHHEM OOuIei
KOHLIEHTPAllMu PacTBOPa M KOHUEHTPALMU MEHBLIErO MPOTUBOMOHA. Takum
o0Opa3oM, IpyU OJUHAKOBOM 3apsiie MOHOB JIydille OyAeT MOrIomaTbcsi HOH €
MEHBIIIEH TUAPATHON 000J0uKoi. BenuurnHa ruapaTHON 00O0JOUYKH 3aBUCUT
OT HWOHHOTIO TMoTeHNnuana (IUIOTHOCTH 3apsa Ha IOBEPXHOCTH HOHA).
[ToaToMy MOHBI, UMEOIIKE OOIBIINNA PaInyC, UMEIOT MEHBIIYIO THAPATHYIO
000JIOUKY M TE€M Jydllle H3BICKAIOTCSI MOHUTOM. OTO OTHOCHUTCA K
OOJIBIIMHCTBY PEAKUX, PACCESIHHBIX U PAIMOAKTUBHBIX 3JIEMEHTOB.

3. Cumoeoti 3¢hghexm COOTBETCTBYET «BBIHYXKJICHHOW» H30UpaTeib-
HOCTH K MOHAM MaJIOTO pa3Mepa y MOHUTOB C MAJIbIMU TTOPAMHU.

4. Accoyuayus u romniexcoobpazosanue 8 pacmeopax. Ob0a 3TUX
npolecca MPUBOAST K M3MEHEHHUIO COCTOSHUSL COpOMpPYIOIIErocss HOHa.
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KaTtnoHUT mpeanoyTUTeNsHO MOTJIONIAET T€ KaTHOHBI, KOTOPBIE B PacTBOPE
He 00pa3yloT KOMIUIEKCOB C aHMOHAMH, & aHUOHUTHI — T€ aHUOHBI, KOTOPbIE
HE Jal0T KOMILJIEKCOB C KaTHOHAaMH, a TaKKe KaTHOHBI, O0Opas3ylolue C
aHMOHAMU OTPHUIIATENIHHO 3apsSKCHHBIC AaHUOHHBIE KOMILJICKCHI.

5. Temnepamypa. Ilockonbky TemioBoil 3ddekt auddy3noHHBIX
MOHOOOMEHHBIX TMporieccoB HeBenuk (4—8 x/lx / Monb), a TemmepaTypHas
00J1acTh MPUMEHEHUSI MOHUTOB OTPaHUYCHA, TO BIUSHHEM TEMIIEpaTyphbl Ha
paBHOBECHE HOHHOTO 0OMEHa MOXHO MpeHeOpeyb.

6. /[daenenue. VI3MeHeHHE BHEIIHETO MJaBICHHS MPAKTHYECKU HE
CKa3bIBaeTCs HAa HMOHOOOMEHHOM paBHOBECHM, TaK Kak 00BEM KOHJEH-
CHUPOBAHHOM CUCTEMBI IPH 0OMEHE HOHOB MEHSETCS OUYeHb HE3HAUUTEIBHO.

Takum 00pa3oM, HOHUTHI MPEAMOYTHTEIHHO TOTJIOMIAIOT CIETYIOIINE
MPOTHUBOUOHBI:

- oOsagaromye OOJIBIINM 3aPSA0M,

- UMEIONINE MEHBIINI pa3Mep B THAPATUPOBAHHOM COCTOSIHHH,

- JIETKOIIOJIIpU3YyEMBIE,

- CKJIOHHBIE K 00pa30BaHUIO aCCOIMATOB C (PUKCUPOBAHHBIMU HOHAMH,

- HauMeHee CKJIOHHBIE K O0Opa30oBaHMIO acCCOLMATOB WJIM KOMILIEKCOB C
KOMOHaMU B PAcTBODE.

Ha ocHOBaHMH 3TOr0 MOKHO IOCTPOMTBH CIIEAYIOIIUNA XpoMaTorpa-
(udeckuil psa BHITECHEHUS] HOHOB HA HOHOOOMEHHBIX CMOJIaX:

Ba?* > Pb®* > Sr** > Ca** > Ni** > Cd** > Cu** > Co*" > Zn*" > Mg*" > TI" >
>Ag">Cs">Rb">K">Na">Li".
Hon Bomopoja pacrosiaraeTcsi B KOHIIC psjaa JJI CHIBHOKHCIOTHBIX

KaTHUOHHTOB, a IJId c71a00KHUCIIOTHBIX OH NnepeMecmacTCda B I'OJIOBY psada TEM
JaJIbIIC, YEM MCHBIIC CTCIICHD AUCCONMAIIMM NOHUTA.

PHI[ BBITCCHCHHUA aHMOHOB UMCCT BU/.
Llurpar-non (CgH,0;) > SO; >C,05 >1~ >NO; >CrO; >Br  >SCN™ >
> (hopmuart-uon (CHO,) > F > anerar-uon (C, Hz O,) .

[lonoxxenne wnona OH — B KOHIE psaa I CHIBHOOCHOBHBIX
AHMOHHUTOB U B IOJIOBE psifia AJsl ClIa00OCHOBHBIX.

4.4.3. EMKOCTb HOHUTOB

HOI[ CMKOCTBKO HOHHTA IIOHMMAKOT KOJUYCCTBCHHYIO MCPY Cro
CITOCOOHOCTH I[IoTrja0omaTs IIPOTHUBOMUOHEIL. EMKOCTH OTHOCHTCSI K Ba)KHEHUIIIUM
(I)I/IBI/II(O-XI/IMI/I‘-IGCKI/IM XapaKTCPUCTHUKaAaM HOHHWTA, MMCHHO OHa OIIpPCACIIACT
KOJIMYECTBO HOHOOOMEHHOTO Marcpuaiia, HCO6XOI[I/IMOFO JJIA M3BJICUCHUSA
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ONPENICIICHHOTO KOJIMYECTBA IIEHHBIX KOMIIOHEHTOB. Paznuyaior Tpu
MOCJIEA0BATEILHO YMEHBIIAIOMIUECS CTYIIEHU €MKOCTH.

1. ITonnas oomennasn emxocms (IIOE) — XxapakTepu3yeT MaKCUMAIbHOE
KOJIMYECTBO HMOHOB, KOTOPOE MOKET OBbITh MOTJIONIEHO CMOJIOM TpU €€
HACBHIIIEHUHU, OHA COOTBETCTBYET MAKCHMAJIbHO BO3MOXHOH E€MKOCTH IIO
OTHOIIIEHUIO K OJJHOMY MPOTUBOMOHY WJIM CyMMapHON €MKOCTH MO OTHOIIIE-
HUIO KO BCEM IMPOTHUBOMOHAM. JTO CIpaBOYHAs BEJIMYMHA, OHA MOCTOSHHA
JUISl TAaHHOW CMOJIbI, KOTOPYKO MOYKHO ONPENENIUTh B CTATUYECKUX YCIOBUSIX,
100 B TMHAMUYECKHX JI0 TOJTHOTO HACHIIICHUSI HOHUTA.

[Ipn copOuuu B CTaTMYECKUX YCIOBHUSX HABECKYy CMOJIBI TIepeme-
[MIMBAIOT C PACTBOPOM OIPEIEICHHOT0 O00BheMa, COJAEpM AIIero OOJIbIIOHN
U30BITOK COPOMPYEMOT0 HMOHA JIO JIOCTHXKEHHS paBHOBECHs (ITOCTOSHCTBA
coctaBoB (a3). Ilpu copObuyy B TMHAMUYECKHX YCIOBHSIX PacTBOP MPOITyC-
KaloT 4epe3 CIOM CMOJIbI, HAXOJAIIENCS B KOJIOHHE, O ITOJHOTO HACBIIECHHUS
HOHUTA.

ITomnasgs oOMeHHast eMKOCTH cMoOJ koieOnerca or 3 go 10 Mr-skB/r
CyXO# cMOJIbI, HHOT/1a €€ BhIpakaroT B % (1/100 r cyxoit cMoJbI).

2. Pasnosecnas (cmamuueckas) oomenuas emxocmov (POE, COE) —
€MKOCTh CMOJIbI MPU JOCTUKEHUU PABHOBECHUS B CTATUYECKUX YCIOBHUAX C
pPacTBOpPOM OIPEJEICHHOr0 00beMa W CcocTaBa. B peasbHBIX YCIOBHSIX
€MKOCTh 10 OTHOILIECHHIO K OJIHOMY MPOTHBOMOHY 3aBUCUT OT LIEJIOTO psiaa
dakTopoB. B OCHOBHOM OHa ONpeneNseTcs COCTOSSHUEM HOHOOOMEHHOTO
paBHOBeCHUS, a, CJIEAOBATEILHO, 3aBUCUT OT TeX ()aKTOPOB, KOTOPHIE BIUSIIOT
Ha MOHOOOMEHHOE paBHOBECHE, T.€. OT BHJIa MPOTUBOMOHOB, OOIIEH KOHIICH-
TpaluMyd pacTBOpa, BUJIAa U KOHIIEHTPAIMM KOHKYPHUPYIOIIMX HOHOB U T.H.
bonpmoe Bmusaue Ha POE okaseiBaetr pH pacTBOopa, MOCKOJIBKY 4acTO MOHBI
H" u OH  yuacTByloT B 0OMeHe HOHOB, a pH Takxe BIMSET HAa CTEIEHb
nucconmannu uonuTa. [loatomy POE — HenmocTosiHHasi BeIWYHMHA W, T.K.
3HAQYEHUsI €MKOCTHM 3aBUCSIT OT BHEIIHUX YCJIOBUH, TO HEOOXOAUMO
YKa3bIBaTh YCIOBUS, PU KOTOPBIX 3TU 3HAYCHUS MOJTYyUYCHBI.

3. Pabouas (Ounamuuecxas) oomennas emxocms (JJOE) — KOIU4IECTBO
HMOHOB, TOTJIONIEHHBIX CMOJIOM TPHU MPOIMYCKaHWU pacTBOpa 4epe3 CJou ee
JI0 «IPOCKOKa» COPOMPYEMBIX MOHOB, T.€. JI0 MX TMOSBJICHUS HA BBIXOJE U3
KOJOHKH. OHa TakKe He SIBIIAETCS MOCTOSHHOW BEJIMYMHOM — 3aBUCHUT OT
CKOpPOCTH TMPOMYCKaHUsI PACTBOPA, BEIMYMHBI 3€PEH CMOJBI M COCTaBa
pactBopa. COOTHOIIIEHHWE NMHAMHYECKOM M PAaBHOBECHON €MKOCTEHM 3aBUCHUT
OT THUApOAUHAMUYECKUX (akTopoB. Tak, TpH YBETUYCHHUH CKOPOCTHU
MPOMYCKaHMs pacTBOpa (2 TakX,e MPU YMEHBIICHUHU JJIMHBI KOJIOHKH U IO
Mepe YBEJIMYEHHUS pa3Mepa 3epeH CMOJbl) BBIXOJHAs KpuBas OyneT Oosiee
IIOJIOTOM M TPOCKOK HACTynuT pasblie. Ilpu coxpaHeHuu mpexHen
BEJIMYMHBI PABHOBECHOM €MKOCTH JTUHAMHUYECKAsi EMKOCTh YMEHBIITUTCSI.
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s onipeienieHUs paBHOBECHOM U paboyeil (AMHaMUUYECKOI) eMKOCTeH
WCIIOJIB3YIOT BBIXOJHYIO KPHUBYIO COpPOIIMM — 3TO 3aBUCHMOCTH KOHIICH-
TpalUd TOTJIONIAEMOT0 HMOHA B BBIXOJAIIEM pacTBOpe OT 00bema
npomyimeHHoro  pacteopa (puc. 4.16). Ilnomame (S;+S;) oTBedaer
PaBHOBECHOM €MKOCTH, a IUIOIIa[b S; COOTBETCTBYET JUHAMUYECKOU
(paboueit) emkoctH (10 mpockoka) JJOE.

lCO Ca
Co

Vnpoc1< \Y

Ve

Puc. 4.16. Bwixoouwas «xpusas copboyuu (coomHouieHue pasHOBECHOU U
OUHAMUYECKOU eMKocmell)

[Ipomecc necopOIMK TMOTJIOMIEHHOTO Ha CMOJIE HOHA Ha3bIBAIOT
antouposanuem. IIpu OCYIIECTBICHUU JJIIOMPOBAHUS B JUHAMHYECKUX

('Y

»
>

O0bBeM ditroara

Puc. 4.17. Buo 6b1x00HOU Kpusou 3110Upo8arusi 6 OUHAMUYECKUX VCA0BUIX
(6 KonoHHE)

yCJIOBHSX (B KOJIOHHE) BBIXOHAs KpuBas umeeT Buj (puc. 4.17).

B pesynbrare smroMpoBaHUS TOJYYarOT dSJI0ATHl C KOHIICHTpAIUEH
MOHOB B COTHU pa3 BBIIIE, YeM B MCXOJIHBIX pacTBopax. Hampumep, ypan u3
pactBopoB ~ 0,5 r/1 koHneHTpUpyercs a0 70 1/1.

K noHOOOMEHHBIM CMOJIaM MPEABSIBISIOTCS CIASAYIOMNUE TPEOOBAHMS:

1) BbICOKas MEXaHWYECKas IPOYHOCTh;
2) XUMHUYeCKas YyCTOMUHUBOCTD;
3) MuUHHMMalbHAs PAcTBOPUMOCThL W HeOOJbIas Ha0yXaeMOCTh IPH
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KOHTAaKT€ C PACTBOPUTEIIEM U C paOOYMMH PACTBOPAMU;
4) BBICOKAss OOMEHHAS CITIOCOOHOCTH (€MKOCTB);
5) nmocraTo4Has CKOPOCTH OOMEHa;
6) n30MpaTENBHOCTH MOTJIOIMIEHHS OTPEACICHHOTO THUIIA HOHOB.
B kauecTtBe mpummepa TpHBEIEM CTPYKTypHBIE (GopMyIsbl Hambosee
pacpoCcTpaHEHHBIX HOHUTOB.

Kamuonum KY-2
- (IZH —CH,~ |-CH-CH,~
|
|
| ~CH=CHz
SO; H'(K")
L ' _in

HMoHOreHHbIMU TpyHIaMu SIBJISIOTCS CYJIb(OrPYIIIbI SO§H+. KVY-2 -

3TO MHOTO(pYHKIMOHAIbHI CHJIBHOKUCIOTHBI KaTHOHUT, JHUCCOLUUUPYET
npu HabyxaHuM Ha TOABWKHBI katmon H' mmu K' um mHa Makpo-
MOJICKYJISIDHBIM ~ HEMOJABIKHBIM aHMOH R, sBisromuiics KapkacoM
katuoHuta. llodydyaroT ero Cyiab(OXJIOPUPOBAHUEM TPAHYIMPOBAHHOIO
COToJIMMEpa CTHpoJia M JUBHHUIOEH307a. [locnenHuil ciy’)kuUT B KauecTBe
NIONEPEYHBIX CBA30K ITOJMMEpPa U IPUJACT MEXAaHUYECKYK) IIPOYHOCTH U
OrpaHHyYeHHYl0 HaOyxaemocTh. Ilo BHemHeMy BHUIYy 3TOT HWOHHUT —
IpO3payvHble >KEITOBaThle MIAPUKH cO cpeaHuMm auamerpom 0,6 MM; ero
CTaTU4ecKass OOMEHHas €MKOCTb — OKOJO 5 Mr-3KB./T, €CIM KAaTHOHUT
HaxoAuTcss B HaTpueBod ¢opme. OH 001a1aeT BBHICOKOM XUMHUUYECKOM
YCTOMYMBOCTBIO K KHCIOTaM, IIEJI0o4aM W OKHCIHTEIAM, TEPMHUYECKHU
yctoituus 0 130-160 °C.

Kamuonum KV-1 (a3cnamum-1)

—(I)‘H+ —~O H




DOTOT KaTHOHUT OWGYHKIHMOHAJIEH, T.K. COJCPKUT HWOHOTCHHBIC

CHJIBHOKHCJIOTHBIC SogH n cnabokucioraeie O H T'PYIIIIBI. HOCJIG,ZIHI/IG

CIOCOOHBI K JUCCOIMAIlMM U HWOHOOOMEHHBIM pEakUUsM TOJBKO B
CUWIbHOILIETOUHOM cpeae. KatnoHuT mnonydaroT KoHjeHcauuen N-¢eHos-
CyIb(POKUCIOTH ¢ dopMalbIeruaoM B kucioit cpeae. [lo BHemHeMy BUIy
npescTaBiisgeT coO0l YepHbIe 3epHa HEMpPaBHIbHON (opMbI ¢ pazmepom 0,3—
2 MMm. Cratndeckass oOMeHHassT €MKOCTHb cocTaBisteT 4,5-5,1 Mr-sks./r mo
0,1 N pactBopy NaOH. Xumu4eckn yCTONYHMB B KHCIBIX M CIA0OKHCIBIX
cpenax, HO HEYyCTOMYMB K JEWCTBUIO OKUCIWTENIEH M KOHIICHTPUPOBAHHBIX
LIEJI0YEH.

Anuonum AB-17

B ~CH=CH,~ | —CH-CHj-
74 7
N N
I |
CH, —CH-CHy
Hzc—/N\*Cl‘
HC CH, |,

Annonut AB-17 sBisiercs MOHOQYHKIIMOHAJIBHBIM CHUJIIbBHOOCHOBHBIM
AHUOHUTOM C HWOHOTEHHBIMU TpYyNIaMU YETBEPTUYHBIX aAMMOHHUEBBIX
ocHopanuii —N"(CHs)3, monyJaercs aMUHUPOBaHHEM XJIOPMETHINPOBAHHOTO
comoyJiMMepa CTHpoJia W AUBUHWIOEH3051a. BHEmHMI BUA aHUOHUTA —
KENThle Mpo3paunble mapuku ¢ aunametpom 0,4-1,2 mm. Ero cratuueckas
obmennass emkocth 1o 0,1 N pactBopy HCI paBusiercss ~4,3 Mr-sks/T.
AHUOHUT YCTOMYMB K KHCJIOTaM (B TOM YHMCJ€ U K a30THOM), LIEJIOYaM U
OKHCIIUTESIM.

Anuonum I/[3-1011

DTOT aHUOHUT SBJSETCS CIA00OCHOBHBIM MOJU(PYHKIIMOHATBHBIM
AHUOHUTOM, TaK KaK COJCPKUT BTOPUYHBIC WM TPETUYHBIC aMHHO- U
YeTBEPTUYHbIE aMMOHUEBbIe Tpynmbl. [lodydaercss KoHAEHcAlMeW MOJIH-
ATUJICHIIOJIMAMUHOB ¢ ATUXJoOprujpuHoM. IlpeacraBnser coboil cBeto-
KOPUYHEBBIE TMPO3pAUHbIE 3€pHA HeNpaBWIbHON (Gopmbl ¢ pazmepoM 0,4—
1,7 mm. Cratudeckas oomenHast eMkocth 1o 0,1 N pactBopy HCI cocrasmsier
8,5-9,0 Mr-skB./r. AHHOHHUT YCTOMYMB K KUCJIOTaM M IIeJ04YaM, B TOM YHUCIIE
K 1 M pactBopy HNO:s.
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[Ipu BbIOOpPE COPOEHTOB BEChbMa CYIIECTBEHHBIM OOCTOSITEIHCTBOM
ABJISIETCSI HE TOJBKO WX XMMHUYECKas, TEPMHUYECKas, HO M paJualdOHHas
YCTOMYMBOCTh B YCIOBHSX paboThl. PamuanuoHHass CTOMKOCTh HMOHHUTOB
OTPAHUYUBAETCS 10301 MOPSIKA 10° pa.

[Io BceM yka3aHHBIM TpeOOBaHUSM HOHUTHI MOTYT paboTaTh B
JOBOJBHO MSATKUX YycioBusX. Ilpu mepepaboTke 00Jyd€HHOro sAEPHOTO
TOIUIMBA Ha NEPBBIX 3TANAX NPUMEHSIETCS dKCTPAKLMSA, a MOCJIE OTAEICHUS
BBICOKOPAIMOAKTUBHBIX MPOAYKTOB JEJIECHUS UCIOIb3YIOT U HOHHBIA OOMEH.

4.4.4. HpI/IMCHGHHe MOHHOT'0 OOMEHa AJIS1 BBIACJIICHUA W Pa3ACIICHUA PCAKUX,
PAaCCCAHHBIX U PAAUOAKTHUBHBIX 3JICMCHTOB

[Iporiecchl MOHHOTO OOMEHa IMUPOKO MPUMEHSIOTCS B MPOMBIIILICH-
HocTH. [IpakTHueckn Bce pelKue U pacCesTHHBIC DJIEMEHThI U3BJIEKAIOTCS U3
pPacTBOPOB, TMOJYYEHHBIX TPH BHIMICIAYMBAHUN Pyd, Ha TPOMEKYTOUHBIX
cTaausax, npu appuHaKE W B AHATUTHICCKON TIPAKTUKE C ITOMOIIBIO
MOHOOOMEHHBIX CMOJI WJM B COYECTAaHHMH C TIPOIECCAMH DKCTPAKIIHH.
PaccmoTpum mpuMeHeHHE MOHHOTO OOMEHA Ha MpUMepe W3BJICUCHUS ypaHa
13 pacTBOPOB (IyJIbIl), @ TAKXKE pa3Ae/ICHUs] aKTUHOUIOB U JIJAHTAHOUJIOB.

4.4.4.1. H36neuenue ypana uz CepHOKUCIbIX pacmeopos (nyivh)
¢ npuMeHeHuem KamuoHUmo8

[Tocne BeImEenaynBanus ypaHa (B OOJBIIMHCTBE CIIy4aeB C TOMOIIBIO
CEpHONl KHUCIOTBI) M3 KOHIIEHTPATOB WM U3 PACTBOPOB TMOA3EMHOIO
BBILICIAYMBAHUY BO3HHMKAET 33/a4a M3BIICUCHUS €T0 U3 PACTBOPOB C LIEJBIO
KOHIUECHTPUPOBAHUSI U OYUCTKA OT IpuMecer. J[Ig 3TUX 1ener ycCneuHo
MIPUMEHSETCS UOHHBIN OOMEH.

Ypan B pacTBOpax MOXKET HAXOJIUThCA B BUJE KAaTHOHOB YPaHWIIA,
HEJMCCOIIMUPOBAHHBIX MOJIEKYJl Ccylbdara ypaHwia U CyJdb(aTHBIX
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KOMIUJICKCHBIX AaHWUOHOB, COOTHOILICHUE MEXJIY KOTOPBIMU 3aBUCUT OT
KOHIICHTpAIlUu CyJdb(PaT-uOHOB M HMOHOB YypaHUJIA B COOTBETCTBUU C
pEAKLMSAMU:

UO:" +S0% = UO0,SO,, K, = 50; (4.46)
UO?2" +2S0% = [UO,(S0.).], K, = 350; (4.47)
UO3Z" +3S0% = [UO,(SO,)s]", K3 = 2500. (4.48)

MOKHO CUHTaTh, YTO B PACTBOpPE CYIIECTBYET MMOABKHOE paBHOBecue (4.49):
UO5"+S0; = UO,SO, + SO% = [UO,(SO,),)* +S0% =[U0y(S0u)s]*

CrnepoBaTenbHO, JUIsl UW3BJICUEHUS YpaHa MOXKHO TNPHUMEHSITh U
KaTHOHUTHI, KOTOpble OyayT HW3BJIEKAaTh KAaTUOH YpaHW/A, U AHUOHHTHI,
KOTOpbIE OyIyT H3BJIEKATh CYJIb(aTHbIE AHHMOHHBIE KOMIUIEKCHI, TJIaBHBIM

o6pazom [UO,(SO4)s]* . TIo Mepe yaaneHns HOHOB UO%Jr i [UO,(S04)3]"

U3 PacTBOPOB B MOHUT OyJleT HAOJIIOIAThCS CIBUT PaBHOBECHS B PACTBOPE B
CTOpPOHY M3BJIEKAEMOI'0 HOHA.

CUNTbHOKUCTIOTHBIE KAaTHOHUTHI (Hampumep, KVY-2) He Moryt ObITh
MPUMEHEHBI I U3BJICUCHUSI ypaHa W3 PACTBOPOB IIOCJIE BBINICITAYNBAHUS.
[Ipn yBennueHHH KOHIEHTpauuu cyiabpar-uoHoB A0 10-15r/m eMKocTh
pe3ko yMmeHbInaercs (BIUioTh g0 (). DTo CBA3aHO ¢ TeM, 4YTO IO Mepe
YBEJIMYCHUS KOHIICHTPAIIMU CYJIb()aT-HOHOB TOJBMIKHOE pPaBHOBECHE
CIABUTACTCS B CTOPOHY 00pa30oBaHUs CyNb(aTHBIX aHHOHHBIX KOMIUICKCOB M
KOO(DPUITMEHT AaKTUBHOCTH KaTHOHA YypaHWIA BO BHENIHEM paTBOpE
YMEHBIIACTCSI.

B stux ycnoBusix MoxeTr paboTaTh c1abOKUCIOTHBIN KatnoHuT CI'-1.
[Iporecc n3BeueHUs ypaHa 3TOM CMOJION ONIUCHIBACTCS YPABHEHHUEM

2(R-COOH) + UO2" - UO,(RCO0), + 2H". (4.50)

B CcOOTBeTCTBMM C O3TUM ypaBHEHHWEM TOBBIINICHHE KHCIOTHOCTH
CIABUTACT PABHOBECHE BIJICBO, MIOATOMY IIPH MajbIx 3HaYeHUIX pH (menee 1),
T.€. B CWJIBHOKHCIIBIX PacTBOpax, EMKOCTh o ypany paBHa 0. [Ipu yBenu-
yeHuu pH Beimie 1,2 eMKOCTh HAUMHAET PACTU U IOCTUTAET MAaKCUMyMa MPHU
pH = 3-5, 3areM HeckobKO yMeHbImaercs (puc. 4.18).

Pabouyeli eMKOCTBIO 3TOM CMOJIBI CYMTAeTCs eMKOCTh rpu pH = 2,8-3,5;
MpyU  MEHbIMUX 3HadeHUsiXx pH emKocTh yMmeHbImaeTcsi, Tpu OONBIIHMX
3HaueHusXx pH crmegyer cuuTaThes C OMACHOCTBIO OCAKICHUS ypaHa
BCICACTBUE TUAponu3a cyinbdarta ypanwia (npu pH > 3,8). Tak kak B
rporecce HOHHOTo oOMeHa Bhiensercs kuciora (H") u pH ymenbIuaercs, To
BO BpeMsi COpOIMU ISl MOJIepKaHUs 3aJaHHOTo 3HadueHus pH mo0aBisroT
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menouynbie peareaTsel: NH,OH, NaOH nnu n3BecTkoBOE MOJIOKO.
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Puc. 4.18. Bausnue pH na emxocmv cmonvt CI-1 no ypany u npumecsm
(koHyenmpayus ypaua 6 pacmeope 12/1)

JIByx3apsiiHble KaTHOHBI mpuMeceit (Fe®*, Mn®*, Cu®*) me moryr
KOHKYPHUPOBATh C YPAaHUJIOM M3-32 MEHBIIIETO pa3Mepa TUIPATHOU 000JIOUKHU
U Majoro kodhduiMeHTa akTUBHOCTH B HoHuTe. [lo TeM e mnpuuynHam
JBYX3apsiIHBIA KaTHOH ypaHwia copoupyercs cmosio CI'-1 nmydire, yem
Tpex3apsiIHBI KATHOH aNOMHHHMS, a Fe’' HaunMHaeT THAPOIN30BaTHCS HPH
pH =2,5. DTa cMona cenekTHBHA MO OTHOIICHUIO MOHAM BOJIOPOJA, HO €T0
KOHIeHTpaluA B 10 pa3 MeHbIIE, YEM YpaHUIIA.

Hammnune komruiexcoodpasyromux annoHos (F, C,02 , PO3™) moxer
NPUBECTH K CHWXKEHUI0O eMKOocTH cMmosbl CI-1 mo ypaHy BCeACTBUE
KOMITJIEKCOOOpa3oBaHusi HMOHa ypaHwna. [IpucyrcTBue HHUTpaT-nOHA
MPaKTUYECKA HE BIMSECT HA €MKOCTh moypaHy. [locie HachIeHUs CMOJIBI U
OTJICJICHUS €€ OT PacTBOpa MPOBOAMUTCS pereHepaius CMoibl (necopOrus). B
COOTBETCTBHUH C puc. 4.18 pereHepannio MOKHO MPOBECTH JTHOO0M KUCIOTOM
npu pH < 1, manpumep, 2-5 %-Holi cepHoil kucnotoi. [Ipu perenepauuu B
o0beM perenepara usBiekaercst npumepHo 90 % ypana.

Takum 00pa3oMm, TpU TPOBEACHUU MHKIA COPOLUSI—aecopOILHs
MPOMCXOJNT KOHIICHTPUPOBAHWE ypaHa B JECATKH pa3, a TakKe
0CBOOOXKICHHE OT OOJIBIIICH YacTh MPUMECEH.

4.4.4.2. Uzeneuenue ypauna u3z CEpHOKUCTbIX pACMBOPOE8 (NYibh)
¢ npuMeHeHuem aHUOHUMO8

Kak Obu10 MOKa3aHO, B CEPHOKUCIIOM PAacTBOPE CYIIECTBYET IMOIABUXK-
HOE PaBHOBECHUE MEXIY Pa3IMYHBIMU (POpMaMH ypaHa: OT KaTHOHA ypaHUIIA
710 YETBIPEX3apsIHOTO CyJIb(aTHOro aHMOHHOTO KoMriuiekca. COOTHOIICHHE

109



MEXIy 3TUMH KOMILIEKCAMHU 3aBHCHUT OT KOHIIGHTpAaIMH CyJIb(aT-moOHOB H
kuCHOTHOCTH. lIpm pH <1 ypaH moyTtM NOJHOCTBIO HAXOAUTCA B BHJE
xommutekcHoro anmona [UO,(SO,)s]*. B atom ciyuae copOuust ypasa uget
CIEAYIOIINM 00pa3oMm:

4(R4N)CI + [UO»(SO4)s]* = (RiN)s[UO,(SO4)3] +4CI.  (4.51)

[Tpu BBICOKOHM KHCIOTHOCTH Hapsiy C YpaHOM COpPOUPYIOTCS U HOHBI
oucynbdara (HSO,), obOmamaroiiero J0BOJIBHO OOJBIIAM CPOACTBOM K
CUJIBHOOCHOBHBIM cMoJiaM. [lo3ToMy Tmpu TOBBIIIEHUH KHUCIOTHOCTH
€MKOCTh aHHOHUTOB IO OTHOIIEHUIO K YpaHy YMEHbBIIIAETCs; 0COOEHHO PE3KO
ATO CKa3bIBAETCS Y CUIILHOOCHOBHBIX cModl. [Ipu noBwiiennu pH B npeaenax
1,5-5 KOHUEHTpalusi aHUOHHBIX KOMIUIEKCOB YMEHBIIIAETCS M YyBEJHU-
YUBACTCSI KOHLIEHTpALMs HEIUCCOLIMUPOBAHHBIX MOJIEKYJ ypaHWICynbdara u
KaTHOHOB ypaHwia. Hanbonee BeposSTHBINA MEXaHU3M COPOIMH ypaHa MOYKHO
MPEICTaBUTh CIEAYIOMKM 00pa3oM: BHAYaje MPOUCXOAUT MEPEXO] CMOJIBI
OT XJIOPUJHOM MM HUTPATHOU (OpMBI B cyib(paTHyIO popMy, a 3aTeM K Hel
MPUCOSANHSIOTCS MOJIEKylla ypaHuicyidbhaTa WJIA HWOHBl ypaHWIA U
cynbdara:

2(R4N)CI + SO3™ = (R4N),SO, + 2CI, (4.52)

2(R4N),SO4 + UO% + SO % = (RyN),[UOL(SO,)s]. (4.53)
HpH CJIOKECHHUHU OTUX peaKHI/Iﬁ IMOJIYYHM:

4(RsN)CI + UO3 + 3507 = (R4N),JUO,(SO,)s] + 4CI".  (4.54)

[Tpu pH > 2,5 o01uiee norsoiieHue ypaHa Ha CUJIbHOOCHOBHBIX CMOJIax

(monHas eMKOCTh 3—3,5 Mr-3kB./T) MOXET OBITH BBIIIE, Ye€M 3TO COOT-

4 .

BETCTBYET MOJHOMY HachiieHuio cmoiibl annoHamu [UO,(SO,4);]" u HSO; .

[To Bce#t BepOSATHOCTH, 3TO OOYCIOBJICHO YAaCTUYHBIM THIPOJIM30M HOHA
ypaHuia:

2U0% + 20H = U,0% + H,0, (4.55)

1 copbumeit Ha cmone Hapsiny ¢ [UO, (SO4)s]* u mona [U,05(SO.)s]" .
[Tockonbky cpena kucnas (pH <4), To B Hel MoOryr paborarb
AHUOHHUTHI JI00O0M OCHOBHOCTH, JaK€ CJIa00OOCHOBHBIE M OYEHb CJIA00-
ocHOBHBIC. [loaTOMY I WM3BJICUECHHS ypaHa W3 CEPHOKHCIBIX PacTBOPOB
MO’KHO HCHOJIL30BaTh U CJIA000CHOBHBIM aHmoHUT AH-2®. OH obOmamaer
BBICOKOW CEJIEKTUBHOCTBIO W €MKOCTBIO TIpU TIOTJIONICHWH YypaHa Wu3
pacTBOPOB ¢ OOJBIION H30BITOYHON KHCIOTHOCTBIO. CpeIHEOCHOBHBIM
annoHuT D/13-10I1 o6naaeT BRICOKON €MKOCTBIO O ypaHy P U3BJICUECHUN
ero u3z (ochopHokucnpix pactBopoB. [lociemanune nBe cMOIbI OCOOEHHO
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XOpOILIU MpHU OONBIION KUCIOTHOCTH, T/I€ €MKOCTh CHIBHOOCHOBHBIX CMOJI
Mana.
[Tocne HachllleHHs CMOJIBI MPOBOAMTCS €€ perenepanus (xecopOuus)

IyTeM BBITECHEHHS aHMOHHBIX KomiuiekcoB moHamu ClI° mm NO,; npwm

MOBBIIICHUA WX KOHIICHTpAlMu. B KadecTBe BBIMBIBAIOIIUX PACTBOPOB
ucnoabp3yioT 1 moss/n1 NaCl, moakuciaennsiit 0,1 mons/mn HCl wnm 1 moss/n
NH;NO;, noakuciaennsiii 0,1 moas/n HNO3 uim 0,15 mons/n Hy SO,.

4.4.4.3. Uzeneuenue ypauna uz KapOOHAMHBIX pACMEOPO8
C NOMOWbIO AHUOHUMO8

[Tocne kapOOHATHOTO BHINICTAYUBAHMS YpPaH HAaXOAHWTCS B PACTBOPE
B Buge KoMmmuiekcHoro ammoHa [UQO,(COs)s]*. ITockonsky KoOHCTaHTaA
YCTOHYMBOCTH 3TOro ammona pasHa 210 T.e. ma 15 mopsakoB Goubmie
KOHCTAHTBl yCTOMYMBOCTU CYJIb(ATHBIX AHUOHHBIX KOMILJIEKCOB, TO HET
CMBICJIa TOBOPUTH O CYIIECTBOBAHWU TMOJBMKHOTO PABHOBECHS MEXKIY
katronom UO2" u ammorom [UO,(CO;)s]*, mockomsky katmon UO5™ B
ATHX PAaCTBOpaX MPAKTHYECKU OTCYTCTBYeT. [loaTOMy st M3BIeUeHHs ypaHa
U3 KapOOHATHBIX PAcTBOPOB MOXKHO HCIOJIB30BAaTh TOJNBKO AHUOHUTHI.
Beibop aHMOHHWTOB OTpaHMYEH TEM, 4YTO B IIEJIOYHOH cpele MOXKHO
UCIIOJIh30BaTh TOJILKO CHJIBHOOCHOBHBIC aHHOHHTHI, paOOTAIOIINE TIPHU BCEX
3HaueHusx pH.

B cBs3u ¢ GosbliuM 3apsiioM KapOOHATHOTO KOMILJIEKCHOTO aHHOHA
MPOIIECC U3BJICUCHUS YpaHa UIIET CEJICKTHBHO:

4(R4N)CI + [UO,(COz)s]" = (RaN)s[UO,(CO3)s] + ACI™.  (4.56)

OpHo3apsiIHBIA aHMOH AJIFOMUHATA MPAKTUYECKU He copOupyerca. [Ipu
U30BITKE COJbI MPAKTUYECKH HE CcOpOMpyloTcs BaHamar- U ¢Gocdar-uoHbI.
EMKOCTH cMOJIBI MO ypaHy MajaeT C yBEJIMYEHUEM H30bITOYHON KOHIICH-
TpallUd COJbl B KMCXOJHOM pacTBOpE, YTO OOBSACHSAETCS KOHKYpEHLMEH
KapOOHAT-HOHA:

2(R4N)CI + CO g_ = (R4N)2COg + 2CI". (457)

Jecopbuus ypana npoogutcst 2 moub/n pactBopom NaCl mm NaNOg,
conepxamum 5t/ Na,COs;. KoniieHTpanus ypaHa B TOBApHOM pereHepare
npumepHo B 50 pa3 Gosibiiie, 4eM B UCXOJHOM PaCTBOPE.

Crnegyer OTMETHTh, YTO PACTBOPHI, IMOJy4acMbIe TIPH pPETCHEpaIuu
AHUOHUTOB KHCIIOTHBIM M KapOOHATHBIM CITOCO0aMHM, TIO COJICPKaHUIO ypaHa
U mpuMmeceld Oau3ku. TeM caMbIM HHBEIHPYETCS TaKOe IMPEUMYIIECTBO
KapOOHATHOTO BHIIICIAYMBAHUS, KaK CEJIEKTHBHOCTh. [103TOMY KHCIOTHOE
BBHIIIC/IAYMBAHUE HMMEET Oojiee  IMUPOKOE  paclpocTpaHEHHEe, dYeM
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kapOoHaTHoe. KuHCIOTHOE BbIlIETaYMBAHUE NPUMEHSETCS I BCKPBITHS
OOJIBIIMHCTBA PyHd, 3a HCKIIOUEHHEM BBICOKOKApOOHATHBIX BCIIEICTBHE
CJIMILKOM OOJIBILIOTO PacXoAa CEPHOM KUCIOTHI.

AHUOHHTHI TIPOSIBISIOT OOJBIIYI0 CEJIEKTUBHOCTh MO OTHOIICHUIO K
ypaHy, 4eM KaTHOHHUTHI. DTO CBS3aHO C JBYMSI OOCTOSITENBCTBAMHU: BO-
MIEPBbIX, aHUOHUTBI COPOUPYIOT YPaH B BUJE YETHIPEX3APSAHOTO aHHOHHOTO
KOMILJIEKCa, B TO BpeMs KakK 3aps] KaThoHa ypaHwia (+2); BO-BTOpPBIX,
OoJplIas 4acTh MpPUMECEW HAaXOAUTCS B KaTHOHHOUW (opme, He oOpasyeT
AHUOHHBIX KOMIUJIEKCOB U, CJIEIOBATEIbHO, HE y4aCTBYET B OOMEHE.

4.4.4.4. Pazoenenue akmuHouoo8 u 1aHMaAHoOUO08

Brinenenue u pasziesieHle aKTUHOUJIOB U JJAHTAHOUJIOB Ha OT/EIIbHbBIC
ceMeicTBa M, OCOOCHHO Ha WHAMBHUAYaJbHBIE OJJIEMEHTHl B Mpejenax
KQXJIOTO U3 3TUX CEMEICTB, MPEICTaBIIAIeT COOON BechbMa CIOXKHYIO 3a7ady.
OOyCIIOBICHO 3TO CXOJICTBOM XHMUecKHx cBOHCTB 4f- m S5f-cemelicTB m
Ype3BbIYAHONW OJM30CTHI0 CBOMCTB JJIEMEHTOB U UX COCIUHECHUH B
MpeJiesiax CEMENUCTB, cocTtosmmx u3 14 snemeHTOB Kaxaoe. Bmecte ¢ tem
CBOMCTBA 3JIEMEHTOB B KaXJOM CEMEHCTBE aHAJIOTMYHbI, HO HE TOXJECT-
BEHHBI. B psjgax akTUHOWUJIOB U JIAHTAHOWJIOB MPAKTUYECKH BCE (PUBUKO-
XUMUYECKUE CBOMCTBA UX COEAMHEHUN (PaCTBOPUMOCTh, MOHHBIE U aTOMHBIE
pamuychl, CKJIOHHOCTh K THIPOJIM3Y M KOMIUIEKCOOOPa30BaHHIO U JIp.)
U3MEHSIOTCSA 0 ONPEICTICHHBIM 3aKOHOMEPHOCTSAM. Pa3znuuust 3TUX CBOMCTB
HEBEJIMKW, HO TOJBKO WX HKCHOJIb30BAaHHUE IO3BOJISIET MOJYYUTh WHIUBH-
NyaJlbHbIE COEINMHEHUS BBICOKOM YMCTOTHL. CleayeT OTMETUTh, YTO UMEHHO
BCJICACTBUE OJIM30CTH CBOMCTB COCIMHEHUM UICHTU(PUKAIINS KaXa0T0 U3 14-
™1 4f-37eMeHTOB (JaHTaHOMIOB) 3aHsia OKkoyso 150 jer (0T OTKpBITHA
nepueBbIX 3emenb B 1803 1. 10 nMoaydeHuss NCKYCCTBEHHOTO PAIMOAKTUBHOTO
npometus B 1947 1. B s1IepHOM peakTope).

C Touku 3peHUs NMPUMEHEHHS HOHHOTO OOMEHa MJisl BBIJEICHUS U
pasnenenus f-a71eMEHTOB BaKHEHIIIMM CBOMCTBOM SIBJISICTCS KOMILIECO-
oOpazoBanme. J[msi Kaxmoro u3 OITUX ceMEHCTB XapakrtepHo f-cxkxarme
(JlTaHTaHOMJHOE M AKTHHOUJHOE), KOTOpPOE 3aKJIIOYaeTCsi B MOHOTOHHOM
YMEHBIIICHUU aTOMHBIX M MOHHBIX PaJUyCOB C YBEIMYCHUEM MOPSIKOBOTO
HOMEpa COOTBETCTBCHHO JIAHTAaHOMAAa W akThHowda (Tabi. 4.5). Dto
MPUBOJUT K YBEJIMYECHUIO MJIOTHOCTH 3apsiia MOHOB (MOHHOrO MOTEHIMAa,
PAaBHOTO OTHOUIEHUIO 3apsiia MOHA K €ro pajinycy), YTO B CBOKO O4YEpPEb
YBEIIMYMBAET KOHCTAHThl YCTOMYUBOCTH (ITPOYHOCTH) KOMILIEKCHBIX MOHOB B
pAax KakJ0ro U3 CEMENUCTB MO MEpPE YBEIUUYEHHUS TTOPSIAKOBOIO HOMEpPA MpH
YCJIOBUU PABEHCTBA 3apsi/IOB KATHOHOB.
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Tab6muma 4.5

3+
3Ha‘IGHI/ISI MOHHBIX paI[I/IYCOB Me

DeMeHur -

JaHTAHOUI Ced* Pré* Nd®* Pm®* Sm* Eu
(o)

Monmbiit | 9034 | 1,013 | 0985 | 0979 | 0964 | 0,950
paauyc, A

DJeMeHT -
AKTUHOM L The* Pa* u® Np** Pu®* Am’*
(noHn)
HoHubIi 1.08 1.05 1,03 1,01 1,00 0,99
paauyc, A

Kak yka3piBaioch BBINIE, B BOJHBIX PAacTBOpax BCE DJIEMEHTHI B
3aBUCUMOCTH OT YCJOBHM MOTYT CYIIECTBOBATh B BHJE MPOCTHIX HOHOB,
HEUTPaJIbHBIX MOJIEKYJ, KOJUIOMJAOB, KATUOHHBIX U AHMOHHBIX KOMILIEKCOB.
dopMa COCTOSIHUS BEIIECTBA OKA3bIBAECT PEIIAIOIICE BIWSHUE HA XapaKTep
ero pacrpeneieHus Mexay AByMs (azamu, HanmpuMmep, KaTUOHBI HE MOTYT
copOupoBaThCs HA AHUOHUTAX, AHUOHBI — HA KATHOHUTAX; MOJEKYJIbl M
KOJUIOU bl MOTYT IIPETEPIICBATH JIUIIH aJICOPCOITMOHHOE COOCAXKIICHUE.

B 1npoueccax wHOHHOTO OOMEHa IMUPOKOE NPUMEHEHHE HaIUIH
IPOLIECCHl  KOMITJIEKCOOOpa30BaHMs, M3MEHEHHS] CTENICHU OKHUCICHUS MpHU
coOpOLIMH U IeCOPOITUH.

OcoObIli MUHTEpPEC MPECTABISIOT MPOIIECCHl Pa3/IeNieHUs JIEMEHTOB C
MPUMEHEHUEM KOMIUIEKCOOOpa3oBanus. Pa3zjeneHue MHOTMX METasioB
OCHOBaHO Ha O0pa30BaHUU AHUOHHBIX KOMIUIEKCOB C XJIOPUI-UOHOM B
COJITHOKHUCIIBIX pacTBopax. M3BECTHO, YTO TaKue AHUOHHBIE KOMIUIEKCHI
moryt obOpaszoBeiBath 3nemenTsl: SC(II); Ti(lll); Zr, Hf, V(IV); V, Nb,
Ta(V); Pa(V); Cr(lll); Cr(1V); Mo(VID); U(IV); UVI); Mn(ll); Tc(VID);
Re(VID); Fe(lll); Ru(lV); Os(l1); Co(ll); Rh(l); Rh(IV); Ir(lHD); 1r(1V);
Pd(I1); Pt(1V); Cu(l); Cu(ll); Ag(l); Au(lll); Zn(1); Cd(ll); Hg(ll); Ga(lll);
In(111); TI(D); TI(HT; Ge(1V); Sn(1V); Pb(I1); As(111); Sn(I1); As(V); Sb(ll);
Sb(V); Bi(lll); Se(1V); Te(lV); Po(lV); Pa(V); Nb(IV); Np(lV); Pu(lV);
Pu(V1).

Ha puc. 4.19 noka3zaHbl BBIXOJHBIE KPUBBIE TPH pa3ACIICHUU HA
AHUOHUTE HEKOTOPBIX AJIEMEHTOB. 371eCh CBOOOIHBIN 00BEM KOJOHKHU PaBEH
o0beMy pacTBOpa B KOJIOHKE, 3allOJIHCHHOW WOHUTOM. PasneneHue
OCYILIECTBIISUIOCH CleAyronmM oOpa3oM. PactBop cmecu siemeHToB B 12 M
pacTBOPE COJIIHOM KHUCIOTHI MPOIYCKAaJICAd 4Yepe3 KOJOHKY C aHMOHUTOM B
xjopuaHoit ¢popme. Bee anemenTsl, oopasyromue B 12 M pactBope consiHOM
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KHCJIOTBI aHMOHHBIE KOMIUIEKCHI, OCTaJMCh Ha CMOJIC B BHJE TMEPBHYHOMN
XpOMAaTOTPaMMBbI, a OCTaJIbHBIC JIEMEHTHI BMECTE C KUCIOTON BBIXOJIUIHN W3
KOJIOHKH. 3aTeM KOJIOHKA MPOMBIBAJIACH PACTBOPOM COJITHON KHCJIOTHI TaKOH
KOHIICHTpAIlMH, YTOObl AHWUOHHBIA KOMIUIEKC OJHOTO W3 DJEMEHTOB,
MOTJIOIICHHBIX CMOJIOHN, ObUT HEYCTONYHMB B 3THX YCJIOBHSIX U Pa3pyIIAJCS C
o0pa3oBaHMEM KAaTHOHA, YTO B KOHCYHOM CUETE MPUBOIMIO K BHIMBIBAHUIO
ero co cMmoJibl. 3Hasi pH, nmpu KOTOPBIX pa3pylIaloTCa aHUOHHBIE KOMITJIEKCHI
pasziensieMbIX AJIEMEHTOB, MOKHO, TMOCIIEIOBATEIbHO U3MEHsSI KOHIIEHTpa-
i pactBopa HCI, BBIMBITE BCE TMOTJIONICHHBIC 3JEMEHTHL. TakuMm myTem
OBUIO  TPOBENEHO pas;erneHre  Mukpokoimmdecte  UX; (Th®Y)  or
MaTEPUHCKOTO U?® Ha annonnre AB-17 B XJIOpUIHOM hopme.

| |
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CB00OOIHBIE 00BEMBI KOJIOHKHU

Puc. 4.19. Pazoenenue na aHuoHume HeKOmMopvix Memaiios

B wucxoxmoii pasroBecHoit cmecn U?® (o) Th®® ma 1r ypana
npuxoxutes 1,4-10 ™t topus. Mssectro, uro U(VI) mapsmy ¢ Np(VI) u
Pu(V1) B pactBopax ¢ koHieHTparmen 6ombine 6 M HCI oOpa3yeT mpouHbIit
xommieke [UO, Cl,]* , a Topuii BooGiie He 06pa3yeT KOMILICKCOB C XIOPH-
nonoMm. IlosToMy mpu mpomyckanuu pactBopeHHO B 7 M pactBope HCI
comu UO,Cl, (BblaeprkaHHOM MPEIBAPUTEIILHO ~6 MECSIIEB I HAKOIUICHHUS
Th**) uepes KONOHKY, ypaHOBBIH AHHMOHHBI KOMILIEKC MOIJIOMACTCS
AHMOHUTOM, a TOPUU NPU NPOMBIBKE KOJIOHKM 7 M pacTBOpOM COJSIHOU
KHCIIOTBI OCTaeTCs B PAcTBOpE. 3aTeM ypaH yIalsieTcs W3 KOJIOHKH IPH
npoMbIBaHUU Bojo#, moakucienHod HCI, Tak kak B 3THX YCJIOBHSAX HOH
[UO,Cl,]* pacmagaercs. TakuMm ke 00pasoM MOXKHO OCYIIECTBISITH
pa3JeiieHne HEKOTOPBIX JJIEMEHTOB M HAa KaTHOHOOOMEHHOW cmoie. Ilpu
nponyckanuu pactBopa conei Th(IV), Pa(V), Np(IV), Pu(lV) uepes
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KaTHOHHUT BCE 3TH 3JIEMEHTHI roriomatorcs. Onaako 6—8 M pactsopom HCI
MOXHO yAanuTh ¢ katuonuta Pa, Np, u PuU, Tak kak OHM B 3THX YCIIOBUSIX
00pa3yloT aHMOHHBIE KOMIUJIEKCHI, & TOPUM OCTAaeTCA Ha CMOJIE. AHAIOTUYHO
MOTYT OBITh pa3fiesieHbl IPYTHE STEMEHTHI.

Crnenyer 0co00 OCTAaHOBHUTHCS Ha pas3JelieHUH TPEXBAJICHTHBIX
TPaAHCYPAHOBBIX U PEIKO3eMENIbHBIX 3J1eMeHTOB (P33). Otnuuue >Tux rpynim
COCTOHUT B TOM, YTO Oyiarojapsi HEKOTOPOMY pa3IMuUI0 B SHEPTHsIX cBs3H 4f-
u Sf- 37eKTPOHOB TpaHCYpaHOBBIC DJIEMEHTBI CIOCOOHBI K OOpa30BaHHIO
AHMOHHBIX KOMIUIEKCOB ¢ HOHOM Cl™ B KOHIIEHTpHUPOBaHHBIX pacTBopax (12—
13 M). D10 paznuuuie Mo3BOJIAET Pa3eiauTh 00€ IPYyMIbl ONHUCAHHBIM BBIIIE
MetozioM C nmpumenenueM 13 M pacteopa HCI (P3D mpoliayT uepe3 KOJIOHKY
C AHUMOHUTOM). TpaHCypaHOBBIE 3JIEMEHTHI BHYTPH CBOEH TPYNIBI TAKXKE
MOXXHO pa3[eNuTh Ha AHUOHWTE WIM KAaTHOHWTE NpombiBKOoW 12-13 M
pactBopom HCI. Ha pwuc.4.20 mnoka3aHpl KpUBbIC BBIMBIBAHUS
TPEXBaJCHTHBIX TPAHCYpPAHOBBIX AJIEMEHTOB C KatnoHuTa Tuna KY-2 12 M
pactBopom HCl ¢ 20%-HbIM OTHJIOBBIM CIHPTOM, YCHJIUBAIOIIAM
KoMILUIeKcooOpa3oBanue. [lOCKOIbKY pelKo3eMeNbHbIE JJIEMEHTBl HE
00pa3yloT XJIOPHIHBIX AHHOHHBIX KOMIUIEKCOB, TO I HUX pa3leieHUs
MOHOOOMEHHON XxpoMmarorpadueil TPUMEHSIOT JApPyTrHe KOMILIEKCOoOpa-
30BaTeNId, HANpUMEp, COJM JUMOHHOW W 3TWICHIUAMUHTETPAyKCyCHOU
KHCJIOT, a TAK)KE COJIM MOHOKHUCJIOT U JIpYyTrUe KOMILIEKCOOOpa3oBaTey.

Cm
Es cf Bk

Fm

OTHOCHUTENIBLHAS
PacTBOPUMOCTH

0 10 20 30 40 50 60
O06bem pacTBOpa, Karm

Puc. 4.20. Pazoenenue mpauncniymoHuesvlx 23j1eMeHmo8 Ha KamuoHume
KY — 2 (amoenm — 12 M pacmeop HCI 6 20 %-nom C,HsOH)

bonee rddextuBHbIMU 11 pazaenenus P30 sBISItOTCS aMMOHUIHBIE
COJIW MOHOKHUCIOT, a Takxe Komriekconbl | u Il (comm nuTpunoTpu-
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YKCYCHOM W 3TUJICHANAMUHTETpayKCcycHOU kuciot). Ha puc. 4.21 moka3zaHsl
BBIXO/IHBIE KPUBBIC ISl PEKO3EMEIBHBIX AJIEMEHTOB B MOCJIEI0BATEILHOCTH
UX BBIMBIBaHMSA C KarnoHuta KY-2 pacTBOpOM JlakTata aMMOHHS, C
MMOCTETICHHO MeEHstomIelcs KoHueHtpamued ot 0,16 go 0,5 monws/n. U3
pUCYHKa BHUJHO, YTO B KATHOHUTE OTCYTCTBOBAJIM CaMapuil, MPOMETUM
(MCKYCCTBEHHBIN 3JIEMEHT), Mpa3eoauM U 1epuid. OuepeTHOCTh BHIMBIBAHUS
OTBEYACT TMOPSAKY YOBIBaHUS TPOYHOCTH AHMOHHBIX KOMIUIEKCOB OT
JTOTENUS 0 HEOIUMA.
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OrHOCHUTEeIbHAsl AKTUBHOCTD

50 70 90 110 130 150 170
O06bem pacTBOpa, Karim

Puc. 4.21. Pazoenenue peoxkozemenvhvix 2iemenmos na kamuonume KY-2

[Ilen0yHO3EMENBHBIE IEMEHTHI PA3ACIAIOTCI MOHOOOMEHHOW Xpoma-
Torpaduen Takxe ¢ UCIO0JIb30BaHUEM KOMILIEKcooOpa3zoBarenei. B kauecTe
MOCIEAHUX MPUMEHSIOTCS LMTpPAT, auerar M JIAaKTaT aMMOHMS C
ucnonb3zoBanueM katuonuta KVY-2. Koadduumentsl paznenenus st IByx
MOCJIEAHUX KOMIUIEKCOOOpa3oBaTesiel JOCTATOYHO BEJIUKH.

Takum 00pa3om, MOXKHO CJieJlaTh BBIBOJI, YTO MIPUMEHEHHUE ITPOIIECCOB
oOpa3oBaHMsl WIM Pa3pyIlIeHUS KATHOHHBIX WM AHUOHHBIX KOMILIEKCOB
L[EJIEBBIX JJIEMEHTOB B MCXOJHOM PACTBOPE WJIM B DJIIOMPYIOLIEM PacTBOPE
MO3BOJISIET PELIUTh MPAKTUYECKU BCE 3aJa4¥ MPH HUCIIOJIb30BAHHMU UOHHOTO
oOMEHa: TIOJHOCTBHIO WJIM CEJICKTUBHO BBIJICIUTh HA CMOJIE KOMIIOHEHTHI,
MTOJTHOCTBIO WJTM CEJICKTUBHO TIPOBECTH UX JIECOPOIIHIO.

116



KoHTposbHbIE BONPOCHI K paszaeny 4.4.

1. Yro Takoe MOHHBII 0OMEH?

2. TlpoxmaccupuiupyiiTe WOHWUTHI IO TPHUPOJAE BEIIECTB U IO THUITY
OOMEHMBAIOINXCS HOHOB.

3. Hammmmre w mpoaHamM3WpyHTe ypaBHEHHWE H30TEPMBI HOHHOTO
oOMeHa.

4. Kakue pakTopsl BIMSAIOT HA HOHOOOMEHHOE paBHOBECHE?

5. JlaifTe onpeneneHrue eMKOCTeH HOHOOOMEHHBIX CMOII.

6. Ha yem ocHOBaHO HOHOOOMEHHOE pa3/IeJICHHE Ha IPYIIbI U DJIEMEHTBI
AKTUHOWJIOB U aKTUHOMUJIOB?

7. Ilpu xakux YCIOBHSX BO3MOKHO BBIJICJICHHE ypaHa M3 CEPHOKHCIIBIX
PacTBOPOB C MOMOIIbIO KATUOHUTOB U AHUOHUTOB?

8. HammmmrTe peakimun WOHOOOMEHHOTO W3BICUEHUS (COpOIMU W
necopO1um) ypaHa u3 KapOOHATHBIX PaCTBOPOB.

4.5. BKCTpaKHl/IOHH])Ie METOAbI BBIACJICHUA U PA3ACJICHUA BEIIECCTB

4.5.1. O0uue noyI0KeHUsI 1 OCHOBHBIE 3aKOHOMEPHOCTH MPOIIECCOB
AKCTPaKLIHUH

B mHacTosimee Bpems SKCTpakmus SBISICTCS OJHUM U3 Hamboiee
() (PEKTUBHBIX METOAOB BBIJCICHHS, pa3ICIACHUS W OYHCTKH PEIKHX,
pPacCessHHbIX W PAJMOAKTHBHBIX JJIEMEHTOB, MPUMEHAEMBIX KakK B Ipo-
MBIIIJIEHHBIX MaciiTadax, Tak u B jabopaTopHoil mpakTuke. CyIIHOCTH
AKCTPAKIIMOHHOTO METO/a 3aKJII0YaeTcss B TOM, YTO MPH OMPEIEICHHBIX
YCIIOBUSX OTJEJIbHBIC SJIEMEHTHI B BUJIE COJIEM WIJIM UHBIX COCMHEHHUIN MOTYT
B 3aMETHBIX KOJIMYECTBAX IMEPEXOJIUTh W3 BOJAHOTO PACTBOpa B HECMeE-
MIMBAIOIIUNACA C HUM OPTaHUYECKUI pacTBOPUTENb, OTACISISCH IPU 3TOM OT
JIPYTUX DJIEMEHTOB.

OCHOBOM O3KCTPAaKLIMOHHOTO pa3/eJeHHs SIBISETCS pachpe/eeHne
BEIIECTB B TETEPOTEHHON CHCTEME JKUIKOCTh—KUAKOCTh. B aTOM ciyuae obe
da3pl  MOpencTaBISAIOT  COOOM  pacTBOPHI  pa3AeisieMbIX  BEIIECTB.
OcymecTBIseTCS SKCTPAKIUSA TIPU KOHTAKTE (a3 B YCIOBHUSAX MHTCHCHBHOTO
MaccooOMeHa pacTBOpa M OKCTpareHTa C TMOCHEIYIOIIMM OTCTanBaHHEM,
pazzaeneHreM (a3 u pereHepaiyel dKcTpareHTa (Wid ero yaaieHuem). JlBa
PACTBOPUTEIIS HE JOJIKHBI CMEITUBATHCA APYT C APYTOM WIH JOJKHBI UMETh
MUHHUMAJIBHYIO B3aMHYIO PacTBOPHUMOCTb, OTIUYATHCS JPYr OT Jpyra Iio
MJIOTHOCTH, UMETh HU3KYIO BA3KOCTh. JKCTPAreHT JOJDKEH JIETKO pereHe-
pupoBaThcs U 00Ja7aTh CENEKTHBHOCTHIO PACTBOPEHUS MO OTHOIICHUIO K
M3BJICKAEMOMY BEIECTBY. PereHeparuisi MOKET OCYIIECTBISTHCA PEIKCTPAK-
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LIHAEH, TUCTWIISALAEN, KPUCTAJUIM3ALMEN WIN IPYTUMU METOJAMH.

Takum ob6paszom, skcmpakyus — 2mo pacnpeoeneHue eeujecmsd
MmedHcoy 08YyMs HeCMEeUUBAIOWUMUC PACTNEOPUMENAMU.

OKCTpakuued B THAPOMETAUIYPIUYECKHX CXeMmaxX MepepadoTKu
PYIHOIO CBIpbA PEINAIOT CICAYIOIIME 3aJadd: WU3BJIICUYCHUE MeETaula U3
OeHBIX PACTBOPOB C OTAEICHHEM €ro OT COIYTCTBYIOIIUX 3JEMEHTOB U
[OJyYEHUEM KOHLEHTPUPOBAHHOTO PACTBOpA; TIyOOKas OYMCTKA COEAM-
HEHUI; pa3jesneHne OJM3KUX M0 CBOMCTBAaM AJIEMEHTOB.

B Hacrosee BpeMsl 3KCTPAKIHUIO HCIOJIB3YIOT B THAPOMETAILIYPIrUn
JUISL BBIJCIICHMSI, DPA3LCIICHUs] W OYUCTKH YypaHa, IUIyTOHMS U JPYTHX
aKTUHOMJIOB, M3BJICUYECHUSA U Pa3/eJCHMs] TaHTala U HUOOMS, LUPKOHUS U
raHus, MOJIUOIEHA U PEHMsI, U3BJIECUEHUS BOJIb(ppaMa; U3BJICUCHUs, pa3/e-
JEHUST W OYUCTKM PEAKO3EMENBHBIX M IUIATUHOBBIX METAJUIOB, WHIUA,
TaJulMsl, TePMaHMsl, TEJUTypa, M3BJICUEHUS MEAM, pa3AelIeHHs KoOaiabTa U
HUKEJS.

[IpuMeHeHNE OKCTpPaKIMM yOPOIIAET TEXHOJOTMYECKHE CXEMBI,
MO3BOJISIET MOBBICUTH U3BJIEYEHUE M YUCTOTY METAJUIOB, PEIIaeT MpodsiemMy
KOMIUIEKCHOCTH UCTIOJIb30BAHUS CBIPBS.

Hcxonnbliii pacTBop

DKCTpareHT
DKCTpaKIMs
Pacdunar OKCTpaKIUsI
(1) Peskcrparent 1
B copoc Peskerpakius
WIN Ha BBIJICTICHUEC
JPYTUX [EHHBIX | |

JIEMEHTOB Peskcrpaxt DKCTpareHT
Briienenue Perenepanus
MeTaJljia UiIu

€ro COCAMHCHUA

Puc. 4.22. Ipunyunuanvuas cxema 3KCMpaKyuoOHHO20 U36l1e4eHUs Memanid
u3 pacmeopa

JIIs TIOHMMaHUs JaJbHEWIIEr0 H3JIOKECHUS TPUBEACM OIHUCAHHE
OOIIETPUHATHIX TEPMUHOB.
Okcmpacenm — OPraHMYECKOE BEIIECTBO, 00pa3yrollee C W3BJICKa-
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€MBIM METaJUIOM COEIUHEHHE, CIIOCOOHOE PACTBOPATHCS B OPraHUYECKOU
¢daze. DKkcTpareHTaMH CIyXaT OPraHUYEeCKHE KHUCIOTBI, CIUPTHI, 3(QUPHI,
KETOHBI, aMHHBI U JIP.

Okcmpakm u paguHam — COOTBETCTBEHHO OpraHu4ecKas U BOJHAS
(a3bl mocie IKCTPAKITIH.

Pesxcmpaxm — BonHas ¢aza, modydeHHas MOCJIE PEIKCTPAKIIUY, T.€.
MOCJIe U3BJICUCHUS METaJlIa U3 IKCTPaKTa B BOJHBIN pacTBOP.

Boicanusamenv — HEOPraHMYECKOE BEIIECTBO (OOBIUHO DJIEKTPOJIUT),
yJydlllalolliee TMoKa3aTeau OHKCTpakiuu. B  OOJbIIMHCTBE CIydaeB 3TO
HEIKCTparupyemMble COJM, COJEepXKalllie OJHOUMEHHBIH MPOTHUBOMOH,
BXOJSIIMNA B COCTaB COEIMHEHMs H3BIeKaemMoro Mmeramia. [{oOaBieHue B
BOJHBIA PAcCTBOp BBICAMBATENSL CIIOCOOCTBYET OOpA30BaHUIO JIydllle
DKCTPArupyeMbIX HEAWCCOIMUPOBAHHBIX MOJEKYJT WIH TPHBOIUT K
00pa30BaHMIO SKCTPATHPYEMBIX KOMILIEKCOB.

Pazbasumens — opraHmyeckoe >KHIKOE BEIIECTBO, HE CMEIINBa-
IOIIeecss C BOJIOW, CiyXkalllee pacTBOpPHUTENeM HJKcTpareHTa. Pacmpoctpa-
HEHHbIC pa30aBUTENN — KEPOCHH, KCHJIOJN, yalT-cupuT u ap. brmaromaps
MPUMEHEHUI0 Pa30aBUTES MOKHO MCIIOJIb30BaTh TBEPbIC DKCTPArCHTHI WU
VIYYIIATh (QU3HYECKUE XAPAKTEPUCTUKHU KUIAKUX IKCTPAreHTOB (BSI3KOCTb,
IUIOTHOCTH). Pazb6aBuresnb O0MbIIEH 4acThi0 XUMUYECKU HE B3aMOJIEHCTBYET
C M3BJIEKAEMBIM METAVIOM U JKCTPAreHTOM (OTCIOJa YaCTO HMCIOJIb3YyEeMBbI
TEPMUH «UHEPTHBIA pa30aBUTENb»), HO OH CYIIECTBEHHO BIMIET Ha
MOKa3aTeIn AKCTPAKIMU (M3BJICUCHUE, N30MPATEIIBHOCTD | JIp.).

OKCTpareHT AOKEeH 007aJaTh XOPOIIeH SKCTPAKIMOHHOW CIoco0-
HOCTBIO U CEJIEKTUBHOCTBHIO IO OTHOIIEHUIO K H3BJICKAEMOMY METally,
Majoi PacTBOPHUMOCTHIO B BOJIE, BOJHBIX PAacTBOpax KHCIOT W MIENOYeH
(BBICOKAsi pacTBOPUMOCThH BEACT K 3HAYUTEIBHBIM IOTEPSIM JKCTPArcHTa).
BakHBIMU  yCTTOBUSIMH  SIBIITFOTCSL  JIETKOCTh PEreHEpalii dKCTpareHTa ¢
BO3BpAIlIEHUEM €T0 B ITUKJ JKCTPAKIIMM W YCTOWYHMBOCTH €TO B BOJHBIX
pacTBopax (IKCTpareHT HE OJKEH THAPOJIM30BATHCS, OKHUCIATHCA WIH
BOCCTAHABJIMBATHCS KOMIIOHEHTaMU pactBopa). IIpu pabote c pamuo-
AKTUBHBIMHM BEIIIECTBAMHU OH HE JOJDKEH TPETepIeBaTh PaAHOTUTHYCCKHUX
NpEeBpAIlleHU WM OHU JIOJDKHBI OBITh MHUHUMAaNIbHBIMHU. JIJIsi mydrero
pasnerneHust ga3 mocie Uux nepeMenmBanus He00X0AMMO, YTOOBI SKCTPAreHT
(ecnu ero MCHONB3yIOT 0e3 pa3zdaBuTENs) OTJIMYAJICS OT BOAHOW (hasbl IO
IJIOTHOCTH W HMMEN HHU3KYIO0 BSI3KOCTh. [locnemuuii akTtop mmeer oueHb
BaYKHOE 3HAYCHUE U JIJIs1 00€CTIeueHNs BRICOKON CKOPOCTH MacCOOOMEHaA.

B mensx 0e€30macHOCTH JKCTPAreHT JOJDKEH OBITh OTHOCHTEIHHO
MaJIoJIETy4nM, TPYTHOBOCTUIAMEHIEMBIM U HETOKCHYHBIM.

PazbaBuTenn TPUMEHSIOT IS W3MCHCHHS IUIOTHOCTH WM BSI3KOCTH
DKCTpareHTa, CHIKEHHUS ero moTepb. EcTecTBEHHO, YTO OHU JOJDKHBI 00ja-
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JIaTh HU3KOM IJIOTHOCTBIO U BSI3KOCTBIO. O0s3aTENbHBIMU JTOMOJIHUTEIHLHBIMU
YCJIOBUSIMM SIBIISIFOTCSL HU3Kasi CTOUMOCTh pa30aBUTENE U OE30MaCHOCTH
paboOThI C HUM B OTHOIICHUH BOCTUIAMEHSIEMOCTH U TOKCUYECKUX CBOMCTB.

Yamie Bcero B KauecTBE pa30aBUTENs MPUMEHSIOT KEPOCHH (JTydlle
TUAPUPOBAHHBIM KEPOCHH). B ciydae sKkcTpakmuu amMuHAMHU pa3daBUTEIEM
OOBIYHO CIIY’)KHT CMECh KEPOCHHA C JCIIIOBBIM HMJIM OKTHJIOBBIM CITHPTOM.
NHorga wucmonp3ylOT B KadecTBE pa3daBUTeNled JAUOYTUIIOBBIA dQup
TPUATUIICHTJIMKOJIS, TMU30IIPOTTHIIOBKIN 2hHUP, TOJIUATKUIOCH30IbI U JIP.

B BomHBIX pacTBOpax HMOHBI METAJUIOB THUJPATUPOBAHBI W IMPOYHO
yACPKUBAIOTCS B BOJHON (haze. X wu3BlIeueHHE B OpraHuyeckyr ¢aszy
MPOMCXOJUT JIMIIIhL B TOM CJy4yae, €CJIU MPOIEeCC COMPOBOXKIACTCS YOBUIBIO
sHeprun ['mb06ca SKCTPaKIIMOHHOM CHCTEMBI. DTO YCJIOBHE MOXET OBITh
BBITIOJTHCHO TIPU HWCIIOJIb30BAaHUW B KAa4ECTBE DKCTPAreHTOB OPTaHUYCCKUX
COCTMHCHHM, TIPU B3aUMOJICHCTBUN KOTOPBIX C M3BJIEKAEMBIM MOHOM OyeT
KOMITCHCHPOBAHA YHEPTHUS €r0 THAPATAIINH.

OTBC‘—IaIOIHI/Ie 9TOMY YCIIOBHIO SKCTPArcHThI MOXHO
KJ'IaCCI/ICI)I/IL[I/IpOBaTB Ha ABC I'PYIIIIbI 10 Me€XAHUIMY 83aUMO0elCmBUs.
HCpBaH rpymomna — Heﬁmpa/zbuble OKCmpazeHmvl: OPraHUYCCKHC

BEIIIECTBA, MOJICKYJBI KOTOPBIX CIOCOOHBI K OOpa30BaHUIO KOOpIWHA-
IIMOHHBIX CBS3el (TOHOPHO-AaKIENITOPHOTO THUIIA) C HM3BJICKAEMBbIM HOHOM,
0oJiee MPOYHBIX, YEM CBSI3M C MOJIEKYJIaMU BOJBI, (T.€. DHEPTHUS COJIbBATALINH
MOJICKYJIaMH1 SKCTpareHTa MPEeBbIIIAeT SHEPTUIO THIPATAIIIHN ).

Bropas rpynma — owcuoxue uonoobmerHuKu: OPraHuIeCKUe KUCIOTH U
WX COJIM WJIM OPTaHUYECKUE OCHOBAHUS M UX COJIM, CIIOCOOHBIE ITPH KOHTAKTE
C BOJHBIM PACTBOPOM K OOMEHY HEOPTHHMYECKOIO KaTHOHA WM aHHOHA,
BXOJIAIIETO B COCTAB DKCTpareHTa, Ha OJHOMMEHHBIH MOH, HaXOASIIWICS B
pactBope. B 3TOM ciyuyae yclioBHEeM MPOTEKAHUS SKCTPAKIIUU SIBIISICTCS
OoJiee BBICOKAs SHEPTUS TUAPATAIIMH HOHOB, IEPEXOIAIINX U3 OPTAaHNICCKOM
¢da3pl B BOJHYIO, TIO CPAaBHCHHMIO C DHEPTHEH THUIpaTalli W3BJICKACMBIX W3
BOJHOTO pacTBOpa MOHOB. B 3aBHCHMOCTH OT BHJa OOMEHHMBAEMBIX MOHOB
AKCTPAreHTHI-MOHOOOMEHHUKH TIOAPA3ACIAIOT HA KAMUOHOOOMEHHble W
AHUOHOOOMEHHbIE.

llo muny npumensemvix 3xcmpacennmos SKCTPAKIIMOHHBIE ITPOIIECCHI
MOXKHO KJacCU(PHUITMPOBaTh Ha TP OCHOBHBIE TPYIIIIHIL:

1) sKCTpaKIys HEUTPAIbHBIMH DKCTPAreHTaMH,;
2) aHHOHOOOMEHHAsT AKCTPAKIINS;
3) KaTHOHOOOMEHHAST SKCTPAKIIHSI.

Kpowme Toro, ciienyer ynoMsiHyTh CPaBHUTEIBHO PEAKUE CIy4yau, KOraa
AKCTPAKIMSA HE COMPOBOXKIACTCS XUMHUYECKHM B3aMMOJICHCTBUEM M MOKET
paccMaTpUBaThCA KaK CIydaidl MpocToro (U3MYEecKOro pacrpeneneHus. Tak
AKCTPArupyroTCs CHUMMETPUYHBIC KOBAJICHTHBIC MOJICKYJbI (Hampumep, |,
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wm GeCly), pacTBOpUMOCTH KOTOPBIX B OPTraHUYECKOM PACTBOPHUTEIES
(HanpuMep, B KEPOCHHE) OOBIYHO Ha MOPSAOK BhIlIE, 4eM B Boae. K atomy
TUITY TIPUMBIKAET TaKXkKe SKCTPAKIUS CIA0BIX KUCIIOT, €CIIA UX JUCCOIUAITHS
MOJIHOCTBIO MOJaBJICHA B MIPUCYTCTBUU CHJIBHOM KUCIOTHL. Tak, Hampumep, B
IIPUCYTCTBUM MHUHEPAIBHOM KHCIOTBl HEUTPAJIbHAS MOJIEKYJIA YKCYCHOU
kucnotel CH3;COOH wmano rugpatupoBaHa M 3KCTParupyeTcs MO THUILY
POCTOTO (PU3UYECKOTO paCTIpECIICHHUS.

OCHOBHBIMU TPEUMYIIECTBAMH AKCTPAKIIMOHHBIX METOJOB pazjielie-
HUS SIBJISIIOTCS BBICOKAsi M30MPaTEIbHOCTh, OBICTPOTA MPOIECcCa U MPOCTOTA
TexHOJIOTUU. C MOMOIIBI0 IKCTPAKIIMU MOKHO IOJy4aTh BBICOKHE KOI(]-
(GULHUEHTHl pa3feieHus, JOCTHKEHHE KOTOPhIX HEBO3MOXXHO MHOTUMH
APYTUMH METOJaMH, HalmpuMep, B COOCAIUTEIBHBIX Ipoleccax. JKCTpak-
[IMOHHBIE METOJBI OJWHAKOBO XOPOIIO MPHUMEHHUMBI JJIS BBIJCICHHUS Kak
MAaKpO-, TaK M MHUKPOKOHIUEHTpAIlMM BeniecTBa. Bce 3Tu mpenmyiiecTsa
HKCTPAKIIMM HMMEIOT 0co00e 3HAaueHHWE B PAJAUOXMMHH TIPHU BBIICICHUU
OTJIETIbHBIX €CTECTBEHHBIX WJIM UCKYCCTBEHHBIX PaJUOAKTUBHBIX M30TOIOB,
IIpU MepepadOoTKe AIEPHOTO TOIJIMBA U B TEXHOJOTHH OOJIBIIMHCTBA PEAKUX
Y PACCESIHHBIX AIIEMEHTOB.

[TogoO6HO MOHHOMY OOMEHY JIFOOYI0 IKCTPAKIITMOHHYIO CUCTEMY XapakK-
TEPU3YET KOIPPuyueHm pacnpedenerus o UCCIECIYEMOTO BEIIECTBA MEXKIY
aByMst (a3amu, OIpeAeNsieMblii KaK OTHOLICHHE pPAaBHOBECHBIX KOHIICH-
Tpalii BeIiecTBa B OpraHu4ecKoil 1 BOJIHOM (hazax.

UYem OouiblIe ¢, TEM BBIIIE SKCTPAKIMOHHASL CIIOCOOHOCTh SKCTPAreHTa.
Opnako ee BelMYMHA B OOILEM CIyyae 3aBHCHT HE TOJBKO OT CBOMCTB
HKCTpareHTa, H0O U OT MHOTMX JPYruX (paKTOpOB: KOHLIEHTPALUK pacipe-
JEJSIFOUIErocsl BEIIECTBA B UCXOJHOM BOJHOM PacTBOPE, HAIMYMUS KHUCIOT U
COJIEH, MPUPOJBI pa30ABUTEINS], COCTaBa SKCTPArupyeMoro KOMIUIEKCa U T.1.
N30uparenbHOCTh Mpoliecca 3KCTPAKUMU TMPU Pa3leNEHUU OINpPEAeTIeHHON
napbl 2JIEMEHTOB OMPENENACTCS BEIUYUHOU Kodghduyuenma pazdenenus,
PaBHOM OTHOUIEHUIO UX KOA(P(ULIMEHTOB pacipeieICHusI.

Bo MHOrMX ciydasx k03(pQGUUHUEHT pacipeiesieHus CUIIbHO 3aBUCUT OT
KOHIIEHTpAIIMU dKCTparupyemMoro BemectBa. [Ipu GONbIINX KOHIIEHTPAIHSIX
U3BJIEKAEMOT'0 3JIEMEHTa B BOJHOM pacTBOpPE O MOXKET YMEHbIIAThCs
BCJIE/ICTBUE HACBILICHHUS] OpraHU4ecKod (ha3bl. ITO MOMKET BBI3BIBATHCS U
00pa3oBaHMEM €ro MOJIUMEPOB (aCCOIMATOB) B BOJHOM (ase.

CocTaB pacTBOPOB TakXe CYIIECTBEHHO BIHMSET Ha KOADOUIIMECHT
pacrpeziesieHusi, KOTOPbIM 3aBUCUT OT MPHUPOABI U KOHILIEHTpAIMU BCEX
BEIIECTB, YUACTBYIOIINX B 00pa30BaHUM SKCTPArUPyEeMOTO COECTUHEHMS.

3HauUTENbHOE BIMSHUE Ha KOA(DPUIIMEHTHI paclpeiesieHHs] OKa3bIBAET
M KOHIICHTpAIMs BOJOPOJHBIX HOHOB B BOJHBIX PAacTBOpax BCJICACTBUE
CBA3BIBAHUSI YACTH JKCTpareHTa B coequHeHue ¢ kuciorod. M3menenue pH
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BOJTHOTO PacTBOpAa MOKET MEHSTh U PABHOBECHYIO KOHIICHTPAIIUIO aHHOHOB,
BXOJ/SIIIIAX B COCTAaB JKCTPArUPyeMOW COJM B CIydae aHMOHOB CIAOBIX
kucioT. Bmmsame pH pactBopa Ha KOIPGUIIMEHT paclpefcieHus o
0COOEHHO CYIIECTBEHHO NPH IKCTPAKITUU BHYTPUKOMIUICKCHBIX COSIMHEHUH.
DTy 3aBUCUMOCTH MIMPOKO HMCTOIB3YIOT IS pa3eicHUs 3JIEMEHTOB M TIPH
MCCJICIOBAHUH THUIPOIIN3a COJICH.

[IpakTH4eckoe 3HaUYCHHE UMEET W MPHUCYTCTBHE B BOJHOM pPacTBOpE
MIOCTOPOHHUX MOHOB, HE BXOJIAIINX B COCTAB IKCTPATUPYEMOI'O COCTMHEHUS,
HO CIIOCOOHBIX, HAIllPUMEp, yYacTBOBATh B OOpPa30BaHMM KOMILICKCHBIX
COCMHEHUN ¢ KATHOHOM JSKCTPAarupyeMoro MeTajia, TeM CaMbIM H3MEHSS
COCTOSIHHUE pacCHpeeIIonIerocss 3JeMEeHTa U YMEHbIIas KOHIICHTPAILHIO
COOCTBEHHO CBOOOAHBIX HOHOB. D(P(HEKTUBHOCTh BIUSHUS 3THX IIOCTO-
POHHMX HOHOB OIPEAEIACTCS KOHCTAaHTAMH YCTOWYMBOCTH COOTBETCTBY-
IOIINX KOMIUIEKCHBIX COECUHEHUN. ITO 0OCTOSITENHCTBO YaCTO MCIOJIB3YIOT
B OKCTPAKIMOHHBIX TMpoIeccax I pa3feieHUs JJIEMEHTOB IyTEM CBSI-
3bIBAHUS DJIEMEHTA, OT KOTOPOro HEOOXOJAMMO OCBOOOIUTHCS, B HEIKCTpa-
TUPyeMOe KOMIUICKCHOE COCTUHEHNE, a TAKXKe I PEIKCTPAKIIUH.

[TocKOMBbKY SKCTpaKIUs — ATO TMPEKIE BCEro Ipolecc oOpa3oBaHUS
COCIMHCHMSI W3BJIEKAEMOTO JJIEMEHTa C OKCTPAareHTOM, TO COBEPIIECHHO
€CTEeCTBEHHO, 4YTO Ha KOX(P(UIIMEHT paclpeeieHUs PpeIIarolee BIHMSIHUC
OKa3bIBaCT XMUMHUYECKAs MPUPOA IKCTpAreHTa, T.e. CTPOSHHUE €ro MOJEKYI,
Hajayue JIeKTPOHOJOHOPHBIX U JPYTrux (GyHKIHMOHAIBHBIX Tpymil. [TosTomy
OJHOM W3 OJHOM W3 HamboJiee BaXHBIX XapaKTEPUCTHUK IpoIecca
pacrpenieneHrs 3JIEeMEHTa MEXIy JIBYMs HECMEIIMMAIOIMMUMHUCS (azamMu
SIBJISIETCS €r0 3aBUCUMOCTH OT COCTaBa M NMPHUPOJBI opraHuyeckoi daszel. B
KaueCTBE OKCTPArceHTOB MPUMEHSIOT Pa3IMYHbIC KHCIOPOCOACPIKAITUE
OpTraHWUYECKHUE pPACTBOPUTENIM, TakKWe, KaKk 3(HpbI, KETOHHI M CHUPTHL. B
HacTofllee BpeMs OoibIIoe 3HaueHWe mpuodpenu (ocdopopraHudeckue
KHCJIOTBI M HEHTPAJIbHBIC COCTMHECHMS, aMUHBI C BRICOKUMHU MOJICKYJISIPHBIMU
MaccaMH, a TaKXKe XeIaToo0pa3yoInue peareHThl. ITH SKCTPAreHThl 0OBITHO
MIPUMEHSIOT B BHJIC PACTBOPOB B PA3JIMYHBIX OPTaHUYECKUX pa30aBHTEIAX,
HEMPEMEHHBIM YCIIOBHEM BBIOOPA KOTOPBIX SBISICTCS UX MHEPTHOCThH KaK IO
OTHOIIICHUIO K OKCTPareHTy, TaK M 10 OTHOIICHHIO K H3BJICKACMOMY
KOMILJICKCY.

D} hHEeKTUBHOCTh IKCTPAKIIMOHHOTO IPOIECcca ONPEASIseTCs COCTOS-
HHEM PaBHOBECHS B JKCTPAKIMOHHOM CHCTEME M 3aBHCHT OT XapakTepa
B3aUMOJICHCTBHS PaCIPEACIISIIONISIOCS BEIISCTBA C BOAOM M SKCTPAreHTOM.

Hcxons U3 paBeHCTBA XMMUYECKUX MOTCHIIMATIOB KOMIIOHEHTA B JIBYX
COCYIIECTBYIONUX ()a3aX B COCTOSSHMM TEPMOJIWHAMHUYECKOTO PABHOBECHS,
KOHCTaHTa PaBHOBECHsS MpoOIecca DKCTPAKIIUA pPaBHA OTHOIICHHIO TEPMO-
JTUHAMUYECKUX aKTUBHOCTEH KOMITOHEHTa B 00enX (ha3ax:
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O Y (4.58)

B GOOH: 600HA, B00H
ai Ci j/i

rne a., 7., Ci — TEPMOJMHAMHYECKUE aKTUBHOCTH, KOIPHUIIMEHTHI

aKTUBHOCTCH W KOHIICHTpAIlMK KOMIIOHGHTAa | B COCYIIECTBYIOIIMX
OpraHUYecKOi ¥ BOJHOM (azax MpH TOCTUKECHUU PAaBHOBECHS.

Kak u Bcsikas kKoHCTaHTa paBHOBecHs, K HE 3aBUCUT OT aOCOJIOTHBIX
KOJMYECTB PABHOBECHBIX (a3, a 3aBUCUT JHIIb OT TPHUPOJbI BEIIECTB
AKCTPAKIIMOHHOW CUCTEeMBI U ycioBuid paBHoBecus (P; T).

OCHOBHBIM TEPMOAMHAMHUYECKUM ITOKA3aTEJIEM, HCIOJIB3YEMBIM IS
XapaKTEPUCTUKU  TPOLECCOB  AIKCTpPaKUUU,  SBIAECTCS  KOI(PPUIUEHT
pacrpeneneHus o :

a=C¥[Co (4.59)

pPaBHBI OTHOIIEHUIO PABHOBECHBIX KOHIIEHTpAILUA pacrpeAesiomerocs
BEIIECTBA B COCYIIECTBYIONUX (azax, T.€. ITO KIacCHUeckuil 3akoH bepTio—
Hepucra. Cnegyetr OTMETUTD, YTO UMEHHO MPU U3YyYEHUU CUCTEM JKHIKOCTh—
KUJAKOCTh ObUT YCTAaHOBJICH yKa3aHHBIA YHHMBEPCAJIbHBIM 3aKOH pacrpese-
JIEHUs1 BellecTBa Mexay AByMs ¢azamu. Uem Oosibllie BEJIUYMHA O, TEM
BBIIIE KCTPAKIMOHHAS CHOCOOHOCTh peareHTa.
Mexay coboif koHCTaHTa U KO3(PQUIMEHT pacnpeeNieHUus] CBS3aHbI
COOTHOIIICHUEM:
K- Lo _ g Tom

nwm & :
Y soon v ope

(4.60)

B uneanbHON SKCTpaKLIMOHHOM cucTeMe (T.e. 0e3 yuera rujipaTaiuu u
B3aUMOJEMCTBUSI C SKCTPareHTOM) pacipeneieHue siemMeHta K B BHUE

coenunennst KynApn MEXIy BOJHOW W OpraHWYecKod (azamMu CXxeMaTHYHO
MO>KHO CJIEYIOIIUM 00pa3oM:

{mK N+ 4 nAM }goan N {KmAn}Ope _ (4.61)

B »ToM ciywae TepMoAMHAMUYECKHE AaKTUBHOCTU PaCIpPEACIISIFOIIErocs
BEIIIECTBA B COCYIIECTBYIOMMX (Dazax OyayT paBHBI:

%i0pe. = [Km - An ]opg “Yope.
& soon =K Ig AT I Ay = [KYIT-[ATL T (462)

Yto kacaeTcsa MexaHu3Mma nmponecca SKCTpaKOuH, TO, KaK YKa3aHO
BBIIIC, BCC 3KCTPAKIMUOHHBIC CUCTCMbBI ACJIATCA Ha ABC I'PYIIIIBL. B HepBOﬁ
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IpYIIIE XapakTep B3aUMOJEHCTBUS PACIPENEIIEMOr0 BELIECTBA C
DKCTpAreHToM omnpezaensercs Ban-nep-BaanbCOBCKUM MEXKMONEKYISPHBIM
B3aUMOJICHCTBHEM; BO BTOPOW TPyMIE CHUCTEM MpeodsanaeT XUMHYECKOe
B3aMMOJICMCTBUE DKCTPATHPYEMBIX BEIIECTB C OKCTpPareHToM. Takue
OKCTPAKIMOHHBIE IIPOLECCHl OMMUCBHIBAIOTCS C ITOMOIIBI0 XHUMHYECKHX
YPaBHEHUW, NOTUYHUHSIOIMIMXCSA 3aKOHY JIEUCTBYIOIIUX MaccC.

4.5.2. DKcTpakuus HeUTpaabHBIMH 3KCTPAreHTaMu

4.5.2.1. Xapakxmepucmuxa munoe HeumpaibHblX IKCMPASeHmMos

K HeﬁTpaHBHBIM 9KCTpArcHTaM OTHOCATCA OPraHUYCCKUC COCANHCHUSI,
B COCTAaBC KOTOPLIX HMCIOTCA AKTHUBHBIC ATOMEI, 06nana10mne QJICKTPOHO-
I[OHOpHOﬁ CIIOCOOHOCTBIO. TH OKCTPArcHTbl MOJKHO IIOAPA3ACIUTL Ha

KUCIOpoa-comepxaiue (aktuBHbli aToM =0 ¢ IByMs HEMOIeTCHHBIMH
(1]

mapaMy JJICKTPOHOB), asoTcoiepxamme (akTuBHbIA atoM =N:) U
cepocojiepkaniue (aKTHBHBIA aroM S); JBa MOCICIHUX THUIA COCIUHCHUI
COJZIEpIKaT 10 OJHOW HETIOJIEIIEHHOM Tape AIEKTPOHOB.

Kucnopoocooeporcawue skcmpacenmor — Hanbojaee MHOTOUYHUCICHHAS
rpymma 3KCTPareHTOB, UCMOJIB3YEMBIX B PAIUOXUMHUHN U THIPOMETAJLTyprHH,
BKJIIOUAIOIIAsl CIHPTHI, MPOCThIE 3(UPBI, KETOHBI; JKCTPAreHThl C IICH-
TpasbHbIM aToMoM P u S 1 nip.

B cmuprax R—-O-H wu mpocteix s¢upax R—-O-R aktuBHBII aTom
KHCJIOpPOJia CBSI3aH € JBYMsSI JPYTMMHM aToMaMu (BOJOpOJa W/WUIU OpraHu-
yeckoro paaukana). [IpumeHsiemble B NPOMBIIUIEHHOCTH CIUPTHI OOBIYHO
UMEIOT YKCIIO aTOMOB yTiieposia B paaukaie R, paBHoe 6—12 (4acTo uCmosib-
3yI0T TexHH4YeCcKyto (pakiuio C,—Co).

Ketonsr RR'C=0 conepxar kKapOOHWIBHYIO TPYIIY, CBSI3aHHYIO C
IByMSl aTOMaMu yriepoja JABYX aJKWJIbHBIX paaukaioB. Cpenau KETOHOB,
[IMPOKO PACIPOCTPAHEHHBIX B MPOMBIIIJICHHON MPAKTHUKE, MIUPOKOE MpUMe-
HeHue Hanum MeTun3o0yTikeTon (MUBK) u nukiorekcanoH.

DKCTpareHThl ¢ LeHTpaibHbIM atoMoM (ocdopa (=P=0); cpeau HUX
HelTpanbHbie 3Pupsl opTOoHOoCcHOpPHON KHUCTOTHI, K KOTOPHIM OTHOCHUTCS
CaMbIil pacpOoCTpaHEHHBIA U3 HEUTPAJIBbHBIX SKCTPAT€HTOB — TPUOYTHIIOBBIN
apup dochoproit kuciotel (TpudyTHIdochar, ThD): (RO);P=0, rne R —
CsHo. K aTOMY KJIacCy OTHOCHUTCS TaK»e s MPOU3BOJHBIX, B KOTOPBIX
sa¢upHbie Tpynnbl R—O 3aMeleHbl aaKuiabHbIM pauKkanoM. Tak, Mpu 3aMeHe
Tpex 3hupHBIX rpynn odpasyrorcs Tpuaikuiapochunokcuabl R3P=0. K Hum
OTHOCHUTCS, HanpuMmep, Tpuankmwipochunokcun (CgHi7)3P=0.
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OKCTpareHThl ¢ MEeHTpalbHBIM aromMoM S (=S=0) - amankui-
cyabpokcuapl RR'S=0, nanpumep, mmoktmicynbdokcun (CgHi7),SO m
MUKJINYecKue cyibokcuabl — HedTaHble cynbdokcuapl (HCO), momyya-
€MbI€ OKHCIICHUEM CYJIb(PUI0B HEPTH.

W3BecTHBI KUCIOPOJCOAEpKAIIUE DKCTPAr€HTHl C LEHTPAIbHBIMU
atomamu N, As, Sb u aktuBHOM rpymmoit =3=0; opranudeckue N-OKCHIBI,
As-okcunbl, Sb-okcuapl. OHM  OTIMYAIOTCS BBICOKOW AKCTPAKIMOHHOW
CIIOCOOHOCTBIO, HO B TPOMBINIJICHHON MPAKTHKE B HACTOsIIEE BpeMs HE
HCIIOJIB3YIOTCSI.

Bce paccMoTpeHHbIE BbIllI€ THIBI SKCTPAreHTOB HMMEIOT B COCTaBe
MOJIEKYJIbI TOJSIPHBIE TPYIIbI, COAEpKAIUE KUCIOPO. DJIEKTPOHHOE
00J1aK0 B MOJIEKYJIE SKCTPAareHTa CMEIIEHO K OKCUIHOMY KHCIIOpOY.

OKCTpaKIMOHHAS CIOCOOHOCTh 3aBUCHUT OT TMOJISIPHOCTH TPYIIIbI, a
TaKXKe OT CTEPUYECKOU (MPOCTPAHCTBEHHOM) JOCTYMHOCTH Kuciopoza. Taxk,
npocthie A(UPHl UMEIOT MEHBIIYI0O BO3MOXHOCTh COJIbBaTallMM KAaTHOHA B
CBSI3U C TPYMHOW JTOCTYITHOCTHIO KHCIIOpoaa B Mmojekyne adupa R—O-R. Y
KETOHOB M CJOXHBIX 3(upoB (OCHOpPHON KHUCIOTHI ATOMBI KHCIOPOJA
HaMHOTO JIOCTyIIHEe, TaK KaK OHM CBSI3aHbI C YrjiaepojoM win ¢ochopom
nBoiHoW cBsi3bio (3keronHas rpynma C=0 u dochopunbras rpynma P=0).
Kpome TOro, sKCTpakiMOHHas CIOCOOHOCTh 3aBUCHUT OT TOTO, C KaKUMHU
rpynmnaMu (3aMEeCTHTEIISIMH) CBsI3aH IEHTPAbHBINA aToM. Tak, mpu 3amMeHe B
cocrtaBe TpubyTtmidochara s¢upnsix rpynn R—-O ankumpHBIMH 3aMECTH-
TensmMu (T.e. Ipu Hanuuuu cBsiz R—P) monsaprocTs hochopriibHON rpymimb
YBEJIMUUBACTCS B PSIY:

@)
Il
(C,H,0);P=0 < (C,Hy,0),=P-C,H, <
Tpubytundocdar JuOyTtunosiii a3¢up OyTui-
(Tb®) dhocdOHOBOI KHCIIOTHI,
oy TunoyTuidocdonar
(JIbb®d)
7
< CHO-P=(CH,), < (CHy)P=0
Bytunosslii aup nubyrui- Tpubynigocoun-
okcup (ThDO)

($hocpOoHOBOM KUCITOTHI,
Ooytunauodytundochonar
(BIbD)
Takass 3aKOHOMEPHOCTH OOBSCHSETCS TeM, YTO I(UPHBIA KHUCIOPO
OTTATUBAET DJEKTPOHHOE 00J1ak0o OT (POCPOPUIBHOTO KHUCIOPOJa, YTO
MOHIKAET MOJISIPHOCTD TPYIIIIBI.
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Ircmpazenmol ¢ OOHOPHLIM AMOMOM A30Mmd — OSTO aMUHBI, T.C.
COCIMHEHUSA, COJAEpXKallMe IOHOPHBIA aTOM a30Ta. AMHUHBI — AJIKUJIbHBIC
MPOU3BOAHBIC aMMHaKa. B 3aBUCMMOCTH OT Ynciia TPOTOHOB, 3aMEIICHHBIX B
aMMHaKe aJKWJIbHBIMU paJdKaJaMH, Pa3jINvaroT MEPBUYHBIC, BTOPUYHBIC U
tperrmunbie amuHbl (RNH;, R,NH m R3N), a Taxke derBepTHUHBIC
aMMOHUEBBLIC OCHOBAHUS.

BcnenctBue BBICOKOM 3I€KTPOHO-TOHOPHOM CIIOCOOHOCTH aToMa a30oTa
aMUHBI JIETKO HACBIIMIAIOTCS KHUCIOTaMHu, oOpaszys coju (M0J00HO COJIAM
aMMOHHMSI), CHOCOOHBIE 0OMEHHUBATh AaHHMOH KUCIIOTHI HA METAJLII-CO/ICPIKAIIIUE
aQHHUOHBI B BOJHBIX pacTBOpax. [1o3ToMy aMHUHBI OOBIYHO OTHOCST K KJIacCy
QHHOHOOOMEHHBIX SKCTPAreHTOB.

Bwmecre ¢ Tem creqyeT yuduThIBaTh, UYTO B PsJie CIydaeB, KaK MOKa3aHO
HIKE, aMAHBI SKCTPAruPYIOT TI0 PEAKITHSAM, XapaKTEPHBIM ISl HEUTPaTbHBIX
AKCTPAreHTOB.

IKcmpazenmol ¢ OOHOPHLIM AMOMOM Cepbl — OBTO Pa3IUYHbIC
opranuveckue  cyiabuubl, Hanpumep auOytwicynbhuny  (CyHo).S,
mudpenmicynbdun (CeHs),S n muknamueckue cynbduupl. K mocinennum, B
YaCTHOCTH, OTHOCSTCSI IIPOU3BOIHBIC THO(DAHA:

CH,— CHZ\ CH=CH N
I /S 1 THo(deHa: I /S
CH,— CH, CH=CH

Oprannyeckne CynbpUABI MOXXKHO TPOU3BOIUTH B  OONBIIHX
KOJTMYECTBAX W3 OTXO0JOB HedTenepepaboTku. B Hacrosmee BpeMs uUX HE
MPUMEHSIOT B TPOMBINUICHHONH MpPakTUKE, HO OHH CYHUTAIOTCS TEPCICK-
TUBHBIMHU B Ka4€CTBE dKCTPAreHTOB, OCOOCHHO /IS XaIbKO(MUIBHBIX 3JIEMEH-
TOB, TAKUX KaK MeJb, CEPeOpO, 307I0TO U JP.

4.5.2.2. Pagnogecue npoyecca s3KkCmpaKyuy HetimpaibHbLMU IKCIMpazeHmamu

Briiie Ob110 yKa3aHO, YTO B OPTaHMYECKON (paze pacmpeiesioneecs
BEIIIECTBO MOXKET HAXOJUTHCS B COJIbBATUPOBAHHOM COCTOSTHUHU (MOJIEKY-
JaMU SKCTpareHTa), JuOO B BHUAEC THAPATOCOJbBATA. 3JE€Ch PACCMOTPEH
NocJIeTHUM, 00Jiee CIOXKHBIM ciydaid, COUETAIOMNUNA THAPATAIIUI0O U COJIbBA-
Tauuio. M3BIekaeMoe BEMIECTBO B MCXOJHOM BOJHOM pacTBOpE, Kak
MPaBUJIO, HAXOJUTCS B MOHHOU (popMe B pe3ysIbTaTe TUCCOITUAITIH:

KmAn = mK™ +nA™. (4.63)

Tormga akTUBHOCTH PACTBOPEHHOTO BEIIECTBA B BOJAHOM pPacTBOpe OyneT
paBHa:

Qeoon = [Kn+]1r3n ) [Am—]g ’ VT 'YE = [Kn+]1r3n '[Am_]g "Y:]_L+m, (464)
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re ¥+ U ¥ — KO3(PPUIIMEHTH aKTUBHOCTH KaTHOHA W aHWOHA, ). — CPEIHE-
MOHHBIN KOA()PUIIMEHT aKTUBHOCTH 00OMX HOHOB.

B opranmdeckoii (aze Mpu OTCYTCTBUU JUCCOIMAIIMN AKTHBHOCTH
PacTBOPEHHOTO BEIECTBA paBHA:

Aope. = [Km ) An ]opr. "Yopr (4.65)

rae [KmAn] — MOJIbHAs KOHIIEHTpAIlUsl BEIIEeCTBA B JKCTpareHTe, a T.K.
K = agp.lagoon., TO BITOM Cilydae

. [Km ’ An ]opr. Y opr. ( )
T [ n+m m—n _n+m’ 4.66
[K ]B ’ [A ]B ’ Yi
Ha mpakTtuke bamie Bcero (Kpome TUCCOITMAITMU BEIIECTBA B BOIHOU
dase) sKkcTpakius pactBoputreiaeM (S) OCIOXKHSIETCS B3aUMOJCHCTBHEM

PaCTBOPCHHOI'O BCIICCTBA C BOIIOﬁ, T.C. B 06IHGM clIydac 3TOT IIpOoHeCC
MOJKET OBIThH IMpCaACTaBJICH peaKuI/Ieﬁ FI/I,[[paTO-COJ'ILBaTOO6pa3OBaHHH2

mKE" +nAZ" xS, +yH,0 & (KA XS -yH,0)opr,  (4.67)

opr
_ [KoA, XS YH,OL . Yeoms.
[K™IT[A™ T -7 -ag-ajlo (4.68)

371€Ch 4 — TEPMOJMHAMUYECKHE aKTUBHOCTH DKCTPATr€HTA U BOABL, Yconpp.—

KO3(PUIIMEHT aKTUBHOCTHU THIPATOCOJIbBATA B (pa3e sKCTpareHra

DTO BBIPAKEHUE CIPABEIIUBO MPU OTCYTCTBUU JUCCOIMAIIMU B Opra-
HUYEeCKOM ¢a3ze M NpU OTCYTCTBHUH KOMIUIEKCOOOpa30BaHMUS B BOIHOM
pacTBope.

KoadduumenT pacrpeaencHus KaTuoHa paBeH (C y4eTOM TOTro, 4TO B
COCTaB THAPATOCOIbBATA BXOJUT «My KaTHOHOB «K™ »):

_ m[KmAn -XS 'yHZO]opr.

o 4.69
“ [K rH_]BO,Z[H. ( )
r][KmAn XS - yHZO]opr.
JUTSL aHHOHA a, = m— (4.70)
[A ]BOI[H

Couerasa BelpaxkeHus sl K U oy, TONYYUM YpPAGHEHUe U30mepmbl
sxcmpakyuu 1t KatuoHa «Ky»:
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BOJIH BOJIH
o =K paenp : - . 4.71)

’YCOHBB.

MK Lo A" Toom @0 -25 71"

AHaOTUYHOE ypaBHEHUE MOXKET OBITH MOJy4YeHO I KoddduimenTa
pacnpeaeneHuss aHnoHa. [IpocTtoil MareMaTH4eCKUil aHAJIU3 3TOTO YpaBHE-
HHS MOKa3bIBaCT cienyouiee. M3 BeipaxkeHus Ayt o Cleayer, uro mpu m > 1
KOd(pPULIMEHT pacnpencsieHUs] B SBHOM (popMe 3aBUCHUT OT KOHIICHTPAILIUH
pacrpeessomerocs BemecTsa B BOAHOW (a3e 1, KpoMe 3TOro, yBEIMYCHUE

N ¥ M BBI3BIBACT YBEIMYEHUE Y+, YTO TAKKE YBEIUYHUBAET OL. 3ABHCHUT OL U OT
KOHIICHTPAIIUN COOCTBCHHBIX aHHOHOB.
ok (MU 0Ls ) TPOMOPIIMOHATBHBI KO3(PPUIIMEHTaM aKTUBHOCTEH HOHOB

(KaTHOHOB WJIM aHHWOHOB) B BOAHOH (hase, KOTOpbie (y) YBEIMUUBAIOTCS C
YBEJIMYEHUEM KOHIICHTPAIMU MMOCTOPOHHUX COJIEH, MPU 3TOM YMEHBIIAETCS

AKTUBHOCTH BOJIBI M yBeM4IuBaeTcs ().

Paz0aBieHrEe SKCTpareHTa HWHEPTHBIM pPACTBOPHUTEICM YMEHBIIACT
KO3 (UIIMEHT paclpee/ICHusT BCJICACTBHEC YMEHBIICHUS KOHIICHTPAIMH
AKCTpareHTa.

4.5.2.3. Dxcmpakyus s3gpupamu u KemoHamu

O¢upsl U KETOHBI OBUIM MCTOPUYECKH IIEPBBIMU OPraHUYECKUMU
KHUJIKOCTSAMHU, KOTOpPbIE HAIUIM NPUMEHEHHE B KayeCTBE HKCTPAreHTOB B
PaIMOXUMHUYECKON MPAaKTUKE MIPU OYUCTKE ypaHa U IITyToHUs. CrocoOHOCTb
HUTpaTa ypaHWIa HU30UpaATEIbHO AKCTPArupOBaTHCS JUATUIIOBBIM 3(UPOM
Obuta oOHapyxkeHa Oojyee 150 ner Hazaa. M30upatenbHOCTh W3BICUYCHUS
ypaHna (V) U3 BOIHBIX pacTBOPOB HUTPATOB MOKA3bIBAIOT IUGPHL: K03 du-

IIUEHTHI pacipeaeIeHUs] HUTPATOB Mn?*, Co*", Cu** u UOg+ OTHOCSTCS KaK
0,1:1:2:10".

CriennUIHBIM OKa3aJlOCh W BIMSHHWE TPUPOABI aHWOHa. M3 Bcex
M3BECTHBIX COJICM ypaHWIa C HEOPraHWYECKUMH AaHHUOHAMH CBOWCTBOM
AKCTPArupoBaThbcsi APUPOM U3 HEUTPATBHBIX BOJIHBIX PAacTBOPOB 00JIagaeT
TOJIbKO HUTpaT. Hu3kas TemmepaTypa KUTIEHUs, JIeTKash BOCIIJIAMEHSIEMOCTh
nenaror dpup HEeyJOOHBIM I  MCIHOJIB30BAHUSI B IPOMBIIIJIEHHBIX
MaciTadax.

[Tpr B3aMMOJEHCTBUM HUTpaTa ypaHWwiIa ¢ dpupaMu WIM KETOHAMHU
obpasyercs kommieke [UO,(NOs)o(L),] (3aech L — Monekyia HEHTpaIbHOTO
JUTaHa), B3aUMOJICHCTBUE KOTOPOTO C OKPYXKAIOUIUMH €Tr0 MOJICKYJIaMH
PacCTBOPUTEINISI MOXET HOCUTH DPA3IM4YHBIA Xapaktep. s HeOONIbIIMX IO
pa3MepaM JIMTaHJIOB ¢ KOPOTKUMH aJKWJIBHBIMH IEISIMU HanbOoJiee BayKHBI
JUTIOJb-TATIONIEHBIC B3aMMOJICHCTBHSI, BOJOPOAHAS CBs3b. ECIIM alIKMIIbHBIC
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paavKabl JIMTaHAA JOCTATOYHO JJIMHHBI, @ CBSI3b YPAHUJI-MOHA C JIUTaHaMU
npouna, To komruiekebl [UO,(NO3),(L),] OyayTr pacTBOpUMBI HE TOJIEKO B
M30BITKE PACTBOPUTEINSA, HO U B TAKUX MHEPTHBIX KHUJKOCTAX, KaK OEH30I,
CCl, u T.n. Ha mpumepe 3pupHBIX CUCTEM OTUYETIUBO BBHISBIISICTCS JIBOMHAS
pOJIb THUAPATHOM BOJBI B SKCTPAKUMOHHBIX Tmpoueccax. [Ipu Oonbiiom
M30BITKE BOJIBI B CHUCTEME (MHBIMH CJIOBaMU, MPU €€ BHICOKON aKTUBHOCTH)
OHAa B COCTOSIHUM BBITECHUTH aHHMOHBI W3 MEPBOU KOOPAMHAIIMOHHON chephl
ypaHUJI-UOHA, a MOJIEKYJIbl PAacTBOPUTENS — M3 BTOPOM, oOpa3ysi MHOrO-
CJIIOMHYIO TUJIPaTHYIO «IIy0y» BOKPYT KaTHOHOB W aHHMOHOB COJIM, KOTOpas
NPEnsTCTBYET MEpPeXoAy coiu B ¢azy opraHuyeckoro pactBoputens. [lpu
MOHW)KEHUH aKTUBHOCTH BOJIBI /IO OIPEJEICHHOTO TMpefena MOsSBISIOTCS
ycioBUsl A 00pa3oBaHUsl HEUTPAIBHOTO YAaCTUYHO T'MJIPATUPOBAHHOIO
KOMILJIEKCAa ypaHuia, KOTOPBI, COJbBATUPYSICh, NEPEXOIUT B (pazy OpraHu-
YECKOIro pacTtBopuTens. B 3ToMm ciayyae ruapaTHas BOJa MIPaeT IMOJOKHU-
TEIbHYIO POJIb B IPOLECCE IKCTPAKIIHH.

CMmeleHrus paBHOBECHS B CTOPOHY OOpa3oBaHHUs JAHUHUTPATHOTO
KOMILJIEKCA YypaHWJa M TEM CaMbIM IMOBBIIICHHUS €ro 3KCTParupyeMOCTH
MOKHO JOOUTHCS, YBEIMYUB KOHIEHTPAIMIO HUTPATHBIX TPYII B BOJAHOM
pacTBOpE WM TOHM3HWB AKTUBHOCTH BOJABI B CHUCTEME (B COOTBETCTBUU C
3aKOHOM JICHCTBYIONIMX Macc U3 ypaBHeHHS (4.71) M30TepMbI SKCTPAKIIUH).
OTO NOCTUraeTcsi NPUMEHEHUEM 6bicanusamerieti — BEIIECTB, COJEpKalIX
OJIHOMMEHHBIE aHUOHBI: HUTPAThl OJJHO-, IBYX- U TPEXBAJECHTHBIX METAIJIOB,
KOTOpbIE€ CaMH B OPraHMYECKOM pPACTBOPUTENE MMPAKTUUYECKH HE PacTBO-
PSIIOTCS; 9TO MOKET OBITh M caMa a30THas KUCIIOTA.

Ha BbicanuBaroniyro CcrnocoOHOCTh KOCBEHHOE (OIOCpPEJIOBaHHOE)
BIMSHUE OKa3bIBAaeT NpUpoJa KaThoHa BbicanmuBarens. Ha puc. 4.23
MOKa3aHO H3MeHeHue Kod((UIMEHTOB paclpeielieHus HUTpaTa ypaHuia
MEXIy BOJOW W AMATUIOBBEIM 3(HpPOM B MPHUCYTCTBHH HHUTPATOB OJIHO-
BAJICHTHBIX KaTUOHOB. BU/iHO, 4T0O K03 HULIMEHT pacnpeneneHus, OJIU3KUi K
HYJII0 B OTCYTCTBUE BBICAJIMBATENS, PACTET C YBEJIMYEHUEM KOHILIEHTpAlUU
MOCJIETHETO 10 OYEHb OOJIBIIUX BEIMYHUH. DTO OCOOEHHO SIPKO BBIPAXKEHO B
Cllyyae BbICAJMBATEsl HUTpPATA JIMTUSA. Y CTAHOBJIEHO, YTO BBICAJIMBAIOLIAs
CIIOCOOHOCTB pacTeT MO MEPE YMEHbILEHUS paJuyca KaTUOHA U YBEIHUCHUS
ero 3apsjaa, T.e. IO Mepe YBEIUYEHHMsS HOHHOIO IMOTEHLMajda KaTHOHa
BBICAJIMBATENS U BCIEACTBHE 3TOTO — YBEITMUCHUS CTENICHHU €T0 TUApaTaIiH.

Ha puc. 4.24 npuBeaeHa 3aBUCUMOCTb KOd(PUITMEHTA pacTpeaeICHUs
ypaHuia oT paJuyca ABYXBaJeHTHOIO KaTHOHA. B Tako# e mocieaoBaresb-
HOCTH YMEHBIIAETCS] aKTUBHOCTh BOJIbI JUISI M30MOJIIPHBIX PAaCTBOPOB 3THUX
HUTPATOB, T.€. PACTET THJApaTalyUs KaTHOHA. DTO O3HAYAET, YTO HapsAy C
YBEJIMYCHUEM KOHIIEHTPALMM HHUTPAT-MOHOB OJHOW W3 OCHOBHBIX MPUYHH
JCHCTBUS BBICATTUBATEINSA SIBISCTCA CBSI3bIBAHHE BOJBI €r0 KAaTHOHAMHU B
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BOJHOM pacTBOPE 3a CYET MX TMApPATAlWU, YTO MPUBOAUT K YMEHBIICHHIO
ruapaTalyy HUTpaTa ypanuia. [Ipu skcTpakuuu u3 pacTBOPOB, COAEPKAIIUX
BBICAJIMBATEM, HUTPAT ypaHUiIa B OPrAaHUYECKOM CIIO€ UMEET MOHMKEHHYIO
CTENEHb THIpaTaliy.

00 o 2+
20 | 3 Mg
16 1 3
12 1 2 4

8 ) 1 2+

4 -C)—/O/h 1 Ca Sr2+

0 0,04 0,12 0,20 0,28 0,78 1,06 1,27
MOHﬂpHaﬂ J0JIA1 BbICAJIMBATCIIA PaI[I/IyC HOHA, aHT'CTPEM

B UCXOIHOM PacTBOpe
Puc. 4.24. 3asucumocmo ko3ppuyuen-

Puc. 4.23. Pacnpedenenue numpama  ma pacnpedenenus HUmMpama ypamuid
VPAHUNA MeNCOY OUIMULOBLIM DPUPOM  mexncOy — OUSMUNO86IM  dpupom U

u 600HbBIMU pacmesopamu 8 B0OHBIMU pACMBOpPAMU Om  paouyca
npucymcmeuu BbICATUBAMEINEIL: KamuoHa-8b1CanIu8ames.

[UO2(NO3),] 0,001 morsapn. donu; [UO2(NO3)2] ~0,001 monsapn. donu;

1 - NH4NOs; 2 - NaNOg; 3 — LiNO;3 [NO3™]=0,325 2-ox6 6 100 2 pacmeopa

BricanuBarenn OOBIYHO MCHOJB3YIOT TPU IKCTPAKIMH  MaJIbIX
KOJIMYECTB BEILIECTBA. B MpUCYTCTBUM BBICAIUBATEIISI, UMEIOIIETO MTOCTOSH-
HYIO KOHIIEHTPALMIO, U TPYU HU3KOM KOHUEHTPALMU SKCTPArupyeMoOu COJIH €€
Kod(hPUIMEHT pacrpenesieHuss He 3aBUCUT OT KOHIICHTPAIMU TOCJIEIHEH B
mupokux npexpenax. [loatomy ¢ ycrnmexom MOXKHO 3KCTpParupoBaTh JaxKe
VHJIMKAaTOPHBIE KOJIMYECTBA BEIIECTBA.

B kadecTBE BBICUIMBAIOIIETO AareHTa HEPEAKO HCHOJIB3YIOT TAaKkKe
a30THYIO KUCTOTY. OJTHAKO XMMH3M JEHUCTBUS A30THON KUCIIOTHI HE CBOJUTCS
TOJIBKO K YBEJIMYECHUIO KOHILICHTPAILIMU HUTPAT-MOHOB U YMEHBIICHUIO AKTUB-
HOCTH BOJIbI. A30THasi KUCJIOTa, OCOOEHHO B MPUCYTCTBUU APYTUX BbICATIMBA-
TEJEM, caMa XOPOUIO SKCTPArupyeTcss OpraHnyECKUM PaCTBOPUTEIIEM:

H{ . +NO;  +TB®,, < (HNO, TB®)

BOJH. 3 BOIH. opr.

(4.72)

opr*

B pactBOpe MOJIEKYJIBI KHUCIOTHI TaK €, KaK M MOJIEKYJbl HUTpaTa
ypaHWia, COJIbBATUPYIOTCSA OINPEIEIEHHBIM KOJMYECTBOM MOJIEKYJ pacTBO-
purens. [loaToMy npu COBMECTHOM pacCHpeelICHUM HUTpATa YpaHWwia U
KUCJIOTBl M TIPU BBICOKMX KOHLEHTpAUUSAX IOCICIHENM MOTrYyT BO3HUKATH
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TaKMe yCIOBHS, KOTJIa BEChb OPraHMUYECKUN PacTBOpPHUTENs OyAeT cBs3aH. B
pe3ynbTaTe BO3HUKAIONIEH KOHKYPEHIIMU COJIM U KHUCIOTHI 32 PACTBOPUTEIND
MOXXET TOHHU3UTHCS KOA(P(UIMEHT paclpeneneHusi COMu. ITO SBJICHHE
XOpOIIO WJIIIOCTPUPYET 3aBUCUMOCTb KO3((UIMEHTa paclpeaeeHus
HUTpaTa ypaHuia OT KOHIEHTPallMW KHUCIOTHI, MpUBeAeHHas Ha puc. 4.25.
[Tocne Bo3pactanus Ko3(pUIMEHTa paclpeieieHus, KOrja MpeBaJupyeT
BBICAJIMBAIOIIEE M KOMILJIEKCOOOpa3ymomee NeiCTBUE KHUCIOTHI, KpUBas

ol 07_3_ npoxoauT 4YCpe3 MAKCHUMYM H
;55 HaYNMHACT CHUWXXATLBCA B PE3YJb-
80 o TaTrc HpCO6J’IaI[aHI/I5{ KOHKYPCHIUU

3a a¢dup. Bricokas 3kcTparupy-
eMOCTh W OoJjbllias u30HpaTelb-
40 1 HOCTh OKcTpakmuu ypana (VI) wu
HEKOTOPBIX  JIPYTUX  DJIEMEHTOB
0 - - ! - a(upaMu U KETOHAMU U3 HEUTpaJib-
2 6 10 14 20 HBIX U CIIA00KUCIIBIX BOJHBIX PacT-
Konnentpanus HNO;, M

BOPOB  npucywja  moabKo  Ux

Puc. 4.25. Pacnpeoenenue numpama HUMPAMAam.
VYpauuna mexcoy as0mHOKUCTbIM pac- B ob1em ClIydae B
MEOPOM U H-OUGYMUTIOBbIM IPUPOM COOTBETCTBUU C YpaBHEHUEM

M30TE€PMBI IKCTPAKIMKU KOIPPuIu-
€HT pacrpenesieHus o (IKCTparupyeMoCTh) HUTpaTa ypaHWUJa 3aBUCUT U OT
€ro KOHIIEHTPAIMK. JTa 3aBUCUMOCTh HOCUT CIIOKHBIA XapaKTep, TUITMYHbIE
(dbopMBI KPUBBIX pacipeiesieHus puBeeHbl Ha puc. 4.26.

A o A
Yy, T/11 v
300

4
200 .
2
100 1 1
I
' : T T > : >
0 100 200 300 400 x X

Puc. 4.26. Xapaxmepnvle yuacmku xpuevix  Puc. 4.27. 3asucumocmo kod2¢pghu-
pacnpedenenus (Y u X — KOHyenmpayuu yuewma pacnpeoeieHus HUmpama
HUMpama ypamuia 6 Op2aHUYecKol U  YPAHOULA Om e20 KOHYEeHmpayuu 6
600HOU (pazax): 1 — oubymunoewiii opup; 2 —  600HoUpaze:1 — 6e3 evicarusamensi;

ousmunoswiii 2¢pup; 3 — ThD 2—-4 — yeenuuusaioweecs KOIULECMEO
gvicanusamens
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BuaHo, 4To KpHBas B 3aBUCUMOCTH OT DKCTPAareHTa MOKET UMEThb TPH
y4acCTKa: HAYAJIBHBIA — BOTHYTBIM, CPEIHHUWA — BBIIYKJIBIA, NOCIEIHUN —
nosioruii. BorHyTocTe mepBOro yyactka €cTh CJIEACTBHE IUCCOLIMALIMU B
BOJIC MOJICKYJbl HUTpaTa ypaHWJa Ha TPU HMOHA C BBITEKAIOIIEH OTCIO/IA
3aBHCUMOCTBIO Y =~ X°. Ilepexon K BBIMYKJION YacTh HM30TEPMBI CBSI3aH C
pPE3KMM BO3pacTaHWEM HEUJCANTbHOCTH pacTBOpa HUTpaTa ypaHWUiIa B
opraHuveckoil (aze mo mepe HACHIIMIEHUS TOCIEAHEH COJIbIO: yzx3/yopr.
JIisi moclieqHero y4acTka XapaKTepHO HACBIIIEHUE OpPTraHWYecKou ¢asbl
COJIbIO YpaHuJIa.

C ¢opmoii paBHOBECHBIX KPHUBBIX CBsi3aHa W 3aBUCUMOCTb KO3(hdu-
IIMCHTA PACIPEICIICHUS ypaHWIHUTPaATa o = Y/X OT KOHIIEHTPAI[MK COJIA B
BOJIHOW (haze B NPUCYTCTBUHU BbicanmuBarens (puc. 4.27). HauaneHomy
BOTHYTOMY YYaCTKy KPHBBIX COOTBETCTBYET POCT KO3(QHIMEHTa pacipe-
JeNieHuss Tmpu yBennueHuH X. Ha BTOpoM ydacTke pocT o 3amenmsieTcs,
TPETbEMY YYacTKy COOTBETCTBYeT MajaeHue o 1o 3akoHy 1/X. IlosBneHue
MaKCMMYMOB CBSI3aHO C HEUJCATbHOCTBbIO OPraHUYECKON (a3bl: 4eM OoJIblIe
KOHIIEHTpAIMsl BbICAIMBATENs, TeM OOJbIIE YypaHWIHHUTpaTa Iepeiner B
OpraHMYecKyo (pa3y ¥ TeM paHbIIe CKaKETCS HEUAEATbHOCTh OPraHUIEeCKON
¢a3zpl. [Ipu AO0CTATOYHO BBHICOKOW KOHIIEHTPALMU BBICAIIMBATENS] BOTHYTHIN
Y4acTOK HCYE3aeT, OJHOBPEMEHHO MCU€3a€T M MAaKCUMyM Ha KpHUBBIX
K03 (DUITMEHTOB pacipeneeHusl.

4.5.2.4. Dxempakyus gpocghopopeanuueckumu IKCmpaceHmamu

TpuOyTtundocdart sBaseTCS HEUTPATBHBIM dKCTpareHToM. Ho ¢ apyroit
CTOPOHBI, OH OTHOCHUTCS U K Oorateimiemy kiaccy (ocdopopraHudeckux
COCIMHEHUM, MHOTHE M3 KOTOPBIX MPOBJISIOT U KUCJIOTHBIE CBOMCTBA. JTH
COeMUHEHMs] 00pa3yroT Wbl  KJIacC KHUCHBIX OKCTPAreHTOB, HX
OKCTPAKIIMOHHBIE CBOWCTBA W MPHUMEHEHHE OYyIyT pacCMOTPEHBI HUKE.
OOmme 3aKOHOMEPHOCTH JKCTPAKIIMOHHBIX MPOILIECCOB C MPUMEHEHHEM
HEHTpPaTbHBIX IKCTPAreHTOB MPHUBEEHBI BhIlIe. [loaTOMY 371€6CH HE0OX0IUMO
PacCMOTPETH OOIIYIO XapaKTEPUCTUKY POCPOpOPraHNYECKUX IKCTPAreHTOB.

dochopopranudeckre COCTUHEHHs] Pa3IMYHOTO CTPOCHHS B HACTO-
AIee BpeMs IMIMPOKO KCIIONB3YIOT B AKCTPAKIIMOHHBIX Tpolieccax. Beicokue
AKCTPAKIIMOHHBIE CBOWCTBA TMO3BOJITIOT MPUMEHSTH 3TH JKCTPAreHTHI JIJIs
pEIIeHNs] CaMbIX Pa3HOOOPA3HBIX AHATTMTUYECKUX U TEXHOJIOTMUECKHUX 3a7ad,
BO3ZHUKAIONINX, B YAaCTHOCTH, MPHU TEpepadOTKE ypPaHOBBIX PyA WU TPHU
BBIJICNICHUA W PA3[eiCHUM ypaHa, TUIyTOHWS W W3BICYCHUH IICHHBIX
KOMITOHEHTOB TIpHu TiepepaboTke orpaboramiero sigepuoro torua (OAT).
dochopopraHudeckie COEAMHEHHUsS SBISIOTCS MPOU3BOJHBIMH TPOCTHIX
okcokucioT (dochopa, B KOTOpbIX Bce WM 4dacTh rpynn OH umum aTombl
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BOJIOPOJIa B HUX 3aMEIICHBI ATKWIbHBIMU, aPUILHBIMU UM AJIKOKCUIIbHBIMU
paauKagamMu.

B 3aBucuMOCTH OT MOJHOTHI 3aMEIleHUsT HOHOB BOJOPOAA H/WIIK
THIPOKCHIIBHBIX Tpynn (HocPOopopraHMyecKrue COCIWHEHUS MOpa3eliaioT
Ha HEUTpasbHbIE U KUcTble. B cBOIO odepenr HelTpanbHble (pochopopraHu-
YECKHUE SKCTPAreHThl MOXHO MOJpa3JeiauTh HA MOHO- W OWJEHTaTHbIE B
3aBUCUMOCTH OT YHCJIa (PYHKIIMOHAIBHBIX TPYIIIL.

B MOHOJEHTAaTHBIX COEAUHEHUSX OCHOBHOW (YHKIMOHAIBHOU
rpynmnoi, oOecrneynBaromeid X SKCTPAKIIMOHHYIO CIOCOOHOCTb, SIBISIETCS
dochopunvhas rpynna =P=0. buaeHTaTHble peareHThl COAEpKAT JBE
dbochopunbHbie rpynnbl Wik oAHY (HocHOopUiIbHYI0 U OJIHY KapOOHMILHYIO
rpynny. Kucneie ¢docopoprannueckne coeAMHEHUs NOAPA3AEIAIOTCS Ha
MOHO- ¥ TUAJKWII- (apJI-) KACIOTHI. B Ta0i1. 4.6 mpuBeIcHBI OCHOBHBIC THITBI
dbochopopraHuuecKux COCTUHEHUM, UCIOIb3YEMbIX B HACTOAILEE BpeMs B
AKCTPAKIMOHHBIX Mpoueccax. CpaBHeHHnEe KOA()(UIMEHTOB pachpeneieHus
JUTSL Pa3JIMYHbIX METAJUIOB YKA3bIBAET HA BIIMSHHUE 3aMECTUTENICH B MOJIEKYJIE
AKCTpareHTa Ha SKCTPAKIMOHHYIO CIOCOOHOCTh HEUTpalbHBIX (ocdop-
OpraHUYEeCKUX COEAUHEHUH, KOTopas pacTteT B psany: ¢eHunpocdaTsl <
ankuigocdatel < poconarsl < pochunarsl < HpocHUHOKCUABI. DTOT HOPS-
JIOK YCTOMYMBOCTH KOMIUIEKCHBIX COEAMHEHUN OOYCIIOBIIEH H3MEHEHHEM
AIIEKTPOHHOM TUIOTHOCTH Ha PoCcHOPUIHLHOM aTOME KUCIOpOa.

Hpyrue HeltpanbHble (HochopopraHUUECKUe COEAMHEHUs (O0COOEHHO
dbochuHOKCUIBI) SABIAIOTCS emie Oosiee A(HPEKTUBHBIMU HKCTPAreHTaMH,
Oylaromapsi 4eMy WX MOXXHO MCIIOJB30BaTh JJIsi SKCTPAKIIMU HE TOJBKO W3
A30THOKUCJIBIX PACTBOPOB.

DKCTpaKIMIo ¢ ToMOoIIbIo (hochopopraHMuecKux COeTUHEHUN OOBIYHO
MPOBOASAT UX PACTBOPAMHM B MHEPTHBIX IO OTHOIICHHIO K JKCTPareHTy u
BOJHON (pa3e OpPraHUYECKUX pacTBOpUTEIAX («kepocun», Oenzoin, CCly u
Ip.). DTO 00YCIIOBIEHO HEOOXOIUMOCTHIO YCIIETHOTO pasaesieHus a3 mocie
AKCTPAKIMH, T.€. sl 00€CleUeHus: CYUIECTBEHHOIO Pa3inyusl IJIOTHOCTEH
BOJIHOM M OpraHnyveckoi (a3, a Takxe ux BSI3KOCTei. PacTBopUTeNN TOMKHBI
YAOBIETBOPATH TpeboBammsm: 1, >170 °C; t,,,>40°C;, p~0,8 /e,
Hamnpumep, unctoiit Th® peako ucnosb3yroT, TaK KakK €ro MIOTHOCTh OJIM3Ka
K IUIOTHOCTH BOJBI, YTO 3aTpyAHseT paccinauBanue. Konuenrpamus ThD B
pactBoputesnie 00b1uHO cocTanisieT 20—40 %.

B HEKOTOpBIX cilydasx IpU dKCTPAKLMU METAIIOB ¢ nMomolipo Thd u
JIPYTUX SKCTPAreHTOB MOXKET MPOMCXOAUTH paccilalBaHUE CaMOW OpraHu-
yeckod ¢asbl. bosee Tsxkenas opranuueckas aza COACPKUT MPAKTUUECKU
BECh M3BIEKAEMBIA D3JEMEHT U BBIJEISAETCS BCIEICTBUE OrPAHMYEHHON
pPacTBOPUMOCTH O0pa30BABIIETOCS KOMIUIEKCHOTO COEIMHEHHS B pa30aBu-
Tene. 3ameHa paszOaBuTenield, HampuMep anudaTUYecKuX YIIIEBOJIOPOJIOB
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ApOMAaTH4YCCKNMU, 500041 I[06 ABJICHUC  BBICOKOMOJICKYJIIPHBIX  CIIMPTOB

YCTPAHSIET 3TO SIBJICHUE.

Tabnuma 4.6
Tuner dhochopopranrueknx coeqMHEHUH, MPUMEHSIEMBIX B OKCTPAKIIUN
CoenuHenue dopmyna
HelTpanbHble MOHOAECHTATHBIE
docdarter (RO)sP=0
dochoHaTs (RO),RP O
dochuHaTel (RO)R,P=0
dochuHOKCHU B R3P=0
Kucibie
HuankundochopHsie 0
KHUCITIOTHI (RO),PT OH
AnkundocdopHbie 0
KHUCJIOTBI (RO)P; (OH),
JuankundochoHoBbIe 0
KHCIIOTHI (RO)RP<OH
AnxundochoHOBBIE _0
KHCJTOTBI (R)PL (OH),
HuankundochuHoBsie 0
KHCIIOTBI R,PT
- "OH
HeiiTpajibHble OMIeHTATHBIE
TerpaankunmetmnenaudochoHat
(RO),P-CH,~P—(OR),
Huankun - N, N- nuankunkapbamundocdonat
(RO),P-C—N(R),

Juankwmn - N, N- quankunkapOamui-
MeTuieHdochoHat ® O)zi"— CHZ—(HD—N R),

*R — ankuibHBIN UKW apUIBHBIN pauKal
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Jns G6onpmmHCTBA (POChHOpOPraHNUECKUX IKCTPAr€HTOB XapaKTEPHO
HaJIMYue BBICOKOTO IUMOJBHOTO MOMEHTa MoeKybl (L = 3,57 nns ThD).
3HaunuTeNbHAS DJIEKTPOHOIOHOPHOCTH (hochopmimbHOrO aTomMa KHCIOpoAa
00BsICHSIET OOJIBIIYIO CKIOHHOCTD (hOCHOPOPTaHUUECKUX COSAMHEHUN
KOOPJAMHHUPOBAThCS K KAaTHOHAM METAJIOB C OOpa3oBaHHMEM 3KCTparu-
pyromuxcs coequHeHni. Takum 00pa3oM, MOJIEKYIIbl HEUTpaNbHBIX (ochop-
OpPraHUYECKUX COEIUHEHUI SBISIOTCA CUJIBbHBIMU 3JIEKTPOHO-IOHOpaMH,
CIIOCOOHBIMH TIOJIHOCTBIO BBITECHSATH BOJY M3 KOOPAMHALIMOHHOW cgepbl
HMOHAa METaJula, IOATOMY B COCTaB 3KCTParupyeMbIX KOMIUIEKCHBIX COEIH-
HEHUIl B NPOTHBOIIOJIIONKHOCTh COEIUHEHUSIM C 3(QHUpaMu U KETOHAMH HE
BXOJUT BOJIA.

4.5.2.5. Dxcmpakyusa mpubymungocghamom

TpuOytundocdar (moaHoe Ha3BaHUE — TPUOYTHIIOBBIN >Pup pochop-
Hoit kuciotel (C4HgO)3PO, cokpamenHoe — Th®D) siBnsercss HEHTpaabHBIM
skcTpareHToM. OH OTHOCHUTCS K OorareimemMy kiaccy ¢ochopopranu-
YECKUX COCAMHECHUN, MHOTHE U3 KOTOPBIX MPOBIISIOT U KUCIOTHBIE CBOMCTBA.
OOmas xapaKTepUCTHKA dTUX SKCTPAreHTOB MPHUBEACHA BBIIIC; Ba)KHEHIINE
cBoiictBa Tb® npuseneHs! B Tad. 4.7,

Tabnuua 4.7
CaoiictBa Th®
CaoiicTBO 3HayeHue
MonekynspHasi Macca, T ® MOJIb 226,32
[Bet OCCIBETHBIN
II10THOCT P, T/cM® 0,973
Temneparypa masnenus, °C -80
Temneparypa kunenusi, °C 289
Temneparypa Bcnbiku, °C 146
JluHamuueckuil K03 pUIUEHT BA3KOCTHU [, CAHTHUITya3 0,332
PactBopumocTts B Bojie nipu 25 °C, /0 0,39
PactBopumocts B Boje npu 95 °C, r/n 64

CrpykTypHas
bopmyna CH,;—CH,~CH,—CH,— O 5 0

CH,~CH,~CH,~CH,~O~ “O—CH,~CH,~CH,~CH,
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Tpubytundocdar  sBusercs Hauboliee  U3BECTHBIM,  IIHUPOKO
M3YYEHHBIM M YacTO NPUMEHSIEMBIM B PaJIAOXHUMHYECKOW MPAKTHKE, B
TEXHOJIOTHH PEAKUX U PACCESIHHBIX 3JIEMEHTOB IPEICTaBUTENIEM HEHUTpalib-
HBIX (Qochopopranndeckux sKcTpareHToB. Th® — cpaBHUTENBHO TPYIHO-
netydyas OeclBETHas XUAKOCTh C BBICOKOM TeMIiiepaTypoil ruiaBieHus. OH
JOCTAaTOYHO YCTOMYMB K BO3JACHCTBHUIO paJvaliH; SBISETCS XOPOUIUM
DKCTPAreHTOM [UIsl HUTPATOB YETBIPEXBAJCHTHBIX LEPHs, LIUPKOHMS TOPHS,
IUIyTOHUS, ypaHa M BO MHOTHX CIy4yasX MOXET MpPUMEHITbCS 0e3
BbIcanuBaTenel. Th®D obradaem 6blCOKOU CeNEKMUBHOCIbIO NO OMHOULEHUTO
K MHO203apadnbIM  Kamuonam muna Me' u  oxcoxamuonam MeOy’,
Menvueii — k Me™ u npakmuyecku ne sxempazupyem kamuons, Me** u Me".

B kadecTBe npumepa pacCMOTPUM PacHpeiesIEHUe XOPOUIO dKCTparu-
PYEMBIX a30THOKHUCIIBIX COJIEH ypaHWIa U TOpus Mexay Bogon u Thd:

(UO5") oo+ (2NO3Z) | +(2TBD) ey, = (UO,(NOy), - 2TBD) ., (4.73)

600H 600

((Th*)+(4NO3) + 2TBD) . < (Th(NO;), - 2TBD),, .. (4.74)

CwMmellieHre paBHOBECHUS JBYX IMOCJEIHUX PEAKIUN CHIIBHO 3aBUCUT OT
KOHIIeHTpalu BbicanuBaTeneil. [lpu xonnentpannu HNO;3; B BogHOU (dase,
paBHoit 1,0 M, BeicanuBatoiias ciocoOHOCTh HUTpAaToB MeTaiioB (3,0 M) mo
orHomenuro kK U (V1) mpu skcrpakiyu Th® nmoHmKaeTcs B MOPSIKE:

Al>Fe>Li>Zn>Cu>Mg>Na>Ca>NH,;>K.

C murparamu Me®* oGpasyrores combBatsl Trna Me(NOs); 3TB®. Takum
o0pa3oM, B3aMOJICHCTBHE 37€Ch MPOUCXOIUT TI0 COTHBATHOMY MEXaHU3MY.
[TpumMepoM PKCTpaKIUK IO THAPATO-COJIEBATHOMY MEXaHH3MY CITY)KHUT
obpazoanre UO,(NOs), - 4H,0 - 2(C,Hs5),0 mpu  skctpakmmu UO,(NOs),
JTUATUIIOBBIM 3(QUPOM.
KoHcTanThl paBHOBECHS SKCTPAKIMM JUIsl ypaHa W TOPHUS COOTBET-
CTBEHHO PaBHBbI:

~ [UO,(NO,), - 2TB®D]
b, [UO3]

Opr. Ycons B,

INO; 1%, - [TBD)Z, 7292

BO/I. Oopr.

(4.75)

BOJI.

_ [Th(NO;), -2TB®d]
Th — [Th4+]

Opr. . Y COJIbB.

INO;1* - [TBD)Z,. 7273

opr.

(4.76)

BOJL.

Otcrona ko GUIMEeHTH pactpeieICHUSI PABHBI:
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o [UO,(NO,), - 2TE®]
’ [UO;']

e y?
™ =K, - [NO3 15, [[TBOL, - == (4.77)

BO/L. Oopr.
BOJI. COJIbB

BOJH opr.

5 .2
o, = Kg, -INO; I5, 5 - [TBD] H (4.78)

COJIbB.

Brusanue paznuunvix gpaxkmopos na sxcmpaxyuio mpubymuaghocghamom

Bnusianue OonbIInHCTBA (PAKTOPOB, BIUSIONIUX HA MPOLIECC SKCTPAKIINU
HEUTpaIbHBIMU OKCTpareHTaMu (MpUpPOAA DKCTPAreHTa, KOHIIEHTPALUS
pachpeeNiomerocs BelecTBa, KUCIOTHOCTb, M30MPaTeIbHOCTh, BbICAIIU-
BaHWE), omucaHo B pasgene 4.5.2.3. AHajau3 IMOCICIHUX YpaBHEHHM
MO3BOJIAET BBUICHUTH BIUSHUE HAa OKCTPAKIUIO ypaHa M TOpHS
TpuOyTUidochaTom psia Ipyrux GakTopoB HApAAY C YKA3aHHBIMH BBILIE.

1. Oonospemennoe eruanue KUCTOMHOCIU U KOMIJIEKCOOOPA308AHUSA
HArJSIIHO TpociiexuBaeTcs Ha npumepe skcrpakimu U(VI), Pu(lV), Th(IV)
u Am(II1). Ha puc. 4.28 npuBeeHsl 3aBUCUMOCTH K03(DDUITUEHTOB pacrpe-
JICTICHHUS] YKa3aHHBIX DJIEMEHTOB OT KOHIIEHTPAIlMM a30THON KHUCJIOTHI MPHU
skcTpakiuu ThO.

BricanuBatomiee nericteue HNO; mposBisieTcss 10 €€ KOHIICHTpAIUU
1,5M. BcrnencrtBue 3HAYUTENBHOW 3KCTPATUPYEMOCTH CaMOW KHUCIIOTBI
JalbHEHIIIee yBEIMYCHUE €€ KOHIIGHTPAIlMh B BOJHOM PAacTBOPE MPUBOIHT

(00
10 IAERRNY!
/ ool >
4 :>“n
|3 T ~ Lo
ﬁ fo.-o—o_o_/o"‘ Y

1,0 7 74 o

10" //
J P~ou
4 xix/

0 2 4 6 8 10 12 14
[HNO,], M

Puc. 4.28. 3asucumocmo kosgpgpuyuenma pacnpeoenenus U(1V), Th(1V), Pu(lV),

Am(II) om xonyenmpayuu HNO3 6 6oonoii gpaze (npu 25°C; pasbasumenv —

kepocut): 1 —PU(NO3)4; 19 %-neiti TED; 2 — U(NO3)s; 4,8 Y%-notit THD;
3—Th(NO3)s; 19 %-nvui TED; 4 — AM(NOs)s; 4,8 %-noiii TED

[ )

10°
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K yMEHBIICHUI0O KOXD(PHUIIMEHTOB pachpeneieHuss €3-3a YMEHBIICHUS
KOHIICHTpAIlMl CBOOOJAHOTO JKCTpAareHTa. AHAJIOTUYHBIE 3aBUCHUMOCTU
UMEIOT MECTO W JUIsl APYTHX HEUTPadbHBIX (oCPOpOpraHUIECKUX IKCTpPa-
TE€HTOB. YMEHBIIICHUE O, KaK YKa3bIBaJIOCh BBIIIE, TPOUCXOIUT BCICIACTBHE
KOHKYPHUPYIOIIETO MpoLEecca 3KCTPAKIUU CaMOM KHCIOTBL. YBEJINYEHUE
KO2(DPUITMEHTOB pacTlpeneseHUs] MPU BBICOKUX KOHIICHTPAIUSAX a30THOU
KHCJIOTBI CBS3aHO c o0OpazoBaHHeM KOMILIEKCOB THUIIA
AM(NO3);'NTB®-mHNO;. AHanmorndselii XxapakTep pacnpeie/ieHUs UMEIOT
UTTPUHA, CKaHIUH W TpexBaJeHTHbIC JaHTaHoWIbl (P33); ko3dduumeHTs
pactpenenenus P30 npu skcrpakuum Th® pactyr ¢ yBenuueHHem
NOPSIAKOBOIO HOMEPA, T.€. C YMEHBIIEHHEM UOHHBIX PAANyCOB JIAHTAHOUOB.

OKCTpakiuss HeUTpanbHbBIMU (PocHOopOopraHUuYEeCKUMU COCTUHEHUSAMHU
MPOBOAUTCS W3 KHUCIBIX pPAacTBOPOB, MPU OSTOM PaA3JIMUHBIE KHUCIOTHI
TaKXKe€ PearupyroT ¢ SKCTPAreHTOM M M3BJICKAIOTCS B OpraHuueckyro (dasy.
Koaddunmentsl pacnpeneneHus KuciaoT Tmpu  dkcTtpakiuu ThD  wu3
pa30aBICHHBIX BOJIHBIX PACTBOPOB YMEHBIIAETCS B PSIAY:

HNO, > HNO; > HI > HBr > HCIO, > HCI > H,SO, > H3PO,.

2. Bausinue npupoodvl nOCMOpOHHUX aHUOHO8. B GONBIIMHCTBE CITydacB
MIOCTOPOHHUE AHMOHBI YMEHBIIAIOT KO3(PPUUUEHTH  pacnpeneaeHus
(puc. 4.29). 3mech HUTpPAT-WOH SIBJIACTCS  BBICAIMBATENIEM, IIOITOMY
IPOUCXOINUT YBEIIMYEHUE H3BJICYE-

Hud. CHUKEHUE CTENEHU U3BIeYe- 100 1

HUSI ypaHa OCTaJIbHBIMHW aHUOHAMU X 1T o o 1
CBSI3aHO MCKIIOYHUTEIIBHO C KOMII- % 80 2
JIEKCOOOPa3yIOIIIM nelcTBUEM s 3
IIOCTOPOHHUX AaHUOHOB IO OTHO- % 60 - 4
HICHUI0O K  PacClpeaesoneMycs o -

BemecTBy. U3 puc. 4.29 HarnsagHO = 40 A 5
BUJHO, YTO CTENEHb YMEHBIICHUS < 1

ko3 uimenta pacnpeneneHus 20 6

0 0,5 1,0 1,5

BCCbMa CYH.I@CTBCHHO 3aBUCUT OT
Konnenrpanus aHrnoHa, MOJIb/JT

MPUPOALl  MOCTOPOHHETO aHUOHA
(KpoMe ero KOHIIEHTpalUK), T.€. OT Puc. 4.29.  Bauanue npupooer u
ero KOMHHCKCOOGpaByIOHleﬁ CIIO- KOHYyeHmpayuu aHuoOHo6 Ha Chmenensb
COOHOCTH: YeM MpOYHEEe KOMILIEKC UseLcHenln ypanui-numpama. -
I+ . 1-NOs; 2-Cl; 3—-C,047; 4-F;

annona ¢ UO5" B BopHOl (ase, 5_50,% 6- PO
TEM MEHbIIIE OLy.

Takum 00pa3oM, MO O3TUM 3aBUCUMOCTSIM MOXXHO CPaBHUBATH
KOMILJIEKCOOOPa3yIOIIyI0 CIIOCOOHOCTh AaHMOHOB MO OTHOILECHUIO K YpaHWILY
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B nopsake yobiBaHus: ¢ocdar > cynbdar > propun > > okcanat > XJIOPHI.

lIpumenenue TE® npu nepepabomre OAT

Beimie ObuIO yKa3aHO, YTO BOKHEUIIMMU 33Jja4aMU PaIuOXUMHYECKOM
nepepaboTku 0b6sydeHHoro (orpaboraBmiero) suaepHoro TtormBa (OST)
ABJISIFOTCS: W3BJICYEHUE IUIYTOHUS JUISl CO3JAHUS SEPHOTO OPYXKHUA, IS
MOJIyYeHUS] CMEIIAHHBIX YpaH-IUIyTOHHEBOTO WM TOPUH-TUTyTOHHUEBOTO
TOTUIUB JIJIE DHEPreTUYECKUX PEAaKTOPOB Ha OBICTPHIX HEUTPOHAX;
U3BJICUCHUE YpaHa C LEIbI0 BO3BPAILCHHS €TI0 B SIACPHBIN TOILUIMBHBIN ITUKII C
BO3MOJKHBIM JI0OOOTaIlIEeHHEM I0 ypaHy-235 (Ipu 3TOM IpeaycMaTpUBaeTCs
BBICOKAsl CTCTICHb MX OYUCTKH OT «OCKOJIOYHOI» aKTHBHOCTH); BBIICICHHUE,
KOHIIEHTpupoBaHue npoaykroB naeneHust (I1/I, «oCKOIKOB») W BBIJIEIECHUE
OTJEJIBHBIX LEHHBIX PAAUOAKTUBHBIX H30TOIOB.

[Tocne pactBopenus OAT (kak mpaBUiio, B a30THOM KHCIIOTE) B BOA-

HBIX PacTBOpax HaXOAATCS ypaH, IUIyTOHMM W mpoayktel aenenus 1] (ux
NpUOJIM3UTENBHBIA COCTaB TpHBEIEH Ha puc. 2.5). B Hacrosmiee Bpems
OCHOBHBIM crioco0oM mnepepaboTku OAT saBisieTcs BOAHO-3KCTPAKIIMOHHBIN
¢ npumeHeHnneM ThO.
Ha ocHoBe paznnuust B koapdunmentax pacnpenenenus U, Pu u npoaykToB
JeJeHHs pa3paboTaHbl TEXHOJIOTMYECKUE CXEMBI Pa3/IeJICHUsI 3TUX BEUIECTB C
00JbIIMMU KOA(PPUIUEHTAMH OYUCTKH OT «OCKOJIOUHOI» PaJliOaKTUBHOCTU
¢ npuMeHennueM ThO.

YcTOWYMBBIMM MOHHBIMH (pOpMaMH B BOJHBIX pacTBOpax Uil ypaHa

SIBJISIFOTCS UO§+, U4+; st orytoHus — PuO §+, Pu‘“, Pu®*, [InyToHmI- u

YpaHUJ-UOHBI B OJKCTPAKIIMOHHOM OTHOIICHWH CXOAHBI MEXIy COOOM.
VYcnoBus, cnocoOcTByIONME 00pa30BaHUIO B BOJHOM PacTBOpPE HUTPATHBIX
KOMIUICKCOB ypaHHWJa W IUTyTOHWIa, aHainormyubel. [Dmyronuit (V) Takke
XOpoIIo JKcTparupyercss B (opme HeirpanbHoro komiuiekca PU(NOs),.
Opnako skctpakius mrytonus (IV) MoxeT ynoBIeTBOPUTETHHO MPOTEKATh
TOJIKO U3 JOCTaTOYHO KUCIBIX pacTBopoB (pH = 1), T.K. OH ropa3fo cusibHee
noasepraercs ruapoiausy, dyem Pu (VI). B mpoTHBOMONIOKHOCTE HUTpaTam
IUTYyTOHUS BBICIINX BajeHTHocTel, HutpaT turytonus (I11) skcrparupyercs
OpPraHMYECKUMHU PACTBOPHUTENSIMU OYEHBb CIa00 M B ATOM OTHOIICHHWH HAIlo-
muHaeT Hutpathl P.3.9. Koadduunents! pacnpeneaeHus HUTpaTOB ypaHuia,
IUTYTOHUS ¥ TIPOAYKTOB JIeJIEHUs MTpUBEEHBI B Ta0. 4.8.

Pasnenenne cBOANTCS K CIEIYIONIMM OMEPAlMsM: TIEpe] IKCTPaKIIHeH
TUTyTOHUW BOCCTAHABIMBAETCS JO TPEXBAJICHTHOTO cocTostHus. [lpu sTom
NPUMEHSIOTCS «MATKHE» BoccTaHoBUTeH (SO,, TuApasuH, THAPOKCUIAMUH
U JIp.), KOTOpbleé BOCCTAHABIMBAIOT IUTYTOHHUH, HO HE HM3MEHSIOT CTENEHb
OKHCJIEHUsI ypaHa. B mpoiiecce 3KCTpakuuyd ypaH NEpEeXOJUT B OpraHH-
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YeCKUl pacTBOpHUTENb, a TuryToHuid u [1J] octatroTcst B BogHO# daze. 3atem
IIPOM3BOJIUTCS OKHUCJIEHUE IUTYTOHHSI [0 MWIECTUBAJIEHTHOIO COCTOSTHUSA
(okucnuTeNneM OOBIYHO CIYXHUT TUXpOMAT HATPUs WM Kallis) W BHOBb
MIPOBOAMUTCS IKCTPAKLUSA, IPA ITOM ILUTYyTOHUM MEPEXOAUT B OPTaHUYECKYIO
dazy.

Bo3moxxeH M 0OpaTHBI MOPSAOK, T.€. BHayajlge SKCTParupyroTcs
BMECTE€ YypaH M IUIyTOHMH B IIECTUBAJCHTHOM COCTOSIHMM, a 3aTeM
IPOU3BOJMUTCS  BOCCTAHOBHUTENIBHAs  PEIKCTpakuus  IUyToHusd.  Ilpum
DKCTPAKIMM IUIYyTOHHSI BCErJa BO3MOXKHBI HEKOTOpBIE IIOTEPU H3-3a €r0
PaAMAlMOHHOIO BOCCTAHOBJIEHUS MW MEXHMYECKHMX 3aXBaTOB B BUJE
AMYJIbCHM.

Tabmuma 4.8

KoadduimenTs! pacnpeneneHus HUTPaTOB ypaHWIIA, IITyTOHUS U IPOTYKTOB
JeJeHUs PU SKCTpaKIUK TpudyTtudocdaTom npu temneparype 20-25 °C

Mertann MounspHOCTb Koaddunuent pacnpenenenus
I ] Il
uoz 10°-107° 5 30 OYEHb BBICOKHH
PUOZ* 10°-10° 0,7 3 TO e
Pu (1V) 10°-10° 1,3 20 TO %€
Zr (IV) cie bl 0,01 1 17
RuNO 10°-10° 10 0,01 OYEHBb BBICOKHM
KaK TPHHUTPAT
Ce (IV) CJIETTBI 0,01 0,2 —
Pu (I11) 10°-10"° 0,015 | 0,01 —
Ce (1)~ cie bl 0,04 | 0,02 10
Y (1) CJIE bl 0,01 0,02 —
Nb (V) CJIE bl 0,01 0,01 —

. Oprannueckas ¢aza: 20% pactsop Th® B yrieBomopoaax, BoJHas paBHOBECHAs
dazal —1M, Il -6 M HNOg, I11 -0,1 M HNO3; 6 M NaNO.

™ Jlas Ce (I11) mauuble otHOCSTCS K 50%-HOMY pactBopy TH®.

" Ornocutes K BogHOM (aze ¢ 1 M HNO3, 5 M NaNO:s.

[Ipu skcTpakuMOHHOM TIepepaboTke a30THOKUCTBIX pacTBopoB OAT ¢
nomotbio Th® xoaddunenTs pactipeaeeHns HOHOB aKTHHOUIOB MOYKHO
PAaCIOJIOKUTH B CIEIYIOIIUE PSIBL:

UOZ" > NpO3* > PuO3*:
Pu4+ > Np4+ > U4+ > Th4+;
Es* > Cf* > Bk* > Cm* > Am*".
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XHWMU3M KCTPaKLIIMM HUTPATOB APYTMX 3JIEMEHTOB BO MHOI'OM CXOJEH
C DKCTpaKIMe ypaHa u mryToHus. Hambonee skcTparupyeMbIMu SIBISIOTCS
Te, KOTOpBIE JIETKO OOpa3yloT HEHTpalbHbIE KOMIUIEKCH. [lo akcTparm-
PYEMOCTH XHMHUYECKHE DIIEMEHTHI MOXHO PACIOJIOXKHUTH B psia: (IIecTu- u
YETHIPEXBAJICHTHBIC ypaH W IUTYTOHWW, NHUPKOHWUH, HUTPO3WIPYTCHHIA) >
(mryronwmii (I11), TpexBaNeHTHBIE pelKO3eMebHbIC MeTaILIbl, HHOOMH (V)) >
(Lie3wmid, CTpOHIIMIA, Oapuil U IPYrUe JICMEHTHI).

BoBIIMHCTBO U3BECTHBIX METOJIOB OKA3bIBAIOTCS Malod()PeKTUBHBIMU
Opyu pasliefieHuu OJIM3KUX MO CBOMCTBAM 3JIEMEHTOB. Takue KIacCHYEeCKUe
npo0ieMbl HEOPraHWYeCKOM XHMHH, KakK paslieJIeHuE pPeIKo3eMeTbHBIX
AJIEMEHTOB U PA3[ECICHUE aKTUHOUIOB, €IIE HENb3SI CUMTATh PELIEHHBIMUU. B
HACTosllIEE  BpeMs  IIPOBOAATCA  MHOIOYHCIIEHHBIE  UCCIENOBAaHUs,
HaIlpaBJICHHBbIE, B YAaCTHOCTH, HA CO3JAaHUE OKCTPAKIMOHHBIX METOJOB
paszneneHus 3TUX MeTauioB. COBEPIIEHHO aHAJIOTUYHYIO U OYEHb BAKHYIO
3a7ayy MpPEICTaBisieT COOOW M pa3lielieHue TPEXBAJICHTHBIX TpPaHC-
IUTyTOHUEBBIX JJEMEHTOB. lIpm pemeHnn »5TUX 3a7ad, Kak IIPaBuilo,
BO3HHMKAET HEOOXOAMMOCTh B Pa3JE€ICHUHU YINOMSHYTBHIX TPYII 3JEMEHTOB,
TaK KakK MpH SIEPHOM CHHTE3€ TPAHCYpPAHOBBIX 3JIEMEHTOB 00paszyroTcs U
PEOKO3EMEIIBHBIE JJIEMEHTBIL;

IPUCYTCTBYIOT OHU U B OOJTy4EHHOM o /Y
SJIEPHOM TOILITUBE. , /

Ha  puc.4.30 npuseneHa 10 /1 Eu
3aBUCHUMOCTh kodhpurreHToB 5 / / sm
pacmpenenieHuss  PeaKO3eMENbHBIX /
AJIEMEHTOB OT KOHIIEHTpAIluu a30T- 10 / /-Pm—|
HOM KHCIIOTBI TIPU  DKCTPAKIIHH 5 ,/ // // I\ﬂj
Hepaz0aBiIeHHbIM TpuOyTHiIdocha- / /
ToM. Ha oOCHOBaHMM TOJyYEHHBIX 10 /, // pr —|
JaHHBIX ObLI pa3paboTaH METOJ ’ . ALV Ce
BBIJIEJIEHUS npometus-147 @7 / /La
(MCKYCCTBEHHBIN AJIEMEHT) 151 B e //
eBponuA-155 U3 cmecu NPOAYKTOB 10 7 7/ "
nenenus.  Ilpu  KOHIEHTpaluu S [
a30THOM Kkuciaotel 14 M koaddu-

IIUEHTHI pacIpeiesIeHUs MPOMETHS U 10

egporiisi  paBHpl 2 wu 9,5 0 5 10 15
COOTBETCTBEHHO, a KOJ(p(UIUEHT Konuenrpammi HNO;, M
paszenenus napsl IPOMETHI— Puc. 4.30. 3asucumocmv  ko3¢pu-
esporii  okono 4. Llepmit (1V) yuenma pacnpedenenuss P30 om
yIOOHO OTHENATh OT JAPYTHX pPei- konyenmpayuu HNO3z 6 60o0noii

9%-
KO3EMEJIbHBIX DJIEMEHTOB MyTEM €r0 pase. Ixcmparyus 100%-nom THP
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JKCTpakuMu U3 3-5M pacTBOpOB, T.6. B YCJIOBUSX MHUHUMAIBHOTO
W3BIICYCHUS] TPEX-BAJICHTHBIX SJIEMEHTOB.

Heittpansabie hochopoprannueckre COSTUHEHHS YaCTO UCIONIB3YIOT B
KOMOHMHAIIMKA C KUCIBIMU peareHTaMH Tuma alKuiI()ochHOpHBIX KHUCIOT WIH
TeHoWNTpUPTOpaneToHa. Takue KOMOMHAIIMM HKCTPAreHTOB MPUBOAAT K
OYEHb CHUJBHOMY BO3pacTaHUIO0 Ko3()(PUIIMEHTOB pachpenesieHuss 10
CpPaBHEHHMIO C CyMMOW KO3 (UIMEHTOB pacHpeAcieHHs, MOIy4yaeMbIX MpH
UCIIOJIb30BaHUN MHIUBUAYAIBHBIX PEAareHTOB. DTOT APQEKT, MOTyUHBIIUIA
Ha3BaHWE CUHEPreTHOTO (CHHEPreTHYecKoro), Ooijee moapoOHO Oyxaer
pPaccMOTPEH HUXKE.

45.3. 3KCTpaK]_II/IH OpPraHU4YCCKUMHU KUCJIO0TaMHU U UX COJIIMH
(BKCTpaKI_[I/IH KNIKHMMHA KaTI/IOHHTaMI/I)

Hapsny ¢ HeUTpaJbHBIMM DKCTPAreHTaMH IIHMPOKOE PACHPOCTPAHECHHE
MOJYYWJIN KUCIIBIE OpraHudeckue coenuHeHus. K 3rtou rpymme mpoueccoB
OTHOCHTCSI DKCTPAKIMUS KATHOHOB METAJIOB OPTaHUYECKUMHU KHUCIOTaMU U
UX CONSIMH U KHCIBIMH XEJIaToOOpa3yIoImMMU peareHTamMu. Mexanuzm
IKCMpAKyuy  KUCALIMU — IKCMpazeHmamu  cocmoum 6  oOMeHe
IKCMpazupyemo2o Kamuona Memanild HaA KAMUOH OdKCmpazeHmd,
npoucxoosawem Ha epanuye pazoena ¢asz (medxircpaznvlii UOHHDBIU 0OMEH)
Ui 8 06pa308aHUU CONLEAOBE NO OOHOPHO-AKYENMOPHOMY MEXAHUIMY.

PacnipocTpaHeHHBIMU KaTHOHOOOMEHHBIMHU JKCTpareHTamu («OKHUJIKHU-
MU KaTHOHOOOMEHHUKAMM) SIBIISIIOTCS KUCJIOTHI KUPHOTO Psia U UX COJHU
RCOOH(Na) ¢ yrcioM yriaepoaHbIx aTOMOB B IIEMIOYKE pajanKaia ot 7 10 9,
Ha(TEHOBBIE KHUCIOTHI M HMX COJIM, a Takke ailkuipochOpHbIE KUCIOTHI
Hampumep, au-2-3Twi-rekcui-gpochoprnas kuciora (I20I'DOK) u  am-2-
oytuin-rekcun-ochopnas kucnota (251 OK):

CH,
H,C Y\ CH, RiO~ 0
~
H,C— CH(CH,),— COOH; R,0” “OH
HagpmeHo8ble KUCIOMbL ankungocpopHvie Kuciomol

[TpakTueckn Afii  BCEX KHUCIBIX JKCTPAareHTOB  00s3aTeIbHO
NPUMEHEHHE OPTaHUYECKOTO pa30aBUTENS AJI DKCTPAreHTOB U PEarcHToB, a
TaKXKe JUIsl pacTBOPEHHUs OOpas3yIoUIMXcs B Mpolecce HKCTPAKLUU COJEH.
Pacnpenenenue o00yclioBIMBaeTCS XMMHUYECKOW peakiuel KaTHOHHOT'O
oOMeHa ¢ 00pa3oBaHUEM COJIEH, COCTOSIIIMX U3 DKCTPArupyemMoro KaTUoHa U
aHMOHA DKCTpPareHTa, HEPACTBOPUMBIX B BOJIE, HO PACTBOPHUMBIX B OpTraHH-
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YEeCKMX PAacTBOpUTENAX. TakuMm oOpas3oMm, 3TOT TUI paclpeieseHus, ooyc-
JIOBJICHHBI XUMHUYECKHUMH B3aWMOJCUCTBUSAMHU, XapaKTEPU3YETCS TEM, UYTO
3mech (PAaKTUYECKH TMPOUCXOAUT IKCTPAKIMS KATHOHOB, IMOITOMY TaKue
AKCTPAreHThl YacTO HA3bIBAIOT JKUJIKHUMH KAaTHOHUTAMH, T.€. MPOUCXOIUT
CBOETO poJia KATHOHHBIN OOMEH B JKUIKOH (a3ze.

4.5.3.1. Dxcmpaxyus gpocghopopeanuveckumu KUCI0mMamu

K aTOMy THIY SKCTpareHTOB OTHOCATCS KUCIbIE (ochHOpOpraHuyecKue
COCIMHEHUSI — OJAHOOCHOBHBIE WJIM JBYXOCHOBHBIE KHCJIOTBHI, B UX COCTaB
BXOJIIT COOTBETCTBEHHO TPYTIIIbIL:

P//O
OH

<~ A

N

7N ; 7N
HO OH

B HemonsipHbIX OpPraHUYECKUX PACTBOPUTENAX JTU COCIUHECHUS

MOJIMMEPU30BaHbl (JIMMEPU30BaHbI). Y CTONYMBOCTh TUMEPOB OO0YCIOBJICHA

BOJIOPOJIHBIMU CBA3SIMU (ITOKa3aHbl TOUKAMH) B CTPYKTYpE THUIA

KoncranTa nx mumepusanuu (B OOIBIIMHCTBE HETOSIPHBIX PACTBOPHUTEIICH )
cocrasisier okono 10°, T.e. 0GpasyrOTCs O4eHb MPOYHBIC AUMEpBL. 1109TOMY
obmryro ¢opmyny wmoxHo 3ammcatb B Buae (HoRp). Ilommmepusanms
JBYXOCHOBHBIX KHCJIOT U3y4YeHa HEJOCTATOYHO.

Ha mnpaktuke HauOoJbIlce MNPUMCHCHHE TMOJYYHMIIM JBa KHCIBIX
IKCTpareHTa:

2O DK ( ou-2-smun-eecun-gocgopnas kucioma):



JIuccouMMupyIOT 3T KUCIOTHI (IUMEpPHI) 10 1-01 CTyNeHH:
H,R; = H'+ HR,, (4.79)

T.C. TIOBBIIICHUE KUCIOTHOCTH B COOTBETCTBUHU ¢ mpuHImIOM Jle-Illarenne
CMeEIIaeT paBHOBECHE BIEBO (TIOJABIISACTCS TUCCOLUAIINS KUCTIOTHI).

Kucnsie docdopoprannyeckne 3KCTpareHThl B pa30aBUTENAX dKCTpa-
TUPYIOT ypaH W JpPyTHe METaUTbl, KaK MPaBWIO, MO MEXaHHW3My OOMeHa
KaTHOHOB C 0Opa30BaHMEM XWMHYECKOW CBSI3U W OCYIIECTBIACTCS ITyTEM
3aMENICHUs] BOJOPOAA KHCIOTHl KAaTHOHOM DJKCTPArupyeMoro MeTaia.
[Tockonpky ¢ochopunpHas rpynmna KAcIoTel =P=0 mojspHa ¥ KUCIOPO.
SBJISICTCSI TOHOPOM DJICKTPOHOB, BO3MOXXHO JIOMOJIHUTEIBHOE IPUCOEIH-
HeHHe (CONbBATAlMSI) MOJICKYJIBI KHUCJIOTHI K KaTHOHY 0 MaKCHMaJbHOTO
KOOPAMHAIIMOHHOTO YKciia KaTHOHA (OOBIYHO paBHOTO 6).

OpHako BO3MOXKEH MW JPYroll MeXaHW3M, 3aKJIIOYAIoNIMiicS B
MPUCOCMHEHNUN KHUCJIOTO JKCTpareHTa K aToMy MeTajla MyTeM JOHOPHO-
aKIIETITOPHOM CBSA3M C aTOMOM Kuciopoja GocdopuiabHoit Tpynmnsl. B aTom
cllydae TMpOIECcC TMOJ00CH SKCTPAKIMU HEUTpadbHBIMH (QochopopraHu-
YECKUMH COSAMHEHUSMU IO MEXAHU3MY MPUCOCTUHEHUSI.

B 3aBucumocTtu ot pH sKcTpakims MOXKET MPOTEKaTh MO 3TUM JABYM
MEXaHU3MaM:

a) Me™ + nH,R, = Me(HR,), + nH", (4.80)
6) Me™ + nA~ + mH,R, = MeA, (HoRz)m. (4.81)

[Ipeobnaganrie TOrO WM WHOTO MEXaHW3Ma 3aBUCUT OT YCIOBHUU
AKCTPAKIMK, OT MPUPOJLI KaTHOHA METa/UTa M NMPUMEHSIEMOTO pa30aBUTEIIS.
Yame Bcero mpH SKCTPAKIMK OJHOBPEMEHHO HaOJ0/IaeTCs 3aMellleHue
MOHOB BOJIOPOJIa U JIOHOPHO-AKIENTOPHA KOOpAWHAIusA. TakuMm oOpazom,
aHnoH ¢GochOopOpPraHuYeCKOd KHCIOThI MOXET 3aHMMaTh OJIHO WM JBa
MecTa B KOOPJIMHALIMOHHOM cdepe aToMa MeTaia.

[Ipyn u30BITKE PKCTpareHTa U HU3KOM KHUCIOTHOCTH B BOJHOM (haze
peaKiysi SKCTPAKIMK C TMOMOIIbI0 OAHOOCHOBHBIX KHCJIOT (MEXaHH3M a))
OTHCHIBACTCS] YPAaBHCHUEM

Me™ + nA +nH;R, = Me(HR,), + nA +nH", (4.82)
KoncTtanTa paBHOBecHs (KOHCTaHTa 3KCTPAKIIMKU) 3TOTO Mpoliecca paBHa:

o [IMgHR, ). 1-[H*]"
[Me™]-[H,R,]"

(4.83)
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MelHR
__IvelHRy )]

[Tockonbky [M en+] , (4.84)
TO B3aUMOCBSI3b MEXKIY o U K cieayromas:
[H.R 2]n aall
H" "R (4.85)

B oOpasyromeMcss COCIMHEHWH TIOJIOBHHA JIAOMIIBHBIX aTOMOB
BOJIOpPOJIa KUCIOTHI 3aMeleHa metauioM. [lpu stom obpasyercst xenaTHas
CTPYKTypa C OJTHOW BOJAOPOJHOU CBA3BIO:

RO _OR
o7 o
e’ \ o
N /O

Me\
RO~ “OR

O

JIst ITTpUS, CKaHIIUS, aKTHHHS ¥ TPEXBAICHTHBIX PEIKO3EMEIIbHBIX H
AKTHHOWIHBIX 3JIEMEHTOB, TOPHUS, IKCTPATUPYyEMBIX PAaCTBOPAMH OH-2-ITHII-
rexcuii-pochoproit kuciaotel (JI23I'DK), n = 3. [Ipu sxcTpakiuu ypaHusia
pactBopamu JI2BI'®OK u 120I'dK n = 2.

[Ipy MOBBIIEHHOW KHUCIOTHOCTH MPOUCXOJUT OOpa30BaHUE COJbBATA
0 YKa3aHHOMY BBIIII€ KOOPJAMHAIIMOHHOMY MeXaHu3My 0), ypaBHenue 4.81,
AHAJOTUYHOMY IKCTPAKIIMA HEUTPATHHBIMUA SKCTPAreHTaMHU:

Me™ + nA”+ mH,;R, = MeAn-[H,R]m, (4.86)
a- 1
[H,R,]™-[AT]Y

a=K:[HR,]"[AT]". (4.87)

BuaHo, 4TO 3KCTparupyeMoCTh 3aBUCUT OT KOHIIEHTpALMM JKCTpareHTa (B
CTETEHHOM 3aBUCUMOCTH) W OT KOLIEHTPAIlMM OJHOUMEHHOTO aHHMOHA,
SIBJISIFOIIIETOCS B JIAHHOM CJIy4ae BhICAJMBaTEIEM

Xumus skctpakuuu ypana (V1) 3aBuCHT OT ycCloBWiA TpPOBEICHUS
poIiecca, 0COOEHHO OT KUCIOTHOCTH. 3aBUCUMOCTh Kod(dduItmeHTa pacmpe-
nenennst ypana ot koureHtparuu HNO; moxazana wa puc. 4.31. Ha
puc. 4.31 a) npuBeneHBI peallbHbIC 3aBUCHMOCTH ¢ OT KOHIICHTpAIlUu
KHCJIOTBI U OT KOHIICHTpAllMM SKCTpareHTa, a Ha pwuc. 4.31 6) mokazaHa
TUIHYHAS 3aBUCUMOCTD 0. = f(Chnoa).

B o6Gnactu | — mpu mManoit KUCTOTHOCTH — YPAaHHII SKCTPATHPYETCS TI0
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Kosdduuuent pacnpenenenuns
Koadduuuenr pacnpenenenuus

»

[HNO,], M

0)

Puc. 4.31. 3asucumocmv ~ kodppuyuenma  pacnpedenenuss  ypama — om
KOHYEeHmpayuu a30MmHou KUCTIOMbL: a) 6 0OHOU (aze npu pa3iuuHblX KOHYEHMPAayusx
J2OI'DK: 1 — 5% J[2OI'DK; 2 — 2,5% /221’ @®K (opounama A);, 3 — 1,0% H2OI'PK
(opounama bB); 4 — 0,5% J2OI'®K (opounama B); 6) munuunas ¢opma 3asucumocmu
Koaghhuyuenma pacnpeoenenus npu IKCMPaAKyuu KUCaviMu 3KCMpaceHmamu

KaTI/IOHOO6MeHHOMy MCXAaHHU3MY:
UO3" +2H,R, = UO,(R,H), +2H", (4.88)

IIPU 3TOM CMaJl OOBSACHAETCS CABUIOM PaBHOBECHUsS BJIEBO MPHU YBEIUYEHUHU
[H]. B o6nactu |l npu nanbHeiflneM yBelMYeHMM KOHLEHTPALMU a30THOI
KHCJIOTBI MOJIaBiisieTca auccounanus GpochopopraHuuecKod KUCIOThl U OHA
HAaYMHAET MPOSBIISITH CBOMCTBA HEUTPANIBbHBIX (PochopopraHUUYECKUX COeU-
HEHUM, 4TO MPUBOJIUT K POCTYy KorddulMeHTa pacnpeneiaeHus ypaHa. 31ech
ypaH S3KCTparupyercss IO MEXaHU3MYy COJIbBaTallM{, a a30THas KHUCJIOTa
ABJISIETCSI BBICAJIMBATEIIEM:

UO3" +2NO3 +H,R, = U0,(NO;),-HyR,, (4.89)
o= [UOZ (NO3)2]opr. (4 90)
[UOS Ty, |

_ [UOZ(NOB)Z 'H2R2]opr.
[UO§+]BOZ[H. ) [Nog]gozm. ) [H2R2]opr. ’

(4.91)
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a

K=
—12 ; 4.92
[NOB ]BO,ZIH. '[H2R2]opr. ( )
—12
a=K ‘[NO3 ]B()I[H, '[HZR 2]opr,. (4.93)
B oGnactu Il ymensinenune koadduimeHTa pacmnpeneneHus ypaHa

OOBSICHSIETCS] TaKXKe, KaK U B CIy4yae SKCTPAKUUU HEUTpanbHbIMU (ocdop-
OpPraHWYECKMMH COCIVHEHUSAMH: KOHKYPEHLUMEW a30THOM KHUCJIOTBI 3a
AKCTpareHT, T.€. 3/IeCh HapsaAy ¢ ypaHoM skctparupyetcs cama HNOg,

JlocTaTOYHO TIOMHO W3y4Y€HA OKCMPAKYUS KUCIIMU DKCMPAceHmMamu
MPexeaieHmublX aKmUHOUOHbIX U peoKozemenbHulx dnemenmos. Korddu-
IIUEHTHI UX PACIpECIICHUs] YMEHBIIIAIOTCS C POCTOM KOHIIEHTPAIIMH a30THOM
KHUCIIOTHI. Peakiius mpoTekaeT 1o ypaBHEHHUIO:

Me** + 3H,R, = Me(HR,); + 3H". (4.94)

Penko3eMenbHbIE AJIEMEHTHI 3KCTPAarupyroTCsl HAMHOTO JIydylle, YeM
TPEXBAJICHTHBIE TPAHCIUTYTOHUEBBIE SJIEMEHTHI. JTa pa3HUIA HUCIIOIb3YETCs
JUTSI TPYTIIOBOTO Pa3/ieNieHUsl dTUX DJIEMEHTOB IMPHU AKCTPAKIIMKU PacTBOpaMuU
JI2OT'®K u3 kourenrpupoBanubix pactBopoB LiCl B mpucyrcreun HCI. B
ATUX YCIOBUSAX H3BJIEKAJIUCH MPEUMYILECTBEHHO PEAKO3EMENIbHBIE 3JIEMEH-
Thl. DKcTpakiuedt 1 M pactBopom JI23T'DOK moxHO paznenuTs jgerkue (Am,
Cm) u mokensie (Bk, Cf, ES, Fm) TtpaHCmiyTOHHEBBIE JJIEMEHTHI.
OKCTpakivs TPAHCIUTYTOHUEBBIX JJIEMEHTOB C TIOMOIIBI0 JKCTPAreHTOB
ATOTO TUTIA CYIIECTBEHHO 3aBUCUT OT MIPHUPOJIbI OPTaHUIECKOTO Pa30aBUTEIIS.

B »KcTpakMOHHBIX Mpoleccax ¢ HMCHoJdb30BaHHEM (ochopopranu-
YECKUX PEeareHTOB OJHOW M3 BaXKHBIX 3aJau SIBISIETCA M3BICUYCHUE DKCTparu-
pyeMoro Meraiia u3 opraHudeckor (asel. B ciydae skcTpakuuu KUCIBIMU
dbochopopraHnueckuMu peareHTaMu Hapsiay ¢ 00pa3oBaHUEM KOMIUJIEKCHBIX
aHUOHOB O00pa30BaHUIO HKCTPATUPYIOLIUXCS COCAMHEHUN TakKKe MpersT-
CTBYET YBEJIMYEHHE KOHIIEHTpallMM HMOHOB BOJOpOJia B BOJHOM PacTBODE.
JUis pesKCTpakMM MOKHO HCIOJb30BaTh W TOHMXEHHE 3(PPEKTHBHOCTH
AKCTpareHTa, HalpuMep, MyTeM ero pa3zdoaBiieHUs] KaKUMU-THO0 peareHTamH,
CIIOCOOHBIMU C HUM B3aMMOJICHCTBOBATb.

B HEKOTOpBIX cllydasgx pedKCTpakiusi TO3BOJISET YBEIUYUTHh U
KOd(pGUIMEHTHl pasfeneHus. Ha mpakThke yBeJIWdeHWE paslesieHus Tpu
PEIKCTPAKIIUKA OCYIIECTBISAETCS MMPOMBIBKOM OpraHMYecKod (a3bl BOAHBIMU
pacTBOpamMH, COJEpKallUMH JHOO CEJCKTUBHBIE KOMILIEKCOOOpa3yromme
peareHTsl, TMO0 KHUCIOTy. B mocnegHem ciiydae MpPOMBIBKA OpPTraHUYEeCKOU
(a3bl BOMHBIMH PACTBOPAMU C TIOBBIIIAIOIMICHCS KHCIOTHOCTHIO TIPUBOIUT K
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MOCJIEIOBATEIbHOMY BBIMBIBAHUIO MOHOB METAUIOB. MIHOTIA PEIKCTPaKIUIO
MPOBOJAT BOAHBIM PACTBOPOM, COJIEPKAIIAM HOHBI, CIOCOOHBIE 00pa3o-
BBIBaTh BBINMAJAIONINE B OCAIOK TPYAHOPACTBOPUMBIE COCIUHEHHS C OJHUM
WJIM HECKOJBbKUMHU KaTHOHAMU METAJIJIOB.

4.5.3.2. Dxempaxkyus KUCIbIMU peazeHmamu, pacmeopumMbiMu 8 600e

Hapsany ¢ coOCTBEHHO »3KcTpareHTaMu (T.€. PAaCTBOPUTEISIMHU, HE
CMEIIMBAIOIIMMHUCA C BOJOW) Ha IPAKTHUKE HCIONb3YIOT 3SKCTPAreHTHl,
pacTBOpUMBIE B BOJIE, HO OOpa3yIOLIUECs SKTCPAKThl, HE PacTBOPUMBIE B
Boje. B KkauecTBe TakuMX peareéHTOB OOBIYHO NPUMEHSIOTCS KOMILIEKCO-
oOpa3oBaTenu, OO0pa3ylolue C 3KCTparupyeMbIMH KaTHOHAMH BHYTpPH-
KOMIUJIEKCHBIE COJIM, HE pacTBOpuMbIE B Boje. [loaTOMy MeTo Ha3bIBArOT
AKCTpAKIMEN, OCHOBAHHON Ha MOTEpe CpPOACTBa K Boxe. [ns pactBopeHus
oOpasyronieicss coid U o0pa3oBaHUs COOCTBEHHON HECMEIIMBAIOIICHCS ¢
BOZIOM (pa3zbl 00s3aTENBHO HYXEH WHEPTHBIA PACTBOPHUTENb, B KayeCTBE
KOTOPOI'O 4Yalle BCEro CIyXaT XJOpOo(OpM, UYEThIPEXXJIOPUCTBIA YTIEpO/,
O€H30J1 U JIp. 3/1eCh XapaKTEpPHOU SIBISIETCS PEAKUUsl C 3HOJIBHOU (PopMoit
teHomntpudropanerona (HTTA). On sBiaserca oAaHUM U3 HauOoiiee
3((PEKTUBHBIX THUIHMYHBIX MPEACTABUTENECH 3TOr0 THIA SKCTPAreHTOB U
IIMPOKO HCIOIb3YETCS, OCOOEHHO B aHAJUTUYECKON MPAKTUKE AKTUHOWJIOB.

o n+ .
Peaknusa B3ammonerictsuss HTTA ¢ xkatuonomM Me  omnuchIBaeTcst CXeMOU
(4.95):

HC—CH HC—CH
n HC /C—C—CH=C—CF3 +Me" &= n HC /C—C—CH=C—CF3 +H
I | Il I
s o OH s O  OH
M
NHTTA + Me"" = Me(TTA), + nH™, (4.95)

T.€. MPOUCXOAUT OOMEH MPOTOHA Ha KAaTHOH METaJula, IIPU 3TOM o0pa3yeTcs
JOTIOJIHUTENIbHAST BHYTPUKOMIUIEKCHAsI CBsA3b. KOHCTaHTa yCTOWMYHMBOCTH
KOMILJIEKCA MOYET OBITh OTpe/IeSieHa M0 BEIPAKEHUIO:

_[Me(TTAR]-[H']"

K= Me"* - [HTTA]' - (4.96)

Otcrona ko3 PUIMeHT pacrpeieseHus paBeH:
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[HTTA]
=K HT (4.97)
T.€. ( 3aBUCHUT OT KOHCTAaHThl YCTOMYMBOCTU KOMIUJIEKCA U OT KUCJIOTHOCTH
pactBopa. O4YEBHIHO, YTO YBEJIWYEHHE KUCIOTHOCTH CIBUTAET PABHOBECHE
peakuuu BieBo. ClenyeT Y4YuThIBaTh, YTO 3/1€Ch HApsALy C COOCTBEHHO
XUMHUYECKOH CcBs3bi0 Me—O mpouncxoaut oOpazoBaHNe BHYTPUKOMILICKHON
(KOOpIMHAIIMOHHOI), T.€. JOHOPHO-aKLUENTOPHOM cBs3u (Ha cxeme 4.92
MOKa3aHa MyHKTUPHOW JIMHUEHW CO CTPEJIKOI) 3a CUET HEMOJICJICHHON Maphl
AJIEKTPOHOB JIPYroro aroma KHUCIOpoAa M CBOOOJHON OpOWTaIM KaTHOHA
Me™. To stum IpUYMHAM O0pa3yloTCs OYEHb MPOYHbIE KOUIUIEKChl. U3
ypaBHeHusT 4.92 ciegyeT, 4To 4YeM BBIIIE 3aps] KaTHUOHA, TEM MPOYHEE
o0Opasyromiascsi KOMIIEKCHas CBSI3b, TEM OOJIbIIE N30UPATEIBHOCTD.

Ha 3aBucumoctu ko3dduuuenta pacnpenenenus ot pH BoaHol ¢assl
OCHOBAHO pAa3JeJICHHE METAJUIOB H3KCTPAKUMENd TEHOWITPU(DTOPALETOHOM
(HTTA) wu gpyrumMu KHUCIOTaMHM, TaK Kak Ui KaXJA0ro Merajuia
MaKCUMaJbHOE U3BJICUEHHUE JIEKUT B ONpeneseHHbIX 3HaueHussx pH. Kpusbie
U3BJICUEHUS JUIsl HEKOTOphIX KaTHOHOB ¢ nomompro HTTA mnokasanel Ha
puc. 4.32. BunHo, 4TO HM3MEHSS KUCIOTHOCTb BOJHOTO PacTBOpPA, MOXKHO
HOBBICUTh HM30MPATEIILHOCTh MpOIIECCa IKCTPAKIMM PA3IUYHBIX HOHOB U
JTOOUTHCS MOJTHOTO Pa3AeieHUs] MHOTUX METAJJIOB.

Th_ Po Bi TI(III)

100 -
59 Ac
g TI(D)
o Pb
(D]
N |
(D]
=
m
(2]
~
Ra

-1 01 234 56 7
[PH]

Puc. 4.32. Bruanue pH pacmeopa Ha cmenenv uzéiedenusi paouoaxmueHuLX
uzomonos HTTA & 6enzone

[TomoOHBIN MeXaHU3M IKCTPAKIMK HAOIIOAACTCS MPH HCIIOIB30BAHUH
ann(paTHIEeCKUX MOHOKapOOHOBBIX (kUpHBIX) KKCI0T ChHon1COOH (n>5)
U uX cojei. OTIIMYre COCTOUT TOJBKO B TOM, YTO OHU MOTYT NPHUMEHSTHCS
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06e3 pazbaBuTened, T.K. caMH SBJSIOTCS PACTBOPHUTEISIMU OOpa3yIOIINXCS
coiner, U B Buie cosied. [IpumeHeHue conerd ASTUX KHUCIOT Ha3bIBAIOT
O0OMEHHOM AKCTpPaKIUEH KAaTUOHOB:

M€ s+ RaME opr = ME) o + R M. (4.98)

Koncranra skcrpakuuu (oOMeHa) 3aBUCUT OT MPHUPOJBI OOMEHUBAIOLINXCS
METaJJIOB: 0oJiee OCHOBHBIN METal MPHU SKCTPAKIUU OCTACTCSl B BOJHOM
¢aze, Oosree KUCIbIN HAKATIIIMBASTCS B OPTaHUYECKOH.

4.5.3.3. Cunepeemmuniii 3¢phekm npu ucnoib308anuu 08yX IKCMPAeHMOo8

Cunepeemunviii 3¢ppekm — smo pesxkoe ygenuuerue Kod3Qpouyuen-
ma pacnpedeiiehuss 00H020 U3 IKCMPASUPYIOWUXCS UOHO8, NPU IMOM
0J151 OpYeUx UOHOB8 OH He YBeIUYUBAeMCsL ULU 0adHce YMEeHbULAEM L.

[Ipn uCHONB30BaHUM CMECH JBYX OJKCTPareHTOB B psle CiIydacB
HAOJIIOTAIOTCSL OTKJIOHEHUS OT aITUTUBHOCTU AKCTPAKIIMHU. DTH OTKIOHEHUS
MOTYT OBITh MOJIOKUTEIBLHBIMU (CHHEPTeTHBIN ((}EKT) U OTpULIATEILHBIMU
(anTucuHepreTHbit 3P dexT). SABneHue cuHepruzma, OTKpbiToe B 1957 1.,
HAIIJIO WCIOJIb30BaHKE B TexHOJOTHH. CHHEpru3M HaOII0gaeTcss BO MHOTHX
AKCTPAKIIMOHHBIX CHUCTEMaxX W OOYCIIOBJICH XMMHYECKUMHU B3aWMOJICHCTBH-
SAMH B OpraHrueckou (ase.

Oddext cmemnienus 3xcTpareHToB (OC) paBeH:

9C = Olykem /apacq,y (499)

I€ Olyens Olpacy. — HANJCHHBIA DKCIIEPMMEHTAJIBHO W BBIYMCICHHBIA (M3
MPEANOJIOXKEHUS aJIUTUBHOCTH ) KO3(P(PUIMEHTHI pacipeiesieHus.

Ecim OC =1, cuHepreTHblii (MJIM aHTUCUHEPTeTHbIN) 3(dekT
orcytctByeT; ipu C > 1 umeet mecto cunepretHoiil 3dpdexr, mpu IC <1 —
AHTUCHHEPTeTHBIN 2D PEKT.

JI1st CUCTEMBI M3 CMECH DKCTPAreHTOB D1 M D PaCUeT Xpacy = a5 45,

MOYXHO TIPOBOJIUTH MO (popmyIie:
g g
Uy in, =0 (1=X5)™ + a5, %57, (4.100)

IJI€ X, — MOJIbHAs JOJs BTOPOrO 3KCTPAreHTa; gy U (, — COJbBAaTHBIE YMCIIA
JUJISL DKCTPAreHToB 1 U Do,

CunepretHbie 3Q¢deKThl HAOTIOJAIOTCS TPHU CIACAYIOMUX COYCTAHUSIX
AKCTpareHToB: 1) — cojeoOpasyromuii (OpraHuYeCcKue KUCIOTHI, aMHHBI) U
HewTpanbHblid (TH®, KeTOHBI) SKCTPAreHThl, 2) — CMECh JIBYX HEHTPAIBbHBIX
OKCTPAareHToB, 3) —  CMECh KAaTHOHOOOMEHHOTO W aHMOHOOOMEHHOTO
OKCTPAreHTOB, 4) — CMECh XEJIATHOTO M HEHTPAIbHOTO KCTPAreHTOB.
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XumMudeckasi MpupoJia sIBJICHUS CHHEPTU3Ma €Ille He BIOJIHE SICHA, U, B
JaCTHOCTH, HESICHA POJIb BOJABI M BUja pazbasutens. Hampumep, He Bcerma
MOHSTHO, KOOPJAMHHUPYETCS HEHTPAIBbHBIA PEareHT HEeMOCPEACTBEHHO K
aTOMy MeTajyla WM K€ MPHUCOSAUHSIETCS TOCPEACTBOM 00pa3oBaHUs
BOJIOPOJTHOM CBSI3U C KUCIBIM PEareHTOM.

PaccMoTpM B KadecTBE mpuMepa JIMIIb HEKOTOPHIE CIydad
cuHeprusMa. B crucremMax kaTHOHOOOMEHHBIH 3KkcTpareHT (kmciaora HR) —
HEWUTpaJIbHBIN dKCTpareHT (S) CHHEPTU3M MOXKET ObITh 00YCIIOBJIEH 3aMellle-
HUEM COJIbBATHO CBS3aHHBIX MOsieKyl HR monekymamu S:

MeR,-mHR + mS —» MeR,-mS + mHR. (4.101)

Boienenre MoseKkys cBOOOJHOTO Kucaoro skctpareHta HR, xoTopsiii
OOBIYHO JKCTparupyer Jydylle, 4eM HEHTpajbHbIM, BBI3BIBAET JOMOJIHU-
TEJIbHYIO SKCTPAKLHUIO METajula, YTO MPUBOJUT K BO3pACTaHUIO KO3(pPu-
oueHTa pacrpezeieHus. Kpome Toro, CHHEPru3sM B CHCTEME OPraHWYECKast
KHCJIOTa—HEUTPaAJIbHBIN 3KCTPAareHT OOBSACHSAETCS BO3MOYKHOCTHIO JIOTIOJHH-
TEIBHOTO MPUCOEANHEHUS HEUTPAIBHOTO SKCTPAreHTa 110 PEAKLUN

Mels ., +NHR) oo +MS,r <> Me(R-HR),\ S, o+ NHoom-.  (4.102)

B 3TOM ciiydae BCienCcTBUE MOBBIMIEHUS KOOPAWHALMOHHOTO YKCIIA U
oOpa3zoBaHusi 0Oojee KpPYyHHOM MOJIEKYJbl BO3pacTaeT Kod(hHUIEeHT
pacnpeneseHusl.

B apyrux ciy4asx CHHEpPru3M B paccMaTpUBaeMOM CHCTEME
OOBSICHSIETCSI BBITECHEHHUEM COJBBATHO CBSI3aHHOW BOJABI MOJIEKYJIaMHU
HEUTPAIIBHOTO SKCTPAreHTa:

MeR,-mH,0 + mS - MeR,,-mS + mH,0, (4.103)

YTO MPUBOAUT K 00pa30BAHUIO JIYUIIIE IKCTPAruPyeMOro KOMILIECKCA.

MeHee BbIpaXX€H CHHEPIU3M IIPU DKCTPAKIMU CMECSIMU aHHUOHO-
OOMEHHOTO (COJIM YETBEPTUYHBIX AMMOHHEBBIX OCHOBAaHUM, aMUHOB) U
HertpanbHoro (Th® wumu np.) skcrpareHToB. HekoTopkie ucciemoBarenn
CUMTAIOT, YTO CHUHEPIHM3M B TaKOW CHUCTEME BbI3BAH YaCTUYHBIM 3aMellle-
HUEM COJbBAaTHOM BOABI B COJIM aMHHA MOJEKyJIaMU HEUTPAIBHOTrO
9KCTpAreHTa B COOTBETCTBHHM C ypaBHeHHEM (4.103).

belo  ycTaHOBIIEHO, YTO CHHEPreTHBIH S(PGEeKT TpH SKCTPAKIUH
mosnoaeHa (V1) U3 CONITHOKUCIBIX PacTBOPOB CMEChIO TPHU-H-OKTHJIAMHHA
(TOA) u Tb® oO®BscHseTcs BKIIOUYCHHEM MOJIeKyabl Th® B aHWOHHBIN
KOMILIEKC MOJIMOIeHA. DKCTPAKIIUS MPOTEKAET MO0 YPAaBHEHHUIO

MoO,Cl, + [RgNH]Cl +Thd = [RgNH]+[M002CI3 . TB(D]_ (4104)

CuHepru3sM H3KCTpPaKIMd CMEChI0 aHHOHOOOMEHHOTO M KaTHOHO-
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OOMEHHOTO JKCTPAareHTOB MOYKHO OOBSICHUTH 3aMEIICHHEM B KOMILICKCE
HEOPraHMYECKOr0 aHMOHA OPraHUYECKUM, YTO MHPHUBOAUT K OOpPa30BaHUIO
Jy4lIe 3KCTParupyeMoro COeIMHEHUS:

[AmH]"[MeY,] + yHR — [AmH] [MeYyyR,] +yHY,  (4.105)

rae HR — opranmndeckas kucinora; HY — muHepanbHas kuciora; [AmMH'] —
OpraHUYeCKUN KaTUOH (IKUJIAMMOHHUM ).

B Tabn.4.9 mpuBeneHsl NpUMEpPhl HECKOJIBKHX CHHEPTETHBIX
KOMOWHAIIUNA HEUTPAITBHOTO U HEKOTOPHIX KHUCIIBIX IKCTPAreHTOB.

Tabmuma 4.9
CunepretHslii 3¢ ekt sxcTpakiuu ypana (VI)*
KonuenTtpanus o
HelTpanpHelii peareHt KHCJIOTO ITpu sxcrpakiuu | CuHEpreTHas
IKCTPArcHTa, HEUTPaIbHBIM KOMOWHAITHS C
M peareHToM 0,1 M JI2OI'®K
Tpu-n-0yTmidocdar
RO O
hi:¢ 01 0,0002 470
RO” “OR
Ju-H-OyTHi-H-
oyrundochonar
R O
b 0.1 0,0002 1700
RO~ “OR
H-byTun-nu-n-
oyrundochunaT
R. O 0,1 0,0002 3500
7
P
R” “OR
Tpu-u-
oytundochuHOKCHT
R. O 0,15 0,0025 7000
R” °R

* Bommas daza: 0,004 M U(VI); 0,5 M SO3™, pH = 1.
Oprannueckasi ¢asza: pacTBOPsl B KEPOCHHE; OTHOIIeHHe o0beMoB (a3 1:1;
teMnepatypa 25 °C.

N3 Tabnuibl BUAHO, YTO MOPAIOK CUHEPTEeTHOTO YBEITUYEHHS SKCTPaK-
MU ypaHa COBIMAJaeT C MOPSAKOM pOCTa SKCTPAKIIMOHHOW CIOCOOHOCTH B
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pAly HEUTpandbHbIX 3KCTpareHTOB. C pOCTOM KOHIIEHTpAIlUU MOCIEAHUX
kodpdummentsl pacnpenencaus ypana (V1) pactyr 10 MakCUMaibHOTO
3HAYEHUs, a 3aT€M YMEHBIIAIOTCS. ODTO YMEHBIICHHE 0 M OOYCJIOBICHO
B3aUMOJICUCTBUEM MEXKAY KHUCIBIM W HEUTPAIbHBIM  JKCTpareHTaMH
MOCPEACTBOM BOJOPOAHBIX CBsizeil. Benmumumna koad¢uimeHToB pacmpese-
JICHUS 3aBUCUT OT KOHIEHTpAIMU HEHUTPAIBHOTO AKCTPAreHTa U HE 3aBUCUT
ot pH BoznHOrO pacrsopa.

Kombunarus Th® wim apyrux HeWTpadbHbIX (HochOpopraHuueCKUuxX
COCAMHEHUA C KUCHBIM BKcTpareHTtoM [JI20I'®K, pe3ko yBennuuBas
kod(punneHT pacupenenenus ypana (VI), He oka3bpiBaeT OOJIBIIOTO BIUSHUS
Ha 3KcTparupyemocts Al, V, Mo u, HanpoTuB, ymMeHblIaeT 3kcTpakuuio Fe,
Ti, Th (antucunepretusii 3ddekr). Takum oOpa3zom, TpUMEHEHUE
CUHEPreTHhIX KOMOWHAIMA 3HAYUTEIBHO YBEJIMYMBAET CEJICKTUBHOCTD
OKCTPAKIIUM ypaHa U MOXET CYIIECTBEHHO HW3MEHSTh KO3(PQUIIMEHTHI
pa3ielieHusl pa3IMuHbIX TMap »diaeMeHToB. HauOonee cunbHbll 3¢ dexT
Haomomaercs g U(VI) npm  skcrpakumm  cmecsimu TBD ¢
TUanKIPpocHOPHBIMU KUCIOTAMU.

OdeHb CUIIBHBIA CHHEPTeTHBIN 3 eKT HabMo1aeTcs 1151 KOMOMHALIHIA
dbochopopraHuueckux SKCTPAreHTOB C PACCMOTPEHHBIM BBIIIE€ KHUCIIBIM
skcTpareHToM TeHomnTpudropaneronom (HTTA). BenuunHa KOHCTaHTBI
skerpakiuu ypara (V1) mapoit TTA-TB® B 10* pa3 Gonbire, dem 11st mape!
JI2OT'OK-TH® B ogHOM M TOM e pazdaButTesnie. DTOT d3hPeKkT 00yCIOBICH
KOOPANHAIIMOHHON HEHACHIIIEHHOCThIO ypaHa B ero komruiekce ¢ HTTA, nse
MOJIEKYJIbI KOTOPOTO OMJICHTATHO CBSI3aHBI C aTOMOM ypaHa, 4TO MO3BOJISET
JIOTIOJTHUTh KOOpAWHAIIMOHHYI0 chepy Monekynamu Thd. Kpome Toro,
HTTA w HeWTpanbHBI HSKCTPAreHT MEHBIIE B3aUMOACHCTBYIOT JPYT C
IpYyrom, 4em nocieanuii ¢ pochopopraHnueckuMu KuciaotamMu. B cucremax
¢ HTTA cuneprernbii 3¢ddexr HaOmomaeTcs W NOpPU  IKCTPAKIUU
IIEJI0OYHO3EMENBHBIX 3JIEMEHTOB, TPEXBAJICHTHBIX JIAHTAHOUJIOB U TpEX- U
YETHIPEXBAJICHTHBIX aKTHHOUIOB.

4.5.4. DKCTpakiusl OpraHMueCKMMHU OCHOBAHUSMH U UX COJISIMU
(PKCTpaKIUs KUJKUMU aHUOHUTAMMU )

B ruzpomeTaisypru4eckux TEXHOJOTHSIX M B AHAIUTHUYECKOW IMpak-
TUKE OOJBIIMHCTBA PEAKUX, PACCESIHHBIX M PAJUOAKTUBHBIX 3JEMEHTOB (B
TOM YHCJIE€ ypaHa, IUIyTOHUS M JIPYTUX aKTUHOWIOB) IIUPOKO MPUMEHSIIOTCS
MPOLECCHl 3KCTPAKIUKA OPraHUYECKUMH OCHOBAaHUSIMH, TJIaBHBIM 00Opa3om
aMMHaMM MU UX cojsMU. [ 3TOM Lenu HCmonb3yloT anudaThuyeckue
IIEPBUYHBIE, BTOPUYHBIE, TPETUYHBIE AMUHBI U YETBEPTUYHBIE AMMOHUEBbIE
ocHoBanusi (HAQO). Bricokne 3KCTpaKIIMOHHbBIE CBOMCTBA anu(paTUUECKUX U
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apOMAaTHYECKNX aMHHOB C BBICOKMM MOJIEKYJSIPHBIM BECOM IMO3BOJISIIOT BO
MHOTHX ClIlydasx NPUMEHATh UX Oe3 BblcanuBareieil. [Ipyroe mx mpeumy-
IIECTBO — BBICOKAs YCTOWYMBOCTh K PagUallMOHHOMY BO3JEHCTBUIO, YTO
MO3BOJIAET HCIONB30BaTh ATOT KJAcC OSKCTPAreHTOB sl TepepaboTKu
00JTy4YE€HHBIX MAaTEPUAJIOB U SIIEPHOTO TOILIMBA.

MeTamibl  3KCTparupyrTcss aMUHaMH, Kak NpaBwio, B (dopme
AHUOHHBIX KOMIUIEKCOB, B KOTOPBIX METAJUI CIIYXUT LEHTPAIbHBIM aTOMOM
KOMIUJIEKCHOTO aHHMOHA, a aMUH B aMMOHHMUHOW (opMe BBIMIOJIHSET POJIb
katuoHa. [lockonbKy Bce Merauibl, 3a HCKItoYeHMeM MertamioB [ u |l
[JIaBHBIX MOATPYNH, OOpa3yloT aHUOHHBIE KOMIUIEKCHI, TO OYEBHJIHBIM
ABJISIETCA 3HAYEHUE 3TOr0 Kiacca SKCTPAareHTOB I BBIACICHUS U pa3fe-
JICHUSI MHOTHX PEAKUX U PACCESHHBIX METAIIIOB.

B Hacrosimee Bpems HamOojee HM3y4e€HAa SKCTPAKIUS METAUIOB U3
CEPHOKHCIIBIX, COJSIHOKHCIBIX M a30THOKHUCIBIX cpeia. [logpoOHo u3ydena
AKCTPAKIMsI aMUHAMHU U UX COJSIMM AHUOHHBIX KOMIUIEKCOB TOpHSA, ypaHa,
IUTyTOHUS, IJIATUHOBBIX METAJUIOB W MHHEpaNbHbIX Kucior. Craemyer
OTMETHUTb, YTO UCTOPUYECKH BIIEPBHIE BHICOKOMOJIEKYJISIPHBIE AMUHBI IIPUME-
HSJIUCh ISl AKCTPAKLMM MHUHEPATBbHBIX M OpPraHUYEeCKUX KHUCIOT. bbuio
YCTaHOBJICHO, YTO CHUJIbHBIE KHCJIOTBI 3KCTPArupyroTcs Jy4lle, 4eM clladble,
U MOTYT OBITh BBIIENICHBI U3 cMecel co ciaabbiMu Kuciotamu. OmnpeneneHo,
YTO TPETUYHbIE aMUHbI Oosiee 3()(PEeKTUBHBI, YeEM BTOPUYHBIC U IEPBUYHBIE.

OKCTpakuusi aMHHAaMH M YETBEPTUYHBIMM aMMOHHEBBIMH OCHOBA-
HUSIMH ONMCHIBAE€TCS Kak OOMEH Ha XHUAKMX aHMOHUTaX. [loCKoibKy wu3
BOJHOHN (pa3bl B OPraHUYECKYIO 3JIEMEHT MOKET MEePEeXOJUTh JIMIIb B TOM
cllydyae, KOI/la OH HaxOAWTCSd B aHHMOHHOM (opme (MpOCTHIM WM KOMII-
JIEKCHBIM aHMOHOM), TO pacHpe/esieHue B TaKUX CHUCTEMax MPOBOIAT, Kak
MPaBUJIO, B MPUCYTCTBUH KHUCIIOT, C aHUOHAMHU KOTOPBIX METAJUIbl 00pa3yroT
AHUOHHBIE KOMIUIEKCHbIE coeauHeHus. [lo 3TUM mnpuyrMHaM aMHUHHAs
AKCTPAKIIMS YCIEIIHO KOHKYPUPYET C aHUOHHBIM OOMEHOM.

Jnst noBblieHUst 3Q(HEKTUBOCTH SKCTPAKIUU aMUHAMU U UX COJISIMU
MPUMEHSIOT pazdaButTenu (6en3o:, xaopodopm, CCly u ap.).

[Ipexxne ueM H3ydaTh XapaKTEPUCTUKH CaMUX aMUHOB U 3aKOHO-
MEPHOCTH 3KCTPAaKIMOHHBIX MPOLECCOB C HX YydyacTUEM, HEO0OXOIuMO
PacCMOTPETh UX CTPOEHUE U IPUYHNHBI OCHOBHOCTH aMHUHOB.

[TpyurHON OCHOBHOCTH aMHWHOB M MX SKCTPAKIIMOHHOW CIOCOOHOCTH
ABIIIETCS HAIMYUE HETOACJICHHON Maphbl 3JIEKTPOHOB BO BHEIIHENH 000JI0UKe
aToMa a30Ta, UMEIOIIEeH 3JEKTPOHHOE CTPOeHHE: .. . ATOM a30Ta MOXKET
y4acTBOBaTh B OOpa30BaHMU TpPEX BAJICHTHBIX CBs3el (HECHapeHHBIC
AJNIEKTPOHBI) U OJHOM KOOPAMHAIIMOHHOW (JOHOPHO-AKUENTOPHOM) CBA3U C
y4acTUEM HENOJEJICHHON Maphl 3JIeKTpOoHOB. [IpocTeiimm ero coegAnHeHuEM
ABJISIETCS] MOJIEKYJIa aMMHUaKa, 00pa3yrolascs Mo CXxeme:
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N+ + 3-H—H:N:H
H (4.106)
33M€H.ICHI/IC OAHOI0, JIBYX HWJIM TPEX aTOMOB BOAOPO/Ja HA OAWH, JBa

HIIN TPHU AJKWIBHBIX pPaJvKaja IIPUBOIAUT K 06pa30BaHI/IIO COOTBCTCTBCHHO
IICPBUYIHBIX, BTOPUYIHBIX U TPCTUIHBIX AMHWHOB!

H:N:H (RNH,); R:N:R (R,NH); R{N:R (R,N).
R H R

[1o ananoruu ¢ FOHOM aMMOHHSI TPOUCXOJUT 0Opa30BaHUE KATHOHA
YeTBEPTUYHOI0 aMMOHKEBOro ocHoBaHus (HAO):

H + R +
HNH+H —|HN:H|,  te. |RINR|,  wm (R,N)
H H R

[Ipy 3TOM aToM a30Ta CTAHOBUTCS IMOJOXKHUTEIBHO 3apsKECHHBIM. 3JI€Ch
HEMOJICJICHHAs Mapa »JJEKTPOHOB AaTOMOB a3oTa (JOHOpa) 3aHUMAaeT
BaKaHCHIO B HE3aIOJHEHHON OpOUTAIN OPraHUYECKOro pajuKana.

CornacHo TeOpuM KHUCIOT W OCHOBaHWW Jlbronica OCHOBAaHUSIMU
SBJISIFOTCSL BEIIECTBA, CIMIOCOOHBIE OTAaBaTh HEMOJICJICHHYIO IMapy 3JIEKTPO-
HOB, T.C. SIBJISIIOIIMECS JIOHOpPAMH 3JIEKTPOHOB. Yem Jierye orgaercs mapa
AJIIEKTPOHOB, TeM 0Jioee CUJILHBIM SIBIsieTCss ocHoBaHue. [lo Oonee panHein
teopun bpencrega—Jloypu oOcHOBaHMSI — 93TO BEIIECTBA, CIOCOOHBIE
MIPUHUMATh IPOTOH: Y€M OOJIbIIIE€ 3Ta CIOCOOHOCTh, TEM CHUJIbHEE OCHOBAHMUE.
I[lo OCHOBHOCTM BC€ aMHUHBI  MOXHO  PaCIlOJIOKUTh B PSII:
R4N">> R;N > R,NH > RNH,.

[TocKoJIbKY DKCTparupyromied CrnocoOHOCTBIO TI0 OTHOIICHHIO K
MeTajulaM 00JIaJJal0T MPAKTUYECKU JIMIIb COJIM aMUHOB, TO JIJISl PacCMOT-
pEeHUsI MEXaHU3Ma SKCTPAKIMK HEOOXOAUMO 3HATh B3aUMOJICUCTBUE aMUHOB
C KucjoTamH, T.e. (AMHH = OCHOBaHHME) + KHCIOTa = COJIb aMuHa. llpwm
KOHTaKT€ aMUHOB (SIBJISIONIUXCS OCHOBAaHUSMH) C BOJHBIMH PacTBOpamMu
KHUCIIOT MPOUCXOIUT HEUTpamu3aiusi aMuHa, 00pa3yroIuecs: Mpyu 3TOM COJIH
ATKUIAMMOHHS TIEPEXOISIT B OPraHUYECKYr0 ¢asy; JUisl TPETUYHOTO aMHuHa
3Ta PeaKkiysl OMUCHIBACTCS YPABHEHUEM:

(I??,N)OPF&H+ + A, <—>(R3NH+A_)OPF., (4.107)

BOJIH. BOJIH.

rae R3N — tpeTuunbiii aMuH.
Koncranta o0pa3oBaHUsI COJIEM aJIKWJIAMMOHHS C OJHOOCHOBHBIMH
KHCJIOTaMH paBHa!
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[RsNHAL,.

[R3N]opr.'[H+]BoL[H. '[A_]Boz[H -

KoHncTauTel O6pa3OBaHI/IH COJIEH C OJANHAKOBBIMHU aHHMOHAMU 3aBUCAT OT

HCIIOJIB3YCMOI'O aMMHa MW BHIA pa36aBI/ITeHH. O6pa30BaBIHaﬂCSI AJIKUJI-

dMMOHMHMBasA COJIb, HaxoJdIlasiCsa B OpFaHquCKOﬁ (1)336, IIpu SKCTPAKIHUH
MOKET 0OMEHHUBATHCS AHHOHAMHU C BOI[HOﬁ (1)2130171:

(RENH+A )opr. +B BONH. < (R3NH+B )opr. +A BOJH.* (4109)

HOp}I,[IOK oOMeHa aHMOHAMM aHaJOrMYeH IopAAKY oOMeHa Ha

AHMOHOOOMEHHBIX CMOJIaX. PSII[ BBITECHUTEIBHOM CIIOCOOHOCTH aHHOHOB
BBITTIAJNUT CICAYIOIINM 06p330M:

ClO, > NO; > ClI” > HSO, > F.
B ciydae nByxocHoBHBIX kuciotr H,A obpasyrores cpennue com (RsNH),A
u xucisle comu (RsNH)HA.

Kak yka3pIBamoch BhIIIE, B3aUMOJICHCTBHE aMHUHOB C KHUCJIOTaMH,
BeJlylllee K 00pa30BaHUIO COJIEH alKUIAaMUHOB, CBA3aHO C HAJIMYKUEM Yy aToMa
a30Ta HEMOAECJICHHOW Mapbl 3JEKTPOHOB. lIpyM B3aMMOAEHCTBUU CHIIBHBIX
KHCJIOT U CHJIbHBIX OCHOBAHWI MPOMCXOIUT IMOJHBIM MEPEXO] MPOTOHA OT
KUCIIOTHl K OCHOBaHUIO M O0Opa3yloTCsl COJIM TOJSPHOTO CTPOCHUS:

(4.108)

Ecnu amuH sBisieTcst cnabbIM OCHOBAaHUEM, T.€. UMEET c1a0yro crocoo-
HOCTb TNPUCOEIUHATh MPOTOHBI (OTAABaTh 3JIEKTPOHBI), WIM €CIU KHCIOTa
OTHOCHUTEJIBHO cllabasi, T.e. C TPYAOM OTJAeT KUCIOTHBIH MOH BOJOPOJA, TO
B3aUMOJICCTBUE MEXJIYy HHUMH MOXET NPUBOAUTH K 0Opa30BaAHMIO
MPOJIYKTOB MPUCOEAUHEHHS 32 CUET BOJOPOIAHOM CBSI3M MEXKAY KUCIOTOM U
aTOMOM a30Ta aMHMHA. B 3TOM cilydyae NpPOTOH KHUCIIOTBI HE MEPEXOIUT K
OCHOBAHHUIO M CTPOEHHE TAKOTO MPOAYKTa MPUCOCIUHEHUS CXEeMaTH4YEeCKU
onuchiBaeTcs popmynoi: AMuH....HA.

Takum 00pa3om, 3T CUTYALIMH MOYKHO U300pa3UTh CXEMAMH:

R

— o0pa3oBaHHe aMUHA: N +3R— R:N: |
R

R,
R:N:H.....A
— HelTpanu3anms aMuHa R:N: +H +A
(0O6pa3oBaHKeE COIM AMUHA): B \ R
31€Ch ....... — ITO BOAOPOAHAS R:N:....HA ,
CBSI3b. R
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B cxeme nporecca HEUTpAIM3alUK IIEPBAsI PEAKIUS IPOTEKAET MEXKIY
CHJIbHBIMH OCHOBAaHUEM U KHUCJIOTOM, BTOpasi — MEXIy CIa0bIMA OCHOBAaHHUEM
U KHUCJIOTOM. B COOTBETCTBHMM C 3TUMHU DPACCYXIECHUSMU U3BICUCHHE
HEOPTaHMYECKUX COJIEW TEPBUYHBIMH, BTOPUYHBIMH M TPETHYHBIMU
aMMHaMU 3aKJI0YaeTcsi BO B3aMMOJEHUCTBUM COJIEH METaUIOB C COJIIMHU
aMUHOB ¢ 00pa3oBaHUEM MEPEXOJAIINX B OpraHUYEcKyro (a3y coearMHEeHUN
0 CIENYIOIIUM MEXaHU3MaM.

1. BzaumopeiicTBue cOIM MeTalla € COJIbI0 aMUHA [0 aHUOHO-
O0OMEHHOMY MEXaHU3MY IIPOUCXOIUT IO CXEME:!

— 00pa30BaHNE aHUOHHOTO KOMILIEKCA B BOJHOM PAacTBOPE:

Me™ + (m+n)A™ = [MeAnn]™, (4.110)
— 00pa3oBaHUE AKCTPATUPYIOIIErOCs COEJUHEHUS COJIM METaJlIa C CONBIO
dMHKHaA I10 I/IOHOO6MGHHOMY MexaHHBMy:
MeAG o + RINH LA > (ReNH), [MeAy, ]l +nA™. (4.111)

BOJTH. opT.

2. BzaumopeiicTBue coaM MeTalla M COJM aMHHa 110 MEXaHU3MY
NPUCOETNHEHUS:

(MeAm)BOHH. + n(R3N---HA)0pr. < {(RSNH)n[MeAn+m]}opr.- (4112)

3. BzaumoeiicTBe 1O MeEXaHH3My OJHOBPEMEHHOIO IPOTEKAHMUS
peaKIvii MPUCOEeTUHEHNS U aHHOHHOTO 0OMEHa.

MexaHu3M MPHUCOEIUHEHHUS MOXKHO IPEIIojaraTh BO BCEX CIydasx,
KOIJla B BOJHOM pPacTBOpE HE OOHAPYKMBAIOTCS AHMOHHBIC KOMILICKCHBIE
COCIMHEHUS H3BJIEKaeMOro sjeMeHTa. Kormga jke B BOJHOM pacTBOpE
npeo0Iaal0T aHWOHHBIC KOMIUIEKCHI, HANpHMEp, YpPaHWIA, 3KCTPaKIUsI
MPOMCXOJUT B OCHOBHOM [0 MEXaHHW3MYy aHHOHHOTO OOMeHa. THMHYHBIM
IPUMEPOM  3KCTPAKI[MM METAJZIOB [0 MEXaHW3My aHHOHHOIO OOMeHa
SIBISETCS OKCTpaKLus Takux aHuoHoB, kak ReO,, TcO,, CrO; . Ux
OKCTPAKIUsA OOBIYHO TIPOTEKAET MPH HHU3KOW KHCIOTHOCTH BOIHOIO
pacTBopa, MpUYEeM APYrHe aHHOHBI YXY/IIIAI0T SKCTPAKIIMIO TOJBKO TOT/IA,
KOT'JIa OHH MOT'YT KOHKYPHPOBAaTh 3a aMHUH.

[ToMHMO M3MEHEHHsI COCTaBa SKCTPArUPyeMOro KOMIUIEKCA BapHallvs
yCIOBHI B BOJIHOW (paze MOXKET MPHUBOAUTH W K 0ojee KapauHAIbHBIM
spdektaMm. B HEKOTOPBIX Clay4asX MOKET H3MEHHUTHCS JaXe XHUMH3M
nporiecca OKCTpakimuu. IIpM  HCCIeoBaHUU  DKCTPAKIUK  TUIATHHOBBIX
3JIEMEHTOB OBIJIO OOHAPYXEHO, YTO MPH HHU3KHUX KHUCIOTHOCTSX BOIHOTO
pacTBOpa 3TH 3JCMEHTBHI NMEPEXOAIAT B OpPraHHUYeCKyr (asy B pe3yabTare
peaKiuii uX BHEAPEHHS BO BHYTPEHHIOI KOOPAUHAIMOHHYIO chepy:
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2(R,NHA)

opr

+[PtCle [0y = [(PLR;N),CIL, ]+

BOIH

. ~ o, (4.113)
+2H +2A +2Cl

BOJH BOJH BOJIH.

T.€. SKCTPAreHTOM SIBJIIETCS CaM aMHH, a HE €r0 COJIb.
[Ipu npyrux yclOBUSAX OHKCTPAKIUS OCYIIECTBISETCS MO OOBIYHON
peaKkIuyu aHHOHHOTO OOMEHa!
2 —
2(R;NHA) . +[PtCL [~ < [(RzNH),PtCl,]

Oopr. BOIH

+2A5,, (4.114)

opr

[TpoTekanne SKCTPAKIIUKU IO 3TUM JBYM PEAKIIHsIM SBISETCS HEXema-
TENBHBIM JIJIS TENIeH pas/ieNieHnus, Tak Kak o0pa3yroTcsi OYeHb YCTOWYMBBIC
KOMIIJIEKCHI, COJIEpIKalllie€ aMUH BO BHYTPEHHEH KOOPAMHAIMOHHOW cdepe.
OTU KOMIUIEKCH OOBIYHO OYEHb IJIOXO PEIKCTPATUPYIOTCS U3 OPTraHUYECKOM
¢da3pl, HE MOryT NpPUHHMATh y4acTHus B Mpolleccax HOHHOro OoOMeHa, a,
CJIEIOBATENbHO, W pa3felieHus MeTauioB. Peakium o0pa3oBaHUs TaKux
KOMIIJIEKCOB TI0 CYIIECTBY SBJISIIOTCS PEAKIUSMU TUIIPOJIM3a COJIe aMUHOB
C TOCJEIYIOIIUM BHEAPEHUEM O0Opa3yrolerocss CBOOOJHOIO aMHHa BO
BHYTPCHHIOI cdepy IIaTHHOBOTO MeTawa. sl ypaHa W TpaHCYpPaHOBBIX
AJIEMEHTOB TaKWE PEAKIIUU BHEIPCHUS HE OMMCAHBI M MPOTEKAIOT IO CXEME:

MeAT, .. +N(RNHA) < {(RNH), [MeA, o [l +(-m)A,,, . (4.115)

Oco0GeHHO oAPOOHO M3yUEHBI YCIOBUS pACIpPEIEICHUs MEXy BOAOK
U aMMHAMM U MX COJISIMM KOMIUIEKCHBIX COEIMHEHHMI ypaHa, IUIyTOHMS,
TOPHUS, NIATUHOBBIX METAJJIOB U MUHEPAIBHBIX KHUCJIOT, TaK KaK OHU UMEIOT
BaXHOE 3HAYEHUE M JIETKO OOpa3yloT pa3iMyHble THUIIBI KOMILUIEKCOB
AHUOHHOTO W HEUTpanpHOro Xapakrepa. I[IOCKOJNBKY aMuHBI SIBJISIFOTCS
OCHOBAaHMSIMHM, TO BHA4aJe€ IPOUCXOAUT OHKCTPAKLUMS KHUCJIOT IO THUILY
pPEaKUMM HEUTPAIN3ALIUNYU, HAIPUMEDP, CEPHOU KHUCIIOTOM:
2R3N . +2H,  +2805, 1 © (RsNH),SO, . (4.116)

BOJIH. 4,BojH. <

DKCTpaKUHUs HOHOB METAJIJIOB OCYIIECTBIISIETCS YK€ COJIIMU AMHHOB.

PaccmoTpum  moapoOHee yCIIOBHSI PaBHOBECHOTO pacIpeiesieHus
wiyronust (V) npu skctpakiuu ero Ttpu-H-oktwiamuHoMm (TOA) wu3
CEPHOKHUCIBIX pacTBOpoB. (OOpa3yromascsics CEpHOKUCTAs COJb aMHHA
AKCTpArupyeT IUIyTOHUM (4+) U3 CEpPHOKUCION Ccpeabl IO MEXaHU3My
MIPUCOEIMHEHUS, €CTTM aMUH — cJ1a00€ OCHOBAHUE:!

(R,NH),S0, ... +Pu* +250% > {(R,NH),[Pu(s0,),]}

4,0pr BOJIH. 4 BomH. opr.*

(4.117)

3Ty KC PCaKUlO MOXHO IIPCACTABUTh KaK PCAKINIO AHHMOHHOI'O
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O6M€Ha, €CJIM aMUH — CUJIBHOE€ OCHOBAHUCEC:
Pu* +3s0% < [Pu(so, ), [, (4.118)
(R;NH),S0, +[Pu(S0, ), F~ <> (R;NH),[Pu(S0, ), ]+ 502 . (4.119)

KOHCTaHTy PaBHOBCCHA  pCAKIIMHU  SKCTPAKIHNH IIIYTOHUA I10
MCXAaHHU3MY IIPHUCOCANHCHUA MOKHO BbIPA3UTh!:

[(RsNH),Pu(sO, )]
[(RsNH),SO,]-[Pu**]-[SO5 T

Pu =

oTCIONA a=Kp, - [(R3NH),S0,]-[SOF . (4.120)
Ecimn YUCCTh paBHOBCCHC B BOAHBIX PACTBOpAX:
Pu* + HSO, _ K1 [Pu(SO)* +H",
(PuSO,)*" + HSO, K2 Pu(S0,), + H',
PU(SO4); + HSO, —3 5 [PU(SO4)s]* + H',
TO U30TCpMaA SKCTPAKIIUHU 6y,[[eT HUMETH BU.

R;NH),S0,]-[SO2"
apuzKPu[( ) [;]sc[)4] ] (4.121)
1+ 3 Ki
; T

IPY TIOCTOSIHHOM KOHIIEHTPAIUU [SOE_] u [HSO,] B pactBope:

lg atp, = g K +1g[(R5NH), SO, | (4.122)
. K, [[SO77]
rae R -1 (4.123)
1+ZKi[HS?4]
1 [H']

HpuMeHeHue IKCmMpaxkyuu amuHamu

DKCTpaKIIMOHHOE BBIJICTICHUE W pa3/ielieHHe ¢ MPUMEHEHHEM aMHHOB
BeChbMa TIEPCIEKTUBHO O/l nepepabomxu  ompadbomasuie2o s0epHO20
monausa (OAT).

HHTepecHbIM MpUMEpPOM MOAOOpa COOTBETCTBYIOIINX YCIOBUW IS
AKCTPAKINH SIBIISIETCS pa3paboTKa mpoiiecca BbiAeNeHuss 1 O4ucTKH Am, Cm
U JIPYyTUX TPAHCIUTYTOHHEBBIX DJIEMEHTOB, MOJIY9aeMbIX MpHU 00mydeHnn Pu
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iy U OOJbIIMM UHTErPAIbHBIM TOTOKOM HEUTPOHOB B SIEPHBIX PEAKTOPaXx.
OH OCHOBaH Ha AKCTPAKIUHU TPAHCIUTYTOHUEBBIX SJIEMEHTOB C IMOMOIIBIO
amuHoB u3 11 N pactBopos LiCl ¢ no6aBkoit Hebombmoro konndectsa HCI.

B kauecTBe »AKCTpareHTa WCHOJB30BaIM CMECh TPUACIUI- U
TpuokTHiIaMuHOB (0,6M) B nusTunOen3one. [Ipu sKcTpakuuu AOCTUTaeTcs
OYMCTKA OT MPOAYKTOB JeieHus1, BKiItouas P33. PeskcTpakiys npoBOIUTCS C
nomoibio SN HCI. KoadgduimeHT ouncTkn Ha OJHOM CTYNEHH SKCTPAKIIUH
paBen 100. 3a 6 crymeHel AKCTpaklMM B OpraHUYEcKyro a3y MepexojuT
99,9% Am, xodddurment oumctku oT P39 cocraBmser 10°. B psmy
TPAHCIUTYTOHUEBBIX 3JIEMEHTOB TMOPSAOK SKCTPArUPYEMOCTH H3MEHSIETCS B
pAany:

Cf>Fm>Es>Bk>Am>Cm.

DKCTpaKIusi aMHMHaMHU Hallljla TPUMEHEHHE B Psiie TEXHOJOTHUUECKUX
MIPOLIECCOB NEPBUUHBIX 2UOPOMEMALYPSUYECKUX Npou3eoocms. Bpicokas
M30UPATEIHLHOCTh HEKOTOPHIX AMUHOB IO OTHOIICHUIO K CyJb(ary ypaHuia
MO3BOJIMJIa  pa3paboTaTh  METOJA  MOJYYEHUSI  BBICOKOKAYECTBEHHOTO
KOHIIEHTpaTa W3 pa30aBlICHHBIX CHUJIBHO 3arpsi3HEHHBIX CYJIb(aTHBIX
PacTBOPOB, MOJYYAIOIIUXCSA TOCJE KHCJIOTHOTO BBINIEIAYMBAHUS ypaHa U3
PYAHBIX KOHIICHTPATOB WJIM IIPU MOJA3EMHOM BBIIIEIaYMBaHUU U3 PY]l CEPHOU
KHUCIIOTONU. AaHaJOTHYHBIE CXEMbl pa3paOOTaHbl JJIA U3BJICUEHUS TOPUS U
PEOKO3EMENBHBIX JIEMEHTOB.

Jlist KCTpakiMu ypaHa u3 KapOOHATHBIX PAaCTBOPOB, OCOOEHHO MpPHU
nepepaboTKe PYIHBIX KOHIEHTPATOB KapOOHATHBIM  BBIIIEIAUYNBHHUEM,
PUMEHSIOTCS TJIaBHBIM 00pa30M Ye€TBEpTUYHBIE AMMOHHEBBIE OCHOBAHMUSI.

OcCHOBHBIE CTaIUH MPOLIECCA:

— 00pa3oBaHUE COJU YETBEPTUYHOTO aMMOHHEBOI'O OCHOBAHMUSI:

2R4NA - +NaCO3 oy, = (RaN)2CO3 oprt 2A o, + 2Na' 5oy, (4.124)
— 06pa3013aHI/Ie KOMIUICKCHOT'O COCAUMHCHUS YpaHHIa:
UO3" +3Na,CO, = [UO,(CO,),]* +6Na", (4.125)
— COOCTBEHHO HKCTPAKLUsI aHUOHHOTO KOMILIEKCa:

(2(R4 N)z Cos) +[U0, (Co, )3]4_

=
opr. BOJH.

= (R4N)4[U02 (CO3)3]opr. + 2CO§,_BOI[H.' (4126)

DKCTpaKIusl YeTBEPTUUHBIMU aMMOHUEBBIMU OCHOBAHUSIMU TIOJIPOOHO
M3yYy€HAa Ha MPUMEpPE paclpelieNiCHUs] IIaTUHOBBIX METAJJIOB M3 BOJHBIX
COJISTHOKUCIIBIX ~ PacTBOPOB. OTH  OCHOBAaHMUS MO  JKCTPAruPYHOIIKA
CITIOCOOHOCTH BBIIIE, YE€M TEPBUYHBIC, BTOPUYHBIC U TPETUYHBIC AMHUHBI
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BCJIEZICTBUE TOTO, YTO IMOCJIEIHUE SIBISIOTCA Oosiee cIa0bIMU OCHOBAHMSIMHU.
[TosTOMy 4YeTBEpTHUYHBIE AMMOHHMEBBIE OCHOBAHUSI MOTYT HMPUMEHSTBHCS JIS
AKCTPAaKUMHA U3 HEUTPAIBHBIX W WIEJIOYHBIX pacTBOpOB. Ilo cBoen 3kctpa-
TUPYEMOCTH IJIATUHOBBIE METAJLJIbl PACIOJIATalOTCA B CIEAYIOMIMN psll npH
SKCTPAKIUH U3 pa30aBICHHBIX BOIHBIX pacTBopoB HCI:

Pt (IV) > Pd (I1) > Ru (1) > Ir (IV) > Rh (111) > Ir (111).

Bce onucaHHble METOABI pa3lIelcHUs OCHOBAaHBI HA JKCTPaKLHH
HEOPraHWYECKUX AHHOHHBIX KOMIUIEKCOB M IMO3TOMY CBOJSATCA K BBIOOPY
ONTUMAJbHBIX YCIOBHM JIJIs1 0Opa30BaHUs TAKMX KOMILIEKCOB. I3BeCTHO, YTO
opeaHuveckue aueanobl 00pa3yr0 MPOYHBIE KOMIUIEKCHl C OYE€Hb MHOTMMHU
MeTa/ulaMH. B 4acTHOCTH, TpeXBaJCHTHbIC aKTMHOWJHBIE W JIAHTAHOWJIHBIE
AJIEMEHTHI, KOTOpbIE 00pa3yloT OOBIYHO ci1a0ble KOMIUIEKChl C Heopra-
HAYECKUMH JIMTAHJAMH, & ¢ TaKUMHU JUTaHAaMHA KaK aHWOHBI JTMMOHHOM,
BUHHOM, I1aBEJIEBOW, STHJICHINAMUHTETPAYKCYCHON U IPYTUX OPraHUYECKUX
KHCJIOT Jal0T 3HAYUTEIBHO Oo0Jiee MPOYHBbIE KOMIUIEKCHBIE COCOUHEHMS.
[losToMy WCHONB30BaHUE IS ODKCTPAKLIHUHA TAKOro0 poAa KOMIUIEKCHBIX
AQHWOHOB ITPEJCTABIIIETCS BECbMA NIEPECIICKTUBHBIM.

CrnenmyeTr OTMETHUTBH, YTO OKCTPAKIUS W3 PAaCTBOPOB OPTaHUYECKHUX
KHMCJIOT NPUTOJHA HE TOJIBKO I BBIICJICHUS JIAHTAHOWIHBIX U AKTUHOWJ-
HBIX 3JIEMEHTOB, HO W JUIg OOJIBIIMHCTBA JAPYTUX METAJUIOB, 00pa3yrOIINX
KOMIUIEKCHI C OPraHUYECKUMU KUCIIOTAMM.

PQSKCI’I’lpClKI/;u}Z mMemaljlos Us AMUHHBIX SKCMPpAKmoe

PeskcTpakiuss MOXET OBITh OCYIIECTBICHA HECKOJIBKHUMH METOJIaMH.
OTU METO/Ibl OCHOBAHBI JINOO HA PEAKIUAX, BIUSIONIMX HA DKCTPAreHT (TUI-
pOJIU3 COJIM aMHHA, BBITECHEHHE CHUJIBHO JSKCTPArUPYIOIIMMCS aHUOHOM),
au00 Ha peakmusX, KOTOpPhIE BO3JEHCTBYIOT Ha AKCTPArdpyeMbId MeETall
(MI3MEHEHHE CTETCHW OKHUCJICHHS, JWCCOIUAIMS JKCTPArupyeMoro KOMII-
JeKca, ocaxaeHue). Hampumep, peskcTpakiuio ypana, SKCTparipoBaHHOTO B
dbopMe aHMOHHOTO CYJb(PaTHOTO KOMILJIEKCa, MOYKHO OCYIIECTBUTh KOHTaK-
THPOBAaHUEM OPTAaHMYECKHX PACTBOPOB C BOJIHBIMH pPAacCTBOpPAaMH HHTPATOB
WJIH XJIOPUIOB IIETOYHBIX METAJIIOB!

{(RaNH);[UO,(S04), [l +2NO, | < 2(RgNHNO;) o, + (4.127)
+UO%"  +250%° |

2 ,BOIH 4 BonH*

Tak kKak aMUHBI SIBJISIOTCS CPAaBHHUTEIBHO CIIA0BIMH OCHOBAaHHUSMH,
TO PEIKCTPAKIUS MOXET OBITh MPOU3BEACHA Pa30aBICHHBIMH, TOYTH HEM-
TpaJibHBIMU pacTBopamu. [lmst storo pH peskcrparupyromiero pactBopa
JIOJDKEH OBITh TaKWM, YTOOBI TTPOU3OIIET THAPOIN3 OOJBINEH YacTH aMuHA
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10 (opMbl CBOOOJHOIO OCHOBAHMS C OJJHOBPEMEHHBIM IEPEX0/I0OM ypaHa B
BOJHBIA pacTBOp. BMecte ¢ Tem 3Hauenue pH pacTtBopa IOJKHO OBITH
JOCTaTOYHO HU3KMM I IPEJOTBPALICHHUS OCAXKICHHUS ypaHa B BOIHOM
pacTBOpe BCIEACTBHE ruaponusa. Hampumep, peskcTpakuus ypaHa,
HKCTPAarMpoOBAHHOTO B BUJAE CYJIb()AaTHOTO KOMILIEKCA TPUM3OOKTUIAMUHOM,
MIPOMCXOMT MOJTHOCTHIO pu pH = 4,5.

B kauecTBe pe3KCTparupyroumux pacTBOPOB MOTYT OBbITh MCIIONb30-
BaHbl PacTBOPHl KapOOHATOB HATpus WJIM aMMOHHUS. B 3ToMm ciywae ypaH
OKa3bIBa€TCsl B BOJHOM pacTBOpPE B BUJAE PACTBOPUMOrO TPUKApOOHATHOIO
KOMIUIEKCa, TOI/la Kak aMHH OJIHOBPEMEHHO pereHepupyercs B (opmy
CBOOOHOTO OCHOBAHUS:

{(RgNH)Z[UOZ(SO 4)2]lopr. +4Na,CO; < {Na, [UOZ(C03)3]}BOM +

4.128
+2R3N,, +2Na,S0, +H,0+CO,,. ( )

luoponuz conu amuna TPUBOAUT K PEIKCTPAKIMM TIOYTH BCEX
AKCTPAarMpOBAHHBIX 3JIEMEHTOB. JTO OCOOEHHO IIEHHO B CIIy4ae CHJIbHO
AKCTPATUPYIOIIUXCA  AJIEMEHTOB JUIsl  MOCIEIHEW  CTalud  OYUCTKH
AKCTPAreHTa OT 3arpsA3HEHUN.

Pesxempaxyus nymem KoHKYpeHmMHO20 6blmecHeHusi MOXKET ObITh
OY€Hb MPOCTHIM U IP(HEKTUBHBIM METOJIOM PU YCIOBHH, €CIU PEIKCTPArH-
PYIOLIWI areHT MOKHO BBECTU B SKCTPAKIIMOHHYIO CUCTEMY WIIH YIAIUTh €r0
nepen ouepenHbM nukioM. Hanmpumep, peskcrpakuus cyibdara ypanumia us3
OpraHUYeCKUX PACTBOPOB, MOJy4YaeMbIX MpHU MepepaboTKe YpPaHOBBIX Py,
OCYUIECTBJISIETCS. PACTBOPAMU XJIOPHUJIOB.

PesKCTpaKInio MOKHO OCYIIECTBUTh U3MEHEHUeM 8aleHMHOCMU pac-
npedensiowe2ocsi snemenma. OOIIEU3BECTHBIM TPUMEPOM MOXKET CIIYKHUTh
BOCCTaHOBUTENBbHAs pedkcTpakius rrytonus (1) mocme skcrpakuuu ero B
Buge (R3NH),PuU(NOs)e. B »TOoM ciiyuae oOOBIYHBIE BOCCTAHOBUTEIIH
(ruapasuH, TUAPOKCWIAMHUH) HE TOIATCS Uil PEIKCTPAKIMU C OJHOBpE-
MEHHBIM BOCCTaHOBJIeHHEeM tuiyToHHsS (V) M3-3a HEZOCTATOYHO BBICOKOM
CKOpPOCTH MPOTEKAaHMs PEAKLIMH BOCCTAaHOBJIEHUs. BoccTaHoBUTENN e THUMA
cynb(amara xenesa unu Hutpara ypana (1V) sddextuBHO peskcTparupyroT
wiytonuit (1V).

VYcnemno NpUMEHSIETCS pedKCmpaKyus 0caxcoeHuem, HECMOTps. Ha
TPYIHOCTH B OTJICJICHUU TBEPAOH (ha3wl OT ABYX KUAKUX da3. st aToi nenun
UCIIOJIB3YIOT OCAQXKJIEHHWE IUypaHaTa U3 OpPraHUYEeCKUX PacTBOPOB, COAEP-
xamux ypad (IV) B Buge cynbhaTHOro KOMIUIEKCA, HANpUMep, MpH
KOHTaKTUPOBAaHUU OPraHUYECKOTo pacTBopa co B3Becbto MgO B Boje:
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{2(R3NH),[U0,(S0,) 2]}, +5M 0,40 0

+MgU,07 +4MgSOy 4o, +2H0.

opr. = 4R3Nopr.+

(4.129)

OnHuM u3 crocoboB peskcrpakiuu wiyToHus (1V) u3 opraHuyeckoro
pacTBOpa, COJEPKAIIEro IUTyTOHUH B (OpMe HHUTPATHOIO KOMIUIEKCA C
QJIKMJTAMMOHHEM, SIBIIIETCSI OCAXKJICHHE €ro B BUC okcaaTa mrytoHus (1V).

[IpeacraBisieT WHTEpPEC HCMNOJIB30BAHME AMHUHOB B KOMOMHAIUMU C
APYTUMHU 3KCTpareHTaMu. 371eCh TaK K€, KaK U C KUCJIBIMH IKCTpareHTamH,
HaOmogaeTcs 3ddexr cuaepruzMa. CHHEPTU3M OTMEYEH ISl SKCTPAKITUU
wiytonus (IV) W3 HUATpaTHBIX pPACTBOPOB CMECHIO TPHOKTWIAMUHA U
AUANKUI(HOCPOPHBIX KUCITOT.

4.5.5. DKcTpakius XenaTooopa3yrouMi peareHTaMu

B ruapomeramypruyeckoil MpakTUKE Hapsay C PacCMOTPEHHBIMU
HKCTpareHTaMu IIMPOKO HCIOJIb3YIOT XeJlaTooOpasyrolue peareHTsl. B
IOJIHOM MEpE 3TO OTHOCUTCA M K PaJHMOXUMHUU KaK C LEJIbI0 3KCTPAK-
IIMOHHOTO BBIJICJICHUS] ypaHa, TPAHCYPAHOBBIX JJIEMEHTOB U psifa NPYTUX
pPEAKUX DJIEMEHTOB, TaK M JUIsl peHieHus OOIIeaHAIUTUYECKUX 3ajad.
Xenamoobpa3syrowue peacenmvl — 2mo gewjecmed, 6 MOJEKY1aAxX
KOMOpbIX 00HOBPEMEHHO UMEeIOmcs 2pynnvl, cnocobHbvle 06pa3zoeams ¢
KAmMuoHOM Memania 6aleHmHYI0 U KOOPOUHAYUOHHYIO c8a3u. Onu
moeym Ovimb OmHeceHbl KAK KAMUOHOOOMEHHbIM, MAK U K AHUOHO-
0OMEHHBIM IKCMPALEHMAM.

K rpynnam, B3auMoaeicTBUE ¢ KOTOPBIMH IMPUBOAUT K 0Opa30BaHUIO
BajieHTHOUW cBsi3m, oTHOCATCS: —COOH (kapOokcunbhas); —SOsH (cymbdo-
rpynmna); =POOH (dbochopunbnas); =NOH (okcumuas rpymma);—OH
(cupToBas rpymnma) Wik SHOJIbHBINA (€HOJIBHBIN) THIPOKCHII, 00pa3yIOIIHIiCs
B PE3YJIbTATE MEPErPYIIIUPOBKU:

“CHy C— = —CH=C-
O OH

K o00pa3oBanuio KOOPAMHAIIMOHHOW CBSI3M CIOCOOHBI CJEAYIOIINE
rpynnel: ketroHHele =C=0; amunorpynnsl —NH; =NH, =N; okcumnas
rpynna =NOH; kuciopoa ruapokcuia MOJICKyJIbl CIIUPTA U JP.

Takum 00pa3oM, MOJIEKYJBI BCEX XEJIaTOOOPa3yIOIIUX pEareHTOB
NPEACTABISIOT COOOM MONMACHTATHBIE JUTaHAbl (OWIACHTATHBIE U BHIIIE),
oOpa3yrolue BHYTPUKOMILUIEKCHBIE (XelaTHble) coenuHeHus. OOpa3y-
IOIUECS XeJIaThl METaUIOB B CaMOM OOIleM MOHUMAHUM MPEICTaBIISIIOT
co00i KOOpJMHAIIMOHHBIE COCIMHEHUS, B KOTOPHIX MOH MeTajia CBSA3aH C
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(GYHKIIMOHATBHBIM OPTaHUYECKUM PEareHTOM, CIIOCOOHBIM 00pa30BBIBATH
UKINYECKHE COCNMHEHUs, 3aMmelnas JBa WU Oojiee MEeCT B KOOpAHHA-
IIMOHHOM cepe noHa MeTala.

Bonbiield 4acThio JIsi SKCTPAKIUKM MPUMEHSIOT XeIaTooOpa3yroline
peareHThl, SBISIOIIMECS CJIa0BIMU KHCIOTaMU (KOHCTAHTHI JUCCOIHAIINU
meree 10°-10%). PaccmoTpuM Hambonee BaXKHBIC XeIaTOOOPA3yIOLIUE
peareHThl: peareHThl Kjacca 3-TUKeTOHOB; OKCUMBbI; OKCHOKCHMBI.

Peacenmur knacca f-ouxemonos
1. Ayemunayemon (HAA)

CH(% - CHZ*E —CH; <= CH((‘J =CH— (HJ —CH;  (eHou wm 3HON).
O OH O

CrpykrypHas (opmyna obpasyromierocss xenara (aleTHIaleToHaTa)
CIIeTYIOIIAS

CH

Jo-e<

Me /CH
“CH,/n

Kak mnpaBwiio, oOpasyromuecss HUUKIMYECKHE TPYINIUPOBKH OYEHb
MpoYHbl. Pa3Mepbl IUKIOB MOTYT OBITh CAMBIMHU PA3JIUYHBIMU, OOBIYHO OHU
LIECTH- WU IIATUYJICHHBIE.

2. Tenounmpugpmopayemon (HTTA)

HC _ CH HC _ CH

HC{JC C—CH,~C~CF, = HC{JCI(j CH-C~CF, (cnon).
S 4 O S OH
OCOOCHHOCTh TIPUBEACHHBIX PEAareHTOB COCTOMT B TOM, YTO BHYTpH-
KOMIIJICKCHOC COCIMHCHHEC C MCTAJIJIOM 06pa3yeT dAKTUBHAsA — CHOJIbHaiA

dbopma, copepxariasi TUPOKCUIIBbHYIO Tpynmy. Tak, Hampumep, ¢ €HOJIbHOU
dbopmoii anetunarierona katronsl Me (1) oGpa3yroT xenar:

CH;~C=CH-C—CH,
O 0
\,Me"
0”0

Il
CH;~C—CH=C~CH,
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Oxcumbi

OxcuMHasi Tpymma, XapakTepHas JJIs BCEX PearcHTOB 3TOTO Kiacca,
CYIIECTBYET B JIBYX TAyTOMEPHBIX opMax:
opma | K' R N dopma Il
® \ ‘,// \
OH O H

Bomopon dopmer |l moxer 3amematses metamwiom. K kitaccy okcumoB
OTHOCHUTCS Qumemuneiuokcum (peaxmus Hyeaesa):

CHy~C— C—CH,8

N
HO~ I\I\OH

OTOT peakTuB crienudUUeH aJsi JIBYXBaJICHTHBIX HUKENS, Maliaaus,
ypaHWiia; CTPYKTypHas (hopmyJsia XeJaToB ClIeayIOIas:

CH(”?CCH

O—N N-O
¢ N AN
H\ Me ﬁ
O-N N-O

I
CH;~C—C—CH,

Oxcuoxcumul

B Moilekyne OKCHOKCHMOB COAEPXKATCs [BE AKTHUBHBIC TPYNIbI —
OKCUMHAS U TUAPOKCHUIIbHAS:

\
_ (‘: =C— (H: _
OH N—OH
Hanpumep, ABD {2-ruppokcu-4-aik (cMech C7— Cg)-0KCH-OCH30(CHOKCHM } :

oH NOH

PaznuyaroT OuJIeHTaTHBIE XEJATUPYIOLIUE areHThl, KOTOPbIE HMEIOT
JIB€ OJMHAKOBBIE WM pa3Hble (DYHKIMOHAJIbHbIE TPYMIbl, YYaCTBYIOIINUE B
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oOpazoBaHMM KOMIUIEKCHBIX coequHeHudt (HAA, d¢enantponun), wu
MOJIMACHTATHBIC, YUCIO (PYHKIMOHAIBHBIX TPYHI B KOTOPBIX OOJIBIIE ABYX.
[IpumepoM TeKCalleHTATHOTO JIMTaHJAa MOXET CIYXUTh JTHICHIMAMHH-
TerpaykcycHas kuciora (9JTA), naronast KOMIUIEKCHI BUAA:

' H,C — CH, '
/ \
H,C— N
e
N

O0=C

/™
H 2 C \‘\‘ / CH 2
o—

o’c\/\/c\o
O O

31€Chb N — BAJICHTHOCTH MCTaJLIA.

OnHOM M3 XapaKTepHBIX SBJSETCS peakuuss C TEHOWITpUPTOp-
aneronoM (HTTA), pactBoputrenem ciykuT Oenzon. Ilockonbky HTTA
ABJIETCS. KUCIOTOM (cnaloif), TO JUCCOUMUPYET OH IO KHUCIOTHOMY
MEXaHU3MY, PaBHOBECHUE M OCOOCHHOCTH 3TOM peakluu pacCMOTPEHBI B
pasnene 4.5.3.2.

K unciy BaxxHBIX (akTOpPOB, BIAMSIONIMX HA SKCTPAKLUIO BHYTPUKOMII-
JIEKCHBIX COEJIMHEHUN, OTHOCHTCS BpeMmsi KoHTakTa ¢a3. Hanbonee mensen-
HOM cTagued SKCTpAaKUUU SBISIETCS O0pa3oBaHUE BHYTPUKOMILIEKCHBIX
COEIMHEHU.

AHanorvyHasi KapTUHa HaOJIIOJAeTCs MPH SKCTpakUuu anudaruyec-
KkuMu (KUpHBIMU) Kucaotamu obmieit popmynsl CyH2n+iCOOH ¢ n > 5 u ux
cosieii. OTaMYME COCTOUT B TOM, YTO MOCIEAHUE MOTYT HMPUMEHAThCA O€3
paz0aBuTeNE, T.K. CAMH SIBJISIOTCA PACTBOPUTENSIMUA OOPA3YIOIIUXCS COJIEH.
Hcnonbs3oBaHue 3TUX COJEW I 3KCTPaKUMU MNPUBOJUT K DPa3JEICHHIO
METaJUIOB TaK Ha3bIBA€MON OOMEHHON »3KCTpakuued KaThuoHOB. Takue
peaKkiuy MOKHO BBIPA3UTh CXEMATHUYHO YpaBHEHHEM OOMEHa JABYX KaTHOHOB
METAJJIOB OJIMHAKOBOW CTENIEHH OKHCIICHUS:

Me s + RaME oo = MG, +RMe . (4.130)

KoHcranta oOMeHa 3TOW peakinuu 3aBUCUT OT TPHUPOABI OOMEHHBA-
IOIIMXCST META/UTOB. {711 HEKOTOPBIX META/UIOB OBLI MOCTPOEH Psij pasie-
JICHHSI SKCTPaKIKeH kupHbIME Kuciotamu ¢pakuun C—Cq @ Fe (111), Cu (11),
Ni (1), Co (Il), Ca, Na. B aTom psimy Kaxkaplii jieBee CTOSIIUN MeTalll,
HAXOMsChb B BOJHOM pAacTBOPE B BHJE COJIM MHHEPAIbHOW KHCIOTBI,
BBITECHSIET BCE METAJUIbI, CTOAIIME IpaBee, M3 MX COJIEH JKUPHBIX KHCJIOT,
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HAXOJSIIUXCS B OpraHn4eckoi (ase.

K umcimy BaKHBIX (aKTOPOB, BIMSIOIMIMX HA 3KCTPAKIMIO BHYTpPH-
KOMIUIEKCHBIX COCIMHECHH, OTHOCHUTCS BpeMs KoHTakTa (a3. HawmbOomee
MEJJICHHOM CTaguell OJKCTPaKIHMH SIBJSIETCS OOpa30BaHWE BHYTPHUKOMII-
JIEKCHBIX CBSI3EH.

Haubonee mumpoko i SKCTPAaKIMOHHOTO pa3/iesIeHUs] TPAaHCYPAHOBBIX
aneMeHTOB HCcTonb3yioT HTTA. C ero moMompi0 MOXHO OCYIIECTBHUTH
oraenenne HentyHus (IV) ot mayronus (I11), ypana (VI1), amepunus (I11),
ktopus (I11) u 1enoro psiia NpoAyKTOB ACICHUS.

[TpenmyIIeCTBO ATOTO METOAA COCTOUT B BO3MOYKHOCTHU IKCTPAKITUHU U3
BOJHBIX PACTBOPOB, HE COJAEPIKAIINX BBICAIUBBITENb, YTO 3HAYUTEIHHO
yIpoinaer mpobjaeMy KOHIICHTPUPOBAHUS M 3aXOPOHEHHS PaJHOaKTHBHBIX
oTx0/10B. OJHAKO CYIIECTBEHHBIM HEIOCTATKOM METOJa SIBISACTCA Mauas
CKOpOCTh 00pa30oBaHHUsS XeNaToB, YTO CYIIECTBEHHO OrPaHUYUBACT €ro
MIPUMEHEHNE B TPOMBITIUICHHOM MacIiTaoe.

XenarooOpa3yolyue peareHThl CIOKHEE M JOPOKEe OOBIYHBIX KaTH-
OHOOOMEHHBIX AKCTpareHToB. OHAKO WX MPEUMYIIECTBO 3aKIIOYaeTCs B
BBICOKOHM CEJIGKTHBHOCTH, TaK KaK MPOYHBIA XeJaT 00pa3yeTcsl MPU CTPOTO
OTIpeIEIEHHOM pa3Mepe M BaJCHTHOCTH KaTHoHa Mmetaia. [loatomy, xoTs
AKCTPAKIIMIO XEJIaTO0OPpa3yIOIUMH pPeareHTaMu eIie HeJJaBHO UCIIOIb30Bau
TOJBKO B XHMHUYCCKOM aHajW3e, B HACTOSIIEEe BPEeMsl OHAa HaYMHACT
NPUMEHSATHCS B TPOMBIIIIJICHHOCTH.

4.5.6 CriocoObl IPOBEICHUS IKCTPAKITUU

Paznenenve OAM3KUX MO XUMHUYECKUM CBOWCTBAM JJIEMEHTOB, B TOM
YHUCJI€ U PaIMOaKTUBHBIX, OCYIIECTBIISIETCS, KaK MPaBUIIO, ITyTEM MHOTOKPAT-
HOTO JPOOHOr0 3KCTParupoBaHUs, KOTOPOE MOXKET OBITh OCYILECTBIIEHO
YETHIPHMS CIIOCOOAMU:

1) sKkcTpakIius ¢ MePEeKPECTHBIM TOKOM JKHIKOCTCH;
2) SKCTpakUus ¢ IPOTUBOTOKOM JKHIKOCTECH;

3) 9KCTpakius ¢ ABYMS PaCTBOPUTCIISIMU;

4) TPOTUBOTOYHAS SKCTPAKIUSA C OPOIICHUEM.

Benem o6o3nauenus: F — ucxomHwli BOAHBIA pacTBOp; S —
sKcTpareHT; E — akcTpakT (opranmueckas ¢asa mocie dKCTpakiuu), R —
BomHas ¢asa (paduHar) mociae skcrpakiuu (puc. 4.33). Ksaapatsl
CXeMaTHUYEeCKU HW300pKAIOT amnmaparbl JJis MPOBEJACHUS OJHOW CTYINEHHU
OKCTpaKIuK. TakWe ammapaThl OOBIYHO COCTOSIT U3 JIBYX €MKOCTEH:
1) cMecuTens, e NPOM3BOIMTCS MEXaHWYEeCKoe IepeMmelnnBaHue (a3 1o
YCTaHOBJICHUS] PAaBHOBECHSI; 2) OTCTOMHMKA, B KOTOPHIM 00€ (ha3wl mogaroTcs
U3 CMECHUTEJNsl JJI pacciauBaHusd U paszzaesieHus. YacTo ucnoiab3yercs OJuH
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anmapar, B KOTOPOM IPOM3BOAUTCS IIOCIIENOBATEIbHO OIEpanus Iepeme-
[IMBaHU, OTCTAUBAHUS U pa3zeneHus ¢as.

| I I IV
lF FHEl Pl E F\ tE
"
N T 1
> F p, 1 E
R
o] 2]ag ) P, It E
2 F— 1
le RZHE3 R, |1 E,
2
s—| 3 |—E, 3
R, 11 E;
le R3HS 3 R) \s
R, +1 s

Puc. 4.33.  Cxema cnocobos npogedenuss MHOSOKPAMHOU — IKCMPAKYUU:
| — nepexpecmnviti mox, Il — npomusomox;, Wl — npomusomox c O0s6ymsa
pacmeopumensmu, NV —npomueomox c opowienuem

Cxembl mepekpectHoro Toka u mnpoTtuBotoka (I u IlI) He Tpebyror
0co0bix mosicHeHuid. Criocod skctpakmuu ¢ aBymsi pactBoputeasmu (1)
MOBBINIAET, TI0O CPABHEHHUIO C MEPBBIMU JIBYMsI Criocobamu, KOd(PPUIIUEHTHI
pasnenenus Omaromapsi BBEISHHIO BTOPOTO pacTBOpHUTeNs. B kadectBe
BTOPOT'0 PaCTBOPHUTEIIS OOBIYHO MPUMEHSIOT BOJHBIH PACTBOP BHICATUBATEIIS
¥ HA3BIBAIOT €T0 MPOMBIBHBIM PacCTBOPOM. D(DPEKT 3aKITFOYACTCS B TOM, YTO
OpH TMPOMBIBKE OKCTpakTa B JOIMOJHHUTEIBHBIX CTYICHSIX PacTBOPOM
BBICAJIMBATENS DKCTPAarMpOBaHHBIE TIPUMECH 3a CYET pachupeaeicHUs
NepexoaT B BOAHYIO (a3y. IIpuMepoM MOXKET CIYXHTh IPOMBIBKA
DKCTpaKTa ypaHa W IUTYTOHHS I YAQJICHHS OCKOJIOYHBIX 3JIEMEHTOB
(mpoaykToB AeneHust). Okcrpakiuio ¢ opomienuem (IV) npoBogaTr B
KOJIOHHAX, TJIe IKCTPAareHT (€ro IUIOTHOCTh NPAKTHYECKH BCET/Ia MEHBIIE
IUIOTHOCTH BOJHOI'O pPAacTBOpa) IMOJACTCS CHU3Y, a HMCXOIHBIH pPacTBOp —
cBepxy. M3-3a pa3HUIBI TUIOTHOCTEH OKCTPareHT TOJHUMAETCS BBEpX,
MPOXO/sl 4Yepe3 CJIOH BOJHOTO PACTBOpA, OIYCKAIOIIETOCS BHU3, B BUIE
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My3bIpbKOB. JTO OJWH W3 BApHAHTOB IPOTUBOTOYHOIO  METOJA,
OCYIIECTBIEMOTO B OJHOM PEAKTOpPE C OOIBIINM YUCIOM CTYMEHEH IKCTpaK-
MY, DKCTPAKIIMOHHAS KOJIOHHA aHAJIOTHYHA XpoMaTorpadudecKoi KOJIOHHE
C HOHUTOM. B Takoil KOJIOHHE MOXHO OCYLIECTBIIATh TAK)KE SKCTPAKIIHIO U C
IBYMsI PACTBOPUTEISIMU. B 3TOM cCiydae HMCXOOHBIM PacTBOpP IIOAAECTCSA B
[EHTP KOJIOHHBI, a MPOMBIBAIOIINN PACTBOP — CBEPXY, TaK KaK HCXOJHBIN
PacTBOP BCET/Ia TSKEJEe MPOMBIBAIOIIETO.

[Ipoliecc AKCTPAaKIMOHHOTO pa3/eNieHUsi BCErla 3aKIoYyaeTcss B
IPOBEICHUM JIBYX OIEpaluii: SKCTPAKIUHU, MPUBOASIICH K TMOIYYCHHUIO
AKCTpakTa U paduHaTa, M PEIKCTPAKIMHU. PeskcTpakuus 3aKiaoyaeTcs B
00OpaTHOM M3BJICYEHHUH SKCTPArupPOBAHHBIX BEIIECTB M3 OPraHUYECKOM (a3bl
B KOHIICHTPUPOBAHHOM BHJI€ B BOJHYIO JUIS MOJIyY€HUS UX B YUCTOM HUHJIU-
BHUJIyaJIbHOM COCTOSIHUM M pereHepanuu 3KcTpareHta. HeoOxomaumocTtb
pereHepaluu JUKTYETCs BBICOKOM CTOMMOCTBIO IKCTPareHToB. PeskcTpakuus
OOBIYHO MPOBOAMTCS JHOO YUCTOM BOAOW, JMOO BOAHBIMU paCTBOpPaMH
BEILIECTB, 00PA3YIOIINX C HIKCTPAripOBaHHBIMU BEILIECTBAMHU HEPACTBOPUMBIE
B OpraHu4eckoi aze coeuHEeHHUS.

[Ipn mpakTHYECKOM OCYIECTBIEHUU AKCTPAKIMOHHBIX pPa3JIeieHU,
KpoMe KO3 (ULMEHTOB pa3JeieHus] U CTENECHH HW3BJICUYEHHUS, HYKHO Yy4H-
ThIBaThb TAaK)K€ CKOPOCTh YCTAHOBJICHHUS PaBHOBECHs, KOTOpas 3aBUCHT,
HampuMep, OT TakuX (PaKTOpOB, KaK CKOPOCTb U CTENEHb MEPEMEIINBAHUSA
(mucnieprupoBanusi) da3, ckopoctd UG y3un dKCTparupyeMbIX BEIIECTB B
KHUJIKOCTSAX, CKOPOCTU XUMHUYECKUX PEaKLUi SIKCTParupoBaHus U T.[.

[Tpu co3gaHMM NPOMBINIICHHBIX SKCTPAKIMOHHBIX CUCTEM IOMHMO
IPOU3BOAUTENLHOCTH MPUXOAUTCA YUUTHIBATh MHOTHE Jpyrue (akTophbl.
B oakcTpakiimoHHBIX Mporeccax mnepepadoTku 001ydyeHHOro (oTpaboTaB-
IIET0) SIIEPHOTO TOIJIMBAa 0CO00€ 3HAYEHHE MUMEIOT paJualMoHHasi U KOppo-
3MOHHAs YCTOMYMBOCThH ammaparypbl, OMOJOTHYECKas 3alluTa, KOHTPOJb 3a
KOHLIGHTpauuen JeNsIuxXcs MaTepuanoB U s/1epHO-0e30MacHasi TeoMeTpus
anmnapaTtoB il oOecrieueHusi Kputuyeckor OeszomacHocTH. [Ipu pabote c
PaAMOAKTUBHBIMU  pacTBOpaMHu amnmaparypHoe ogopMiieHue Mpouecca
AKCTPAKIMK  JIOJDKHO  OOEecrneyuMBaTh  BO3MOXHOCTh  JIUCTAHIIMOHHOTO
yIpaBIICHHUS.

KonTtponbHbIe BOMPOCH K paszaeny 4.5

1. Jaiite onpeneneHue MNpoueccoB IKCTPAKIIUU.

2. OOBsiCHUTE OCHOBHBIE TEPMHUHBI, UCIIOIB3YEMbI€ B IKCTPAKIIMOHHBIX
IpoIeccax.

3. HN3oOpaszute mpUHIMNUATBHYIO TEXHOJOTHYECKYI CXEeMy IMpoiiecca
AKCTPaKIIUH.

4. Cdopmynupyiite TpeOOBaHUS, MPEABIBIIEMbIE K SKCTparcHTam Hu
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pa30aBUTENSIM.

5. IlpoxknaccuduuupyiTe dKCTPAKIIMOHHBIE MPOIECCHl O MEXaHU3MaM
B3aUMO/JICCTBUS.

6. IlpoBenuTe kiaccu(UKaAUIO SKCTPAKIIMOHHBIX MPOIECCOB MO THUIAM
MIPUMEHSIEMBIX SKCTPAreHTOB.

7. JlaliTe ompeneneHUE TEPMHUHAM «KOHCTAHTa pacHpeleNicHUus» MU
«k03hPUITMEHT pacripeaeIeHUs».

8. OxapaxkTepu3yilTe TUIbI HEUTPAIbHBIX SKCTPAreHTOB.

9. BebiBenuTe ypaBHEHHE H30TEPMBbI AKCTPAKIMK HEUTPaIbHBIMU
AKCTpareHTaMu JJisl KaTHOHA.

10. B gem 3akmrouaroTcsi 0COOCHHOCTH SKCTPAKIMU dhUpaMHU U KETOHAMU?

11. Kakum 00pa3oM BbICAJIMBATENIM OKAa3bIBAIOT BIIMSHHE Ha JKCTpaK-
HHOHHYIO CUCTEMY?

12. Kak BOusieT Ha SKCTPAKIUIO IPUPO/Ia KATHOHA BBICAIUBATEIS?

13. OnuiuTe BIUSAHNAE KUCIOTHOCTH HA KOOPPUIIMESHT pacTpeiesiCHus.

14. TlpuBeaute knaccudukaiuo GochopopraHuYECKUX IKCTPAreHTOB.

15. Oxapakrepusyiite (U3MKO-XUMHUYECKHE CBOWCTBA TpUOyTMidochaTa
KaK DKCTpareHra.

16. BeiBequTe ypaBHEHHE H30TEPMBI DKCTpakmuu TpUOyTUiIdhocharom
HUTpaTa ypaHuia.

17. B yeM 3akitoyaeTcsi BIUSHHUE MPUPOJBI MOCTOPOHHHX AHUOHOB Ha
AKCTpakiuio TpuldyTmidocdarom?

18. B yeM 3akiro4aroTCs MEXaHU3Mbl OKCTPAKIIMH KHUCIBIMU DKCTpa-
reHTaMu?

19. HazoBuTE TUIIBI KUCTBIX SKCTPAreHTOB.

20. B ueM 3akmrogaroTcss 0cOOeHHOCTH (HOChHOPOPTaHUYECKUX KHCITOT?

21. Hanumute B oOmieM BUAE PEAKIUIO DKCTPAKIMHA  KHUCIBIMH

peareHTaMu U BbIpaxeHus 11 K u oL

- 10 MEXaHMU3MY KaTHOHHOTO 0OMeHa,
- IO MEXAaHU3MY IIPUCOETUHEHUS.
22. OnumuTe BIUSHUE KUCIOTHOCTH HAa  OKCTPAKUUIO  KHUCIBIMU
JKCTpareHTamH.
23. CriocoOblI M3BJICUCHUS BEIIECTB U3 KUCIIBIX SKCTPareHTOB.
24. Hanumute B 001el popme ypaBHEHHE SKCTPAKIUU TEHOMITPUDTOP-
YKCYCHOM KUCJIOTOM U BBIBEAUTE ypaBHEHU 1151 K 1 0.
25. Kak BiausieT KUCIOTHOCTh Ha SKCTpakIuio ¢ moMoisio HTTA?
26. Uto Takoe cuHepreTHhIN YPhexT?
27. Kak onpenenuts 3QHEeKT cMelIeHNus SKCTPAareHTOB?
28. Uemy paBeH pacueTHbId KOd(PQUUMEHT pachpeAesieHus sl CMecu
AKCTPAreHTOB?
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29. UeM MOXHO OOBACHUTH CHHEPTETHBIN 2PPEKT MpU COUCTaAHUH:
— HEUTPAIBHOTO U KUCJIOTO AKCTPAreHTOB,
— HEUTPaAJIBHOTO M OCHOBHOT'O AKCTPAreHTOB,
— KHCJIOTO U OCHOBHOTO 3KCTPareHTOB?
30. Kakne opraHuueckue OCHOBAaHHUS HCIONB3YIOTCS B  KauyecTBE
AKCTPAreHTOB?
31. Cpopmynupyiite onpeneneHuss KUCIOT U OCHOBaHMM 1o bpeHcTemy—
Jloypu u 1o JIstoucy?
32. B yem npeumyiecTBa aMMHOB NIEPE]T APYTUMHU IKCTPAreHTaMu?
33. IloueMy OCHOBHBIE KCTPAareHThl HA3bIBAOT KUJKUMU aHUOHUTAMU?
34. U300pa3ute CTPyKTypHBbIE (POPMYIbl aMHHOB M YETBEPTUYHBIX
aMMOHHEBBIX OCHOBAHUH.
35. Hanummure peakiuu B3aMMOICHCTBHSI COJTM METajlsla U COJIM AaMHUHA T10
MEXaHU3MaM:
- MOHHOI'0 OOMEHa,
- TPUCOEIUHEHUS.
36. HanumuTe peakiuu SKCTPaKIIUH aMUHAMHU:
- COJIEH TUTYTOHHS,
- COJIeH ypaHua.
37. KakumMu  MeToAaMM  OCYLIECTBIISIOT ~ M3BJIEUEHUE MeTala U3
OpraHUYecKOM (a3zpl MocCie IKCTPAKIIMY aMUHAMU?

4.6. DneKTpOXUMHYECKHEe MeTOAbI BbIJIeJIEHUSI H pa3/ieseHusl
PAIMOAKTHBHBIX 3JIEMEHTOB (M30TOIOB)

B pamnoxumuueckouW  IPAaKTUKE  DJIEKTPOXUMUYECKHUE  METOMBI

MOJIYYHIIM ITUPOKOE PACIIPOCTPAHEHUE IS
1) BBIICIICHHUS PAIMOAKTUBHBIX H30TOIIOB M3 PACTBOPOB;
2) BBIJICIICHHS PAJHOAKTUBHBIX H30TOIOB U3 PACILJIABOB;
3) u3yueHHs UX PU3NKO-XUMHUUYCCKUX CBOMCTB.

OnHuM H3 TOPEUMYILECTB JJIEKTPOXMMHUYECKUX METOJOB SIBIACTCS
BO3MOXHOCTh TOJYYE€HUS TOHKHX PABHOMEPHBIX CIIOEB PaAUOAKTUBHBIX
BEILIECTB BBICOKOW CTEMEHU YUCTOTHI, YTO OCOOCHHO BAXKHO JJIsi KOJIUYECT-
BEHHOT'O PaJMOMETPUYECKOTO aHanu3a. [Ipyu ucrnonb30BaHUU JIEKTPOXUMU-
YECKMX METOJOB JUIS pA3JeNICHUsT WA WCCICAOBAHUS PaJIHMOAKTUBHBIX
u3otonoB (PAU) HeoOXOAMMO HMCKIIIOYATH SBJICHUS KOJJIOMA000pa30BaHUs
W aJCcopOIMM Ha CTEHKaX COCyJla WM 3arps3HeHusiX. BakHO yduThIBaTH U
OTpaHUYCHHS B MPUMEHUMOCTU ypaBHeHHs HepHCTa B yClOBHSX OOJIBIINX
paz0aBIeHUHN.
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4.6.1. DIEKTPOXUMHUYIECKOE paBHOBECHE (TEPMOJIMHAMUKA, TTOTCHIIHOMETPHS )
OECKOHEYHO pa30aBICHHBIX PACTBOPOB PAIMOAKTUBHBIX 3JIEMEHTOB

[Ipexxne Bcero HEOOXOAMMO OTMETUTH CIEAYIOIIME OCOOEHHOCTH,
MPUCYILIUE SJEKTPOJUTUYECKOMY BBIJEICHUIO PAJUOAKTUBHBIX H30TOIIOB,
HaXOASIIUXCS B MUKPOKOHIICHTPALIUSIX.

1. B cayyae OONBIIMX HWHTEHCUBHOCTEM W3JIyYEHHS BO3MOKHBI
BTOPUYHBIE pEAKIMK B OKpYXKalIlel cpene (pacTBOpUTENb, 3IEKTPON),
KOTOPBIE MOTYT CUJIBHO BJIMSATH Ha TEUCHHUE SJIEKTPOXUMHUUYECKOTO MPOIECCa.

2. B ynprpapa30aBieHHBIX pacTBOpax HEOOXOJIMMO YUUTHIBATH
BO3MOXHOCTh 00pa30BaHMs PAJAUOKOJUIOMIOB, aACOPOIMI0 Ha CTEHKax
COCYZIOB H 3JIEKTPOJIax.

3. Ins Toro, 4TroOBI MOKPHITH MOHOMOJIEKYJISIPHBIM CJIOEM pajuo-
AKTUBHOTO M30TOMa 1 CM° TOBEPXHOCTH IUIATHHOBOTO  3IEKTPOJIA,
Heobxomumo ~10°+10° r-atomoB, B TO BpemMsi Kak B | mu pactBOpa C
KOHIECHTpAIen 10°M COIEPKUTCA BCErO 10°r MHUKPOKOMIIOHEHTA.
KonuyecTBa e paauoOakTUBHBIX HM30TONOB B PACTBOpPaX YacTO OBIBAIOT
ropasz0 MEHbIIE, OrPAHUYUBASICH HWHOTIA 1010 M. [Toatomy
BBIJICJIMBIIIEECS] BEIIECTBO MOKET 3aHMMAaTh OYEHb Majyl0 JOJI0 IMOBEpX-
HOCTH 3JIEKTPOJa, BCIEACTBUE YErO DJIEKTPOJHBIE MPOIECCHl MPOTEKAOT Ha
[NOBEPXHOCTH, B XUMHUYECKOM U (DU3UYECKOM CMBICIE YYXKEPOAHON
BBIICIIAIOIIEMYCS BEILIECTBY.

4. Tlpu ynpTpamaiblX KOHIEHTpAIUSX PAJIUOAKTUBHBIX SJIEMEHTOB B
pacTBOpe TOK OOMEHa MEXIy OCAXKIECHHBIM Ha 3JIEKTPOJIE PaTuOaKTHBHBIM
AJIEMEHTOM M €r0 MOHAaMH B PACTBOPE 3HAUYMUTEIBHO MEHBIIE, YEM TOKH
oOMeHa JpYyruxX PacTBOPEHHBIX BEIIECTB, HaMpUMep, TOK OOMEHa pacTBO-
pEHHOro U ajxcopOUpoBaHHOTO Kuciopoja. [losToMy B Takux pacTBopax
YCTaHABJIMBAETCA CMEIIAHHBIA MOTEHIMAI 3JEKTPOAa, OOYCIOBICHHBIN
MPUCYTCTBHEM BceX MOHOB. llocienHsis 0COOEHHOCTh UMEET OYEHb BAJKHBIE
nocnencTsus. M3 3Toro BBITEKAET, YTO MOTEHUUAbl BBIICICHUS PaTUOAK-
TUBHBIX 3JIEMEHTOB M3 YJIbTPapa30aBICHHBIX PACTBOPOB HE MOTYT OBITh
OTpENIECNICHbl OOBIYHBIMM METOJAMHU CHSTHUS TOJSPU3AIMOHHON KPUBOM
(U-I), T.e. npuMeHMOCTh ypaBHEHUsT HepHCTa B 3TOM cily4ae OrpaHH4YcHA
(OHO BBIBEACHO 111 MAKPOKOJINYECTB).

[Tomnoe ypaBHenwe Heprcra s 1000W OKHUCIUTEIHHO-BOCCTAHO-
BUTEJIbHOM CUCTEMBI, B KOTOPOM y4YacTBYIOT TOJBKO JIBa BEILIECTBA, UMEET
BU/I :

RT RT

a'KI/IJ'I. aB T.
E:EO+FInaO—C HH6O E:Eo—n—FIna&. (4131)

BOCCT. OKHCJI.

W3 3TOro ypaBHEHMs BBITEKAET YIpoIlleHHas (opma, KOTopas OTHO-
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CUTCS K CIIy4aro, KOTJa MOHBI pa3pspKaroTCs Ha MOBEPXHOCTH MIAECHTUYHOIO
WIM WHEPTHOTO BeliecTBa. Torma akTUBHOCTb BOCCTAHOBJICHHOU (HOPMBI
MIOCTOSIHHA W MOJKET OBITh BKJIFOUEHA B KOHCTAHTY E:

RT
E=E°+ F In(aoxncn.) ) (4.132)

T.€. TEPMOJMHAMMYECKAsI aKTUBHOCTh METaJlIa, OCAKAECHHOTO HA 3JIEKTPOJIE,
paBHA €IUHULIE.

Kpumepuem npumenumocmu ypasnenusi Hepncma nns O€CKOHEYHO
pa30aBIEHHBIX CHUCTEM SBISETCS COBIAJACHHE 3HAYCHWW NOTEHIMAJIA,
PAaCCUMTAHHOTO MO 3TOMY YPaBHEHHIO (C Yy4€TOM KOHIIEHTPAallUd HOHOB
PAaAMOKTUBHOTO M30TONA B HCCIEAYEMOM pACcTBOpPE), CO 3HAYEHUEM
MOTEHIMANA, U3MEPEHHBIM IKCIIEPUMEHTAIIBHO.

s oueHb pa30aBIIEHHBIX PACTBOPOB SKCIEPUMEHTAIBHO H3Mepsie-
MOM BETMYMHOMN SIBJISETCS MMOTEHIMAN JIEKTPOJA, COOTBETCTBYIOIINNA HAaYary
OCAXKJIEHNS Ha HEM PAJMOAKTHBHOIO H30TOINA. IDTOT IMOTEHUMAT IOIYYUII
Ha3BaHUE Kpumuuecko2o nomenyuana ocaxcoenus (E ).

B npuHOHIE KPUTHYECKHI MOTEHLIHAN OCAXKIEHUS PaJUOAKTUBHOIO
AJIEMEHTa MOKHO PAacCMAaTpUBaTh KAK PABHOBECHBIM IOTEHIMAT AJIEKTPOJA,
0GpATHMOr0 OTHOCHTEIBHO HOHOB 3TOro Tma, Hampumep, Po"/Po. Dto
0OyCJIOBJIEHO TE€M, YTO MOJSPU3aLMs, COMPOBOXKIAIONIAS pa3ps] U MOHHU3A-
LU0 PaJuOaKTUBHOIO 3JIEMEHTA MPHU 3HAYEHUAX MOTEHIMAIOB, OJMM3KHX K
E.p., HHYTOXKHO Mayia. Ilonspusanus, conpoBoXkaaronias Apyrue npoLeccsl,
MPOTEKAIOIME Ha OJJIEKTPOJE, HCKIIOYAETCd METOAUMKON OmpeaeneHus
BenuuuHbl E, (cM. Hmke). Takum oOpasom, 3aBUCHMOCTb E, = f(Coxen),
T.€. OT COACPKAHUS PAIMOAKTUBHOTO AJIEMEHTa B PACTBOPE, TOJKHA OMHUCHI-
BaThCs ypaBHEeHUEM HepHcTa B cokpalieHHo# gopme.

OpHako BOIIPOC O €ro MPUMEHHMOCTHU Il MUKPOKOJIMYECTB IOKA HE
peuleH: s OJHUX CUCTEM OHO IPUMEHUMO, JUISl IPYTUX — HET. YpaBHEHHE
MOKET OBITh MCHOJB30BAHO JUIsI CUJIBHO pa30aBJICHHBIX PacTBOPOB IMpHU
YCIIOBUSX:

1) TepMmoaMHAMHUYECKas aKTHBHOCTh PAJHMOAKTHBHBIX H30TOIMOB 3aMEHS-
€TCS KOHIIEHTpauuen (ompenenseMoi, Kak MpaBUjIo, IO H3MEPEHHIM
PaAMOAKTUBHOCTH) — TaKO€ JOMYUIEHUWE HE MPUBOIUT K OLIMOKaM, €ciiu
pPacTBOPbl MMEIOT HEOOJBIIYI0 MOHHYIO CHIIy U HE COJEP)KAT CTaOMIIBHBIX
M30TOMOB JIAHHOTO PaJIMOAKTUBHOTO 3JIEMEHTA;

2) aKTUBHOCTh (TCPMOJUHAMHYECKAs) OCAKICHHOTO Ha DJIIEKTPOIC
PaAMOAKTUBHOTO H30TOMNa (T.€. BOCCTAHOBJIEHHAas (opmMa) B OTCYTCTBHUE
MOHOCJIOSI paBHa eAuHUIIE (KaK U B ClIydae MaKpOKOJUYECTB).

[lepBoe nomyiieHHE BO3MOKHO IPH YCJIOBUM, YTO MpeaIioaracMast
XUMHUeckas (GopMa paJroaKTUBHOTO 3JEMEHTAa OTBeYaeT HCTUHHOM, T.e. B
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CHUCTEME OTCYTCTBYIOT MPOLIECCHl KOJUIOMAO- U KOMILJIEKCOOOpa30BaHHUsA
PaZOaKTUBHOTO JIEMEHTA, & TAKXKe MPOLIECCHI aJICOPOITHH.

Ilouemy umno20a  Kiaccuueckue nNpoyeccbl He  ONUCHIBAIOMCA
ypasnenuem Hepncma?

[loTeHnnman B psiie CIIy4aeB 3aBUCUT HE TOJIBKO OT KOHILIEHTpalWu
MOTEHIUAIT-ONPENEIAIOINX HOHOB, HO M OT Marepuaja >3JEKTpoAa. ITO
CBSI3aHO C TE€M, YTO OCAXKICHHE METajula Ha JJIEKTPOJIE COINPOBOXKAACTCA
XEMOCOPOIIMOHHBIMM IIPOLIECCAaMH, YTO MEHSIET paclpesesieHUe 3apsia Ha
MOBEPXHOCTH METAUIMYECKON MOJJIOXKKH, M, CIEI0BATENbHO, MOTEHIMAI
OyZeT U3MEHAThCS C U3MEHEHUEM TEPMOJIMHAMUYECKON aKTUBHOCTU PaaUO-
aKTUBHBIX 3JIEMEHTOB B pacTBOpE MO 00Jiee CI0KHOM 3aBUCUMOCTH, YEM 3TO
npencrasiieHO ypaBHeHueM HepHcera. Benp ypaBHenue HepHera nmokasbsiBaer
3aBUCUMOCTh MOTEHIIMAJIA 3JIEKTPOJa TOJBKO OT KOHUEHTPAIMK MOTEHIIHAI -
ONPENENSIIOIUX HOHOB M COBEPIICHHO HE YYHUTBIBAET BJIMSHUE MPUPOJIBI
Marepuaa 3JeKTpo/ia U BIUSHUE aJCOPOIMOHHBIX SIBJICHUM.

DIEKTPOXUMHUYECKUI TPOLIECC OCAKIACHHS U3 PACTBOPOB YIbTPAMAJIBIX
KOHLIGHTpAlMi 3aBUCUT OT COOTHOIICHHS JHEPruu ajacopOUuu HOHOB

PAaaMOAKTUBHBIX 3JIEMEHTOB HA WHOPOJHOW ITOBEPXHOCTH JJekTpona E, m

OHCPIrun HX a,HCOp6I_II/II/I Ha COOCTBEHHOM KpuCTaaic Ep. HpI/I 9TOM MOTI'YT
HMCTb MCCTO TPpH CJIy4dasd.

1. Ea=E, — ypaBHenue HepHCTa MOIDKHO COOMIONATHCA, T.K.
MPUHIMIIMAIBHO 3TOT CIIy4ail HE OTJIMYAeTCS OT pa3psiaa Ha COOCTBEHHOM
Metasuie. CieyeT OTMETUTh, YTO MPU JOCTHKEHUH ITU(PPY3UNOHHOTO PEKH-
Ma (CKOpOCTh Mpolecca OMNPEAeNsieTCs] CKOPOCThI0 MOJABOJIA BEHIECTBA K
AJNIEKTPOJy) BO BCEX CIydasgX CKOPOCTh IMpOILiEcCa HE 3aBUCUT OT 3HAYEHUS
NOTEHIMAIIA.

2. Ea>Ep — s BbileneHuss WOHOB W3 PAcTBOpa Ha OJJIEKTPOJIE
HEO0OXOIUM MEHBIIUHN MOTEHIIUAN, YeM TOT, KOTOPBIN CIEIYEeT U3 ypaBHEHUS
HepHcra; npu 3TuX yClOBUAX MIPOUCXOAUT, HANPUMEp, OCAXKICHUE
PaJIHOAKTUBHBIX JIEMEHTOB Ha IUIATUHE.

3. E;< Ep, — B OTHX YCIOBUSIX JUIA OCaXIECHUS HeoOxoauMm Oouiee
BBICOKMI TMOTEHLUHAJ, 4Y€M BBIUMCIEHHbIA W3 YypaBHeHHss Hepncra, T.e.
HE00X0IUMO TepeHanpsbkeHue. Takol ciayyail HaOogaeTcsl IpU OCaXKACHUU
PaAMOAKTUBHBIX 3JIEMEHTOB Ha BOJIb(DpaMe U Ha TaHTAaJe.

Xumuueckass mpupoga U (U3UYECKOE COCTOSHHUE «IOJIOKKWY, Ha
KOTOPOM MPOUCXOIUT BBIJIEICHHUE, MOKET IpUoOpeTaTh O0JIbIIOE, 2 UHOT/AA U
pemaroniee 3HadueHUE. B 3TOM CMbICIE 3JIEKTPOXMMHUYECKHE IPOLECCHI,
BEYIIME K OCAXACHUIO HA 3JIEKTPOAE KOJIMYECTB BEIECTBA, HEIOCTATOYHO
OMHUCaHbI JUJIsl 00pa30BaHUs Jake MOHOATOMHOIO CIIOSl, UMEIOT HEKOTOphIE
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o01ue YepThl C SIBICHUSIMU aJCOPOLIIH.

OmnbiTaMu, HampuMep, ObLIO MOKa3aHO, 4TO ypaBHeHHe HepHcra
cobmonaercst mpu ocaxnennn: RaE (Bi**) — mo 10° M; Po — mo 10 M;
Ag', Zn" — 10 10° M.

Kpome ypaBHenumss HepHCTa s BBIpaKEeHHsI TOTEHIIMANA W3BECTHO
sMIMpuieckoe ypaBHeHue Pomxepca—CreHes 1uisl 3JIeKTpoAa, HE MOTHOCTHIO
MOKPBITOTO OCAXK/1aEMbIM AJIIEMEHTOM

RT, C-y
+—In——
nF  AS-a’

rae Y — Kod(pPUIMEeHT aKTUBHOCTU MOHOB B pacTBope; C — KOHIEHTpaIus
MOHOB OCAKJAEMOI0 PaJMOAKTUBHOIO 3JIEMEHTa B pacTBope; AS — mons
MOBEPXHOCTU DJIEKTPOJIa, TMOKPHITas OCAJAKOM; a — TEPMOJUHAMUYECKAS
AKTUBHOCTb OCaXJIEHHBIX aTOMOB.

OnHako OrpaHUYEHHOCTh €ro NPUMEHEHMS OYEBUJIHA BCJIEICTBUE
OTPAaHUYCHHBIX JAHHBIX 10 3HAYCHHUSIM KOI(P(PUIIMEHTOB aKTUBHOCTEU
WHIUBUTyJIbHBIX HOHOB.

E=E° (4.133)

Kunemuxa NIEKMPOXUMUUECKO2O gvloeIeHUs pa()MOCZKmu6Hle
ANeEMEHMOB U3 pa36a8]l€HHblx pacmeopoes

@. Komo-Kropn monyuun ypaBHEHHE, OIPEACISIONIEE CKOPOCTh
ANEKTPOOCAXKACHUS PAaIMOAKTUBHOIO AJIEMEHTA MPU JAHHOM MOTEHIMAJE, B
CJIEIYIOILLEM BHJIE:

dN

dr
rae N — 9iciio ocaxaeHHBIX aTOMOB PaJUOaKTUBHOTO DJIEMEHTa B PaCTBOPE;
No — mepBOHaYaIBLHOE YHCIIO ATOMOB PaJIMOAKTUBHOTO 3JIEMEHTA B PAaCTBOPE;
&, [ — KOHCTaHTBhl CKOPOCTEH OCAKICHUS M PACTBOPEHMS, 3aBUCSIIUE OT
YCJIOBH OTBITA.

OnbIThI, MOCTABICHHBIE C IOJOHUEM NPU €ro MOCTOSAHHOM KOHIIEH-
TpaluM, MOKa3ajdd MOCTOSSHCTBO CKOPOCTH OCAXICHHS. IJTO YKa3bIBA€T HA
HE3aBUCUMOCTh CKOPOCTH OCAXKJECHUS OT CTEIEHU 3alOJIHECHUS TOBEPXHOCTH
AJIEKTPOA OCAXAAEMbIM »JIeMEHTOM. OJHAaKO B YCJIOBHUSX HEMOJIHOIO
3aMoJTHEHUS TOBEPXHOCTH BETMYMHA B MOXET SBISIThCS (yHKImen N.

Takum 006pa3om, COONIOACHUE ITHX 3aKOHOMEPHOCTEH yKas3bIBaeT Ha
MPUMEHUMOCTh YpaBHeHMsI HepHcTa 1 Ha060poT.

a(Ny —N)— N, (4.134)
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Memooul onpedenenus KpumuiecKkux nomeHyuaios

Brimie ObUlo  MOKa3aHO, YTO NPSIMOE OMpEeieHHE MOTEHIHAIOB
OCAXJICHUS IYTEM CHATHUS MOJSPU3ALHOHHON KpUBOW (3aBUCHMOCTH CHJIBI
TOKa OT HamlpsbKeHHs) HeBO3MOKHO. [loaromy XenuHom u [lTaneTtom Obui
pa3paboTaH METOJ| ONPEAECHCHUS] KPUTUYECKUX MOTEHLIHMAIOB pPaaHo-
aKTUBHBIX JJIEMEHTOB B CHJIbHO pa30aBICHHBIX PACTBOpAaX IO KPHUBBIM
CKOpPOCTH OCaXJeHHus. B 3TOM MeTolie m3ydaercsi 3aBUCUMOCTb CKOPOCTH
OCaXJCHUSI W3 PACTBOPOB OIPEAECIECHHON KOHLEHTPAIMU OT IOTEHIHMaNa
anektposa (puc. 4.34). CKOpoCTh OCAXKICHUS OMPEACISICTCS MO KOJIHUYECTBY
BBIJICIIMBILIETOCS 3a OMNPEACIICHHbI WHTEPBAI BPEMEHH PATUOAKTHBHOIO
arieMeHTa (10 paJuOaKTUBHOCTU OCAJIKa), MPAKTUYECKU M0 HAKJIOHY KPUBOH
B KOOPJIMHATAaX «AKTUBHOCTb Ocaaka — BpeMs». IloTeHnuman ocaxacHus
OMpEeNENsieTCs SKCTPANOIIIUMEd K OCH aOCIUCC KPYTO IMOAHUMAIOLIErOCs
y4acTKa KpPHBOM OCAQXKJEHHUSA; BCIEACTBUE SKCTPAIOJISILIMU METOJ HeJ0CTa-
touHo ToueH (+0,03 B).

3uBoM W CuHHULIMHOM ObUT pa3paboTaH METOJ, HCKIIOYAOIIHMA
skcrpanossuio (puc. 4.35). ITo 3ToMy METOy CHMMaeTcsl cHadajla KpuBas
OCAXJICHUS PAJMOAKTUBHOTO 3JEMEHTA IMPHU 3aBEIOMO JOCTATOYHO OTPHULA-
TEIBHBIX MOTEHIHMaldaxX, a 3aTeéM — KpUBas pPacTBOPEHUS OCAXIECHHOIO
PaAMOAKTUBHOTO 3JIEMEHTA IPU IOHWKEHHMHM 3JIEKTPOJHOIO MOTEHIHMAIA
HWKE PaBHOBECHOTO 3HaueHUs. KprBas ocakxIeHHsI—pacTBOPEHUS UMEET JBE
BETBU, IEPECEUEHUE KOTOPHIX Ha OCH a0CIMCC OTBEYaeT IMOTEHLHATY
OCAXJICHUS PaJMOAKTUBHOIO 3JIEMEHTA. TOYHOCTh ONPENEIICHNs IOTEHIIHAIIA
coctapisier £0,002 B, T.K. 1aHHBIC MO0 WHTEPHOJIMPOBAHUIO HAJICKHEE, YEM
IIPU 3KCTPANIOIUPOBAHUH.

A 0/ -
~ A _ 100%
s s
X S5
8 ]
S ©g
[¥al
[ 0 T T T
S o B 0,58
= =T
2 3
) o 0 i
o M
= B
2 > O3
Eep. E.B =.100% -
Puc. 4.34. 3asucumocmsv cxopocmu Puc. 4.35.  3asucumocms cxopocmu
ocaxcoenus om nomeHnyuana ocaxcoeHus NOJIOHUsL Om NOMEHYUand
271eKmpooa 271eKmpooa

176



4.6.2 [IpuMeHeHre AIEKTPOXUMUIECKIX METOIOB B PAHOXUMUH

4.6.2.1. Dnekmpoxumuueckoe vimecHerue (Yyemenmayus)

Jlis pasgeneHuss WM BbIACTICHHUS 3JIEMEHTOB MOXKET MPUMEHSThCS
METOJ| 3JEKTPOXUMHUUECKOTO OCaXJIeHHsl Oojiee OIaropoJHOro MeTauia Ha
MeHee 0JIaropoJAHOM (B MOPSIKE PACHOJIOKEHUS B PSALY HAIpPSOKEHUH) Npu
MOTPYXEHUH TIOCJIETHETO B PACTBOpP, COJEPKALIUI HOHBI BBIICISIEMbIX
METAJJIOB. JTO SIBICHWE HOCUT Ha3BaHue yemenmayuu (OECTOKOBOTO
OCAXICHUS, T.C. BbIMECHEHUs MEMAILI08 U3 PACHEOPOS); IS €T0 IPOTEKaHUS
HeoOXouMa JIOCTaTOYHAS PAa3HOCTh SJIEKTPOJAHBIX MOTEHIMAIOB COOTBET-
CTBYIOUIMX Tap HOHHBIX U OJJIEMEHTHBIX (hOpM pacrpenensromerocs
BeniecTBa. BO3MOXHO Takke BbIIEICHUE 3JIEMEHTOB METOIAOM GHYMPEHHE20
91eKMpPOAU3A, SABIAIOUIETOCS YaCTHBIM CIIy4YaeM LIEMEHTalUU.

[lemeHTanmst OCHOBaHa Ha SJICKTPOXHUMHUYECKOH pEAKIHMH MEXKIY
METAJJIOM-IIEMEHTATOPOM ¥ MOHOM BBITECHIEMOIO METalljia M MPOTEKAET IO
cxeme:

2,Meg'" +Z,M& - 2,M¢ +7,Me5?", (4.135)

TJI€ Z1 ¥ Z, — 3apsiibl KATHOHOB.

[lemMeHTaMIO MIAPOKO HCIIONB3YIOT B THIPOMETAJUIYPIHU PEIKUX,
paccesiHHbIX, OJIArOPOAHBIX M IIBETHBIX METAJUIOB IPEUMYILECTBEHHO B
CHEAYIOIINX LENSX:

1) ans  OYUCTKM pacTBOpa, COJEPIKAIIer0 OCHOBHOW MeETall, OT
IIPUMECEN;

2) nns BBIACICHUS OCHOBHOTO MeETajUla W3 PAcTBOpa, HampuMep,
U3BJICYEHUS 30J10Ta LIEMEHTALMEN HA [INHKE.

[lemeHTanusa — AIEKTPOXUMHUYECKUN Tpouecc. TepMoauHamuyeckas BO3-
MO>KHOCTb IPOTEKAHMS LIEMEHTALMK ONPEIEIAETCS COOTHOIEHNEM BEJIUYNH
AJIEKTPOJHBIX MOTEHIMAIOB. BbITeCHSIOMMI MeTann JoikeH o0janarth
0oJiee OTPULATEIBHBIM 3JIEKTPOJAHBIM IMOTEHIUAIOM, YEM BBITECHSEMBII:

Enve., < Ene, .

2 1

HOCKOHBKY 10 Mepe BBIJACJIICHHUA MCETAJlZIa U3MCHACTCA €Ir0 KOHICH-
Tpamus, a, CJeJAOBaTelIbHO, M 3HAYCHWE TIOTEHIMANa; Ipolecc Oyaer

IMPOTCKAaTh 10 YCTAHOBJICHHA PAaBHOBCCHA, KOT' la EMe2 = EMel , HJIN

0

0
MelJr

E [RT/(le)]In(ai}l_gl) = Ete, * [RT/(ZZF)]In(aiAZ;; )
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(RTIF)In(ayg )= (RT/RInGpE ) = Eie. ~Fire,

el 1
In(aye /aye ) = (Ey,, — Exe, )F/(RT), (4.136)

0 0
rmue EMeln E'V'ez_ CTaHJapTHBIC TIOTEHIMAJIBI BBITeCHsIeMoro Me; u

BBITCCHAIOIICTO Mez MCTAJIIIOB, aMe11/I al\/|62 — AKTUBHOCTH MOHOB MCTAJJIOB

0 0

B PacTBOpPE; aKTUBHOCTU Me; 1 Me, NpHUHSTH pPaBHBIMU CIUHUIIE.
Paccuutannsie o popmyne (4.135) paBHOBECHBIC OTHOIICHUSI aKTHB-

HOCTCH MOHOB JIJIS pa3IMYHBIX Map METAJIOB NpuBeAcHbI B Tabmuie (4.10).

Tab6mauma 4.10

3H€KTpOI[HBIe IMOTCHIOUAJIBI MCTAJIJIOB 1 PABHOBCCHBIC OTHOIICHUA
aMella Me2 I I1ap ABYXBAJICHTHBIX MCTAJLJIOB

0 0
M, | Mes Mef ’]?Vlel i, | Me; | Mey Mezo )BMel
Zn | Cu [-0,763| +0,34 | 1,0.10% | Cu | Hg | +0,34 [+0,798| 1,6-10°
Fe | Cu |-0,440|+0,34 | 1,3.10% | Zn | Cd |-0,763|-0,402 | 32.10%
Ni | Cu |-0,23 |+0,34| 20.10% | Zn | Fe |-0,763|-0,763| g 0.10*
Zn | Ni |-0,763| -0,23 | 50.170% | Co | Ni |-0,270| -0,23 | 40.10?2

aMe]_/aMez

CornacHO NPHUBEIECHHBIM JaHHBIM, HEKOTOpPHIE METAJJIBI MOKHO
MPAKTUYECKU TIOJHO BBIJCIUTH U3 PACTBOPOB (Hampumep, 30J0TO, MEIb Ha
IIMHKE W JKelie3e, HUKelb Ha IuHKe). OJHAKO CcleAyeT Y4YWThIBaTh, UTO
TEPMOJIMHAMHYECKOE PABHOBECHE YaCTO HE JOCTUIaeTCsl BCJEACTBHUE
KUHETUYECKUX 3aTpyAHeHuil. Hampumep, xKeme30 MNpPaKTUYECKH HE
LIEMEHTUPYETCS HA [IUHKE MPU KOMHATHOM TeMIEpaType, TaK Kak OUYCHb MaJia
CKOpOCTh nponecca. CylmecTBEHHOE BIMSHUE MOKET OKa3bIBaTh CBA3BIBAHUE
MOHOB METAJUIOB B MPOYHBIE KOMIUJIEKCHI. JTO MPUBOJAUT K CIABUTY IMOTEH-
HAaJIa B OTPULIATENIBHYI0 CTOPOHY M MajoOil CKOPOCTH Ipolecca, KOTopas
3aBHUCUT O PAa3HOCTH MOTEHUHMAJIOB LEMEHTHPYEMOTO M ILEMEHTHUPYIOIIETO
meTaioB. [Ipu 06pa3zoBaHUM KOMIUIEKCOB MOHOB KOHIIEHTPAIUsI CBOOOIHBIX
MOHOB METaJlJla B pacTBOpe, HEOOXOoauMas JIsl pacuera MOTCHIINAIa 1EMEH-
TUPYIOLIET0 METAJIJIA, YMEHBIIAETCS U ONPEAECISAECTCS KaK OIMMMCAHO BbIIIE

[Ipu morpyXeHun MeTajjla-LEMEHTAaTOpa B PACTBOP, COAECpKAIIUU
HMOHBI BBITECHSEMOIO METajla, HAYMHACTCSA BJIEKTPOXMMHUYECKOE B3aUMO-
NEUCTBHE, B PE3yJIbTaT€ KOTOPOr0 Ha IOBEPXHOCTH UEMEHTUPYIOLIETO
MeTaliia o0pa3yrTCs YYaCTKH, MOKPBITHIE BHITECHSIEMBIM METAIJIOM (KaTO/-
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HbIe y4acTKH). OJTHOBPEMEHHO BO3HUKAIOT aHOHBIC YIACTKH, T/I¢ IPOTEKAET
00OpaTHBII MPOIIECC — HOHU3AIIMSA AaTOMOB BBITECHSIOIIETO0 METAILIA.

ATOMBI Ha MOBEPXHOCTH MeETalyla DHEPreTHUYECKH HEPaBHOIICHHBI.
Pasnuunss B ypOBHSX ODHEPIMH MOTYT OBITH CBSI3aHBI C MPHCYTCTBHEM
IIOCTOPOHHUX aTOMOB B TBEPJOM pAcTBOPE, IEPUOIUUYESCKUMHU (PIIyKTya-
IUSIMH, OOYCIIOBJICHHBIMU TEIUIOBBIMU KOJIE€OAHMSIMU aTOMOB, AC(PEKTaMU B
KPHUCTAJUTNYECKOM pereTke. KatomHple y4acTKi, OUYE€BUIAHO, OYIyT IpeUMy-
IECTBEHHO BO3HHMKATh B TeX MecTaxX (TOYKax) MOBEPXHOCTH, IJIe Pacro-
JI0KEHBI aTOMBI C 00Jiee BBICOKMM JJICKTPOIHBIM MOTEHIHAIOM. [T0CKOIBKY
KATOJHBIC U aHOJHBIC YUYACTKH COCIUHEHBI, JIIEKTPOHBI C AaHOJHBIX Y4aCTKOB
MEePETEKAlOT K KAaTOMHBIM, TJC MPOMCXOIMUT paspsj MOHOB BBITECHSIECMOIO
metasia (puc. 4.36).

VAR
Me,' +ze— Me,

Z;
\@Mel - 2,¢ = Me,

Puc. 4.36. Cxema npoyecca yemenmayuu

+

Me”

A

Me,

BHyTpeHHEl 1enbl0 TaKOro KOPOTKO3aMKHYTOTO 3JIEMEHTA CIIYKUT
pPacTBOpP IJEKTPOJUTA, OMUYECKOE COIMPOTHBICHHE KOTOPOIO 3aBUCUT OT
KOHIIEHTPAI[MU NOHOB B PACTBODE.

[locne oOpa3oBaHug KaTOAHBIX YYACTKOB OCaXJACHHE MeTaslia
MPOJIOJDKACTCS MPEUMYIIECTBEHHO Ha ATHX yYacTKaX W B TEUCHUE OCaXK-
JICHUST OCHOBHOH MacChl MeTallla aHOAHBIE M KaTOMHBIC YYaCTKU
pasrpanudenbl. OcaxaeHue MeTalyla Ha yXe 00pa30BaBILIMXCS KaTOIHBIX
y4acTKaxX dHEPreTHYECKH BBITOJHEE, TaK Kak HE TpeOyeTcs 3aTpara dSHEPTUH
Ha 00pa30BaHKE 3apO/IbIIIeH HOBOU (pa3bl.

[Ipoiiecc 1ieMeHTauu COCTOUT U3 TEX K€ MOCIICOBATEIbHBIX CTA/IUMN,
YTO U MPOIIECC IEKTPOIIN3A!

1) [MOCTaBKM HOHOB K KATOJHOW IMOBEPXHOCTH (M OTBOJa HOHOB OT
aHOJIHOM TTOBEPXHOCTH) uepe3 A y3UOHHBIN U IBOWHOM CIIOH;

2) BJIEKTPOXMMHUYECKOTrO MPeBpalieHus (T.e. pa3psia HOHOB Ha KaTOHBIX
y4acTKaxX, IOHU3AINHN — HA aHOJIHBIX YJaCTKaXx);

3) 3eKTPOKpUCTAIUIM3AIKU (POCTa CYIIECTBYIOIIUX WX OOpa30BaHMSI
HOBBIX KPHCTAJUIOB HA TTIOBEPXHOCTH KaTO/a).

[{leMeHTaMst MOXKET OBITH MCTIOJB30BaHA W JIJISL BBIJICICHUS PaIHOAK-
THUBHBIX DJIEMEHTOB. Tak, MOJOHUN BBIJCISICTCS HA MEOU, JKeJie3e, HUKEIE,
cepebpe, Bucmyte; RaE(Bi1) — Ha HuKene, paAuoakTUBHAS MEb — HA IIMHKE U
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T.1. BO3MOXXHO 1 pa3aeneHue 3JeMEHTOB METOJOM IIEMEHTALUU: HapUMED,
Po moxnO otnemuth ot Pb (RaD) m Bi (RaE) ocaxnennem Ha cepebpsHomM
anektpone, T.K. Po (RaF) Gonee Gmaroponen, yem Ag, a Bi u Pb B psany
HalpsDKEHUN HAXOJATCA B 0ojiee 3JIEKTPOOTPHUIATEIHHOW 00JIaCTH 110
CPaBHEHHIO C cepeOpoM.

MeTon 1ieMeHTaluy B PaliOXUMUU UCTIONB3YETCS JUIS aHATUTHIECKIX
nenel  (paguoOMETPUYECKHE ONpENeICHHUs) W I TIyOOKOH OYHCTKH
COpPOCHBIX PaCTBOPOB OT PAAHOHYKIIHIOB.

4.6.2.2. Buympennuii 31eKkmpoau3

OTOT METOJ SBISETCS YacTHBIM CIIydaeM LEMEHTallMd U TOJy4uIl
TaKO€ Ha3BaHUE MOTOMY, YTO BbIIEJICHHE METaslIa IPOUCXOIUT 3/1€Ch BHYTPU
paboTaroniero TrajJbBaHUYECKOTO »JJIEMEHTa ©0€3 BHEIIHEro HCTOYHUKA
AJIEKTPOIHEPTUH.

B kadecTtBe marepuana Juid aHOJa B ITOM 3JEMEHTE MCIIOJb3yeTCs
MeHee 0JIaropoAHbIA MeTal ¢ 0osee 3IEKTPOOTPULIATEIbHBIM HOPMAIIbHBIM
ANIEKTPOJAHBIM TOTEHIMAJIOM, 4YE€M Yy OIpelenseMoro meramia. MOoXHO
MoKa3aTh, YTO OCTATOYHAsl KOHILIEHTPAIUsl MOHOB OIPENeIIeMOro MeTalia
Oyzer mpu 3TOM BechbMa Majla M, CJeI0BaTeIbHO, 3TOT METOJ BIIOJHE
IOPUTOJICH U1l LIeJie BBIACTICHHUS] W Pa3JCNICHUs DJIEMEHTOB, a TaKXke IJis
KOJIMYECTBEHHOI'O aHAJIN3a.

[Tpu BBeaeHMM B pacTBOp, COJEPKALIUM HOHBI 30JI0Ta, METajuInyec-
KOTO IIMHKA TOCJEeIHUN OyIeT BBITECHSATH 30JI0TO M3 pacTBOpa B COOTBET-
CTBUU C YPaBHEHUEM:

nN+AU =4n + AU. .
Zn°+ Aut = Zzn® + AL 4.137

HopMalbHbIil 3J€KTPOIHBINA IMOTEHIHAN IIHHKA Egn =-0,763B. Eciu
KOHIICHTpPAIUsl HOHOB ATOr0 METajlyla K KOHITY BBIJICJICHUS 30JI0Ta COCTaBUT
1 r-woH/n, TO MOTEHIMAN 30JI0Ta B 3TOM pacTBOpe OyIeT paBeH ATOM XkKe
BEJIUYMHE, TaK KaK IPOIECC OCAXKICHHUS €ro MPEKPaTUTCSA, OYSBUIHO, TOT/IA,
KOT'JIa DJICKTPOIHBIC MMOTCHIIMAJIBI THX METAJIJIOB CPaBHSIOTCS.

OcTaTouHyI0 KOHIIGHTPAIIMIO HMOHOB 30JI0Ta MOXXHO IIOACYHUTATh,
MOJICTaBUB COOTBETCTBYIOIIME U(PBI B ypaBHeHHe HepHeTa:

~ 0,763 B=1,96 B + 0,058 Ig [Au’], (4.138)

rae 1,96 B — HOopMasbHBIA AJIEKTPOJHBIN MOTEHIMA 30J10Ta, a [Au+] —
OCTaTOYHAash KOHIICHTpAIMsS MOHOB 30J10Ta B pacTBope. M3 3T0oro ypaBHEHUs
CIIEIy€eT, YTO |g[Au+] = —31, u, cilenoBaTeabHO, KOHIIEHTPAIIMS HOHOB 30J10Ta
MOJKET OBITh CHIKEHA 10 107! r-mon/. [Ipu 5TOM UCXOAHOE COAEPIKAHUE
30JI0Ta B PacTBOpPE, OYEBUAHO, COCTABIsLIO 1 r-mon/i. CleayeT 3aMeTHTh,
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YTO YEM MEHBIIE HCXOJIHAas KOHILIEHTpAlWs BBIAEISEMOr0 MeETaia, TeM
oTpuLareabHee OyAeT MOTEHIMal, COOTBETCTBYIOIIMK KOHIy Ipouecca
BBIJICJICHHUS], &, CJIEIOBATEIbHO, MEHBIIIE U OCTATOYHAs KOHLEHTpauus. SICHO
Tak)ke, YTO MPUMEHEHHE O0iee MEKTPOOTPUIIATEIHHOTO METalJIa MO3BOISET
BBICA/IUTh BBITECHAEMBII HOH U3 PACTBOPA C €I11Ie OOJBIICH MOJIHOTOM.

[Ipy mpakTHYECKOM NMPUMEHEHHH ONMCBHIBAEMOr0 METOJA IS aHaJu-
TAYECKUX LEJEH BBIACICHUE OIMPEACIIEMOrO0 MeETajyla, €CTECTBEHHO, HE
IPOU3BOJAT MPSIMO HA MOBEPXHOCTU METAJIA, CIYKAIllET0 OTPUUATEIbHBIM
MOJIFOCOM DJIEMEHTa — aHOAOM. Takoe BbIJCIEHHEe He o0ecrneynBaeT
NOJIyYEHHUE OCaJKa HYKHOTO KadecTBa. Kpome Toro, cienyer uMeTh B BULY,
YTO KAaK TOJIbKO IMOBEPXHOCTh BBEICHHOW IUIACTUHKHU WJIM TPOBOJIOKHA BCS
IOKPOETCS OCAXKJIAEMbIM METAJJIOM, AAJbHEWIEE BBIICICHUE €ro IpeKpa-
tuTcsa. [losToMy Ha TpakTHUKe IUIACTHHKY METajula, CIYKalllero aHoJ0M,
MPUCOEIMHAIOT K CHELMAIbHOMY KaTOdy, B KAYECTBE KOTOPOTO 3/1€Ch, KaK U
MIPU OOBIYHBIX AJIEKTPOBECOBBIX AHATUTUYECKUX OIMPEACIICHUAX, IPUMEHSIOT
IJIaTUHOBYIO ceTKy. llpu Takom crnocoOe mpoBeaeHus Mpolecca MOBEPX-
HOCTh aHOJAa OCTaeTcsi CBOOOJHOW, a METAJI POBHBIM U IUIOTHBIM CIIOEM
OCaXXJIaeTCs Ha MJIATUHOBOU CETKE.

OpHako Takoe MpOCTEHIIee TEXHUYECKOEe OPOpPMIIEHHUE BHYTPEHHETO
AJIEKTPOJIN3a, KOIZla COCIMHEHHBIE BMECTE aHOJ W KaToJ IOTPY>KAKTCA B
UCCIIEIYEMBII JJIEKTPOJIUT, IIE UX HUYTO HE PA3IEIIIET, BO3MOXKHO, TOJIBKO B
TEX CIy4asx, KOIZa KOHUEHTPALMS OCaXIaeMOI0 METajllla HE MPEBBIIIACT
HEKOTOPOU ONPEAECIEHHON, XapaKTEPHOU U1l HETO BEJTUYUHBL.

B nmpoTtuBHOM ciyyae HacTynaeT SBJICHUE LIEMEHTAlUU — BBIJCICHHE
MeTajla HEIOCPEACTBEHHO HA MOBEPXHOCTH aHOAA. To KOJMYECTBO METaILIA,
KOTOpOE€ BBIACIAETCS Ha AaHOJE, HE MOXET ObIThb YYTEHO, U MO3TOMY
LEMEHTAlUs TpPHU DBJIEKTPOAHAIUTUYECKUX ONPEAETICHUSX JOJIKHA OBITh
HCKIIIOUECHA.

Jlnst OONBIIMHCTBA BBIACIAEMBIX METAJIOB I[EMEHTAlUs HAcTymnaeT
MIPU UX KOHLIEHTPAUU OT JECATKOB 10 COTEH MUJUIMTPAMMOB B JIUTPE.

[lemeHTalus yckopsieTcs, Korjaa B MeTajuie, IpUMEHSIEMOM B KaueCTBE
aHO/Ia, HMMEIOTCA BKIIIOUEHHs 0oJiee SJIEKTPOMNOJOXKHUTEIbHOIO MeTala.
IToaTOMy HpUMEHsEMbIE aHOABI JIOJKHBI H3TOTOBIISITBCS W3 JIOCTaTOYHO
YUCTBIX METAJIOB.

PaGoraTe ¢ Gojiee BBICOKMMHU KOHIIEHTPAIMSIMHU TO3BOJISIET MPUMEHe-
HUE auadparM — MeperopoaokK, MO3BOJSAIOMIMX OTACIUTh KaToA OT aHOAA —
KAaTOJHOE MPOCTPAHCTBO OT AaHOJHOIO (KaTOJUT OT aHoiuTa). B 3TOM ciyyae
MOHBI OCAXKJIaEMOI'0 METAJIa, €ECTECTBEHHO, HE MOIAIal0T B aHOJIUT U OCaXK-
JAl0TCs TOJIBKO Ha IJIaTUHOBOM Katoje. [Ipu paborte ¢ nuadparmamu uccie-
JyeMbIM PACTBOPOM 3aMOJHSIOT KAaTOAHOE MPOCTPAHCTBO, a B aHOJHOE
MOMENIAI0T KaKOW-IMO0 XOPOIIIO MPOBOISIINN SJIEKTPOIIUT.
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MeTton BHYTPEHHETO 3JIEKTPOJIM3a IPUBIIEKATEIEH CBOEU MPOCTOTOM.
[Ipu 3TOM ClieyeT UMETh B BUAY HE TOJBKO CPABHUTEIBHYIO HECIOKHOCTh
anmapaTypHOro oopMIIEHHUS MpoIecca, HO U KOPEHHBIE SJICKTPOXUMHUECKHE
YIOPOLIEHUS B TPOTEKAHUU AJIEKTPOIIU3A.

[Ipy mnpuMEHEHMHM BHYTPEHHErO JJIEKTPOJIM3a AHOAHBIA Mpouecc
BCEr/Ia COCTOMT B IIPOCTOM DJJIEKTPOXMMHUYECKOM PACTBOPEHHH aHOJA, a
KaTOJHBIN Mpoliecc — B BbIIEIEHUH Oosiee O1aropoaHoro sneMmenta. Ilyrem
noa0opa aHo/zia, a TAK)KE COOTBETCTBYIOIEIO COCTaBa 3JIEKTPOIUTA, UCTIOIb-
3ysl MPOLECCHl KOMILIECOOOpPa30BaHUSA, MOXXHO IPUMEHUTHh BHYTPEHHUU
AJIEKTPOJIN3 JJI1 BeCbMa TOHKUX Pa3fielIeHUH, 3aTpyIHUTENbHBIX IpU paboTe
0 JPYTUM METOJIaM.

Mertann ans aHoja MOAOMpArOT TakKUM OOpa3oM, 4TOObl B JaHHOU
cpene noreHuuan ero E, okaszancs oTpuuaTelbHee MOTEHIHMAIAa OJHOTO U3
BBIJIEJISIEMBIX MeTauioB E; 1 nonoxurensHee BTOporo Ej:

E, <E<E;.

Torna mpu MpUMEHEHUH aHOJla U3 3TOr0 MeTajla U3 pacTBopa OyaAeT
BBIJICJICH TOJBKO MeTall ¢ moTeHmuaiaoM E;. Meramn ¢ moreHnmanom E,
MOXET OBITh BBIJICTICH C NMPUMEHEHHWEM aHoAa U3 0ojiee AJIEKTPOOTpHUIla-
TEJIBHOIO0 MeTaiuia. Tak, HampuMep, B HEWUTPAJbHOM CpElle MMEET MECTO
HEPABEHCTRBO:

Ezn < Eni < Ecy

[ToaTOMY HMKENEBBIM aHOJ NPUTOAEH B OTHUX YCIOBUAX IS Pa3AEIbHOIO
BBIJICJICHUSI MEIU B IPUCYTCTBUU LIUHKA.

[Ipn mnpaBusbHOM mMOAOOpPE MaTepuaia Jid aHoJa BHYTPEHHHM
AJIIEKTPOJIU3 MOKET OBITh HCIIOJIB30BAH JUIsl aHATUTHUYECKOTO OMpEeIeiICHUS
TaKUX MAJIbIX KOJIMYECTB COJCPKAIIMXCS B PACTBOPE METAILIOB, KOTOPHIE
JeXaT 3a mpeieaMyd BO3MOXKHOCTEN OOBIUHOTO AJIEKTPOAHATN3A.

4.6.2.3. Dnexmpoaumuueckoe gvloenenue u pazoeieHue
MUKPOKOMNOHEHMO8

DIEKTPOIIMTUYECKOE BBIICJIEHUE YpaHa U TPAHCYPAHOBBIX JIEMEHTOB
HalUIO [IMPOKOE NPHUMEHEHUWE B TEXHOJormyeckod mnpaktuke. K uyucmy
CYILLIECTBEHHBIX MPEUMYILIECTB JJIEKTPOIUTUUYECKUX METOJIOB OTHOCHUTCS
BO3MOKHOCTbH BBIJICJICHUS UX B BUJIE IJIOTHBIX OJTHOPOJHBIX TOHKUX CJIOEB Ha
KaTo/l€ M BO3MOXKHOCTb OTJAENCHUS CIa0OTHAPAaTUPYIOLUIUXCS 3JIEMEHTOB U
AJIIEMEHTOB, HE BBIICISIONIMXCSA Ha KaTole MpH IOTEHIMANE BBIACICHUS
BOJIOPOJA.

Pa3nenenre ¢ TMOMOIIBIO 3JIEKTPOJIM3a OCHOBAaHO HA CIIOCOOHOCTU
HMOHOB BOCCTAHABIIMBATHCS MPHU OMpPENeIEHHHBIX MOTEHIIMAJaX B COOTBET-
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CTBHUHM C TOJIOXKEHUEM B Py HamnpsbkeHUH. Eciau 3T moTeHIuanbsl 3aMETHO
pa3IMYaroTCs, TO MOKHO TOCJIEIOBATEIHHO BBIICIIUTH Pa3/eisieMble HOHBI Ha
KaToJie B BHJIE METAJUIOB WJIM Ha aHOJAE B BHJE OKCHUAOB (THAPOKCHUIOB).
Yenex pasaenenust u Bbixog PAU 3aBHCAT OT MJIIOTHOCTH TOKA, TEMIEpa-
TypbI, COCTaBa J3JEKTPOJIMTA, Marepuana ’JekTpona. [loatomy, mombupas
COOTBETCTBYIOIIHE YCIOBUS (KUCIOTHOCTh, KOMILJIEKCOOOPa30BaHUE), MOKHO
cMelaTh MOTEHIMANbl BBIJCICHUS U1l YBEIMYEHHS CEJIEKTUBHOCTU. [lms
ocaxkienus PAU ¢ kputruueckum NOTEHIMAIOM, 00Jiee OTPUIIATEIbHBIM, YeM
MOTEHIIMA BbIICNICHUSI BOJIOPO/Ia, MPUMEHSIOT KaTO/Ibl C BHICOKUM IepEeHar-
psKEeHUuEM Bofiopoia (PTyTh, CBUHELL).

DNEKTPOJIUTUUECKUE METOJbl MPUMEHSIOTCS MJisi KOJUYECTBEHHOTO
BBIJICICHUS WHJUKATOPHBIX KOJMYECTB YypaHa, HENTYHUS, IUTyTOHUS U
IpPYTUX aKTUHOWJIOB W3 PacTBOPOB, a TaKXKe JJisl IMOJATOTOBKH TpPoO K
PaIMOMETPUUYECKOMY OIPEAEICHUI0. DJIEKTPOJIUTUUECKUE SUYCUKHU OOBIYHO
BBITIOJTHEHBI U3 TUIATUHBI, B HUX KOPIYC CIYKUT aHOJOM, a KaToJIOM — TOXE
IJIATUHOBBIA 3JIEKTpoJ. B Takoil sdeilke MOXXHO paboTaTh MpU JIHOOOM
unrepBaiie pH 06e3 moTeph paAMOAKTUBHOTO 3JIEMEHTA 3a CYET acopOLuu Ha
CTEHKaX, 4YTO IPOUCXOJUT B CTEKJISHHBIX DJEKTPOJIU3EpaX BCIEIACTBUEC
o0pa3oBaHUs rejeil KpEeMHUEBON KUCIIOTHI.

100_ "‘ \\ Np

] . \

. \

S - B \
2 '- \
< \
A

i U 'y

é é 1b pH

Puc. 4.37. 3agucumocms  vixooa s1emenmos om pH pacmeopa npu
INEKMPOXUMUYECKOM 8blOeTeHUU

Boinenenre ypaHa v TpaHCYpPaHOBBIX 3JEMEHTOB HE 3aBUCUT OT BHJIA
aHuoHa anekTponuTa. B 3aBucumoctn ot pH pactBopa BBIXOI 3JEMEHTOB
MOXET CYIIECTBEHHO U3MeHAThcs (puc. 4.37). DTUM METOAOM MOXKHO
n30upaTenbHO KoJdudyecTBeHHO BoiaensaTh U, Pu, Np wu3 pactBopos,
COEPHKAILIX OHCHE Gonbimme w3dmTku Fe*t, AI¥, La®*, Ba®*, Ca®*, Cr¥,
Mn<".

183



4.6.2.4. Dnekmpoxumuueckoe oKucieHue U 60CCMaHoBIeHUe

MHorue peakue, paccesHHbIE W PAAUOAKTUBHBIE 3JIEMEHTHI IOJH-
BAJICHTHBI, IOATOMY B XMMHUH ypaHa M TPAHCYPaHOBBIX 3JEMEHTOB OO0JBIIOE
3HAYECHHE NPHOOPETN SJIEKTPOJIUTHYECKHE METOJbl OKHCIEHHS M BOCCTa-
HoBJeHus. Tak, B TexHonorun UF, mpumeHsieTcs: npeaBapuTeIbHOE 3IEKTPO-
JUTUYECKOE BOCCTAHOBJIEHWE YypaHWia 10 ypaHa (4+) B cyab(aTHBIX
pacTBOpax IpH MOBBIILIEHHOW KUCIOTHOCTH :

UO,%* + 4H" + 2e — U* + 2H,0 (4.139)

C TOCJIENYIOIMIMM OCaXKJICHHEM TeTpadTopuaa ypaHa, MpU HEOOIBIION
kucinotHoctr (pH oxoso 5,5) u3 pacTtBopoB cyibdara ypaHHIA MOYKHO
BBIJICJINTH JUOKCHUJ ypaHa B BUJI€ TOHKOM INIOTHOW U OJTHOPOJHOM TIJICHKH:

uo §+ +2e — UOZ’ TB. (4140)

YIIO6HI>I 9T MCTOAbI AJIA IIOJYUYCHHA Pu n APyrux JSJICMCHTOB B
OIIPCACIICHHOM BAJICHTHOM COCTOAHHH, IIPUYCM OHH HCIIOJIB3YIOTCA KaK B
TCXHOJIOT H‘lGCKOﬁ, TaK U B aHAJINTUYECKOM IIPAKTHUKC.

4.6.2.5. Dnekmpoxumuueckue memoosl U3yUeHUs: CBOUCME
PAOUOAKMUBHBIX U30MONO8

DJIEKTPOXUMHUYECKAE METOJbI MOTYT TPHUMEHATHCS HE TOJBKO IS
pelIeHus 3a7ad BBIACICHUS W pa3fciieHUus] paJloOaKTHBHBIX H30TOIOB. [lo
AJIEKTPOMUTPAIIMK YI00HO M3ydaTh COCTOSHUE PaJHOAKTUBHBIX W30TOIOB B
pacTtBopax (puc. 4.38).

MOPUCTAsl IEPEropoJIKa

\
.

Puc. 4.38. Cxema ycmanogxku Ons u3yueHus IeKMPOMUSPAYUU UOHO8
AKMUHOUO08

DTOT METOJ Chirpall BaKHYIO POJIb B M3YYCHHH XMMHH aKTHHOHJIOB.
[IpuMeHEeHHEe MeToJla OCHOBAaHO Ha TOM, YTO CKOPOCTh M HaIlpaBJICHHE
MIepEHOCa MOHOB B PAaCTBOPE MOJ ICHCTBUEM 3JICKTPUYECKOTO TOJS HEMoC-
PEICTBEHHO 3aBHCHT OT BEJIMYMHBI M 3HaKa 3apsja HOHOB, a TaKXe HX
pa3mepoB. [loaToMy BCSIKOE M3MEHEHHE COCTOSIHHMS JJIEMCHTa B PacTBOPE,
BBI3BAHHOE KOMILJIEKCOOOpa30BaHUEM, OKHUCIUTEIbHO-BOCCTAHOBUTEIbLHBIMU
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mpoleccamMy, MOJMMEpHU3alel U T.I., JODKHO OTPa3UThCS HA JIIEKTPO-
MUTPAIIHOHHOM TIOBEICHUH 3JIEMEHTA.

MHorrne akTHHOHWBI CYIIECTBYIOT B BOJHBIX PAcTBOpax KaK B BHJIEC
MPOCTHIX, TAK U B BUJIE KOMIUICKCHBIX MOHOB (KATHOHHBIX W aHUOHHBIX ), IPU
ATOM OJWH M TOT JK€ AJIEMEHT MOXKET MPHUCYTCTBOBATH B PACTBOPE OHOBpE-
MEHHO B Pa3HbIX HOHHBIX (hOpMax.

Murparus MOKeT NMPUMEHATHCS I UIACHTUDUKAUNA HOHHBIX (HOpM,
JUTS. BBIYHUCIICHHS] KOHCTAHT YCTOMYMBOCTH KOMIUIEKCHBIX MOHOB, IS pa3ie-
JICHUS CMECeH PaInOaKTUBHBIX JIEMEHTOB.

B kadecTBe WIIIOCTpalUM TEPBOTO MpPOIECCa MOXKHO PacCMOTPEThH
pe3yNbTaThl IEPEHOCA TOKA HOHAMM IIyTOHMS (3+), (4+) (Tadm. 4.11).

Tabmuma 4.11

[Tepenoc Toka noHamu mIyToHus (3+) u (4+)

Konnentpauust | Murpanus mmytonus (4+) Murpartus miyTonus (4+)
KHUCJIOTHI, K KaTony, % K aHonay, %
M HCI HNO; H,SO, HCI HNO; H,SO,
0,1M - - 25 - - 75
1M 99,95 99,5 1 0,05 0,5 99
4 M 93,5 99,0 0 6,5 1,0 100
10 M 0,4 1,2 0 99,6 98,8 100
P Pu* Pu®* Pu**
0,5 M H,SO, 97 6 3 94
1M H,SO, 46 1 54 99

Takum 00pa3om, UcciaeqoBaHUE MPOIEcca MEPEHOCa TOKOM TO3BOJISIET
YCTAaHOBUTH HAJIMYME KOMIUIEKCOOOpPa30BaHUSI U OIICHUTh TPAHUIIBI CYIECT-
BOBaHUS aHUOHHBIX U KATHOHHBIX (DOPM B KOHKPETHBIX pacTBOpax. Takoro
po/ia CBEICHUS OKa3bIBAIOTCS YPE3BBIUAWHO IMOJE3HBIMU MPHU pa3paboTKe
METO/IOB BBIJEIICHUS U PA3/ICJICHUs YPaHA U TPAHCYPAHOBBIX JJIEMEHTOB.

KonTponbHbIE BOMPOCH K pa3zaeny 4.6

1. KakoBbl OCOOHOCTH JJIEKTPOXUMHUYECKOTO BblneneHuss PAU wu3
0ECKOHEYHO pa30aBIEHHBIX PACTBOPOB?

2. lIlouemy He Bceraa mpuMeHUMO ypaBHeHHe HepHcTa 1uisi omucaHus
AIEKTPOXUMHUYECKOTO paBHOBECHSA?

3. UYro sBusercda KpuTrepueM NpUMEHUMOCTH ypaBHeHus HepHcra miis
0eCKOHEYHO pa30aBICHHBIX PACTBOPOB?

4. Yro Takoe KpUTUUYECKUN MOTEHIINAT OCAXKICHUS?

5. Kak M0XHO onpeaennuTh KpUTHUYECKUA MOTEHIHAI?

6. Jns kakux 1nened NPUMEHSIOTCS D3JEKTPOXHUMHUYECKHE METOIbl B

185



paauoxumMun?

7. Yro Takoe nemeHTanus’?

8. Urto sBuseTcs MNPOBOJHUKAMU IEPBOTO W BTOPOTO pojAa MpHU
LIEMEHTaluu?

9. IlepeuncnuTe cTaguu Mplecca eMEHTaIUH.

10. Kakue cBoiictBa PAW MoOryT OBITh H3Y4YEHBI 3JIEKTPOXUMHUYECKHUMHU
MeTogaMu?

4.7. PacnipeejieHue PaJIMOAKTUBHBIX 0JIATOPOIHBIX Ia30B MEKIY
TBEPAOH U razoBoii ¢pazamMmu

C pa3BuTHEM aTOMHOW MPOMBIIIJICHHOCTH Ta3000pa3Hble pajuo-
aKTUBHBIC BEIECTBA MPUBJICKIN K cebe OoJIbllIoe BHUMAHWE B CBSI3U C
BO3MOKHOCTBIO UX UCIOJIb30BaHUS B CIECIYIOMINX LEIX:

1) monydeHue TMpenapaToB pPaJHMOAKTUBHBIX OJIATOPOJIHBIX Ta30B M
MOJIyYeHHUE Pa3HOTO PO/a UCTOYHUKOB;

2) obecneuyeHre TEXHUKH 0€30I1aCHOCTH;

3) wu3yueHHWe pacHpOCTPAHCHUS Ta3000pa3HBIX PaIHMOAKTUBHBIX BEIIECTB
B atMocdepe.

[ToCcKOJIbKY TPUXOJUTCS MUMEThH JIEJI0 MPEUMYIECTBEHHO C Pajauoak-
TUBHBIMU OJIATOPOJHBIMU ra3aMu (SIBJISIONUMUCSI MUKPOKOMIIOHEHTaMU ), TO
Jlajiee pacCMOTPEHBI 3aKOHOMEPHOCTH UX PacCHpeAesiCHUsI MEXKIy TBEPAON U
ra3oBoil ¢azamu.

[lepBble cUCTEMaTHYECKHE HCCIIEIOBAHUS 3aKOHOMEPHOCTEW pacrpe-
JIJICHHS Ta3000pa3HbIX PAJUOAKTUBHBIX BEIIECTB MEXKIY TBEPIOM U Tra30BOM
dbopmamu Obu TipoBeneHbl b.A. HukutuabiM ¢ coTpynHukamu B PagueBom
unctutyre Axamemun Hayk CCCP (PUAH wum. B.I'. Xnonuna, r. CaHKT-
[lerepOypr). B HacTosiiee BpeMss MOXKHO J1aTh CAEAYIONIYIO KIaCCU(PUKALINIO
MPOLIECCOB paCIpeesieHus] MO MNPU3HAKY, XAPAKTEPU3YIOIIEMY COCTOSHUE
PaAMOAaKTUBHBIX 0J1aropoHBIX ra30B B TBEpAOH (aze:

1) oOpa3oBaHue MOJICKYJIAPHBIX (KJIATPATHBIX) COCIUHCHHIA;
2) anacopOus pagloaKTUBHBIX ra30B HAa MOBEPXHOCTH TBEPOH (a3bl;
3) dukcaius paJuOaKTHBHBIX Ia30B HA TBEPBIX HOCHUTEIISX.

Hekoropble paguoakTUBHBIE HM30TOIBI 00pa3ylOT JIETYyYHE COEqUHE-
nusa, Hanpumep, UFg, PuFs. B cimydae OeckoHeuHOTO pa30aBieHHS WX
MOBEJICHUE B Mpolieccax MUCTUIUISIIIUA OMUCHIBAETCS M3BECTHBIM 3aKOHOM
I'enpu 1 MO3TOMY JiIeTyuyne XUMHUUYECKUE COCIUHEHUS ATUX IJIEMEHTOB 3]1€Ch
HE pacCMaTpUBAIOTCS.
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4.7.1. MonekysipHble COEAMHEHHS 01arOpOAHBIX Ia30B (KJ1aTpaThl)

[Ipexne Bcero ux He CIENyeT IMyTaTh C OTHOCUTEIBHO HEJABHO MOJIY-
yeHHbIMU coenuHeHusiMu Tuna XeFg, XeF,;, XeF,, kortopsie sBastoTcs
TBEPABIMU  COCIUHEHUSIMH, OONaJalONMMH  3aMETHOW  JIETY4ecCTblo,
YBEJIMYUBAIOLIEHCS OT AUPTOpHAA K reKcadTOpUIy KCEHOHA.

[IpenBaputenbHO HEOOXOJUMO KpPAaTKO PacCMOTPETh CBOMCTBa
0JIarOopoAHBIX Ta30B, 0COOCHHO B KOHJIEHCUPOBAHHOM COCTOSIHUH, TIOCKOJIBKY
3IECh PACCMATPUBAIOTCA MPOUECCHl PACHPENCIICHUS] MEXAY Ta30BOM H
TBepI0H (hazamu.

Kpucramibl OnaropoiHbIX Ta30B IO CBOEH CTPYKTYpE SIBISIOTCA
HauOonee npocThiMu. Ecnu yactuiiamu, o0pa3yromuMu KpUCTaIlL, sIBISIOTCS
1eJIbIe MOJICKYJIbI (B IAaHHOM CJIy4ae — OJJHOATOMHBIE), TO OHU CBSI3BIBAIOTCS
B KpUCTAJUIE MEKMOJEKYISIPHBIMU cuiaamMu. T.K. CHJIBI 3TH BO MHOTO pa3
cnabee, 4eM CWIbl, CBSI3bIBAIOIIME YAaCTUIbI B HOHHBIX, ATOMHBIX WU
METaJUIMYECKUX KpHUCTAJJIaX, TO MOJIEKYJIpPHbIE KPHUCTAUIbl 00JadaroT
MaJIol TBEpPAOCTHIO, HUZKMMH TEMIEpaTypaMH IUJIABJICHUS W KHUIICHHS,
3HaunTENbHOM HeTyuecThio (t,,= 71 °C, to,=-61,8 °C y Rn).

XOoTs penieTka y MHEPTHBIX Ta30B 00pa3oBaHa aTOMaMu HHEPTHOTO
ra3a, OJJHaKO MO XapaKTepy CBSA3e OHa OTHOCHUTCS K MOJIEKYJISIPHBIM, a HE K
ATOMHBIM pEIIeTKaM, T.K. BaJE€HTHBbIE CHUJIbI HUKAKOW pPOJIM B 0Opa3oBaHUU
ATUX KpUCTALIOB HE urparoT. Obnanas mapoodpasHoit GpopmMoil u mapoBoit
CUMMETpPHUEN B3aMMOJICUCTBUSA, ATOMbl 3TUX Ta30B IPU KPUCTAIUIM3ALUU
00pa3yloT PHEPreTUYECKH HanboJiee BBHITOJHYIO B 3TOM CiIydae KyOMUeCKYIo
IPAaHEIICHTPUPOBAHHYIO PENIETKY, OOJaJaroNIyl0 TUIOTHEHIIEeH YKIIaIKOU
aTOMOB.

[lepBoe coenuHeHue (MOJEKYISIPHOE) MHEPTHBIX ra30B — KPUCTAJIIO-
ruapar aproHa — noiyuun Buiisp B 1896 1. 3atem @opkpan B 1923 T.
CUHTE3UPOBAJ THUJPAThl KPUIITOHA W KCEHOHA. [IOMBITKM TMOMY4YUTH Takue
COoeIMHEHUE JIJIs1 paZioHa ObUIN O€3yCIEITHBI.

B 1938r. Bb.A. HukutuH mnpemioXua HOBBIM CHocod W3ydeHus
HEYCTOMYMBBIX COCIMHEHUI MHEPTHBIX Fa30B, OCHOBAHHBIN HA SIBICHUU U30-
MOP(pHON COKpUCTAIIU3ALMK. MeTolaMi COOCaXACHUS U TMEPEeKpPHUCTAII-
JU3AIMK JIETYYEero Tuapuaa B arMocdepe OJaropogHOro rasa eMy yaaioch
noiy4uuth nzopmopdusie cmecu Rn—HCI, Rn—H,S, Rn—HBr, Ar—HCI.

Jlnst oOpa3oBaHUS CMEIIAHHBIX KPHUCTAJIOB HEOOXOIUMO, YTOOBI
MOJIEKYJIbI KOMIIOHEHTOB UMEJH OJIM3KKEe pa3Mepbl U (OpMY U CXOJHBIE TIO
CBOMM COCTaBJIIOIIMM BaH-J€p-BaajbCOBbI CWibl. He Hapymas kpucraiiu-
YECKOM PEIIeTKH TBEPAOro 0JIarOpOHOTO rasza, 4acTh €r0 aTOMOB B PEIIETKE
MO>KHO 3aMEHHUTh aTOMaMHM JIPYroro 0JaropoJHOro raza Ui ero aHajuora.

Hanuuue nunonbHOro Momenta y jaeryuux coeauHenuit HCIL, HBr u
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T.Jl. HE BBI3BIBACT JAeOpMaIlii UX KPUCTALIMIECKON pemeTku. OHM Tak XKe,
KaK W WHEPTHBIC Ta3bl, UMECIOT KYOMYECKYI0 TPAHEIICHTPUPOBAHHYIO PEIIeT-
Ky. CBsI3b B KpHUCTaJI€, HECMOTPS HAa OTHOCHUTEJIBHO OOJIBIION JAUMOJIbHBIN
MOMEHT, OOYyCIIOBJIEHA TJaBHBIM 0OO0Opa3oM aucnepcuoHHbIMHU (JIoHmTOHOB-
CKMMH) cuiamu. [t JeTydyux TUAPHUIIOB, TUTIONHHBIA MOMEHT KOTOPBIX
CKa3bIBACTCS HAa CTPYKTYpE KPHCTALIMYECKOW peIIeTKH, KaK, Hampumep,
BOABl U aMMHaka, HUKUTUH He MOMydus U30MOP(HON CMEIIMBAEMOCTU C
aproHoM M paJoHOM. bbulM MOJy4YeHbl HM30MOP(HBIE CMECH paJioHa C
CEPHUCTBIM aHTUAPUIOM, PAJIOHA C YTIIEKUCIIBIM Ia30M U JIp.

[IyTh K TIONY4YEHUIO MOJICKYJSIPHBIX COEAMHEHUM Ta30B JaeT
chopmynupoBanHoe B 1940 r. HUKUTHHBIM npasuno aumanocuu: eciu 08a
geujecmea 001a0aOm CXO00HLIMU BAH-0eP-8AAlbCOBLIMU CULAMU U
MOJNEKYbl UX CXOOHbl NO pasmepam u no @opme, mo OHU OOAHCHYL
oasamb ¢ MpemvuM  8eWecmeoM aAHAN02UYHbIE MOJEKVIAPHbIE
coedunenus, obradarnwue OAUIKOU YCMOUYUBOCMBIO U CNOCOOHbIE
0bpazosvleams Opye ¢ Opy2oM CMeuaHHble KPUCMALLbL.

MeTtomoM Hu30MOPGHOTO COOCaXACHUS HUKATHH TONMydMsI THApPAT
pajgoHa — TEPBOE MOJICKYJSIPHOE COCIMHEHHE ITOTO Ta3a. ATOMBI pajoHa
o0nagaroT HanOOJNBIICH TOJIPU3YEMOCTBIO B TPYIIIE OJIArOPOJHBIX Ta30B,
MO3TOMY OH JIOJDKEH J1aBaTh HauOoJiee yCTOMYMBOE coeAMHEeHNE ¢ BoAoi. OH
YCTAaHOBWJI, YTO pacIpe/ielieHne BeIIecTBA MEXIy TBEpJAOH W Ta30BOH
dazamu B ciaydae oOpa3oBaHUS MOJICKYJISIPHOTO COEAMHEHHS MOMYMHSACTCS
U3BECTHOMY 3aKOHY beprino—HepHcra.

HukuTiH nokasai, 4To mpu COBMECTHOM OCaKJIEHUHU THAPATOB PaJOHA
u cepoBoaopoaa win ruapata SO, Mpu AEHUCTBUU 3TUX ra30B HA JIEJ U MPHU
UX TEPEKPUCTALTU3AINKN PaJOHOM oborariaeTcss TBepaas ¢aza. Dopmyisl
rugpatoB SO, w H)S ycraHoBineHbl paHee: Ha OJHY MOJIEKYJIYy rasa
npuxoauTcs 6 Monekyn Boiabl. [IOCKONIBKY pajioH pachpenessieTcs MEXIy
razoBoil ¢aszoii u kpucramiamu SO,-6H,O (wmm H,S-6H,O) mo 3akony
beprtno—HepncTa, TO €CTECTBEHHO CUMTaTh, YTO PajoH oOpa3yeT ¢ BOJIOH
aHaJIoru4Hoe MoJsieKyspHoe coenuuenne Rn-6H,0. Koaddumment kpucran-
mu3anuu pagona D s cucrembr Rn-6H,0-SO,-6H,0 mpu —3,5 °C pasen
0,57, a nna cucremsr Rn-6H,0-H,S-6H,0 mpu Toit sxe Temneparype paBeH
2,4, DTUM 3X€ METOJOM H30MOP(HOT0 COoOCaKIeHUs HUKUTHH mOoIydns
ruapat HeoHa Ne-6H,0O u monekymnsipHbie COeTMHEHUS pasioHa ¢ (HEHOJIOM U
tosyosnom tuna Rn-3CgHsOH.

YHoOMSHYTBIC COSTUHEHUSI OTHOCSTCS K KIIACCYy MOJIEKYIAPHbIX COeOuU-
HeHUll 6KNIOYeHUs, B KOTOPHIX OJHA MOJEKyJla WU CHUCTEMA MOJICKYJ
BKJIFOYAET B ce0sl IPyryro MoJIeKyily 0e3 00pa3oBaHuUsl KaKUX-JIMOO TJIaBHBIX
WM TTOOOYHBIX BaJICHTHOCTEH. Takum 00pa3oM, 3TH COCAMHCHHS MPEIIoIia-
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raroT HAJIMYHE CTEXUOMETPUUECKH 3aTIOJTHEHHBIX MOJOCTEH B MOJIEKYJISIPHBIX
CTpyKTypax BemiecTBa. Cpenn HUX 0CO00€ MECTO 3aHMMAIOT KIampammubvie
COCMHEHHs, B KOTOPBIX IOJIOCTH BO3HHUKAIOT B Tpollecce 00pa3oBaHUS
KPUCTATTMYECKON PELIECTKU BEIIECTBA U UMEIOT BUJ 3aMKHYTHIX SUCEK.

Takum o0pazomM, kiampamul — 3mo coedunenusl, 06pazoeanuble nymem
BKIIOUEHUS] MOEKYN (HA3bl8AeMbIX 20CMAMU) 8 NOJOCMU KApKAcd, COCMO-
Auge2o U3 MOJeKyl 0py2020 copma (Ha3vl8AemMblX X031e6amu) Uil 8 nojioCmy
00HOUL OOBLULOU MOAEKYIbl-X035uHa. B psane paboT OBLIO TMOKa3aHO, YTO
TEPMOJIMHAMMYECKH KJIaTpaThl MOXKHO paccMaTpuBaTh Kak TBEpbIe
pacTBOpbl  BKJIIOYAEMOTO0 KOMIIOHEHTa B  METacTaOWJILHOM  pelieTke
PacTBOPUTEIIS.

B 1950 r. Ilaysni1 moiy4yusa HECKOJIBKO COSAMHEHHH OJaropoHbIX
razoB ¢ ruapoxuHoHoM (CgHi(OH),), oTHeceHHBIX K KiarparaM Ha
OCHOBAaHUHU PEHTICHOCTPYKTYpHOTO aHanu3a. [IpakTuueckoe 3HaueHUE OHU
npuobpenu Kak Hauboyiee YyCTOHYMBBIE M3 BCEX MOJIEKYJSIPHBIX C
HecneM(pUIECKUMH CHJIaMH B3auMOJeHCTBUS. Tak, KiIaTpaT KpHUIITOHA C
THIPOXUHOHOM BIIOJTHE YCTOWYMB NpPHU KOMHATHOW TemrmepaTrype (3a CyTKH
Beigensiercss ~10°%  axtuBHOCTH). IIOMBITKM  IONYYHTh  KIATPAThI
THIPOXUHOHA C TeJIMEM U HEOHOM OKa3aJiCh 0€3yCTEeIIHBIMH.

4.7.2. AncopOnus ra3000pa3HBIX paTHOAKTUBHBIX BEIICCTB
TBEPJIbIMU MOTJIOTUTEIIIMU

HccnenoBanue ancopOLUUMOHHOIO MOBEACHUS PAAUOAKTUBHBIX Ta30B
HAaYaJIOCh C M3y4eHHs moBeaeHusi pagona (1906r., Pesepdopa, Ha akTHBU-
POBAaHHOM YTJIE).

C pa3BuTHEM aTOMHON TEXHUKHU IMpoOJIeMa O3I0pOBJICHHS YCIOBHMA
TpyAa IMEpcoHala ypaHOBBIX PYIHUKOB M 3aBOJOB IO OOOTalIeHUIO U
XUMHUYECKON TMepepaboTKe YpaHOBOM py[bl, CBSi3aHHAs C MOTJIOUICHHEM
PaAMOAKTUBHBIX  ONAropoJHBIX Ta30B, CTaja BecbMa  aKTyaJIbHOM.
OAHOBPEMEHHO TMPOBOAWINCH HCCIEAOBAHUA aACOpOIMM KCEHOHa U
KPUNITOHA C IIEJIbI0 TOMYYCHHs] X U3 BO3yXa aJCOPOIMOHHBIM METOIOM.
TexHomorus Mpor3BOACTBA MPENAPATOB PATUOAKTUBHBIX OJIarOPOIHBIX TA30B
TaK)K€ OCHOBBIBAETCS Ha a/ICOPOIIMOHHBIX MPOIIECCaX.

B pabortax mno aacopOuuu pagMOaKTHBHBIX OJaropoJHbBIX TIa30B
M3y4Yajich pa3IUIHbBIC aCTIEKTHI MpoIlecca:

- TIpUPOJIa U CTPYKTypa aJIcOpOCHTA;

- BIMSIHUE TIPUPOJIBI TA30B-HOCUTEIECH;

- KUHETHKa U JUHAMUKa aJcopOInu;

- Xpomarorpaduyeckoe pa3elieHne cMeceil 01aropoAHbIX ra3os;
- pa3paboTKa TEXHOJIOTHYECKUX CXEM aJCOPOINH U T.1I.
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Breibop nHamnbonee »s¢pdekTuBHOrO aacopOeHTa NPUMEHUTENBHO K
KQKJI0M KOHKPETHOM 3a/iaye ABJISIETCS OJHOM M3 OCHOBHBIX 33J1a4 HUCCIE0-
BaHMI. ACCOPTUMEHT aJCOPOEHTOB OYEHb BEIMK, a CBOWCTBA MX BEChbMa
pa3HooOpa3Hbl. B MpoMBINIUIEHHBIX MacIITabax BBIMYCKAIOTCS MHOTHE THUIIBI
AKTUBUPOBAHHBIX YIJIEH, CUJIMKAresiaeil, LEOIUTOB (MOJEKYJAPHBIX CHUT),
MOPUCTBIX CTEKOJN W T.A. B psae paboT moka3aHO, YTO MHOTME aKTHUBU-
pOBaHHBIE yIIM MO CcBOeH A((PEKTUBHOCTU 3HAUYUTEIBHO NPEBOCXOIAT
OpUPOJIHBIE a71cOpOeHTHI (Mpuban3uTeabHO B 10 pa3 BbllIe, 4YEM Y LIEOJIUTOB
(MonekysapHbBIX cuT), U mouTH B 20 pa3 — 4yem y cuiukareneid). [Toaromy Ha
IOPAKTUKE MHUHEpaJIbHbIE COPOCHTHI MPUMEHSIOT JIMIIb IPU HAJIUYUU
JIOTIOJIHUTENbHBIX TPEOOBAaHUI (HEroprYecTb, JIETKOCTh pEreHepalui,
paauanroHHasi CTOMKOCTb U T.J.).

PannoakTuBHBINA Ta3 B U3y4aeMBbIX CHUCTEMax SBISETCS MUKPOKOMIIO-
HEHTOM, [TO3TOMY CUMTAETCS, YTO €ro pacnpeeseHue MOAYUHSIETCS 3aKOHaM
MOHOMOJIEKYJISIpHOW ~ajacopOumu. B mupokoM HHTEpBalie TeMIepaTyp
aAcopOIMs PaMOAKTUBHBIX OJArOpJIHBIX ra30B XapaKTepU3yeTCs JIMHEHHON
M30TEPMOM.

JInst cpaBHUTENBHOM XapaKTEPUCTUKH 3P(HEKTUBHOCTH aJACOPOEHTOB
Pa3IMYHON MPHUPOJBI U MOPUCTOU CTPYKTYPBI MCIONb3YeTCs KOI(P(ULHEHT
ancopoumu [

I'=alC, (4.141)

I7I€ a — KOJIMYECTBO aJICOPOMPOBAHHOTO PAJUOAKTUBHOIO 0JIaropoJHOTO ras3a
Ha 1r ancopbenta; C — paBHOBECHas KOHIICHTpAIlUS PaJAHMOAKTHBHOTO
0J1aropoIHOTO Ta3a B ra30BoH (hase.

Onpenenstor kodpduimeHt aacopOuuu B OOJBIIUHCTBE CIIydacB
xpoMarorpaduyuecku (a — Mo pa3HOCTH KOHIICHTPAIMA PaInOaKTUBHOTO Ta3a
710 ¥ TIOCJIC KOHTaKTa ¢ COPOCHTOM (C M3BECTHOM Maccoit) u aanee — ).

AncopOuusi palMOaKTUBHOTO Ta3a CyIIECTBEHHO 3aBUCHUT OT TeMIiepa-
Typbl, 5Ta 3aBUCHUMOCTh OOBIYHO ONHUCHIBAETCA B (OpME YpaBHEHUS
Appenmnyca:

Q
I'=AeRT | (4.142)

rae A — const; Q — reruota aacopoumu; T — Temmeparypa.

W3 sTOor0 ypaBHEHUS CIEIyeT, YTO 3aBUCUMOCTD /n I'=f(1/T) saBnsercs
nuHeriHow (puc. 4.39).

TennoTel amcopOumm, pacCYMTaHHBIC MO TAaHTEHCAM YIJIOB HAKJIOHA
MPSIMBIX, IPUBEJICHBI HA TOM K€ PUCYHKE; U3 3TUX JIaHHBIX BUJHO U BIUSHHE
OpPUPOJIbI Ta3a HOCUTENS Ha aACcOopOIMI0 pPaJUOaKTUBHBIX OJArOpOIHBIX
ra3os.
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InI”

1
5 Kaja/MoNb
7 —
/20 3,8 Ka1/Moib
6
3
o)
5 4 xay/MoJib
4 3,25 xan/monp

1,25 kan/mMomnb

1 ..3
30 3,2 34 36 T 10
Puc. 4.39. 3asucumocms koaghghuyuenma aocopoyuu Xe u Kr uz 6ozoyxa, eenus
U YeneKucio2o 2aza om memnepamypvl Ha aKmueuposaHHom yeie mapku bAY:
1- Xe 6 cpeoe cenusn; 2 — Xe 6 cpeode 6o30yxa, 3 — Xe ¢ cpede COz; 4 — Kr 6 cpede
eenus; 2 — Kr 6 cpeode 6030yxa; 3 — Kr g cpede CO,

B XpOMaTOI"pa(i)I/II/I, da TAK)XKXC B TCXHOJOTHYCCKHX IIPOOCCCAX OYHCTKH
Ia30B, OoJIbIIIOE 3HAYCHHE MMEET I/I36I/IpaT€J'II>HOCTB aI[COp6HI/II/I OTOCIBHBIX
KOMIIOHCHTOB CMCCH. TCOpH}I a,Z[COp6I_[I/II/I CMeceM ra3oB B HaCTOAIICC BPCMA
JaJICKO HC COBCPIICHHA. B »sTtom Claydac i1 HHTCPIIPCTAIUU OSKCIICpHU-
MCHTAJIBHBIX JaHHBIX HpI/I6eFaIOT qamie BCCTO K YPABHCHHAM H30TCPMBI
az[cop6111/n/1 H3Heropa, IIOCKOJIBKY PaArOAaKTHBHLIC 6JI3TOpOI[HBI€ Ira3bl
SABJIAIOTCA MUKPOKOMIIOHCHTOM, T.C. UMECT MCCTO MOHOCJIOMHAs az:[cop6u1/151:

BC (4.143)
= K— .
1+ BC’
riz€e a — KOJIUYECTBO a,Z[COp6I/IpOBaHHOFO PaaAuOaAKTHUBHOI'O BCIICCTBA,

npuxonsmeecss Ha 1r1 copOenta; C — KOHIUEHTpaUUs PaJUOAKTUBHOTO
BeIeCcTBa; kK, B — const.

[Ipu C — 0 a =«xBC, T.e. KOTUYECTBO aCOPOMPOBAHHOTO BEIIECTBA
MPsSIMO TIPOTIOPIIMOHAJIBHO €r0 KOHIIEHTpPAllMM B Ta30BOM (aze, mpu 3TOM
n30TepMa ajacopOIK ABISETCA JIMHEHHON U BBIXOJIUT U3 Hadyaia KOOPAUHAT.
I[lpu C -0 a = k, T.e. KOIUYECTBO aJCOPOMPOBAHHOTO BEIIECTBA HE
3aBUCUT OT €r0 KOHIIGHTpaIluu B Ta30BOM (asze; m3oTepma anacopOIruu
SBJISICTCS JINHEWHOW U TIapaJijieibHa OCH a0CITUCC.

B cnyuae agcopOmum cMecu ra3oB Ha OJTHOM aJICOPOCHTE MOJIb3YIOTCS
K03 GUIIHEHTOM N30UPaTEILHOCTH:

IT B

U=-L14+2L
B, (4.144)
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rae uuaekcol (1) u (2) oTHOCATCS K IEpBOMY M BTOpOMY KoMIoHeHTaMm. [Ipu
U > 1 copOeHT celleKTUBEeH K KOMITOHEHTY (1).

Ha xoadduiment n30upaTtenbHOCTH Malo BIHMSIET 3JEMEHT, Cliabo
copOupyromuiics Ha aaHHOM copbOeHTte. U HaobOopoT, sydiie copOupyro-
IIMICS DJIEMEHT, JaXe B MEHbIIEH KOHIICHTPAIlMH, CHUJIBHO IOHIKAET
aZICOPOIINIO APYTOTO U MPUAACT €T0 U30TEPME JTUHEHHBIN XapakTep.

B 3akmtoueHue ciieyeT OCTaHOBUTHCS Ha CIBUIE aJCOPOLIMOHHOIO
paBHOBECHSI IPU PAIMOAKTUBHOM pacmajie MOJIEKYJ aicopOMpPOBaHHOTO Ta3a.
[Ipu ancopOLMU KOPOTKOXHUBYLIUX H30TOINOB PaJMOaKTUBHBIX OJaropoj-
HBIX Ta30B BpeMs 3alIUTHOrO JEHCTBUS aAcOpOLUMOHHOTIO (uiIbTpa
BO3pacTaeT BCJIEJACTBUE TOrO, 4YTO MPOIYKTHl pachaga SBISIOTCA, Kak
OpaBUJIO, TBEPABIMU HEJIETyYMMH BeELIECTBAaMH (11 pajoHa  3TO
pPaZOaKTUBHBIE KOPOTKOXKMBYIIME HU30TOIMBI MOJIOHMS, BUCMyTa W CBHHIIA,
KOHEYHBIMH MPOIYKTaMH Pacraja KOTOPBIX SBISIOTCS CTaOUIbHBIE H30TOTIBI
ceuHLa- 206; 207; 208 B 3aBUCHMOCTH OT POJOHAYAIIBHUKA PAIMOAKTUBHOTO
CEMENCTBA) U MOTJIOMIAIOTCS NPAKTUYECKU HEOOPATUMO.

JlonTroXXuByIINE palOaKTUBHBIC OIaropoAHbIe Ta3bl MPAKTUYECKU HE
CMENIAl0T PABHOBECUE aICOPOLIMH.

4.7.3. ®Oukcanus paIuOaKTUBHBIX Ta30B Ha TBEPIBIX HOCUTEISX

K HacrosimieMy BpeMEHH BBINOJIHEHbI HCCIENOBaHUS MO (PUKCALUU
KPUITOHA Ha TBEPAbIX HocUTelsIX. MHTEepec K Takoro poja COEIUHEHUSIM
BbI3BaH MMOMCKAaMU METOJIa MOJIyYE€HUs YCTOWYUBBIX HCTOUYHUKOB KPUIITOHA-
85. HesHnauurtenbHas OWOJIOTHYECKAs AKTUBHOCTH M OOJBIION TEPHOJ
noxypacnana Kr® nenator ero YAOOHBIM [3-UCTOYHHUKOM.

[Ipn mnomydyeHUM KpUNTOHATOB (UKCAIUS KPUIITOHA HA TBEPIBIX
HOCUTEJISIX JOCTUTAETCS Pa3IMUYHbIMU METO/IaMU:

1) wonHas OomOapaupoBka (aToMbl Kr cHavaga HOHM3MPYIOTCS, 3aTeM
HOoJl JEHCTBUEM YCKOPSIOIIEr0 HAMpPSDKEHUS YCKOPSIIOTCS U BHEIPSIIOTCS B
TBEP/I0€ TEJIO;

2) BHeapeHwe artoMoB Kr mom IeHCTBHEM BBICOKHX TEMIIEpaTyp W
JABJICHUM.

B o0oux ciydasx momy4yaeTcsi CTaOMIBHOW MpU OOBIYHBIX YCIOBHSIX
MCTOYHUK: aToMbl Kr®® KOHIGHTPHPYIOTCS B IOBEPXHOCTHOM CJIOE Ha
riyouHe ~ 1 MKMm.
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KoHTposibHbBIE BONPOCHI K pazaeiny 4.7

1. UYro Takoe MOJIEKYJISApHbIE COSAMHEHNUS PAAHOAKTUBHBIX 0JaropoaHbIX
ra3zoB?

2. Cdopmynupyiite mpaBuiio ananoruu Hukutuna.

3. IlpuBemute kmaccuduUKAHMIO MPOIECCOB pacHpeneseHus OJaropos-
HBIX Ta30B MEXAY TBEPJIOi U ra3oBoii (hazamu.

4. Kakue pakTopsl BIMSIIOT HA aJICOPOIHIO OJIaroOpOHBIX ra30B?

5. Tlpoananmusupyiite ypaBHeHue JIeHrmropa.

6. OObsicHUTE COBUT paBHOBECHUS TIPU aACOPOIMU PaJAMOAKTHUBHBIX
0JIaropOAHBIX Ta30B.

/. HazoBute MeToabl GpUKCAMU PAAMOAKTUBHBIX 0JIArOPOJHBIX ra30B Ha
TBEPJbIX HOCUTEIISX.
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