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1. BBEQEHME

IlpuponHele BelIeCTBa COAEpPKAT B CBOEM COCTaBe IOUTH
Bce 3JIEMEHTHI NEpPHOAHMUYEeCKOH cucreMsl. Conep:KaHHe ORHHX
BEJIHKO, Jpyrue NPHCYTCTBYIOT B HHYTOXKHO MaJIbIX KOJHYECT-
Bax. D/eMEHTHl MJIH COEJHHEHHs, COIYTCTBYIOLUIHE OCHOBHOMY
BEIIECTBY, HA3HIBAIOTCS MPHMECAMH, €CIH HX KOJHYECTBO Majo
M0 CPaBHEHHIO C OCHOBHBEIM BeIlECTBOM.

Uem MeHbllle IpHMecEH COAEPKUT NaHHOE BEILECTBO, TEM
oHOo yuue. KosnyecTBeHHLIM NOKasarejeM CTENeHH YHCTOTHI
SIBJISIETCS] KOHLEHTpaLHs IPHMeCH, BHIPaXKeHHass B aTOMHBIX
WIH MOJIBHBEIX TPOLEHTaX, — BeJHYHHA, MOKa3HBawuas, Ka-
KOH TIPOLEHT OT OOLIETO YHCJIa aTOMOB HJIH MOJIEKYJ MPHXOLHT-
c Ha JOJIO «4y2KEPOAHBIX» /IS NAaHHOI'O BEIECTBA WYaCTHIL.

B wucropun BO3HHKHOBEHHSI TOHSITHSI «BEIECTBO 0OCOGOM
YHCTOTBIY B M3BECTHOH Mepe OTpaKaercs IpOLecC pas3BHTHS
HallMX 3HaHHH O NPUpOJE U CBOMCTBaX BelecTB BooOue. Ilep-
BRIl 3Tanm pa3BUTHSA TNPEACTABJEHHH O YHCTHIX BelEeCTBaX U
METONaX MX INOJIYYEHHS OXBaThIBaeT NPOMEXYTOK BPEMEHH OT
Hadana XIX Beka f0 koHLa 40-X TrOZOB HalIero CTOJETHSA.
HMccnenosanunsi, npoBoiuBLIHECA B TO Bpemsi, OOHapYKHJIH
BJAHSIHUE TpHMeceld Ha MHOTHEe (H3UKO-XHMHUYECKHE CBOHCTBA
BEIIEeCTB, T. €. Ha CBOHCTBA, ONpeAe/sieMble CTPOEHHEM 3JIeKT-
POHHOM 06OJIOYKH MOJIEKYJI MJIH aTOMOB, €C/IH MOJIEKYyJa OLHO-
atromHa. K HHM oTHocATCS: TemmepaTypa IJIaBJeHHS U KHIle-
HHf, TOBEPXHOCTHOE HATSIKEHHE, BA3KOCThb, TEIJIOEMKOCTh
U T. . Bansiane npuMeceil Ha 5TU CBOACTBA OCHOBHOI'O BeILECT-
Ba 3akJjouaeTcd B H3MEHEHHH XapaKTepa B3auMOJAEHCTBHA
MEXKAY MOJIEKyJaMH MHKPOKOMIIOHEHTA H HPHMECHBIMH MOJe-
KyJlaMH ¥ B TNepBOM NPHO/IHKEHHH NPONOPIHOHAIbHO A0Je
noc/IeHHX B OOIIEM YHCJIe MOJEKYJl, OKPY2KaloUMX MOJIEKYIY
OCHOBHOTO BeILeCTBa. B KHAKOCTAX M TBEPIBIX TeNaXx KOOPIHU-
HalHOHHOE 4HC/IO0 ! Mosiekys He Gosbiue 12, um MoJjeky.aa oc-

1 KoopAHHAaLHOHHOE YHCJIO MOJIEKYJ — YHCJ/IO GIIHKaHIIHX ee cocelleil.
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Puc. 1. BiusHHe KOHLEHTpanuH
YeTHIPEXXJIOPHCTOTO  YTJIepofia Ra
TeMneparypy KpHCTa/IH3auni
Genzona. C—xonuentpauus CCly,
BECOBEI® NPOLEHTHE

Puc. 2, BiusiHHe COLepKaHHS
HHKeN Ha HHTEHCHBHOCTD JIIOMH-
HEeCIeHIWH LHHKCYabdUAHOrO doc-

dopa:
I — HHTEHCHBHOCTb JIIOMHHECLIEH-
IIWH, OTHOCHTENIBHEIE  EJUHHIL

C — KOHUEHTpaUUs HHKead, Be-
COBBle MPOLEHTHI

HOBHOTO BelIecTBA OKpYy:keHa cebe INONOGHEIMH Jaxke IIPH
COIep:KaHUH IPUMECH MOPSAAKA HECKONbKHX IPOLEHTOB. THM
obbsAcHsIeTcs: OBICTPOE 3aTyXaHHe BKJ/IaAa NPHMECHBIX MOJIEKYJI
B (pM3HKO-XMMHYECKHe CBOHCTBA OCHOBHOIO BelIeCTBAa C YMeHb-
IIeHHeM cofiep:kaHus npuMeceii. Ha puc. 1, rae npueenena
3aBHCHMOCTb TeMIepaTyphl KPHCTa/VIH3aluH GeH3o/a OT Co-
JlepKaHusi B HeM YeThIPeXXJIOPHCTOTO yIJIepojia, MOXKHO BH-
JeTh, YTO 3TO CBOHCTBO CYLIECTBEHHO 3aBHCHT OT NIPHUCYTCTBUSA
NpHMecH JHIIb TOIja, KOrja cojep:KaHHe ee Haxoaurcs B
npefenax oT AeCATHIX JoJeH NMPoleHTa A0 HECKONbKHX NPOLEH-
ToB. CyllecTBoBaHHE  3aBHCHMOCTH  (DM3HKO-XHMHYECKHX
CBOHCTB BeLIECTB OT CTeNeHH HX YHCTOTHI NOCTABHJ/IO HCCJIENO-
BaTeslell mepell HEOOXOAUMOCTBIO OCBOGOXKIATH IPHMEHsSIEMbIe
BelleCTBa OT COIYTCTBYIOWHKX npuMeceii. PesysbTarom ycuin#,
HanpaB/leHHHIX Ha OYMCTKY BeuiecTB, ObLIO IoJydyeHHe psja
3/IEMEHTOB H COEIHHEHHH C CyMMapHBIM COJepXKaHHeM IIpH-
meceii Ha ypoBHe 10~'—10—29%, a oraeabHBIX npuMecell —
Ha ypoBHe 10=2%. B To BpeMsi HanGo/see YHCTHIE BeIIECTBA
NOJNYYHJIH Ha3BaHHE XHMHYECKHX peakTuBoB. JlocTHrHyTas
K 30—40-M rojaM Hamero CTOMETHsI CTENEHb YHCTOTHI BElLIECTB
ofecrieynia HaJileXKHOE YCTaHOBJIEHHE MOYTH BceX HX (PH3HKO-
Xumuueckux cBoicTB. Ilocnenyiomas npoBepka ¢H3HNKO-XH-
MHYECKHX XapakTepHCTHK Ha ofbpasliax BellecTB GoJiee BEHI-
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COKOH CTENeHH YHCTOTHI BHECIA JHIUb HONpaBKH, He NpeBbl-
IIAIOLIHe, KaK NPaBH/IO, HECKOJNbKHX IIPOLEHTOB OT HaijeH-
HOTO paHee 3HAUYeHHS.

Bropoii sTan B nosyueHHH YHCTHIX BellecTs, ¢ KoHua 40-x
FOJIOB HaILIero BeKa I10 HacTosillee BpeMst, 06YC/I0oB/IeH OYPHBIM
pasBuTHeM (PU3NKH U NPAKTHYECKHM HCIOJNb30BaHHEM TaKHX
BBIIAIOLIMXCA OTKPHITHH, Kak Je/eHue siiep ypaHa, sBJIEHHA
MOMTyIPOBOJMMOCTH H CBEPXINpPOBOAHMoCTH. MccienoBaHue psi-
Jla ¢u3NYecKUX CBOHCTB BellecTBa MOKasajo, 4To oHH Gojee
YYBCTBUTEJIBHEL K €r0 UHCTOTE, YeM (DH3UKO-XHMHYECKHE CBOH-
crBa. Puc. 2 cBuzerenbcTByeT 00 M3MEHEHHH Ha JBa MOpSAKa
MHTEHCHBHOCTH JIIOMHMHECUEHLIUH IMHKCYAb(HIHOrO docdhopa
C u3MEeHEHHEM KOHIEHTpauu# Hukend or 10-% go 10—
BECOBBIX TNPOLEHTOB. XOpOLIO H3BECTHO BJ/HSIHME KOH-
IEeHTpauuy NPHUMECHOT0 060pa Ha YAENIbHOE 3JIEKTPOCOINpPO-
THBJIEHME KPEeMHHs, NpOC/IeXHBaiomeecs BmIOTh fo 10—8—
10—99% aromupix. M3 sTHX HpHUMEpPOB BHIHO, UYTO AaxKe MaJkle
KOJIMYECTBA NpuMecell CIOCOOHBI 3aMacKHMpOBaTh (pHU3HUYECKUe
cBoiicTBa. HcTuHHBIE 3jeKTpOodu3NYEcKHue, SAEpHBEIE, ONTH-
UeCKHe H HEKOTOphle JpyrHe CBOHCTBA BELIECTB HAYHHAIOT
NPOSIBJAATBECS JIHWIb TOTJAa, KOTAA COJepxkaHHe npumeceifl B
HUX craHoBHTCS paBHBIM 10~*—10—5%. Hauunas c sroro
YPOBHSI W HHXKE TPHMECH Ha3BEIBAIOTCS MHKPOIPHUMECSMH.
BuicHuIOCh Tak:Ke, 4TO JAeHCTBHE MHKpONpHMeced Ha sjep-
Hble M TOJYNPOBOIHHKOBHIE CBOHCTBA 0G/IafaeT BBICOKOH ce-
JIEKTHBHOCTBIO, 3aKJjioyaiolieficss B HemsMepuMo Gosiee CHJ/Ib-
HOM BJIHSIHHH Ha 3TH CBOHCTBA OTJE/NbHHIX NPHMEcEH MO CpaB-
HEHHIO C OCTa/bHBIMH. Takue mpuMecH MONY4YHIH Ha3BaHHe
JIUMUTHPYEMBIX, H TPEOOBaHHSA K YHCTOTE BELIECTBA IO JINMH-
THPYEMBIM MPHUMECSIM PE3KO BO3POCHH IPH HE3HAYHTENbHOM
MOBBILIEHHH O6MIel cTeneHu 4ucTOThl. K Hacrosllemy BpeMeHH
HoJTyYeH LB psif BEWECTB ¢ OOIIMM COAEPXKAHHEM IIpHMe-
ceit Ha ypoBae 10-2—10-*%, a JUMHTHpYeMEIX NpuMecell —
Ha ypoBHe 10~6—10-7% u nuxe. Taxue BemecrBa nosmyuu-
JIi Ha3BaHHE BEIECTB OCOOOH YHCTOTHI. ¥MO3PUTENBHBIM IIpe-
JIeJIOM CTENeHH YHCTOTHI OYAeT KOHIEHTpauus npuMecu B a6-
COJIIOTHO WYHCTOM BEIECTBE, KOTOpPOE JOJIKHO COCTOSITb H3
aTOMOB MJIH MOJIEKYJI TOJIBKO OFHOTO copTa. AGCOMIOTHO YHCTOoe
BELIECTBO sIBJsieTCs abCTpaKLueH, 1 NoJyyeHHe ero Tak e He
OCYIIECTBMMO, KaK M JOCTH:KeHHe aGCO/IIOTHOTO HYJIsl TeMre-
parypel. Ilosyyaemble B HacTosiuiee BpeMs HaHOO/I€e UYHCThHle
BellecTBa conepxkat ~ 107*% mnpumecefi u BecbMa JajekH OT
a6COMTIOTHO YMCTOI'0 COCTOsiHUsA. [l CpaBHEHHsI MOXKHO yKa-
3aTh, YTO BEILIECTBO, COZEp:Kallee B OFHOM IpaMM-MoJIe€ MHJI-
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JIMOH NMPUMECHBIX aTOMOB, JIOJJKHO HMETb KOHLEHTpPauuio NpH-
mecH, paBHyio 6-10715% aroMmHBIX.

YHHKaJbHOCTD H ILIEHHOCTh CBOHCTB, OOHapY:KHBa€MbIX
BeLIeCTBAMU B 0cO060 YHCTOM COCTOSIHHH, JAlH 2KHU3Hb HOBBIM
oTpac/]aM HayKH U TeXHHMKH, BHI3BA/JIH IEPEBOPOT B, Ka3ajloCh
Obl, He3blOJieMbIX IIPEACTABJECHHAX O NPHPOJE MHOTHX sBJe-
Huft u ¢akros. Hanpumep, 3ameuaresbHble IOJMYNPOBOLHHKO-
Bble CBOHCTBa IepMaHHsl, OGHapy2KeHHBIE JIHILb C T0JYYeHHEM
€ro B BHICOKOYHCTOM COCTOSIHHH, IIO3BOJIM/IH CO3JaTh PAL IIPHH-
IMINHaJbHO HOBBIX 3J€KTPO- U PaAHOTEXHHYECKHX NPHOOpOB.
Xpynkue THTaH, UHPKOHHH, HUOGHH mocse IyGOKOH OYHCTKH
OT CJIEJ0B KHCJIOPOAa, a30Ta, BOAOPOAA HMMEIOT YAHBHTENBHO
BBICOKYI0 nuiacTHuHceTb. Crajb, NOMydeHHasd M3 YHCTBbIX
JKelesa W YIVIepoia, 3HAUUTENbHO INpouyHee OOBIYHOH CTalH.
SJIeKTPOCONPOTHBIIEHHE CeJieHa, CBOGOLHOIO OT MHKpOIpHMe-
cefi kucaopona, Ha 3—4 nopsiika BblIE CONPOTHBJIEHHS Ce-
JIeHa, 3arps3HEHHOI0  KHCJIOPOAOM.

M3 mHorooGpasusa BeiecTs, TpebGyloluxcs B 0c060 YHCTOM
COCTOSIHHHM, MOXKHO YCJIOBHO BBHIIENHTb CJEAyIOLHe IPYNIbL:

1. DnemeHTH M COefMHEHHS C BaH-Jep-BaalbCOBCKHM MeX-
MOJIEKYJISIPHEIM ~ B3aHMOJIeHCTBHEM.

2. TBepable NpoOCThHie BeILECTBA.

3. Teepabie C/IOXKHBIE BEIECTBA.

INopsinok pacnosnoxkeHusi Tpyni He CB3aH C NPaKTHYECKOH
IIEHHOCTBIO BelecTB Tofi wau HHOH rpynmnbl. O6benuHeHue
BELIECTB B OJHY TPYNIY OTpaKaeT JHIUb Haluuue y HHUX
Omnpele/eHHBIX CBOMCTB, INPOSBJ/AIOMIEECA B CYIIECTBOBaHHH
OOLIMX METOAOB MOJYYEHHS STHX BEUIECTB B 0COG0 YHCTOM
cocTosHMH. Meroy nosyuyeHusi BelecTBa B 0COGO YHCTOM CO-
CTOSIHUM  TpeJCTaB/sieT coboil KoMOMHAUMIO Onepanuit Haj
OYMIAEMbIM BEIECTBOM, HAXOAALIMMCA B TOH HJH MHOH XH-
MHYecKoH ¢opMe, NMPUBOAALMX K IOJYYEHHIO (BBIAEIEHHIO)
BellecTBa ¢ TpeGyeMbIM CofiepxkaHueM npuMecell. Meroxs! mo-
JIy4eHHs BeIecTB ocoGOH YHCTOTHI MOTYT OHITb pa3jeseHbl Ha
TPH KaTeTrOpHH:

1. Tny6okass ouHcTKa JAAHHOIO BellecTsa.

2. Brigenenne ocofo 4HCTOro BelllecTBa M3 Gosiee CJIOM-
HOT'O BemecTBa 0co0oi YHCTOTHI C MOCAEAYIOLEeH OYHCTKOH OT
n0GOYHBIX NPOLYKTOB PeaKIHH.

3. CuHTe3 C/I0KHOTO BeliecTBa 0co60# YHCTOTHI H3 NMPOCTEHIA
0co60 YHCTBIX BEILECTB,

Takum oGpasoMm, riyGokasi OYHCTKa $SIBJISETCS HeNpeMeH-
HOH, a YacTo H ELHHCTBEHHOH CTajHedl BCeX METOLOB IOJY-
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ueHHs BeulecTB ocoGoil uuctoThl. [lof riy6oKo# OYHCTKOM mo-
HUMalOT COBOKYNHOCTh BO3JEHCTBUH Ha OYHILIaeMoe BEIEeCTBO,
KOHeYHasl IieJib KOTOPBIX COCTOMT B yAaJ€HHH M3 HEro mpuMme-
ceff. CooTHoOIIEHHe MeKAy METONOM HONY4YeHHs BEUIeCTBA B
0c0060 YHCTOM COCTOSIHHH H METOIOM OUYHMCTKH — 3TO COOTHO-
IIeHHe MeXkAy OGLIMM M YaCTHHIM. B OCHOBe METOZ0B I/TyGOKOH
OYHCTKH JIE}KaT MeTOoIbl PaslesleHHs, HCNOJb3YIOIHe KaKoii-
Jau60 pasfenuTenbHbl 3¢heKT, OOYCNOBIEHHBIH pPa3JHInEM
CBOHCTB OCHOBHOTO BemlectBa M npumecu. CyIIHOCTb J1060ro
paszenutespHOro sdekra 3aKii0yaeTcs B BO3HMKHOBEHHH B
cHucTeMe, ColepKaleHd oyuiaeMoe BelleCTBO, 4acTeH ¢ OT/IMY-
HBIM OT MCXOJHOTO COJepxKaHHeM IpuMecedl mHocjae Kakoro-
Jn6o  (U3NYECKOro, XHMHYECKOro JiH60 (H3HKO-XHMHUEC-
KOFo BO3JleficTBHA Ha JaHHYIO cuctemy. B Ta6u. 1 mpuBeneHo
OOMBLIMHCTBO H3BECTHBIX B HACTOsiiee BpeMs METOHOB pasje- -
JIeHUs1 CMecel M YKas3aHbl T'DYNNbI BeIEeCTB, A KOTOPHIX
JaHHBIE METOAB! HalUH npuMeHeHue. IIpakTuka mosyuyeHus
0c000 YHCTHIX BELIECTB MOKa3aJna, 9To Haubomee sdpeKTHBHBIMH
METOIaMH Kak IO IVIyOHHe OYHCTKH, TaK H 110 NPOH3BOAUTE/Nb-
HOCTH SIBJISIIOTCA peKTH(HUKALHA H KPUCTANIH3aLHUs H3 paciJa-
Ba. OTH METOIBl NO3BOJISIIOT OCBOOOXKAATbCA OT NpHMECeH,
6H3KHX IO CBOHM CBOHCTBaM K OCHOBHOMY BeILECTBY, T. €.
HauboJiee TPYAHOYAANHMBIX, JHMHTHPYIOIHX TIYGHHY OYHCT-
KU. D10 06CTOATENBCTBO, 4 TAKXKE OCYLIECTBJICHHE peKTHdHKa-
UMH H KPHCTA/UIM3aLHM M3 pacliaBa Ge3 BCIIOMOTaTe/NbHBIX
BEIIeCTB MO3BOJISIOT HCIIOJAB30BaTh HMX HA 3aKJIOUHTENbHBIX
CTafusiX mpoueccoB TIiy6okoii ouucTkH. OcTanbHBIE METOLBI
yCTyNaloT HepBEIM JBYM JIHGO MO IyyGHHE OYHUCTKH, JHOO
OCYLIECTBJAIOTCA C HCIOJIb30BAHHEM BCHOMOraTeNbHLIX Be-
IIeCTB, JH60 UMEIOT y3KocneuuhuiecKyo 06/1acTb PUMEHEHHS.
Mruorye U3 HHX HCIOJB3YIOTCA B OCHOBHOM KaK METOXLI Mpej-
BapUTeJbHOM OYHCTKH. [/1yGoKas ouMcTKa BellecTBa He BCer-
Ja JOCTHraeTcsi KaKHM-THGO OIHHM METOIOM, 4acTO IMPHXO-
JUTCS TIOC/ENOBaTeNbHO NPHMEHATb HECKOJIbKO pPas3/iHYHEBIX
METONOB pasfe/ieHHsl cMeceH.

YKazaHHBIe METOJB! pa3iesleHus cMeceil BellecTB BO3HHKIIH
H pasBHJHCH B pa3Hoe Bpems. Eciu npocryio neperoHky —
OIMH M3 BAPHAHTOB AUCTH/UISILMOHHBIX METOMOB — 3HAJH
JpeBHHE €THUNTSHE, TO BO3pPacT NMPOTHBOTOYHOH KpPHCTa/IH3a-
LMK U3 pacljaBa He NpeBhIlaeT ABYX AecsaTuaeTHéi. Passurtue
METOJI0B T'TYOOKOH OYHCTKH CONMpPOBOXKIAANOCH KaK IOSIBJIEHH-
€M HOBBIX METOJOB DasfieJleHHsl, TaK H YCOBEpLIEHCTBOBAHHEM
annapaTypsl 1 BO3HHKHOBEHHEM HOBHIX BapHaHTOB B H3BECT-
HBIX MeTOAaX, a TEOPETHYECKHE HCCJEJI0BAHHS NPeBPaTHIH
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Tab6auual

MeTonel pasnencHusi emeceil BewlecTs

MeTol uay rpymnna

SIBNneHHUs1, MOJIOXKEHHBIS

Ipynna semwecrs,
AJIT  KOTOPHIX JaH «

METOROB pasfesieHHus B OCHOBY MeTola HBI MeToR
addexTusen
X uMHYeCKHE Pasnnupe B KoHcTaHTe paB-| 1—3
HOBECHSI HJIH KOHCTaHTe CKO-
POCTH peaKkLHH OCHOBHOTO Be-
IIECTBA H NPHMECH C TPETHHM
KOMIOHEHTOM
JIACTUNSUHOH- Paanuume B coctase pasHo-| 1, HexoTophie Me-
HEBIe BECHBIX KHIKOCTH M Ilapa TaJlTEl
Kpucraniausanus Pasnuuue B cocrase paBHO- —_

M3 pacnJiasa

Cy6numaius

Kpucrannuzauus
u3 pacTsopa

DKCTpaKIus

Ancop8unoHHble

Honoo6MenHEIe

DTeKTpoXHMHYeC-
KHe

MaruuTHas cena-
pauus

HuddysnonHee

Tepmonuddysn-
OHHBIE

8

BECHBIX KDHCTAJIJIOB U paciJia-
Ba

Paannune B cocraBe pasHO-
BeCHBIX KPHCTa/JIOB H Mapa

Pasnnune B cocrase paBHO-
BeCHBIX KpHCTaJJIOB H pacTt-
BOpA

Paznnume B pacTBOpHMOCTH
MpUMeCH H OYHIIAEeMOTo Belle-
CTBAa B ABYX HeCMelIHBAIOIIUX-
csl KuIAKHX azax

Paznuuve B crocoGHOCTH af-
cop6HpoBaTkCs Ha TBepAOH No-
BEPXHOCTH MOJIEKYJI IIPHMECH

H OYHINAEMOro BellecTBa

Pasnuyne  KoHUeHTpauui
MpHMecH B PacTBOpe H Ha cop-
GeHre, oG6sajamoEeM HOHOOG-
MeHHBIMH CBOHCTBAMH

dnekrpoananus. Pasnuume
Ypcesl NepeHoca HOHOB OCHOB-
HOro BeIeCTBA M MOHOB NpPH-
MeCH B 3JIeKTPHYeCKOM TNoJie.
Pasnnyue B noteHuuasnax Boc-
CTAHOBJIEHHSI HOHOB

IMpocTpancrBenHoOe pasnesne-
HHYe B MarHUTHOM II0JI€ YacTHIL
C PpAa3JIHYHBIM  OTHOLIEHHEM
Macchl K 3apsaay

Pasnyunast ckopocte Ipo-
HUKHOBEHHSI 4Yepe3 MOPHCTYIO
MeperopoiKy OCHOBHOTO Be-
IeCTBa U IpPUMeCH

Pasgenenue B Temmeparyp-
HOM TIoJIe

BerecTsa ¢ Tpoit-
HOHM TOYKOH BHIIIE
TeMIepaTypel Kule-
Hus

1,3

1,3

AneMeHTH

Tasu

Ta3bl, KUAKOCTH



METOJIBI TIyOOKOH OYMCTKH B HayYHO OGOCHOBAHHBIE TEXHOVIO-
THYECKHE NPOLECCHL.

2. XUMHUYECKHME METOJbI
PA3AENEHUSA CMECEH

OuncTKa BeIEeCTB IOYTH BCETrJa OCTABajach AENOM XHMH-
KOB, H BIIOJHE €CTECTBEHHBIM ObLIO CTPeM/IEHHE pa3ieNsTh
CMeCH BeLIEeCTB XMMHYECKUMH MeTojaMH. B XxuMmMuueckux Me-
TolaX pasfiesieMyl0 CMeChb BELIECTB MOJBepraioT o6GpaboTke
KaKuM-J100 peareHToM, B pe3yJibTaTe 4ero pasjinHuue CBOHCTB
OCHOBHOT'O BeILeCTBA U NpHUMeceHl YBEJHUYHUBAETCs HACTOJIBKO,
4TO OTJE/NEHHE NPHMECH BO3MOXKHO IPOCTEHINHMH (PHIHYECKH-
MH (mekaHTauus, ¢UIbTPOBaHHE) HIH  (PM3HKO-XHMHYECKHMH
(mpoMbIBKa, meperonka) Merofamu. MueanbHeiM Gyzer ciyuaii,
KorJa HpHMeCh OT/E/ISAeTCS OT OYHIIAEMOro BEIECTBAa yiKe B
mpolecce XHMHYeCKoii oOpaGOTKH pasfiensieMOd CMecH. YBe-
JIMYUBATh pasjiuyue CBOHCTB OCHOBHOIO BeleCTBa H INPHUMECH
MOXKHO, H3MEHHB XHMHYeCKyio (opmy Ipumeced, OCTaB/Ifs
HEH3MEHHEIM OYHIIaeMOe BelecTBO, 160, Ha000pOT, HU3MEHSs
¢opMy OCHOBHOTO BelleCTBa, He H3MeHAS (OpMBI NpHMeceH,
Ju0G0 NepeBOAs M IIPUMECH, H OCHOBHOE BEILECTBO B HOBYIO
XHMHYeCKyIo ¢opMy. BriGOp Toro miam HMHOrO BapHaHTa XHMH-
yeckoll 06paGoTKH GyJeT ONpeaesiThCsl XUMHUECKHMH U (DH3H-
KO-XHMHYECKHMH  CBOHCTBaMH pasjensieMoii cmecn. Hanpu-
Mep, HaM HY>KHO OYMCTHTb TE/VIYyP OT CJIENOBBIX KOJIHYECTB €r0
coceliel IO INeCTofl TpyHne INepHOLHYECKOH CHCTEMBl — OT
cesleHa M cepnl. AHa/IH3 XMMHYECKHX CBOICTB Tesl1ypa, cese-
Ha U cepbl U (U3UKO-XMMHYECKUX CBOHACTB COEIMHEHHH 3THX
3JIEMEHTOB MO3BOJISAET 3aKJIOYHTh, YTO HAHJIYUIIHM DEeareHTOM
IJIsi paslieJieHHsl JaHHOH cMecH GyZeT BojgopoAd. Eciu uepes
xKuakuit Tesryp npu 500°C mponyckarb BOAOPOZA, TO B pacija-
Be OyAyT NpOTeKaTb CJEAYyIOLIHE DPeaKIMH:

Se+4-H,==H,Se;
S+H,=H,S

Tennyposogopon H,Te mpu stom oGpasoBbiBaThes He Gyner.
CroficTBa CceJIEHOBOIOPOAA, CEPOBOJAOPOAA M MeTa/IHYeCKOro
TeJypa Pe3KO PasjMYHBL: TeMmnepaTypel MX KHIEHHS DPaBHbI
coorsercTBenHo —41,5; —60,7 u 1012°C. OG6pasoBaBuinecs
THAPHABL GYAYT YHOCHTBCS IIOTOKOM BOJODOZAa, H COJlep:KaHHe
CepHl U cejieHa B TeJuType Iocje o6paGoTKH 3HAYHTENbHO CHH-
3urcd, B 3TOM ciyuae Mbl H3MEHHJIM XHMHYECKYIO (opMy NpH-
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mecell, nepeBensl UX B JIerKoJeTyune coenutents. B HeckoMbKo
HHOM IIaHe OyJeT pemaTbhcsl 3afiaua XHMHYECKOH OUMCTKH
TEXHHYECKOTO CeJieHa OT NpHMecell CBHMHLA, MEH, Kejlesa H
JApYTHX TsKeNblX MeTasioB. Ilponmyckas BomopoA uepes pac-
mias npu 400—500°C, MBI mepeBezieM ceJleH B CeJIeHOBOJAOPOJ,
KOTOpBI# OyJeT JIErKoJeTyuuM IpOAyKToM peakuuu. Ilpucyr-
CTBYIOLIME B ceJleHe MeTa/lsIbl He 06pasyioT JIETYYHX T'HAPHIOB
4 ocTaHyTcs B pacmiase. Harpes o6pa3oBaBIUMACS CeJIEHOBO-
nopon 1o 900—1000°C, MBI BhleJHM H3 HETO NO peakuuu
H,Se—>Se+H, snemeHTapHbIH CejleH, 3HAYHTENIBHO OCBOGOXK-
JEHHBIH OT npHuMeced, HMEBLUHXCS B HCXOAHOM Belecrse. B
JlaHHOM CJIyyae LeJecoo0pasHbBIM O0Kasajlochb OCYLIECTBHIb
ofbpaTuMoe H3MeHeHHe XHMHYeCKOH (JOPMBI OCHOBHOTO BELIECT-
Ba. M3 ucropuy XHMHH H3BECTHO, YTO OTKpPBITHE GOJIBILIMHCTBA
9/IEMEHTOB IIEPHOAMYECKOH CHCTEMbl CBf3aHO € NPHMEHEHHeM
XHMHYECKHX METONOB pasiesieHusi cMecel. B HacTosiee Bpems
XHMHYECKHE METONBl pasfiesieHHsi cMmeced HauOoJsee HIMPOKOE
pacrnpocTpaHeHHe NOJYYHIH B MeTaJJyprHH PeiKHX H pac-
CesIHHBIX 3/1EMEHTOB IIPH H3BJI€YeHUH HX H3 NPHPOAHBIX MH-
HepaJsioB H pyl. B kauecTBe npumepa MOXKHO IPHBECTH LMaHU]-
HBI# croco6 mosyueHus 3os10Ta. [J1s1 u3BJeyeHus 30J0Ta pas-
MoJIoTyl0 nopofy o6pabaThiBaloT NMpH AOCTYIlE BO3LyXa O4YeHb
pas6aBiaenneM (0,03—0,2%) pacrBopom NaCN. Ilpu stom
30JIOTO MEPEXOAUT B PacTBOP COIVIACHO peaKIHH

4Au+8NaCN-2H,0+0,=4NaAu(CN),+4NaOH,

H3 KOTOpOro 3aTeM oOcaxKJaeTcsa JefiCTBHEM MeTaJlJIHYeCKOoro
HHHKa IO peakluu obmeHna

2NaAu(CN),+Zn=Na, [Zn(CN),I+2Au

[TonyyeHHblt LHAHUCTBIA 30/10TOCOAEPKALIMK OCAJOK INOABEp-
raercs o6paboTKe CepHOH KHCJIOTOH IJIs1 OTHEJEHHS COMYTCT-
BYIOUIMX MeTaJyIoB (UMHKa, Meid u T. 1.). Corep:kaHHe 3010-
Ta B 3THX OCaJKax nNocje OAHOKpaTHoH o6pabGOTKH YBEJHYH-
Baercs o6blyHO o 10—20 no 40—50%. MHorokpatHas mpo-
MBIBKa CEDHOH KHCJIOTOH 30J10Ta, COAEpPKallero 3HaYHTeJbHbIE
KoJIMYecTBa LMHKA, MeAH, cepebpa, CBHHIA, C IOCAenyoeh
nepensiaBKofl B HPHUCYTCTBHH (WIIOCOB IO3BOJISIET IIOJYYHTh
Mmarepuan uHcrorod 99,6—99,8%. B npusenenHom npumepe
yhaJssieMble MeTaJlIbl NEePeBOJSITCS B JIErKOPacTBOPHMEIE COJIH
H OTHeNIAIOTCA OT HHTEPECYIOLIero BellecTBa (H/ILTPOBAHHEM,
JA€KaHTauued, npoMblBKOH BOAoH. PaBHEIM o6pasom mnpumMecH
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MOXKHO IepeBOJAMTL B HepacTBOPHMOE COCTOSIHHME, OCTaBJAs
1Ie7eBOH NPOAYKT B pacTBope. B TeXHOJOrMYECKOH Lemnouke
TNIOJY9eHHA HHAHA TpefBapHTe/]bHas OYHCTKA €ro OT MenH,
KajMHs, MblIbsIKa JNOCTHI'AeTCS OCaXKAEHHEM HMX CYJbGHIOB
H3 CEPHOKHCJOIO pacTBopa CepoBOLOPOJAOM.

XuMHyecKue MeTogwl HaULIM IUMPOKOE IPHMEHEHHE INpH
ryGOKOH OUMCTKe caMbIX pa3HOOOpasHBIX BemlecTB. Pan xu-
MHYEeCKHX CIOCOGOB OYHCTKM METAJJIOB OCHOBaH Ha Pa3/IMYHOM
PacTBOPHMOCTH OYHILAEMOTO MeTasl1a U NpHMecel B MHHEPa/lb-
HBIX KHCIOTaX H OCHOBaHHsX. [IpHHUHITHANTBHON OCHOBOH IJisl
BBISICHEHHS BO3MOXKHOCTEH OUMCTKH MeTaJIoB GecKHCIOPO-
HBEIMH KHCJIOTAMH CJY3KHT Psl HampsKeHHH.

IIpn ucronb30BaHUM  KHCJIOT MOKHO YHAISiTh M3 MeTal-
JIOB, CTOSIIUX B Psiy HanpsiKeHUH mocje BOLOPOLA, NPUMECH
MeTa/lJIOB, DAacNoJIOKEHHBIX IO Bojopofa. Mertaaninl, pacro-
JIO2KEHHEIE 10 BOJOPOZAA, MOTYT ObITh OCBOGOXKIEHBI OT MpHME-
cell MeTaJVIOB, CTOALUX B PANY HanpsiKeHUH JeBee ouuinae-
MBIX, TOCKOJIBKY MOC/AeAHHEe Npu 00paGoTKe KHCIOTaMu GYAyT
pacTBopAThCS MejseHHee, yeM npuMecH. Hanpumep, o6pa6or-
Ka KpeMHHUS MHHEePaJbHBHIMH KHCJIOTaMH IIO3BOJISIeT CHH3HTDb
cozepxkanue MerawioB B Hem o 10—3—10—*%. Pacnpocrpa-
HeHHBIH J1abopaTOpHBIH CIOCO6 OUHCTKH PTYTH 3aKJIOYaeTCs B
IpONyCKaHWH ee Kameab yepe3 pasbasaeHHyio HNO,, co-
nepxayio 5% Hgy(NOg),. 3a cuer peakuun, Hanpumep, 1o
cxeme Cu-+Hg,(NO,),=Cu(NO;),+2Hg pryrb ocBoGoxzaa-
eTcsi OT IIPHMeCH BCeX MeTasJIOB, CTOSIHX JIEBEE ee B PsALY
HanpsixeHu#l. IlpuMeHeHHe IesJoued NpPH OYHCTKE MeTallJIOB
HO3BOJISIET OCBOGOXKIATBCA OT IpHMecedl METaJIIOB, PacTBOPH-
MbIX B Inenoyax. O6pabaThiBasi MEJIKO pPa3apoG/IeHHbIl HUKENb
pactBopoM NaOH, MOkHO yaanuTh U3 HETO KPEMHHUH H a/llOMHU-
Hu#i. TakuMm croco6oM IOJNYydYalT, B YaCTHOCTH, U3 CILIaBOB
HUKeJISI M alIOMHHHSA TaK HasblBaeMblil «HHKeIb PeHes», Ka-
TaM3aToOp peaKUWH ['HIPOTEHH3aUMH YraeBoloponoB. Heob-
XOIUMO Cpa3y Ke OTMETHTb, YTO 00paboTKa METa/JIOB KHCJIO-
TAMH WJIH IIEJ0YaMH TI03BOJIsIeT OCBOOOLHTLCS JIUUIbL OT IIPH-
Mecel, HaXOASALIMXCS Ha MOBEPXHOCTH 3epeH OYMILaeMoro Me-
tanga. [I1s ynaneHusl npuMecedl u3 BHYTPEHHHX YYaCTKOB 3e-
peH HeoGXOIMMO TOCJEAHHE Pa3pyLUTh. ITO OGCTOATENBCTBO
00yCJ/IOBIHBAeT CpPaBHHUTEJbHO HEBHICOKYIO IVMTYOHHY OUYHMCTKH
TBEpPALIX MEJKOLHCIEPCHBIX METalJoB JaKe B TeX cJyuasx,
KOrjja TEOpPETHYECKH HO/KHO HMETb MECTO IIOJHOE yJaleHHe
npuMeceit U3 ouHilaeMoro BeulectBa. MHoraa mpouecc rayGo-
KOH OYMCTKH MOKET OBITb OCHOBaH Ha pa3/MYHOH OKHC/IsSIeMO-
CTH OCHOBHOI'O BelllecTBa M npumeceii. O6pabarbiBasi pacnias-
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JIHHYIO CepY a30THOH KHC/IOTOH, MOXKHO NMePEeBECTH NPHMECHDIE
MBIIIbSIK B OKHCHYIO (OpMY IO peakIHu

As,S5+6HNO;—>2H,As0,+-6NO+3S0,

Bonee serkasi OKHC/I€MOCTb Cysab(uaa MbllIbfKa IO CpaB-
HEHHIO C Cepoil W BBICOKas PacTBOPHMOCTb MBIIbSKCOLEpIKa-
IMX MPOAYKTOB PeaKklUMH B BOJAE MO3BOJSIOT YAAJIATh U3 CEpHl
CJIEIOBHIE KOJIHYECTBa 3TOro ajemeHta. - O6paGoTka pacmniias-
JIEHHOH cepbl a30THOH KHCJIOTOH € MOC/EAYyIOLlel NPOMBIBKO
JIUCTHJ/IJTMPOBAHHOH BOLOH H TNEPEroHKOH MO3BOJISET CHU3HTH
coliep:kaHHe MBILbAKa B cepe OT COTHIX JAOJIEH NpOLEHTa [0
5:10—%%.

Bo Bcex nepeunc/eHHBIX MpHUMepax IPHUMECH IepeBOASITCS
B JIErKOPAacTBOpHMYIO (OpMY H OTAENSAIOTCH OT OYHIIAEMOro
BEILECTBA OOBIYHO (PUJILTPOBAHKEM, AE€KAHTAlUHeH WJIH IPOMBIB-
Ko# BoJOH.

[ny6okyio OYHCTKY coslefi XUMHYECKHMH METONaMH OcCY-
LIECTB/SIOT NPEUMYILECTBEHHO IyTeM NepeBoja mpuMecell B
MeHee pacTBOpUMYIO (hOpMy, OCTaB/AS OUMIAEMOE BeILEeCTBO
B pacTBope. B psne ciyuaeB ypaercsi NOCTHTHYTb JTOBOJIBHO
BBICOKOH cTemeHH o4nCTKH. OO6paboTKa BOXHBIX pacTBOPOB
XJIopuaoB GapHs, HaTPHs, Kajlus, KaJbLUS AUITHILUTHOKAp-
06amMaTOM HaTpHsl NO3BOJSIET CHHU3HUTh COIEp:KaHue mnpumecei
xesesa, KobGanbra M HHKeas no 10~% um memu go 10—9%.

Ilpn rnyGokoit OYHCTKe a3000pa3HbIX BEIECTB XHMHUe-
CKUMH MeTOHaMH OTHe/sieMble TpPHMECH NEePEBOAAT B Hele-
Tyuylo (opMy, OCYLIECTBJSAA CBSI3bIBAHHE HX TEM HJH HHBIM
pearedToM. OuHCTKa a30Ta OT KHCJBIX CEpPHBIX T'a30B MOXET
ObITh OCYILIECTB/IEHA MPONMYCKaHHEM €ro uepe3 LIEJOYHOH pac-
TBOP C HCIO/Ib30BAHMEM PEaKLHH

9KOH-FS0,;—~K,S0,--H,0

OcBoGozkaeHne a3ora OT CJIEJOB KHCJIOPOAAa OCHOBAHO HA BhI-
COKOH XHUMHUECKOH aKTHBHOCTH nociaepHero. Ilpomyckanue
a3oTa 4epe3 peakTop, HAaloONHEHHBI MeJKOAHCIEpPCHOH
MeJIbl0 MJIH 3BTEKTHYECKHMM CIJIaBOM Ka/jus M HaTpHsl, MO3BO-
JsieT TIOHHU3HTb  COJiep:KaHHe KHUCJI0opoja OT HECKONbKHX
06beMHBIX TpoleHToB jgo 1:10=2—7.10~%% o6beMHbIX.

Kaxk 1nokasbBaioT npuBeleHHBIe IPUMEPH], B OGLIEM Clyuyae
XHMMHYECKHe MeTolbl IMTy6OKOH OYHCTKH BKJIIOYAIOT B cels JBe
CTaluH:
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1. Xumuueckyio o6paboTKY OUMINAEMOro BelecTBa, obec-
NeYHBAIOLYI0 BO3DaCTaHHE PasjUyHs CBOHCTB OCHOBHOIO Be-
IIecTBa M HpHMeced,

2. OcBofoxeHHe OuMIAaeMOro BemiecTBa OT IpuMeced B
HX HOBOH U MCXOJHOH (popMe H OT CJIeH0B peareHTa KakKuM-1n6o
(DM3HKO-XMMHYECKHM  METOIOM.

O6was s¢p(eKTUBHOCTL XUMHUYECKOTO METOLA OYHCTKH GY-
JIET CKJIaapIBaThesl U3 3(PGEKTHBHOCTH COCTABJSIOMIUX €0 cTa-
Iuii. Bo3MOXXHOCTH nepBO# CTafHu B psje CIyyaeB MOLAAIOTCS
TeopeTHyeckKod oneHke. IlycTb mnporekaer peakius

3
A+C=AC 1)

H napaJJienbHas eit peaKuII;Iﬂ
B-+C==BC, ©

B KOTOpHX A — ocHoBHoe BemectBo; B — npumech; C — xu-
muueckuii peareHT; K; u K, — KOHCTaHTHl paBHOBecHsl. Pas-
JenuTeNbHbIE 3¢hdeKT, JoCTHraeMBIH B 3TOM Npoliecce, Xapak-
Tepusyercsi Ko3(ULUHEHTOM pasflelieHHst o, OIpeje/sieMbIM
BhIpaxeHHeM (3):

N N
C=TN T—N% Q)

rne N u N* — MosbHBlE JOJIM NIPUMECH B HCXONHOM BEINECTBE
H B MPONYKTaX peaklHMH.
Jlis BpimlenpuBeieHHbIX peakuuit KospdHIHEHT paslesieHus
MOKeT GhITh BhIPaXKEH uepe3 KOHCTaHThl PaBHOBECHS
[B] , [BC] K;
*="[A] ‘TAC] =K, @

KoHcTaHTa paBHOBECHS] XMMHYECKOH peakLHH CBsi3aHa C Tell-
JIOTOH peakUHH COOTHOLIEHHEM

dln K E
4T = RI%! ®)

B KotopoM E — TemioBo#i addekr peakuuu; T — Temmepary-
pa; R — rasoBas NOCTOSHHas.
Hcnonp3yss 3TO COOTHOLIEHHE, MOXKHO HamucaTh cjefyioliee

ypaBHEHHE:
d ] K2 Eé —_— El
daT"K,= RT » ©)
HHTErpupys KOTOpoe, no.nyth

Inp== 2], -} const, ™
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rne AE=E,—E; — pasHllla B TENJOTaXx CONYTCTBYIOINEH H

OCHOBHOHM peakLuH.
TIocTosiHHYIO HHTEIPHPOBAHUSI MOXXHO NPHHATh PABHOH HYyJlio,

HOCKONIBKY npH T—>o0 K1, Taxum obpasom,

K,
ke _ A2
HIH A A
E E
lga = ]g-%-f: O,43ET=O,QQ‘T, ©)

€C/IM TEIUIOTa peakuUH BEIPaXKaeTcs B KUJIOKAJIOPUSAX HA MOJIb,

YpaBuenue (9) MoKeT ObITb HCIOJNB30BAHO JJ/ISl OLEHKH
MaKCHMAJIbHOTO 3HAYeHHs Ko3(duiueHta pasjieeHus KOMIIO-
HentoB A u B ¢ nomompio peakuuu (1). MakcumasnbHOe 3Ha-
yeHre AE MOXeT COCTaB/IATb HECKOJNBKO COT KHJIOKaJNIOpHil Ha
MoJib, HO penko mpesbimaer 100 kxan/moab. Eciu npuHATh
E=100 kxan/monb, To npu T=1000°K koadduuuesT pasue-
Jenusi Gyfer paBeH 1022, a mpu KoMmHaTHOH Temmepatype —
1073, Takoe Gosblioe 3HaueHHe KO3(dHIMEHTa pasieleHHs
03HayaeT, YTO BEIeCTBO A MoxeT ObITb NPaKTHYECKH MOJI-
HOCTBIO OTJIeJIeHO OT BellecTBa B ¢ momompio peaknuu (1).

Korna crexuomerpuueckue koadouuuents npu C B ypas-
HeHusx (1) u (2) He paBHHI equHHIle, TO B BEIpaxeHHe (4) Anst
Koa(huILlHeHTa pa3JeJieHHs!, KpoMe KOHCTaHT PaBHOBECHS, BOH-
JIeT elile KOHIeHTpauusi pearentra. Ho 310 Majo oTpasurca Ha
OKOHuaTeJbHOM pesyabTare. EciuM peakuusi rereporeHsas,
TO BMECTO KOHLeHTpaumii BemectB A u B B ypaBHenue (4)
CJleflyeT TOACTABJATh HX TNaplHajbHEE AABJIEHHS.

¥YpaBHenue Buna (7) CnpaBeiJIMBO H JJISL KOHCTAHT CKOpO-
CTell paccMaTpHUBaeMbIX XUMHUECKHX peakuuii. ToJBKO B 3TOM
cnyyae E — pasHHLA B SHEPIHSX AKTHBALHH, a KOHCTAHTa
HHTErPHPOBAHUSI paBHA OTHOIIEHHIO INPELIKCIIOHEHIHANbHBIX
MHOXKHTE/EH B YPaBHEHHSX LJISI KOHCTAHTHI CKOPOCTH XHMH-
yeckux peakuufi. C yueroM 3TOrO, INepexofs K JeCSTHUHLIM
Jorapugmam, MOaIyyaeMm

]g—% = lgo. = 0,22% + 0,43 IgB, (10)
rie P — OTHOLIEHHE [IPEeAIKCIOHEeHIHANbHBEIX MHOXHTENEH U
MoxeT usmensThesi ot 1 1o 108 K, K, — KOHCTaHTBI CKOPOCTH
peakuuii (1) u (2). DHeprusi akTHUBALUH XHUMHUYECKHX peaKIHH
H3MEHSIeTCs1 NpPHMEPHO B TeX Ke Ipefenax, 4TO H TeljoTa
peakuuu. Pasnesnenue, oCHOBaHHOE Ha pPas/JHUYHMH B-KOHCTAHTax
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CKOPOCTH peaKuuil ¢ KakUM-11u6o peareHToM, MOer OBITh Ta-
KHM Xe 3D(eKTHBHBIM, KaK H OCHOBAHHOE Ha PasjMYHH B KOH-
CTaHTax paBHOBECHS.

XuMHYeCcKHe METOAbl OYHUCTKH OCOGEHHO 3()pEKTHBHEI B OT-
HOILIEHHH 3/IEMEHTOB, CYIIECTBEHHO pAa3/IMYalOIIUXCS 10 XH-
MHYECKHM cBoHcTBaM. VIMEHHO 3TOMYy c/iyual0 COOTBETCTBYET
MakcuMasbHas pasHHlla B TEIJIOTaX HJIM SHEPTHAX aKTHBAIMH
conyTcTByIomell U OCHOBHOH peakuuii. OgHako MHOTHE 3Jie-
MEeHTHl 1O CBOHCTBaM GJIH3KH Mexny coGoit. IIasi 3/1eMeHTOB,
HMEIOIIUX OJMHAKOBYIO 3JIEKTPOOTPHUATENbHOCTh, HAmpHMeEp
KDeMHHA U TepMaHus, pa3/HyHe B SHCPIUAX UX B3aHMOAEHCT-
BHAA C KaKUM-JH60 TPETbUM 5/1€MEHTOM He IpeBRIaeT /,;.
CrnenoBaresbHO, OTHOLIEHHE KOHCTAHT DaBHOBECHSI peakLUHi
B3aMMOJIEHCTBHS 3THX 3JIEMEHTOB ¢ KaKUM-JIHG0 peareHToM IpH
1000°K Bpspg qu Goabiue 10. IIpu KomHaTHOH Temneparype 3To
OTHoIeHHe Gyjer Gosbllle, HO, BUAKMO, He mpeBeicuT 102—103,
STO 3HAYHT, YTO IPHMECH CO CBOACTBaMH, GIH3KHMH K CBOHCT-
BaM OCHOBHOTO BellleCTBa, XMMHYECKHMH METOJAMH YAAJISIThCS
6yayT ¢ TpyIoM. 3iech HEOOXOLHMO OTMETHTb, YTO IPHBEAEH-
Hble Bhlle KO3(hHIHeHTH pasleneHus MOryT ORITb peann3o-
BaHbl NP YCJIOBUH IIOJHOI'O IIPOCTPAHCTBEHHOI'O pasjie/eHHd
UCXOIHBIX BEIECTB H NPOAYKTOB peakuud. IIpakTuuyecku srto
PELKO BBIMOJIHSAETCA U NMOYTH BCETAAa MPHXOAUTCS OCBOGOXKIATH
OYHIlaeMoe BeLIEeCTBO OT CJIELOB peareHTa, IPOLYKTOB €ro B3a-
HMOJEHCTBHSA C NPUMECAMHU H OT NpHMecell B X MCXOLHOH dop-
Me. [TonHoTa ocBOGOXKNEHHS OT HHX U ompenenser a¢dekTus-
HOCTb 3aKJ/IOUHTEIbHOM CTaAHH XHUMHUECKHX METOJOB OYHCT-
Kd. B cBa3u ¢ atuM HeoOxonuMBIM ycsioBHeM 3(heKTHBHOCTH
XMMHYECKHX METOHOB TIJYGOKOH OYMCTKH SBJSETCS YAAUHBIH
BHIOOp peareHTa. PeareHT joskeH oGnafaTh BRICOKOH ceJek-
THBHOCTBIO NPH B3aUMOJEHCTBHH C OYHILAEMEIM, BEIIECTBOM H
npuMechio. )KesatenbHO, YTOOLI peareHT H OYHIIaeMOoe BellecT-
BO GbLTH TaKxe JIETKO pasjieJMMOil mapol Bemects. Banskuit
K HIeaJbHOMY CJy4yall B PUBEIEHHEIX BHILIE MPUMePaX OYHCT-
KH a30Ta OT KHCJIBIX CEpHHIX Ta30B H KHCJOPOJA pealn3yercs
NPONYCKAaHHEM OYHIIAEMOro rasa yepe3 ILIEJOYHBIE PacTBOPELI
WIH 9BTEKTHUYECKYIO CMeCh Kajus M HaTpusd.

Ecan B mpolecce XHMHYECKOH OUHCTKH He IpelycMatpH-
BaeTcsi OCBOOOK/EHUE OT CJIEJOB peareHTa, NOC/AENHUH OOBIYHO
NoAGHPAIOT TaK, YTOOBI €ro MPHCYTCTBHE HE CKa3blBajochb Ha
HHTEPeCYIOLMX CBOUCTBAX OYHIIAEMOI'O BEILECTBA.

W3 BHIIIEH3/TOKEHHOIO CJELYET, YTO XUMHUYECKHE METOIBI
pasjesieHusi cMecel SIBJISAIOTCS MOLIHBIMH METOAaMH IJyGOKO#
OYHCTKH BelIeCTB OT NPHMECEH ¢ CHIIbHO OT/IMYAIOLHMHCA CBOH-
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cTBamu. PasHooGpasHe XHMHUECKHX CBOMCTB BEIIECTB B pe-
akIMAX APYT C APYroM IOYTH BCErja Mo3BoJISeT BLIOPATh NOJ-
XolAIKH peareHt A YAaJeHHs TOH WM HHOH NPHMECH HJH
psila HMIEHTHYHBIX  IPHMECeH.

[pu ryGoKoi OYHCTKE BelIeCTB XHMHYECKHE METOJIbl pas-
JeJIeHHsT HMEIOT CaMOCTOSiTeTbHOE 3HaueHHe JHIIb B TeX pex-
KHX cjyyasX, KOrZa B IIpouecce XHMHUeCKoH 00paGoTKu
OUHIIAEMOTO BeleCTBa HPOHUCXOAMT MPOCTPAHCTBEHHOE pas-
Zie/leHHe HCXO[HBIX BellecTB H NMpoAyKToB peakuuu. IIpu sTom
peanusyercss OnuM3Kasg K TEOPETHUECKH  IPEJCKa3bIBAEMOL
rny6uHa OYHCTKH.

Bo Bcex ocranbHBIX clly4asX XHMHYeCKHe METOAH! pasjele-
HHUS HI'PAlOT pPoJib METONOB IIpelBapUTEJ]bHONH OYHCTKH, obec-
[EeuHBAIIKNX ylaleHHe OTAENbHBIX IpUMecefl HJIH T'PYIIEL
HIEHTHYHBIX NpHMeCeH WM NepeBOx HX B dopMy, JErkKo oTie-
JUMYI0 (PU3MKO-XHMHYECKHMH METOAAaMH pasjie/leHHs CMecei.

3. NIPUMEHEHUE XMMMUYECKUX
TPAHCMOPTHBIX PEAKLUMA Angd NONYYEHMSA
BELLECTB OCOBOH YMCTOTDI

OnHuUM H3 XHMHYECKHX METOLOB INTyGOKOH OYHCTKH BElIECTB,
TNIONTYYHBIINM CaMOCTOATENIbHOE Pa3BHUTHE H BeCbMa ILIHPOKOEe
pacnpocTpaHeHue, SIBIASETCS METOI TPaHCIOPTHHIX peakIlui.
TpaHCIOpPTHBIME peakUMsMH Ha3bIBAlOTCA T'eTepOreHHEBE 06-
paTHMBle PeaKIHH, IPH HOMOILH KOTOPBIX MOXHO OCYIIECTBHTD
IIEPEHOC BEILECTBA M3 ONHOH 30HHI peakropa B APYIYIO, €C/IH
MEXLY 3THMH 30HaMH HMEETCSl Pa3HOCTb TeMIlepaTyp HJIH JaB-
Jenuit (puc. 3).

IMpouecc cocrout u3 Tpex cranuii: 1) o6pasoBaHue U3 TBEp-
JIOTO BEIUECTBa M ra3000pa3HOro peareHTa JIETY4ero IpOAYKTa
B IIepBOi 30HE; 2) MEPEHOC JIeTydero NPOAYKTa H3 NepBoH
30HBEI BO BTOPYIO; 3) pa3/ioKeHHe JIeTy4ero NpoAyKTa Ha sJe-
MeHT U ra3oo0pasHblil peareHT Bo BTOpoll 30He. B KauecTBe
TPAHCMOPTHPYIOWMX TIa30B HAlId MNPUMEHEHHe TaJioTeHkl,
rajIoreHOBOJOPO/bl, JIETYYHe TaJoreHHAB, Mapel Bombl U APY-
rue Jjeryumne coefnHeHud. Hamnprumep, BHICOKOUHMCTHIH HHKENb
MOXHO TOJYYHTb C IIOMOLIbIO CjIeyloled TpaHCHOPTHOH

peaxLum:
Ni—+4CO==Ni(CO),

[Tpu 80°C HuKenb pearupyer ¢ OKHChIO YI/epofa, o6pasys
kap6oun1 Ni(CO), (T un =42°C), a nmpu 200°C xapGoHmI
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Pus. 3. CxeMa OUHCTKY Be-
IEeCTB C NIOMOMIBIO XAMHYe-
CKHMX TPaHCIOPTHBEIX peak-
Hi; 1 — peakIHOHHBIH co-
Cyl; 2 — HCXOJHOE BeLIECT-
3 BO (30na [); 3 — ouniuenHoe
— Bemectso (3oHa II)

pasJnaraercsi, BBIIEJSIST UHCTHII HHKedb. B nanHoM caywae
OUHCTKA JIOCTHIAeTcsi TeM, YTO NpPHUMecH, He o6pasylomue Kap-
GOHMJIOB B YCJIOBHSIX 30HBI CHHTE3a, B 30HY Da3/IOKEHHs Iiepe-
HOCHUTBCSI He GYIVT.

TpaHcnopTHBIE peakLHH OCYILIECTBASIOTCS OOLIYHO B 3a-
NasiHHBIX aMIyJax, 3aKphITBIX peakTopax HJIH B Tpy6Kax,
HoMelllaeMbIX B TeYb C TPajfHeHTOM TeMIepaTyphbl, B INOTOKE
TpaHcnoprHpyomero rasa. [lpy npoBeleHHH TPaHCHOPTHBIX
peaknuil HeoOXOAMMO NPUMEHSATh TIIATEJNBHO OUMILEHHBIE pea-
TeHTHl H peakTophl. IlpakTuyeckoMy NPHMEHEHHIO TPaHCIIOPT-
HBIX peaknuil /1 OYHCTKH TOI'O HJIH MHOTO BEILECTBA JO/IXKeH
NpeJUIeCTBOBaTh  pacueT pasieqHTeJbHOH CIOCOOHOCTH JaH-
HOH peaklUHH.

Ecan nporekaior aBe rereporeHHble peakLHH:

ATB+CF33K1ACP33; (l l)
BTB+CFd3KzBCPaa’ (12)

TO CKOPOCTH I€peHOoCa OCHOBHOI'O KOMIIOHEHTa Wa OnpenensnerT-
CAd COOTHOLICHHEM

Wa=Da (P{—P)), (13)

rie P,, P, — paBHOBeCHOe JaBJieHHe KOMIOHEHTa A mpu
Tyu T, (cMm. puc. 3); D — xoadpdunuent pubdysnu; a — mo-
cTosiHHas mnpubopa.

PaBHOBeCHbIE 1aBJ€HHS B TeTEPOT€HHBIX PEaKUHSX MOLYT
ObiThb NPONOPLHOHAJNbHBE KOHCTAaHTaM paBHOBECHS, IO3TOMY

W N Dy (Ka—Ka)

W, T I1—N— —— (14
(Ks~ K3)

W, ~1I—N— D,

TJie BeJHUHHBL C HHIEKCOM «B» oTHOCATCS K mpumecsiM, a K,
Ky u K,, K, — KOHCTaHTBl paBHOBECHs DPeaKLHH [IPH TeM-
nepatrypax T; u T, COOTBETCTBEHHO.
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Ecan pasHOCTh Temnepatyp AOCTaTOYHO Beska, 10 K, > K,
u K, >Kg; Torma

N DgK,
T—N = —* 15
=N =D,k 15
ITonctaBuB B ypaBHenue (15) ypaBheHue (8), momydum
N [B] Dy AE
T—N = [A] = D, P "RT » (16)

rie AE — pasHOCTb TeIJIOBLIX 3(peKTOB peaKIUil pas/ioKeHH s
coequnenuit AC u BC.

Pasnenenne B 3TOM Ci1yyae CBOIMTCH K PeaKLHUH pas/IOKeHHs
JIeTy4ero mpoiykTa. To o6CTosATebCTBO, YTO METOJ TPAHCIOPT-
HBIX peakuuil mpejcraBisieT Co00H pasHOBHAHOCTb XMMHUECKO-
ro MeTola pasfiesieHHsl cMecel, OOGYCJOBHJIO HAEHTHYHOCTD
BLIDAXKEHHH, OIHCHLIBAIOIIMX pasfeNUTeNbHYI0 CIOCOGHOCTD
3THX MeTofoB. Kak W B IPYrHX XHMMHYECKHX MeToAax, AJA
BelecTB ¢ 6iu3kuMu cBoiictBamu AE maiso u pasaenenue Gyzner
HEBEJIHKO.

IlepBeiM nprMeHeHHEM TPAHCIOPTHLIX PEeaKLHH IJI TOJY-
YeHHs YHCTBIX METa/UIOB CJefyeT, BHUAMMO, CUHTaTh paspa-
GoTaHHBLIH ToJ/UIaHICKMM YueHbiIM BaH-ApkeneM HOLHAHBIA
meron. CyIHOCTb MeTOfa CBOIMTCH K CJEAYIOLEMY: MOPOLIKO-
o0pasHBIl MeTa/ll HarpeBaeTcsl B NpeABapHTE]bHO 3BaKyHpO-
BaHHOM 3aKpPBITOM peaKTope B MPHCYTCTBHH MapoB Hofia NpH
200—300°C. O6pasyromuitcss HOAHA MeTajJsa pasjaraercs Ha
TOJBEIIEHHOH B PEAKIHOHHOM COCYz€ MpPOBOJIOKE, HarperoH
no 1100—1300°C. Heneryuuii metamn ocefaeT Ha IpOBOJIOYKE
B BHJle KPHCTaJJIOB, 2 OCBOOONMBIUHHCS HOJ BHOBb pearupyer
C HCXOZHBIM NOPOIIKOM MeTas1a. MIMeHHO 3TuM MeTofoM Obliu
BIEpBLIE IONYYEHBI IJIACTHYHbIE LHPKOHMH M THTaH. s
OYHMCTKH a/IOMMHHSl OKas3ajlach NPHUIOJHOH peaKuus

2A1+AIF=3AIF

Ilpu BricOKOH TemIepaType IPOHCXOAMT OOpa3oBaHHE MOHO-
¢dropuna amomunus 2A1--AlF,—~3AIF, a B Gomee xomomHoH
30He MOHOGTOPHJ TNOJBEPraercsi IUCIPONOPLHOHHPOBAHHIO:

3AIF-—>2A1-+AlF,

CnexctBueM 3THX peaklUuil SIBJSETCS MEpeHOC aJIOMHHHA H3
ropsiueil 30HEI B Gosiee X0JOAHYIO. Peakuusi B3auMOJEHCTBUS
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anoMUHMSA ¢ ero TpudTopHIOM Obia nodoxkena A. M. Bense-
‘BBIM C COTPYJHHKaMH B OCHOBY INPOMBILIEHHOTO METOAA MOJMY-
yeHHs amoMHHHS 4HcTOTOH 99,99999%. TpaHcnopTHblE peak-
IIMH LIHPOKO HCIOJNB3YIOTCS HJISI OYHCTKH XpoMma, LMPKOHHA,
KpPeMHHUsA, repManus, 60pa H APYTHX 3JEMEHTOB.

Meron TpaHCHOPTHBEIX peakuuil sddekTuBeH A/ OYHCTKH
OT 3JIEMEHTOB, 3aMETHO OT/IHYAIOMUXCSA 10 CBOUM XHMHYECKHM
CBOJICTBAM OT OCHOBHOI'O 3JIeMeHTa, H MaJiO0 NIPUTOAEH JJIs Ty~
OOKOH OYMCTKH OT 3/1eMeHToB-aHajoroB. Ilociennue GyayT
TPaHCIIOPTHPOBAThCS BMECTE C OYHILIAEMBIM BEIECTBOM, [03-
TOMY HEOOXOAHMa NpEABapHTeNbHasi OYHCTKA OT 3THX IpHMe-
ceil. Kak u B ApPYrux XMMHYECKHX METOLaX pasJeseHus cMe-
Ce#l, NP MCIOJIb30BaHHH TPAHCIOPTHHIX peakuuil s ray6o-
KO OYHCTKHM BCTaeT InpoGjeMa IpeaBapUTeNbHOH OYHCTKH
peareHTa u yja/leHHA €ro CJefoB U3 roToBoro npoaykra. Cuib-
HOH CTOpOHOH MeTOfa TPaHCIOPTHBIX PeakUUd SBJAAETCH TO,
YTO OH MO3BOJIAET OCYIIECTBUTh Ja/bHEHIIYI0 OYHCTKY BelecT-
Ba OT mpumMecedf, TPYAHOYJaNdeMblX APYT'HMH METOLaMH, H
HOJIyYuThb 3TH BellecTBa B (popMe, yA0OHOH 115 NpakTHYeCKUX
Le/jeH, HanpuMmep, B BHJAE IJIEHOK HJIH MOHOKPHCTaJJIOB.

4. AUCTUNNALUMOHHBIE METObl
rMYBOKOW OUYMUCTKMU

a) (MOU3MKO-XMMUUECKME OCHOBbI AUCTMANSLMOHHBIX METOAO0B
pasgeneHus cmecen

OupcTka BelecTB IMCTHAJALMEH Bo3MOXHa O6/aronaps
TOMY, YTO COJEp:KaHWe YCTpPaHsfeMOH IpHMecH B paBHOBEC-
HOM C 2KHJKOCTBIO Iape MOYTH BCEraa HHOE, YeM B XKHAKOCTH.
OcoGeHHOCTH 3TOTO SIBJIEHHS, H3BECTHOTO CO BpeMeHH Iay6o-
KOH JpeBHOCTH, ObIH cHOPMYJIHPOBAHbI HAIIUM COOTEYECTBEH-
HukoM KonoBanoseim (1881 r.) B Buse aByX 3akoHoB. IlepBerii
U3 HUX IvacuT: «HacelueHHbId nap 1Mo CPaBHEHHIO C PaBHOBEC-
HBIM PacTBOPOM OTHOCHTEJNBHO Oorade TeM KOMIIOHEHTOM, J0-
GaBjieHHe KOTOPOI'O K CHCTeMe IOBbILAeT I0JHOe JaBleHHe
napav.

OrBonsi H KOHAEHCHPYS Tap, MOXKHO NOJNYYHTb KHIAKOCTD,
0 COCTaBY OTJ/IMYAIOLIYIOCSA OT HCXOAHOH. DTO sIBJIEHMe Npej-
CTaB/sieT co6oH eNMHMYHEIH pasfeNHTe/bHBIA Npolecc, Ha Ko-
TOPOM OCHOBaHEI BCE METOAbl H BapHaHTHl Pas3le/eHHsi C HC-
no/jb3oBaHHeM (a3oBOr0 pPaBHOBECHA XKHAKOCTb — map. Ko-
JINYECTBEHHO 3()(EKTHBHOCTD 3/1€MEHTAPHOTO Pa3JeNHTeNbHOTO
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npouecca Xapakrepusyercss KO3(D(HUHEHTOM pasjeneHHs —
BEJIMYMHOH, ONpenesseMoll CJAENYIONIUM BBIPaXKEHHEM:

y X
o= 'l—'__—__'_y': 1 —x ‘ (17)

3zech o — k03(PHUIHEHT pasjieNieHuss; y H X — MoJbHas

Jo/Isl TIpPUMeCH B Nape H B XKHJKOCTH.

Ecnu Mbl uMeeM Jeno ¢ pacTBOpoM, B KOTOPOM COJepiKaHHe

yZaJsieMOro KOMIOHEHTa Mano, T. €. ¥ H X MHOI'O MeHbllle efH-

HHULBI, o= z . 31ecb yMECTHO OTMETHTh, UTO BO BCEX METO-

Jlax pasjieJieHus cMecet, HCNob3YIOMHX pacnpee/eHue mpume-
CH MeXKIY IByMsl paBHOBECHBIMH (pa3aMH, 3(pheKTHBHOCTb €1HU-
HHYHOTO pa3JeJHUTeNbHOrO Ipolecca onpejensiercd aHamuo-
THYHO, T. €. KaK OTHOIIEeHHE KOHLEHTPAllUH INPHMECH B PaBHO-
BeCHBLIX (pa3ax. DTO OTHOCHTCS K KPHCTAJVIM3ALMU U3 pacljaBa
H pacTBopa, SKCTPakLuH, CyOJIUMAalUH.

Uem 6oJibllle OT/IMYAETCS OT EIHHHIBI KO3(hQHUIUEHT pas-
JejieHus, TeM sbdexTHuBHEe OGYAYT AHCTHIIALHOHHBIE METOAB!
NPy pasfesNeHud AaHHO cMecu. KoadduuueHTt paspenenus o
3aBHCHT OT NPHUPOIBI NPHUMECH H OCHOBHOI'O BEILIECTBA H MOXKET
H3MeHATbCS B IHPOKUX npenenax. Ca3b Mexay KoabduuueH-
TOM pasfie/eHuss U (PU3UKO-XHMMHUECKHMH CBOMCTBaMU pasfe-
JIfleMBIX BEIECTB B Haubosiee NIPOCTOM c/ydae JaeTcs CAefylo-
M BBbIPAXKEHHEM:

P

o=
P3

(18)

rae P} u PJ— naBieHue HaCHIIIEHHOrO napa KOMIIOHEHTOB
npu JaHHOH Temmepatype.
Hcnonpsyst ypaBHenne Koaysuyca — Kuoanefipona

dinP A

aT =~ "RT (19
(M — Teriora HMcnapeHus, oTpaxaiolliasd XapaKTep MexMoJe-
KYJISIPHOTO B3aHMOJEHCTBHA B JKHMAKOCTH), TMOJYYHM IJIsl JIO-
rapudpma KosuureHTa pasfeNeHHs CJenylollee PaBeHCTBO:

P, Ay —Ay AM

Ino=1In P, — RI® — RIZ (20)

rae AM — pasHunma B TemsuoTax HCHapeHus.
Ecan cuinl B3auMoOpeHCTBHS MeXAY MOJIEKYJaMH OINHOTO H3
BeIECTB MMEIOT XHMHUYECKYIO NpPHPOAY (BellecTBa C HOHHOM
HJIH aTOMHOH KPHCT/UIHYeCKOH PeLIeTKOH), a MEXAY MOJIEKY-
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JaMH BTOPOTO BellecTBa AeHCTBYIOT csiaGble cuibl Bam-gep-
Baanbca, To A okaxetcst BesuuHolt nopsigka 100 Kkan/Moub.
Kos¢dHiuenT pasjenenust B 3TOM cIydae 6y/eT TaKoil ke 601b-
IO BEJMUHHOM, KaK M B XMMHUYECKHX METOJaX pasfesleHHs
cmeceit. Ecom ke B3aMMOAEHCTBHE KaK MeXIY MOJIEKYJIaMH
IIpUMECH, TaK W OCHOBHOTO BelLIeCTBA BaH-A€DP-BaaljlbCOBOE,
To AA, KaK mpaBuiio, He Gosiee 5 KKaji/MoJib, U KO3(QHIUEHT
pasjienieHus He TaK YK CHJIbHO OTJIMYAeTCsl OT efHHHIbL. Bechb-
Ma 6/H3KH K eIuHHIEe KoadHIHeHTH B cHcTeMaX, 00pa3soBaH-
HBIX H3OTONHLIMH pa3HOBHAHOCTSIMH MoJekysa. Hanpuwmep,
kosthuiment pasaenenns B cucreme C1*0—C'?0O pasen Bcero
Tonbko 1,012,

Koappuuuent pasuesennsi siasiercss (QyHAaMeHTalbHOH
BEJIMUMHOH, oOnpejesasdomel BO3MOXKHOCTD DasfieieHus JaH-
Hoit cmecu. KoaduuueHnr paspesneHHsl JUMUTHPYEMBIX IPH-
MeceH ONIpeNessiioT C BO3MOXKHO GoJsbluelf TOYHOCThbIO, aHa/Id-
3HpYsI COCTaB PaBHOBECHBIX Mapa H KHAKOCTH. B psije ciyuaes
SKCIepUMEHTANIbHOE H3YUEHHEe PAaBHOBECHS KHIKOCTb — Iap
MOXKeT ObiTb 3aMEHEHO pPacyeToM C XOpOLIEH CTENeHbIO IpH-
O/THKEHHUS,

6) MpocTtas neperoxka

CreneHb OTKJIOHEHHSI KO3(uIHEHTa pa3fiesieHHs! OT enu-
HHLIBl ONpefeJsieT CJIOXKHOCTb  JHUCTH/ISIIMOHHOIO MeToAa,
HEeOOXOAHUMOTO AJISl pasfiesieHusi JaHHOH cMecH BelecTB. Pas-
JeNieHHe Pa3sHOPOIHBIX IO CBOeH MNpHPOJE BellecTB (caydan
JOCTAaTOYHO OT/IMYAIOWUXCS OT EIUHMUIIBI 0)) MOXKET ObIThb yCIell-
HO OCYILIECTBJIEHO NpocTod mneperonkoii. Ha puc. 4 cxemaru-
YeCKHM M300pax<eH NpHHUMI npoctoil meperoHku. Ouninaemas
XKHJIKOCTb 3arpyxaercss B oborpeBaemblii ky0. Harpes ky6
[0 TeMIIEPaTyPEl KUIIEHHS AKHAKOCTH, HOMy4aloT Hal XKHAKOCThIO
HaCHILeHHBIA nap, o6orameHHbH JIETKOJIETYUUM KOMIOHEHTOM.
Ilap orBomuTCcs Mo coenuHUTENBHON TPYOKe B KOHAEHCATOpP H
KOHJIEHCHPYeTCSl TIOJHOCTBIO, 06pa3ys JKHIKOCTb, OTJIHYA0-
LYyIOCSL MO COCTaBy OT HCXOAHOH. Ecsiu mneperoHky mpopod-
’KaTh JOCTAaTOYHO JOJIIO, XKHJAKOCTb. B KyOe o6oraturcs TpyIHo-
JIETy4uM KOMIIOHEHTOM, a COCTaB Iapa Haj He# OyleT OT/iHyeH
OT TakoBOI'O B Hauaje neperoHKH. KoHleHTpamus mpHMecH
g NeperoHsieMod  KHUAKOCTH OYAeT M3MeHATbCs Mo opmyJe

s71es1

lnx=1nx0+(a—l)ln(l—- &/0 ), 21
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Pyc. 4. Tpunupn  auctai-
JIALHH:

1 — Ky6; 2 —COeHBUTENb-
Hasg Tpy6Ka; & — KOHJIEH-
carop; 4 — repMoMeTp;

6 — map; ¥ — XHAKOCTh

i€ X, — KOHIEHTpalys NpPHMeCH B XKHIKOCTH J0 Hayajla ee
ucnapenusi; V u V, — Tekymu#t ¥ Haya/jbHbIH OOBEMBl XKHI-

KOCTH; —‘g——;{om{ ucnapusiueiics upkoctd. CoBeplIeHHO
0

o 14
OUEBHJHO, UTO NNPU NNEPETOHKE BCEH KUAKOCTH ( Vo= O) cpen-
0

HHH COCTaB KOHJeHcara OyfeT paBeH HayaJbHOMY COCTaBY
neperoHsieMoft xupkoctd. M3 npuBenenHol opmyJkl cienyer,
UTO COLEp:KaHWe TPYAHONETYuYeH NpPHMeCH MOXkeT OhITh Cy-
II[ECTBEHHO yYMEHBILIEHO NPU CH/IBHO OTJHYAIoEeMCs OT eIHHH-
bl KoaduieHTe pacnpenesnenus. KiaccHueckuMm npumepoM
HCIIONB30BAHHA TNPOCTOfl INIEPErOHKH fIB/ISIETCA OYHCTKA BOJbI
OT coselt nyTeM ee puctuaIAuMH. IIpocras nmeperonka Hamula
npaKTHYeCKOe IPHMEHEHHe NIPH OYHUCTKe HEKOTOPHIX METaJl/oB.
B Tabn. 2 B KauecTBe MpUMepa NMPHBEAEHB! PE3YJbTAThl OUHCT-
KH 0JI0Ba JHCTH/UISIMEH B Bakyyme mo jgaHHeiM B. H. Aunek-
canzpoBa. OuninaeMoe 0J10BO BBLIEPXKHBaANOCh B IpaUTOBOM
turie npu temnepatype 1400°C, yactpb ero ucnapsiaach H KOH-
JIeHCHpOBaJlaCh Ha CIellHaJbHOM NpHEMHHKe. BuaHo, uto oc-

Tabanuma 2
PeayabTaThl BAKYYMHOH AMCTHISLIAM 0J0BA

ITpumecsh
O6paseny oJosa
Bi Sb Pb Ag Mn Ga
Hexonumit . . . . . . . .| 80** 40 23 80 |Cnemm| u
Kounmencatr . . . . . . . .|250 175 | 114 20 80 45
OcraTok B THMIE . . . . . . u* H H 50 H H

* He o6napyxeno.
** Copep:xaHue NPHMeCH JaHO B YCJIOBHBIX eIHHHLAX.
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TaBIIMHCH B THIVIE METa/lul CYIIECTBEHHO OCBOOOXKIAeTcsi OT
psana npumecei.

B npaxTiKe moJyyeHus BellecTB 0C0GO# YHCTOTHI IPOCTast
IepPeroHKa 4acTo HCIOJIb3YeTCs Ha 3aKJ/IIOUHTENbHBIX CTamusX
nponecca OYUCTKH KakK METOJ pacacoBKH JIETKOKHUIISIIUX Be-
mecrB. CaMocToATeNbPHOE 3HAueHHe OHAa HMEeT Kak METoj
onpesesienust KoahdHULHEHTa pa3jiesleHns NP ero 3HauyeHHsXx,
He C/IMIIKOM OTJIMYAIOIUXCA OT €IUHHLBL.

B) DpakuuoHHas neperoHka

Heckonbko Gosee c10XkHa B MPAKTHYECKOM OCYILECTBJIE-
HUH ¢pakiHOHHAsA Neperonka. PaccMmoTpum 3ToT mpoluece ¢
noMmolpio H3o0apHOH Auarpammel (puc. 5). JlioGas Touka Ha

"}:C P = const

NAP 3

di
oy

G |
l

1
| xuakocts

| [
I
Puc. 5. ®azoBas anarpamma pas- ! | |
HOBECHS! XHIKOCTh — 1ap 6uHap- ry X3 X3 X2 X3 Xi B
HOH cMecH _——
MOnbHAA gonA B

¥y

IUIOCKOCTH JHarpaMMBl XapaKTepH3yeT BajoBOH COCTaB CHCTE-
Mel (X). HuxHsisi RKpuBasi BhIpaxkaeT 3aBUCHMOCTb TEMIIEpaTy-
pbl KHIEHHS XKHUAKOCTH OT COCTaBa XKMAKOCTH; BEDXHSA KpH-
Basl — 3aBHCHMOCTb  TeMIepaTyphl KOHIEHCAUWH Imapa oOT
cocTaBa napa. BepxHee mosie Ha amarpaMMe OTBedaeT mapy,
HUXKHee — XKHUAKOCTH. PaccMoTpuM Xxol (pakuyoHHOH mepe-
TOHKH pacTBopa ABYX xkupakocrefi. McxonHylo cmech cocTaBa
X, HarpeBaeM NpH IIOCTOSIHHOM BHEIIHEM JaBJeHHH 10 KuIle-
HUA (TOuKa @,). IlepBhle nmopumm napa, KOTOPHIM OTBeuaer
Touka b;, U KOHJEHCAaT, NOJyYeHHBIA M3 3THX [ApOB, UMEIOT
cocraB X ,. (OueBHAHO, 4TO KO03(p(dHIHEHT pasfeneHus o GyneT
paBeH ii(f ). Ilpu panpHeilleM HCIAPEHHH H3MEHSIETCs CO-
CTaB XKHIKOCTH (TOUKA @p) M mapa (Touka b,). Kompencamus
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5Toro mapa JaeT NepByio ()PAKLHUIO KOHIEHCaTa coctaBa X!
[MocniegoBaTe/IbHBIE NOPLMH Napa, 00pasyioluyecs TakuM IIy-
TeM, H300paXKaloTCsl TOYKAMH, JIEXKALIUMH Ha BepPXHeH KpPHBOi
BIIPABO OT TOYKH b; BIUIOTb O KOHLIA KPHBOH B TOUKe #%,. Co-
cTaBbl (hpaKIMi KOHJEHCATa, NMOJYYEHHBIX NIPH 3TOM, Olpeje-
JstioTcst TodKaMi Xy, X, M T. I, JIeXKallUMH Kak BJEBO, Tak
U BIpaBO OT TOUKH X;, T. €. Colep:KaHHe KOMIIOHeHTa B B
HHX H3MeHsieTcs oT X, 10 1. Cpennnit ke cocTaB 3THX (pakuui
paBeH cocTaBy X; HCXOXHOTO pacTBopa.

HarpeBasi onHy us ¢paxuuii KonueHcara, Hanpumep X, ,
Jo kuneHusi B Touke C, NosyyaeM nepBhle NOPLHM Napa, Ko-
TOpPBIM OTBeuaeT Touka d; (coctaB Xj;). 3areM, Kak OINHCAHO
BBILIIE, MOXKHO MOJYYHTb M3 KOHJAeHcara X, PpakLuiO KOHJIEH-
cara coctaBa X, M JaibHedlune QpakiuH BIJIOTb JO YHCTOrO

kKomnoHeHTa A. Coexunsisi O/u3KHe IO COCTaBY ()paKIHH MO-
C/leoBaTeNbHBIX TEDErOHOK U IMOBTOPssl (PaKIHOHHPOBAHHUE,
MIOCTENIEHHO YBeJIHYHBaeM MacChl KpaHHUX (pakuuil KOHJIEH-
caTra 4 yMeHbllaeM Macchl CPeIHHX PpakUMi U B KOHIE KOHIOB
NPUXOAUM K CPaBHHUTENbHO YHCTHIM KOMMOHeHTaM A u B.
[NpakTuHueckn (pakLHOHHAA INEepPeroHKa OCYLIECTBJIAETCS TaK
e, KaK H IpoCcTasi, TOJbKO Mapbl Pa3HOIO COCTaBa OTBOAST
B pasHble npHeMHHKH. [1poBoasi MHOrOKpaTHYIO (ppaKLHOHHYIO
NEPEroHKy NOJYYEHHBIX KOHJEHCATOB, MOXKHO INOJYYHTb OIlpe-
JIeJIEHHOE KOJNHYEeCTBO HHTEPECYIOUIero BEIECTBA B JOBOJNBLHO
YHCTOM COCTOSTHHH.

[Tpu mosyueHHH YHCTBHIX BellecTB (pPAKIHOHHAA NEeperoHka
NpUMeHsIeTCs] KpalHe pPEeLKO, NOCKOJbKY 3((peKTHBHOCTb ee
npHu yAaleHHH rpuMecedl ¢ GIH3KHM K eIUMHHIE Koa(bHIHeH-
TOM pacrpefiesieHuss HeBesnuka. [lonumaHue cymHOCTH ¢pax-
[IMOHHOH MeperoHKH BaxKHO /IS IIOHHMaHHUS IIpolecca PeKTH-
(uxauuy.

r) Pektucpurauus

CorJiacHO CJIOXKHBIIEHCS TEePMHHOJIOTHM NPOCTYIO H ¢pak-
IMOHHYIO TEPEroHKY Ha3hlBAalOT AUCTH/IALHEH B OTJIHYME OT
pekTH(pHKAIMH — MHOTOKPATHOTO pasieNHTeJ]bHOrO  mporec-
ca, OCyILIECTBJISIEMOIO B OJHOM amnmnapare KosjoHHoro tuna. Ha
puc. 6 cxemarHyeckM H300paxkeHa peKTH(HKALHOHHAsA KO-
JonHa. Ilpu IHCTUJISLMH MOJIEKYJIB, OKHAAIOIIHE MOBEpX-
HOCTb HCIIAapEeHHs, IBUXKYTCA B BHJE Napa HEMOCPENCTBEHHO 10
BCTpEUM C MOBEPXHOCTBIO KOHJAeHcaTopa. B pekTuduKauuu xe
CKOHJICHCHPOBAHHBIE Napbl B BHAE XHAKOCTH HalpaBJIsioTCs
H3 KOHJeHCaTopa O6paTHO B Pa3fleJIMTENbHYI0 4acTh KOJIOHHB]
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I Puc. 6. Cxema perTH(DUKALHOH-
HOH KOJIOHHBI:
’vf 1 — xy6; 2 — pasjenuTenbHas

4acTb KOJIOHHH; & — KOHJeHca-
i i TOp; 4 — TepmMoMeTp; & — mpuem-

.1 . X
- HHK MPOAYKTa; ~ — map; § —
JKHIKOCTh

HaBCTpeuy NojHMMalolemMycss noToky napa. Ilotok napa B
KOJIOHHE CO3/laeTcsl HarpeBoM Ky0a, NMOTOK XKHAKOCTH (daer-
Mbl) — KOHfeHCaluell napoB B BepxHe#l yacTH KOJOHHBI. [luc-
TH/UISIMA COCTOHT BCEro JHLIb M3 OLHOKPATHOIO HCNAapeHHs
U KOHJIGHCALUH, NPH peKTHHUKAuU OGaarofaps TeCHOMY KOH-
TaKTHPOBAHUIO ABYX (a3 B KOJNOHHE MMEeT MECTO MHOIoKpar-
HBIH Macco- M Temoo6MeH. B pesysbraTe mporeccoB ucmape-
HHSI M KOHJEHCAlMH M KOHTAKTHOrO MacCOoo6MeHa MEeX1y
JKHUJKOCTBIO H TapOM, NPOTEKAIOLHM 110 BCeH BBICOTE KOJIOHHBI,
JIETKOJIETYYHH KOMIIOHEHT HAKamlJHBaeTcsl NpPeHMYIIeCTBEHHO
B BepxHeH, a TPYAHONETYyYuil — B HHKHEH YaCTH KOJIOHHHI,
T. €. TPOHCXOINUT MNPOCTPAHCTBEHHOE pa3Jie/eHHe KOMIOHEH-
TOB CMECH B OIHOM almapare.

KonnuectBeHHO paspesnuresbHas CHOCOGHOCTb  KOJOHHBL
BhIpaxkaeTcsi uepe3 aktop pasuenenus F, onpenenseMblit
KaK OTHOLIeHHEe KOHIIEHTpaluil npumecu B BepxHeM (Xpg)
U HIKHeM (Xp) KOHIAX KOJIOHHBI:

XB

F=—%0" ©2)

Or6upast 3 BepxHell yacTH KOMOHHBI (DPaKLHH, OGOraLIEHHbIE
JIETKOJIETYYHMH TPUMECAMH, NMONY4HUM B KyO€ KOJOHHBI mpo-
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JYKT, CBOGOAHBIA OT IpHMecei, HMEIOUX Kod(hHUHEHT pas-
JejeHus GoJblie €IMHHIEBL.

[pouecc MaccooOMeHa MeXIY KHAKOCTbIO M MapoM ocy-
IECTBJISIETCST Yepe3 MOBEpXHOCTb pasfena a3, H €ro HHTEH-
CHBHOCTb TIPSIMO IPOIOPILHOHA/NbHA BeJHYMHE [OBEPXHOCTH
pasuena. M3 1ByX peKkTH(HKAUHOHHEIX KOJOHH Gosee 3(dex-
THBHA KOJIOHHA, obecrneunBaiolias Go/blilyio OBEPXHOCTb pas-
Jeqa Ha €JUHHUIE BLICOTHI.

ITo npumeHsieMbIM MacCOOGMEHHBIM YCTpOHCTBaM peKTH(H-
KallMOHHEIE  KOJIOHHBl MOAPasfe/]sioTcss Ha HacajJouyHhbe,
IJIEHOYHbIe W Tapejbyatble. HacagouHasi KOJIOHHA IIpeACTaB-
JsieT coboit LHUIHHApP, B KOTOpHIH NOMELIEHA TaK HasbiBaeMast
«Hacajika», TnpeicTaB/siomas coboili Gosee MeJKHE KOPOTKHE
LUHJIHHAPHKY, IIADHKH, CNHpanbKH W T. 4. Hasnauenue Ha-
CaJKH — CO3/laHHe 3HAYUTEIbHOH 110 BEJIHYHHE MOBEPXHOCTH
paszena ¢a3. JKuakocTh, cMauMBasg HacajKy, pPaBHOMEPHOH
IVIEHKOH CTe€KaeT BHH3, Nap [BHKETCA 10 IPOCTPAHCTBY,
cBOOOZHOMY OT Hacajgku. IIpu 3TOoM NpOMCXORHUT TEIJIO- H Mac-
CooOMeH MEeXJy XKHAKOCTBIO H apoM. [IBHKYIIeH CHJIOH TerIo-
ofMeHa sBJsieTCsl Pa3HOCTb TeMIepatTyp XKHAKOCTH M Iapa,
a JIBHXKyIeH cujofi MaccoofMeHa — CTpeM/IeHHe BCTpevalo-
IHXCA XKUTKOCTH M Napa K TePMOAMHAMHYECKOMY PaBHOBECHIO.

JBHKyLmIasacs cBepXy KHIKOCTh oOforaieHa JerKoleTyuyum
KOMIIOHEHTOM, M TEpPMONMHAMHYECKH pPAaBHOBECHLIH ed map
HMEeT COoCTaB, OTVIMYHBIH OT COcTaBa mapa, INOAHHMAIOLIErocs
u3 kyb6a KOJNOHHEI. [IBHKymas CcHIa MaccooOMeHa TMpoIop-
IMOHAJbHA Pa3HOCTH TEKYyLlefl W paBHOBECHOH KOHIEHTpAalHH
npHMecH B ras3oBoii ¢ase. Maccoo6MeH NpH 3TOM OCYIIECTBJSA-
ercs nyteM auddgysun npumecH B o6eux ¢asax K NOBEpXHOCTH
paszena a3 u nepexony B Apyryio ¢asy. 10 TaK Ha3blBaeMblii
KOHTAKTHBHIA MaccooOMeH. Bropoit cocrasisouesi B mMaccoo6-
MeHe $BJIeTCA MaccooOMEeH 3a CueT KOHJAEHCAlUMH TpPYLHO-
JIETYYero KOMIOHEHTa B Napax, YacTHYHO OTAAIOLIUX CBOE Tel-
JIO CTeKaloleH KUAKOCTH, B HCIIapeHHe JIETKOJEeTyYero KOMIO-
HEHTA M3 XKHAKOCTH, HarpeTtod IOAHUMAIOUIUMHUCS GoJee Tell-
JBIMH napaM#. MaccooGMeH H TemJIOOOMEH B HacaJouHOH Ko-
JIOHHE [POTEKAaIOT HEImpephblBHO B BHAE OECKOHEYHO MaJIhIX
9/IEMEHTApHBIX CTyNeHell pasjefieHHsi, U COCTaB IO BLICOTE KO-
JIOHHBl MeHsieTcsl miaBHO. Ha puc. 7 mpuBeneHo pacnpepene-
HHE [UXJIOp3TaHa IO BBICOTE HACAJOYHOH KOJOHHEI MOC/e
IPOBENEHUs npouecca pekTuduxkauuu GeHsoJa, COXepKaLIero
clenbl  AuXjopsTaHa. PacnpeneneHne npuMecH IO BBICOTE
HacaJlo4yHOH PEKTH(HKALHOHHOH KOJIOHHEI NIpH 06e30TGOpHOM
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3,0F

2,0f ‘

1,0}
) 40 80 120 160 Zcem
Puc. 7. Pacnpepeneune auxmops- Puc. 8. Cxema pektuduuupyio-
TaHAa 1O BHICOTe HacaJOYHOH el YacTH Tape/byaTOH KOJIOHHEI

pekTH)HKAUHOHHON KONOHHEI IPH
ouncTKe Gensosia. Z—pacCTOsiHHe
OT BepXHEro KOHIA KOJOHHEI, CM;
X — KOHLEHTpalHsl IUXJ0p3TaHa

pexume paborhl (T. e. Ge3 OTBOAAa M3 KOJNOHHBI INPOAYKTa
WU TpuUMecel) OMUCHIBAeTCs BblpaxKeHHEM

Xp— Xoe_KZ (@—1tyab @3
rae X,, X, — KOHLUEHTpalKs NPHMECH B TOYKAX KOJOHHH C
KoopauHataMu Z M Z=0 cOOTBeTCTBEHHO; L — BeNuumHa
MOTOKA KUAKOCTH, ABHXKYILEIOCS BHH3 IO KOJIOHHE, MOJIB/C;
K — xoHCTaHTa CKOpPOCTH MaccooOMeHa — BeJIMYHHA, IOKa-
3bIBaolas, Kakoe KOJHYeCTBO NPUMECH INepeijieT u3 OfHOH
¢assl B ApYrylo B equHHIE o0beMa pasfeNuTeNbHOH YacTH
KOJIOHHBI B €MHHIly BpeMeHH; o. — KO3((HIHEHT pasjeNeHus.

daxkTop pasaeneHus HacaJouHOH KOJOHHEl F = XZK paBeH 3K-
[

CIIOHEHTe B TpaBoil yacTH ypaBHeHHs (23) U 3aBHCHT OT BHI-
COTHI KOJIOHHBI, TIOTOKA JKHUIAKOCTH (GhJI€rMbl) M KOHCTAHTHL
MaccoofMeHa, BeJHUHHBI Ko3(duuueHTa pas3leseHus.
[lneHounasi peKTHUKALMOHHAT KOJOHHA IpeACTaBJIsAET
co6oii Ba KOAKCHa/IbHBIX LIMJIHHIpA C BEJTUYHHOH 3a30pa MeEX-
Jly HUMH TIOpSIAKA OLHOTO MHJIMMeTpa. DTOT 3a30p SABJsETCS
paGouuM  TPOCTPAHCTBOM KOJIOHHBI. )KHMAKOCTB CTEKaeT Io
IIOBEPXHOCTH TPYOOK, OGMEHHBASCH TEIIOM H KOMIIOHEHTaMH C
nmapom, HOAHMMAIOWIHMCA B KoJ/blieBoM 3a3ope. IloBepxHocTb
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KOHTaKTa MeKAY KHMAKOCTbIO U I1apoM, NIPUXOAAWAsACS Ha elH-
HULYy o6beMa KOJIOHHBI, HECKOJNBKO HHXKE, YeM B HacaJO4yHOH.

Maccoo6MeHHOe ~ YCTPOHCTBO B TapesnbyaTodl KOJIOHHe
IpeCTaBJseT Co60H NONEepeuHyo NePeropoaKy ¢ OTBEPCTHSIMH
B Hedl /I MPOXOXKJeHHs nmapa M Kuukoctu (puc. 8). Ilap, BbI-
XONSIIKHA U3 Ky6a, NOCTyNaeT Ha NEPBYIO TapeskKy, YacTHYHO
KOHJIEHCHPYETCA M OCTaeTcs Ha Hell B BHJE XUAKOCTH, YaCTHU-
HO II0CTyNaeT Ha CJENYIOUYyI0 Tapesaky, Tle IpereprneBaer
aHajioruuHoe npespamenue. ITocTeneHHO Ha BCeX Tapeskax
HaKamnjuBaeTCsl CTONBbKO XKHJKOCTH, YTO OHA IO IEePeTOYHBIM
TpyOKaM HauMHAeT CTeKaTh Ha HUXKEJeXallylo Tapesnky, a
nap, nogHHMAasCh yepe3 KoJNauKoBoe yCTPOHCTBO, KOHTAKTH-
pYeT C XKHAKOCTbIO, YHOCS M3 Hee GoJiee JIerKoMeTyyHuil KoMno-
HeHT. CoCcTaB CMeCH [0 BBICOTE TapesnbuaToll KOJOHHBI B OTJIH-
YH€ OT HAcaJlOYHOH MeHSeTCs1 CTyNeHYaro, a He IIaBHO.

Hnsi pexTH)HKAUHOHHBIX HACafOYHBIX M IVIEHOYHBIX KO-
JIOHH OOLIENPHHATHIM MNOKasaTeneM 3(h(eKTHBHOCTH SIBJIAETCSA
3HaUeHHE BBHICOTHl, 3KBHBAJIEHTHOH TEOPETHYECKOH CTYIEHH
(B9TC). Ha TakoM yuacTKe KOJIOHHBI CO312€TCSi PasHOCThb
KOHIEHTpAllMd TNpPHUMeCH, paBHasl pAa3HOCTH KOHUEHTpalui
MEX]IY PaBHOBECHBIMH KHMIKOH W mapoBoH ¢asamH, T. €. OT-
HoLIIEHHe KOHUEHTpaluil npyMecH Ha TpaHullaX 3TOr0 ydacTka
paBHO Koa(hdULUHEeHTY pacnpeneneHusi. Uem MeHbllle 3HaueHHe
B3TC, tem Gonee adpekTHBHA KOJIOHHA, TeM GOJBILIEE YHC/IO
CTyneHeH CONepXKUTCsI B KOJIOHHE JaHHOH BBICOTHI. 3aBUCHMOCTh
pasje/uTebHOH CNOoCOGHOCTH KOJIOHHB! OT YHCJa TeopeTHye-
CKMX CTyneHel ompezensiercsl ypaBHenuem PeHcke, HMEIOLIUM
BUJ:

F=an, (24)

IJle 1 — YHCJIO TEOPETHUECKHX CTYIeHeH B KoJOHHe. 3HaueHue
BBICOTBI, SKBHBAJIEHTHOH TEOpPETHYeCKOH CTYIEHH, 3aBHCUT OT
KOHCTPYKIMH M pa3Mepa KOJOHHB,  XapakTepa HacajikH,
pexuma paGoThl KOJIOHHBL  M3MEHSIeTCS B IpefiesiaX oT Jodef
CaHTHMETPa JI0 HECKONBbKHUX JeCTKOB CAHTHMETPOB.
HenocpenctBeHHo mpouecc peKTHGHKALHH NPOBOIAAT clle-
ayiouuM o6pasom. OuniiaeMoe BeLecTBO 3arpyKaroT B KOJIOH-
HY 1 oforpeBoM KyGa co3JaloT HeoOXOAHUMBIH NOTOK napa. Ilap
NPOXOAHT Yepe3 KOJOHHY, KOHJIEHCHpYeTCsl B BepXHed dacTi,
a o0pa3oBaBlIasics JKHIKOCTb CTEKaeT BHHU3 110 KOJIOHHE B
Ky6. Peryiupysi Temmepatrypy Ky6a M KoHJeHcatopa, AOOH-
BalOTCA IIOCTOSIHCTBA TNOTOKOB XKHMAKOCTH H3 KOHJEHCaTopa
B KOJIOHHY H M3 KOJOHHBI B Ky6. OnHOBpEMEHHO OTGHpPAIoT
npoOHl JyIsi aHa/M3a COCTaBa U3 BepXHeH yacTH KOJIOHHBI H H3
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Puc. 9. 3asucumoctb aktopa *
pasfieneHuss  PeKTHQUKALHOHHOK
KOJIOHHB! OT BPEMeHH:

F — ¢paktop pasfenenusi; ¢ —
BpeMst -

Ky6a. Ilo pesysibraTam aHann3a onpeze/sior GakTop pasgerne-
HHSl KOJIOHHBI B MOMEHT ot6opa npo6. Takum oGpa3om ompefe-
JISIIOT 3aBHCHMOCTBb (haKTOpa pasfie/leHHsl KOJIOHHBI OT BpeMe-
uu. OOBbMHBIH BHA 3TOH 3aBHCHMOCTH TNpHBEJEH Ha pHC. 9.
Bpemsi, HauHHasA C KOTOPOTO KOHLUEHTPALUU NPHMECH B BepXy
H B HU3Y KOJIOHHBI CTaHOBSITCS IIOCTOSIHHBIMH, Ha3bIBaeTCsl Bpe-
MEeHeM YCTaHOBJICHHSl PAaBHOBECHSI, a JOCTHI'HYTOE COCTOSTHHE —
cranioHapHbIM cocTosiHHeM. CKOpOCTb JOCTHXKEHHS KOJOHHOH
CTallHOHAPHOT'O COCTOSAHHSI 3aBHCHT OT BeJIMYHHBI KO3(HIIMEH-
Ta pasieseHHs, NOTOKA XKHUAKOCTH, Pa3Mepa H KOHCTPYKIUH
KOJIOHHBI. JIJ1f1 peKTH)HKAIHOHHBIX KOMOHH 3aBHCUMOCTh (haK-
Topa paslefeHHs OT BPeMEHH C JOCTAaTOYHOH A/ IpaKTHye-
CKHX LieJiefl TOYHOCTBIO ONHCBIBAETCS C/IEYIOIUM BhIpaxKeHHeM:

Fp—F —Bt

FooT= A, @)

rne F, — Tekyuiee 3HaueHue Qakropa pasjenenus; F, — 3Ha-
yeHHe (hakTopa pasjiesleHHsl B CTAallHOHAPHOM COCTOSIHHMH; f —
Bpemsi; A U B — HekoTopble QYHKUKH KO3(dHIMEHTa pasje-
JIeHHS], BEJIHYHHBI TIOTOKA Napa U KHAKOCTH, BBICOTEI KOJIOH-
Hbl, KOHCTaHTBEI MaccooOMeHa.

Ilo jpocTH:KEHHH KOJMOHHOH CTalMOHAPHOTO COCTOSHHS Ha-
YUHAIOT TOCTOSIHHBIA OTOOp MPOAYKTA WJIM IpPHMECceHd B 3aBU-
CHMOCTH OT NpPHMEHSIEMOro BapHaHTa NpOBeLeHHsT peKTubuka-
nuu. Pabora KOJIOHHBI B 6e30TGOPHOM peXKHME MOC/Ie JOCTH-
JKEHHA CTallHOHAPHOIO COCTOSIHHSI He UMEeT CMEIC/IA, ITOCKOJIb-
KY KOHLEHTpalHsl NPHMECH Ha KOHLAX KOJIOHHBHI OCTaercs II0-
CTOSIHHOH.

Pextudukranus Moxer OBHITh OCYILIECTBJIeHa B BHIe INePHO-
JHMYECKOro MJIM HemnpephiBHOro mponecca. Ilpu nepronuueckok
PeKTHhHKAILME OYHIaeMOe BelLIeCTBO 3arpyxkaercss B Ky6 Ko-
JIOHHBI, OTTOHSAIOTCS BBILIEKUISAIIHE U HIDKEKUIIALIME [IPUMECH,
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Puc. 10. Cxema HenpephlBHOM
pekTHOUKALKH, NPUMeHseMON aJist
OCBOGOXKIEHHST OT JIerKOJIETYUHX
npumeceit

104 108 102 10t 100

Puc. 11. 3aBucumocTb pasfenu-
TeJIbHOfl CIOCOGHOCTH HacaOYHBIX
KOJIOHH pasjuyHoil 3ddeKTHBHO-
CTH OT CKOPOCTH OT60pa mpo-

IyKTa

a ocraBLIasics XUAKOCTb HCMOJNb3YyeTcs B KauecTBe NPOAYKTA.
Ilpun HenpephiBHOH peKTH(HKANUHM OYMIAeMoe BelleCTBO He-
npepLIBHO Nojaercsl B KoJoHHY (puc. 10), a cBepxy m cHH3Y
KOJIOHHBI TaK:Ke HelPepHIBHO OTBOAATCS JABa NOTOKA, OJMH H3
KOTOpBIX HCIOJMb3yeTcss KaK mnpoiykT. Ha npejacraBieHHoM
Ha puc. 10 cxeme HempephlBHOH pekTuuKauuu GykBamu L
u pL o6o3HaueHbl MOTOKH MUTAHHA H MPOAYKTa COOTBETCTBEH-
Ho. Eciin ocymiecTBisieTcsl ylasieHne JerKoaeTyuuX IpuMeced,
TO NMOTOK / XapaKTepu3yeT KOJHYECTBO OTBOAHMOIO B €IHHHIY
BpeMeHH BellecTBa, OGOTallleHHOro MPUMEChIO OT 3HAYeHHS X,
1o x;. Tlotok pl u KOHLEHTpauus X, XapaKTEpPHU3YIOT KOJH-
YeCTBO M KauecTBO Nosydyaemoro mnpopaykra. OueBupHO, 4TO
L=I+pL nu Lxy=Ix;+pLxp. UacTb peKTHOHKALHOHHOH KO-
JIOHHBI HHXK€E TOYKHM BBOJA NMHTAHUS HOCHT Ha3BaHHE HCUEPIIHI-
Balollel 4acTH, a BhIIE TOYKH BBOAA — yKpemasoumel. He-
npephiBHAs peKTH(hUKALMS IPHMEHAeTCs NpU KpynHoMaciurab-
HOM TIPOH3BOJCTBE YHCTHIX BEILECTB, NMEPHOLUUECKAs Ke PeK-
THUKaMsA HCHOJAb3yeTcsl B 1aGopaToOpHOH NMPAaKTHKE H B MpO-
MBILIIJIEHHOCTH YHCTBIX BELIECTB, Korja TpefyeMble KOJHYECTBa
YHCTOTO NPOAYKTA CPaBHUTENbHO HEBEJHKH.
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Ilnsi peRTHHKAUMOHHON KOMOHHBl HENpPephHBHOIO JeHCT-
BHSI CBsI3b MEXKJIY YMCTOTOH MNpPOAYKTA H €ro KOJHYECTBOM
onpefessieTcst CAELYIOHM  BhIPaXKeHHeM:

1;?,2(1 — ab) C e
(1—p) exp [ K((?i;)02+ l)]—e

B sToM ypaBHEHHH p — [051 NIOTOKa JKHAKOCTH, OTGHpaeMas

KaK NPOAYKT: @ =;—’1—‘. Ha puc. 11 npusenen kauecrBeHHbii

Xp =

XapakTep 2aBHCHMOCTH CTCI€HH pasjie/leHHsl, NOCTHraeMoli B
PeKTH(HKALMOHHOA KOJIOHHE, OT CKOpoCTH OT6Opa NpOLYKTa.
M3 pucyHka BHIHO, 4YTO CKOPOCThb
oT60pa NPORYKTa CYLUIECTBEHHO BJIHSI-
€T Ha Pasje/IUTeNbHYIO CIIOCOGHOCTD
PEeKTH(UKALMOHHOA KOJIOHHBI, NpH-
yeM 3TO BJIMSIHHE TeM CHJIbHee, ueM
Gonee 3addekTHBHA KooHHA. Kax 1
IIpaBuJIO, BeJIHYHHA OoTOOpa IpH He-
TIpEpPEIBHOA  peKTu(HKALHH COCTaB-
JisileT NPHMEePHO JecsTyi0 4acTh Io-
TOKa MapoBOH HJIH KHUIKOH (haskl. |1
Ec/u yuecTb, 4TO BENHYMHA TOTOKA %o 7]
KUJKOH wiIx napoBoi ¢asel (Harpys-
Ka [0 napy WIH XHAKOCTH) He Ipe-
sommaer 102 — 10-3 r/em%.¢, TO
CTAHOBUTCS SICHEIM, 4TO TIpH OTGOpe 33
NPOAYKTa CO CKOPOCTBIO HOpsiaKa
10-3—10~6 r/cm?- ¢ rryGokasi OUHCT-
Ka BeLIeCTB peKTHhHKauHeHd npen-
cTaBJjsieT CoOOH TPYJOeMKHH Ipo- ™ -y
necc. YBesMueHHe IIONEPEYHOro Cce-
YeHHS PeKTHOUKALMOHHBIX KOJIOHH Puc. 19. Cxema oo
He BCerja SBMAETCA BHIXONOM M3 1O- | 0 ns O o pgxﬁ%ﬁ?
JIOXKEHNS, NOCKOJNDbKY BO3HHKAIOT OC-  ygayyn ¢ OJHOBpPEMEHHOM
JIOXKHEHHs, BbI3BaHHbIE MacIITal-  OTrouKolt JIeTKO- B TPYAHO-
HBIM [IepeX0J0M. DTH TPYAHOCTH 3aK-  JIeTYWHX NpuMeceii:
JMIOYAIOTCS B TOM, YTO C  yBeJHueHH- [ — KYG; 2— KonowHa s
OTTOHKH JIETKOJIETYUH X

€M pasMepa KOJOHHbl YMEHBIIACTCH  ppuveceit; 3 — Komonna
ee pasfequTeNbHas  CIOCOGHOCTb, I OTFOHKH TDPYAHOJETY-
T. €. IPOHCXOAMT  YBeJHUYEeHHe HUHX TpuMecelt
B3TC.

HauGonee ynoGublfi BapuaHT — OCYLIECTBJIEHHS NEPHONH-
YeCKOH DPEeKTHOHUKALHH 3aKJI0uaeTcss B NPOBENEHHH IpoLecca
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C OHOBPEMEHHOH OTTOHKOH BbIllle- M HIKEKHIALUUX IpUMeces.
Ha puc. 12 mpuBegeHa cxema Takoro mpouecca. Ouninaemoe
BEILIeCTBO 3arpykaeTcsi B KyO, Daclo/IOXKEHHBIH HOCpelHHe,
ITaper 3 KyOa NMOCTYNAOT B CEKILHIO OTTOHKH JIETKOJEeTYUHX
npuMecei, ¢JierMa U3 3TOH CEKIMH MOCTynaeT oOpaTHO B KYO.
OnHoBpeMeHHO U3 Ky6a B BHAE >KHJKOCTH [OIHUMAeTCs MHTa-
HHE B CEKLHIO OTIOHKHM TpYyAHO/IeTyunx mnpumeceii. Ilap wus
9TOH CeKLHH KOHAEHCUPYETCS W BO3Bpallaercss oOpatTHo B KYO6.
Uepes omnpejeseHHoe Bpems, Korja BBepXy M BHH3Y Takoi
KOJIOHHBI HAKOMNATCA JIEFKO- M TPYAHOJETyuyHe IPHMECH, Ha-
upHaT oT6op (pakuuil, oboraleHHbIX npuMecsiMu. KoHLEeHT-
pauusi npuMecell B KyGe IIpH 3TOM IIOCTOSTHHO yMeHbILaeTcs.
Ilo moctTmxkeHnuu 3afaHHOM KOHIEHTpauUMH IpHMecell B KyGe
IIpOLeCC MPEKPaLIAloT, OYHLUICHHYIO JKHAKOCTb BBITPYKAIOT H3
Kyba M HCIOJIB3YIOT KakK LeNeBofl MPOAYKT. MHOroKpaTHBIM
NIOBTOPEHHEM ONMMCAHHOrO Ipoliecca HapaGaThiBalOT Tpebyemoe
KOJIHYECTBO YHCTOrO MpoApykTa. [IpuBenenHas cxema ocyiuect-
BJIEHHS] NEepPHOAUYECKOH peKTH(HKAUUH He fABJSIETCH ENHHCT-
BenHoll. Ha npusenenHoM panee puc. 6 cxemaTuuecku Hzobpa-
JK€HA KOJIOHHA INePHOAMYecKOro AeHCTBHA, pacCuHTaHHas Ha
pabory c¢ orroHko#l mpoaykra. OumiiaemMoe BeIIECTBO 3arpy-
’Kaercs B Ky0 KosoHHHL. 1o Mepe mporekanust nmpouecca peKkTH-
¢UKauuM B BepXy KOJOHHHl HaKallIMBAaIOTCS JerKoJeTydHe
NpHUMecH, oTGHpaeMble 3aTeM H ylajsiemble U3 KOMOHHBI. KoH-
IeHTpauuss MX B KyOe npH 3ToM YyMeHbuiaercd. Ilocie
yJaJeHHsl JIerKoJeTyudX IpuMecel H3 BepXHEro KOHIA
KOJIOHHBl HayHHAIOT OoT6op pakuui npoxykra. Ilpu orGope
NpOAYKTa U3 BepXHEro KOHLA  KOJOHHBI  NPOMCXONHUT
OCBOOOKJIEHHE H OT TPYJIHOJETYUHX INpuMeceH, KOHIEHTPH-
pyroomuxcs B Ky6e. B npolecce oTTOHKH NPOJYKTa KOJHYECTBO
KHIKOCTH B Ky6e yMeHbIllaeTcsl, II03TOMY KOHLEHTpalust TPYA-
HOJIeTyuHX HpuMmecel B Kybe, a ClefoBaTelbHO, U B oTOHpae-
MOM IIPOLYKTe HauuHaeT Bo3pacTatb. LEC/JIM KOHIEHTpauus
TPYAHOJNETYYHX I[pUMeceH B NMPOAYKTE HOCTHTAeT YCTaHOBJEH-
HOro mpejena, OTTOHKY INpoAykTa mpekpamaior. Hapabotka
TpeOyeMOro KOJIMYeCTBa BELIeCTBA OCYILECTBJSETCS MOBTOpE-
HHUeM I[polilecca NEePHOAHYECKOH pPeKTU(HKALUH.

8) MpumeHeHue OUCTMANALUMOHHBIX METOLOB ANsi NONYUYEHUA
BeLlecTe 0coboi YMCToThbl

ITpakTuueckn riy6oKas OYHMCTKA BeLIECTB AUCTHJLIALMEH
ocymiecTBJIseTcsl caenyomuM obpasom. IlpoBoaurcst Kauect-
BEHHBIl M KOJHYECTBEHHBIH aHa/M3 BelEeCTBA, IIOJJIEXKAIlEro
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riyGOKOl OUMCTKe, OMpefessieTcsl MpHpoja NpuUMecedl M HX
KosuuectBo. s aTof Lenu cobupaercs: uHGOpMALHS O CHIPb-
€BBIX MCTOYHHKAX JaHHOTO BellleCTBa, CIOCOGE €ro H3BJeUEHHS
U3 PYL 1 METOJE TIOJy4YeHHs. DTH CBELEHHUS NMO3BOMSIOT CAIATh
NpelBapuTe/IbHblE 3aKJ/IOUEHHST O BO3MOXKHOCTH IIPHCYTCTBHS
TOH WM MHOH mpuMecH wiM rpynmsl npumeceil. Hampumep,
HaM IIPEACTOHT OYHCTUTb YeTHIPEXXJOPHCTHIH repmanud. Ks-
BectHO, 4To GeCl, mosyualoT XJIOpHpOBaHHEM HJIH THAPOXJIO-
pHUpOBaHHEM ABYOKHMCH FepMaHHsl, KoTopas, B CBOIO OYepeib,
TIOTY4YaeTCsl TNPH OKHCJIHTENbHOM OGXKHUIe MOJHMETaIHYeCKHX
pyA. MoxkHO OXKHAaTb, YTO B YETHIPEXXJIOPUCTOM TI'epMaHHH
OyayT nNpHCYTCTBOBATb KaK INPHMECH XJIODHIBI ero cocefei
1o MEepUORHYECKOH CHCTeMe — cypbMa, KpeMmHuit, ¢ocdop.
IlockonbKy OGXKHI PYA M XJIOPHPOBaHHE OKHCJA [POBOAHMTCS
B NPHCYTCTBUH KaMEHHOYTOJbHOI'O KOKCA, BechMa BepOATHO
npucyrcrBue B GeCl, xmopupoBaHHKX yrieBonopozoB. [Tocre
NpeJBapUTe/IbHOIO TEOPETHYECKOro aHaslh3a NPUPONBI IpHMe-
cell ocylLlecTBJseTcs KaueCTBeHHbIH raszoxpomMaTorpaduueckui
HJIL Macc-CIIeKTPOMETPHUYECKHH WM KakoH-1H0o ApPYrof aHa-
JHU3 C LeJblo OOHApyXKeHHd H HieHTHHKaUuu npuMeced. B
YETBIPEXXJIOPDHCTOM TepPMaHHM  Macc-CHEKTPOMETPHYECKHH H
razoxpomarorpauueckuif aHa/Ju3bl TO3BOJNU/IN ONPENEJHUTh
HaJliuHe TaKuX IpuMeceHl, KaK XJOPHCTHIH BOJOPOJL, XJIOPHC-
TBIH 3THa, auxJjopmerad, l,l-guxmopsrtan, 1,2-muxjopsrad,
XJI0pohOpM, UETHIPEXXJIOPUCTBIH  YITIEPOL.

Cnenyomum 3TanoM IyGOKOH OUMCTKH BelIeCTB IHCTHJI-
Jasuuell O6ylleT aHanH3 BO3MOXKHOCTEH YAaJeHHs OOCHapyKeH-
HBIX TpHMecedl IHCTH/ISIHOHHEIME MeTojaMH. C 3ToH Liesbio
aHaJIM3UPYIOTCS] JIUTepaTypHBle JaHHBIE MO PABHOBECHIO M-
KOCTb — IIap B cHCTeMaX, 00pa30BaHHBIX OYMILAEMBIM BEILECT-
BOM H OOHapy:KEeHHBIMH NMpUMecsMH. Ecau JgutepaTypHBIX JaH-
HBIX HET, 9TO PaBHOBECHE H3YYaeTCsl SKCIePHMEHTaNbHO. JK-
CepdMEeHT MO ONpele/eHHIO COCTaBa PABHOBECHHIX Mapa H
JKUAKOCTH HHOTAA MOXeT OBbITb 3aMeHeH TeOpeTHUECKHM pac-
yeToM Ko3(p¢uilHeHTOB pasjenenusi. Takum obpa3oM yCTaHaB-
JIHBAIOT, KAaKHe U3 OOHADYKEHHBIX IpHuMecell UMEIOT GH3KHH
K equHuIEe Ko3(DOUUMEHT pasjeieHusi, T.e. OynyT HauGosee
TpYAHOYyna/nsseMbiMu. B Tabs. 3 npuBeleHbl JaHHBIE IO PaBHO-
BECHIO KHIKOCTb — IIap B CHCTEMax UeThIPeXXJIOPHCTBIH rep-
MaHHMi — NPHUMECH.

W3 tabauue! BHAHO, UT0 HanboJee TPYLAHOYAAJNMOH NPHMECHIO
B UYeTHIPEXXJIOPUCTOM repmaHuH Oyer 1,2-guxmopstaH, AJs
KOTOporo KoagduiueHt pasneseduss pasen 1,18. OueBuaHo
Takxke, uro raybokas oumctrka GeCl, QUCTH/ISUHOHHBIMH Me-
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TOfaMH MOXKeT OBITh JIOCTHFHYTAa TOJBKO C HCNOJb30BaHHEM
pextugrkanpi. C yueToM JaHHBIX 10 PABHOBECHIO XKUAKOCTb —
nap ¥ (pu3HKO-XJMHYECKHX CBOHCTB OYHLIAEMOTO BElIECTBa
OCYyLIECTBJISIeTCS] BBIOOP THUNA PEKTHOHKAMOHHOH KOJOHHHI,
ONTAMaNbHOrO crocoba mnpoBeneHus pekTupukauuu. Ilocae
NpOBEJIeHUsl Tpolecca peKTHHKAIMH NONYy4aloT (pakiHio
OuHIIEHHOro BEWEeCTBA, HCIONb3YeMOT0 KaK NMpoAyKT, H (pak-
IMH, OCOralleHHble MIPUMECSIMH.

Ta6numa 3

Pesyabtath ounctkn GeCl, pektudukaunueii
(Oauuspe I'. T. Hepateix, H. X. Arauynosa, U. A. ®eienko)

Koshdunue HT CoJaepxaHue
pasjeseHus npumeceit, %
HaeHnTubunHpOBaHHAS

B TIPUMECH
= 3KCIIe pHMeH- paccyuTaH-| B HCXOA- | B OYHINEH-
2 TaJbHBI}K HBIR HOM HOM
1 | C,H,Cl 18 15 7.10=2 | —
2 |CH,Cl, 7,74+0,3 7 1.10-1 —
3 |cuél, /4502 2.6 | 3.10-1 | 2.10~6
4 |1CCl, 1,344+0,2 1,32 3.10—2 | 1.10—6
511,1-C,H,Cl, ,3£0,7 2,51 | 6:10—2 | 3.10—6
6 |1,2-C,H,Cl, 1,18%0,02 1,40 | 1-10-2 —
7 | SiCl * 2,84+0,2 2,7 1.10-5 | 1.10—¢
8 | PCl,* 1,59+1,29 1,38 | 5.10—6 | 1.10—8
9 | AsClg* 2,7 3,88 5.10—5 [ 3.10—¢

[IpoBons KoJIHMUECTBEHHBI M KayeCTBEHHHI aHaMu3 Ipo-
IyKTa, TIoJaydaior uHGopMauun o ero kadecrse. ®pakumu,
oboramieHHble IPHMECSMH, aHaJU3UPYIOT C IeJabl0 OofHapy-
JKEHHSI B HUX HOBBIX IpHMecel, He HaHNeHHHIX B HCXOIHOM
OUHIIAeMOM BEIIeCTBE H3-32 OIPAaHMYEHHOH YYBCTBUTEJIBHOCTH
HMEIOIHXCST METONOB aHasu3a. OTMeuenHble B Tabi. 3 3Be304-
koii npumecu B GeCl, Gbliu OGHAPYIKEHE aHATH30M KOHIIEHT-
paroB, Mosyd4eHHBIX nocie pekTudukanuu. Ilocie oGHapyxe-
HHSl HOBBIX NpHMeceHl Npolecc peKTHPAJKALUH NoaBepraercs
JIOTIOJIHHTENILHOMY paccMoTpenuio. B mesom cxema riyGokoft
OYHCTKH BEUIECTB METONOM PeKTH(UKAIUH MOKeT ObiTb mpej-
cTaBjieHa Ha crp. 3.

JucTuasSuHOHHbIE METONB Pa3lesieHus cMeceill B HaCTosi-
iee BpeMs SIBJSIOTCS CaMbIMH PaclpoCTPaHEHHEIMH METOJaMH
NIpeJBapHTeIbHON U IV1yGOKOH OYMCTKH BemiecTB. JlocraTouHo
CKa3aTh, YTO BbIAEJIEHHE M HICHTU(HKAUMSA I[OYTH BCEX IBal-
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AHaJM3 AaHHBIX KauyecTBeHHbI Teoperuvec- DKcIepeMeHTadb-

06 HCTOYHHKE H aHAJH3 OYHDiae- KMl aHaJau3 HOe onpejelieHHe
MeToje MoJyde- MOro BeljecTBa Ha paBHOBeCHS koadhdunuenra
HUS OYHIlaeMoro cofiepxKaHHe KU AKOCT b— pasneleHns
BellecTBa npuMecu nap npumecei
] ! 1 I
4 4 4 12
M penTHduUKaunsa nNpuMeceii BbIGOP KOHCTPYKIMH KOJOHHbI
B OYMILiaeMOM BeljectBe |T u crocoba NpoBefieHHs
pekTHDHUKaHH
|
4
AHaaus oGorameHHbIX {
dpakumit
KayecTBeHHBIH U KOJHYECT- PekTndpukanus
1 BeHHBIH aHaJaH3 <«~—| ounmaemoro
v TMoJay4yeHHBIX hpaknuii BelecTBa
AHanu3 yucroro
NpoAyKTa

[ATH THICSIY HOBBIX €XKETOJHO CHHTE3HPYEMBIX HHIMBHIYaJb-
HBIX BEIECTB He 0GXOAMTCS 0e3 NMPHMEHEHHS] TOTO MJIM MHOrO
BapHaHTa IHCTHJISLMOHHBIX METONOB ounCTKH. [li1s riyGo-
KOH OYHCTKH BEIIECTB CaMoe IIHPOKOe PaClpOCTPaHEHHE MONY-
ypsia pextudukanus. TemmepatypHas ob/1acTb €€ npHMeHeHHs
IIPOCTHPAETCS] OT TOYKH KHUIIEHHS Te/Hs 10 BeJHYHHBI NOPSAKA
1000°C. Pektuduxauueli OuHINAIOT 3/JE€MEHTH (BOLOPOA, OJa-
ropoJiHbIe Taskl, cepy, celeH, TeJnyp, docdop, LAHK, KaaMui),
opranuueckue BellecTBa (YIJIeBOJOPOALI, MOHOMEpHI, PacTBO-
puTeNH U T. J.), HEOPTraHHYECKHe COeNMHEeHHs (THAPHIbI, Taju-
b, XaJbKOTEHH/IB), 31eMeHTOOpraHHyeckue coequnerns. Cym-
MapHOE COlepXKaHHe NpHMecefl B OuMLIAeMBIX BeIecTBax
noBoauaoch npu stoM go 10—3—10-*%, a copepkaHue oOT-
JeNbHBIX npumeceii — go 10-7—10-8%.

5. TNIYBOKAS OYUCTKA BELLECTB
KPUCTAJITU3ALIMEA U3 PACIIJIABA

Ouncrka BeLecTB KpUCTa/IM3alMed H3 pacljaBa OCHO-
BaHa Ha pPas/IMYHH COCTaBa KUAKOCTH M KPHCTALIOB, 00paso-
BaBIIKXCS IIPH YaCTHYHOM 3aMOpa*KUBaHUHU KHUAKOCTH. Ecou
X — MoJIbHasl OJIsl IPUMECH B TBeploH (ase, a y — MoJbHast
JloNIf TpPUMECH B XKHAKOH (ha3de, TO JIJs pas3feseHus AaHHOH
cMecH KpucTa/u3anyuell HeoOGXOZHMO BBLIIONHEHHE CHELYIo-
IIEero yCJIOBHUS:

K= #1, @7
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rae K — BesmuMHa, HasbiBaeMasi KO3(GHLHEHTOM pachpe-
JIeNIeHHus], aHaJorMyHa KO3(HINeHTY paslesieHusi B ciyyae
paBHOBECHS] KHIKOCTb — nap. B HacTosimee Bpemst OTCyT-
CTBYIOT JIOCTATOYHO HaJEKHble METONBl TEOPETHUECKOro pac-
yeTa PABHOBECHS XKHIKOCTb — TBEpJOe TesO, MO3TOMY KO3(h-
(UUIHEHT pacnpeneseHdsi ONPeNeJsIoT SKCIEePHMEHTaNbHbIM
nyTeM.

[TpuGnmxenHo onpenenuTb KosUUMEHT pacrpenese-
HHSI MOXKHO M3 JUarpaMMbl IUIaBKOCTH, €CJIH TOCJENHSIA H3-
BeCTHa JJs1 JaHHOH cuctembl. Ha puc. 13 npuBenens auar-

T0

] XKWOKOCTb Ts 1
— T
- A

, XUAKUA PACTBOP

TBEPAOE

A+B

|
|
|
l
I
x

@) 6)

Puc. 13. Nuarpammel (a30oBOr0 paBHOBECHSI JBYXKOMIOHEHTHOH CHCTEMBI.
@) — JuarpaMMa C HeNpepHBHEIM DSJOM TBepABIX pacTBOPOB; 6) — Aua-
rpaMma 35BTEKTHUECKOTO THIA

paMMbl JBYX HauOoJjiee pacnpocTpaHEHHEIX THIOB — jHar-
paMMma C HempepbIBHBIM PSAIOM TBEpIbIX PaCTBOPOB U AHArpaM-
Ma c¢ mpocroil 3BrekTHKoH. Ocb oppuHAT Ha 3THX JHMar-
paMMax SBJIS€TCsT OCblO TeMmIepaTyp, ochb aGCLHCC — OChIO
obmero cocraBa cuctembl. Ha guarpamme puc. 13, Bepxuss
KpHBasl ONMCHIBAeT 3aBHUCHMOCTb TeMIepaTypbl KPHCTa/IH-
3allMH JKHJKOTO PacTBOpa OT COCTaBa H Ha3blBaeTCH KPHBOM
JqukBHayca. HimkHAsS KpuBas  H300paxkaeT 3aBHCHMOCTb
TeMIepaTyphbl IJIaBJeHHS TBEpAOTO pacTBOpa OT COCTaBAa M Ha-
3blBaeTCsl JIHHHeH cojuayca. Brine JUHHEM JHKBHAyCA CH-
CTeMa COCTOUT TOJbKO H3 XKHAKOCTH, HIKE JIHHUH COMHLyCa—
U3 TBEPJIOTO pacTBopa, a B 00/J1aCTH MEXKAY JUHHSIMH JIHKBH-
Jyca H coupyca NPUCYTCTBYIOT H KPHCTaJLJIBI TBEPAOTO pact-
Bopa H KujakocTb. Ilo atoff auarpamme KoaduuueHT pac-
npeneneHnss BellecTBa B mMexIy XKujakoH U TBeploH (asamu
AJIsl paciiaBa cocTaBa y, OYAEeT paBeH OTHOLIECHHIO OTPE3KOB
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Ax
Ay
pamme (ha3OBOrO PABHOBECHS XKHJKOCTb — Iap, IpHBEJeH-
HO# Ha puc. 5. B cucreme, umeromefi parpamMmy IJ1aBKOCTH
¢ mpocToi 3BTeKTHKOH (puc. 13, 0), Ko3ahdULHEHT pacnpese-
JIEHHS KOMIIOHeHTa B Mexny XHIKOH U TBephoH daszaMu s
pacTBOpa COCTaBa Yy paBeH HYJIO. ITO 3HAUHMT, YTO KOH-
HeHTpaLus BellecTBa B B Kpucraniax, IOJY4YeHHBIX IpPH OX-
JaxJIeHUH pacijiaBa coctaBa y Ao Temneparypel 7T, Oynmer
paBHa nyJio. Kak npasmio, 3HaueHHe Ko3(pulHeHTa pacmpe-
JIeJIEHUsI, ONpeNeJeHHOe MO JHarpaMMe IJIaBKOCTH, IIpHMe-
HHTEJIBHO K IJIyOOKOH OYMCTKE KPHCTANJIH3aLUOHHBIMH Me-
TOJAMH HYJKAaeTcsl B SKCIEPUMEHTAJbHOM YTOYHECHUH.
Kax u B ciryyae JUCTH/I/ISILHOHHEIX METOLOB, KPUCTAJIN3a-
[IMOHHEIE  METOBl OYHCTKH  peaNu3yloTcsi B HECKOJbKUX
BapuaHtax. [Hambosbiiee pacnpocTpaHeHHe NOJYYM/IM Ha-
npaB/ieHHass M 30HHAS KPHCTA/IM3alMs, a TaKkKe MPOTHBO-
TOYHas KPHCTa/JJIM3alMs H3 paciiaBba.

. JIuarpamma Takoro Tula aHaJOrMuHa M300apHOH auar-

a) HanpaeneHHas kpucrannusaums

IMox HanpaBleHHOH KpHCTaNNM3auued IOHHUMAIOT Mpo-
IlecC, TPH KOTOPOM OCYLIECTBJSIETCS MOCTeNeHHass KpHcTasl-
JU3alUsl PaclJaBJIe€HHOrO OuHIlaeMoro BemecTBa (puc. 14).
INepemewtas rpanuny pasgesa a3 ¢ MOCTOSTHHOH CKOpOCTHIO,
OCYWIECTBJISIIOT ~ KPHUCTAJNIM3allMI0O  BCEr0 paciljaBjeHHOro
cautka. Ilpu aToM npumecH ¢ KO3(hpUIMEHTOM pacrpefeneHust
MEHBIIIE EJIMHHIBI OTTECHSIOTCS B XKUAKYIO YacTb CJIHTKA,
a mpuMecH, HMeromue KosdduiHeHT pacnpejeseHus Gonbile
€IMHUIIBI, KOHLEHTPHPYIOTCS B KpHCTalau3ymoueiics uvactu
ciutka. B pesynbrate omucaHHOro mporecca, aHaJOFH4-
HOro, MO CYLIECTBY, D3JI€EBCKOH AMCTHJIIALHH, MPOUCXOIUT
pacrnpeneneHue INPUMECH [0 JUIMHE KPHCTa/JIH3YIOLErocs
criutka. YpaBHeHHe (28) BhIpa)kaeT 3aBHCHMOCTb KOHIEHT-
paiyu npuMecH B JKHAKOH (pa3e OT JOJIH He3aKPHCTa/JIH30-

Opu 3afiaHHbIX Y, U K:

Basllerocss CJAHTKa v
0

vV \K—1

Ecan KOHIIEHTpaUuio NPHUMECH BBIPpa3UTb B BECOBBIX HJIH

vV
0OBEMHBIX MNpOLEHTAX, v — 4epes 3akpuCTalJIN30BaBUIYIO-
0
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Puc. 14. Cxema HampasjieH-
HOH KpHCTaJIM3aluH

ca JIONIO CIUTKa g, TO YypaBHeHue (28) samuwercss B BHAE:

C=C,K(1—g)*. (29)
Bripaxkenus (28) u (29) cmpaBenjuBbl NPH CAEAYIOUHX JOMY-
IeHUAX:

1. Tupdysus mpumecu B TBeploit ¢asze NpeHEOPEKHMO
MmaJja.

2. Ilpumecy paBHOMEpHO  pacmpeje/eHa IO pacljiasy,
T. €. KOHLEHTpALUsl ee B Ka)kIoH TOUuKe pacljiaBa B JaHHHH
MOMEHT BpEMEHH OJMHAKOBa.

3. Kosbbuument pacnpenesnenuss — BEIHYHHA IIOCTOSH-
Hasg, 4YTO CIpaBeJJINBO, KaK NMpPaBHJIO, B 001aCTH MalbX
KOHLEHTPalUH NpHUMECH.

Honymenne nepBoe o3HaYaeT, uYTO B 3aKPHCTA/IH30-
BaBIIEMCS CJIMTKE HE IPOHCXOMHT CO CKOJBKO-HHOYAb 3HA-
UHTEJbHOH CKOPOCTBIO BhIPABHHBAHMSA KOHLEHTPALHH IPH-
MecH 3a cueT aubdysuu.

Bropoe ycsnoBHe npexnosaraeT ujeanbHOe NepeMelINBa-
HMe pacliaBa, JocTHraeMoe OOGBRIYHO NpH GeCKOHEYHO MeJIeH-
HOM niepeMelleHHH TpaHuubl pasfena (a3 HIH HHTEHCHBHOM
NPHHYAUTEIbHOM IepeMellIMBAaHHH pacliaBa. 1oJbKO B 3TOM
clydae peajqu3yercsi paBHOBECHOE paclpelie/ieHHe NMpPUMecH
MEXIY XKHAKOH M TBeproill ¢aszamu. IlocKOJIbKY Ha NpakTH-
K€ HampaB/ieHHas KPHCTa/IN3alMsl OCYIIECTBISAETCH C KOHed-
HOH CKOpOCTBIO H NepemelIMBaHUE paclliaBa He aGCosIOTHOE,
pacmpesieieHHe OpPUMeCH MexAY ¢dasaMH OCYLIECTBJISAETCS
B COOTBETCTBHH HE C PABHOBECHBIM, a C KAKHM-H60 3¢GeKTHB-
HBIM  Koa(uuuentom pacnpenenenus K,y ObdeKTHBHBIH
Koa(uLueHT pachpeneseHHsl Bcerga uMeeT Gosee O/H3Koe
K €IHHHLE 3HaueHHe, ueM paBHOBecHbH. PH3UUECKH 3TO BhI3-
BaHO TeM, YTO NIPU KOHEYHOH CKOPOCTH KpHUCTANJIH3alUH
npHUMech, OTTecHsieMas TBepHo# ¢asolt, He ycneBaeT oTHH(D-
(GyHzupoBaTh B pacljaB OT PaHHLB! paszena ¢as. 1o npu-
BOIHT K TOMY, YTO HENOCPEICTBEHHO Yy IpaHHLB! pasnena ¢as
co3faercsi CJIOH TOMIIHHON O, UMelomuil Gosiee BEICOKYIO, YeM
CpenHss IO paclulaBy KOHLEHTpauuio. JIBH:KeHHe NpuMecH
B 3TOM CJIO€ IIPOMCXOJHUT TOJBKO 3a CUET MOJIEKYJISPHOH Aud-
(¢y3uH, MNOCKOJBKY M3 T'HAPOAMHAMHUKH H3BECTHO, YTO KOH-
BEKIMOHHBlE U TYypOyJIeHTHBIE IIOTOKH IKHAKOCTH 3aTyXaioT
BO/IM3H TBepAOH MOBEPXHOCTH. 3aTBepAeBaHHe pacIlIaBa C Ko-
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HEUHOH CKODOCTBIO CONPOBOXKIAETCA 3aXBaroM NPHMECH
n3 0OOralleHHOro MPHUMEChIO CJI0s, Ha3biBaeMOro IH(dY3HOH-
HBIM, H BhLI3LIBA€T HEepaBHOBECHOE paclpeleseHHe INpPHMeCH
mexny Gasamu. CBsI3b MeX]y PaBHOBECHBIM H 3()peKTHBHBIM
ko3 UUHEHTaMH paclpefesieHHsi HMeeT BHL:
K
= ) 30
Kap Kt (d—K 7P (30)
rie [ — ckopocTb KpucTanusauuu; D — xosbouiuent aud-
¢y3uu B xkuakoi ¢ase. M3 ypaBuenusi (30) BUAHO, UTO NpH
0O K,p CTpeMHTCS K PAaBHOBECHOMY 3HauYeHHIO.

Ha puc. 15 n3obpaxkena ycTaHOBKa sl HalpaBJeHHOMH
KPHCTAIIHM3alMH BEILECTB C TeMIepaTypoid IIaBJIeHHS BEHILIE
KOMHaTHOH. B Haua/bHBIH MOMEHT MNpPOGHPKA C OYHIIAEMBIM
BEIIECTBOM IIOJIHOCTBIO HAXOAMTCH B oOOrpeBaeMoil 30He.
3areM mnpUBOLATCS BO BpalleHHEe MellajJKa ¢ JBUTaTelb,
MeJJIEHHO OnycKalollMi BHH3 npoGupKy. Ilo mepe BhiXxozma u3
30HBI HarpeBa OYHIIAEMOE BELIeCTBO KpPUCTA/LIH3YyeTcs,
a MpUMecb 3aKOHOMEpHO paclpefessieTcs N0 JJIHHE CJIHTKA.
Ha puc. 16 B kauecTBe mpumepa NpHBEIEHO paclpefeseHHe
MBIIbSIKA MO CJMTKY HaIpaB/€HHO 3aKPHCTaJIH30BaHHOH
cepel. M3 pucyHKa BHIHO, YTO ONpeleseHHas 4acTb CJIMTKa
1oCJ/Ie HAMPABJIEHHON KDHCTAN/H3aUMH HMEET KOHIEHTPAUHIO
npuMecH Huxe ucxonHoit. VM3 ypaBHenus (29) cienyer, yto
JIOJIsT CJIUTKA, JJI1 KOTOPOH X<X,, ONPEAENsIeTCS BBIPAXKEHHEM

__InK

=1 - K—1
&es, =1—e (31

ana 3HadeHu# K menblie equnuunl. OueBHJIHO, YTO HampaBs-
JIEHHOH KpHCTa/lIu3auuedl Hejab3sl TNOJYYHTh  BeILECTBO,
obefHEHHOEe UM OO6OralleHHOe MNpPHUMECbl0 10 CPaBHEHHIO
C HCXOAHBIM MeHee uiu Gosiee yuem B K pa3 npu kosdduiuente
pacnpesieseHuss MeHbLIEM HJIH GOJbILEM €JHHHIIBL.

Kak u npocrasi meperonka, HampabJeHHas KpHCTaJJIH3a-
Ul HCHOMBb3YeTCsl JIMIIb JAJs [NYOOKOH OUYMCTKH OT MpH-
Mecell, HMEIOLIHX CHJIBHO OTJIMYAIOUWIMICA OT €JUHHULBl Ko3(-
(bHIHeHT pacnpene/eHHs.

B cnyuae neob6xonumoctH Gosee r1yGoKoH, ueMm B K pas,
OYHCTKH yYaCTOK CJIHTKA, OOOTalleHHBIH NPHMEChIo, YAaJIoT,
OCTAaTOK pAacIVIaB/ISIIOT M NOJBepraioT MOBTOPHOM HampaBsJeH-
Ho#t Kpucrasuusanuu. [loBTopeHueM 3THX oNepauuil MOXKHO
JOCTUYh HeOOXONUMOH CTeNeHH YHCTOTHI, ITOT METOH H3-
BecTeH IO Ha3BaHHEM HanpaBJieHHOH JPOGHOH KpHCTaslJiH-
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Puc. 15. CxeMa ycraHoBKHM Jis Han-  Puc. 16. Pacnpenenenne
paBJeHHOH KPUCTaJUIM3allkd: | —aMny-  MBIUIBSIKA MO CAUTKY CepHl
Jla C OUHMIaeMBIM BeIeCTBOM; 2 — Me-  IIocJie HalpaBJeHHOH KpH-
anKa; 8 — HarpeBaresb CTa/Iu3aLHH

sanuu. Henocratkom HampaB/eHHOH KpHCTaNJIM3allMH Kak
MeTona TJIyGOKOH OUMCTKH fIBJIAETCA €e HeBhicOKas 3tdek-
THBHOCTb NpH OTHEJIEHHH mpumecel ¢ OIM3KHM K eIUHHLeE
KO3(p(hULHEHTOM pacnpenesneHnsl. DTOT METOL BecbMa TpY-
JIOEMOK TIDH OYHMCTKe BEILECTB C MOJEKYJaMH GOJbIIHX
pa3mepoB. Ilps MX KpHCTaN/IM3aLMHU CKOPOCTH IepeMelLIeHHUs
rpaHunbl  pasfena (a3 noykHa OBITh MOPSAZAKA HECKONBKHX
MHJ/IJIUMETPOB B YaC, TaK Kak IPH GOBIIMX CKOPOCTAX K4
61430k K enuuune. IlpuMeHeHne ApoGHOH HanpaBieHHOMH
KPHCTA/VIH3alUH CBA3aHO C GOJIBIIMMH 3aTpataMH BpeMeHU
¥ 3HAUUTEJILHBIMH IIOTEPSIMH OYHILAEMOTO BEIIeCTBa.
HanpasneHHas KpHCTalIu3auusl sBJSETCS YAOOHBIM Me-
TOZOM 3KCIIEPHMEHTAJbHOrO onpeseseHus: Koadduuuenta pac-
npefeneHusi. 3Has pacnpeleseHue [PUMEecH II0 JJIHHe CJIHT-
Ka, MOXHO mo ypaBHeHHIO (29) Hafith 3eKTUBHBIA KO3GD-
¢UIMeHT pacnpefesNeHHsl, a H3 3aBUCHMOCTH K,y OT CKO-
poCTH KpHCTaNIu3aluH 10 ypaBHeHHI0 (30) — paBHOBECHBII
Ko3(hdHuneHT pacnpefenenus. Hanpumep, paBHOBeCHbIH KO-
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sQUUHEHT  DaCTpPeNe/IeHHs MBIUbAKA ~MEKY KHIKOH H
KPHCTAJIJIHIECKOH CepoH, BHIYHC/IEHHbIH MO JaHHEIM puc. 16,
pasen 0,194-0,05.

6) 3oHHas kpucTannmsaums

EIMHCTBEHHBIM BapHAHTOM KPHCTA/UIH3ALHOHHBLIX METOLOB
rsiyGOKOlH OYHCTKH, Y KOTOPHIX HET aHajJora B QHCTHJJIALHOH-
HBIX MeTolaX, fBJAETCS 30HHas Kpucramnusaunus. IIpouecc
30HHOH KDHCTA/LIM3AIMH 3aK/IOYAETCS B INeEPeMEUeHUH 10
CAUTKY ~OYHINAEMOTO BEIIECTBA Y3KOH DACIVIAB/ICHHOM 30HEI
€ TIOCTOSIHHOH CKOpOCTBIO (pHC. 17) 30HHAs KPHCTa/LIH3a-
I OTJIMYAeTCs OT HampaBJeHHOH TeM, 4YTO 00beM pacIlliaBa
ocTaercsl MNOCTOSHHBIM JO TeX IIOp, IIOKa pacljaBieHHas
30Ha He JOCTHTaeT KoHNA cauTka. IlocinenHsis 30Ha CaIHMTKa
OTBEp/EBAET B peXHMe HaNpABJIEHHOH KpHCTalin3auuu. Ile-
peMellieHHe 30HBI 10 CJAMTKY IPHBOIHUT K Iepepacrpese/eH o
npumecu 10 ero jiuHe. Ilpumecn ¢ KosbduuHenTOM pacmpe-
JeNeHHs] MEHBIIHM eIUHHIBI KOHIIEHTPHPYIOTCS B KOHIE
CIUTKa, a uMelolmpe KosphHUUEHT pachpeneseHus: GoJblie
eIMHHIB — B Hayaje cauTka. Co3jaresieM 3TOrO METoJa OUHCT-
Ki siBIsieTcst amepukaHckuit yuennlit B. [I. Ilann, Bnepsbe
NPUMEHHBIIHH €ro JJs NOJy4YeHHs TepMaHUsS BBEICOKOH CTe-
meHy 4YHCTOTHI. PacrpeneseHue IpHUMECH MO CJIHTKY IoC/e
OJIHOTO TPOXOZA 30HBI OMHCHIBAETCS ypaBHEHHEM:

C = Cy|l 4 (K—1)e—Kx/1], (32)
rie C,— HCXONHAs KOHLEHTpPaLUusl NPHMECH; X — KOOpPJH-
HaTa MO0 CIUTKY; [ — JJIMHA 30HBI.

Puc. 18 umantocTpupyeT Xxapakrep paclpenesieHus IpHMecH
[0 CJIUTKY TI0CJIe OXHOKPATHOH 30HHOH KPHCTA/VIH3aUMH NpU
pasnuuHBIX 3HaueHHAX KoadduiueHTa pacnpeneseHus.

YpaBHenue (32) molydeHO INpH TeX Ke JONYIIEHHSX,
yTc W ypaBHeHHe (28) ana Kpucraldausauud. Tak ke, Kak
U HanpaBJieHHas KPHCTANJIM3alHsl C KOHEYHBIMH CKOPOCTSIMH
OPUBOJUT K pacOpefeeHHI0 IpPHUMECH B COOTBETCTBHH C
3(EeKTUBHLIM, a HE paBHOBECHHIM KO3(HIHEHTOM pac-
npenenenusi. OnHoKpaTHasi 30HHAsE KPUCTANIH3alMs MO3BO-
JSI€T NOJYYHTb BELIECTBO, OYHIEHHOe He Gojee ueM B
K pas no cpaBHeHHIO C WCXOAHBIM. [Jy6MHA OYHCTKH
MOXKEeT ObITb 3HAYHTEJbHO YBeJHUEHa IPH MHOFOKPATHOM
NPOXOXKIEHHH 30HBI IO CJAUTKY. IIpu 3TOM HeT HeoGXo-
AMMOCTH yAajAThb OOOTAlIEHHYI0 NPHUMECSIMH 4YacTb CJIHTKA,
KaK 3TO HEOOXOIMMO NPH NOBTOPHOM OCYIIECTBJEHHH HarpaB-
JIEHHOH KpHCTa/UIH3aluH. Pacnpesenenue mpuMecH MO CJIMT-
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HAFPEBATENb

g-—»

TBEPAAR HEPACTIANABNBIIARCA
Yo S S S S S
0A3% TEEPRAR AR’
0 | PACMNABNEHHAR
! 30HA L "
] | Puc. 17. Cxema 30HHOH
e 1 e | KpUCTanau3aumu

Ky ¥ INIyOMHa OYHCTKH OYIyT M3MEHSIThCS OT IPOXoja K mpo-
Xony. Maremarnueckoe onHcaHue pacnpeieneHHs IPHMECH 110
CJIMTKY IOCJe HeCKONbKHX NPOXOLOB 30HBI BEéCbMa 3aTPYIHH-
TeJbHO, MOITOMY OHO HaXOAHWTCS, KaK IPaBHJIO, YHCJIEHHBIM
pacuerom. Ha puc. 19! uzobpaxkeHo H3MEHeHHe pacrpefee-
HHSl TPHMECH MO CJAHTKY C YBeJHYeHHeM YHCJa INPOXOJLOB
30HHI.

Crenenb OYMCTKH, KOTOPOH MOXKHO JOCTHYb 30HHOH KpH-
craqnusauuedt, umeer npenes. C yBeJHYEHHEM YHC/IA MPOXO-
JI0B 30HBl YCTaHABJIHBAeTCS KOHEYHOe pacHpellesieHHe NpHMe-
CH 1O AJMHE CJIMTKAa. BhIpakeHue IJis1 KOHEYHOTO pacmpene-

Jenus umeer BuL: C (x)=AeB*, (33)
rie A u B — NOCTOSIHHBIE, ONpPENeNsieMble COOTHOLIEHHSIMH:
Bl
K= exp (Bl)—1 @4
u
CoBL
A= exp (BL)—1 (35)

3Has Ko3ah(dHIHEHT pacrpefeseHusl NPHMecH, MOXKHO CpaBHH-
TeJNBHO JIETKO PacCYMTaTh KOHEYHOe paclpejiesieHHe IIPHMECH
N0 JJIHHE CJAUTKA. UHCJI0 IPOXOA0B 30HBI, KOTOPOE I03BOJSA-
€T JIOCTHYb KOHEUHOr'o paclpefeseHusi, 3aBHCHUT OT BeJHYHHEI
koa(uienta pacnpenenenus. Uem meHbuie K, TeM Gosblue
YHCJI0O TMPOXOAOB, H HaoGopoT.

Crioco6 u JeTalH NPaKTHYECKOro OCYLIECTBJEHHS IJyGo-
KOH OYMCTKH BELIECTB 30HHOH KpHUCTa/IH3alHed 3aBHCAT OT
npHpoAB! oumliaeMoro o6bpekTa. CBOACTBOM OYMIAEMOro Be-
I[eCTBA, ONpENEeISIOWUM alnapaTypHoe opopM/eHHE NpOLec-
ca, sBJsiercss Temmeparypa nJaBJjeHus. Bribop marepuana
KOHTelHepa /ISl OYMIIAeMOr0 BELIeCTBA ONMpefesieTcs XUMHU-
YeCKoH aKTHBHOCTHIO pacmiiaBa. OGBIUHO CTapaloTCs NOR00paTh

! Puc 18 u 19 npusefens! u3 kuuru B. JI. Tlpanna «30Hnas JIaBKa».
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Puc. 18. Pacnpeniesienne npuMecH [ocje OJHOTO NMPOXOJa 30HBI NpPH paz-
JIMYHBIX 3HAUeHHAX KO3(h(HIMeHTa pacnpefieseHus

Matepual, YCTOHUMBBHIA K BO3JEHCTBHIO pacijaBa, a €clH 3TO
HEe yJaercsl, OCYLIECTB/IAIOT GeCKOHTEHHEDHBIH BapHaHT 30H-
HOM KpucTajanudauuu. IIpp 3TOM C/IHTOK OYMIIAEMOro Be-
I[ECTBA 3aKPeIVISIOT B BEDPTHKAJbHOM IONIOXKEHHH B BaKyyMH-
poBaHHOM ofweme. Kakum-11u00 croco6oM Harpesa (MHAYK-
IIMOHHBEIM, NIOTOKOM 3JI€KTPOHOB) CO3/AI0T HA CTEPXKHE Y3KYIO
paciuiaBjeHHYIO 30HY. JlHaMeTp C/AMTKa M LIHPHHY 30HBI MOA-
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GupaioT TakuM o0pa3oM, 4TOGhl CHJIBI IIOBEPXHOCTHOI'O Hars-
}KEHHs YIep:KHBalH pacmiaB B 30He. DTOT BapHaHT 30HHOH
KpUCTa/lIM3aliK HauGosee cTepu/eH H NOJHOCTHIO HCKJIOYa-
eT 3arpsi3HeHHe OYHIIAEeMOro BellecTBa B IPOIECCE MJIaBJIEeHHS.
On c ycnexoMm HpHMeHsIeTCS A OUHCTKH TYTOIUIaBKHX Me-
TaJIJIOB, OKHCJIOB, COJIeil.

Ilpn cpaBHHTE/NBHOH MOJIONOCTH METOJ 30HHOH KpHCTalj-
JIN3alluH Halles IIHPOKOe IpHMeHeHYe npH INyGOKOH OYHCTKe
MHOXECTBA CaMbIX PAa3/IMYHBIX BELIECTB, OPTAHHYECKHX H He-
OpPTaHMYECKHX, IIPOCTHIX M CJOXKHBIX, IVIaBALIUXCS IIPH MH-
HYCOBBIX TeMmIepaTypax H Temmeparypax nopsuka 2500°C.
B psane cayuaeB GbUIH JTOCTHTHYTHI HEOGHIYAMHO BHICOKHE pe-
3yJabTatel. Hanpumep, conep:kaHHe 3HAYHTENBHOTO YHCJA
npuMecefl B repPMaHHH METONOM 30HHOH KPHCTaJLIH3aLUM MO-
HmKkaercs 10 1010 %, npuueM 3TO He PEKOPAHBIH €IMHHYHBIA
pe3yJbTaTt, a JOCTHTaeMblii B YCJOBHSX KpyNHOMAacluTaGHOTO
npousBoxctBa. IlpaBaa, ciexyer umeTs B BHAY, YTO NMOHSTHE
KpynHOMAacIuTaGHOro NPOM3BOJACTBA INPUMEHHTENBHO K 0C060
YUCTBIM BelleCTBAM He COBNAJaeT C TAaKOBBIM B XHMHUECKOH
IPOMHBILLIEHHOCTH. TJOoTpeGHOCTE B HEKOTOPBIX 0CO00 UYHCTHIX
MaTepHalaxX HMHOTAA He IPEBBIIAeT HECKOJbKHX KHJIOTpaM-
MOB B rof. [lis Takux BemecTB 30HHAs KPHUCTA/LIM3alMsA HpPU
€e CPaBHUTEJIbHO HEBBICOKOH NIPOH3BOLHTENBHOCTH SIBJISIETCS Ya-
CTO He3aMEHHMBIM MeTofoM. Mcmonp3oBanue ee jpnis mosyue-
HHUS 3HAUNTEJNbHBIX KOJHYECTB YHCTBIX BEIIECTB CAEPIKHBACTCA
HeOOJIbIUMMH Pa3MepaMH OYHLIaeMOoro obpasia- H NPOAOJIKH-
TeJBHOCTBIO TIpollecca.

B) MpoTtusoTOUHas KpuUcTanausaLms

Teopusi ¥ mpaxkTHKa METOLOB pa3fiesieHHs cMecel, OCHOBaH-
HbIX Ha pacnpefeseHVH IpPHUMecH MexXAy AByMs dasamu, Io-
Ka3aJs, 4To 3(deKTHBHOCTb pa3feUTeIbHBIX NPOLECCOB MakK-
cuMa/jbHA NPH MHCIONB30BAaHMH NPOTHBOTOKA (a3. IIportuBo-
TOYHBIH BapHAHT pasfie/ieHusl cMecell KpUcTalu3alted u3 pac-
IJ1aBa — NPOTHBOTOYHAS KPHCTAMIU3aUNs — JJIs OUUCTKH Be-
IECTB CTajl MPHUMEHSTLCS JIULIb B rocsefHee Bpems. Pasgene-
HHE B 9TOM METOLE OCYIUECTBJSETCS B BHJIE IPOTHBOTOYHOTO
npouecca B OLHOH KOJIOHHE, ONMH M3 KOHIIOB KOTOpPO! HMeer
Temneparypy Bbillle, a APYTofl — HHXKE TeMIepaTyphl IIaB-
JeHusi pasgensieMoii cmecu. O6pasymomuecss B GoJiee XOJIOA-
HOM KOHIIE KOJIOHHBI KPHCTaJl/Ibl HAaNpaBJsOTCS B HH3 KOJIOH-
HBI, TJI€ TIAaBSITCS; XKUAKOCTh [IOJHUMAETCsl BBepX B IPOTHBO-
TOK KpHCTa/slaM. B pesyabrare mMaccoobMeHa MeXIY ABHXKY-
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IMMUCS B IPOTHBOTOKE (hazaMy ¥ MHOI'OKpaTHOro obpalieHus
(a3 oaMH U3 KOMIIOHEHTOB KOHLEHTpPHpYeTcsl B HH3Y, a Ipy-
roil — B BepxXy KOJOHHBHL. PopMajbHO METOA aHaJIOrHueH
pekTudHKalMU C TOH JIMIIb pasHMIEH, 4TO ABHXKYHIUMHCS B
NPOTHBOTOKe (a3aMM SABJSIOTCH KPHUCTANIBl H KUAKOCTb,
a He XXHUAKOCTb U nap. [JT1aBHBIM NPensITCTBHEM JJIs1 OCYLIECTBIe-
HHSl 3TOrO IIpolecca pasfeseHHs Oblla TPYIZHOCTb CO3JaHHA
NPOTHBOTOKA O/JIM3KHX IO NJIOTHOCTH TBEPAOH U XKHAKOH (ha3.
IIpunyIHTeNBHBIH NPOTHBOTOK KPHCTAJIJIOB H KHIKOCTH OCYlIle-
CTBJISIETCS] C TOMOILBIO Pa3/JHYHOTO PONA MEXaHHYECKHX YC-
TPOHCTB, TaKHX, KakK IIHEKH, NMOPLIHH, BHHTOBLIE CIHpaJIH.
Jas1 cosnaHus NPOTHBOTOKA MOXKET OBITh HCHOJIb30BAaHO TaK-
3Ke T'DaBUTAIlMOHHOE T0JIe, HCKYCCTBEHHO CO3JaBaeMoe B HEHT-
pudyrax.

IlepBble KpHCTaINH3aLHOHHbIE KOJOHHBI OLLIH CO3JaHBl B
1947—1948 rr. amepuKaHCKHMM HCCIEOBATEISIMH H HCIIOJ/b-
30BaHBl JJIs1 Pa3sfie/IeHHs] KOMIIOHEHTOB YIVIEBOLOPOIHBEIX CH-
CTeM, HMEIOLIMX JAHarpaMMy IUIAaBKOCTH C IIPOCTOH 3BTEKTH-
ko#i. TpaHcnopT KpHCTaJIOB 1O KOJIOHHE OCYLIECTBJIANCS 1160
IUHEKOBBIM TPaHCNOPTepoM, JHOO NOPHCTHIM NOPLIHEM. XOTH
3(hpeKTHUBHOCTb KOJIOHH 3TOr0 THIA MoOXeT ObTh Gosblle Of-
HOHA TapenkH, AJIs FIyOOKOH OYHCTKH BEIeCTB, OCOGEHHO OT
npuMecell ¢ ONU3KHM K €IHHHLE Koa(dHUIHEeHTOM pacnpejene-
HHSl, OHH MaJsIO NPHUTOLHBI.

JI0BO/IBHO yCNEelHbIM NPHMEHEHHeM IPOTHBOTOYHOH KpH-
CTAJUIM3ALMHU LJIs1 TJ1yOOKOH OYHCTKH BEIECTB ObUIH OIBITHI 110
OUHCTKEe HEKOTOPBIX OPraHMYECKHX COeIUHEHHH, TAKHX, KakK
IIETU/JOBbIH CIHUPT, HHTPOOEH30/, KOHJEHCHPOBAHHEIE apoMa-
THYeckue yriesojoponsl ([mnpkuexr, 1961—1963 rr.). Ha
puc. 20 u3obpaxeHa ofHa U3 NEPBBIX KPHCTANIH3aLHOHHBIX
KOJIOHH, HCIIOIb30BAHHAS - /11 OYHCTKH CTEapHJIOBOIO CIHp-
Ta. [IpOTHBOTOK KPHCTA/VIOB U KHJKOCTH CO3[aeTcs BHHTOBOMH
cnupanbio. KolmoHHa COCTOHT U3 JBYX KOaKCHAbHBIX TPYOOK,
B 3a30pe MeXAy KOTOPHIMH HaXOJHMTCSl CIHpa/b, NepeMelaio-
Ias MpH BpauleHUH KPUCTAJJIbI BHU3 IO KOJIOHHE, 30HA MJIAB-
JIEHHS] KPHUCTAJJIOB PacnosiokeHa B HH3Y KOJIOHHBI, B BepXHeH
4acTd NPOHUCXOXHT OOpa3oBaHHe KPUCTAMIOB. DPPeKTHBHOCTD
OUHCTKH B KPHUCTAJIM3AaLHOHHOH KOJOHHe BHICOTOH 15 cM,
JoCTHraeMasi B TeyeHHe HOJyTopa 4acoB, Takas Xke, Kak NpH
30HHOH KpPHCTAN/IHM3alKH IOC/Je JABAJLATH IPOXOLOB 30HBI
co CKopocThio 1 mm/u.

B onHoli u3 Haubosee paHHHX OTEUECTBEHHHIX pPaboT IO
IPOTHBOTOYHOH KPHUCTANJIH3aUUH B LEHTPOOEKHOH KpHCTasl-
Ju3anuonHoi Kosonke (A. I'. Anukun, 1963 r.) Gelt moasepr-
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HYT O4YHCTKe TPUGDEHUIXIOPCUIAH. 4
Kosnonka npexcras/isiia cobof CTeK-
JAHHYIO TPYOKY, B OIHOM KOHIE
KOTOPOH OUMI@eMOe BEIIeCTBO KpH-

CTa/l/IM30BaJjIOCh, a B APYyroM—Iuia- |
Busoch. Besi KosloHka momernanachk
B UEHTpudYry, HpH BpalIeHHH KO- -2

TOpOH CO3/1aBa/IoCh YCKOPEHHE, mepe-
Mellarolee KpUCTaJ/ibl M3 30HHL 06-
pasoBaHHusl B 30HY miaBJseHusi. Iloc-
Jie ONPENeJEeHHOTO BpeMEHH PaGoThl
KOJIOHHBI CONEPIKHMOe ee IIOCTereH-
HO 3aMOpa)KHBaJoCh HauyuHas C To-
psvero konua. KonueHnrpauus npu-
MECH B OYHIIEHHOM IpOAYyKTe Oblna
TIOHHKE€HA IO CPABHEHHIO C - HCXOfl-  Puc. 20. OnuH U3 nepBhIX
Hot B 16 pas. BapHaHTOB  KPHCTa/IH3a-

TIpakTHUeCKOE  HCMONb30BaHMe —[WOHHOR Koionus: [, 2—

o apyxHas M BHYTPEHHSAS
TMPOTHBOTOYHOH KPHCTA/IM3AUME M3  rpyfku; & — TpancropTi-
pacmiaBa s TIJ1yOOKOH OYHCTKH  pyowasi ciupaib; 4—GIoK,
BEIIECTB HACUMTHIBaeT He Gosiee Je-  Bpallalomuii crupans
csATH JieT. Y Hac B crpaHe Haubosee
CHCTEMaTH4YeCKHe HCC/IeIOBaHHsI NPOTHBOTOYHOH KpPHCTALIH-
3allil KaK MeTofa IJ1yGOKOH OUHCTKH OBLIH BHIMOMHEHH B MH-
crurytre xumun AH CCCP. TlonyueHHBle IPH 9TOM HpakTHye-
CKHe pe3yJbTaThl CBHIETENBCTBYIOT O BBICOKOH, HE yCTymaro-
el pekTuhUKauuu 3pPeKTUBHOCTH NPOTHBOTOYHOH KpHCTall-
Jauzauuu u3 pacmiaaBa. OuucTKe NOABEPraluch 3JeMeHTap-
Has cepa, XJIOPHABI THTaHa, 6opa, CypbMBl, MbIlbsKa, aMMH-
aK, HEKOTOpble IPAKTHYeCKH BayKHEIE MOHOMephl. B Tabm. 4
B KauecTBe IIpUMepa NPHBEAEHbI pe3yJ/bTaThl OYHCTKH Tpex-
XJIOPHUCTOTO MBILIbSIKA B IPOTHBOTOYHOH KPHCTANIH3aLHOHHOM
KostoHHe. [Ipu BhIcoTe HCHOMB30BaHHOH KOJNOHHBEI 38 cM J0-
CTHTHYTasl CTeNeHb OYHCTKH INpeACTaBJsieT CO00H BecbMa XO-
pomnii pes3yJsbrar.

IIpoTuBoTOYHAS KPHCTALIH3AUMSA TI€PEKUBAET B HACTOALILEE
BpeMsl TePHOJ TEeOpeTHYeCKOro M annaparypHOro CTaHoBJe-
Hus. Cefilyuac B 3TOM MeTOZe IPOHCXOAHUT HaKOIJIEHHE 3KcIle-
PHMEHTaJIbHBIX JaHHBEIX, TEOPETHUECKOE MX OCMEIC/IEHHE, CO3-
JaHue ofiell Teopun Metoa. IIpoTUBOTOUHAS] KPHCTANLIH3ALHSA
C ee BO3MOXKHOCTSIMH HafileT BeCbMa LIHPOKOE KaK CaMOCTOSITe N b-
HOe NpUMEeHeHHe, TaK U B KOMOHMHALWH C APYTUMH METOAAaMH
ray6okoil oyuctku. HacTto okaseiBaeTcs, HanpHMep, YTo IpH-
Mech, umeollas ONH3KUH K eIHHHLE KO3(pOHLUHEHT pacmpese-
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Ta6banuuma 4

Pesyabrathl ouncTku AsCl, MeTOnOM NMPOTHBOTOYHON KPUCTAJIM3ALMH
M3 pacnJjaBa
(Jauvwe I' T. Heatseix, B. A. Kpnitosa)

&3 Coaepixanne
-3 npumecu. %
oX .
aJjasiemasi n e g°\° © » i
3 ¥Ya M pHMech PN Eif 2 8’%
B 2E | 2ex| Eex| g%
2 E % 0% | of i 9 a
1 |CH4Cl 3,2 3,0 1,7 |1 800
2 | C,H,Cl 7,0 7,0 1,9 | 3 700
3 |CH,Cl, 6,0 6,0] 1,6 | 3200
4 | CHCl, 2,6 2,1]10,0 205
5 | CCl, 7,31 8,0 1,7 |4 500
6 |1,2-C,H,Cl, 12,6 { 15,0 | 1,5 [10 000
7 | CsHg 0,6 0,8} 0,08|10 000
8 {1,1,2-C,H,Cly 1 0,8] 1,5 530
9 | As—opranuyeckue BellecTBa 25 22,0 |1 34,0 650

JIEHHS] B PaBHOBECHH XKMIKOCTb — Iap, MOXeT OblTb Ge3 Tpy-
Jla yhajleHa KpHCTa/lJIM3allMOHHBIMH MeTofamu. Hanpuwmep,
B cucreme GeCl, — 1,2-C,H,Cl, koap¢uuuent pacrnpenese-
HHSI B PaBHOBECHH XKHIKOCTb — map paseH 1,18, a B pasHuo-
BECHH TBepJoe TeJI0 — JKUIKOCTb OH OKasaJsicsi paBHBIM 5,3.
EctectBeHHO, 4TO yja/€HHE 3TOH MPUMECH METOLOM IPOTHBO-
TOYHOH KPHCTA/JH3aIMU W3 pacliaBa NpeACTaB/siercss Gosee
palHOHATbHBIM.

CylecTBeHHBIM JOCTOHHCTBOM KPHCTQIIH3aLHOHHBEIX METO-
IOB pasfiesleHusl ABJasercs Oojee HH3Kasl, 4YeM B APYTHX METO-
Jax TeMmIepatypa INpOBEIEHHsI NpoLecca OYHCTKH. ITO 06-
CTOSITE/ILCTBO BeCbMa CYIIECTBEHHO B TOM IIIaHE, YTO MaTepH-
aJ1 anmnaparypel 6yLeT B MeHbLIeH CTelleHH 3arpsI3HATh OuHIlae-
MO€ BeLIecTBO.

6. MPOBJIEMA 3ATrPA3HAIOLWLErO AEACTBUA
MATEPHUAJIA ATNMAPATYPHI

Jlioboe ouHillaeMoe BEIECTBO HHKOrjJa He ocTaeTrcs ab-
COJIIOTHO MHEPTHBIM II0 OTHOLIEHHIO K MaTepuasty ammnaparyphl
M B KakoH-TO, MyCTb Jaxe He3HaYUTEIbHOH, CTeleHH pacTBO-
psier ero. CosnaeTcs napajJokcaibHasi CHTyallusd: anmnaparypa
IVIsi OYHCTKH BeIleCTBA CTAHOBHTCH HCTQYHHKOM 3arpsi3HEHHS.
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Eciii mocMoT peTb Ha ypaBHeHHE 3aBUCHMOCTH Pa3/Ie/IHTeNb
HOH CTIOCOOHOCTH PEKTH(HKAUHOHHOH KOJOHHEL OT €€ BBICOTHIs
MOXKHO TNPHHTH K BHIBOALY, YTO, YBEJIHYHBAsi JAJIMHY KOJOHHBI,
YIaeTcsl MOMYYHTh NMPOAYKT Jioboit crenmeHu uucToThl, OpHa-
KO 3TO JasieKo He Tak. IIpakTuka OYHMCTKM psJla BellecTB
MoKasaja, 4Yro CYyLEeCTBYeT Ipelesa JOCTHraeMOH IJyGHHEL
OYHCTKH. DTO He' 3HAUHWT, YTO ypaBHeHHe (23) HEeBepHO, Npo-
CTO OHO BHIBEJIEHO B NPEAINONOKEHHH, YTO 3arpsi3HEHHE OuH-
LIaeMOTO BelLleCTBa MaTepHa/joM almnapaTypel OTCYTCTBYeT.
Ananus mporecca peKTHOHKALMH C YYETOM 3arpssHSIOLETO
AeHCTBHS MaTepHala NpPHBOAMT K CJELYIOLIEMY BoIpaXKEHHIO
s (dakTopa pasie/eHus:

Xzg § o
Fo=—% =(1— X, )Fo— X,nF, ¢ —Fo. (0
3nece F, — dakTop pasieneHHs] KOJOHHBI NMPH OTCYTCTBHH
3aTpA3HAIOIIETO JAeHCTBHA; X, — HCXOAHasd KOHIEHTpalus
npuMecH; Xz, — KOHUEHTPaUHs NPHMECH B HHXHEM KOHLE
VnZK
Lle—1)" V

B OYHILAaeMOe BELIeCTBO C E€IMHHULBI IVIOWIAAHU IIOBEPXHOCTH
KOJIOHHBI,
Haiinem mnpesen, K KoTopoMy cTpeMHTCs 3HaueHne F g

IPH yBeJHYEHHH BBICOTBI KOJIOHHHEI, T. €, npd Zg—»oco. [as

sToro npesactasum F,u3 ypaBHeHus (26) B Buze F B2y

rie § — uKuCc/O TEOpETHUYECKHX TapesioK Ha ezmnnuy JUIHHBL
KoJoHHbl, [loacraBuB B ypaBHeHue (36) 3Hauenusa P u F,
TIOJTyYHM

KOJIOHHBI; B = »—CKOPOCTb INOCTYIIJIEHH S [IPUMECH

i =1li K n% ,
limF g ZKl-rn; X, — XomaL@—1NE @n
OTClozia
2n Xy = HEe—nha 69

M3 nocnepHero ypaBHeHHs] BHIHO, YTO Npefe/bHOe CoflepiKa-
HHe NPHMECH B OYHILEHHOM NPOLYKTe B KOHEYHOM HTOre OIl-
pellesisieTcsi CKOPOCTbIO MOCTYIIEHHSI NPHMECH H3 MaTepHaia
annaparypbl. BeqnunHa CKOPOCTH NOCTYIJIEHHS NPHMECH 3a-
BHCHT OT XHMHYECKOH AKTHBHOCTH OYHIIAEMOTO BeLIeCTBAa IO
OTHOLIEHHIO K MaTephaly amnmnapaTypbl, JIETY4ecTH H pacTBO-
PHMOCTH B OUHIIAEMOM BEILECTBE MPOLYKTOB B3aHMOAEHCTBHS,
OT TeMIleparypbl IPoBeJeHUs npouecca. UeM BhILIe Temmepary-
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pa, npu KOTOpOH mnpoBoautrcst pekTudukauus, TeMm OGomblie
3HayeHne V,, M , Clel0BaTeNbHO, BhILIE COLEpPKAHHE NPHMECEH
B OYMIIEHHOM BelectBe. Hanpumep, copep:xkaHue KpeMHHS B
cejeHe M TeJVlype, OYHIIEHHBIX METOAOM PeKTH(QHKalHH IpH
Temneparypax 600—800°C B anmapatype H3 KBapILeBOI'o CTeK-
Jla, TOCTOSIHHO Haxogurcsi Ha ypoBHe 10—%—10-5%. IIpo-
nycKaHHe MapoB cephl yepe3 Harperwiii 1o 900°C xBapueBblil
peaxkTop NMPUBOAHT K YBeJHYEHHUIO B Hefl CoePKaHHA KPEMHHSA
or 5:10~3 no 5—10-10-2%. PesyJibraThl HCCIEOBaHHA CKO-
POCTH MOCTYI/IEHHS] TIpHUMecell B pacIUIaBJIEHHYIO cepy H3
CTeKJIa «IIHPEKC» M «MOJHOEHOBOE» B HHTEpBaJe TeMIepaTyp
350—500°C nokasa/nu, 4To B paciiaB MOCTYNAlOT KPEMHHIH,
Maprasell, MbIUbSIK, HaTpPHi, OJNOBO CO CKOPOCTSMH, Jexa-
muMd B npegesne 10~11—10-14 r/cm?.c. DTo 3HAYMT, YTO peK-
THQUKaUKA NPHMEHHTENBHO K OYHCTKE 3TOTO BEIEeCTBA He
I03BOJIMT MOJNYYHTh NPOAYKT C COfep:KaHueM NpuMecefl HH-
ke yeM 5—10-1077%. OueBuano, yro 3arpssHswoLiee Ae-
CTBHE Marepua/ja anmaparypbl GyJeT OrpaHHYHBaTh BO3MOXK-
HOCTH HE TONbKO PeKTHHKALHH, HO H KPHUCTa/JIH3alHOHHBIX
METOLOB I'1y6oKoH ouyucTKH. Paccmorpenue mpouecca Hampas-
JIEHHOH KPHCTa/JJIM3alMH C YYeTOM 3arpf3HsIolero AeficTBUA
CTEHOK KOHTeHHepa NpPHBOAMT K CJELYIOUEeMY BbIPaKeHHIO
ANl pacnpejieJieHHsl NMPUMECH 1o JJIMHe CJIHTKa:

K—1 K~-2

_ VolK (1 — 1 .

X= Ky (1= TG [1—(—1—_—g) ]
(39

Ilpu X,=0, T. e. 1pu OTCYTCTBHH B HCXOAHOM BEILECTBE NpH-
MECH, MNOCTyNalollell U3 CTEHOK KOHTefiHepa,
K—1
= ValK(1—g) S S
X=1n FE—F) 1— =5 |- (40)
(1—g

Pacnpesenenne npumecu mo CiMTKY IOC/TE OHOKPATHOH 30H-
HOH KDHCTa/VIM3allMH C Y4YEeTOM NOCTYIJIEHHS MpHMeceH Hu3
CTEHOK KOHTeHHepa HMeeT CJAeAYIOMHH BHA:

K] _VTn’_(l P S T

X=X, [l + (K=1)
Hpn OTCYTCTBMH B HCXOAHOM OYHILIaEMOM BellecTse npu-
MECH, IOCTyNaledl H3 CTEHOK KOHTeHHepa,

x =T (1R, )

Ananns ypaeHennit (39), (41) moxassiBaer, uTO Ipele/bHaA
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Puc. 21. Xon sarpsasuenus HCl .
MarigeM IIpH XDaHeHHH B pas- "
suunoit nocyne (naunse JI. C. Ba- 1 o
cunesckoit, B. II. MypaBeHko,
A. H. Kongpamuna):
1 — crekno: 2 — kBapu; 3 —
nosmatHneH; 4 — droponsiact 75 - % d

KOHIEHTpAIHsl NpHMECH Ha JIO00M y4acTKe CJHTKa, OUMIIEH-
HOr'O 30HHOH M HamnpaBJeHHOH KpuCTa/usanued, Oyper omn-
penenaTbCs CKOPOCThIO MOCTYIVIEHHS NMPHMECH H3 CTEHOK KOH-
Telinepa. YpaBHeHus (40), (42) cBugeTesNBCTBYIOT, YTO YBe-
JIMUEHHe YHC/Ia TPOXOAOB 30HHI MPH paboTe B 0OGNACTH. KOH-
LeHTpauui, KOrZa onpejesioniM GyLeT 3arpsi3HeHNe OuHIiae-
MOro BellecTBa KOHTeHHepoM, 0ecrnosie3HO H MOXKET IPUBECTH
JIMIIb K YBETHYEHHIO COAEpKAHHSA NpHUMeceil.

3arpssHeHHe MaTepHaNOM annapaTypel CJAeLyeT YYUTHIBATh
He TOJIbKO Ha CTafMM OYHCTKH, HO U NPH BHIGOPE YCJIOBHH Xpa-
HeHMS] H MCIIOJb30BaHHS OYHINEHHOro BeuiecTBa. Ha puc. 21
NpHUBENEH XOJ 3arps3HEHHs 0co60 YHCTOH COMSHOM KHCJIOTHI
MarHieM NpH XpaHeHHH ee B pasjuyHoi nocyae. M3 pucynka
BUIHO, YTO CTEKJIO COBEPUIEHHO He MPHIOTHO K HCIIO/JIbh30Ba-
HHI0 B pabore ¢ 0CO00 YMCTOH COJAHOH KMCJOTOH, a KBapIt
H (TopomIacT OGHAPYXKHBAIOT OrpaHHYEHHYIO. MPHI'OLHOCTD.

Bce BrileckazaHHoe O3HauaeT, yTo npobsaema r1yGokoi
OUHCTKH BeIECTB IPELbsB/SET COBEPIIEHHO HOBHIE Tpe6GoBa-
HHsI K CYIIECTBYIOLIMM KOHCTDYKLUHOHHBIM Marepuanam. Cie-
JIyeT OTMETHTb, YTO O CKOPOCTSIX MNOCTYIJIEHHA HpUMeceil u3
pas/IMYHBIX MaTepHaJoB B pa3/HYHbIE OUHMIaeMble BeecTBa
CYLIECTBYIOT JIMIIb €IHHHuHble jAaHHBe. Mmelomuecs kK Ha-
CTOSIIIIEMY BPEMEHH CBEJleHHsI O KOPPO3HOHHOH CTOHKOCTH Ma-
TepHasioB He IO3BOJSIOT OCYLIECTBHTb HAJEXKHBIH anpHOPHBHIH
BBIGOp /ISl MCIIOJb30BAHUS HX B KauyeCTBEe KOHCTPYKIHOHHBIX
B amnmapartype JJjsi IJTyO0KOH OYHCTKH BelecTs. 1o 00YyCJOB-
JIEHO TEM, 4TO 10 IIOCJENHero BPEMEHH KOpPO3HOHHAs CTOH-
KOCTh MaTepHaloB K BO3ACHCTBHIO BEIECTB paccMaTpHUBasach
JUWb C TOYKY 3PEHHS] COXPAHEHHs MAaTePUaNoM 3aJaHHBIX
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MEXaHHYECKHUX CBOHCTB, B IIEPBYIO O4€pelb ero NPOYHOCTHBIX
XapaKTepUCTHK.

B ocHOBY uMelolluxcsl KjaaccudHKaluui MaTepuajoB MO HX
KOpPO3HOHHOI CTOHKOCTH MOJIOXKEHA MOoTepsi Beca C OXHOTO
KBaJ[PaTHOTO METPa NOBEPXHOCTH Marepuana B uac. «Croku-
MH» HJIH «COBEpLIEHHO CTOHKHMH» CUMTAIOT MaTepHasbl, MOTe-
psi Beca KOTOPHIX NpPH BhIIEPKKE HX B JAHHOM BEIIECTBE He
npesbiaer 0,1 r/m%-u. OnHako okasanoch, YTO ammaparypa
U3 MaTepHajoB, OTHECEHHBIX COIVIACHO 3TOH KJ/acCHObHKaUHH
K KJacCy «BecbMa CTOMKHX» HJIH «COBEPIUIEHHO CTOHKHX», 00e-
CIIeYMBAET IIOJyYeHHEe BEIIECTBA C COJepkKaHHEeM IpuMecei
Ha yposre juib 10~6—10-7%. D10 03HaUaeT, yTo CrenuaNu-
CTaM II0 TOJYYEHHIO BeleCTB 0COOOH YHCTOTHI NPEACTOMT Or-
pomHasi paGoTa MO OMNPENEJEHHIO NPUTOAHOCTH MaTepPHaloB K
HCIIONIb30BAHMIO HX B anmapatype Ajs IVyGOKOH OYHCTKH.
B o6macTu HH3KMX KOHLEHTpalUi CKOPOCTh MOCTYIVIEHHS NPH-
Mecell M3 MaTepuasa annaparypbl CTAHOBHEICS TaKoH ke ¢yH-
JlaMeHTaJIbHON BeNHUYHHOH, KakK M KoahduIueHT pacmpenese-
HUA.

3arpsisHsiioliee JeHCTBHEe MaTepHaja annaparypsl $BJIS-
eTcsl JIOCTATOYHO CEePbe3HEIM, HO [IPEOJOIHMBIM IIPEensITCTBHEM
IpH TIONYYEeHHH BellecTB ocoboH 4uCTOTHl. B HacTosmiee Bpe-
Msi H3BECTHO HECKOJIbKO NyTeH pelleHHs 3TOH IPOoOJIEeMBI.

[epBEIil M3 HHUX CBOOMTCS K 3HAYHTENbHOMY YMEHBIIEHHIO
3arpsisHAIONIEro JNeHCTBHS amnmaparypel IyTeM BeiGopa G6o-
Jiee HU3KOTeMIlepaTypHOro Mmeroga Iiy6oko# ouucTku. [lpu
TakoM nojxojge u3 (a3oBHIX METOLOB pasfefieHus cMmecefl Ha-
HboJsiee MEPCHEKTHBHBIMU SIBJAIOTCA KPUCTAMIH3aAHOHHEE Me-
TOJBI, TIOCKOJIBKY TeMmIlepaTypa IJaBJeHHsl BCerja 3HauuTe/lb-
HO HHXKE TeMmIiepaTypbl KuIeHHs. DpPeKTUBHOCTb TAKOTO pe-
mieHusi npoGieMbl 3arpsA3HAIOLIEro JeHCTBUA MaTephasna ar-
napaTypbl MOXHO IIPOC/JEAUTb Ha HpuMepe IyGOKOH OYuCT-
Ku cepbl. Cepa, OuHlIleHHas OT IpUMecell OPraHHYeCKHX BEIEeCTB
BhicoKoTemmepaTypHeiM (1o 1000°C) TepMHYECKHM METOHOM,
comepxut ~1-107'—10-2% xpemuns. ITocie oumcTku ee
meronoM pektuukanuu (pabodas Temmeparypa 445°C) co-
JepxaHne KpeMHHSI ocraeTcss Ha ypoBHe 1—5-10—3%. 3omu-
Hasl e KPUCTa/IH3alus, OCyLIecTB/seMast NIPH TeMIepaType
miasieHusi cepnl (119,3°C) mnosBosfer HOMYyYHTb HPOAYKT,
KOHLEHTpalusa KpemMHUs B KOTOpoMm Huxke 4-10—6%.

He menee ycrnemen Apyroit nyth GopbOBI C annaparypHLIME
3arpsi3HEHHSIMH, 3aKJ/ovaloluicsad B CO3JaHHH M HCIOJIb30-
BaHUM HOBHIX, 6ojiee CTOHKHX K BO3JEHCTBHIO OYMIIAEMOrO
BelecTBa MarepuanoB. [IokasareJbHbIM NpHMEpOM B 3TOM OT-
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Ta6auna 5
Conepxanue mpuMeceii B 0c060 yucTOM (TOPHCTOM BOAOPOAE

TIpumech Copepxanue, % TIpumecn Coaepxanune, %
Al 1.10—¢ Cu 1.10—7
B 1.10—7 As 1.10—7
Fe 1.10—¢ Ni 1.10-7
Ca 1.10—6 Pb 5-10—7
Mg 1.10—6 Ag 1.10—7
Mn 5.10—7

HOLIEHHH MOMKET CJAYXKHUTb HCIOJAb30BaHMe ¢Topomsiacra B
TEXHOJNOTHH INOJdy4YeHHs ¢ropa ¥ 0c000 UHUCTOH IJIaBHKOBOH
KUCJIOTHL.  Be3:xkanocTHO KOpponupylouye MoYTH BCe H3BECT-
Hble KOHCTPYKIMOHHble MaTepHaJbl 3JeMeHTapHBH ¢Top
GTOpHCTHI BOJOPOA OKa3ajJHCh OeCCHJIbHBIMH Iepel ¢Topo-
IUIaCTOM — TIOJIMMEPHEIM MaTtepHajoM Ha OCHoBe TeTpadrop-
stuieHa. Ta6n. 5 XapakTepusyeT pe3ysbTaTbl OUMCTKH (TO-
pucTOro BoJOpoZa peKTHhHKaUHeH BO (TOPOMIACTOBHIX KO-
gounax (B. . Crenun u zp.).

IloTpeGHOCTH TEXHONOTHH [JTYOOKOH OUMCTKH BeIEeCTB
CTHMYJIHPOBA/IH CO3JlaHHE IPOU3BOACTB OCOGO YHCTHIX BHICO-
KOTeMIepaTypHBIX MaTepHasjoB, TaKHX, KaK JBYOKHCb KpeM-
HHS (KBapIeBOe CTEKJO), HUTPUABl Gopa # KPeMHHS H T. A.

KappuHa/bHBIM, HO HE BCETJa BO3MOXKHBEIM pellleHHEM BO-
npoca O 3arps3HsIoIeM JeHCTBHH annaparypsl sBAseTCs mpo-
BeJieHne IVTYOOKOH O4YHCTKH Ge3 KOHTAaKTa OYMIIAeMOro Be-
IeCTBa CO CTeHKaMM anmapata. IlpumepoM peanusanuu Ta-
KOro mporecca MOXKeT CJYXHTb YyNOMHHABLIMHCS Bhie Ge-
CKOHTEHHEepHbI!l BapHaHT 30HHOH nuaBkH. IIpakTuueckoe ocy-
IECTBJIEHHE 3TOrO METOZA CBSI3aHO C IIPEOJI0NIEHHEM 3HAUHTEIb-
HBIX TEXHHUECKHX TPYAHOCTell, TaKuX, KaK CO3JaHHE BHICO-
KOro H CBepXBBICOKOT'O BaKyyMa, OGeCKOHTaKTHOTO HarpeBa
ouymaeMoro BemecTBa. PeaysbraTel OYHCTKH —OecKOHTeiHep-
HOM 30HHOH KpHCTa/su3aluedl repMaHus, KpeMHHA, pAAa TY-
romJIaBKHX MeTaslJIoB IOKAa3bIBAIOT, YTO NMPH HajjIexaleil tex-
HHKe JKCIepHMeHTa MOryT ObiThb perieHbl, Kasajochb Owl, 6e3-
HajexXHble 3anaud. [IpuMepoM MOMKeT CHYXKHTb IOJYyYeHHE
yKa3aHHBIM METONOM KpPEMHHs C CofiepxaHHeM OOJbLIMHCTBA
npumeceit Ha ypoBue 10~6—10-%%. 3HauumocTb 3TOrO pe-
3yJIbTaTa CTAHOBUTCS MNOHATHOH, €CJIH YUeCTb, 4TO CKOPOCThb
pacTBOpeHHs CTEHOK KBaplLeBOTO THIVIA B paclaBe 3JjeMeH-
TapHOTO KpemHHusi cocTaBiser 4—9-10=7 r/em®-c,
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7. METO/Ibl MONYYEHUA OCOBO YMCTBIX
METAJINOB U NONYNPOBOAHMUKOBbLIX
3NIEMEHTOB M3 UX JNIETYYMX COEAMHEHUHA

a) MU3MKO-XMMHYECKME OCHOBbI NONYyYeHUs OcOBO uUCTHLIX
3NIEMEHTOB M3 MUX NeTyUuX COoefMHEeHMUH

Bce wu3nokeHHbIe Bbllle crnocoObl 60pbObl € ammapa-
TYpHBIMH 3arpsI3HEHHSIMH NpeanosaraloT Jubo 3aMeHy Me-
TOla IJ1YyOOKOM OUMCTKH, JIHOO €ro TeXHONOrHYecKoe yCOBep-
meHcTBoBaHHe. OuniiaeMoe BELIECTBO IPHU 3TOM OCTAeTCs He-
H3MeHeHHbIM N0 CBoefi xumuueckoil dopme. Ilpaktuka mosy-
ueHHs1 0060 YHCTBIX TYTOMJIAaBKHX 3/JIEMEHTOB MOKas3asa, uTo
npobseMa 3arpsisHsiomero AeHCTBHA MaTepHana anmnaparypsl
MOXKeT ObITb VCIEIIHO pellleHa NPH H3MEHEHUH XHMHUECKOo#H
tdopmbl  ounuiaemoro BemecTBa. OBGBIYHO OCYLIECTBJISIOT 06-
paTHMoOe H3MEHEHHe XHMHYecKoH (opMBI HCXOIHOTO 3JIEeMEH-
Ta, NepeBoJisi €ro B COeAHHEHUS, yN0OHBIE /s ITYGOKOH O4H-
crku. HauGosiee mpocra 1o CBOEMY OCYILIECTBJIEHHIO OYHCTKA
BEIECTB C BaH-Iep-BaaJlbCOBCKHM XapaKTepOM MeEXKMOJIEKY-
JISIPHOTO B3auMOZEHCTBHSA. Temmneparypbl NUIaBJE€HHS H KH-
TNIeHUS] UX BCerja 3HAYMUTe/JbHO HHKe, YeM y MeTaJsJIoB WJH I10-
JIYIIPOBOAHHKOBEIX 3JeMeHTOB (Tabs. 6).

Ta6nuuna 6
TemnepaTyps! KUNEHHUS U IIABJIEHHS HEKOTOPHIX SIEMEHTOB M UX COENMHEHH it

Beme-

oae’| Ge | GeH, | Gecl, | si | siH, | sicl, | Ti|TiCL,| Te |H,Te| Tecl,

Tyum
™™ logs0]—s8,5| 85,8l2620(—111,8| 57,3[3170| 138/1012| —4 | 301
T 2
<& | 959|—165 |—49,6/1420|—185 |—68,81725|—23| 452 —51| 294

Cxema 1oJ1yyeHHs! 0c060 YHCTOTO 3/1eMEHTA BHITVISIAHUT IPH 3TOM
cenyomuM 06pasom:

CHHTE3 JeTyyero IayGokas OUMCTKA MoJyuYeH- Bripeacnue
coeuHeHUus —= HOrO CoeauHeHHs —=~| ocofo uucroro
aneMeHTa 3/1eMEHTa

Heo6xoauMeIM yCIOBHEM NpPHMEHEHHS TAKOH CXeMbl IOJyue-
HHsSl 0c060 YHCTOTO TYTOMJIABKOFO 3jieMeHTa GYHEeT CYILecTBO-
BaHHe y HETro JIErKoseTy4yero WK JIETKOIIaBKOr0 COeNHUHEeHHS,
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K nacrosuiemy BpeéMEHM mpu MOAYUeHHUM HHUCTHIX 3JEMEHTOB
yepe3 HX JIETY4He COeUHEHHs HCIONb3YeTcs HeCKOJbKO KJjac-
COB COEAMHEHHH: THAPHABI, TaJHibl, KAPOOHHJIBl H 3JE€MEHTO-
OpraHu4ecKue CoeiHHeHHs. B COOTBETCTBHH C 3THM CYILECT-
BYIOT THApHAHAs, rajufHas, KapGOHH/IbHAsf TeXHOJOTHH IIO-
JIYIEeHHS YHCTHIX 3jeMeHToB. Kaxnas u3 crafuil nmpuBefeHHoOM
BEILIE CXEMBI HMEET CBOe Ha3HaueHHe, 3aKOHOMEPHOCTH H 0CO-
GEHHOCTH.

Ha craguu cuHTe3a oOCYUIECTBJSAETCS HENOCPEACTBEHHHIH
(u1M yepe3 INPOMEXKYTOYHBIE CTYIEHH) NEpPEBOJ OYHIIAEMOro
sJieMeHTa B JieTyuee COeJMHEeHHe, B BHUAE KOTOPOTO Jierue Bee-
To pelaercs 3ajaya ri1y6okoil ouuctkH. CHHTE3 JeTydero coe-
JUHEHHS SIBASETC XHMHUECKHM IIPOLECCOM C Y4YacTHeM Kak
OCHOBHOTI'O BellleCTBa, TaK U IpUMeceil, U OT HEero CAeLYeT OXKH-
JlaTh ompeJe/eHHOro pasjenuresbHoro s¢dexra. KauectseH-
HBle U KOJIMUeCTBEHHbIE II0KAa3aTeIH OYHCTKH, JOCTHraeMoH
Ha CTaJuu CUHTe3a, MOTYT OHITb OLIEHEHHl aHAJOTHYHO TOMY,
KakK 3TO JleslaeTcsd B XHMHYECKUX METOoJax pasjiesleHusl cMeced.
OzHako, Kak i BO BceX XHMHYECKHX METOlaX pasjiesieHusi, IpH
CHHTe3e MOXKHO OXHJAThb U 3arpsi3HEHHsl CHHTE3UPYyeMoro coe-
JVHEeHHs peareHTaMH, yYacTBYIOUMMH B peakuuu. B mnpuse-
JEHHOM paHee NpUMEpe OYHUCTKH YETHIPEXXJOPHCTOro repma-
HHSI MIMEHHO TaKOBO IIPOMCXOXKJEHHE XJOPOpPraHHYeCKUX IIpH-
Meceti,

Ha cragum riyGokoli OYMCTKH peliaercs 3afada yAajeHHA
H3 IOJIyYeHHOIo JIETKOJIETYYero COeAHHEHHs NpHMeceH, HMeB-
HIHXCA B HCXORHOM IIPOAYKTE M BHOBb IIOSIBHBLIMXCH MOCJE
CHHTe3a.

3akJI0UHTETbHOH CTafuell fBJAseTCH BBHAETEHHE H3 OYH-
IIEHHOT'O JIETYYero COeAUHEHHA 0CO00 YHCTOro 3/eMeHTa Kak

AHaau3 RaHHBIX MO TepMoAHHAMUYECKuli aHalus
JeTy4ecTH CoefHHeHHH npoilecca BbljelieHHs] 3JeMeHTa
aJieMeHTa M3 JeTYYHX coefMHeHHH
| | |
4 { {
MpexsapuTeib- BbiGop coepuHe- BuiGop coepHeHHH, MHHUMAJIbHO|
mﬂﬁanupﬁop Te- HH#, BbIjeasio- 3arpA3HAIHUX 3JeMeHT NPOAYK-
TyuuxX coefuHeHuf|—|UIHX JEMEHT NpPH (—->| TAMH PEAKUHH BLIACIEHHS HIH
oleMeHTa HEBbICOKOH 3arpAASHAIOUAX JerKoyAa IMMbIMH
Temnepatype BeleCTBAMH

|
4

OueHKa XHMHYECKOH akKTHBHOCTH
“ Buibop coefnHeHHs, RAWOLEro

JeTY4YHX NPOAYKTOB peaKuuu
nbmengﬂnu sleMeHTa —-| HHepTHbIE MPOAYKTHI PeaKlHH
W3 CoeAHHEHHS BhIjeNIEHHA 2JeMeHTa

55



Vil | viil

N N\
SifIICPRN SINC RN A
4

T +H

T VEHECHH Mn||[EFef I ECO=EN

H
il 1l

7FF\\ Ra |Ac |(Ku)

00| “ErES NETYUHE FUAPUAL) Mmmm weres MOC
DN  Fhoovix acnecra™ B s nervine rannay

KAPEUAL METANNQB HE BOCCTAHARNBAKTCA BOAQPOAOM

Puc. 22. Bo3MOKHOCTH MOJNYYeHHS UHCTBIX JIEMEHTOB Yepe3 HX JeTyuue
CcOefMHEHH S

1eseBoro nponykra. Oco60 YHCTHI 3/71€MEHT BhIAEIAETCS O0bIY-
HO B pe3y/ibTaTe peakuUUH TepMopaclaja HJIH BOAOPOLHOTO
BOCCTAHOBJIEHHS, T. €. 3aKJ/ouuTeJpHasds CTafus sBJseTcA
XUMHYECKHM IPOIECCOM CO BCEMH BBITEKAIOIMMH OTCIOfA IO-
C/IEICTBUSIMH. 3arps3Hsioulero AeHCTBHS annapatypsl IpH
3TOM HM3berarotr Ju6O TeM, YTO NMOAOUPAIOT JIETyuee COoeiuHe-
HMe, BhIIESIONIee 571eMeHT NPH HH3KHX TeMmmepatypax, Jubo
opraHusanpell 5TOro Ipolecca TakuM o0pa3oM, YTOGHI BhIAE-
JISIOIIMACS 5/eMEHT He KOHTAaKTHpOBAJ CO CTEHKAaMH annapa-
Typhl. IlocienHee TEXHMYECKH OCYLIECTBJsETCS Jierde, 4em
npouecc GeCKOHTEHHEDHOH OYHCTKHM caMoro sjeMeHTa. Bribo-
Py TOH MM HMHOH TEXHOJOTHH IOJY4YEHHs 3JeMEeHTa uepes
€ro JieTyyde COefMHEHHs IpelIecTBYeT AeTaslbHBI aHaJu3
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BCeX CTaguii mpoluecca C yyacTHeM IIOTEHIHaJbHO NPHIOL-
HBIX COEIMHEHHH maHHOro 3jeMeHTa. IlpuMepHasi cxema Ta-
KOro aHa/l{3a NpeicTaBleHa Ha CTp. 55.

[TonoGHoe paccMoTpeHHE NO3BOJISIET NPOBECTH ANPHOPHYIO
OlLIEHKY BO3MOXHOCTEH  METOJOB  IIOJYYEHHs  YHCTBIX
5/7IeMEHTOB uepe3 WX JIeTyune coefuHeHus, Takof aHaau3 xo-
IOYCKaeT K 3KCIEpHMEHTaJbHOH IpOBEpKe JHIIb OJHO — JBa
COefHHEHHS] W3 HECKONbKHX IMOTEHIHANbHO NPHUI'ONHEIX JIETY-
YHX COeJHHEHHH OIXHOro M TOro e 3jemeHta. Ha puc. 22
NpeNCTaB/IeHbl Pe3yJbTaThl aHa/lH3a BO3MOXKHOCTEHl IpHMeHe-
HHUSl Pa3/IHYHBIX KJ/IacCOB JIETyYHX COCNMHEHHH NpH INosyde-
HHH BCEX 3/IeMeHTOB mepropuueckoil Tabmuust . M. Menpe-
neeBa (mauuwte I'. I, HeBsatwix, A.C. IOmmuna). [IBaguathb
IIECTb 3JIEMEHTOB HENOCPEACTBEHHO MOTYT IOJBeprarbcs IiIy-
GOKO# O4MCTKe, HeGOJbIIYI0 4acThb 3JeMeHTOB (~11) moxkHO
MOJIyYUTh B 0CO60 UUCTOM COCTOSIHHM IO THIPHAHOH TEXHOJIO-
rud. [IBajuarh ceMb 3/€MEHTOB MOXKHO OUHLIATh IO TaJHIHOH
TEXHOJIOTUH, CBBIIIE MATHIECATH 3JEMEHTOB — uepe3 JeTy-
yhge MeTa/lsoopranyueckue coepuneHus. OnHaKoO H3 IOCTEA-
HHUX MATHAECATH YeThIpeX 3/JEMEHTOB OKOJO TPUALATH 3arpss-
HAIOTCA [pU TepMopacnaje JEeTYYHX MeTaJJIoOpraHHYeCKHX
Coe/IMHeHuH yrjepoioM B (opme KapOUAOB, NPAKTHYECKH He
BOCCTaHaB/IHBaEMBIX BOAOPOJOM.

6) MapupHbll mMeTop

B xauecTBe npmmepa pacCMOTPUM IIPOLECC MOJNYYEHHS
KPeMHHA OCOGOH YHCTOTHI.

Ipocrefiunit ruapun kpemuus SiH, — MoHOCHIaH — MO-
eT ObIThb IOJYYeH HECKOJbKHMH CIOCOGaMH, HamnpuMep, Mo

peaxiiiu:
Mg, Si+4 HCl—SiH ,+2 MgCl,
4 SiH(OC,Hj)s~SiH ;3 Si (OC,Hj5)

MoHocHIaH, TNOMy4YaeMBIi [0 NEpPBOH peaKLUHH, CONePIKHT
3HAYUTEJBHO MEHbIE YIJIEPOACOAEPKAMNX NpUMecel, ueM
MO peakluH JHCIPONOPHHOHHPOBAHUS TPHUITOKCHJIaHa. [lo-
JYYEHHBIH TMADHI KPEMHHS NPAaKTHYECKH CBOGONEH OT MpH-
Mecedl GO/BIIMHCTBA METAJJIOB, MOCKOJBKY JIETYYHe THAPHIB!
00pa3yIoT JIMLIb HEMHOTHE 3/JeMEHTHI: 6Op, YIJIEpON, KPEeMHHI,
repManuii, o080, ¢ocop, MBILUbLAK, CypbMa, CeleH, TeLIyp.
Cegexmsuocm CTajuH CHHTe3a B THJPHAHOM METOJE UPEe3BhI-
4aiHO BBICOKA.

HauGonee HexkenaTe/NbHBIMH HPHMECSMH K MOHOCHJIAHY
ABIAITCA Apyrue Jeryude ruapuael, Kak npexactaBuTenn
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OHOTO KJlacCa COEIHHEHHH OHHM HMeIoT O/IHM3KHEe (PH3HMKO-XH-
MHYECKHE CBOHCTBa, I103TOMY CONPOBOXKAAIOT MOHOCH/IAH MpH
€ro MoJy4eHHH, CPABHUTEIBHO IJIOXO OTARMSAIOTCS OT HEro NpH
OYHCTKE H TMOJHOCTBIO HJIM YaCTHYHO pasjaralorcsi BMeCTe ¢
HHM, 3arpsisHssl Beensiomuiicas kpemHud. OuuCTKa MOHO-
CHJIaHA OCYILECTB/SIETCS XHMHUECKHMH H (DH3HKO-XHMHYECKH-
MH MeToiamH. Hampuwmep, mpomnyckaHHe ero 4epes pacTBOp
METaJIJIHYeCKOr0 HaTpUSl B KHIKOM aMMHaKe CHHXKaeT couep-
*kaHue MHorux mnpumeceit 1o 10—€%. Boxma u3 moHocunaHa
yransieTcst afcopOUUOHHBIMM MeTojaMu. [loBoabHO TpyaHas
B npakruyeckoM ocyuecTBaeHuH (T, un=—111,8°C) pekru-
¢uKanus MOHOCHJIaHA I103BOJISIET MOJYYHTb NPOAYKT C CyM-
MapHbIM cofepxkaHueM Inpumecefi Ha ypoBHe ~10=3%%.
Boinenenne KpeMHHSI M3 OUYHILEHHOIO MOHOCH/IaHA IIpo-
HCXOAUT NPH TepMopacnaje MocjejHero Mo peakuuu

SiH ,~Si+2 H,

Ilpu pasnokeHHH NPOUCXOIMT JONONHMTENbHAs OYHCTKA 3a
CYeT TOro, 4To THAPHAE 60pa, 0/l10Ba, MBIIbAKA, CYPbMHI, Ce-
JieHa, TeJulypa passaraiorcsi npu Gojee HU3KHX, a THAPHAIBI
yriaepona, cepel — npH GoJjee BHICOKHX, HExelH MOHOCHJIaH,
Temneparypax. B mnpomecce pasijoxeHus Tuapunotpasywo-
e 3JeMeHTh OyAyT He NMOJHOCTBIO NePeXOoAuTb B BhINALAI0-
il KpeMHuH, ylnansifach BMECTe C BOLOPOAOM M3 30HHI peak-
uuu. Ilo runpunHoil TeXHOMOHH B 0CO0O YHCTOM COCTOSIHHH
MOTyT ObITb NOMYy4YeHbl JHWb JECHATb BhILIENEePEeUHCAEHHBIX
3/1eMeHTOB, oOpasymiowux Jeryuue ruiapuisl. CusibHO# cro-
POHOH THIPHIHOTO METOAA fBJAIOTCH UPe3BBIYAHHO BBHICOKas
CEJIEKTHBHOCTb CTAfMM CHHTe3a THADHAA U HEBBICOKHE TeM-
nepaTrypul BBEIIAC/IECHHST 3/71€eMEHTa, XUMHUYECKAasd HHEPTHOCTbL BHI-
Jensiomerocst MpH pasJoxkeHUH Bofopoja. Bee 3To obecre-
YHBaeT BeCbMa BbICOKy'EO CTC€II€Hb YHUCTOTHI 3/IEMEHTOB, IIOJY-
YyaeMblX THAPHIAHBIM METOAOM.

8) FanuaHblit MeTopg

CyIHOCTb Ta/HAHOIO METONA-MOXKHO MOSICHHTDL Ha NpuMepe
HosMyueHHust 0co60 YHCTOTO BHCMYTA.

Hcxopublil TeXHHYECKHA BHCMYT IEPEBOAAT B TPUXJIOPHI
HpsAMBEIM XJIOpHpOBaHUEM IIpH KOMHaTHOH Temmneparype. [lo-
CTHraeMasi IIpH 3TOM IVIyOMHA OYHCTKH BecbMa HeBeJIHKa, MO-
CKOJIbKY C XJIOPOM B3aUMOJEHCTBYeT mopasJsitoliee GOMBIIHH-
CTBO 3JIEMEHTOB M HX coefquHeHui. OcHOBHasi OYMCTKa TpeX-
XJIODHCTOTO BHCMYTa NPHBOAUTCSH METONOM pPeKTHPHKALUH,
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CpaBHHUTENBLHO JIETKO HOJYYaeTcsl MPOLYKT € COAeprKaHHEM
Haubosiee TPYAHOYIANIHMbIX HpuMmeceii He Oosee 2-10—5%.
BuifiesieHHE 37eMEHTapHOTO BHCMYTa JOCTHIAETCSI BOCCTAHOB-
JIEHHEM OYHIIEHHOro TpuxJjopuiaa Bogopoaom npu 800—900°C:

2 BiCl3+3 H,=2 Bi+6 HCl

Conep:xanue OGOJNBUIMHCTBA NpUMEcell, HMEBLIMXCA B HCXOJA-
HOM MeTasle, yhaeTcs, TakKuM o6pa3oM, MOHH3UTh H0 10— 5—
10—%% , (naunpie JI. A. Huccenbcona). TlonyueHHw#i mocie
BOZOPOJHOI'O BOCCTAHOBJIEHHS XJIODHAA BHCMYT MOXET, Of-
HaKo, cojepKarb aJCcopOHpOBAHHBIE M XMMHYECKH CBSi3aHHbBIE
KHCJIOPOJ, a30T, BOLOPOA, XJIOp, a Tak:Ke KpeMHu# jo 1 10—3—
10—*%. ITosiBneHue nociefHero oGyCJIOBJIEHO 3arpA3HSIOLHM
JleCTBHEM CTEHOK KBaplEBOH alnapatyphl.

B pagme cnyuydeB npu HCNONB30BaHUH TaJHAHOH TEXHOJIO-
THH oOcaxk[eHHe BbIIE/IAIOUErOCs MeTa/jsa NpoBOAAT He Ha
CTEeHKe KBapLeBOI'0 pPeakTopa, a Ha pacKaJeHHYI0 HHTh TOrO
e WM ewe GoJsiee TYroljiaBKoOro MeTajlia. AnnaparypHele 3a-
IpA3HEHUs TNPH 3TOM YMEHBINAIOTCS, HO B LIEJIOM TrajujHas
TEXHOJIOTHS yCTyNaeT TUAPHAHOH IO JOCTHraeMoll CTeneHu
YHCTOTHl II0JIyYaeMBIX 3JIEMEHTOB. IDTO 0oOycJaoBJIeHO GoJee
BBICOKHMH pafouMMH TeMmIlepaTypaMH IIpolecca BhIAENIEHHS
3/1eMeHTOB, GoJiblleH, ueM Y THAPHIOB, arpPEeCCHBHOCTBIO IaJiH-
JIOB H BBIIEJNAIOLIETOCA TPH BOCCTAHOBJEHHH TaJOHAOBOAOPO-

Aa.

r) MonyuyeHne uMCTBIX METANNOB uYepes MeTannoopraHvye-
CKMe cOoeAMHeHMs

Jleryune ruapuabl ¥ rajuabl H3BECTHHI /11 MHOTHX, HO He
IJI BCeX JIETYYHX JIEMEHTOB NEPHOIHYECKOH CHCTEMBI. ¥YCIEXH
XUMHH 3JIEMEHTOOPTAHUYECKHX COEIHHEHHH TNpPefoCTaBUIH B
pacnopsiKeHHe CIIELHANHCTOB 110 MOJIYUYEHHI0 YHCTHIX BEIEeCTB
HOBYIO TpYINYy COENHHEHHH, NOTEHUHAJSbHO MNepCleKTHBHEIX
LJISl TIONyYeHHs psja YUCTHIX 3JEMEHTOB. JIeTyuue 3jeMeHTo-
OpraHuyYecKHe COEIHHEHHS MOTYT GhITh CHHTE3HPOBAHBI Mpak-
THYECKH J/Isi BceX MeTa/ljioB. B KauecTBe mpumepa Takux coe-
JUHEHH! MOXHO mpuBectd TeTpadyrunonoBo — Sn(C,Hg), —
NpeACTaBUTEIb KJjacca anakujbHbIX coenuHeHu#, Sm(C;Hj;)s
TPULHKJ/IONEHTaTHEHUIH] CaMapusl.

[TonyyeHne MeTa/yIOB C HCNONB30OBAaHHEM METaJlJIOOpTa-
HHYECKHX, COEJUHEHHH MpPOTEKaeT IO TOi Ke CXeMe, YTo H B
THAPHIHOA H TaJHAHOH TeXHOJOruax. BejeneHue wmerasnia
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jocruraercs Tepmopacraiom OUHLIEHHOI'0 coeauHeHust, Ha-
TpHMep:
(C¢Hg) LCr—Cr+-2 CgH,

MaxkcumanbHass TeMmIlepaTrypa pacnaja — 3JeMeHTOoopraHHue-
CKHX coennHeHHH oObiuHO He mnpesbimaer 400°C. Iupokomy
HCII0/Ib30BAHUIO 3THX COEIHHEHUH /IS MOJyUYeHUs YHUCTHIX 3Jle-
MEHTOB TNpPENATCTBYeT TO OOGCTOATENbCTBO, UTO BEHIESIOLIHE-
csl MeTaJIbl BCErja cojepxarT 3HauuTeJbHbIE, HHOIZA 10 He-
CKOJNBKHX IPOLEHTOB, KOJHYECTBa Yyriepojga. Bo3aMOXKHOCTb
3arpsI3HEHUs] YIVIEPOJOM BBITEKAeT M3 CJEAYIOIMX ABYX 06-
CTOSITEJIbCTB:

1. B mpouecce pacnajza s1eME€HTOOPTaHUYECKHX COEIHHE-
HHH MOXET HMeTb MecTo o0pasoBaHHE OpPraHHYECKHX paiu-
KaJloOB WU AaKTHBHBIX aTOMOB YIJepoja.

2. Bouessiouyecss akTHBHBIE aTOMBI MeTaslla pearupyioT
C aKTHUBHBIM YIJIEpOLOM, 00pa3ys KapOHABHL.

HauBpiciiast creneHb YHCTOTBI METANJIOB IO YIVIEPOAY,
JOCTHPHYTasl NPH HUCNONb30OBAHHH 3/IEMEHTOOPTAHHYECKHX COe-
auHenuit, He Boiuue yeM 1072—10-2%. He myumme pesyib-
TaThl 10 YIVIEPOLY JOCTUTHYTHL U B KapOOHHJIBHOM MeToJe IIo-
JIY4eHHSI UYHCTBIX METa/UIOB, B KOTODOM OYHIIAEMEBIH MeTasl
nepesoguTc B KapOGOHMJ — COEAHHEHHE MeTa/lsla C OKHCBIO
yraepona. llanbHefiinee pa3BUTHE 5TOrO METOAA MOJYYEHHS
YHCTBIX METaJJIOB OyIET ONpefensThcs ycleXaMH B OCBOOOXK-
JeHHH BBIICJAIOLErOCS MeTaja oT YIJIepoAa,

8. NMEPCMEKTUBbI PA3BUTHUS METOLOB
MOJNYYEHMS BELLECTB OCOBOH YUCTOTDI

Kaxk mnoka3spiBaeT wucTOpusi, ABUKYIIEH CHUIOA pasBHTHA
METOIOB HOJyYeHHs BEewecTB 0co0oH YHCTOTBHI SIBH/IMCH IIOT-
pe6HOCTH (yHAAMEHTaJbHHIX OTpac/iell 4YeJI0BEeYecKOro 3Ha-
HUd — QU3HKH U XuMHH. Bce 3T0 ompenenmio mnojoxeHue
MEeTOJI0B NMOJYYeHUST YHCTBIX BEIIECTB KaK OJHOI'O U3 Pas3liesioB
TaKo NpHKJ/IaJHOH HayKH, KaK XuMu4eckas Textosnorus. Onua-
KO B HaCTosllIee BpeMsi COCTOSTHHE A€/ B 06/1aCTH 110J1y4eHHST YHC-
TBIX BEIIECTB TAKOBO, YTO MBI SIBJISIeMCS CBHAETE/sIMH CTaHOBJIe-
HUSl HOBOTO pasfiena HayKH — (DM3HKH M XHMHH BelIeCTB OCO-
6ot uucToThl. OnHOA U3 MPHUYMH BBHIEJEHHS 3HAHUH O UHCTHIX
BelIeCTBAaX B CaMOCTOSITEJbHYIO HAayKy C/efyeT CYHTaTb TO,
4TO COCTaB BellecTBa NpEACTaB/sdeT cofofl Takyio ke dyHza-
MEHTa/IbHYIO XapaKTepHCTHKY, KaK U €ro arperaTHoe COCTOSI-
HHe, Temmeparypa, jAaBiaeHue. Ceflyac HHKOro He YAMBJSET
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cyliecTBoBaHHe (DH3HKM TBEPAOrO Te1a MM KUAKocTeH, u-
3UKH BBICOKHX JaB/JeHMH WM XUMHH BBICOKHX TeMIEpartyp.
«HOBBIX Ba)KHEIX OTKPBHITHH MOXHO OXHJaTb B pe3yJ/brare
HCCJIEJIOBAHUH SIBJIEHUH IPHUPOJIBL B S3KCTPEMAVIbHBIX YCIOBHAX —
B YCJIOBUAX KpaiiHe HU3KHX HJIH KpaliHe BBICOKHX TeMmIeparyp,
BBICOYAHIIIMX MOTEHIHAJNOB, CBEPXBLICOKHX JaB/eHHui... Pa-
6oTa B 3KCTPEMAJIbHBIX YCJIOBHAX JAaeT BO3MOXKHOCTb OTKpBHI-
BaTb MNPUHLUHUNHANBHO HOBBEIE $IBJEHHS: CBEPXIPOBOAUMOCTD
M CBEpXTEKyuyecTb, OOpa3oBaHME 3JIEMEHTAPHBIX YacTHI, IPH
SHeprusix filep aroMoB, M3MEPAEMBIX MHJIHAPJAMH 3J1EKTPOH-
BOJIBT H T. I.» 1, BeliecTBo BHICOKOH CTENEHH YHCTOTHI, MpHG-
JINKAIOIEecs 110 CBOEMY COCTaBY K aGCOJIOTHO YHCTOMY Be-
IIECTBY, TaKKe IpeicTaBiseT co0oi ciaydall mpebbiBaHHs Be-
IECTBA B 3KCTPeMaJbHBIX ycaoBUAX. [lpeaplnymiuit onbiT
CBHJIETEILCTBYET O TOM, 4TO OOHAPYKEHHE MHOI'MX YHHKaJjb-
HBIX CBOHCTB BELIECTB GBbIIO CJEICTBHEM IOBBILIEHHS CTENEHH
UX unucTOTH. Harpajofi 3a ycuiusi, moTpaueHHEle Ha MHOJMyye-
HHE BellleCTBA B MAaKCHMaJIbHO YHCTOM COCTOSIHHH, OYyLyT NpH
9TOM HOBHIE CBOHACTBA U SIBJIEHHS, KOTOPEIE MOI'YyT OGHAPYXKHTb-
CA M COCTaBAT, HapSAY C METOJaMH MOJyYeHHs BEIIeCTB 0CO-
6off 4HCTOTHI, NpEIMET (PH3MKM H XHMHUH BellecTB 0co0oil uH-
crotel. CoOTHOIIEHHE MeXIy STOH 3apoxKjalolieiics HayKoH
H MeTofaMH IoJy4eHHS BellecTB 0CO60H YHCTOTHI, BEPOSTHO,
OyleT Takoe )e, KaK MeXIy XHMHeHd W XUMHUYeCKOH TEeXHOJIO-
ruefl, BrimeunsnoxeHnHoe oTpaxaer TOT ¢akT, 4TO B IoJyde-
HHH BelmecTB OCOOOH YHMCTOTHI HACTYNWJ HOBBIE NMEPHOA, OT-
JUYUTENbHEIM IPH3HAKOM KOTOPOTO sIBJsieTCS IIOBHILIEHHE
OOLIEH CTENeHH YHCTOTHI BEIIECTBa, a HE TOJBKO €ro WHCTOTHI
Ho JuUMHTHpPYeMBIM npuMmecsiM. CrenyeTr oxuuath, 4to B GJH-
Kafimme 15—20 sier GyfieT moaydeH psil BelecTB, B NEPBYIO
oyepelb METa/IJIOB U MOJYHPOBOLHHKOB, C CyMMAapHBIM COnep-
KaHueM mnpuMmecedl Ha ypoBHe 10-7—10-8% wu jumuTHpye-
MBIX npuMmecelf Ha ypoBHe 0~1'—10-12%, T, e. Ha 4—5 mno-
pPALKOB GoJiee YHCTHIX, YeM IMoJydaemble B HACTOsIiee Bpems.
D10 noTpebyeT YETKOro aHa/lH3a BO3MOXKHOCTEH pa3/IMUHbBIX
MEeTOJ0B TI'/yOOKOH OWYHMCTKM M pACUIHPEHHsI 3THX BO3MOXK-
HocTed.

B yactHocTH, B 06/JIACTH JHCTH/LISIIHOHHBIX METOJAOB IIO-
Jyyar JajibHefilllee pa3BHTHe PEKTU(PHKAUMA H MOJNEKYJspHad
JUCTH/LIALNA (IMCTH/NSALMSA B IMyGOKOM Bakyyme). Marepuai
IJIST M3TOTOBJIEHHSl aNNaparypbl M DPEXHMbl OYHMCTKH OyIyT

1 M. B. K enau . CoBerckass HayKa W CTPOHTEJIbCTBO KOMMYHH3-
Ma.— «Bectuuk AH CCCP», 1961, Ne 7, c.22,
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BLI6UPATLCST HAa HAYUHOH OCHOBE, a He SMIMPHYECKHM MyTeM,
Kak 3TO JlesaeTcsl B Hacrosiuee Bpemsi. Haiiner pewenne 3a-
Jlaua 0CBOGOKAEHHS OYUIIAEMbIX BEIIECTB OT NbIIEBHIHEIX BKJO-
ueHHH, pa3Mepbl KOTOPhLIX JiexaT B Npefesnax OT AeCAThIX JO-
Jied 0 HeCKOJBbKHX JEeCATKOB MHKPOH. DTH YacTHLEH JETKo
HepeHocATCd MOTOKOM Mapa [O KOJOHHE M MoNajailT B IIpo-
JIYKT. AHajloruyHoe mo cBoemy JAEHCTBHIO sBIeHHe GpBLITOy-
HOca 3aKJo4aeTcsl B NepeHoce mpuMecedl M3 Ky6a KOJNOHHHI B
OPOLYKT B COCTaBe OpPBI3r U TaKXKe TpeGyeT CBOETO pPEIIEeHHA.
B cBs3u ¢ yBeniueHneM o6LIEro 4Hc/Ja KOHTPOIHPYEMBIX IPH-
Mecell SKCIepHMeHTalbHOe onpefeneHue Kosdduuuesra pac-
npeneneHusl NMPHUMECH MEXAY JKHIAKOCTbIO U DABHOBECHBIM C
Hefl napoM OyIeT 3aMeHeHO BBIYHUCJAECHHEM €r'0 U3 CBOHCTB KOM-
noHeHtoB. Ha craguu AOOYHCTKH MHOJYYHT paclHpocTpaHeHHe
JUCTU/JIAALLMS BeLIECTBA B CBepXIVyOOKOM BakyyMme BO B3Be-
IGHHOM COCTOSTHUH B MarHHTHOM IoJ€, KOTAa OuHIlaeMoe Be-
IIECTBO He COMpPHKAcaeTcsi CO CTeHKaMH amnmapara.

AnasnornyHeiM o6pasoM GyAeT MATH pa3BHTHE KPHCTaJIH-
3allUOHHBIX METONOB TIy6OKOH ouHCTKH. IllMpokoe pacmpo-
CTpaHEHHEe IOJYYHT MEeTOA OecKOHTEeHHepHOH 30HHOH KpHCTaJl-
JIM3alUN B atMocdepe HHEPTHOrO ra3a M CBepxIy6okoM Ba-
Kyyme (10~2—10-12 topp). Bynyr paspaGoraHbl npOMBbILILIEH-
Hble KOHCTPYKIHUH KPHCTANIH3aLHOHHHIX KOJOHH C YYETOM
3arpsAsHAIOLLero AeHCTBUA MaTepHaja annapaTrypsl, a Ha cMme-
HY 3KCIepHMEHTaJbHOMY ONpeleJeHHo Ko3pduiuHeHTa pac-
npefeneHnss NpUIeT €ro BHIYHC/ICHHE.

Mertonpl riy6oKoll OYHCTKH, HCHO/NB3yeMble B HACTosllee
BpeMs B BHJE OLHOCTYIEHUATHIX IIPOLECCOB, OYAYT peanuso-
BaHbl B BHJE MHOTOCTYNEHYaThIX BapHAHTOB.

Ha pasButue MeTomoB I'yOOKOH OYMCTKH OKaXyT BJHS-
HHe yCIieXH XHMHH B CO3JJaHMH HOBBIX MaTepHAa/IOB. DTO OT-
HOCHTCH, B YaCTHOCTH, K MeTo/laM pasfesIeHHs] CMecel, HCIoMb-
syiomuM  Auddysuio uyepes MNONYNpOHHIAeMble MEeMODPAaHHI.
B Hacrosiiee Bpems 3TOT METOX NMPUMEHSIETCH TOJIBKO IJIsl OYH-
CTKH BOZopofa nyrteM ero Auddysuu yepes naajajguil U L1
OYHCTKH BOJHI OT cosefi. B cBsi3n ¢ Tem yTO XHMHA mpex-
JOXKHIA PsJ MarepuasoB, 0OONajaiolMX BLICOKOH CEJIEKTHB-
HOCTBIO 10 OTHOILEHHIO K NPOHUIIAeMOCTH OT/IE/bHBEIX BELIECTB,
clefyet OXuAaTh OBICTPOTO Pa3BUTHA 3TOrO MeTOJa.

Ilpu nmonydyeHuu 3/1eMeHTOB OcOGOH UYMCTOTHI uepe3 HX Jie-
Ty4He COeNUHEHHS MOXHO OXHIATb pACILUHPEHHs] ITOr0 Me-
TOJa Ha 3HayMTE/IbHOE 4YHCJIO 3/1E€MEHTOB.

M3noxeHHble 31eCh NEPCNEKTHBLl PasBHUTHS METONOB IVIY-
GOKOH OYMCTKH BelIeCTB B ONpeNeeHHOH CTeleHH NpeicTaB-
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JsI0T coGoii IKCTPamoJIALMI0 TEHAEHIMH M 3aKOHOMepHOCTeH
U3 NpeIplAyllero pa3BuUTHS. Takoil NyTb Pa3BUTHSA fBJSAETCH
SBOJIIOIMOHHBIM M TpeAnosaraetT IVIaBHEIM 00pa3oM TeXHH-
YECKOE YCOBEpIIEHCTBOBAHHE H3BECTHBIX METONOB pasfe/eHHs
cmeceit. CkaukooOpasHBI NYTh Pa3BHTHA HAYKH MpeamnoJa-
raer cosjaHHe HOBHIX, paHee He H3BECTHBIX METONOB Iy0o-
KO ouMCTKH BemecTB. Hamm Hajgexael Ha BO3HHKHOBEHHE
HOBBLIX METOJOB OCHOBAaHEI Ha TOM, YTO HCIIOJb30BAaHLI HE BCe
SIBJICHHSI, COMPOBOXKAAIOIINECS pasfeNHTeNbHBIM  3hdeKToM.

BumecTe ¢ TeM MOXKHO 10Jararh, YTO CHHXKEHHE CyMMapHOIro
conepxkanusi mpumeceit 10 ypoBHs 10-7"—10-2% u Huxe Gy-
JleT HaTaJKMBATbCsl Ha TPYNHOCTH, O KOTOPBIX MBI B HacTofl-
iee Bpemsl JaxKe He Mojo3peBaeM. JTO, OJHAKO, He JOJIKHO
BBeprarb HaC B IIECCHMH3M MO CIE€YIOIHM COOGpaXKeHUsIM.
Bo-nepBrix, mosnyuyeHHe BEMIECTB OCOOOH YHMCTOTHI HHKOIZAA
He GbLIO JIErKHM 3aHATHEM H BCErJa TpeGoBasIO peIleHHs CJI0XK-
HefllIMX 1/ CBOEro BpeMeHH 3ajau. Jlymaercs, uro ycaoxHe-
HHe mnpobseM OyJeT B 3HAYMTENbHOH CTENEHH KOMIEHCHPO-
BaTbCsl HaGJIONAIOMUMCA HENpEephIBHEIM POCTOM HAIHX TeX-
HUYECKHX BO3MOXKHOCTeH. BTOpHIM 060apsiomuM 06GCTOATEND-
CTBOM IIPH NONYyYEHHH YHCTHIX BEILECTB §IBJSIETCS TO, UYTO XO-
T NPHUPOJA M He NPENOCTaBHJa YeJOBEKY YHCTBIX BeLIeCTB,
3a60TJIMBO NepeMelllaB aTOMBI 3JEMEHTOB, OfHAKO OHa e Ha-
Jenuaa moJyueHHBle CMeCH CBOHCTBaMH, JAIOLIMMH BO3MOX-
HOCTb UX pa3je/fTb. Bech mpenbiAyiuil ONBIT MONTy4YeHUs: Be-
IIeCTB 0coOOM YHCTOTHL MOKAa3bIBAET, YTO IIPENOCTaBJ/EHHbIE
NPHPONOH BO3MOKHOCTH OBUIM HCIIONB30BAaHH JOCTaTOYHO
YCHELIHO.

9. 3AKNOYEHHUE

Bce 70, 0 uem roOBOPHJIOCH BHIILE, MPEICTABASET coGoir
KPaTKO® MW3JI0XKeHHe CYILIHOCTH HECKONbKHX HauGosee pac-
NPOCTpaHEHHBIX METOJOB IJYOOKOH OYHCTKH BemectB. Har
BBEIGOP OCTaHOBHJICS HMEHHO Ha 3THX MeTOAaX IO TOH NMpHUuHe,
YTO 3TO AEHCTBHTE/NBHO Haubosee pacrpoCTpPaHEHHBIE METObI
rJ1y 60K o i 04HCTKH BelecTB. C HCIIOIb30BaHHEM HMEHHO 3THX
MeTO/0B OblIM MOJTy4eHH HanGoJlee YHCThE BEllecTBa, YTO CBH-
NETeIbCTBYET O HX BBICOKOH 3((PEKTHBHOCTH M, OYEBHIHO,
NEePCNEeKTHBHOCTH TPH IIOJYYeHHH BEILECTB 60Jiee BBRICOKOLH
CTENEHH YHMCTOTHI, YeM JOCTUTHYTafl K HACTOSIEMY BPEMEHH.
TlonpoGHoe paccMoTpenne OfHHX METONOB H IPOCTOE nepeyun-
GICHHE Ipyrux HE ABMSACTCS CBULETENBCTBOM HH3KOH 3(ek-
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THBHOCTH HJIM TIOJHOH OecrnepcHeKTHBHOCTH mocaenHux. IIpu
BBHIICHEHHHM IEHHOCTH TeX WJIH HHBIX METONOB pasjefeHHs
cMecell Tpu TITyOOKOH OUHCTKE BeUIOCTB CJeLyeT IIOMHHTb,
4TO KaxKABIH METOX OJHOBPEMEHHO M YyHHBepcajeH, H orpa-
HHMYEH. YHHBEpPCAJbHOCTb 3aK/MIOYaeTC B TOM, YTO MOMKHO
Jo6utbcsl omnpeneneHHoro 3pdekra NPH OUUCTKE TOIO HJIH
HHOTO BEINECTBA M3 MHOMKECTBA HM3BECTHEIX, NMPHMEHSAS IOUYTH
ool MeTop pasjeneHus cmecell. OrpaHHYeHHOCTb XKe CO-
CTOMT B KOHEUHOCTH IpefesbHOH TIJYOHMHBI OYHMCTKH, HOCTH-
raemo¥l JaHHBIM MeTonoM. [ yGoKas ouuMCTKa BellecTBa Hpen-
craBjisier coGofi 3ajauy Ha OTBICKaHHE ONTHMYyMa, pelleHue
KOTOpOH, KaK IOKa3blBaeT OIBIT, BO3MOXKHO TO/JbKO IPH HC-
HOJIb30BAHHH KOMOMHALIMM HECKONBbKHX METONOB pasjieseHus
cMecH. B HacTosiiee BpeMsi MOXKHO CMEJIO YTBEpKAATh, 4TO
HosyyeHue oco00 YHCTOrO BelIecTBa He MOXKET ORIThb OCYLIEeCTB-
JIEHO TPUMEHEHHEM JIHIIb OJHOrO MeToja TJyGOKOH OYHCTKH,
KakuM Obl 3()peKTHBHBIM OH HH Obl1. PazobpaHHble HaMH Me-
TOIbl B HM3BECTHOH Mepe SBJISIOTCSA THIIMYECKUMH., 3Hasf Cyll-
HOCTb JHCTH/ISIUMOHHBIX METOJOB  pasjefeHus CMeced H
KpPHUCTa/NIH3alid U3 PacIiiaBa, MOXKHO HOCTATOYHO YBEPEHHO
pasobpaTbCsl B TNPHHUHMIAX OYMCTKH BeILIECTB KPHCTaJ/IH3a-
nuel M3 pacTBopa, SKCTpakuueH, cybmumauueit. Ilpu BHH-
MaTeJbHOM pacCMOTPEHHHM MOXHO TaKiKe HaiTH aHaJOTHIO
MeXIY XMMHYECKHMH U 3/1eKTPOXHMHUECKHMH METOJaMH OYH-
crku. [as Gosee 0GCTOATENBHOrO 3HAKOMCTBA C METORAMH
HOJTyYeHHsT BeleCTB OCOOOH YHCTOTHI PEKOMEHIyeM YUTaTesIio
obpaTutbcsl K JuTepaType, yKa3aHHOH HHXKE.

Tpuropuii Fpuropbeswu JHAEBATBIX, Mwuxaun tegoposuu YYPEAHOB
METO/1bl MONYYEHKUS BELLECTB OCOBOH YMCTOThHI
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