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Y4uThiBasg MOJIEKYASPHBIH COCTAB BO3MYXA ITPH AaB-
neHun ~10° T1a B 0611aCTH TEMIIEPATYD IU1a3MEHHbBIX
anekTpoHos 1...10 3B, monyyum, 4To yactora NpwiH-
NaHus MEXTPOHOB v~3-107..2-106 -1, a koachpuum-
€HT pEKOMOWHAUMM JIeXUT B TNpelenax o
~(0,48...0,2)-10-7 cMm3/c.

Otcrona cnenyer, YTo s CYILECTBOBAHUS 3JIEKT-
POHHOW KOMIMOHEHTHI TIa3Mbl ¢ 7,~106 cmM-3 mpy ar-
MocepHOM NaBREHUM BO3RYXa HEOOXOMMMO, YTOOb!
CKOPOCTb HapabOTKH 3MEKTPOHOB Obla HE MEHbLIC
Ji~1012 cm-3c-l. B 0GBIYHBIX YCNOBHSX 3TO BO3MOXHO
TOJIBKO IIPH JOCTATOYHO BEICOKOM YPOBHE aKTUBHOCTH
BbIOpOCOB. TIpy HANMYMM BHEHIHETO 3NEKTPHUECKOTO
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nong (3MeKTPOMarHUTHBIA NMITYJIbC TOKATOPa WITH J10-
MONHUTENbHAS OACBETKA) 3Ta 33a4a CYUIECTBEHHO
o0seryaeTcs, Tak KaK B 3TOM CJlydyae CHJIBHO BO3pacTa-
€T CKOPOCTh PEaKUUHN Pa3pyLeHUs OTPHLATENBHBIX
MOHOB kucnopona. Tax, npu Ey~10 kB/cM, uto Huxe
npezena npobost Bosnyxa, K;~K,~1012cm-3c-1, u pas-
HOBECHE MEXJy mpolieccaMy 06pa3oBaHus HOHOB O
¥ UX paspylueHueM crabumusupyercs npd [0, << a,.
B pe3synbraTe MOXHO MONYYHTD IIA3MY C BHICOKOH KOH-
HEHTPALMEH MEKTPOHOB.

B o0LINX NMPenoNoXeHMAX Ha OCHOBE YPABHEHUH
(1-10) 6bLIM TPOBEACHLI PACYETHI 110 HOHU3ALUHK BO3-
JlyXxa paaHOaKTUBHBIMH 3arpsA3HEHUSAMHU. PeaynsTaTet
MOZICNUPOBAHUS NPUBCACHH Ha PUCYHKE.
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PalTHOHYKJIUIHBIX BHIOPOCOB B aTMochepy.

EcTecTBEHHBIM Pa3BUTHEM JAHHOW MOJIENU SABJISA-
€TCH YYeT BIMAHMS BHEIUHETO 3JEKTPOMArHHTHOTrO
TIOJIS Ha NPoLecChl HOHU3AIHM ¥ BIHSHUE MOHU3ALIM-
OHHBIX TIPOIIECCOB HA CTHMYJIHPOBaHHE KOHACHCAIMU
M BHITAZEHUE OCAIKOB € 3arpI3HEHUAMH.

3. Cwmupnos b.M. Uonbl 1 Bo3OYXIeHHbIE ATOMBI B IIa3-
Me. — M.: Atomuapar, 1974, — 456 c.

4. Anexcangpos H.JI. TpexyacTyHOE NPUITATIAHUE BJIEK-
TPOHOB K MONeKyie // Yenexu dpusuyeckux Hayk. — 1988.
—~T. 154, Buim. 2. - C. 177-122.

5. Enenxwuit A.B., CmupHos b.M. iuccounarusHas pe-
KOMOWHALIMSA 5MEKTPOHA ¥ MOJIEKYSIPHOTO HoHa // Ye-
nexu Gu3nYecKux Hayk. — 1982, — T. 136, spin. 1. —
C.25.

Tunsbypr B.JI. PacnipocrpaHeHye 3/1€KTPOMarHUTHBIX
BOJIH B m1a3Me. — M.: Hayka, 1967. — 684 c.

&TOPUAbI FAROFEHOB B TEXHONOMMW AREPHOIO TOM/UBA.
CUHTE3 U MPUMEHEHUE

.U Xepun

TOMCKUM NONUTEXHUYECKUM YHUBEPCUTET
E-mail: gerin_i@phtd.tpu.edu.ru

[puBener 0630p pe3yibTaTOB IKCNEPUMEHTENL HIX MCCNIER0BAHMIA CUHTE3a FaOreHTOPHUAOB, X (PU3NKO-XMMAHECKMX CBONCTB, Kit-
HETUKM (PTOPUPOBAaHIUS ranoreHpTopuaamMy HeKOTOPbIX YPAHCOAEPXKALMX COERUHEHUHA, [10Ka3aHO HTO HTOPUPOBAHME NOJYUHAETCA

33KOHOMEDHOCTAM ANDDY3HOHHOMA KMHETUKY,

dropuaHbe METONB HTPAIOT BAXHYIO POJIb B COBpE-
MEHHO# TEXHOJIOTHH SUEPHBIX MATEPUAJIOB ¥ SIBJISIOT-
¢4 NEpCEKTUBHEIMK NPH NepepaGoTKe 00Iy4eHHOro
SIEPHOTO TOILTHBA. [IpMeHEH e STHX METOIOB IT03BO-
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JISET He TOJNBKO COKPATKTh TEXHONOTHYECKYIO CXeMY
nepepaboTK OTpaboTaHHOTO TOILUTHBA, HO U CYLIE-
CTBEHHO YMCHBIIUTH OOBEMEl PAaIHOAKTUBHEIX OTXO-
1oB, 0cobeHHO XxuaKux [ 1-4]. IIpouecct dropupoBa-




EcTecTBeHHble Hayku

HUS UCTIONB3YIOT U IS YIAJICHUS YPAHCOAEPXAlIHNX
OTJIOXEH WA, HAKATMMBAIOLIUXCS B TEXHONOTHYECKOM
060pyI0BaHUH NPH OJYYEHHM, OCUUCTKE U riepepaboT-
ke rexcadropuna ypana. [Ipy HaKOTIICHUM OTAOXKEHHI
TIPOMCXOAMT UBMEHEHHE TEXHONOTHYESCKUX U FKCIUTYa-
TAallMOHHBIX TIApAMETPOB PaboTHI aTINapaToBs, MO3TOMY
BAXHO YIANATh MX U3 060pyN0BaHMS ¥ KOMMYHHKALKIA.
Dta npobneMa 0cobeHHO aKryasibHa [t UeHTPUDYX-
HOro o6opyI0BaHUs MPH Pa3aeACHUHU U30TONIOB. Kpo-
M€ TOTO, OTJIOXEHUS COAEPXKAT 3HAUUTENbHbIE KOMH-
YyecTBa ypaHa, B TOM YNC/IE BHICOKOOOOTAILCHHOIO (B
BHjie €10 GTOPUAOB ¥ OKCODTOPUAOB), YTO NPUBOIMT
K TIOTEPAM TIPOAYKTA M CHUXEHUIO AAEpHON Besonac-
HOCTH IIPOU3BOACTBA. 115 yAaneHUs ypaHCOAEepXKAILIMX
OT/IOXEHHUH 13 000pYROBaHUS HEUENeCO06pasHO UC-
MOJIB30BaTh MOJEKYISPHBIA GTOP 110 IPUYMHE HUZKHX
CKOpoCTeil ¥ HeJOCTaTOYHOM MOMHOTH MPOTEKAHUS
peaxiuii, HeoBXOTMMOCTH MOANEPXaHHUS NOBLILICHHBIX
TEMIIEPATYPhI M JaBJIEHUS B PEaKLIMOHHOM 00BEME.

Jns nonyyeHust PTopuIoB ypaHa, nepepaboTKu
TOIUIMBA U YIATCHHS YPAHCOAEPXAILMX OTI0XEHUH U3
TEXHOJIOTHYECKOTO 000PYIOBaHUS MOXHO MCHOIb30-
BaTh $TOPHIABI TAIOTEHOB, UMEIOLINE BAKHOE NPEUMY-
IECTBO 110 CPaBHEHHIO ¢ PTOPOM, TaK KaK 3TH COeau-
HEHHS ¥ HX CMecH obnanator 6onee BrICOKO# ropu-
PYIOHIEH W OKMCITUTENBHON CIIOCOOHOCTBIO [P ITOHHK-
XEHHBIX TEMITEpaTypax M JasieHusx [5—7]. [anoreHd-
topuael (ClF;, BrF;, BrFs v np.) u ux cMecu MOXHO
YCIIEHIHO IPUMEHATH T DTOPUPOBAHUS YPaHa U €10
COEIMHEHMH, TPH 3TOM PEAKLUH TPAKTHYECKH MOJTHO-
CTBIO IPOTEKAIOT A0 00pa3oBaHKs rekcagTopuza ypa-
Ha. Hpouecchi ¢ ysacteM (TOpUIOB rajloreHOB MAYT
KaK B Ta30BOM, TaK U B XUAKO#H (asax mpy TeMnepary-
pax 6oJiee HM3KHX, 4eM B MPOIIECCAX C PUMEHEHHEM
3JIEMEHTHOTO QTOpa, YTO JOJLKHO CHU3NUTD 3HEPreTH-
YeCKHe 3aTPaThl, HOBBICHTH KOPPO3ZHOHHYIO CTORKOCTb
¥ CPOKH 3KCILTyaTatuuu 000pyIOBaHUA, OPraHU30BaTh
©e30TXOHEIE TEXHOJIOTHH MepepaboTKH SAEPHOTO TOM-
nuBal2,4,8,9].

CuHTes ranoreH(TOPUAOB U NX PUIKKO-XUMUUECKne
CBOWCTBA

ITpouecchl cuHTe3a GTOPUIOB TATOTEHOB BeChbMa
CJIOXHEI U 3aBHCAT OT COBOKYHHOCTH (aKTOpOB: TEM-
epaTyphl, CKOPOCTH Ta30BOTO IIOTOKA, COOTHOILEHHS
pearupyloIiuxX KOMIIOHEHTOB, COAEPXaHUS UHEPTHBIX
rasoB, NIOBEPXHOCTH PEardpoOBAHM, 4 TAKKE ONpene-
JISIOTCS TPUCYTCTBHEM HaCalok pa:uu«m—xoﬁ TNMPUPOABLL
B KaY€CTBC KaTaltU3aTopoOB.

Cunre3 raoreHGTOPUIOR POBOLUTCS NPEHMYyLIE-
CTBEHHO MyTeM B3aHMOIEHCTBHA 2neMeHTOoB |3, 6, 10,
11], npu 3TOM IIPUCYTCTBHE TIPUMECEH B LIEIEBOM NPO-
JYXTe BO MHOTOM 3aBUCHT OT YHCTOTHE PTOpa, NOJTy4a-
€MOT0 3JIEKTPOJIM3OM U3 paciulaBoB Axdropuia
(KF-HF) nnu tpudropuna kanus (KF-2HF) [12].

BrutH mpoBesieHbI TePMOIHHAMUYECKHE PAcUeThl
XMMHYECKHX PaBHOBECHI B MHOTOKOMIIOHEHTHBIX CH-
creMax Cl,-F,-CIF-CIF;; Br,-F,-BrF-BrF;-BrFg;
I,-F,-1F-1F;-1F;-1F; [10, 11], koTopble no3sosmiv on-
peACAHTh PABHOBECHBIE COCTABHL M BRIXOMIbBI LENICBBIX

MPOAYKTOB Peakildii MpH pajIMYHbIX TEMIIEpaTypax u
MOJIBHBIX CoOoTHOLIEHUSAX X,:F, (rae X = Cl, Br, I).

YCTaHOBIEHO, YTO NIPH SKBUMOMAPHLIX COOTHOLUE-
Husix rastoreH (Cly, Br,, I,) — drop MakcumanbHbiii pas-
HOBECHBIH BHIXOJ TajIoTeH(TOPUAA HOJXEH Habio-
JaThcd  TpPH  CJAEAYIOIMHX  TeMIepaTypax:
553,15...573,15 K ans CIF;; 393,1515 K ana BrF;;
523,15...573,15 K nnsa BrF; B npucyrcrsumn CuF B Ka-
yecTBe Karanusaropa; 473,15x5K ans IFs u
§73,1515 K s 1F; [11, 13].

OnHaKO NPaKTHYECKMH BHIXOA LEAESBBIX TPOAYKTOB
BO MHOTOM 3aBUCHT OT KHHETHYECKMX TAPAMETPOB XHU-
MHYECKUX peakuuit. M3yyeHne KuHETHKN IPOLECCOB
B3aUMOJIEICTBIS TOpa C rajjoreHaMu MPOBOAITH IH-
HaMHYECKHUM METOIOM B TIPOTOMHOM peaxrtope [11].

TepMonuHaMHUYECKIE pacyeThl KOHCTAHT PaBHOBE-
CHg peaxiuii, paBHOBECHBIX BBIXOAOB U 3KCHEPUMEH-
TANBHBIE JAHHLIE 110 KHHETUKE CHHTE3a TalIOreHBTO-
PHIOB MO3BOIWIY MIPEICTaBUTh MEXAHH3M Pearuposa-
HUA KaK IIETTHOM 10 cXeMe:

a) MHnIMHpOBaHMeE Lenei:

F,b+M' > F+F+M;

X\ +tMo>M+X+X;

F,+X, > XF+F+X;

MeF, + F, > MeF,,, + F

6) PazButHe 1eneit:

F,+X->F+XFE

X2 +Fo>X+ XF,

XF +F - XF,;

XF, + F - XFs;.. XFs;..XF;;

) OOpbIB tenei:

MeF, + F > MeF,,;

MeF,;, + F oMeF +F,,
3necs M* — cTeHKa peakTopa, mobad apyras MOJieKy-
712, KOTOpHIE OTAAIOT CBOIO M30BITOUYHYIO SHEPTUIO JUIS
JUCCOUMALMH rajioreHa Ha atoMel; MeF, — marepuan
HacalKy WK COeIMHEHME, 00pa3yloweecs Apy naccu-
BHPOBaHHH CTEHOK peaktopa dropoM, X — rajoreH
(xsop, 6pom, iton).

PesynpTathl MccAeI0BaHHH HO3BOJIMIM OCYILE-
ctuTh cuHTe3 BrF;, BrFs, IFs, IF; B n1abopatopHbix
YCIOBUSIX M BHEIPUTH Nponecc cunte3a CIF; Ha Cy6-
JIMMATHOM 3aBojic CHOUPCKOTO XHMUYECKOTO KoMOu-
Hara (CXK). ITony4yeHHble raoreHhTOpHabI ObUIH UC-
110/1b30BaHbL U151 3KCIIEPUMEHTAILHOTO H3YIEHUS KU-
HeTHKH (QTOPHPOBAHHS SASPHBIX MATEPUAJIOB, a TaK-
K€ JJIfl OTILITHO-NPOMBINDIEHHBIX UCTIBITAHUHA CHATHA
YPAHCOIEPXAIHX OTNIOXEHHUI U3 TEXHOJOTHYECKOTO
obopynoBanus Ha mpoussomctsax CXK. Kpome Ttoro,
3TH COCAMHEHUS UCTIONB30BAH NIPH UBYYEHHH TEPMO-
IMHAMUKH (ha30BbIX PABHOBECHI B CHCTEMaX, 00pa30-
BAHHBIX TeXCadTOPUIOM ypaHa, rajioreHpTopuIaMy 1
dTOpOBOACPOIOM.

HeszaBHCHMO OT criocoba OCYIECTBIEHHS TIPOLEC-
coB QTOpHPOBAHUS SAEPHBIX MATEPHANOB C TIPUMEHE-
HHUEM TaloreH(TOpU0B, BCe HOCICAYIOIIME METOLB!
pasfesieHus 00pa3yIoIMXCs IIPY 3TOM MHOTOKOMIO-
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HEHTHbBIX CUCTEM OCHOBaHb! Ha KPUCTAUTM3aHUOHHBIX,
JUACTWLUIALMOHHBIX, PEKTUGUKAUOHHBIX U COPOLIMOH-
HEIX IpoLieccax, pa3paboTKa KOTOPHIX HEBO3MOXHa 6e3
IaHHBIX O TepMoAWHAMUKe ¢a30BBIX PaBHOBECHN B
9TUX cucTeMax. [l 3TOro HEOOXOAUMBI TOYHEIC JaH-
HBIE 0 33BUCHMMOCTH HAaCHILIEHHBIX [1APOB IETYYUX KOM-
MIOHEHTOB OT TEMIICPATYPHl, ITOCKONBKY OHU SBISIOTCH
OCHOBONOJATAIOIIMMH 1)1 TEPMOAUHAMHYECKHX pac-
4eTOB, ONPEACICHUS KPUTHYECKUX NTapaMeTpoB Be-
LECTB, & TAKXe JUIS UX MAeHTUUKAIMA. B uTepary-
pe [5, 6] mocTaTouHO MOIHO OMHUCAHBI TEPMOIMHAMH-
YeCKHE U KPUTHYECKHME MapaMeTphl TPUGTOPHAA XIopa
¥ renradropuna ioxa. OaHako ans neHradrTopuia
Hoja 1 TpudTopuna 6poMa IPUBOAATCS HEMHOTOYHC~
JIEHHbIE W IIPOTHBOPEYMBLIC JaHHbIE. [10 3THM npuun-
HaM ObL10 Lie1eco00pa3HO 3KCTEPUMEHTATBHO H3YIUTh
3aBHCUMOCTH JiaBieHuit mapos BrF; u IF; ot remnepa-
Typhl. McenenoBanys MpOBOIMIN CTATHIECKUM METO-
IoM B uHTepBaie 283,15...373,15K [14, 15]. Ing Tta-
KHX MCCITEOBAHUM CTATUYECKUI METO Haubonee pu-
eMJIeM, TOCKOJIBKY U3MEPEHNE PABHOBECHOTO JIABTICHHSA
1apa ¥ ITOMJEPXaHUE UIOTEPMUYECKHX YCIOBHI PO~
BOIATCA C IPHEMJIEMOI TOYHOCTBIO M HE TIPeACTaBIA-
I0T 0COOBIX TPYTHOCTEH.

CunresupopanHbie B 1aboparopun BrF; u IFs oun-
A ot npumecel [14, 15], uneatndunuposaiu 1o
HK-cnekrpaM d teMItepaTypaM IUIaBIEHAS, ONpeaes-
JI COIIepXaHUe OCHOBHRLIX BEIIECTB B NPOJYKTAX Me-
TOLOM 3/IEMEHTHOTO XMMHYECKOTO aHaln3a. 3aluch
UK-crnexTpoB npoBoauan Ha cHeKTpopoTOMETpE
“TlepkuH-DnbMep”-6PC. TonoCcH MOINOMWEHUS B
CNEKTpax CUHTE3UPOBAHHBIX COSANHEHHI, TPUBEACH-
Hele Ha puc. 1 (6401 710 em-t st IFs u 613, 621, 674
668 cM! s BrF;), coBmanu co criekTpamu 3THX Be-
IIECTB, OMMCAHHEIMU B TUTepartype 3, 16, 17]. B UK-
crekrpax nomyyensslx IFs v BrF; otcyrersoBanu mo-
JIOCH! NornoumeHus rentadropyaa Hoaa, Gpoma, MOHO-
¥ nenradTopuna 6poma u GropoBofopora.

‘TeMnepatypsl 1aBNeHHS MOMYYSHHBIX IPOLYKTOB
cocraButy 282,55+0,2 K ans 1F u 281,9010,2 K mnst
BrF; 1 xopouio cornacoBuBatuch ¢ IMTEPATYPHBIMHU
JaHHBIMH [5, 6]. XumuyecKuit aHanu3 Ha GpoM, o U
¢rop 18, 19] noaTBepINI CTEXMOMETPHIO CHHTE3UPO-
BaHHBIX COCAMHEHHUH.
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DKCMePUMEHTANBHBIE 3aBUCHMOCTH ABJICHHUS Tapa
ot Temneparypsl g IFs u BrF;, obpaGotannbie cra-
TUCTUYECKUM METONOM [20], aHATMTHYECKH OIHCATH
110 U3BeCTHHIM {21-23] ypaBHenuam Kraysuyca-Knaii-
nepoHa, AutyaHa, Kupxroga-Penkuna-/lionpe u Kup-
xrotha-diiKeHa, a TAKXKe MPOBENY TEPMOTHHAMHYECKHUHA
aHanu3 o6bEMHBIX CBOMCTB 3THX BelecTs [14, 15, 24).
AHANN3 MONYYEHHBIX YPABHEHMI 3aBUCHMOCTH JIaBIe-
HU Mapa neHtadTopuaa #odaa OT TEMIIEPAaTyPhl B HH-
teppane 283,15...368,15 K nokasan, 4To OHY OTIMCHIBa-
10T SKCIEPUMEHTATBHBIE AaHHBIE ¢ 6ObIIEH TOYHOC-
THI0, 4EM M3BECTHBIE THTEPaTypHBte BRIpaxenud (3, 7].

AHaTUTHYECKHE 3aBUCUMOCTH M OITHCAHMA PaB-
HOBECHOTO JJaBJICHUA T1apa Hall XXUIKHM TPUPTOPHIOM
fpoMa OT TeMIIepaTypHl, BHIBEACHHBIC U3 IKCIIEPUMEH-
TATBHBIX JaHHBIX, MO3BOJMIM OIIPENEIHTh. CpeaHee
3HAYCHHE TEIUTOTHI HcTapeHUs Xuakoro BrF; B nntep-
Basie TeMmneparyp 283,15...368,15 K, onpenenenHoe mo
ypasHeHHU10 Knay3uyca-KnaifnepoHa, KoTopoe cocTas-
nser AH,, = 45,23 xIIx-Monb—; TEIIOTY HCTapeHus
NpU HOPMAJILHOM TeMneparype KuneHus AH, . =
= 41,63 £0,3AH, ., = 63,78 xJIx-Mmoab-1. 3aBucu-
MOCTb TETIOTH UCTIAPEHHS OT TEMIIEPATYPH TPU(TO-
puna 6poma B MHTEpBaste TeMirepatyp 283,15...403,15K
NpeNCTaBNieHa Ha pUC. 2, 4.

W3 ypaBHeHu i, BLIBEIEHHBIX Ha OCHOBAHHH 3KCIIe-
PUMEHTaNbHBIX JaHHBIX O JaBJICHHM Mapa neHradTo-
puna itona, HauLT: CpefHee 3HaYEHUE TEIUIOTH MCIla-
peuns xuakoro IF;, onpenesneHHoe o ypaBHEHUIO
Knaysnyca-KnaiinepoHa B HHTepBaie TeMIepaTyp
283,15...368,15 K, koTopoe cocrasnser AH, =
= 4] xJIx-Monb~!; TeINOTY HenmapeHus NpH HOpMaJlb-
Ho#t Temmeparype kuneuus (373,75+0,20 K)
AH, 0y = 39,03£1,27 k[Ix-Mosb—!; TeruIOTy McTiapeHus
nepeoxnaxieHHon xuakoctu npu 273,15K
AH, 0 =46,93 KIIX:MOJb™!; 2 TAKXE 3aBUCUMOCTD TeTl-
JIOTHI UCTIAPEHHS XUIKOCTH OT TEMIIEPATYDEI (B HHTED-
Base 283,15...368,15 K), npencrasieHnyio Ha puc. 2, b.

HMcnone3ys TepMoaMHaMHUECKUE MAPAMETPHI Tao-
reHdpTopUIOB, NONYYCHHBIE U3 IKCHEPHMEHTAIBHBIX
3aBUCMMOCTEH [aBJICHHSA HX HACHILIEHHBIX NTAPOB OT
TEMIIEPATYPHI, U H3BECTHBIE JIUTEPATYPHHEE JAaHHBIE,
paccyuTanu Kputndeckue napamerpsl 1Fs u BrF;: tem-
nepatypy (7,), aaBnenue (P,), 06beM (V,), dakropnt
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Ta6uya. CpenHUe 3HaYEHNA KPNTAYECKMX APaMETDOB IFsn BrF

5 PC ) VC
Coeauuenne T.K P10, Tla V. 10°% M momn™! Zp = ——*% o)
R-T,
BrF; 618,595 85,465 143,52 0,2385 0,50+0,02
IFs 563,189 79,188 192,24 0,3252 0,60+0,01

CKXMMaEMOCTH (Z,) ¥ aUeHTPHYHOCTH (®). Pe3ynsraThi
PAacyeTOB NPUBEAEHHI B TaBIMIIE.

MeTonuky pacyeToB ¥ MOAPOOHbII aHANM3 MONY-
UEHHBIX PE3YIILTATOB ONUcaHbl B pabore [24]. B uenom
CeYeT OTMETUTD, YTO 3HAYEHUS KPUTHYECKHX Mapa-
METpPOB rexcaTopuia ypaHa, pacCYMTaHHbIE 110 TEM Xe
YPAaBHEHHSAM B KaYECTBE TECTOBBIX, YAOBJIECTBOPUTEb-
HO COTJIACYIOTCA C JIMTEPATYPHBIMH JaHHbIMH, a pac-
CUUTaHHbIE 3HAYEHNA GAKTOPOB CXMMAEMOCTH M ALICH-
TpuyHocTH BrEF;, IFs u UF, - ¢ usBecTHbIMU n10/1y3M-
IUPHYECKUMH 3HAYEHUSMH LA YUCTHIX BELIECTB C yye-
TOM TIOJIPHOCTH ¥ CKIOHHOCTH K ACCOLIMAIINM.

®TopupoBaHme ypaH-CoAEPKaLINX COBAUHEHNIA
ranorexgropugamu

B HacTosluee BpeMs LIMPOKO MCIIONB3YIOTCS BOA-
HO-3KCTPAKIIMOHHBIE CXEMBI MEpepaboTKY SAEPHOTO
ToIMBa. CyIEeCTBEHHEIM HEAOCTATKOM 3THX CXEM SB-
JIACTCA HaKOIIEHUE OONBUIMX OOBEMOB BLICOKOTOKCHY~
HBIX XHIKHX 0TX010B. C 3TOM TOYKH 3peHus Haubonee
NEPCITEKTHBHBIMU ABASIOTCS QTOPHAHO-THCTHUIALU-
OHHbIE METO/IBI TIEPEPabOTKH, OCHOBaHHBIE Ha HTOPH-
POBaHHUM SACPHOIO TOIINBA (TOPOM U (TOPHIAMH Ta-
JloTeHOB |1-4].
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Puc. 2. V3merenue rennotel ucnapening Brfy (a) n IFs (6) or rem-
neparypsl. BolancneHo u3 ypasHenuii: 1) Pyda n bpai-
Aa [5]; 2)Onvsepa u Tpucapaa [5]; 3) ypasHerusa [1]; 3a-
BUCHMOCTeN B (hopMe ypasrerun: 4) Knayanyca-Knaii-
nepoxa [15, 16]; 5) Antyana [15, 16]; 6, 7) Kupxroga-
Penxuna-ionpe [15, 16]

Beum usyyensl |8, 9, 25] npoueccst hroprpoBanus
OKCHJIOB YpaHa ra3000pa3HbIM TPUDTOPHIOM XI0pa B
MHTepBaIe Temneparyp 323,15...573,15 K u pacrtsopa-
mu CIF; u BrF,; Bo dTopoBonopone. Uccnenosanns
TMPOBOJM/IN METOJOM HENPEPLIBHOM IPaBUMETPHH.

TabnieTky AMOKCHAA YpaHA PA3IMYHOl MTOTHOCTH
00pabaThiBany pacTBOpaMu TpUTOPHIA XT0pa BO (TO-
posoopoze ¢ conepxanuem 23; 35; 48 % mac. CIF; n
pacTBopamu ¢ MaccoBbIM oTHoweHUeM CIF;: HF =
=0,92: 1 ¢ no6askoit 2,5; 5; 10 u 20 % mac. KE ®ro-
PUI Kamus BBOIWIM B Buae ero Gudropuna. Propypo-
BanHue TabeTuposantoro UO, pactopamu CIF; B HF
NpoOBOAMNM INpH Temnmeparypax 283,15; 293,15;
303,15 K, a B npucyrctBuM dropuaa Kaaus — npu
293,15 K. Peaxunu ¢hropupoBaHMa B pacTBopax npo-
TeKaJTH 10CTaTOYHO OBICTPO: OT 3,5 MunyT mput 303,15 K
1o 23 munyt npu 283,15 K. TIpucyrcteue dropuaa Ka-
JiMS B PACTBOPAX CHUXAJI0 CKOPOCTb DEAaKLHMM B He-
CKOJIBKO pa3.

[TpeccoBaHHbIe, CIICYEHHEIE, HACKITTHOM CJIOH Crie-
YEHHBIX TAONETOK TMOKCHIA YPaHa, a TAKXe TabneTKH
PEaIBHOIO TEILTOBLUENAIONIETO 37EMEHTA Ha OCHOBE
UO,, nucneprupoBaHHOrO B METATIMYECKOM MarHHH,
ToABEpraiy 00paboTKe XUAKIMHI CMECIMU BrF;-HE
conepxainmu 20; 33; 50; 66; 80 % Mac. BrF, ¢ 10-kpar-
HBIM H36BITKOM TpudTOpHIa 6pOMA [TO OTHOLUEHWIO K
JAMOKCHMAY YpaHa 1pH TeMneparypax 283,15; 293,15;
303,15, 313,15; 333,15; 353,15 K. Bo Bcex ombITax pe-
aKLMH IPOBOAMIIH JI0 TIOJHOTO UCYE3HOBEHUS TBEPHOH
¢asbl.

YCTaHOBNEHO, YTO TIPOLECC PACTBOPEHHUS THOKCH-
na ypaHa B pacteopax CIF;-HF u BrF;-HF omuceisa-
€TCSI MOJIE/IBIO PaBHOMEPHO YMEHbBIIAIOWIErOCH 3EPHA
C OHOBPEMEHHLIM BCTYTUIEHHEM B PEAKUHIO BCEX TO-
YeK MOBEPXHOCTU. KMHETUYECKOE YpaBHEHHE ITOM
Mojienu uMeeT BuA [26]: 1—(1 —(1)1/2 =k-1, TH€ O —
CTeNeHb NPEeBPALLECHKSs, Mac. JOJIH; kK — KOHCTaHTa CKO-
POCTH peakiiuH, c'!; 1 — Bpems pearnposanus, c. ITo
3TOMY YPaBHEHMIO PaCCYMTATU KOHCTAHTH CKOPOCTH
peakuuu (k) [U1A BCex UCCIEAOBAHHBIX COCTABOB Pa-
CTBOpA M TeMIeparyp. M3 3aBUCHMOCTH KOHCTAaHTHI
CKOPOCTH PEAaKLHHU OT TeMIIEPaTyphl (ypaBHEHHE Ap-
PCHHUYCa) OTIPEAETNIH 3HAYCHUS KAKYWIEHCS SHEPIHH
aKTHBAaLlMM, KOTOpHE cocTaBuiun 224 u
27,8 xJIx-MOsIb~! I PACTBOPOB ¢ CONEPXAHUEM 23 U
48 % mac. CIF;, 1 19,4 u 24,2 xJIx-Monb-! st pacTso-
PoB ¢ coaepxanueM 33 u 66 % Mmac. BrF;. Mosyuen-
HBIC 3HAYCHUS SHEPIMM AKTHUBALUM XapAKTEPUIYIOT
npouecc GpTopuposaHius TabreToK AHOKCUAA YpaHa
pactopamu ranoreddropunos B HF xak mumutupye-
MBbIii IEPBOY IEPEXORHOM 0612CThIO TETEPOTEHHOI! KH-
HETHKH 1o 3enbgoBuyy [27].
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B pesyJisTaTe M3yueHHS MeXaHH3Ma 1poLieccoB (To-
PUpPOBaHMs JMOKCH/IA YpaHa pacTBOpaMy ranoreHdro-
PUIOB METOJAMH PeHTreH0(a30BOTO aHa3a U UHG-
PAKpacHOii CTIEKTPOMETPHH YCTAHOBJIEHO, YTO MPOMeE-
XyTOYHBIM NIPOXYKTOM PEAKLIMM ABASETCS YpaHuadro-
DHII, @ KOHEYHBIMH TPOJAYKTaMU — IeKcagTopua ypa-
Ha, rajorendropuas ¥ ¢roposonopon [3, §, 11].

®ropupoBaHue OKCHIOB YpaHa ra3000pasHbIM
TPU(PTOPHUIOM XJIOpa IPOBOAWIK TPH €T0 AABIEHUAX
6,7...26,7 xI1a ¢ umMpkynaumei rasosoit dasbi. Jkcne-
PHMEHTANbHbIC JAHHEBIE TeTepOreHHON peakuuu ¢ro-
pupoBanus TpudropunoM xiopa rabnerok U;Og 00pa-
gotarm 1no ypasHeHuw A.M. Tucriunra
(- o) ?® 1=k -1, re k — KOHCTAHTA CKOPOCTH e~
akumu, ¢t [9, 28].

3aBHCUMOCTH KOHCTAHTH CKODOCTH PEAKLUH OT
TeMIIEpaTyphl 00paboTaly Mo 3aKOHY AppeHHUyca B BULE

Igk = f(%)

VCTaHOBIEHO, YTO KOHCTAHTA CKOPOCTH peakinun
(k) 3aBUCHT KaK OT TeMIIepaTyphl peaklit, TaK U OT
nasnenus CIF;, a sHeprus akTUBALHH 3aBHCHT OT aB-
NeHUs, 3HAUYCHUE IHEPTHH AKTUBALIMM PEAKI(MU B HH-
TepBane TeMueparyp 323,15...423,15 K u3meHsercs or
19,77 xIx-mons~! npu gasnenuu CIF; 20 xIla 1o
10,21 xIx-Monp~! npu 40 kIla. CornacHo knaccudu-
KaLWMH TMMUTHPYIOILMX CTAAN} reTEPOTEHHBIX NPOLieC-
coB 1o JennnoBuyy [27], paccMaTpuBacMas peaxkLus
JMMUTHpPYeTCA BHEUIHEH quddysueil.

[Tpn propupopanuy TabNeTHPOBAHHOIO AMOKCHUIA
ypana razoo6pasHbiM CIF; 11py Bcex H3MEHAEMBIX T1a-
paMeTpax Habmionany yBelIMYeHHe HaYanbHOM MacChl
tabnetok. KpuBrie KMeNH ABHO CHTMOMAHBIA BHI, Xa-
PaKTEPHBIN JJIst aBTOKATATA TUYECKUX PEaK Ui WK [
peakiiMii, B KOTOpPbIX KOHEUHEIH MPOXYKT 00pa3yercs
yepe3 POMEXYTOYHBIE CTaauH [26, 29]. dus obpabort-
KH 9KCHIEPUMEHTATBHBIX JAHHBIX BRIOPATY KUHETHYEC-
KYI10 MOJIEJ/Ib TOTIOXMMHYECKHX PEaKLMH, COMIaCHO KO-
TOPOH XUMHYECKOE B3aUMOCHCTBIE HAYHHACTCA C TTO-
BEPXHOCTHBIX TOYEK — HA 3apOMBILIAX SAED — C ocne-
Jywouleit 1udody3ueil BHyTpb, BbI3bIBas pa3pbixieHUe
noBepxHoctd. KuHeTuuyeckoe ypasHeHue [Ipoyta u
TomnkuHca [27], XxOpOIIO OMUCHIBAKLIEE ITOT MeXa-
HH3M, UMEET BUL:

In L k-t+C,
l1-a
e C — NOCTOSHHAA MHTETPUPOBAHU;, kK — KOHCTaHTa
CKOPOCTH peakiuu, ¢l

OnpeneneHHbe M0 3TOMY YPaBHEHHIO KOHCTAHTH
CKOPOCTH B 3aBHCHMOCTH OT TeMIIEpaTypsl oOpaboTa-
JIM 10 ypaBHEHUI0 AppeHuyca. 3HayeHHUs KOHCTAHT
CKOpOCTEH peakiMH, Kak ¥ B pebAYLIEM poLecce,
3aBHCAT OT TEMIIEpaTyphl ¥ JaBJIeHHs. DHEPTUS aKTU-
BALMM B 3aBHCHMOCTH OT JaBAeHUS U3MEHSIETCH OT
37,1 xIx-moms—! npu 6,7 kIla CiF; o 25,3 kIx-Momb—!
npy 26,7 kIla CIF;, 4To yKa3biBaeT Ha NEPBYIO Mepe-
XOIHYI0 00nacTh AU QPY3MOHHONK MAKPOKMHETHKH 110
3enbnoBuyy [27], T.c. Hapsay ¢ BHelnHe# nuddysuei
pearentoB CIF; n UF; (nepsoro — K aipy pearuposa-
HMS, IPYIoro — OT AApa) POoLece NEPEXOAUT BO BHYT-
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puzuddysnonHyo obnacts. luddysus tpudropuna
XJ10pa B MMKPOTIOPHl U MUKPOTPEIUMHEL BRI3bIBAET TOP-
MOXEHHE CKOPOCTH MpoLiecca.

PesynuTaThl KWHETHYECKHMX MCCIIE0BAHUHM razodas-
Horo ¢ropuposanus TabneruposanHblx U;0q u UO,
TpUdTOPHAOM XJI0DA, 2 TAKXKE MACC-CIIEKTPOMETPUYEC-
KU aHaIU3 1a3000pa3HbIX M peHTreHoha30Bbll aHa-
JIU3 TBEPABIX IIPOMEXYTOYHBIX TPOLYKTOB, TIO3BOMUIN
MpeACTaBUTh CXeMy GTOPUPOBAHHS B BUAE CIENYIOMIEH
T0CJIE A0BATEILHOCTH PEAKLUi:

USOS(“) +6CIE, = 3UF6(r) +3Cl, +40,;
UJOS(“) +3CIF, = 3U02F2(“) +0,;
UO,E,,,) +2CIF, = UF, + 2CIF+0,;
UOy,,, +CIE = UO,Fy,,, +CIF;
UOze(T.,) +2CIE, = UF6(F) +ClIO,F +CIF;

CIO,F=CIF+0,.

Bo BpeMs IKCIUTyaTalldH pa3ieNuTensHOro o6opy-
JOBaHud, paboTaloLIETO B cpefie rekcadTopuaa ypaHa,
B HeM HaxallJIMBalOTC KOPPO3UOHHBIE OTIOKEHHH,
TNIPHBO/SILNE K CHUXEHUIO HAEXXHOCTH Fa30BBIX LIEH-
TpUDYL DTH OTIOXEHUS Ha 94 % Mac. COCTOAT U3 OK-
coTeTpadTOpHUIa ypaHa 1 Ha 6 % Mac. — U3 neHradro-
puna wnk retpadropuaa ypana. B UHCTHTYTE MONEKY-
aapHoit pusukn PHIL «KypuatoBckuit KHCTUTYT» ObUT
NpeiIOXeH U ucciefioBaH, a Ha CHOUPCKOM XUMHYEC-
KOM KOMOMHATe YCIElTHO NPOLIE) ONBITHO-IPOMBIII-
JIEHHYI0 anpofaLuIo ¢1nocob yAICHUS U3 TEXHONIOTH-
yeCKOro 000pYI0BaHHS YPAHCONEPXAILKX OTIOXEHHMI
ra3oo6pasHoii cMechlo TpudTopHaa 6pomMa ¥ renrad-
TOpUAa #ofga. beUio noxasaHo, 4To 314 CMECH POAB-
JISIeT BBICOKYIO XMMHYECKYIO aKTHBHOCTb 110 OTHOIIIE-
HMIO K (pTOpHAAM ¥ OKCOdTOpHIAM YpaHa NP IOHK-
KEHHBIX NaBieHUIX U TIPH TeMIepaTypax, 0au3Kux K
KOMHAaTHOM. B mpouecce ynajieHus TBEPABIX OTIOXKeE-
HU#t U3 ra3oBhIX HeHTpUGYr TpudTopun 6poma propu-
pyer Mx 10 rekcadpropuna ypana no peakuusim [30, 31}:

3UOF, + 2BrF; - 3UF; + Br,+3/20,;
3UFs+ BrF; — 3UF; +1/2Bry;
3UF, + 2BrF; —» 3UF; +Br,.

O6pasyloniuiics 6poM BCTYIIaeT B PEaKIUIo C Haxo-
JsLeMcs B cMecH rentadTopuaoM ioaa, B pe3yibiaTe
KOTOPOIt IPOHCXOAMT pereHepauus Tpudropuna 6po-
Ma:

31F, + Br, — 2BrF; + 3IF;,
T.¢. renTadTOPUA HOAa B FA30B0ii CMECH BBLIITOJIHACT HE
TOJIbKO GYHKIMIO ra3a-HOCUTENA, HO M PearcHTa, ros-
JEPXUBAIOHIET0 MOCTOSHHOE CONepXaHue TpHGTOpH-
Jia GnoMa B CMECH.

3aKknioyeHune

Pe3ynbrathl HCCACHOBAHUIA MO3BOJIAIOT CAENATh Clle-
AYIOLUIC BBIBOABI:

—~ PaspaGoTaHa TexHONMOrMs CHHTE3a GTOPHIOB rano-
reHOB, MPEJIOXEH BEPOATHHIN HEMHON MEXaHU3M
UX CUHTE3A.

— Tlokazano, 4To QTOPUPOBAHUE OKCHIOB ypaHa ra-
nioreHTOpHIAMHU MOTYHHACTCSH 3aKOHOMEPHOCTSIM
I dy3MOHHON KUHETHKH.
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