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[pouecc necyonmumannu UFg sBisiercss HeoTheMJIeMOW 4YacThlO TEXHOJOTMHM oOoramieHust ypana. Ha
Pa3IeNuTeIbHBIX POM3BOACTBAX BhIxosiIie moTokH UF,, obeqHeHHBIE M OOOramieHHsle 1o u3oromy - U,
MOAAIOTCS HA yJaCTOK KOHJCHCAIMOHHO-MCHAPHUTENIBHBIX YCTAHOBOK, TE NECyONMMHUPYIOTCS B BEPTUKAJIBHBIC
TIOTPYXHBIE €MKOCTH 0€3 OpeOpeHHs, C BEPTUKAIBHBIM WIM TOPHU3OHTAIbHBIM opeOpeHneM. Ha mpakTtuke
HanOoJbIIee pacpoOCTPaHEHNE TONyqIri crocod necydimumannu UFg B BepTHKaIbHBIE MOTPYXKHBIE EMKOCTHU C
BEPTHKAIBHBIM OPEOPEHHEM.

BHyTpeHHee opeOpeHre yBenn4nBaeT IUIONa b TEIUIOOOMEHHON MOBEPXHOCTH, KaK CIEACTBHE YBEIHMIHBACT
MPOM3BOJUTENBHOCTh €MKOCTH. I HMCCIIEAOBAHUS BIMSHHUSA Pa3MEpPOB BEPTHUKAIBHBIX pedep Ha AMHAMUKY
necyonumanun UFg B BEpTHKAJIBHBIX MOTPYKHBIX €eMKOCTSIX UCIIOJIb30BAJIaCh MaTeMaTuieckast MoJesb [1].

PacueThl MPOBOIMIIMCE U BEPTHKAILHBIX MOrPYKHBIX eMKocTei o6bemom 1,0...4,0 m° ¢ marom 0,5 m°. Bee
€MKOCTH UMEJH 10 12 0CeCMMMETPHYHO PacIoyIoKeHHBIX pebep. TolnHa CTeHOK eMKOCTH 8-107 M, Tomuna
pebep 4107 M. OmnpejeneHue ONTUMANBHON MIMPHHBI M MAKCHMANBHOM [IMHBI pebep MPOBOMIN HA OCHOBE
KpHUTEepHsl 00ecredyeHns] MaKCUMallbHOM CpeHel NMpPOM3BOAUTEIBHOCTH €MKOCTH NpH ee 3arnoyiHeHuu 10 70%
cBobomHOrO 0O6bema. HailieHHbIE ONTHMaNbHBIE 3HAYEHUSI Pa3MEpPOB BEPTHKAIBHBIX peOep NpelcTaBiICHBI B
Tabmune 1.

Tabnuua 1. OnTumManbHble 3HAUCHHUS ITUPHHBI U [UTHHBI BEPTUKAIBHBIX pedep eMKOCTe# pasIuIHbIX 00BEMOB
v, M Lowr, M dour, M don/R g, Kr/dac
1,0 1,132 0,317 0,7044 19,363
1,5 1,412 0,355 0,7100 25,565
2,0 1,564 0,391 0,7109 30,286
2,5 1,604 0,427 0,7117 33,627
3,0 1,622 0,462 0,7108 36,643
3,5 1,582 0,497 0,7100 38,806
4,0 1,542 0,532 0,7093 40,925

rie V — 00beM eMKOCTH, L., — ONTHManbHas AJHHA BEPTHKAIBHBIX pedep, dy,; — ONTHMalbHAs MIMpUHA
BEPTUKAIBHBIX pedep, R — BHYTpeHHUI painyc eMKOCTH, ( — CPEIHSS IPOU3BOUTEIBHOCTh EMKOCTH.

IToka3aHo, yTo mpu yBenudeHun oOBema emkocte ot 1,0 mo 4,0 M’ CpemHsIsi IIPOU3BOAUTEIBHOCTD
YBEJIMYMBAETCSI MPUMEPHO B 2 pas3a, ONTHMaibHas IMHpHHA pedep yBemnumBaeTcss Ha 68%. Hambomprmas
CpeAHsisl MPOM3BOAUTEIBHOCTH HAOIIOACTCS IPYU MaKCUMaJIbHOM JUTHHE pedep.
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During the operation of gas centrifuge (GC) cascade for the multicomponent isotope mixture (MCIM)
separation there are nonstationary hydraulic and separation processes. It is necessary to ensure safety of the
equipment and to minimize losses of cascade productivity during nonstationary processes. In this regard, actual
task is full-scale research of nonstationary processes. It is advisable to study the nonstationary processes by
mathematical modeling. Known mathematical models describe nonstationary hydraulic processes for only long
cascade and nonstationary separation processes in the case of stationary hydraulic parameters of cascade. For
elimination of these disadvantages we had developed the mathematical model of nonstationary hydraulic and
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separation processes occurring in GC cascade for the MCIM separation. Earlier we had done verification of
developed mathematical model as an example silicon and germanium isotope separation. Isotope separation
mode in GC cascade is preceded by its filling with process gas. So far a modeling of filling cascade was not
carried out.

The results of research filling GC cascade for nickel isotope separation by feed flow input to different stages
is shown in this article. According to analysis of research results nickel isotope concentrations on light and heavy
fraction flows after filling cascade depend on feed stage number. The research have indicated that there is
optimal feed stage number for each nickel isotope when isotope concentration in light or heavy fraction flows of
cascade takes on maximal value after filling cascade with process gas. Feed stage number optimization lets to
decrease duration of further nonstationary process of cascade start-up (establishment of stationary isotope
concentrations).

CBOMCTBA W30TONMHOM CMECH U UX U3SMEHEHUE B PA3JEJUTEJILHOM
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st ucrionp30BaHMSA B TIOJIHOW Mepe CBOWCTB HYXKHOTO (ILIENEBOTO) M30TONA HEOOXOOMMO OCYIIECTBHUTH
MIPOLIECC pa3zeleHus M30TOITHOW CMECH, COCTOSIIEH M3 M30TOIMOB OJHOIO XMMHYECKOTo sneMeHTta. OqHOM u3
OCHOBHBIX XapaKTEPUCTUK H30TOIHOIO COCTaBa SBISETCS KOHIEHTpalus LeieBoro usoroma. Ilpm stom B
HEKOTOPBIX CIIy4dasXx Takke HMeeT 3Ha4eHHe KOHIEHTpalus JApYruX H30TONOB cMecH. Hampumep, B
MexayHaponHoM HaydHoMm mnpoekre GERDA wucnosnb3oBascsi repMaHuil, K M30TOMHOMY COCTaBy KOTOPOTO
MPeIBABIANNCH CHeAyiomue TpeboBanms: 'Ge — He MeHee 86%, 'Ge — me 6omee 0,01%. Ilomumo 3TOTrO,
0coOBIM TpeOOBaHMSIM 10 M30TONHOMY COCTaBy OTBEYaJ IOJUKPUCTAUIMYECKUI KPEMHHMH, KOTOPBIH
HCIIONIB30BAJICSI B MEXAYHAPOAHBIX Hay4dHbIX HpoekTax «Kumorpamm-2» m «Kumorpamm-3» misi yTOYHEHHS
yrcina ABOTaApo M CO3JaHHS HOBOTO INPOTOTHIA 3TATOHAa Macchl (Kuwiorpamma). Mcronbp3yeMblil B MpOEKTe
KpeMHHH conepkan m3oTon Si-28 ¢ KoHueHTpanueidl He MeHee 99,997%, a OTHOCHTENBHOE COAEPIKAHHUE
n3otonoB Si-29 k Si-30 He mpeBsImano 5. Mcxons U3 3Toro, HEHHOCTD MOJIy4aeMOro B pe3yiabTaTe MPOBEACHUS
Pa3IeNUTENBEHOTO Tpoliecca M30TOMHO-MOAU(UIIMPOBAHHOTO BeIIeCTBA (M30TONMHONH CMECH) B JOCTATOYHOMN
Mepe He MOJKET OBITh ONMCaHa TOJBKO KOHIIEHTpanueH IeneBoro m3ortoma. s cMecw, cocTosimed n3 IBYX
KOMIIOHCHTOB (I/I3OTOHOB), B TCOPUU U MPAKTUKE pa3ACJICHUA UCIOJb3YyCTCA NOHATUC MMOTCHIIMAJIA Pa3aACICHUA,
KOTOPBII B CBOIO Ouepe/ib sBIsieTcsl QyHKLIUEH OT KOHLUEHTPALMH OHOTO M3 KOMIIOHEHTOB cMecH. [loTeHnman
paszjeneHuss  WCHOJB3YeTCsl JUIS  ONpEeNeNieHHss LEHHOCTH I0JlydaeMOHM B  MpOLIECCEe  pa3JielieHHs
JBYXKOMIIOHEHTHOW HW30TOITHOH CMECH KOCBEHHBIM IIyTeM B pe3yJbTaTe OINpelesieHnsl 3aTpar paboThI
paszeneHus 000pyJOBaHMS B eIMHMIAX PaOOTHI pazaeneHus. s cMecH, KOTopasi COCTOUT M3 0oJiee ueM ABYX
KOMITOHEHTOB, MPEJJIOKEHBI pa3inuHble (POPMYIUPOBKH M CIIOCOOBI pacyera MOTeHIMaNa paszaenaeHus. OqHako
BCE OHM HOCST YacTHBIH XapakTep, HH OXUH U3 IPEUIOKCHHBIX BapHWAHTOB MOTEHIMANA pPa3JeICHUSI
MHOTOKOMIIOHEHTHOH M30TOITHOW CMECH He SIBIISICTCS OOIIETIPH3HAHHBIM M HE MOXKET OBITh MCIIONB30BaH IS
OLCHKM 3aTpar pabOTHl  pa3zieneHHs OOOpyINOBaHMS W  ONPENECNICHHS  LEHHOCTH  IOJTy4aeMOH
MHOTOKOMIOHEHTHOH N30TOITHOH cMecH.

B nanHON paboTe paccMOTpPEeHBI CBOWCTBA MHOTOKOMIIOHEHTHOW W30TOITHOH CMECH, NPEIUIOKCHBI
OpUTHHAJIBHBIE p-TIapaMeTp U d-TlapaMeTp, ¢ MOMOIIBI0 KOTOPBIX MOKHO OIPENENIUTh €€ IIEHHOCTh, a TaKkKe
pPaccCMOTPEHO HM3MEHEHHE CBOWCTB HM30TOIHOW CMECH B pa3JeiuTeNbHOM djeMeHTe. [lokazaHo, 4YTO s
MOHOHM30TOIIHONW CMEeCH, KOTIa KOHLIEHTpaIHsa OJHOTO 13 H30TonoB O6inn3ka kK 100%, BeTHYUHBI TPEATIOKESHHBIX
mapamMeTpoB OJH3KM K HYJII0 W B IPOIECCE Pa3ACiCHUSA TaKXKe HE MPOMCXOAUT HX u3MeHeHHe (3ddext
pazneneHust OIM30K K HyI0). JIJis H30TOMHON CMECH C CHMMETPUYHBIM COCTaBOM, KOTJja HMEIOT MECTO PaBHbIE
Apyr OTHOCHUTCIBHO Jpyra KOHICHTPpAllUKM KOMIIOHCHTOB, MAaCCOBBIC YHCJIA KOTOPBIX OTIUYAKOTCA OT
CpPE/HEB3BENICHHOE MAaCCOBOTO YMCJIa CMECH Ha OJHO M TO K€ 3HaYeHHE 110 MOJIYJIO, d-TlapaMeTp NMPUHHMAET
MakcHUMallbHOe 3HadeHue. [Ipn mpomyckaHMM TaKoOM M30TOIHOW CMECH dYepe3 pasJelMTEeNIbHBIA 3JIeMEeHT
JOCTUTAEeTCsl MaKCUMallbHOE N3MEHEHHE KOHIIEHTPAIIM KOMIIOHEHTOB CMecH. Pe3ynbTaThl HCCileIoBaHUi MOTYT
OBITH MCIIOJIB30BAHBI IS TAIBHEHIIEro M3Y4YeHHs 3aKOHOMEPHOCTEH M3MEHEHHUs! COCTaBa M30TOIHOM CMECH B
pa3zfenuTeIbHOM KacKae.
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