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BOCCTAHOBAEHUE NMOA3EMHbIX BOA
PYAHOTIO TOPU3OHTA OTPABOTAHHbIX
YPAHOBbIX MECTOPOXAEHWU B NMPOLIECCE PEKYABTUBALIMU

[Npr NOA3EMHOM BbilLlEAQUMBAHUKN 3arpsi3HeHWE OObIYHO CBOAMTCS K BO3AEMCTBMIO HA 3€MHYIO
NMOBEPXHOCTb M BOAOHOCHBIN TFOPU3OHT BPEAHBIX AAS 3AOPOBbSI UYeAOBeKa M KMBOW MPUPOABDI
XUMUYECKM aKTUBHbIX BELLECTB, MCMOAb3YEMbIX M 00pasylolmMxcs B MPOLECcCce M3BAEYEHUs ypaHa
M3 HeAp. XOTd 3TO 3arps3HeHre MMeeT AOKaAbHbI XapakTep, OHO AOAXHO KOHTPOAMPOBATbCS Kak
B MpoLiecce MOA3EMHOro BbllleAQUMBaHMS, Tak M MOCAe ero 3aBepLueHusl Mpu pekyAbTuBaumu. B
XOAE MPOBEAEHUS PEKYABTMBALMOHHBLIX PAabOT Ha OTPABOTAHHbIX YPAHOBbIX MECTOPOXAeHMsX PK
FAQBHbIM YCAOBMEM SIBASIETCS BO3BPALLEHME UCMOAb3YEMbIX TEPPUTOPUIA AO MX MCXOAHOFO COCTOSIHUSI.
OcHOBHOW NPOBAEMOI B AQHHOM CAy4Yae SIBASIETCSI BbICOKAsl KUCAOTHOCTb MOA3EMHOr0 rOpu3oHTa.
OAHVMM M3 CNOCOOOB pELLUEHMSI MOXKET SBASTbCS HENTPaAM3auMs LWEAOYHbIMKM pacTBopamu. Aas
YCKOPEHUS PEKYAbTMBALIMM OTPABbOTaHHbIX YPAHOBbBIX MECTOPOXXAEHUI NMPEANOAAraeTCcsl UCNOAb30BaTh
TMAPOKCHA HaTpusl. PaccMoTpeHa BO3MOXKHOCTb MCMOAb30BaHWUS OUMLLIEHHOTO TMAPOKCUMAA HaTpus |-ro
KOHTYpa peakTopHon yctaHoBku BH-350. B aAaHHO paboTe npeACTaBA€Hbl PE3YAbTATbl MCCAEAOBAHMS
BOCCTAHOBAEHWSI PYAHOIO rOPM30HTA OTPABOTAHHbIX YPAaHOBbIX MECTOPOXKAEHMI PK 11 ero copOUMOHHbIX
CBOWCTB MO OTHOLLEHWMIO K TEXHOT€HHbIM PAAMOHYKAMAAM.
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Recovery of the groundwater of spent uranium deposits
ore horizon during the remediation process

The pollution in underground leaching usually reduces to the impact on the earth’s surface and aqui-
fer harmful to human health and living nature of chemically active substances used and formed during
the extraction of uranium from the subsoil. Although this pollution has local nature, it must be controlled
both during the underground leaching process and after its completion during remediation. The main
condition during remediation process on spent uranium deposits of the Republic of Kazakhstan, is return
of used territories to their initial state. The main problem in this case is the high acidity of the under-
ground horizon. The neutralization with alkaline solutions could be one of the solutions. It is proposed
to use sodium hydroxide to accelerate the remediation of spent uranium deposits. The possibility of
using purified sodium hydroxide of the first circuit of the BN-350 fast reactor facility was considered in
this work. This paper presents the results of a study of the recovery of the ore horizon of spent uranium
deposits in the Republic of Kazakhstan and its sorption properties with respect to technogenic radionu-
clides.
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UrepiAreH KeH OPHbIHbIH, KYHAPAbIFbIH KQiTa KaAMbIHA KEATIPY ypAiciHAe
)KepacTbl CYAApbIH KaAMbIHA KEATIpY

XKepactbl warimanay KesiHAE AacTaHy o9AeTTe >kep OeTiHe >KoHe aAaMHbIH AEHCAyAblFbiHA
3USIHABI CYy TYTKBIL >KMEKTEpiHe >XoHe >Xep KOWMHayblHaH ypaH HAIPY Ke3iHAe KypaAaTblH >KoHe
NanAAAQHbIAQTbIH XMMMSIAbIK, GEACEHAT 3aTTapAbIH TabMFATKA 3USHABI BCepiH KeATipin coraabl. Ocbl
AQCTaHybl XEPTiAIKTI GOAFAHBIMEH, OA XXePaCTbl YHFbIMAAbI LIAMMAAQY MPOLECIHAE, COHAQI-AK, KAATbIHA
KEATIpY asikTaAFaHHaH KeniHae 6akblaayaa 60Aybl kepek. KP-HbiH, MrepiAreH ypaH KeH opbIHAQPbIHAQ
KYHAPABIFbIH KaiiTa KAAMbIHA KEATIPY >KYMbICTapbIH XKYPridy MakcaTbl MalAaAaHbIAFAH TEPPUTOPUSHBI
6acTarnkbl KyiiHe KeATipy 60AbIn Tabbiraabl. Kasipri >karaariaa 6acTbl MOCEAE XKEPaACTbl TOPU3OHTbIHbIH
>KOFapbl KbILLKbIAABIAbIFbI. MaCeAeHi LeLlyAiH 6ip X)XOAbI OA CIATIAIK epiTiHAIAepMeH BerTapanTaHAbIPY
MYMKiH 60AaAbI. MrepiAreH KeH OpbIHAAPbIHBIH, KYHAPAbIFbIH KAMTa KAAMbIHA KEATIDYAI JKEAEATETY YLLiH
HATPUI TMAPOKCUAIH ManAaAaHy 6OAXKaHbIN OTbIP. 1- L KOHTYP peakTopAblK, BH-350 KOHABIPFbICHIHbBIH
TasapTbIAFaH HATPUIA TMAPOKCUAIH MalAdAaHy MYMKIHAIT KapacTblpbiAfaH. bya >xymbicta KP-HbIH
UrepiAreH KeH OpbIHAAPbIHbIH, PYAAAbl FTOPU30HTbIH KarTa KAAMbIHAKEATIPY 3epTTey >KYMbICTapbIHbIH,
HOTMXKEAEPI KeATIpIAreH.

TyjiiiH ce3aep: paAMOaKTMBTIAIK, ypaH, Le3uni.

BBenenue

B HacTosiiee Bpemsi J100bIYa ypaHa METOJIOM
CKBA)KMHHOI'O IMOA3EMHOI'O BbIIICIIaYMBAaHUA ABJIA-
€TCsI CHIPbEBOI OCHOBOM CYIIECTBOBAHHMS YPaHOBOU
npoMeinuieHHoCcTH PecnyOmukn Kazaxcran. 3ama-
CBbl YpaHa B MECTOPOXKACHUAX, IPUTOIHBIX IJIs pa3-
PpabOTKH TaHHBIM CIIOCOOOM, YPE3BBIYAHO BEITHKH,
U CIIOCOOHBI OOECTEYNTh BBICOKOPEHTAOCTHLHYIO
J00bIuy B TeueHue Oosiee ueM cta jet [1-4].

B cBs3u ¢ pa3BuTHEM 100BIYM ypaHa CIIOCOOOM
MOJI3EMHOTO CKB)XHHHOTO BBINICIAUNBAHHS U 3a-
BEpIICHUEM OTPAOOTKH HEKOTOPBIX MECTOPOKIC-
HU#, BeChbMa aKTyaJbHBIM CTaJl BOMPOC pa3pabOTKu
MIPUEMIIEMBIX CIIOCOOOB PEKYJILTHBALUU TIOJ3EM-
HBIX BOJI.

Paznuuusi B IPUPOIHBIX YCIOBHUSIX 3ajeTaHus
TUAPOTEHHBIX MECTOPOKICHUI U HEHHOCTH 3aKJII0-
YCHHBIX B HUX IOJ3EMHBIX BOJ TpeOyrT audde-
PEHIIMPOBAHHOTO MOJX0/a K OOOCHOBAHHUIO TMPH-
POAOOXPAaHHBIX MepOHpI/IﬂTI/Iﬁ N COOTBETCTBCHHO K
BBIOOPY COCOOOB PeKyIbTHBALUN TOPH30HTOB [5].

[MoazeMHOE BbINIETAYMBAHUE — TI0 CYIIECTBY
0€30TX0JTHOE MPOM3BOJICTBO, OCYIIECTBISIEMOE Ha
MECTE 3aJieTaHusl PYJIHBIX Tel 0e3 MPOU3BOJICTBA
TOPHBIX Pa0dOT, HAPYIIAIOIIHUX CYIICCTBYIONIUE MPH-
pOJHBIE YCIIOBUA HEJIP U MOBEPXHOCTH. B otiinuune
OT TOJI3EMHBIX M OTKPBITHIX TOPHBIX pabOT 3/1ech
HET OTBAJIOB TOPOJ W XBOCTOXPAHHIIUIIL, HE TPO-
HUCXOOUT OCYHICHWE BOAOHOCHBLIX I'OPHU30HTOB, HECT
IIaXTHBIX U COPOCHBIX BOJI, 3arPSI3HSIONINX [TOBEPX-
HOCTbh, aTMOc(epy M UCTOYHHKH BOJOCHAOKEHUS.
HO3TOMy IIOA3€MHOEC BBIIIICIAaYUBAHUE BJIHACT Ha

COCTOSTHHE OKPY)KAIOIIeH Cpebl 10 CPaBHEHHIO C
TOPHBIM CTIOCOOOM 3HAYUTEITHHO MEHBIIIE.

Ha MHOTUX ONBITHBIX ¥ TPOMBIIIICHHBIX Y4aCT-
Kax yCTaHOBIIEHO, YTO MOCIIE PEKPAIIEeHHUS MPOIIeC-
ca 100BYM B BOJAOHOCHBIX TOPH30HTAX, BMEIIAIO-
LIUX OPEOJbl OCTATOYHBIX PACTBOPOB, MIPOUCXOIUT
XOTS W MEIJICHHas, HO HeoOpaTuMas HeHTpamu3a-
U TPOAYKTOB MOJ3EMHOTO CKBKHHHOTO BBIIIIC-
JIaYMBaHUs B MOJ[3eMHBIX BoJIax [6].

B macTosmee BpeMss HECKOJIBKO CTpaH, UMEIO-
[IUE HA CBOEH TEPPUTOPUM MECTOPOKICHUS ypaHa,
oTpabaThiBacéMble METOJIOM ITOJ3EMHOTO BHIIIETa-
YUBAHUS, PEMIAIOT PA3IMIHBIC 3aa4d 10 PEKYIIb-
TUBaUUKU NOA3eMHBIX BoA. B YUexuum u bonrapuun
3aKHCIICHHBIE PYTHbIC TOPU3OHTHI HAXOJSTCS B He-
MTOCPEICTBEHHOH OJIM30CTH OT BOJ03a00PHBIX CKBa-
xuH [7, 8]. Coxmepxkanue cyibhaToB HEKOTOPBIX
yuacTkax pocruraet 12-15 r/a [9]. 3agacrtyto, naxe
HECMOTpS Ha TO, YTO MOJIUTOHBI TIOJJ36MHOTO BBIIIIC-
JAYMBAHUS HAXOAATCS HAa 3HAYUTEIBHOM YIAICHUU
OT HaCeJICHHBIX IYHKTOB, 3arPsS3HEHNE MOXKET pac-
MIPOCTPAHATHCS CO CKOPOCTHIO TIECATKH METPOB B
TOJl ¥ C TCUCHUEM BPEMEHU JOCTUTHYTH ux [10].

OOIEenpUHATON CXEMOW 10 PEeKyJIbTHBAIHH
MTOA3EMHBIX BOJI SIBJISICTCS] CXEMa COCTOSIIIAS U3 CIIe-
IYIOUIUX JTAloB: OTKAYKa 3arps3HEHHBIX PacTBO-
POB M3 TIOJJ3€MHOTO TOPU30HTA, 00pabOTKA TaHHBIX
PacTBOPOB METOJIOM O0OpaTHOro0 OcMoca ¢ J00aB-
JICHUEM HEUTpaNM3YIOIIMX PEareHTOB U BO3BpaT B
CUCTEMY, IPUHYIUTENbHAS IIUPKYIISIHAS PAaCTBOPOB
IUJIST TIOJTyYEHUS OJHOPOTHOM Cpeibl B 30HE BHIIIIEC-
naunBanus [11, 12]. IlepBbie nBa 3Tana ObUIH OT-
HOCHUTEIIbHO ycmentHo nposeaeHsl B CIIIA Ha Tpex
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Mectopoxkaenusx B Texace [13]. OnHako BepHYTh
BOJIOHOCHBII TOPU30HT B MCXOAHOE COCTOSTHUE TaK
U He yaanocs [14].

O4ucTka OCTaTOYHBIX PACTBOPOB OT HUCKYC-
CTBEHHBIX M METPOTECHHBIX TEXHOTCHHBIX BEIIECTB
Ha MOBCPXHOCTU MCTOJAaMH XUMHNYCCKUX TEXHO-
JIOTHH TIpUBENET K MacmTaOHOMY 3arps3HEHUIO
IHEeBHOU ToBepxHOCTH M jaumut [ICB riaBHOTO
JKOJIOTUYECKOT0 MPEUMYIIECTBA MO CPABHEHUIO
C OTKPBITBIM W TOJ3E€MHBIM TOPHBIMH CIOco0a-
MH pa3pabOTKH YpaHOBBIX MECTOpOXAcHMM [15].
B Pecny6nuke Kazaxcran coriacHo [16] B moa-
3€MHBIX BOJaX MPOJYKTHBHOTO TOPU30HTA JIOJIK-
Ha OBITH TOTamIeHa W30BITOYHAS KHUCIOTHOCTH U
MMPUHATBI MEPBI 110 JIMKBUAAIIMU OpCOJjia 3arpsas-
HEHHBIX BOJ.

B mporecce mpoBeneHuss peKyIbTHBAIIMOHHBIX
paboT OJHMM M3 BapUAHTOB YCKOPEHHS BOCCTa-
HOBJICHUSI OKPY’KAIOIIEH Cpefbl MOMKET SBISTHCS
HeHTpanu3anus MIeTOYHBIMHA PacTBOPAMH  HEIIO-
CPEJICTBEHHO Ha MECTE 3ajieraHusl OTPabOTaHHOTO
PYJHOTO TOPU30HTA YPAHOBOTO MECTOPOKICHHUS.

B nacrosimeit crarbe npeacTaBieHbl pe3yJibTa-
THI WCCIICIOBAHMS BOCCTAHOBIICHUS PYIHOTO TOPHU-
30HTa OTPAa0OTAaHHBIX YPAHOBBIX MECTOPOXKICHHIMA
PK u ero copOIIMOHHBIX CBOWCTB 10 OTHOIIIEHUIO K
TEXHOTEHHBIM PaIHOHYKITHIAM.

AHalu3 XHMHYECKOT0 W PAAUOHYKIUI-
HOTO COCTaBa OTOOPAHHBLIX MNP00 KEePHOBOrO
MaTepuajia

Juisa mpoBenieHUsT MCCIIEIOBaHUN OBLIT B3SIT 00-
pasel; KepHOBOTO MaTepuaja OJHOTO M3 YPAHOBBIX
MectopoxaeHnii FOxHo-KazaxcTanckoi oOmactu.
Havanesnsiii Bec matepuana — 2500 r. [Topoxa peix-
Jas, cyxasl, cblitydas. L[BET CBETI0-CEpOBaTHIN, CO
ca0bIM 3€JICHOBATBIM M ABIMYATHIM OTTEHKOM,
BCTPEYAIOTCSl CBETJIO-XKENThle pa3HocTtu. CocraB
KBapIeBO-TIIMHUCTO-CINIOUCTHINA. [1opoBBIii 00BEM
kepHOBOro marepuana (Q ) cocrapiser 20 %.

YcpenHeHue ocyecTBIIUIOCh METOIOM COpachl-
BaHMs Ha KOHYC. B Tabiuie | npencraBieH xummde-
CKHH COCTaB yCpPEeHEHHOM POObI ypPaHOBOH PyIbl.

Tadanna 1 — XuMudeckuid cocTaB ycpeaHEHHOM POObI ypaHOBOH PybI

Conepxanue, %

Sio ALO, K,0 Fe,0, | Na0

MgO CaO TiO S C U

79,73 1,24 1,42 0,40 0,12

0,03 0,02 0,15 0,06 0,03

Pucynoxk 1 — Vcxonnast ycpenHenHas mpoba ypaHOBOH pyzbl

Jist TuarHoCTHPOBaHUsI COSAMHEHHH, U3 KOTO-
PBIX COCTOMT HMCClIeAyeMas Mpoda ypaHOBOH pybl,
IPOBENN PEHTIeHOAN(PAKTOMETPUIECKHIA U PEHT-
reHo(a30BbIi aHATH3bI.

PentrenogudpakroMerpudeckuii  aHaiu3 ObuI
NPOBE/ICH HAa aBTOMATH3MPOBAHHOM IH(paKTOMe-

ISSN 1563-0315

tpe IPOH-3 ¢ CuKa-usnyuenuem, B-punbrp. Yc-
7oBusl cheMKH Judpaktorpamm: U=35 kB; [=20
MA; ceemka 0-20; nerexTop 2 rpaa/MuH.

Pentrenoda3oBblii aHaiM3 Ha IOJYKOJIHYE-
CTBEHHOW OCHOBE BBITIOJHEH 110 TU(PPAKTOrpaMMaM
MTOPOIIKOBBIX TIPOO C MPUMEHEHHEM METO/a PABHBIX
HABECOK M MCKYCCTBEHHBIX cMeceld. Onpenensimch
KOJIMYECTBEHHBIE COOTHOIICHHS KPHUCTAIUTHYECKHX
(has.

Pesynbrarsl peHTreHO()a30BOro aHa u3a MpuBe-
JeHbl B Tanune 2.

Taéauua 2 — Pesynbrarsl peHTreHo(ha30BOro aHains3a

Munepan Dopmyna Konuenrparus, %
KBapI| SiO, 66
KaJIMEeBBIN MOJIEBOH KAISi,O, 28
mar
aIBOHT NaAlSi,O, 5
KaJIbIUT CaCO3 <0,5
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['panynomerpuueckuii aHanu3 odpasma IpoOb!
IIPOBEZEH IyTEM €ro JeJCHHs Ha LIECTh KJIACCOB
KpYMHOCTH. Pe3ynbpTaThl aHanusa npuBeeHbI B Ta-
omue 3.

OmnbIThl 1O BBILIIETAYUBAHUIO TNPOBOIWIN B
TpyOKax ¢ JumHoW padouel yactu 490 MM U BHY-
TPEHHUM JUaMeTpoM 34 MM, pacHoJIOKEHHBIX B
TOPU30HTAJIBHOM IIOJIOKEHHHU, KyJda PacTBOp II0-
naBasics CBepXy BHHW3. HaBecka pynabl cocTaBisiia
500T.

CKopocTh GUIBTPAlMY B OTIBITaX yCTaHABIUBA-
machk paBHO# 500 mi/cyT, 4yTO cooTBeTcTBYyeT 1 11/
(xkrxcyr), T.e. 32 1 cyTku gocrurancs XK:T=1 i/ kr.

KepHOBBIIT MaTepuan MOCIEIOBATENBHO MPO-
MBIBaJICI BojmoW B cooTHomeHmu JK:T=1, 3arem
2 %-upivm pactBopom H.SO, (OK:T=1) u nanee
1 %-nbM pactBopom H,SO, (OK:T=3).

Cxema yCTaHOBKH AJIS [IPOBEICHUSI OIIbITA C I10-
CTOSIHHOH CKOPOCTBIO (HIIbTpanuu B TpyOKe MpH-
BEJICHA HA PUCYHKE 2.

Ta6auna 3 — Pe3ynpraThl rpaHyJIOMETPHYESCKOTO aHAIN3a YCPEIHEHHOM IPOOBI yPaHOBOI py/bI

NoNe /i Pasmeps! knacca, MM Brixon kmacca, T Brixon kmnacca, %
1 >5,0—+2,0 53,20 7-8%
2 -2,0—+1,0 21,90 3%
3 -1,0—+0,5 78,50 10-11%
4 -0,5—+0,25 345,00 45-47%
5 - 0,25—+0,05 245,20 32-34%
6 -0,05—+0 20,75 2,5-2,7%

ITo panHBIM Tabnuibl 3 BUAHO, YTO yCpPEeAHEHHAs Mpoba ypaHOBOH py/bl B 3HAUUTENbHON cTenenu (45—47%) npencraBieHa

KiaccoM (- 0,5) — (+ 0,25) mm.

1 — cocyn Mapuotra ¢ pabodnM pacTBOPOM; 2 — THOKHIT IITaHT (M3 KHCIOTOCTOMKON PE3UHBI HIIH CHITUKOHA);
3 — mrraTuB; 4 — OrOpeTKa ¢ ACTCHUSIME; 5 — KpaH; 6 — TpyOKa; 7 — KEpHOBBIN MaTepHal; § — MOPUCTHINA QHIIBTP;
9 — xonba ¢ MpOAYKTUBHBIM pacTBOpoM; 10 — mojcTaBka ¢ peryIupyeMoil BEICOTOI HOMKEK.

[IpumeHeHne OIOPETKH C ISIICHUSIMU U IBYX He-
3aBUCUMBIX KPAHOB ITO3BOJISICT TOYHO PETYITHPOBATH
cKkopocTh uibTpanuu. [Ipu 3ToM B ciiyyae nu3mMeHe-

90

PI/ICyHOK 2 — Cxema YCTaHOBKU ISl HPOBEACHMS OIIBITOB I10 BBIIICIAYUBAHUIO B pr6l(€
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HUSl (PUIBTPAIMOHHBIX CBOMCTB pyaAbl 00IIasi CKO-
poCTh (DUIBTpAIMHM OCTACTCS TOCTOSHHOW. Hamm-
YKe KPBIIICK Ha OFOPETKE U KOJIOE C IPOTYKTUBHBIM
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pacTBOpPOM MpPENOTBpAIaeT UCHAapeHHe padovero
U TIPOJyKTUBHOTO PAacTBOPOB, MOPHUCTHIN (PHIBTP
NPEAO0TBpAIIaeT 3arps3HeHNE MPOJAYKTHBHOTO pac-
TBOpa MEXaHMYECKUMH B3BECSIMU U OJHOBPEMEHHO
CITYKHT yIUIOTHUTEIIEM.

[opsimox paboThl ycTaHaBIMBAJICA CIEAYIO-
IIMM: TI0CJIe COOPKU YCTAaHOBKHA HOXKKH TIOJICTaB-
ku 10 perynmmpoBainch Tak, 4ToObl TpyOka 6 Oblta
HaKJIOHEeHA 1oJ] yriioM 4-5° K TOpU30HTY (BXO/HAs
CTOpPOHA HWKE BBIXOJHOMW), B pPe3yJbTaTe 4ero ra-
paHTHpyeTCs OTCYTCTBHE TOSBICHHUS BO3TYIIHBIX
«MENIKOB» TpH Mojiaue paboyero pactsopa. 3aTem,
MIPH 3aKPBITOM HUKHEM KpaHe 5, BEpXHUU KpaH S5
OTKpBIBaeTCS W C MOMOIIBIO YaCOB OIPENeIsieTCs
CKOPOCTb 014 pabovyero pacTBopa B OOpPETKy 4.
[Tocne Toro, Kak CKOpPOCTb MOJA4u pabOYero pac-
TBOpa OYyIEeT TOYHO OTPEryJIMpPOBaHA C MOMOIIBIO
BEPXHEro KpaHa, HWKHHUN KpaH MOJHOCThI OTKPBI-
BaeTcs, U pabounii pacTBOp HAYMHAET IMOCTYIATh B
TpyOKy. Ilpn 3TOM DUKCHpyeTCS N3MECHEHUE YPOB-
Hs pacTBopa B Otoperke. Ecim ypoBeHb pacTBopa
TIOBBIIIAETCS TOYTH JI0 BEPXHETO Kpas OIOpEeTKH,
C TTIOMOIIBIO ITAaTHBA 3 OIOpPETKAa W BEpXHHUH KpaH
MOJHUMAIOTCS Ha OOJBINYIO BBICOTY B Ipejenax,
OTPaHUYCHHBIX BHICOTOH MITATHBA U JUTHHON THOKUX
nutaHroB 2. Bpems mosiBiaerus B koibe 9 mpoayk-
TUBHOTO pacTBopa (HUKCUPYETCsi, IOCIIE YeTr0 HOXK-
KM TI07IcTaBKH 10 peryimpyroTcs Tak, 4ToObl TpyOKa
MIPHUHSJIA TOPU30HTAIbHOE TIoJIoxkeHue. [IpogykTuB-
HBIN PaCTBOP aHAJU3UPYETCS ©KECYTOUHO, MPUIESM
C IEJBI0 KOHTPOJISI TOYHOCTH PErYJIHMPOBKHU TOIa4U
pabodero pacTBopa ero 00beM U3MEPSETCS, U B CITY-
yae HEOOXOJUMOCTH CKOPOCTh Mojiauu padodero
pacTBopa KOppeKTUpyeTCsl.

KoppextupoBka pH pacrBopa B mopoBom
MPOCTPAHCTBE 0TPAOOTAHHBIX KEPHOB U OIpe/e-
JieHHe COPOLMOHHBIX CBOMCTB MOPO/I 110 OTHOIIIe-
HHUI0 K TEXHOT€HHBIM PAHOHYKJINIAM

IToce 3aBepmieHust SKCMEPUMEHTA IO BBIIIE-
JAYMBaHUIO YpaHa U3 KepPHA U JIOBEJCHUS YPOBHS
pH pacTBOopa B mOpOBOM NpPOCTPAaHCTBE A0 3HaUe-
Hus ~ 1,5, dyepe3 pydy MO cXxeMme, yKa3aHHOH Ha
pucynke 3, monaanu 0,5 %-usiii pactBop NaOH
o0bemoM 700 MJI ¢ paaroaKTUBHBIM TpaccepoM. B
KadecTBe Tpaccepa ObuT BeIOpaH Cs-134, akTuBHO-
cteio 700 Bx. CkopocTh (uiIbTpalviy COCTABIISIIA
50 mu/gac. [IpoObl Asise MpOBEACHHUS CIEKTPOME-
TPUYECKOTO aHaNn3a 1 3aMepa ypoBHs pH orOupa-
JIM KaXKJIbli yac.
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1 — eMKOCTb C IIEJIOYHBIM PaCTBOPOM,
2 — MIepUCTAIITUYECKUI HACOC; 3 — LIIAHT;
4 — TpyOKa ¢ KEpHOBBIM MaTepHaIoM;
5 — npueMHUK QUIBTpaT

PucyHok 3 — Cxema ycTaHOBKH Ul IPOBEACHUS OIIBITA C IIPU-
HyIMTeIbHOU (uibTparmeit

JlanHble 10 M3MeHeHHto ypoBHs pH B ¢punbTpa-
T€ MPEICTABIICHBI HA PUCYHKE 4.

Pucynox 4 — 3aBucumocts usmenenus pH B pactsope

W3 npencrasnenHoro rpaduka BUAHO, YTO OI-
TUMaiIbHBIM 00beM 0,5 %-Horo pactBopa IIEI04H
JUISL HEUTpanu3ali KUCJIOTHOM Cpeibl MOJ3E€MHOTO
pyZIHOTO TOPU30HTA cocTaBiAeT nopsaka 10 mopo-
BBbIX 0OBEMOB.

Pe3ynbprarthl CHEKTPOMETPHUYECKOTO aHalIHu3a
¢wupTpata (NaOH) npuBeaens! B Tabnune 4
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Boccranosnenune TMOA3CMHBIX BOJ PYAHOI'O rOPpU30HTA OTpa60TaHHBIX YpPaHOBBIX Mecropom;{eHHﬁ

Ta6auua 4 — Pe3ynbrarhl CHEKTPOMETPUUYECKOIO aHaIM3a
¢unsTpara

Ob6pasen Macca, T A (?)Z;;;L)]; b/
N-5 51 0,37 £ 0,04
N-6 50,5 0,28 + 0,04
N-7 50,5 0,21+ 0,03
N-8 50 0,18 £0,02
N-9 50 0,15+0,03
N-10 50 0,12 +0,03
N-11 50 0,12 % 0,02
N-12 50 0,07 £ 0,02
N-13 50 0,10 £0,02
N-14 50 0,07 £0,02
N-15 50 0,12 +0,03
N-16 50 0,07 0,02
N-17 49 0,04 + 0,02

W3 mpencTaBiieHHBIX TaHHBIX BHUJHO, YTO, Kep-
HOBBII MaTepuai xopomro copoupyer Ha cedst Cs-
134 u 60mp1Iast 9acTh akTHBHOCTH (~99%) ocTaeTcs
B pyaHOM ropu3oHTe. [Ipu 3ToM HamtydInyro copo-
[IMOHHYIO CIIOCOOHOCTH TTPOAEMOHCTPUPOBAIT 0Opa-
3er; Ne2, 4To OOBICHSETCS TE€M, YTO LIE3UH MOMKET
BXOJIUTh B CTPYKTYPY TaKMX MHHEPAJIOB, KaK CH-

JIUKATBI, AIFOMOCHIIMKATBI ¥ THIPOCITIOIBI, TTPUYEM
CTETeHb ero (PUKCcany B TOYBE BO3PACTAET C TeUe-
HueM Bpemend [17]. Hanuuue kBapiieBoro mecka B
MOpOJIe TaKKe CHIDKAET CTETCHb BBIICIAYHBAHUS
me3ws [18].

CornacHo wuccnenoBanusim [19,20], TexHomo-
THYECKHE TPOIECCHl CIMOCOOCTBYIOT YBEITUYECHHUIO
COpOITMOHHBIX CBOMCTB TOPOJ M TPOYHOCTH 3aKpe-
TUICHUST HAa MUHEPAJbHBIX 3€pHAX PaJHOHYKIIUIOB
B IUIYOWHHBIX XPaHWIUIIAX KUIKUX TEXHOJIOTHYE-
cknx PAO. C yBennmueHueM BpeMEHU B3aUMO/IEH-
CTBUS KUCJIBIE TEXHOJIOTUYECKHIE OTXO/IbI C TOPOJIOM
JIOJISt IPOYHO(UKCUPOBAHHBIX (POpPM BO3pacTaer.

YuurteiBas, 4To 00BEM pPyIHOTO Teia CpelHe-
CTaTHCTUYECKOTO OTPa0OTAaHHOTO TEXHOJIOTHYE-
ckoro Oioka coctapisiet nmopsiaka 300 Teic. M, 1S
YTUIM3aUMU OYUILEHHOTO HaTpus [-ro konTypa PY
BH-350 Oyzer mocTaToyHO TUIOIIAAM OJHOTO OT-
pabOTaHHOTO TEXHOJOTHMYECKOTo OroKa (TUToImaib
KOHTYpa PyIHOTO Tela ~44 ThIC. KB.M.).

3ak/a0ueHHusI U BbIBObI

HOJ’Iy‘-IeHHLIe pE3yibTaThl CBUACTCILCTBYIOT,
YTO CAaMOBOCCTAHOBICHHE CpeIbl OTPaOOTaHHBIX
YPaHOBBIX MECTOPOXKIECHUH MOXKET OBITh B 3HAUH-
TEJIHHONH Mepe YCKOPEHO C IOMOIIbI0 HEeWTpau-
3allMU LIEJI0YbI0, B TOM YHCJE C HUCIOIb30BaHHEM
OYMIIEHHOTO HaTpusa [-ro KOHTypa peakTOpHOH
yctanoBku bH-350.
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