BECTHHUK POCCHHCKOH AKAIEMHH HAYK, 2023, mom 93, Ne 7, c. 623—630

C KAOEJPHI IPEZU/INYMA PAH

CEJEKTUBHOE U3BJIEYEHUE JINTUA N3 MUHEPAJIBHOI'O,
I'MAPOMMHEPAJIBHOT'O 1 BTOPUYHOTI'O CbIPbA

© 2023 r.

A. 10. TuBanze~*, B. E. Baymun*>**, I'. B. KoctukoBa®***,6 A. A. Be310MHUKOB®****

¢ Unemumym usuueckot xumuu u snekmpoxumuu um. A.H. @Ppymxuna PAH, Mockea, Poccus
b Hnemumym gusuonoeuecku axmusnvix seujecms Pedepanvioeo ucciedosamensckoeo yeHmpa npobaem XumuHeckou
uzuku u meduyurckoii xumuu, Yeproeonosxa, Poccus
*E-mail: atsiv43@mail.ru
**E-mail: mager1988@gmail.com
***E-mail: galyna_k@mail.ru
**%* E-mail: bezdomnikovaa @phyche.ac.ru

IMocrynuna B penakimio 01.06.2023 r.
TTocne nopa6orku 08.06.2023 1.
IMpunsara x nyonukamuu 16.06.2023 1.
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Bpems 6e3rpaHMYHBIX BO3MOXHOCTEH 11 OOIBIIIIX
BBI30OBOB — MMEHHO TaK MOXHO OXapaKTe€pU30BaTh
TeKyllee JecaTuieTre. bokdyeitH n MCKyCCTBEHHBIN
MHTEJJIEKT, POOOTOTEXHUKA U OECITMIIOTHBIE YCTPOW -
CTBa, BOOOPOIHAs M BO30OHOBJIsIEeMasi HEpPreTuka,
3JIEKTPOTPAHCIIOPT, HOBbIE CITyTHUKOBBIE TEXHOJIO-
TMU U BBICOKOTEXHOJOTUYHAsA MeAWIIMHA — BCE 3TO
Ha HallMX IJ1a3axX CTPEMUTEIbHO MpeoOpas3yeT OKpy-
Kaourit Mup. B3pbIBHOU pOCT TEXHOJIOTUI BCEJISIET

HMWBAJ3E Acnan KOcynmoBuu — akamemuk PAH, 3ame-
cruteab npesuaeHTta PAH, HaydHbIli pyKOBOIMTEIb
NDXD PAH. BAYJIMH Baagumup EBreHbeBUY — TOKTOD
XUMUWYECKUX HayK, TIaBHbIA HayYHBIM COTPYIHUK J1abo-
paTopuu HOBBIX (PU3MKO-XMMUYECKUX Ipobiem MDXD
PAH, 3aBenytomuii T1aboparopueii pochopopraHnIecKmux
coequHenniit MOAB. KOCTUKOBA Tamuna Baine-
pbe€BHAa — KaHIMAAT XMMUYECKMX HayK, CTaplIUil Hay4-
HBIIl COTPYIHUK JIaAOOpPaTOPUU HOBBIX (PU3MKO-XUMUYE-
ckux npotiem NOXD PAH. BE3JJOMHUMKOB Anekceit
AnekcaHIpOBUY — MJIAIIINI HAayYHBII COTPYIHUK JIab0-
paTopuu HOBBIX (PU3MKO-XUMUYECKUX Ipobiem MPDXD
PAH.

HaACXKIbl U ONITUMU3M OTHOCUTEIILHO OYAYILIETo ue-
JoBeuecTBa. OpHako TapajuleIbHO HaABUTAlOTCS
GOJIbIIIME BEI30BBI, TAKME KaK ITepPMaHEHTHBIE SKOHO-
MUYECKUE U TIOJIMTUYECKUE KPU3MCHI, COLMAIbHAS
HaTPSKEHHOCTh, HOBAs TOHKA BOOPYXKEHU, TTaHIe-
MUH, UCTOLIEHUE PECYPCHOM 0a3bl, UBMEHEHUE KIIU-
Mata. IIpeomoieHuI0 HEKOTOPHLIX BHI30BOB MOTLYT
COCOOCTBOBATh HOBBIE TEXHOJIOTUU. YCIIEX X BHEI -
pEHUSI 3aBUCUT OT MHOXKECTBa B3aMMOCBSI3aHHBIX
dakTopoB. OcTaHOBUMCS Ha OOHOM U3 HUX.

3HAYMMBIM 3JIEMEHTOM COBPEMEHHBIX TEXHOJO-
Ui BBICTyMHaeT JUTUi. JINTHUeBble UICTOUHUKMU TOKa
WUTPAOT KITIOUEBYIO POJIb B OECIMUIOTHBIX YCTPOIi-
CTBaX, BO30OHOBIISIEMOM OJHEpPreTUKe, OSIIEKTPO-
TpaHcIiopTe U Apyrux cpepax. CaM JUTUI TPUMEHSI-
€TCs He TOJBKO B IIPOM3BOICTBE JIMTUM-NOHHBIX aK-
KYMYJISITOPOB, HO U BBICOKOKAYE€CTBEHHBIX CTEKOII,
KepaMUKH, CMa309HBIX MAaTEPHUAJIOB, B METAJLTyPTUH
1 aTOMHOH MPOMBIIICHHOCTH. 3a MocJieqHee Aecs-
THJIETHE CTPYKTypa HOTPEOIICHUS JINTUS IIpeTepIIesia
3HAYUTENbHbIE N3MeHeHUsA. CIIpoc Ha 3TOT METaJlT
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JIuTuii-uoHHbIE
Pyna
AKKYMYJISITOPBI

PactBopeHue

]

Paccobl

KoHuieHTpupoBaHue 110 JUTHIO,
yaaJleHue MelarolX MOHOB

W3BneyeHue MTUTHS

Puc. 1. O01ast cxeMa TOOBIYY JIMTUS U3 TBEPAOIO U KU~
KOTO JINTUEBOTO CHIPbSI

MMOCTOSTHHO PACTET, MOBBIIIASI €TO0 CTOUMOCTb, OTIepe-
Kast HeOCTaTOUHBIM POCT ITPOU3BOICTBA.

OrpaHUYEHHOCTh IMPOU3BONACTBA JUTHUS CBsI3aHa
CO CJIOXXHOCTSIMU €ro TOOBIYU U OCOOCHHOCTSIMU €TO
MIPUCYTCTBUS B Ipuporde. boblias yacth 3TOro me-
Tajula B OY€Hb MaJIbIX KOHIIEHTPAIMsIX pacCpeaoTo-
YyeHa B MOPCKOM Boje, MoOblYa M3 KOTOPOI Ha HbI-
HEIITHEM YPOBHE TEXHOJIOTMM HE OKYIMTCS, W JIUIIb
HeOOoJIbIIIast OIS pacrojaraeTcss KoMnakTHo. Takue
3arachl IMPUCYTCTBYIOT B JIMTUEBOM pyIe, COJEHBIX
03€pax, reoTepMaJIbHbIX BOJAX M Pa3IUIHBIX TEXHO-
TeHHBIX paccoyiax. Pyna nonroe BpeMs ciiy>kuiaa oc-
HOBHBLIM MCTOYHMKOM JIMTHUSI, OJHAKO Hauboiee
peHTa0eIbHBIE MECTOPOXICHUS YK€ SKCIUIyaTHupY-
I0TCS1, @ YaCcTh MX UCTOIIMIAachk. Benylyto posib B Ka-
YyeCTBE MCTOYHMUKA JIMTUS NPUOOPETAIOT JIMTUCBBIC
paccobl, HO 3IeCh OCOOEHHO OCTPO CTPOUT MpoOdJIe-
Ma CeJIEKTUBHOIO M3BJICYCHMS 1I€JIEBOTO IPOMAYKTa.
JIutueBbie paccoJbl ClipaBeaBee Ha3bIBaTh HATPU -
€BBIMHU, KaJIbIIMEBBIMU WJIM MAarHUEBBIMH, TaK Kak I10
OoutblIeit yacTu oHU conepxkaT nMeHHO Na, Ca, Mg.
CopepkaHue e TUTUS penko npepwimaet 0.5 /i Ha
¢oHE IECITKOB U COTEH I'PaMMOB JAPYTUX LIEIOYHBIX
U 1LEeJOYHO3eMEIbHBIX MeTauioB. Hu3kas KoHIleH-
TpalMsl U CXOXECTb CBOMCTB € 3JIeMEHTaM1-MaKpO-
KOMIIOHEHTaMM PaccoJia Ype3BhIYaiiHO YCIOXHSIOT
JIOOBIUY.

B o6mem cirygyae BO3MOXKHOCTH HOOBIYM JIMTHS
omnpeaessieTcss SHepreTUUYeCKUM OajaHCOM, OTCloAa
BO3HMKAET BOMPOC: PeajibHO JIX €ro u3BlieueHue 6e3
3aTpaT U30BITOYHOTIO KOJIMYEeCTBA SHEPTUU? DHepre-
TUYECKUI OajlaHC MPU 3TOM OMpenessieTcsl yCio-
BUSIMHM KJIMMAaTa, COCTAaBOM paccojia U JOCTYITHBI-
MU TexHojorusMu. CTeleHb apUIHOCTU KJIMMaTa
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LHIUBAJ3E u ap.

IMO3BOJISIET OLIEHUTh IPUMEHUMOCTh METOIOB IeJINO-
KOHIIEHTPUPOBAHUSI, C MOMOIIbIO KOTOPBHIX MOXKHO
MOTIBITATHCS TOBBICUTH COMIepXKaHUe JIMTUSI B Pacco-
e 0e3 3arpaT snekTpolsHeprun. CocTaB paccoiia
omnpeensieT IPUMEHUMOCTb TaJUTypru4eCKOi CXeMbl
BBIIIEJICHUS] JIMTUS; C POCTOM COOTHolIeHus1 Mg/Li,
Ca/Li aTa cxema TepseT 3(p¢heKTUBHOCTh 1 B KOHEU-
HOM UTOT€ CTaHOBUTCS HeINpuMeHumoil. B cBoio
oyepenb, JOCTYITHOCTh U Ka4eCTBO TEXHOJIOTUI MpU-
0o0peTaloT pelraiollee 3HaueHNe IIpU JOOBIYE JTUTUST
W3 pacCoJIOB, 3ajieTalolInuX Ha TEPPUTOPUSIX C Hea-
PUIHBIM KJIMMAaTOM U BBICOKUM coaepXaHuem Mg
u Ca.

HMcknoyast M3 paccMOTPEHUST TOPOTOCTOSIIINUE
dusznyeckrue METoabl pa3nesieHus BelleCcTB, Halpu-
MeEDp, 2JIEKTPOMArHUTHOE pa3fiesieHUe, 100bIYa JTUTUS
U3 BCEX BUAOB MCTOYHUKOB MMEET OOIIMU MyTh
(puc. 1). Teépnoe coipb€ (pyma mim oTpaboTaBIINE
JIMTUN-UOHHBIE aKKYMYJISITOPBI) TIEPEBOAUTCS B JIU-
TUMcogepXaluuii pacTBOp, IMPU 3TOM IIPUMEHSIOTCS
MeToAbl (DU3UUYECKOTOo pasfesieHus] KOMITOHEHTOB,
nupo- u ruapoMeTtanrypruu [1]. ITomyTHo ¢ epeBo-
JIOM TBEPIOTO ChIPhsl B JIUTUIICOAEPXKAILIMI pacTBOP
BO3MOXHO BbIJEJIEHE Pa3JIUYHbIX KOMITOHEHTOB,
YTO OTIpenesisieTcs ISl KaXI0T0 KOHKPETHOrO CJy-
yas (Cragusi nepeBoaa TBEPAOTO ChIPbs B JIUTUICO-
JIepXalluii paccojl — OTaefibHas OoJiblllasi Tema,
ocTaBjisieMass HaMU 32 paMKaMy JaHHOUW paboThI).
IMony4eHHBIN nuTHiicoaepXallliii pacTBOP MOXKHO
OTHECTM K TEXHOTE€HHBLIM Hapsiiy C MoJyyaeMbIMU
npu noosiue HedTH, ra3a, aamMazoB U T.1. Kak TexHo-
T€HHbIE, TaK U MPUPOIHBIC PACCOJbl HYXKIAIOTCS B
MOJArOTOBKE, OHA HEOOXOAMMa JJ1s1 MOBBIIIIEHWST KOH-
LIEHTpALIMU JIUTUSL 10 paboueit U ynajeHus KOMIO-
HEHTOB, TIPEITSITCTBYIOIIMX €ro M3BJICUYEHUIO, a €&
OCOOEHHOCTU 3aBUCSIT OT KOHEUHOIO0 MeToja ToJy-
YEHUS 11eJIEBOTO MPOIYKTA.

DduHalbHOE U3BJCUCHUE JIUTHS Yallle BCEro pea-
JIN3YETCSl METOJIOM OCaXKAEHUS WU MEPEeKPUCTAILIIU -
3alliu, 4YTO TpeOyeT 3HAYMTENbHOIO KOHIIEHTPUPO-
BaHMs Mo auTtuto. Hampumep, ecinyv Mbl UMeeM TIpU-
pomHBIA paccoi ¢ KoHueHTtpanueit Li 0.1 r/11, TO B
WaeaTbHOM citydae 111 BeineiaeHus 90% nmmTus B BU-
ne Li,CO; motpedbyeTcss CKOHLEHTPUPOBATh UCXOM -
HbIii pacTBOp TNpuOausutenbHo B 100 pas, To ecTb
MPaKTUYECKU BBITIAPUTH €ro nocyxa. Eciiv He yuuThl-
BaTh IPUCYTCTBME MarHusl U KajJblLMs B paccojax,
OpraHM30BaTh TaKO€ KOHLIEHTPUPOBaHUE Haxe B
YCJIOBUSIX apUIHOTO KJIMaTa BeCbMa CJIOXKHO.

IIpoliecc coMHEYHOTro HCIapeHUsl IIMPOKO WC-
MONB3YyETCS B TIPOMBINUJICHHOW HOOBIYE JUTUS W3
paccosoB. DTOT METON MO3BOJISIET MOJy4YaTh JUTUE-
Bbl€ KOHIIEHTpAThl, COAepKalllue MPUMEPHO N0 S—
10 r/x Li, B 3aBUCUMOCTH OT MCXOTHOT'O COCTaBa pac-
cojia. MeTon MpUMEHUM TOJIBKO B 3aCYILIJIUBBIX, COJI-
HEYHBIX PErMoHax, TO €CTh B palioHaX C apUIHBIM
kuMatoM. [lJisT TToJlydeHUs1 KOHIIEHTpaTa HeoOXo-
IUM Kackaj TIPyJoB OOIIEel IUIOIIANbI0O B THICIUMN
Ne 7
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CEJIEKTUBHOE M3BJEYEHMUWE JINTUA U3 MUHEPAJIbHOT'O

rekTap u JJIUTeIbHOE BPEMSI — OT HECKOJIBKUX MeCSI-
1eB 10 2 JIET.

Paccou B ripoliecce re IMOKOHLIEHTPUPOBAHUS TIe-
peKayuBaeTCs MEXIy TIpyJaMU, B KOTOPBIX B 3aBUCH -
MOCTH OT MCXOOHOIO COCTaBa paccojia MO3TAITHO
ocaxpnarorcsg NaCl, KCI, pazmnaHbie 1BOMHBIE COJHN
U OTAEJISIFOTCS 1IeJIOUHO3eMeTbHbIE METAJIIbI B BUIE
CaS0O,, Mg(OH),, CaCO; nyTém nodaBieHus B pac-
coi u3BectkoBoro Mojsioka (Ca(OH),), conpl (NaHCO;),
KanbLuHUpoBaHHO coabl (Na,CO;) uiu pasnuy-
HBIX KMCJIOT [2].

DPGPEKTUBHOCT, TaKOTO WM3BJICUCHUSI KpaiiHe
HU3Ka, Bappupyercs ot 15 go 70% (66nblast yacTh
MOTEPh JIMTHS CBSI3aHA C €70 3aXBaTOM IPU NEPEKPU-
cTaJlIu3aliy ITOOOUYHBIX COJIEN U C UCTITapeHUueEM) [2—
4]. ITomuMo HM3KOM 3(PPEKTUBHOCTU U CEICKTUB-
HOCTH, MeToH, TpeOyeT pacxoda OOJBIIOro KoJide-
CTBa peareHToB, BpeMeHH, TJIOLIAAN U MaryoHo OT-
paXkaeTcsl Ha 9KOJIOTUM U3-3a 3aCAIMBaHUS 1 3PO3UK
MOYB, 3HAYUTEIBHOTO pacxojia MPeCHO BOJIbl, KOTO-
past 1 6e3 Toro 1erIMTHA B 3aCYIIUTUBBIX pETMOHAX.
OTU Tpolecchl HEraTUBHO CKa3bIBAIOTCS Ha OJiaro-
MOJIyYMM MECTHOTO HaceJIeHUs, BbI3bIBasl €ro OTTOK,
yCcUJIMBas1 COLlMAJIbHOE HamnpsKeHue [5].

B HacTosmie BpeMs HaOmonaeTcsl YETKUM TPEH]T
Ha pa3BUTHUEC JIUTUI-CEIIEKTUBHBIX TEXHOJIOTHUA, T103-
BOJISTIOLIINX 3HAYUTEILHO COKPATUTh SHEPTOEMKOCTh
CTaIu KOHIEHTPUPOBAHUS PACCOJIOB U YHaJIeHUS
MEIIAIINX/COMYTCTBYIOIIUX NOHOB. AKTUBHO pa3-
BUBAIOTCS METOMBI KUIKOCTHOM 3KCTPAKIUU, COPO-
LIMM ¥ pa3IndHble MeMOpaHHBIC ITPOLIECCHI.

Jlutuit-uonnasa curosBas (LIS) amcopOmus kak
OlHAa M3 Pa3HOBUIHOCTEM COPOLIMOHHBIX METOMOB
U3BJIEYEHHS TTO3BOJISIET TOJydyaTh JUTUIN U3 pacco-
JIOB 3a CUET OOpaTUMOI MHTEPKAJISILIVNY JINTUS B KPY-
CTANINYECKOM pelIETKE MOHHBIX CUT. MOXHO BbIfe-
JIUTh IBa OCHOBHBIX KaHAWIaTa Ha UCITOJIb30BaHUE B
kauectBe LIS — okcuabl mutus-mapranua (LMO) u
okcuabl utus-tutana (LTO). [Tomumo LMO u LTO
paccMarpuBatotes u apyrue LIS, Bkiatouas LiSbOs;,
LiNbO;, LiMg,sMn,;0,, LiIAIMnO, u LiFeMnO,
[6—9]. CopbOuroHHass EMKOCTb 110 JTUTHIO UIST TAKUX
MaTepuaaoB MOXeT qocturathb 95 mr/t [10].

M3BieyeHune TUTUSI, KaK IIpeariogaraeTcs, Ipomuc-
XOOWUT 3a CYET CAEAyIoIIMX peakuuii. MoHHBINA 00-
MEH:

LiMn,0, + H" <> HMn,0, + Li",

MOBEPXHOCTHOE OUCIPOIIOPLIUOHNUPOBAHME:
2LiMn,0,+4H" <

> 3A-MnO,+2Li"+Mn’"+2H,0

IMpenrmomaraercst, 4To 3TU IBa Mpoliecca MPouc-
XOISIT MapaJlieJIbHO, TIPU 3TOM BTOPOI Mpoliecc He-
raTUBEH, TaK KaK NPUBOIUT K pa3pylIeHUI0 MOHHOTO
cuTa U BRICBOOOXIEeHNIO KaTnoHoB MapraHia (1I).
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CymiecTByeT oTedecTBeHHAsT pa3paboTKa IoJIyde-
HUS JIMTUEBBIX KOHLIEHTPATOB C ITOMOIIbBIO pa3HO-
BUIHOCTU JIBOMHOIO TMAPOKCHUAA aTFOMUHUS JTUTUS
JATAJI-CI [11]. ITpnm obpaboTKe MUTUICOIEPKAIIIITM
xaopunHeIM pactBopoM HTAJI-Cl ¢ neduniurom B
HéM LiCl mpoucxoguT BOCCTaHOBJICHUE MCXOTHOIO
cocraBa nBoitHoro coenuHeHust LiCl-2A1(OH);mH,0.
Takast oOparuMast MHTepKaISI U —ICUHTEPKAJISIIIST
MOXKET MOBTOPSITbCSI MHOTOKpaTHO. [l Jyd4ilero
copOeHTa, IIOIYYEeHHOTO METOIOM XHUMHYECKOIO
ocaxnaenus JAT'AJI-Li u3 pactBopa LiCl, EMKoOCTb cO-
craBisieT 8.8—9.8 Mr/T, 4YTO 3HAYUTEIILHO HILKE, YeM
JIJISI COpOEHTOB Ha OCHOBE OKCHUIOB JIMTHUSI-MapraHiia
Y OKCUIOB JIMTUSI-TUTaHA.

OmHako Ha CETOOHSITHUM NeHb JIMTUN-NOHHBIE
CHTa JajieKu OT MCTIOJIb30BAaHUS B TTPOMBIIIUIEHHBIX
MaciTabax. OCHOBHBIE MX HEIOCTaTKI: HU3Kast CKO-
pocTh OOMeHa, MTOpPOTOBM3HA CHUHTE3a, OMAaCHOCTH
ToTagaHusI B CTOYHBIE BOIBI, BEICOKME TIOTEPU U3-3a
HECTaGMIIBHOCTU CTPYKTYpHI. K cokajeHuto, darie
BCETO TOBBIIICHNE CTOMKOCTH M pecypca copOeHTa
COIPOBOXKIAETCS] CHUXKEHUEM €ro EMKOCTH M 3HAYM -
TEJIbHBIM YIOPOKaHUEM.

Cy11ecTBYIOT TaK Ha3blBa€MbIE 3JICKTPOXUMUYE-
ckue noHHble Hacochl (EIP), B KoTophIX paGouwmii
BJIEKTPO CIIOCOOEH IO IEICTBUEM DJIEKTPUIECKOTO
TOKa MHTepKaJIupoBatb MOHBI TUTUSA. [1puHiun EIP
3aKJIIo4yaercd B yaaBiauBaHuu LiT u3 paccosia ripu mo-
Jlaye OJHOTO MOTEeHIIMajla U BEICBOOOXIEHUU JINTUS
B pacTBOp IIpU Hogaye Apyroro noreHuuama. B kaue-
CTBE 3JIEKTPOIOB MOTYT HCIIOJIb30BaThbesi A-MnO,
[12], LiFePO, [13], Li, _ ,Ni;;3Co,,3Mn,;;0, [14] u
T.1. Takas anekTpoxuMudeckass skcTpakuus Li saB-
JISIETCSI MHOTOO0O€IaroNieid TEXHOJOTUE IIpyu yCIo-
BUU, 4TO OyOyT pa3padoTaHbl BEICOKO3((MEKTUBHBIC
MOHOCEJIEKTUBHBIC 3JIEKTPObI, 00agarole 00Ib-
o €MKOCTBIO TTIO Li, TONTOBEYHOCTHIO W HU3KOM
ce0eCTOMMOCThIO.

C HemaBHETO BpeMeHM 0OJIbIIIOe BHUMAHME CTAJIO
YACTSITHCSI MEMOpPaHHBIM TEXHOJIOTUSIM M3BJICYSHUS
JINTHSL, TIPU 3TOM yXKe pa3paboTaHbl METOAbI, ITO3BO-
JISTIONIE OMHOBPEMEHHO BBIIEISATH JUTUI W IIONIY-
yaTh nuTheByl0 Boay [15]. Ho, K coxaneHuio, 3Tu
TeXHOJI0ru1 He3(h@EKTUBHEI B BBICOKOKOHLICHTPH -
POBaHHBIX paccoJax, a B IIOJIHYIO CHJTy OHM paboTaioT
TOJBKO B CJIydae€ C MOPCKOM BOAOW M HEKOTOPbIMU
MIpeaBapUTEIbHO MOATOTOBJIEHHBIMMU MIJISI 3TOTO IPO-
ecca paccoaaMM COJIEHBIX 03ED.

C npOMBILIJIEHHOM TOYKY 3peHUsT HauboJiee nep-
CHEKTUBHO pa3BUTUE METOIOB XXUIKOCTHOM BKC-
TPaKLMM, TaK KaK OHU 06eCreYnBalOT HAUOOJIBIIYIO
MPOU3BOAUTEIIBHOCTL IpoIecca MPU HAUMEHBIINX
SHepro3arparax M MpoCTOTE alllapaTypHOTro opopM-
JICHUS.

HccnenpoBaHust BBIACICHUS JIUTUS U3 paCcTBOpPOB
IIECJIOYHBIX WM IICJIOYHO3CMCIIbHBIX MECTaIJIOB IIPU-
POOHOIO IMPOMCXOXKIACHHWA WJIN ITPOAYKTOB BbIIICIA-
YUBaHUA M3 MUHEPAJIbHOI'O ChIpbA METOdAMU KW -
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KOCTHOM 3KCTPaKLMU PACTBOPUTENIEM IIPOBOISTCS
HauuHas ¢ XVIII B. 3a 310 BpeMsI pacCMOTPEH LIUPO-
KM CIEKTp BEILIECTB, U Hanboiiee 3(h(HEKTUBHBIMU
OKa3aJIuCh CIIUPTHI, 3(pUpbl 1 ux cmecu [16—18].

st KpyIMHOTOHHAXXHOTO MPOU3BOACTBA JIUTUS
OpraHMYecKue pacTBOPUTEIN B KAUECTBE IKCTpareH-
TOB MNPAKTUYECKM HE paccMaTpUBAIOTCI, TaK KaK
MMEIOT CYILLIECTBEHHbIE HEAOCTATKH, B MX YMCJIe HU3-
Kag TeMIlepaTypa KUINEHUsI, BBICOKAsI TOKCUYHOCTb,
MOXapo- Y B3PLIBOONACHOCTb, HU3KAasl CTEIIEHb 13-
BJICUCHUSI U CEJICKTUBHOCTb 3KCTpakKUMuU. MHorue
OpraHm4eckKue pacTBoputTesin, 3(Pp@GeKTUBHbBIE B CIIy-
yae coJjieil TUTHUsSI, UMEIOT CKIIOHHOCTh PACTBOPSThH B
cebe onpeneeHHbIe KoJn4yecTBa Boabl [19], a BMecTe
C HEM COJIM HAaTpUsl, KaJiusl, MarHUSI 1 KaJIbLUSI, YTO
JIeJTaeT MPOLIECC SKCTPAKIINMU HECEJICKTUBHBIM, a IIPU
OTTOHKE PaCTBOPUTEJIC BO3MOXHBI ITOOOUHBIEC pe-
akuuu. M3-3a HU3KMX K03 (P PUILIMEHTOB pacIipeaciie-
HUS JINTUS U pa3aejeHMs ero ¢ IIeJOYHBIMU U IIe-
JIOUHO3EMEIbHBIMM MeTa/ulaMi BO3HMKAeT HeOOXO-
JIUMOCTb IIPEABAPUTEIBHOIO KOHIIEHTPUPOBAHMUS
WIN OOJIBIIOr0 KOJIWYECTBA CTYIMEHEl SKCTPaKIIUH.
CeromHsi >XKMIKOCTHYIO 3KCTPaKIIMIO YUCTBIM pac-
TBOPUTEJIEM MCHOJB3YIOT JUIIb IJIs yAaJdeHUS CO-
eIWHEeHU 60pa U3 TUTUEBOTO CHIPhSI C MOMOIIBIO H-
okTaHouna [20].

B nocneaHee BpeMsi MIOHHBIE XKUAKOCTU U TIIy0O-
KM€ 3BTEKTUYECKNE PACTBOPUTENIM pacCMaTpUBaIOT-
Csl B KaUeCTBE aJIbTEpPHATUBBI TPAIUIIMOHHBIM Opra-
HUYEeCKUM pacTBoputesisiM. MoHHas XXUIKOCTh — 3TO
OpraHmyveckasi cojib, COCTOSMIIAsI U3 OPraHUYECKOTO
KaTHOHAa M OPraHWYeCKOro WJIM HEOPraHU4eCKOro
aHMOHA ¢ TeMIlepaTypoiil TJaBJIeHUs] HUXKe KOMHAT-
Hoit 100°C. OCHOBHBIE TTPEUMYILIECTBA 3TUX PACTBO-
puTeeit NposBISIOTCS B YpE3BbIYATHO HU3KOM JaB-
JICHUU TMMapOB U BBICOKON XMMUYECKON U TepMHUYe-
CKOIi CTaOMIIbHOCTU, HU3KOi1 pAaCTBOPUMOCTH B BOJIE
MIPpU BBICOKOI pacTBopsitonieit cmrocooHocTu. IToato-
MY 3aMeHa JIETKOJeTYYMX OpTaHUYECKUX PacTBOPU-
TeJIeli Ha MOHHBIE XKMIKOCTU NCKII0YaeT ITIOTEPU pac-
TBOPUTEJISI C BBIXOJOM €ro B aTMOcdhepy, CHUXKast Kak
9KOJIOTUYECKUI cjiell, TaK U CTOMMOCTb IIpoliecca.

DKCTpaKIMs MOHHBIMU XXHIKOCTIMH MOKET ITPO-
HWCXOIHTH IO COJIbBATHOMY M TI0 MOHOOOMEHHOMY
MEXaHU3My, IPpU KOTOPOM KaTMOH MOHHOM XXUIKO-
CTH 3aMellaeTcs KaTHOHOM MeTajia, 00pas3ysT HOH-
HYIO T1apy ¢ aHMOHOM JINTHEBO# comm. [lpuMepom
MOXET CJIY>KUTh 9KCTPaKIIUS JUTUSI TeTpadyTuidoc-
¢onmit  6uc(2,4,4-TpuMeTHAIEHTIN ) (hOChHUHATOM
([P4444] [BTMPP]) [21]:

Li:q+ [P4444] [BTMPP]org+ Cl;q A
& Li[BTMPP]org+[P4444]C10rg
[Pasasl Clorg € [Pygas] Clyg

K HepocTtaTkam CYLIECTBYIOIIMX MOHHBIX XKNIKO-
CTE€M MOXHO OTHECTHU UX BBICOKYIO CTOUMOCTDL, OTHO-
CUTCJIbHO BbICOKYIO BA3KOCTDb U IIVIOTHOCTbD. B nenom
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WOHHBIE XUIKOCTU KaK CaMOCTOSITENIbHBIE 3KCTpa-
TEHTHl MPOSIBJISIOT KpaliHe HU3KYI0 JUTUI-CeleK-
TUBHOCTb C KO3(¢UlIMeHTaMU pasaejieHUusl B He-
CKOJIBKO €OWHUIL B PSAY WIETOYHBIX METAJUIOB U C
0oJIbliIeli CeJIEKTUBHOCTBIO B OTHOIIEHUY 111€JI0YHO-
3€MEJIbHBIX METAJUIOB, YEM IIETOYHBIX.

Haubonee pacripoctpaHeHsl, ocooeHHO B Kurae,
OKCTPaKIIMOHHBIE CUCTEMbI W3BJICUYCHUS JIUTUS HaA
OCHOBE XJopuza XKeje3a U TpuoOytuidocdara
(TB®). Pan ceneKTUBHOCTU 3KCTPaKIUU IJIs1 TAaKUX
cuctem: H* > Li* > NH,* > Ca?* > >> Mg?* > Na+ >

> K*. MexaHU3M 3KCTpaKLUY JUTUS B IIPUCYTCTBUU
TpudyTuidocdara u xsopuna xenesa (I11) netaabHo
n3y4yeH B paboTax [22—24], cocTaB 3KCTparupyeMoro
komrIutekca nmeert Bua [Li(Th®),(H,0), _ J[FeCl,]
(rme x = 1—2, koopauHaluys TpudyTuiagocdara ¢ -
THEM IIPOUCXOIUT 3a CUYET JIEKTPOCTATUICCKUX B3a-
MMOICHCTBII KaTOHAa N KHciiopona ¢pochaTrHo —
P=O0 rpynms). I[Ipoluiecc aKCTpaKIUM JUTHUSI CUCTE-
mamu Ha ocHoBe FeCl; u Th® mMoxHO pa3nenuTts Ha
HECKOJILKO 3TallOB:

Li,,+ FeCly,,+nTBP,

org

=LiFeCl, -nTBP,

org

MgZ! +2FeCly,, + n'TBP, , =Mg(FeCl,), - n'TBP, ,

SKCTPAKIHKS, B XO[€ KOTOPOI TUTHUI 3aMeIaeT KaTu -
OH B OPraHMYECKOM KOMIUIEKCE, STUM KATHOHOM
MOXeT ObITh He Tosibko H, Ho u Na™, K, Mg?* B 3a-
BHCHMOCTH OT TOTO, MOABEPralach I OpraHNdeCcKast
(baza OMBUIEHHUIO/pETEHEPALIMN TIEPEN 3TAIIOM 3KC-
TPaKLMK; [TOMUMO H3BJIEYEHMS LIEJEBOTO KOMIIO-
HEHTa IIPOMCXOINT U SKCTPAKLIKS IIOOOYHEBIX B COOT-
BETCTBUU C PSIOM CEJIEKTUBHOCTH U KOHIIEHTPALIA
9TUX KOMITOHEHTOB,;
H;q+%1vlg(Fe(:14)2 - nTBP,

rg:

=HFeCl, - nTBP +%Mg§g

org
IIPOMBIBKA, B X0 KOTOPOI yIAISIOTCS TIO00YHO 3a-
XBauyeHHbIE KOMIIOHEHTHI, Takue Kak Mg?*, B(OH);,
Na' u K*; napajuiesbHoO ¢ IPOMBIBKOM ITPOUCXOAUT
YaCTUYHOE yIaJeHUe JINTUSI U3 OPTaHNYeCKOI (asbl,
BapbUpysl YCIOBHUSA TTPOMBIBKM MOXHO MUHUMU3M-
pOBaTh 3T TIOTEPH;

H, +LiFeCl, - n”TBP,,=HFeCl, - n'TBP,,+ Li,,

pesKCTpakLms, B xone Kotopoii Li™ moiaHocThio yna-
JISIETCS U3 OKCTPAKTA;

Na,,+OH,, +HFeCl, - n"TBP,

0rg=
=NaFeCl, - nTBP,,+H,0,

pereHepanust 3KCTpareHTa/OMBIJICHUE, B XOIe KOTO-
PO BKCTpareHT noJaBepraeTcst 00padoTKe 1eI09aMu
WM KapooHaTtaMu Uid 3aMelneHus HY B opranude-
CKOM KOMIIJIEKCE Ha MeHe€ JUTUH-KOHKYpPEHTHBIE
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MOHBI C IIEJbI0 MOBBIIICHUS 3(PPEKTUBHOCTH 3KC-
TpaKLUU.

Kak nmokazaHo B padote [25], 1Jis1 cyllleCTBOBaHUS
[FeCl,] HeoOxonuMo TMoaAaepKuBaTh BBICOKOE, TO-
psaka 6 Mob/J, comep:XaHue B BOTHOM ¢ase XJIo-
pun-uoHoB. s moaaep:KaHusI BBICOKOTO CoAepKa-
HUSI XJIOPUA-MOHOB MOXHO HCHOJIb30BaTh pa3indd-
Hble conu, Hanpumep MgCl,, CaCl, u NH,Cl, NaCl,
KCl, ny4ie Bcero nonxonut MgCl, n3-3a Haubob-
el BbhICAJIMBAIONIEN CITOCOOHOCTU W HEOOJBIION
KOHKYpPEHLIMU B Ipoliecce skeTpakumu ¢ Lit. TTomu-
MO KOHLICHTPAallUH XJIOPUI-UOHOB B CUCTEME HYKHO
peryaupoBath cootHoineHune Fe/Li, koTropoe BiusieT
Ha 3(GdEeKTUBHOCTh 3KCTPAKIIMOHHOIO IIpoliecca.
OnTuMaabHOE COOTHOIIEHNE BRIOMPASTCS UCXOIS U3
LIEJIeBBIX IOKA3aTeJIeld U 3aBUCHUT OT YCJIOBUIA IIPOBE-
JIEHUS Tpollecca, OT COCTAaBOB BOAHOM M OpraHudye-
CKoI1 (pa3 Ha KaxkmoM 3rtarie. B Takux cucremax noiy-
YaeMbIi TUTUEBBIN SKCTPAKT Yallle BCeTO MUMEET HU3-
KyI0 YUCTOTY M 3arpsi3HEH HaTpueM U KeJe30M.
IToMuMo 3TOro JaHHasE CUCTeMa OKa3bIBAeTCsI UYpe3-
BbIYaliHO KOPPO3UOHHO-aKTUBHOM, CJIOXHOI B Op-
raHu3aly 1 9KOJOrM4YecK HeOe30I1acCHOM, UTo Tpe-
OyeT MCIIOJIb30BaHUS AOPOroro oO0OpPYIOBaHUS U
COOJTIONEHNS OCOOBIX MPaBMUJI YTUIN3AIIMN OTpado-
TaHHBIX PACCOJIOB.

MHorue MakpoOUMKINUYEeCKE COSAUHEHUS, TAKUE
KaK KpayH-2upbl [26—29], MaKpOIUKINYECKUE
nonodops! [30, 31], kpunrranas! [32—35], Kanmukca-
PEHBI U KAJIMKCITUPpOJIbl [36, 37], mopdupuns [38],
chepananpl [39], MaKpoOLUKINYECKHUE KOMILIEKCHI
[40] 1 momo6HBIE MaKpoILKiIaM dpochoprI-TionaH-
bl [41—43] ciocoOHBI CEJIEKTUBHO CBSI3bIBATh JIU-
Thii. Ha naHHbIi MOMEHT AOCTaTOYHOE KOJINYECTBO
9KCIIEPUMEHTAIBHBIX JAHHBIX O XUJIKOCTHOMN 3KC-
TPaKLUU JIUTUSI MAKPOLIUKINIECKUMU COCANHEHUSI-
MU UMeeTCs JIUIIb IS KpayH-3(hUpoB.

KpayH-3¢upsl ciocOOHBI CBSI3BIBATHCS C MIOHAMMU
METAJUIOB 3a CUYET BJIEKTPOCTATUUECKUX B3aMOIEHi-
CTBUIi, 00sagast IpU 3TOM BBICOKOM CTEpeOCICLU-
¢uuHOCTEIO [44]. OCOOEHHO CUJIBHO CTEPEOCIICI-
(UYIHOCTD MIPOSBIISIETCS IS IIEJTOYHBIX U IIEJIOYHO-
3eMeJIbHBbIX MeTa/ioB. Hanbonblass cTaOMIbHOCTh
KOMIUIEKCa HAOIIOJAaeTCsl IIPU COOTBETCTBUU pa3Me-
pa IMoJoCTU KpayH-3(upa ¢ AMaMeTpOM MOHA METaJI-
na [26, 31, 32]. i3aMeHsIsT TUIT U KOJIMYECTBO TOHOP-
HBIX aTOMOB, pa3Mep KoJjblla KpayH-2¢gupa 1 3ame-
CTUTENsI B OOKOBOM 1IEIIM MOXHO PEryJmpoBaTh
MPOCTPAHCTBEHHYIO CTPYKTYPY KpayH-2(DUPOB U UX
crepeocneuPpUIHOCTh. M3-3a CTOCOOHOCTU KpayH-
3¢pUPOB “IOACTpanMBaThCI”’ ITOI Pa3IMIHbIC KaTHO-
HbI M1 MEHSITH KOH(OpMAaIIUK, a TaKKe 00pa30BbIBaTh
COHABUYEBBIE KOMIUIEKCHI CEJIEKTUBHOCTb 3THX CO-
€IMHEHUII MOXET 3aBHCEThb OT YCJIOBUI MPOBEICHMS
aKcrepuMeHTa. TakuM oO6pa3oM, Ha CEJIEKTUBHOCTh
BJIVSIIOT TUI KpayH-3(upa, TUII 00KOBBIX 3aMECTUTE-
JIeii B KpayH-2¢hupe, pacTBOPUTEIb, TUIl aHMOHA,
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Puc. 2. KoMmiekcoobpa3zoBaHue IIEIOYHBIX METAJIJIOB
JINTUSI, HATPUST U Kausl ¢ 6eH30-9-KpayH-3, 6eH30-12-
KpayH-4 1 6eH30-15-KpayH-5, 00pa3ylomMu OqUHOY-
HbBIM WX COHIBUY-KOMILIEKC

KOHIIEHTpAalMs KOMIIOHEHTOB Paccojia M UX COOTHO-
mieHue (puc. 2).

KpayH-3¢hupsl 1 1pyrue MakpolUKINYecKue co-
eIUHEHUS IePCIIEKTUBHBI B KAYECTBE 3KCTPAreHTOB.
Ho, K coxaneHunio, o0IIeJOCTYITHBIE U ITpUEeMJIEMBIE
Mo lLieHe KpayH-3(Upbl UMEIOT OYeHb HU3KYIO 3(h-
(EKTUBHOCTh SKCTPAKIIUU JTUTUS U3 MHOTOKOMIIO-
HEHTHBIX paCTBOPOB U YCTYIAIOT CUCTEMaM Ha OCHO-
B€ OpPTO-3aMelIEHHBIX (peHos0B, 1,3-IMKEeTOHOB M
cucteMaMm Ha ocHoBe FeCl;+Th®. 11 mpoMBIII-
JIECHHOTO BBIIEJICHUS JIMTUSI BBICOKOCEICKTUBHBIMU
KpayH-3(dupamu TpedyeTcs: pa3paboTKa HOBBIX, 00-
nee 3(p(peKTUBHBIX METOAOB UX CUHTE3a.

Cwmecu 1,3-gukeronoB (DK) n HeifiTpaabHBIX 9KC-
TpareHToB TpubyTHidocdara (TBP)/Tpuokrundoc-
¢un okcuaga (TOPO) koam4ecTBEHHO M3BJIEKAIOT
JINTUY U3 IIEeTOTHBIX PACTBOPOB, COMEPXKAIINX OOJTb-
mue n36eiTku Nat, K* [45—47]. Crenenp ussiede-
HUS [IEJIOYHBIX METALJIOB TAKUMU CMECSIMU 3aKOHO-
MepHO yMeHbluaercd B pany Lit > Na*™ > K* no mepe
YBEJIMYEHMST MOHHBIX PAINyCOB IIEJIOYHBIX METAILJIOB.
H3BiaeuyeHne TUTHST TIPOUCXOINT Yepe3 XeaaTUpOBa-
HHEe eHOJIbHO# popmoii 1,3-1uKeToHa MO KaTUOH-
OOMEHHOMY MeXaHU3My C OOpa3oBaHUEM IIEeCTH-
YJIEHHOTO METAJUTOIMKIIA C TTOCIeyIoeil Koopam-
HallMeil ¢ 2JeKTPOHOTOHOPHBIMU MOJIEKYJIaMHM, Ta-
kumu kak TOPO [31] (puc. 3 a). HecmoTps Ha TO,
910 1,3-AMKETOHBI SKCTPArvupyloT MarHWil JIydIle,
YeM JIMTU, 5TO He BCEerma OKa3bhIBaeTCs OrpaHMde-
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Puc. 3. MexaHu3M CUHEPreTUYECKOM IKCTPAKIIMK JIUTUSI CMeChIo heHmnekaH- 1,3-quketrona u TO®O — a; cxema (opmMupo-
BaHUS CTPYKTYPbl KOOPAMHALIMOHHBIX COeAMHEeHMI: heHunaekan-1,3-nuona (la-c) — 6, uzonpornwicanuiuiara (I1la-c) ¢ ka-

THUOHaMU JIMTUA, HATPUA U KaJIUd — 8

HHeM. 3a CUET OOJILIIOI Pa3HUIILI B SKCTparupyeMo-
ctu Mg u Li Bo3MoXHa opranm3aiys IIpoliecca pas3-
JIeJIEHUsT JIATUS M MarHusi, B KOTOPOM BbIJIEJIEHUE
JINTUSI IPOMCXOOUT HE HA 3Talle SKCTpaKIUU U pe-
9OKCTpaKIMM, a Ha 3Tarax nNpoMbeIBKH [48, 49]. Becb-
Ma MHTepeCeH BapUaHT peaJiM3aliii CeJIEKTUBHOI
PEAKCTPAKILIM JIMTHUSL IIPU UCITOJIb30BaHUU (hocdhop-
HOIT KMCIOTHI B KadecTBe peakcTpareHTa [50]. OmHa-
KO 1,3-AUKEeTOHBI — OTHOCUTEJIbHO TPYTHOMTOCTYII-
HBIE 1 IOPOTHE COCOMHEHMUSI, a UX IIPOU3BOICTBO U
WCIIOJIb30BAaHUE MOXKET COIIPOBOXOATHCS 3KOJIOTH-
YEeCKUMU pUCKAMMU.

ITpakTHuecku Bce U3BECTHBIE B HACTOSIIIEE BpEMS
JINTUI-CENIEKTUBHbBIE IKCTPAT€HTbl ObLIM OTKPBITHI
eIl B MPOILIOM BeKe, U OoJbllasi 4yacTh MyOIuKye-
MBbIX B IOCJieHee BpeMsl paboT TMOCBSIIeHA JeTallb-
HOMY MX M3y4yeHHu1o0. B cBSI3U ¢ 3TUM BecbMa 3HAUYU-
Mo, uTo B pabotax MPXD PAH um. A.H. ®pymMkuHa
[51, 52] BOepBbIE IJISI NCIIOJIb30BAHMS B KAYECTBE HO-
BbIX MEPCNEKTUBHBIX JIMTUI-CEIEKTUBHBIX IKCTpa-
TEHTOB OBbLIM MpEeMIOXKeHbl 3(PUPHI CaTULIMIOBOI
kucnotel. CornacHo kKoHuenuuu P. IMupcona [53],
CAIMIIMJIATBl TaKXKe SIBISIIOTCS XKECTKUMU OCHOBA-
HUSIMU U JOJIKHBI 00pa30BbIBATh KOOPAUHAIIMOH-
HbI€ XeJaThl C )KECTKUMU KUCIOTaMM, TAKUMU KakK
KaTUOHBI IIEJOYHBIX W II€JIOYHO3EMEJIIbHbIX ME-
TajutoB. B Hamux paboTrax ObLIIO ITOKa3aHO, YTO 3a
CUET CTPYKTYPHOIO U (byHKIIMOHAJIILHOTO CXOACTBA
3UPHI CATUIINIOBOIM KNUCIOTHI, Kak 1 1,3-1uKeTo-
HbI, MOT'YT 00pa30BbIBATH IIECTUWICHHbBIE METAJIIIO-
LUKJIbI ¢ KATUOHAMM IIEJOUYHBIX METAJIJIOB, YCTOM-
YUBOCTb KOTOPBIX OIPENEIIsieT CeJIEKTUBHOCTh KOM-
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MJIeKCOO0pa30BaHUs ¢ KATUOHAMM JTUTUSI, HATPUS U
Kanus (puc. 3 6, ). Pe3yabTaTsl IaOOpaTOPHOTO MO-
JIeTMPOBaHUsI MPOLIECCOB U3BJICUECHUS JUTUS C UC-
MOJIb30BaHUEM 3(UPOB CATULIVIIOBOM KHUCIOTHI MO~
Ka3aJIl X BHICOKYIO 3(P(PeKTUBHOCTh U CTOMKOCThH B
IIMPOKOM Auana3oHe KoHueHTpauuii [52, 54]. Uc-
MOJIb30BaHue 3(PUPOB CATUIUIOBON KUCIOTH B Ka-
YeCTBE HOBBIX JUTUM-CENEKTUBHBIX SKCTPArcHTOB
OTKpBIBAeT IIyTh K M3YYEHMIO LIEJOr0o psiga APYyrux
MPOU3BOIHBIX CAIMILIMIIOBOM KUCIOTHI U B LIEJIOM Op-
TO-3aMeIIEHHBIX (PeHOJIOB C BO3MOXHOCTBIO OoJiee
TOHKO# MogU(UKAIIMUA SKCTPAreHTOB, B OTJIMYUU OT
1,3-TMKETOHOB.

[MpyHUUIIMaNbHAsT CcXeMa W3BJICYCHUS JIMTUS
XHUAKOCTHON SKCTpPAKIIUEN C UCIIOJIb30BAHUEM JIM-
TUIi-CEJIEKTUBHBIX 3KCTPAareHTOB U3 TUIPOMUHE-
paIbHBIX UICTOYHUKOB CHIPhSI CBOIUTCS K IBYM CTa-
IusM: 1) aKCTpakIIMOHHOE pa3AeeHHe IeI0YHbBIX U
IIEJI0YHO3EMEBHBIX METAIOB; 2) 9KCTPAKIIMOHHOE
BBIICJICHUE JINTUSI U3 CMECH IIEJIOUHBIX METAJUIOB.
Pacconbl (padmHaT) mocjie M3BJICYECHUS JTUTUS IO
CBOIMCTBAaM HE OTJIMYAIOTCSI OT MCXOAHBIX JTUTUICO-
JlepKalluX paccoJioB, YTO IIO3BOJISIET MUCIIOIL30BaTh
UX IUIA TIOJIYYEHUA IOPYIMX LEHHBIX KOMITOHEHTOB
(ObpoM, cTpoiiMaTepualibl, IPOTUBOIOJIOJEIHEIC pea-
TEHTHI, IIpecHasi BOJa) WJIM IIOBTOPHO B COOTBET-
CTBMU C UCXOOHBIM Ha3HAaYCHUEM, HAIIpUMEDP B IIPO-
Heccax J1o0b1Yu HeTH U rasa.

KoMmepuecku 1oCTyIHBIE TIPOMBILLICHHBIEC 9KC-
TPaKTOPHI MOTYT O0ECIIEYUTh IIPOU3BOAUTEIBHOCTh
1—120 M3/4, 4TO CO CTENEHBIO U3BJICYEHUS JIUTHUSL,
nJocturatonieit 95%, IMo3BOIUT Ha OMHOMN SKCTPaKIIM-
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OHHoOI1 TMHUU nosiydaTh oT 2.02 no 242.8 xr Li,CO;/u
IUIS. paccojioB CO CPEAHUM COAEpXaHWEM JIMTUS
0.2 xr/M? (1o meramny). IIpu opraHusanuy Hempe-
PBIBHOTO MPOU3BOACTBA 1 Tof paboThI 9KCTPaKIIMOH -
HOM JUHUU MO3BOJUT OOOBLIBATHL OoT 17.7 mo 2127.1 1
Li,CO;. ¥YBenuueHue KoimuecTBa 3KCTPAKIIMOHHbBIX
JIMHUI HE COMPSIXKEHO C TEXHUYECKUMMU CJTIOKHOCTSI -
MU, TaK KaK OHU MOTYT paboTaTh MapasjiejbHO U He-
3aBMCUMO JpPYT OT ApyTra. Takum ob6pa3oM, mpuMeHe-
HHUE TPATUIIMOHHBIX 3KCTPAKIIMOHHBIX TEXHOJIOTHUM
B COYETAaHWU C WHHOBALIMOHHBIMU, 3KOJIOTUYECKU
0e30MacHbIMU 1 AELIEBBIMU dKCTpareHTaMu IMo3BO-
JIUT TIOJIHOCTBIO YIOBJIECTBOPUTH BHYTPEHHUE TIO-
TPEOHOCTU POCCUIICKOTO PhIHKA B IMTUU C TIEPCIIeK-
TUBON Pa3BUTUS OTEYECTBEHHBIX MPOU3BOICTB JIH-
TUIi-MOHHBIX aKKyMYJISITOPOB, 3JIEKTPOTPAHCIIOPTa,
OECIWIOTHBIX YCTPONCTB U MOPTATUBHOM 3JIEKTPO-
HUKMU.

NCTOYHUKUN ®PUHACHUPOBAHUA

Pabota BeinmosiHeHa npu (PUHAHCOBOM NMoaAepKKe Mu-
HUCTEPCTBA HAyKU U BbIciIero obpaszosanust PO (Homep
npoekTa 122011300052-1).
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