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IIpencraBieH KpUTHUYECKUIX 0030p 3KCIIEPMMEHTAIbHBIX MCCIeIOBaHUN 3(M@EKTUBHOCTH pa3neaeHUS
Pa3JIMYHBIX TPYIIT XUMUUECKUX COSTMHEHUI B YCJIOBUSIX BICOKOA(h(MEKTUBHO XKMIKOCTHOM XpoMaTorpa-
¢bum TIpU UCTITONTB30BaHNM B KaUeCTBE HETIONBUKHOM (Da3bl METAJNTOOPTAHNYECKNX KapKAaCHBIX ITOJIMMEPOB
(MOKII) wiu komro3uimoHHbIX MatepraaoB ¢ MOKII. [TponeMoHCTprUpOBaHbI IMPOKKUE BO3BMOXHOCTH
npumeHeHuss MOKII B BeIcOKO3 (D (P eKTUBHOM XUIKOCTHOM Xpomatorpaduu, KOTOpble MOTYT YCIIEIITHO
KOHKYPUPOBATh C KJIACCUYECKUMU PEIIEHUSIMUA, OCOOCHHO MNP OIpenesIeHUM HU3KOMOJIEKYJISIPHBIX CO-
eNMHEeHUMN U ONTUYECKNUX N30MepOB. OTHUM M3 TIEPCIIEKTUBHBIX BAPUAHTOB HMCTIOJIB30BaHMS 3TOTO KJlacca
MaTepUaJIOB SIBJISIETCS] pa3paboTKa MOHOJUTHBIX CerapallMOHHBIX KOJIOHOK U TMOPUIHBIX COPOSHTOB, HU-
BEJIMPYIOLIMX HEIOCTAaTKN COpOEHTOB Ha ocHOBe uncThix MOKII.

KimroueBble ciioBa: METAJNIOOPIaHNYECKHE KapKaCHBIE IOJUMEPHI, BBICOKO(heKTUBHAS KUIKOCTHAsI XPO-
Marorpadus, HeoABXKHasl (ha3a, MUKPOIIOPUCThIE MaTepHAaTbI.
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BricokoaddekTuBHas (KMAKOCTHAsI XpoMaTorpa-
dusa (BO2KX) — mmpoko BOCTpeOOBAHHBINA METOIH
aHaju3a, IPUMEHSIeTCS TIPaKTUYEeCKH BO BCEX OTpac-
JISIX OpoMBIIUIeHHOCTH [1—5]. OCHOBHBIM KOMIIO-
HEHTOM BBICOKOR(MMEKTUBHBIX XKUAKOCTHBIX XpOMa-
TorpacdoB SBIIsIeTCSI XpoMaTorpaduieckast KOJJOHKA.
TpeboBaHMs K HETIOABMXKHOM (pa3e B KOJTOHKE BKITIO-
YaloT BBICOKYIO TUJIOIIAlb MOBEPXHOCTU, TepMUUE-
CKYIO I XUMUYECKYIO CTAOMJILHOCTb U XOPOIITYIO BOC-
MPOU3BOAUMOCTb C BBICOKOH 3((MEKTUBHOCTHIO |2,
3, 6]. CyuiecTByeT OrpOMHO€E pa3HOOOpas3ue Tpamyi-
LIMOHHBIX XpoMaTorpau4ecKux CTallMOHAPHBIX
¢a3, mpuMeHsieMbIX B peXumax HOpMaibHO-(da3o-
Boit (H®) 1 o6pamenHo-da3oBoit (OP) xpomaro-
rpaduu [2, 3, 6], omHAKO 3TH MaTepuabl UMEIOT
YMEPEHHYIO IIomans nosepxHoctu (200—800 m?/r)
(2, 3, 7]. B HacTos111ee BpeMsT MTOJIyYeHbl MaTepUaIbl
C Tropasno OoJjblleil TUIOHIaAb0 MOBEPXHOCTHIO
(1000—10000 M2/T), K KOTOPBIM OTHOCATCS METAILIO-
OpraHnYecKue KOOpAMHAILIMOHHBIE (KapKaCcHBIE) IT0-
mmumepsl (MOKII), nipencrasisgionime codoii HOBBIM
KJlacc MOpUCThIX MaTepruaioB. Kpucraminueckas pe-
metrka MOKII mmocTpoeHa 3a cyeT KOOpIMHAIIMOH-
HBIX CBSI3eil MEeXIy LICHTpaJbHbBIMU MOHAMU MeTaJl-
JIOB U OPTAaHUYECKUMMU JIUTAHIAMU C XeJaTUPYIOIIH-
MU (YHKIIMOHAIBHBIMU TpyINaMu, o0pa3yiolnuMu

CBSI3b C METAJJIOM 110 JOHOPHO-aKIENTOPHOMY Me-
xaHus3my [8—15]. B mponecce cuaTe3a MOKII obpa-
3YIOTCSI TIOPUCTHIE BHICOKOYITOPSIIOYEHHbIE KPUCTAILI -
YecKre CTPYKTYPhI CO CTPOIO OIlpedesIeHHBIMM I1apa-
METpaMM TI0p, CITOCOOHBIE K aICOPOILIMHY TTO aHAJIOTHUH C
neomuTamu [16]. OgHako LEOMUTHI, B OTIMYME OT
MOKII, HecrmocoOHbI ancopOMPOBATh MHOTHE MOJIEKY-
JIbI, IPEACTABIISTIONINE MHTEPEC TSl XUMWYECKOM 1 (hap-
MalleBTUYECKOI MPOMBIIIUIEHHOCTH [ 17].

MeTaioopraHn4ecKie KOOPAMHAIIMOHHEIE II0-
JIMMePBI 00IaAaIOT PSIOM YHUKATIBHBIX CBOMCTB: Ofl-
HOPOJHOCTBIO U CTPYKTYPUPOBAHHOCTHIO MOJIOCTH,
BO3MOXHOCTBIO  O00OaBlIeHUS  (PYHKIIMOHAJIBHBIX
TPYHII B CTPYKTYpPY, HEKOTOphIE M3 HUX O0JIamaioT
BBICOKOI1 THOKOCTBIO, UBMEHSISI pa3Mep B 3aBUCUMO-
CcTH OT pa3Mepa aHanura [ 12]. Bce 3t cBoiicTBa 00y-
cloBnuBaT Oosbine Bo3MoxxHocT MOKIIT mpm
pazaesieHU XUMUYECKMX COCIMHEHUI B YCIOBUSIX
BB2KX-ananu3za, 94To U omnpenenaseT MHTepeC Uccie-
nosareseit K MOKII B kauecTBe cTanimoHapHOi (a-
3bl 1151 XxpoMaTorpacuu [ 14, 18]. 3a Bpems, ripoiien-
mee 1ocie myoymkanun B 2013—2014 rr. 0630poB 110
npuMeHeHnio MOKII B xpoMmaTorpaduu, BKiItOYast
BD2XX, HakomieH B3HAYUTENBHBIA OOBEM HOBBIX
JTaHHBIX 00 3(hPEKTUBHOCTU UX MUCITOTb30BAHUS JJIST
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Puc. 1. PacnpeﬂeneHHe KoJimyecTrBa ny6nnkaum>’r 10 IPUMCHCHUIO METAJIJIOOPraHUYCCKMNX KapKaCHBIX ITOJIMMEPOB HAa OCHOBE

MeTauioB B BOKX no ux merauioneHTpam.

pa3nesieHusl pa3jIMyHbIX KJIACCOB XMMUYECKUX CO-
eIUHEHUN.

B HacToseit 0030pHOIt cTaThe 0000ILEH UMEI0-
muiics onbiT npuMeHeHnst MOKII B coctaBe xpoMma-
Torpacdpmyeckux KoJioHOK mist BOXKX, oxapakrepu-
30BaHbl ocobeHHOoCcTH MOKII pa3HbIX METAJTOB TPU
MCMOJIb30BAaHUM IJ1s1 pa3feieHusl BellecTB, HaMeue-
HbI TIEPCIIEKTHUBbI PA3BUTHSI 9TOTO HATIPABJICHUSI.

3a nepuon ¢ 2007 mo 2021 rr. omy6anMKoBaHO 46
OPUTMHAIBHBIX MCCIEAOBAaHMIA, ITOCBSIIEHHBIX HC-
cnengoBaHrio MOKII B kauecTBe HeMOABUKHOI (a-
3pl Wit BOXKX. Ha puc. 1 mpencraBieHa 3aBUCH-
MOCTbh KOJIMYECTBA ITyOJMKAIIMii MO paccMaTpuBae-
MOl TeMaTHKe OT MeTajuia, obpasyromero MOKII.
CrpyKTypa maHHOIO 0030pa TakKxKe OTpaXkaeT CBSI3b
cBoiictB MOKII n nx apbpeKTUBHOCTH TIpU pasaeiie-
HUM Pa3IMYHBIX COCAMHEHUM C XapaKTepUCTUKAMU
BXO[SIIMX B UX COCTaB METaJLJIOB, IIOCKOJIBKY OHHU CYy-
IIIECTBEHHO BJIMSIOT HAa CTAaOMJILHOCTbH U Cellapamu-
OHHbIE XapaKTEePUCTUKMU XpomaTorpauyeckux Ko-
JIOHOK.

Meraanoopranndeckie KapKacHble MOJMMepbl Ha
OCHOBe mieJJOUYHBIX MeTaioB. M3 MOKII, nosydyeH-
HBIX HA OCHOBE IIEJIOYHBIX METaJIJIOB, HAN0O0JIee U3y-
yeHbl KanueBble MOKII Ha ocHOBe Y-LMKJIOIEKC-
TpuHa (y-cyclodextrin, CD). I1epBbim B 2010 I. 6611
cuHte3upoBaH Y-CD-K-MOF (metal organic frame-
work, MOF) v y-CD-K-MOF-1 B pesynbrare Koop-
JWHALUU TUAPOKCUJIBHBIX TPYON Y-LIUKIOAEKC-
TpuHa noHamu kKanus [19]. Opyrue CD-MOF, a
nMmeHHo: CD-MOF-2 u CD-MOF-3, MoxHO mony-
YUTh 3aMEHOI MOHOB KaJIMs MIOHAMU PyOUINS U LIE3US
coorBercTBeHHO. CD-MOF mpumMeHsiim B KadecTBe
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MHOTO(YHKIIMOHAIBHBIX MaTepHaJIOB Ha OCHOBE ITO-
PHCTBIX KApKAaCOB C paCIIMPEHHBIMU CTPYKTYpaMU, Jie-
MOHCTPHUPYIOIITMH YCTOMYMBYIO KPUCTAUIMIHOCTD,
MTOCTOSTHHYIO TIOPUCTOCTh U MPEBOCXOAHYIO0 OMOCOB-
MecTUMOCTh [20].

Bxopsumii B coctaB CD-MOF y-1uKI00€eKCTPUH
SIBJISIETCS XMPAJIbHBIM COCAUHEHUEM, B CBSI3U C UYEM
BO3HUMKJIO TIPEATIOJIOXEHUE O BO3MOXKHOCTHU TIpUME-
HEHUSI 3TUX CTPYKTYpP B SHAHTUOCEJIEKTUBHOI XpO-
matorpacduu. C UCNOIb30BaHUEM HACaTOYHBIX KO-
nmoHOK 1t BOXKX, zamomnennsrx CD-MOF-1 u
CD-MOF-2, ycriemiHo pasfefsiii paleMUudecKue
cmecu [19, 20]. OnHako, HECMOTPS HAa XOPOIITYIO BOC-
MPOU3BOAUMOCTD PE3YIbTaTOB U3MEPEHUIA, B OOJIb-
LIMHCTBE CJIy4aeB KOJIOHKM Ha ocHoBe Y-CD-MOF
YCTYIaJIM TI0 CerapalroHHON CITOCOOHOCTU TUTIOBBIM
KOJIOHKaM [utst xupaibHoil BOXKX (CHIRALPAK® 1A,
IB) [20]. bonee Toro, runpoauTUIecKass HECTAOMIb-
HOCTb, npuBojsas K amoppusauuu y-CD-MOF,
orpaHuuYMBaja obJlacTb Ux MpuMeHeHust B HD-pe-
xume [21]. Takum o6pa3omM, HECMOTPSI Ha IPOCTOTY
CUHTE3a, IOCTYITHOCTh UCXOAHBIX BELIECTB U OINTH-
yeckyto aktTuBHOCTh CD-MOF, Bonpoc ux mpakTu-
YECKOTO MPMMEHEHHS B PyTUHHOM MpaKTUKe OCTaeT-
Cs1 OTKPBITBHIM.

MertananoopraHnyeckue KapKacHble MOJMMepPbl Ha
ocunoBe Metau1oB 111 rpymnel. d1st MOKII Ha ocHOBe
aJIIOMUHUS XapaKTepeH PsiJi YHUKAJIbHBIX CBOWCTB.
AJIIOMUHUI 00pa3yeT CTep>KHEBbIE CTPYKTYPbl, MHO-
rne amoMmuHuiiconepxammue MOKII o6ramaroT Mo-
JIEKYJISIPHO-CUTOBBIM 3D eKTOM U 3(pheKTOoM nbIxa-
HUSI, YTO AejiaeT UX MprBjeKaTeJIbHbIMIA COPOEHTAMU
st BO2KX-KonoHoK.
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Ta6muna 1. Mcronn3oBaHue METAJJIOOPTaHNYECCKNX KapKaCHBIX ITOJIMMEPOB Ha OCHOBE aJTIOMHNHUA B BI)ICOKOB(l)(beK—

THUBHOI XKMIKOCTHOI XpoMaTorpaduu

MOKIT Pexxum pazneneHus
" AHaJIM3UpyeMble CMECH JIuteparypa
(HenmoaBM:KHAs (ha3a) (momBuzkHAas aza)
MIL-53 H® (rexcan) OTUNOEeH30, 0-, M-, H-KCUJIOJIbI [22]
H® (rekcan) 1,4-JIlnmeTrHadTammH, HapTa- [23]
JmH, 1-MeTwHadTaINH, 2-METI-
HadTaIuH, 0-, M-, N-
IUXJIOPOEH30JIbI
H® (u3ookTaH—H-TeKcaH— |o0-, M-, n-Kcuon [24]
H-TeITaH)
H® (rekcaH—auxyiopme- OTUIOEeH30, 0-, M-, H-KCUJIOJIbI; [25]
TaH, IUXJOpMeTaHa—MeTa- | 0-, M-, N-IUXJIOPOEH30JIbI; 0-, M-,
HoJa) N-XJIOPTOJIYOJIbI; 0-, M-, -HATPO-
dbeHomnb;
O® (aeTOHUTpUWI—BOAA) | DTUIOGEH30II, TOJIYOJI; HahTaIUH, [26]
¢deHaHTpeH, aHTpalLleH, THOMOYE-
BUHA, (peHOJI, aHWJINH, OeH3aIbae-
rum, OpoMOeH301, HadTaaIuH;
MMUPOKATEXUH, PE30PLUH, TUAPOXU-
HOH; aHnanH, N,N-1uMeTnIaHu-
JINH, M-HUTPOAHUJINH; KCAHTUH,
TeopmuIH, KohenH
O® (MeTaHOJI—BOMAA) byrun6ensundranar, nu-+#-0yTuI- [27]
dranat, nuaTuiadTanar, ouc(2-aTu-
JIreKkcui)granat, iuMeTwiIdTanaT
IMonmimMepHast MOHOJIUTHAS O® (aueToHUTpWI—MeTa- | Ypauui, HadTaauH, GIyopeH, [28]
konoHka MOKII: NH,-MIL-101(Al) | Hos, yKcycHast KMCIIOTa) aHTpalleH, MUPEH,
[Momamep: TMA-BIMA — cononu- allCTUJICAJIMLIMIIOBAs KUCJIOTA KETO-
Mep NTMLUIMIMEMETaKpHUIaTa ¢ npodeH, MHIOMETalMH
STUJIEHAUMETaKPUJIaATOM

* Pexxumsbl paznesieHust (O® u H®) B caysae MOKII HOCSIT yCIOBHBII XapaKTep M MPUBEACHBI JUIS yIOOCTBA CpaBHEHUSI C HanboJiee

pacnpocTpaHeHHbIMU BO2XKX-konoHkamu.

N3 amoMuHMiicogepxKamx KapKacHbIX TTOJTUMe-
pOB B KauyecTBe cTalmMoHapHOii ¢da3bl miss BOXKX
HanOosnee uzydeH MIL-53(Al) (ta6a. 1). JlaHHBII
MOKIT o6namaet acddexkToM abixaHuss 6€3 yTpaTbl
KPUCTANIMYHOCTU UM pas3pylleHUs] HaAMOJEKYJIsIp-
HOI CTPYKTYpBI, a TaKXe OTIMYHON TUAPOIUTHYE-
CKOM CTOMKOCTHBIO [ 14].

IlepBasgs paGora II0 MCHOJL30BAHUIO JAHHOTO
MOKII B kayecTBe HEMOABMKHOM (pasnl mist BOXKX
Auasprca u coaBT. [22] nosiBuiack B 2008 . MIL-
53(Al) mcoblTaM Ha CEIEKTUBHYIO aAcopOLMIo U
pasaelieHre KCUIONIOB U 3TUJIOEH30J1a C UCITOJIb30Ba-
HUEM H-TeKcaHa B KauecTBe pacTBoputeis. Celek-
TUBHOCTb pa3IesIeHusI 10 OTHOIIECHUIO K 0-KCUJIOIY
coctaBmia 2.7 I m-KCUiaoia, 3.5 misa n-Kcuinojaa u
10.9 nng stunmben3oia. BriociencTBum 3Ta ke rpyIima
ucciegoBaTeyiell MpoaAeMOHCTPMPOBaja pa3aesieHue
ATKMIHA(PTAINHOB M TUXJIOPOEH30JI0B B KOJIOHKE,
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3arnojiHeHHo# nmopoiukoM MIL-53(Al) (moaBuzkHas
¢daza — H-rekcaH) [23].

Mopeiipa m coaBT. [24] mM3ydanu BIUSTHUE TI0O-
JIBVKHOM (pa3bl Ha pasiesieHue NU30MEPOB KCUJI0JIa B
KOJIOHKe, 3armojHeHHoit MIL-53(Al). I1pu ucmnoib-
30BaHUM H-TEIITAHA B KAUECTBE 3JII0CHTA TOCTUTHYTA
CEJIEKTUBHOCTb 2.1 171 0-KCcujoJja Mo CpaBHEHUIO C
M-KCUJIOJIOM U n-KcuitojioM. Cpenu IIpo4ero 3To Mo-
XKeT OBITb pPe3yIbTaTOM B3aUMOACUCTBUIL amcop-
oeHT—ancopbatT. B Takux B3auMOAEHCTBUSIX MOTYT
TaK:K€ Y4aCTBOBATh MOJIEKYJIBI 3J1I0eHTa (B KAa4eCTBE
amcopbara), 9To BIIMSIET Ha aACOPOILIMOHHYIO CITOCO0-
HOCTb.

SIHT 1 coaBT. [25] TTOKa3anu BIMSIHUE COCTaBa I10-
IBIDKHOM Pa3bl (CMeCH rekcaHa M IMXJIOpMeTaHa,
JUXJIOpMETaHa ¢ METAHOJIOM) U TEOMETPUU MOJICKYJT
Ha pasaejieHue cMeceil 130MepoB KCUJIOJA, TUXJIOP-
OeH30J1a, XJIOPTOJIyoJIa U HUTpOo(MEeHOIa Ha KOJTOHKaX

2023
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¢ MIL-53(Al). CremeHb ynepXXMBaHUS H30MEPOB
KCMJI0J1a YBEIUYMBAaeTCs B psany n- < m- < 0-u30Mep,
a Ui M30MEPOB IUXJIOpPOeH30JIa, HUTpOodEeHoIa U
XJIOPTOJIyoJa MOPSOOK YIEPXKWBAHUS CISTYIOIINIA:
M- < 0- < n-u3omMep.

BnocnenctBuu psiioM KOJUIEKTMBOB U3Yy4alluCh
BO3MOXHOCTH TipuMeHeHust MIL-53(Al) B pexume
O®-xpomarorpacduun. Jiny u coasT. [26], Y4TOGHI IPO-
JIEMOHCTpHUpPOBaTh TUAPO(POOHBIE cBoiicTBa MIL-
53(Al), n3yuyuniu pasaejeHure ToJIyoJia U STUI0eH30/1a
MpU UCTIOJIb30BAaHUM B KauyecTBe TMOJIBMXKHOU (ha3bl
CMECH alleTOHUTpUJIa U Bombl. DaKTOpHI yaepKrBa-
HUSI 2TUX COpOATOB Ha KOJOHKAaX, 3alOJHEHHBIX
MIL-53(Al), 66111 OOJIBIIIE, YeM Ha KOJIOHKAaX C CH-
JiukaresjeMm, MoAUu(MUIIMPOBAHHBIM OKTalelIUICUIA-
HoM (3TmnbeH3oi: 6.5 u 3.9; ronyoi: 9.1 u 2.8 coor-
BETCTBEHHO), 4TO, IO MHEHMIO HCCeaoBaTesei,
MOATBEPKIACT SIPKO BBIpAKEHHYIO TMAPO(GOOHOCTH
KapKacHoro nojumepa. dydyeHue copoumu u pasae-
JIEHUsI IIUPOKOTO CIIeKTpa aHAJIMTOB TakXKe Mpoje-
MOHCTPUPOBAJIO BBICOKYIO CTEII€Hb pa3pelieHus,
XOPOIIIYI0 CEJIEKTUBHOCTb, CTaOMJIBHOCTh U BOC-
NpOM3BOAUMOCTh pe3yiabraToB BOXKX-anamuza
npu ucnoab3doBanun MIL-53(Al) B kauecTBe He-
MOJABUXXHOU (pa3bl U TOJSIPHON MOABUKHOM ha3kbl.
IIly u coaBt. [27] moka3aau ymOBJIETBOPUTEIHLHYIO
pa3aeUTeNIbHYI0 CIOCOOHOCTh KOJIOHOK, 3aIOJIHEH -
HbIX MIL-53(Al), B oTHoLIeHUU 3(UPOB (PTajIeBOt
KUCJIOTHI.

CymectBeHHBIMU ~ Hemoctatkamu  MIL-53(Al)
npu npuMeHeHn B BOXKX gaBasgioTcss mx BBICOKas
JUCTIEPCHOCTh U TUIAPOCOIIPOTUBJIEHUE, HU3Kasl
MeXaHWdJecKasi MpPOYHOCTh. [IpenmpuHUMAINCH
TOITHITKH TT0 ITPEOIOJCHHUIO YKa3aHHBIX HEAOCTaT-
KOB. YCTaHOBJIEHO, YTO OINTUMAaJIbHBIM BapUaHTOM
npuMmeHeHnst MIL-53(Al) B BOXKX siBisiercst ux uc-
MOJIb30BaHME B COCTaBE KOMIIO3UIIMOHHOTO MaTepr-
ana (tab6i. 1).

OnucaH MpUMep UCIOJb30BaHUS aTIOMHUHUICO-
nepxamux MOKIT st yydiieHust pa3aeuTeabHON
CIOCOOHOCTU MOHOJIMTHBIX KOJJOHOK Ha OCHOBE aK-
puiioBeIx comoiumMmepoB. Ilepec-llexxysna u coaBT.
[28] uccnenoBaiu 3(h¢heKTUBHOCTh MCIIOIb30BaHUS
s BO2XKX-ananuza NH,-MIL-101(Al) Ha ocHOBe
2-aMuHOTepedTaAJIEeBOM KMCJIOTBHI, HMHKOPIIOPUPO-
BaHHOTO B MOHOJIUT HA OCHOBE COIIOJUMEPOB (U~
pPOB METaKpUJOBOW KMCIOTbI. ABTOPbHI MPOJEMOH-
CTPUPOBaJIU BOCTIPOU3BOJUMOCTD PE3YIbTATOB U (-
(eKTUBHOCTb MPUMEHEHUST TOAOOHOI KOJOHKHU IS
pazaesieHUs] HEKOTOPBIX MOJULMKINYECKHUX apoMa-
TUYECKUX YIJIEBOJOPOJAOB M HECTEPOUIHBIX MPOTU-
BOBOCITAJIMTEbHBIX JIEKAPCTBEHHBIX CPENCTB.

Takum o6pazom, MOKII Ha ocHOBe aTIOMUHUS
MPUMEHUMBI KaK B KA4€CTBE CAMOCTOSTEIBHBIX COP-
OEHTOB, TaK U B COCTaBe KOMIIO3UTHBIX MaTepUaIOB
JUIST pa3aesieHus] IIMPOKOro CIieKTpa coemuHeHuii. MH-
TEPECHO, UTO APYTUE XOPOILIO U3ydeHHbIE ATIOMUHUIACO-
nmepxamme MOKII, nanmpumep MIL-68(Al), dymapar

KYPHAJI AHAJIMTUYECKOWN XUMUWU

AMIOMWHUS, M3BECTHBIN TTOI TOPTOBOI MapKoii “Baso-
lite™ A520”, uzodranarel amomunus cepun CAU-10,
He UCIBITaHbI B KA4eCTBE COpOCHTOB st BOXKX.

HecMmoTtpst Ha mocTaTo4yHO GOJBIION pa3Mep Hop
(or 8 mo 19 A) M OTHOCHUTENBHYIO CTAGMIBHOCTD
MOKII Ha ocHoBe npyrux sigeMeHToB III rpymmbr
(MHIWS ¥ TaJiIvs ), HA MOMEHT ITOATOTOBKM Iy OJIKa -
1Y JaHHBIe 00 uX mpuMeHeHun B BOXKX He Haline-
HbI, UTO, BO3BMOXHO, 0OOYCJIOBJI€HO UX BHICOKOI CTO-
UMOCTBIO [29].

MeTannoopraHuyecKne KapKacHble NOJIMMepbl HA
ocHoBe mepexoaHbix MeTaioB I, II rpynn. Meds.
Anasptc u coaBT. [23] BIepBbIec IMOKa3ajlu BBICO-
Kyio 3@deKTUBHOCT, Menbcoaepxammx MOKIT
[Cus(TpumesuHar),] (HKUST-1) npu pasneneHuun
0J1e(PHOB II0 cpaBHeHMIO ¢ BaHamuii- (MIL-47) u
amomuHuiiconepxamumu  (MIL-53(Al)) MOKII
MPU COIOCTABUMBIX pasMepax Mmop U OOBICHUIU
JMaHHBI (peHOMEH HATMUYMEM CBOOOIHBIX KOOpIMHA-
nnoHHBIX TTooxkeHnit B HKUST-1. B mpoiiecce pa3s-
JieJieHus1 copbaToB He HAOMI0IAI0Ch U30MEpPU3aLIUU
WIM APYTUX HeXeaTelbHbIX peakuuii. Ilpu atom
yuc-oneduHbl yIepXUBaIUCh CUJIbHEE, YEM MPAHC-
M30Mephl. B OTHOIIIEHMM OCTaJIbHBIX UCCIIEIYEMbIX
coeAVHEeHUN (MOMULMKINYECKUE apoMaTU4ecKue
YIJIEBOAOPOIbI, XJIOPOEH30J1bl) HE JOCTUTIIU YIOBIIE-
TBOPUTEJILHOTO pas3ziesieHus. BriociencTBum aToT xe
MOKII ycrniemHo npuMeHuiau Axman u coasT. [30]
I pasnelieHns O0eH3oiia, HadrananHa n 1,3,5-Tpu-
deHmIbeH301a.

LlenTpoH u coaBT. [31] U3YyYWJIM BO3MOXHOCTU
npumeHenuss HKUST-1 nia pasmeneHUsT KETOHOB,
CIIMPTOB, METUJIAMUHOB U IMMETUJIAMHUHOB, OTHAKO
JIOCTUTHYTOE pa3pellleHre U Ipyrue XpomaTtorpapu-
yeCcKHe mapaMeTphl (BBICOTA, SKBUBAJIEHTHAsI TEOpeE-
TUYECKOM TapeyiKe, YMCJIO TEOPETUYECKUX TapesioK)
YCTyTIaJAU TPAAULIMOHHO WCIOJIb3YEMbIM KOJIOHKAM.

HenocrarkoMm npumenenuss HKUST-1 B kauecTBe
HEMOABIDKHOM ha3pl SIBISIETCS IIPOTEKaHUE KpH-
CTAJUIM3alUU ITyTEM HEIIPepbhIBHOIO 0Opa3oBaHUS
3apOMBIIIC C IOCIEAYIOIIUM OBICTPBIM POCTOM
KPUCTAJUIOB, TIPUYEM BIIOCIEACTBUU IMOJYyYCHHbBIE
KPUCTAJUIUTHI CUJIBHO Pa3MdaloTcs 110 pa3Mepy.
O6pa3zoBaHUE MOJMUIUCIIEPCHBIX KPUCTAJUINYECKUX
CTPYKTYp HNPUBOIUT K YIIMPEHMUIO XpoMaTorpadu-
YEeCKMX ITMKOB U BHICOKOMY OOpaTHOMY JaBJICHUIO B
cucreMe. AMeJIyT 1 coaBT. [32] MpeaaoXXiii HOBBIIA
meton cuaTe3a HKUST-1, mo3Bomstionnit ¢popmu-
poBaTh MOKII BHYTpY Makpomnop rpaHyJl IMOKCUIA
KpPEMHUSI, YTO IPUBOIUT K MOJYYECHUIO MOHOIMC-
MEPCHOIO0 KOMIO3UTHOIO c(hepruuecKoro Marepuasa
¢ pa3MepoM YacTull okojio 3 MKM. [TojrydeHHBI cop-
OCHT HCIOJL30BAIM IS pa3felIeHUsT MOIEIbHOM
CMeCH 3TWI0eH30J1a U CTUPOJIa, TOCTUTHYTOE pa3pe-
IIIEHUEe COCTaBWJIO 7.9, YTO HAMHOTO BhIllIE 3HAYe-
HUIi, MOJYyYEeHHBLIX Ha KOJOHKAX, 3allOJHEHHBIX
tosibko HKUST-1 unu cunukareneM.
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Axmen m coaBT. [33] ocylmecTBMIM COJBLBOTEP-
ManbHyo moaudukanuio HKUST-1 ¢ ucnonbs3oBa-
HHEM TUIPOXMHOHA IJIsi 00pa3oBaHUs MaKpOIIOpHU-
CTBIX YacTUll (C MepapXruyeckoil CTPYKTYpOii) U U3y-
YMJIN TIEPCIIEKTUBBI €ro Mcrob3oBaHusa B BOXKX Ha
npuMepe pasfejieHus MOIEIbLHOM CMeCH CTUpOia U
sTnnoeH3o0a. [loydeHHBI COpOeHT MMell 3HAUYM-
TEJIGHYIO TUIOIIANb NTOBEPXHOCTU (0Koyo 1600 M2/T)
IpU COXpaHEHUHU XapaKTepHBIX OCOOEHHOCTEM
HKUST-1. ITo MHeHUIO UcCaeaoBaTeNe, CHUXKEeHUE
00paTHOrO JaBJIEHMS B CUCTEME 3a CUET MCITOIb30Ba-
HMs Ooyiee KPYIMHBIX YAaCTUIl M HAIMYNE MaKpPOIIOp
YMEHBIIIAIOT PUCK Ae(OopMalIi HETTOABXKHOM (ha3bl
M JIeJal0T KOJOHKY Oosee crabmnbHOM. Ha xpomaro-
rpamme (puc. 2) pazpeiieHue NMKOB CTUPOoJia 1 STUI-
OeH30J1a P UCITOJIb30BAaHUU B KaUeCTBE HETTOABUK-
Hoit da3el MogudunmpoBanHoro HKUST-1 nyumie,
yeM B CJIydyae HacagOYHBIX KOJIOHOK, 3allOTHEHHBIX
HemonuduumposaHHbiM HKUST-1.

11 DOCTUMXKEHUSI ONTUMAJILHOTO pa3lesieHUus B
ycaoBusix BO2KX Axmen M coaBT. CMHTE3MpPOBaIU
HaHokpuctauiel HKUST-1 Ha Mmukpocdepax cuim-
Karejist ¢ Mopdoioruein “cdepa-B-cepe” (SOS)
[34]. ITonydyeHHBI COPOSHT YCIIEIITHO UCIIOIb30BaIN
JUTS pa3fesieHusl cMeceil apoMaTU4eckKux yriaeBoao-
pOMIOB, OH MOKAa3aJjl XOPOIIIYI0 CTAOUIBHOCTb U OTCYT-
cTBUe CTpyKTypHBIX n3meHeHuit B MOKII B TeueHue
JUTUTEILHOTO BPEMEHU XPaHEHUS U 9KCILTyaTallMHu.

Hyxnux u coaBT. [35] mpemIoXuau omgHOSTaIl-
HbII cMHTe3 KoMmo3uTHoro matepuana HKUST-1 ¢
CUJIMKarejieM C HCIIOJIb30BaHUEM 30JIb-TelIb TEXHO-
JIOTUM Ha OCHOBE MOJIEKYJI-ITPeAIlIeCTBEHHUKOB.
ITonyyeHHBINT COPOEHT aBTOPbI MCIIOJb30BAIM KakK
cTalMoOHapHYIo a3y Iy pa3neieHus YIJIeBOIOPO-
noB. IlokazaHo Oojee 3(M¢eKTUBHOE OTICICHUE
LIMKJIOTeKCeHa OT OeH30J1a U LIMKJIOTeKcaHa 1o CpaB-
HEHMIO C AejieHueM Ha HeMOIU(pUIIMPOBAaHHOM CH-
JIMKarese.

Takum ob6pazom, npumenenne HKUST-1 B kaue-
CTBE HEMOABYKHOM a3kl 111 BO2KX BeI3Bajio nHTE-
pec, BO3MOXHO, OJiaromapsi MepCIIeKTUBHOCTU HC-
MOJIb30BaHUS TSI pa3aeieHus ojie(pHOB 3a CUET Ha-
JIMYMSI CBOOOOHBIX KOOPAVMHAIIMOHHBIX IOI0XKCHUMA
U T—T B3auUMOIeHCTBUS ¢ aHaauTamMu. OgHAKO €ro
MMpakTUYECKOe MPUMEHEHNUE OTPAaHMYEHO IMOJIUIMC-
IIEPCHOCThIO, HECTAOMJIBHOCTBIO M OOpa3zoBaHUEM
3aKpBITONOPUCTHIX CTPYKTyp. Bojlee mepcriekTuB-
HBIM, B TOM YMCJIE IJIs1 pa3aeaeHust 0Je(UHOB, SIBJISI-
1oTcsa apyrue meanbie MOKII, nuiieHHbIe yKa3aH-
HBIX HEIOCTAaTKOB.

YeH u coasT. [36] cMHTE3UPOBaIM HOBBII CTAOWIb-
Hbli MOKIIT {Cu;L,(4,4-6unupunun)[NH(CH;),] -
- 7TAMA-12H,0},, tne L — nuanuoHn 3,6-6uc(4-kapOok-
cudenmn)-N-(4-kapbokcudenmn)kapobasona, JMA —
N,N-mnmetmmaneramun. B ¢BsI3M ¢ BBICOKOI cTa-
OWJILHOCTBIO, 3HAUUTEbHOM TIOIIAABIO TTOBEPXHO-
CTU TIOJIMMEpPA UCCIIEIOBATENIM MPUMEHWIN €ro I
OTIeJeHUSI HUTPOOEeH301a OT IMHUTPOOEeH30Ma; 0-,
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Puc. 2. BO2XKX-xpomMarorpaMmbl cMecH 3TiiI6eH30a (1)
u ctupoia (2) mpu WCIOIb30BAHUM B KAayeCTBE HEIO-
IBUXHOH (a3sl KomMmepueckun noctynHoro MOKIIT Ba-
solite C300 (HKUST-1) (-e-) 1 mpoayKTa ero coibBOTep-
MaJbHOU MomuduKaunu (—). YCI0BUsI: CKOPOCTb IOTOKA
1 Mi/MuH, ToaBMXKHas (asza H-rernrTaH—IuXJIOpMeTaH
98 :2).

M- U n-U30MEPOB AUHUTPOOEH30J1a U #-KCUJIOJIa OT
1,4-0uc(xstopMeTIiI)0eH301a.

N3 npyrux nnepexonHnix metayuios I, 11 rpynmn 3Ha-
YUTEJIbHOE BHUMAHME B IJIaHE IIPMMEHEHMsI B Kade-
CTBE€ WJIMU B COCTaBe HEMOABVIKHOI (has3bl yIeasin
IMHKOBBIM 1 KanMueBbIM MOKIT.

Lunk. Axman n coaBT. [30] IIpogeMOHCTPUPOBAIN
BO3MOXHOCTb ucIiojib3oBanusa MOF-5 mis cenmex-
TUBHOTO pa3ae/IeHUsI apOMaTUIeCKUX U MoJrMapoMa-
TUYECKUX YIJIeBOAOpoa0B B yciaoBusx H®-pexurma
xpoMatorpadurpoBaHusg. OgHaKO TO3Xe TMOKa3aHo,
YTO, HECMOTPSI Ha IOCTaTOYHO OOJIBIIION pa3Mep mop
MOF-5 (31.27—42.65 A) [37], ero mpuMeHeHMe orpa-
HUYEHO T10 NIPUYNHE TUAPOIUTUIECKON HECTaOUIb-
HocTtu [38].

B nipoTtuBOBEC 3TOMY 1I€OIUTOIIONOOHBIC UMHIA~
30JIaTHBIE CTPYKTYpPHI, TAKWE KaK 2-METWIMMHUAA30-
gat uuHka (ZIF-8), 3HauuTebHO OTJIMYAIOTCS OT
KapOoKcmiaaTHbIX HUHKcoaepxamux MOKII, ¢ ox-
HOI CTOPOHBI, CBOCH COTBBOINTHUYECKON CTAOMIb-
HOCTBIO, YTO, Hapsiay C OOJbLIMM pa3HOOOpa3ueM
anepTyp U UHTEPhEPOB IOP, JAeT BO3MOXHOCTb UX
WCTIOJIb30BaHUSI B KAUECTBE COPOCHTOB B YCIIOBUSIX
O® BOXKX [39, 40]. C npyroii CTOpPOHBI, UX OTHOCH -
TeJIbHO He6obIoi nuamerp mop (11.4—14.6 A) u
aneptyp (mpumepHo 3.4 A) orpaHmumBaer BeposiT-
HOCTb IIPOSIBJICHUSI MOJIEKYISIPHO-CUTOBOTO 3 PeK-
Ta Ipu pasgeiieHun aHaiautoB [41]. Tem He meHee
TNpEeaIPUHUMAJINCH MTOTNBITKY 10 TpuMeHeHnto ZIF-
8 B KauecTBe HENMOABMXKHOM (asbl 11st BOXKX. Tak,
ILlenTpoH u coaBt [31] ¢ momoibto ZIF-8 paznemimu B
ycaoBusix O BO2XKX cMech 3'-ruapoxkcualieTodpeHoHa,
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1-(3-tunpokcudennn)stanona, 3-[1-(MerTwiamm-
Ho)aTwi|(eHona u 3-[1-(muMeTrniaMruHo )3Th | beHosa
¢ 6orblei 3(p(peKTUBHOCTBIO, YeM Ha KOJIOHKAX, 3aI10JT-
HeHHBIX MOKIT Ha ocHoBe npyrux metammioB — MIL-47,
HKUST-1 u MIL-100(Fe).

OrpannueHus npumeHeHns ZIF-8 cBg3aHbI ¢ X
MOJIMAUCTIEPCHOCTBIO UM CJIOKHOCTBIO TIOJIydeHMUSI
MOHOOUCIIEPCHBIX KPUCTAJUIOB IIPpaBMJILHOM (pOPMBI
pa3MmepoM oonbiie 1—2 MKM. B ¢BsI31 ¢ 3TUM TIpM pa-
0oTe ¢ KoJIOHKaMU, HanoJHeHHbIMU 3TuM MOKII,
BO3HUKAaEeT BBICOKOE OOpaTHOe maBiieHne 1 3hdex-
TUBHOCTbL pasneneHust magaer. @y m coast. [40]
CMOTJIM PELIUTD 3TY MpoOJIeMy ITyTeM HapalllBaHUsI
kpucrajioB Z1F-8 Ha ceprueckux yacTUIIaX CUIM-
KareJjs pa3MepoM 3 MKM C IIPUBUTBEIMHA KapOOKCHITh-
HbIMU (PYHKIIMOHAJILHBIMU TpyniiaMu. C UCIOIb30-
BaHMeM MoyiydeHHoro Matepuana ZIF-8@SiO, no-
CTUTHYTO ObICTpOe W 3(PPEKTUBHOE pasaciieHue
TOKCHUHOB U TIECTULIUIOB.

Ky m coaBt. [4]1] Takke omucaiyd BO3MOKHOCTH
HapamuBaHusl KpuctaioB ZIF-8 Ha moBepXHOCTU
mop MUKpocdep CUJIMKareias ¢ MOTU(UIIMPOBAHHOMI
NOBepXHOCTHIO. [TomydeHHBIN TMOPUIHBIN MaTepran
B ycioBusix BOXKX mpoaeMoHCTpupoBaad BBICOKYIO
CEJICKTUBHOCTb, XapaKTepPHYIO MJIs KOJIOHOK C
MOKII, 1 BBICOKOE pa3pelleHne, CBOMCTBEHHOE KO-
JIOHKaM C CUJIMKareJlbHbIMU MUKpochepamu. s
CMECH M30MEPOB KCUJIOJA C MCIOJb30BAaHUEM KO-
JIOHKM C KOMITO3UTOM JOCTUTHYTA 3((HEeKTUBHOCTH
pasneneHus He MeHee 2.1 X 10° TeopeTdecKux Tape-
JIOK/M, 4TO B HECKOJILKO Pa3 BhIIIEe TUIIOBBIX 3HAYE-
HUI 1711 KOMMEPUYECKMX KOJIOHOK.

Kaomuii. K noctonHcTBaM KaaMuiicomepxKallux
MOKII MOXHO OTHECTH BO3MOXHOCTh 00pa3oBaHUsI
CTPYKTYD C OOJIBIIION ariepTypoii ITOp U BHICOKYIO CTa-
OunbHOCTb. OOHAKO CYIIECTBEHHBIM HEOOCTAaTKOM
Takux MOKII sgBnsieTcsT TOKCMYHOCTD, UYTO 3HAYM-
TEJIbHO OTPaHUYMBAET MePCHEKTUBHI X TaIbHENIIIe-
ro IIpUMeHeHusl. ETMHCTBEHHBIN IIprUMep IIpUMeHe-
Hust Kanmuiicomepxamero MOKII ommcan XeiiB3
M COaBT. [42], KOTOpHBIE TIPOIEMOHCTPUPOBAIIN YIOBJIC-
TBOPUTEILHOE pPA3NeIeHUE CMECU TOJULIMKINYECKIX
apoMaTUYECKMX YIJIEBOAOPO/IOB 1 MOISIPHBIX COSIMHE -
Huii Ha 1ByX (ba3zax kanmueBbix MOKII [Cd(L)],,, cun-
Te3UPOBAHHBIX C HCIIOJb30BaHUeM jauraHaa 1,4,7,10-
TeTpakuc(4-kapookcubdbeHswn)-1,4,7,10-Terpaasalmk-
JIomoneKaHa.

B 1abn. 2 cymMmmMmupoBaHBI JaHHBIE ITO IMPUMEHE-
arto MOKII Ha ocHOBe niepexomubix MeTasnos I u 11
TPYIIIL.

MerannoopraHnnyeckue KapKacHble NMOJMMEpPbI Ha
ocHoBe nepexoanbix MetauioB III—VIII rpynn co cte-
neHsaMu okucyaenus +2 u +3. Xpom. I3 xpoMconepka-
mux MOKII B kauecTBe HEINOABMXKHOM (Pa3bl OIS
B3O2XKX uzyyen MIL-101(Cr), KOTOpbIi1 XapaKTepu3sy-
eTCsl 3HAYUTEILHOM yIEIbHOM IUIOIIANBIO TIOBEPXHO-
ctu, nocturamoiei 4500 M%/T, 60JbIIMMUI IUAMETPAMHA
aneptyp nop (12 Aul6 x 14.5 A) ¥ HAJIMIMEM ME301I0D

KYPHAJI AHAJIMTUYECKOWN XUMUWU

(29—34 A), XMMUECKOi1 CTAGMWIBHOCTBIO Y HATTMYUEM
CBOOOIHBIX KOOPAMHALIMOHHBIX TTOJI0XeHU [43—45].
HccnepoBatenu n3 HaHbKalicKoro yHUBEpCcUTETa B
2011 r. ontyosmmkoBasiy padboty [46], ITOCBSILIEHHYIO pa3-
JIeJIEHUIO N30MEPOB 3aMEIEHHbIX apOMATUYECKIX CO-
eNMHeHUll Ha KoJioHKe, HamoysiHeHHoit MIL-101(Cr).
Jocturayro xopoiiiee pa3aejieHre N30MepPOB KCIJIoJa,
IuxiaopOeH30/a, XJIOpTOoJdyoda, a Takke cMeceit ¢
STWJIOCH30JI0M M CTUPOJIOM C BBICOKOM 3(pheKTUB-
HOCTBIO KOJIOHKM M IIPEeUMYIIeCTBEeHHOI ah(PUHHO-
CTbIO K opmo-u3oMepam. [IponokuTeIbHOCTh aHa-
JIn3a C ONTUMAJILHBIM pa3leicHUEM M30MEpPOB CO-
craBisgia He 6oonee 20 muH. B 2012 1. 3Ta 3Xe rpyImma
YYeHBIX oNy0JInKoBaja padory [47] Mo peryaupoBa-
HUIO KOOPAMHALIMOHHOIO CTaTyCa CBOOOTHBIX KOOP-
IWHAIMOHHEIX nojoxeHuit B MIL-101(Cr) npu pa3s-
JIeJICHUH TIOJISIPHBIX COEAMHEHUI ITyTEM MCIOJb30-
BaHUsI B COCTaBe MOOBIVKHOM da3zbl
KOOPIVHUPYIOLIETO pacTBopuTenst (MeraHoma). Mc-
MOJIb30BaHME METaHoJIa B COCTaBe IMOABMIKHOI (hasbl
MO3BOJIJIO YMEHBIINTh a((UHHOCTL ITOJNSIPHBIX CO-
eMMHEHNI K HEHACBHIIIICHHBIM KOOPINMHALIMOHHBIM IT0-
JIOKEHMSIM 1 00ECIIEYUTh IOMPOBAHUE ITUX KOMIIO-
HEHTOB C KOJIOHKH. BITOCIEICTBUM 3TOT K€ KOJUICKTUB
BBITOTHWII TIOCTCMHTETMYECKYI0 Momudukaimo MIL-
101(Cr) mupumyHOM I pas3nesieHus] TOKO(hEepoJIoB
[48]. CreneHb pazneneHus: TOKOGEPOIOB U IKCIIpecc-
HOCTb aHanm3a Ha MonudumpoBanHom MOKII oka-
3aJIMCh BBIIIIE, YEM C UCTIOJIb30BAaHMEM KOMMEPUYECKOTO
copbeHTa ¢ (PyHKIIMOHAIM3UPOBAHHBIM aMUHOIPYII-
IIaMM CUJINKAareJIeM.

Mapeaney. Ha paHHBII MOMEHT MMEETCS JIUIIb
ogHa myonaukanus [49] mo ucmojb30BaHUIO Mapra-
Herconepxammx MOKII gns pasneneHust palieMu-
YeCcKMX cMeceil noynpodeHa u (peHmsTaHanonaa-1,2
B yciaoBusix H® BDXKX. KoadduuumeHr paspeie-
Hust 1 (S)-ubyrnpodeHa 1Mo oTHouIeHUIO K (R)-
n3omMmepy coctaBuia 2.02, COOTBETCTBYIOIIEEe 3HAUYE-
Hue i peHmnsTanauona-1,2 — 1.51, 9ro meMoH-
CTPUPYET XOPOIIYIO pa3pelialpllyio CIIOCOOHOCTD
KOJIOHKM.

XKenezo. B xauecTBe HENMOABMKHBLIX (a3 A
BB2XX uccienoBanu xxene3oconepxkarnme MOKIT —
MIL-53(Fe), MIL-100(Fe) u MIL-101(Fe).

MIL-100(Fe) obnamaet nByMsI TUIIAaMU TIOp AUa-
MeTpaMu 25 u 29 A, XuMMUecKoil CTaGWIBHOCTBIO,
HEHACBIIIIEHHBIMA KOOPAWHALIMOHHBIMUA LIEHTPaAMU
U BHYTPEHHUM WHTEPbEpOM IIO0p, OOpa3zoBaHHBIM
apoMaTUYECKUMM CTPYKTypaMH, 4YTO, IO MHEHUIO
HCcaeaoBaTesIei, JejaeT BO3MOXHBIM €ro MpUMeHe-
Hue B o6oux BapuaHTax BOXKX. B O®-pexume si110-
MPOBaHUS NTOCTUTHYTO ONTHUMAaJbHOE pas3ieiicHue
HEUTpaIbHBIX 1 OCHOBHBIX aHaIUTOB, B HD — u3o-
MEPOB TOJYMIWHA W XJIOPAaHWJIMHA MPU BBICOKOI
BOCIIPOM3BOJIMMOCTH PE3YJIbTATOB BO BCEX CIIydasix
[50, 51].

IMepec-Llexyanma u coaBT. [28] cCHMHTE3UpOBAIN
KOMITO3UIIMOHHBbIE CTallMOHapHble da3bl C U30-
Ne 1
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Ta6muna 2. Mcnonbp3oBaHMe MeTa/UIOOPTaHUYECKMX KapKACHBIX ITOJIMMEPOB Ha OCHOBE IIepeXOMHBIX 3JeMeHTOB [—I1
TPYMIT B BBICOKOA(M(HEKTUBHOM XKUIKOCTHOI XpoMaTorpaduu

Pexxum pasaciacHuA

MOKII (menmomBmzkHast (paza) (moxBisKHas dasa)* AHanmm3upyeMble CMECH Jlureparypa
HKUST-1 H® (n-rexcan) Ojre GUHBL: MOAETTbHEIE CMECH: Ylic-2-TIEHTEH, [23]
LIUKJIOTIEHTEH, 1-TIeHTeH, 2-MeTWI-2-0yTeH,
CMeCH yuc-/mpanc-n3oMepoB 2-0yTeHa, 2-
TNIeHTeHa, 2-TeKCeHa, 2-TelTeHa, 2-0OKTeHa,
4-okTeHa, 4-HOHEHa, S-IeleHa 1 MeTHI-9-
OKTaJielieHoaTa
TTAY: 1,4-numeTunHadTagiuH, HadTaIMH, 2-
MeTwiHadTaaIuH U 1-MeTuaHadTaanH; 0-, M-,
n-IUXJIOpOEH30JIbI
HKUST-1 (Basolite C 300) H® (n-rexcan) ben3zon, HadramuH, 1,3,5-tpudeHmndeHs3or; [30]
aHTpaleH yIep>K1BaJICA B TeUeHHe 6oee 4 1
HKUST-1 O® (MeTaHOI) 3'-TunpokcuaterodeHoH, 1-(3-ruapokcude- [31]
HIWI)3TaHO, 3-[1-(MeTrIaMruHO )3T | (be-
HoJ1, 3-[1-(mMMe TIIIaMITHO ) 3T | (he HOT
HKUST-1 (conbBoTepmanbHast H® (r-rentan— OTUIIGEH30J1, CTUPOIT [33]
Mo UKaus ¢ IpUMeHEHNEM IUXJIOpMETaH)
TUIPOXMHOHA)
HKUST-1@Si0O, H® (#-rexcan) DTUIOGEH30I1, CTUPOIT [32]
H® (u-rentan) Tonyon, cTuposn, 3TUI6eH301, 0-, M-, B-KCHU- [34]
JIOJTBI
H® (u-renrtan, #-okraH) | LlukiorekceH, 6eH30J1, LIMKJIOTEKCAH [35]
{CusL,(4,4'- bunupu- H® (r-rekcan/meranon)| HurpobeHson, n-muHurpobeHson; 1,4- [36]
auH)[NH(CHS),]-7IMA-12H,0},, O1C(XTTOPMETIIT)OEH30IT, M-, 1-KCHUJIOJIBL,
L — TpuaHuoH 3,6-6uc(4-Kap6oK- M-ITAHUTPOOEH30IT; 0-KCUJION, 0-TUHUTPO-
crdberm)-N-(4-kapGokcude- OEH30I1; n-KCUJIOJ, n- TUHATPOOEH30]1
HII)KapOa3oia
MOF-5 H® (n-rexcan—auxiop- | 1,3,5-Tpu(4-6poMbeHin)oeH301, HapTaauH, [30]
METaH) n1peH
ZI1F-8 H® (metanon) 3'-TunpokcnarerodeHoH, 1-(3-ruagpokcude- [31]
HIWI)3TaHO, 3-[1-(MeTrIaMruHO )3T | (be-
HoJ, 3-[1-(mnMeTHIIaMITHO )3T | (he HOT
ZiF-8@Si0, O® (aleTOHUTPWI, Bucdenon A, B-acrpamuorn, 4-(mpem- [40]
aleTOHUTPUII—BOMA) OKTWIT)(hEeHON; THAaMeTOKcaM, rekcadiymy-
POH, XJIOPAaHTPAHWJIMIIPOJI, TUMETPO3UH
ZiF-8@Si0, O® (aeTOHUTPUII— 0-, M- 11 n-KCHITOJIBI; alle TAHWJIN, AaHWJTAH, 0- [41]
BOJIA) HUTPOAHWJIVH, 1-HADTUIAHWINH; 0-, h-HUT-
PpOo®dEHOJIEL, 0-, n-XJIOP(HEHOIBI
®a3k1 poly-[Cd(L)] H® (n-rexcan—atuii- AneHadTuieH, aHTpaleH, GeHaHTPEH; [42]

L — rerpaanuon 1,4,7,10-teTpa-
kuc(4-kapooxkcubensun)-1,4,7,10-
TeTpaa3alMKJIoAoAeKaHa

anerar)

nupeH, GJIyopaHTeH, XpU3€eH,
oens|a]anTpaueH; 6eH3o[k]dayopaHTeH,
o6eH3o[b]diayopaHTeH, 6eH3o[a]nupeH,
nuben3s[a,h]anTtpaueH; nngeHo|[1,2,3-
cd]nupeH, 6eH3o[ghi]-niepuyieH

* Pesxxumbl pasaenienust (O@ u H®) B ciyyae MOKIT HOCAT yCIIOBHBIM XapaKTep U MPUBEACHBI /151 yI00CTBa CpaBHEHMSI C HauboJiee
pacripoctpaHeHHbBIMU BO2XKX-komoHkamu.

KYPHAJII AHAJIMTUYECKOU XUMUWU

TOM 78 Ne 1
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crpykrypHbIM MOKII Ha ocHOBe Xeje3a, XxpoMa u
2-amMmuHoTepedTaneBoit KucjaoTrbl. CHHTE3UPOBaH-
Hele MOKII BHocuau AuGO B TOJUMEPU3YEMYIO
MaTpHILly Ha OCHOBE COIIOJIMMEPOB 2(bUPOB METAKPU -
JIOBOU KMCJIOTBI, IMOO MyTeM MPOMbIBAHUS MOJIUME-
puszoBaHHOU MaTpulbl cycrieHsueit MOKII. ITony-
YEeHHbIE KOMIO3UThI JE€MOHCTPUPOBAIN dDPeKTUB-
HOE€ paslielIeHUe HEeKOTOPbIX TOJULIMKINYECKUX
apoMaTUYeCcKuX YIJIEBOJOPOJOB U HECTEPOUTHBIX
MPOTHBOBOCHATIUTEbHBIX JIEKAPCTBEHHBIX CPEICTB.

MIL-53(Fe) — onuH 13 OpeacTaBUTENCH ceMeii-
ctBa MOKII MIL-53, xoTopoe 00CyXIajioch BHIIIIE B
KoHTeKcTe amomuHuiiconepxammx MOKIT — wuc-
MOJIb30BAIU JIJISI pa3fiesieHUsI U30OMEPHBIX CTPYKTYp B
ycaoBusix O® BOXKX [52]. g usydeHus pas3nein-
TEJIbHOM CITOCOOHOCTU XpoMaTorpaduieckKux KoJjio-
HOK, HanoiaHeHHBIX 3TuM MOKII, BeiOpanu yeTwipe
TPYIIIBI TTO3UIIMOHHBIX M30MepOB. DPPEKTUBHOCTH
pazneneHus Ha konoHkax MIL-53(Fe) npeBocxonut
3TOT ITapamMeTp Ha KonoHkax MIL-53(Al, Cr) u koM-
MEPUYECKU JOCTYITHBIX KOJOHKAX, 3allOJTHEHHbIX OK-
tuncunuiabHbiM (ZORBAX SB-CS8, Agilent, CIITIA) u
okragemicibHbeIM (ProntoSIL Eurobond, I'ep-
MaHMus) cuJmKarejieM. Hampumep, B oTamdnme OT
MIL-53(Fe), HacamoyHasi KOJIOHKAa Ha OCHOBE
MIL53(Al) obecrieunia Xxopolllee pa3aelicHue -, M-
U 0-KCWJIOJIa B T€UeHUE 3 MUH, HO He o0ecrieuuBasa
paznejeHust opmo- U napa-u3oMepoB XJIOPTOJIyoa,
IUXJIOpOeH30J1a 1 HUTPOAHWIMHA TTPU UCITOJIb30Ba-
HUM allETOHUTpWJIA B KayecTBE IMOJABUXKHOW (a3bl.
Kononka ¢ MIL-53(Cr) Takke NpoAeMOHCTpUPOBAa-
Jla HEOCTaTOUHYI0 3(DHEKTUBHOCTD pa3neieHUsl U3-
3a YIIMPEHUs U pa3MbiTus Thula nuka. MHTEpecHo,
YTO Ha KOJIOHKaX, HanmojiHeHHbIXx MIL-53(Fe), mo-
PSIIOK DJIIOUPOBAHMS AaHAIMTOB MHOM MO CpaBHEHUIO
¢ MIL-53(Al) u MIL-53(Cr). Ilpu cpaBHeHUU pa3-
JIeJINTETbHO CITOCOOHOCTU KOJIOHOK, HAITOJTHEHHBIX
MIL-53(Fe) u cunmkareiaeM ¢ IPUBUTHBIMU OKTHUJIb-
HBIMU M OKTaIE€LWJIbHBIMU TPYIIIaMU  BbISIBJIEHO,
YTO CEJIEKTUBHOCTb KOJIOHOK HAa OCHOBE CHJIMKATEIsI
10 OTHOIIIEHUIO K M30MepaM KCUaojaa, XJopToayosa
U AuxJ0pOeH30J1a HENOCTATOYHA, B TO XK€ BpeMsl pas-
JieJIeHUE U30MEePOB HUTPOAHUJIMHA Ha KOJIOHKE C OK-
TaleUWICWIWIBHBIM CUJIMKarejeM Jydllie, 4YeM Ha
kosioHke ¢ MIL-53(Fe). [logoOHOe pa3audue B I1O-
BeneHUU M30CTPYKTYpHBIX MOKII MoXHO 0OBSsIC-
HUTb POJIbIO METAJUIOLIEHTPA U OCOOEHHOCTSIMU MOP-
¢donoruu KpucTauios.

Hukens. JIny n coaBT. [53] usy4yanu cralroHap-
Hyo dazy mig BO2XKX, BKI09aomyo HUKEITHCO-
Jepkaluii KapkacHbiii moauMep MOF-74 Ha oc-
HOBEe 2,5-muruapokcurepe@TaaeBoil KHUCJIOTHI,
CUHTE3UPOBAHHBbIN in Situ HAa TOBEPXHOCTU CUIU-
Kareysi, GyHKIIMOHAJIM3UPOBAHHBIN KapOOKCUIIb-
HbpIMU rpynnamMu. [IporeMoOHCTpUpPOBAaHO XOpolllee
pasaesieHre HEKOTOPBIX MOJMIMKINIECKIX apoMaT-
YeCKMX YTJIEBOIOPOAOB, (DEHOJIbHBIX COEAUHEHUI 1
MOJISIPHBIX CYJIb(OHMIAMUIOB Ha KOJIOHKAX C CUHTEe-
3UPOBAaHHBIM cOpObeHTOM B yciaoBusx O® BOXKX mo

KYPHAJI AHAJIMTUYECKOWN XUMUWU

CPaBHEHUIO C Pa3AeUTeIbHON CITOCOOHOCTBIO KOM-
MepUYeCcKHU JOCTYITHBIX KOJIOHOK mist O® BOXKX, 3a-
MOJTHEHHBIX OKTWJICWJIMJIBHBIM CUJIMKATEJIeM, TIpU
MEHbIIIEN MPOAOJIKUTEIbHOCTU aHaIn3a 1 00Jiee Bbl-
COKOI CEJIEKTUBHOCTHU.

B 1abm. 3 00001IeHBI pe3yabTaThl MCCIeNOBAHMI
no ucnoabzoBaHuio B BOXKX MOKII Ha ocHoBe Ha
ocHOBe IepexonHbix MetaioB III—VIII rpymmn co
CTEIeHSIMU OKMCJIeHUs +2 1 +3.

MerannoopraHnnyeckue KapkacHble NMOJMMepbl me-
pexoanbix MetajuioB III—VIII rpymn co creneHbio
okucienusa +4. Tuman. Ban nep Ileppe u coasr. [54]
CUHTE3WPOBAJIM MOHOAUCTIEPCHBIEC KpUcTaThl MIL-
125(Ti), KoTOpbIE UCIOJIB30BAIM B KAUECTBE CTAIIMO-
HapHoit ¢a3sl mis1 BO2XKX. B xpomarorpadudeckue
kojioHKu ¢ MIL-125(Ti) BBonui MOIeJIbHbIE CMECH
LIMPOKOTO Kpyra coeAuHEeHUN (BKJlO4Yasi CMECHU CTe-
peousomepoB). JIsi  OLIEHKUM  aacoOpOLIMOHHBIX
CBOMCTB 1 3P(PEKTUBHOCTH pa3neeHUS paCcCUNTAIHN
pasziuyHble  XpomaTorpaguyeckue  IapaMeTphl,
BKJIIOUasl CEJEKTUBHOCTh U KO3(MMUIIMEHTHI pas3ie-
aenusi. MOKIT MIL-125(Ti) mokazan cenekTuB-
HOCTh MpU ONpeAeeHUN yuc/mpaHc-nu3aMeleH-
HBIX TTPOU3BOJAHBIX LIMKIorekcaHa. [lopsinok pasne-
JIeHUsI TIO3ULIMOHHBIX M30MEPOB Kcujaojda U
MetunanerodeHoHa (opmo < mema < napa) COOTBET-
CTBYET YBEJUYEHUIO IJIMHBI MOJIEKYJIBl U YMEHbIIIe-
HUIO ee IKUpUHBL. [1pu paznesieHur cMecu MOJULIUK-
JIMYECKUX apOMaTUUYECKUX YIJIEBOJOPOJIOB BpeMeHa
yIepXX1UBaHUS YBEIUUUBAIOTCS B psiay: TUpeH < UH-
neH =~ HadranuH < ¢peHaHTpeH < aHTpalleH. ApHWJI-
MOHOTAJIOTeHUABI BJIIOUPYIOTCS B TTOPSIAKE yBeJINYe-
HUST MOJIeKyJsipHOM Macchl. C ydyeToM TOro, 4TO
MIL-125(Ti) saBnsgercsa omHMM M3 Haubojee cTa-
ounbHbIXx MOKII, ero ucnojp3oBaHUe B KayecTBe
HETMOJBWXKHOM ha3bl B XKUIKOCTHOW XpomaTrorpa-
¢uu, B TOM yrciie 1151 DHAHTUOCEIEKTUBHOTO pas3je-
JIEHUsI, BeChbMa MePCIeKTUBHO.

Banaouii. EnunctBennsiM MOKIT Ha ocHOBe Ba-
Haausl, KOTOPBIi UCITOJIb30BaIM KaK CTAallMOHAPHYIO
dazy mrss BOXKX, apnsgerca MIL-47. C ncnonn3oBa-
HueMm MIL-47 nocturnyro xopoiiee pasaeineHue Cg-
apoMaTU4eCcKuX coefuHeHut (opmo-, mema- u napa-
KCWJIOJIBI, 3TUI0eH30i1). MIL-47 nmpomeMoHCTpUpO-
BajJl 0oJjiee BBICOKYIO ad(UHHOCTh K napa-u3oMepy
Kkcutona [55]. Takske BRIIOJHEHO pa3fieeHre Ha KO-
JnoHKax ¢ MIL-47 nzomepoB nuxyiopoeH30j1a, CMECHU
CTHUpOJIa C STHJIIOECH30JI0M M CMecU HadTaJanHa ¢ ajl-
kKwtHadTanuHamMu B yeiaoBusix H® BO2XKX ¢ ucnosb-
30BaHMEM H-T€KCaHa B KaueCTBE MOABIKHOI (pa3bl
[23, 56]. B To xe BpeMs1 KoitoHKH ¢ MIL-47 roxazanu
HEJIOCTATOYHO BBICOKYIO 3((PEKTUBHOCTL pas3ieiie-
HUSI 3aMeIIeHHBIX (DEHOJIOB IIPY UCITOJIh30BaHUU Me-
TaHOJIa B KauecTBe 3jroeHTa [31].

Hupronuii. CyniecTBEHHBIMU OOCTOMHCTBaMU
MOKII Ha ocHoBe coneit nupkonus (UiO-66,
UiO-67) aBnsioTcst MexaHn4ecKast MUKPOIIPOYHOCTh
M TEepMOCTAOMIBHOCTb. BBICOKass OKCOMMIBHOCTH
Ne 1
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Tab6muna 3. Vicronb3oBaHue METAJJIOOPTaHNYCCKHNX KapKaCHBIX ITOJIMMEPOB Ha OCHOBE XpOMa, XKEJie€3a, KOGEU'II)TEI, HHU-

KeJis1 B BBICOKO3((MEKTUBHOM XKUAKOCTHOM XpoMaTorpadun

ORI Pextand pastenciint AHaJIM3UpyeMble CMECH JIuteparypa
(HenonBuxkHas (asa) (monBuxHas dasza)* py patyp
MIL-101(Cr) H® (r-rekcaH; H-rekcaH— 0-, M-, n-Kcunosnsl 0-, M-, n-XJIOPTOJTYOJIbI, [46]

IUXJIOpMETaH; TUXJIOPMETAH)

0-, M, n-ITUXJIOPOEH30JIbI; STUIOEH30,
TOJIYOJ1, CTUPOJT, 0-KCUJIOJ

H® (muxnopmeran—mera-

0-, M-, n-HutpoaHunuHel, 0-, M-, n-KCH- [47]

HOJ) JIONBI, -~-aMUHOMEHOIEI, 1-HadToI, 2-Had-
TOJ; CyAbhaIuMUANH U CYIb(haHUIaMUI
MIL-101(Cr), mogudpuuu- |HD o-, B-, y-, 6-Tokodepoibi [48]
POBaHHBIN MUPUINHOM (H-TeKCaH—U30MpPONaHoJI)
(Me,NH,),[Mn,O(ananvion | HO Pauemunueckas cMech ubynpodeHa [49]
D-kaMdopHOii Kuc- (H-TeKCaH—M30MIPONAaHO) u 1-benui-1,2-stananona

J0ThI) 4] (H,0)5

MIL-100(Fe) H® (muxnopmeraH—MeTaHoI) | 0-, M-, h-XJIOPaHUJIUHBL, 0-, M-, N-TOJIyU~- [50]
IWHEL, 1-HadTUIaMUH, 2-HUTPOAHWIINH,
alleTaH TN
od benszou, Tonyon, aTui6eH301, HadTaauH,

(MeTaHOJI—BO/A)

1-xnopHadTaaIuH; aHWJINH, alleTaHUJINU/,
2-HUTpOaHUJIUH, 1-HadpTUIaMUH

oD Tonyon, cTupoJt, n-KCUJION; alleTaHWJINI, [51]
(MeTaHOJI—BOIA) 2-HUTPOAHUJIVH, 1-HadTUIAMUH
MIL-53(Fe) (01} 0-, M-, n-Kcuionsr; o-, m-, n-guxiopoOeH- [52]
(MeTaHOJI—BO/A) 30J1bI; 0-, M-, H-XJIOPTOJIYOJIBI; 0-, M-, -
HUTPOAHWINHBI
NH,-MIL-101(Cr unu Fe); | O® (aueToHUTPUI U MeTa- Vpauuin, HadTanuH, GayopeH, aHTpalleH, [28]

B ITOJIMMEPHOI1 MOHOJIUTHOIA | HOJI, YKCYCHast KHCJIOTa)
KOJIOHKE Ha OCHOBE COTIOJIU -
Mepa MMLUIWIMeTaKkpuiaTa
U 3TUJICHAMMEeTaKpuiaTa

MUpEH, ypalui, aleTUJICATULIMIOBast KUC-
JIoTa, KeTonpodeH, MHIOMETAaLluH

MOF-74@Si0, O (aneTOHUTPUI—BOA)

budenun, ¥-tephenui, 6eH30(heHOH; [53]
oucheHon A, bucheHoa S, TMIPOXUHOH,
4-mpem-oKTUAGhEHOI; CyIbdaMeTa3uH,
cynb(panmnaszo, cyiabparyaHuaIuH; TUAPO-
KOPTU30H

* Pexxumbl pasaesienust (O@ u H®) B ciiyyae MOKIT HOCAT yCIIOBHBINM XapakTep U NMPUBEACHBI 151 yI100CTBa CpaBHEHMSI C HauboJee

pacnpocTpaHeHHbIMU BO2XKX-konoHkamu.

LIUPKOHUEBBIX METAJJIOLIEHTPOB OOYCJIIOBIMBAET BbI-
JAIOIIYIOCSI TUIPO- U COJIbBOJUTUYECKYIO WHEpT-
HOCTb, YTO JIeJIaeT UX NMEePCIIeKTUBHON albTepHATUB-
HOI HeTmoaBIKHOM (pazoit B BOXKX-ananuze. Beumy
MaJIoro CpeIHEero IuaMeTpa CUHTE3UPYEMBbIX YaCTHUIL
(He Oonee 0.5—1 MKM) HUpPKOHUIcoAEpXKAIIE
MOKII He UCITONB3YIOT CAMOCTOSITEIIFHO, a BKIII0Ya-
IOT B COCTaB KOMITO3UIIMOHHBIX MaTEPUATIOB IyTeM
COpOLIMM Ha CUJIMKareab Wi MHKOPIOPUPOBAHUEM
B MOHOJIUTHBIEC TIOJIUMEpPHbIE MaTPUIIbI HA OCHOBE
MPOU3BOAHBIX MeTakpuioBoil KuciaoTel. [Tpumeua-
TeJIbHO, YTO B OOJILIIMHCTBE OMYOJUKOBAHHBIX MC-

KYPHAJI AHAJIMTUYECKOU XUMHUU  Ttom 78  Ne |

cliegoBaHui 3ppeKTUBHOCTU HUpKOHUEBBIX MOKIT
B KayeCTBe cTaloHapHOoM (pa3bl mist BOXKX ncnoib-
3o0Ba OD-pexuM 3T0UPOBAHUSI, YTO, MO-BUIU-
MOMY, SIBJISIETCSI CJIEICTBUEM BBICOKOM TMAPOJIUTU-
YyeCcKoil cTaOMIBHOCTU 3TUX KapKaCHBIX MMOJUMEPOB
[57]. B To ke BpeMsi BbicoKasi 3¢h(heKTUBHOCTD pa3/ie-
JIEHUSI JOCTUTHYTA MIpPU MCIIOJb30BaHUU O0OUX pe-
KuUMOB amoupoBaHud. B ycinosussx HO BOXKX ko-
JIOHKM C KOMIO3UILIMOHHBIMU MaTepuajaMu, BKJIO-
yarommmu UiO-66 v UiO-67, mokaszaau BEICOKYIO
3(PEKTUBHOCTD pa3IeeHUsI, XOPOIIYI0 BOCIIPOU3-
BOAMMOCTH B OTHOLIIEHUH IIIMPOKOTO KPYyra COenHe-
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HUIA: apOMaTUYECKUX YIJIEBOTOPOAOB, MOIUIINKII-
YeCKUX apoOMaTHYECKMX YIJIEBOIOPOAOB, apUJIXJIO-
puaoB, (EHONbHBIX COEIVMHEHMUI, apOMaTHUYECKUX
amMuHOB [58—67]. B H® BO2XKX st MOKII ncnosnb-
30BaJIM [IJIs1 pa3aeseHUsI CMeceil HeMOISIPHBIX apoMa-
TUYECKUX YITIEBOIOPOIOB.

wHp n coaBT. [58] BriepBbIe N3YIMIIN KOMITO3UIIN-
OHHBII MaTepras Ha ocHoBe UiO-67 ¢ MarHUTHBIMU
MUMKpOYACTUIIAMI B KadecTBe copOeHTa mist BOXKX.
UiO-67 HaHOCMJIM HAa MarHUTHbIE MUKPOYACTHUIIbI
Ha OCHOBE cwiIuKareisi, (byHKIIMOHAIM3UPOBAHHBIC
KapOOKCWIBLHBIMU TPYIIIIAMU IIPX HU3KOM TeMITepary-
pe (45°C) ¢ ucronb3oBaHUEM MTpoLiecca KUIKOha3HO
anuTakcuu. Ha KoJjloHKe, 3alOJJHEHHOM ITOJydYeH-
HBIM KOMIIO3UIIMOHHEIM COpPOEHTOM, HOCTUTHYTO
pazneneHue Tpex IMPOM3BOAHBIX (DEHOJIA C TIPUMEHe-
HUEM TpagudeHTHOTO pexXuMa dDIoupoBaHUs (IO-
IBIKHAS (pa3a aleTOHUTpuiI—Boaa). CpaBHeHUeE I1a-
paMeTpoB pasnejeHMUs Ha IMOKPBITHIX CHJIMKArelIeM
MarHuTHbIX MUKpouactuiiax 6e3 MOKII u komno-
suTHOro Marepuaia ¢ UiO-67 mokasasio, 4To 060-
souka u3 UiO-67 onpenesisieT XxapaKTep pa3aeaecHus.
ITo MHeHMIO HcclenoBaresieil, ucroib3oBanue UiO-67
B COCTaBe KOMIIO3UTHOTO MaTepHaja M0 TUILY “SI-
po—000JI04Ka” B Ka4yeCTBE CTAlIMOHAPHOI (Da3bl CO-
yeTaeT B ceOe IMpenMyllecTBa TOHKOM OOHOPOTHOM
obonoukun MOKII, obecneumnBaromieii ObICTPYIO U
xopoiryo 3¢pOEKTUBHOCTD pa3aciaeHMs, C IIPEeuMy-
IIeCTBaMU siiep — chepruUeCcKUX MUKPOUACTHULL TU-
OKCHJIa KPEMHUS, 00eCIIeYNBaIOIINX BBICOKYIO Me-
XaHUYECKYIO IPOYHOCTh ¥ YMEPEHHbIH TIepeTia 1aB-
geHusi. K coxaneHuto, aBTOpbl HE OOBSICHSIOT
MIPUYMHBI MUCTIOJIb30BaHMSI MATHUTHBIX YACTHII.

J11s1 co3maHst MOHOJIUTHBIX KOJTOHOK JIMHT 1 co-
aBT. [59] ucnonb3oBaiM ABYXCTAAWWHBIN ITpOIIECC
IMOCTCUHTETUYECKOTO allMJIMPOBAHUS aMUHOTPYIIIbI
suraaga B MOKIT UiO-66(NH,) ximopaHruapumoM
METaKpWJIOBOI KUCIOTHI. [ToJlydeHHBIM MPOAYKT MO-
JIMMEPU30BAJIM B MOHOJIUT C UepapXUUyeCcKou Mopu-
croit ctpykrypoii (UiO-66/NH-MA), tne MA —
OCTaTOK METaKpUJI0BOi KUCIOTbl. CMHTE3UPOBAH-
HbIIi MaTepuall UMeeT UepapXUUecKyr CTPYKTypy C
MUKpO-, ME30- U MaKpoIiopaMu IO BCeMy OOBbEMY,
koTopas ¢popmupyercss camumu MOKIIT u B pe3yib-
taTe ciuuBKU Mexxny MOKII 1 moainuMepHO MaTpu-
neit. UiO-66/NH-MA cTabuiieH B BOTHBIX pacTBO-
pax B HEUTpaJIbHON M KHUCJIOW cpenax, yTo JejIaeT
BO3MOXHBLIM €ro mpuMeHeHMe B yciaoBusix Od® BD-
2KX. DTOT HOBEBIIT THIT MepapXUIeCK OpTaHU30BaH-
HOM TMOpUAHON MOHOJIMTHOM CTallMOHApPHOM (ha3bl
Ha ocHoBe MOKII o6ecnieunst pasaeiaeHre UpoKO-
ro Kpyra Kak HU3KOMOJIEKYJISIPHBIX COEIMHEHMA, TaK
1 TOJIMMEPOB IIPU XOpolleil BOCIPOU3BOAUMOCTU
pe3yJIbTaTOB IOCJIe COTeH aHaJIu30B B TeUeHUE He-
CKOJIbKUX MecsileB (puc. 3).

IIpumMeHeHMe MeETAJLIOOPraHMYECKHX KAPKACHBIX
NOJIMMEPOB B 3HAHTHOCEJEKTUBHOI XpomaTtorpadguu.
CHHTE3MPOBAHO U OIMMCAHO YXe 3HAUMTEIIHLHOE KO-

KYPHAJI AHAJIMTUYECKOWN XUMUWU

anuectBo MOKII ¢ onTuyecky akTUBHBIMU JIMTAaHIA-
MU, TIO3TOMY 1IeJIeCO00pa3HO OBLIO OLICHUTH BO3MOXK-
HOCTb MX IIPUMEHEHUS B SHAHTUOCEICKTUBHOMN XpoMa-
torpadumn. Hambosree gacTo B KadecTBe JIMTAHIIOB,
OOYCIIOBJIUBAIOIINX SHAHTUOCEICKTUBHBIC CBOMCTBA
COpPOEHTOB, UCITOIL30BAJIA ITPUPOTHbIC COSAMHEHMIS —
AMUWHOKWCIIOTHI, YIJICBOIbI, 4 TAKXKE HEKOTOPBIE CUHTE-
TUYECKME TPOU3BOMHBIE, Harpumep D-kamdopHyio
KUCIOTY (TabJI. 5).

B 2012 r. Tanaka u coaBT. [68] usyuunu pasaeie-
HUE DHAHTUOMEPOB CyJIb(POKCUIOB B yciaoBusix HD
BD2KX Ha HenmoaBIKHBIX (ha3ax, MpeaCTaBIISIONINX
co00if KOMITO3UTHBIA MaTepuall Ha OCHOBE HMOHOB
menu(1l) u xupanpHOro jauraHaa OMHa(TOJBHOIO
psima, HAaHECEHHOIO Ha cuvKareiib. B oTHolneHun
OOJIBIIMHCTBA MCCIIEAYEMBIX CYIb(MOKCUIOB MOIY-
YeHHBbIE PE3YJIbTaThl 10 YHAHTUOCEIEKTUBHOCTHU IO~
Ka3bIBalOT BO3MOXHOCTb IPUMEHEHUSI XMPaJIbHBIX
MOKII 11 sHaHTUOCEJIEKTUBHOTO pa3acaeHMs X1~
PaJIbHBIX COEAUHEHUA.

Crenyloliast IIONBITKA XpoMaTorpauyecKoro
pasmeieHus palleMUYeCKIX CMeceli, a TaKKe HeKO-
TOPBIX TIO3ULIMOHHBIX U30MEPOB Obl1a MPEATPUHS -
Ta 3aHroM U coasT. [69]. 15 5TOr0 OHU CUHTE3U-
pOBaIM TOMOXMPaNIbHBIN Menbconepxkaniuii MOKII
[Cu,(mmannon D-xamMdopHOii KUCIOTHI),(4,4-61-
nupuauH)],. [lokazaHo, 4To xapakrtep paslnesieHUs
3aBUCUT KaK OT IMIIONb-AUIIOJHHOIO B3aMMOJIEii-
ctBus copbar—MOKII, Tak m oT TeoOMeTpUMn MoJIe-
KyJI copbaTa, BIMSIONIEH Ha B3aUMOJIEIICTBYE C KO-
OPAMHALMOHHBIMU ITOJIOXKECHUSIMU METAJIJIOLEHTPOB
MOKII.

C ucnons3oBannem ganHoro MOKII nocturuyro
pasaeiaeHre SHAHTUOMEPOB HECKOJIBKMX palieMude-
CKHX CMeCel CIIMPTOB, HATOJIOB, KETOHOB (Ta0I1. 5).

Xu u coasnT. [70] cuHTE3MPOBAJIN APYTrOM XUpaib-
Helii MOKII Ha ocHoBe Menu(Il) 1 onruyeckm ak-
TUBHOIO KO-JIMranga — L-sI0JIOUHOiI KMCIIOTBI
[Cu(L-manar)(1,2-6uc(4-nupuauii)3TuieH)]|, u usy-
YWIN paslesieHue pa3IMYHbIX TUTIOB palleMUYECKHUX
cMeceil, BKIIoYasl CIIMPThI, KUCIOTHI, KETOHKI 1 (be-
HoJbl, B yciaoBusasx H® BOXKX. CopbeHT ¢ JaHHBIM
MOKIT noka3zaj BBICOKYIO CIOCOOHOCTh K 9HAHTHO-
MepHOMY pasneiieHro. KpomMe Toro, cpaBHWIM pa3pe-
IIAIOIIYIO CITOCOOHOCTH YKa3aHHOTO BBIIIIE COpOEHTa
co cxogHbIM 1o crpoeHro MOKIT [Cu(L-manar)(4,4'-
OUIUPUINH)],, OTIMYAIOLLIUMCS CTPYKTYPOIi axupasib-
Horo Ko-muranga. ITokaszaHo, yro kononka ¢ MOKIT
[Cu(L-manar)(1,2-0uc(4-nupuann)aTuieH)]|, obecne-
yyBaeT 0oJiee BBICOKYI0 SHAHTHOCEIEKTUBHOCTD JIJISI
HEKOTOPBIX palleMaToB, TaKMX KaK OE€H3MOH, IpO-
MPAHOJIOJ TUAPOXJIOPUL, TUAPOOEH30MH, HAIIPOKCEH
u uoymnpoden [71].

Tanaka u coaBT. [72] mpencraBWIM pe3yIbTaThl
pasaeieHus] palleMUYecKUX cMeceil CyIb(OKCUIOB,
CIUpTOB, OEH30MHOB, JIJAKTOHOB Ha KOJIOHKAax, 3a-
MMOJTHEHHBIX HOBBIMU TomoxupaibHbeiMu MOKII ¢
opyrro-dopmynoit [Cul],, tme L — 1,1'-6unadrui-
Ne 1

TOM 78 2023
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Puc. 3. XpomatorpaMMmbl pa3aeieHUs CMecei allkKimibeH3010B. (a): [ — THoMo4YeBMHA, 2 — 6eH30I1, 3 — TOIyoJ1, 4 — STWIOEeH-
30J1, 5 — nponuadeH3oj1, 6 — OyTwiIGeH30, 7 — neHTUn0eH301; (0): & — aHwiuH, 9 — deHon, 10 — GeH3oitHast Kuciora; (B):
11 — n3omepsl driopormounHa, 12— 14 — nzomepsl nudeHona (ruipoxuHoH (12), pezopuuH (13) u nupokatexuH (14)); (r):
15— 19 — cMmech onuronenTuaoB U dHKedannHoB (aHrnoreH3uH 11 (15), Mer-sHkedanuH (16), Jleit-ankedanun (77), Banwi-
Trpo3wi-BanuH (/8) v mmuumi-L-tuposuH (19)); (n) 20—24 — 6enku (pubonykieasa A (20), iutoxpoMm C (21), nuzoumm (22),
OBIYMIf CBIBOPOTOYHBIN aTbOyMUH (23) 1 MuonioouH (24)); (e): obpaselr, conepxkaimii 6, 7, 12, 13, 14, 23, 24, puntodan (25)
u ¢denmwnanaHnH (26). KoJOHKM ¢ KOMITO3UTHBIMU MaTepuajiaMu, MOJydeHHbIMU ¢ ucronb3oBaHueM UiO-66/NH-MA:
(a), (r)—(e) — UiO-66/NH-MA@TIIMA-CMA, TIIAMA-CMA— comnonuMep 1,6-rekcaHano-quMeTaKkpuiaTa u creapui-
merakpuiara; (0) — UiO-66/NH-MA@IIIT'M, AIII'M — nurneHTaspuTpuT-reKcakuc(MepKarToInpoIMoHOBLIi) a¢dup; (B) —
UiO0-66/NH-MA@I'’IAMA), TIAMA — 1,6-reKcaHanoI-qMMeTaKpuaT.

2,2'-qurnapokcu-6,6'-nukapooHosast kuciora ((R)-
CuMOF-1) u 3,3'-6uc(6-kapbokcu-2-naprmn)-2,2'-
auruapokcu-1,1'-ounadtun  ((R)-CuMOF-2). TIlo
SHAHTUOCEJIEKTUBHOCTY HeIOABIKHAs (a3a ¢ (R)-
CuMOF-2 npeBocxonmna ¢aszy ¢ (R)-CuMOF-1.

3aHr u coasnT. [73, 74] ocymecTBriIn 3QOEKTUB-
HOe€ paszesieHre YHAaHTUMOMEPOB Pa3IMYHbIX KJIACCOB
COEIMHEHUI (CITUPTOB, KETOHOB, (DJIABOHOB, (DEHOJIOB,
aMUJIOB U JIp.) Ha HACAJIOYHBIX KOJIOHKAX, 3aITOJIHEHHbBIX
romoxupaibibiMu - MOKIT  [(CH;),NH,][Cd(4,4'-
oudenmnankapookeunar), s|-2AMA u [Zn,(nua-
HUOH D-xaMbopHOi KUCIOTHI),(4,4'-0unupu-
IWH)],. ABTOpBl OTMETUJIU, YTO TTOMUMO BO3MOX-
HOTO BJIMSIHUSI XUPATbHOTO MUKPOOKPYKEHUSI, KO-
TOpOe He BCerma MOXeT ObITh MHTEPHPETUPOBAHO
OIHO3HAYHO, UMEET MECTO 3HAUUTEJIbHOE BIUSTHUE
cocTaBa NOABUXKHOI (ha3bl HA pa3ieeHre SHAHTUO-
MEPOB BIUJIOTh JO MOTEPU SHAHTHUOCETEKTUBHBIX
CBOICTB HenmoABMXHOI (da3sl. KpoMe aToro, ompe-

KYPHAJl AHAJIUTUYECKOU XUMHUU  Tom 78

Ne 1

JIeJICHHBII BKJIAJ B pa3ieicHue BHOCUT T—TT B3aUMO-
JIeMICTBME MEXIy MOJIEKYJIOM copbara U (PYHKIIUO-
HaabHBIMU TpynnamMu aurangoB MOKIT.

3aHr U coaBT. [75] CHHTE3UpPOBaAIM HECKOIHKO
oOpasoB MOKII Ha ocHOBe LIMHKA U ONTUYECKU
aKTUBHBIX aMUHOKUCIOT — [Zn(L-tuposunar)],(L-
TUpO3UHaTZn), [Zn,(Tpume3nHar),(TuAPOTPUMEIU-
HaT)(L-ructunuHar),|, {{Zn,(L-tpuntodanar),(1,2-
ouc(4-nupuann)atuieH),(H,0),]-2H,0-2NO;}. Ab-
TOpaM yaajaoCh MOJYy4YUTh (Pa3bl C pa3MepaMu KpH-
cTasuIoB OT 5 1o 10 MKM, 4TO SIBJISIETCSI ONTUMAaJIbHBIM
IUJIsl HamoJHeHUs KojioHoK mist BO2KX. B ycrnoBusix
H® BDXX ¢ ucmnoinr30BaHreM B KAUECTBE TIOABUXK-
HOM (pa3bl cMeceil H-reKcaHa 1 U30IpoIlaHoJIa B pa3-
HBIX COOTHOIIEHMSIX BBIMIOJIHEHO pas3ieiieHue pas-
JIMYHBIX KJIACCOB COSMMHEHMIA.

KyaHry u coaBT. [76] yaanoch CHHTE3UPOBATh TO-
moxupanbHbiii MOKII Ha ocHOBe OpoMuIa IMHKA U
N-(4-nupununmerun)-L-neiiiuHa ¢ obpa3zoBaHUs

2023
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Ta6muna 4. cmonp3oBaHue METAJJIOOPTAaHNYCCKNX KapKAaCHbIX ITOJIMMEPOB HAa OCHOBE TUTaHA, BaHaIWd U LIUPKOHUA

IIAVXYTOMUHOB u ap.

B BbICOKOR((PEKTUBHOM XXMUIKOCTHOM XpoMaTorpaduun

MOKIT
(HenmoxBuzkHAas (haza)

Pexxum pazneneHust
(momBzkHas daza)*

AHaJIM3MpyeMble CMeCH

Jlureparypa

MIL-125(Ti)

H® (aneTonuTpmi)

0-, m-, n-Kcewnonsl; 0-, m-, n-Metunatie-
todeHoH; ITAY (anTpaltieH, peHaHTpEH,
HadTanTuH, MHIEH, TUPEH); apuirajiore-
HUAbI; (heHos, OEH3UIOBBIN CITUPT; OEH-
3UJIOBBI CITUPT, OeH3aIbACTHI;
OeHzabaerua, 6eH30J1; IUKIJIOTEKCaHOM,
LIMKJIOTEKCAHOH; CTUPOJI, STUIOEH30JT;
LIMKJIOTETITaH, [IUKJIOTeKCaH; [IUKJIOTe-
KaH, LIUKJIOTEKCeH; METUJILIMKIIOTeKCaH,
ToJyos; 3-6pomaucdeHwn, 2-6pom-1-
denunnponan; 2-6pom- 1,3-dpeHunmnpo-
naH, 1-6pom-3-deHuinponaH; TMOEH3U-
JIOBBI 3dup, 3-6pomandenur; 3-
opoMaundenu, nubeH3zoTnodeH; cMecu
yuc- U mpauc-crepeon3omepos 1,3-
IUMEeTUJILUKIIoreKcaHa, 1,4-nuMeTu-
LIMKJIOTeKCcaHa, 4-3TWIIUKIOTeKCaHOoJIa,
IUMeTuI- 1,4-1IMKJIoreKcaHIuKapOOKCH -
Jlata

[54]

MIL-47

H® (#-rekcah)

OTUNOEeH30, 0-, n-, M-KCUJIOJIbI

[55]

H® (#-rekcah)

0-, n-, m-Juxsiop6eH3o0bl; HadTaIMH,
1-metunHadTAIMH, 2-MeTUIHAdTATUH,
1,4-mumeriHadTaTUH

[23]

H® (#-rekcah)

CtupoJt, 3TUI6EH30I1

[56]

H® (meranon)

3'-TugpoxcuaneropeHoH, 1-(3-rumpox-
cudenmin)stanon, 3-[1-(meTu-
amMuHo)aTui|henon, 3-[1-(qumern-
aMHHO)3TuJ | eHon

[31]

MoHoUTHAsI KOJIOHKA
UiO-66-momu(MAK-3JIMA),
rie MAK-DJIMA — comnosu-
Mep METAKPWJIOBOU KMUCIOTHI
C ATWIEHINMETaKPUIaTOM

O (alreTOHUTPUI—BOIA)

benzon, HadTanuH, GiayopeH, mupeH,
XpU3eH; alleTaHUIuI, 4-OTOpaHUIIVH,
2-HUTPOAHUJIUH, 1-HahTUIaMUH; pe30p-
LIUH, M-KPe30J1, 2,6-TuMeTII(heHOIT,
2,6-muxnopdenon; 1-nadro, 1-MeTri-
HadTanuH, 1-xaopHadTanuH

[60]

Ui0-66

O® (MeTaHOI—BOMA)

0-, m-, n-Kcunosnbl

H® (#-rekcaH—auxJiopMeTaH)

0-, m-, n-Kcunonsl; 0-, M-, n-KCUJIOJIHI,
STWJIGEH30J1; 3TUJIOEH301, CTUPOII, 0-,
M-KCHWJIOJT; TOJIYOJI, STUJIOEH301

[61]

Ui0-66@Si0,

H® (#-rekcaH;
H-T€KCaH—IUXJIOPMETaH)

Xnopbenson, 1,3-nuxnopoenHsorn, 1,2,3-tpu-
XJIOpOEeH30:1; 6eH301, HadTanuH, heHaH-
TPEH, MUPEH; STUIIO0EH30J1, CTUPOJT;
STUI0EH30J1, TOJTYOJ1, CTUPOJI, 0-KCUJION;
STUIOEH30JT U 0-, M-, N-KCUJIOJIBI; 0-, M-,
N-XJIOPTOJIYOJIbI; 0-, M-, N-ITUXJIOPOEH30J1bI

[62]

MarHuTHBIE MAKpPOYa-
cruapi@UiO-67

O (alreTOHUTPUI—BOIA)

2,6-JInmeTriicbeHoIT, pe30pluH, 2,6-
nuxjaopdeHon

[58, 63]

KYPHAJI AHAJIMTUYECKOWN XUMUWU

TOM 78 Ne 1

2023



I[TPUMEHEHWE METAJINIOOPTAHUYECKHNX KAPKACHBIX ITOJIMMEPOB 15
Tao6mmma 4. OKoHUaHUTe
MOKII Pexam pasnenenus AHanu3upyeMble CMeCU Jlureparypa

(HemoaBuxKHas (haza)

(momBuxkHas ¢aza)*

Ui0-66@Si0,

O® (aueTOHUTPUI—BOIA)

0-, M-, n-Kcunosbl, 3TUI0EH30I; /-
deHuneHauamMuH, aHwinH, N,N-nume-
TWIAHWJIUH, 7-XJIOPaHWINH; OEH30I1,
TOJIYyOJI, n-KCUJI0JI, TPUMETUIIOEH30IT;
aHWJIMH, HUTPOOEH30JI, TOJYOJI, XJIOp-
OeH30I1

[64]

Ui0-66@Si0,

H® (rekcah)

Tomyoun, aTun6eH30J1, KymMoJ, oudeHun,
aHTpaleH

[65]

Ui0-66@Si0,

H® (n-rekcan)

IMentun6ens3o, 6udeHmI, STUIOEH30,
cTUpOJI, (PeHUIALETUIICH, 0-, M~KCU-
JIOJIBI, Ha(hTaJIUH; IIPOITUIOEeH30II,
KyMOJ1, 0-, M-, 1-KCUJIOJIbI; O€H30J1,
aHTpalieH, ¢oeHaHTpeH, HadTaJIuH

O® (aueTOHUTPUI—BOMA)

0-, m-, n-Kcuonsr; 1,3,5-TpuMeTOKCHU -
0eH30J1, MeTUI0eH30aT, 1,4-TMMETOKCU-
OeH30J1, OudeH1, aHu30J1, (peHoJ, 4-
MeToKcudeHo, 4-3TuaceHo, TOIYoJ,
2-MeToKCcuGEeHOI

[66]

Ui0-67@8i0,

O® (aueTOHUTPUI—BOIA)

2,6-JIuMeTvIaHuInH, 2,4,6-TpuMeTHIa-
HWIWH, aHWJIWH, TudeHIaM1H; oude-
HWI, peHaHTpeH, 0eH30(eHaHTPEH,
aHTpateH, M-tepdenni; N,N'-1usTui-
THOMOYEBUHA, N-3TUITUOMOYEBUHA,
THOMOYEBMHA; 03epHasI Boaa (0OHapyxke-
Hue OudeHIa 1 aHTpaleHa)

[67]

I'OpuoHass MOHOJIMTHAS
konoHka UiO-66/NH-
MA@TIIMA-CMA, rue
ITIIMA-CMA — cononumep
1,6-rekcaHIMON-TUMETaKPH -
JlaTa ¢ CTeapuiIMeTaKpruIaToOM

O® (aueTOHUTPUI—BOIA)

TuomoueBrHa, GEH30J1, TOIYOJI, STUI-
0eH30J1, IPONMIOEeH301, OyTUIIOEH30IT,
MEHTWIOSH301; aHWINH, (DeHOJ 1 OeH-
30liHas KUCJIO0Ta; (GhIOPONTIONWH, THAPO-
XUHOH, PE30PIIMH, TUPOKATEXNH; CMECh
OJIUTONETITUAOB U SHKe(aTNHOB (aHTHO-
teH3uH 11, MeTHOHMH-3HKedaIuH, Jei-
LIMH-3HKeDaTH, BaTMH-TUPO3NH-
BaJIMH U IJIMLIMH-TUPO3UH); CMECh OeJI-
KOB (puboHnykieasa A, mutoxpom C,
JIM301IMM, OBIYUI CBIBOPOTOYHBIN aIb0y-
MUH 1 MUOIJIOOMH); oOpa3selr, comepka-
L1 OyTHIOEH30J1, IeHTHWIOSH30,
TMAPOXUHOH, PE30OPIIMHON, KaTeX0J,
OBIYMI1 CBIBOPOTOUYHBIN aIbOYMUH, MUO-
mIo0uH, TpunTodaH u peHnIaTaHuH

[59]

* Pexxumsl pazneneHust (OD u H®) B cayuae MOKII HOCST yCIOBHBII XapaKTep U MPUBEACHbI IS yI00CTBa CpaBHEHUS C HanboJiee
pacripoctpaHeHHBIMU BO2XKX-komoHkamu.

KYPHAJII AHAJIMTUYECKOU XUMUWU

TOM 78

Ne 1

2023



16 IIAVXYTOMUHOB u ap.

Tab6muna 5. Vcnonb3oBaHne METaJUIOOPTaHUYECKMX KapKaCHBIX IOJIMMEPOB B HAHTHOCEIEKTUBHOI BEICOKO3(MdeK-
THUBHOI XKMJIKOCTHOI XpoMaTorpaduu

MOKIT Pexxum pazneneHus

AHanuzupyemble cMecu Jluteparypa
(HenonBuxHas daza) (mopBuxxHas daza)* py patyp

Komro3utHblit MaTepuant: H® (r-rexcan—astanon uiu | Panemumdeckrie cmecu: (e HUITMETUIICY b~ [68]
MOHOIUCIIEPCHBIM CUIIMKA- | H-T€KCAaH—U30IIPOITaHO) dokena, PeHMIITUICYIbGOKCHT,

rexb 1 MOKII Ha ocHOBe 0-MePhSOMe, n-MePhSOMe,

noHOB Meau u (R)-1,1'- n-MeOPhSOMe, u-CIPhSOMe,
ouHadTUI-2,2'-TUTUI - n-CIPhSOMe, n-CIPhSOMe,
POKCH-6,6'-1MKapOOHOBOI n-NO,PhSOMe, o-MeOPhSOMe,
KHCJIOTBI 0-CIPhSOMe, 6eH3MIMeTUICYIbGOKCHUI,
O6eH3uIheHWICYIbMOKCHUI M HAapTUIMETII -
CyIbMOKCHUT

[Cu,(nnanvon D-kamdop- | H® (k-rekcaH—u3omnpona- | CMecH NO3ULMOHBIX U30MEPOB IMHUTPO-, [69]
HOI KMCJIOTBI),(4,4-6unupu- HOJI) rajoreH3aMelIeHHbIX HUTPOOESH30JI0B,
IIUH)], IUTAJIOTeHOSH30JI0B, KPE30JIOB, XJIOP(EHO-
JIOB 1 OpOMaHWJIMHOB, ajibda- 1 6eTa-noHO-
HOB, yuc- I mpanc-1Tpaiei.
Pauemunueckue cmecu:
1-antpaneH-9-mi-2,2,2-tpudTopaTaHod,
1,1'-6mn-2-Hadroma, dpiaBaHoH, 2-heHmi-1-
npornaHod, 1-(1-Hadtwi)ataHo, 3-6eH3u-
JIOKCUTMIPOIaHauoN-1,2, mpanc-cTuab0eHa
okcun, hbypouH, KetornpodeH, MUHI0JIOI,
kieHoytepoit, 3,5-nuHuTpo-N-(1-beHun-
3TI1)0eH3aMMII, OCHOBaHUe Tperepa

[Cu(L-manar)(1,2-6uc(4- | H® (n-rexcan—un3onpona- | PareMuyecKue CMECH: [70]
MUAPUINIT)ITUIIEH) ], HOJT) 6eH301H, IIPOIIPAHOJIO/IA TUAPOXJIOPUL,
ketonipodeH, JIHb-neiinyH, amaoaunut,
rMIPOOEH30MH, XJI0p(heHNpaMUHa MaJlear,
n-TUIPOKCUMEHMITIIULINH, HATIPOKCEH,
¢ypouH, MUHOAIbHAS KUCIIOTa, 1-(aHTpa-
neH-9-un)-2,2,2-tpudroparanon, 1,1'-6u-2-
HadTOM, Mpa3ukKBaHTell, noynpodeH, 1-(1-
Ha(TWI)3TaHOI

[Cu(L-manar)( 4,4'-6unupu-| H® (#-rekcaH—wu3orporna- | 17 palieMU4ecKrx CMeCeit: CIUPThI, KETOHBI, [71]
IvH)], HOJ) daaBoHOMOHI, (DEHOJIBI, AMUHEL

(R)-CuMOF-1 H® (1-rekcaH—u3ornpora- | ParleMuueckue cMecu: [72]
(R)-CuMOF-2 HOJI; 9TaHOJI; H-TeKCaH—3Ta-| 1-(peHMI3TaHON, 3-PeHOKCHU-1,2-TIpOoTIaH-
HOJI; U30TIPOIIaHOIT) INOJT, MeTWI(PeHWICYIb(MOKCHU, ITHI(he-
HWICYIb(MOKCUI, BUHII(EHIWICYIB(DOKCHIT,
OKCHII CTUpOJIa, DeHUITIU LM IUIOBbII
acdup, N-mmuuauadTaIuMua, mpaHc-
CTWIBOEHOKCH, Y-(eHWI-Y-OyTUPOJIAKTOH,
4-penmn-1,3-mnokconaH-2-oH, 4-peHmI-2-
OKCa30JIMINHOH

[(CH;),NH,]|[Cd(4,4-6ucde- | HD (n-rekcan—u3ompona- | Panemuyeckue cmecu: [73]
HWILIMKapOoKcuar), s|-2JIMA| HOJ; H-TeKCaH—IUXJI0pMe- 1-(4-xmopdeHmn)aTaHoi, pypourH, OeH-
TaH) 301H, (1aBaHOH, ocHoBaHue Tpérepa, 1,1'-
ou-2-"adron, 1,2-mudeHnn-1,2-3TaHaunorn,
BapdapuH HaTpus, 3-0eH3WIoOKCH-1,2-TIpo-
naHauon, 3,5-muHUTpo-N-(peHnI-
3TUJI)OeH3aMMIL

KYPHAJIl AHAJIMTUYECKOU XUMHUU  Ttom 78 Ne 1 2023
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Tabmuua 5. [ponomkeHue
MOKI Pexim paszenerns AHanu3upyemble cMecu Jluteparypa

(HemomBuxkHasI (haza)

(momBuxkHAas ¢aza)*

[Zn,(ananuon D-kamdop- | HD (rv-rekcaH—u3onpona- | PanieMuyeckue CMeCH: [74]
HOI KUCJIOThI)(4,4'-6unu- | HOM) 1-(9-anTpun)-2,2,2-tpucroparanon, 1-(1-
punun)],, HadTw)-3TaHoN, 1,1'-6u-2-Hadrou,
¢ypouH, 6eH30MH, OKCUJI MPaHC-CTUTb-
G6eHa, ocHoBaHue Tpérepa, 3,5-mmHUTpo-N-
(1-bennnaTin)6eH3amMu I, METONPOJION
[Zn(L-tuposunar)],(L- H® (#-rekcan—u3omnporna- | PanemMnyeckue cmecu: [75]
tuposuHarZn) (MOKII-1), |HOM) MOKII-1:
[Zl’l4(TpI/IM€31/IHaT)2(FI/I£[pO- 1,2-mupeHnn-1,2-3TaHano1, ITMHI0JION,
TpumesnHat)(L-ructuan- Mpa3uKBaHTe, TPOMPaAHOJION, 3-0eH3U-
Har),(H,0),]-1.5H,0 JIOKCHU-1,2-TIporaHIno, OMeIpas3ol, Bap-
(MOKIT-2), {[Zn,(L-Tpun- (apun HaTpust;
Todanar),(1,2-6uc(4- MOKII-2:
1,2-nudeHnn-1,2-3TaHanoI1, OMEIpasoll,
MUPUANIT)ITUIIEH ),(H,0),]: N-(3.5- .
(3,5-nuHUTPOOEH30MI )JICHIIVH,
-H,0- 2NO3},, (MOKII-3) 1-(4-xJ10pEHUIT)3TAHOI;
(MOKII-3):
1,2-nudeHnn-1,2-3TaHanoI1, OMEIpas3oll,
N-(3,5-nuHuTpobeH30mn)JIeiuH, 3-0eH-
3UJIOKCH- 1,2-IIpoTnaH 1o
[Co,(L-tpunropanar)(uzo- | H® (#-rekcan—unsonpona- | PaneMuyeckue CMeCH: [75]
HUMKOTUHAT),(H,0),(Cl0O,)], | HOMT ¥ H-TeKCAaH—INXIOPMe- | 1,2-nndeHni-1,2-9TaHano, oMenpasoi,
[Co,(4,4-cynbponnnnnben- TaH) XyopnpodeHnmprIaMuH, GpyponH, amo-
30a1)((L-TpHrrodanar),| u IUIIH, KeToImpodeH, ¢haypounpodeH,
[Co(L-myramar)(H,0) H,0] 3-0eH3uI0KCHU- 1,2-poItaHa1o, O6H30MH,
aJIIPEeHOJION, MUHA0J0J1, N-(3,5-TMHUTpO-
OeH3ou)IeiIH, BapdapyuH HATpUs,
Ol-MEeTWI0EH3WIaMUH
{I[ZnLBr]-H,0},, roe H® (u-rexcan—u3onpomna- | Pauemuyeckue cMecu: [76]
L - N-(4-nmupuamnmerin)- | HOM) ubynpodeH, deHw-1-nponaHo, heHu-
L-neiimH STUJIAMUH, OEH30MH
{[Co(L-tpunrodanar)(1,2- | HO 0-, M-, n-HutpoaHunuHsl; o-, M-, n-peHu- [77]

ouc(4-mupuani)3TUIICH)
(H,0)]-H,0-NO3},

(H-TeKCaH—U30MpPONaHoI)

JIEHTUAMWHBI; 0-, M-, H-TUIPOKCU(EHOIBI.
Paniemuyeckue cmecu:

3-3-6GeH3uI0KCH- 1,2-nIpOoNaHInoI,
5-muHuTpo-N-(1-heHnnsT)oeH3aMun,
MpornpaHojoaaruapoxaopun, 1 -(9-antpun)-
2,2,2-tpr¢TOp3TaHOI, TUHIOJION, TUIPO-
GeH30uH, BaphapuH HATPHUST, OMETIPA30Jl,
xJlopbeHupaMruHa MaJjieart, aJIbITPEHOJION

KYPHAJII AHAJIMTUYECKOU XUMUWU
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Ta6mma 5. OkoHuaHUe

MOKII
(HemomBuxkHas (haza)

Pexxum pazngenenus
(momBuxkHas ¢aza)*

AHanu3upyeMble CMECU Jluteparypa

H® (n-rexcan—u3onpormna-
HOJ)

[Co,(ananuon D-kambop-
HOM KUCJIOTHI),(1,3-6uc(4-
nupuaui)npomnan)|@Sio,

Pauiemuueckue cMecu: [78]
2-6eH3uokcu-1,3-nmponanauon, 3,5-
muHUTPo-N-(1-dbeHmn)6eH3amMm, npa3u-
KBaHTEII, mpaxc-CTIboeHa okeum, 1-(1-
HadTWI)3TaHOI, OCHOBaHUe Tpérepa, MUH-
IajgbHast KUCJIOTa, 1-(peHuI3TuIaMuH, OeH-
30MH, OMeITIpa3od, oduiokcanuH, 1,1'-61-2-
HadTOI, METUIEHWICYIBMDOKCU, ITPOIpa-
HOJIOJIa TUIPOXIIOPH, CTUPOJIA OKCHI,
amtomuImiH, haypounpodeH, 30I1IKIOH, 2-
denunnponuoHanbaerun, 1-(9-anTpuin)-
2,2,2-TpuTOpP3ITAHOII.

CMecH MO3ULIMOHHBIX U30MEPOB:

1) 0-, M-, n-beHIEHINAMUHOB,

2) 0-, n-, M~-HUTPOOPOMOEH30JIOB

[Zr04(OH)g(H,0)4(L),]
L — TerpazamernenHsrii 1,1'-
oudennn-20-kpayH-6

oD

(Bomunie pactBopsl HCIO4;
MeTaHOJI—BOIa—CepHas
KHCJIOTa; METaHOJI—BOIa)

Pauiemuueckue cMecu: [79]
deHmITIMINH, peHTaTaHUH, 4-TUIPOKCH -
(eHWITIMIIVH, TUPO3WH, TpUITO(aH, aia-
HUH, MCTUOHWH, 2-aMUHOMACJISTHAST
kucioTa, N-(mpem-0yTOKCMKapOOHILUT)ajIa-
HUH, N-(mpem-0yTOKCUKapOOHWIT)(DEeHII-
aTaHuH, 2-GeHWITIUIINHON, 1-
deHmIATIIIAMUH, 1-(heHWImponIaMiH,
baxitodeH, peHnodyT, todpamuH, hocHUHOT-
PUILIH, METHJIOBBIE 31 Ppbl DeHUITIIUIINHA,
TUPO3WHA M (DeHUIIaTaHNHA

d-Tuctmouu-ZIF-8@Si02 | H® (#-rekcaH—u3orpona-

HOJ)

Paniemmnueckue cmecu:

1-(1-HadTrn)3TaHON, OEH30MH, ITpa3KBaH-
tei, 1,1-6u-(2-Hadron), 1-(4-xmopde-
HIWI)3TaHOJI, TUAPOOEH30MH, OKCH TPaHC-
CTWIKOeHa, BapaprH, HaIIpoOKCceH, iypor-
npodeH, 1-(9-antpun)-2,2,2-tpudropata-
Hod, 3,5-muHuTtpo-N-(1-
beHWIATIIT)0eH3aMu I, 30ITMKJIOH, CaTb0yTa-
MOJ1, MOynpoeH, aJIIpeHOI0), METOITPOJIO,
KeTorpodeH

[80]

* Pexxumsbl paznesieHust (O® u H®) B caysae MOKII HOCST yCIOBHBII XapaKTep M MPUBEASHBI JUIS yI0OCTBA CpaBHEHUSI C HanboJiee

pacnpocTpaHeHHbIMU BO2XKX-konoHkamu.

TpexMepHoro kapkaca cocrtasa {[ZnLBr|-H,0},, ko-
TOPBIiA MCIIOJIb30BAJIU B KAUYE€CTBE CTAllMOHAPHOM (ha-
3bl B yciioBusix H® BOXKX. IMosydyeHHast xpomarto-
rpacduyeckasi KOJIOHKa MoKa3ajla XOPOIIYI0 3HaH-
THMOCEJIEKTUBHOCTb I10 OTHOIIEHUIO K palieMaram
oOeH3omHa, 1-¢eHwn-1-mmpomnaHona, 1-peHWIITHI-
amMuHa 1 ubyrnpodeHa. OqHako MpUuMeHeHe JaHHO-
ro MOKITI mist pa3neneHus palemMaTroB KeTornpode-
Ha 1 HaIlpPOKCeHa He MPUBEJIO K YCIEXY, MOCKOIbKY
MUHUMAaJIbHBI KWHETUYECKU I TMaMETpP TaHHbBIX MO-

KYPHAJI AHAJIMTUYECKOWN XUMUWU

7eKy1 (9.4 1 9.7 A cOOTBETCTBEHHO) OKA3aJICsI COTO-
CTaBUMBIM C anepTypoii rop (9.8 A) cunTesnpoBaH-
Horo MOKIT.

Ha xpomatorpaduueckux kKomoHkax c¢ {[Co(L-
tpuntodanar)(1,2-6uc(4-nupuaun)stuwieH)(H,0)]:
‘H,0-NO;}, nocTurnyto pasnejeHue no3uLMOHHbBIX
N30MEPOB HUTPOAHMWJIMHA, TUIPOKCHUdEeHoa U de-
HuwieHauamuHa [75, 77, 78]. FOaH u coaBrt. [78] cuH-
Te3UPOBaJIU MOJUMED in Sifu Ha CUIMKareJie C MpyuBU-
THIMU aMUHOIIPOINMIbHBIMY TpyninaMu. Bo Bcex ciy-
Ne 1
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Jasgx IJIS pas3neiieHUsT MCIOJIb30BAI HEIIOISPHBIC
MOABMKHBIC (ha3bl.

J>xuaHr 1 coaBT. [79] BIiepBble NPUMEHIIN LIUP-
koHueBbIi MOKII o151 pazneneHust SHAHTUOMEPOB B
yciaoBussx O® BDODXXX. ABTOpPHl CUHTE3WPOBAIU
MOKII [ZrcO,(OH)3(H,0),(L),] c ucrosnibzoBaHuem
B KauyecTBe JIMTaHIa TeTpa3amelleHHoro 1,1'-6ude-
Hu1-20-kpayH-6. HacagouHast KOJIOHKA ¢ CUHTE3U -
poBanHBIM M OKII o6ecrieunita onTuMaabHBIE pa3-
pellieHue, CEIeKTUBHOCTD IIPU aHAJIM3€ Pa3IMIHBIX
MOIETbHBIX palleMUYCCKIUX CMeceil, BKiIIoYast aMUHO-
KWCJIOTBI, a30TCOoAepKalllie JeKapCTBEHHBIE CPEICTBA
(peHunodyT, 6akyodeH, 1odaMUH), 1 IPEeBOCXOaMIA
M0 aacoOpOLMOHHO-pa3aeInTeAbHBIM CBOMCTBaM
HECKOJIBKO KOMMEPYECKN MOCTYIHBIX XWPaJbHbBIX
BO2XX-kononok (CROWNPAK CR(+), Chirosil
RCA(+) u Chirobiotic T) (tadm. 5). Cpok 3KcITyaTa-
muu kosionku ¢ MOKII olieHuBanu Ha OCHOBaHUU
3Ha4YEHUI XpoMmaTorpahuyecKux napaMeTpoB mocje
ogHoro roga xpaHeHust u 6oiee 4000 anammzoB. OT-
MEUYeHO HeOOJbIlIoe CHIDKeHNEe 3(P(PEeKTUBHOCTH
pazaesieHUs: CeJIeKTUBHOCTD Of YMEHbIIIWJIACh ¢ 5.25
1o 4.23, paspetreHue nukoB R, — ¢ 6.31 no 3.93). Pe-
3yJbTaThl PEHTTCHOBCKOM IOPOIIKOBOM IM(ppaKTO-
METPUM TI0Ka3aJii, YTO OOpa3lbl cOpOeHTa IIociie
npoBeneHuss BOXKX-aHaniu30B ocTaBajluCh CTPYK-
TYPHO HEIIOBPEXIACHHBIMU M HE amMop(pu3npoBa-
JIUCh.

ITomumo cunTe3a MOKII ¢ onTuyecku aKTUBHBI -
MU JIATAHIAMU IS TIOJIYYCeHMS XUPaJTbHBIX COPOCH-
TOB UCITOJIB3YIOT MOANMDUKALIVIO aXUPaJTbHBIX TOPU-
CTBIX KPUCTAJIMYECKUX CTPYKTYP ONTUYECKU aKTUB-
HbIMU Ko-JiuraHaamu. Tak KO u coaBt. [80] u Banr u
coaBT. [81] mommpunmpoBam MOKII ZIF-8, uc-
MOJIb3Y$ B KauecTBe Ko-auranaa d-ructuaut. OnTu-
yecku akTuBHBIIT MOKII d-ructunnn-ZIF-8 Bripa-
IIEH Ha ITOBEPXHOCTU CUJIMKATEIbHBIX U MOJIUCTH-
poabHBIX MUKpocdep. ITomydeHHBIE KOMIIO3UTHBIC
MaTepHraibl YCIEIIHO IIPUMEHEHBI IJIST pa3ae/IcHUS
pa3INYHBIX palleMUYECKUX CMECEii.

ko ok

Takum obGpa3zom, pazHooOpasme (GpOpPMUPYEMBIX
KaHaJI0B, pa3MEPOB MOP, BO3BMOXHOCTE Moaupurka-
LIMM JIMTAHIOB CBUAETEIbCTBYET O OOJIBIIMX TMep-
criektuBax mpuMeHennst MOKII B kauecTBe HeIlo-
IBVKHBIX (pa3 mis1 pa3HbIXx BapuaHToB BOXKX (HOp-
MajibHO-(a3oBast WM oOpamieHHO-(pa3oBass). K
MPEUMYIIECTBAM MOXHO OTHECTU TaKXkKe JOCTATOUHO
npoctoii cuHte3 MOKII. Illupokre BO3MOXHOCTHU
npumeHeHuss MOKIT B BO2KX mnonrBepxkparoTcs
pa3zHOOOpa3ueM KJIacCOB aHAJIMTOB, B KOTOPBIX J0O-
CTUTHYTO 3(G@dEeKTUBHOE pas3aesicHue pas3TuYHbIX
IPYIIN XUMUYECKUX COeAMHEeHU . JlaHHBIN K1acc Ma-
TepUAJIOB MOXET YCHEIIHO KOHKYpPUPOBaTh C KJjlac-
CUYECKUMU PELICHUSIMU, OCOOEHHO MpU OIpeaese-
HUU HU3KOMOJIEKYJISIPHBIX COSAMHEHUN M OIThYe-
CKMX U30MEPOB.

KYPHAJl AHAJIUTUYECKOU XUMHUU  Tom 78

Ne 1

HMuTtepecHo, 94TO, HECMOTPSI HA OTPOMHOE YHCJIO
cuHTe3upoBaHHbix MOKII, xapakTepusyromuxcs
CTaOMJIBHOCTBIO, Pa3HOOOPAa3HLIM MHTEPBEPOM ITOP
W HaJIMYMEM HEHACBHIIIEHHBIX KOOPAMHAIIMOHHBIX
MO3UINN METAJUIOLIEHTPOB, OOJIafaroIINX OOJIbIIN-
MU 3HAYCHUSIMU aIepTyp, JUIIb HEMHOIME M3 HUX
WCMOJIb30BAMCH IJIsI IPUMEHEHUSI B COCTaBE COpP-
o6eHToB M1 BOXKX.

AHaJI3 JOCTYITHBIX JAaHHBIX IO IPUMEHEHMUIO
MOKII B BO2XKX nokasai, 4To nMpupoja MeTajja He
SIBJISIETCSI UCKITIOUMTEIBHBIM (haKTOPOM, OIIpEeHesi-
IOIIMM BBIOOD Kpyra aHaJUTOB, OJHAKO UTPAET KITIO-
YeBYIO POJIb B OTHOILLIEHUM TUAPO- U COJIbBOJIUTHYE-
ckoit ctabminpHocT MOKII, 9TO BIMsgeT Ha MTOBTO-
psIeMOCTh pe3yJbTaTOB pasnelieHus. HecMorpst Ha
OTHOCHUTEILHO HEOOJBIION 00beM HaHHBIX, MOXHO
yKa3aTh, uTo okcodriabHble MOKII Ha ocHOBe THTA-
Ha, LIMPKOHUS 1ieJiecooOpa3Hee MCIoIb30BaTh COB-
MECTHO C IOABUKHBIMHU (pa3zaMU Ha BOTHOIT OCHOBeE.
11 permeHNsT HeCTaHIAPTHHIX 3a4a4 1eJIeCoo0pa3HO
HCITO/Ib30BaTh (ha3bl, UMEIONINE HEHAChIIIEHHBIE KO-
OpPAMHALMOHHBIC TTOJIOKEHUS B CTPYKTYpPE METAJLJIO-
LICHTpa, HAaIpUMEpP MeOb- WJIM XKeJIe30COAepKAIINe
MOKII. Kpome 3T0TO, HEOOXOTUMO OOpaIaTh BHU-
MaHHWE Ha CTPYKTYPHBIE OCOOCHHOCTM AaHaJIuTOB,
MHOTME M3 KOTOpBIX, HapuMep NOJn(pEeHOIbHEIS
COEIMHEHMUSI, MOTYT 00pa30BhLIBaTh NPOYHBIE XeJ1aT-
HBIe KOMIUIEKChI ¢ MeTayutoueHTpamMu MOKII Ha oc-
HOBE ITePeXOIHBIX METAJUIOB, IPUBOMS K IeTpadallii
HETIOABMXXHOM (ha3bl.

B 1o xe Bpems nmpu npuMmeHeHuu MOKII s 3a-
IMOJTHEHUSI HACaJOYHBIX XpOMaTOrpapnIecKUX KOJI0-
HOK 0e3 IOIIOJHUTEIbHBIX KOMIIOHCHTOB BBISIBJICH
psia TIpo0GieM, CBSI3aHHBIX C TPYIHOCTBIO CUHTE3a KpH-
cramioB MOKII moaxongiinero pa3mepa, IOJMINUC-
MIEPCHOCTBIO, OCOOEHHOCTSIMU MOP(MOI0OTUN KPpUCTa-
JIOB, HEYIOBJIETBOPUTEIbHBIMU MEXaHUTUYECKUMU CBOM-
ctBamu  kpuctauioB  MOKII. TlpeanprHumMarotcs
MOTIBITKY MO MPEONOJSHUIO 3TUX MPEISITCTBUIA — Ha-
HeceHUe Ha MUKpocdepbl (pyHKITMOHATM3UPOBAHHOTO
CWIMKAreisi W TOJUMEPHBIX HOCUTEJICH, CO3MaHue
HepapxXuuecKux CTpyKTyp. TeM He MeHee KOJIMYECTBO
nyonukauuii no oraeabHbiM MOKII B cpaBHeHUU ¢
KOMITO3UTHBIMUM MaTepuajaMHi Ha OCHOBE 3THUX K€
MOKII HeBenMMKO M BBIITONHSICTCS, KaK IPaBUIIO,
HEOOJIBIIMMU UCCIIEA0BATEILCKUMU IPYTIIaMU.

Ha naur B3misia, HanboJiee epcrneKTUBHBIMY Ha-
MpPaBJIEHUSIMU  UCCIIENOBAHWSI W  NPUMEHEHUS
MOKII 8 BOXXX gaBasiorcs:

— ncrionb3oBanne xuparbHBIX MOKIT Ha ocHOBe
TIPUPOIHBIX JIMTAHIOB B CBSI3U C IIPOCTOTON CUHTE3A
U JOCTYITHOCTBIO NCXOAHBIX KOMIIOHEHTOB;

— ucnonb3oBaHue yiabTpacTadmibHbix MOKII Ha
OCHOBE OKCO(MMJIbHBIX METALUIOB (IIOMUHUI, TH-
TaH, XpOM, LIUPKOHUIT), MPUTOAHBIX JIs1 cenapaluu
KakK B yCJIOBUSIX oOpallleHHO-(a30Boli, TaK U HOp-
MaJibHO-(pa3oBoit BOXX;
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- pa3pa60TKa MOHOJIMTHBIX CE€ITapallMOHHbIX KO-

JIOHOK M TUOPUIHBIX COPOEHTOB, HUBEIUPYIOLIMX
HeooCTaTKu nmpuMeHeHusT yncthix MOKIT.
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