
OT3bIB O<l>l1l(l1AJibHOfO ODDOHEHTA 

AneKcattL\pOBa EsreHHSI BttKToposw-ia 

Ha L\HCcepTall,HOHHYIO pa6oTy 

Jiap110Hosa Kttp111rna Dasnostt4a «l1ccne)J,0BaH11e s3aHMOCB513ei-l. Me)f(L\Y cPl1311KO-XMMl14eCKl1Ml1 

xapaKTepMCTMKaM11 Zr-COL\ep)f(aW,MX Mernnn-opraHttYecK11x KOOpL\11ttall,110HHbIX non11Mepos 11 11x 

KaTCUil1T114eCKl1Ml1 CBOHCTBaM11 B peaKll,11SIX ceneKT11BHOfO )f(l1)],KOcPa3HOfO OK11CJ1eHl1SI», 

npe)J,CTasneHHYIO Ha COl1CKaH11e yYeHOH CTeneH11 KaH)J,11)],aTa Xl1Ml14eCK11X HayK 

no cnell,11aJlhHOCTH 1.4.14. K11HeT11Ka 11 KaTaJll13 

AKryaJlbHOCTb TCMbl .[l,HCcepTaU,HH. 3a OTKpblTl1e nop11CTbIX MeTaJlJI-Opratt11YeCKHX 

KOOpL\HHall,110HHhIX non11Mepos (MOKD) CycyMy K11rnrase, PttYapL\y Po6coHy 11 0Mapy Jlrn 

np11cy)KL\eHa Ho6enescKa51 npeM11S1 no XHMHH B 2025 fOL\Y· MOKfl npi:rnneKaTenhHbI TeM, 4TO 11x 

CTpyKTypa 11 CBOHCTBa MoryT urnpOKO 11 HanpasneHHO sapb11poBaTbCSI no)J,6opoM COCTaBJI51lOW,11X 

Heopram1YeCKMX 11 opraHH4eCKl1X KOMnOHeHTOB, cnoco6a 11 nocne)J,OBaTeJ1bHOCTl1 11X CB513bIBaHH51, 

pa3Mepos 11 cpyHKll,110HaJlbHOcm nop (3as11c51w,11x OT cocrnsa, cTpyKTYPhl 11 cnoco6a nonyi.1ett115!). 

3neMeHTbl HCKYCCTBeHHOro 11HTeJIJ1eKTa COBCeM He)J,aBHO CTaJ111 HeOTbeMJleMyIO YaCTb 

Xl1Ml1H 11 MaTep11aJlOBe)J,eHl151. ,lJ;JISI 11X pa3Bl1Tl151 cpopM11pyIOTC5! HOBblH MaTeMaTH4eCKHH annapaT l1 

MO)J,en11 onttcaHH51 KoppeJISlll,HH «cocTaB-CTPYKTypa-csoi1cTBO». HaKonneHHe HHcpopMall,1111 o 

CTPYKType 11 csoi1crnax MaTep11anos, pac4eT HOBbIX )J,ecKpttnTopos, nocTpoetttte MaTeMaT114ecK11x 

MO)J,eJ1eH Ha OCHOBe HOBbIX TeXHOJ10fl1H HCKyCCTBeHHOfO HHTeJIJieKTa no3BOJISIIOT C03)],aBaTb 

ll,HcppOBbie HHCTpyMeHTbl, n03BOJI51lOW,l1e 3a ,!J,0Jll1 CeKyH,Ubl nportt0311pOBaTb onTHMaJlbHbie 

napaMeTpbl Cl1HTe3a Kp11CTaJ1JlOB 11 HaH04aCTl1ll,, o6Jia)J,aIOW,11X none3Hb1Ml1 CBOHCTBaMH, TaKHMl1 KaK 

a,ucop6ll,110HHa5! H KaTaJl11T11YecKaS1 aKTl1BHOCTb. MOKO cosMellJ,aIOT pa3BHTYIO 11 ynopS1L\04etttty10 

nosepxttoCTb nop (100-10000 M
2
/r BHYTPH KpHCTaJlJia) 11 HaJIHYHe KaTMHm4eCKHX ll,eHTpos s 

nopax. 

06be)J,11HeH11e Bbl411CJlHTeJ1bHblX 11 3KCnep11MeHTaJlbHbIX HCCJle)J,OBaHHH B ,[{HCCepTall,HOHHOH 

pa6oTe Jiap11ottosa K11p11Jina Dasnos114a Hanpasnetto Ha pewett11e cospeMeHHOH npo6neMbI 

Xl1Ml14eCKOH KHHeTHKH l1 KaTaJll13a, a HMeHHO ycKopeHHe l1 y)J,eweBJieH11e nOHCKa l1 pa3pa60TKH 

HOBbIX KaTaJIH3aTOpos Ha ocHose MOKO L\Il51 nepcneKTHBHbIX np11no)Kett11i1. 3rn npo6neMa 

pewaeTCSI )J,J151 KOHKpeTHOfO Knacca MaTepHaJIOB, nopHCTbIX MeTaJlJI-opraH!14eCKl1X 

KOOp,UHHall,HOHHbIX OOJ111MepoB c Y3110Bb!Ml1 KJlaCTepaMH {Zr604(0H)4} B KapKace (Zr-MOKO), B 

npl1110)f(eHl111 K peweHHIO npaKTHY.eCKOH 3a)J,a4H no11cKa OnTl1MaJlbHblX KaTaJIH3aTopoB 

ceJieKTHBHOfO )KH)J,KOcpa3HOfO OKHCJleHl151 Tl103cp11pOB 11 aJIKeHOB BOL\Hb!M paCTBOpOM nepoKCH,I\a 

BO.I\OpO,I\a. 

HaY'-rnaH HOBH3Ha u npaKTuqecKaSI 1uaquMOCTh uccJ1eti.0Bauuu. B L\HCcepTau,1111 

Jlap11ottosa K.fl. npeL\CTas11ettb1 pe3yJibTaTbI, 0611a)J,a10m11e Hay4HOH HOBH3HOH 11 11Me10llJ,11e 

npaKTl14eCKYIO 3Ha4HMOCTb: 

- BnepBbie 6hrna pa3pa6oratta 3KcnepTHa51 c11cTeMa L\1151 no)J,6opa yc11os11ii CHHTe3a 

Kp11CTaJlJlOB Zr-MOKIT cocrnsos [Zr604(0H)4Lx] (KpaTKo o6mtta4aeTC51 Ui0-66 )J,J151 L = bdc2-, 

)J,liaHHOH Tepeqnanesoii Kl1CJ10Ta) c 3a,!J,aHHblMl1 pa3MepaMH 4aCTHll,, nopHCTOCTbIO, CO,!J,ep)f(aHHeM 

bdc2-, TepMMHaJlbHblX aKBa- l1 rH,D,pOKCO-rpynn (Zr-OH/H20). 

- Bnepsb1e nonyY.eH tta6op o6pa3ll,OB KpHCTaJIJlOB Ui0-66 c sapb11pyeMbIMH pa3MepaM11 H 

co,n,ep)f(aHHeM )J,ecpeKTOB, He06XO)J,11MbIH ,D,JlSI ycTaHOBJleHHSI HX BJ1115IHl151 Ha KaTaJlHTHYecKylO 

aKTl1BHOCTh Ui0-66 B peaKUHH ce11eKTHBHoro OK11cneH11S1 MeT11ncpeH11ncynhcpHL\a nepoKc11,uoM 

BO,D,Opo,ua. 

- Dpe)J.JlO)KeH HOBbitt Mern,n, aHaJlH3a co,!J,ep)f(aH11S1 Zr-OH/H20 rpynn B Zr-MOKfl. 

/Ai·C ~!· T\'1" G\Ali\nMaA 
:s ·.. ":( 11/;f 
JIA'TA o!o_ O{ 0!£JcJ6 



- Y CTaHOBJietta 3aBl1CHMOCTb Me)l(,n,y co,n,ep)l(att11eM Zr-OH/H20 rpynn 11 KaraJI11Tw-1ecKOH 

aKTHBHOCTbIO Ui0-66. 

- noJiy4eH HOBblM MaCCl1B ,n,aHHblX (CKOpOCTl1 peaKI..J,11M, TOF, TON, BblXO,D,, ceJieKT11BHOCTb 

11,n,p.)11 Bnepsb1e npose,n,etto cpasttem1e )J,1151 KaTaJI11TH4ecKoi1 aKT11BHOCTl1 Ui0-66, MOF-801 (H2L 

= cpyMaposa51 K11c11ora), MOF-808 (H3L = Tp11Me311Hosa51 K11c11ora), Zr-abtc (H4L = 3,3',5,5'­

a3o6eH3omeTpaKap6ottosa51 K11c11ora), MIP-200 (H4L = 5,5'-Mem11ett)J,11113ocprn11esa51 K11c11ora) s 

OK11c11ett1111 Memmpemrncy11b¢11,ll,a 11 Ui0-66, MOF-801, Zr-abtc, MIP-200 B 3nOKC11,ll,11posatt1111 

C=C cs513eJ1 u,11KJloreKcetta, 2-u,11K11oreKcett- l-otta 11 Kapsotta. 

Pa3pa6oraHHble Mo,n,e1111 Maumttttoro o6y4eH115! 11 3KcnepTHa51 c11cTeMa no3BOJ151IOT 

onepaT11Btto, ,n,eweso (6e3 npose,n,eH115! npe,ll,Bap11TeJlbHhlX 3Kcnep11MeHTos) 11 T04HO pewaTb 

np51MYIO 11 o6paTHYIO 3a,n,a4y, cooTBeTcTBeHHO. Bo3MO)l{HO cnporno311posaTb xapaKTep11cT11K11 

Kp11cTan11os Ui0-66 .um1 Bb16paHHblX yc11os11i1 c11ttTe3a 11 aKT11sau,1111 11 ttao6opoT no)J,o6paTb 

yc11os1151 Cl1HTe3a no)J, Tpe6yeMbltt tta6op xapaKTep11cT11K npOAYKTa. TaKa51 c11cTeMa none3Ha 

y4eHbIM, ttcc11e.uy10ll.\l1M HOBb1e np1111o)l{eH115I Zr-MOKn, cneu,11an11cTaM s 0611acT11 

xeM11Hcp0pMaTl1Kl1, KaK npHMep 3cpcpeKTHBHOH MeTO,D,11Kl1 nporn03a xapaKTepHCT11K MaTep11anoB, 11 

TexttonoraM s onT11M113au,1111 Textto11or1111 nony4eH115I Zr-MOKn. Pa3pa6ornttHbIM MeTo.u 

onpe.ueneH115! co,n,ep)l(amrn Zr-OH/H20 rpynn none3eH B attan11T114eCKOtt x11M1111 11 KaTan113e, KaK 

OTHOCl1TeJlbHO .UOCTYilHbIH, ,D,OCTaT04HO T04HblH 11 He ,n,oporott cnoco6 aHaJ1113 COCTasa 11 KOHTp0Jl51 

Ka4ecTsa KaTamnaTopos Ha ocHoBe Zr-MOKTI. Pe3yJibTaTbI 11ccneA0BaH115! socno11H5!10T 

He,D,OCTaTOK IlOHl1MaH1151 B3al1MOCB513eM CTpoeHH51 11 KaTaJ111Tl14eCKl1X CBOHCTB Zr-MOKn, 11HTepec K 

KOTOpbIM pacTeT c Ka)l(,UblM ro.uoM 11 noTeHI..J,11aJlbHO MO)l{eT BblJ111TbC51 B C03)J,aHl1e HOBblX 

np0113BO,D,CTBeHHbIX TeXHOJlOrMH opraHl14eCKl1X COeA11HeHl1H, nony4aeMb!X )1{11,UKOQla3HbIM 

OKl1CJieH11eM nepeKl1CblO BO,ll,Opo,ll,a. 

06ocuoBaHHOCTh " }1,0CTOBepuocTh uayquhfX OOJIO~eunii, BhlBOAOB " peKoMeHAau.uit 

)J,ocTOsepHOCTb npe,D,CTaBJleHHbIX B pa6oTe Hay4Hb!X IlOJlO)l(eHHM o6ocHOBaHa 

HCil0Jlb30BaHl1eM KOMnJleKca cospeMeHHb!X cp113HKO-Xl1MH4eCKl1X MeTO)J,OB HCCJle,D,OBaHl151 

Bell.\eCTBa, pernaMeHT11pyeMblX 11 BOCnp0113BO,Ul1MbIX MeTO)J,11K Cl1HTe3a, cospeMeHHOfO 

npeU,H3110HHOfO aHaJil1TH4eCKOfO o6opy,IJ,oBaHl15I, a TaK)l(e ,D,eTaJibHblM cpasHeHHeM nony4eHHOro 

Macc11sa ,n,aHHbIX co sceM11 ,IJ,OcTynHbIMH n11TepaTypttbIM11 cse,IJ,eHl151Ml1. Bb1c0Ka5! ttay1rna51 

o6ocHOBaHHOCTb c.uenaHHblX BbIBO)J,OB 11 peKOMeH)J,aI..J,11M on11paeTC5! Ha COBpeMeHHbie cp11311'-leCKl1e 11 

Xl1Ml14eCKHe npe.ucTaBJleHH51 0 npoTeKaHl111 roMoreHHblX 11 reTeporeHHbIX KaTaJil1Tl14eCKHX 

npespameHHH, MeTOAbl CHHTe3a 11 113y'-leHl15I COCTaBa, CTpoemrn 11 CBOHCTB MHKponopttCTblX 

KpHCTaJIJlOB KOOp,n,1rnau,110HHblX no1111Mepos, MaTeMaTl14eCKl1 CTporne 11 socnpo113BO)J,11Mble MeTO.Ubl 

xeMMH<jlopMaTHKH, B TOM '-lHCJle MaWHHHOfO o6y4eHl15I 11 ,!1,HcpcpepeHI..J,11aJibHOM 3BOJ1IOI..l,Hl1. 

OcHOBHbie pe3ynbTaThl pa6oThI npe,n,crnsneHbI B I 1 ttay4HbIX pa6orax, B TOM 4ttcne B 4 ttay4HbIX 

CTaTb5IX, ony6JIHKOBaHHblX B peu,eH311pyeMblX Hay4Hb!X X11MH4eCKHX 113)J,aHH51X no Kl1HeT11Ke H 

KaTan113y c HH,D,eKcau,11ei1 Pl1HLI,, Scopus, Web of Science, 11 7 Te311cax .uoKJla.uos Ha npecT11)1{HbIX 

Hay4HbIX KOHcpepeHU,1151X (B TOM 411CJle 5 Me)l()J,yttapo.uHbIX) no Kl1HemKe l1 KaTaJil13y. 

KpanrnH xapaKTepncTnKa ocuoauoro coAep~aunH JJ.HccepTau,un. ,1J;11ccepTau,1151 

JlapHOHOBa K. CT. COCTOl1T 113 BBe)J,eHl15I, Il51Tl1 mas, Bb!BO,D,OB, 611aro.uapHOCTeM, CIUICKa 

n11TepaTypttblX 11cTO'-lHl1KOB 11 np1111o)l{emrn. Bo BBe,n,ett1111 06ocHOBb1BaeTC5! aKTYaJihHOCTb pa6oTbI, 

¢opMyJ111py10TC5! u,enb 11 3a,Ua411 .z:i.11ccepTaI..1,110HHOfO 11cc11e.uosaHH5I, Jll14Hb!M BKJla)J, .ll,11CCepTaHTa B 

11X peweHHe. Ope.ucTaBJleHbl OCHOBHble nOJlO)KeHl151 BbinOJlHeHHOfO HCCJ1e,D,OBaHHSI, nO,U4epKHBaeTC5I 

11X HOBl13Ha, npaKTl14eCKa51 3Ha411MOCTb, .UOCTOBepHOCTb, anpo6au,m1. 

B nepsoi1 rnase npe.z:i.cTasneH 1111TepaTypttb1tt o63op MeTo.uos CHHTe3a 11 xapaKTep113au,m1 Zr­

MOKn, KaTanHTM'-leCKHx csoi1crn Zr-MOKn, MeTOAOB Maumttttoro o6y4ett115I s ttcc11e.z:i.osatt115Ix 



MOKO. ¥13 o6o6I.QeHH51 JIHTeparypttbIX .D,aHHhIX ,LJ,enaeTC51 BhIBO)J., YTO Mop<lJonorm1, HaJIHYHe 

.D.e<lJeKTOB, a,LJ,cop6u,HOHHhie H KaTaJIHTHYecK11e csoticrna KpHcTaJIJIOB Zr-MOKTI 06ycnosneHb1 

YC110BH5IMl1 CHHTe3a H oco6eHHOCT5IMl1 CTpOeHH51 KapKaCOB, o6pa30BaHHOfO KOOp,Ll,HHau,Hett 

11HHKepos c OKTa3,L1,pH4eCKHMl1 OKCOMeTaJI11aTHblMl1 K11aCTepaMl1. 0)],HaKO, )J.Jl51 3TOfO KJlacca 

MaTep11anoB TaK11e KoppeJ15ILl,1111 OnHCaHbl 1111Wb Ha Ka4eCTBeHHOM ypostte, 6e3 T04HbIX 

KOJ1114ecTBeHHb1X cooTttoweH11i1. HecMoTp51 Ha npocToTy cTpoett115I Zr-MOKTI, yYeT 

sap11a6e11bHOCTH COCTaBa, Ae<fieKTOB Kp11CTaJ1Jll14eCKOH peweTKH 11 MOpcpo11orn11 4aCT111.~ np11BO)J.11T 

K 60JlbWOMY pa3H006pa311!0 CBOHCTB npo,uyKTa. I1MeeTC51 He,D,OCTaTOK 3HaHHH 0 np11p0Ae H po1111 

KaTan11THYeCKHX u,ettTpos 11 TeKcTypttbIX xapaKrep11cTHK Zr-MOKTI s K11cnoTHo-ocHoBHbIX H 

OKl1CJIHTeJlbHblX peaKLI,H5IX, B TOM 4HC11e npou,eccax OKHC11eHH51 opraHH4eCK11X TH03cpHpOB. 

Bo srnpoi1 rnase npe,L1,crasnettb1 MeTOAbI Bb1Y11c11eHHM, np116opHa5I 11 MaTep11anbHa5I octtosa 

3KCnepHMeHTOB, MeTO,ll,l1K11 Cl1HTe3a, pernaMeHT11poBaHHbie 11 HOBbie (npe,D,naraeMbie aBTOpOM) 

attan11T11YecK11e MeTO,ll,HKH xapaKTepH3auH11 Zr-MOKTI 11 KaTan11T114ecKHx peaKu11i1 c 11x y4acT11eM, 

B TOM 411CJle MeTOA onpe,D,e11eHl151 aKTHBHblX uettTpOB a)J,COp6u11ett l130MaCJ15IHOH Kl1CJIOTbl 11 

KaTaJIHTHYeCKOe OKl1CJlem1e MCTHJlcpeHl1JICY11bcpOKC11Aa, Ll,11K110feKceHa 11 a,p-HeHaCbII.QeHHblX 

KeTOHOB BOAHblM pacrnopoM nepOKCH)J.a BO,Ll,Opo,D,a. 

B TpeTbett rnase o6cy)l<AaJOTC51 nonyYeHHble pe3y11hTaTbI npHMetteHH5l MeTO)J.OB MaWHHHoro 

o6yYeHH5l )J.1151 npe,L1,CKa3aH115I csoi1crs Kp11cTan110B Ui0-66. PaccMoTpetto co3,D,aH11e Tpex MO,LJ,eneti 

MaWHHHOfO o6yYeHl151 ,ll,1151 npe,D,CKa3aHJ151 y,D,e11bHOH nosepXHOCTl1, ,D,ecpeKTHOCTH 11 pa3Mepa YaCTHU 

Ui0-66. TioKa3atto, YTO no11yYeHHb1e MO)J.e1111 HMeJOT BbICOKYJO TOYHOCTb. Mo,D,e1111 socnpoH3BO,ll,5IT 

y)l(e H3BeCTHbie !13 11HTeparypbl KaYeCTBeHHble 3aKOHOMepHOCTl1, HO y)l(e c KOJll14eCTBeHHbIM 

nportt030M, o6ttapy)l(HBaJOT HOBbie, He 04eB11,ll,Hbie, 3aBl1Cl1MOCTl1. TipoAeMOHCTpHpOBaHa 

pa60Tocnoco6ttocTb peKOMett,D,aTe11hHOH CHCTeMbl ,ll,1151 npe)J.CKa3aHl15l OflTl1MaJlbHblX yc110BHH 

c11ttTe3a Ui0-66. 

B rnase 4 paccMoTpeHhl ocHOBHbie oco6eHHOCTH c11HTe3a 11 xapaKrep113au,11H rpex cep11i1 

o6pa3u,os Ui0-66: c sapb11posaH11eM pa3Mepa Yacrnu,, ,D,ecpeKTHOCTH (co,D,ep)l(aH115I bdc2- ), 

K011HYecrna OCHOBHhIX LI,eHTpOB. TIOKa3aHa npHMeHHMOCTb npe,D,naraeMoro MeTO,D,a ou,eHKH 

K01111Yecrna OCHOBHblX ueHTpOB (Zr-OH/H20) B cocrase Ui0-66 B cpaBHeHHl1 c l13BeCTHbIMl1 

MeTO,D,aMH. 

TI51Ta51 rnasa co,D,ep)l(HT attan113 cpaKTopos, onpeAeJ15IJOI.Q11x KaTan11THYecKyJO aKTHBHOCTh 

Ui0-66 H ,D,pyrnx Zr-MOKTI B )l(J1,D,Kocpa3HOM OKHcnett1111 MernmpeHHncynhcp11,D,a 11 anKettos. 

Tipo,D,eM0HcTp11posaHo, CHH)l(eHHe KaTan11T114ecKott aKTl1BHOCT11 c pocToM pa3Mepa 4acT111..( Ui0-66. 

,D,aeTc51 peKOMeH,D,au,H51 pa6oTaTb c o6pa3UaMH Ui0-66, HMe10w,11M11 pa3Mep 4acT11u 20 HM. 

YcTattosJieHo noJIO)l<HTenbttoe BJI11J1.tt11e Zr-OH/H20 rpynn Ha KaTanHTHYecKyJO aKTHBHOCTh Ui0-

66. ,D,oKa3bIBaeTC51 onpeAe115IIOW,ee B11115IHl1e HMeHHO OCHOBHblX CBOHCTB Zr-OH/H20 rpynn Ha 

KaTaJ111Tl14eCKYIO aKTHBHOCTb no MexaHl13MY reTep011l1Tl14eCKOM aKTHBauHH nepOKCl1)J,a BO,D,opo,D,a c 

,D,11cpcpy3110HHhIMH orpatt11YeHH5IMl1 ,D,OcTyna K aKTHBHhIM u,eHTpaM. TioKa3aHo, YTO HaHoYaCTl1U,hI 

Ui0-66 npo51B1151IOT Ha116onee BhICOKYIO yAe11bHYJO KaTan11T11YecKy10 aKTHBHOCTh s p51,D,Y 

11CCJle)J,OBaHHblX Zr-MOKTI, cpaBHHMble c 11Y4Wl1M11 KaTaJ1113aTopaMl1 Ha OCHOBe MeTaJ111-

3aMeW,eHHblX Cl11111KaTOB 11 MeTann-opraHJ14eCKl1X KapKaCOB. 

TaKl1M o6pa30M, OCHOBHOe CO,D,ep)K3Hl1e )J,l-ICCeprau,110HHOH pa60Tbl COCTOHT 113 pe3yJlhTaTOB 

11cc11e,D,OBaHIUI. 3Ha'H1Mb!X .D,1151 cpytt)J.aMeHTaJlbHOfO nott11MaHl15I KaTaJil1Tl14eCKl1X npou,eccoB 

ce11eKTl1BHOfO )KJ1,ll,KOcpa3HOfO OKl1C11eHl151 Tl103cp11pOB 11 aJIKeHOB BO)J.HblM pacrnopoM nepOKCH,D,a 

BO,ll,Opo,D,a B Ml1Kponop11CTOM crpyKrype MeTaJ111-opraHJ14CCKl1X KOOpA11Hau110HHblX nOJlMMepoB c 

KJiacrepaMH { Zr604(0H)4} Ha OCHOBe KOppeJ151U11H Me)K,ZJ,y xapaKTepHCTHKaMH COCTaBa 11 crpoel-11151 

KpHcrannos Zr-MOKTI 11 ycnos115IMH npose,1J,eI-111JI peaKUHtt. 



Op11 03HaK0Mnett1111 c JJ,11cceprau11ottHoi1 pa6oToi1 11 asrnpe<jJepaTOM B03HHK p51.L\ BOnpocoo 
u 3aMe1JaHuu: 

1. B TeKcTe He np11seJJ,eHbI c11cTeMarn4ecK11e Ha3BaHH51 (11IODAK) 11ccne)J,0BaHHhIX Zr­

MOKO KaK KoopJJ,11Hau110HHhIX coemmett11i1 c MOCT11KOBhIM11 naraH)J,aM11 11 non11MeptthIM 

cTpoeHHeM. EcTb OTKJlOHemrn TaIOKe s onpe,1J,eneH1111 (Ha cTp. 12 JJ,11cceprau1111) MOKn 11 

TOOOJ10fl14eCKOH HOMeHKJlaTypbl (cTp. 15) OT peKOMeHJJ,au11i111IODAK. HanpHMep, B o6o3tta4eHH11 

<<HaHo-peo», nocJle)J,H5151 4aCTb OTHOCHTC51 K TOOOJIOfl14eCKOMY T11ny reo, KOTOpbie CJie)J,yeT 

11cnoJlb30BaTb B naT11tt11ue 11 BbIJJ,eJI51Tb )l{ttpHblM wp11qnos. KpoMe Toro, so Mttornx MecTax 

CTeXHOMeTpH4eCKJ1e K03cpcp11u11eHTbl B QJOpMyJiax COe)J,11HeHl1H He npeJJ,CTaBJieHbl Hl1)l(HJ1M 

HHJJ,eKCOM. 

Nomenclature oflnorganic Chemistry, IUPAC Recommendations 2005, IUPAC Red Book 

Batten, Stuart R., Neil R. Champness, Xiao-Ming Chen, Javier Garcia-Martinez, Susumu Kitagawa, 

Lars Ohrstrom, Michael O'Keeffe, Myunghyun Paik Suh, and Jan Reedijk. "Terminology of metal­

organic frameworks and coordination polymers (IUPAC Recommendations 2013)." (2013). 

Bonneau, Charlotte, Michael O'Keeffe, Davide M. Proserpio, Vladislav A. Blatov, Stuart R. Batten, 

Susan A. Bourne, Myoung Soo Lah et al. "Deconstruction of crystalline networks into underlying 

nets: Relevance for terminology guidelines and crystallographic databases." Crystal Growth & 
Design 18, no. 6 (2018): 3411-3418. 

2. B TeKcTe JJ,11ccepTau1111 He xsaTaeT 6oJiee noJJ,po6tthIX cpopMyJI11posoK o npe11Mylllecrnax 

npeJJ,naraeMoro MeTO)J,a onpeJJ,eJleHH51 4HCJia Zr-OH/H20 rpynn Ha ocHose a.D,cop6u1rn 1130MaCJ15IHOH 

KHCJIOTbl tta Zr-MO KO. Bo3MO)l(HO, 3TOT MeTO.D. 3Ha411TeJibHO JJ,OCTynttee, H3-3a tta1160Jiee w11p0Koro 

pacnpocTpaHeHH51 xpoMaTOrpacp1111 cpe.D,H BCeH aHaJIHTH4eCKOH TeXHHKl1. 

3. B Ka4ecrne np114HHbI Heo6paT11Moi1 a,1J,cop6um1 113oMacmrnoi1 KHCJlOTbI Ha Zr-MOKn 

np11BO.LJ.HTC5l nepeHoc npoTotta Ha Zr-OH rpynny c 06pa3osatt11eM Zr-OH2+. Op11 3TOM nocJie 

aKrnsau1111 (s 0TcyTcTs1111 Zr-OH rpynn), KaK Bl1.LJ.HO tta p11c. 45, H30MaCJI51Ha51 KHcnorn raIOKe 

Heo6paTHMO aJJ,cop611pyeTC5l Ha Ui0-66, xorn 11 s MeHbWHX Ko11114ecrnax. Bo3MO)l(HO, •mcTb 

MOJieKyJl l130MaCJUIHOH KHCJlOTbl l1 ee aHl10Ha see )Ke o6pa3y10T KOOp.D,11HaU110HHbie CB51311 c 

Zr(IIVIV) B aKrns11posaHHOM o6pa3ue 11 Bb1Tecw1eT OH/H20 113 ero KoopJJ,11Hau110HHoi1 ccpepbI B 

rn.D,paT11posaHHOM o6pa3u,e. 

4. Ha CTp. 7 .D,HccepTau1111 B Ka4eCTBe tteJJ,ocTaTKOB Me3onop11CThIX T11Tatt-c11nttKaTHhIX 

KaTaJIH3aTopOB npttBO)J,5ITC5l MeHbWa51 CTa6ttJlbHOCTb 11 ceneKTHBHOCTb B CHJlY 6oJiee BblCOKOH 

rnJJ,pocp11JibHOCTH. Ou.eH11sanach 1111 asTopoM JJ,ttccepTau.1111 cTa611JihHOCTh 11 

rn,D,po<i>tt11hHOcTb/rn,D,pocpo6ttocTh 11ccJ1e.D,0BaHHbIX Zr-MOKO? 

5. 0JJ,11H 113 OCHOBHblX BbIBO)J,OB pa60Tbl COCTOHT B ycTaHOBJleHHl1 nopora (20 HM) pa3Mepa 

4acrnu. Kp11cTaJIJIOB Ui0-66 .D.1151 .D.11QJQJY3HOHHoro KOHTpOJI51 a.D,cop6u,1111 cy6cTpara 11 ero 

nocJie.D,y10llJ,eti KaTaJIHTH4eCKOH KOHBepc1111 B nopax KapKaca. Ott c.D,eJiaH Ha octtose cpasttett115l 

CKOpOCTH peaKU,1111 Ha '-!aCTHU,ax pa3HbIX pa3Mepos. 0)J,HaKO, CJie)J,OBaJIO 6bl npe.D,CTaBl1Tb pe3yJibTaTbl 

H3MepeH115! a.D,cop6utt11 MoJieKyn cy6cTpara (no cH11)l(ett1110 ero KottuettTpau1111 B pacTBope) B 

0TcyTcTB1111 0K11cn11Te1151 11 np11cyTcTs1111 Zr-MOKO Ha pa3HbJX speMettax BhIJJ,ep)!(KH, B TOM 411cne 

.D.Il51.D.OKa3aTeJihCTBa11x npoHttKHosemrn (JJ,11cpcpy31111) B nopbl Ui0-66. 

flepe4HCJieHHbie 3aMe4aHH51 He BJ1115ll-OT Ha 061l.(y!O OOJio:/1(!1TeJlhHYIO OIJ,eHKY pa60Tbl 11 HOC51T 

yT04H5IIOlllHH 11 peKOMett)J,aTeJibHbltt xapaKTep. 

3aKJIIDqeuue . .IJ:11ccepTau,m1 Jlap110HOBa K11p111111a nasJIOBl14a Ha TeMy «l1cc11e.D,OBam1e 

B3al1MOCB513eH Me)K.LJ.Y cpH311KO-XHMH4eCKHMl1 xapaKTep11cT11KaM11 Zr-co.D,ep)!(alUHX MeTa.nJI­

opratt114ecK11x KOOp.D,HHaUHOHHblX OOJlHMepoB 11 11X KaTaJil1Tl14eCKHMH CBOHCTBaMH B peaKU,H5IX 



ceneKrnBHoro )KH)J,KOcpa3HOro OK11c11eHH5!» onpe,1J,e11eHa MHOH, KaK caMocTOHTe11btta5! 3asepwetttta5l 

ttay1:1HO-KBaJ1HQJHKaIJ,HOHHOH pa6oTa, B KOTOpOH ycTaHOBJ1eHbl 3aKOHOMepHOCTl1 BJ11151Hl151 CTpOeHl151 

11 Mop¢011orn11 KpHcTannos Ui0-66 H .ll,pyrnx MeTan11-opraH114eCKHX Koop,ll,11ttau.110HHbIX 

no1111Mepos c KJiaCTepaMH {Zr604(0H)4} Ha 11X KaTaJlHTH4eCKHe CBOHCTBa B OKl1CJleHl111 TH03qmpoB 

11 anKeHoB BO)J,HbIM pacrnopoM nep0Kc11,1J,a BO,ll,opo.LI.a. Co.LI.ep)!{aHHe JJ,11cceprnu,1111 no11HOCTbIO 

coorneTcrnyeT Hay4ttOtt cneu.11anbHOCT11 1.4.14. K11HeT11Ka H KaTanH3. Asrnpe¢epaT H ny6m1Kau,1H1 

B nOJlHOH Mepe H TOY.HOCTl1 OTpa)KaJOT OCHOBHOe CO.ll,ep)Katt11e )l,HCcepTaIJ,HOHHOM pa60Tbl. 

)J,11ccepTalJ,HOHHa5l pa6oTa COOTBeTCTByeT BCeM Kp11Tep1151M «flOJ10)!{eHl151 0 np11cy)!{)l,ett1111 y4eHblX 

cTenettei1», yrnep)K.ll,ettttoro flocrnttos11eH11eM flpaB11Te11bcTBa P<l> OT 24.09.2013 N2 842 (c 

113MetteHH5!Ml1 11 )l,OilOJ1HeHH51M11), B TOM 411CJle B nnaHe aKTYaJlbHOCTH, ttayY.HOH HOB113Hbl, 

o6ocHOBaHHOCTl1 11 )l,OCTOBepHOCTl1 BblBO)l,OB, npe.ll,b51BJl5leMbIM K KaH)l,H)l,aTCKHM )l,11CCepTaIJ,110HHblM 

pa6ornM, 11 aBTOp pa60Tbl, napHOHOB K11p111111 flaBJ10Bl1Y., 3ac11y)!{11BaeT np11cy)!{.ll,ett115! yi1eHOH 

cTenett11 KaH)l,11.LI.aTa x11M114ecK11x ttayK no ttay4HOH cneu,11anbttocrn 1.4.14. K11tteT11Ka 11 KaTanH3. 

51, AneKcatt.ll,pOB EsreHHH B11KTopoB11Y., .LI.aIO cornactte Ha BKJ1I04etttte csottx nepcottanbttbIX 

)l,aHHbIX B )l,OKyMeHTbl, CB5!3aHHble c pa60TOH )J,11CCepTalJ,110HHOro COBeTa, H 11X )l,aJlbtteH:wyIO 

o6pa6oTKy. 
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