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llorraseur Beponixu BonoAunlapinHr,r

eneKrpoAHHX vrarepianin Ha ocHoni

crylenfl Kan4vr4ura xinriqnrax HayK 3a

Arcrya.ngricrb reM[. Ha 4atrui,t uac MnO2 ra pisnouanitri r<olruosdrl4 Ha ftoro

ocnoni urupoxo BtrropucroByrorbcf, rx xaraliraropl4 Ta eJIeKTpoAni lrarepianu cyqacHl'rx

ar<yuynrropin i cynepxonAeHcaropin, npl4 UboMy oAHIIM 3 [epcIIeKTI'IBHI4 x ueroAin fioro
orpr{MaHHr e aHoAHe ocaAxeHHt MnO2 s posuunin conei Mn'-. He Aus1-{qrlcr Ha AQcrlTb

u.nrny xinrricrr po6ir no AocniANennro vexanisrrly ereropoocaAxenux nnirox MnO2,

Ao rlboro qacy He icnye egr,rnoi AyMKr4 rrloAo oKpeMlrx craAifi elexrpoorucrenns fioHir

Mn2*, xoqa ix szsHaqegHs BeJrbMr.{ aKTyaJIbHo 4lr pospo6ru cuoco6is cra6i,risauii

xirr.tiqnoro cxna.Ay nrigox ra crBopenHr nncoroeSerrr,rBlrl,rx eJleKTpoxitr,tiqnrx cucreM Ha

ocuori MnO2.
Yci qi o6crasuHl4 BI,I3Ha larorb arcrya.lrnicrs po6orra llolrareqr B'B',

cnplr.loeauoi Ha BcTaHoBJIeHH.s 3aKqgoMipuocrefi aIIoAHOro oKIlCHeHHt Mn2*-fionin,

ur"unannn qrann141<in Brx1lrBy sa xiuiqnuft cKJIaA ra eracr1arocti oxcralnoi rnirrz MnO*'

Po:s'ggauHs rrocraBJreHr4x 3aBAaHb, xpina nesanepevnoro QyngalteHTaJl6Horo 3HaqeHHt,

Ma€ npfiMe i saxrxne npaKTI'IqHe 3HaqeHHt.

o6rpynronanicru HayKoBr.tx [oJroxeHb, n[cnoerin i percoueuaauifi

c$opUyrmonarurx y ALIcepraIIii 6asyerrca Ha reoperI,ItIHI,Ix pospo6rax ra suavuorr'ry o6ca:i

oAepxaHr.rx eKc[eprrMeHTaJrbHrrx pe3yJrbraris. KoNanrercuuft uiAxiA ta cniscraeneHHs

pesyltraris, oAepxaHr.rx pi:nuuu MeroAaMr,r, ,4o3BoJrrlJrr.r Aucepranrrli :po6zrrz

oanosuaqHi BncHoBKr,r uloAo oco6mlrocreft uepe6iry enexrpoxiuiqnrx ra xiviqnux
npouecin npr4 ocaAxeHHi nnisoK ua ocuoni MnO2'

.(ocioeipnicrr i HoBu3Ha oAepr(aqrrx pesylrrarin. Pesy*raru oaepNaHi s

Br.rKopr4craHHrM cyqacHr4x enexrpoxirr,tivnr.rx ra <f isuxo-xirr.ri'rul'Ix rrleroAis AocliANenr,
rorr,ry ri gocronipuicrs He BI{KJII'IKac cyrunirin.

B po6ori ogepxani noni nayrconi peryJrbTartl:

l. Pospaxooauo repMoArrHaMivni napanrerpu orucxo-siAHoBHllx CuCreu, rri
Br,rHrrK€uorb np, 

'*olrrory 
on"a*"tthi ctronyn ftonig Mn2* ra Ha qifi ocuoei

o6lpynronaHo cyrynnicrr MoxJlzBrlx ttlexanisNais npouecy Mn'--* MnO* '

2. floxasano, rlo B flepxJroparHrlrx ra cylr$aruu:x po3iII,IHaX n o6nacri f<

601Mn2*nr4n't) aorrainye MapIUp)T: tutl]- *.'9-* Mto* H nanolorq - e *
MnO2, a B o6racri d>^ du(Mn"Mn'-) Ao Hboro loraerbct fiptMe

eJ'teKrpooKIlcHeHns fi oHis Mn'-.
3. B auerarnux Ta aKplrJraTHXX pO3qLrHaX Uepe6irae JII4IXe [ptMe oAHOeJIeKTpOHHe

oKI4CHeHHT Xolarrrtercis MnL- c noA€urbrrrr'IM AItCnpOlopuloHyBaHHtM [pOAyKTy

MnL2* ra riAponisorr.r MnL2* i rcinqenoi $opuz MnL'" ao MnO(OH) i MnO2'

BlnnOBIAHO.



4. 3nafiaena rirstticxa aaleNnicrs, uo xapaKrepl43y€ BnJII'{B evicry cno,'ryx Mn'- s

nrinui MnO" Ha ii Kara,'IiTl4uuy axrunnicrb Ha npr{KJIaAi pearqii oKt4cHeHHt

fnloK03t4,

Ilparru.tre 3HaqeHHq oAeprranrrx p$yJlbrariB.
l. 3anponouonaHo BLIKopI4croByBarI4 arpruarn i po3qrH[ tK elerrpolir 4la

HaHeceHHfl oKcI'IAHI4x [riBoK MaHrauy' Br'rxopucraHHrl l1ux pos'rnnin ,qalo

uoNrranicrr orpriMyBarrr urirsui er.rcoKocriftxi nnisrz MnO* na nonepxni crani, axi

Br4rBrrJrr4cb etpexrunnuvru npu BLIroroBJIenui elerrpo1in Fe/l\4nO* Alg ror,rin
nprMoro uarpisy reflJroHocit 3MiHHI4M crpyMoM.

2, floxarauo, ulo eKcnpec oqiuxy rara,'rirr,rrrHoi aKrr.rBHocri nrisox Mno* n peaxrlif,x 3

IlepeHocoMoKcl4reHyMoXHa[poBo.4IITI4xpoHoaM[epoMeTpI4tIHIrMMeToAoM3a
cnieeirHoueHHtM crpyMy npouecy M n2*-- MnO* ua nonepxni nnirrc'r MnO, i Pt y
xoai rT $oPvYnanur.
3ara,rusui ana.nis rruicry po6orlr.

firacepraUifiua po6ora flolraneqr B.B. slaxlraAeua na 147 cropinrax, uicrurr 41

prrcyHor{ "ra 25 ra6nuqb, cxJ'IaAa€rrcr si ncryrry, nireparypHoro orurt.4y, Tpbox

eKcnepr4MeHra;Iuux posgiliu, nucuolxin, uepeliKy BrIKopacTaHIIX AXepeJI, ulo tuicrurr
135 nafirr,renynaHb, Ta rpbox AoAarKis na 8 cropiurax.

V ncryni rIoAaHo KoporKy xapaKTepljcrl'Iry po6orra. 3a sMicroN'I i o6'euou ncryn

noBHicrto si.{noniAae icnyovutrl BItMoraM.

Ilepruuft po3AiJt MicTI,ITb o1;ItA nireparypu 3a JeMoIo Al4ceprallii. PogrnAalotr'cs

SiAoMi NaexaHisvu elerr"pOoKLIcHeHHt fiOnie Mn'- B KI,ICJII{1 BOAHLI1 pO3qI'IHaX Ta

3a3HaqarcTbCt ArzCryCiftni acIIeKTI,I olUCaHI,rx cxerr,r SOprr,ryaaHHt oKCI'IAHoi nJlisxu.

flpugiryerlcx yBaxa HzulBgoc'ri s ocaAi pisurx Qopru orclaAis MaHraHy i nos'ssaHi g

npucyrHicrro crorryK Mn(III) Sisuro-xirvriuni, rararirn.*ri ra inuri Bnacrl4Bocri

eleKTpoocaA6eHux r1.31isOK. flpane4eui nplIKna.4n npaKTxqHoro 3agTocyBaxqt MaHraH

(lV) oncu1y. Ha ocHoei nireparypnoro noIIIyKy o6rpyHroBano BI'I6ip reMI'I Ar'rcepraqifinoi

po60rr.r ra cQoprr,rynloBaHo 3aBAaHHt AocniaNeuHs.
v apyroruy po3Ai,'ri HaBe.4eHo MeToAr,rKy KBalrToBo-xlMlqHoro MoAeJIIoBaHHt, MeTOAI{

eKcnepl4MeHTajr rux AocliANeHb Ta onr4caHi ercnepunrenrarbHi ycTaHoBKU.

v rpertorvry po3Airi npr4seleHi pe3yirbrarn KaaHrono-xiNaiqHofo MoAeIloBaIUI

ro*n"ur* MaprupyTiB oKr1cHeHHr xarioHis Mnz* s cKra,4i oAHopiAHI4x' MoHo3auiulenux

ra riApali3oBann Qopu aKBaKoM[JIeKcin. florasano, ulo repMo.[I4HaN4i'IHo crifxoro

$oprraoro ilpr4 z:+2;+3 e feKcaaKBaKoMnJreKc MaHraHy, a 6ygr-xra soprraa npn z=-t4 e

na*o*nruolo. flepexi4 sil z=+3 Ao z--+4 peani3yerbct JIIr[Ie B riAponirouanux cllcreMax.

AHa,ri:yszulacx cTpyKrypa rouuexcin, po3[oAiJI elex:rponnoi rycrI'IHI4 n nnx i BeJII'IquHI4

egepri'lj nepexoAy eJIeKTpoHa AE". flora-:ano, ulo Ant MaHIaHy B cTyneHtx oKt'Igregns f2 i
+3 xapaKTepHr4M e oKraeApr4qHe oroqeHH[ IIeHrpaJIbHofo aroMa. flpn uepexoai nia

urecr11liranAiB Ao n'trll B ycix l(oMnJlercax y rxocri 6a:osoi rou$irypaUii po3gltAaBct

oKraeAp, 3HaqeHuq cTaHAaprHr4x norenuiarie peaKllift n AocliANynautrx ct4creMax

pg3pixoByBa;Il4cq .3 BaKopl,I"tu"t"t B9JII4iIIIHI4 AE". CnircraBIIeHHt repUoluna1riunUx

*upunraprarr* piruux rcouuJreKciB MaHraHy Ao3BOJIte BI43HaslITIi nusr<y uaft6illur

fiuoripurax p.unuii, rKi 3AarHi peaJri3yBaracb Ha eJrelffpoAi.3a asoAllux uorenqiaris, qo

flepeBr.rulyrorb I B, ruoNyrt uepe6irarrz ,4ni pearuii - eJIeKrpooKIlcHeHHt ar<saxoN4nflercie
-- ?+.
Mnr* i rrro,lexyn BoAI4. V rn'lexy 3 TnM, ulo BeJrr4ttI,IHI4 craHAaprHl4x noreHlllanlB peaKlllfi

eneKrpooKlrc;enur ftouin Mn'* y crcnagi pisHax ar(BaKoMnJlercin n pr4i nunaAltie 6I[srKIa



a6o $inruri eiA uoreHlliary eJreKTpooKI{cHeHHs aogu, 6yla npIrlyIIIeHa NloN,'Iusicrr

oK14cHeHHr aKBaKoMnJreKcin uaHraHy pearqifiuoaxruBHt4 Mu qacrLIHxauu, rxi 3'tBlltlorr'ct
sa anoAi sHacri.qox npoqecy po3KJIaAaHHt BoAI,I npl4 norenrlia,'rax >1+1,2 B (pH 1+5),

ro6ro pa.{ura,'rauu 'O- i 'OH.
florasaHo, u{o BBeAeHHq 4o ruyrpirunnoi xoopAlrnauifiuoi crpepu axBaKoMrIJIeKcy Mn'*

HeraTr,rBHo 3aptAXeHI4x liranAin IIpII3B6AI4T6 AO 3MeHIII9HHI CTaHAapTHorO 
^UOreHqiarry

pearuifi Mn2*- e -* Mn3* Tax, grqo y BIt[aAKy cylrQoaxraroNlnrexcie Aqu cranoaurr
0,19 B, ro Anfl aKpnJIarHI,Ix KoMlJIeKcin ua pisHtrIlx Aoctrae 0,92 B. fua aqerarnux ra
aKpurraTHr.rx aKBaKoMIIIeKcin ivanrauy npucyruicrr y nnytpiuruif KoopALIHaIIifiHifi cSepi

aKBaKoMrIJreKcin uaurany fiouin AC- qu Ak- Mae cyTTeBI,Ifi BnJIIIB Ha vexanisM ik
oKucHeHHt. 3aeAqrla BTUILIBy rap6ot<cnnr,noi rpynu ognoeler<tpouuufi nepexi4

Mn2*-- Mnj ni46ynaerucr npu norenqialax, KoJII{ na ererrpo4i nerr,lae npogyr<iie

eJreKTpooKlIcHeHHs MOTIeKyJI BOAlr.
rferneprnft porAi,r npucBtqeHl4fi . pe3ynl,raraM AocIiAxeHHt riHernquux

3aKoHoMipHocrefi eJIeKrpooK[cHeHHt Mn'*-fioHis B po3qlauax pisnoro cKIIaAy. flora:ano,
ulo nonrpr43arlifiHi sareNuocri, rrauipxni B rlepxJloparunx i cynr$a'nrrx elerrpolirax,
noAi$Hi uiN co6oro i uegnaqso nigpi:rurorucr Jru re BeJIIrtII4Horo ano,qnoi noJltpx3allii. B

o6ox nuuarxax norenqiaa fioirarxy eneKTpooKl,IcHenns Mn'*-fionis cnieei,qHo crtrbQs. s

noreHuiaJroM pear<uii oKr4cHeHHr soAr,r. Y cyxyunocri 3 p$ynbraraMfi xeaHroso-xiN.ri'IHI,Ix

po3paxyHKiB rrpgnyqeHo, u1o aHOAHe oKIzcHeHHt o4nopi4ulzx axeaXoN.{nfleKcis

[Mn(H2O)6]2* ra ii cynr$otairaiuennx $opru I o6lacri noreHlliariB 1+1,5 B
rAificurcerrcs npo[yKraMl4 eneKrpooKlzcHenHt MoJIeKyJI soAI'I 'OH ra'O-, npu lrboMy y
npucyruocri y uryrpiuruifi KoopAr.rHarrifiHifi cSepi aKBaKoMrIrIeKcin rraanrauy fionis SO+"-

a6o HSOa- nocna6lrce6cr 3B'r3oK MOJreKyJr BoAr.r 3 ueHTpaJrbHrrM aTOMoM, UIO 36irburye

uBl4.qKicrb xir',ri.rHoi craaii ii ranaiueunq Ha 'OH ", '$- pagr'rranu. Hagsgicrb peaKllii

xirviquoi esaexaoAii tcoN.rrl-lnexcis : .OH qu 'O- pagraxa:rarr,rfi npotBJltBct n cneqrz$iuHzx

$opruax Uuxliqnux noJItpI43aIIifiHLIx 3aJlexqocrei e pesynrrari roro, ulo noqarKy

xprzcrari:aUii ocaAy, 3AarHoro eiAHonrlloBar ct B KaroAHoMy quxli, nepe4ynrr
ynoninlueui craAii fiAporisy i 4eri4paraqii. CnircraBJIeHHt norenqianis ocaAXeHHt

MnO* B arlerarHoMy po:vr.rui si cragAaprHr4M oKr,rcHo-BiAHoBHr,rM norenqiarou

MoHoauerarHux aKBaKoMnJrexcin vaHrany csiAqu.ro upo flpeBanloranru rraexanisuy

nptMoro eJIeKTpooKI4cHeusr Mn'*-ftonir y crnaAi qux ronauexcin.
Y n'lro*ry porgi.li rroKa3auo, I]Io +a3oBr,rfi cKJraA ra Mopoorofit otpuuauux nlieor

MnO. sanexl.rrt eig reunep urypv, . nprz rxifi 
. 
nonr.r $oprr,ryBaJrr,rcb: g niae uleHHrla

reMneparypH crpyKTypa nniBoK 3MiHloerrcr ni4 auopQnoi 4o no-nixpzcraliquoi ra
:vinroetucg c iBBiaHoueHnr Soprra Mn3*,A4n4* Ha Kopl4crb cnolyr Mn3*.

Kara,rirr,rqsi sracrusocri nnieor Mno* AocniANyearucs Ha nPI,rKnaAi peaKqii

OKI4CHeHHI FJtloKO3Ii; BCTaHOBJI9HO, UIO ii rara-lirt,trlHa axrusHiCrr niAnocnO ,peaxqifi S

lepeHocoM oKcl4feHy 3anexl4rb siA cnisniAgoulegqt BMicry B Ht4X cIIoJryK Mn" i Mn"-. 3

unprnutno.o enerrponiry orpurrlani qinsni uoxpUrrr MnO" npolr'ruc:roni nnnpo6ynaunr

,*rx non*-n, ulo qi n,risKra, uaueceni Ha cTareBy ocHoBy, e.uarui alrpzMyBaTl4

AOBfOTpUBaJIe eJIeKTpI4qHe HaBaHTaXeHHt B KOTJIaX flptMoro HafplBy TenJIOHOCI'

gu inuuv ereKTpI4t{HI4M crpyMoM'

.{r.rceprauifina po6ora 3aBeprly€rbcr BrrcHoBKaMIt, B fiKl{x y3araJlbHeHo orplzMaHi

pe3yJrbTarl4, Ta Mlcrl4rb 3 AoAarxu: axr BnpoBaA)IieHHt pe3yJ16rarie AucepraqifiHoi'

po6otr, niAon/locri uloAo npoMrzcJroBoro Br,{Kopr4craHHs erexrpogir Fe/MnOn B



ereKTp rlHnx Korrax (EHeprig> i inurux o6'exrax, a raKox crltcoK rry6nixaqifi 3a reMolo

4raceprauii.
,llo auceprauifinoi po6oru e rarci raynaxeHnR:

l . He Aocurs o6rpylrroaano ru6ip nporparvru GAMESS ArIt po3paxyHKy cKiIaAHI4x

pearcuifi, Ae e erreKrpoxiNri.rHi craAii. Y uporpaui GAMESS pealirooanzfi rinsxz
MeroA nptMoro uouryKy nepexi4noro crauy TS, xova iorye, HanpI{KJIaA' [porpaMa
Gaussian 03, e sKifi pearl,I3oBaHo rpll MeroAn Ant nouyKy nepexi4noro crauy: TS

ra MeroAbr KBaAparr4qHofo cllHxpoHHoro rparl3l4ra (QST2 u QST3).9n se e

nporpaMMa GAMESS 3aHaAro crlpo[IeHoro AJI' BI4'BJIeHHx oxperuzx cra4ifi
ereKTpooKI4cHeHHq xarioHis Mn" Ta BIr3HaqeHHt rraexauisuy, 3a ffKI4M nepe6irae

peaKuit eJIeKTpoocaA)I(eHHr MnO2 ? 
^

2. V posaini 3 posu*ryro eJIeKTpooKI'IcHesns Mn"-fioua y cKnaAi oAnopiAuoro

aKBaKoMrIJIeKcy Ao craHy Mn'*, Arq 'roro 6ynr't pospaxoaani euepneruuHi

xapaKrepl4crl4Krl KrlacrepiB cKrla{y [Mn(HzO)"] 't (HrO)o-" npu z=+2, *3, olnar ne

norcHeHo, sxi suxiAHi Beruqr4Hu 6yttu saK.na,4eHi [pr4 o6.{racreHHi rlr4x

xapaKTep crr4x. llpu rnrnaueuHi enepreruqHHX xapaKTepucrl4K iuru rx xoMnrexcis

MaHraHy raKox AoIri:uro 6yno 6 6inru AeraJIbHo oIII4carIz npolleAypy

pospaxynr<in..

3. Ha puc.3.4 ne norasani niuii ss'ssKis y rorranlerci. CreepANyerrcg, utro iou SO+'- i
TpI4 MoJIeKynI{ BoAI4 po3TarlroBylorbcs no ernaropialbHl.'Ix 3B'f3Kax' upl4 I{boMy

nu:rue cyft$ar-fiona npu3BoAl4rb ao ae$opn'laqii xnaapara, ulo He tcHo 3 pHcyHKa'

Kpiv uroro, Ha AetKln< plrcyHKax (3.5,3.7,3-8 ' 3.9, 3.10) raKox He sci se's:lc4

nporeMoHcrpoeaHo, ig-ga qoro crpyKrypa xounlexcin ne opo:yrrai,ra

4. 3 orpnrr,1anflx y Ar4cepraqii excnepuveHTaJrbHi4x ra reoperuquux. Pesylrrarir
aBTopKoIo 3anpo[oHoBaHo vrexaniglra eJreKTpooKI4cHeHHt iouis Mn'- y
nepxJloparHl4x ra cym,$arurx po3tII'IHax sa yracri paAflxanie 'O- a6o 'OH, ,,{nx

niarsepANeHHt uboro tuexauistuy 6aNaso 6yno 6 npoBecrlr po3paxyHoK

silnoeiAHocri eKcnepHMeHraJIbHo nranripruoi IIlinrnocri crpyMy

enerflpooKr4cHeHHfl 3 TeopeTr4rrHo Mo)KnI4BOrO 3a rIpOtIoHoBaHoFo cxeMolo

peaxuifi
5. y AHceprarlil crBepAlnyerbcfl, rqo KlHerI,Ir{Hl 3aKoHoMlpHocrl aHoAHI{x

eneKTpoxiN,ri.ruux peaxqifr 3a yr{acrro cynrsoaKBaKoMnreKcie MaHraHy, srci

npncyrui B cynn$arHnx eneKrporilax, noli6si ao orpHMaHHX B repxnoparHl'Ix

po3r{HHax. Ane Qopnra ronflpusarlifiHoT xpranoT trnr uI,IX eneKrponiris rpH

uoresuiali peBepcy , xxuft repeBuulye noreuuiar MaKcI,IMyMy aHoAHoro nixy

(aHaroriqHo puc.4,7 6.), y AaHoMy BHilaAKy He BI43Har{ anrac.b. Atts 6inlur

AeraJrbHoro Br,rBqeHHfl ur4x npouecie B cynr$arHnx eneKTpplitax, a raKolK B

arlerarHvrx ra aKpnnarHr4x erreKrporirax 6axaso 6yno 6 raxox BH3Har{r4Tvr Qop*y
ronflpg:ar tifisoi xpranol B 3aJrexHocri eia rloreHuiany peBepcy ra AocliAnrra

rroreHlriocrarnqni i, 7-3a[ex(nocri.
6, y Ar4ceprarliT roKa3aHo, rr1o ilpr4 :ueHruesui reMIIep arypv eneKrpoocaAxeHHs

sNaiuroerbcfl cninnilHo[reHHfl Soprur Mn3*/Mn4* Ha Kopl4crb cronyK Mn'*, oAHaK

ilpur{r4Hr4 uboro rBr4rrla He noflcneui. llpra IIboMy xaralirn'IHi BJIacrHBocri nrisox

MnO* niAgocso peaxqifi 3 rrepeHocoM oKcnreHy 3zuIexaJII4 si,A cnisnilHolueHHr

eN,ricrv B Hr.rx cnorryK Mn3*i Mna* TaAocflraJwr MaKcHMyMy s ocaAi 3 x-l,895. r{orray
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3HaqeHHr x HaBeAeHo 3 TOTIHiCTIO AO 3-rO 3HaKy niCJUl KOMr,I, HaCKiJIbKI{ Ue

AocroBipHo, Ta tKa 6yJIa rorrHicrb eKc[epvMeHTy?
7. fitrx auerarHoro erexrponiry [pl,r reMnepar]?i 50 'C yrBopenHt ocaAin si

3Har{HuMr4 rpiuunaruu trotcH]oerbc{ 3a paxyuoK Toro, qo nlirxa ua6yaae

Br,rpaxeny xpucra-niuuy crpyKrypy, a raxox 3a paxyHoK :vinu vipll ri4parauii
(avicrorra npucrarisauifiHoi eoaz) n orcrzgi, fiKa 3aJrexvrb ni,q yrr,ron (foprrayeanna

ocaAy, 3oKpeMa, reMrleparypn enerrpoliry. He rposyrr,rin o, xxuir s qfix Mexani:Nais

nafi6inrru sipori.qHufi, ra .rr4 siAnarroBaJrr,rcb rli n.lrisKlr uicns ix eJIeKTpoocaAXeHHt.

8. fr< 6y.no rroKa3aHo n posgilrax 3 ra 5, rpusa,'reurunii MaHraH n elerrpoliruuuifi
ffierri MnO" noNe 6yru npracyrnii y nurnagi cronyKll [MnO(OH)(HrO)].
CreepANyeruct, uro MoAeJIIoBaHH{ eler<rpoxirr.riuuoi peaxuii oxuorenns qiei

MOJreKyJrr4 noKurzuro, ulo BoHa rroBLrHHa MaTr.r HaA3BLIqainO nraglxui onip, oAuax

HaBeAeHe y anceprauii rrotcuenHt 3 roqKI,I 3opy crpyKrypll MoJIeKynI4 He Aae

laoNrrlsocri rposynairlr ii nzsrxraft ouip.
O4Har, saneAeni 3ayBaxeHHr uisr< ne 3MeHrrryrorb nayronoi qinsocri qiei po6oru.

Ha rr,roro AyMKy, gzcepra{ifiuy po6ory flolraneqr B.B. napro oxapaxrepu3yBarlr tK
BvKoHaHe Ha HaJTeXHOMy HayKOBoMy pinUi tarepureHe, B Mexax noCTaBJIeIIoro 3aBAaHHt,

AocliANeHus, rKe 3a aKTya:nuicrrc. HoBH3Horo. o6csrou eKcneplIMeHTaJluttttx .uaHtx i

reopeTr4rrHr{x y3araJrbHeHb Ta [paKTr.rrrHoro gnaqurr,ricrto nosHicTo siAnosi,4ae BI,{MoraM

nn. 9, 11, 12 ,,Ilopr,uxy rpucyAxeHHf, Ha)'KoBI4x cryueuie", 3arBepAxeHoro flocraHonoro

Ka6iuery Miuicrpin Yxpainra Is567 nia 24 nunnx 2013 p', a ra1ox a|(rosiAae eciM

Br,rMoraM, rqo craBntTbcx ,{enaprauenrou arecraqii rcagpin Minicrepcrna ocniru i nayrn
Vxpaiuu .qo KaHA[aarcbKID( .4l{ceprarlifi, a ii aBrop, florraseqr Beponixa
Bolo4ulrupinna, 3acJryroBye npucyAxeHHfi HayKoBor-o cryneHrl KaHAIaAara xintivuttx Hayr

3a cneqiarbHicrro 02.00.05 - elrenrpoxitr,Iia.

3ani4ynaq sillirry enexrpoxinriT i SoroeneKrpoxinriT
HeMeraJliqHnx cucreM Iucruryry 3ar€LrlrHoi ra
HeopraHiquoi xivrii irvr. B.I. BepHa4r$om
HAH VxpaiHu,
AoKrop xin,ti.{FIIax HayK, npoSecop,
qreH-KopecnoHAeHr HAH Vrcpryu

, ", rri

fI ilnnc f . fl,. Kon 6 aco B a 3 acB i4r{y'Io';,,,.,,,.

B.{eHrafi ceKperap I3HX
inr. B.l. BepuaAcbKoro HAH Vxpalun,
KaHAHAaT xintiqHux HayK

f.,fl. Kon6acoe

I.C. Iuctox
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