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oQiqiftuoro orroueHra Ha Alaceprallifiny po6ory

Konolaifiqs BonoAHMrIpa MzxonafioBrlqa

< crpyrcryp a, eJreKTpo - Ta vrarnirop e3 H0TLTBHi nnacru socri

6araroruapoBrlx uninrosux crpyKryp H a ocHoni S eporvrarr.irnux

ueralin>>, [peAcTasneuoi na s4o6yrrf, HayKoBoro cTyrreHK)

KaHArIAara $isurco-MareMarllrlHllx HayK

sa cueqianuricrro 01.04.07 - Sisnxa rnepAoro rina

Anrya.rrnuicru reMI{ 4ucepraqii

y 4uceprarlifiHifi po6ori B.M. Konovrifiqf, rpoBeAeHi xotunleruri AocniANeuns

eJreMeHTHoro cKJraAy ra crpyKTypno-SasoBoro craHy unisKoeux spasrin i suf,nreHi

4errci saranrHi sarcouor\aipnocti BTIJII4By reMrleparyprl, po:rvripulo< eQercrin i

AoAarKoBLrx [poMixnux ruapin Ha eJIeKTpo- Ta uaruirope3l{crl'IBHi sracrueocri

Tplluaposux ulinroBl4x cucreM.

Eararoruaponi crpyKryprz, srci crna.qalorbcfl s Qeporr,rarni'rHux (OM) urapin,

pos4ineui siAHocHo roBcrr4Mr4 neuarnirHuMn GnvI) rrporuapKaMl,I' e oAHIIM ig

MoxJrr4Br{x eapiaHrin peanisaqii cucrevr, y sKI4x cuocrepiraerbcfl. trBI{Iqe fMO. -flx

rpouapKu rvriN QM urapaMr4 Br{Kopl,IcroBylorbcs tK ue Qeporurarnirsi uarepialu,

rax i 4ienerrpur<n. Aruy€LJrbHoro HayKoBoIo npo6leuoro 3€lJIHIIIaerbcfl' pospo6r<a

HoBrlx MeroAHK orpLrMaHHs 6ararourapoBllx nrieoK 3 HoBpIM Sa:onzu crnaAovr i

SynrqiouuurbHr4Mr{ Mo}KJrlrBocrtMI{, BcraHoBJIeHHt HoBux Sisnunnx .sBLIIq ra

no6yAona {ricHr,rx qlr reoperllrrHl4x laoAelefi Als ix olucaHHq. V gn'sgKy 3 I{rIM

4ocui4>reHna, gxi cnpruonaui Ha 6innu rnu6oxe posyrvriuHr NrexaHisNain

eJreKrporepeHeceHHr B 6ararourapoBl4x cklcreMax rLIrD/ OM/FII\{/@M

o6yuonnrcrorb aKryarnsicrn reMarI{KI{ Al{ceprallifiuoi po6otlr B.M. Kororraifiqs.

Tarnu qr4HoM, arryalrHicm ,4ocliANenr B.M. Koloruifiqs [oJltrae y

rrpoBe,4eHui erclepr4MeHTzrJrbuux i Teoperl{qHux AocniANeur BnnI,IBy pisuouaHirnux

Sarropin (renrueparypn, po3Mipunx e$ertin i r.sB. AoAarKoBnx npouill(Ht4x ruapie)

Ha eneKTpo- Ta rvraruirope3ucrl4BHi nracrusocri rpuruapoBl[x nnisroszx ct4creM B

yMoBax uporiraHux 4n$y:iftuux npoqecin i QaroyrnopeHlul B HIIX.

Po6ora Br{KoHaHa y ni4uonignocri is 4epxc6lo.emerHolo reMaruKolo Qisr.rxo-

MareMarHqHoro saxynrrery cyir,lcrKofo AeplKaBHofo rreAa

irvreni A.C. MarapeHKa, sKa Siuaucynauracfly nepio4 g 2010



3ararsua xapaKTepucrrrKa lxcepraqii

[tts BcraHoBJreHrr.t ropenxqii ivrix Qisuunurur rlpoqecaMu i

rprTruaponux urieKoBlrx cLIcreM AocniAxeno 4uSysifiHi rpoqecu

Sa:oeufi craH urierosux spa.sxin, BcraHoBneHo oco6nusocri

crpyKrypno-Sasoeoro craHy uninxoBl,Ix cl4creM Ha ocuosi Co, Cu (Ag) i Fe s ix

eneKTpo- i rvraruirope3r4crl4BHllMu BJracrllBocrflMvr., a raKo)K saxoHorvripuocri B

rroJrboBr4x 3€rrrelKHocrtx aHiaorponHoro uarsirooropy (AMO) Ta fMO Arrfl

neniAnareuux ra siAnaneHrlx :a pi:nux reMrleparyp nninronux clrcreM.

Po6ora BKJrroqae B ce6e Bcryrl, rr'trb pos4inin, BrrcHoBKI4, crrlrcoK

Br4KOpr{CTaHI{X A)Kep en.

Ilepwuil posdin <Crpyrcrypuo-Qasonuft craH ra {isr,r.rui sracrusocri

6ararouapoBlrx HaHoKpncrariqsux nrieoK) rrpeAcraBnre co6orc rpa4uqifiHrafi

nireparypnufi ousA, B sKoMy y3aranbneHi peryJlbrarrr 93 nireparypHrlx A)Kepel. B

orn.f,Ai upoauarisoeaHi pe3ynbraru siAoNaux reoperlrrrHrlrx i erccueplrMeHTaJrbHrrx

po6ir, ni4ouocri npo crpyKrypuo-Qasonufi crau, auQysifini,.elexrpoupori4ui ra

ruraruirope3klcrllBHi sracrueocri ABoruapoBHX Ta 6ararourapoBrlx HaHocrpyKTyp.

Oco6nueayBara npu4ineua crpyKrypuo-SasoBoMy craHy ra gu$ysifiurnrr,r rpoqecaM

y urirr<oBrax crrcreMax Ha ocHoBi nrinor Co, Cu i Fe, a raKo)K TeoperurrHraM

MoAerr-trM po3paxyHry TKO i ener<rponponi4nocri gnx ABorraponzx urinorc.

BJIaCTLIBOCTf,MH

ra crpyKrypHo'

B3aeMo3B'ggry

V dpyeoay posdini <<MeroAura i rexsira excuepllMeHry) orrr{caHi rr,reroAn i

MeroAr{Kr4 Ta rrpvilarosa 6asa, is suxopucraHHsM sKr4x

BucoKoMy naryyvri, [poBoAr4Jrr.rc{ AocriAxeuus

oTpr4MyBzrllrcr 3pa3Kr.r

enerrpoQiszquHx

uaruirope3ucrlrBHux BJIaerI{Boctefi, 4r.r$ysifiuux upoqecin ra rpncrzuriuuoi

crpyKTypIa. V si.quoniAuocri : Haup.aMoM.{ocJliANeur 6yta BAocKoHulJreHa MeroALrKa

orpr{MaHHs rpHIIrapoBI{x urinor 3 ToHKr4Mr4 AoAarKoB}rMu ruapaMr{, rxa 6asyemcr

Ha roqeprosifi nalcyyuuifr xoH4eucaqii uerarin i: 4nox He3aJrexHr,rx Axepel. Cnia

siAN{iruru, tqo, He ,4uBn-f,rrlrcb Ha 3acrocyBaHHt KnacuqHrlx rraeroAin AocliAxegr i

craHAaprHoro o6na4uauHa, ,qllcepraHT syrvrin Aoc.f,rrrd seruKoi roqHocri i

4ocronipuocri pe3ynbraris san,{sxu nucoxifi eKcrrepriMenralrnifi uaficTepHocTl.

Y mpemborvry posdini <KpHcraniuua crpyKTypa ra $a:onr.rfi cKJraA

6ararourapoBlax nnisoK) HaeeAeHi pe3yJlbrarli Br.rBqeHH.[ Qa:onoro cKJraAy ra

v
i



Kplrcranirruoi crpyKTypu rniBKoBI4x cucreM eJleKTpoHorpaSiuHzrrr MeroAoM,

Aocli.{NeHHr Meroaorur BIMC aH$y:ifinux npoqecin y minnax Ha ocHoBi Co, Cu, Fe

ra Cr, a raKo)r( 4ocni4NeHHt rorlonorii [oBepxoHr nninor<. 3orqpervra, HaBeAeHa

BeJrr{Ka rimricrr in$opvraqii croconno uapaMetpin peurirorc sr oAHornapoBprx, rar i

6araroruapoBrrx unisKosux cl{creM. Ha ocuoni sus.reHHt .qu$yrifiHr4x rrpoqecin y

Hesi,4uaneHrdx ra siAnaneHzx 3pa3Kax BcraHoBJIeni yuonn cra6irisaqii TBepALrx

posuuuin Ha ocHoBi ftff peuirru Co.

V qemlepmoMy posdini <Erexrpo$israuni sracrneocri 6ararourapoBux

uonircpucrariqHrax nrinox> lpeAcraBreni excneprlMeHT€ulrni pesynbrar]r crocoBHo

BrrnlrBy reMreparyp ui4rna4ru, repvroo6po6xra i nzrraiproBaHHf, Ta posrrripHzx

e$ercrin Ha nuroMufi ouip i TKO nnisronux crIcreM. Orpr,rrvraui pesylrrarr4 Anfl,

TKO cniecrasreHi is po3paxyHKoBI4MIiI Ha ocHosi naoAeni P.{irrarraixa, a AJr.s

rrlrroMoro onopy - is pospaxyHKoBI,IMIl Ha ocsoni uogu$irconanoi uoAeni Mairagaca

i lllaqr<eca. Y 3ayBaxeHuxx 6yAe niArr,riqeua refl:ra HeKopeKTnicm ArrcepraHra )

Bt4 Koprr cranni nras alrtux nao4enefi .

II'nmuil posdin <MarHiropesucrunHi sracrnsocri rpzruapoBr,rx

nolixpucrari.{Hlrx urinor>> upucexueunfi 4ocri4NeHHrc eQerrin AMO i fMO

rpr4rrrapoBux uinxonux crlcreMax Co/Cu(Ag)/Fe ra Co/Cu/Co 3 AoAarKoBr.rMLr

rrrapaMrr Fe, Ni i Cr. y I{boMy xt poe4ini nane4eHi peynbrarr{ anpo6aqii

cuisniAuorrreHHr, rKe orrucye BenI,IqLIHy auisorpouii fMO, i ycrauoBJreHo, rqo

po:paxyuroni i er<cnepnvenramsi 3HaqeHHs auiaorponii lns 4pyroi nnisKosoi

cncreMr4 s6iraromcr 3 ToqHicuo to 20Yo.

3nafioucrno is pe3yJrbraraMlr rperboro-il'.sroro pos4irin Aosnonre cQopMyBarrl

rroJroxreHux, n<i Bu3Harlarorb HayKoBy IIoBH3Hy Auceprarlii:

1. [ocni4]Keur{fl upoqecin QasoyrnopeHr{r y rprruapoBux urisrosux cr{creMax ig

r.3B. AoAarKoBprMrr ruapaMl4 Ao3BoJIIIIITI ycraHoBrtTrr yMoBr,r cra6irisaqii rnepgnx

posvraHin Ni, Fe, Cu sa ouroBi fI{K-Co.

2. Vueprue crocrepiranocr 3HI4KHeHHx eQer<ry fMO s urisxosifi cncreui Co/Cu/Fe

rrprr KoH,{eucaqii AoAarKoBoro llrapy rrtiN uninxavru Co i Cu.

3. Bnepure BcraHoBreui yr,toBl4 rlepexoay nia eQer<ry fMO ao AMO y nlinxonux

clrcreMax Ha ocHoBi Co i Cu.



flparcru.rHe 3narrenHfl pe3y.rsraris po6orn i penorvlenAauii rqolo i.x

BrrKopHcraHHtr

llpagrauua qinnicm po6orn B.M. Kolorraifiqs rloJlflrae B ToMy, Iqo qi

pe3ynbrarLr po3rrruprororb ra uoruH6morotr posyuinnx Qirnunnx upoqecie B

urisrosux vrarepianax i uoxyrr, 6yru BI,IKopI{craHi upu crBopeHHi cniu-rrtarraHHllx

crpyKTyp ra ceHcopis N,IarHirHoro noJlf,.

Perylrrarz AocliAxenr B.M. Kononrifiqs Mo)Kyrb 6yru ar.rrcopncrani B

la6oparopirx BH3 ra pi:unx ni.qupueucru (HHI{ ((XOTI>, HTy (X[II), XHy

irvreni B.H. Kapasiua, Iucruryr MarHeru3uy HAH Yrpaiuu, Incrnryr rvreralo$i3l4Kl,I

HAH Yrpainr,r ra iu.).

Ocuonni pe3ynbrarn 4ucepraqii npofirunu IIrHpoKy aupo6aqiro Ha

MixuapoAHrrx HayKoBrax rouQepenuiax i e 6inrurocri csoifi orry6nir<onaui y

vrixHapo4Hlrx )KypHaJrax, tr1o raKox xapaKrepvaye [paKTI{rIHy uinHicrr po6orz

flocronipHicrs pe3yJrbraris ra cryniun o6rpyuronauocri HayKoBIrx

IIOJIO?I(EHb

,{ocronipuicrt pe:ynmarin, rpe.{craBrleHl4x y Aucepralrifinifi po6ori B.M.

Konorvrifi qr, o6yuonneHa HacrytIHLIM :

BrrKoprrcral*fl, KoMrrJreKcy eKcrrepIdMeHTEUIbHrrx MeroAin AocniAxeHss, lqo

Ao3BoJrlrno orprrMarrr roperrni pe3ynbrarl4, srci y3roA)Kylorbcfl ig niAorvrnrvt

eKcrrepHMeHraJrbHr{Mu AaHr4Mr4 CTOCOBUO QaSoytbOpennr, 4uQysifiHl{x upoqecin,

TKO i fMO;

ocHosHi pe3ynbraru po6orra ony6nixonaHi y uponi.qnnx Saxonvx BLIAaHHflx

Yrcpaiuu i Aouoni.qarprab ua prgi rvriNHapo4uzx xoH{epenqifi.

Hayr<oni [oJro)r(eHHs i eucHoBKr{ AeraJIbHo o6rpynronaHi, ocrinrrn 6asylotrca

Ha BeJrr4Koruy o6'elai excnepr4MeHTaJIbHI,IX pe3ynrtatie ra po3paxyHKoBLIX Aanvrx.

3aynaxeHufl Ao podorn

1. llo ,qpyroMy posgiry poOoru MoxHa 3tr

HeAocratnoi o6lpyHToBaHocri nuxop vrQranlafl

:po6nru 3ayBa)KeHHfl crocoBHo

xr repuiny (AoAarKoni ruapu>>,

rar i ix neo6xiAHocri posuiqynatu a6o 6esnocepeAHbo rraiN ni.qrna4roro i



repurr4M urapoM, a6o sa iHrep$efici nepxnix urapin (reprvrinororis anropin).

-flr<rqo MoBa i4e rpo r.3B. cy6$aprarrui uaprr, gxi BlIKopHcToByIoTb pf,A

iurep$eficis i qe Aae MoxJrzeicrr 3acrocyBarrl TeopervrlHy MoAenr Hau6u, flKa

BpaxoBye BrrJrr.rB ruopcrKocri na eJleKTpouponi4nicru nlinorc, a6o srnaAurn ui

uropcrrocri Ha iHrepSefici i scraHoBuIT:a, sKrrM TII,IHoM cniH-galexne

po:circnaHnx elercrpouin Ha lrlopcrKocrtx BrIJIuBae Ha fMO. y AaHoMy

BLr[aAKy cKJraAaerbcr Bpax(eHH-rr, ulo AucepraHT ui.qifiuros Ao rIHTaHr{f,

3acrocyBar{Hr ,qoAarKoBr4x ruapin 3a [ptIHIII,IrIoM: 4o6anuvro ule oAI,IH ruap - i

rroALIBI4Moob, rIIo sufiAe.

Z. llo rperrouy i qerBeprolry pos4inavr cniA epo6ntu nacryuui 3ayBaxeHHfl:

- 6op*ym (4.2), crporo roBoplr, se niAnosiAae 6agoeifi Sopuyrli P.,{iurvrixa,

rrca 6yta orpr{MaHa Jrurue AJr{ ABoIuapoB}IX nlinox, a lpeAcraBlrfle co6oro

crpoueHuir vapialrr cuiseiAHorueHHt., x<uit 6yn rauporroHoBaHnfi n po6orax

cuinpo6irnvrin ra$e4pIa npLIKJIaAHoi Qisuru CytAY; HeMae nuenneuocti,

1qo uepexi4 sil ABo- Ao rpuuapoeoi cI4creMI{ sAificuroerrcs IursxoM

4o6anneuur TpeTboro AoAaIrKy, aualori'rHolo An-fl uep[Ioro a6o 4pyroro

napy, ocrilrru [plr raKoruy ni4xoAi a6conrorHo He BpaxoBylotrcs uoxnnni

uix<ruaponi nepexoAl4 eneKrponin;

- y r.38. ruo4usixonanifi iraoAeni MafiaAaca i IIIaqKeca (Soprr,rylu 1.4 i 1.5)

rrricrnrrcfl BeJrr4Ka rilnricrt HesiAoNaHX rlapaMerpis, TaKI,Ix ar irraonipuocri

A3epKaJrbHoro poscircnaunr enerrpouin Ha iurepSeficax ra sosHiurHix
' rpoxoAxeHHl eJI( rift uap 6esrroBepxHsx 3pa3Ka, truontputcrb upoxoA6eHHl eJIeKTpoHa y cycqH

po:cironaunx ra 4ra$ysifiuoro po:circnauHr Ha Me)Kax 3epeH, BeruquHl4

Cren Ko)r(Horo ruapy i r.u. Is rer<cry Allceprauii He soscivr sposyuilto, xrnu

rrrrHoM po3paxoByBaBafl. rleft senuqesHufi MacLIB [apaMerpin; r<pirr,r roro Y qux

Sopvrylax ni4cyrHifi rapaMerp 1.61, Xorlo qefi uapanaeTp Ant 2-ro i 3-ro urapin

lricrzrrcr y Sopuynax;

anropie (3.8.

upocni4xyerbc;t

Craqor 3.8. Ta

KoHKperHa iryes;

in., M. Mapruanex ra

3MeHrur{TrI uropcrricrs

iu.), ro raM

norepxni a6o

cliA rarcolK BKa3arr4 AerKy ueeSer<runnicrn rr,ro4uQironauoi uo4eri, ocrcilrxu

po3paxyHoK rlllToMofo oropy 3aBXAlI

5

flK nuiraipronaHH-fi, TaK



cynpoBoA)KyeTbc.s Benr{Koro iloxr46Koro ) flKa 3aKnaAeHa y ToqHocTi

Br43HaqeHHr roBuIHHIr; KpiM roro cuiBai4noruenua 1.4 i 1.5 sanucalai Atrx

BLrrraAKy, KoJr?I BeJIkItII,IHa ToBIIILIHa oKpeMux uapin sa6araro 6inrrua sa

CltrfI AaHofo uapy, a B ra6nraqi 4.3 naneAeni .qani Anfl TpuuapoBr{x

nrisrcoeux cucreM, ToBITII{Ha oKpeMI4x ruapin B f,Kt4x 3HaxoAr4Tbcq s Nlexax 5

- 30 HM, rIIo Moxe 6yrw flK MeHIrIe, TaK i oAnoro [opf,AKy 3 BeJrurrlrHoro

cABrr.
3. Kpivr roro MolKHa epo6urH 3ayBa)KeHHf, TaKoro xapaKTepy. B anropin nervrae

.rirKoi rr,rexi uix uouflTr.rrMlr MO, |MPE i fMO, qo He crrpu{e .rirKoMy

po:ynriuurc pe3ynbrarin i nucnonrin po6orn; in4er<caqix, xxy Br{KopucroBye

aBrop ne sonciNa yftaJra, HanpHKJIaA, ela-coi aor"(crop.6 anropeQepary).

4. He sosciM rIpaBI4JIbHo oSoprvrnensi uocuJraHHr ua nireparypHi AxepeJra.

Haupzrna4, y tIocI{JraHHi [52] BKa3aHa Ha3Ba Bicnnra uosHicrro, ale 6es

3a3HaareHHs ftoro cepii, a y rocHnaHHi [70] Ha3Ba roro ]( BicHura

nprzBoAr4Tbcr B cKopoqeHoMy nnrur4i, xoqa is' 3a3HaqeHHrM Cepii.

flocuranur,149, 51, 59, 171] oQopvrneui uenipHo, ocrinrrn He BnKopucra:aa

a6peniarypa Nypuada.

3ara.nrnnfi nucrronorc

Brca:aui 3ayBaxeHHfl I-Ioctrb r{acruHHufi xaparrep i He BrrJrprBarorb Ha 3araJrbHy

no3I4rLIBHy oqinr<y 4ncepraqii B.M. Konorraifiqs. Bona rpeAcraBJrfle coOorc

3aBeprxeHy rlpaqro, e.sKifi rlpoBeAeHo KoMrureKcHe 4ocri4xeHHfl B3aeMHoro sn'xslcy

nriN crpyKrypuo-Sa:onuvr craHoM Ta eJIeKTpo-Ta uaruirope3ncruBHr,rMr4

Tpzuaponux urinr<oBr4x clrcreM Ha ocHoBi Co, Cu a6o Ag ra Fe.

[racepranr rlpoflBan ce6e raJIaHoBr4Tr{M eKcnepr4MeHTaropoM, srcnit nonoAie sr

cyqacur4Mu Mero,qaMu i nae:ro,{I{KaMu AocniANeHb, TaK i ik rpaxroBKr4 m uopinuflHlfl

3 TeOpeTLIrIHI4MI,t MOAen.f,MH.

OcuosHi pe3yJlbrarvr Atraepraqii nuxraAeui y 7-u xrypHaJrbHr4x crarrrx, l-ir

crarri y uarepizurax rou$epeuqii ra oKpeMux pos4inin y uouorpafiiunorry nu4auHi.

3a ar<ryanruicto o6pauoi TeMH, ximrcicrrc oAepxaHr{x HoBr{x pesylrrarin,

cryrleHeM o6lpynroeaHocri HayKoBHX [oJro)KeHb, nncnosKis i



p eKoMeHAaqifi , cS opMyJrboB aHI4x

3aAOBOJIbHte BLIMOTaM

4ucepraqii, a if aBrop,

y ,4uceprar1ii, ix 4octonipnicrro 4uceptaqir

Vrcpainra, u1o BucyBarorbct Ao KaHAI,I.qarcbKI{x

npr4cyA)KeHH{ fionry HayKoBoro cryneHs KaHAI{Aara $isnr<o-MareMarl,ttlHux HayK 3a

cneqialluicrro 01.04.07 - $isura upunagin, eileMeHTis i czcreM.

OOiqifiHIafi ononent

AeKaH Qarylrrery eneKTPoHlKu

inSopnaaqifiuax rexnolori

Cyrvrcrroro Aep)KaBHoro

A.Q.-nr.u., upoQecop
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Konorvrieqr Bono4utvrutp MuronafioBnrl, 3acJryroBye Ha

C.I. llpoueHKo

s iAqVn
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