
BrAryK
oQiqifiHoro orroHeHra Ha Ar{cepraqifiny po6ory

OrceHrcHa IsaHa IsaHoBr{qa

(BTOPT4HHA rOHHA MAC-CfrEKTpOMETprfl B3A€MOArI BOArrrO 3
II OBE PXHE IO IIAPLIAOyTB O PIOIOqnx C IIJIAB IB )

rIpeAcraBJIeHy Ha sAo6yrrt HayKoBoro cryrerrf, K€rrrAlrAara QisrrKo-MareMarlrqHr{x

HayK 3a cneqizurrHicno 0I.04.20 - Qisurca rrymiB 3aprAXeHr,D( qacrnHoK.

Anryalrnicrr po6orn.

Ha renepimnifi qac e aKTyaJIbHLrM HarrpaqroBauHr innosarlifiHux piureHr

AJIf, pezurisaqii roHqeuqii eHeprerr{qHoro repexoAy. B qrouy HarprMKy oco6rurse

rraicrle o6ifirraarorb rexHolorii BI{KopIacraHHf, BoAHro flK BTopr{HHoro eHeprouocir.

3saxaJoqrl Ha 6inru BHcoKy naprictb BoAHro nopiBrrflHo s iH[ruMrr nepBr.rHHr{Mrir

eHeproHocisNdl,I peHTa6emHicrr fioro BlrKopncraHHr n nigcyMKoBoMy JraHrlrcxffiy

TexHoJlori'IHoro npoqecy Moxe 6ytll Aoctrl{yra 3a paxyHoK 6inru eKoHoMi.rHax

cnoco6in tpaucropryBaHrrfl, HaKorrr{qeuHr ra s6epirauHs. I{i rpn oreparlii e e

leBHlrx BlrrlaAKax B3aeMonos's3aulrMlr. OcnonHlrMri rroKa3HlrKaMH upu oqinqi

cnoco6is s6epirannr BoAHro e cninni4HorrreHHr fioro Macu ra Macri

HaKorll{tryBaqa, o6'eMy, a6comorHl{x 3Har{eHb MacI{ ra o6'euy, rcilsxocri qnruin

HaKorll{rreHHf,-ua4ineHnx, BeJII,IITLIHI,I BTpar npormoM s6epirannx 3 6esyrr,roBHtlM

ypaxyBaHHflM qHnHurcig 6egnercu s6epiraHHt. I 3a rIr{M roK€r3HHKoM

MeraJlori4pu4n e qinxonn KoHKypeHTHIIM crroJryKaMpr cniecrasHlrMr{ si

s6epirarurflM BoAHro B r€Bono4i6noMy crani uia rLrcKoM, a6o y spi4xeHoMy craHi.

Iuuruu noKuI3HlrKoM e naacosufi Ta o6'eunufi 3arracu eneprii, rure ryr BoAeHb

icrorno rocrynaerbcfl TpaAldllifinnrra eHepronocisNd. YlocKoHaJreHHr rexHoJrorifi

cI{HT$y MeraJIo ri4pu4in notpe6ye posyrraiHHr 6asosux ocHoB Ta

3aKoHorvripHocrefi ix sgaervroaii 3 BoAHeM Ta cyuyrHirvrn rexHoJrori.rHr,rMu r€B€rMLr.

Irfl Ilboro BTopI{HHa ioHua Mac-cneKTpoMerpia Br,rAaerbcr oAHr,rM 3

nepcneKTLIBHLIx iHcrpyuentie, lrnfi Ao3Bor.f,e no aroMapHo BlrBrrarrir eJreMeHrHufi

ra Qasosufi cKJIaA npllnoBepxHeBr{x ruapis N,reraro ri4praAHr{x rraarepianie ra ix
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cronyK 3 BoAHeM, rrlo yrBoprororbcfl B iHxy6arlifiHifi craaii Hacr4qeHHr. Tanuv

rlIHoM, aKTy€usHicrr po6orn He BHKJTHKae xoAHoro cyMHi"y.

Po6ora BHKoHaHa sri4Ho HayKoBrrx uranin opraHisarlii - nricqs Br{KoHaHHr,

npo Iqo cnilqllrb niguonilHrafi pos4in Ar,rceprarlii ra aBrope$epary.

B nepuroMy pos4iri rpoaHaJrisosaHo SisrauHi ruexauigun ra 3aKoHonaipHocri

flBlrlqa BTopI{Hnoi ioHHoi enaicii, 3oKpeMa, 3aJrexHicrr roeQiqienra po3nr{JreHHf,

eia xapaKTepplcraK rracuHoK, reorvrerpii rroJrf, Br{[poMinronanna, oco6msocrefi

6y4onn ra xirrairlHoro cKnaAy rr,riueni. PosrrsHyro pexrrMlr po3nnJreHHr: pexlrM

oA[HotlHofo nu6ranaHu.a, pexr{M rinifiHux racraAie ra nirosnfi pe}KHM, xni

xapaKTepu3ylorbct sricHo si.qNdiHHr{Mr.r inreucuBHocrflM}r paaiarlifino-

crl{MynboBaHoro pyxy aroNris vrirueni. 3asHa.reHo Ha Heo6xiaHicrb ypaxyBaHHfl

npoqecin uo4IaQirallii uonepxui 3oHAyroqu Mpr ioHarrau, rlo uplr3BoAr,rrr4Me Ao

sNIiHIa B npoqeci ercnep[MeHTaJrbHoro AocriA]KeHHr TTepBHHHHX BJracr]rsocrefi

spasrin. Clia 3a3Harrl{ru, ulo Aplcepraqifina po6ora uicrum Herr.rnoBo 6araro

rloclaJlanr (372 ltxepena 3 BJIacHLrMlr po6orarvrn), pasoM 3 TLIM BoHr.r oxolJrrororb

IxlrpoKr{fi .raconufi Aiau€r3oH B ToMy .rucri po6orn nicls 2020 poKy.

y Apyrolry pos4ini orlrcaHo ycraHoBKy AJrf, nropuuuoi ioHHoi Mac-

cneKrponaerpii. 3nepme yBary Te, rrlo .qucepraHT BraKoHaB 3 po6oru 3 iT

yAocKoH€LlIeHHfl Ta ocfracHeHHr, r{o, 3oKpeMa, Aarro MoxJrusicrr oAep)KyBarr.r

.qani B qnQponifi $opui. BupirueHo upo6nenny ni4orpeMJreHHn B npoAyKrax

nroplaHnoi erraicii repBlrHHLIX cronyK si4 TLIX, tqo 6yln yrnopeHi nnacli4or

rvro4rES ircyro.roi lii 3oHAyroqo ro io suo ro rfr Ka.

B rperboMy po3aili tlpoBeAeHo cncreuui AocriAlKeHHfl 3aKoHorr,ripHocrefi

BlrxoAy ionig BTopLrHHoi euicii s roMy .rprcri BoAeHb uicrrcux pisnoi 3apflAHocri

ni4 repMoAlrHaMi'rHux yllroB - TeMrreparyprd HacurreHHfl BoAHeM Ta rlrcKy. 3ao6yri

AaHl Aarorb MoIKJII'Isictr BHBrIarIa inxy6aqifiHy cmAirc B3aeMolii eo4Hro 3 Mer€uro

rlApI{AoM Ta BcraHoBJIIoBarLI poJlb Qasonoro cKnaAy y s4aruocri yrBoproBarlr

croJIyKlI 3 BoAHeM. llponeAeHo nopinnsHHt 3aJlexHocrefi iHreHcnsnocri enricii

BTopI{HHI{x ioHis eia napqianbHoro rLIcKy BoAHro B Harraepi 3pa3Ka rpu pisHux

3HaqeHH-f,x rycTLrHId crpyMy [epBHHHrrx ionis. BHsHa.reHo 3€urexHocri



inrencusHocri erraicii HeTaTHBHHX Ta no3HTHBHrlx BTopHHHHX ionis si4

TeMneparypu 3pa3Ka rIpH niAnuuleHoMy napqialbHoMy rgcKy BoAHro B rarr,repi

3p€BKa. ,{ocli4xeHrrf, rlpoBeAeni si 3pa3KaMrr cronyr TiFe, 2ry7.7Tia.7Mn2s.2Fa37.4,

Zr(Y s.TsFeo.zs) 2,Zr2Fe, Zr65Y:oTis, LaNi5.

B qerseproMy pos4iri 3anponoHoBaHo MareMarr{rrHy MoAeJrb, f,Ka BpaxoBye

nepe6ir KoMnJIeKcy npoqecis nosepxHeBoro ra o6'eunoro HaKorrgrreHHr BoAHrc a

raKo)I( fioro 4ecop6qii i nose4iHru ni4 4iero iounoro nfrKa. O4epxaHi

pe3yJlbrarl'I po3pDryHKy cniscraBJlf,Jlucb 3 eKcnepI,IMeHTaJrbHr,rMr.r p$ynbraraMr.r

Ta 6yna rroKa3aHa ix 4o6pa y3ro&Keuicm. BcrasoBJreHo BrrJrHB npoqecin

yrBopeHHt, 4ecop6qii a6o iosHoro po3rII,IJIeHHt cnonyK 3 BoAHeM Ha crpyM erraicii

BoAeHb uictrnx BTopLTHHLIX ioHin rlpla pisnux reMrreparypax spasrin ra rpr4

pisnux BeJlprquH€x ni4nuqeHoro uapqialbHofo rr4cKy BoAHro y rarrnepi.

y r'troMy pos4ili BcraHoBJreHo 3aKoHonaipnocri BrrJrktBy KrrcHro Ha snxiA

BTOpI'IHHI'IX ioHis si curany LaNi5 nopiBHflHo 3 BrrJrHBoM BoAHro. BngnaqeHo, rqo

BTopHHHa enaicis ionin LanNin.'Ok. ui4 BTIJIIIBoM KLtcHro 3aJrexr4Tb sia gnain

irr'ronipHocri ionisaqii m sNdiH ni4nomeHHr rrr4cra aroMis KHcHK) Ao r{ucra aroNais

Mer€uly y cKnaAi uonepxHesoi crpyKrypl{. O4epxaHo 3aJrexHocri iHreucusHocri

erraicii KJracrepHlrx BTopI{HHltx ionis Hiremo ni4 naprlizurrnoro rr.rcKy Kr4cHro ra
BoAHIo otpnuaui npu nnnriproBaHH.f,x si 3pa3KoM uixemo. ErcuepHMeHTaJrbHo

Blr3HarreHo 3€IJre)KHocri iHrencusHocri enaicii no3r,rrrrBHrlrx BTopr{HHHX ionis 3

uireleu sia napqianbHoro TIdcKy KI{cHIo Ta 3€ure)KHocri sia qacy po3nr,rJreHHs

uicr-f, eKcno3Iaqii 3pa3Ka LaNi5 y rcncui. Pesylrrarlr e Ba)KJrlrBr{MLr AJrfl

npaKTl{rrHoro B}IKopI{craHHt MeraJro ri4pu4in, ocrcilrru yrBoprosaHi rr,rcgeei

cnonyKl'I e [epelrrKoAoro AJII [poqecis HaHorruqeHHr ra nu4iJreHHs BoAHro

OorpynronaHicrb i 4ocronipnicrb HayrcoBrrx noJrorceHb, BHcHoBnin ra
peKoMenAaqifi.

3acTocoeaHi

paaiaqifinoi

4o6pe anpo6osaHi

fitn AoctrHeHI{[ nocraBleHoi MerLI m nnpirreHHr ni4uoni.qHnx 3aAarr 6ynu

eKc[epr,rMeHT€urbHl MeroAra AocnilxeHHf, 3

nyrrcin 3apflA)KeHr{x qacruHoK. 3acrocoeaHiQisunn ra Qisnru



aHaJnrrrrrHi MeroAH po3paxyHKy ra MeroAH o6po6ru eKcrreplrMeHT€urbHrax AaHI{x,

uto nilrBeppKye Aocronipnicrs sAo6yrr{x pe3ynbrarin.

Pesyrsrarlr po6orz ni4o6p€DreHo y 19 HayKoBLrx nparlflX, y roMy uuctri y 7

crarr.flx y cueqianisosaHrax HayKoBrax Br{AaHH.f,x, rqo inleKcyromcs Scopus ra 12

uarepizurur i re3a( AouosiAefi Ha HayKoBlrx roHQepeuqirx.

AnropeQepar Aocrrrb rorrHo niao6p€Drae guicr Arrceprarlii.

flparrnqHe 3HaqeHHtr po6orra rroJrf,rae y crnopeuHi HayKoBlrx ocHoB

ni4npaqK)BaHHr ra yAocKoH€L[eHHs rexHoJrorifi clrHTesy Merarro rigpu4nux

crroJryK Anfl norpe6 BoAHeBoi eHeprerr,rKr{.

3aynaxeHHfl Ao reKcry ra sMicry lncepraqii.

B xoai BlrBqeHHf, reKcry Aucepraqii 6ylo noNai.reno pflA ue4olirie:

1. He rposyvrino qoMy E,{pC ra CEM auanig rpoBoAlrBcs rilrru Arrs

cTIoJIyKLI Zr65Y3sTis, roAi tK B po6ori AocniA)KyBaJracb Hr{3Ka iuunx crroJryK i

BoHIa raK c€IMo MorJrr4 yrBoproBaru pisHonaanirni Sas". .flrculo x qlel

pisnorvraniruocti Sas He o.rircynamocb, To ue raK caMo cniA 6yno ni4rnepAprrlr

eKclepHMeHT€urbHo.

2. B po6ori galz[r]rJlocb ocropoHb n]rraHHs .f,KLrM rrr{HoM Ha pe3yJrbraru

AocniAlKeHb BTIJTIIB€ura rimricm quruin HaKorrqeHHfl-Aecop6qii no4Hro. AAxe y

6aratrox MeraJIo ri4pn4ie icnye npo6ueua BoAHeBoro oKpuxqeHHfl nicns uenHoi

rcimrocri uurcris.

3. B omglosifi qacrl{Hi po6oru cniA 6yro HaBecru uopinHrHHr MeroAy

ntopnHHoi ioHHoi Mac-cfleKTpoMerpii 3 inunun MeroAaMLr BlrBqeHHfl Mer€rJro

ri4pra4in, HaupHKnaA, rIo3I{Tpo Huoi an irinqqifi Hoi creKTpocrouii.

4. llo reKcry sycrpiuaerbcf, repnaiu (rycruHa crpyMy) ra <<rqimuicrr

crpyMP) AlrB. HarplIKJIaA crop. 67,72, 115. CniA 6yno 3yrrr{Hr,rrr4cb Ha.f,KoMocb

oAHoMy repnaiHi. Ha crop. 27 BXIaro el,Icrie <<npnfiuan 1r.racrb) roli f,K

rIpaBI{JIbHo <6pan fracrb). Ha crop. 82 Bxrdro cJroBo (MaJrroHoo roli f,K

rrpaBHJrbHO ((pr4 cyHop)

OAnan BKEBaHi HeAodru He 3HIDI(yrorb HayKoBo-rrpaKTu.rHoi qinHocri

BI4KoHaHoi 4IacepmqifiHoi po6oru i He BTIJII{B€trorb na fi rro3HTr{BHy oqinrcy.



BsaxaJo, rr1o B po6ori aupiureHo B€DKJr}rBy HayKoBy 34Aa.Iy crBopeHH.f,

HayKoBr,rx ocHoB 3acrocyBaHHr nropnHHoi ioHnoi Mac-cneKTpoMeryii AJtfl

Br{BqeHr{f, oco6lunocrefi 6y4onra MeraJrori4pra4in 3a pieHnx repMoAnHaIrai.rHI.D(

yMoB noqarKosoi cralii HacuqeHHfl BoAHeM. 3a Macrrrra6ona nupiureHoi npo6lenau,

gricflo rry6niraqifi, Hayronoi Ta npaKTlr.rHoi qiunocti, o6'ervry, oQopMJIeHHIo

Ancepraqifina po6om Oncenrcrca IsaHa IsaHosLHa eiAnosilae BLrMoraM

,{enaprarvreHTy arecrarlii raapis MOH YrpaiH}r Ao Arrceprarlifi KaHA}rAara HayK,

3oKpeMa nn. 9, 11, 12 <floprAKy npucy4>KeHHf, HayKoBr{x crynenis), a ii'aBTop

3acJryroBye npncyAxeHrrr fior"ry HayKoBoro cryrreHr KarrArrAara Qisuro-

MareMarlrrrHlrx HayK 3a creqlaJrbHlcrK) 01.04.20 Qisnrca rrymin 3apflAlreHprx

qACT}IHOK.

O$iqifinufi onoHeHr,

,{upemop IHcruryry
eJreKTpoQisHr" i paniaqifinnx rexrroJrorifi
HAH YrcpaiHn,
qreH-KopecnoHAeHr HAH VrcpaiHu

AoKTop rexni.rHr{x HayK,

KaHALrAar QisnKo-MareMarlrqHlrx HayK,
c.H.c. B.B. JIurnuHeHKo

O3, /2. z0z,
lli4nuc JIurer,rHeHKa B.B.

3ACBIAtIyIO

B.o. Bqenoro ceKperapr IHcrlrryry eJre

paaiaqifinrx rexHoJrorifi HAH Yrpai IIIaroe
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