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33)1,31.fi - BCTaHOBJieHHIO 3B' 5!3KY Heo.n:Hopi.n:HocTetl: KBa3iHH3bKOBHMipHHX CTPYKTYP rnapyBaTHX 

KpHCTarriB rpacl_:>eHy Ta .n:icerreHi.n:y Hio6i10 3 noBeL(iHKOIO i'xHix KBa3iqaCTHHHHX cne1<TpiB 

(erreKTpOHHHX Ta cpOHOHHHX), a TaKO)J( o6yMOBJieHHX UHMH cneKTpaMH cpi3Hl.[HHX BJiaCTHBOCTeH. 

BHBl.[eHHIO np05!BiB UHX oco6JIHBOCTeil: B TepMOL(HHaMiqHHX xapaKTepHCTHKax, mo 

cnocTepiraIOTbC5! eKcnep11MeHTaJibHO, 30KpeMa B TeMnepaTypHHX 3aJie?KHOCT5IX KOecpiuieHTiB 

TenrrOBOro p03llIHpeHH5! B3L(0B)J( pi3HHX KpHCTanorpacpiqHHX Hanp5!MKax. 

Crri.n: Bi.L(3Hal:JHTH, mo qepe3 q11crreHHi npaKTHl:JHO He3.n:orraHHi Tpy.n:Homi, 3 5!KHMH 

IlOB15!3aHe Ilp5!Me eKcnepHMeHTaJibHe BHMipIOBaHH51 erreKTpOHHHX Ta cpoHOHHHX cneKTpiB 

HaHOCHCTeM HetiTpOHorpacpiqHHMH, aKyCTHl.[HHMH i peHTfeHiBCbKHMH MeTOL(aMH, cyTTE:BO 

ni.n:B11myeTbC5! aKTYaJibHiCTb BJ1BqeHH5! np05!BlB oco6rrHBOCTetl: cpOHOHHHX cneKTpiB 

HaHOCTpyKTYP B THX KOJlHBaJihHHX xapaKTepHCTHKax, 51Ki ycnillIHO BHMipIOIOTbC5!, 30KpeMa, B 

HH3hKOTeMnepaTypHOi' TeTIJIO€MHOCTi Ta TeilJIOBOMY p03llIHpeHHi. B L(HCeprnuii' Ha OCHOBi 

no6y.n:oBaHHX p03paxyHKOBHX MOL(erreti, 5!Ki Bi.n:o6pa)J(yJOTh OCHOBHi xapaKTepHi oco6rrHBOCTi 

KBa3iqaCTHHHHX cneKTpiB Ta o6yMOBJieHi HHMH cpi311qHi xapaKTepHCTHKH, po3paxoBaHi Ta 

.n:eTarrbHO npoaHarri30BaHi JlOKaJihHi cneKTparrbHi rycTHHH aTOMiB OCHOBHOi' rpaTKH, a TaKO)J( 

.n:ecpeKTHHX aTOMiB Ta aTOMiB, mo 3HaXOL(5!TbC5! no6rr113y .n:ecpeKTiB, BH5!BJieHi YMOBH 

crn6irrhHOCTi po3rJ15!HYTHX cTpyKTyp. ToMy uirrKOM o6rpyHTOBaHo Mm1rna BBa)J<aTH, mo 

.n:11ceprnuiihrn po6orn EoH.n:ap5! LC. «Bnrr11B Heo.n:Hopi.n:HocTetl: 1<p11cTarril.[HOi' cTpyKTyp11 Ha 

erreKTpOHHi BJiaCTHBOCTi reKcaroHaJibHOi' MOL(HcpiKauii' L(HXaJibKOreHi.n:y Hio6iIO Ta rpcpetty», 

6e3yMOBHO, € 3K1)'3JlbHOIO HK 3 cl>YHD.3MfHT3JlbHOi', T3K i 3 npHKJl3}].HOIT01.fOK Jopy. 
Pe3yrrE>TaTH .n:ocrri.n:)KeHh, 51Ki rrpe.n:cTaBrreHi B m1cepTauiitHiit po6oTi, MaIOTh Ba)KJIHBe 

3Hal.[eHI-rn L(JI5! po3yMiHH5! MexaHi3MiB cpopMYBaHH5! KBa3il:JacnrnHH:X cneKTpiB HaHOCTpyKTYP 

Ha octtoBi rpacl_:>etty, a caMa .n:HceprnuiitHa po6orn EoH.n:ap5! J.C., 6e3yMOBHO, sin.nosi}].ac 
cneuiaJibHOCTi 01.04.07 - <l>bnKa TBepn.oro TiJia. 

TeMa L(HCeprnuitiHoi' po60TH Bi.n:rroBi.n:ae OCHOBHHM HaIIp5!MKaM p03BHTKY HayKH i 

TexHiKH Ha nepio.n: .no 2020 poKy (3aKOH YKpai'HH N22519-VI Bi.n 09.09.2010), a caMe n.l CT.3, 

<«l>yHL(aMeHTaJihHi HayKOBi .n:ocrri.n:)J<eHH5! 3 Hati6iJibllI Ba)J(JIHBHX npo6rreM p03BHTKY HayKOBO-
. . . . . . 

TeXHJl.[HOro, COUlaJihHO-eKOHOMll:JHOfO, cycmrrhHO-IlOJllTHl:JHOfO, JlIOL(ChKOro TIOTeHu1arry .[(J15! 

3a6e3neqeHH5! KOHKypeHTOCilpOMO)J<HOCTi YKpai'HH y CBiTi Ta CTarroro p03BHTKY cycnirrhCTBa i 

,nep)I<aBH». 

Bci pe3yJibTaTH OTpHMaHi L(HCepTaHTOM 3 BHKOpHCTaHH5!M .no6pe arrpo6oBaHHX 

eKcnepHMeHTaJihHHX MeTO.[(HK, a BCi po3paxyHKH 3a .[(OTIOMOfOIO cyqacHoro Ta Bi.nnosi.n:Horo 

06paH11M 3a.n:aqaM MaTeMaTwrnoro anapaTy. ToMy CTyniHh .nocrnBipHocTi Ta o6rpyHTOBairnCTi 

OCHOBHHX HayKOBHX IlOJlO)J<eHb Ta pe3yJihTaTiB .n11ceprnuii' He BHKJlHKae cyMHiBiB. 



HayKOBa HOBH3Ha: ABTOpOM .n11ceprnuii' OTpHMaHO HH3KY HOBHX Ta Ba)l{JlHBHX pe3y11hTaTiB, .no 

5IKHX B neprny qepry Heo6xi.nHo Bi.nHeCTH HaCTYTIHi. 

• B1rns11eHo i npoaHani3oBaHo aHoMani'i TeMnepaTypHoi' 3aJTe)l{HOCTI KoecpiuirnTiB 

niHiHHOro TeTIJlOBOro p03IIIHpeHH5I B3.[(0B)K pi3HHX Hanp5IMKiB: B rnapysaTHX KpHCTanax, 

ccpopMOBaHHX 5IK MOHOaTOMHHMH wapaMH, TaK i 6araTornapOBHMH «CeH.[(Bit.IaMH». 

• B113Hac.reHi TeMnepaTypHi iHTepsantt crn6inbHOCTi rpacpeHOBHX HaI-IOnnisoK 3 .necpeKTaMH 

pl3HOfO THTiy. 

• BcrnI-IOBneHo, mo «zig-zag»-rpaH11usr s rpacpeHi cnpH5I€ 36inbweHHI-O 3ace11eHH5I 

cpepMii'BCbKOro piBH5I. 

• Btt5IBJ1eHo 3pOCTaHH5I '-IHCJla eneKTpOHHHX CTaHiB no611113y piBH5! cDepMi B TOHKHX 

rpacpeHOBHX HaHonniBKax 3 .necpeI<TOM THITY «CXO.[(HHKa Ha TIOBepxHi». 

,[(Hceprnuitl:Ha po6orn CKJ1a.[(a€TbC5! 3 aHornuii', BCTyny, n'5!TH p03.ninis, BHCHOBKiB, CTIHCKY 

BHKOpHCTaHHX .[()l{epen. 3aranbHHH o6C5Ir po60TH CKJ1a.[(a€ 145 CTOpiHOK. BoHa MiCHITb 55 

pHCyttKi B, 3 rn61111ui Ta CTIHCOI< BHKOpHCTaHHX .[()Kepen 3 I 03 Hatl:MeHysaHb Ha 12 crnpiHKax. 

Y Bcryni no.naHo 3aranbHY xapaKTepttCTHKY po60T11, o6rpyHTOBaHo aKTYaJTbHiCTb npo611eM11, 

ccpopMyJlbOBaHi MeTa i OCHOBHi 3a.naqi .nocni.n)KeHb, BHCBiTJleHo HayKoBy HOBH3HY 3.[(06yTHX 

pe3y11bTaTiB. KpiM UhOro oxapaKTepH3oBaHo oco611cT11ti BHecoK 3.no6yBat.Ia, a TaKO>K np1rne.neHi 

.naHi npo anpo6aui1-0 i rry611iKaui1-0 MaTepianiB .nocni.n>KeHb rn CTPYKTYPY .n11ceprnuii'. Y BcTyrri 

TaKO)K Bi.U3Hat.IeHO 3B'5!30K po60TH 3 HayKOBHMH rrporpaMaMH Ta TeMaMH. 

Ilepmnn po3tdJI ««l>i3H"'IHi BJiaCTHBOCTi mapyaaTnx CTpyKTYP reKcarouaJibHO'i 
MOJJ.H<i>iKa1di' uixaJibKOreuiuy uio6iro Ta rpa<t>euy (JliTeparyp1-rnnorJIHJJ.)» np11cBsrt.Iett11if ,, 
y3aranbHeHHI-O ITOTO'IHHX pe3yJ1hTaTiB no BHBt.IeHHI-0 .[(BOX B11me3ra;:i:aHHX rpyn MaTepianiB, a 

TaKO)K crroco6aM Mo.n11cpiKaui1 1xHix snacTHBOCTeti. Bitt cKna.naE:ThC5! 3 Tpbox rri.np03.niniB. 

BpaxosyI-Ot.Itt, mo B .n11ceprnuii' LC. EoH.napsr HaBe;:i:eHo .nocrnTHhO Be1111Ky KiJThKiCTh 

niTepaTypHHX .[()Kepen, MO)KHa BBa>I<aTH, mo .[(HCepTaHT BOJ10.[(i€ cyqacHHM CTaHOM rrpo6neMH, 

BHKOHaB KpHTHt.IHHH aHani3 iCHyI-Ot.IHX .nopo6oK i o6rpyHTOBaHO BH6paB TeMy Ta OCHOBHi 

3aB.naHH5! csoro .nocni.n)l{eHHSI. 

Y niupo3JJ.iJii 1.1 tta.natta .nosi.nKosa ittcpopMauisr npo CTPYKTYPY rn eneKTpOHHi 

BJlaCTHBOCTi O.UHOIIIaposoro rpacpetty Ta rpacpeHOBHX MaTepianiB, a TaKO)K crroco611 MO.UHcpiKauii' 

i'xHix BJlaCTHBOCTeH (30KpeMa rrpH BllJlHBi 30BHillII-IbOro eneKTpHt.IHOro y HOpMaJTbHOMY .no 

TIOBepxHi). 

y niJJ.p03JJ.iJii 1.2 KOpOTKO orrncatti eneKTpOHHi BJiaCTHBOCTi .nicenetti.ny Hio6iI-O Ta 

oco61111BOCTi tl:oro KpHCTaJTit.IHOi' 6y.noBH y rropiBH5IHHi 3 rpacpeHOM. 

IIiJJ.p03JJ.iJI 1.3 npHCB5!t.Iett11tl: KopoTKOMY orn51.ny srr1111sy THCKY rn .necpeI<TiB 3 

o6ipsaHHMI1 3B'.Sl3KaMH Ha eneKTpOHHi Ta KOJlHBaJlbHi xapaKTepttCTHKH .nicenetti.ny Hio6iI-O B 

0611acTi HH3bKOTeMneparypHHX cpa30BHX rrepexo.nis. 

3 HaBe;:i:ettoro OfJ15!J1.Y niTepaTyp11 BI1TIJ1HBa€, mo He3Ba)KaI-Ot.IH Ha seJIHKY KlJlbKlCTb 

rry6niKauitl:, npHCB5!t.IeHHX rpacpeHOBHM Ta rpacpettorro.ni6HHM MaTepianaM, 3aJTHlllaI-OTbC5I 

He315!COBaHHMH TaKi rrpo611eM11: 

1) ecpeKTHBHiCTb onpoMiHeHH.SI IIIBH.UKHMH eneKTpOHaMH B cpopMyBaHHi HaHOCTPYKTyp; 

2) YMOBH crn6inbHOCTi HH3hKOBHMipHHX CTPYKTYP np11 Ha5IBHOCTi .necpeKTiB 3 o6ipsaHHMH 

3B1.Sl3KaMH; 



3) oco6mrnocTi eneKTpOH-c_l)OHOHHoi" B3a€Mo.nii" Ta MO)KmrniCTh BHHHI<HeHH5I B .naHHX crronyI<ax 
. . . 

Ha.nnpOBl.L(HI BJiaCTHBOCTI. 

ToMy .nernnhHHH aHani3 oco611HBOCTei1 c_l)oHOHHHX i eneI<TpOHHHX cneI<TpiB B rpac_l)eHOBHX 

rpa¢eHOIIO.L(i6HHX MaTepianax Ta BIIJIHB Ha HHX pi3HHX .ne¢eI<TiB € aI<TYMhHOIO rrpo6neMOIO. 

y 3B 1513KY 3 UHM, aBTOp ¢opMyJIIO€ Mery )lHCepTau:iHuol po60TH 51K KOMIIJieKCHe .nocni.L()KeHH5I 

2H-NbSe2 B o6nacTi HH3hKOTeMrrepaTypHHX cprooBHX nepexo.niB Ta aHani3 c_l)oHOHHHX H: 

eJieKTpOHHHX crreI<TpiB rpatjJeHOBHX MaTepianiB rrpH HMBHOCTi .netjJeKTiB 3 o6ipBaHHMH 

3B 1513KaMH. 

)];pyruu p03)liJ1 «MeTO)lHKa eKcnepHMCHT)' i po3paxyHKOBa MO)leJlb» npHCB5JqeHHH om1cy 

eKcrrepHMeHTMhHOro o6na.nHaHH5I, mo rrpoBe.L(eHiH 3 MeTOIO Bce6iqHoro BirnqeHH5I 3MiH 

TeMnepaTypHHX 3Me)KHOCTeH rrapaMeTpiB perniTKH rnapyBaTOro 2H-NbSe2, a TaKO)K OTIHCY 

po3paxyHKOBoi" Mo.neni. 3oKpeMa 

1) PeHTreHiBChKi .nocm.n)KeHH51 3pa3KIB 2H-NbSe2 rrp0Bo.n11n11c51 3a .uon0Moro10 

HH3hKOTeMrrepaTypHoi" peHTreHiBChKoi" .u11¢paKTOMeTpi"i, B iHTepBani TeMrrepaTyp 15 - 300K. 

IlpH UhOMY BHKOpHCTOByBaBC5I crreu1anhHO po3po6neHHM peHTreHiBChKHH Kp!OCTaT 

op11riHMhHOi" KOHCTpyKuii". 

2) CTPYKTYPHi .rrocni.u)KeHH5I 3pa3KiB 2H-NbSe2 rrp0Bo.n11n11c51 3a .non0Moro10 

HH3hKOTeMrrepaTypHo"i Hei1TpoHorpatjJi"i, B iHTepBani TeMrrepaTyp 1.5-60 K. 

3) ,1J,n51 i.ueHTHtjJiKaui"i OTpHMaHHX peHTrettorpaM 3acrncoByBanac51 crreuianhHa nporpaMa, B 51Kii1 

BHKOpHCTaHO MO.L(HtjJi1<aui10 KJiac11qH11x MeTO.niB o6po6KH peHTreHorpaM, mo po3paxoBaHa Ha 

BHKOpHCTaHH51 cyqaCHHX nepCOHMhHHX eneKTpOHHHX 06q11CJIIOBMhHHX MallIHH. 

y .naHiM po6oTi MO)KJIHBiCTh TaKOi" MO.L(Hcj,liKaui"i iJIIOCTpy€ThC5I Ha rrpHKna.ui pi3HHUeBoro 

Mern.uy flincotta. Y nporpaMHOMY 3a6e3neqeHHi .UJI5I ITEOM, mo peani3ye orrHcaHHM anropH:TM, 

rrepe.n6at.IeHa MO)KJIH:BiCTh Bi3yani3auii" pe3yJihTaTiB iH.L(HUHpOBaHH51 peHTreHorpaM (rnTpHX -

.uiarpaMa). 

4) EneKTporpatjJiqHi .nocni.U)KeHH5I B .uattiif po6oTi rrpoBO.L(HJIHC51 Ha eneKTpOHHOMy 

rrpocsiqysanhHOMY Mi1<poc1<orri JEM 1 OOC XII 3 rrpH:cKop10BanhHOIO Harrpyro10 100 KB i 

eneKTpOHHOMY MiKpoc1<orri JEOL 2000 FXII - 3 rrpHcKop10sanhHOIO ttarrpyro10 B 200 KB. 

B TpeTbOMY poJ)liJJi «TeMneparypui JaJJemuocTi KOJJHBaJJbHHX xapaKTepHCTHK )liceJJeui)ly 

uio6i10 i rpa<t>euooux MaTepiaJJiB» rrpe.ncrnsneHi pe3ynhTaTH CTPYKTYPHHX .uocnimKeHh 

rnapyBaTOro 2H-NbSe2 rn rrpose.neHo p03paxyHKH TeMrrepaTypHHX iHTepsanis crn6inhHOCTi 

.uocni.n)KyBam1x pet.J:OBHH (3oKpeMa, rpatjJeHosoro MOHornapy rn 6irpatjJetty 3 .necj,leKTaMH pi3Ho"i 

reoMeTpi"i), a TaKO)K rrpoattani3osatta crrocTepe)J<ysatta e1<crrepH:MeHTanhHO attoManhHa 

nose.niHKa KoetjJiuirnrn nittiifttoro TerrnoBoro po3rn11peHH5I (KflTP) a rnapysarnMy 2H-NbSe2. 

B UhOMY p03.L(iJii Ha OCHOBI eKcrrepHMeHTMhHHX .uam1x no .L(OCJil.L()J(eHHIO 

TeMrrepaTypHHX 3Me)J<HOCTeH rrapaMeTpiB perniTKH aHi30TpOIIHHX rnapyBaTHX CIIOJIYK 

rrpoaHani30BaHO oco6JIH:BOCTi tjJOHOHHHX rycTHH CTaHiB Ha.L(TOHKHX nniBOK .uiceneHi.ny Hio6i10 i 

rpatjJeHy scrnHosnetto, mo 3B'5130K MiHiMyMiB Ha TeMrrepaTypttHX 3ane)KHocrnx KflTP, 51Ki 

aKTHBHO BHB'-IaIOThC5I B eKcrrepH:MeHTi , i MaKCHMYMaMH Ha po3paxyttKOBHX 3Me)KHOCT5IX 

Bi.L(HOilleHh noxi,UHHX Bil( cepe.L(HhOKBa.npaTHl.J:HHX 3MimeHh .L(03BOJI5I€ o.nep)KyBaTH (a6o 

nepeBip5ITH) iHtjJOpMaui10 npo Mi)I<aTOMHi B3a€MO.Ui"i B CKJia.L(mIX, CHJihHO aHi30TpOITHHX 

1<pH:cTan1t.J:HHx cTpy1<Typax. Ha rri.ncrnsi attani3y TeMrrepaTypHHX 3ane)KHOCTeif 

cepe,UHhOKBa.npaTHl.J:HHX aMrrniTy.U KOJIHBaHh pi3HHX aTOMiB B HaIIp51MKy, HOpMMhHOMY .no 

rrnomH:HH IIJilBKH, BH3Haqem TeMnepaTypm IHTepsanH: crn6iJihHOCTi ITJIOCKOi" cpopMH 



p03rmrnyrn:x HattoyrnopeHb. 3oKpeMa, noKa3aHo, mo nrrocKa cpopMa 6irpacpeHy 3aJJHllla€TbC5I 

CTittKOIO a)K .uo KiMHaTHHX TeMnepaTyp. 

qeTBepTHH p03)liJI «BnJIHBnponDKHHX)le<j>e1niB Ha eJie1npOHHi BJiaCTHBOCTi rpa<j>eHOBHX 

HaHonJiiBOK» MlCTHTb pe3yJJhTanr .uocrri)l)KeHHH eneKTpOHHOro cneKTPY rpacpeHOBHX 

MaTepiarriB npH HaHBHOCTi .uecpeKTiB Ha rpaHHU:i. 

Y nepllloMy ni.up03.uirri npoaHarri3oBaHo 3MiHy eneKTpo1-rnoro cneKTpy rpacpeHosoro 

MOHOlllapy p03ipBaHoro B3)l0B)J< rriHii' «zig-zag». ,[(pyrnH: ni.upo3)liJI npHCB5J:LJeHO aHarri3y BilJIHBY 

.uecpeKTiB nmy «CXO.UHHI<a Ha noBepxHi» Ha erreKTpOHHi BrracnrnocTi 6irpacpeHy. 

B U:hOMY p03.uini noKa3aHo HacTynHe. 

1) <I>opMyBaHH5I rpaHHU:i <<Zig-zag» xiparrbHOCTi, mo 3HaXO)lHTbCH Ha )le5IKitt .uieJieKTpHqHiH 

ni.uKJia.uu:i rpacpeHOBOro MOHOlllapy npH3BO)lHTb .uo icTOTHOi' 3MiHH :H:oro erreKTpOHHOro cneKTpa 

no6!1H3Y piBH5I <I>epMi, a TaKO)J{ cneKTpa «KBa3i3rHHHHX» cpOHOHiB B qacTOTHOMY .uiana30Hi 

no6rrH3Y 3HaqeHH5I qacTOTH, 5IKe Bi.unoBi.uae rnqu:i K - nepllloi' 30HH EpirrrrIOeHa .. 

2) ,[(ecpeKT THITY «CXO)lHHKa Ha nosepxHi» B p03TallIOBaHOMY Ha 6y.Uh 5IKiH .uieJieKTpHqHiH 

ni,UKJia.uu:i 6irpacpeHi, e CTiHKHM HaHoyrnopeHH5IM, mo Mae HH3KY u:iKaBHX BJiaCTHBOCTeH. TaK, 

)lJJ5I CXO)lHHKH KOHcpirypau:i i' «zig-zag» JIOKaJJhHi rycnn-rn erreKTpOHHHX CTaHiB, mo 

Bi.unoBi.UaIOTh arnMaM ni.urpaTOK AI Ta BU (I Ta II HyMepyroTh lllapH 6irpacpeHy) MaIOTh rocTpi 

pe3oHaHcHi MaKCHMyMH nptt 3I-JaqeHH5IX eHeprii' no6rr113y ¢epMiBChKOro piBHH. Bi.unoBi.UHi 

BHCOTH MaKCHMyMiB )lOCHTb IlOBiJihHO cna.uaIOTb npH Bi.u.uarreHHi Bi.U rpaHHU:i B 6iK 6irpacpeHy H: 

Bi.Upa3y 3HHKaIOTb Ha rpacpeHOBOMY MOHOlllapi (nicJISI CXO)lHHKH). 

,[(JIH CXO)lHHKH KOHcpirypau:ii' «arm-chair» Hi Ha O)lHiH 3 JIOKaJJbHHX rycnrn CTaHiB rocTpi 

pe3oHaHCHi MaKCHMYMH no6JJH3Y piBH5I <I>epMi He BHHHKaJOTb. 

3) ,[(ecpeKT THITY ((CXO)lHHKa Ha IlOBepxHi» HK H: iHTepKaJJ5IU:iH rpacpiry Jiy)KH03eMeJibHHMH 

MeTaJJaMH, •) o6yMOBJIIOIOTb 3pOCTaHH5I qfICJia cpOHOHiB B qaCTOTHOMY .uiana30Hi no6JJH3Y 

3HaqeHHH qacTOTH, mo Bi.unoBi.uae TOLJ:U:i K nepllloi' 30HH EpirrrrIOeHa. 

B n'HTOMY p03)liJii «BnJIHB TO'-IKOBHX )le<j>eKTiB Ha eJieKTpOHHi BJiaCTHBOCTi MaTepiaJiiB Ha 

OCHOBi rpa<j>eHy» npe,UCTaBJieHi pe3yJJhTaTH l{HCeJibHOro eKcnepHMeHTY 3 )lOCJii)l)J{eHHH BilJIHBY 

TQqKOBHX .uecpeKTiB Ha eJieKTpOHHHH cneI<Tp rpacpeHOBHX HaHOITJiiBOK. 

B HbOMY y Ha6JJH)KeHHi CHJibHOro 3B15I3KY npoaHarri30BaHo BilJIHB B3aeMo.uii' 3 .upyrHMH 

cyci.uaMH Ha erreKTpOHHHH crreKTp rpacpeHy i Ha po3paxOBaHi MeTO,UOM 5IK06ieBHX MaTpHU:b 

LDOS aTOMiB, p03TallIOBaHHX rro6mI3Y i3onhoBaHoIO BaKattci'i. llpoaHarri3oBaHo LDOS arnMiB, 

cyci.uHix 3 pi3HOro THrry 6iBaKaHci5IMi i BaKau:i:H:Hoi' rpyrr11 3 qoTHphox rropyq po3TallloBaHHX 

BaKaHci:H:. lloKa3aHo, mo B3aeMO)li5I 3 .upyrnMH cyci,UaMH He ycyBae CHJJbHY HKiCHY 

HeO,UHopi.uHiCTh ITOBe.UiHKH JIOKaJJbHHX ryCTHH 
. . . . 

erreKTpOHHHX CTaHlB I HeO,UHOpl,UHlCTb 

3acerreHH5I piBHH <I>epMi, HKa BHHHKae B rpacpeHi, mo MiCTHTb BaKaHciIO. BcTaHOBJieHO, mo 

HaHBHiCTb B CHCTeMi .ueKiJihKOX BaKaHci:H: MO)Ke rrpH3BO)lHTH 5IK )lO icTOTHOro 3HH)KeHH5I u:iei' 

HeO,UHOpi.UHOCTi, (HarrpHKJia,U, BI1TiaJJ;OK 6iBaKaHcii', yrnopeHo'i )lBOMa rropyq p03TallIOBaHHMH 

BaKaHCi5IMH), TaK i ITOCHJJIOBaTH U:IO HeO,UHOpi,UHiCTh. 

TaKHM q11HOM B )lHCeprnu:i:H:HiH po6oTi 6yrro BHpillleHO Ba)J<JJHBe HayKoBe 3aB,UaHHH, SIKe 

Mae iCTOTHe 3HaLJ:eHH5I )lJIH cpi3HKH KOH)leHCOBaHoro CTaHy, a caMe: eKcrrepHMeHTaJJbHO Ta 

q11ceJihHO s11si:BrreHo 3B'H30K BHMipHocTi Ta Heo.uHopi.uHocTi KpttcTarriqHo·i CTPYKTyptt 3 

cpi3HqttHMH BrracTHBocrnMtt HH3hKOBHMipHHX cTpyKTYP· 



Ilpa1nuque JnaqennH OTpuManux peJyJlhTaTiB 
Po6orn I.C. EoH.z:i:apH rrp1,rna6mrno rroe.z:i:Hye op11rimUihHi Mern.z:i:11 q11ceJihHoro aHaJii3y Ta 
HH3hKOTeMrrepaTypH11x peHTreHiBChKHX BHMipin, mo po3po6neHi y <I>TIHT iM. E.I. BepKiHa 
HAH YKpai'HH. 

CToconHo pe1<ypeHTHoro MeTo.z:i:y 06q11cneHH5I eneKTpOHHHX crre1<Tpin 3 BHKOpHCTaHH5IM 
5IK06i€BHX MaTpHUh cni.z:i: rri.z:i:KpecJIHTH, IUO ue 0.ZJ;HH 3 He6araThOX MeTo.ZJ;iB y CBiTOBiH rrpaKTHUi, 
IUO He Il0Tpe6ye HMBHOCTi TpaHcmruiil:HOI CHMeTpii' i TOMY .ZJ;03BOJI5!€ ecpeKTHBHO p03fJI5I.ZJ;aTH 
c11cTeMH 3 .z:i:ecpeKTaMH. BiH 6ys arrpo6onaH11ii Ha nporn3i .z:i:ec5IT11piq. 

3as.z:i:attH5I .z:i:11ceprnuii' I.C. EoH.z:i:ap5I cnp1rne p03po6ui po3paxyHKonoro naKeTy, 5IKHM 
.ZJ;03BOJI5!€ BHKOpHCTaTH :Horo 6e3rrocepe.ZJ;Hh0 B eKcrrepHMeHTi. 

Pe3yIIhTaTH .z:i:11ceprnuii' po6II5!Th 3HaqHHH BHecoK y p03yMiHH5I cpyH.z:i:aMeHTaJihHHX 

rrpoueciB, IUO MaIOTh Micue B KBa3iHH3hKOBHMipHHX reTepocHCTeMax. 0.z:i:ep:>I<aHi HOBi 3HaHH5I 

npo eneKTpOHHi Ta cpoHOHHi cneKTpR reTeporemrnx 1<p11cTaJiiqH11x cTpy1<Typ, a TaKO)I{ rrpo 

BTIJI-HB .z:i:ecpeKTiB Ha ui cneKTpH. 

Pe3yJihTaTH rrpone.z:i:eHHX .ZJ;OCJii.ZJ:)KeHh MmKyTh 6yTH BHKOpHCTaHi B HayKOBHX ycTaHOBaX, 

5!Ki npOBO.ZJ;5ITh TeopeTHqHi Ta eKcnepHMeHTaJihHi .ZJ;OCJii.ZJ;)KeHH5I cpi311qH11x BJiaCTHBOCTeii 

HH3hKOBHMipHHX cTpyKTyp, 30KpeMa B HauioHaJihHOMY TexttiqHoMy yHisepc1neTi 

«XapKiBChKHM noniTexHiqmr:H iHCTHTyrn (M. XapKin), IHcT11TyTi cpi3HKH HAH YKpai'H11 

(M. K11i's), KHi'BChKOMY HauioHaJihHOMY yHinepcHTeTi iMeHi Tapaca illesqeHKa MOH Y1<pai'H11 

(M. K11i'n), XapKiBChKOMY HauioHaJihHOMY yHinepcHTeTi iM. B.H. Kapa3iHa MOH YKpai'HH 

(M. XapKin), HauioHaJihHOMY HayKOBOMY ueHTpi «XapKiBChKHH cpi3HKO-TexHiqH11il: iHcnnyrn 

HAH Y1<pai'H11 (M. XapKis), IHCTHTyTi cpi3HKH Haninrrponi.z:i:HttKiB iM. B.E:. JiaIIIKaphona HAH 

YKpai'HH (M. K11i'B), <I>i3HKO-TexHiqHoMy ittcTttTyTi HH3hKHX TeMrrepaTyp iM. E.I. BepKiHa HAH 

YKpai'Htt (M. XapKin), IHcnnyTi pa.z:i:iocpi3HKH rn eneKTpoHiKH iM. 0.51. Yc11Kona HAH YKpai'HH 

(M. Xap1<is).rn iHIIIHX Hay1<os11x ycrnttonax. 

TeKcT aeTope<J>epary nonHoIO Mipmo si.z:i:o6pa)Kye 3MicT .z:i:11ceprnuiiiHoi· po60T11. 

Bci ronosHi noJIO)KeHH5I mrceprnuiii:Hoi' po6onr, BHHeceHi Ha 3ax11cT, 6yn11 

ony6IIiKOBaHi y 7 CTaTT51X B rrponi.ZJ;HHX cpaxOBHX HayKOBHX BH.ZJ;aHH5IX i npOHIIIJIH arrpo6aui10 Ha 

8 BiTqJ13H5IHHX Ta Mi)l<I-IapO.ZJ;HHX HayKOBHX KOHcpepeHu;i5IX. 

0.z:i:HaK, npone.z:i:eHHH .z:i:eTaJihHHH aHaJii3 .z:i:11ceprnuiii:Hoi' po60TH .ZJ;03BOJIHB BH5IBHTH rreBHl 

He.ZJ;OJIJKH. 

1) Bci po3paxyHKH cpoHOHHHX cneKTpiB BHKOHaHi B po6oTi B paMKax a.z:i:ia6aT11qHoro 

Ha6JIH)l{eHH5I. y BHrram<y rpacpeHy np11.z:i:aTHiCTh UhOfO Ha6JimKeHH5I Il0Tpe6ye .z:i:o.z:i:aTKOBOfO 

o6rpyHTyBaHH5I, 5IKOro y po6oTi 6paKy€. 

2) OcKiIIhKH p03paxyHKH KOJIHBaJihHHX xapaKTepHCTHK OTp11MaHi B po6oTi B Me)l<aX 

rapMOHiHHOro Ha6JimKeHH5I, HMBHa Il0Tpe6a B ouiHoqHOMY aHaJii3i BITJIHBY aHrapMOHi3MiB Ha 

OTpHMaHi pe3yJihTaTH. 

3) B p03.z:i:ini 4 xoTiIIOCh 611 6aq11T11 aHaJii3 none.z:i:iHKH .z:i:11crrepciii:Hoi' riJIKH eneKTpOHHoro 

nonepxHenoro crnH;y Ha «zig-zag» rpaHm~i Ta 3aJie)l{HOCTi xapaKTepy uid rrone.z:i:imrn ni.z:i: 

nemrq11H11 36ypeHH5I Ha uiM: rpaH11ui. KpiM Toro, e ni.z:i:cyTHiM aHani3 3aTyxaHH5I BKa3aHoro 

rronepxHenoro crnHy y rnH6HHY HaninrrIIOIUHHH. TaKO)I( xoTiJIOCh 611 6aqHTH nopiBH5IHH5I 

oTpRMaHHX pe3yIIhTaTiB 3 po3rn5IHYTHMH y KJiacHqHiii: po6oTi A.M. KocenHqa n11na.z:i:KaMH 

JiiHiHHHX Ta IlJIOIUHHHHX .z:i:ecpeKTiB y KpHCTaJiax. 

KpiM rnro, B po6oTi HMBHi HeTOqHOCTi Ta HeKopeI<THi BHCJIOBH. 



1) B P03Ldni 1 3a:rnaqaer1cR, mo eneKTpOHHi crreKTpH crrn1Ho a.Hi3oTporrHrrx HOBHX MaTepianis, 

51.K npaBHJlO, BH3HaqaJOTbC5! 3a L{OITOMOfOfO HeHTPOH-L{HCppaKUiHHHX MeTOL{iB, TOL{i 51.K BKa.3aHi 

MeTOL{H BHKOpHCTOBYfOTbC5! L{J15I KOJlHBa.JlbHHX xapa.KTepttCTHK CHCTeM. A eneKTpOHHi crreKTptt 

TaKHX CHCTeM BHBqafOTbCH 3a L{OITOMOfOIO ¢0Toene1<TpOHHOl cneKTpOCKOnii' 3 p03L{iJleHH5IM no 

KyTy. 

2) B p03.z:i:ini 1 BKa.3a.HO, mo «3oHa rrposi.r:i:HOCTi Ta saneHTHa 30Ha rpa¢eey 3MttKa.JOTbCH B OllHiH 

rnqui , yTBopFOJOqrr ecpeKTHBHY qacnrn1<y 3 Hyn10BttM 3apHllOM rn Hyn10BoJO MacoFO». Xoqa 

rpa¢eHy ti rrpHTaMa.HHi 6e3Ma.COBi HOci'i CTpyMy, BOHH, no-rrepIIIe, € 3apHL{)KeHHMH, a rro-.r:i:pyre, 

3MHKa.HH5! Ba.JleHTHOi' 30HH Ta 30HH rrpoBiL{HOCTi B OL{HiH rnqui He € L{OCTaTHbOJO YMOBOJO L{Jl.sr 

icHyBaHH5I .r:i:ipaKiBCbKHX KBa.3iqacTHHOK. To6To, 3MttKaHHH 30H B HOL{a.JlbHHX ToqKax, HK Ta.Ke, He 

e nepenyMOBOFO n05IBH Hocii'B CTPYMY 3 11iHiti:HttM 3aKOHOM .r:i:rrcrrepci'i. 

3) B Po3ni11i 1 3a.3HaqeHo, mo <min BITJlHBOM pi3Horo po.r:i:y .r:i:e¢e1<TiB eneMeHTapHi 36yL{)I<eHHH 3 

BHCOKOfO HMOBipHiCTJO 6y.r:i:yTh J10Ka.Jli30BaHi no6Jltt3y» piBHH <l>epMi. ITpoTe, 3 BiL{ITOBiL{HOfO 

pHCyHKy, Ha HKHH rrocrrnaeTbCH aBTOp, € HaoqHrrM, II(O pe30HaHCHi L{OMiIIIKOBi CTaHH MO)l<YTb 

BHHHKaTH no6nH3y L{O TQqJ(Ji ,Z:(ipaKa TiJlbKH y TOMY Bttna.r:i:Ky, KOJIH LJ,OMiIIII<OBHH noTeHuian 

3Hal..(H0 rrepesrrmye IIIHpHHY 30HH (MOL{eJih J1i¢IIIHUH). y TOMY )I( BHITa.L{Ky, KOJIH L{OMiIIIKY 

MO)KHa xapa.I<TepH3yBaTH MOL{eJIJlJO <l>a.HO, B3arani J<a)Kyqlf, ITOTparrJlHHHH L{OMiIIIKOBOro piBHH y 

OKiJl TOqKlf ,Z:(ipaI<a ( Heo6oB'513KOBHM. 

4) B Po3.r:i:ini 1 HaronOIIIYeTbC5!, mo <(qepe3 crreuH¢iKy eHeprernqHoro crreKTpy Hoci'iB 3ap5!llY B 

rpa¢eHi rrpoBiL{HiCTb He 3HHI<ae npH 6yllb-5!I<liX T10J10)J(eHH5IX piBHH <l>epMi». flpoTe, y peanbHHX 

eKcneprrMeHTa.JlbHliX 3pa.3Kax rpa.¢eHy 3a.B)KL{I1 ( rrpttcyTHiMM .r:i:e¢eKTH, 3a.BL{HKli HKHM, HK 

BL{aE:TbCH T10Ka.3a.TH, B OKOJli TOqKlf ,D:ipaKa € nprrcyTHbOfO TpaHcrropTHa II(iJlHHa, II(O, B CBOJO 

l..(epry, L{03BOJ15I( CITOCTepiraTM rrepexi.r:i: MeTan - .r:i:ieneKTpliK rrpli BapiJOBaHHi piBHH <l>epMi, 

HarrpHKnan1 · HarrpyroJO Ha 3aTBopi. 

5) B Po3.z:i:ini 4 cTBepmKyeTbC5I, mo «TinhKH B o.r:i:HiH: 3 TO'IOK B 3BOpOTHOMY rrpocrnpi» 

CTMKaFOTbC5! cneKTPa.JlhHi ri11KM rpa¢eHy. Y TOH qac, HK y rrepIIIiH 30Hi BpinnJOeHa 

eneI<TpOHHoro cneKTpy rpa.¢eHy 3amKL{H e HaHBHHMH nsi TOl..(KH ,Z:(ipaKa. B3arani Ka)Kyl..(11, rnqKH 

.D:i pa.Ka MQ)I<YTb BMHHKaTH Jllillle rrapaMH. 

6) B p03L{ini 5 HBHO He BHITMCaHo MaTeMaTJ1qHJ1H BHpa.3 L{J15! p03rJI5IHYTOi' MOL{eni BaKaHcii', II(O € 

Ba)l<JlHBHM llJ15I BlmanKy, KOJIM BBa)KaE:TbCH He Hyn1os11M iHTerpan nepecKoKy Mi)I< .r:i:pyrHMM 

cyc1.r:i:aM11. 

7) 3 HaBeL{eHHX y p03L{ini 5 JlOKa.JlbHliX rycTHH CTa.HiB L{J15I BMna.r:i:Ky 6iBa.KaHCiH, HK 3)Ia€TbC5I, 

BMITJlMBae HaHBHiCTb pe3oHaHCHOro CTa.Hy 3 eHeprieFO npH6Jlli3HO 0,25J. BTiM HK H:oro 

np11cyTHiCTb He o6roBOpJO€TbCH y TeKCTi. 

8) B po3.r:i:ini 5 noKanbHi rycTHHH crnHiB Ha.3BaHi asrnpoM xapaI<TepHHMM L{JIH MeTaniB 3 MMOJO 

KOHUeHTpauieFO Hocii'B, a6o xapaKTepHHMM L{J15I HarrisnpoBiL{HttKiB 3 .r:i:y)Ke BY3hKOJO mimrnoJO. 

OnHaK He cni.r:i: 3MiIIIyBaTM pttcM rycTHHM crnHiB, 5!Ka xapa.KTepH3ye cttcTeMy B urnoMy, 3 

oco6nHBOCrnMH nose.r:i:iHKH LDOS, HKa e cyrreso JIOKMbHOJO seJlttqH:HOJO. 

He L{HBJ15IqHc1 Ha icHyroqH HenoniKH, BBa)J<aJO, mo 3a aKTyan1Hicno HarrpHMKY po6oTH, 

o6cHroM BMKOHaHHX L{OCJliL{)KeHb, piBHeM i KiJlhKiCTfO HaYJ<OBMX ny6niKauiH:, HOBM3HOJO Ta 

npaKTHqHoJO uiHHiCTFO oTpttMaHHX pe3y111rnTiB llHCeprnuiHHa po6orn BOH,D:AP5I IsaHa 

CepriH:os11qa BiL{ITOBinae BHMOraM «fIOp5IllKY npttcyL{)l(eHH5I HayKOBHX CTyneHiB» (ITocTaHOBa 

KMY N2 567 Bill 24 J1HITH5! 2013 p. 3j 3MiHaMH), 30KpeMa, H:oro nrr. 9, 11 , 12, 13, a Ta.KO)!{ 

BHMoraM MiHicTepcTBa ocsiTM i HayKM YKpai'HM .r:i:o 1<aH.r:i:11.r:i:aTChKMX .r:i:11ceprnuiH:, a 3.z:i:o6ysaq 



3acnyroBye Ha np11cy ;::r>1<eHH5! ttayKoBoro cTyrremo KaH.lJ;R)J,arn ¢i3HKO-MaTeMaT11qm1x HayK 3a 

cneuianhHiCTIO 01.04.07 - ¢i311.Ka rnep.lJ;oro Tina. 

IlpoBi)J.HHH 1-1ayKOBHH cnispo6iTHHK 

Bi;::JJdJiy Teopil HeJiiHiHHHX npoueciB 

B KOH)J,eHCOBaHHX cepe,ll,OBH111.3X 

IHcTHTYTY TeopeTnqno'i <l>bnKn 

iM. M.M . .6oromo6osa HAHY, 
,ll,OKTOp <l>iJHKO-MaTeMaTnqnnx nayK 

Ili.ll.nnc IO.B. CKpHnHHKa 3acBi)J.£1yro, 

Yqennli ceKpeTap IHCTnryry TeopeTnqno'i 
_......,ll~~b..._ 

iM. M.M . .6oroJiro6osa HAHY, 
K3H)J,H)J,3T <l>iJHKO-MaTeMaTnqHHX C.M. IlepeneJIHUH 


