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1. Incepraliist NpUCBsY€Ha TEOPETUYHOMY JOCJIiI)KEHHIO BJIACTMBOCTE! €JIeKTPOHHUX CTaHiB y rpadeHi 3
3apsIPKEHMMU JOMilIKaMU. 30KpeMa, PO3IJISIHYTO SIBULLE HAIKPUTUYHOI HECTAbiIbHOCTI, YMOBU OIO BUHUKHEHHS
Ta OCOGJIMBOCTI IIPOSIBY B CUCTEMaX JOMIIIOK i3 3apsilaMy OJJHOTO Ta Pi3HUX 3HaKIB. [I71s1 KacTepa 3 ABOX
0/IHaKOBMX JIOMIIIOK BCTAHOBJIEHO, 1110 iCHy€e KpUTHUYHA BiJICTaHb MK HUMU, IPYU HAOJIVDKEHH] Ha SIKy BUHUKAE
HECTabi/IbHICTb. Y MOTEHiajli IBOX NPOTUJIEXHO 3aPsIP)KeHUX JOMIIIOK 3HalIeHO HOBUH MTPOSIB HAIKPUTUYHOI
HEeCTabi/IbHOCTI, KOJIM €JIEKTPOH Ta JiipKa HapOIKYIOTbCS 3 BaKyyMy B 3B'SI3aHUX CTaHaX 3 BiAOBIAHUMU
JoMimkaMy. OKpim TOTO, JOCTIPKEHO MOXKJIMBICTD peaidalii IbOoro SBUIla y CUCTEMAX, JI€ CIIEKTP €JIEKTPOHIB €
BUKJIIOYHO JUCKPETHUM: JIMCTi rpadeHy oOMeXeHOi 1ol Ta rpadeHi y 30BHIIHbOMY MarHiTHoMy noJi. llasxom
ypaxyBaHHS NOJISIPU3ALIMHUX €(PEKTIB y MarHiTHOMY I10J1i OOI'PYHTOBAHO MO>KJIUBICTb PETYJIIOBaHHS €(PEKTUBHOTO

3apsiay JOMIIIKY 33 JOIIOMOTOIO HAIIPYTH 3aTBOPY.



2. The thesis is devoted to the theoretical study of the properties of electronic states in graphene with charged
impurities. In particular, the phenomenon of supercritical instability and conditions of its appearance in the
systems with similarly or oppositely charged impurities are investigated. It was shown that in a cluster of two
identically charged impurities an instability occurs if the distance between impurities is smaller than the critical
one. It was found a new manifestation of supercritical instability in the potential of two oppositely charged
impurities, when an electron and a hole are created from a vacuum in bound states with corresponding impurities.
In addition, it was studied a possibility of realizing of the supercritical instability in systems with discrete electron
spectrum: graphene flake of a finite area and graphene in an external magnetic field. Taking into account the
polarization effects in a magnetic field, it was proved the possibility of regulating the effective charge of the
impurity by means of the gate voltage.
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