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Pedepar:

1. luceprauis nprucBa4YeHa: JOCIII)KEHHIO CTPYKTYPHUX 1 eMICITHMX XapaKTePUCTUK METAJIEBUX i ByIJIeJ€éBUX HAHO-
Ta MiKOPO3MipHUX 00'€KTIB B yMOBaxX HaANOTY>KHUX €JIEKTPUYHUX T10JIiB, pO3pO06Li METO/iB aHali3y TaKuX 00'eKTiB
3a JOIIOMOT0I0 [10JIbOBUX €MICIiHMX MIKpOCKOIIiB, BCTAHOBJIEHHIO 0COOIMBOCTEN (POPMYBaHHS I10JILOBUX
€JIEKTPOHHUX i I0HHUX 300pa>keHb BiCTPiNIHMX 06'€KTiB B yMOBaX 3MEHILIEHHS iX pO3MipiB 0 CyOHaHOMETPOBOTO
PiBHS1, pO3pO0Li BUCOKOIIOJIBOBOrO METOAY OTPMMAHHS MIKOPO3MipHHUX 00'eKTiB i peanisalii B HAHOPO3MipHUX
006'eKkTax BoJbdpamy i MOJTiOAEHY HAAMILIHUX CTaHiB, BUBHAYEHHIO MaKCUMAaJIbHO [OCSKHUX PiBHIB MiIIHOCTI HAaHO-
Ta MiKOPO3MipHUX 00'€KTiB i BUBYEHHIO ix TepMiyHOIi i pazianiiiHoi cTiliKocTi. B pobOTi po3ryigHyTi MUTaHHS
NiABUILEHHS PO3Pi3HEHHS MMOJIbOBUX €MICITHMX MIKPOCKOIIIB IIJISIXOM 3MEHIIEHHS 00'€KTiB JOCIIiIKEHHS.
PeanizoBaHO BUCOKOINOJIbOBUI METOJ, BATOTOBJIEHHSI TPAHMYHO MaJIUX BiCTPIiHMX 00'€KTIB - MOHOATOMHUX

BYIJIELIEBUX JIAHI[IOXKKIB (Kap6iHiB). Po3po6sieHO aHaiTU4YHY MOJeJIb PO3Pi3HEHHSI [10JIbOBUX I0HHUX 300pa’keHb



00'eKTiB, aTOMHOr0 MacmTady. BctaHoB/eHO, 0 Nepexif, 1o 3pa3KiB CyOHaHOMETPOBOTO PO3Mipy IPU3BOIUTD 10
MiBUIEHHS TEOPETUYHOI MeXi PO3pi3HEHHS MOMbOBUX I0HHUX 306pakeHs 710 0.14 + 0.02 A. BukopucTosyioun
HaJIBUCOKE PO3Pi3HEHH4, BIIEPIIE EKCIIEPUMEHTAIbHO BUSBJIEHO JUMEPHI ByIJI€LEBi JIAHIIIOKKHY i €JIeMEHTapHi
CyOHaHOTPYOKH, CTAbIIBbHICTD SIKUX NlepefdadeHa TEOPETUYHO. BcTaHOBIIEHO. 0 6y[0Ba CyOHOHOTPYOOK iCTOTHO
BiZIPi3HSETHLCS Bifl CTPYKTYPH (QYJIJIEPEHOBUX i Ma€ BUTJISA], CTOIKU BYIJIELIEBUX [IEHTAarOHAJIbHUX KiJlelb 3
IIPSIMOKYTHUMU GiYHMMU IrpaHsIMU. Briepie oTprMaHi JuHaMivHi 300paskeHHS! ByTJlelleBUX JIAHIIIOKKIB 31 3J7laMaMU B
npolieci crepeokoHdOpMaliiHHUX IEpEeTBOPEHD i 06EPTabHUX KOJMBaHb. JJOCiI)KeHO eMiciliHi BIaCTUBOCTI
KapO6iHOBUX JIAHIIIOKKIB B iHTepBaJli 10IbOBUX €J1eKTPOHHUX CTPyMiB (10-9- 10 - 5A). BcTaHOBIIEHO JiHINHICTD iX
BOJIbT-aMIIEPHUX XapaKTepUCTUK B KoopauHaTax daynepa-Hopareiima. MakcrmanbHa MiJIBHICTD CTPYMY B
MOHOATOMHUX BYIJIELIEBUX JIAHII0>KKAX MO>Ke CAraTu 3HadyeHsb 3 x 1013 A / M2. Briepiie oTprMaHO MOJIbOBI
€JIEKTPOHHI 300pakeHH$ KiHLIEBOTO aTOMa BYIJIELIEBOI JIAHIIIOXKKA, Y BUIJISTi MOJIEKYJISIPHUX OpOiTaneil B Pi3HUX
KBAaHTOBUX CTaHaX. 3adikcoBaHi 0OOPOTHI CIIOHTaHHI [TIepexou 3 OGHOTO KBAHTOBOI'O CTaHy B iHmMU. [TokazaHo, 1o
TaKi [Iepexoy MOXYTb OyTHU IIOB'S13aHi 31 CTPYKTYPHUMM I0JIiiH-KyMyJIEeHOBUMU TpaHCPOPMallisIMU BYyIJlelleBUX
JIAHLIIOXKKIB, 110 BUKJIMKaHi 3MiHOIO ribpuausalii B Miclli KpillJIeHHs JIaHILI0XKKa 10 rpadeHy BHACIIIOK XeMOCOopO1ii
aTOMapHOro BOJHIO. III7151XOM HaBaHTaXEHHS [TIOBEPXHEBMMHU CUJIaMU MakcBeJiia JOCiI)KEeHO MeXaHiuHi
XapaKTepPUCTUKHU MIKOPO3MipHUX 06'€KTiB. MiIJHICTh MOHOATOMHUX BYTJIEII€BUX JIAHIIOXKKIB Ha PO3TATHEHHS CKJlaa
245 I'Tla pu 5K, a MakcuManbHi 3Ha4eHHsI MilIHOCTI HAaHOMUCTIB rpadena nocsranu 99ITla npu 77K. Metonamu
KOMII'IOTEPHOT0 MOJEJIIOBAHHS [JOCJIiZPKEHO NPOLECY PYVHYBAHHS BYTJIELIEBUX JIAHIIOXKKIB i X CTabiNbHICTD y Yaci
[IpY BUCOKMX TeMIlepaTypax. BCTaHOBJIEHO, 10 IIPY KIMHATHUX TEMIIEpATypax i BUILE JIOKaJIbHI 3HAYEHHS BiTHOCHOI
Iedopmaliii 3B's13KiB B JIaHIII0O’)KKaX MOKYTb iCTOTHO I1€pEeBUIIYBaTH KPUTUYHI 3HaYeHHs Jedopmaliii aToMHuX
3B's13KiB npu 0K, He npuBoAsuM 10 pyrHyBaHHs. Ha ineanbHux 6e3neeKTHUX 3pa3kax OTPUMaHO 3HAUYEHHS
IPaHMYHOI MILITHOCTi HAHOPO3MiPHHUX BOJIb(PPAMOBUX i MOJIIOIEHOBUX 00'€KTIB, siKe ckiano 21,9 I'Tla s Bonbdpamy
113.5 I'Tla pyis moni6aeny. [TokasaHo, 1110 BUHMKHEHHS 6e37e(peKTHOro CTaHy y BiCTpiliHUX 3pa3Kax Bifi0yBaeTbCs
IIpY riranackajbHOMY PiBHI HAaBaHTaXXEHHS U Ma€ MICIIE 1€ [0 MI0YaTKy NpoLeciB pyiHyBaHH. Llngxom
MEXaHI{YHOTrO HaBaHTAXEHHS OIKpUCTAJbHUX HAHO3Pa3KiB €JIEKTPUYHUM TOJIEM BU3HAUYEHO KOTe3iliHy MillHICTb
HECYMIpHHMX MeX 3epeH B Bosbdpami, fKa JIexXuTh B Mekax Bif 12,5 I'Tla go 20,4 I'Tla. locnimkeHo epo3ito MoBepXHi
BoJIbdpamMy IpY HU3bKOEHEPreTUYHOMY OIIPOMiHEHH] reslieM. BusHaueHo crieKkTp oBepxHeBUX AedeKTiB i
0CO6IMBOCT] iX B3a€MHOT'0 pO3TallyBaHHs Ha IVIOCKUX [iJIsSIHKaX MIOBEPXHi 3 HU3bKUMU iHJeKcaMu Minsepa.
BusiBsieHO iCHYBaHHS SIBUIIA [AJIEKOMiI0Y0] MiANOBEPXHOBOI B3a€MO/Iii BIACHUX MiKBY3JIOBUX aTOMIB 3 alaTOMaMU
pazianiitHOro MOXO>KeHHSI, SIKe IIPU3BOAUTH JIO BIIOPSIKOBAHHOTO (DOPMYBAHHS IIOBEPXHEBUX JIAHLIIOKKIB
pafialiHMX aJaTOMIB 3 BiICTaHSIMU, 110 iCTOTHO NE€PEBUILYIOTH IIPSIMY MI’)KaTOMHY B3a€MOJi10. MeTomamu
MaTeMaTU4YHOIO0 MOJIEJIFOBAHHS i 10JIbOBOI I0HHOI MiKPOCKOIIiI JOCJIIIPKEHO €BOJIIOLI0 IOBEPXHEBUX PaialliitHUX
nedeKTiB Ipyu ONpOMiHEHHi. BUsiBlI€HO NpoLec KOJIEKTUBHOTO 3MillleHHSI 3HaYHUX IPYIl IOBEPXHEBUX aTOMIB, 11O
3abe3neyvye pajialifHO-CTUMYJIbOBAHE CaMOJIiKyBaHHSI JIIHIMHUX KJlacTePiB IOBEPXHEBUX BaKaHC, SIKUII MOXe OyTH
OIIMCAHUI B PaMKax JeJI0Kajli30BaHHUX [TOBEPXHEBUX BaKaHCIi - BOiZioHiB. PO3p061€HO BUCOKOIIOIbOBUM METO],
€KCIIEPMMEHTAJIbHOTO BU3HAYEHHS €HEeprii yTBOPEHHSI MDKBY3JIOBUX aTOMIB HAa MeKaXx 3€PEH, SIKUH 1aB MOXJIUBICThb
3pPOOUTH BUCHOBOK IIPO 3HMKEHHSI 3€PHOMEKEBOI PyXJIMBOCTI MDKBY3JIOBUX aTOMIB BiTHOCHO 006'eMy. 3po6ieH

BHCHOBOK ITPO MOXJIMBICTb OZHOBUMIPHOTO XapaKTepy Mirpallii BJJaCHUX MDKBY3JI0BUX aTOMiB B BOJIbpami.

2. The dissertation is devoted to: the study of the structural and emission characteristics of metallic and carbon
nano- and pico-sized objects under of superstrong electric fields the determination of the formation features of
field emission images of pointed objects at their size reduction to subnanometer level, the development of high-
field fabrication methods and mechanical loading of nano- and pico-sized objects to determine their strength, the
investigation of thermal and radiation resistance of such objects. A high-field method for manufacturing extremely
small pointed objects - monoatomic carbon chains (carbines) has been implemented. An extremely high level of
resolution of field emission images has been achieved on the chains. The images of the upper atoms of the chains
in the form of molecular orbitals were obtained. For the first time the dimeric carbon chains and elementary
subnanotubes, which stability are predicted theoretically, have been experimentally discovered by ultra-high
resolution. The emission properties of carbine chains are investigated and the linearity of their current-voltage



characteristics in the Fowler-Nordheim coordinates is established. The strength of monatomic carbon chains and
graphene nanosheets was experimentally determined by the Maxwell surface forces loading. The ultimate strength
of tungsten and molybdenum nanoobjects was measured and the values of the cohesive strength of grain
boundaries were obtained. The erosion of the tungsten surface under low-energy helium irradiation is
investigated. The phenomenon of long-range interaction of own interstitial atoms with adatoms of radiation origin
was discovered. The evolution of surface radiation defects under irradiation was investigated by methods of
mathematical computer modeling. The process of collective movement of significant surface atoms groups is
revealed. This process provides the radiation-stimulated self-healing of surface vacancies linear clusters and can
be described in terms of delocalized surface vacancies - voidions. A high-field method for the experimental
determination of the energy of formation of interstitial atoms at grain boundaries has been developed. It made
possible to conclude the grain-boundary mobility of interstitial atoms is low. The analysis of the accumulation of
radiation vacancies in tungsten nanocrystals of various sizes is carried out. The obtained data indicates the
migration of own interstitial atoms in the volume is one-dimensional.
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