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Pedepar:

1. Incepranis NpUCBsAY€Ha AOCHIIPKEHHIO TEXHOJIOTii IPOTOHHO-TIPOMEHEBOI JliTorpadii, sIka 3aCTOCOBYETbHCS Y
BMPOOHHULITBI MaJIOPO3MIPHUX CTPYKTYP 3 MiKPO- Ta HAHOMETPOBOIO PO3iJIbHOIO 3HaTHICTIO. [lucepTaliina poboTa
CKJIaJlaeThCsl 31 BCTYIy, TPbOX PO37iJiB, BUCHOBKIB, II€peJliKy BUKOPHUCTAHUX JKepeJl Ta JBOX HofaTKiB. O6csr
nuceprauii ckuagae 172 cTopinky, 3 kux 139 CTOPiHOK OCHOBHOTO TEKCTY. Jlucepralisd MiCTUTh 62 PUCYHKMU i 4
Tabsnui. [lepesik BUKOPUCTaHUX JKepesl ckaanaerbes 3i 100 HaliMeHyBaHb. 3a pe3yJsibTaTaMU JOCiIKEHb
omny6sikoBaHO 18 HayKoBUX My6JIiKalliil, cepe[] IKUX 5 CTaTeill y HayKOBUX (PAaXOBUX BUAAHHAX YKpaiHy, 1 cTarTs y
iHO3eMHOMY HayKOBOMY (paxOBOMY BUIaHHI Ta 12 Te3 BUCTYIIiB Ha HAYKOBUX KOHQepeHLiax. MeTa poboTu noJisrana
y TEOPETUYHOMY [OCJIiIP)KEHH]I MOXJIMBOCTI 301/IbIIEHHS PO3MiJIbHOI 30aTHOCTI LOCTYIHOI TEXHOJIOTii IPOTOHHO-
IpOMeHeBOi JliTorpadii 10 IecsaTKiB-0AMHULb HAHOMETPIB Ta €KCIIEPUMEHTAIbHOMY HalPALIOBaHHI yKPaiHCHKO]

TEXHOJIOTIYHOi 6231 MOB’I3aHOI 3 TPOTOHHO-TTPOMEHEBOIo JiiTorpadieto. B poboTi Briepiie mpoBeieHO KOMITIOTEPHE



MOJIEJIIOBAaHHS TMHAMIKM iOHHOTO Iy4YKa B 30HL0(GOPMYIOYMX CUCTEMAX HA OCHOBi OPTOMOP(HOI0 KBaAPYIJIETY
MAarHITHUX KBaJPyNOJbHUX JIiH3 3 OJHUM, JBOMA Ta TPbOMA OKTYIIOJILHUMU JIiH3aMUA-KOPEKTOPaMU.
[IpoieMOHCTPOBAHO TEOPETUYHY MOXKJIMBICTb JOCATHEHHS PO31isbHOI 3naTHOCTI B 10...100
HaHOMeTpiB.Ilo6ynoBaHO popMai3M, IKUI ONKCYE aITOPUTM BU3HAYEHHS XXUBJIEHHS OKTYIIOJIB 7151 IOBHOI Ta
4aCTKOBOI KOpeKlii ceprnyHmnx abepalliil TPeTbOro NOPSIKY 3 BAKOPUCTAHHSIM METO/y MAaTPULIAHTIB.
YIOCKOHAJIEHO ONPOMiHEHHS 3Pa3KiB 3aBMSKU BIIPOBAIPKEHHIO BEKTOPHOTO METOY IPOTOHHO-TIPOMEHEBOI
sitorpadii Masopo3MipHUX CTPYKTYP. BEKTOpHUII MeTOM, BUIIPOOYBaHUI €KCIIEPUMEHTAJIBHO Y€Pe3 CTBOPEHHS
MaJIOPO3MIiPHUX CTPYKTYP Ha KaHaJli sIepHOr0 CKaHYI0UOro MiKPO30OHy aHAJIITUYHOTO IIPUCKOPIOBAJIbHOTO
komrIuiekcy “Cokin” ITI® HAH Ykpainu. YnockoHaneHO KepyBaHHS [TyYKOM IIPOTOHIB MeraeyleKTPOHBOJIbTHOI eHeprii
3aBJSIKM BIIPOBAP)KEHHIO Ta BUIIPOOYBAaHHIO B €KCIIEPUMEHTAJIbHIN POOOTI CUCTEMU MIBUAKOIO CKUAAHHS IIy4Ka Ha
KaHaJli SI€pPHOT0 CKaHYI0YOro MiKpO30Hy TPMCKOPIOBAJIBHOTO KoMILIeKey “Cokin” IHCTUTYTY NpUKIagHOi (isuKu
HauionanpHoi akagemii Hayk Ykpainu. Briepiie npoBeieHO €eKCIIEpUMEHTU 3 TPOTOHHO-TIPOMEHEBOI JliTorpadii no
IJIiBKaM XiTO3aHy, 30KpeMa IIiBKaM XiTO3aHY Ha MOJIIKOPOBiN MiK/IaAli Ta TOBCTUM HE IIPUKPIIVIEHUM [I0 TBEPIOI
IiAKIaAKY TJ1iBKaM XiTO3aHy, TOKPUTUM TOHKUMU IJIiBKAaMU TUTaHY, HITpUAY TUTAHy Ta OKCUAY UMHKY. OTpUMaHO
MIKPOCTPYKTYPH 3 33/IaHUX 3 KOMIT'I0T€pa BEKTOPHUX 1A6JIOHIB, @ TAKOX JIiHiHI Nepiogu4Hi CTPYKTypH B IJIiBLi
XiTO3aHy Ha IOJIiIKOPOBil Migkianii yepes3 poKyCyBaHHS IIPOTOHHOTO ITy4YKa B JIiHil0. Pe3yJIbTaTu KOMIT'IOTEPHOTO
MOJ€JIIOBaHHS TMHAaMIKM iOHHUX MTy4KiB B 30HI0(DOPMYIOUMX CUCTEMAX Ha OCHOBI OpPTOMOP(HOr0 KBaJpyILIeTy
MarHiTHUX KBaJPYIOJIbHYX JIiH3 BKa3ye HA MOKJIMBICTb CTBOPEHHS YCTAaHOBOK /11 IPOTOHHOI JliTorpagii 3
PO3IiIBHOIO 3MaTHICTIO AECATKU-OOMHNL HAHOMETPIB, SIKi MO>KHA 3aCTOCOBYBATH B BUPOOHUIITBI HAHOEJIEKTPOHIKY
Ha piBHI HaMKpalUX CY4aCHUX TEXHOJIOTIYHYUX MIPOLECIB, IPY LIbOMY TaKa TEXHOJIOTiSI OCTYIIHA JJ1s peasisallii B
YKpaiHi B Hali61MKIOMY MaibyTHbOMY 3 IIOTPE6OIO B 3HAYHO MEHIIMX iHBECTULIISIX HiXX 6ys10 6 MOTPiGHO 17151
peautizauii sitorpagii Ha sxopcTkomy yabTpadioseTi (EUV). TexHooriss IpOTOHHO-IIPOMEHEBOI JliTorpadii odpe
MiAXOOUTD AJ1s1 BUTOTOBJIEHHS OJMHUYHUX Ta IPiOHOCEPifHUX 3Pa3KiB, a 3aCTOCYBAaHHS BiTHOCHO IIPOCTO] B
peasizallii TexHoJI0Tii HaHOITAaMITyBaHHSI 1aCTh 3MOTY MacIITabyBaTU BUPOOHUILITBO IPMHAMMHI B COTHI pasiB, 110
IACTh 3MOT'y HaJIarOJUTH MacOBe BUPOOHULITBO NIEPEOBOI HAHOEJIEKTPOHIKU. EKCllepUMeHTaIbHI JOCiIKEHHS]
CTBOPEHHS MAJIOPO3MiPHUX CTPYKTYP 3 BIIPOBAIKEHHSIM BEKTOPHOTO METOAY ITPOTOHHOI-IIPOMEHEeBOi JliTorpadii Ta
BJJOCKOHAJIEHHSI €KCIIEpUMEHTAIbHOTO 00JIaJHAaHHS KaHaJly S1epPHOr0 CKaHyI040ro Mikpo3oHay IHCTUTYTY
npukinagHoi ¢pisuku HanioHasnbHOI akageMii HayK YKpaiHy JeMOHCTPYIOTh HasIBHICTb BiTUM3HSIHOI HAYKOBOI Ta
imXKeHepHOi 6a3! B rajysi BUpOOHULITBA MAJIOPO3MiPHUX CTPYKTYP Ta BiIKPMBAIOTb MOKJIMBOCTI [JI51 IOJAJIBIIAX
IOCJIiIKeHb IPaKTUYHUX 3aCTOCYBaHb IPOTOHHO-TIPOMEHEeBOi iTorpadii. Bekropauii merton sitorpadii,
BIIPOBAPKEHUI B X0OJi poOOTH HaJ, JaHOIO IIpalielo, A€ 3MOTY CTBOPIOBATU CTPYKTYPHU 3 IJIaBHUMMU JIiHISIMU 6e3
“nikcesnbHUX” apTe(aKTiB Ta 3HAYHO CIIPOILy€e MAacIITabyBaHHS i BUTOTOBJIEHHS CTPYKTYP IIEBHOTO PO3MIpYy.
[IpoBeneHi ekcriepuMeHTH 3 JgiTorpadii no XiTo3aHy JeMOHCTPYIOTb MOXJIABICTb IPOTOHHO-TIPOMEHEBO] iTorpadii
10 HOBUM MarepiajsiaMm, 110 MOXXe 6YTH KOPUCHUM B TEXHOJIOTTYHUX IIPOLIECaX BUTOTOBJIEHHS MajlOPO3MipHUX
CTPYKTYP, 30KpeMa [1J1s1 6ioMmeIuLIMHU. TexXHOJI0ris IPOTOHHO-IIPOMEHEBOI JliTorpadii gae 3Mory BUTOTOBJISITH
MaJIOPO3MipHi CTPYKTYPHU Pi3HOrO CIeliabHOro npru3HadeHHs. Cepep, iHIINX 3aCTOCYBaHb, 30KPEMA, BUALISIOTHCS
(OTOHHI XBUJIEBOAY, PIINHHI CTPYKTYPH (B TOMY YHCJIi piAMHHO-POTOHHI Ta pifHHO-MeXaHi4yHi), nudpakuinzi
I'paTky 1J1s1 peasisauii Tomorpadii M'SIKUX TKAHUH METOJ0M PEHTTeHIBCbKOIO (pa30BOT0 KOHTPACTY, HAHOLITAMIIN
17151 nitorpadii HAHOCTPYKTYP, B TOMY YMCJIi [711 BUPOOHUIITBA HAHOEJIEKTPOHIKY. L1i Ta iHIi NOTEeHUiTHO MOXJIUBI

3aCTOCYBaHHS IPOTOHHO-TIPOMEHEBOI JliTorpadii NOTpe6yTh MOAANBIINX €KCIIEPUMEHTAIbHUAX JOCIIiIKEHb.

2. The thesis is dedicated to research of proton beam writing technology that is used for fabrication of small-sized
structures with micro- and nanometer resolution. The thesis consists of an introduction, three chapters,
conclusions, a list of used sources and two appendixes. The volume of the thesis is 172 pages of which 139 pages of
the main part. The thesis contains 62 figures and 4 tables. The list of used sources consists of 100 items. The
results of the research are published in 18 scientific publications of which are 5 articles in specialized scientific
journals of Ukraine, 1 article in a foreign specialized scientific journal and 12 abstracts from scientific conferences.
The aim of the thesis was in theoretical investigation of the possibility to increase resolution of proton beam
writing technology to tens or ones of nanometers and experimental work on Ukrainian technology base related to



proton beam writing. In the thesis, for the first time, computer simulation of the dynamics of the ion beam in
probe-forming systems based on an orthomorphic quadruplet of magnetic quadrupole lenses with one, two, and
three octupole lenses-correctors was carried out. The theoretical possibility of achieving a resolution of 10...100
nanometers has been demonstrated. A formalism has been developed that describes the algorithm for determining
the power supply of octupoles for the full and partial correction of spherical aberrations of the third order using
the matrizant method. Irradiation of samples has been improved thanks to the introduction of the vector method
of proton-beam lithography of small-sized structures. The vector method was tested experimentally through the
creation of small-sized structures on the channel of the nuclear scanning microprobe of the Sokil analytical
accelerator facility of the Institute of Applied Physics of the National Academy of Sciences of Ukraine. The control
of the megaelectronvolt energy proton beam has been improved thanks to the implementation and testing in
experimental work of the fast beam blanker system on the channel of the nuclear scanning microprobe of the Sokil
accelerator complex of the IAP NASU. For the first time, experiments on proton beam writing on chitosan films, in
particular chitosan films on a polycor substrate and thick chitosan films not attached to a solid substrate, covered
with thin films of titanium, titanium nitride and zinc oxide, were carried out. Microstructures were obtained from
computer-generated vector templates, as well as linear periodic structures in a chitosan film on a polycortical
substrate due to focusing a proton beam into a line. The results of computer modeling of the dynamics of ion
beams in probe-forming systems based on an orthomorphic quadruple of magnetic quadrupole lenses indicate the
possibility of creating units for proton beam writing with a resolution of tens to ones of nanometers, which can be
used in the production of nanoelectronics at the level of the best modern technological processes, while this
technology is available for implementation in Ukraine in the near future with the need for much smaller
investments than would be required for the implementation of hard ultraviolet (EUV) lithography. The technology
of proton beam writing is well suited for the production of single and small-series samples, and the use of
relatively simple to implement nanostamping technology will make it possible to scale production at least
hundreds of times, which will make it possible to establish mass production of advanced nanoelectronics.
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VI. BizoMocCTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)
BaacHe IlpizBume Im'st I10-6aThKOBI:

1. IlonomaproB Osnekcanzp 'eopriioBuy

2. Olexandr G. Ponomarev

KBasigikamis: 1. d.-m. ., npodecop, 01.04.20

InenTudikarop ORCID ID: 0000-0002-4517-5635

JoparkoBa iHdpopmamnist:

IToBHE HaﬁmeHyBaHHH Iopn,zmqﬂoi ocoomu: [ncTuTyT npukiagHoi ¢isuku HanioHanpHOI akamemii Hayk
Ykpainu

Kog 3a €IPIIOY: 05399225

Micue3HaxoO KeHHS: By [letponasiBebka, 6ya. 58, Cymu, Cymcbkuii p-H., 40000, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniiHNX ONIOHEHTIB Ta PEIeH3€HTIiB
OdiuiiiHi OTIOHEHTH

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. Jlucenko Osiekcannp Bosonumuposuy

2. Oleksandr V. Lysenko

KBasidikanis: 1. ¢.-m. n., npodecop, 01.04.01

ImenTudikarop ORCID ID: 0000-0001-6925-4007



JoparkoBa iHdpopmamnist:

IloBHe HaﬁMeHyBaHHH lOpI/I,ILH'{HOi 0CO0M: CyMChKMIi IepKaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: ByJI. XapKiBcbKa, 0y1. 116, Cymu, Cymcopkuii p-H., 40007, Ykpaina
dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Kapnycs Crenan I'eHHazinnoBuy

2. Stepan G. Karpus

KBasidikamis: k. ¢.-m. 1., 01.04.20
InenTudikarop ORCID ID: 0000-0002-1087-9245
HoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# HayKOBUIA 1IeHTP "XapKiBchkuii (iznko-

TexXHIYHUH iHcTUTYT" HanjionanpHOI akagemii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 14312223

Micue3HaxoaKeHHS: ByJI. AKazieMiuHa, 6yza. 1, XapkiB, XapkiBcbkuii p-H., 61108, Vkpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. HoBak Oznekcangp IletpoBuy
2. Oleksandr P. Novak

KBasidikamis: k. ¢.-m. 1., crapmmit HayKoBuii criBpoGiTHYK, 01.04.02

ImenTudikarop ORCID ID: 0000-0002-9316-4885

JoparkoBa indpopmamist:

IloBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0Co0M: IHcTuTyT npuknagHoi (pisuky HanioHanbHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiiBebka, 6y1. 58, Cymu, Cymcbkuil p-H., 40000, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YkpaiHu

InenTudikarop ROR:



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. Jlebeguncekuil Cepriit OnekcaHgpoOBUY

2. Serhii O. Lebedynskyi

KBasigikamis: k. ¢.-m. 1., 01.04.02

ImenTudikarop ORCID ID: 0000-0002-0191-6040

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: THcTUTYT IpUK/IaAHOi Bisuku HanionanbHoi akaziemii Hayk

YKkpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiiBebka, 6y1. 58, Cymu, Cymcbkuil p-H., 40000, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: HanjonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BigmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peeCTpallilo HAayKOBOIi

OisIJIBHOCTI

Cropixxko Bomogumup KOxumoBruy

Cropixko Bomogumup KOxumoBny

Bopomuino Onekciii IBaHOBUY

VKpIHTEI

Opuenko TetsaHa AHaTosiiBHA



