Nepesop OT3biBa i 4 YHusepaiTer
DaxynbTer

WHxeHepHbie U dr3nveckue Hayxm

wndopa, Cyppeit GU2 7XH UK
T. +44 (0) 1483 686100

Daxc: +44 (0) 1483 534139
www surrey.acuk
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HCCACA0BAKMA MHOTOOCTPHITHLIX NOJECBLIX IMHTTEPOB GOALIWIOR NIOWALN» HA CONCKAHWE YuEnoi
CTENmeHn JOKTOPA  (IINKO-MATEMATHYECKHX HAyK no cneumansuoctn  01.04.04 - @uinveckan
INEKTPOHNKA,

XOTs # YBEpeH, YTO YBRAKACMAA IPYNma IKcneprod Oyaer OYCHL XOPOWIO OCBEJIOMICHA O CHTYAUMM,
cymectsyloned 8 npeamersoit oGaacth, B8 kotopoii paboTacT KaHAMAAT, A CUNTAKO MONEIHBIM HA4aTh CBOE
BHICTYTIIEHHE C ONMCAHHA CHTYAIHH, KaK s e€ BHKY.

[Tonesas uccun (I13) - IMHCCHA WIEKTPOHOB C MOBEPXHOCTH MaTepuana noja AefcTBHEM CHILHOIO
OTPHUATEALHOTO IEKTPOCTATHYCCKOTO NOAX - ABASETCA ONWONH M3  HAYWHBIX NApaiHrM  KBaHTOBO-
MEXAHHYECKOr0 TYHHENHPOBAHWA M MMEET BAKHOC 3HAYCHHE KaK TAKOBOE. ABTOMICKTPOHHAR IMHCCHA
NPCACTABNALT IHAYNTEALHLIA HAYUHLIH H TEXHHYECKHI HHTEPCC B JBYX OCHOBHBLIX KOHTEKCTAX, 2710 oanH w3
BO3MOAKHBIX MEXAHHIMOB «UICKTPHUCCKOro npobos» Kak B BAKyyMe, T4k W Ha BO3AYXE: Kak TaKoBoli OH
SBASETCH BOIMOKHBIM OOBACHEHHEM PAVIHUHLIX NPUPOAHBLIX ABJICHHI, a TAKKE NPHYHHON, KOTOpOE MOXET
NPENATCTBOBATE PABOTE MHOMHX TEXHONOTHYECKHX YCTPONCTS, B TOM MHCIE YCKOpPHTENEH JapAKESHHBIX HacTHLL,
HCMOJIL3YEMBIX B AIEPHON (PiIHKe BRICOKHX IHEPrHil.

Jlpyroit xoHTexcT 3aKmoNaeTca B ToM, 410 1D - 370 IMHCCHOHHLIH MEXAHHIM HCTOMHHKOR MIEKTPOHOS,
KOTOPBIC MMEIOT MHOKECTBO PA3HOOGPAIHLIX MPHMEHEHHI H NOTCHUHATLHBIX NPHMEHCHIH B TEXHOAOTHH. DTH
HCTOUHMKM 2NEKTPOHOR JEARTCA HA /IBA OCHOBHBIX THIIA: OJHOOCTPHHNLIE IMHTTCPBI UICKTPOHOB (HANPUMED.
HCTIONBIYCMBIE B WIEKTPOHHBIX MHKPOCKONaX M JAPYIrHX MIEKTPOHHO-Iy4eBwX npubopax, rae tpebyerca
BRICOKAS MICKTPOHHO-ONTHYECKAR SPKOCTH) H TAK HA3LIBACMBIC MOJECBHIE IMHTTEPH WIEKTPOHOB Gonbinoi
naomann (LAFE), xoropsie seasiorcsa (opmoil netounnka wiextporos Gonswoi naowany. 3a nocneawnme
ABAAUATH ObUIH HCCAENOBAHB MHOTME MATepHaNbi B KAWECTBE KAHAMAATOR UIA MCTOUHWKOB IMHCCHOHHBIX
VIEKTPOHOB, B TOM YHCJIE WCTOWHHKH, BKIIOMAOUINE YIICPOAHLIC HAHOTPYOKH W POACTBEHHBIC MaTepHAILL,
KOTOPbi€ ABAFIOTCH OCOGEHHO NEPCNEKTHBHBIMH.

Kax no ¢yHaaMeHTaIbHbIM, TaK ¥ 110 NPUKIAIHLIM NPHYHHAM KENaTeNbHO HMETH XOpolee noHuManne
TeOpHH IMHCCHH. OIHAKO HbIHEIHEE MOHHMAHHE OTPAHKYCHO, # GobIAN HACTh AHAIHIA IKCTICPHMEHTAIBHBIX
JAAHHBIX OCHOBAHA B OCHOBHOM Ha MNOAXONAX., KOTOPhIE HE YYHTHIBAIOT CYWECTROBAHHC aToMOB W
PACCMATPHBAKOT MOJIETH HITyHaTenell Kak rIankue UIOCKHE NOBEPXHOCTH Goabwoi GoKoBON NPOTAKEHHOCTH.
Cospemennas ocHosHas Teopua 11D (smeagénnas Mepdu u Iynom 8 1956 roay M BNOCHEACTBHH HEMHOIO
WIMCHEHHAA) NPaBWwIbHO nNpeackauipaetT ofume KauecTsenmwbie TewaeHumw. Ho HM Ha onHom stane 3a
nocacauue 90 net, NpoumeAwIHe ¢ MOMEHTA BHIXOAA OPHIHHANLHON paGotst Paynepa u Hopareiima, ne Guuio
HANEKHOTO M TOUHOTO KOJIHYECTBEHHOIO cpaBHeHuA Mexiay Teopueit I1D u akenepumentom [19.

Tounas ® nanéxHad XapakTepPHUCTHKA HCTOMHHMKOB waaydenun (ocobenno LAFE), BOIHHKaOUIAX B
pesyasTare MccnenoBanuil M paspabotok, seaserca ewé oaHoil TexHosorwyeckoil notpebHocTwio. Oanaxo
npakTika coobimecrsa 19 sraserca caaboil it COCTONT B OCHOBHOM B NONBITKAX HCNONL3OBATH TAK HAILIBACMBIH
rpadux @aynepa-Hopaxeiima (FN) 1w1a u3snedeHns - W3 WIMEPEHHBIX BOJILT-AMICPHBIX XAPAKTCPHCTHK -
NapameTpa, HaILBAEMOro KOMQGUUHEHTOM YCWICHMA MO, KOTOphI Xapaxktepusyer, Hanbonee octpmie
oraensisie uTTepsl B LAFE, Onnaxo sror metoa noctpoenus FN-rpaduka oMeHs HacTo NPUMEHAICH B
CHTYALMSX, KOTHA ITO HEJOMYCTHMO (NOCKOBKY HA Pe3yIhTaThi HIMEPEHHA BIMSIOT XAPAKTCPHCTHKH CHCTEMBI
MIMEPEHMA, @ HC TOMLKO MPOUECC IMMCCHH), M OMCHb MHOIO NAPAIHTHRIX CHIHANOR, KaK CHEAyeT W3
onyGAHKOBAHHLIX PE3YALTATOR MecaenoBanuil, B MacTOAWEe BPEMA CYUIECTBYET «OPTOAOKCANBHBIN TECT,
KOTOPhIH MOKHO FNPHMEHHTH K W3MCPEHHBIM BOJALT-AMICPHBIM XapakTepucTikam, uToOn o6GHapy&NTH
KHEHICATLHBICY) CHTYALIMM TAKOTO THIA.
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Couckare/lh NPEACTaBuA 8 CBOEM aBTOpedepatTe OYEHb NOAPOOHOC HIIOKCHHE CBOMX IHAUHTEARHMIX
AOCTIREHHA. S CHUTAND, YTO OHH JICANTCH HA YCTHIPE OCHOBHAIE TPYTITH,

Bo-niepBbiX, COMCKATENb M BOIMARANCMAN MM MCCACHOBATENbCKAR pynna paspaGoramt s¢dexTusnyio
CHCTEMY AHAIIA JAHHBIX B PeaibHOM BpeMery. Cpen apyrux onuuil, 910 No3BoNsET HIBAEKATH HpdexTHBHLIE
IHAYECHNA NAPAMCTPOB XAPAKTEPHCTHEM M MOKET NPOBEPATH HX AOCTOBEPHOCTD, BHIMOMHAN OPTONOKCANbHLIH
TCCT, BCE B PEAMUME PEAIBHOM BPEMEHH H 04MCHb MHOTO pas B cexyHiay. Taxum oOpazoM, MOKHO HCCAENOBATL
VOPEAHEHHOE MOBEIEHHE BO BPEMCHH i WIMEHEHHE NOBEICHHS B PEANLHOM BPEMEHH. ITO OCOOEHHO BAKHO NPH
HCCIENOBAHHE TIOBEACHNA PEATLHBIX TEXHOMAOIHIECKHX I3ayuaTeneil, nNpeaHaHaucHHLIX WA paboThl B
YCAOBHAX MPOMBILLICHHONO BAKYYMA: B TAKHX YCAOBMAX WINYUYATeNH, HMEIOT OTPAHHYEHHYI0 CTabMIBHOCTD,
Takke HMEETCA BOIMOKHOCTL CONOCTARACHHA BONLT-AMIEPHLIX XAPAKTCPHCTHK € IMHCCHOHHLIMH KapTHHAMH
HANYHEHHSA,

OueBnINO, YTO YCTAHOBKA TAKOrO THNA HMCCT HAUMOHAIRHOE 3Ravenne 8 Poccuiickoi @egepaunn,
KOTOPaA MMEET JIONTYI0 W HENPEPHIBHYIO HCTOPHIO TEXHONOIMMECKHX WCCACNOBAHHA MONEBLIX IMUTTEPOR
MEKTPOHOB. HACKOILKO MHE HIBECTHO, TAKOE CPEACTBO AHANHIA IAHHBIX HE HMECT AHANIOTOB B MHPE.

BO-BTOPKIX, COMCKATE/h W €10 FPYNINA YKe JaBHO NPOBOANT HCCACAOBAHKA MATEPHANOB, KOTOPLIE MOIBO/AT
HIrOTAaBNNBATE HPPEKTHBHBIE NOACBBIC IMHTTEPE! WIEKTPOHOB GOALIION IIOWANM, KOTOPLIC HMEIOT BLICOKYIO
IWIOTHOCTH TOKA IMUCCHI M ARISIOTCA HANEKHMMY TIpH paboTe B YCNOBHAX NMPOMBINLIEHHOrO Bakyyma. bosbulas
qaCTh HeMaBHMX paGoT rpynnst Obina cBAlaMa ¢ NACHKAMK HA OCHOBE YraepoaHsix HaHotpyGox. Kak ywe
YKaIbIBAN0CH, CYHTAETCH, YTO MATEPHAIL TAKOTO THNA ocobenno nepenexTHBibl. [lepBOHAYATLHBIM MOTHBOM
ans paspaboTKy ITOrO THTIA WuTyHaTens Gblna CBA3L C WIEKTPOHHKIMI ANCTUIEAMM, HO JUIS ANCIUICER Apyras
TEXHONOIMA OKA3ANACh KOMMEpueckH Gosee BuroaHoi. B HacTOAWIEe BPeMA OCHOBHON TeXHOAOrHuccKof
ABMAYIICH CWION SBASETCA NOTPEOHOCTL B YAYHUIEHHWX NOPTATHBHMX PEHTTCHOBCKHX YCTPOACTRAX M
YAYMIIEHHBIX MHKPOBOZHOBBIX reneparopax. CoOHCKaTelb OXapakTepHIoBan MOBEACHHE HCCACAYEMbIX
MaTepHaios.

B-TperTbiX, COHCKaTeNh HCCACNOBAN paviuiHbie YPPEKTH, NPOABAEMBIC HCCACAYCMBIMM IMUTTEPAMI,
praoNas HPPEKTH THNA THCTEPE3NCa, W TNPEIOCTABIUL BOIMOAHBIE (uIHvecKHe OOBACHEHMA TOro, HTO
NPOMCXOANT B AETANAX B 3TOH 0MCHL CHOKHOH CHTYALHI.

B-uersepruiX, conckares nposén pabory, HANPABICHAYIO Ha YAYMICHHE CYIICCTBYIOUNX GOPMYIHPOBOK
TEOPHH WIAYHCHMA M HCHOCTH, € KoTopoit oum chopmyanpoBans. OnHO M3 ITHX HCCAeaOBaHHI,
HHHUHHPOBAHHOE ABTOPOM, HO MO3KE NPOBEAEHHOE B COTPYAHHYCCTBE C JAHHBIM PELEHICHTOM, NPEACTARNACTCH
NOTEHUMANBHO OMEHb RAKHBIM 1A PA3BHTHA NpeaMeTHOH 06aacTi. DT0 CBAIAHO € TEM, YTO B KOHEMHOM HTOre
(snepasie 3a Gonee uem 90 neT) ITOT NOAXOA NOIBOAMT NMPOBECTH HPPEKTHBHYIO NMpoBepKy Aerancit Teopuh
NOACBON NEKTPOHHON IMHCCHH., ITA METOZONOMIA OCHOBAHA HA TAK HA3HLIBACMOM IMITHPHYECKOM YPaBHEHHH
19, xoropoe Obino snepesie paspaGorano 8 1930-x romax w (1% WACAILHOIO IMHITCPA) 3IANHCHIBACT
saMepeHHbIi TOK / KaK (yHKUHIO HIMEPEHHOTO HanpsxeHus I B Brie

1= CVexp[-B/V],

rae C, B u k B neppom NpHOIIACHHN PACCMATPHBAIOTCA KaK KOHCTaHTL. VY couckarens Guina pesomounoHHas
HACR O TOM, 4TO (C YHETOM MCTIONBIOBAHNA COBPEMCHHBIX BLIMHCIHTENBHLX MOUIHOCTE!) HAWTYYIICe IHAUCHHE
k w1 nauporo HaGopa JAHHBIX TOKA-HANPAKEHHA MOKHO HAATH, BHINONHNB HECKONLKO perpeccuil s Gansko
PACTIONOKEHHBIX PAdIHIHLIX 3Ha4YeHuA k, a 3atem BuiGpas manGonee noaxoanuee 3uadexme. [locpencTsom
MOICIMPOBAHHA OH M €ro [pynna mnoKalamw, 4To Hanbonee NOAXOAAulee 3HAYeHHe K wpeIsbivaiino
YYBCTBHTE/IBHO K OCOGCHHOCTAM HCTIONBIYEMOH TEOPHM WITYUCHHA, 3HaucHHe & Takke 3aBHCHT OT (opmul
WANYHATEAR, 0ITOMY HEOOXOAMMO POBECTH HONOAHNTENLHYIO PaboTy MO MOACIHPOBAHIIO, 4TOOB YCTAHOBHTH
AETANH KOPPEKTHPOBOK, Kotophie HeoGxomumo Gyaer suecti. [lo-npexmemy cyuwectayer notpednocts 8
BLICOKOTOYHBIX H XOPOWO OXapAaKTEPHIOBAHHBIX CTAGHABHEIX IKCICPUMCHTANBHBIX AAHHBIX, 4TOOM MeTon
MOKHO GBI € NONK30H NPOTECTHPOBATH HA PEANLHBIX JAHHBIX, HO NPHHUKN METOAA Bbil YETKO YCTAHOBJICH ¢
NOMOILIBIO MOZIENHPOBAHHA,

Kpome Toro, comckatesh (Ha Moil BIrs) NHYHO BHOCHT HeGONBIWON, HO 3IHAUMTENBHBIA BKMAL B
MEAIYHAPOAHYI0 CTAHAAPTHIALMIO Onucannii Teopun astoiekTponnofi Imuccun. Poccuiickan T19 mayka
TPAAMUMONHD CWibHa, ocobenHo B Coserckoe spema. OnHako conyTcTBylOuMe Ppoccuiickue Hay'uhbie
nocTHACHHA (0COGEHHO TEOPETHUECKME) HE BCEra MOAYHAIOT 3ACAYKCHHBIH MEKAYHAPOAHMI ABTOPHTET.
Bosee Toro, ocobenso nocae pedopm 1970-x rosoB B MeKIyHapoaHoil cucTeme nimepenns, wabmonaercs
HEKOTOPOE PACXOAIACHHE MEAILY METOZAMM, HCTIONBIYEMBIMHU JUIS Onucanmus Teopi [19 B pycckosIbidHol u
aurnomsenofl anteparype. B Gonbuwiedl crenenn, qem muorne yu€nsie 1D ero nokosexns, pabotaoume B
Poccuu, a-p IMonos pabotaer Hal paciuipenneM HCMoAL3OBAHHA MEALYHAPOAHBIX CTAHAAPTOB,



Mo Bcem 3THM NPHYMHAM, OCHORBIBASCH HA PE3YVALTATAX, MAIOKEHHBIX B JHCCEPTAUHM, M HA JINYHOM
sHanuK paboThl KAHANAATA, A MPHXOXY K BRBOJY, 4TO anccepraunonHas paGora noktopa Esrenns Onerosiua
MOMOBA yaosnersopset Bcem TpeboranmaM Beiciiell  aTTeCTAUMOHHOH KOMMCCHH K JOKTOPCKHM
ANCCEPTALNAM, HANOKCHHBIM B TyHKTax «[10N0KEHHA O NPHCYANEHHH YY@HBIX CTeneHeily, YTBEPKIAEHHOIO
Mpasurenscteom PO or 24 centaGps 2013 r. Ne 842, xaxk mue OOBACHWIN. A NpHXOKY K BuIBOAY, 4TO
comckareib, aoktop Esremnit Onerosud [MOIOB, sacaykusact MPUCYKACHHN CTENCHW N0KTOpa (HINKO-
Maremaridecknx Hayx (cnewmanuhocts 01.04.04 - puindeckas INMCKTPOMHKA), W UTO NPHCYKICHWE ITON
CTeneHN OyIeT BIOHE 3aCTYKCHHBIM i 0GOCHOBAHHBIM,

{J1-p) Pisapn T". Dopbic

MA, PhD, DSc. FinstP, FIET, SMIEEE

Jlunnomuposasustit  gusux  (BeaukoOpHTanug), AHMIOMHPOBAHHLIE  HHKCHEP
(BenukoGpuTanus), esponeickuil nikeHep,

WHOCTpaHHLIT WwWieH POCCHIICKON aKaseMii eCTECTBEHHBIX HAYK

Mpurnaméaupiil aexTop (pasee JeKTop) B OONACTH HAHOHAYKH B CHILHBIX
iekTpuueckux noasx Yuusepcutera Cyppes, MHCTHTYT NEpesoBsiX TeXHONOTHH
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Russia 194021

Dear Academic Secretary,
re:

Review of the Abstract of the Dissertation of Eugeni Olegovich POPOV, entitled "Methodology
and Research Results of Large Area Multi-Point Emitters", submitted for the degree of Doctor
of Physical and Mathematical Sciences, Speciality 01.04.04 — Physical Electronics.

Please find enclosed a review document that Dr Eugeni Popov has asked me to send to you. My
apologies that | am unable to submit this in Russian.

Yours gincarah: =

(Dr) Richard G. Forbes
Visiting Reader

Advanced Technology Institute
University of Surrey (UK)

E-mail: r.forbes(@surrey.ac.uk

|For correspondence, if needed, please use personal e-mail, NOT letter post|
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Review of the Abstract of the Dissertation of Eugeni Olegovich POPOYV, entitled "Methodology
and Research Results of Large Area Multi-Point Emitters" submitted for the degree of Doctor
of Physical and Mathematical Sciences, Speciality 01.04.04 — Physical Electronics.

Although I am sure that the distinguished Panel of Examiners will be extremely well aware of the
situation existing in the subject area where the candidate works, I will find it helpful to start my
remarks by describing the situation as I see it.

Field electron emission (FE)—the emission of electrons from a material surface under the
influence of a high negative electrostatic field—is one of the paradigm examples of quantum
mechanical tunnelling, and has importance as such. Field electron emission is of significant scientific
and technological interest, in two main types of context. It is one of the possible mechanisms of
"electrical breakdown", both in vacuum and in air: as such, it is a possible explanation of various
natural phenomena and also a phenomenon that can impede the operation of many technologicaal
devices, including the high-gradient particle accelerators used in high-energy nuclear physics.

The other context is that FE is the emission mechanism of electron sources that have many and
varied applications and potential applictions in technology. These electron sources divide into two
main types: single-point electron emitters (such as are used in electron microscopes and other
electron-beam instrucments where high electron-optical brightness is required), and so-called large-
area field electron emitters (LAFEs), which are a form of large-area electron source. Many candidate
emitter materials have been explored in the last twenty years or so; sources involving carbon
nanotubes and related materials show particular promise.

Both for fundamental and for applications reasons, good understanding of emission theory is
desirable. However, present understanding is limited, and most experimental data analysis is based
mainly on approaches that disregard the existence of atoms and model emitters as smooth flat planar
surfaces of large lateral extent. Present mainstream FE theory (introduced by Murphy and Good in
1956, and subsequently modified slightly) predicts general qualitative trends correctly. But at no stage
in the last 90 years since the original work of Fowler and Nordheim has there been a reliable and
precise quantitative comparison between FE theory and FE experiment,

The accurate and reliable characterisation of emitters (particularly LAFEs) emerging from
research and development activities is another technological need. However, FE community practice
is weak, and consists mainly in attempts to use a so-called Fowler-Nordheim (FN) plot to extract—
from measured current-voltage characteristics—a parameter called a field enhancement factor that
characterises how sharp the most strongly emitting individual emitters in the LAFE are. However,
this FN-plot technique has very often been applied under circumstances where it is not valid to do so
(because measured results are being influenced by the characteristics of the measurement system,
rather than by the emission process alone), and very many spurious characterisation results have been
published. There now exists an "orthodoxy test" that can be applied to measured current-voltage
characteristics, in order to detect "non-ideal” situations of this type.
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The candidate has provided in his abstract a very detailed summary of his considerable
achievements. My perception is that these fall into four main groups.

First, the candidate and the research group that he leads have developed an efficient real-time data
analysis system. Amongst other options, this can extract apparent values of characterization
parmeters, and can test their validity by carrying out an orthodoxy test, all in real time, and very many
times per second. Thus, average behaviour over time, and changing behaviour in real time, can be
investigated. This is particularly important when investigations are being made into the behaviour of
real technological emitters, intended to operate in industrial vacuum conditions: in such circumstances
emitters have limited stability. Provision to correlate current-voltage characteristics with emission
images is also available.

A facility of this kind is obviously of national value in the Russian Federation, which has a long
and continuing history of technological research into field electron emitters. As far as | am aware, a
data-analysis facility of this kind is unique in the world.

Second, the candidate and and his group have long been conducting a sesarch for materials that
would allow the fabrication of efficient large area field electron emitters, that have high emission
current densities and are robust when operating in industrial vacuum conditions. Much of the group's
recent work has been with carbon-nanotube-based films. As already indicated, materials of this kind
are widely considered to show particular promise. The original motive for developing this type of
emitter was in connction with electronic displays, but for the displays a different technology proved
commercially superior. At present, the main present technological driving forces are the need for
improved portable X-ray devices, and improved microwave generators. The candidate has
characterised how the investigated materials behave.

Third, the candidate has investigated various effects exhibited by the emitters researched,
including hysterisis-type effects, and has provided possible physical explanations of what must in
detail be very complicated situations.

Fourth, the candidate has carried out work aimed at improving existing formulations of emission
theory and the clarity with which they are formulated. One of these researches, initiated by the
candidate but later carried out in collaboration with this reviewer, seems to have the potential of being
highly important for the development of the subject area. This is because it should eventually (for the
first time in over 90 years) enable effective testing of the details of theories of field electron emission.
This methodology is based on the so-called empirical FE equation, which was first developed in the
1930s and (for an ideal emitter) writes the measured current / as a function of the measured voltage V'
in the form

I = CVlexp[-B/V],

where C, B and k are in the first instance treated as constants. The candidate had the breakthrough
idea that (given modern computing power) the best value of k for a given current-voltage data set
could be found by carrying out multiple regressions for closely-spaced different values of k, and then
selecting the best-fit value. By means of simulations, he and his group have shown that the best-fit
value of k is extremely sensitive to the details of the emission theory being used. The value of k also
depends on the shape of the emitter, so there is further simulation work to be done to establish the
details of corrections that will need to be made. There is still a need for highly precise and well-
characterised szable experimental data, so that the method can be usefully tested on real data, but the
principle of the method has been clearly established by the simulations.

In addition, the candidate is (in my opinion) personally making a quiet but significant contribution
to the international standardisation of descriptions of field electron emission theory. Russian FE
science has traditionally been strong, particularly in Soviet times. However, related Russian scientific
achievments (particularly theoretical ones) have not always got the international credit that they
deserve. Further, particularly since the 1970s reforms in the international system of measurement,
there has been some divergence between the methods used to describe FE theory in Russian-language
and English-language literature. To a greater degree than many FE scientists of his generation
employed in Russia, Dr Popov is working to widen the use of internationally standard practices.

For all these reasons, based on the results set out in the dissertation, and from personal knowledge
of the candidate's work, I conclude that the dissertation work of Dr Eugeni Olegovich POPOV
satisfies all the requirements of the Higher Attestation Commission for doctoral dissertations set forth



in the clauses of the "Regulations on the award of academic degrees" approved by the Government of
the Russian Federation of September 24, 2013 No. 842, as explained to me. I conclude that the
candidate, Dr Eugeni Olegovich POPOV, deserves to be awarded the degree of Doctor of Physical
and Mathematical Sciences (Speciality 01.04.04 — physical electronics), and that the award of the
Degree would be well deserved and well justified.

il

(Dr) Richard G. Forbes

MA, PhD, DSc, FInstP, FIET, SMIEEE

Chartered Physicist (UK), Chartered Engineer (UK), European Engineer
Foreign Member, Russian Academy of Natural Sciences

Visiting Reader (formerly Reader) In High Electric Field Nanoscience
University of Surrey, Advanced Technology Institute
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