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dopma 1. CBegeHua o npoekTe

1.1. HasBaHue npoekTa

Ha Py CCKOM S13bIKe

DyHKLMOHarbHbIE 3HEProadheKTMBHBLIE MOBEPXHOCTY ANS MHTEHCMdmKaLMM TenfioMaccoobmeHa n
TEPMOUHTEPGENCHLIE MaTepuanbl Ans OXITaXOEHUsT SNIEKTPOHHbBIX U 3HEPTETUMECKUX YCTPONCTB

Ha aHarutcKoM si3biKe

Functional energy-efficient surface for the intensification of heat and mass transfer and thermal interface
materials for the cooling of electronic and energy devices

1.2. MNpuopuTeTHOE HanpaBneHue pasBUTUS HayKWU, TEXHOSOMMA U TEXHUKU B Poccumnckomn
Pepnepauum, Kpumyeckasa TeXHOSOMUA:

Yka3blBaeTcs cornacHo nepeyHto (Yka3s MpesnpeHta Poccuiickon ®depepaumm ot 7 uons 2011 ropa Ne899) B cnyyae, ecnv TeMaTMka npoekTa
MOMET ObITb OTHeCeHa K OAHOMY U3 NPUOPUTETHBLIX HanpaB.HeHMVI, a Takke BHECTM BKnapg B pa3BuUtMe KpUtM4eCKunx TexHornorun Poccumckon
®depepaumm.

8. OHeproahdeKkTMBHOCTb, 3HEProcOepexeHne, saepHast aHepreTuka.

17. TexHornormm nosy4eHns 1 06paboTkn GyHKLMOHANbHBIX HAHOMAaTEPMAroB.

1.3. KnroueBble cnoBa (npueodumcs He 6osiee 15 mepmuHos)
Ha pyCcCKOM si3biKe

yHKLIMOHarnbHbIe SHEpProadhpeKTUBHBLIE MOBEPXHOCTU, UHTEHCUGMKALLMS TennomaccoobmeHa,

TepMouHTepderchbl 1 TEPMONHTEPMECHBbIE MaTepuars!, OXNaXaeHne 1 TepMmocTadbunmsaumns
Ha aH2/uliCKoM £13bIKe
Functional energy-efficient surface, intensification of heat and mass transfer, thermal interface materials,

cooling and heat setting of electronic and energy devices

1.4. AHHOTaUmMsA NpoeKTa (06BLeMom He 6osiee 2 cmp.; 8 MOM YuCJIe KpamKo — akmyasibHoCMmb U
Hay4Has H06u3Ha)

[OaHHasn nHcdopmMauma MOXET ObITb onybnmkoBaHa Ha cavTte PoHaa B MHGOPMALIMOHHO-KOMVHMKALMOHHON ceTM « AHTepHe ™.

Ha PYyCCKOM A3blKe

B nocnegHwe rogbl, B CBSI3W C pOCTOM SHEPTrETUYECKON MOLLHOCTM 60MbLUMHCTBA YCTPOWCTB
CcnaboTOYHON N CUNBHOTOYHOWN MIEKTPOHMKUN N IHEPrETUKM, ONTOINEKTPOHUKM, CO30AHNEM LLEHTPOB
06paboTKun AaHHbIX, Ppa3BUTUEM COBPEMEHHBIX TENMEKOMMYHUKALIMOHHBIX CUCTEM M T.4., pa3paboTKom
CO3aHNEM CUCTEM XPaHEHNS1 1 06pabOoTKM MHGOPMALIUK, a TaKXKE CUCTEM XPaHEHUS SNIEKTPUYECKON
3HeprMm (B YaCTHOCTU, MMTUA-MOHHBIX U ApYrix 6aTapeit), BCe BaXHee U KPUTUYHEE CTaHOBUTCS
npobnema TepmMocTabunmsanum n 0TBoAa N3BbITOYHOrO TeMmna OT YKa3aHHbIX YCTPOUCTB. NocnegHne
Co0bITKSA, CBA3AHHbIE C BO3rOpaHNMEM U B3pbiBaMU CUCTEM XPaHEHMWS SHEPTN B NUTUA-MOHHBIX
akkymynaropax (komnaHum Tesla, www.tesla.com 1 Samsung Electronics, www.samsung.com),
Npo6nemMbl BO3HUKHOBEHMWS «TEMMOBOMN CTEHbI» B 3aKoHe Mypa 3a cHeT HEBO3MOXHOCTM OTBOAA Tenna
OT ropsvMX TOMEK HAHOPA3MEPHbIX KOMIMOHEHT 3MEKTPOHUKM 1 OMTOIMEKTPOHUKM (Www.electronics-
cooling.com; prof. E. Pop, Department of Electrical Engineering, Stanford University,
http://poplab.stanford.edu; prof. K. Goodson, https://nanoheat.stanford.edu; prof. Tim Fisher, Purdue
University, http://www.nanotransportgroup.com et. al), npo6nembl OXnNaXaeHNs aHTEHHbIX YCTPOWCTB B
OrPaHNYEHHbIX MPOCTPAHCTBAX NX KOHCTPYKTUBHBIX PELLEHUIA, HEBO3MOXHOCTL 3GIEKTUBHOIO
OXIaXOEeHNs CBEPXbAPKUX CBETOAMOAHBIX 6IIOKOB 1 T.4. AenatoT npobriembl TensiooTBoAa 1
TepmocTabunmsauum ogHMMU U3 BaXKHENLLMX NpobrieM coBpeMeHHON, a TeM Gonee, Byayilen
NepPCNEKTUBHOM SHEPTETUKN, MUKPO- 1 HAHOINEKTPOHWMKM N ONTO3NEKTPOHUKK. MOMMMO 3TOro, Harmums B
OKpy>atoLLien cpede OrpoOMHOro KormyecTsa n3bbITOYHOro Tensa, npobrnema n3MeHeHns KnuMara,
CTaBAT 3aa4n BO3MOXHOMN KOHBEPCUM (Npeobpa3oBaHust) Takoro M3bbIToO4HOro («BpocoBorox») Tenna B
aneKkTpuyeckyto aHeprnio. Bee ykasaHHble Npobnembl CBsI3aHbl, Kak MoKasanm MHOTOYMCIIEHHbIE
nccnegoBaHns, ¢ He0BX0AUMOCTBIO pa3paboTKM 1 co3aaHus PyHKLMOHaNbHbIX 3HEProadPEeKTUBHbLIX
NOBEPXHOCTEW A1 UHTEHCUGMKALMM TennoMaccoobmeHa 1 TepMOUHTEPENCHBbIX MaTepyanbl 4ns

oXInaxXgeHuA 3NeKTPOHHbIX U SHepreTu4eckKnx yCTpOVICTB. CeFO,D,HFI B MUpPE HacHUTbIBaeTCA HECKOJIbKO
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OECATKOB Hay4HbIX MPYMM U COTHU KOMMNAHWIN, KOTOPbIE UCCIEAYIOT U N3ydatoT AaHHyo npobriemy.
OpaHako, UMeloTCs pasnuyHbIe NYTU JOCTMKEHUS YKa3aHHbIX Lienen U 60MbLUMHCTBO peLleHni
OTNMYaKNTCA ApYr OT Apyra 1 OOmkHbl 6bITh NPOBEPEHbI. HECMOTPS Ha MHOTOYMCTIEHHbIE NOMbITKU B
Poccum nonyuntb CKonb-HMOYAb Cepbe3Hble pe3ynbTaTkl B 3TOM HanpaBrneHun, HECMOTPSA Ha
MHOMOYUCIIEHHbBIE MPOEKThI B 3TOM HanpaBfieHWn, 0COObIX NPOABMHYTLIX PELLEHW He HabnogaeTcs.
CoBepLLEHHO NMOHATHO, YTO AN peLleHUs NoCTaBeHHON NPobrneMbl HEO6X0ANMbI HOBbIE MOAXOAbI U
HOBbI€ NCCMeA0BaHWs, CBA3aHHbIE C pa3paboTKOM N CO34aHNeM HOBOTO MOKOMEHUS dyHKLMOHAMbHBIX
3HepProaddeKTUBHBLIX MOBEPXHOCTEN U TEPMOUHTEPENCHBLIX MaTepuanos, 06agarLLMX MUHUMaNbHbLIM
TEPMUYECKUM IPaHUYHBIM COMPOTMBIIEHMEM Ha rpaHnLax ¢ ApyrMMu Mmatepuanamu. AIMeHHO OrpoMHble
TEPMOCONPOTUBIIEHUST MEXOY MaTepuanamm He 4al0T BO3MOXHOCTUN 3¢pPeKTUBHO oxnaxaaTthb u
TEPMOCTabMMM3MPOBaTb COBPEMEHHbBIE U MEPCMNEKTUBHBbIE pa3pabaTbiBaeMble B HACTOSILLEE BPEMS
ycTponcTBa crnaboToO4HON U CUNbHOTOYHOM 3MEKTPOHUKU N SHEPrETUKM.

Mporpammbl pa3BUTUSA HOBbIX MaTepuaros C dyHKLMOHAMNbHLIMU MOBEPXHOCTAMM A1 UHTEHCUdMKaL M
TennomaccoobmMeHa 1 TepMoHTEPeNCHbIe Matepuarnb! 4515 OXNaXaeHWs NIEKTPOHHBIX U
9HEepreTU4YEeCKMX yCTPOUCTB MMEIOT MPaKTUYECKM BCE BeayLLme 3apybexHble KOMMaHu1, AeCATKN
3apybexHbIX YHUBEPCUTETOB M OTAENMbHbIX ccreaoBaTensckux rpynn. K coxanenuio, B Poccum He
CYLLECTBYET HU €OUHON KOHLIENLUUW, HY Korabopawnm NpoekToB 1 nadopatopun ANns peLLeHns
MOCTaBIIEHHbIX B HACTOSALLEM NpoeKTe NpobreM. BHnmaTensHoe o3HakoMneHne ¢ pesynbTatamu
nccnegoBaHWn POCCUNCKMX YYEHbIX U UHXeHepoB 3a nocnegHune 10 neT nokasbiBaeT, YTO OTCTaBaHUE B
3TOM HanpasfeHUn TONbKO HapacTaeT. BoMbLUMHCTBO POCCUMCKNX KOMMAHWIA, paboTatowmx B
pa3nnMYHbIX 00MAacTAX, B KOTOPbIX BbIMYCKATCS NPOAYKThI CNAabOTOUHON U CUITbHOTOYHOM 3NEKTPOHUKN
N aHepreTuku (Npeanpuatna Pocatoma, PoctexHosnoruin, Pockocmoca, PocHaHo U T.1.), BCe CUibHEE
OLLLLIAOT OTCYTCTBUE OTEYECTBEHHbIX MPOAYKTOB A9 TEPMOCTabmnmM3aLnm 1 oxnaxgeHus
obopyaoBaHusi. MNMpakTn4ecKkn Bce TEPMOMHTEPCENCHBIE MaTepurarbl, KOTOPbIE UCMONb3YHTCS Ha 3TUX
NPeanpUATUsIX, NPON3BOAATCH 3a pybexxom. BonbLUO ONbIT COBMECTHbIX MCCIEA0BaHWI YIIEHO Hay4YHOW
rpynnbl NpoeKTa ¢ 3apydexHbIMN YHUBEpPCUTETaMU U KoMnaHusiMmn (CeynbCKui HauMoHanbHbIN
YHUBEPCUTET HayKu 1 TexHosormin, CTaH(OPACKMI YHUBEPCUTET, BEHCKUIA TEXHUYECKUIA YHUBEPCUTET,
Samsung Electronics, Intel n apyrve) nokassiBaeT, YTO MO HEKOTOPbLIM MO3ULLUSIM BO3MOXHO
onepexaroLLiee pas3BuTHE 1 NOryYeHe HOBbIX BUOOB NPOAYKTOB MUPOBOIO YPOBHSI.

O630pbl COBPEMEHHOMO COCTOSIHUS YKa3aHHbIX Bbille npobnem nmetotcd B: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. IEEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17(4). 2014. 163—174; A.C. muTtpunes. TensnoBble NpoLecchl B HAHOCTPYKTypax. M. MOWU.
2012. 302 cTp.; A.C. Omutpues. Tennodgmanyeckme npobriembl HAHOSHEPTETMKN U HAHOSNEKTPOHUKN. 10
MexayHapogHasa kKoHepeHUnst «AKTyarnbHble BONPOChl TENNOGM3NKL 1 GM3N4eCcKom
rmgporasoguHamMukny, 17-23 centsopsa 2012, Anywra; A.C. Omutpues. Tennodmanieckme npobrembi
HaHO3HEPreTUKU: HOBble paboune Terna U KOMMNOHEHTHI. «[oBbllweHe 3¢heKTUBHOCTM SHEPrETUYECKOIO
obopynosanust - 2012», 13—15 Hosi6psa 2012 r. CankT-INeTepbypr; A.C. OmuTpreB. BeeaeHve B
HaHoTennodwm3nky. N3g. BUHOM. 2015. 792 c.; A.C. OMutpueB. TennoBas CTeHa MUKPO- U
HaHO3MNeKTPOoHUKW. MopTtan PocHaHo/e-Nano. http://edunano.ru/doc/6353921192855885264.

Llenbto n 3agavamm HaCTOSILLIEro NPoeKTa ABMNSETCH UCCIeAoBaHNS HOBbIX (OyHKL MOHAMbHbLIX
3HEProadeKTUBHBIX MAaTEPUAIIOB, @ TaKXe N3YydeHNE NX TEMNOGM3NIECKNX U INIEKTPOGM3NIECKMX
CBOWNCTB, NPOLIECCOB CMaYnBaHUA U pacTeKaHUs No NOBEPXHOCTAM 3TUX MaTepuaros pasnuyHbIX
noTeHLUManbHbIX paboyvmx XMaKOCTEN, KOTOpble MOMYT MCMOMNb30BaThbCA B LLMPOKOM Anana3oHe KX
COCTOSIHWI (OT XMAKOro 40 Napoobpas3HOro) ANs CHATMSA U TENSIOOTBOAA C MOBEPXHOCTEN M3ObITOYHON
TEnnoBON MOLLHOCTM 1 UX TepmocTabunmnsaunm. B pamkax gaHHoro npoekta 6yayT paspaboTaHbl 1
co3aaHbl yHKLUMOHarbHbIe SHepProaPeKTUBHBbIE MOBEPXHOCTU C UCMONb30BaHWEM 06paboTKu nx

deMTOoCEeKYHOHBIMW Na3epHbIMU UMMNYIbCaMKU, ME3OCTPYKTYPHbIE NOBEPXHOCTU, UMEIOLLME
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OpUIHanbHblE KOMMOHEHTLI B BUAE MOHOAUCNEPCHBLIX MUKPOCKep pasnMyHoro AuameTpa,
HaHOKOMMO3UTbI N HAHOKOMMAYHAbl C MONMMEPHBIMU MaTpULLaMM N HAHOBKIIOYeHNsSMU Ha 6ase
HaHONPOBOIIOK U HAHOTPYOOK, HAHOYaCTUL,, BKMOYaA HaHOanmasbl, rpadeH 1 rpacpeHoBbIE CTPYKTYPbI.
ByoyT Takke nccnenoBaHbl HOBbIE BbICOKOTEMMEPATYPHbIE KEpaMUYeCKMe Matepuarbl Ha 6ase
HUTPUAA antoMUHUS 45151 BKIIOYEHMS UX B CXeMbl OTBOAA Tensa ¢ AobGaBneHnem apyrmx
TepMouHTepdeNCHbIX MaTepuanos. OCHOBHasA 40N uccnegyembix B MPOEKTE MaTepuarnos
OpVvNHanbHa, HUKOT4a paHee He 1cnonb3oBarnachk A5 Lenen 3HeproaheKTMBHOIO OXMaXaeHUs 1
TepmocTabunmaaumn. [ina 6onblwmMHCTBA yKadaHHbIX MaTepuaros, KOTOpble B pamkax npoekTa 6yayT
pa3paboTaHbl 1 Co34aHbl, paHee He UCCreaoBanuch Tenrnogmanyeckme 1 anekTpogmsndeckmne, a Takke
MexaHun4eckme (HanpMMep, Ha MPOYHOCTb CXaTus U pa3pbiBa) cBoMcTBa. [omumo aToro, OyayT
pa3paboTaHbl, Co3A4aHbl U NccrefoBaHbl HEKOTOPbLIE HOBLIE TUMbI TEPMOMHTEPCENCHBIX MaTepuaros,
TaKkXe Ha OCHOBE KOMMO3ML M TOHKMX MeTanmmyeckux NneHoK 1 HaHOMpPOBOSOK, a Take Ha OCHOBe
HaHOTPYOOK 1 rpacdheHOBLIX CTPYKTYP.

Hay4yHas HOBM3Ha NpoeKTa COCTOUT B pa3paboTKe 1M Co34aHUM HOBbIX NEPCMNEKTUBHBIX
3HeproaddeKkTUBHLIX MaTepmnaros, CO34aHNU 1 OCBOEHUMN METOAUK U3MEPEHUS MEXaHNYECKUX,
Tennogmanyecknx 1 aneKTpomanYecknx xapakTepucTuK nomyvyaemblx MaTeprarnos, NPOBEAEHUN Cepuin
nccnegoBaHWM Mo NoTEHLNarbHOMY TEXHOMNOTMYECKOMY MCMONb30BaHMM MOMYyYEHHbIX MaTteprarnos Ans
CUCTEM OXNaXKOEHNS YCTPONCTB SHEPTETUKM U SNEKTPOHNKWN, ONTOSNEKTPOHMKN, CUCTEM
TernekoMMyHUKaL Wi, ByoyT Takxke npoBegeHbl nccrnegoBaHus No CBOMCTBAM CMadvMBaHUS U pacTeKkaHns
pabo4umx XnOKoCcTeln No NOBEPXHOCTAM pa3paboTaHHbIX 1 CO34aHHbIX AHEProahdEeKTUBHBLIX
dyHKLMOHAarbHbIX MaTepuarnos ANns BO3MOXHOMO NX UCMOMb30BaHNA B CUCTEMAaX XUOKOCTHOTO U
NcNapuTensHOro oXnaxaeHus Npu oTeoAe Tensna OT SHeProHanPsPKeHHbIX NeperpeBaeMbIX
NMOBEPXHOCTEN IHEPreTUKUN U ANEKTPOHUKN. Kpome Toro, 6yayT HameueHb! Lwarv no pa3paboTke u
CO3aHNI0 NPOMbILLITIEHHOM OTEYECTBEHHON TEXHOSOMMM A9 NPoM3BoACTBa qyHKLIMOHANbHBIX
3HeproaddeKTUBHLIX NOBEPXHOCTEN AN UHTEHCUGMKaLMN TennomMmaccoobmMeHa U TepMOUHTEPENCHBIX
MaTtepuarnb! 4515 OXMNaXaeHWs NeKTPOHHBIX 1 AHEPreTU4ECKNX YCTPOUCTB.

Ha aHanutcKoM si3blKe

In recent years, due to increased energy capacity of most low-current and high-current power electronics
and devices, optoelectronics, creation of data centers, the development of modern telecommunications
systems, etc., development and creation of storage and processing systems, as well as electric storage
systems energy (in particular, lithium-ion batteries and other), and all the more critical becomes more
important problem of thermal stabilization and removal of excess heat from these devices.

Recent events related to the fire and explosion of energy storage in lithium-ion batteries (the company
Tesla, www.tesla.com and Samsung Electronics, www.samsung.com), the problem of occurrence of
«thermal wall» Moore's law due to the impossibility of removing heat from the hot spots of nanoscale
electronics and optoelectronics component (www.electronics-cooling.com; prof E. Pop, Department of
Electrical Engineering, Stanford University, http://poplab.stanford.edu; prof. K. Goodson, https:
nanoheat.stanford.edu; prof. Tim Fisher, Purdue University, http://www.nanotransportgroup.com et al),
the problem of cooling the antenna devices in confined spaces, their design decisions, the inability to
effectively cool superbright LED blocks, etc. make the problems of heat dissipation and thermal
stabilization of one of the major problems of the modern and the more promising future energy, micro-
and nanoelectronics and optoelectronics.

In addition, the presence in the environment a huge amount of excess heat, climate change, pose
potential problems conversion (transform) this excess of heat into electrical energy. All of these problems
are related, as shown by numerous studies, the need to develop energy-efficient and create functional
surfaces for intensification of heat and mass transfer and thermal interface materials for the cooling of
electronic and energy devices. Today, there are research groups, and hundreds of companies that
explore and study the problem. However, there are various ways to achieve these objectives and
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solutions differ most from each other and should be checked. Despite numerous attempts in Russia to
get any serious results in this direction, in spite of numerous projects in this direction, special advanced
solutions is observed. It is clear that in order to solve this problem, new approaches and new research
related to the development and creation of a new generation of functional surfaces and energy efficient
thermal interface materials with minimal thermal boundary resistance at the borders with other materials.
This huge thermal resistance between the materials make it impossible to effectively cool and heat
stabilized current and future being developed low-current device and high-current electronics and energy.
Program development of new materials with functional surfaces for intensification of heat and mass
transfer and thermal interface materials for the cooling of electronic and energy devices have almost all
the leading foreign companies, dozens of foreign universities and individual research groups.
Unfortunately, in Russia there is not a single concept or collaboration projects and laboratories for solving
the problems in this draft. A close acquaintance with the results of the last 10 years of Russian scientists
and engineers research shows that the backlog in this area is only growing. Most Russian companies
working in various fields in which the products are produced low-current and high-current electronics and
energy (Rosatom, Rostechnology, Roscosmos, Rosnano, etc.), more and more feel the absence of
domestic products for thermal and cooling equipment. Virtually all thermal interface materials that are
used in these enterprises, are produced abroad. Extensive experience of collaborative research project
members of the scientific group with foreign universities and companies (Seoul National University of
Science and Technology, Stanford University, Vienna University of Technology, Samsung Electronics,
Intel and others) shows that for some items might advanced development and acquisition of new types of
global products level.
Reviews of the current state of the problems mentioned above are available in: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. IEEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17 (4). 2014. 163-174; A.S. Dmitriev. Thermal processes in nanostructures. M. MPEI.
2012. 302 p.; A.S. Dmitriev. Thermal problems nanoenergy and nanoelectronics. 10 International
Conference «Actual problems of thermal physics and physical hydrodynamics», 17-23 September 2012,
Alushta; A.S. Dmitriev. Thermal problems nanoenergy: new working body and components. «Improving
the efficiency of power equipment — 2012», November 13-15, 2012, St. Petersburg; A.S. Dmitriev.
Introduction to nanothermophysics. Ed. BINOM. 2015. 792 p.; A.S. Dmitriev. Thermal wall of micro- and
nanoelectronics. Rosnano portal / e-Nano. http://edunano.ru/doc/6353921192855885264.
The purpose and objectives of this project is to study new functional energy-efficient materials, as well as
the study of their thermal and electrical properties, wetting processes and spreading over the surfaces of
these materials of different potential working fluids that can be used in a wide range of state (from liquid to
vapor) removal and heat from the surfaces of the excess heat capacity and thermal stabilization. The
project will be designed and developed functional energy-efficient surface using their processing by
femtosecond laser pulses, mesostructural surface with original components in the form of different
diameters monodisperse microspheres, nanocomposites and nanocompounds with polymer matrices
and nanoinclusions based on nanowires and nanotubes, nanoparticles, including nanodiamonds,
graphene and graphene structure. New high-temperature ceramic materials based on aluminum nitride
for inclusion in heat removal schemes will also be studied with the addition of other thermal interface
materials. The main share in the project studied original material never before used for the purpose of
energy-efficient cooling and temperature stabilization. For most of these materials are within the project
will be developed and created previously investigated thermal and electrical as well as mechanical (e.g.,
compression strength and break) properties. In addition, to be developed, designed and studied some
new types of thermal interface materials, also based on the compositions of thin metal films and
nanowires and nanotubes, and based on the graphene structure.

The scientific novelty of the project is to develop and establish new promising energy-efficient
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materials, creation and development of methods to measure mechanical, thermal and electrical
characteristics of the resulting materials, carrying out a series of studies on the potential use of
technology obtained materials for cooling systems and power electronics devices, optoelectronics,
telecommunications systems. There will be also carried out research on the properties of wetting and
spreading of liquids on surfaces workers designed and built energy efficient functional materials for
possible use in liquid and evaporative cooling systems with dissipation of heat from the superheated
energy-intensive energy surfaces and electronics. In addition, steps will be outlined on the design and
development of domestic industrial technology to energy efficient production of functional surfaces for
intensification of heat and mass transfer and thermal interface materials for the cooling of electronic and
energy devices.

1.5. Oxxmaaembie pe3ynbTaTbl U UX 3HAYUMOCTD (YKa3biearomcs oxudaembie pe3ysibmamsbl U ux
Hay4Hasi u obuiecmeeHHasl 3Ha4uMocmb (OyeHKa Coomeemcmeusi 3ans1aHupPoeaHHbIX
pe3ysimamoe MupoeoMy yPOEHH0 uccriedoeaHuli, 603MOXHOCMb MPaKM Uu4ecKo20
ucrosnb308aHuUsl 3anIaHUPO8aHHbIX PEe3y IbMamoe MPoeKma € 3KOHOMUKe U COyUanbHOU

cepepe))
[aHHasn nHcopMaLsa MOXET ObITh onybnvkoBaHa Ha caute ®oHAa B MUHCPOPMALIMOHHO-KOMMYHMKALIMOHHON cem « HTepHe™.
Ha PYyCCKOM A3blKe

B pesynbTaTe BbINnonHeHUsi NpoekTa npegnornaraeTcs:

- cchopMMpoBaTbL OCHOBHbIE KOHLENL MM pa3paboTkn U co34aHnst HOBbIX (OYHKLMOHAIbHBbIX
3HeproadheKTUBHBIX MaTepUaros, B TOM YMCIie MaTepmarnos, JOCTYMNHbLIX 411 UMMOPTO3aMELLEHNS 3a
CYeT OpUrMHanbHOCTM pa3paboToK CaMnx MaTepuaros;

- paspaboTtaTb 1 co3natb (PyHKLMOHaNbHbIE 3HEProahPEKTUBHBLIE NOBEPXHOCTU C UCMONb30BAHNEM
06paboTku Mx heMToCEKYHOHBIMM Na3epHbIMU UMNYSIbCaMU, ME3OCTPYKTYPHbIE MOBEPXHOCTY, NMEOLLME
OpUIHanbHblE KOMMOHEHTLI B BUAE MOHOAUCNEPCHBIX MUKPOCKep pasnMyHoro AMameTpa,
HaHOKOMMNO3WTbl U HAHOKOMMNAayHAbI C NOMMMEPHBIMU MaTpULL@MM N HAHOBKIMKOYEHNAMM Ha 6a3e
HaHONPOBOIIOK U HAHOTPYOOK, HAHOYaCTUL,, BKMOYaA HaHOanmasbl, rpadeH 1 rpacpeHoBbIE CTPYKTYPLI;
yacTb 006pasLoB MaTepuranoB bygyT oTBeYaTb CaMbiM NEPEOBLIM SOCTMKEHMAM COBPEMEHHbBIX
dyHOAMEHTasbHbIX M NPYKIaAHbIX MCCegoBaHui 1 pa3paboTok, Apyrve OyayT NOMHOCTbIO
OpUrMHarbHbIMU 1 HAKOTAa paHee He nccrefoBaHHbIMU (B HacTHOCTH, 06paboTaHHbIe
eMTOCEKYHOHBIMU NA3epPHLIMU UMMNYIbCaMK, @ Takke Ha OCHOBE MOHOAMCNEPCHBIX MUKpocdep U
nony4eHHbIMM Ha 6a3e rpadeHOBbIX «XITOMNBLEBY B NOMMMEPHON MaTpULLe Y HaHOaNMa3HbIX KOMMO3ULUIA
B MOSIMMEPHOW MaTpu1LE); KOMMIEKCHbIE NCCregoBaHUsi NOA00OHbIX CTPYKTYP B POCCUMINCKMX
nccnenoBaHusaX NpeacTasneHbl BecbMa crnabo, a B 3apybexHbix U3ydeHbl TONbKO A5 BeCbMa
HeboMbLLOro YMcna MaTepuarios;

- BNepBbIe UCCrieqoBaTh TENNOGM3NYECKne 1 anekTpodmandeckme CBOMCTBA NOMyYeHHbIX MaTepuarnos,
nony4nTb TEMnepaTypHble 3aBUCUMOCTY TEMMONPOBOAHOCTU MOMYyYEHHbIX MaTeprarnos, 3aBUCMMOCTY OT
KOHL,EHTpaLMM HAHOKOMIMOHEHT U OT pa3MepPOB HaHOKOMIMOHEHT;

- BMEpBbIE N3y4nTb MPOLECCOB CMAYMBaHMA U pacTekaHusi No GyHKLMOHaNbHbIM 9HEProadPeKTUBHBIM
MOBEPXHOCTAM 3TUX MaTepuanoB pasnnyHbIX MOTEHUManbHbIX paboynx XMOKOCTEN, KOTOpbIe MOryT
NCMNOMb30BaTbCS B LLUMPOKOM AMana3oHe X COCTOSIHWIA (OT >XMOKOro 40 NapoobpasHoro) Ans CHATUS 1
TennooTBoAa C NOBEPXHOCTEN M3ObITOYHOWN TENOBOW MOLLHOCTUN M X TEPMOCTabunmsaumu;

- BNepBble B MMpe UCCrefoBaTh B3avMOAENCTBME Kanernb HaHOXMAKOCTEN ¢ obpasLiaMm NoryYeHHbIX
PYHKLIMOHArbHbIX MOBEPXHOCTEN, U3Y4UTb CKOPOCTU MCMAPEHWS U KUNEHUST Kanerb HAHOXMOKOCTU Ha
NMoL00HbBIX MOBEPXHOCTSIX C LIENbHO MOMyYeHNs BbICOKO3(EKTUBHBLIX CUCTEM OXITXKOEHUS] CUIMBHO
neperpeTbiX MOBEPXHOCTEN N KTOPSAYNX TOYEK» B MUKPO- N HAHOSMEKTPOHMKW, ONTO3NEKTPOHMKN,
anemMeHTax aHepreTnyeckoro obopyaosaHus;

- BNEpPBbIE NCCeaoBaTh HOBbIE BLICOKOTEMMNEPATYPHLIE KepaMUYeckme MaTepuarbl 4118 NoaSIOKeK B
MWUKPO- 1 HAHO3JEKTPOHWNKE N ONTO3NEKTPOHUKE (kepamuka HTCC PCB) Ha 6a3e HuTpuaa anomMuHus
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A5t BKIMIOYEHMS MX B CXEMbl OTBOZA TeNnna ¢ fobaBneHMeM OpYrX TEPMOMHTEPXENCHBIX MaTepUaros;

- BrepBble NccnegoBatb MexaHndeckume 1 TepmoaedomMaLMoHHbIE CBOMCTBa 06pasLIOB YKa3aHHbIX
BblLLIe MaTepUarnoB C Lerbio U3y4eHUs: X BO3MOXHOMO NPUMEHEHUSI COBMECTHO C MOAMoXKaMU U3 Opyrnx
MaTepuaros 1 CO34aHus CIOXHbIX TEPMOMHTEPGIENCHBIX MaTepnarnos;

OcHoBHas gonsa nccreayemMbix B NPOEKTE MaTeprarioB OpuUrMHarbHa, HUKor4a paHee He
ncnonb3oBanach A4ns uenen aHeproadeKTUBHOIO oxXnaxaeHnst u Tepmoctadbunmsauum. [ns
GOonbLUMHCTBA YKa3aHHbLIX MaTepuarnos, KOTOpbIe B paMKax NpoekTa 6yayT paspaboTaHbl M CO34aHbI,
paHee He nccrnenoBanmch Tensnogmandeckme 1 aNeKTPodmanyeckmne, a Takke MexaHm4eckme
(Hanpumep, Ha NPOYHOCTbL CXXaTusi U paspbiBa) ceoncTBa. [NoMumo aToro, 6yayT pa3paboTaHbl, Co34aHbl
N nccnegoBaHbl HEKOTOPbIE HOBbIE TUMbI TEPMOUHTEPGENCHBIX MaTepraros, Takxe Ha OCHOBE
KOMMO3MLMIA TOHKMUX METarnNMYECKNX NIieHOK 1 HAHOMPOBOJIOK, a TakXe Ha OCHOBE HaHOTPYOOK U
rpadpeHoBbIX CTPYKTYpP. Bce ykasaHHble HanpaBneHnss UCCrie4oBaHniA NOSIHOCTLIO OPUMMHArbHbI U
OTBEYaloT CaMbIM NepeaoBbIM HanpaBreHUsaM pa3paboTKn U co3a4aHUA NEPCNEKTUBHBLIX
YHKLIMOHAIbHBIX MaTepMaroB ANs NOBLILIEHUS] SHEProadhPeKTUBHOCTM 1 TEPMOCTabunmMsaumm
YCTPOWCTB CrTab0TOYHOM N CUIIbHOTOYHOM 3NEKTPOHUKN U SHEPTETUKN.

Ha aHanulcKoM si3bIKe

As a result, the project is supposed to:

- to form the basic concept of the development of new functional energy-efficient materials, including
materials that are available for import by the originality of the materials development;

- to design and create functional energy-efficient surface using their processing by femtosecond laser
pulses, mesostructural surface with original components in the form of monodisperse microspheres of
different diameters, nanocomposites and nanocompounds with polymer matrices and nanoinclusions
based on nanowires and nanotubes, nanoparticles, including nanodiamonds, graphene and graphene
structures; of the samples of materials will meet the most advanced achievements of modern
fundamental and applied research and development, while others are completely original and never been
studied (in particular processed by femtosecond laser pulses, as well as on the basis of monodisperse
microspheres and received on the basis of graphene "flakes" in a polymer nanodiamond matrix and the
polymer matrix compositions); comprehensive studies of similar structures in Russian studies presented
very poorly, and studied abroad for only a very small number of materials;

- for the first time to investigate the thermal and electrical properties of the materials to obtain the
temperature dependence of the thermal conductivity of obtained materials, depending on the
concentration of nanocomponents and the size of the nanocomponents;

- the first time to study the wetting and spreading processes for energy efficient functional surfaces of
these materials of different potential working fluids that may be used in a wide range of states (from liquid
to vapor) and heat to remove excess heat from the surfaces of the power and heat setting;

- for the first time in the world to explore the interaction of droplets of nanofluids with samples obtained
functional surfaces to study the evaporation rate and the boiling nanofluids drops on these surfaces in
order to obtain high-performance cooling systems greatly overheated surfaces and "hot spots" in the
micro- and nanoelectronics, optoelectronics, power equipment elements;

- for the first time to explore new high-temperature ceramic materials for substrates in micro- and
nanoelectronics and optoelectronics (ceramic HTCC PCB) on the basis of aluminum nitride for inclusion
in the scheme of heat removal with the addition of other thermal interface materials;

- for the first time to investigate the mechanical properties of the samples and properties of thermal
deformation the above materials to study their possible use in conjunction with substrates of other
materials and create sophisticated thermal interface materials;

The main share in the project studied original material never before used for the purpose of energy-
efficient cooling and temperature stabilization. For most of these materials are within the project will be
developed and created previously investigated thermal and electrical as well as mechanical (e.g.,
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compression strength and break) properties. In addition, to be developed, designed and studied some
new types of thermal interface materials, also based on the compositions of thin metal films and
nanowires and nanotubes, and based on the graphene structure. All of these lines of research is
completely original and meet the most advanced areas of design and development of advanced
functional materials for energy efficiency and low-current thermal stabilization device and high-current
electronics and energy.

1.6. B coctaB Hay4HOro Konnekmsa 6yayr BXoAUTb:
HecootBeTcTBYE COCTaBa Hay4HOro KOJUleKTMBa (B TOM YMCIie OTCYTCTBME MHGhOPMALIMM B COOTBETCTBYIOLLMX MOrsiX chopMbel) TpeGoBaHMAM
nyHKTa 12 KOHKYPCHOWN AOKYMEHTaLMK AABNSETCA OCHOBaHMEM HeloNyCcKa 3asiBKU K KOHKYpCY.
4 ycnonHUTens NpoekTa (BKMoYas pykoBoauMTens),
BHe 3aBucumocTu oT TOro, B TPYAOBbLIX NN rpaXXdaHCKO-PAaBOBbIX OTHOLLEHUAX UCNONHUTESNN COCTOAT C opraHmaauweVl.
B TOM YuCIIE:

3 ncnonHutens B BospacTte o 39 nerT,

N3 HUX:

2 OYHbIX aCNNPaHTOB, aAbIOHKTOB, MHTEPHOB, OPANHATOPOB, CTYAEHTOB.

1.7. NMnaHnpyeMbIN cOCTaB Hay4HOro KOMJeKTMBa C yKasaHueM cpamunvim, UMeH, oT4ecTs (npu
Hanu4um) YNeHoOB KOMJEeKTMBa, UX BO3pacTa Ha MOMEHT NoJayu 3asBKU, yYeHbIX CTeneHeu,
OOIMKHOCTEN M OCHOBHbIX MECT paboTbl, POpPMbI OTHOLLEHWI C OpraHu3aumen (TpyaoBom

[ 0roBop, rpaxaaHCKo-NPaBoBOM AOroBOp) B Nepuo peanusaumm npoeKkTa

OmutpureB AnekcaHgp Cepreesud, 1951 r.p., 4.T.H., Npod., 3aBeayowmn kadegpon HAY «M3N», (Ha
nepvog peanusaunm npoekta OyaeT 3aknoyeH 4OoroBop)

OmuTtpres AnekcaHap AHgpeesud, 1991 r.p., yy.cT. - HeT, acnupaHT HAY «M3Wy, (Ha neproga
peanu3aumv npoekTa 6ygeT 3aknoyeH 40roBop)

Makapos lNetp Neopruesnd, 1990 r.p., yy.cT. - HeT, acnupaHT HAY «M3Wy, (Ha nepuoa peanusauum
npoekTa OyaeT 3akmoyeH 4OoroBop)

Ctpyneea EBrenus BsiuecnasoBHa, 1989 r.p., y4.CT. - HET, HAYYHLIN COTPYOHUK, dhepepansHoe
rocyaapcTBeHHoe bogkeTHoe ydpexaeHne Haykm OB beanHEHHbIN MHCTUTYT BbICOKUX TeMnepaTtyp
Poccuickon akagemun Hayk (OVBT PAH), (Ha nepuoa peanmsauum npoekta 6yaeT 3aknoveH 4oroBop).

1.8. NMnaHnpyemMbin 06eM thMHaHCMpPOBaHUA NPOEKTa No rogam:

HecootBeTcTBUE NNaHMpyeMoro o6Leva dmHaHCUPOBaHUA NpoeKTa (B TOM YKCrie OTCYTCTBME MHGOPMALIMM B COOTBETCTBYHOLUMX MOMAX
chopmb1) TpeGoBaHMAM NMyHKTa 10 KOHKYPCHOW AOKYMEHTALIMK SIBMSIETCA OCHOBaHUEM HeioNnycKa 3asiBKM K KOHKYPCY.

2017 r. — 4200 TbIC. pybnen,

2018 r. — 4500 TbIC. pybnen,

2019 r. — 4500 TbIC. pYOnen.

1.9. Hay4HbIM KONNEeKTMB No pe3ynbTatam NpoeKkTa B Xo4e ero peanuvsauum npeanonaraet
onyonuKoBaTh B peLieH3MPYeMbIX POCCUUCKUX U 3apyDeXXHbIX HayYHbIX U3AaHUsAX He MeHee
MpuBoaATCA AaHHbIE 3a BeCb Nepuop BbINOMHEHUSA NPOEKTa. YMEHbLLEHME KonuyecTsa nydnukauum (B ToM 4mcre oTcyTcTeue mHcgopvauum B
COOTBETCTBYHOLUMX MONSIX (hOpMbI) NO CPaBHEHUIO C MOPOroM, YCTAHOBNEHHbLIM B M. 16.2 KOHKYPCHON AOKYMeHTaLMM ABNSETCH OCHOBaHUEM
HeaonyckKa 3asiBKMU K KOHKYpPCY.
18 nyGrvkaumi,
N3 HUX:

8 B usgaHusix, Hagekcupyembix B 6asax gaHHeix «Cetb Hayku» (Web of Science) nnm «Ckonyc»
(Scopus);

10 B n3gaHmax, yuntoisaemblx PUHLL,

1 MoHorpadwms.

1.10. Yucno nydnukauumn YneHoB Hay4HOro KOmnseKmBa, onyorMKkoBaHHbIX B nepuopa ¢ 1 sHBaps
2012 roga 8o gatsl nogayun 3asiBKM,
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74, V3 HUX:
11 — ony6rvkoBaHbl B u3gaHusx, nHaekcunpyemolx B Web of Science nnm B Scopus.

1.11. NMnaHupyeMoe y4acme Hay4HOro KOsieKTMBa B MeXXAyHapOoAHbIX Kornabopaumsax
(npoekTax) (npu Hanu4un).

PykoBoguTtenb npoekTa nogTBepXaaeT, YTo

BCE YSIEHbI HAy4YHOrO KOMMEKTMBA (B TOM YMCe PYKOBOAUTENb NPOEKTA) YOOBNETBOPSIOT NyHKTaM
6, 7, 13 KOHKYPCHOW LOKYMEHTaLWNK;

Ha BeCb nepuopg, peanuaawunm npoekTa oH OyaeT COCTOoATb B TPYAOBbIX OTHOLLEHUSIX C
opraHusawmen;

npv obHapogoBaHUN pe3ynbTaToB fto6oM Hay4HOM paboTbl, BbINMOHEHHOM B pamMKax
nogaepkaHHoro GoHOOM NPOEKTA, OH U ero HaydHbIN KOSMEKTMB OyayT yKasbiBaTb Ha MNOSyYeHne
dmHaHcoBoW nogaepkm ot PoHAa 1 OpraHM3aumio, a Takke COrmnacHbl ¢ onyoIMKoBaHNEM
doHOOM aHHOTaL UM 1 OXMOAEMbIX PE3YTbTaTOB NOAAEPKAHHOIO NPOEKTa, COOTBETCTBYHOLLMX
OTYETOB O BbIMOSIHEHUN NPOEKTA, B TOM YMCIE B MHPOPMAL,MOHHO-TENEKOMMYHMKALLMOHHOM CETH
«HTepHeT»;

nommmo rpaHTa PoHaa NpoekT He ByaeT NMETb APYrMX UCTOYHMKOB OMHAHCUPOBAHWUS B TEYEHME
BCEro nepmoga NpakTU4eCcKon peannsaLmm NpoekTa ¢ ncrnonb3oBaHneM rpaHta PoHaa;

NPOEKT HEe ABMAETCS aHaNoOrM4YHbIM NO COAEPKAHUIO NPOEKTY, OAHOBPEMEHHO NOAAHHOMY Ha
KOHKYPCbI Hay4HbIX bOHO0B U MHbIX OpraHn3auuii;

NPOEKT HE COAEPKUT CBEAEHUN, COCTABMAIOLLWMX rOCY4aPCTBEHHYHO TaHy UM OTHOCUMbIX K
OXpaHsieMOl B COOTBETCTBUM C 3aKoHoAaTenscTBoM Poccurickon degepaum nHon nHdgopmau mm
OrpaHNYEHHOro JOCTYNa;

[0OIs1 YNIEHOB Hay4HOro KOJNEKTMBa B Bo3pacTe 40 39 NeT BKIMOYMUTENBHO B OOLLEN YNCIIEHHOCTM
YJIEHOB HAYy4HOrO KOJSIEKTMBA OyaeT COCTaBnATb He MeHee 50 NPOLEHTOB B TEYEHNM BCETO
nepuoaa npakTM4eCKon peanuaauunmn NpoeKTa;

OH OyaeT NpeAcTaBnATb eXerogHblA OTYET O BbIMOSIHEHUM NPOEKTA.

Moanuck pykoBoguMTEns NpoekTa /AC.Omutpues/
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CBefeHua o0 pykoBoautere

2.1. ®amunus, nmsi, OT4ECTBO (MPU HaNU4UN)
Ha pyCCKOM fi3blKe

OmuTtpres AnekcaHap Cepreesuy

Ha aHanulcKoM 53bike ghamunus U uHuyuarssl
Dmitriev A.

2.2. lata poxxaeHun (yka3bieaemcsi yughpamu — 4ucrio, Mecsiy, 200)
21.08.1951

2.3. NpaxpaHcTBO
POCCUA

2.4. YyeHasn creneHb, rog NpucyxaeHus
B criydae Hanm4usi HeCKOJbKUX yYeHbIX CTEI'IeHeﬁ, yKa3bliBaeTCcHd Ta U3 HUX, KoTopas Haubonee cooTBeTCTBYeT TeMaTUKe MNpoeKTa.

[okTop TexHu4eckux Hayk, 2000

2.5. Harpagb! u npeMum 3a Hay4HYI0 OeATeNIbHOCTb, YNeHCTBO B BeAyLLMX HayYHbIX
coobLuecTBax (Mpy HANUYUK), y4actme B peaKonseryax Begylumx peLeH3MpyeMbIX HayYHbIX
M3gaHuK (NpY HaNM4YuKM), y4actme B OPrkOMUTETaX UITM NPOrPaMMHbLIX KOMUTETaX U3BECTHbIX
MeXayHapoaHbIX KOHJe peHLUA, MHOM OMbIT OpraHM3auMmn MeXxayHapoAHbIX Me PorpUsTMn
MocynapcTteeHHas MNpemusa PO B o6nacTtn Hayku n TexHukm, 1993r. MNpemusa MNpasutensctea PO B
obnacTu Haykun 1 TexHukun, 2001r. uneH AmMeprkaHCKoro gmandeckoro obLiecTsa uneH pegkonnerni EPJ
n Nano Res. naypeat lNpemun komnaHum Samsung Electronics B 06nacTvi MpUHTEPHbBIX TEXHOMOMNN 1

ONTO3NEKTPOHMKM (2005r.)

2.6. OCHOBHOE MeCTO paboTbl HA MOMEHT NoAAYM 3aABKU — AOMMKHOCTL, NOSTHOe HaMMeHOoBaHUe
opraHusauum (CokpaleHHOe Ha3BaHMe opraHuM3aummn)

PykoBogMTe b NpoeKTa MOXeT Ha MOMEHT NOAAayYM 3asiBKU He ABMATLCS COTPYAHUKOM OpraHM3aLumm, Ho, B ciydae nobeabl B KOHKypce, AOIMKEH
3aKMoYUTL C Hell TPYAOBOIN AOroBop.

3aBenyroLmn kadbeapon, degepansHoe rocyaapcTBeHHoe brogkeTHoe obpasoBaTensHoe yupeaeHne
BbICLLIErO 00pa3oBaHus "HaumoHanbHeI nccrnegoBartensckuii yHueepeutet "MON" (PIrBE0Y BO "HUNY

"M3OU")

2.7. Obnact Hay4HbIX UHTEPECOB — KIko4YeBble CIoBa (npueodumcsi He 6osiee 15 KoyesbIx
cnos)

Ha Py CCKOM S13bIKe

rmapoauHaMuKa, Tennogmanka, MOHOAUCNEPCHbIE CUCTEMbI, HAHOTEXHOMOMM, HAHOMaTepuarbl

Ha aHenulcKoM fi3biKe

hydrodynamics, thermal physics, monodisperse systems, nanotechnology, nanomaterials

2.8. Obnacm Hay4HbIX MHTEPeCOB — KoAbl No Knaccudukartopy doHaa
09-704 09-406 09-201 09-105

29. I'Iepeqel-lb I1y6]1VIKaL|,VII7I pyKoBoaUTeENA NPOEKTa, OnyﬁnMKOBaHHbIX B nepuoa C 1 AHBapA
2012 ropa Ao Aatsl Nogayvu 3asBKU, NOATBE PXKAAIOLMMA BbINOSTHEHUE YCNOBUS NMyHKTa 9
KOHKprHOﬁ AOKyMeHTauun

JocTaTouyHO NPUBECTU CChISKM Ha NYGrMKaLMy B KONMMYeCTBe, PAaBHOM YCTAHOBINEHHOMY B KOHKYPCHOI AOKyMeHTaLumm nopory. HecooteetcTene
Konu4yecTBa nyGnukaLmii (B TOM Y1crie OTCYTCTBUE MHGIOPMALIMU B COOTBETCTBYHOLUMX NOMAX hopMsi), NPUBOAUMOE B NepeyHe W/unu YMCneHHO
B CTPOKe HKe, TPeGOoBaHUSAM NyHKTa 9 KOHKYPCHOM JOKYMEHTALMM SIBISIeTCSl OCHOBaHMEM HeioNyCcKa 3asiBKM K KOHKYPCY.

Ha aHerulCKoM S13bIKe

Lns pycckossbMHbIX Ha3eaHUL ceedeHUSsI PUBOOSINTS Ha PYCCKOM si3bKe U 8 nepesode Ha aHarnutickudl. [ou 3mom GomKHO ObIb MOHSIMHO, YD
peuyb udemob 00HOM U MoM xe GoKyMeHTe (Hanpumep, 0obaernsine crioeo «rnepesody).

1. A.C. OmuTtpumes, N.I.Makapos, M. 9nb6y3. O HOBOM pexxmme Ny3bipbKOBOIO KUMEHWS B
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MEe30CTPYKTYpax MUKpocdep (3dbekT npbiratoLmx nysoipen). NMucema B XKypHan TeXHUYeCcKon manku,
7.41, BbIN.B, c.67-72 , 2015

A.S. Dmitriev, P.G.Makarov, M. Elbuz. A new mode of nucleate boiling in the mesostructure
microspheres (jumping boiling effect). Technical Physics Letters, v.41, #.6, pp.67-72, 2015 (nepesog)
2. A.C. Omutpumes, IN.I.Makapos. O6 ncnapeHun xmaKkocTy U3 Kanesb KOronaHbIX pacTBOpPOB
HaHodacTuy SiO2 n Fe203. KonnouagHeiii xxypHan, Ne 2, 2015, ¢.144-151.

A.S. Dmitriev, P.G.Makarov. On evaporation of the liquid from the drops of colloidal solutions of
nanoparticles of SiO2 and Fe203. Colloid Journal, Ne 2, 2015, pp.144-151, impact factor - 0.782.
(nepeBop).

3. C.A. Pomawuesckun, C.N. Awmtkos, A.C. OMutpues. PopMmpoBaHne ynopsigo4eHHbIX HAHO U
Me30CTPYKTYP B KPEMHWUM MPY OLHOKPATHOM BO3AENCTBUM (heMTOCEKYHOHOrO NIa3epHOro uMnysbsca B
pa3nn4HbIX BHELLHMX cpeaax. [Mncbma B XKypHan TexHudeckon gmanku, 2016, Tom 42, Bein. 15, C.78-85,
2016.

SA Romashevskiy, S| Ashitkov, AS Dmitriev. Formation of ordered nano and mesostructure in silicon
single exposure of a femtosecond laser pulse in a variety of external media. Technical Physics Letters,
2016, vol 42, no. 15 S.78-85, 2016. (nepeson).

4. S. A. Romashevskiy, M. B. Agranat, A.S. Dmitriev. Thermal Training of Functional Surfaces Fabricated
with Femtosecond Laser Pulses. High Temperature, 2016, Vol. 54, No. 3, pp. 461-465.

5. A.S. Dmitriev, P.G.Makarov, Optical Methods for Studying the Drying Dynamics of Fe203 Nanocolloid
Droplets Depending on Variation of Substrate Temperature. International Conference on Fluid Dynamics
(ICFD 2015), April, 6-7, 2015, Orlando, USA. D24. http://www.icfd.org/.

6. A.S. Dmitriev, P. G. Makarov. Study of dynamics of drying processes in Fe203 and SiO2 nanocolloid
droplets. 10th International Conference on Heat Transfer, Fluid Mechanics and Thermodynamics,
Orlando, Florida, 14 - 16 July 2014.

7. A.S. Dmitriev. Fluctuation hydrodynamics, thermophoresis of nanoparticles and heat transfer in
nanofluids. Proceedings of the 3th Micro/Nanoscale Heat & Mass Transfer International Conference
March 3-6, 2012, Atlanta, Georgia, USA. MNHMT2012-75205.

MepeyeHb cogepxunT 7 nybrmkauui B U3gaHusx, nigekcupyembix B Web of Science, Scopus.

2.10. OcHoBHble Hay4Hble pe3yrnbTaTtbl PyKOBOAUTESS NPoeKTa 3a nepuop ¢ 1 suBaps 2012 rona
(pe3ynbmambi G0/mKkHbI MoOmeepx0ambCsi C8e0eHUsIMU U3 3asieKu, Hanpumep - nybnukayusimu)
Ha pyCcCKOM sI3biKe

- MccrnefoBaHne peXxyIMOoB My3biPbKOBOrO KUMEHNS B ME30CTPYKTypax Mukpocdep 1 obHapyxeHne
HoBoro adhdekTa npbiratoLmx nysbipen (nyénvkaumm [1,2] cnucka);

- U3YYEHME PEXMMOB NCMAPEHNST HAa ME3OCTPYKTYPHBIX U HAHOCTPYKTYPUPOBAHHbIX MOBEPXHOCTAX
(ny6rnmkaumm [3-6] cnucka);

- ccrnegoBaHne ucnapeHue Kanesnb HaHOKUAKOCTEN Ha GYyHKLIMOHArbHbIX HAHOCTPYKTYPUPOBAHHbIX U
Me30MoBEPXHOCTSAX; OBHapyKeHVe HOBbIX MPOSIBIEHNA «Kode-puHM» addpekTa (Nybrnmkavumm [3-6]
cnucka);

- 1CccreaoBaHve HOBbIX ABMIEHUIA UCNapeHns, KUNeHrs n TennoMaccoobmeHa, adhdekTa JlergeHdpocTa
1 3¢pdpeKTMBHOrO OTBOAA Tenrna Ha ME3OCKONMUYECKUX U HAHOCTPYKTYPUPOBaHHBLIX MOBEPXHOCTSX;
nyonvkaumm [3,4] w:

A) A.C. Omutpmes, A.C. PomaHoB. OcobeHHOCTM TennoMaccoobMeHa npu B3aMMogencTBUM Kanersb
pabo4mx XMOKoCcTeN C ME3OCKOMUYECKUMIN U HAHOMACLUTaOHbLIMWU NOBEPXHOCTSMU SHEPreTUYECKOro
obopynosanusi. BectHuk MOWU, Ne 2, ¢.1-14, 2013, nmnakT-dhaktop — 0,16.

B). A.C. AmutpureB. BeegeHne B HaHOTennodmsuky. (MoHorpadwmsi). Msg. BUHOM. 2015. 792 c.

B). A. F. Ginevskiy, A.S. Dmitriev, M. A. El Bouz Evaporation rate from mesoscopic structures of
monodispersed microspheres: experimental and computer simulations. 7th Conference of the
International Marangoni Association, June 23-26, 2014, Vienna University of Technology.
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- co3aHne Me30CKOMNMYECKUX U HaHOCTPYKTYPUPOBaHHBLIX MOBEPXHOCTEN ANna adpeKTUBHOro
TennoobmeHa ¢ NOMOLLBI0 heMTOCEKYHAHbIX NasepHbIX UMMYrbCOB; Nyonmkauum [7,8], a Takke

A). A.C. Omutpmes. Tennogmandeckne npodrnembl HAHOIHEPreTUKK: HOBbIE paboyne Tena u
KOMMOHEHTLI. QHepreTuka TatapctaHa. Ne 2. 2013. C. 10-27.

Bb) A.C. Omutpues, A.C. PomaHoB. OcobeHHOCTH TenrioMaccoobMeHa npy B3aMMoaencTBMN Kanersb
paboymx XMOKOCTEN C ME3OCKOMUYECKMMN U HAHOMACLLTaOHbIMW NOBEPXHOCTSIMU SHEPTETUYECKOTO
obopynoaHusi. BectHuk MOW, Ne 2, ¢.1-14, 2013.

. S. A. Romashevskiy, M. B. Agranat, A.S. Dmitriev. Wetting and evaporation processes on functional
silicon surfaces after direct femtosecond laser surface processing and thermal training. International
Symposium “Fundamentals of Laser Assisted Micro— and Nanotechnologies” (FLAMN-16), PS1-LT-17.

- MccrnegoBaHne NpPoLeccoB CMaYMBaHWsA, pacTeKaHus, UCNapeHns 1 KuneHnst paboumnx »xmakocTen Ha
ME30CKOMUYECKNX U HAHOCTPYKTYPUPOBaHHLIX MOBEPXHOCTEWN, MOSYyYEHHbIX C MOMOLLBIO
GeMTOCEKYHOHBIX NIAa3epHbIX UMMYNbCOB; Nybrnkauum [7,8], a Takke

a). A.S. Dmitriev, AS Romanov. Features of heat and mass transfer in the interaction of droplets of
working fluids with mesoscopic and nanoscale surfaces of power equipment. Bulletin of the MEI, Ne 2,
s.1-14, 2013 Impact Factor - 0.16.

b). A.S. Dmitriev, P.G. Makarov. Optical Methods for Studying the Drying Dynamics of Fe203 Nanocolloid
Droplets Depending on Variation of Substrate Temperature. Applied Mechanics and Materials (Volumes
789-790), 2015, pp. 33-37.

- UccregoBaHWe nepeHoca Tenna Yepes TepMonHTepdenchl 1 B3aMMOLENCTBUE NOBEPXHOCTEN C
HaHOXMAKOCTAMM; NyGnmkauum:

A). A.S. Dmitriev. Fluctuation hydrodynamics, thermophoresis of nanoparticles and heat transfer in
nanofluids. Proceedings of the 3th Micro/Nanoscale Heat & Mass Transfer International Conference
March 3-6, 2012, Atlanta, Georgia, USA. MNHMT2012-75205.

B). A.C. OmuTpunes. TennoBkle Npouecchl B HAHOCTPYKTypax. M. MOW. 2012. 302 cTp.

B). A.C. Omutpmes, A.A. VkpuH. O6 onTtummsauum paboTbl TEPMOINEKTPUHECKOrO OXMaauTens ¢
NCNonb30BaHNEM HaHOMaTeprarnoB, KOMOVHUMPOBAHHOIO ¢ MUKpouunoM. BecTHuk M3, 2012, Ne 2, c.
13-21.

M. A.C. Omutpues, A.C. PomaHos, HO.B. CmmpHoB. O6 nHppakpacHOM MUKPOCKOMUN BbICOKOTO
paspeLleHns Ans n3y4eHns nepeHoca Tenna B HaHOMOKPbLITUAX U HaHokomno3utax. XXIl MexayHapogHas
Hay4HO-TexHU4ecKas KoHdepeHUNs, LLKOMa MOroAblX CMeuuanicToB 1 BbiCTaBka no hoTO3MEKTPOHMKE
1 npnbopam Ho4YHoro BuaeHust 22-25 masa 2012 Mockea, Poccus.

0). A.C. Omutpues. Tennodmaunyeckme npoLecchbl B HAHOCTPYKTypax. «[loBbileHne addhekTMBHOCTY,
HagexHocTu n 6esonacHoOCcTM paboTbl sHepreTudeckoro obopynosaHns TOC n ASC». 4-6 anpens 2012.
N3n. Jom MOW. 2012.

E). A.C. Omutpmes. Tennogmandeckne npodrnembl HAHOIHEPTETUKM N HAHOINEKTPOHMKK. 10
MexaoyHapogHasa kKoHepeHUnst «AKTyarnbHble BONPOChl TENMOGM3NKA 1 GM3N4eCKon
rmgporasogmHammkiy, 17-23 ceHtsabps 2012, Anywira.

>K). A.C. Omutpures, A.C. PomaHoB. OcobeHHOCTH TennoMaccoobMeHa npu B3anMogencTBmMmn Kanerb
paboyumx XMOKOCTEN C ME3OCKOMUYECKMMMN N HAHOMACLLTAaOHBbIMW MOBEPXHOCTSIMU SHEPTETUYECKOTO
obopyaoBaHusi. «[NoBbileHne 3ddeKTMBHOCTU 3HepreTndeckoro obopyaosaHust - 2012» ,13—15 Hosi6ps
2012 r. CaHkT-lNeTepbypr.

Ha aHa/ulCKOM 513biKe

- research nucleate boiling regimes mesostructure of microspheres and detection of new effect jumping
pool boiling (publications [1,2] list);

- the study of the evaporation conditions on mesostructural and nanostructured surfaces (publications [3-
6] list);

- study the evaporation of droplets of nanofluids on functional nanostructured and meso surfaces; the
discovery of new "coffee ring" effect displays (publications [3-6] list);
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- study of the new phenomena of evaporation, boiling, and heat and mass transfer, the Leidenfrost effect
and efficient heat dissipation on mesoscopic and nanostructured surfaces; publication [3,4], and:

a. A.S. Dmitriev, AS Romanov. Features of heat and mass transfer in the interaction of droplets of
working fluids with mesoscopic and nanoscale surfaces of power equipment. Bulletin of the MEI, Ne 2,
s.1-14, 2013 Impact Factor - 0.16.

b. A.S. Dmitriev. Introduction to nanothermophysics. Ed. BINOM. 2015. 792 p.

c. A F. Ginevskiy, A.S. Dmitriev, M. A. El Bouz Evaporation rate from mesoscopic structures of
monodispersed microspheres: experimental and computer simulations. 7th Conference of the
International Marangoni Association, June 23—-26, 2014, Vienna University of Technology.

- the creation of mesoscopic and nanostructured surfaces for efficient heat transfer using femtosecond
laser pulses; publication [7,8] and

a). AS Dmitriev. Thermal problems nanoenergy new working body and components. Tatarstan Energy.
Number 2. 2013. S. 10-27.

b). A.S. Dmitriev, AS Romanov. Features of heat and mass transfer in the interaction of droplets of
working fluids with mesoscopic and nanoscale surfaces of power equipment. Bulletin of the MEI, Ne 2,
s.1-14, 2013.

c). S. A. Romashevskiy, M. B. Agranat, A.S. Dmitriev. Wetting and evaporation processes on functional
silicon surfaces after direct femtosecond laser surface processing and thermal training. International
Symposium “Fundamentals of Laser Assisted Micro— and Nanotechnologies” (FLAMN-16), PS1-LT-17.
- the study of wetting processes of spreading, evaporation and boiling working fluids on mesoscopic and
nanostructured surfaces, obtained by femtosecond laser pulses; publication [7,8] and

a). A.S. Dmitriev, AS Romanov. Features of heat and mass transfer in the interaction of droplets of
working fluids with mesoscopic and nanoscale surfaces of power equipment. Bulletin of the MEI, Ne 2,
s.1-14, 2013 Impact Factor - 0.16.

b). A.S. Dmitriev, P.G. Makarov. Optical Methods for Studying the Drying Dynamics of Fe203 Nanocolloid
Droplets Depending on Variation of Substrate Temperature. Applied Mechanics and Materials (Volumes
789-790), 2015, pp. 33-37.

- the study of heat transfer through the thermal interface and interaction of surfaces with nanofluids;
publication:

a). A.S. Dmitriev. Fluctuation hydrodynamics, thermophoresis of nanoparticles and heat transfer in
nanofluids. Proceedings of the 3th Micro/Nanoscale Heat & Mass Transfer International Conference
March 3-6, 2012, Atlanta, Georgia, USA. MNHMT2012-75205.

b). A.S. Dmitriev. Thermal processes in nanostructures. M. MPEI. 2012. 302 p.

c). A.S. Dmitriev, A.A. krin. On the optimization of the thermoelectric cooler using nanomaterials,
combined with a microchip. Bulletin of the MEI, 2012, Ne 2, p. 13-21.

d). AS Dmitriev, AS Romanov, Y. Smirnov. On the infrared high-resolution microscopy for studying heat
transfer in nanocoating and nanocomposites. XXII International scientific-technical conference of young
specialists and the school exhibition on photonics and night vision devices, 22-25 May 2012, Moscow,
Russia.

e). AS Dmitriev. Thermal processes in nanostructures. "Improving the efficiency, reliability and safety of
the TPP power equipment and nuclear power plants." April 4-6, 2012. Ed. House MPEI. 2012.

f). AS Dmitriev. Thermal problems nanoenergetiki and nanoelectronics. 10 International Conference
"Actual problems of thermal physics and physical hydrodynamics", 17-23 September 2012, Alushta.

g). AS Dmitriev, AS Romanov. Features of the interaction of heat and mass transfer of workers drops of
liquids with mesoscopic and nanoscale surfaces of the power equipment. "Improving the efficiency of
power equipment - 2012", November 13-15, 2012 in St. Petersburg.

2.11. O6wee ymcno nyonukauum 3a nepmop ¢ 1 sHeapa 2012 ropa - 74,
U3 HUX:
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7 - onybrmMkoBaHoO B U3gaHusx, nHoekcupyembix B Web of Science nnm Scopus.

2.12. [lononHuUTenbHbIN CNUCOK NYGNUKaLuMn pyKoBoaUTess NpoeKTa 3a nocneaHue 5 ner
(MoHo2padghuu, pesynbmambl UHMeJUIeKMYyasibHOU dessmesibHOCMU, UMeroujue rpasosyro
oxpaHy, ny6nukayuu e eedyuwjux peyeH3upyemMbix Hay4YHbIX u30aHusix, mybukayuu e u3oaHusiXx,
uHOeKcupyeMbIx 8 cucmemax yumupoeaHusi Web of Science, Scopus, npueodumcsi He 6osee 10
ny6nukayud, npu Hanu4uu ny6nukayuu e cemu UHMepHem yka3bleaemcsi CCblIka Ha Hee
(o6s13amenbHO Onsi ny6nukayuli 8 uHOeKcupyeMbIX U30aHUsIX), yKa3bleaemcs, Npu Haau4uu,
umnakm-g¢hakmop Hay4yHoz20 u30daHus (no JCR Science Edition unu JCR Social Sciences Edition))
I'Iyn-ucr He AIBNAeTcA 0bsi3aTeNbHbIM K 3aNOSfIHEHUIO. MOI'yT npuBoanTLCA ny6nv||(auuv|, cBugeTenbCTByOLLME O Haquoﬁ KBa.HI/IdMKaLI,VIVI n
[OCTVHEHUSIX PYKOBOAMTENA NPOEKTA, 3a UCKIOYeHUeM NyOnnKaLmi, yKkasaHHbIX B M. 2.9 HacTosilen copmbl.

Ha aHernulCKOM si3biKe

1. A.S. Dmitriev. Thermal processes in nanostructures. M. MPEI. 2012. 302 p.

2. AS. Dmitriev, A.A. Ikrin. On the optimization of the thermoelectric cooler using nanomaterials,
combined with a microchip. Bulletin of the MEI, 2012, Ne 2, p. 13

3. VY Naumenko, Alekseev TA, AS Dmitriev. Nanotechnology in medicine. M. MPEI. 2012. 199 p.

4. AS Dmitriev, AA krin. Simulation methods of cooling optoelectronic microchip thermoelectric coolers
based on nanomaterials. XXl International scientific-technical conference of young specialists and the
school exhibition on photonics and night vision devices. 22-25 May 2012, Moscow, Russia.

5. AS Dmitriev, AS Romanov, Y. Smirnov. On the infrared high-resolution microscopy for studying heat
transfer in nano-coating and nanocomposites XXl International scientific-technical conference of young
specialists and the school exhibition on photonics and Night Vision Devices May 22-25, 2012, Moscow,
Russia.

6. AS Dmitriev, AA Ikrin. Features of the calculation and optimization of thermoelectric coolers based on
nanomaterials. "Improving the efficiency, reliability and safety of the TPP power equipment and nuclear
power plants." April 4-6, 2012. Ed. House MEI. 2012.

7. AS Dmitriev. Thermal problems nanoenergetiki and nanoelectronics. 10 International Conference
"Actual problems of thermal physics and physical hydrodynamics", 17-23 September 2012, Alushta.

8. AS Dmitriev. Thermal problems nanoenergetiki new working body and components. "Improving the
efficiency of power equipment - 2012", November 13-15, 2012 in St. Petersburg.

9. AS Dmitriev, A.A.Zhukov et al. Microstructural spacecraft thermal control system. Patent number
2465181 dated 29 July 2010.

10. AS Dmitriev, IA Mikhailova. Physics and chemistry of nanostructures. M. Ed. House MPEI. 2013. 238
p.
11. AS Dmitriev, PG Makarov. Methods of self-assembly of 3D nano-objects and their practical
applications (analysis). 19th Int. nauchn.-tehn. Conf. undergraduate and graduate students. Radio
engineering, electronics and energy. M. Ed. House MEI. 2013.

12. AS Dmitriev, AS Romanov. The phenomenon of suppression of the Leidenfrost effect on substrates
of coated microspheres. 19th Int. nauchn.-tehn. Conf. undergraduate and graduate students. Radio
engineering, electronics and energy. M. Ed. House MEI. 2013.

13. AS Dmitriev, SA Romaszewski. Generation of hard X-ray radiation by means of femtosecond laser
pulses. 19th Int. nauchn.-tehn. Conf. undergraduate and graduate students. Radio engineering,
electronics and energy. M. Ed. House MEI. 2013.

14. AS Dmitriev, VWV Strechenyuk Modeling of the optical properties of the array of microstructures formed
on a silicon substrate. 19th Int. nauchn.-tehn. Conf. undergraduate and graduate students. Radio
engineering, electronics and energy. M. Ed. House MEI. 2013.

15. D.V.Vorobev, AS Dmitriev, AN Kulikov, PG Makarov, VV Strechenyuk. Optical methods for studying
the dynamics of movement Fe203 nanoparticle solution. XXl International scientific-technical conference
"Optical methods of research streams", June 25-28, 2013. Moscow, NIU "MEI".

16. D.V.Vorobev, AS Dmitriev, AN Kulikov, PG Makarov, VV Strechenyuk. Apparatus for measuring the

angle of the spectral reflection and transmission coefficients. XXl International scientific-technical
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conference "Optical methods of research streams"”, June 25-28, 2013. Moscow, NIU "MELI".

17. AS Dmitriev, AS Romanov. Optical and infrared methods of studying maps regimes in the Leidenfrost
effect. XXl International scientific-technical conference "Optical methods of research streams"”, June 25-
28, 2013. Moscow, NIU "MEI".

18. AS Dmitriev. Thermal problems nanoenergy: new working body and components. Tatarstan Energy.
Number 2. 2013. S. 10-27.

19. AS Dmitriev. Thermal Physics in nanoenergetike: Status and Prospects. Proceedings of the VIl All-
Russian seminar on universities Thermal Physics and Energy, 12-14 November 2013., Ekaterinburg, Ural
Federal University.

20. AS Dmitriev, El Buz Mustafa Ali, A.S.Romanov. Features of heat and mass transfer during
evaporation and boiling of limited amounts of liquids on mesoscopic surfaces. Proceedings of the VIII All-
Russian seminar on universities Thermal Physics and Energy, 12-14 November 2013., Ekaterinburg, Ural
Federal University.

21. A.C. Omutpumes, N.I'. MakapoB, M.A. Onb6y3. OCOOEHHOCTM KMMEHUST XXMOKOCTEN, COAEepKaLLmX
MOHOLMCNEPCHBbIE MUKPOCKepbIl, B pexumMe «npbiratowmx nysbipeny. lll MexgyHapogHasa KoHdepeHums ¢
afieMeHTamMn Hay4YHOW LUKOMbI ANs Monoaexu «MHHOBaLMOHHbIE pa3paboTKn B 061aCTU TEXHUKN 1
dm3mkKn HU3KMx Temnepatyp». 10-12 gekabpa 2013r. MAMA. M. 2014. ¢.14-16.

22. K.A. boromonosa, A.C. ImuTpunes. NccnenoBaHne KpaeBbiX YIfIoB CMadYnBaHNs pasinyHbIX
XMOKOCTEN ANt ME3OCKOMNUYECKNX NMOAMOXEK B LUMPOKOM AnanasoHe Temnepatyp. 20-a Mexq. HayyH.-
TEeXH. KOHM. CTYAEHTOB M acnUpaHToB. PaauoTexHunka, anekTpoHuKa 1 aHepreTuka. 27 - 28 dgpespans
2014 r., M. N3g. Jom MOW. 2014. C.71.

23. A.C. Omutpues, I.I". MakapoB. MiccrnegoBaHue adpdpekTa coffee-ring, BO3HMKaIOLLEro Npu BbiCbIXaHUn
kanenb HaHoxuakocTen SiO2 n Fe203. 20-a Mexa. Hay4YH.-TeXH. KOHM. CTYAEHTOB M aCrpaHToB.
PaguvoTtexHuka, anekTpoHuKa 1 aHepreTuka. 27 - 28 despans 2014 r., M. M3g. Jom M3W. 2014. C.75.
24. A.C. Omutpues, MAA. 3nbbys. TennoBble NpoLecChl B ME3OCKOMMYECKUX CTPYKTYPax C NCNapeHmeMm.
20-a Mexq. Hay4H.-TeXH. KOH. CTYAEHTOB 1 acnupaHToB. PaanoTexHuka, anekTpoHUKa 1 aHepreTuyka.
27 - 28 cbeBpansa 2014 r., M. Uza. Jom M3OW. 2014. C.77.

25. A.S. Dmitriev, M. A. El Bouz, P. G. Makarov. Jumping pool boiling into mesoscopic structures of
monodispersed microspheres. 7th Conference of the International Marangoni Association, June 23-26,
2014, Vienna University of Technology.

26. A.S. Dmitriev, M. A. El Bouz, P. G. Makarov. Study of dynamics of drying processes in Fe203 and
SiO2 nanocolloid droplets. 7th Conference of the International Marangoni Association, June 2326, 2014,
Vienna University of Technology.

27. A.S. Dmitriev, M. A. El Bouz, P. G. Makarov. Study of dynamics of drying processes in Fe203 and
SiO2 nanocolloid droplets. 10th International Conference on Heat Transfer, Fluid Mechanics and
Thermodynamics, Orlando, Florida, 14 - 16 July 2014.

28. A.C. Omuntpues. Metoabl npeobpas3oBaHmst HU3KOMOTEHLMArNbHOro Tenna Ha 6ase HaHOTEXHOSOMUIA.
Tpyabl LWecTon Poccuickon HaumoHansHom koHdepeHuum no tennoobmeHy (PHKT-6), 27-31 okTa6ps
2014 ropa, MockBa.

29. A.C. Omutpues, N.I'. Makapos, M.A. 3nbby3. O6 ocobeHHOCTAX 3¢hdeKTOB My3bIPbKOBOIrO KMNEHNs B
MEe30CTPYKTYpax MUKpocdep (3ddhekT npbiratomx nyssipen). Tpyabl Lecton Poccuinckoi
HaLMOHarbHOM KoHdepeHun no tennoodmeHy (PHKT-6), 27-31 okTabpsa 2014 roga, Mockea.

30. A.C. Omutpumes, N.I". Makapos, O npoLieccax TensioMaccoobmeHa 1 06paszoBaHNN MUKPOCTPYKTYP B
HaHoKomnouaHbIX cuctemax. Tpyabl LecTton PoccMinckon HaumoHanbHON KoHdepeHLun no
TennoobmeHy (PHKT-6), 27-31 okTabpa 2014 roga, Mockea.

31. A.C. Omutpures. O HOBOM MexaH/3Me TenronepeHoca B HAHOXUOKOCTAX C y4E€TOM OIMHHOBOMHOBBIX
dorykTyauui. Tpyabl LecTon Poccuiickon HaunoHansHom KoHdepeHumn no Tennoodomeny (PHKT-6), 27-
31 okTs6psa 2014 roga, Mocksa.

32. A.C. Omutpues, N.I'. Makapos, M.A. 3nb6y3. O KMNEHUN XMOKOCTEN Ha NIIOCKUX NOBEPXHOCTSIX,

MOKPbLITLIX CIIOEM MOHOAUCNEPCHbLIX METanMYeCcKux MMKpocdep, B pexuMe «npbiratolyx ny3bipeny.
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Bcepoccuiickast koHdepeHumst XXX Cnbupckuin Tennodmandeckunii ceMmHap, nocBsLeHHbIRn 100- neTuio
co gHa poxaenus C.C.Kytatenanse. 17-19 Hosbpsa 2014r. HoBocmbupck, ¢.180.

33. A.B. Byxapos, A.C. dmuTpreB. KproreHHble KopnycKynspHble MyLLEHU B SHepreTuke. 3a. [Jom
M3W. 2014. 236 c.

34. A.C. Omutpues, N.I'. Makapos, M.A. 3nbby3. KuneHve B pexvive «npbliratolyx ny3bipeny:
MeXaHV3Mbl, TENNOOOMEH, rapoanHamumka. 21-a Mexa. Hay4H.-TexXH. KOH(. CTyAEHTOB U aCnupaHTOB.
PagnoTexHuka, anekTpoHuka n aHepretuvka. 26 - 27 gespand 2015 r., M. N3g. Jom MOW. 2015. C.365
35. A A Omutpues, A.C. ImnTpreB. MiccnegoBaHme NoBegeHWs Kanernb Ha BUO PUPYHOLLMX M HAKITOHHBLIX
nognoxkax. 21-a Mexa. Hay4YH.-TeXH. KOHJ. CTYOEHTOB M acnMpaHTOB. PagnoTexHvKa, aneKTpoHvKa 1
3HepreTuka. 26 - 27 cespansa 2015 ., M. Usa. Jom MAOW. 2015. C.359

36. A.C. Omutpmes, N.A. NawkoB. OCOOEHHOCTM CMadMBaHUS! U pacTEKaHNs Kanenb XUOKOCTH
HEOOHOPOAHO HarpeTbiX NoBepxHocTen. 21-9 Mexa. Hay4YH.-TEXH. KOH. CTYAEHTOB U acnnpaHToB.
PagnoTexHuka, anekTpoHuka 1 aHepretuka. 26 - 27 cespana 2015 r., M. U3g. Jom MOW. 2015. C.361
37. A.C. Omutpues, N.I'. Makapos. ViccrnienoBaHne MexaHM3MOB pacTpPeCKMBaHUS KOMNbLIEOOpasHoro
crnefa, ocTaloLLerocd nocrie BblCbIXxaHWs Kanerb KOnmouaHbIX pacTBOPOB. 21-a Mexa,. Hay4H.-TeXH.
KOHM. CTYAEHTOB 1 acnupaHToB. PagnoTexHuka, anekTpoHuka 1 aHepreTuka. 26 - 27 despansa 2015,
M. N3g. Oom M3AW. 2015. C.363-364

38. A.C. Omutpumes, N.C. TepexoBel. [AnHamunka Kanernb XMaKoCTeN Npn B3anMO4EeNCTBM C
neperpeTbiMy noBepxHocTaMU. DdpchekT JNengeHdpocTato. 21-9 Mexa. Hay4YH.-TEXH. KOHM. CTYQEHTOB U
acnupaHToB. PagunoTexHuka, anekTpoHuka n aHepreTmka. 26 - 27 despanda 2015 r., M. 3g. Jom MOW.
2015. C.366

39. I.I". Makapog, /.A. MuxannoBa. O BnsSHUM TemnepaTypbl NOASIOKKN Ha BbICbIXaHWe Kanenb
KornougHoro pacteopa HaHodacTuy Fe203. MNaTtas MexxayHapogHasi KoHgepeHums « TennooOMeH U
rMopoAvHaMyKa B 3aKpyyYeHHbIX noTokax», Poccus, KasaHb, 19-22 oktabpst 2015r.

40. A.C. Omutpues, U.A. Jlawkos. OcoBeHHOCTM CMaYMBaHUS U pacTeKaHUs KansisiMm XngKkocTu
HEOHOPOAHO HarpeTbiX NoBepxHoCcTeNn. 22-9 Mexa. Hay4H.-TeXH. KOH(. CTYyQEHTOB 1 acrnMpaHTOoB.
PaguvoTtexHuka, anekTpoHvKa 1 aHepreTuka. 25 - 26 depans 2016 r., M. N3g. Jom MOW. T.3. 2016.
C.80.

41. A.C. Omutpues, N.I'. MakapoB. MiccrnegoBaHue BbIChbiXxaHNsi MAaCCMBOB Karnesb KOSmonaHbIX
pacTBOPOB. 22-9 Mexa. Hay4H.-TeXH. KOHJ. CTYAEHTOB 1 acnupaHToB. PagmoTexHuka, anekTpoHuka u
3HepreTuKa. 25 - 26 deBpana 2016 r., M. 3a. Jom MOW. T.3. 2016. C.82

42. A.C. Omutpues, N.I'. MakapoB. OcoOBEHHOCTU NCNApPEHMs XMOKOCTUN M3 MarbiX Kanesb KONMmongHbIX
pacTBOPOB 1 06pa3oBaHNst 0CaA04HbIX CTPYKTYP pasnuyHon mopdonormn . XV MuHckui
MeXOyHapo4HbIM dhopym Mo TenrniomaccoobmeHy, MyMHck, 23-26 mas 2016.

43. A.C. Omutpumes, IN.I'. Makapos, M.AA. Onbby3. Me3ockonnyeckuii Criol MeTannmy4eckmx Mumkpocdep
KaK yCroBMe KUMEHUS XMOKOCTU B peXvME «npbiratowmx nyssipeny. XV MUHCKUN MexayHapoaHbIv
dopyM no TennoMaccoobmeHy, MuHck, 23-26 mas 2016.

44, S. A. Romashevskiy, M. B. Agranat, A.S. Dmitriev. Wetting and evaporation processes on functional
silicon surfaces after direct femtosecond laser surface processing and thermal training. International
Symposium “Fundamentals of Laser Assisted Micro— and Nanotechnologies” (FLAMN-16), PS1-LT-17.

2.13. OnbIT y4acma un/vunu pykoBoacTBa Hay4HbIMU NPOEKTaMM (YKa3blearomcsi HauUMeHO8aHUsl
¢hoHAo8 (opz2aHu3ayuli), Homepa, HazeaHUsl MPOEKMOe U CPOKU 8bIINOJIHeHUs 3a nocsiedHue 5
Jsiem)

OnbIT paboTbl B TEXHOMOMMYECKNX NPOEKTax: BCero y4acteoarn 6ornee, yem B 200 TEXHONOMMYECKMX
npoekTax, pykooaun 6onee yem 60 pOCCUNCKNMU 1 MEXOYHAPOAHLIMU MPOEKTaMK, CPeam KOTOPbIX
1.Pa3paboTka 1 co3gaHne KOCMUYECKUX KanesbHbIX XONOAUMbHUKOB — U3nyvaTtenen A8 opoutanbHbIX
KOMMIIEKCOB M AarbHMX KocMmdeckmx nonetos (Pockocmoc P®)
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2.PaspaboTka rorloBoK CTPYMHbIX NMPUHTEPOB HOBOrO MokoneHust (Samsung Electronics)

3.Pa3paboTka TeXHOMormm nony4eHns rpaHynMpoBaHHOro saepHoro Tonnmea (Pocatom)

4. Pa3paboTka MOHOANCNEPCHbLIX TEXHOMOMMI LULMPOKOro npodomnst (PocHayka, BeH4YypHble dhoHAbI, (OOHA
bopTHuKa)

5.MoHogucnepcHble TEXHOMOMMU ANs NonyYyeHns 6MoakTUBHbIX NpenapaToB U BuTamuHoB (PocHayka)
6.MMporpamma Tasic «MeHeoxveHT B aHepreTukuy (EBponenckuii ueHTp nporpamm Tasic)
7.06pasoBaTenbHble Nporpammbl «HaHoTEXHONoMMM N HaHoMaTepuarnbl B aHepreTuke» (PocHaHo P®) un
T.4.

B Tom yucne B npoekTtax, hmHaHcupyembix PH® (npu Hanuuum)

2.14. NMnaHupyemMoe yyactMe B Hay4HbIX NPoeKTax (B nobom kayectse) B 2017 roay

OO0LLee KonmyecTBO — 2,
13 HUX: PyKOBOACTBO — 1, y4acTue B Ka4ecTBe ucrnonHutens — 1,
a UMEeHHO:

1. «Pa3paboTka Hay4HbIX 1 TEXHOMNOMMYECKMX OCHOB CO34aHUsi MAaCCUMBHbIX 3IEKTPOHHBLIX KOMMOHEHTOB
Ha NOBEPXHOCTHAX MacCuBHbIX 3D KOHCTPYKLMIA U3 MOSIMMEPHBLIX KOMMO3ULMOHHBLIX MaTepuaroB 1 Ha
MoKkux nognoxkaxy», PH®, ncnonHutenb
2. «PyHKLMOHANbHbIE 3HEPrOa(hdEKTMBHBLIE NOBEPXHOCTN A9 MHTEHCUMKaLLMM TensioMaccoobmeHa u
TepMouHTephencHbIe MaTepuarnb! 419 OXIaXgeHNS 3NEKTPOHHbBIX U SHEPreTUYEeCKNX ycTponcTe», PH®,
PYKOBOOUTESb

(YKa3bIBatoTCH B TOM Y/CIIe rpaHToAaTeNM UM 3aKasqnkin MPOEKTOB M MCTOYHUK (PMHaHCUPOBaHWS, HaNpUMep — rocydapcTBeHHOe 3adaHne
yupeauTens, rpaHTbl PODA, PMH®, O, PH®, nHbx dpoHa0B, rocyAapCTBEHHbIA KOHTPAKT (3aKas4viK, MporpamMmMa), MHOWM XO3WICTBEHHbIA
[OroBOp, MHble rPaHTbI 1 cybeuaunn).

2.15. lonsa paboyero BpeMeHU, KOTOPYIO NilaHUpyeTC BbiAENUTL Ha PYKOBOACTBO AAHHbLIM
NpPOEeKTOM B criydae nobeabl B KOHKypce ®oHaa

25 npoueHTOoB

VMeeTcs B BAOY — OT NOMHOW 3aHSITOCTU B paMKaXx TPYAOBbLIX UMM FPaXiaHCKO-PaBOBbLIX MPABOOTHOLLEHWUIA, T.€. 3aHATOCTb B CBODOAHOE OT
OCHOBHOW paGOTbI BpeMA Takxe JoImkHa y4UTbBATbCA.

2.16. NMpeanonaraemas chopma TPyA0BbLIX OTHOLLEHUI C OpraHu3aumen, Yepes KoTopyro oyaneT
ocCyLeCTBNATLCA hMHAHCMpPOBaHUe

OpzaHusayusi byGem s8519MbCS1 OCHO8HbIM MECMOM pabombi: Aa;

Tpyodosoli do2o80p o cosmecmumerbcmey: HeT;

Tpydoeoli do2o80p 0 OucmaHUUOHHOU pabome: HeT.

2.17. Yyacme B o6pa3oBaTenibHOM AeATeNbHOCM (YKka3bieaemcsi uHghopmMauusi o pykoeodcmee
acnupaHmamu, pa3pabomke u YmeHuUU HO8bIx 06paszoeamesibHbIX Kypcoe 8 POCCuUliCKUx u
3apyb6exHbix sy3ax)

UreHune kypcoB «ONTO3NEKTPOHMKA 1 HAHOGOTOHMKAY, « TENoBbIE MPOLLECCHI B HAHOCTPYKTYpax»,
«DYHKLMOHaNbHbLIE ME30CKOMMYECKMe U HaHOMaTepuanbly», «Mesockonuyeckast U HaHOrIMapPoANHaMMKa»
B HauunoHanbHoM nccnegoBaTtensckoM yHuBepcutete «MOW», cemmnHapbl no kypcy « ONToanekTpoHmKa
1N HAHOPOTOHUKAY, aCNUPaHTbI (POCCUNCKUE U 3apyDexHbIe), MarncTpbl 1 Gakanaspbl

PaspaboTka n uyteHne kypcoB « Thermal processes in nanostructures», BegeHne MarucTpoB u
acnupaHToB B CeynbCKOM HaLMOHaNsHOM YHUBEPCUTETE HayKW 1 TEXHOMOMMU (NpUrnaLleHHbI
npocbeccop), yTeHne KypcoB « Thermal processes in nanostructures» and «Functional mesoscopic and
nanomaterials», BeaeHne MarMcTpoB U acnNMpPaHTOB B BEHCKOM TeXHMYECKOM YHUBEpCUTETE
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(MpurnaLLeHHbIN npodeccop).

2.18. NMoutoBLIN agpec
117452 MockBa, AzoBckas yn., A.24., kopn.2, KB. 646

2.19. KoHTakTHbIN TenedoH
+7 9166542313

2.20. OnekTpoHHbIN agpec (E-mail)
asdmitriev@mail.ru

2.21. Yyacme B nNpoekKTe
PykoBoauTenb npoekTa

2.22. ®annbl ¢ gononHUTenbHOM nHpopmaumemn (pesrome, Apyzas AonosIHUMesbHasi
uHghopmayus, Komopasi, Mo MHeHUro PyKkoeooumeJisi MPoeKma, Mmoxxem 6bimb rnosesHa onsi
NPpUHAMUS peweHusi o uesiecoobpasHocmu ¢huHaHcuposaHusi 0aHHO20 NPoeKkma)

B dhopmare pdf, no 3 M6

Ha pycckom s3bike Paiin, ckadaTtb

Ha aHafulicCKOM si3blKe

C ycnousamMm koHkypca PoHaa (B TOM Yncre, C NyHKTaMKn 6 U 7 KOHKYPCHOM JOKYMEHTaL M)
O3HaKOMIeH 1 cornaceH. MNoaTeepxaato CBoe y4acTue B NPOeKTe.

[ato cBoe cornacue Ha 06paboTKy (BKIHOYaOLLYO cO0p, CUCTEMATU3ALMIO, HAKOMNSEHWE, XPaHEHNE,
YTOYHEHUE, UCMONb30BaHNE, YHUHTOXEHNE) NPEACTaBEHHbIX MHOIO BbILLE MEPCOHANbHbIX JaHHbIX
Poccuinckmm HaydHbIM cooHgom (agpec: 109240, r. Mockea, yn. ConsHka, 4. 14, cTp. 3) ¢ uernbsto
NpoBeaEHNSA 3KCNEePTU3bl 3asBKM U MOATOTOBKU aHaNMTUYECKNX MaTepumaros No KOHKypcam Ha CpoK 40
nvkBugauum onepatopa (Pong). [aHHoe cornacue MoOXeT ObiTb OTO3BAHO MHOK B MUCbMEHHOM chopme.
3anornHeHue senseTcs 0bsaTenbHLIM B COOTBETCTBAN C TpebosaHusavm PeaeparnbHoro 3akoHa ot 27.07.2006 r. Ne152-08 «O nepcoHarbHbIX
[aHHbIX».

Y O0OCTOBEPSAIOWLMIA JOKYMEHT

(B4, HOMEp, JaTa BbidauW, BbdaBLLUIA OpraH, 3aMorHSETCs OT PyKu)

Moanucke pykoBoguMTens NpoekTa /AC. Omutpmes/
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CBeoeHnst 06 OCHOBHOM UCMOSNHUTESE NMPOEKTa

2.1. ®amunus, nvsi, OT4ECTBO (MPU HaNU4UMN)
Ha pyCCKOM fi3blKe

Omutpues AnekcaHap AHOopeeBuy

Ha aHanulcKoM 53bike ghamunus u uHuyuarssl
Dmitriev A A.

2.2. lata poxxaeHun (yka3bieaemcsi yughpamu — 4ucrio, Mecsiy, 200)
15.09.1991

2.3. lNpaxpaHcTBO
POCCUA

2.4. YyeHasn creneHb, rog NpycyxaeHus
B criydae Hanm4usi HeCKOJbKUX y4yeHbIX CTEI'IeHeﬁ, yKa3bliBaeTCcs Ta U3 HUX, KoTopas Haubonee cooTBeTCTBYeT TeMaTUKe MNpoeKTa.

2.5. Harpagb! n npemMum 3a Hay4HY0 AeATeNbHOCTb, YIeHCTBO B BeAyLUMX HayYHbIX
coobLuecTBax (Npy HaNM4YMK), y4actme B peaKonneryax seAylmx peLeH3npyeMbIX HaydHbIX
u3aaHumM (Npuy HanNnM4Ynum)

2.6. OCHOBHOE MeCTO paboTbl HA MOMEHT NoAAYM 3aABKU — AOMMKHOCTL, NOSTHOe HaMMeHOBaHUe
opraH13auum (CokpalleHHoOe Ha3BaHue opraHuM3aumm)

acnupaHT, dpegepanbHoe rocygapcTBeHHoe 6ioaxeTHoe obpa3oBaTenbHoe yupexaeHue BbICLIEro
obpa3oBaHusa "HaumnoHanbHbIN uccnegoBaTenbckuin yHusepcuteT "MAN" (Prb0Y BO "HNY "MOU")

2.7. O6nact HayvHbIX MHTEPECOB — KIH04YeBble CroBa (npueodumcsi He 6onee 15 kno4yeebix
crnoe)

Ha pyCcCKOM fi3blKe

rmapoauHaMuKa, Tennogmanka, HaHOTEXHOMOMMN, HaHOMaTepuarbl, HAHOMOKPbLITUS

Ha aHanulcKoM 513biKe

hydrodynamics, thermal physics, nanotechnology, nhanomaterials, nanocoating,

2.8. O6nactm HayvHbIX MHTEPECOB — KoAbI No Knaccudukaropy PoHaa
03-601 09-201

2.9. O6wee yncno nyonukauum 3a nepuop ¢ 1 aHBapa 2012 roga - 0,
U3 HUX:
0 - onybrmkoBaHoO B U3gaHusx, nHoekcupyembix B Web of Science nnm Scopus.

2.10. Cnucok nydnukauuim OCHOBHOIro UCMNOSTHUTENSI NPOeKTa 3a nocnegHue 5 neT (MoHozpadhuu,
pe3ynibmamsbi UHMesIeKmyasibHol dessmesibHoCmu, uMeroujue rnpasosyro oxpaHy, nybnukayuu
e sedyuwux peyeH3upyeMbix Hay4YHbIX U30aHusix, Nybrukayuu e u3daHusix, UHOeKcupyeMbIX 8
cucmemax yumuposeaHusi Web of Science, Scopus, npueodumcs He 6onee 10 nybnukayud, npu
Hanu4uu ny6nukayuu 8 cemu UHmepHem yka3blieaemcsi cChbiJlka Ha Hee (06s13amesibHO Ornst
nybnukayutli 8 UHOeKcupyeMbIX u30aHusx), yka3bieaemcsi, Npu Haau4yuu, uMnakm-ghakmop
Hay4Ho20 u3daHusi (no JCR Science Edition unu JCR Social Sciences Edition))

Ha aHanulCKoM 5i3biKe

Lns pycckosizbMHbIX Ha3eaHUL cee0eHUSI PUBOOSINTS Ha PYCCKOM sidbKe U 8 nepesode Ha aHarutickudl. [pu 3mom AomKHO ObIb MOHSITHO, YD
peys udemob 0OHOM U DM ke OOKYMeHITe (Harpumep, 00baensiime criogo «repesody).

2.11. OnbIT pyKOBOACTBa Hay4HbIMU NPOEKTaMU U y4acTUs B HUX (yKka3biearomcsi HauUMeHO8aHUs
¢hoHAo8 (opz2aHu3ayuli), HomMepa, HazeaHusl MPOEKMOe U CPOKU 8bIINOJ/IHeHUs 3a nocsiedHue 5
siem)
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2.12. NMnaHupyeMoe yyactMe B Hay4HbIX NpoeKTax (B ntobom kayectse) B 2017 roay

OO0LLee konmnyecTBO — 1,
N3 HUX: pyKoBoacTBO — 0, y4acTne B Ka4ecTBe UcrnonHuTenst — 1,
a UMEeHHO:

«DyHKLIMOHArbHbIE S3HEProadPeKTUBHbIE NOBEPXHOCTU AN UHTEHCUdMKaLUM TenrnoMaccoobmeHa u
TEPMOUHTEPGENCHBIE MaTepuanb! Ans OXNaXO4eHUs: 3NEeKTPOHHbIX U dHepreTu4eckmx yctponcts», PHO,
NCNOMNHUTENb

(YKa3bIBatoTCH B TOM Y/CTIe rpaHToAaTeNM UM 3aKasumkin MPOEKTOB M CTOYHUK (PMHAHCUPOBaHWS, HanpyUMep — rocyaapcTBeHHOe 3adaHue
yupeautens, rpaHTbl PODA, PIH®, &M, PH®D, nHbIX hoHOOB, rocyAapCTBEHHBIN KOHTPAKT (3aKa3qvK, Nporpamma), UHOW XO3WICTBEHHbIA
[0roBOp, MHble rpaHTbI U cybcuamn).

2.13. [lons pabo4yero BpeMeHU, KOTOpYIO NilaHUpyeTCsi BbiAENUTL Ha y4acTue B AaHHOM NPOoeKTe
B crny4ae nobeabl B KOHKypce PoHAaa

25 npoueHToB

VveeTcaB Buay — oT NOSHOW 3aHATOCTU B pamMKax TpyaoBbIX UIMK rPpaXdaHCKO-NpPaBOBbX I'IpaBOOTHOLLBHI/IIZ, T.€. 3AHATOCTb B CBO60,CI,HOG oT
OCHOBHOW paboTbl BpeMsi Takxe A0IDkHA YUMTLIBATHCS.

2.14. Yyacme B o6pazoBatenibHON AeATeNbHOCM (yka3bieaemcsi uHghopMauusi o pykoeodcmee
acnupaHmamu, pa3pabomke u YmeHuUU HO8bIx 06pa3zoeamesibHbIX Kypcoe 8 pOCCUliCKUX U
3apy6exHbIX gy3ax)

NposeneHne ceMmHapoB Mo Kypcy "HaHOGOTOHMKA ONTO3NEKTPOHMKA".

2.15. B 2015 vnu B 2016 ropax yyactBoBasn B Ka4eCcTBe pyKOBOAUTESA NPOEKTa,
c¢omHaHcupye moro ®oHAOM (pykoBoAUTENSA HaNpPaBeHU KOMIMNEKCHON HayMHOM NPorpaMmb|
OopraHu3auum) Unu UCNoNHUTENA NPoeKTa, hHaHcMpyeMmoro PoHAOM B CrieAyIOLLMX NPOoeKTax
(npn Hannuun):

2.16. KoHTakTHbIN TenedoH, ANeKTPOoHHbIN aapec (E-mail)
+79651974425, actinium0227@gmail.com

2.17. Yyacme B npoekKTe
OCHOBHOW MCMOMHUTENb NpOeKTa

C ycnosusamm koHkypca PoHaa (B TOM Yncre, C NyHKTaMn 6 U 7 KOHKYPCHOM JOKYMEHTaL M)
O3HaKoMrieH u cornaceH. NoaTeepxaaro CBOe y4acTme B MPOEKTE.

[ato cBoe cornacue Ha 06paboTKy (BKIOYatoLLY0 cO0p, CMCTEMATU3aLINI0, HAKOMIEHNE, XpaHeHNE,
YTOYHEHUE, UCMONb30BaHME, YHUHTOXEHNE) NPEeACTaBEHHBIX MHOIO BbILLE MEPCOHASbHbBIX JaHHbIX
Poccuinckmm HaydHbIM cooHaom (agpec: 109240, r. Mocka, yn. ConsHka, 4. 14, cTp. 3) ¢ uenbto
npoBeaeHNs 3KCNepTUsbl 3asiBKM 1 NOAFOTOBKM aHanNMTUYECKMX MaTepuarnos no KOHKypcam Ha CpokK A0
nvkBugauum onepatopa (PonHg). [aHHoe cornacue MoXeT ObiTb OTO3BAHO MHOK B MUCbMEHHOM chopme.
3anornHeHve senseTcs 0bsaTenbHLIM B COOTBETCTBUAN C TpebosaHusavm PeaeparnsHoro 3akoHa ot 27.07.2006 r. Ne152-08 «O nepcoHarbHbIX
OaHHbIX».

Y 0OCTOBEPSIOLWLMIA JOKYMEHT

(B1A, HOMep, AaTa Bbiaaym, BoidABLLUIA OpraH, 3anorHAeTCs OT PyKM)

Moanuck ncnonHUTens NpoekTa /AA Omutpres/
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CBeoeHnst 06 OCHOBHOM UCMOSNHUTESE NMPOEKTa

2.1. ®amunus, nvsi, OT4ECTBO (MPU HaNU4UMN)
Ha pyCCKOM fi3blKe

CtpyneBa EBreHus BsyecnasosHa

Ha aHernulcKoM si3biKe thamunus u uHuyuarsi
Struleva E.

2.2. lata poxxaeHun (yka3bieaemcsi yughpamu — 4ucrio, Mecsiy, 200)
17.01.1989

2.3. lNpaxpaHcTBO
POCCUA

2.4. YyeHasn creneHb, rog NpycyxaeHus
B criydae Hanm4usi HeCKOJbKUX y4yeHbIX CTEI'IeHeﬁ, yKa3bliBaeTCcs Ta U3 HUX, KoTopas Haubonee cooTBeTCTBYeT TeMaTUKe MNpoeKTa.

2.5. Harpagb! n npemMum 3a Hay4HY0 AeATeNbHOCTb, YIeHCTBO B BeAyLUMX HayYHbIX
coobLuecTBax (Npy HaNM4YMK), y4actme B peaKonneryax seAylmx peLeH3npyeMbIX HaydHbIX
u3aaHumM (Npuy HanNnM4Ynum)

2.6. OCHOBHOE MeCTO paboTbl HA MOMEHT NoAAYM 3aABKU — AOMMKHOCTL, NOSTHOe HaMMeHOBaHUe
opraH13auum (CokpalleHHoOe Ha3BaHue opraHuM3aumm)

Hay4HbI COTPYOHVK, heaepanbHoe rocygapcTBeHHOe OtoaxeTHoe yupexaeHue Haykn OO0 beanHEHHBIN
WHCTUTYT BbICOKMX Temnepatyp Poccuitckon akagemum Hayk (OVBT PAH)

2.7. O6nact HayvHbIX MHTEPECOB — KIH04YeBble CroBa (npueodumcsi He 6onee 15 kno4yeebix
crnoe)

Ha pyCcCKOM fi3blKe

PeMTOCEKYHOHBIN NAa3epHbIN MMNYIbC, abNALUs, HAHOCTPYKTYPbI

Ha aHarulCKOM s13biKe

femtosecond laser pulse, ablation, nanostructures

2.8. O6nactm HayvHbIX MHTEPECOB — KoAbI No Knaccudukaropy PoHaa
02-204 02-303 02-206 02-208

2.9. O6wee yncno nyonukauum 3a nepuop ¢ 1 aHBapa 2012 roga - 8,
U3 HUX:
6 - onyGnkoBaHo B n3ganusx, nHaekcupyembix B Web of Science nm Scopus.

2.10. Cnucok nydnukauuim OCHOBHOIro UCMNOSTHUTENSI NPOeKTa 3a nocnegHue 5 neT (MoHozpadhuu,
pe3ynibmamsbi UHMesIeKmyasibHol dessmesibHoCmu, uMeroujue rnpasosyro oxpaHy, nybnukayuu
e sedyuwux peyeH3upyeMbix Hay4YHbIX U30aHusix, Nybrukayuu e u3daHusix, UHOeKcupyeMbIX 8
cucmemax yumuposeaHusi Web of Science, Scopus, npueodumcs He 6onee 10 nybnukayud, npu
Hanu4uu ny6nukayuu 8 cemu UHmepHem yka3blieaemcsi cChbiJlka Ha Hee (06s13amesibHO Ornst
nybnukayutli 8 UHOeKcupyeMbIX u30aHusx), yka3bieaemcsi, Npu Haau4yuu, uMnakm-ghakmop
Hay4Ho20 u3daHusi (no JCR Science Edition unu JCR Social Sciences Edition))

Ha aHanulCKoM 5i3biKe

Lns pycckosizbMHbIX Ha3eaHUL cee0eHUSI PUBOOSINTS Ha PYCCKOM sidbKe U 8 nepesode Ha aHarutickudl. [pu 3mom AomKHO ObIb MOHSITHO, YD
peys udemob oOHOM U DM e OOKYMeHITe (Harpumep, 0obaensiime criogo «repesody).

1. DEFORMATION DYNAMICS AND SPALLATION STRENGTH OF ALUMINIUM UNDER A SINGLE-
PULSE ACTION OF AFEMTOSECOND LASER
Ashitkov S.1., Komarov P.S., Ovchinnikov A.V., Struleva E.V., Agranat M.B.
Quantum Electronics. 2013. V. 43. Ne 3. P. 242-245. DOI: 10.1070/QE2013v043n03ABEH015104, IF
0.978
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2. ABLATION AND NANOSTRUCTURING OF METALS BY FEMTOSECOND LASER PULSES

Ashitkov S.1., Komarov P.S., Ovchinnikov AV., Struleva E.V., Agranat M.B., Zhakhovskii V.V., Inogamov
N.A. Quantum Electronics. 2014. V. 44. Ne 6. P. 535-539. DOI: 10.1070/QE2014v044n06ABEH015448, IF
0.978

3. DYNAMICS OF RADIATION EMITTED BY METALS EXPOSED TO FEMTOSECOND LASER
PULSES

Ashitkov S.1., Komarov P.S., Struleva E.V., Yurkevich AA., Agranat M.B. High Temperature. 2015. V.53, 6
P: 887-890 DOI: 10.1134/S0018151X15060012, IF 1.048

4. MECHANICAL AND OPTICAL PROPERTIES OF VANADIUM UNDER SHOCK PICOSECOND LOADS
Ashitkov S.I., Komarov P.S., Struleva E.V., Agranat M.B., Kanel G.I. Journal of Experimental and
Theoretical Physics Letters (JETP Letters). 2015. V. 101. Ne 4. P. 276-281. DOI:
10.1134/S0021364015040049, IF 1.172

5. THE BEHAVIOR OF TANTALUM UNDER ULTRASHORT LOADS INDUCED BY FEMTOSECOND
LASER

Ashitkov S.1., Komarov P.S., Struleva E.V., Agranat M.B., Kanel G.I., Khishchenko K.V.

Journal of Physics: Conference Series. 2015. V. 653. Ne 1. P. 012001. DOI: 10.1088/1742-
6596/653/1/012001

6. STRENGTH OF LIQUID TIN AT EXTREMELY HIGH STRAIN RATES UNDER A FEMTOSECOND
LASER ACTION Ashitkov S.I., Komarov P.S., Ovchinnikov A.V., Struleva E.V., Agranat M.B. Journal of
Experimental and Theoretical Physics Letters (JETP Letters). 2016. V. 103. Ne 8. P. 544-548. DOI:
10.1134/S0021364016080038, IF 1.172

2.11. OnbIT pyKoBOACTBa Hay4YHbLIMU NPOEKTAMU U y4acTUsi B HUX (yKa3biearomcsi HauUMeHO8aHUs
¢poHAo0e (op2aHu3ayuli), Homepa, Ha38aHUsl MMPOEKIM 08 U CPOKU 8bIMNOJIHEHUS 3a nocriedHue 5
niem)

2.12. NnaHupyeMoe y4acme B Hay4HbIX NpoeKTax (B ntobom kavectse) B 2017 roay

OO0LLee KonmyecTBo — 1,
13 HKX: pykoBoacTeo — 0, ydacTue B KayecTBe ucnonHurens — 1,
a VUMEeHHO:

DyHKLMOHAarbHbIE 3HEProadheKTUBHLIE MOBEPXHOCTU ANS MHTEHCUAMKALMM TEMNOMaccoobMeHa u
TepMouHTEepdEeNCHbIE MaTepuansl Ans OXIaXOEeHUs1 9NEeKTPOHHbIX U AHEPreTUYeCcKUX YCTPONCTB

(YKa3bBatoTCA B TOM WCTIe rpaHTOAaTeNM Un 3akasqnky NPOEKTOB N UCTOYHWK (DMHAHCUPOBAHUS, Hanpymep — rocyAapcTBEHHOE 3adaHve
yupeauTens, rpaHTbl PODU, PIHD, &M, PHD, nHbIX (hoHAOB, roCyAapCTBEHHBIN KOHTPAKT (3aKa3qvK, Nporpamma), UHOW XO3WICTBEHHbIA
[0roBop, VHbIE rPaHTbI 1 cyocuamm).

2.13. lonsa paboyero BpeMeHU, KOTOPYIO NiiaHUpyeTcs BbiAeNUTbL Ha ydacve B JaHHOM MPOeKTe
B crny4yae nobeabl B KOHKypce doHpa

25 npoueHToB

Nveetca B Buay — ot MOJIHOW 3aHSTOCTU B pamMKax TPyAoBbIX UIMU rPaXaHCKO-NPaBOBbIX I'IpaBOOTHOLLEHI/IIZ, T.€. 3AHATOCTb B CBO60,EI,H06 oT
OCHOBHOW paboTbl BPEMSI TaKKe AOIDKHA YUUTLIBATLCS.

2.14. Yyace B obpazoBatenbHON AeATeNIbHOCTU (yKa3bieaemcs uHghopmayusi o pykosodcmee
acnupaHmamu, pa3pabomeke u YmeHUU HO8bIX 06pa3osamesibHbIX Kypcoe8 8 POCCUliCKUX U
3apy6exHbIx ey3ax)

2.15. B 2015 vnu B 2016 roaax y4actBoBas B Ka4eCcTBe pyKOBOAUTESIA MPOEKTA,
comHaHcupye moro P oHAOM (pyKkoBoAUTENSA HaNpaBeHUs KOMMMEeKCHON Hay4HOW NporpaMmmb|
OpraHu3aLum) Unu UCNOoSHUTENA NPOEKTa, hMHaHcMpyemoro PoHAOM B CrieAyIoLWLMX NPoeKTax
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(npy HanW4un):

2.16. KoHTakTHbIN TenedoH, aneKTpoHHbIN agpec (E-mail)
+7 4952294240, struleva.evgenia@yandex.ru

2.17. Yyace B nNpoekKTe
OCHOBHOM MCMOMHUTENb NPOEKTa

C ycnosusimmn KoHkypca doHaa (B TOM Yuche, C NyHKTaMmn 6 U 7 KOHKYPCHOW JOKYMEHTaLnm)
O3HaKoMreH U corrnaceH. NoaTeepxaato CBoe yyacTue B MPoeKTe.

[ato cBoe cornacue Ha 06paboTKy (BKMOYatoLLyto cOop, cucTeMaTU3aLmio, HaKoNMneH1e, XxpaHeHue,
YyTOYHEHME, UCNOMNb30BaHNE, YHUYTOXEHWE) NpeacTaBrneHHbIX MHOKO BbiLLE NepCOHarbHbIX AaHHbIX
Poccunckmum HayuHbiM goHaom (agpec: 109240, r. Mocksa, yn. ConsiHka, a. 14, cTp. 3) ¢ uenbio
NpoBeAEHNS SKCNEePTU3bl 3asiBKM U NOATOTOBKM aHANMTUYECKMX MaTepuarnoB Mo KOHKypcam Ha CpoK 40
nvkemagauum onepatopa (PoHa). [aHHoe corrnacme MoxeT ObiTb 0TO3BaHO MHOK B MMCbMEHHOWN hopME.
3anonHeHue siensieTcs obsiBaTeNbHBIM B COOTBETCTBUM € TpebosaHuamm PeaepanbHoro 3akoHa ot 27.07.2006 r. Ne152-83 «O nepcoHarnbHbIX
OaHHbIX».

Y 0ocToBepsAIoLLMIA JOKYMEHT

(B, HOMep, AaTa Bbidauu, BoidaBLLUM OpraH, 3aMorHAeTCS OT PyKK)

Moanvck ncnonHUTENs NPoekTa /E.B. CtpyneBa/
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CBeoeHnst 06 OCHOBHOM UCMOSNHUTESE MPOeKTa

2.1. ®amunus, nmsi, OT4ECTBO (MPU HaNU4UN)
Ha Py CCKOM S13bIKe

Makapos NeTp Neoprnesmnd

Ha aHanutcKom s3bike ghamurnus U uHuyuarsbl
Makarov P.G.

2.2. lata poxxaeHun (yka3bieaemcsi yughpamu — 4ucrio, Mecsiy, 200)
08.02.1990

2.3. NpaxpaHcTBO
POCCUA

2.4. YyeHasn creneHb, rog NpucyxaeHus
B criydae Hanm4usi HeCKOJbKUX yYeHbIX CTEI'IeHeﬁ, YyKa3bliBaeTCcs Ta U3 HUX, KoTopas Hanbonee cooTBeTCTBYeT TeMaTUKe MNpoeKTa.

2.5. Harpagb! n npemMum 3a Hay4HY0 AeATeNbHOCTb, YIeHCTBO B BeAyLUMX HayYHbIX
coobLuecTBax (Npv HaNM4YMK), y4actme B peaKonneryax seAylmx peLeH3npyeMbIX HayYHbIX
u3aaHumM (Npuy HanNnM4Ynum)

2.6. OCHOBHOE MeCTO paboTbl HA MOMEHT NoAAYM 3aABKU — AOIMKHOCTL, NOSTHOe HaMMeHOoBaHUe
opraHusauum (CokpaleHHOe Ha3BaHue opraHM3aLmmn)

acnupaHT, dpegepanbHoe rocygapcTBeHHoe 6ioaxeTHoe obpa3oBaTenbHoOe yYpexaeHue BbICLIEro
obpa3oBaHusa "HaumnoHanbHbIN uccnegoBaTenbckuin yHusepcuteT "MAN" (Prb0Y BO "HNY "MOU")

2.7. O6nact HaydHbIX MHTEPECOB — KIH04YeBble CroBa (npueodumcsi He 6oree 15 kno4yeebix
crnos)

Ha pyCCKOM fi3bIKe

HaHonokpbITHsi, CMa4YMBaeMOCTb M pacTekaHue, TENNogm3nYCKMe NPOLLECCHI B XUOKMX NIEHKaX U

Kannsx
Ha aHenulcKoM Si3biKe
Nanocoating, wetting and spreading, thermal processes in liquid films and droplets

2.8. Obnact Hay4HbIX MHTePeCoB — koAbl No Knaccudukartopy ®oHaa
09-201

2.9. O6wee ymcno nydonukaumin 3a nepuopa c 1 aueaps 2012 roaa - 9,
U3 HUX:
3 - onybrmkoBaHbl B M3gaHusix, nHaekcmpyemMbix B Web of Science nnm Scopus.

2.10. Cnncok nybnukaLuin OCHOBHOIrO UCMOSTHUTENSA NPOeKTa 3a nocneaHue 5 net (MoHozpadguu,
pe3ysibmamabi UHMesuiekmyasnbHol desimesibHOCMu, uMeroujue rpasoesyro oxpaHy, nybnukayuu
e eedyuwux peyeH3upyeMbix Hay4YHbIX U30aHusix, Nybrukayuu e u3oaHusix, UHOeKCcUupyeMbIX 8
cucmemax yumuposeaHusi Web of Science, Scopus, npueodumcs He 6onee 10 nybnukayud, npu
Hanu4uu ny6nukayuu e cemu UHmMepHem yka3bieaemcsi CCbiJIka Ha Hee (065s13amesibHO Onst
nybnukayutli 8 uHOeKcupyeMbix u3faHusXx), yka3bieaemcs, npu Haau4uu, uMnakm-gaKkmop
Hay4yHozo u30daHus (no JCR Science Edition unu JCR Social Sciences Edition))

Ha aHanulcKoM 5i3blKe

Lns pycckosisbMHbIX HassaHUL c8eOeHUsI MPUBOOSINTS Ha PYCCKOM si3bKe U 8 repesode Ha aHenutickul. [pu 3mpm OOmKHO 6bIb MOHSIMHO, YD
peyb udemob 00HOM U MoM xe GoKyMeHe (Hanpumep, 006aarnslime crioeo «nepesooy).

1. A.S. Dmitriev, P.G. Makarov. Optical Methods for Studying the Drying Dynamics of Fe203 Nanocolloid

Droplets Depending on Variation of Substrate Temperature. Applied Mechanics and Materials (Volumes

789-790), 2015, pp. 33-37. nmnakT-daktop — 0,88.

2. A.S. Dmitriev, P.G.Makarov, M. Elbuz. Study of nucleate boiling in the mesostructure microspheres
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(mode "jump" bubbles). Natural and technical sciences, Ne 1 (79), 2015, pp 12-15, impact factor - 0.058.
3. A.S. Dmitriev, P.G.Makarov, M. Elbuz. A new mode of nucleate boiling in the mesostructure
microspheres (bubbles bouncing effect). Letters to the Journal of Applied Physics, t.41, vyp.6, s.67-72,
2015, the impact factor of - 0.687.

4. A.S. Dmitriev, P.G.Makarov. On evaporation of the liquid from the drops of colloidal solutions of
nanoparticles of SiO2 and Fe203. Colloid Journal, Ne 2, 2015, s.144-151, impact factor - 0.782.

5. A.S. Dmitriev, P.G.Makarov. On the processes of heat and mass transfer and the formation of
microstructures in nanokolloidnyh systems. Proceedings of the Sixth Russian National Conference on
Heat Transfer (RNKT-6), 27-31 October 2014, Moscow.

6. A.S. Dmitriev, P.G. Makarov. Optical Methods for Studying the Drying Dynamics of Fe203 Nanocolloid
Droplets Depending on Variation of Substrate Temperature. Applied Mechanics and Materials (Volumes
789-790), 2015, pp. 33-37. nmnakT-cakTop — 0,88.

2.11. OnbIT pyKoBOACTBa Hay4HbIMU NPOEKTaMU U y4acTUs B HUX (yKa3biearomcsi HaUMeHO8aHUs
¢hoHOo8 (op2aHu3ayuli), HomMepa, Ha3eaHUsl MPOEKMO8 U CPOKU 8bIMNOJSIHeHUS 3a rnocsiedHue 5
Jsiem)

2.12. NMnaHupyeMoe yyactve B Hay4HbIX NpoeKTax (B ntobom kayectse) B 2017 roay

OO0LLee konnyecTBO — 1,
13 HUX: pyKoBoacTBO — 0, y4acTne B Ka4ecTBe ucrnonHuTenst — 1,
a UMEeHHO:

CDyHKLI,I/IOHaJ'IbeIe 3Hep|'03qu)9KTVIBHbIe NOBEPXHOCTN AJiA I/IHTeHCVI(*)VlKaLI,I/IVI TennomaccoobmeHa u
TGpMOMHTGdeVICHbIe MaTepuanbl Ana oxrnaxaeHua 3NeKTPOHHbIX U SHEPreTUHECKUX yCTpOVICTB

(YKa3bIBatoTCA B TOM WACTIe rpaHTodaTeNM U 3aKasqnky NPOEKTOB M UCTOYHWK (DMHAHCUPOBAHUS, HaNpUmep — rocyaapcTBEHHOE 3adaHve
yupeauTens, rpaHTel PODA, PMH®, &N, PH®, nHbix (hoHa0B, rocyAapCTBEHHbBIA KOHTPAKT (3aKas4viK, MporpamMMa), MHOWM XO3WICTBEHHbIA
[OroBOp, MHble rPaHTbI 1 cybeuaunn).

2.13. lons pabo4ero BpeMeHU, KOTOPYIO NilaHUpyeTCsl BbiAENUTL Ha y4acTue B JaHHOM NPOeKTe
B crny4qae nobeabl B KOHKypce PoHAaa

25 npoueHToB

VMeeTcs B BAOY — OT NOMHOW 3aHSITOCTU B paMKaXx TPYAOBbLIX MU FPaXIaHCKO-PaBOBbLIX MPABOOTHOLLEHWUIA, T.€. 3aHATOCTb B CBOBOAHOE OT
OCHOBHOM paGOTbI BpeMA Takxe JoImkHa y4UTbBATbCA.

2.14. Yyacme B ob6pa3oBatesibHON AeATenbHOCM (yka3bieaemcsi uHghopMauusi o pykosodcmee
acnupaHmamu, paspabomke u YmeHuUU HO8bIX 06pa3zoeamersibHbIX KYpCcoe8 8 POCCUUICKUX U
3apy6exHbIX 8y3ax)

UreHne kypcoB no «ONTO3NEKTPOHMKE U HAHOOTOHMKE» B HaloHanbHOM UccneaoBaTensCKoM
MHCTUTYTE «MOCKOBCKMIA SHEPrETUYECKUIA MHCTUTYT», NaGopaTopHble 3aHATUSI U CEMUHAPbI MO KypCy
«OnNTO3NEKTPOHMKA M HAHOOTOHMKA», KOHCYNbTaLNUa 6akanasBpoB 1 MaruCTPOB MO SUMNSIOMHbIM
npoeKkTam

2.15. B 2015 vwnu B 2016 roaax y4actBoBas1 B Ka4eCcTBe pyKOBOAUTESIA MPOEKTA,
dmHaHcupyemoro ®oHaoM (pykoBoAUTESISi HanNpaBneHUs1 KOMMNIeKCHOW Hay4YHOW NporpaMmb|
opraHv3auum) Unu UCNOSTHUTENSA NpoeKTa, PuHaHcupyemoro oHAOM B crnefyrowmx npoeKTax
(npy HanU4un):
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2.16. KoHTakTHbIM TenedoH, aNeKTPOoHHbIN aapec (E-mail)
+79295861955, sketch1990@gmail.com

2.17. Yyactme B npoekKTe
OCHOBHOW MCMNONMHUTESb NPOEKTa

C ycnosusimn KoHKypca doHaa (B TOM Yuche, C NyHKTaMn 6 1 7 KOHKYPCHOWN JOKyMEeHTaL )
O3HaKoMreH U cornaceH. MNoaTeepxaalo CBoe yyacTue B MPoeKTe.

[ato cBoe cornacue Ha 06paboTKy (BKIHOYaoLLYO cO0op, CUCTEMATU3ALMIO, HAKOMNIEHWE, XPaHEHNE,
YTOYHEHUE, NUCMONb30BaHMe, YHUYTOXEHNE) NPeACTaBEeHHbIX MHOIO BbILLE MePCOHarnbHbIX aHHbIX
Poccuiickum HayqHbIM dooHaoMm (agpec: 109240, r. Mocksa, yn. ConsHka, 4. 14, ctp. 3) ¢ uensto
npoBeaeHns 3KCnepTUsbl 3asBKM 1 NOAFOTOBKWN aHanMTUYeCKMX MaTepuarnos o KOHKypcam Ha CpokK A0
nvkBugauum onepatopa (Pong). JaHHoe cornacue MoxXeT ObiTb OTO3BAHO MHOK B MUCbMEHHOM hopme.
3anornHeHe siensieTcs 0bsiBaTENbHLIM B COOTBETCTBUM € TpebosaHusmm PeaepanbHoro 3akoHa ot 27.07.2006 r. Ne152-83 «O nepcoHarbHbIX
AAHHBbIX».

Y 0oCTOBEPSOLLMIA [OKYMEHT

(BM,D,, HOMEp, AaTa Bbida4yu, Bb|OaBLLNA OpraH, 3anosnHgaeTcA oT pyKI/I)

Moanuck ucnonHUTens npoekTa /M.I'. Makapos/
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dopma 3. CBeageHunsa 0b opraHmsaLmm

cobuparoTcsa aBTOMaTMYECKM Ha OCHOBE PEMCTPAaLMOHHBIX JaHHbIX OpraHM3aunm, Yepes KOTOpyto
OyaeT ocylecTBNATbLCS dmHaHcupoBaHue ("Popma T")

3.1. NonHoe HanmeHoBaHWe (NPUBOAUTCSH B COOTBETCTBUM C PErUCTPALMOHHBLIMU JOKYMEHTaMM )
drepepanbHoe rocynapcTBeHHoe BrogxeTHoe o6pa3oBaTenbHOe yupeXaeHue BbiCLLero 06 pa3oBaHus
"HaumoHanbHbI nccrnegoBaTtensckui yHusepeutet "MON"

3.2. CokpalueHHOe HauMeHoBaHue
®reoy BO "HNY "MAN"

3.3. HaumeHoOBaHWe Ha aHIMUUCKOM A3bIKe
National Research University "Moscow Power Engineering Institute”

3.4. OpraHusaumoHHo-npaBoBas chopma (ykasbieaemcsi no OKOI®)
d>ep,epaanb|e rocynapCTtBeHHbIe 6I-0/J,)KeTHbIe yupexaeHua

3.5. Dopma cobctBeHHOCM (YKasbieaemcsi no OK®PC)
depnepanbHas coOOCTBEHHOCTb

3.6. BepomctBeHHas NpUHaANeXxHOCTL
MnHucTepcTBo o6pasoBaHus 1 Hayku PP

3.7. UHH, Knn
7722019652, 772201001

3.8. Aopec
111250, r. MockBa KpacHokasapmeHHas yn. a.14

3.9. ®akmueckumn agpec
111250, r. MockBa KpacHokasapmeHHas yn. a.14

3.10. CyobekT Poccuinckon Pepnepaumm
r Mockea

3.11. JomxHocTb, chammunus, umsi, OT4ECTBO (NMPU HANMMYUKN) PYKOBOAUTESS OpraHu3aummn
pekTop, Poranes Hukonan Odmutpresuny

3.12. KoHTakTHbIM TenedoH
+74953627001

3.13. AneKTpoHHbLIN aapec (E-mail)
ntpg@mpei.ru

PykoBoauTenb opraHM3aLmMmn NogTBepXXaaeT, YTo:

® 0O3HAKOMIIEH C yCrioBMAMM KOHKYpca PoHAa 1 cornaceH Ha gmMHaHCMpOBaHWe NPoeKTa, B Criyyae
€ro NogaepXku, Yepes opraHn3aunto;

e cornaceH ¢ nyHkTamu 8, 14, 33 KOHKYPCHOW AOKYMEHTaLUW, NHbIMW YCIOBUSIMU KOHKYPCAa;

e OpraHu3aLusa UcrnonHaeT obs3aTensCcTBa Mo yhraTe Hanoros B 6100XeTbl BCEX YPOBHEN U
obs3aTenbHbIX NnaTexen B rocyAapCTBeHHble BHEOIOAXETHbIE (PoHAbI, NnaTexecnocobHa, He
Haxo4uTcs B NpoLecce NMKBUaaLmMmn Unv peopraHnsanmm, He Npu3HaHa HeCOCTOATENbHOM
(6aHKpOTOM), Ha €€ MMYLLIECTBO HE HaNOXKeH apecT 1 ee 3KOHOMMYEecKast 4eATENbHOCTb He
NPUOCTaHOBIIEHA;

e B Clly4ae npusHaHusa 3asiBku nobeauternem opraHusauns 6epet Ha cebs crieqyrowme
obsasatenscTea:

o 3aKM4YMTb C YrieHaMM Hay4YHOrO KOMMEKTMBA rpaXaaHCKo-NpaBoBble Ui TPyAoBble (CPOYHbIE
TPYyQOBLIE) OOrOBOPbI;
Ecrv TakoBble He 3aKroyeHbl paHee.

o O MOPYYEHUIO PYKOBOAUTENSA HAY4YHOrO KOMMEKTUBA BbiNsiadymBaTth YrieHaM Hay4HOro
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/orgedit?rid=2OdJW00JobkS3i8Xec2cLb00

KOJUieKTBa BO3HarpakgeHme 3a BblilnosriHeHne DGGOT MNo MNMPOEKTY;
O eXerogHo npeacTaBliATb OTHET O LierieBOM UCNOoJib30BaHUM rpaHTa Poccuiickoro Hay4YHOro

doHaa.

PyKOBO/J, nTernb opraHn3auunn rapaHTUpyeT:

e YTO OGLLMI pa3Mep eXerofHoro Bo3HarpakaeHusl YneHa Hay4Horo KonnekTuea He 6yaet

npesBbILaTb 30 NPOLIEHTOB OT CYMMbI eXerogHoro Bo3HarpaxaeHua Bcem 4yieHam Hay4yHOoro
KONNeKkTmnBea,

Bxkrtouas ycTaHORMEHHbIE 3akoHoAaTensCTBOM Poccuiickon Pegepauvn rapaHTUm, OTYMCTIEHUS MO CTPaxoBbIM B3HOCAM Ha
obsaTenbHoe NEHCUOHHOE CTPaxoBaHue, Ha obsisaTensHoe MeaLMHCKOe CTpaxoBaHue, Ha obsisaTernsHoe coLmarbHoe CTpaxoBaHme
Ha Cryyal BpeMeHHOW HeTPyAOoCNOCOBHOCTM 1 B CBSM C MaTEPUHCTBOM, Ha obsiBaTernibHOe CoLmarnbHOe CTPaxoBaHMe OT HECHACTHbIX
Cry4aeB Ha NPOM3BOACTBE U NPOdECCHOHANBHBIX 3a00MEBaHNIA.

YyTO OO LLMIA pa3mep exerogHoro Bo3HarpaXaeHusa 4reHoB Hay4HOro KosmnekTuea B Bo3pacTe A0 39
NeT BKMYUTENbHO He 6y,u,eT MeHbLLe 35 NPOLIEHTOB OT CYMMbI €)XXeroaHoro Bo3HarpaXxaeHus BCcex
YrieHOB HAay4HOro KOJneKkTunBa;

npepgocTaBrieHne Hay4YHOMY KOMJeKTUBY NMOMeELLEHUA, 4OoCTyna K MMetoLLIENCS SKCI'IepVIMeHTaanOVI
base gns OCYLLEeCTBJIEHNA Hay4HOro nccrnegoBaHus.

Moanucob pykoBoauTeris opraHnsaumm (yI'IOJ'IHOMOLIeHHOFO npeacTaBuUTens, 4ENCTBYIOLLENO Ha
OCHOBaHUN ,D,OBepeHHOCTI/I), nevyatb opraHM3auun.

B cnydae nognvcanns chopmbl yNorHOMOYEHHBIM NpeAcTaBuTENEM OpraHuzaLmn (B T.4. — pykoBoguTeneM dunmana) K nesatHoMy 3K3eMnnsipy
3asBKWN NpuraraeTcs AOBEPEHHOCTb (KOMWS JOBEPEHHOCTH, 3aBepeHHast nevaTbio OpraHusaLmm).

M.I.
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®opma 4. CogepxaHune npoekTa

4.1. HayyHas npobnema, Ha peLueHue KOTOpPOM HanpaBreH NpoeKT
Ha pyCCKOM $13blKe

B nocnegHve rogpl, B CBA3M C POCTOM 3HEPreTU4eCKon MOLLHOCTM 60MbLUMHCTBA YCTPOWCTB
CNabOoTOYHOMN U CUIBHOTOYHOW 3MEKTPOHMKN U SHEPTETUKM, ONTOINEKTPOHMKKN, CO34aHNEM LIEHTPOB
06paboTKN AaHHbIX, Ppa3BUTUEM COBPEMEHHBIX TENEKOMMYHMKALMOHHBIX CUCTEM U T.4., pa3paboTKom u
CO3aHNEM CUCTEM XPaHEHNS 1 06pabOoTKM MHGOPMALIUK, a TaKXKe CUCTEM XPaHEHUST SNIEKTPUYECKON
3Heprum (B YaCTHOCTU, MMTUN-MOHHBIX W ApYyrix 6aTapen), Bce BaxHee N KpUTUYHEE CTaHOBUTCS
npobnema TepmMocTabunmsanum n 0TBoAa N3BbLITOYHOIO Tenmna OT YKadaHHbIX yCTPOUCTB. NocnegHne
Cco0bITKSA, CBA3aHHbIE C BO3ropaHNMEM U B3pbiBaMU CUCTEM XPaAHEHWS SHEPTN B NIUTUA-MOHHBIX
akkymynatopax (komnaHum Tesla, www.tesla.com n Samsung Electronics, www.samsung.com),
npo6nemMbl BO3HUKHOBEHWS «TEMMOBOW CTEHbI» B 3akoHe Mypa 3a cyeT HEBO3MOXHOCTU OTBOAA Tenna
OT ropsvMX TOMEK HAHOPA3MEPHbIX KOMIMOHEHT 3MEKTPOHUKM 1 OMTOSMEKTPOHUKM (Www.electronics-
cooling.com; prof. E. Pop, Stanford University, http://poplab.stanford.edu; prof. K. Goodson,
https://nanoheat.stanford.edu; prof. Tim Fisher, Purdue University, http://www.nanotransportgroup.com
et. al), npobrieMbl OxXnaxaeHUss aHTEHHbIX YCTPONCTB B OrpaHUYEHHbIX MPOCTPaHCTBAaxX UX
KOHCTPYKTUBHBIX PELLEHNIA, HEBO3MOXHOCTL 3G0IEKTUBHOIO OXII2XKOEHNS CBEPXBAPKMX CBETOANOLHbBIX
6rokoB 1 T.4. AenatoT npobnemMbl TeNnooTso4a U TepMocTadbunmsau v O4HUMN U3 BaxHeNLLMX Npobnem
coBpeMeHHoW, a Tem 6onee, 6yayLuen NepcnekTUBHON SHEPTETUKM, MUKPO- Y HAHOINEKTPOHUKU U
OMNTO3NEKTPOHMKN. [TOMMMO 3TOro, HaNMMYKUS B OKPYKatOLLEN Cpeae OrPOMHOIO KONMYecTBa N30bITOYHOIO
Tenna, npobnemMa n3MeHeHWs KnumaTta, CTaBAT 3a4aqy BO3MOXHOWN KoHBepcum (Npeobpas3oBaHus)
Takoro n3bbITOYHOrO («BGPOCOBOrO») TENNa B 3NEKTPUHECKYIO aHeprmto. Bce ykazaHHble npobnembl
CBsI3aHbl, KaK MoKa3anM MHOTOYMCIIEHHbIE UCCIIeN0BaHNS, C HEOOXOAMMOCTbIO pa3paboTku 1 Co3aHus
OyHKLMOHAnNbHbIX 3HEProahekTUBHBLIX NOBEPXHOCTEN AN MHTEHCHUJWKaLMK TenniomaccoobmeHa
TEPMOUHTEPGENCHBIX MaTepuarnoB As OXIaXaEeHUs 3NEeKTPOHHbIX U AHEPreTUYeCKUX YCTPONCTB.
CerogHs B MUpe HacUYUTbIBAETCS HECKOMBbKO AECATKOB Hay4HbIX MPYMn U COTHU KOMMaHWN, KOTOpbIe
UCCnenyroT M N3ydaroT AaHHyo npobriemy. OgHaKo, UMEKTCS pasfuyHble NyTU OCTUXEHUST YKa3aHHbIX
uenen 1 60MbLUMHCTBO PeLLEHU OTAMYaloTCA APYr OT Apyra U A0MkHbI BbITb NpoBepeHbl. HecMoTpa Ha
MHOrOYMCIEHHbIE NOMbITKM B POCCUM NOMy4nTh CKOMb-HUOYAb Cepbe3Hble pesynbTaThl B 3TOM
HanpaBeHUN, HECMOTPS HA MHOTOYUCIIEHHLIE MPOEKThI B 3TOM HarnpaBfieHnW, 0COObIX MPOABUHYTbIX
peLueHnn He HabnogaeTcs. CoBepLUEHHO NOHATHO, YTO AN peLleHns NocTaBeHHoN Npobnembl
HeobX0aNMbl HOBbIE MOAXOAbI U HOBbIE UCCEAOBAHUS, CBA3aHHbIE C pa3paboTKon 1 co30aHMEM HOBOMO
noKosieHUs doyHKLMOHarbHbIX 3HEProddeKTUBHBIX MOBEPXHOCTEN U TEPMOUHTEPIENCHBIX MaTepuaros,
obnagarowmx MMHUMarnbHbIM TEPMUYECKUM rPaHUYHBIM COMPOTMBIIEHMEM Ha rpaHuLax c 4pyruMu
mMaTtepuanamu. MIMeHHO orpoMHble TEPMOCOMNPOTUBIIEHUS MEXOY MaTepuanamm He 4al0T BO3SMOXKHOCTH
3hbeKTUBHO OxnaxaaTb 1 TEPMOCTabMNM3NpoBaTh COBPEMEHHBIE N MEPCMNEKTUBHbIE
pa3pabaTbiBaeMble B HAaCTOsILLEE BPeMS YCTPONCTBA CNaboTOUYHOM U CUITbHOTOYHOW 3NIEKTPOHUKM 1
HEpreTuku.

Mporpammbl pa3BUTUSA HOBbIX MaTepuaros C dyHKLMOHAMNbHLIMU MOBEPXHOCTAMM A1 UHTEHCUdMKaL M
TennomaccoobmMeHa 1 TepMoMHTEPeNCHbIe MaTepuarnb! 4115 OXNaXaeHNs SNIEKTPOHHBIX U
9HEepreTUYECKMX yCTPOUCTB MMEIOT MPaKTUYECKM BCE BeayLLme 3apybexHble KOMMaHu1, AeCSATKN
3apybexHbIX YHUBEPCUTETOB M OTAENMbHbLIX ccreaoBaTensckux rpynn. K coxanenuio, B Poccum He
CYLLECTBYET HU €4UHON KOHLIENLUW, HY Korabopawnm NpoekToB 1 fabopatopun ANs peLueHns
NOCTaBIIEHHbIX B HACTOALLEM NpoeKTe NpobreM. BHnmartensHoe o3HakoMneHne ¢ pesynbTatamu
nccnegoBaHUn POCCUNCKMX YYEHbIX U UHXeHepoB 3a nocnegHune 10 neT nokasbiBaeT, YTO OTCTaBaHUE B
3TOM HanpasfieHWN TONbKO HapacTaeT. BoMbLUMHCTBO POCCUMCKNX KOMMAHWIA, paboTatowmx B
pa3nuyHbIX 061acTaX, B KOTOPbIX BbIMyCKAOTCA NPOAYKTbI CrIabOTOYHOM 1 CUNbHOTOYHOW 3NEKTPOHMKM
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N aHepreTukm (Npeanpuatna Pocatoma, PoctexHosnoruin, Pockocmoca, PocHaHo U T.1.), BCe CuibHee
OLLLLIAOT OTCYTCTBUE OTEYECTBEHHbIX MPOAYKTOB A9 TePMOCTabunmMsaLnm 1 oxnaxaeHus
obopyaoBaHus. [NpakTnydeckn Bce TepMOMHTEPCENCHBIE MaTepurarbl, KOTOpPbIE UCMOMb3YKTCS Ha 3THX
npeanpusiTUsIX, NPOU3BOASTCS 3a pybexoM. BombLLOM ONbIT COBMECTHLIX NCCIEA0BAHMIA YIIEHO HAaYy4YHOW
rpynnbl NpoeKTa ¢ 3apybexHbIMN YHUBEpPCUTETaMU U KoMNaHusMU (CeynbCKui HauMoHanbHbIN
YHUBEPCUTET Hayku 1 TexHornormn, CTaH(OpACKUI YHUBEPCUTET, BEHCKUIA TEXHUYECKUIA YHUBEPCUTET,
Samsung Electronics, Intel n gpyrue) nokasbiBaeT, 4TO MO HEKOTOPbIM MNO3MLUSIM BO3MOXHO
onepexaroLLiee pas3BuTHE 1 NOIyYeHMe HOBbIX BUOOB NPOAYKTOB MUPOBOIO YPOBHS.

O630pbl COBPEMEHHOIO COCTOSIHUS YKa3aHHbIX Bbille npobriem nmetotcs B: Cho J. and Goodson

K.E. 2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. [EEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17(4). 2014. 163—174; A.C. OmuTtpunes. TennoBble NpoLecchl B HAHOCTPyKTypax. M. MOWU.
2012. 302 cTtp.; A.C. Omutpues. Tennodgmanyeckme npobriembl HAHOSHEPTETMKN U HAHOSNEKTPOHUKK. 10
MexayHapoaHasa kKoHepeHUnst «AKTyarnbHble BONpochl TENNOGM3NKK 1 GM3n4eckom
rmgporasoguHamMukny, 17-23 centsopsa 2012, Anywra; A.C. Omutpues. Tennodmanieckme npobrembi
HaHOSHEPreTUKU: HOBble paboune Terna U KOMMNOHEHTHI. «[oBbilweHe 3¢pheKTUBHOCTM SHEPTETUYECKOIO
obopynosaHnus - 2012», 1315 Hosi6psa 2012 r. CaHkT-lNeTepbypr; A.C. OmuTpreB. BeeaeHve B
HaHoTennodwm3nky. N3g. BUHOM. 2015. 792 c.; A.C. OMmutpueB. TennoBas CTeHa MUKPO- U
HaHO3MeKTPOoHUKW. MopTan PocHaHo/e-Nano: edunano.ru/doc/6353921192855885264.

Llenbto n 3agavamm HaCTOSILLIEro NpoeKkTa SBMNSETCHA UCCedoBaHNs HOBbIX (OyHKL MOHAMbHbLIX
3HEeProadeKTUBHBIX MAaTEPUAIIOB, a TaKXe N3ydeHne NX TEMNOGM3NIECKNX U INEKTPOGM3NIECKNX
CBOWNCTB, NPOLIECCOB CMaYMBaHUSA U pacTeKaHWs No NOBEPXHOCTAM 3TUX MaTepuarioB pasfimiHbIX
noTeHUManbHbIX paboyvmx XMaKOCTeN, KOTopble MOMYT MCMOMNb30BaTbCA B LLUMPOKOM Anana3oHe KX
COCTOSIHWI (OT XMAKOro 40 Napoobpas3HOro) ANs CHATMSA U TENOOTBOAA C MOBEPXHOCTEN M3ObITOUYHON
TENsI0BON MOLLHOCTM 1 UX TepMocTabunmaauunn. B pamkax gaHHoro npoekta 6ygyT paspaboTaHbl 1
co3aaHbl yHKLMOHarbHbIE 3HepProapeKTUBHBbIE MOBEPXHOCTH C NCMONb30BaHWeM 06paboTKu Ux
demMTOCEeKYHAHBIMU Na3epHLIMU UMMYIbCaMKU, ME3OCTPYKTYPHbIE MOBEPXHOCTU, MMetoLLME
OpUIHanbHbIE KOMMOHEHTLI B BUAE MOHOAUCNEPCHBIX MMKPOCHep pasnMyHoro AMameTpa,
HaHOKOMMO3WTbl U HAHOKOMMAayHAbI C NOMMMEPHBIMU MaTpULLaMM N HAHOBKIMKOYEHUAMU Ha 6a3e
HaHONPOBOIOK U HAHOTPYOOK, HAHOYaCTUL,, BKMOYaa HaHOanmasbl, rpadeH 1 rpadpeHoBbIE CTPYKTYPbI.
ByoyT Takke nccrnegoBaHbl HOBbIE BbICOKOTEMIMEPATYPHbIE KEpaMuieckmne Mmatepmarnsl Ha 6ase
HUTPUAA antoMUHUS OIS BKIIOYEHMS MX B CXeMbl OTBOAA Tensa ¢ AobaBneHnem apyrmx
TepMouHTepdenCHbIX MaTepuanos. OCHOBHasA 40N uccnegyemblx B MPOEKTe MaTtepuarnos
OpuvrHanbHa, HUKOT4a paHee He 1cnonb3oBanach A4 Lenen 9HeproaPeKTMBHOIO OXMaXaeHUs 1
TepmocTaburmsauun. [ns 6onbLMHCTBA YKadaHHbIX MaTepuarnos, KOTOpbIe B pamKax npoekTa oyayTt
pa3paboTaHbl 1 Co34aHbl, paHee He UCCreaoBanMch Tenrnogmanyeckme 1 anekTpogmandeckne, a Takke
MexaHu4eckme (HanpumMep, Ha MPOYHOCTb CXaTus U pa3pbiBa) cBorcTBa. [omumo aToro, GyayT
pa3paboTaHbl, Co34aHbl U NCcCrneaoBaHbl HEKOTOPbIE HOBLIE TUMbl TEPMOVHTEPCENCHBIX MaTepUaros,
TaKXe Ha OCHOBE KOMMO3UL M TOHKMX MeTanmmyeckux nneHoK 1 HaHOMpPOBOSOK, a TakKe Ha OCHOBEe
HaHOTPYBOK 1 rpacheHOBLIX CTPYKTYP.

Hay4yHas HoBM3Ha NpoeKkTa COCTOMT B pa3paboTKe M Co34aHUM HOBbIX NEPCMEKTUBHBIX
3HeproadPeKTUBHLIX MaTepunaros, CO34aHNU 1 OCBOEHUMN METOAUK U3MEPEHUS] MEXaHNYECKMX,
Tennogmanyecknx 1 anekTPom3anYecKnx xapakTepnucTuK nomyvyaemblx MaTeprarnos, NPOBEAEHUN Cepuin
nccnegoBaHWmn Mo NoTEHLNanbHOMY TEXHOMNOMYECKOMY MCMONb30BaHMN NOMyYEeHHbIX MaTteprarnos Ans
CUCTEM OXJIKOEHNS YCTPONCTB SHEPTETUKM U SNEKTPOHMKWN, ONTOSNEKTPOHMKN, CUCTEM
TernekoMMyHUKaLun. ByoyT Takxke npoBegeHbl nccrnegoBaHusa No CBOMCTBAM CMayvMBaHUS U pacTeKaHus
paboumx XnaKoCcTen No NOBEPXHOCTAM pa3paboTaHHbIX 1 CO3A4aHHbIX AHEProahdEKTUBHBLIX
OYHKLIMOHArbHBIX MaTeEpMaroB A5 BO3MOXHOMO MX UCMONMb30BaHNS B CUCTEMAX XMAKOCTHOMO U
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NCNapUTENBLHOIO OXINAXOEHN MPY OTBOAE TeMsa OT SHEProHANPSPKEHHbIX NeperpeBaeMbIX
NMOBEPXHOCTEN SHEPreTUKUN U 3NEKTPOHUKN. Kpome Toro, 6yayT HameueHb! Larv no paspaboTke u
CO34aHM1I0 NMPOMBILLTEHHON OTEYECTBEHHON TEXHONOMMN ANsi MPOM3BOACTBA (PyHKL MOHAMbHBLIX
3HepProaddeKTUBHbLIX NOBEPXHOCTEN A1S UHTEHCUAMKALLMM TEMNOMACCOOOMeEHa N TEPMOVHTEPAENCHBIX
MaTtepuarnbl 451 OXIaXaeH st 3NIEKTPOHHBLIX M SHEPreTUYECKNX YCTPONCTB.

Ha aHanutcKoM si3bIKe

In recent years, due to increased energy capacity of most low-current and high-current power electronics
and devices, optoelectronics, creation of data centers, the development of modern telecommunications
systems, etc., development and creation of storage and processing systems, as well as electric storage
systems energy (in particular, lithium-ion batteries and other), and all the more critical becomes more
important problem of thermal stabilization and removal of excess heat from these devices.

Recent events related to the fire and explosion of energy storage in lithium-ion batteries (the company
Tesla, www.tesla.com and Samsung Electronics, www.samsung.com), the problem of occurrence of
«thermal wall» Moore's law due to the impossibility of removing heat from the hot spots of nanoscale
electronics and optoelectronics component (www.electronics-cooling.com; prof E. Pop, Department of
Electrical Engineering, Stanford University, http://poplab.stanford.edu; prof. K. Goodson, https:
nanoheat.stanford.edu; prof. Tim Fisher, Purdue University, http://www.nanotransportgroup.com et al),
the problem of cooling the antenna devices in confined spaces, their design decisions, the inability to
effectively cool superbright LED blocks, etc. make the problems of heat dissipation and thermal
stabilization of one of the major problems of the modern and the more promising future energy, micro-
and nanoelectronics and optoelectronics.

In addition, the presence in the environment a huge amount of excess heat, climate change, pose
potential problems conversion (transform) this excess of heat into electrical energy. All of these problems
are related, as shown by numerous studies, the need to develop energy-efficient and create functional
surfaces for intensification of heat and mass transfer and thermal interface materials for the cooling of
electronic and energy devices. Today, there are research groups, and hundreds of companies that
explore and study the problem. However, there are various ways to achieve these objectives and
solutions differ most from each other and should be checked. Despite numerous attempts in Russia to
get any serious results in this direction, in spite of numerous projects in this direction, special advanced
solutions is observed. It is clear that in order to solve this problem, new approaches and new research
related to the development and creation of a new generation of functional surfaces and energy efficient
thermal interface materials with minimal thermal boundary resistance at the borders with other materials.
This huge thermal resistance between the materials make it impossible to effectively cool and heat
stabilized current and future being developed low-current device and high-current electronics and energy.
Program development of new materials with functional surfaces for intensification of heat and mass
transfer and thermal interface materials for the cooling of electronic and energy devices have almost all
the leading foreign companies, dozens of foreign universities and individual research groups.
Unfortunately, in Russia there is not a single concept or collaboration projects and laboratories for solving
the problems in this draft. A close acquaintance with the results of the last 10 years of Russian scientists
and engineers research shows that the backlog in this area is only growing. Most Russian companies
working in various fields in which the products are produced low-current and high-current electronics and
energy (Rosatom, Rostechnology, Roscosmos, Rosnano, etc.), more and more feel the absence of
domestic products for thermal and cooling equipment. Virtually all thermal interface materials that are
used in these enterprises, are produced abroad. Extensive experience of collaborative research project
members of the scientific group with foreign universities and companies (Seoul National University of
Science and Technology, Stanford University, Vienna University of Technology, Samsung Electronics,
Intel and others) shows that for some items might advanced development and acquisition of new types of
global products level.
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Reviews of the current state of the problems mentioned above are available in: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. [EEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17 (4). 2014. 163-174; A.S. Dmitriev. Thermal processes in nanostructures. M. MPEI.
2012. 302 p.; A.S. Dmitriev. Thermal problems nanoenergy and nanoelectronics. 10 International
Conference «Actual problems of thermal physics and physical hydrodynamics», 17-23 September 2012,
Alushta; A.S. Dmitriev. Thermal problems nanoenergy: new working body and components. «Improving
the efficiency of power equipment — 2012», November 13-15, 2012, St. Petersburg; A.S. Dmitriev.
Introduction to nanothermophysics. Ed. BINOM. 2015. 792 p.; A.S. Dmitriev. Thermal wall of micro- and
nanoelectronics. Rosnano portal / e-Nano: edunano.ru/doc/6353921192855885264.

The purpose and objectives of this project is to study new functional energy-efficient materials, as well as
the study of their thermal and electrical properties, wetting processes and spreading over the surfaces of
these materials of different potential working fluids that can be used in a wide range of state (from liquid to
vapor) removal and heat from the surfaces of the excess heat capacity and thermal stabilization. The
project will be designed and developed functional energy-efficient surface using their processing by
femtosecond laser pulses, mesostructural surface with original components in the form of different
diameters monodisperse microspheres, nanocomposites and nanocompounds with polymer matrices
and nanoinclusions based on nanowires and nanotubes, nanoparticles, including nanodiamonds,
graphene and graphene structure. New high-temperature ceramic materials based on aluminum nitride
for inclusion in heat removal schemes will also be studied with the addition of other thermal interface
materials. The main share in the project studied original material never before used for the purpose of
energy-efficient cooling and temperature stabilization. For most of these materials are within the project
will be developed and created previously investigated thermal and electrical as well as mechanical (e.g.,
compression strength and break) properties. In addition, to be developed, designed and studied some
new types of thermal interface materials, also based on the compositions of thin metal films and
nanowires and nanotubes, and based on the graphene structure.

The scientific novelty of the project is to develop and establish new promising energy-efficient
materials, creation and development of methods to measure mechanical, thermal and electrical
characteristics of the resulting materials, carrying out a series of studies on the potential use of
technology obtained materials for cooling systems and power electronics devices, optoelectronics,
telecommunications systems. There will be also carried out research on the properties of wetting and
spreading of liquids on surfaces workers designed and built energy efficient functional materials for
possible use in liquid and evaporative cooling systems with dissipation of heat from the superheated
energy-intensive energy surfaces and electronics. In addition, steps will be outlined on the design and
development of domestic industrial technology to energy efficient production of functional surfaces for
intensification of heat and mass transfer and thermal interface materials for the cooling of electronic and
energy devices.

4.2. AKTyanbHOCTL NpoGnemMbl Ans AaHHOM OTpaciiv 3HaHWA, Hay4Has 3HAYUMOCTL peLueHUs!
npoénemsbl
Ha pyCCKOM 5I3biKe

B nocnenHve rogbl, B CBA3M C paavKasibHbIM YBENMYEHUEM CKOPOCTU Nepeaayn n 06paboTku AaHHbIX,
pa3paboTKON N CTPOUTENLCTBOM LIEHTPOB 00paBGOTKM AaHHbIX, CYLLUECTBEHHLIM YMEHbLLEHNEM
pasmMepoB YCTPONCTB MUKPO- M HAHO3NEKTPOHMKM U ONTOINEKTPOHMKM, CO 3HAYUTESbHBIM POCTOM
yOENbHOro TENNOBbIAENIEHNS BHYTPU YCTPONCTB CraboTOUHOM 1 CUNMbHOTOYHOWN SEKTPOHUKN U
SHEPreTHKM, C POCTOM YAErNbHOM 3NIEKTPUYECKON SHEPreit XpaHeHNs! BHYTPU CYNepKOHOEHCaTOPOB U

GaTapew u T.M., BCe akTyarbHen CTaHOBUTCS Npobrnemam paspaboTku U cO34aHMsA NEPCNEKTUBHBLIX
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TEXHOIOMIA, MaTepuanoB U KOMMOHEHT ANs TEPMOCTadUMM3aL MmN U OXITXKOEHUST YKa3aHHbIX BblLLe
YCTPOWCTB M KOMMOHEHTOB. CrieayeT 0cob0 OTMETUTb, YTO MIIOTHOCTbL YAEMbHOIO TEMSIOBbIAENEHNS B
OTAENbHbIX 3IEMEHTaX AMNEKTPOHMKN U ONTO3NEKTPOHMKK yke focTurna BennumHbl 200-300 kBT/M2, 4To
6M3KO K yaernbHOMY TEMMOBbIAENEHMIO B SAEPHBLIX PpeakTopax 1 Comnsax XMOKOCTHBIX PaKeTHbIX
asuratenen. BmecTe ¢ TeM, ecniv B NOCNEAHUX CIly4dasix MOXHO HalTy 3ddeKTUBHbIE CMOCODbI
oxnaxaeHns (KOHBEKTMBHOE U ABYXxdasHoe, ncnapuTensHoOe KaHarnbHOe OXnaxaeHue unm oxrnaxageHue
064yBOM), CUIbHO OrpaHnYeHHbIe 0O BEMBI U XapaKTepHbIe pa3mepbl 3NIEMEHTOB U YCTPONCTB
CNabOoTOYHOM U CUIBHOTOYHOW SNIEKTPOHMKN U SHEPTETUKM HE MO3BOSISIFOT MCMOSML30BaThL TakMe METOAbI
nnm TpedyoT pagukarnbHO MHBIX NOBEPXHOCTEN TenrioMaccoobmMeHa, oyHKLMOHANM3NpoBaHHbIX Nog,
3agaym TepmocTabnnmsanm n oxraxaeHust 3deKTMBHBIX MOBEPXHOCTEN TENIOMAcCOOOMEHa N HOBbIX
TepMouHTEPeNCHBLIX MaTepuarnoB, 061aaatoLLMX BblCOKO3MEKTUBHBIMIN CBOMCTBAMM CMaYMBaHUS U
pacTekaHusa 1 MUHUMAasTbHbIX FPaHUYHBIM TEPMUYECKM COMPOTUBIIEHMEM. [pK YMEHbLLEHN pa3MepoB
OTAEnNbHbIX 3IEMEHTOB 3NIEKTPOHHON M ONTO3ANEKTPOHHON 6a3bl 40 HaHOMAacLLTaboB (pa3mepsbl
MePCNEKTUBHbIX TPAH3UCTOPOB — A0 8-10 HM, pasmepbl NOyNPOBOAHMKOBLIX HaHoNa3epoB — 10-12 HM),
NCNONb30BaHNEM B CUCTEMAX XPaAHEHNS SNIEKTPUYMECKON 3HEPIUN HAHOCTPYKTYP U HaHOMaTepuasos 4ns
3MeKTPOaOB, BCE aKTyarbHen CTaHOBUTCS 3agava KOMMNEeHcaLMm HarpeBa Tak HasblBaeMbIX «FOPSHNX
TOYEK» - Manblx N0 06beMy 0bnacTen SNeKTPOHHbIX M IHEPrETUHECKMX YCTPONCTB C MakCUMaribHbIM
TennoBblgeneHvem Ao 1000 kBT/m2. OTBecTn Takoe KonmyecTBO Tensia U3BeCTHbIMU crocobamm ¢
NPUMEHEHNEM M3BECTHbLIX TEXHOSIOMMIN COBEPLLEHHO HEBO3MOXHO. OTCloga B NocreaHne rogbl B MUKpO-
N HAHO3MNEKTPOHWUKE BO3HMKIA TaK Ha3biBaemas npobrnema «TensioBON CTEHbI» - HEBO3MOXHOCTb
«paboTbl N3BECTHOrO 3akoHa Mypa — Kak OCHOBHOrO TpeHda pasBUTKS COBPEMEHHOW MUKPOINEKTPOHUKM
(«CcTeneHb MHTerpauum yBenmimBaeTcs YeTbIpe pasa Kaxable Tpy roga»). PakTU4ecKn nepen Hay4yHom
06 LLECTBEHHOCTLIO M Hay4HbIMW rpynnamMmn BCTana CoBepLUEHHO HOBas Npobrema — HakTu MeToAbl,
TEXHOMOMM 1 MaTepuarnbl, KOTopble Obl MO3BOUIN HE CAEPHMBATL Pa3BUTUE NEPCNEKTMBHBIX
HanpaBEHWA 3NIEKTPOHMKM, ONTOINEKTPOHUKM U SHEPTrETUKM.

AKTyarnbHOCTb HACTOSILLErO NPOEKTa COCTOUT B pa3paboTke u co3gaHnm pyHKLMOHaNbHbIX
3HEepProaddeKTUBHbLIX MOBEPXHOCTEN U TEPMONHTEPENCHBLIX MaTepuanos, 061agaoLLMX MUHUMAaNbHbLIM
TEPMUYECKUM MPaHNYHBLIM COMPOTUBIIEHMEM Ha rpaHuLax ¢ ApyrumMun matepuanammn. IMeHHO OorpoMHbIe
TEPMOCONPOTMBNEHNST MEXIY MaTepuanamm He 4atoT BO3MOXHOCTN 3GeKTUBHO oXIiaxaaTb 1
TEpMOCTabmnManpoBaTb COBPEMEHHbIE U MEPCMNEKTUBHbIE pa3pabaTbiBaeMble B HACTOSILLEE BpEMS
YCTPONCTBA CNabOTOYHON M CUITbHOTOYHOW SMIEKTPOHMKN U 3HEPTETUKN. BaXKHOCTb peLueHns nogooHowm
npobrembl CBA3aHa C TeM, YTO NPaKTUYECKN BO BCEX 0OMNACTSAX pa3BUTUSI NEPCNEKTMBHBLIX SNIEKTPOHbI,
OMNTO3MNEKTPOHHbIX M IHEPTrETUYECKMX TEXHONOMMI Npobnema TepmocTabunmsaumm n oteoga
n30bITOYHOIO Tensa cTana HacTosbKO SIBHO, YTO aKTMBHO TOPMO3SAT PasBUTKS OOMbLUMHCTBA N3 TakmX
HanpaereHuin. B cBs13M C 3TUM, MOUCKM HOBbIX METOA0B, TEXHOMOMIA U MaTepmanos 6e3ycioBHO
ABMNAETCH Ype3Bbl4aNHO akTyarnsHON. [MomMnmo ckaszaHo, HeobXoaANMO NoaYEPKHYTL, YTO B Poccun
npobnemMamy TepMocTabunmsarmm, NoMcka HoBbIX TEXHOOMMIA U MaTepuarnos, pa3paboTke U Co3aaHuo
HOBbIX TEPMOUHTEP(ENCOB C MUHUMATTbHBIM rPaHUYHBLIM TEPMOCOMPOTUBIIEHWEM, 3aHNMAETCH BECbMa
Marioe YMCIO Hay4HbIX M UHXEHEPHbIX rpynmn.

B nocrnegHee BpemMsi Obinv NpeanpuHATLI MHOTOYUCTIEHHbIE NMOMNbITKM B Pa3fvYHbIX KOMMNaHUSIX U
yHuBepcuteTax (cMm., Hanpumep, 063opbl: J. Due, A. Robinson. Reliability of thermal interface materials: A
review. Applied Thermal Engineering. 50. 2013. 455-463; R. Prasher. Thermal interface materials:
historical perspective, status, and future directions. Proceedings of the IEEE. 94(8). 2006; A. Kumar, N.
Ayyagari, T. Fisher. Effects of Graphene Nanopetal Outgrowths on Internal Thermal Interface Resistance
in Composites. ACS Appl. Mater. Interfaces. 2016, 8, 6678-6684; J. Suh, R. Dillon, S. Tseng. Thermal
Interface Materials Selection and Application Guidelines: In Perspective of Xilinx Virtex-5QV Thermal
Management. Jet Propulsion Laboratory Pasadena, California. California Institute of Technology.
Pasadena, California. JPL Publication 15-2 8/15; M. Barako, Y. Gao, Y. Won, A. Marconnet, M. Asheghi,
K. Goodson. Reactive Metal Bonding of Carbon Nanotube Arrays for Thermal Interface Applications. IEEE
TRANSACTIONS ON COMPONENTS, PACKAGING AND MANUFACTURING TECHNOLOGY, VOL. 4,
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NO. 12, DECEMBER 2014. Pp.1906-1913) HanTun adhpeKTBHbIE MaTepuars! 419 TEPMUYECKNX
NHTEPEENCOB, UMEIOLLYMX CPABHUTENBHO HU3KOE rPaHNYHOE TEPMMUYECKOE COMPOTUBIIEHNE U BbICOKYHO
TEXHOMOMYHOCTh NpoLecca NpousBoAcTBa. bbinm ncnonb3oBaHbl pasnnyHblie ME30CKOMUYECKME U
HaHoOMaTepuaribl U KOMMOHEHTbI BHYTPW NMOMMMEPHBLIX MaTpUL, UK OPYIMX ANSNEKTPUKOB, KOTOpbIe
MMEIOT BbICOKYHO afre3unto K Matepuarnam arekTPOHHON TEXHUKMN, CPaBHUTENBHO CTabunbHble, €
XOPOLLMM KO3IGAMLINEHTOB NIMHENHOIO TEPMUYECKOrO pacLlumpeHns. OgHako, CerogHst HeT OAHO3Ha4YHOro
BbIOOpa MaTeprasioB NPYMEHUTENBHO K PasfMYHbIM NPUIIOKEHUAM. VIccreaoBaHust akTMBHO
NpPOOOIPKAKOTCS, NPUYEM KPYMHENLLME NPOU3BOAUTENN MHAYCTPUAnbHON U 6bITOBOM anekTpoHukn (AMD,
Intel, Infinion, Samsung Electronics, Apple, Tesla, NASA, Boing, BAE Systems u gpyrve), Bknaabisas
BCe OonbLuMe cpeacTBa B 9TO HamnpasneHue, NoHMMas, Yto 6e3 pelleHns npobrnemsl
TepMmocTabunmsaummn, oTBoga Tenna n aHeproddPeKTUBHOCTH, CEPbE3HbIN NPOrpecc B CraboToOYHOM K
CUNbHOTOYHOW 3NEKTPOHMKE N SHEPreTUKE HEBO3MOXKEH.

Bonee Toro, npakTn4eckn He BUAHO 3a NocrnegHne AecaTb NeT CKoNb-HMOYab 3aMeTHOro Nporpecca B
POCCUINCKNX pa3paboTKax 3TOro HanpaerneHus. HakoHeL, 4To ocobo crieayeT NnogyepKHyThb,
NpakTU4ECKM BCE POCCUNCKNE SNEKTPOHHbBIE, ONTOINEKTPOHHBIE N AHEPreTUYECKNE KOMMaHUM
MCNOMb3YHOT B CBOWX pa3paboTkax, KOMMOHEHTax 1 yCTPOMUCTBax 3apybexHble MaTepuarbl U CUCTEMbI
TepmocTaburmsauum (cMm., Hanpumep, 063opbl B A.C. [ImutpreB. BeegeHve B HaHOTennogmsmky. M3g.
BMHOM. 2015. 792 c.; A.C. OmutpureB. TennoBasi CTEHA MUKPO- M HAHO3MEKTPOHUKIN. MopTan
PocHaHo/e-Nano. http://edunano.ru/doc/6353921192855885264). B cBA3u ¢ 3TUM NPOCTO CPOYHO
HeobX0AMMO co3aThb TEXHOMOMMYECKYH POCCUMCKYIO NNaT¢opMy A peLleHns yKa3aHHbIX BblLLe
3agad. o MHeHWI0 aBTOPOB NPOEKTA, NOCMNEAHUA MOXET CTaTb Ha4arioM Takon TEXHONOMMYECKON
nnaTdgopmbl, kKak dyHOaMeHTarnbHasi U NpuKnagHas ee uccrnegosarernbckas 6asa.

Ha aHanulcKoM si3bIKe

In recent years, due to the drastic increase in data transmission and processing speed, design and
construction of data centers, a significant decrease in the size of micro- and nanoelectronic devices and
optoelectronics, with a significant increase density power dissipation in the low-current and high-current
power electronics and devices, with the growth of specific electrical energy storage in batteries and
supercapacitors, etc., becomes more urgent issues of development and the development of advanced
technologies, materials and components for thermal and cooling the above-mentioned devices and
components. It should be noted that the density of the heat dissipation in the individual elements of
electronics and optoelectronics has already reached values of 200-300 kW/m2, which is close to the
specific heat in nuclear reactors and the nozzles of liquid rocket engines. However, if in the latter cases,
you can find effective ways of cooling (convection and two-phase, evaporative channel cooling or cooling
by blowing), very limited amounts and the characteristic dimensions of the elements and low-voltage and
high-current electronics and power devices do not allow the use of such methods or require radically
different heat and mass transfer surfaces, functionalized by thermal stabilization objectives and effective
cooling surfaces and heat and mass transfer new materials with high performance wetting and spreading
properties and minimum boundary thermal resistance. When reducing the size of the individual elements
of electronic and optoelectronic base to nanoscale (dimensions of transistors perspective - to 8-10 nm,
the size of semiconductor nanolasers - 10-12 nm), using electrical energy storage systems of
nanostructures and nanomaterials for electrodes, it becomes all the more urgent task of heating
compensation the so-called "hot spots" - small in terms of area and power electronic devices with the
maximum heat to 1000 kW/m2. Take an amount of heat by known techniques using known techniques
quite impossible. Hence, in recent years, micro- and nanoelectronics emerged so-called problem of
"thermal wall" - the impossibility of "the famous Moore's law - as the main trend of development of
modern microelectronics ("degree of integration is increased four times every three years"). In fact,
before the scientific community and scientific groups got quite a new problem - to find methods,
technologies and materials that would allow not hinder the development of promising areas of electronics,
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optoelectronics and energy.

The relevance of this project is the development and creation of functional surfaces and energy efficient
thermal interface materials with minimal thermal boundary resistance at the borders with other materials.
This huge thermal resistance between the materials make it impossible to effectively cool and heat
stabilized current and future being developed low-current device and high-current electronics and energy.
The importance of this problem stems from the fact that in almost all areas of the development of
promising electrons, optoelectronic and energy technology problem of thermal stabilization and removal
of excess heat has become so clearly that actively inhibit the development of most of these areas. In this
regard, the search for new methods, technologies and materials is definitely very important. In addition it
is said, it must be stressed that in Russia the problems of thermal stabilization, the search for new
technologies and materials, the design and development of new thermal interfaces with minimal
boundary thermal resistance, is engaged in a very small number of scientific and engineering groups.

In recent years, numerous attempts have been made in various companies and universities (see, eg, the
reviews: J. Due, A. Robinson Reliability of thermal interface materials: A review Applied Thermal
Engineering 50. 2013. 455-463; R. Prasher Thermal interface materials: historical perspective, status,
and future directions Proceedings of the IEEE 94 (8) 2006; A. Kumar, N. Ayyagari, T. Fisher Effects of
Graphene Nanopetal Outgrowths on Internal Thermal Interface Resistance in Composites ACS Appl
Mater Interfaces 2016, 8, 6678-6684; J. Suh, R. Dillon, S. Tseng Thermal Interface Materials Selection
and Application Guidelines in Perspective of Xilinx Virtex-5QV Thermal Management Jet Propulsion..
Laboratory Pasadena, California California Institute of Technology Pasadena, California JPL Publication
15-2 8/15; M. Barako, Y. Gao, Y. Won, A. Marconnet, M. Asheghi, K. Goodson Reactive Metal Bonding. of
Carbon Nanotube Arrays for Thermal Interface Applications. IEEE TRANSACTIONS ON COMPONENTS,
PACKAGING AND MANUFACTURING TECHNOLOGY, VOL. 4, NO. 12, DECEMBER 2014. Pp.1906-
1913) find efficient thermal interface materials having relatively low thermal boundary resistance and high
technology manufacturing process. and various nanomaterials and mesoscopic components within the
polymer matrix or other insulators have been used which have high adhesion to the materials of
electronic equipment, relatively stable, with good coefficient of linear thermal expansion. However, today
there is no single choice of materials for different applications. Research is actively ongoing, with major
manufacturers of industrial and consumer electronics (AMD, Intel, Infinion, Samsung Electronics, Apple,
Tesla, NASA, Boing, BAE Systems and others), putting more and more resources in this direction,
knowing that without solving the thermal stabilization problems, heat dissipation and energy-efficient,
serious progress in low-current and high-current electronics and energy impossible.

Moreover, virtually invisible during the last ten years however any significant progress in the development
of the Russian direction. Finally, it should be specially emphasized, almost all Russian electronic,
optoelectronic and energy companies use in their designs, components and devices, foreign materials,
and thermal stabilization system (sm., such as reviews in A. Dmitriev. Introduction nanothermophysics.
Ed. BINOM. 2015. 792 p.; A. Dmitriev. The thermal wall of micro- and nanoelectronics. Rosnano portal/e-
Nano: edunano.ru/doc/6353921192855885264). In this connection, an urgent need to create a Russian
technology platform for solving the problems mentioned above. According to the authors of the project,
the latter may be the beginning of a technological platform, both fundamental and applied its research
base.

4.3. KoHKpeTHas 3agaya B paMKax Nnpo6neMbl, Ha peLleHue KOTOpOoM HarnpaBrieH MPoeKT, ee
MacLuTab
Ha pyCCKOM $i3blKe

- NpoBegeH aHanmM3 coBpeMeHHOro CoCToAaHnA d)yH,El,aMeHTaJ'IbeIX N NPUKNagHbIX nccrnenoBaHnni B
obracTu co3gaHus un n3y4vyeHud d)yHKLI,VIOHaJ'IbeIX mMaTtepunanoB U TEPMUYECKUX MHTep(*)ePICOB C HU3KUM
rPaHN4YHbIM TEPMOCONPOTUBIIEHNEM OJ1A CO3aaHUA SCtﬂEKTVIBHbIX TEXHOOrMMn TepMOCTa6I/IJ'IVI3aLlVII/I n

OXNIKOEHNS YCTPONCTB CraboTOYHOM U CUMBHOTOYHON 3NIEKTPOHWKIN 1 SHEPIreTUKN; ByaeT NoaroToBmneH
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1 HanucaH o63op No pesynbTaTtam aHamm3aa, onybrIMKoBaH A4S 03HAKOMITIEHMS CNeLManMcToB B 061acTu
OM3NKM U XMW MaTepUarnoB, 3NIEKTPOHMKN 1 SHEPTETUKN;

- MPOBeAEH aHanM3 CBONCTB CYLLECTBYHOLMX U NEPCNEKTUBHBLIX (PyHKLMOHAMbHbLIX MaTepuanos u
TEPMOUHTEPGENCOB C LIENbHO MNOMyYEHNA OCHOBHbBIX 3aKOHOMEPHOCTEN U METOAOB MOAMAMKALNN TaKMX
MaTepuarioB; NOAroTOBMIEHbI TEXHOMOMMYECKME PerfiaMeHTbl 45151 OMbITHOMO M OMbITHO-NPOMbILLTEHHOMO
npoun3BoacTea NogobHbIX MaTepuaros;

- ByayT NpoBefeHbl aHaMUTUYECKME pacyeThbl 1 MaTEMATUYECKOE MOAENMPOBAHME NPOLLECCOB
TepmocTabunmsauum n otBoga Tenna Ha 6ase yHKLMOHaNbHbLIX MaTepuarnos;

- BriepBble 6yayT pa3paboTaHbl M co34aHbl METOAbLI MOMYHEHNUST HOBbIX (PyHKLMOHArbHbIX
3HepProaddhekTUBHBIX MaTepPUaros, C UCMOMNb30BaHMeEM 00paboTkM X heMTOCEKYHAHBIMU NTa3epHbIMU
UMynbcamu; Takas 3agada ons Lernern npoekta OyaeT ocyLecTBNEHA BNEPBLIE;

- BriepBble 6yayT pa3paboTaHbl U Co34aHbl ME3OCTPYKTYPHbIE MOBEPXHOCTU, MEIOLLIME OPUTMHarbHbIE
KOMMOHEHTLI B BUAE MOHOAMCMNEPCHLIX MUKpOCdep pasrnMyHOro guameTpa, MOMELLEHHbIE B NMONMMEpPHbIe
1 gpyrve matpuvubl; 6ygyT nccrnegoBaHbl TENMOBLIE U TMAPOANHAMMUYECKE 3dekTbl Ha MOBEPXHOCTH
nogobHbIX MaTepuaros;

- nony4eHbl 06pasLbl HAHOKOMMO3WUTOB M HAHOKOMMayHAO0B C NONMMEPHLIMI MaTpuL.aMm 1
HaHOBKJITO4YEHNSAMIN HAHOMPOBOSIOK M HAHOTPYOOK, HaHOYACTULL, BKIOYas HaHOanNMasbl; AN Nogo0HbIX
mMartepuarnoB OyayT NPOBeAEHbI UCCIIELOBAHNS UX MEXAHUHYECKUX, TEMNOGM3NYECKNX U
3MEKTPOCM3NYECKUX CBOWCTB;

- ByayT BnepBble co3faHbl 00pasLbl rpad)eHOBbIX CTPYKTYP METOAOM YIbTPa3BYKOBOIO pachbIfieHns B
cneumarnbHbIX cpeaax ¢ nocrieaytoLei oopaboTkon B cpeae a3oTta AJisi NoryYeHns rpadpeHoBbIX
XroNbEB C BapbUpyeEMbIMU pasMepamm U YUCIIOM CioeB rpadeHa;

- MONyYeHbl 06pasLbl HAHOKOMMO3UTOB Y HAHOKOMMAYHAOB C NONMMMEPHBLIMWU MaTpULLaMA U
rpacbeHOBLIMM XIOMbAMU 1 APYTMMU U rpaddeHOBLIMU CTPYKTYpaMK; Nogo0OHbIe CTPYKTYpbl OyayT
nony4eHbl BnepBbIe;

- ByayT Takxe uccrnegoBaHbl HOBbIE BbICOKOTEMIMEPATYPHbIE KepaMMieckne matepmarnsl Ha 6ase
HUTpMAA antoOMYHNA O115 BKIHOYEHMS X B CXeMbl OTBOAA Tenra ¢ AobaBneHvem apyrmx
TEPMOUHTEP(ENCHBLIX MaTepraros;

- byayT nccnenoBaHbl MEXaHUYECKNE, TENNOM3NYECKNE 1 3NEKTPOGM3NYECKME CBONCTBA MOSTy4YEHHbIX
0o6pasuos.;

- ByayT nccnenoBaHbl Ha MOBEPXHOCTM MOSTyYEHHbBIX MaTepMasioB NPOLLECCH CMavMBaHNs N pacTeEKaHWs
pa3nYHbIX NOTEHLNabHbLIX pabo4mX XMOKOCTEN, KOTOPbIE MOMYT UCMONb30BaTLCS B LUMPOKOM
AnanasoHe NX COCTOSIHWI (OT >XMOKOro A0 NapoobpasHoro) AN CHATUS Tenna u TenrnooTsoaa ¢
NMOBEPXHOCTEN N30bITOMHOM TEMMOBOW MOLLHOCTU U UX TepMocTabunmsauuu;

- ByayT M3ydeHbl Ha NOBEPXHOCTAX NOSYyYEHHbIX PyHKLIMOHArbHBIX MaTepmaroB NpoLecchl MCNapeHus u
KnneHus (B YacTHoCTK, adxpekT JlemaeHdpocTta, addekTbl «kode-puHra» 1 1.4.) € Lenbto
MOTEHLMarbHOrO NCMONb30BaHMS Taknx MaTepuanos Ans 3¢deKTUBHOIM KanesibHO-CTPYMHOIo
NCNapUTENbHOIO OXINaXOeHUs ANs CHATUS NPeaerbHO BbICOKMX TEMNSIOBLIX HAarpy30K ¢ 00 LEKTOB
3MEKTPOHMKMN N SHEPTETUKY;

- ByayT AaHbl pekomeHaaLmm no paspaboTke NMHENKN aHeproadipeKTUBHBIX hyHKLMOHAMbHbIX
MaTepuaroB AN peLleHnst 3a4a4 TepmMocTadbunmsaumm 1 oTBoAa Tenna B 3agadax crnaboTouHom u
CUSTbHOTOYHOM 3MNEKTPOHUKN N SHEPrETUKN.

Ha aHanutcKoM si3biKe

As part of this project is expected to achieve the following specific objectives:

- analysis of the current research in the field of creation and study of functional materials and thermal
interface boundary with a low thermal resistance for efficient thermal stabilization technology and cooling
devices of low-current and high-current electronics and energy; it will be prepared and reviewed the
results of the analysis, published information for professionals in the field of physics and chemistry of
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materials, electronics and energy;

- analysis of existing and future properties of functional materials, and thermal interfaces in order to obtain
the basic laws and methods of modification of these materials; trained technological regulations for the
experienced and pilot production of such materials;

- will be carried out analytical calculations and mathematical modeling of the thermal stabilization process
and heat removal on the basis of functional materials;

- the first to be developed and established methods of obtaining energy-efficiency new functional
materials, using their processing by femtosecond laser pulses; such a problem for the project will be
implemented for the first time;

- the first to be developed and created mesostructural surfaces having the original components in the
form of monodisperse microspheres of different diameters, placed in the other polymer matrix; they will
be investigated thermal and hydrodynamic effects on the surface of such materials;

- obtained samples of nanocomposites and nanocompounds with polymer matrices and nanoinclusions -
nanowires and nanotubes, nanoparticles, including nanodiamonds; for such materials will be conducted
studies of their mechanical, thermal and electrical properties;

- first be established samples of graphene structures by ultrasonic atomization in special environments,
followed by treatment in a nitrogen atmosphere to obtain graphene flakes with varying dimensions and
number of layers of graphene;

- obtained samples of nanocomposites and hanocompounds with polymer matrices and graphene flakes
and other structures and graphene; similar patterns will be obtained for the first time;

- we will also be investigated by the new high-temperature ceramic materials based on aluminum nitride
for inclusion in the scheme of heat removal with the addition of other thermal interface materials;

- will explore the mechanical, thermal and electrical properties of the samples;

- Are examined for surface wetting of the materials obtained and spreading processes various potential
working fluids that may be used in a wide range of states (from liquid to vapor) for removing heat from the
surfaces of the heat sink and the excess heat capacity and heat setting;

- will be studied on the surfaces of the obtained functional materials boiling and evaporation processes (in
particular, the Leidenfrost effect, the effects of "coffee ring", etc.) to the potential uses of such materials
for efficient drip-jet evaporative cooling to remove the extremely high thermal loads with electronics and
energy facilities;

- will be given advice on the development of energy-efficient line of functional materials for solving heat
setting and heat dissipation problems in the low-current and high-current electronics and energy.

4.4. HayyHas HOBM3Ha NOCTaBNEeHHOMW 3aaa4um, 060CHOBaHWE AOCTXKMMOCTU peLLeHUs
NOCTaBeHHOW 334a4M U BO3MOXHOCTU MOJTyYEHUS 3anfiaHUPOBaHHbIX pe3yrnbLTaToB
Ha pyCCKOM $i3blKe

Hay4Has HOBM3Ha NOCTaBrEHHOM 3af4aymn CBA3aHa co criegytowmm. B nocnegHve rogbl, B CBA3W C
POCTOM 3HEPreTUYECKON MOLLHOCTMN BOMbLUMHCTBA YCTPOMUCTB CNaboTOYHON U CUIbHOTOYHOM
3NEKTPOHUKUN 1 SHEPTETMKN, ONTOINEKTPOHUKM, CO3A4aHNEM LLEeHTPOB 06paboTKM AaHHbIX, pa3BUTMEM
COBPEMEHHbIX TENEKOMMYHUKALMOHHBIX CUCTEM U T.4., pa3paboTKOM 1 CO30aHMEM CUCTEM XPaHEHUS 1
06paboTKkun MHGOPMaL MK, a TaKKe CUCTEM XPaHEHNS ANEKTPUYECKON IHEPrM (B HaCTHOCTU, NUTUIA-
MOHHBIX 1 Apyrnx 6aTapen), BCe BaxHee 1 KpUTudHee cTaHoBUTCS npobnema Tepmoctabunmsaumm n
0TBOAA M3OLITOYHOIO TEMMa OT YKa3aHHbIX YCTPOMCTB. lNocnegHune cobbiTusi, CBA3aHHbIE C BO3rOPaHUEM
1 B3pbIBaMN CUCTEM XPaHEHWNS SHEPTNM B NINTUN-UOHHbBIX aKKyMynaTopax (komnaHum Tesla,
www.tesla.com n Samsung Electronics, www.samsung.com), npo6riemMbl BO3HUKHOBEHWUSI «TEMNMOBOWN
CTeHbI» B 3akoHe Mypa 3a cHeT HEBO3MOXHOCTM OTBOAA TeMma OT ropsvmx TOMeK HaHOPa3MEPHbIX
KOMMOHEHT 3S1EKTPOHMKIN 1 ONTO3NEKTPOHMKKN (Www.electronics-cooling.com; prof. E. Pop, Department of
Electrical Engineering, Stanford University, http://poplab.stanford.edu; prof. K. Goodson,

https://nanoheat.stanford.edu; prof. Tim Fisher, Purdue University, http://www.nanotransportgroup.com
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et. al), npobrieMbl OXNMaXXOeHUss aHTEHHbIX YCTPONCTB B OrPaHUYEHHBLIX MPOCTPAHCTBAX UX
KOHCTPYKTUBHbIX PELLEHWI, HEBO3MOXHOCTb 3GPEKTUBHOIO OXIaXKAEHMS CBEPXbAPKNX CBETOANOOHBLIX
OnokoB 1 T.4. AenatoT Npobrembl TENMOOTBOAA M TEpMOCTabunM3auum ogqHUMN U3 BaXKHEWLLMX Npobiem
COBpEMEHHOW, a Tem bonee, GyayLLe NepCnekTUBHOM SHEPTETUKM, MUKPO- N HAHOIJIEKTPOHUKM 1
ONTO3NEKTPOHUKI. [TOMMMO 3TOro, HaNMUMA B OKpYXatoLLEen cpede OrpOMHOM0 KonmyecTBa U3bbITOYHOro
Tenna, npobnemMa M3MeHeHWs KnMmaTta, CTaBAT 3a4aqy BO3MOXHOWM KoHBepcumn (Npeobpas3oBaHus)
TaKoro n3bbITOYHOrO («GPOCOBOrOY) TENMA B 3NIEKTPUYECKYHO aHEpPMID. Bce ykazaHHble npobnembl
CBSI3aHbl, KaK NnoKasasnm MHOroYMCIEHHbIE UCCeaoBaHns, C HeOBXOAMMOCTbIO pa3paboTkM U Co3AaHuA
yHKLMOHanNbHbIX 3HEProahdeKTUBHBLIX MOBEPXHOCTEN ANA MHTEHCHUJWKALLMK TenniomaccoobmeHa
TEPMOUHTEPGENCHBIX MaTepurarns! 45151 OXMaXgeHNs SNEKTPOHHBIX M SHEPreTUYECKMX YCTPONCTB.
CerogHsi B MUpe HacUYUTLIBAETCSt HECKOIbKO AECATKOB Hay4HbIX MPYMn U COTHU KOMMNaHWI, KOTOpble
MCCreayroT 1 U3yyatoT AaHHyto npobniemy. OQHaKo MMEIOTCA Pas3fnMyHbIe MyTU OCTWKEHUS YKa3aHHbIX
uenen, n 6OMbLUMHCTBO PELLEHNIA OTANYAOTCA APYr OT Apyra U AomikHbl ObiTh NpoBepeHbl. HecmoTpa Ha
MHOFOYMCIIEHHbIE NOMbITKM B POCCUM NOMy4nTh CKOMb-HUOYOb Cepbe3Hble pesynbTaThl B 3TOM
HanpaBfeHUn, HECMOTPSI HA MHOTOYUCTIEHHbIE NPOEKTHI B 3TOM HanpaBfieHun, 0CoBbIX NPOABUHYTbLIX
pelleHuii He HabntogaeTcs. COBEPLLEHHO MOHATHO, YTO ANS peLLeHNs NoCTaBneHHoM Npobnemsl
HeobX0AMMbI HOBbIE MOAXOAbI M HOBLIE UCCEAOBAHUS, CBSA3aHHbIE C pa3paboTKON 1 CO30aHMEM HOBOMO
NOKONeHWs dyHKLMOHabHbIX 9HEProadekTUBHBLIX NMOBEPXHOCTEN U TEPMOMHTEPENCHBIX MaTepUaros,
obnagarowmx MMHUMarnbHbIM TEPMUYECKUM rPaHUYHBIM COMPOTUBIIEHMEM Ha rpaHuLLax ¢ ApyruMu
maTtepuanamu. VIMeHHO OrpoMHbIEe TEPMOCOMPOTUBIIEHUST MEXOY MaTepuanamm He 4alT BO3MOXKHOCTH
3phekTUBHO OXNaxaaTb 1 TEPMOCTabnnNM3npoBaTb COBPEMEHHbIE N NEPCNEKTUBHbIE
pa3pabaTbiBaeMble B HACTOsILLEE BPEMS YCTPOMCTBA CNabOoTOYHON N CUMbHOTOYHON 3MIEKTPOHMKN U
HEpPreTuKu.

[pyroi BaxkHenLLen 3agayen COBpPEMEHHON M NePCNEeKTUBHBIX HaNpaBSieHUA ANIEKTPOHMKN N SHEPTETUKMN,
0COBEHHO CUMOBOM 3NIEKTPOHUKM BOMbLUMX MOLLHOCTEN, rae npeanosaraeTcs UCnonb30BaHUE HOBbIX
LLMPOKO30HHbIX MONYNPOBOAHMKOB, Takunx kak SiC, GaN 1 anMa3s no3BonuT SBnseTca BO3MOXHOCTb
MMeTb Doree BbICOKYHO MIIOTHOCTb MOLLHOCTU, YTO NMPUBOAMT, OOHAKO, K 6onee BbICOKMM pabounm
Temnepartypam KOMMOHEHT 1 ycTPoncTB. [Z. Valdez-Nava, S. Guillemet-Fritsch, M. Ferrato, M. Kozako, T.
Lebey. Co-fired AIN-TiN assembly as a new substrate technology for high-temperature power electronics
packaging. Ceramics International, Elsevier, 2013, vol. 39(#8), pp.8743-8749. Oxupaetcs, 4Tto
NCNONb30BaHME LUMPOKO30HHBIX MONYNPOBOAHUKOB, Takux Kak SiC, GaN n anmas 0yaeT npegcraensaTb
cobOW HaCTOALLYI NPOPLIB B CUMOBOM 3NIEKTPOHMKE B Brivxkariem Oyayliem, 4To onpeaenitb
OCHOBHbI€ TPeHAbl PasBUTKSA Ha MHorne rogbl. [lnccmnaums TennoBon MOLLHOCTU B MO06HbIX
MOIyNPOBOAHMKOBbLIX CTPYKTYPax Ype3BblvaiHO BbICOKA U ee HeOOXO4MMO OTBOAMTL OT YCTPOMCTB BO
BHELLHWIA KOHTYpP oxnaxaeHusi. BbicokoadhdeKkTrBHbIE MaTepuarns! A5 CUINOBOM 3NEeKTPOHUKM ByayLero
Takke NoTpebyloT peLleHus paaa npobrem nomyveHns HoBbIX (PyHKLIMOHAMbHbLIX MaTepuarnos n
TepmounHTepdencoB. CrneayeT ocobo NogvyepkHyTb, YTO 419 OTBOAA TeNma HeMb3s UCMOoMNb30BaTh
mMaTepuarsbl C BbICOKOWM TEMMONPOBOAHOCTLIO TMMa MeTansoB. [1oCKomnbKy BCE 3NEKTPOHHbIE
KOMMOHEHTbI A0IDKHbI OblTh 3/1IEKTPON30NMPOBaHbI. [ToMMMO 3TOro, KO3MLMEHT TEPMUYECKOTO
pacLUMPEHNIN TEPMOMHTEPEENCHBIX MaTeprarnos AOkeH Obii 6M30K K BeNMYmHe s
NONYNPOBOAHUKOBBIX CTPYKTYP, MHa4ye Npu neperpese BO3HUKHYT BorbLume TepMmmyeckue gedopmaim n
9MEKTPOHHOE YCTPONCTBO paspymTtcs. [1oaToMy eAMHCTBEHHON BO3MOXHOCTbBIO SIBMAETCA pa3paboTka
1 co3daHune OUIANEKTPUYECKUX MaTepUaroB C MakCUManbHOW TEMMONPOBOAHOCTLIO U ONTUMASIbHBIM
KO3(pOMLMEHTOM JIMHEMHOIO TEPMUYECKONO paclumMpeHns. Kak nokasbiBaeT aHanm3 NocregHux
nccrneqoBaHuii B 3Ton 061acTu, TakuMm MOryT MaTepuarbl TUna HaHOKOMMO3MTOB (MofMMepHas
MaTtpuLia ¢ HAHOBKIKOYEHMAMM HAHOMPOBOMOK, HAHOTPYBOK unu rpadeHa). JlInbo Heobxogumo
nepexoguTb Ha BblcoKkoTemnepaTtypHyto kepamuky (HTCC PCB) nnmn HaHOKpucTannmyeckyto matpuuy
U1 gaxke Ha MOHOKpuCTannbl (Hanpumep, onarn). OgHako NogobHbIV CNEKTP UCCreaoBaHUN BECbMa
BEMUK 1 Takasi nporpaMmmMma HameudeHa Ha 6rvkanume 10-15 net [ ]. OTMeTnm Takxke, YTo curnosas

BbICOKOTEMMNEPATYPHas 3NEKTPOHUKA 0MmKHA paboTaTh M B XKECTKMX BHELLHMX YCMOBUSIX (BblCOKas
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Temneparypa cpefbl, BbicoKasi BMaXHOCTb, XMMUYECKasa akTUBHOCTb, BO3MOXHasA pagunauuns v T.n. [P.
Neudeck, R. Okojie, L. Chen. High-temperature electronics—a role for wide bandgap semiconductors?,
Proceedings of the IEEE 90 (2002) 1065, J. Yin, Z Liang, J.D. van Wyk. High temperature embedded SiC
chip module (ECM) for power electronics applications, IEEE Transactions on Power Electronics. 22
(2007) 392.)).

AHarnormyHasa cutyaumsa umeeT MecTo npu paspaboTke 1 co3gaHnM CBEPBMOLLHBLIX CBETOAUOAOB U
CBETOAMOOHbIX OFIOKOB — NeperpeB KOMMOHEHT M BCEro YCTPONCTBA BEAET K €ro Aerpagaumm u
pa3pyLLEHMIO, B TOM YMCIE NO yKasaHHbIM Bbiwwe npuimHam [D. Pounds, R. Bonner lll. High Heat Flux
Heat Pipes Embedded in Metal Core Printed Circuit Boards for LED Thermal Management. 2014 [EEE
Intersociety Conference on Thermal and Thermomechanical Phenomena in Electronic Systems
(ITherm), Orlando, FL, May 27-30, 201; Thermal Management of Cree XLamp LEDs.
http://www.cree.com/XLampThermalManagement.pdf; http://www.led-heatsink.com].

Mporpammbl pa3BUTUSA HOBbIX MaTepUaros C dyHKLMOHArNbHLIMU MOBEPXHOCTAMM A1 UHTEHCUdMKaL M
TennomaccoobmMeHa 1 TepMoMHTEPeNCHbIE MaTepuarnb! 4115 OXNaXaeHWs 3NIEKTPOHHBIX U
9HepreTnYecKnx YyCTPomCTB UMEIOT MpaKkTUYECKU BCe BeayLLmMe 3apybexxHble KOMMaHUK, ECATKN
3apybexHbIX YHMBEPCUTETOB M OTAENMbHbLIX ccreaoBaTensckux rpynn. K coxanennio, B Poccum He
CYLLECTBYET HU €0UHON KOHLIENLUN, HY Korabopawnm NpoekToB 1 TabopaTtopui ANst peLLeHns
NOCTaBIIEHHbIX B HACTOALLEM NpoeKTe NpobrieM. BHnmaTensHoe o3HakoMneHne ¢ pesynbTatamu
nccnegoBaHWn POCCUNCKMX YYEHbIX U UHXeHepoB 3a nocnegHune 10 neT nokasbiBaeT, YTO OTCTaBaHUE B
3TOM HanpasfieHUN TOSNbKO HapacTaeT. BOMbLUMHCTBO POCCUMCKNX KOMMAHWIA, paboTalowmx B
pa3nnyHbIX 061acTaX, B KOTOPbIX BbIMyCKAOTCA NPOAYKTbI CrIabOTOYHOM 1 CUNbHOTOYHOW 3NEKTPOHMKM
N aHepreTukm (npeanpusaTna Pocatoma, PoctexHonoruin, Pockocmoca, PocHaHo u T.1.), BCe CUibHeEEe
OLLLLIAIOT OTCYTCTBUE OTEYECTBEHHbIX MPOAYKTOB A9 TEPMOCTabMnmM3aLnm 1 oxnaxgeHms
obopyaoBaHus. MNMpakTndeckn Bce TEPMOMHTEPCENCHBIE MaTepurarbl, KOTOpPbIE UCTIONb3YHTCS Ha 3TUX
npeanpusaTUsX, NPou3BOAATCS 3a pybexoM. BonbLLON ONbIT COBMECTHBLIX UCCeA0BaHWN YNEeHO Hay4YHOW
rpynnbl NpoeKTa ¢ 3apydexHbIMN YyHUBEpPCUTETaMU U KoMnaHusiMmn (CeynbCKui HauMoHanbHbIN
YHUBEPCUTET HayKu 1 TexHosormin, CTaH(OPACKMI YHUBEPCUTET, BEHCKUIA TEXHUYECKUIA YHUBEPCUTET,
Samsung Electronics, Intel n apyrve) nokasbiBaeT, YTO MO HEKOTOPbLIM MO3ULLIUSIM BO3MOXHO
onepexaroLLee pa3BuUTHE 1 NOMyYeHWe HOBbIX BUOOB NPOAYKTOB MUPOBOIO YPOBHSI.

O630pbl COBPEMEHHOMO COCTOSIHUS YKa3aHHbIX Bbile npobnem nmetoted B: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. IEEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17(4). 2014. 163—174; A.C. muTtpunes. TensnoBble NpoLecchl B HAHOCTpyKTypax. M. MOW.
2012. 302 cTp.; A.C. Omutpures. Tennodmanyeckue NnpobrieMbl HAHOIHEPrETMKN U HAHOSMNEKTPOHMKN. 10
MexayHapoaHasa kKoHepeHUnst «AKTyarnbHble BONPOChl TENMOgM3nNKK 1 GM3n4eckom
rugporasoguHamMukny, 17-23 centsopsa 2012, Anywra; A.C. Omutpues. Tennodmanieckme npobremsi
HaHO3HEPreTMKK: HOBble paboune Tena n KOMNOHEHTbI. «[loBbiLLeHMe 3GOdEKTUBHOCTN SIHEPTETUHECKOTO
obopyaoBaHnust - 2012», 13—15 Hosi6psa 2012 r. CankT-lNeTepOypr; A.C. OmuTpreB. BeeaoeHve B
HaHoTennodwmaunky. N3g. BUHOM. 2015. 792 c.; A.C. OmuTpunes. TennoBas cTeHa MUKPO- U
HaHO3MeKTpoHUKW. MopTtan PocHaHo/e-Nano. http://edunano.ru/doc/6353921192855885264.

Llenbto n 3agavamm HaCTOSLLEro NpoeKkTa SBNSETCH NCCeAoBaHNS HOBbIX (OyHKL MOHAbHbIX
9HeproadeKTUBHBIX MaTEPUArIOB, a TAKXe N3ydeHne NX TEMNOGM3NIECKNX N SNIEKTPOGM3NIECKMX
CBOWNCTB, NPOLECCOB CMaYMBaHUA U pacTeKaHWUsi Mo NOBEPXHOCTAM 3TUX MaTepuarnosB pasnMyHbIX
noTeHUManbHbIX paboyvmx XMOKOCTEN, KOTOPblE MOMYT UCMOMNb30BaThCA B LLUMPOKOM AMana3oHe KX
COCTOSIHWI (OT XMAKOro 40 Napoobpa3HOro) Asst CHATMS U TENSIOOTBOAA C MOBEPXHOCTEN M3ObITOUYHON
TEnnoBON MOLLHOCTM 1 UX TepmocTabunmsaunm. B pamkax gaHHoro npoekTa 6ygyT paspaboTaHbl
co3aaHbl yHKLMOHarbHbIe SHEepProapeKTUBHBLIE MOBEPXHOCTU C UCMONb30BaHWEM 06paboTKu nx
GemMTOCEKYHOHBIMU MA3ePHLIMU UMMYIbCaMM, ME3OCTPYKTYPHbIE MOBEPXHOCTM, MMEtoLLME
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OpUrMHanbHbIE KOMMOHEHTbI B BUAE MOHOAUCNEPCHBLIX MUKPOCHep pasnuMuHoro AameTpa,
HaHOKOMMO3UTbI U HAHOKOMMAyHAbl C MONMMEPHBIMU MaTpULLaMM 1 HAHOBKIIOYEHUsIMU Ha Base
HaHOMPOBOJIOK U HAHOTPYOOK, HAHOYACTUL,, BKMKOYAA HaHOanmasbl, rpadeH 1 rpacheHoBbIE CTPYKTYPbI.
ByayT TaKkxe nccnegosaHbl HOBblE BbICOKOTEMMEPATYPHbIE KepaMuyeckne matepuansl Ha 6ase
HUTPYAA antoMVHNA A5 BKIKOYEHMS UX B CXeMbl 0TBOAA Tenra ¢ gobasneHvem apyrnx
TepMonHTEpdENCHBIX MaTepuanos. OCHOBHasA 40N Uccnegyembix B MPOEKTE MaTeprarnos
OpVINHanbHa, HUKOT4a paHee He 1cnorb3oBarnachk A5 Lenen 3HeproadOeKTUBHOIO OXNMaXaeH s 1
TepmocTabunmsauun. [ns 60nbLWMHCTBA YKasdaHHbLIX MaTepuarnos, KOTopble B pamkax npoekta éyayTt
pa3paboTaHbl 1 CO34aHbl, paHee He UCCeaoBanuch Tenrnogmanyeckme 1 anekTpogmandeckmne, a Takke
MexaHn4ecKme (HanpMMep, Ha MPOYHOCTb CXaTWs U pa3pbiBa) CBoMCTBA. [omnmo aToro, OyayT
pa3paboTaHbl, CO34aHbl U UCCreaoBaHbl HEKOTOPbIE HOBbIE TUMbl TEPMOUHTEPMENCHBIX MaTepuanos,
TaKkKe Ha OCHOBE KOMMO3ML M TOHKMX MeTanmmyeckux nineHoK 1 HaHOMPOBOSIOK, a TakKe Ha OCHOBe
HaHOTPYOOK 1 rpadheHOBLIX CTPYKTYP.

Hay4Has HoBU3Ha NpoekTa COCTOUT B pa3paboTKe 1 co34aHUM HOBbIX NEPCNEKTUBHbBIX
3HeproaddekTUBHLIX MaTepunaros, CO34aHNM 1 OCBOEHUMN METOAUK U3MEPEHUS MEXaHNYECKUX,
Tennogmanyeckmx 1 anekTpomanNYeCcKnX XxapakTepucTUK Nomyvaemblx MaTepraros, NPOBEAEHUN CEpUIA
NCCneoBaHWmM Mo NOTEHLNANbHOMY TEXHONOMMYECKOMY MCMONb30BaHMN MOMYyYEHHbIX MaTeprarnos Ans
CUCTEM OXNaXKOEHNS YCTPONCTB SHEPTETUKM U SNEKTPOHNKUN, ONTOSNEKTPOHMKN, CUCTEM
TenekoMMyHUKaLmn. ByoyT Takxke npoBegeHbl nccrnegoBaHus No CBOMCTBaAM CMadMBaHUS U pacTeKkaHus
pabo4umx XMOKOCTEN Mo NOBEPXHOCTAM pa3paboTaHHbIX 1 CO34aHHbIX IHEProahdEKTUBHBLIX
yHKLMOHAarbHbIX MaTepuanos ANns BO3MOXHOMO UX UCMOMb30BaHNSA B CUCTEMAaX XUOKOCTHOMO U
NCNapuTensLHOro OXNaxaeHs Npu oTeoAe Tenrna OT AHeProHanpPsPKeHHbIX NeperpeBaemMbIX
MOBEPXHOCTEN IHEPreTUKN 1 SNEKTPOHMKN. Kpome Toro, 6yayT HameueHb! Lwarv no pa3paboTke u
CO31aHMI0 NPOMbILLTEHHON OTEYEeCTBEHHON TEXHOMOMMN ANs NPOM3BOACTBA (PyHKLMOHATbHBLIX
3HeproaddeKTUBHLIX NOBEPXHOCTEN AN UHTEHCUGMKaL MU TenrnomMmaccoobmMeHa U TeEpMOUMHTEPENCHBIX
Martepuvarnb! 4515 OXMNaXaeHNs NeKTPOHHBIX Y AHEPreTUYECKNX YCTPOUCTB.

HOCTIHMOCTD peLLeHMs MOCTABMNEHHOM 3a4a4m U BO3MOXHOCTU NMOMyYEeHNs 3ansiaHMPOBaHHbIX
pe3ynbTaToB CBA3aHbI CO CrieayOLLMM.

- aBTOPCKMWI KONMEKTMB MMEET ONbIT UCCIIe40BaHNA 1 pa3paboTok B 061acTy NONyYeHUs U U3yveHus
HOBbIX OyHKLMOHASbHLIX MaTepraros, B YAaCTHOCTW, ME3OCKOMNYECKNX CTPYKTYP HA OCHOBE
MOHOAMCNEPHBLIX MUKpPOCAep (3anaTeHTOBaHHAs BO MHOMMX CTpaHax TeXHOMorms, MoHorpadms
pykoBogutens npoekta: E.B AmeTtuctos, A.C. mntpunes. MoHogucnepcHble CUCTEMbI U TEXHOSOMUN.
M3W, Mockea, 2002.; MNocyaapcTBeHHas npemust B 06nactu Hayku u TexHukn P® 1993 roga 3a
pa3paboTKy Takom TexHonoruu, MNMpemus Mpasutensctea Poccum 2001 r., 3a MCNofnb30BaHUE e€ B LLENTOM
psiae HanpaBneHun, BKMoYas pakeTHO-KOCMUYECKYIO TEXHUKY);

- aBTOPCKMWI KONMEKTMB MMEET ONbIT MCCIeL0oBaHMIA 1 pa3paboTok B 061acTy NONyYeHUs U U3y4eHus
HaHOKOMMO3WTHbIX MaTepmarnoB Ha OCHOBE rpadeHa, HaHOMPOBOSIOK M HAHOTPYOOK (OTpaXkeHO B
nybnmkaLmax aBTOPCKOro KOMmneKkTuBea);

- KOINEKTVB UMEET OMbIT UCCMEeA0BaHUS CMaYnMBaeMOCTUN 1 pacTekaHus, UCNapeHus U KUNeHns no
ME30CKOMNYECKNM 1 HAHOCTPYKTYPUPOBAHHBIX MOAIOXKaM 1 (yHKLMOHAIbHBIM MaTepuarnam (OTPaskeHO
B NyGMKaumnax aBTOPCKOrO KOMNMeKT1Bea);

- KOINEeKTMB MMEET OMbIT MaTeMaTU4ECKOro MOAEONPOBAHUSA U aHarMTUYECKNX pacveToB
TennomaccoobmMeHa B pa3nindHbIX Me30- U HAHOCTPYKTYpax, HaNHOKOMMO3uTax 1 Apyrx
hyHKLIMOHarnbHbIX MaTepuanax (oTpaxeHo B Nybrmkauunsx aBTOPCKOrO KONMeKTnea);

- KOINEeKTMB UMEET OMbIT pa3paboTku 1 co3gaHns PyHKLMOHAMbHbLIX MaTepuarnos C NOMOLLLHO
06paboTku NoBepxHOCTEN PeMTOCEKYHAHBIMU NTa3ePHBIMM UMMYIbCaMM (OTPaKEHO B NyBnMKaLmnsx
aBTOPCKOIo KOIMEKTMBA);

- aBTOPCKMWI KOMNMEKTMB COCTOUT B OCHOBHOM U3 MOSoAbIX UccregosaTteren (Monogoro Hay4yHoro
COTPYOHMKA 1 ABYX aCMPaHTOB), BeCbMa aMBMLNO3HbIX, YBNEYEHHbIX, aKTUBHO paboTaroLLmx no
yKa3aHHbLIM B NMPOEKTE HarnpaBneHusiM;
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- KONMeKTUB MMeET OMbIT paboThbl N0 3apyGexHbIM NPOEKTaM, BKIOYaA NPOEKTbl C KOMMaHUAMU
Samsung Electronics, Intel, 3apybexHbiMn yHBepcuteTamm (CeynbCKuin YHUBEPCUTET HayKu n
TexHonornn (Kopest), CtaHdopackuin yHusepcuteT (CLUA), BeHCKkuin TexHnYeckun yHusepcuteT
(ABcTpus), komnaHusamm IGC Cryogenics, Sumitomo n gp.;

- @aBTOPCKMI KOMMEKTMB pacnoraraeT HeobXxoaMmon Hay4HoW 1 HdopmaunoHHon 6a3oi, nmeet LieHTp
HaHoTexHonorun HAY «MOW», pag LieHTpos konnekTmBHoro nonb3osaHust (MUON, KypuaTtosckuin
WHCTUTYT U T.N.).

Ha aHa/UlCKOM 513biKe

Scientific novelty of the problem is related to the following. In recent years, due to increased energy
capacity of most low-current and high-current power electronics and devices, optoelectronics, creation of
data centers, the development of modern telecommunications systems, etc., development and creation
of storage and processing systems, as well as electric storage systems energy (in particular, lithium-ion
batteries and other), and all the more critical becomes more important problem of thermal stabilization
and removal of excess heat from these devices. Recent events related to the fire and explosion of energy
storage in lithium-ion batteries (the company Tesla, www.tesla.com and Samsung Electronics,
www.samsung.com), the problem of occurrence of "thermal wall" Moore's law due to the impossibility of
removing heat from the hot spots of nanoscale electronics and optoelectronics component
(www.electronics-cooling.com; prof E. Pop, Department of Electrical Engineering, Stanford University,
http://poplab.stanford.edu; prof K. Goodson, https:. /. /nanoheat.stanford.edu; prof Tim Fisher, Purdue
University, http://www.nanotransportgroup.com et al), the problem of cooling the antenna devices in
confined spaces, their design decisions, the inability to effectively cool superbright LED blocks, etc.. .
make the problems of heat dissipation and thermal stabilization of one of the major problems of the
modern and the more promising future energy, micro- and nanoelectronics and optoelectronics. In
addition, the presence in the environment a huge amount of excess heat, climate change, pose potential
problems conversion (transform) this excess ( "junk") of heat into electrical energy. All of these problems
are related, as shown by numerous studies, the need to develop energy-efficient and create functional
surfaces for intensification of heat and mass transfer and thermal interface materials for the cooling of
electronic and energy devices. Today, there are several dozen research groups, and hundreds of
companies that explore and study the problem. However, there are various ways to achieve these goals,
and most of the solutions are different from each other and should be checked. Despite numerous
attempts in Russia to get any serious results in this direction, in spite of numerous projects in this
direction, special advanced solutions is observed. ltis clear that in order to solve this problem, new
approaches and new research related to the development and creation of a new generation of functional
surfaces and energy efficient thermal interface materials with minimal thermal boundary resistance at the
borders with other materials. This huge thermal resistance between the materials make it impossible to
effectively cool and heat stabilized current and future being developed low-current device and high-
current electronics and energy.

Another important task of modern and promising areas of electronics and power, especially the power of
high-power electronics, where it is supposed to use the new wide band gap semiconductors such as
SiC, GaN and diamond allows is the ability to have a higher power density, which leads, however, to
higher operating temperatures components and devices. [Z. Valdez-Nava, S. Guillemet-Fritsch, M.
Ferrato, M. Kozako, T. Lebey. Co-fired AIN-TiN assembly as a new substrate technology for high-
temperature power electronics packaging. Ceramics International, Elsevier, in 2013, vol. 39 (# 8),
pp.8743-8749. It is expected that the use of wide-gap semiconductors, such as SiC, GaN and diamond
will be a real breakthrough in the power electronics in the near future, to identify the main trends of
development for many years. The dissipation of thermal power in such semiconductor structures is
extremely high and it must be removed from the device to an external cooling circuit. High performance
materials for the power electronics of the future will also require solving a number of problems to obtain
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new functional materials, and thermal interfaces. It should be emphasized that in order to remove the
heat can not be used with high thermal conductivity materials such as metals. Because all electronic
components must be electrically insulated. In addition, the thermal expansion coefficient of thermal
interface materials was close to the value for semiconductor structures that otherwise occur when
overheated large thermal deformation and collapse electronic device. Therefore, the only possibility is the
development and creation of dielectric material with a maximum thermal conductivity and optimal
coefficient of linear thermal expansion. As the analysis of the latest research in this field, such materials
can type nanocomposites (polymer matrix with nanoinclusions nanowires, nanotubes or graphene).
Either you need to move to a high-temperature ceramic (HTCC PCB) or nanocrystalline matrix, or even
on single crystals (eg, opal). However, such a range of research is very large and such a program is
scheduled for the next 10-15 years []. We also note that the high-power electronics must operate in harsh
environments (high temperature, high humidity, chemical activity, the possible radiation, etc. [P. Neudeck,
R. Okgjie, L. Chen. High-temperature electronics- a role for wide bandgap semiconductors ?,
Proceedings of the IEEE 90 (2002) 1065, J. Yin, Z. Liang, JD van Wyk. High temperature embedded SiC
chip module (ECM) for power electronics applications, IEEE Transactions on power electronics. 22
(2007) 392)).

A similar situation occurs in the design and creation svermoschnyh LEDs and LED units - overheating of
the components and the entire device leads to its degradation and destruction, including the above
reasons [D. Pounds, R. Bonner lll. High Heat Flux Heat Pipes Embedded in Metal Core Printed Circuit
Boards for LED Thermal Management. 2014 IEEE Intersociety Conference on Thermal and
Thermomechanical Phenomena in Electronic Systems (ITherm), Orlando, FL, May 27-30, 201; Thermal
Management of Cree XLamp LEDs. http://www.cree.com/XLampThermalManagement.pdf;
http://www.led-heatsink.com].

Program development of new materials with functional surfaces for intensification of heat and mass
transfer and thermal interface materials for the cooling of electronic and energy devices have almost all
the leading foreign companies, dozens of foreign universities and individual research groups.
Unfortunately, in Russia there is not a single concept or collaboration projects and laboratories for solving
the problems in this draft. A close acquaintance with the results of the last 10 years of Russian scientists
and engineers research shows that the backlog in this area is only growing. Most Russian companies
working in various fields in which the products are produced low-current and high-current electronics and
energy (Rosatom, Rostekhnologii, Roscosmos, Rosnano, etc.), more and more feel the absence of
domestic products for thermal and cooling equipment. Virtually all thermal interface materials that are
used in these enterprises, are produced abroad. Extensive experience of collaborative research project
members of the scientific group with foreign universities and companies (Seoul National University of
Science and Technology, Stanford University, Vienna University of Technology, Samsung Electronics,
Intel and others) shows that for some items might advanced development and acquisition of new types of
global products level.

Reviews of the current state of the problems mentioned above are available in: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. [EEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17 (4). 2014. 163-174; AS Dmitriev. Thermal processes in nanostructures. M. MEI. 2012.
302 p .; AS Dmitriev. Thermal problems nanoenergetiki and nanoelectronics. 10 International Conference
"Actual problems of thermal physics and physical hydrodynamics", 17-23 September 2012, Alushta; AS
Dmitriev. Thermal problems nanoenergy new working body and components. "Improving the efficiency of
power equipment - 2012", November 13-15, 2012, St. Petersburg; AS Dmitriev. Introduction to
nanothermophysics. Ed. BINOM. 2015. 792 p .; AS Dmitriev. Thermal wall of micro- and nanoelectronics.
Rosnano portal / e-Nano. http://edunano.ru/doc/6353921192855885264.

The purpose and objectives of this project is to study new functional energy-efficient materials, as well
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as the study of their thermal and electrical properties, wetting processes and spreading over the surfaces
of these materials of different potential working fluids that can be used in a wide range of state (from liquid
to vapor) removal and heat from the surfaces of the excess heat capacity and thermal stabilization. The
project will be designed and developed functional energy-efficient surface using their processing by
femtosecond laser pulses, mesostructural surface with original components in the form of monodisperse
microspheres of different diameters, nanocomposites and nanokompaundy with polymer matrices and
nanoinclusions based on nanowires and nanotubes, nanoparticles, including nanodiamonds graphene
and graphene structure. New high-temperature ceramic materials based on aluminum nitride for
inclusion in heat removal schemes will also be studied with the addition of other thermal interface
materials. The main share in the project studied original material never before used for the purpose of
energy-efficient cooling and temperature stabilization. For most of these materials are within the project
will be developed and created previously investigated thermal and electrical as well as mechanical (e.g.,
compression strength and break) properties. In addition, to be developed, designed and studied some
new types of thermal interface materials, also based on the compositions of thin metal films and
nanowires and nanotubes, and based on the graphene structure.

The scientific novelty of the project is to develop and establish new promising energy-efficient materials,
creation and development of methods to measure mechanical, thermal and electrical characteristics of
the resulting materials, carrying out a series of studies on the potential use of technology obtained
materials for cooling systems and power electronics devices, optoelectronics, telecommunications
systems. There will be also carried out research on the properties of wetting and spreading of liquids on
surfaces workers designed and built energy efficient functional materials for possible use in liquid and
evaporative cooling systems with dissipation of heat from the superheated energy-intensive energy
surfaces and electronics. In addition, steps will be outlined on the design and development of domestic
industrial technology to energy efficient production of functional surfaces for intensification of heat and
mass transfer and thermal interface materials for the cooling of electronic and energy devices.
Accessibility solutions of the problem and the possibility of obtaining the anticipated results linked to the
following.

- Research team has experience in research and development in the field of preparation and study of
new functional materials, in particular, mesoscopic structures based monodisperse microspheres
(patented technology in many countries, the project manager monograph: EV Ametistov, AS Dmitriev.
Monodisperse system and technologies, Moscow, 2002 .; State Prize in the field of science and
technology of the Russian Federation in 1993 year for the development of such technology, the Russian
Government Award 2001 for its use in a number of areas, including space technology).;

- Research team has experience in research and development in the field of preparation and study of
nanocomposite materials based on graphene, nanowires and nanotubes (reflected in the publications of
authors);

- Research team has experience wetting and spreading, evaporation and boiling on the mesoscopic and
nanostructured functional materials and substrates (reflected in the publications of authors);

- Research team has experience modeoirovaniya mathematical and analytical calculations of heat and
mass transfer in a variety of meso and nanostructures, napnokompozitah and other functional materials
(reflected in the publications of authors);

- Research team has experience in the development and creation of functional materials by treating
surfaces with femtosecond laser pulses (reflected in the publications of authors);

- Research team consists mainly of young researchers (young researchers and two graduate students),
very ambitious, enthusiastic, actively working on these areas in the project;

- Ateam has experience in international projects work, including projects of Samsung Electronics, Intel,
foreign universities (Seoul National University of Science and Technology (Korea), Stanford University
(USA), Vienna University of Technology (Austria), companies IGC Cryogenics, Sumitomo, etc.;

- Research team has the necessary scientific and information base, has a nanotechnology Center NRU
"MEI", a number of centers for collective use (MNU, Kurchatov Institute, etc.).
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4.5. CoBpeMeHHOe COCTOsIHMe UccrieA0BaHUM No AaHHOW Npobneme, OCHOBHbIE HanpaBneHus
uccreaoBaHU B MUPOBOW HayKe
Ha pyCCKOM fi3biKe

B nocnegHve roabl, B CBS3U C POCTOM SHEPreTU4ECKON MOLLHOCTM B0MbLUMHCTBA YCTPOUCTB
CNabOTOYHON U CUIBHOTOYHOW 3MIEKTPOHMKN 1 SHEPTETUKM, ONTOISEKTPOHMKWN, CO34aHNEM LIEHTPOB
06paboTKn AaHHbIX, pa3BUTMEM COBPEMEHHBIX TENIEKOMMYHUKALMOHHBIX CUCTEM U T.4., pa3paboTkom n
C034aHMeM CUCTEM XpaHeHUst 1 00paboTKN MHAOPMaLUK, a Takke CUCTEM XpaHEHUS SNEKTPUYECKON
3Heprun (B 4aCTHOCTM, MMTUN-MOHHBIX U ApyrMx 6aTapen), Bce BaxHee N KpUTUYHEE CTAHOBUTCS
npobniema TepmMocTabunmsauum n oTBoga M3BLITOYHOrO TEMMa OT YKa3aHHbIX YCTPOMCTB. NocnegHne
cobObITHSA, CBA3a@HHbIE C BO3ropaHNeM 1 B3pbliBaMM CUCTEM XPaHEHUS SHEPTN B MUTUIA-MOHHBIX
akkymynatopax (komnanum Tesla, www.tesla.com n Samsung Electronics, www.samsung.com),
npo6sieMbl BO3HMKHOBEHWS «TEMIOBOW CTEHbI» B 3akOHe Mypa 3a cHeT HEBO3MOXHOCTU OTBOAA Tenna
OT ropsiyMX TOYEK HaHOPa3MeEpPHbIX KOMMOHEHT ANIEKTPOHUKIN U ONTOINEKTPOHMKM (Www.electronics-
cooling.com; prof. E. Pop, Stanford University, http://poplab.stanford.edu; prof. K. Goodson,
https://nanoheat.stanford.edu; prof. Tim Fisher, Purdue University, http://www.nanotransportgroup.com
et. al), npobnembl oxnaxaeHns aHTEHHbIX YCTPOWCTB B OrpaHNYeHHbIX MPOCTPaHCTBAX MX
KOHCTPYKTUBHbIX PELLEHWI, HEBO3MOXHOCTb 3GPEKTUBHOIO OXIaXKAEHNS CBEPXbAPKNX CBETOANOOHBLIX
OnokoB 1 T.4. AenatoT nNpobrembl TENOOTBOAA U TEPMOCTabUNM3aLum OQHUMUN U3 BaXKHEWLLIMX Npodniem
COBpPEMEHHOW, a Tem Oonee, GyayLUe NepCnekTUBHOM SHEPTETUKM, MUKPO- Y HAHOIJIEKTPOHUKM 1
ONTO3NEKTPOHUKI. [TOMMMO 3TOro, HaNMUMA B OKpPY>atoLLEN cpee OrpPOMHOMO KonmyecTBa U3bbITOYHOro
Tenna, npobrnema U3MeHeHns Knumara, CTaBaT 3a4avm BO3MOXHOW KOHBepcum (NpeobpasoBaHus)
TaKoro n3bbITOYHOro («6POCOBOroy) Tenmna B ANEKTPUYECKYHO 3Hepruto. Bee ykadaHHble npobrnems!
CBSI3aHbl, KaK Nnokasasnim MHOro4MCeHHbIE UCCeaoBaHns, ¢ HEOBXOAMMOCTbIO pa3paboTkM 1 co3aaHusA
yHKLIMOHAarbHbIX 3HEeProadhpeKTUBHBIX NOBEPXHOCTEN ANS MHTEHCUdMKaL UM TeNroMaccoobMeHa v
TEPMOUHTEPGENCHBIX MaTepMaroB 4SS OXITaKAEHUST SMEKTPOHHbBIX U SHEPreTUYECKUX YCTPONCTB.
CerogHsi B M1pe HaCUYUTbIBAETCS HECKOMbKO AECATKOB HAYYHbIX MPYMM U COTHN KOMMNaHWN, KOTopble
MCCneayroT 1 U3y4aroT AaHHyto npobnemy. OgHaKo, UMEIOTCS pas3fMyHble NyTU AOCTWDKEHUS] YKa3aHHbIX
uenen n 60MbLLMHCTBO PELLEHUI OTAMYAOTCA APYr OT Apyra U A0MikHbI ObiTb NpoBepeHbl. HecmoTpa Ha
MHOFOYMCIIEHHbIE NOMbITKM B POCCUM NOMy4nTh CKOMb-HUOYOL Cepbe3Hble pe3yrnbTaThl B 3TOM
HanpaBfeHUn, HECMOTPSI HA MHOTOYUCTIEHHbIE NPOEKTHI B 3TOM HaNpaBfieHun, 0CObbIX NPOABUHYTbLIX
peLlueHuii He HabntogaeTcs. COBEPLLEHHO MOHATHO, YTO ANS peLLeHNs NOCTaBneHHoM Npobnembl
HeoOX0AMMbI HOBbIE MOAXOAbI M HOBLIE MCCIEAOBAHUS, CBSA3aHHbIE C pa3paboTKON 1 CO34aHMEM HOBOMO
NOKONeHWs dyHKLMOHabHbIX 9HEProaddhekTUBHBIX NOBEPXHOCTEN U TEPMOMHTEPENCHBIX MaTepUaros,
obragalowmx MUHUMAanbHbBIM TEPMUYECKUM MPaHUYHBIM COMPOTUBIEHMEM Ha rpaHuLax c ApyrumMm
maTtepuanamu. VIMeHHO OrpoMHbIE€ TEPMOCOMPOTUBIIEHUST MEXOY MaTepyanamm He 4alT BO3SMOXKHOCTH
3hheKTUBHO OXNaxaaTb 1 TEPMOCTabnNM3npoBaTb COBPEMEHHbIE N NEPCNEKTUBHbIE
pa3pabaTbiBaeMble B HACTOsILLEE BPEMS YCTPOMCTBA CNAabOTOYHON N CUMbHOTOYHON 3MIEKTPOHUKN U
3HEPreTUKu.

Mporpammbl pa3BUTUA HOBbIX MaTepuarnoB C GyHKLMOHAMbHLIMM MOBEPXHOCTAMM A1 UHTEHCUdMKaLLMK
TennoMaccoobMeHa 1 TepMonHTepdECHbIE MaTepuanb! ANs OXIaXK4EHUS ANEKTPOHHbIX U
3HEpPreTMYECKnX YCTPoOMCTB UMEIOT NPaKTUYECKM BCe BeayLLmMe 3apybexxHble KOMMaHUK, ECHATKN
3apy0exHbIX YHUBEPCUTETOB M OTAENMbHbLIX ccredoBaTensckux rpynmn. K coxanenno, B Poccum He
CYLLECTBYET HV €4MHOWN KOHLLENUUW, HU Konabopaunm NpoeKkToB 1 nabopaTopun Ans peLueHus
MOCTaBIEHHbIX B HACTOsLLEM NpoekTe Npobnem. BHMMaTensHoe 03HaKoOMIeHne ¢ pesyrnbTatamm
nccrefoBaHnii POCCUMCKNX YYEHbIX U NHXeHepoB 3a nocrieaHne 10 et nokasbiBaeT, YTO OTCTaBaHve B
9TOM HanpaBneHUM TONbKO HapacTaeT. BoMbLUMHCTBO POCCUMCKMX KOMMaHWIA, paboTaroLwmx B
Pa3nnYHbIX 061acTaX, B KOTOPbIX BbIMyCKAOTCA NPOAYKTbI CrIabOTOYHOM 1 CUNIbHOTOYHOM 3NEKTPOHMKM

1 aHepreTvku (Npegnpustua Pocatoma, PoctexHornormin, Pockocmoca, PocHaHo 1 T.1.), BCe CurbHee
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OLLLLIIOT OTCYTCTBME OTEYECTBEHHbIX MPOAYKTOB AfS TepMOCTabunmaaumm n oxrnaxgeHns
obopynoBaHus. [NpakTnyeckn Bce TepMOMHTEPENCHbIE MaTepuarsl, KOTOpble UCNOMb3YTCS Ha 3THX
npeanpusaTUsX, NPou3BOASTCS 3a pybexom.

O0630pbl COBPEMEHHOIO COCTOSIHWUS YKa3aHHbIX Bbile nNpobnem nmetotca B: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. IEEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17(4). 2014. 163—174; A.C. OmuTtpunes. Tennosble NpoLecchl B HAHOCTpyKTypax. M. MOW.
2012. 302 cTp.; A.C. Omutpures. Tennodmanyeckue NnpobrieMbl HAHOIHEPrETMKN U HAHOSMNEKTPOHMKN. 10
MexayHapogHasa koHepeHUnst «AKTyasrnbHble BONPOChl TENOGM3NKA 1 GM3N4EeCKOon
rmgporasogmHammkiy, 17-23 centsabps 2012, Anywra; A.C. Omutpures. Tennogmsnyeckmne npobrembl
HaHO3HEPreTVKKN: HoBble paboune Terna u KOMMOHEHTHI. «[oBbileHVe 3qXPEKTUBHOCTM SHEPrETUHECKOTO
obopynoBaHnust - 2012», 13—15 Hosi6psa 2012 r. CankT-INeTepOypr; A.C. OmuTpreB. BeegeHve B
HaHoTennodwmaunky. N3g. BUHOM. 2015. 792 c.; A.C. OmuTpues. TennoBas cTeHa MUKPO- U
HaHo3NeKTpoHWKK. MopTan PocHaHo/e-Nano: edunano.ru/doc/6353921192855885264.

B nocnegHee BpemMsi Obinv NpeanpuHATLI MHOTOYMCTIEHHbIE MOMbBITKM B Pa3fMYHbIX KOMMAHUSIX U
YHMBepcuTeTax (CM., Hanpumep, o63opsbl: J. Due, A. Robinson. Reliability of thermal interface materials: A
review. Applied Thermal Engineering. 50. 2013. 455-463; R. Prasher. Thermal interface materials:
historical perspective, status, and future directions. Proceedings of the IEEE. 94(8). 2006; A. Kumar, N.
Ayyagari, T. Fisher. Effects of Graphene Nanopetal Outgrowths on Internal Thermal Interface Resistance
in Composites. ACS Appl. Mater. Interfaces. 2016, 8, 6678-6684; J. Suh, R. Dillon, S. Tseng. Thermal
Interface Materials Selection and Application Guidelines: In Perspective of Xilinx Virtex-5QV Thermal
Management. Jet Propulsion Laboratory Pasadena, California. California Institute of Technology.
Pasadena, California. JPL Publication 15-2 8/15; M. Barako, Y. Gao, Y. Won, A. Marconnet, M. Asheghi,
K. Goodson. Reactive Metal Bonding of Carbon Nanotube Arrays for Thermal Interface Applications. IEEE
TRANSACTIONS ON COMPONENTS, PACKAGING AND MANUFACTURING TECHNOLOGY, VOL. 4,
NO. 12, DECEMBER 2014. Pp.1906-1913) HanTu achdpeKTBHbIE MaTepuarb! A9 TEPMUYECKNX
NHTEpPdENCOB, MMEIOLLMX CPaBHUTENBHO HN3KOE rPaHUYHOE TepMUYECKOe COMPOTUBIEHUE U BbICOKYIO
TEXHOMNMOMYHOCTb NpoLecca NpousBoacTBa (CM., Hanpumep, nocrneaHun nateHt Patent USA# US
2016/0032061 A1/ Polymer-graphene nanocomposites. A. Clauss et al. Appl. XOLVE Inc.).

Bblnu ncnonb3oBaHbl pa3nMyHbIE ME30CKONUYECKUe U HaHoMaTepuarnb! U KOMAOHEHTbI BHYTPU
NONMMMEPHbIX MaTPUL, U APYMX OUSMNEKTPUKOB, KOTOPbIE MMEIOT BbICOKYIO aAre3uto K matepuanam
3NIEKTPOHHOM TEXHUKN, CPAaBHUTESNbHO CTabWUIbHbIE, C XOPOLLMM KO3(OGMLIMEHTOB TIMHENHOIO
TepMmuyeckoro paclmperus. OaHako, cerogHsa HeT 0gHO3HAYHOro Bblbopa MaTepmarnos NPUMEHUTENBHO
K pasnuyHbIM NpuroxeHnsam. ccnegoBaHus akTUBHO NPOAOIMKAOTCH, NpUYEM KpynHenme
NMPOV3BOANTENM NHOYCTPUAnsHOM 1 ObiToBON anekTpoHuku (AMD, Intel, Infinion, Samsung Electronics,
Apple, Tesla, NASA, Boing, BAE Systems un gpyrve), BknaabiBasi Bce 6ombLume cpeacTsa B 3TO
HanpasneHue, NoHMMas, YTo 6e3 pelleHus npobnembl TepMocTabunmaaunm, 0TBo4a Tenna u
3HEepProadhdeKTMBHOCTH, CEPbE3HbINA NPOrpecc B CraboTOYHOM N CUIMBHOTOYHOW 3JIEKTPOHMKE U
3HepreTnke HEBO3MOXEH.

[pyron BaxHenLen 3agadert COBPEMEHHOM U NEPCNEKTUBHBLIX HAaNPaBneHNA 3NIEKTPOHUKN U SHEPTETUKN,
OCOBEHHO CUIIOBON 3NIEKTPOHMKM B0MbLLMX MOLLHOCTEN, rae NpeanonaraeTcsa UCnofb30BaHME HOBbIX
LLMPOKO30HHLIX MONYNPOBOAHMKOB, Takux kak SiC, GaN n anMa3s no3BonuT siBNseTcs BO3MOXHOCTb
nmeTb Boriee BbICOKYIO MIIOTHOCTb MOLLHOCTU, YTO NPUBOAMT, OQHAKO, K Bonee BbICOKUM paboynm
Temneparypam KOMMOHEHT 1 ycTponcTB. [Z. Valdez-Nava, S. Guillemet-Fritsch, M. Ferrato, M. Kozako, T.
Lebey. Co-fired AIN-TiN assembly as a new substrate technology for high-temperature power electronics
packaging. Ceramics International, Elsevier, 2013, vol. 39(#8), pp.8743-8749]. OxuagaeTcs, 4To
NCNOMb30BaHME LUMPOKO3OHHBIX MONYNPOBOAHUKOB, Takux Kak SiC, GaN n anmas 6yaeT npeacrtaBnsaTb
€000l HaCTOALLMIA NPOPbLIB B CUMOBOW 3MEKTPOHMKE B Ovpkaniiem OyayLuem, 4To onpegeniTb
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OCHOBHbIE TpeHAbl pa3BUTUSi HA MHOrve roabl. [uccunaums TenoBOn MOLWHOCTU B MOA06HbIX
MOrynpPOBOAHMKOBbLIX CTPYKTYpax Ype3BblvalHO BbiCOKa U ee HeoBXoaMMO OTBOAMTL OT YCTPOUCTB BO
BHELLHWUIA KOHTYp oxrnaxaeHus. BeicokoadhpekT1BHbIE MaTepurars! ANsi CUNIOBOM 3NEKTPOHUKM ByayLero
Takxke noTpebytoT peLleHust psga npobrem noryYeHns HoBbIX GyHKLMOHAaMNbHbLIX MaTepuarnos 1
TepmounHTepdencos. CrneayeT ocobo NoavYepKkHyTb, YTO A9 0TBOAA Tenra HeMnb3sa UCNoMNb30BaTh
mMartepuarnbl C BbICOKON TEMNMONPOBOAHOCTLIO TUNa MeTansoB. [oCKonbKy BCe aneKTPOHHbIE
KOMMOHEHTbI A0IDKHbI ObITb 3MEKTPOM30MPOBaHBI. [MoMMMO 3TOro, KOadpMLMEHT TEPMUYECKOTO
pacLLMpeHNn TEPMOUHTEPEENCHBIX MaTeprarnoB AomkeH 6bin 630K K BenMumHe Ans
MOnynPOBOAHMKOBbLIX CTPYKTYP, UHAYe Npu neperpese BO3HUKHYT BorbLume TepMmieckme aedopmanum n
3NIEKTPOHHOE YCTPONCTBO paspyumtcs. Mo3aTomMy eguHCTBEHHOW BO3MOXHOCTBIO ABMSIETCS pa3paboTka
1 co3faHune OU3NEKTPUYECKUX MaTepuaroB ¢ MakCUMarbsHOW TEMoNPOBOAHOCTLIO U ONTUMarbHBIM
KO3 MEHTOM NIMHENHOIO TEPMUYECKOrO paclumMpeHns. Kak nokasbliBaeT aHanms nocregHux
nccnegoBaHvn B 3Tom 06riacTu, Takumm MOTyT Matepumarns! Tuna HaAHOKOMMO3UTOB (NoNMMepHast
MaTpuLia ¢ HAHOBKITKOYEHMSIMM HAHOMPOBOJOK, HAHOTPYBOK 1M rpadeHa). JlInbo Heobxogumo
nepexoanTb Ha BbicoKkoTemnepaTtypHyto kepamuky (HTCC PCB) nnn HaHOKpUCTannMyeckyro matpuuy
Unn Aaxe Ha MOHOKpUCTanmbl (Hanpumep, onan). OaHako NoAoOHbIN CNEKTP UCCNefoBaHNIA BeCbMa
BEIVK 1 Takas nporpaMmma HamedeHa Ha orvxaviume 10-15 net [Carbon Nanosheets for Polymeric
Nanocomposites with High Thermal Conductivity. Adv. Mater. 2009, 21, 2088-2092; A Review of Recent
Advances in Thermal Management in Three Dimensional Chip Stacks in Electronic Systems. Journal of
Electronic Packaging Copyright VC 2011 by ASME DECEMBER 2011, Vol. 133 /041011-1; Thermal
conductivity of transparent and flexible polymers containing fillers: A literature review. Int. J.Heat and Mass
Transfer 98 (2016) 219-226]. OTMeTMM Takxke, YTO CUIoBas BbICOKOTEMMEpaTypHasa 3NIEKTPOHMKA
O0IpkHa paboTaTh U B KECTKUX BHELLHMX YCIIOBUSIX (BbICOKas TeMnepaTtypa cpeabl, BbICOKas BMaXHOCThb,
XMMM4eckas akTMBHOCTb, BO3MOXHasA paguauuna u 1.0. [P. Neudeck, R. Okojie, L. Chen. High-
temperature electronics—a role for wide bandgap semiconductors?, Proceedings of the IEEE 90 (2002)
1065, J. Yin, Z Liang, J.D. van Wyk. High temperature embedded SiC chip module (ECM) for power
electronics applications, IEEE Transactions on Power Electronics. 22 (2007) 392.]).

AHarormyHasa cutyaumsa umeeT MecTo npu pa3paboTke 1 co3gaHnM CBEPBMOLLHBLIX CBETOAUOAOB U
cBeToAMoaHbIX BIOKOB — NeperpeB KOMMOHEHT U BCEro YCTPOMCTBA BEAET K ero Aerpagaumm
pa3pyLLEHMO, B TOM YMCIe No yKasaHHbIM Bbiwwe npudmHam [D. Pounds, R. Bonner lll. High Heat Flux
Heat Pipes Embedded in Metal Core Printed Circuit Boards for LED Thermal Management. 2014 [EEE
Intersociety Conference on Thermal and Thermomechanical Phenomena in Electronic Systems
(ITherm), Orlando, FL, May 27-30, 201; Thermal Management of Cree XLamp LEDs.
http://www.cree.com/XLampThermalManagement.pdf; http://www.led-heatsink.com].

OcCHOBHbIe HanpaBreHns nccrneaoBaHnin B MUPOBOW HayKe UMEKOT Te e TpeHAbl, YTO 1 3adauu,
MOCTaBeHHbIE B HACTOSILLEM NPOEKTE (CM. OTMEYEHHbIE BhiLLe Nybnvkauum):

- pa3paboTka u co3gaHune pyHKLMOHarbHbIX MaTepuaroB, OCHOBaHHbLIX Ha MONMMEpPax C MUKPO- U
HaHogobaBkaMu, BKKoYasi HAHOTPYOKM 1 rpadpeH (paboTta 3a pybexxom Beaetcs 6onee 10 net, HameyeH
nporpecc, HO 40 OKOHYaTerNbHOro Bolbopa MaTepuaros, X MOPAONorM 1 NPUMEHEHWIA eLLie AaneKo);

- paspaboTka 1 co3gaHne TepMOMHTEPdENCcoB Ha 6a3e NoNMMEPHbLIX MaTpuL, C HAHOHAMOMHUTENAMMN
(doynnepeHbl, HaHOYaCTULbl, HAHOTPYOKM, HAHONPOBOSIOKK, rPadheH B pasnuyHbIX MOAUdMKaLMAX);
paboTa aKTMBHO NPOAOIMKAETCH, UCCNEeaYTCS pa3nMyHble MaTepuarbl A9 NPUMEHEHUI B KOHKPETHbIX
nHTepdericax s oxnaxaeHus 6510KOB 1 YCTPOUCTB CNaboTOYHON M CUITbHOTOYHOM 3MEKTPOHUKY;
nockorbKy paboTta BeaeTcs B AecATkax flabopatopuin Mupa, TO O4EBUAHO, YTO OKOHYaTENbHOMo
peLLeHns eLle He HaaeHo; B Poccum npakTUYEecKn OTCYTCTBYIOT HayYHbIE Y TEXHOMNOMMYECKM Mpynnbl,
KOTOpbI€ LierneHanpaBieHHO 3aHMMaloTCs (oyHOaMeHTanbHbIMM UCCNegoBaHMSMN B 3ToM obnacTu; B
OCHOBHOM, KOMMaHWW1 pa3padaTbiBaloT floKarbHble NPOEKTbI ANS OXMaXO4eHUs U TepmMocTadbunmsauum
KOHKPETHbIX NpubopoB U YCTPONCTB;

- pa3paboTka KepamMmmnyeCKmnx BbICOKOTEMMEPATYPHbIX NOAMOXEK HA OCHOBE OKCMAa W HUTpuaa
arnOMUHWS; K COXaNeHMIo, O4eHb Masio UCCreoBaHWn NepeHoca Tensa B TakNX CTPYKTypax, cnabo
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M3y4eHbl TepMuyeckmne gedopmanum Npu Harpese U T.4.;
- IMEIOTCS MHOTOYMCEHHbIE UCCNEAOBAHMS HOBbIX MEPCMNEKTMBHBIX MaTepuasioB, BKIOYasA CroXHble
rMbpuaHblie MaTepuarbl, TepMOMHTEPENChl IMbPUAHOMO TMNa MeTar-HaHOKOMMO3UT, MeTanm-
NONIMMepP-HaHOKOMMO3WUT-MeTarnm v T.M.; HECMOTPS Ha To, 4YTO B Poccum akTMBHO MOTyT NPOU3BOAUTD
Takve matepuarbl, NPaKTUYECKM HET UCCNEAO0BaHNN X MEXaHUYECKUNX, TENSIOBbIX N ANIEKTPUYECKMX
CBOWCTB, CTOfMb BaXHbIX 515 3HEProadeKTUBHOM 3NEKTPOHUKN U SHEPreTUKN.

Bornee T0Oro, NpakTny4eckn He BUAHO 3a NocnegHne 4ecaTh NIET CKOSNb-HMOYab 3aMETHOo Nporpecca

B POCCUICKNX pa3paboTkax aTOro HanpaBneHns. HakoHew, 4To ocobo crieqyeT NogYepKHYTb,
NpakTU4YECKN BCE POCCUNCKME INEKTPOHHBIE, OMTO3MEKTPOHHbIE N SHEPreTUYecKne KoMnaHum
NCNOMb3YHT B CBOMX pa3paboTkax, KOMMOHEHTaxX 1 YCTPOMCTBax 3apydexHble MaTepuarbl U CUCTEMBI
TepmocTadbunmsauum (cM., Hanpumep, o63opbl B A.C. [IMuTpreB. BeegeHre B HaHOTennodmsmky. M3g.
BMHOM. 2015. 792 c.; A.C. OmutpureB. Tennosasi CTEHA MUKPO- M HAHOSMEKTPOHUKIN. MopTan
PocHaHo/e-Nano. http://edunano.ru/doc/6353921192855885264). B cBA3n ¢ 3TUM NPOCTO CPOYHO
HeobxoanMO co3aaThb TEXHOMOMMYECKY0 POCCUMCKYIO NaTdopMy A peLleHns yKadaHHbIX BblLLe
3agad. o MHeHWIO aBTOPOB NPOEKTA, NOCNEAHUA MOXET CTaTb HA4aroM Takon TEXHONOMMYECKON
nrnat¢opMbl, Kak pyHOameHTanbHasa 1 NpUKagHasa ee uccnegoBarensckasa 6asa.

PbiHOK TepmounHTEpdeicHbIX MaTepurarnoB k 2026 rogy oueHuBaeTcsa B 3,5 munnnapga gonnapos CLUA.
PbIHOK dhyHKLIMOHanNbHbIX MaTepmanos K 2023 rogy oueHnBaeTcs B 50 munnnapga gonnapos CLUA (cm.
0630pbl HWXE).

MocregHuii 0630p No hyHKLMOHaNbHBIM MaTepuanam umeetcs B: «Functional Materials for Future
Electronics: Metals, Inorganic & Organic Compounds, Graphene, CNT Fine chemicals needed for future
electronics: morphologies, forms, derivatives: opportunities, trends, reasons: de-risk your investment»
Nov. 2016. n «Thermal Interface Materials 2016-2026: Status, Opportunities, Market Forecasts
Technology benchmarking and market appraisal highlighting opportunities for polymeric and metallic
thermal materials». Read more at: http://www.idtechex.com/research/reports/thermal-interface-
materials-2016-2026-status-opportunities-market-forecasts-000474.asp.).

Ha aHerutcKoM 5i3bIKe

In recent years, due to increased energy capacity of most low-current and high-current power
electronics and devices, optoelectronics, creation of data centers, the development of modern
telecommunications systems, etc., development and creation of storage and processing systems, as
well as electric storage systems energy (in particular, lithium-ion batteries and other), and all the more
critical becomes more important problem of thermal stabilization and removal of excess heat from these
devices. Recent events related to the fire and explosion of energy storage in lithium-ion batteries (the
company Tesla, www.tesla.com and Samsung Electronics, www.samsung.com), the problem of
occurrence of "thermal wall" Moore's law due to the impossibility of removing heat from the hot spots of
nanoscale electronics and optoelectronics component (www.electronics-cooling.com; prof E. Pop,
Stanford University, http://poplab.stanford.edu; prof K. Goodson, https: /nanoheat.stanford.edu; prof Tim
Fisher, Purdue University, http://www.nanotransportgroup.com et al), the problem of cooling the antenna
devices in confined spaces, their design decisions, the inability to effectively cool superbright LED blocks,
etc. make the problems of heat dissipation and thermal stabilization of one of the major problems of the
modern and the more promising future energy, micro- and nanoelectronics and optoelectronics. In
addition, the presence in the environment a huge amount of excess heat, climate change, pose potential
problems conversion (transform) this excess ( "junk") of heat into electrical energy. All of these problems
are related, as shown by numerous studies, the need to develop energy-efficient and create functional
surfaces for intensification of heat and mass transfer and thermal interface materials for the cooling of
electronic and energy devices. Today, there are several dozen research groups, and hundreds of
companies that explore and study the problem. However, there are various ways to achieve these
objectives and solutions differ most from each other and should be checked. Despite numerous attempts
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in Russia to get any serious results in this direction, in spite of numerous projects in this direction, special
advanced solutions is observed. It is clear that in order to solve this problem, new approaches and new
research related to the development and creation of a new generation of functional surfaces and energy
efficient thermal interface materials with minimal thermal boundary resistance at the borders with other
materials. This huge thermal resistance between the materials make it impossible to effectively cool and
heat stabilized current and future being developed low-current device and high-current electronics and
energy.

Program development of new materials with functional surfaces for intensification of heat and mass
transfer and thermal interface materials for the cooling of electronic and energy devices have almost all
the leading foreign companies, dozens of foreign universities and individual research groups.
Unfortunately, in Russia there is not a single concept or collaboration projects and laboratories for solving
the problems in this draft. A close acquaintance with the results of the last 10 years of Russian scientists
and engineers research shows that the backlog in this area is only growing. Most Russian companies
working in various fields in which the products are produced low-current and high-current electronics and
energy (Rosatom, Rostekhnologii, Roscosmos, Rosnano, etc.), more and more feel the absence of
domestic products for thermal and cooling equipment. Virtually all thermal interface materials that are
used in these enterprises, are produced abroad.

Reviews of the current state of the problems mentioned above are available in: Cho J. and Goodson K.E.
2015. Thermal Transport: Cool Electronics. Nature Materials, Vol. 14, pp. 136-137; Won Y., Cho J.,
Agonafer D., Asheghi M., Goodson K. 2015. Fundamental Cooling Limits for High Power Density GaN
Electronics. [EEE Transactions on Components, Packaging and Manufacturing Technology, Vol. 5, pp.
737-744; A.L. Moore, L. Shi, Emerging challenges and materials for thermal management of electronics,
Mater. Today. 17 (4). 2014. 163-174; AS Dmitriev. Thermal processes in nanostructures. M. MEI. 2012.
302 p .; AS Dmitriev. Thermal problems nanoenergetiki and nanoelectronics. 10 International Conference
"Actual problems of thermal physics and physical hydrodynamics”, 17-23 September 2012, Alushta; AS
Dmitriev. Thermal problems nanoenergy new working body and components. "Improving the efficiency of
power equipment - 2012", November 13-15, 2012, St. Petersburg; AS Dmitriev. Introduction to
nanothermophysics. Ed. BINOM. 2015. 792 p .; AS Dmitriev. Thermal wall of micro- and nanoelectronics.
Rosnano portal / e-Nano. http://edunano.ru/doc/6353921192855885264.

In recent years, numerous attempts have been made in various companies and universities (see, eg, the
reviews: J. Due, A. Robinson Reliability of thermal interface materials: A review Applied Thermal
Engineering 50. 2013. 455-463; R.... .. Prasher Thermal interface materials: historical perspective, status,
and future directions Proceedings of the IEEE 94 (8) 2006; A. Kumar, N. Ayyagari, T. Fisher Effects of
Graphene Nanopetal Outgrowths on Internal Thermal Interface Resistance.... in Composites ACS Appl
Mater Interfaces 2016, 8, 6678-6684; J. Suh, R. Dillon, S. Tseng Thermal Interface Materials Selection
and Application Guidelines..... in Perspective of Xilinx Virtex-5QV Thermal Management Jet Propulsion..
Laboratory Pasadena, California California Institute of Technology Pasadena, California JPL Publication
15-2 8/15;... M. Barako, Y. Gao, Y. Won, A. Marconnet, M. Asheghi, K. Goodson Reactive Metal Bonding.
of Carbon Nanotube Arrays for Thermal Interface Applications. IEEE TRANSACTIONS ON
COMPONENTS, PACKAGING AND MANUFACTURING TECHNOLOGY, VOL. 4, NO. 12, DECEMBER
2014. Pp.1906-1913) find effective thermal interface materials having a relatively low thermal boundary
resistance and high technology manufacturing process (see., Eg, the last patent Patent USA# US
2016/0032061 A1/ Polymer-graphene nanocomposites . A. Clauss et al. Appl. XOLVE Inc.).

Various nanomaterials and mesoscopic components within the polymer matrix or other insulators have
been used which have high adhesion to the materials of electronic equipment, relatively stable, with good
coefficient of linear thermal expansion. However, today there is no single choice of materials for different
applications. Research is actively ongoing, with major manufacturers of industrial and consumer
electronics (AMD, Intel, Infinion, Samsung Electronics, Apple, Tesla, NASA, Boing, BAE Systems and
others), putting more and more resources in this direction, knowing that without solving the thermal
stabilization problems , heat dissipation and energoeffektivnocti, serious progress in low-current and
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high-current electronics and energy impossible.

Another important task of modern and promising areas of electronics and power, especially the power of
high-power electronics, where it is supposed to use the new wide band gap semiconductors such as
SiC, GaN and diamond allows is the ability to have a higher power density, which leads, however, to
higher operating temperatures components and devices. [Z. Valdez-Nava, S. Guillemet-Fritsch, M.
Ferrato, M. Kozako, T. Lebey. Co-fired AIN-TiN assembly as a new substrate technology for high-
temperature power electronics packaging. Ceramics International, Elsevier, in 2013, vol. 39 (# 8),
pp.8743-8749]. It is expected that the use of wide-gap semiconductors, such as SiC, GaN and diamond
will be a real breakthrough in the power electronics in the near future, to identify the main trends of
development for many years. The dissipation of thermal power in such semiconductor structures is
extremely high and it must be removed from the device to an external cooling circuit. High performance
materials for the power electronics of the future will also require solving a number of problems to obtain
new functional materials, and thermal interfaces. It should be emphasized that in order to remove the
heat can not be used with high thermal conductivity materials such as metals. Because all electronic
components must be electrically insulated. In addition, the thermal expansion coefficient of thermal
interface materials was close to the value for semiconductor structures that otherwise occur when
overheated large thermal deformation and collapse electronic device. Therefore, the only possibility is the
development and creation of dielectric material with a maximum thermal conductivity and optimal
coefficient of linear thermal expansion. As the analysis of the latest research in this field, such materials
can type nanocomposites (polymer matrix with nanoinclusions nanowires, nanotubes or graphene).
Either you need to move to a high-temperature ceramic (HTCC PCB) or nanocrystalline matrix, or even
on single crystals (eg, opal). However, such a range of research is very large and such a program is
scheduled for the next 10-15 years [Carbon Nanosheets for Polymeric Nanocomposites with High
Thermal Conductivity. Adv. Mater. 2009, 21, 2088-2092; A Review of Recent Advances in Thermal
Management in Three Dimensional Chip Stacks in Electronic Systems. Journal of Electronic Packaging
Copyright VC 2011 by ASME DECEMBER 2011, Vol. 133 / 041011-1; Thermal conductivity of transparent
and flexible polymers containing fillers: A literature review. Int. J.Heat and Mass Transfer 98 (2016) 219-
226]. We also note that the high-power electronics must operate in harsh environments (high
temperature, high humidity, chemical activity, the possible radiation, etc. [P. Neudeck, R. Okojie, L. Chen.
High-temperature electronics- a role for wide bandgap semiconductors ?, Proceedings of the IEEE 90
(2002) 1065, J. Yin, Z. Liang, JD van Wyk. High temperature embedded SiC chip module (ECM) for
power electronics applications, IEEE Transactions on power electronics. 22 (2007) 392)).

A similar situation occurs in the design and creation svermoschnyh LEDs and LED units - overheating of
the components and the entire device leads to its degradation and destruction, including the above
reasons [D. Pounds, R. Bonner lll. High Heat Flux Heat Pipes Embedded in Metal Core Printed Circuit
Boards for LED Thermal Management. 2014 IEEE Intersociety Conference on Thermal and
Thermomechanical Phenomena in Electronic Systems (ITherm), Orlando, FL, May 27-30, 201; Thermal
Management of Cree XLamp LEDs. http://www.cree.com/XLampThermalManagement.pdf;
http://www.led-heatsink.com].

The main areas of research in the world of science have the same trend as the objectives set out in this
draft (see publications mentioned above):

- Development and creation of functional materials based on polymers with micro- and nano-additive
including nanotubes and graphene (work abroad is carried out over 10 years, is scheduled progress, but
before the final selection of the materials, their morphology and applications is still far);

- Development and creation of thermal interfaces based on polymer matrices with nanofillers (fullerenes,
nanoparticles, nanotubes, nanowires, graphene in different versions); Work actively continues
investigated different materials for applications in specific interfaces for cooling units and devices, low-
current and high-current electronics; because the work is carried out in dozens of laboratories in the
world, it is obvious that a final decision has not yet been found; in Russia there are practically no scientific
and technological groups that purposefully engaged in fundamental research in this area; mainly local
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companies develop designs for cooling and heat setting specific instruments and devices;

- Development of high-temperature ceramic-based substrates and aluminum nitride oxide; Unfortunately,
very little heat transfer studies in such structures, poorly studied thermal deformation during heating, etc

- There are numerous studies of advanced materials, including complex hybrid materials, thermal
interface hybrid nanocomposite metal, metal-polymer nanocomposite metal, etc.; despite the fact that in
Russia can actively produce such materials, almost no studies of their mechanical, thermal and electrical
properties, so important for energy-efficient and power electronics.

Moreover, virtually invisible during the last ten years however any significant progress in the
development of the Russian direction. Finally, it should be specially emphasized, almost all Russian
electronic, optoelectronic and energy companies use in their designs, components and devices, foreign
materials, and thermal stabilization system (see., Eg, the reviews in the AS Dmitriev. Introduction to
nanothermophysics. Ed. BINOM. 2015. 792 p .; Alexander Dmitriev. The thermal wall of micro- and
nanoelectronics. Rosnano portal / e-Nano. http://edunano.ru/doc/6353921192855885264). In this
connection, an urgent need to create a Russian technology platform for solving the problems mentioned
above. According to the authors of the project, the latter may be the beginning of a technological platform,
both fundamental and applied its research base.

Thermal interface materials market by 2026 is estimated at 3.5 billion US dollars. functional materials
market by 2023 is estimated at US $ 50 billion (see. below reviews).

Last review of functional materials is available in: «Functional Materials for Future Electronics: Metals,
Inorganic & Organic Compounds, Graphene, CNT Fine chemicals needed for future electronics:
morphologies, forms, derivatives: opportunities, trends, reasons: de-risk your investment» Nov. 2016 and
«Thermal Interface Materials 2016-2026: Status, Opportunities, Market Forecasts Technology
benchmarking and market appraisal highlighting opportunities for polymeric and metallic thermal
materials». Read more at: http://www.idtechex.com/research/reports/thermal-interface-materials-2016-
2026-status-opportunities-market-forecasts-000474.asp)..

4.6. OCHOBHbIE€ MUPOBbIe Hay4YHble KOHKYPEHTbI

CerogHs B 06n1acTu qoyHKLMOHArMbHBLIX 9HEProahdeKTMBHBLIX MaTeprarnoB U TEPMOUHTEPGENCOB
paboTaeT MHOro Hay4HbIX N UHXEHEPHbIX rpyn. MNMpakTuieckun B kaxgoM 3apybexxHoM yHUBEpCUTET, rae
€CTb HanpaBreHusi CrnaboTOYHON U CUNbHOTOYHOM 3MEKTPOHUKM N SHEPrETUKU CYLLECTBYHOT Hay4YHble
rpynnbl Mo yKasaHHbIM HanpasneHusam. Cpeaun HUX BeayLume:

- rpynna npod. MNona (prof. E. Pop, Stanford University, http:/poplab.stanford.edu);

- rpynna npodp. N'yacona (prof. K. Goodson, https://nanoheat.stanford.edu);

- rpynna npodp. Puwiepa (Purdue University, http://www.nanotransportgroup.com);

- rpynna npodp. bananauHa (http://www.ee.ucr.edu/~balandin/);

- rpynna npodp. beoHa (School of Mechanical Engineering, Yeungnam University, South Korea).
Mpobremamu 3aHMMalOTCA BeayLLME MUPOBbIE KOMMaHWK (CaMbl NocreaHuin 063op umeetcs B
«Thermal Interface Materials 2016-2026: Status, Opportunities, Market Forecasts Technology
benchmarking and market appraisal highlighting opportunities for polymeric and metallic thermal
materials». Read more at: http://www.idtechex.com/research/reports/thermal-interface-materials-2016-
2026-status-opportunities-market-forecasts-000474.asp.).

- 3M Electronic Materials;

- Al Technology;

- AIM Specialty Materials;

- AOS Thermal;

- Denka;
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- DK Thermal;

- Dow Corning;

- Dymax Corporation;

- Ellsworth Adhesives;

- Enerdyne;

- European Thermodynamics Ltd;

- Fujipoly;

- Fralock;

- GrafTech;

- Henkel;

- Honeywell;

- Indium Corporation;

- Inkron;

- Kitagawa Industries;

- Laird Tech;

- LORD;

- MA Electronics;

- MH&W International;

- Minteq;

- Momentive;

- Parker;

- Chomerics

- Intel;

- AMD;

- Samsung Electronics;

- Dow Corning;

- Philips.

PbIHOK TepMounHTEpdheCHbIX MaTepuarnos K 2026 rogy oueHvBaeTcd B 3,5 munnmapaa gornapos CLUA.
PbIHOK dyHKLIMOHanbHbIX MaTepuarnos k 2023 roay oueHvBaetcs B 50 munnmapaa gonnapos CLUA.
MocrnegHuii 0630p No hyHKLMOHaNbHBIM MaTepuanam nmeetcs B: «Functional Materials for Future
Electronics: Metals, Inorganic & Organic Compounds, Graphene, CNT Fine chemicals needed for future
electronics: morphologies, forms, derivatives: opportunities, trends, reasons: de-risk your investment»
Nov. 2016.

Read more at: http://www.idtechex.com/research/reports/functional-materials-for-future-electronics-
metals-inorganic-and-organic-compounds-graphene-cnt-000329.asp

OTHOCUTENBHO POCCUNCKMX HAy4YHbIX pa3paboTok criegyeT 0cob0 NOAYEPKHYTh TOMbKO OTAEMbHbIE
Hay4HbIX rPyMnn Npy YHUBEPCUTETAX M akageMUYECKUX MHCTUTYTA, KOTOPbIE HE 3aHUMAaKTCS NpobnemMon
B LLerIoM, a UCCrieaytoT oTAerbHble 3a4a4n TepMONHTEPdENCHBIX MaTepuarnos U NPUMEHUTENBHO K
KOHKPETHBLIM 9MEKTPOHHBIM UM SHEPreTUYECKMM YCTPOMUCTBaM. 3aMeETHbIX Hay4YHbIX PENTUHIOBBIX
POCCUNCKNX NyOMKaLMiA MPaKTUYECKM HET, €CIM TONbKO He paboTaloT B Konnabopaumm ¢ 3apybexHbiMu
cneyuanucTamu.

4.7. Npepnaraembie MeToAbl U NOAXOAbI, OOLLMI NMaH paboTbl HAa BECb CPOK BbINONMHEHUSA
NpoeKTa U oXupaemble pe3ynbTatbl (06LeMOM He MeHee 2 cmp.; 8 IMOM 4Yucrie yKka3blearomcs
OXxudaeMble KOHKpemHbie pe3y/bmamabl 1Mo 200am; obwuli nnaH daemcs ¢ pa3buekol rno
2odam)

Ha pyCCKOM s3blKe

Mpennonaraemble MeToabl U Noaxoabl. B npoekTe OyayT npyMeHeHbl HOBbIE METOAbI NOMyYeHNs
OyHKLMOHarbHbIX U TepMOMHTEPdENCHBIX MaTepuanos. s nony4yeHns matepuarnos Co crneyunanbHbIMn
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CBOVICTBaMM CMaYvBaHWs, pacTekaHus 1 TennoMaccoobmeHa 6yayT ncnonb3oBaH eMTOCEKYHAHbIV
nasep v cuctema ckaHmpoBaHus Ans 06paboTkn nosepxHocTW. [Ana nsrotosneHus obpasyos
ME30CKOMNYECKNX CTPYKTYP dyHKLMOHATbHBIX Matepranos OyaeT UCNonb30BaH ANs U3roTOBMEHUS
MOHOAMCNEPCHBIX MUKPOCEP NOMHOCTHI0 OPUrMHASTbHBIN METOZ, BbIHYXOEHHOIO KanunmiapHoro pacnaga
XMOKOMETannMYeCcKnx CTpyn B Bakyyme 1 MHEPTHOW cpefe. [na 3rotoBneHns Komnosuta us
Mukpocdep 6yayT ncnone3oBaHo o6opyaoBaHUs Ans NONyYeHUs KoMno3nToB. [ns nsrotosneHns
rpaceHOBbIX HAHOKOMMO3UTOB OYAET UCMONMBb30BaH HOBLIN METOA ¥MAKOGA3HOro NUIINMHIa rpagwmTa B
yrbTpa3ByKOBOM rorie 605bLLIOM MOLLHOCTY C NOCIeAyoLLen cenapaumen u 04UCTKON, HOBOW
TexHororven asotmpoBaHus. B kayecTse obopyaoBaHust 6yayT ucnonb3oBaHbl B npoLecce paboTbl 1
NCCrefoBaHNs 3NeKTPOHHbIE CKaHMPYIOLLME 1 NPOCBEYMBaOLLIME MUKPOCKONbI, aTOMHasi cUrnoBas
MWKPOCKOMUS, CUCTEMBI fa3epHON ANarHOCTUKM M CNEKTPOdIOTOMETPbI LLMPOKOro Auana3oHa AMWH BOIH,
BbICOKOCKOPOCTHbIE Kamepbl BUANMOTO 1 MHGPaKpacHOro ananasoHos. Kpome Toro, Ans usmepeHus
TEeNnonpoBOgHOCTU BYAYT UCNOMb30BaHbl HECKOMbLKO CNOCOO0B — TEPMONAapHbIA METOA C HAarpeBOM OT
HUTW, TEPMOMNAaPHbLIA METO, C HAarpeBOM OT MACTMHbI, MH(PPaKpaCHbIN HarpeB C Bapbupyemon
WMHTEHCUBHOCTBIO U, HAKOHELL, CaMblll COBEPLLEHHbIN HA CErofiHA B MUpe MeTOo[, «rasep-raLu» -
nasepHas BCrbILLKa A1 U3MepeHnst TensionepeHoca B obpasuax.

Mpy MogenMpoBaHWK NPOLLECCOB B (DYHKLIMOHANbHbIX MaTepuanax u TepMmonHTepdeicax oyayTt
MCNOMb30BaHbl CaMble COBEPLUEHHbIE aHaNMTUYECKNe MOAENM U MeTodbl pacyeToB, NPU YUCTIEHHOM
MoaennpoBaHun — nakeTbl Phenics n Comsol.

2017 rog;

- aHarnmM3 COBPEMEHHOIo COCTOSIHUS hyHOaMeHTarbHbIX M NPUKNagHbIX UCCeqoBaHnii B obnactu
CO34aHus 1 M3y4eHus YHKLIMOHArbHbIX MaTepuUaros 1 TEPMUYECKMX MHTEPENCOB C HU3KMM
rPaHNYHLIM TEPMOCOMNPOTUBNEHNEM O719 CO3aaHUs 3dhheKTUBHBIX TEXHOMNOMIA TepMocTabunmsaumm n
OXJI2XKOEHNS YCTPOWCTR CNaboTOYHOM U CUINbHOTOUYHOW 3ITEKTPOHWUKN N SHEPTETUKY;

- CpaBHeHMe 6a30BbIX XapaKkTEPUCTUK OCHOBHbLIX MaTepuaroB U BbIOOP METOANK U3rOTOBMNEHNSI HOBbIX
nepcnekTUBHbLIX MaTepuaros;

- MOArOTOBIIEH M HaNUcaH 0630p No pe3ynbTaTtam aHanmnaa, onyénmMkoBaH A1 03HaKOMIIEHUS
cneumnanncToB B 0651aCTy qM3MKU N XMMUN MaTepuaroB, 351IEKTPOHUKM U SHEPTETUKM;

- NpOBEAEH aHanmM3 MeToaoB MoandMKaLum MaTeprarnoB; NOAroTOBIIEHbI TEXHONOMMYECKNE PernaMeHTbl
AJ1s1 OMbITHOrO NPOM3BOACTBA 00pa3L,0B NoA0OHbIX MaTepuUaros;

- MPOBEeAEHbI aHaNMUTMYECKME pacyeThbl U MaTeMaTUYECKOe MOAENMPOBaHME NPOLLECCOB
TepmocTabunmsauum n otTBoga Tenna Ha 6ase yHKUMOHaNbHbIX MaTepuarnos;

- MOArOTOBMEHbI 06pasLbl yHKLMOHANBHBIX MaTepUarnoB U TEPMOMHTEPXENCOB HA OCHOBE MOSyYeHNs
ME30CKOMMYECKNX KOMMO3UTOB Ha Base NonmMmepoB 1 MUKpocdep METAsTIOB U CMNI1aBOB;

- ByayT npoBefeHbl NCCreaoBaHUs NOMyYEeHHbIX MaTepuanos ¢ NPUMMEHEHWEM ONTUYECKON U
3MEKTPOHHOW MUWKPOCKOMUK;

- ByayT n3ydeHbl MeEXaHNYECKME U TEPMOMEXHUYECKME CBOMCTBA TaKNX MaTePMarioB Npu Harpy3kax
CXaTuS U PacTsKEHNS;

- Bnepsble byayT paspaboTaHbl M Co34aHbl ME30OCTPYKTYPHbIE MOBEPXHOCTU, MMEKOLLME OPUMMHASTbHBIE
KOMIMOHEHTbI B BUAE MOHOAUCNEPCHBIX MMKpOcdep pasnnyYHOro gMameTpa, NOMELLEHHbIE B MONIMMEpPHBIE
1 apyrve maTpuubl; 6yayT nccrnenosaHbl TENMOBLIE U rMApPoANHAMUYECKE 3ddeKkTbl Ha MOBEPXHOCTH
noaoOHbIX MaTepurarnos;

- OJ1s1 MEe30CKOMNMYECKNX CTPYKTYp BYAYT UccneqoBaHbl PEXMbI CMavvMBaHNS M pacTeEKaHWs Kanerb
pabo4mx XMOKoCTel No NogobHbIM NOBEPXHOCTSAM, HaAEeHbl TEMMNEPATYPHLIE 3aBUCUMOCTM KOHTAKTHbIX
YITIOB M TMCTEpe3nca, a Takke BnsiH1e no nocrnegHve Mopdosiormm noBepXHOCTH.

2018 rog;
- Bnepsble 6yayT paspaboTaHbl M co3gaHbl MeTOAbI NOMyYeHNst HOBbIX (OyHKL MOHAMbHbLIX
3HepProadheKTUBHBIX MaTeEpPUaros, C UCMONb30BaHMEM 00paboTKM X PeMTOCEKYHAHBIMU NTa3EpPHbIMU
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UMNynbcamu; Takas 3agada ons Lernern npoekta OyaeT oCcyLeCcTBEHA BNEPBLIE;

- AN YHKUMOHanbHbIX MOBEPXHOCTEN, MOSTyYEHHBLIX C MOMOLLLI hEMTOCEKYHAHBLIX Na3epHbIX
UMMynbCoB ByayT nccrnegoBaHbl PEXMMbl CMaYMBaHMA M pacTeKkaHus Kanemnb paboymnx XMaKocTen,
HangeHbl TeMnepaTypHble 3aBUCUMOCTIN KOHTAKTHbIX YITIOB U TMCTEpPe3nca, a Takke BnmsiHMe no
nocreaHe Mopdosiorm NOBEPXHOCTMY;

- ByayT nccnenosaHbl NPOLLECCHI TEMOMAcCOOOMeHa Ha TakoM NOBEPXHOCTH, PEXVMbI UCMAPEHNS U
KUMEHMS C LIENbto BbISICHEHMS NPEeAerbHbIX TEMNSOBLIX MOTOKOB, KOTOPbIE MOXHO OTBECTU OT
NMOBEPXHOCTMY;

- ByayT nccnenoBaHbl CTaTUYECKNe U AMHAMUYECKUe YITbl CMavyMBaHUS U pacTekaHus Kanerb pabounx
XUOKOCTEN (OpraHNYeCcKmX KOMNayH40B U KOMNO3UUMIA Ha 6ase HaHOKOMNMoOMA0B, BKIHOYas
HaHOKOMIOMAbl U3 MOHOAMCMNEPCHBLIX HAHOANIMa3oB) Mo pasfMYHbLIM
MoaudmumpoBaHHbIM/HEMOANMLIMPOBAHHBLIM MOASI0XKaM;

- MONyYeHbl 06pasLbl HAHOKOMMO3UTOB Y HAHOKOMMAYHAOB C NOMMMEPHBLIMWU MaTpULLAMA U
HaHOBKJITO4YEHNSAMWN HAHOMPOBOJSIOK M HAHOTPYOOK, HaHOYACTULL, BKIOYas HaHoanMasbl; 49 Nogo0HbIX
mMaTepuarnoB 6yayT npoBedeHbl UCCREAOBaHNS UX MEXaHUYECKMX, TEMNOM3NYECKNX U
3NEKTPOIM3NYECKNX CBOUCTB;

- ByayT BnepBble co3gaHbl 00pasLbl rpad)eHOBbIX CTPYKTYP METOAOM YIbTPa3BYKOBOIO pachbifieHNsi B
cneunanbHbIX cpefax ¢ nocneayowen obpaboTkon B cpene a3oTta An1a nonyvyeHnst rpadbeHoBbIX
XJ10MbEB C BapbupyeMbIMA pasMepamMmn 1 YUCSIOM CrioeB rpadeHa;

2019 rog;

- nony4eHbl 06pasLbl HAHOKOMMO3WUTOB M HAHOKOMMayHAO0B C NONMMEPHLIMI MaTpuL.amm 1
rpacbeHOBLIMM XIOMbAMU 1 APYTMMU U rpaddeHOBLIMU CTPYKTYpaMK; Nogo0HbIe CTPYKTYpbl OyayT
nony4eHbl BrnepBbIe;

- ByayT Takxe uccrnegoBaHbl HOBbIE BbICOKOTEMMEPATYPHbIE KepaMnieckne matepmansl Ha 6ase
HUTPMAA antoOMYHNA A1 BKIHOYEHMS UX B CXeMbl OTBOAA Tenra ¢ AobaBneHem apyrmx
TEPMOVHTEPENCHBLIX MaTepPUarnos;

- ByayT MccnenoBaHbl MEXaHUYECKNE, TENNOM3NYECKUE 1 3MIEKTPOGM3NYECKME CBONCTBA MOSTyYEHHbIX
06pasuyos.;

- ByayT nccnegoBaHbl Ha MOBEPXHOCTM MOSyYEHHbIX MaTEPMAsIoB NPOLLECCHI CMAaYMBaHNS N pacTeEKaHWS
Pa3nMYHbLIX MOTEHLMANbHbIX PabounX XUOKOCTEN, KOTOPbIE MOTYT UCMOSb30BATLCS B LUMPOKOM
AnanasoHe NX COCTOSIHMI (OT »MAKOro 40 NapoobpasHOro) Ans CHATMA TEeNnsa 1 TENNooTeo4a C
NMOBEPXHOCTEN N30bITOMHOM TEMMOBOW MOLLHOCTM U UX TepMocTabunmsaumu;

- ByayT n3ydeHbl Ha NOBEPXHOCTSIX MOSTy4EHHbIX (OYHKLIMOHAITbHBIX MaTepmasioB NMPOLLECChI NCNapeHns 1
KnneHus (B YacTHocTK, adxpekT JlemaeHdpocTta, addekTbl «kode-puHra» 1 T.4.) € Lenbio
MOTEeHLMarnbHOrO NCMOMNb30BaHMS Taknx MaTepmanos Ans 3gdeKkTUBHOIM KanesbHO-CTPYMHOIo
NCNapUTENbHOIO OXINAXOEHUS ANS CHATUS NPeaeribHO BbICOKMX TEMNJIOBLIX HAarpy30k ¢ 00 HLEKTOB
3MEKTPOHMKMN N SHEPTETUKM;

- ByayT AaHbl pekoMeHaaLmm no paspaboTke NMHENKN aHeproadpeKTUBHBLIX PyHKLMOHAMbHBLIX
MaTepuaroB ANs peLleHnst 3ada4 TepmMocTadbunmsaumm 1 oTBoAa Tenna B 3agadax craboTouHom 1
CUSTbHOTOYHOM 3MIEKTPOHUKN N SHEPrETUKN.

Ha aHanutlicKkoM si3blKe

Prospective methods and approaches. The project will apply new methods of producing functional and
thermal interface materials. For materials with special properties of wetting, spreading, and heat and
mass transfer will be used femtosecond laser and scanning system for surface treatment. For the
manufacture of mesoscopic structures of functional materials samples will be used to produce
monodisperse microspheres completely original method of forced capillary disintegration of liquid metal
jets in vacuum and inert atmosphere. Equipment for composites to be used for the manufacture of
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composite microspheres. For making nanocomposites graphene will be used a new method in the liquid
phase exfoliation of graphite of high power ultrasonic field, followed by separation and purification, the
new technology of nitriding. As the equipment will be used in the process of research and scanning and
transmission electron microscopes, atomic force microscopy, laser diagnostics system and a wide
range of spectrophotometers wavelength, high-speed cameras visible and infrared ranges. thermocouple
method with heating from the filament, thermocouple method with heating from the plate, infrared heating
with variable intensity, and finally the most advanced in the world today method "Laser flash" - - Laser
flash to Additionally, several methods are used to measure the thermal conductivity measurement of heat
transfer in the samples.

In the simulation of processes in functional materials and thermal interface will be used the most
advanced analytical models and calculation methods for the numerical simulation - Phenics and Comsol
packages.

2017:

- Analysis of the current status of basic and applied research in the field of creation and study of
functional materials and thermal interface boundary with a low thermal resistance for efficient thermal
stabilization technology and cooling devices and low-current and high-current electronics and energy;

- Comparison of the basic characteristics of the basic materials and the choice of manufacturing
techniques of advanced materials;

- Prepared and reviewed the results of the analysis, published for professionals in the field of physics and
chemistry of materials, electronics and energy;

- An analysis of the modification methods of materials; trained technological regulations for the pilot
production of such materials samples;

- Held analytical calculations and mathematical modeling of the thermal stabilization process and heat
removal on the basis of functional materials;

- Prepared samples of functional materials, and thermal interfaces based on the receipt of mesoscopic
composites based on polymers and microspheres of metals and alloys;

- Studies will be conducted with the use of materials obtained optical and electron microscopy;

- Will be studied mechanical and thermo mechanics properties of such materials under loads of
compression and tension;

- The first to be developed and created mesostructural surfaces having the original components in the
form of monodisperse microspheres of different diameters, placed in the other polymer matrix; They will
be investigated thermal and hydrodynamic effects on the surface of such materials;

- For mesoscopic structures of the temperature dependence of the contact angle and hysteresis, and the
impact on the surface morphology of the past regimes of wetting and spreading of droplets of working
fluid on such surfaces will be investigated found.

2018:

- The first to be developed and established methods of obtaining energy efficiency of new functional
materials, using their processing by femtosecond laser pulses; such a problem for the project will be
implemented for the first time;

- For functional surfaces, obtained by femtosecond laser pulses are investigated regimes of wetting and
spreading of droplets working fluids, found the temperature dependence of the contact angle and
hysteresis, and the impact on the surface morphology of the past;

- Will explore the processes of heat and mass transfer on such a surface, evaporation and boiling
regimes in order to clarify the limit of heat flows, which can be taken away from the surface;

- Will be investigated both static and dynamic angles of wetting and spreading of droplets of working
fluids (organic compounds and compositions based nanocolloids including nanocolloids of monodisperse
nano-diamonds) on various modified / unmodified substrates$

- Obtained samples of nanocomposites and nanocompounds with polymer matrices and nanoinclusions
nanowires and nanotubes, nanoparticles, including nanodiamonds; for such materials will be conducted
studies of their mechanical, thermal and electrical properties;
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- Samples are graphene structures by ultrasonic atomization in special environments created first,
followed by treatment in a nitrogen atmosphere to obtain graphene flakes with varying dimensions and
number of layers of graphene.

2019:

- Obtained samples of nanocomposites and nanocompounds with polymer matrices and graphene flakes
and other structures and graphene; similar patterns will be obtained for the first time;

- We will also be investigated by the new high-temperature ceramic materials based on aluminum nitride
for inclusion in the scheme of heat removal with the addition of other thermal interface materials;

- Will explore the mechanical, thermal and electrical properties of the samples;

- Are examined for surface wetting of the materials obtained and spreading processes various potential
working fluids that may be used in a wide range of states (from liquid to vapor) for removing heat from the
surfaces of the heat sink and the excess heat capacity and heat setting;

- Will be studied on the surfaces of the obtained functional materials boiling and evaporation processes
(in particular, the Leidenfrost effect, the effects of "coffee ring", etc.) to the potential uses of such
materials for efficient drip-jet evaporative cooling to remove the extremely high thermal loads with
electronics and energy facilities;

- Will be given advice on the development of energy-efficient line of functional materials for solving heat
setting and heat dissipation problems in the low-current and high-current electronics and energy.

4.8. UmetoLummcA y Hay4HOro KOMJeKTMBa Hay4HbIN 3aden no NpoeKTy (ykasbiearomcsi
nonyyeHHblIe paHee pe3ysibmamal, pa3pabomaHHbie npo2paMmmbl U MeEMOObI)

ABTOpbI NPOEKTa akTUBHO BEAYT UCCenoBaHms B obnacTtsax, 6nmsknx k Teme npoekta. B yactHocTw, -
nccnegoBaHne PEXMMOB My3bIPbKOBOIO KUMEHMS B ME30OCTPYKTYpax MUKpocdep n oGHapy»KeHne HOBOro
adhdpekTa npbiraowmx nysbipen (nyénmkaumm [1,2] cnncka nyénmkauuin pyKoBOAUTENS NPoeKTa);

- U3yYEHME PEXMMOB NCMAPEHNST HA ME3OCTPYKTYPHBIX U HAHOCTPYKTYPUPOBAHHBIX MOBEPXHOCTAX
(ny6nmkaumm [3-6] cnmucka cnucka nybnmkaumin pykoBoaUTENS NPOeKTa);

- ccrnegoBaHne ucnapeHue Kanesnb HaHOKUAKOCTEN Ha GyHKLIMOHAarbHbIX HAHOCTPYKTYPUPOBAHHbIX U
Me30MoBEPXHOCTSAX; OOHapYXeHWe HOBbIX MPOSIBIEHNI «Kodbe-puHM» adubekTa (ny6rmkaumm [3-6] cnucka
cnucka nybrnukauuim pykoBoauTens npoekTa);

- 1ccrneaoBaHve HOBbIX ABMIEHUIA CNapeHns, KUNeHus n TennoMaccoobmeHa, adhdekTa JlergeHdpocTa
1 3¢pdpeKTMBHOrO OTBOAA Tenra Ha Me30CKONMUYECKUX U HAHOCTPYKTYPUPOBaHHBIX MOBEPXHOCTSX;
nyonukaumm [3,4] v:

A) A.C. Omutpmes, A.C. PomaHoB. OcobeHHOCTHM TennoMaccoobMeHa Npu B3aMMogencTBUM Kanersb
paboymx XMOKoCTeN C ME3OCKOMUYECKUMN U HAHOMACLUTaOHbLIMWU NOBEPXHOCTSIMU SHEPreTUYECKOro
obopynosanusi. BectHuk MOWU, Ne 2, ¢.1-14, 2013, nmnakT-dhaktop — 0,16.

B). A.C. AmutpureB. BeegeHne B HaHoTennogmsmky. (MoHorpadwmsi). Nsg. BUHOM. 2015. 792 c.

B). A. F. Ginevskiy, A.S. Dmitriev, M. A. El Bouz Evaporation rate from mesoscopic structures of
monodispersed microspheres: experimental and computer simulations. 7th Conference of the
International Marangoni Association, June 23-26, 2014, Vienna University of Technology.

- co3jaHne Me30CKOMNUYECKUX U HAHOCTPYKTYPUPOBaHHBLIX MOBEPXHOCTEN ANna adpeKTUBHOro
TennoobmeHa ¢ NOMOLLBI0 heMTOCEKYHAHbIX NasepHbIX UMMYrbCOB; Nyonmkauum [7,8], a Takke

A). A.C. Omutpmes. Tennogmandeckne npodnembl HAHOIHEPreTUKK: HOBblE paboyne Tena u
KOMMNOHEHTLI. QHepreTuka TatapctaHa. Ne 2. 2013. C. 10-27.

Bb) A.C. Omutpunes, A.C. PomaHoB. OcobeHHOCTH TennioMaccoobmMeHa npy B3aMMoaeNCcTBMN Kanersb
pabo4mx XMOKOCTEN C ME3OCKOMUYECKMMN U HAHOMACLLTaOHbIMW NOBEPXHOCTSIMU SHEPTETUYECKOTO
obopynoaHusi. BectHuk MOW, Ne 2, ¢.1-14, 2013.

. S. A. Romashevskiy, M. B. Agranat, A.S. Dmitriev. Wetting and evaporation processes on functional
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silicon surfaces after direct femtosecond laser surface processing and thermal training. International
Symposium “Fundamentals of Laser Assisted Micro— and Nanotechnologies” (FLAMN-16), PS1-LT-17.
- ccregoBaHne NpoLEecCoB CMadMBaHUst, pacTekaHus, UICNapeHnst U KUNeHus paboumnx XMOKOCTEN Ha

ME30CKOMUYECKNX U HAHOCTPYKTYPUPOBaHHLIX MOBEPXHOCTEN, MOSyYEHHbIX C MOMOLLBIO
dheMTOCEeKYHOHbIX Na3epHbIX MMMYNbCoB; Nydnmkauwum [7,8], a Takke
a). A.S. Dmitriev, AS Romanov. Features of heat and mass transfer in the interaction of droplets of
working fluids with mesoscopic and nanoscale surfaces of power equipment. Bulletin of the MEI, Ne 2,
s.1-14, 2013 Impact Factor - 0.16.

b). A.S. Dmitriev, P.G. Makarov. Optical Methods for Studying the Drying Dynamics of Fe203 Nanocolloid
Droplets Depending on Variation of Substrate Temperature. Applied Mechanics and Materials (Volumes
789-790), 2015, pp. 33-37.

- nccrnegoBaHWe nepeHoca Tenna Yepes TepMomHTePdEnChl U B3anMogencTeme NoBepxXHoCTel ¢

HaHOXUAKOCTAMU; Nybnmkauum:

A). A.S. Dmitriev. Fluctuation hydrodynamics, thermophoresis of nanoparticles and heat transfer in
nanofluids. Proceedings of the 3th Micro/Nanoscale Heat & Mass Transfer International Conference

March 3-6, 2012, Atlanta, Georgia, USA. MNHMT2012-75205.

B). A.C. Amutpmes. Tennoeble npoLecchl B HAHOCTPyKTypax. M. MOW. 2012. 302 cTp.

B). A.C. Omutpunes, A.A. kpnH. O6 onTnmmaaumm paboTbl TEPMOSNIEKTPUYECKOIO OXIMaguTens ¢
NCnonL30BaHNEM HaHOMaTepuaroB, KOMOVHMPOBAHHOIO ¢ MUKpouunoM. BecTHuk M3, 2012, Ne 2, c.
13-21.

M. A.C. Omutpues, A.C. PomaHos, HO.B. CmmpHoB. O6 nHdppakpacHoO MUKPOCKOMUM BbICOKOTO
paspeLleHust 4N U3y4eHns nepeHoca Tenna B HAHOMOKPLITUAX 1 HaHokomnosuTax. XXII MexxayHapogHas
Hay4YHO-TEXHUYECKas KOHGEepEeHLMS, LLKOMA MONOAbIX CNELNanMcTOB 1 BbiCTaBKa Mo hOTO3NEKTPOHMKE
1 npubopam HouHoro BuaeHus 22-25 masi 2012 Mocksa, Poccus.

). A.C. Omutpmes. Tennodmanyeckne npoLecchl B HAHOCTPYKTypax. «loBbiweHne 3GdheKTUBHOCTH,

HagexHocTu n 6esonacHoOcTM paboTtbl aHepreTudeckoro obopygosaHna TOC n ASC». 4-6 anpens 2012.
Usa. Jom MAW. 2012.

E). A.C. Omutpunes. Tennodmanyeckne npodnemMbl HAHO3IHEPreTUKM U HAHOINEKTPOHMKK. 10
MexayHapoaHasa kKoHepeHUnst «AKTyarnbHble BONPOChl TENNMOGM3NKA 1 GM3NYECKOM
rmgporasoguHamMukny, 17-23 ceHtsopsa 2012, Anywra.

K). A.C. Omuntpures, A.C. PomaHoB. OcobeHHOCTM TennoMaccoobMeHa nNpy B3anMogencTB1N Kanerb
pabo4mx XMOKoCTeN C ME3OCKOMUYECKMMN U HAHOMACLUTaOHbLIMWU NOBEPXHOCTSIMU SHEPTETUYECKOro
obopynoBaHusi. «[NoBbieHne 3ddeKkTMBHOCTU 3HepreTndeckoro obopyanosaHust - 2012» ,13—15 Hosi6psa
2012 r. CaHkT-lNeTepbypr.

Kpome Toro, aBTopbl NpoeKkTa NpoBOAMINM COBMECTHbIE UCCIEA0BaHNS C HAYyYHbIMU rpynnaMu 13 psna
3apybexHbIX opraHM3aumi, y4acTBoBanmm B pa3paboTkax KOMMEpPUYECKUX NPOAYKTOB AN CUCTEM
TEPMOCTabMMM3aLUN SNEKTPOHHBIX YCTPONCTB M pa3paboTKON HOBLIX TEPMOMHTEPEENCHBIX
mMaTtepuvarnos.

ABTOpamMu NpoekTa paspaboTaHbl METOAbI pacyeTa nepeHoca Tenna B Me30CKOMUYECKUX U
HaHOCTPYKTYpax, MOfy4YeHbl HOBbIE AaHHbIE MO TEMNOMAacCOOOMEHY Ha Me30- U
HaHOCTPYKTYPUPOBaHHbIX MOBEPXHOCTEN, OBHaPYXeHbl 1 onncaHbl HOBble 3¢hdEKTbI B yKa3aHHOM
obnacTu (cnucok nybrMkauun pykoBoauTens npoekTa). ABTOpbl MOATOTOBUIM 1 YNTAKOT HECKOSBKO
KYypCOB NIeKLUIA N0 TeMaTUKe NpoekTa, HEOQHOKPATHO AOKITafbliBanu CBOU paboThbl Ha Hay4HbIX
ceMuHapax B POCCUMCKMX YHUBEPCUTETaX M KOMMNaHMWSIX, a Takxe 3apybexHbIX yHMBepcUTeTax um
KOMMNaHUsIX.

PykoBoauTenb npoekTa noarotosun 6onee 4ecsTy acnMpaHTOB B YETbIPEX CTPaHax Mupa no Temam,
GM3KMM K TEME NpoeKTa.

4.9. NepeyeHb 060pyaOBaHKA, MaTe puanoB, MH(OPMALIMOHHLIX U APYTUX PECYPCOoB,
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nMMerLmMxcs y HaydHOro Konrekmaea Ansd BbINONTHEHUA NPOeKTa (8 mom yucine — onucbigaemcsi
Heobxo0uMocmb UX UCIosb308aHusl Onsi peanu3ayuu npoekma)

Hay4yHas rpynna pacnonaraet BceMu HeobXxoaMmbIMU pecypcamim 41151 BbINOSIHEHNS NpoekTa. B
KayecTBe METPONorMyeckoro obopygosaHus 6yayT NCNonb30BaHbI COBPEMEHHbIE ONTUYECKUE U
9EKTPOHHbIE PacTPOBbIE MUKPOCKOMbI, MPOCBEYMBAIOLLME SNIEKTPOHHbLIE MUKPOCKOMbI BICOKOTO
paspeLleHns, aTOMHas CUoBasi MUKPOCKonNus, Npubopkl 45ist TecTa NOBEPXHOCTU U UCCIe40BaHUS
MEXaHNYEeCKNX CBOMCTB MUKPO- U HaHOpernbedha, camoe coBpeMeHHOe 060pya0BaHUs AN U3yYeHus
MPOLIECCOB CMaYMBaHNS N pacTEKaHWS, BbICOKOCKOPOCTHLIE KamMepbl OS5 MOy4eHNs ONTUYECKMX
1306 paxkeHnin, MHdPaKpacHbIE KaMmepbl BbICOKOrO paspeLLeHrst ANna UCCreaoBaHns KapTuHbl TENSOBbIX
nonen. SKkcnepMmMeHTarnbHble AaHHbIe MO TenrnomaccoobmeHy 6yayT nony4aTbCs Ha COBPEMEHHbIX
cTeHaax, pa3paboTaHHble aBTOPCKUM KOMMEKTMBOM 4151 UCCIeq0BaHms MPOLLECCOB MCMapeHus,
KOHAEHCaLMM U KUMEHWSA Ha Me30CKOMNMYECKMX U HaHopenbedHbIX CTPyKTypax. MaTtematnyeckume
mogenu npoueccoB 6yayT pa3paboTaHbl Ha OCHOBE paHee CO3[aHHbIX aBTOPaMUN TEOPETUHECKMX
nogxogax no nepeHocy Tenna B Me30CKOMUYECKUX U HAHOCTPYKTYpaXx.

HayuHas rpynna 6yget nonb3oBatbea yenyramum LieHTpa konnekTMBHoro nons3osaxHmsa HOLY
«HaHoTexHornornmy, pacnonararoLero Bcem HeobxoamMmbiM COBPEMEHHbBIX HAHOTEXHOSIOMMYECKUM
obopynoBaHueM (CBEPXBbICOKOBAKYYMHbIV aHANUTUYECKUA MOAY b SMEKTPOHHO-MOHHOW CNEKTPOCKOMNMN
Ha 6a3e nnatdopmebl HaHo®ab 25 npegHasHayeH 41 NpoBeAEeHNS KOMIMIIEKCHOIO aHanmaa
NOBEPXHOCTHbIX CIOEB TBEPAOro Tena. B aHannTuyeckom mogyrne mMoryT nccrnegoBatbesi obpasLbl C
pasmepamy 0o 10x10x8 MM B yCrnoBuKsIX CBEPXBbLICOKOro BakyyMa (2% 10-8a), komnnekc Ha 6ase
npocBeYnBatoLLIEro ariekTpoHHoro Mukpockona TECHNAI G2 20 TWIN, HaHonabopaTtopus NTEGRA
SPECTRA ¢ 6510kOM KOHTPOIst Ka4ecTBa NOBEPXHOCTM 00pa3L,0B NpuY NOBLILLEHHLIX TEMMNepaTypax
THERMA*+, ckpeTy-TecTep CSM Instruments ans HaHOMeXaHW4YECKUX UCMbITaHUA, N3y4eHNsi CBONCTB
MOBEPXHOCTM TOHKUX MIIEHOK M MOKPLITUA, TaKMX KaK afaresusl, XpyrnkocTb, AedopMaLinsi, OTCranBaHue u
N3HOCOCTOMKOCTb MyTEeM UCMNbITaHUA LlapanaHbeM, CKaHMpYoLmin HaHoTBepaomep HaHoCkaH-3D ans
nccneqoBaHus penbedia U CTPYKTYPbl MOBEPXHOCTEN U M3MEPEHNSA MEXAHUYECKNX CBONCTB,
anekTpoHHO-onTu4ecknin mukpockon FEI PHENOM, TonuuHomep CALOTEST INDUSTRIA, ycTaHoBKa
OJ151 U3MEPEHNS KOHTaKTHBIX YIIOB C aBTOMaTM3NPOBaHHOM cucTeMon obpaboTkn EasyDrop u gpyroe
obopygoBaHue).

HayyHas rpynna pacnonaraet 4OCTYNOM KO BCEM HEOOXOOMMbIM MaTepuanam u MHGopMaL MOHHbIM
pecypcam s YCNELWHOrO BbINOMHEHWS MPOEKTa.

4.10. MNnaH paboTbl Ha NepBbIN rof BbINONTHEHUSA NPOEKTA (8 MOM Yuciie yka3bliearomcs
3annaHupoeaHHble KOMaHOUPOBKU 10 MPOEKMY)
Ha pyCCKOM fi3blKe

2017 ron;:

- aHarmM3 COBPEMEHHOIO COCTOSIHUS (hyHOAMEHTarbHbIX M MPUKIAGHbIX UCCeqoBaHni B obnactu
CO3aHnNs 1 N3y4eHusa oyHKLIMOHAarbHbIX MaTepmuarnos Y TEPMUYECKNX UHTEP(ENCOoB C HU3KUM
rPaHUYHBIM TEPMOCONPOTUBIIEHNEM A1 CO3aaHUs AdPeKTUBHBIX TEXHOMOMN TepMocTabunmsaumm
OXJIKOEHNS YCTPONCTB CHabOTOYHOM U CUMbHOTOYHOWN 3IEKTPOHWUKN N HEPTETUKY;

- cpaBHeHMEe 6a30BbIX XapakTEPUCTUK OCHOBHLIX MaTepMaroB 1 BbIGOp METOAMK N3rOTOBNEHUS] HOBbIX
nepcnekTUBHLIX MaTepuaros;

- MOArOTOBMEH M HaNUcaH 0630p MO pe3ynbTaTtam aHannsa, onybnMkoBaH A9 03HaKOMIEHNS
crneumanucToB B 06/1aCTu GM3NKU 1 XMW MaTEPUArioB, 3IEKTPOHNKN N SHEPIETUKY;

- MpoBedeH aHanM3 MeTo4oB MoandmKaL MM MaTepraros; NOAroTOBIEHbI TEXHOMOMMYECKe pernaMmeHThbl
AN ONbITHOrO Npor3BoacTBa 06pasLoB NoAO6HbIX MaTepuaros;

- NpoBeAEHbl aHaNUTUYECKUE pacyeTbl U MaTeMaTMdeckoe MoAenMpoBaHue npoLLeccoB
TepMmocTabunmsaumm n oteoaa Tensna Ha 6ase pyHKLMOHaNbHbIX MaTepUaros;
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- MOArOTOBMEHbI 06pa3Lbl yHKLMOHAMNBHBIX MaTeEpPUaroB U TEPMOMHTEPKENCOB HA OCHOBE MOSyYeHNs
ME30CKOMMYECKNX KOMMO3UTOB Ha Base NonmMmepoB 1 MUKpocdep METANTIOB U CMNIaBOB;

- ByayT NpoBefeHbl NCCreaoBaHUs NOMyYEHHbIX MaTepuanoB ¢ NPMMEHEHMEM ONTUYECKON U
SNIEKTPOHHON MUWKPOCKOMMUU;

- ByayT n3ydeHbl MeEXaHNYECKME U TEPMOMEXHUYECKME CBOMCTBA TaKNX MaTEPMarioB Npu Harpy3kax
CXaTus U pacTsKEHNS;

- Bnepeble 6yayT paspaboTaHbl M co34aHbl ME30OCTPYKTYPHbIE MOBEPXHOCTU, MMEIOLLME OPUTMHASIbHBIE
KOMMOHEHTbI B BUAE MOHOAUCMNEPCHBIX MMKpOCcdep pasnnyYHOro gMameTpa, NOMELLEHHbIE B MONMMEpPHLIE
n gpyrve matpuubl; 6yayT uccnegoBaHbl TENSOBbIE U rMapoaMHaMmnyeckme addekTbl Ha MOBEPXHOCTU
NnoaoOHbIX MaTepuraros;

- ANs1 ME30CKOMMYECKNX CTPYKTYp OYAYT UccneqoBaHbl PEXMbI CMavvMBaHNs M pacTeEKaHWs Kanerb
pabo4mx XMOKOCTeN No NogobHbIM NOBEPXHOCTSAM, HaAEHbl TEMMNEPATYPHbIE 3aBUCUMOCTM KOHTAKTHbIX
YITIOB M TMCTEpE3nca, a Takke BMnsiH1e no nocrnegHve Mopdosiorin noBepXHOCTH.

KomaHanpoBKu Ha NepBbIv roga He 3aniiaHNpPOBaHbI

Ha aHa/ulCKOM si3biKe

2017:

- Analysis of the current status of basic and applied research in the field of creation and study of
functional materials and thermal interface boundary with a low thermal resistance for efficient thermal
stabilization technology and cooling devices and low-current and high-current electronics and energy;

- Comparison of the basic characteristics of the basic materials and the choice of manufacturing
techniques of advanced materials;

- Prepared and reviewed the results of the analysis, published for professionals in the field of physics and
chemistry of materials, electronics and energy;

- An analysis of the modification methods of materials; trained technological regulations for the pilot
production of such materials samples;

- Held analytical calculations and mathematical modeling of the thermal stabilization process and heat
removal on the basis of functional materials;

- Prepared samples of functional materials, and thermal interfaces based on the receipt of mesoscopic
composites based on polymers and microspheres of metals and alloys;

- Studies will be conducted with the use of materials obtained optical and electron microscopy;

- Will be studied mechanical and thermo mechanics properties of such materials under loads of
compression and tension;

- The first to be developed and created mesostructural surfaces having the original components in the
form of monodisperse microspheres of different diameters, placed in the other polymer matrix; They will
be investigated thermal and hydrodynamic effects on the surface of such materials;

- For mesoscopic structures of the temperature dependence of the contact angle and hysteresis, and the
impact on the surface morphology of the past regimes of wetting and spreading of droplets of working
fluid on such surfaces will be investigated found.

Business trips are not planned for the first year

4.11. NMnaHnpyeMoe Ha NepBbIA roa coaepxaHue paboTbl KKAOro OCHOBHOIO UCMONHUTENS
npoeKTa (8KIro4ass pykogodumerisi Ipoekma)

2017 ron;:

PykoBoauTtens npoekta A.C. AMnTpures:

- @aHanm3 CoOBPEMEHHOro COCTOAHNA yHAaMeEHTarnbHbIX M NPUKNagHbIX UccrieqoBaHuii B obnacTtu
CO3aHus 1 U3y4eHUs yHKLIMOHarbHbIX MaTepmuaros 1 TEPMUYECKMX MHTEP(ENCOB C HU3KUM

rPAaHNYHbIM TEPMOCONPOTUBIIEHNEM;
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- aHanM3 CoBPEMEHHbIX TEXHOSOMI NOy4YeHUs U NCCNeAoBaHWsA TEPMONHTEPENCOB;

- uccrnenoBaHme 3GEKTUBHBIX TEXHOSOMMI TEPMOCTabUIM3aLINN 1 OXIAXKOEHNSA YCTPOUCTB
CNabOoTOYHON U CUNMBHOTOYHOW 3MIEKTPOHMKN U SHEPTETUKMU, MOCTPOEHNE CPaBHUTENMBHBLIX MOAENen
KapTbl pexviMa 3peKTUBHOCTU OTAESbHbIX TEXHOSOMIA OXNaXKOEHWS;

- MOCTPOEHNE Mogeren NpoLeccoB NepeHoca Tensa BHYTPU OyHKLMOHamnbHbIX MaTepuaros 1
nHTEpdencos, NnpegBapuTernbHble pacyeTbl 3hdEeKTUBHOCTU (OYyHKLIMOHANBbHBLIX NOBPEXHOCTEN U
TepMouHTEpPhencos;

- CpaBHeHMEe 6a30BbIX XapakTEPUCTUK OCHOBHLIX MaTepraroB 1 BbIOOp METOAMK N3rOTOBNEHUS] HOBbIX
nepcnekTUBHbLIX MaTepUaros;

- MOAroTOBKA M HanmncaHue ob3opa no pesynbTataMm aHanmaa.

OcHoeHon ncnonHutens AA. Mutpues:

- aHanM3 MeTodoB MogudmKaumm MaTepuaros;

- aHanu3 1 NoAroToBKa TEXHONMOMMYECKUX pernaMmeHToB A4S OMnbITHOro NPon3BoACcTBa 06pa3LoB
mMaTepuaros;

- MOArOTOBKA METPONIOMMHECKOro 060pyAOBaHUs], N3rOTOBIIEHWE U TECTUPOBAHNE HadarnbHbIX 06pa3sLoB
ME30CKOMMYECKMX CTPYKTYP Y HAHOKOMMO3MTOB Ha OCHOBE rpadeHa C TOUKW 3peHNst CTabUIbHOCTU U
Apyrmx hakTopos;

- MpoBeAEHNE UCCenoBaHns 06pasLoB yHKLMOHANbHBLIX MaTepuarioB Ha aTOMHOM CUITOBOSIM,
ONTUHYECKOM U1 351IEKTPOHHOM MUKPOCKOMaX;

- aHanMTM4eCcKue pacyeTbl U MaTeMaTMYeCcKoe MOAeNMpoBaHWe NpoLLeccoB NepeHoca Tenna B
HaHOKOMMO3UTbI C Y4ETOM IPaHNYHOIO TEPMUYECKOrO COMPOTUBIIEHMS, TEPMOCTabunM3aumm n oteoga
Tenna Ha 6a3e dyHKLNOHASbHbIX MaTepnarnos;

OcHoBHon ncnonuutens npoekta N.I". Makapos:

- N3roToBEHNe 06pa3u 0B GyHKLMOHANBHBIX MaTepPUasnoB U TEPMOMHTEPENCOB Ha OCHOBE
ME30CKOMMYECKNX KOMMO3UTOB Ha 6a3e NonmMmepoB 1 MUKpocdep METATIOB U CMNI1aBOB;

- TECTUPOBaHWE NepeHoca Tensa B ME30CKONMNYECKNX HAHOKOMMO3UTax;

- ByayT npoBefeHbl NCCreaoBaHUs NOMyYEHHbIX MaTepuanoB ¢ NPUMMEHEHWEM ONTUYECKON U
3MIEKTPOHHON MUKPOCKOMNWK,

- MOy4eHNE SKCNepUMeEHTarbHbIX AaHHbIX MO TEMMONPOBOLHOCTN ME3OCKONNYECKMX HAHOKOMMO3UTOB,
- N3ydeHne MexaHU4eCcKnx u TepMOMEXHNYECKME CBONCTBA Takux MaTtepnanoB Npu Harpy3kax cxatus u
pacTsKeHNs;

- BriepBble 6yayT pa3paboTaHbl U CO34aHbl ME3OCTPYKTYPHbIE MOBEPXHOCTU, MEIOLLIME OPUTMHarbHbIE
KOMMOHEHTLI B BUAE MOHOAMCNEPCHBLIX MUKPOCHep pasnuyHoro gMamMeTpa, NOMELLEHHbIE B NOMUMEpPHbIE
N gpyrve matpuvubl; 6yayT nccrnegoBaHbl TENMOBLIE U TMAPOANHAMMUYECKME 3GeKTbl HA MOBEPXHOCTH
nogobHbIX MaTepuaros;

- AN ME30CKOMUYECKNX CTPYKTYp OyayT UccrneaoBaHbl peXvMbl CMadYnBaHNA U pacTekaHus Kanesnb
paboumx XnaKocTern no NogobHbBIM NOBEPXHOCTSAM, HanAEeHbl TEMMNEPATYPHbLIE 3aBUCUMOCTM KOHTAKTHbIX
YITIOB 1 rMCTEpesunca, a Takxke BInstHUE no nocrnegHne Mopdororm NnoBEPXHOCTH.

OcHoHon ncnonnutens C.A.PomalueBckuii

- U3roToBMeHNe 06pa3y 0B GyHKLMOHANBbHBIX MaTEPUanoB U TEPMOMHTEP(ENCOB C MOMOLLBIO
heMTOCEeKYHOHbIX Na3epHbIX UMMYMbCOB Ha Pas3fMYHbIX NOAMOXKAX;

- TECTMPOBaHME NOSTy4YEeHHbIX 06pa3L,0B, NPOBEAEHME ONTUHECKOW M 351IEKTPOHHOM MUKPOCKOMUK C
Lenbio YyCTaHoBEHUsT MOPAhOrorum U OCOBEHHOCTEN NOBEPXHOCTY;

- N3ydeHne MexaHU4eCcKnx u TepMOMEXHNYECKME CBONCTBA Takux MaTtepnarnoB Npu Harpy3kax cxatus u
pacTseHus:;

- UCCNEeAoBaHME PEXMOB CMaYnBaHNA N pacTekaHus Kanesb pabo4mx KMoKkocTen no nogobHbIM
NMOBEPXHOCTSAM, HaAeHbl TeMNnepaTypHble 3aBUCUMOCTU KOHTAKTHBIX YITIOB U TMCTepe3nca, a Takxke
BNMSIHWE MO NocrieaHne MopdosiorMm NOBEPXHOCTU.
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4.12. OxmpaemMblie B KOHLE NEepPBOro roga KOHKpeTHbIe HaydHble pe3ynbTaTbl (¢hopmMa u3oXxeHus
do/mkHa amb 803MOXXHOCMb MPOBECMU IKCIepmMu3y pe3y/ibmamoe U OUeHUMb CMerneHb
8bIINMOJIHEeHUs] 3as18/IeHHO20 8 NPoeKme nsiaHa pabomasi).

Ha pyCCKOM $i3blKe

- CPaBHUTENbHbIN aHann3 COBPEMEHHOIO COCTOAHUSA (PyHOaMEHTarbHbIX U NPUKNaaHbIX UCCrieaoBaHni
B 0BrnacTun co3gaHuns 1 nsydeHus qyHKLMOHamNbHbIX MaTepranoB U TEPMUYECKUX UHTEP(ENCOB C HU3KUM
rpaHU4HBIM TEPMOCONPOTUBIIEHNEM; NPEeACTaBeHNe pe3ynbTaToB B hopme rpadmkos, Tabnmu,
CpPaBHUTEMbHbIX Avarpamm, PUCYHKOB 1 MOPEONorMyYecKkux n3obpakeHui;

- CpaBHeHMEe 6a30BbIX XapakTEPUCTUK OCHOBHLIX MaTepMaroB 1 BbIGOp METOAMK N3rOTOBMEHUS] HOBbIX
nepcnekTUBHbLIX MaTepuarios; onucaHne MeETOOMK U3rOTOBIIEHNE MaTepuaros, TEXHOMNorM4yeckas Kkaprta
NMpoLEeCCOB N3rOTOBIIEHME U PErNaMeHT PEXUMOB MOSTyYEHUS pasiuyHbIX MaTepuaros;

- NOAroTOBKa W HanNncaHne YepHoBMKa 0630pa Mo pesynbTaTtaMm UCCNEA0BaHUN;

- MpoBedeH aHanM3 MeTo4oB MoandmKaL M MaTepraros; NOAroTOBIEHbI TEXHOMOMMYECKNEe perfaMmeHThbl
AONs ONbITHOMO Npou3BoAcTBa 06pasLoB NOAOGHBIX MaTepPUaroB; CpaBHUTENMbHbIE XapaKTEPUCTUKK
pa3nn4yHbLIX METOAOB MoaAUGMKaL MM MaTepuanoB Ans 3agay NpoekTa, kapTa U CXeMbl TEXHONOMMYEeCKNX
perrnaMeHToB M3roTOBMEHNS OMNbITHLIX 06Pa3LIoB;

- MpoBeAeHbl aHaMUTUYECKMEe pacyeThbl M MaTeMaTUYeckoe ModenMpoBaHme NpoLLeccoB
TepmocTabunmsauum n oteoga Tenna Ha 6ase yHKLMOHarbHbLIX MaTeprarnos; pe3ynbTaThbl
MaTeMaTM4eCcKoro MoaenMpoBaHuns, rpadmk OCHOBHbIX 3aBUCMMOCTEN TEMONPOBOAHOCTHM OT
Temnepartypbl 1 06 EMHOM JOMNM BKIMHOYEHWA B KOMMNO3UTLI, POSib MPaHUYHOIro COMPOTUBIIEHUE Ha
TENSoBbIE XapaKkTepUCTUKW;

- 00pasubl yHKLMOHAIBHBIX MaTeEPUarnoB 1 TEPMOMHTEPENCOB HA OCHOBE MOMyYEeHNs]
ME30CKOMNMYECKMX KOMMO3MTOB Ha 6ase nonmmmepoB 1 MUKpocdep MeTarnmnoB 1 CNnaBoB; dhoTorpadmu,
N306paxkeHNs: CKaHWPYIOLLEN 1 OMTUYECKON MUKPOCKOMNNK;

- N3yMeHre MexaHN4YeCKnx 1 TEpMOMEXHMYECKMX CBOMNCTBA TakMxX MaTepuanos Npu Harpy3kax cxatus u
PacTHKEHUS; METOANKU U rpadmKn pesyrbTaToB TECTUPOBAHUS MaTepuaros;

- Bnepeble 6yayT paspaboTaHbl U co3aaHbl ME30CTPYKTYPHbIE MOBEPXHOCTU, UMEIOLLME OPUTMHATIbHBIE
KOMMOHEHTLI B BUAE MOHOAMCNEPCHBLIX MUKPOCHep pasnuyHoro AMamMeTpa, MOMELLEHHbIE B NMOMUMEpPHbIE
N gpyrve maTtpuubl; 6yayT nccrnegoBaHbl TENMOBLIE U TMAPOANHAMUYECKNE 3deKTbl Ha MOBEPXHOCTH
nogobHbIX MaTepuanos; METOAMKU U rpadmKn pesyrbTaToB TECTUPOBAHUS MaTepuaros;

- O4Nst ME3OCKOMNMYECKNX CTPYKTYP OYAYT uccnenoBaHbl PEXMMbI CMavvMBaHNA 1 pacTeEKaHWs Kanerb
paboymx xnaKocTern no NogobHbBIM NOBEPXHOCTSM; ByayT NpeacTaBneHbl TeMnepaTypHble 3aBUCUMOCTH
KOHTaKTHbIX YITIOB U rMCTepesnca, a Takxe BrMsHue no nocriegHue Mopdonorum NoBeEpXHOCTY;

- U3roToBneHne o6pa3yoB yHKLMOHANbHBIX MaTeEpPUanoB U TEPMOUHTEP(ENCOB C MOMOLLBIO
heMTOCEKYHOHBIX NTa3epHbIX UMMYIbCOB Ha pas3nMyHbIX nogsioxkax; doTorpadmm o6pasLoB, MeToamnka
N3roTOBIMEHUS, OCHOBHbIE MapamMeTpbl eMTOCEKYHOHbBIX UMMYINbCOB Y UX BIIUAHUSA HA MOPJIOSorio 1
CBOWNCTBA NOBEPXHOCTY;

- TECTMPOBAHUE NOMy4YeHHbIX 06pa3sLIOB, NPOBEAEHNE ONTUYECKON U NIEKTPOHHON MUKPOCKOMNUN C
Lienbto yCTaHOBMNEHUs1 MOPdoriorMm 1 0COBEHHOCTEN NOBEPXHOCTH; N300 paXkeHNs CKaHPYHOLLEN 1
ONTUYECKON MUKPOCKOMUK.

Ha aHerutcKoOM 513bIKe

- Comparative analysis of the current status of basic and applied research in the field of creation and
study of functional materials and thermal interface boundary with a low thermal resistance; presentation
of the results in the form of charts, tables, comparative charts, drawings and morphological images;

- Comparison of the basic characteristics of the basic materials and the choice of manufacturing
techniques of advanced materials; description of the manufacturing techniques of materials,
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manufacturing process flow chart and regulation regimes produce different materials;

- Preparation and writing of a draft review of the results of research;

- Analysis of the modification methods of materials; trained technological regulations for the pilot
production of such materials samples; comparative characteristics of various methods of modification of
materials for the project objectives, the card schemes and technological regulations prototyping;

- Held analytical calculations and mathematical modeling of the thermal stabilization process and heat
removal on the basis of functional materials; the results of mathematical modeling, graphics core
temperature dependences of thermal conductivity and the volume fraction of inclusions in the composite,
the role of the thermal boundary resistance characteristics;

- Samples of functional materials, and thermal interfaces based on the receipt of mesoscopic
composites based on polymers and microspheres of metals and alloys; photos, image scanning and
optical microscopy;

- The study of the mechanical and termomehnicheskih properties of such materials under loads of
compression and tension; Testing methods and results graphs materials;

- The first to be developed and created mesostructural surfaces having the original components in the
form of monodisperse microspheres of different diameters, placed in the other polymer matrix; They will
be investigated thermal and hydrodynamic effects on the surface of such materials; Testing methods and
results graphs materials;

- For mesoscopic structures will be investigated regimes of wetting and spreading of droplets on
surfaces like working fluids; It will be presented to the temperature dependence of the contact angle and
hysteresis, and the impact on the surface morphology of the past;

- Production of functional samples of materials and thermal interfaces using femtosecond laser pulses
on different substrates; pictures, manufacturing method, the basic parameters of femtosecond pulses
and their effects on the morphology and surface properties;

- Testing of the samples obtained, holding the optical and electron microscopy to determine the
morphology and surface features; image scanning and optical microscopy.

4.13. MNepeyeHb NNaHUpyeMbIX K NPUOBPETEHMIO 3a CHET rpaHTa 06opyaAoBaHWs, MaTtepuanos,
MH(OPMaLIMOHHbLIX U APYTMX PeCYPCOB SIS BLINOSIHEHUS MPOEKTa (6 mom yucrne —
onucbieaemcsi He06xo0UMOCMb UX UCMOJIb308aHUs1 O71s1 peanu3ayuu rnpoekma)

MnaHypyeTca npruobpeTeHune creytoLlero obopyaoBaHusa U MaTepuanos:

1. Harpesatenu tuna HBT - 60 — 2 wr.; 4ng npoBeAeHNs peCypCHbIX U APYIUX UCMbITaHUA
TepMounHTEphecos.

2. Harpeatenm TuHa MTHBT-11 — 2 wr.; A4ns npoBegeHns pecypCHbIX U APYrMX UCMbITaHUN
TEPMOUHTEPGENCOB.

3. Auyenka nsmepuTenbHasa Ang NpoBedeHUs: TECTOB NPU PasnMyYHbIX TemnepaTypax 1 4aBneHusax
OKpY>KaloLLIeN Cpefbl; UMEET HU3KOTEMMNEPATYPHBIA N BbICOKOTEMMEPATYPHbIA B6I10KN.

4. MaTepuarbl 1 KOMNOHEHTbI — UCXOAHBIN rPadmT U CTPYKTYPUPOBaHHbLIN rpadpeH, HaHoYacTULLbl,
HaHOMNPOBOIIOKM 1 HAHOTPYOKW.

4. Paboune »xnaKoCcTU-TEMNOHOCUTENM AN NPOBEAEHNS NCCMEAO0BaHUIA TEMNOMacconepeHoca B
TENMoHOCUTENSAX C UCMNOMNb30BaHMEM TENNooBMEHHON NOBEPXHOCTN OyHKLIMOHAMNbHBIX MaTeprarios 1
NHTEepderncos.

5. Tepmonapbl (pa3nuyHbie) A9 NPOBEAEHNS UBMEPEHMI NOSEN TeMnepaTyp B HAHOKOMMO3MTaXxX U UX
cbopkax.

6. [a3bl YCTbIE AN BO3MOXHOCTM OYUCTKU CUCTEMbI, MPOBEAEHUS UCCIeAOBaHNA B Pa3nnyHbIX
rasoBbIX cpeaax.

7. TpyGkun megHble (3 oMamMeTpoB); A1 U3TOTOBIEHMS KaHAIOB NMOABOAA ra30B U XUOKOCTEN.

8. TpybkuM cTanbHble (HepxaBetoLLaa cTanb, 3 AMamMeTPOB); AN U3rOTOBIIEHUS KaHaroB Nogsoaa ra3oB

N XXNOKOCTEN.
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9. Kpenex; onsi kpenneHusi o06pasLioB K MOBEPXHOCTSIM HarpeBa, KpenneHnst kaHanos nogsoaa paboumx
XMOKOCTEN M ra3oB, KPemnseHust AMarHoCTM4eCcKoro 06opyaoBaHus.

4.14. ®ann c gononHutenbHou nHdopmaumen 1

C rpadwikamn, roTorpadmsaimm, pucyHkam u uHom uHcopmaumein o conepraHum npoekta. B dopmvate pdf, no 3 M6. TekcT B channax ¢
[ONONHUTENLHOM MHhopMaLIe AOMKEH NPMBOAUTLCS Ha PycCKoM sidblke. MNepeBoa Ha aHIMUACKMIA A3bIK TpebyeTcsi B TOM cryyae, ecrnv
3aABUTENb OLIEHMBaeT AaHHYI0 UHcopMaLMIO CYLLIeCTBEHHOM Ans 3KCnepTa.

cKa4aTtb...

4.15. dann c pononHutenbHOM nHopmauuen 2 (eciu uHghopmayuu, npueedeHHol e ¢hatine 1
OKa)xemcs Hedocmamquo)

C rpadwmikamm, dooTorpadmsivm, pucyHkami u MHou uHdopmaumen o cogepraHum npoekta. B dopmvate pdf, oo 3 M6.

Mognuck pykoBoanTens NpoekTa /A.C. Omutpues/
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dopma 5. 3anpawmBaemoe puHaHcmpoBaHmne Ha 2017 rog,

5.1. NMnaHnpyemble pacxofbl MO NPOEKTY

Ne Cymma pacxofnoB
HanpaBneHus pacxoaoBaHUs rpaHTa

n.n. (TbiC.pyo.)
BCEIo 4200
BosHarpaxaeHue 4neHoB Hay4YHOro KOMMeKTuBa (C yHeTOM CTPaxoBbiX 2500.0
B3HOCOB BO BHeG g KeTHbIe (POHAbI, 6€3 nuL, KaTeropmm «BCnoMoraTernbHbIN
nepcoHarn»)
BosHarpaxkaeHue nuu, Kateropmm «BCroMoraTenbHbIn nepcoHany (C y4eTom 600.0
CTpaxoBbIX B3HOCOB BO BHEOKOAKETHbIE GOHAbI)

1 MToro Bo3HarpaxaeHue (C y4eTOM CTPaxoBbiX B3HOCOB BO BHEOHOOKETHbIE 3100.0
dhoHabI)

2 |Onnata ycnyr CTOPOHHUX OpraHM3aLuii Ha BbINOSTHEHME Hay4YHOrO NPoeKTa 0
(He Gonee 15 NPOLEHTOB OT CYyMMbI rpaHTa)

3 Pacxoabl Ha npMobpeTeHne obopynoBaHNs 1 UHOTO UMYLLIECTBA, 0
HeobxoauMbIX AN NPOBEAEHNS HAy4YHOro UCCIe4oBaHNs (BKMOYAs MOHTaX,
nycKko-Hanaaky, obyvyeHne COTpyaHUKOB Y PEMOHT)

4 Pacxoabl Ha npMobpeTeHne MaTeprasnoB M KOMNEKTYIOLWMX A58 MPOBEAEHNS 680.0
Hay4YHOro nccnegoBaHus

5 MHble pacxogbl ANs Lenen BbINonHeHNs NpoeKTa 0

6 HaknagHble pacxoabl opraHM3auum 420.0
(He 6onee 10 NPOLEHTOB OT CYyMMbI rpaHTa)

5.2. PacuumcppoBka nnaHupyeMbIX pacxonoB

Ne
n.n.

1

HanpaBneHus pacxogoBaHusi cpeACTB rpaHTa, paclumdpoBKa

WToro Bo3HarpaxaeHue (C y4eTOM CTPaxoBblX B3HOCOB BO BHEGIOAKETHbIE IOHAbI)

(yKaSbIBaeTCﬂ CyMmMa BO3HarpaxaeHua (BKJ'IPO‘-Iaﬂ pykoBoauTens, OCHOBHBLIX VCNOMHUTESNEN N MHBbIX UCTIOSNHUTENEN, npuenekaemMbx K
BbINMONTHEHUIO pa60T no npoeKTy), BKINKO4aA yCTaHOBINEHHbIE 3aKOHOOATETbCTBOM Poccwuiickon ¢e,qepau|/||/| rapaHTum, OTYACIIEHUA NO
CTpaxoBbiM B3HOCaM Ha obsiEaTenbHOe NeHCMOHHOe CTpaxosaHue, Ha obsEaTenbHoe MeanLIMHCKoe CTpaxoeaHue, Ha obseaTensHoe
coumansHoe CTpaxoBaHWe Ha Criydaii BoEMEHHON HETPYLAOCNOCOBHOCTU U B CBA3N C MAaTEPUHCTBOM, Ha 0bsizaTenbHoe coumansHoe
CTpaxoBaHve OT HECHACTHbBIX CIy4aeB Ha NPOU3BOACTBE U NPOECCUOHATTBbHBLIX 3a00NEBaHNI)

. PykoBogutens npoekta A.C. Omutpues - 500.0
. OcHoBHom ncnonHutens Omutpuers AA. - 450.0
. OcHoBHom ncnonHutenb Makapos I1.I". - 450.0

. OcHoBHowm ucnonHutens Ctpynesa E.B. - 450. 0
. Ucnonnutens - 350.0

. Mcnonnutens - 300.0

. BcnomoraTtenbHbii nepcoHan - 300.0

. BcnomoraTtenbHbii nepconan - 300.0

0 NO O~ WODN -~

Onnarta ycnyr CTOPOHHUX OpFaHVI3aL|,VIl7I Ha BbINOJIHEHME HAay4YHOro NpoeKkTa
(MpvBOAMTCS NEpeYeHb NnaHMpyeMbiX JOrOBOPOB (CHETOB) CO CTOPOHHVMM OpPraHU3aLMsiMM C YKasaHWeM NpeaMeTa N CyMMbI Kaxdoro
[Joroeopa)

Pacxogbl Ha nprobpeTeHne 060pyaoBaHMs 1 MHOMO MMYLLECTBA, HEOOXOOUMbIX A4S NPoBeaeHNS
Hay4HOro MccrefoBaHns (BKIKOYas MOHTaX, MyCKO-Hanagky, obyvyeHne CoOTpyaHVKOB Y PEMOHT)
(MpeacTaBnseTCA NepeyeHb NNaHNpyembiX K 3aKyrnke o6opyaoBaHUS 1 UHOTO MYLLECTBA, HEOBXOAVMbIX A MPOBEAESHUS Hay4HOro
1CcCriefoBaHus)

Pacxogbl Ha np|/|06peTeH|/|e MaTepuanoB 1 KOMNINEKTYOLMX ANnA npoBeaeHnA Hay4HOro
ncenegoBsaHnAa
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(NpeOcTarnseTca pacumMgpoBKa 3annaHNPOBaHHBLX MATEPUANIOB U KOMMIEKTYHOLLYX)

MnaHupyeTcs nprobpeTeHre creaytoLlero o60pyaoBaHNS U MaTepuarnos:

1. HarpeBaterm tuna HBT - 60 — 2 wr.; 4ng npoBegeHns pecypcHbIX 1 ApYrnx UCMbITaHWUA
TepMONHTEP(ENCOoB.

2. Harpesatenm tuHa THBT-11 — 1 wr.; Ans npoBeaeHns pecypCHbIX U APYrMX UCMbITaHWUI
TEpPMOUHTEPGENCOB.

3. Adeirika nsamepuTensHasa ans NpoBeaeHns TECTOB NPY pasnMYHbIX TeMnepaTypax v AaBneHnsx
OKpY>KaloLLIEN Cpefbl; UMEET HU3KOTEMMNEPATYPHBIN 1 BbICOKOTEMMNEPATYPHbINA 6110KW.

4. Matepuarnbl 1 KOMNOHEHTbI — UICXOOHbIV PadMmT 1 CTPYKTYPUPOBaHHbIN rpadeH, HaHoYacTUL b,
HaHOMPOBOMOKM N HAHOTPYBKM.

4. Pabouve »mnaKocTu-TENNOHOCUTENM A9 NPOBEAEHNS NCCMEeA0BaHUIA TEMoOMacconepeHoca B
TENMOHOCUTENSAX C UCMONb30BaHNEM TEMO0OMEHHOM NOBEPXHOCTU GOyHKLIMOHANbHBLIX
mMaTepuanos U UHTepdeNCcoB.

5. Tepmonapb! (pasnuyHbie) 49 NPOBEAEHNS N3MEPEHUI MONen TemnepaTyp B HAHOKOMMNO3MTax U
nx cbopkax.

6. [a3bl YCTbIe A9 BO3MOXHOCTM OYUCTKU CUCTEMbBI, NPOBEOEHUS UCCIIEA0BaHUA B PasiNYHbIX
ras3oBbIX cpefax.

7. TpyOku meaHble (3 4MamMeTpOoB); 19 M3rOTOBMEHNS KaHANOB NOABOAA ra30B U XMOKOCTEN.

8. Tpybku cTanbHble (HepxaBetoLas cTasb, 3 AMaMeTpoB); OISt U3rOTOBIIEHUS] KaHANoB NoABOAA
rasoB U XUOKOCTEN.

9. Kpenex; ons kpensneHns o6pasLIoB K MOBEPXHOCTAM Harpesa, KpenneHus KaHanos nogsona
paboumnx >MOKOCTEN 1 ra3os, KpenseHust AnarHocTU4eckoro 0bopyaoBaHus.

5 WHble pacxogbl Ans Lenen BbIMOHEHNSI NPoeKTa
(NpVBOOSATCA MHbIE 3aTpaThl HA LN BoNMONHEHUS MPOEKTA, B TOM YCHe Ha KOMaHOVPOBKW, ONnaTy YCryr CBsiav, TPaHCMOPTHbIX YCIyT,
pacxofbl He pacLLPOBLIBAIOTCS)

Mognuck pykoBoaMTENS NpoeKTa /A.C.Omutpunes/

Moanuckb pykoBoauTeNns opraHU3aumm (YrnorHOMOYEHHOrO NPeaCcTaBUTeNs, AeNCTBYOLLEro Ha
OCHOBaHWUM [OBEPEHHOCTM), NeYaTb OPraHU3aLuMn.

B cnyyae noannucaHnA (bOpM 3adABKU YNOJTHOMO4YEHHbIM NpeacTaBATeNeM OpraH13auUnmn K ne4aTHOMY 3K3eMNIApY 3adBKW npunaraeTca
[IOBEPEHHOCTb (KONWsi JOBEPEHHOCTY, 3aBEPEHHAs NEYaThio opraHusaLmn).

M.I.
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