collectors, low transformation coefficient and icing of heat pumps at low temperatures, low
temperature potential of the generated heat energy, etc.

In 2020, MPEI established a complex to study the efficiency of alternative energy sources
for heat supply needs. The complex is located in one of the buildings of the Institute and
includes a number of renewable heat sources that can operate independently, providing the
building with autonomy from the centralized heating network, and in combination with
traditional heat sources. The complex is equipped with a heat pump with a geothermal circuit
including four wells, solar collectors, a heat pump using atmospheric air as a source of low-
potential heat, a system of heat energy storage, a system of regeneration of the thermal
potential of wells, an integrated automated control system, as well as a thermal-hydraulic unit
for coordination and regulation of thermal fluid flows.

It is planned to use the complex for training students as well as post-graduates in the
specialty "Heat Power Engineering".

1. European Parliament, Energy efficiency directive 2018/844/eu, 2018, Off. J. Eur. Union.

2. IEA, Renewable Energy Market Update Outlook for 2020 and 2021, 2020, Paris

3. TporHo3 pa3suTus 3HepreTukn mmnpa n Poccun go 2040 roaga, MHOW PAH, Mockea, 2013

4. "MpOrHo3 Hay4yHO-TEXHOMOrMYECKOro pasBUTUS OTpacnieil TOMIMBHO-3HEPreTUYECcKoro

komnnekca Poccumn Ha nepuog fo 2035 roaa"/ M: MunaHepro Poccun, 2016. — 106 c.

5. Trotta, G., Spangenberg, J., & Lorek, S. (2018). Energy efficiency in the residential sector:
identification of promising policy instruments and private initiatives among selected

European countries. Energy Efficiency.

XAPBECTUHI 3JIEKTPOMATHUTHOW 3HEPTMWN B MATHUTHBIX TYHHE/TIbHbIX
FETEPOCTPYKTYPAX C NMOrJIOLAHOLLUM NMOKPbITUEM HA BA3E
METAMATEPUAJIA

AemuH I'.A4., AuaprowmH P.H.
HWUY «MU3T>», r. MockBa, Poccusi
E-mail: gddemin@gmail.com

BecnpoBoAHOe NUTaHWe CEHCOPHbIX ceTeit Ans VHTepHeTa Bellel M3 BO30GHOBNSIEMbIX
WCTOYHMKOB OKpYXXalollen cpefbl SIBASIETCS NEPCMNEKTVBHBIM - HaMpaB/iEHWEM  Pa3BUTUS
pecypcocbeperatolmx  LUUdpoBbIX TexHonoruih. B paboTte paccMoTpeHa  KOHUenuusi
KOMGVHMPOBaHHOIO TEPMO3JIEKTPUYECKOrO YCTPOMCTBA NpeobpasoBaHUs 31EKTPOMarHUTHOM
3HEprun Ha OCHOBE MAarHWTHOrO TYHHESbHOro nepexofa C MOrOWAWMM TOHKOMNIEHOYHbIM
MoKpbITUEM Ha 6ase MeTamaTepuana Tunma <«MeTann-auaneKkTpuk-metann». [poBegeHHoe
MOAENNPOBaHUe  afACOPOLMOHHBIX CBOWCTB  KOHCTPYKUMM  AEMOHCTPUPYET  MpaKTUYecKu
€AMHWUYHYI0 aacopbuMIo 3MEKTPOMAarHUTHOM SHEPrMM B LUMPOKOM YacTOTHOM AuanasoHe (OT
COTHM MI'u Ao Heckonbkux ITL), 4TO MPUBOAWUT K BLICOKOMY rpagueHTy Temnepatypbl (40
Heckonbkmx MK) uyepe3 TyHHeNbHYyl0 CTPYKTYpy MpW €e 31eKTPOMarHWTHOM pasorpese
[Demin2019]. C y4eTOM 4yBCTBMTENBHOCTM CMWHOBOIO AMOAQ, AOCTUraKOLLEeh 3HAYeHWn Ao
2.1-105 MB/MBT, 3TO no3sonsieT nony4yaTb BbIXOAHOE HanpshkeHne Ha yposHe 100-150 MkB,
[OCTaTO4HOE AN NMUTaHUsl Takux nNpubopos, kak paums (6.3 MKBT) n paavotenedoH (4
MKBT). PaboTa BbinonHeHa npu duHaHcoBoW noaaepxkke paHTa MpesvpgeHta PO N2 075-
2019-1139 c ncnonb3oBaHneM obopyaoBaHus LIKIM "MukpocucteMHas TEXHMKA U 3NEKTPOHHas
KOMMOHeHTHas 6a3a", noaaepxaHHoro MuHobpHayku Poccuu.

[Demin2019] G.D. Demin et al., Adv. Cond. Matter Phys., article ID 5109765 (2019).

82


mailto:gddemin@gmail.com

HARVESTING OF ELECTROMAGNETIC ENERGY IN MAGNETIC TUNNEL
HETEROSTRUCTURES WITH ABSORBING METAMATERIAL-BASED COATING

Demin G., Andrushin R.
National Research University of Electronic Technology (MIET), Moscow, Russia
E-mail: gddemin@gmail.com

Wireless powering of sensor networks for the Internet of Things from renewable sources
of the environment is a promising direction for the development of resource-saving digital
technologies. In this work we propose the concept of a combined thermoelectric device for
converting electromagnetic energy in a magnetic tunnel junction with an absorbing thin-film
coating based on a metal-dielectric-metal metamaterial. As it follows from the simulation, a
such structure demonstrates practically single absorption of electromagnetic energy in a wide
frequency range (from hundreds of MHz to several GHz), which leads to a high temperature
gradient (up to several mK) through the tunnel structure during its electromagnetic heating
[Demin2019]. Taking into account the sensitivity of the spin diode, reaching values up to
2.1-:105 mV / mW, this allows to obtain an output voltage of about 100-150 pV, sufficient to
power devices such as a walkie-talkie (6.3 pW) and radiotelephone (4 pW). The work is
supported by RF President Grant (#075-15-2019-1139).

[Demin2019] G.D. Demin et al., Adv. Cond. Matter Phys., article ID 5109765 (2019).

NEGATIVE ELEMENTS IN COMMUNICATION TECHNOLOGY (FER- LETI BILATERAL
COLLABORATION)

Silvio Hrabar!, Kholodnyak D.?
FER, Zagreb, Croatia
2LETI, Saint Petersburg, Russia
E-mail: Silvio.Hrabar@fer.hr , Dmitry.Kholodnyak@mwlab.spb.ru

Faculty of Electrical Engineering (FER) (Croatia) and Electro Technical University (LETI)
(Russia) have a long-standing and fruitful collaboration in the area of applied electromagnetics
and RF/microwave engineering. In the past, both parties published joined scientific papers,
organized special sections and workshops at international conferences, exchanged visiting
professors, and initiated FER-LETI students and professor exchange within Erasmus program.
Here, we report recent joint research efforts on applications of ‘negative elements’ in
communication technology.

Potential applications of negative capacitors and negative conductors (so-called negative
or non-Foster elements) have been investigated for many years [1]. Most of them are based
on a dispersion compensation of ordinary ‘positive’ elements, with an inverse dispersion
properties that ‘negative’ elements possess. It might yield extremely broadband operation of
metamaterials/metasurfaces, antennas, and various RF electronic devices. Unfortunately,
there is a serious drawback that still prevents a widespread use of negative elements - their
inherent proneness to instability [1]. Recently, a very interesting idea of turning the instability
of non-Foster network into a useful feature has been proposed [2]. It deals with a small self-
oscillating antenna with nearly perfect matching and (theoretically) infinite tuning range. As
shown in [2], this application needs optimization of the conversion properties of Negative
Impedance Converter.

As a first step, we developed a rigorous analytical approach that gives a clear physical
insight into influence of all design parameters into NIC characteristics, which allows successful
design of the negative capacitances in microwave regime [3]. We also developed a very
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