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MNpeactaBneH aHain3 COBPEMEHHOW 3HeprotexHocdepbl — OAHOIO W3 K/IKOYEBbIX HAyKOEMKUX
COLMANIbHO-OPMEHTUPOBAHHbIX HarnpaB/eHUN CO34aHUS KOMGOPTHOM, 6€30MacHOM U 3KOHOMUYECKU
3¢ peKkTMBHOM cpepbl 06UTaHUSA. PAacCMOTpeHbI TEHAEHLUU U NePCNeKTUBbI pa3BUTUS TM6KOW rm6puaHomn
HaHO3HepreTMKU, OCHOBaHHOW Ha peKynepaLMy SHeprumn U3 oKpyXxatroLlein cpefibl U Tesa YesioBeka.

The article analyzes the modern energy technosphere that is one of the key high-tech social-
oriented area of creation a comfortable, safe and cost effective environment. The tendencies
and prospects of development of flexible hybrid nano-energetics based on energy recovery
from the environment and the human body are considered.

TpeMUTeNbHASI HHTe/JIeKTyalu3alus Tex-

HHUYeCKHUX CUCTeM, obecredHBaOLUUX COBpe-

MeHHYIO cpefly 06MTaHHUS YenoBeKa [1], HeBo3-
MoOXHa 6e3 aZeKBAaTHBIX FaPMOHHU3HPOBAHHBIX
JHepPreTUYeCcKUX pelleHUN [2]. [7106anbHBIN 3HEpre-
THUYeCKHUU ITOTeHLIMAJ CerOAHS IPeCTaBIIsieT CO60M
COBOKYITHOCTb IPUPOAHBIX UCKOIIA€MBIX U AaKTHBHO
Pa3BUBAMONMXCS aTbTePHATUBHBIX BO30OHOBIS-
eMbIx pecypcoB (puc.l) [3]. B oeHKax AHHAMHUKHU
CTPYKTYPHI 3HepronoTpebiaeHus no 2040 roga, cae-
JTaHHBIX BCeMHUPHBIM 3HepreTH4YeCKUM areHT-
CTBOM U MHCTUTYTOM SHepreTH4ecKHUX HCCJIe0Ba-
HUH PAH, nporHosupyercs ycTOM4YUBBIK pocT (Ho
15%) anpTepHATHBHOM HEePreTUKHU IIPU COXPaHe-
HUU JOMHUHUPYIOLUEH POIU NPUPOAHBIX HCKOIIae-
MBIX [4].

Pa3BUTHe aJbTePHATUBHOMN 3HePreTHUKHU I/
HHTe/NJeKTyalbHOHU OuoTexHOoCcPeprl [5] yxke
CerofHs BK/IIO4YaeT B cebst (Hapsiny ¢ r/1o6aabHBIMU
CHUCTeMaMHU BO30OHOBIIsIe MOk SHePTUH) YCTPOMCTBA,
peKkyIepHUpyoOLUHe SHePruio NPHUPOAHBIX U TEXHO-
TeHHBIX UCTOYHHKOB OKPY>Kalollek cpeasl (puc.2).
Ilenbio HAHHOM CTaThH SIB/ISIeTCS aHAIN3 COBPeMeH-
HOT'O COCTOSIHHU S THOKOM THOpUAHON HAaHOYHepre-
THUKH KaK OJJHOTO K3 KJII0UeBbIX HAYyKOEMKHUX COLIH-
aJIbHO OPUEHTHPOBAHHBIX HallPaBJIeHUM CO3MaHUS

KOMQOPTHOM, 6e30I1acHOM U IKOHOMUYECKHU 3bdek-
THUBHOM cpexbl obuTanus [6].

FBKASA rTMBPUAHASI HAHOOHEPTETUKA
Hcronp30BaHUe B KaUueCTBE UCTOYHHUKOB SHEPIUHU
KaK BHEIIHUX IIPUPOAHBIX U TeXHOTeHHBIX BO3MeH-
CTBUH, TaK U BO3JEHCTBUH YeI0Be4eCKOTro Opra-
HH3Ma aKTyaJIbHO U BOCTpPebOBaHO B IIMPOKOM
CIIeKTPe YCTPOMCTB, B TOM YHC/Ie B aBTOHOMHOM
HOCHMOM U GMOMMIIIAHTHPYyeMOM 3/leKTPOHUKe.
Pa3BuTHe MOAOGHBIX HHTENIEKTYaNbHBIX CHCTEM
HMH/JMBHUYaIBHOIO SKH3HeobecIiedeHU s U KOMPopTa
ompezensieT IOTPe6HOCTh B MUHHATIOPHBIX THOKHX
(2 BO MHOTHIX CTy4asiX — U 9IaCTUYHBIX) YCTPOMCTBAX
rUOPHUIHON HAaHOSHEPreTHKH.

TepMHUH "HaHOYHepreTHKa' NHPOYHO BOIIEN
B COBPEMEHHBIN HAyYHBIH JIEKCUKOH WU MOAgUYep-
KHBaeT TOT GaKT, UTO peub UJeT 06 yCTPOHCTBAX,
B OCHOBY paboThl KOTOPBIX I10JIOKEHBI HAaHOpa3Mep-
Hble 5QdeKTH U IPU CO3JAHUHU KOTOPHIX IIHPOKO
HCIIONIB3YIOTCSI HAHOMAaTePHaJbl U HAHOTeXHOJIOTHH.
B To0 >ke BpeMst 0c06eHHOCTH PaboTsl, OOLIHOCTD TeX-
HOJIOTHYeCKOH U MaTepHaIoBeJYeCcKoM 6a3, a Takke
COIIOCTABHMOCTH IOCTUTHYTHIX [TapaMeTPOB HAaHOTe-
HepaTopoB obecIieuNBaIOT CHHEPreTU4ecKUH 3G deKT
TUOPUHBIM YCTPOMCTBAM Ha X OCHOBE.

CaHKT-MeTepbyprckmii rocyapCTBEHHbIN 3NeKTPOTEXHNYeCKU yHmBepcuTeT "1ISTU" / Saint-Petersburg Electrotechnical University "LETI".
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Bo306HOBNSeMble pecypCbl
Renewable resources
A

MpupoaHble nckonaemble
Natural resources
A

SHeprus BeTpa 25-70 TBT/roa
Wind 25-70 TW/year

ConiHeYHas 3Heprums
23000 TBT/rog
Solar 23 000 TW/year

Tepmuyeckas 3Heprus okeaHa 3—11 TBT/roa
Thermal ocean energy 3—-11 TW/year

DHeprus buotonauea 2—6 TBT/roa
Biomass 2—6 TW/year

MwupoBoe 3Hepro- 'maposHeprusa

notpebnexue, 16 TBT/rog 3-4TBT/rop

World consumption 16 TW/year Hydro
3-4TW/year

e ®  [eoTepmasbHas

2050 28 TBT/rog 3Heprus 0,3-3 TBT/rog,

2050-28TWiyear | o8 Sivear

SHeprusa npuaveos 0,3 TBT/rog
Tidal 0.3 TW/year

Puc.1. TobanbHbll 3Hepzemuyeckuli nomenyuan
Fig.1. Global energy potential

JlaHHOe BocTpe6OBaHHOe HaIlpaBJieHHe OTBeYaeT
COIIMAIPHO-TeXHUYEeCKUM TpeboBaHUSIM braromaps
OpHeHTAIlMU Ha "3eeHble’ TeXHOJOTHH Ha OCHOBe
MHHOBAI[MOHHBIX HAHOCTPYKTYPHPOBAHHBIX SKOJIOTH-
YeCKH I PYy’KeCTBEeHHBIX MaTepHasIoB, KOTOpble MUHH-
MU3HUPYIOT BpefHble OTXOABI IPOU3BOACTBA U be3-
OIIACHBI TI0C/Ie OKOHYAHU S SKU3HEeHHOT0 IIUK/IA H3/le-
.

N\ / N

rasz215TBT
Gas 215TW

B03MOKHOCTB ITpeobpa3oBaHUS B 3JIeKTPUYECTBO
SHEPrUH COTHEUHOI0 U3/Iy4eHHMs, a TAK)Ke MexXxaHHU4e-
CKHUX, aKYCTHYeCKHUX U 3/IeKTPOMaTrHUTHBIX BO3/eH-
CTBUH, HAa OCHOBE MHHOBAI[HOHHBIX HAHOCTPYKTYPHBIX
pellleHHi MHOTOQYHKIIMOHAIBHBIX YCTPOMCTB CTala
JelCTBeHHBIM CTMYJIOM Pa3BUTHSI HAHOIHEPreTHUKH.

XoTs BesyIasi posib B Pa3BUTHUHU TubKoM rubpus-
HOM HAaHOYHePreTHKH IIOKa MPHUHAJIEXUT GoTo-

SHeprus
OKEeaHCKNX BOSTH
0,2-2TBT/rog,
Ocean waves
0.2-2 TW/year

HedTb 240 TBT
Oil 240 TW

YpaH 90-300 TBT
Uranium 90-300 TW

Yronb 900 TBT
Coal 900 TW

apid intellectualization of

technical systems that pro-

vide the modern human
environment [1], is impossible
without adequate harmonized
energy solutions [2]. Today’s global
energy potential is a set of natural
resources and actively developing
alternative renewable resources
(Fig.1) [3]. Studies of the dynam-
ics of the structure of energy con-
sumption until 2040, made by the
International Energy Agency and
the Energy Research Institute of
Russian Academy of Sciences, pre-
dict a steady growth (up to 15%) of

alternative energetics while main-
taining the dominant role of nat-
ural resources [4].

The development of alterna-
tive energetics for intelligent bio-
technosphere [5] includes already
today (along with global renew-
able energy systems) devices that
recovery energy of natural and
anthropogenic sources of the envi-
ronment (Fig.2). The purpose of
this article is the analysis of the
current state of flexible hybrid
nano-energetics as one of the
key socially oriented knowledge-
intensive areas for creation of a

comfortable, safe and cost effec-
tive environment [6].

FLEXIBLE HYBRID
NANO-ENERGETICS

The use of both external natu-
ral and anthropogenic impacts
and influences of human body
as sources of energy is impor-
tant and in demand in a wide
range of devices, including wear-
able and autonomous bioim-
plantable electronics. The devel-
opment of such intelligent sys-
tems of personal life sustenance
and comfort determines need in
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o CoslHeYHoe 1 raakTU4eckoe nsny4eHvie
Solar and galactic radiation

o VIK-m3nyyeHue 3emau
IR radiation from Earth

[paBUTaLMOHHO-MArHUTHbIE SBJIEHUS
(KonebaHms, NpUANBLI)
Gravity-magnetic phenomena
(oscillations, tidesg)

SNEeKTPOMArHUTHOE N3/yyeHne
(pagnoadup, NCTOYHUKM 31EKTPUYECTBA)
Electromagnetic radiation (airwaves,
electricity)

o BMBpaLys, akycTMyeckme WyMbl, TpeHue
Vibration, acoustic noise, friction

Mpouecckl TennoobmeHa
(yrneBopopoaHas sHepreTmka

® 11 6103HepreTnKka)
Heat transfer (hydrocarbon energy and
bioenergy)

Pekynepawus 3Heprum ns
OKpY>KaloLLien cpeapb!
Energy recovery from the

environment

[eoTepmMasibHble NPoLLeCcChl
Geothermal processes

° MorofHo-BeTPOBbIE NPOLIECChI
Weather-wind processes

o DVOXMMUYECKME MPUPOAHBIE MPOLIECChI
Natural biochemical processes

MCKYCCTBEHHbIE NCTOYHMKM CBETa
Artificial light sources

VICTOYHWKM SA@PHOTO M3/Ty4eHunA
Sources of nuclear radiation

BromexaHuyeckue, 6uoTepMmnyeckue,

o OVOXMMUYeckie npouecchl (4enosex)
Biomechanical, biothermal, biochemical
processes (people)

Puc.2. Pekynepauus 3Hepauu u3 okpyxatrouiell cpedbl
Fig.2. Energy recovery from the environment

BonbTauKe [7, 8], B 2006 romoy (381 HpencTaBJIeH IIep-
BBIU IIbe30HaHOTeHepaTop [9], a B 2012 roay - mepBBIK
TpuboHaHoreHeparop [10]. [Ipe303/1eKTpUYECKUI
U Tpubo31eKTpUUYECKUN 3OPeKTHl, JeXaliue
B OCHOBE COOTBETCTBYIOLIMX YCTPOMCTB, Ha HAHO-
CTPYKTYPHOM YPOBHeE I103BOJISIIOT IIPeobpa3oBbIBATH
MexaHH4YeCcKHe U aKyCTHYeCKHe BO3LeHCTBUS KaK

BHEIIHUX UCTOYHUKOB, TAK U YeJI0BEUYECKOr0 Opra-
HH3Ma.

B TepMmoreHepaTopax, HelloCcpeACTBEHHO ITpeobpa-
3YIOIIUX TEeIJIOBYIO SHEePTHUI0O B 3IeKTPUYECKYIO
Ha ocHoBe 3ddekTa 3eebeka [11], mepexon Ha HAHO-
CTPYKTYPHBIH YPOBeHb OTKPBIBAE€T BO3MOXKHOCTH
HCIIO/Ib30BAaTh TeIIOBOE HU3JIyueHHe He TOJIBKO

miniature flexible (and in many
cases elastic) devices of hybrid
nano-energetics.

The term "nanoenergetics” is
firmly entrenched in the mod-
ern scientific lexicon, and under-
lines the fact that we are talking
about devices, which are based
on nanoscale effects and at the
creation of which the nanoma-
terials and nanotechnologies are
widely used. At the same time,
a commonality of the technical
and material bases, as well as
the comparability of the achieved
parameters of the nanogenera-
tors provide a synergistic effect of
hybrid devices based on them.
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This demanded field meets
socio-technical requirements
because of its focus on "green"
technologies based on innova-
tive nanostructured environ-
mentally friendly materials that
minimize hazardous wastage
and are safe after end-of-life of
products.

The possibility of conversion
to electricity of solar radiation
energy as well as mechanical,
acoustic and electromagnetic
impacts, based on innovative
nanostructured solutions of mul-
tifunctional devices has become
an effective stimulus for the
development of nano-energetics.

Although photovoltaics is play-
ing a leading role in the develop-
ment of flexible hybrid nano-ener-
getics [7, 8], in 2006, the first piezo-
nanogenerator was presented [9],
and in 2012 - the first tribo-nano-
generator [10]. Piezoelectric and
triboelectric effects, which are the
base for the appropriate devices, on
the nano-structural level allows to
convert the mechanical and acous-
tic effects of both external sources
and the human body.

In a thermal generators, which
directly convert thermal energy
into electrical energy on the basis
of Seebeck effect [11], the transi-
tion to the nano-structural level
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CpasHeHue napamempos 2UbKUX UCKYyCCmaeeHHbIX MexHO2eHHbIX peKkynepamopos 3Hepzuu

Comparison of parameters of flexible artificial anthropogenic energy recuperators

Apogopasonamm  YASHbHAZ Mouy
PekynepaTtopbl 3Heprum P . e';ruu % HOCTb, MBT/cMm Oco6eHHOCTU
. =n
Energy recuperators Efficiency Qf energy Spercr:‘fxlc/g:‘\éver, Features
conversion, %
3aBMCMMOCTL OT BPEeMEeHU CyTOK
ggl‘;?ec‘;n's"e HNEMEHTE! 25-28 100,0 Y MECTOMOOXEH S
Dependence on time of day and location
Mbe30HaHOreHepaTopb JOMWHUPYIOT CBOMCTBA aKTMBHbIX
Piezo-nanogenerators 1520 200 Marepuanos - : ]
Properties of active materials dominate
[LOMVHUVPYIOT CBOMCTBA aKTUBHbIX
mgg?nHaanHoor:::rgig?sp } =0 S Marepnanos
9 Properties of active materials dominate
3aBMCMMOCTb OT AOCTUraeMOM pa3HOCTU
TepMOHaHOreHepaTopbl 510 45 TemnepaTyp
Thermo-nanogenerators ! Dependence on achieved temperature
difference
3aBMCMMOCTb OT MOLLHOCTHM U3/y4aTens
PeKkTeHHbI 40-70 05 1 paccTosaHmS
Rectenna ! Dependence on power of radiator and
distance

065eKTOB OKPY>KAIOIIEH Cpe/ibl, HO U YeJI0Be4YeCKOro
Tena [12].

CoBpeMeHHas cpefa o6HTaHUS YesloBeKa (B 0CO-
6eHHOCTH - Cpe/ia MeralloJMCOB) HAChIIeHa 3JeK-
TPOMarHUTHBIMH HU3/y4YeHHUSIMU [IPOMBIIIJIEHHOTO
U OBITOBOTO IIPOUCXOKAEHHUS. FIMEHHO II03TOMY
ONVMH M3 COBPEMEHHBIX JHepPreTU4YeCKHUX TpeH-
JOB - UX peKyIlepalys U Ipeobpa3oBaHue, KOTOpPbIe
npefcTaBAeHbl TAKUMU YCTPOMCTBAMHU KaK pek-
TeHHBEI [13].

Hcronp3oBaHHe THOKUX HAaHOTeHepaTopoB TpebyeT
afleKBaTHBIX YCTPOMCTB HAKOIIJIEHUS U XPaHeHUs
3apsfa, Cpefl KOTOPBIX CeroAHS TUAUPYIOT IUTUH-
HIOHHBIE aKKyMYJISTOPBI U CYIIePKOH/I€HCATOPEI [14].

JloCTaTOYHO BBICOKHE (HOCTUTHYThbIe B OTHOCHUTEILHO
KOPOTKHe CPOKH) 3HaueHH s [TapaMeTPoB PeKyIlepaTo-
POB 3Hepruu (CM. TabauIly) © KOHCTPYKTHBHO-TEXHO-
noruyeckas yHUPHUKAIKsI COBpeMeHHBIX Pa3paboTok
CII0COOCTBYIOT MHTETPALlMH YCTPOMCTB FMOKOM THOpHA-
HOM HaHO3HEPreTHUKHU B UHTe/JIEKTya/IbHbIe CHCTEMBI

environment. The commercial

unlocks the ability to use ther-
mal radiation of both objects of
the environment and human body
[12].

The modern human environ-
ment (especially the environment
of big cities) is saturated by elec-
tromagnetic radiation of indus-
trial and domestic origin. That
is why one of the modern trends
in energetics is its recovery and
transformation, which is repre-
sented by such devices as rectenna
(13].

The use of flexible nanogene-
rators requires adequate devices
for accumulation and storage
of charge, among which the

lithium-ion batteries and superca-
pacitors are the leaders [14].

Quite high (achieved in a rela-
tively short period of time) param-
eter values for each type of energy
recuperators (table) and techno-
logical unification of the mod-
ern developments contribute to
the integration of devices of flex-
ible hybrid nano-energetics into
intelligent systems at all levels,
from the individual to distributed
global objects.

Environmentally safe non-vol-
atile devices of flexible hybrid
nano-energetic are in demand
at all levels of the formation of
economically viable intellectual

attractiveness of such devices
increases due to high degree of
demand in specific areas. So, the
quality of life of people suffer-
ing from a number of diseases is
directly determined by the use of
wearable or implantable biomedi-
cal devices. It is obvious that not
only the degree of functional com-
fort, but in many cases the pos-
sibility of application of these
devices is determined by their
nonvolatility. Such area of devel-
opment of flexible hybrid nano-
energetic as efficient use of energy
processes occurring in the human
body is largely consistent with
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C. 10, Masun
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TUBPUAHAS
HAHOSHEPTETUKA
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Puc.3. M30aHuUe "Tubkas 2ubpudHas HAHO3IHepzemuKkd.
Pekynepauus 3Hepauu u3 okpyxatwouiel cpedbl” (aemopbi:
C.HO.MnbuH u B.B.Jly4UHUH)

Fig.3. Flexible hybrid nano-energetics. Energy recovery
from environment (authors: S.Yu.llyin and V.V.Luchinin)

Ha BCeX yPOBHSIX — OT UHAMBU/A [0 Paclpee/leHHbIX
rnobanbHEIX 06BEKTOB.

JKonoruyecky 6e3onacHele 3HeProHe3aBUCHUMBbIe
yCTPONCTBa rMOKOM THO6PUIHON HAHOIHEPreTUKHU
BoCTpe6OBaHBI Ha BCeX YPOBHAX GOPMHPOBAHUS
3KOHOMHUUYECKH Ieneco0bpa3HON HHTeNIeKTY-
albHOM cpeAbl. KoMMepuecKylo IPHUBJIeKaTelb"
HOCTb ITOA06HBIX YCTPOMCTB yBeJIUYKUBAEeT U BBICO-
Kasl CTelleHb UX BOCTPeOOBAHHOCTH B JOCTAaTOUHO
crnenuduyeckux obmactax. Tak, KauecTBO KU3HHU
TI0fled, CTPafAomUX PsiIoM 3a60/1eBaHUE, HAIIPS-
MYyIO oIlpejie/isieTCsl UCIIONb30BAHHEM HOCHMBIX
HJIH BXKHUBJISIEMBIX 6HOMEeIUIIMHCKUX YCTPOMCTB.
O4eBUAHO, UYTO He TOJIBKO CTeIeHb QYHKIIHO-
HaJbHOTO0 KOMJOpPTa, HO BO MHOTHX CIydasix
Y caMa BO3MOKHOCTb IIPHMeHeHHU s 3TUX YCTPOMCTB
oIpejlensieTCsl UX 9HeProHe3aBUCHUMOCTBIO. JlaHHOM
TeHJeHIL MU BO MHOTOM OTBeuYaeT U Takoe HalpaBs-
JeHHe Pa3BUTHUS THO6KOM rH6pUIHON HAHOIHepre-
THKH, Kak 39 PeKTUBHOEe UCIIONb30BaHHE 3Hepre-
THUYeCKHUX IIPOLeCCOB, MPOUCXOAAIINX B OPTaHHU3Me
yejloBeKa. DHEProHe3aBUCUMOCTb UHIUBHUAYYMa
B yC/I0BUSIX 6HOTeXHOCepHl He TOMbKO PacIIHpsieT
€ro BO3MOKXHOCTH, HO U obecrieyrBaeT 3GPeKTUB-
HYIO UHTeTPaliiIo B COBpeMeHHYI0 UHTe/lJIeKTYyalb-
HYI0 HHQOPMaLIHOHHYIO Cpeny.

B HacTosimee BpeMsl pa3paboTKU 1eJIoro psafa
YyCTPOMCTB TUOKOM rH6PHUAHON HAHO3HEPTeTHKHU
y>Ke JOCTUIIH CTaJUU IIPOMBIIIIEHHOM 3PeIOCTH.
WMHBeCTULMHU BeAyIHUX IIPOM3BOJUTENEH MHUKPO-
Y HAaHO3HepreTUKU U MHHUILIMATHBHBIE IPOEKTHI
YCKOPSIOT KOMMepIIHaIN3al k0 TAKUX Pa3paboToxk,

this trend. The energy indepen-
dence of the individual in terms of
biotechnosphere not only extends
his functionality, but also pro-
vides effective integration into
modern intelligent information
networks.

Currently, the development of
a number of devices of flexible
hybrid nano-energetics has already
reached the stage of industrial
maturity. Investments of the lead-
ing manufacturers of micro- and
nano-energetics and the initiative
projects accelerate commercializa-
tion of such developments, despite
the complexity and relatively high
cost of most devices.

HAHO UHAVCTPUA #3/73/2017

The establishment and develop-
ment of flexible hybrid nano-ener-
getics is the result of technologi-
cal advances in the beginning of
the XXI century. Although mass
commercialization of its inno-
vative features being formed,
flexible hybrid nano-energetics,
empowering individual personal-
ized integration is already an inte-
gral part of the modern intellec-
tual society [15, 16].

Saint-Petersburg Electrotech-
nical University "LETI", in the
year of its 130th anniversary, in
the framework of the general-
ization of the results of a num-
ber of research works in the field

of energy recovery from the air-
waves, the environment and the
human body, have published
a review of the current state of
flexible hybrid nano-energetics
(Fig.3). This edition is prepared by
Department of micro- and nano-
electronics and Center of micro-
technology and diagnostics. His
emergence is largely determined
by the fact that miniature recu-
perators of energy from the envi-
ronment as sources of autono-
mous power supply of modern
electronic and information bio-
medical systems are one of the
priority areas of joint scientific
educational activities of the staff
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HeCMOTPSI Ha CJIOKHOCTb U OCTATOUHO BBICOKYIO cebe-
CTOMMOCTB 6OJIBIIMHCTBA YCTPOMCTB.

CTaHOBJIeHUe U Pa3BUTHe TMOKOM r'MOPUIHON HAHO-
SHepPreTUKHY — Pe3yabTaT TeXHUUYeCKOro mporpecca
Hayana 21 Beka. X0Td MaccoBasi KOMMepLIMaIH3aL s
ee MHHOBALIMOHHBIX BO3MOXKHOCTEE TOJIbKO POPMUPY-
eTcst, rTubKasi rubpugHasi HAHOHEPreTUKA, PACIIU P
BO3MOKHOCTHU UHIHUBUAYaIbHOM [IepCOHUPULIMPOBAH-
HOM WHTerpallly, Y>Ke CerofHS IIpefCcTaBseT cobon
HEeOoTHheMJIeMYIO YaCTh COBPEeMEHHOI'0 MHTe/IJIEKTYaIb-
Horo counymMa (15, 16].

B CaHKT-IleTepbyprckom 371eKTPOTeXHHUYECKOM
YHUBEPCUTETE (JIDTH) B rox ero 130-meTus B paMKax
060011eHUST Pe3y/NbTATOB Psifia HayUHO-UCC/IeI0Ba-
TeJIbCKUX PaboT B 0671aCTH peKyIlepaliuy 3HEPTUHU
M3 panno3dupa, oKpy>KalollleH Cpefbl U Te/la YeloBeKa
BBINYIEHO M3/laHHe, B KOTOPOM IIpefJjIoxkeH 0630p
COBPEeMEHHOI'0 COCTOSIHHU ST TUOKOM TMOPUIHON HAaHO-
3HepreTHUKH (puc.3). J[aHHOe HU3JaHUe II0JTOTOBIEHO
Kadenpor MUKPO- U HaHO3JIEKTPOHUKHU U LIeHTPOM
MHKPOTEeXHOJIOTMH U JUATHOCTUKHU. Ero IosB/IeHUIO BO
MHOTOM CIT0COBCTBOBA TOT GAKT, YTO OLHUM U3 ITPHU-
OPHUTETHBIX HAaIlpaBJIeHHUH COBMECTHOM Hay4YHO-06pa-
30BaTeJIbHOM JesiTeIbHOCTH KO/IEKTUBOB 3TUX CTPYK-
TYPHBIX NOApa3fe/leHUN YHUBEPCUTETA SIBISIOTCSA
MHUHHATIOPHBIe PeKyIlepaTophl SHePrUHu M3 dPHUpa
U OKPY’KaloIller cpefibl KaK KICTOYHUKH aBTOHOMHOI'O
3HeproobecrieueHHUsI COBPeMEeHHBIX PaIHO03IeKTPOH-
HBIX, ”HPOPMALIHOHHBIX ¥ GHOMeIUIIMHCKHUX CHCTEM.

B M3aHUH pacCMOTPEHBI COBpeMEeHHOE COCTOSTHHE
U IepCrHeKTUBHbIE HAayYHO-MH KeHepHble pelleHHu s
CBEPXMUHHUATIOPHBIX YCTPOMCTB J15 FeHePalluy U Xpa-

of the structural subdivisions of

HEHUS 3IeKTPOIHEPTUH, BKII0Yas THOKYE COMHEUHBIe
3JIeMeHTBI, I1be30-, TPUb0- U TepMOHAHOTeHEePATOPBI,
PeKyIIepaTophl 3HEPruHU U3 paguoddrpa (PeKTeHHbI),
JTUTHN-VOHHBIE aKKYMYJISITOPBI M CYIIePKOHEHCATOPEL,
a TaksKe THOpHHbIe HHTEI PHPOBAHHEIe SHeproobecrie-
YMBAIOIHe YyCTPOHNCTBA Ha UX OCHOBe. Ocoboe BHUMa-
HHUe yZle/leHO MaTepHasoBeluecKoMy Oa3ucy U TeXHO-
JIOTUYeCKUM PeLIeHUSM THOKUX, 37TaCTUYHbIX U KOH-
bOPMHBIX KOHCTPYKIIH, 06eCIieuBaOIIUX IIPOCTOTY
HMHTerpaliy B pa3THYHble 00beKTH, a TAKKE BO3MOXK-
HOCTb HCIIOTb30BAHUS BBICOKOIIPOM3BOAUTETBHBIX
(B TOM 4YHMCJIe [TIeYaTHBIX) TeXHOJIOTHUH C LIeIbI0 JOCTU-
SKeHU S SHEPreTHYeCKOM U SKOHOMUYeCKoH 3G HeKTUB-
HOCTH CHCTeM PeKyIlepalliK SHePIrHUH HOBOIO IIOKOJIe-
HHUS Ha OCHOBE HAHOMATepHaJIOB U HAHOTEXHOJIOTHH.
[Ipe[CTaB/IeHbI IPOMBIIIIEHHO BBIITyCKaeMble KOMIIO-
HEeHTBI U YCTPOMCTBA, a TAK’Ke MHHOBAI[HOHHBIE pa3pa-
60TKHU B 0671aCTH THOKOM rHOPHUIHON HAaHOSHEPTeTHKH.

M3gaHue SBASETCS MYJAbTHAHCLHUIIIMHAPHBIM
Y IIpeJHa3HA4YeHO ISl UHXKeHepOB, Hay4YHbBIX paborT-
HUKOB, IIpeIofiaBaTesel U CTYAeHTOB, ClIeLIHaIU3H1-
pyomuxcss B 06J1aCTH 371eKTPOHUKHU, QOTOHHKH,
MHUKPO- U HAaHOYHEPreTUKH U buomenuIuHb, OHO
Tak>Ke 6yzIeT I0JIe3HO U POKOMY KPYTY CIIeLIMa/IHCTOB,
HMHTEpeCYIOUINXCS CO3NaHHEeM U IPUMeHEeHHeM COBpe-
MEHHBIX MUHHUATIOPHBIX aBTOHOMHBIX CUCTEM Hepro-
obecrievueHus.

3AK/NIOYEHUE

HoBast MHTe//IeKTya/IbHAsI cpefja 0OMTAaHU S YeloBeKa
HaXO[UTCA B ITpollecce CBoero GopMUpoBaHUs. [1MbKas
rubpuaHast HAHOSHEepreTHKa, KaK OIHO M3 COBPeMeHHBIX

the university.

The publication reviews the cur-
rent situation and future engi-
neering solutions for subminia-
ture devices for generation and
storage of electricity, including
flexible solar cells, piezo-, tribo-
and thermo-nanogenerators,
energy recovery from the radio
(rectenna), lithium-ion batter-
ies, supercapacitors and hybrid
integrated energy-supply devices
based on them. Special attention
is given to the material basis and
technological solutions of flexible,
elastic and conformal structures
providing easy integration into

various objects, as well as the pos-
sibility of using high performance
(including printing) technologies
to achieve energy and economic
efficiency of the energy recovery
systems of new generation based
on nanomaterials and nanotech-
nology. Commercially available
components and devices, as well
as innovative developments in the
field of flexible hybrid nano-ener-
getics are considered.

The multidisciplinary publi-
cation is intended for engineers,
researchers, teachers and stu-
dents specializing in electronics,
photonics, micro- and nano-ener-
getics and biomedicine. It can also

be useful to a wide range of profes-
sionals interested in the creation
and application of modern min-
iature autonomous power supply
systems.

CONCLUSION

New intelligent human habitat
is in the process of its formation.
Flexible hybrid nano-energetics as
one of the modern areas of devel-
opment of innovation techno-
sphere, undoubtedly, is a signifi-
cant part of intellectual, friendly
and comfortable environment
that provides a high quality of life
and extends the physiological and
functional abilities of a person. B
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VIl EXXETOAHASI KOH®EPEHLIUA HOP

30-31 mapra B MockBe coctosnach VI ExerogHas KOHGEPEHUMS — KOHTAKTHOW XECTKOCTM W MoZyns KOHra noBepxHOCT. Komnanms "®oTokop”
HaHoTexHonoruyeckoro obiiectea Poccun (HOP). Ha koHdepeHLum 66t NpojeMOHCTpUpoBana npubop Photocor Mini - meTop AMHAaMUYeCKoro
MpeACTaBNEHbl HayYHble AOKNAAbI MO Pa3AMYHBLIM TEMATWKaM, MOCBALIEH-  paccesiHus cseta. KommaHus "OMTIK" mpencTaBuna CKaHMpYHOLWMIA 30H-
Hble HOBEWLNM JOCTWXEHWAM B 0BMACTW HAHOTEXHOMOTMA. Ha opraHu-  AoBbIA Mukpockon Bruker Dimension FastScan. ®FBHY "TUCHYM" noka-
3aLMOHHON ceccun HOP 0bCyxaannch BONPOCL! pasBuTyMs 0BLECTBA U ero  3a10 npubop "HaHoCkaH-4D KomnakT', KOTOpbIA MO3BOASET BLINOAHATL
B3aMMOAENCTBMS C MapTHepamu Ans MONyNspU3aLMu HAHOTEXHONOTUIA  M3MepeHue TBEpAOCTM WU MOAYNS YMPYroCTU METOAOM MHCTPYMEHTA/ILHOrO
B Poccum. MonogexHas cekumst KoHbepeHLmmu NpofeMOHCTpUpoBana 6onb-  MHAEHTMPOBAHWUS B COOTBETCTBIM C pekomeHdauusmu FOCT P 8.748-2011
IOV MOTEHLIMAN CTYEHTOB M MOJIOZbIX Y4EHDIX W aKTyaNbHOCTb MpoaBYXe- 1 ISO 14577, M3MepeHie TBEPAOCTI LapanaHuem (CKepoMeTpus) ¢ nocTo-
Hus IpobAEeM NpYMEHEHMst HAaHOTEXHONOT VA B WX Cpefe. IHHOW WM MEpPEMEHHON HArpy3koW 1 M3MEpeHue BS3KOYMpYriX CBOWCTB
Briepeble B pamkax KoHQepeHuun HOP cocTosnmch Mactep-knacchl,  METOAOM AMHAMMYECKOTO MeXaHWYeckoro aHanm3a. Komnaums “TWHakc"
Ha KOTOpbIX 66110 MPeACTaBAEHO B paboTe Hay4HOe 060pyA0BaHNE U AEMOH-  NMPOJAEMOHCTPUPOBAIA YNPOYHSAIOLIME, AHTUKOPPO3UOHHLIE U [eKOpaTyB-
CTPUPOBANCL COBPEMEHHbIE MPUKNAAHDLIE TEXHONOMNM NPOU3BOACTBEHHLIX  HbIE MOKPLITUSA METaNN0B C HAHOIMA3aMV 1 MPUMEPDI X MPOMBbILLIEHHOTO
komnaHui. B yactHocty, "HT-MAT CnekTpym WHCTpYMEHTC" NpeAcTaBuna  MpuUMeHeHmsl. “"ABTOCTaHKOMPOM" MPeACTaBW  MHOMOQYHKUMOHANbHbIE
aTOMHO-CMN0BOM MuKpockon Solver Next ¢ koHTponnepamu Px u Hybrid — HaHomneHku “Snunam”, 0bnafatolmne aHTMaAre3noHHLIMI 1 aHTUPUKLY-
ANS M3MEpEeHUi Mo HoBoW MeToanke HD (Hepe3oHaHCHas OCLMANSLMOH-  OHHbIMM CBOACTBAMM.
Has CNeKTPOCKONKS) C LieNbio ONPeAeNeHus Tonorpaduu, KapTbl aaresui, HOP
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