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JHepreTnyeckue 3anacbl 3emnu

1 TBT-ron=8760 TBT-4yac
(1 TBT=10° KBT)

Yronb, obwume
3anacbl — 900 TBT

YpaH, obwue
3anacbl —

. 90-300 TBT _
ConHue 23000 TBT B roa! Hes, obume  PACCEAHHAA aHEprus
= : A

sanacki — 240 TBr (HM3KonoTeHuuanbHoe
Tenno, atmocpepHoe
3/1IEKTPUYECTBO,
MpupogHbIN ras,
Gme 3ana e MexaHu4yecKasn
‘ 215 TBt SHeprua U T.n.) —
2500-5000 TBT

Betep, 25-70 B rop,
9, ?7?7?
Q OKeaH, 3-11 s ropg,

O fmppo, 3-4 Brop, B 6yaywem

norpeoyeTca
O buomacca,

o O 2-6 8 rom *s*nepeAaBaTb ‘*

Bonkbi, Mpunuebi, [€OTEPMaNbHAA,

0,3-2 BT0A *a*

i © oA 03§ rog . 5000-7000 km, 1-3 TBT

dHepronoTpebHOCTU B Mupe,
2016r.— 17,6 TBT B rop,

dHepronoTpebHOCTUM B Mupe,
2050r. - 28,0 TBTt B roa,
2060r. - 48,0 TBTt B roa,
_ 2070r.—-71,0 TBT B rop

A 4
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SHEPTETUKA BYOYLLEFO

O6bwmn TpeHA ANA pa3BuTuMA 3BHepretukn po 2050 ropa
COXpPaHAEeTCA — OCHOBHbIMMU UCTOYHUKMU DHEpPrMm npmMMepHo Takue,
KaK M cenvyac, OAHAaKO TMNpPOrHo3Mpyerca HeKoTopoe nepepac-
npepeneHve Mexpay oTaeNbHbiIMM  BuUaaMM  DSHeprMmm UM UX
MCTOYMHUKaMu. BMecte Cc TeM, pa3BuTUe 4yesioBeyecTtBa HUKoraa He
npomcxoaunsio paBHOMEpHO - Ha4yuMHaa C cepeauHbl XIX Beka
TexXHOoJZIormYyeckue peBosilouMn 3aMeTHO U3MeHM/NIM 60NbLIMHCTBO
npeacraB/IeHUN He TOJIbKO 06 oTaesibHbIX TEeXHOJIOrMax, HO um 06
OCHOBHbIX TEHAEHLUUAX UX pa3BuTmnsa. XopoLlo n3BecTtHbin acbopusm,
UTO <« KaMEHHbIM BEeK 3aKOHUYMJICA HEe MOTOMY, 4YTO KOHYMUJIUCDL
KaMHM...» TOYHO COOTBEeTCTBYeT M HblHEWHUM npeacTtaB/IeHUAM O
HalwleM 3HepreTnyeckom éyayuwem. Yto Hac xpget B 6yaywiem?

CMEHA MAEOJIOTMN U CTPATErMN PA3SBUTUA SHEPTETUKWY;
«Korna He00 MOKPHITO

CMEHA TPEHAOB PA3BUTUA DHEPIFrETUKMWU; MPaKOM, BEPECBKH KaKYTCHA
3MCAMMU...»

CMEHA TEXHOJIOTMA PA3SBUTUSA SHEPIFETUKMU; \

CMEHA CUCTEM YMNPABJIEHUA SHEPFETUKOM (‘ ¥
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YTO HAC XKOET B BAVKAWLLEM BYAYLLEM?

oko0J10 20% Bcero

~ 240 muimmapaoB kBr*4yac ‘
noTped/IeHHs JHEPruu &

qac

HurepHeT-Tpaduk Bozpacter B 190 pa3s - 301013
200 no 121 Tout/cex :

e i
%‘ 121 Tout/cex =
2 ;" 25108
2 150 S
] = 2010
e | (]
g -
S 10 = 1510
% =
E é 101013 HCILTeH
= 50 S
1013
g 510 i cepBepa H
CHCTeMBbI
5 637 I'dbut/cex ToapI = XpaHens

2006 2015 2025 2006 2015 2025 Tombl
K 2050-2070rr. — MHTEpHeT TpadMK Bbipacrer Ao He Hy>KHO HUuero
1000-5000 T6uT/cek!!! (poct = B 50-100 pa3!) i 6oAaTtbea:
HOTPQGJIQH"Q aHeprumu IT-rexHonornamMm «Cob6aka 3nas... uenb
Beipacrer Ao 30-40% ot Bceil MMpPOBOH MOLLHOCTH T A

TPEHA: CONMHEMHAA SHEPTETUKA !!!
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NOYEMY CONMNHEYHAA SHEPTETUKA?

> €AMHCTBEHHbIN BU[ 3HEprum, KOTOpbIn «poaun>» BCe Agpyrve ee
BUAbI;
» caMaf «3eJieHaf>» JHeprus;
> caMasd fgeweBasi SdHeprus,;
> HET BpeaHbIX Bbl6bpocoB;
> MOXKET reHepMpoBaTbCA KakK Ha 3eMJie, TaK U B KOCMOCeE;
> UMeeT MHOIro BO3MOX>XXHOCTEN TEeXHOJZIOrMn peannsauum;
> (pakTUyeckun 6esrpaHmuHbIEe 3anachbl;
> 6bICTpas OKYynaeMocCTb;
» OTHOCMUTEJ/IbHO HU3KaA L|eHa YCTaHOBJ/IEHHOU MOLLHOCTM;
P Yanus
TpyaHOCTMU:
- CPABHUTEJ/IbHO HU3KUW KNA reHepauuvm;
- 6onblUME TEPPUTOPUN OCBOEHUSA MPU CTAaHAAPTHDLIX TEXHOJIONMAX;
- HePa3BUTOCTb HEKOTOPbIX TEXHOJIOIrUMN;
Heo6XxoaAMMOCTb co3AaHNA NTM6pMAHBbIX CUCTEM reHepaumm;
CpaBHUTEJ/IbHO MaJiblii MHTEpecC MHBEeCTOpPOB A0 nocneaHero
BpEMEHMU;
«TOPMO>XXEHMEe>» CO CTOPOHbl YrseBoAoOpPOAHbIX WU SsifepPHbIX
TEXHOJIOruu;

-
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HanpaBneHna KOHBepCUn COSTHEYHOM

| rancomenan, b PaaMatiuy ConHENHAS
OOTOIHEPIrETUKA
TEPMOSNEKTPUYECKAS TEPMO®OTOBOJIbTAUKA

COJNIHEYHASA SHEPIETUKA

[ | TEPMOrANbBAHUYECKAS
CONMHEYHAS 3HEPFETUKA COJMMHEMHAA
SHEPrETUKA
NAPOBASI CONMHEYHAS
TEMNO3HEPIETUKA
HE3HEPrETMUYECKMUE
NOBEPXHOCTHOE NPUNOXEHUA
— NOrNOLWEHUNE <
TENNOBOM PANMALIMY || MONYYEHUE YNCTON
BOMbI
OBBbEMHOE OBECCONUBAHVE
L NOrNOLWEHUNE
TENNOBOW PAOVUALINN TEPMO®OTOCUHTE3 HA

— 1 OCHOBE HAHOIMNNA3MOHUKH
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CMEHA TPEHAA - OT UCIMOJIb3OBAHUA YITTEBOAOPOAHDIX TOMNJINB K
HEOBXOAMMOCTU ®OPMUPOBAHUA HOBbIX BbISOBOB U PELLEHNN:
MOTUBALUMU A1 HOBbIX TEXHOJIOTMU TEHEPALIUN

OnuvHa BONHbI| CnexkTp %
oy vy YO+ 58
[0Jc)° ) 200-800 umM BUAMMbIA
T3r ~800-3000 HM1 MK 42
= PoTOBO/IbTANKA
< (®39) TepMOo31eKTPpN4ecrso
-
o "
dzl + «COHHyéleIVI» NMAP
m
G /
o ,
-
=
@)
=~
=
200 800 3000

© DmitrievAS 2018

ONnvHa BOJIHbI, HM
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**HAHOTEXHO/NOINMN " HAHOMATEPUA/Ibl B ®OTOI/TEKTPUYECKOM
NPEOBPA3SOBAHUWU SHEPTUN
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H3JIy"UeHne
(doronn)

JHeprus
@,@,,S..D RN N

BAJICHTHAs 30HA

p-THIA n-TUMNa
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CTOMMOCTb CO/IHEYHbIX naHenein, nonn/KBT
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PocT sHepreTMuecKkom MOLWHOCTH CO/IHEYHbIX NnaHeneu, B Bt
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HAHO®POTOHUKA N HAHOINJIASBMOHMUKA B NOBbLILWWEHUN
DDODPEKTUBHOCTU COJIHEHHOIO NPEOBPA3OBAHUSA
SHEPI'Mn

HaHodoToHMKa 1 nheHeHne GOTOHOB HaHonnasmoHUKa, pe3oHaHcb! 1
/ adppeKTuBHOE NornoweHmne

HoBble HAHOTEXHONOrMMU U HaHOMaTepPUaabl ANA CONHEYHbIX naHeneun

6nnXKHee none

ConHeyHble KOHLUEHTPaToOpbI U ( HaHodoTOHMKA U NNeHeHue POTOHOB




TEXHOJIO'MYECKOE PASBUTUE COJIHEYHDbIX
DPOTOBOJIbTANHECKUX NAHEJIEN

. TekcTypupoBaHHast Bepxuuii
BepxHuii KOHTAKT P
TTpocseTsionee 3 T HOBEPXHOCTE koHTakT, VIHBEPTHPOBAHHBIE
MOKPBLITHE MMUPAMHIBI g 6
= OxcuaHoe 9
n -O6J'laCTb\ T i
Si p-Tumna o T
TbUTLHBI T3
NOTEHIHAIbHbII
.
Gapbep p* - nl’ n Si p' MeTannuyec:
HuxkHMil KOHTAKT — b p-ol / KHAU KOHTAKT
pa— '
Huxnnii . »
KOHTAKT MeTtannnueckuit

Bepxunii KOHTAKT [Maccusupyromwmii

¢-Si (CZ) \
/n—nma

KOHTAKT

TekcTypupoBaHHAS HOBEPXHOCTH

IMpoceTsionee NOKPLITHE

SiO» nmaccHBUPYIOLIHIA CIIOT

n* JISTUPOBAHHOE
HIMPOKO30HHOE OKHO

a-Si p-Tuna
p- 2 g

Momnoxpucraumuecknit Si
(CZ, n-THna, TeKCTYPHPOBAHHbIIT)

Baza n-tuna
p" muddysnonnas obnacte

Sii ) a-Si i-Tumna
a-Si i-rima Koo ~ |
. i 4.1 - | ¢
a-Si n-Trma a-Si p-tima”” /A !E - U D
KonTakTHBIE Qe
Hukuuil KOHTaKT i a-Si n-Tumna

TexcTrypupoBaHHAsS

TIOBEPXHOCTh
IMoaynpo-
BOJIHUK
n-THNa

IMpoceeTisromee  a

TOKPBITHE

_ CxBo3HOe

p pe-Si oTBepCTHE

\ \\ p-ceTka
p—KonTaxT/ n*-mddysnon- n™-auddy3non-

. Hast 00J1aCTh Hast 0071acTh  KanaJibl, CO31aHHBIE
Cobuparommas p™ croit ¢ anextpu- Cobuparomas JazepoM

RN THIS YEeCKAM TI0JIeM LIMHA P-THNA
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CBET
KOHTAKT
oTpaRaIoLLee
IOKPBITHE npoBoasaILee
P-THIIA HOKOJIb CTEeKJI0
KBAHTOBbIE TiO2 yacTHumI ¢
TOUKH AICOP OHP OB AHHBIMH

KBAHTOBBIMH TOYKAMEI

BOCCTAHOBHT €JIbHbIH
N-THIIA HOKO0JIb WIEKTP OJTHT
= OMMHY e CKHH oﬁpamm WIEKTpPpOX
¥ KOHTAKT

OOt BUA (DOTOSACKTPHUECKUX COTHEUHBIX
STYCCK C KBAHTOBBIMHU TOUYKAMU

CrekJio,
\ /mcpbn*oe Pt
(€9
) At

iO2 HaHOTPYOKH

IIpoBogsitiiee
CTEeKJI0

Puc.6.29. Cxema (poTO3IEKTpHYECKHX COMHEUHBIX stucek ¢ 110,
HAaHOMNPOBOJIOKaMH (cieBa) ¥ (DOTO HAHOMATEpHAIa HA UX OCHOBE (CIipaBa)
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Puc.6.34. Ontuaeckoe nornomenue (caesa) u qudysust HocuTenen
3apsIoB (CpaBa) B COJTHEUHBIX (DOTORJIEKTPHUYSCKUX STUSHKaX

LAY

\ =

Cnempa.rl bHasi HHTEHCUBHOCTDL.

o

Puc.6.35. CeeTOBBIC JIOBYLIKH B BUAS HAHOYACTHL BHYTpH DO’
JIOBYLUKH CBETOBBIX KBAHTOB 34 CUCT PACCESHUS HA METALTHYCCKY
HAHOYACTHLAX BOJIM3H MOBEPXHOCTH, O — BOZHUKHOBEHUE MOBEPXHOC
MTa3MOHOB, B — T€HEPALUs TOBEPXHOCTHBIX MJ1a3MOH-TTOJISIPUTOH(



EERREN

w
)
™

=

Quantum-dot
active layer

)
F—i1|o —1|
<

o
™
<

Puc.6.36. Cxembl peanu3anny HAHOTTA3MOHHBIX U HAHO(DOTOHHBIX MEXAHH3MOB
W3MCHCHUSI ONITUYCCKON IJTMHBI KBAHTOB CBCTA

XapaKTCPHBIN BU MCTAJNTMYCCKUX HAHOCTPYKTYP
B HAHOTUIa3MOHHBIX DDA .



VIIoKpBITHIH KpacHTe1eM (22
caoii TiO, 7
. 3JIeKTPOJINT

Puc.6.38. Cxema (potocencubmnusuposannoit @IS Ha kpacurensix: ciesa —
o0umii BUI, CripaBa — MOCIEA0BATEIBHOCTD CIIOCB: | - mpo3pauHsblil
nposomsiumii okcua (TCO, pabouuii anextpon), 2 — MOACIO#H (ME30MOPUCTBIN

- e- okcHa), 3 — (JOTOAKTUBHBIN ME30MOPUCTBIN OKCH C MOKPBITHEM MOJICKYIaMH
- Kpacurers, 4 — 3JIeKTPOIHT, S — cenapaTtop, 6 — TOHKHIT cioii Pt katanm3atopa,
Pabouuit o T TIPO3PAYTHRII TTNOROTTSTITHIA OKCHTT (TCO TNOTHROTIOTONKHRIN ATEKTNOT)
Hanokpuctammueckuit | CBET
AIEKTPOJ TiO |
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T Puc.6.41. Cxema paboter 3D-HanoC TYyp Ha OCHOBE
Cxema geficTsis dorocercuOmmsnposarHoii @IS Ha kpacuTeix p TPYKTYD .
perympuoro neca CdS-CdTe manoctepsxuett
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Puc.6.42. Texnonorust noctpoeHus 3D CTPYKTyp U 3aBUCHMOCTh
() (PEeKTHBHOCTH OT TEOMETPHUUECKUX MAPAMETPOB CTPYKTYPBI

ciaoii W wim Mo

A

HH$ppakpacHbIi
Jaazep

ocaKeHHe u3
napoeoii ¢pazbl

HavYaJdbHafA
CTPYKTypa

—

¢otopesucr

3D - nepemeliieHue MOJJIOKKA

Puc.6.43. Cxema cozmanus 1 BuI 3D-apXUTEKTYphI («IOICHHUIIAY ) TepMOD I
Ha OCHOBC MOTYyTPOBOIHUKOB, TIOKPHITHIX CIIOCM MOJIMOICHA HITH BOJB()pama

OOwui BuA (37CKTPOHHAS MHKPOCKOMHSI) CTPYKTYPBI «ITOJICHHHULIA»
Ha OCHOBEC moIymipoBoauuka ¢ W miu Mo




CMEHA TPEHAA - OT UCIMOJIb3OBAHUA YITTEBOAOPOAHDIX TOMNJINB K
HEOBXOAMMOCTU ®OPMUPOBAHUA HOBbIX BbISOBOB U PELLEHNN:
MOTUBALMU ANNA HOBbIX TEXHOJIOITMN TEHEPALLIUMA...

YrnesogopoaHoe l PocT HaceneHua
TON/IMBO
BuGpoc CO Poct _ Fno6anbHoe notennexmne
&
s3HepronoTpebneHua — HexBaTKa BObl
lfonop,
> ' " Kpu3ucol
HUXKeHue E
3MeHeHue BOFiHbI
KAuMmara CTOMMOCTH
MHTerpMpoBaHHbIe pelleHUa — «3eNeHan»
CONTHEYHaA 3HepreTUKa ¢ HU3KOM
CTOMMOCTbIO PeweHnE

«YMHaa» Bo3obHoBNAEeMasn
< . > 3HepreTuKa 3HEpPreTukKa
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NMYTU KOHBEPCUU CONNHEYHOW SHEPTUU (BECb NAAHKOBCKWUWU CMEKTP U3NTYHEHUA)
R N T T AT s TN L~ ot ————— s et gy e — s e .l - W 1
COJIHEYHAA i 'i CO/THEYHbIN : l: COJIHEYHAA i
TENNOSHEPIETUKA — L KOHUEHTPATOP ik TEMNNOSHEPITETUKA - |}
FEHEPALUMA MAPA || | 1 - rMBEPUOHOE i
1 1 1
L 2 5 { || TMPEOBPA3OBAHMUE - |i
MALLUUHHOE P COJIHEYHAA E . l, 1 :
I : : I
NMPEOBPA3OBAHMUE - i ! TENNOSHEPTETUKA —u i ! PV TPV |
I - 1
TYPBUHA : : TEPMO3NNEKTPUYECKUA : : :
3 i || TNPEOBPA3OBATE/Ib | < :
SNEKTPOFEHEPATOP |[i | } i |
(A ALY ) : STEG-TEXHOJ/10InA - l_ ___________________________ !
ey = e p——  ap—— p—
PV ®OTOBOJIbTAUKA, OBbIYHbIE
COJTHEYHDbIE NAHENWU;
TPV - TEPMO®OTOBOJ/IbTAUKA
Cucrema
XpaHeHuA
\\ 3Heprum

ConHeyvHbI
KONneKkTop

PagualMoOHHbIH
TennoobmeH

TennoobmeH
pabouero Tena

ConHeyHbIN
NPUEeMHUK

PesepeHas r
cuctema

— —

Cucrema
npeobpasosaHua
aHeprumn




COJIHEYHHAA TEMJNOSHEPIETUKA

COJIHEUHASA COJIHEUHAS BEHTWIIAIM A COJIHEUHBINI
TEIDUIOSJIEKTPOCTAHITH A . i BOJOHATPEBATEJIb

 BAg
<|Q|>

TEXHOJIOTHH KOHBEPCHH
COJIHEUHOM TEILTOBOH
SHEPTHH

COJIHEUHOE OITPECHEHUE COJIHEYHBIM ITPYV]T
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CornHeYHble KOHUEeHTpaTopbI

Mapabonunueckasn yawa

MpueMHuk/Tennosas
MalmHa

OTpaxxarenn

{

ConHeyHas 6awHsa

{2

Fennocrarbi
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Menuocrarsl

MNapabonuueckuni xenob

Tpy6HbIW nornoTuTens

OTpakarenb

JinHenHan nuH3a OpeHens

N

Tﬂyﬁuue nOorsoTUTENN
PEeKOHUEHTPaTopbl

UCKpMBNEHHbIe
3epkana

\
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HAFPEB PABOYEW XXWOKOCTU U FTEHEPALIMA NAPA

NOBEPXHOCTHbIW OB BbEMHbIV
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ConHe4yHas obbeMHanA reHepauusa napa
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ConHe4yHasa NoBepXHOCTHas reHepaLusa napa
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ConHe4yHasi o6beMHasn reHepauus napa
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ConHe4yHas obbeMHan reHepauumsa napa
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ConHe4yHas obbeMHanA reHepauusa napa
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ConHe4yHas obbeMHanA reHepauusa napa
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ConHe4yHas obbeMHanA reHepauusa napa
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Cxema cuctembl reHepauum napa B
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rMBPUAHASA CONNTHEYHAA U TEPMOJJIEKTPUYECKAA
JHEPrETUKA

ConHeyHoe uanyyeHue

Cxema e AUHUYHON AYENKU CONHEYHOrO
TEPMOINEKTPUYECKOrO reHeparopa:
CONHEYHOE M3NYYEeHUEe NOCTynaer yepes
CONHEYHbIN KOHUEHTPATOp, NPOXOAUT B
NPO3pPaYHbIi BaKYYMMUPOBAHHbIW OOKC U
NOINOLWAETCA Ha CENEKTMBHO NOMOLAKOLLEN

KoHueHTparop

CenektusHo

nornowawouwan 3
NOBEPXHOCTb NOBEPXHOCTU, KOTOPAQ ABNAETCA ropayen
BaKyyMHblif yactbio CT3la
boKc
MOTJIOTHTEJb/
COJTHIIe IMHTTEP D
Thermoelectric Nanowire Q : - l
Material -
. N e lcurrent
s = 60008 T. = 300K

electrons (e:); Electrical Energy

Generation

ATemperature




TepmoaneKkTpuueckoe npeobpasoBaHue HU3KONOTEHLUUA/IbHOTO Tenaa

HcTouHHK Temjia

6) Hot face

e Electron

[ Hole

1TTRL
=

Cxema TepMmo31eKTpudeckux pedppukepartopa (a) u TepmoanekTpUIecKoro reHeparopa
3NeKTpUYecKon mouHocTu (6)
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HU3Kaa TennonpoBoAHOCTb
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O6bI4HO KNnaccuPUUUpyIOT TEPMO3JIEKTPUYECKME MaTepUrasibl HA 06/1acTH, B KOTOPbIX UMeeTCA NUK
npu onpeaeneHHoM TemnepaTtype: HusKotemnepartypHble (200-400K), cpegHeTemnepaTtypHble
(400-800K) u BbicoKOoTemnepaTypHble (Bbiwe 800K). Hanpumep, Haumbonee u3BECTHbIM NpuU
KOMHATHOW TemnepaTtype KOMMEep4YeCKMM MaTepuanom ABNAAETCA CeMeUcTBO coeguHeHuit (Bi,.

ol 2.0 v v
bex)Z(Sel-yTey)Z c ZT 1 Na Pb, SbTe,,
ZT Nano-BiSbTe \ PbTe/PbS
30 ; | T T
0 : I I I I 1.5¢ 1
m%p 0
| ! | v
:____I l____ el o _ ’Nanon-—SiGe
25 r - 1.0 == ===
_ | \
- | n-SiGe
20 : — e = e 0.5 Y SRS TES S5 . i — oot ™ b
- 0.0— : : : : — e
15 F---- 0 200 400 600 800 1000
: BenunuuHa ZT ana Pa3/IN4HbIX COBPEMEHHbIX HAHOMATEPUA/IOB KaK
- (bYHKU,Mﬂ TemnepaTtypbl
i /T
oy ----—--- :
: : LTave = 0.5 # Bi-Te cniasbl
3 I : 25 f .SiG&
N I I DOHOHHBIE CTEKIA/IeKTP OHHEIE
5F e Entetdy : ————— : ————— - g KPHCTA/LIBI
i : : : : < HAHOMATepHAIBI
R : : : Teow = 300K 15 r
o e I. w T, K ) i ’
300 500 700 900 1100 1300 °
0Ss
3aBucMmocTtb apdpeKkTMBHOCTU Npeobpa-
1 L L L IroJabl
30BaHMA TeMnJ1a B 3/1IEKTPUYeCTBO KaK . A
1950 1960 1970 1980 1980 2000 2010

$YHKUMA ropAYen CTOPOHbI NpuU

Fporpecc B pazsutum TE HaHomaTepuanos 3a nocnegHue 60 ner
Pa3s/INYHbIX 3HAYEHUAX Be/IMYUHDbI ZT



MepcneKTuBHble HAHOTEXHO/I0TUM HA 6a3e HaHOMaTepuanos ¢ ZT>1

Cxema nepexopga ot TexHonoruu 2D
cBepxpeweTtoK K 1D TexHonormu
HaHOMPOBOJIOK U KBAHTOBbIX HAHOBOKCOB

NMocnepoBaTtenbHble WArn N3rotToBNEHUA
naeHo4yHoro TE anemeHTa Ha OCHOBe
cBepxpeLueToK

nojioxka GaAs
npHNoKH

MEeTA/L'TH3AIHA KOHTAKTOB JAHYIEKTPHK

Cu niomajka Cu Ha TeNJI0CTOKe

Tlor;10menHe Temia e

PWR *;'

TE kyaep

O0TBOJ TelIa

WATernAnoRARALI Te:

Jl1aHA cBOOOHOTO Pa3mepsl 3epeH —
npodera 3J1eKTPOHOB — 2-5 HM 10-20 am

XapaKTepHble macuwitabbl B HAHOKOMMNO3UTE U
A COOTBETCTBYIOLLME NapamMeTpbl A8 31eKTPOHOB
A eponon 510y Paccrommme vexay ovensmas (O CBEYMBAIOLLANA INEKTPOHHAA MMKPOCKONUA)

HEOQHOPOAHOCTAMH —
1.2 am



OCHOBHbIE COBPEMEHHbIE TEPMOS3/TEKTPUYECKUE HAHOMATEPWUA/IbI

N ” Epitaxial Nanograined
anowires ; :
Superlattices Composites

H

.o

]
ZT~3.5 @ 575K
quantum dot superlattice (MBE)
ZT~1.2 @ 350 K nanowire p-type, Si n-type, PbSeTe/PbTe ZT~2.2 @ 800 K
[Heath, Caltech, 2008] [Harman, MIT-LL, J. Elec.Mat. 2000] bulk — ‘natural’ nanodots

n-type, AgSbTe,-PbTe (‘LAST’)

ZT~0.6 @ 300 K B EEe—
nanowire ZT~2.4 @ 300 K ZT~14 @ 373K

p-type, Si superlattice (CVD) bulk — fine grain
[Yang/Majumdar, p-type, BiyTes/SbyTes, p-type, (Bi,Sb),Te;
Berkeley, 2008] [Venkatasubramanian, [15 authors,

RTI/Nextreme, 2001] BC/MIT/GMZ, 2008]



PacwenneHue
COJIHeYHOoro

Prototype Module

\

/

OxnaxaeHue
> 4 « ConHe4yHoe
_4.5 n3ny4vyeHume

» Y 4

()

(OO D0
SRR
A O O
PR
G

(N
(U

T3 moaynb

Cucrema
© DmitrievAS 2018

oxnakaeHus

KoHueHTpaTop

Grinding

OCHOBHbIE COBPEMEHHbIE TEPMO/TEKTPU4YECKUE HAHOMATEPUA/bI
BulkMaterial Thermoelectric Nanoparticles
‘ ®IA

-

Hot-Pressing

p-AlosGaoAs ——

Thermoelectric and Structural

Characterization

e

Ref. [12], BiSbTe(p-type):
ZT=1.4 at 100°C

ElectricalConductivity

Thermal Conductivity

BapuaHT ogHoro nepuoaa
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Ha pucyHKe npeacrtaBneHbl cCXembl ABYX TUNOB cuctem npeobpa3oBaHUA CO/HEUYHOMU
3HEPrMn B 3S/IEKTPUYECKYID C MNPUMEHEHUEM TepPMO3IeKTPUUYECKUX T[eHepaTopoB: a)
cermeHTHbIU CT3l, B) KackagHbin CTII.

(a) H (b) H

an ap

Q1',ss Q"ss

abs

—y T

W W Qf,back-gap B R .
Qﬁed a o ’5 —H Qr,back-gap
%% Q :
2 r.edge
. i
Qr,back-mid B IS 72 72 r\,/' ,mid-gapl
clr,bar.k-cold 1’//; e l
\—\ ¢ ST
Qr,cold-gap Qf,midedge s
r\/' ,mid-cold r\/ Qr,cold-gap
. o Lﬁ» | < e B Iz
Heat sink
; 7 . )
p-type skutterudite %/// n-type skutterudite ————— electric current
p-tvpe Bi.Te - n-tvpe Bi.Te s contact material "\~ radiation

Cxema ABYX TUNOB cUCTEM NPeobpa3oBaHNA COTHEYHOMU SHEPrUM B 3IEKTPUUECKYIO C
NPUMEHEeHUEM TEPMO3IEKTPUYECKUX reHepaTopoB: a) cermeHTHbI CT3I, B)
KacKagHbiv CTIr
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Cxema rubpuaHoro Tepmo¢poTO3/1eEKTPUYECKOro NpeobpasoBaHUA SIHEPrum C UCNONb30BaHUEM
TEPMO3/IEKTPUYECKUX TEHEPATOPOB: 1 — coNHeYHasn NaHeNb, 2 — 06paTHbIN AINEKTPOA, CONNHEYHOIA
Ayenku, 3 — T3, 4 — TennooTBOAALLAA NAHENb, 5 — KoAneKTop, 6 — Tens10BoM 60KC

-

PeanbHblA KOHUEHTPATOP
CO/IHEYHOU 3Heprum

Cxema rubpuaHbIX CUCTEM C UCNONIb30BAHMEM TEPMOI/IEKTPUUECKUX
reHepaTopoB U KOHLEHTPATOPOB COIHEYHOW IHeprum



emitter

collector

PeannsosaHHaA TEXHONOrUA TEPMOUOHHOIO U TEPMO3JIEKTPUUECKOro npeobpasoBaHusn
TEN/10BOM 3HEPrumn B 3/1IeKTPUUECKYIO

“out

| Il G

emitter— l TVge

ec

éin

magnetic
field

(e)

Cxema I'MGPMAHbIX cuctem C UICNoJZib3oBaHNEM TEPMOI/TIEKTPUYHECKUX TEHepaTopoB U TEPMOUOHHOTO
TIPEOGpaBOBaTEIIﬂ B MarHUTHOM nosae AnAa yseianvyeHumA 3¢¢EKTMBHOCTM npe06pa3OBaHm| Tena0BOM
dHEepPruun B sN1IEKTpU4ECKyIo



ConHeuyHble Tepmo3aneKTpuyeckmne reHepatopol (CTIMn)

B HacTosALee Bpemsa cywecTByeT ABe 6a30BbiX KOHLENUUN UCNONb30BAHUA COTHEYHOMN
3Hepruu:
* conHeuYHble ¢poToaneKTpuyeckue (porosonbranka);
* CO/IHEYHbIE TENN0BbIE 3/IEKTPOCTAHLUMN
B nocnegHee Bpema noABuACA 60NbLWIOA MHHTEpPEC K TPeTbemy TUMY CONIHEYHOro
npeobpa3oBaHUA 3HEPrMM — COJIHEYHOMY TEpPMO3JIeKTpuuectsy. B 3Ttoii TexHonOruu
UCNONb3YIOTCA TEPMO3IIEKTPUKKN, KoTopble CcnocobHbl noa AeACTBUEM TpPagueHTa
TemnepaTtypbl BbipabaTbiBaTb 31E€KTPUUYECKUN TOK. ECIM TaKOU maTepuan HaxoauTca mexKAay
NOrnoTUTENEM CO/IHEYHOU 3HEPruu U TenaooTBoaAlMM 610KOM, TO B HEM peanusyeTcA
rpagueHT Temnepatypbl, KOTOPbIM U MPUBOAUT K reHepaumun 3/1eKTPUUECKOU SHEpPruwm.
Takue cucrembl NONAYYUIU Ha3BaHUE COSTHEYHbIX TEPMO3NEKTPUIECKUX reHepatopos CTIl
(solar thermoelectric generators (STEGs)). NMocneaHuii TMN 3HepreTUYECKUX YCTaHOBOK,
aHa/IOTUYHO CO/IHEYHbIM TenIoBbIM 3/EKTPOCTAaHUMAM, MOTYT WUCMNONAb30BaTb BeCb
CO/IHEYHDbIU CNEKTP U3/IyYEHUA, @ He TO/IbKO 3Hepruto ¢oTOHOB, KOTOpasa 6o/blue WHUPUHDI
3anpeLLeHHOM 30Hbl B NONYNPOBOAHUKOBbLIX $OTO3/IEMEHTAX.

NMpenmywectso CTIloB COCTOMT B TOM, UYTO OHWU, KaK U TpPaaULUOHHbDbIE
$doTOo3NeKTpUUYECKUe reHepaTopbl MOTYT 6biTb CO3A4aHbl ANA NOO6bIX MOLLHOCTEN U B N106bIX
macwtabax, He TpebylOT TepmomexaHUYEeCKUX reHepaTopoB (Hanpumep, TypbuH), Kak B
CO/IHEYHDIX TEN/I0OBbIX 3/IEKTPOCTAHUMAX, T.€. ABNAKTCA CUCTEeMaMMN TBEpPAO0TE/IbHOro TUnNa.
MockonbKy B CTAMax HET MeXaHUUYECKUX OBUKYLLUXCA YacTeid, OHU ABAAIOTCA CYLLECTBEHHO
6onee Hapge)XHbIMKU, NPOCTBIMU K 3KCNJyaTauMu U CTOMMOCTb UX (PYHKLUOHUPOBAHUA
3HAYUTENIbHO HUXKE, YUeM Y TPAAULMUOHHbBIX CUCTEM Npeobpa3oBaHNA SIHEPruMm.



KAKOW BYAET SHEPTETUKA YEPE3 30-50-100 JIET?

BAPUAHT 1 - TUBPUOHAA COJIHEHHAA TEPMOS/EKTPUYECKAA SHEPTETUKA C
IOPEKTUBHOCTbIO BOJIEE 60% WU CTOMMOCTbIO BBOAUMOIO kBt — OKO/10 100S B
CErogHAWHUNX LLEHAX

BAPUAHT 2 - KAK U B M.1, TO/IbKO KOCMWUYECKOIoO BA3SUPOBAHWUA, M.b. T34
KOCMWUYECKOIO bASUPOBAHUA

BAPUAHT 3 - 30% BCEM SNEKTPOSHEPTMMU  BYAET  [OOBbIBATbCA U3
HU3KONOTEHUWUAJZIBHOIO TENJA, 40% - OT CONNHUA, 20% - APYTUE AZIbTEPHATUBHDbIE
UCTOYHUKMU, BK/TIOYAA «BbIMETAHUE» OAPMOBOM SHEPTMN, PACCEAHHOM BOKPYT HAC

(HARVESTING)

BAPUAHT N — MOMEYTAUTE CAMMU!!!

OAHAKO, NPOrHO3bl, MPOrHO3bI...

«Bce, UTO MOXKHO N306pecTu, y>kKe U306peTeHo» (Charles Duell, Head of US Patent Office, 1899)
«Mopa Ha pagno CKOPO ympeT» (Tomac IauccoH, usobperatenb namnbl HakanuBaHua, 1922)

«C TOYKM 3peHMA TEeOpUU U TEXHUKU, TeNeBUAEHUEe Hepeannsyemo Nno KOMMEPUYECKUM U
d)VIHaHCOBbIM NPUYUHAM» (/ln ge PopecTt, usobperarenn Tpuoaa, 1926)

«PbIHOK KOMNbIOTEPOB HE NPEBbICUT NATU LUTYK» (Tomac BatcoH, rmasa IBM, 1943)
«Komnblotep 6yayuwero He 6yaet nerye 1,5 TOHH» (Popular Mechanics Magazine, 1949)

«HeT HMKAKOro cmbic/ia UMeTb KOMY-IM60 KOMNbIOTEP JOMa» (KeH OnbceH, rasa DEC, 1977)
«Mamatb pasmepom 640K byaet AoCTaTOUHOM ANA KOFrO-M60» (Bunn leiitc, Microsoft, 1981)
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TPEHAbI U NEPCMNEKTUBbI BYAYLLEN SHEPFETUKU
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B 3aK/IlOYEHUU — O HEeKOTOPbIX Npeacka3saHuax ébyayuwero m
éyaywimx TexHOoNorMaX: Tak npeacrasnancsa B 1954 roay
nepcoHasibHblI KOMNbIOTEP
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«/Inmpb moJiHOTA,

Y10 K ICHOCTH BeJI€eT,
YKaxker B IponacTs Nyrh,
I'ne ucruHa KuBeT...»

Scientists from the RAND Corporation bave created this model 10 illystrate bow a “home computer could look like in the
year 2004, Honever the needed technology will not be economically feasible for the average bome. Also the scientists readily
admit that the computer will require not yet invented technology to actually work. but se years from now scientific progress is
expected to solve these problems. With seletspe interface and the Fortran language, the computer will be easy touse.

In 1954, Popular Mechanics showed its readers what a home computer might look
like in 2004.

RAND (Research And Development) Corporation, non-profit, founded in 1948



OCHOBHbIE 3AAAYMU:

* npoBeaeHMe uUccneaoBaHUM U Pa3paboTOK HOBbIX TEPMO3INEKTPUUECKUX
MaTepuanoB Ha mMa3e HaHOMAaTepMasoB LUMPOKOro Kaacca CUCTEM C Ue/ibio
NOUCKA Hanbonee 3PpeKTUBHbBIX U SKOHOMUYECKU OB6OCHOBAHHbIX;

* pa3pabortka KOHUenuuu CO/IHEYHOTO TePMO3/IeKTPUYECKOro
npeobpa3oBaHMA 3SHeprMm KakK HA3eMHOro, TaK U KOCMUYECKOro
6a3uMpoBaHMA C UICNOIb30BaHUEM COBPEMEHHbIX HAHOTEXHO10TUA;

* pa3paboTka rmbpmuaHbIX cnctem npeobpasoBaHUA HU3KONOTEHLMA/ILHOTO
Tensna B  3NEKTPUYECTBO HA  OCHOBE  TEPMOS/IEKTPUYECKOTO MU
TepMmoPOTOINEKTPUUECKOTO NpeobpasoBaHnNA SHEPTUU;

* paspaboTtka M co34aHME MAKeTOB 3SHepreTUYeCcKUx YCTAaHOBOK AnA
AeMOHCTpaumMn ux 3ddPeKTMBHOCTH, obnacte nNpUMeEeHMMOCTM ¢
BO3MOXXHOCTEU NOCTENEHHOM 3ameHbl HeaPPEeKTUBHDBLIX U AOPOroCTOALLUX
3HEepProreHepuUpPyrLUX CUCTEM;

* pa3paboTka KOHUenuuMu MUCNO/Ib30BaHMIA HOBbLIX CXem npeobpasoBaHusA
HU3KOMOTEHLMANIbHOTO TEMn/Ia He TONbKO B CUCTEMAX reHepauuu
3/IEKTPO3HEPrUN, HO U B CUCTEMAX BEHTUNALUU, KOHAWULUOHUPOBAHMA,
ONpPecHeHUA, XMMHUYECKUX TEXHOJIOTUAX, MPOMDILIEHHOM XO0/04U/IbHOM
obopyaoBaHuu u T.N.




«Haw mup He 3a8epuieHbe —
Tam danbwe HoBbIU Kpye,
Heesuoumbeblli KOK my3biKa,

BewecmeeHHbIU KaK 38yK!»

CITACUBO BbO/IbLLIOE 3A BALLIE
BHUMAHMWUE!

BOI1POCHI ???
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