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5B j Misdzj dgdzs? otsH' . Chkts, MO®BS 5 Mjej,
Zsor o kjRdsdsed?.

J LiIstsdz dzOf tcOo dzj dzdsdp O d3ts y dat® j d fiirfftsodii tah j «
o tsL 3tsy dzsfls d .

COJIHEYHASA TEMMMO3HEPIrETUKA C TEXHOJIOrMEU NOBEPXHOCTHOIO
nMOrnoweEHmA € MCnoJib3oOBAHUMEM HAHOMATEPUANOB

3
H
'
§
$
3

it Mzt o jtern detsMisdets] § sedztsh j dzad j s dzd

Il BL sy detsls:  ff j tco OW : z0 f tso j-stE daf fzls ezl k
CslststcOW BEHjIs Attesh s fftsecdzsh Ols! Mmtsdzdzj Y dzt
o f Otc adezjedss Ho O Efmdzse dw . 1 jtoatsy, dalzy dets
syjdz 1 WWjClsdodets ftsecdzsh Os hdj Isjf dzs Mistelz
RZOdets ¢ sd3tf sdzd dalst , dz2OdesyOMmilsdyr .

lststetsj, dzzydes dMmfsdz L s9 Ols! 1 Istsls dzOG to
Yylsse'" sy di3H fFDOMfjlalafzw tedz”" =« Mddz 9aSHO 9" nBBHC
dmf Otew dzOfm+ sBtcOLBOT 9 OW { Ots. vsOCts] §Bs6
mMdMilsj GO GJ dzj Oyd(d f Otc O zOL " 9 Oj Isfmw fn)
fsoltcrndesMmisdesdy §f sedztsh jdedd. 168)Ists ff jtcoar 2 Mmc
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COJIHEYHASA TEMMO3HEPrETUKA C TEXHOJIOMMEWA MNOBEPXHOCTHOIO
MOrnoweEHumsA C MCNnoJib30BAHUMEM HAHOMATEPUANOB

ConHeuHoe nisulyueHne,
1000 Br/m* Wcnapenne Cont ccq;;gg ;Yxn’r:yuumc
Konsexuwsn,
800 Br/m?
MepensnyueHn Nepensnyuenne, W KOO Ewws.
s EHNCe 4 370 BT/M?
600 B1/m* 50 BY/1? /

Hcnapenne f

Tllysmpsuaran’ =
JTReKa 3

P

Blackbody absorber T S & IR = . -
- S P T o EEA S ‘—:f—f_":
1Tennonpooonﬂocﬂ= TennonposBoaHOCTL H0
W n3nyuenme W nInyuenne
20 °C 20 °C

M301mpylouwan npospaunan
“Ny3bippuaran” naeHka

=
E —
K —~ .y “epnoe Teno
R - g
> Saiils b
35 - ,/'- e S—
Ea > : o
2z
= g o 2 8 1
E- ANMHa BONMHLI, MKM
2 CnexTpans HbIA CENEeKTUBHLINA
nornoTurTens

Tepronionupyrouan
naasarowan nneHka

td Mz k6 Lu sczdzj YydzOW + dzgj e jIsdSC O 2O BOL | (5o

l ststeOW oL @Bsy desfls: : 1 st s5&7,18)Fdzsijls f ds ¢
Mz y0j dhmficd Lkjlsfy MmdjHbksh Ov oL By ds
NdHEC tsMIsH fsH (L tdydktsdd:zeskasdls e dadz® dzts
taf MzdkBg . vt jMmis: dd Hodykkmw odkzltd -
fscdsh Os s Mdd yds dJL dzyj ddj, f 5f¢ &
CsdsmMMmod do.

COJMMHEYHASA TEMJIOHEPrETUMKA C TEXHOJIONFMEWA OB BLEMHOIO
NMOrnroweEHMA € MCnonb3oeAHMEM HAHOMATEPUMANIOB

] D—
LA ~— \
: BO3QEACTBME !
' M3NYYEHMUA HA H
________________________ H HAHOYACTMLIbLI !
| BCNABITMENY3LIPEAM |  Semme g .
' HAKOIUJIEHME NAPA ; \i
"";". ' SOTOTEPMO- |
| KOHBEPCGHUA
! NMAA3ZMOHHBIE . /
| NOBEPXHOCTHOE HATSDKEHME M T HAHOYACTMLLI
: POCT rlvzblPEﬁ i
A :’ HAINPEB OKPYXAIOIWMEA |
\ i CPEALI '
3HOE T i //
H CONPOTUBJIIEHME ' (o K sy
[ gt —————————- - H FEHEPALIMA ' '
i  TMAPOBOWM ®A3bl
__________________ 4
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) 51 ssdkjso jjdbgias,n ylsts 10O MmdMmlsj kO @
Csdduj Mot Isjfdslsr, C(thstOw e dss j ddzs ¢
fjote@hOW jvy o §O. R ikl §0 EosHdIs
HOdz dzgj2h jets dMitsdr L 5o Odzed v .

COJNIHEYHASA TEMNNO3HEPrETUKA C TEXHONONMENX OB BEMHOIO
NOrnOWwEHUA C UCNOJIb3OBAHUEM HAHOMATEPUAIOB

MnasmoHHbIe
yrnepogHbie
HaHOKOMMOHEHTbI

MnasmoHHble
metannu4eckue
HaHOYaCTULbI

Bupgel HaHOKOMNOHeHT || 0 oo oo
3 +"dynnepensi; \
M“ CONnHe4YHoOM ' - HaHOanMasbl;
TennosHepreTMKm yraepopHbie py6
yep Ka;
- rpa
rpady ero moaudukayy

060/104KK, UUAKUHAPSI,

3NAUNCONABI M T.N.) ] HaHouactuupi
p o
cocrasa

CnosHble NNasMoHHble
HaHouacTUupl (Hanpumep,

a

ApuabaTnueckas
q= ws(T‘ = Tg‘) G =T -Tp) CTeHKa

400 &

T TMCTHITHPOBAHHAA BOJ2

=~ HaHOAHIKOCTH C SaCTHIIAMH aTMA32

200

————— R = R = ‘”@@
i ey = § == {ﬁ \y’ ;ﬁ
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it Mk dAs % s dzdzj ydzOW ClOdzntca M dsdz! L s Odzd J d3 s
ftsc dztsh j dad W

158 ¢ dzOo dets j ylsts 1 1Isd HO O d3J m Odzd L dBO
f sedzsh jdzdw t6OHdCOdz dzs HEkze SIs HickZEeO sk
I WWJiGCIlsdoeodgy HdzW fdzkzyj ddwy §OtO.

1 dMEsd? $t5 L OB uodzd?2 § toj HifpdseOjo YNd3l nj "% o dz
Mt dzdzj ydetsc ts ftscdztsh j dzd v, stf zB dzd € ts9 Odzdz .
My jydodzdmlsOodsd dL uv0OQe0Odw. Clts Mtsdzdzj ydzts
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&zOf tod d3d to sB'" YydzOw ¢ My, tec fnow dede@v fHsEfipr IsOW
My jydodz desects ftsedzsh O h jets dBOIsj ted OdzO, L k
tcOL dzr | 90ttdOdzlsT .

l YtsHtsBd n bjrdsdztedwr dMftsd LEjIsmw
YydtejL SCOfdqdzdawtds j| COdzOdzr o dzzlstotfH ez P O
C o jtendetsfisd. { hMdzd ' fsedzsh O h zg 4 Of
Isj B j O kzts, sts MeOL kz dOyddz0j smw dMmyf Ote g
stsdz €58 Ot dMmf Otcddzmw , Ibkzls %j LO Myvils ¢C
mMdmilsj dzd , Ctofzsiik?2 . f i BB Rz, COf d dzdzw te dz" §
syd dz L WWiGClksdodzs 9" asH(Is! o izOG Iz . S tetsC
mMkh jmMise z¥ Is, syd dz ILWWiClsdodzs tsMOY HOE Is
BOIsjtced Odztseo sy j dz zj et MBI 9 O sy  foslst
syjdz 1 WWJjCIlsdoe dats.

Il RrRdzMdlsikzlsj ctOWjdzO ([ €3%ec My Fuzdg j dzks
r. 1. B IsdMissoa O ftsH twkzCsoHMmMosd ftotsW j -
[ 7] , ftodyud &3 §ftsdzzyddd HOYJ Btsdz! h Iz LW W
t sifmd2mSdd  SMfjdkdd) dis@S & Midilsj gz dzO
[ 4 tod 9 W dzdz" | HdMEC d, fsCter Ist j Mo jtornlz G tol
dmf Otew s Is 9o dzOG Iz, CsbtsteOY CtsdeH § deMd iz Ismyw
o sHEz. 1 tedyj d@3 H dzw ML HOdzd W sO¢ 52 mdMmis
fiodtecsH gl Bdzgf telstse  rmBtetshts f sedzsh O h jets d
fsdev Isdzets, ftoed dzOHdzj ¥ dIs OB tedEC OdzyOdz d v O2 ¢

[ Mdzd dzj s dzOdetsf dzOL s dzgdetse s toj L tsdz0 dzf O,
dets, Jfmdzd o7 Hshists B3Oy jIsy Jets o jten
C @ffdzdzw ter . uvtdzr S5 M jydodz dz" | dzOdetsdzOIs j tod
CoOfdazdzw tcdz" &3 d ftsLotsdzwels oBBH] of atsHdIs! .

[ tczets?2 o90ttdOdzls o fJteddzydtfj OdzOdzsedyg d
Yyss o9 LOGCtr sz yohkz fm dets?2 oBHB2 (s
Odzt 3 dzf salzs@d (¢ fJtedd3d ez, tBTM yYydzgs ¢ zn tsded
BOdzj dz' SR tslso jtemisdwdzdd M § siEsh 8 6 tsdzts
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IstsdzC 2 Mdzs?2 GOV J dzO. (IO MdMmilsj ZO OB SIs
fssd@lz Ykt & lsOdzdzdud M¢ d2J HQdzvdgdsdzd B j {f st
fsojtorndesmisd d § dztsh OH! o jtendetsisd ¢ j dzgj t
10 edfi&dif S OLOdz 9 M yYydqédz ftcj sBcOL 59 (
gL dzz y 4 ded v O dzZOdzsyOfmilsdyr , Wislstsls j o3 € ¢t
Modzdz] ydz » C o OdzeFe Gl @sh jZOMic] HT
1y des ddzjlst eodHbk, Yyt MOk ¥YdqLdskz |
B34 ~ Odzd L O3' ez ) dzets HBMEtsdOd ds dL kzydlis: , :
stcOHdydsdeder = ftoj sBtcOL SO Odzgdwrn o 1 dgjtedjlsc
sOCd) M4 dOdsdBOl]ttdodr JipffesdsL Y Is5dz0
Clss GCtOW jdetsor jJ ndztsfs w, Cslstster j dd3j ¢
Zzdlstetsos?2 BOdS ] otsH' M Ctdeyj delstcOydj2 oMMy
fsojtendztsfisd HeMisdce OJ Is 800 CoOHKGOIsH ~
LWWiClsde dzgts f ts¢ dzs Ogzls iy dzdnds dzdiz 28§ 52 B t5dz
MsLHOo OV fjtjcetejo YdHECtsMIsd d § OtcO.
sO0Cdd3 sBteOL A3, & dd3j J B § dzOL dizgsdedz” j d
Gjdeaj eOydd OO, GHJ s dzdzy Yy dzts § dL dzlz yj d
CtoOW j dzgtso ™ d3d r~ dztsf + w o3q .

134 tsdzdzj ydzr jJ CSldsjitdafdisiifip€id j 6 J dzj cOlstster

t OmMmdisslstedds jhj BHds 90 dts] d&zOf tcOo dzj c
YyjtejL Mtsdzdzj ydzr J Isj tedzst dzj € Is(sothnghermdelfgiric ¢ j dz
generatorgSTEG9yJ tejL Isjted3st dzj Slstedyy MSdy to] B
10 ted@digd HMls @a dgp dz’m 2208 cOo dzj dzgd W 6 OL
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COJIHEYHbLIE TEPMO3JIEKTPUYHECKME TEHEPATOPDI (CTBFM)

B HacTosALwee Bpems CylecTsyeT A8e 6a30BbiX KOHLENLMMU UCNO/Ib30BAHUA COTHEYHOM 3Heprum:
* conHeuHble poToaneKkTpuueckue (portosonbramka);
° CO/IHEYHbIE TEN/ZI0BbIE 3/IEKTPOCTaHLUMN.
B nocnegHee Bpems nosaBu/icAa 60/blUOI MHTEPEC K TPeTbemMy TUMy COJIHeYHOro npeobpasoBaHusn
3HEeprum — COJIHEYHOMY TEePMO3JIEKTPUYEcTBy. B 3TO TEXHONOrMMU UCNONbL3YIOTCA TEPMO3IEKTPUKM,
KOTOpble cnocobHbl NMog, AeicTBMem rpagueHTa TemnepaTypbl BbipabaTbiBaTb 3/1€KTPUYECKUN TOK.
Ecnu Takoi maTtepuasl HaXo4UTCA MeXKAY MOr/IoTUTENIeM COJIHEYHOW 3HEeprum M TenJ00TBOAALLUM
6n10KOM, TO B HEeM peanusyeTca rpagueHT Temnepatypbl, KOTOPblA U MNPUBOAUT K reHepauuu
3NeKTPUYECKONW 3Hepruu. Takue cucTembl MONYYUIU HA3BAHUE COJIHEYHbIX TEePMO3/IeKTPUHECKUX
reHepatopoB CTII (solar thermoelectric generators (STEGs)). MocnegHuii TUN 3HepreTUYEcKUx
YCTAaHOBOK, aHa/IOTM4YHO COJIHEYHbIM TEMJIOBbIM 3/IEKTPOCTAaHLUAM, MOFYT WUCNONb30BaTb BecCb
CO/IHEYHDbIW CMEeKTP WU3NYy4YeHUs, a He TONbKO 3Heprui ¢GOTOHOB, KOTOopas 6Gonblue LWUPUHDLI
3anpeLeHHOoM 30Hbl B NONYynpoBOAHUKOBbIX GOoTO3NIeMEeHTax.

Tepmmmmplmecmle

POTOBOILTAIIKA TEPMOVTERTPHUECTBO nanoRponomOKH l-
n-type
B

type l TOK

VIEIBHAA IVIOTHOCTH SHEPTII

ATemperature -

E——

RO IR CTORans XO10/IHASI CTOPOHA

tdmMzadAsq Of O dzj dzdv wWOL o dIsdw wu |t

ltejHMsOadd cCtOW¥WdS 1 OkStsomMStsets MYy jS
tcd MEzHEC. ] wlstsdls LOHOYO dmMitsd L so Olsy HdzW
HdzW L Istse s dz2Od3 dekzy dg'tcd ® @&L dzr € tsls b tc s A3Q@s3d
ftscdztsh O h dj M st desMmisd 19)tcOo POdz' Y QMmls 4
ftcj sBtcOLtsar 9081Ils o 1dzj Cltedyd Mise 5, O dzO
COC-Bts MdMmlsj Bz BE&OYHjddY, SCtlssteOW HOY IS
Clsster 2, 9] HiMg SEH O8] B tsdz! h 52 ff jtoj f OH/ G tcC
Cotew Yyj 2?2 d ~tsdzbHdzs? MststesdzOd3d [ 8] .

sO¢ dLejMmisdets, Is} t6dgtst dinfCjlsyafongiunismis] 2 |
Isjf dzso OW 1 dzgjtcecdWw ftojtsBteOLEZjIsqw o 1 dzjCls
1 dgj e dv  toj tsBtc @Ldlafj oMW sodztdsHj. f df f j teo s d3 ydzl
® Httkzesdz 1+ WWjiCl 1iiBJSCO. CIsd 1+ WWjiClsr BT
nstesh s dL 2y dz

44 GBHdY 3 sfteJHjdVjd@g Isjted3st dzj Clsted yg
HsB tetsls dzts s d d dzd COyj mMlso© dqd © Z OHzc dzdR €
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ftotstf steyd tsdzOdzj dz CoOHW©OIsZ C1 WWdydj dzls ©
Isd &3 § tOIlskztej dtc ysobtdcd@sadztstz" f tgjtscitts |fay ff) HzekFdE s 0 S H
1 &20ydls &3 eodHdd3, HdzW Istséts yYlsse"™ MHj dzOIs!
144dBJd SO Mmddz dis HzcBv dzd dls s, ko j dzd ydls! 1 C
Isj B jteOlskztelz, ftod 1 Istsdd BOSMHd BOd dets [z d3j dz

COJIHEYHASA TEMJIODHEPFrETUKA — TEPMO3JIEKTPUYECKUNA
NMPEOBPA3OBATEJ1b

HeToHNR Tensia

I

| .
i -

Cxema TepmoaneKkTpudeckux pedpurkeparopa (a) n TepmoanekTprUHecKoro reHeparopa
3NEeKTPMUYEecKoi MmowHocTu (6)

BenmumHy ZT Ha3biBalOT KoadpduymeHTOM

/-‘-\ KauecrBa (figure of merit — B aHrauiickoi
/ TPaHCKpUNUUK):

z \ SiGe ZTZSQGT/A

08
[ Bisk / PoTe | / I3¢dpPeKTUBHOCTL reHepauum sHEpPrun
I Bi:Te; / ?]:]ﬂh—j—; ) ‘\’ZT +1—1
1

T, NzZT+1+T. /1)

Takmum o6pazom, 3¢pPEeKTUMBHOCTL reHepaumm 3HEPrvm

cBA3aHa ¢ Koa¢gpPpuymeHToMm KadecrtBa. [NA noBbIlLEHUA

BenuumHbl ZT, Kak BUAHO, Tpebyetca Gonblwoe 3HaAYEHUe

Bennuunbl ZT gna paga matepmanos NP kosdpduumenta 3eebeka, BLICOKAA 3N1EKTPONPOBOAHOCTb U
pa3ny||.,| HbIX Temnepa-rypax HW3KaA TenaonposoaHOCTb

t Mz dA9Cs j oi3tst dzj Slsteduj MSCd2 ftoj sBteOL

15 kojddujddy MdedkO d kdjd " jdadj dzv 3
LdzOj &5 ofMjcHO, Gylsmkd GOEs] tssoo d5j Mlsj
fsl sk §s5dmMS dtseo’' & &OkjtdOdss f) dzOdasC t
Yylsts Csi WWdydjdals SOyjmlsaO mwsydets f sor Mdls!

[hy 20 dzjls zOL OH C sZWN Efylfd @Bz H s g Js @
Cet WWdYyd S Isdodes?2 @6 jdzj sOydd + dgjtecdd, C
odzdL Iz M tOo O, L O dfwh d2 tsls o J dzd yd dz’
sj B j tOlskter cotWyjcets J 0°GdsHdscR7%mn o]
st sk ZOYyOddm' §sdBEd &OkjtedOdss f dat
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Clsd fsdmMC@s gy Mj csHdawh dgd?2 Hj dg ,
B zO or HoddzzlsO cdfitlsjL O, yYybkts o f{tdhctsH
Bisdz hj 2.

4 jGetsHdY ddij ¥ sBF3 ,dOIs joe Gyt dzOyOJ Is,
By ils Brilst BdzdLts¢ € 63 %.j] Gus dgshidylz g Gndsc jiz ¢
BOL J By des L WWJCIsdodes ftesotsHJIS! ftc] 51
L dzj Clsteduyd Mise ts.

10 ted&edzf € OL Odzr t©WOL dzd ydzg' § MmMsdzdzj ydz' J
i tsdzj d 1 WWJjgClsr RZOdzsW slIstsdzd $ d d f dzd dzd da
tcOHdSCOdz ddas] Islz o jSdist W W d yd J dzls O Mt ydd fnt
Isjtedidtst dzj SIstcdyd M dr dBBOIsj tcd OdzO~R .

djGetHdw IIsjtoedisst dzj SstedyiMSdy ftoj sBoOL s
mMdmisj d3r , ¢co¢ f ¢ O1L10Idzts CdEOs tedftiipizjdss § B ' Is
ftc] sSBtcOL ts9 Ols j dz! dz0 magvistsyklethilsg filsi dzded -
Ctej d3dzed J " n § Oded dzWw n, 2O ted d3d te, ¢ ts5dzd d34 tc dz"

COJIHEYHHOE TEPMOJ3JIEKTPUYECKOE NPEOBPA3OBAHME
75 SQHEPI'MM

A HaHoTexHoN0rMN U HaHOMaTepuanbl
" ONA NOrNIOWEHMA CONHEUYHOro cneKkTpa

\ \ \ \ \ \/ HaHoTexHoNOrMu n HaHoMaTepuanbl
, ANA KOHBEPCUU COTHEUHOTO U3NYHEHUA

i Dyezsensitized[solaricell} ] ; -’—_ (doToanekTpuueckoe npeobpasosaHue)
i Solar selective absorber = HaHOTEXHONOrMU M HAHOMaTepuanbl
— _ B S o ﬂ_—_——_ ANA CENEKTUBHOrO NOrNOLEHUA

LN KOHBEPCUU CONTHEYHOro Tenaa B
3/1IeKTPUYECTBO (TePMO3/1IEKTPUUECTBO)

" + TeNn/I0BOIA YacT COIHEYHOro CneKTpa
K HaHoTtexHonorum n HaHoOMaTepuaabl

t Mz Sy j ot dzj SlstedujMSdj Hioj sBtcOL 8
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1 Odesls j ndesdzse dd HtsLotsdzvesls dzOd3 tsBJ Mt J-
Msdzdz] ydeséts dL dzlzyg ded v YJ tedL Isj ted3sd pzj € Is
Wslstst dzj Slstcdyj MSsets ftoj sBtocOL tso Odzed W .

10 B jhy dzgj odzOHj j B Isjrdesdzcedj 2
BOIsjtedOdztso dz0 BOL | GCtOW jdzO d jcet HjtedaC
d Mmj2yofm fJtetseotsHWIsiw,

10 todmiad2C j ftedoe j Hj da ftoed d3d o7 dzlsp B3 W
fsCtsdzj ded v .

TEPMO®OTOBOJIbTAUKA HOBOI'O NOKOJIEHUA

| Tgyy = 6000K Tynr = 1300K+ Teew = 300K
HEAT \ & p N = (2%
ENERGY /" e £ " N = LY.
I— < (0
- - p A
¥ <
r - L F A
) Broad Band Absorber/ Single
emitter filter Py cell Narrow Band Emitter Junction Solar
T . Cell
........
R N
”””” . Wiacte TepmodeKTputieckne
1 PR B B > Heat HAHONPOBOJIOKH
- n-type
e b > r!' yp
— | pype \“’“

e -
DC Power
asleifeat 4 electrons (e7) —+ 'Lfeniepaunn
' holes (h*) — = | ICKTPUYECKOH
Absorber/Emitter Solar Cell 5 uepruu
p| n ]
ATemperature -

FOPSYAS CTOPOHA :
T, =6000K =300K XOI0JHAS CTOPOHA

tdmMzdARCy j oW sSlssoasdz! SOdJE O desotsegts

U jtlolitW clssotsdz' sOdC O dsotsets f sC &d2 ded v,
syj dz? dBdesestsBtcOL dzO: jVY By des M sdz L ts9 C
f sdzz ydls Isj f dztso lz® I dagtc dfdiste,j o Lfplisds tc oy Istfj
ftcj sSBteOLBo Odzdj WYjtejL 90CkEdR ddd Isjtedts!
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Yyofmis sifdzO fHjtejojMmilsd o Isjtdst dzj CIsted yd
o jdzdyde Ow sl 7.

r O3 4J ftcd ctstewyjdz My oy ) 100 CGtcOH Iz
fto] sSBtoOlf S&®efl{F %1 5 sts jMmis: BdzdL Sd2 ¢ sl
gddiz3j s+ © oadHEk, Yyt MOz BOLjttdOd Missdls 6t
Cted dgdzd 2 , Colsster j ftodd3d dzv j sipw o 1 dzj Clste
ftc] sBtcOL ts9 Olsj dzd YytejLor yodzts mis @avgedfds'd o d
Wilstst dzj Slstedyud MEdasd § Odzj dzw a&3d [ 9] .

dkzh Mok s d HEEZEd] o dHT fnts ddiB)y dz" =
Coter | ftLotsdwels BjMfjyudo Ols! SH dzts 9 to §
dLdzzyj ddv, doOfteddhdte, b0 yddddHtedyd nsdan
MOod3zsd dzd ©o OW Ctsdzyd delstceOydes Msdzdzj ydese s L
felssS MtdzdyO® dO Isjtedsi dj Slstedyd MSdJj § Odzj

1 Jtor § 1 MY jted d3j dals T ftsC OL Odzd , Yylsts ¢
22- 24%.

ConHeuHble TepMmo3aJieKTpuuecKkue reHepaTtopbl (CTIMM)
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vOCddB BBLOL R, | Mdd o jletdzkils) iMPd E diszd
Tl JHjVY kjtthst dzjSkteduyjMSsets ftoj SBOL t
GBsH Iz, ss Isdz $ts © 1954 ¢EtHbkz BtedlsOdzmC
ZC OL Odzdzts G 5 ftcj sSBtcOL tsS9 Odaed W f stcwHCO 0,
Ctsdzyd dzlsted te s 9 O dzdats i tis daflaydzif. ig)d dpdz iz tsS:

l 2010 etHEZ BT dzZ HsMMisdedzkzls BjL € tsdzyJ dzl
® 10 t©OL B"'dz fsHdwls s}l HY &shdshisd 6
Csdeyj delstcOlststc O.

ConHeuHble TEPMO3JIEKTPUYECKUE reHepaTopbl (CTIIMm)

XoTta naea MCNonb3oBaHUA TEPMOINEKTPUUHECKUX MaTepuanoB Becbma cTapana (Bnepsble
BO3HWKNAA B 1888 roay), adpdekTnBHOCTL Takoro npeobpasoBaHuAa 6Gblna upessbivaiiHO
HU3KO. ToAbKo B 1954 roga TesKc NpoAemMOHCTPMPOBan KNa yKasaHHOro npeobpazoBaHmnA
nopagka 0,6% pana mowHOCTM ogHoro conHua v 3,3% ANA KOHUEHTPUPOBAHHOroO
usnyueHua (50 conHy). [onroe Bpemsa YyKasaHHbIA pe3ynbTaT HUMKOMY He YAanocb
npeogonerb. Tonbko B 2010 rogy yaanocb AocTuub Kng 6one 4% ana mMmowHOCTM 0QHOro
conHua {6e3 KoHuUeHTpaTopa). 3TOro yaanocb 40CTUUbL, MPUMEHAA BaKyyMHbliA cnoii (6ea
TENAONPOBOAHOCTHU), BbICOKOE MOINOLWEHHUE COMHEYHOro W3NYYeHMA U HOBble
BbiCOKO3(¢PEeKTUBHbIE TepmoaneKTpUYeckue martepuanbl. Takum o6pazom, OCHOBHOe
BAMAHMEe Ha Kng CT3los BHOCAT: KO3GPULMEHT CeNeKTUMBHOINO MOrACLULEHUA COAHEUYHOoro
usnyyeHun, Ko3hPULUUEHT CEeNeKTUBHOro M3ZIyUueHUA MOriowaemoil NOBEPXHOCTH M
AOBPOTHOCTL TEPMOINEKTPUUECKUX MmaTepuanos ZT.

ConneuHoe nanyueHne Cxema egMHWUYHOW AYEMKW COMHEeYHOoro

TEPMOITEKTPUHYECKOro reHepaTopa:
coNHevYHoe U3NyYeHUe NoCcTynaer yepes
COAIHEeYHbIH KOHUEHTPATOP, NPOXOAUT B
NPO3pPaYHbIi BaAKYYMUPOBAHHBIA BOKC U

MOrAOLWAETCA HA CENIeKTUBHO NOMoLWaioLwein

KoHueHTpaTop

CeneKTMBHO

NOrNOLAIGLLAA <
- NOBEPXHOCTHU, KOTOPAA ABAAETCA ropAqe
pnn ‘T~ noBsepxHOCTb P ' P P
. o yactbto CT3la
4——— BaKyyMHbIHA
60KC

tdmMzd=&ec yj2¢0 w61 0O

I dOmistswh jji oty d3W, M OXtsdzyjdzlste QiEss tdridd L
dtsdzdzy, sl dziydlk esdzdLd 20%, 1 Its ExJ M
sB" ydesegts wWtslstst dzj SIstedyJ MEtsets o] sSBicOL 59 C

g4 fvwilsdHjMwilssets s HJjoWwdatsMilsr 2 etsH XX
sl Yy d3dzr | ftsdzzf tetso SH dzd& ddzO U daq | stevQiztofrpflsotOslsts
mMkeMmMistczC Iskztcdz J f sz teso tsH dzd € (. ] Yo
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fcdzEf tesosHded Cd ©OLtcOBPEdzg QY BH® A3 0 d difmfls e
BsWwWWwJg, d d&F LdOjd, yYlss IsOd3 HsBddzdm! or
stesdzgy Istscts, l 2000 'ciH Ols cipiEsC@fdgd  fifday tigCI
ZOds ZOIs j e Odztso, Mo jtertejh VY IsCd d dzOdetstf totse
10 ftmdziHlzdgzj 50y 1 Ists fjtejhdzs o tof
toj Gzdwtcds » dZOdSetsBf sLdlsdy = MstezCIskzte d
Isj mndzsdzse d d B ' dzd tcOL o dIsT His utstetsgimbk dz o
Isj ndzsdzse dyd M sd3 §f dzOdzaj BOIsjtcdOdztso jJ HT S
Isj teditst dzj Slstedyd M dyg dBOIsj ted Odzr Hdzw L WW g ¢
L dgjteedd o 1dzj Sltcdyj MSkze. Clsts dzOf tcOo dzj dz
OCIsdodets tOL oiddeiOtgdsimyd € off DS Isdyud MSd kx4
Il dH 1 Isdrn ®HBOLjtedOdzses &y jls BT IS mMtse j
Isj ted3tst dzj CIstedyd MSdJ dBOIsjtedOdzr dzO B OL j 3¢
gz ¥ s Metsd Mt j ddzesMmisd d HEMistsd dzmise O.
1 0O tod fiyz6z¢ §f 56 O4 WakzsW@iRE MMz = dZ2ZOdZE BOIS | tod O dz

OCHOBHbIE COBPEMEHHDbIE TEPMO3/TEKTPUYECKUE HAHOMATEPUWAIJbI

Epiaxial Nanograincd

£ < 1 quantum dot superlattice (MBE)
2T-1.2 @ 350 K nanowire p-type, Si n-type, PbSeTe/PbTe
[Heath. Caltech. 2008] [Harman, MIT-LL, J. Elec.Mat, 2000]

TrPA®PEH
BO3MOXHO, Y
rpadeHa 2ZT~4-4,5!!1!

bulk — grain
p-type, (Bi.Sb),Tes
(15 authors,
BC/MIT/GMZ

t dMzdasCu jtodstst dzj SlstedyjmMSdj O] ted
10 MmMjesHdv Bz peeggsdgts ] Ctdzd yj Mlsets d ¢
COLHj ks dZ0kSd d dzj ortsHdl o Ctke ftejH
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14v jtedBst dzj Slsteduj MSdj ¢jdzj tOEz dzO0 Iz
10 tedfk6z jss oL Od ftoddjter Isjtedtst djSls
EsddzdL Oydd ljfd&zO. 10 MjesHdy d5 ki Ui

NOTEHUUAJIbHbBIE MPUMEHEHUA TEPMOS3JIEKTPUYECKUX TEHEPATOPOB

| 100 % HA YTUWJIUSUPOBAHHOM TEINJIE
70 % 30% T3 oxnakaeHue
:}: oo - BbicOKOTeMmnepaTypHble l!lll!-!;!'!lf— Tennosoii
- T3I B cuctemax Harpesa |- =" CTOK

= -

. = ‘ 1'\ = Kamepa
e - 1 - cropanua
E Thermoelectric (AERARINAN
Ucnonb3osaHue B

06bIYHbIX CUCTEMAX
CXXUraHua TonamBsa

.

|

i

-
1

OTBOA TENNA B
MHAYCTPUANbHbIX
npoueccax

N

BecnpoBogHblie OTBOA TEnna B
CeHcopbl aBTomobunax

—

il = R S L %
SN PR W
;\ g | = él“ &‘%/ w——r' "*"i;" e @ s n
3 \t‘._ ——l / oy __a-vil KaTanutuu eckuii g, -
ronepTeR \\ = ‘:;::;.‘:.

-

tdmza@asSsC 1 d dzO0 EZlsddzdL Jtese Odzdes d3 Is |

[HdO dL MmdMmlsjds ftoj sBtcOL 59 Odegd W fyts dzdzj
o jJteBdzs H] Y ddr[j»o 'R =l B Mz@EB® Mded BsSC dL w0
fted fklsjhjmlsodd dO© ojtBdsH,j yYjdsejs of
Bsh desflsd dzj yjtejL Wkt djChtedyj MSks
Cjdzj O, §oMStd Ck kj &Y jjcBs@)OH 8d0ls  ds
GicOHEMBe, O IsjBfjtcOskzic® slist HEG O te6J0 A .Is t

1 O cdmMAd? ] (COL Ods tots fyls te’ dz& O Is
ftcjtsBtcOLSOOIsjdzj2. 10 smdzjHded] GtSH' tsdz
dzj MCtsdzr ¢85 H MW IS BoyYUE®L 9 ] Istsls @ L ldzgPR @ dzs ¢ o
ZOYOdd dmitsd Le Ols! MW o teOL dzd ydz' & ¢ ted dzt
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BkHjl Iktsd St Ekfddde Ols! fw, fsMSsd Sk
ROdzs BOIs j e Ocdzr  wOdeslsj Rdesdzscdd H v )t dze

POCT PbIHKA TEPMOS3/IEKTPUYECKUX MPEOGPA3OBATE/IEN

25

Industry & Professionals -

Million Units

= A
e ' -]
0 - { ‘ l \ - = a
2013 2014 2015 2016 2017 2018 2019 2020 (
Infrastructure & Building % Consumer

{ Mk @A8St sfls tr 2SO Isjtedstst dzj Sted yj MS dn

Il tefmdzj Hdzd 4 ot d3w dzOyoOdz OCIsdodzts d My ts¢
Hdzw ko j dzd yd dedvw 56 dztsh Olsj tA8)dzts?2 MY sMtse dzs f

1 BBratSHd B MHj dzOIs! Yo jtorndetsMmisd Isj dz dz
Mo jflkctsMmists o " HW, LOf EzIlsr 8 O] Isfyw d +1Isd t
Zsozh €d Hdzw Mo jlkO, Isjdd MOB &3 L Of JcOW MMe
BOI jtedOdzseo. wjeBHdY ExJ fHtoj Hdzsy j des d3dets
LWWiClsdoedzr d ofj ntEesdiss cPB RO Gls j tzo dgodzg
) dzj MCtsdz! €5 t6OL . 1 Of tod d3j to, sB " ydz 2 C
Ozt 3 dzd j o ¥ oy deS 2, I8 B dzgj vy Cwi WWdydd
20 %. [ Mdzd %4 d&O JjYy e jtorndesiisd MHj dzOIs!
fscdzsh j dedeV dggzd ygd/iB®%.Mw Hts 75
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METOAbl «<HAHOJIOBYLUEK» CBETA A/14 YBE/IMMEHUA
I'IOI'I'IOI.LI,ATEﬂbHOﬁ CNMNOCOBHOCTH
9
F0.11 — ; ; ; : ; ; ; ; g0.11 T T
= T 2 L
Zo1o} =4 1 %Bo.10}
= & L
= I z
£0.09r 4 :; 0.09 |
o I g I
&2 0.08 - 4 ¢ 0.08}
5 I = I
007} 1 Eoort
E e
2 0.06 - {1 20.06}
@ -
5 g [
2 005} 41 £ 005t
5 L = 3
E (15 7. ) S I CRNE S EN SO ER L LI NN S S (RN ] LR | o 0.04 ! 1 1 2 N ¥ . " "
= 16 18 20 22 24 26 28 30 32 16 18 20 22 24 26 28 30 32
S D¢pdexTHBHOCTD Aueiiku, %o DddexTHBHOCTL Aueiikn, Yo
Incoming light A Diffracted light ] ‘
Silicon

Thin passivation

layer

Binary grating Metalization

t Mz 4485, Odzs dztso 2 € d Mo j IsO

Clts desor j MlstckzClskzter, ISOC dz2OL "™ 9 O o3 |
hdfykzh j2 cOdzjtejd.

ltedo jHjdedzr | dMMmdzj Hise OdedwY d Isj R detsdzse
s Isd3, Yt cdztsB Odz' dgrfrRz higtinjsdzrz ¢ § $ 2 ¢ &g dz 5 ¢
Mtsdzdzy ydzOW L dzj G j Isd ¢ O, GdBtodHdZOV ftsdzda]
fpd milsj o3 5B &ZOH O% Is  ©BYJ dz BYestd®d twiqddh
Isjf dzso 5?2 ssh detsfls' 8, O L dzOydl dzjeSt st
Ldzgj teatsmd misj BOG.

ddzjjHlz B sd3w dzkzls+ , ybts d&O BOL | dOds®OIls]
tcOLodo O Isfpw Issfdzdedz j 1 dzj d&3gj dgls d twWH d
1 dzgj g jIsdS O d2O0 dBBjlsOdetsdzy d twWWH Htekzedn, f
syjdz o' MsCd?2 [9].
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v O0¢, MOo dzdlsj dor dgtyl taidiQudgrfoddzts ¥ dzO MMH j dzO daC
d3d Is O dzts dzj CslsstcOW 9o Isteyn SCkBduyujmédes H
Ldzj Sstedyd MEts?2 Bsh desfmisd. GClsts Mtse j teh | dadets
sdz0 oMW MHj] ZOZO L &OdsBOIsj tcd Odzse .

s §fmdzjHddr dzjlssdzos Mintsls i Ddatf tzs dnded j t OC
Mz jcC sdzH | dzMOIsstetseo fiysd sidadE OzdEN@ Is @z®) 2B,0L g fr
Yylsts 1 Ists tojhjdzdj tetse dzj o 1 dzj tec tsfdzOB ¥ J
My i ydodz dz" = § ted d3j dzj dzd 2 . dtcOQo dzgd Isj dz' dzts d
Mistc®@W dz sStcOcjJ HVY dzOh d Bstew Cd-3Y 56 B dzff Otdaf
d d&3j dedasO qazd sdedz" = B OIOtcj?2 M HBBOo dzj dzd j d5
sOCddy oJ dzdStsdzj f dzr &5 BOIj tedOdzsd3. 14 tsWdyd
ttOdzc O, ont dgrjuedyj o2  ts5ffg dizfizn @sls f @ wzdd o dghz' gizd |
BOIsOtejd fjtejhdzd © tojydds fjtcjctejoO, tslsoj
WHsodlsts] orHjdzjddj d oLt e MORs2 BOIOT
steOcjHdJ2. wjesHdY xj o M Hosjdmy dedesiplds O
sHddze L MOB" =~ s OMdzr = dMmlssyded Ctso 1 dzj ClIst

1 sl Issdgz IstejdzH toj L S5 ff sd3j dzf ezfipeiz: | L ©O I B
LOMIsOoaddzd EfOMls! L O tSHddz Hjdzr WtdzHtse ™ 2
dBItdSd Mette] d o -vsjOaiids wedgE o das @oDEEsS d3s B d
Isj dzj W tsdzO Samsung, d itz ©OHJS Od &
M jcOCCERBzdY Iststetse d Mk jteC tsdzH j dzZMOlststots ¢

ltcJ HY 52O O jIsmw f jted ntsBH ©® -deBzdpczPR B Pls @
l ctcOW j dzso 52 dOyddz€ s2, d dzOv mMowBses" H j & ¢
Zzdlsdw d otLBsydts d s Jtdse. vts  j Mis:
Mz j G BdzH § dzM Olststets o d M jOCC Rz st
BJLBYOMde d&3d HtiyHI ofmjcts, MM or MsC B2 {0
JteOW jdz sy jls MHj] &zOts®z82 0 deHs dztssfifdsdzj jls s €
f sdzd d&3j tedzr &3 + dzj S Istotsdzd Is O dzd .

#jJGEBHA dMftd Lkzjlkmy ftoddgjtedts 20 Isj &
GJdzj tOydd: Isj f dztseo OW Ol s dB3dzOW 1 dgj toc j Isd ¢
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Msdzdzj ydes?2 d sOC HOdzji. sBEYBHNMQ BB IStEEO
Bsh desfplsd ® EBH, O k MIsOdzH Otelsdgts? | dzj tog
Ctolststelzs MjetHdY i ftoddjdyjd, LOfOMmtsse

1 sbtsdzk, Metstejj ofmjcets, € fwWisdHjMmMWistsd
HiWwWdydls cOLO d dzj blstfec dzOL BIOO dd { G Bddsd d dz
fsLotsdzVIls dzZOd3 ttOL o o Ols! Mw o 1 Issd3 dzOf tcOo C

Il sl lstsdisz dzO@ f jtocoar 2 f dzOdz or 2H jls Odz' Isjt
B tog, fts dzj S slstster &3 BYyJ dzf O, 25% ofmj
Odz! Isj tedzOIlsd o dz" d3d yJ to jdiH C3§d g jizlsi.z Isf findsadeE’ udgz
d, ¢CBdzj ydes x4, tMlsOdizismhv Olsdkd § MisOdzay
dets k3 j deser n Mmbttsdls! MW dzgj BEHJIs.

s MiBdJHjMwissdzz etsHEZ oMy w©WOHJSC Odz' dats d
fsktejebkjlsmv Bsdjj 70 KcCts@eQlsleo iy dgjst ¢ ddg
Btsdzz hj d Btsdzr hj oratsHdl! dzO §ftsdzzyj dedj ¢

R ofqw 1 dzjtecjlsdC O, s dzOM dd3 tsyj dz§ O3,
Ctsdzykz 21 9jC0O, ofqw 1 dzgjtecjlsdC O dzO L j d3dzj
BZzHjls d&OLQ ddaBfls! Cffdiddyj MStsets BOL dtoetso O
stcj dzH Oz o o B dZOMIsd Ijrdesdzsed?2, d o s
2Oz 11O 1 dzjtecjlsdC O dzkzy dzO. R LIt dzgj d3d ¢
mMdMmlsj d&3r 1 Csdesdzd yj MSdr Blsdesh jdad2 o 1 dgj toc

[BBOW ftodo jHjdedz"r j] HOdzdzr | By dets ftejHY
tcOLoadlsdw 1 dzgjtcdjlsdSd © HBsdzetsMmMiesydzets?2 f j tof

- fjteear 2 o Oted O dzls 1 stsc s tcOL o flsdw
sjtodstst dzj Sltedyj MSOY 1 dzgjtecjlsdC O f) L WWjCls
Cddzso OlsIsO tsCtsaztso 1P cBBEBdEZOdGE] - yYj dzO=R ;

- oalsstes? 9 0OdOdzls ttOLoadlsdw, ¢C€0O0¢ d o fJ
CsMi3duj MSCtsets BOLdese Odzdw, &y jls B Ist, Lk
CeMasd uj MSsEts BOL dqetse Odzd W ;
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- 90ttdOdzls IstejIsd?2: 30% ofmj2 1 dzj Slstetst
df L S s slsj dgyd Odz! dese s Isj ff dzO, 40% sl Mmtsdzdz
dgimstsyded S s, oCdzt& yoOvw HOtedsolzy 1 dgjtceds ,

- 9 0tedNdidsH 2 302 d ftsd3i yso©2 MO, doh yd

s tsdzj ydzts, Il Iss ftescdatstL . [ Zd3j j &3 H J dzC
Mslsddigw 3" W stcmO2Istse Bls 1 CdesdizdMmisse, M j yc
15 oM sddedd3 dMmiststed® .

teCsoatsHdIsjdzr YOIy dzlsdzsets sSVWdMO o wZ ¢
Bsy des qLsBtejMisd, kyJ dLtsBtojlsjdats d datser
1 Of sd3d dz@j o5, JjlssORj B2 OdzS d2  Olsj dzlsdz 2
fOlsjdzssea. ¢ ofmjets ¢ M yjbejtls! s dzOL O
BlzHjIs.

vstsdz CHdMBdz, LB jIsOIj dz2 OB dzOC Oz
BsHO dO wOHdB MEttets EZdtey Is, H jdis. dzdel jlsets Htell
o' cdzvHdl Mg " dets, Is. &. yjtejr 100 dzjls o3
HOYJ ErtHdIls s dzOMm dzO olststes?2 { dzOdz.

1 06 8dzd y, sdde [dzt Mjdg, GdzO9 O L dzOd3j dzd Is ts
(dz2¢) , dL Colstets?2 or M dzd Bdetse d JOH tcdedizd telzd
Ctsd3f oy Htelzedj , LOwWoe ddz, ylsts dzjszdeztfC O
CsiBf ' s Isjte HBERBO. 1 Oftsdigdeddz, ylss © 1978 ¢
o OdOdzs BB ddz desets S sjte®. R, d&zOS T
tcOL d3j esd3 640 CIdHOBOYMESB LZH EE a&shr 7 Yy d
ftosedatsL ", 1Isd ofqj ojdzdSdj dz*Hd ftosedatsL
Nd & dd3jjizé. CIbsd fteddjter ddh! ftHise jte:
dzf B XZOGtSHOtdztsy L OdgvIsdj .

15[ yjdzC O WddzOdefsor & odztsy jdeff@c plsq§ sy
{ Omfdsslstedds o] L sdede’ 2 o sh: co e
fittmMyjSlsdodiy { dzjtecjlsdCk?e | tlsli8yj dSd f
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4 1888 etsHO M 1 dzj Slstetst dzjtecJIsdSd d B dzt
ZOdzsed dzO0 Mkzdadsz M ¢ 5 H davhdedefChts swd W tas 9 4] frjdste
zj s flstcj B9 Odzts iy Hdzw Istsg ts, Ylstser MtsBt
ZOdzse ® fm dqLBBtjlsjddw AOtOHJVWw d 1 dzj Clstetsc

Clts J Hd dzfls o j dzdzts j ) Bd tcj slsCter Isd g ,
dzj 0 j totsW Isdzlzs  dzO dztdlOtDo Hsfiis dfifitimir] BH wzdzOtcts o .

CKOJIbKO HY>XXHO BJTOXKMTb B NEPCNEKTUBHYIO DHEPrETMUKY?

Ao 2070r. - 41 T7p.$

Oo 2050r. - 19 p.$

@
Oo 2030r. - 2,3 1p.$

C 1888rI'. C JIEKTPOOHEPIrETUKM 1M BJIIN3KNM
K HEM OBJIACTAM COBPAHbI HAJION'M B CYMME
94 TPUNJ. OONJNIAPOB!!!

DAPAOEA U ®PUHUHCIMNEKTOP..., 1831rI.

t dmMEzdA9SrRdzo j Misdydd o jtwmifjCilsdedzzs 1

1 Sl sk Ky ds csostedls: 8 21 ojSj, |
Istcd dzdzd sdzts® H s dzdzOtetse o 1 dzgjtecd jIsd ¢ Iz, 3
Istcd dzdzd sdzts® H s dzdzOteso dOdescdztsg ). tcOL o dIsd W

g4 IbyScd Ltc]j ddw ctsMizH OteMmis o j dzdzts 2 i s dz
sftse j dzdzts o fjtemMfjSCisdoe dzz® d Odz' Isj tedzOls
fjtemtif jCilsdo dats.

Cltsls dzj ftojlsidHlze hd2 dO MmMtse jteh j dadzkz
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