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Frequency  Wavenumber  Wavelength Energy temperature
(THz) (cm™!) (prm) (meV) (K)
0.1 3.33 3000 0.41 :
1.0 33.3 300 4.1
10.0 333 30 41 N
29.7 990 10.1 (CO,) 123 e
282.0 9,398 1.064 (Nd:YAG) 1160 kT = E = Ma)
474.0 15,797 0.633 (HeNe) 1960




3aTyxaHue Ha yYpoBHE MOpA
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[1Ba cemencrtesa METOOOB

* [MTOHWXEHMEe YaCTOTbl KBAHTOBO-OMNTUYECKUX
METOOOB

— Hwuskoe cnekTpanbHOe pa3spelueHne (LUMpUHA NMUHUN UCTOYHMKOB >10 KI'u),
aKycToonTuka, OparroBCckme peLleTkn, 4ETEKTOPbI MOLLHOCTH

 YBenunyeHue paboyen 4acTtoThbl
pagnoPU3NYeCKnNX METOOO0B

— Bce dyHKUMOHanbHble 3reMeHTbl MoryT ObITb NpeacTaBneHbl B Buae R,L,C
9KBMBAIEHTHbIX CXEM

— CynepretepoguHHbIE NPUEMHUNKN. ACTOYHMKM reTepogmHa MMEOT BbICOKYHO
dpazoByto CTabUNbLHOCTb



PagnoacTpoHOMUA

Energy Density [nW/m2 sr]

The Cosmic Energy Density Spectrum

100
CIB
.ﬁ.__ COB
fo e
i H 1H’
E]
1 i
=l %
!
/ CXB
]
i Stars/AGN?: V.(\
¢
Big Bang Lm ¢
01 -~ ot " — *
My
4 —*’r**“ﬁ+
'N
1.0E+10 1.0E+15 1.0E+20

Frequency [Hz]

L 3

LA JLLLL I 1 llllllll A llllllll Ll llll l
AL AL

AL lllllll

e

1.0E+2¢



CnekTpockonus

Molecular rotatio

wavenumber / cm -1

TeraView



Deconvolved spectrum of the OCS emission

Intensity, K

[IpumMep cnekTpa, USMEPEHHOTO
retTepoaAnHHbLIM METOA40M

lines at a gas pressure 2.6 mBar. ) J
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MeanunHckaa anarHocTuka

Visible image
of human tooth

Terahertz image of
cavity in human tooth

Crawley et al.
Caries Research
37(5):352-359
(2003)



basanbHo-KneTo4yHasa KapunHoma
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terahertz beam
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[eTekTnpoBaHne HapKOTUNYECKUX
BeLleCcTB
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[leTekTOpbl KNHETUYECKOWU
MHOYKTUBHOCTW
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[leTeKkTopbl C aHTEHHOWU

204 bolometers array with
antennas

e e
=t
= o
= -
< Wy
o \alles/ o
-
S| 4—)3'4 iy
] : -Plannar antenna network for imaging
— 331 § S in millimeter wavelength
——t T -Versatile fabrication process for future
| _ o | applications :
! - ﬂg ! - Polarisation sensitive detectors
T - Integrated frequency selection on the
g E __'ﬂ pixels
e TS U - Thermal sensor can be either high
b . impedance or superconducting with NbSi




[TpuMepbIl LUMPOKOMOMOCHbLIX
aHTEeHH

[ToBEPXHOCTHbIE TOKU
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BonHoBOAOHbIE KOHCTPYKLU NN

Example: Planck-HFI

Back-to-back horns  Filters Bolometer horns lllumination
4K 1.6K 0.1K pattern
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Plan focal Planck-HFT :
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HepgocTaTtok - y3KOMOMNOCHOCTb



CornacoBaHue aHTeHHbI C
NPUEMHUNKOM

4
: MMnenanc npueMHuUKa an = RHp + iXHp
(Ve Z Wmnenanc antennsl Z, = R +iX
g 1 ,
(ZA +Zgp) o2
P - g R 12 pmax _ €
(R +R)+(X+ X, ) T8Ry,
Ip."v Ay “X 1P AN
max 4R R
Prp = Pp .

(Rpp + R +(X,p + X )7




dunsmnka bonomeTpos

_ P
‘ ‘ ‘ Tg =Ts + -
T C - Tenn10eMKOCTb
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Pcond l G- KO3¢. Ten10npoBoAHOCTH



PacyeT 4YyBCTBUTENBLHOCTU

Tp = Ts +=  -NafanLas MOWHOCTb MOAYNUPYETCS C YacToTON W
Ty = Ts + ¢ R — conpoTuBNEHNE PE3NCTUBHOIO
TepMoMeTpa
P

Torga Bbigensiemas MowWHoCcTb f » — 1T < + —

B S G
Wcxoasawmi Tennosoi Tp=Ts+
MOTOK
E (A/I) Ts
G= k(T)dT [W/K] k(T) — yoenbHas

Te—T
(Ts=To) ), TEennonpoBOAHOCTb



YpaBHeHue TennoBoro banaHca

[TOTOK BXO4HOW MOLLIHOCTU paBeH NOTOKY BbIXOAHOU 1 CyMMe BbIXOLHOW U
HakannuBaemon B abcopbepe ¢ TennoemMkocTbio C

jB —_— js—l—g

- E - AMHaMn4yecKad T1ernyiornpoBoaHOCTb
Ty=T+

CTauMOHapHadWaChbs - —— £ <~ —¥%— g
3aBucALLada OT BpeMeHU T — T~ + ad
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YYyBCTBUTEJIbHOCTb MO HAlNPAXXEHUIO

P
TB_TS-I—E

[MNoacTaBnsas HeCTaLUMOHAPHYHO YacTb ypaBHEHMsI TeNoBoro 6anaHca
nonyyaem: p

I'p=Ts+ [8/BT]

[MockonbkKy R 3aBMCUT OT T, TO ANs y4eTa npupaweHus HanpsxxeHma Vi
NCNONb3YyHT 3P PEKTUBHYIO TEMSTONPOBOAHOCTL

P

P
me  Tp=T; +E - KOA(PPULIMEHT 3NEKTPOTEPMUYECKON 0BPAaTHOIA
CBA3M



InekTpoTrepmmyeckasd obparHas
CBSI3b

* [lonynpoBogHukn: a<0 Ge>G
* CBepXnpoBOAHUKK: >0 Ge<G

L‘|yBCTBI/ITeJ'IbHOCTb no
Harnpa>xXeHumto

p
Ig=Ts+~ TB=T5+§

Hy>eH pa3ymMHbIn 6anaHc mexay BbICOKOW YyBCTBUTESNTBHOCTBIO U
Masion Te



MoLHOCTb 3KBMBAleHTHaA
LLYMY

* OTO ONTUYeCcKasi MOLLHOCTb, MPUIOXEHHAas K
BXo4y naeanbHOro (HewymsLwlero)
OMNMTUYECKOro NnpueMHuKa n cosgaroLlaa Ha
BbIXO4e 3NeKTPUYECKYHO LUYMOBYH MOLLHOCTD,
paBHYO HabnogaemMou Ha Bbixoae
doaKTU4eCKN paccMaTpmuBaeMoro npmemMHmKa.

* MoLwHOCTbL curHana Ha BxoAe, Nnpu KOTopow
COOTHOLLUEeHMe curHan/Wwym Ha Bbixoae paBHO
1, eCnNn BPEMEHN UHTETPUPOBAHUA
cocTtaBnaetr 0.5 ¢



CobctBeHHast MOLLU 6bonomeTpa

Tun dosomerpa

DHEPIUS

KBAHTOBAHHA,

XapaxTepHbli
napaMerp

NEPshm,
1079 Br My~ Y2

MK B abcopdepa, MK
bX> kpl. =9 Tei=150 l
bCI1 A:=43 T. = 500 -
BKH [11, 12] A4 =200 I, =1200(Al) 7




bornomeTp Ha Kpae c/n nepexoaa
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N3meHeHne anekTpoHHOW TemnepaTtypbl BKI nog gencremnem
N3NyYeHns: NPUBOAUT K YBENUYEHUIO COMPOTUBIIEHNSA NIEHKN
BONM3KN KpuTnyeckon temnepartypbl TK. Tok yepes 6onomeTp,
paboTalowmnin B peXXMMe 3agaHust Harnps>KeHus, CYNTbIBAETCS
nocpeactsom CKBUa.



CBEpPXNPOBOAHUKOBLIM AETEKTOP

U30MATOP
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bonomeTp Ha xonogHbIX
ANEKTPOHaX
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Abcopbep HA XONMOIHEIX
INEKTPOHAX

CHH -MEPe X0k
— CBA3E C AHTEHHOH
— TEMIOBAA HIONTIHA
— H3IMEPEHHE MOIIHOCTH
— INEETPOHHOS OXJTAN1EHAE
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YpaBHeHMe TennoBoro banaHca
BEX3

P-L'[}[}l | i, }m J'ph, | + Eil 1"5 - j[fh | + C A E — P{:l + 0 FU_]

A obwem abcopbepa Cy =77, yIEIbHAsA TEIUIOEMKOCTD

Getr = Gegol + IE?ﬂ:—[:-h +1wCy

ol 0l/0T _oIfer L
0P  Geool + Geonh +10Cy  Geoor (L +1)[1 + i1]

-.S'I' E— L = (_.;C{}[}llll’ll' (;'L'_ph ?.'} ].

- (._';1 . (X))
IGﬂ:—ph + I|:ifhi_'c:nc:-l L+1

-

T0 = Cyq/Ge ph



Tun dosnomerpa

DHEPIUS

KBAHTOBAHHS,

XapaxkTepHbli
napaMerp

NEPgot,
10-" Br My~ /2

MxiIB abcopdepa, MK
bX> kpl. =9 T =30 1
bCII A:=13 T. =500 -
BKH [11, 12] 4 =200 T. = 1200 (Al) 7




KBaHTOBada adpekTMBHOCTbL N 1 S
abcopbepoB
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