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30HA HA OCHOBE TepMonapbl
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Tepmopeancrtop

Ceramic Insulator

Wollastone Wire

Mirror

Silver\
Coating

Platinum Core ~

Probe Tip

R(T)=Ry(L+a(T -T,))

YyBCTBUATENBHOCTH 10 1 MKK




TepmMope3ncTBHbIN KaHTUNEBEP

r;

Apex radius ~ 50 nm




AKTUBHbIN 1 NACCUBHbIU peXUMbI
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AKTHUBHBIU ITaccuBHBIN



[TlpocTpaHCTBEHHOE pa3pelleHune
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JlokanbHbI TEPMUYECKMU aHann3




JlokanbHbIN TEPMUYECKUN aHaNN3
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NamepeHne noBepxHOCTHOW TEMOMNPOBOAHOCTM.




[lpumeHeHne HarpeBa 30HAAa
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Mukpockonmna npu Harpese
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KaHTuneBepHble CEHCOpPHI



MunkpomexaHn4eckne ceHcopsl
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JIMHAMUYECKUY PEKUM CTaTu4eCKu PeXUM

w

#= HanpaBneHue cun MeXmorneKkynspHbIX B3auMoaencTBumn
rumsp HanpaBrneHue pe3ynsTUpYHOLWen cunbl



CTaTU4ecKknn pexmm

DPopmyia Croynu v u E — koapdurment [lyaccona u momyns FOHra;
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(1 . U) L2 KaHTUJIEBEPA;
AZ ~ 3 A ol AG - MIOBEpXHOCTHOE HATSIKEHHUE;
2 AZ — BeNM4YMHA OTKJIIOHEHUSI KAHTHUJIEBEPA

= HanpaBneHue cusn MeXMorneKyrnsipHbIX B3aMmMoaecTBUN
immsp HanpasrneHue pe3ynsTUpYIOLWEen CUnbI
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MexxmonekynspHble B3aunMoaencTenugd B MOHOCIIO€E

Ilpu B3auMoaeiicTBUM ¢ aHAJIU3UPYEMBbIM BellleCTBOM B
cJ10€e MeKIy MOJIeKyJIaMi MOTYT BOBHUKHYTh:

OTTankuBanue
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[MpnnHUMN YHKLNOHNPOBAHUA KAHTUITEBEPHOrO CeHcopa




bumeTtannuyeckmun adpdekt

e o, 0y, A, A,, £, E, — TemneparypHble

K0P (PUIIMEHTBI pacCIIUPEHUS,
TETJIONMPOBOIHOCTH U MoAyu FOHra
MAaTEPHUAJIOB JIBYXCIOMHOTO CEHCopa
COOTBETCTBEHHO, f; U f, — TOJIIIMHBI CJIOCB, In
W — JUIMHA Y [UPHUHA KaHTUJIEBEpa
COOTBETCTBEHHO, AT- u3MeHeHue

TEMIIEPATYPHI.
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an/IMep CUCTEMbI OJ14d CTAaTUHECKOIO pexXmnma
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[leTekumna ammmnaka

Increase of
excluding volume m

Cl< NOj strength of the ligand field
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Moandpunkaumna KaHTUNeEBEPOB

Cantilever modified by polymer-metal film
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[leTekunss ammmnaka

CeHCOopHbIM
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[leTekunst MTOHOB MeTarnsfoB

Bis-(4-(2-pyridylmethyleneiminophenyl))disulfide (Ligand I)
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E. Beloglazkina, A. Majouga, N. Zyk, R. Rakhimov, I. Yaminsky, P. Gorelkin, G. Kiselev, A.
Kutateladze, Thin solid films, — 2007,— Vol.515, — No.11, — pp.4649-4661
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Surface stress, N/m
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dopmunpoBaHMeE KOMMIEKCOB

= Surface stress measurements with BioScan cantilever system
~ Contact angle measurements
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MaccuBbl KAHTUNEBEPOB
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[lbe3ope3ncTnBHasa geTekumnsd

piezoresistive layer HpeHMYH_ICCTBa:
= KoMnakTHOCTBD,
Hwuskasg nena

Henocrarku:
Hwuzkas
YYBCTBUTEIbHOCTD

E] Sensing Layer
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Si0;
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[1be30pEe3NCTUBHBLIN KAHTUNEBEP
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[T€30pE3UCTUBHOCTD - U3MEHEHUE
CONPOTUBJICHUS TIPHU Je(hOopMalIuU
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© =+~ [poxoa 3
300

JlnuHa ~2 MM, TOJIIIIMHA ~ 35 MKM

2 100

P, (I N TommuHa HanbUIEHHOTO 30J10Ta ~ 30HM

Comnpotupnenue ~ 57,9 Om
YyBCTBUTENBHOCTH 6 MB/MKM

©Konecos /I.B.



[1be30pe3nNCTUBHBLIN CEHCOP




Pe30HaHCHLIN peXxmnm

M — npucoennHeHHas Macca;
K — k03¢ duireHT KecTKOCTH KaHTHIIEBEPA;
Vo — PE30HAaHCHAs 4acTOTa KaHTUJIEBEpa
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B3BewinBaHne MukpodacTtumu

o Resonance curve before attached microsphere
o Resonance curve after attached microsphere
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[TpnkpenneHne cep
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B3BeLunBaHue MUKPOYaCTuL

Frequency, kHz

T T T T T T T T 1
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Copbuunst napoB Tosyosnia n aTaHona

40 MKM
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N3mepeHne npeaenbHO Marnbix Macc

B3BemuBanne MUKPOCKONMNYECKHX 00LEKTOB C MACCOi MeHee YeM
onuu dtorpamm (1018 r)

400 L8
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200 nm

300
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ARR 1078

200 + T B
N 5 -5
100
04 Lo -0
S0k 55k 1.56M 1.56M 7.9M S5.0M 126 128M
Frequency (NH z)

YeMm MeHbIIIE pa3MeEP KAHTHUIIEBEPA, TEM BBIIIIE
YyBCTBUTEJIIBHOCTD

Mo Li, H.X. Tang, M.L. Roukes. Ultra-sensitive NEMS-based Cantilevers for Sensing, Scanned Probe and
Very High-frequency Applications // Nature Nanotechnology,- February 2007, pp114-120.
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[To6o4YHbIE pe30HaHCHbIE MNKU CUCTEMBI

15
[Ipu paboTe B TUHAMUYECKOM

peXUMeE Ha BO3AYyX€E Y PE30HAHCHOU
< XapaKTEPUCTUKE OOBIYHO

(qD:' 5 - IPUCYTCTBYET OAUH UK, KOTOPBIUA U
= ABJISACTCS PE30HAHCHBIM ITUKOM
KaHTUJIEBEPA.

T T T T — T T T
204 9 20 40 60 80 100 120 140 160

15 B KuIKoCTH ke pe30HaHCHas

< 0. XapaKTEPUCTUKA UMECT

Q ] COBEPLICHHO UHOM BU:

= MHOYKECTBO OCTPBIX ITUKOB

0+ IIPAKTUYECKHU HA BCEX YacTOTax.

0 20 40 60 80 100 120 140 160 TpynaHo onpenenuTh KakOu U3 HUX
Frequency, kHz COOTBETCBYCT KaHTHIICBEPY

3aBUCUMOCTH aMILIATY/IbI OT YaCTOTHI JIs
HUTPHUIHOTO TPEYTOJLHOTO KaHTHIICBEpA
xectkocThio 0.5 H/M, Ha Bo3ayxe u B BofIe.
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[To6o4YHbIE pe30HaHCHbIE MNKU CUCTEMBI
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° 3aBUCHMOCTh aMIUIUTY/a KOJI€OaHus OT
CxemaTnyeckoe n300paxeHue MIPUI0KEHHOM YaCTOThI. TUIINYHBIE
KOJICOAHUI TUCKA HA EPBOM PE30HAHCHBIE KPUBBIE MMbE30AUCKA!
paaualbHOU MOJIE KpacHasl JIMHUA - U3MEPCHUS HA BO3AYXE,

CUHSI - B BOJIE.



amepeHune oTpbiBa YacTul
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KeapL,—* Kpom
30n1070
Crscillation Jluccoyuayus oonoeo supuona 6 PBS u3z oucka QCM ¢
noxpwvimuem npomus gD 19G. Habriooaemcs peskuii
B nux npu Hanpsaxcenuu 7.4 B

OTcoegMHARLLMACA

3BYK, H30aBaEMEIRA
NPy paspelee CBA3K

OTpBIB YaCTUIIBI COMPOBOXKIACTCS
BO3HUKHOBECHUEM aKyCTHYECKOW BOJIHBI.

Konebanua

Cooper M.A., Dultsev F.N., Minson T., Ostanin V.P., Abell C., Klenerman D. Nature Biotechnology 2001 Sep;19(9):833-7.



I/I3mepeH|/|e MaCCbl aTOMaA 30J10Ta
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BakyyMHaA KaMepa

* UYacrora pe3onaropa cocraBmia 328,5 Ml 1.

 Ilpucoenuuenue ogHOTO IenTorpaMma mMaccsl (1 mermrorpamm (1r) = 10724 kr)
COOTBETCTBYET YMEHBIIIEHHIO 4acTOThI pe3oHaropa Ha Af = 0,104 MI'1y (To ecTh
qyBCTBUTEIBHOCTH pe3oHaropa paBHa 0,104 MI't/or).




I/I3mepeH|/|e MaCCbl aTOMaA 30J10Ta

Y CcTpOMUCTBO aTOMHOIO CEHCOPA Macchl
Nature Nanotechnology 3, 533 - 537 (2008)
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I/IsmepeHme MaCCbl aTOMaA 30J10Ta

a - Nanotube mass sensor
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