CKo0/1bKO BelIaTh B HAHOTPaMMax?

[Tporecc ocaxkaeHus: BellecTBa U3 KUAKOW MM ra30BOM (Da3bl Ha TBEPAYIO MOBEPXHOCTD
UTpaeT YPE3BBIUYAHHO BAXHYIO pOJIb BO MHOTHX 001acTsSX HaHoTexHoyioruil. Hampumep,
UCIIOJIB3YS TIOCJIEI0BATENbHBIE IPOLEAYPHl HAHECEHHWsS TOHKUX IUIEHOK pa3JIMYHBIX BEILECTB
CKBO3b CHELHWAJIbHO IOJArOTOBICHHBIE Tpadapersl (Ha3bIBaEMbIE MAacKaMH), IOJIYYaroT
TPaH3UCTOPBl Pa3MEpPOM B HECKOJIBKO JIECATKOB HAHOMETPOB. JIpyrMM mNpumMepoM MOTyT
CIIy’)KUTh CEHCOPBI, ONPEEIAIONINe KOHIIEHTPAllUU BEIECTB B ra3oBoil (haze umu pactBope. s
TOTO YTOOBI MPUOOP <TIOYYBCTBOBAJI» OMPEIEIEMOE BEUIECTBO, €r0 MOJEKYJbl, KaK MPaBUIIO,
JOJIKHBI CBA3AThCA ¢ YyBCTBUTEIBHON TOBEPXHOCTBHIO CEHCOPA.

Kak >xe KOHTPOJIMPOBATH MPOIIECC OCAXKICHUS BEIIECTBA HA MOBEpXHOCTH? B3Becuts! Ho
JUIs 3TOTO HaM IOHAJO00STCS O4YeHb YYBCTBUTENbHbIE Becbl. OHM Ha3bIBAIOTCS KBapLIEBbIE
mukposecs (quartz crystal microbalance, QCM)cHoBy 3Toro mpubopa cocTaisieT KBaplenast
miactrHa. CBEpXy M CHU3Y HTOU IUIACTUHBI HAHECEHBI 30JI0ThIE 2JIEKTPoAsL. [Ipy nmoaxmroyeHnn
K O9THUM DJEKTPOJaM MEPEMEHHOTO HampsHKeHUsl IUTACTUHA HAa4YMHAeT KoJiebaThcs 3a CYeT
SIBJICHHSI 0OpaTHOTO Mbhe303¢(deKTa.

Yro Takoe mpsMoi u oOpaTHbI mbe3oddhdext (1 Gamn)? IloueMy mnpu NPHITIOKECHUH
NIEpPEeMEHHOT0 HANPsDKEHUS IUIACTHHA HaYMHAeT KosebaThes (2 6anna)? [louemy npu 3ToM ObLia
B3sITa MMEHHO KBaplieBas IJIAaCTUHKA, a He CTEeKIsHHas (Toro ke cocrasa) (1 6aywm)?

3a cuer TOro, 4YTO IUIACTHMHA BbIpE3aHa M3 KpHCTalsia KBapla MOJ ONpPEIeICHHBIM yIJIOM, OHA
COBCPHIACT TAaK HA3bIBACMBIC CIBUI'OBBLIC KO.H€63.HI/I}I, KaK 651 MOKa4YMnBasCb M3 CTOPOHBI B
cropony. Ilpu ompeneneHHOW YacTOTE MEPEMEHHOTO HANpPsDHKEHHS B TaKOW KoJjeOaTelbHOU
CUCTeMe HacTymaer pe3oHaHc. Kazamoch Obl, Kakoe OTHOIIEHHWE K BecaM HMEeT JTa
nepratomfasics: miaacTuHka? Oka3anock, YTO IMPU OCAXACHUU BEIIECTBA HA MOBEPXHOCTH ITOTO
YCTPOMCTBA MPOUCXOAUT MOHWKCHUE PE30HAHCHOW YaCTOTHI IUIACTUHBI (BCTIOMHHM HM3MCHCHHE
PE30HAHCHOW YacTOThl MPYKUHHOTO MasTHHKA [pU HW3MCHEHHMHM Macchl Tpy3a). Macca
OC@XJIGHHOTO BEIIeCTBA CBsI3aHa C M3MEHEHUEM PE30HAHCHOM 4YacTOThl COOTHOILIEHUEM

Cayspbpes:

A V pK(? ﬂK(?
27
['me A — Tuomaap TUIACTHHBI, Pyxe — IUIOTHOCTH KBAPIIA, (i — CIBUTOBBIA MOIYJb YIPYTOCTH
KBapiia, fo —ucxoaHas yacrtora pe3oHaHca.

Am=-CAf , C —koadpdunmenT yyBcTBUTEILHOCTH pe3oHaTopa, C =

PaccunTaiite KO3(p(GUIMEHT YYBCTBUTEIHHOCTH KBapLEBbIX MHUKPOBECOB C PE30HAHCHOM
yactoToil 12 MI'I[ 1 muomanso 22 MM, eciy Prs = 2.648r/cm’, Uip = 2.947-18 F/(CMXCZ). (1
0as)

C MMOMOIIBIO KBAPLCBBIX BCCOB KOHTPOJIHUPYIOT TaAKKC TMPOHCCC HAHCCCHHUA JSJICMCHTOB
HHTErpajIbHBIX CXEM.

[lpyHMMas, YTO TOYHOCTH ONPENENICHHUS PE30HAHCHOW YacTOThl KpUCTala B BaKyyMe
coctraBisier 0.03 11, paccunraiiTe MUHUMAIBHYIO Maccy 30J10Ta, KOTOPYIO MOKHO <«B3BECHUTH»
Ha Takux Becax (1 6amr). CKOJNIBKO aTOMapHBIX CIIOEB 30JI0Ta COACPIKUTCS B ITOM KOJIUYECTBE,
€CIIM CUUTATh, YTO 30JI0TO PABHOMEPHO IMOKPHIBACT IJIACTHHY C OJHOM cTopoHbI (1 6amm)?

bnaronaps ToMy, 4TO KBapleBble MHKPOBECH MOTYT paOOTaTh HE TOJBKO B BaKyymMe WU Ha
BO3JlyX€, HO M B )KUAKOCTH, OHH MOJIYYMIIN IIUPOKOE pacripocTpaneHune B Onoxumun. Hampumep,
3akpenuB  (MMMOOWIIM30BaB) Ha IOBEPXHOCTH BECOB  PACIO3HAMONIME OHOMOJIEKYIIBI,
crienu(rIecKH 3aXBaTHIBAIOIINE M3 PACTBOPA OMPEAETIEMOE BEIIECTBO, MBI TIOIy4aeM OJMH W3
BapuaHTOB OuoceHcopa. Haumbonblee pacrnpocTpaHeHHE NOIYYMIN HWMMYHOOHOCEHCOPHI



(pacrio3Haromme MOJICKYJIbl — aHTHUTENa, Yalle BCEro MOHOKIOHaIbHbIe) U JITHK-O6roceHcoph!
(pacmo3uarorime Mosekysbl —kopotkue ¢pparmentsl JJHK waun PHK).

Kakne kmaccbl OHMOMOJIEKYJ MOXKHO OIPEIENATh TpPU TOMOIIM HAHOTPaBUMETPHUECKUX
OMOCCHCOPOB, UCMONB3Yys B KAueCTBE PACIO3HAMOIIUX AJIEMEHTOB a) aHTUTeNa, 0) KOPOTKHE
oxuonemnoucunsie (parmenter JJHK (PHK), B) amuHOKHCIOTBL. OOBSCHHTE MPHHIUIIBI
pacro3HaBaHus OTPEACIIEMOro BEIIeCTBa B yKa3aHHbIX Bamu ciydasx (2 6asma). Onenure,
KaKoe MUHUMAaJIbLHOE YHUCIIO MOJIEKY Oenka ¢ Mosekymsipaoi Maccort 150 O0OmoryT «®3BeCUTH»
KBapIIeBbIe MUKPOBECHI M3 MyHKTa 2, €CIU TOYHOCTH OMPECIICHUS PE30HAHCHOW YacTOTHI B
xwuakoctr cocrapisier 0.1 (1 6amur). B kakux eme 001acTsIX HayKH, TEXHUKH, MEIUIIUHBI BbI
OBl TIPEAJIOKHUIM HCIIONb30BaTh «HaHOBech» (1 famm)? Kakue emie ObIBalOT KOCTPYKLIUHU Yy
«HanoBecoB» (1 6amwn)?

Nnmoctparuun

Pucynok 1

Pt 4

Cxemarndeckoe H300paKEHHE H3TOTOBJICHUS AIIEKTPOAOB TPAH3HCTOpPA C HCIIOJIH30BAaHHEM
MAaCOYHOI'O HAaIlbIJICHUA.

Pucynok 2

O6mmit Bung QCM-ceHcopa ® CIBHTOBBIE KOJI€OaHMs, BO3HUKAIONIME B IUTACTHHE TPHU
MPUII0KEHUU IIEPEMEHHOIO HAPSIKEHUS.
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YcraHnoBKa Jj1 MaCOYHOI'0 HAHECEHUS DJIEMEHTOB HHTCTPAJIbHBIX CXCM.

Pucynok 4

Hparouttas
sreHKa

HanorpaBumeTrpudeckuiit ”MMYHOOHOCEHCOD.



