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PaccMoTpeHa BO3MOXHOCTb MCIIOJIB30BAHHS CJIOKHOTO BHXPEBOIO CBETOBOTO ITyYKa C TOIOJIOTHYECKUMH
3apsiiamMu 2 ¥ 5 171 BpalleHHsT MUKPOMEXaHHYECKOT0 IeMeHTa (MUKpOTypOuHsI). IlpencTaBieHsl pe3ynbpTaThl
HaTYpHOTO SKCIIEPUMEHTA II0 ONTHYECKOMY BpAIleHUs MHUKPOTYpOMHBI crienuanbHol (opmel. [IpoBenena
OLIEHKAa MOMEHTA CHJIBL, ISHCTBYIONIEH Ha MUKPOTYpOUHY.
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BBenenue

CBeToBOM Ty4YOK C OpOWUTAIBHBIM MOMEHTOM MOXHO (OPMHUPOBATh MpPH MOMOIIU
TU(PPAKIMOHHBIX ONTHYECKUX DJIEMEHTOB JJIsi MHUKPOMEXAaHHMYECKOTO0 KOMIIOHEHTA 3a/JaHHON
¢dopMbl, 4YTOOBI ONTUMHU3UPOBATH IHpOLECC MpeoOpa3oBaHUs CBETOBOM HSHEPrUU B
MEXaHUYeCKyl0. Takue My4dKH IIUPOKO MCIOJIb30BAIUCH JJs BpAIIEHUS MHUKPOOOBEKTOB ¢
xapaktepupiMu  pazmepamu  0,1-10  MKM, dYTO MOATBEpPXKIAETCS  MHOIOYMCICHHBIMU
nyonukanusmu.  Hanpumep, B [1] mnpoaeMoHCTpupoBaHa ONTHUYECKHU — yIIpaBiiseMas
MHUKpPOMEXaHUYECKasi CUCTEMAa C BUHTOM ApXUMENA B KAUECTBE MEXAHMUYECKOTO INPHUBOJA B
BUJE LEHTPaJbHOU cdepbl, W Tpex JomnacTedl, KOTOpble ObUIM HW3rOTOBJIEHBI METOJIOM
IBYyX(OTOHHON mnonuMepuszanuu. JlasepHblil my4dok (oOKycHpyeTcss Ha MHUKPOCHCTEME,
MUKpPOBHUHT IOMAJIAeT B JOBYIIKY B TOUKE (POKYCHPOBKH U OJTHOBPEMEHHO Bpaiaercs. B aroii
paboTe uccneayeTcsi 3aBUCHMOCTh CKOPOCTH BpallleHUsI MUKPOPOTOPOB € JIONACTSMU U 0€3 HUX,
pasabie 1.9 min-1/mW u 13.5 min-1/mW cooterctBeHHO. B pabote [2] Takxke mccienoBaHa
3aBUCHUMOCTb CKOPOCTH BpAIICHMs OT TOJILMHBI JIONACTHM M LEHTPaJIbHOW YacTH BHHTA.
Opnako, Hago 3aMETUTh, YTO OCHOBHOM MEXAaHHW3M YBEIUYEHHS CKOPOCTH BpAILEHUS
MHUKPOOOBEKTOB — YBEIMYEHHE MOIIHOCTH CBETOBOIO Iy4Ka, HO TPEXMEpPHBbIE CTPYKTYphI Ha
OCHOBE TMOJUMEPOB HE 00JIAAI0T JOCTATOYHOU JTYyYEBOM CTOMKOCTHIO. J[JIs1 Mpeo0sIeHus ITOM
npobaembl B [3] pa3paboTaHbl METaUTM3UPOBAHHBIC, KpecTooOpasHbie poTopsl (muamerp 40
Um) ans  MHUKPONPHBOJIOB  IMyTeM  CKAHMPOBAHMS  JIA3€PHOTO Jiyda C  HU3ZKUM
sHepromnoTpednenreM. IlpoBeaeH aHanu3 CBETOBOIrO JABJICHHS, OKAa3blBA€MOI'O Ha JIONACTh,
MOKa3aHO, YTO HAKJIOHHAS JIOMACTh MOXKET FeHePUPOBATh OOJIBIINKA BpPAIIAIONINI MOMEHT, YeM
TOPU30HTAJIbHAS JIONIACTh 3a CUET OTpakeHWs mnajaatouiero ['ayccoBoro myuka. B pabGote [4]
TaKke pa3paboTaHa METALTM3MPOBaHHAS MUKPOTYpOMHa (amamerp 60 pum, Beicota 6 pm),
KOoTOpast 3¢ (HhEeKTUBHO UCIOIB30BANIACH JUISl CO3/JaHUs JIBMXKEHUS TIOTOKOB XKHUJIKOCTH. Takxke Ha
OCHOBE TEXHOJIOTUHM JABYX(OTOHHOW MOJUMEpPU3ANHM MPEANPUHUMAINCH YCUIHUS 0
MUHHUATIOpU3alK AudpakuuoHHOro ontudeckoro snementra (A0ODJ) ana dopmupoBaHus
BUXPEBBIX CBETOBBIX My4YKoB [5]. B pesynbrare JIOD mis popmupoBanus BUXpEBOro Mydka o
MacimTady ObUI CONOCTaBUM C BpallaeMbIMU MHKpPOOObeKkTamMH (Auamerp 9 pm, mpu
paspemienuu 0.3 pm).
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OpHako paboT, MOCBAIIEHHBIX HCIOIb30BAHUIO BUXPEBBIX CBETOBBIX IYYKOB JUIsl pabOThI €
MHUKpPOOOBEKTaMH B Pa3pekEHHBIX Cpelax (BO3IyX WM BaKyyM), OUE€Hb Majo, YTO CBSA3aHO C
HAJIMYMEM 3HAUYWUTENBHBIX TPYJHOCTEH TEXHHYECKOTO Xapakrepa IpH  IPOBEACHUU
HKCIEpUMEHTOB. [103TOMY mepcrekTuBHO pa3paboTaTh CUCTEMY, B KOTOPOU CBETOBBIC ITyYKH U
MHUKPOMEXaHUYECKUE AJIEMEHTHI OyJIeT pacCUMTaHbl APYT MOA JIpyra U ONTUMHU3UPOBAHBI MO
paboTy B BO3JyXe WIH B BaKkyyMe. BOJBIIMHCTBO paboT, MOCBSIIEHHBIX HCIIOJIb30BAHUIO
JIaBJICHUS] CBETa B KAdyeCTBE ONTHUYECKOI0 IPUBOJA, PACCMATPUBAET KOHCTPYKIMIO TAKOIO
IPUBO/IA B BUJIE HEKOH crcTeMbl (DOKYCHPOBKHU Y€ COPMHUPOBAHHOTO cBeTOBOro nmyuyka. Ho ¢
UCIOJIb30BAaHUEM JU(PPAKLMOHHBIX ONTHYECKUX HJIEMEHTOB MOXKET OBbITh peaau30BaHa
cucTeMa, B KOTOPOH K paboyeMy MHUKpPOMEXaHHUECKOMY 3JIEMEHTY OYJeT Mo/1aBaThCs CBETOBOM
My4OK C OpOUTAILHBIM YTJIOBBIM MOMEHTOM, KOTOPBIH OyneT chopMupoBaH ¢ yueToM (OpMbI
MHUKpPOOOBEKTa TaK, 4TOOBI Mepefaya BpAIIAIOMIEr0 MOMEHTa MPOMCXOJWJIa 33 CYET CHII
CBETOBOTO JIABICHHS NPU OTPAKECHUU CBETa OT IOBEPXHOCTH. TakuM 00pazoM, MOXKHO
MUHMMH3UPOBATH IOIVIOIIEHUE CBETa MHMKPOOOBEKTOM, a, CJEI0BAaTEIbHO, €ro TEIIOBOE
IEHCTBUE.

OauuM U3 MyTed MUHUMU3AIMKN TEIJIOBOTO BO3JICUCTBUS SBIISICTCS paclpe/ielieHne CBETOBOM
MOIIIHOCTH IIy4Ka 10 MaKCUMalbHOH Iiomanu. Takue BHXpEBBIE IyYKH €CTh, HampHUMeEp,
nyuku beccens [6]. Oanako myuku beccens He CIMIIKOM NOAXOAAT, T.K. HHTEHCUBHOCTh B
KOJIBI[aX PE3KO yOBIBAET C pOCTOM HX HOMepa. UToObI 00ecrieunTh MPUMEPHYI0 pAaBHOMEPHOCTD
pacnpesieneHusi WHTEHCHBHOCTH IIPOILE BCEr0 HCIIOJB30BAaTh CYNEPIO3UINI0 BHXPEBBIX
IIy4KOB, KOTOPasi 3a CYET HOCTEIIEHHOTO POCTA TOIOJIOTHUECKOr0 3apsiia 00eCIeunT H3MCHEHHE
pa3zMepa BUXpEBOro myuka [7].

1. ®opmupoBanne myyxka

Jns  BpamieHus MHUKPOTYpOMHBI OBUIO pEIIeHO HCMIOJNb30BaTh OAMH U3  IYYKOB,
npelcTaBieHHbIX B pabore [7]. [ns BeiOOpa CBETOBOrO Iydka MBI PYKOBOACTBOBAIHUCH
CJIEIYIOIIUMH COOOpaKEHUSIMHU:

- HaKJIOH BOJIHOBOI'O (I)pOHTa B KaXIOM TOYKE MydKa HJOJIKCH OBITh MNEPNCHAUKYIIAPCH
IMMOBCPXHOCTH JIOINIATKH H3TrOTOBJICHHOM MHKpOTyp6I/IHBI;

- IIY4OK JIOJDKEH Y/IOBJIETBOPATH YCIOBHIO PABHOMEPHOCTH paclpe/ieleHNuss HHTEHCUBHOCTH T10
NoJIIpHOMY yrity [8].

Ha puc. 1 mnoxazansl ¢QaszoBas ¢ynkmus JOD (puc.la), a Ttakxke Qopmupyemoe um
pacripesiesieHue HHTeHCUBHOCTH (puc.10) u pa3a myuxka (puc.1s).

M3HavaabHO TaKOW MyYOK MPEANosarajloch UCIOIb30BaTh A epeMEIeHUs] MUKPOTYPOHH U3
HEMpO3payHOTro MaTepuana, OJHAKO, Kak OyleT MOKa3aHO HW)Ke MYYOK YCIEIIHO BpallaeT
po3payHble MUKPOTYPOHUHBI.
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8) ]

Puc. 1. ®azoras ¢pyukius 103 (a), pacnpeeneHie MHTCHCUBHOCTH B JAaibHeH 30He audpakuuu (0), pasa myuka (B).

2. DKkcnepuMeHT

Jlis  mpoBeneHUsT OKCIEpUMEHTa [0 BpPAMICHUIO OBUTM HM3TOTOBIEHBI MHUKPOOOBEKTHI
cnenuanbHoil GopMbl (MUKpOTYypOuHBI). J[7s 3TOro ObUIa MCMONBb30BaHA CTAHLUSA KPYTOBOM
na3eproi 3ammcu. s popMHUpOBaHUS CIIOKHBIX BUXPEBBIX IMYYKOB M MX (DOKYCHPOBKH Ha
MUKpPOTYpOMHaX Obljla MCIIOJIb30BaHA ONTHYECKas yCTaHOBKA, cXeMa KOTOpPOW IpHBEIeHa Ha
puc. 2.

B kauecTBe HMCTOYHMKA HW3Iy4EHHUS MCIIONB30BAJICA Jlazep C JJIMHOM BONHBI 532 HM U
nepeMeHHoi MomHocThio 4 Bt. ITyyok pacumupsics npuOau3UTeasHo 10 2,3 MM B AUaMeTpe
IIpY MMOMOUIHM KOJUIMMATOpa U 3aTeM 00pe3alicsi C MOMOIIBI0 anepTyphl A0 2 MM, YTOOBI TOYHO
nokpeITh penbed 0. [Inga dokycupoBku U GopMHpPOBaHUS M300paXKEHUs HCIIOJIb30BAINCH
MUKpPOOOBEKTHBBl 16X. MUKpOTYpOMHBI NOMEIIAINCh B KIOBETY C BOAOH, B KOTOPYIO
no0aBiisijack MOBapeHHasl COJlb, YTOOBI YBEIMYMTH IJIOTHOCTh JKMIKOCTU. T.K. IJIOTHOCTh
pe3ucra, M3 KOTOpPOro OBUIM M3rOTOBJIEHBI MHUKPOTYpOMHBI okoyio 1200 Kr/M°, 91O
CYIIECTBEHHO BBIIIE IJIOTHOCTH BOABI, J00aBKa coiu oOecreyrBaeT yMEHbIIEHHE Beca
MHUKPOTYpOUHBI, U, CIIE0BATENILHO, YMEHBIIIEHNE CHUIIbI TPEHHUS.

3 %_ W&Iy

| 4 5
Puc. 2. OnTrueckas cxemMa YCTaHOBKH IO BPaIllEHHIO MUKPOTYpOuH. B ontuueckoii cxeme BBeleHb! 0003HaueHus: 1 — jasep ¢
JUTHHOM BOJIHBI 532 HM M MaKCHMMaJIbHOM MOIITHOCTBIO 4 BT; 2 - koyutumarop; 3, 5, 12 — moBopoTHBIE 3epKaia; 4 — nuadparma;

6 — akcukoH; 7 — poKycHpyOUIMH MUKPOOOBEKTHB (X 16); 8 — mosIoKKa ¢ MUKpOTYpOrHaMu; 9 — n3obpaskaromuit
MHKpO0OBeKTHB (*X16); 10 — moaceerka; 11 — momynpo3paunoe moBopoTHoe 3epkaio; 13 - [13C-kamepa.
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Paboyass oOmacTh moAcCBedYHMBAJIach O€JIBIM CBETOM OT JaMmmbl HakaauBaHug. Cpemka
ocymiectBisiachk [13C kamepoid, iepe; KOTOPOii MOMEIANICS CIIEKTPAIBHBIN CBETOBON (QUIIBTP.

Ha pucynke 3 nmoka3aHbl 3Tanbl BpallleHUs MUKPOTYPOUHBI.

8) 2) .

Puc.3. Cramun IBYDKEHUS TOIMMEPHOI MUKPOTYPOUHEI C HHTEPBAJIOM 2¢ B ITyYKe C TOIIOJOTHYECKUMH 3apsiiamu 5, 2, 5

W3 pucynka 3 BHUIHO, YTO OCYILECTBISETCS MOBOPOT MHUKPOTYpOMHBI nuamerpoMm 100 Mkm
c(OKYCHPOBAaHHBIM CBETOBBIM ITy4KOM. PaccumTaeM YIJOBYIO CKOPOCTb MHKPOTYPOMHBI U
MOMEHT CUJI TPEHHS, JEUCTBYIOIIMX HAa HEE, UCIOJIb3Ys MEPBBIA U NocieAHur kanap. Haiinem
KOOPJMHATHI JIOMACTH B IIOJIOKEHUU IIEpPE] HA4YallOM BpalleHUs U Iocie ee nmoBopora. [l
pacuera MOMEHTHI CUJI TPEHHUS BOCIIOIb3yeMcsl pOpMYJION Jisi MOMEHTA JIEHCTBYIOIIUX Ha TUCK
KOHEYHOTI'0 pajguyca cuI TpeHus [9]:

M =-1,94-R*p v Q°, (1)

rae R — panguyc MUKpOTYpOMHBI, p — MJIOTHOCTH BOJBL, v — KO3 uiueHT Bszkoct npu 20 C,

() — yriioBasi CKOpOCTb.

VTII0Basi CKOPOCTh MUKPOTYpGOHHEI cocTaBmia 0,056 ¢, a MOMEHT CHII TPEHHS, ICHCTBYIOIINX
Ha Hee — 2,87¢0H M. DTO maeT BO3MOXXHOCTH OIEHKH CYMMapHOW CHIIbI JAEUCTBYIOIIEH €O
CTOPOHBI CBETOBOT'O ITy4Yka HAa MUKPOTYpOuHY — okojo 100mkH.

3aKJao4eHue

CocTaBHOI BUXPEBOI MyYOK C TOMOJOTUYECKUMHU 3apsaaamMu 2 U 5, HECMOTpsI Ha HEKOJIbILIEBYIO
CTPYKTYpY, MO3BOJISIET BpallaTh MUKPOTYPOMHY, COIVIACOBAHHYIO MO (hOpME C €ro BOJHOBBIM
dpoHTOM. [ yCTIENTHOTO MPOBEAECHUS IKCIIEPUMEHTOB CO CTOJIb KPYIHBIMU OOBEKTaMM Kak
MUKpOTypOuHa (auamerp 100MKM) HEOOXOAMMO CHH)KAaTh HMX BEC 3a CYET YBEITHUEHHS
IUIOTHOCTH OKpYXaroIled >KUAKOCTH. MOMEHT CHJIbl, BO3JCHCTBYIOIIMH Ha MHMKpPOTYpOHHY,
coctaBui okoio 3 ¢H, uTo sBisieTcs JOBOJIBHO BBHICOKMM 3HAUYE€HUEM IMPU UCHOIb3YEMBIX B
JKCIIEPUMEHTE MTapaMeTpax ONTHYECKON CXEMBI.
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