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COCTOASHWE U TEHOEHUWN PA3BUTUA MUKPO- U
HAHOOJJIEKTPOMEXAHUYECKUX CUCTEM

OmHUM W3 aKTyaJbHBIX HANpaBICHHH COBPEMEHHOW HAyKH SIBISAIOTCS HaHOTeXHoJormw. He cMOTps Ha TO, dTO
3JIEKTPOIIPHUBO/I, KaK IPABUIIO, ACCOLMUPYETCS C OTHOCUTENHHO rabapuTHBIMU U MOITHBIMH YCTPOWCTBAMH, BO3MOXKHO,
B MHKPO- 1 HAHOTEXHOJIOTHAX CYIIECTBYET HUIIA U [T HETO.

Heasblo craTeu ABIsSETCS 0000IICHNE JOCTIKECHNH B 001aCTH MUKpO3IeKTpoMexanudeckux cucteM (MOMC) u Ha-
HoaekTpoMexannueckux cucteM (HOMC), koTopble ¢ KaXAbIM I'OI0M MOJy4aloT Bee Oolbliee pacipocTpaneHue. He-
COMHEHHO, Pa3BHTHE ITHX CHUCTEM IMOTPeOyeT 3HAHUHN KIACCHYCCKON TEOPHU 3JICKTPOIPHBOAA M, BO3MOXKHO, MPHUBE-
JeHHas MH(OpMAIIHsI 3aUHTEPECYET YUCHBIX-3JICKTPOIPUBOIIMKOB M TOOYIUT MX MOCBSITHTH CEOS MCCIICAOBAHHUIO U
CO3JIaHUIO MHUKPO- ¥ HAHOAJICKTPOMEXAHIMUYECKIX CHCTEM.

OmHUM U3 HATIPaBJICHUH Pa3BUTHUS U COBEPIICHCTBOBAHUS TEXHUKH SBISICTCS MHTETPAIMS U MUHUATIOPU3AIHS 000-
pynoBanus. [IprMepoM 3TOMY SIBIISIOTCS IJIEKTPOMEXaHHKAa M MEXaTpOHHKA. VHTerpamus Ha KpUCTaIE 3JCMECHTOB
ANIEKTPOHUKH, MEXaHUKH, MH(POPMATHKN W W3MEPHUTENBHOW TEXHWUKU NpHBENa K OOBEIWHCHHIO ITHX TEXHOJOTHH B
koH1le 80-x — Havane 90-x TomoB U co3naHuio MUKpocucTeMHON TexHUKN (MCT) n nosiaennto MOMC. PaszBurtue Ha-
HOTEXHOJIOTUH MpuBOANT K cozmarno HOMC.

ITo pa3mepam u3zenus pa3HOH CTEIEHH MUHHATIOPU3AIINH IPUHATO KIACCH(HUIIMPOBATE CIeAyomuM obpasom [1]:

— JJICKTPOMEXaHUKa U MEXaTPOHHUKA > 1 Mm;
— MUKPOCHCTEMHAsI TEXHUKA WM MUKPOAJIEKTPOMEXaHHYECKHE CHCTEMBI 1 + 1000 mMxwMm;
— HAHODJICKTPOMEXaHWIECKHE CHCTEMBI 1 HAHOTEXHOJIOTHHI 1 + 100 M.

HaHOCTpYKTYpbl HAXOIATCS Ha TPAHUIIC CAMBIX MAJIBIX U3 CO3J[AHHBIX YEJIOBEKOM YCTPOMCTB M HAUOOIBIINX MOJIC-
KyJ kuBbIX opranuzMoB. MOMC u HOMC paccMmaTpuBaloT BCe CBOMCTBA CTPYKTYP HE3aBHUCHMO OT IMPHUHIIMIA WX
(GYHKIMOHUPOBAHUS: (PU3MYECKOTO (BJIEKTPOMArHUTHOTO, ONTHYECKOTO, KBaHTOBO-MEXaHHUYECKOT0), XHMHUYCCKOIO,
OGMOJIOTYECKOTO.

Brnaromapst manem pasmepam MOMC nproOpeTar0T YHHKAIbHBIC CBOMCTBA, HE XapaKTEPHBIC I MaKpOCKOITHYe-
CKUX OOBEKTOB B CHITy 00Jice BHICOKOTO OTHOIICHHS IUIOMIATH ITIOBEPXHOCTH K OOBEMY: MOBBIIICHHYI) YyBCTBHTEIb-
HOCTB K CTaTHYECKOMY (IIOBEPXHOCTHOMY) AJIEKTPHUYECTBY M CMAaUYNBACMOCTh ([ICHCTBHE CHII TIOBEPXHOCTHOTO HATSKE-
HUs). XapakTepHoit ocobeHHOCTRI0 MOMC siBnsieTcst cuHepreTndeckoe (B3aNMOYCHIIHBAIOIICE TTONOKUTEFHBIC CBOM-
CTBa) B3aUMOJICHCTBUE SJICKTPUIECKUX U MEXAHUICCKHUX CBSI3CH.

Crpyktypa MOMC .
PYKTYp . Cxema Brixoanoii
Obmas crpykrypa MOBOMC Bxonnoi CHIHA
UJCHTUYHA KJIACCUYECKOU Pa3oMK- curHan —» Cencop —» yHpaBICHNA » AKTIOATOp [—P
i & 1 00paboTKU (ympasinsiemoe
HYTOH, IIPH 3TOM SIBJISETCS MHTEr- (BO3/ciCTBUE)
i curHasia JIBIKCHUE)
PUPOBaHHOH M BKIIOYaeT B ceOs

YyBCTBUTEJIbHBIE JJIEMEHTHI (1aT- Puc. 1 Obmas crpykrypa MOMC
YUKH MH(OPMAIMH WM CEHCOPBI), KaHAIBI IIepejadll SHEPriuy U HH(QOpMalLiK, YIpaBISIOIINE yCTPOWCTBA, HCIIOIHH-
TEJIbHBIE MEXaHNU3MBI (JJBUTaTENI WM aKTI0aTopbl) [2] 1 MoXkeT ObITh IpeacTaBieHa Ha puc. 1 [3]

K MHKpO37I€KTpOMEXaHMYECKUM YCTPOHCTBAM OTHOCSATCS MOJTYHPOBOJHHUKOBBIC JAaTUMKH IABICHUS, aKCEIEPOMET-
pHI (IIMPOKO MCIOIB3YIOTCS B KAYECTBE TyBCTBUTEIBHBIX AJIEMEHTOB NPH cpabaThIBaHUM MOAYIIEK OC30MaCHOCTH aB-
ToMoOwmIIeit), puc. 2 [4], THpOCKOMHI (OCHOBa HABHTAIIMOHHBIX M3MEPHUTENeH), MUKPO(DOHBL, a TAKKE MIUPOKUHA P aK-
TIOATOPOB, B TOM YHCJIE COIIIA TOJOBOK CTPYHHBIX MPUHTEPOB, MATPUIBI MUKPO3EPKall, OMOYHIIbI, pa0YaCTOTHBIE U
akyctuaeckue puibTpel. OcHOBHBIE oTpedbuTenu MOMC — 000opoHHas M aBTOMOOHIIBHAS IPOMBIIIUIEHHOCTD, POOOTO-
TEXHHKA, MEAUIIHA 1 MOOUIIbHBIE YCTPOICTBA.

M3BecTeH aMmepruKaHCKUII MUHHATIOPHBIH JIETaTeNbHBIN ammapar ¢ mapaMerpaMmu: Macca - 80 r; pa3Max KpblibeB - 15
cM; BbIcoTa moseta - 230 M; ckopocTh 70 kM/4ac; Bpemst monéta - 30 MuH; paauyc neiictsus - 1,8 km; KI1J] npuraress -
82%; nBe BUjEOKaMephl BecoM 2 T; nepeaada u3odpaxenuit Ha 2 kM [5]. Camblii MUHHATIOPHBI OABOIHBIN armapar
cepun MicroHunter ¢ nansHOCTBIO AeiicTBus 30 KM, UMeeT JUIMHY 5 ¢M 1 Maccy 5 T. FIX cucTeMsl yrpasieHus odecrie-
yuBaloT 3P(PEKTHBHOE NMPUMEHEHHE TOCTAaTOYHO OONBIION rpynmupoBku (Oosee 50 MHKpoanmapaToB) AJs pEIICHUs
3a7a4 cOopa TpexMepHOH HH(POPMAIMH O TIOABOTHBIX OOBEKTaX.

B MenummHe HEOOXOIMMBI TPUBOBI C Ta0ApUTHBIMH pa3MepaMu B MpEeIax OAHOTO MHJUTUMETPA C KPYTSIIIM MO-
MEHTOM JI0 HECKOJIBKHX JIECSTBIX MHKPOHBIOTOHOMETpa. IIpu obmieM nquamerpe penykropa, paBHOM 1,9 MM, 3yOuartsie
KoJIeca OTAEIBHBIX CTyIeHel nMeloT afuametp He 6omee 0,5 mm, puc. 3 [4].

IIpoextupoBanne MOMC TpebyeT He TOTBKO COBMECTHBIX YCHIINI CHEIMAINCTOB B O0JIACTH MEXaHUKHU U AIIEKTPO-
HUKH, HO U JOMOJHUTENbHBIX (DyHAaMEHTAIbHBIX HCCIECIOBaHUN B 001acT (pU3MKH, XUMHUH, MaTepuanoBegeHus. Cy-
miectBytomue I'OCTrI pacnipocTpansatoTcst Ha Moaynu 10 0,1 MM U yXe He 0XBaThIBAalOT JOCTUTHYTHIX 3HaYCHUH, paB-
HbIX 30—40 MKM.
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x-axis ZA Circuitry
; 4 mm

Texnonormueckoit 6azoii MOMC SBISIOTCS TEXHOJIOTHA MUKPOIJIEKTPOHUKH
C BO3MOJKHOCTBIO CO3JJaHHS TPEXMEPHBIX CTPYKTyp. [Ipu 3TOM B TpaauumoHHON
noymnpoBoHIKoBOiT KMOII-TexHOoM0rNN KpeMHHUEBas MOJUI0KKa HCIIONIb3yeTCs
elle M B KauecTBe KOHCTPYKIMOHHOTO MaTepuana JUIsi MEXaHHYECKUX Y3JIOB.
Kpome Toro, myis M3roTOBICHUS MHUKPOMEXAHHYECKUX JeTaliell MCIONB3YIOTCS
¢pesepoBanue, popMoOBKa, aMa3Has 1 MUKPO3PO3HOHHAsE 00paboTKa, BOJIOKOH-
Has TtexHoyorus, 3D-MOMC TepMOKOMIpPECCHOHHAsT CBapKa, TEXHOIOTUSA (Hop-
MHUPOBaHHS OOBEMHBIX CTPYKTYP C HCIIOJIb30BAHHEM CHHXPOHHOTO H3Iy4eHHS,
TabBAHIMYECKOTO OCAKICHUSA W IPENU3MOHHOTO JUThs monmmepamu (LIGA-
TexHonorus) [6]. Ho HEoOX0AMMO OTMETHUTH MEPCIIEKTUBHOCTH TOJNBKO TEX W3
HUX, KOTOPBIE MOTYT 00ECIIEYUTh MaCCOBOE CEPUIHOE N3TOTOBIICHHE.

IIporpammHoe obecnieuenne N1 npoexkrtuposanus MOMC

Ocoberrocts MOMC-KOMITOHEHT COCTOMT B YPE3BBIYAHO MaJbIX PacCTOs-
HUSX MEXAY NPOBOAHMKAMHU, B HEOOXOIMMOCTH TIIATEIBHOTO y4yeTa MeXaHn4e- :
CKHUX M 3JEKTPO(PHU3MIECKUX CBOICTB HCIOJIb3yEMBIX MaTepUajoB, B TECHEHIIEH  Pyc. 2 TpexocHbIit aKceIepoMeTp

¢ lz—axis A Circuitry

CBSI3U TPEXMEPHON KOHCTPYKLMHU C TEXHOJIOIMYECKHMMH BO3MOXKHOCTSIMH €€ M3- Ha KPEMHHEBOIl OCHOBE C
TOTOBJICHUS, B HCOOXOAMMOCTH y4eTa MHOXKCCTBA [1APAMETPOB JICKTPOAUHAME-  yyTerpupOBAHHBIME HHTEp(EiicoM
YEeCKOro B3aWMOJEHUCTBUS OJIM3KO PACHOJIOKEHHBIX Y3JI0B M IPOBOJHUKOB. [o- ¥ CHCTEMOil yIpaBICHHS

9TOMY IPHU UX NMPOEKTHPOBAHUH M MOJICINPOBAHUH BEJIMKA POJIb CIICIHAIN3UPO-
BaHHOTO MPOTPAMMHOTO 00€CTICYCHUS.

HambGomnee wu3BecTHBIE MpOrpaMMHBIE MAaKeTHl TpoeKkTupoBaHus MOMC
(COVENTOR, VeloceRF, ANSYS, SUGAR, FEMLAB, Momentum ADS, CST
Microwave Studio) HoagepKMBAIOT aHAIU3 AJEKTPOCTATHUECKHX I(PPEKTOB B
IBYX- U TPEXMEPHOH HEOJHOPOAHON Cpesie C MOTEPAMH, PacyeT TEPMOMEXaHH-
YECKUX MapaMeTPOB U MEPEXOAHBIX MPOLIECCOB C YIETOM THCTEPE3UCa, TEIIOBBIX
nedopmanmii, ynpyrux 3¢ ¢pexron; 3PeKkToB, CBI3aHHBIX C YINAKOBKOH U3/ENUs
B KOpPILYC; a TAaKK€ TPEXMEPHBIN 3JIEKTPOAUHAMUYECKUN aHAIU3 II0JIEH B HEOJ-
HOPOJIHOM cpezie C moTepsiMH. B makeTsl 0OBIYHO BXOJHMT MOJIYJb Pa3paOOTKH
CTPYKTYPHBIX ¥ IPUHIUITHAIBHBIX CXEM C HCIIOJIb30BaHHEM MOBEIEHUYECKHX MO-
Jeield AIIEKTPOMEXaHNYEeCKUX YCTPOWCTB, a TaKXKe THIIOBBIX PaHO3JIEMEHTOB.
Heob6xoauMs! Taxke OMOIHMOTEKH MMapaMeTpOB MaTEpHalIOB; PEJaKTOPHI MOCIIOH-

HOTO OIMCAHHS TOIIOJIOTHUH ABYMEPHBIX ITOJCHCTEM U OOBEANHEHHS MX B TPEX- wrmmvmml o vy e v v

MEPHYIO CTPYKTYPY; IMYISTOP JOCTYIHBIX TEXHOJOTHYECKUX MPOIIECCOB C BBO- Puc. 3 ®parment penykropa

JIOM MHO’KECTBA €T0 MapaMeTPOB; MOIYJIb BU3YaIN3allUl PE3yIbTaTOB. MOBMC (auamerp mecrepHu He
YpoBeHb HHTErpalHH 6omee 0,5 mm)

MukpocucTeMHasi TEXHUKA Pa3BUBACTCs HAa CTHIKE MHOXECTBA OTpaciael HAyKH M TeXHUKH. JlJIsl OLIEHKH COCTOSIHUS
U MEPCHEKTUB Pa3BUTHS MHUKPODJIEKTPOMEXaHMYECKHX cucTeM [7] ucnosbdyercss kodpduuueHt K., mo3Boistommit
OILICHUTh ypoBeHb uHTerpanud MOMC u npencTaBisAioNMA COO0H MPOU3BEACHUE YKCIa TPAH3UCTOPOB - T B U31eIUU
Ha YHCIJI0 MEXaHUYECKUX KOMIIOHEHT - M. JIjis1 cepuiiHO BBIITYCKAa€MOTr0 aKceJlepoMeTpa, U3rOTaBIMBAEMOrO 10 TEXHO-
JIOTHH C TOHOJIOTHYECKMMH HopMamH 2...10 mxm (conepxkamero 100...200 tpaH3ucTopoB M 1 MexXaHWYECKHH diie-
MenT), monyuuM Ky, = 10% a 11 IHHAMHYECKOTO YIpaBJIeH s MOBEPXHOCTBIO YKpaHa uCILIes (cojepiKamiero | MiH.
MEXaHHYECKHX 2JIEMEHTOB 9KpaHa ¥ | MIIH. ympaBiIsomux Tpan3uctopo) K, =10'%. B cOOTBETCTBHY ¢ 3THM KpHTEpH-
€M TIePCIIEKTHBHBIMH SIBJISIOTCS IBHIKYILHECS CHCTEMBI, yCTpO#cTBa mamsati oobeMoM 1 T6/cM’, onmToMexXaHHUecKue
JVICIUICH, CHCTEMBI PACTIPEETICHHOTO YIPABICHNS KOHCTPYKIHSAMH H JIp.

Hano3ss1iexTpoMexaHnyecKue CHCTEMbI

HanosnekTpomMexaHHueCKHe CHCTEMbI HOSBISIOTCA B PE3yJIbTaTe Pa3BUTHSI HAHOTEXHOJIOTHUH M MCHONB3YIOT IIpe-
JIETIbHBIE BO3MOXKHOCTH 3JIEKTPUYECKHX, MATHUTHBIX, MEXaHUYECKUX U OMOIOTHYECKUX CHCTEM.

Pazsuruio HOMC criocob6cTBOBaNMH CleLy OIINe OTKPBITHS OCIEIHETO ABAIaTHICTHS:

— CO3/1aHKe YIJIEPOJHBIX HAHOTPYOOK M ITPUMEHEHHE 30HI0B MUKPOCKOIIOB M JINTOrpauuecKix METOAOB Jyisi cOOp-
KU T10JIy4aeMbIX TPYOOK B OTJEJIbHbIE YCTPONCTBA,;

— BO3MOXKHOCTb Pa3MEIICHUS CKOHCTPYMPOBAHHBIX OTJEJIBHBIX MOJIEKYJ B 3a30p€ MEXIy MIEKTPOAaMU U U3Mepe-
HUSI [IEpPeHOCa 3apsiia Yepe3 3TH MOJICKYJIbL;

— pa3BUTHE 30HIOBBIX METOJOB JJIsI MAaHUIYJIMPOBAHUS OTICIBHBIMA aTOMaMH BEIIECTBAa M CO3/IaHMSI HAHOCTPYK-
Typ;

— pa3paboTKa XUMHYECKAX METOAOB CHHTE3a HAHOKPHUCTAUIOB M METO/IOB MX OOBEANHEHUs B O0see KPyIHBIE yIIO-
PSIOYCHHBIE CTPYKTYPHI;

— BBIJIeJIeHHE OMOXMMHYECKUX «MOJICKYJIIPHBIX IBHUTATENEei» N HX BKIIIOUCHUE B HEOMOJIIOTHIECKYIO cpeny [8].

OnementHo# 6a30ift HOMC 1 HaHOPOOOTOTEXHUKH SIBIISIFOTCS YIIIEPOJHbIE KapKAaCHBIE CTPYKTYPHI — OOJIBIINE MO-
JIEKYJIbI, COCTOSIINE U3 aTOMOB yriiepoja. Hanbomnee u3BecTHas u3 Takux crpyktyp — ¢yiuiepeH Cqo. B 1991 1. Obuin
0oOHapy>XeHbI JUTHHHBIE WIHHPUYECKHE YIIepPOAHbIe 00pa30oBaHus, NONyYHBIIe Ha3BaHus HaHOTPYOOoK (YHT). Oto
OJTHH U3 MEPBBIX HAHOCTPYKTYP, MOCTPOSHHBIX Ha MOJIEKYJISIPHOM YPOBHE M 00JIa/Ial0IINX UCKIIOUYNTEIbHBIMU (pr3nye-
CKUMH U DJICKTPUICCKUMHU CBOMCTBaMH (Tadi. 1).
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Tabmmna 1. CBoiicTBa yriepoIHBIX HAHOTPYOOK

CaoiicTBa XapaKkTepUCTUKU 3Ha4yeHus Bo3MoxHOE IpUMEHEHHEe B HAHOPOOOTOTEXHUKE
Annzorpomnus pazmepos (10 + 1000
Huame 0,4 HM + > 3 HM (OHOCIIOMHEIE
I'eomerpuueckue P ’ (ox u)
1,4 am + > 100 HM (MHOTOCIIOIHEIE)
CTpyKTypHBIC JJIEMEHTHI, 30H/bl, THHIIETHI,
Hmra Hecko1bpko MUKPOH
HOXHUIIBI, IITIPAIIBI
Monyns FOnra 1 TIa (crans 0,2 TI1a)
[Ipounocts Ha pa3peiB |45 I'Tla (cTans 2 ['Tla)
Mexanndeckue |[LnotHOCTB 1,33+1,4 r/em® (asmomunmii 2,7 r/em’)
MeskcoeBoe TpeHHe Caepxmaroe AKTIOATOPEI, IEPEHOCYHKH,
IIITPUIIE] HePEKITIOYATENH, SITEMEHTH TaMsITH
IMpoBogumMocTs Merammiaeckasi/ oIy IpOBOIHUKOBAsI JIMo/1b1, TPAH3UCTOPEI, TIEPEKITIOYATEeNH,
DIeKTpuyecKre 3 3
Makc. rotHocth Toka |1 TA/ em” (mens 1 TA/ em”) JIOTUYECKHE CXEMBI, ITPOBOJIA, CEHCOPBI
Tepmuyeckne |TemnonpoBOIHOCT > 3 kB1/mMK (amma3 2 kBt/mMK) CeHCopbl, TEPMUYECKUE AKTIOATOPBI

[Mox neiicTBHEM MEXaHUYECKUX HATPSHKCHHH, MPEBBHIIIAIONINX KPUTHICCKHAE, HAHOTPYOKH HE Pa3pyIIaroTCs, a Iie-
pecTpanBatoTcsi. B 3aBUCHMOCTH OT KOHKPETHOW CXEMBI CBOPAYHMBaHUS I'paUTOBOM IUTOCKOCTH, HAHOTPYOKH MOTYT
OBITH TPOBOTHUKAMH WM MOTYIIPOBOTHIUKAMH.

Bo3MoxHO 04YeBHIHOE IPUMEHEHHE HAHOTPYOOK B KAaUECTBE OYCHH MPOYHBIX MHUKPOCKOITMYECKUX CTEpP)KHEH M HU-
teit. [IpouHOCTh HAHOTPYOKH Ha MOPSAOK Ooublile, YeM y cTaiu. B Hacrosiiee BpeMsi MaKCUMaJIbHasl JUIMHA HAHOTPY-
OOK COCTaBIISIET COTHH MUKPOH, HO TIOCTEIIEHHO YBEIMUUBACTCS U JOXOAUT JI0 MIJJIMMETPOBOTO pyOesKa.

Co3naHbl ONbITHBIE 00Pa3Ibl ITOJIEBBIX TPAH3UCTOPOB Ha OCHOBE OJIHOW HAHOTPYOKH: NPH 3aIlMparolleM Harpsike-
HUU B HECKOJIBKO BOJIET IPOBOAMMOCTE OJTHOCTIONHBIX HAHOTPYOOK MOXKET H3MEHATHCS Ha 5 mopsakoB. B HaHOpoOoTO-
TexHuke YHT MOXHO MPUMEHATH B KAUECTBE CTPYKTYPHBIX 3JICMEHTOB, HHCTPYMEHTOB, CECHCOPOB M aKTIOATOPOB.

Opmuuounast YHT cama mo cebe Takxke MOXKET SBISATHCA (DYHKIIMOHATIHHBIM 3JICMEHTOM HAHOYCTPOHCTB. OIHH U3
MIPAMEPOB TAKOTO yCTPOMCTBA — 30HA M3 HAHOTPYOOK AJISI aTOMHO-CHIIOBOTO MHUKPOCKOTIA, TIO3BOJISFOIINI YBEINIHTH
pa3pemnieHrne MUKPOCKOIIa W 3alllUTUTh OCTPUE OT paspymieHus. [IpyruM mpuMepoM HaHOYCTPOWCTBA SIBIISIETCS HAHO-
MUHIIET, Aep)KaTelll KOTOPOTo NMPEeACTaBILIIOT c000i HAHOTPYOKH, COeAMHEHHBIE CO CTEKJITHHBIM KallMIIIIPOM. YIIpaB-
JICHHUE 32)KMMaMH IIPOUCXOANT C MTOMOIIBIO TIOJaYd Pa3HOCTH MOTEHIIHAIOB MEXKTy HUMH.

B MHOrOCTEHHOI HaHOTPYOKE OTAEIBHBIC CIOM CBSI3aHBI MEXAY C000il ciaObMu BaH-Aep-BaalbCOBBIMU CBS3SMU,
BCJIE/ICTBUE YEr0 OHU JIETKO JBUTAOTCS APYT OTHOcUTENbHO apyra. Takue YHT MOXKHO NpUMEHATh KaK rUrarepLoBble
PEe30HATOPBl M OCHMJUIATOPHI, TpyOuUaThle MEpeKIIouaTeNy, AJIEMEHThl MaMSATH, IIMPULB]L, JHHEHHbIE HaHOCEPBO-
JIBUTATENIN CO BCTPOESHHBIM YCTPOUCTBOM JJIS OIpeieNICHHs MOJIOKEeHHUS, KaK BpamiarenbHble aneMenTs! it HOMC [9].

B Hacrosmiee BpemMst MOXKHO BBIICJIUTD JIBE OCHOBHBIE TeHIEHIIMH B co3nann HOMC: ymeHbleHHe pa3mepa cyie-
creyromux MOMC u pa3paboTka MPHUHIUITHAIBHO HOBBIX MOJEKYJISIPHBIX IBUTATENCH M JIEKTPOMEXaHUYECKUX YCT-
poiict. IlepBrIii moaxon CBsI3aH C OONBITUMH CIOKHOCTSMH, ITOCKOJIBKY METOIBI, MCHOIBb3yeMbIe IS CO3aHHS
MOBOMC (anexTpoHHas uTorpadusi, HOHHOE TPaBICHUE H IP.) IMEIOT OTPaHHYCHHOE pa3pelieHue, MO3TOMY HX Ipo-
OJIEMAaTUYHO UCIIONB30BaTh I co3qaHus HaHO0OBekToB. Kak oxumaercs, HOMC mpou3BeayT peBOIIOIIIO B 001aCTH
METPOJIOTHH, OCOOCHHO — IMPH M3MEPEHHUN UYPE3BBHIYAHO MANbBIX CHJI M CMEIICHHH Ha MOJEKYIIpHOM ypoBHe. B Ha-
ctosimee Bpemst Ha ocHoBe HOMC co3manbsl HAaHOPE30HATOPHI ¢ YacToTol kojebanwii Beime 10 I'Tu. OHu yxe Hanumu
MIPUMEHEHNE B CKaHUPYIOIIEeH 30HI0BOM MHKPOCKOITHH, HAHOBECAX M HAHOCEHCOpax Omonorndeckux moiexyn u JJHK.
Hpyrum oueBupHbiM npeumymiectBom HOMC saBnsercs mx HH3KOe 3Hepromorpebnenue. K oqHOMy M3 BayKHEHWIIHX
kiaccoB HOMC MOXHO OTHECTH TakKe M HAaHOAKTIOATOPHI — MOJIEKYJIIpHbIE MOTOPEI. B MHKpO- 1 HaHOCHCTEMaX BMe-
CTO JIEKTPOMArHUTHOTO MPHHIMIIA TPe00pa30BaHMsI SHEPTHH YaCTO UCIIONB3YIOT MbE303NEKTPUUECKHN HITH AIIEKTPO-
craTuyeckuil 3 eKThl; B 3aBUCUMOCTH OT BbIOOpa NPUHLIUIIA pabOThl HAHOYCTPOWCTB MOJBOJ] IHEPTHH K MHKPO- WU
HAHOAJIEKTPOMEXAHHYECKOW CHCTEME MOXET OCYIIECTBIATHCS TAKKE AJICKTPHUYCCKU, TCPMUYCCKU WM XUMHYCCKH.
DJEKTPUYECKHUE HAHOAKTIOATOPHI YIPABISIFOTCS TPIIIOKEHHEM BHEITHEH Pa3HOCTH TOTCHIMAIOB I 3JICKTPOMArHHT-
Horo nojs. Mccnenosarenu u3 bepxiu (CILIA) coznanu 3JeKTpHYIecKril HAHOAKTIOaTop, TOXOKUH Ha OOBIYHBIA 3J1€K-
TpoMoTOp. Bpamarormiascs yacte — 3070Tasl IDTACTHHKA pa3MepoM okoio 250 HM, KoTopas 3aKperieHa Ha OCH — yTJe-
pomHOW HaHOTPYOKe. BOKpyTr poTopa pacroiioskeHO TpH 3JEKTpona — ABa 1Mo OokaM W oawH cHuU3y. [Ipm momade Ha
3NIEKTPOIBI IEPEMEHHOTO HAaNpsDKeHUs 5B, porop Bpammaercs. B ocHOBe pabOTHI TEIIOBBIX aKTI0OATOPOB JEKUT 3D ekt
TEIUIOBOTO PACIIUPEHHs WK JIeOpMalIU KOHTAKTA JIByX MaTepPHAaJIOB 32 CUET pa3inyius B KOAPPUIHEHTaX TEIIOBOTO
pacmupeHus. Pa3orpeB aneMeHTOB HMPOBOIAT, MPOIyCKash Yepe3 HUX TOK FUIM HarpeBas OKPY)KaIoLIylo cpendy. Takue
aKTI0ATOPbl MOTYT CO3/[aBaTh JIOCTATOYHO OOJIbIIME CHJIbI, OHAKO 3((QEKTUBHOCTh UCIIOIb30BAHHSI YHEPTHH HE Ipe-
BoimaeT 0,1%.

Pa3pabotka uckyccrBenHbIx HOMC siBisieTcst clokHeimen 3aiadei, oJJHaKko, IPUPOIOI CO3MaHbl pa3IHMYHbIe Ha-
HOMEXaHWYECKHe ycTpoiicTBa. MHOTHE M3BECTHBIE OMOJIOTMYECKHE CHUCTEMBI — BHPYCHI, OaKTEpHH, OIHOKIETOYHBIC
MHUKPOOPTaHU3MBI H JIP. UMCIOT Pa3IMYHBIC TPUCTIOCOOIICHISI, TO3BOJISIONINE UM TIEPEMENIAThCs B 3aBUCUMOCTH OT I0-
BEJICHHSI OKpYIKaroLlel CpeJibl, B TOM YHCIIE 1OJ1 ACHCTBUEM AIICKTPHUECKUX UMITYJILCOB HeHpoHOB. [loaToMy onHNM U3
aKTyaJbHBIX HampaBleHHd B obOmactu co3manuss HOMC sBrseTcss He TOJIBKO pa3paboTKa MPUHIMITHAIEHO HOBBIX, a
oIpaykKaHue YK€ NU3BECTHBIM MPUPOIHBIM MOJICKYIIIPHBIM MOTOpaM. XAMHYECKOE YIPaBICHAE TAKUMHA HAHOAKTIOATO-
paM# OCYIIECTBISIETCS. TIPY TMTOMOIIM M3MEHEHHUS COCTaBa OKPYXKaroIel cpenpl. MIHOTIa UCTIONB3YIOT CBET, KOTOPHIH,
BO3JICHCTBYS Ha MOJIEKYJIBI, IPUBOIUT aKTI0ATOP B ABIDKEHHE. K XUMHYECKIM HAaHOAKTIOATOPAaM OTHOCATCS W OHOIIO-
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THYECKHE MOJEKYJISIpHBIE MOTOpEIL. IIpuMepoM Takoro MoTOpa MOXET OBITH YCTPOMCTBO, CIIOCOOHOE BBITAIIKHBATH U
BTATHBATH cenaHHblii u3 Monekynsl JJHK crepxens co ckopocTeio moutn 190 HAaHOMETPOB B CeKyHIy, a obiee mepe-
MEIIleHHE MOXET JOCTUraTh 3 MUKPOMETpPOB. JlMaMeTp 3TOro CTEep)KHS 2 HaHOMeTpa. B kadecTBe MCTOYHMKA MUTAHUS
JIBUTATeNb UCHOJb3yeT MoseKysbl AT® (aneHo3uHTpU(BOCHOPHON KUCIOTHI) — CTAHAAPTHBIA MCTOYHUK SHEPTUH, KO-
TOPBIM I10JIb3YIOTCSI J)KUBBIE KIEeTKH. CyIIECTBYEeT MHOTO JIPYTHX HAHOAKTIOATOPOB, CAEIAaHHBIX U3 OMOJIOTMYECKUX MO-
JIEKyJ1, TIOTMMEPOB, KPEMHUS U APYTUX MaTepHanoB. I 2IEKTPOMEXaHUUYECKUX CUCTEM CYLIECTBEHHBIM SIBISETCS UH-
Terpanys C JEKTPOHHBIMH KoMoHeHTaMu. C ydeToMm pasMepHoro ¢akropa HOMC, peub noinkKHA HATH O HAHO3JIEK-
TpoHHKe. O/IHaKO, Pa3BUTOH KOMIIOHEHTHOH 0a3bl HAHOAJIEKTPOHUKH TOKa HeT. [109ToMy BO3HHKaET JIOMOJIHHUTEIbHAS
mpobiemMa nHTEepdeiica ¢ KOMIOHEHTHOW 0a301 MUKPOIICKTPOHUKH.

OcHoOBHBIE TeHeHIMH Pa3BUTHS

B mupe ugucio 3aperncTpUpOBaHHBIX ITATEHTOB B OOJIACTH HAHOTEXHOJIOTHH ¢ 1976 r. cocraBmmo 88546, u3 HuUX
64% npunamiexar CIIA. B 2006 r. o6sembl npogax MOMC B 7,65 mipa. 1oul. ObUIN paclpeneieHbl CIeyOINUM
o0pa3oM: HHXEKIIMOHHbIE TOIOBKK 30%, maTunku gaBieHus U motoka 20%, nHepuuanbHele AaTIuku 16%, MUKpOOII-
To3ekTpomexanudeckue cucreMsl (MOSOMC) 13%, 6uo-MOMC 7%, pamuodacroraseie MOMC 4%, MOMC niist KoH-
TakTHpytomux ycrpoiicts 4%, UK-cencopsr 3%, MOMC-mukpodonsr 1%. B 2007 rogy 00beM MUPOBOTO pbIHKA Ha-
HOTeXHOJIOTUH cocTaBuia 146,4 mapa. non. Oxwunaercs, uto k 2015 r. oH npeBbICUT | TPUIIHOH JTOJI.

B Poccun ¢ 1999 r. uzmaerca exeMecs4YHbIM MEXIUCLMIUIMHAPHBIM TEOPETHYECKUH M NPUKIAJHOW Hay4dHO-
texandyeckuit xxypHan «HAHO- U MUKPOCUCTEMHA I TEXHUKA», B nepuoa ¢ 2004 mo 2007 r.r. OTKpHITO euie
yeTblpe XypHaia, B 2000 1. oTKpbITa crequalbHOCTh «MukpocucremHas texHuka», B 2003 — «HanotexHonoruu B
anekTpoHuke» u «Hanomarepuanem», neiicreyer OCT PB 0159-002-2008 «MukpocucTeMHasi TEXHIHKa BOCHHOTO Ha-
3Ha4YeHus. TepMuHbI U onpeneneHus». B 2007 r. yrBepkneHa «CTpaTerus pa3BUTHS HAHOMHIYCTPUI, B COOTBETCTBHU
¢ xotopoit Obutu co3ganbl [ K «PocHaHOTEX» ¢ Ha4abHBIM YCTaBHBIM KamuTaioM B 130 mipn. pyO., BEIICICHHBIX U3
OroKeTa, U mpaBUTENbCTBEHHBIN CoBeT 1o HaHotexHomorusM. B 2008 r. mpunsta «IIporpaMma pa3BuTHs HAaHOMHIY-
ctpuu B Poccuiickoit @enepannu 1o 2015 roxa». Ha pernonaasHOM ypoBHE IIAHUPYETCS CO3/AaTh M MOJIEPHU3UPOBATH
6onee 15 xmroueBBIX pom3BOACTB M mopsaka 50 meHTpoB mpoektupoBanus CBUC Ttuma «cuctema Ha KpHCTAIIe» U
MEXOTpPAacJIeBOM LeHTp 11adyioHoB. Pacxonsl Poccun Ha moniepky ¥ pa3BUTHE paboT B 00JacTH HAHOMATEPHAJIOB U
HAHOTEXHOJIOTMH OIICHUBAIOTCS B pa3Mepe HECKONBKHX JECATKOB MIJIJIMOHOB Jojul. He cMoTps Ha 3T0, nonst Poccuu B
0O0IIEMHUPOBOM TEXHOJIOTHUECKOM CEKTOpe cocTaBisieT okoiio 0,3%, a Ha peiHKe HaHOTexHOJorHi — 0,04%. Poccus 00-
parmiia cBoe BHIMaHHE Ha HaHOpa3paOoTku Ha 7—10 yeT mo3xe, yeM 3apyOeskKHbIe CTPaHBI.

B Ykpaune emie Gosbiiee oTcTaBaHue B 001acTH HaHOTeXHOJNOTHH. Ee HeT B cricke cTpaH, KOTOphIE UMEIOT Ha-
LMOHAJIbHBIE HAHOTEXHOJIOTHYECKHE ITporpaMMbl. HalmoHanpHas akajeMus HayK YKpauHbI pa3padoTaia MpOeKT KOH-
LENINYA KOMILUIEKCHOW MporpamMMbl (PyHIaMEHTAIBHBIX UccienoBannii « HaHOCTPYKTypHBIE CHCTEMBI, HAHOMATEPHAIIBI,
HAHOTEXHOJIOTHH». B oUIIMambHBIX TOKYMEHTaX, MPUHATHIX HA MMapIaMEHTCKOM, MPE3UICHTCKOM FUTH IPAaBUTEIBCT-
BEHHOM YPOBHE, TEPMHH «HAHOTEXHOJIOTHS» OTCYTCTBYeT. [IpOBOASATCS JIMIIL OTJENbHBIE HECHCTEMHBbIE (DyHIaMEH-
TaJbHbIC U MPUKIAHBIE HCCIeI0BaHUA. B cTpaHe HET COBpeMEHHOI MHCTPYMEHTANbHOM 0a3bl, KOTOpAast IO3BOJIsIIA OBI
B IOJTHOM O0BEME MaHWIYJIHPOBAaThH OO0BEKTaMH B 00JACTH HAHOMETpPA, MPHUILIM B YMAAOK OTPACIEBHIE HAaydHO-
MIPOMBIIIUICHHBIE [IEHTPBI, KOTOPbIE MOIJIM Obl MCIOJIB30BAaTh Pe3yJIbTaThl aKaJeMUYECKOH, By30BCKOW M NPUKJIAJHON
HAyKH B IPOU3BOJICTBEHHBIX IIETISIX.

BrIBOABI

MuxkpocucTeMHass TEXHUKA U HAHOTEXHOJIOTHH Pa3BUBAIOTCS PEBOJIOLHOHHO, C ONEPEKEHNEM 3akoHa Mypa, B co-
OTBETCTBHH C KOTOPHIM YHCIIO TPAH3UCTOPOB HA KPUCTAJLIE yABauBaeTcs kaxable 1,5 — 2 rona. HTeHCHUBHOE BO3pac-
Tanue 00beMoB npogaxx MOMC u dunancupoBanust HaHotexHonoruii 1 HOMC cBuaeTenbCcTBYIOT O I1esiecoo0pa3Ho-
CTH NPUBJIEUYCHUSI BHUMAHUS CHELMAIMCTOB KJIACCUUYECKOIO 3JIEKTPONPUBOJA, ONPEACICHUS UX POJIM U y4acTusl B UC-
cienoBanusax u cosnannn MOMC nu HOMC.

OCHOBHBIC HUCCIIEIOBAaHHA B TAaHHOH O00JIACTH MOXKHO OTHECTH K 00JIacTH (H3UKH, XUMHH, OHOJIOTHH, MaTEpHUAIOBE-
JeHUS, MUKPOAJIEKTPOHHKH, TPHYEM OOJBIIMHCTBO JOCTIDKEHHUH IMPOMUCXOIUT Ha CTHIKE HayK. [Ipu pa3paboTke MHKpO-
1 HaHOAKTI0ATOPOB NOMHMMO JIEKTPOMAarHUTHOTO, UCIIOJIb3YETCSl IIMPOKUIN CIIEKTP METOJOB IOJYyUEHUS] MEXAHUUYECKOM
SHEPIuu: EKTPOCTATHUECKUH, ME303TEKTPHUECKHUH, TEIIIOBOH, OMOXUMUYECKUH U Apyrue. B maHHBIA MOMEHT yCH-
JIUSI CIIELHAIMCTOB-3JIEKTPOMEXaHIKOB MOTYT OBITh HalpaBJeHbl Ha pa3pabOTKy MaTeMaTHYEeCKUX MOJENEH MHUKpO-
SJIEKTPOMEXaHUYECKUX YCTPOICTB, coznanue snemeHToB CAIIP, mogenupoBanue MOMC u HOMC.
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