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* HaHeceHue pUCyHKOB METOAOM THOGHOIO
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Bioscope II:
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NO3EPHLIMH KOHGDOKANLHBLIMU
MMKPOCKONOMM

* MNonuwi onmuyeckui ob3op,
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* Cuctemo nvseapuaaumm

* MotopuaoraHHOE OCHOBaHKE

* epdyamnonnas kamepa

¢ [porpammtoe obecneyenne ansa
HaHonuTorpapu 1
HOHOMOHMNYRAUMH

* Orkpuitas apxMTeKTypa

Bioscope |l — nosefiwmit komnnekc
ONTHYECKOMN M 3DHAOBOM MUKPOCKONMM
ans HanoBuoNorMK M MccnepoBaHMS
HAHOMATEPHANoB. 30HACRbIN
MMKPOCKON MOXeT paborarb OTAensHO
OT ONTHUHECKOTO.
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Hudopmaumio o npeactasutenscreax INTERTECH Corporation
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www.intertech-corp.ru
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KAHTH/IEBEPDI:
HYECINEUIMEAbHbLE YA MEHITDI
015 CKAHUPYIOWCH 30H006801 MUKPOCKONUU

— 5 net npou3BoficTEA W NOCTABOK KanTHneBepos — HomeHknarypa — Gonee 50 HaumeHoBaHWH
— O6vém noctaeox 60-100 Teic. wr, 8 rop — BuinoJiHesme cneyuanbbX 3aKazos
— KauecTBo Ha MMpOBOM YpOBHe — PaapaboTka HOBBIX THNOB

TUNMHHBLA BAR, KOHYMK MITIb] KAHT] HWBED% Wrna raktunesepa
< UHM Ha KpaI0 KOHCOMM

WITI KaHTUNEREpa PB.IM CKNT) @m cTpH Dl"lﬂ
Boro aﬂeicrpouuum Mm::)oclcona}

Mrna, KoHGOME W KPUGTANN HeTbipEXKOHCONbHBIR
C rpeyrom-ﬂoﬁ KOHGOJ'II:IO ¥AHTUREREP

OcnoBHbie XapAKTEepPHCTHKH KAHTH/IEBEPOB
Kpucrann: anuna « wupnka 3,6 x 1,6 20,1 mm; Tonwmxa 350 +450 mkm
Konconk: nnvra v 100 £ 5, 130, 250, 350; 7ommHa Mxm 1; 2 umpiHa mkm 35 £ 3;
pe3onaHeHasa vactota ki 10; 20; 150; 250
Wrna: yron npv sepuimse b, = 22; BhicoTa, MKM 2 7; pAWYC CKPYTTIEHNS OCTPUA:
kateropus "Super”, i< 10; kateropws "Standard”, M= 25

Tunsl ¥ BAPHAATHI

— TpeyronbHas KOHCONb

— KoHTaKTHLIE — JIBYXKOHCObHEIE — bea nokpbITiAa

— beckoHTakTHbie — OIHOKOHCOMNbHBIE AMHHbIe — C nokpbitnem: Pt, W,C, TiN,
— "Super" — OIHOKOHCOMBHKE KopoTkMe  Au, CoNi, Co-Cr, FeNi

— "Standard” — lpaMoyronsHas koHcons  — POM uaoBpaxeHus wrnk

[MoapoonocTH (Npaiic-AHCThl, NAPAMETPbI, KOHTAKTHI):
124460, Mocksa, 3exenorpan np. 4806, n. 6
www.niifp.ru  shokin@niifp.ru 531-02-76
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Mpeancnosue astopa

B MoHorpadyi U3n0xKeHB HAYUHBIE Pe3Y/ILTATHI , TOAYHeHHBIE HA Npo-
TAXRKCHHH ABaAUATHISTHETID OIIRITA DaﬁOTbI ABTOPA C KOJNEKTHEOM COTPY -
HHKOB H aCTIHPaHTOB B MOCKOBCKOM rocyaapcTBeHHOM HHCTUTYTE 31eKT-
POHHOW TEXHUKM (TexHudeckuid yHHBepceuTeT) (MHUBT), 32 310 Bpemd B
MURPE NAIYHEHO SHAYHTETRHOS KONWUYECTRO DEIYNIETATOR NO 30HIOROH Ha-
HOTEXHONOTHH. B cBA3d ¢ 3THM MOHorpathHs He peTeHIyeT Ha 0030p u3-
BecTHRIX NYDIMKALLMA 1 TeM Qosiee Ha WX 0boBineHne, OHA, HA HAUT B3TUIs,
OTPAXALT TOJABKO HEKOTOPLIE JOCTHXKEHHH H TEHICHUMWH B PE3BHTHH 30H-
noBOH HaHOTexHoNorMH, CaMH 1Mo cebe 30HNOBBIE METOAbl HAHOTEXHO0-
Y HMEOT OOLUENUCIIMITTHHAPHOE 3HAYEHHE H YCITEUTHO HCTIONB3YIOTCS,
HarnpyuMep, 8 MaTepHaNoOBEICHHH, OHONOTHI M MEIUIIMHE. B 3TOM CMBICTE
MOHOTPAMHS [OMe3HA ¥ YUTATENAM, HALIGTEHHEM HA 3TH AHUCUNTITHHbI,
B MoHorpad i ofincadbl pasBHTHIE HAMMK M APYrUMH apTOopaMi MeTodbl
30HAOBOH HaHOTEXHOMOTHHA, HAIIDABASHHRBIC HA COITAHHE ANEMEHTHOMH
Baztl HAHOSIEKTPOHMKH,

B 1983 ronoy 6bL1a BLIMOAHEHA TISpBas TeopeTHiecKas pabora no yin-
PABJIAEMOMY MACCONEPEHOCY ¢ HAHOMETPOBbIM paipelleHHeM. [Toeme
BRICTYILICHHA HA PAJIEC CCMHHAPOB CTANQ ACHO, UTO Oe3 pa’BepThiBaHM:A
IKCTEPUMEHTANLHEIX UCCIESAOBAHNH (POIBMHYTECA MO MYTH 30HAOBOH
HAHOTSXHOTOTHT HEBO3MOKHD. M Takue HCCNEH0BAHHS DBITH HAYATHL,
B nmae 1987 rona 6601 0oCTpOeH CKAHHPYIGLHH TYHHETbHbIH MWKPOCKOTL,
npelHazHAYCHHbLI LT TeXHoAorHYecKux necreaopadmii. B 1988 roxy no-
NYYEHBl TTEPBBIE B CTPAHE PEIYALTATEE M0 BECKOHTAKTHON MOoaUGHKALIHN
METATIHMYECKHX TOLAOXEK, a B 1989 rony — pesvabraTel no popMUpoba-
HUH KBA3HOTHOMEPHLIX CTPYKTYD B AM3NEKTPUYSCKHX cpenax. B 1992 rony
CO3MaHM IMCKPETHRIE 3MEMEHTHI C TICPECTPAHBAEMbLIMH HeTWHEHHbIMU npo-
BOOAIIMMU croiicTBaMH, B 1993 roay nocTpoeHbl TEXHOTOTHYECKHE TYH-
HeNMBHBIE MUKpocKonkl TTM-2, COBMEIIEHHEIE ¢ ONTHYECKUMH YCTPOMA-
crBamn. Ha >thx MHEDOCKOMAX ITOJYHEHB 3HAYHTENLHEIE 3KCIICPHMEH-
TATEHBIE PE3YABTATH, ABHBIIHECA CCHOBOW PAIa KAHAMAATCKHX H IOKTOD-
CKOH JHCCEPTALIMH. 3TH MHKPOCKOITB! AQ CHX TIOP YCMEW HO «TPOTHBOCTO-
HT» CTYAEHTaM B nabopaTopHutx paboTax, No3soas UM HaGninaaTs aTOM-
HYIO CTPYKTYPY MTOBEPXHOCTH MHPOIHTHYECKOTO [paduTa.



@ HIpeducroeue asmopa

B mapte 1999 roma 6el1 cO3IaH yUeOHO-HAYYHBI HeHTP «30HI0Ras!
MHKPOCKOITHA M HAHOTEXHONOTHA» MPH HETIOCPEACTBEHHOM YYACTHH KOM-
nauuun «<HT-MAOT> (ren. aupexrop B.A. Brikoe) Ha 6ase naGopatopuu TyH-
HEABHON MUKPOCKOIIMM ¥ HaHOoTexHonoruy. LieuTp MpeauasHayancs s
OGWCHHH CTYICHTOB CTADINNX KYPCOB M ACTTMPAHTOB MO HOBEIM HAllpaBIIe -
HHSIM | CIIEMHANBHOCTAM, TIPOBEIEHMA HayYHbIX HCCIEA0BAHHE Ha Tiepe-
NOBCH 3KCTIEpHMeHTANBHOR Haze. B 2003 roly co3naH LEHTP KOJUEKTHB-
HOTC IONBIOBAHMA «Haﬂorexnmmrun B 3NEKTPOHHKES, OCHH[HCHHHI-L:I ge-
TRIPBMS ATOMHO-CIUTOBBIMH MUKPOCKOTIAMY THHHH Solver H BOCeMbIo yues-
HBIMM 30HIOBLIMH MHKPOCKOTIAMHM. 38 MOCIIEHEE BPEMS B UEHTPE CO31a-
Hbl JKCNepHMEeHTATBHBIE 06]3&3le1 IEMEHTOBR HAHOSINCKTPOHHKH HA OCHO-
BE YENEPOAHBIX HAHOTPYGOK, B TOM YHCIE HAHOBAPHCTOPBL, HAHOTPAHIHC-
TOPbL, HHBEPTOPHI.

B HEHTPS KOJACKTHUBHOIO NAJIB3OBAHHEA NOAACPXUBACTCH OﬁyquHC
CTYIEHTOB H CTTMPAHTCB NO HETABHO OTKPEITOH B PoccHH cnennaibhoc-
TH « HAHOTEXHOOTHM B MEKTPOHKKE», ABTOPOM YNTAIOTCS KYPCHI TEK1IMHA
«METO,E[,IJI 30HIDBOH MHUKDOCKOIITHHY, «MeTO,JlL] 30HIOBOH HAHOTEXHOIO-
rimx, [Neppoe yyebHoe rocobue «OCHOBBI TYHHEIBHO-30HA0BO| HAHOTEeX -
HONOTHH» H3gaHo B 1996 roay (M.: MMDT, 1996. 91 ¢.}. JonongeHuntit
BAPUAHT NMOCOGHUA MOXHG HZATH Ha cailte www.nanctube.ru. MaTtepuansl
NocoBHA COCTARNAIOT YACTE ITOH KHIIH,

Ha pasHuix aTanax paBoThl CyWECTBEHHYID ITOANEPKKY okalany Bu-
tanuit AmuTpuesiy Bepxep, Buktop Anekcauaposuu Buikos, HOpuit
AnekcaHapoBud Yarnpirvd, 3a 410 aBrop UM MCKpeHHe GnarogapeH.

B nuTepaTypHLIX CCBUIKAX HanevyaTaHo MHOXECTBO (haMnHi COTpyA-
HMKOE W ACTIHPAHTOB, KOTOPHIE B PA3HOE Bpemsa paborand ¥ padorarT co
MHOMH. Kaxabli W3 HUX BHEC 4acTHLY TPYAA B NO3HAaHWe HOBOTQ. Mbl BMec-
Te UCITBHITATH FOpeydb Heynay v panocTh A0cTHReHHH, BeeM UM 1 esMepro
OmaroaapeH.

ApTop baaronaped B.H. PaGokonb 38 BHUMATETbHOE TPOYTEHHE PY-
KOIMKHCH H CACTAHHBIE 3AMEUAHHST, OCOOCHHO B YACTH BEIPA0OTKY enMHOlH
TEPMHUHONOTHH,

L ]

Bo BTOPOM M30AHIY BHECEHB! HEKOTOPBLE UCTTPABIEHVA 1 A00ARIEHET
HOBbBIC PEIYILETATHI, B YHACTHOCTH DACCMOTPEH H OKCNEPHIMEHTANIEHO NOATREP-
#aeH 3dupeKT HaTpPeBa aHONE NPY ABTOINEKTPCHHOH IMUCCHH 3a CUET pas-
HocTH 3Hepruit @epMu xatona u aHoda. [Ipencrapnedsl pesyIsTars no op-
MHPDOBAHHIO H HCCNEIOBAHUKS TUIAHAPHEBIX MOTCKYIAPHBEIX MUKPOTTPOBON -
HHKOB U JIOKATEHOMY aHOGHOMY OKWCIEHHI0 NUPOAHTHYECKOTO rpadyTa.



Beepgenue

Apyaea mou! Houme maepium wazom no cme-
e, gedyuiel @ XpaM COZAackR, & SCHpetaemune
HO AYMU Rpenoun Rpeodote8oime ¢ MyMe-
CIMBEHHOK APOCHIGHIONN Ab8d.

K. Hpymepse

3agava ymeHbllIeHUA THHEHHEIX pa3MEPOR HCHOAB3YEMBIX MIEMEHTOB MUK-
POCXEM — OJTHA U3 OCHOBHEIX B MHKPOAEKTPOHHKE. CO3aHHe 3MEMEHTOB
CXeM C XapaKTEPHEIMH Pa3MEpaMH NOPSAKa eAMHML] H IECATKOB HAHOMET-
POB KaueCTBEHHO MEHAET BMEKTPOHUKY H MEPEBOAUT ¢ B HOBYIO 00NacTh —
HAHO3AEKTPOHUKY. aMeHAeTea 1 HU3HKA paboThl INEMEHTOB — OHH GynyT
paBoTaTh NPEMMYIUECTBEHHO Ha APHHUMIEX KBAHTOBOH MexaHukH [1].
Co3paHMe WHTETPanbHbIX HAHOMIEKTPOHHLIX KBAHTOBBIX CXEM METONAMN
HAHOTEXHONOMM Y, N0 CYIUECTRY, OMHA H3 KOHEUHBIX LENei.

3oHA0BYIO HAHOTE XHONOTHIO MOXHO ONPEACIMTE KaK PETIAMEHTHPO-
BAHHY0 MOCEJ0BATENILHOCTE CIOCOD0B H MPUEMOB QOPMHPOBAHNA, MO-
AUKALTHN ¥ MOSHITMOHUPOBAHUA NEMEHTOR HAHOMETPOBBIX PA3IMEPOB,
COCTOMIIIIMX B TOM YHCITE U3 OTAETbHBIX MONIEKY)T ¥ ATOMOB, HA MOBEPXHOCTH
MOLNOXEK ¢ TOMOUIbIY OCTPUHHOTO 30HIA M BOIMOXHOCTE GIHOBPEMEH-
HOM WX BU3YATH3ALMM U KOHTPOSASL.

Tlo-BUAHMOMY, O BEpXHE TPaHHIIE 3HAYEHH BENHYMUH 0GBEKTOR pas-
JIMYHBIX HAHOTEXHOJIOTHH B MMPE CMOIJIM JOTOBOPUTECHA, H OHA COCT&B-
nAeT He Gonee 100 M nJU1 ONHOTO K3 pasMepoB odbekToB. B CIIA onpe-
AENUNW M HUAKHIOKW MPaHMILY BETHIHHB 06 bEKTOB HAHOTEXHOMGTHH — OHA
HE JO/UKHA OBITE MeHee | HM. B cBA3M © 3TUM 3aMeTHM,4TO GAHOCTOHHBIE
YTISPOAHBIE HAHOTPYOKH HBAAIOTCH MONEKYIAMH ¢ AHAMETPOM McHee | uM
(1KMHa X MoXeT npeBblimaTh 100 HM), W, TEM HE MEHee, OHM YCTIEWHOD
HCIIONE3YIOTCH IS CO3AaH N (PYHKLIMOHANBHBIX 21EMEHTOB He TONTLKO Ha-
HOBNECKTPOHUKHK, TBEPROTENBHBIA OCTPUIHEIN 30HN fanee OyIeM TTPOCTO
Ha3b1BATh 30HIOM.

TpanMLIMOHHBIE METOAB], BKNIOYAIOLIME CO3TaHME MACOK Ha NOBEPX-
HOCTH MNONYNPOBOSHUKOBGH [UTACTHHBL ¢ TOCASAYIOUINM [TPHMEHEHHEM
MHKponuTorpaduii Bee Gosee BRICOKOTO paspetietns, B TOM YMCIE PeHT-
FEHO-, IMEKTPOHHO- H HOHHOH JuUTOrpadui, a TakKe CHHXPOTPOHHOTO
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HINYYeHHA, NPHBENH K CO30aHHID INEMEHTOB € HAHOMETPOBBIMH NONE-
peyHbIMH pa3mepamu [2, 3]. OOHaKo CO3TaHNe AMEMEHTOB HA OCHOBE OT-
AeNbHBIX MONEKYA M aTOMOB TPAAHLIHOHHBIMY MYTAMH HEBOIMOXHO,

Hzobpetenue B 1982 rony I. buraurom u I Popepom, coTpyaHukaMu
IBeHHAPCKOTO dUnHata dupmMet IBM, ckaHupy1oiero TYHHEBHOTO MHUK-
pockona (CTM) OTKpEIO Npek e BCero HOBLIH MYTE ANK HEPA3PYLLIAKOILE -
') XOHTPONA M aHAMTH34 METATTTHYICCKHX H NOAYNPOROAHHKOBRIX TTOILAO-
xeK ¢ paspewrenueM 00,01 am [4]. Cnomowbio CTM nosyueno n3odpa-
XKEeHUE NOBEPXHOCTH ¢ ATOMHEIM Pa3pelicHHEM paNTHUHBIX NPOBONAILIMX
MOHOKPUCTALTHUECKHUX H NOTUKPUCTANIHYECKUX MATEPHATIOR, pa3pabo-
TaHbI HOBBIE METOILbL HCCIEAOBAHHA MOBSPXHOCTEH TBepAbIX 180 [5—11].

Mpununn padotel CTM npoct. Ero 30H1 MUKPOCKOTIA NPEACTABINST
coBoi METANTUYECKUIH HTOMBUYATBIR 3NEKTPOA (OCTPHE), 3AKPETUTSHHBIH
Ha TPEXKOODIHHATHOM TIBE3CTIPUBOAE (CKAHEPE) M paclloAaralouEMiics
nepHeHIRKYIAPHO HccneayemMoil MeBepxHOCTH. C NOMOIILIO CKAHEpa 3011
MOABOOUTCA K NOBCPXHOCTH 06pa3uano BOFHWKHOBEHHWA TYHHETRHOIO TOKA,
KOTOPbIA ONpencaseTcs Mpexle BCero BEMHYHHONM 3430pa MEXIY 30HI0M
W MOBEPXHOCTLIO, A TAKXKE BENHIMHON HANPSDKEHUA Mexay Humu, Ecmu
IPH CKAHWPOBAHHH TYHHENLHE A TOK MOLICPKHUBATE MOCTOAHHLIM MY TeM
MCMONb30BAHHA CHCTEMBI DﬁpﬂTHOf‘I CBA3M, TO C NOMOWbLKD 30HIA MOXHD
OMYYATE HEMOCPEACTREH HYI0 MHDOPMALIHIO O peibede NOBEPXHOCTH.

CTM spngercs YHUKATHHBIM MHCTPYMEHTOM IAA HCcIenoBaHus du-
3JHKH MMOBEeDXHOCTH HA ATOMHOM YPOBHE, TYHHeJ'IhHaH MHAKPOCKONHWA NO0-
BEPXHOCTH [O3BOJIWIA HCCAESA0BATL PA3THYHEIE NPOLIECCH, B TOM YUIE
H3MEHEHHE CTPYKTYPBL [TOBEPXHOCTEH MPH PAITHUHLIX TIPOLECCAX XUMM-
YECKOro HITM HOHHOMO TpagncHHA, & TakGKe [TO3B0OMHAA BU3YaltanposaTh
PAZHOOOPA3HbIe TPOLIECCH TIPH OCAXIEHHHA MeHok f12].

Co3aaTeNH TYHHEALHOT0 MUKPOCKOTIA, N0-BHIHMOMY, NEPBLIMH Npeji-
JIOKHITH €ro TEXHOAONMYECKOE UCTIONb30BAHME UTA NOAYYEHHAH NPOBOIsa-
ULKX JAOPOXKEK C NMOMOUIBIY HCNAPEHUA MAaTEPHANA ¢ TYHHEIBHOTO 30HIA
{13]. Tlocnenyioimme uccreroBaH U MOKa3ani, yto Ha 6aze CTM BoamMox-
Ha pa3paboTka HOROH TEXHOMOTHH JOHIOBON HAHOTEXHONOTHHU {CYLIIECTBEH -
HO OTIHYAKIICHCA OT TPAIHLHOHHBIX TIOAXOIOE), B OCHOBE KOTOPO Ne-
KUT IPHMEHEHKE OCCTPUHHOTO 30H12 KaK ANg BU3YAT3alHH OObEKTOB Ha
MOMTOXKE, TaK H 1A GOpMUPOBAHMS , MOAM(UKALIMH W TTO3W1IINOHMPOBA-
HUS MX B HAHOMETPOBbBIX 00macTax [14—16].

Haes npumeHeH s 301 [N CKAHUPOBAHUA MOBEPXHOCTH NOATOXKKH
oKa3anach ‘IpCSBbI‘{aﬁHD I'I.JTOJ]OTBODHOﬁ. Beinn CO3MAHN CKAHHUDYIOLEHE
ATOMHO-CHIOBBIE MUKpOcKonbl (ACM) [17], B KOTOpPEIX 30HI KPEMUTCH Ha
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CBOBOIHOM KOHUE M'HOKON NPYXKUHHOH KOHCONY (KAHTWIEBEPA, Cantilever,
aHTJ1. — KDHCDb), APYTOli KOHET KOTOPOH 3aKPETUIEH B Nepkarene (Yume).
370 yCTPOHCTEO, BKIIOYAOUIEE JOHA, KAHTHIESBED M YHIT, HA3hIBAETCH 30H-
I0BbIM JaTHHKoM ACM (0AHAKO B IMTEPATYPE HEPEAKO ITO YCTPOHCTBO
HA3LIBAIOT NPOCTO «KAHTHIEBEDP» ). MIrib KaHTUNCEEDA C 30HI0M, KAK tpa-
BUNO, PETUCTPMRYETCA € MOMOULBIO OTPAXEHHOIO NAIEPHOIo NyYKA CReTa U
PETUCTPHPYeTCH oTonpHeMEUKOM. ACM T03BONHIOT HCCIEEOBATE PElb-
ey MoBEPXHOCTU JHATEKTPUYECKHN MOJNOKEK ¢ paspelieHHeM BIJIOTh 10
aToMHOTo. BbUIM co3maHbl M ApyTHEe THMH 30HT0BBIX MHKPOCKOTIOR,
HANPUMEP MUKPOCKOMES ¢ TEPMHUECKMMNA 30HIaMK, B T | 18- 20].

3oHnonas HaHoTexHonorud (3HT} Hauana pasBHBATLCH 110 ABYM Ha-
NpaBlEHNAM: BBICOKOBAKYYMHAS HAHOTEXHOAOIHS H HAHOTEXHOMOIWS B
Tazax ¥ XHIKOCTHX MPH aTMOcepHOM HaBIEHUM, TOCKOALKY GBLTH co3na-
HEl 30H0BblE MUKPOCKOTIB, pabOTamume KaR B BRICOKOBAKYYMHEIX, TAK U
B aTMOCIPEPHBIX YCI0BUAX.

OcHOBHOE npeuMyluecTBO BhicokoBaKyymuoil 3HT — Bo3MoxHoCTh
HMETh UCXOJHO YHUCTHIE NOAI0KKH B UMCTOM 00BeME, YTO MO3BONAET Ma-
HHITYAMDOBATh ¢ OTAEAbHBIMHN MOJEKYMdMH W aroMaMi. OnHako Maccone-
PEHOC MEXIY 30HIOM H TTOLJOXKKOH, HAKOIJIEHHS MONEKY,I H aTOMOB Ha
MOIOARKE, BOIMOXKHOCTB MUX ¥X0AA 113 MEKIIEKTPOIHOTO 333003 M NOCTYIT-
JIEHUE TIPUMECEH M3 BAKYYMHOTO 0GheMa BAMAIOT Ha YCIIOBHSA Ha NOBEpX-
HOCTH U B o6beme. Konuenmuusi 3HT B rasax » XuAKOCTAX MCXOIUT H3 TOrO,
YTO NPH HAIMYKE COOTBETCTRYIOMIMM ofpazoMm nogobpaHHbIX TEXHOIOTH -
YECKHX HOCHTENEH YIbTPABbICOKOW YHCTOTHI BOZMOKHO TIGIYMEHHE DE3Y 1 h-
TAaTOB, HE YCTYTIAIOMIMX 1TO MHOTUM TTapaMeTpaM HaHOTEXHOJMOTHM B [TyBo-
KoM BAKYYMe. OOBEKTH BO3NEHCTBHA B 3TOM CyYae YKE He oT/e/IbHbIe aTo-
MBI, 3 HAHOPA3MEPHBIE MONEK YL H 00pajoBaHus ¢ pazMepamu ~ 10—30 Hm,
Harnpumep KrnacTepsl [21], Takywo TexHOROrH0 OyIeM HA3BIBATL ATMOChED-
HOH HAHOTEXHOAOIME,

TpaguMIMOHHBIE TUTOTPADHH BRICOKOTO YPOBHS PA3PELLEHHWS C UCTIOMb-
3J0OBaHUEM MACOK U LIabMOHOB BEAYT OT MHKPOTEXHOMOTHH K CYOMUKPOTEX-
HOJIOTHH M B KOHEYHOM CHETE K HAHOTEXHONOTHH (B J11000M clTydae 3TOT
NyTh PAZBUTUA TEXHONOIMU HEOOROAKMM AR NONKSPXKEKN (oM, puc. 1.B)).
30HACBEBIE MHKPOCKOMND] NTO3BOAAIOT, HCAMIL3YA DE3Y/bTATE] TPATM LMOHHBIX
TEXHOAOI WM, NPOABHHYTLCHA K CO3IAHUI0 YHUKATLHBLX (hYHKIHOHANBHEIX
HaHOGOBEKTOB, B TOM YHC/IE IJIEMEHTOR HAHOREKTPOHUKH (OnaraeM, 9410
IMEKTPOHHEIE X HOHHBIE AMTOTPadhbl 1 TEXHOMOIMYECKHE YCTPOHCTBa, Me-
MONIB3YIOLLME MTyYKH 3APSIKCHHEbIX YaCTHIL, MMPHMEHAIOTCA B TPATHUNOHHOH
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HuckpeTnble IeMEHTsI C
HAHOPA3MEPHKIMH AKTHRHEIMA
00/IacTAMHK

}

HauoTexHoNOrMs

BaKyyMHaa, B razax H HIKOCTIX

[InanapHas 3ona0B0€ HOPMUPORAHUE
CYOMUKPOTEX HOTOTHSA HaHOMETPOBBIX JIEMEHTOB
y H CTPYKTYp
1;
TInanapuas
MHKPOTEXHOIOT WS 30HA0BAA MUKPOCKOITHA

Puc. 1.B. PazsnTie HAHOTEXHONOTHIA B 3ISKTPOHEKE

MHKPOTEXHOAOTHK). TAKOH NyTh Pa3sBHTHUH HAHOTEXHOMOTMHA BBITOAHO OT-
nYaeTes TeM, YTO OH [F03BOASET OJHOBPEMEHHO H KOHTPOIMPOBATE, U
BU3YATH3HPORATL MPOLECCE] HAHOTEXHOMOT MK, 3TOT (DaKT, HAa HALU B3TA,
CYLUECTBEH, NOCKOMBKY BO3MOXKHO HEKOHTPOIHDYeMoe CO3naHne HaRoo6b-
EKTOB, ArpeccUBHBIX U151 OKPYXAIONILH TIPUPONEL.

B koHue 90-x ronop NnpolUnoro BeKa NpeackasbiBaloch, 4To BAKYYM-
HafA W aTMOCdepHAS HIHOTEXHOIOTUH A0/KHB APHBECTH CHaYaa K Coana-
HHIO TUCKPETHHIX YCTPOHCTB HAHOIEKTPOHUKY [22] B BUMAE OTHENbHEIX
YHKIHOHUIBHBIX 31EMEHTOB (B TOM YHCJIE YCTPOHCTE NIAMATH CO CREPX-
[LTOTHOH 3aNMCbID MHOODMALIMN), A B [TOCASIYIOMIEM HHTE [PaNLHbIX KBaH-
TOBBIX CXEM ¢ HAHOMETPOBBIMM pazMepamy mieMeHToB. [Ipy 3TOM B mOA-
Hoil Mepe GyayT peaTH3cBaHsl HAEW MOJIEKYIGpHOI anekTpoduky [23],
KOraa nNpeanonaracTes HCroiae30BaAHHE H MO.HH(bHKauHﬁ OTACABHBIX MQ-
nexyn, bonee npoctoit, Ho Goace «rpydHoit» snemMeHTHOH Ha20H HAHOIIEK -
TPOHMKH MOIYT BLITE METANIMUCCKHIE W TOMYIIPOBOIHHMKOBBIE KIACTEDSS,
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TOKPBITBIC AHTARAAMM OPraHHYECKHX U HeOPraHHYecKHX coeIHHe Uil | 24].
311 0Opa3oBAHUA C XApaKTEPHLIMHM pasMepamu 1o 30 HM camu no cebe
06,1a0810T YHHKAJIBHBIMHU CBOHCTRAMH. JIMraHIHOE NOKPBITHE MEPeBOIUT
UX B YCTOHYUBBIE COCTOAHUA. B CBOIO OYEpelb, NMIaHOHLIC KIACTEPLI MO-
ryT 00PA30BLIBATE, HANTPHMED, KBAZHMOAHOMEDPHDIE MUKPOIPOROIHHKH,
INEKTPHICCKaA CBA3b MEXIY KOTODBIMM MOXeT BO3HMKATL 33 CYET TyH-
HenbHOTO 3diderTa (CM.I1.3.4). IneMerTRaa 6333 HA OCHOBE JTHTAHIHLIX
KJTACTEPOR, MNO-BHIUMOMY, CASAACT BOSMOXHbIM CO3LaHHE HHTETPATBHBIX
cxeM, paboTaoliux, B YaCTHOCTH, Ha 0CHoee 3ddieKTa ICKPETHOTO BAHO-
3eKTPOHHOIO TYHHEIRpoBaHuA [25], B oM yncne QO3Y co ceepxGo/blLuok
NPOMIBOAUTEALHOCTRIC M EMKOCTBEY HA KpHCTanie. MHOTHE K13 3TUX Npea-
CKa3aHH K HAaCTOsIIEMY BPEMEHH MTOATBEPKIATCH [26], 1 210 OyreT no-
K33AHO HHXe,
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30HAOBAS MUKPOCKONKNA
N HAHOTEXHOJSIOIN4

B nactosiuee speMa HMeeTCS MHOKecTBO 0030p0B (cM, BeelcHUE) M H3-
JaHO JOCTATOMHOE KOJIMMECTRO KHHUT [1—4] no 30H10B0H MUKPOCKOTIHH,
MO3BOAAIOWMNX TOAPOGHO OIHAKOMUTECH C METORAMH 30HA0BOH MHUKPO-
CKOIIMH, ¢ YCTPOHCTBOM 30HAOBBIX MuKpockomnos, [lpaponutenem scex
30HIOBEIX MUKPOCKONOB MOXHO CHUTATL Npodiniorpady, B KOTOPOM ¢ AO-
MOWIBIO OCTPOH HIJIblL «OULYNBIBAETCAS iTOBEPXHOCTL 0BPA3LA 110 HEKOTO-
POl TpaeKTOpHH. C MOMOLLBIO INEKTPOMEXAHHISCKOTO YCTPOACTBA HOD-
MZTbHEIE K TQBEPXHOCTH NMEPEMELLEHA OCTPHA B YBETHISHHOM MacllTaGe
3aNHCHIBAKCTCA HA DYMAXKHYIO 1eHTY. B pesynnTaTe nonyuaercs npodunor-
pamMMa, MO3BOJAIOIIAd CYAUTD O [LEPOXOBATOCTH TIOBePXHOCTH. [1porpece
B MaTEpHAAOBEACHHH, MEXaHUKE M MEKTPOHHKE TTOIBOIHI YCOBEPIIEH-
CTBOBATEH 3TQ YCTPOiicTRO. CTAND BOIMOXHEIM NPOBOIHTE CKAHWPOBAHME
HAa HEKOTOPOM YHACTKE NOBEPXHOCTH U TIQNYIATE THeXMepHoe e nzolpa-
JKeHHUE, JOHIOBEE MUKPOCKONbI CTATH HAZMBATLCS 110 (PHIHYECKOMY NPKH-
LIAITY, UCTIQNBIYEMOMY [JIH «OLIYALIBAHNA» [IOBEPXHOCTH, Jance Hac OymyT
MHTEpeCcOBaTh CKAHUPYIOLINE TYHHENBHBIE MHKpockonb {CTM) w aTom-
HO-CHAOBBIE MHKPOCKONE (ACM),

B CTM ucrione3yeTcs TYHHeNbHbIH 3diexT. Tok, KOTOPHHA perucT-
PHpYeTesi B KaxAOH TOYKE, BeCbMa YYBCTBUTENEH K DACCTOAHHWIO MEXKAY
3OHIOM H MOBEPXHOCTLIO MOMLI0KKHU. Kax MpaBiio, B TAKHX MUKPOCKG-
Max HafapsKeHUe MEeXIy 3MEKTPOJAMH NOJIEePKUBAETCA MOCTOSHHLIM.
B CTM npumeHAIOTCA OBa OCHOBHBIX MeToaa. Merton, B xaTopoM yIi-
paBNAIOLIAA ATEKTPOHHKA TMOAIEPKYBAET NMOCTOAHHLIM TYHHEeNbHEIH
TOK, U3MEPAS €0 M0 HECKO/bKO Pa3 B KAXA0H TOYKE MPH CKAHHPOBAHKH,
Ha3BIBAI0T MeTOIOM TIOCTOAHHOTO TOKA. JTOT METO/ ABJAETCH JOBOJIBHO
«MEJIEHHBIM»> W MPUMEHAETCA, KaK MPaBUIo, NPH CKAHUPOBAHHH OO~
UTHX YYACTKOB NOBEPXHOCTH, METOA NOCTOSHHON BEICOTH UCMONB3YETCA
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TPH UCCNEAOBAHHN MATBIX H 1OCTATOYHO ITOCKHX MOBEPXHOCTEH LIS MO-
AYYCHHS ATOMHOTO pa3pellieHKsi B IJIOCKOCTH CKaHHPOBaHus, B 3ToM ciry-
qJag OﬁpaTHaﬂ CBA3b, NONISPAKHEAKONIAA 38JaHHYK BEMTHYHHY TYHHENTBHO-
ro TOKa, «3arpyhnseTca» HAN OTIIICYRETCH.

LA TeXHONOrHYLCKUX M IokeHHit ACM NCTIONB3VIOTCA oOBY HO NBA
METONA: KOHTAKTHEL M NONYKOHTAKTHLEIA. B KOHTaKTHOM METOOE CTENEHE
NPpHXaATHA OCTPHUA MOXKET DETYANPOBATECA 3a CHCT HEYLIbHOIO naruba
KaHTuaesepa, B nogykoHTaKTHOM METOIE 30HI MePHOAUHMECKH C© HEKOTO-
POR YacTOTOR KacaeTcst MOBEPXHOCTU. DT0 GOJIEE «WAAAWHA» METOA.

1.1.30oHa0BbIE MUKPOCKONI
ANA TEXHONOIMYECKUX NPUNOKEHUN

PaccmMoTpHM OCHOBHBIE TPeGOBAHMA K OTJAEABHBIM YACTAM KOHCTDYK-
11M# 30HAOBLIX MUKPOCKOINOB ¢ TOYKH 3PEHUA MPUMEHEHMA UX B Kave-
CTBC TEXHOMOTHYECKUX YCTPONCTB, paboTaI0INY B HOPMATLHBIX ATMOC-
diEpHBIX YCJIOBUAX. ITH cBeAeHHS HeoOXOIHMbl 1% BEIDOpa NOAXORA-
HIETO 3Q0HAOBOTO MHEPOCKOMA H Pealiialiiy BOZMOXHLIX TEXHQIOTH-
HEeCKHX NIPHEMOB.

CoBpeMeHHEI 30HI0BBIH MHKPOCKOR KAK NPHOOP LUTA HAYYHBIX HC-
CNEeNOBAHHHA MOXHO YCJIOBHO NMPEICTABUTE B BHIE CYMMbI YETRIPEX KOMIIO-
HEHTOB:

1) MexaHHYECKAN 9CTh, BKNIOYAIOILA% B Ce0A: 30HIOBLIN NaTYMK; CKa-
Hep ANA NepeMeIleHHA 30HAa; KOOPIUHATHLIA cToA A1 Pa3MEIUSHYA K
oBCcnyKuBaHUA NcoaeayeMoro (00padaTeBacMoro) obpasua; CHCTEMY Ipy-
foro nogBona 3oHAa K 0bpaily; yCTPoHRCTBO 3alMThL OT HEXETaTeTbHBIX
MOCTOPOHHMX BO3AeHCTBHHA H CO3JaHUA ONpeAeAeHHRIX YCAOBMH B 06mac-
TH B3aMMOZEHCTBHA 30HA-0bpaleL;

2) 3exTPOHHAS cHCTeMA: HI10K YIIPaBISHUSA OTAEABHBIMH Y3JAMH Me-
XaHUYeCKO YaCTH; 3MeKTPOHHEe maaTel hOPMAPOBAHUA BOIEHCTBYIO-
LHX HMNYILCOB; JICKTPOHHAA YNPABIIOLIAA MalllMHA;

3) METOAHKH H3MepeHHIT B BO3AEHCTEHH, B QYHKUHMM KOTOPBIX BXOAST:
0BOCHOBAHME NPHMEHAEMOr0 CIOC00a H3MEPEHVH; aNleKBaTHas NHTEPTIpe-
TALH$ MOYYEHHBIX PE3VIIETATOR; COBMEMIEHUS BO BpEMEHH [IPOLIECTOB CJIE -
KEHHSA 33 TYHHENBHBIM TOKOM ¥ NMPOUECCOB JIOKATEHOTO BO3NEHCTRUA HA
MOLTOXKKY;

4) nporpaMMuOe oDecmevedHe, BRIOYaoUee GYHKLUMN! YIPasIcHAA
patGoToil MUKPOCKOIIA; TPOBEAEHNA TEXHOIOTHIECKHX OTIEpaliMii; HaKomn-
NeHNA 1 o0paboTKN NONYMENHBIX PRIYALTATOB.
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B nacroauwem naparpade pacCMOTPHM TONBKO MEXaHHUYECKYIO YaCTh
MHKPOCKONA, H3YUCHHE KOTOPOH TTOMDKET IyOxe MOHATL MPHHLHTE
paﬁDTbl MWKPOCKOTIOB 1M BO3MOXKHOCTH BX TIPH TEAHONOTHYCCKHUX MLChe-
mopaHnAX, OnucaHWe MPUHIHITOB NOCTPOEHNS MEKTPOHHLIX BA0KOB H
AMEKTPOHHBIX CXEM, KaK NIPABRI0, MOXHO HaiiTH B pYKOBOICTBaX TOAL30-
BATENA, MTPENOCTABTACMBIX TIOCTABLIHKAMH. MGTDD,HKH Mamepcnnﬁ H BO3-
AEHCTEHI BAXKHDBI M 3aCAYXHBAICT 0COGOTD PACCMOTPEHHA.

[IporpaMmMBoe obecneyecHHe — HaHbonee MOOUALHBIA KOMIIOHEHT
MHEPOCKOMIOBR H HMEET MOAYHHEHHOE 3HAYMEHC. A_JI[D]JHTM]:I npuMaenae-
MBIX NpOTPAMM MOTYT M ZOMKHEL ObiThH CHOPMYIHPOBAHEL HA OCHOBAHUH
METOIUKM M3MeDeHWH H PeallbibIX BOIMOXKHOCTEH MexaHHUeCKOH U 3lek-
TPOHHOH 4acTeH MHKPOCKONOR.

PaccMoTpHM BOSMOXHBIE PEATHIALIMY MEXaHHYECKOH YacTH MUKpPO-
CKOTIA W TpeDopaHus, KOTOPLIE TIPENLARISIOTCA K MUKPOCKOMNY, KOTAA OH
NPpUMEHHETCA AAA TEXHONOIHIECKH X HCCASROBAHMWE. Xorsa MHWKPOCKOIT
TMPOSKTHPYETCH KaK eaMHOE LENOE, BhIASIHM y31bl, BRINOTHAKINE OT-
HefMbHbe PYHKINH,

Ocrpuitiptii 30HA. 30HA CNPeASTIeT N01E3HOE YBENTMUEHUE MHKPOCKO-
na. Hanbonee BAXHAA XAPAKTEPHCTHKA 30HAa — PAIHYC 3AKPYIIEHUA OCT-
PHA, KOTOPBIH BAMAET HA TOTIEpeYHEBIE pa3sMepsl OBTacTH NPEACTEHO OOC-
THXKUMOTO pazpeliedna. O6BMHO NpeanoYTEHUE OTAAETCA 30HIAM ¢
MEHBUIHMH FHAYSHHAMM DAANYCE OCTPUA, XOTA UHOTIA TIOTIEDeUHBIE pal-
MEDbI UCCASAYEMEBIX CTPYKTYP 3TOrG He TpebyloT, a CI0XKHOCTL HIroToB-
JEHHSA 30HOIA 3HAYHTEAbBHO MOBHIUACTCA ¢ YMEHEIUEHHWEM PaIHyCa
OCTpUA.

CrnelyeT y9UTHIBATh, YTO PAAMYC OCTPHA ABISIETCA OCHOBHOM, HO Ja-
JeKO Me ¢IHHCTBEHHON XapakTepuCTHKOM 30HAa. Matepuan oTipenensder
YCTOWSMBOCT 30HAA K PU3HKO-XMMKYecKHM BozaelcTeraM. [py Herons-
30BAHWH 30HAA B KAMCCTBE HHCTPYMEHTA HAHOTEXHOMOIHH K HEMY MOTYT
MpeaBaBAATECA OCOBEIE TPCOOBAHUA MO XMMHYECKON CTOMKOCTH, TBEp-
JOCTH, 4ACTOTE COOCTBEHHBIX HITUOHBIX MeXaHMuecKHX KoneGanui
(B 0COOEHHOCTH LI KaHTHIEBEPOB), MEXAHUYECKOH IPOYHOCTH, MOBTO-
PAEMOCTH TeoMeTpHUECKOH Qopuil i T.1. CYMMUMPYR HINTOXEHHOE BREILLE,
MOMHO CKA33Th, YTO B KAXKIOM KOHKDETHOM Caydde HeDﬁXOﬂHMO HMETE
30H ¢ TPUEMICMBIM PazlHyCcOM OCTPHS M C OTIpeAe/IEHHBIM HabopoM dii-
IMKO-XMMIUECKHX B TEOMETPHYECKMX NAPAMETPOE,

Cxanep A/18 MEKpoRepeMemernni 30014, /1A Heene10BaHMA MOBEPXHD-
¢T# obpa3ua Ha onpeae/lcHHOHM NIOIATH B MYKPOCKONE HCMOAE3YETCA
H3IMEPEHHUEe e¢ CBOMCTB B HEKOTOPOM MHOXECTBE TOUEK, PABHOMEDPHO
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pacnamoKCHHEIX B HHTepechOl.HEﬁ abnacTH. ﬂepememenue JOHIA OT TOH-
KH K TOYKE OCYLIECTRAASTCA ¢ MTOMOUIBIO CKAHEPA, K KOTOPOMY MTPEXbsB-
JIAKOTCA CefyIOUHE TPeOOBaHHA:

& OTCYTCTBHE ﬂpeﬁlbOB, TOUYHOCTE H TMNOBTOPHEMOCTE TTO3HLIMOHHPO~
BAHHS 30Eg;

» JOJTOBPEMEHHAs CTAOUTBEHOCTE NMAPAMETDOB!

& TCPMHYCCKAA cTabHALHOCTE NOAWUHOHHDOBAHWAL

o TpedyeMblit AMaNa3oH NepeMelleHNA NO KAKA0# N3 KOOPAMHAT,

* OCTATOYHOC GHICTPONCHCTBHE.

CyilecTByeT MHOIO hU3HYECKHX 3(MDEKTOB, KOTOPhIE MOTYT OBITh HC-
NoAb3OBAHE! AUTA nepeMellieHNa 3on0a. OOHaKo B HACTosANIee BpeMd IS
3TOM UENIH NPUMEHAETCS CAaBUBIM 0Bpa3oM OOPATHLIH Nke303PEEKT B
nompusoaauﬂoﬁ TTEE30KEPAMHEKS HA QCHOBC HHPKOHATA-THTOHATA CBMH~
ua. B oTeYeCTBEHHBIX KOHCTPYKLMAX LMKPOKOE PACTIPOCTPAHCHME HONY-
Y2 Mee3oKepaMuka TC-19.

ITee3okepaMHKa NpeAcTARIAET coboll cTexnoolipasHyo MaTpuLy ¢
BKpAILIeHWIMI B Hee 3ePHAMM TIbe302NEKTPHIECKOTO MaTeprana, B npo-
necce clieKaHMs kepaMiky JHDC Noce OHR NOABEPIAETCA BQINCHCTBHIO
IMEXTPHUECKOTO MOAA (MONAPU3YETCA) W CTAHOBUTCA MBEIOAKTHBHOM,
Cpasy nocne NoasapH3auny COCTORHKE KepaMHKH JAAeKO OT paBHOBEC-
nHoro. IloaToMy a1a obecedeH s A0CTATOYHOH CTABMIIBHOCTH BO BpeMe-
Hu TpebyeTcd ee cocTapuBaHue. JaHHEIH npoLecc MOXET MPOTEKATh OT
HECKOJIbKHX YaCOB NPU MCKYCCTBEHHOM A0 [OIa IPH ECTECTBEHHOM CTape-
Hut {3]. [Io OKOHYaHMU OPOLIECCa MAapaMETPhl MBE3OKePAMUKH MPUXORAT
K CBOMM PABHOBECHEIM 3HAYEHHAM, H B JANTBHEALIEM WX CTABMNLHOCTD 38~
BHCHT I'MaBHBIM oﬁpa:soM OT PEAHMMOEB IKCTLTYaTalk K.

[Tpu paboTe ckaHepa HEOOXOAHMO BEIITONHEHHE TpeboRaHYA MASIO-
cTH AedopMalnil, obycnorreHHoe 3akoHoM Tyka. Eclu npuHATE B Ka-
YECTBE MAKCUMANLHO LLOI'IYCTMMOﬁ OTHOCHTE/bHOH necbopmaunu JHZ-
yepue 107, TO MOXKHO ONpPEIeHTh MAKCHMATEHO AOIYCTHMYI HAMps-
KEHHOCTh YNPABIALIETO ANeKTpHuecKoro noid. [IpakTHuecku Bo Beex
HIBECTHBIX KOHCTPYKUMAX MMhEF0OCKAHEPOB BEKTOD HANDAXCHHOGCTH YN -
PaBJAQIIErC SMEKTPHYECKOTO NOJIA KOLTHHEAPEH BEKTOPY MOJAPH3aA-
[IHH KEePAMHUKH, [103TOMY MaKCHMAILHAR AchOpMAallMA Mbe303NEMEHTA
onNpeacaaeTCd 3HAYCHHEM NbE3OMOAYNA dn' H.JTH Nbe3QKCPAMHKN
UTC-19(d,,=2-10""" m/B) nomy1aem 3naueHue nons £~ 5 10* B/m. Ipe-
BLIILIEHHE 3TON BeTHYMHB IPHBCIET K 3HAUMTCIBHOMY POCTY THCTEPE3H -
ca W apeiicha, CBA3AHHBIX C OCTATOMHBIMH TINacTHYSCKHMHK AehopMalnia-
MH IBE30IEMEHTA.
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OrpaHWYeHHE MAKCHMATBHOW HANPSXXEHHOCTH YITPARTAIOIIETO 1014
HUMeeT GONbII0E IHAYCHHE TAKKE LTA MAHHMM3AUHH HEANHEHHOCTH TIpe-
o0pazoBaHns, onpeeNsaeMoil ABTEHUEM SMEKTPOCTPHKILIHH, IIPH KOTODON
AehopMallHA NpONopUMOoHankHa £2,

Boabiioe 3naueHWe OAA BHICOKOW NONTCBPEMEHHDH CTA0UNLHOCTH
VMEET NONSPHOCTD YNPABASIOWIETO HampaXenns, HenauynteApHbie Wa-
MCHEHHWSA TlapaMeTpoB cKaHepa OvAyT HABIIONATLCH B TOM C/Iyuae, KOraa
€10 NOJAPHOCTL GYJICT COBNAIATD € TONAPHOCTEIO HANPAXKEHNWA, MPH KO-
TOPOM OCYUIECTBIANACE MONAPU3AUMS NThe30KepaMHKH. B npoTneHOM
cyuae OyIeT HABAXNATLCH NOCTENEHHAS TEPENOAPH3ALIUA MATEPHANA,
ConpoBOXKIacMan M3IMCHEHHEM NapaMCeTPOR CKEHEDA.

TepMocTaGUIBHOCTE CKAHEPA OMNPeISasaeT TOUYHOCTE (TO3HLHOHHDO-
BAHHA 30HIA Npu HIMEHCHVH TeMIepaTtypbl. [Theszokepamuka HTC-19
HMECT CPABHHUTENLHO HEDONBILOI TeMNnepaTYPHLIH Ko IueHT THHEHH -
HOIo paclunpenus, npuMepHo 6 10¢ cv/K [6}. OnHako HsMeHeHne TeM-
nepaTyphl Ha 1 K opy LIHHE MBe303/eMeHTa | ¢M IPUBERET K ¢r0 YAIH-
HEHHKD HA 60 HM, 4TO MOXET DKa3ATLCH HERPHEMIEMO OONRLIHM A paga
[IPUMEHEHHH MUKPOCKOIIOB.

Kpome TepMocTaTHPOBaHHS BCeil KOHCTPYKIIHM MHUKPOCKOIA, Cylle-
CTBYKOT ABa cnocoba NoBbLILEHHS TepMOCTEIﬁMJ'leOCTH MbhC3QCKAHEDA.
Mepabiit U3 HAX — BBEICHUE B KOHCTRYKUMIO CKAHEPA WIH M0 AEPXKATENS
WIEMEHTOB, KOMIIEHCHPYIOLIHX TerLiosoi apeiid. BTopol criocod ocHo-
BaH Ha CBOMCTRaxX CH MMETPHH KOHCTDYKIHI CKaHepd: €CMH KOHCTPYK-
LM UMEET TNOCKOCTh CHMMETPHHN, TO MTPH OTHOPOIHOM HArPEBE AMEMEH -
TOB BCE €8 TOUKH OVAVT CMEIATHCA NADALIETBUO ITOH TLIOCKOCTH.

HO,H,HCP}KEIHHG TYHHCIBHOTO 3a30p4 WIH CTENCHH NPHXKATHA 30HOA
OCYUIECTRIASTCSA ¢ MOMOLIBIO CHCTEMBI ABFTOMATHYECKOrD DETY,IWPOBAHMA.
ToyHOCTE B OLICTPOAEHCTBHE CHCTEME B 3HAUMTENBHOM CTENeHN 3aBUCHT
oT Ga30uUaCTOTHRIX XAPAKTEPHCTHK 00hekTa perynuporandg. Hanwue B
ITHX XapaKTEPHCTUKAEX PEIOHAHCOB TIPUBOAHT € TOYKM 3PpEeHUA YCTOHYH-
BOCTH CHCTEMBI PErYIUPOBAHIS K BRIOOPY HACTOTH CPE3a HUXE YaCTOThI
pe3oHaHca. TakuM ofpa3oM, HU3ILAA PE30HAHCHAS YacTOTa OOLEKTa or-
pPaHHYMBAET OCTPOLCACTBHE BCEH CHCTEMBL DErVIHPOBAHMA.

Ina nomydenust CTA0WILEHBIX ¥ TORTOPIEMEIX PE3Y/IETATOB HeQOXOAM-
MO, YTOBE! BeNWUHHa Apeia 3a BpeMs CKAHUPOBAHHS KCCEAYEMOTO YUa-
CTKA MOBEPXHOCTH GbL1a MEHEBLIE X2PaKTEPHBIX Pa3MEDOB PErMCTPUDYEMBIX
CTPYKTYPHEIX 0COOEHHOCTEH HCCIeOyeMoH MTOBEPXHOCTH. DTa BEAWYHHA
3ABUCHT OT CKOPOCTH Apeitdha 1 0T BpeMEHH MOJYYEHUA CKAHUPOBAHHOTD

H3oGpaxenns. Jagiv o6pasoM, MpUeMIeMble 3HAMEHUA Rpefia MOXHO

2= 1492
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00eCEUUTh K&K TIOBHILEHHEM 00LIEH CTADMNBHOCTH CKAHEPA, TAK U YMEHb-
WEHHEM BEPEMEHH TTONYYEHWA CKaHHpPOBAHHOIMO HSOﬁpa)KEHHH Jacyer po-
CTa OBICTPOACHCTBHA CKaHepd.

B cnyuae reXHOMOrH4ecKoro yeTpoicTBa NOJIOKEHUE HEC KOALKO HHOE.
TexHoMormyYeckoe BO3ACHCTBUE HA BRIOPaHHYIO TOuky 0fpasua notpedy-
eT HEKOToporo spemeHH, [o-BUIHMOMY, 3T0 BpeMs OVIST HEMHOTO DONb-
WE TOrg, KOTOpoe HeOBXOOHMO B HCCAEAOBATENBCKHX MUKPOCKOTIAX 1151
pErMCTPAUMH NONOXEHHA AaHHOA Touku. HMeHHO 310 BpeMi, a He BrICT-
polciicTBre cKaHepa OyaeT OnpeleisTe BpeMsa 00paboTiKH MOMHOTO Kad-
pa. [o3ToMy B cayiae TEXHOJQTHUECKOID YCTpolicTea 0coboe 3HauYeHHe
UMeeT obecTIeyeHHe HU3KOoM ckopocTH apeittha.

Koopaunavawi croa. Haruune mepemeweHus uccaenyeMoro obpas-
114 COBEPIICHHO 00513aTENLHO B MHKPOCKOIAX, NPETCHAYIOMHX Ha MpH-
MEHEHME B KAYSCTRE MHCTPYMEHTA HAHOTCXHOJTOTMH, KpOMC TOrS, B 3TOM
cAy4ae GonblIOe 3HAYEHHE UMEET OPHEHTALIMA NOBEPXHOCTH 00pa3Ua &
nnpoctpatcTee. Ee ropH3cHTANEHOE PECIONOXKEHUE, KOTAA HOPMANDb K 0-
BEPXHOCTH HAOPABACHE BRCDX, NO3BQIACT JOCTATOUHO [1PACTO PEATH3D-
BATb DA TEXHONDTHYECKHX [IPUEMOB, HAIPYMEP padoTy B XHIKOH cpeac.
HMMeHHO Takasd OpUEeHTaUMA HCTIONB3OBAIACE B palpaboTaHHHX HAMU
Moaensx CTM [7].

OcHosHoOE TpeBOBaHME K CHCTEME NepeMelleHns obpa3lia B INQCKo-
CcTH X-Y — ofecneveHne MEHAMAJILHOCO L1Ara, CPABHHMOTO © pa3MepaMu
OD/IACTH CKAHUPOBAHHA, ¥ QTCYTCTBUE MEXAHHYECK WX APeiiDOR B COCTO-
AHHH NOKOH.

Hanwuse BO3MOXKHOCTH REPEMEIIEHHA 00PA3LA KeTaTENBHO 10T -
HUTB CHCTEMOR, TTO3ROIAICIIEH KOHTPOJUPOBATS NMOJQXKEHHWE 30H1a Ha,
MCCeayeMOi MOBepXHOCThR. ONTHIECKHH MUKPOCKON NO3ROAAET pea-
JIH3IOBATE MTO3HIIHOHUPOBAHHE JOHIA MUKPOCKOIMA ¢ TOUHOCTLIO [TOPAJ-
Ka | MKM, 9TO OrpaHMueHO ero paspeuawinei cnocobHoeteo. OgHaKO
NpY BO3IMOXHOCTH TOYHOIO NEPeMeIleHHA ofpasua 3TOH BeJTHYMHEbI
MOXET QKa3aThCA BIONHE ACCTATOUHO AAA HEKOTODPHIX TIPUMEHEHMH
MHKPOCKOTIOB.

Cuerema rpyboro nogsoaa no Z. B npouscce pabotsl MMKpOCKOTA OC-
TPHE 30HIa MepeMeIaeTcs BIoAb HCCaeiyeMOH NOBEPXHOCTH obpa3La,
KACasich €€ HIH OCTABAACH OT HEE HA PAcCTORHWK 0oKONo | HM (B Hanpas-
JAeHuH Z) B 3aBHCHMOCTH OT PEXUMA CKAHHpoBaHuA. Tak Kak aHanascH
nepeMellleHH 30H4a B HATIPABJIEHHH HOPMEIIH K [MOBEPXHOCTH 00pa3ua,
obecnevynBacMelii CKAHepOM, ODRIYHO HE NPEBBILTAET | —2 MKM, TO CTAHO-
BHTCR OUYeBHEHOH HeobDXONHMOCTE HMETh B KOHCTDYKLMKH MHKPOCKOIIA
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cucTeMy rpydoro mogeona oopasua o Z. Kpome obecneueHus HauansHo-
FO MPUOAMNKEHHS 30HAA K TOBEPXHOCTH obpasla, OHa MOXeT ObiTk MUC-
[IOJIB30BAHA AN KOPPeKTHPOBKH TOMOXKeHUS ofpasua 1o Z p cayyae ero
HEXEIATENLHOTO HaMeHeHMsl, HanprMep apetida.

PaccMmoTpuM ocHOBHBIE TPeBOBAHNS K MapaMeTpaMm 1ol cuctemsbl. Ee
MHUHHMMANbHEIA (yBepeHHO 00eceYNBaeMbIil) AT I TKeH ObITh B HECKONIBKO
paz MeHbLUIE THAMA30Ha nepeMelicHNs cKaHepa B HanpaBAeHHu Z. Hanpu-
MEp, ECITH TMANA30H NEPEMEIIENNA cKaHepa Z = 1 MKM, To rpyBhlit noaBo.
OOJIKEH OCYLISCTRIATECA ¢ IAroM oKoa0 0,1 MxM.

AuranazoH aepeMelennii, KOTOPLIH I0KHA NepexpbiBaTh CHCTEMA
pyGoOTO NONBOIA, OTIPEICASAETCA TOR TOMHOCTBI), C KOTOPOi obpasel hUK-
CHPYETCS HA KOOPAMHATHOM CTONE. EC/K HavyanbHOe paccToaHNe 30H1-00-
pasell peTHCTPUPYETCS ¢ MOMOTILBIO NPoCTeIlero OITHYECKOro YCTROHCTRA,
HAMPHMED JIYAbI, TO €0 MOXHO YCTAHDBWTL Ha ypoBHe 20—50 MkM, 4 B
CIIYYae KOHTPOIA HEBOOPYKeHHBIM [1a3oM — Ha ypoBHe 200—500 MxmM,

By TOro, UTo CMCTEMa ITPY0OTro MOIBOAA BKIOUASTCH B MEXAHH-
4eCKyIO CBA3b 30HI-00pa3e, OHa HE 10T KHA 3aMETHO CHIDKATD XXECTKOCTh
3TOM ¢BA3U, TAKKe HEIOITYCTHMO 3HAYHTENBHOE YBETWYSHUE MEXaHHYCSC-
KHMX U TEPMHYECKHX APpEHPOB.

Kak BHIHMM, TpeGoBAHHA, NPEIbIBIsSEMBIE K CHCTeME rpyboro noa-
BOAZ, aHAJIOTHYHDI TAKOBBIM [ MepeMeneHna KOORIMHATHOTO CTONA,
[MosToMy # CTOCODE pean3allii 3THX CHCTEM UMEIOT MHOro of1LEro,

YerpodicTro 3ammTl, BojTslice 3HAaUYeHWE TS HOPMAanhHONH paboThl
MHKPOCKOITA HMEET YCTpaHeHHe NecTabuaH3npyomvx (paKTopoBs, KaK BHYT-
PEHHUX, TaK ¥ BHEIUHKX, HanpumMep, B repBuiX KoHCTpYKLMAX CTM oco-
Goe BHUMaHHE YIEAAIOCH 0cnabaeHNK BITHAHNA MEXaHHYECKMX Koneha-
HHWH, CTIOCOGHBIX BbI3BATL HEKOHTPOTUPYEMbIC M3MSHEHHA BETMUHHEBL TYH-
HENIBHOTO TIPOMEXKYTKA. Tak, IIHTa, Ha KoTopoi Osut yeTaHoBaeH CTM, ¢
noMoisio sdubekta MeficHepa NOOBEHIMEANIACE HAJ CBEPXNPOBOAHUKOM,
Hpyroii cnocod 6opsdbl ¢ BUOPALIHAMU — TICBRIIUIEHWE KECTKOCTH MEXaH M-
YeCKOi CBA3M 30HI-00pazel. [ToopobHoe paccMOTpeHHe BOTIPOCOB BUG-
POM3OAALHH MOXHO HANTY B MHOTOYHCIEHHOH nuTeparype [1-3].

He MeHbinyio onacHocts AT paGoThl MAKPOCKOIA MOTYT MpeacTas-
NISTh AKYCTHYECKHE WyMel. B cnyuae paboThl MHKpoOckona B aTMocdep-
HBIX YCAOBMAX OHW MOTYT BEI3BATE MEXAHHIECKHE KONEDAHHUS OTAENbHBIX
WIEMEHTOB KOHCTPYKIIMH, MHHYA CHCTEMY BHOPOU3IONALINH, YMeHblle-
HUI0 aKYCTHUECKHX MoMex ¢nocoOCTBYIOT MOBLIIIEHHE KECTKOCTH BCeit
KOHCTPYKUMM MAKPOCKOTIA B IPUMEHEHWE 3KPAHOB M3 3BYKOIIOTAOIIAI-
WX MaTepuanos [8].

2&
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Beuay Toro, aro npy patorte
3O0HAOBBIX MHUKPOCKOIIOB H3Me-
PAKCTCA JIEKTPHYECKHE CHIHA-
b1, TpebyeTcH €ro 3allliTa OT
PNEKTPOMATHHTHEIX HABOACK,
KOTOpLIE MOFYT HMETH KAk
BHELIHEE, TAK H BHYTDEHHEES
npeucxoxiacHue. Hampumep,
npit YEeNHUeHHH CKOPOCTH pas-
BepTKH ckauepa B CTM craHo-
BATCA CYILECTBEHHEIMU Mapa-
IUTHEIE EMKOCTH MeXKIY SJeKT-
poaanMI CKaHepa W BXOOHBIMH
UEMAME NPeAYCUTUTEIT TYH-
HeABHOro ToKa. Ins moxaesne-
HHA 3NMEKTPOMATHHUTHBIX HABO-
LOK, KPOME SKpPaHOB, LIHPOKO
NPUMEHAIOTEA TAKKE CXEMES, YC-

Pac. 1.1, Cxema yana rpyGoro moneona mo Z: TOMIHBLIC K IOMEXAM.

| — ocHoBanme, 2 — ynpyru# aneMenr, Tlpw #CrMoIB30BAHHH 30H-
3 — ckanep, 4 — BTYNKa, 5 — kapycenh, JOBBIX MUKPOCKOIIOB B KaU&CTBE
& - obpasett, 7 — cTouMK 00pasid, § —onopa, MHCTPYMEHTA HAHOTEXHOJIOTMH
9 — mhe3oanemenT, 10 — KaTYWKa STEKTPO-  HegGXOANMO CO3AABATD ONPEAe-

MarHuTa, 11 — BuHT rpyGoro neasoaa no Z, NEHHBIE YCIOBHA B 3a30pe MEX-
12 — 1raroewit ABMCaTENE, |3 — BHHT TOU-

HOro Moagoda no Z, 14 — ToIKaTeakb-
KOMHAEHCATOD

Y OCTPHEM W TNOAJ0XKOH.
K HMM MOXET OTHOCHTECHA, Ha-
TIPYMED, ONpefeNeHHAN T430Bas
cpella WM OCBELEeHHOCTE. [T0-BUIHMOMY, ANS 3THX Leneld HauBonee Le-
Aecoo0pasHO MPHMEHHTD TEPMETHYHYID KaMepy (KONTIaK), KoTopad no-
3BOJIMT TAKOKE MPEAOXPAHUTL OTIEPATOPA OT BPEIAHEIX BO3ACHCTBMIA.
Pacemorpum yerpoiictso CTM TTM-2 [9] kak npuMep peanu3auyu
TpebosaHiit, chopmynnpoeauHbix Buiiie. Ha pre. 1.] noxazaHna cxema oc-
HOBHOIO Y312 TYHHeTRHOIQ Mukpockorna TTM-2. MaccusHOe ocHOBaHHe
HMEET [Ba Meva, pazieleHHEBIX YIpyro# nepemuiukoil. B ogHoM nuteve
VCTAHOBAEH TPyGuaThlil 0AHO2AEMEHTHBIH Mbe3ockanep. [1be3oanement
3aKpeIvIcH B CTaKaHe, YTO NO3BONAET HE TOABKO 0OSCIeYUTh €T0 OBICTPYIO
CMEHAEMOCTh, HO H BBECTH B 3330 MEXIY HUMKW BRIKOYNpPYTHii nemrdep,
HECKOIBKO OCAabNIsIONTHi pE30HAHCH bIE CBOHCTBA cKaHepa. B opyrom me-
4e OCHOBAHHA 38KpeIUieHa OCh BPAlIeHUA KapyceaH, npenHasHaueHHoH
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AR nepeMellleHHa uecaenyemoro obpasua. Hecnenyemsrii obpasen 3ax-
pemIsneTCs Ha KOOPAMHATHOM CTOJIE, HATOTOMICHHOM H3 CTAH, KOTOPBIH,
B CBOW OMEPEb, YCTAHOBACH HA YETHIpEX CTANbHbLIX onopax. Blaummnoe
MONMOXKEHHE 3THX ONOP MOMXET PETY.TMPOBATHCH CHCTEMOIH Nbe303IeMEH-
TOB, a PHKCALLKHA CTOMA OCYIMECTHIASTCA 3a CYeT CHU MaTHHTHOTO TIPHTA-
KEHUA, PETYAUPYEMBIX CHCTEMOi# 2MeKTPOMaruiToB. Jlas uxcauny cro-
J1d B COCTOSHHH INMOKOA HCNONB3YCTCAH AOCTOAHHLIIT MATHMT, I'[onaqa onpe-
aeneHHOH NocKeIoBaTe/IBHOCTH HMITYTBCOB TOKA HA 3AeKTPOMATHHTHBL W
HMIOYALCOB HATIPAXKEHHSA HA NEE30IEMEHTHI BEIILIBAET TIEpeMeLLeHNE CTOMa
B BbIBpaHHOM HampasmteHdu. [Tpu 3T0M BemvuMHa wara cocrasnaet (0,1
MKM H MEHEES.

YCcTaHOBKA MCXOIHOIO paccTOAHMS I0HI-0DPa3el] IPOBOIHTCS € NO-
MOIIILKY BHHTA, NEpeMEllAKCr0 KADYCEIE B0 OCH BpallICHHA. [Mon-
HBHA IMana30H 3TOTo NEPeMElUEeHHA COCTARNAAET 8§ MM, MHHHEMANbLHbIi
war — okono 5 Mmxm. boaee Toy-
Had pEryniipoBKa pacCcTOAHHA
30HI-MOIOKKE OCYHICCTRINETCS
3a cueT U3ruba ynpyroro sneMeH-
Ta. HIaroBelid IBRMTATE b, YCTAHOB-
JEHHbIA HA OOHOM M3 NJEY OCHO-
BaH#sl, BPALIAET BHHT M YEPE3 KOM -
NeHCaTOD OTTANKKBAET BTOPOE
wredo. IMoAHBIA anana3oH BTOpo#
CTYIEHH NMOABOMA no Z COCTaRNA-
et 100 mMxM. Martepuan komnenca-
Topa BmOpanH TakuM 06Pa3oM, YTO-
OB KOMNEHCHPOBATL U3MEHEHHE
paccTOAHNA 30HA-00GpA3el, [TPOUC-
XoaAuUee 3a CHeT UAIMEHEHMA TEM-
nepaTyph! B TOMELIEHWH.

Ha puc. 1.2 npenctasned ob-
wui Bua TTM-2, Kapycens ¢ nc-
cleayeMblM OOBEKTOM HMEET TPH
PUKCUPOBAHHEIX TONOXKeHUs. B
MEPBOM H3 HNX OCYLUSCTBIACTCH

HaA 3arpy3Ka cToAHKa ¢ yCTa- -
Py Py y 1 — ocroeHOlH v3ea CTM, 2 — onmuuec-
HOBIIEHHBIM Ha €70 MOBEPXHOCTH | o MHKPOSKOM, 3 — PHINAr CHCTEMEI

0BpasiiomM. 3aTeM Kapycenb NEPEBo- BHUOPOH30AAUMH, 4 — DYy®HHA, 5 — 62~
LUTCA B CJICOVIOINYIO MO3MUNIO, HAT 30848 ILIHTA, 6 — KONMak

Puc. 1.2. CTM TTM-2, coemeracHHBII
€ ONTHYECKHM MHKPOCKOMOM:
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KOTOPOI 3aKpeTUieH onTHYECKH MUKpOCcKon. Ha 3Toii no3ninm ¢ noMo-
LK MUKPOMETPHYECKOTO BUHTA, TIEPEMEIAIOIIETD KADYCETE, OCYILECTB-
AAETCH MPERBapUTEIBHAR YCTAHOBKA PacCTOAHHA 30HI-00pasen. OQnm-
4eCKHI MUKPOCKOTT [OCTUPOBAH TakHM 00pa3cm, 4To TpehyeMOMY PaccTo-
AHII0 {0x0N0 40 MKM) COOTBETCTBYET PE3KOE H300paAXKEHKE MORBEPXHOCTH
o0pa3ua. B TpeTheil nosmuwm obpasen okalbiBaeTcs Mo/ Mhe30CKAHEPOM.
flocie nepeBoaa B ATY MO3ULHIO OCh BPAILIEHNS KAPYCEIH XKecTKO PUKCH-
PYSTCA, 3AKPLIBACTCA 3AlUMTHEIH KOAMAK W Ha9MHAETCH NOABOA 30HAA K
00pa3iy Ha TYHHENBHOE paccTosHUe. [ToABOI OCYNIECTBANETCA C MOMO-
L bLO H1aroBore ABUEATENA, KAk QITHCAHO BLIIE, W IPOBOIHTCA B aBTOMATH-
YeCKOM pexume IoJ ynpasicHiem DBM. Ilarosetit 1BHTaTER L TPEICTABR-
nseT cofoii aHATOrN Nhe303MEKTPUYECKOTa ABUTATENA: TONKATENb TTDHAM -
MaeTCs K POTOPY CHIAMH MAarHHTHOTO NIPHUTAKEHNA, & 3ATEM [THE30ITTE-
MEHT U3MEHACT €N0 JTHHY, BEI3LIBaA MOBOPOT poTopa. Takas KOHCTPYK-
UMA IBUIATENA TPH COOTBETCTBYOWEM YITDABIEHWH o0ecneyHBAET NNas-
Hoe, 0e3 TOAYKOB MPHOTHXeHHE 30HIa K 0Dpa3ily ¢ MUHHMalbHbIM 1a-
TOM OKOJIG | HM.

OnTuYecKHil MUKPOCKOMN BEINQIHRST TaKkKe PYHKIHIO YCTAHOBKM 30H-
1a HA WHTEPECYIOILEH 00/IaCThio MOBEPNHOCTH obpa3ua. JIna storo ox
IOCTUPYETCA TAaKMM 0Gpa3oM, 4TO TOUKA, PACIIONOXEHHAS HA TTepEeRPecTHI
OKYIpa, NOCHe NOBOPOTA KAPYCENH MONAZeT Nod OCTPUE 30H1a. TOYHOCTh
MOTAAaH WA COCTABAAET OKOTO | —2 MKM.

CrcTeMa BUOPON3OSLUMH BRITIONHEHA B BUIE TIPYXKHHHO-PHIYAXK-
HOH KOHCTPYKIIMH H BReJeHa B MexaHnueckywe uacts CTM. OHa mpea-
cTaBaneT ¢obofl phivar, Ha CIHOM K3 KOHLOB KOTOPOIO 3aKpenien o¢-
HoBHOIL y3e1 CTM, Ero Bec ypasHoBelleH ynpyrofl CUIIOH npyXWHEL
3aKpenNcHHOH Mex Iy Ba3oBol MIKMTOM U BTOPhIM KOHUOM phivara. [pu-
MEHEHHE YIPYIHX pesMHOBBIX 3neMeHTOB B TOYKE OTOPH phlYara M s
TOUKE KPLTJIEHUA OCHOBHOTO Y313 K pRIYACY JeMNpUPYET COBCTBEHHEIA
PE30HAHC CUCTEMEl BUOPOUIONAIIMU. Takasa KOHCTPYKIIHA ABITAETCH MA-
norabapHTHOH W B TO Xe BpeMA 001a1a¢T HH3KOH PE3OHAHCHOH JacTo-
TOM (okono 1,5 ).

Kax ye yROMHHATOCh Bhiiile, BCS KOHCTPYKLMA HAKPLITA rEpMETHY -
HbIM METALAUMECKHM KOAMAKoM, 00eCICUHBAIOUIHM JALIMTY OT aKyCTH-
4eCKMX NOMEX, JNEKTPOMATHUTHEIX HAROAOK H OKpY*allei meunn. Kpo-
ME TOTO, OH TIOZBOJAET CO34aBATh aTMOChepy ONpeJeneHHOTO cOcTaBa B
TYHHENbHOM 3330pe. Bce BBOAET BMEKTPHUECKMX CHTHAIOB BHIMOJHEHD
TakXe repMeTMdHo, Ha pac, 1.3 npencraened BHELIHMH B MUKPOCKO-
na TTM-2.
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3HAYHTEABHOE KONHIECTRBO TEXHOMOIHYECKHX MCCAenOBaHWH Obt10 BhI-
roaHeHo Ha ACM Solver, nzrotosngeMsix 3e1eHOTpaICKoH KoMmaHue «HT-
MOT». Ha puc. 1.4 nokazaH 0IMH H3 TaKHX MUKPOCKONOR, OCHALHEHHBII
CHCTEMOI Blrlﬂf:DHaﬁﬂIO,[leHHH 33 00AacThIO CKaH HpOBaHHA Hi oﬁpaaue, YTO
CYILIECTBEHHO 0O/IETHACT YCIOBHA padoThl. MUKpOoCKon ocHalleR METOIUKA -
MH 19 MPOBELEHMHA JTUTOrpagHil.

PaGora ¢ HaHOMEPOBLIMY LS KTAMH, BHICAKEHHBIMH HA TTOLTOXKKY, — OOHO
W3 MEPCIIEKTHBHBIX HATIPSWIEHHH PA3BHTUSA 30HAOBBEX HaHOTeXHOTOrW, [Tpu
FIOM HeQOXOAMMO PElaTh MPEXIe BCero NpobaeMsl HX BHIYATHIAUMM, WIAEH-
TU(HKALUHK M pa3MellleHHA HAHOOOBEKTOB B 38IAHHBIX MECTaX MOMIOKKM My-
Tem nepemeinerun, Hiexe na npyMepe yrepoatbiX HAHOTPYGOK ONMCHIBAETCH
PELLEHHE HEXOTOPBIX H3 ITHX NMpodneM ¢ oMol ACM Sober P-47H,

1.2. 3oHpoBas Mukpockonusa
yraepoaHnix HaHoTpyboxk

Monrue roasl Bee CYUUTAIR, UTO YIIEPON MOXET 00pa3oBLIBAThL TOALKO B
KPUCTATHYCCKME CTPYKTYPLL — anMas H rpadut. Kpwetanasr anMasa
{oOpaboTaHHBIe ATMA3EI HA3LIBAKT OPHILIHAHTAMK ) XOPOIIO HIBECTHE, A
BOT MEHEE H3BECTHO, YTO CTPYKTYPA IrpaiMTa COMCTas: aTOMb Yriaepoa
NPOCTHPAITCH B [VIOCKOCTH CAOEB, B TO BPEMA KaK ¢aMit CJIOW Ipyr oT
ApYTa HaXOOATCH Ha CYLISCTEEHHO DOALILIMX PACCTOAHUAX U c1afo cBA3a-
HB MeXay coBoi. OBLIUHEBIA rpadUT CYLIECTBYET B BUAE YELYEK € IHHEH-
HbIMH pa3mepamu okono 20 um, OIHaKo aTOMH YTAepoda MOTYT 00paso-
BLIBATL OTHOCMOHHBIE NUCTHL 3HAYUTEABLHO GOMBIIHX PA3MEPOR, DTH JTHC-
Thi, YIOKEHHBIE B CTOIMKY, 00pa3yIOT CIOHCTBIA YrAeponHbiit MaTepuan,
HA3bIBAEMBIH NMMPOJUTHYECKHUM TPADHTOM. DTOT MaTEpHaN MOXKHO Haii-
TH B IIPHPOAE, KK M CAXY, BIAIRLIYIOCA TAKKE CIOWCTBHIM MATEPHATIOM.
OKa3anock, YTO TAKWE OAHOCIOMHBIE YIAEPOOHbIE THCTE MOTYT CKPYUH-
BATLCR B BHJE TPYODK B OAWH CIOH HIH B HECKONbKO CAOEB, COOTBETCTBEH -
HO TakKHe 06pa30BaHMs HA3LIBAIOT OXHOCAOHHEIMH H MHOTOCJTOHHBIMU
TpybKraMH. Joraganychk o6 3TOM COBCEM HEJABHO — OTKPRITEL M OMUCAHR!
oHu Guian B 1991 rogy anonckuM Heeneaopatenem C, Muxnma [10]. Jn-
aMeTp Takix TpyOOK OT TOJQBMHEL HAHOMETPA, IMHHA — A0 HeCKOAbKNX
LeCATKOR MUKPOH. M3-3a cToip MANBIX AWAMETPOR YIAEPOLHEIX TPYOOK
OHH W NOAYYIIH HA3BAHHE «HAHOTPYOKH»,

Henasuee 0TKpHITHE YIAEpOAHLIX HAHOTPYDOK CBA3aHO M € CYLUECTBEH -
HBIM PAIBHTHEM TEXHMKM MHKPOCKONWU, TTO3RONAICLISH OBGHAPYKUTD ¢IH-
HHYHBIE SKIEMITAAPBL B TI0G0M CaXe, HAIIPUMEP CaXe, B3ATOH Ha CTEHKax
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Puc. 1.3. Buewnuit si0 Mukpockona TTM-2, 3aluuTH LIl Konnak
CTOMUT DPROOM

-

M, " e

Pre. 1.4. Bremrnuit sna ACM Solver PRO Be3 3alUHTHOro Konnaka
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BbIXAOIHBIX TPYO aBToMOOHACH WM B CaMe M3 TICYHBIX ABIMOX0L0B, ONHa-
KO LIS BIIOHE KOHKPETHBIX NPUMEHEHUH TPeOyIoTCA O0IbIINE KOTUYe-
CTBA HAHOTPYOOK ONpeIeAcHHAIX pa3MepoB K CBOIMCTE. TakHne KOJIMYECTBa
MOXHO Ha3BaTb HAHOMATepHATaMH,

ORIHUM U3 MOPA3UTENLHBIX CBOACTB HAHOTPYOOK fIB1AETCA TO, UTO HX
CBOMCTRA 32BMCAT OT MX reoMeTpui. Hanpumep, TpyGkH MoryT ObTh C
OTKPHITHMMH KOHUIAMHM, 4TO [MO3BOJMACT 3AMOAHATL MX IPYTHMH aTOMAMH,
WK ¢ 3aKPEITHIMY KOHUAMH, YT [MO3BO/IAET «KATICYUPOBATE» OOLEM Ha-
HOTPYBKH K ero cofepxuMoe. QAHOCTOHHBIH AHCT W3 ATOMOB rpagmTa,
VJIOXKESHHbBIX PerwIAPHBM 00pa3oM B WECTUYTONbHUKH, HMECT ONpeae/e -
HYIO CUMMETPHIO HX PACIIONOXEHHS, KOTOPLIe, CKPYYUBAsCE B TpyOKH,
0BpAYIOT PAMHYHbLE YTOI CKpyuMBaHKHA. OT yTNa CKpYyUMBAHMS 3ABHCHT,
B YACTHOCTH, HX INIEKTPHYECKIE CBOHCTRA. ¥TnepoaHble HAHOTPYOKU Mo-
TVT B CBA3U C 3THM TPOSBIATE METAITHYECKYIO M MONYITPOBOIAHHKOBYIO
OpPOBOAMMOCTE. ECTi yuecTh, YTO BHELLIHEE INEKTPUIECKOE NoNe (BIPO-
4eM, H MArHMTHOE) MOXET CBOOOAHO TIPOHUKATL B ONHOCAOHHBIE YIe-
POJIHBIE HAHOTPYOKH M U3MEHATH HX MPOBOAHMOCTE B OITPEALIEHHBIX YC-
JOBMAX, TO MOXHO HaIesiThCcA, YTO CBOWCTBa HAHOTPYGOK M3 yricpola
BEChMA MHOTOOGDaSHhI H 3aCTVKHBAHT aAocToiiHoro NnpUusMeH2HHA.

PazutensHble EpeMeHbl MOXHO OXUAATE OT NPUMEHEHH Yriepon-
HEIX HAHOTPYDOK B IMEKTPOHUKE. DNEXTPOHUKA, B KOTOPOH 3NEMCHTH
HMEKT HAHOPpA3MEPHEBIE BEAMYHHDLI, CTaNa HA3BIBATHCA NO-HOBOMY — Ha-
HO3/MEKTPOHHKOH, 3 TeXHOIOrHs GOpMUPOBAHHA HAHOOBEKTOR, B TOM
YHCAE M3 OTASTBHBIN ATOMOB H MOIEKYN, CTAJIA HAZLIBATLCST HAHOTEXHO-
MOruen. B JHTEPATYDE YAE ONMHCAHBI MAKEThI }’CT]]OI:[CTB, M3ITOTOBICHHMX
HA OCHOBE YIIepoAHbIX HaHOTpYGok. HanmpuMep, eciin mexay AByMA 30eK-
TPOLAMM YKAAALIBACTCA W3OTHYTAA YINIEPOAHAA HAaHOTPYOKa, TC co3daH-
HOE YCTPOHUCTBO MPOABNLET CBOMCTBA JHOAA, KOT/AA NMPOBOAUMOCTE ¥CT-
PONCTBA TIPM CIHOM HarnpaBASHWH TOKa BO MHOTQ Pa3 NpeBbLINIAET Npo-
BOOWMOCTh NIPH OOPAaTHOM HanpasieHUH. Takue ycTpoicTBa HA3BAMK HA-
Honvoaamu. B arrycte 2001 roaa ydyeHble M3 aMEPUKAHCKON KOMITaAHUK
IBM CcoOBWWAM O CO3NaHHH TOTMUECKOrO 3IEMEHTA HA OCHOBE OXHOH
MOEKYJIEL DToit Monekynol Grlja yrnepodHas HaHOTpyDKa, exkalias Ha
CHCTEME AMEKTPOACB ¢ WIEKTPOHHOW W ABIPOYHOA NPOBORHMOCTBIO,

A JTO IeAACTCA B CBA3M ¢ ITHM B Poccud, Hanpumep B 3eneHorpanc-
KOHM KpeMHHEBOH A0AHHE? ¥YTiepoaHble HAHOTPYOKN MOABUIUCE B pac-
NOPAXKCHHH ylieﬁﬂﬂ-HaquOTO HEHTDA «301—[110333 MHUHKPOCKOITHHY W
HAHOTEXHONOTHA» MOCKOBCKOTO rocyIapcTBEHHOTO HHCTUTYTA JMEKTPOH-
Hot TexHHKH (MHU3IT) 8 KoHe 2001 roga, ¥ obHapy:KeHbl OHU OLLTH Npu
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WCCNIEAOBAHUM YITIEPOMHOH CMECH BBICOKOH PEAKIIHOHHOW CIIOCOOHOCTH,
3a npolueatiiee BpeMs YIANOCH CO3MATE EBYXINEKTPOAHEI 3NEMEHT ¢ yTie-
POAHOH HAHOTPYOKO#H Bosee BLICOKOH poBoauMocTd, ueM B IBM, nockonsky
TPYGKH OBITH HaCTHYHO 3a010MHEHBI (TeTHPOBAHLI) AaTOMaMH METANNOB M1a-
THHOBOH rpynNbL, Co3AaHLl MAKETEI HAHOTPAH3UCTOPOB H HHBEPTOPOB C YT -
NEPOIHBIMY HAHOTPYOKAMM . Y1anock MCCIEAORATh ATOMHYIO CTPYKTYPY YT~
JepOIHBIX HAHOTPYOOK Ha Bosmyxe B ACM Solver P-47H, xotopbie Beinycka-
eT 3eneHorpaackasd komnad i « HT-MI T». Taxne pe3ynbpraThl MOIy4aoTes
HA 30MA0BBIX MHKDOCKCNAX OOBIYHO B rAYBOKOM BAKYYME TIPH HH3KHX TeM-
nepatypax, 410 Tpebyet H0/1ee 3HAYMTENbHDBIX MATEPHANbBHLIX 3aTpaT. B yr-
NepogHOi CMECH BRICOKOH PEAKIHOHHGH CMTOCOOHOCTH OTKPEITH BeTBALLM-
eCd HAHOTPYEKKW, UMEILME BUR DOFATOK, BRICKA3aHO PEANIOKEHHE O CO-
3M4HHH HAHOTPAHIUCTOPOR HA OCHOBE TaKUX HAHOTPYGOK. [lns TpaHiscTo-
POB € RETBS LIMMHCS HAHOTPYOKAMY HEKPUTHYHEL PA3MEPEI KOHTAKTHbIX 110~
MAAOK, UTG CYIIECTREHHO, QNHAKO A CO3AaHHS TPAH3ZHCTOPOR HYKHBI HE
CAMHUYHBIE SKIEMITIAP, 2 MHOXECTBO TAKMX HAHOTPYOOK, T.€. HaHOMare-
pyal BETBALLIKMXCA YIVIEPOIHBIX TpyGoK. Pacnonarasg HaHOMaTepHANaMu, B
TOM YHC/IE U3 YIICPOAHBIX HAHOTPYBOK, ¥ COOTBETCTRYIOLIMMM HAHOTEXHO-
JOTHAMH, MOXKHO OXUAaTh Ka4eCTBEHHBIX MPOPHIBOB B HAHOUTEKTPOHHKE.

L.2. 1. AmoMuaa cmpykmypa yeaepoorsix Hanompyoox

Mo ceoeil cTPYKTYpe YriaepokHble HAHOTPYOKH ABNATCH TPeThei
annotponHoii hopMol yrepona, mpeIcTapngomeii coboll UHTHHIP,
CBepHYTHI W3 0ZHOW (0AHOCJIOHHAA HAHOTPYOKA) HIH HECKOJIBKHX
rpahUTOBEIX NMIOCKOCTEH (MHOrocnoiiHas HaHoTpybka). CyliecTBRyeT
OTrPAHHMIEHHOE YHCIO CXEM, ¢ MOMOILBID) KOTOPBIX M3 TpadMTOBOTO C1ost
MOXKHO BBICTPOMTL HAHOTPYOKY [11, 32], PaccMoTpuM TOYkHM A H A’ Ha
puc. 1.5. Bexrop, coeamusiomnit A M A’, oNpeaenaeTcs Kak ¢, = na, + ma,,
rac #, m — OeHCTBUTEBHDIE YHCAA; @, @, — CAHHUYHBIE BEKTOpA B
rpauToBOl MAOCKOCTH, Tpydka obpasyeTcs MpH CBOPaUUBAHHM
rpathMTOBOrO CNOA U COSAUMEHHH TOUEK A M A,

Torza Tpybka olpenensieTcss eAMHCTBEHHBIM 00pasoM BEKTOPOM ¢,
Huametp TpyOKH o paBeH:

d=|€ﬁ|=£ arnmm’ (L1
b4

¢ @ — NOCTOAHHAA PELICTKH, H YIoa
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2n+m

|9=arctan{—\ﬁ " ] (1.2)

ONpeleaaeT KONHYECTREHHO XMPATBHOCTD HAHOTPYOKY, KaK MOKazaHo Ha
pucyHke 1.5. MOXHO BELIS/THTE IRA NPeAEABHbIX C/YYaA: HAHOTPYOKU THNA
kpecio {armchair) v 3urzar (zigzag). 3uraar onpenennerca yraom @ = (P,
YTO COOTBETCTBYET BeKTOpY (£, m) = {n, 0). B tie# cBasn C-C uayr napan-
JesHO oCH TpyOKH. TakuM 0Gpa3oM, Bce MHorcobpasie CBOHCTB HAHO-
TPYOOK onpenensieTcd NCKITIOYUTENLHO TCOMETPHEH, KOTOP2A COMHCTBEH-
HbIM 0Dpa3OM 3a04eTCH YTAOM XMPailbHOCTH © H IHAMETPOM d.

B mannoii pabore Heeaely 0TS YT/ POSHEIE HAHOTPYOKH, MOIYIECHHbIC W3
YIEepoaroi CMECH BEICOKOH peakuuoHHo#H cnocobHocTu. [TpuBoasmes Ikcre-
PUMEHTATBHLIE JAHHKIE, TIOXYYEHHBIE METOIAMM CKAHKPYIOLLEH TYHHENBHOL
Mukpockony (CTM). Ha ocHose NomMyueHHBIX JAHHBMX aHATH3IUPYIOTCA OC-
HOBHLIE TEOMETPUYSCKIE [TAPAMETPEL TPYOOK {XMpansHocTs y Axametp) [12].

Metonom XonoaHoit gecTpykimy rpadta MOMY4asTCH YHHKATBHEBL Ma-
TEPHA, Ha3BaHHbIA ABTOPOM «Y[IEPONHAS CMECh BHCOKOH PeaklMOHHOR
cnocobHocTH» (VCBP) [13]. Briepbhie MpaMoe 3KCNEPHMEHTANLHOE J0Ka-
3aTeNbCTBO 00paoBaH A HaHoTpybok B VCBP 6bno npeactasneHo B paboTe
[ 14] npu uccneaceaduu ¥CBP B ACM. OaHako cTpyKTYpa 00HapYKEHHBIX
HAHOBONOKOH AMAMETPOM OKOA0 1 HM K ANMHHOH A0 20 MKM He Bbina scHa.
B cesiau 8 CTM npoeeneHo usmepenne HanotpyGok n3 YCBP ¢ atomapHbiM
pazpewweHyeM. B M3MepeHHAX HCNOIL30BANCH MOIUDUIIMPOBAHHEBIN CKa-
HHpYIOLKiT 30HT0BEH Mukpockorn Solver-P47H («HT-MIT», 3enenorpaa).
Bce uccnexopaHus NPOBOAKIUCE HA BOFIYXE MPH KOMHATHOR TEMITEDATYDE.
Cwaendasi CTM-Ton0BKE © KECTKHM CKaHepoM (MAKCHMAIBHBIA QHaNa30H
CKAHUPOBAHHWA |2 MKM) YCTAHABIMBANACKH HA BIIOK MOLBOMA € CHCTEMOH AMOp-
TH3UPYIOLUWX TOARECOR, JoHa Ans npoeeneHus CTM-uamepeHnit nsroras-
JHBAICHA U3 MEXAHMYECKH 0Ope3aHHON THIAaTHHOUPUANEBOH NPOBONOKU
{(Pt(90%), Ir(10%)). [lna ymenblueH g BHOpattii 30Ha H TOLNOXKKH B Mpo-
Lecce CKAHWPOBAHMS JOTONHUTENBHO OBLIA YCOBEPILIEHCTBOBAHA CHCTEMA
AKYCTHMYECKOHN 3ALMHTHI.

Hexoansiit YCBP nonpeprancs HECKONbKUM CTAAMIM XHMHUECKO# 06-
pabOTKM M TEPMHYECKOTO OTKIMA, KOTOPBIE YMEHBITAIM KOAHYECTBO HEYC-
TOHYMBBIX HAHOCTPYKTYPHPOBAHHBIX 00pa30BaHHIl, Taknx Kak C-C KoMM-
Nexcol, FpatdUTORLIE INIGCKOCTH U aMaphubiit yraepod. MonyyeHHasa cmeck
€ YBEJIHUEHHbIM COACPXAHMEM HAHOTPYGOK HACKANACH HA CBEXHH CKO
OOLNOKKY MHPOANTUMECKOFO TPAQHTA, a KPYTHBIE (parMeHTh! YIaNANHCh
MIPH MOMOIHH BOILYUIHOMH MYLIKH.
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Puc. 1.5, ¥YrieponHele Ba-
HOTPYOKN 00pa3yieTcH
Npu CKPyYMUBAHMK rpade-
HOBBEX NIJTOCKOCTCH B LiM-
JTHHAP, COEAHHAN TOUKY A
c A" ¥roa xupanpHOCTH
ONpPeIcNteTes Kak B

Pue. 1.6, CTM-n300paxeHHe yIIepOaHBX HAHOTPYOOK ¢ ATOMAPHbLIM
paszpeweHueM. Ong kamaol HaHOTPYGKN MOKalaH yron
XWPANGHOCTH MEXIY PARAMH MeKCAroHOB K OChXD: &, & — NBe
AMpanbHbLlE HAHOTPYOKKW C MallkIM YINOM; ¢ — XHpalbHaA
HABOTPYOKA ¢ OOAbLUHM VITIOM



1.2, 301008037 MUKPOCKONUR Y2AEPOOHBIX HAHOMPYOOK @

CTM-namepeHHA NIPOBOIWIHCE B PEXWME [TOCTOSHHOING TOKA C MUHH-
MaNBHLIM YCHASHHEM 08paTHol cBa3K. HanpsakeHHe MeXTY 30HA0M W TIC-
NOXKOH cocTapaane 20—100 MB, Tok 3agasancd I pasTHYHLIX HAMepe-
HHI B IHanaizoHe 40—200 nA. Bonsuioii pa3tpoc napamMeTpoB CKaHWPOBA-
HHA CBA3aH ¢ PAITHHHBIMH 3JIEKTPUMCCKHMH XapaKTePHCTUKAMH MCCTTe-
OYeMBIX HAHOTPYOOK, BIIMAHHUCM CI0A ancopbaTa u BeMTHYHHOM KOHTAKT-
HOTO COTTPOTHBIEHHS MEXIY TpYGKOH M MOLTOXKOIL.

K ax 6110 0TMEYEHO B, XHPANEHOCTD HAHOTPYOOK H HX JHAMETP [TOJT-
HOCTBIO IETEPMHHMPYIOT reoMeTpHUECKHE [TAPAMETPE] HAHOTPYOOK, B caoio
ouepe/ib, CTpYKTYPa Oeaaethe KTHBIX TPYOOK OITDEACAACT ANEKTPHYSCKHE CBOi -
cTBa (MeTamIMYecKHe WM NOYIIPOBOAHHKOBbE TpyOKH). O0iee npapuno
TAACHT, YTO HAHOTPYBKH 0BNaaaloT MeTanmIECKUMMA CBOHCTBAMH B TOM Y-
uae, KOraa pa3HOCThb (# — M) KpaTHA TPEM, H NMOTYTIPOBOAHNKOBRIMU B OCTAMh-
HBIX cydasx [15], HpudeM HaMEeHEHHE YITIa XHPaTBHOCTH Ha JOJM [Palyca H
AuameTpa HAHOTPYDKH Ha IHHHLIBI AHICTPEM MOXKET NPUBECTH K CYLLIECTBEH-
HbIM U3MEHEHHAM B NPOBOAMMOCTH. JlanHoe obcrositenseTRo TpebyeT Mak-
CHMAILHON TOYHOCTH MPH HPOBEISHHH HIMEPEHMI,

s Noay4cHUS A0CTOBEPHBIX AaHHEBIX MPEXIe BCEro HEOOXOIHMMO
NOAYYWTE aTOMAPHOE U30OPaKeHUe HAHOTPYORY BHICOKOrO PAPELIEHNS,
Vron HaMepsieTcss MEXOY OChbl) HRHOTPYOKM W Hanboaee IUIOTHO YIIaKo-
BAHHBIMH PAAaMK ATOMOB, T1pHuem CaeayeT YUMTHIBATH OCODEHHOCTD MO-
AYMEHWS CKAHUPOBAHHBIX M300paXKeHHt aTOMHOI CTPYKTYphI rpacdbuTa B
CTM, k0oTaa CTOYKTIVDA TIOBEpXHOCTH o1o0pakaeTcs TONBKO NONCBRHON
4TOMOB, ¢ MEepeKpblBAIOUIMMUC OPOHTANIMH ATOMOB BTOPOTC MOACIOS
[16]. BausHKe noncaos HEH30EXHO W B c1ydae HAHOTPYOOK, MpHYeM Kak
MHOTOCIOHHBIX, TAK H OOZHOCAOHHBIX. [lorpeliHocTs B H3MEDEHHAX MO-
XeT BHOCKTE U IMIHHApHecKan dopMa TpYOOK, TAK KAK TIPH NONYHEHHYH
CKaHHPOBAHHOTO M300paXCHIA B PEXUME NOCTOAHHOTO TOKA pesyakTaT
TIpeacTaBIAST cob0H KOHBOMIOLMIO NOBEPXHOCTH 30HIA W HAHOTPYDKMN.

Ha pucyHke 1.6 npenctapneHs! peayNLTaThl HCCAeaoBaH s MOBEPXHOC-
TH HECKOIBKIX HAHOTPYOOK. 15 HUX OBUTH BIYHCNEHE YOI XMPATEHOCTH,
KOMHYECTBC ATOMOB B CEYSHM K, TIEPTIEHAHKY/IIPHOM OCH HAHOTPYOKH, H ee
IuameTp. Pe3yasTarthl HiMepeHHA MpeacTapicHet B taba, 1.1, [lpueedeHbl
3HAYEHHSA, [TOAYYEHHBIC HENOCPEACTBECHHAIM UIMEPEHNEM LUMPHHBI ¥ BEL-
COTH BHIMMOCH YacTH HAHOTpYDOK Ha ToAIoXKax.

¥1o4 XHpanbHOCTH HAHOTPYOOK, UMEILIMX MANBIH IHAMETD, KaK MOX-
HO BUAETE M3 pHC. 1.8a4, b, BIMI0OK K HYAIO ¢ TOYHOCTBIG 10 BO3MOXKHEIX
ownBoK HaMepenuit. Clieqyer 0TMETHTS, 4TO HA pUCYHKE 1.6a Gonee YeTKD
MIPOCAEKHBAETCH TeKCAroHaIbHAS CTPYKTYpPA, COCTOALLAS M3 UIECTH






