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ATOMHO-CUJIOBOU MUKPOCKOIINAN
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PaccMarpuBaroTcs BOIPOCH! BRICOKOTOYHOTO KOHTPOJIS ITAPaMETPOB BBITyCKaeMOH OyMa)KHOH HMPOIYKIWH, a IMEHHO, pa3-
JUYHBIX BHIOB OyMard u (oToOymaru Juisi redatu. B pamxax maHHON pabOTBI METOIOM aTOMHO-CHJIOBOH MHKPOCKOIIHH
MIPOBEIEHBI HCCIIEJ0BaHUs HE0OPaOOTaHHOH, MAaTOBOM, TIITHIIEBON M JIAMHHUPOBAHHOM Oymaru. Jlist mccieoBaHUH UCTIONb-
30BaJICsl y4eOHO-HAYUHBIN CKaHUPYIOIUHA 30H10BBII Mukpockor NanoEducator LE. IIpoBenena Busyanusanus XxapakTepHOi
CTPYKTYPBI KaXJOT0 BHJa HCCIeNyeMoil OyMaru, moiydeHbl THCTOrPaMMBbl IIIEPOXOBATOCTH, OMpPeeIeHa CPEHSAS IEPOX0-
BaTOCTh TEPENaoB BBICOT A KakaAoro Tuna 6ymaru. HauMeHslel mepoxoBaToCThio 001afaeT JaMHHUPOBaHHAs Oymara
(Ra oxono 70 HM), IIEPOXOBATOCTH TJISHLEBON Oymaru coctaBiseT okoio 170 HM, mepoxoBaTocTh HeoOpaboTaHHOH Oymaru
¢ BoJOKHamu 1emnon03bl — 530-540 HM. CaMmbIMM BBICOKMMHU IapaMeTpaMH LIEPOXOBAaTOCTU XapaKTEpU3YeTCs MaTOBas
oymara (Ra nopsika 670—680 1m). IIpogeMOHCTPHPOBAHO, YTO IPHUMEHEHUE CKaHUPYIOMIEH 30HI0BOH MUKPOCKOITHH IT03BO-
JSIeT MPOBOJUTH HKCIIPECC-KOHTPOJIb MapaMeTPOB LEIUIION03HOH OyMasKHOHM IPOAYKIUH, YTO MOXKET OBITh MCIOIB30BAHO
TIpU ee IIPOU3BOJICTBE.
KnroueBble cioBa: Oymara, aTOMHO-CHJIOBasi MUKPOCKOIHS, IIEPOXOBATOCTh, (hoTOOyMara, CKaHUPYIOIINI 30HAOBBIH MUK-
POCKOTI.
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The paper deals with the precision control for the parameters of manufactured paper production, such as various kinds of
paper and photo paper for printing. Research of untreated, matte, glossy and laminated paper is conducted by atomic force
microscopy by means of educational and scientific scanning probe microscope NanoEducator LE in the framework of this
paper. Visualization of characteristic structure for each type of studied paper was conducted, histogram of roughness was
obtained, and average roughness of height differences was defined. A laminated paper has got the lowest roughness (Ra of
about 70 nm) and glossy paper has got Ra of about 170 nm; roughness of untreated paper with cellulose fibers is about 530-
540 nm, and matte paper has got the highest roughness parameters (Ra about 670-680 nm). Scanning probe microscopy ap-
plication for parameters monitoring of cellulosic paper production is shown to give the possibility of such microscopy type
application in the production of paper products and high-precision control of its parameters.
Keywords: paper, atomic force microscopy, roughness, photo paper, scanning probe microscope.

BBenenne

Bonpocs! BEICOKOTOYHOTO KOHTPOJISI IIApaMETPOB BBITyCKaeMO OyMa)KHOW NMPOAYKIMH HMEIOT BCE BO3-
pacraroriee 3HaueHHe, 0COOCHHO MPH U3rOTOBICHUN OyMmaru 1 poTobdymaru ais medatu, Oymaru Uit JeHEKHBIX
3HaKoB. CTpyKTypa M CBOWCTBA 3TOH MPOAYKIINH HANIPSAMYIO BIUSIOT HAa KaYeCTBO MEYATHBIX TOKYMEHTOB, OTO-
OpakeHHe MEIKHUX 0COOEHHOCTEH M300paskeHUi. MHOTHE KOMIIAHUU-TIPOM3BOJUTENN TPOBOISAT KOHTPOIb BBI-
MycKaeMoi OyMa)KHOW TPOXYKIIMH METOJaMU CKaHWPYIOIIEH AIIEKTPOHHOI MuKpockomuH [1, 2] u KoH(OKab-
HOW onTuU4eckol Mukpockonuu [3—5]. Hanbosee akTyaqbHBIMH B TIOCIIEHEE BPEMS SBIISIOTCS HCCICIOBAHUS,
HaIpaBJICHHBIE HAa BBICOKOTOYHOE OTOOpa)keHHE MapaMeTpoB OymMard B HAaHOMETPOBOM JHAlla30HE METOJaMHU
aTOMHO-CHJIOBOW MUKpockonuu (ACM) [6, 7], Bu3yanu3anuio ee cTpyKTypsl [8, 9], n3yueHue nokasaresnei 1ue-
poxoBaroct u anresuu [10]. Ocoboe 3HaueHMe HMpHOOpETaoT pabOoTH MO0 HEpa3pyIIAIOIIEMY HCCIEIOBAHUIO
MaHyCKPHIITOB, IEPraMeHTOB W JpeBHEH Oymaru, coxpaHuBIueiics no Hamux aued [11, 12], aust gero Takxke
ucnoip3ytorces Mmetoasl ACM [13].

ITpn >TOM mEpedMcieHHbIE MCCIIEA0BAHUS JOBOJBHO JOPOTOCTOSAIINM M TPEOYIOT NPUCYTCTBHS BBICOKO-
KBaJTH(PHUINPOBAHHOTO, CIIEIHAIFHO OOYYEHHOTO mepcoHana. [IpemnokeHHbIH B HacTosAImeH paboTe METo BH-
3yaln3aui IpeAroiaraeT NCIoIb30BaHNe JOCTYITHOTO YUeOHO-HCCIIEA0BATEIECKOTO CKAaHUPYIOLIETO 30H0BO-
ro mukpockona (C3M) NanoEducator LE (HT-CII6, Poccust) [14], He TpeOytomero s paboThl Ha HEM CIeIHa-
JU3MPOBAHHOHN TIOJATOTOBKH B 00JACTH METOJOB CHIJIOBOHM 30HIOBOM MHKpOCKONHH. B kadectBe pabodero 30H-
nmoBoro gatunka B NanoEducator LE mcmonb3yercss BoiabppamMoBast Uria, KOTOPYIO MOXKHO JIETKO M3TOTOBUTH
METOJIOM JIEKTPOXUMUYIECKOTO TPABIECHUS BOIbPPaMoBOi poBosiokH [15]. CTouMocTh BoIb(hpamMoBOii MPOBO-
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JIOKH CYLIECTBEHHO HMKE KAHTHUJIEBEPHBIX 30HJIOB, UCIOJIB3YEMBIX B TPAJAMLMOHHON 30HIOBOM MHUKPOCKOIUH,
YTO MO3BOJISIET CYIIECTBEHHO CHU3UTh CTOMMOCTh €IMHUYHOIO aHAJIM3a.

Henpro HacTosMmIEH pabOTH! SBISIIOCH H3YYEHHE BO3MOKHOCTH KOHTPOJISI TApaMEeTPOB BBIITyCKaeMoi Oy-
Ma)XHOH IIeJUTIONIO3HOM MpOoAyKIH ¢ moMomnsio Metoga ACM ¢ MCHonb30BaHUEM JOCTYIHOTO W MPOCTOTO B
HCIIOJIb30BAaHUN CKaHUPYIOMIETo 30H10Bor0 Mukpockona NanoEducator LE, moaxozsimiero mist npuMeHEHUsT HA
TIPOU3BOJICTBE.

Onucanue 3KCl'lepl/lMeHTaJ'l]>H0ﬁ YCTaHOBKH
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Puc. 1. BHewHun Bug KoHCTpykuumn npubopa NanoEducator LE [14] (a) n npuHUMnmManbHas cxema MUKpOCKona
(6): 1 — ckaHep, 2 — obpaseu, 3 — W-30HA, 4 — Nbe30PE30HAHCHbIN 30HA0BLIV AaT4KK, 5 — UMdpoBas cucrema
obpatHon ces3u (OC)

s uccnenoBanust CTpyKTypsl Oymaru ucnoib3oBaics C3M NanoEducator LE (HT-CII6, Poccus) [14],
BHEIIIHUH BHJl KOTOPOTO MPEJCTaBIcH Ha puc. 1, a. [Ipubop mo3BoiseT MPOBOIUTh H3MEPCHUS B MOTYKOHTAKT-
HOW CHJIOBOW M TYHHEIBbHOH Momax. OOnacTe B3aMMOACHCTBYS 30HIA W 00pa3iia KOHTPOIUPYETCS ChEeMHBIM OII-
TUYECKMM MHUKpOcKormoM. OCHOBHBIC MapaMeTphl 30HA0Boro mukpockorna NanoEducator LE npuseneHsl B
Tabmn. 1. [yis Hepa3pylIaromero KOHTPOJIsS MOBEPXHOCTH U TONyYeHUs MHOpMAIMK O mapameTpax U3ydaeMoi
CTPYKTYpBI OyMaru MpUMEHsIIACH MTONyKOHTAKTHAsI CHIIOBasi Moja. JIaHHBI METOJ] OCHOBAaH Ha KOHTPOIIC B3au-
MOJIEHICTBHUS WINBI (30HMA) C MMOBEPXHOCTHIO M3ydaeMoro o0bekTa. B cxeme MUKpoCKoma MMeeTcsl CKaHep, mepe-
METIAIOMKK 00pa3en OTHOCUTEBHO 30H/1a, CUCTEMa OOpaTHOHM CBS3H, TIO3BOJISIONIAs KOHTPOIHPOBATH B3aMMO-
JefcTBHE MeXTy 00pas3IioM W 30HIOM Ha 33JaHHOM YPOBHE, M CHCTEMa JACTEKTUPOBAHUS, TTO3BOJISIOMIAS TOTY-
yaTh UHPOPMAIMIO O MoJoKeHNH 30H7Aa (puc. 1, 6). IloxydeHHsrii curnan oOpabaTeiBaeTcsl CHEIHATH3HPOBaH-
HBIM TIPOTrPAMMHBIM 00€CTIeYCHHEM, MPEACTABISIONNM pellbed) NCCIIeTyeMOi MOBEPXHOCTH B BUIE TPEXMEPHO-
TO MaccHBa TOYEK.

ATOMHO-CHIJIOBasi MUKPOCKOTIHS SIBJISIETCSI METOIOM BBICOKOTOYHOTO M3Y4EHHS IMOBEPXHOCTHBIX CBOICTB
00BEKTOB Pa3TUYHONW MPUPOIBI BILUIOTH IO aTOMAPHOTO YPOBHS, YTO IO3BOJISICT MCCIICAOBAaTh HAHOPa3MCEPHEIC
CTPYKTYpBI Ha TOBEPXHOCTH OOBEKTOB, a TAK)KE M3ydaTh UX MapaMeTpbl (IIEPOXOBATOCTh, CHIY aJre3WH, IO-
BEPXHOCTHBIC 3apsaasl U T.1.). [Iog0OHEIM pa3penicHneM 00IaNaloT U JPYTrHe METOABI BBICOKOTOYHOTO aHaIH3a
MMOBEPXHOCTH, HAIPUMEP, CKAHUPYIOIIAs AICKTPOHHAS MUKpOCKomus. [Tpyu 3TOM HaHHBIA METO 00JaacT CBOU-
MH HEIOCTaTKaMH. B 9acTHOCTH, UCCieayeMble 00pa3Iibl U CKaHUPYTOMIEH 3IEKTPOHHOW MUKPOCKOIINH JTOJIK-
HBI OBITh TIPOBOJAIINMH (B CIydae TUAIICKTPUISCKAX 00pa3I[OB UX TTOBEPXHOCTh MOKPHIBACTCS TOHKUMH CIIOSIMH
METAJJIOB, YTO HCKa)KaeT MOBEPXHOCTh 00BEeKTa mccienoBaHus). C MOMOIIBI0O METOAOB CKaHHPYIOMICH dJIeK-
TPOHHON MHUKPOCKOITUH HEBO3MOXKHO TOYHOE OTpeiesieHrue MPOo(Us BRICOTHI, a CIIE0BAaTENbHO, HHPOPMAITUH O
IEPOXOBATOCTH MOBEPXHOCTH MaTepHraa.

CxaHupOBaHHE obOpasmom
Jlnana3oH u3MepeHui JIMHEHHBIX pa3MepOoB B INTIOCKOCTH XY, MKM He MeHee 70
Jlnana3oH n3MepeHnit THHEHHBIX pa3MepOB 10 OCH Z, MKM He meHee 10

CpennexBaaparuanoe otkionenue (CKO) pe3ynpratoB n3MepeHuii THHEHHBIX

He Oomnee 5%
pa3MepoB B IJIOCKOCTU XY U 110 ocu Z

Pa3pemenue B miockoctu XY He Oosree 50 HM
Pa3pemenue no ocu Z He Oosiee 1 HM
HenuueliHOCTh CKaHUPOBAHHUS B INIOCKOCTH XY He Oosiee 30 HM

Tabnuua 1. OcHoBHble NapameTpbl Npubopa NanoEducator LE [14]

[Ipennaraemslit B pabote Meton, peanusyeMslil B mpudope NanoEducator LE, mo3Bonsier u3bdexars naH-
HBIX 3aTPYIHEHUH W TO3BOJISET NMPOBOAUTH IKCIIPECC-TUArHOCTUKY HAHOPa3MEPHBIX O0COOEHHOCTEH CTPYKTYpBI
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6yMaFI/I n €€ MapaMEeTpOB, TAKUX KaK HICPOXOBATOCTb IMOBEPXHOCTU U OGHIPIﬁ YPOBCHB JIOKAJIbHBIX MNEperagoB
BBICOT.

BKCHepl/lMeHTaJ]LHble JAaHHbIC

Jlst mccnenoBaHusl CTPYKTYPBI U CBOMCTB IMapaMeTPOB IEIUTIONO03HONH OYMaXKHOUW MPOIYKITUH OBUIA OTO-
OpaHbI YeThIpe OCHOBHBIX BUAa Oymaru: cTaHmapTHas HeoOpaOoTaHHas medyaTrHas Oymara ¢ BOJOKHAMH IEJIIIO-
710361 [16], obpaboTanHast MaToBas, ISHIIEBAas W JaMUHUpOBaHHAs (poToOymara [17]. IlmoTHOCTE HEOOpaboOTaH-
HOM Oymaru coctaBmwia okoio 80 r/M%, IWI0THOCTE 06paboTaHHO# (GoToGyMarn cocrasmia okoio 230 /M. Pas-
pemaronias cnocooHocTh Metoga ACM 3aBUCHT OT pa3MepOB KOHYMKA 30H/A, YYBCTBUTEIBHOCTH IMbE30KEPaAMHU-
KM ¥ mapamerpoB ammaparypel. [Ipu C3M-uccienoBaHusX mapaMeTpoB OyMard HCIOJIB30BAJICS MOJYKOHTAKT-
HBIH crtoBoi peskum C3M NanoEducator LE ¢ pannycom 3akpyrienus BepmuHbl W 30H1a okoso 20-50 uM. Ha
puc. 2,3 mpencrapieHsl nonydeHHble C3M-u300pakeHUs MOBEPXHOCTH HCCICIOBAaHHBIX BHIOB Oymaru. Ha
C3M-u300paXeHUAX CBETIIBIC 00IACTH COOTBETCTBYIOT 00OJIee BEICOKUM TOYKAM, a TEMHBIE — 00JIee HU3KUM TOY-
KaM OTHOCHTEIILHO CPETHETO YPOBHS, pABHOTO MOJOBHHE MaKCUMAILHOTO Ieperajia BRICOT HCCIeyeMoi ooac-
i, Ciemyer OTMETHTbh, YTO TIeperna BBICOT JOCTHIaeT MaKCHMAIBHOTO 3HAYCHHSI Ha HEOOpaOOTaHHOW M MarTo-
BOM Oymare ¥ CyIIECTBEHHO CHIDKAeTCS Ha IVISTHIIEBOW W JIaMUHUpOBaHHOW Oymare. Ha ocHOBaHWM mpHBeaeH-
HBIX TaHHBIX OBUTH TIOTYYeHBI THCTOIPaMMBI pacIpeAeiIeHUs BEICOT (puc. 4).

W3 ananm3a npencTaBiIeHHBIX THCTOTPAMM MOYKHO CIETIaTh BBIBOJI, YTO XapaKTepHbIe 0COOEHHOCTH penbeda
(mepoBHOCTH) HeoOpaboTaHHON OyMaru cocTaBisIOT OKoyo 1,5—1,9 MkM, Ha MaToBOH Oymare 3Ha4eHHS BBINIEC U
COCTaBIISIFOT OKoJo 2,5-2,7 MkM. Ha oOpaboTaHHBIX TIISTHIIEBOW M JIaMUHHPOBAHHOW Oymare Iumama3oH Hamboiee
BEpOSATHBIX 3HAUCHUI MepenazoB BHICOT PE3KO CHIDKAeTcs U cocTaBisieT okoio 1,4-1,6 mxm u 0,2—0,35 MkM cooT-
BETCTBEHHO.

JIyis KOHTPOJIS TIaKOCTH HMOBEPXHOCTH B JIaHHOW paboTe mposeneHo C3M-uccnenoBaHue MOBEPXHOCTH
obpasuoB  Oymarn. C TOMOIIBIO  CHELHMAIM3HPOBAHHOTO  IIPOTPAaMMHOTO  oOecredeHust  00paboTKH
C3M-u300paxkeHHH A1 KaXJJ0ro copta OyMaru IpoBeJeH pacuer cpeiHel apudMeTHYECKON 1IepoX0oBaToCTH Ra
[18], ocHOBaHHBII Ha BEIYHCIICHUU CPEIHUX TIEPETaIOB BRICOT HA TIOBEPXHOCTH 33ITAHHOTO pa3Mepa (Tabi. 2).

Heobpaborannas 6ymara Marosas Oymara I'manneBast Gymara JlamuaupoBannas Oymara
535 677 173 71

Tabnuua 2. 3HadeHnss Ra vicxodHbIx 06pasuoB Gymaru, Hm

Y, am 8153 um Y, am 12546 aM
40000 32000
4077 6273
20000 16000
0
0 0 0

0 20000 40000 X, 0 16000 32000 X, uMm
a §)

Puc. 2. XapaktepHble ACM-1306paxkeHns noBepxHOCTM HeobpaboTaHHo! (a) n maToBow (6) Bymaru

Y,am pr 3938 uM Y, um 405 um

32000 il 40000

202

1969

16000 | 20000

\_Hﬂ . . .
0 - — 0

0 16000 32000 X, um 0 20000 40000 X, um
a ¢}

Puc. 3. XapaktepHble ACM-1306paxkeHns NOBEPXHOCTM MMSHLEBOW (a) 1 naMmuHupoBaHHon (6) Bymaru

46 Hay4Ho-TexHN4Yecknii BECTHUK MHCPOPMAaLMOHHbBIX TEXHOMOMMIN, MEXAHUKM U ONTUKK
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne1 (89)



M.B. XKykos

2000

1500

1000

KonnyaecTBO OTCUETOB

500

Z, HM
a

0 500 1000 1500 2000 2500 3000

2800

N
(=]
(=]
(=]

—_
[\
(=]
(=]

KomanuectBo oTCUETOB

400

1000
Z, HM
B

0 500

1500

KomnuuectBo oTcueToB

KomanuectBo oTCUETOB

o
S
S

D
(=3
S

S
S
S

[\
S
(=]

1000 2000
Z, HM

6

3000

—_
o
(=]
(=]

0 100

200 500

300

Z, HM

400

r

Puc. 4. M'nctorpammel wepoxosatoctu Anst ACM-n3obpaxxeHuin noBepxHOCTU HeobpaboTaHHoM (a), maTtoBo (6),
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Puc. 5. XapaktepHoe ACM-n3obpaxeHne noBepxHoCcTU HeobpaboTaHHOW Bymaru (a) n cedeHne OgHOro BOMOKHA
uenntonosbl (6). MeTkn o603Ha4atoT KpaH1e NONOXeHUs ANs U3MEPEHNs NPUPAaLLEHUI NO OCAM X U Yy

Y, am 3753 am
8000
6000 1877
4000
2000 0
0
0 4000 8000 X, um

a

HM
500

400
300
200
100

s L _

1 dx=731,55
: dy=38331

500

1000

1500 2000 2500
HM

6

Puc. 6. XapaktepHoe ACM-13o6paxeHne NoBepxHOCTM MAaTOBOM Oymaru (a) n ceveHne ogHoro 3epHa (0)
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HM 1 dx=362,60
e N dy=1116,98
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Y, v 1752 1 5 v v
1000 . o
8000 200 "-.‘ [
6000 876 600
4000 400 ] f
2000 0 200 "_ |
0 4000 8000 X, um 0 500 1000 & 2000 2500
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Puc. 7. XapaktepHoe ACM-n3o6paxeHne NoBepxXHOCTU MMsiHLEBOM Bymaru (a) u ceveHne TpeLmHbl (6)
M ' 1 dx=300,26
9000 70 [\
81 1
6000 50
3000 0 30 A L-ia A o
0 Fen S _‘_-£__. 10 k. ™ ‘é‘ i
0 6000 12000 X, am 0 500 1000 1500 2000 2500
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a 6

Puc. 8. XapaktepHoe ACM-n3obpaxeHne NOBEPXHOCTU NamuHapHon bymaru (a) n cevyeHme ogHoM
MUKpOCKnaaku (0)

OO0cyxneHue pe3yJbTaTOB

Ipu uccnenoBanuu HeoOpabOTaHHON OyMaru OBUTH BBISBJICHBI OTICIBHBIC MEPEKPHIBAIONIUECS BOJIOKHA
LIEJLTIONIO3BI, Xa0THYHO PACIOJI0KECHHBIC HA BCEHl MOBEPXHOCTH. BricoTa BONOKOH cocTaBmia 3,5—5 MKM, IIUpUHA
okoio 12—15 mxm (puc. 5, 6). Ilpu nccnemoBaHNM MaToOBOM OyMaru Ha ee MMOBEPXHOCTH OBIIHM BBISBICHBI TPAHY-
JBI pazMepoM okoito 2 MKkM B auamerpe u 400-500 HM B BeICcOTY (pHC. 6, 6). Ha miisnIieBoii Oymare Obuti 0T™Me-
YEeHBI TPEUIMHBI ¥ yIIyOJIeHns Ha TOBEPXHOCTH IMIMPHHOW okoiio 1 MKM u mryomunoi 1-1,2 mxm (puc. 7, 6). Ilo-
BEPXHOCTb JIAMUHHPOBAHHOW Oymaru 00JaJaeT OTHOCHTEIbHO HU3KOH IIEPOXOBATOCTHIO, MIPU ITOM Ha Hel Ha-
OJIFOIAIOTCS CKIIa[KU JIAMHHAPHOTO MOKPBITHS, COCTABISIIONIME B BBHICOTY OK0JO 80 HM W B IIMPHHY OKOJIO
500 am (puc. 8, 0).

Takum 00pa3oM, ObLIa UCCIIEIOBAHA CTPYKTYypa U 0COOEHHOCTH HAHOPA3MEPHBIX 00OBEKTOB HA MOBEPXHO-
cTu OyMaru pasHOTo BHJIA, a TAKKE MOMYYCHBI TaHHEBIC O Meperagax BICOT U O0IIeH MepoXoBaToCTh 00pa3IioB.
Meton ACM 103BOJISET MPOBOIUTH BEICOKOTOYHYHO THATHOCTUKY CTPYKTYPBI M KOHTPOJIb MTApaMEeTPOB 00pa3IoB
B HaHOpa3MEPHOM MaciuTade, YTO HEBO3MOXKHO INPH HCIIOIh30BAHUU CTAHIAPTHBIX METOJIOB JUATHOCTHKH IIO-
BEPXHOCTH, TaKUX KaK ONTHYCCKAs MUKPOCKOIHUS WM UCHONb30BaHWe mnpodmiomerpoB. [lokazaHa BO3MOXK-
HOCTh MPUMEHEHUSI JIOCTYITHOTO U MPOCTOTO B UCIIOJIB30BAaHUU HA MPOM3BOACTBE MPHOOpPA, MO3BOJISIONICTO MPO-
BOJIUTH BHICOKOTOYHBIN IKCIPECC-KOHTPOJIb MTaPaMeTPOB, KaUueCTBa U THIIA BBITyCKAeMO# Oymaru.

3akjoueHune

Ha ocHOBaHUM BBITIOJHEHHBIX HMCCIEIOBAaHUI MMOKa3aHa BO3MOXKHOCTH IPOBE/ICHHS BBICOKOTOUHOI JHar-
HOCTHKH TOBEPXHOCTH HAHOPA3MEPHBIX CTPYKTYP Pa3IMYHBIX BHIOB OyMarn METOIOM aTOMHO-CHUJIOBON MUKPO-
ckonuu. [IpoBeieHbI HCCIIeIOBaHKS TAPAMETPOB OyMaru pasjinuHbIX COPTOB, U3MEPEHbI OCHOBHBIE CTPYKTYPHbIE
JJIEMEHTHI ¥ TIOBEPXHOCTHBIC OCOOCHHOCTHM B HAaHOMETPOBOM JMamna3oHe. [IpoaHanM3HpOBaHBI THCTOTPAMMBI
MePEeraioB BBICOT, MMOJTyYCHBI 3HAYCHHUS CPEIHEH MIEPOXOBATOCTH OyMaru pa3aMyHOro THIIA.

BrIsBIICHO, YTO HAaMMEHBINICH IIEPOXOBATOCTHIO 00IAIAI0T JIAMUHIPOBAHHAS U TIISHICBas Oymara, a 6oee
BBICOKMMH TTapaMeTpPaMHU IIEPOXOBATOCTH 00Naqar0T HeoOpaOOoTaHHAs IEIUTIONO3HAs U MaToBas Oymaru. [loka-
3aHa BO3MOXKHOCTH HCIOJIB30BaHMs Y4€OHO-HAYYHOTO CKaHUPYIOIIEro 30HA0BOro mMukpockorna NanoEducator
LE s aHanu3a Ha MPOM3BOJCTBE IOJNy4aeMBIX CTPYKTYyp OyMard Ha KOHEYHOH CTaJuU BBIMYCKA MPOAYKIUU
(KOHTPOJIH CTPYKTYPHI M TapaMeTpPOB Oymar).
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