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MpuBeaeHbl  pe3ynbTaTbl COTpPYAHUYECTBA  y4yeHbix MIY umeHn  M.B.J/lomoHocCoBa
1 TexHONOrnM4Yeckoro yHusepcuteta umenu Wapuda (TerepaH, MpaH). NMpoBeaeH MacTep-Knacc
no 30HA0BOW MUKpockonuu B TerepaHe Ans CTYAEHTOB, aCMUPAHTOB U Hay4YHbIX COTPYAHUKOB.
MeToaoM ckaHupylolWen 30HA0BOM MUKPOCKONUU muccaepoBaHbl o6pasubl okcupa rpadeHa
M TOHKMX MJIEHOK OKCuAa Xene3a B pamKkax npoekTta "MHMUMaLMSA NOKaJIbHbIX XUMUYECKUX
peakuMn B OCAXAEHHbIX TOHKMX MJIeHKAX C WCMNOoJb30BaHUEM CKaHUpylLWen 30HAOBOM
MuKpockonun".

The results of the cooperation of scientists from Lomonosov Moscow State University and
the Sharif University of Technology (Tehran, Iran) are presented. A master class on probe
microscopy was held in Tehran for students, graduate students and researchers. Samples of
graphene oxide and thin iron oxide films were studied by scanning probe microscopy in the
framework of the project "Initiation of Local Chemical Reactions in deposited thin films using
scanning probe microscopy".

12 o 14 Hos16pst B TerepaHe B TeXHOJIOTHUeCKOM

yHHUBepcuTeTe uMeHHu Ilapuda cocrodics

MacTep-Kjaacc mpodeccopa MIY umMeHH .
M.B.JlomoHocoBa U.B.SImuHCKoro "IIporpeccuBHas
CKaHHUPpYOIIasg 30HI0BasS MHKpPOCKomusA. TpeHIb!

C UCII0JIb30BAaHUEM 30HI0BOM MUKPOCKOIIMH U aTOM-
HBIX BECOB;

O6paboTka U306paskeHUI B CKAHUPYIOLIEH 30H[0"
BOI MHKPOCKOITHH. [[prMep mporpaMMHoOro obecrie-
yenusa FemtoScan Online;

U TeXHUKU'.  MeTponorusi B CKAaHUPpYOIeEH 30HIOBOM
B paMKax TpexJHEBHOI0 Kypca ObLIN OCBeIleHbI MHUKPOCKOIIHH;
C/IeAyIOoIIKe TEMBI: « Kak FemtoScan Online moBbimaeT 3¢beKTUBHOCTD

CKaHHUPYIOIAs KallU/UISIPHASI MUKPOCKOIIHS;
TeHOEHLIMU B COBPeMeHHOM CKaHUPYIOIIEH 30H0-
BOM MUKPOCKOITHH;

Buonornuyeckas CKaHUPYIOLasi 30HA0BAasS MUKPO-
ckonusi. ObHapyxeHHe 6aKTepUIl U BUPYCOB

ACM-3KCIIepUMEHTOB.

B pamKkax Kypca neKnuun npodeccop Hrops
SIMUHCKHH pacckasall o MocaeJHUX HapaboTKax
B 06/1aCTH RAaNIUJIISPHON MUKPOCKOIIMU, BO3MOXK-
HOCTSIX 0OOHapyskeHUsI 6HOTOTHYECKUX 06BEKTOB
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MeTOZ0M 30H/I0BOM MHKPOCKOIIHHU 1 06 0ocobeHHO-
CTSIX HAHOMeTPOJIOTHH. B Xozie IeKITU I Ka>KJ bIK MOT
3aJ1aTh BOIIPOCHL, KOTOPBIX Y KMPaHCKUX UCCTIef0BaTe-
Jler HaKOIIMJIOCh IOBOJIbHO MHOro. B MpaHe uccie-
OOBAaHHUS U HapaboTKHU I10 aKTyaIbHBIM HaIlpaBiie-
HUSIM BeJlyTCsI KpaliHe aKTHBHO, U 30H10Basi MUKPO-
CKOIIMS SBJISIeTCS OTJIMYHBIM HHCTPYMEHTOM [/
IOCTH>KeHH S Pe3y/IbTaTOB B TAKUX UCCIeJOBAHHUAX,
KaK M3y4ueHHe BIHSIHHUe OKCH/JA rpadeHa Ha b6ak-
TepUU, IIPH YCTAHOBJIEHHUH B3aMMOCBSI3H TOIIOrpa-
duu nopepxHOCTEN U QU3NKO-XHUMHUYECKUX CBOUCTB
MOKPBITUM M3 OKCH[A ’Keje3a, TUTAHa, a TakxkKe
HaHOTPYOOK.

Macrep-knacc nocetunu 6osnee 50 CTyIeHTOB
TexHOMIOrM4ecKoro yHuBepcuTeTa KMeHHu llapuda,
B KOTOPOM IT0 UTOTaM TpeX JHeH 3aHATHUH Ka KABIH CITy-
I1aTe/Ib IOy YHII CepTUPUKAT O IIPOXOKAEHHUH KYpCa.

B paMKax BH3HUTa B TeXHOJIOTUYeCKHUH YHHBEPCH-
TeT uUMeHH lllapuda 6blIM IPOBeleHBl COBMECTHBIE

Puc.1. Mpogeccop AmuHckul Mzopb Baadumuposuy 8 nabopa-
mopuu 30H00800 MUKpocKonuu, 20e ycnewHo GyHKUUOHUpyem
CKaHUpytow,uli 30H008bIl Mukpockon @emmoCKaH

Fig.1. Professor Yaminsky Igor Vladimirovich in the laboratory of
probe microscopy, where the FemtoScan probe microscope labora-
tory is successfully operating

e master class called
"Progressive scanning probe
microscopy. Trends and tech-

nology" was held by Professor

Igor Yaminskiy (Lomonosov

Moscow State University, Russian

Federation) November 12th - 14th at

the Sharif Technological University

(Tehran, IRI).

The following topics were covered
during the three-day course:

* Scanning capillary microscopy;

 Trends in the modern scanning
probe microscopy;

« Biological scanning probe micros-
copy. Detection of bacteria and
viruses using probe microscopy
and a nanobalance;

+ Image processing in scanning
probe microscopy. Sample of
FemtoScan Online Software
using;

e Metrology in scanning probe
microscopy;

« How FemtoScan Online
improves the efficiency of AFM
experiments.

During the course, Professor Igor
Yaminsky spoke about the latest
developments in the field of capil-
lary microscopy, the possibilities of

detecting biological objects using
probe microscopy and the features
of nano-metrology. While lectur-
ing, everyone could put questions
which had been accumulated by
Iranian researchers in a great quan-
tity. In Iran, research and develop-
ments in topical areas are being
conducted very actively, and probe
microscopy is an excellent tool for
achieving results in studies such
as studying the effect of graphene
oxide on bacteria, while establish-
ing the relationship between sur-
face topography and the physical
and chemical properties of coatings
of iron oxide, titanium, as well as
nano-tubes.

The master class was attended by
more than 50 students of the Sharif
Technological University. Each stu-
dent received a certificate of atten-
dance after 3 days of classes.

Within the framework of the
visit to the Sharif University of
Technology, the joint research
according to the Russian-Iranian
project "Initiation of local chemical
reactions in deposited thin films
using scanning probe microscopy"
was carried out [1-5].

The possibilities of multiparam-
eter lithography using a capillary
installation and the FemtoScan
probe microscope were investigated
[6]. The objects of the study were the
samples of metallic thin films (tita-
nium, aluminum, iron oxide, etc.)
prepared by the group of Iranian sci-
entists from the Sharif University of
Technology.

The graphene oxide samples on
the mica surface were obtained
also by the FemtoScan scanning
probe microscope. Images of gra-
phene oxide flakes were obtained
(see Fig.4,5). Using capillary
microscopy, experiments were
carried out on the precise deliv-
ery of reagents for the oxidation of
graphite surface with the forma-
tion of the graphite oxide [5].

The multifunctional scanning
probe microscope FemtoScan has
been successfully operating at the
Sharif University of Technology for
the seven year. [ |

The research was accomplished with
the financial support of the Russian
Foundation for Basic Research (project
No 17-52-560001).
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Metrology in scanning

probe micrascopy

Puc.2. CosmecmHoe pomo no oKoH4aHUU MAcmep-KAacca no Mempono2uu 30H0080U MUKpOcKonuu
Fig.2. Group photo at the end of the master class on metrology in probe microscopy

PaboThI pOCCHIICKO-UPAHCKOTO ITpoeKTa "MHULIHALIH S
JIOKAJIBHBIX XUMHUYECKUX peaKIUH B OCasKJeHHBIX
TOHKUX IVIEeHKaX C UCII0/Ib30BAaHUEM CKaHHUPYIOIeH
30HII0BOI MHKpocKonuu" [1-5].

C moMoIbI0 30HI0BOr0 MUKpocKona PeMToCKaH
Y KalHIISPHOH YCTAHOBKH IPOBOJHJIOCH HCCIIe-
JOBaHHE BO3MOXKHOCTeM MHOIONapaMeTpHUUecKoH
nurtorpaduu [6]. O6beKTOM H3yUeHHUS SBISIOTCS
06pasLbpl MeTa/IMYeCKUX TOHKHX IIJIEHOK (TUTaHa,
AIIOMHUHUS, OKCH/IA 5Kejle3a U [Ip.), IOATOTOB/IeHHbIe

TPYIIION MPAHCKUX yYeHBIX U3 TeXHOJIOru4eCcKoro
yHHUBepcuTeTa uMeHHU Illapuda.

Takske C IIOMOIIBIO CKAHUPYIOIEro 30HL0BOTO
MuKpockorna ®emToCKkaH MPOBeleHO HCCIe0BaHUe
06pa31oB okcuza rpadeHa Ha IIOBEPXHOCTH CIIIOJBL.
BbUIM TO/Ty4YeHBl H300paskeHHU s YelllyeK OKCHUJ0B Ipa-
dena (cm. puc.4, 5). C HOMOIIBIO KAIIU/IIS PHOM MHUKPO-
CKOITHH OCYILeCTBJIeHbI SKCIIEPUMEHTHI I10 JIOKAJIbHOM
[NOCTaBKe peareHTOB [J/IsI OKUC/IeHUs [I0BePXHOCTH
rpadura c obpazoBaHueM okcuia rpadura [5].
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Puc.3. M306paxkeHue nosepxHocmu naeHku Fe,O; Ha nosepx-
HOCMU CMeKAa, NOKpbIMo20 Ae2UPOBAHHbIM GMOpPOM OKCUOOM
0n08a. KoHmMakmHell pexxum

Fig.3. Image of the Fe,O; film on the Fluorine-doped Tin Oxide
glass. Contact mode
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Puc.4. Yewylku okcuda zpaeHa Ha nogepxHOCMU CAHObl
Fig.4. Graphene oxide flakes on the surface of mica
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Hccaedosatue sbinoaHeno npu ¢unancosoii noddepskre POPHU
8 paMKax Hay4Ho20 npoekma 17-52-560001.
nm nm
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MHOroGyHKUIHOHATBHB N CKAHUPYIOIHUHN 30H-
IOOBBIM MUKpocKoll ®eMToCKaH ycIemHo paboraer
B TeXxHOJIOTMYeCcKOM YHHUBepcHUTeTe UMeHHU lllapuda
y>Ke ceIbMOX TOfl.

FPAOEHOBbBIE HAHOTPYBKU B MOJINYPETAHAX MOKA3AJIN PE3YJIbTATDI IYYLUE

AMMOHMUEBbIX COIEN U TEXYINIEPOJA

IpadeHoBbIE HAHOTPYOKM [OKA3aNW CBOK CMOCOBHOCTL NpUAABATDL
MOCTOSHHbIE 11 OAHOPOAHbIE AHTUCTATUYECKME CBOMCTBA MOANYPETaHAM.
HepasHo pa3paboTaHHbiit koHLeHTpat TUBALL MATRIX 202 no3sonun
npeoaoneTh CyliecTBOBABLLME paHee TPYAHOCTU C AUCNepCuelt B Nonu-
YPeTaHOBbIX CUCTEMAX M YXe YCMEwWHO WUCMOoIb3yeTcs B MPOMbILLIeH-
HbIX POANKAX M Konecax, MOANYpeTaHoBOW 06YBM, MeYaTHLIX POAMKaX
I 0YUCTHBLIX CKpebkax. MpadeHoBble HaHOTPybku TUBALL oT Komnanuu
OCSIAl 6LICTPO 0CBAUBAIOT PLIHOK NMPOAYKTOB C BLICOKUMU TpeboBa-
HWUSMW K 3KCMNYaTaLMOHHLIM Xapaktepuctukam. OfMH U3 SpKuUX npu-
MepoB — MOJNYPETAHOBbIE ANCKM B OYUCTHBIX CKpebKax 4as MPOMbiLL-
NIeHHbIX TPybONpOBOAOB. [N YCTpaHeHUs pUcka NOXApOB M B3PbIBOB,
a TaKXe YNYHLLIEHNS AUMArHOCTMYECKOM TOYHOCTI MPOM3BOAMTENM O4UCT-
HbIX CKPebKOB 3aMeHsIOT aMMOHMeBble conu Ha TUBALL MATRIX 202
B KayecTBe aHTMCTaTWYeckoi A06aBkM. MOMUMO MOCTOSHHOMO W CTa-
BUNLHOrO YPOBHS CONPOTMBAEHNS B AnanasoHe 107-105 OM - cM, npea-
BapuTeNbHbIe pe3ynbTaThl NOKa3anu CHUXEeHUe HETOYHOCTeN B AUArHo-
CTHKe 060pyA0BaHMS Ha 30%.

KoHueHTpar TUBALL MATRIX 202 TaKke Hawen npUMEHeHue B aHTu-
CTaTuyeckon 06yBM, MOAOWBA KOTOPOM W3rOTABAMBAETCS M3 MOMMU-
YPEeTaHOBOr0 31acTomepa. Takas 06yBb MCMOMb3yeTcs AN 3kvnu-
POBKM PabOTHMKOB Ha 0COHO UYBCTBUTENbHBIX K 37EKTPOCTATMYeCKoMy
paspsgy 00bekTax — B XMMWYECKOW, He(TerasoBOi, 3INEKTPOHHOM

11 FOPHOZ06LIBAIOLLEN MPOMBILLAEHHOCTY. [PU UCMOAL30BAHUN HAHOTPYBOK
TUBALL B MpOMbILLU/IEHHBIX MOANYPETAHOBLIX POAUKAX YAANOCH MOAYYUTHL
MOCTOSHHOE 06LEMHOE COMpOTUBAEHME B Auana3oHe 108-106 OM-cm 6e3
00pa30BaHNs MbIM HA YCTAHOBKE M MPW COXPAHEHMN BAXHLIX MeXaHuye-
CKWUX XapaKTepUCTUK, TakuX Kak COMPOTWB/EHWE UCTUPAHWUIO W TBEPAOCTD.
TUBALL MATRIX 202 Takxe npuMeHseTcs npy npov3BOACTBE KONec, UCrofib-
3yeMblX B FOpHOA00bIBAIOLLEN MPOMBILLAEHHOCTH, FAe aHTUCTATUYeCKue CBOW-
CTBA WMEIOT pellalollee 3HayeHue Ans beonacHoCTH. COMacHO JaHHLIM,
NpeAOCTaBNeHHbLIM OfHUM 13 KaMeHTOB OCSIAl, rpadeHoBble HAHOTpYOKM
COXPAHSIOT MW JaXKe YNYHLAKOT MeXaHWyeckue CBOWCTBA MONMYPETaHO-
BOW CMCTEMBI, B TO BPeMs KaK WCMONb30BAHWE 3TWM XKe NpOW3BOAMTENEM
6,5 Mac.% Texyrnepoa nouTH B ABa Pasa CHYKANIO MPOYHOCTb HA PaspbiB.
[lnsl nony4eHus ypoBHS CONpOTMB/EHMS B AvanasoHe 109-105 OM - cm pabo-
Yast KOHLHTPALMs rpadeHoBLIX HAHOTPY6OK B 100 pa3 MeHbLLE, YeM Yy aMMo-
HMeBLIX Conedt, B 500 pa3 MeHbLUe, YeM Y TeXHWUHECKOro yrepoga, v B 1000
pa3 MeHbLUe, YeM Y NpOBOASLLEN CtOALI. KpoMe TOro, Mo CPaBHEHMNIO C aMMO-
HMEBLIMM CONAMK rpadeHoBbIE HAHOTPYOKM 0becneymBatoT bosee LWnpo-
KWW A1anasoH YpoBHel ConpoTveaenus. Mpu 3ToM noy4eHHble CBOMCTBA
MOMHOCTBIO HE3aBUCUMbI OT YCMOBMIA BAAXHOCTU W Temneparypbl. B cBoi0
0yepefib, B OTAMYME OT TEXYINEPOA, HAHOTPYOKY Nerko AMCnepripyloTcs
11 COXPAHSIHOT MeXaHW4eckue CBOMCTBA NOMYpPeTaHa.

WHdopmavus: https://ocsial.com
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