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Abstract. Based on the analysis of unique frames from the world’s first space scanning probe microscope SMM-
2000S, which captures changes in the relief of a gold mirror under outer space influence with nanometer preci-
sion, a hypothesis was proposed and confirmed in experiments on Earth about the existence of a mechanism for

the self-repair of material surfaces in space by sunlight.
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BBE/JLIEHUE

Poccuelt 27 utoHs 2023 roga B KOCMOC Ha CIYT-
Huke 3emnu "Hano3oupg-1" (https://rd4uab.ru/satdb/
nanozond-1/) 6sl1 3amymieH mepBbIA B Mupe [1]
COYTHHKOBBIM CKAaHHUPYIOIUU 30HJOBBIM MHK-
pockorm Mapku "CMM-2000C", KOTOPBIH TPOAOIIKAET
yCIleIIHO PaboTaTh B OTKPBITOM KOCMOCE U JaBaTh
HOBBIE /11 MHPa KaApbl HabM0geHUS OTKPBITOM
OJ151 BO3/IeHCTBHUSI KOCMOCA ITOBepXHOCTHU. C 1ie/Ibio
IpHUBJIeYeHUs] BCeT0O MHUPOBOTO HAay4HOIO C006-
IecTBa 3TH KaAphl onybIHKOBaHBL B [2] 115 aHa-
nu3a HeOUYeBUAHBIX Ha MePBBIM B3I H3Me-
HeHHN MOBePXHOCTHU 3epKajsa. Hampumep, ecTp

INTRODUCTION

On June 27, 2023, Russia launched the world’s
first [1] satellite scanning probe microscope
of the SMM-2000C model into space on the Earth’s
satellite "NANOZOND-1" (https://r4uab.ru/satdb/
nanozond-1/), which continues to operate suc-
cessfully in open space and provides new obser-
vation images of a surface exposed to space. In
order to engage the entire global scientific com-
munity, these frames were published in [2] for
the analysis of surface changes of the mirror that
are not immediately obvious. For example, there
are frames showing surface destruction of a gold
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Puc.1. Kadpei ¢ 00HOU U moll XKe mo4KU No8epxHOCMU 0MKPbIMO20 HA KOCMOC 30A0M020 3epKaAd ¢ Nepeozo 8 Mupe CnymHuKo8o-
20 CKaHupyrwe20 30H008020 mukpockona CMM-2000C: a - 18-li deHb nonema; b — 161-ii deHb nonema; ¢ — 203-1 OeHb norema.
Pasmep kadpos 4 x4 MKm. R, ,, — NOAHbIL pa3bpoc 8bicom 8 Kadpax

Fig.1. Frames from the same point on the surface of a gold mirror exposed to space, taken by the world’s first satellite scanning probe

microscope SMM-2000C: a - 18th day of flight; b - 161st day of flight; c — 203rd day of flight. Frame size 4 x4 ym. R

of heights in the frames

KaJpbl pa3pylleHUs IOBEPXHOCTH 30JI0TOTO 3ep-
KaJla C IIoCJIeyIOIMM BOCCTAaHOBJIIEHHEM B HeKO-
TOPBIX CJIydasiX B BHUJe pa3rlakKMBaHUS peibeda
(puc.1l). OmHaKoO, ec/lu pa3pylleHHe IIOBePXHOCTH
6p1710 paHee 00BsiICHEHO [3] BO3MeHCTBHeM IIOTOKA
OBICTPBIX MOHOB COJTHEYHOTO0 BeTpa, YTO OBIJIO 3KC-
MepHMeHTa/lbHO IOATBEPXKAEHO B Ha3eMHBIX
BaKyyMHUPOBaHHBIX YCTAHOBKAaX U IOTOKOM HOHOB
aHAJIOrMYHO KOCMHYECKHM, a TakKe B Ha3eMHBIX
BepCHSIX KOCMHUYECKOT0 MUKPOCKOIA, TO 3ddeKT
BOCCTAHOB/JIEHHUS IOBEePXHOCTH elne TpeboBan
pasrajki.

FMNOTE3A N 3KCMEPUMEHT

BO3HUKHOBEHHME FUIIOTE3bl 0 MEXaHH3Me BOCCTa-
HOBJIEHHU S IIOBEPXHOCTH 30/JI0TOTO 3epKajia IIPOHU30-
IIJIO [IOC/Ie y4YeTa TOro, YTO BO3LeHCTBHe OBICTPhIX
HMOHOB COJHEYHOTO BeTpa M CBeTa OT BCIIBIIIKHU
Ha CoJIHIIe He SBJSETCS OLHOBPEeMEHHBIM, Tak
KaK CBeT JOCTHUTrAeT OKOJI03eMHOr0 IPOCTPAHCTBA
IIPUMEpPHO 32 8 MUH, a COJHEYHBIN BeTep IIpHU-
MepHO 3a iBa AHS. YUUTBIBASI TAKKe TO, YTO CIIYT-
HUK C 30JI0TBIM 3€PKaJIOM BpalljaeTcs IIPHU IOJeTe,
IIPUIIIO IOHKMMAaHUe, YTO Pa3pylleHHe [I0BEPXHO-
CTH 3epKajla HOHAMH COTHEYHOTO BeTPa IIPOHCXO-
IOHUT TOJIBKO TOTZIa, KOTZA OHO IIOBEPHYTO HABCTPeUy
COTHeYHOMY BeTpy. TaKk>Ke BO3HHKI/A THIIOTe3a
0 TOM, YTO B Te€ MOMEHTHI, KOTZIa COTHEUHBIH BeTep
OTCYTCTBYeT, 3epKaJIo [IOBEPHYTO B CTOPOHY COTHIIA
U Ha Hero IajaeT MOLIHBIN CBeT U OT COTHEUHBIX
BCIIBILIEK U B I1eJIoM 0T COJHIIA, BO3MOXKHO, 3TO BCE
monajaloliee Ha 3epKajio U3Jy4eHHe IPOrpeBaeT
MeJKkHe OYrOpKH Ha pa3pylIeHHOH ITOBEPXHOCTH,
M aTOMBI OT HUX Pa3beraroTcs [0 IOBEPXHOCTH,
3acTpeBas BO BIAJHHAX M LIeIIX, Pa3TIakKUBas
TaKUM 06pa30M [TOBEPXHOCTE.

ISl 9KCIIePUMEHTAJbHOIO MOATBEPKJeHHUS
3TOM THIIOTEe3Bl ObIIM ITPOBeIeHbl SKCIIEPHMEHTHL.
B "BakyyMHOM ycTaHOBKe MAT-5A" (M3roToBH-
Tenb - AO "3aBon "IIPOTOH", 3eneHorpan, Poccus,
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max — total range

mirror, with subsequent restoration in some cases
in the form of smoothing of the relief (Fig.1).
However, while the surface destruction had previ-
ously been explained [3] by the impact of a stream
of fast ions from the solar wind, which was exper-
imentally confirmed in ground-based vacuum set-
ups and by ion streams similar to those in space,
as well as in ground-based versions of a space
microscope, the effect of surface restoration still
required study.

HYPOTHESIS AND EXPERIMENT

The emergence of the hypothesis about
the mechanism of the restoration of the gold mir-
ror’s surface occurred after taking into account
that the impact of fast ions from the solar wind
and light from a solar flare does not happen simul-
taneously, since light reaches near-Earth space in
about 8 minutes, while the solar wind takes about
2 days. Also considering that the satellite with the
gold mirror rotates during flight, it became clear
that the damage to the mirror’s surface by
solar wind ions occurs only when it is facing
the solar wind. There was also a hypothesis that
at the moments when the solar wind is absent,
the mirror is turned toward the Sun and receives
intense light both from solar flares and from
the Sun in general. It is possible that all this radi-
ation hitting the mirror heats the small bumps on
the damaged surface, and atoms from them spread
across the surface, getting stuck in the hollows
and crevices, thus smoothing the surface.

To experimentally confirm this hypoth-
esis, experiments were conducted. In the
‘MAG-5A Vacuum Apparatus’ (manufacturer
Proton Plant, Zelenograd, Russia, www.micros-
copy.su), either a tungsten wire was heated by
a strong electric current to a temperature of
3500 K, just below the melting point of tungsten,
or the tips of graphite electrodes pressed together



NANOMATERIALS

Puc.2. Cxembl nposedeHus 3kcnepumenma (a, b), 20e 1 — o6paseu, 2 — cmekAo, 3 — 80AbGpamosas nposooka, 4 — apapumo-
8ble CMepyKHU, U KOMAHOA 00dpeHHbIX KA3aXCMAHCKUX WKOAbHUKO8 — 3KcnepumeHmamopos: Aboyskaaanos Juac, 2. XapkeHm;
KoHakbaesa Caykene, 2. Akmay; Kypavbicos CasiH, 2. Akcal; Makaposa Atizepum, 2. Akmay; Makcymos Mbpazum, 2. Akmobe;
Myxubaes bakbepzeH, 2. JleHzep; HypkaHosa 3azupa, noc. KywmypbiH, Hypmauwes Acbinxat, 2. Ypanbck; OKaHo8 AKXKaH, 2. Puddep;
CetimxxkaH Kaycap, 2. Tapas; ConpelzuH WeaH, 2. lNemponasaosck; LLaHwap Auwa, 2. Akmay; DpkuHosa Aaya, 2. Tapas, ¢ pykosoou-
menem npoexkma b.A. Jlo2uHoebim, 3eaneHozpad, Mockea, Poccus

Fig.2. Experimental schemes (a, b), where 1 is a sample, 2 is glass, 3 is tungsten wire, 4 are graphite rods; and a team of gifted
Kazakhstani schoolchildren experimenters: Abduzhalalov Dias, Zharkent city; Konakbayeva Saukele, Aktau city; Kurlysov Sayan, Aksai
city; Makarova Aigerim, Aktau city; Maxutov Ibragim, Aktobe city; Mukhibayev Bakbergen, Lenger city; Nurkanova Zagira, Kushmuryn
village; Nurmashev Asylkhan, Uralsk city; Okanov Akzhan, Ridder city; Seytzhan Kausar, Taraz city; Soprygin Ivan, Petropavlovsk city;

Shanshar Aisha, Aktau city; Erkinova Alua, Taraz city, with Head of Project B.A. Loginov, Zelenograd, Moscow, Russia

WWW.Mmicroscopy.su) CHJIbHBIM 371eKTPUUYECKUM
TOKOM HarpeBasach (puc.2) nubo BonbdpamoBas
IIPOBOJIOKA 0 TeMIlepaTypsl 3500 K 4yTh HUKe TeM-
IepaTypshl I/1aBleHHUs Boabdpama, 1ubo mpuxa-
Thle IPYT K APYTY KOHYUKH IPadUTOBBIX 37I€KTPO-
OB o TeMmepaTyphl 4000 K vcrapeHusa rpadura.
O6pasel ycTaHAaBIMBAJICS CBEPXY, UCCIeyeMOM
IIOBEPXHOCTBIO BHU3 Ha TOHKOE CTeKJ/BIIIKO, KOTO-
poe mpefoTBpalaslo nonagaHue Ha obpaser UcIa-
PAIOIIKXCS IPU HarpeBe aTOMOB BoJAbdpaMa HUIH
rpaduta. B pamkax "l-ro CamMuta TasaHTOB", Ipo-
BeJIeHHOTro B I. AiMaThl O6pa3oBaTe/bHBIM I€H-
TpoM "CHpHYC" C yHacTHeM OJapPeHHBIX IMIKOJIbHHU-
KoB KasaxcTtaHa (puc.2) 6b1/10 HcCleloBAaHO U3MeHe-
HUe 10/ BO3/leHICTBHeM CBeTa [I0BePXHOCTH 307I0Ta,
IIJIeHKa KOTOPOr0 UMMEPCHOHHBIM CIIocobom 6bl1a
HaHeCeHa Ha Me/lb Ha CTeK/JI0TeKCTONIHTe Yepes Moj-
CJIOM HUKeJIS.

MocKoBCKasl MIKoJbHUIIA (pUC.3) IpoBela He3a-
BUCHMBbIe aHAJIOTUYHBIE 3KCIIePHUMEHTEH ¢ 06pa3s-
IIOM IIHUPOJIMTHYECKOro rpadura Tumna ZYH, koto-
PBIH COCTOMUT M3 MHOTHX YJIO’KeHHBIX JIPYT Ha Apyra
CJI0€eB yI/Iepo/ia TONIMHOM B OAMH aTOM, yJIOKeHHBIX

were heated to a temperature of 4000 K, caus-
ing graphite to evaporate (Fig.2). The sample was
placed on top, with the surface under study facing
down on a thin cover glass, which prevented evapo-
rating tungsten or graphite atoms from settling on
the sample during heating. During the ‘1st Talent
Summit’ held in Almaty by the Sirius Educational
Center, with the participation of gifted students
from Kazakhstan (Fig.2), the change in the gold
surface under the influence of light was stud-
ied. The gold film had been applied to copper on
a fiberglass laminate using an immersion method
over a nickel sublayer.

A schoolgirl from Moscow (Fig.3) conducted
independent similar experiments with a sam-
ple of pyrolytic graphite of the ‘ZYH’ type, which
consists of many layers of carbon stacked on top
of each other with a high degree of misorientation.
As a result, when preparing the sample by peeling
off its top layer using tape, many small fragments
of graphite film with thicknesses ranging from
several atoms up to a single-atom-thick graphene
formed on its surface (Fig.4).

Vor.19No.1 2026 NANO INDUSTRY
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Puc.3. a - 06paseu 30n10ma; b - nupoaumuyeckuii 2padum, ¢ = MOCK08CKAS WKOAbHULA U3 Kyp4amoscKoli WKoAbl JlozuHosa [MoAuHa

nposodum 3kcnepumeHm; d - apkuli 6eAbili ceéem om 2paumosbix 3AeKmpoodos
Fig.3. a - gold sample; b - pyrolytic graphite; c - Moscow schoolgirl from Kurchatov School, Polina Loginova, conducting an experiment;

d - bright white light from graphite electrodes

c 60JIBIIMM YIJIOM pa3opHeHTAalLlMH, KM3-3a Yero mpu
IoAroToBKe 06pasiia myTeM OTCIaHUBAaHUS €T0 Bepx-
HEero Cj10s IIPH IIOMOIIM CKOTYa Ha ero II0BePXHOCTHU
06pa30BBIBAIOCH MHOTO MeJIKHX GpParMeHTOB rpa-
$HTOBOM IIJIEHKHU TOJNIIMHOL OT HECKOBKHUX aTOMOB
U BILIOTB 710 I'PadeHa TOMIIMHOM B ONUH aToM (pHc.4).

OT HarpeTou BoJbYPaMOBOM IIPOBOJIOKH BCe
o6pas3ibl oCBemlalUCh OLUH pa3 B TeueHHe 10 c.
KOHYMKHY IpadUTOBBIX 371eKTPOMOB 3a 1 ¢ UcIaps-
JIMCh Ha JOAH MUJ/UIMMETPOB U TOK Harpesa mpe-
prIBazcs, obpasel MUPOJUTHUUYECKOro rpadura
OCBelIaJ/Icsl OAUH pa3 B TeyeHHe 3Tou 1 c. A obpa-
3el] 30/10Ta, BBHU/Y €ro Jy4lleH TemnJa0IPOBOJHO-
CTH U, COOTBETCTBEHHO, He06X0mMMOCTH 606/bIIer
SHEPIUH [JIs [IPOrpeBa IIOBEePXHOCTHU CBETOM, OCBe-
IaJcsl TPU pasa Io 1 ¢, KaXkKAbIK pa3 C HOJKHMOM
OPYr K APYTy KOHYHMKOB IPaGHUTOBBIX 3JIEKTPOLOB
[10CJIe UX UCIIapeHHU .

TouyHOro M3MepeHUS UHTEHCUBHOCTH H CIIEK-
Tpa CBeTa He MPOMU3BOAUIOCH, 3TO OygeT cAenaHo
BIIOC/IEICTBUH, II0C/Ie JAHHOIO CPOYHOIr0 C006-
IIeHHs O pe3yJbTaTaX IePBUYHBIX 3KCIIEPHUMEH-
TOB. BH3yaJbHO CBET OT IPaPUTOBBIX 3JIEKTPOJOB
COOTBETCTBOBAJI I10 HHTEHCHBHOCTH COJIHEYHOMY
CIIeKTPY, & CBeT OT BOJIb)PAMOBOK IIPOBOJIOKH OBLI
B HECKOJIBKO pa3 ciaabee U CABUHYT B HHPPaKpac-
HYI0 06/1aCTh CIIEKTPA.

IKCIepHMeHTHl B BAKYyYMHOM yCTaHOBKE ITPOBO-
OUJIKCH IIpU AaBaeHUH 1073 mbap, 4TO6BI IKCIIepH-
MeHT COOTBETCTBOBAJI Hanbosee Xy UIKM II0 COLLep-
KaHMIO aTMOCQEpPHBIX I'a30B YCJIOBHUAM HaXOX-
JeHHS KOCMHYECKOr0 MHKPOCKOIIA B OTKPBITOM
KOCMOCe Ha YpOBHe JMHUU KapmaHa - yCIOBHO

HAHO MHAVCTPUA Tom 19 N1 2026

All samples were illuminated once for
10 seconds by the heated tungsten wire. The tips
of the graphite electrodes evaporated by fractions
of a millimeter within 1 second and the heating
current was interrupted; the pyrolytic graphite
sample was illuminated once during this 1 second.
The gold sample, due to its better thermal conduc-
tivity and, consequently, the need for more energy
to heat the surface with light, was illuminated
three times for 1 second each, each time pressing
the tips of the graphite electrodes together again
after their evaporation.

No precise measurement of the light’s inten-
sity and spectrum was carried out; this will
be done later, following this urgent report
on the results of preliminary experiments.
Visually, the light from the graphite electrodes
matched the solar spectrum in intensity, while
the light from the tungsten wire was several times
weaker and shifted toward the infrared region
of the spectrum.

Experiments in the vacuum chamber were con-
ducted at a pressure of 103 mbar in order to simulate
the worst-case conditions of atmospheric
gas content for a space microscope in outer
space at the Karman line - the conventionally
accepted boundary at 100 km above sea level.
The satellite with the space microscope grad-
ually lowers its orbit, approaching the Earth,
and if it descends below the Karman line, it will
heat up due to interaction with the dense layers
of the atmosphere and burn up, tentatively in
the summer of 2026.
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a. R, =181 nm (Au, 4,3x1,2 pm scan size)

max

b. R, =133 nm (Au-tungsten, 4,2x0,9 pm scan size)

0,9 MKM
um

1,2 MKM
pm

e. R¥E = 93 nm (G-tungsten, 4x4 pm)

max

Npo8oAOKU; C — nocAe 8030elicmaus caema om 2pdumosbix 3AeKmpooos; U N08epXHOCMb NUPoAUMUYeCcKoz0 epapuma: d — 00 803-
delicmeus caema; e — nocAe 8030elicmaus ceema om 80AbGpamosoli NposoAoKu; f — nocae 8o3delicmaus ceéema om 2pdpumosbix

31ekmpo0os. R, — NOAHbIL pazbpoc ebicom 8 Kaope

Fig.4. Characteristic frames of the gold surface: a - before light exposure; b - after exposure to light from a tungsten wire; c - after expo-
sureto light from graphite electrodes; and surface of pyrolytic graphite: d - before light exposure; e - after exposure to light from a tung-

sten wire; f - after exposure to light from graphite electrodes. R,,,,

NPUHSATON TpaHULB B 100 KM HaJl ypoBHeM
mopsa. COYyTHUK C KOCMHYeCKHM MHKPOCKOIIOM
[IOCTeNeHHO CHHUXaeT OopbUTy, mpubiuxkasice
K 3eMjle, ¥ IIpU CHUKeHUHU HHUXKe THMHUU KapMaHa
Harpeetcs OT B3aUMMOJENCTBHUS C IIJOTHBIMHU
CJIOSIMU aTMOCQepsl U CTOPHUT, OPUEHTUPOBOYHO
netom 2026 roma.

- total height variation in the image

For studies of the sample surfaces before
and after exposure, a serially produced
‘SMM-2000 Scanning Probe Microscope’ (man-
ufacturer: PROTON Plant, Zelenograd,
Russia, www.microscopy.su, number
46918 in the State Register of Measuring
Instruments of the Russian Federation) was
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HAHOMATEPUA/DI

[ ucciiefoBaHUM MTOBEPXHOCTH 06pas3LoB 10 U
IocJle 3aCBeTKU HCII0Jb30BaJICS CePHUIHO BBIIYC-
KaeMblH "MHUKPOCKOIl CKAaHUPYOUHUHN 30HA0BBII
CMM-2000" (usrotoBuTensb - AO "3aBog "TIPOTOH",
3enenorpan, Poccusg, www.microscopy.su,
HoMmep 46918 B T'ocymapCTBeHHOM peecTpe CpelacTB
“3MepeHUH Poccuiickoi Pemepannu), Mmonudura-
LIS KOTOPOTO U CTaJla IepPBbIM B MHPe KOCMHYec-
KHM 30HJOBBHIM MHUKpOCKomoM. IlolnydeHHe
Tonorpaduy MOBEPXHOCTH B HeM BBIIIONHAJIOCH
3a0CTPeHHOM [JIAaTUHOBOM UIJIOM B Pe>KHMe CKaHHU-
Py OLler TyHHe/JIbHON MUKPOCKOIIMH, BBUAY Ha/IH-
4YMsl 3/IeKTPUYECKOM IIPOBOJUMOCTH IIOBEPXHOCTH
KaK Yy 30/10Ta, TaK U Y IHUPOJIUTHUYECKOI0 IpaduTa.

BbIBO/Lbl
Pe3ynbTaThl McCIefoBaHUs (prc.4) MOATBEPAUIHU
ClIelyIYI0 THIIOTe3y: II0C/Ie BO3JLeHCTBU S CBeTa
Ha IIOBEPXHOCTH CTAaHOBMUTCS MeHblIe MeJKHX
HeoJHOponHocTel (6yropkoB, CTyIeHeK) U pas-
Opoc BBICOT pesbeda MOBEPXHOCTH R, YMeHbIIa-
eTcs, IOBePXHOCTb 3arjaa’kUBaeTcs. [l NUPO-
JTUTHYeCKOro rpaduTa 3pUTeIbHO BBISIBUJICA ellle
onuH 3¢deKxT - oT bojIee CUIBPHOIO CBeTa OT I'padu-
TOBBIX 3/IeKTPOJIOB BEPXHHU I CI0M Kak 6ynTo ObI pac-
majgaeTcsi. OTO MOXHO OOBSICHUTD TeM, YTO CJIOHU
rpaduTa He UMeIOT KOBAaJeHTHBIX CBA3eH MeXAY
co60¥1, U HUKHHUH CJION He yKpeIlisieT JieXalluH
Ha HeM BepXHMHU CJIOH. Pa3pylleHHe NUporpaduTa
U rpadeHa IO 3TOM XKe IPUYHHe JeTK0o IIPOU3BO-
OUTCSA U BO3JelCTBHeM HallpaBJeHHBIM II0TOKOM
HOHOB COJIHEUHOTO BeTpa [4].

TakuM 06pa3oM MOATBePKAAeTCS TUIIOTe3a, UYTO
B KOCMOCe ITIOBePXHOCTH KOCMHYECKHUX Kopabien
MOTYT Pas3IJIa’)kHBaThbCsI COTHEYHBIM CBETOM, B TOM
4YMCJle TI0C/Ie pa3pylleHH s [I0BepPXHOCTeH HOHAMU
COJTHeYHOro BeTpa. [UmoTe3a byneT maiee sKCIepH-
MEHTaJIbHO IIPOBEPSATHCS Ha PA3IMYHEIX MeTajaax
U JPYTHUX MaTepHajaaXx B aHAJOTHUYHBIX 3KCIIepHU-
MeHTax Ha 3eMJIe, a TAK’Ke HeIlloCpeICTBEHHO B KOC-
MoOCe Ha IIOoC/IeyIHX 3allycKaeMBIX B KocMocC [5]
KOCMHYeCKHX 30HJ0BBIX MHKPOCKOIIAX.

B/IATOAAAPHOCTH

PaboTa BBIIIOMTHEeHAa IPHU MNapTHepPCTBe
HalnoHa/JIbHOTO KCC/IeI0BAaTe/lbCKOTO YHHUBEPCH-
Teta MUOT 1 AO "3aBog "[IPOTOH" (3enenorpan),
Op/IOBCKOr0 TOCYyAapCTBEHHOI0 YHHUBEPCUTETA
vMeHHU H.C.TypreHnena (r. Open), O6pa3oBaTeabHOTO
neHtpa 'Cupuyc’ (r. Co4uu), mKoA MOCKBE
U Pecny6m/11<1/1 Ka3axcTaH, a Takske PoHOa comei-
CTBUSI MHHOBalusiM (MockBa), 110 mporpaMmme
"Ile>kypHBIH I10 IJIaHeTe" IPU QUHAHCOBOM IIOJ-
Jeps>kKe I10 3aIyCKy IIepBOTO B MHpe KOCMHYeCKOI0
30H/I0BOI'0 MHUKPOCKOIIA.

HAHO MHAVCTPUA Tom 19 N1 2026

used, a modification of which became the world’s
first space probe microscope. Surface topography
was obtained using a sharpened platinum tip in
the scanning tunneling microscopy mode, due
to the electrical conductivity of the surfaces, both
gold and pyrolytic graphite.

CONCLUSIONS

The results of the study (Fig.4) confirmed
the following hypothesis: after exposure to light,
there are fewer small irregularities (bumps, steps)
on the surface, and the scatter of surface relief
heights, R,,,,, decreases, resulting in a smoother
surface. For pyrolytic graphite, another effect
was visually observed - under stronger light from
the graphite electrodes, the top layer seemed
to disintegrate. This can be explained by the fact
that the layers of graphite do not have covalent
bonds between them, and the lower layer does
not reinforce the upper layer lying on it. For
the same reason, the destruction of pyrographite
and graphene can easily occur under the impact
of a directed stream of solar wind ions [4].

Thus, the hypothesis is confirmed that in space
the surfaces of spacecraft can be smoothed by sun-
light, including after the surfaces are damaged
by ions from the solar wind. The hypothesis will
be further tested experimentally on various met-
als and other materials in similar experiments
on Earth, as well as directly in space [5] on future
spacecraft-mounted probe microscopes.
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NANOMATERIALS

WHOOPMALIMUA O PELEH3UPOBAHWUN

Pemakuus 61arofapuT aHOHHMHOTO pelieH3eHTa
(peLleH3€eHTOB) 32 UX BKJIAJ B pelleH3UPOBaHHE ITON
paboThl, a TaksKe 3a pa3MelleHHe CTAaTel HA CAUTe
SKypHajaa M Iepefadyy HX B 3JeKTPOHHOM BHe
B HOb eLIBRARY.RU.

JHekaapauus o KoH$AUKMe UHMepecos. Asmopbl 3a28A50Mm
06 omcymcmeuu KOHPAUKITO8 UHMEPecos UAU AUYHBIX 0MHO-
wieHuil, Komopble mozAu bul nosausme Ha pabomy, npedcmas-
AeHHyt0 8 daHHoll cmamee.

JINTEPATYPA / REFERENCES

1. JloruHoB B.A. KoMIlzeKC 30H0BOX MHKPOCKO-
OUU A1 paboThl B KOCMHUYECKOM IIPOCTPaH-
cTBe U aTmocdepe. IlaTeHT Ha H300peTeHHe
2778278 C1, 17.08.2022, 3aaBKa N2 2021128836
oT 04.10.2021.

2. JlorunoB b.A., becmamoB B.A., Xpumy-
HoB 10.B., JloruHoB A.b., JloruHoB B.b., I1aH-
dunos A.A., TTamkoB [.A. [IepBUYHBIH aHa-
U3 CHUMKOB C IIepBOTO B MHpe KOCMHUYeCcKOTo
30HI0BOro MHKpocKkoma "CMM-2000C" B cmyT-
HuKe 3emau 'Hauosoun-1". HAHOWHIOY-
CTPHS. 2025. T. 18. Ne 2. C. 88-102. https://
doi.org/10.22184/1993-8578.2025.18.2.88.102

TENErPAM-KAHAN

«TEXHOCODEPA»

OHNalH penopTaxu

AHOHCbI MEPOMNPUATUIA

CKMAKKW Ha XypHanbl
M3naTenbcTBa Ao 25%

KoHKYpPChl 1M pO3bIrpblLUK
OT BEAYLLUMX KOMMaHWI

A\ \ \

KHMXHble HOBUHKK W Npe3eHTaumnm

‘/ HOBbBIX BbIMYCKOE XYy pHana

NOANMUCBIBAUTECH v ocTaBalTech B Kypce cob6bITUIA

c KD}!HHEHLIJMX EbBICTAaBOK OTpacnu

C yHacTheM TeEXHHUHeCKUX SKCNepToB

Jlorunos bB.A., becmamos B.A., Xpumy-
HoB 10.B., JloruHoB A.b., JloruHos B.b., Illep-
6una M.A., AkuHuHa B.C., BatypoBa [I.A.,
IMuuyyruna A.B., CepeHok A.C., YiabeBa U.H.,
IleBuenko [.C. HcciemoBaHUe MeXaHU3MOB
06pa3oBaHUS IBUIM B KOCMHUYECKOM IIPOCTPaH-
ctBe. HAHOMHAOYCTPHS. 2025. T. 18. Ne 5.
C. 248-252. https://doi.org/10.22184/1993-
8578.2025.18.5.248.252

Jleeun K.JI., becnmanoBa E.A., BaHb-
KaeB A.C., KnwkuHa E.B., JlomatuH A.B.,
MertanpHHKOB H.M., CanpbeikuH M.3., Jloru-
HOB A.b., Opasos U.B., JloruHoB B.A. H3yue-
HHe H3MeHeHHSI MOP(DOJIOTMH I1OBEPXHOCTH
MHOTOCIOMHBIX TI'padeHOBBIX CTPYKTYp IIpHU
BO3IEHCTBUH IIJIa3MOM B KayecTBe MOJIe/IH
COJIHEYHOI'O BeTpa B OTKPBITOM KOCcMoce. Mexx-
OYHAPOOHBIM >XYpHaI HNPUKIALHBIX U OQYH-
OaMeHTaJIbHBIX HCCIegoBaHUK. 2021. Ne 9.
C. 51-55.

JlornHoB bB.A. IlepBbll B MHpe CKaHHPYIO-
UM 30HJOBBIM MMKPOCKOII B BHUeE CIYTHHKaA
KaK CTapT JTala Hay4HBIX CIYTHHKOB-1abo-
patopuiri. HAHOWMHIOYCTPHA. 2021. Ne 5.
C. 22-26. https://doi.org/ 10.22184/1993-
8578.2021.14.5.270.274

HAYYHOIO U3OATEJIbCTBA

Vor.19No.1 2026 NANO INDUSTRY



PHILIPS

MINKPOCKOIT
CKAHVPYHOLLINM B
30HA0BbIIi «CMM-2000> |

EAWMHCTBEHHBIM B MMPE 30HAOBEIM MUKPOCKON,
AETAWMIKA B KOCMOCE B BUAE CNYTHUKA 3eMAN,
PaboTakLWMIA B NepYyaToOdHbIX M MOPAYMX KaMepax
S8TOMHEIX PEaKTOPOB U BHYTDKM TEPMOAAEPHOMD
peakTopa TOKAMARK,

+7 (495) 364-60-93 |  z-proton.ru microscopy.su b-loginov@mail.ru



BCTPOEHHAS BUEPOM30/IALIMA U BbICOYAMLLEE PA3PELIEHMUE

B 6a30B0M KOMNNEKTALMKW NOKa3bIBAET aTOMbl MMPOANTHUYECKOro rpaduTa 4
B PEXMME CKAHUPYIOLLEWN TYHHENBHOW MUKPOCKOMNUK,
J1ns kKa4yeCcTBEHHOro OCMOTpPa Manbix K OoNbLLKMX OO BLEKTOB MMKPOCKON
MMEET CKaHEPbI C pa3HbIMK pa3Mepamu nonem no X/Y/Z.

MUKpOCKON NpefjocTaBseT YHUKaNbHYH BOZMOXHOCTb COOPKU ero
W pa3bopku — ANA BCTPaUBAHUA B Pa3NINYHbIE CUCTEMbI M ANA NYYLIEro 06YYEHNS,
BblAepXuBas c6opku-pa3bopku Ao 12 net B yyebHbIX Knaccax

Mukpockon CMM-2000 paboTtaeT co CTaHAapTHLIMK
30HAaMU-KaHTUNEBEPaMMW, MMEET 3 OCHOBHbIX PEXKMMA
CKaHWPYHOLLEW TYHHENBHOM, NOMYKOHTAKTHOM

M KOHTAKTHOM aTOMHO-CU/I0BON MUKPOCKOMNUM, a TaKkxKe
bonee 25 AONOAHWUTENBHBIX PEXKUMOB MO CHATUID

KapT pas3/IMYHbIX QU3NYECKMX XapaKTEPUCTHK.

o VBCIMUCHUE OT 2 THIC. 10 10 MJIH, KpaT

« Pazpemenue BILIOTE 10 ATOMOB

« TpexmepHbIl BU/JL IIOBEPXHOCTH

 Msmepenne pasmepos ot 0,2 v 10 40 MEM

« Pacripeje/ieHHe pa3MepoB 3epeH

o AHAIH3 HIepoxoBaTocTH J10 0,2 HM

o Texnopiep:kka 24/7 Ha «MUKPOCKOTLSU»

« CepuiiHbIil BbIYCK B Poccun

o JLJ11 TOUHBIX IIPOU3BO/ICTE, HAYKH U VHUBEPCUTETOB
« Hajemen 1azke 1ag odyuennd B Ko 1ax!

MWUKPOCKON MO3BO/ISIET: OTCKAHMPOBATb
MOBEPXHOCTb B BbIGPAHHOM TOUKE
06pa3ua, CHATL 0BpaseL, ¢ MUKPOCKONa, ATOMbI MUPO PAGHTA LLUAM® CTAIA, kaap 10x10 Mkw,
BO3/EMCTBOBATL Ha OBpa3eL, TeM Unm Kaap 8,8X8,8 HM wepoxoeatocts Ra = 0,007 wkw
HbBIM CNOCOBOM, HaMPUMEP, HaMbLINTD,

NPOTPaBUTb MK 0BNYHNTL, 0BPaTHO YCTAHOBUTL 0OPa3eL, B MUKDPOCKOM M NPOCKaHUPOBaTh
TY XK€ C HAHOMETPOBOM TOYHOCTBIO PaHee BbIBPaHHYHO TOUKY Ha 0BpasLie.




