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AHHoTauus. [IpefcTaBiieHa BCs IHMHeNKa YHHKA/IbHBIX KaJpoB, II0/Iy4eHHBIX 3a [10/ITOpa [oJla C [IepBOro B MUpe
KOCMHUEeCKOT0 CKAaHHUPYIOIIero 30HA0BOro MUKpocKora "CMM-2000C", paboTtaromero B OTKPHITOM KOCMOCE B CITyT-
HUKe 3eMu "HaHo30H/1" ¥ CHHMAIOIIEro C HAHOMETPOBOI TOUHOCTHIO 3MeHeHHe peibeda [I0BePXHOCTH 30/I0TOr0
3epKajia, OTKPBITOIO [/I51 BO3[IeHICTBH S COTHEUHOI'0 BeTPa U IollaZaHu s bUIH. Clle/laH YMCIeHHBIN aHa/IU3 KaIpoB
penibeda 30/10Ta Ha M3MeHeHHe [1apaMeTPOB IePOX0BATOCTH, PPaKTaIbHOM Pa3MepHOCTH K CTATUCTUKH I10 pa3Me-
PaM 3epeH, [IOCTPOeHbI TPaPUKH H3MeHeHH I STHX XapaKTePUCTHUK, COOTHOCHMBIe C FpadHKaMH COTHEUHOU aKTHUB-
HOCTH. [Ipe/IJIoKeHO y4acTHe K POKOro HayYHOro coobIecTBa B MHTEPIIPeTal[UH 10Ty YeHHbIX JaHHBIX.
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Abstract. The whole series of unique frames obtained over a year and a half from the world’s first space scanning
probe microscope "CMM-2000C", operating in outer space in the Earth’s satellite Nanosonde-1 and capturing with
nanometre precision changing the surface relief of a golden mirror exposed to solar wind and dust. Numerical
analysis of gold relief frames on the change of roughness parameters, fractal dimensionality and statistics on
grain sizes was obtained, graphs of change of these characteristics correlated with solar activity graphs are pre-
sented. Participation of a wide scientific community for interpretation of the obtained data is suggested.
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BBE/JLEHUE

Poccuell B KocMocC 27 HIOHS 2023 roga B CHOYT-
Huke 3emnu "Hanosoux-1" (https://r4uab.ru/satdb/
nanozond-1/) 6s11 3anymeH (puc.l) mepBBIH B MUpe
KOCMHYeCKHUH CKaHUPYIOI U 30H0BbIH MHKPOCKOII
"CMM-2000C" (https://nauka.tass.ru/nauka/18422659),
KOTOPBIH yCIeIlHO paboTaeT B OTKPBITOM KOCMoOCe
yke 6onpure monyrtopa net (https://www.mos.ru/
news/item/136461073). 9TOT MHKPOCKOII O/ CO3/IaH
OJ1 ABYyX Ba>KHBIX 3a/jay, KOTOPbIe CTA/IM peIlaThCs
BIIepBbIe B MU pe: [JIsl U3y4eHHUsI CTOMKOCTH MaTepHra-
JI0B KOCMHYeCKHX Kopabyen K BO3[elCTBHUIO HOHOB
COJTHEYHOTO BeTpa HeIlOCPeJACTBEHHO B KOCMOCe,
a TaK>Ke /1S BRISICHEHH S, Ha KaKKX OpOHTax elle HET
06/1aKOB OBICTPO IIBLJIM, BOSHUKAIOIEH OT CTOJIK-
HOBEHU S CTapbIX HeyNpaB/seMbIX CIIYyTHUKOB U HX
yacTer Mexxay cobor. ITpobiema B TOM, UTO COMHEY~
HBIH BeTep o6HpaeT, a IbLJIb YeKAHUT U 0bJerniseT
KOpIlyca, WIJIIOMHUHATOPhl, aHTEHHBI U COTHEeUHBbIe
baTapeu kopaber [1].

Hcronb3yst MMEIOIMICS B COOTBETCTBUHU C IIaTeH-
TOM [2] IpHUOPUTET, HA4aTO CTPOUTENIBCTBO HOBBIX
aHAJIOTUYHBIX [3] KOCMHUYECKHMX MHKPOCKOIIOB.
CrefyIOIMH 3aIyCcK B cCyTHUKe HUY MHUST niianu-
pyetcs B 2025 roay. A C IepBOro B MHpPe KOCMHUYECKOro
MHUKpocKomna "CMM-2000C" mony4eHO y>Ke goCTa-
TOYHO Ka/IpOB, UTOOBI HAUaTh X AaHATHU3HUPOBATh.

METO/ NOJIYYEHNA KAAPOB

AHanu3upyeMble B JaHHOM My6JIHMKaIlUU KaJpbl
[OJIyueHbl B PeXXKMMe CKaHUPYIOUeN TyHHeIbHOM
MHUKPOCKOIIMH. 3a0CTPeHHasl MJIAaTHUHOBAs MUIIa

INTRODUCTION

Russia launched into space on 27 June
2023 the world’s first space scanning probe micro-
scope "CMM-2000C" (https://nauka.tass.
ru/nauka/18422659) in the Earth’s satel-
lite "Nanoprobe-1" (https://r4uab.ru/satdb/
nanozond-1/), which has been successfully operat-
ing in outer space for more than a year and a half
(https://www.mos.ru/news/item/136461073). This
microscope was designed for two important tasks
that were the first in the world: to study space-
craft materials resistance to the effects of solar
wind ions directly in space, and to find out in
which orbits there are not yet clouds of fast dust
resulting from the collision of old unguided satel-
lites and their parts with each other. The problem
is that the solar wind chips and the dust chases
and coats the hulls, portholes, antennas and solar
panels of ships [1].

Using the priority available under the patent [2],
the design of new similar [3] space microscopes
has been started. The next launch in the MIET
satellite is planned for 2025. And enough frames
have already been obtained from the world’s first
space microscope "CMM-2000C" to start analysing
them.

FRAME ACQUISITION METHOD

The frames analysed in this publication were
obtained in the mode of scanning tunnel-
ling microscopy. A sharpened platinum nee-
dle, when the microscope is switched on or in
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Puc.1. Mepsabili 8 Mupe Kocmuyeckuli CKaHupyrowul 30H008bil mukpockon "CMM-2000C": a — npumepHbili 8Ud UzAbl U CKAHUPY-
emoll er0 nogepxHoCcmu 30A0ma, b — 8HewWHUL 8U0 MUKpOCKONd, C — NPOUECcc MOHMAXa cnymHuka "HaHo30HO-1" ¢ MUKpockonom

8 pakemy, d — 831em pakemsl
Fig.1. The world’s first space scanning probe microscope "CMM-2000C": a - approximate view of the needle and the gold surface scanned
by it, b - appearance of the microscope, c - process of mounting the "Nanoprobe-1" satellite with a microscope into a rocket, d - rocket

take-off
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Puc.2. a - fOpuli XpunyHos, pykogodumeAb Muccuu co30aHus u 3anycka cnymuuka "HaHo30H0-1", opzaHuzamop yyacmusl WKoAb-
HUKo8 8 3mom npoekme 8 Obpa3osamenbHom ueHmpe Cupuyc U pezuoHaAbHbIX LeHMPpAax 8bisieAeHuUs U N000ep kKU 00apeHHbIx de-
mell, b - bopuc JlozuHos, asmop npoekma u MUKkponpoekmos co WKOAbHUKAMU U NdmMeHma Ha Kocmu4eckul MUkpockon, co30d-
meAb U3MepumeAbHbiX 20A080K KOCMUYeCckoz20 mukpockona "CMM-2000C" u ezo HazemHol sepcuu "CMM-2000", ¢ - Baadumup
JlozuHos, co30amenb NpozpammHo20 obecneveHust Mukpockona, d = Apmem J102UH08, c030ameAb 3AeKMPOHUKU MUKPOCKONa

Fig.2. a - Yuri Khripunov, leader of the mission to build and launch the "Nanoprobe-1" satellite, organiser of schoolchildren’s participa-
tion in this project at the Sirius Educational Centre and regional centres for identifying and supporting gifted children, b - Boris Loginov,
author of the project and microprojects with schoolchildren and of the patent for the space microscope, creator of the measuring heads of
the "CMM-2000C" space microscope and its ground version "CMM-2000", ¢ - Vladimir Loginov, microscope software developer, d — Artem

Loginov, microscope electronics developer

IIpY BKJIIOYEHHMH MHKPOCKOIIA MJIK B aBTOMaTHYe-
CKOM pe>XHMe OJUH pa3 B CyTKH MOXKeT Nnpubiu-
SKaTbCSl K IIOJIMPOBAHHOM IIOBEPXHOCTH U3 30JI0Ta
Y BTeYeHHUU IIPHMepPHO 5 MUH CKaHHUPOBAaThb Ha HeH
ONMH U TOT 5Ke Y4acTOK 4X4 MKM. B ocTa/ibHOE BpeMsl
CYTOK HIJIa OTBeJeHa BBePX U B CTOPOHY Ha PaccTos-
Hue okojo 0,5 MM, KaK 3TO IIOKa3aHO Ha puc.l.
IToBepXHOCTb 30JI0Ta IIPHU 3TOM OTKPBITA /JIsI BO3LeL-
CTBHUH K3 OTKPBITOTO KOCMOCA. 30/10TO BBIOpaHO KakK
XHMHUYeCKH MHePTHBIM MaTepHaJl, KOTOPbIH He OKKC-
JsIeTCsl B YCJIOBUSIX eCTeCTBeHHOM 3eMHOM aTMoC-
deprl 3a Bpems IIOATOTOBKM PaKeThl C MUKPOCKO-
IIOM K CTapTy, TaK M [10 MeXxaHUYeCKHUM CBOHCTBaM,
6IM3KUM K MSATKOM MeJH, KOTOPasi HCIIONb3yeTCs
B Kocmoce [1] 11 M3ydeHU s KpaTepoB OT MOMafaHHUs
OBICTPBIX YACTHLI IIBIM HJIK MUKPOMETEOPHTOB.
MUKPOCKOII HMeeT IIPOoLeccop, KOTOPBIH 10 LHb-
poBOoMy HHTepdericy IepefaeT IIPU CKAHUPOBAaHUHU
BeCh KaJp B ITPOLIECCOP COYTHHKA, a TOT 4Yepe3 YKB-
IIpreMoIlepeaTUMK Ha yacToTe 437 MI'1] TpaHC/IUpYeT
3TOT KaJp Ha 3em/i0. K cokajieHHIo, AAHHA OJHOI0
rnaketa YKB-miepegayu mpH HCIIOIb3YeMBbIX B CIYT-
HHMKax TUna Sputnix CubeSat OrbiCraft-Pro nmpotoxo-
nax AX.25 (USP) He moskeT ObITE Hostee 204 (184) 6auT,
TakK 4YTO B OJHOM IIaKeTe Hejb3s IepenaTrh Jaske
ONHY CTPOUYKY Kazapa. Kaskgas TouKka CTPOUKHU Kaapa
npexncraBiasieT coboil 16-pa3spsSAHYIO BEICOTY
penveda, 3To 2 6arTa. B 204 6arTax momernaeTcs
TOJIBKO 102 TOUKHM, HO /11 CTPOYKU MHUKPOCKOITHOIO
Kazpa 5Toro Maso. [103ToMy MBI IIPUHSIN pelIeHHe
IeIUTh CTPOYKHU KaJpa Ha YacTH. [lOIMOMTHUTEIbHAS

automatic mode, can approach a polished gold
surface once a day and scan the same 4x4 pm
area on it for about 5 minutes. During the rest
of the day the needle is withdrawn upwards and
sideways to a distance of about 0.5 mm, as shown
in Fig.1. At this time, the surface of the gold is
open to influences from the open space. Gold was
chosen as a chemically inert material that does
not oxidise in the natural Earth atmosphere dur-
ing the time of preparation of the rocket with a
microscope for launch, and by mechanical proper-
ties close to soft copper, which is used in space [1]
to study craters from the ingress of fast dust par-
ticles or micrometeorites.

The microscope has a processor that trans-
mits the entire frame to the satellite proces-
sor via a digital interface during scanning,
and the latter transmits the frame to the Earth
via a VHF transceiver at a frequency of 437 MHz.
Unfortunately, the length of a single VHF trans-
mission packet when used in satellites such as
Sputnix CubeSat OrbiCraft-Pro AX.25 protocols
(USP) can not be more than 204 (184) bytes, so
in one packet can not be transmitted even one
frame line. Each point of a frame line represents
a 16-bit elevation, this is 2 bytes. Only 102 points
fit into 204 bytes, but this is not enough for
a microscope frame line. Therefore, we decided
to divide the frame lines into parts. An additional
difficulty arose due to the fact that the satellite
passes the field of view of one antenna on
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TPYAHOCTD IIPH 3TOM BO3HMKJIA H3-3a TOrO, YTO CIIYT~
HHUK IIpojieTaeT I1ojle BUAHMMOCTH OJHOMN aHTeHHBI
Ha 3eMJIle IPHMEPHO 3a 15 MUH, U 3a 3TO BpeMs IIpU-
HATb BCe YACTH BCeX CTPOUYeK Kazpa TpyaHo. [ToaTomy
B HadaJle Kak[0H YacTHU CTPOUKH MBI 3alIMCBIBaeM
HOMep KaJipa, HOMep CTPOUYKH U II0J0KeHHe 3TOU
YaCTH B CTPOUKe, YTOH6BI MOSKHO OBIJIO JIOBUTH YACTH
CTpOYeK I10-0TAe/IbHOCTH Ha pa3Hble aHTeHHEI 1 1ajiee
IepechlIaTh UX 10 ceTH MHTepHeT B eUHBIH LIeHTP,
rge Kagpel cliMBaloOTCAa. Kaskgas 4acTh CTPOYKH
1o anroputmy "CRC16 X-modem" BBIYMC/I€HUS KOH-
TPOJIBHOM CYMMEBI IIpefBapUTeIbHO IIPOBepsieTCs
Ha 6e301I1609HOCTh IIpHeMa-Tiepeadm.

Jajee Kaapel IIPOXOAST IIOATOTOBKY [JISL aHAIM3A.
CIIyTHUK IIPU BpallleHUH BOKPYT 3eMJIM TO Harpesa-
etcst Ha CoyHIIe, TO OXJIAXK/AAETCS, KOTAA "IIpsdeTcs”
OT Hee 3a 3eMJII0. B Hadane KaskI0M YaCTH CTPOUKU
repemaeTcs TaKKe TeMIlepaTypa MUKPOCKOIIA Ilepe
CHATHEM 3TOH CTPOUYKM, Ha OCHOBE Uero C y4eToM
3apaHee IIPOrpafiyMpoBaHHOr0 TepMogperida MUKPO-
CKOIIa JlejlaeTcs IlompaBKa. [lepen ckaHMpOBaHHUEM
JJ1s1 UCIIapeHMs C [OBePXHOCTH 30J10Ta OCa’KAao-
IIMXCSI HA He MHOPOAHBIX aTOMOB, MeIllaIoIIMX Kade-
CTBEHHOMY CKaHMPOBAHMUIO, [JI151 SKOHOMHHU SHEPruu
CIIyTHHKA IIPOTPEB Jle/IaeTCs He TOAbKO 3a CYeT 3JIeK-
TpuuecTBa, HO ¥ ConmHIa. [/ 3TOro CKAaHUpPOBaHUe
HauyMHaeTCs IIocjie mporpesa Ha ConHIle IIPpU HavaJjie
3aX0/1a CIIyTHHUKA B TeHb OT 3eMJIU U OXJIaKAeHUHU IIPU
3TOoM 710 20 °C. MHUKPOCKOII 00JI05KeH MeTal/INYeCKUMU
JIMCTaMH [AJ1s1 3allIHUTHI IIPOLieccopa OT pagHlaliki, 3TO
IaeT TaksKe M 3allac TellIa, Tak 4To C JobaBjeHHeM
MaJIOMOIIIHOIO IIPOrpeBa 3JIeKTPUYeCTBOM TeMIlepa-
Typa MUKPOCKOIIA 3a BpeMs CKaHHUPOBaHUS CHUKA-
eTcs He 6oree YeM Ha ofyH rpazyc (pyc.4). 3To Hecye-
CTBEHHO HMCKaykaeT KapTUHKY MHKpocKora. Ciaenyer
OTMETUTb, UTO eC/IM IIPOLIeCCOp HeMHOI0 3aIla3blBaeT
BKJIIOYATh CKAHUPOBAHHKe U OHO CTapTyeT IIpU TeMIIe-
patype HeMHoro HuKe 20 °C, TO ¥ CHUYKeHHe TeMIIe-
PaTypsl 32 BpeMs CKaHUPOBaHU I Oobile. [IJ1sl HCKITIO-
yeHUs c60eB MPOLeCCOP MUKPOCKOIA KOHTPOIUPY-
eTcsl He3aBUCHMOM CHUCTeMOM, KOTOpasi ero omepa-
THUBHO IIepe3arpyskaeT B C/iydae 3aBUCAHU S, HAlIpU-
Mep, HM3-3a KOCMHYeCKOH pagHualiiu.

B uTOre ¢ KOCMMYeCKOT0 MHKPOCKOIIA II0 COCTOS-
HuIo Ha 10.02.2025 mony4veHo 28 MOAHBIX HOPMajIbHBIX
Ka[poB (puc.7, 8), IOMHMO KOTOPBIX, IIOJIyUeHEI ellle
IBa HeyIaBIIMXCS KaJpa U OOUH Kazp oT 16.03.2024,
Ha KOTOPOM y[JaJiach JHIIb TPeTh Kaapa, [I03BOJIKUB-
I1asl, OMHAKO, BBIIIOJIHUTH I10 HEHM YHCIeHHBIN aHaTH3.
J/1s1 BU3yaJIbHOTO aHaIM3a HaJl0 YUYUTHIBATh, YTO KasK-
JIBIH CJIeAYIOII M 110 IaTe KaAp — 3TO Yallle BCero CHSATHe
II0TOKOM MOHOB COJIHEUHOI'O BeTpa MaTepHasa II0BepX-
HOCTH, BUJHOM Ha IIpebIAyIeM KaJpe, a HHOIa, BO3-
MOJKHO, pasIyla)kKMBaHMe II0BePXHOCTH 3a CUeT peJlak-
CallMH aTOMOB H3-3a SHeprUHU OT COJTHeYHOI0 BeTpa.

HAHO MHAVCTPUA Tom 18 Ne 2 2025

N X

ml m2

Puc.3. Bbluucnenue napamempos wepoxosamocmu: R, - cped-
Hee om OMKAOHeHUl Z; 8cex mo4eKk no 8epmukanu om cpeo-
Hel auHuu npoguas, S, - cpedHee om paccmosHul S,
Spo--. N0 20pU30OHMaAnu Mexoy nepece4eHusmu npouiem
CpedHeli AUHUU npu X00e npoduAs 8eepx, S — cpedHee om pac-
CMOosIHUL S;, S,... N0 20pU30HMAAU MEXAY MAKCUMyMamu
npoguas

Fig.3. Calculation of roughness parameters: R, - average of devia-
tions Z; of all points vertically from the centre line of the profile,
S, — average of distances S,;, S,... horizontally between cross-
ings by the profile of the centre line during the profile upwards,
S - average of distances S;, S,... horizontally between the maxi-
mums of the profile

the Earth for about 15 minutes, and during this
time it is difficult to receive all parts of all lines
of the frame. Therefore, at the beginning of each
part of the line we record the frame number, line
number and position of this part in the line, so
that it is possible to catch parts of lines separately
on different antennas, and then send them over
the Internet to a single centre, where the frames
are stitched together. Each part of the string by
the algorithm "CRC16 X-modem" checksum cal-
culation is preliminarily checked for error-free
reception-transmission.

The footage is then prepared for analy-
sis. The satellite, while rotating around
the Earth, is heated by the Sun and cooled when
it "hides" behind the Earth. At the beginning
of each part of the line, the temperature
of the microscope before taking this line is also
transmitted, on the basis of which a correction
is made taking into account the known ther-
mal drift of the microscope. Before scanning,
in order to evaporate foreign atoms deposited on
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Puc.4. Tpaguku usmeHeHUs napamempos NPOHYMepOB8aHHbIX N0 damam Kadpos U3 Kocmoca, ¢ 2papukom memnepamyp T °C start
Ha4yana ckaHuposaHus u T °C Stop KOHUA CKAHUPOBAHUS Ka0pos U ¢ OaHHbIMU No napamempam "Hynego20" kadpa om 20.09.2022,
CHSIM020 € UCX00HOU nosepxHOCMuU 30A0ma Ha 3emAe 00 3anycka cnymHuka. Mpaduku 04s 803MOKHOCMU COBMeCMH020 0mobpa-
JKEHUSI HOpMUpOoBaHbl Ha wkaay 0..100, npusedeHbl 3Ha4YeHus 6cex napamempos 0451 yposHs O U yposHs 100 3mux wKan

Fig.4. Graphs of changes in parameters of date-numbered frames from space, with a graph of temperatures T °C start of scanning and T °C
stop end of scanning frames, and with data on parameters of the "zero" frame from 20.09.2022, taken from the original gold surface on
the Earth before the launch of the satellite. Graphs for the possibility of joint display are normalised to the scale 0...100, the values of all

parameters for level 0 and level 100 of these scales are given

Onsg uHGOpPMALMKU, MHKPOCKOII, BBIIIYIIEeH-
HBIM 27 HoHS 2023 rofia B KOCMOC Ha OpOHUTY c I1apaMe-
TpaMHu 541x559 kM / 97.659°, paBHOMEPHO CHHKAJICS
U I10 COCTOSIHMIO Ha 20.02.2025 HaXo4MIICsl Ha opbuTe
¢ nmapameTpamu 478x489 km / 97.500°. Ilo oLleHKaM,
MMKPOCKOII 6yZleT 1eTaTh IIPUMepHO 10 MapTa 2026 rofa,
KOIZa, CHU3HBIIHCh [0 IIJIOTHBIX CJI0€B aTMOCHEPBI, Cro-
PHUT Ipu BXofe B HUX. ECTh HafieXKa IIOJIyYUTh OT HEro
ellle MHOT'O MHTepeCHBIX KaJJpoB 00 M3MeHeHHU U [T0BepX-
HOCTH 30J10Ta, B TOM YHCJIe OT Haua/la B3aHMOJeHCTBHS
caTtMocdepor.

AHANIN3 KAAPOB
[lepBUYHBIN aHAaIHU3 KaAPOB CAeJaH WITAT-
HBIM IIPOrpaMMHBIM obecredeHueM [4] "3eMHOM

the gold surface, which interfere with the qual-
ity of scanning, and to save the satellite’s energy,
the heating is done not only by electricity, but
also by the Sun. For this purpose, the scanning
starts after warming up in the Sun when
the satellite starts to enter the Earth’s shadow
and cools down to 20 °C. The microscope is cov-
ered with metal sheets to protect the processor
from radiation, this also gives a heat reserve,
so that with the addition of low-power heating
by electricity the temperature of the microscope
during the scanning decreases by no more than
1 degree (Fig.4). This does not significantly distort
the microscope image. It should be noted that if
the processor lags a little to switch on scanning

VoL.18 No. 22025 NANO INDUSTRY
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Puc.5. Coomsemcmeytouiuli nepuody nodema Kocmuyeckozo mukpockona "CMM-2000C" epaguk Koaudecmea ecnbitiek (Sunspot
number), a makxxe 2paguk nAomHocmu nomoka paduousayderus ConHua (F10.5 Radio Flux) Ha 0AuHe 8oaHbl 10,7 cm (2800 M) 8 edu-
Huuax nomoka 1022 Bm-m2-ru! cozaacHo FOCT P 25645.166-2004, N0 KOMOopomy npozHo3upyemcsi CpoK CAY>K6bl CNYMHUKO8

Fig.5. Sunspot number (Sunspot number) graph corresponding to the "CMM-2000C" space microscope mission period, as well as the
Sun’s radio flux density graph (F10.5 Radio Flux) at a wavelength of 10.7 cm (2800 MHz) in flux units of 1022 W-m2-Hz according to
GOST R 25645.166-2004, which is used to predict the lifetime of the satellites

BepcHH" KOCMHYECKOro Mukpockomna "CMM-2000"
(N296918 B ['ocpeecTpe cpelCTB U3MepeHUN PD), rpa-
GUKY pacCUMTAHHBIX [IapaMeTPOB II0Ka3aHbI Ha PUC.4.
B COOTBETCTBUU C MeXAYHAPOLHBIMU CTaHAAPTaMHU
u [OCT 25142 paccYHUTaHBI: IONHBIH Pa3bpoc BBICOT
BKazZpeR . OT caMOi HIKHEH [I0 CAMOM BbICOKOL TOUKH
penbeda, cpefHSS MIEPOXOBATOCTb R,, CPeITHUI pasmep
3epHa S, ¥ CpeJHUH pa3Mep S HAHO3ePeH, U3 KOTOPBIX
COCTOAT 3epHa. ['padruecKy 3TO IOSICHEHO Ha PHC.3.

Kpome Toro, mTAaTHON IPOrpaMMOI MHUKPOCKOIA
"CMM-2000" g5 Bcex KalpOB BBIUHC/IEHA BeJIMYUHA
dpakTanpHON pa3MepHOCTHU D, 61KM30CTh KOTOPOK
K nudpe "2" 6onee yeMm K iudpe "3" 110Ka3bIBaLT, UTO
IIOBePXHOCTb IIpefcTaBsieT coboil Ooblle ByXMep-
HYIO IJIOCKOCTD, YeM TPeXMepHBbIH, OLHMHAKOBO Pas-
BUTBII BO BCeX HaIlpPaB/lIeHUAX, 06beKT. PpaKkTanbHas
pa3mepHOCTb D siBnisieTcst 6e3pa3MepHON BeJIMUUHOM
Y B [1epBOM IPUOIHKeHU Y II0Ka3bIBaeT CTelleHb pPas-
BUTOCTHU pejibeda I10 BHICOTE.

Jl7151 BO3MOKHOCTH aHa/IK3a I10Be/leHUs BhIIIEeIIPU-
BeJleHHBbIX I'PapUKOB MapaMeTpoB C 0QUIIHATBHBIX

HAHO MHAVCTPUA Tom 18 Ne 2 2025

and it starts at a temperature slightly below 20 °C,
temperature decrease during scanning is greater.
To avoid failures, the microscope processor is con-
trolled by an independent system, which promptly
restarts it in case of hang-up, for example, due
to cosmic radiation.

As a result, 28 complete normal frames
were obtained from the space microscope as of
10.02.2025 (Fig.7, 8), in addition to which two more
failed frames were obtained, and one frame from
16.03.2024, in which only one third of the frame
succeeded, allowing, however, to perform numer-
ical analysis on it. For visual analysis we should
take into account that each next frame by date is
most often a removal by the solar wind ion flux
of the surface material visible in the previous
frame, and sometimes, perhaps, a smoothing
of the surface due to relaxation of atoms due
to energy from the solar wind.

For information, the microscope, released
into space on 27 June 2023 into an orbit with
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Puc.6. Gonee nodpobHbili 2paduk conHeyHblx ecnbitek (Sunspot number) no mecsauam (okmsa6pb 2024 u sHeapb 2025), 8 Komopble
6bIAU NOAYYEHbl HECKOABKO KA0p08 0m KOCMUYeckozo mukpockona "CMM-2000C", a mak>ke 2paduku 2106aAbHO20 NAAHEMAPHO20
uHdekca zeomazHumHoli akmueHocmu (Kp-index) 8 cgoell wikane, 20e "9" - 3KCMpemMaAbHbili 2e0MazHUMHBbIL WMOPM CO CpedHecy-
MOYHbIM Ypo8HeM 2eoMdzHUMHOL akmusHocmu (Ap-index) 8 Imux mecsuax

Fig.6. A more detailed plot of solar flares (Sunspot number) for the months of October 2024 and January 2025, in which several frames
from the "CMM-2000C" space microscope were acquired, as well as plots of the global planetary geomagnetic activity index (Kp-index)
on its scale, where "9" is the extreme geomagnetic storm with the daily average geomagnetic activity level (Ap-index) in those months

CaMTOB [IOy4eHbl IPadUuKU (PHUC.5) COMHEUHOMN aKTHB-
HOCTH 3a Iepuoj paboTsl KOCMHYECKOI0 MHKPO-
ckorna "CMM-2000C". 3a Te MecsiIbl, B KOTOPBIX
OBLIM IIOJy4YeHbl He OJUH-TIBA, a HECKOIBKO Ka/IPOB
0T KOCMHYEeCKOro MHUKpocKoma (oKTsa6ps 2024 roma
U sTHBapb 2025 ronia), IonydeHsl U 6oee rofpobHbLe rpa-
OUKH COTHEYHOM aKTHUBHOCTH (pHc.G).

BbIBO/bl

CooTHeceHHe IpPa®UKOB M3MeHEHHS YHUCIeHHBIX
rapaMeTpoB penbeda IIOBEPXHOCTH 30JI0TA B 3aBU-
CHMOCTH OT I'PapHUKOB COTHEUHOM aKTHBHOCTH II0KA
JaeT pe3ylbTaThl, NPeJIO0JNOXKeHHs 10 NPUUYUHE
[IOJIy4YeHH I KOTOPBIX MOKHO CZeaTh II0OKA TOJIBKO
B HEKOTOPBIX IIePHO/AX I107IeTa KOCMHYeCKOr0 30H/10-
BOr0 MUKpocKorma "CMM-2000C".

Hampumep, IosiBIeHHe Ha IIOBEPXHOCTH 307I10Ta PBIT-
BUH I1yburHOI 60rtee 50 HM, HabromaeMoe C JAThI II0JTy-
JeHHMs Kaapa Ne1oT14.06.2023 mo kampa Ne 2 ot 4.12.2023,
00BSICHSIETCS, BOSMOYKHO, JJIMTE/IbHBIM BO3IeHCTBHEM
KOCMOCA MeKY JaTaMHU CHSITHSI STHX KaPOB.

parameters 541x559 km / 97.659°, has been descend-
ing uniformly, and as of 20.02.2025 was in an orbit
with parameters 478 x489 km / 97.500°. It is esti-
mated that the microscope will fly until about
March 2026, when, having descended to the
dense layers of the atmosphere, will burn up
upon entering them. It is hoped to obtain from
it many more interesting images of the changes in
the surface of gold, including from the beginning
of interaction with the atmosphere.

FRAMES ANALYSIS

The primary analysis of the frames was made
by the standard software [4] of the "earth ver-
sion” of the "CMM-2000" space microscope
(No. 96918 in the State Register of Measuring
Instruments of the Russian Federation), the graphs
of the calculated parameters are shown in Fig.4.
In accordance with international standards and
the corresponding Russian standard GOST 25142,
the following parameters were calculated: total

VoL.18 No. 22025 NANO INDUSTRY
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10.02.2024 29.08.2024
Rax=92,4HM | nm Rpax=755HM|nm

max max
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Rimax=32,5HM | nm

1.10.2024
Rimax =518 HM | nm

max

14.05.2024
Rimax=49,2 HM | nm
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Puc.7. Kadpsl ¢ kocmuyeckozo mukpockona "CMM-2000C". Pasmep kadpoe 4 x 4 MKM. R, ,, — N0AHbIL pasbpoc evicom 6 kaope
Fig.7. Frames from the "CMM-2000C" space microscope. The size of frames is 4 x 4 ym. R.,,,, — full spread of heights in the frame
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Puc.8. Kadpbl ¢ kocmu4eckoz2o mukpockona "CMM-2000C". Pasmep kadpos 4 x 4 mkm. R, ., — noAHbIl pazbpoc 8bicom 8 kaope
Fig.8. Frames from the "CMM-2000C" space microscope. The size of frames is 4 x 4 ym. R, - full spread of heights in the frame
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Puc.9. BeiyucaeHue dessmu napamempos wepoxogamocmu (Rq, Ra, Rz, Rmax, Sm, S, Dq, Da, LO) no cHamomy Ha 3emae 90 3d-
nycka mukpockona 8 kocmoc kadpy Ne 0 om 20.09.2022 (8sepxy) ¢ UcX0dHOU nosepxHOCMu 30A0mad, a makxke no kadpam N2 5
om 10.02.2024 (nocepeduHe) u N2 29 om 9.02.2025 (gHu3y). Ha kadpe N2 0 om 20.09.2022 8UdHbI cAedbl 0M NOPOLIUHOK NOAUPO-
8aAbHOL nacmbl, npu 3Mom cpedHss wepoxosamocme Ra = 0,38 HM, Ha YyposHe pasmepa 00H020 amomd, a PpakmabHas pasmep-
Hocmb D pasHa 8cezo 2,000005, umo 03Hayaem: UCX00HAS NOBEPXHOCMb 30A0Ma S8AsleMCs NO4YMU UdeanbHOL NAOCKOCMbto. AHAAU3
napamempos Wepoxoeamocmu 8biNOAHEH WmamHol npozpammot mukpockona "CMM-2000"

Fig.9. Calculation of nine roughness parameters (Rq, Ra, Rz, Rmax, Sm, S, Dq, Da, LO) from the original gold surface taken on Earth before the
microscope was launched into space, frame No. O dated 20.09.2022 (top), as well as from frames No. 5 dated 10.02.2024 (middle) and No. 29
dated 9.02.2025 (bottom). On the frame N2 O from 20.09.2022 one can see traces from powders of polishing paste, at that the average rough-
ness Ra = 0.38 nm, at the level of the size of one atom, and the fractal dimension D is equal only to 2.000005, which means: the initial surface
of gold is almost a perfect plane. The analysis of roughness parameters was performed by the standard software of "CMM-2000" microscope

B Hos6pe-nekabpe 2024 roma BU3yaIbHO XOPOLIO
[IPOCMATpHUBAETCS POCT U CIHSHHUe 3epeH (puc.ll),
YTO OOBSICHSIETCSI, BO3SMOXKHO, HeOO/IBIIIM IIPOIPEBOM

height spread in the frame R, ,, from the lowest
to the highest point of the relief, average rough-
ness R,, average grain size S, and average size S

HAHO MHAVCTPUA Tom 18 Ne 2 2025
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Puc.10. OcobeHHbil cayyali: Ha kadpe Ne14 om 01.10.2024 z2paduk ebiyucAeHust GpakmanbHol pamepHoOCmMU NoKasbieaem, 4mo
Ha nogepxHOCMuU npucymcmayom 08a pa3HblX muna GpakmanbHo camonodobHbIX 2pynn 06sekmos — 8 0uana3oHe pa3mepos 06s-
ekmos om 12,94 x 12,94 00 135,7 x 135,7 HM, U 8 duanda3oHe om 238,7 x 238,7 HM 00 1,102 x 1,102 mkm. ®pakmanbHbil aHAAU3

8blN0AHeH WwmamHol npozpammot mukpockona "CMM-2000"

Fig.10. Special case: on frame No.14 of 01.10.2024 the graph of fractal dimension calculation shows that two different types
of fractally self-similar groups of objects are present on the surface - in the range of object sizes from 12.94x12.94 nm to
135.7x135.7 nm, and in the range from 238.7 x 238.7 nm to 1.102 x 1.102 pm. The fractal analysis was performed by the reqular

software of the "CMM-2000" microscope

[IOBePXHOCTH 30JI0Ta IIPU CpeJHeM YPOBHEe COIHeY-

HOM aKTHBHOCTH B 3TOT II€PUOJ.

BeposiTHO TaK>Ke, UYTO B HIOHE K OKTH6PE 2024 ropa,

a Takke B ssHBape 2025 roma obHapyskeHO IajieHHe

Ha IT0OBEPXHOCTH 30/I10Ta IVIOTHOIO II0TOKA YACTHUIL KOC-

MUYeCKOH MbUIH (PHUC.12), KOTOpBle YaCTUYHO ybHpa-

I0TCS 30HIOM IIPHU IOC/IeAyIoueM CKaHUPOBaHMH.

HeobxonuMmo pa3obpaTbcsi ¢ TeM, KaKHe TPeKH MOTYT

BO3HMKATh NPU KaTaHUU C1ab0 3/1eKTPOIIPOBOLHO

IBITMHKY 30HJIOM, U Y3Ke pa3pabaTbiBaeTcsi MoAUdHKa-

1Ml [5] KoCMHYecKoro 30H,0BOr0 MUKPOCKOIIAa, KOTOpast

OymeT perucTpHpPOBATS ITBLIB C [IOBBIIIEHHOM TOYHOCTHIO.
OnHako 60/BIIMHCTBO Pe3yIbTaTOB [I0Ka He NMeeT

HU OTBETOB, HU IIPeAI0NIOKeHUH. B 3TON CBA3H MBI

bopMmynupyeM CaeayIomiKe BOIIPOCHI:

1. IloueMy IIEPOXOBATOCTb IMOBEePXHOCTH (R, .., R,
D) depes3 monTOpa rofia BO3LEeLCTBUS COJIHEUHOIO
BeTpa, IpeTepleBas MHOKeCTBeHHBIe [IMKJ/IbI YBe-
JIUYeHM s U YMeHbIIeHHK s, BO3BPAaTUIaCh B eBpaje
2025 rosa K MaJIOM I1epoXOBAaTOCTH IIOYTH KaK Y Ujie-
aJIbHOM MCXOAHOM II0BEPXHOCTHU 30/10Ta (puc.4, 9)?
OTcyTcTBHe 60PO3/I0K OT IIOIMPOBKH, KOTOPBIe ObIIH
Ha MCXOJIHOM [TI0BePXHOCTH, FOBOPUT O CTPYKTYPHOH
IlepecTpOKKe B I10JIeTe, HO He OTBe4aeT Ha BOIIPOC
MeXaHH3Ma CIIa>kUBaHU .

2. IToyemy 3a BCero JIMIIb OOMH JeHb MOKeT CHUJIbHO
MeHSITbCS CPeJHHUM SHaMeTp 3epeH S, HO IIPHU
COXpPaHeHHUHU yPOBHS COTHEYHOH aKTHBHOCTH
Ha TOM >Ke YpOBHe Ha C/le[lyIOIHH IeHb OH MOXeT
BO3BpAILAThCs 06paTHO (prc.4)?

3. TloueMy MOHOPaKTa/IbHasI [IOBEPXHOCTh Ha He6OIb-
1Ioe BpeMs IIpeBpaliaeTcs B My/IbTHPPAKTAIbHYIO
(puc.10) 1 moToM Bo3BpallaeTcst 06paTHO?

4.TloueMy H3MeHeHHe JlaTepajJbHBIX pa3Me-
poB 3epHa S, He KOppeaupyeT C U3MeHeHUAMU

of nanograins, which make up grains. This is
explained graphically in Fig.3.

Besides, the staff software of the "CMM-2000"
microscope for all frames calculated the value
of fractal dimension D, the closeness of which
to the figure "2" more than to the figure "3" shows
that the surface is more a two-dimensional plane
than a three-dimensional object equally devel-
oped in all directions. Fractal dimension D is
a dimensionless value, and in the first approxi-
mation shows the degree of relief development by
height.

To be able to analyse behaviour of the above
graphs of parameters from official sites, we
obtained graphs (Fig.5) of solar activity for
the period of operation of the "CMM-2000C" space
microscope. For those months in which not one
or two, but several frames from the space micro-
scope were received (October 2024 and January
2025), more detailed graphs of solar activity were
obtained (Fig.6).

CONCLUSIONS

The correlation of graphs of changes in numeri-
cal parameters of the gold surface relief depend-
ing on the solar activity graphs has so far yielded
results, the assumptions for which can be made
so far only in some periods of the "CMM-2000C"
space probe microscope flight.

For example, the appearance of potholes deeper
than 50 nm on the gold surface observed from
the date of frame No.1 of 14.06.2023 to frame
No.2 of 4.12.2023 is possibly due to prolonged expo-
sure to space between the dates these frames were
taken.
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Puc.11. M3meHeHue pacnpedeneHus duamempos 06sekmos (8bl4ucAsemMbix Kak Feret-duamemp, cpedHee om 18-mu npoekuuli 06s-
eKma Ha AUHUU, HAOKAOHEeHHbIe K 20pU30HMAAu, Kaxkdas caedytowas Yepe3s 10 2padycos) npumepHo 3a 0ea mecsaud 803delicmaus
CONAHEYH020 sempa, ¢ kaopa N220 om 08.11.2024 do kadpa N222 om 31.12.2024. Mopgonozuueckuli aHaau3 8bIN0AHEH WMamHou

npozpammot mukpockona "CMM-2000"

Fig.11. Change in the distribution of object diameters (calculated as Feret-diameter, the average of 18 projections of the object
onto lines inclined to the horizontal, each following after 10 degrees) over approximately two months of solar wind exposure, from
frame N0.20 of 08.11.2024 to frame No.22 of 31.12.2024. Morphological analysis was performed by the standard software of

"CMM-2000" microscope

BBICOTHBIX ITapaMeTpoB 3epeH R, (puc.4), xorga
MeXXAy 3TUMHU IIapaMeTpaMu 4Yallle BCero ecTh
KOppensius?

5. [loueMy MaKkCHMMajbHOE pa3MajblBaHUe II0BEPXHO-
CTH C JOCTHK@HHEM MaKCHUMYyMa I10 IIepOX0BaTOCTH
R, B deBpaie 2024 roma MpoUCXOAUT BO BpeMs bonee
criokorHoro CojHIA, 3 He B MAKCHUMYyMe aKTHBHO-
CTH B OKTs16pe 2024 roma?

6. [ToueMy B cepenriHe OKTsIOpst 2024 roza, B IIePUOZ
MaKCHMaJIbHBIX BCIbleK Ha CojHIle, [I0OBEPXHOCTh
3epKajia He CUJIbHO U3MeHSeTCs, OLHaKo B sHBape
2025 roga, npu MeHbIIel aKTHUBHOCTH CoOJHIIA,
CHJIBHO IIPUI/Ia)KKBaeTCs! He TOBOPUT JIM 3TO O TOM,
YTO MOKHO IIPeJII0IOKUTh CIIOKHBIM, HeJTHHeu-
HBIM, HHBEPCHBIM UJIU J1aske IIOPOTOBBIM XapaKkTep
BO3Z,elCTBUSA IJIa3Mbl 0T COJTHIIA Ha IIOBEPXHOCTb,
Y TOTZa IPUHATOE B MUPe IIPeAII0NIoKeHHe 0 IIPO-
[IOPLIMOHAIPHOCTH BeJIMYKMHBL CPeJHeCTaTUCTHYe"
CKOI'0 M3HOCA CIIyTHUKOB OT BeIMYHHBI COTHEYHOU
aKTHBHOCTH, BO3MOXKHO, Ha/l0 CKOPPEKTHPOBATh.

OBPALLEHUE K HAYHHOMY COOBLLECTBY

BrimeyKka3aHHble KOCMUYeCKKMe CHUMKH, Hale-
eMcCs, KaK ¥ MHOTHe YHHKaJIbHble JaHHbIe U3 KOC~
Moca, HaIlpuMep, CHUMKH 1970-X rof0B C IIOBepX-
HOCTHM BeHepsl, HeCMOTpPs Ha HX HeKoe HecoBep-
IIeHCTBO, KaK y BCeX NMHOHePCKHX HauMHAaHHUH,
MOTI'YT OKa3aThCs IOJe3HBIMH U IPHUOTKPHITh TAKHBI

HAHO MHAVCTPUA Tom 18 Ne 2 2025

In November-December 2024, grain growth
and coalescence are visually well observed
(Fig.11), which is probably due to a slight warm-
ing of the gold surface at the average level of solar
activity during this period.

It is also likely that in June and October
2024, as well as in January 2025, a dense stream
of cosmic dust particles is detected falling on
the gold surface (Fig.12), which are partially
removed by the probe in subsequent scans. It is
necessary to understand what tracks can arise
when a weakly electrically conductive dust par-
ticle is rolled by the probe, and modification [5]
of the space probe microscope that will regis-
ter dust with increased accuracy is already being
developed.

However, most of the results still have no
answers or assumptions. We therefore formulate
the following questions:

1. Why surface roughness (R, R,, D) after a year
and a half of exposure to the solar wind, under-
going multiple cycles of increase and decrease,
returned in February 2025 to a small roughness
almost like the ideal initial gold surface (Fig.4,
9). The absence of polishing grooves that were
on the original surface suggests structural
rearrangement in flight, but does not answer
the question of the smoothing mechanism;
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Puc.12. AHanu3 xapakmepHbix ceqeHull SpKuX moyek, a mak>ke 20pU30HMAAbHbIX MPeKo8 Ha KAadpax, 803MOXKHO C8S3AHHBIX C ynas-
WUMU Ha NOBEPXHOCMb NbIAUHKAMU U3 KOCMOCA, KOmopble npu cAabol npogodumocmu 08uzaromcs 30H00M npu CKAHUPOBAHULU.
AHanu3 ceyeHul 8bIN0AHEH WmamHol npozpammou mukpockona "CMM-2000"

Fig.12. Analyses of characteristic cross sections of bright spots, as well as horizontal tracks in the frames, possibly related to dust
particles from space that have fallen to the surface and are moved by the probe during scanning at weak conductivity. The analysis
of cross sections was performed by the standard software of "CMM-2000" microscope

I10 UCTeYeHUH MHOTHX JIeT. [IoJlyueHHBIe C IIePBOTO
B MHPe KOCMHYeCKOro 30HL0BOro MUKpockora "CMM-
2000C" RKagpsl HY>KAAIOTCS B TOM, YTOOBL UX I107, pPas-
HBIMH YIJIAMH 3peHHUS] pACCMOTPeH HCC/IeI0BaTeTH
C Pa3JIMYHBIM OIIBITOM, B TOM YHC/Ie B 06/1aCTH B3au-
MOJIEFICTBH I HOHOB C BeIlleCTBOM H B 06/71aCTH HcCIIe-
TOBaHHS OTKPBITOr0 KOCMOCA M IIapaMeTpPOB COMHeY-
HOT0 BeTpa. BO3MOKHO [/11 HHTePIIPeTaLlUHU II0NY-
YeHHBIX Pe3y/IbTaTOB He0bXOA MO ITPOBeIeHHe Mojie-
JTUPYIOLIHUX CUTYAILIHI0 OTKPBITOr0 KOCMOCA KCIIepPH-
MEHTOB B yCTAHOBKAX U YyCKOPUTe/ISIX Ha 3eMIle.

ABTODBI ITPOEKTA [1ePBOr0 B MUPe 30HI0BOTO MUKPO-
CKOITa B OTKPBITOM KOCMOCe 6yIyT pa/ibl HHTepecy K aHa-
JTH3Y TIOJTyYeHHBIX Pe3yJIbTaTOB CO CTOPOHBI HAyYHOI'O
coobmmecTBa. ObpamanTech 3a KCXOAHBIMHU KaJIpaMH,
OHHU MOTYT OBITB IIPeJOCTaBIeHBI B HECKOIBKUX pop-
MaTax - B opMaTe ".smm" 15T MHOTOYHC/IEHHBIX BJIa-
JleIbLIeB "3eMHBIX BEPCHH KOCMHYECKOr0 MUKPOCKOIIA
"CMM-2000" c pa3BUTHIM ITaKeTOM aHaTH3a H306paske-
HUM, a TAKKe B popmaTe ".bmp" 17151 monp3oBatesei mpo-
rpammbl Gwyddion, u B popmare ".txt" 6e3 oTepu Tou-
HOCTH II€PBUYHBIX KaJPOB JI/Isl BO3MOKHOCTH PaboThl
C KaJ[paMH B Pa3HOM IPOrpaMMHOM obecIiedyeHHH,
HarpuMmep, Excel. Bo3MOKHO TaksKe IIpefOCTaBIeHHe
Tab/IHIIBI, 10 KOTOPOH IOCTPOeH IPadUK BBIUHCIIEH-
HBIX XapaKTePHUCTHK KaIPoB I10 pUC.4. ETUHCTBeHHOe
yCJIOBHE - OIIePAaTHBHO Jle/IaTh Hay4YHBbIe ITy6IHKaLMH
II0 Pe3y/IbTaTaM aHaIH3a 3THUX KaJIPoB, C COAaBTOPCTBOM
0beCIIeuBIIMX [TOJTyYeHHe 3TUX KaJPoB aBTOPOB (PKC.2)
1 CCBITKOM Ha 3TY ITy6/IHKaIHIO.

B/IATOAAAPHOCTHU
Pabora BhIIOJNHeHa 61arogapsi MapTHePCTBY
HalMoHa/NIBHOTO HCC/Iel0BaTe/IbCKOI0 YHUBEPCUTETa

2. Why the average Sm grain diameter can change
a lot in just one day, but when the solar activity
level remains at the same level the next day it
can go back up (Fig.4)?

3. Why a monofractal surface turns into a multi-
fractal surface for a small time (Fig.10) and
then goes back again?

4. Why changes in lateral grain sizes S, do not
correlate with changes in grain height param-
eters R, (Fig.4), when there is most often a cor-
relation between these parameters?

5. Why the maximum surface grind with a maxi-
mum in R, roughness in February 2024 occurs
during a quieter Sun, rather than at the activity
maximum in October 20247

6. Why in mid-October 2024, during the period of
maximum solar flares, the mirror surface does
not change much, but in January 2025, with less
solar activity, it is strongly smoothed? Doesn’t
this suggest that we can assume a complex,
non-linear, inverse or even threshold charac-
ter of the impact of plasma from the Sun on
the surface, and then the assumption accepted
in the world about the proportionality of the
value of the average statistical wear of satel-
lites to the value of solar activity may need to
be corrected.

OUTREACH TO THE SCIENTIFIC COMMUNITY

The above-mentioned space images, hopefully,
like many unique data from space, such as 1970s
images from the surface of Venus, despite their
imperfections, as with all pioneering endeavours,
may prove useful and reveal secrets after many
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MUDT, AO "3aBopm IIPOTOH", 3eneHorpap,
OPpJI0BCKOr0 TOCYIapCTBEHHOI'0 yHUBEPCUTETa HMeHH
U.C.TypreHeBa, O6pa3oBaTe/bHOrO LIeHTpa "CUpHyc’,
dusnyeckoro dpaxynpreta U HHUU snepHor GU3UKHU
uMenu J1.B.CkobesnbiipiHa MI'Y umM. M.B.JIoMOHOCOBA,
a Takke braromapst pabore KomMnaHuM "CIIyTHHUKC'
I10 M3TOTOBJIEHUIO IJIATGOPMBI CITyTHUKA U ITOAAEPKKe
npoekTa POH/IOM COMENCTBH I MHHOBAUAM (Poccus).

NHOOPMALIUA O PELLEEH3NPOBAHUK

Pepmakuus 61arogapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a X BK/IaJ, B peLleH31POBaHUe 3TOM
paboThl, a TakXKe 3a pa3MellleHHe CTaTell Ha CanlTe
SKypHaJsIa U Ilepefady Ux B 3JIeKTPOHHOM BHU e B HOB
eLIBRARY.RU.

Jekaapauus o KoHpAuKmMme uHmepecos. Asmopsl 3aa8Aat0M 06
omcymcmauu KOHPAUKITO8 UHMepecos UAU AUYHBLX OMHOLWEHU,
Komopble mMozAu bbl no8AUSMb HA pabory, npedcmasAeHHyto 8 daH-
Holl cmambe.
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years. The images obtained from the world’s first
space probe microscope, the "CMM-2000C", need
to be viewed from different angles by researchers
with different backgrounds, including in the field
of ion-matter interactions and in the field of open
space and solar wind research. Open space model-
ling experiments in facilities and accelerators on
Earth may be necessary to interpret the results.

The authors of the project of the world’s first
probe microscope in open space will be glad
to see the interest of the scientific community
in analysing the results obtained. Please ask
for the initial frames, they can be provided in
several formats - in ".smm" format for numer-
ous owners of "earth versions" of "CMM-2000"
space microscope with powerful image analysis
package, as well as in ".bmp" format for users of
"CGwyddion" software, and in ".txt" format with-
out loss of accuracy of primary frames for possi-
bility to work with frames in different software,
for example, "Excel". It is also possible to provide
a table on which the graph of calculated charac-
teristics of frames according to Fig.4 is plotted.
The only condition is to promptly make scientific
publications based on the results of the analysis
of these frames, with co-authorship of the authors
who provided these frames (Fig.2) and reference
to this publication.
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B PEXMME CKAHMUPYIOLLEN TYHHENBHOWM MUKPOCKOMKMMN, £
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MuKpocKon npefoCcTaBNAEeT YHUKaNbHYIO BOSMOXHOCTb COOPKM ero 4 |
W pa3bopku — ANA BCTPaMBaHWA B Pa3NuyHble CUCTEMbI U ANA NYYILEro oby4eHus, 0
BblAepxu1Ban cbopku-pazbopku Ao 12 net B y4ebHbIX Knaccax @

Mukpockon CMM-2000 paboTaeT co cTaHAapTHLIMK
30HAAMU-KaHTWUNEBEPAMM, UMEET 3 OCHOBHbIX PEXKIMMA
CKaHUPYHOLLLE TYHHENBEHOM, NOYKOHTAKTHOM

M KOHTAKTHOW aTOMHO-CH/I0BOM MUKPOCKOMKMK, a TaKxKe
bonee 25 AONOCAHUTENBHBIX PEXKMMOB MO CHATUIO

KapT Pas/iM4HbIX GU3MHECKMX XapaKTEPUCTIK.

& ¢ VBeJIMueHue orT 2 Toic. 10 10 MJH. Kpar

e Pagpenienue BiL1oTh 10 ATOMOB

o TpexMepHbIH BUT MOBEPXHOCTH

e MIamepenue pazmepos oT 0,2 HM 10 40 MEM

« PaciipejesieHye pasMepos 3epe

« Anasms mepoxosatoctu 10 0,2 oM

« Texnopaepaka 24/7 HA «MUKPOCKOILSU»

« CepHuHHBIN BBIITYVCK B Poccun

o J17151 TOUHBIX TIPOU3BOJICTB, HAVKN U VHUBCPCUTCTOR
ACH T1aKe 114 [_}[_}}"I[‘.H_I_IH B IIII{{'},'IE'I,\':

MMKDDCKUI'I NO3BONAET: OTCKaHWPOBATE
NOBEPXHOCTb B BbIOPaHHOM TOYKE

0bpa3ua, cHATEL 0bpazely, ¢ MUKPOoCKona,

P f F 6 4 H ATOMbI MUPOTPAGUTA LWAND CTANM, kagp 10x10 MKm,
BO3/EMCTBOBATL Ha 0bpazeL, TeM MK o BA RpOOEATOSTS B s (007 Wi
WMHbIM CNOCOBOM, HanpUMep, HanbLIKTb,

NpOTPaBUTL MK 0BAYHMTL, 0BPaTHO YCTAaHOBWTL 0Opa3zel, B MMKPOCKON M NPOCKaHMPOBaTL

TY »KE C HAHOMETPOBOM TOYHOCTHLIO paHee BbIBpaHHY TOYKY Ha o6pasLe.




