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Only individual changes exceeding the specific measurement precision for each body site were deemed
statistically significant.

Baseline measurements took place 6-29 days prior to isolation (twice for the SIRIUS-23 mission). Post-
isolation densitometry occurred immediately upon exit (+0/+1 day for all missions), then again at +6/+7/+8 days
(SIRIUS-23, -19, -21), +14 days (SIRIUS-21), and finally at +32 days (SIRIUS-23 only). Acoustic characteristics
related to bone tissue mechanics were monitored monthly using a Lunar Achilles peripheral ultrasonometer,
focusing on the central region of the calcaneus. Sound velocity (SOS, m/s) and broadband ultrasound attenuation
(BUA, dB/MHz) were recorded, along with the Stiffness Index (SI), derived from these measures. For higher
reliability, ten consecutive readings per session were averaged. Group comparisons utilized the Friedman test,
followed by Dunn’s post hoc analysis. To adjust for multiple comparisons, we applied the Benjamini-Krieger-
Yekutieli procedure to control the false discovery rate (a = 0.05).

Analysis showed heterogeneous responses among individuals regarding skeletal adaptation to isolation
conditions. Changes in BMD varied widely across subjects: —7.6 % to +4.0 % (—0.7 %) for the lumbar spine,
—6.0 % to +3.1 % (0.0 %) for the total proximal femur, —6.9% to +5.3 % (0.0%) for the greater trochanter, and
—-9.7 % to +4.0 % (—1.9%) for the femoral neck.

Decreases in BMC were noted in the lumbar spines of the SIRIUS-17 group (p = 0.156; five individuals experienced
decreases, and one had an increase); in the total proximal femur for SIRIUS-21 (p = 0.023); and in the femoral neck
for both SIRIUS-19 and SIRIUS-23 (p = 0.004; p = 0.010). Conversely, four out of five SIRIUS-21 crew members
exhibited increases in the mineral content of their lumbar vertebrae by the conclusion of the experiment.

Changes in acoustic parameters such as Broadband Ultrasound Attenuation (BUA) and Speed of Sound (SOS)
ranged broadly (BUA: —15.7 % to +21.1%; SOS: —5.4 % to +6.1 %; Stiffness Index (SI): —21.4 % to +17.8 %),
though no clear trends emerged (p > 0.05).These findings underscore the necessity of personalized approaches
to evaluating skeletal health in extreme isolation scenarios and provide evidence supporting concerns about bone
loss risk in prolonged confinement situations.

The work was carried out within the framework of the fundamental scientific research program of the Russian
Academy of Sciences, topic FMFR 2024 0039.

ANANTALIMOHHBIE NMPOLECCbI B 3PUTE/IbHOW CUCTEME YEJIOBEKA NMPU MOJE/INPOBAHUM
OAKTOPOB KOCMUYECKOI'O NMOJIETA B YCJ1IOBUSAX naonsaymm B HASEMHOM
9KCMNEPUMEHTAJIbHOM KOMNJIEKCE UMBIN

IpaueBa M.A.!, benokonbiToB A.B.!, Kasakosa A.A.!, AneckepoB A.M.?, bapaHeHkoB A.E.?, Ky3HeuoBa W.H.!
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2[0CYAapCTBEHHbBIN HAaYYHbI LEHTp Poccuitckoi deaepaumnn — UHCTUTYT Meanko-ronormdeckmx npobnem PAH, Mocksa,
Poccus
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OueHunBanu 3puTenibHble (PYyHKUMM — OCTPOTY 3peHust (03), KPUTUYECKYID 4acTOTy C/MSIHUS MeNbKaHWi
(KYCM), akkomoaaumio 1 LBeToBoCnpusiTue y AobposonbLeB (6 Yen.), NPUMHSABLMX ydYacTue B AONrOBPEMEHHOM
N30/15ILUMOHHOM 3KcnepumMeHTe (1 roa) B MeanKo-TEXHMYECKOM HazeMHOM aKkcnepmMMeHTanbHOM komnnekce (HIK)
MMBIN PAH, o60pyaoBaHHbIM CMCTEMOM CBETOAMOAHOIO OCBELLEHMS. M3MepeHns 6binn NpoBeaeHbl OAMH pas3 ne-
pea, HavanoMm m3onaumm 1 aBa pasa nocse OKOHYaHUS U30a5auun.

Onsa oueHkn O3 B6am3m (0,5 M) n Baanb (4,0 M) UCNonb30Bann KOMMbIOTEPHYIO Nporpammy «TUM-TOM»
(Poccus), nsmepenne K4CM nposoamnu Ha npubope KYCM-L, (Poccnsa) ana kpacHoro upeTa. AKKoMogaums oue-
HuBanacb npnbopom Righton Speedy-i (noHus), a ueToBocnpusitne — komnsekcom CAD (BenmkobputaHus).

O3 ans panu He n3MeHwunacb B xoge akcnepumenTa (F(1, 5) = 1,295, p = 0,307). OueHka O3 ana 6am3n no-
Kasana CTaTUCTnyeckn 3Haummble pasnunums (F(1, 5) = 15,486, p = 0,011), nocne akcnepumeHTa O3 cHM3MNAachb
(mo v nocne: 1,12 £ 0,091; 0,94 + 0,056), 4TO NPV MHAMBMAYASILHOM SKCMEPTHOM aHanu3e KoppennpoBano C
nokasaTtensaMm akkomoaorpamM. PesynbTaT cornacyeTcs C AaHHbIMK, NOSTyYEHHbIMU B NpeablaylemM 8-MecsiyHOM
U30/ISILMOHHOM 3KCMEepUMEHTE.

Mo nokazatento KYCM 66110 06Hapy»KeHO cTaTUCTUYECKM 3HauuMoe nosbileHmne (F(1,5) = 59.536, p < 0.001;
Cp.3Hay. Ao v nocne — 44.29 + 0.48; 51.06 + 0.90 cooTBETCTBEHHO). [aHHbI pe3ynbTaT CornacyeTcs C M3MeHe-
HusMK nokazatens KYCM B npeabiaywunx 4- n 8-MeCauHOM U30/ISLUMOHHOM SKCreEPUMEHTaX.

OueHKa LBETOBOCTNPUSITUS HE MOKa3asia 3HauMMbIX U3MEHEHUI.
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3aknoyeHne. TNpakTUYECKMM NMPUMEHEHUEM pe3yNbTaToB A@HHOr0 MCCIIEA0BaHNS MOXET SBMSATLCA OLIEHKa
YPOBHSI (PM3MONOrMUECKUX PE3EPBOB 3PUTENBHOW CUCTEMbI B YCNOBUSAX M30MSLUMKU C UCKYCCTBEHHBIM OCBELLE-
HWEM U CO3[aHUs PEKOMEHAALIMIN ANS COXpaHEHMUS 3pUTENbHOrO 340POBbS U 3pUTESbHON paboTocnocobHOCTM
ncnblTaTenen.

®uHaHcMpoBaHue paboTel. MiccnenoBaHue BbINOIHEHO Npy (hHaHCOBOM NoAAep)KKe roc. 3agaHus MBI HUP
PAH tema N9 FVFR-2024-0034 (1023022700092-0-3.1.4.;1.9; 5.1.1.) n roc. 3agaHvs UMM PAH (HWOKTP Tema
N91.2.1-0028/24, pernctpaumnoHHbii Homep 1021061609839-4-1.2.1;1.6.23 ot 18 anpens 2023 r.).

ADAPTATION PROCESSES IN THE HUMAN VISUAL SYSTEM IN MODELING SPACE FLIGHT FACTORS
IN ISOLATION CONDITIONS AT THE IMBP’S GROUND-BASED EXPERIMENTAL FACILITY
Gracheva M.A.}, Belokopytov A.V.}, Kazakova A.A.}, Aleskerov A.M.?, Baranenkov A.E.?, Kuznetsova I.N.!

Institute for Information Transmission Problems (Kharkevich institute) of the Russian Academy of Sciences, Moscow, Russia
Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow, Russia

mg.iitp@gmail.com

The visual functions — visual acuity (VA), critical flicker fusion frequency (CFFF), accommodation, and color
perception were assessed in volunteers (6 people) who took part in a long-term isolation experiment (1 year) in
the IBMP’s Ground-based Experimental Facility, equipped with a LED lighting system. Measurements were taken
once before the start of isolation and twice after the end of isolation.

To assess near (0.5 m) and far (4.0 m) VA acuity, the TIP-TOP computer program (Russia) was used; the CFFF
measurement was performed on the KCHSM-C device (Russia) for red color. Accommodation was assessed by the
Righton Speedy-i device (Japan), and color perception was assessed by the CAD complex (Great Britain).

The far VA did not change during the experiment (F(1, 5) = 1.295, p = 0.307). The assessment of near
VA showed statistically significant differences (F(1, 5) = 15.486, p = 0.011), after the experiment, near VA
decreased (before and after: 1,12 + 0,091; 0,94 + 0,056), this correlated with the indicators of accommodation
in the individual expert analysis. The result is consistent with the data obtained in the previous 8-month isolation
experiment.

A statistically significant increase was found in the CFFF (F(1.5) = 59.536, p < 0.001; mean values before
and after — 44.29 £ 0.48; 51.06 £ 0.90, respectively). This result is consistent with the changes in the CFFF in
the previous 4- and 8-month isolation experiments. The assessment of color perception did not show significant
changes.

Conclusion. The practical application of the results of this study can be the assessment of the level of
physiological reserves of the visual system in conditions of isolation with artificial lighting and the creation of
recommendations for maintaining the visual health and visual performance of test subjects.

Financing the work. The study was carried out with the financial support of the state assignment of the
IMBP Research Institute of the Russian Academy of Sciences topic no. FVFR-2024-0034 (1023022700092-0-
3.1.4.;1.9; 5.1.1.) and the state assignment of the IITP RAS (R&D Topic No.1.2.1-0028/24, registration number
1021061609839-4-1.2.1;1.6.23 dated April 18, 2023).

TEXHOJ1IOMMN BUPTYAJIbHOW PEAJIbHOCTU KAK CNOCOB KOHTPOJIS1 U MOBbILLUEHUSA
®OYHKLMNOHAJIbHOINO COCTOSAHUA SKUMAXA B YCNOBUSAX AJTIUTENIbHOINO KOCMUYECKOIO
MEPEJIETA
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AHHOTauus. B nocnegHue roabl TEXHONOrMW BUPTYanbHON peanbHocTH (BP) cTaHoBATCS BCe bonee akTyanb-

HbIMU B pPa3/IMyHbIX ccbepax YeNIoBeEYECKON [eaTenbHOCTU, BKNoYas KOCMOHABTUKY. [laHHas pa60Ta NOCBsALLEHA
NCCNeaoBaHNIO BO3MOXHOCTEN npuMeHeHns BP ang KOHTPoNs U noBbllLEeHUS CDYHKLI,VIOHaJ'IbHOFO COCTOAHUA KOC-
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