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Lenpto gaHHOrO HCCIEAOBaHUS OBbUIO CO3/JaHUE IOJHOCTHIO ABTOHOMHON CHCTEMBI
¢doroduomonymsiun (OBM) mis mosra Meim Bo Bpems TiyOookoro cHa. ®BM sBusercs
NEPCIIEKTUBHBIM MOJXO0A0M K JICUEHHUIO 3a00JIeBaHUI MO3ra, B YaCTHOCTHU OoJie3HH AnbLreimepa.
[Tocnenuue JaHHBIE CBUIETEIBCTBYIOT O TOM, 4YTO JJIi JOCTHUXKEHHMS MAaKCUMAaJIbHOTO
TepaneBTuueckoro s¢dexra PBM crnenyer npumensats Bo Bpems riyOokoro cHa. OjgHako B
HAaCTOsIllee BPEMsS HE CyIIECTBYeT KoMMepueckux pemeHud st PBM Bo Bpems cHa. Takum
0o0pa3oM, MbI TIOCTaBWIIM Tepea coOolt 3amauy pa3paboTaTh MOPTATUBHYIO TexHonoruio PBM c
anektposHiedanorpaduaeckum (3317) KOHTpoOIIeM, 4TOOBI 00ecTieunTh (HOTOOOITyIeHNE UMEHHO
BO BpeMs CTaJMH IIyOOKOro CHa.

YerpoiictBo PBM co31aH0 ¢ MCIIONB30BAHUEM KOMMEPUYECKHM JOCTYIHBIX allapaTHBIX
KOMIOHEHTOB. CurHan D3I cHUMaeTcss MHTErpalibHOM cxeMoil ansi mubpoBOro M3MEpeHUs
ouonorenunanoB ADS1293 (Texas Instruments, CIIIA). Mukpocxema ADS1293 conepxur tpu
HE3aBUCHUMBIX KaHama 3amucu ODI, KaxkAbli M3 KOTOPHIX OCHAIIEH MAaJOUIyMSILUM
MHCTPYMEHTAJIBHBIM YCHWJIMTEIEM C MPOrpaMMHPYEMBbIM KOX(PQPHUIMEHTOM ycHiIeHHs u 24-
OUTHBIM JIebTa-CUTMa aHAJIOTO-IU(POBBIM MpeoOpa3oBareneM. YacTtora AUCKpETU3ALUU
npeoOpasoBarens cocrapiuseT 2,4 kI 11, Tnana3zoH BXoJHOro curHaia - 1 MB, nmonoca nponyckanus
kaHama - 250 I'm. Cxema m3MepeHusi OMOMOTEHIHANAa MOIKIIOYACTCS K MHUKPOKOHTPOIUIEPY
Atmega328 uepe3 unrepdeiic SPI (Serial Peripheral Interface). Atmega328, B cBoto ouepens,
oOmenuBaercss aanHbiMu ¢ WI-FI mogynem ESP-01 uepe3 unrepdeiic UART. Iloacucrema
NUTAHUS YCTPOMCTBA BKJIIOYAaeT B ce0sl JIMTUI-MOHHBIA aKKyMYyJATOp, MOBBIIAIOLIINNA
CTaOWUIIM3aTOp HANpPSOKEHWs] W TOHWXKAIOIIMK cTabunu3aTop HanpspkeHus. [loBblmaroniuit
crabunuzarop mpeobpasyet 3,4-3,7 B (B 3aBucuUMOCTH OT 3apsiaa Gatapen) B 5 B mis nuranus
MHUKPOKOHTPOJIJIEPA, a MOHMKAIOITUIN cTabuim3aTtop npeodpasyer 3,4-3,7 B B 3,3 B my1s nutanus
monyinsa WI-FI u cxemsl usmepenus ouonorenimanos. B PBM ucnonbs3yeTcs cBeTOIMO ¢ IITHHON
BoJTHBI 1050 HM U BBIXOIHOM MOTITHOCTHIO 50 MBT, pa3zmerniennsiii B kopyce 2853 SMD. JlpaiiBep
CBETOJIN0/1a YIIPABJISIETCSI MUKPOKOHTPOJIEPOM C ITOMOIIBIO0 NIMPOTHO-UMITYIbCHON MOYJISLIUN.
CBeToIMO 1 MOJIKITIOUEH K YCTPOMCTBY ¢ TOMOIIBbIO THOKOTO ABYXKUJILHOTO Kabess qiiuHoi 0,3 M
U YCTaHOBJIEH B MUHHUATIOPHYIO 3D-TieyaTHyI0 pamMKy C ABYMS HUJIWHAPUYECKUMHU MarHUTaMu
JUaMETPOM 3 MM U BBICOTOM 3 MM KaKIIbIid.
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The aim of this study was to create a fully autonomous photobiomodulation (PBM) system
for the mouse brain during deep sleep. PBM is a promising approach for treating brain disorders,
particularly Alzheimer's disease. Recent findings indicate that PBM should be applied during deep
sleep to maximize its therapeutic effects. However, no commercial solutions for sleep PBM
currently exist. Thus, the objective was to develop a portable PBM technology with
electroencephalographic (EEG) control to deliver photo-exposure specifically during the deep
sleep stage.

The PBM device is built using commercially available hardware components. The EEG
signal is captured by an integrated circuit for digital biopotential measurement, the ADS1293
(Texas Instruments, USA). This ADS1293 chip contains three independent EEG recording
channels, each featuring a low-noise instrumental amplifier with programmable gain and a 24-bit
delta-sigma analog-to-digital converter. The converter's sampling frequency is 2.4 kHz, with an
input range of 1mV and a channel bandwidth of 250 Hz. The biopotential measurement circuit
connects to the Atmega328 microcontroller via the SPI (Serial Peripheral Interface). The
Atmega328, in turn, communicates with the ESP-01 WI-FI module via the UART interface. The
power subsystem of the device includes a Li-ion battery, a step-up voltage stabilizer, and a step-
down voltage stabilizer. The boost stabilizer converts 3.4 - 3.7V (depending on the battery
charge) into 5V to power the microcontroller, while the step-down stabilizer converts 3.4 - 3.7V
to 3.3V to power the WI-FI module and the biopotential measurement circuit. The PBM employs
an LED with a wavelength of 1050 nm and an output power of 50 mW, housed in a 2853 SMD
package. The LED driver is controlled via pulse width modulation by the microcontroller. The
LED is connected to the device with a 0.3 m flexible two-wire cable and is mounted in a
miniature 3D-printed frame with two cylindrical magnets, each measuring 3 mm in diameter and
3 mm in height.
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