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The results of modeling a self-mixing laser as a laser probe for micro-displacement control are
presented. A method for selecting the spectral harmonics of the low-frequency spectrum of self-
mixing laser for measuring the absolute distance with harmonic modulation of the laser diode
wavelength is proposed. The calculation was performed using the PyCharm IDE and Numpy and
Matplotlib software modules. The accuracy of measurements was evaluated taking into account
the accuracy of measuring the power of the self-mixing signal and the amplitudes of spectral
harmonics on the installation at various deviations of the laser wavelength. It is shown that due to
the ambiguity of the Bessel functions included in the algorithm, for reliable distance determination,
it is necessary to restrict the selection of spectral components to the area of unambiguity, which is
located at the end of the significant range of the spectrum. The error of determining the absolute
distance from the deviation of the laser wavelength is investigated. It is found that when the
distance to the reflector decreases, it is necessary to increase the value of the deviation of the laser
radiation wavelength so that the set of measured harmonics is in the high frequency region. It is
shown that in the deviation range from 0.1 nm to 1 nm at a distance of 50 to 100 mm, the
measurement accuracy can reach units of microns. The promising application of self-mixing laser
is determined by the task of developing laser probes for monitoring micro-displacements in a
narrow range of measured distances.

Keywords: laser interferometry, self-mixing interferometry, semiconductor laser, laser radiation
modulation, external optical feedback, distance measurement, microvibration, signal spectral
analysis.



HNuTepdepomerpuisi aOCOTIOTHBIX PACCTOSHUM NMPU FTAPMOHUYECKON MOXYJISIIUN JJTUHBI
BOJIHBI OJIYIIPOBOAHMKOBOIO Jia3epa ¢ BHEIIHEeH ONTHYeCKOH 00paTHOM CBA3HIO

C.1O. /loooun, A.B. /[rcagpapos, M.I'. Unkun, A.B. Ckpunans

CapaToBCKUH HAalIMOHAJIBHBIN UCCIEI0BATEIbCKUM
rocynapcrBeHHblid yHuBepcuteT uMm. H.I'. UepHsbieBckoro
E-mail: skripalav@info.sgu.ru

AHHOTALIMA

[IpencraBieHsl pe3ynbTaThl MOACIMPOBAHUS CAMOCMELINBAIOLIETOCs Jlazepa
(aBTOIMHA) B KAYECTBE JIA3€PHOTO 30H[A ISl KOHTPOJS MUKpPOIEPEMEIICHUH.
[Ipennoxxen meron BbIOOpa CHEKTPaJbHBIX TapPMOHUK HHU3KOYACTOTHOIO
CIIEKTpa JIa3epHOT0 aBTOJWHA JUISI U3MEPECHHsI aOCOIFOTHOTO PACCTOSHUS TPU
TapMOHHYECKON MOJIYJSIUU JAJIUHBI BOJIHBI Jla3epHOro auoda.  Pacuer
MPOBOAWIICA C UCHOJb30BaHUEM ImporpaMMHoil cpenbl PyCharm IDE u
MpPOrpaMMHBIX Moayned numpy u matplotlib. OueHka TOYHOCTH H3MEpEeHUN
MIPOBOIMJIACH C YIETOM TOYHOCTH U3MEPEHUSI MOIITHOCTH aBTOJMHHOTO CUTHAJIa
U aMIUITUTYJ CHEKTPaJbHBIX TApPMOHHUK IMPH PA3NUYHBIX JEBUAIMSAX IJIHMHBI
BOJIHBI Jla3epHOTO aBToAuHA. [lokazaHo, YTO BCJIEACTBUE HEOJHO3HAYHOCTH
bynkuii beccens, BXOQMIIMX B aJTOPUTM, ISl TOCTOBEPHOTO OMPECICHUS
paccTosiHUSI HEOOXOIUMO OTPaHUYHUTH BHIOOP CHEKTPATBHBIX COCTABIISIOIIMX
00JacTbI0 OJJHO3HAYHOCTH, KOTOpas HAXOJUTCS B KOHIIE 3HAUMMOM o0siacTu
criekTpa. McciienoBana morpenHoCTh ONPEISIICHUAsST A0COTIOTHOTO PACCTOSHUS
OT BEJMYMHBI JEBUAIMU [AJUHBI BOJIHBI Jla3epa. YCTaHOBIEHO, 4YTO TIpU
YMEHBIIICHUN PACCTOSTHHSI IO OTPaKaTesIsl HEOOXOIUMO YBEITHUNBATH BEIMUNHY
JIeBUAIIMHM JJIMHBI BOJHBI JIA3€PHOTO H3JIYYEHHUs, YTOOBI HaOOp M3MEPSEMBIX
TapMOHUK HaXOJIUJICS B 00JIACTH BBICOKMX 4acTOT. [lokazaHo, yTo B quanazoHe
nesuauuu ot 0,1 HM 1o 1 HM Ha paccrosaun oT 50 1o 100 MM TOYHOCTH
M3MEPEHHUI MOXKET IOCTUTATh €IUHUIl MUKPOH. [IepCrieKTHBHOCTh MPUMEHEHUS
Ja3epHOro aBTOJMHA O0YCIIOBJICHA 3a/1aueil pa3pabOTKHU Ja3epHbBIX 30HI0B IS
KOHTpOJISI MHKPOIIEpEMENIEHN B Y3KOM JMama3oHe pPacCTOSHUM [0
oTpaXkareJsl.
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