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PaccMoTpeH pexxnuM paboThI MOy POBOJHUKOBOTO HHXKEKIIMOHHOTO JIa3epa B YCIIOBUSIX BHYTPHPE30HATOPHOTO TIpHe-
Ma OINTHYECKOTO SXOCHTHAJIA OT BHEIIHETO 00beKTa. AHAIM3 OCHOBAH HAa aCUMIITOTHYECKON MOJENH Ja3epa co ciaboi
BHEIITHEH ONTHYECKOH 00paTHOM cBsA3bI0. [IoKa3aHa aeKBaTHOCTh OJJHOMOJOBOTO ITPUOIMKEHHS IPH aMIUTUTYIaX KoJie-
6aTeTBHOTO IBIKCHNUS BHEIIHETO O0BEKTA OT JI0JICH 710 HECKOJIBKUX JUTHH BOJIH TeHepupyemoro usmydeHus. [IponemMon-
CTPHPOBaHA BBICOKAs! YyBCTBUTEILHOCTD KEIICTPA K HAMUHMIO aMIUIUTYIHON MOIysinuu KoneOanuii oobekra. I[Iposene-
HO CpaBHEHHE peaklMii KercTpa U CHEeKTpa MOILIHOCTH CUTHAlla CaMOCMEIIIEHHsI Ha lapaMeTpsl kojiebanuii. [TokasaHo,
YTO TIOJIOYKEHHE KENCTPAIBHBIX JIMHUN MTPAKTHYECKH HE 3aBUCHT OT aMILTUTY/IbI BUOpAIM U ONPEAEIIeTCsl 4aCTOTaMU
OCHOBHOTO U MOZynupytomiero konebanuid. CTpykTypa CrieKTpa MOIIHOCTH CUTHAJIa CAMOCMEIICHHUS JOCTATOYHO CIIOXKHA
1 3aBHUCHUT OT aMITIUTY B! KojeOanuil. Takum 00pa3om, 4acTOTBl MUKPOBHOPAIMH MOTYT OBITH YCTAHOBIICHBI TI0 ITOJIOXKeE-
HUIO JTMHUH KETICTPa, a OI[CHKA aMIUTUTY/IBI TIOJTyYeHa 110 MIMPHUHE CHEKTPA MOIIHOCTH CHTHAJIA CaMOCMEIICHHS.
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DETERMINATION OF THE PARAMETERS
OF LOW-REFLECTING OBJECT MICROVIBRATIONS BY CEPSTRUM
OF SELF-MIXING SIGNAL IN SEMICONDUCTOR LASER

E. D. KARIKH*®

*Belarusian State University, Niezalieznasti Avenue, 4, 220030, Minsk, Belarus

The operation mode of a semiconductor injection laser under conditions of intracavity reception of an optical echo sig-
nal from an external object is considered. The analysis is based on an asymptotic model of a laser with a weak external op-
tical feedback. The adequacy of the single-mode approximation for amplitudes of the vibrational motion of an external
object from some fractions of a wavelength to several wavelengths of the generated radiation is shown. High sensitivity
of the cepstrum to the presence of amplitude modulation of the object’s oscillations is demonstrated. The reactions of the
cepstrum and the power spectrum of a self-mixing signal to the parameters of oscillations are compared. It is shown that
the position of cepstral lines is practically independent of the amplitude of vibrations and is determined by the frequencies
of the main and modulating oscillations. The structure of the power spectrum of a self-mixing signal is quite complex and
depends on the oscillation amplitude. It is demonstrated that the frequencies of microvibrations may be found from the po-
sition of cepstral lines, and the amplitude can be estimated from the width of the power spectrum for a self-mixing signal.

Key words: semiconductor laser; external optical feedback; self-mixing; microvibrations; spectrum and cepstrum of
self-mixing signal.

BBenenue

B TpaauironHoii tazepHoii HHTEp(hEpOMETPHH UCTIONB3YIOTCS CTICHaIbHbIC ONTHYECKHE cXxeMbl (Maiikeb-
coHa, Maxa — Llenzaepa u 1ip.) ¢ ONTHYECKUMH dIIEMEHTaMH (IIPU3MBI, JIMH3bI, 3epKaja), TpeOyIolIHe TIaTelb-
HO I0CTHPOBKH. PazBuBaroiascs B nocieaHee BpeMs HHTepdepomeTpusi camocmenieHus [ 1] odnamaer psjiom
MIPEUMYILECTB Nepesl TPaIUIIMOHHBIMU CXeMaMH, TTOCKOJIBKY 00eCIIeunBaeT MPOCTOTY, KOMIAKTHOCTb, JIETKOCTh
FOCTUPOBKH, BO3MOXKHOCTh PabOThl ¢ TU(PPY3HO OTpakaroimumMu oobekTamu 1 Jip. CyIIEeCTBEHHO TaKXe TO,
YTO KOTEPEHTHBIN NPUEM M3IYUYCHHUs] METOJOM CaMOCMEIICHHS B IPHHIUIIE Peai3yeTcsi 0e3 MCIONb30BaHuUs
BHEIITHETO (DOTOACTEKTOPa, OMIOPHOTO J1a3epa U HEOOXOIUMOCTH COTTIaCOBAaHUsI UX Xapakrepuctuk. Htepde-
POMETPBI Ha OCHOBE 3 eKTa CaMOCMEIIICHHSI IPUMEHSIFOTCS B ONTHKO-(DU3NICCKUX, METUKO-ONOIOTHUECKUX
W IPYTHX HUCCIIEIOBAHMSX, I BAXKHBI OECKOHTAKTHOCTb, BHICOKHE YyBCTBUTEILHOCTD, CIIEKTPAILHOE U TIPO-
CTPAHCTBEHHOE pa3pelleHue.

B psane npunoxeHnu#t, HanpuMep Mpu U3y4eHUH TUHAMHYECKUX CBOMCTB €CTECTBEHHBIX WIJIM HUCKYCCTBEH-
HBIX 00BEKTOB, TpeOyeTcs M3MEpPEHUE MapaMeTpOB BHOpaMoHHOTO ABrkeHus [ 1—4]. Bo30Oyxnenue Budpa-
U ¢ 33JaHHBIMHM XapaKTEPUCTHUKAMHU HCIIONB3YEeTCs IJIsl ONPEICICHUS] PACCTOSHUS IO BHEITHUX OOBEKTOB
u ux ckopoctH [5—7]. [Ipu pemennu nogoOHBIX 3a/1a4 MPUMEHSIETCS BpEMEHHOH MM CTIIEKTPaIbHbBIN aHaJn3
curHaia camocmerenus [1; 5—7]. [lepexox oT BpeMEHHOTO MPECTABIEHHUS CUTHAJIa K YaCTOTHOMY IPHBO-
JIAT K «CKaThioy» MHpopmannu. beckoHeuHbI rapMOHMYECKHUI CUTHAI B YaCTOTHOM 00JIaCTH MPEJCTaBIIeTCs
ofHoM nuHMed. OHAKO CHEKTp CHrHajlla CaMOCMEUICHHUS Ja)Ke MPH MPOCTHIX FAPMOHMUYECKUX KOJIEOaHUsIX
oTpakaTelis JOCTaTOUHO MUPOK. B padote [8] mpemiokeH criocod onpeaeacH st 4acTOThl U aMIUTUTYIbI rap-
MOHHYECKHX KOJIeOaHUIl O0BEKTa MO CIEKTPY MOUIHOCTH CHUTHAJla CaMOCMEIICHUS B TMOJIYIPOBOIHHUKOBOM
nazepe. [lokazano, 4ro yactoTa BUOpalmii paBHa HAUMEHBIIIEH YaCTOTE B CIIEKTPE, a AMILTUTY/Ia MOXKET OBbITh
OIpe/ieieHa 0 MOJIOKEHHIO CIICKTPAIBHON COCTABIISIIONICH ¢ HanOOJIbIIeH MOIIHOCTEI0. B cityuae Herapmo-
HUYECKUX KoJIeOaHMH OTpakaTess CIIeKTP MOIIHOCTH M €r0 MHTEpPIpEeTaIus YCIOKHAIOTCA. B cBsa3u ¢ atum
0CO0BII HHTEpEC BBI3BIBACT KEINICTPAIbHBIN aHaIN3 CUTHAJIA, KOTOPBIN JaeT ele 0ojiee KOMIAKTHOE IPeICTaB-
nenne nHpopMmanuu. B kercrpe MHOXKECTBY TapMOHHUK CIIEKTpa COOTBETCTBYET onHa JMHUSA. C 3TOH TOYKH
3peHHs KeTCTP MOIIHOCTH MOKHO paccMaTpUBaTh KaK «CHEKTP CHEKTpa». DTO CBOHCTBO OCOOEHHO BaXKHO,
€CJIM TIOy4aeMbIi CIIEKTP COAEPKUT MHOKECTBO TapMOHUYECKUX psAMOB. lIpuHIMNUaIbHAS BO3MOXXHOCTH
WCTIOJIb30BAHUS KETICTPAIBHOTO aHaIM3a JJisi 00pabOTKM CUT'HAJIa CAMOCMEIIICHHS B TTOJTYTIPOBOJHUKOBOM Jia-
3epe MPOJAEMOHCTPUPOBaHa B [9].

Henp HacTosIel pabOTHl — YCTAaHOBUTH MPAKTHYECKHE BO3MOXKHOCTH OIPEAETICHUS MapaMeTpoB MHKPO-
KoJie0aHMi BHEUTHETO OTPaKAIOIIEro 00BhEKTa IMyTeM KeICTPaIbHOTO aHaJIN3a CUTHAIA CAMOCMEIIEHNS B TTOITy-
TIPOBOHUKOBOM JIa3epe.

AHaJuTHYECKAsaA MOAeJb

HOJ'IprOBO,Z[HHKOBLIfI WHKCKIITMOHHBIN Jla3ep € COOCTBEHHBIM PE30HATOPOM 0OBIYHO TCHCPUPYCT U3JIyUC-
HUCEC, SHCKTpI/I‘lCCKHﬁ BCKTOP KOTOPOI'0 OPUCHTHUPOBAH B IMJIOCKOCTHU BOJIHOBOAHOT'O CJIOA (TE—HOJ’IﬂpI/IBOBaHHOG

58



®du3KKa U TEXHUKA NMOJYTPOBOIHUKOB
Semiconductor Physics and Engineering

u3Iy4yeHne). B 3aBUCMMOCTH OT CBOMCTB BHEIIHETO OTpa)kaTesst ONTHYECKHH 3XOCUTHA, BO3BpAIIAIOIINICs
B J1a3ep, MOXKET conepkath kKak TE-, Tak u TM-cocTaBisirontyto. B aTom ciydae BHEITHSIST onTHYecKasi o0par-
Has cBs13b (BOOC) okaszsiBaercst komOunupoBanHoi [ 10]. Korepentnas TE-cocTapmstonas B3anMOACHCTBYET
HETIOCPEICTBEHHO C BHYTPEHHHUM TIOJIEM Jiazepa. JTO O3HAYaeT, UTo Jiazep, Kak KBAaHTOBBIM MPUEMHHUK Kore-
PEHTHOTO THIIa, «BBIOMpAET» M3 BCEro Habopa MPOCTPAHCTBEHHBIX MOJI OTPAKEHHOTO M3IIy4YEHHUS TOJIBKO TY,
MOJISIPU3ANINS KOTOPOI COOTBETCTRYET MOJISPHU3AIMH €T0 BHYTPEHHEro mojsi. OpToroHanbHas (HEeKOTepeHTHAS)
TM-cocTtaansiomnias He CyMMHPYETCs ¢ BHYTPEHHUM JIa3€pPHBIM 110J1eM (MX (a30BbI€ COOTHOIIEHHS HE UTPAIOT
P ATOM HUKAKOW POJIN) M BIHSIET HA U3JTy4YE€HUE TOJIHKO OTTOCPEOBAHHO — YePe3 AIEKTPOHHYIO MOJICUCTEMY
nasepa (KOHIICHTPAINIO HEPaBHOBECHBIX HOCHUTEIICH 3apsia).

B pa6ore [11] mpeqyoxkena acuMntoTrdeckas Moaens jazepa ¢ BOOC, ocHoBaHHas Ha ydeTe BKJIa/1a CIIOH-
TAHHOTO M3JTy4YeHHS B SHEPreTHUeCKHi O0asanc Mozl B paMKkax aCHMOTOTHYECKOTO TIOAXO0/1A CIIEKTP MPOI0Tb-
HBIX MOJI J1azepa ¢ komOuHupoBanHoii BOOC [10] npu Maibix ko3 @uIieHTax oTpaKeHus BHEITHEro 00beKTa
MOYKET OBITh 3aITUCaH CIEAYIOIINM 00pa3oM:

-1

1 \/PRZE
P =P, 1+% bq2+prZfM—F—LfCOSDWi(l"'G‘])] 5 (1

0

o (04
e Pq — MOIIHOCTb g-1 MOJIBIL; ), = F_ —1 ecTb geduuuT ycuneHus; oL — K03 GUINEHT NOTeph; g, — MaTepHallb-
8o

HbIM KO3 uUIeHT ycunenus; P, — MOIIHOCTb LEeHTpabHOIl (¢ = 0) MOIBI B yeIUHEHHOM Jazepe; I — koad-
(e)’
8(kT7,L)

k — mocrosinas bonblmana, T'— temnieparypa, i, — IpyIIIOBO#l IIOKa3aTesb NPEIOMIICHUs aKTUBHOM 00macTy,

(hUIIUEHT ONTUYIECKOTO OTPAHUUCHUST;, b = , h —nocrosiaHas [Inanka, ¢ — CKOPOCTH CBETa B BaKyyMe,

L — nymHa cOOCTBEHHOTO Pe30HaTopa ja3epa; Y — OTHOLICHHE KO((UIMEHTOB yCHICHHS aKTUBHOM CPeIbl s

(1-&,)
mox TM u TE; p=——"—, R, — k02 (DUIIMEHT OTpa’keHUs COOCTBEHHOIr'0 3epKasa Jiazepa, 00palieHHOro
p 2 p p p p
2

K BHEmHEeMY 00beKTy; R u R —sddexTuBHbIe Kod(PHUIHEHTH OTPaKeHNs BHEITHETO 00BEKTa M0 HHTEH-

21
CHUBHOCTH JIJIs U3yuenus ¢ nojspusanusamu TE u TM; & = o [/ — paccTosiHHE OT BBIXOIHOTO 3epKaiia jJa3epa
0

0
2n,L

CremaeM HEKOTOpBIE YWCIIEHHBIE OleHKW. [Ipm HOpmampHOM oTpaxennn TE-momspuzoBaHHOTO H3IY-
YEHHUs OT 3€PKaJbHON MMOBEPXHOCTHU R:fM = 0. B ciiyyae nmpakTuuecKd MOJHON AENosspyU3aldid U3IyUeHHUs,

110 00beKTa, A, — [UTHHA BOJIHBI H3IIy4YCHHUS B BAKyyMe; G =

HaNpuMep MpH oTpakeHHH oT Au( Y3HOH MOBEPXHOCTH, R;rfE = ReTfM JInst TUNWYHBIX 3HAYEHUH JIa3€pHBIX

napametpos Y = 1, p = 1,45, Tg,L = 1,625 u npu koddpdunmentax orpaxenns R =R~ 107 mmeem:
™
pRef
I'g,L
HEKOT€pPEHTHOH (OpPTOrOHAIHHO-TOISIPU30BAHHOMN ) COCTABIIAIONIEH B YKa3aHHBIX CIy4asX MOKHO IIpeHeOpeyb.
PaccmoTpum Tenepbh MPUMEHNMOCTh aCUMITTOTHYECKON MOJIETH JJISl PacyeTOB B OJJHOMOJIOBOM MPUOIHIKe-
Hyu. [IpencraBuM BpeMEHHYIO 3aBHCUMOCTh PACCTOSTHUSI OT BBIXOIHOTO 3epKaia Jia3epa JI0 BHEITHEro 00beKTa
B BUJIE

'prIfM ~1,45-107°, ~0,741-107°. Takum 00pa3oM, ¢ JIOCTATOYHOU CTEIEeHBIO TOYHOCTH BKJIAJIOM

I=1,+81(z),

rae [, =uhy; 81() = X hox(2); E=2[n+xx(r)]; max[x(r)]=1.

Wsmenenune ¢aspl kocunyca B Gopmyie (1) nmpu M3MeHEHHH pacCTOsHHs 10 00bekTa Ha O/ it MOIBI

4
C HOMEPOM ¢ PaBHO OQ = an 1+ 64g)d/, nist HeHTpaIbHON MOIBI 0@, = 2SI Tomosum A, = 670 HM,
(pq 7\' (p() 7\‘ 0
0 0
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L =250 mkm, 77, = 4. Torna 6 = 3,35 - 10, Jlaske U1 JOCTATOYHO yAATeHHON MOJIEI C ¢ = 9 BETHUHHA G =
=3,02 - 10°. Takum 06pa3omM, 3HAYEHUS 8¢, 11 iepruepUHHBIX MO/ OTIIMHAKOTCS OT 8¢, 1 HyJIEBOH MOJIBI
He OoJsiee 4yeM Ha JIONH TpolieHTa. M3aMeHeHus ¢a3bl 1Sl CAMMETPHYHBIX (+¢) MO MMEIOT MPOTHBOTIONOXK-
HBIC 3HAKH, TIOATOMY ()a30BbIe OTIIMYMS elle OOJIbIIe HUBETHPYIOTCs. K TOMy ke MOIITHOCTh TIepU(EPHITHBIX
MOJI 3HaUUTEILHO MEHbIIIE, YeM [ICHTPAIBHOM.

Takum 00pa3om, IpH aHAIHM3€e OTKJIMKA J1a3epa Ha MUKPOKOJIEOaHUS BHEIITHETO OTPAXKaTeNs C aMILIUTYI0H
MOPSIJIKA JUTHHBI BOJIHBI U3TYYEHUSI C JIOCTATOYHON TOYHOCTHIO MOYKHO OTPAaHHUYHUTHCS KOTEPEHTHBIM OTHOMO-
JIOBBIM TIPUOJTHIKCHUEM

JPRY
N o,
gLy
JlazepHble MOIYNHU 3a4acTyi0 CHaOXKalOTCsI BCTPOCHHBIM KOHTPOJIBHBIM pin-poTonnoaoM. Bpemennas 3a-
BUCHUMOCTH BI)Ipa6aTI>IBaeMOI‘ 0 UM SHCKTpI/I‘leCKOF O CUTrHaJ1a OHpCI[GHSIeTCSI xapaKTepOM JABUXKCHUA 0Tpa>1<a}0-

P=P{1-¢cos[4nfp+5x(n)]]} . @)

riae €=

wero o6vexta: U, (¢)=S,k,P[x(t)], rae S, — Bonsrosas uyscTBuTEMLHOCTS oTOAMONA; K, — A0S TOTHOM

MOIIHOCTH, MOCTYyMaroIas Ha ()OTOACTEKTOP. 3aMETHUM, UYTO HAJIHYUE KOHTPOJIBHOTO (OTOAMO/IA JIJIsl PErHCT-
palyy CUTHaJIa CaMOCMEIIICHHUS B TIPUHITAIIC HE00sM3aTeIbHO. B KauecTBe MOJIe3HOTO CUTHAJIA MOYKET OBITh HC-
TI0JIF30BAHO HAMIPSDKEHHUE HA CaMOM JIa3epe MPH MATAHWN €T0 TEHEePaToOpoOM TOKa (TaK Ha3bIBAEMBIHA ONTOAJIEKT-
pOHHBIN curHAN). ONTOIEKTPOHHBIN CUTHAII PETUCTPUPYETCS KaK Pa3HOCTh HAMPSDKEHUH Ha p — n-TIEpEXoie
TIPU TEHEepaITiy Jlazepa Ha COOCTBEHHBIX 3epKajiaX M ¢ BHEITHUM OTPaXKaTeieM.

st monTBep KIeHUsT 000CHOBAaHHOCTH MPUMEHEHHS OJHOMOJOBOM MO TPOBEACHO CPAaBHEHHE DKC-
MIePUMEHTAIBHO TOTYYEHHOTO CHTHAJa CaMOCMEIIeHHs ¢ pacdeTHBIM (popmyna (2)). B skcnepumente wnc-
0JIb30BaH MMOJYIPOBOIHUKOBBIN MHKEKIIMOHHBIN Jiazep Ha ocHoBe AlGalnP ¢ HampspkeHHO#H CTPYKTypoin
1 MHOXECTBOM KBAaHTOBBIX sIM, paboTarontuii B oOmactu BOMHBI JnHON 670 HM. TOoK HaKadKu MPEBHINIAI
Mopor reHeparuu npuomu3uTeabHo Ha 10 %. B 3ToM pexxume CeKTp COAEPKUT HECKOIBKO MPOIOIBHBIX MO,
a CHTHaJl CaMOCMEIIICHUS UMEET MaKCUMaJIbHYI0 aMIututyay. Ha puc. 1, a, npuBeneHa ¢ororpadusi ociui-
JIOTpaMMBbI BBIXOTHOTO CUTHAJIa BCTPOCHHOTO pin-GhoTonnona pu MprueMe Ha Jia3ep ONTHYSCKOTO dXOCUTHAIIA
OT TapMOHWYECKH KoseOmomerocs auddy3Horo orpaxkarens. Pesynasrar pacuera 1Mo mpeaioKeHHOW OIHO-
MOJI0BOM Mojien nokasas Ha puc. 1, 6 (€=10,1, u= 1,31, X, = 1,865). Kak Bu1HO, IMEET MECTO NPAKTUYECKH
TIOJTHOE COBMAACHHE (POPM IKCIIEPUMEHTATHLHOTO U PACUETHOTO BPEMEHHBIX TPEKOB.

Taxum oOpazoM, MpeaToKeHHAs MOJETb BIIOJTHE aJcKBaTHA W MOXKET OBITh MCIOJL30BaHA ISl BHISICHE-
HUS BO3MOXXHOCTEH KETIICTPabHON 00paboTKH CUTHAa caMocMerieHus. [lomaepkaem, 9To MOeb SBISETCS
KBa3WUCTAIMOHAPHOH, T. €. MPUMEHUMOM JI0 9aCTOT HIDKE PE30HAHCHOW YaCTOTHI Jia3epa, JIKAIEH B TUrarep-
1eBoit obmactu. [Ipeamnonaraercs Takke, 4TO CBA3H Ja3epa ¢ BHEITHUM 0OBEKTOM TOCTATOYHO ciiadas, a ONTH-
YECKHI 9XOCUTHAI 001a1aeT MOTHOW BPEeMEHHON KOTEPEHTHOCTHIO ¢ BHYTPEHHHUM TI0JIEM JIazepa.

KencrpaJjabHblil aHAJIN3 CUTHAJIA CAMOCM eIICHUS
Kerctp momtaOCTH Csm(‘c) pacCUHMTHIBAaETCS Kak oopaTHoe mpeodpasoBanue Dyphe Jorapudma CrIeKTpa

momnoctn S, (f) curnana camocmemennst U, (7). B kadecTBe AMArHOCTHYECKOTO NPU3HAKA HCTIONB3YEM

AMIIIUTYAY KCIICTPAJIbHBIX COCTABIAIOIINX:

oo

C,(1)=Abs [ In[ S, (1)]e™ df.

—oo

Apryment Qpynkuun Cg (‘c) MUMEEeT pa3MEePHOCTh BpeMeHH (KeTrcTpaibHoe Bpemsi). CIeKTp MOITHOCTH OTpe-

ACIIACTCA YCPLC3 COCTABIIAIOIIUC (bypbe—cneKTpa CHUIHajJia CaMOCMCIICHU A
2

Ssm (f) = AbS J. Usm (t)e_lznftdt

Kencrp mommuoctu C,,(T) cHrHana caMOCMELIEHNs! OT FapMOHMIECKH KOJEOMIOIIETOCs. BHELIHETO 00bEKTa,

paccuuTaHHbIN 110 Moenu (2), puBeeH Ha puc. 1, 6. IlonoxxeHue nepBoii (HeHYIEBOI) IMHUU KEIICTpa T, U pac-
T

CTOSIHAE MEX]Ty COCEIHUMU JIMHUSAMH AT, COOTBETCTBYIOT MOIYIEPUOLY 51 = T, = AT, WIH yIBOCHHON 4aCcTOTe

KosebaHuil o0beKTa
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2f=—=—"1! 3
h T A 3)

CriekTp MOIHOCTH curHana camocmenenns Sy, (f) paccuntsiBaercs Ha stane Haxoxaenus kencrpa C, (7).

Panee nokazano [8], 4To B ciydae rapMOHHYECKUX KOJIeOaHUH YacToTa BUOpaIMii paBHa HAMMEHBILICH YacToTe
B CIICKTpE CUTHAIa CAMOCMEIIEHHS, & MX aMILTUTY/Ia MOXKET OBITh OTpe/IeNIeHa M0 CIIEKTPAIbHOM COCTABIISIO-
el ¢ HanOoJbIIIel MOITHOCTHIO C TOYHOCTHIO HE XyXke 13,6 %.

[IpakTuuecku Oonee MHTEpECHA CUTYyalusl, KOTJa BUOpalMy OObEKTa MOJBEPKEHBl HU3KOYACTOTHON aM-
TUTUTYIHON Momyisiiuu. Ecnu nccnenyeMbiM 00bEKTOM SIBISIETCS, HAPUMep, PabOoTaroIIuil IBUTATEN b, 3TO
MOKET OBITh MTPU3HAKOM €r0 HeHWCIpaBHOCTEH. By KemcTpoB curHaiza caMOCMEIICHHUs U TAKOTO peknma
HpUBEICH Ha pUC. 2, a, ¥ 2, 6. YacToTa Hecymiel f, B 000HX CiTydasix OJJMHAKOBA M COBITAIAET C YACTOTOU yKe
PacCMOTPEHHOTO BBIIIE TAPMOHUIECKOTO Kojebanwmst (55 ['1).

CpaBaenue puc. 1 u 2 moka3bIBaeT, 4TO JMHUHU KEIICTPa HECYIEro KoJieOaHHUs COXPaHSIOT CBOE MOJIOKEHHE,
00pasys KJacTepsl MpH Mayioil TiyonHe Moaymanuu (cMm. puc. 2, a; d = 2 %). Camu KiacTepbl paciioioKeHb
BOJIN3U HyJIs KETICTPAIbHOTO BPEMEHU U 3HaYE€HUH T, = AT,, KpaTHBIX HEPHOLY MOAYIUPYIOLIET0 HU3KOYaCTOT-
Horo currana. OTcro/a onpeaessieTes HCKoMasi 4acToTa MOJYIISIIUH

1 1
f,=—

T, At

[Ipu 6omnee 3HaUMTENHHON TTyOMHE MOAYIAIUH (CM. puc. 2, 6; d = 50 %) KOTMYeCcTBO JIMHUN CO CPaBHH-
MO MHTEHCHUBHOCTBIO B KJIaCTCpax YMCHbIIACTCA U B KCIICTPE JOMUHUPYIOT JIMHUH, OTBCUAIOIINE 3a TICPHUO

ala 6lc
AN ,&I“wvunu A ) Com
iy Yivvey yyvnyy B 1.5
1,0
o/b
0,0

*

0,0 0,1 0,2 0,3 04 05 T,¢

Puc. 1. BpemenHo# xapaxrep (a, 6) ¥ KEIICTP MOIITHOCTH (8) OTKIIMKA J1a3epa Ha TapMOHUYECKHE
KosieOaHusI BHEILIHEro 00beKTa ¢ 4acToToi 55 I'I: @ — SKCIEePUMEHT; 0, 6 — TeOpusI

Fig. 1. The temporal character (a, b) and the power cepstrum (¢) of the laser response
to harmonic oscillations of an external object with a frequency of 55 Hz: a — experiment; b, ¢ — theory

ala o/b
CSlTl “ CSm “
1,5 1.5¢
1,0 1,0 -
0,5 0,5
050 1 4 I'Mllhll 1 lllllll IM - 070 1 1 1 . ‘L;‘ A -
00 0,1 0,2 0,3 0.4 05 T,c 0,1 0,2 0,3 0,4 0,5 T,¢

Puc. 2. KenicTpbl MOIIHOCTH CHTHAJIA CAMOCMEIICHHS TIPH aMILUTUTYTHOH MOJTYIISINH
MuKpokonebanuii (f; = 55 I'm) Hu3Ko9acTOTHEIM curHanoM (f, = 8 I'm).
I'my6una momymsuuu d: 0,02 (a); 0,5 (6). AMIUIMTYAa HEMOLYIMPOBAaHHOTO Kosebanus X, = 1,9
Fig. 2. Power cepstrums of the self-mixing signal in the case
of amplitude modulated micro-oscillations (f; = 55 Hz) with a low-frequency signal (£, = 8 Hz).
Modulation depth d: 0.02 (a); 0.5 (b). The amplitude of the unmodulated oscillation x, =1.9
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WIN YacTOTy aMIUIUTYAHOHW Mopymsaiuy. OHAKO U B 3TOM CIIydae KelCTp COXpaHseT HH(YOPMAIHMIO O 4acTo-
Te HeCylMX KoneOaHuii f| B BUJE JIMHUU T,, HanOoee ONU3KOH K HyJII0, M PacIlelUIeHus TMHUNA AT, BOIH3H
MaKCUMYMOB KETICTpa.

PacueTHble ClIeKTphI ¥ KEIICTPbI MOLITHOCTH OTKJIMKA JIa3epa Ha KosleOaHusl 00beKTa C pa3JInuHON aMIUIUTY-
J0H IPU OJMHAKOBOM NTyOMHE MOAYIALNY IPUBEAEHBI HA PHC. 3.

Kak BuaHO n3 puc. 3, ¢ yBeIHMYCHUEM aMIUINTYAbI KOJIeOaHUH NPH MOCTOSHHBIX YacTOTax BUOpaLuH f
U MOZYJIHPYIOLIETO BO3ACHCTBUS f, IOJIOKEHHS JIMHUH B KEIICTPE HE U3MEHSIOTCS, XOTS CIIEKTP MOIIHOCTH
CHUTHAJIA MPU 3TOM pacuupsiercst. MOXKHO 3aMeTHTh, YTO NEPHOJMYHOCTD JIUHUM B CIIEKTpax Ha puc. 3, 4, 6,
O/INHAKOBA, XOTSI HHTCHCUBHOCTH MX pa3nuyHbl. TakuM 00pa3oM, eciiy NPUHATh BO BHUMaHUE TOT (aKT, 4TO
B 3BECTHOM CMBICIIE KETICTP MOXHO PAacCMaTpPUBaTh KAK «CHEKTP CIEKTPay, BUJ MOITYyUYCHHBIX KETICTPOB CTa-
HOBUTCS TIOHATHBIM.

B pabote [8] oTmeueHO, 4TO B cilydae TapMOHHYECKHX KOJIEOAHWH OIIEHKA aMIUTUTYIbI MUKPOBHOpAaUit
MOYKET OBITh MOJTyYeHa He TOJIBKO IO MOJI0KEHUIO CIIEKTPAIBHOM COCTABIISAIONIEH ¢ HAUOOJIBIIIEH MOIITHOCTHIO,
HO U I10 HAauBBICIIEH 4acTOTE B CIIEKTPE CUrHajla camocMelleHus. Kak moka3plBaeT aHayn3, IPOU3BEACHUE

(1 + d))_CO, XapaKTCPU3YHOIICC MAaKCUMAJIbHOC OTKIIOHCHUC OTpaXareijid OT COCTOAHUA PABHOBECHUSA B Cliydac

AMIITUTYIHO-MOAYJIMPOBAHHBIX KOHC6aHHI7[, MOXHO OLCHHTDB, UCIIOJIb3Ys1 HpI/I6JII/I)KeHHOC COOTHOIILICHUEC B A
fmang'fl(l-l-d)xoﬁ (4)

e f, . — HauBBICIIAs 4acTOTa B CHEKTpe S ( f ) [Ipu rmy6une momymsauuu 50 % u yactore Hecymen 49 [
dopmyna (4) naet nus f, . cnenyromue 3Hauenus: 0,823 KI'n (x, =1,4) u 1,176 KI'y (X, = 2,0). CpaBHeHue

ala o/b
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Puc. 3. Criextpsl (a, 6) M KeTICTPBI MOIITHOCTH (6, 2)
IIPH Pa3IMYHBIX aMILIUTYaX MUKpoKonebanuii x,: 1,4 (a, 6); 2,0 (s, 2).
Yacrorsl: f, =49 I'y; £, = 11 I'n. TiyOuna monymsaumu d = 0,5
Fig. 3. Spectra (a, ¢) and power cepstrums (b, d)
at different amplitudes of micro-oscillations X,: 1.4 (a, b); 2.0 (c, d).
Frequencies: f, =49 Hz; f, = 11 Hz. Modulation depth d = 0.5
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C JaHHBIMH PHC. 3 TIOKa3bIBAET XOPOIIEe COOTBETCTBHE YHCICHHBIX OIECHOK f 3HAYCHHUIM (1 +d ))?0, pH

max
KOTOPBIX I10JIyYCHbI IPUBEACHHBIE CIIEKTPBI.

Janee, obpatuM BHUMaHHE Ha HEKOTOPbIE TEPMUHOJIOTHYECKHE MOMEHTHI. Ha cTemens BpeMeHHOH Kore-
perTHOCTH M3nmy4eHus nazepa ¢ BOOC MoryT oka3bIBaTh BIMSHUE KBAaHTOBBbIC (IYKTyallMd B Jla3zepe U He-
YCTONYMBOCTH pexkumMa reHepanuu [12]. [Ipu aTom peus uaeT He 00 OPTOTOHAFHOCTH BHYTpeHHeH TE-Mo/p
naszepa 1 TM-cocTaBisOIEeld OTPaKEHHOIO U3JIyUYEHUs, a O IOTEpe BPEMEHHOW KOTEPEHTHOCTU B MPEEax
camoil TE-Mozb1. B pexkume CUITbHOW CBSI3M BO3MOXKEH TMEPEXO]T Ja3epa B PEXKUM XaOTHUUECKUX IyJibcallui
u BOOC oxasbiBaetcst HekorepeHTHOH [12]. B pexxnme crnaboit onTrdeckoil oOpaTHOM CBsI3U BpEMEHHAs KO-
TePEHTHOCTh U3JTYUYCHUS COXPAHSETCs. 3aMETHM, UTO B OKCIIEPUMEHTE YCIIOBHE C1a00i 00paTHO CBSI3U JIETKO
MOXeET OBITh 00€CIICUeHO IMyTEM UCTIONb30BAHUS ONTUYECKUX aTTEHI0ATOPOB.

3akaoueHune

Takum 00pa3oM, MyTeM YHUCIICHHOTO KCIIEPUMEHTA YCTAaHOBJICHA BO3MOKHOCTD ONPEICICHHUS ITapaMeTPOB
MUKPOBHOpaIuii c1abooTpakaroX 00BEKTOB C ITOMOIIBIO KEIICTPAIBLHOIO aHAIM3a CUTHAIA CAMOCMEIICHUS
B HOHyr[pOBOI[HI/IKOBOM na3epe. HOJIO)I(CHI/Iﬂ KeHCTpaHBHBIX JII/IHI/Iﬁ TTIO3BOJIAKOT HAXOAUTH YaCTOTHI Hecymero
U MOJYJTUPYIOIIETO KoJeOaHui pu MUKPOBUOPAIHAX 00BEKTA C aMILTUTYIaMH MOPSIIKA [UTHHBI BOJTHBI JIa3ep-
HOro u3nydeHust. OJJHOBPEMEHHBIH pacyeT CIIeKTpa MOITHOCTH CHI'HaJla CAMOCMEUICHUS JaeT WH(POPMAIHIO
0 MaKCHUMaJIbHOM OTKIIOHGHHH OTPaXKaTeisi OT COCTOSIHUS PABHOBECHS MPH aMILTUTYIHO-MOIYJIMPOBAHHBIX
KoeOaHusX.
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