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PaccmoTpeH crioco® BBITIOJHEHHS! BBHICOKOTOYHBIX HW3MEPEHHI pacCTOSHHS 10 OTpa-
xarorero oobekta. [Ipemnaraemplii TPHHIMIT M3MEPEHUS OOBEIUHSCT PAJAUOTEXHAYC-
CKHMI METOJI OTIpE/ICNICHHs PACCTOSHUH M MHTEp(HEpOMETPHUYECKII METO/ PETUCTPaliH
NepeMenIeHHi ¢ MCIOJIb30BaHUEM HM3MEpHTENs APOOHOH 1o MHTEp]EpeHIIMOHHOH
nosocsl. [Ipemnoskena MpUHIMNMAIBHAS CXEMa JIa3epHOTO paJronHTepdepoMeTprye-
CKOTO H3MepUTeNsl. DKCHEPUMEHTANBHO MOATBEPXKAEHA BO3MOXKHOCTh HCIIOIb30Ba-
HUSI I3MEHEHUH JUTMHBI PE30HATOpa Jla3epa U BUIHOCTH MHTEP(EPEHIIMOHHON KapTHHBI
B TOYHBIX JTEHOMEPHBIX H3MEPEHHUSIX.

Knrwouesste cnosa: nasep, unmepgepomemp, oanrbHomep, 2eauti-HeOHO8blI aazep

B pannoontuyeckux MU3MEpUTENISIX PACCTOSHUN — CBETOAAIbHOMEpPAaX — HCIIOJIBb3YIOTCS UC-
TOYHHUKH M MOJYJISTOPBI CBETA, YIpaBliieMble paAloCcUTrHalaMu. PaccTosiHue omnpezensercss myreM
MoJicueTa MPOCTPAHCTBEHHBIX NIEPHOIOB OTHOArOIIEH aMITUTYyTHONH Moy siuuu Ao/2 (Ag — nnmnHa
BOJIHBI paJMOCUTHAJNA), KOTOpBIE YKIAIbIBAlOTCA Ha M3MepseMoi nucrtaHiuu. Hampumep, npu
Ao/2=10 cM MoxeT OBITh TOCTUTHYTA MOTPEIIHOCTh u3MepeHuit He 6onee 0,1—0,2 mm [1]. Tlpu-
MEPHO TaKyl0 € TOYHOCTb 00eCreunBaloT (a30Bble METOAbI U3MEPEHUS JUIMHBI C UCTIOJIb30BaHUEM
BBICOKOYACTOTHOW aMIUIUTYIHOM MOIYJSALMU 30HIMPYIOLIETO Ja3epHOr0 CUTHaja, B TOM YHCIE B
JIBYXYaCTOTHBIX U TPEXYACTOTHBIX naimbHOMepax [2, 3]. MHTepdepomeTpuueckre METOIbI Onpe/e-
JICHUSI PACCTOSIHUM TO3BOJISIOT JOCTHYh TOYHOCTH B O A/2 (A — JyIriHA BOJIHBI JIA3€PHOTO H3ITY-
yeHus). Llenpro HacToOsIIeH pabOTHI SIBISETCS CO3JAaHUE YCTPOMCTBA — JajbHOMEpa, — OOBEIaH-
HSIOILET0 MPEUMYIIeCTBa MHTEPPEPOMETPUUECKOTO U PAJAMOONTUYECKOTO METOJOB OIpeAeSICHUs
pacCTOSIHUM U IEPEMENICHUN.

Pabora manpHOMEpa OCHOBBIBAECTCSA HA aMIUIUTYJHOM MOAYNALMU Ja3€PHOrO U3IyUYEHHUs, BbI-
3BaHHOW HAJTUYMEM ONTHYECKHX MOJ. VX KonuyecTBO ompenensercs napaMeTpaMu Jjlazepa: JUIMHON
pe3oHaTopa, CBOMCTBAaMU aKTUBHOM CpeIbl, KpUBU3HOM 3epKai U Ap. [4, 5S]. JIazep BKIIOUEH B CXEMY
ONTUYECKOTO UHTephepoMeTpa, paboTaIONIero Ha HECKOJIbKUX ONTHYECKHUX YacToTaX, IUIs €ro Ha-
CTPOMKHU HCIIOJIb3YeTCsl 3aBUCHUMOCTh BUAHOCTU MHTep(deporpaMMbl OT COOTHOIICHUS U3MEPSIEMOt
JUIMHBI U JJIMHBI PE30HATOpa, a Tak)Ke OT COOTHOILIEHHUS aMIUTUTY] reHepupyeMmbIx moi. YacTtora
MOJIYJISILIMU MOYXET M3MEHSTHCS MyTeM YBEIMUYEHUS JJIMHBI pEe30HATOpa, HApHUMep, MPH Harpese.
OnTumanbHas TOYHOCTh JOCTUTAETCS TyTeM HACTPOHKU Ha YacTOTY, COOTBETCTBYIOILIYI0O MUHUMYMY
BUJIHOCTH V MHTEpPEPEHIIMOHHON KapTHHBI:

JU +U3 + 20203 cos[2mAv(i / o)]

Vi~V U2 +U2

; (D

rae Vo — BUIHOCTH B OJHOMOJIOBOM pexume, U u U, — aMIuiuTynbl HHTEpGEPUPYIONUX BOJIH,
[ — onTuyeckas pa3HOCTh X0J1a, ¢ — CKOPOCTh CBETA.
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s TOUHBIX M3MepeHul B MHTephepoMeTpe HaXOAUTCS IENI0e YHCIO YKIIAAbIBAIOIIUXCS Ha
u3MepsieMol AJiMHe MHTEePPEPEHLIUMOHHBIX TOJIOC, MEPHOJ KOTOPhIX PaBeH A/2, U TOMOJHUTEIHHO
oTpeAesnsaeTcs A0yl UHTepPEPEHLIMOHHON MOJIOCHI.

B cxeme ycTpoticTtBa ucnionb3yercs He—Ne-nazep, A=633 HM, mupuHa JONIUIEPOBCKOTO KOH-
Typa ycuienus Avp=1,5 I'T1 (B mpeaenax KOTOPOTo MOXKET pacIoararbCsi HECKOIbKO ONTHYECKUX
MOJI B 3aBUCHUMOCTH OT JUIMHBI pe30HaTopa Jja3epa). J[ByXMOmOBbIM peXxuM peanusyeTcs IJisl jaze-
poB ¢ L=10—20 cm. M3mMeHeHune TeMnepaTypbl pe30HaTopa NPUBOAUT K U3MEHEHHUIO PACTIONOKEHUS
ONTUYECKUX MOJ OTHOCHUTENIBHO JONIUIEPOBCKOTO KOHTYpa, a 3HAUUT, U aMIUIUTYIbl KaXKIOW OINTH-
YeCKOU MOJIBI.

DKCHepUMEHTAIIbHOE HCCIIeI0OBAaHUE AJIEMEHTOB JalbHOMEpAa MPOBOAMUIIOCH HAa YCTAaHOBKE,
BKJTFOYAIONIEH TpeX3epKadbHbIN J1a3epHbI MHTEpPEepoMeTp, paboTaromuli Ha MPUHITUIE ONTHYEC-
cKoi oOpaTHO# cBsi3u (M3mydaresnem sBisuics jgazep OKI'-16) [6, 7], u rerepoauHHBINA (HOTOTPUEM-
HUK, 00€CTICUNBAIONINN U3MEPEHUE YaCTOThl MEXMOJIOBBIX OueHui. [I[puMeHeHne HecTaHIapTHOU
CXEMBbI JIa3epHOro MHTEephEpOMEeTpa C ONTUYECKON OOpaTHOM CBSI3bIO MO3BOJISET KOHTPOIHPOBATH
YPOBEHb OTPA’KEHHOTO M BO3BPAILAIOIIErOCsl ONTUYECKOT0 CUTHAJIA, a TaK)Ke MCIOIb30BaTh BO3HHU-
KaIOIyI0 HU3KOYACTOTHYIO MOIYJISIUIO JIA3€PHOr0 M3JIydeHUs JUisi MHTep(EepeHIIMOHHBIX U3Mepe-
Huii [8]. BunmHocTh HHTEp()EPEHIIMOHHON KApTUHBI U YaCTOTa MEXMOJIOBBIX OMEHHI M3MEHSUIHCH 32
CUET yBEJIMYEHUS UIMHBI pe30oHaTopa npu HarpeBe. CurHai ¢ (oTonpueMHHUKA MOCTYMal Ha OCIIHII-
norpad.

B pesynbTare aHanusa 3aperucTpupoOBaHHOTO CUTHAJIA MOJTy4Y€Ha 3aBUCUMOCTh BUJTHOCTU UH-
Tepdeporpammbl oT H3MEeHEeHHs JJIMHBI AL pe3oHaTopa nazepa (puc. 1). [Ipu nnmune uarepdepomer-
pa ~1 m V=0,02—0,14. B Touke muaumyma [y ipu U; = U, byakuus (1) umeet Bun k|l — [y|, koad-
¢bunment k 3aBucut ot amrutyn Uy, U, u V). Takoe pe3koe M3MEHEHHE BUAHOCTH HUCIIOIB3YETCS
JUTSL ONTUMAJIBHON HACTPOMKH YaCTOTHI Jlazepa Mpu NpUOIN3UTEIHLHOM U3MEPEHUH PACCTOSHUS /.

V,y.e.

i _ N /mv\‘”\“«
N -

0,1
0,08

0,06 \\ /
0,04 V

0,02
0

2,5\ 2,61 2,7 AL
Puc. 1

N3meHeHne 4acToThl MEXKMOJIOBBIX OueHui B auamazone 8,3—9,2 MI'm umeer mepuoande-
CKUH XapakTep, MOJHBIN Mepuoa u3MeHeHus A/2=316,5 HM, cBA3aHHBIA ¢ GOPMOI JONIIIEPOBCKOTO
KOHTYpa [9], ucronb3yercs A1l yIpaBiIeHUs PACCTOSHUEM MEX]Ty YaCTOTaMH F€HEPHPYEMBIX MO/I.

[Tonmy4yeHHble pe3yabTaThl MO3BOIMIN pa3paboTaTh CXeMy JIA3ePHOTO PaTUOUHTEpHEpPOMETPH-
4yeckoro m3mepurens (puc. 2), coctosmero u3 omoka nazepa (bJI), 6moka tperbero 3epkana (b33),
onoka rerepoguHHoro (ortonpuemuuka (bOII) u ananmutuyeckoro O6moka (AB). 3epkana 31, 32
na3epa GopMHUPYIOT My40K, KOTOPHI uepe3 cornacyronuit Teneckon (CT) moctymaer Ha MOIBUKHOE
3epkaio 33, 3aKperuieHHOE Ha M3MepsieMOM 00BeKTe, U oTpaxaercs oopatHo 31, 32, 33 obpa3yior
Tpex3epKalbHbIH pe3oHaTtop uHTepdepomerpa, a CT obecrneunBaeT ONTUMAIBHYIO PacXOIUMOCTh
Ja3epHOTrO My4YKa U COOTBETCTBEHHO — TpeOyeMyl0 BUJHOCTh MHTEP(EPEHIIMOHHON KapTUHBI MPU
U3MEPSIEMBIX PACCTOSHUAX, CYIIECTBEHHO MPEBBIIIAIOIIMX JUIMHY OCHOBHOI'O pe30HATOpa Jasepa.
Ha Beixonme ¢otogmona (®L) dopmupyercs untepdepenumonnsiii curHan chl u curnam ch2
MEXMOJIOBBIX OueHuit, koropsie ¢ Beixoga BOIIT moctymaior Ha Ab. Mukpokontpomiep (MK)
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oOpabaThIBaeT MOCTYIAOIINE CUTHAIBI U yIpaBisieT padotoi mpubopa. Ecnm 3amanHast TOUHOCTH
W3MEPEHHUI PacCCTOSIHUN M TepeMeleHui A/2, TO TpeOyITCsS HM3MEPEHHS YacCTOThl MEKMOOBBIX
OMeHUH ¢ OTPENTHOCThIO HE OoJee:

S(AV) = cdl / (2L*n) ~ ¢\ / (2ILn) . )

Hanpumep, npu anuHe natepdepomerpa mopsaka 1 M OTHOCUTEIbHAS OTPEITHOCTh U3MEPEHUS
qacToTs cocraBiser 10°°. Jlyis Gonee TOUYHBIX U3MEPEHUN PACCTOSIHUM OMpEeeNsieTcs, HalmpuMep ¢
HOMOIIBIO YCTPOUCTBA [6], Kot HHTephepeHIIMOHHON ToNoCkL. [Ipyu yBenndeHun naMepseMoil JJTHHbI
10 100 M [8] morpemHocTs U3MEPEeHUsI YaCTOThl HE JOJKHA MPEBBIILIAThH 1078, 4o oGecreunBaercs
BBEJICHUEM B pa3pabOTaHHYIO CXeMy pPaJHOMHTEPPEpPOMETPUUYECKOrO M3MEPHUTENs, a UMEHHO —
YCUJIMTENSA-OTPAHUYUTEIS, [TOIABIISIOIEr0 HECTAOMIBHOCTH PeoOpa30BaHHOIO ONTUYECKOTO CHUT-
Hayia 00paTHOM CBsI3M HA Bxojie yactoToMepa U3-34 (puc. 2).

B@IIT BJI b33
22 CT 33
n 31 TH-2 33 >
[
{ R ?r
i Ananuzarop &1 U ' A E T
] / L
VBY pe| Cuecurens o= VIIU
!
Teteponun [ BIL2
YacToToMep
I3-34 T
0] -
R Peryimpoexa Veumurens-
MK YACTOTH OrpaHH4HTeNs
Fa I
#—;J

Puc. 2

ITo 3T0ii cxeme MokeT OBITh pa3padoTaH MPEHU3UOHHBIA MPUOOp A u3MepeHus nedopma-
Ui 36MHOUN TOBEPXHOCTH B CTAOMIIBHBIX YCIOBHUSX MOA3eMHOTO [8] mim BakyymupoBaHHOTO [10]
ieya JJIMHHO0a30BOro uHTepdepomeTpa ¢ TpeOyeMoil OTHOCUTENIbHOW TOYHOCTHIO M3MEPEHHH Ha
1—2 nopsiaka Boime. [IperioskeHHbINH MOIX0 MOXKET OBITh Pa3BUT C IIETBIO MOBBIIICHUS TOYHOCTH
KOMOWHUPOBAHHBIX OPOUTAIBHBIX BBICOKOTOUHBIX CPEACTB M3MEPEHHUsl paccTosHui [3], B 4acTHO-
CTH, B YCIOBHUSX OTKPBITOro Kocmoca [11].

B pabote mpemioxeH cnoco0 BBICOKOTOYHOTO M3MEPEHMS PACCTOSIHUSA IO OTPaKaIoIIEero
00BbeKTa, OOBEANHSIIONINA PaJUOTEXHUYECKHI METOJ ONpeAeNICHUs] PacCTOSHUI U uHTepdhepomeT-
PUYECKUI METOJl PErucTpaluy TMEepPEeMEIICHUH C HCIOJIb30BAaHUEM H3MEpUTENs APOOHOW aomu
UHTEPPEPEHIIMOHHON MOJOCHL. DKCIEPHUMEHTAIBHO MOATBEPKICHA BO3MOXHOCTH HCIIOJIb30BAHUS
U3MEHEHMH JUTMHBI pe30HaTopa ja3epa U BUAHOCTH MHTEP(EPEHIIMOHHON KapTUHBI B TOUHBIX Jallb-
HOMEPHBIX U3MEPEHMSIX.
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PRECISION LASER-INTERFEROMETRIC METER OF DISTANCES AND DISPLACEMENTS

Yu. B. Minin"??, E. S. Krupnik', M. N. Dubrov'"*
"Moscow Institute of Physics and Technology, 141700, Dolgoprudny, Moscow Region, Russia
2Skolkovo institute of science and technology, 143026, Innovation Center, Russia
3Fryazino Branch of Kotel'nikov IRE RAS, 141190, Moscow Region, Russia
E-mail: mnd139@ire216.msk.su

A new method of performing high-precision measurements of absolute distance to reflecting object
is described. The proposed principle of the measuring combines electronic method of determining dis-
tances and interferometric method of recording displacements using a meter of interference fringe frac-
tion. A schematic diagram of proposed laser radio-interferometric meter is presented. The possibility of

using changes in the length of the laser resonator and the visibility of the interference pattern in accurate
long-range measurements is experimentally confirmed.
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