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AnHoTtanus. [IpoBeneHo sKCIepUMEHTAIFHOE MCCIECIOBAHNE N3MEPHUTEIFHOW CHCTEMBI U KOHTPOJIS OBEPX-
HOCTEH KOpITyca BO3AYIIHOTO CyaHA. lIpemcTaBieHBI pe3ynbTaThl AKCIIEPHIMEHTAIBHBIX HCCIICAOBAHUN IHMAana3oHa W3-
MEpEHUH, aMIUINTYI6I BBIXOJAHOTO CHTHAJA, a TAaKXKe MOTPEITHOCTH u3MepeHui. [IpoBeaeH cpaBHUTENBHBIN aHATN3 pe-
3yJBTaTOB SKCIEPUMEHTANBHBIX U3MEPEHUH C HE3aBUCHMBIMH, BHITIOTHEHHBIMHU C TIOMOIIBIO aTTECTOBAHHOTO MPHOOpA.
[Tomy4yeHbl 3aBUCMMOCTH YCPEAHEHHON aMIUTUTYIBI BBIXOAHOTO CHTHAjla OT PACCTOSHUS OT BBIXOJHOTO ONTHYECKOTO
3pavka A0 HCCIIEAYeMOI MOBEPXHOCTH IPH IBIDKCHHH KOHTPOJIMPYEMOTO OOBEKTa, a Talkke OT JWaMeTpa CBETOBOTO
MyYKa Ha IIOBEPXHOCTH 00BEKTA.

Knrwouesvle cnosa: 6o30ywinoe cyono, usmepumenbHdas cucmemd, 8bIXOOHOU ONMUYeCcKutl 3pa4ox, OUana3on us-
Mepenutl, aMnaumyoa 6bIX00H020 CUSHANA, NOZPEUHOCTb USMEPEHULL, UCCTIe0yeMasi NOBEPXHOCTb

Cceblika nis1 nutupoBanusi: Maiiopos E. E., Kocmun I'. A., Yepnax T. A. DxcriepuMeHTaIbHAS U3MEPUTEIbHAS CHC-
TeMa I KOHTPOJISl TIOBEPXHOCTEH KopIryca Bo3aymHoro cyaHa // W3B. By3oB. [Ipubopoctpoenue. 2023. T. 66, Ne 5.
C. 430—436. DOI: 10.17586/0021-3454-2023-66-5-430-436.

EXPERIMENTAL MEASURING SYSTEM
FOR CONTROL OF AIRCRAFT HULL SURFACES
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Abstract. A measuring system for monitoring aircraft hull surfaces is studied experimentally. Results of experi-
mental research into the measurement range, the output signal amplitude, as well as the measurement error are pre-
sented. A comparative analysis of the results of experimental measurements and independent measurements performed
with a certified instrument is carried out. The dependences of the averaged amplitude of the output signal on the dis-
tance of the output signal from the optical pupil to the surface under investigation during the controlled object movement,
as well as on the light beam diameter at the object surface, are obtained.

Keywords: aircraft, measuring system, optical pupil output, measurement range, output signal amplitude, meas-
urement error, surface under study
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BBenenne. B HacTosiiee BpeMs IpakJaHCKasl aBHAlMs OTPOMHOE BHUMAaHHUE yJenseT 0e30-
nacHocTH 1oJetoB [1, 2]. TexHudyeckue ciryObl a3poNnopTa, OCYIIECTBIISAIONINE KOHTPOJIb 3a JeTa-
TEJIbHBIM amlmnapaToM, 3aMHTEPECOBAHBI B COBPEMEHHBIX ONTHUKO-3JICKTPOHHBIX CUCTEMaxX WU MpuOo-
pax Ui KOHTPOJIS MOBEPXHOCTH KOPITyca BO3AYIIHOTO cyaHa. [loimyueHune BHICOKOMH(POPMATUBHOM,
BBICOKOTOYHOM U TOCTOBEPHON MH(pOopManuu o popMe MOBEPXHOCTH JICTATEIBHOTO arrapara mnocie
NOCAJKU U JI0 B3JIeTa — Ba)KHEHINIas 3a1ava ajs aBUaAUH. J{Is onTHdeckoro npuOopocTpoeHUs
3HAYUMBIMH  (PAKTOpPaMU SIBJSIFOTCS  pacIIUpeHue (PYHKIMOHAIBHBIX BO3MOXHOCTEH ONTHKO-
AJIEKTPOHHBIX CUCTEM, IMOBBIIIEHHE WH(OPMATUBHOTO COJEPKAHHUS MU3MEPEHUI U Oojee IMUpPOKoe
BHEJIPEHUE TAKUX CUCTEM B IMPOU3BOJICTBEHHYIO MIPAKTUKY [3, 4].

Ontuueckne TpuOOPHl U CHCTEMBI H3MEpEHH (POPMBI ITOBEPXHOCTH OCHOBAaHbBI Ha (pukcanuu
CBETOBOT'0 M3JIYYEHUS, OTPAKEHHOI'O OT UCCIEAYyEeMOM MOBEPXHOCTH [5, 6]. DTU cpeAcTBa ABISIOTCS
METOJJaMHU HEpa3pYIIAIOIIEr0 KOHTPOJIS, TaK KaK UCKIOYEHO MEXAHUYECKOE BO3ACUCTBHUE HA Mpe-
MeT uccaenosanus [7, 8]. Kpome Toro, oHM NpuroaHs! AJis pelIeHUs: JUHAMUYECKHUX 3a7a4 U UMEIOT
BBICOKYIO IIPOM3BOJUTEIBHOCTD.

Kax orMeuaercs B HayuyHO-TEXHMUYECKOH JINTEPATYpE, AKTYAIbHBIMU U NMEPCHEKTUBHBIMU IS
KOHTPOJIS CIOXHOH (POPMBI MOBEPXHOCTU SIBISIIOTCS MHTEPPEPEHIMOHHBIE CHCTEMBI U TMPHUOOPHI,
MMEIOIIIE UICTOYHUKH M3ITy4eHUs OeJIoro cBeTa (HU3KOKOTePEHTHBIE C JUTMHON KOrepeHTHOCTH 1...3 HM)
[9, 10]. Ha ceroansmHuii 1eHb 3TO HaNpaBJIEHHE B ONTHYECKOM MTPUOOPOCTPOCHNUHU OypHO Pa3BUBACT-
cst. Takue mpuOOPHI U CUCTEMBI XapaKTEPU3YIOTCS BBICOKOH TOYHOCTHIO, HEOOXOIMMBIM JHaraso-
HOM HM3MEpEHHI JJIs1 KOHTPOJIS pesibeda MOBEPXHOCTH, U, YTO HEMAIIOBAXXHO, PACCTOSHUE /10 U3Me-
psSeMO MMOBEPXHOCTH HE 3aBHUCUT OT amlepTypHBIX YTJIOB OCBelleHHus W HabmomeHus [11 — 15].
HccnenoBanne METPOIOTHYECKUX XAPAKTEPUCTHK TaKUX M3MEPUTENIBHBIX CUCTEM IIPEICTABIISAET He-
COMHEHHBII UHTEpEC.

Ilens HaAcTOSALIEH CTaTbU — HCCIEAOBAHUE DKCIIEPUMEHTAIIBHON W3MEPUTEIBHOM CHUCTEMBI
JUIsl KOHTPOJISL IOBEPXHOCTEN KOpITyca BO3AYIIHOIO Cy/AHA, B YACTHOCTH MCCIIEI0BAaHUE JMAINa30Ha
M3MEPEHUH, aMILUTUTY/Ibl BBIXOJJHOTO CUTHAJa U IIOTPELIHOCTY U3MEPEHUH, a TAK)XKE CPAaBHUTEIBbHBIN
AQHAJIN3 PE3yNbTATOB IKCIEPUMEHTAIbHBIX U3MEPEHUI C HE3aBUCUMBIMHU, BBIIIOJHEHHBIMU C ITOMO-
IIbIO ATTECTOBAHHOTO MPUOOpA.

HccnenoBanue nuanasona u3mepeHuil. B npencraBieHHoN Ha puc. 1 u3MepuTenpHOM cuc-
teme (MC) nuama3oH u3MepeHHi OnpenenseTcss CMEIIeHHEM OMOpHOro 3epkaia. Ilpu cmernenun
OTIOPHOTO 3€pKajia J0JKHA 00eCIeunBaThCsl HE0OX0uMast M I0CTaTOYHAs aMIUTUTY/Ia ONITHYECKOTO
curHana. [loatomy ans onpenenenus nuanasona MC amminTyna curHana u3Mepsuiach Ipy pasHbIX
PAcCTOSHUAX OT ONTUYECKOTO 3padyKa CUCTEMBI O UCCIIELYEMOM TOBEPXHOCTH.

Puc. 1
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HauanpHoe paccTosiHue — MaKCUMyM aMIUTUTYABI IPU OTCYTCTBUU HANPSIKEHUS] Ha MOJYJIs-
TOpE OMOPHOI0 3epKaja — B XOJe uccieaoBaHust cocTaBisuio 100 Mm. 3aBUCUMOCTh aMILTATYbI
CUTHAJIa OT PACCTOSIHUS JIO MOBEPXHOCTH (PUKCUpOBanach MpU ABHKEHUU 00bekTa mo ocu OZ oT
HAYaJIbHOM TOYKU B 00€ CTOPOHBI. DKCIEPUMEHTAIbHBIE PE3YNbTaThl MOJIYYEHbI IIPU YAaCTOTE CKa-
HUPOBAHUS OMOPHOTO 3epKaia fy, = 46 [’ 1 moka3aHkl Ha PHC. 2, COTJIACHO KOTOPOMY JIMAIa30H U3-
Mepennit 1t nanHon C cocrasiger 0...4 mwm.

u/u,

]
0,5 Il
|

A
\i

Puc. 2

HccaenoBanne aMIminTyabl BBIXOAHOTO curiajga. OHa U3 OCHOBHBIX Xapakrepuctuk MC —
aMIUTUTY/Ia BBIXOJHOTO CHTHAala, CoAeprkaiias UHGOpMAIMo 00 OMpeneIsieMOM PacCTOSTHUH. AM-
IUIMTYyJla CUTHajJa 00ecreunBacT HEOOXOJMMYIO BETMYMHY MPEBBIMICHHS IOJIE3HOTO CHUTHAJAa Ha
YPOBHEM LIYMOB M IOMEXO03ALUIIIEHHOCTh U3MepeHuii [ 14, 15].

HccnenoBanue aMIuIMTy 1l CUTHAJA TIPU IBUKEHUHU OINIOPHOIO 3€pKajla B OJHY U JPYTyIO CTO-
POHY TO3BOJISIET OLIEHUTH morpemHocTs VIC, a Takke 00bSICHUTh MEXaHU3M (OPMHUPOBAHUS TOJIEH
paccesiHus1, KOTOpbIE BIUSAIOT HA TOUHOCTb U3MEPEHUI.

B skcnepuMeHTe IBM)KEHUE HCCIIEyeMOro 00BEKTa OCYIIECTBISIIOCh OTHOCUTENBHO BBIXOJ-
Horo ontuueckoro 3pauka (BO3). [IpousBoauics KOHTPOIb OJHONW aTTECTOBAHHOM MOBEPXHOCTH C
HEepBbIM KJIACCOM IiepoxoBaTocTd R, = 80 mMxm. /Inamerp cBeToBoro nstHa (d) Ha MOBEPXHOCTH H3-
MEHSJICS 3a CUET BBEJCHUS CTEKJISIHHBIX IIACTHH pa3HOH TonuHbI Mexxay BO3 u koHTpoiarpyeMoit
noBepXHOCThI0. COTsIacHO pe3ysbTaTaM MCCIIeAOBaHMs, KOTOpPbIE IPECTaBICHbI Ha pHc. 3, Ha 6a30-
BOW JUIMHE 30HIMPYEMOTO YYacTKa IMOBEPXHOCTH aMIUIMTYJa CHTHalla MOXET M3MEHSThCs Oolee
yeM Ha nopsiiok. HabmrogaroTes ckauky aMIUTMTY/IBI 32 CUET JEKOPPEISIUH TOoJIel paccessHus CBe-
TOBOTO M3My4eHHUs. [Ipu IBUKEHUU OMOPHOIO 3€pKajia BO3HUKAET CYNEPHO3UILMS HEKOPPEIUPOBAH-
HBIX COCTaBJISIIOIIMX CBETOBOIO IMOJS, KOTOPbIE MMEIOT pa3HblEe aMILIUTYABI, YTO, KaK CJIEJICTBUE,
NPUBOAUT K edopMariii popMbl OrHOaloNIel CUrHajia, a 3HA4YUT, BIUSET Ha TOUHOCTh U3MEPEHUH.
Ha puc. 4 npuBeneHs! pe3ynbTaThl pacueTa 3aBUCMMOCTU CPEJHETO 3HAUYEHUs aMIUIMTY[bl CUTHaJIa
OT JUaMeTpa CBETOBOIO IIy4Ka Ha M3MepseMOi nmoBepXHOCTH. IIpuBeneHHas 3aBUCHMOCTb XOPOILIO

COTJIaCyCTCsd C TCOPCTUYCCKUMHU paCYCTAMMU.

UlUrmax d=60 Mxm

I R —— e
0,5
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HccnenoBanue morpemHocTd u3dMepeHuii. [ uccrnenoBaHus MOTPEIIHOCTH H3MEPEHUH
OTpEeeISIINCh PACCTOSAHUS O H3MEpPSEMOIl MOBEPXHOCTH MPH 33JaHHBIX SKCIEPUMEHTATOPOM
yriax majJieHus CBETOBOro M3iyueHus. Vccnegyemasi moBepXHOCTh UMeNa pa3HbIl HAKIOH OTHOCH-
tensHO BO3 UC (yrasr Hakiona 0 = 0, 15, 30, 45°). Jlns kaxmoro 3Ha4eHHs 0 (PUKCUPOBAIIOCH pac-
CTOSTHHE IO MCCJIEAyeMOW MOBEPXHOCTH TMPHU JBIKEHHH 00bekTa oTHocutenbHO BO3. Hommuamb-
HOE€ pacCTOsiHUE OBbLJI0O HEU3MEHHBIM, a PUKCUPOBAIUCH U3MEHEHHsI 3TOr0 paccTosiHus. OOBEKT Ha-
XOJIUJICSI HAa MHUKPOMETPUUYECKOM CTOJIMKE, T/Ie BBICTABJSUICA Yrojl HakiioHa B HampasieHuu BO3.
JIBmxeHne o0beKTa MPOU3BOAMIOCH C IaroM 50 MKM, U JIJIsl KaKI0TO YIJIa BRIMOJTHSIUCE 50 n3me-
penuii. B xonme skcriepuMeHnTa uHTephepoMeTpoM MaiikenbcoHa MPOBOIWICS HE3aBUCUMBIA KOH-
TPOJIb OTKJIOHEHUSI MUKPOMETPHUECKOTO CTOJMKA MPU CMEIICHUH OT IJIOCKOMApaJIJIEIbHOTO MOJI0-
KEHUS. DKCIIepUMEHTAIbHbIE PE3yabTaThl IPUBEACHBI HA puc. 5. CiaeayeT OTMETUTh, YTO NMPUBSA3KA
MaKCHMaJbHOTO 3HAYEHHUS aMIUTUTY/bl CUTHAJIa K MOAYJISALIMK OMOPHOIO 3epKaja Mo3BOJIUjIa Ompe-
JEIUTh CUCTEMATHUYECKYIO MOTPEUIHOCTh, KOTOpasi Oblila ydTeHa B 00IIeH MOrpenIHOCTH U3MEPEHHH.

3., MKM A\ AL A 16=0
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B xone uccnenoBanuii ObUT IPOBENICH CPABHUTEIbHBIN aHAIN3 SKCIIEPUMEHTAIBHBIX PE3yIbTaToOB
W3MEPEHUI paccTosHUS 10 00BeKTa (Az) ¢ HE3aBUCUMBIMU JaHHBIMU (Az,), TIOTyYeHHBIMH Ha aTTECTO-
BaHHOM Tmpubope: o, = Az — Az, (puc. 6). B kadecTBe arTeCTOBaHHOTO MPHUOOpa HCHOJIB30BAJICS
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uHaukarop JuHeHbIx nepememenuit IMUL (TOCT 9696-75), umeromuii OTPEITHOCTh U3MEpe-
Hui 0,5 MKM.
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Puc. 6
3akiouenue. [IpuBeneHbl pe3yabTaThl IKCIEPUMEHTAIBHBIX HMCCIEIOBAaHUN UaNa3oHa U3-

MEPEHUH, aMIUIUTY bl BBIXOJHOTO CUTHaNa U norpemHocty usmepenuid UC. CpaBHUTENBHBIN aHa-
a3 nokasai, 9To MC mosHOCThIO yJOBIETBOPSET TPEOOBAHHUSIM MO KOHTPOJIO MOBEPXHOCTEH KOp-
IIyca BO3AYIIHOIO CyaHA. JlJaHHOE HMCCIeNOBaHUE MOXKET IIPEACTABIIATh UHTEPEC ISl aBUALUOHHBIX
TEXHUYECKHX CIIY’KO aspornopTra, OCyHIeCTBISIOMINX KOHTPOJIb 3a JIETATEIbHBIM allllapaToM, a TaKKe
JUTSL ONTHYECKOTO TPUOOPOCTPOCHHSL.

10.

11.
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