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Memoo naxonnenus noanvlx ¢az 6 cosoKynHocmu ¢ memooom Jlabetipu no3eonsiem npeodoiems
uckasicarowee 6IUsHUe Aammocpepuvl Ha U300PadiCceHUsl, NOJYUEHHble MeNeCKONOM C HOBEPXHOCMU
3emnu. O0nako e2o 3¢hghekmusHOCMb CHUNCAEMCA C Y8eTUYEHUEM CPEOHEKBAOPAMUYHO20
OMKIOHEHUSL (PA308bIX UCKAICEHUL U YMEHbULEHUEM OMHOCUMETbHO20 PAZMepa ammoChepHbIX
HEeOOHOPOOHOCHEl 8 CPAGHEHUU C OUAMEMPOM anepmypuvl Meaeckona. Imo o0viACHAemMcs
NPOCTMPAHCMBEHHBIM HAKONAEHUEM CUSHAAA, NPUCYUUM MPAOUYUOHHOMY meaeckony. Taxoeo
HedoCmamKa JUén MHO20ay4e8otl unmepgepomemp ¢ 6e3u3061MOUHOU KOHDUSYypayuell 8bIX00HO
anepmypol. /[ ynpowenuss maxkou unmeppepomemp MoO0eaupyemcsi Kak CO80KYRHOCHb
unmepgepomempos Matikenbcona, KI0UaAOWasn 6ce 803MONCHbLE napuvl cyoanepmyp. lemanvro
ONUCAHBI 0COOEHHOCMU HAKONIEHUs. NONIHbIX (a3 npu npogedenul HabIIOOeHU ¢ NOMOWBIO
HO00OH020 UHCMPYMEnma, a maxaice nociedyloujell pekoHcmpykyuu uzoopasicenus. Ilpusedenul
Ppe3yIbmamul KOMNbIOMEPHO20 MOOETUPOBAHUS, NOOMBEPICOAIOUUe b0 MEOPULL.

Kniouesvie cnosa: gpazosuie uckadicenus, Habmooenue ck803b ammocgepy, HaKonieHue NoaHvlx Qas,
MHO207IY4e80U unmeppepomemp, peKoHCmMpYKyusi U300padiceHus.
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The total phase accumulation method in combination with Labeyrie method provides overcoming the
distorting influence of the atmosphere on images, obtained by a telescope from Earth surface. But its
effectiveness is being decreased with increasing the mean square deviation of phase distortions and
decreasing the relative size of atmosphere inhomogeneities comparing to the diameter of the telescope
aperture. It is related to the spatial signal accumulation, which is a property of traditional telescope.
A multibeam interferometer with a non-redundant configuration of the output aperture has no such
peculiarity. For simplification such interferometer is modeled as a set of Michelson interferometers,
which includes all possible pairs of subapertures. The specific of total phase accumulation while
observing with such instrument and the reconstruction of the image in this case are discussed in
detail. The results of computer modeling approving theoretical concept are provided.

Keywords: phase distortions, observation through the atmosphere, total phase accumulation,
multibeam interferometer, image reconstruction.

1. BBenenne

He cMoTpsi Ha pa3BUTHE KOCMHUYECKHX CPEICTB HAONIOACHHUS, HEKOTOPHIE M3 KOTOPBIX
ObLTH omucaHbl B [1], OCHOBHBIM MCTOYHHKOM aCTPOHOMHYECKHX TAaHHBIX HA CETOMHSIITHUN
JeHb BCE emé OCTaloTCs Ha3eMHbIE 00CEpBaTOPHUU. DTO B TMOJTHOM MEpe OTHOCHUTCS K
U300paKeHMsIM, OCOOEHHO TOTYy4aeMbIM B ONTHYECKOM auama3oHe. OmHAaKo pa3pelieHue
TaKMX M300paXEHUH OKa3bIBACTCS CYHIECTBEHHO HIKE AUGPAKIMOHHOTO TIpejela
Ha6JHO,Z[aTeJIBHOFO I/IHCTp}/MeHTa BCJICACTBUC BJIUSHUA CquaﬁHLIX HGOIIHOpOI[HOCTCﬁ
nmokasaTessi ipesoMiieHus. [ mpeojoieHust BIUSHUS aTMOc(ephbl Bce KPYITHBIE TEIECKOIbI
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OCHAII[AIOTCS CHUCTEMOW aJanTUBHOM KOMIEHCAllUM Kak MHHUMYM [I€pBOrO TOpsAKa
(oOecrieunBaeT KOMIICHCAIIMIO HakioHA (hpoHTa BONHBI) [2]. YacTo €€ momonHseT cucrema
dbopMUpOBaHUS HUCKYCCTBEHHOW OIOPHOM 3BE37bl, COBEPIIEHHO HeoOXoaumasi IpHu
HaOJIOICHUAX B ONTUYECKOM JIMANa30HE M3-32 MAJIOTO KOJMYECTBA €CTECTBEHHBIX OMOPHBIX
HUCTOYHMKOB. TakuM o00OpazoM, HaOJIOAATENbHBIH MHCTPYMEHT CTAaHOBUTCS Topasno Oosee
CIIOKHBIM M JoporocrosuM. IloTomy pa3zpaboTka MeTomoB 00pabOTKH H300pakeHuil,
MO3BOJIAIOIINX HM30aBUTHCS OT BIUSHUSA aTMOC(EpPHBIX HCKAKEHUM, COXpaHSET CBOIO
AKTYaJIbHOCTb.

OnHUM W3 TakuX METONOB sBiIseTCs pa3padoranubiii B UPD HAHY meron nakormieHus
nonHbX (a3z. O nomonuser meron Jlabeiipu [3], KOTOPbIM MyTEM HAKOIUICHHS IMO3BOJISET
JIOBOJIBHO TOYHO BOCCTAaHOBHUTH MOAYJIH (Pyphe-KOMIIOHEHT u300pakeHus. B [4], omHako,
OBLJIO MOKa3aHO, YTO JAHHBI METOJl MMEET MPUHIIMIHUAIBHBIE OTPAaHUYCHUS, CBSI3aHHBIC CO
crrocoboM (oOpMHUpPOBaHMS M300paKEHUs TPAJAUIIMOHHBIM TeneckonioMm [5]. [lo3mHee Obuia
BBICKAa3aHa HJESd O BO3MOXKHOCTH COBMEIIEHHMS MeETOJa HaKOIJICHHS TOJHBIX (a3 ¢
MHOTOJy4eBbIM HHTepPepoMeTpoM. TeopeTtndeckoe €€ 00OCHOBAHWME MOXKHO HAWTH B [6].
Torna ke ObLT MPOBENCH NMEPBUYHBIA KOMIBIOTEPHBIN 3KCIEPUMEHT, KOTOPBIA, OJHAKO, B
CHJIy OTCYTCTBHUS MOJHOLIEHHOM Mojenu uHTepdepomerpa OblT BeChbMa MPUOIU3UTEIHHBIM.
Takxe oOrpaHMue€HHUE MOJETH TMPOSBUIOCH B HHU3KOM pa3pemieHur o00pabaThiBaeMBbIX
n300pakeHu — 00muii pazmep 64x64, a pazmep HabI01aeMOro 00ObeKTa 8X8.

Takum o0pa3oM, OblUla TIOKa3aHa JWIIh MPUHIMIHAIBLHAS BO3MOXKHOCTH COBMEIIICHUS
METO/Ia HAKOIUIEHUs TOJHBIX (a3 W wuHTEepdepomMeTprueckoro crocoda GopMHpOBaHUS
n300pakeHuit, o uém mpsimo roBoputTcs B [6]. B nmanHoit pabore Oonee moapoOHO
paccMOTpeHBl 0COOEHHOCTH KOMOMHHPOBAHMS JIBYX METOJIOB, a TaK)Ke IMPOU3BEIEHO Oosee
TOYHOE MOJETHPOBAHUE M aHAJHU3 IMOJIYYCHHBIX PE3yJIbTaToB. Pa3zmen 2 comepkuT KpaTkoe
ONMCaHWE MHOTolIydYeBoro uHTepdepomerpa. Ero mcmonp3oBaHHe COBMECTHO C METOJIOM
HAKOIUJICHUS TOJIHBIX (ha3 paccMOTpeHO B pasznene 3. JleTann KOMIOBIOTEPHOTO SKCIIEPUMEHTA
U €T0 pe3ynbTaThl 00CYXAat0TCs B pazaene 4.

2. MHoroayuyeBoii uHTepphepoMeTp

B [5] moapoGHO paccMOTpeHBl NMPUYHHBI, OrpaHWYHBaroImue 3()(HEKTUBHOCTH METONA
HAaKOIJICHUs IOJIHBIX (pa3 IpU NPOBEAECHUM HAOIIONEHHH C IMOMOIIBIO TPaJAUIMOHHOTO
Teseckona. [IpuuéM MpUYMHBI 3TH CBS3aHBI HE C HEJIOCTAaTKAMU METO/a, HO OOYCIIOBIIEHBI
ocoOeHHOCTsIMU (popMUpOBaHUST M300pakKeHU MaHHBIM MHCTpyMeHTOM. Tak, ecim Haber
(a3pl MEXIy 4acTAMHU anepTypbl MPEBHIACT 27, HAPYLIAETCS MHTEPPEPEHIMs CBETOBBIX
IIOTOKOB, MepeaaBaeMbix HUMH. DaKTHYECKH 3TO O3HAYaeT, 4YTO H300paKeHHUs OOBEKTa,
(dopMupyeMble OTIACIBHBIMM  YacTAMH  amnepTypbl (pasMep KOTOPBIX ONpeAessieTcs
XapaKTepHbIM pa3MepoM aTMoc(epHBIX HEOAHOpoAHOCTeH /). DTO TPUBOIUT K
HEBO3MOXXHOCTH HM3MepeHHs (a3bl (ypbe-KOMIIOHEHT, 3aTPOHYTHIX NaHHBIM 3(dexToM. B
cilydae TpaJuLMOHHOTO TEJIECKOINAa 3TO OTHOCUTCS KO BCEM (yphe-KOMIIOHEHTAM.

N36aBUTbCS OT Takoro KaTacTpo(UUECKOTro paspylieHus HH(YOPMAIMH MOKHO, JHOO
YCTPAHUB IPOCTPAHCTBEHHOE HAKOIUIEHWE CUTHaa, MO0 B3sAB €ro noj KoHTpoub. [lepBas
BO3MOXHOCTh CBSI3aHa C HCIIOJIb30BAaHHEM MPABUIBHO TOCTPOCHHBIX O€3bI30BITOYHBIX
KOH(pHrypamnuii aneptypsl Tejaeckona. Takas BO3MOXKHOCTh ObliIa BriepBbIe omnucaHa Poabe B
[7]. B To Bpems moapazymeBajoCh HCHOJIb30BAaHME MACOK, HAKIIAJBIBAEMBIX Ha amneprypy
TPaJULIMOHHOTO TEJIECKOIa, B HACTOsALIEE K€ BpeMs MOAOOHBIM METOJ CKOpee OTHOCHTCS K
MHOT'03€pKaJIbHBIM TeslecKomaM. Ha 3Tom myTH, ogHako, cymiecTByeT aBa npenstcTBus. C
OJIHOW CTOPOHBI, IPU MACKUPOBAHUU alEPTypbl UTHOPUPYETCS YacTh CBETOBOIO MOTOKA, YTO
NPUBOAUT K OTPAHUYCHUSAM IPH HAOMIONEHHM Cl1a0bIX 00bekTOB. C Ipyroil CTOPOHBI, HU
oiHa 0e3bp130BITOYHAS KOH(MHUTYpalys He 00eCIIeYNBACT MOJTHOE MOKPHITHE COOTBETCTBYIOIICH
YacTH 4acTOTHOU TuiockocTH [8]. CienoBarenbHO, HEKOTOPBIE YacTOTHI HE OYIyT MepeiaHsbl
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BOBCE, U M300pakeHHue 00bEKTa JaKe MPU OTCYTCTBUU KAKUX-IMOO TTOCTOPOHHHUX UCKAKEHUIN
yke OyZIeT CyIecTBEHHO HCKa)KeHO HaOII01aTeIbHBIM HHCTPYMEHTOM.

Btopas BO3MOXHOCTH TpencTaBiseTcs Topas3ao Oojee cnoxkHou. Heobxommumo
CKOHCTPYHpPOBAaTh HMHCTPYMEHT TaKHUM o0O0pa3oM, 4ToObl H30ekaThb MHPOCTPAHCTBEHHOTO
HaKOIUIEHUsA curHana. Jlimsg Teneckoma €O CIUIONIHOM amepTypod caenaTh 3TO HeE
NPEICTaBIsETCS BO3MOXKHBIM, TOITOMY BepHEMCA K HJAee HHCTPYMEHTa C COCTAaBHOU
aneptypoii. Ha Hero HakiiaipIBatoTCA CJIECIYIOMINE OTPAHUYCHUS

1. OtHouleHue nuameTpa cyOamnepTypbl d K XapaKTepHOMY pa3Mepy aTMoc(hepHBIX
HEOJTHOPOAHOCTEHN / MOMKHO OBITH MeHblIe 1, nHaue 3¢ (HEeKT MPOCTPaHCTBEHHOTO
ycpenHeHus: Oyner HaOMIonaThCsl yKe B paMKax OJHOM cyOamepTypsl. boinee
MOAPOOHOE PACCMOTPEHHE 3TOTO YCIOBHSI MOYKHO HalTH B [6].

2. YacToTHBIE OKHa, IIEpeJaBaeMble Pa3IMIHBIMU MMapaMu CcyOanepTyp, HE TOJIKHBI
nepecekarbcs. JTO HAKJIAAbIBAE€T YCJIOBHE HE TOJBKO Ha camy KOHQUIYpalHuio
anepTypsl (KOTopasi, O4eBHIHO, Ul 3TOTO JOJDKHA OBITH 0€3bI30BITOYHON), HO H
Ha PacCTOSIHUE MEXAY cyOanepTypaMu.

3. Koudurypanus anepTypsl JODKHA  oOecriedrBaTh  IOJIHOE  MOKPBITHE
nepeaBaeMoil 06J1acTH MPOCTPAHCTBEHHBIX YACTOT.

Kak yxe roBopuiioch BBIIIE, BBINOJHEHHE MYHKTOB 2 M 3 HEBO3MOXKHO OOECIIEYHUTH B
paMKax OJTHOM KOH(HTyparuu anepTyphl: U30bITOUHAS KOHPUTYpaIrs 00eCIeYMBACT MOTHOE
MOKPBITHE YaCTOTHOW o0jacTu, HO OyAeT mepelaBaTh 4YacTOTHI Ooyiee 4eM OJHOKPATHO;
0e3b130bITOUHAs K€ KOH(Uryparus obecrneunBaeT OJHOKPATHYIO Tepeaady, HO HE TOJHOE
MIOKPBITHE.

Brixonx u3 3T0# cuTyaluu Kak pa3 W npejyiaraeT MHOrojydeBoi uatepdepomerp [9]. On
UMeeT JBE amepTypbl: BXOIHYIO M BBIXOAHYIO. O0e amepTypbl coaepkaT OJWHAKOBOE
KouuecTBO cybamneptyp. Ilepuckonuyeckoe cmelieHue odecreynBaeT neperady CBETOBOTO
[OTOKa OT cyOamepTyp BXOAHOM amepTypbl K cyOamepTypaMm BbIxoaHOH. Ilpu sTom
KOH(HUrypamusis BXOJHOW amepTypbl SBIsSETCS W30BITOYHON, HO OOECIeYMBaeT IMOITHYIO
nepesady CBOEro 4acTOTHOTO OKHA. B To ke Bpems KOH(UTypalusl BBIXOAHON amepTypbl
SABJISICTCSL O€3bI30BITOYHOM, T.€. B TIEPEIaBAEMOM €0 YaCTOTHOM OKHE OyaeT oOecriedeHa He
0oJiee ueM OJJHOKpaTHas Iepeaaya BCeX MPOCTPAHCTBEHHBIX YaCTOT.

Jlpyroii BAXXKHOH OCOOCHHOCTBIO SIBJIIETCSI TO, YTO MHTEP(EpOMETpP MO3BOJISAET MOIYIUTh
HE M300pa)XeHHE HCCIeNyeMoro oObeKTa, a Tak Ha3plBaeMylo wuHTepdeporpammy. EE
dbopMupyeT BBIXOJHAs anepTypa UMHCTPYMEHTA, B TO BpeMs Kak M300pakeHHE MOXKET ObITh
MOJy4EHO JIHIIb C TOMOIIBI0 BXOJHOW amepTyphl. Takum o00pazoM, 4YTOOBI TONYyYUTH
n300pakeHHe OOBEeKTa W3 PE3yJbTaTOB HAONIOACHUN C TIOMOIIBI0 HWHTEpEpoMeTpa,
HEOOXOMMO TPOBECTH TMpPOLEAYypy peKoHCTpyKiuu. OHa BKIO4aeT B cels pelieHue
CHCTEMBI TIPOCTHIX ypaBHEHHUH, Kak Obu10 onucano B [10]. Pemenne Takoi cuctemsl, OAHAKO,
OCJIOXKHSIETCSl OOJIBIIIMM KOJIMYECTBOM ypaBHeHHMH. Kpome Toro, kak Obu1o ynomsiHyTo B [6],
ke B 3TOM cCllydae MPUXOAMUTCS CTOJIKHYTHCS C MPOoOJIeMOl HEOJHO3HAYHOCTU TJIABHOTO
3HaueHus: (as3pl Qypbe-KOMIOHEHT. TakuM 00pa3oM, U B 3TOM CiIydae HAKOIUICHHE IOJHBIX
a3 MokeT oKa3aThCs BEChbMa MOJIE3HBIM.

3. Oco0eHHOCTH PEKOHCTPYKIIUM U300paKeHUust

[Tpu peKOHCTPYKIIMH H300paXKEeHUs C UCTIOIB30BAHUEM METO/1a HAaKOIUICHHS MOJHBIX (a3
Moxymu U (as3pl Gypbe-KOMIOHEHT paccMaTpHBAIOTCS OTAENbHO. Hakomnenne momymei
¢pbe-komnoHeHT ObuT0 omucaHo JlaGeiipu B [3]. OmnHako Monynu (ypbe-KOMIIOHEHT, B
OTJIMYME OT TMOJHBIX (a3, MOCTYMHBI K HETMOCPEACTBEHHOMY HM3MEPEHHIO IO Pe3ysbTaTraM
skcniepuMenTa. K ToMy ke, 005acTh onpeeneHusl MOAYJIEH JISKUT Ha MPSAMOM, YTO Jenaer
UX HaKOIUIeHHE Y(PPEKTUBHBIM BHE 3aBUCHMOCTH OT KOH(QUTYpalny anepTypbl HHCTPYMEHTA.
Taxum oOpa3oM, eciu MmocTpoeHne nHTepdeporpaMmsl He TpedyeTcs, HAKOIIJICHUE MOIYJeH
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¢bypbe-KOMIOHEHT MOXKHO MPOU3BOIUTH HETIOCPEICTBEHHO B YACTOTHON MJIOCKOCTH BXOJHOMN
aneptypbl. Cpa3y OTMETHM, 4YTO (PU3UYECKH MOJHOCTHIO Pa3AeiuTh HAKOIUIEHUE MOIyNeH U
¢a3 ¢Gypbe-KOMIOHEHT HEBO3MOXKHO, MOCKOJBKY PErHCTPUPYIOTCS OHHM OJHOBPEMEHHO.
OnHako ¢ TOYKHU 3PEHHUS MOJEIHPOBAHHS HAKOIUICHHE MOJYJIEH B YACTOTHOHM IJIOCKOCTH
BXOJIHOM anepTypbl UICHTUYHO HAKOIUICHHIO MOJYJIEH B YAaCTOTHOW IJIOCKOCTH BBIXOJIHOM
amepTypsl C TMOCIEAYIOUIMM YCpPEIHEHHEM IPU PEKOHCTPYKIUH u300paxkeHus. IlosTomy
0JI00HOE YIPOIIEHHE JOITYCTUMO.

Hakonnenue mnonmHbix (a3 mpeactaBisieT coOoil Oosiee CIIOXKHBIA Ipolecc, KOTOPBIH
BKJIFOYAeT B ceOsi oTciexkuBaHue u3MeHeHus ¢a3pl Bo BpeMeHu [11]. UtoOwl m3bexaTh
MPOCTPAHCTBEHHOTO HAKOIUJICHHS TJIABHBIX 3HAUCHUH (a3bl 10 OTCICKHBAHHS, TaKOe
HAKOIUIEHHE B 0O0S3aTEIbHOM MOPSJIKE JOKHO MPOBOAUTHCS B YACTOTHOM IJIOCKOCTH
BBIXOAHOU anepTyphl. C TOUKH 3pEHUS MOACTHUPOBAHUS 37IECh HIMEETCS BE BO3MOKHOCTH:

1. MopenupoBaHue TIepeHOCa CBETOBOIO IOTOKA OT cyOamepTyp BXOIHOU
KOH(UTYpaIu K cy0anepTypaM BEIXOAHOW. ITO CaMbIii MIOTHBIN U «IECTHBINY, HO
BMECTE C TEM U CaMblii CIIOKHBIN B pean3aluu crocod MOAETUPOBAHUSI.

2. MopnenupoBaHue MepeHoca YaCTOTHBIX OKOH KaXKIOH maphl cyOamnepTyp BXOIHOU
anepTypsl B YaCTOTHBIC OKHA Tap cyOamepTyp BBIXOAHOW amepTypbl. Takoi
croco0 ropaszio Mpouie, OJHAKO OH TpedyeT aKKypaTHOCTH B OOpalIeHUU C
MOAYJISIMH (Pypbe-KOMITOHEHT.

3. Bxopanyto anepTypy MHOTOJIY4YEBOT0 HHTEp(hEepOMeTpa MOKHO pacCMATPUBAThH KaK
Habop AByxiay4deBbIX wuHTEephepomeTpoB Duzo-Maiikenscona [12]. C Toukm
3peHUsi PEKOHCTPYUPOBAHHBIX  H300paXEHWH ATOT  CIOCOO0  aHaNOTUYeH
npenpiaymemy. OnHako Temepb 4YacTOTHbIE OKHA, IepeJaBacMble Mapamu
cybamepTyp  BXOJHOW  amepTypbl,  pacCMaTPUBAIOTCS  HHIAUBHIYaTbHO.
Co0OCTBEHHO, BBIXOHAS KOH(DHUTYypaIHs IPH TAKOM CTIOCO0E MOJISTTUPOBAHMS TaKe
He QUTYpHUpYeT, a, 3HAYUT, HET BO3MOXXHOCTH TOJTYYUTh HHTEPHEpOrpaMmy.

Jlerxko moramatbesi, YTO TPETHH CIMOCOO COBMECTHO C HAKOIIEHHEM MOayier Qypwe-
KOMIIOHEHT B YAacCTOTHOM IIJIOCKOCTH BXOJHOHM amepTypbl NpEACTaBiIsieT COOOH caMblid
MPOCTOM CIMOCO0 MOJCIUPOBAHUSA PEKOHCTPYKIIMU HW300paKCHWH TNpU HAONIOICHUU C
MIOMOIIIBI0 MHOTOJlydyeBoro wuHTepdepomerpa. OH ObUI HCIONB30BAaH B IMEPBHYHOM
AKCTIEPUMEHTE, OIMMCAaHHOM B [6]. B paMkax maHHO# pabOTHI MBI OyaeM HCTOIB30BaTh 0oJiee
MOJTHOIICHHBIN BTOPOU CIIOCO00.

Takum oOpazom, MbI moiydaeM ¢as3el (Qypbe-KOMIOHEHT B YaCTOTHOW IIJIOCKOCTH
BBIXOJHOU cyOamepTypbl. M300paxkeHue jxke JODKHO OBITh MOJMYy4eHO B (OKaIbHOU
IUIOCKOCTH BXOJHOHM amepTypbl. Heobxoaumo ocyiecTBUTh OOpaTHOE IepeMelleHue
4acTOTHBIX OKOH. [lockonbKy BXOnIHas ameprypa sBiISeTCd U30BITOYHOW, HEKOTOpHIE
YaCTOTHBIC OKHA OyIyT mepedaHbl Oonee yeM ogHOokpaTtHO. OHAKO TeHeph MBI yKe UMeeM
JIeNI0 ¢ TOJIHBIMH (pa3zaMu, MOATOMY JUIsi UX COBMECTHOTO Y4eTa HCIOJB3YeTCsl OOBIYHOE
ycpenHenue. Moaynu ke  (Qypbe-KOMIIOHEHT OBLTM HAKOIJICHBl HEMOCPEICTBEHHO B
YaCTOTHOW IUIOCKOCTH BBIXOAHOW amepTypbl (cM. Bbimie). OObeOMHUB HUX U TEpeBens
pe3ynbTrar B (POKAIBHYIO IUIOCKOCTh, MBI TIOTy4aeM PEKOHCTPYHPOBAHHOE HU300pakKeHHE
HAOJIFO4aeMOro 00OBEKTA.

4. KoMIILIOTEPHBbIH IKCIEPUMEHT M €ro pe3yJbTaThl

BXOI[HBIMI/I JaHHBIMU JId KOMIIBIOTCPHOI'0 MOJCIHUPOBAHUA SABJIAIOTCA HWCTUHHOC
n300pakeHne 00beKTa, KOHPUTYpaIlMs BXOAHOW U BBIXOAHOM amepTypsl nHTepdepomeTpa, a
TakKe MapameTpsl atMoc(hepHbIX (Ha30BBIX HMCKAKCHUU, TaKHE KaK CPEIHEKBAIPATUIHOE
OTKJIOHEHHE O , MApaMeTp IIUPHUHBI CIIEKTPAJIbHON INIOTHOCTH & , LIUPHUHA APAa BPEMEHHOTO
CriakmBaHusi M W KOJIMYECTBO cCHlakuBaHmii m. Taxke 3amaérca UIMHHA
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nocienoBarenbHocTd N . bonee monHOe omucaHWe TMpolecca MOJACIHPOBAHUS M €r0
0COOEHHOCTEN MOXKHO HaWTH B [ 13], 37€Ch e MBI pACCMOTPUM €T0 OYEHBb KPATKO.

Ha xaxmom mare renepupyetcs mnose (pa3oBbIX UCKaKEHUH C 3alaHHBIMH CBOWCTBaMH.
['enepanusi TPOU3BOAUTCS TaKKUM 0Opa3oM, YTOOBI OOECHEYUTH TPEOYEeMYIO KOPPEISIINI0
MEXIy KaJpaMud BO BpemeHH. Jlamee momydaercss Qypbe-o0pa3 HM300pakeHUs: 00BEKTa B
JaHHOM KaJpe C TOMOIIbI0 BXOJIHOM amepTypbl uHTepdepomerpa. Camo u3z00paxeHue
NOJy4YaTh HET HEOOXOAMMOCTH, HEOOXOAMMBI TOJBKO MOAYIH (ypbe-KOMIIOHEHT JUIs
HAKOIUICHHUS.

Crenyrommm marom sBIsS€TCS TOCTPOSHUE M300pakeHUs, MOIy4aeMOro Kaxa0i napoi
cybamepTyp BXoaHOM anepTypsl. [lepenaBaembie 3TOM Mapoil YaCTOTHBIE OKHA MEPEHOCATCS B
COOTBETCTBYIOII[ME YAaCTOTHBIE OKHA BBIXOAHOHM amepTypsl. Eciam ectb HeEoOXOAMMOCTH
chopmupoBath MHTEp(DEpOrpaMMy, NaHHYIO MPOIEAYPY HYKHO MPOHU3BOIUTH IS (pyphe-
KOMITOHEHT «ILIEJIMKOM», TIOCIIe Yero OT pe3yiabTara Oepércs mpeobpasoBanue Pypoe. B
JAHHOW paboTe B YAaCTOTHOM IUIOCKOCTH BBIXOJAHOW amepTyphl TpeOOBajJoCh MPOU3BOIUTH
HaKoIUIeHHe (a3, Io3ITOMY IMEPEHOCY MOBEPratoTcs TOIBKO (Pa3bl Pypbe-KOMIIOHEHT.

Taxkum obOpazom, moaynu u ($a3sl Gypbe-KOMIIOHCHT HaKaIlIMBarOTCs oTAelbHO. [locie
3aBepIlEHNUs] HAKOIUICHHUS, KaK ObUIO OMHCAHO BBIIIE, OCYLIECTBISETCS OOpATHBIM MepeHoc
¢da3 ¢ypbe-KOMIOHEHT, UX YCpPEeIHEHHE B YacCTOTHOM IJIOCKOCTH BXOJHON amepTypbl U
o0beMHeHnEe ¢ MOAYIAMU. B pesynbrate moiyuaercs Qpypbe-00pa3 peKOHCTPYHPOBAHHOTO
HU300pakeHHUS.

Konduryparmu BXoTHON U BBIXOJHOH anepTypbl, HCIIOJIB30BaHHBIE IPU MOCTUPOBAHUN
B JIaHHOUW paboTe, MpuUBENCHHBI Ha puc. 1, a u puc. 1, B coorBeTcTBeHHO. OHHU cojiepkar mo 15
cybamepTyp, pa3sHECEHHBIX Ha pacCTOSHHE, HEOOXOIUMOEe i OTCYTCTBUSL B3aWMHOTO
NEPEKPBITHS] YaCTOTHBIX OKOH. BXxoaHas xoHdurypamus spisercss U30bITOYHOU, U puc. 1, 6
WJUIFOCTPUPYET KPATHOCTh IOKPBITUS €€ 4aCTOTHOM IIIOCKOCTH. L[BeToBas 1Ikaia npuBecHa
psanom. BumHo, uTo 007acTh TEepeAaBaeMbIX YacTOT MOKPHITA MOJHOCTHIO. B dacToTHOM
IUIOCKOCTH BBIXOAHOM KOH(puUrypamuu (puc. 1, T) IMEIOTCs HEMOKPBIThIE 00JIACTH, OJTHAKO BCE
OCTaJbHbIE YacCTOThI, 32 HCKIIOYEHHUEM OKPECTHOCTEH HYJIEeBOW YacTOTHI, NEpenaroTcs
OJTHOKPATHO.

B kaudectBe HaOmromaeMoro o0OBEKTa B JTaHHOW pabOTE HCIIOIB30BAJIOCH YIPOIIEHHOE
n3o0paxeHue cmyTHuka (puc. 2, a). Takoe m3obpaxenue (OyaeM Ha3bIBaTh €r0 MCTUHHBIM)
HEBO3MOXKHO YBHUJAETh B TEJIECKON WM HMHTEPPEpOMETp H3-3a OrpaHUYEHHON 00s1acTu
nepeaaBaeMbIx 4acToT. M300pakeHue, moirydyaeMoe Mpu OTCYTCTBHM aTMOC(EpHBIX (a3z0BbIX
UCKOXEHWH, B IJIIOOOM ciiydae OyaeT coaepkath apTtedakTbl, CBSI3aHHBIE C OTHM
orpaHu4eHueM. BoccTaHOBHTH HemepenaBaeMble YacTOThl HE YAACTCS, MOXKHO JIUIIb
UCIIOJIb30BaTh alepTypHOE SApO Ui BOCCTAHOBJIEHUS M300paK€HUS BHUHEPOBCKUM
¢unbTpom. s paccmarpuBaeMoro B JaHHOW pabore  HMHTepdepoMerpa  Takoe
BOCCTAaHOBJICHHOE M300paKeHHE MOKa3aHo Ha puc. 2, 6. [lockoabKy OHO TIpencTaBiIsIeT CO00M
npefen KadecTBa PEKOHCTPYKIMHM M300pa)keHusi, OyneM Ha3blBaTh €ro ATAJOHHBIM U
MCIIOJIb30BAaTh JJIsl OTIpEeNICHUS CPEIHEKBAPAaTUYHON MOTPEIIHOCTH.

Hakonnenune ¢a3 ¢ypbe-KOMIOHEHT MPOU3BOAMIOCH COTJIACHO ONMHMCAHHOMY BBIIIE
anroput™my. Puc. 3 nemoHcTpupyer ero pe3yinbTarbl. CpelHEKBaApaTHYHOE OTKJIOHEHHUE
($a30BbIX HCKaKEHUH BO BCeX ciyyasx ObUIO paBHO 7, B TO BpeMsl Kak MapameTp o,
XapakTepu3yromuil pazmep HeoxHopoaHoctel, naMmensicsa ot 0.01 mo 0.0.5 ¢ marom 0.01.
DTO U3MEHEHHUE MPEKPACcHO BUIHO Ha KapTax ¢a3oBbix uckaxenuit (Puc. 3, a). Psgom (Puc. 3,
0) mokaszanbl (pa3oBbIe MCKAKEHUS HAa BXOMHOH amepType mHTepdepomerpa (aTmochepHO-
aneptypHas ¢yHkums). M3o0paxkenus, monydeHHbie 0e3 mpuMeHeHus HakoruieHus ¢as (Puc.
3, B), UCKaXXEHbI 10 HEY3HABAEMOCTH BO BCEX Cllydasx. JTO HE YIUBUTEIBHO, T.K. NPHU
OTCYTCTBHH HAKOIUICHHS (a3 X YCPEIHEHHE MPU 0OpaTHOM MEPEHOCE YACTOTHBIX OKOH (M3
YaCTOTHOW IJIOCKOCTH BBIXOJHOW anepTypbl B YaCTOTHYIO IJIOCKOCTh BXOJHOH) MOJIHOCTBIO
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BOCIIPOM3BOJUT ITPOCTPAHCTBEHHOE HAKOILJICHUE, KOTOPOE UMEET MECTO B MHOT03€PKaIbHOM
TEJIECKOIe ¢ KOH(Urypauuei aneprypbl, aHAJIOTUYHOM KOH(HUTYpallMi BXOJHON anepTypsl
uHTepdhepomeTpa.
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Puc. 1. Cxembl pacnoJjioxkeHusi cydaneptyp (a, B) 1 KapThl YaCTOTHOTO MOKPHITHS € IBETOBBIM
NpeICTaBJIeHNeM KPaTHOCTHU nepenay (0, r) AJisi BXOAHOM (a, 0) 1 BHIXOAHOII (B, I') allepTypHI.
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Puc. 2. UcTunHoe (2) u 3TaioHHOE (0) H300pakeHne HA0II0aeMOro 00beKTA.

0.01

0.02

0.03

| .
T | {

0.04

0.05

Puc. 3. Pe3yabTaT KOMIBIOTEPHOT0 MOEJMPOBAHUS Pa00Thl MHOT0JIy4€BOI0 HHTep(depomeTpa:
KapTa aTMocgepHbIX (pa30BbIX HCKakeHMIl (a), aTMOC(hepHO-anepTypHast GyHKHUS A1 BXOTHOH
aneprtypsbl (0), peKOHCTPYUPOBAHHOE M300paxeHue IPU OTCYTCTBUU HaKoILIeHus ¢a3 1o
€/IMHCTBEHHOMY Ha0/I101eHUI0 (B), PEKOHCTPYHMPOBAHHOE N300paxeHue ¢ IPUMEHEHHeM MeToa

Hakomienus ¢as no nociexopareabHocTd u3 500 (o =0.01) m 1000 nzo6pakeHuii.

[Tpu Tex e ycIoBHUIX N300pakeHusl, MOJIyYeHHbIE C TPUMEHEHHUEM HAaKOIUICHUS TOJTHBIX
¢$a3 B 4aCTOTHOM TUIOCKOCTH BBIXOJHOHW amepTypsl (Puc. 3, T), BRITIAAAT 3aMETHO JTydIIIe,
0cOOEHHO B cllyyae, KOTJa XapaKTEepHbI pa3Mep HEOAHOPOAHOCTEH CYIIECTBEHHO
npesbiaeT pasmepsl cybaneptyp. I[Ipu « =0.01 Ha pucyHke mokazano HakorieHue o 500
n300pakeHHeM, BO BCeX OCTalbHBIX cayyasx — mno 1000. Bsibop miuHHBI
IIOCJIEIOBATEIBHOCTH  JJII  HAKOIUICHMS  CBA3aH C  HAJUMYMEeM B 3aBUCHUMOCTHU
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CPEeIHEKBAIPATUYHOM TMOTPEHIHOCTH PEKOHCTPYKIMHM OT JUIMHHBI IOCJIEI0BAaTEIbHOCTH
MUHMUMYMa. 1 cioydaeB TpaAMLMOHHOTO M MHOTO3€PKATbHOTO OPOUTAIHHOTO TEJIECKOIa
BOIIPOC O HAJIMYWK TAaKOT0O MHHHUMYMa OOCYKIajcsi, cOOTBeTcTBeHHO, B [13] wu [14]. [Ipu
HCIIOJIb30BAHUKU MHOTOJIYYCBOI'O HHTep(I)epOMeTpa MHWHUMYM B aHAJIOTUYHBIX 3aBUCUMOCTIAX
tarke umeeT mecto (Puc. 4), XoTs U MeHee BeIpakeHHBIN. [Ipeamnonaraercs, 4To MpUUIUHON
TAKOTO XapakTepa 3aBUCUMOCTEH SBISIOTCSA COOM B OTCIEKHBAaHWH (a3bl, OJHAKO
UCCJIETOBAHMSI 110 IAHHOMY BOIIPOCY €lI€ HE 3aBEepLICHBI.

0,075 -
0,070 - a=0.01
0,065 -
0,060 -
0,055 -
S 0,050+
(@] J
0.045 7 a=0.03
0,040 - a=0.02
0,035 - o =0.05
0,030 -
] a = 0.04
0,025 -
0,020 T T T T T T T T T T y
0 200 400 600 800 1000

Puc. 4. 3aBUCHMOCTD CpeJHEKBAAPATHYHON NMOTPEIIHOCTH PEKOHCTPYKIUH OT YHCJIA
Ha0JII01eHuii, yuacTBywomux B Hakoriennn npu « = 0.01 (A01), o = 0.02 (A02), o =0.03
(A03), & =0.04 (A04) u ¢ =0.05 (A05).

5. BoiBOABI

Meron HakormjieHHWs TOJHBIX (a3 B coderaHun ¢ MeTtogoMm JlaGeipu mo3BOJIsET
3¢ (HEeKTHBHO PEKOHCTPYHPOBATH U300paKEHUE HAOII01aeMOT0 CKBO3h aTtMocdepy oO0beKTa B
cilydae, €Clii XapakTepHBIH pa3Mep HEOJHOPOAHOCTEH COM3MEpPUM C Pa3MEpOM amepTyphl
Teneckomna. lVcmonb30BaHWE MHOTONYYEBOrO0 HMHTEpdEepoMeTpa TIO3BOISET PACIIUPUTH
001acTh TPUMEHEHHS METOJa, IOCKOJBKY B AITOM Cllydae TpeAes ero MPUMEHHMOCTH
OTIPE/ICNIAETCS COOTHOIICHUEM XapaKTepHOro pa3Mepa HEOJHOPOIHOCTEH H pasMepa
cybameptypbl. B pamkax gaHHOM paboThl peann3oBaHa 0oJiee MoHas KOMIBIOTEpHAS MOJIETh
HaOJI0/IeHU ¢ MOMOIIIBIO MHOTONTy4eBoro uHTepdpepomerpa. [loareepxnena s3¢pdekTuBHOCTH
COBMECTHOT'O MCIIOJIB30BaHUSI METOAA HAKOIUICHHS TOJHBIX (a3 U MHTEPHEPOMETPHUECKOTO
crocoba (dopmupoBaHus wu300pakeHud. B mpomecce wuccrnenoBaHus ObLT  BBISIBICH
HEMOHOTOHHBIH XapaKTep 3aBUCHMOCTH CPEIHEKBAPATHYHON TOTPEITHOCTH PEKOHCTPYKIIHH
OT KOJIMYECTBA HAOJIIOICHUH, YJaCTBYIOMIMX B HakomieHnu. CUTyalus aHajJOTHYHA CIydaro
UCTIONIB30BaHUSl ISl HAOMIOACHUN TPAJWIIMOHHOTO TEJECKONa JIMO0 MHOTO03EPKAILHOTO
KOCMHUYECKOT0 TEJIECKOIa, M HYK/1aeTCs B TalIbHEHIIIEM UCCIIeIOBAaHUH.
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