BEJIOPYCCKMI1 HALIMOHAJIbHBIN TEXHUYECKNIM YHUBEPCUTET

OOBEKT aBTOPCKOTO TIpaBa

VK 535.317

CAMBPAHO PUBAC

Jyc ®aduosa Anekcanapa

PACYET U IPOEKTUPOBAHUE 3A®OKAJbHbBIX U
MPEJ®OKAJIBHBIX 3EPKAJIBHBIX OBBEKTUBOB C
AILTAHATUYECKOM KOPPEKIIMEN U KOPPEKIIUEN

MOJEBBIX ABEPPALIMI

ABTopedepar auccepTariu
Ha COMCKaHHWE yYEHOW CTETICHU KaHIUAaTa TEXHUISCKUX HayK
o cienranbHOoCcTH 05.11.07- OnTHYecKue 1 ONTHUKO-3JIEKTPOHHBIE

TPUOOPHI ¥ KOMILIEKCHI

Mumnck, 2024



Pabora BEIIOJIHEHA B BeJ’IOpyCCKOM HallUOHAJIbBHOM TE€XHUYCCKOM YHUBCPCUTETC.

HayunsIil pykoBOIUTENb: Aprioxuna Huna KoncrantnHoBHa,
JIOKTOp TEXHUYECKUX HayK, mpodeccop, mpodeccop
Kadenpsl «JlazepHas TEXHUKA ¥ TEXHOJIOTHSD)
Benopycckoro HallMOHANEHOTO TEXHUYECKOTO
YHUBEpCUTETa

Odnnnaneaeie onmoneHTs:  Bedblit Bragumup HukonaeBuu
axanemuk HAH benapycwu, nokrop ¢us.-mar.
HayK, npodeccop, 3aBeAyIOIIHI LIEHTPOM
«/lnarHocTdeckue cucTeMs MHCTUTyTa QU3NKH
nm. .M. Crenanosa HAH benapycu
CrapocornukoB Hukouaii Ojieropu4
KaHIUIaT TEXHUIECKNX HAayK, BETyIHH
HH)KEHep- UCCIIe0BaTeNlb HaydHO-
KOHCTpyKTOpcKoro ynpasieHust «Kocmoc» OAO
«[Ienenr»

Onmnonupyromas opram3anus: OAO «[Inanap»

3amura coctoutest « 21»  wmions 2024 r. B 14.00 yacoB Ha 3acemaHUU
coBeta no 3amure aucceprauuid [ 02.05.17 B benopycckoM HauuoHaiIbHOM
TEXHUYECKOM YHUBepcuTeTe 1o aapecy: 220013, r. Musnck, np. HezaBucumocty,
65, ayn. 202.

Temedhon  yuenoro  cekperaps (017) 293-96-18, e — mail:
D.02.05.17@bntu.by.

C nmccepramuell MOXHO O3HaKOMHThCS B Ombnmoreke bemopycckoro
HAIIMOHAJIFHOTO TEXHUYECKOTO YHUBEPCUTETA.

ABtopedepar pazocian «__ » mas 2024

YueHslil cekpeTapb COBETA IO 3alUTe - D
muccepraruit /] 02.05.17, kaunuaar -
TEXHUYECKUX HAYK, TOLEHT H.H. Pusnookas

© Cambpano Pusac JI.®.A., 2024
© benopycckuii HAIIMOHATBHBII
TEeXHUYECKUH yHUBepcurer, 2024



BBEJIEHHUE

Pa3paboTka HOBBIX 3€pKajJbHBIX CXEM, YJOBJIETBODSIOMINX COBPEMEHHBIM
3ampocaM IO KayecTBy HW300pakeHMsi, TpeOyeT OOCTOATENBHOTO aHaIn3a
abeppaliOHHBIX CBOMCTB AJIEMEHTHOW 0a3bl M 0a30BBIX cXeM, (OPMHUPYIOLIHX
peajbHYI0 OCHOBY CHHTE3a 3€pKabHBIX OOBEKTHBOB, KaK Npea(OKaIbHBIX, TaK
n 3adoxanmpHbIX. [l 3TOro HEOOXOAMMO MPOBOAMTH TrabapUTHBIE W
abeppalioHHbIe pacdeThl 0a30BBIX CXeM, (OPMHPYIOUINX PEaTbHYI0 OCHOBY
KOMITO3HIIUH 3€PKaTbHBIX OOBEKTHBOB.

[Ipu co3ganny TEMECKOIOB ¢ OOBIION arepTypoH I H3YIECHUS KOCMOCa B
COBPEMEHHBIX  3CPKalbHBIX OOBEKTMBAX IPUMEHSIIOT  TEXHOJIOTHH  C
UCTIONB30BAaHMEM OOJICUCHHBIX M COCTaBHBIX 3€pKall. B CBs3M ¢ 3TUM
HEOOXOIMUMO IPOBECTH JONOIHMUTEIBHOE HCCIIEAOBaHHE MO TEXHOJOIMYECKOU
ajanTalMy  3epKalbHBIX cucTeM. [lpu pa3paboTke COCTaBHBIX —3€pKal
HEOOXOAMMO pemaTh MpobieMy HO3MLIHMOHHUPOBAaHMSA CEIMEHTOB 3epKaia, Kak
TreOMETPHUUYECKOTO, TaK M ONTOTEXHHYECKOro. JlJI peleHuss TeoMeTpHYecKOro
MO3UIIMOHUPOBAHUS CErMEHTOB HeoOXoauMma pa3paboTka MaTeMaTHYecKOn
MOJICIIH JJIsl CITydasi peryJIsipHbIX CErMEHTOB (JIOKaIbHOW KpUBOH achepuieckon
MIOBEPXHOCTH) M PAaBHBIX MPOMEXKYTKOB, a TAKXKE CO3JAHHE KOMIBIOTEPHOTO
anroputMa. Hambomee TexHOIOTMYECKOH (OPMOH COCTAaBHOTO 3epKaia
MIPUHAMAETCS TapabosindecKasi MOBEPXHOCTh, KOTOPYI0 00pa3yroT B pabodem
COCTOSIHHU CETMEHTBI COCTABHOI'O 3€pKaa.

3agaun, BO3HHUKAMONINE NPH a0eppalioHHOM aHAIN3€ CXEMHBIX PEIICHHH,
TIO3BOJISTIOIIMX KOPPUTHPOBATh c(hepruIecKylo abeppaluio, KoMy, aCTUTMaTH3M U
KPUBHU3HY H300pakeHUs, a TAKXKe IPHU CO3TaHUH METOANK OLIEHKHU LIEHTPAILHOTO
9KpPAHUPOBAHMSA, BUHBETUPOBAHMSA, 3AIIUTHl IUIOCKOCTH W300paKeHHS OT
ITOCTOPOHHEH 3aCBETKH, TEXHOJIOTHUECKOW aJamlTalliy 3epKaJbHBIX IEMEHTOB
TpeOyIoT AaTbHENIIEro UCCIIeT0BaHMUS.

B aucceprannoHHoil paboTe MOCTaBICHBI M PELISHBI 3aJja4H 110 Pa3paboTKe U
MO/JICIIMPOBAHUIO HOBBIX 3a()OKAIBHBIX U MPeNPOKaATbHBIX KOMIIO3HIUHA U3 IBYX
U TpeX 3epKall C BBICOKUMH ONTHYECKUMH XapaKTEPUCTHKAMH, MOIYYEHHUIO
AQHAINTHYECKUX 3aBUCHMOCTEH JUIl Ta0apuTHOTO MapaMeTpUYecKoro pacyera,
COCTaBIISIIOIIMX MaTEeMaTHYECKHE MOJEIH 3€pPKaJIbHBIX OOBEKTHBOB Ha OCHOBE
IIPEUI0’KEHHBIX IPUHIUIIOB IOCTPOEHHUS, PELIEHHIO BOIIPOCOB TEXHOJIOIMUECKON
ajanranuy, pa3padoTKe KOMIBIOTEPHBIX aJITOPUTMOB IS T€OMETPHYECKOTO
MTO3UIIMOHUPOBAHUS TeKCATOHAIBHBIX CETMEHTOB HAa COCTaBHOM 3€pKajie, 4To B
COBOKYITHOCTH  SIBJIIETCA  aKTyallbHOM Hay4yHOM 3ajgadeil il CUCTEM
JUCTAaHIIMOHHOTO 30HAMPOBAaHUS 3eMJIM, TeOJEe3MYECKUX, BOCHHBIX U
CIeHaTbHBIX TIPHOOPOB.



OBIIAA XAPAKTEPUCTUKA PABOTHBI

CBs13b padoThl ¢ HAYYHBIMH NPOrpaMMaMu (IIPOEKTAMM), TEMAMHU

JuccepranuonHas paboTa COOTBETCTBYET NPHOPUTETHBIM HAMPABICHHUAM
(yHIaAMEHTAIBHBIX ¥ IPUKIIAIHBIX HAYIHBIX HccneqoBanuii Ha 2021-2025 roasr,
yTBepkIeHHBIM YkazoMm [Ipesmmenta Pecmybmmku bemapycs 07.05.2020r.
Nel56: «l. Hudpossie nH(pOPMaMOHHO-KOMMYHHKAIIIOHHBIE u
MEXKTUCIMIUTMHAPHBIE TEXHOJIOTUH, OCHOBaHHbIE HAa HUX IIPOU3BOJICTBA», B TOM
YHUCIIE «AdPOKOCMHYECKHE M TeOWH(OpMAalMOHHBIE TEXHOJOTHM» U «4.
MauMHOCTpOeHHEe, MAIIMHOCTPOUTENILHBIE TEXHOJOTHH, IPHOOPOCTPOCHUE WU
MHHOBAI[MOHHBIE MaTepHaibl», B TOM 4HCIE <JI1a3epHbIE, IUIAa3MEHHEIE,
ONTHUYECKHE TEXHOJIOTUU 1 000pyJOBaHUEH.

TemaTtnka auccepTaliMoOHHOW pabOTHl ObUIA BKIIIOYCHA B IUIAHBI HAYYHOMH
pabotsl  bemopycckoro - HaMOHAIBHOTO  TEXHHYECKOTO  YHHBEPCHUTETA,
yrBepknaeMble COBETOM YHHMBEPCHTETa M COTJIACOBaHHBIE ¢ MMHHCTEPCTBOM
ObpazoBanuss  PeciyOonmukm  Bemapycs.  PesymbraTel, mONydeHHBIE B
JIUCCEPTAllMOHHOW  paboTe,  CBA3aHBl C  BBINOJHEHHEM  HAy4HO-
HCCIIeIOBaTEeNbCKON PaboThl «Pa3paboTka HOBBIX JIa3epHBIX MaTepHANOB U
TBEPJOTEJbHBIX JIa3epOB HAa HMX OCHOBE, CBETOCHJIBHBIX OOBEKTUBOB U
3epKaJIbHBIX CHCTEM, TEXHOJOTMM (MHUIIHOW 0OpabOTKM JIMH3 MaJlod
KECTKOCTH, aKCHKOHOB M ONTHUYECKHUX JieTajel Ja3epHbIXx rupockomnosy (I'b-16-
246,2016-2020 rr.).

Tematuka  Hay4dHbBIX HCCIEeI0BaHUI JUCCEPTAIIOHHON  paboTHI
pexomennoBana HannonansupiM LleHTpoMm ontudecknx texHonoruit (National
center of optical technologies), r. Mepuna, Benecyana (Merida, Venezuela).

Heab, 3aa1a4u, 00beKT M NpeIMeT HCCIeJ0BaAHUS

Ienpro paboTel ABIsIETCS pa3paboTKa HOBBIX KOMITO3UIHNI 3a()OKIBHBIX U
npeadoKaIbHBIX —AIUITAHATHYECKHX OOBEKTHBOB C KOPPEKLIHEH IOJIEBBIX
abeppamnyii Ha OCHOBE aHaln3a a0EepPAIlMOHHBIX CBOWCTB C IOBBIIICHHBIMH
ONTHYECKHMH  XapaKTepUCTHKaMM, a  TakXKe  pEeIIeHHe  BOIPOCOB
TEXHOJIOTUYECKOH aJanTaryH.

JUIs  OCyIIECTBIEHUS IIOCTaBICHHOW II€AM B IIPOLECCE MCCIENOBAHUI
MOTPeOOBATIOCHh PEUINTH CIIEAYIOIUE 3a0a4H:

1. TIpoBectn abeppalliOHHBII aHAIN3 KOMITO3UINK U3 IBYX U TPeX 3epKal U
ONPENEINTh  PEHICHWs, MO3BOJIIONME  KOPPUIMPOBaTh  CEpUUECKYIO
abeppariio, KOMy, aCTUI'MaTH3M U KPUBU3HY N300pasKEHHMSI.

2. IomyunTp  aHaJNUTHYECKHE  3aBHCHMOCTH I rabapUTHOTO
IapaMeTPUUECKOr0 PacueTa 3epKaJIbHbIX 00BEKTHBOB HA OCHOBE ITPEAJI0KEHHBIX
MIPUHIUIOB OCTPOEHUSI.



3. Pa3zpaboTath HOBbIE KOMIIO3ULIUH  3€pKAJBbHBIX  OOBEKTHBOB,
o0ecreunBaroNINX NpeIelIbHO BEICOKHE ONITHYECKHE XapakTepucTuku. [Iposectn
rabapuTHbIe U adeppallMOHHBIE pacyeThl U KOMIIBIOTEPHOE MOJIECINPOBAHUE.

4. YcoBeplleHCTBOBAaTh METOJUKY pacueTa OJICH/IbI U 3alIUTHOTO SKpaHa
OT TOCTOPOHHETO CBETa B IUIOCKOCTH HW300paKeHMsI Ui KOHCTPYKTOPCKOM
aJlanTalyy JIByX3epKaJbHOTO 3a(hOKaJIbHOTO OOBEKTHBA.

5. Pa3zpaboTaTth MaTeMaTHYECKYIO MOJENH U KOMIIBIOTEPHBIH alrOpUTM
JUIL TEOMETPHYECKOTO ITO3WIIHOHMPOBAHUS TeKCAarOHAJNBHBIX CETMEHTOB Ha
COCTaBHOM 3epKale.

OOBEKTOM HCCIIEIOBAHUS SBIBUINCH TpeapoKambHBle W 3adoKanbHBIe
3epKaNbHbIe OOBEKTUBHI, UMCIOIINE JBAa M TPH OTPAKCHHUS OT HECPEPHUIECKUX
noBepxHocTe 3epkan. IlpenmeroM wuccnenoBaHHs SBISUIUCH ONTHUYECKUE
XapaKTEePUCTUKHU YKa3aHHBIX 3€PKaJIbHBIX 00BbEKTHBOB, a TAKXkKe abeppaliOHHbIE
XapaKTEePUCTUKU N300paKEHHsI B TEOMETPUUECKOM U BOJIHOBOM IIPECTABIICHHH.

Hayuynast HOBH3HA

HpCI[J'IO)KeHI:I HOBBIC CXEMHLIC PCIICHUA CUCTEM U3 JIBYX U TPEX 3C€pKaJI:
pa3paboTaHa onTHYECKasi CUCTEMa JIBYX3EPKaJIBHOTO 3a(hOKaIbHOTO 00BEKTHBA,
a TaKKe CHCTeMa C TpeMs OTPaKCHUSIMH, COCTAaBICHHas W3 IBYX
mapa0oIMYecKuX 3epKall, MPEACTaBIAOmAas MOAYJIb C COBMCHICHHBIMU
BEepPIIMHAMH IIEPBOTO W TPETBETO 3EpKall, a TaKKe KOMITO3HMIHUSA W3 TpeX
Hec(epUIeCKUX 3epKajl C BBIHECCHHBIM TPETHHUM 3a IMPEIeNbl 0a30BOU CXEMEL,
BKITFOYast MOAU(UKAIINIO O0BEKTHBA C IOTOJHUTEIHHBIM IUIOCKHM 3EPKAJIOM.
OmnpeneneHbl XapaKTEPUCTHKH Pa3pabOTaHHBIX CXEM M JIaHBl MPAKTHYECKHE
PEKOMEHIALUH TI0 BEIOOPY (POKYCHOTI'O PaCCTOSTHHMSI.

YcraHoBIEHbI aHAJIMTUYECKUE 3aBUCHUMOCTHU rabapuTHOTO u
abeppaIoHHOI0 pacueTa HOBBIX NMPEAPOKAIbHBIX U 3aQOKATBHBIX KOMITO3UIIHN
13 IBYX U TPEX 3€pPKaJ U COCTABJICHBI aJITOPUTMBI.

Iony4yeHbl (QOPMYIIbI, OMPEACIAIONHEe rabdapUTHOE IOCTPOCHHUE CXEMBI
00BbEKTUBA C MOHOJHMTOM M3 IMEPBOIO M YETBEPTOrO 3€pKal C IUIOCKUM

«IOMAIOIIIMMY» 3ePKaJIOM, YIHTHIBAIOIINE KOHCTPYKTHBHBIE apamerpsl A A
(BBIHOC TIOCKOCTH M300paKEHHS i OCEBYIO TOJIIINHY MOHOJIUTA).

HaiineHsl KOHCTPYKTHBHBIE PEICHHS JUIsl 3€PKATBHBIX CXEM C BHIHECECHHBIM
TPETHHM KOMIIOHEHTOM (3€pKalbHBIM KOPPEKTOPOM MOJEBBIX abeppariuii),
00€CTIEYMBAIONINE YBETMUEHHE TOJIS 3peHus 10 20 =6 U TOydeHHUE TIIIOCKOTO
N300pakeHMs.

MoauduurpoBaHa MeTOAMKA pacdyera W IpOBeJeHa KOHCTPYKTOPCKas
ajanraius ONeHIbl M JKpaHa C LEJbI0 3alUThl [UIOCKOCTH H300paKEHUsI OT
TIOCTOPEHHETO CBETA, BPCIHBIX J'Iy‘-Ieﬁ u pr{MOﬁ 3aCBETKU JJIA IBYX3€PKAJIbHOI'O
3a)OKATLHOTO OOBEKTHBA.

Pa3zpaboTansl mMaTeMaTHuyecKas MOAETh W KOMIBIOTEPHBIM ANTOPUTM IS
reOMETPUYECKOT0 NO3UIIMOHNPOBAHUS T€KCAarOHAILHBIX CETMEHTOB B COCTABHOM



3epKaje, OOpa3OBBIBAIONIMX  €IMHYIO  IMapa0oJIMuecKyl0  ITOBEPXHOCTH,
aJIeKBaTHYIO TI0 CBOEMY OINITHYECKOMY JEHCTBHIO MOHOJIHMTHOMY Iapabosiony.
[IpoBeneHo MoJEIMpPOBaHME JIByX3€pPKAJIBHOIO OOBEKTMBA C  TJIABHBIM
COCTaBHBIM 3€pKaJIOM M3 T'eKCaroHaJbHBIX CETMEHTOB, C IEPCIEKTHBOM ero
HCTIONB30BaHUSl KaK ONTHYECKOTO 3JIeMEHTa ammnaparypsl AUCTAHIUOHHOIO
30HAUPOBAHUS 3eMIIH.

ITonoxkenusi, BBIHOCHMbIE HA 3aIUTY

1. HoBble 3epkanbHbIE KOMIIO3UIMH: IBYX3E€PKAIBHOTO 3a(OKAIBEHOTO
00BEKTHBA CO BTOPBIM 3€PKATOM, IOHAMETP KOTOPOTO IPEBBIIIAET pa3Mep
BXO/IHOTO 3padyka, M TPEX3CPKAIPHOTO OOBEKTHBA C BBHIHECCHHBIM TPETHUM
3epKaJoM 3a TIpenenbl 0a30BOW CXEMBI, BKIIOYAs KOMITAKTHBIA 3epKabHBINA
OOBEKTUB C YETHIPbMS OTPWKEHUSIMH OT TPeX 3epKall, IO3BOJIIONINE
pa3pabaThIBaTh COOTBETCTBEHHO AIIAHATUUECKHE OOBEKTHUBBI C YTIIOBBIM I0JIEM
a0 4°, uro B 1,5 pa3a Oojplie aHAJIOrOB, U OOBEKTHBBI C KOppEKIHEH
aCTUIMaTU3Ma U KPUBU3HBI H300pa)KEHHs C YBEIHUEHHBIM MOJEM 3peHUs A0 6°
IIPU COXPAHEHHUHU BBICOKOH CBETOCHIIBI (OTHOCUTEIBHOTO OTBepCTHs 1:1,5).

2. Meroauka pacyera JuarpaMM BHHbETHPOBAHHS, OCHOBBIBAIOIIAsCsS Ha
pa3pabOTaHHOM TEOPETHYECKOM IIOJIOKEHHWH, COTJIACHO KOTOPOMY Bce
CBETO3AIIUTHBIE M 3€PKAIbHBIC AJIEMEHTHI, MOTYT OBITh 3aMEHEHBI CBOHUM
MapakCHANbHBIM H300pa)XEHHEM B IPOCTPAHCTBE IPEAMETOB, CO37aBas
MaTeMaTHIECKyI0 MOJIETb HATIISTHOTO TpahMueCcKOTo NPEICTABICHHS O BIMSTHAN
BPEIOHBIX IIOTOKOB, MO3BOJIIOINAS pa3padaThIBaTh 3€pKaJbHbIE OOBEKTUBHI,
3alIUIICHAbIC OJEeHIaMH, ¢ YBEIUYEHHBIM YTIIOBBIM TojieM OT 4° mo 8° mpu
JIOITyCTUMOM BUHBETHPOBAHHH.

3. Maremarudeckas MOJeNb W KOMIIBIOTEPHBIH  alTOPUTM  JUIA
TreOMETPHUECKOTO MTO3UIIHOHIPOBAHNUS TeKCArOHAJIbHBIX CETMEHTOB B COCTAaBHOM
IJIABHOM 3epKajie, 0Opa30BHIBAIOIINX E€IUHYIO MapaboJHMYeCcKyl0 MOBEPXHOCTD,
a/IeKBaTHYIO 10 CBOEMY ONTHYECKOMY JEHCTBHIO MOHOJUTHOMY Iapabosionmy,
MO3BOJISIIOIAS. MUHUMHU3UPOBATh 00BEM pacyeTHBIX PabOT M COKPATUTh CPOKU
pemeHus 3a1a4 Ay ONTUMAIBHOTO PACTIONIOKEHHS ECTUTPAHHBIX 36pKAIBHBIX
9JIEMEHTOB TIPH JIIOOBIX 3HAYESHUSX THaMETPOB 3€pKall U JUIMHBI CETMEHTOB.

JIM4YHbIA BKJIA COUCKATENS YYeHOH CTeneHn

OCHOBHBIE ~ TIOJIOKCHMS,  PE3yJbTaThl, BBIBOABI M  PEKOMEHIALUH
JIMCCEPTALIOHHON pabOoTHI MOJyYEeHBl COUCKATEIEM CaMOCTOATENLHO. ABTOPOM
NpoBeAeH aHamu3 abeppalioHHBIX CBOICTB  ONTHYECKHX  3JIEMEHTOB,
COCTaBIAIONINX 3EPKAIBHBIE CXEMBI, Pa3pabOTaHbl BBIHOCHMBIC Ha 3aIlUTY
MaTeMaTHYeCKue  MOZETH,  METOJWKH  TPOEKTUPOBAHHSA,  AJTOPHUTMBI
MapaMeTPUIECKUX PacyeToOB, aHANWTHYECKHE 3aBUCHMOCTH, aHAIW3 M OIIEHKa
ONTHYECKUX XapaKTePHCTHUK 3epKaJIbHBIX OOBEKTHBOB, BKIIOYas MOAYJH C
COCTaBHBIM TJIAaBHBIM MApaOOIUYECKUM 3epKajioM. HaydHOMY pyKOBOIUTEIO
npodeccopy kadenpsl «Jlazepnas texHuka u TexHomorus» BHTY, n.r.H,



npodeccopy Aptioxunoit H.K. mpuHamne:xut obimiee pykoBOICTBO pabOTOM,
ydacTHe B TIOCTAaHOBKE 3a1a4, OOCYXICHHE IIOJyYEHHBIX pe3yJbTaTOB
uccnenosanus. Coasrop myOnukanuii Mapurk B.A. oka3piBana KOHCYNbTalluu
IpU TpoBeAeHUH pacueToB onrtudeckux cucreM. CoaBrop b. Konker
COJCHCTBOBANl pa3pabOTKe MaTeMaTH4ecKOW MOAEIM W KOMIBIOTEPHOTO
ITOpUTMa T€OMETPUUYECKOTO MO3UIIMOHUPOBAHUS T'€KCAarOHAIBHBIX CETMEHTOB
coctaBHOTrO0 3epkana. CoBmecTHO ¢ coaBTopoMm JI. Ilepoca ycoBepuieHCTBOBaHa 1
aZanTUPOBaHa METOAMKA MO pacdeTy OJICHABI M 9KpaHa Ul 3alIUTHI INIOCKOCTH
n300pakeHUss OT IIOCTOPOHHETO CBETAa B JBYX3E€PKAIBHOM 3a()OKaIbHOM
oObekTuBe. OcTaJbHBIE COABTOPHI 3aHMMAIHNCh H3YYEHHEM BOIIPOCOB, HE
BOILIEIINX B JUCCEPTALHOHHYIO PabOTYy.

Anpodanusi auccepranmd U HHPopManuss 00 MCHOJbL30BAHMH ee
pe3yJIbTAaTOB

OCHOBHBIC  TIOJIOKEHMs, BBIHOCHUMBIE Ha  3aIlUTy, U  BBIBOJBI
JMCCEPTALIOHHOTO  WCCJIENOBAaHMs JOKJIAIbIBAIMCh M O0CYXKJAINCh Ha
CIIEAYIOIINX HAYYHO-TEXHUUECKUX KOHPEPEHIHUAX, KOHIPeccax 1 KOHBEHIMU: 9-
g, 10-1, 11-1 MexayHapoaHble Hay4YHO-TEXHHYECKHE KOH(EpeHIHH
«[Ipubopocrpoerne» 1. Munck, bemapycs, BHTY 2016-2018rr.; 10-1, 11-a
MHCTK «HoBble HampaBieHHs pa3BUTHA NPHOOPOCTpOeHUs» T. MUHCK,
benapycs, BHTY 2017-2018 rr., 7-if, 8- MexIyHapoaHblE ONTHYECKHE
koHrpeccol «Onrtuka XXI Bexk» XII, XIII MK «IIpuknagnast ontuka» r. CaHKT-
[etepbypr, Poccusa 2016 u 2018 rr.; 15-1, 16-1 MexmyHapogHbIle HayIHO-
TexHnIeckue Kopepenun «IIpudopocrpoenue» r. Kues, Ykpanna, 2016-2017
rr.; XI-i1 HannonanbHbIil KOHTpecc BeHecyanbckoro ¢uandeckoro oOIiecTsa
(muctanimonHo) 1. Kapakac, Benecyana, 2018 r.; LXIX Konsenius AsoVAC
«BeHecyanbckas acconpanus COASUCTBHUS Pa3BUTHA HAyKW» (JUCTaHIIMOHHO), T.
Kapakac, Benecyana, 2019 1.

B benopycckoM HanMOHAJIBPHOM TEXHUYECKOM YHHBEPCHUTETE BBIIOIHEHO
BHEIpeHHE B y4eOHBII Iporecc Mo aucnuiuinHe «TexHuueckas OmTHKa» Ui
crynenToB crnenuanbHocTH 1-38 01 02 «OnTHKO-3JEKTPOHHBIE U JIa3epHBIE
npuOOpsl M CHUCTEMBD» CIEAYIONIMX PpE3YyIbTaToOB: OINHCAaHWE KOMITO3UIINU
JUTMHHO()OKYCHOTO OOBEKTHBA C aHACTUTMAaTHUECKOI KOppeKIel abeppannii u3
Tpex Hec(epHUeCKHX 3€pKall W MaTeMaTH4YeCKHil aJropuTM pacyera
MO3ULIMOHUPOBAHUSI TEKCarOHaJbHbIX CETMEHTOB C MPHUMEHEHHUEM  SI3bIKa
nporpammupoBanus Python (axt BHempenus ot 19.02.2020 r.). PesynbTaTsl
HCCIICIOBAaHMA IO pPa3pabOTKe aNropuTMa W MaTEeMaTHYeCKOH MOAETH Ui
TEOMETPUYECKOTO MO3MIMOHUPOBAHMS ac(EepUIecKor0 COCTaBHOTO 3epKaia
BHeApeHs! B HammonamsHOM 1eHTpe onrtudeckux TtexHosoruit (CNTO),
HammonansHoit oOcepBaTtopuu u LleHTpe acTpOHOMHYECKHX HCCIIEIOBaHUN
(CIDA) B Benecyane (akt BHeapenus ot 14.04.2020 r.).



Ony6/HKOBAaHHOCTH Pe3yJIbTAaTOB JHCCEPTANMH

Ha ocHOBaHWM WCClENOBaHWI, TPEJCTaBICHHBIX B JMCCEPTALUH,
ony0nmukoBaHo 16 pa6ot (3,66 a.i), W3 KOTOPHIX 3 CTaTbU B M3JIAHUSIX B
coorBeTcTBUM ¢ 1. 19 [lonmokeHHss O NPUCYXICHUHM YUYCHBIX CTEIIEHEH |
NIPUCBOCHUH YyueHbIX 3BaHuil B Pecriyomuke benapycs (1,38 a.1.) u 4 cratbu B
cOOpHHMKax MaTepuaioB HayYHbIX KoHdepeHuui (1,14 a.n.), 9 Te3ucoB noKIaI0B
HayyHbIX KoH(epenmuit (1,14 aur). Pe3ynpraTel, mpencTaBicHHBIE B
JHiccepTaioHHoi pabote, Bonum B otueT mo HUP (I'b-16-246).

CTpyKTypa 1 00beM AHuccepTaluu

JuccepranuonHas paboTa COCTONT W3 BBEACHHS, OOIIEH XapaKTEpUCTUKU
paboThI, YeThIpeX TJaB, 3aKIIOUEHUs, OMOIHOTrpaduyYecKoro CHucKa W OBYX
NIPUIOKECHHUU.

Huccepramus BiaogaeT 109 cTpaHuI] MalIMHONKUCHOTO TEKCTA, B TOM YHUCIIE:
45 pucyHkoB u 28 Tabiuil Ha 34 cTpaHunax, oubiuorpaduueckuii Clucok u3 68
HAaMMEHOBAHUS UCIIOJb30BAaHHBIX HMCTOYHMKOB Ha 5 CTpaHUIAX, CIHCOK
COOCTBEHHBIX MyOJIMKAIMKA COUCKATENsI U3 16 HAMMEHOBaHUI Ha 2-X CTpaHHIIAX,
2 npusnoxeHus Ha 14 cTpaHumax.

OCHOBHAS YACTb

B mnepBoil riaBe paccCMOTpPEHBl OBYX- M TpPEX3€pKaJbHBIE CHCTEMBI,
comepxamye acdepuueckue MoBepxHocTH. IlpoBeneHa xmaccudukanus
JBYX3EPKAJIBHBIX CHUCTEM II0 CTENEHH KOPPEKLIMH abeppaluii: KiacCHYecKue,
arlaHaTH9eCKHe, aHACTUTMAaThl M MO PACHOJI0KEHHI0 BTOPUYHOTO 3epKajia:
npendokanpHble W 3adokanbHble. OmHMCaHBl KIACCHYECKHE [ByX3€pKaJIbHBIE
cxembl, npendokanbHeli  TeneoObekTHB  Kaccerpena,  3adoKaibHBIN
peBepcuBHBIN 00BEKTHB ['peropwm, ammanarudeckue cucteMmsl J[. Makcyrosa u
amacturmMat [I'. Tlonosa. IlpencTtaBieHBl TpeX3epKalbHBIE CUCTEMBI C
MIPOMEXXYTOUHBIM H300paK€HHEM MOCIIe TJIABHOTO 3€pKaja, JHO0 Iocie ABYX
MEPBBIX 3epKal. PaccMOTpeHsI B kadecTBE MPUMEPOB TPEX3EPKAIBHBIX CHCTEM:
Tpex3epKalbHble 00bekTHBa B. Uypmmosckoro u A. MeiiHena.

BeimmomrHeH  0030p M TPOBEAEGHO  HCCIEAOBAHHME  OTAEIBHBIX
CEerMEHTHPOBAHHBIX 3€PKANBHBIX 3JEMEHTOB M AHAIM3 OCHOBHBIX IOJIOKCHHUH
JUIS pa3paboTKH MaTeMaTHYECKOW MOIEITH MMO3UIIHOHIPOBAHNS Te€KCaroHaJIbHbIX
(IIeCTUyTOIBHBIX) CETMEHTOB.

Bo BTOpoOii riaBe mpeayoXKEHB METOABI MPOEKTHOTO W KOMIBIOTEPHOTO
MOJICIMPOBAHMS 3€PKANBHBIX CHCTEM, BKIIFOUAIOIINE IBa dTama: TabapuTHBIA 1
abeppalOHHBI PAacdeThl, MONyYeHBl ypaBHEHHS M (OpMyJsl UL pacdera
3epKaJbHBIX TNpeNQOKAIbHBIX W 3aQOKaIbHBIX cucteM. Jis rabapuTHOTrO
pacueTa KOHCTPYKTUBHBIX IapaMETPOB: PajUyCOB 3€pKal 7s U PacCTOSHUI
MEXAY HOBEPXHOCTSIMHU ds UCIOJIB30BaHbI 3aKOHBI APaKCHAIBHON ONTHKH; IS



ONpe/IeNICHUs] JIMHEHHOTO YBETHMYEHUS! OTIENbHBIX JJIEMEHTOB BBEIEH pacuer
BBICOT MAJICHUS HYJICBBIX JTyueil /is Ha 3¢pKaJIbHBIC IOBEPXHOCTH.

[omy4yeHbI OCHOBHBIC a0epPAIOHHBIC YPaBHEHHUS I MOHOXPOMATHYCCKUX
abepparuii 3-ro opsiIKa, IPEJIOKEHBI A0epPAIlHOHHBIC TOJTMHOMBI C HYJISIMH 3 -
ro nopsaka (S, = 0) Bo, Ko, Co, Do, Eo, coneprkaiiye KOppeKIMOHHbIH mapaMeTp

— nedopmanmu acdepuyecknx IOBEpXHOCTEH Os , paBHBIE KBaJpary
9KCIEHTPUCUTETA MEPUINOHAIBHBIX KPUBBIX BTOPOTO HOpPsAIKa achepudecKux
MOBEPXHOCTEH  3€pKaj,  KOTOphIE  HCHONB3YIOT  [UI1  KOPPEKIHH

MOHOXpOMaTHYECKHX abepparuii 3-ro mopsiaka (chepuaeckoit abeppariii, KOMBI
1 aCTHI'MAaTH3Ma). TI03BOJISIOIIE ONPEACTIATh THUII TOBEPXHOCTH.

[TpennoxxeHa yCOBEpPIICHCTBOBAaHHAS METOJMKA IO 3aIUTE IUIOCKOCTH
n300pakeHHs OT TONAJaHusl MOCTOPOHHETO CBETa M BPEIHBIX MOTOKOB NPHU
MHUHAMAaJbHOM BHUHBETHPOBAHMM M OSKPaHHUPOBAHHU. Y CTAHOBIECH allTOPUTM
pacueTa I1el1ecOOOpa3’HOTO PACIOJIOKEHHS CBETO3ALIMTHOW OneHAgsl Uit
JIBYX3€pKaJbHOTO 3a()OKalbHOIO OOBEKTHBA, JaHa OLEHKA BUHbETHPOBAHMS.
Pa3zpaboTanbl TeopeTMUECKHE TIOJIOKEHUSI W TeOMEeTpHYecKas cxema JUis
YCTaHOBKH CIELUaIbHON OJeHAb! (PUCYHOK 1), pacrosioxKeHHOH B IIEHTPaIbHOM
OTBEPCTHH BTOPOTO 3€pKajia, 3aJaHbl HEOOXOIMMBIC YCIOBHS: U 3aIlUTHI

skpaHa (Ap, < h, ); A1 OpsiMol mapa3suTHOH 3acBeTku (Ap > 2)); a1 HyJIeBoi

BBICOTBI BTOPOTO OTpaxkeHWs TiaBHOTO Iyda (|r2] > R > R > 0); a Takke
KOHHYECKUH KOpImyc M ycnoBue TexHojormyHoct (f = 1/as). OHa cpesaer
OMacHble JIy4yd NpsIMOW 3acBeTKU A; U A W IOpyrHe BO3MOXKHBIC IIy4d
IIOCTOPOHHETO CBETA.

L— v d;
Pucynok 1 —T'eomerpuyeckasi cxeMa JJisl yCTAHOBKH OJICHABI B
JABYX3ePKAJIBHOM 32()O0KaTbHOM 00bEKTHBE

h 1 h —
KosdduuueHT neHTpaabHOro SKpaHUPOBaHUS & = h—l =—.,g = =L = —hy

h 5



rA€ & — OTHOIICHUE BBICOT MEPBOIO U BTOPOT'O OTpa)KeHI/Iﬁ arepTypHOIro Jyyda,
&i1— B CJIy4Yac 3KpaHUPOBAHHOTO JIy4a.

Hcnons3oBana MeToauKa JABYX TOYCK (TO‘ICK nepeceuCHUsA SKpaHUPOBAHHOTO
Jyya H (boxyca CI/ICTCMI)I) JJIA  HAXOXACHHA IIOJIOKCHHSA  IINIOCKOCTH

hd,

2

IIpu >ToM mymHA O1€HH! [y onpenensercs mo Gopmyne y=-Ay-di/hi.

B Tperbeii riaBe naHEl pe3yIbTaThl MCCIECIOBAaHHSA M Pa3pabOTKH HOBBIX
KOH(UTrypauuii JByX3epKaJbHBIX 3a(OKalbHBIX OOBEKTUBOB, a TaKXe
npeadoKaIbHON CXEMBI C TPEMS OTPAKSHUSIMU OT JBYX ITapabO0IMYECKHX 3epKall.
Pa3paborana YCOBEpIICHCTBOBAHHAS aHacTUTMaTH4ecKas cucTteMa
TPEX3epKaIbHOTO CBETOCHIILHOTO OOBEKTHBA C MPOMEXYTOUHBIM H300paKEHUEM
U BBIHECEHHBIM 3a MpEeAeNbl CUCTEeMBl TPETBUM 3€pPKaJoM, CIyXKaIlluM JUIs
pasBUTHSL TIOJIT 3pCHUS, BKJIIOYAs KOMIIAKTHBIH OOBEKTHB C HYETBIPHMS
OTpaXECHUSIMU (MOZYJIb C TUIOCKUM 3€pKajioM).

HccnenoBanbl  HOBBIE  JBYX3€pKalbHbIE  3a)OKaimbHBIE  OOBEKTHBBI,
COCTOSIIIME W3 ABYX BOTHYTHIX 3€pKasl M (DOPMHUPYIOIIHE MPOMEXYTOUHOE
n3o0pakeHne B (OKAIBFHOHN MIIOCKOCTH IEPBOTO 3epKala, y KOTOPHIX JHAMETP
BTOPOTO 3€pKaja IPEBBIMIACT pa3Mep BXOMHOTO 3pauka, IS MSATH BapHAHTOB
CXEMHBIX PEUICHHH 10 CBOOOIHBIM KOPPEKIIMOHHBIM MapaMeTpam o o >-1; o=
-1; -1,618<0,<-1; 0=-1,618; o <-1,618. VYcraHOBJIEHBI YCIOBHUS HOPMHUPOBKHU
uis 1-ro HyJNeBOro Jiydya HpPU COBIAJCHMHM BXOJHOTO 3padka C TJAaBHBIM
sepraiom: o =0, 02<0, a3=-1,h;=1.0, A, <-1.

ITomy4yeHbl BeNMYMHBI KOHCTPYKTHBHBIX THapaMmeTpoB (Tabmmma 1) B
OTHOCHTEIIBHBIX BEIMYMHAX I BCEX KOMIO3HINI 0OBEKTHBOB C ONTHUYECKUMHU
xapaktepuctukamu: =100 mm; D/f'=1:1,3; 200 = 4°. IIpoBeneH abeppaiHOHHbIH
pacyer u orpeAeneHs! 1eopMaIny Uil KaKI0H HOBEPXHOCTH.

SKpaHUPOBAHUs, @ UMEHHO: [y, = =—hd, =¢-d;.

Tabmuia 1 - KOHCTpYKTHBHBIE TMapaMeTpbl Ul  BCEX BapHAaHTOB
JIBYX3€pKaJIbHOTO O0BEKTHBA
o2 ri=-r2 | h2(M™m) d (Mmm) o1 o2 le|
(mm)

-0,5 -400 -115,385 | -800 -1,375 -0,03704 0,333
-1,000 -200 -76,9231 -300 0,333 -0,083 0,5
-1,200 | -166,7 -64,11 -236,1 -0,101 -0,088 0,545
-1,618 | -123,6 | -62,2308 | -161,8 -0,528 -0,125 0,618

-2 -100 -57,6923 | -125 -1,3 -0,0518 0,666




3HayeHUs KOI(DGUIMECHTOB MOHOXPOMATHUYCCKUX adeppaiuii: cepuueckas
abepparus (BO) mpubnusurensHo paBHa Hymo; koma (KO) He3HauuTenbHa,
acrurmarusM (C0), kpuuzHa nzodpaxenus (D0) u muctopeus (E0) He Obun
HCTIPaBJICHBI.

Pa3zpaboTan AByX3epKalbHBI NpenoKalbHBII OOBEKTUB C  TpeMms
OTpaXXEHUSIMU (PUCYHOK 2), TPH HCIIOJIb30BAaHUU IBOHHOTO OTPAXEHHS OT
TJIABHOTO 3epKaia. BTopoe 3epkaio WMeeT LEHTPAlbHOE OTBEPCTHE [UIA
MIPOXOKICHUS CBETOBOTO ITydKa JTy4el. Y CTaHOBIICHBI YCIOBHS HOPMHUPOBKH IS
TIEPBOTO HyJEBOTo Iy4a: a=03=0, <0, ou=-1, ~1=1. ledopmanms 1is1 Kaxmoi
OTpa)karollel MOBEPXHOCTU G1=02=03= -1.

a, =0 W

hy

Z

PﬂcyHOK 2 — Cxema ABYX3€PKAJIBHOT0 00beKTHBA C JBOMHBIM OTpa’KeHUuEM

PaccunTana cuctema ¢ BBICOKIM OTHOCHTEIBHBIM oTBepcTreM D/f'=1:0.5, HO
MaJbIM IojieM 3peHus (mopsaka 2m=12").
C y4eToM JOMOJHUTENBHBIX YCIOBHUH MOMyUeH allTOPUTM apaMeTPHUIECKOTO
pacdera oObekTHBA )1 rabapuTHOTO dTara:
1. T — Bugumoe yBenmmuenne OC u3 nByx 3epkan: —1=f=f;"-T" .
2. D — nmametp riaBHOTO 3epkaina; D, — AuameTp BTOporo 3epkaina; Ds —
JTUaMETp IEHTPAJIHHOTO OTBEPCTHSI BTOPOTO 3epKaa.
1
DSy 2
Dy f Ds
3.d1— paccTosiHuE MEXITy TIEPBBIM U BTOPBIM 3¢pKaaMu.



d=fi-fi, dy=-—7

FZ
4. f1’, f>"— bokycHBIC pacCTOSHUS IEPBOTO M BTOPOTO 3€PKall.
1 1
' '
fi=-<. h'=-=
r’ r?
5. h; — BBICOTA MOMAIAHUS] BTOPOT'O OTPAKEHHUS JIyda CBETA.
1
hy =hy=—.
2 3 T

6. CBoOOmHBIN  KOPpPEKIMOHHBIH  MapaMeTp O ~ BIMSAIOIIUNA  Ha
KOHCTPYKTUBHOE PELICHHE CHCTEMBI.

hy—h
d
7. Panuychl 3epKalIbHBIX TOBEPXHOCTEH Fs.
2 2 2h, 2 2h,
rl:—:—— S r2:—:——2 s 7‘3:——.
(05) r Ay T Oy

PaccunTana cuctema ¢ BBICOKIM OTHOCHTEIBHBIM oTBepcTreM D/f'=1:0.5, HoO
MaJbIM TonieM 3peHus (mopsaka 20=12"). Haubompmmit 3pdexr yxopodeHus
nojyuaercs rnpu yciosuu fi/D = 0,25.

PacuerHble 3HAYCHHUS KOHCTPYKTHBHBIX MapaMETPOB CHUCTEMBI (paanycoB
KPUBU3HBI, JUAMETPOB U PACCTOSHHIA MEXIy MOBEPXHOCTSIMH) MPEICTABICHBI B
Tabmme 2.

Tabnmma 2 — KoHCTpyKTHBHBIE TApaMeTPhI CUCTEMEI B MM, (0= -2)
R 1=R3 Rz d 1 D1 Dz hz D3

-2000 -500 =750 2000 1000 500 250

HccenoBaH CBETOCHIIBHBIA OOBEKTHB C MPOMEKYTOYHBIM H300paKeHHUEM
(pucyHOK 3) W BBIHECEHHBIM TPETBUM 3epKajioM. Vcrmonb3oBaHA KOHICILHS
nByxcrynendaroit ontuku (J10).

Y CTaHOBIIEHBI YCIIOBUSI HOPMHUPOBKH JUISL IIEPBOTO HYJIEBOTO JIy4da:

hi=1;h3=-1; 12> 0; 1= 0; 2< 0; 43> 0; ou=-03; os=1;f =1.

Pa3pabotan anroputm rabapuTHOTO pacyera.
1.3HayeHne cBOOOAHOTO KOPPEKIIMOHHOTO MTapaMeTpa o,

2. 3navenne yraa oz u3 ycnosus [lerusanst qmsa kornenimn 0.



¢-Bs=@12 111 @=1; @12= ¢1 (onruueckas cuia I crynenn), on = Q4=-(-
aszt+1) (onrtnueckas cuna Il ctynenn).

2 o
VYcaosue IleTnBans P —Qyu =—204,+1=0,
i P12 —P4 3
1 7

[Mapamerp oz=1/2.

|

(oS
[y
.

PHCYHOK 3 - Cxema TPEX3€PKAJIBHOI0 CBETOCUJILHOIO 00bEKTHBA C
MPOMEKYTOYHBIM n306pameﬂueM

[MonyueHpl 3HAYEHUS] KOHCTPYKTHBHBIX [MapaMETPOB B OTHOCHUTEIBHBIX
BenmuuHax (Tabdnuna 3) u gedopMarun 11 KaXKI0i TOBEPXHOCTH.

Tabmuma 3 — 3HaueHWs KOHCTPYKTHBHBIX IIapaMeTpPOB CHCTEMBI (B
OTHOCHTEJIbHBIX BEJMYMHAX)

o o3 o4 di d> r r r3 hy  |hz=-h;

-1,2808| 0,5 1 |-0,5615(2,5615|-1,5615(-0,7192{-1,333]0,2808| -1

OOBEKTUB UMEET BHICOKOE OTHOCHTEIbHOE oTBepcTue D/f'= 1:1,5 u mone
3penus (nopsaka 20=6°) ms /=100 mm.

PaccunTtannsle 3HaUueHUS K03 PUIIMEHTOB MOHOXPOMAaTHYECKIX abeppanuit
MTOKA3BIBAIOT, YTO HCHpaBieHbl abeppammm 3-ro mopsangka: koma (Ko) u
ctepuueckas abepparms (Bo); acturmatusm (Co) u kpuBmu3Ha uzobpaxenus (Do)
IpUOIM3UTENBHBI K HyI0; auctopcus (Eo) He ucnpasieHa.



[lpn wWcnonp30BaHMM  METOAA 3€pKaJIbHOW  pa3BEepPTKH  pa3paboTaH
AQHACTMIMaTHYECKUI TpeX3epKaJbHBIH OOBEKTUB C «JIOMAIOIIUMY» IUIOCKUM
3epKajJioM, HMMEIOUIMH NPOMEXYTOYHOEe H300pakeHHe. B TakoM o00bBeKTHBE
YeTelpe MOHOXpOMaTHudeckue abeppaluu 3-ro HOpsIKa YCTpPaHEHBI 3a CYET
UCIIONIb30BaHMS JI0CTATOYHOT'O YHCIIa KOPPEKIIMOHHBIX TapaMeTPOB.

Ha pucynke 4 npezncraBiieHa KOMIaKTHast KOMITO3ULMS. J[aHHBIN 0OBEKTHB
paccuuTaH I BRICOKOTO OTHOCHTENBHOTO oTBepctus D/f = 1:1,5, u momns
3peHus (mopsaka 2o = 6° mrg £~ = 100 mm).

M1 M4 M3
Q=0
Uy<0 5
&
M2
i Mpuénnmk
=3 d3>0 @4
H -h,
1=
Q3 ; -h4
o
T L
'dl 'd3

PucyHok 4 — AHacTUrMaTHYeCKHi Tpex3epKaJbHbIi 00beKTHB

YcTaHOBIIEHB! YCIIOBHSI HOPMHMPOBKH AJIS IIEPBOTO HyJeBOro Jyda: hi=1;
h2>0 5 h3<0; ha=-1; a,=0; 02<0; 03>0; 03=-04; -d3=1; os=-1; f'=-1;r;3 =00,
AJNropuT™M pacuera MOAWGHUIMPOBAH 32 CUET BBEACHHS JOIOJHHUTEIHLHOIO
napamerpa A, OnpeeNsroLIero pacnoioKeH!e MPOMEXYTOYHOTO H300paKeHNU;
UMeeM BBIPKCHUS I CBOOOIHBIX KOPPEKIIMOHHBIX MapaMeTPOB: L, 03 U 04 ©
1-hy 1
A3z, Q3 =-04=
hy

2+4A°

Oy =—

a TaKXxe Fa6apI/ITHI:I€ (bOpMyJ'H:I napaMeTpuIeCKoro pacueta paJguycoB
3CPKAJIbHBIX HOBCpXHOCTeﬁ ¥s , OCEBBIX paCCTOS[HI/Iﬁ ds " BBICOT hsl

di=-"2 gedriea hy = —1FA hz:%__3+2"i7A+4A

1+a h>0).
a3 2+A (h2>0)



KOHCprKTI/IBHI)Ie napaMeTpbl BBI6paHHLIX KOMIIO3UIIMM B OTHOCHUTEIbHBIX
BCJIMYMHAX MPU 3aJaHHBIX YCIOBUAX HOPMHUPOBKU NNPUBCACHBI B TaGJ’II/IL[e 4.

Tabmuma 4 — 3HaueHWs KOHCTPYKTUBHBIX IAapaMETPOB CHCTEMBI (B
OTHOCHTEINIbHBIX BEJMYHHAX)

Oy |03= 04 d1 dz r 1) 4 hz h3 [o}] 02 03 A
-1,231 0,48 |-0,59| 1,69 |-1,62|-0,74| 1,35 | 0,28 | -0,52 | -0,92 {-5,20 (-0,17| 0,1

W3 mnomydyeHHBIX 3HAYeHUH  KOI(PQHUIMEHTOB MOHOXPOMATHYECKUX
abeppammii cnemyer, 4rto: cdepudeckas abeppamus (Bg), xoma (Kp) u
acrurmatuzM  (Cp) ObUIM  WCIIpaBieHBl; KpuBHM3HA u300pakenus (Do)
MpUOJIM3UTENIbHA paBHA HYJIIO, a Auctopcus (Eo) 0CTaeTcsi HeUCTIPABICHHOM.

BhINOIHEHO KOMIIBIOTEPHOE MOJICIMPOBAaHUE B IPOTPAMMHOM cpenie Zemax,
MOJIy4YEeHbI XapaKTEPUCTHKH KauecTBa H300pakeHHs cucTeMbl. Ui JAaHHOTO
00BEKTHBAa TPOBEAEHA ONTHMH3AaIUSA Uil TIpakThdeckoro ciydas A=0,l.
CoxpaHeHHe 3HAUYEHHH DPAIUyCOB KPHUBU3HBI M OCEBBIX PACCTOSIHHUI, ITyTeM
n3MeHeHus nedopmanmii 3epkan M BBeAECHHEM KO3((HUINEHTOB BBICOKOTO
mopsigka B NPOQMIb TOBEPXHOCTH; OBUT  pa3paboTaH  COBEPIICHHBIN
Tpex3epkanbHbIit 00bekTuB. Ilpn ontummsanuu B [l Zemax umcmomp3oBaincs
oneparop -EFFL (Effective Focal Length), TO3BOJAIOMMNA KOHTPOIUPOBATH
Benn4uHy 3(P(EeKTUBHOTO (POKYCHOTO PpACCTOSHHS CUCTEMBI W OIPEACIATH
OLIEHOYHYIO (pyHKIHMIO. YpaBHEHHS MPOQHIIS HTOBEPXHOCTH BHICOKOTO MOPSIIKA C
yueToMm ontumusanuu a1 A=0,1 ToKa3bIBAIOT, YTO BeNUYHMHA JAehopMariuu st
MepBoil M UeTBEPTONH MOBEPXHOCTEH COOTBETCTBYET (hOpME BBITSHYTOIO
AIUIMIICOMJIA U JUISl BTOPOH TIOBEPXHOCTH (hOpMe TUrepOoIona.

KavecTBo m300paskeHHsI TOCIE ONTHMH3ALUHM XapaKTEPHU3YETCsl UYUCIIOM
Irpenst, paabpiM 0,986, T.e. mOmydeHHOE W300pakeHHE OJNM3KO K
IMQpaKIMOHHOMY  TIpeaeny,  T..  pa3paboTaH  aHACTUIMAaTHYECKHH
TpeX3epKalIbHbIH 00BbEKTHB C BHICOKMM KaueCTBOM M300paKeHNsI.

YerBepTasi rJjiaBa IIOCBSIIEHA pPEUICHUIO JONOJHHUTENBHBIX 3a1ad
TEXHOJIOTUUECKOH aJanTalliy 3epPKaTbHBIX cCUcTeM. Pa3paboTaH KOMITBIOTEpHBIN
QITOPUTM  JUII  TEOMETPHUYECKOT0  TO3UIMOHHUPOBAHHSA  TI'eKCaroHaJIbHBIX
CEerMEHTOB B COCTaBHOM 3epkaie. IIpoBeneHO HccienoBaHHE M PacCUUTAHBI
TEXHOJIOTHYECKHE TTapaMeTpPhl aC(hepUIECKUX 3epKATbHBIX IIOBEPXHOCTEH.

[IpuBenensl ypaBHEHHS IS TEOMETPUYECKOTO MO3HIIMOHWPOBAHUS
COCTaBHOT'O 3€pKajla U3 CETMEHTOB Ha acepUIecKOi MOBEPXHOCTH.

Pa3zpaboTaHBl anrOpUTM M TPOBEICHO WMHUTAIIMOHHOE MOJEIHPOBAaHHE
KpPYHHOTabapUTHBIX COCTaBHBIX 3€pPKajl U3 TeKCaroHaJIbHBIX CETMEHTOB.

Ha pucynke 5 mnokazaHa OJlOK-CXeMa, KOTOpas WILTIOCTPUPYET
KOMITBIOTEPHBIH ~ aliTOPUTM  ONpPENENICHHUS]  IOJIOKEHUH  CerMEeHTOB  Ha



HecepHuueckoii MmoBepxHOCTH. IIpu 3TOM B KadecTBe HechepHuecKoit
TIOBEPXHOCTH BhIOpaHa mapaboJa ¢ JuaMeTpom 9 M.

Begin
|

PucyHnok 5 — Biok-cxema ajaropurma jisi reOMeTpH4ecKoro
MO3UIIHOHNPOBAHNS CeTMEHTHPOBAHHBIX 3epPKaJl

3HaYCHUS napaMeTpoB, HCHOJIb3YEMbIX JUIIA HUMHUTAIITUOHHOI'O
MOACIHUPOBAHUA COCTABHOI'O 3€pKaJjid, NPECACTABJICHBI B Ta6J'II/II_[e 5.

Tabmuna 5 — KoHCTpYKTHBHBIE TapaMeTpsl ac()epUUECKOTO COCTABHOTO 3epKaia
U3 CETMEHTOB

dopma I'excaronanbHast

Konnueckast noctostHHas 1

Pagunyc xpuBusHer R 9000 MM
KonngectBo cerMeHTOB 85 mr (79 wt - 6e3 nepBoro Kojibla)
MesxcerMeHTHBIH 3a30p 10 Mmm

GAP
JnuHa cermenTta A 500 mm
Arnodema B 433 mm
JunameTp 3epkana D 9000 MM




Ha pucynke 6  mnokazaHo  UMHUTAllMOHHOE  MOJEIUPOBAHUE
KPYHHOrabapuUTHOTO JBYX3€PKAJILHOTO OOBEKTHBA C TPEMs OTPAXKECHUSIMH C
TJIaBHBIM COCTaBHBIM 3€pKaJIOM, HMEIOIHH Mapadosiyeckyto noBepxHocTs B 111
Zemax.

KomnbrotepHsIii aITrOPUTM Obu1  paspaboTaH Ha  s3BIKE
MpOTpaMMHPOBaHUs  Python [N TEOMETPHUYECKOTO  TO3HIMOHHUPOBAHHS
cerMeHTOB. C TOMOIIBIO alTOpUTMa TONYy4YeH OXWH U3 BHIOB (ailloB ¢
pacmupennieM “*.uda”, MOKa3bIBAIOIINI CIUCOK C IOJIOKCHUAMHU Ka)IOTO
cerMmeHTa B cucreMe koopauHat OXYZ. Ilpm 3ToM HCHONB30BaiCA
pesynsTupytontuii ¢aitn B [I1 Zemax mms MMHUTAIMOHHOTO MOAEIMPOBAHUS
COCTaBHOTI'O 3epKaja.
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Pucynok 6 — UMuTannonHoe MoJgeIHPOBAHHE KPYITHOTA0APUTHOTO
ABYX3epPKAJIBHIO0 00beKTHBA ¢ Tpems orpaxeHusamMu B Il Zemax : a-
TJaBHOE 3¢pKa0; 0- AByX3epPKAJIHbIA 00bEKTHB

B rtabmume 6 TpuBeAEHB KOHCTPYKTHBHBIE TapaMeTphl UL
KpYMHOTabapUTHOIO JBYX3EPKAIBHOIO OOBEKTHBA C TPEMs OTPAKEHUSIMH C
TJIABHBIM COCTABHBIM 3€PKaJIOM.

Tabnmma 6 — KoHCTpyKTHBHBIE TapaMeTphl TS ABYX3epKaJIbHOTO OOBEKTHBA C
TJIABHBIM COCTaBHBIM 3€pKaJioM (MM)
I =13 12 D] D2 D3 d1 hz

-3000 -750 1500 750 375 - 1125 1




3AK/IIOYEHUE

OcHOBHbIE HAYYHBIE Pe3yJIbTAThI AHCCEPTANHH

1. [IpoBeneHo wuccnenoBanne abeppalMOHHBIX CBONCTB ONTHYECKUX
cucteM TpenpoKambHBIX H  3a(OKATBHBIX 3EPKATBHBIX OOBEKTHBOB U
OTIPEIETICHBI CXEMHBIE PEIICHNUS, MO3BOJIIONINE MOMydaTh AlUIAaHATHUECKYIO U
KOPPEKLHIO MOJIEBBIX adeppanuii.

PazpaboTaHbl HOBBIE KOMITO3MIIMH O0BEKTUBOB U3 JBYX 3€pKall:

— JIBYX3€pKaJbHBIH 3aoKalbHBIH OOBEKTHB CO BTOPBIM 3€pKaJIOM,
JUaMeTp KOTOPOro MHpeBBIIIAET JUaMEeTp BXOJHOTO 3pauka, C YIy4YIIEeHHBIMU
ONTUYECKUMU XapaKTePUCTUKAMHU MO MO0 3peHust 10 4°%;

— npendoKaNbHbII AByX3epKaIbHbI 00BEKTHB C TPEMS OTPAKEHUSIMHU OT
IBYX MapaboIMUecKuX 3epKall ¢ yIaydImeHHo areptypoit 1o 1: 0,5, Ho ¢ ManbM
YTJIOBBIM ITIOJIEM 3PEHHS.

VYcraHoBieHbl 0a30BbIE 3€pKaNbHBIC MOIYIM U3 JBYX 3C€pKal M
MIPAaKTHYECKOTO UCTIONB30BaHMs. 3a)oKambHasi KOMIIO3UINS MEPCHEKTUBHA IS
¢doxycHoro paccrosaus f~ = -100 MM, oTHOcHuTensHOTO OTBepcTHa D/f'=1:1,3;
npeadoKanbHBI  MOAYJH LIEIeCO00pa3HO HCHOJB30BaTh sl  3€PKaJbHBIX
00BEKTUBOB C YBEJIMYCHHBIM II0JIEM 3pPEHUS 10 20=6° 3a CYEeT UCIIOJIb30BaHMS
JIOMIOJTHUTENNBHBIX KOPPEKIMOHHBIX 3JIEMEHTOB JJIs1 YCTPaHEHUS aCTUTMaTH3Ma

[1,4-6,8,11,15].

2. IIpennoxeHa ycoBepIIeHCTBOBaHHAsI METOJUKA TI0 3aIUTE IIOCKOCTH
n300pakeHUs OT TONAJaHHUs MOCTOPOHHETO CBETa M BPENHBIX MOTOKOB IpHU
MHUHAMAaJIbHOM BHHBETHPOBAHMM M OKPAaHMPOBAaHMM M METOJMKA pacyera
JMarpaMM BHHbETHpOBaHMA. PazpaboTaH anropuTM pacdera IeiaecooOpasHOro
PAcIONIOKEHHsI CBETO3AIIUTHOW OJICHIB U1 KOHCTPYKTOPCKOHM aJamnTaiun
JBYX3€pKaJIbHOTO 3a(OKaIILHOTO OOBEKTHBA, pa3pabOTaHbl TEOPETHYECKHE
TIOJIOXKEHHST M TEOMETPHUECKasi CXeMa JUIsl YCTAaHOBKH CBETO3AIUTHON OJICHITBI,
PAacIIOI0XKEHHOH B IIEHTPAJIILHOM OTBEPCTHM BTOPOTO 3€pKaia, IMO3BOJISIONICH
obecrieunBaTh BUHBETUPOBaHUH 56% Juis yriaoBoro mois 4° [2, 8, 9].

3. Pa3paboTtanbl MaTeMaTHYeCcKasi MOJETb U KOMIBIOTEPHBIN anropuT™M
JUIi TEOMETPUYECKOTO TO3MIMOHUPOBAHMSA T'€KCAarOHAIBHBIX CEIMEHTOB C
paBHBIMH 3a30paMH B COCTaBHOM 3€pKajie, OOpa30BBIBAIONINX EAHHYIO
napaboIMIECKyI0 TOBEPXHOCTh, TJIe KAXKIBI CETMEHT SIBISAETCS JIOKATbHOU
KpUBOH OT mapaboJIMuecKol TOBEpXHOCTH. KOMIBIOTEpHBIN —anroputMm
peaiu3oBaH B NPOrpaMMHOM TNakeTe Python Kak caMOCTOSTENBHBI MOAYIb,
unTerpupyemsiil B II1 Zemax, mpu ydere pa3IUUHBIX 3HAUYEHUM JHaMETPOB
3epKaJl U JUIMHBI cerMEHTOB. [1o pe3ynbraTaM MoAeIMpPOBaHUS OKAa3aHA CTEIIEHb
Kkoppensinuu B npeaenax 80- 90% [3, 9, 12].



PexoMenanum o NpakTU4ecKOMY HCIOJIb30BAHUIO Pe3yIbTATOB

Pa3zpaboTanbl pa3nuyHbIE KOMIIO3UIIMU CXEM JIByX U TpPEX3epKaJIbHBIX
00BEKTHBOB C aruIaHATUYECKOH, aHACTUTMAaTHYECKOH U IUIaH-aCTUTMaTH4eCKOU
Koppekuuei abeppaumit [1, 4 — 6, 8, 11, 13, 15]. Pesynprarsl paspabotku
COBEpLICHHON METONWKHM JUIS 3allUThl IUIOCKOCTH HM300paXXEHUsl  OT
MIOCTOPOHHETO CBeTa (pacueT OJeH U 3alMTHBIX SKPaHOB) B JBYX3EPKaJbHBIX
3aokanbHBIX oOBekTHBAaX [2, 7, 8§, 9] Oyayr WHcCHOmB30BaThCA B
(yHIaMEHTaNbHBIX M NPHUKJIAAHBIX HCCICIOBAaHMUSAX HOBBIX KOMITO3HIIUH
3€pKaIBbHBIX (POKYCHPYIOIINX CHCTEM.

Hayunple pe3ynpTaTel IHCCEPTAllMOHHONW paboOTBl MOTYT HaWTH
IpUMEHEHHE B Hayke W oOpa3oBaHWH, NpHOOpax s 0OJacTeld MeIUIMHEL,
00OpOHHOH TNPOMBIIUIEHHOCTH W JPYrHX CTPAaTEerMUeCKHX HalpaBiCHUN B
Benecyane u benapycu.

Pa3paboTka npeayoKeHHbIX HOBBIX 3€pKAIBHBIX OOBEKTHBOB SIBIISIETCS
IIPUOPUTETHBIM BOIIPOCcoM Aj1si HallmoHaIbHOTO IIEHTPa ONTHYECKUX TEXHOJIOT U
u IlenTpa acTpOHOMHUYECKUX HccIenoBaHull B Benecyasne.

Ha xadenpe «JlazepHas Texuuka u TexHoiorus» BHTY BeimosgHeHO
BHEJpEHHE B y4eOHBIH mpoliecc Mo AucHMIUIMHE «TexXHWdeckas ONTHKa» I
cryneHToB cnenuanbHocTH 1-38 01 02 «OnTHKO-3JEKTPOHHBIE U JIa3€pHBIE
puOOpBl M CHCTEMBI» CIEIYIOMIUX PE3yJIbTAaTOB IUCCEPTAllMOHHON pPabOTHI:
ONMCAaHUE KOMIO3WIMU UIMHHO(OKYCHOTO OOBEKTHBA C AHACTUTMAaTHYECKOH
KOppekmmel abeppamuii w3 Tpex Hecepuueckux 3epkanx [11, 15] u
MaTeMaTHYeCKHH alrOpUTM pacdera AJIsi TEOMETPHIECKOro MO3UIIMOHUPOBAHUS
reKCaroHaNbHBIX CETMEHTOB C IPUMEHEHHEM SI3BbIKa IIPOTpaMMUPOBaHUs Python
B acepuyeckoM cOCTaBHOM 3epkaie (akT BHenpeHus ot 19.02.2020 r.).
Pe3synbTaThl uncciemoBaHMs MO pa3pabOTKe aNropuTMa M MaTeMaTHYeCKOH
MOJISIIH JUIsl FEOMETPUYECKOT0 MO3UIIMOHUPOBAHUS ac(hePUIECKOro COCTABHOTO
3epkana [3, 9, 12, 14] BHeapensl B HanuoHambHOM NEHTPE ONTHYECKHX
texHonoruét  (CNTO), HanmonampHoit  oGcepBatropuu u  LleHTpe
acTpoHOMHYecKHX wucciemoBannii uMm. @panmucko X. Hyapre (CIDA) B
Benecyane (akt BHenpenus ot 14.04.2020 r.).

Hayunble pe3ynbTaThl HMCCIENOBAHUM IO JHCCEPTallMOHHON paboTte
IIpeJyIaraeTcs UCIoIb30BaTh B PecrryOnmke benapycs Ha mprOOpOCTpOUTEIEHOM
¢axynsrere BHTY, Ha ¢pusnueckom daxynbrere BI'Y.

PesynbraThl cciIe10BaHUS 110 MOJICIINPOBAHHIO M Pa3pabOoTKe 3epKalbHBIX
AQHACTHIMAaTOB C YBEJIMYEHHBIM IIOJEM 3peHHs 10 20=6° mpu obecnedeHuu
JOCTAaTOYHOW CBETOCHJIBI PEKOMEHAYETCS peaau30BaTh Ha MPEeNIpUATHIX
ontuueckoro mpubopoctpoerus Pb (benOMO, OAO «llemeHr», WHCTHTYT
¢mukn HAH Benapycu), B Benecyane: Hanmonansaom LlenTpe onruueckux
texHonoruii (CNTO) wm lleHTpe acTpOHOMHUYECKHX WCCIEAOBAHUN WM.
Opannucko X. dyapte (CIDA), AcTpoHOMIYECKOH 00CEpBATOPHH.
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P23I0OMD

Camb6pano PriBac JIyc ®abiéna Anskcannpa
PA3JIIK I IPAEKTABAHHE NIOCT®AKAJIBHBIX I
MPAT®OKAJBHBIX TIOCTPAKABBIX AB'EKTBIY 3 KAPOKIIBIAN
AIUTAHATBIKI I KAPOKIBISH NMAJISIBBIX ABEPAILBI

KaiouaBpist ¢JIOBBI: JIOCTPAHBIS CICTAMBI, KapIKIbIs abepallblii, pasiik
anTBIYHBIX cXeM, abapoHa MaJIIOHKa, SKpaHaBaHHE, BAHBETHPOBAHUE, TIXHAIIOT11
ajlanTarplif, CKJIaloBae JIOCTIPKA, [eKCArOHANBHBIE CETMEHTHI.

MbdTa mpambl: IIOIIYK AacHOYHBIX —acHeKTay, sIKisi BbI3HAYarolpb
pacmpamnoyky HOBBIX KaMIa3illbli JIOCTPAHBIX a0'eKThIBay, SKisf YKIIFOYAIOIb
JlaciieaBaHHe TOXHAIATIYHBIX aIanTallblil JFOCTPAHBIX CICTIM.

Mertagpl fgaciiefaBaHHs: anreOpaiyHbBl MeETaJ Ha AacHOBE TIOPBIL
mapakcissIbHAs ONTHIKI 1 TIOPHII abepalplii TpdIra mapanky, KaMI'ToTIpHae
Ma/PIIIBAHHE AaNTBHIYHBIX CICT3M 3 Y)KBIBAHHEM CYYacHBIX IIparpam pasiiKy
OIITBIKI, METOBIKA JJIsl a0apOHBI IUIOCKACI MAJIIOHKA, METOIbIKA [Is Ta0Y10BBI
JBLIrpaMbl BUHBETUPOBAHMS, KaMIyTapHbl alrapblTM Uil Ma3ilbITHaBaHHS
reKCaroHaJIbHBIX CETMEHTAaY 3 y)KbIBAaHHEM MOBBI IIparpamaBaHHst python.

ATpbiMaHbI  BBIHIKI 1 iX HaBi3Ha: pacmpanaBaHBl — CXEMBI
IByx3epkaibHbIX AC ThIy a0'eKThIBa, SIKisl 3MSIIIYAIONb ac()ephIYHBIS TABEPXHI,
sIKisg 3a0siCTIeYBalOLb MOYHAE BhINpayieHHe cdepbluHai abepalibli 1 Balo1aronb
HsA3HAYHAW KoMail. BeIkaHaHBI aHaJi3 aCHOYHBIX acIeKTay, SKis YIUIBIBAIONb Ha
SIKaCIb MaJIIOHKA 1 YCKJIQIHSIONb PAcIpanoyKy JIIOCTPAHBIX CICTAIM: ycTaHOYKa
CBATIIOAXOYHAN OJICHIBI a/l TPAIUICHHS CTAPOHHSTA CBATIIA 1 IIKOJHBIX MAaTOKay
y IUIOCKAacIi BBIBBI ¥ BBINAJKY JBYX3EPKaJBHOTO 3a(OKAIBLHOTO al'eKThHIBA.
IIpaBenzens! pasmiki OneHIBI 1 ABIITpaMbl BUHBETHPOBAHMS; paclpanaBaHa
CXeMa TpeX3epKaJIbHOTO aHACTUTMAaTH4YecKoro al'eKThIBa, sKas yTBapae
NpamMe)KKaBae MaJlOHAK, 3HOWI3CHBIS PO3HbIS KAaHCTPYKTBIYHBIS BapbISHTBHI;
JlaciiefiaBaHbl TAXHAJAriyHblsl aJanTallbli JIIOCTPaHbIX cicTdoM. [IpamnaHaBaHbI
MaTdPMaThlYHAs MaJdJIb 1 KaMIIyTapHbl alrapbiTM JUisi TeaMeTpbhlYHara
nasilbIsIHABaHHS CErMEHTaY Y CKJIJIOBBIM JIFOCTIPKY.

Pakamennaubli  na BBIKAPBICTAHHI | rajiHa KapbICTaHHA:
PacmipanaBanbls ¥ pamMkax JpIcepTalblifHAll Ipanbl HaBYKOBA-TIXHIYHBIS
PpalIdHHI pPKaMEeH IYIOIIIa BEIKAPBICTOYBAlb y (QYHIaMEHTAIBHBIX 1 IPBIKIIATHBIX
JlaciielaBaHHAX HOBBIX KaMIasilbld JIOCTPAHBIX CICTOM ThIly al'eKThIBa, a
Takcama ¥ 1HIIBIX TaJiHaX, IITO SIKisl BRIKAPBICTOYBAIOIb TIXHAJIOTIIO alalTaIlbli
IX anTBIYHBIX IEMEHTay. Y rajliHe HaBYKi i TOXHIKi, OyifHarabapbITHas! ONTHIKA
JUISL TaciieJaBaHHs KocMacy.



PE3IOME

Cambpano Pusac JIyc ®abuona Anexkcanapa
PACYET U IPOEKTUPOBAHME 3A®OKAJIBHBIX U
MPEJI®OKAJIBbHBIX 3EPKAJIBHBIX OB BbEKTUBOB C
AIIJIAHATUYECKOM KOPPEKIIMENA U KOPPEKIIMEN MOJEBBIX
ABEPPAILIUI

KiroueBble C/I0Ba: 3C¢pKalbHBIC CHUCTEMBI, KOPPEKLHUs abepparuii, pacuet
ONTHUYECKHUX CXEM, 3alllUTa HW300paKCHHS, IKPAaHHUPOBAHUEC, BUHLECTHPOBAHUE,
TEXHOJIOTUH aJ[aNTaIlid, COCTABHOE 3¢PKaJ0, FeKCArOHaIbHBIC CErMEHTHI.

Henp padoThl: TONCK OCHOBHBIX aCIIEKTOB, OTPEACIISIOMNX pa3paboTKy HOBBIX
KOMIIO3UIINN  3€PKAJbHBIX  OOBEKTHBOB, BKIIOYAIONINX  HCCIICIOBaHHE
TEXHOJIOTHIECKUX aJaNTallui 3ePKATBHBIX CUCTEM.

Mertoapl wucclaeIOBaHUsI: anrcOpamyecKWii METOX Ha OCHOBE TEOPUH
MapaKkCHAIbHOW ONTHKY M TEOPUH abeppalliii TPEThEro MopsaKa, KOMITBIOTEPHOE
MOACIMPOBAHUE ONITUYCCKUX CUCTEM C MPUMEHCHHUEM COBPCMCHHBIX IMPOTrpaMM
pacye€Ta ONTHUKU, METOAWKA IJId 3alUThI IJIOCKOCTHU 1/1306pa>1<eH14;1, METOAUKA
UL IOCTPOCHUSA AUarpaMMbl BUHBCTUPOBAHUS, KOMHLIOTCpHLIﬁ AJITOPUTM U1
NO3UITUOHUPOBAHUA TEKCAaroHaJbHBIX CErMCHTOB C TIPUMCHCHUEM  A3bIKa
MIpOrpaMMHPOBaHUs python.

I[oay4yeHHble pe3yabTaThl W WX HOBH3HA: Pa3paboTaHbl  CXEMbI
nByx3epkambHbIx OC  THma 00BeKTHBa, colepkamue achepuiecKue
MTOBEPXHOCTH, KOTOpBIE OOECIIEYMBAIOT IIOJHOE HCIpaBJIeHUE chepruaeckon
abeppanmu u 00JIaal0T HE3HAYUTENEHOW KOMOW. BRIOTHEH aHAa i3 OCHOBHBIX
ACIIEKTOB, BIMAIONINX HA KAYECTBO M300paKCHUS U YCIOKHSIIOMUX pa3paboTKy
3epKANBHBIX CHCTEM: YCTaHOBKA CBETO3AUIMTHOW OJICHABI OT IOMAaHuUs
ITOCTOPOHHETO CBETAa U BPEIHBIX ITOTOKOB B TUIOCKOCTH M300paKCHHS B CIIydae
JBYX3epKaIbHOTO 3a(hoKanbHOrO 00bheKTHBA. I[IpOBEICHBI pacuyeThl OJICHIBI U
qUarpaMMbl  BHHBETHPOBAHMs;, pa3paboTaHa CcXeMa  TPEX3ePKaIbHOrO
AHACTUTMATHYECKOr0 00BEKTHBA, 00pa3yomas MPOMEKyTOYHOES U300paKeHHe,
Haﬁ}leHLI pa3JINIHbIC KOHCTPYKTHBHbLIC BapUAHTBI; HUCCIICAOBAHbI
TEXHOJOTHYCCKHUEC ananTanun 3C€PKAJIbHBIX CHUCTEM. HpeunomeHm
MaTeMaTHYecKask MOJIENIb U KOMIBIOTEPHBIH alTOPUTM AJISI TE€OMETPHUYECKOTO
MTO3UIIMOHUPOBAHUS CETMEHTOB B COCTABHOM 3epKalie.

PexoMenIanum 1o MCMoIb30BAHNIO M 00J1aCTH MpUMeHeHns : PazpaboraHHbIe
B paMKax JHCCEPTAllMOHHOH pa0OThl HAYYHO-TCXHHYCCKHE  PCIICHHUS
PEKOMEHAYIOTCSI  WCIONB30BaTh B (DYHIAMCHTAIBHBIX W HPUKIATHBIX
HCCIICIOBAHHUSX HOBBIX KOMITO3HUIIHH 3ePKATBHBIX 00BEKTHBOB, 8 TAKXKE B IPYTUX
06J'I3CT$[X, TAC UCIOJB3YETCA TEXHOJIOTUA alalTallu UX ONITHYCCKUX DJICMEHTOB.
B obnacti Hayku W TeXHUKH, KpyIHOrabapWTHAas ONTHKA U HCCIIEAOBAHUS
KocMoca.



SUMMARY
Zambrano Rivas Luz Fabiola Alexandra
CALCULATION AND DESIGN OF POST-FOCAL AND PRE-
FOCAL MIRROR OBJECTIVES WITH CORRECTION APLANATICS
AND FIELD ABERRATION CORRECTION

Key words: mirror systems, aberration correction, and calculation of
optical schemes, image protection, shielding, vignetting, adaptation technologies,
composite mirror, and hexagonal segments.

The aim of the work: search of the main aspects that determine the
development of new compositions of mirror objectives include the study on
technological adaptations of mirror systems.

Research methods: algebraic method based on the theory of paraxial
optics and the theory of third-order aberrations, computer simulation of optical
systems by use modern programs for optics calculation, methodology for
protecting the image plane, methodology for constructing a vignetting diagram,
computer algorithm for positioning hexagonal segments using a programming
language python.

The results obtained and their novelty: Schemes of two-mirror for
optical systems objective type have been developed, containing aspherical
surfaces, which provide complete correction of spherical aberration and minor
coma. Analysis of the main aspects affecting image quality and complicating their
development of mirror systems; installation of a glare stop against extraneous
light and harmful streams in the image plane in the case of a two-mirror extra-
focal objective; calculation of a glare stop and vignetting diagram; a scheme of a
three-mirror anastigmatic objectives has been developed, which forms an
intermediate image, there are various design options; technological adaptations
of mirror systems are studied. A mathematical model and a computer algorithm
are proposed for the geometric positioning of segments in a composite mirror.

Recommendations for use and an application area: Developments
within the framework of the thesis, scientific and technical solutions are
recommended to be use in fundamental and applied research of new compositions
of mirror systems such as objective, as well as in any area to use optical adaptation
technologies on their optical elements. Field of science and technique, large-sized
optics for space exploration.
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