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CEHCOP NONOXEHUA NCTOYHUKA CBETA
ObnacTb TEXHUKU, K KOTOPOWN OTHOCUTCA U30O6peTeHne

HacTtosiyee n3obpeTeHne OTHOCUTCS K CEHCOPY ANS OnpeneneHns NoNoXeHUs MCTOYHMKa
cBeTa M Kk cnocobam onpeaeneHnss NONoXeHWs UCTOYHMKa CBeTa C UCMOoNb3oBaHUEM

ceHcopa. B yactHocTH, n3obpeTeHmne OTHOCUTCS K CONTHEYHOMY CEHCOpPY AN CNyTHUKA.
YpoBeHb TEXHUKU

CeHcopbl ans onpeaenennst nonoxeHnss ConHuya XopoLlo M3BECTHbI U BapbUpYOTCS OT
OYeHb MPOCTbIX 40 YPE3Bbl4ANHO BbICOKOTEXHOMOMMYHbIX peLleHnin. Koraa Takme ceHcopbl
npeaHasHaueHbl Ans NPUMEHEHMSI B KOCMWYECKUX CMYTHUKAX WIN pakeTax, BadKHbl WX
MPOYHOCTb M HaAEXHOCTb. Kpome Toro, Anst KOCMUYECKMX MUKPO3OHA0B O4YE€Hb BaXKHbl BEC

1 oobeMm.

M3BecTeH CeHCop ANSa KOCMUYECKUX MUKPO30HA,0B OT Farian u ap. (A Miniturized Two-Axis
Ultra Low Latency and Low-Power Sun Sensor for Attitude Determination of Micro Space
Probes («MvHMaTIOPHbIA ABYXOCEBOW CEHCOP CO CBEPXHWU3KOW 3a4EPXKKON U Marnbim
aHepronoTpedneHnem ansa onpeaeneHns NonoXXeHNsa KOCMUYECKUX MUKPO30HA0BY), IEEE
Transactions on Circuits and Systems (TpaH3sakuymn no uensm n cuctemam), 2017). 3aechb
pacKpbIBAOTCA CEHCOPHbIe BNOKM, cogepXalyme ABa NUHENHbIX CEHCOopa, OPTOroHarnbHO
OPWEHTUPOBaHHbIE OTHOCUTENbLHO Apyr apyra. Ha dwur. 1 nokasaH ceHcop (AaTuyuk)
cornacHo Farian. CeHcop 10 cogepxut ceHcopHbin 6nok 12 Ha mukpocxeme 13. Macka
14 copepxuT nNpo3padvHylo 4actb 15, koTopas obecneumBaeT nonagaHue ceeta 16 Ha
CEHCOPHbIN Bnok 12. MNonoXeHne NCTOYHMKA CBETa MOXET ONpeaensaTbCa No TOMY, Kakas

yacTb ceHcopHoro 6noka 12 ocselleHa.

OpHako Farian He paccmaTpmBaeT, kak pasmMecTuUTb CEHCOP B AETEKTOPHOM mogyne. Kak
npasuno, utobbl obecneunte none obsopa (FOV, field of view) no nonHon nonycdgepe,
NATb CEHCOPOB MPUKPEMNSIOT K COOTBETCTBYIOLUMM MOBEPXHOCTSIM KyOUYECKOM OMOPHON
KOHCTpykumn. B gokymerte US 2016/0123801 A1 packpblBaeTCst KOHCTPYKLUMSA CEHCopa,
cojepxawasa nMpammaanbHylo KOHCTPYKUMIO, CO CBETOYYBCTBUTEMbHBIMKM obnactamm m
3MNEKTPUYECKMMM KOHTaKTaMUN Ha KabKAoW oBpaLLeHHOWN HapyXy NOBEPXHOCTU NUpamMuAbl.
MNonoxeHne UCTOYHUKa CBETa ONpeaensaeTcs NyTemM CPaBHEHUS CUMHANoOB OT PasfnyHbIX

CBETOYYBCTBUTENbHbIX 30H.

OpHako ocTaeTcsa NoTpebHOCTb B MPOYHOM, HAAEXHOM, NETKOM U ManeHbKOM CEHCope C

NonHbIM nonycdepuyeckum nonem ob3opa.
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CywHoCTb u3obpeteHuns

CornacHo nepBoMy acnekTy HacTtodawero wusobpeteHna obecneyeHo CEeHCOpHoe
YCTPONCTBO ANSA ONPEAENEHNs MOMOXEHUS WCTOYHUKA CBETa, MPUYEM CEHCOPHOE
YCTPOWCTBO COAEPKMNT: MHOXKECTBO CEHCOPHbIX BIOKOB, MPUYEM KaXKablA CEHCOPHbIN 6ok
NMEET COOTBETCTBYIOLLYYIO CEHCOPHYIO 30HY; M MaCKy, PaCMNONOXEHHYIO Haf MHOXECTBOM
CEHCOPHbIX BGIOKOB WM BbIMNOMHEHHYIO Tak, 4TOObI Majalowuin CBET OT UCTOYHMKA CBETa
oceBelwlan pasHble 00nacTtM CEHCOPHOM 30Hbl KapKAOro W3 CEHCOPHbIX Onokos B
3aBMCMMOCTU OT MOMOXEHUS UCTOYHMKA CBETA OTHOCUTENBbHO CEHCOPHOro YCTPOWCTBA,
Tak 4YTO MOMOXEHWE WUCTOYHMKA CBeTa MOXET ObiTb OnpeaeneHo Ha OCHOBaHuuM TOro,
kakme obnactu CEHCOPHOW 30Hbl CEHCOPHbIX OIOKOB OCBELLEHbI; MPU 3TOM KaXKibln
CEHCOPHbIN ONOK SBNSETCA ynpaBnsieMbiM COOTBETCTBYIOLUMM KOHTponnepom 6noka aAns

onpeaeneHna nonoXeHna NCToO4YHUKa ceeTa.

Kaxabin N3 MHOXeCTBa CEHCOPHbIX OMOKOB MOXET WCMOMb30BaTbCA ANSA ONpeAereHus
NOMNOXEHNS UCTOMHMKA CBETa, W, CriefoBaTenlbHO, MOXET ObiTb BbINONHEHO MHOXECTBO
N3MEPEHNI NONOXEHUA UCTOYHUKA CBETA CEHCOPHbLIM YCTPOUCTBOM, OAHUM ANSA KaXA0ro
M3 MHOXEeCTBa CEHCOpPHbIX 6nokoB. CeHCOpHbIM Onok MOXET coaepxaTb nobdon
NOAXOAAMA MeXaHu3m ans OoOHapyXeHUs najalollero Ha Hero cBeTa U MOXET
coaepxaTb MHOXECTBO CBETOYYBCTBUTEMbHbIX MNUKCenen B nbon noaxoasien
KOMMOHOBKE. Takum o06pasom, CBETOYYBCTBUTENMbHbIE TMUKCENUM CEHCOPHOro 6roka

COCTaBMAT CEHCOPHYH 30HY.

Macka cogepXuT npo3payvHblA Y4acToK, MO3BOMSIOWMIA CBETY OT WCTOYHMKA CBeTa
NPOXOANTb CKBO3b HEro, YToBbl OCBELaTh pasnuyHbie 06nacTy CEHCOPHOM 30HbI KaXao0ro
N3 CEHCOPHbIX BNOKOB, N COAEPXKUT HEMPO3PAYHYIO YacTb, HE LOMYCKAIOLYIO nonagaHus
cBeTa Ha gpyrme obnactyi CEeHCOPHOM 30Hbl KaXKAOro M3 CEHCOpHbIX O6nokos. Macka
OTHECEHa OT CEHCOPHbIX OMNOKOB Ha 3ajaHHOE pacCTosiHMe, TaKk 4YTO AN KaKAOoro
MOMNOXEHNS1 UCTOYHMKA CBETA OTHOCUMTENBbHO CEHCOPHOro YCTpoucTBa OyayT OCBELLEHbI
pasHble 06nacTn CEHCOPHbIX 30H KaXKAOro CEHCOPHOro Broka (T. €. 3aTEHEHUE OT Macku
OyaeT pasHbiM AN pasHblX MOMOXEHUA WUCTOYHMKA CBETA C OCBELLUEHMEM pPasHbIX
obnacten CEeHCOpPHbIX 30H). Takum o0pas3oM, NyTeM WU3MEPEHUSI TOro, Kakue 4actu
CEHCOPHOW 30Hbl OCBELLEHbI, MOXHO OMpPeAennUTb MOMOXEHME WCTOYHUKA CBeTa

OTHOCUTENBHO CEHCOPHOMO YCTPOMCTBA.

CeHCcopHoe yCTPOMUCTBO MOXET ObITb, MO CyLLECTBY, NMOCKAM W, CNeaoBaTerNbHO, MOXET

onpefenaTb BEKTOpP HOpManu, HOPManbHbIA K MIMOCKOCTM CEeHCOPHOro YCTPOWCTBA.
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CeHCopHOe YCTPOWUCTBO MOXET MpeacTaBnaTb CoOOOM Cxemy ceHcopa MU MOXeT ObiTb
BbIMOMIHEHO HA OAHOW ne4yaTHoOW nnate unm 4Yem-nnbo nogobHom. Takum obpasom,
CEHCOPHOE YCTPOMCTBO MOXET WMeTb «none ob3opa» (FOV), onpegensemoe
MaKCUManbHbIM YrfiOM, MOj KOTOPbIM WCTOYHUK CBETa MOXET ObiTb PacrnonoXeH K
BEKTOPY HOpManu, BCe elje ocselwjas obnactb CEHCOopHOro 6noka u, crneaoBaTenbHo,
octaBasdcb oObOHapyxupaembiM. CEHCOpHOEe  YCTPOWUCTBO  MOXET  OnpeaensTb
HanpaBneHne, B KOTOPOM WCTOYHWK CBETA PaCMONIOXEH OTHOCUTENBHO CEHCOPHOro

YCTPOWCTBA.

Kaxkgblh CeHCOpHbIA BroK MOXET coaep:KaTb MEPBYK MONOCKY U BTOPYK MOMOCKY, MO
CyLLECTBY, OPTOroHarbHyK MEPBON MOMOCKE, NMpU 3TOM Macka MOXeT ObiTb BbINOMHEHA
Tak, 4Tobbl UCTOYHMK cBeTa ocsewjan obnactn obemx MNONOCOK KaKAOro CEHCOPHOro
Onoka OOHOBPEMEHHO. TO eCTb, KaXAbll CEHCOpPHbIM Onok (M COOTBETCTBYHOLLAS
CEHCOpHas 30Ha) MOXET MMETb NO cyLlecTBy L-ob6pasHyto hopmMy, Npy 3TOM Macka MOXET
ObITb BbINONTHEHA C BO3MOXHOCTbID OLHOBPEMEHHOIrO OCBELUEHUS OobnacTten Kaxkaow
nMHUKM aton L-obpasHon Gopmbl. CEHCOpPHbIE MNOMOCKM CEHCOPHbIX OGrOKOB MOryT
HENoCpeACTBEHHO NPUMbIKaTb APYr K Apyry (Hanpumep, B yrny L-o6pasHon popmbl) nnm
MOTyYT Crierka oTCTOsTb APYr OT Apyra. XOTa nepBas U BTOpasi NOMOCKM NPesnoYTUTENbHO
OPWEHTUPOBAHbI, MO CYLLECTBY, OPTOrOHAnNbHO, OHU MOryT pacnonaraTtbCsi nog nobbim
YyrnoM ApYr K Apyry, Hanpumep, Npu yCroBuKU, YTO OHU NPOXOAAT XOTS Obl HA HEKOTOPOE

pPaccTosHUE B ABYX U3MEPEHUAX.

[MoCKONbKY KadkablA CEHCOPHbIA OnoK onpeaenseT CEHCOPHylo obnactb, KoTopas
NPOXOAUT B ABYX U3MEPEHMSIX NITOCKOCTN, KaKAbIN CEHCOPHbIA BrIOK MOXET AENCTBOBATL
ANSA onpeaeneHns opueHTauum NCTOMHUKA CBEeTa OTHOCUTENBHO CEHCOPHOro YCTPOMCTBA
N, cnefoBaTenbHO, MOXET ONpPeAensTb ero HanpaBreHWe OTHOCUTENBLHO HOopManu K
CEHCOPHOMY YCTPOWUCTBY (T.€. MONSpHbIE KOOPAMHATLI UCTOYHUKA CBETa B Chepuyeckon

wianke, BUAMMOWN ANsi CEHCOPHbIX BrOKOB).

MepBasa 1 BTOpas NOMNOCKN, NPeAnOYTUTENBHO, MOTYT UMETb, MO CYLLECTBY, OAVUHAKOBYIO
ANVHY, XOTS1 NMpyU HEOOXOAMMOCTM OHM MOTYT MMETb pasHylo AnnHy. OpToroHanbHble
NONMOCKM OAMHAKOBOW ANWHbI MOryT obecneumBaTb OAMHaKoBOe none ob3opa B ABYX

N3MEPEHNSIX.

Kaxkgasa nonocka CEHCOPHbIX BrIOKOB MOXET ObITb O4HOW CTPOKOW NMUKCENEN M NobbIM
APYTMM MOAXOASALMM CBETOYYBCTBUTEMbHBIM MEXaHM3MOM. Takum obpasom, M3mepsis,

Kakom nuKkcenb (KakMe MMKCenu) OCBEeLUeHbl Ha KaxKAOW MOorocke, W onpeaensisi ux
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MecTononoXxeHne OTHOCUTENbHO MacKu, MOXHO onpeaenintb HanpasneHue (TO eCTb

OTHOCUTEeNnbHOE nono>|<eHv|e) MCTOYHMKa CBeTa.

CeHcopHble 6nokn MoryT ObiTb BbINOMHEHbI Takum obpasom, 4TOObl KX NUKCENu
reHepupoBanu CurHan, korga ux akkyMynupoBaHHbIM 3apsa (OT najarowero ceeTa)
npeBbIlIAeT MNOporoBoe 3HadveHue. Takum obpas3om, CEHCOpHble OnokM Moryt ObiTb
«COBBITUAHO-YMpaBnseMbIMU», Tak 4YTO WX MOKasaHus obecneymBaltoTCsl TOMbKO MNpwu
3Havawen oceelweHHoCcTNn. Takmm  obpasoMm, MOXHO yMeHbWwnTb  06paboTky,

HeoBXoANUMYIO AN 3KCNyaTtaumm CEHCOPHbIX ONOKOB.

CeHcopHble 6rokn MoryT ObITb CMEXHbIMWU ApYr € ApyroM. CeHCopHble 6nokn MoryT BbITb
pacnonoXeHbl Tak, 4ToObl nepBble MOMOCKU KaKAOoro CEHCOpHoro ©Onoka Obinn, no
CyLecTBy, napannenbHbl, W BTOpPble MOMOCKN Kaxkaoro 6noka Obinu, No CywlecTsy,
napannenbHbl. epBble MOMOCKA CEHCOPHbIX GrnokoB MOryT ObiTb CMEXHbIMA APYr C
APYrOM, 1 BTOpbl€ MOMOCKN MOTryT ObITb CMEXHBIMU APYr C Apyrom. Takum obpasom, L-
obpasHble CeHCOpHble 6MokN MOryT ObiTb BNOXEHbI BMECTE B KOMMAKTHYIO KOHCTPYKLMIO.
Mo cywecTBy, MNOMOCKM CEHCOPHbIX OrOKOB MOryT MNPOXOAWUTb NO ABYM CTOPOHam
KBagpara, orpaHuumsas, Takum obpasom, MOMNOBUHY 3TOro keagparta. Ecnm ceHcopHoe
YCTPOWCTBO BLINOMHEHO Ha MNeYyaTtHoW nnate, TO KBaapaT, KOTOPbIA HamnoNOBUHY
OrpaHuyYeH nonockamy, MOXeT ObITb 3anonHEH APYrMMU COOTBETCTBYHOLMMU Grnokamu,

4yTOObI CAENaTL CEHCOPHOE YCTPOUCTBO OTHOCUTENBHO KOMMAKTHbLIM.

Macka MOXeT cogeparb NEPBYO NPO3paqHy0 NPOPEe3sb M BTOPYIO NPO3paYvHyo Npopesb,
Mo CyLEeCTBY OPTOroHanbHyO NEPBOM NPO3paqHOM Npopesn. TO eCTb, Npo3payvHas 4YacTb
Mackn moxeT ObiTb L-oOpasHon. [lepBas npospadHas npopesb MOXeT ObITb
pacnono)eHa neprneHaMKynspHO NePBbIM MNONOCKaM CEHCOpPHbIX BrOKOB, a ee cepegnHa
MOXET pacnonaratbCs HEMNOCPEeACTBEHHO Hah CepeauHaMWU KaxK4ou nepBor MOMOCKW.
Bropas npopesb moxeT ObITb pacnonoxeHa nNEepneHAMKYNSPHO BTOPbIM MONOCKaM
CEHCOpHbIX ONOKOB, a ee cepefuHa MOXET pacnonaraTbCs HEenoCPeACTBEHHO Haj
cepeanHamMm KaXkaon BTOPOW MOMNOCKU. Takum obpasom, macka MoXeT ObiTb L-06pasHon,
Kak CEHCOpHbIE BrOKK, HO NMOBEPHYTON OTHOCUTENBHO HMX Ha 180 rpagycoB (B MNOCKOCTU

CEHCOPHOro yCTPOMNCTBA).

Kaxkgaa nonocka Kaxzaoro CeHCOPHOro Grioka MOXeT cofepaTb MHOXECTBO MUKCenen,
MPW 3TOM MUKCENMN KaXAoW MOMOCKM MOryT ObiTb CMELLEHbl OTHOCUTEMbHO MUKCENewn
KaXKJON CMEXKHOW MOMOCKM Ha PacCTOSHME, MEeHbLLUEe LUMPWHBI KaXKaoro MuKcens B

HanpaBneHnn cmelleHuns. Mukcenu moryT ObiTb CMELLEHbl Ha LOMI0 LUMPUHbLI MUKCENS,
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PaBHYIO BenMYMHE, OOpPaTHOW 4YUCIY CEHCOPHbIX ONOKOB B CEHCOPHOM YCTPOWCTBE.
Hanpumep, npy Hanuuum Tpex CEHCOPHbIX OMOKOB MUKCENW MOryT ObiTb CMELLEHbI Ha
OAHY TpPeTb LWMPUHbI MNUKCenda. 3a CYeT TaKkoro CMELYEHUA MOXHO MOBbICUTb
paspeLlaroLyto CnoCOBHOCTL CEHCOPHOrO YCTPOWCTBA, MOCKONbKY KaXKAbl CEHCOPHbLIN

6nok 6yaet obHapyxmMBaTb NCTOYHMK CBETA B HEMHOIO APYIOM MOSTOXEHWMN.

CeHCopHOe YCTPOUCTBO MOXET UMETb FPajUEeHTHOE 3KPaHWPOBaHME ANA YMEHbLUEHUS
WHTEHCMBHOCTM CBETA, MNajaroLlero Ha CeHCopHble 6nokn, 4toObl NPOTMBOAENCTBOBATL
OTHOCUTENBHOMY YMEHbLLUEHUIO MHTEHCUBHOCTU CBETA, NajaroLllero Ha CEHCOPHbIA Bnok
nog yrnom. YMeHbLUEeHVME WHTEHCUMBHOCTW CBeTa, Majarowero nog Yrrnom, MOXeT
OTHOCUTBCH K YMEHbLUEHUD WHTEHCUMBHOCTWM CBETa, Najaroliero HenocpeACTBEeHHO Ha
CEHCOpHbIN Brok. Macka moxeT ObiTb rpagynmpoBaHHOW, YTOObI MPOTUBOAENCTBOBATL
OTHOCUTENBHOMY YMEHbLLUEHUIO MHTEHCUBHOCTU CBETa, NajaroLero Ha CeHCOpPHbIA Bnok
nog yrnom. CBeT, NajaloLmMn Ha CEHCOPHOE YCTPOWUCTBO MPSMO (TO €CTb, OT UCTOYHUKA
cBeTa BAOMb BekTopa Hopmanu), ©OyaeT nepejasaTbCs 4Yepe3  Macky Ha
COOTBETCTBYIOLYME 06nacTn CEHCOPHbIX 30H CEHCOPHbIX BNOKOB (HAaNPUMEp, Ha cepeauHy
kaxgon nonocku). CBeT, NagaroLmn Ha CEHCOPHOE YCTPOMCTBO MOA YrNOM K HOpManw,
OyaeT NpoxoauTb Yepes Macky nog yrnom un nagatb Ha obnactb CEHCOPHOW 30Hbl MOA
3TMM yrnom. Takum oBpasom, ero MHTEHCUBHOCTb OyAeT yMeHbLUeHa (NPOonopLUNOHanbHO
KOCMHYCY yrnma Kk Hopmanu). Hanpumep, cBeT, nagawowmn nog yrnom 60 rpagycoB K
Hopmanu, Oyaet umetb 50% MHTEHCUMBHOCTU CBETA, NagatoLero rno Hopmanu, NocKOmbKy
kocuHyc 60 rpagycoB paseH 0,5. Takum o6pasom, nNpo3pavyHOCTb MPO3PaYHON 4HacTu
MacKn MOXET ObITb rpagyMpoOBaHHON UMK FPagUEHTHON, YTOObI OHa nNponyckana 64nbLuyo
AONO CBeTa, najarowero noj Yyrnom, 4Yem CBeTa, Najarowero npsmMo CBEPXY.
CnepoBartenbHO, CEHCOpHble 6noku MOryT nonydarb NpUONU3NTENBHO OA4UHAKOBYHO

MHTEHCUBHOCTb CBeTa HE3AaBUCUMO OT MONOXKEeHUA UCTOYHUKa CBeTa.

pagympoBka MOXET OblTb Crraxueatowlen, 4tobbl Macka nponyckana 6Gonblue cBeTa
yepe3s obnactu, yjaneHHble OT €e LUeHTpa, W nporyckana MeHblle CBeTa 4epes
NPO3payHbIf y4acTOK MackuM MPsiMO Hajh CEHCOpHbIMKM Onokamu. pagyvpoBka MOXET
ObiTb 0OpaTHO MponopunoHanbHa KOCUHYCY Yyrna najeHusi BEKTopa HopManu Ha

CEHCOPHOE YCTPOUCTBO.

CeHCopHoe YyCTPOMCTBO MOXET ObITb BbINOMHEHO Tak, YTOObI KaXKAbI CEHCOPHbIN 60K
Obln 4acTblO COOTBETCTBYIOLLETO AOMEHA NUTaHUs. TO €CTb CEHCOPHOE YCTPOWCTBO
MOXeT OblTb BbINOMHEHO Tak, 4YTOObI MNPV 3KChnyaTauuu KaKablll CEeHCOPHbIN Bnok

nuTancs OT OTAENbHOrO WUCTOYHMKA MUTaHUS, TaKk 4YTO OTKa3 Kakoro-nmbo OAHOro
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WCTOYHUKA MWUTaHUS He MOBMUSIET Ha paboTy CEHCOPHbIX GrOKOB B APYrMX AOMEHax

NUTaHUA.

CeHcopHoe yCTPOUCTBO MOXET OblTb MUKPOCEHCOPOM ANA CryTHMKA U T. N. OHO MOXeT
ObITb MeHbLLe 1 cM Ha 1 cM, MOXET ObITb MeHbLLUE 5 MM Ha 5 MM 1 MOXeT ObITb MEHbLLIE
2,5 Mm Ha 2,5 mm. CeHCopHOe YyCTPOUCTBO MOXET ObITb, NO CyLLECTBY, MNIOCKAM, XOTS U

NMETb AOCTaTOUHYIO rnybuHy, YToObl Macka Morna OTCTOSTb OT CEeHCOPHbIX OrOKOB.

CornacHo BTOpOMY acnekTy Hactoswero nsobpetreHms obecnevyeH CeHCOPHbIN MOAYINb
ANA onpejeneHns NoroXXeHNss UCTOYHUKa ceeTa, npuyem CEeHCOPHbIN MOAYIb COLEPXKMT:
MHOXECTBO CEHCOPHbIX YCTPOMWCTB, PACKPbITbIX NMPWU PACCMOTPEHUN MEPBOro acnekra
N300pETEHUS; U MHOXECTBO KOHTPONNEPOB OrOKOB, BbIMNOMHEHHbIX C BO3MOMXHOCTbIO
yrnpaBrneHnst O4HUM CEHCOPHbIM BNOKOM B KaX0M U3 MHOXECTBA CEHCOPHbIX YCTPOWCTB,
NPy 3TOM KaXgoe CEHCOPHOE YCTPOWCTBO COAEPXKMT OAMH U3 MHOXECTBa KOHTPOMIEPOB

Onokos.

Kaxabin 13 KOHTponnepos OMOKOB MOXET (PYHKUMOHANbHO OTNMYATLCA OT APYrUX W,
Takum o0pasoM, MOXET (YHKUMOHMPOBATb MOMHOCTHIO HE3aBMCUMO OT  ApPYruX.
CnepoBarernbHO, YNCIO KOHTPONNEPOB BrOKOB MOXET ObITb TAKUM Xe, KaK U CEHCOPHbIX
YCTPOWCTB, NMPUYEM Kaxabli KOHTponnep 6noka OyaeT ynpaBnsTb CEHCOPHbIM ONOKOM B
KaX4OM W3 CEHCOPHbIX YCTPOUCTB. CnefoBaTtenbHO, B KaXX4OM CEHCOPHOM YCTPOWCTBE
MOXET ObITb TO € YMCNO CEHCOPHbLIX BMOKOB, YTO U CEHCOPHbIX YCTPOUCTB B CEHCOPHOM
moayne. Kaxabll KOHTponnep 6noka MOXeT ObiTb BbINOMHEH C BO3MOXHOCTbIO

yNpaBneHUst TONbKO OAHUM CEHCOPHbLIM BIOKOM B Ka)K40M CEHCOPHOM YCTPOMWCTBE.

Kaxgoe CeHCOpHOe YCTPOMCTBO MOXET coaepXaTb COOTBETCTBYIOLUA OAWH U3
KOHTponnepoB 6nokoB. Takum oOpasom, KOHTponnep Onoka Kakaoro CEHCOPHOro
YCTPONCTBa MOXET ObITb BbINOMHEH C BO3MOXHOCTBIO YNpPaBreHUsi CEHCOPHbIM OrOKOM,
HaxoAsaWMMCS B TOM K€ CEHCOPHOM YCTPOWCTBE, YTO W KOHTponnep Onoka, u OgHUM
CEHCOPHbIM OfOKOM, HaxOASLMMCS B Ka)KAOM W3 APYrMX CEHCOPHbIX YCTPOWUCTB. [1o
CYLWecTBY, Kaxgbld KOHTponnep Onoka MoXeT ObiTb BbIMOMHEH C BO3MOXHOCTBIO
YyNpaBneHNss CEHCOPHbIMU Onokamu, WUMEKLUMN COOTBETCTBYOLME nons 0630pa,
onpefensemble OpUEHTaUNEN KaXgoro CEHCOPHOro yctponctea. CEHCOpPHbIE YCTPOUCTBA
MOryT ObITb OPWEHTUPOBAHblI B pPasHbIX HanpasneHusix, 4Tobbl obecneunBaTb
nepekpbiBalOLMECss WuUnM KOMMMEMeHTapHble nons o63opa. Takum obpasom, Kaxkgbln
KoHTpornnep 6noka moxeT MMeTb none o063opa, Bknovawee B cebs none o63opa Bcex

CEHCOPHbIX YCTPOWNCTB.
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CeHCopHbIM MOAYIb MOXET UMeTb none ob3opa, oxBaTbiBaloLlee, NO MEHbLUEN Mepe,
NofHyo nonycdepy, n, cneaoBaTenbHO, CNOCOBEH ONPeAensTb MONOXEHNE UCTOYHMKA
ceeta B nobom mecte 3aton nonycdepbl (TO ecTb B NOOOM HanpasneHUM B 3TOU
nonycepe). Takum o0pasom, Kaxgbll KOHTponnep 6roka Kakaoro CEHCOPHOro
YyCTPONCTBa CEHCOPHOro MOAYNsi CNocobeH onpeaensiTb NOMOXEHNEe UCTOYHMKA CBETA B
nobom HanpasneHun nonHown nonycdepsl. CnegoBarTenbHO, MHOXECTBO KOHTPONNEPOB
6nokoB moryT obecneumBaTtb pe3epBHbIE CPEACTBA ONPEAENEHUS MOMOXEHNS NCTOUHMKA

CBETa B Ciyyae, Hanpumep, oTkasa 04HOro Unu Gonee KOHTPOMNEPOB GOKOB.

CeHCopHbI MOAYNb MOXET ObiTb BbIMOMHEH Tak, 4YTOObI Kaxabl KOHTponnep ©Onoka
npyvHagnexan COOTBETCTBYIOLEMY AOMEHY nuTaHus. [JOMeHbl nuTaHus MoryT ObiTb
oTAENbHbIMM U OTIMYAKLWMMNCS APYr OT Apyra, Tak 4YTO OTKa3 OAHOro AOMEHa He
noenusiet Ha paboTty apyrmx. Kaxablh AOMEH NUTaHuMs MOXEeT BKMo4vatb B cebs
KOHTponnep 6noka, a Takke OAWH CEHCOPHbIN BNOK TOrO e CEHCOPHOro YCTPOUCTBA, YTO
n KoHTponnep 6noka. [JoMeH NUTaHns MOXET BKNOYaTb B cebsi BCe CEHCOpHble Gnoku,

yrnpasnseMble KOHTPONnepom Grioka.

CeHCOopHbIA MOAYIb MOXET COAEpKaTb MHOXECTBO KOHTPONMEPOB MOAYNS, MPU 3TOM
KaXablA KOHTPOMNMEp MoAYNs MOXeT ObiTb BbINOMHEH C BO3MOXHOCTbIO YrpaBreHUs
KaXabIM M3 MHOXECTBa KOHTponnepoB 6nokoB. TO €CTb, Kaabli KOHTPONMep mMoayns
MOXET YNpaBnATb BCEMU KOHTponnepamu OnokoB, MPW 3TOM YMCMO KOHTPONNEpoB
MOAYNA MOXET ObITb TEM e, YTO YMCMNO KOHTPOMNNEPOB BrIOKOB U CEHCOPHbIX YCTPOWUCTB.
Kaxabln KOHTpOMNEp MoAyns MOXeT (YHKUMOHANbHO OTAMYaTbCa OT  APYrUX
KOHTPONNEPOB MOAYNA W, CnefoBaTenbHO, MOXET (YHKUMOHMPOBATbL MOMHOCTLIO
He3aBNCUMO OT HUX. CEHCOPHbIN MOAYNb MOXET ObITb BbIMOMHEH Tak, YTOObLI TONLKO O4UH
M3 KOHTPONNEpPOB MOAYNSA YNpaBnsi KOHTponnepamu 6rnokoB B KakOM-nmbo MOMEHT

BPEMEHW.

Kaxgoe CEHCOpHOe YCTPOMCTBO MOXET COAepKaTb COOTBETCTBYIOLUUA KOHTPOMNEp
MOAYNS, MPUYEM 3TOT KOHTPONMEP MOAYNS BbINOMHEH C BO3MOMXHOCTLIO YNpaBreHUs
KOHTpONnepom 6rioka 3TOro e CEHCOPHOro YCTPONCTBA, a Takke KOHTponnepaMmmn 6rokoB

BCEX APYrMX CEHCOPHbIX YCTPONCTB B CEHCOPHOM MOoZyne.

Kakabli KOHTPONNep MOAYNs MOXeT ObITb BbINOMHEH C BO3MOXHOCTbIO B3aMMOAENCTBUS
C KOHTPONNEPOM CUCTEMbl, TakOM Kak CryTHMKOBas cuctema ynpaeneHus u 1.n. Mogynb
MOXeT ObITb BbINOMHEH TakMM 0Opasom, YTOObl TONMbKO OAWMH KOHTPOMNep MOAYNS MOr

B3aMMOLENCTBOBATL C KOHTPOSINEPOM CUCTEMbI B KakoOM-nmMbO MOMEHT BPEMEHMN.



10

15

20

25

30

CeHCOopHbIN MOAYIb MOXET BbITb BbIMOMHEH Tak, YTOObl pe3epPBHbLIN KOHTPONNEP MOAYNSA
npvHUMan Ha cebs B3aMMOAEWNCTBME C KOHTPOMMEPOM CUCTEMbI B Cryvae oTkasa

KOHTpOIrepa MOAYNS, KOTOPbIA paHee B3anMOAENCTBOBar C KOHTPONNEPOM CUCTEMbI.

KomnoHoBKa, packpbiTas B HaCTOSLIEM [LOKYMEHTE, MO3BOMSET KaX4oMy CEHCOPHOMY
YCTPOWCTBY ObITb UAEHTUYHbIM, K&XKLOMY COAEpKalMM MHOMXECTBO CEHCOPHbIX GroKoB,
KOHTponnep ©6noka W KOHTponnep Moayns. TakuMm o6pasom, MOXHO YNPOCTUTb

N3roTOBMNEHNE N KOHCTPYKLMIO CEHCOPHOTO MOAYIS.

B ogHOM 13 BapuaHToOB OCYLLECTBMNEHNSI CEHCOPHOrO YCTPONCTBA KaXAbIA U3 CEHCOPHbIX
6nokoB umeeT, no cyulectsy, L-ob6pasHyto popmy 1 NpuMbIKaeT Apyr K APYry Tak, YTO OHU
OorpaHu4MBalOT [ABE CTOPOHbl KBagpata unu npsmoyronbHuka. KoHTponnep 6noka
CEHCOPHOro YCTPOMCTBA W/MNW KOHTPOMSEp MOAYNSA CEHCOPHOro YCTPOWCTBA, KaMAblW,
MOXET ObITb PaCnONOMXeH, MO MEHbLUEN MepEe, YacTUYHO (a MOXET OOnbLUEN YacTbio UK
MOMHOCTBIO) BHYTPM KBagpara WM MNPSMOYrofibHUKa, OrPaHUYEeHHOro0 CEHCOPHbIMU
6nokamn. KoHtponnep 6noka w/unu KOHTpOmnmnep MOAYNs MOryT ObiTb CMEXHbIMU C
nepBon WU/unu Co BTOPOW NONOCKAMN CEHCOPHbIX BNOKOB U MOTYT ObITb CMEXHBIMU 4PYT C
Apyrom. Takum o06pa3om, CEHCOPHOE YCTPOUCTBO MOXET ObiTb KOMMAaKTHbIM, a

3aHnMMaemoe MM NPOCTPAaHCTBO MOXHO cAenaTtb KaKk MOXXHO MEHbLUUM.

CeHCOpHbI MOAYMb MOXET COAepXaTb OCHOBAaHWE W TPU CEHCOPHbIX YCTPOWCTBA,
pPacnonoXeHHbIX Ha COOTBETCTBYIOLMX MPAHSAX OCHOBaHWS, NMPU 3TOM OCHOBaHWE UMEET
dopmy, nNo MeHblen mepe, 4vactn TeTpasgpa. OCHOBaHME MOXET MMeTb opmy
TeTpasgpa 6e3 Bepxywkn. TeTpasgpuyeckoe OCHOBaHME MOXET WUMeETb opmy
NpaBuUnbHOro TeTpasapa N MOXET MNOoALEpPXKMBaTb CEHCOPHbIE YCTPOMCTBA B 334aHHOM
nonoxeHmn. Ha 4eTBepTOM CTOPOHE TETpasfpuYecKoe OCHOBaHME MOXET ObiTb
YCTAHOBIIEHO HA MOBEPXHOCTU (HaNpuMMep, CryTHUKA nnn noboro 4pyroro NOAXOASLLErO
YyCTPOWCTBA) U MOXeT, Takum obpasom, obecneumBatb MNOKPbITUE CEHCOPHbLIM
YCTPOUCTBOM MO nonycdepe Hag MOBEPXHOCTbIO 3@ CYET PaCMnONOXEHUS CEHCOPHbIX
ycTponcTB. CeHCOpHble YCTpoMCTBa MOryT ObiTb PaBHOMEPHO pa3HECeHbl Mo
TETPAdPNYECKOMY OCHOBaHUIO, YTOObI oBecneunTs CEHCOPHOMY MOAYMO none o63opa,
BKMOYarowee B cebs, N0 MEHbLUEN Mepe, BCKO nonycdepy Hag mogynem (1o ectb 180
rpagycos no asvmyty moayna m 90 rpagycoB no BbicoTe moaynd). Moaynb MOXeT
obecrneunBaTtb none o63opa Gonbwe nonycdepbl. COOTBETCTBEHHO, B OLHOM U3
BapVaHTOB OCYLLECTBMEHUSA CEHCOPHOrO MOAYNSA KaXAOE U3 TPEX CEHCOPHbIX YCTPOUCTB
pacnonoXeHo napannenbHO MMOCKOCTU MOBEPXHOCTM TeTpasgpa, MpuyemM OAHO

CEHCOpHOE YCTPOWCTBO Ha Kaxaou Mnockoctn obpalwjeHo Hapyxy, ecnn CeHCOpPHbIv
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MOZYINb YCTaHOBMNEH Ha NOBEPXHOCTU. B apyrom BapuaHTe OCYLLECTBMNEHUS CEHCOPHOro
MOZYNS KaXaoe U3 Tpex CEeHCOPHbIX YCTPOWCTB PacriorioXeHO napannenbHO MrocKoCTU
NOBEPXHOCTU NPaBUIbHOrO TeTpasgpa, Npy 3ToM, ecriv CEeHCOpPHbIA MOAYNb YCTaHOBMNEH
Ha MNOBEPXHOCTW, TO MO OAHOMY CEHCOPHOMY YCTPOWCTBY Ha KaKAOW MNIOCKOCTU

obpalleHOo Hapyxy.

AnbTepHaTnBHO, ANs TpebyemMoro NO3NLMOHMPOBAHUA CEHCOPHbIX YCTPOUCTB CEeHCOPHbIN
MOAYNb MOXET MMETb OCHOBaHue nobon nogxoaswlen popmbl. Hanpumep, ocHoBaHMEM

MOXeT ObITb KBagpaTHas nupamuia, NaTuyronbHas nupaMmmaa nu T. 4.

3a cuyeT TakonM KOMMOHOBKM KaXKAbI KOHTponnep 6rnoka MoXeT YHKUMOHMPOBaTb ANA
obHapyxeHus (N0 MEHbLLUEW Mepe OAHUM CEHCOPHbIM ONOKOM B COOTBETCTBYHOLLEM
CEHCOPHOM YCTPOWUCTBE) UCTOYHUKA CBETA B NOOOM MOMNOXEHUN B Npeaenax nonycgepsbl
Haj CEHCOPHbIM Mogynem. Kaxxabii KOHTPONMEp MOAYNSA MOXET CpaBHUBaTb U3MEPEHUS
OT Kaxkaoro u3 KOHTponnepoB 6nokoB. Kawablh KOHTpomnnep moayns MoxeT ObiTb
BbIMOMHEH C BO3MOXHOCTbIO ONPEAENEHNst CPEAHEro 3HAYEHUSI U3MEPEHMIN MOMNOXKEHMUS
MCTOYHMKA CBETa, a Takke MOXET ObITb BbIMOMHEH C BO3MOXHOCTBIO Mepejayn 3Toro
CpeAHero 3Ha4YeHuss B KOHTPOMMep CUCTeMbl. Kaxabli KOHTpONnep Mogyns MoOXeT ObiTb
BbIMOMHEH C BO3MOXHOCTbIO OMpPeAerieHnst NONOXeHUss UCTOYHMKA CBeTa Kak CpeaHero
MOMNOXEHUS UNN KaK MEeAMaHHOIO MONoXeHus. Bbibrpas megmnaHHoe NOnoXeHue, MOXHO
npeHebpeyb OWMOOYHLIMU WM PE3KO OTKIMOHSIIOWMMUCS U3MEPEHUSIMA, U  MOXHO

NOBbICUTb HAAEXHOCTb CEHCOPHOIo MoAyn4.

CeHCOpHbIN MOAYIMNb MOXET OblTb KOCMUYECKMM MUKPO3OHAOM N MOXET ObITb pasmepom
meHee 100 mm, pasmepom MeHee 50 MM, a NPeANOYTUTENBHO — PasMepoM MeHee 25 Mm.
CeHCopHbI MOAYNb MOXET ObITb COMHEYHbIM CEHCOPOM (A4ATYMKOM) ANSA ChyTHWKA,

pakeTHoro soHga n 1.n.

CornacHo TpeTbemy acnekTy HacToswero n3obpeteHns obecneyeHa ceHcopHas cucTema
AN ONpeAeneHnst MONOXEHMS WCTOYHMKA CBETa, MNpYM 3TOM CEHCOpHas cucTema
COAEPMKUT MHOXECTBO CEHCOPHbIX MOAYNEN, PACKPbITbIX B HACTOSILLEM LOKYMEHTE MpU
pPacCMOTPEHUN BTOPOro acnekra, npuyem kaxgabil CEeHCOPHbIN MOAYMb BbINOMHEH C

BO3MOXXHOCTbIO UMETb Apyroe none o63opa 4ns o6Hapy»eHUs UCTOYHMKA CBeTa.

CeHcopHas cucrema MOXET ObITb BbINOMHEHA C BO3MOXHOCTbIO OBHAPY>XEHUA UCTOYHMKA
cBeTa B 6onee wmpokom none ob3opa, Yem MOXeT ObiTb AOCTYMHO C UCMONb30BAHNEM
TOMbKO OAHOr0 CEHCOPHOro mMoayns. CEeHCOpHble MOAYNM CEHCOPHOW CUCTEMbl MOTYT

ObITb BbIMNOMHEHbI C BO3MOXHOCTHIO o6Hapy>|<eHv|s| NCTOYHUKa CBeTa B NPOTUBOMOJIOXKHbIX
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HanpasneHnsax. CEeHCopHasa cucTemMa MOXET COAEpXKaTb ABa CEHCOPHbIX MOAYIA U MOXET
copepxaTb TONMbKO [Ba CEHCOPHbIX MOAyndA. [1Ba CEHCOpHbIX Moayns MoryT ObiTb
pacnono)eHbl Tak, YTOObl KaxkAbI OOHapy>KMBan UCTOYHUK CBETA B MPOTUBOMOSIOXHbLIX
nonycdepax, 1 NO3TOMY CEHCOpHas cnctema MoxeT obecneunsathb none o63opa no Bcen
chepe (1.e. none o630pa BO BCEX HAMPaBNEHUSIX), TAK YTO MONOXKEHNE UCTOYHUKA CBETA
MOXeT ObITb OBHapyxeHO B MOOOM HanpasBneHNN C UCMOMb3OBaHMEM MO MEHbLLLEN MeEpe

O HOTO 13 CEHCOPHbIX MOAYNEN.

CeHcopHas cucTemMa MOXET COAEepXaTb KOHTPOMMEP CUCTEMbI, BbINOMHEHHbIN C
BO3MOXHOCTbIO B3aUMOAEWCTBUST C  WWNW  YNPaBneHUs KaxabIM W3 MHOXeCTBa
KOHTpONNEpoB mMoaynen. Kaxabli u3 MHOXECTBa KOHTPOSNEPOB MoAynen MOXET ObITb

BbINOJTHEH C BO3MOXHOCTbIO OTNPaBKMN CUrHana CUCTeMHOMY KOHTPOINNepy.

CornacHo 4eTBEPTOMY acnekTy Hactoswero wusobpeteHnss obecnevyeH CnyTHUK,
COAEPXKALUUA CEHCOPHYIO CUCTEMY, PacKpbITyl0 B HacTOAWEM [JOKYMEHTE npwu
PacCMOTPEHUN TPETLEro acnekta n3obpeteHns, Wunnu cogepxawmn CeHCOpHbIN MOAYIb,
PaCKPbITbIA B HACTOSLLEM AOKYMEHTE NPy pacCMOTPEHUM BTOPOro acrnekra HacTosALero
n3obpeTeHuns, umnu cogepawuin CEeHCOPHOE YCTPOMUCTBO, PaCKPbITOE B HACTOSALLEM

AOKYMEHTE Npu pacCMOTPEHUM MEPBOro acrnekTa HaCTOALLEro N306peTeHus.

CornacHo nAToMy acnekTy Hacrosiero nsobpeteHunsa obecnedeH cnocob onpeaeneHus
MOMNOXEHNS1 UCTOYHMKA CBETa C MUCMONb30BaHUEM CEHCOPHOrO YCTPOWCTBA, PaCKPbITOrO
npyv PaccMOTPEHUM NEPBOrO acrnekTa, UM C MCronb30BaHMEM CEHCOPHOro MOAYNS,
PacKpbITOro NpY PacCMOTPEHMU BTOPOro acnekTa, BKNovawwmn B cebs: onpegeneHune
MOMNOXEHNS1 UCTOYHMKA CBETa Kak CPeAHEro U3 NonoXeHUn, onpeaeneHHbIX CeHCOPHbIMM

ornokamm.

Cnocob moxeT BknwyaTb B cebs onpeaeneHne cpeaHero Kak CpeaHero 3HayeHus
MOMNOXEHUA, UMM MOXET BKMoYaTb B cebsi onpefeneHne CpeaHero kak MeanaHHoro
3HAYeHNs1 NONOXeHUN. Mcnonb3yss MeAuaHHOE 3HauYeHUe, MOXHO YMEHbLUUTb OLIMOKW,

NckaxkatoLyme pesynbTaTtbl U3MEepeHU.

Cnocob moxet BkmoyaTtb B cebs: (i) cunTbiBaHME LUMIPPOBLIX BbIXOAHBIX MUKCEMNbHbBIX
3Ha4YeHUW C OA4HOr0 M3 CEHCOpHbIX 6rokoB; (i) yctaHoBka B 1 nHOBLIX MUKCENbHBIX
3Ha4YeHMN, COCeAHUX C  MNUKCENMbHbIMW  3HAYEHUAMK,  cocTasnawowumm  1;
(i) yctraHoBka B 0 ntoObIX MUKCENbHBLIX 3HAYEHUW, COCEAHMX CO 3Ha4yeHuem O;
(iv) nosTOopeHune wara (ii) 4O Tex nop, Noka BbiNoNHeHMe wara (iii) ewe oauH pas He

npuBeeT K TOMY, YTO BCE MUKCENbHbIEe 3HAaYEeHMS CEHCOPHOro Grioka GyayT yCTaHOBIEHbI
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B O0; 1 (v) onpeaeneHne nonoXeHNa UCTOYHUKA CBETA C UCMOMb30BaHNEM OCTaBLLErocs
HEeHyneBoro nukcens nnm nukcenen. Cnocob MoxeT cogepxatb Ha ware (ii) ycTaHOBKY B
1 ntobbIX NUKCENBHBIX 3HAYEHUIN, OKPYXKEHHBIX (T.€. COCeaCTBYIOWMX C 06enx CTOPOH) C

NUKCeNbHbIMU 3Ha4YEeHUAMU, COCTaBNARLLINMA 1.

OcTraBWwnncsa HEHYNEBOW MUKCENb NN NUKcenu ByayT paccMmarpuBaTbCs Kak OCBELLEHHas
obnactb ceHcopHoro 6noka. Ecrnn octaBLUMACA HEHYNEBOW NUKCENb NpeacTasnseT cobon
©AVNHCTBEHHbIN NMUKCENb, TO 3TOT NMUKCENb MOXET ObITb MPUHAT B KA4€CTBE N3MEPEHHOTO
MOMNOXEHNS OCBELLEHHOCTM OT UCTOYHMKA cBeTa. ECnn HEeHyneBbIM OCTAETCS MHOXECTBO
nMKCenen, To N3MEPEHHOE MONOXKEHNE OCBELLEHHOCTU OT UCTOYHMKA CBETA MOXET ObiTb

NPUHATO KaK cpeaHee NonoXeHune 3Tux nukcenen.

Cnocob mMoxeT Bknw4yaTb B cebA NPUMEHEHMe CEHCOPHOW CUCTEMbI, PacKpbITON B
HacTosILLEM AOKYMEHTE Mpu PacCMOTPEHUN TPETLErO acnekTa, Unm CnyTHUKa, PackpbITOro

B HACTOSALLEM JOKYMEHTE MNPV PACCMOTPEHUIN YETBEPTOrO acnekTa.

CornacHo LuecTomy acnekty HacTosero nsobpeteHmns obecneyeH cnocob onpegeneHns
NMONOXEHNS1 UCTOYHMKA CBETa C MUCMOMb30BaHMEM CEHCOPHOro YCTPOWCTBA, PaCKPbITOro
npy paccMOTPEHMM MNEPBOro acnekta, WM C WUCMONb3OBAHUEM CEHCOPHOro MOAYINS,
PackpbITOro Npu paccMOTPEHUM BTOPOro acnekTa, Bknovaowmn B cebs: (i) cuntbiBaHue
LUMPPOBbIX BbIXOAHbIX MUKCEMNbHbIX 3HA4YeHWA C OAHOMO W3 CEHCOPHbIX OGnOKOB;
(i) yctaHoBka B 1 nioObIX MUKCENbHbLIX 3HAYEHUA MUKCENEen, COCeAHUX C MUKCENbHbIMN
3HavyeHuamu, coctasnaowmmmn 1; (iii) yctaHoBka B O noBbiX MUKCENbHbLIX 3HAYEHWUMN,
cocefHux co 3Ha4veHnem O; (iv) nosTopeHune wara (iii) 4O TexX nop, Noka BbIMNONHEHWE LWara
(i) ewle oanH pas He npuBEAET K TOMY, YTO BCE MUKCESbHbIE 3HAYEHUSI CEHCOPHOro
6noka 6yayT yctaHoBneHbol B 0; u (v) onpeaeneHne MNOMNOXEeHUS UCTOYHMKA CBeTa C

ncnonb3oBaHMEM OCTaBLLUErocd HeHyneBsoro nukcenda nnu nukcenen.

Cnocob moxeT BknovyaTh B ceba nosTopeHme wara (i) MHoxxecTBo pas. War (i) moxer
ObITb dhyHkumen «UJTM», koTopas yCTpaHseT NUKCENN TUMNA «KOHCTaHTHbIN O», U MOXET
BbIMOMHATLCA B OAWH vnu gea wara. War (i) moxeT Obitb byHkUmen «M» 1 moxeT
NCKMoYaTb MUKCENN TUNa «KOHCTaHTHas 1», a TakkKe MOXET Haxo4uTb CBETOBOW LIEHTP
TSDKECTW (@Hanorn4yHbIA, Hanpumep, UeHTpy macc obbekta). Cnocob MoxeT coaepxaTb
Ha ware (i) ycrtaHoBky B 1 mOBObIX MNUKCEMNbHBIX 3HAYEHUW, OKPYXKEHHbIX (T.€.

COCe/CTBYIOLUMX C 06eMX CTOPOH) MUKCENbHbIMM 3HAYEHUAMW, COCTaBNAOLLUMA 1.

Takon cnocob MOXHO MCMONb30BaTh ANS ONPeAeneHnst ¢ NOMOLLBID CEHCOpPHOro 6roka

LleHTpa ocBeLUeHHON obnactu, TemM cambiM yrnpoLLasi U3MepeHUe NOOXEHUS UCTOYHUKA



10

15

20

25

12

ceeta. Takum obOpasom, crnoco® MOXEeT YAPOCTUTb JOTMKY, HeoBXOoaumyro Ans
OMnpeAeneHns MNOMOXEHUS WCTOYHMKA CBETa, W MOXET CHU3UTb AMHaAMUYECKOe

aHepronoTpebneHne CEHCOPHOrO MOAYNS.

Cnocob moxeT Bknwo4yaTb B ceba NpUMEHEHMe CEHCOPHOW CUCTEMbI, PacKpbITON B
HacCTOSILLEM AOKYMEHTE MpU PacCMOTPEHUN TPETLETO acnekTa, Unm CnyTHUKa, packpbITOro
B HaCTOALEM AOKYMEHTE MNpU PacCMOTPEHUW 4YeTBepToro acnekta. Cnocob Moxer
BKNtoYaTh B cebsi onpegeneHme NOnoXeHUs UCTOYHUKA CBETA, PaCKpbITOE B HACTOSLLEM

JOKYMEHTE npu pacCMOTPEHUN MATOrO acnekra.
MepeyeHb YepTexen

HekoTopble npeanoyTUTENbHbIE BapUaHTbl OCYLLECTBNEHMS u30bpeTeHns OyayT
PacKpbITbl HUXKE TOMbKO B KAYeCcTBE MpMMEpa M CO CChINIKOW Ha npunaraemble YepTexu,

Ha KOTOPbIX:

Ha dur. 1 nokasaH MPVMEpP CEHCOPHOrO YCTPOMCTBA, COAEPXKALLEro eAUHCTBEHHbIN

CEHCOpPHbIN BNoK,;

Ha ur.2 nokasaH MPUMEpP CEHCOPHOro0 YCTPOMWCTBA, COAEPXKallero MHOMXECTBO

CEHCOPHbIX BIOKOB;

Ha dur. 3A nokasaHo, Kak TMOMNOXEeHMe WCTOYHMKA CBeTa MOXET ObiTb WU3MEPEHO

CEHCOPHbIM BrOKOM;

Ha cur. 3B nokasaH npumMep UCTOYHMKA CBETa, OCBELLaroLero CEeHCOpHbIM Grok nog

yrnom q;
Ha cur. 4 nokasaH CeHCOPHbIN MOAYINb, COAEPXKALLNN MHOXKECTBO CEHCOPHbIX YCTPONCTB;
Ha cour. 5 nokasaHa npUMepHasi KOMMNOHOBKA CEHCOPHOro YCTPONCTBA;

Ha dur. 6 nokasaHa cxema JOMEHOB CUrHana u nNUTaHus 4ns TPexX CEHCOPHbIX YCTPOWUCTB

CEeHCOPHOro MoAYns;

Ha ¢ur. 7 nokasaHa cxema vepapxumM AOMEHOB CUrHana W MNUTaHus ANs CEeHCOPHOro

MOZYNS, CofepKaLlero KOHTPonnepbl 6rI0KOB 1 KOHTPONNEepbl MOLYIS;

Ha cur. 8 nokasaH NPUMeEpP PacronioKeHUs NUKCENel B CEHCOPHbIX Griokax CEHCOPHOro

YCTPOWCTBA.



10

15

20

25

13

Ha ¢ur. 9 nokasaHo N3MEHeHNe MHTEHCUBHOCTU CBETa, NajaloLlero Ha CEeHCOPHbIN 6ok

noa pasHbIMU yriamu;

Ha ¢our. 10 nokasaHbl MNUKCENbHbIE 3HA4YEHUSs B COOTBETCTBMM C Lwaramm cnocoba

undposon 06paboTku curHana;

Ha cur. 11 nokasaHbl AaHHbIE HAa MOAYMbHOW LUMHE MEXAY AOMEHaMW CEHCOPHOro

MOAYNS;
Ha chur. 12 nokasaH NPUMeEpP MHTEHCUBHOCTW CBETA Ha CEHCOPHOM 6rioke;

Ha dwmr. 13 nokasaHbl MNUKCENbHbIE 3HAYEHUMS B COOTBETCTBUM CO  Cnocobom

pacnpegeneHHon uudposon 06paboTkm CUrHanos;

Ha cur. 14 nokasaHbl NUKCENbHbIE 3HAYEHUsI COrMacHO MOANMULMPOBAHHOMY Crnocoby

pacnpegeneHHon undposon o6paboTkn CUrHanos;

Ha ¢ur. 15 nokasaHa cxema CEHCOPHOro MOAYINS, BKNovarowero B cebsa JoOMeHbl curHana

N NUTaHNA 4NS TPEeX COAEPKALLUXCA B HEM CEHCOPHbIX YCTPOWNCTB;

Ha cur. 16 nokasaHa cxemartmyeckas nepapxmsa ynpasreHust NS CEHCOPHOro Moayns,

COAEepXKallero TPM CEHCOPHbIX YCTPOWCTBA; U

Ha ¢ur. 17 nokasaHa cxemaTuyeckas nepapxmsa ynpaBneHust AN CEHCOPHOW CUCTEMBbI,

cogepxaLlen MHOXECTBO CEHCOPHbLIX MOAYINEen.
MoapobHoe packpbiTUe N306peTeHns

Ha dwur.2 nokasaHa ceHcopHaa cxema 100 (Takke HasblBaemMas CEHCOPHbIM
YCTPOUCTBOM WINN CEHCOPHbIM  3MIEMEHTOM) COMMacHO HAaCTOAWEMY PaCKpPbITULO,
cogepxalas MHOXECTBO CEHCOPHbIX 6r1okoB 110, KOTOPbIE BLINOMHEHbI C BO3MOXHOCTBIO
pabotatb HesaBucumo. CeHcopHaa cxema 100 copepxut macky 120, cogepxallyro
nNpo3padyHbii y4acTok 122 1 HenpospadHbin yvyacTok 124. [pospadHbii yyactok 122 n
Henpo3payHbi y4acTtok 124 no3BONSAKT CBETY OCBELUATb KOHKPETHbIE pasfuyHble
obnactn ceHcopHbix 6nokoB 110 B 3aBUCMMOCTU OT OpUEHTaUMM UCTOYHUKA CBeTa Mo
OTHOLLUEHNIO K ceHCopHom cxeme 100. Takum o6pasom, NONoOXKEHNE NCTOYHMKA CBETa (Mnn
€ro HanpaBneHne OTHOCUTENBHO CEHCOPHOro yctponctea 100) moxeT ObITb onpeseneHo

nyTEM N3MEPEHUS TOTO, Kakme obrnacTtn ceHCopHbIX 6nokos 110 oCBELLEHbI.
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Kakon-nnbo otkas ogHoro L-o6pasHoro ceHcopa 110 He noBnusieT Ha Apyrue, NOCKOMbKY
KaXabll M3 HUX MOXET (YHKUMOHMPOBATb HE3aBUCUMO U MOXET npuHagnexarb
COOTBETCTBYIOLUMM OTAENbHbIM JOMEHam curHana u nutaHna. COoOTBETCTBEHHO,
HaAEXHOCTb CeHCopHon cxembl 100 moxeT ObiTb noBbiweHa ©6e3 yBenuyeHus
NOBEPXHOCTM, Heobxogmmon ans ceHcopHon cxembl 100 (1, cneposartenbHo, 6e3
yBENUUeHNs ee pasmepa). Korga Heckonbko ceHcopHbix 6rnokos 110 paboTtaioT BmecTe,

OHU TaKcKe MOTYT MOBLICUTL paspeLlaroLLyto cnocobHOCTb ceHcopHoro ycTponctaa 100.

Kaxkgbih ceHcopHbI 6nok 110 cogepxxuT nepsyo nonocky 112 u sTopyo nonocky 114,
PacnonoXeHHYI0 NepneHanKynspHo nepson nonocke 112. Takum obpasom, nepsas u
BTopas nonockn 112, 114 npoxogdat B ABYX U3MEPEHUAX B MMOCKOCTU CEHCOPHOro
yctpoructea 100, obecrneunBasi 4BYMEPHOE M3MEPEHME MOSIOXKEHUS UCTOYHMKA CBETa.
Mpo3payHbin yyacTok 122 mackm 120 coaepxuT NepBYKO Npo3padHylo npopesb 126 u
BTOPYIO Mpo3payHyo npopesb 128. lNMepas npospayHas npopesb 126 pacnonoxeHa
nepneHAnKyNsapHO NepBbiM Nonockam 126 kaxaoro u3 ceHcopHbix 6rokos 110, a BTopas
npospadHas npopesb 128 pacnonoxeHa nepneHauKynspHO BTOpPbIM nonockam 114
KaXgoro m3 CeHcopHbix 6rnokos 110. Takum oBpaszom, Npo3padHbli y4acTok 122 macku
120 umeet L-o6pasHyto hopmy, aHanormyHyro popme CeHCopHbIX 6nokos 110, xota m
NMOBEPHYTYID B MMNOCKOCTM CEHCOPHOro yctpomctea Ha 180 rpagycoB OTHOCUTENBLHO

CEHCOpHbIX 6rokos 110.

MepBasa npospayHas npopesb 126 pacnonoxeHa Hag (Hanpumep, NPSMO Hag) LeHTpamin
nepebix nonocok 112 ceHcopHbix Onokos 110. CneposaTenbHO, NepemellyeHne
NCTOYHMKA CBETa B HanpasneHun, onpeaensiemMomM nepebiMu nonockamu 112, Bbi3oBET
nepemewieHme TeHn ot mackum 120, n, cneposaTenbHO, CBETA, MPOXOASALLEro 4epes
nepsyto npopesb 126. Takum obpasom, CBET, Najarmin Ha nepsble Nonocku 112 yepes
nepeylo npopesb 126, OygeT nepemelyatbCs B MNPOTUBOMOMNOXKHOM HanpaBneHUun no
nepsbiM nonockam 112. AHanorn4yHo, nepemeLieHne UCTOYHMKa CBETA B HamnpasBneHuwu,
onpegensaemMomMm BTOPbIMKU nosiockamn 114, BbI3OBET NepemMeLleHne ceeTa, NPoxXoaaLlero
yepes BTOPYH npopesb 128, B MPOTUBOMOSMIONKHOM HanpasBfieHMM Mo BTOPbIM

nonockam 114.

Ha cur. 3A nokasaHbl MECTOMOMOXEHNA OCBELLEHHbIX obnacten Ha CEeHCOpHOM Onoke
110 B 3aBMCUMMOCTM OT MOSIOXEHUSI WCTOYHMKA CBETa OTHOCUTENBbHO CEHCOPHOro
yctponrctea 100. KoopanHaTthel gaHbl B NPOU3BONbHbLIX eanHuyax no ocam X n Y, 1 ans
NPOCTOTbI NOKa3aH TOMNbKO OANH CEHCOPHbIN Bnok 110. Korga UCTOYHMK CBETA HAXO4UTCS

NPSIMO Hag, CeHcopHbiM ycTponctsom 100 (T. €., B HanpaBneHUN BEKTOpa HopManm oT
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NMOBEPXHOCTM CEHCOPHOrO YCTPOMCTBA), nepsBasi npo3padHas npopesb 126 npo3payHoro
ydacTtka 122 mackmn 120 cosgacTt nepByto OCBELLEHHY obnactb 127 Ha nepBol Nonocke
112 ceHcopHoro 6rnoka 110 npsmo nog nepsoun npopesbio 126. Btopas npopesb 128
mMackn 120 cosgacT BTOPYK OCBELUEHHYK obnacte 129 Ha BTOpom nonocke 114
ceHcopHoro 6rioka 110 npsamo nog BTOpoW npopesbto 128. Jta cutyauma nokasaHa B

yeHTtpe dur. 3 anga koopaunHatsbl (0, 0).

Ecnn wncToyHMK cBeTa nepemeljaeTcs OT HOpManu TOMbKO B HanpasneHunm X, K
koopauHaTte (1,0), To BTOpas oceewleHHas obnactb 129 OygeTr nepemelwlatbCa B
NPOTUBOMONIOXKHOM HanpasneHun X, Torga kKak nepsasi ocBeleHHas obnactb 127
OCTaHeTCH B TOM e MecTe Ha nepson nonocke 112 ceHcopHoro 6noka 110. Ecnn BmecTo
3TOr0 UCTOYHMK CBeTa nepemeljaetca Kk koopauHarte (-1, -1), TO U nepsasa, n BTopas
ocBelleHHble obnactn 127, 129 6yayT nepemewjatbcsl Ha ceHCcopHom 6roke 110, kak
nokasaHo. PasnuyHoe nonoXeHue NCTo4Huka ceeta OyaeT Bbi3biBaTb OCBELLEHNE Pa3HbIX
obnacren ceHcopHoro 6noka 110. Takum o6pasom, MNOMNOXEHME WUCTOYHMKA CBeTa
OTHOCUTENBHO CeHCopHoro yctponctea 100 moxeT ObiTb OnpeaeneHo Ha OCHOBaHWUU

TOro, kakme obnactu ceHcopHoro 6noka 110 ocseLyeHbI.

Ha ¢wr.3B nokasaH WCTOYHWK CBETA, PAaCMONOXEHHbIA nojg YrinoM a OT HopManu K
NNocKkoMmy ceHcopHomy yctponctey 100. Yron a cBeTa n pacctosHue d mexgy Mackown
120 » ceHcopHbIM anemeHToM 110 onpeaensioT, rae CBeT NonagaeT Ha CeHCOPHbIA Brok
110. None o630pa CEHCOPHOro YCTPOWCTBA 3aBUCUT OT OTHoweHust L/d, rae L - anuHa
CEHCOopHoro 6noka B COOTBETCTBYIOLLUEM HanpasBneHun. Bbicokoe oTHoweHune L/d pgaet
fonbLioe none ob3opa. B nsobpaxxeHHom Ha cdur. 3B BapmaHTe peanmsagum wmnpuna (W)
npo3apadHon npopesun coctasnset 50 mkm, TonwmHa (h) macku 120 coctaBnsaeT 100 Hm,
paccTtosaHne (d) mexgy mackon 120 u ceHcopHbiMm 6riokom 110 coctaBnsieTr 356 MKkm,
anvHa (L) ceHcopHoro 6noka coctaensieT 2256 Mkm, a nukcenbHbln war - 11,75 Mkm.
Monocka ceHcopHoro 6noka 100 cogepxunt 192 nukcensi, paBHOMEPHO pacnpeLeneHHbIX

no ee AnuHe, cocTaensowen 2256 Mkm.

CeHcopHble 6nokn 110 pacnonoXeHel pSAOM APYr C APYrOM Tak, YTO nepBble MOSOCKM
112 aBnaTCA napannenbHbIMM N CMEXHbIMW, U BTOpble nonocku 114 asnaioTtca
napannenbHbIMU U CMEXHbIMW. Bnarogaps pacnonoXXeHMo MHOXECTBa CEHCOPHbIX
6nokoB 110 Ha CEHCOPHOM YCTPOMCTBE MOXHO MOMy4YaTb MHOMXECTBO W3MEPEHNN
NONOXeHMs UCTOYHMKA CBETAa C UCMNOb30BaHMEM O4HOMN Mackn 120 n 6e3 3HaYUTENbHOro

yBEnuyeHnss pasmepa ceHcopHoro yctpouctea 100. CneposaTenbHO, CEHCOPHOE
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yctponcteo 100 obecneumBaeT pes3epBMPOBaHNE B OTHOLLUEHUM U3MEPEHUN MOJTOXKEHUS

NCTOYHUMKa CBEeTa.

Ha cur.4 nokasaH CeHcopHbin mogynb 200, coaepkallymii Tpyu CEHCOPHbIX anemeHTa 100
(T.e., ceHcopHble ycTponctea 100 mnn ceHcopHble cxembl 100); npu 3TOM Kaxkabld U3
CeHCOpHbIX anemeHToB 100 pacnonoxeH napannenbHO COOTBETCTBYHOLLUMM MNOCKOCTSAM
noBepxHOCTM TeTpasapa 210, No O4HOMY Ha KaXKaoW MIOCKOCTU, OBpalleHHOMY HapyXy,
ecnn CeHcopHbi Mmoaynb 200 yCTaHOBIEH Ha NOBEPXHOCTU. JTO obecneunBaeT NonHoe
none o63opa (FOV) nonycdepbl C NOMOLLbIO BCEro Tpex CeHCOpHbIX anemeHToB 100,
3aHUMasa MYHUManbHbIM 06beM. Takas KOMMOHOBKA TaKkke obecrneynBaeT nepekpbiBaHue

FOV, cnocobcTBys NOBbILLIEHHOMY Pa3peLLEHnto.

HacTtoawmm nsobpeteHnem take obecneunmsaetcs CeHcopHbi moaynb 200, KOTOPbIU
YNyylWeH B OTHOLUEHUN HECKOMbKUX APYrUX TEXHUYECKUX pesynbtatoB. Hanpuwmep,
CUUTbIBaHME nukcenen moxet ObiTb COObITUMHO-yNpaBnaembiM. Nocne obuwero cbpoca
MUKCENN reHepupYyloT CUrHan cobbITUSA, KOrga UX akKkyMyrvMpoBaHHbIA 3apsj (OT ceeTa)
npeBbiLaeT MOporoBoe 3HadyeHue. 3710 TpebyeT HebOoMbLION BbIMUCIUTENBHON
MOLUHOCTWN. Takum obpasom, B 3aBUCMMOCTM OT KONMU4YECTBa CEHCOPHbIX Gnokos 110
KaXKabi CeHcopHbin anemeHT 100 mMoxeT coaepxxatb npoueccopHble Onoku 130. Ha
dwur. 5 nokasaH ceHcopHbln anemeHT 100, copgepxawmn npoueccopHbin 6nok 130,
BbIMOMHEHHbIA C BO3MOMXHOCTBIO YNpPaBreHUs CEeHCOopHbiMM Onokamm 110 (TO ecTb
koHTpornnep 130 6nokoB). KonTponnep 130 6noka BbINOMHEH C BO3MOXHOCTbIO
yrnpaBneHns oaHUM ceHcopHbiM 6nokom 110 aToro xe ceHcopHoro anemeHTta 100.
KoHTponnep 130 ©Onoka AOMOMHUTENBHO BLINOMHEH C BO3MOXHOCTLIO YMNpaBreHnUs
CEHCOpHbIMM Onokamu 110 M3 gpyrMx CeHCOpHbIX a3nemeHToB 100 CEHCOPHOro

moayns 200.

Ha dcwur. 6 nokasaH npumep KOMMOHOBKM CEHCOPHbIX 3anemeHtoB 100a, 100b, 100c.
KoHTponnepbl 130a-c 6r1OKOB Ha KaXgoM CeHCOpHOM anemeHTe 100a-c npuHagnexar K
pasHbiM AOMEHaM MUTaHUA W CcurHana w npejHasHadeHbl Ans  ynpasreHus
COOTBETCTBYIOLMMM CEHCOPHbIMKU Briokamm 110a-c, ogHMM ceHcopHbIM 6nokom 110a-c Ha
Kaykaom ceHcopHom anemenTe 100a-c. Takum obpasom, kaxabin koHTponnep 130 6roka
MOXET OnpeAensaTb MOMOXEHMe WUCTOYHWKa CBETa C MOMOLLbIO NIOBOro M3 CEeHCOPHbIX
anemeHToB 100. Kaxkgbli ceHcopHbid anemeHT 100a, 100b, 100c MOXET copepXaTb

cooTBeTCTBYIOWMI koHTponnep (140a, 140b, 140¢) moayns, kak nokasaHo Ha dwr. 5.
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Kak nokasaHo Ha cur. 6, Gnarogapsi pacrnonoXeHunto koHtponnepa 130 6noka w/unm
koHTpornepa 140 moaynsi BHYTpPU KBagparta, OrpaHNYeHHoro L-o6pasHbiMU CEHCOPHbLIMM
6nokammn 110, kaxgoe ceHcopHoe ycTponctso 100 (T.€. ceHCOpHbIM anemeHT 100) moxeT
ObITb KOMNAaKTHO BbLIMOMHEHO Tak, 4YToObl 3@aHMMaTb Kak MOXHO MeEHbLUEe MecTa, W,
cneaoBaTenbHO, KaXKaoe CEHCOPHOE YCTPOMCTBO U, crnegosartenbHo, CEHCOPHbIA MOAYIb

N CeHCopHaA cucrema moryr ObITb KaK MOXHO MEHbLUE

HacTtosuwee n3obpeTeHne MOXET CoAepXaTb MepapXMYECKY0 OpraHuM3auuio CEHCOPHbIX
anemeHtToB 100 n ceHcopHbix 6rokos 110, koTopas obecneumBaeT YCTOMYMBYIO W
HagexHyto paboTy ceHcopHoro moaynsa 200. Ha dur. 7 nokasaHa cxema nepapxmyeckon
KOMMOHOBKM AOMEHOB CuUrHana v nutaHus ceHcopHoro moayna 200. CeHCopHbI MOAY b
COAEPXKUT TPWU OTAENbHbIX AOMEHA, MO OAHOMY ANS Kaxaoro m3 koHTponnepos 130
OnokoB. Kaxgblh CceHCOpHbi anemeHT 100 copepxut koHTponnep 140 mopyns
(hanpumep, mactep 140 moayns), AEMCTBYHOLMA ANS YNPaBNeHWss BCEM CEHCOPHbIM
moaynem 200 (cm., Hanpumep, dur. 5). Kaxxabin koHTponnep 140 moayns BbINOMHEH C
BO3MOXHOCTbIO yrpaBreHuss Bcemu koHTponnepamm 130 6nokos (Hanpumep, mactepamm
130 gOMEHOB) N MOXET ObITb MOAKMIOYEH K KaXAOMY M3 AOMEHOB NUTaHus. Kaxabin
koHTponnep 130 Onoka BbINOMHEH C BO3MOXHOCTbK YMNpaBneHUss OAHUM (M TONbKO

OAHUM) CeHCOpHbIM Bnokom 110 B KaXkAOM M3 CEHCOPHbIX anemeHToB 100.

CnepoBatenbHoO, kaxabin koHTponnep 130 6noka He3aBMCUMO YNpaBnsAeT MHOXECTBOM
CEHCOpHbIX 6nokoB 110, u4TOObI oOnNpefensaATb MONMOXEHMe WUCTOYHMKa CBeTa.
CooTteeTcTBYIOWME [AOMEHbI KOHTponnepoB 130 6nOKOB Tawke MNONyyawT nNUTaHue
He3aBncumo. Kaxabin koHTponnep 140 moayns ynpasnsieT BCcemu koHTponnepamu 130
6nokoB W, cnepoBaTenbHO, MOXET OblTb BbIMNOSIHEH C BO3MOXHOCTbIO CpaBHEHUS
N3MEPEHHbIX MOMOXEHNA OT BCEX M3 HUX W BbINOMHEHNSI OKOHYaTENBHOMO OMNpPeAEneHns
NMONOXEHNS UCTOYHMKA cBeTa. Kaxabl KOHTPONNEpP MoAYNst MOXET ObiTb JOMOMHUTENBHO
BbINOSIHEH C BO3MOXHOCTbIO OTNPABKN CUrHaNa, ykasblBarOLEro MONOXEHNE UCTOYHUKA
cseTa, koHTponnepy cuctembl. CeHCOopHbIM Moaynb 200 MOXET ObiTb BbLINOMHEH Tak,
yTobbl B NMOOOA MOMEHT BPEMEHW TONMLKO OAWH KOHTpornep 140 moaynsa ynpasnsin

koHTponnepamn 130 6110KoB.

B pononHeHne k paboTe B pasnMyHbiX AOMEHaxX CUrHanos, koHTponnepbl 130 6nokos
(BMecTe ¢ MX COOTBETCTBYHOLUMMM MHOXECTBAMU CEHCOPHbIX Onokos 110), kaxabin,
UMEET OTAENnbHble AOMEHbl NUTaHMA. TO €eCTb, Kaabih KoHTpormep 130 6noka
PYHKUMOHMPYET MOMHOCTbIO HE3aBMCUMO OT APYrUX, W eCcnvM Kakon-nnbo un3 Hux

nocrTpagaeT OT OTKa3a CBOEro COOTBETCTBYHOLLEro UCTOYHUKaA NUTaHuA, gpyrme, Tem He
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MeHee, npogorkatr QyHkymoHuposaTb. [1o cywecTtBy, CeHcopHbin moaynb 200
obecneymBaeT pe3epBMPOBAHNE B Cryyae, €Cnv Ha Kakou-nnbo M3 SOMEHOB MUTaHUS
noenusietr cbon nutaHus. Kaxabin koHTponnep 140 moayns MOXET npuHagnexaTb K
OAHOMY AOMEHY NUTaHUS (Hanpumep, ToMy Xe, YTo 1 koHTponnep 130 6noka aToro xe
ceHcopHoro yctpouctsa 100) mnn MOXET npuUHagnexatb K Kaxaomy W3 AOMEHOB
nutaHmsa. Takasa komnoHoBka o3HayaeT, 4to CeHcopHbin moaynb 200 obecneuvBaet
pe3epBUPOBaHNE HE TOMbKO C TOYKN 3PEHNS N3MEPEHUSA MOMOXEHUSA NUCTOYHUKA CBETA, HO
Talke C TOYKU 3peHua cbos nutaHns B MobBOM U3 AOMEHOB W/WMNN  CEHCOPHbIX

yctpouncts 100.

Ha dour. 8 nokasaHbl B yBennyeHHOM macluTabe nepsble nonockn 112 ceHCopHbIX 6nokoB
110 KaxKgOro CEHCOPHOro yctponcTea. Kaxaas nonocka COAepKUT MHOXECTBO MUKCENen
115, pacnonoXeHHblx B nuHMO. [Mnkcenn 115 kaxgon nonockn 112 cmeLyeHbl
OTHOCUTENBLHO MUKCeNen coceaHUX nonocok 112. Takas KOMNOHOBKA MOXeT obecneynTb
MOBbILLEHHOE paspelueHne ceHcopHoro yctpouctsa 100. Kaxgas m3 m3obpakeHHbIX
nHMA nukcenen 115 nokasbiBaeT 4acTtb Nonocok 112 ceHcopHoro 6noka 110. MNukcenn
115 kaxxgon nonockn 112 caBUHYTbI Ha 1/3 NUKCENbHOrO Lara OTHOCUTENbHO 4PYr Apyra.
3a cueT obbeanHEeHNs MHOPMaUMM OT BCEX AOMEHOB, paspeLuaroLlyro CnocobHOCTb
ceHcopHoro yctponctaa 110 MOXHO NOBLICUTL HA 1/3 OT TOrO, YTO KaXKAbIA AOMEH MOXET

obecneyunTb OTAENBHO.

CeHcopHble anemeHTbl 100 MOryT cogepxaTb rpagueHTHOE 3KpaHMpOBaHME MNUKCEnNen.
Takoe 9KpaHuMpoBaHME MOXET NPOTUBOAEUCTBOBATL CHMKEHUIO MHTEHCUBHOCTM,
BbI3BAHHOMY MajeHMEM CBETa Ha CEHCOPHbIE BnoKM nog yrnom K BEKTOpy Hopmanu. Ha
dur. 9A nokasaH NpMMep N3MEHEHUS UHTEHCUBHOCTU NEPBOM OCBELLeHHON obnactn 127
npu wunamMeHeHUn yrrna. B nepBon ocBeweHHOM obnactu ocselwleHbl nukcenu 115
ceHcopHoro 6noka 110. Yucno oceelleHHbIx nukcenen 115 OyaeTr oauMHaKkoBbIM AN
cBeTa, nonajarowero B LEHTP U Ha nepudeputo. OaHako Ha nepnudepumn NHTEHCUBHOCTb
cBeta Oyger MeHbwe (MakCMMyM, YMHOXEHHbIM Ha cos(a)). PaspeweHue

(rpagycel/nukcenn) Ha nepugepun BolLle, YEM B LIEHTPE.

Ha dwur. 9B nokasaHo pacnpejeneHve YypoOBHA CUrHana B 3aBUMCUMOCTM OT yrna
NCTOYHMKA CBETA OTHOCUTENBHO HOpPManu. Takke AN CNpaBKu NOKa3aHO MakCuMarnbHoe
anebeno 3emnu n makcumansHoe ansbeno JlyHsl. Ha dur. 9B Takke nokasaHo, YTo Koraa
WCTOYHUK CBETa HaxoamTca nog yrnom 60 rpagycos, ypoBeHb curHana cocrasnsaeT 50%

OT YPOBHS CMrHana, koraa UCTOYHMK CBeTa HaxoguTcs nog, yrrnom O rpagycos.
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Takum o6pasom, rpagueHTHOE 3KPaHWPOBAHWE MUKCENEN MOXHO WCMNONb3oBaTb ANA
Tpebyemoro yMeHbLUEHNS MIHTEHCUBHOCTM NagatoLLero ceeTa, YToObl BbIPOBHATL YPOBEHb
curHana no yrnam nagenunsa. Hanpumep, 50% nOBEPXHOCTU LEHTPanbHbIX MUKCENEN
MOXeET ObITb B OnpeAeneHHOM nopsake NOKpbITO MeTannom. 1o mepe yBenunyeHus yrna
MOXHO WCMONb30BaTh YMEHbLUEHWE MOKPbITUS, YTOObl NO KpasmMm CeHCopHoro 6rioka He
TpeboBanocCb 3KPaHMPOBaAHUSA. IKPAHMPOBAHME MOXET ObITb PacrnonoXeHo Tpebyembim
o0pasom BHYTPU CEHCOPHOro yCTPOMUCTBA ANns TpebyemMoro npeaoTBpalleHnst nonagaHus

cBeTa Ha nukcenun. Hanpmumep, skpaHupoBaHne MOXET ObiTb BKIHOYEHO B Macky 120.

B ceHcopHOM mopyne MOXEeT MCNonb3oBaTbCA pacnpepeneHHaa umdposas obpaboTka
CUrHanoB Ans NOBbIWEHMA 3PPEKTUBHOCTM paboTbl U CHUXEHUSA 3HepronoTpedbneHus.
Ha dwr. 10 nokasaHbl curHamnbl OT CEHCOPHOM MOMOCKM B COOTBETCTBUM C
nocrnefoBartenbHbiMA  LLUArammM nNpuMepHoro cnocoba pacnpegeneHHon obpaboTkm
curHanos. B momeHT BpemeHn tO0 kaxabin nukcenb 115 nubo sapeructpuposan (1)
cobbiTne, nubo Het (0). Ha nepsom ware nobble nukcenn 115, ycrtaHoBneHHble B O,
KOTOpbI€ OKPY>XEHbl MUKCENAMW, YCTaHOBNEHHbIMM B 1, yctaHasnueawT B 1. 3710
yCTpaHseT HeCOOTBETCTBYIOLUME MUKCENU U3 curHana. Pesynbtar nokasaH B MOMeHT t1
Ha dwur. 10. Ha crneaywowem ware nobble NUKCENU CO 3HaYeHnem 1, C KOTOpbIMMU
COCeACTBYIOT NUKCENM CO 3HaveHuem 0O, yctaHasnuearoT B 0 (cm. t2). 310 nosTopsieTcs
4O Tex Mnop, noka MOBTOPEHWE 3TOro eLje pas He NPUBEAET K TOMY, YTO BCE MUKCENU

OyayT yctaHoBneHsbl B 0 (cm. warn t3, t4 n t5).

3T10T npouecc TpebyeT MUMHUMaNbHOW BbIYUCIIUTENBHON MOLLHOCTU U ONPeAEnseT LeHTp
ocBelleHHorW obnactu (aHanorMyHO LEHTPY TSPKECTU MacChl), KOTOPbIA  MOXET

ncnonb3oBaTbCA ANA onpejeneHna mMectonosioXxeHna NCTOYHUKa CBeTa.

Ha dur. 15 nokasaHa cxema ceHcopHoro moayns 200, coaep»allero Tpu CEHCOPHbIX
yctporctea 100a, 100b, 100c. KomnoHoBKa aHanornyHa KOMMNoHOBKE Mo dour. 6, Npu 3TOM
AnNs kakaoro ceHcopHoro yctpouctsa 100a, 100b, 100c COOTBETCTBEHHO MOKAa3aHbI
koHTponnepbl 130a, 130b, 130c 6nokoB u koHTponnepbl 140a, 140b, 140c moayns.
KomnoHoBKa 1 nepapxusa ynpasneHUs SBNSIOTCS TakUMU e, KaK Yy CEHCOPHOro Mogyns
no cowur. 6.

JJomeHbl curHana u AOMEHbl NUTaHus Ans ceHcopHoro moayns 200 Ha dwur. 15
0003Ha4eHbl UBETOM uUnu WTpmxoBkorn. KoHTponnep 130a 6roka nepBoro CEHCOPHOro
yctponctea 100a HaxoanTCsl B TOM e JOMEHE CUrHana, Yto U CeHCOpHbIn 6nok 110a Ha

3TOM >Xe CeHCopHoM ycTponcTtee 100a. [lJomeH curHana CoaepXUT OaMH CEHCOPHbIA 6ok
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110a kaxgoro u3 Tpex ceHcopHbix yctponcts 100a, 100b, 100c. Takum obpasom, KaxkabIv
CEHCOpHbIN 6nok 110a BbLINOMHEH C BO3MOXHOCTBIO OTMPaBKM CUTHANOB KOHTPOMNEpY
130a 6noka. Kaxgbin koHTponnep 140 moaynsi MOXeT obOHapy»XuBaTb MCTOYHUK CBETa
nocpeacTsom fnoboro n3 Tpex AOMEHOB CUrHana, ynpasnaemblxX KOHTponnepamu 6rnokos
(To ectb mactepamn gomeHoB) 130a, 130b 1 130c. Mpn cboe B KakOM-NNBO fOMEHE
curHanos, ABa Apyrux OyayT AOCTYMNHbI B KayeCTBE pe3epBHbIX, Tak 4TO CeHCOpHbIN
moayne 200 moxeT npogomkate paboTatb. TOMbKO OAWMH KOHTPOMMEP MOAYNS
(Hanpumep, koHTponnep 140a mogyns) OyaeT BbINOMNHATE PONnb Mactepa, ynpasnsoLwero
CEHCOpHbIM Mogyrnem 200 B kakon-nnbo MOMEHT BpemMeHu. [1Ba Apyrnx KOHTpomnepa
moaynsa (Hanpumep, koHTponnepbl 140b n 140c moayns) MOryT HaxoAuUTbCHA B CsLEM
pexume (Hanpumep, ObiTb rOTOBbIMU MPUHATL YNPaBneHWe OT MEepPBOro KOHTpornnepa
140a moaynsa B criyyae HeucnpasHOCTU) Mnn MoryT pabotaTb napannenbHO, NpoBepsis
KOHTponnep moaynsa (Hanpumep, koHTponnep 140a moayns), urparoWwmnin ponb mMacTepa.
Ecnn oba pgpyrnx koHTponnepa moayns (Hanpumep, koHTponnepbl 40b n 140c) He
cornacHbl ¢ ponblo Mactepa Moayns (Hanpumep, koHTponnepa 140a moayns), To Toraa

OHW MOTYT NepegaTb Pornb Macrepa O4HOMY U3 4PYruX.

KoHTponnep 140a moaynsi nepBoro ceHcopHoro yctponctea 100a HaxoauTcs B TOM Xe
JOMEHe nuTaHus, 4To M koHTponnep 130a 6noka nepBOro (3TOr0 »e) CEHCOPHOro
yctporctBa 100a, u ceHcopHble 6rnokn 110a (T.€. CeHCOpHble anemeHTbl 110a) aToro xe
ceHcopHoro yctporctBa 100a mn aByx ApYyrMx CeHCopHbix yctpouctea 100b u 100c.
KoHTtponnep 140b wmoayns, koHTponnep 130b 6noka wm ceHcopHble ©Onokn 110b
aHanorn4HbiM obpasom HaxoAsATCs B TOM e AOMEHE MUTaHMUS, YTO KaxXablin Apyron. To
e camoe OoTHocuTca Kk koHTponnepy 140c moaynsa, koHTponnepy 130c Onoka wn
CeHCOpHbiM 6nokam  110c. Kaxablh AOMEH NUTaHUS SBNSETCA OTAENbHbIM U

He3aBUCUMbIM OT APYrux.

B KOMNOHOBKE, MOKasaHHOW Ha dur. 15, kaabll AOMEH MUTaHUS COAEPXUT Te Xe
KOMMOHEHTbI, YTO WU AOMEH CUrHana, nioc KOHTPOSNEP MOAYNS HA TOM K& CEHCOPHOM
YCTPOWCTBE, YTO N kOHTponnep 6noka u3 gomeHa curHana. Kaablh JOMEH nuTaHus
nUTaeTcs OT OTAENbHOro, HE3aBUCUMOrO WUCTOYHMKA MUTaHWUA, Tak 4YTO, ecnv npu
akcnnyatayum npousonget cborn B KakOM-nnbo OZHOM AOMEHE nuUTaHusa (Hanpumep,
OTKas WCTOYHUKA nuTaHuda), TO CeHCopHbin Moaynb 200 uMeeT AONONHUTENbHbIE
AOCTYMNHbIE JOMEHbI MUTAHMSA U MOXET NPOAOCIKUTL paboTy. Takum obpaszom, CEeHCOPHbIN

Moaynb 200 MEET TPOMHOE PE3EePBUPOBAHMNE B 3TOM OTHOLLEHUN.
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Ha cur. 16 cxemaTuyeckm nokasaHa uepapxusi CUrHanoB WU NUTaHUS ANS CEHCOPHOro
6noka 200. KomnoHoBKa Ha chur. 16 Takas e, Kak Ha our. 7, U 4OMNOMHUTENBHO NOKa3aHo
kaxkgoe ceHcopHoe yctponctso 100a, 100b, 100c. Kaxxgoe ceHcopHoe yctponctso 100
ABNsieTCa Puandecknm 6rokom (Hanpumep, CXeMHbIM YCTPOWUCTBOM U T.M.) N CBS3@HO
(Hanpumep, nornMyeckn NN OYHKUMOHANBHO) C APYIMMW CEHCOPHBLIMU YCTPOUCTBAMMU
100 B ceHcopHom moayrne 200 B nokasaHHOW nepapxumn CurHanos 1 nutaHus. JomeH 150
nutaHus koHTponnepa 130a Gnoka nepsBoro ceHcopHoro ycrtpouctsa 100a nokasaH
NYHKTUPHbIM KOHTYpoM. B atom cnyvae pgomeH 150 nutaHms skniodaet B cebs oguH
CeHcopHbI 6ok 110a Ha kaxkgom ceHcopHoMm ycTponctee 100a-c, a Takke KOHTponnep
130a 6noka n koHTponnep 140a moaynsa. Takum oBpasoMm, KaKablA AOMEH NMUTaAHUSA W
curHana sknovaeT B ceba ceHcopHble 6nokn 110 M3 Kaxgoro CEHCOPHOro YyCTpPomUcTBa
100. B TO Bpems kak ceHcopHble ycTtpouctea 100 saBnawTcs MaTepuanbHbIMU
KOMMOHEHTaMM, AOMEHbI npeacTasnsioT cobon norunyeckmne (Hanpumep,
PyHKUNOHaNbHBbIE W/UNN 3MEKTPUYECKUE) TPYNNUPOBAHMUS CYOKOMMOHEHTOB CEHCOPHbIX

yctponcts 100.

B ceHcopHom moayne 200, nokasaHHOM Ha dour. 16, koHTponnep 140a moayns nepsoro
ceHcopHoro yctponctea 100a ynpasnsieT BCEM CEHCOPHbIM moaynem 200, Tak u4To
kaxkabin 13 koHTponnepos 130a, 130b, 130c OGnoOKOB SABNSETCA YNPaBnsieMbIM UM U
nocbinaeT emy curHanbl. Kpome Toro, 4yepes kaxabii U3 koHTponnepoB 130a-c 6rnokos
BCe ceHcopHble 110a-c 6nokM Ha KaXKaoM U3 CEHCOPHbIX yCTponcTB 100a-c ynpaBnawnTcs

nepsbiM KOHTponnepom 140a moayns U OTNPaBNSAOT EMY CUrHarbl.

CeHcopHbin mogynb 200 cCOAepXXMT TpUM AOMEHA MNUTaHUSA, MOKa3aHHbIE LBETOM WK
LUTPUXOBKOW  COOTBETCTBYIOLUMX KOMMOHEHTOB WUNU WX  KOHTYpPOB. KOMMOHEHTHI
OAMHAaKOBOro LBeTa UnM C OAUHAKOBOW LUTPUMXOBKOM NPUHaANexart K O4HOMY LOMEHY
nTaHMA 1, CnejoBaTtenbHO, MUTAaKTCA OT OAHOMO0 WCTOYHMKA NUTaHMS. Tpu JOMeHa
nuTaHmsa ceHcopHoro moaynsa 200 aBnsOTCA OTAENbHLIMU N HE3aBUCMMbIMU. CEHCOpPHbIE
6nokn 110a kaxgoro ceHcopHoro yctpounctea 100a-c HaxoasaTCsa B TOM e gomeHe 150
NMUTaHUS (T.€. UMEIOT TOT KE UCTOYHUK NUTaHUS), YTO 1 NEPBbIN KoHTponnep 140a moayns
n nepsbld koHTponnep 130a 6noka. Opyrne ceHcopHble 6nokn 110, koHTponnepbl 130
6nokoB 1 koHTponnepbl 140 Moaynsa APYrnx CEHCOPHBLIX YCTPONCTB 100 MMEIOT TaKyto e

KOMMNOHOBKY.

Ha cnyyanm, ecnu nepBbin koHTponnep 140a mopyns BbIMAET U3 CTPOsl, BTOPOM
koHTpornep 140b mopyns BbIMOMHEH C BO3MOXHOCTBIO B3siTb Ha cebsa ynpaBneHue

CEHCOopHbIM Mogynem 200. Ecnn sTopon koHTponnep 140b moaynsi BbIALET U3 CTPOS, TO
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TpeTun koHTponnep 140c moaynsi cnocobeH B3ATb Ha cebsi ynpaBrneHMEe CEHCOPHbLIM
moaynem 200. Takmm obpasom, CeHcopHbin mogynb 200 wmMmeeT TpownHoe

pe3epBMpPOBaHNE B 3TOM OTHOLLIEHWM.

CnegyeT MOHMMATb, YTO TEPMMH «CEHCOPHOE YCTPOWCTBO» MWCMONb3yeTcs 34eCb
B3aMMO3aMEHSIEMO C TEPMUHAMMN KCEHCOPHBIA 3NEMEHT» U KCEHCOPHAas cxemay. TepMUH
«KOHTponnep 6noka» UCnonb3yeTcs B3aMMO3aMEHSEMO C TEPMUHOM «MacTep AOMEHay,
a TEPMUH KKOHTPOINEpP MOAYNS» UCMONb3YEeTCA B3aMMO3aMEHSIEMO C TEPMUHOM «MacTep

MOZYNSY.

Ha dwur. 17 nokasaHa ceHcopHaa cuctema 300, cogepxawjas TOMbKO ABa CEHCOPHbIX
moayns 200a, 200b. Kaxgblh n3 ceHcopHbix moaynen 200a, 200b ananoruuyeH
ceHcopHomy moayno 200 Ha dur. 16. OgHako, B nepBoM ceHcopHom ycTpourctee 100a
BTOpOro ceHcopHoro moayns 200b gomeH 160 curHanos He Bkno4vaeT B cebs nepsbln
koHTponnep 140a moaynsa. [JoMeHbl NUTaHus Kaaoro ceHcopHoro mogyns 200a, 200b
0603HauYeHbl LBETOM MNU LLUTPUXOBKOWN KOMMOHEHTOB, TaK YTO KOMMOHEHTbI O4MHAKOBOrO
UseTa unm C OAWHAKOBOW LUTPUXOBKOW MPUHAANEXaT K OAHOMY AOMEHY NUTAHUSA W,

cnegoBaternbHO, nony4varT NUTaHne OT OTA e IbHbIX He3aBUCUMbIX NCTOYHUKOB MUTAHUA.

MepBbiM CeHcopHbIM Moaynem 200a B 3TOM Npumepe ynpasnsieT NepBbiA KOHTPOMNEpP
140a moayns, KOTOPbIA SBNSETCS KpauHUM npaBbiM Ha ¢wur. 17. BTOPbIM CEHCOPHbLIM
moaynem 200b ynpaBnseT nepsBbin koHTponnep 140a moayns, KOTOPbIM SABMASETCH
ueHTpaneHbiM Ha dwmr. 17. Opyrue koHTponnepbl 140b, 140c moaynsa Kaxzaoro
CeHcopHoro wmoayns 200a, 200b wmoryT ynpaBnsiTe CBOMMUW COOTBETCTBYHOLUUMMU
CeHCOpHbIMM Moaynsammu 200a, 200b B crnydae HeUCnpaBHOCTM WMNU OTKasa NepBoro

KoHTponnepa 140a moayns.

Ha cwur. 17 nokasaH gomeH 160 curHana ans koHtponnepa 130a 6Gnoka CEHCOPHOro
moaynst 200b. Bce octanbHble koHTponnepbl 130 GnOKOB MMEKT aHanornmyHbiA LOMEH
curHana. Bce koHTponnepbl 140 moayna B ogHoMm moayne 200 umetoT AOCTYM KO BCEM

gomeHam 160 curHana yepes koHTponnepb! 130 6rokoB.

CeHcopHas cuctema 300 copep>kuT ABa CEHCOpHbIX mMogynsa 200, kaxabii C Monem
o63opa, nokpbisarowmm nonycdepy nnn Gonee. CeHcopHble moaynu 200 moryT ObiTb
BbINOMIHEHbI C BO3MOXHOCTbIO BWAETb MPOTUBOMONOXHbIE nonycdepbl, Tak 4TO
ceHcopHasi cuctema 300 MOXET uMCNoONb3oBaTbCA AN OOHAPYXEHUST MOMOXKEHUs
NCTOYHMKA cBeTa Mo BCeu cdepe (To ectb B nobom HanpasneHuun). CnegosaTensHo,

MOXHO WCMOMb30BaTb BCEro LIECTb CEHCOPHbIX ycTponctB 100 agns obecneyeHus
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BO3MOXHOCTU OBHapy>XeHUa UCTOYHMKA CBETa NO BCEM HanpasreHusx, obecneumsas npu
3TOM TOYHOCTb OBHapyXeHMsa U PyHKUMOHanNbHoe pesepsuposaHue. Kaxxabin CeHCOpHbIN
moaynb 200 MMEEeT MHOXECTBO pPe3epBOB ANs OOHapyXEHUS curHana v nogadye nutaHns
B OYeHb KOMMAaKTHOM UCMONHEHNN. KpomMe TOro, Hanmune MHOXeCTBa CEHCOPHbIX BriokoB
110 B ogHOM ceHcopHoMm ycTponctee 100 He Tonbko obecneunBaeT pe3epBUpPOBaHNE, HO
MOXET WMCMNOMNb30BaTbCA, HanpuMep, Takke AN YBENUYEHUA paspelueHusa (Hanpumep,
nytem cmewleHnsa nukcenen 115 cocegHmx nonocok 112 ceHcopHbix Gnokos 110, kak

packpblBaeTcs Npu paccMoTpeHnn dur. 8).
Mpumepsbl
Hwxe npnBOAUTCS CMINCOK NCNOMNb3YeMbIX 34€Cb TEPMUHOB:

CeHcopHasi TUHUS/MOI0CKa: OAHOMEPHAA JUHUS CBETOYYBCTBUTEMbHbIX MUKCEMbHbIX
CEHCOpPOB, peanu3oBaHHas Ha wHTerpanbHon cxeme CMOS (komnnemeHTapHas

CTPYKTYpa MeTann-okCUA-nonynpoBOAHMK).

CeHcopHbili 6510k (unu L-06pa3Hbili cCeHcop): [ABE CEHCOPHble NNHUN, OPTOrOHAaNbHO
OpPUEHTMPOBaHHbIE B Buae BykBbl «L». CEHCOPHbIN BNOK MOXET OnpeaensiTb NONoXeHne

ocseLlaloLLero o6bekTa B ABYX U3MEPEHMSAX.

Macka/[lpopesHoll akpaH. Hap CEHCOPHbIM OrOKOM HaxoauTcs 3kpaH ¢ L-o6pasHbim

npo3payvHbiM OTBEPCTUEM, OPUEHTUPOBAHHBLIM Ha 180° OTHOCUTENBHO CEHCOPHOro Bnoka.

LomeH: poMeH - 3TO byHKUMOHanbHaa obnacTb, pasjensiowas curHan v nuTaHue.
PasnunuHble JOMeHbl MOMHOCTLIO HE3aBUCKMbI, U Aaxe haTarnbHble 3amblkaHus B Groke
NUTaHUS B OAHOM JOMEHE He MOBMUSIOT Ha gpyrue. [loMeH MOXET pacrnpoCTPaHATLCA Ha
HECKONbKO (PU3NYECKUX YCTPOMCTB, U OAHO PU3MYECKOE YCTPOWCTBO MOXKET WUMETH

HeCKOJIbKO JOMEHOB.

CeHcopHoe/ceHCopHbIl/ceHCopHas ycmpolcmeo/anemenm/cxema/ASIC (cneyua-
niu3uposeaHHasi UHmMezparsibHas cxema): duanyeckas UHTerpanbHasi CXema, Ha KOTOpOWn

pasmeLlaeTcs oguH unmn donee CeHCOpPHbIX ONOKOB U3 O4HOrO U 6onee JOMEHOB.

LemexkmopHbil/CeHcopHbIl MOOyrib: MOAYMb, COAEPXALUMA CEHCOPHbIE CXEMbI, Apyrue

KOMMOHEHTbI, OCHOBaHWe, Luaccu, Kopnyc 1 T. 4. ANs U3MepeHusi nonycadeps.
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LemekmopHas cucmema: B 3aBUCUMOCTU OT NPUMEHEHUS AETEKTOPHAs cCUCTEMa MOXET
coaepxaTtb oguH unu 6onee AeTeKTOPHbIX Mogynen. B crniydae cnyTHUka 310 MoryT ObiTb

ABa AETEeKTOPHbIX MOAYNA, OPUEHTUPOBAHHBLIX B MPOTUBOMOJIOXHbIX HAaNpPaBneHUnAX.

OcuX, YuZ ocn X, Y 1 Z aBnaA0TCS NOKaNbHbIMU OPUEHTUPAMMN ANSt KAKAOW CEHCOPHOW

CXeMbl.

¢ (cbu) u 6 (mema). NonNsapHbLIE KOOPAUHATBI B AETEKTOPHOM Moayne. ¢ HaxoguTtcsa B
ananasoHe ot 0° go 360° n B HanpasneHun X (co cmeweHuem 120°), a © HaxoguTca B

AnanasoHe ot 0° go 90° n B HanpasneHun Y.

Ob6pabomka cobbimul: Kaxpoe YCTPOUCTBO  UHUUMUPYET  (PNaxkoBbIA  cuUrHan
(«OTMaLLKy») Ha COBMECTHO WCMOMb3yeMOW IUHMKM, KOrAa BO3HMKAET onpeaeneHHas
cuTyaums. 3TO OTNU4YaeTcsl OT «Onpoca», Korga LeHTpanbHbld O6nok 3anpawumBaeT Bce

3NEMEHTbI O4MH 3a APYIMM MO OYepesu.

N3BECTHbIN CEHCOP COCTOUT M3 O4HON CEHCOPHOW CXEMbl C O4HWM CEHCOPHbIM GrOKOM.
OH 6bIn paspaboTaH aNns pakeTHbIX 30HAOB U €ro PYHKLUMOHUPOBAHUE U XapaKTEPUCTUKN
Obinn noaTBepXaeHbl B nabopatopun. M3BecTHas BEpCUMS HE UMEET pe3epBUPOBAHUS.
OTcyTCTBYIOT  Kakume-nmbo pagunaumoHHble TpeboBaHMSA, W MO3TOMY OH He Obin
paspabotaH ans atoro. OH umeeT yron o63opa 144° kak nNo ocn X, Tak U no ocu Y.
TpebyeTca HeKoTOpasi BHELUHSS 3MEeKTPOHWKa ANS FEeHepUpOBaHUS  YNpPaBnsoLLmMX

curHanos u T. 4. 3BecTHas Bepcna packpeita y Farian n gp.

CeHcop cornacHo HacTosemMy W30OPETEHNIO MOXET coaep)aTb TPU OAUHAKOBbIE
CEHCOpPHbIE CXEMbl B KOHCTPYKUUM 4eTblpexyronbHon nupammgbl. OH MOXeT ObiTb
paspabotaH ana 6onee LWMPOKOrO AuanasoHa MPUMEHEHUA - OT CMIYTHUKOB Ha
reoctaymoHapHbIx opbutax 4O COMHEYHbIX NaHENen N OKOHHbIX XKark3un, UCNONb3yeMbIX
Ha 3emne. Takue BapuwaHTbl OCYLECTBMEHUS HACTOAWEro W3o0peTeHns MoryT
obecneymBaTb TPOWHOE PE3EPBUPOBAHMNE U, TakuM 0Opasom, MOryT ObiTb paspaboTaHbl C
YYETOM BbICOKOW pPaaMaUUoOHHOM CTOMKOCTW. Y Hero MoxeT Obitb yron o63opa,
3HauuTenbHO npesbiwarwmn 180° (T. e. nonycdepy). MoxeT notTpeboBaTbCs MUHUMYM

BHELLUHNX KOMMNOHEHTOB.

L-oOpasHbii CeHcop nokasaH Ha dur. 1 M COCTOUT M3 ABYX OPTOrOHanbHO
OPWEHTUPOBAHHBIX PSIAOB CEHCOPOB, PACMONIOXKEHHBIX BAOMb ABYX KPaeB MUKPOCXEMbI
ASIC pa3smepom 2,5 mm X 2,5 mm, peanusosaHHon B npouecce 0,35 mkm CMOS Opto ot

komnaHum AMS. CunTbiBaHme nukcenen MoxeT ObiTb COBbITUNHO-yNpasnaembiM. ocne
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obulero cbpoca nNUKCENM TFEHEPUPYIOT CUrHan cobbiTus, KOrga MX akKyMynMpOBaHHbLIN
3apsg (oT ceBeTa) nNpeBbilAeT NOPOroBoe 3HadeHne. Takum obpasom, Bpems OT cbpoca
40 cobbiTns npeacraBnaeT cobon MHTEHCUMBHOCTL cBeTa. Yncno cobbiTui, KOTOPbIE MOTYT

ObITb CUMTaHbI, ABNSETCA NPOrpaMMUpPyeMbIM.

MoCKONbKY €ANHCTBEHHBIM aHaNOroBbIM 3NIEMEHTOM SIBMSIETCA CPaABHEHUE MUKCENbHOro
curHana ¢ oMM MoporoBbIM 3HAYEHMEM BHYTPU KaXgoro NUKCEnsi, aHanoroBas 4yacTb
nopaepxusaetcs Ha abCconmioTHOM  MuHUMYME. Takum obpasom, OTCyTCTBYET
HeoBX0ANMOCTN B aHanoroBo-UndpoBbix npeobpasosaTtensx unv aHanorosbix Onokax,
KOTOpble MOryT ObiTb YYBCTBUTEMbHBLIMU K W3NYYEHUIO WnWM LWymy. OTO ynpolwjaeT
KOHCTPYKLMIO U NOBbILLAET HaAEXHOCTb. YCTPOUCTBO MOAAEMKMBAET AOBOMBHO BbICOKYHO
CKOpPOCTb u3aMepeHus. Ecnn TpebyeTcsa nydwee paspeLleHme u CKOpoCTb HEAOCTATOYHO
BblCOKa, TO OOLMA MOPOroBbIA YPOBEHb MOXET OblTb yMeHbLleH. OTo gaet 6onbLue
cobbITUN 3a nepuos BpemMeHn K Oonblue AaHHbIX ANS YMEHbLUEHUSI CTaHAapTHOroO

OTKNMOHEeHUA.

Kak nokasaHo Ha dwur. 1, ceHcopHas cxema (cambii ©GOnbLUOA KpacCHbIA KBagpar)
COAEPXKNT 4BE OPTOroOHaNbHO OPUEHTUPOBAHHBLIE JIMHNN CEHCOPOB (CMMOLLUHbIE KPACHbIE).
OTO 3aKPbITO HEMPO3pPayHbIM MPOPE3HbIM 3KPAHOM C ABYMSI NMPO3paqHbiMK MPOpE3sMm
(cnnowHble xentble) L-oOpasHon hopmbl, OPUEHTUPOBaHHbIMM Ha 180° OTHOCUTENbLHO

CEHCOpOB.

CeHcop 1 npopesb pacrnosiodXeHbl Takum 06pa3omM, YTOObI TOUKM NEPECEUEHNS KaXKA0N N3

HMX HAXOAUNUCL B LieHTpe Apyron, koraa ConHue nepneHanKynspHO NnockocTh ceHcopa.

UHTerpanbHasa cxema (CeHcop) mmeeT pasmep 2,5 mm X 2,5 mm. Pasmep B ynakoske

coctasngeT 9,5 MM x 9,5 mm.

Kak nokasaHo Ha cwur. 3B, yron nageHusi CONMHEYHOro CBEeTa W PacCTOAHWE MeXAy
NPOPE3HbIM 3KPAHOM U CEHCOPHbIM arieMeHToM (d) onpeaensioT, rae CBeT nonagaeTt Ha
ceHcop. lNMone ob63opa 3aBUCKMT OT OTHoweHusa L/d, roe Bbicokoe 3HayeHwe L/d paet
bonbwoe none ob3opa. B npeacraeBneHHom BapumaHte peanmsagmm W = 50 Mkwm,
h = 100 Hm, d =356 Mkm, L = 2256 MKM, nuKCenbHbIM war = 11,75 MKM, npu 3TOM nO

2256 MKM paBHOMEPHO pacnpegeneHbl 192 nukcens.

Kak nokasaHo Ha cur. 9A, yncno oceewjaemMbix nukcenen 6yaetT ogMHaKoBbIM AN CBETA,

nagaroLlero no LeHTpy 1 Ha nepudeputo. OaHako Ha nepudepun MHTEHCUBHOCTL CBETa
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Oyaer MeHblwe (MakCUmarnbHOe 3Ha4yeHMe, YMHOXEHHOe Ha cos (a)). PaspelweHue

(rpagycbl/nuKcenn) Ha Nnepugepun HamHOro BbiLLe, YeM B LIEHTpE.

Ha cour. 3A nokasaHo, kak ConHue ByaeT nagarb Ha CEHCOPHbIW 3IEMEHT B 3aBUCUMOCTU
oT nonoxeHus ConHya. OTMEeTUM, YTO MakCUMarbHbIA Yron O K BEKTOPY HoOpmanu
HaxoauTca B oboux HanpaeneHnsax X u Y. CnepgosaTenbHO, MNOKPbIBAEMbIE YIMbl
COCTaBMAIOT aV2 K BekTopy Hopmanu. Mo ocam X 1 Y none o63opa (FOV) cocrasnseT 2a,

a no avaroHansm none o63opa cocTasnser a2v2.

B cneaytowen tabnuue cpasHusaioTcs TpebosaHns AO8884 ¢ L-ob6pasHbiM CEHCOPOM.
MNone ob63opa (FOV) 3aBUCUT OT PacCTOSHUSA MEXAY CEHCOPOM U npopesblo. [pu
nmewowemca paccrosHum (d = 356 mkm) FOV  coctaBngeTr 144°, HO TOYHOCTb He
yaosneTsopseT TpebosaHnio ToYHOCTN 1°. OfHAKO B TPEXMEPHOWN KOHCTPYKLUKU C TPeMs
CEeHCopaMn KaXabli CEHCOp AOMKEeH nokpbiBaTb Tonbko 120°. Ecnm paccrosiHne
ajanTupoBaHo k aToMy (d=651 Mkm), TO annapatHasi TOYHOCTb CXeMbl coctasnseT 1,03°.
Uncno nmkcenen moxeTt ObiTb yBenunuyeHo co 192 po 256, a nukcenbHasi TOYHOCTb
nukcenen 6Oyaet coctaBnatb 1,0°. TO4HOCTL ewe Oonble MnOBbICUTCS 3a CYeT

WHTEPNONALMM N CMELLEHNs AYONMPYOLNX CEHCOPHbIX NMUHUNA.

TexHu4eckne gaHHble AQ8884 L-o6pa3Hblii ceHcop
L-o6pa3Hbiit L-o6pasHbiit
Obnactn TpeboBaHus TexHUYecKkne gaHHble
CceHcop CeHcop,
aganTupoBaH-
CtonmocTb 400000 espo Mmetowasncs a ! p
HbIM K
Bde_pgg FOV=120°
(d=356mkwm) (d=651mkm)
TRL 5
Hanpasnenne ConHua Kak
Bbipasaembie Hanpasnenne ConHuya | nukcenbHble KoopanHatbl XY
PyHKUMOHAnN OaHHble 8 Kagpe SC CambIX APKNX AYEeK
n y 3anac 20%
ponssoAu- F/I0BAA TOYHOCT® | nonHomy FOV 3anac 0,9% (=50,0%-
enbHoCTe (N0 | (BKNI04aR (180°): 5° (36) (=30,9%-30,0%)  |30,0%)
NO/IHOM YCTOMYMBOCTb K
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TENI0BOM U COMIHEUYHbIM -TouHoe FOV (60°): 1°
AvHamunyeckor | scnbiwkam, SEU, | (3o) (uensb 0,5°)
cpeae) anbbenoun
paccesHHOMY
cBeTy) >60°: 0,26°-
0,76°
>60°:0,17°-1,38°
<60°:0,76°-
<60°:1,38°-1,89° [1,03°
-nonHoe FOV:
Monycodepa (180°
ycdepa (180°) 130°
MonHbIM yron -ToyHoe FOV: +/- 30°
nons o63opa (60°) 144°
Macca Bcewn
cHUCTEeMDbI 400r 0,3rp*
Pasmepsl
ceHcopa (6e3
9N1EKTPOHUKMN) 120 x 120 x 60 mm 2,5x2,5mm2*
Pasmepsbl
9NEKTPOHUKM
(ecnm cebinatotes) | 100 x 100 x 50 mm
CpegHee 3Hepro-
*
WHTepderics notpebnenve 2BT 6,3MKBT
Tepmunyeckas
aKkomogaums 2BT 6,3MKBT*
5B peryamnpyemoe U/
Nogasaemoe (12B UK 28B NN
HanpA*keHne 50B) Heperynupyemoe | 3,3B perynnpyemoe
Uudposoii: Tun TBD
NHTepdeiic (nognexut
OAHHbIX YTOYHEHWUIO) Undposori
PesepBupoBaHue | BHyTpeHHee HeT (6onbLiol noTeHuuan)
MNpeasapuTe/ibHbIE UCMNbITAHUSA +
CpokK cny»kbbl 15 net Ha GEO 1 4ac B nonete pakeTsl
Tennosbie unknabl | 7000 HewnssecTHO
HapgexHocTb 100FIT @30°C HeunssecTtHO
Pagnauus

KOHCTpYKUMA n
PA

SNEeKTPOHHble
KomnoHeHTbl: 100 Kpg,

B0O3MOXKHO, N0 MeHbLUEN MepE,
ctaHgaptHble COTS (50-70kpa)
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Ontunka: 300kpL

HeTtekTop (npwu
Hannumm): IMpga,

YcTonumsbii K SEU

OtcyTtcteme ITAR -

KOMMOHEHTOB be3 ITAR bes ITAR

Yrnosas CKOpOCTb: 11300S/cek (Bpalwatouiasncs
OuHamuKa +/-100°/s, T..100S/cek | pakerta)

XpaHeHuA n

pabouasa_ ot -40 go

+75°C

PacwwpeHne gna

NOAKNIOYEHUA
CO/IHEYHbIX baTapeit: HeunssecTtHO, HO BO3MOXHO
Temnepatypa ot -80 go +100°C (TBC) | muHumym ot -40° go +125°
VenoBus CuHycompanbHO: Ha
nuke 20r
aKcnayaTaumm

CnyvalriHo: cpegHe-
KBagpaTtunyHoe 271

Bubpauus n Ypap: 3000r ot 2 go be3 npobnem ans camoro
yaapbl 10 Kl'y, CEeHCopa, 3aBUCUT OT YNaKOBKM

* OTO OTHOCUTCS TOMbKO K CaMOMy CEHCOPHOMY 3nemeHTy. OaHako noTtpebHoCTb B
AOMONHUTENBHON 3MEKTPOHMKE BECbMa OrpaHuM4eHa, No3TOMy 3HepronoTpebneHve Bce
paBHO ByAeT HU3KMM NO CPaBHEHWUIO C anbTepHaTuBamu. [1ns yBenmyeHuss pasvepa, Beca

N T. 4. noTpebyeTcs TONbKO ynakoBka, NevaTHas nnata u T. n.
L-o6pasHbir CEHCOP MOXKHO B OOLLIEM OXapaKTepmnsoBaTb CnegyroLmm obpasom:

e [1Be OpTOroHanbHble CEHCOPHbIE NMUHMK.

o YMeHblUeHHas nnowaib W YMEHbLUEHHOE NUTaHMe MO CPaBHEHMIO CO
CTaHAAPTHLIMU pPEeLUeHUSIMU C MUKCenNbHOW maTtpuyen. Ta xe camas
NPON3BOAMNTENBHOCTb.

o Jlyywee pacrnonoxeHve W ny4dwee YCTPaHEeHUEe IOXHbIX WCTOYHUKOB
CONMHEYHOro cBeTa (OTpaxkeHue, Npu3pak U T. M.), YeMm Yy aHanoroBblxX
cucTem.

e CoOOBbITUNHO-yNpaBnseMbIn.
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o [oHwxeHHoe 3HepronoTpebneHne 1 NoBbILLEHHAA CKOPOCTb.
e AHanoroBas 4YacTb CBOAWTCS K MPOCTOMY KOMMapaTopy B KaXKAOW MUKCENbHOW
sYenke.
o OTO MOBbLIWAET PagNaALNOHHYIO CTOMKOCTb U CHIDKAET YyBCTBUTENBHOCTD K

LLyMmy.

B oaHom 13 BapuaHToB ocylecTBneHns CEeHCOPHbI MOAYINb MOXHO OXapaKTepusoBaTb

cneayowmm obpasom:

e Mogynu pacnonoxeHbl Ha TETpasgpe C CEHCOPHLIMU CXEMaMW Ha TPEX CTOPOHAax
(He Ha HXKHeN).

o [Haet obujee none o63opa 6onee 180° (nonycepa).

e Kaxpas CeHCOpHasi cxema COAEPXKUT TPU CEHCOPHbIX BMoka, KaxKabIA N3 KOTOPbIX
NPUHAANEXNT K TPEM pPasnuyHbIM AOMEHaM MUTaHWA W curHana. [JomeHbl
MOMHOCTBLIO PE3EPBUPYIOTCH, W Kawabil JOMeH obecneuuBaeT MOMHOe mnone
o63opa.

o [loBblWeHHasa HaAEXKHOCTb, TMOKOCTb, NPABUNBHOCTb U TOYHOCTb.

o KpartkoBpemeHHbIn cOon B OAHOM AOMEHe (nonagaHwe 4Yactuubl U T. n.)
OyaeT crnaxeH ABYMSI APYrMMU, COCTaBNSIOLWMMN BONbLUMHCTBO.

o [lpu Gonee anutenbHom cbBoe eCTb BO3MOXHOCTb 3aBeEPLLUTb paboTy
OAHOrO JOMEeHa W nepesanyCTUTb €ro, B TO BPEMsi Kak ABa Apyrux
ocTarTcsa padboTatroLumm.

o [lOCTOSIHHBIN HEYCTPaHUMbIN OTKa3 B OAHOM JOMEHE He MOBMMSIET Ha ABa
APYIMX, NOAAEPXKMBAIOLLMX NONHOE 06CNyXMBaHUE.

o Ecnn oguH pomeH obecneumBaeT LOCTATOYHYIO MPOM3BOAUTENBHOCTL, TO
ABa APYrNX MOXHO OTKIIOUUTb AN 3KOHOMUM SHEPTUN.

e Bce ceHcopHble Cxembl OfMHaKOBbl. Bce cxembl copepaT TpU CEHCOPHbIX
3NeMeHTa, Mactep [AOMEHa, MacTep MOAYNS U MOMHYK CXeMy UHTepdenca.
OpHako B KaAbI OTAENbHO B3ATbIN MOMEHT BPEMEHW aKTUBHO TOMbKO OAMH
MacTep MOAYNS.

o YnpowaeT nornctuky n passmtue. Heobxognmo paspabortaTtb TONbKO OAHO
YCTPOWCTBO, Ccoaepxkallee Bce Heobxoaumoe Ansl CO34aHMsl KOMMaKTHOW
MOMHOW CUCTEMbI C TPEMSI CXEMaMMW.

¢ PacnpegeneHHas yndposas 06paboTka CUrHaANOB MO KaXKL0N CEHCOPHOWM NTMHWW.

o ®PuUnbTPyeT OAMHOYHbBIE U ABONHBLIE MUKCENN KKOHCTaHTHbIN O0».

o ®unbTpyeT BNMOTb 40O TPOWMHbIX NMUKCENEN «KOHCTAHTHas 1».

o HaxoauT LeHTp TshkecTu cBeTa.
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o MoxHO 06X0AMTb 1 OTKIIOYATb ANA 3KOHOMUM 3HEPTUN.
e [pagveHTHOe 3KpaHWpPOBaHWE MUKCENenW ANA  KOMMEHCaUUW  MOHMKEHHOW
YyBCTBUTENBHOCTM MO Kpasim.
o ObecneunBaetr 0Oonee paBHOMEPHYIO YYBCTBUTENBHOCTb MO BCEW
CEHCOPHOWN NUHUMN.
o [lonesHo ansa paga apyrux NPUMEHEHUN.
e OTHOCUTENbHOE CMeleHne C warom 1/3 nukcens mexay TPemsi CEHCOPHbIMU
Onokamm Ha Ka)kaom uumne.

o PaspelueHne ysennyeHo Ha 1/3.

CeHcopHaa usmepuTenbHas cucTeMa MOXET CoAepXaTb [ABa CEHCOPHbIX MOAYINS,
dunsnMyeckn pasgeneHHbIX U pacnonoXEeHHbIX B MPOTMBOMOMOXHbLIX HaMpaBreHUsX Ha
kocmuyeckom kopabne. Kawgbih moayne wumeetr none obsopa (FOV) 180° nnioc

HEKOTOPOE MepeKpbIBaHME.

Ha dur. 4 nokasaH TeTpasgpuyeckuin CeHCOopHbIn Moaynb. CEHCOPHbIN MOAYb OCHOBAH
Ha TPeX CEHCOPHbIX CXEMaxX, Pa3MeLLEHHbIX C TPEX CTOPOH TETPa3APUYECKON NUPaMmabl,
npuyem obwmn yron (D) sBNseTcs OpTOroHanbHbIM. MNupamuaa MoXeT BKYaTh UNN HE
BKrtouaTh B cebs BepxyLuky. CeHcopHas cxema - 3TO MHTerpanbHas cxema, cogepxallas
MUKCENbHbIE SYENKW, HEKOTOPYK YMNPaBnsioOLyld CXEMY W HEKOTOPOE YCTPOWCTBO
ynpaBneHns nuTaHnem. Takas KOHCTPYKUMS rapaHTUMpyeT, 4TO Mbl MOXem obecneuntb
yron o63opa 6onee 180° Ha OCHOBE CEHCOPHbIX 3NEMEHTOB, norne ob63opa KOTOPbIX YyTb
npesbiwaeT 120°. KoHCTpykUns oxBaTbiBaeT BCE YIMbl BbllUe OCHOBaHUSI TeTpasapa M

HEeKOTOpPbIe HMNXe.

Kak nokasaHo Ha dwur. 2, dopma L-obpasHoro ceHcopHoro 6noka ocTaBnsaeT
3HaUYUTENbHYID 4YacTb NMoWAaaM Heucnonb3yemon. B ceHcopHon cxeme L-o6pasHbin
CEHCOp YTPOEH, NpW 3TOM Kaxabli BroKk CBA3aH C pasHbIMW HE3ABUCUMbIMU JOMEHAMM
curHana wn nutanus. MNpy Takom pelleHnn y Hac ByaeT TpyM CEHCOPHbIX AOMEHA, BCE OHU
npeacTasneHbl BO BCex HanpaeneHusx. Kaxabii gomeH nveet none ob3opa 6onee 180°.
CurHan v nuTaHue (BKnoYas NOABOA KOHTAKTOB KOHTAKTHOW NNOLWAAKM) MOMHOCTbIO

He3aBnCcuMbl. EgUHCTBEHHas o6u4a9| Knemma - 3emMn4.

Ha cur. 6 nokasaHa cxema LOMEHOB ANS KaXKAOW CEHCOPHOM CXembl. B mnsBecTHoOM
Bepcun popma L-o6pasHoro ceHCopHOro Oroka OCTaBnsieT 3HAYMTENbBHYIO YacTb
nnowaan Hemcnonb30BaHHOW. B packpbITOn CEHCOpHOM cxeme L-06pasHbii CEHCOPHbIN

ONoK yTPOEH, NpX 3TOM KaxAbli ONOK cCBA3aH C pasHbIMM HE3aBUCMMbIMK LOMEHaMu
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curHana v nutaHus. FNpyv TakoM peLUeHMM MMEKOTCS TPU CEHCOPHbIX LOMEHA, BCE OHU
NMPeAcCTaBneHbl BO BCeX HanpasBneHusx. Kaxabin JOMeH wumeeT none o0630pa,
cocrasnstowee 6onee 180°. CurHan n nuTaHue (BKMYasa NojBojS KOHTAKTOB KOHTAKTHOW

nnoLwazakn) NonHOCTbIO He3aBUCUMbl. EaMHCTBEHHas obLyas knemma - 3eMmns.

Kak nokasaHo Ha ur. 2, Kaabld CEHCOPHbIA 3NeMEHT cogepxut Tpyu L-o6pasHbix
CEHCOPHbIX CTPYKTYpPbl, HEKOTOpYyl UuudpoBylo 006paboTky CuUrHanos, ynpasreHune
NMATAHWEM W LUWHHBbIN UHTepdenc. Umesa packpbiTbii L-06pasHbIi CEHCOP, MOXHO
MOMy4YnTb TPU MONMHOCTbIO HE3aBUCUMbIX (BKMOYas nuTaHue) L-obpasHbix ceHcopa Ha
ogHom ycTpouctee. Takum obpasom, nobon oTkas ogHoro L-obpasHoro ceHcopa He
nosnuseT Ha agpyrue. Korga oHn paboTatoT Hagnexawmm obpasom, BCe JaHHbIE MOXHO

00beaMHUTL A4S NOBbILLEHUS paspeeHna n 1. n.

TpexmepHasa CeHCOpHasa KOHCTPYKUMS MOXET UMETb TPU HE3aBUCUMbIX U OAUHAKOBbIX
MoAyns undgposon o6paboTkm CMrHanoB (NokasaHbl NNOCKUMK Ha cur. 6). Tpu pasHbIX U
MOMHOCTBbIO HE3aBMCUMMbIX [JOMEHA MUTAHUSA MOKa3aHbl PasHOMW LUTPUXOBKOW/LBETOM.
KopoTkoe 3amblkaHWe B O4HOM W3 HUX HE MOBMUAET Ha OCTarnbHble (3a UCKMIOYEHUEM
OTCYTCTBUSI [AaHHbIX W3 3TOr0 AOMeHa). [lBa CeHcopa Ha Kaxaom YCTPOUCTBE
npuHagnexar Kk cocefHemy AOMeHy nuTaHusa. Takmm obpasom, Hanpumep (KpacHble)
DSP1, S11, S21 (na yctponctee 2) n S31 (Ha yctponctee 3) npvHagnexar BMmecTte. 370
TaKke OTHOCUTCA K MHTEpdencam, T. €. K MMTaHUo Nnowaaok BBOAa-BbiBoga U T. n. Ecnu
oba yctponctea 2 u 3 BbIMAYT U3 CTPOS, TO YCTPOMUCTBO 1 no-npexHemy OyaeTr UMeTb
CEHCOpbl BO BCEX HanpaBneHUsiX U CMOXeT obecneunTb MNOonHyto nonycdepy (=180°)
FOV. Ecnu Bce ycTpouctBa paboTaroT HopmanbHO, TO kaxabin DSP (digital signal
processor, UMpoBON CUrHanNbHbIN NPOLECCop) MMEET JOCTYN KO BCEM AEBATU CEHCOpaMm

N MOXET MCNOoNb30BaTb 3TO A4 NOBbILLUEHUA pa3peLlueHnd.

L-o6pasHbin ceHcop Obin paspabotaH C wucnonb3oBaHvem crtangaptHoro CMOS-
npouecca 350 mkm oT AMS (Austria Micro Systems). OH 6bin pa3spabotaH Ans pakeTHbIX
30HA,0B U, CNEeA0BaTENbHO, HE HyXXZarncsa B AONTOBPEMEHHON pagnaLMOHHOW CTOMKOCTMN,
Heobxoaumon ans atoro npumeHenus. OpHako IDEAS paspabotana paguaymoHHO-
CTOMKYID OuBnMoTEKy AN 3TOr0 K& OXapakTepU3OBAHHOIO Mpouecca COornacHo
TpebyembiM ypoBHAM pagmnaymn. 310 - bubnuoTteka, paspaboTaHHas 1 NOATBEPAMBLIAS

CBOI CTabUNBHOCTL B TEYEHWE AOMTOro BpPeMeHW.

B 04HOM 13 BapnaHTOB OCYLLECTBMNEHMS PACKPbITbI L-06pasHbIA CEHCOP COAEPXKUT 4BE
NMHAN CEHCOPOB LUMPUHOW B OAMH MUKCENb U ANUHOW 256 nuKcenewn, OpTOroHarbHO

OpPVEHTMPOBAaHHbIX B L-06pasHon dopme. Tpn L-06pasHbix CEHCopa Ha 3NEMEHTE MOTyT
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UMETb BHYTPEHHWA caBur ¢ warom 1/3 nukcena. 3TO MOBLIWAET HaAEXHOCTb U
paspeweHne. L-o6pasHbiii CEHCOp MOXET OblTb OCHOBAH Ha COOBLITUMHOW CUrHanM3aumu.
Mukcenun copepxat nonynposogHMkoBbin (PN) anoa, B KOTOPOM 3apsif, FreHepUpyeMbIn
nagaroLwmmMm CBETOM, YBENUUMBAET HamnpsikeHne Mo CPaBHEHMIO C eMKoCTbio. [lpwu
NPEBbLILLEHNN NOPOroBOro 3HAYEHUS MUKCENb reHepupyeT curHan cobbiTua. 3TO CBOAUT
aHanoroByro 4actb K abConoTHOMY MUHUMYMY. OTCyTCTBYEeT HeobxoauMOoCTb B
aHanorosow CuUrHanusaugmm, COBMECTHO UCMNOMNb3yeMbIX aHanorosblx 6rnokax, aHanoroso-
undposbix npeobpasosatensax U T. M., C MPeUMyLUeCcTBaMK, KOTOpble 3TO AaeT B
OTHOLLEHUN HAAEXHOCTU, YCTOMYMBOCTU K U3MYYEHUIO, YCTONYMBOCTU K LUYMY, CKOPOCTU
obpaboTkn n sHepronoTpebneHusa. JonyCTumoe BPEMEHHOE OKHO ANnS COObITUM MOXET
ObITb 3a4aHO (PUMKCUPOBAHHBIM YMCMOM (MO YMOSYAHUIO) TakTOBbIX LMKNOB 3ajaroLero
TakToOBOro reHeparopa, nporpaMMuMpyemMbiM YUCIIOM LMKMOB WUNU NporpaMmMupyembiM

Yyucrom cobbITUNA.

B cnegytowen Tabnuuye npeactaBneH o0630p MNPU3HAKOB W3 TEXHUYECKOM 4acTu

KOHKYpCHOM AokymeHTauun Esponewnckoro Kocmuueckoro areHtctea (ESA) ana AO8884

Mo CpaBHEHWIO C L-06pasHbIiM CEHCOPOM U PaCKPbITLIM CEHCOPHLIM MOAYMEM.

TexHU4YecKan 4acTb KOHKYPCHOM A0oKymMeHTauum ESA L-o6pa3Hbiit CEHCOPHbI
ana AO8884 3NEMEHT Moayb
TexHuueckue L-06pa3Hbiit TpW HOBBbIX
Obnactn TpeboBaHuA OaHHble ceHcop, S/1EMEHTa B
CTOMMOCTb 400000 egpo | AAaNTVPO- T€Tpasape
BaHHbIN K
FOV=120°
(d=651mKm)
TRL 5
HanpasneHnne HanpasneHune
ConHuya Kak ConHua B Kagpe
MUKCeNbHble SC
HanpasneHnne | koopgmHatbl XY
Bbigasaembie ConHua s CambIX APKNX
DyHKUMOHAnN AaHHble Kagpe SC A4eeKk
Yrnosas TO4HOCTb 3anac: 70%
Mpown3ssogu- (BKMIOYARA -lNo nonHomy 3anac 20% (=100%-30%)
ebHOCTb (N0 | yCToMYMBOCTL K FOV (180°): 5° (=50,0%-30,0%)
NONHOWM CONHEYHbIM (30) 0.16-0.5°
Tena080M U BCnblwKam, SEU, -To4yHoe FQV
OVMHamMmu4eckol | anbbeno u (60°): 1° (30) >60°: 0,26°-0,76°
cpene paccesHHomy cseTy) | (uenb 0,5°) <60°:0,76°-1,03°
-nonHoe FOV: >180°
MonHbIMA yron nosas Monycdepa 120°
ob630pa (180°)
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-ToyHoe FOV:
+/-30° (60°)

Macca scen 0,3rp* 60rp +ynakosKa
CUCTEMDbI 400r
2.5x2.5mm2* 25MM + ynakoBKa
Pasmepsbl ceHcopa 120x 120 x 60
(6e3 aneKTpoHMKN) MM
Pasmepobl 25mMMm + ynakoBKa
aNeKTpOoHMKM (ecnn | 100 x 100 x 50
€CTb CCbl/IKa) MM
CpeaHee 6,3mMKBT* <10 mBT
aHepronoTpebneHune | 2Bt
Tepmuueckas 6,3mMKBT* <10 mBT
aKKomogauma 2BT
5B 5B
peryampyemoe
NI (12B In
NHTepdeiick 28B W11 50B)
Nopasaemoe Heperynvpyem | 3,3B peryau-
HanpAXeHne oe pyemoe
LUndposoit: Uudposoli
Tmn TBD
(nognexut Undposoii
NHTepdeic gaHHbIX | YyTOYHEHMIO)
HeTt (60nbLU0M MoyTtn Ha 100%
PesepBupoBaHue [BsoliHoe noTteHuman) TpOMHOE
MpegsaputensHbl (15 net Ha GEO
e ucnbiTaHma + 1
yac B nosete
CpokK cny»kbbl 15 net Ha GEO | paketbl
Tennosble UMK/IbI 7000 HewnssecTHO 7000
HapgexHocTb 100FIT @30°C | HeussecTHO 100FIT @30°C
SNEeKTPOHHbIe CornacHo
KOMMOHEHTbI: TpeboBaHMAM
100 kpa
KOHCTpYKUMA K OnTuka:
PA 300kpa
HetekTop (npu
HaAMunm): Bo3moskHO, no
1Mpa MEHbLLEN mepe,
YcTOM4YMBbIM K | CTaHAapTHbIE
Pagnauus SEU COTS (50-70kpa)
OtcyTtcteme ITAR -
KOMMNOHEHTOB bes ITAR bes ITAR be3 ITAR
Ycnosus Angular rate: 11300S/s 11300S/s
akcnayatauum | [lMHamuKa +/-100°/s i.e. (spinning rocket)
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100S/s

TemnepaTtypa

XpaHeHuA n
paboyasa_ oT -
40 po +75°C
PacwwpeHne
ansa
NOAK/OYEHWA
COJIHEYHbIX
b6aTapei: oT -
80 go +100°C
(TBC)

HewnssecTtHO, HO
BO3MOKHO
MWHUMYM OT -40°
no+125°

CornacHo
TpeboBaHMAM

Bubpaums v ygapbl

CuHyconpganbH
Oo:Hanuke 20r
CnyvariHo:
cpefHe-
KBagpaTuyHoe
27r

Ypap: 3000r
oT 2 40

10 Ky,

be3 npobnem gns
CaMoro ceHcopa,
3aBMCUT OT
yNaKoBKM

CornacHo
TpeboBaHMAM

Ha cur. 7 nokasaHa cxema norMyeckon mepapxum moaynen. Y BCeX AOMEHOB €CTb
mMactep AomeHa. [log macTtepomM JOMEHa HaxOASATCs TpUM  CEHCOPHbIX  Broka,
PacnonoOXeHHbIX Ha TPEX PasfMYHbIX CEHCOPHbIX CXeMaX. Y BCEX CEHCOPHbIX CXEM TakKXKe
€CTb MacTep MOAYNSA, HO B OTAENbHO B3ATbI MOMEHT BPEMEHM aKTUBEH TOMbKO OAWH.
Mactep moaynsa o6beaunHsieT MHOPMauuio OT MacTepoB AOMEHOB W nepecbinaet
OKOHYaTenbHble AaHHble BHELWHEMY nonb3oBaTtento. Mactep mMoayns ocyLecTBNsAET BECh
KOHTaKT C BHELWHUM MUPOM. OH NPMHMMAaET AaHHble HACTPOWKU N MepeHanpaBnsaeT ux
Tpem macrepam AomMeHoB. Ecnv mactep moaynsa BbIMAET U3 CTPOA, TO OAVH U3 4PYrnx

MacTepoB moayns 6yaeT rotos kK paboTe B kpaTtyanume CPOKN.

Ha dour. 5 nokasaH npumep TOro, kak MOXeT BbIrMsSAeTb CEHCOpHas cxema. BepxHun un
npaeBblA Kpasi MokasbIBalOT MHTEpdENC, obpalleHHbIn K CEHCOPHbIM Orokam Ha ABYX
APYMMX CEHCOpHbIX cxemax. C neBOW CTOPOHbl UMEETCA LWMHa ANS CBA3N MeXay
mMactepamu moayns. BHu3y cnesa nmeeTtcs WwnHa ANs BHELWHEN cBaA3n. Cxema coaepxuT
Tpn L-o6pasHbiX CEHCOpHbIX Onoka, mMactep AOMEHa W MacTep MOAYMSA, Kak Yyxe
ynommHanock. OHa Takke cogepxut 6nok C npotokornamum M T. N. ANSA BHELUHUX

B3ammogencteun (Hanpumep, SpaceWire, SPl n 1. n.). NocnegHun 6nok - 3ato Gnok
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yNpasneHns, U3MepeHNs N KOHTPONA NUTaHMsA. 3TOT Brok nsmepsieT Tok, notpebnsembin

3TUM JOMEHOM, N OTKNHYaeT NuTaHne, eCrii TOK npesBbillaeT onpe,qeneHHbM npeaen.

Ha dour. 8 nokasaHbl CMELLEHHbIE NUKCENbHbIE NMHUN. TPU MUKCENbHbIE NMUHUK CABUHYTHI
Ha 1/3 nukcensa OoTHOCUTENbHO Apyr Apyra. 3a cyeT o6beanHEHMS UHpopMaLuKn OT BCEX
AOMEHOB 3TO MOBLICUT paspeweHne Ha 1/3 OT TOro, 4YTO KaKAbll AOMEH MOXET

NoAAEPXUBaTb OTAENBHO.

Tenepb ByaeT onucaHa CcBA3b M COCTOSHUA CEHCOPHOro 6rnoka. B JononHeHne K NUTaHuto
(1 3a3eMneHnIo) Mexay KavkablM CEHCOPHbIM BTOKOM M MacTepoM AOMEHA UMEETCH NATb
nposoaos: CLK, RW, EN, X n Y. lNepsble Tpu - 3TO O4HOCTOPOHHUE HanpasneHusa OT
Macrtepa JOMeHa K CeHCopHoMy Onoky. NocnegHue gBa SBRATCA ABYHaNpaBfeHHbIMU

Tam, rae HanpasneHnem ynpasnaeT curHan R/W.
CeHCOpHbIN 6NOK UMEET YETbIPE OCHOBHBIX PEXMMA:

Sidle - 3TO HeakTUBHbIN pexum. B 3TOT pexum MOXHO nepentn, ycrtaHosums EN Ha

BbICOKUI YPOBEHb U ycTaHoBUB RV B nonoxeHue 3anmcu.

Smeasure - 3TO peXMM U3MEPEHUS!, B KOTOPOM MUKCENW akKyMynupyloT cBeT. [Mukcenu
nepeycraHaBnMBaloTCA B NEPBbIN pa3, korga EN CTaHOBMTCS HU3KMM NOCne BXOXAEHUS B
atoT pexum. Korga EN cTaHOBUTCS BbICOKUM, MUKCENbHbIE COOLITUS CoXpaHaTca B SR-
3awlenkax, a MMnynbcbl nepeaatotca no nposogam X n Y. Korga EN cHoBa ctaHoBUTCS
HU3KUM, JanbHEenWwne WMMAynbCbl COObITUA OMOKMPYIOTCA OT LWWHbI COOLITUM U OT

HacTponkn SR-3aLlenok.

Sshift - 3TO pexmm, B KOTOPOM AaHHbIE NEPEXOAAT HA BEPXHUA PErUCTP N3 CEHCOPHOrO
Brnoka nnn HaCTPOMKN PErMCTPOB NEPEXOAAT HA HUXKHUW perncTp. ByayT nu cuntbiBaTbCA

N AaHHbIE UNKU CnycKaTbCA HACTPOMKN PErNCTPOB, 3aBUCUT OT curHana RAV.

Soptimize - 3TO pexxum, B KOTOPOM akTUBUPOBAH pacrnpeaerieHHbIn udpoBon punbTp.
OunbTp ByLEeT NbITATLCA UCKMOYUTL OAUHOYHbBIA U 4BOVHOW KOHCTAHTHLIA O 1 OAVMHOYHYIO
N OBOWHYK) KOHCTaHTHYHO 1 (B 3aBMCUMOCTU OT HACTPOWKM) U HaWTXM CBETOBOW LEHTP

TAXECTU.

PacnpepgeneHHaa uudgposas obpaboTka curHana OygeT packpbita ¢ pacCMOTPEHUEM
cour. 10. NMocne okoHYaHMA M3MepeHus (nepuoja Smeasure) Ha CEHCOpe MPOMCXoauUT
npocras u pacnpegenenHas obpabotka curHana. CHavana nobble OAWUHOYHbIE HYNU

(OKpY>X€HHbIE eAuHMLaMK) 3ameHsioTCa eanHmyen (cm. dur. 10, warm ¢ t0 no t1). 310
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Heob6xoanMO ANga dUnbTpaymmn NUKCenen, yCTaHOBNEHHbIX B KOHCTaHTHbIN O, unbTpos C
HU3KUM KO3IPPULUMEHTOM ycuneHna u T. n. 3atem npoucxoaut obpatHas cdunbTpayus,
Korga MuKCenu, y KOTOPbIX €CTb COCeh C HYMEBbIM 3HAYeHMeM (Unn cam Hynesow),
ycTaHasnmeawTca B HOMb (cMm. ¢ur. 10, war ¢ t1 go t2 go t3 go t4). 1o HanaeT Becosyto
TOUKY ANnsa cBeTa (NuKkcenb 5 Ha t4) n yaanut oTaenbHble e4UHULBLI (OKPYXKEHHbIE HYNSIMN)
(nukcenb 12 Ha t1). 3ToT Npouecc ByaeT NOBTOPATLCA A0 TEX MOP, NOKA Ha crieayoLwem
ware (t5) Bce nukcenn He OyayT OOHyneHbl. 3arem nukcens ¢ 1, Gnwkanwmn K
KOHTPOSbHOMY KOHLY (nNunkcenb 5 Ha t4), BblgacT CBOE nonoxeHne Ha obuien wuHe. Ecrnn
cnejylowmin NUKCenb No NMHUK paBeH ejuHuue, TO 3To ByAeT CUrHanuanpoBaTb O TOM,
YTO BECOBaAdA TOYKa HaXOAUTCA MEXAY ABYMS NMUKCenamMu. 3ta dunbTpaums BbINONHAETCH
C NOMOLLbIO MPOCTON pacnpeseneHHON NOrnkn, TPeOyYLWEN HECKONMbKUX BEHTUNEN Ha
nukcenb. OuHamunyeckoe aHepronoTpebneHne OyaeT HU3KUM, MOCKOMNbKY OOMbLUMHCTBO

nuKcenemn ocTaHeTcs HyneBbIM.

Lincdbposas obpaboTka curHana moxeT ObiTb pacnpegerneHa no nuMKCernbHbIM NUHUAM C
HECKONMbKUMU FOTMYECKUMWN BEHTUNSMW Ha KaXKLOM nukcene. 3TO MOXeT obecneunTb
bonee ObicTpyldo ¥ nyudwyro o6paboTky W, BO3MOXHO, TakkKe MeHbLUuee
3HepronoTpebtneHne. BONbLMHCTBO M3 3TUX BNOKOB OCTaHyTCs «0», U TONbKO HEKOTOpPbIE
N3 3TUX BeHTMUNEn ByayT nepeknoyaTbCa BO BPEMS dKCnnyatauum. 3TO peLleHne MOXET
CHU3UTb 3HepronoTpebneHne, Hanpumep, €Ccrnv CTaTUYECKUMA TOK YTEYUKU 3HAYUTENbHO
HUXKE, YeM JUHaMU4YeCKOe IHepronoTpebrneHne nepeknoyaemMbiX BEHTUMEN, Kak BO

MHorux TexHonornax CMOS.

Kaxablh nuKCenb MOXET YCTaHOBUTb YacTHYK 3allenky, €Cnm curHam npoxXoauT
NMOpOroBbIA YPOBEHb B Mpeaenax BPEMEHHOro okHa cobbitusa. Ecnmn nopor BbIXOAUT 3a
npegenbl BPEMEHHOrO OkHa COObITUS, Ha 3alwjenky Henb3s noBnmaTb. OkHO CoBbITMK
MOXeT ObITb 3anyLeHo MMnynbcom cOpoca. B 3aBUCMMOCTU OT HACTPOMKU OKHO COBLITUN
MOXET 3aKpbIBaTbCH, HANPMMEP, KOrAa: NPOLMO 3ajaHHOe BpeMms, Obino CreHepupoBaHo
HeCKONbKO COBbLITUN (O4HO MM Bonee) n/unn NPOLUNO ONpeLeneHHoe BPeMs C MOMEHTa
nocrneaHero curHana cobbiTvs. YuuTbiBas NpeanoyTUTENbHbIE NapameTpbl CEHCOPHOro
YyCTPOWCTBA, B cpegHem 4,5 nukcensa OyayT OCBeLeHbl UCTOYHUKOM cBeTa (Hanpumep,

ConHuyewm). MHTeHCcMBHOCTL cBETa nokasaHa nuHuen 1201 Ha dur. 12.

MoryT 6bITb HebOMbLUME Pa3nUUNS B CMELUEHWM N YCUNEHUM MEXAY nMKcenamu. 3JTo
NPOUNMOCTPUPOBAHO CTyneH4YaTon nuHmen 1202 Ha cur. 12. Ecnn okHO cobbiTus
3aKpbIBAETCs TOMbKO MOCME OAHOr0 UMM ABYX COOBLITUA, OKOHYAaTENBHO ONpPefENeHHoe

NnonoXeHne (Hanpumep, CBETOBOW LIEHTP TSHKECTU) OyAeT HEeCKONbKO NeBee, YTO CHU3MUT
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paspelwieHne un TodHOCTb. CnejoBaTenbHO, BaXXHO OCTaBaTbCs OTKPbITbIM - ANS
AOCTaToOYHOro Yncna cobbiTUi (MK B TEYEHNE JOCTATOYHOIO BPEMEHWN), YTOObI MONMY4nUTb
fonee TOYHbIM LEHTP TSKECTU. IOTO YCMNOXHAIOT OWMNOOYHbIE MUKCENWN, KOHCTaHTHO
TEMHbIE UNN CBETNbIE UMK C OYEHb HU3KUM WUNN BbICOKUM KO3I(PMPULUMEHTOM YCUNEHMS.
YToOBbl 3TO ynyylMUTb, MOXHO WUCMOMb30BaTb OMUCAHHYK pacnpefeneHHy LndpoByto

o6paboTky curHanos.

Tabnunya Ha cur. 13 nokasbiBaeT npumep umdposon obpaboTkn. B BepxHem psigy
nokasaHbl 3Ha4veHus nmkcenen (0 vnm 1), BblOpaHHbIE B TEYEHME BPEMEHHOIO OKHa
cobbitna. ObpaboTka curHana Ans Kaxaoro nuMKCcens naeT BepTuMKanbHO BHU3. Kaxgoe
HOBOE 3HauveHue (npumep: opaHxesbin nukcenb 1301) onpeaenseTcsa Ha OCHOBaHUKM Tpex
3Ha4yeHuu Bbiwe (npumep: cuHue nmukcenn 1302) n napametpa punbtpa (cuHee N 1303).
OT kaaoro nuKCens UAeT LWeCTUCTYMNeHYaras CurHanbHas nuHMA. Ha CTyneHun mMoxeT
ObITb TPU BO3MOXHOCTU: norndeckoe UITN ans nukcens m ero cocegen, normyeckoe U
ans nukcens n ero cocegen n NPOMYCTUTD, kotopoe nponyckaeT curHan 6e3 BnvsaHus
cocegen. Jlormueckoe WM yCTpaHWUT NUKCENN «KOHCTAHTHbIA HOMb». Jlormyeckoe U
YCTPAHUT «KOHCTAHTHYK €AUWHULY» W HaWaeT LEHTP TsKecTn cobbiTvi. [lBe nepsble
CTYNeHun Ha dur. 13 NMEIOT TOMBbKO BO3MOXHOCTb M unn UJN, B TO Bpemsa kak nocnegHue
yeTblpe CTYNeHW WUMET Tonbko BO3MOXHOCTb U mnm MPOMYCTUTb. Ha dwr. 13
nokasaHa HavanbHasi HacTpouka unbTpa ANS YCTPAHEHUS OAHOrO OLMOOYHOrO Hyns
(kak nokaszaHo gnsa nukcens 6). C ogHum U Heobxoaumbl gBa M, 4Ttobbl OTMEHUTb

ownBoYHbIE eauHULbI (Mukcenn 16, 23 u 27).

[Mocne BblleyKasaHHOW MepBOHAYanbHOW HACTPOWKWN, B HWKHEM psagy HeT «1». 3aTtem
HEeoBXoANMO U3MEHUTb napameTpbl dunbTpa (cM. dur. 14), noka cTpoka 6 He CTaHeT
MONHOCTBIO HynesoW. [Ana 3Toro ctpoka 6 cHavana uamensetcs Ha [MTPOMYCTUTD.
MNMockonbKky 3TO HE nomoraeT, cTpoka 5 Tawke mameHsietca Ha MNMPOMYCTUTb. Tenepb

CTpoka 6 He BCA HyneBas, a NUKCenb LeHTPa TSXKECTU HAXOAUTCS B CTpoke 6.

K CEeHCOpHOMY 3MEMEHTY MOXET MPUMEHSTbCA FPaAUEHTHOE 3aTeHeHue nukcenen. L-
obpasHbii ceHcop OyaeT paccumTaH Ha yron ob3opa 4yTb Bbiwe 120 rpagycos.
Mpobnema B TOM, YTO HaKOMMEHHas CBETOBAs JSHEPrns YMEHbLUAETCA C KOCUHYCOM
nagawowjero ceeta ot 100% B cepeaunHe o 50% npm yrne 60 rpagycos. Mpn 60° ConHue
Oyaet nvetb 50% 3heEKTUBHOCTL, HO BCE paBHO Honee BbICOKUIW CUrHanm, 4em y noboro
APYroro UCTOYHMKA CBETA, BKMNIOYAA OTPAKEHNS OT 3emMnun, KOCMUYECKOro kopabna v T. 4.
Bo3MOXHbIM BapuaHTOM MOXET ObITb KOMNEHCAUUS 3TOrO OTKMNOHEHUSA MYTEM MOKPbITUSA

mMeTannom 4yacTtu COOTBeTCTByI'OLLleIZ obnactu YyBCTBUTENbHOIO nmKcena,
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cooTBeTCTBYIOWeEN 1/(2cos(a)) yrna a (kK BEKTOPY HOpmanu ceHcopa). Ecnn ato Oyper
cAenaHo, TO UeHTpanbHble nukcenu OyayT nokpbiTbl MeTannom Ha 50%, a npu = 60
rpagycax 3TOT nokasartenb ymeHbwaetca Ao 0%. Kpome akpaHuMpoBaHud, MUKCENu
BblpaBHMBalOTCA, 4TOObl  obBecneuntb  MakCUManbHO  MOXOXMEe  AUHaMUyecKkune

XapakTepPUCTUKN.

Takas cuTyaums nokasaHa Ha dwur. 9B. YpoBeHb curHana OyaeT ymeHbLuatbCs Mo
HanpaBNeHUO K KOHLaM B COOTBETCTBUMN C KOCMHYCOUAANbHOM xapaktepuctmkon. Mpu 60
rpagycax ato cocrasnaet 50%, HO BCe e BbILLEe MAKCUMarbHOrO OTPaXXeHUs OT 3eMnu U
APYMMX €CTECTBEHHbIX WM  UCKYCCTBEHHbIX WCTOYHUKOB cBeTa. BepxHaa nuHuA
NnokasblBaeT YyBCTBMTEMbHOCTb MO pPasHbiMU yrnamu. HWKHUE nuMHUKM nokasbiBaKOT
MakcumarbHyto cuny anbbeno ot 3emnu u JlyHbl npu 0 rpagycax (oTHocutensHo ConHua

npu 0 rpagycax).

Kak nokasaHo Ha dwur. 9C, npu puKCUpoOBaHHOM Lare nukcensa paspelwlexHve Oyaet
HaMxylnm B CepeauHe U ynydywartbCs K koHuam. [peaycmoTpeHHas dunbTpaums u
KOMOMHaUMA AaHHbIX O MECTOMOMOXEHUN OT Tpex AOMEHOB ewe Oonblie ynydywar

paspeLueHue.

UTto KacaeTcsa (pyHKUMOHANbHOCTU MacTepa AOMeHa (TO €CTb KOHTponmnepa 6noka), To
KaXabli M3 MacTepoB AOMEHOB MOMNYyYaeT [AaHHblE€ MONMOXEHUS OT TPEeX pPasfuUyHbIX
CEHCOPHbIX 3MIEMEHTOB, KOTOpPble BMECTE OxBaTbiBalOT BCHO nonycdepy. CHavana OH
peLlaeT, KOTOPbIA N3 HUX MMEET CaMbi CUMbHbIA CUrHarmM, U BbIOMPaAET ero B Ka4yecTse
BeposiTHoro nonoxexumss ConHuya. 3atem OH AoOmkKeH npeobpas3oBaTb foKanbHOE
NnonoXeHne anemeHtTa no X B rnobanbHOe MNOMOXEHUE CEHCOPHOro moayns no ¢.
CHavana yron BblYUCIISOT HA OCHOBAHWUM MOMOXEHUSA U3 MOMOXEHUA B COOTBETCTBUU C
a=90-arctan((d+Ad)/(L+AL)), roe L - nonoxeHwe nukcens, d - npeanonaraemoe
paccTosiHne MeXay CEHCOPOM WU nNpopesHbiM 3KpaHoMm, a (Ad un AL) - nonyyeHHble
nepemeHHble. CrnoxeHne n geneHne AOMKHbl BbINOMHATLCA Ha MECTe, B TO BPEMS Kak
ana arctan, BepoaTHO, noTpebyeTca cnpasBovHaa Tabnuuya. Yron B NOKanbHOM
HanpasneHun no Y - 3to rmobansHoe 6. [nsa 3TOro Kaxabl 3NIEMEHT AOMKEH 3HATb CBOE
nonoxeHvne B moayne. 3t1o obecneunBaeTca NPOBOAHLIM BBOAOM Ha ABYX KOHTakTax. Ha
OCHOBE annapaTHO-MONy4YEHHON MHPOPMaLMM O MECTOMOSOXEHUN, Yron (NONOXEeHWe no
X) pobasnsetca no ymonyaHuo Ha 0 rpagycos, 120 rpagycos unm 240 rpagycoB. Kak
BapuaHT, anbTEepPHATMBHO MOXHO BblOpaTb nporpaMMyMpyeMblie 3HavYeHus Ans
KOMMEHCaumMm OTKMOHEHUN WK3-32 HETOYHOMO MEXAHWYECKOrO MONIOKEHUS CEHCOPHbIX

3MeMeHTOB U T. 4. 3meHeHWe yrna HaknoHa nogrnoxky MoOXeT ObiTb 060CHOBaHHO (M/UnK
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3HAUYUTENbHO) MEHbLLUE paspeLllarolen CnOCOOHOCTU N3MEPEHUN U, CNELOBATENbHO, UM

MOXHO npeHebpeyb.

Kog Nesbild | I3TOT Mpasbiii
a/1emMmeHTa | ceHcop | ceHcop | ceHcop
00 0° 0° o°

01 240° 0° 120°

10 0° 120° 240°

11 120° 240° o°

Bcs  BbllweonuncaHHass o6paboTka NpoucXoguT napannenbHO B TPeX MOMHOCTbIO
HEe3aBUCUMbIX J[JOMEHax CcurHana u nuTaHus (NoKasaHo LUTPUXOBKOW/LBETOM Ha
yepTexax). OTO reHepupyeT TpW Mapbl MOMOXEHWIN, KOTOpble€ MOryT OTNMYaTbCs M3-3a

Bapuauumn namepeHms nnm onee cepbesHbIX MOCTOAHHBLIX U BPEMEHHbIX OLLNMBOK.

®DyHKUMOHANBHOCTL MacTepa MOAyns Tenepb OyAeT packpbiTa nNpu pacCMOTPEHUM
cour. 11. 3 Tpex NONOXKEHUN, CreHEPUPOBaHHbIX MacTepaMn AOMEHOB, MacTep MOAYyNs
BbIBMpaeT cpegHee MonoXeHne no ¢ u cpegHee noroxeHne no 6 v HanpaensaeT UX B
rMaBHYD CUCTEMY KOCMMYECKOro kopabns. 3ta npoueaypa oTpunbTpyeT HenpasunbHoe
nonoxeHne no ¢ n HenpasunbHoe nonoxexHve no 6. Ecnn Bce OHWM BepHbl, TO OyaeT
reHepupoBaTbCcs Hambonee TOYHOE TMOMOXEHME C  YIYYLEHHbIM paspeLleHUem.
EAVHCTBEHHBIM npouece, KoTopbld TpebyeTcs rmaBHOMY KOMMbIOTEPY CMYTHMKA, - 3TO
y3HaBaTb, OT KakoOro W3 [ABYX CEHCOPHbIX MOAYNEN OH NPUHUMAET AaHHble, W

KOMMNEHCUPOBaTL 3TO B HaNpaBneHun no 6.

OTOT MacTep MOAYNS UrpaeT BaXKHY ponb, KOrga Aeno AOXOAUT 4O PEe3epBUPOBAHUS.
XoTa BCe TpWU anemeHTa (TO eCTb CEHCOpPHble YCTPOWCTBA) cogepaT 3TOT MOAYb,
TOMbKO OAWH MOXET MepechbifnaTb AaHHbIE Ha rnasHblA koMmnbioTep. Mactep moayns
Oyger BbiOpaH M3 nocneaoBaTeNbHOCTM, OCHOBAHHOW Ha annapaTHO-NONTyYeHHON
MHpopmauymm nonoxeHmsa. Ecnu moaynb He umeeT nuTaHns, TO 3agada OygeTt nepegaHa

creaytoLemy B NocresoBaTenbHOCTU.
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®OPMYIJIA N3OBPETEHUA

1. CeHCopHOe YCTPOUCTBO ANS ONpefeneHus MONOXEHUS WCTOYHUKA CBETa,
coaepaiyee:

MHOXECTBO CEHCOPHbIX OIIOKOB, MPUYEM KaXKabIA CEHCOPHbIA Onok umeeT
COOTBETCTBYHIOLLYIO CEHCOPHYIO 30HY; U

MacKy, PacronOXeHHYI0 Haj MHOXECTBOM CEHCOPHbIX GIOKOB M BbIMONTHEHHYIO
Tak, 4tobbl NagawLwmn CBET OT UCTOYHUKA CBETa ocBeLlan pasHbie obnactu CEHCOPHOW
30Hbl KaXgoro M3 CEHCOPHbIX GrOKOB B 3aBUCUMOCTM OT MOMOXEHUS UCTOYHMKA CBeTa
OTHOCUTENBHO CEHCOPHOro ycTpoucTea Takum obpasom, 4to obecneumsaeTcs
BO3MOXHOCTb ONpPEeAENEHNsi NOMOXEHUS WUCTOYHMKA CBETA Ha OCHOBAHWM TOrO, Kakue
obnacTt CEHCOPHOW 30HbI CEHCOPHbIX ONOKOB OCBELLEHDI,

NPUYEM KaxAbld CEHCOPHbIA Onok SBNSETCA ynpaBnseMbiM COOTBETCTBYHOLLUM

KOHTpONNepom 6noka gns onpeaeneHna NonoXeHna MCToOYHUKa CcBeTa.

2. CeHcopHoe yCTponCTBO MO M. 1, B KOTOPOM KaxAblll CEHCOPHbIN BMOK COAEPXKUT
NepBYIO MOMOCKY M BTOPYIO MOMOCKY, MO CyLECTBY, OPTOrOHarnbHYylO MEePBOW MOocke,
NpyYeEM Macka BbINOMHEeHa Tak, YToObl UCTOYHMK CBETa ocBeLyan obnactn obemx nonocok

Kaya0ro CeHCopHoro 6rioka 0g4HOBPEMEHHO.

3. CeHcopHoe yctpouctBO no n.1 wnm 2, B KOTOPOM CEHCOPHble 6noku

pacnonoXeHbl pagoM APYr C 4PYroMm.

4, CeHCcopHoe yCTpONCTBO NO MOOOMY M3 NPEALUECTBYIOLMX MYHKTOB, B KOTOPOM
MacKka COAEPXMT MEPBYIO MPO3paqHyld Mpopesb M BTOPYIO MPO3paqHytd npopesb, Mo

CYLLEeCTBY, OPTOroHanbHyK NEPBON NPO3pavyHON NPOpE3N.

5. CeHCopHoOe yCTPOWCTBO MO M. 4, MpU 3aBUCUMOCTU OT M. 2, B KOTOPOM nepsas
npospayHas npopesb, MO CyLWEeCTBY, NEPNEHAUKYNAPHA NepBbIM MOMOCKaM CEHCOPHbIX
6nokoB, a BTOpasd npo3payHas npopesb, MO CyLWECTBY, MNEPNEHAMKYNsiPHA BTOPbIM

NONOCKaM CEHCOPHLIX B6ITOKOB.

6. CeHcopHoe ycTpouctso no mwobomy m3 n.n. 2-5, B KOTOPOM Kaxgasa mnorocka
KaXKaoro CEHCOPHOro 6rioka COAEPKUT MHOXECTBO MUKCENEN, MPUYEM MUKCENN Kaaomn
MONOCKM CMELLEHbI OTHOCUTENBHO MUKCENEN KaXKAOW CMEXHOW MOMOCKN Ha pacCTosHuE,

MeHbLLee YeM LWMPUHa KaxKgoro nnukcend B HanpaBsneHUn CMeLLeHNA.
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7. CeHcopHoe yCTporCTBO No NoBOMY M3 NPEeALUECTBYIOLMX NYHKTOB, coagepallee
rPaAVNEHTHOE 3KPaHMPOBaHUE ANS YMEHbLUEHUS MHTEHCMBHOCTM CBETA, MajaroLiero Ha
CEHCOpHble Onokn, 4TOoBbl MPOTMBOAEWCTBOBATL OTHOCUTENBHOMY  YMEHBLUEHUIO

WHTEHCMBHOCTM CBETAa, NajatoLLero Ha CeHCOPHbIV B6MoK Nog yriom.

8. CeHcopHoe ycTpoucTBo no nobomy 13 NpeablayLmX NyHKTOB, B KOTOPOM KaXAblv
CEHCOPHbIN BOK BbIMONMHEH C BO3MOXHOCTbLIO ObITb 4aCTbl0 COOTBETCTBYIOLLErrO AOMEHA

nMMTaHUA.

9. CeHcopHoe yCTpOUCTBO MO MOOOMY M3 NPESLIECTBYIOLMX MYHKTOB, B KOTOPOM
KaXKAbll CEHCOPHbIN OMOK CBA3aH C HE3aBUCUMbIM LOMEHOM CUrHaroOB W CBSA3aH C

He3aBUCUMbIM JOMEHOM NMUTaHNA.

10.  CeHCopHbIn MOAYNb ANA ONpPeAeneHUs MOMOXEHUS UCTOYHMKA  CBETA,
coaepaLyuin:

MHOXECTBO CEHCOPHbIX YCTPOMCTB No nodomy us n.n. 1-9; u

MHOXECTBO KOHTPOINepoB GOKOB, BbINMOMHEHHbIX C BO3MOXHOCTBIO YNpaBreHus
OAHUM CEHCOPHbIM GIIOKOM B KaXKAOM M3 MHOXECTBA CEHCOPHbIX YCTPOWCTB, NpUYeMm

KaXa0e CEeHCOpPHOE YCTPOWCTBO COAEPKUT O4MH U3 MHOXXECTBA KOHTPONNEPOoB GroKoB.

11. CeHcopHbi  Moaynb no n. 10, B KOTOPOM Kaabl KOHTponnep Gnoka

NPUHAANEXNUT COOTBETCTBYIOLLEMY JOMEHY NUTAHMUS.

12. CeHcopHbin Mmogynb no n. 10 unn 11, cogepalmin MHOXECTBO KOHTPONMepoB
MOAYNS, NPUYEM KaXKa bl KOHTPONNEP MOAYNS BbINOMHEH C BO3MOXHOCTbIO YNpaBreHns

KaXXablM N3 MHOXXeCTBa KOHTpONnnepoB 6roKoB.

13. CeHcopHbIn Mogynb no niobomy m3 n.n. 10-12, cogepxawmn OCHOBaHWE U TpU
CEHCOPHbIX YCTPOWCTBA, PACMOMOXEHHbIX Ha COOTBETCTBYIOLUMX [PaHSAX OCHOBaHMS,

npYYem OCHOBaHME MMeeT hOPMY, MO MEHbLLEN MEPE, YacTu TeTpasgpa.

14. CeHcopHbi Moaynb no nobomy u3 n.n. 10-13, cogepxawun TpU CEHCOPHbIX
YCTPONCTBA, KaXaoe U3 KOTOPbIX PAaCMONOKEHO MapanmnenbHO MMOCKOCTU MOBEPXHOCTU

TeTpasapa, NpuMYeM OAHO CEHCOPHOE YCTPOMCTBO Ha KaKZOW NMNOCKOCTM obpalleHo

Hapyy.

15. CeHcopHbin Mmogynb no nwbomy m3 n.n. 10-14, B KOTOPOM CEHCOPHbIN MOAYIb

npeacraBnseT coOO0N COMHEYHbIN CEHCOP AN CMYyTHUKA.
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16. CeHcopHbi Moaynb no nobomy m3 n.n. 10-15, BbINOMHEHHBIA C BO3MOXHOCTbIO
umeTb none ob3opa Ans oOHapyXEeHUS UCTOYHMKA CBETAa, COCTaBMALES, NO MEHbLUEN

mepe, nonycdepy.

17.  CeHcopHas cuctema Anda OnpejeneHuss MONOoXEHUs UCTOYHUKa  CBeTa,
cojepxalwjas MHOXECTBO CEHCOpPHbIX moaynen no nobomy m3 n.n. 10-16, B koTOpPOWM
KaXKA bl CEHCOPHbIN MOAYIb BbIMNOMHEH C BO3MOXHOCTBIO MMETh pasnnyHoe none ob3opa

ANst oBHapYXeHNS1 UCTOYHMK CBETa.

18. Cnocob onpeaeneHna MOMOXEHUA WCTOYHMKA CBeTa C  WUCMNONb30BaHMEM
CEHCOpHOro ycTtponctesa no nobomy m3 n.n. 1-9 unu ¢ UCNONb30BaAHWEM CEHCOPHOTO
moayns no noéomy ms n.n. 10-16, sknovarowmn B ceds:

onpeaeneHne MnoroXeHNs WUCTOYHMKA CBETa KaK CPEeAHEro u3 MONOXEHWUW,

onpeneneHHbIX CEHCOPHbIMU Briokamu.

19. Cnoco6 onpeaeneHns MOMNOXEHWS WCTOYHMKA CBeTa C  UCMOMb30BaHWEM
CEHCOPHOro ycTtpowctesa no nobomy m3 n.n. 1-9 unu ¢ UCNONb30BaHWEM CEHCOPHOTO
Moayns no nodomy n3 n.n.10-16, skntovaowmin B cebsa cnegyrouyee:

() cuuTbiBAOT UMGPOBLIE BbLIXOAHLIE MUKCENbHbIE 3HA4YE€HUA C OAHOro U3
CEHCOPHbIX BIOKOB;

(i) yctaHaBnmatoT B 1 nioOble NUKCEnbHbIE 3HAYEHUSA, COCEAHUE C MUKCENbHBIMU
3Ha4yeHMaAMK, cocTasnaowmmm 1;

(i) ycraHaBnmBatoT B 0 nobble MUKCENbHbIE 3HAYEHUs, COCeaHMEe CO
3Ha4yeHmem O;

(iv) nosTopsitoT Lwar (iii) 40 Tex nop, noka BbinonHeHne wara (iii) ewe ogmMH pas He
NpuMBEAET K TOMY, YTO BCE NUKCENbHbIE 3HAYEHNST CEHCOPHOro Brnoka OyayT yCTaHOBMNEHDI
BO; n

(v) onpenensaT MONMOXEHUA UCTOYHWKA CBETa C UCMONb3OBaHMEM OCTaBLUErocs

HeHyneBoro nukcena nnu nuKCenen.

20. Cnoco6 no n. 19, Bknovarowmn B cebs noBTopeHme wara (i) MHOXeCTBO pas.
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