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AHHOTALUA

IIpeamer uccaenopanusd. [IpencrasieHsl pe3ylbTaTbl HCCIEI0BaHUS U CTPYKTYPHOIO aHAJIN3a KOMIIO3HULUM U IIapaMeTpu-
YEeCKOTr0 CHHTE3a MPOEKTHPYEMbIX M300paKaloNIMX ¥ HEN300pa)aloliX ONTHYECKUX cUCTeM. [IpeAnpHHsATa IONbITKA IPH-
MEHEHUS OIIbITa, HAKOIUICHHOTO JJIsl N300pa)alolUX CUCTEM, IIPH NPOEKTHPOBAHUN HEHM300paKAIOLIMX CHCTEM B BHJE aJall-
TallMd TEOPHM KOMIIO3MIMU JUIS pacueTa HeM300pakarolUX CHCTeM. BBISBIEH psij 3aKOHOMEpPHOCTEH, 0OecreunBaronx
6ornee nry60Koe MOHMMAaHUE MPOLECCa MPOEKTHPOBAHMUS HEM300PAXKAIOLIUX ONTHYECKUX CHCTEM, TPEITIOKEHBI MEPHI 110 €T0
onrtuMmusanuy. Meroa. MccnenoBana MpUMEHUMOCTh HEKOTOPBIX HMOJIOKEHUH TEOPUHM KOMIO3HMIMM U CHUHTE3a ONTHYECKUX
CHCTEM K NPOEKTHPOBAHUIO HEM300paKaIOIINX ONTHIECKUX crcTeM. OCHOBHBIE MOJIOKEHHUS TEOPUH KOMITO3UIMU 0a3upyroT-
Csl Ha PasfieNICHUH BCEX CYNIECTBYIONIMX ONTHYECKHUX AIEMEHTOB Ha YETHIPE THUIA B 3aBHCUMOCTH OT X (PYyHKI[MOHAJILHOTO
HA3HA4YCHUs, YTO COOTBETCTBYET MOJIYJIBHOMY IIPUHIIMITY IPOCKTUPOBAHUS. AHAJIOTMYHBIC JIEMECHTH BBIABICHBI B HEU30-
OpaxaloIllUX ONTHYECKHUX CHCTeMax, 4TO II03BOJIMJIO aJaNTUPOBaTh TCOPUI0 KOMIIOZUIMU JUIl MX IPOEKTUPOBAHMS.
OcHoBHBIE pe3yabTaThl. lccienoBaHsl 00IIMe 3aKOHOMEPHOCTH IMPOEKTHPOBAHMS HEN300paXKaIoIUX M U300paKaromnx
ONTHYECKUX cucTeM. [IpousBeneHa kiaccuUKAIUs CUCTEM, IEMEHTOB, a TAKXKE TEXHUYECKUX U 00OOIIEHHBIX XapaKTepHu-
CTUK M300pa)aloIlnuX U HEW300paxaloIUX ONTUYECKUX CHCTEM, (OpMann30BaHbl MEXAHH3MBI MOMCKA MCXOAHOM ONTHYE-
CKOH CXEMBI IIOCPEICTBOM CTPYKTYPHOTO U MMapaMEeTPHUECKOTO CHHTE3a HEN300paKkalomiei ONTHIeCKON CHCTEMBL. BEIsBICHBI
OCHOBHBIE MIEMEHTHI, BXO/SIINE B COCTAB HEM300paXKAIOIIIX CUCTEM, IIPOBECHA HX KIACCH(HUKAIMA MO (yHKIHOHATEHOMY
Ha3HAUCHUIO: 0a30BbIe, KOPPEKIMOHHBIC, IIUPOKOYTONBHEIE U CBETOCHIbHBIE. ONpeneneHsl IpaByia, 0 KOTOPBIM 3TH dJe-
MEHTBI MOTYT (DOPMUPOBATHCS, M HX COCTaB: OTPaKaloIlue IIOBEPXHOCTH; MPEIOMIIIONIHe, cepruueckrue n Hecheprieckue
9JIEMEHTHI C MOJIHBIM BHYTPEHHUM OTPaKEHHEM. 3aJ0XKEHBI OCHOBBI TEOPHH KOMITO3UIIMU HEU300pa)aIoIIUX ONTHYECKUX
cucteM. [IpoBenena anpobarys NpeaIoKeHHOH METOMUKH Ha IPUMepe pacdeTa OCBETHTENS AJIsl XUPYPruYecKoil KOMHATHI.
Tomyuena 3D-Moze1b OCBETUTEIILHOM ONTHYECKOW CUCTEMBI ISl XUPYPrHYeCKOi KOMHATHI, COCTOSIIIAs M3 TPEX UICHTHYHBIX
KynosnoB. [TokasaHa Beicokas sHeproaddexrusrocts ocserurens (92,3%), CipoeKTHPOBAHHOTO MO MPEATaraeMoil METOIUKE.
IIpakTHYeckas 3HAYMMOCTb. Pe3ynbrarel paboTel MOTYT HAWTH MpPUMEHEHHE IPH pa3paboTke HEM300pa)karoIUX CHCTEM
Pa3IMYIHOTO HA3HAYCHUS, HAIIPUMEp, OCBETUTENEH, KOHIIEHTPATOPOB | Ap., 1 MOTYT 00ECIICYNTh HMIIOPTO3aMEIIEHHNE aHAJIO-
THYHBIX 3apyOeXHBIX yCTPOHCTB. Pe3ymbrarel paboTsl MOTYT OBITH IOJE3HBI MHXKEHEPaM, CHEHHATN3HUPYIOMIMCS B chepe
pa3paboTKu U (MJIM) SKCILTyaTali Hen300paKatoIUX ONTHYECKUX CHCTEM.
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Abstract

Subject of Research. The research results, structural composition analysis and the parametric synthesis of the projected
imaging and non-imaging optical systems were presented. We made an attempt to use the gained experience about imaging
systems while designing non-imaging systems, by adapting the composition theory for the calculations of non-imaging
systems. Several patterns were revealed, which provide a deeper understanding of the design process of non-imaging optical
systems; measures of its optimization were proposed. M ethod. We investigated the applicability of the theory of composition
and synthesis of non-imaging optical systems. The main provisions of the theory of composition are based on the division of
al available optical elementsin four types depending on their functionality, which corresponds to a modular design. Similar
items were identified in non-imaging optical systems and adaptation of composition theory to their design became possible.
Main Results. Genera design patterns of imaging and non-imaging optical systems were studied. Classification of systems,
components, as well as technical and generic characteristics of imaging and non-imaging optical systems was determined.
Search mechanism of the initial optical system by means of structural and parametric synthesis of non-imaging optical
system was formalized. The basic elements were determined included in non-imaging systems and their classification by
functionality was done. They were subdivided into basic, corrective, wide angle and high aperture ones. The rules for
formation of these elements and their composition were determined: surface reflecting, refracting, spherical and nonspherical
elements with total interna reflection. The foundations of composition theory for non-imaging optical systems were laid.
The approbation of this method was carried out on the example of the illumination system calculation for surgica room. A
3D model of an illumination optical system for surgical room was obtained, consisting of three identical domes. The
illuminator designed with the use of the proposed methodology showed high energy efficiency (92.3%).
Practical Relevance. The results can find application in optical design of non-imaging systems having various functionality,
for example, illuminators, concentrators, etc. and can provide import substitution of similar foreign devices. The results can
be useful by engineers specializing in the design and/or operation of non-imaging optical systems.
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BBenenue

Heunso6paxatomue ontudeckue cucteMsl (HOC) mepenarot u nepepacnpeiesIssioT SJHEPTHIO B MPOCTPaH-
CTBe, B OTAHMYHE OT M300paxkarommx onriuyeckux cucreM (MOC), koTopbie GOpMUPYIOT H300paskeHHe 0ObEKTa.
B cBa3u ¢ aktuBHBIM pasButHeM HOC ux Bce yalie BBIICNSIOT B OTACNBHBIN KIIACC ONTHYECKUX CHCTEM, IPH
sToM Bo3MoxxHO codeTanne HOC n MOC B ogHOM onTdeckoM npuoope.

Oynkiun amemeatoB HOC ObutH BriepBbIe BBIACICHBI B AUCCEPTAIMOHHOM pabore [1]. 3mech ke GbL1O
npennoxkeno npu pacyere HOC paznudars ABe MOACUCTEMBI — IEPBUYHYIO U BTOpHUHYH0. K nepBUUHOI OTHO-
CSATCS T€ ONMTHYCCKUE KOMIIOHCHTHI, KOTOPbIC HE M3MEHSIOTCS B XO/€ pacdyera (HampuMep, ONTHYECKHE KOMIIO-
HEHTHI cBeToMoAa, BXomsmero B HOC kak caMOCTOSITENIBHBIN AJIEMEHT), K BTOPHYHOH — KOMITOHCHTHI, SIBJISTFO-
HIMecsi COOCTBEHHO IMPEAMETOM IpOoeKTHpoBaHus. [Ipenqmerom HacTosimeld paboThl SIBISETCS NMPOEKTHPOBAHUE
BTOPUYHBIX ONTHYECKUX cucteM B coctase HOC.

[TpoekTupoBaHUE ONTHYECKUX CHCTEM, KaK M300pakaroluX, TaK U Hen300pakaloInX, OCHOBBIBACTCS Ha
MIPUMEHEHUN 3aKOHOB (DM3MKU B PEIICHUM WHXKCHEPHBIX 3a/1a4, MOJICIMPOBAHUN M pacuyeTe yCTPOWCTB Ha MX
ocHoBe. [Ipomecc MpoeKTUPOBAHMS BBHITIOJIHIECTCS B OMPEAEICHHON TTOCIIE0BATENbHOCTH U BKIIIOYAET B ce0sl, B
YHCIIe MIPOYHX, IPOLEAYPY BBIOOPA HCXOMHON ONTHYECKO# cxeMbl ontraeckoii cuctemsl (OC).

CyIecTBYIOT pasznnyHble MeTonsl BeIOOpa mcxomuoit OC. B mpemmaraemoil pabote MBI HCCIeIOBaIH
HPUMEHUMOCTh HEKOTOPBIX MOJIOKCHHUI TEOPUH KOMITO3UIUN U CHHTE3a ONTHYECKHX CHCTEM [2] K MPOSKTHPO-
Banmio HOC. Takum o6pa3om, obecrieanBaeTcs JaibHeiIee pa3BUTHE TEOPHH KOMITO3HUIIMU B TUIAHE €€ PacIipo-
CTpaHEHUs JJIs TPOEKTUpOoBaHust HOBoro kiacca OC, rre paHee 3Ta TEOPHUsI HE IPUMEHSIACH.
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Teopus kommoszunuu OC sBrsieTcs 60iree 00MMM BapHaTHBHBIM TOHSATHEM, YeM Teopus cuHTe3a. X ot-
JUYHE COCTOUT B TOM, YTO KOMIIO3HLHUS JOIMYCKAET NEPEMEILEHHE JIEMEHTOB APYT OTHOCUTEIBHO APYTra, a Ipu
CHHTE3€ UX IOJIOKEHHE HE MEHSIETCH.

OCHOBHBIE TOJIOKEHHSI TEOPUU KOMIO3UIMN 0a3UPYIOTCS Ha Pa3leiCHUN BCEX CYIIECTBYIOLIMX ONTHYE-
CKHX DJIEMEHTOB Ha YEThIPE THIA B 3aBUCUMOCTH OT MX ()yHKIIMOHAIILHOTO Ha3Ha4YeHUs: 0a30Bble, KOPPEKLIMOH-
HbIC, [IUPOKOYTOIBHBIC U CBETOCHIIBHBIC, YTO COOTBETCTBYET MOMYILHOMY MPHHIUITY MPOCKTHpoBauus [3, 4].
ITockonpky B HOC Taxke ynanoch BBISIBUTH aHAJIOTWYHBIE JIEMEHTHI, afaNTalys TEOPUU KOMITO3UIMH I MX
MIPOEKTUPOBAHUS CTaJIa BOZMOXKHOM.

Komnozunus HOC, no ananoruu ¢ MOC, Biimodaet B ceds 1Ba OCHOBHBIX JTara;

— CTPYKTYpHBIH CHHTe3 (Ha 3TOM JTale MPEABAPUTENbHO ONMPENesieTCs KOMMISCTBO ONTHYSCKUX JIEMEHTOB,
UX THI U B3aHMHOE PaCIIOIOKCHHE B CXEME);

— mapaMeTpUYCcKuil CHHTE3 (Ha 3TOM 3TaIle ONPEASISIOTCS KOHCTPYKTHBHBIE MAPaMETPhI ONMITHYSCKUX IICMCH-
TOB, BEIOPAHHBIX Ha dTare cTpykTypHoro cuatesa OC).

Ucxonnas ontryeckas cxema OC mpezncrasisieT cob60if HAbOp ONTHYECKUX AJIEMEHTOB, UMEIOIIUX Tapa-
METpPBI, HEOOXOOUMBIE U JOCTATOUHBIE I NMOTY4YCHHS XapaKTEPUCTUK, KOTOpbIE TpeOyeTcss 00eCceuuTs Mo Tex-
Hudeckomy 3ananmio (T3). Ha mepBom 3tame cocTaBimsiioT GOpMyIy CTPYKTYPHOTO CHHTE3a, KOTOpast MPECTaB-
JsieT co0010 KOJMPOBAHHYIO 3alKCh NPOLENYPhl CTPYKTYPHOI'O CHHTE3a JJIsl OTHOTO MJIM HECKOJBKHX BAPHAHTOB
ucxonHoi ontudeckoi cxembl OC. 3aTeM BBINOIHACTCS €€ MapaMeTPUUYECKUil CHHTE3.

K nacrosimemy BpeMeHH HakoruieH 00J1b110it onbIT mpoekTrpoBanusi MOC, KOTOPBIiH, K COXaJICHUIO, TOKa
Mmano ucnons3yercs At HOC. Ilenbto npencrasisieMoil paboThI SBISIIOTCS HCCIIENOBaHUE aHalIM3a 0COOEHHO-
creit BeIOOpa ucxoxnoi OC mnst pacuera HOC, pazButre Teopun KOMIIO3UINY | ee aganTtanuu K pacdyety HOC.
B pabote BBIsSBIICH psiZl 3aKOHOMEPHOCTEH, oOecneunBaronmx 0onee rIyOOKoe MOHMMaHKE MPOoIecca MPOSKTH-
posanus HOC, u npeioKeHsl MEpHI 10 €ro ONTHMHU3aINH.

OO0mue NPUMHIHUIIBI CTPYKTYPHOTO CHHTE3a ONTHYECKUX CHCTEM

ITpu npoextupoBannu 100X OC 0co0YI0 PONB UIPAIOT CHCTEMBI UX KIACCH(HKALINHU, KOTOpbIe obecrie-
YHUBAIOT HE TOJILKO IIOHMMAHUE BCETO MPOoIecca, HO U MO3BOJISIOT ero (hopMalin3oBarh.

dopmanuzanus nporeaypsl crpykrypHoro cuatesa HOC HeoOxomuma Juist €ro MmocCieAyIoIel alropuT-
MU3AI[MH 1 aBTOMATU3AIUH.

Ha puc. 1 nokazana o6miast knaccupukanuss HOC u MOC, koropast siBisieTcsi OCHOBOW Ut BBIOOpa Hc-
XOHOU omThuveckoir cxeMbl. Kimaccer ycmoBHo obo3nadensl kak 00, 01, 10, 11, roe «0» cooTBeTCTBYyeT OECKO-
HEYHO YHAJICHHOMY PACIIOJIOKCHHUIO, «1» — pacIloNOKEHUI0O HAa KOHCYHOM PACCTOSHHUH. 31ECh K€ MPUBCACHBI
mpumepsl OC, XapakTepHBIX I KaXK0T0 Kiacca.

Onruyeckas cucTeMa

N3zobpaxaromas OC Hewunzobpaxaromiass OC
00 01 10 11 01 10 11
A(boxam)H-aﬂ ObopauBatouas | : | | Temexommy-
crcTeMa | cucreMa . OcgetuTens | | nuxauwomsas
| ] _ | cucrema
DOTOOOBEKTHB MHKPOOOBEKTHB Konnentparop

Puc. 1. Knaccudmkauma onTMYECKUX CUCTEM MO PaCMoSNIOKEHUIO npe,qmeTa/M306pa>KeHV|ﬂ ana
M306pa>|<arou.lwx OonTN4eCKnx CUCTemM ”n VICTOHHVIKa/I'IpIAeMHVIKa ana cuctem HeM306pa)KaIOLLMX

Coracuo mpezaraemomy tiogxony [1, 3], ontiueckue sinemenTsl 060it OC ycTaHABIWBAIOTCS B OII-
THYECKON CXEME TOJIBKO B COOTBETCTBUH CO CBOUM (DYHKIMOHATBHBIM HasHadeHueM (Tabui. 1). Ilpu 3ToM B Kax-
JIOM KOHKPETHOM CJIydae B 3aBUCHMOCTHU OT Kjacca ontuueckoi cxembl OC BbIOMpalOT Haubosee MOAXOsIIne
3IIEMEHTHI UL €€ PeaIu3aliH.

C nenbio 3()(eKTHBHOTO UCTIONB30BAaHUS TEOPUH KOMIIO3UIMU U CHHTE3a [eJIeco00pa3Ho COCTAaBIATh 0a-
3l MaHHbIX (BJl) onTHYeCKUX 3JEMEHTOB, pa3inyas Ux no (GyHKLHOHATIEHOMY Ha3HaueHHWIo, Harnpumep, b/l 6a-
30BBIX 2JIEMEHTOB, b/ KOPPEKIIMOHHBIX 3JIEMEHTOB U Jp., YTO MTO3BOJIUT B JIAJIILHEHIIIEM aBTOMAaTH3UPOBATh TIPO-
11ecCc IPOEKTHPOBAHMSI.

B pa6ore [3] npemoxkena ¢popmyita crpykrypHoro cuaTesa aist MOC kmacca 01:

Y+C+B+C+T+C. (1)
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OOparrM BHHMaHHE Ha TO, YTO 3[I€Ch 3HAK «+» OTPa)kaeT MOCIENOBATEIHHOCTh KOMOMHUPOBAHUS OT-
JeTbHBIX onTrueckux kKomrnonertoB B OC. Jlpyrumu cioBamu, popmyna (1) omuckiBaet, B KaKOM TIOPSIIKE MPH
MPOEKTHPOBAHUH I1EJIECO00PA3HO CTABUTH AIEMEHTHI PA3INYHOTO THIa (6a30BbIi, KOPPEKIIMOHHBIM, H.T.1.) APYT
3a apyrom. IIpu stom snementsr MOC 0OGBIYHO pacIIOIOKEHBI B ONITHYECKON CXeMe MOCIIEIOBATEIBHO MO XOIY
JIy4a cJeBa Halpaso.

B Hacrosmieii paboTe mpejyiaraeTcs pacnpocTpaHuTh 3ToT moaxoa Ha HOC. dopmyna CTpyKTypHOTO
CHHTE3a B 3TOM city4yae OyaeT UMeTh cleayrommii Bus [2]:

B+T+C+Y. )]

Beigenum pasnuuns Beipakenuit (1) u (2). Bo-mepBoixX, pasinueH COAepKaTe/bHbIi CMBICT BXOIAIIUX B
HUX 37eMeHToB (1abi. 1). Bo-BTophIX, BaxHOW 0c0OeHHOCTHIO MpoekTupoBanuss HOC sBrsieTcst HEnmocieoBa-
TENbHBIA XapakTep npoxoxaenus nydei uepe3 OC (Iydw MOTYT MPOXOJUTh HECKOJIBKO Pa3 B Pa3IMYHBIX Ha-
MpaBieHuUsIX). [I09TOMY TIpH UX MOJIEITUPOBAHHK HEOOXOIMMO HCIOIB30BaTh MporpaMmmuoe obecnedenue (I10),
TO3BOJISIIOLIEE PACCUUTHIBATh KAK IOCJIENOBATEIbHBINM, TaK M HENOCIEN0BaTEeNbHbIN X0 sydel. IIpumepamu
takux mporpamm sBisirores SYNOPSY S, OSD, ZEMAX, ASAP.

HaumenoBanu
CHO © YcnoBHoe 0 .
1 QyHKIHUS ONITHYECKOTO 0G03HAYCHHE MITHYECKUN IEMEHT JUIsl peannu3anui
dlieMeHTa OIITHYECKOTO
HnocC HOC JJIEMEHTa HnocC HOC
basoBblii JIunza cBOOOIHOI
(hopmbl
OmnpenensieT NPUHIUITHAIBHYIO B [NonoxurenbHast TMH3a
cxemy HexomHoi OC CryneHyarast JMH3a
y Jlunza [IBO*
KoppexkunonHbIii Jlunza @penens
Koppekuus Koppexuus CrymeH4aTsIi
PPEKIL ppeKil C OTtpunarenbHas JIHH3a y
OCTaTOYHBIX HaTIpaBJICHUS paccemuBaTenb
abepparuii MOTOKA JIyuen TekCTypHBIE JIIEMEHTBI
CBeTOoCHIBHBII .
= JInH3e1 ¢cBOOOIHOI
YBenuueHue YnciaoBon T ITonoxwurensHas nuH3a dopasr
aneprypbl P
IInpoKoyroJbHbIi JInH3B1 cCBOOOIHON
VYBenudeHue n300paxkaeMoro Y OtpuuarenbHas IUH3a | GOPMEI
oJist JInnssl @penens

* JIMH3a C MOBEPXHOCTHIO MOJIHOTO BHYTPEHHErO OTPaKEHHs; OCHOBAHA HA TOM IPHUHLMIIE, YTO OTPAKEHHE CBETA NPH €ro

[aJCHAH Ha TPAHHUILy JBYX IPO3PAYHbIX CPe]] C MIOKA3aTEISIMHU MIPEJIOMIICHHUSI Ny 1 Ny U3 Cpe/ibl ¢ OONBIIMM [TOKa3aTesieM Ipe-
nomierus (N>Ny) IO YIIOM >y, Ul KOTOPOTO SiNQ,, = No/Ny =y, [5].

Tabnuua 1. OnemMeHTbl M306paxaroLLMX U Hens3obpaxarLmx ONTUYECKUX CUCTEM
Kaacenpuxanus OC no TeXHH4eCKHM H 00001IeHHBIM XapaKTepuCTHKAM

B Tta6u1. 2 npeacTasiensl Hanbonee BaXKHbIS I IPUHATHS [IPOSKTHBIX PELICHUH TEXHUYECKUE XapaKTe-
puctuku 060pekTHBoB MOC 1 HOC 1 ux ycioBHBIE 0003HAYCHUS.

Wzobpaxaromue OC Hewuzoopaxatonme OC
VYcioBHOE VYcioBHOE
TexHuueCKHE XapaKTePUCTHKU o0o3Haye- TexHUuECKHE XapaKTEPUCTHKH 00o3Haue-
HHE HUE
Ceerocuia, Oe3pa3MepHas BeIMYMHA J Cuia cBeTa, K1 J
YTrII0BO€ 10JI€, YIIIOBHIE €TUHUIIBI W OCBEIIEHHOCTh, JK E
DOKYCHOE pACCTOSIHUE, MM F CBeToBO# MOTOK, IM )
CrexkTpanpHbIid JUana3oH, HM L SpxocTh Ki/M> L
KauecTBO M300pa)KeHUsl, YACTH JUTHHBI WHnekc Bocripon3BeIeHUS LIBETA,
BOJIHBI Q Oe3pa3MepHasi BeIMYHHA Re
3agunii GoKambHEINH 0TPE30K, MM S I1BeToBas Temneparypa, K Te
[Monoxxenue aneptypHoi nuadparmol D [MonmoxxeHue anepTypHOit quadparMer D
(AH), MM (0T EepBOii MOBEPXHOCTH) (AH), MM (0T mepBOii HOBEPXHOCTH)

Tabnuua 2. TexHu4eckne XapaKTepucTukm onTn4eCKnx cCMCTem

O‘ICBI/IHHO, 4YToO 3a1a4a KJ'IaCCI/I(l)I/IKaIII/II/I oC JJI UX KQYCCTBEHHOI'O aHaIM3a U MOCICAYOMICTrO MPOCKTHU-
PpOBaHUA B 3TOM CJIy4yac MUMECT HU3JIUMIIHC 6OJ'II>HIy}O Pa3sMEPHOCTD. B cBsa3u ¢ aTuM npejiaracTesa nepeﬁTn oT
TEXHUYCCKUX XaPaAKTCPHUCTHUK OoC O606H.IGHHLIM XapaKTECPpUCTUKAM, U3MEPAEMBIM B HHTCPBAJIBHBIX HIKAJIax
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(puc. 2). B aTOoM ciydae KaKIoi TEXHUYESCKOM XapaKTEPHCTUKE MMPUCBAUBACTCS HE KOHKPETHOE €€ 3HAauYCHHE, a
HEKOTOpOE YCIOBHOE YMCIIO, XapakTepusyrolee ee padounii auamnas3on [4]. A umenno, «0» coorserctByer OC ¢
TaKMM 3HAYEHHEM TEXHUYECKOM XapaKTEPUCTUKH, AJIs pealn3aliy KOTOPOU AOCTATOYHO CaMOM NMPOCTOM ONTH-
4ecKOM cXxeMsl;, «2» coorBercTByeT OC CO 3HaYeHHEM TEeXHHYECKOH XapaKTepHCTHKU OOBEKTHBA, CXeMa KOTO-
POro MaKCHMAaJIbHO CJIO)KHA U MMEeT HauOoJIbllIee KOJIMUECTBO AIIEMEHTOB JUIsl TOCTIIKEHUS] TPEOYEMBIX BBICO-
KUX 3HaY€HHH TEXHHYECKUX XapakTepucTuk; «1» xapaxrepusyer OC, 3HaUeHHE TEXHHYECKHUX XapaKTEPHUCTHK
KOTOPOW 3aHMMAeT MPOMEKYTOYHOE MOJOKCHHUE MO CIOKHOCTH peanu3anuu Mexay «0» u «2» [6]. Hanpumep,
JUISL XapaKTepUCTHKH «cuiia cBera» J 0000meHHas xapakTepucTuka «0» o3Hadaer, 4To 3HaYCHUE €€ TeXHUYe-
ckoii xapaktepuctuku paBHo J <30 ki, «1» — 30<J<120 k71 u.T.1.

3HaueHHs TPaHUIl MHTEPBAIOB, COOTBETCTBYIONINX OOOOIIEHHBIM XapaKTEpPUCTHKaM, MOT'YT OBITh IOJY-
YEeHBl HAa OCHOBE 3KCIIEPTHBIX OLEHOK. B WacTHOCTH, CBSI3b TEXHWYECKMX M OOOOLIEHHBIX XAPAKTEPUCTUK IS
HOC npusenena B [1].

Puc. 2. O606LLeHHbIE XapaKTEPUCTUKN HEM30GPaXKAIOLLIMX ONTUYECKUX CUCTEM

ITepexon OT TeXHUYECKHX K 00OOIIEHHBIM XapaKTePUCTHKaM 00eCIiedrMBaeT BOZMOKHOCTh UX (popma-
JIM3alUK U BBEICHUSI HOBOTO MOHSTHS — MHAEKca cinokHocTH OC, 1OoA KOTOPBIM MMOHUMAETCS aliredpandeckast
CyMMa 00OOIIIEHHBIX XapaKTEPHCTHUK KaXI0TO KOMIIOHEHTa O0bEKTHBA!

R=J+W+F+L+Q+S+D. 3
Jnis HOC ¢opmyiia mpuHUMAaET BHT
R=J+E+®+L+R,+T.+D. 4

060061ieHnbie xapakrepuctuku OC, B OTIHYKME OT TEXHUYESCKUX XapaKTepPUCTHK, 0003Ha4yeHsl B (3) u (4)
*upHBIM 1prdToM. CozepKaTeNbHbIi CMBICT XapaKTepucTuK, Bxomauwmx B (3) u (4), paccmorpen B [1, 3]; mo-
oTHUTENbHBIC TexHnueckne xapakrepuctuku MOC u HOC mpencrapiens! B Tabi. 3.

Nunexc cnoxxaoctu OC menstercst ot O (pocToii — 0MHONMMH30BEIM 00bekTHB) 10 14 — (coxkuas OC s
¢doromurorpadun). Komruecto kimaccos mist MOC, onmuchiBacMBIX TaHHON Kiaccudukanueii, cocrasiser 2187,
it HOC — 729. CorylacHO OlIeHKE MHOTMX ONTHKOB-IKCIIEPTOB, CHCTEMa CYMTACTCS CJIOKHOW, KOTrJa MHEKC
ciaoxuoctu R>7.

CTpyKTypHbIii cuHTe3 Hem3o0pazkaomux OC

B omnnume ot Texundeckoro ucnonaHenus snemeHToB MOC, B HOC oauH 31eMeHT MOXKET, Hanpumep, oJl-
HOBPEMCHHO BBHITIOJHATH (DYHKIMH 0a30BOTO U CBETOCIIIBHOTO JIEMEHTOB HIH OOBCIUHATh (DYHKIIUU IUPOKO-
YTOJIBHOTO ¥ KOPPEKTHPYIOMIECTO JIEMEHTA. DTO JOCTUracTcss OOBEIMHCHUEM HECKOJIIBKHUX 3JICMEHTOB B €JMHBIN
OJIOK, YTO BO3MOYKHO 3@ CUET MCIIOJIH30BaHUS HOBBIX TEXHOJOIHH — CO3JaHUs DJIEMEHTOB, OJHA MM HECKOJIBKO
MTOBEPXHOCTEH KOTOPBIX HMEIOT CBOOOIHYIO (POPMY M MOTYT OBITH IMTPOU3BOIBHO PACIIOIOKEHBI B IIPOCTPAHCTRBE.
Takue moBepxHOCTH ToNyumin Ha3zBanue freeform. OOmenpuHsTas KiaccuHUKAILKsI TUIIOB MPUMEHIEMbIX MO-
BepxHOCTEi npeaniokena B [7]. Hanbonbiree pacnpocrparenne B HOC umeror ciemyrommue moBepxaoct: R —
MIPETIOMIIAIONIAs TIOBEPXHOCTH; X — OTPakaromiasi MOBEPXHOCTH; | — MOBEPXHOCTH MMOJHOTO BHYTPEHHETO OTpa-
xenus (ITBO) [8, 9]. IosepxHocTH, BXomsmme B cocta HOC, MoryT pacnosaratbesi pasindaHBIM 00pa3oM OT-
HOCHTEJIBHO allepTYPHOI TuadparMbl, HCTOYHUKA CBETA U MPUCMHHUKA.

[porenypa CTPYKTYpHOTO CHHTE3a 3aKaHUMBACTCS COCTABICHHEM (OPMYJIBI CHHTE3a, B KOTOPOH THIIBI
ONTHYECKUX MMOBEPXHOCTEH, 00pa3yroline 3JIEMEHT, yKa3biBaloTcs B ckoOkax. Hanpumep, B(RXI) — dopmyna
CTPYKTYPHOTO CHHTe3a 0a30BOTO JICMEHTA, COACPIKAIIETO MPEIOMIISIFOIY0, OTPAXKAIOIIYIO MOBEPXHOCTh U TO-
BEPXHOCTB, pabOTAOIIYIO HA ITOJHOM BHYTPECHHEM OTPaKCHHU.

ITapameTpuyecknii cuHTe3 Hemzo0paxkaommx OC

B cooTBeTcTBHHM C coAep:KaHUEM ATAlla MaPaMETPUYECKOTO CHHTE3A MPH €0 BBITOIHEHUU 110 3aJaHHBIM
TEXHHYECKUM XapaKTepPHCTHKaM OIpeAeisatoTcst Takue napamerpsl OC, Kak pafnychl, PacCTOSHHUS MEXIy HO-
BEPXHOCTAMH, Kod(duimenTs! achepuaHocT u ap. (Tadm. 4). Ecnu mapameTpoB HEJOCTATOYHO, TO YIOBICTBO-
puth TpeboBanuaM T3 He yxaercs, U morpedyeTcs yBEIWYMBAaTh YUCIO aKTUBHBIX IapaMeTpoB. M3MeHss ux B
MIPOLECCE ONTUMU3ALNHU, MOKHO JOCTHYD LENEBBIX TEXHUUYECKUX XapPAKTEPUCTUK. Takoi IMpHeM MO3BOJISAET 3HA-
YUTENBHO YBEJIUYUTH KoludecTBO nmapamerpoB OC, KOTOpbie B AajbHEUIIEM MOT'YT MCHOJIb30BaThCs AJIS ONTH-
MH3all1H, CYIIECTBEHHO YJIy4llIasi Ka4eCTBO M300paKEeHHs.

B Tabn. 3 npencraBieHsl akTHBHBIC MTApaMETpPhl IS PA3IMYHBIX THIIOB ITOBEPXHOCTEH, MCIIOIb3YEMBIX
IIPYU pacdyeTe OCBETUTEIBHBIX CUCTEM.
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HazBanue O6o3HaueHHe [TapameTpsr
[IpenomMitsiromasi TOBEPXHOCTh R r,n,d o, A,
OTpaxaromas MOBEPXHOCTh X r
I1BO I r,n,d o, A
[Trockast MOBEPXHOCTH P n,d, o
Freeform [3] Ff r,nd o, A

Tabnuua 3. MapameTpbl NOBEPXHOCTEN HEn3obpakatoLLen ONTUKN: I — PanyC KPUBM3HbLI MOBEPXHOCTMW;
N — nokasarenb NpenomneHns cpeabl; d — TONWWHA; U — KoadduUMeHT ancnepcun; A, — koaduLmneHT
ypaBHeHWs achepuyecko NoBEPXHOCTH, 3aMeHSIIoLLEN NPOCTYI0 cheprnyeckyto NoOBEPXHOCTb

B Tabi1. 4 npeacTaBiaeHo AOMYCTUMOE KOJIMYECTBO aKTUBHBIX IapaMeTpoB B cxeme HOC.

[TapameTpsl Konmnuectso
Tun moBEpXHOCTH
r d |njlo | A An rapamMeTpoB
Otpaxaromiast cthepuueckas + | = | =] = — — 1
MOBEPXHOCTH (X) ac(epuueckas + — — | = + + 3*
[Mpenomsitonias cheprueckas + | + |+ |+ - - 4
noBepxHocTh (R) acgepuyeckas + + + | + + — 5*
Freeform (Ff) + |+ |+ | + + + 64+*

* MHMHHUMAJIbHOC KOJIMYECCTBO MNAapaMETPOB, 3HAYCHUC 6+ BBE€ICHO B CBA3U C TCM, YTO TCOPUA HOC naxonmutcst B cTaguu ak-

THUBHOTO Pa3BUTHA, U B ﬂaHLHeﬁmeM BO3MOXHO YBCIIMYCHUE KOJIUYCCTBO ITapaMETPOB
Ta6nuua 4. OnpepeneHne KoNMYecTsa napameTpoB

U3 Tabmn. 4 BUAHO, 4TO ﬂaﬂbHCfIHICC YBCJIMYCHUC KOJIMYCCTBA MAPAMETPOB B CUCTEME BO3MOXKHO 3a CUCT
Z[O6aBJ'I€HI/IH JAOTIOJTHUTCIIBHBIX ONTUYCCKUX 3JICMCHTOB, YBCIWYCHHA KOJIUYCCTBA KOS(l)(I)I/IHI/ICHTOB ypaBHCHI/Iﬁ
acq)epnqecxnx HOBCpXHOCTeﬁ Ipyu yBCIIMYCHUU UX TOpsAAKa, YBCIUYCHUS KOJIMYCCTBA CTeICHEeH CB06OZ[LI 3a
CUCT BBCACHUA HOBCpXHOCTCfI tumna freeform.

IIpumep cunTe3a HenzoOpaxkarmeilt OC ocBeTuTe sl XMPYPrudeckoii KOMHATBI

Paccmorpum Tunuunbiii npumep — cunte3 HOC ocBerutenst xupyprudeckoit komHarsl. [logoOHble 3aa-
Y 4acTO BCTPEUAIOTCS B IPAKTHKE MPOEKTUPOBAHMSA M JOCTAaTOYHO HAINSAHO WIUTIOCTPUPYIOT MPEAaracMblil
Meton. IIpoexTupyemas cucreMa COCTOMT U3 MIEPBHYHON ONTHYECKON CHCTEMBI, TIPEICTABISIONICH COOOH YHIT CO
CBETOAMOJIOM U CBETOBOAOM C 3aJJaHHBIMU ONTHYCCKUMH XaPAKTCPUCTUKAMU, U BTOpPI‘-lHOﬁ OINTHYECKOM CHUCTE-
MBI, KOTOPYIO HEOOXOIUMO CIIPOCKTUPOBATb.

Hcxonuble aHHbIE AT TPOEKTUPOBAHMS OCBETHTEIISI XUPYPTrHUECKOH KOMHAThI IPE/ICTABIEHbI B TA0II. 5.

Buioop npuemnuka. Ha ocHOBe aHamn3a COBPEMEHHOIO PhIHKA CBETOM3IIYyUYalOIIMX JHOJOB BBISBICHO,
YTO HE CYLIECTBYET CBETOHOa co cBeToBOM Temiteparypoii 4900 K u oHOBpeMeHHO ¢ MHJIEKCOM IBETOIIepeia-
un, paBHbiM 95 (comtacuo T3). Ceeroanon, Hanbosiee COOTBETCTBYIOIMI TpeOoBaHusAM T3, NPOU3BOTUTCS B
Smonnn (Nichia NVSL219A-H1), ero mseroBas Temmeparypa pasra 4500 K, uHzmekc nserornepenaun papes 92,
cetoBoit moTok paseH 1000 i (mpu Toke 350 MA u Hampsukenun 3B). Ceerommon uMeer KoH(popMHOE (oc-
(hopHOE MOKpHITHE, OOECIIEUNBAIOIIEe PABHOMEPHYIO IIepeady 1{BETa.

TexXHUYECKUE XapaKTEPHUCTHKH dusnueckas BEIUUnHA OG6O0LIEHHOE 3HAYEHUE
Cuna cBera, K 40000 J=1
OCBEILEHHOCTD, JIK 160,000 E=2
CBeTOBOH NOTOK, JIM 160, 000 D=2
SIpKOCTh, HUT 13 184 000 L=1
IBeToBas Temneparypa, K 3500-5000 R=1
WHexc BOCIPOM3BENEHUS 1IBETa, Y0 95 (MUHUMYM) T=1
[Tonoxenne AJ] Ha nepBoii moBepxHOCTH D=1

Tabnuua 5. TexHnyeckoe 3agaHue Ha OCBETUTENb ANs XMpprVI‘-IeCKOVI KOMHaTbI

Onpeoenenue undexca cnosxcuocmu. Ilo popmyre (4) nomyuqaem R=9. Crucrema cunTaercs CIIOKHOM.

Cocmasnenue gpopmynst cunmesa. Popmyity CUHTE3a MOXKHO IIPEACTABUTH B BUJIE BBIPAKCHUS

Ls+B(IR) + C(PR) +Lr,
rae LS — cBeropnoanslii ucTouHMK; B — 6a30Bbiid 1 C — KOPpEeKUMOHHBIH aneMeHTHl; |R — nosepxunocts [1BO B
COYETaHUU ¢ OTpakarollei; PR — mockast HOBEpXHOCTh B COYETAHUU C OTpaXkarollei; LI —mpueMHuK.

Buioop 3nemenmos. B xauectBe 0a30BOro U KOPPEKIIMOHHOTO IEMEHTOB BbIOpaHk! JinH3a [I1BO u nuH3a
@penens. Beenenue cBeTOCHIBHBIX U IIMPOKOYTOIBHBIX AJIEMEHTOB HE TpeOyeTcs.

MonenupoBaHue pe3ynbTaToB M IMOCIEIYIOmas ONTHMH3alUs CBETOBOTO IOTOKa IPOBOJAMIACH B IIPO-
rpamme Light Tools [10-12]. B mporpamme cyIiecTByeT HabOp CTaHAAPTHBIX MOIYJEH, KOTOpbIE pa3paboT4uK
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HOC momudummpyer s pemenust cBoeit 3amauu. st aroro B [1O mmeroTcs crienuanbHbIe BOZMOXKHOCTH —
HamMcaHne MakpocoB. Pacuernas 3D-momens ocBeTHTeNbHOM cucTembl (uu3a Dpenens u mun3sl [I1BO) mpen-
CTaBJIeHa Ha puc. 3, a.

Br/m’x10° (-1, —1000,2, —1)

(~1,-1000,2, 1)
14 T

l

orNwhrUuoomomoBEREER

(-1, -1000,2, -1)
a §)

Puc. 3. PacueTHas 3D-mMofenb OCBETUTENbHOW cucTeMbl (MuH3a OpeHens u nuHabl MNMBO) (a); pacnpeneneHune
OCBELLEHHOCTM Ancka AMaMeTPOM 2 MM CBETOBbLIM NMOTOKOM, NPOXOASALMM Yepes NuH3y ®pexens (6)

(=1, -1000,2, 1)

B kagecTBe CTaHIAapTHOrO MOMYJIS OBUIM MCHOJIB30BaHbI JIMH3EI Pperens C GoKycHbIM paccTOsTHUEM 1 M.
Hannas nuH3a pasmernaercs Brepean nun3sl IIBO u o6pasyer nmosepxuocts Trna freeform, naxomsuryrocst me-
pen KaxIbIM CBETONMOIOM. Koln4ecTBO CBETONMONOB PACCUMTHIBAETCS MCXOAs M3 obecrieueHHs TpeOOBaHH
TEXHUYECKOTO 3a/1aHus. [10100HasT KOHCTPYKIIMS MO3BOJISIET CIEIaTh OCBEICHUE OT KO0 CBETOAMOIA PaB-
HOMEpPHBIM U H30exaTh HakjIoHa BTopudHOoi OC.

Ha puc. 3, a, moka3aHo B3aMMHOE pPacIOI0KEHUE JIEMEHTOB OIHOTO KyIOJIa OCBETUTENS ISl XUpyprude-
ckoit komHatel |LED3. Beero mpemycmarpuBaercst Tpu Kynoiia, Kaxaelid Kymnoi conepxut 10 ceeronuonos. Ta-
KHM 00pa3oM, Bce TpH Kyrnoia coctosT n3 30 CBETOANOOB.

Pacmipenienienue 0CBEIIEHHOCTH AJIS IMCKA AUAMETPOM 2 MM, PACIOIOKEHHOTO Ha paccToSHUH 1 M OT ma-
paJuteNbHOTO Iydka Jydel mMomrHocThio 1 BT, mpoxoasmux depes smH3y PpeHens, Moka3aHo Ha puc. 3, 6, u
MOATBEPKIACT COOTBETCTBHE pacyeTa TpeOoBaHUAM T3 Ha MPOEKTHUPOBAHNE OCBETUTENS XUPYPIHIECKOH KOMHA-
o1 [10, 15, 16]. KoHueHTpammsi CBETOBOM SHEPTUH, KOTOPask MOKET HCIIOIB30BATHCS JUIS Pean3allii MPOEKTa,
cocrasisier 92,3% [4]. IToaydyeHa DOCTAaTOYHO KOMITAKTHAS KOHCTPYKIMS. BBIUIPHINIHBIM PEIICHHEM SBHIOCH
coBMeleHne GpyHKUUH TrH3bI DpeHernst U 3alMTHOrO WiTIoMUHaTopa [17].

3akjroueHnne

B pabore uccienoBanbl 00mye 3aKOHOMEPHOCTH POSKTUPOBAHMS HEM300paKAIONINX U M300paskaromIix
ontryeckux cucreM. [IponsBeneHa knaccupukanust CHCTEM, JJIEMEHTOB, a TAKXKE TEXHHYECKHX U 000OIIEHHBIX
XapaKTEePUCTUK M300pakalonX ONTHYECKUX CHCTEM M HEN300pakaloIMX ONTHYECKUX CHCTEM, (hopMann3oBa-
HBl MEXaHU3MBI TOMCKA UCXOJHOM ONTHYECKONW CXEMBI ITOCPEACTBOM CTPYKTYPHOTO U IapaMeTPHYECKOTO CHHTE-
3a Hen300paxarolleld ONTHYSCKOW CHCTEMbI. BBIABIICHBI OCHOBHBIC 3JIEMEHTHI, BXOJSIINE B COCTaB HeM300pa-
JKAIOIINX CHCTEM, U MPOBEICHA UX KiIaccu(uKanus no GyHKIHOHAIFHOMY Ha3HAYSHHIO: 0a30BbIe, KOPPEKLHOH-
HBIE, IIMPOKOYTOJIbHBIE U CBETOCHIbHBIC. ONpeeNie bl IpaBuia, 110 KOTOPBIM 3TH 3JIEMEHTHl MOTYT (opMupo-
BaThCA, M MX COCTaB. MOBEPXHOCTH OTpakalolye, MpesoMisiomue, chepuieckue U Hecheprudeckue, OJHOTO
BHYTPEHHETO OTPaKCHHSA. 3aJI0)KEHbI OCHOBBI TEOPHH KOMIIO3HUIMHM HEM300PaKAIOLIMX ONTHYECKHX CHUCTEM.
[IpoBenena ampobaiyss METOIUKH Ha MPHMEpPE pacueTa OCBETUTENs JUIS XUPYpruueckoi koMHathl. [loydeHa
3D-Monenb OCBETUTENBHON ONTHYECKOW CHCTEMbI XHPYPrHY€CKOW KOMHAThI, COCTOSIIAs U3 TPeX UISHTUYHBIX
KYIIOJIOB OCBETHTEJIsl. PacyeThl BHINOIHEHBI C IPUMEHEHHEM U3JIOKEHHOH B paboTe METOIMKH, T.€. I0Ka3aHa ee
MIPUMEHUMOCTh Ha NpakTHKe. DHeprerrdeckas 3((eKTHBHOCTh CHPOEKTHPOBAHHOW OCBETHTEIIBHON CHCTEMBI
cocraBuia 92,3%. Pesynbrarel paboThl MOTYT HalTH NMPUMEHEHHE MPU pa3pabdoTKe Hen300pakarolnuX CHCTEM
pa3MYHOrO Ha3HAYCHWs!, HAIPUMEpP, OCBETHTENCH, KOHIIEHTPAaTOPOB | JIp., U MOTYT 00€eCIeunTh UMIIOPTO3aMe-
LICHHE aHAJOTHMYHBIX 3apyOeKHBIX YCTPOUCTB. Pe3ynbrarel paboThl MOI'YT OBITH IOJIE3HBI HHXKEHEpaM, CIeLya-
JM3UPYIOIUMCS B cpepe pa3paboTKu i (MITH) SKCIUTyaTallil HEH300PaKAIOIINX OIMTHYCCKUX CHCTEM.
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