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(57) U300peTenne OTHOCHTCA K CHCTEME, T€HEPHMPYHOWIEH a’po3onib, KoTopas comepxkur msuemue (1),

TeHEepHPYIOIIee a’po30Jib, coleprkamiee 3HaK (4), paclooKEeHHBI Ha €ro BHEIIHEH MMOBEpXHOCTH, H
YCTPOUCTBO (2), TeHEpUPYIOIIEe ad3P030I1b, BHITOJHEHHOE C BOSMOKHOCTHIO IPUMEHEHHUS C YKa3aHHBIM
u3zenueM. YCTpOUCTBO (2), TeHepupyIolliee adpo30iib, COAECPIKUT MONOCTh (2a), HarpeBaTeNb U CUCTEMY
ontudeckoro cuuteBareis. [lomocts (2a) mMeeT OTBepCTHE, BHITOIHEHHOE C BO3MOKHOCTBIO JTOCTYTIA
Ha BHEUIHEH YaCTH KOpITyca, W BHINOJHEHAa C BO3MOXKHOCTBIO BMEIIeHHs pacxomHoro wmamenws (1),
cojiepkaniero 3Hak (4), pacrHoNIOKCHHBIM Ha ykaszaHHOM w3fenuu (1), mpu ero BcrtaBke. Cuctema
ONITUYECKOTO CYUTHIBATENS COACPKUT MO MEHbIIEH Mepe onuH BomHOBOA (10), comeprkamuii BBOOHYIO
moBepxHOCTh (12) u BEIBOAHYIO moBepXxHOCTH (14), m merextop (30). BomroBox (10) BBIMONHEH C
BO3MO)KHOCTBIO OCBCIICHUS YKAa3aHHOTO 3Haka (4) B yka3aHHOW moioctu (2a) cBeToBBIM jyuom (400)
u mepemaun ceeroBoro Jyda (100), mpemocraBisieMoro ykazaHHBIM 3HaKoM (4), B gerektop (30)
YKa3aHHOH CHCTEMBI ONITHYECKOTO cunThIBaTens. Hactosimee n3o0pereHne TakKe OTHOCUTCS K CIIOCO0Y
ayTeHTU(UKaUK pacxoxHoro uznenus (1).
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CHCTEMA, TEHEPHPYIOIIASI ADPO30JIb, U YCTPOIHCTBO, HMEIOIIEE
KOMIIOHOBKY BOJTHOBO/IOB 1151 AYTEHTH®UKAIIMA U3EJIUI,
TEHEPHUPYIOIIAX ADPO30.1b

Q0nacTh TEXHUKU, K KOTOPOU OTHOCUTCS n300peTeHe

Hacrosimmee wu3o0pereHne OTHOCHTCST K OOJNACTH MPOAYKTOB, T'€HEPUPYIOLIMX
a’po3osb. B uacTHOCTHM, Hacrosiiiee H300peTeHHE OTHOCHTCS K CHCTEME, Te€HEepHpYIoLei
a’dpo30Jib, KOTOpasi CONEP)KHUT YCTPOMCTBA C JJIEKTPUYECKUM THTAHHUEM, BBIMIOJIHEHHbIE C
BO3MOKHOCTBIO T€HEPHPOBAHUS a3PO30Jisi M3 TBEPAOTO W/WIIN JKUAKOTO cydcTparta, CocoOHOro
00pa30BBIBATH A3PO030Jib, KOTOPBIM BBIMOJHEH C BO3MOXHOCTBIO BCTABKM B YKa3aHHbBIE
YCTPOICTBA, OCOOEHHO K 3JEKTPHUYECKH HArPeBaeMOM CHCTEME JKHIKOCTH ISl 3JIEKTPOHHBIX
CUTapeT UJIM JIEKTPUYECKU HArPEBAEMON CUCTEME, TEHEPUPYIOLIENH a3p030Jib.

IIpennoChIKY CO3TaHMS I/1306D6T6HI/I$I

B mocnegHue romabl mpuoOpenu MOMYJSIPHOCTh 3JIEKTPOHHBIE CUTApEThl HA OCHOBE
PacCXOIHBIX U3JENHI, TEeHEPUPYIOLINX a3p030Jib. CyIecTBYeT B OCHOBHOM /1B THUIIA: UCTIAPUTEIH
YKUJIKOCTHU U YCTPOKNCTBA IJTsI BABIXAHHS HAarpeToro Tadaka. Y cTpolcTBa s BABIXaHUSI HATPETOTO
Tabaka Ha3bIBAIOTCS CUCTeMamu «HarpeBa Oe3 ropenus» (HNB). Onu obecreumBaroT Oosee
AyTEHTUYHBIN BKYC Tabaka Mo CPABHEHHUIO C DJICKTPOHHBIMU CHUTApPETaMH, KOTOPbIE JOCTABIISIOT
BIBIXaE€MbIM a3pO30Jib NPU HArpeBaHUM [03bl JKUIAKOCTH, COIEprKalleld BeIlecTBa AJIs
o0Opa3oBaHMsI a’pO30JIsl, apOMAaTH3aTOPbl U 4acTo HUKOTHH. IlpuHimm padoter cucrem HNB
3aKJIIOYAeTCs B HArpeBaHMM IO CYLIECTBY TBepAOro TabaKoCOAep Kallero MaTepuana,
COZIePIKaLIero BEIECTBO, 00pa3yrolee a3po30Jib (Takoe Kak TITULEPUH H/WITH MPOTHIICHIJIUKOIb),
KoTOpoe ucnapsiercst npu HarpeBaruu 10 200—400 °C, 4yTo HIKE OOBIYHBIX TEMIIEPATYP TOPEHHSI
TPAIULIMOHHOW CHTapeThl, U 00pa3yeT map, KOTOPbI U3BJIEKAET HUKOTHH U BKYCOApOMaTHYECKHE
KOMIIOHEHThI M3 TabakocOoAepIKallero MaTrepuaja. . YCTPOWCTBO MJisi BABIXaHUS OOBIYHO
NPECTaB/IsieT COOOM yIep:KUBAEMOe B pPyKE HarpeBaTesIbHOE YCTPOWCTBO, BBIMOJIHEHHOE C
BO3MOKHOCTBEO BMEIIEHUST PACXOIHBIX U3JIEJIHI, B YACTHOCTH CTEPKHEOOPA3HBIX H3EIUH.

HesakoHHast TOPTOBIISL H3AETUSMH, TEHEPUPYIOIIIMHE a3P030Jib, OYb TO CTAHIAPTHBIE
CUTapeThl, JKUAKOCTH AJII 3JIEKTPOHHBIX curaper wuiu m3penusi HNB, sBisercs mpobnemoi,
TIOCKOJIbKY TONENbHBIE U3MIEJUsS, B YACTHOCTH, MOTYT OBITh HH3KOrO KauecTBa WJIM B ClIydae
JKUJKOCTEHN ISl BJIEKTPOHHBIX CUTapeT WIH pacxoaHbIX n3aenuiit HNB moryT He noaxoauTs s
OTIpEeNeNICHHOW CHUCTEeMbI KypeHHUs. UTOObI OMpenenuTh, SIBJISACTCS JIU PACXOTHOE H3JEIHE,
TeHePHUPYIOIIee a3P030Jib, MOAJTUHHBIM, Ha BHEIIHEH IOBEPXHOCTH H3AENIUS MOXKET ObITh HAHECEH
KOA WM 3KBHUBAJIEHTHAas MapKUpPOBKa, cojaepskaiias uHpopmauuio 00 HU3enuu, IJsl ero

O6H&py>KeHI/IH IIpU UCIOJIb30OBAHWHU WUJIHU MEPEA UCTIOJIBb30BAHUEM C OIIPEACIICHHBIM yCTpOﬁCTBOM.
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DTO MO3BOJISIET NPOBEPUTHh MOMJIMHHOCTD PACXOAHOIO M3JENUs U B Cllydae OTPHULATENBbHOIO
pe3ynbTaTa HPOBEPKH OTKIIOYHMTh CHUCTEMY HAarpeBa, C KOTOPOHl OH wucrosb3yercs. UToObl
o0ecreYnTh TOUYHYIO ayTeHTU(PHUKALMIO KOJIa HA PACXOIHOM M3JeINHU, TakoM kak u3nenne HNB,
BEPOSITHOCTh PACMO3HABAHUS JIOJDKHA ObITh O4YeHb BBICOKOW, YTOOBI MOAXOAAIINE H3AETHS He
Obutn  OTKJIOHEHBl. OIHAKO CYIIECTBYIOIIME 3HAKM OrPAHUYEHBbl HHU3KOW IUIOTHOCTBIO
nH(pOpMALNH, KOTOPAsk MOKET CONEPIKATHCS B HUX, U OOJNBIINHCTBO U3BECTHBIX 3HAKOB OCHOBAHBI
Ha KJIACCUYECKUX KOJIaX, TAKUX KaK OJJHOMEPHbBIE WU JBYMEPHbBIE IITPUX-KObI, KOTOPbIE MOKHO
JIETKO CKOMUPOBATh 0€3 UCIOJIb30BAHMS CIELUANBHBIX ONTHYECKUX WHCTPYMEHTOB, HANPHUMED,
MIPOCTO BU3YAIU3UPYsI KOA YEJIOBEUECKUM IJIa30M.

B npeniecTByroieM ypoBHE TEXHUKH YK€ ObUTH TPEASIOKEHBI PA3JIMYHBIE TIOMBITKH
MPENOCTABICHUS U3JENIUN, TeHEPUPYIOIIHUX a3PO30Jib, KOTOPHIE€ BBIIOJHEHBI C BO3MOKHOCTBIO
ayrentudukanun. Hanpumep, B nokymente US20190008206A1 packpbITO KypUTENbHOE
u3flenue, CoIepiKalllee Ha  BHEHIHEH [OBEPXHOCTH  KYPUTEIBHOIO  U3A€NUs  3HAK,
NPEACTABJSIIOIUI THIT KyPUTEJIbHOTO H3JENUs, KOTOPBIH MOXKET MMeTh (POpMy PHUCYHKa WIIH
OJTHOMEPHOTO/IBYMEPHOT0 MITPUX-KOMA. 3HAK CONEPKUT PA3IMUHbIE YPOBHH CEPOro, KOTOpbIE
MOTYT OBITh CO3JJaHBI IyTEM IeYaTH TOYKAMH MEHbIIEro pasMepa. Takoil 3HaK SIBISIETCS JIETKO
OOHapy>KMBAa€MbIM M BOCIIPOU3BOAMMBIM M MOXKET COIEpKaTh JIUIIb HEOOJBIIYIO IUIOTHOCTD
uHpOpMaLMK WM JOJDKEH HMETh HerpHemieMo Oonbwioi pasmep. M3-3a HexBaTku MecTta
cucrema, onucaHHas B gokymeHnte US20190008206A1, orpaHuueHa NpoOCTbIMH ONTHYECKUMU
CUNTBIBATENIIMH, UMEIOIIUMH JETeKTOp BOMM3M 3Haka. Takke ONTHUECKHI CUMTBHIBATENb IO
nokymenty US20190008206A1 He MoOKeT OBITh MCIIOJNB30BaH BOJNM3M HArpeBaTesisl yCTPONUCTBA
U3-32 BO3MOXKHOTO IIOBPEXKIEHUs IETEKTOpa CUYUTHIBATENs], YTO OIPaHUYMBAET MeCTa Ha
KYPHUTEJIbHOM U3/EJIUU IS pa3MELIEeHMs 3HaKa.

B nmoxymente US20160302488A1 omucaHO KypUTENbHOE H3JEIHE, KOTOpOe
COIEP KHUT 3HAK HA BHEINHEH MOBEPXHOCTH KYPUTENBHOTO HM3JEHs. 3HAK MOXET ObITh B BUJE
OJTHOMEPHBIX/ABYMEPHBIX LITPUX-KOAOB. Kon COZEPIKUT UICHTHQHLIUPYEMY IO
CHEKTPOCKONIMYECKYK)  CUTHATYpy CJIOsI 3HaKa, KOTOPBII HAHOCHUTCA  PaCHbUICHHEM.
CrnexkTpockonuyeckass CHUTHaTypa OOHApy’KMBA€TCsl ONTHYECKHUM CUHTBHIBATEIEM, KOTOPBIH
NpencTaBisieT CcoOOW MPOCTOH ONTHYECKHWH CUYUTHIBATE]Ib, PACIOJIOKEHHBII B  OYEHb
OrpaHUYEHHOM IMPOCTPAHCTBE U OJM3KO K MOJIOCTH KYPUTEIBHOTO yCTpoiicTBa. M3-3a HEXBaTKH
MeCTa MOXXHO HCIOJb30BATh TOJBKO IPOCTbIE ONTHYECKHE (HIBTPBI, TO3TOMY CHCTEMA,
orucanHas B nokymente US 20160302488 Al, orpanudeHa oOHApY>KEHHEM TOJIbKO MPOCTHIX
CIEKTPOB WJIXA LIBETOB WJIM OTPAaHUYEHA UCTIOJIBb30BAHUEM OHOTO MJIM HECKOJIBKUX Y3KOIMOJIOCHBIX
¢unsTpoB. [losToMy ciekTpasibHbIe 3)PEKThI, MPETOCTaBIIEMbIE CHCTEMOH COTIIACHO JOKYMEHTY

US 20160302488 A1, nerko konupoBaTh UM BOCIIPOU3BOAUTS.



B nmoxymente WO 2019129378A1 omucaHo pacxogHOE H3MENNE, TeHEPUpPYIollee
a3po30JIb, U1 YCTPOHCTBA 1T BABIXaHUS, KOTOPOE CONEPKUT 3HAK, COAEPIKALINHA HH(POPMALIHIO
0 PaCXOAHOM M3JeNuu. JTa UHPOPMALHS CUUTHIBAETCS ONTUYECKUM CUUTBIBATENEM, KOTOPBIH 11O
NPUYMHE HEXBATKU MeCTa NMPEACTaBisieT coOOM MPOCTYIO AETEKTOpHYIO cuctemy. Kpome Toro,
ycTpoiicTBo B okyMeHTe WO 2019129378 A1 oTHOCHUTCS K CUCTEMaM, B KOTOPBIX HarpeBaTelb
BBINOJHEH HA LEHTPAJIbHON OCH MOJIOCTH JJIs1 BBEACHUS PACXOAHOIO u3Aenus. Takike ONHUCaHo
YCTPOMCTBO Uil BABIXaHHUS, COAEpIKalllee CHCTEMY OINTHYECKOrO CUMTHIBATENs, KOTOpas
CUMTHIBAET 3HAKU HA PACXOJHOM H3ENUH. 3HAKH UMEIOT (POPMY MPOCTOrO OJTHOMEPHOTO WJIH
ABYMEPHOTO MITPUX-KOJA. JTa CHCTeMa He MOAXOAUT ISl HarpeBaTesiel, pacroJIOKeHHBbIX Ha
CTeHKE WJIM B CTEHKE IOJIOCTH, TaK KaK ONTHYECKHE AETEKTOPbl MOTYT MOBpEXAATbCS IpU
BBICOKHX TeMIepaTypax. Takxke n3-3a KOHPUrypaunuu ycrpoiicrsa B gokymenre WO 2019129378
Al 3HaK MOXeET IPEACTABIATb COOOH TOJNBKO MPOCTON KOJI, KOTOPBIA MOYKHO JIETKO CKOITUPOBATb,
TaK KaK OH sIBJII€TCS] BUAUMbIM HEBOOPY KEHHBIM U€JIOBEUECKUM IJIa30M.

Takum o0Opa3oM, cCymecTByeT NOTPEOHOCTh B YCOBEPIIEHCTBOBAHHOM METOIE,
MO3BOJIIIOIIEM ayTEHTH(PULUHMPOBATh W3JENUs, T€HEPUPYIOLINE ad3pO30Jib, TAKHE KaK H3EIHs
HNB, m3nenus ans nmapeHus U KypeHus. B yacTHocTH, ayTeHTU(HUKALMS HA OCHOBE KOAOB WU
3HAKOB, COJEpKAIlUX Tropa3no Oojiee BBICOKYIO IUIOTHOCTh HH(pOpPMALUH, SBISIETCS
NPEATOYTUTENbHON ISl yJYYIIEHUs] KauecTBa AyTeHTU(PHUKAIMU M 3aTPYAHEHUS TOANENKU
m3nenuil. Taxke JMONMOJHUTENBHO JKENATeNbHO, YTOOBI MO MEHbINEH Mepe AETEKTOpHas 4acThb
ONTHYECKUX CYHTHIBATENeH MOAJAEpXKHBajach Npu Temneparype Huwke 50 °C, oOblHO mpu
KOMHaTHOH Temmneparype. CHCTeMbl MpPENIIEeCTBYIOWEr0 YPOBHA TEXHUKU OTPAHUYEHBI
IPOCTBIMU  KOJAMH, IIOCKOJIBKY MOTYT MCHOJIb30BaTbCsl TOJBKO TNPOCTbIE ONTHYECKHE
CUUTBIBATEJH, U TPEOYIOT 3HAKA, KOTOPBI HE MOYKET HAXOIUTHCS B HETIOCPEACTBEHHOW OJIM30CTH
OT HarpeBaTelist KypUTEJIbHOTO YCTPOICTBA.

CyIIHOCTb U300peTeHuUs

ABTOpPBI HACTOSIIIETO U300PETEHUS HALUIM PEUIeHUs] OOCYKIEHHBIX BbIIIE TPoOIeM
NyTEM MPEIOCTABJICHUSI CHCTEMbI, TeHEPUPYIOIEH a3po30ib, KOTOpas CONEPIKHUT YCTPOKHCTBO,
TeHepUpYIOIIee a3p030JIb, COAEPIKALIee YIYUIIEHHYIO KOMIIOHOBKY ONTHYECKOTO CYUTHIBATENS B
O4YeHb OTPAHUYEHHOM IMPOCTPAHCTBE, HMEIOLIEMCS B TAaKOM YCTPOHCTBE, T'€HEPUPYIOLIEM
asposzonb. Kpome Toro, B BapuaHTaX OCYIIECTBJICHUS HACTOALIEe H300pPETEHHE MO3BOJSET
NPEAOCTABUTh 3HAKH, KOTOPbIE MOTYT OBITh PACIOJIOXKEHBI BOJU3M HArpeBaTelisl KypUTEIbHOTO
yCTpoOiCcTBa. YCTPOHCTBO COIJIACHO HACTOSIIEMY H300PETEHHIO JOTMOJHHUTEBHO TIO3BOJISIET
NPEAOCTaBUTh peIleHue i OOHapyKeHHs M UACHTU(PHUKAIMM COAEpKaIlelcss B 3HAKe
uHpopMaLmy, KOTOpass MOXKET CconepkaTb HH(OPMALUIO, 3aKOIUPOBAHHYIO C BBICOKOH

IJIOTHOCTBIO, 1 HC MOXKET OBITH CUHTaHA NpOCTbIM ONTUYCCKHUM CHHUTBIBATCIICM, KOTOprﬁ HE
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MOXeET OBIThb TOMELIeH BONM3M WM B KOHTAKTE€ C IOJOCTBIO KYPUTEIBHOTO YCTPOHCTBA,
BBINIOJIHEHHOM C BO3MOXXHOCTBI) BMELEHUS U3AENIHs], COAEPKALLErO TAKOU 3HAK.

Takum oOpa3om, Hacrosiiee M300pETEHHE OTHOCUTCS K CHUCTEME, MeHepUpYroIei
a’po30Jb, KOTOpas oOmpenejeHa B He3aBUCMMOM I 1 ¢opmynsl uzobperenus. Cucrema,
TeHEepHPYIOIasi a’p030Jib, SBIBIIOLIASACS TNPEIMETOM HACTOSINEr0 H300pEeTeHHs, CONEPIKHUT
U3ieNnne, TeHepUpYyoLIee aspo30Jib, TAKKE HAa3bIBAEMOE B AAJbHEHIIEM PACXOAHBIM U3JEIHEM,
KOTOpO€ MPOXOAMUT BAOJb IMPOAOJBHOM OCH M CONEPKUT NO MEHbLIEH Mepe OIWH 3HaK,
comepokauii HGOpMaLUIO 00 3TOM U3JIEINUU U PACTIOIOKEHHBIH Ha ero nmopepxHoctu. Crucrema,
TeHEPUPYIOLIAsl a3p030Jib, AOMOIHUTENBHO COAEPKUT YCTPONCTBO, ME€HEPHUPYIOLIEE ad3pO30Jib,
KOTOPO€ COAEPKUT PACHOJOKEHHYIO BO BHELIHEN YaCTH KOPIyCa CEKLMIO UCTOYHUKA NMUTAHMUS,
MOJIOCTh, HATPEBATENb, CUCTEMY ONTHUYECKOIO CUUTHIBATENS U COAEPKUT 10 MEHBLIEN Mepe OUH
ONTHUYECKUIN NETEKTOp, a TakKe OJIOK YIPaBICHMs, BBIIOJIHEHHBIH C BO3MOXKHOCTBIO TOAAYH
KOMaHJl MO MEHbIIEH Mepe HarpeBaTeNl0 M CHCTEME ONTHYECKOro cuuthbiBaTens. Ilomocts
COZEPKUT OTBEPCTHE, BBINOJHEHHOE C BO3MOXHOCTBIK) JOCTYIIa BO BHELIHEH 4acTU KOPIyca U
BBINIOJIHEHHOE C BO3MOJKHOCTBIO BMELICHHUS] PACXOAHOTO H3J€Nus, KOTOPOE€ CONEPKUT 3HAK,
PacHoJIOXKEHHBIM HA MOBEPXHOCTH YKAa3aHHOTO U3JENHs], NPU BCTAaBKE YKA3aHHOIO U3JENUs, U
HarpeBaTelib BBITOIHEH C BO3MOXKHOCTBIO HATPEBAHUS YKA3aHHOIO PACXOAHOIO U3AEIIHUSL.

CornacHo HacTosIIEMy H300PETEHHIO CUCTEMA ONTHYECKOTO CUUTHIBATENSI COAEPIKHUT
[0 MEHBbUIEH Mepe OAWUH BOJHOBOA, COAEPIKALIUN BBOAHYIO IIOBEPXHOCTb W BBIBOJHYIO
MOBEPXHOCTh. Y CTPONCTBO, M'€HEPHUPYIOLLEE a3PO30JIb, BHIITIOJIHEHO C BO3MOXXHOCTBIO OCBEILEHUS
YKa3aHHOIO 3HaKa Ha U3EJIMU, TEHEPUPYIOILEM a3p030Jib, OCBELIAIOLIUM CBETOBBIM JIyUOM TaK,
YTO 3HAaK B3aUMOJAEHCTBYET C MNAJAIOIIMM CBETOM U OTpakaeT MO MEHbIIEH Mepe 4YacTb
OCBEIIAIOIIEr0 CBETA HA YKAa3aHHYIO BBOJHYIO IOBEPXHOCTb M IMyTEM HAIIPABJIEHUS BBOJMMOIO
CBeTa MepeaeT HAMPABISHHBIN CBET K BBIBOAHOM MOBEPXHOCTH, MPUCIIOCOOIEHHON AJIsi BHIBOAA
CBETOBOTO JIy4a B YKa3aHHBIN 10 MEHbIIEH Mepe OANH ACTEKTOp. bliok ynpaBieHus BBIIIOIHEH C
BO3MOKHOCTBIO TOJIA4YM CHCTEME ONTHYECKOrO CYHUTHIBATENS] KOMAaHIbl Ha ayTEHTU(PHKALHIO
YKa3aHHOTO PAaCXOAHOTO M3AENUsl HA OCHOBAaHUHM MH()OPMALUH, COMAEpIKaIleicsl B OTPAKEHHOM
CBETOBOM JIy4Ye.

B BapmaHTax OCyIIECTBJICHHS HAa BBOIHOW MOBEPXHOCTH BOJIHOBOAA MOXKET OBITH
pacrnosoXeHa BBOAHAsSI CTPYKTypa. AHAJIOIMYHO HA BBIBOJHON MOBEPXHOCTH BOJHOBOJA MOXKET
OBITH JOTIOJIHUTEIBHO PACTIONOKEHA BBIBOIHAS CTPYKTYpa.

B Takux ciydasx mo MeHbIIeH Mepe HacTh YKAa3aHHOH BBOIHOW CTPYKTYPBI H/HIIH
BBIBOIHOI CTPYKTYpPBI MOXKET ObITh BbIOpaHa W3: MU(PAaKIMOHHON CTPYKTYPHI, TUIOCKOW WIIH
KPUBOJIMHENHON KJIMHOBUIHOW 4aCTH BOJIHOBOJAA, MaCCMBA MUKPOMNPHU3M, TOJIOTPAMMHOIO CJI0s,

MCTAIIOBEPXHOCTH, SJICKTPOCTATUYICCKOT'O aapecyemoro MUKPO3€pKajIa NI MacCuBa



MHKPO3aTBOPOB, JIMH3bI, 3€pkaja. B MpennouTUTENbHbIX BapUaHTaxX OCYLIECTBIEHUS MAJis
BBOJIHBIX U BBIBOJIHBIX KOMITOHEHTOB HCIIOJIb3YIOTCS AU(PPAKLIUOHHBIE CTPYKTYPBI, TAK KaK OHU
MOTYT OBbITh BCTPOEHBI Ha YaCTh MOBEPXHOCTH BOJHOBOJA B XOJ€ OAHOTO M TOTO K€ IpoLecca
W3rOTOBJIEHUs BOJHOBOMA. Jlu(pakiimOHHBIE BBOJAHBIE U BBIBOJIHbIE KOMIIOHEHTBHI MOTYT OBIThH
paccuMTaHbl HA BBOJ CBETA B BOJIHOBOJ WM BBIBOJ| CBETA U3 BOJHOBOAA C OTHOCUTEJILHO HU3KUM
K03 PULHUEHTOM MOJEe3HOro aewcTeus, T. €. He Oonee 60 % wnm He Oomee 80 %. Bonee
NPEANOYTUTENIbHO TU(PPAKLIMOHHbIE BBOJHBIC MJIM BbIBOAHBIE KOMIIOHEHTHI PACCUMTAHBI Ha
HAJIMUME Y HUX TaKOW onTu4eckoil GpyHkiuu, kak QyHKUIUs (OKYCHPOBKH, IJIsi TOTO, YTOOBI
n300paKeHne MOXKHO OBLIO TMONYyYUTh B OTCYTCTBHE JHMH3. Kpome Toro, mudpakuuoHHbIE
BBOJIHbIE KOMITOHEHTBI MOTYT BBOJUTh CBET B BOJHOBOJ TakK, UYTO LEHTPAJIbHAs ONTHYECKAasl OCh
BBOJIIUMOTO CBETOBOTO Jiydya OO0pasyeT yroJ OTHOCHTEJIbHO HANpaBJIeHHs HOPMAIH K
1 pakIHOHHOMY BBOJHOMY KOMITOHEHTY. B BapuaHTax CBET MOXKET BBOAUTHCS B COOTBETCTBUU
C pa3HbIMHU MOPsIIKAMHU TUPPAKINY, T. €. ¢ opsiakaMu audpaxkuun +1 i —1, wim +2 nmm —2. B
JOTOJHUTENBHBIX BapHaHTaX OOUH AU(PAKIUOHHBIA BBOAHONH KOMIIOHEHT MOXET HAIPaBISThH
CBET B BOJIHOBOJ TaK, YTO OH PAacHpOCTPAHSETCS B COOTBETCTBHUU C ABYMsI IPOTUBOIOJIOKHO
HamnpaBJIE€HHBIMU JIydaMH, KaXKIblil U3 KOTOPBIX BBIBOJUTCS ABYMsI OTAENbHBIMH BbIBOJHBIMU
KOMIIOHEHTaMH. JTO MOXKHO HCIOJb30BaTh sl HMIASHTHU(QUKALWMU 3HAKOB, KOTOpBIE
NPEAOCTABISAIOT WHGOPMALMIO B COOTBETCTBHM C IPOTHBOMNOJIOXHBIMH HAlpaBJICHUSIMU
NOJIIPU3ALUH, Y TOTAA KaXIbIN U3 MOJSPU30BAHHBIX ONTUYECKUX JIydell MOXKET BbIBOAUTHCS IO
MeHbLIeH Mepe NBYMs IU(PPAKLIMOHHBIMH BBIBOJHBIMU 3JIEMEHTAMH M OOHApY>KMBAThCS IO
MEHbIIIEH Mepe JIBYMs OTAEIbHbIMU JETEKTOPaMH, 3a CYET 4ero o0ecreunBaeTcsi KpaiiHe
HaJe’KHast ayTeHTU(PHUKALHSL.

JIONIOJITHUTENIBHO TaKHe BBOJAHASI CTPYKTYpa W/WJIH BBIBOJHASI CTPYKTYpPa MOTYT OBITh
BBITTOJIHEHBI C BO3MOKHOCTBEO (POKYCHPOBKH H/MITH OTKJIOHEHHUSI CBETOBOTO JIy4a, MaJar0Iero Ha
yKa3aHHbIE BBOAHYIO CTPYKTYPY W/WJIHM BBIBOAHYIO CTPYKTYpPY, B O MEHbIIEH Mepe OXHOHN
wiockoctH (X-Y, X-Z, Y-Z).

B BapuaHTe OCyLIeCTBIIEHHsI YyKa3aHHAs BBOJHAs CTPYKTypa W/MIM YKa3aHHAsS
BBIBO/IHASI CTPYKTYpPa MPEACTABISIOT COO0M aXxpOMaTHUYECKYIO CTPYKTYPY, KOTOpasi odbecrneunBaeT
COOTBETCTBEHHO OJMHAKOBBIE KO3((HIIMEHT MOJe3HOro AEWCTBUS BBOJA M BBIBOJAA W/WJIH
(OKYCHPOBKY B CIIEKTPAIIbHOH MOJI0Ce IO MeHbIneH Mepe S0 HM, MPeanoYTUTETIHHO IO MEHBIIIeH
mepe 100 M, Oosee MpennoYTHTENHHO O MeHbLIeH Mepe 200 HM.

B HEKOTOpBIX BapHaHTaX OCYLIECTBICHUS YKa3aHHAas BBOIHAs CTPYKTypa W/WIH
yKa3aHHasl BBIBOJHASI CTPYKTYpa UMEIOT (POKYCHYIO JJTMHY, PABHYIO FUIM MPEBBILIAIOIIYIO JIHHY
L Bonnosoma. IlpeanmoururensHo pamuHa L BonmHOBOma cocrtasisier MeHee 100 M,

NPEANnoYTUTENbHO MeHee 60 MM, emie Oonee mnpexnmouturenbHo MeHee 30 HM. TommuHa
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BOJHOBOZIa cocTaBisier MeHee S500 MkM, npeamourutenbHo MeHee 100 MM, eme Oonee
MpeAnoYTUTENbHO MeHee 50 MxkM unu meHee 20 MkM. B BapuaHTax OCyIECTBJICHHs YKa3aHHas
BBOJIHAsI CTPYKTYpPa W/WJIM YKa3aHHAas BBIBOJHAS CTPYKTYPa UMEIOT (POKYCHYIO JUIMHY, MEHBINYIO,
yeM jumHa L BonHOBOZa. B 5TOM ciydae B MpPEeUMyLIECTBEHHbBIX BapUAHTAX OCYLIECTBJICHHUS
MIPENOCTABIISIOTCS BOJIHOBOABI, KOTOPBIE UMEIOT MOTJIOIIAIOIINE UIIA PACCEUBAIOLIUE CTEHKH TaK,
YTO HA TOHKUX CTEHKaX BOJHOBOJA BO3HUKAET IOJHOE BHYTPEHHEE OTPAXEHUE, U 3TO IOJIHOE
BHYTPEHHEe OTPaKEHHUE BO3HUKAET TOJbKO Ha CTEHKAX, MMEIOLIUX CAaMyI0 OOJBIIYIO MIHPUHY. B
BapHaHTaX OCYILIECTBJIEHHs TOJIIIMHA BOJHOBOAOB COCTaBiisieT MeHee 1/10, mpeamodYTHTENTHbHO
menee 1/50, mupuHbI BOJHOBOAOB, H3MEPEHHON NMEPIEHANKYIAPHO UX JynHe L.

B BapmaHTax OCYLIECTBJEHHsS BOJIHOBOABI HMEIOT MNapadOoHuecKuil mpoduib
TOKa3aTeNsl MpeJIOMJIeHH s, YTOObI N300paKeHuss MOKHO ObUTO mepenaBaTh Oosiee 3¢h(HEeKTHBHO
W C MEHBIIUM HCKOKEHHEM U300payKeHMS.

B BapuaHTax OCyILIECTBICHUS BOJIHOBOABI MOTYT UMETh Y -00pa3Hyio (GOpMy U UMETh
OJTHY BBOZIHYIO BETBb H T10 MEHBIIEH Mepe J1BE BLIBOJHBIE BETBH. JTO 00ECIIeunBaeT OOHAPYKEHHE
CJIO’KHOW MH(pOpMAIH, TaKOH Kak nHpopMaLys, obecredrnBaemMasi OT 3HaKa JABYMs [TO-Pa3HOMY
MOJIIPU30BAHHBIMY CBETOBBIMHU JTyYaAMH.

B BapmaHTax OCyLIeCTBJIEHHsS BBOAHBIE W/WIIM BBIBOAHBIE KOMIIOHEHTHI MOTYT OBITH
BBITTOJIHEHBI C BO3MOXKHOCTBIO OOECIEUYEeHUs] TakoW ONTHYeCKOH (YHKLMH, KaK ONTHYeCKas
(byHKUMSA TUIMHIPUYECKON JIMH3bL. BBOMHBIE 1/UM BBIBOJHBIE KOMIIOHEHTHI, UMeroIne (HOoKyc
TOJIBKO B OJTHOW INJIOCKOCTH, MPENOCTABISIOT PeLIeHne i1 OOHAPY KEHUs] OTHOMEPHBIX KOJIOB U
HIO3BOJISIFOT HE OECIIOKOUTHCS O MOJHOM BHYTPEHHEM OTPAYKEHUH Ha OOKOBBIX TOHKHX CTEHKax
BOJIHOBOJIOB.

B npeumyIecTBEHHBIX BAPUAHTAX OCYIIECTBJICHUS BOJIHOBObI MPEICTABIISIOT COOOI
JKECTKHE WJIM THOKHE MOJIbIE BOJTHOBO/IBL. DTO MO3BOJISIET HATIPABJISITH CBET HA PACCTOSTHUS OOBIYHO
MeHee | M Tak, 4TO MOKeT OBITh HAIpaBJIEH CBET, HUMEIOUIMI IIMPOKOE CIEKTPaJbHOE
pacripeneneHne, TaKOW Kak BHIUMBIA W HMHQPAKPACHBIA CBET, TIOCKOJBKY MOKa3aTelb
NPEJIOMJIEHUSI TIO CYIIECTBY PaBeH 1, €CIIU moJyiasi CepALeBUHA MPEACTABIsIET COO0I BaKyyM HIIH
TaKoM ras, Kak BO3AyX.

B BapmaHTax cepALEeBUHBI WK OOOJOYKH IMOJBIX BOJIHOBOJOB MOTYT COCTOSITh M3
10 MEHbIIEH Mepe ABYX CoeB. MexaHn4ecKHe U ONTHYECKUE CBOMCTBA BOJIHOBOAA MOTYT OBITh
HEOAHOPOIHBIMU BIOJIb AJIMHBI BOJIHOBOAA. B BapuaHTax BOJHOBOX MOXKET OBITh PACIIOJIOKEH B
TBEpAOH Wiu rTHOKoH TpyOKe.

B npyrux BapuaHTax OCYILIECTBJIEHUS YKa3aHHas BBOIHAs CTPYKTypa W/ WU
yKa3aHHasl BBIBOJIHAS CTPYKTYpa UMEIOT (POKYCHYIO JJIMHY, MEHBIIYIO, ueM anuHa L BomHOBONA,

npyu 5TOM (POKYCHPYIOIIUE CTPYKTYPbI PACIONOKEHBI C [0 MEHbLIEH Mepe OAHOH CTOPOHBI
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BOJIHOBOZIA, NpPUYEM YKa3aHHble (POKYyCHPYIOLIME CTPYKTYpPbl BBIIIOJHEHBI B Ka4deCTBE
NepefaloLINX CTPYKTYpP AJS Mepeaadd M300pakeHHus OT MO MEHbIIEH Mepe YacTH YKa3aHHOTO
3HaKa 10 BBIBOJHON IOBEPXHOCTU WJIM BOBHE M3 BOJHOBOJA Ha HEKOTOPOE PACCTOSHHUE OT
BBIBOJITHOW IMOBEPXHOCTH.

B BapuaHTe OCyIIECTBICHHS YKA3aHHBII BOJIHOBOJ NMPEACTABIAET COOOH ONTHYECKOE
BOJIOKHO WJIM IYyYOK ONTHYECKUX BOJIOKOH. IIpuMeHeHHe BOJOKOHHON ONTUKM IO3BOJISIET
NPEAOCTABUTh YPE3BbIUANHO JIEIIEBbIe U JOCTYIHbIC Il MPUOOPETEHUs BOJHOBObI, KOTOpPbIE
MOTYT OBITB JIETKO CBEPHYTHI M PACIIONIOKEHBI B Y3KMX MECTaX WJIM OTBEPCTHUSIX WIIH Yepe3 HUX.

B BapuaHTe OCYIIECTBICHHS YKa3aHHBIA BOJHOBOI MPENCTaBJSIET COOOU IMJIOCKHIA
ONTUYECKUI BOJHOBOJ i MOKET MPENCTABIATE cOO0I rubkuii BomHOBON. [IpMeHeHHe MI0CKOro
ONTHYECKOTO BOJHOBOJA IMO3BOJSIET IMepenaBaTh M300pa)KEHHE OT BBIBOIHOW MOBEPXHOCTH K
BBIBOJITHOW MOBEPXHOCTH.

BonHOBOA  yCTpONCTBA, TIEHEPUPYIOLIETO a3p030Jb, COIMVIACHO HACTOSLIEMY
N300pETEHNI0 MOXKET OBITh BBIMOJIHEH U3 Pa3HbIX MATEPUAJIOB B 3aBUCHMOCTH OT NOTPEOHOCTEH
KOHCTPYHUPOBAHUsI M OJKCIUIyaTALlMOHHBIX IIOKA3aTeJIed YCTPONCTBA, a4 TAKXKE XapaKTEPUCTUK
3HaKa, KOTOPBIA MOMJIEKUT CUUTBIBAHUIO, HA U3JAEJIUH, TeHepUpyolleM aspo3oinb. Hanpumep,
BOJIHOBOJI MOKET OBITh BBITOJIHEH 10 MEHBLIEH Mepe YaCTUYHO H3: MOJUCHIIOKCAHA, MOJMMEPa,
cozepKallero UMUAHBIE FPYIIIbI, MOJUAMUAAUMUbI UIIA TOJTUUMHUIBL.

B BapuanTe OCyIIECTBICHUS MEXKIY YKA3aHHOM IOJOCTBIO M YKA3aHHOW BBOAHOMN
NIOBEPXHOCTBIO  pACMOJNIOXKEH  onTHueckuil  (Qokycupyrommii  snemMeHT.  IlpumeHeHue
(OKyCHPYIOIUX 3JIEMEHTOB, PACIOJIOKEHHbIX MEXKAY 3HAKOM U BBOAHOW IOBEPXHOCTBIO
BOJIHOBOZA, TO3BOJISIET MPOELIMPOBATh IO MEHbIIEH Mepe YacTUUHOe H300pakeHHe 3HaKa Ha
YKa3aHHYI0 BBOJHYIO TOBEPXHOCTb.

B BapuaHTe OCYLIECTBJIEHHs] YKA3aHHBI ONTHYECKHH (HOKYCHUPYIOIIHMHI 3JIEMEHT
SBJISIETCST YaCThbI0 YKAa3aHHOTO BOJIHOBOAA. BcTpauBaHue (HOKYCHPYIOIIMX 3JIEMEHTOB Ha
BOJIHOBOJI WJIM B HETO MO3BOJISIET PEAOCTABUTh MOHOJIUTHBIN KOMIIOHEHT, KOTOPBIH (hOKycHupyer
U HampaBJIieT CBET B BOJIHOBOA. Takas MOHOJIUTHAs KOMIIOHOBKA YMEHBIIAET HEOOXOAMMOE
MECTO U M3JEPKKU ONTUYECKOrO CUMTHIBATENS M MOBBIIIAET YCTOMYHUBOCTH U HAJEKHOCTb
ONTUYECKOTO CUUTHIBATEJS.

B BapumaHTe OCyIIECTBIECHHS YKa3aHHbIH BOJHOBOJ MPHUCIOCOONEH ISl mepenadu
YBEJIIMYEHHOrO H300pa’keHHsI 1O MEHbIIeH Mepe YacTH YKa3aHHOrO 3HaKa Ha YKa3aHHYIO
BBIBOJHYIO IMOBEPXHOCTb WM BOBHE M3 BONHOBOAA. Mcmosb3oBaHue BOJHOBOAA, KOTOPBIH
o0ecrieunBaeT yBEIWYEHHE HANpPABJIEHHOIO CBETOBOIO  JIyda, IMO3BOJSIET  H30eXaTh

HUCIOJIb30BAHUA AOMOJIHUTCIIbHBIX ONTHYCCKUX 3JICMCHTOB IUIA pC€aiu3aliii YBECIINYCHUA. Taxkas



KOMITOHOBKAa YMEHBIIAET HEOOXOOMMOE MECTO W H3JEPKKH ONTUYECKOTO CUUTBIBATENS WU
MOBBILIAET YCTONUYUBOCTD U HAJIEKHOCTb ONTUYECKOIO CYUTHIBATES.

B BapuaHTe OCYLIECTBJIECHUs yKa3aHHBbIM BOJHOBOX IO MEHBIIEH Mepe 4YaCTUYHO
CBEPHYT BOKPYT JJIMHBI YKa3aHHOW MOJOCTH. CBEpHYTHIN BOJHOBOJ MO3BOJISIET MPENOCTABIATD
pelIeHust, B KOTOpbIX Tpedyercs: Oobinasi JyIMHA HAIPaBIEHHOTO cBeTa. CBEpHYTHIN BOIHOBOL
HO3BOJISIET 00ECTIeYNTh BO3MOXKHOCTD COAEp KaHUs Oojiee OfHOW BBOJHON IMOBEPXHOCTH M/MIN
BBIBOJIHOM TOBEPXHOCTH BOJIHOBOZA, a TaKke O0ECreYrMBAaeT BO3MOXKHOCTH MPHUCIIOCOOJIEHHS
TAKOTO BOJIHOBOJIa K HECKOJIbKIM 3HAKaM.

B BapuanTe ocCyliecTBieHHs MO MeEHbIIeH Mepe 4acTb YKa3aHHOrO BOJHOBOJA
BBITOJIHEHA C BO3MOKHOCTBIO I€peladll CBETa, MPEIOCTaBIAEMOro U3JlydaTesieM, K yKa3aHHOMY
3HaKy. BpInongHeHne BOJTHOBOMA WM MYYKa BOJHOBOJOB TaK, YTO OH MOJKET TakKe IepeaaBaTh
CBET K 3HaKYy, MO3BOJISIET N30€KaTh OCBELIECHHSI ONITUYECKHUX 3JIEMEHTOB, PACTIONOKEHHBIX MEXTY
HCTOYHUKOM CBETa U 3HAKOM. JTO TaKXe MO3BOJIsIET PEAOCTaBUTh UCTOUHUK CBETa, KOTOPBIN He
TpeOyeT pacnojIoKeHus1 BOJIM3H 3HAKA.

B BapuanTe ocyliecTBi€HHs O MeEHbLIeH Mepe 4acTb YKa3aHHOIO BOJHOBOJA
peann3oBaHa Ha MO MEHbIIEH Mepe OAHOW W3 MOBEPXHOCTEHW HarpeBaTessl HarpeBaTeJbHOM
CUCTEMBI.

B BapuanTe ocyIecTBIICHNS YKA3aHHBIN IETEKTOP MPEACTABIISIET COOO0H IETEeKTOPHYIO
marpuny. IIpuMeHeHHe NeTeKTOPHOM MaTpuilbl OO0eCeYrMBAeT BO3MOXKHOCTb OOHApYKEHUs
MHOKECTBA MPENI0CTABISIEMbIX 3HAKOM 3((EKTOB UHTEHCUBHOCTH MJIU LIBETA.

B BapuanTe OCYyIIECTBICHUS MEXAY VYKA3aHHONH BBIBOAHON IIOBEPXHOCTBIO H
YKa3aHHBIM IETEKTOPOM PACIIOJIOKEH MO MEHbIIeH Mepe onuH ontuieckuii punerp. [Ipumenenue
ONTUYECKOro (hryibTpa MO3BOJsIET OOHAPYKMBATH MPENOCTABJISIEMbIE 3HAKOM IBETOBBIC HWIIH
crieKTpasibHbIe 3P PEeKTHI.

B BapuaHTe OCYLIECTBIEHHUs MEXAY YKAa3aHHOW BBIBOAHOW IOBEPXHOCTBIO U
YKa3aHHBIM JI€TEKTOPOM PpaCIOJIOKEH ONTHUYeCKUd crekTpoMeTp. IIpuMmeHeHue onTudeckoro
CIIEKTPOMETpPa TMO3BOJISIET OOHAPYKMBATh TPENOCTABISIEMbIE 3HAKOM  Y3KOCHEKTPAJIbHbIC
3¢ deKThL.

B BapuaHTe OCylleCTBIEHHUS YKAa3aHHBIM JETEKTOp COAEPXKUT IPOLIECCOp
uzobpakenuid. [IprMeHeHne AeTeKTopa, COIepsKallero MPOLIeccop H300paKEHHH, MO3BOJISIET
NPEAOCTABIISATh N300paKEHUS 10 MEHBLIEH Mepe YaCTH 3HaKa.

BTopoii acmekT HacTosIero M300peTeHHs NOMOJIHUTENbHO OTHOCUTCS K CHOCOOY

aYTeHTI/I(I)I/IKaI_II/II/I pacxXxoaHOro u3aeius, KOTOprfI BKJIKOYAECT 5Tallbl.



- IPEenOCTaBJEHUs BBILIEONHCAHHOIO YCTPOMCTBA, I'€HEPUPYIOLIErO a3po30ib, U
PacxXoIHOrO M3AENHs, KOTOPOE COAEPKUT 3HAK, PACHOJIOKEHHBIM HA BHELIHEH
MIOBEPXHOCTH,
- BCTaBKH II0 MEHBIIEH MEpe 4aCTH PaCXOAHOIrO M3JENHs, COAEPIKALIEro 3HaK, B
MOJIOCTb YCTPONCTBA, TEHEPUPYIOIIETO a3p030b,
- OCBEIIEHMS 3HAKa Ha BHELIHEH MOBEPXHOCTH PACXOJHOrO M3zenus, cOopa CBeTa,
OTPAXXEHHOIO OT 3HAaKa, 4Yepe3 BOJHOBOA M HAMNPABJICHUS YKA3aHHOIO
OTPAKEHHOI'O CBETA B JIETEKTOP CUCTEMBI ONTUYECKOIO CYUTHIBATENS,
- ayTeHTH(UMKAIMK PACXOAHOTO M3JENUS TyTeM BBIYHCICHUS WH(POPMALIHH,
KOTOpasi COAEPIKUTCSI B OTPAKEHHOM CBETE, MaJarolleM Ha JETEKTOp, B OJoKe
YIIPABJICHUS.
B BapuaHTe OoCyImecTBIEHNUs CrIOCO0 TOMOIHUTENBHO BKIIFOYAET TAIl MOAauH OJIOKOM
yIpaBJICHUs] KOMaH[bl HArpeBaTell0 HAa OCHOBAHWMU HMH(POpPMALMM, BBIYHUCICHHOW Ha 3Tare
ayTeHTU(UKALIIH.

KpaTkoe onmcanne FDad)I/ILIeCKI/IX MarepruajioB

Ha ¢ur. 1 nokasaH cxeMaTHYeCKHil MONEPeYHbId pa3pe3 BOJHOBOIA, COMEPIKAIIETO
I PaKIHOHHYIO BBOIHYIO CTPYKTYPY U IU(PPAKIMOHHYIO BBIBOIHYIO CTPYKTYPY.

Ha ¢ur. 2 noka3aH cxeMaTHYeCKHI MONEepeYHbIi pa3pe3 BOJHOBOIA, COAEPIKALIETO
royiorpauyecKkyro BBOIHYIO CTPYKTYPY U rojorpapuueckyro BbIBOIHYIO CTPYKTYPY.

Ha ¢ur. 3 nokasaH cxeMaTH4eCKHil MONepeyHbli pa3pe3 BOJHOBOIA, CONEPIKALIETrO
BBOJIHYIO ITOBEPXHOCTb KIIMHOBHIHOH (HOPMBI.

Ha ¢wur. 4 nmoka3aHo cxeMaTHYeCKOe NMPENCTaBICHNUE W3TOTOBIEHHOTO YCTPOMCTBA,
T€HEPUPYIOIIEro a’p030Jib, COTJIACHO BAPUAHTY OCYLIECTBJCHMs HACTOSIIErO M300peTeHus, a
TaKKe MOKA3aHO PACXOIHOE U3JleNne, BCTABJIEHHOE B YKa3aHHOE YCTPOMCTBO.

Ha ¢ur. 5 mokazaHo cxemMaTH4yeckoe MNPENCTaBlIeHHE BapUaHTA OCYLICCTBICHHUS
W3FOTOBJICHHOIO YCTPOMCTBA, T€HEPUPYIOLIErO a3p030Jb, COMIACHO BAPUAHTY OCYILLECTBICHHUS
HACTOSIIEr0 M300pPETEeHUs], a TAK)Ke MOKAa3aHO PACXOIHOE HM3JENHe, BCTABJICHHOE B YKa3aHHOE
YCTPOICTBO.

Ha ¢ur. 6 mokazaHo cxeMaTH4yecKoe MPENCTaBlIeHHE BapUaHTa OCYLIECTBICHUS
W3FOTOBJICHHOIO YCTPOMCTBA, T€HEPUPYIOLIETO a3p030Jib, COMIACHO BAPUAHTY OCYILECTBIICHHUS
HACTOSIIEr0 M300pPETEeHHs], a TAK)Ke MMOKAa3aHO PACXOIHOE HM3ZENHe, BCTABICHHOE B YKa3aHHOE
yCTPOMCTBO. B 3TOM BapuaHTe OCYLIECTBJECHUS BOJIHOBOJ COAEPKUT  ONTHYECKUMN
(OKyCHPYIOIIHUIT 3JIEMEHT, SBJISFOIIUNCS YaCThIO BOJHOBOJA.

Ha ¢ur. 7 nmokazaHo cxemaTHuecKoe NPEeACTaBICHNE W3rOTOBIEHHOIO yYCTPONCTBA,

FEHEPHUPYIOLICTO ad3p030Jib, COTJIACHO BAPUAHTY OCYLICCTBIICHHUA HACTOSALICTO I/I306pe’TeHI/I$[, a
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TaKKe TO0Ka3aHO PacXOJHOE U3JeNNe, BCTABJIEHHOE B YKa3aHHOE YCTPOICcTBO. B 3TOM BapuaHTte
OCYILECTBJIEHHsI BOJTHOBOJ] BBIIIOJIHEH B CIIUPAJIbHO CBEPHYTOM KOMIIOHOBKE.

Ha ¢ur. 8 mokazaHo cxemaTHuecKkoe NpeACTaBIeHNEe W3rOTOBIEHHOIO YCTPOICTBA,
T€HEPUPYIOIIEro a’p030Jib, COTJIACHO BAPUAHTY OCYLIECTBIEHMs HACTOSIIEro H300peTeHus, a
TaKXKe MOKA3aHO PACXOIHOE M3JleHe, BCTABJIEHHOE B yKa3aHHOE YCTPOWCTBO. DTOT BAapUAHT
OCYILECTBICHHUs] YCTPOWCTBA, T€HEPUPYIOLIETO a3po30Jib, COAEPKUT OTpa)karollee 3epKallo,
NPUCTIOCOOJIEHHOE ISl HATIPABJICHHUS CBETA, MPEIOCTABIIEMOr0 YaCThIO0 KYPHUTEJIbHOTO U3IEITHS,
Ha BXOJIHYIO JINLIEBYIO CTOPOHY BOJIHOBOJA.

Ha ¢ur. 9 nokazano cxemaTudeckoe mpeacTaBieHrne OOKOBOTO MOMEPEYHOro paspesa
W3rOTOBJICHHOT'O YCTPOICTBA, ME€HEPUPYIOLIEro a’3po30Jib, COINIACHO BApPHAHTY OCYIIECTBJICHUS
HACTOSIIEr0 M300pPETEeHus], a TAaK)Ke MMOKAa3aHO PACXOIHOE HM3ZENHe, BCTABJICHHOE B YKa3aHHOE
yCTPOMCTBO. DTOT BapUaHT OCYILECTBJIEHUs COAEPKUT BOJHOBOA, KOTOPBIN PaCIONOXEH BIOJb
10 MEHbLIEH Mepe YacTH OKPY>KHOCTH M3J1eUs], KOT/la OHO BCTaBJIEHO B YCTPONUCTBO.

Ha ¢ur. 10 nmokazaHo cxeMaTH4eCKOe MPEACTABIIEHNE H3TOTOBJIEHHOTO YCTPOMCTRA,
T€HEPUPYIOIIEro a3p030Jib, COTJIACHO BAPUAHTY OCYLIECTBIEHHS HACTOSLIETO M300PETeHHs, a
TaK)Ke MOKA3aHO PAaCXOIHOE HU3JeNhe, BCTABIEHHOE B YKa3aHHOE YCTPONCTBO. DTOT BapUaHT
OCYILIECTBIICHUS] COAEPIKUT BOJHOBOJ, KOTOPBIH CONEPKUT OOKOBYIO BBOJHYIO IOBEPXHOCTD,
OOpaIeHHYIO K 3HAKY H3eITHsI.

Ha ¢ur. 11 nmokazano cxemaTH4eckoe MpeacTaBjieHne N3rOTOBJICHHOTO YCTPOHCTBA,
TeHEePHPYIOIIEro a’3p030Jib, COMJIACHO BAPHAHTY OCYIUECTBJICHUS HACTOSIIErO H300pEeTeHUs, a
TaKXe MOKA3aHO PACXOJHOE M3JleNIhe, BCTABJIECHHOE B YKAa3aHHOE YCTPONCTBO. DTOT BapUaHT
OCYILECTBICHUs] COACPIKUT BOJHOBOJ, KOTOPBIN COAEPKHUT TOPLEBYK) BBOJHYIO IOBEPXHOCTD,
OOpalleHHYIO K 3HAKY M3EJTHS.

Ha ¢ur. 12 uzobpakeHO yCTPOMCTBO, TeHEPUPYIOLIEE a3p030Jib, COTJIACHO BapUAHTY
OCYLIECTBIICHHUSI HACTOSIIIErO H300PETEHMSI.

Ha  ¢wur. 13-16  u3oOpakeHbl  BapuUaHTBl  OCYLIECTBIEHHsS  yCTPOWCTBA,
TeHEepPHUPYIOLIEr0 a’po30Jib, COIVIACHO JAPYrOMY BapHaHTy OCYLIECTBJIEHUs HACTOSLIEro
U300peTeHMs.

Ha ¢ur. 17 uzobpakeHa npuMepHasi pean3aims.

Ha ¢ur. 18 u 19 nokaszanbl yBelTH4YEeHHBIEC Pa3pe3bl yCTPONUCTBA, MPEACTABICHHOTO HA
¢ur. 17.

Ha ¢ur. 20 noka3aHbl monepevHbie pa3pes3bl OMHAPHON TU(PPAKIUOHHON CTPYKTYPHL
Ha ¢ur. 21 nokasaHsl monepeyvHble pa3pe3bl YETIPEXYPOBHEBOH MU PAKIIMOHHON CTPYKTYPBI.

Ha ¢ur. 22 nokasanbl nonepeyHble pa3pe3bl KOHLEHTPUPYIOLEH audpakinoHHON

CTPYKTYPBL
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TonpoGHoe onucanue U300peTeHus

Hacrosimmee n3o0peTeHne OTHOCUTCS K HM3AENHIO |, T€HEepUPYIOIIEMY a’pOo30dlb,
YCTPOMCTBY 2, TEHEPUPYIOLIEMY a3p030Jib, U CUCTEME, COAEp-KaLIen u3aenue 1 u yCTponucTsao 2.

Hacrosimee wuszoOpereHue OyneT OMMCAaHO B OTHOIIEHMM YAacCTHBIX BapHAHTOB
OCYLIECTBJIEHUS U CO CCBUIKOW Ha MPUJIOXKEHHblE rpaduueckue Marepuasbl, HO HACTOsIlee
n3o0pereHne UMu He orpannunBaercsi. OnucanHble TpahUIecKue MaTepUabl SBISIFOTCS TOJIBKO
CXEMAaTUYECKUMU W SIBJIIOTCS HeorpaHuvuBaromumu. Ha rpaduyeckmx marepuanax pasmep
HEKOTOPBIX 3JICMCHTOB MOXET 6bITb YBCJIUYEH U HE BbIUCPUCH B MacmTa6e B HWJIFOCTPATHUBHbBIX
neaax. PaSMepr U OTHOCHUTEJIBHBIC Pa3sME€Pbl HE COOTBCTCTBYIOT (I)aKTI/I"IeCKI/IM COKpall€CHUAM,
MMPUMEHACMbBIM Ha IMPAKTHUKE B COOTBETCTBUU C I/1306peTeHI/IeM.

Nzo0perenne Oyner OMMCAHO B CIEAYIOIIUX NMPUMEPAaX B OTHOLIEHUM PACXOIHBIX
u3nenuii 1 Ha ocHOBe Tabaka, HO 00BEM H300pETEHHS HE OJKEH TOJKOBATHCS KaK OTpaHMYEHHBIN
pPaCXOaAHBIMU U3OCITUAMU Ha OCHOBE Ta6a1<a, a JOJDKEH OXBAaThIBATh .]'II-O6I:>I€ pPaCcXOaHbIC U3ACITNSA,
TeHEPUPYIOIINE a3PO30JIb, TAKHE KaK KYPUTENbHbIC H3ACIHS, U3MIENINsl C HArPEBOM O€3 TOpeHHs,
KapTPUIUKU [Tl KUAKOCTEHN Ui 3JIEKTPOHHBIX CHUTapeT M KapTOMail3epbl, KOTOpbIE COAEpKaT
cyOcTpar, reHepHpyOLUil a3p030Jb, CIIOCOOHBI T'€HEepHUPOBaTh BIBIXAEMBIH a3pO30Jb IPU
HarpeBaHuM. PacxoyHble U3A€NHs HA OCHOBE Tabaka He 00s3aTeNIbHO UMEIOT OCh CHMMETPUH U
MOT'YT UMETh JIFOOYI0 (popMy, TaKyrO Kak yIUIMHEHHast popMa, Kak, HalpuMep, LUIMHAPUIECKast
dopma, nmu cepudeckass popma, unu dopma syda. Pacxomgneie nznenusi 1 Ha ocHOBe Tabaka
COIJIACHO HACTOSIIEMY M300pETEeHHIO COAEpIKaT IO MEeHbLIeH Mepe OAHY 4acTh b, Ha KOTOpOH
pacmonoxeH 3HaK 4, W 4acTb la co crTopoHbl Kypuibliuka. HMsgenue 1 copepxur
JOTOJIHUTENBHYIO YacTh 1C, KOTOpast He COnMep kuT 3HaK 4. 3Hak 4 MOKeT ObITh PACIONIOKEH Ha
110 MEHbIIEN OAHON U3 CTOPOH YKAa3aHHOM JOMOJHUTENBHON YacTh 1c.

B KkOHTEKCTe NaHHOrO JAOKYMEHTa TEPMUH «MaTepHuall, TeHePUPYIOIUH a3p030JIbY
OTHOCHUTCSI K MaTepHhally, KOTOPBIH CIIOCOOEH BBICBOOOXKIATh MOTOK adpO30Jis, COAEpIKaIlnui
JeTyuyde COeAMHEHMs, TIpU HarpeBaHUU. AdpO30jb, TE€HEPUPYEMBIH U3 MaTepuana,
T€HEPUPYIOIIEro a3p030Jib, W3JENUl, TCHEPUPYIOLUINX a3p030Jb, OMHCAHHBIX B HACTOALIEM
AOKYMEHTE, MOXKET 6bITb BUAUMBIM HJIMK HEBUAUMBIM W MOXKET BKJIFOYATb MApPbI (Haan/IMep,
MCJIKUE YaCTHULIbI BEUIECTB, KOTOPBIC HAXOAATCA B ra3006pa3H0M COCTOsIHUH, KOTOPBIC O6I:;I"IHO
SBJISTFOTCS] JKMIAKUMH WJIM TBEPIAbIMU NPH KOMHATHOW TEMIIEpaType), a Takke ra3bl M Karuiu
FHKUAKOCTU KOHACHCHPOBAHHBIX ITAPOB.

B xoHTEKCTE JTAHHOTO AOKYMEHTAa TEPMUH «IU(PPAKLUOHHAS CTPYKTYPa» OTHOCHUTCS
K CTPYKType, comepxamed Iu(paKkUUOHHBIE 3JIEMEHThI WIH TU(PPAKIUOHHBIE CTPYKTYPBL
JudpakoHHBIE  CTPYKTYpPbl  ONPEAENSIOTCS B LIMPOKOM  CMBICJIE U OXBAaTBIBAIOT

METAIlOBEPXHOCTH.
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B KOHTEKCT€ HaHHOrO MAOKYMEHTa TEPMHUH «rojorpauueckuiiy OTHOCHTCS K
3JIEMEHTAM WJIU CJIOSIM, KOTOPbIE MTPHU OCBELIIEHUH CBETOM BEAYT Ce0s KaK roJIorpaMma.

B xOHTEKkCTE AAaHHOTrO NOKYMEHTAa TEPMUHBI «BBOA» U «BBIBOJ» OTHOCSITCS K BBOAY
CBETa B BOJIHOBOJ WJIM BBIBOAY U3 BOJIHOBOAA COOTBETCTBEHHO. BBOX peanusyercsi BBOAHBIM
KOMIOHeHTOM 11. BbiBOn peanusyercs BbIBOAHBIM KOMIIOHEHTOM 13. B KOHTEKCTe AaHHOrO
JOKYMEHTa BBOJHBIE U BBbIBOAHBIE KOMIIOHEHTBI SBJSAIOTCA 4acTbl0 BoOJgHOBOAAa 10.
IIpennouturenbHO BBOJHON KOMIIOHEHT 11 1 BBIBOJHON KOMIIOHEHT 13 SIBJISIOTCS CTPYKTYPHBIMU
yacTsimMu BosHOBoza 10. Hanmpumep, yka3zaHHasi CTPYKTYpHAsi 4aCTh MOKET MPEACTaBJISITh COOOH
KJIMHOBUJIHYIO 4YacTb WJIM MOXET ObITh AM(PAKIUOHHOW WM JIIOOOH MPeOMIISIOIIEH,
OTpa’karoINed WM MPOMyCKaKIeld CTpyKTypoid. [IOHSITHO, YTO BBOA W/WMJTH BBIBOJ CBETA MOTYT
BBITTOJIHSITHCS MIPU TIOMOIIHM HECTPYKTYPHUPOBaHHOH oOnactu 12, 14 BOTHOBO&A, YTO SIBISETCS
OoJiee MPOCTBIM pelIeHrneM, HO 00J1ajaeT MeHee BBICOKUM KO3 ((UIIUEHTOM MOJIE3HOTO IeHCTBHS
BBOJIa U BBIBOJIA 10 CPABHEHUIO CO CIIy4aeM, B KOTOPOM IPEAyCMOTPEH BBOAHON KOMIIOHEHT 11
WM BBIBOAHOH KOMITOHEHT 13, HarpumMep B ciiydae Iu(pakiMOHHOTO BBOJHOTO KOMITOHEHTa 11
WM BBIBOTHOTO KOMITOHEHTa 13. BBogHOM KoMImoHeHT 11 w/ninn BEIBOJHON KOMITOHEHT 13 MoryT
MPEICTABIISITh COOOM HECTPYKTYpUpOBaHHYIO0 obnacTk 12, 14 BomHOBO#a. Kpome Toro, BBOIHAs
MOBEPXHOCTB, WK 00J1acTh, 12, 14 MOKeT nmpencTasisaTh codoii Topert (pur. 3) BonHoBona 10 umm
MF0OYI0 KPUBOJIMHEHHYIO WM HEKPHUBOJHHEHHYIO YacThb OOKOBOW MOBEPXHOCTH BOJHOBOAA 10.
VYKa3aHHBIM BBOJ IPENOCTAaBISIET IO MEHbLIEH Mepe OJUH HaIpaBieHHbIM CBETOBOM Jiyd 100,
KOTOPBI MOXKET TNPEACTaBIATh COOOM OMHOMOMAOBBIM HJIM MHOTOMOJOBBIH CBETOBOW JIyd,
PacnpoOCTPAHSIOIUNCA BHYTPU BOJIHOBOAA 10 K BBIBOIHON NMOBEPXHOCTU 14 WM BBIBOIHOMY
KOMIIOHEHTY 13 BonHoBozAa 10. BBoanble semMenThl 20 U BBIBOAHBIE 3JIEMEHTBI ONPEACIAIOTCS
KaK 3JIEMEHTBI, KOTOPBIE HE SIBJITIOTCS YaCThIO BOJHOBOAA 10, HO MPEACTABISIOT COOO0H 3JIEMEHTBI
BHe BOJHOBOna 10, mpucrnocoOsieHHbIe Il yJIy4IIeHUs] BBOA CBeTa B BOJHOBOA 10 m BbIBOOA
CBeTa M3 HEro. BBOOHBIE 3JIEMEHTBI M BBIBOJHBIC 3JIEMEHTBHI MOTYT OBbITh HACHTUYHBIMU
3JIEMEHTAMHU U MOTYT MPENCTABJIATh COO0M, 0€3 OrpaHMYeHHs], ONTUYECKHE JIMH3BL, TPU3MbI WIN
3epKajia, MM UX KOMOMHALNIO. BBOHBIE 37IeMEHTBI M BBIBOIHBIE 3JIEMEHTBI MOTYT IPENICTABIISATh
co0OH MacCHBBI ONTUYECKHX 3JIEMEHTOB, TAKHE KaK MACCUB MUKPONIPH3M. BBonHbIE 351eMeHThI 20
U BBIBOJHBIE 3JIEMEHTbI MOTYT MPEACTABISATh COOOH 3JIEKTPHUECKHE aPECyeMble 3JIEMEHTBI.
BBopxHBIE 1 BBIBOIHBIE 3JIEMEHTHI MOTYT MPEACTABISATE COOOM aipecyeMble 3JIEMEHTHI, TAKHE KaK,
HanpuMmep, 3epkanio MEMS, npucrnocoOneHHOe Ml CKAaHUPOBAHUS WM TEPEKIIFOYSHIUS], WU
3JIEKTPOONTUYECKUN 3JIEMEHT.

B KOHTEKCTE HAaHHOrO JOKYMEHTa TEPMUH «BOJHOBOJHAs CHUCTEMa», TaKXKe
ONpENEsIeMbI KAK CUCTEMA ONTUYECKOTO CUUTBIBATESI, OTHOCUTCSI K MMOACUCTEME YCTPOUCTBA 2,

TeHEPUPYIOLIETO a3PO30Jib, KOTOPAsi CONEPKHUT ONTHUUECKUI AETEKTOP U IO MEHbILEH Mepe OANH
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BOJIHOBOJZ, TPHUCIIOCOONEHHBI Uil cOopa ONTHYECKOH WH(pOpMAaLUU, MPenoCTaBIsIeMON
KYPUTEJIbHBIM M3JEJIMEM, U BBINOJHEHHBIH C BO3MOXKHOCTBIO I€PEeNadyd 3TOM ONTHYECKOU
uHpOpPMaLMU B YKa3aHHBIH JeTeKTOp. BONHOBOHAs cucreMa MOXKET COnepKaTh ONTHYECKHE
BBOJIHBIE 3JIEMEHTBI W/MJIM ONTHYECKHE BBIBOAHBIE HJIEMEHTBI, KOTOPBIE SBIISIOTCS OTAEIbHBIMU
OT BONIHOBOZA 10 mnu BCTpOEHHBIMU Ha BOJIHOBOA 10 mnu B HEro.

Tepmun «mnpomonbHast ock BomHOBo#a 10» ompenensercs kak BooOpaxxaemast
LIEHTpaJbHasi OCb BOJHOBOAA 10, ompeneneHHas B HAIMPaBiICHUU HANPABJIEHUS ONTHUYECKOTO
ceetoBoro Jyyda 100 B BomHoBome 10. OnTuueckoe HampaBjeHHE MOKET BBINOJHATHCA MPU
noMomu mojHoro BHyTpeHHero otpakeHus (TIR) wim npuMeHeHWsT OTpa)arOIUX WA
I PaKIUOHHBIX CJIOEB WJIN CTPYKTYP.

Tepmun «3Hak 4» onpepensercs Kak 3JIEMEHT WU CTPYKTypa, COAepskaias
UHpOpPMALIMIO O KYPUTEIBbHOM H3JENUU U OOBIMHO pACIIONIOKEHHAsI Ha BHEIIHEH MOBEPXHOCTH
u3znenusi. 3HaK 4 MOXKeT ObITh BCTPOEH BHYTPb m3aeus 1. 3HaK 4 MOKeT ObITh Pa3JIMUHBIX THIIOB,
HEKOTOpbIE M3 KOTOPBIX OMUCaHbl Ooyiee moapoOHO Hipke. OOBIMHBIE KJIACChI 3HAKOB 4,
NPUMEHNMBIX K U3AENHsIM 1, TeHEPUPYIOLIUM a3p030Jib, COTJIACHO HACTOSILEMY H300pPETEHUIO
BKJIFOYAIOT, HO 0€3 OrpaHuYeHus:

- OTpaXKarollHi 3HaK 4,

- nu(paKLUOHHBIN 3HAK 4;

- OTpaxarouui U 1u(pakMOHHbIN 3HaK 4;

- 3HaK 4, KOTOPBIM COAEPKUT IO MEHbIIEH Mepe OIWH BOJHOBOJA 3HaKa, TEPMUH
«BOJIHOBOJ] 3HaKa» O3HA4YaeT BOJIHOBOJ, TAKOM KaK pe30HAHCHAsl BOJTHOBOAHAsI PEILETKA,
KOTOpasi pacroyiOKeHa Ha 3HaKe 4 U3/eJMsl WM B 3HaKe U OTJIMYAETCs OT OMMCAHHOTO B
JAHHOM JIOKYMEHTe BOJIHOBOMA 10 yCTpONCTBA, FfeHEPUPYIOLIErO a3PO30Jb;

- 3Hak 4, coaepskaluil o MEHbIIEN Mepe OJIMH Pe30HAHCHBIN BOJIHOBOA 10 3HaKa,

- YaCTU4YHO NPO3PAYHbIi 3HAK 4,

- 3HaKH, KOTOpBbIE TMPEIACTABISIFOT COOOHW YHOPSIIOYEHHBbIE WM PaCIpeleeHHbIC
XHUMHUYECKHE BEIeCTBA, BCTPOSHHBIE B U3/IEIIHUE,

- KOMOWMHAIMIO Pa3HBbIX THUIIOB YKa3aHHBIX OOBIYHBIX KJIACCOB 3HAKOB 4.

3Hak 4, ONHUCAHHBIH B JAHHOM JOKYMEHTE, MOXKET OBITh NPHUCIIOCOONIEH IS
o0ecrieueHns 3aJaHHBIX 3P (PEKTOB HAMPABICHHOTO OTPAXKEHHS, TAKUX KaK MPEIOCTABICHHUE MTPU
OCBEILIEHUHU CBETOBBIM JIydOM 400 MHOKECTBA CBETOBBIX JIy4ei, KOTOPbIE MOTYT UMEThb Pa3HbIE
CHEKTPBI /MM pa3Hble yIibl oTpaxkeHus. U3 coobpaskeHuit sicHOCTH Guryp, odecrneunBaroiye
ocemieHne cBeToBoil Jyu 400 wiM CBETOBBIE JIydM HE MpPEACTaBIEHBI Ha BCeX (urypax.
OtpakeHHBIE CBETOBBIE JIyUH MOTYT IPEACTaBIATbH cOO0H AudparnupoBaHHbIE CBETOBBIC JIYYH,

npoenupyemble B JIOOOM mopsiike Audpakuuu. 3HaK 4 MOXKET COAepXKaThb CTPYKTYpPbI Ha IO
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MEHBbILIEH Mepe ONHOW M3 €ro MOBEPXHOCTEH WM CTOPOH U MOXKET COAEpKaTb CTPYKTYPBI,
BCTPOEGHHBbIE B cioi 3Haka 4. Hampumep, audpakunoHHBIE CTPYKTypbl MOTYT OBITH
IIPEeIyCMOTPEHbl Ha BHEIIHEN NMOBEpXHOCTU 3Haka 4. CBETOBBbIE JIy4H, ONUCAHHBIE B TAHHOM
JIOKYMEHTE, MOTYT MPENCTaBIATh COOOH KOJIMMUPOBAHHBIE CBETOBBIE JIYUH UJIU CBETOBBIE JIyUH
¢ OOJBIIOH anepTypoil ¥ MOTYT MPEACTABIATh COOOH PACXOAALIMECS HITH CXOASIINECS] CBETOBbIE
ayun. CBer, ONHUCAaHHBIA B JAHHOM JOKYMEHTE, MOXET NPEeACTaBIsTh  COOOH
BBICOKOPHEPIeTUUECKUH CBET, UMEIIINi anuHy BoJHbI MeHee 180 HM, umu Y®-cer (T. e.
nuana3onsl UVA, UVB, UVC Y®-cBera, uMerOero 1iuHbl BOJH Ooniee 180 HM), BUAUMBII CBET,
UH(paKPaACHBI CBET WM TEParepLoOBble BOJHBI, WIH Jake MHUKPOBOJHBL BOJIHOBOIBI MOTYT
NPEACTaBJISITh COOON TOJIbIE BOJHOBOJBI JJISi HAMPABJIEHHUS] BHICOKOHEPTETHYECKOTO CBETA WIIH
MHUKPOBOJIH.

3HaKkH He 0053aTeNbHO JTOJDKHBI MPECTABIATh COOOH Konbl B (opme pu3mueckux
CTPYKTYp, TaKH€ KaK ILITPUX-KOABI, HO MOTYT NPEACTABIATH COOOH XHMMHUYECKHE BEINECTBA,
KOTOpBIE MPU OCBEIIEHUH CBETOBBIM Jy4oM 400 MpeaoCTaBIAIOT CHEKTPAJIbHYIO CUrHATypy. B
3TUX Cly4dasx BOJAHOBOA 10 ycTpolicTBa 2 MOXET HCHONB30BAaTbCA IJIs1 MEpefadd TOJBKO
CHEKTPAIbHOW HMH(POPMALIMM CBETA, OTPAKEHHOTO WJIM MPEJOMJIEHHONO OT XHMHYECKOTO
BEIleCTBA 3HaKa 4, T. €. 0e3 HeOOXOIMMOCTH B Nepeade N300pakeHus 3HaKa 4.

IIpennoururenbHO, HO HE 0053aTENbHO, KOJAOBbIE 3JIEMEHTBI WM CTPYKTYPBI 3HaKa 4
TPYAHO UM HEBO3MOXXHO OOHAPYKUTh UENIOBEUECKUM IJIa30M IO OTAEJIbHOCTH, YTOOBI 3HAK HE
MOT' OBITH JIErKO CUMTAH WJIM CKONHPOBaH 0€3 HCIIONB30BAaHMUs ONTUYECKOH cHUCTeMbl. 3HaK 4
MOXKET PpacIojaratbCsi B COOTBETCTBHUU C JBYMEPHBIM MM TPEXMEPHBIM PACIOIOKEHUEM
CTPYKTYp U MOXET MUMeTh JI0OyI0 (opMy, TAKyr0 Kak KBaapaT MJIM IOJOCA MPSMOYTOJbHON
(OpMBI, KOTOpasi MOXKET OBbITh PACIIONIOKEHA Ha MOJTHONW OKPYJKHOCTH BHEILIHEH MOBEPXHOCTH 5
u3nenusi 1. IToMuMO CBOWCTB 3aIUTBI OT MOIAEIKH KEJIATebHO, YTOOBI 3HAK 4 MOT TaKXkKe
comep:kaTh HMH(POPMALMIO O KOHKPETHBIX MapaMeTpax, KOTOpbIE IOJUKHBI HCIIOJIBb30BAThCS
YCTPOHCTBAMH ISl BABIXAHUS, TAKUX KaK MIEAJbHBIA TEMIEepPaTypHbIH AUANAa30H, WIH TPOQHIb
HarpeBa B 3aBHUCHMOCTH OT BPEMEHH, WJIM TapamMeTpax, KOTOPbIE TMO3BOJIIOT OOECIIeYHTH
KYPWIBLIUKY Pa3N4YHbIE BKYChl UM UHTEHCUBHOCTDb KYPEHHUSI.

IIpumenenne BonHOBOAOB 10 mMO3BONSIET NPENOCTaBUTHL  YCTPOWCTBA 2,
TeHEPUPYIOIINE a3PO30JIb, KOTOPBIE MOTYT OBITh MPUCTIOCOOIEHB! B COOTBETCTBUH C ONMUCAHHBIMH
Pa3HBIMH THIIAMH 3HAKOB 4. DTO IOMOIHUTENBHO MO3BOJSET MPENOCTABUTh OONBIIYIO THOKOCTB
KOHCTPYKLIMOHHBIX PELICHUH TaKUX YCTPOUCTB 2, TEHEPUPYIOILUX a3po30jb, KOTOPBIE
NPEOJIONIEBAIOT TaKue MpPOOJeMbl, KaK KpaiHe OrpaHH4YE€HHOE IAOCTYIHOE MECTO M MPOOJIEeMBI

Harp€BaHusl KOMIIOHCHTOB HeO6XOI[I/IMOI\/'I CHCTEMbI OIITHUYECCKOIrO CHUTBIBATCIIA.
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B xOHTEKCTE TaHHOrO JOKYMEHTA O] TEPMUHOM «BBOAHAs MOBEPXHOCTH 12» cinenyer
NIOHUMATh O0JIACTh, Yepe3 KOTOPYI CBET IOINAAaeT B BOJHOBOJ 4Yepe3 HEKOTOpYH o0nacTb
BosmHOBOoza 10. DTa 0OmacTb MOXKET MPEACTABIATH COOOH BOOOpakaeMyro IMOBEPXHOCTb, Ha
KOTOPOM PacCroOJIOKeH TaKOW BBOJHOM KOMITOHEHT 11, kak, 6€3 orpaHu4eHws: mpeJoMIISIOLIAs],
auppakuMOHHAs, royorpadguyeckas WIM MeTaIIN4YecKas CTPYKTypa, WJIM MacCUB CTPYKTYD.
Tak>xe BBOIHON KOMITIOHEHT 11 onpenensiercst kak CTPyKTypa, T. €. BBOAHAs CTPYKTypa, KOTopas
MO3BOJISIET HAIIPABJIATH CBET B BOJTHOBOJ 10 Tak, YTO OH pacrpOCTPaHsIETCs B BU/I€ HATIPABJICHHOTO
cBeToBOro jy4a 100. B gacTHBIX ciay4asx Ajisg OEHCTBUS B Ka4eCTBE BBOAHOIO KOMIOHeHTa 11
MOXKeT OBbITh MPUCTIOCOOJIEHA BBOAHAS MOBEPXHOCTb. B apyrux ciydasx (¢ur. 1 u 2) BBOIHOM
KOMITOHEHT 11 MokeT ObITh OOpaleH K BBOIHOM MOBEpXHOCTH 12.

Kpome Toro, TepMuH «BBIBOAHAS IOBEPXHOCTL 14» cenyeT NOHUMATh KaK BEIBOJHYIO
o0yacTh, 4epe3 KOTOPYK CBeT MOKuaaeT BojgHOBOA 10, T. e MO MeHbIIeld Mepe 4YacThb
HanpasieHHoro ceera 100 HampasnsieTcs B cpeny BHE BosiHOBoAa 10. BeiBogHast 061acTh MOKeT
MPEICTAaBIISITh COO0H BOOOpakaeMyr0 MOBEPXHOCTh, HA KOTOPOU PACIIONIOKEH TaKOW BBIBOJHOU
KOMITOHEHT 13, kak, 6e3 orpaHu4eHus: IpeIoMISTIoast, AU(pPaKIHOHHAs, rojorpaduyeckas uiu
METAJNINYECKasi CTPYKTypa, U MAacCCUB CTPYKTYpP. BbIBOMHON KOMNOHEHT 13 onpenensercs: Kak
CTPYKTYypa, KOTOpas MO3BOJISIET HANPaBJiATh HanpasjeHHbIH cBeT 100 B BonHOBOAE 10 BOBHE U3
Hero. B 4acTHBIX ciyuasix It IEeHCTBHSA B KaueCTBE BBIBOJHOI'O KOMIOHEHTa 13 MokeT ObITh
npucroco0ieHa BbIBOJHAs MOBepxXHOCTh 14. B ppyrux cnywasx (pur. 1 u 2) BBIBOIHOMN
KOMITOHEHT 13 MoxkeT ObITh OOpalneH K BBIBOIHOMN noBepxHocTH 14. Kak omucaHo B nanbHeeM,
BBOJIHbIE KOMITOHEHTHI 11 1 BBIBOAHbIE KOMIIOHEHTHI 13 MOTYyT mpencTaBisaTh coboit obmacTi Ha
CTOpOHE BOJHOBOAA 10 MJIM MOTYT HPENCTaBIsITH COOOH 4YacTh MOBEPXHOCTH BOJHOBOAa 10,
KOTOpasi UMeeT MOKpPbITHE WM uMeeT (HOpMy KJIMHA OTHOCUTENbHO OOKOBOH MOBEPXHOCTH
BoJHOBOAA 10. BBonHBIE KOMNOHEHTHI 11 M BBIBOJIHBIE KOMIIOHEHTHI 13 Takke ONpenesstoTcs
COOTBETCTBEHHO KaK BBOJHBIE U BBIBOAHBIE CTPYKTYPhI MJIM KaK BBOJIHBIE U BBIBOJIHBIE CJIOU, TaK
KaK OHH MOTYT MPEACTaBIISITh COO0I MUKPO- HJTH HAHOCTPYKTYPHUPOBAHHBIE YACTH BOJTHOBO/A MJTH
CHEeLUAIU3UPOBAaHHbIE BBOJHBIE M BBIBOAHBIE CJIOU. BBOMHBIE KOMIOHEHTHI 11 U BBIBOAHBIE
KOMITOHEHTHI 13 MOTYT MpeAcCTaBisiTh COOOH CTATUYECKUE CTPYKTYPhI WIIU CIIOH, HO TAK)KE MOTYT
NPEACTaBIATh COOOH MUHAMHMYECKHE CJIOM B TOM CMBICIIE, YTO OHH MOTYT MMETh CBOICTBa
HAIPABJICHUs CBETA, KOTOPBIE MOTYT U3MEHATHCS MO AEHCTBUEM TaKUX CHUJI, KaK 3JIEKTPUUYECKHE
CHUJIBL, HATIPUMEP, B CIIy4ae MUKPO3aTBOPOB MJIH MUKPO3€PKAJI C 3JIEKTPOCTATUYECKUM IIPUBOJOM.

TepMuH «IeTeKTOpHAs CHUCTEMa» BKJIIOYAET CpeACTBa uid IpeoOpa3oBaHUs
ONTUYeCKOW uH(OpPMAaIMK, TPEIOCTABISIEMON 3HAKOM 4 KypUTelbHOro wu3xenuss 1, B
SNIEKTPUUECKUI CHUTHAJI UJIH JTaHHbIE, KOTOPbIE MOTYT OBITh MCIOJIB30BAHBI TSI HACHTH(PHUKALIUN

KypUTEeNbHOro u3aenus 1, w/umu uHpOpMAaLMKU B OTHOLIEHWU IapaMeTpoB YCTpoiicTBa 2,
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TeHEePHPYIOIIEro a3po30Jib, KOTOPOE OODKHO MCIHOJNb30BAThCSA Ui YKA3aHHOro majenus 1.
Ontnyeckass uHbOpManMss B OTHOIICHHH W3A€IHMA |, TE€HEPUPYIOLIEro a’po30Jb, MOXKET
NPEAOCTABIIATECS 3HAKOM 4, PAcIONOXKEHHbIM Ha KyPUTENbHOH M37enuu 1, HO Takke MOXKET
NPEAOCTABIATEC 1O MEHbIIEH Mepe YacThbl0 KYPUTENbHOTO U3AENHs, HarpuMep
IPENOCTABIISATECS TTOBEPXHOCTHON CTPYKTYpOH YKa3aHHON 4acTh M JiroOoi mH(popmanuei,
BCTPOEHHOH B yKa3aHHOE H3JelHe, TeHepUpPYIoIiee adpo30iib, UM Ha HEro. Jra MHGpOpMaLus
MOXKeT OBITh BCTPOEHA B YKa3aHHOE H3/enue 1, reHepupyolnee a’po30sib, WM Ha HEro mpu
NOMOIIM JTIOOBIX (PU3MYECKUX MM XUMHYECKUX CPEACTB 10 TeX IOp, MOKAa OHH MOTYT
obecrieunBaTh ONTUYECKUN 3P PEKT, KOTOPBII MOXKET MPEACTABISITh COOOH CIIEKTPATbHBIN W/ UK
11BeTOBOM 3¢ dekT, w/mun 3pPekT nHTeHCMBHOCTU. B X071e SKCITyaTanuy yKa3aHHOTO YCTPOICTBa
yKa3aHHBIN BOJIHOBOJ 00eCneunBaeT BO3MOKHOCTD MEePeNavyl YKa3aHHOTO ONTHYeCKOoro 3ddexra
B YKa3aHHYIO JIETEKTOPHYIO MOJICUCTEMY.

Bosnososas! 10

BonuoBons! 10, onucaHHble B JAHHOM JOKYMEHTE, BBITIOJHEHBI C BO3MOKHOCTBIO
HATPABJICHUS] 3JIEKTPOMATHUTHBIX H3JIy4Ye€HUH, OOBIMHO W3JIyUYeHUH, WMEIOINUX JJIUHBI BOJIH,
BKJIrOUaroiue Y@, BuanMelii 1 Bech nHdppakpacusiii (MK) nuamaszon.

BonHoBoab! 10 MOTYT OTHOCUTBCS K CICAYIOLIUM THIIAM, HO 0€3 UCKITFOYSHHUS

- OAHOMOJAOBBIE WJIH MHOTOMOJOBBIE BOJHOBOAKI 10;

- Iy4OK BOJHOBOAOB 10;

- BonmHOBOABI 10, wHMerOImMe TONepevyHOoe CeueHHe HeKpyrioll  (GopMel,

OnpeneeHHOEe OPTOrOHAIBHO K MPOAOJABHON OcH BoJHOBOAA 10;

- BonHOBOABI 10, uMeromue mNpsIMOYrosibHOE nonepedHoe ceueHue. llnockue
BOJIHOBOJIbI MPEIIIOYTUTEILHO UMEIOT TOHKHE cTeHku 10", mmeroiue BbicoTy tl,
U UMEIT aBe JuueBblie cTopoHbl 10", 10", umeromme mupuHy t2, KoTOpas
NPEANOYTUTENHFHO OOJbIIE YKa3aHHOH BBICOTHI t1.

- BOJHOBOZBI 10 MOTrYT OBITh BBITIOJHEHBI U3 HETMOKHUX HJIM TMOKUX MaTe€pHaJOB,
WJTA U3 KOMOMHAIIMH TaKUX MAaTePHAJIOB,;

- BOJHOBOABI 10, mMpHCMOCOOIEHHBIE ISl HATIPABJIEHHUS 0 MEHbIIEH Mepe OIHOTO
OCBEILAIOIIEr0 CBETOBOrO Jiyda M MO MEHbIIEH Mepe OAHOIO HAaINpaBJIEHHOTO
cBeToBOro jgyda 100, npenocraBisgseMoro 3Hakom 4,

- BOJMHOBOABI 10 COrIacCHO HACTOSIIIEMY M300PETEHUIO MOTYT MPENCTABISATE COOOH
BOJIHOBOJZIBI Y-00pa3HOI (pOpPMBI U MOTYT COAEPIKATh ONTUYECKHE KOMITOHEHTBI
11, 13, a Taxke MOryT comepkarb Oojee 2 BeTBel BOJNHOBOAA JHOO Ut cOopa

CBeTa OT 3HaKa 4, 1100 AJIsl MPEAOCTABIECHNs CBETA 3HAKY 4,
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- BosnHOBOA 10 MOeT OBITh THOPHIHBIM U COAEPIKATh Pa3HbIE THUIIBI BOJHOBOOB,
HanpHuMep, IJIOCKUH BOJHOBO, IMOBEPX KOTOPOTO PACIIONIOKEHO MHOIOMOIOBOE
BOJIOKHO;

- BOJIHOBOZIBI MOT'YT MPEACTABJIATH COOOM MOJIbIe BOJIHOBOIBI, KOTOPBIE MOAPOOHEE
Pa3bsACHEHBI B JaJbHEHIIEM.

ITnockue BOJHOBOJBI, TAKXKE ONpenesieMble KaK IUIAHAPHBIE BOJHOBOJBI, OCOOEHHO
XOPOULIO TOAXOIAT JJIsi 00pa30oBaHUs OIHOMEPHBIX H300pa’Ke€HH 3HAKAa BCJIEACTBHE MOJHOTO
BHYTPEHHETO OTPAKEHHS MEXKAY MapaUIeIbHBIMUA IJIOCKOCTSMH TUIOCKOTO  BOJHOBOJA.
Hanpumep, mIOCKHiI BOJHOBOJ MOXKET HCIOJIB30BATHCS JJISI MPEIOCTABIIEHHUS] OTHOMEPHOTO
U300paKeHUsT psga MapajuIeNIbHbIX KOJMUPOBAHHBIX JIMHUN, KOTOPBIE PpACIIOJIOKEHBI Ha
OKpYKHOCTH m3neius. OnTudeckass CHCTeMa, B KOTOPOH HCIONB3YeTCsl TUIOCKHHA BOJIHOBOZ,
pACIIONIOKEHHBIN TakK, 4YTO €ro JUIMHA OPTOTOHAJbHA KOIWUPOBAHHBIM JIMHUSM, MOMKET
NPEAOCTABISATE M300pak€HHE, KOTOPOE COCTOMT M3 pa3HbIX VIJIMHEHHBIX TOUYEK BAOJb
BOOOpaKaeMOM JITHHH.

3a cueT NCIOJIB30BAHHUS BOJHOBOJOB, KOTOPhIE UMEIOT NPSIMOYTOJIbHOE U KBaIPATHOE
NOTIEPEYHbIE CEUEHUS], MOTYT OBITh MPENOCTABIIEHBI IByMEPHbIE H300paxeHus. [ nocTikeHus
3TOr0 HEOOXOAMMO ONMHUPaThCS HA TakK Ha3biBaeMblil 3(dekt camoorobpaxkenus. M3o0paxenne
dakTHUeCKH He «IepeaeTcs» uepe3 BOJHOBOXA, OHO IMPEACTaBsieT COOOH JMIIb €ro
pacripenenenue ¢a3, KOTOpOe NMEPUOAUYECKH MOBTOPSETCS BAOJNb JJIUHBI BOJHOBOAA, OyIb TO
IUIOCKUI BOJHOBOA MM JF0O0€ MHOTOMOAOBOE BOJIOKHO. IIpM HCHONB30BaHUM IIOCKOTO
BOJTHOBOZA 3a/1aHHO JJIMHBI MOJKHO BBIOPATH €ro IMUPUHY U AJHMHY BOJIHBI IS YOBJIETBOPEHUS
ycaoBuii camooxycrpoBki. DPpdext camooToOpaskeHHs: B BOJIHOBOAAX PA3bsICHEH B CIEAYIOIIEH
nyOJTUKALIH:

- 0. Bryngdale, Journal of Optical Society of America, Tom 63, Ne 4, 1973 r.

B BapmaHTax OCyLIECTBJIEHHs] MO MeEHbIIEH Mepe JBa BOJHOBOAA MOTYT OBIThb
PacMoJIOkKEeHbl MOBEPX IPYr APYra, U MO MEHbIIEH Mepe OJWH BOJHOBOJA TaKOW THOPUIHOMN
KOMITOHOBKH MOET OBbITh BBIIOJHEH C BO3MOXKHOCTBIO HAIPABJICHUS OCBEINAIOIIETrO CBETOBOTO
Jy4a AJis 110 MEHBLIEH Mepe YaCTUYHOTO OCBEINEHHS 3HaKa. DTO o0ecreuynBaeT KOHPUTYPALHIO,
B KOTOPOH HMCTOYHHMK OCBEINAIOLIEr0 CBETA M JETEKTOP pAaCIojaratoTcs Ha YIOAJIEHHH OT
YKa3aHHOT'O 3HaKa, HAIPUMEP B TON 00JIACTH YCTPOMCTBA, TIE TEMIIEPATYPa B XO/I€ SKCILTyaTalluu
cocrasysieT MeHee 100 °C, BoamokHo, MeHee 50 °C. Tumbl, pasmepsl U MaTepuabl BoaHosozaa 10
OyayT BbIOMPATHCS] B COOTBETCTBUH C THUIIOM 3HaKa 4 U TpeOOBaHMSAMHU K T€OMETPHH U padoueit
TEMIIEPaTypPbl YCTPOHCTBA, TEHEPUPYIOIIETO a3p030Jib, B KOTOPBIX OHO PEAJTM30BAHO, M OOBIMHO

NPEACTABJIIOT COO0M, HO 0€3 OrpaHuYeHus, CIenyoI1e BAPHAHThI BHIOOpA!
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- onuHOuHbIe BOJNOKHa 10: mma mepemaun mHGOpMaruun 00 HHTEHCHBHOCTH,
NOJIIPU3ALMH U CIIEKTPAIbHON HH(OPMALNH,

- mydku BoJIOKOH 10: mysi mepemaun u300pask€HHUH W OCBELIAOLINX CBETOBBIX
JIy4eH;

- 1wiockue BomHOBOABI 10: nmnst mepemaunm wHpOpPMaUMH OO0 HMHTEHCHBHOCTH,
NOJApU3ALMM U CHEKTPaJbHON WHpOpMammu, a Takke sl Iepefaqyu
N300paKEHUH M OCBELIAOIIUX CBETOBBIX JIyUeH.
Bce BapraHThI OCYLIECTBIIEHHS, ONMCAHHBIE B JAHHOM JJOKYMEHTE, MOTYT OBITh TAKXKe
NPUCTIOCOOJICHBI TS HAMIPABJICHHUSI OCBELIAIOIIETO Jy4a, MPEIOCTaBIIEMOr0 HCTOYHHKOM CBETA,
MIPUCTIOCOOJIEHHBIM JJisi BOJIHOBOAA 10, K CTOpOHE Ha ynajeHuH OT 3Haka 4. DTO MOKET OBbITh
peanu30BaHO BHYTPH BOJHOBOAA 10 Wi myTeM pacnoyio;KeHHs TOMOJHUTEIBHOTO BOJIHOBOIA 13,
KOTOPBII MOXKeT ObITh PACIOJIOKEH Ha BOIHOBOAE 11 vtk MOKeT MpecTaBisTh COOO0H OTAENbHBIHI
OCBEIAOIINI BOJHOBOZ.
OnTuueckue BosnokHa 10 u nmyuku 10 BONOKOH, Takue Kak MCIOJNb3yeMble, HallpUMep,
B JHJOCKOIAX, XOPOIIO W3BECTHbI CIENUATUCTY B OOJACTH HAMpPABIEHHOH ONTHKH H
JOTOJTHUTENIbHO HE ONMUCAHBI B JTAHHOM JTOKyMeHTe. Tak)ke M3BECTHO, KaK KOH(HUIYpHUPOBATh
KOMITOHOBKY ONTHYECKHX BOJIOKOH, TOAXOSINYIO ISl OCBEIeHHs oObekTa M cOopa CBeTa,
OTPa’KEHHOTO HJIM TEPEJaHHOrO TaKHMM OOBEKTOM. DTO TAKXKE OMHCAHO B IMPEIIIECTBYIOLIEM
YPOBHE TEXHUKHU U AOMOJHUTEIBHO HE KOMMEHTHpYeTCs. B mpuHIune, yacTuyHble H300pakeHns
MOXKHO TaK>Ke IepeiaBaTh IPU MOMOIIU OJHOTO ONTHYECKOTO BOJIOKHA, TOCKOJIbKY UH(pOpMAIHS
comepkutcsi B QyHKIMK npeodpaszoBanust Pypre. DTO pereHue siBiseTcsi 60see CI0KHbIM, YeM
UCIIOJIb30BAaHKE IIJIOCKUX BOJIHOBOJOB, TaKk Kak OHO TpeOyer Oosee CIIOMKHBIX ONTHYECKUX
CUMTHIBATEJIEH, BBIMOJHEHHBIX C BO3MOXKHOCTBIO OOECTe4YeHHs, Harnpumep, TpeOOoBaHHIA
KaJUOPOBKH W/MJIM TOJSIPU3AIMKM, HO OHO TaKKe€ MOKET OBbITh peaju30BaHO B BapHaHTE
ocymecteieHus. Ilepemaya mo MeHbInell Mepe 4YaCTUYHBIX HM300paXEHUH TMPHU TOMOLIH
OJMHOYHBIX MHOTOMOJIOBBIX BOJIOKOH IPEACTAaBIISIET OONIBLIONH MHTEPEC IS PA3HBIX PUMEHEHHIH
(opmupoBaHUs M300paKEHUH, B KOTOPBIX TOCTYITHOE MECTO SIBJSIETCS] OY€Hb OTPAHUYCHHBIM, U
ObLTa HEJABHO ONMCAHA B JINTEPATYpPE, HAPUMeEDP:
- A. Fertman, D. Yerlin, «Image transmission through an optical fiber using real-
time modal phase restoration», Journal of the Optical Society of America B, Tom
39, ctp. 149-157 (2013 1),

- P. Caramazza u coaBr., «Transmission of natural scene images through a
multimode fiber», Nature communications, School of Physics and Astronomy,
University of Glasgow, (2019) 10:2029; https:// dol.org/10.1038/541467-019-

10057-8/www.nature.com/naturecommunications;
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- V.S Feschenko u coasr., «Optical imaging system with a waveguide», Physical
and Quantum Optics, Optics and spectroscopy, Tom 97, Ne 3, 2004 r., cTp. 468—
471.

IInockue onrtuueckue BOAHOBOABI 10 B yCTpONCTBE 2, r€HEPUPYIOLIEM a3pO030Jib,
UMEIOT reoMeTpuyeckrue M (YHKUHOHAJIbHBIE MPEUMYIIECTBA Mepel MPOCTBIMH ONTHYECKHMHU
BOJIOKHAMU WJIA ITyYKaMHU BOJIOKOH, YTO CTAHET OUYE€BUIHO U3 CIEAYIOLIETrO ONUCAHUS PA3IUYHbIX
BaPUAHTOB OCYLIECTBIICHHS HACTOSIIErO H300PETEHHMSI.

Ha ¢ur. 1 mokasaH cxeMaTUYeCKHii MOMEePEUHbIN pa3pe3 YacTH TIOCKOTO BOJIHOBOAA
10, comepxaimmero AUQPPAKLUOHHYIO BBOAHYIO CTPYKTYPY 12 M mudpakuMOHHYIO BBIBOJHYIO
crpyktypy 14. Kak BBOnIHas, Tak M BBIBOAHAS CTPYKTYphl 12, 14 MOTryT mpencraByisiTh COOOM
CTPYKTypHupOBaHHbIe oTpaxatenbHblie pemetkn SRG1, SRG2. B BapuanTax OCyIIECTBICHHS B
BOJTHOBOZIE 10 MOKeT OBbITh pacmoioXkeHo Oojee OAHON BBOAHOHM CTPYKTYphI 12 MM BBIBOIHOM
CTpyKTypel 14, u omHa M3 BBOAHON CTPYKTYphl 12 wnM BBIBOMHOW CTPYKTYPBI MOKET
NPEACTaBIATH COOOH MPOIYCKAINYIO pereTky. Bo Bcex BapuaHTax OCyIECTBIEHHS HACTOSLIETO
n300peTeHNss BBOAHBIE W/MJIHM BBIBOJHBIE CTPYKTYPbl MOTYT OBITh PACIOJIOKEHBI Ha JIFOOOM
CTOpoHe win JEoOboM Topiie BojHOoBOoAA 10.

Ha ¢ur. 2 moka3aH cxeMaTH4eCKHi MONePeuHbIl pa3pe3 YacTH IUIOCKOTO BOJIHOBOAA
10, comepskarero rojorpaguueckyro BBOAHYIO CTPYKTYpY 12 u romorpaduueckyro BBIBOJHYIO
CTpyKTYpY 14.

Ha ¢ur. 3 nokaszan cxemaTu4deckuii NonepeyHslil pa3pes 4acTu MIIOCKOrO BOJHOBOJA,
cozepkallero KJIMHOBHIHYK) BBOJHYI) TNOBEPXHOCTh 12. B BapuaHTe OCYILIECTBJICHUS,
IPEeICTaBIeHHOM Ha (ur. 3, Kak M300pakeHO, MOTYT ObITh MPEAYCMOTPEHBI BHYTPEHHHE IO
MEHbIIIEeH Mepe YaCTUYHO OTKJIOHSIOLIHE CTPYKTYPBL.

[Ipenensl BbIOOpa MaTepUANOB, HCIOJIB3YEeMbIX IJIsi BOJIHOBOAOB 10 coriacHO
HACTOSIIEMY H300pPETeHHI0, OTCYTCTBYIOT. Marepuaabl MOTYT OBITh NPEINOYTUTENBHO
BBIIOJIHEHBI W3 MarTepuajia, BBIOPAHHOIO W3 TPYMIbl  AWSJEKTPUKOB, COAEpIKalIen
o01en3BecTHbIE MK crieruaibHbie crekna uin Ti02, unu HEO», unu Tax0s, unu ZrO», uau AIN,
w Al Os, wiu ZnO, wnu Si0;, wu Si3Ny, i CaF» nan MgO, unu nx komOuHamu. YKa3aHHbIH
Marepual MOXKeT ObITh BBIOPAH W3 MO CYIIECTBY MPO3PAYHOTO IMOJUMEpa, BKIFOYAsS
nomTinentepedranar  (PET), nommkapbonar (PC), mnommytunenHagranar  (PEN),
nommMetmmMerakpuiat (PMMA), crnoskabie nonusdupel, nonustuieH (PE), nomunponunes (PP),
nomyTIIIeHpypanoar, nonumeruiaMmerakpmiar (PMMA), momumepsl HA OCHOBE KOHIEHCATOB
noym(Ouc-1uKIonenTaaueHa), oecusernsiii mommumun (CP), nenmonosy, nomumepst PEEK u nx
koMOuHanuio. ITonumeps! MM KOMITO3ULIMOHHBIE MaTepPHabl HA OCHOBE MOJMMEPHOH MaTPULIbI

00J1aal0T MPEUMYILIECTBOM YIPYTrOCTU M, TakKuM 00pa3oM, 00ecneuuBarOT T'MOKOCTh TOHKHUX
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BosHOBOZIOB 10. Ilonmumep wiM IUANEKTPUKH MOTYT TaKXKe COAEpKaTh Takue NOOAaBKH, Kak
XMMHUKaTBbl WJIM HAHOYACTULBL B kayecTBe MaTepuanoB AJjsi BOJIHOBOJAA 1, B 4aCTHOCTU TOIZA,
KOTJIa JIJIs OCBEIIEeHUs U (POPMHUPOBAHUS U300pakeHHUs UCTIONb3YeTCs MHQPAKPACHBIN CBET, MOTYT
Takke ObITh BBIOpaHBI MOJYNPOBOJHHUKH, Takue kak Si u Ge, win ux komOunanws. Iupokuit
AMAna30H BO3MOXHBIX MAaTepUaioB O0ECHeunBaeT BO3MOMKHOCTb KOHCTPYHPOBAHUSI OYEHb
OonbLIOro pasHooOpasusi BOJHOBONOB 10 pa3HON AJIMHBI, KOTOPbIE MOTYT OBbITh MOIXOASIAMU
1Tl HampaBJieHus cBeTta B Y@, BUIUMOH 1 HHPPAKPACHON YaCTsIX JEKTPOMATHUTHOTO CIEKTPA.
BonroBoab! 10 cOriacHoO HACTOSIIEMY H300PETEHHIO MOTYT MPEACTABISITh COOOM MO MEHbIIeH
Mepe YaCTHYHO JITHPOBAHHBIE BOJHOBOABI 10 U MOTYT OBITh BBIITOJIHEHBI B BHJIE€ BOJTHOBOIOB 10
C TPAAMEHTHBIM W/WIM CTYNEHYAThIM TIOKa3areneM mpenomiieHus. BomHoBoxbl 10 moryt
COJZIEPIKATh CJION O0OJIOYKU U MOTYT COJEP3KATh 3aLTUTHBIN CJIOH.

IIpenmyinecTBeHHO BOJIHOBOAB!I 10 BBIMOIHEHBI M3 SKAPONPOYHBIX MAaTEPHANIOB,
OTpeneNsIEMbIX KaK MaTepHalbl, KOTOPble MOTYT O€3 HM3MEHEHHs HX ONTHYECKHX CBOKCTB
BBIZIEpKUBaTh Temriepatypsl 10 400 °C. B BapuaHTax BOTHOBOAKI 10 MOTYT MPEACTABISATH COOOH
OTAENbHBIE BOJHOBOABI 10 MM MOTYT MpencTaBisaTh cOOOH BOIHOBOABI 10, peann3oBaHHBIE HA
MOJIIOXKKE, KOTOpasi He 00s13aTeIbHO 00J1afaeT ONTHYECKON (PyHKIMEH.

B npennouTuTensHOM BapHaHTe OCYIIECTBIIEHHSI, Oosiee MOAPOOHO ONMCAHHOM HITKE,
BOJIHOBOZI BBITMIOJHEH M3 MOJHCUJIOKCAHA, KOTOPBIH 0ONagaer yCTOMYMBBIMU ONTHYECKUMH
coiictBamu 10 290 °C.

Jpyrumu noaxoAsmyuMy KaHAUAATaMU 1J11 MaTepuaia BoaHOBoAOB 10 B HacTosAIEM
U300peTeHNH SIBJIAIOTCSL MOJHUMMHUIBI W TMOJUAMUAUMHIBL. OJTH MaTepualibl, COAEp Kallue
UMUHBbIE TPYHIMbI, BblAEpKHBaOT Temmneparypbl Bbime 300 °C m 001amar0T AOCTATOYHBIM
ONTHYECKUM MPOMYCKAaHHEM TaK, YTO THUITHYHBIC MOTEPU COCTABISIOT He Oonee 0,2 nb/cMm, 4To
SIBJISIETCSI B 3HAUUTENIbHOW CTENeHU JOCTATOYHBIM JUISl IJTMH BOJHOBOAOB 20, OOBIMHO MMEOLITHX
pasMep B CaHTUMeTpax, HarpuMep oT 1 cm 10 5 cm unu ot 5 em 1o 10 em.

OcoOplii uHTEpeC ISl peaju3aluud  BOJHOBOAOB 10 COMIacHO HACTOSIIEMY
U300pPETEHNI0  TMPEACTABISIOT  apOMAaTHYECKHe NOoJHaMuAuMuHble nonumepbl  (PAI),
NpeACTaBIsIoIue co0ol TepMoruiacTsl. IIpUIrHON SBISIETCS TO, YTO OHU SIBIISTFOTCS] ONITUYECKU
NPO3PAaYHBIMK, OOJAAIOT BBICOKOH TEPMHUYECKOH YCTOHYMBOCTBIO NaXke IPH TEMIIepaTrypax
Beimie 300 °C, oHM 00namarOT MNPEBOCXOMHOW XHMHUYECKOH CTOHKOCTBIO M OOJamaroT
MEXAaHMYECKUMH CBONCTBAMH TPOYHOCTH, TaK YTO HX MOXKHO JIETKO CKPY4YHBaTh W/WJIH
npucrocabinBaTh PSIOM C HarpeBateieM 3 WM JIOObIM HarpeTbiIM MECTOM B YCTPOWCTBE 2.
Kpome toro, onu umeror norepu 1o 0,2-0,3 ab/cm Ha niuHe BOiHBI 830 HM, YTO O3HA4YaET

MIPAKTUYECKU MOJIHOE OTCYTCTBUE MOTEPh HHTEHCUBHOCTH IIPU PACIPOCTPAHEHUU HA AJIUHY 20—
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50 mm. Bo3morkHa pear3anusi BOJHOBOAOB, KOTOPbIe UMEIOT OOKOBBIE TTOBEPXHOCTH, HMEIOLITHE
11EpOXOBATOCTh Mopsika 1/10% MHbBI BONHBI B BUAMMOM AUana3oHe CeKTpa.

Xotrs ruOkue BONHOBOABI 10 MpenoCTaBiAIOT 3HAYUTENbHBIE NPEUMYINECTBA B
OrpaHUYEHHBIX MPOCTPAHCTBAX, STH BOJHOBOJABI MOT'YT TakXe ObITh BBINOJHEHBI U3 JKECTKOTO
IPO3PAvuHOro Marepuana, KOTOpble MOXKET ObITh 00pa3oBaH MEXaHMYECKH WJIM TPU TTOMOIIU
TPABJIEHUs, WJIM MOXET SIBISITbCS (OPMOBAHHBIM, Kak, HAIpUMep, 30JIb-Telb WIN JI0OOM
NIPUTOHBIH K JIUTBIO MaTepuall, MPO3payHbIil B BBIOPAHHON CIEKTPAIIbHON MOJIOCE POy CKaHUS
yepe3 BoJHOBOA. [1o nmpuunHe TOro, 4to BOJHOBOAB! 10 B MPUMEHEHUSAX COMNIACHO HACTOSALLEMY
u300peTeHHI0 00IanarT MabiMu JutnHaMu L, 00braHO MeHee 20 cM mnu MeHee 10 oM, win qaxe
MeHee 50 MM, CBOMCTBA IIPOIYCKAaHUsI HE SIBJISIIOTCS CTOJIb BAKHBIMU, U, HAIPUMEP, MO-TIPEKHEMY
MOTYT JIETKO HUCIOJIb30BAThCS MOTEPU MHTEHCUBHOCTH B 2 WK 3 pasa.

B npenmyIiecTBEHHOM BapHaHTE OCYIIECTBIEHHUS] BOJIHOBOBI MPEICTABISIOT COOOM
YKECTKHE UM THOKHE TOJIbIe BOJTHOBOBL. XOTsI BOJIOKHA C TIOJIOHN CEPALIEBHHON OOBIMHO U3BECTHBI
Kak obnanaromtre 0osee BBICOKUMH MOTEPSIMU Ha MOTJIOIIEHHE TTO0 CPABHEHHUIO C TBEPIOTEIbHBIMU
BOJIOKHAMH, YTO SIBJISIETCSI MAryOHBIM 111 OOBIYHBIX TEJIEKOMMYHHKAIIMOHHBIX IPUMEHEHUH, OHU
XOPOLIO TMOAXOST B KAYECTBE BOJIHOBOJOB B HACTOSALIEM H300pPETEHHH, B KOTOPOM CyMMapHast
JUTMHA BOJHOBOJOB OOBIMHO cocTaBisieT MeHee 10 MM, Tak Kak UX HEOOXOAMMO BMECTUTH B
YCTPONCTBO, F€HEPUPYIOLIEE a3PO30Jib, 1€ JOCTYIMHOE MECTO SIBJIAETCS OUYE€Hb OTPAHUYEHHBIM.
JleificTBUTENbHO, HA CTOJIb MAJIOH JIJTMHE MOJIOTO BOJIHOBOAA MOTepU HHTEHCHBHOCTH Oosiee 30 %
u 10 50 % He OKa3bIBAKOT OTPULIATEIbHOIO BIMSHHUS HA OKCIUTyaTallUOHHBIE XapaKTEPUCTUKU
BOJIHOBOJIOB JIJIs1 UX HA3HAYEHMsI IEPEaBaTh B JETEKTOP CBET, OTPA’KEHHBIN I MPEJOMIICHHBIN
OT 3HAaKa Ha YCTPOMICTBE, TE€HEPUPYIOIIEM a3po30ib. BonokHa ¢ MONONH CepALeBUHOMN,
MIPOSIBJISIFOIITNE TIOTePU MHTEHCUBHOCTH MeHee 10 % Ha 100 M, MO3BOJISIFOT HANPaBJISITh CBET Ha
paccTosiHusl oObIMHO MeHee 1 M ¢ morepsimu MeHee 10 % He3aBHCHMO OT JJIMHBI BOJIHBI
HarnpasJieHHOTO cBeTa. Takum 00pa3oMm, CBET ¢ LIMPOKHM CIIEKTPAJIbHBIM PaclpeeIeHUeM, TaKOH
kak Y@, BUANMBII 1 UHPPAKPACHBII CBET, B TO K€ BPEMsI MOJKET HAIPABJIATHCS B BOJTHOBOJAX C
NOJION CcepaLeBUHON Onaromapsi BHYTPEHHEMY IIOKA3aTeNI0 MPEJIOMJICHUS BOJHOBONA, IIO
CYIIECTBY paBHOMY 1, eciii mojiast cepLeBHUHA MPENCTaBIsAeT COOOH BaKyyM WIJIM TaKOH ra3, Kak
BO3/yX.

B KOHTeKCTe HacTOsIero M300peTeHHsI BOJHOBOABI C IMOJIOW CEPALEBHHON MOTYT
NPEACTaBIATh COOOH BOJIOKHA C TOJNOH CepALEBUHON, HMMEIOIIHNE IMINHIAPHYECKYIO WIH
HELMIMHAPUYECKYIO CEPALIEBUHY C CAMBIM MaJIbIM Pa3MEPOM MOMNEPEUYHOIO CEUEHUs CEPALIEBUHBI
no Mesblied mepe 500 MKM, NPEANOYTUTENHHO MO MeHblIell Mepe 50 MkMm, eme Oornee

MPEANOYTUTENBHO O MEHBILIEH MEPE 5 MKM.



22

ITOHATHO, YTO BOJIHOBOABI C MOJOH CEpALEBHHON HE JOJKHBI OBITh OCHOBAHBI Ha
MOJIHOCTBIO MOJIBIX CEPALEBUHAX, HO MOTYT COAEPKaTh MPEUMYLIECTBEHHBIE CTPYKTYPbI BHYTpHU
NOJION CepALEeBUHBI HAa CTEHKEe O0OJOYKH. B Xozme H3roToBJeHHS BOJHOBOJOB C IIOJIOH
CEepALIEBUHON MOTYT OBbITh BCTPOEHBI CTPYKTYPBI AJIsI TIOBBILIEHUs] ONITUYECKOTO MPOIYCKAHUS.

B BapuanTax oCylecTBIEHUs U151 3alUThI BOJIHOBOA, HAIPUMED AJIs TEIIO3AIIUTBI,
MOTYT HCIOJIb30BaThCs KaMUULAPbL. B 5TOM ciy4yae BonHOBOA 10 pacnoyioskeH B LEHTPAJIbHOM
OTBEPCTUHU KamwusipHOH TpyOku. Kamwmisip MoxeT comepkaTb NO MEHbLIEH Mepe JBa
BOJIHOBOJIA.

B BapmaHTax cepaLeBUHBI W/ OOOJOYKH BOJIHOBOAOB MOTYT COCTOSITH M3 IO
MEHbLIEH Mepe IBYX CJIOeB. MeXaHHMYeCKHe U ONTHYECKHE CBOWCTBA BOJHOBOJIA MOTYT OBITH
HEOJHOPOJHBIMH BIOJIb AJIMHBI BOJTHOBOJA.

B BapmanTax ocymectBieHus BomHoBox 10 Moxker ObiThb  OOpa3oBaH
HEMOCPEICTBEHHO HA MMOBEPXHOCTU HArpeBaTess 3, €CIU OH U3rOTOBJIEH U3 MaTepuasa, KOTOPBIH
HE U3MEHSIET CBOM MEXaHUYeCKHe Ui onTuueckue cBoiictea no 200 °C, unu no 250 °C, wim 1o
300 °C. Hampumep, CHapyXd WM BHYTPH HarpeBaTellsi MOXET OBITh pEeaTn30BaH CIIOH
CHUHTETUYECKOr0O aJMasa, BBIIOJHEHHBIN B Ka4€CTBE BOJHOBO/A.

B BapmaHTax OCyIIECTBIEHHS MOKET OBbITb PACIIONIOKEHO MO MEHbINEH Mepe /1Ba
pPa3HBIX BOJIHOBOZAA, KakK, HANpUMep, TBEPAOTENbHbIN BOJHOBOA M3 Si02, MpUMBIKAOMUN K
NOJIMMEPHOMY IIJIOCKOMY BOJIHOBOAY 10, Py 3TOM TBEpAOTENbHBIN BOJIHOBO ITPUCIIOCOOIIEH IS
HArpeToro Mecra B YCTPOWCTBE 2, a MOJIMMEPHbIH Iuiockuil BosHOBOA 10 mpucnocoOneH s
nepenavy ONTHYECKOH MH(POPMALIK B OTHOIIEHNH 3HAaKa, TAKOH KakK M300pakeHHe, B IETEKTOP,
PACIOJIOKEHHBbIN HAa YAAJIEHUU OT HATPETOro MECTA.

BBoauble koMmoHeHTH! 11 1 BLIBOAHBIE KOMIIOHEHTHI 13

B nmnpeuMyinecTBeHHBIX BapuaHTaxX OCYLIECTBJIEHUs IIO MEHbLIEH Mepe YacTb
YKa3aHHOro BOJHOBOZa 10 pacmnonokeHa B COOTBETCTBUU C PE30HAHCHOW BOJIHOBOAHOMU
pemetkoii (RWG). Pe3oHaHCHbIE BOJHOBOIBI TMPEACTABISIOT COOOW TMPENNMOYTHTENbHBIE
BapHUaHTbI BbI60pa B KQUECTBE€ BBOAHBIX U BBIBOJHBIX KOMIIOHCHTOB. RWG OMUCAaHbIL, HAIIPUMED,
B!

- A. Sharon u coaBT., «Resonating grating-waveguide structures for visible and near-
infrared radiation», J.Opt.Soc.Am, Tom 14, Ne 11, ctp. 2985-2993, 1997 r.

RWG w#3rotaBnMBarOT MyTeM HCIOJNB30BAHUS MHOTOCIOWHOW KOH(pUTyparmuu u
KOMOMHHUPOBAHUsSI CYOBOJHOBBIX PEIIETOK M TOHKOI'O BOJHOBOIA. Pe30HaHC BO3HHMKAeT TOTNA,
KOT/Ia A0 CBET MOABEepPraeTcs NP pakLuy Ha peIleTKe U COBIMAgaeT ¢ MOIOH BOJHOBOA.
Tak xak 60J'Ib].Haﬂ qacCTh CIICKTpa BBOAUMOI'O CBECTAa HEC MOMNAAA€T B BOJIHOBOA, MPHU OTPANKCHUU

W/WITH TIPOTTyCKaHUU O0€CTIEYMBAIOTCS CHIIbHBIE CIIEKTPaNIbHbIE 3PPEKThI. DTO BBI3BAHO TEM, UTO
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RWG mnpexacrasnsitor coboit roppupoBaHHbIE BOJHOBOIBI U BEAyT Ce0si KaKk BOJHOBOIHAS
pemerka. Ilpumenenne RWG B 3Hakax mo3BoisieT O0eCeYrBaTh YHUKAJIbHBIE ONTHUECKUE
s¢dexTrr, KOTOpBIE KpaitHe TPyAHO uAeHTU(HUUUPOBAaTH U Bocmpom3BecTH. RWG 00bdHO
paccuMTaHbl HA HAIWYKE Y HUX OoJiee KOPOTKOH MPOCTPAHCTBEHHOW NEPUOANYHOCTH, YeM JUINHA
BOJIHBI, HA KOTOPOH OHM pabOoTaIOT, U MOSTOMY Ha3bIBAIOTCS KCYOBOIHOBBIMUY CTPYKTYPaMH WIIN
CyOBOJIHOBBIMU YCTPOWCTBaMU. B KOHEUHOM HTOre OHH MMEIOT MEePHOANYHOCTh, ONU3KYIO K
JUTHHE BOJIHBI, HA KOTOPOH OHU padOoTalOT, M 4yTh BbIlE ee. JJOBOJBHO YaCTO MEPUOIbI SIBJISFOTCS
3HAYUTEJHPHO MEHBIIUMH, YeM JJIMHA BOJIHbI, HA KOTOPOH OHHU paboOTarT, B CBOOOIHOM
NPOCTPAHCTBE, HAMpPHUMEpP, COCTABSIIOT OAHY TPeTh OT Hee. BcnencTtsue wux Mayon
NEPUOANYHOCTH OHHM HE JOMYCKAKT PA3JIMYHbIC MOPANKUA TU(PPAKIUH, YTO OTJIMYAEeT HX OT
ropaszo 6osee mpocThIX NUpPaKIHMOHHBIX onTHUecKuX 35eMeHToB (DOE), KoTopbie n300pakeHbI
Ha ¢ur. 20-22.

ITpumenernne RW G no3Bosisier obecnednTs YHUKATbHbIE ONTHYeCKHe 3PP EKTh BBOAA
U BBIBO/IA, HATIPUMeEP, 3a CYeT 00ecreueHus BBICOKOTo K03 (h(hUIIMeHTa MOJIE3HOTO IEHCTBHSI BBOJA
W/WIM BBIBOAA, WM BBOAUTH M BBIBOAWUTH IMOJSIPU3OBAHHBIE CBETOBBIC JY4H C OOJNbIIEH
3¢ (EeKTUBHOCTRIO WIIM C 33JaHHBIMH YIJIaMH, YTO ObLIO OBl HEBO3MOXHO NMPU HCIMOJIB30BAHUU
OOBIYHBIX AU(PPAKIMOHHBIX PEIIETOK, TAKMX Kak OWHapHble AudpakuuoHHbIe pemeTku. RWG
MOXET OBITh peaji30BaHa MPU MOMOIIH METOAOB TUCHEHNS, TIO3BOJISIOIIUX MTOJNYYHUTh JEIIeBbIH
BOJIHOBOJI, KOTOPbIE UMEIOT OueHb 3(ppekTrBHbIE KOIDPULIMEHTHI TOJIE3HOTO NEHCTBUS ITPH BBOAE
CBETa, KOTOpble B COOTBETCTBHM C HX KOHCTPYKIMEH MOTyT 3aBHCETb, B YaCTHOCTH, OT
KOHKPETHBIX 33JaHHBIX JUITMH BOJH. B BapmaHTax, KOTOpble He M300pa)keHbl Ha (QUrypax, MO
MEHbIIIeH Mepe OfHa U3 OOKOBBIX NMOBEPXHOCTEH BOHOBOAA 10 pacrosioxeHa HeNpepbIBHO MIIN
NPEPBIBUCTO Ha 1Mo MeHblel mepe 50 % Bcell ero AMHBI B KaueCTBE BBOJHOM MOBEpXHOCTH 12
W/WKM BBIBOOHOW MOBEPXHOCTH 14. Yka3aHHasi BBOAHAs TOBEPXHOCTh 12 W/WiM BBIBOIHAS
MOBEPXHOCTH 14 MOTYT ObITh BHINONHEHBI B Buie RWG.

JIpyrue mpenrnouTUTENbHbIE BapUaHThl BbIOOpA Ui BBOAHBIX KOMITOHEHTOB 11 u

BBIBOJIHBIX KOMIIOHEHTOB 13 sIBNIsitOTCSA, 6€3 OrpaHUYeHUs], CISTYOIIIMHE:

Ounapuble pewerku (¢pur. 20);

- CKOIIICHHBIC PCIICTKH,

MHOT'OYPOBHEBBIE TH(PaKIIUOHHBIE CTPYKTYpHI (pur. 21);

CTPYKTYPHI B BUA€ KOHIIEHTPHUPYIOLIHNX pereTok (¢ur. 22);

MMPEJIOMITAOIITUE W/ unu OTpaAXKAarIMKUEC MUKPOIIPU3MBbI:

rojiorpaMmbl, TaKHE€  KaK 00bEMHBIE rojIorpaMMHbBIE  CJION Harpumep

2

(hoTonoNMMepHBIE TOJIOTPAMMBIL;

BCTPOCHHBIC MUKPOMATPULIBI,
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- PELIETKH C OBEPXHOCTHBIM penbeoM;

- METaroBEepXHOCTH.

bunapHbIe 1 MHOrOypOBHEBbIE TH(PAKIIMOHHBIE CTPYKTYPbI H300paskeHs! Ha ¢ur. 20,
21, 22. JInppakyoHHbIE CTPYKTYpPHI MPEACTABISAIOT 1Iar A, BbIOpaHHBI B 3aBUCHMOCTHU OT
UCTIONB3YEMbIX JUIMH BOJIH. BUHApHBIE CTPYKTYphl 00ECIEeUYHBAIOT BO3MOXKHOCTD HAIPABIICHUS
au(parupoBaHHOTO CBETa B IO MEHbIIEH Mepe ABYX mnopsakax auppakumu. Ha d¢ur. 20
n300pakeHa IBYXypOBHEBAs pelIeTka, 00eCneunBaroIas BO3MOKHOCTb BBO/IA CBETA B BOJIHOBOIE
B JIBYX HampaslieHHsx. [Ipu HCIONBb30BAHUM MHOTOYPOBHEBOTO Monaxoaa 3(p¢eKTHBHOCTH
mudpakuuy siBisieTcs: Oosee BBICOKOH B OJHOM HaIpaBieHUU (Hanpumep, B mopsinke m=—1), a mpu
00pa3oBaHMHM BOCHBMHYPOBHEBBIX pEIIETOK padouhe XapaKTePHCTUKU TMPEACTaBISIOT COOOH
paboure XapaKTePUCTHKH KOHIIEHTPUPYIOIIEH pemeTku, u3odpaxkeHHoW Ha ¢ur. 22. Takue
CTPYKTYPBhI B BUZI€ PEIIETOK MOTYT OBITh 00Opa30BaHbI MPH IIOMOLIH PAa3HBIX MPOLIECCOB, TAKUX KaK
ropsidee THCHEHHE MM crocoObl Qortonurorpaduu u BocmpousBeneHus. JludpakunoHHbIe
CTPYKTYpPbl MOTYT OBITH BBIIOJHEHBI C BO3MOXKHOCTBIO PEANTHM3ALUN ONTUYECKUX (PYHKLHUH,
KOTOpbIe TPEOYIOT CIIOKHBIX ONTHYECKUX KOMIIOHEHTOB. Hanpumep, nudpakiinoHHas CTPyKTypa
MOXeT OBbITh BBITIOJHEHA ¢ BO3MOKHOCTBIO BBOZA CBETOBOTO JIyda B BOJHOBOJX U B TO JK€ BPEMs
OTKJIOHEHUsI M (POKYCHPOBKH CBETOBOIO JIy4ya, YTO SIBJIAETCS OCOOEHHO TIIOJIE3HBIM IS
3¢ ($eKTUBHOrO BBOJA CBETA B IJIAHAPHBIE BOJHOBOABL [ pakiMOHHbBIE CTPYKTYPBI MOTYT OBITH
pAacIoNoKeHbl BAOJNb BOJHOBOAA Ul Moau(pukauuu (GopMbl U anepTypbl HAIPABIEHHOTO
CBETOBOTO JIy4da HJIM MOTYT HCIIOJIb30BAThCs AJIsl BBOZA, HampasiieHus U BbiBoza Tonbko TE nmm
TM nonsipu30BaHHOTO CBETA, YTO SIBJISIETCSI OCOOEHHO IOJIE3HBIM MPU OOHAPY)KEHUH 3HAKOB,
TPYIHBIX Ul BOCIIPOM3BENEHUS, B KOTOPbIX onTHdeckue 3(pdexTel OCHOBAHBI HA MPUMEHEHUH
NOJISIPU30BAHHOTO CBeTa. B BapmaHTaxX BOJHOBOJA MOXKET COAEPIKaTh MU(PPAKIIMOHHbBIE PELIETKH
Ha €ro MOBEPXHOCTH JJIsl BBIBOJIA YACTH HAMPABJIEHHOTO CBETOBOrO Jiyya 100, Hanpumep, B LEJsX
COIOCTABJICHUS] UHTEHCUBHOCTH HJTH, BO3MOKHO, OCBELEHHSI M/ MJTH OOHAPYKEHUST BTOPOTO 3HAKA.

[TpenoMysiroIue U OTPaKAKOLINEe MUKPOIPU3MBbI IIPEACTABIIOT COOOH MPOCTEHIITHIA
croco0 peanu3aliii BBOJHBIX M BBIBOAHBIX KOMIIOHEHTOB M MOTYT OBITh DPEaJM30BaHBI C
MIOMOIIBIO TOH K€ JIUTHEBOH (HPOPMBIL, UTO U JIUThEBAsT (POpPMa, HCTIONB3yeMasi ISl H3TOTOBJICHUS
BOoJHOBOa 10, HO OHM HE SBISIIOTCS MOBEPXHOCTHBIMU CTPYKTYPAMH U TPEACTABISIOT
BOJIHOBO/IBI, COZIEPIKALINE BBICTYIT WJIM 3A0CTPEHHYIO MOBEPXHOCTb JJIsl BBOAA W/WJIM BBIBOJA.
[IprMeHeHe METaroBEPXHOCTEH B KaUeCTBE BBOAHBIX M/MUJIH BBIBOIHBIX CTPYKTYp 11, 13 mmeer
HEKOTOpBbIE KOHKPETHbIE IPEUMYyIIecTBA. METarnmoBEepXHOCTH MOTYT OBbITh BBIIIOJHEHBI C
BO3MOXKHOCTBIO OOECIEeYEeHHsI MCTHHHOTO axpOMAaTHYEeCKOrO IIOBEJEHUs B O4Y€Hb TOHKOH
MIOBEPXHOCTH € UCIIOJIb30BAHUEM TOJIBKO OWHAPHBIX HAHOCTPYKTYP. MICTUHHBIN axpoMaTUYeCKHi

BBOJ W/unu BbBIBOJ o0ecrieunBaeT BO3MOKHOCTD npeaoCTaBJICHUA pemeHHﬁ, B KOTOPBIX 3HAK 4
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NPEAOCTABISIET CBETOBYHO MH(POPMAIMIO C IIHPOKONOJOCHBIM CHEKTpoM. buHapHbIe
HAHOCTPYKTYPHI MPOLIE N3rOTABINBATh, YEM CIIOKHBIE aHAJIOTOBbIe AU PAKIIUOHHBIE CTPYKTYPBI
C TIOBEPXHOCTHBIM peJbe(oM, a TaKKe MPOILE BOCIIPOU3BOAUTD UX, HAIIPUMED, C UCTIONb30BAHUEM
HAHOMMIIPUHTHOM JuTOorpaduu miu Jierkoil nurorpagpuu. MeTanoBepXHOCTH MOTYT OBbITh
CO3/1aHbl MyTE€M IMPSMOrO OTIEeYaTKa Ha BOJHOBOAHOHN IMOAJIOKKE WM CJI0€ Ha BONHOBOAE 10,
HaIpUMep, B HEOPTraHUYECKUX CJIOAX C BBICOKMM IOKA3aTeIEM MPEIOMIICHUS] WA IIPU IOMOLIH
NPOILIECCOB B3PLIBHOM JTUTOrpaduu ¢ UCTIONb30BAHHEM PE3HCTA.

Ha ¢ur. 4 u3o0pakeH BapuaHT OCYLIECTBIECHHS, B KOTOPOM CBET, MPEIOCTABIISIEMBbIit
3HAKOM 4, BBOIUTCS MIPH MOMOIIH BBOIHOIO 3jieMeHTa 20, KOTOPBIH MOXKET MPENCTABISTh COOOM
m000# CBETOMOKYCUPYIOIIHNHA 3JIEMEHT, Takoi Kak JmH3a. CBerodokycupyromuii saemMeHt 20
MOXET TpPEACTABISITh COOOM HCKPHUBJIEHHOE 3€pKalio, Kak U300pakeHO B BapUaHTE
OCYILIECTBIICHHSI, MPENCTaBIeHHOM Ha ¢ur. 8. VYKa3aHHas JIMH3a WIH 3€pKaji0O MOKET HUMETb
UTHHApHYeCKYl0 (opmy. BBomHble onTudeckue 3imeMeHTHl 20 W BBIBOIHBIE ONTHYECKHE
3JIEMEHTbl MOTYT BKJIKOYaTb pPAa3HblE ONTHYECKUE OSJIEMEHTHl WIM HECKOJBKO ONTUYECKHX
sneMeHTOB. OCBeIeHne 3Haka 4 MOJKeT 00eCTIeYnBaThCsl PA3HBIMU THIIAMH HCTOYHHUKOB 40 cBeTa,
MPEIIOYTUTENLHO IHPOKOMOJIOCHBIM U AEIIeBbIM UCTOUHUKOM 40 cBeTa, TakuM Kak Oenbrii LED.
Hctounnk 40 ceera MoskeT Takke nmpencrasisitb codolt VCSEL mnu maccus VCSEL, mnu mro6oi
APYrOW TUI MOJYNPOBOAHUKOBOIO JIa3epa, HAIpUMEp MOITYIPOBOJHUKOBOIO Jla3epa B BUAUMOU
i nH$ppakpacHoit odmactu. B BapuaHTax ocyiiecTByieHNsI HICTOYHUK 40 CBETa MOKET BKJIFOYATh
pa3Hble TUIBl UCTOYHUKOB CBETAa WJIM HUCTOYHUKU CBETA, UMEHIINUE PAa3Hble WHTEHCUBHOCTH
U3JIydeHus] W/ 1 GOpMbI U3JIy4aeMOro JIy4ya, W/WIN HalpaBJIeHHs U3J1y4aeMoro Jyda ceera. B
BapMAHTaX OCYLIECTBJICHUS HUCTOYHHUK CBETA, UCIOJBb3YyEeMbIH IJI1 OCBELICHUs 3HAKA 4, MOXKET
NPEACTaBJISTh COOOH MH(pPAKPACHBII CBET, KOTOPBII U3JIy4aeTCsl HarpeBaTejieM 3 BO BPEeMs €ro
paboThI.

B BapmaHTax OCYIIECTBJCHUS C IIEJBIO MOJYYCHHS BO3MOXKHOCTH OOHAPYKEHHUS
WHTEHCHUBHOCTEH CBETAa HM3KOIO YPOBHS HCTOYHHUK CBE€TA MOXKET NPEACTaBIATH COOOMH
UMIYJIbCHBIH HCTOUYHUK cBeTra. CHCTeMa OINTUYECKOrO CUUTBIBATENs] MOXKET COAep)KaThb
3JIEKTPOHHYIO CHCTEMY OOpaTHOM CBSI3H, HAIIPUMEP CUCTEMY CUHXPOHHOTO OOHAPYIKEHHUS, TAKYIO
KaK CHHXPOHHU3UPYIOIINH YCHUIIUTENb, KOTOPBII MO3BOJISIET AETEKTOPY OOHAPYIKUBATH CUTHAJIBI C
KpaiiHe HU3KOH HHTEHCHBHOCTBIO, YTO MOKHO MICIIOJIb30BATh ISl CHIDKEHHS SHEPTONOTpeOIeHUS
ycrpoiictea 2. OtpakeHHble W/wiau audparnpoBaHHble cBeToBble Jyuun 102 BBOOSTCA U
HAIPAaBJISIOTCS] BOJHOBOAOM 10 ¥ O MeHbIIeH Mepe YaCTUIHO OOHAPYIKUBAKOTCS AeTeKTOpoM 30.
HerexTop 30 MOXKET MPENCTABIATE COOOM OUH AETEKTOP UIIH AETEKTOPHYIO MATPULLY FITH MOXKET
NPEACTaBIATh COOOM Kamepy Majioro pasMmepa. B Bapumantax ocymectBieHust aerekrop 30

HpI/ICHOCO6J'IeH JJIA O6Hap}’)KGHI/I$I CIICKTPAJbHOI'O HJIM LBETOBOI0 pacCnpeAcjiCHUs CBETaA,
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NPEAOCTABIIIEMOrO OCBEIEHHBIM 3HAKOM 4, 1 MpeoOpa3oBaHMs 3TOW ONTHUECKOH HHPOpMAaLH B
3JIEKTPUUECKUI CUTHAJ U JaHHbIE, KOTOPbIE COAepKaT MH(OPMALIMIO B OTHOLIEHUH U3aenus. B
BapMaHTaX BCEX BAPHAHTOB OCYINECTBJEHHS, ONMUCAHHBIX B JAHHOM IOKyMeHTe, nerextop 30
MOXKET TIPEICTaBIATh COOOH JETeKTOPHYIO CHCTEMY, COAEPKAIYI0 3JIEKTPOHHBIE CXEMbI
obpadorku w/mnmu CPU nmnst oOpabotku M mpeoOpa3oBaHUsl NAaHHBIX TaK, YTO YCTPOWCTBO,
TeHepUpyIolee adpo30iib, MOXKET UACHTU(PUIUPOBATH KYPHUTEJIbHOE U3AENUE  H/WIH
aJanTUpOBaTh MapaMeTpbl UCIOJIb30BAHUS JJIl KyPUTEJIbHOTO U3ZENUs, HalpUMep MapameTphl,
CBsI3aHHBIE C TPeOYyEeMbIM TUANIA30HOM TEMIIEPATypP WIH MAKCUMAbHON TEMIEPaTypOH.

KomnonoBku BosHOBOIOB 10 1 yeTpoiicTBa 2

U3 coobpakeHunit sicHOCTH (QUryp, HE BCE KOMIIOHEHTHI H300pa)KeHBI Ha BCEX
¢durypax, Hanpumep 0110k 250 ynpasieHHst ©300pakeH ToIbko Ha ¢ur. 12, 14, 16, 17, a monoctsb
2a ycrpoiictea 2 nzobpakeHa Toynbko Ha ¢ur. 14, 17, 18.

Ha ¢ur. 4 u nononuurensHo Ha Qur. 5—16 OMUCcaHbI ATbTEPHATHBHBIE KOMIIOHOBKH
BOJIHOBOJIOB B YCTPOMCTBAX, FEHEPUPYIOLIUX a3PO30JIb, COBMECTUMBIX C CUCTEMOM, SIBJISIFOLLEHUCS
NPEAMETOM HACTOALIEro M300pereHus. 3Hak 4, MPenyCMOTPEHHBII Ha BHEIIHEH MOBEPXHOCTH
u3enusi 1, reHepUpyIOLIEero a3po30Jib, TAKOTO KaK CTUK | 11 Harpesa 0e3 TOpeHus, MOJKET OBbITh
PACIIONIOKEH B YCTPONUCTBE 2, TEHEPUPYIOIIEM a3p030Jib, BOJIM3H HArPETOH MOBEPXHOCTH. Takum
o0Opa3oMm, BCIIEACTBHE UCIONb30BAHUS BOJHOBOJHOM CHUCTEMBI COIJIACHO HACTOSIIEMY
n300pereHno feTekTop 30 MoxkeT ObITh PACIONIOKEH HA YAAJIEHUU OT HarpeToi MOBEpXHOCTH,
4yTO TO3BONsIeT u30ekaTh HarpeBaHus aerekropa 30. B BapmaHTax BCeX BapUAHTOB
OCYIIECTBIICHHSI HACTOSIIEro M300peTeHNsl, B KOTOPbIX BBOAHAS MOBEPXHOCTH 12 I BBOIHON
koMIoHeHT 11 BoiHOBOAa 10 pacmonoskeH BOJIM3HM HANPETOH MOBEPXHOCTH, BOJIHOBOA 10 nomKeH
OBbITh BBIMOJIHEH U3 JKAPOMPOYHOro Marepuaia. KoHKpeTHble OrpaHMYeHHs] AJTHHBI WIH JIF0O0TO
pasmepa BosiHOBO#OB 10 orcyrcrByror. JnmnHa L onpenensercs kak pa3mep BOJHOBOJA,
W3MEPEHHBbIN BIOJb HAIPaBJICHUS PACHPOCTPAHEHUs CBETA B BOJHOBOAE OT €ro BBOAHOU
MIOBEPXHOCTH JI0 BBIBOJHOW nosepxHOocTH. Hampumep, BoHOBOA 10 MOXKeT mpencTaBisiTh cOO0i
KOPOTKHUI BOJIHOBOJ, UMEIOIINI PacCTOsIHUE, ONpenesIeHHOe Kak JnuHa L, koTopoe cocrasiser
or 5 MM g0 30 MM, OT yKa3aHHOM BBOAHOW MOBEPXHOCTH 12 10 yKa3aHHOW BBIBOAHOU
noBepxHocTu 14. VYkazanHas jpiuHa L moxker cocraBnsate Oonee 30 mm. BomHoBom 10
NPEANOYTUTENbHO HMEET JUTHHY, KOTOpast OOJIbIIIE €r0 INHPHUHBI, HO MOKET UMETh JUUTHHY, PABHYIO
mypuHe. Takxke mHpUHA MOXeT ObITh Oonbime mmHbl L. BomHOBOm MoOkeT mmerh (opmy
KBaApaTa U COAEPKaTh PACIIOIOKEHHYI0 B OJTHOM yIUIy BBOJHYIO IOBEPXHOCTh U PACTIOIOKEHHYIO
B IPYIOM yTJy BBIBOJHYIO MOBEPXHOCTh. BonHoBO 10 MOXKeT copep:kaTh 10 MEHbIIEH Mepe Ba
BBOJIHBIX KOMITIOHEHTA W/WJIM 10 MEHbINEH Mepe IBa BHIBOAHBIX KOMIIOHEHTA, KOTOpPBIE MOTYT

UCIIOJIb30BaTbCsl B KOMIIOHOBKE BOJIHOBOAA 10, KOTOpast sBIAE€TCA M3O0THYTOM BOKDPYD
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MOBEPXHOCTH OOEPTKH C LENbI0 OOHAPYKEHHs 3HAKOB, PACIMOJOXKEHHBIX B PAa3HBIX MECTax Ha
o0epTke M pa3MELIEHHbIX B JBYX pa3HBbIX IOMEPEUHBbIX CEYeHUsAX u3nenus. B BapmaHTax
OCYLIECTBIEHNUs BOJTHOBOJ 10 MOXeT uMeThb Y-00pa3Hyro (opMy, COIEpIKaIlyi0 BBOIHYIO BETBb
U [0 MeHbLIeH Mepe IBe BbIBOAHBbIE BeTBU. B Bapuantax BonHOBOA 10 MokeT umers Gopmy
Kpecta. B BapuaHTax OoCyIIeCTBICHHSI CBET MOJKET BBOJUTHCS B JTIOOYIO YaCTh M/MJIM BBIBOJUTHCS
u3 moOO0H YacTH MOBEPXHOCTH BOJMHOBoAa 10, Hampumep W3 4acTH TOHKOW creHku 10". Dto
IJIaBHBIM O0pa3oM TMPEACTaBJIsIeT WHTEpeC B Ciy4dae OOHAPYKeHHs HMHTEHCHMBHOCTHU WJIH
noJisipusaun. B ciydae nponyckanus n300pakeHus 3HaKa 4 BBOJIHbIE KOMIIOHEHTHI M BBIBOJTHbIC
KOMITIOHEHTBl MPEANOYTUTENBHO pACHONIOKEHbl B IJIOCKOCTHM BojHOBojga 10, 1. e.
NEePNEeHANKYJISPHO €ro TOHKUM cTeHkam 10™.

Ha ¢ur. 5 uzobpakeHa koHPUrypauus BOJHOBOIHOW CHCTEMBI, B KOTOPOI BBOAHAS
NOBEpPXHOCTh 12 oOpamena Kk 3HaKy 4 ¥ BBINOJIHEHA C BO3MOXKHOCTBIO cOOpa CBeTa,
NPEAOCTABIIIEMOrO 3HaKOM 4, 0e3 HCIoNb30BaHMs BBOAHBIX 3JieMeHTOB. Ha dur. 2 m3obpaxena
BOJIHOBOJIHAsl CHUCTE€Ma, B KOTOPOHM JETEeKTOpHas CHUCTeMa, coaepskamas paerekrtop 30,
pacnoyioKeHa Ha CTOPOHE U3AeNUs 1, OTIIMYHON OT CTOPOHBL, HA KOTOPOM PAaCHOJIOKEHA BBOIHAS
noBepxXHOCTh 12 BonHOBOAA 10.

Ha ¢ur. 6 uzobpaken mormepedHblil paspe3 MIOCKOTO ONTUYECKOro BOJHOBona 10,
COIepIKaIIero BCTPOSHHYIO BBOAHYIO U (POPMUPYIOLIYIO n3o0paxkenue nuH3y 20. Takas aua3a 20
MOXET TMpPEACTABIATh COOOW MPENOMISIOIIYI0 JIMH3Y MM MOXET MPEACTaBIsATh COOOMH
IU(PaKIUOHHYIO ONTHYECKYIO CTPYKTYPY, BBIMIOJHEHHYIO C BO3MOXKHOCTBIO HAJIWYMs Y Hee
bynkmu poxycrpoku. BonmHoBOR 10 BBINOIHEH ¢ BO3MOXKHOCTBIO Mepenadn H300paxeHus! 10
MeHbIIeH Mepe JyacTu 3Haka 4 B fnerekrop 30. B BapuanTe OCyLIeCTBICHUs], IPEACTABIEHHOM Ha
¢ur. 6, n300pakeHa yBeTUUUTENIbHASI BOJHOBOHASI CUCTEMA, B KOTOPOH yKa3aHHAs 4aCTb UMEET
camyto Oonbinyro mupuHy W1 1 mpoerupyercs Ha BBIBOJHYIO MOBEPXHOCTh 14 BomHOBOna 10 kak
uzobpaxkenne 120, mMeromee camyro Oonbiiyio mupuHy W2, kotopast B F pa3 Oonbiie, yem
muprHa W1 ykasanHoi yactu. B BapuanTax ykazaHHbld k03 unment F MoxkeT cocTaBisaTh o
MEHbIIEH Mepe 2, MpeanodYTHTeNnbHo Oonee S, eme Oonee npennmouturenbHo Oonee 10. Korma
ontuyeckuii 3yieMeHT 20 BCTpOeH Ha BOJHOBOA 10 UM B HETrO, MECTHAsI TOJIIIUHA t3 MOKET OBbITh
OoJblire MM MEHbLIE TONLIMHBI t1 MonepeuHbIX CeYeHnH BOTHOBOAA. B BapuaHTax BCTPOECHHBIN
ontuueckuii 31aeMeHT 20, n300pakeHHBIH Ha (GUr. 6, MOXKET OBITh PACIONIOKEH B OTBEPCTHUH,
NPEAyCMOTPEHHOM B HarpeBaTesie, UM MOXKET ObITh IPUCTIOCOOJIEH K MEXaHHUYECKOMY 3JIEMEHTY,
KOTOPBIN SIBJISI€TCS YACThIO HarpesaTesns 3.

BonnoBox 10 cornacHo HacToseMy H300pPETEHUI0 MOXKET UMETh OOBIYHYIO CaMyIO
oonpmyro Tommuny tl or 0,3 mm go 0,5 mm, OGonee mpeanoytutensHo oT 0,5 MM 10 2 MM.

BonHOBOIBI COTTaCHO HACTOSIIEMY U300PETEHHIO MOTYT MPENCTABIATh COO0I HEpaBHOMEPHBIE
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BOJIHOBOJIbI U, HATIPUMEP, MOTYT MPEACTABIISITh COO0M KOHMYeckue BoJHOBOABI 10. B HeKoTOpBIX
BapHaHTaX OCYLIECTBJIEHUs BOJIHOBOX 10 MOXeT uMeTh TONuHYy Oojee 2 MM. YKa3aHHBIH
BCTPOEHHBIN (POKYCUPYIOLTUH 3JIEMEHT MOXKET UMETh TUIHYHYIO TomuHy t2 oT 0,05 MM 10 1 MMm.
Bonnosoz 10 MoskeT copepskaTh Ha €ro BBIBOAHOM MOBEPXHOCTH 14 BCTpOEHHBIH (POKYCHUPYIOIUT
SNEeMEeHT i1 (OKYCHPOBKM NPOEKUMH, He u300pakeHHbIH Ha ¢Qurypax. BcrpoeHHsIi
dokycupyomui 3aeMeHT i QOKYCHPOBKU IMPOEKIHUH MOXKET UMeThb (OpMy M TeOMETpHIO,
nofo0HbIe PopMe U reOMETPUH YKa3aHHOT'O BCTPOSHHOTO (hOKyCUpyroIero snementa 20.

B BapuanTax ocymecTBieHuss BOJHOBOA 10 (onTHYecKoe BOJIOKHO WJIM TLIOCKHM
BOJIHOBOJI) MOYKET CONEPIKaTh CJIOW CEPALIEBHHBI M CJIOH O0OJIOYKH, TIPH 3TOM CJIOW CEPILICBHHBI
uMeeT OoJiee BBICOKMI MOKa3aTeb MPEJIOMIICHHs, 4eM ciioli oOosiouku. B BapmaHTax Ha 1o
MEHbLIEH Mepe OJHON CTOPOHE BOJIHOBOAA 20 MOXKeT ObITh PaCIONIOKEH JUJIEKTPUICCKUN U
METAJUIMYECKUI CJION.

Ha ¢ur. 7 moka3zaHO cxeMaTHUECKOe NPENCTaBICHNE U3rOTOBIEHHOIO YCTPOICTBA,
T€HEPUPYIOIIEro a3p030Jib, COTJIACHO BAPUAHTY OCYLIECTBICHHS HACTOSIIErOo HM300peTeHus, a
TAKXKe MMOKA3aHO PaCXOJHOE U3JENINEe, BCTABICHHOE B YKAa3aHHOE YCTPOMCTBO. B 3TOM BapuanTe
OCYLIECTBJICHUs] BOJIHOBOJ BBINOJHEH B CIUPAIBHON KOMIIOHOBKE. B BapmaHTax BapuaHTa
OCYIECTBJICHHSI, MPENCTAaBIIEHHOro Ha (ur. 7, yka3aHHbIAH BOJTHOBOA 10 MOXeT comepikaTb
MHOXECTBO BBOJAHBIX IOBEPXHOCTEH W/MJIM MOXET COIEp’KaTh MHOXKECTBO BBIBOAHBIX
nosepxHocTel. IIpenocraBnenre MHOXKECTBA BBOAHBIX U BBIBOAHBIX IOBEPXHOCTEU MO3BOJISIET
peann3oBaTh KOMIIOHOBKH BOJHOBOAHBIX CHCTE€M, KOTOpblE MOTYT COOUpaTb  CBET,
IPEIOCTABIIAEMBI MHOKECTBOM 3HAKOB, PACIIOJIO’KEHHBIX HA KypUTeNbHOM u3aenuu. Hanpumep,
B BapHUaHTE BapHUaHTa OCYIIECTBJICHUs, NMPEICTABICHHOro Ha (Ur. 7, KOTOPBIA HE MOKa3aH Ha
¢durypax, BomHOBOA 10 MOkeT comep:kaTh MacCHB 3HAKOB 4 Tak, YTO Kakaas BBOIHAs
NOBEPXHOCTh 12 oOpaleHa K MO MEHbIIeH Mepe 4acTH 3Haka 4 M3 YKa3aHHOTO MacCHBa. JTO
NO3BOJISIET OOHAPYIKUTh 3HAK 4 HE3aBHCHUMO OT OCEBOH OPHEHTALMM W3IENUsi, TeHEPHPYIOLIETO
a’p030J1b, COAEPKALLErO TAKOU 3HAK, ITOCJE €ro BCTABKU B MOJIOCTD 2a.

Ha ¢ur. 8 nzobpaskeH BapHaHT OCYILIECTBICHHS, B KOTOPOM 3HaK 4 pacroiokKeH Ha
TOpLE KYPUTEJIbHOTO u3zenus 1 u oceewmaercs: cBeToBbIM JiydoM 400, npeagocrasisiembim LED 4.
B xope skcrutyaranuu mupoKOyroibHbI ¢BeTOBOM Jyd 400 ocBelaeT 3Hak 4, pacrnoiOKEHHbIN
Ha TOJIHOM OKPY)XHOCTH M3Jenus 4. ITO MO3BOJIAET NMPEAOCTaBUTh pELIeHUE, He SIBIISIIoIeecs
YyBCTBUTEJIBHBIM K OCEBON OPUEHTALMU KYPUTEIBHOIO U3Jeusl | OTHOCUTENBHO HEMOABUKHOU
BOJIHOBOZIHOM cucTeMbl ycTpoiicTa 2. Ha gur. 8 m3o0pakeH BaprHaHT OCYIIECTBIICHHS, B KOTOPOM
OTPa’KEHHBIN CBET, NPEAOCTABIAEMBIN 3HAKOM 4, HANpaBisieTCss B BOrHyTOE€ 3epkano 202,
o0ecreynBarolee BO3MOXKHOCTh OTKJIOHEHUS U (POKYCHPOBKM CBETA HA BBOJHOM NMOBEPXHOCTH 12

BOJIHOBOJZA 10. BBOAMMBIN CBET HAMNPABIJIAECTCA BOJIHOBOAOM U HanpasiisgeTcs B Aerekrop 30 uiu
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JNETEKTOPHYIO CHCTEMY, PACHOJIOKEHHYIO Ha Jpyroil cropoHe ycrpoicrtBa 2. Kpusushna
BosHOBOza 10, kak m300pakeHO Ha ¢Ur. 8 W BO BCEX BaPUAHTAX OCYIIECTBIEHHS B JAHHOM
JIOKYMEHTE, MPECTABISIOT COOOH IUIIb MPUMEpPHbIe KOHPUTYpaLnu.

Ha ¢ur. 9 nokasan BapuaHT OCYLIECTBIEHUs, B KOTOPOM 3HAK PACIIOJIOKEH Ha ITOJHOM
OKPY>KHOCTH KypUTeIbHOro u3aenus 10, u mpu 5ToM BoJHOBOA 10 pacnoioxeH Tak, YTO BBOJIHAs
HOBEPXHOCTh 12 Bcerma oOpaimeHa K MO MeHbIIeil Mepe 4JacTu 3Haka 4. DTO IPenoCTaBIseT
peleHue, B KOTOPOM OOHApPY KEHHbIN ONTUYECKUN CHUT'HAJ HE 3aBHCHUT OT OCEBON OpHEHTALIMH
nu3nenus 1.

Ha ¢ur. 10 nmokaszan npyroi BapraHT OCYIIECTBJICHHUS, B KOTOPOM 3HAK 4 PacHoIOKeH
Ha MOJIHOW OKPY>KHOCTH KYPUTEJbHOTO u3fenus 10, u nmpu 3ToM BOJAHOBOA 10 pacmoyiokeH Tak,
YTO BBOJAHAs TOBEPXHOCTh 12 Bcerma oOpalneHa K MO MEHbIIEH Mepe 4HacTh 3Haka 4. 1o
NPEAOCTABIISIET PEIIEHHE, B KOTOPOM OOHAPY KEHHBIH ONTUYECKUN CUTHAJ HE 3aBHCUT OT OCEBOH
opuenraiyu u3nenus 1. Ha ¢ur. 10 nokasan npumep BomHOBOAA 10, KOTOPBII MPENOYTUTEIBHO
MPECTaBsieT COOON TUIOCKUH BOJTHOBOJ, MEPENArOIINi CHEKTPATbHYI0 MH(POPMALIUIO 3HAKA B
nerektop 30. B BapuaHTax MOKET UCHOJB30BATHCS IUIOCKUI Kabelb, COmep KAl MHOKECTBO
MHOT'OMOJOBBIX BOJIOKOH.

Ha ¢ur. 11 uzobpaskeH BapuaHT OCYIIECTBIICHHS, B KOTOPOM OCBeIIaroiasi 4acTh 13’
BojnHOBOAA 10 BBIMOAHEHA C BO3MOXKHOCTBIO HampasieHus csera 400, mpeaocTaBisieMOro
UCTOYHUKOM cBera. Jlpyras wacte 11 mpucnocodnena nnst coopa u HampasyieHusi csera 100,
MIPENOCTABIIIEMOrO 3HaKOM 4. B mpenMy1ecTBEeHHbIX BapUaHTaX yKa3aHHas OCBELIAOLIAsl YaCTh
10’ moxer mpeacTaBisATh CcOOOH IpPyrod BOJHOBOJ, TaKOW KaK MHOIOMOAOBOE BOJIOKHO,
MPUCTIOCOOIEHHOE J1JIS TIOCKOT'O ONTHYECKOro BoyiHOBoAa 10,

Ha ¢ur. 12 uzoOpaskeH BapHaHT, B KOTOPOM B YCTPOHCTBE 2, T€HEpUPYIOIIEM
a’p030Jib, PACMOJIOKEHbl TO MeHblned mepe 2 BonHOBoma 10, 10'. Kaxnaplli U3 yka3aHHBIX
BOJHOBOIOB 10, 10’ MokeT ObITh MpPUCHOCOONEH IJIsi pasHbIX 3HAKOB 4, 4', W omnTuveckas
uH(pOpPMAIUS MOJKET MPEIOCTABIISITHCS B [0 MEHBIIIEH Mepe ABa OTAeIbHBIX AeTektopa 30, 30" uiu
JETeKTOPHBbIE CUCTEMBI. YKa3aHHbIE 10 MEHbIIel Mepe ABa oTAenbHbIX nerekropa 30, 30" uiu
JNETEKTOPHBbIE CUCTEMBI MOTYT OTJIMYATBCs, U 10 MEHBLIEH Mepe OfHA U3 HUX MOXKET COAEPKaTh
ONnTUYECKHe (PUIIBTPBI W/WIIM MUHHATIO PU3HPOBAHHBIN CIIEKTPOMETP, H/MITH HEOONBLIYIO KaMepy.

Ha ¢ur. 13 u300paskeH BapuaHT OCYIIECTBIIEHUS, B KOTOPOM 3HAK 4 COHEPKUT CJIOH,
LBET WJIN CHEKTP OTPAKEHHs] KOTOPOTrO HU3MEHSIETCsl MPH MOMOIUM [0 MEHBbLIEH Mepe OAHOIO
noryomaroero win audpakauonHoro ciosi. [llupokononocHsrit uctounnk 40 cBeTa, TaKOH Kak
Oensiiit LED, Hampasnsier Ha yka3aHHbIN 3HaK 4 cBeTOBOM Jiyd 400, UMEIOIUi ITUPOKUI CITEKTP.
Bonnoson 10 mpucnocoOneH ans mepenadd CHeKTpa OTpakeHus 3Haka 4 B cmekTpometp S0,

PacMosoKEeHHbIN Ha yaJleHUHU OT YKa3aHHOIO 3Haka 4.
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ITonsiTHO, uTO BONHOBOABI 10 COrnNacHO HACTOSALIEMY HM300PETEHHIO MOTYT OBITh
PAacIoNoKeHb! B IIUPOKOM BbIOOpE (OpM U reoMeTpuii Hitn MOTYT OBITh PACIIOJIOKEHBI B JIFOOOH
KOH(pUTYpaLUu B YCTPOUCTBE 2, TeHepupyromeM a’po3onb. Ha ¢ur. 14 uzobpakena oObruHas
KOH(Urypauus, B KOTOPOH 1O MeHbIIeH Mepe OUH BOIHOBOJ 10 pacmosyioxKeH Tak, YTO JETEKTOP
30 mmu ciekTpomeTp S0 MoskeT OBITh PaconokeH B o0nacTu 2", KoTopast OTAeNeHa OT YKa3aHHON
nojiocti 112 crenkoit 2' wam JrOOOW APYroi CTPYKTYPOW YCTPOHCTBA 2, T€HEPUPYIOLIETO
aspo3osb. Ha ¢ur. 15 nokazana npumepHasi KOHQUTYpaLus, ConepKaias o MeHbIIeH Mepe J1Ba
oTHneNbHBbIX BojiHOBOma 10, 10"

Ha ¢ur. 15 u 16 wu3o0paxkeHbl Apyrue BapUAHTbI OCYINECTBIEHHS, KOTOpbIE
WJUTFOCTPUPYIOT MPUMEHEHUE BOJIHOBOJOB 10 B yCTPONCTBE, FT€HEPUPYIOLLEM a3pO030JIb.

H300pereHne Takke OTHOCUTCS K CITOCOOY ayTeHTU(UKALIMK PACXOIHOTO u3nenus 1,
KOTOPBIN BKJIFOYAET 3TAIbL

- MPEOOCTaBJIEHHs] OIMUCAHHOTO YCTPONCTBA 2, TE€HEPUPYIOLIETrO a’3po30Jib, U

OMMCAHHOTO PACXOIHOrO M3JeHs 1, KOTOpoe CONEP>KUT 3HAK, PacroIOKEHHBIN
Ha BHELIHEH NOBEPXHOCTH,

- BCTaBKH 10 MEHbIIIEH Mepe YacTH PacXOJHOro u3aenus 1, cogeprkalero 3Hak 4, B

nonocTh 112 yerporicTsa 2, reHepupyrowmero a3po30ib,
- OCBelIeHHs 3HaKa 4 Ha BHEINHEH MOBEPXHOCTH PacXOmHOro m3nenws 1, cOopa
CBE€Ta, OTPAXKEHHOIO OT 3HaKa 4, yepe3 BOJHOBOA 10 1 HampaBieHUs yKa3aHHOIO
OTpaX€HHOTro cBera B AeTekTop 30, 50 cucTemMbl ONTHYECKOrO CUUTBIBATENS,

- ayTeHTH(UKAMM PACXOAHOro u3Aenus | myreM BblUUCIEHHs HH(popMauuy,
KOTOpast COAEPIKUTCS B OTPAXKEHHOM CBeTe, MajaroineM Ha nerektop 30, B Oioke
yIPaBIEHHUSI.

B BapuanTe ocymectBienus aerektop 30 mpencraBisieT coOOH JETEKTOPHYIO
CUCTEMY U MOXKET MPENCTaBIIsITh COOOM WM comepkaTh criekTpometp S0.

B BapuaHTe oCymecTBIeHUs CIIOCO0 JONMOTHHUTENBHO BKIIFOYAET STAl MMoJadu OJIO0KOM
yIpaBJICHUs] KOMAaHJbl HArpeBaTell0 HAa OCHOBAHWU HMH(POpPMALMM, BBIYHUCICHHOW Ha 3Tare
ayTeHTU(UKALIIH.

ITpumepnssle peannzanuu (IIpumepsl 1, 2)

ITpumep 1: OGocobneHHbIli BoaHoBOA 10

Ha ¢ur. 17-19 uzobpakena nmpuMepHasi peanuszanusi yCTPONUCTBA 2, COAEpIKAIIETro
HarpeBatenb 3 nans HarpeBaHust usgenust 1. OGocoOneHHbli BomHOBOA 10 pacmonokeH Ha
oOpaTHOH CTOpOHe TpyO4aTtoro HarpeBaTelsiss 3, KOTOPbIA MOXKET JOCTUTAThb TEMIIEPATYPhI IO
menblieit mepe 250 °C u go ot npudmusurensHo 300 °C no 350 °C. O6ocobneHHbII BOIHOBOA

ONpeacsI€TCA Kak BOJIHOBOA, KOTOprfI MOKET AOCTABJIATHCSA U pacrnojiaratbCs B yCTpOﬁCTBe,
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HaIpUMep NpU NOMOLIY NPUKJICHBAHUS, CBAPKU UM MEXAaHUYECKOIO 3aKPEIJICHUs 10 MEHbLIEH
Mepe OAHOW YaCTH BOJHOBOJA B OTJIMYME OT OCAKIAE€MbIX BOJHOBOJAOB, ONKMCAHHBIX HUXKE BO
BTOPOM IIPUMEPE peaTU3aLUH.

Vka3zaHHBIN TpyO4aThlii HarpeBaTenab 3 MOKET ObIThb OOpa30BaH U3 SJIEKTPO- W/UIH
TETUIONIPOBOAHON TPYOKH, Takol Kak MeTajuinueckas TpyOka, Ompenensioias BHYTPEHHIOK
TpyO4aTyIO NOJIOCTD AJISl BMEIIEHHS U3eHs |, FeHepupyIoLero aspo3oib. TpyOka MoxkeT ObITh
ANIEKTPUUECKH COEAMHEHA C MCTOYHHKOM MUTAaHUST U OJIOKOM yIpaBlieHHs YCTpPOHCTBA 2,
TeHEPUPYIOLIETO a3pO30Jib, IJIl PE3UCTUBHOIO HArPEBAHUs PACXOAHOrO M3nenus 1, korga OHO
BCTaBJIEHO. AJIBTEPHATUBHO TPyOUaThIi HAarpeBaTesib 3 MOXKET HAXOAHWTbCS B KOHTAKTE C
PE3UCTUBHBIMU 3JIEKTPUYECKUMHU CPEACTBAMH, TAKUMHU KaK PE3UCTUBHBIE IPOBOAA W JOPOXKKH,
pAacIONOKeHHbIE HA THOKOM MaTepHajie-OCHOBE, OOEPHYTOM BOKPYT TPYOKH, M COSTUHEHHBIE C
UCTOUYHHMKOM THTaHUsl ycTpoiictBa 2. Bo wu30exaHne KOHBEKTMBHOIO HarpeBa CHApYKH
YCTpOWCTBa 2 [yd MOAAEpKaHUs BHEIIHEW TeMIepaTypbl KOpIyca, COBMECTUMOH C
yIepKUBaHUEM YCTpoicTBa B pyke (0ObruHO He Oojiee 30-50 °C), Bokpyr HarpeBaressi 3 B
KOpITyCe MOXKET OBITh PEAYCMOTPEH U30JIUPYIOMNHN Y3€J, He MPEACTABICHHbIN Ha Qurypax ans
SICHOCTHU.

Bonnoson 10 comepkuT BBOAHOW KOMIIOHEHT 11 W BBIBOAHOM KOMIIOHEHT 13.
BBoaHOl kOMIOHEHT 11 BBINOIHEH C BO3MOKHOCTBIO BBO/IA CBETA, MPEAOCTABISAEMOr0 3HAKOM 4,
U NPEAOCTABIIAET HAMPABIECHHbINA CBETOBOM Jiyd 100, KOTOPBINM pacnpOCTpaHseTCs K KOHLY, Ha
KOTOPOM BBIBOJHOM KOMIIOHEHT BBIBOJUT I1O MEHBIIEH MEpe 4acCTb HAIPAaBJIEHHOI'O CBETOBOIO
ay4a 100. BBogHO# kOMIIOHEHT 11 1 BBIBOHOM KOMIOHEHT 13 B JaHHOM MPUMEPHON peain3aliu
IPENCTABILSIIOT COO0H MU(PPAKIIOHHYIO peLIeTKy. BpIBOMUMBII CBET HANpaBJseTcsl B JE€TEKTOP
30, KOTOpBI MOKET MPEACTABIATb COOOU (opMUpyrOIUi H300pakeHus: (GopMHUpoBaTEND
nzobpaxkennii CMOS. BbIBOZHOI KOMIOHEHT MOXET HUMETb KPYIJIYIO WM TMPSIMOYTOJBHYIO
(dbopMy, UMEIOLIYIO, HATTPUMEp, IUPHHY 13a BHIBOMHOrO KOMIIOHEHTA U JIMHY 13b BBIBOAHOTO
KOMITOHEHTA, KOTOPBIE BBIOPAHBI B 3aBUCHMOCTH OT pa3Mepa CEYeHHUsT HaIPaBJIEHHOTO CBETOBOTO
Jy4a Ha YpOBHE BBIBOJAHOIO KOMIOHeHTa 13. BbIBOmHOW KkOMNoOHeHT 13 w/uiau BBOIHOM
KOMITIOHEHT 11 MOryT OBITh BBIMTOJHEHBI C BO3MOXKHOCTBIO (POKYCHPOBKH B ONHOW IUIOCKOCTH
NoAO0OHO UWIMHAPUYECKOH JIMH3€ WJIM B JBYX OPTOTOHAIBHBIX IUIOCKOCTSIX TOAOOHO
CUMMETPUYHOH JuH3e. B BapmaHTax OCYINECTBJCHUS BBIBOJHOW KOMITIOHEHT 13 MOXkeT ObITh
BBITNIOJIHEH C BO3MOKHOCTBIO HAMNPABJICHHs CBETA B ABYX PA3HBIX HANPABJICHUSX U B IO MEHbLIEH
Mepe J1Ba OTAENBHBIX AETEKTOPA.

B ycrpoiictBe 2, TakOM Kak YCTPONCTBO, OTHOCALNEECS K THUIy NPUMEPHOU
peanu3anuy, NpeacTaBieHHoN Ha ¢ur. 17, JOCTYNHO OYeHb OrpaHUYEHHOE MPOCTPAHCTBO IS

PacCIIOJIOKEHUS B KOPITYCE OINTHYECKOH CHUCTCMBI, TaKOM KaK CHUCTeMa OITHYECKOTO YBCIIUYCHUS,
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C ONTHUYECKUM JOCTYIIOM K M3AENIUI0 |, TeHepupyroleMy a’po30jb, KOrZla OHO BCTABJICHO B
MOJIOCTh 2a JJil CUMTBHIBAHMs 3HaKa 4, Hale4aTaHHOIO Ha €ro BHEIIHEW MNOBEPXHOCTH. B
YaCTHOCTH, BHYTPEHHEE MPOCTPAHCTBO OOBIYHO OrPAaHUYEHO HEOOJNBUINM OOBEMOM, UMEIOIIHM
BeNM4UHy MeHee 30 MM’ 1 monepedHoe cedeHue 1x2 MM uan 1x3 Mm, uam 2x2 MM, WU 2X3 MM,
win 2x4 MMm. B Bapuantax ¢opma OrpaHMYEHHOrO MPOCTPAHCTBA MOXKET OTJIMYATHCS U UMEThb
HEIPSIMOYTOJIbHOE MONEPEUYHOE CEUECHUE.

ITpumepnsIit BoHOBOA 10 MMeeT MO CyLIeCTBY NPSIMOYTOJIbHOE MONEPEYHOE CEUCHUE
Y TOHKHE CTEHKH, UMEIOIINE MaJTyi0 BbICOTY t1 u Oonbinyto mupuny t2. OObidHbIE pa3Mepsl t1xt2
cocTaBJAT 1x3 MM, 1x5 MM wim, Hapumep, 2x6 MM, unu 0,5x3 MM, unu 0,1x2 MM, unu 50 Mkm
x3 MMm. Bricora tl BomHoBoma 10 mMoker cocrtaBisste MeHee 50 Mxm. Bosnnosog 10
MPEANOYTUTENBHO BBIMOJHEH U3 JKapOMPOYHOTO MNOJIUMEPA, CTOMKOTO MPHU TEMIIEpaTypax BbILIE
100 °C, mpennoururenbHo Boile 200 °C, TaKOro Kak MOJUAMHIBI, KAIITOH HJIH TTOJIMMMHUTAMHIBL.
Takue BOJIHOBOIBI, CTOWKHE K BBICOKMM TeMIIEpaTypam, AEJal0T BO3MOXKHBIM HaXOKICHHUE
BOJIHOBONA 10 B KOHTaKTe ¢ HarpeBaTesieM 3 WK OJIM3KO K HeMy, OOBIYHO Ha PACCTOSIHUU MEHEe
0,5 mm. BBomHoii kommoneHT 11 m3o0pakeH Ha ¢ur. 18 B Buae yBenndyeHHOW dacTH I
npezacrasieHHol Ha ¢ur. 17. BBogHo! koMmoHeHT 11 mpeanouTUTeNnbHO MpeAcTaBisieT Co0oH
(OKYCHPYIOIIYI0 W OTKJIOHSIOUIYI0 IudpakuuoHHYK CTpykTypy 11, kotopass obecmeumBaer
BO3MOKHOCTh BBOJIAa CBETA M, COOTBETCTBEHHO, M300paKEHHs 1O MEHbIIeH Mepe 4acTH 3HaKa B
BOJIHOBOA. DOKyCcHpYIOLUii BBOIHONW KOMIOHEHT 11 nMeer GpOKyCHYIO AJIMHY, BBIOPAHHYIO TaK,
YTO Ha KOHIle BOJHOBOAA 10 obpasyercs npsimoe nzobpaxenue. Tak kak BosHOBOA 10 TOHBIIE,
yem mupe (T. e. t1<<t2), mosHOe BHYTpPEHHEE OTPa’K€HHE MOKET BO3HUKATh TOJBKO MEXIY
Oonburumu  croponamu  10', 10" BonaHOBoma 10 B 3aBUCMMOCTH OT YIJIOBOW amepTyphbl
HanpasiieHHoro yyda 100. B BapuaHTax Ha TOHKHE CTEHKH MOKET ObITh HAHECEHO MO MEHbIIEH
Mepe OJHO AUBJIEKTPUYECKOE WJIHM MOTJIOLIarolee NoKpeiTHe. B BapraHTax BBOAHOW KOMIIOHEHT
11 w/mnu BbIBOAHON KOMITOHEHT 13 MoryT o0ecniednBaTh (POKYCHPOBKY TOJBKO B BEPTHUKAIBHOM
MJIOCKOCTH.

BriBonHas yacte O cucTeMbl, npeacTaBieHHoN Ha ¢ur. 17, nsobpaxkena Ha ¢wur. 19.
BriBogHON KOMITOHEHT 13 MOKET MpeCTaBiIsITh COOOM BBIBOJHOM KOMITOHEHT 13 MpsiMOyTOJIbHOMN
dopmbl, umeromuii 60koBbie pasmepsl 13a, 13b. bokoseie pasmepst 13a, 13b 0ObIYHO MOTYT
coctaBysiTh 1x3 MM, 1x3 MM, 2x3 MM, 3x3 MM, 3x4 MM.

IIpenocraBieHue CUCTEMBI ONITUYECKOIO YBEJIMUECHHUS] B TAKOM TOHKOM MPOCTPAHCTBE
HEBO3MOYKHO, €CJIM OHAa HE UMEET KpaliHe MaJIblid pasmep, T. €. pa3Mep MeHee | MM, UTO OHAKO B
TAaKOM Cjly4ae He JomyckaeT (OpMHpPOBaHHE H300pPaKEHUN TAaKUX KOIHPOBAHHBIX 3HAKOB
MaKpPOCKOIUYECKOr0 pa3Mepa, Kak 3HAKH, BBIIOJHEHHbIE U3 IITPUX-KOAOB HUpUHOM 0,2-0,5 Mm.

Kax mu3o0pakeHO B yBETMUYEHHOM BHJE, NIPEICTaBJICHHOM Ha ¢ur. 18, ucnojgp3oBaHue ruOKOro
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BOJIHOBO/IA, NMPEJIOKEHHOTO B HACTOSINEM HM300pETeHUH, MO3BOJIET M3rudaTh OAMH WK 00a
KOHIIa BOJHOBOAa 10 Tak, 4TO BBOAHONH KOMIOHEHT 11 H/UIM BBIBOOHOM KOMITIOHEHT 13
PacrnoJIOXKEeHbl B 3aJJaHHOM IOJIOXKEHUHM, TAKOM KaK BbIPAaBHMBAHUE BBOAHOIO KOMIIOHEHTa 11
napajulebHO UM B KOHTAKTE CO CTEHKOH 28’ MJIM OTBEPCTUEM IOJIOCTH 2a.

Jlna  BbIOEpKUBAHUS BBICOKMX TeMIleparyp BOJHOBOA 10 mpeanodTurenbHO
BBITNOJIHEH U3 MOJUCHIIOKCAHA C BBICOKON TEMIIEPaTy PO OTBEPKAEHUS, UTO MO3BOJISAET MOIYYUTh
Huskue onrtudeckue norepu meHee 0,02 nb/cm npu 850 M. ITOSHCHIIOKCAHOBBIE BOJTHOBOIBI
001agar0T BICOKOW THOKOCTBIO U YCTOMYMBBIMU ONITUYECKHMMHU CBOHCTBAMU 110 TeMmepaTypsl 290
°C, u notepu npu 290 °C 00bdHO cocTaBisitoT MeHee 0,6 nb/cM. ANbTepHATUBOM, KaK OMHUCAHO,
SIBJISIETCS] UCIIOJIb30BAHUE U1l U3TOTOBJIEHNS BOJIHOBOAA 10 moMMaMUIUMUIHBIX TOJTUMEPOB.

B BapuanTax HarpeBaresb 3 MOXKET OBITh BBITPABJIEH IO JUIMHE JAJISI MOJYYESHHUS
KaHaJIa, ¥ B TOM KaHaJle MOJKET ObITh 3aKPETIEH JKapOIPOUHBIA MaTepHall, TAKOW KaK IIaBJICHBIN
kpemHui Al2O2 WM CTEKIIO, MITH 30J1b-TeJlb, WIH JI000H JKapONpOUHBIN MMOJUMEp, OMMHUCAHHBIA B
JAHHOM JIOKYMEHTE, U HCIOJIb30BaThCs B KadecTBe BOJIHOBOAA 10 ayid mepemadn ONTHYECKOU
UH(pOpPMAaLIUHU OT OHOM CTOPOHBI HATPEBATENS K APYTrOi CTOPOHE HArpeBaTeIs.

Ilpumep 2: ocakaeHHbIe BOJHOBOAbLI 10

B npyroii mpumepHO#l peanuzanyu, He M300pakeHHOW Ha ¢urypax, BonHoBozn 10
MOXET OBITh OCaXK/I€H Ha IOBEPXHOCTb 3JIEMEHTA YCTPOHCTBA NPH MOMOINU MOIXOSLIETO
nporecca ocaxxaenus. Hanpumep, BonHosoy 10 MoxkeT ObITh HaneyaTaH MpH MOMOIIU CTPYHHON
Ne4aTy Ha KOJIbLlE, KOTOPOE MO MEHbIIEeH Mepe YaCTUYHO OKpPYKaeT 4acTb MOJOCTH. B apyrux
IIpUMepax HarpeBaTeb 3 MOXKET COAep KaTb OCakAeHHbIH BONHOBOA 10. Bomnosox 10 moxer
OBbITb OCaK/I€H, HAIIpUMep, IO JAJIMHE TPABJICHUS HArpeBaTels 3 WIN JUIMHE TPaBJICHHs JII0O0ro

KOMITOHEHTA YCTPOICTBa 2.



1.

dopmy.ia H300peTeHus

Cucrema, reHepHpyOIIAs a3P030Jib, COAEPIKALLAsT:

- wmpenue (1), reHepupymolee adpo30db, KOTOPOE MPOXOAUT BAOJb MPOJOIBHOH OCH U
COZEPKUT TI0 MEHbIIIeH Mepe OJuH 3HaK (4), copepkamuii nHpopmauuro od nzaenuu (1)

U PaCIIOJIOKEHHBIN Ha TOBepXHOCTH m3nesus (1), u

- YCTPOHCTBO (2), reHepHpyIoIlee adpo30Jib, COMEpIKALIEe:

0 ToJocTh (2a), MMEIOLIYI0 OTBEPCTHE, BBIMOJHEHHOE C BO3MOMKHOCTBEO BMELICHHS

usnenus (1), reHepUpyOIIero aspo30ib,

0 Harpemarenb (3), pPaCHOJOKEHHBIH BOKPYT MOJIOCTH (2a), UIsi HarpeBaHHUs YKa3aHHOTO

pacxomHoro m3aenus (1) mocje ero BCTaBKH B MOJIOCTH (2a),

O CHUCTEMY ONTHYECKOIO CYUTBLIBATEINS, CONEPIKALLYIO [T0 MEHbIIEH MEPE OJUH ONTUYECKHUN

nerexrop (30),

0 OJIOK MICTOYHUKA MMUTAHUS, U

o Onok (250) ympaBieHUs, BBITOJHEHHbIH C BO3MOXKHOCTBIO YIIPABJIECHUS IO MEHbIIEH

MEPE HArpeBaTeJIeM U CHCTEMOM ONTHYECKOrO CUUTBIBATEJIA,

IIPU 5TOM

yKa3aHHasl CHUCT€Ma ONTHYECKOI'O CUUTHIBATENS BBIIOJIHEHA C BO3MOXHOCTBIO OCBELEHUS
YKa3aHHOTO 3HAKa B YKa3aHHOW MOJOCTH (2a) CBETOBBIM JIyYOM U COIEPIKUT IO MEHbLICH
mepe oxuH BojHOBOA (10), comepskammii BBOAHYKO NOBEpXHOCTh (12) M BBIBOAHYIO
noeepxHOCTh (14), mpu 3TOM yka3aHHbIH BOJHOBOA (10) BBIMONHEH C BO3MOKHOCTBIO
nepesayn Mo MEHbLIEH Mepe CBETOBOIO JIyda, OTPAKEHHOrO OT YKa3aHHOro 3Haka (4), K
YKa3aHHOH BBIBOJHOW MOBEPXHOCTH (14) nis BRIBOA YKA3aHHOTO OTPAKEHHOTO CBETOBOTO

Jy4a B YKa3aHHBIH O MeHbIIel Mepe oauH nerekrop (30).

Cucrema, reHepupympomas a’po3osb, MO M. 1, OTAMYAKOLIAsACA TeM, 4YTO Ha BBOAHOM

noBepxHOCTH (12) pacnonoskeHa BBoaHast cTpykrypa (11).



Cucrema, reHepUpyIOLIas a3p030Jib, MO 1. 1 WK 1. 2, OTIUYAOLIASCA TEM, YTO Ha BHIBOIHOM

noBepxHOCTH (14) pacnonokeHa BbiBogHAs cTpykTypa (13).

Cucrema, reHepupyolas a3po30Jib, 10 JOOMy U3 M. 2 WU 1. 3, OTIUYAIOLIAACS TEM, YTO
IO MEHbLIEH Mepe YacThb YKa3aHHOW BBOIHOW CTPYKTYpsI (11) n/mmm BBIBOAHON CTPYKTYpPBI
(13) BeIOpaHa u3: qUQPaKIIOHHON CTPYKTYPBI, TNIOCKOH HIIN KPUBOJIMHEHHON KIIMHOBHTHOM
yactu BoJHOBOAa (10), MaccuBa MHUKPOINPHU3M, TOJOTPAMMHOIO CJIOs, METAllOBEPXHOCTH,
3JIEKTPOCTATUYECKOIO apeECyeMOro MHUKpO3epKaja WM MaccuBa MHKPO3aTBOPOB, JIMH3BI,

3epKasa.

Cucrema, reHepUpyIOIIasl a3p030Jb, 110 M. 4, OTIMYAIOWIAACA T€M, YTO YKa3aHHAS BBOIHA
crpykrypa (11) u/unu BeiBogHasi cTpykTypa (13) BBIOIHEHBI ¢ BO3MOKHOCTBIO (POKYCHPOBKH
W/WITN OTKJIOHEHUS] CBETOBOTO JIy4a, MaJarolero Ha YKa3aHHYI0 BBOIHYIO CTPYKTypy (11)

u/vm BRIBOHYIO cTPYKTYpy (13), B Mo MeHbIneit Mmepe oxaHoi miockoct (X-Y, X-Z, Y-Z).

Cucrema, reHepupyromasi a3po30Jib, MO JIOOOMY W3 MII. 2-5, OTIMYAIOIMIASICS TEM, YTO
yKka3zaHHass BBonmHas crpyktypa (11) w/mnmm ykasanHas BeiBogHast crpykrypa (13)
NPEACTABIIIIOT COOOM aXpOMAaTHUYECKYIO CTPYKTYPY, KOTOpasi 00eCreunBaeT COOTBETCTBEHHO
OJIMHAKOBbIe KO3()(PULIMEHT MOJe3HOro NefCTBUs BBOJA U BbIBOAA W/HMIU (POKYCHPOBKY B
CIEKTPaJIbHOM IOJIOCE MO MeHbIIeR Mepe 50 HM, NPEANOUTUTENBHO IO MeHbIuel Mepe 100

HM, OoJiee IpenoYTUTENBHO 1O MeHbLIel Mepe 200 HM.

Cucrema, resepupymoomas a’po3ojb, 10 JIOOOMYy U3 MIl. 2—6, OTJIMYAOIIASCS TEM, YTO
yKka3aHHas BBoAHas cTpyktypa (11) wm/mnm yka3zanHast BbiBOAHas CTpykTypa (13) mmeror

(OKYCHYIO IJIMHY, PABHYIO MJIU MPEBBIMAIONYI0 1uHy L BomHOBOAA 10.

Cucrema, reHepupyromasi a3po30Jib, MO JIOOOMy M3 M. 2—7, OTIIMYAKOIIASICS TEM, YTO
yKka3aHHass BBOAHas cTpykrypa (11) wm/mnm yka3zaHHast BeIBOmHas CTpykTypa (13) mmeror
(oKyCHYIO MIMHY, MeHbLIYIO, YeM anuHa L BomHOBoxa (10), u mpu 3ToM GoKycUpyromue
CTPYKTYPBI PACIIOJIOKEHBI C TIO0 MEHBLIEH Mepe ONHOW CTOPOHBI BOJIHOBOAA, NPUYEM
yKa3aHHbIE (POKYCHUPYIOLINE CTPYKTYPHI BHITIOJTHEHbI B KAYECTBE MEPENAOIINX CTPYKTYP IS
nepenayn M300pakeHus1 OT 10 MEHbLIEH Mepe YacTH yKa3aHHOro 3Haka (4) IO BBIBOJHOMN
nosepxHocTH (14) mnu BoBHe 13 BonHOBOAA (10) Ha HekoTOpoe paccTostHue (d) OT BEIBOIHOMN

noBepxHocTH (14).



10.

11.

12.

13.

14.

15.

16.

17.

18.

Cucrema, reHepupymomas a’po3oib, Mo Mo0oMy u3 mm. 1-8, orTimuaromasicss TeM, 4TO
yka3aHHbIli BOJHOBOA (10) mpencraBnser coOOH ONTHYECKOE BOJIOKHO WJIHM IYYOK

OIITHYCCKHUX BOJIOKOH.

Cucrema, resepupyromas a’po3ojb, Mo JoOOMy u3 mm. 1-9, oTinyYaromascst TeM, 4TO

yka3aHHbIH BOTHOBOZ (10) mpencrasiser coO0H MIOCKUIT ONTHYECKHH BOJTHOBO.

Cucrema, reHepupyromast a3po30ib, 1o 1. 10, ornuyaroascs TeM, 4To YKa3aHHbIH BOJTHOBOJ

(10) mpencrasnsier coboii ruOKHMIT BOJIHOBO.

Cucrema, reHepupyroIasi a3po30Jib, o modomy u3 mm. 1-11, oTiHyaromascss Tem, 4YTo

yka3aHHbIH BOJTHOBO (10) Mo MeHbIIel Mepe YaCTUYHO BBINOJIHEH U3 MOJHCHIIOKCAHA.

Cucrema, reHepupyroIasi a3po30iib, o modomy 3 mm. 1-11, oTiuyaromasicss Tem, 4TO
yka3aHHbI BomHOBOA (10) mo MeHbIIeH Mepe YacTUYHO BBINOJHEH U3 TOJIHMEPA,

COZEPIKAILEr0 UMHUIHBIEC TPYIIIBL.

Cucrema, reHepupyromas adpo3oib, 1Mo 1. 13, ornuyaromascs teM, 4to BojHoBox (10) mo

MeHbIIIEH MEPE YaCTHUYHO BBIMMOJIHEH U3 MOJIMAaMUINMUAOB UJIH TOJTMMUMUIOB.

Cucrema, reHepupyrolasi adpo3osib, Mo JOOOMy u3 mm. 1-14, OTIMYArOLIascs TeM, YTO
MEXy YKa3aHHOH MOJIOCTBIO (2a) M yKa3aHHOHM BBOAHOHM MOBEpXHOCTHIO (12) pacmonokeH

ontuueckuii pokycupyrouuii saemeHT (20).

Cucrema, reHepupyroomiasi a’3po30jb, MO M. 15, OTAMYarOIIasiCss TeM, YTO YKa3aHHBIA
ONTHYECKUH (POKYCUPYIOIINH 351eMeHT (20) MOHOJMTHO BCTPOEH B YKa3aHHBIN BOTHOBOA (10)

HJIX Ha HETO.

Cucrema, reHepupyroIasi a3po30Jib, o odomMy u3 mm. 1-16, oTiHyaromasicss Tem, 4TO
ykazaHHbIH BosHOBOA (10) mpucmocobnieH A nepeaayvu yBeTUUYEHHOrO M300paKeHUs 1Mo
MEHbLIEH Mepe YaCTH YKa3aHHOTO 3HaKa (4) Ha YKa3aHHYIO BBIBOAHYIO MOBEPXHOCTH (14) i

BOBHE 13 BosiHOBOAA (10).

Cucrema, reHepupyromasi a3po30Jib, o odomy 3 mm. 1—17, oTiHyaromasicss Tem, 4To
yKaszaHHbIi BOJIHOBOJ (10) 1Mo MeHbInel Mepe 4aCTUYHO CBEPHYT BOKPYT JJIMHBI YKa3aHHOU

nosiocty (2a).



19.

20.

21.

22.

23.

24.

25.

4

Cucrema, reHepupyroLIasl a3po30Jib, 1o Jrodomy u3 mm. 1-18, oTinyaromascst TeM, 4To o
MEHbLIEH Mepe 4acTh YKa3aHHOrO BONHOBOAA (10) BBIMOSHEHA C BO3MOKHOCTBIO MEpeaavn

CBETa, MPENOCTABIIIEMOT0 U3JIy4aTesieM, K YKa3aHHOMY 3Haky (4).

Cucrema, reHepHUpYIOIIAsi a3p030Jib, MO JIOOOMY U3 T, 1-19, OTIHYAOLIAsACS TeM, YTO IO
MEeHbLIeH Mepe YacTh YKa3aHHOTo BOTHOBoAA (10) peann3oBaHa Ha 1O MEHBIIEH Mepe OTHOM

U3 TIOBEPXHOCTeH Harpesares (3) HarpeBaTeIbHOM CUCTEMBI.

Cucrema, reHepupyroIasi a3po30Jib, o JrbdoMy u3 mm. 1-20, OTIMYaroUasicss TeM, YTO

yka3aHHbIH neTektop (30) npeacrasisier COOOH NETEKTOPHYIO MATPHILY.

CucremMa, reHepupyrOIas adpo30jb, Mo odoMy u3 mm. 1-21, oTiuyaromasicss TeM, 4To
MEKAY YKa3aHHOHW BBIBOJHOW MOBEepPXHOCTHIO (14) m ykazaHHbIM aerekTopoM (30) w/mmm
MEKAY YKa3aHHOM MOJIOCTBIO (2a) M yKa3aHHOW BBOJHOW MOBEPXHOCTHIO (12) pacmonoskeH

1O MEeHbIIel Mepe onuH ontudeckuii GuibTp (F).

Cucrema, reHepupyroIasi a3po30Jib, o odomy 3 mm. 1-21, oTiMyaromasicsi TeM, 4TO
MEXOy YKa3aHHOW BbIBOOHOH moBepxHOCThIO (14) u ykasanHbIM gerektopoMm (30)

pacronokeH onrudeckuii cnekrpometp (50).

Cucrema, reHepupyroLias a’3po30ib, MO JIOOOMy u3 mm. 1-23, OTIHMYAIOIAsACs TeM, YTO

yka3aHHbIH qeTekTop (30) ComepKuT mpoLeccop U300 pasKeHUH.

Crnioco0 ayTeHTU(UKALUK PaCXOAHOTo u3aenus (1) ¢ HCrob30BaHHEM CHCTEMBI T10 JIF0OOMY

N3 MPEAbIAYIINX ITYHKTOB, KOTOprfI BKJIFOYACT 3TaIllbl:

- BCTaBKHU IIO MEHbIIIEH MEPE YaCTU PACXOOHOI'0 U3AECIHA, COACPKALICTO 3HAK, B ITOJOCTb

(2a) ycTpoiicTBa (2), TeHEpUPYIOLIETO a3PO30Jib,

- OCBEIIEHMs 3HAKa HA BHELIHEH [MOBEPXHOCTU U3 eI, TeHEPUPYIOLIETO a3p030Jb, cOopa
CBeTa, OTPAXXEHHOIO OT 3HAaKa, 4Yepe3 BOJHOBOJ M HAMNpaBJIE€HUs YKa3aHHOIO

OTPaXEHHOTO CBE€TA B ACTCKTOP CUCTEMbI ONITUYCCKOI'O CUUTBIBATECJIA,

- ayrenrudukanuu wm3genust (1), TeHepUPYIOMIEro aj’po30jb, IYTeM BBIUUCICHHS
uH(OPMALIUH, KOTOPasi COIEPIKUTCS] B OTPAKEHHOM CBETe, MafaromeM Ha netektop (30),

B OJIOKE yIIpaBJIEHHUSL.



26. Crioco0 1o 1. 25, OTIIMYAOILIUICS TEM, YTO CIIOCO0 MOMOIHUTEILHO BKJIFOYAET 3TAl MMOJaYn
O6mokom (250) ympaBieHMs KOMaHAbl HarpeBaremo (3) Ha OCHOBaHMM HH(OPMALUH,

BBIUMCJICHHOH Ha dTare ayTeHTH(PUKALIIH.
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