5. 3J1€KTpOHHBIe KOMIIOHCHTBI CHCTEM OIITHYE€CKOU CBA3H

5.1 lepenaroniue onTo3J1eKTPOHHbIE MOLY.JIU

[lepenatomue onrosnekrponHsie Moayau (ITOM), npumeHsiemble B BOJIOKOHHO-
OINITHYECKUX CHUCTEMaXx, MpeIHa3HAUYEHBI I PeoOpa3oBaHus SJICKTPUIECKUX CHUTHAIIOB
B ontuyeckue. [locrmennue AOMKHBI OBITH BBENEHBI B BOJOKHO C MUHHMAJIbHBIMH
notepsamu. IlpomsBoxpdarcs Becbma pasHooOpasHeie [IOM, oTimyarommecss 1O
KOHCTPYKIIMH, a TaKKe M0 THUIy HCTOYHMKAa wu3nydeHus. OpHu paboTaloT Ha
TeIeQOHHBIX CKOPOCTAX C MaKCHUMaJbHBIM PACCTOSHHUEM 10 HECKOJBKHUX METPOB,
JIpyrue MepenalT COTHH U Jake THICAYM METraOUT B CEKYHJy Ha pacCTOSHUS B
HECKOJIBKO JECSITKOB KHJIOMETPOB.

Tunel n XAPAKTCPUCTHKU HCTOYHUKOB U3JT1YUCHUA

I'maBHbIM 351eMeHTOM [IOM  dABiIsIETCS MCTOYHMK u3ay4yeHus. llepeunciaum
OCHOBHBIE TpEOOBaHUS, KOTOPHIM JIOJDKEH YAOBJIETBOPATH HCTOYHUK W3IIy4YEHUS,
npuMensieMblii B BOJIC:

— W3Jy4Y€HUE JOJDKHO BECTHCh HA JUIMHE BOJHBI OJHOIO W3 OKOH IPO3PavyHOCTH
BOJIOKHA. B TpaJWIMOHHBIX ONTHYECKUX BOJIOKHAX CYIIECTBYET TPH OKHA, B
KOTOPBIX JIOCTUTAIOTCS MEHBIIIHME MOTEepU cBeTa mpu pactpoctpanenuu: 850. 1300,
1550 um;

— HCTOYHUK HU3YyYEHUS JOJDKEH BbLIEPKHBATh HEOOXOJUMYIO YacTOTy MOIYJISLUU
IUTsl obecnieyeHus nepeaayl HHPopMaluu Ha TpeOyeMoi CKOPOCTH;

— HCTOYHUK M3JIyYECHHs JTOJDKEH ObITh 3()(PEKTUBHBIM, B TOM CMBICIIE, YTO OOJbIIAs
YacTh U3JyYEHUs UCTOYHHMKA MONa1aia B BOJOKHO C MUHUMAJIbHBIMU TIOTEPSIMH;

— HCTOYHUK U3IYYEHUS JOJDKEH HMETh JOCTAaTOYHO OOJIBIIYI0O MOIIHOCTb, YTOOBI
CUTHAJI MOXHO OBLIO IMepefaBaTh Ha OOJbIIME PACCTOSHUS, HO U HE Ha CTOJBKO,
YTOOBI H3JIy4eHHE MPUBOAWIO K HEJIMHEWHBIM 3(P(dEeKTaM WM MOIJIO MOBPEIUTH
BOJIOKHO WJIM ONITUYECKHUM MPUEMHUK;

— TeMIepaTypHble BapualMd HE JOJDKHBI CKa3bIBaTbCsd HAa (PYHKIIMOHMPOBAHUU
MCTOYHUKA U3TYyUYEHUS;

— CTOMMOCTH IPOU3BOJICTBA MCTOYHHKA H3IYYEHHUS JOJHKHA OBITh OTHOCUTENIBHO
HEBBICOKOM.

JIBa  OCHOBHBIX  THIIA  MCTOYHUKOB  W3JIyYECHMS,  YJOBJIETBOPSIOLIUE
NEePEUNCICHHBIM TPEOOBaHUS MCMOIB3YIOTCS B HacTosiee BpeMs - ceetoauoabl (LED)
Y TIOJIYIIPOBOJHUKOBBIE JiazepHsbie , (LD).

['naBHast oTIMYUTENbHAS YepTa MEXKIY CBETOAMOAAMU U Ja3epHBIMHU JAUOJAMU -
3TO wiupuHa cnekmpa usnydenusi. CBETOU3TYUYAIOIINE TUOAbI UMEIOT ITUPOKHUM CIIEKTP
U3ITyYeHUs], B TO BPEeMs BEPHbIE AUObI UMEIOT 3HAUUTEIBHO 0o0Jiee Y3KHil CIIEKTp, PHC.
5.1 [1, 2]. Oba Tuma ycTpoWCTB BeChbMa KOMIIAKTHBI W XOPOILIO COMPATAIOTCS CO
CTaHAAPTHBIMU 3JIEKTPOHHBIMH LIETISIMU.
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Puc. 5.1. CekTpsl U3ny4eHUsl CBETOIHOAO0B U JIA3€PHBIX AUOJ0B

CaeTousnyyawime JIu0abl

brnaronmaps cBoel mpocToTe M HU3KOW CTOMMOCTH, CBETOJIMO/IBI PACIIPOCTPAHEHBI
3HAYUTEIIBHO IIUPE, YEM JIA3EPHBIE JUOMIBI.

[Ipuniun paboOThl CBETOAMOJA OCHOBAaH Ha H3IIy4aTeNbHONM pPEKOMOMHAINH
HOCHUTEJIEH 3apsijia B aKTUBHOM 00JIaCTH T€TEPOTeHHON CTPYKTYpHI MPU MPOIMYCKAHUH
yepe3 Hee TOoka, puc. 5.2 a. Hocurenu 3apsga - SIEKTPOHBI U JIBIPKUA TMPOHUKAIOT B
aKTUBHBIN CJIOM (reTepomnepexo]]) U3 MPUJIETaloluX MACCUBHBIX CJIOEB (p- U M-CIOs)
BCJICICTBHE T10J]a4X HAMIPSKEHUS HA P-N CTPYKTYPY U 3aTE€M UCIBITHIBAIOT CIIOHTAHHYIO
PEKOMOMHAIIMIO, COMPOBOXKIAIONIYIOCS U3JIyYEHHUEM CBETA.

JlnuHa BOdHBI u3nydeHHss X (MKM) CBS3aHa C IIMPUHON 3alpelieHHOW 30HBI
aktuHoro cios El (3B) 3akonom coxpanenus snepruu L= 1,24/El , puc. 5.2 0.

[Toka3zaTenp TpPETOMIICHHS AKTUBHOTO CJIOSI BBILIE TMOKAa3aTeNls MPEIOMIICHUS
OTPaHUYMBAIOIIUX MACCUBHBIX CJIOEB, OJIarogaps 4eMy peKOMOMHAIIMOHHOE U3ITyYCHUE
MOJKET PACHpPOCTPAHATLCS B MpeAenax aKTUBHOTO CIIOSI, WCTIBITHIBAST MHOTOKPATHOE
OTpa)kX€HHE, 4TO 3HaUnTENIbHO NoBbIaeT KIIJ[ nctounmka usnydeHusl.
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Puc. 5.2. JIBoitHast reTepOCTPYKTypa: a) TETEPOCTPYKTYPa;
6) sHepreTUyeckas AMarpaMma Ipy MPSIMOM CMEIICHUU

I'eTeporeHHble  CTPYKTYpbl ~MOTYT  CO3/1aBaThCi HA  OCHOBE  Pa3HBIX
MOJIYITPOBOJTHUKOBBIX MaTepuaiioB. OOBIYHO B KA4YECTBE MOJMJIOKKH HCIOJIb3YIOTCS
GaAs u InP. CooTBeTCTByIOMHMI KOMIIO3UT KOMIIO3UIIMOHHBIM COCTaB aKTHUBHOTO
MaTepuana BBHIOMPAECTCS B 3aBUCUMOCTH OT JUIMHBI BOJIHBI HM3JIYyYEHHUS CO37ACTCS
MOCPEJICTBOM HAIbUICHUS HA MOAJIOKKY, Ta0m. 5.1.

JInuHy BOJIHBI M3JIy4yeHHs |0 OmpenensioT Kak 3HayeHHe, COOTBETCTBYIOLICE
MaKCUMyMY CHEKTPAIbHOTO PACIPEIEICHUS] MOLIHOCTH, a IUPUHY CHEKTPA U3ITYYCHUS
d 0,5 - uHTEepBa) MJIUH BOJIH, B KOTOPOM CIIEKTpajbHas IUIOTHOCTh MOIIHOCTHU
COCTABJISICT MOJOBUHY MAaKCUMAJIbHOM.



Tabmuuma 5,1. KoMmo3uinmoHHble MaTepualibl, HCIOJIb3yeMbIE JJIsl CO3JaHUs
MCTOYHHMKOB M3JIYYEHHS PA3IMUHBIX JIJTMH BOJH [2]

Ananaion BOIMOX- Ananason wanyvae-

AKTHEHBIA MaTepuan Nopnoxxka NI SHEYSNTE F,', OB | worx a/mw BONH A, WM

Gags-yALAS GeAs 2,02...1,42 610...870
Iny - GaAs, Py InpP 0,95 1100...1700
Ing,73Gag 27A80 58 Po 42 InP 0,85 ) 1310
Inp s3Gag a2A50 ¢ Po 1 InP 0,80 1550

JlazepHble auoabl

JIBa riaBHBIX KOHCTPYKTUBHBIX OTJIMYMS €CTh Y JA3€PHOTO JUO0/a MO0 CPABHEHUIO
co cBeTouoAoM. IlepBoe, mazepHblil AMO UMEET BCTPOCHHBI ONTUYECKUN PE30HATOP.
Bropoe, nazepHbiii nuoj paboTaeT Mpu 3HAYUTENHHO OOJBIIMX 3HAYEHHUSIX TOKOB
HaKayKkHl, YEM CBETOAMOJ, YTO IO3BOJISIET MPU MPEBBIIIEHUH HEKOTOPOTIO MOPOTrOBOTO
3HAYEHUS MOJYYUTh PEKUM MHIYLUUPOBAHHOIO U3TydeHUS. IMEHHO Takoe U3Iy4YeHHE
XapaKTEpU3yeTCsl BRBICOKOW KOT€PEHTHOCTHIO, OJlaro/iapsi 4emy Jia3epHbIe TUOIbI UMEIOT
3HAUUTETFHO MEHbIIE IMUPUHY crhekTpa uzinydeHus (1-2 um) npotuB 30-50 um y
CBETOIMOJIOB, puc. 5.1.

3aBUCHMOCTh MOIIHOCTH HW3JIYYEHUSI OT TOKAa HAKayKh OIMCHIBAETCS BaTT-
aMIIEpHOM XapaKTEpUCTUKOM JIa3epHOTO nuofa. [Ipu Manmpix TOkax Hakadkuy Jasep,
UCTIBITBIBAET claboe CIOHTaHHOE U3My4deHue, pabortas Kak Majod(pPeKTUBHBIMI
ceeroauo. IIpyu npeBbIIeHHE HEKOTOPOTO MOPOroBoro 3Hadenus toka Haka'lKU lhres
W3JIy4YeHUE CTAHOBUTCS MHAYLMPOBAHHBIM, YTO MPUBOJIUT K PE3KOMY POCTY MOIIHOCTH
U3ITy4YEHUS ¥ €TO0 KOTePEeHTHOCTH, puc. 5.3.

MoLHocTb
CBETOBOIO M3MNy4eHus
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Yenres
Tox Hakaukwu, |
Puc. 5.3. Barr-ammnepHbie XapakTepUCTHKU:
1 - nazepHoro auoxa; 2 -CBETOANO1A

MomHocTs BbixogHOro u3nydeHuss out MJIM BeixomHas MOIIHOCTH M3ITyYCHUSA
ceeroauoaa (output power) oTpa)kaeT MOIIHOCTh BBOJUMOI'O B BOJOKHO H3JTYUYEHHUS.
Hapsny ¢ tpaguunonnon equHuiien nsMeperuss BT oHa MOXKET U3MepAThCS B 1bM.

Hcnonp30BaHne equHULBI U3MEpPEHHs. AbM ynpoIaeTr 3HEPreTUYeCKUr pacuer
Oro/pkeTa JIMHUWA. MOIIHOCT W3JIyYEeHMs, MPUBOJALIASCA B  XapaKTEPUCTUKAX
ONTUYECKOI0 IMepeaaTynKa, MOXKET BapbUPOBATHCA B HEKOTOPOM Auarna3zoHe. B takmx
CJIyYasix YKa3bIBalOT JIMAIIa30H MOITHOCTH M3Iy4deHHs (output power range).



B maructpansusix BOJIC ucnonssytorcst n8a okna 1,3 u 1,55 mxm. [Tockonbky
HAaMMEHbIIEE 3aTyXaHWe B BOJIOKHE JocTuraercs B OkHe 1,55 MkM, Ha
CBEPXIIPOTSHKEHHBIX Oe3peTpaHcisanuoHHbiXx ydactkax (L = 100 kM) addextuBHei
UCIIOJIb30BaTh ONTHYECKHE TMEepeaTYMKh MMEHHO C 3TOM JJIMHOM BOJHBL. B TO ke
BpeMsa Ha MHorux MaructpaibHbix BOJIC a cocraB BOK BXOIST TOJIBKO CTyIIEHYAThIE
OJIHOMOJ/IOBbIE  BOJIOKHA, MMEIOIIME MHUHUMYM XPOMAaTHYECKOW JIMCIIEPCUU B
okpecTHOCTU 1,3 MKM (BOJIOKOH CO CMeENIEHHOW aucriepcueil Het). Ha anvHe BONHBI
1,55 MM yaenpHast xpomaruueckas aucnepcust y SMF cocrasnser 17 nc/um kM. A
MIOCKOJIBKY TI0JIOCA TPOMYCKaHUsi OOpaTHO NPOIMOpPLHMOHATIbHA IIUPUHE CIEKTpa
U3JIyYECHHS], TO YBEJIWYUTH MOJIOCY MPOMYCKaHUS MOXXHO TOJIBKO MEHbIIAas IIHPUHY
CIIeKTpa u3lydeHus jazepa. M3 tabn. 2.4 (rnaBa 2) BUIHO, YTO MPU IIUPUHE CIEKTpa
AL=4 um nonoca nponyckanus Ha 100 kM cocraBiger 63 MI'n, a npu AX=0,2 um
cootBeTcTBeHHO 1260 MFT11. MTak, mist TOro 9To0BI ONTHYECKHUE TIEPEIaTINKHA HA JITTIHE
BOJHBI 1,55 MKM MOTJIM B paBHOM CTENEHH UCIIOIb30BaThCSA HA MPOTSKEHHOW JINHUU HE
TOJILKO C OJHOMOJIOBBIM BOJIOKHOM cO cMmeleHHoi aucnepcueidt (DSF), HO u co
CTYNEHYaThIM BOJIOKHOM (SMF), HeoOXoauMo aAenaTh IMUPUHY CIEKTpa H3Iy4YeHUs
nepegaTYNKoOB KaK MOKHO MEHBIIIE.

YeTblpe OCHOBHBIX THIIA Ja3epHBIX JAHOJOB TMOJYYWUIIM  HauOOJbIIEe
pacrpocTtpaHeHue: ¢ pezoHatopoM Pabpu-Ilepo; ¢ pactpeneneHHo 0OpaTHOM CBS3BIO;
C pacupeielIeHHbIM OPATTOBCKUM I'PaKEHHUEM; C BHEIIIHUM PE30HATOPOM.

Jlazepuvie Oouoowvr ¢ peszonamopom PDabpu-Ilepo (FP nazepwi, Fabry-Perot).
Pe3onaTop B TakoMm JazepHOM JuoJe OOpa3yercs TOPLUEBBIMH ITOBEPXHOCTIMH,
OKpYXaIOIIUMU C 00EUX CTOPOH TeTeporeHHbl mnepexol. OaHa W3 MOBEPXHOCTEH
oTpaxkaeT cBeT ¢ kodpdummenTom otpaxenus, O0muzkuMm Kk 100%, npyras siBisiercs
MOJIYyIIPO3payHO, 0OecTieunBasi, TaKUM 00pa3oM, BBIXO/ U3ITYUEHUS HAPYKY.

Ha puc. 4.1 6 mokaszaH CHEeKTp U3Ty4YeHHUs MPOMBIIIICHHOTO JIA3EPHOTO JAH0JIA C
ucrosib3oBanueM pezonaropa ®adbpu-Ilepo. Kak BugHO U3 prucyHKa, Hapsiay C TJIaBHBIM
IIMKOM, B KOTOPOM COCpPEIOTOYEHAa OCHOBHAs MOIIHOCTb H3JyYEHHUs, CYIIECTBYIOT
noOOYHbIe MakKCUMyMbl. [IpyunMHa WX BO3HUKHOBEHMS CBs3aHAa C YCIOBHUSIMU
oOpa3oBaHUs CTOSIMMX BOJH. [l ycuieHuss cBeTa ONpENEIeHHOW MJIMHBI BOJHBI
HEOOXOJMMO BBIMOJHEHUE JBYX YycioBuid. IlepBoe, 1uMHA BOJHBI JOJDKHA
yAOBIETBOPATH cooTHoleHnto 2D = NX, rae D - quamerp pesonatopa ®@abpu-Ilepo, a
N - HekoTOpoe Lenoe ynucio. Bropoe, niuHa BOIHBI JOJDKHA MONAAaTh B AUANa3oH, B
npenaesiax KOTOPOTO CBET MOMKET YCHJIMBAThCA MHAYLHMPOBAHHBIM H3dydeHueM. Eciu
3TOT JUANa3oH JOCTaTOYHO Majl, TO UMEET MECTO OJHOMOJOBBIM PEXUM C IIUPUHOU
crekrpa MeHbine 1 uM. B nmportusnom ciayuae B o6macts Al0,5 MoryT nmonacTs aBa uinm
Ooree COCeNHWX MAaKCUMYMOB, 4YTO COOTBETCTBYET MHOTOMOJOBOMY pEXKUMY C
HIMPUHOM CHEKTpa OT OAHOro 10 Heckoiibkux uM. FP nazep umeer paiieko camble
BBICOKME TEXHUYECKHE XapaKTEPUCTHKHU, HO JJIsl TeX NPUIIOKEHHH, I/ie He Tpelyercs
BBICOKAsi BBICOKAs CKOpPOCTh Iepefadyd JaHHbIX, OH, B CHJIy O0oiyiee MpPOCTON
KOHCTPYKIMH, HAWITYYIIIUM 00pa3oM MOJXOIUT C TOUKU 3peHUs LIeHa-3(PPEKTUBHOCTb.

Crnenyer OTMETUTD, YTO JAaKE B TOM CiIy4ae, KOrja COCeIHUEe MaKCUMYMBbI MaJlbl,
TO €CTh IJI€ Pean3yeTcsl OJHOMOJOBBIA PEXUM H3JIydeHHs U AX Mayo, ¢ poCTOM



CKOPOCTHU TMepeayu y Jiazepa HaOJIoAaeTcs nepepacipeesieHie MOIHOCTH B MOJIaX,
KOTOPOE MPHUBOJIUT K Mapa3suTHOMY 3 (HEKTy - TMHAMHYECKOMY YIIHpeHHto criekrpa fiX
(mo 10 um npu yactore moayssiiuu 1-2 I'T').

OTOT 3(PPEeKT OTCYTCTBYET y NMEPEUUCICHHBIX TPEX APYrUX O0Jee COBEPIICHHBIX
TUTIOB JIa3€PHBIX JMOJAOB, OTIMYAIOUIMXCA CIIOCOOOM OpTraHHU3aIllMi ONTUYECKOTO
pe3oHaTopa, W SABISIOIIMXCA HEKOTOPOW CTENEHH MOAECPHHU3ALMENd MIPOCTOTO
pesonaropa ®adpu-Ilepo [2].

Jlazepruvie 0uoowt c¢ pacnpeodenennou odpamuou cesazvio (DFB nmazep) u ¢
pacnpedenena Opsecosckum ompadicenuem (DBR mazep). Pesonaropsl y 3Tux AByX
JIOBOJIbHO CXOKHX THIIOB MPEJCTABISIOT CO00M MOIU(UKALNIO TUIOCKOTO PE30HATOPA
®abpu-Ilepo, B  KOTOpOl  AoOaBiIeHa  MEPUOAMYECKAs  IPOCTPAHCTBEHHAA
MoayJiAMoHHas cTpykrypa. B DFB na3zepax nepuoauueckasi CTpyKTypa COBMEIIEHA C
akTUBHOU oOmacteio (puc. 4.4 a), a B DBR naszepax mnepuoauyeckas CTpyKTypa
BBIHECEHA 3a Tpelenbl akTuBHOW obOnactu (puc. 4.4 0). Ilepuogmueckas CTpykTypa
BIIUAECT  YCJIOBUS  PACIHpPOCTPAHEHUS U  XAPAKTEPUCTUKU  H3OydeHus.  Tak,
npeumyiiecteaMu DFB u DBR mazepoB mo cpaBrenuro ¢ FP nasepom sBisirorcs:
YMEHBIIICHUE 3aBUCUMOCTU [IJIMHBI BOJIHBI JIa3€pa TOKA MHKEKIMU U TEMIIEPaTyphl,
BBICOKAsl CTaOWJIBHOCTb OJIHOMOJOBOCTM U TpakTuuecku 10 mporieHTHas TiyOuHa
monymsauud. Temmneparypubiii kodddunment AZ/AT nns FP mazepa mopsinka 0,5-1
uM/°C, B 1o Bpemsa kak i DFB nazepa mopsaka 0,07-0,09 um/°C. OcHOBHbIM
Henocratke DFB u DBR na3zepoB siBiisieTcs ClioxHasi TEXHOJIOTUS U3TOTOBJIEHUS U, KaK
cle/IcTBHE, 0oJiee BHICOKAs LIEHA.

Jlazepnuwiii 0uoo ¢ snewnum pesonamopom (EC naszep). B EC naszepax oguH wiu
o0a TOplla TOKPHIBAIOTCS CHEIHAIBHBIM CJIOE€M, YMEHBIIAIONIMM OTpaXKeHUE, U
COOTBETCTBEHHO, OJHO WJIM JiBa 3€pKaja CTaBATCS BOKPYI AaKTUBHOW 00JiacTu
MOJYIIPOBOJHUKOBOM cTpyKTyphl. Ha puc. 4-4 B) nokazan npumep EC nazepa ¢ ogHuM
BHEIIIHUM PE30HATOPOM. AHTHOTpaKaTEJIbHOE TMOKPHITUE YMEHbIIAET K0P UIIMEHT
OTPaXKECHUS MIPUMEPHO HA YEThIpE MOPSAKA, B TO BpeMsl KaK JIPyrod TOpel, aKTUBHOTO
ciost otpaxkaeT 10 30% cBeToBOro mortoka Osarogapsi (PpeHETIeBCKOMY OTPaKECHHUIO.
3epkano, Kak MpaBWiIO, coBMeHlaeT (QyHKUUMM OudpakiMOHHOW pemeTku. [
yIy4dlleHusT 00paTHO CBSI3M  MEXJIY 3€pKajJloM U aKTUBHBIM  3JIEMEHTOM
yCTaHaBJIMBAETCA JTUH3A.

VYBenuuuBas WM yMEHbIIAas PacCTOSTHUE JI0 3epKaja, a TaKKe OJIHOBPEMEHHO
pa3BOpauMBasi 3€PKATO-PEIIETKY - 3TO SKBUBAJICHTHO M3MEHEHUIO Iara perieTKH
MOYHO IUIaBHO WM3MEHATH JIJIMHY BOJIHBI MU3ITy4YECHUS, MPUYEM AMANA30H HACTPOUKH
nocturaet 30 um. B cuny atoro, EC nazepsl SBISIOTCS HE3aMEHUMBIMU TIPU pa3padOTKe
anmaparypbl BOJHOBOI'O YIUIOTHEHHS W M3MepuTelbHOM ammaparypsl aias BOJIC [3].
ITo xapakrepuctrkam onu cxoxu ¢ DFB u DBR nazepamu.

Jlpyrue xapakTepuCTHKH

Taxke BaXHBIMM XapAaKTEPUCTUKAMHU HCTOYHUKOB M3JIy4EHUS SBIIIIOTCS:
OBICTPOACHCTBHE UCTOYHHUKA U3TYUCHHSI; Ierpajalys U BpeMsi HapaOOTKH Ha OTKa3.

bvicmpooeticmeue ucmounuka usnyuenus. DKCIEPUMEHTAIBHO HW3MEPSIEMbIM
napaMeTpoM, OTPAKAIOIUM OBICTPOJECHCTBHE MCTOYHHUKA W3Iy4YEHUs, SBIACTCS
MaKCHUMaJIbHasi 4acToTa MOLyJsiuuu, IIpeasapurenbHO yCTaHaBIUMBAKOTCS IIOPOTU Ha

ypoBHe 0,1 u 0,9 oT ycTaHOBUBIIErOCsl 3HAYEHHSI MOIITHOCTH CBETOBOTO M3IYUYCHHUS TpU
HHA3KOYaCTOTHOM MOAYJSILIMM NPSIMOYTOJbHBIMM HMITyJbcamu Toka. [lo mepe pocra



4aCcTOTHI MOAYJIALINH, T.€. IPH MEPEX0/ie Ha MEHBIIINE MACIITa0bl IO BPEMEHHOMU LIKae,
(dopMa CBETOBBIX (PPOHTOB CTAaHOBUTCS OOJiee MOJOTOM.

MakcumasibHasi 4acToTa MOIYJSIIMM OIpEAeNsAeTCs KaK 4YacToTa BXOJHBIX
ANEKTPUYECKUX HUMITYJIbCOB, NPU KOTOPOM BBIXOAHOW ONTHUYECKHM CUTHAN IEPECTAET
nepecekats noporossle 3HaueHus 0,1 m 0,9, ocraBasce npu 3TOM BO BHYTPEHHEHN
obnactu. [{ns cBeTonom0B 3Ta yactora MOXkeT gocturath A0 200 MI'n, a y ma3zepHbIxX
JUOJIOB  3HAuMTeNbHO Oombine (Heckonbko [T1). Bpemena wapactanus u cnaga
NPEOCTABIIAIOT HHPOPMALIKIO O M0JI0CE NPOIyCKaHus W.
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Puc. 5.4. Tpu OCHOBHBIX THIIA JA3€pHBIX AMOJOB: a) Jla3ep C paclpeAesIeHHON
obpatHoi cBsi3bro, DFB nazep; 0) nazep ¢ pacnpeneieHHbIM Op3TTOBCKUM OTPakKEHUEM,
DBR nazep; B) na3zep ¢ oqHuM BHeIHUM pe3oHaTtopom, EC nazep

Heepaoayus u epems Hapabomku Ha omKas. Yxo Mepe 3SKCIUTyaTalluu
ONTHUYECKOr0 MEpelaTyuKa €ro XapakTEepUCTUKH IOCTENEHHO YXYALIAITCS - MagaeT
MOIIIHOCTh W3JIy4€HHs, U, B KOHIIE KOHIIOB, OH BBIXOJUT U3 CTPOs. DTO CBSI3aHO C
Jerpajauyed  MOJyNpOBOJAHMKOBOTO  ciosi. HaaexXHOCTh  MOIyIpPOBOJIHHUKOBOTO
U3yyaTens OmpeAensercss cpeaHel HapaOOTKOM Ha OTKa3 WM HHTEHCHUBHOCTHIO
0TKa30B. Jla3zepHble AMOJbI, BBITyCKaeMble IECATh JIET Ha3ajll, 00Jafalii 3HAYUTEIbHO
MEHbIIIEH HAJEKHOCTBIO MO CpPaBHEHUIO cO cBeroauonaMu. OJHAKO B HaCTOsIIEe
BpeMs, Ojarofapsi COBEPILICHCTBOBAHUIO KOHCTPYKUMUA M TEXHOJOTHMU H3TOTOBJICHMS,
yAAJIOCh 3HAYUTEIBHO MOBBICUTH HAAECKHOCTD JIa3€pPHBIX AMOJOB M NMPHUOIU3UTH UX K
CBETOAMOJaM 10 BpeMEHU HapabOTKH Ha 0TKa3, KoTopoe coctasisieT A0 50000 yacos u
oosee (5-8 ner).

5.2 llpuemMHbIe ONTO31EKTPOHHbIE MOAYJIH

IIpuemubie  onrtoanekTpoHHble Moayiad (ITPOM)  sABiAOTCS  BaKHBIMU
AIIEMEHTAaMU  BOJIOKOHHO-ONTHYECKOW cucteMbl. Wx ¢yHkus mnpeoOpa3oBaHHe
ONTHUYECKOI0 CHTHAjJa, MPHUHATOTO W3 BOJOKHA, B Jyekrpudyeckuil. [locmennui
oOpalaTeIBaeTcs Jajnee MEKTPOHHBIMU YCTPOHCTBAMHU.



OcHOBHBIE 3JIEMEHTBI IPHEMHBIX ONTOJ3JCKTPOHHBIX MOI[y.IIeﬁ

OcHoBHBIMU (PyHKIIMOHATBHBIMU 7IeMeHTamMu [TPOM sBisttoTCst:

— (QorompuemMHuk, TpeoOpa3yroOUMil  MOJy4YeHHBIH  ONTHYECKUH  CHUTHAT B
ANEKTPUUECKYIO (OpMY;

— KackKaj 3JIEKTPUYECKHX YCWIUTENEH, YCUIMBAIOIIUX CUTHAN U MPeoOpas3yIomux ero
B (hopMy, IpUTOIHYIO K 00pabOTKE;

— JIEMOAYJSITOP, BOCIIPOU3BOISALINI EPBOHAYAIBbHYIO ()OpMY CHUTHAJIA.

Ha mnpakTtuke ¢yHKIIMOHAIbHBIE 3JIEMEHTHI MOTYT HECKOJBKO OTIMYATHCA Yy
pasabix [IPOM. Hampumep, neTekTop THIAa JTaBUHHBIN (OTOIMOA OOECTICUMBACT
BHYTPEHHEE YCHWICHHE, B pe3ylbTaT€ YEero COOCTBEHHbIE IIYMbl IOCIEAYIOIIETO
ANEKTPOHHOIO YCUJIMTENS CTAHOBATCS HE CTOJIb 3AMETHBIMU IO CPABHEHHUIO C YPOBHEM
noJyiesHoro curHaina, B HekoTopeix [IPOM oOTCyTCTBYEeT NEMOAYJATOP, WINA LEMNb
IIPUHATUS PELICHHUS], IOCKOJIBKY AJIEKTPUYECKUN CUTHAJ C BBIXOJA KacKaJa YCUJIUTEIEH
OpUEMJIEM JIJIsl HETIOCPEICTBEHHOM 00pabOTKU APYTUMHU 3JIEKTPOHHBIMU YCTPONCTBAMH.
WNuorna nnsa 6onee rpdextuHor padotel [IPOM nepen AeTeKTOpOM yCTaHABIMBACTCS
ONTUYECKUMN YCUIUTED.

Ha puc. 5.5 nanbl GyHKIMOHATBHBIE SJIEMEHTHI aHAJIOTOBOTO () U udpoBoro (6)
ITPOM. Amnanorossie [IPOM npuHMUMAOT aHAJIOTOBBIM ONTHUYECKHM CUTHAI M Ha
BBIXOJIC€ TAKXXE BBIJAIOT AHAJOTOBBIM JJIEKTpUUECKH curHail. K aHamoroBbiM
NPUEMHUKAM MPEAbIBISIIOTCA TPeOOBaHUS BBICOKOW JIMHEHHOCTH NpeoOpa3oBaHUsd U
YCUJICHUSI CUTHAJIA TMPU MHUHHMYME BHOCHUMBIX IIYMOB - B TIPOTMBHOM Clly4ae
BO3pACTAIOT MCKaKEHHs curHana. Ha mpoTshKeHHBIX JIMHUAX C OONBIIUM KOJUYECTBOM
MIPUEMO-TIEPENAIOIINX Y3JI0B HCKAaXEHHS M IIYMbl HAaKaIUIMBAKOTCA, YTO CHUIKAET
3} ()EeKTUBHOCTH AHAJIOTOBBIX MHOT'O PETPAHCIIALIMOHHBIX IMHUN CBA3H.

[Ipu uudposoit mepemaye He TpeOyeTcs OUYEHb TOYHAS PETPAHCIAIUS (PopMm
UMITyJ1bCOB. [{MpoBOil NMpUEeMHHUK JOJDKEH BKIIOYATh Y3€J MPHUHITHUS PEIICHUS WA
OUCKPUMHUHATOP, UMEIOIIMK YCTAHOBJIEHHBIE NMOPOTH Ha NpuHATHE curHainoB 0 u 1,
KOTOPBIM PAacno3HAET, KaKOM CHUTHAJ MPHUIIEN, YCTPAHSAET IIYMbl U BOCCTAaHABIIMBAECT
HEOOXOIUMYIO aMIUTMTYy curHaia. [IpaBuiibHOE BBIJEIEHHE HYKHOTO CUTHAJIa MOXET
POUCXOJIUTH MPHU OOJIBIIOM YPOBHE IIIYMOB.
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Puc. 5.5. ®yHKIIMOHATIBHBIC DJIEMEHTHI MPUEMHBIX ONTOJJICKTPOHHBIX MOJYJICH
(ITPOM): a) ananoroBoro; 6) 1uGpPoOBOTO



PasznuyaroT cunxpomnnvie u acunxponnvle peXUMbI IpUeMa-repeaadu nudposBoro
curHasia [6]. YnpouieHHOE OnMCaHue KaKIOTO M3 METONOB IpUBEAeHO Hmke. Ilpu
CUHXPOHHOM pedicume OUTOBBIM MOTOK MEXAYy NMPUEMHHKOM M NEPEJaTYNKOM HOCUT
HEINPEPBIBHBIN Xapakrep. [Ipy acMHXpOHHOM peXuUME NaHHBIE NEPENAIOTCS B BHIE
OpPraHW30BAHHBIX OWTOBBIX IMOCJIEIOBATEILHOCTEN - MAKETOB. B MpoMexxyTKax MExIy
[TAKETAaMHU JIMHUS MOJYMUT - CUTHAJIA HET. lIpu CMHXpOHHOM pexuMe IpueMa-nepesadn
TaiMep TMpPUEMHUKA BBIACISAET B MNPUXOJALIEH OUTOBOM IMOCIENOBATEIBHOCTH
CIEHHAJIBHBIE CUTHAJIBl - CHUHXPOUMIIYJIBCHI, Ha OCHOBAHUM KOTOPBIX IPUEMHHK
pEryisipHO HACTPAMBACT WIM MOJCTPAUBAET CBOU d4achl. IIpu acumxponnom peowcume
npuemMa-nepeayd IMPUEMHHUK MMEET CBOW He3aBUCUMBIM Taiimep. lIpuHumas
HavajpHble OWTHl makera (mpeamOyiy), TaliMep NPUEMHUKA HACTPauBaeT Y3ell
NPUHATHS PEUICHUsI TaK, YTOOBI ONpPEeICHNE IPUXOAAIIET0o OUTa BBIOJIHAIOCH HA €T0
cepelrHe. DIEKTPUUECKUI CUTHAII, KOTOPBIM BBIJACT y3€l PUHATHS PEIICHUs, HIIET Ha
yacToTe Taimepa. Tak Kak €CTh IIOIPEIIHOCTh y pasHbIX TauMEpOB, TO, IO Mepe
OPUHATHSA TIOCIEIYIOIIUX OWTOB IMAaKeTa, MOMEHT ONpPEIENICHUs MPUXOASIIEro Outa
IUIABHO CMEIAETCS B OJHY M3 CTOPOH OTHOCUTENIBHO CEpEeIUHBbl MPUXOIALIETO OuTa.
Jlnst npaBUIBbHON HMIEHTU(UKAIUU BCEX OMTOB MAKeTa BAXKHO, YTOOBI CMEIIECHUE 32
BpeMsl IPHUHATHS MakeTa He npeBbickwiio 0,5 Outa. OTO NMPUBOAUT K OTPAHUUYECHHUIO HA
MaKCUMaJbHYIO JUIMHY TakeTra. Yem MeHblIe MOrpeliHOCTh TaiMepoB, TEM OOJbIIas
JUIMHA ITAKeTa MOKET UCIIOIb30BaThCA I IIEpelayn.



