1. OIITUKO-MEXAHUYECKHUE J2JIEMEHTBI U IIPUBOPHBI
CUCTEM ITPUIIEJIMBAHUA

OnTHyecKue 3€MEHThl U ONTHUKO-MEXaHUYECKHE MPUOOPHI SBIISIOTCS OJHUMU
13 COCTaBHBIX YaCTEH COBPEMEHHBIX YCTPOMCTB CUCTEM NpULEanBaHusA. ONTHYECKHE
AJIEMEHTBl HMCHOJB3YIOTCS B MNpubopax 3agaHusi 0a30BOr0 HampaBi€HUS IS
MIPULIETIMBAHUS, B CUCTEMAX IEpeJayd HaIpaBJICHHs C OJHOTO YPOBHS Ha JAPYroW,
st (DUKCUPOBAHUS PA3IMYHBIX IUIOCKOCTEH OOBEKTOB M PEIICHHs psifa APYyrux
OTBETCTBEHHBIX 3aJay NpuIeaUBaHus. 3 ONTHYECKUX 3JIEMEHTOB HauOoJbllee
IIPUMEHEHUE B CHUCTEMAaxX IMPULEIUBAHUSA HAXOAAT IUIOCKHE 3€pKayia, IPU3MBI
Pa3IUYHbIX TUIIOB, OJIMHOYHBIEC JTUH3bI, KOMOMHAIIMH JIUH3 - OOBEKTUBBI, OKYJIAPHI U
AJIEMEHTHI HA OCHOBE IIJIOCKONAPAJUIENIbHBIX IIJJACTUHOK U KJIMHBEB.
OnTuko-MexXaHU4YeCcKue NpPUOOpPHl M YCTPOMCTBA CIyXaT Mg H3MEpPEHUs
BEPTUKAJIBHBIX W TOPU3OHTAIBHBIX YIJIOB, JJIS MPOBEPKHM TOYHOCTH PabOTHI
ABTOMAaTHYECKUX CHCTEM MPULIEINBAHUSA, KOHTPOJISI BEPTUKAJIBHOCTU PAKET H
TPAHCIIOPTHBIX ~ KOHTEMHEPOB, TIPOBEPKM B3aUMHOM  BBICTABKM  DJIEMEHTOB
ABTOMAaTHYECKUX CHCTEM MpHULECIUBaHuA. [ pemieHus 3TUX 3a7ady B CHCTEMax
MPULIEIMBAHUS UCTIONB3YIOTCS 3pUTENIbHbIE TPYObl, TEOIOIUTHI, YPOBHH, ONITUYECKUE
KBaJpaHThl U Ipyrue yCTPOMCTBA.

1.1. TEOMETPUYECKAS OIITUKA U EE OCHOBHBIE 3AKOHbI

JleiicTBHE MPUMEHSIEMBIX B CHCTEMax MPUIICTUBAHUS OMTUYECKUX DJIEMEHTOB
U ONTHUKO-MEXaHWYECKUX YCTPOWCTB OCHOBAHO HA WCIOJIb30BAHUU PA3TUYHBIX
CBOMCTB cBeTa. PacmpocTpaHeHue cBeTa TPEACTaBIs€T COOOM  CIIOKHBIM
AIIEKTPOMArHUTHBIA BONHOBOM mTporiecc. OmHako B Bompocax (OPMUPOBAHUSA
CBETOBOI'0 IMy4Yka W B BOINpocax 00 oOpa3oBaHUU M300paKEHUS PEIICHUE MOXKHO
NONy4UTh TOpa3no Oojiee TMPOCTBIM TyTEM, C TOMOIIBIO TPEJCTaBICHUN
reOMEeTPUYECKON ONTHKHU. | 'eoMeTpruieckas ONTUKa OMIEPUPYET MOHATHEM OTIEIbHBIX
CBETOBBIX Jyuedl. CBETOBOW Jyd €CTb TeOMeTpHuYecKas JHUHHS, MPOBEICHHAs
NEPICHIUKYIAPHO (POHTY pPacCIpOCTPAHCHHUS CBETOBOM BOJHBI M TOKAa3bIBAaBINAS
HaIlpaBJICHHE pacIpOCTPaHEHHUs BOJIHOBOro mponecca. Takum oOpa3oM, CBETOBOM
Jy4 — 3T0 aOCTpaKTHOE MaTEMAaTUYECKOE TTOHATHE, a HE PU3NYECKUid 00pa3.

['eomeTpuyeckass onTuka OasuUpyeTcsl Ha YETHIPEX OCHOBHBIX 3aKOHaX:
OPSIMOJIMHEWHOTO PACIpOCTPAHEHHSI CBETA, HE3aBHUCHUMOCTH CBETOBBIX ITyYKOB,
OTpPaKEHHUSI CBETA OT 3€PKAJbHOM MOBEPXHOCTH W MPEIOMIICHHS CBETa Ha T'PAHHUILIS
JBYX MPO3PAYHBIX CPE/I.

3aKOH MPSMOJMHEHHOTO PAacTpOCTPaHEHHs CBETa TJIACHUT, YTO B OJHOPOJHOMN
cpelle CBET pPACHpPOCTPAHSETCA MO NPSAMBIM JUHHUAM. JlecTBME 3TOro 3aKkoHa
MO3BOJISIET TPOBOJIUTH TEOMETPUUYECKHE TOCTPOSHUS XOAa JTydell B ONTHYECKHX
AIIEMEHTaX U ONTUKO-MEXaHUYECKUX CHUCTEMaX.

3aKOH HE3aBUCHUMOCTH CBETOBBIX My4KOB. CBETOBOI MOTOK MOXHO pa30oUTh Ha
OTJICNIbHBIE CBETOBBIC IMYYKH, BBIJCISISI KX C IOMOIIBIO Y3KUX OTBEpCTUl (nuadparm).
JleiicTBHE ATHX BBIICTICHHBIX CBETOBBIX ITyYKOB OKAa3bIBACTCS HE3aBHUCHUMBIM.

3aKOH OTpa)X€HHs TIJIACUT: JIyd [AJaoNIUd, Jyd4 OTPAXKEHHBIM U
NEPICHIUKYIISAP OTPAKAIONIEH MOBEPXHOCTH B TOYKE MAJCHUS JIyda Jie)KaT B OJHOU
MJIOCKOCTH; YTOJI TaJIeHus [ paBeH yrily oTpaxkenus i’ (puc. 1, a).



Puc. 1. OTpaxeHue cBETOBOTO Jiyya OT IIaJIKOI TOBEPXHOCTH:
a) 3epKaJIbHOE OTPAXKEHUE CBETOBOTO JIy4a;
6) muddy3HOE OTpaKEHUE CBETOBOTO JIyUa.

Paznuuarot auddysHoe u 3epkanbpHOe oTpakeHue. /st ciaydast oTpaxeHus OT
IIAJKUX TIOBEPXHOCTEH HWMEET MECTO 3epKalbHOEe OTpakeHwe. B sTom ciydae
OTpaK€HHBIC Tydd WUAYT B OJHOM HampaBieHuu (puc.l, a) Ecnm moBepxHOCTH
IepoXoBaTasi, TO OTPaXEHHBIE JTyYd UAYT BO BCEBO3MOXHBIX HampaBleHUsIX (puc. 1,
6). Takoe orpakenue HazbIBalOT AU(PGY3HBIM. BenenacTBre MpOHUKHOBEHUS YacTd
CBETOBOHM DHEPTUU BHYTPbH CPEIbl OTPAXKAIOUICH MOBEPXHOCTU MPOUCXOAMUT MOTEPS
CBETOBOM DHEPIUHU.

[Tox mpenomiieHneM MOHUMAIOT U3MEHEHUE HAMIPABICHUSI CBETOBOTO JIyda MPHU
nepexoJie W3 OAHON cpenbl B Apyryto. Tak, mpu mepexoje U3 Cpelbl ONTHYECKU
MEHEee IUIOTHON B ONTHYECKH OoJiee IUIOTHYIO Cpeay Jyd TOCie MPEIOMICHUS
NpUOIIKAETCSl K HOPMAIH K MOBEPXHOCTH pasfiena, MPOBEACHHONH B TOUYKE MaJCHUS
(puc. 2, a). W, naoOopoT, yaausercs OT 3TOM HOpMad NpPH NEPEXOAE U3 CPeabl
onTUYeCKH OoJjiee TIIOTHOM B Cpe/ly ONTHYECKH MEHee IUIOTHYIO (puc. 2, 0).
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Puc.2. [Ipenomnenne cBETOBOIO JTy4a:
a) IpU NEePEX0/ie CBETOBOTO JIyya U3 CPEIbl ONTUYECKH MEHEe IUNIOTHON B OITUYECKH Oojiee
IUIOTHYIO;
0) npu nepexojie CBETOBOTO JIyda U3 Cpebl 001ee ONTUYECKH IJIOTHOM B ONTHYECKU MEHEe
IUIOTHYIO.

OtHourenune ckopoctu cBeta C B BO3JyXE K CKOPOCTH CBETa V' B Ipyrou cpene
Ha3bIBAETCS IOKA3aTeJIEM IPENOMIICHHMS 7 JIAHHOTO BEIIECTBA IO OTHOLICHUIO K
BO3AyXY. DTOT MOKA3aTelIb PABEH YaCTHOMY OT JAEJEHHUs CUHYCa yIja MaJieHusl i Ha
CHUHYC yIJia IPEJIOMJIEHHUS r U SBJISIETCS OCTOSIHHBIM JIJIsI JAHHBIX CPEL;

C _sini = const (1.1)

n=—=—
Ve sinr

[Tokazarenp TpeOMIIEHHST 1O OTHOLIEHUIO K TYCTOTE  Ha3bIBAETCA
a0COJIFOTHBIM TIOKa3aTeJeM MPEJIOMJICHUS JAaHHOTO BeliecTBa. ONTHYECKOE CTEKIIO
MMeeT aOCOJIIOTHBIN TMOKa3aTesib MpEeoMIICHUST B mpenenax n=1,47+1,92. OOb4HO
MpU  pacyeTax ONTHUYECKUX TMPUOOPOB MPUHUMAIOT aOCOIIOTHBIA TMOKa3aTellb
MOPCJIOMIJICHHUSI ONTHYECCKOI'0 CTCK/IAa paBHBIM n=15.

[Ipu mepexojie CBETOBBIX JIyded M3 ONTHYECKH OoJiee IJIOTHOW Cpeabl B
ONTUYECKH MEHEE IUIOTHYIO YacTh CBETOBOM YHEPTUU MEPEXOJUT B CPENY ONTUUCCKU
MEHee IUIOTHYIO (Hampumep, BO3AyX), a OCTajibHasi 4acTh oTpaxkaetcs (puc. 3). [Ipu
HEKOTOPOM OIPEACICHHOM YIJIe TaJeHUs i, Jy4Y HE BBIMIET U3 ONTUYECKOIO
AJIeMEHTa, a OyleT CKOJb3UTh MO MOBEPXHOCTU pazjiesia. DTO SIBJIEHUE Ha3bIBAETCS
MOJIHBIM BHYTPEHHHM OTPaKEHHEM, a yroJl r, — YIJOM TIOJHOTO BHYTPEHHETO
orpaxxenusi. Ecnu yron magenuss OGosbliie i; (is-in) CBET BOOOIIE HE BBIMAECT HA
MTOBEPXHOCTb.

Puc. 3. [IpenomiieHue CBETOBBIX Jy4el U SBJIEHUE ITOJTHOIO BHYTPEHHETO OTPAKEHHUS.

Crnenyer UMETh B BHIY, YTO 3aKOHBI T€OMETPUYECKOM ONTHUKU CIPaBEIJIUBbI
TOJIBKO B TOM CJIy4ae, €CIIM MOBEPXHOCTh Pa3fena M0 CBOUM pa3MepaM 3HAYUTEIIbHO
IIPEBOCXOJIUT JIJINHY BOJIHBI CBETA.

B reoMerprueckoil ONTHKE NPHUHATO PAcCMATPUBATh KaXAYH CBETSLIYHOCS
TOYKY MCTOYHMKA KaK BEpIIMHY pacxXxolsdllerocs Iydyka Jyde. Eciau mnocie



OTpPaXCHHUS M TIPEJIOMJICHHSI 3TOT IYYOK CXOJUTCS TaK)Ke B OJHY TOUYKY, TO TaKOe
M300paK€HUEe HA3bIBACTCS TOUCUHBIM.

1.2. OIITUYECKHUE 3JIEMEHTBI 1 UX XAPAKTEPUCTHUKU

N3 Oonbiioro umuciia pa3IUYHBIX ONTHYECKUX DJIEMEHTOB B CHCTEMax
MpUIETUBAHUST HAaWOOJbIlIee NPUMEHEHHE HaxXOAST JIMH3BI, 3€pKajia, MPU3MBI,
MJIOCKOTIapaieNIbHbIE MJIACTUHKU, @ TaKKEe OT/IENIbHBIC Y3JIbl, BHITIOJHIEMbIE B BUJIC
CKJIEEK UJIU COOPOK U3 ITUX JIeTajeil.

1.2.1. IMH3bI

JIunza npenacrarisieT co0oil Mpo3payHoOe TEJO0, OTPAHUYCHHOE OJTHOW WIIU JIBYX
CTOpPOH C(hepuyYECKOM MOBEPXHOCTHIO. PaznuyaroT muH3bl coOuparenbHbie (puc. 4, a)
u pacceuBatomue (puc. 4, 0). Bbimykible WIM BOTHYTbIE JHMH3bI MOXHO
paccMaTpuBaTh Kak KOMOWHAIMK OOJBIIOTO KOJMYECTBA BEChbMa Y3KHUX MPU3M, NPH
YeM B BBINYKJIBIX JIMH3aX 3TU MPHU3MbI 00pallleHbl BEPXYIIKaMHU K KpasiM CTEKJa, a B
BOTHYTBIX — BEpIIMHAMU K cepeauHe. IloaTomMy nyuu cBeTa, NMPOXOIAIIAE Yepes3
BBINYKJIbIE CTEKJIA, COOMPAIOTCS, @ BOTHYTBIMU CTEKJIaMH pacceuBaroTcs. B kaxxaoit
JIMH3€ UMEETCS] TOYKAa — ONTHUYECKMM LIEHTP, - NPOXOAS 4epe3 KOTOPYIO JIyd HeE
npenomisieTcs. JIMHMS coenuHAONIas JBa IEHTpa IIAPOBBIX IOBEPXHOCTEM,
KOTOPBIMH OTpaHUYEHA JIMH3a, Ha3bIBACTCS IJIABHOU ONTUYECKON OCHIO.
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Puc. 4. JIunssr:
a) coOMpaTeNbHbIC JIUH3bI; 0) PACCENBAIOIINE JTHMH3bI

Jluaus 0,0,, coeauHsOUmasi, LEHTPhl KPUBHU3HBI O0EMX OIrpaHUYMBAIOIIMX
JUH3Y cQepuyecKrX MOBEPXHOCTEH, Ha3bIBA€TCA ONTHYECKOW OCBhIO JIMH3BI, a
pagnyChl OTUX IOBEPXHOCTEN R; U R, - panuycaMu KpUBU3HBI JTUH3bL. [lapaiienbabie
IyYKH TOCJIEe POXOKIECHUSI COOMPATENbHOM JIMH3BI CXOMSTCS, a TIOCIIE MPOXOXKICHUS
pacceuBarole — pacxonarcs. ToukM IepecedyeHus] MapajulesIbHBIX JIy4Yew,
MPOXOJAIIUX Yepe3 cOOMpaTeNbHYIO JMH3Y, M OOpaTHBIX MPOJOKEHUHN Jydeid,
BBIXOJSIIIUX M3 PACCEUBAIOIIEH JIMH3bI, HAa3bIBAIOTCA IJIaBHBIM (POKYCOM. Y KaxKIou



JUH3bI 1Ba (QoKyca: mepeaHuil u 3aaHuil. PacCTOAHMS OT IUIOCKOCTH JIMH3BI JI0 €€
(OKyCOB Ha3bIBalOTCA COOTBETCTBEHHO 'mepeaHum" (orpe3ok OF=-f) u "3agHum"
(otpezok OF '=f) GOKYCHBIMU pPACCTOSHUSIMU, a BeJIWYMHA, oOpaTHas (POKYCHBIM
pacCTOSAHUAM - ONTHYECKOW cuinon . BenmnunHa W 3HAK ONTHUYECKOW CHIIBI
ONPENEIAOTCSA XapPaKTEPOM U CXOAUMOCTBIO MPEJOMIIEHHOTO ONTUYECKONM CUCTEMOU
nydka Jydeid. Y cobupatenbHbiX TuH3 @ > (), y pacceuBanmux - <0,

IInockocTu, NeprneHINKYyJISIpHbBIE ONITUYECKON OCH JIMH3bI U MTPOXOAIINE YEPES
ee (OKyChl, Ha3bIBAIOTCS (POKATBHBIMU TUIOCKOCTSMHM JIMH3BI.

3a4acTyro My4YKd CBETa, MAYLIME 4Yepe3 JINH3Y, HE SBISAIOTCS y3KMMU. Takune
IIMPOKHE MYYKH COOMpPAIOTCA HE B OJAHOW TOYKE, a 00pa3yloT KPYyr pacCEerBaHMS.
Bo3HukaroT pa3inuyHble MCKaKEHMsI, Ha3biBaeMble abeppauusamu. [IpumepoM Takux
abeppauuil sBisitorca chepudeckas M xpomaTtuueckas abeppauuu. Chepuueckas
abeppauusi NOPOUCXOAUT M3-3a2 TOTO, YTO BHENIHME M LEHTpaJbHbIE Jy4yHd
IIEPECEKAIOTCS HE B OJTHOM TOYKE ONTHYECKOM OCu. BeaeacTeue aToro kaxkaas Touka
npeaMera u3o0paxaeTcs He B BHJAE TOYKM, a B BuAe Kpyxka. Cdepuueckas
abeppauusi  yCTpaHsieTcsl NIyTeM MCIOJIb30BaHUS  Pa3dU4HbIX KOMOWHaUUn
coOupaTeNbHbIX U PACCEUBAIOIIMX JIHH3.

XpomaTtuueckass abeppalsi BO3HUKAeT HM3-3a aucrepcuu cBeta. CBETOBbIE
JIy4d, IPOXOJSIINE YEPE3 JIMH3Y, UMEIOT Pa3IMYHbIC JUIMHBI BOJIH U, CIEJ0BATEIBHO,
MPEJIOMIISIIOTCS  HEOAMHAaKoBO. WM3-3a Xpomaruueckoil abeppanuu HM300pakeHus
IIPEIMETOB OKAa3bIBAIOTCS OKANMIICHHBIMU Paay>XKHOU IOJIOCKOW. Jljisi ycTpaHEeHUs
XpOMaTHYeCKON  aldeppalud  UCMOJB3YIOT KOMOMHAIUIO U3  JBYX  JIUH3,
M3TOTOBJIEHHBIX U3 PA3JINYHBIX MAaTEPUAJIOB.

JUiss  Toro 4YToOBl YMEHBLIUTH BIMSHUE PA3IUYHOIO pPOJa HCKAKEHHM
M300pKEHUS, TMPOXOXKJIECHUE KpalHUX Jy4yed OrpaHUYMBAIOT C TOMOUIBIO
crenuaibHON MJIACTUHKU ¢ OTBepcTHeM. Takas ImiiacTHHKA Ha3biBaeTcs 1uadparmoil.

Puc. 5. O0beKTHB 1 OKYJISIP:
a) OOBIYHBIN aXpOMATHUECKUI OOBEKTHUB: 0) IBYXJIMH30BBIA OOBEKTHB C MaJIbIM
BO3/IYIIHBIM 3a30POM; B) OKYJISIP.
Cucrema JMH3, pacroioKeHHas B 00Iield cxeme npudopa Omxe K 00OBEKTY
HaOMo1eHUs], Ha3bIBaeTcsi OOBEKTHUBOM (puc. 5). OOBEKTUBBI NPUOOPOB CHUCTEM



NPULEIUBAHUSA  NPEAHA3HAYAKOTCA I IOJYYEHHMs  JACHUCTBUTEIBHOTO U
YMEHBUIEHHOTO HW300pakeHUsl TMpeAMeTa WM [ CO3/JaHMs MapajieIbHOro
CBETOBOrO Iy4yKa Jydel, Hecylero u300paxeHUe CBETSIIErocs IMpeaMeTa,
PacCIIONOKEHHOT0 B ero (oKalbHOU MIOCKOCTH. [IpocTeimuii 00beKTUB COCTOUT U3
JIBYX CKJICEHHBIX BMECTE JIMH3 — COOMpATEIbHOW U pacCerBaroIIeii, moa0upaeMbix
TakuM 00pa3oM, 4YTOObI UCTIPaBUTh abeppalluu.

PaccmoTpenre u300pakeHHsl, TOCTPOEHHOTO OOBEKTHUBOM, OCYLIECTBISETCS
OKyJsipoM. OnTuueckasi CUCTEMa OKYJIIpa COCTOUT M3 HECKOJIbKUX JuH3. Ha puc. 5,8
IIpUBEJEHA CXE€Ma 4YeTBIPEXJIMH30BOro OKyisipa teopoiaura thna «Tb». Takas
CUCTEMa CYLIECTBEHHO CHM)KAeT XpOMaTHYeCKue abepparuu.

1.2.2. IIVIOCKOE 3EPKAJIO

B cucremax npunenuBaHus IVIOCKUE 3€pKaja UCIONb3YIOTCA A (PUKCAUU U
nepefayn pasziMyHbIX HampaBieHUW. 3epKajJoM Ha3bIBaeTcs Telo, OJHA WIH
HECKOJIBKO TIOBEPXHOCTEH KOTOPOTrO CHOCOOHBI OTpakaTb CBETOBbIE Jydud. B
COOTBETCTBHH C 3aKOHOM OTPAXEHUS, YrOJl OTPAKEHHsI CBETOBOIO Jiyda paBeH YIIIy
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Puc. 6. OTpaxkeHue cBETOBOIO Jiy4ya OT MJIOCKOTO 3epKajia
[Tpu moBopoTe 3epkana Ha yroi¢e (puc. 6) OTpaKEHHBIN JIyd MOBOPAUYUBAECTCS

Ha yroJ, paBHbld 2¢ . Ilokaxem 310. Ecniu CBETOBOM Jyd A4 MaaaeT HA IUIOCKOE

3epKai0 MOJ YIJIOM « K HOPMajH, TO €ro OTKJIOHEHHE B OT IepPBOHAYAILHOTO
HaIpaBJICHUS] COCTABUT:
v =180° - 2a (1.2)

[Tpu noBopoTe 3epkana Ha Yrojl ¢ OTPaKCHHBIM CBETOBOU JIyd B~ OTKJIOHUTCS

OT CBOETO NEPBOHAYAIIBHOIO TTOJIOKEHUS HA YT OJ:
o =180"-2(a+¢), (1.3)

TakKuM 00pa3oM, MOBOPOT OTPAKEHHOTO JIydya COCTABUT:

v —o =180° —2a —[180° —2(a + @)] = 2¢ (1.4)

PaccmoTpuM ONTHUYECKYHO CHCTEMY, COCTOSIIYIO U3 ABYX 3€pKall, INIOCKOCTU
KOTOPBIX MapauiebHbI APYT ApYry (puc. 7, a). [Ipu oTpakeHUU B TAaKOW ONTUYECKOM
CUCTEME CBETOBOM JIy4 CBOEr0 HANpPaBJICHUS HE MEHSET, a JIMIIb CMEIIAETCS Ha
HEKOTOPYIO BEJIMUMHY /( TapajielibHO caMoMy cebe. [Ipu moBopoTe Takoil cUCTEMBbI



Ha HEKOTOPBIA yIroJl ¢ MPOUCXOAUT JHIIb CMELIEHUE OTPAXEHHOI0 Jyda Ha
BEJIMUMHY A/, a €ro HalpaBlICeHUE OCTaeTCsl HEU3MEHHbIM. Ecin ke B Takou
ONITUYECKONM CUCTEME MPOMCXOAMUT pACCOINIACOBAHME 3€pKall Ha yroa Ag,

OTpakeHHBIH JTy4 moBepHeTcs Ha yroi 2A¢ (puc. 7, 0).

o/

Puc. 7. Xox cBeTOBOTO Jyda B CUCTEME, COCTOSIIEN U3 IBYX 3€pKaJ:
a) CMEIIEeHUE OTPAKEHHOTO JIyda MPHU MOBOPOTE ABYX MapalljIeIbHBIX 3epKall Ha OJJUHAKOBBIN
yrout; 6) ©”3MEHEHHE X0/1a CBETOBOTO JIy4a, OTPAXKEHHOTO OT JIBYX 3€pKaJl IPH MOBOPOTE OJAHOTO U3
HUX

3epkajia U3TOTOBIISIFOTCS MTyTeM HANbLICHUS WM HAHECEHUS APYTHM METOIOM
Ha CTEKISHHYIO IUIOCKO TapauielbHYI0 TIUIAaCTHHKY TOHKOTO CIIOSI MeTajuia
(aIFOMUHMM, XpOM, pOJUH, 30JI0TO, cepedpo). MeTalll HAHOCUTCS Ha BHEIIHIOKO 110
OTHOIICHHUIO K TAJaoleMy CBETOBOMY IOTOKY WM BHYTPECHHIOIO CTOpoHY. [Ipm
HAHECEHWHW HA BHENIHIO CTOPOHY 3€pKaJlbHAas TOBEPXHOCTh OKAa3bIBACTCS HE
3alMIeHa OT BHEIIHUX BO3JCHCTBUH, IMO3TOMY OHA TOKPBIBACTCS 3alTUTHBIM
MOKPBHITUEM WM HAKJICHBACTCS €Ile OJHA IUlacThHAa. [IpM HaHECEeHWM Ha
BHYTPEHHIOIO CTOPOHY BO3pacTalOT IMOTEPU CBETA 32 CUET €ro pacceuBaHUs TMpHU
MIPEIIOMJICHUN BHYTPH TIJIACTHHBI.

[Tpu McroNB30BaHUU TUIOCKHX 3€pKajl I (GUKCAIMKM HANPaBICHUN TpedyeTrcs
OYEHb BBICOKAS TOYHOCTHh BBICTABKH IUIOCKOCTH 3€pKajla OTHOCHTEIBHO CBETOBOTO



notoka. [loaToMy Kkak »3jieMEeHT (UKCalMu HampaBieHUs IUIOCKOE 3€pKajo B
CUCTEMaxX MPUIEIUBAHUS UCIIOIB3YETCSl PENIKO, a UCIOIb3yeTCs] B OCHOBHOM JJIsI
M3MEHEHHUsI HalpaBJIeHUs X0/1a JIy4eH.

1.2.3. IPU3MbI

B nmpubopax cucrtem npuiienuBaHus HauOoJIbIlIee PACIPOCTPAHECHHUE TTOTYUNIIN
NPsIMOYTOJIbHBIE ~ PAaBHOOENPEHHbIE MPU3MbI, MapayieJOrpaMMHBIE  TPHU3MBI,
MEHTAPU3Mbl, MHOTOIPAaHHbBIE TMPHU3MbI, CBETOJCIUTENIbHBIE M CMECUTEIbHBIC
MPU3MBI, MPETOMIISIOIINE PU3MBI (KJIUHBSA).

/ A

Puc. 8. IIpsimoyromnpHas paBHOOEIpeHHAas MpU3Ma U X0 Jyueil B Hell (mpu3zma BP-180°)

[IpsimoyroJyibHas paBHOOEAPEHHAs MpU3Ma, U300paKeHHask Ha pHC. §, IIHPOKO
UCIIOJIb3YETCSI KaK KOHTPOJIbHBIA 3JIEMEHT, (PUKCUPYIOMIMI pedpoM JIBYIPaHHOIO
yria, 00pa30BaHHOIO KaTETHBIMU T'PaHAMH, a3MMYTaJIbHOE MOJIO)KEHUE HEKOTOPOro
OPMEHTHPHOrO HampaBieHus. Ilpu ctporom paserctBe yrna ACB=90° myu,
MaJaIInil Ha TpaHb AB OTpa3suTCa NPU3MOU B TOM K€ IUIOCKOCTH U U3MEHUT CBOE
Hanpaiienne Ha 180°. Jlyuu, mamaronue Ha Tpanb AB moxa yriaom o (cM. puc.8),
M3MEHSIOT CBOE HamlpaBlieHHEe Ha yroa 2o. B 3ToM cMbicie mpu3Ma aHaJlOrMYHa
3epKaiy.

[TokaxxeM, 4TO IOBOPOT MPU3MBI BOKPYT pedpa MpsAMOro yria He IPHUBOJIUT K
M3MEHEHUIO HaNpaBleHUs OTpakKeHHOro Jjy4ya. BBeaem cucreMy KOOpJIHWHAT
0XnYnZn (puc. 9). HanpaBum ock (Zn 1mo HampaBJieHUIO pedpa MpsSIMOTro yria, oCh
0Yn nepneHAUKYISPHO THIIOTEHY3HOM IpaHH, ocb (0Xn NEPNEHAUKYISAPHO MEPBBIM
JIBYM TaK, 4TOOBI 0Opa3oBajiach mpasasi CHCTEMa KOOPIUHAT.

CBeToBO# y4, MajJalolMii Ha TUIIOTEHY3HYIO I'PaHb NPU3MBI, B 001LEM cllydae
MOJIBEpraeTcsi ABYM BUJaM MpeoOpa30BaHUM: MPETOMIIIETCS, IBaXK bl OTPAXKAeTCs OT
3epKAJIbHBIX MOBEPXHOCTEN KATETHBIX IpaHEH, U BHOBb NMPEIOMIISICTCS Ha T'PAaHUILIC
IBYX Cpe/l.

3aKOH OTpa)keHUsI CBETOBBIX JIy4Yell B BEKTOPHOU (hopMe MOXKET ObITh
MIPE/ICTABIIEH BBIPAXKEHHUEM

B=A4-2(4,p)p, (1.5



a 3aKOH IPEJIOMIICHUS CBETOBBIX JyUYEH — BHIPAKCHHEM:
B=A4-Tp, (1.6)
r7e A- BEKTOD MaJafomero ayyJa;

B - BEKTOP OTPAKEHHOTO JIy4a;

p- BEKTOp, XapaKTEpU3YIOUIUMK HAIpaBICHUE HOPMAJIU K 3€pKaJIbHOU
IIOBEPXHOCTH;
I' - mocTostHHAst OTKIIOHEHUS CBETOBOIO JIy4a:

F o\ n (A p) —Ap, (L)
rac¢ n KU n, 10KA3aTCJIN MPCIOMIICHUA OIITUYCCKUX CPC.

N

Puc. 9. CoiicTBa nIpsIMOYroJIbHOM MPU3MBI

Ecnu cBeToBO# J1y4 HampaBlieH Ha TMIIOTEHY3HYIO TPaHb TaKUM 00pa3oM, YTO
OH OTKJIOHEH OT HampaBJ€HUs OCHM Xn Ha yroil o U NPUIOJHAT HAJl IJIOCKOCTBIO
Xn0Zn na yroi 5, TO OH MOXET ObITh ONMKHCAH BEKTOPOM:

A=icosacosf + jsin B +kcosBsine  (1.8)

Ecnu npusma paBHOOEApEHHAS, TO HANPABJICHUS] HOPMaJiel p k rpansm 1,2,3
(cm. puc. 9) onpeaensitoTcs COOTBETCTBEHHO BBIPAKEHUSIMHU:
p,=j,p, =isin45" — jcos45’, (1.9)
p, =icos45 + jsin 45°,
[locne mepBoro mpesnomieHUss Ha TpaHd | HampaBieHHE CBETOBOrO Jiyda
Oyner:

A> = A+T, p, = icosa cos B +}'\/nl —n, +sin”> B —kcosBsina  (1.10)
OTpaXeHHBIN OT IPaHu 2 JIy4 ONPENEIISETCS BBIPAKEHUEM:



A> = A1-2 p, (A1 p,).

[ToacTaBisist 3HAYEHUS BEKTOPOB A, M p,, HAHIEM:

A =i, \/nl —n, +sin” B + jcosacos B +kcos Bsina  (1.11)
Ilocne BTOPOr'o OTpaXXCHUA JIyda €TI0 HAIIPABJICHUC OMMPCACIIACTCA BEKTOPOM:

As = A2—-2(A42 p3) p4 (1.12)

[Moxacrarisist B (1.12) 3HaYEHUSI BEKTOPOB A2 U p,, TIOJIy4UM BhIpaKCHHE:

As =—icoso cos B —}'\/n1 —n, +sin” B +kcosBcosa  (1.13)
[Ipu BbIXOJE W3 MOBEPXHOCTU MPHU3MBI U TIEPEXOJ€ B BO3IAYIIHYIO CpEeAy
CBETOBOM JIyd BHOBb IpejomiisieTcs. B 3Tom ciiydae HampaBieHUE CBETOBOTO Jyda
ONpeCACIIACTCA BEIPAKCHUCM

B=As=A43+T, p, (1.14)

[MoxcTapisiem B 3Ty GOpMYJy 3HAYCHUSI As M p, U pacCYMTaHHOE 1O (Gopmyie
(1.7) 3nauenue T,, mody4aeM BbIpaKE€HUE:

B=As=—icosacos 3 — jsin B +kcosfBsina (1.15)

CpasuuBas Boipaxkenus (1.8) u (1.15) 3ameuaem, 4TO BEKTOPBI 4 U B JICKAT B
napajyieNbHbIX MJIOCKOCTIX. DTU IUIOCKOCTH MapajuieibHbl Takxke pedpy NpsMoro
yria Ipu3Mbl.

Takum 00pa3oM, MOBOPOT NPU3MbI BOKPYT pedpa MpsIMOTO yria He MPUBOJIUT K
M3MEHEHUIO HaIPaBIeHUs] OTPAKEHHOTO JIyya.

JIns  oCylecTBIIEHUs NPOCTPAHCTBEHHBIX H3MEHEHHUM XO4a Jyd4ed U s
yYMEHBIIEHUS! Ta0ApUTOB B ONTHYECKUX CHUCTEMAaX 4acTO MPUMEHSIOT HE OAMHOYHBIE
MPU3MBI, a CKJIEHKHU U3 ABYX uiu Oosee npusM. Ha puc. 10,a mokazana komOuHaIus
U3 JIBYX MPSMOYTOJIbHBIX MpPHU3M, MpeJHA3HAuYEHHas AJis MOBOPOTa My4yKa CBETa B
pa3HbIX IUIOCKOCTSX, a Ha puc. 10, O mnpuBeneHa KOMOMHALUAX U3 TPeEX
NpsSIMOYTONBHBIX Tpu3M  (cuctema I[loppo), obecneuuBaroiias mnapaiebHOE
CMENIEeHUE CBETOBOIO JIyya.

=N
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al o)



Puc. 10. Cuctemsl mpu3Mm 151 IPOCTPAHCTBEHHOTO U3MEHEHHUSI X0/1a JIyUeH:
a) CUCTeMa IPU3M JIJIs TIOBOPOTA JIydel CBeTa B pa3HBIX IJIOCKOCTSX; 0) cUCTeMa MPHU3M IS
[1apaJUIEIbHOTO CMEIEHUSA CBETOBOIO JIy4a

[TapamienorpaMMHbIE TPU3MBI UCIIOJIB3YIOTCS JJISl CMEILIEHHS] CBETOBOTO JIy4a
M0 TPOJOJILHON TpaHW npu3Mbl. Ho HampaBieHuwe BBIXOIAILIETO Jy4a B octaercs

napajuleabHeIM  BXoasimemy gyay 4 (puc. 11,a). YacTHeIM  ciydaem
MapajlyIeTIOrPAMMHON TPU3MBI SIBIIIETCA TPUMOINEIbIPHU3Ma, MPUBEIACHHAS HA pPHUC.

11,6. Tpu ee rpaHM B3aMMHO NEPHEHIMKYJISAPHBI, BXOAAIMHA B npusMmy nyd A
MPETEpPIIEBAECT IMOJIHOE BHYTPEHHEE OTpPaKEHUE OT BCEX €€ I'paHed U BBIXOJUT B
HaIpaBJIeHUH, MapayiebHOM NepBOHavaibHOMY. [Ipu moBopoTe TpUNNENbIPU3MBI
OTHOCUTENBHO JII00OM U3 oOCeil HampaBiI€HUE OTPAKEHHOrO Jyya OCTaeTcs

HEM3MEHHBIM. TpUNNenbnpu3Mbl MPUMEHSIOTCS B BU3YaJIbHBIX U aBTOMAaTUYECKHX
TUPOKOMITACaX.

A

AN

Puc. 11. ITapannenorpaMMHbI€ TPU3MBIL:
a) X0 Iy4el B MapajuieIorpaMMHOM Mpu3Me; 0) TpUIIeNbIpU3Ma.

lupokoe pacrnpocTpaHeHHE B NPUOOpax CHUCTEM NPUIEIUBAHUS HAXOIAT
MATUTPAaHHBIE TPU3MBbI, Ha3bIBaeMble OOBIYHO meHTanpu3mMamu. Ha puc. 12,a
IIPUBEJICHA CXeMa TaKOW MPU3MBbI U X0 Jiydel B HeU. [[Be rpanu DE n FQ ABISOTCS
oTpaxkaromumu, a yepe3 aBe rpanu DC u CQ BXOIAT U BBIXOJST CBETOBBIE JIYUHU.
VYroin y Mmexay AByMs OTPaKarOLUIMMHU IPaHsSMH ONPENEIAEeT Yroil oBOpoTa Jryya A.
N3 puc. 12,a, paccmarpusas tpeyroabHuku OLN u LNM, HeTpyIHO IOKa3aTh, YTO:

Q=2y (1.16)

B cucremax mnpunenuBaHWs NEHTANPU3MBl Yalle BCETO HCIOIB3YIOTCSA IS
IIOBOPOTA CBETOBBIX Jydyeil Ha 90°. ¥V Takux MEHTAnpU3M Yroyl MexAy OTPaKCHHBIMHU
IpaHsIMH paBeH 45°, a yrojl MeXxAy BXOJHOW U BBIXOJHOM rpaHsamu - 90° (puc. 12, 6).



Beegem  cimenyromyro  cucteMy — koopauHat  OXnYnZn.  Ocs  0Xn
MEPIEHANKYJIIPHA BXOJIHOW IpaHu, 0Ccb ()Zn — K OTpaxaTeabHOH, och (0Yn nononHser

cucteMy A0 mnpaBou. Haljmem HampaBiieHHME BBIXOJHOTO Jy4a B, €CIU BEKTOP
BXOJIHOTO JIyda A COCTaBJISICT C HOPMAJIbIO p, K BXOJHOU TpaHu yriiel a u f (puc. 12,
B):

A=icosacosf + jsin B +ksin fcosfB (1.17)

Hanpasnenue HOpMajei p K BXOAHOM 1, oTpakaTelbHBIM 2, 3 U BBIXOAHOM 4
rpaHsM ONPEAEISIOTCS BEKTOPAMMU:

p,=ii,p, :fcos%+l}sin7/,

(113)

P :—fsm%—l}cos%,b4 =k

TJI€ ) - YIOJI MEXAY OTPaKaTeIbHBIMU TPAHSIMU.




b

Puc.12 IlenTanpusmsl
a) X0 Iy4el B MeHTanpus3Me; 0) CBOWCTBA MEHTANPU3MBIL; B) Mpu3Ma BosutacToHa.

Ilo aHamoruu ¢ TeM, KaKk ONPEACIMIOCH HANpPaBIEHHWE BBIXOJHOTO Jiydya B
MPSAMOYTOJIBHOM MPU3ME, MOXKHO MOJYYHUTh, YTO:

B=As=—isinacosf + jsin B +kcosacosfB (1.19)

Haipem yron y Mexay BXOAHBIM M BBIXOJHBIM JIydamMu. B COOTBETCTBHM C
MPABUJIOM CKaJSIPHOTO MPOU3BEICHUS:

cos ¢ = A-As = A-B, (1.20)
A-B = (icosacos B+ jsin B + ksina cos B) x (1.21)
x (isino cos B + jsin B +kcosa cos B) =sin’ S
Takum oOpazom:
cosp =sin’ (1.22)

Wmes B By, 9TO yroa ¢ =90° +Ap, tae A - ommOKa MEHTANPU3MBI H3-3a
HaKJIOHAa BXOJHOTO Jiy4ya Ha yroj f, 3anuiiemM Boipaxkenue (1.22) B Buze:

cos(90° + A@) = sin Ap =sin” fB (1.23)

OT0 O3Havaer, YTo OMMOKa TOPU30HTUPOBAHMS MEHTANPU3MbI NMPUBOIUT K
HapyLICHUIO TEPIEHANKYIIPHOCTH BXOJHOTO M BBIXOJHOTO JIyYEd W TOSBICHUIO
OLIMOKM OTKJIOHEHHUS Jyya B TOPU3OHTaJbHOM TuiockocTu. I[loaTtomy mepen
IIPUMEHEHUEM MTEHTANPU3MA TOPU3OHTUPYETCH.

Ecmu yron f= 0, to Beipaxenue (1.17) u (1.18) 3anumyrcs B cienyroueM
BHJIE:

A=icosa +ksinc, (1.24)

As =B =—isina +kcosa

OueBuaHO, 4YTO A-B =cosp= 0, T.c. ¢ = 90°.



Takum 00pa3oM, MOBOPOT NEHTANpPU3Mbl HA Yrojl @ B TOPU3OHTAIBHOU
IJIOCKOCTY HE OKAa3bIBAET BIIMSHUSA HA HAPYLICHUE NEPIEHANKYIIPHOCTA BXOIHOIO U
BBIXOJTHOT'O JIYYEH.

B nossipr3anvoOHHBIX CUCTEMAaX MEPENadYnd HAIPaBJIECHUM HAXOINUT PUMEHEHNE
Apyras pa3HOBUIHOCTh MATUTPAHHBIX NPU3M - Npu3ma Bosmnactona (puc. 12, B). ¥V
Takou Mpu3Mbl oTpaxkatomue nosepxuoctu BC u CD o6pa3yrot yroi, paBHbiil 135°.
B cootBercTtBuM ¢ BhipaxkeHueM (1.16) yros oTkiioHEHUs Jiyda B 3TOM ciiy4ae Oynaer
paseH 270°, a yros moBopota coctaBuT 90°.

MHOrorpaHHple MNpU3Mbl  NPUMEHSIOTCS B ONTHYECKUX CHUCTEMax, TIJIe
HEOOXOIMMO 3a/laTh MHOTO (DMKCHUPOBAHHBIX YIJIOBBIX MOJ0XKeHUU. IIpumepom
TaKOW MHOTOIPAHHOW NMPHU3MBI SBISETCS 72-TpaHHas NpPU3Ma, YCTaHABIMBacMas Ha
KOMaHJJHOM Ipubope. Yo Mexay HOpMaJIIMHU K COCEJTHUM I'PAHSIM PaBEH:

o, =27 360" g
n 72

OnHa w3 rpaHeld NpUHHAMAETCA 3a "HYJEBYIO', K HEW IOCTHUPYIOTCS BCE
OCTaJIbHBbIE TpaHM. [lorpemHoCTH IOCTUPOBKM MNacnoptusyrored. Uit ynpoueHus
TE€XHOJIOTUH MPHU OOJIBLIOM YHCII€ TpaHeil MHOTOIPaHHbIE TPU3MbI U3TOTOBIISIOTCS U3
HECKOJIBKMX JUCKOB, I'PaHM KOTOPBIX CIBUHYTHl Ha OIpeAeneHHbIM yroia. Tak,
Hampumep, 72-rpaHHasi MpU3Ma HM3rOTOBISAETCA U3 TpeX 24-rpaHHBIX AUCKOB (pHC.
13).

Puc. 13. MHororpanHas npusma

CBeTonenuTenbHbIE M CMECHUTEIBbHBIE  IPU3Mbl  HUCIIOJIB3YIOTCS B
aBTOKOJJTMMALMOHHBIX MpuOopax. CBeTOAENIUTEIbHbIE 1 CMECUTENbHBIE CBOMCTBA Y
TaKUX IPU3M BO3HHUKAIOT BCJIEACTBUE NPUMEHEHMS IOIYNPO3PAYHOI'O 3E€PKAIBHOIO
cinosi. Ha puc. 14 npuBeneH aBTOKOJJIMMALMOHHBIA KYOUK, IPEICTaBIISIONINN cOO0M
CKIIEMKY M3 ABYX IPSAMOYI'OJIBHBIX IIPU3M, TMIIOTEHY3HAas T'PaHb KOTOPBIX NOKpPHITA

HOJTYIPO3pavHbIM ciioeM. Takasi mpu3Ma Mo3BOJISIET Pa3eIiTh CBETOBOM MOTOK A Ha

nBa B'M B wiM OOBEIUHUTP NHOTOKM A U A B OIWUH TIOTOK B.
CBeroaeauTebHbIE u CMECHUTEIIbHBIE TIPU3MBI MIPUMEHSIOTCSI B
ABTOKOJTUMAIIMOHHBIX 3PUTEIBLHBIX TPYyOax, a B COYCTAHUH C APYTHUMH IPU3MaMU - B
y37ax MOJICBETKH, o0ecreunBasi 1yOJupoBaHUE JIaMIT TTOICBETKH.
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Puc. 14. CeerogenurenpHas npusMa (CMECUTENbHAS).

B aBTOKOIIMMAIHMOHHBIX yTiIOMEpax ISl CO3/IaHMs M3JIy4aeMOIO CBETOBOIO
IIOTOKA M aHAJIU3a OTPaKEHHOI'0 CBETOBOrO ITOTOKA MPHUMEHSIOTCS pa3JAeIUTEIIbHBIC
npu3Mbl (MpU3MbI-aHAMU3aTophl) (puc. 15). Takoe ycTpoilcTBO mpeacTaBisieT co0oit
NPSIMOYTOJIbHYIO PAaBHOOEAPEHHYIO MPU3MY C 3€pKaIbHBIMU KAT€THBIMH TPaHIMU U
CHATOM ¢ peOpa mpsimoro yria (ackoi. JIyu cBera, mpoluieamuii yepe3 npo3payHyro
(dacky, OTpa3uBIIUCh OT KaKOTO-TO 3€pPKAJbHOIO 3JIEMEHTAa, MOXET JMOO0 BHOBb
nonactb Ha (acky mnOpuU3MbI, €CIU IUIOCKOCTh OTpaXkalolle MOBEPXHOCTH
MEePIEHIUKYJIIPHA BBIXOASIIEMY M3 MPU3MBI JIydy CBETa, JTUOO 3aCBETUTh OJIHY W3
KaTETHBIX TPaHEH, €CIU OTPAXKAIOIIAsl MOBEPXHOCTh MO OTHOIIEHUIO K MaJar0UIEMy
Ha Hee JIydy CBETa MOBEPHYTa Ha KAKOM-TO yroJl.

Puc.15. PaznenurensHas npusma.

[Tpemomisitoninue MpU3MbI (KJIMHBS) HCTOIB3YIOTCS JIJII CMEIIECHUS CBETOBBIX
Jydel WM uX MOBOPOTOB Ha MaJible yriibl. KITMHOM Ha3bIBaeTCS ONMTUYECKAS JETaNb C
IBYMSI TIPSJIOMJISIOIIAMHA TIOBEPXHOCTAMU. YTOJI 6 MEXAY MPEIOMIISIONIAMHE
MOBEPXHOCTSIMU HA3bIBACTCS MpPEIOMIISIIOIUM yriioM (puc. 16). OOGbIYHO yroa He
npessimaer 6. CBOMCTBO KIMHA CMEIIATh CBETOBBIC JIYYH HA HEGOJBIINE YIUIBI B
CTOPOHY OCHOBAHHUS HWCIOJb3YETCS TMPU IOCTPOSHUU OTCUYCTHBIX MEXaHU3MOB
TEO0JTUTOB ¥ THPOKOMITACOB.



M8 b6 NooMGb6L N

Mo 0 ,LLk’j
L LZZ N sy
/ —1 Df%x\; /ri;i|a

\ T

|

|

o
RSN
Q

NS
e

(7
(7

A
\ — I
Ba\le

6/ 2/

Puc.16 Onruueckie KINHB:
a) MPUHITUI PaOdOTHI U3MEPUTEIBHON CHCTEMBI C OJTHUM KITHHOM;
0) mpuHIMIT pabOTHI U3MEPUTEIILEHON CUCTEMBI C IBYMS KIIMHBSIMU;
B) MOBOPOT CBETOBOTO Jy4ya KJIMHOM; T') IOBOPOT CBETOBOTO JIy4a CUCTEMOM U3 JIBYX
KJIINHBEB

Ha puc.16,a B nosoxkenun | moka3aH ONTHYECKUM KIWH, BXOJHAsi T'PaHb
KOTOPOTrO MapajieiabHa miockoctu MN. BbIXOgHas rpaHb, KIWHA HAXOIUTCA OT

wiockoctu MN Ha paccrosuuu /. Ecnu nyd A4 majaet Ha BXOJHYIO IpaHb KIIHMHA,
HaxoJsIIErocs B MOJOXKEHUUM K; 1MOA NpsSMBIM YIJOM, TO OH OTKIOHSETCS OT
[IEPBOHAYAIILHOTO IOJOKEHHUS Ha YroJl ¢, BEIMYMHA KOTOPOTO OIPEACIIIeTCs
BBIPA)KEHUEM
oa=0(n-1) (1.25)
TZIe n - IOKA3aTelb MIPEIOMIICHUS.

[penomiieHHBINH Tyd B mepeceder auHUIO MN B TOUKe b; , OTCTOAIICH OT

IIPOEKIMH JlyyYya [1aJarolero Ha JuHuw MN Ha pacCTOsSHUE:
b, =liga~ta  (1.26)

npyd [epeMelleHnd KiauHa B HampaBieHud AC B momokenwe I myua 4
MPEJIOMUTCS U niepecedet JuHU0 MN B Touke b):
b, =lga~la (1.27)
Cwmenienue b; b,, nepeMmenieHUEM KJIMHA Ha BeIUUUHY b; b,, ompenenseTcs
BBIPKCHUEM
b, b,=cb,—cb, =a(l—1,) (1.28)



[loncrasus B popmyny (1.28) 3nauenus o u3 (1.25), umeem:
b b, =0(n-1¢, (1.29)

Benmuunna b, b, Moxer OuUTh H3MepeHa C  TMOMOIIBIO  IIKaJbI,
MEPEMEILAIONIENC BMECTE C KJIMHOM HENOJABMKHOTO HMHJEKca. B ciaydae oxHOro
KJIMHA MMEET MECTO XpoMartuyeckas adeppauus. [loaTomy mpuUMEHSIOT cCUCTEMY U3
nByx kiauHbeB K; u K, (puc. 16, 0).

OcHoBaHUS KIIMHBEB OOpaIlEHbl B pa3Hble CTOPOHBI, & MPEIOMIISIONINE YTIIbl
KJIIMHBEB BBIOWMpaIOT paBHbIMU. OJUH W3 KIWHBEB, Hampumep K;, 3aKperisercs

HETOABIWKHO, a apyroi (K,) mepeMemiaetcs BAOJNb HampaBieHUs Jyda A,
MaJaIIero Ha nepBbld KAMH. C NOABUKHBIM KIWHOM CBSI3BIBAETCS OTCUYETHAS
LIKaJIa, 10 KOTOPOW U3MEPSETCS BETNYNHA [TEPEMEILICHUS /| .

[ToBOPOT CBETOBBIX Jydel MOKET OBbITh MOJY4YEH MYTEM MOBOPOTA KIIMHA
BOKpyT omntuueckod ocu MM (puc. 16, B) Ha yron ¢. Ucxoasmuii U3 KivHa J1y4
ITIOBEPHETCS HA YTOJI Q.

[Ipu BpamieHMM KJIMHA OTHOCUTENBHO oOcu MM ™ TpeloMIeHHBIH Jyd
OMMCBIBAET OKPY>KHOCTh pajilyca r Ha INIOCKOCTH, MEPIEHIUKYISIPHOW ONTUYECKOU
ocu MM".

Jlsist Toro 4ToOBl ONpEAENUTh OTKIOHEHHE CBETOBOTO Jyda TOJBKO B OJHOM
IIJIOCKOCTH, HallpUMEP B IJIOCKOCTH FOPU30HTA, UCMOJB3YETCSl ONTUYECKAsT CHCTEMA
13 BYX OJIMHAKOBBIX KJIMHBEB, BPAIlla€MbIX B IPOTHUBOMNOJIOKHBIX HAMPABICHUSAX HA
yrona ¢ (puc. 16, a).

Yrosm moBopoTa CBETOBOrO Jy4a, MPOXOIAIIETO YEPE3 CHCTEMY KIMHBEB B
TOPU30HTAIBHOM TNIOCKOCTH, ONPEEIISAETCS BEIPAXKECHUEM :

oa=2(n-1)0sinp (1.30)

Takne BCTpEYHO IOBOPAYMBAEMBIE ONTHUYECKUE KIHMHBS NPUMEHSIOTCA B

ONTUYECKUX KOMIIEHCATOpaX N300pakeHU aBTOKOJUTMMAIIMOHHBIX IPUOOPOB.

2. ®°OTOIJIEKTPUUECKHUE YCTPOMCTBA

2.1. OBIIHUE CBEIEHHSI O  ®OTOAJEKTPUUECKHUX
YCTPOUCTBAX

Jns  paboTel cucteM —mOpulenuBaHus — TpeOyercs  uHPopMmauus 00
OTHOCUTEJIBHOM TIOJIO)KEHUHM PA3JIMYHBIX 3JIEMEHTOB M YCTpOMCTB. Bocmpusitue,
U3MepeHue, Mnpeodpa3oBaHre HHGOPMAIMU OCYIIECTBIAETCS, KaK NpaBWiIoO, C
MOMOIIBIO  (POTORIEKTPUYECKUX YCTPOUCTB. BakHeHIIMM TakuM YCTpPOHCTBOM
ABJIAETCS ABTOKOJUTMMALMOHHBINA TPUOOP (aBTOKOJUTUMATOP).

[lo mpuHIMNY AEUCTBUS aBTOKOJUIMMALIMOHHBIE NMPUOOPHI MOXXHO YCJIOBHO
pa3enauTb Ha TpUOOPHI C ONTUYECKUM OTCUYETOM IOJOKEHUS ABTOKOJUTMMAILMOHHOTO
M300paKEeHUS CBETOBOM MAPKH OTHOCUTENILHO CETKH 3pUTENbHON TPYObl mpubopa u ¢
(OTORNEKTPUUECKUM  MpeoOpa3oBaTesieM  MOJOXKEHHUS  aBTOKOJUIMMALIMOHHOI'O
n300paxeHuss Mapku (IITpuxa, MHACKCA) OTHOCHUTEIBHO CETKH B JJICKTPUUYECKUI
CUTHAJL.

[IpuGopbl TEepBOM TPYINBl HUCHOAB3YIOTCA [JIsi YIJIOBBIX M JIMHEHHBIX
MU3MEpPEHU, UCCIEeI0BaHUs JTUMOOB YTIOM3MEPUTEIbHBIX MPUOOPOB, B ONMTHYECKHUX



CUCTEMaX aBTOKOJUIMMAIIMOHHBIX 3PUTENbHBIX TpyO, TeomonuToB. [Ipubopel ¢
(OTORNEKTPUUECKUM MPEOoOpPa30BAHUEM aBTOKOJJIMMALIMOHHOTO HU300pa)KeHus -
dboTtornekTpuueckue aBTokoIMMaTOphl (ODAK) mpuMEHSIOTCS B aBTOMAaTUYECKUX
CUCTeMax MPULETUBAHUS.

O®DAK B cucremax NpHILEIMBAHUS MCHOJB3YIOTCS JMOO B JOCTATOYHO
MPOCTBIX U MaJOTabapUTHBIX aBTOKOJUIUMAIMOHHBIX AaTunkax (AK]I), paboTaronumx
KaK Ha MOJYJMPOBAaHHOM, TaK U HEMOAYJIUPOBAHHOM CBETOBBIX IMOTOKaX, JIMOO B
MH(OPMAITMOHHO-U3MEPUTETBHBIX cucTeMax B KauecTBe CJIOXHBIX
aBTOKOJTMMAUMOHHBIX yriaomepoB (AKY). Onu paboraroT Ha MOAYIMPOBAHHOM
CBETOBOM MOTOKE.

B 3aBucuMocTH OT TOro KadyecTBa CBETOBOIO IMOTOKA, KOTOPOE MOJOKEHO B
OCHOBY BBIAECIEHUSI CUTHaIa paccornacoBanuss POAK MOXHO pa3aenuTs Ha
aMIUIUTYJHbIe, (a30oBble, YAaCTOTHbIC, BPEMEHHbIEC, a TaKXK€ CMEIIAHHbIE THIIbI
(OTORAEKTPUUECKUX YCTPOUCTB: aMIUIUTYIHO-(a30BbIe, YACTOTHO-BPEMEHHBIE U T.I.

B oOmeM ciyyae (pOTORNEKTPUUECKUE YCTPOWCTBA B CBOEM COCTaBE MMEIOT:
MCTOYHUKH W TMPUEMHUKHU JIyYHUCTOW SHEPTUH, ONTHUECKHE CHUCTEMbI, YCUJIUTEIN U
npeoOpa30BaTENH BbIXOIHBIX CUTHAJIOB.

B QorosnexTpuueckux ycTpoilcTBax mNepBOHAYaIbHO UHGoOpManus 00
M3MEPSIEMOM YIJIOBOM PacCOIIaCOBAHUU COJIEPKUTCSI B CBETOBOM CUTHAJIE, KOTOPBIH
3aTeM npeodpaszyercs B dJEKTPUUECKUH.

B 3aBucuMOCTH OT Ha3HAu€HHUS W YCIOBUI pabOThl (POTOAIEKTPUUECKHUX
YCTPOMCTB B KQU€CTBE UCTOYHHMKA JIYYHCTOW SHEPTUU UCTIONB3YIOTCS JJIEKTPUUECKHUE
JaMIIbl HaKaJUBaHUsA, MMOTYIPOBOJIHUKOBBIE CBETOU3IYYAIOUIUE AUOJIbI, ONITUYECKHE
KBaHTOBbIE T€HEPATOPHI (TIOTYIPOBOJHUKOBBIE JIA3€PHI).

[Ipuem u mnpeoOpa3oBaHHME JYyYUCTONM DSHEPrUU B DIEKTPUUYECKUN CHUTHAI
ocymiecTBisieTcs: ¢oTonpueMHukamu. Haumbosbliee pacnpocTpaHeHHE B cHCTEMax
NPULIEIUBAHUS TOJYYWJIM CEJICKTUBHbIE TPUEMHUKH U3IY4YECHHs, TaKue, Kak
(OTORIEKTPOHHBIE YMHOXHUTENH, (POTOPE3UCTOPhI, (HOTONUOABI, (HOTOMETPUUECKUE
puOOPHI € 3apsAJI0BOI CBSA3bIO.

2.2. 3JIEMEHTBI ®OTOJJEKTPUYECKHUX YCTPOMCTB
2.2.1. ACTOYHUKHU U3JTYUYEHUA

HcTouHuku wuznydeHus B (POTOIJIEKTPUUYECKUX YCTPOMCTBAX CIyXaT aJis
CO37aHUsl MOTOKA JIy4eil, MpeACTaBIAIONIETO0 COO0OM 3IEKTPOMAarHUTHBIE BOJHBI,
IuHa KOTopbix jJexut B auama3zone 0,001 - 1000 mxMm. B 3aBucMMOCTH OT IJIMHBI
BOJIHBI ONITUYECKUN CIIEKTP JAEJIHUTCS Ha JUAIA30HBbI.

OCHOBHBIMH TapaMETpaMH MCTOYHHUKOB M3JIy4EHUS SBIAIOTCA XapakTep
CBEUYEHMS], CIEKTPAIbHBIA COCTAB U MOIIHOCTb M3JIYYEHHs, a TakKe NoTpedisemas
MOITHOCTb.

XapakTep H3Iy4YEHMs 3aBUCUT OT BHJAa HCTOYHHKA CBeTa. B KadecTBe
UCTOYHUKOB M3JIy4YCHUS B CHUCTEMax [PHUILEINBAHUA TPUMEHSIOTCS  JIAMIIBI
HaKaJIMBaHUs, CBETOJMO/IbI U J1a3€phl.

B osnexrtprueckux JnamMIiax HaKaJIUMBAaHHWS M3JyYEHUE JIOCTUTAETCS IyTeM
HarpeBa Teja HakKajla MNPOXOSIIMM IO HEMY JJIEKTPUYECKUMM TOKOM. Uem Bblllle



TeMIlepaTypa pacKajJe€HHOTO Teja, TeM OoJibllie H3JIy4yaemass MOUIHOCTb H
OTHOCHUTENbHAS 0 JIyYUCTOW SHEPTUH Ha BUAMMYIO YaCTh CIIEKTpa.

Jlist OONBIIMHCTBA JIaMIT HaKajJWBaHUS LIBETOBBIE TEMIIEPATYpPbl COCTABISIOT
2800 - 3000°K, 4TO 1aeT MakCUMyM HU3Jy4E€HHUS HA BOJIHE B | MKM, U IOTOMY JIaMIIbI
HakanuBaHus HauOosiee >(PdexTuBHB B OiKaiiiie uHPpaKpacHOW o001acTH.
Temneparypa Jamnbl HaKalWBaHUS 3aBUCUT OT HANpSOKEHUS nuTanus. M3meHeHue
HaMpsDKEHUS TUTAHMWS BBI3BIBAET HM3MEHEHHE OCTalIbHBIX €€ mnapaMeTpoB. Tak,
HarpuMep, U3MEHEHHEe HampsbKeHus Ha 1% OT HOMHHAJIBHOTO 3HAYEHUS BJCYET 3a
co0oli U3MeHeHue CBETOBOro motoka Ha 3,5%, cBetoBoil otmauu Ha 1,8%, cpoka
ciy»0n1 Ha 13%.

HepocratkoM s1amnbl HakanMBaHUS SIBISIETCS MOCTENIEHHOE PAcIbUICHHE Tella
Hakaja npu ropeHuu jJamibl. Co BpeMeHeM 3TO MPUBOJUT K BBIXOAY JIAMIIbI U3 CTPOSI
BCJICJCTBUE TMEpEropaHvs HUTH KaHana. [{nsg mnponaneHuss cpoka CiayxObl Jiami
HAaKaJIMBaHUs KOJOY JIaMIlbl HAIOJHSIOT HMHEPTHBIM Tra3oM (a30TOM, aproHOM,
KPUIITOHOM, KCEHOHOM, TapamMH 1o/a).

B cucreme  mpunenuBaHuss ~— HauOoJbllee ~— NPUMEHEHUE  HAXOIAT
ManorabaputHble Jiamnbl HakaiuBaHus Tuna KI'M-12-100 ¢ ramoreHHbIM
HaroJHeHWeM OasuioHa, HanpsbkeHueM nutanus 12 B, momHocThio okosio 120 Br, ¢
MaKCUMYMOM CIIEKTpa Ha Y4YacTKE JKEITOro IBeTa M MajorabapuTHas Jamia
HakanuBaHus CII-13 momnocThiO 25 BT 1 Hanpskenrem nutanus 13 B.

3
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Puc. 26 Ceeronnon:
1-¢yTasip; 2- moaMMepHBIi Kopiryc; 3 - chepudeckas JHH3a; 4-KpUCTaul apceHu/1a TajlTus;
5- TOKOIIOABOIBI.

[TonynpoBOJHUKOBBIE CBETOM3IIYYAOIIUE JHOJABI - CIEHUAIBHBIN KJacc
MOJIYIPOBOJHUKOBBIX ~ MPUOOPOB, B KOTOPBIX  DJJEKTPUYECKas  SHEPrus
HEIMOCPEJICTBEHHO MNpeoOpa3yeTrcs B CBETOBYI. OJTO HCTOYHUKH HEKOIE€PEHTHOIO
n3iIydeHus1. B ocHOBe AEHCTBHS CBETOM3IYYAIOIIUX JHOJOB JIE)KUT WH)KEKIMOHHAS
ANEKTPOWILIFOMUHCIIEHIIMS B HEKOTOPBIX MOJIYIIPOBOJAHUKOBBIX MaTepuajax, TAKUX,
Kak apcenun raums GaAds, dochun Gap, kapoun kpemuaus SiC u np.

IIpyHIMIT IEUCTBUSA CBETOM3IYYAOIIUX JUOAOB OCHOBAaH Ha CIEIYIOLIEM.
Korzaa B nonynpoBoHHUKE CO3AETCs p-n IEPEXO]I, TO B 00IACTH KOHTAKTA CJIOEB 711- U
p- TUIIOB 3JIEKTPOHBI C JOHOPOB MEPEXOAAT Ha Omkaimue akuentopel. O6pasyercs
JUMOJIBHBIA  CJIOW, COCTOSIIIMK W3 TOJOKHUTEJIBHBIX JOHOPOB HAa N-CTOPOHE U
OTPULIATENIBHBIX AaKLENTOPOB Ha p-cTopoHe. Eciom Kk p-n mepexoay IOABECTH
ANEKTPUUECKYIO SHEPIHI0, TO PaBHOBECHE JUIIOJIBHOTO ClI0s Hapymurcsa. B obmactsb
p nepenger 100aBOYHOE KOJUYECTBO JJIEKTPOHOB, B 001acTh n-IbIpoK. Takoe



JIBUKEHUE HE OCHOBHBIX HOCHUTENEH Ha3bIBACTCS MHXKEKIMEN. BeneacTBue nHKeKIUu
MPOUCXOJIUT U3JTYYEHHE CBETOBOW SHEPTUH.

B HacTosiee BpeMs B ONTHKO-3JIEKTPOHHBIX MPUOOpax MIMPOKOE MPUMEHEHHE
HaxoJSIT TMOJYIPOBOJHUKOBBIE JUOMBI, H3JIydarolue B HHpaKpacHOW 00JacTu
cnekTpa. boNBIIMHCTBO M3JIy4aroUIuX IUOJO0B JJiA (POTORIEKTPUUECKUX YCTPONCTB
M3rOTOBIIAIOT U3 apceHuJa raus. Takue CBETOAMOAbl 00J1aaloT  OOJIBIIUM
pecypcoM paboThl, BHICOKOH 3(h(PEKTUBHOCTHIO MPEeoOpa30BaHUs DICKTPUUECKON
SHEPIrUuM B CBETOBYIO, BBICOKUM OBICTPOJEHCTBHEM, OOECHEUYMBAIOT 3aJIaHHYIO
auarpaMMy HanpaBICHHOCTH U3JIYYEHHs] U €€ MUHUMAJIbHOE OTKJIOHEHHE OT
r€OMETPUYECKON ocu mpudopa.

XapaKkTepUCTUKHU CBETOJUOJIOB 3aBUCAT OT TEMIIEpaTypbl: MPU MOBBILICHUH
TEMIIepaTypbl YMEHBIIAETCS MOIIHOCTh W3JIYYEHHs] U CABUTAETCS B CTOPOHY
OOJBIIMX JUIMH BOJH MAKCUMYM MHT€HCHUBHOCTH U3JIYyYECHUS.

B cucremax mnpuienuBaHUS HUCIHOJB3YETCS CBETOAMOJ C KPUCTAIIOM U3
apcennna ramms tuna AJI-107 (puc. 26). duameTrp cpenbl KpucTajla paBeH
OpUMEPHO 2 MM. OHEprus MaKCUMMyMa OCHOBHOHM TMOJOCHI M3JIY4YEHUS TNpH
temrnepatype 18 - 20°C cocraBnsger 1,36 3B nHa anune BomHbl A =0,95 MKwM.
MomHocts u3nydenus 10 MBt. [Iponiecchl BKIIIOUEHUS! U BBIKIIFOUEHHUSI CBETOMO0OB
ONPEAEIAIOTCS IIOCTOSIHHBIMU BPEMEHU 10%-107c.

B kayecTBe MCTOYHHMKA M3JIyYE€HHUS MOXKET OBITb HCIOJb30BaH H
MOJIYIPOBOJHUKOBBIN ja3ep. JlazepoM Ha3bIBalOT TIe€HEpPaTOp AJIEKTPOMArHUTHBIX
KOJeOaHU ONTHUYECKOro JMara3oHa, ACHCTBHE KOTOPOTO OCHOBAaHO HA YCHJICHUH
CBETa MOCPEJCTBOM CTUMYJIHMPOBAHHOIO H3JIyYEHHs. YCHIHUTEIEM CIYKUT OOBIYHO
HEKOTOpasi aKTHBHAs Cpeaa, KOTopas MNpU MOJaue HHEPrud HM3BHE NpUOOpeTaeT
CIIOCOOHOCTh YCUJIMBATh ONTUYECKUE KOJIeOaHUsI B HEKOTOPOW 00JIaCTH JUITMH BOJIH A.
JUis  Toro 4TtoObl co3AaThb HE3aTyXalollMe d3JEKTPOMArHUTHbIE KojeOaHus,
UCIIONb3YyeTCsl 1enb oOpaTHOM cCBsi3u. B mpocteiiiieM ciydae 3TO mapa 3epkad,
YCTaHOBJIEHHBIX MO 00€ CTOPOHBI OT AaKTHUBHOM cCpelabl TakuM o00pa3oM, YTOOBI
BBIXOJSIIIMII CBETOBOM MOTOK BO3Bpamajica oOpatrHo B cdepy. BriBox sHepruu
M3JIyYEHUS OCYIIECTBISIETCS YePE3 MOIYIIPO3PAYHOE 3€PKAIIO.

JlazepHoe u3inyuyeHue 00s1alaeT BHICOKOM KOT€pEHTHOCTHIO, COCPEIOTOYEHO B
Y3KOM CHEKTPaJIbHOM HWHTEpBaje, SBISETCA Y3KOHANpPaBJIEHHBIM W 00JiaJaer
BBICOKOM CIIEKTPaJIbHON IUIOTHOCTHIO MOIIHOCTH.

B 3aBucumMoctd OT (U3MUECKUX CBOMCTB AaKTHBHOW CpeIbl pa3inyaroT
TBEPAOTEIbHbIE, XKUAKOCTHBIC, Ta30Bble ja3epbl. Cpeau TBEpAOTENbHBIX JIa3€pOB
NEPBbIM MPAKTUYECKHU JACHCTBYIOMIMM ObLI pyOMHOBBIA Jia3ep, aKTUBHOM cCpeoi
KOTOpOTO SABJIAETCS OKUCH amtoMuHMs Al,0; ¢ 1o0aBieHnEeM B Ka4eCTBE aKTHBATOpa
MOJIOKUTENbHBIX HOHOB Xpoma. KIIJ[ pyOumHOBOro naszepa HEBENHMK, OOBIYHO HE
npeBbimaetr 1% U, KpoMe TOro, JUisl UCKIKOYEHHs MeperpeBa pyOMHOBOIO CTEPKHS
TaKHe Jlazepbl pabOTAIOT, KaK MPABUIIO, B PEKUME UMITYJIbCHOI'O U3IIYyUYEHHUS.
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Puc. 26 Cxema pyOuHOBOTO J1a3epa

B nactosiiee BpemMss B TBEpPAOTEIBHBIX Jazepax HAXOAMUT Oojiee IIHUPOKOE
NPUMEHEHUE KPHUCTAII allOMOUTTpUEBOro rpaHata V3Als0;;, ¢ HpUMECHIO
TpexBaJeHTHbIX MOHOB Heoauma. KIIJ[ Takoro masepa B 2 - 3 pasa BblIIE, YEM
pyOMHOBOTO, 3TOT Ja3ep MOXKET OBbITh MCIHOJB30BAH B PEXKHUME IOCTOSIHHOM
reHepaluu.

OcoOblii K1Macc TBEPAOTENbHBIX Ja3€pOB COCTABISAIOT MMOJYIPOBOJIHUKOBBIE
Ja3epbl, MPUHLMIN JCHCTBHUS KOTOPBIX OCHOBAH TaK XK€, KaAK U CBETOAMOAOB, Ha
MHKEKIIMOHHON DJIEKTPOWJUIIOMUHCLIIEHIIMA B HEKOTOPBIX IOJYyIPOBOJIHUKOBBIX
Marepuanax, Hamnpumep apceHuae rammmss GaAs. YCuineHHe B HHKEKIMOHHBIX
MTOJIYTIPOBOJHUKOBBIX JIa3€paX 3HAYMTEIBHO BBIIIE, YEM Yy JIPYTUX TBEPAOTEIBHBIX
J1A3€pOB, MO3TOMY KOHCTPYKLHMIO PE30HATOPAa MOYKHO YIPOCTUTH, OTKA3ABIIMCH OT
3epKaJl M UCHOJIb3Ys JUIsl CO3JaHusi OOpaTHOW CBS3M IMOJMPOBAHHBIE T'PAHU
MTOJIYTIPOBOJHUKOBOIO KPUCTAJLIIA.

ITonynpoBoaHuKOBBIE Na3epbl UMEIOT BbIcOKUU KII/[, MoryT n3nydars Kak B
UMITyJIbCHOM, TaK ¥ B HENPEPBIBHOM pPEXUME, HO TPEOYIOT OXJIAXKIAEHUS s
nojJiep KaHus CTAOMIILHOCTH YaCTOThI U MOIIHOCTHU U3JTYYEHHS.

2.2.2. IPUEMHUKHA U3JTYYEHUA

DNeMEHTBl U YCTPOMCTBA, pearupyrolne Ha BO3JEUCTBUE MOTOKA M3Iy4YECHUS
Ha3bIBAIOTCS NPUEMHUKAMHU WM NHJIUKATOPaMU MMOTOKA U3JIyYEHHUS.

B 3aBucuUMOCTM OT n1Mana3oHa JJIMH BOJH, B KOTOPOM NPUEMHUKH U3ITYYEHUS
00J1a4at0T MOCTOSIHHOM YYBCTBUTEIBHOCTBIO, OHU TOJPA3JESIOTCA HA JIBE TPYMIbI:
MHTETPAJIbHBIE U CEIEKTUBHBIE.

K uHTerpanbHbIM OTHOCSITCSI TEIJIOBBIE MPeoOpa3oBaTesi, NPUHLINN JEHCTBUS
KOTOpPbIX OCHOBAaH Ha NPeoOpa3oBaHUM SHEPIUM M3JIYyYEHUsS B TEMIEpaTypy.
TennoBele MPUEMHHUKHN MOTJIOIIAIOT BCIO MOIIHOCTh MAJAOIIETO HA HUX W3JIYyYEHHUS
HE3aBUCHMO OT JUIMHBI BOJIHBI M3JydeHHUs. lIpueMHUKHN 3TON rpynmsl B CHCTEMaxX
MPULETMBAHUS HE HAIJIM MPUMEHEHUS, MOATOMY PAaCCMOTPUM JIMIIb NPUEMHUKHU
U3JIyYEHUS CEJIEKTUBHOIO TUIA.



[lpuHun  nelcTBus CEJICKTUBHBIX  MPUEMHUKOB OCHOBaH  Ha
dboTtornekTpuueckoM 3 dekrte, CIeACTBUEM KOTOPOTO SIBJISIETCS BOSHUKHOBEHUE WU
n3MeHeHue (ororoka. CBoiicTBa (HPOTONPUEMHUKOB OMPEAEISIOTCS COBOKYITHOCTBIO
X pabouMX XapaKTEPUCTHK: CHEKTPaJbHON M MHTErpajbHON 4yBCTBUTEIBHOCTHIO,
BOJIBTAMIIEPHOU XapaKTepUCTUKOM, IIOCTOSIHHOM BpPEMEHU, IIOPOroM
YyBCTBUTEJIBHOCTU M CBETOBOM XapakTtepucTtukoi. Cuna (HOoToTOKa, MPOTEKAIOUIETO
yepe3 (POTO3JIEMEHT, NMPOMOPLHMOHATIbHA MOIIHOCTH H3JIy4eHHUs P, majaroniero Ha
(hoTOdIEeMEHT:

Ip=K,P, MKA, 2.1)
rae K, - creKkTpajgbHas 4YyBCTBUTENIBHOCTD, A/BT.

IIpakTueckn  yamie  MCIOJB3YETCS  OTHOCHUTENbHAs  CIIEKTpalibHas
YyBCTBUTEJIBHOCTD ¥, :

K/l

K

rae K, ... - MaKCHUMaJlIbHOE 3HaY€HUE YYBCTBUTEIBHOCTU (DOTONMPUEMHHUKA.

¥Ya = (2.2)

A max

WNuTerpanbHOil  4yBCTBUTENBHOCTHIO  (POTONMPUEMHUKA HA3BIBAIOT  MeEpY
peaKIuy NPUEMHHKA HA €IMHMILY [1aJIal0IIEr0 Ha HETO CBETOBOT'O MOTOKA:!

S¢h = % , MKA/IIM. (2.3)

WuTerpanbHas 9yBCTBHTEIBHOCTh MPEJCTABISET COOON KPYTHU3HY CBETOBOM
XapaKTEepUCTUKH MPHEMHHUKA Ha ee JTUHEHHOM ydyacTke. PaccmarpuBasi mpueMHUKH
U3Ty4eHUs] KaKk 3BEHO CHCTEMBI aBTOMATHUECKOTO YIPABICHHUS, MOXXHO CYHTATh
HWHTETPATbHYIO YYBCTBUTEIBHOCTD KOA(DPHUITMEHTOM YCHUIICHUS TPHUEMHUKA.

WNuTerpanbHas 4yBCTBUTEIBHOCTD (DOTONPHUEMHHUKOB 3aBUCUT OT KOHKPETHOM
CXEMBI X BKIIFOUEHUS, (PU3MUECKUX CBOWCTB MpeoOpa3oBaTeneii CBETOBOW YHEPTUH B
AIIEKTPUYECKYIO U OT XapaKTEPUCTHK OOTydaTes.

Bennunna ¢oToTOKa MPOMOPLIMOHATIbHA TAKKE HANPSHKEHUIO, TIPUIIOKECHHOMY
K YyBCTBUTEJILHOMY DJIEMEHTY, €CJIM OH pad0OTaeT OT BHEIIHEr0 UCTOYHNKA TUTAHHUA.

3aBUCHUMOCTh ()OTOTOKAa OT HANPSKCHHUS TUTAHHUSA, TMPUIOKEHHOTO K
dboTONpUEeMHUKY TpU TOCTOSHHOM 3HAYE€HHWU CBETOBOTO IIOTOKA, OMPEACIIseTCS
BOJIBTAMIIEPHOU XapaKTEPUCTUKOM.

BaxxpiM mapameTpoM (QOTOTPUEMHHUKOB SIBISIETCS €r0 MHEPIMOHHOCTH. OHa
XapaKkTepu3yeT CKOPOCTh peakiuu (HOTONMpUEMHUKA Ha BO3ACHCTBHE CBETOBOTO
notoka. C KaueCTBEHHOW CTOPOHBI MHEPLUMOHHOCTh MPUHITO BBIPAXKATh MOCTOSHHON
BpeMeHH  (orompuemHuka. DOTONMPUEMHUKH, UCTHOIb3yeMble B  CHUCTEMax
TPUIIETHBAHNS, XaPAKTEPH3YIOTCS TTOCTOSHHOMN Bpemenn B 107-107 c.

[Topor YyBCTBHUTENBHOCTH XapaKTEPU3YeTCS MHUHUMAIBHBIM 3HAaYCHHEM
MOTOKa M3ITy4YeHHs, KOTOPBHIM BBI3bIBACT Ha BXOJe (OTOMpPUEMHUKA CHUTHAJ, B
3aIaHHOE YMCIIO pa3 (m) MPEBBIIAIONIUNA YPOBEHD IITyMa.

OnHOll ¥3 OCHOBHBIX pab0OYMX XapaKTEPUCTHK SBISETCS  CBETOBas
XapakTepucTuka QoronpueMHuka. OHa omnpeaenser 3aBUCUMOCTh HW3MEHEHUs
($OTOTOKA OT BEIMYMHBI CBETOBOTO TMOTOKAa HEM3MEHHOTO CIIEKTPAIBHOTO COCTaBa
NIPU HEM3MEHHOU BETMYHHE MPUII0KEHHOTO HAPSHKEHUS.

CBeroBasi XapakTepUCTUKAa WMEET BEPXHUH MpeaeN OrpaHWYCHHs, KOTOPBIHA
oOycioBieH HamuuueM 3(P(deKTa yCTaaoCTH CBETOUYBCTBUTEIBHOIO ClIOsA. DPeKT
yCTaJIOCTH 3aBUCUT OT 3HAYCHHsI CBETOBOT'O MIOTOKA U OT BpeMeHH ero aerictusa. OH



OTPAaHWYMBAET MAKCUMAJbHO JOMYCTHUMBIE OCBEUIEHHOCTH W  MAaKCHUMAJIBHO
JOIYCTUMBIE BBIXOJIHbIE TOKU (POTOMPUEMHHKOB.

@OTONPUEMHUKH  MOXKHO  pa3enuTh Ha JBa  OCHOBHBIX  KJacca:
(GoTONpUEMHUKHN € BHEHIHUM (POTOIP(HEKTOM U (POTONPUEMHUKH C BHYTPEHHUM
dboTordpdhexrom.

[TpuHiun neictBus GOTONPUEMHUKOB C BHEITHUM (HOTO3(HPEKTOM OCHOBAH Ha
cinenytouieM. [lpu 00iydeHHMM TOBEPXHOCTH HEKOTOPHIX MAaTE€pHAIOB MOTOKOM
(GOoTOHOB mocieaHre, OOMEHHUBASICh SHEPrUuer ¢ aToMaMH OOJy4yaeMOro BEIECTBa,
"BBIOMBAIOT" M3 HUX 3JEKTPOHBI, YaCTh KOTOPBIX YXOJUT B MPOCTpaHCTBO. Ecnu B
MIPOCTPAHCTBE CYIIECTBYET JIEKTPUUECKOE IO0JI€, TO CBOOOAHBIE IIEKTPOHBI OyAyT
JABUraThCsA B 3TOM IOJI€E, T.€. BOSHUKAET dIIEKTpUUYECKUN TOK [ (poToToK). 1o 3akony
Cronerosa:

Iy =C®P (2.4)

rae @ - majarolui CBETOBOM IMOTOK U3JIYUYEHUS, JIM;

C - k03(pPUIMEHT TPONOPLMOHATBHOCTH (4yBCTBUTEIBLHOCTH), A/TIM.

IIpocTediuM  yCTpOMCTBOM OTOrO THUIIA  SBISAETCA BAaKyyMHBIM WIIH
ra3oHanoJHEHHbIN (HOTOAIEMEHT, MPEACTABIAIOMINIA cO00M KOOy, BHYTpU KOTOPOM
HaxXOJATCSA JiBa JJIEKTpOJa - aHoA W (OTOKATOA, K KOTOPBIM IPUKIIAJbIBAECTCA
aNeKTpuueckoe HampspkeHue (puc. 28). DOTOTOK, MpoTeKas 4epe3 BKIOYEHHOE B
aHOJIHYIO LeMNb (POTO3JIEMEHTAa CONPOTHUBICHUE HArpy3ku R,, CO3/1aeT Ha HEM
najgenue HanpspkeHus U=IyR, UCIIONB3yeMOE B Ka4eCTBE BLIXOAHOIO currana. Ecim
BEJINYMHA IPUHUMAEMOIr'0 CBETOBOI'O NTOTOKA MaJd, TO BBIXOJHOE HAIPSKEHHUE TAKKE
MOJIy4aeTcsl MajlblM M pa3IMyuTh €ro Ha (OHE TEIIOBOr0 IIymMa He Bcerjaa
BO3MOKHO.

IIpeomonets 3Ty  TPYAHOCTb  yAA€TCd  NOPUMEHEHHEM  JIPYroro
(OTOSMUCCUOHHOTO NPHUEMHHUKA - (POTOANEKTPOHHOro yMmHOXutens (DIY).
HetictBrue @OV 0CHOBAHO HA MPUHIIMIE BTOPUYHO-IJIEKTPOHHONW SMHUCCHUMU.

Kpome karoma u aHoga B mpuOOpe pacrosiokeHa CUCTEMa IMPOMEKYTOUHBIX
ANEKTPOAOB - TUHOJOB, BBIIOJHEHHBIX U3 METajjla, CIOCOOHOr0 MpH MonagaHuu Ha
HEro SJIEKTPOHA MCIYCKaTh HECKOIBKO "BTOPUYHBIX" 3JIEKTpOoHOB (puc. 28). D10
SABJICHUE HA3bIBAETCS DJJIEKTPOHHOM OSMMCCHUEW, a OTHOLIEHHWE CPEJHEro 4Yucia
OMUTHPYEMBIX JJIEKTPOHOB K CpPEIHEMY UHCIY NAJAIOMHUX JJIEKTPOHOB -
KO3 (PUIIMEHTOM BTOPUYHO-JIEKTPOHHOTO yMHOXeHust K. IlpunoxkeHHoe
DIEKTPOAM HAIPSIKEHHE CO3JAET YCKOpsolee diaekrpuueckoe mnose. [lomHbri
K03 GuIMeHT yMHOKeHuss M=K", rie m - 9uciao quHo0B. Jlaxe npu OYeHb Maioi
MOIIHOCTH TPUHUMAEMOIO ONTHYECKOIO CHUTHala BBIXOJHOE HampsbkeHne POV
HaMHOTO IPEBBIIIAET YPOBEHB IIYMa MMOCIEAYIOMIEr0 YCHINTEIBHOIO KacKaa.

OOV obnamaer BBICOKOM YYBCTBUTENIBHOCTHIO. [lopor 4yBCTBUTENIBHOCTHU
COBPEMEHHBIX YMHOXHTeleH paer 10°-10"" A/mwm.

YactotHas xapakrtepuctuka ®OY mnpsMonuHENdHa B IIHPOKOM JHANa30HE
YacTOT, TaK Kak SIBJIE€HUE BTOPUYHOM SMHCCHM OE3MHEPLHUOHHO U Ha YacCTOTHYIO
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XapaKTCPUCTUKY BJIUAIOT JIMIIb MCKIJICKTPOJAHBIC CMKOCTH. IlocTosiHHAS BpCMCHU

®DY pasua 107°-10"" ¢. Ceroseie xapakrepuctuxu y ®IY HenMHEHHbIE.
Puc. 27 ®ortosnemeHTbI

B cucremax  nmpuuenuBaHus ~— HauOosblllee ~ NMPUMEHEHHWE  HaXOJAMT
npeobpazoBatenb Tuna DPIOY-115. On obnamaer BBICOKOW BHOPONPOYHOCTHIO,
CIIOCOOHOCTBIO PETUCTPUPOBATH MAJIbIE JIYYHUCThIE TOTOKHU (10 10" 1m), umeer
O0osbIoN  KOd(PIUIIMEHT YMHOXKEHUS M = 10° u MaTYIO MOCTOSIHHY O
BpEMEHU
T=10"c.

OO6nacTh CHEKTpabHOW YYBCTBUTEIBHOCTH y (POTONPUEMHUKOB C BHEIIHUM
dhoTodrddhexTom mpocTUpaeTcs OT yabTpaduosieToBor 10 Oymkaiiiie nHhpakpacHOM
yacth  cnektpa. [loatoMy B uHQpakpacHOM [Mana3oHe  HUCIOJIb3YIOTCA
(OTONPUEMHUKH C BHYTPEHHUM (HOTO3PHEKTOM.

HeiictBue (HOTONPUEMHHKOB € BHYTPEHHUM (POTOA(P(HEKTOM OCHOBAHO Ha
SBJICHUU TIEPEMEILECHHS] OCBOOOKACHHBIX U3TYyUYEHUEM 3JIEKTPOHOB BHYTPHU TBEPAOIO
T€Ja, 4TO BJE€YeT 3a COOOM M3MEHEHHE €ro 3JEKTPOINPOBOJHOCTH WM CO3JaHHE
boto-3]1C.

Haubonpmee pacnpocTpaHeHre U3 NPUOOPOB ATOrO Kjacca MOJYYMIIUA JBa
MOJIyIPOBOJHUKA - (hoTOope3ucTophl (poToconporuBieHus) U (oroanoasl. Pabora
(GOTOpPE3UCTOPOB OCHOBAHA Ha SABJIIEHUHM (OTONMPOBOJAUMOCTH, T.€. HA HU3MEHEHUU
ANEKTPUYECKOTO0 CONPOTUBIICHUS MOJYNPOBOJIHUKOBOIO 3JIEMEHTa MOJ JEHCTBUEM
CBETOBOT'0 OOJTyUEHHUS.

KoHcTpykTuBHO — (DOTOpE3UCTOPHl  MPEACTABISAIOT  COOOH  OJAHOPOIHYIO
MOJIYIPOBOJHUKOBYIO TJIACTHHY BBIMOJHEHHYIO U3 cepHucToro ceuHua (tun ®C-A),
cenenunna kaamus (tun OC-J1), nonykpuctamios cepHuctoro kaamus (tun PC-K),
MOHOKpHUCTAJJIOB cepHUcToro kaamusa (tun @C-KM), a Takxke HEKOTOPBIX APYIHX
COEIMHEHUI Ha OCHOBE BUCMYTA, TAJUIUS U TEJUTYpa.

CriekTpanbHble XapaKTepUCTUKU (HOTOPE3UCTOPOB OMPEACIISAIOTCS CBOMCTBAMU
UCIIOJIb3YEMbIX MOJYNPOBOJAHUKOBBIX MaTepHanoB. Tak, MakCUMyM CHEKTpalbHOU
xapaktepuctuku g OC-JI, PC-K, ®C-KM nexut B auanazone BosH 0,4 - 0,7 Mk,
a s OC-A - 1,9 - 2 MMm.

Pe3ucTopsl XapakTepu3yroTcs KpaTHOCTbIO WU3MEHEHHS] CONPOTHBICHUS MOJ
JIECTBUEM CBETA 711, PABHOW:

n=R,/R., (2.5

rae R, - TEeMHOBOE COIIPOTUBIIEHUE PE3UCTOPA;

R.; - compoTtuBiieHHe (POTOPE3UCTOPA, OCBEUIAEMOT0 CBETOBBIM MOTOKOM
ocBenieHHOCThI0 £ =200 nk.

KpatHocTh ~ M3MEHEHHMS  CONPOTHBIECHUS  JUIsl  PA3JM4YHbIX  THUIIOB
(boTope3ucTopoB IEKUT B mpegenax 1,2% - 10%,

BonpramnepHsie xapakTepuCTUKU (OTOCONMPOTUBIICHUN JTUHENHHBI B Mpeaenax
JOIYCTUMBIX MOILHOCTEH paccesiHus, a CBETOBas XapaKTEPUCTUKA JIMHEHHA TOJBKO
IIPU MaJIbIX YPOBHSAX CBETOBOI'O MOTOKA, MPAaKTH4YECKH N0 ocBemenHocteit 200 - 300
JIK.

TocTostHEBIE BpeMeHH (oTope3ncTopoB coctasmsior 107 — 10°. Bbicokas
MHEPIMOHHOCTh MPUOOPOB OrpPAaHUYMBAET NPUMEHEHHE (POTOCONMPOTUBICHUN B
npubopax cucteM npuuenuBanus. Ha nHepuuoHHOCTH (OTOPE3UCTOPOB HE BIUSAET



BEJIMYMHA HANpPSDKEHUS, OJHAKO Ha JTOT NapaMeTp OKa3blBAlOT BIIUSHHUE
OCBELIEHHOCTb, COITPOTUBJIEHUE HArPY3KH, TEMIIEpPATYpA.

XapakTepucTuku  (HOTOPE3UCTOPOB CHUIBHO 3aBHCAT OT TEMIEpaTyphl
OKpYXKarolen cpenbl. TEeMHOBOE COINPOTUBICHUE W YYBCTBUTEIBHOCTH C POCTOM
TEMIIEPATYPHl YMEHBIIAETCS, a IOCTOSHHAS BPEMEHH YBEJIMUNBAECTCSI.

bonbmium  ObicTpoaeiicTBueM — obOnagator  gotoauoabl.  Doroanoss
MPEACTABIAIOT COOON MOTYNPOBOIHUKOBBIE TPUOOPHI C p-n niepexoqoM. DOTOANO b
MOT'YT pa0oTaTh B ABYX pekumax - GoToauoHoM u ¢poTtoreneparopHom. [locneanuit
pEeXUM pabOThl B CUCTEMAX MPULIETUBAHUS HE HCHOJIB3YETCs, IO3TOMY PAaCCMOTPUM
JUIIb (DOTOAUOIHBIA PEKUM.

OT BHEHIHEro MCTOYHMKA MNHTaHUS Ha nOpuOOp MOJAeTCs HaMpsHKEHUE,
MOJISIPHOCTH KOTOPOTO MPETSITCTBYET MPOTEKAHUIO TOKA uepe3 p-n nepexon. [loatomy
MpU OTCYTCTBUM H3Iy4eHHUs uepe3 ¢oToauon Tteder Tok [, (TEeMHOBOUM TOK),
BeJTMYMHA KOTOpOro gocratogro mana (1,=107 A). ITpu momagaHuu B 0GNacTs p - 71
nepexoaa (OTOHOB ONTHUYECKOTO HM3IYyUYEHHs BCIEIACTBUE T€HEpalUU 3JIEKTPOHHO-
IOBIPOYHBIX MMap TOK 4Yepe3 JUOJl BO3pacTaeT W TeM OoJibllle, YeM BBIIIE
MHTEHCUBHOCTb O0JTyUeHUS.

XapakTepucTUKu (POTOJUONOB 3aBUCAT OT CBOMCTB MOJYINPOBOJHUKOBBIX
MaTepuagoB, W3 KOTOPBIX H3rOTOBIEH p - n nepexon. OrtedecTBEHHAs
MPOMBINIJIEHHOCTh BBIMTYCKAae€T TE€pMAaHUEBbIE U KpPEeMHHEBbIE (HOTOMPUEMHUKHU.
OO6nacTb 4yBCTBUTEJIBHOCTH TE€PMAHMEBBIX MPUEMHHKOB 3aHMMAET BUIUMYIO
KOPOTKOBOJIHOBYIO U OJMXKHIOIO CPEIHEBOIHOBYIO MH(PPAKPACHYIO YacTh CHEKTpa B
nuanasone 0,4 - 1,8 MKM ¢ MaKCUMyMOM, NPUXOASIIMMCS Ha JJIMHY BOJHBI 1,5 MKM.
O6nacTh 4YyBCTBUTEJIHHOCTH KPEMHHUEBBIX MPUEMHHKOB HAXOJIUTCS B BUAUMON U
OJIM>KHEN KOPOTKOBOJIHOBOWM MH(pakpacHoW udactu crnektpa ot 0,4 ngo 1,2 MkM ¢
MaKCUMyMOM OKO0JIO 0,9 MKM.

WuTerpanbHas 4yBCTBUTEIBHOCTD (DOTOAMOIOB BEIUUCISAETCS KaK:

chb:[cqb—_[T, MKA/TIM, (2.6)
A D

rae I.p - CBETOBOW TOK (pOTOAMOJA IPH OCBEUICHHU €ro OT CTaHAAPTHOIO

UCTOYHHKA C LIBETOBOM TeMmeparypon T,, = 2360° K;
Ir - TeMHOBOMH TOK.

Jns  kpeMHHEBBIX  (OTONMOJOB  HWHTErpajibHasi  YYyBCTBUTEIHHOCTH
XapakTepusyercs BeauuuHon 4 - 7 MkA/nam, repmanueBbix 20 - 25 MKA/M.

[locTossHHast BpeMeHH (QOTOAMONIOB OMNpPEAENSIeTCS BpPEMEHEM IpoJieTa
HOCHUTEJIEH M MOCTOSHHOW BPEMEHU IIeNHu, 00pa30BaHHON €MKOCThIO p-n Mepexoja.
Jlnst hoToAMOI0B, MPUMEHSIEMBIX B CUCTEMAax MpUIlleIuBaHus1, OHa paBHa (3+5) 10°c.

XapakTepucTuku (POTOAMOJIOB 3aBUCAT OT Temmeparypbl. TeMHOBOHM TOK
3aBUCHUT OT TEMIIEPATYPHI, YBEIUYUBASACH C €€ noBbilieHneM oT 20 1o 60°C B coTHH
pa3. OcoOeHHO KpUTHUYHBI K U3MEHEHUIO TeMIEpaTypbl FepMaHUEBbIE (POTOAMOJIBI.
Tak, TemMHOBbIE TOKM y KpemMHUEBBIX ¢oTonuoaoB npu Temieparype 80°C Ha
MOPSIIOK MEHbIIIE TEMHOBBIX TOKOB T'€pMaHUEBBIX (HOTOAMOMOB, HAXOASIIUXCS TPU
temneparype 20°C.

Ha puc. 29 npusenensl cxeMbl BKIOYeHHUS (HOTOAMOA0B. DOTONUOA MOKET
paccMaTpHUBaThCSl KaK PE3UCTOp M BKIIOYAETCS B CXeMbl genuTteneid (puc. 29, a).



Haubonee mnpennoyTuTebHbI MOCTOBBIE H3MEpUTENbHBbIE Iienu (puc. 29, 0),
MO3BOJISIONIME B U3BECTHOM CTENIEHU YMEHBIIIUTH BIUSHUE JIperia TEeMHOBOTO TOKA.
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Puc. 29. CxeMsb! BKITIOYSHHS (POTOUOIOB

B nocnennee BpeMs B cucteMax NpULIETUBAHUS JUIsl ONPEIETICHUS MONI0KEHUS
OTPaXEHHOTO CBETOBOI'O CHUTHajda M IMOCJIEAYIOUIEro mnpeoOpa3oBaHUs €ro B
AIEKTPUUECKHUI MCIOJIB3YIOTCS MOJIYIPOBOJIHUKOBBIE (DOTOMETpHUUECKHE TPUOOPHI €
3apsanoBoil cBa3blo (I13C), II3C nmpeacTaBistoT co0oil CTPYKTYpy "'MeTai-oKuce-
nonynpoBogHuk" (MOII), xoTopass MOXET OCYHIECTBISITh HAKOIUICHUE, U
coxpanenue 3apsga. OcuoBoil II3C sBasercs MOII-kongencatop (puc. 30, a),
COCTOSILIUHI U3 METAINTMYECKOTO UM MOAKPEMHUEBOIO 3JEKTpoia 1, HAHECEHHOTO Ha
TEPMUYECKU OKUCICHHYIO TOJIIOKKY 4 U3 1 WK p KPEMHUSL.

Ecnu Ha »snexTtpon moaaTh OTpPUUATEIbHBIA TMOTEHUMAT OTHOCUTEIBHO
MOJJIOKKH, TO DJIEKTPOHBI, PACIOJOKEHHbIE B CJIO€ KPEMHHUS, OTTAJIKHUBAsICh OT
AJEKTPOJa, TOKUHYT cinod kpemHus. llpu stomM Ha rpanune pazgena SiO»,
oOpa3yeTcsi MNOTEHLUMaJbHAsg sMa JUIsi HE OCHOBHBIX HOCHUTENIEH, KOTopas B
HaYyaJIbHBIE MOMEHT TNycTa. 3aloJIHEHHE NOTEHLIHMATbHONH SIMbl HE OCHOBHBIMH
HOCHUTEJIIMH OCYILECTBIISIETCA 3a CYET (POTOreHepaluu, KOTOopas BO3HHUKAET MpH
nonaaanun Ha MOII-koHIeHCaTOp CBETOBOIO MOTOKA.

3apsan (), HaKOIUIEHHBIM B TOTEHIMAIbHOW sIME, MPONOPLUUOHAIECH
OCBEIIIEHHOCTH U BPEMEHHU HAKOIUICHUS:

O=K®t 2.7)
rae @ - NOTOK U3JIyYEHHUS], JIM;
f- BpeMsl IeMCTBUS CBETOBOI'O U3JyYEHUS, C;
K - ko3 punmeHt npeodpazoBaHusl.

a)
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Puc. 29. ®oTomerprueckuii mpuodOp ¢ 3apsAa0BOH CBA3BIO:
a) MOII-xonaeHcaTop; 1- anexkTpon; 2 - OKucel; 3 — HEOCHOBHbBIE HOCUTENU; 4-
oOeHeHHBIH coi; 5- moutoxkka. 0) [Toaxmouenne MOII-koHIEHCATOPOB K ITUHAMHU TAKTOBOTO
MUTAHUS; B) YIIPABIIAIOIIEe HAMIPSDKEHNE TAKTOBOTO MUTAHUS

MOII-konaeHcaTopbl coduparorca B cekuuu. OHM pacronaraioTcs Ha o01eM
IURJIEKTPUYECKOM CJIO€ U MOJJIOKKE TaK OJIM3KO, YTO MX MNOTEHLHMAJBHBIE SMbI
coenunsatoTcs. MOII-koHeHCaTOpPhl MOJKIIOYEHBbl K IIIMHAM TaKTOBOI'O MUTAHUSA
tpuagamu (puc. 30, 0).

Ecnu nmox snexrponoM P; BCAeACTBUE ONTUYECKOW T€HEpALMU UHKEKTUPYETCS
3apsAll, TO OH TMOCJE 3alOJHEHUs MOTEHUUAJIbHOM SIMbI OYyIeT pacupoCTpaHSAThCA
BJIOJIb TpaHuUllbl pazaena Si0,—Si noja coceaHui 3IeKTpoa P,, €Cliu Ha HEro MOJaHo
HaIpsDKeHUE, paBHOE HAIPSKEHUIO Ha 3JeKTpojae P; wiu OoJbliee M0 aMIUIUTYAE.
[Ipy ymMeHbIIEHUN aMIUTMTYAa OTPULIATEIBLHOTO HANPSKEHUs Ha 3JeKTpoae P; 3apsia
IIOJTHOCTBIO MEPETEYET MO INEKTPOR P,. YIpaBisdrolUe HAIPSIKEHUs [OCTYNAIOT B
BUJIC€ UMITYJIbCOB TpamneneuaanbHoi hopmel (puc. 30, B).

VYropasnsisi JBUKEHUEM IMOTEHUUATIBHBIX SIM, MOXHO OCYIIECTBUTH MEPEHOC
3apsijia 3a JUCKPETHbIE MHTEPBAJIbI BPEMEHH.

3apsanbl pErUCTPUPYIOTCS PETHCTPAaMU BBIXOJHOM cekuuu. Takum oOpaszom,
KOHCTpYKIUS (otonpuemMHuka Ha ocHoBe [I3C comepX uT BXOAHOE YCTpPOMCTBO,
oOecreynBarolllee BBOJ 3apszia, CEKIMIO NepeHoca - mnocienoBaresnbHocTs MOITI-
KOHJICHCATOPOB W BBIXOJIHOE ycTpoicTBO. MOII-koHneHcaTopbl OOBEIUHEHBI B
aueky. Kaxnmas sdeiika COOEpKUT m DJIEMEHTOB IIEPEHOCA, ONPEAEISIOINX
¢daznocts npudopa. B Poccun ncnonb3yrorest TobKO TpexdasHbie cxembl (m = 3),
AYEHKH COOMPAIOTCS B CEKIMU MO CTpOKaM M crosduaM. Takue CeKuMH MOTyYHIH
Ha3BaHue 113C-maTpunpl.

Hanpumep, mupoko npumensemas [13C-marpuna tuna GII3C6M coctout us
OCHOBHOT'O CBETOYYBCTBUTEIBHOIO MaccuBa 288 X 256 3J€eMEHTOB C NEPEHOCOM
3apsia U UX CBETOYYBCTBHUTENIBHBIX CABHUIOBBIX PETMCTPOB NO 264 31eMEHTa B
KOKJOM 10 pa3Hble CTOPOHBI MaccuBa. Pasmep sueliku He mpesbliaeT 30 MKM,
paccTosiHMEe MEXIy sS4YeHkamMu 2-3 MKM, TE€OMETPUYECKOE pa3MElIeHUE sSYeeK
BBIJIEPKUBAETCS C TOUHOCTHIO 10 0,1 MKM.



[IpubGopsl C 3apsAa0BOMl CBA3BIO 1O CPaBHEHUIO C JAPYTUMH TUIIAMH
(dhoTonpeoOpazoBaTesieil UMEIOT BEICOKOE OBICTPOICHCTBIE, 00ECTIEYUBAIOT OOJIBIIIYIO
TOYHOCTh M3MEHEHHMS YIJIOBBIX BeJIWYMH. Paspemaromias cnocoOHOCTh y MpUOOpPOB,
noctpoeHHbIX Ha [13C-MaTpuiie Ha MOPSIIOK BbIIE, YEM Y MPUOOPOB, UMEIOLIUX B
cBoeM coctaBe (oroanoaHbie TmpeoOpazoBaTenu. [I3C-maTpuilbl MO3BOISIOT
3HAYUTEIBHO YMEHBIIUTh radaputbl U Bec (OTOIIEKTPOHHBIX MPUOOPOB. OHAKO
[13C-matpuipl B OOJBIIEH CTENEHH, YEM JpPyrue MOJYyHNpPOBOAHUKOBBIE MPUOOPHI,
KPUTHYHBI K HM3MEHEHHWIO TeMmmeparypbl. Tak, TEMHOBOW TOK NpU H3MEHEHUU
TeMneparypsl okpyxatomieit cpeasl ot -40°C no +27°C yeennuuaercs B 100 pas.
Kpome Toro, II3C-maTpuiupl HMMEIOT HEPABHOMEPHYKO UYBCTBUTEIBHOCTH IIO
IUana3oHy U3MEPEeHUsl.

3.®OTODJEKTPUUECKUE ABTOKOJLIMMAIIMOHHBIE
JTATYHAKH (AKT)

doToreKTpUUECKUEe aBTOKOTUMaIMoHHbIe natunku (AKJI) ucnons3yrorcs B
NEKTPUUECKUX  (OTOCHEAUIMX  CHUCTEMax  amnmapatypbl  NPULEIUBAHUS U
MpeIHa3HAYEeHbI ISl ONPEACIICHNUs OTKJIIOHEHUSI HOPMAJIU K 3€pKajJbHOM MOBEPXHOCTH
Kakoro-iu6o koHTpodibHOro snemeHTa (K3J) ot BusupHoit ocu ®IAK. [lpunHnmn
nevictBust AKJl, xak ¥ aBTOKOJUIMMAIMOHHBIX 3pPUTEILHBIX TPyO, OCHOBaH Ha
aHaJIu3€ U3JIYYarollero IapajuleIbHOTO CBETOBOTO IIOTOKA M OTPAXEHHOIO OT
3epkasibHOM moBepxHOCTU KD. OcHoBHOe oTinmune AKJ[ oT aBTOKOJIMMAIIMOHHBIX
3pUTENBHBIX TPYO M KOJUIMMATOPOB COCTOMUT B TOM, YTO OKYJSp AJii BU3YaJbHOI'O
HAOJIOICHUST OTPAXEHHOTO M300pa)KeHUsI 3aMEHEH CHCTEMOW MpeoOpa3oBaHus
CBETOBOI0 MOTOKAa B AJIEKTPUUECKUN CHUrHal - (OTONMPUEMHHKOM M 3JIEKTPOHHOMU
CXEMOM aHaJIM3a ITOr0 JEKTPUUYECKOIO CUTHAA.

O6mas ctpykrypHas cxema AKJl npencrasiena Ha puc. 31. B obmem ciyyae
OOAK cocTOUT M3 UCTOYHHMKA CBETOBOrO M3JIy4eHUs 4, ONTUYECKOW CUCTEMBI 2,
¢doTorpueMHuKa 3, DJIEKTPOHHOM CXEeMbl S5, OCYIIECTBISIIONICH YyCHJIEHUE U
npeoOpa3oBaHUE BJIEKTPUYECKOIO CHUTHAJIa C LEJIbl0 BBIACICHHUS MOJIE3HOU
COCTaBJISIOLLEH.

a 1

Puc. 31. O6mias crpykrypnas cxema AK/I:
1-KOHTpPONBHBIN DJIEMEHT; 2-0ONTHYECKas cucTemMa; 3-poTonpueMHUK; 4-UCTOYHUK
CBETOBOTO M3IyYEHUS; S- AIIEKTPOHHAS CXeMa YCHIJICHUS U TPeoOpa30BaHuUs dJIEKTPUIECKOTO
CUTHaJIA; 6- BEIXOJHOE YCTPOMCTBO.

3.1. AMIVIMTYAHBIE ABTOKOJUIMMAIIMOHHBIE JTATYUKHA



B aBTOKOIIMMAUMOHHBIX JIaTYMKAX CHCTEM MPULIETUBAHUS  OOJBIIOE
MPUMEHEHUE HAXOAAT aMILUIUTYAHbIE (POTODIEKTPUUECKHUE CUCTEMBI C aHAJIU3aTOPOM
M300paKEHUS B BHUJIE 3€PKAJIbHOM pa3feiauTeNbHON npu3Mbl. Cxema aMIUTUTYAHOTO
AKJI npusenena Ha puc. 32.

Puc. 32. Ammnutynausiit AK/:
1- KOHTpPOJBHBIN JIEMEHT; 2- OOBEKTUB; 3 - IPU3MBI ONITUYECKOTO MOCTHKA; 4-
pa3nenuTenbHas MPU3Ma; 5- HCTOYHUK CBETa; 6- cxeMa peoOpa3oBaHUs CBETOBOTO IMOTOKA B
ANEKTPUYECKUIN CUTHAIL.

CBeTOBOM NOTOK OT HCTOYHMKA U3IIYYEHHUS 5 UEpE3 pa3AeIuTEIbHYIO IpU3My 4
nonaaaer Ha 00beKTUB 2. CHOpMHUPOBAHHBIA OOBEKTUBOM IMapajliebHbII CBETOBOM
IIy4OK 3aCBEUYMBACT 3E€PKAIBHYI0 IOBEPXHOCTh KOHTPOJBHOIO 3JeMEHTa |1,
OoTpaXkaeTcsl OT Hee, MaJaeT Ha pa3eNUTEIbHYI0 NMPU3MY U peOpoM ee JEeNHuTCs Ha
IBE€ 4YacTu. Pa3ielleHHbIE 4YacTH CBETOBOIO IMOTOKA AHAIM3HUPYIOTCS CXEMOU
npeoOpa3oBaHusl CBETOBOI'O MMOTOKA B AJIEKTPUUECKUI CUTHAIL.

B npubopax cucreM npuuenuBaHus Npeodpa3zoBaTesId ONTUYECKOIO CUrHaja B
DJIEKTPUYECKUN CTPOSATCA IO OJHOM M3 CXEM: KOMIIEHCALIMOHHOW CXEMBbI, MOCTOBOM
AIEKTPOHHOM CXEMBI C BBIXOJIOM IO NMEPEMEHHOMY TOKY WJIH MOCTOSIHHOMY TOKY M
cxeMbl, ocHOBaHHOM Ha [13C-maTpuie.

Komniencanimonnasi cxema, NOpeAcTaBiI€HHAass Ha puc. 33, OCYLIECTBISET
HEIMOCPEICTBEHHOE PE00Pa30BaHUE TYUYUCTON SJHEPTHH B DJIEKTPUUECKYIO.
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Puc. 33. Ammmutynasiii AKJI ¢ mpeoOpa3oBaresieM 10 KOMIIEHCAIIHOHHOM CXeMe.

Ecnu Busupnas ocb AKJl coBmamaer ¢ HOpMaJIblO K 3€pKally KOHTPOJBHOTO
AJIEMEHTa, TO HW300pAKEHHE OTPAXKEHHOTO CBETOBOIO IOTOKAa CTPOMUTCS Ha
pa3JeauTeNIbHOM MpU3ME TaKUM 00pa3oM, YTO OHO JEeIUTCs ee peOpoM Ha JBe
paBHble yacTu. [Ipu 3ToM cBeToBble TOTOKU P; U D), onaaast Ha (HOTONPUEMHHUKH,
CO3al0T  OJMHAKOBYI0  OCBEIICHHOCTh  CBETOYYBCTBUTEIBHBIX  IUIOLIAJOK
dboronpuemuukoB PII1 u DII2, a cregoBarenbHO, U paBHO3HAYHbIE cUTHANBI U; U
U,. IlpueMHUKHN BKJIIOYEHBI HAa BXOJl YCHIIMTENS MO OalaHCHOU CXeMe, MOATOMY MHpH
U;=U, na Bweixone ycwmmtenss Useix = 0. Ilpm otkionenun KD npoucxogut
IepepacnpeieiCHUe YacTe CBETOBBIX IIOTOKOB @; U @, TMOCTyNaKIIHUX Ha
¢dotonpuemHuku. Ilo 3HaKy pazHOCTHOrO CUTHajla MOXXHO CYAMTb O HalpaBlIE€HUU
OTKJIOHEHUS IIIOCKOCTH KD OT BU3MPHOI OCH aBTOKOJUIMMATOPA.

Bmecto pasgenuTenbHOM INPU3MBI-HOXKA MOTYT IPUMEHATHCA U ApPYIrHUe,
AHAJIU3UPYIOLIUE CUCTEMBI.

Ha puc. 34 npuBeneHa cxemMa aHanu3aTtopa, MOCTPOEHHOIO Ha JIHOJHOMU
Marpune. PoToauoApl BKIIOUYEHBl MApaMH OTHOCUTENIBHO JIMHUM pasfeina Hu
Harpy>KeHbl Ha pe3UCTOphI R,; U R,».
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Puc. 34. AnHanuzatop Ha 1MOHON MaTpuIe



Ecnu yron paccormacoBanusi Mexay BusupHou ocbto AKJ/[ u oTpakeHHOTro
Jly4ya OT KOHTPOJIBHOTO D3JIEMEHTAa HE PaBE€H HYJI0, TO Ha pe3ucropax R,; U R,
dbopmupyrorcs HanpspkeHuss U,; m U, 3HaAK pa3sHOCTU KOTOPHIX U OMNPEACINSeT
HalpaBJIcHHE OTKJIOHeHHs noBepxHocth KO ot BusupHoir ocu AKJ. B
PAaCCMOTPEHHOM CXEME€ BO3HHUKAIOT MOTPEIIHOCTH W3MEPEHUs NPHU HEOJMHAKOBBIX
3HAYEHUAX YYBCTBUTEIBHOCTH (DOTONPUEMHHUKOB, HAPYLIAIOIIUX PABHOBECUE CXEMBI.
[loaToMy Oonee npeanOYTUTENBHON SIBISIETCS MOCTOBasg cXeMa HIpeoOpa3zoBaHUs
ONTUYECKOI0 CUTHAJIA B DJIEKTPUYECKUN CUTHAJL, IPUBEICHHAs HA puc. 35.
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Puc. 35. Ammmutynasiii AKJ] ¢ MocTOBO# cxeMoii mpeoOpa3oBaHMs ONTUYECKOTO CHTHAJIA B
AIEKTPUYECKUU.

[IpeoOGpa3zoBaHre CBETOBBIX CUTHAJIOB, OTpaXeHHbIX OT KO, B anekTpuyeckuii
CUTHAJI OCYILIECTBISETCSA C MOMOIIbIO (OTOPE3UCTOPOB R; U R, KOTOpbIE BMECTE CO
BTOpUYHOM 0OMOTKOM TpaHchopmaropa 7T; o00pa3ylOT MOCTOBYH) CXEMY,
cOaJIaHCHUPOBaHHYIO B MOJIOKEHUH MEPIEHIUKYIIPHOCTH miIockocT KD Kk BU3MpHOU
ocu AKJ[. Ilpm HEoIMHAKOBOW OCBEIIEHHOCTH KaTOAOB (hOTOPE3UCTOPOB
OalaHCHpPOBKa MOCTa HapyllaeTcss U B 00MoTKe TpaHchopmaTtopa 7, , BKIFOUEHHOTO
B JMaroHajb MOCTa, OyAeT NpOTeKaThb MNEPEeMEHHbIH TOK, aMIUIUTYJa KOTOPOIO
MPONOPIMOHANIBHA YTII0OBOMY paccoriacoBaHuio Mexay KO u BusupHoit ocero AK/I,
a ((aza onpenensercs  HaNpaBJIEHUEM  PACCOIVIACOBAHUA. ODTOT  CUTHAI
TpaHC(HOpPMHUPYETCS B BBIXOAHYIO OOMOTKY 7, W HCHOJB3YyeTCA JUIsl aHalu3a
noJsiokeHust ockocty KO no otHomennto k Bu3npHoi ocu AK/L.

B Hekotopeix ycrpoiictBax AKJ[ B KkauecTBE OCHOBHOIO JJIEMEHTA
aHaJu3aTopa MPUMEHSETCS pa3jiesuTeNbHas pu3Ma-1iesnsb (puc.36). CBeTOBOM MOTOK
OT WCTOYHHMKA HM3JIyYEHMs] 4yepe3 KOHJEHcOp 5 ocewmaer (acKy pasaeiauTesbHON
npu3Mbl 4. Dacka NpU3MbI pacnoiokeHa B 3a/IHeN (POKAIbHOMN MIIOCKOCTH 0ObEKTUBA
2. Tak kak pa3mepbl (acku NO CPABHEHHUIO C 3aJHUM (OKYCHBIM PaCCTOSTHUEM
MPEHEOPEKUMO MaJbl, TO MOKHO CUUTAaTh, YTO MO OTHOLICHUIO K OOBEKTHBY OHa
ABJISIETCS TOYEUHBIM U3J1y4aTEIIEM.

Beixogsumii 3 o0beKTHBA NapajljIesbHbIA CBETOBOM MOTOK @), MOMAaeT Ha
3€pKaJbHYI0 TOBEPXHOCTb KOHTPOJBHOI'O OJJEMEHTa |, OTpaxkaeTcs OT Hee H
00BEKTUBOM (POKYCHpYETCsl B BUJE NPSIMOYTIOJBHOTO CBETOBOTO IITpUXa B 3aJHEU
(hOKaJIbHOM TTOCKOCTH.
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Ecniu o0o3HauuTh mnepemenieHne orpaxkeHHoro ot KD Ha rpanum
pa3eNuTeNbHONM MpU3MBbI H300pakeHue (acku 3a a, a (POKYCHOE pacCTOSIHUE
00BbEKTHUBA 34 f), TO HA OCHOBAHUU PUC. 35 MOXKHO 3aMKCaTh:

1g20=alf, (3.1)

OTcrona AJig MaJibIX YIJI0B o0 UMEEM:

a=2fa (3.2)

Takum o0pa3om, cMelleHHE ILITpUXa IO TPaHU Pa3AEIUTEIIbHON MPU3MBbI

MIPONOPLUHOHAIIBHO YIIIy OTKIOHEHUs HopMaiin K KO ot BuznpHoii ocu AK/L.
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Puc. 36. Ammnutynustiit AK/ ¢ pazaenurenbHOM MpU3MOM-LIeNbIo:
1-KOHTPONBHBIN 2JIEMEHT; 2- 0OBEKTHUB; 3 - MPU3MbI ONITHYECKOTO MOCTHKA; 4 -
pasaenuTenbHas MpU3Ma-1Ielb; 5- KOHAEHCOP; 6- HCTOYHHK CBETA.

O603HaUMM MIMPUHY TPO3payHON (ACKU O, IIHUPUHY TUIOTEHY3HOM TIpaHu
pa3eauTeNIbHON MPU3MBI /, @ BBICOTY NpU3MbI /1 (puc. 36).

Ecnu Busupnas ocb AKJ] opToroHaspHa K IMOBEPXHOCTH KOHTPOJIBHOTO
anemeHTa (a = 0), TO OTPaKEHHBIN CBETOBOM MOTOK @ c(hOKycUpyeTCs B OCHOBHOM
Ha (acke pazgenurenbHO  mpu3Mbl. Ha  OOKOBbIE  3epKalibHbIE  T'PAHU
pa3aeIUTENBHON NPU3MBI IOMAJAKT CBETOBbIE MOMEXU D,; u D,,. llpu Hamnuuu
yriia paccoriacoBaHusi Mexay BbeixonsmuMm u3 ®OOAK cBETOBbIM MOTOKOM H
HOPMaJIbI0 K KOHTPOJBHOMY 3JeMeHTy (a = () OTpakeHHbIH CBETOBOW MOTOK
MonajaeT Ha OJIHY M3 OOKOBBIX TI'paHell, Hampumep, Ha mnpaByio (puc. 36). B atom
Cllyyae MpHU CMEIICHUM CBETOBOTO ISITHA HA BEJIMYUHY a<0 (CBETOBOU MOTOK @’
YaCTMYHO e€Ille 3acBeyuBaeT (acKy pa3aeiauTesIbHOM NpPHU3MBbI) OTPAKEHHBIE OT
OOKOBBIX I'paHEl CBETOBbIE MOTOKU OYIYyT PaBHBI:

O =D, +2a,
) (3.3)

@2 = @nZ



IIpy npanpHeWIIeM yBEJIWYEHMM YIJla o OTPAXXKEHHOE CBETOBOE IIATHO
MOJIHOCTBIO CMECTHUTCSI Ha OOKOBYIO IpaHb M OTpPaKEHHbIE CBETOBBIE MOTOKU OyAyT
ONPEIENATHCS BbIPAKEHUSAMMU:

D=0, +P,
@é =D,

®opmyna (3.4) Oyner crpaBeInBa 10 TE€X MOP, MOKa OTPAKEHHOE CBETOBOE
MATHO HE HAYHET CMEIIAThCsl ¢ OOKOBOM IpaHu pazzenurenbHoi npusmel. Ha puc. 37
npuBeAeH rpaduK WU3MEHEHHs BbIXOAHOro curHana Qoroanekrpuueckoro AKJ] B
3aBUCHMOCTH OT paccorjacoBaHus MexAy BU3UPHOU ocbio AK/[ M OpTOrOHaIBHO K
OTpakaTeJIbHOW MOBEPXHOCTU KOHTPOIBHOTO JJIEMEHTA.

(3.4)
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Puc. 37. I'paduk nzmenenus BeixogHoro curaana AK/I.

Paccmorpum  morpemnoctn  AKJZI.  Cymmapnas norpemHocts  AK/,
n300paX€HHOro Ha puc. 36, OyneT B OCHOBHOM ONPEAENATHCA €ro MOpPOroBOH
YyBCTBUTEJIBHOCTbIO, HECTAOMJIBHOCTHIO KOHTPOJIBHOI'O JJIEMEHTA, CIy4YailHbIM
UCKAKEHUEM DJJIEKTPUUECKOr0 MpOQUiIsl CBETOBOrO Jy4ya B IUIOCKOCTH MPU3MBI
aHanM3aTopa, YIJIOBOM HECTaOMIBHOCTBIO DJHEPreTHUYECKOM OCH  HW3JlydarTens,
MOTPEHIHOCTHIO paboThl (POTONMPUEMHUKA U KOMIIEHCATOPA.

CuuTas 3T NOTPEeIIHOCTH HE3aBUCUMBIMH, OOIIas CpedHssi KBajJpaTuyeckas
MOTPEIIHOCTh B MEPBOM MNPUOIMKEHUH MOXKET OBITh OIpeAesieHa CIeAYIOIUM
oOpazom:

2 2 2 2 2 2 2
O i :\/Gn to,,+0,+t0,+0,+0,, +0, (3.5)

IZie: 0, - CPEeHsAS KBaJpaTH4ecKasi MOrPelIHOCTb, 00YCIOBIEHHAs TOPOrOBOM
YYBCTBUTEIBHOCTHIO (POTOANEKTPUUECKOTO aHAIM3ATOPA MOJIOKEHUS:

KS AD
o, =1 (3.6)
ﬁ)ﬁ@o
rae: K - ko3pduuueHT, 3aBUCAUIMN OT HHEPreTUYECKOro MpoQuils

CBETOBOI'O MYyYKa;
Sn - oAb CBETOBOTO MyYKa;

AD - nopor 4yBCTBUTEIBHOCTH (POTOMPUEMHUKA;
@, - BeIMUMHA CBETOBOI'0 IIOTOKA;



O>-CPEIHSS KBaJ[paTU4YeCcKas MOTPEIIHOCTb, oOycIIOBIIEHHAs
HECTAOMIIBHOCTBIO KOHTPOJIBHOTO 3JIEMEHTA;

0, - CpemHss KBaJapaTuuecKkas oOmuOKa, OOyCIIOBIEHHAas Cly4ailHbIM
HCKaXCHHEM JJIEKTPUYECKOTO MpO(HIs CBETOBOrO My4dka B IUIOCKOCTH MPU3MBI
aHanIM3aTopa;

0, - CpemHsis KBajJpaTHUecKas TOTPEIIHOCTb, BBI3BAHHAS  YTJIOBOM
HECTaOUJILHOCTBIO CBETOICIUTEILHON TOBEPXHOCTH (0,), pal:

o - 4o, -a

a

(3.7)

06
I7I€ a - IepeMEILEHNE CBETOBOIO JIyUKa Ha I'PaHU pa3JeianTeIbHON IPU3MBI;

0, - CpemHss KBaJpaTWyecKas TOTPEIIHOCTh, CBS3aHHAs C YIJIOBOU
HECTaOUJILHOCTBIO HHEPTETUUYECKON Ocu u3iy4atens (o,), pan:
20 -
G, = 20 fu (3.8)
j;)ﬁ

rae: f,- GOKycHOe paccTosIHUE KOHIIEHCOpa;

Ogn - CPEIIHSS KBapaTHUECKasl MOIPEIIHOCTb IPeoOpa3oBaTes;

O« - CPeIHsS KBaJpaTUYeCKas MOTPEIIHOCTh, 00YCIOBICHHAs MOTPEITHOCTHIO
KoMmreHcaTopa (0,), YCTpOWMCTBa, MPUMEHSEMOTO B  OTHACJIBHBIX  THUIAX
aBTOKOJUIUMAIIMOHHBIX TPUOOPOB, CIMOCOOHOTO TepeMenaTbCsi B  TUIOCKOCTHU
U3MEPSEMBIX YIJIOB, IEPIECHANKYISIPHO onrTudeckoi ocu AK, pan:

L .
c.=—to (3.9

K K
06

rae: Ly - IMHEUHBIM pa3mep, XapaKTepU3yIOLIUN M10JI0KEHUE KOMIIEHCATOpa 110
OTHOLIEHUIO K OOBEKTUBY.
[Moacrasnss (3.6) - (3.9) B Beipaxkenue (3.5), moaydaem:

202 2
& :L\/%w;ﬁ; YOI [ 4402 [ 4ol f2 +160 20 + [0 3.10)

Jos @,

YMeHbIIEHHE KaXJI0W U3 COCTABIAIOIMMX cymMapHO# norpemHoctd AKJ[ no
MUHUMAJIbHO BO3MOKHOM BEJIMYMHBI CBSI3aHO C BBHIOOPOM THUIIOB HCTOYHUKOB
U3JIydeHUs, BUAA (HOTOIJIEKTPUUYECKOTO aHAIM3ATOpa IOJIOKEHHUS, ONTHYECKHUX
y3710B, CIIOCOOOB 00Pa0OTKU CUTHAJIOB U T.II.

Paccmotpennsie AK/l O3BOJSIOT ¢ TOYHOCTBIO Oy ONPEIEIIUTH HANIPABIECHUE
OTKJIOHEHUsT HopManu KD OTHOCHMTENBHO ONTHYECKOW OCH AaBTOKOJUIMMATOPA.
CymectBeHHbIM HenmocTatkoM AKJI siBisieTcss ero Hu3Kas MOMEXO3allUIIEHHOCTb.
Hcroynnkamu momMex ciy>kaT IMMOCTOPOHHUE 3aCBETKH, MOMANAIOLIME B IOJIE 3PEHUS
AKJI, nosTomy TakumMu npubopaMu MOKHO MOJIb30BATHCA JIUIb B YCIOBUSX MOTHOM
TEMHOTBI.

3.2. AMIVIMTYIHO - ®A30BBIE AK/]

AwmmnutynHo-¢ga3zosie AKJI MeHee KpUTHUHBI K MOMEXaM, BO3HUKAIOIIMM
IIPU TOCTOPOHHMX 3aCBETKAaX aBTOKOJUIMMAIMOHHOIO KaHaiaa. IJTO CBOWCTBO
JNOCTUTAETCS TYTEM NPUMEHEHHUS MOIYISALHUM OTPAKEHHBIX OT Ppa3AeIUTEIbHON
IIPU3MBbI CBETOBBIX IIOTOKOB.



OyHKIMOHANIbHAA cXeMa aMITUTyIHO-(pazoBoro AKJ[ nmpuBenena Ha puc. 38.
B omimumne oT cxembl, paccMOTpeHHOU B M. 3.1, motoku @; u @, MOIYIUPYIOTCS
MEXaHUYECKUM MOJYJISTOPOM 3, MPEACTaBIIAIOMIMM cO00M JUCK ¢ mpope3samu. Jluck
MIPUBOAUTCSA BO BpalleHue asurareneM 9. J[MCK MOmynsiTopa MOHTHUPYETCS TAKHAM
o0pa3oM, 4ToObl MOTOKU @; U D, MOOUYEPETHO NMEPEKPHIBAIHCH.
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Puc. 38. AmmutynHo-dazosrii AK/L:
1- MIPU3MBbI ONITUYECKOTO MOCTHUKA; 2-pa3/ieUTeNbHas pU3Ma; 3- TUCK MOJyasTOpa; 4-
O00OBEKTHB; 5 - UCTOYHHK CBeTa; 6 -cymMMupytomas rpynmna; 7 - (OTONPUEMHHK; 8 - HaT4hK
OTIOPHOTO HAMpsDKeHHUsT; 9 - mpuBoa MoayisiTopa; 10- ycunutens; 11- (ha3oBblii geTeKTOP.

PaboTa cxeMbl nosicHsIeTCsl AII0paMu, MpUBEAEeHHBIMU Ha puc. 39. Ecnu yron
paccoriiacoBaHusi Mexay neprneHaukyisspoM k KO u BHyTpenHen ocbto AK/L paBeH
HYJII0, TO U300pakeHue pedpa pa3AeuTeIbHON TPU3MbI, OTpa3uBIIUChL OT K3, BHOBB
nonajaaer Ha pedpo u racurca Ha HeM. YacTb mortoka @, BCIEACTBUE HEKOTOPOM
pachOKyCUPOBKH MOMNaAaeT Ha paboune 3epKalbHbIE TPAHU Pa3aeIUTEIbHON MPU3MBI
2 (puc. 38) 1 B BUJIEe CBETOBBIX MOTOKOB @; U @, pacXoATCsl MO IBYM KaHaJaM.

[ToTOKM MOIYIUPYIOTCS MOAYISTOPOM 3 4acToToil ®, B mpotuBodasze (puc.

39, a). C nomoibto nipusmel 6 (puc. 38) oHu momajgarT HA (GOTONPUEMHHUKH 7 B
pa3Hble MOMEHTHI BpeMeHU. CHUMAaeMbIid ¢ (hOTONIPUEMHUKA CUTHAIT TTOCJIC YCUIICHUSI
B Y3KOITOJIOCHOM YCHJIUTEJIE TIoj1aeTcs Ha (pa3oBewIid meMoay saTtop 11, Ha BTopoi BXo.
KOTOPOTO TIOCTYNAeT HaMpsDKEHWE OMOPHOW dacToThl. ONOpHOE HAMpsHKEHUE



3a/1aeTCsl JaTYUKOM 8, MHAYKIIMOHHO (WJId (POTOIIEKTPUUECKHU ) CBSI3AHHBIM C TUCKOM
MOAYJISTOpa U TMOTOMY dYacTtoTa ero (w,) 3aBUCUT OT CKOPOCTHU BpallEHUS
MOAYJSATOpA.

[Ipu paBeHcTBE CBETOBBIX MOTOKOB (@D;= ;) BBIXOJAHOW cUTHAN (Ha30BOTO
JETEKTOpa paBeH HYJIIO.
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Puc. 39. Dnropsl BEIXOHOTO CHTHANA ¢ (ha30BOTO JIETEKTOPA

Ecam KOHTPOJBHBIM D3JEMEHT IO OTHOWIEHHWIO K BH3MpHOM ocu POAK
MOBEPHYT, HANpUMeEp, NPOTUB XoJa 4YacoBod cTpenku (o >0), TO paBEeHCTBO
CBETOBBIX MOTOKOB Oyner HapyuieHo, @;>@, (puc. 39, 0). Ilpu 3ToM Ha BBIXOXE
($a30BOro AETEKTOpa MOSIBUTCA MOCTOSHHBIA CUTHAN, aMIUIMTyAa KOTOpPOro Oynaer
ONpPEeAEHAThCS BEIMUYMHOW yria moBopoTa KD, a mHoJSIpHOCTh - HampaBiICHUEM
MOBOPOTA.

[Ipu u3menenun HanpasieHus noopora KO (a <0) @;<®, (puc. 39, B)
BBIXOJHOM CUTHAI ¢ (pa30BOTO AETEKTOPA U3MEHUT MOJSPHOCTb.

3.3. YACTOTHO - BPEMEHHOM AKJI

@yHKIHOHAJIBHAS cXeMa 4acTOoTHO-BpeMeHHoro AK/I mpusenena Ha puc. 40.
OH mnpegHa3zHayeH s ONpENeNieHUs B3aMMHOIO MOJOXKEHHUs, pedpa 3epKalbHOU
NPSAMOYTOJBHONM NOpu3Mbl | W JHHMM, MNOpoxonsdmed vepe3 touku 1; u 1,
3a(UKCUpPOBaHHBIE TOYEUHBIMH MCTOYHHMKAMU MNapajienbHoro csera 2. CBETOBBIE
IIOTOKH OT UCTOYHUKOB MIPOXOJAT YEPE3 MOAYIATOPHI 3 U MOAYJIUPYIOTCA 4YaCTOTAMHU
®; 1 ;. [IpoMOIynMpOBaHHBIE CBETOBBIE MOTOKHM IMONAJAIOT HA MPSAMOYTOJBHYIO
pu3My, HOJIOKEHHE pedpa KOTOpOH MO OTHOUIEHUIO K JIMHUH, 3a(pUKCUPOBAHHOM
TOYEYHBIMM HMCTOYHMKaMHM, onpenensercs. OTpakeHHbIE CBETOBBIE ITOTOKHU
(dboKycHpYIOTCSI B IUIOCKOCTH aHajau3atopa 4, MPeACTaBISIONIETO CO00M JUCK C



OTBEPCTUSAMM, TPUBOAUMBIA BO BpalleHUE JBUTATEIEM S5 U PETUCTPUPYIOTCA
¢dotonpuemHukoM. lanbHeilmas o6paboTka HHPOPMALIMKU OCYILIECTBISAECTCS B OJIOKE
VIPABIIEHUS, B COCTaB KOTOPOI'O BXOAAT QUIBTPHI 9, 31ekTpoHHble pene 10 , BeHTuiu
11 n tpurrepsr 12.

Pabota cxembl cocTout B cienyroumeM. Ecian pedpo npsMoyroiabHOM mpu3Mbl
NEPHEHAUKYIIPHO JUHUU TOUYEYHBIX UCTOYHUKOB, TO OTPAKEHHBIE OT €€ KaTeTHBIX
rpaHell CBETOBble MOTOKM MapajiedbHbl Jpyr JAPYrYy W BCE€ BEHTUIM OJloKa
YIPABIICHUS 3aNIE€PTHI ANEKTPOHHBIM peJie.

Ecnu pebpo npu3mbl He NEPHEHAUKYISIPHO JIMHUM TOYEUHBIX UCTOYHUKOB, TO
OTpak€HHbIE OT MPU3MbI BEKTOPHI Jyueld, MOIYJIUPOBAHHBIX YACTOTAMH W) U ), HE
napajulenbHbl  Ipyr Apyry. OmnpenenaeHue 53TOro  yIJoBOIO  PaccorjaacOBaHHUs
OCYIIECTBIISIETCS] TyTEM €ro NMpeoOpa3oBaHuUsl BO BPEMEHHOU MPOMEXKYTOK.

AHanu3aTtop BpalaeTCcsi C MOCTOSIHHOM CKOPOCTBIO, IO3TOMY Ha €ro BBbIXOJE
BO3HHUKAIOT TMAYKH CBETOBBIX HUMIIYJIbCOB, BPEMEHHON NPOMEKYTOK MEXKIY
KOTOPBIMM MPOIMOPIMOHATIEH YII0OBOMY paccorjacoBanuio (cm. puc, 40, 0).
DNEeKTpUYECKUe UMIYJIbChl, CHUMAeMble C NMPUEMHUKA H3ITY4YEHUs, IOJIBEpraroTcs
npeoOpa3oBaHUIo.



. +:/
3 w7
N 5
E vy
p % 7
(o)
6 T,
N
| DOpMLDO-
J bamens [ She 3
- & S
' PUALTD | S \
| Lo . | N
9
| = )2} AT Pz = | 2
| ' || v ©
\ \ 7

G~ || (I
| B — | -—

\ ! | ' w7 w2
L [2] e, |
|2 b T ympabnena | J

a/

Puc. 40. YacrotHo-Bpemennoit AK/I:
1 - npsiMoyroJsibHAas IPU3Ma; 2- TOYEUHbIE HICTOYHHUKH CBETA; 3 -MOAYJIATOD; 4 - aHaIU3aTop;
5- mpuBOJ aHANMM3aTOPa; O - POTONPHEMHUK; 7- TaTYUK OTIOPHOTO HATIPSDKEHHUS; 8-
dopmupoBarenb; 9- unbTpsr; 10- anekrponHsie pene; 11-sentunn; 12-tpurrepsr; 13 - peneiHbrii
6710K; 14- nBUTaTENH OTPAOOTKH
Mopynsius B MICTOYHUKAX CBETA Ha JIBYX, Pa3lIMYHBIX YAaCTOTax HeoOXoauma

JUIsl ONpENENIEHNs 3HaKa paccoriiacoBaHus. Eciaum mepBbIM NPUXOAUT HUMITYJIBC,
MOJAYJIMPOBAHHBIA YaCTOTOM (U; TO 3HAK PACCOIVIACOBAHMS IIOJIOXKUTEICH, & E€CIH
MIEPBBIM MPUXOAUT UMIYJIC YACTOTHI (U3, TO OH OTpULIATENEH. Pa3nuuue nMmyibCcoB
0 YacToTe NpoBOAUTCS B Onoke ympasineHus. Ecau, Hanpumep, umeercs
OTKJIOHEHUE KOHTPOJBHOIO DJJEMEHTa OT OpPTOrOHAIM K JIMHUM TOYEYHBIX
MCTOYHUKOB BNPaBO (1Y), TO NEPBbIM OT MPUEMHHUKA U3JIyYeHHS B OJIOK yNpaBlIeHUS



MOCTyMaeT UMMYJIbC, MOAYJIUPOBAHHBIM 4acTOTOM ;. B cocTaB Oyioka ympaBieHUs
BXOJIUT OJIOK PUIBTPOB 9, HACTPOEHHBIX HA YACTOThI ; U ;. DUIBTP, HACTPOCHHBIH
Ha 4acTOTY ;, MPOIMYCTUT JIMIIb UMITYJIbC, MOAYJIUPOBAHHBIN YACTOTOM »;, KOTOPBIN
B TMOCHEAYIONEM JIeTeKTUpyeTcs, auddepeHuupyeTcs ©U OrpaHUYUBACTCS IO
amrutyae. MMnynbC MO TpakTy @; BKJIIOYAET JJIEKTPOHHOE pene P;, KOTopoe
OTKpbIBa€T BEHTWIb B; , ymnpaBisdwoomuii paboTtoil Tpurrepa 7;, Ha BTOPOH BXOJ
TPUITEpPA IMOCTYNAET CUTHAJN C JAaTYMKA, YCTAHOBJIEHHOIO Ha JUCKE aHAIM3aTopa.
Takoe HMH)XEHEpPHOE pEIICHHE MCKIIOYAeT JIOXKHOE cpabaThlBAHUE CHUCTEMBI IpU
HaJIMYUK pa3auyHbIX nomeXx. Tpurrep ympasiser padoTod peneiiHoro Onoka P,
KOTOpBI (opMupyer KoMmMaHny «BieBo» Ha HCHONHUTENbHBIN ABUraTens 14
orpaboTku uHpopmanuu. HcrnoaHuUTenbHBIM JABUTATEdh OyJeT MOBOpaYUBaTh
KOHTPOJIBHBIN 3JIEMEHT J0 YCTPAHEHHUs YIJII0BOTO PaCCOTIACOBAHMS.

IIpn OTKIIOHEHUM TPAMOYTrOJIBHOW MPU3MbI B MPOTUBOIOJOXKHYI) CTOPOHY
U3MEHUTCS  IOCJENA0BATENBHOCT UYEPENOBAHMUS HMIIYJbCOB, MOIYJNPOBAHHBIX
4acTOTaMU ; U @, TMOCTYNAIOUIMX B OJOK ympaBieHus. B 3ToMm ciiydae mepBbIM
Oyner cneaoBaTh HMMIYJIbC, MOJYJIUPOBAHHBIA YaCTOTOM ), KOTOPBIM TOCIHE
npeoOpa3oBaHusl B CBOEM TpPaKTe BBI3OBET cpabaThiBaHue pene P, u popMHpoOBaHUE
KoMaH/ bl "BripaBo" Ha MCMOJHUTENBHBINA IBUTATEb.



