Tema 9 CnekrpaJjibHbie
CBETOBbIE U3MEPECHUSA




OIITUYECKHUE USMEPEHUA

Tema 9 CnexkrpajibHble CBETOBbIE H3MEPEHU S
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OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

VI cTOYHUKAMH U3JIyYEHUSA HA3bIBAIOT
npUOOPEI, TPEOOPaA3YIOIINE ANEKTPUUECKYIO IHEPTHUIO
BO30Y)K/JICHUS B ONITUYECKOE M3ITYYCHHUE 3aJJaHHOTO
CIIEKTPaJIbHOIO0 COCTaBa M MPOCTPAHCTBEHHOTO
pacnpeeneHus. MICTOUHMKN — OCHOBA JIFOOOM
OIITOIEKTPOHHON CUCTEMBI, OHU OIPEHEIIAIOT €€
(YHKIIMOHAIbHBIE BOBMOXKHOCTH, SKCIUTyaTallMOHHBIE U
CTOMMOCTHBIE XapaKTEPHUCTUKH, CBOMCTBA OCTAIbHBIX
3JIEMEHTOB — (DOTONPUEMHHKOB, TACCUBHBIX
| ONITORJICKTPOHHBIX AJIEMEHTOB.
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OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS
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OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

UcTounukamMu onmuueckozo uziayuenus (MOU)
IIPUHATO HA3bIBaTh NPEOOpA30BATEIN PA3INYHBIX BHJIOB
SHEPIUHU B 3JIEKTPOMATrHUTHYIO SHEPTHUIO ONTHYECKOTO
Jrara3oHa ¢ YCJIOBHBIMM I'DAHUIIAMU SHEPTHMM KBAHTA

AE ~ 103 10%53B
Ry (Av ~10Y 10 T'mp; AL~ 102 103 m).
' ;';';;;j; PAKTUYECKHU BCE TEJIa MOKHO paccMmarpuBarh kak MOU. |

S
- e s i el -3
\ 5 E




OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS
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OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

TemoBoe u3ydeHHE — IEKTPOMATrHUTHOE
U3JIy4EHUE, KOTOPOE UCIYCKaeT JIro0oe
HOHU HarpeToe BEIIECTBO 3a CYET CIIOHTAHHOTO
(caMOmpOKM3BOJILHOIO) ITPe0Opa3OBaHUS
CBOCU BHYTPEHHEH (TEemI0BOM) SHEPTUU. OHO
00yCJIOBJICHO TEIJIOBBIM JABM)KCHUEM YaCTHIL
BEIIIECTBA M 3aBUCUT OT CTEIIEHH HArPETOCTH
| TeJa, KOTopast ONPEIENsIeTCs] TEMIIEPATYPOIL.
[ToBbIllIeHNE TeMIIEpaTyphl U3TydaTess
_ . 00YCIIOBIICHO YBEINUCHHEM SHEPIHU
»» IOCTYIATEJNBHOIO, KOJIEOATENBHOIO U
| BpaIIaresIbHOTO JABMKEHHS ero yactuil. [Ipu
TOM PACTyT MOTOK MU3IyUYCHUS U CPEIHSIA
—' SHEPIHs KBaHTA U3JIy4eHUs — (POTOHA.
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| OIITUYECKUE I/I?;MEPEHI/IH

Tema 9 CHeKTpaJIbHLIe CBETOBbIE H3MepeHnﬂ

TeruioBoe U31y4eHue BO3HUKAET TOITIA, KOTa SHEPTHUs,
YHOCHMAs U3JIyYEHUEM, KOMIICHCUPYETCS MOCPEACTBOM
Iepeaadu Tejly COOTBETCTBYIOLIETO KOJIMYECTBA TEILIA.
[TostHOE ONKMCaHME CBOMCTB M XapaKTEPUCTUK TEIIIOBOTO
U3JIy4YCeHUS TPOU3BOAUTCS Ha ocHOBE (hopMyiibl IImanka miist
CIIEKTPAILHOM TUIOTHOCTHU SHEPTETUYECKOU CBETUMOCTH

BOYO_. e —
‘o;-ﬁm lhnuoroenx 3
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& ¢ yYETOM IMNMPUYECKM OnpeaensieMblx NapaMeTpoB, B KOTOPbIX
| YYUTbIBAETCA OT/INYNE CBOICTB MCMOb3YEMbIX MAaTEPUANOB OT CBOMCTB
abcontoTHoO YépHoro Tena.




OIITUYECKUE USMEPEHUA

Tema 9 ChnexkrpajibHble CBETOBbIE U3MEPEHUS

TeruioBoe U3JIydeHUe UCTIONb3YETCS B
AAMRAxX HaAKaIu6aHuA, KOTOPbIE OTHOCUTEIBHO
PEIKO UCIIOJIB3YIOTCS B ONTOXIEKTPOHHBIX
npruOopax, HO BCE €€ OCTArTCs HanboJiee
pacpoOCTPAHEHHBIMUA UCTOYHUKAMU U3JITYUYECHUS B
OCBETHUTEJIbHBIX MTPUOOpaX.

CoOCTBEHHO MCTOYHUKOM M3JIYYEHHS B HUX
ABJISIETCS. BOJIb()paMOBasi HUTh HaKaja,
3aKJIFOYEHHAS B BAKYYMHYIO KOJIOY, HarpeTas 10
TeMneparypsl nopsaka 2450 K, orpanndeHHON
Ha4yajoM ucnapenus HUTu. [lpu stou
TEMIIEPATYPE MAKCUMYM CHEKMPATbHOU
NJIOMHOCMU dHEepP2emu4eckou C8emumoCcmu

IIPUXOAUTCS Ha JIUHY BOJHBI A .. = 1.1 Mmxm (MK b
p y max

00J1acTh), U JIaMIIa OoJiblule epeen, a He Cemuml.
[Tosromy cBerooTnada u KII/I mamm
HaKaJWBaHUS OTHOCUTEIBHO HU3KHE:

cootBeTcTBEHHO ~10 MM/Bt 11 1,6 %.
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1 — xom0a; 2 — MmoJIOCTH KOJIOEI
(BakyyMHpOBaHHAs MJIU HAIIOJTHCHHAS
rasom); 3 — TeJ0 HaKaja;

4, 5 — 3neKTpoAbl (TOKOBBIE BBOJIbI);
6 — Kprouku-JepKaTean Tena
Hakaja; 7 — HOXKKa JIaMIIbI;

8 — BHeEIIHEE 3BEHO TOKOBBO/IA,
MPEIOXPaHUTEND; 9 — KopmycC
HOKOJIST; 10 — HU30ATOP LOKOIA
(cTekn0); 11 — KOHTaKT JOHBIIIKA
IIOKOJISI
KoHCcTpyKIUsi COBpeMEHHOM JIaMIIbI

HaKaJUBAHUS




OHTI/I‘IECKI/IE NU3IMEPEHUWSA

¥ nbTpadroneTosbIi : W Hobp aKkpa CHEl
AvanasoH . N amvanasoH

Beneii
cESTOAMOA

JI71s1 Tomy4deHust BUAUMOTO U3JIYYEHHS] HEOOXOAUMO, YTOOBI
TeMIepaTrypa usiiyqarouiero temna npesbimana 570 C (temmneparypa
Hayaja KpaCHOTrO CBEUYECHH S, BUJUMOTO YEJIOBEYECKUM IJ1a30M B
TeMHOTE). JIJisl 3peHus YeI0BEKa, ONITUMAJIbHbBIN, (PU3NOTOTHIYECKU
CaMblil YTOOHBIN, CIIEKTPaJIbHbIM COCTAB BUAMMOIO CBETA OTBEYAET
U3JIYYEHHUIO a0COJIFOTHO YEPHOIO TEJIa C TEMIIEPATYPOUl MOBEPXHOCTH
dotochepsl Conniua 5770 K. OnHako HEM3BECTHHI TBEPAbIC BEIECTBA,
| cnocoOHbIe 03 pa3pylleHUs BbIACPKATh TEMIIEPATYPy (POTOChHEpHI

_' .| Connna, mosToMy paboure TEMIEPATYpPhl HUTEM JIAMII HaKaIMBaHUS
it nexar B npenenax 2000—2800 C. B tenax HakaJlMBaHUS COBPEMEHHBIX |
| amMn HakaJIMBaHMS IPUMEHSAETCS TYTOIUIABKUI W OTHOCUTENBHO

- | Hefoporoi Bonbgpam (Temneparypa miasienus 3410 C), penuit

~ | (Temmepatypa IJIaBJICHUS IPUMEPHO Ta K€, HO BBIIIE TPOYHOCTH MPHU
| TTOPOTOBBIX TEMIIEpaTypax) U OUCHb PEAKO OCMUM (TEMIIeparypa
mapineHus 3045 C). [loaTomy CHEKTp JiaMIT HaKaJdWBaHUS CMEIIEH B
KPAaCHYIO 4acTh CIEKTpa. TOIbKO Maias 0 AJIEKTPOMAarHUTHOTO
U3JIYYEHHUS JICKUT B 00JIACTH BUAMMOIO CBETA, OCHOBHAS JIOJIS
MPUXOAUTCS Ha UH(PAKPACHOE U3ITyUYCHUE.

CBETOBbIE H3MePEeHMSs]
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OIITUYECKHUE USMEPEHUSA

Tema 9 CnexkrpajibHbIe CBETOBbIC U3MEPEHUS

bornee BBICOKYIO CBETOOTAAYy MMEIOT Ta30HANOJHEHHBIC JIAMITHI
HaKaJluBaHUs, OalJIOH KOTOPBIX 3alOJIHEH HWHEPTHBIM  Ta3oM
(HampuMep, aproHOM), 3aMEJISIONIUM HCIApEeHHe HUTU. B Takux
JaMIax OKa3bIBAETCS BO3MOKHBIM TMOBBICUTH TEMIIEpaTypy HUTH JI0O
2700 = 2900 K, mocturas mpu 3TOM YMEHBIIEHUS JJIMHBI BOJIHBI,
COOTBETCTBYIOLLEHN MakCUMyMy  CIIEKTpajJbHOMN CBETUMOCTH,
yBenuueHus ceerootaadn a0 20 nm/Bt u KITJ 1o ~3,5%.

. | BOJNBIIMHCTBO COBPEMEHHBIX JIAMIT HAIIOJIHSAIOTCS XMMHYECKH
i ,\ MHEPTHBIMH ra3aMu (KpOMeE JIAMIT MaJIOi MOIIHOCTH, KOTOPBIE
W W[ | HO-TIPEXKHEMY JIeTIAl0T BaKyyMHBIMH). 1loTepn Tera,

' | BOBHUKAOIIIMUE ITPU 3TOM 32 CUET TEIIIONPOBOIHOCTH,
. YMEHBIIIAIOT TyTEM BbIOOpA raza ¢ 0OJIBIION MOJISIPHON MacCO.
Cwmecu azora N, ¢ aproHoM Ar SBISIFOTCS HanOoJee
pacrpoCTPaHEHHBIMU B CHITY MAJIOW CEOECTOUMOCTH, TAKKE
MPUMEHSIFOT YACTBIM OCYIIIEHHBIN apTrOH, peXe — KpunToH Kr

» ;‘ Ui KCeHOH Xe (MoiisipHble Macchl: N2 — 28,0134 r/monb; Ar:
1 39 948 I/MOJIb; Kr — 83,798 r/monb; Xe — 131 ,293 T/MOJIB).
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OIITUYECKHUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

llosvluennoe oasnerue B KOJIOE 2a30HANOIHEHHbIX 1aMn 0O0YCIOBIUBAET
YMeHbUleHUe CKOpOoCmU UCnaperus BoJIbHPaMOBON HUTH - CPOK CAYHCObL 1AMNB
yeenuuusaemcsi, ylaeTcs MOBbICUTh TEMIIEpATYpy Tella HaKaJluBaHUs. Takum oopaszom,
ceemosoti KII/[ nosviwaemcs, a cnekmp usiydeHusi pUoaIUMIcaemcs K 6eiomy.
BHyTpeHHSSI MTOBEPXHOCThH KOJIOBI Ta30HANOHEHHON JIAMITBI MEIJICHHEE TEMHEET MPH
pacnbUICHUH MaTepHralia Tejla Hakaia B mpoliecce padoThl, YeM y BAKYyMHUPOBAHHOM
JaMIIbI.
Bce uncThie MeTallibl M1 UX MHOTHE CILIaBhI (B YaCTHOCTH, BOJIb(pPaM) UMEIOT
W nonosxcumenvHoulll memnepamypHulil KO3 huyuenm conpomueierusi, YTo O3Ha4aeT
,‘ YBEJIMYEHHE DJIEKTPUUECKOTO YIEJIHHOIO COMPOTUBIICHUS C POCTOM TeMmIieparyphl. B
| CHJTy 9TOM OCOOCHHOCTH a8MoMamuyecku cmaduiuzupyemcs dAeKTprudecKas
Y motpebiisieMasi MOIITHOCTh JIaMIThl HA OTPAHMYEHHOM YPOBHE ITPH MOAKIIOUCHUHN K
= MUCTOYHUKY HaIpsOKEHUS (MICTOYHUKY C HU3KUM BBIXOJIHBIM COIPOTHUBIICHUEM ), TOITOMY
o MOXKHO TTOJIKJIIOYATh JIAMITBI HETIOCPEACTBEHHO K JICKTPUUECCKUM PaACIIPEICTIUTEILHBIM
ceTsaM 0€3 MCITOIb30BaHUS OTPAHMYMBAIOIINX TOK OAIaCTHBIX PEaKTUBHBIX WIIN
B AKTHBHBIX JBYXITOJFOCHUKOB, YTO SKOHOMUYECKH BBITOJHO OTJIMYACT UX OT
| ra3opaspsIHBIX JIIOMUHECICHTHBIX JIaMIl. J[Jisl HUTH HaKaJuBaHUs OCBETHTEIbLHOM
| JlaMIIBI THIIMYHO conpomueiienue 8 Xxon100Hom cocmosinuu 6 10 paz menvute, uem 8
| Haecpemom 00 pabouux memnepamyp.
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OIITUYECKHUE USMEPEHUSA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

M cnonb30BaHNE BEIPAKEHUS «HATH HAKAJIa»
HedicenamenibHo — 00J1e€ TPABUIILHBIM SIBJISIETCS TEPMUH
«TeJI0 HAKAJIA», BKIKOYEHHBIN B COCTaB MeXayHapOIHOIO
CBETOTEXHUYECKOTO CJIOBApHI.

B nammnax oO1iiero Ha3HaueHUs TEJIO Hakaia B popme
MIOJIOBUHBI IIECTUYTOJILHUKA - JIJISI PABHOMEPHOCTH
pacupeaesieHrs] CBETOBOTO MOTOKA MO HAIIPABICHUSM.

At Teno Hakama nepBhIX JJaMI U3TOTABIMBAIOCH U3 YIS
2 (temneparypa Bo3roHku 3559 °C). B coBpeMeHHBIX J1aMnax

MPUMEHSIOTCS TTOYTH UCKIIOUUTEIBHO CITUPATIHA U3

! BoJb(ppama, MHOTIA OCMHUEBO-BOJIL()PAMOBOTO criiaBa. Jls

5 YMEHBIIIEHUS Pa3MEPOB Tella HaKala eMy OOBIYHO

npuaaércs popma cnupaiu, THOTAA CIUPallb HOABEPrarOT

MTOBTOPHOM WJIN AK€ TPETUYHOM CIIUpPAJIU3AIMH, ITOTydas

COOTBETCTBEHHO Oucnupanv una mpucnupans. KIIJ{ Takux

| JITaMII BBIIIIE 34 CYET YMEHBIIEHUS TEILUIONOTEPh U3-32

4\ KOHBEKIIMHU (YMEHBIIAETCS TOIMHA JIEHTMIOPOBCKOTO
s CIIOs).




OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

[IpypHIMIIHATBHOW OCOOCHHOCTBIO 2A102EHHBIX JIAMN
HaKaJIMBAHUS SIBJISICTCSA BBEACHHUE B ITOJOCTh KOJIOBI
raJIOTEHOB UJIA UX COCIMHEHUN. B Takou jamiie
UCRAPUBMIUILCA C NOBEPXHOCHU Mela HAKANA
Memajiil 6CHynaem 6 COeOUHEeHUe C 2a102eHamu, u
3amem 6036PaAULAemcs HaA NOBEPXHOCHb HUMU 34 CUET
TEMIIEPATYPHOI'O PA3JI0KEHUS MOJTYUUBIIETOCS
COCIIUHEHUS.

I'ajtoreHHbBIC JAMIIBI
HAKAJINBAHUA

ﬂocmouncmeamu JAamMn HAKaiueadHusA sIBJIAIOTCA UX
HU3Kasa CTOI/IMOCTB, BBICOKAas TeMHepaTypHa;I %1 paI[I/IaHI/IOHHa}I CTOfIKOCTB,

BBICOKAst MHTErpanbHas spkocTh ( ~(1+10)-10° ku/m?; cpasaute ¢ ComHieM,
y KOTOPOI'0 MHTErpajbHas IPKOCTh oBEpXHOCTH paBHa 1,5-1019 kin/m?).
Heoocmamku namnvl HAKAIUGAHUA — HAINYME BAKYYMHON CHCTEMBI, [

INUPOKHUH CIIEKTP M3IY4EHHs, 3HAYMTeNIbHas nHepiroHHocTh (102 101 ¢), &
Hu3knn KIT/I.



OIITUYECKUE USMEPEHUA

Tema 9 CnexkrTpaJjibHble CBETOBbIE U3MEPEHUS

JlamMnibl HakaJIMBaHUA JJIS1 ONTUYECKUX MTPUOOPOB, K YUCTY
KOTOPBIX OTHOCSITCSA M BBIITYCKABIIMECS MAaCCOBO J0 KOHIIA
XX B. JIaMIIbl 11 KHHONPOEKIIMOHHON TEXHUKH, UMEFOT
KOMIIAKTHO YJIOKEHHBIE CIIMPAJIM, MHOTHE MTOMEIAOTCS B
KOJIOBI CrieluaibHOM (hOpMBbI. MICIONMB3yt0TCS B pa3IuYHbIX
npuOopax (M3MEPUTEIbHBIE MPUOOPHI, METUITMHCKAS
| Tex U T. I1.).
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OIITUYECKHUE USMEPEHUAA

Tema 9 CnexkrpaJjibHbIe CBETOBbIC H3MEPEHUS

B npubopax, npenHazHaueHHbIX 1151 padoTsl B UK obmacTu crexkrpa,
MCTOYHUKAMHM M3y4YEHHs CIy)KaT m1ooapsl u mtudTel HepHcera.

I[y100ap — CIIMTOBBIN U3JTy4YaTellb — CTEPKEHb JIMHOU 5 — 10 cM,
nuamMeTpoM 4 — 7 MM, CIPECCOBAHHBIN U3 TYTOILUIABKOrO MaTepuraa (kapouaa
kpemuus SIC, T = 2540 K). KapOun kpeMHUS UIMEET CPaBHUTENILHO BBICOKYIO
IIPOBOMMOCTh, TTOATOMY €T0 MOYKHO HarpeBaTh ANEKTPUUESCKUM TOKOM.
YTomméHAbIe I MOHMKECHUS CONTPOTUBIICHUS KOHTAKTHBIE KOHIIBI CTEPKHS
IPUCOSANHSIOTCS K 3aKMMaM dJIeKTpUUYecKor renu. Bo Bpems paboTsl mtodap
BBIJICIISICT MHOTO TETLIa, IIO3TOMY €T0 ITOMEIIAIOT B OXJIaXKIaeMbIi BOIOM
kokyX. Pabouast remmieparypa miobapa gocturaet ~ 1400 K. I'mobap c
HAHECCHHBIM Ha BHEITHIOI MOBEPXHOCTH 3AIIUTHBIM CJI0EM JBYOKHCH TOPHS
ThO, moxet paborars npu T~ 2000 K. Maxcumym uznyuamenvhoti
cnocoonocmu enoovapa npu 1400 K naxooumces é obnacmu
A~ 2 mrm. Kosgpghuuuenm uepnomur enobapa ¢ = (0,8 +0,9).

) e—
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OIITUYECKUE USMEPEHUA

Tema 9 CrnexkrTpajibHbIe CBETOBbIC H3MEPEHUS

HItudgt Hepucra npencrasiger crep:keHb JiuuHou 10 — 20 mm
U IUaMETPOM 2 — 3 MM, U3TOTABIMBAEMbBIN U3 TYTOILUIABKUX
okucios ZrO, (80 %), ThO, (10 %), CaO (5 %), MgO (5 %).

wm ITpu HU3KMX TeMneparypax mTudT HepHCTa ABIsSETCS XOPOIIUM
M30JISITOPOM M 00J1aJIaeT OTPULIATEILHBIM TEMIIEPATYPHBIM
KOA(PUITMEHTOM CONTPOTUBIICHUSI, TOATOMY ITPEIBAPUTEIBHO €TI0
HeoOxoaumo pazorpets 10 1000 K HeasieKTpru4eCKuM METOAO0M.
JlanbHENIIEE HATPEBAHUE ITPOUCXOJIUT 34 CUET BBIJICIICHUS TEILIa
] HpH HpOXO)KI[GHI/II/I aneKTquGCKoro TOKA.

R S N A ooy "o smw aenseata e =
MakcuMyM u3TydeHUsI HJTH(bTa HepHcTa npu paboueit Temneparype
177 K naxoautcs B odnactu A ~ 1,5 mxkm. B obmactu criektpa ot 1 10
6 MKM IITUQPT U3Ty4aeT CEICKTUBHO, B BUAMMOM 00JIaCTH U MPU

A > 7 MKM €70 MOXHO CUHATaTh CEPbIM M3mydaresieM. CreKTpaibHas
XapaKTepucTUKa u3nydeHus mrudra HepHera 3aBUCHT OT ciocoba ero
H3TOTOBIICHHS, TEMIIEPATYPHI 1 | yCIOBUH padoTHI.

Tk 1 Wl

,ﬂ,l‘lﬂ METPOIOTMYECKMUX U3MEPEHUIN NCNONb3YETCA ONPeaenaemMoe TO/IbKO BETUYMHO
PaBHOBECHOE M3ny4yeHmne mogenen YyépHoro tena c €(A) > 0,99.
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OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

Kon6a I'azopaszpsianbie MOU u3rotoBisitoTCS B BUAE I

P r€PMETUYHBIX JIAMIT TPYOUaTOH, IApOBOMl U Ap. POPMBI

o C BIASSHHBIMH B HUX JJICKTPOJIaMH, HAIMOJHIEMbIX
e razamu npu gasieHusax ot [1a no Mlla. B vux moryr
BBOJIUTHCSI METAJLIbI MJIM UX XUMHUYECKUE COCAUHCHUS,
Ly ucapsieMble MpU pazpsjie B OyhepHOM UHEPTHOM Tas3e
(Ar, cmech Ne- Ar, p cotHu - Thicsuu [1a) 10 maBieHHS
HACBHIILICHHBIX MapOB PH, ONPEACIAEMOTO
TeMneparypoit konobl. OCOOEHHO MIMPOKO
ucnoab3yercs Hg, nmeronias OTHOCUTEILHO BBICOKOE
PH IIpU HU3KUX I ¥ XUMHYECKH HE
B3aMMO/ICUCTBYIOIIAsI CO CTEKJIOM. Pa3psiiHbie TpyOKH
JIaMII CO IIEJIOYHBIMU U JIp. METaJlIaMU U3TOTOBJISIOTCS |
13 TEPMO- U XUMHUYECKH CTOMKHUX MPO3PAYHBIX
MaTepUayioB (CHeIralbHbIE COPTa CTEKIIA, OJUKOP U
Jp.) ¥ OOBIYHO TTOMEMIAOTCS BO BHEIIIHIOIO

; | CTCKJITHHYIO 000JI0UKY /ISl MO ACP KaAHUS
HeobXo00UMO020 Menio8020 PeXcumMa, KOTOPbIN
VYCMAaHABIUBAencs MoAbKO Uepe3 HECKOAbKO MUHYM
nocje 8KI04YeHUs..

MomkuraroLmiii
anekTpoa

YeTbIpedieKTPOAHAS TyTOBast
PTYTHAas JIIOMHHECHEHTHAA
JIAMIIa BBICOKOTO IaBJICHUSA




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrTpajbHble CBETOBbIE H3MEPEHU S

PTyTHBIE U KCEHOHOBBIE JJaMIIbl BLICOKOTO (710 2 MIIa) u _

cBepXBbICOKOI0 (10 20 MlIIa) naBineHuss UMEIOT KOJIObI U3
KBapIIEBOTO CTEKJIA, COXPAHSIONIECTO MPOYHOCTh MPH PadoumnX
temneparypax 700-1200 K. B maboparopHbIX HCTOYHHKAX
UCTIOJIB3YIOTCS KaMEPhI CIIEHUATIbLHOU KOHCTPYKIIUU, HATIPUMED,
C IPOAYBOM rasa, ¢ auddepeHImanbHON OTKAYKOM 111
MOJIYYEHU BAKYyMHOTO YO H3JIydE€HUS U JP.

CrnexTpalbHBIN AUana30H U3TyYCHHUS, BRIXOISIIErO U3
razopazpsaanbeix MO, onpenensercs 00aacThio IPOIYyCKaHHUS
MaTrepuaia Koja0bl JJaMIibl - CHIIMKATHBIX (0,29-4 MKM) 1
kBapieBbIX (0,16-4,5 MKkM) CTEKON U OKOIIEK U3 3TUX U AP.
ONTHYECKUX MaTepuaioB (camdup, ¢mrooput, MgF, LIiF).
["azopazpsaanbie MOU Huskoro nasinenus (px ~20 klla) B
3aBUCUMOCTH OT INIOTHOCTH TOKa Ha KaToJie JK pabdoTaroT B




OIITUYECKUE USMEPEHUA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

E—— I
CneKTtpanbHble namnbl, U31yYaloLLne r r]
Y3KNe, B OCHOBHOM PEe30HaHCHbIE 2
JINHUW PA3INYHbIX SN1EMEHTOB U : &
HenpepbIBHbIN CNEKTP C U3BECTHOM EI | 3-:_5-
CNeKTPasbHOM NAOTHOCTbIO P, —
MCMNONb3YHOTCA B CNEKTPOPOTOMETPUMN, CneKTtpanbHble gyrosble Aamnbl C Napamm
39MUCCNOHHOM, aTOMHO- meTannos (Hg, Cd, Zn, Tl, Na, K, Rb, Cs)
abcopbUMOHHOM M AaTOMHO- N3NYYatoT IMHENYATbIE CNEKTPbI C APKUMU

(L,=2,5-1000 KKa/m?) pesoHaHCHbIMM
= IMHMAMM METaNI0B B BUANMON, BMMKHUX YO
" | 11 VIK o6nacTax. Jlamnbl ¢ MHEPTHBIMM

| rasamm 13nyyaloT IMHeyaTble CNeKTPbI C
PE30HAHCHbIMMU IMHUSAMU MHEPTHbIX ra30B B
BaKyyMHOM Y- o6nacw| (®,=10%-10%% ¢p/c).

| dbnyopecueHTHOM aHanuse,

| CNEeKTPOCKOMMKN CBEPXBbICOKOrO

‘| paspeLLeHua, oNTUYeCKoM

i MarHuTomeTpuu, pedpakToMeTpumn, B

Y KayecTBe 3Ta/I0HOB AJ/INH BOJIH U
CNEeKTPanbHOM NJIOTHOCTM NpU
rpafyMpoBKe cneKkTpasibHbIX Npubopos
N MPUEMHUKOB U3NYYEHUA

MOJIEKYNAPHbIA KOHTUHYYM B AMana3oHe
A=500-165 HM 1 NMHenYaTbIN CNEKTP A0



OIITUYECKUE USMEPEHUA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

CucremMa nmapameTpoB HCTOYHUKOB U3JIYyYEHUS
BBOAMUTCSA C YUETOM (PYHKIMOHAJIBHOIO HA3HAYEHUS U
(pU3MYECKUX MPUHIUIIOB JEUCTBUS JBYX OCHOBHBIX
TUIIOB UCTOYHUKOB, UCIIOJIb3yEMbIX B
ONTOXJIEKTPOHUKE: U3JIYHAIOIINX JUOIOB U JIA3EPOB.

VHTEHCUBHOCTD U3IIYYEHUS XapaKTEPU3YET
MowHocmo uzinyuenus P, (MBT; 115 nazepoB u
W MH(ppaKpaCHBIX U3IIy4YaroIIUX TUOAOB); CULA c6ema

o |, (Mkknz, MKO; 1u1s cBeTOM3Iydaromux 1noaos). Oba
| mapamMeTpa H3MepSIIOTCS TIPH 3aJaHHOM
| HOMMHAQJIBHOM WJIM pa00o4eM 3HAYEHHUH CHJIbI TOKA
5| BO30y:xaeHus J 5 Ta3epoB U MPSAMOTO ToKa J |
M3JIy4aroluX JUOA0B. B CBsA3U ¢ CHIILHOU
= 3aBuCUMOCTBIO P, (J,,5) BO M30€kKaHue BhIXO/A

| J1a3epOB U3 CTPOA NPU U3MEPEHUU ITOU
| XapaKTEepUCTHUKHN YCTAHABIMBAETCS TpeOyemast

e MOIIHOCTDb U U3MCPSCTCA CUJId TOKA HAKAYKH.
—— :




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

CneKkTpalibHbIE CBOMCTBA HCTOYHHUKOB
W3JIy4YCHUS XapAKTEPU3YIOT JJIMHOW BOJTHBI
(MKM, HM), COOTBETCTBYIOIIECH MAaKCUMaJIbHOU
CIIEKTPaJIbHOM MHTEHCUBHOCTH U3JTYYCHUS,
APUHOW CIEKTPAITBLHOMN MOJIOCHl (HM),

v | ompenensiemoit o 50%-My ypoBHIO criazia

YIAY e

WHTCHCUBHOCTH. /{1 M3 1ydJaromux JHOAOB U
a3epoB OOBIYHO ATHUX IapaMETPOB
JOCTaTOYHO; JJISI HEKOTOPBIX MPUMCHCHUH
OBIBaCT BaXKHO 3aJ1aTh CIICKTPaJIbHOE
pacupeaeneaue P, (A) nim KoopIHHATHI
BETHOCTH (X, Y).

N3J1



OIITUYECKUME USMEPEHUSA

Tema 9 CrnexkrpaJjibHbIe CBETOBbIEC H3MEPEHUS

|| st XapakTepUCTUKH HAMPABJICHHOCTH MCTIONB3YIOT V20 U3NyYeHUs O,

» | ompeaessieMbiit o 50%-My ypOBHIO CItajia MHTEHCUBHOCTH, UIU OUASPAMM)
= || Hanpaenennocmu P, (¢) — 3aBUCUIMOCTb MOITHOCTU M3Iy4E€HUs OT yIia

90°  30° 60° 0° 0,5 1,0 0 630pa-

e bvicmpooeticmsue xapakTepu3yeTcsi UMITYJILCHBIMU TTapaMETpaMu: 8pemeHem
: Hapacmanus (cnada) umMnyivcea MPU CKAYKOOOpa3HOM BKIIFOUEHUU

~ (BBIKJIFOUEHUH ) UMITYJIbCA BO30OYXKICHUS (HC) U 8peMeHeM 3a0epiHcKU

" || umnynvca uznyuyenus (HC). ITU mapaMmeTpbl u3MepstoTcs mo ypossio 0,1 u 0,9
|| dpoHTa M cllajga UMITy/IbCa U3AYUCHHS COOTBETCTBEHHO. MHOrIa
UCIIONIE3YETCS TTOCTOSTHHAS BPEMEHH peflakcaini (craja) CBEUeHUs ,
ornpesenseMas Kak BpeMsi yMEHBIIICHHSI HHTEHCUBHOCTH B € pa3 (mpu
AKCIOHEHIIMATbLHOM CIaJi€¢ MTHTEHCUBHOCTH).

CaeToauon MHOroMog0BbIA OnHOMOA0BkIA

(AX = 30-50 HM) nasep nazep
(AA = 1-3 M) (AA = 0,1-0,4 Hm)

WG e gl

2

InarpaMma  wanpaBaensocTH  OBTHYECKOTO .
H3NYUEHAA Na3eprore Axoha: '
a4 — WHPNNS WINYuEeHHs B NADANASALMOR M TMepNeNANKYAAp-
noft nrockocTAX: f — A ™ o

yraa no naanmuno mep AnpAwX. AampaBacHn T OnvHa BonHbi, A 6) AnuHa sonHe, A 8) OrnwHa BonHel, A

CrekTpaneHas MOLWHOCTE




OIITUYECKHME USMEPEHUASA

Tema 9 CnexkrpaJjibHble CBETOBBbIC H3MEPEeHUSA




OIITUYECKUME USMEPEHUSA

Tema 9 CunexkrTpaJjibHble CBeTOBbIE U3MEPEeHM S

Ipeumywecmea ceemoouooos
IKOHOMMYHOCTH. CBETOAMOBI pa0OTAIOT OT HU3KOTO HAMPSKEHUS M, COOTBETCTBEHHO,
NOTPEOAIOT OYEHB MAJIO DJIEKTPOIHEPTUH, TaK KaK MO CPAaBHEHUIO C OOBIYHBIMHU
MCTOYHUKAMU CBETA MPAKTUYECKHU BCIO YIHEPTUIO MPEBPAILAIOT B CBET. DTO MO3BOJISET
CHU3UTH NOTpebaeHue suepruu Ha 75%.
IIpakTH4ecKku Be4YHbIH CPOK ciay:xk0bl. Teopetnuecku 10 100 000 yacoB ropenus, To
€CTh IIPU UCTOJIB30BAHUM CBETUJILHUKA B CPETHEM IO 8 4aCOB B JIEHb OH IIPOCITYKUT
35 net! s cpaBHEHHS — OOBITHOM TaJOTCHHOM JaMIoYku MOITHOCTRIO 10 Bart xBataer
nvib Ha 2000 yacos.
IIpouHocTh. B oTiiumne oT TpagulIMOHHBIX KICTOYHUKOB CBETA CBETOUOABI HAMHOIO
MIPOYHEE U MEHEE MOABEPKEHBI MEXAaHUYECKOMY BO3/ICHCTBUIO, IOCKOJBbKY B HUX
OTCYTCTBYIOT 3JIEMEHTHI (CIIUPAIIH, SJEKTPOJIbI), KOTOPbIE MOTYT OBITh MOBPEXKICHBI.
OTcyTcTBHE Y CBETOAUOAOB YJIBTPA(HO0JI€TOBOr0 M HHPPAKPACHOTO U3TYyUYEHMS, UYTO
| TIO3BOJISIET UCIIOIB30BaTh UX, B YACTHOCTH, JJIsl SKCTIO3UIIMOHHOM MOJCBETKH.
JI6oii orTeHok. Ocobas cuctema 1BeTocMenieHus (yCTaHOBKA B OJJTHOM KOPIyCce Tpex
IPYIII CBETOAMO/IOB) MO3BOJISIET MOJYUYUTh MPAKTUUECKH JIFOOOM IIBET CBETOBOTO MOTOKA,
YTO, HECOMHEHHO, pACIIUPsET BO3MOXHOCTH MCITOJIb30BaHUS CBETOIMO/IOB.

T s




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajibHble CBETOBbIE H3MEPEHUSA

¥ OO N
v

. IIpMéMHUKH ONTHYECKOT0 U3JYYCHUS — 3TO YCTPOHCTBA,
T U3MEHEHUE COCTOSHUS KOTOPBIX MO JCUCTBUEM MMOTOKA

QNTHKO - INEKTPOHNNE

i ONTHUYECKOTO U3JIYYCHUS CIIYXKUT JJIsl OOHAPYKEHUS ITOTO
il u3nydeHus. [[puéMHUKY ONTUYECKOTO U3ITyYEHUS
peoOpa3yoT SHEPTUIO ONTUYECKOTO U3ITYUYEHHUS B IPYTHUE
BHJIbI SHEPTUU (TETUJIOBYIO, JIEKTPUYECKYIO,
MEXaHUYECKYIO U T.J.), 00Jiee ynoOHBIE s
HEMOCPEICTBEHHOTO n3MepeHnsi. OHU pearupyroT Ha
MHTEHCUBHOCTD U3JIyYEHUS, YCPEAHEHHYIO 10 MHOTUM
epUoJiaM KoJICOAHWM MOJIsl, TaK KaK BPEMsI PEaKIIUU

HpI/IéMHI/IKa HC3aBHUCHUMO OT TOI'O, HA KAKOM (1)I/IBI/I‘I€CKOM




OIITUYECKUE USMEPEHUA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

BaxxHpiMM mapamMeTpaMu, XapaKTEpU3YIOIUMH CBOMCTBA M BO3MOXKHOCTHU
Pa3IMYHBIX TUIIOB MPUEMHHUKOB ONTHYECKOTO U3TyYCHUS, SIBJISIFOTCS:

noOPo206as 4yeCmMeUme1bHOCHb — MUHUMAJIbHBIA TOTOK M3TYyYEHHS (KOTOPBIMA
MOXET OBITh OOHAPYKEH Ha JOHE COOCTBEHHBIX IIYMOB MPUEMHHUKA ONTHYECKOTO
U3JIYYEHHUS1), OTHECEHHBIN K €IMHUIIE MOJIO0CH Pa00UYMX YacTOT (U3MEPSIETCS B
Bt/Tul?;

Ko3(ppuuuenm npeoobpazoeanusn (MHTETpadbHAS YyBCTBUTEIHLHOCTD,
OTHOCHUTEJIbHAS YyBCTBUTEJIBHOCTD), KOTOPBIN CBSA3BIBACT MAJAIOIIUNA MOTOK

| U3JTYUCHHA C BCJIMYMHOM CUTHAJjIa Ha BBIXO/C HpI/IéMHI/IKa OIITHUYCCKOI'O U3JTYUCHHA,

NOCMOAHHAA 6peMeHU — BPEMs], 3a KOTOPOE CUTHAJ Ha BBIXOJE MPUEMHHKA

| ONITHYECKOTO M3IYYEHHsT HAPACTAET JI0 ONPEAEIEHHOTO YPOBHS (3TOT APAMETP

| CITY’)KAT MEPOIl CHOCOOHOCTH MPUEMHHUKA ONITUYECKOTO U3JIYyYEHUSI PETUCTPUPOBATH
ONTUYECKHUE CUTHAIIBI MUHUMAJIBHOM JITTUTEIIHOCTH );

. CHEeKMpPAIbHAA XapaKmepucmuka — 3aBUCUMOCTb YyBCTBUTEJIbHOCTH MPUEMHUKA
| ONITUYCCKOTO M3TYYCHHUS OT JUTUHBI BOJIHBI U3Ty4eHUs. [[pUEMHUKH OMITUYECKOTO
U3JIy4€HUS, Y KOTOPBIX UYBCTBUTEIBHOCTh CJIAa00 3aBUCUT OT JIJIMHBI BOJIHBI B
IIMPOKOM JIMAITa30HE JJIMH BOJIH, HA3bIBAKOT HECEJIEKTUBHBIMU, B OTIIMYUE OT

g | CCJIICKTUBHBIX HpI/IéMHI/IKOB OIITHYCCKOI'O U3JIYUYCHHA, UMCIOIIINUX Ha CHGKTpaHBHOfI

‘.'~_ . .-a.~ ’..‘ Ll e

XAPAKTEPUCTUKE YETKO BBIPAKEHHBIE MAKCUMYMBI U (MJIM) MUHUMYMBI.



OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

MornoLeHne sHepPrnm ONTUYECKOro U3NyYeHusn
BbI3bIBAET U3MEHEHME COCTOAHMA BELLECTBA €ro
YYyBCTBUTE/IbHOIO 3/1IeMeHTa. TaKUM U3MEHEHUEM
MOMKET ObITb MOBbILWEHNE TEMMEPATYPbI, KOTOPOE B
CBOIO o4yepeab Bbi3blBAaET U3MEHEHWNE PA3INYHbIX
NnapameTpoB BELLECTBA: AaB/IEHUA ra3a,
3N1EKTPONPOBOAHOCTM TBEPAOIO TENA, SNEKTPUYECKOM
noNApusauum aManeKkTpuKka u ap. NpUEmMHUKN
ONTUYECKOro M3/Iy4EHUA, OCHOBAHHbIE HA 3TOM
npUHUMNe, Ha3blBaloT menaoebimu. Hanbonee
PacnpocTpaHEHHbIE NPUEMHUKN ONTUYECKOIO

2| MU3Ny4eHMA 3TOro TMNa — MeTa/lInYeCcKne u




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

MupoanekmpuyecKkue NPUEMHNKN ONTUYECKOTO
N31y4YeHMA 0ObIYHO U3rOTaBAINBAIOT U3
CErHeTO3/IEKTPMKOB; NPU B3aUMOAENCTBUM C
N31yYEHMEM Ha UX NOBEPXHOCTU NOABIAOTCH —
CTaTUYECKME 3/IeKTPUYECKME 3apaabl. (30

HHu(pakxpacHoe H3IyUCHHE (BXO) ————-'/

™~

Kppmuka

x Jerekrop

IIbe30-
AICKTPUUCCKUIL
oMo pQHbII
IIPEPLIBATEL

[Tse303meKTpHYCCKHH
OMMOp(HBIH MpephIBATEDb

UK agerexrop




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

B onmuko-akycmuueckux u
nneemamuyeckux (ra3oBbIX,
KUIKOCTHBIX ) NPUEMHUKAX
ONTHYECKOTO U3ITYyYECHUS T
PETUCTPUPYETCS JTUOO YBEIIMYEHUE (B | sHeprocbeperatowimii OnTMKO -
pEe3yIbTaTe MOBBIIICHUS aKycThyeckuit 3B-01.
TeMIiepaTypbl) 00bEMa e
OMIOMIAIOIIEH CPEIbL, IMOO
aKyCTUY€CKOHN BOJIHEI (3BYK),
| BO3HUKAIOIIME B HEW TIPU
MOIJIOIIEHUHU ONTHYECKOIO

HBHH ‘ . N 7 ‘ ﬁ -.;-
BHELLUHMI ONTMKO -aKyCTUYECKUI OnoBeLaTenb W AHEIARES AL
GE/UTCFS UTC Fire&Security AS506. B T i, o o i o S S




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

unamomempuueckue
MIPUEMHUKA ONITUYECKOTO
M3JIy4E€HHUSI OCHOBAHbI HA

HCITOJIBb30BaAHHUH TCIIJIOBOI'O

paCIIUPEHUS TBEPABIX TEI.

Annapat Ognbep-ApHy
(amnatomeTp)
| aBTOMATU3NPOBAHHbIN

Puc, 2-7. JlmmaroMerpHYecKHe TePMOMETpHL.
| ¢ — crepxmcnoll; 6 — nuacTHEYATHI,

YCTPOMCTBO TEPMOpPErYNpYtoLLee
AnnaTomeTpuyeckoe snektTpuyeckoe T43-4M, TA3-
5M, TO2-7M




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

TennoBbie MPUEMHUKA ONTUYECKOTO U3JTYYEHUS, KaK IIPABUIIO, - ‘

HCCEJICKTHBHBI U IIPUTOMHBI 711 U3MEPECHMUS |
3JICKTPOMATHUTHOM SHEPTUU 6 UUPOKOU 001aCU CHEKMpPa
(0,2 — 50 mxm, naoraa go 1000 Mxm).

Ilopoe uyscmeumenvrHocmu Ty4IINX TEIIOBBIX MPUEMHHKOB
ontrueckoro n3nydenus 101 — 1010 Br/I'ul? npu
nocrosaHoi Bpemenn 103 — 101 ¢. CBepxmpoBoasiyii
IOJIYIIPOBOJIHHUKOBBIE 00JIOMETpPHI, paOOTAIOIIME IPHU [IYOOKOM
“ oxnaxaeHnd (3 — 15 K), uMeroT mopor 4yBCTBUTENBLHOCTH HA
& ypoBHe 1012 B1/I'u!2 u nocrosiunyto Bpemenu 104 c.

I.’ i B .lg_ == ‘---.1._ - l} 1 e ,\'J Z-_-.":-KT‘.—‘T;’«--

The, -_n e . -~ ——— 2 | . o < —
e P s | 0 - 0 T s S e T o ey
— Sy - s = b - . ‘2 — -
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OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

-[ Domoanekmpuueckue NPUEMHUKU
ONTHUYECKOTO U3JTYYEHUS] HEMOCPEICTBEHHO
MpeoOpa3yIoT AIEKTPOMATHUTHYIO SHEPTHUIO B
EKTPUYECKYIO0. VX pa3nenstoT Ha MPpUEMHUKHU
ONTHUYECKOTO U3ITYYEHUS C GHEUHUM U
sHymperHum Ppotorddpexrom. K HUM
OTHOCSTCSA (POTORNEMEHTHI, (POTOIIEKTPOHHBIE
YMHOXUTEIN, (DOTOPE3UCTOPHI, (POTOINOIBI,
JIEKTPOHHO-ONTUYECKHUE MPEeoOpa30BaATEIIH,

" | IPUEMHUKHU ONTHYECKOTO M3JIyYEHHUS C

"| poTosmekTpoMarHuTHEIM 3P hEKTOM,

‘| KBAaHTOBbIE YCUITUTEIHN ONTUYECKOTO

o auanazoHa. ITU IPUEMHUKH OIITHIECKOTO

¥l MBJIYYCHUS CeleKmMuBHbl, U UX PEAKIIUS 3aBUCHUT

| OT BEJIMYMHBI SHEPTUHU OTIACIbHBIX z
MOIVIONIEHHBIX KBAHTOB.

il
B T T
CNPABOYHUK

A AT
= b il

MPHEMHIAK
ONTHHECKDD
PERMYSEHMA




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

o
L MPUEMHMK

OIMW4ECKOINO
O UBAYHEHVA

\\ﬁ

g TpreMHHKA (padOTOM BBIXOA).

CnekTpalibHasi XapaKTepUCTHKA
MIPUEMHUKOB ONITUYECKOTO
M3IyYCHUS C BHEIITHUM
doTordbexToM nmeeT
XapaKTEPHYIO JJIMHHOBOJIHOBYIO
(KpacHYI0) rpaHuUIly B 00J1aCTH
0,6 — 1,2 MKM, onpeesieMyto
IIPUPOJION BENIECTBA
YyBCTBUTEIBHOI'O JIEMEHTA

*--»~ *. . - g
X ) \ \ o S e

.y

OTHOCMTeI'I bHaA CNMeKTpasibHaA 4yBCTBUTE/IbHOCTb
nPMeEMHUKOB



OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

[ IppeMHUKM HHPpPaAKPACHOTO
U3y YEHUS

Haubonee pactipocTpaHCHHBIMU
MPUEMHUKAMU HH()PAKPACHOTO U3MYUCHUS
ABJIAFOTCA OOTOMETPHI, TEPMOITCMEHTHI U
(poTOpE3UCTOPHL.

_"_._'.-;- A ———— :

Fafouan soHa Sn

DOTOAIEKTPUUECKHUE
MPUEMHUKUA ONITUYECKOTO
W3JIy4YCHHUS C BHYTPEHHUM
doTorhexToM B
3aBUCHMOCTH OT THIa
YyBCTBUTEIbHBI B OJIMKHEH,
cpennen u nainexkou MK
obmactu cnekrpa (1o 10 — 30
MKM).

OnNTUYECKUN AaTYUK




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

008 +3008 H [Topor 4yBCTBUTEIILHOCTH
|41 |4 MPHUEMHUKOB OIITHYECKOTO
®
. M M3Iy4EeHHs ¢ BHEITHUM
i

(oTorDPEKTOM MOXKET OBITH
noBenéH no 10712 — 1015 Br/T'i/2
IIpY TOCTOSHHOM Bpemenu 107 c.
s [ lopor 4yBCTBUTEIIBHOCTH TaK
Ha3bIBACMBIX CYEMUUKOB POMOHO8
, (ITOJTYIIPOBOTHUKOBBIX JTABUHHBIX
EEZ?W\ —— ¢poroaronos) emé Boimre — 10 1077
dpotokaton 1 .é{\ ) j BT/FI_IUZ. Hpez[eana;{
. qyBCTBUTEIBHOCTH (DOTOPE3UCTOPOB
10-10 - 1022 By/Tut? mpwm

hOKyCUpYIOLMIA
anekTpoa

BbIXOAHOE
rachiyte ¢ HanpsxeHue
pesucTopbl HanpsXeHUe NUTaHNA




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

+1008 +3008
|4 |45 ] lopor 4yBCTBUTEIILHOCTH
"M IPUEMHHUKOB OIITHYECKOTO
| | | I3ITyYSHUS C BHEIITHUM
oK A2 A 2
+2008  +4008 goroapdexkrom MOKET OBITH

2

Torox MK sy et nosenén g0 1012 — 101 Br/T'nY
IIpY TOCTOSHHON Bpemenu 10 c.
[lopor 4yBCTBUTEILHOCTH TaK
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OIITUYECKHUE USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

Ana perncTtpaunn CBEPXKOPOTKNX NUMNYNbCOB /Z1a3€pPHOTro : PrET—
VOMEPEHA

nsnydenua MK amanasoHa paspaboTtaHbl HOBble ONTVHECKOO
NPUEMHUKM ONTUYECKOTO U3/Ty4YEHUA, OCHOBAHHbIE Ha B ARKTPOHAG
spdeKTe yBAeyeHUa CBETOM HocuTenel 3apaaos. Mpwu 7
Ha/IMUYNU Y STIEKTPOMArHUTHOWN BOSIHbI KOHEYHOTO
MMMY/bCca NPU B3aMMOAENCTBUMN U31YYEHUA C BELLECTBOM
(BHYTPU30OHHOE NOrNoLLEHNE Ha CBOBOAHbIX HOCUTENSX,
nepexoApbl Mmexxay NoA30Hamu B BaJIEHTHOM 30He)
BO3HMKaeT HanpaB/fieHHOe ABUXKeHMe HoCcuTenen,
KOTOpOe PerncTpupyeTca B BUAE TOKa UM HaNPsaXKeHUA.
| TIPUEMHMKM ONTUYECKOTO M3NIyHEHWUA TaKoro TUMa MMELOT

nocrtosiHHyto Bpemenu 1011 — 1010 ¢, He TpebytoT e
{ NPUHYAUTENbHOTO OXNAXKAEHUA M UCNONb30BaHMA
& UCTOYHMKOB NUTaHMA. EWE 6onbliee BpeMeHHoe
W& paspewwenue, 10 1014 — 10713 ¢, MOXKeT 6bITb NOYYEHO
f MNP UCMONb30BAHUMN NPUEMHUKOB C MUKPOAHTEHHOM Ha
OCHOBE CTPYKTYP Memarisl — oKucesn — Memarisl,
paboTaloWwmx Kak TYHHeNbHbIN anoa,. HegoctaTkom
MPUEMHMKOB 3TOr0 TMNa ABAAETCA UX Manas

| YyBCTBUTE/NIbHOCTb.

HIAAHHE ODHIHAABHOE

PEKOMERANILHH [10 BESONACHOR PABOTE




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA

MoHOepomomopHsbie
(MmexaHnyeckue) NPUEMHUKMN
ONTUYECKOro U3lyYyeHun
pearmpyoT Ha CBETOBOE
AaBNeHue, ANa n3amepeHus
KOTOPOro MOXXHO MCN0Ab30BaTb
Pa3NIMYHbIE TUMNbI AATYNKOB
(EMKOCTHbIN,
Nbe303/IEKTPUYECKUI), HO Yallle
BCEro UCNONb3YIOT KPYTU/IbHbIE

MPUEMHWNKOB 3TOrO TMMA
OrpPaHUYEHO, TaK KaK OHWN OYEHb
| YyBCTBUTE/NbHbI K BUBpaLmaAM u
= | TeNJ10BOMY U3NyHEHUIO

& OKpyKatoLLel cpebl.




OIITUYECKUE USMEPEHUA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

K ¢pomoxumuueckum npuEéMuuKam

o ONTHYECKOTO U3JTYYEHUS OTHOCATCS BCE
\ IPadv XapaxeprcTiieckosi kewsoii (XK) Y (1)0T0 CJ'[OéB, HCTIOMB3YCMBIX B
T~ coBpemeHHo# (otorpaduu. B oTinmune
OT (POTOANEKTPUUECKUX U TEIIIOBBIX
MIPUEMHUKOB OIITUYECKOTO U3JIYYECHUS
(OTOCTION HE TOJIBKO CYMMHUPYET
(OTOXUMHUYECKOE AECUCTBUE U3TYYCHUS,
HO ¥ 00J1a71a€T CITIOCOOHOCTHIO COXPAHSATH
€ro B TCUCHUE JJIUTEILHOTO BPEMEHH.
b Mepoii BeITUUHHBI TOTTTOIICHHOM
SHEPTUU CIIYKUT ONTUYECKAs MIIOTHOCTh

HpOHBJIeHHOFO (doTocnos.
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Hl L TTONE3HBI HHTERABJT 3KCT O3PIUHI7?
L MAX — MAKCHMA n'L HHTEPBAJT 3XCTIO3IMITIE

Max nHTEPBAN @orormouvscxou LWHPOT

Fell 4233

Call-K Hb 4101 Mgll 4481 Hg 4861

Hy 4340
Fell 4172 + 4179

Sill 4128 + 4130



OIITUYECKHUE USMEPEHUSA

Tema 9 CnexkrpajibHbIe CBETOBbIE U3MEPEHUS

OC

HCTOTHHE H3JIVICHHA |

JI - THH3LL,
M - noBopOTHBIE 3epKAaNa;

311 - 3epKabHbBIE IpePLIBAT &JIH,

S - BXOTHAA e MOHOXpoMAaTopa.

e



OIITUYECKUE USMEPEHUA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA




OIITUYECKUE USMEPEHUA

Tema 9 CnexrpaJibHbIe CBETOBbIEC H3MEPEHUS

CONMHEYHbIN CBET

aHTUBNMKOBOE NOKPbLITUE

—— N-CNOW

rPaHUYHbIN COW

p-Cnow

NONOXUTENbHbIN ANEKTPOA




OIITUYECKHUE USMEPEHUS




OIITUYECKUME USMEPEHUSA

Tema 9 CnekrpajibHble CBETOBbIC H3MEPEHUSA




OIITUYECKUME USMEPEHUSA

Tema 9 CnexkrpajbHbie CBETOBbIE H3MEPEHUSA

Kpynueiimas B besiapycu cojiHeuHasi 3JIeKTPOCTAHIMS
CTPOUTCH
B bparune. CojHe4yHas 3JE€KTPOCTAHIMS HAYHET paboTaTh JIETOM
2016 roma. B Helt oyoem 85 moicay conneunvix nameneu, KOTOPbIE
3aHUMAIOT TeppUTOPHIO B 56 ra. [1o pazmepam 310 nnpumepHo 80
(GyTOO0IBHBIX MoJei. YTOOBI CBA3aTh MEXTY COOOUM BCE COJIHEUHBIC
MOy, OyAeT MpoJioKeHO 0KoJIo 800 KM KaOeIbHBIX JTUHUIA.
Mownocms snekmpocmanyuu cocmagum 22,3 MBm. 3TO peKOpIAHBIN
MoKazaTesb JJisi 0EJOPYCCKUX TeIMOYCTaHOBOK. Takoi MOIIIHOCTH
JOCTATOYHO, HAIIpUMEp, JJis pabOThI BCEM BeuepHEN MOJICBETKU
Muncka. /51 ctpouTenbcTBa BhIOpaH bparnHCKui paiioH, Tak Kak
iy PSR 3nech Becero Ha 10 % meHblie conHeuHbix aHel, yuem B Coun (190
Gyt TN S raeii B rox). [limanupyeTcs, 4ToO CONHEYHAasi CTAHLKS OKYIIUTCS Yepes

T | YeThIpe-TISTh JIT.
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