I'maBa 2. O0OmanHaHHS

IHCTpyMeHTanbHUM an3anH

KomnoHeHTH

CnekTpodoTomMeTp — Le npunag ansa BUMipoBaHHsS NponyckaHHA abo nornvHaHHS 3paska gk (OyHKLUiT JOBXUHM
XBWUNi €NeKTPOMarHiTHOro BUNpPOMiHIOBaHHSA. Kno4oBi KOMMNOHEHTU crnekTpodoToMeTpa Taki: [8]

- [pKepeno , Lo reHepye LWMPOKY CMYry eneKkTpoMarHiTHoOro
BMMNPOMIiHIOBaHHS
- AMCNepCiiHWI NPUCTPINA, WO BUOMpPAE 3 LUIMPOKOI CMYT BUMPOMiHIOBAHHS
oxepena ocobnvBy AOBXMHY XBUNi (260, KOPEKTHILLE, CMYTy XBUIi)
- 30Ha 3paska
- OAVH 4M Binblue AeTEKTopIB ANA BUMIPIOBAHHS iIHTEHCUMBHOCTI
BUMPOMIHIOBaHHSA
IHLWIi ONTUYHI KOMNOHEHTN — MiH3M Ta A3epKana — NPonyckalTb CBITNO Yepes npunaa.

Dxepena

lgeanbHe pxeperno cBiTna gae crany iHTEHCUMBHICTb MPUW BCIX OBXUHAX XBUI 3 HU3bKUM LLYMOM i
[OBroTepMiHOBOK cTabinbHicTo. Ha xanb, ogHak, Takoro mxepena He icHye. B YO-sugumnx CO 3BnyanHo
3acTOCOBYIOTbCA ABa Akepena. [leple — ue gentepieBa gyrosa namna. BoHa 3abesneuye xopoluy

HECKIHYEHHICTb (KOHTUHYYM) iHTEHCUBHOCTI B Y® 0obnacTii KOpUCHY IHTEHCUBHICTb Y BuAMMIN obnacTi (aus.puc.16).
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Xo4a cyvacHi genTepiesi NnaMmnu MarTb Manuin WyMm, Lien Wym YacTto GyBae MiMiTylounM (hakTopoM y BCbOMY LLYMi
npunagy. 3 4acoM, iHTEHCUBHICTb CBiTNa Bif Takoi NaMnu NOCTYNoOBO 3MEHLLYETLCA. TUMNOBO, Taka namna mae nepiog
HaNiBXMTTS (Yac, HeOOXigHUA AN 3MEHLUEHHS! iIHTEHCUBHOCTI Ha MOMOBWHY Bif MOro BUXiOHOrO 3HadeHHs) Npuon.
1,000 rop.

Opyre pxepeno — BonbgpamoranoreHoBa namna (ave.puc.17) 3abesnedye XopoLly iHTEHCUBHICTb B YacTuHi YP
cnekTpa i y BCin Buammivi obnacti . Llen Tmn namnun mMae gyxe HU3bKWI LWYM | HU3bKUA camonnuB (apend) i Tunoso
npuaatHuin npotarom 10.000 roa.
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Binbwicte CP gnsa BumiptoBaHHs YO-Bnamnmoi obnacti matoTb 06uasa Tunu namn. B Takux npunagax abo x

BUKOPUCTOBYHOTb NepeMmnKkad MiXX ABOMa namnamu, abo X CBiTNO Big ABOX oxepen 3MiLIJy}OTb Aana ogepXaHHA oaHOoro
oxepena 3 LWWAPOKOK CMYroto.
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AnbTepHaTUBHE [Kxepeno CBiTna — KceHoHoBa namMna (aus.puc.18), ska fae XOopoLUy HECKIHYEHHICTb Y3[40BX
yciei Y® Ta Bugumoi obnacrti. Ane yepes Te, WO LWYM Bi KCEHOHOBUX NlamMn 3HA4YHO MEHLLWIA,HIX Big AeUTepieBUX Yn
BOMNb(PaMOBUX, BOHW 3HAXOOATb 3aCTOCOBYBAHHSA NULLE B TUX BUMAAKaX , A€ rONOBHUN iHTEPeC CTaHOBUTb BUCOKA
iHTEHCUBHICTb, Hanpuknag, npv BUMiptoBaHHI Andpy3HoOro BigbuTTs.

OucnepcinHi npucToi

OwucnepcinHi npuctoi (dispersion devices) 3ymMOBMOKOTb Pi3Hi JOBXMHU XBWMb CBiTNa , WO PO3CItOETLCA B Pi3HUX
KyTax. MNpu 06”eaHaHHI 3 BiANOBIOHOK BUXIAHO LLINMHOMD, Ui NPUCTPOI MOXXHA 3aCTOCOBYBATU AN BUGOPY



iHOUBiAyanbHOT (0cOGNMBOT) OOBXUHU XBUII (41, TOYHILLE, By3bKOT CMYrM XBUNi) cBiTNa Big 6e3nepeBHOro axepena.
B Y®-snanmmx C® B3arani BXuBaloTbCA ABa TUMW UCMEPCINHMX NPUCTPOIB — NPU3MK Ta rofniorpadivHi peLwiTku.

Mpun3ma reHepye Becerky Bif COHAYHOrO cBiTna. Lien xe npuHumn BukopuctoByeTbes i B CP. MNpramm npocTi i
Jeluesi, ane gucnepcisa KyToBo HeniHinHa (aus.punc.19a). Kpim Toro, KyT po3citoBaHHs 4yTnuBuin 4o Temnepatypu. 3
UMX NPUYMH, BinbLicTb cyvacHux CP 3amicTb NpyMamM MatoTb ronorpadivHi pewitku. Lii npucTpoi BUrotoBneHi is ckna i
MaloTb BY3bKi 3arnmbunHun.
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TpaaunuinHo, BOHWM BUrOTOBASNNCE MEXaHIYHO, ane cyvacHi MeToan BUpOGHMLTBA 3aCTOCOBYIOThL ronorpadiyHunia
ONTUYHUIA NpoLieC.

Po3wmip 3arnMbuH Toro > nopsaky, Wo i AOBXMHA XBUIi CBITNa, Wo po3scitoeTbes. o6 ogepxatu mrepeno BigbutTs,
HaHoCUTbCS antoMiHieBe NokpuTTA. CBITNO, WO Nagae Ha peLuiTKy, BinGuBaeTbCsA B Pi3HUX KyTax, B 3aneXHOCTi Big
OOBXUHU XByni. FonorpadiyHi peLwiTky AalnTb MiHiHE KyToBe PO3CitoBaHHS 3 JOBXMHOW XBUIi | HEYyTNUBI A0
Temnepatypu. OgHak, BOHU BiAbvBaloTb CBITNO B Pi3HMX NopsiaKax (pisHi MocnigoBHOCTI), siki nepekpuBatoTbes. Ons
3abe3neyeHHs Toro, Wob nuile cBiTno 6axxaHoro Nopsiaky BiAOUTTS gocsirano netektopa, HeobxigHO 3acTocoBYyBaTU
inbTpY. YBirHyTa peLitka poscitoe i POKycye CBITNO OAHOYACHO.

MoHoxpomaTop CKNagaeTbes i3 BXiAHOT WiNMHW, AUCMEPCIAHOrO NPUCTPOIO Ta BUXIAHOT WinuHu. B igeani,
NPOAYKT BUXOAY 3 MOHOXpOMAaTOpa — Lie MOHOXPOMATUYHE CBITNO, OOQHAK, HA MPaKTULi — Le 3aBXaun cMmyra,
ONTUMarnbHO cUMETpUYHA No dopmi. LLinprHa cmyrn Npu NONOBUHI Ti BUCOTU € IHCTPYMEHTANbHOK LUMPUHOK CMYTU
(ILWC).

OeTekTopu

[eTeKkTop NnepeTBOPIOE CBITMOBMI CUrHan B enekTpu4Hui. B igeani, BiH NOBUHEH JaBaTty NiHIMHWIA BiAryk
(peakuito) B LUMPOKOMY Aiana3oHi 3 HU3bKMM LLYMOM i BUCOKOI YyTnumBicTio. CO B3arani MaioTb AEeTEKTop 3
doTonomHoxXxyBadeM abo x oToAioaHUIA AeTekTop.
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doTonomHoxyBaY (ame. puc.20) 06”eaHye NepeTBOPEHHSI CUrHarny 3 AeKinbkamu CTyneHAMU NiacuneHHs
BCepeavHi Tpybkun. CnekTpanbHy YyTnuMBICTb BU3HaA4Yae NpmMpoaa kaTogHoro marepiany. Mpoctuii hoTonomMHOXyBaY
3abe3neyye xopoLuy YyTnuBICTb B ycCin Y®-Bnanmivi obnacTi. Lien Tmn getektopa 3abesneyye BUCOKY YyTNMBICTb Npu
HU3bKMX pPiBHAX cBiTNa. OgHak, Npu aHaniTMYHOMY 3aCTOCYBaHHiI CMEKTPOCKONIi BUCOKA YyTNMBICTb aCOLLOETLCS 3
HU3bKUMW KOHLIEHTPaLisiMK,  LLIO MPU3BOANTL A0 HU3bKOTO MOMMWHAHHSA , @ Lie, B CBOO Yepry, Aae BUCOKi PiBHI
iHTeHcuBHicTb LLLo6 BioYyT1 Haa3BMYaiHO Marny pisHULIO NMPY BUMIPIOBaHHI B CriinoMy Jocnigi i BUMiptoBaHHi 3paska ,
[EeTeKTop NOBMHEH MaTW HWU3bKUIA LLIYM MPW BUCOKUX PIBHAX iHTEHCUBHOCTI.

OcTaHHiM Yacom Bce YacTile B AkocTi geTekTopis y CP BUKOPUCTOBYIOTLCA hoToaioan (aus.puc.21). doToaioaHi
[ETEKTOpY MatoTb LUMPLUUIA AMHAMIYHWIA OianasoH i, Sk NpUcTpoi y TBEPAOMY CTaHi, Binblu HagivHi, HiXk AeTeKkTopu 3
doTonomHoXyBadeM. Y choToaioai CBiTNO, WO Nagae Ha HaniBNpOBIAHUKOBUIA MaTepiarn, 4O3BOMSE eNeKTpoHaMm



NPOXOANTU Kpi3b HbOr0, 3MEHLLYIOYUN, TaKUM YMHOM, 3apsad Y npunmadi ? (capacitor), wo 3”egHaHnm 3
HanienpoBsigHukoMm. KinbkicTe 3apsigy, HeobXigHa Anst nepesapsimKeHHs Npyuimaya npy perynsipHmx iHTepsanax,
nponopuinHa iHTeHcuBHOCTI cBiTna. MepLwi dhoTodioan Mann HU3bKY YyTnMBICTb B Manomy Y®-iHTepsani, ane B
CyyacHuX geTektopax us npobnema supiweHa. PiBeHb BU3HaYeHHSA (4eTEeKTYBaHHS) ANA AETEKTOPiB Ha OCHOBI
cuniuito ctaHoBUTL Nprb. 170-1100 HM.

Oesiki cyyacHi CO 3amicTb ogHOro geTektopa MatoTb Habip (array) doTogiogHux getekTtopis. Llen Habip
ckrnagaetbcsa 3 psgy oTomiogHUX AeTEeKTOpiB, po3TalloBaHMX MopyY Ha cuniuieBoMy kpuctani. KoxHui giog mae
BiQNOBIAHMI NpuUMMaY | NpueaHaHUn Ao 3aranbHOl MiHil BUXO4Y 3a 4ONMOMOrol TBepaodasHoro nepemMmuvkaya.
[Mepemukadi KOHTPOMIOITLCA PEECTPYOYMM Npunagom (Ans.puc.22).
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Cnoyatky npurMasi 3apsimxyoTbecsa Ao crneuundivyHoro piBHA. Konv doToHM NpoHMKaoTh Yepes Cuniuin, reHepyoTbes
BiflbHi HOCIi €NeKkTpUYHOro 3apsaay, ki po3pagxKyoTb npunmadi. MNMpuiMadi po3paaxXyTbCa Npu perynsapHuxX
iHTepBanax, ski 3abesneyvyoTb Nepioa BUMIPIOBaHHS ANt KOXHOMO LMKY.

KinbkicTb 3apsigy, HeobxigHa aona nepesapamKeHHst NpyuiiMadie, NponopuiiHa Yncny OTOHIB, L0 BUMIPHOHOTLCS
KOXXHMM [i0I0M, siKe, B CBOK Yepry, NponopLiiHe iHTEHCUBHOCTI CBiTNa. CneKkTp NOrmvHaHHsS 04epXyTb
BMMIipHOBaHHAM 3MiH iHTEHCMBHOCTI CBiTna Yy BCbOMY Aiana3oHi JOBXUH xBWUIb. Habip Tunoso Bkntoyae Big 200 o
1000 enemeHTiB, B 3anexHOCTi Big Npunagy i MeTu Noro BUKOpUCTaHHA. Hanpuknag, aiogHwii Habip y CP mapkun HP
8453 Bkntoyae 1024 geTekTopHUX enemMeHTH, a hoTodyTnnea obnactb BUMiptoe npmbn. 25 x 0.5 mm. Lukn Buxogy
AaHuX, SK1i BiANOBIAae Yacy posnoBclofXeHHs ceitna ( illumination time),
crtaHoBuTb 100 xB.

TexHonoria BurotoBneHHs Habopy doToaioais noaidbHa Ao mikponpouecopHoi TexHonorii. Habip doTtoaioais — ue
CKIagHi NpuUCTpPOI, ane, OCKiflbkM BOHW Y TBEPAOMY CTaHi , 4al0Tb BUCOKY HafiMHICTb.

OnToTexHika

[ns nepepadi Ta pokycysaHHs cBiTna y C® 3actocoByoTbCs NiH3u abo yBirHyTi 3epkana. MpocTi niH3u gewesi,
arne noTepnarTb Big XpoMaTU4HOi abepadii, TO6TO, CBITNO Pi3HMX AOBXUH XBUITi HE OKYCYETHCS B OAHIN i Til e
TouLi npocTopy. Ane npu xopoLiomy (ctapaHHomy — careful) npoekTyBaHHi XxpomaTtnyHa abepauis oKpemux niHs3 B
ONMTWYHIN cncTeMi Moxe ByTu BUKOpUCTaHa AN B3AEMHOTO MOralleHHs, i 3 LMW NPOCTUMMU | AeLleBnMM
KOMMOHEHTaMmn Mmoxe ByTu CKOHCTpylioBaHa edeKT1BHa ONTUYHa cucTema.

AxpomMaTuyHi niH3n 06”’egHytoTb Haratopasosi (multiple) niH3n 3 pisHoro ckna i 3 pisHUMK KoedilieHTamu
pedpakuii B 0gHy cknagHy niH3y, sika maixe He 3a3Hae xpomaTuyHoi abepauii. Taki niH3K 3aCcTOCOBYIOTLCS B
kamepax. BoHu 3abe3neuyioTb XOpoLLy NpoAyKTUBHICTb, ane 4OCUTb A0pori. YBIrHyTH 3epkana 3Ha4yHo AelueBLi i
MOPIBHSAHO BiNbHi BiA BNIMBY xpomaTtuyHoi abepadii. OgHak, antoMiHieBa NOBEPXHSI NErko kKopoaye, Lo Npu3BoanTb
[0 BTpaTh eheKTUBHOCTI.

Ha KOXHili ONTUYHIN NOBEPXHI, BKIHOYAKOYM NMOBEPXHI MiXK KOMMOHEHTaMM axpoOMaTUYHOI NiH3W, BTpayaeTbes 5-
10% cBiTna Yyepe3 nornvHaHHA Yn BigouTTA. Takmm YmHom, CO NOBUHHI NPOEKTYBaTUCS ifeanbHO, 3 MiHIMarnbHO
KiNbKICTIO ONTUYHUX MOBEPXOHb.

TpaaudinHnm cnektpocoTomeTp

Ha puc.23 nokasaHa cxema TpaguuiiHoro ogHonpomMmeHesoro CO. MonixpomaTnyHe CBITNO Bif mkepena
hoKyCyeTbCS Ha BXiOHY LLiNMHY MOHOXpoMaTopa, Sk1ii BUBIpKOBO nepenae By3bKy cMyry cBitrna. Lle cBiTno notim
NPOXOANTL Yepe3 NOBEPXHIO 3pa3ka Ao AeTekTopa. [ornMHaHHA 3paska BU3Ha4aloTb BUMIPOBAHHSAM iHTEHCMBHOCTI
CBiTNa, LWo gocsrno aetektopa 6e3 3paska (cninoro gocnigy), i NOPIBHAHHSAM 3 iIHTEHCUBHICTIO CBIiTNa, LLO AOCSIIO
[eTeKTopa nicns NPOXo4KeHHs Yepes 3pa3ok. AK yxe 3a3Hadanocs, 6inbwicte CO MatoTb ABi namnu gkepena —
JevtepieBy i BOnbpamMoBy - i B HUX B SKOCTi AE€TEKTOPIB 3aCTOCOBYOTb abo hOTONOMHOXYBarbHi Tpybku, abo
doTogioan.
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Llen ansanH nobpe nigxoavTb AN BUMIPHOBaHHS NMOIMUHAHHSA B OAHIM TouLi cnekTpa. Ane BiH MeHL NpuaaTHUiA Ans
BMMIipIOBaHHS! Pi3HNX CMOMNYK NPpW Pi3HMX JOBXUHAX XBWIi abo ANa ofep)KaHHs CnekTpiB 3paskiB. [ns BUKOHaHHS
Takux 3aBOaHb i3 BUKOPUCTAHHAM TpagmuiiHoro C® yacTMHM MOHOXpoMaTopa NOBUHHI ob6epTaTncs, Lo NOpPoaXKye
npobnemy mMexaHi4yHOI HEBIATBOPIOBAHOCTI pedynbTatis. Kpim Toro, ogepxxaHHs cepii 4aHUX — 4OCUTL MOBINbHUN
npouec.

CnekTpocdoToMeTp 3 AiOAHUM NPUCTPOEM

Ha puc.24 nokasaHa cxematunyHa giarpama CO 3 giogHum npuctpoem (array). MNonixpomaTuyHe CBITNO Big,
pKeperna npoxoanTb Yepes 3pa3ok i POKYCYETLCA Ha BXIiAHY LUINWMHY nonixpomatopa. MNonixpomaTtop gucneprye
CBITNO Ha AioAHUIA NPUCTPIN (NNAcTUHKY), HA SIKOMY KOXHUI iof BUMIPIOE By3bKy cMyry cnekTpa. LvupuHa cmyrm
CBiTNa, L0 BUMIPHOETLCS A4iI0A0M, CIBBIAHOCUTLCA 3 PO3MIPOM BXiOHOI LLiNIMHK NofixpomaTopa i 3 po3mipom gioga.
KoxHuin giof BUKOHYE Ty XK dOYHKLIO, WO 1 BUXiAHA LinMHa MOHOXpomaTtopa.

Y

MonixpomaTop (BXigHa LWinuHa nNmc QUCMEPCINHWMI NPUCTPIN) | AIOAHUIA NPUCTPIN 3HaXoaATbLCS Y BY3ni,
BiaomMoMy sik cnektporpadp. Ockinbku BiGHOCHI NOMOXEHHS 3pa3ka i AUCNepCiiHOro enemeHTa TyT 36epiraloTbes
NOPIBHSAHO i3 TpaguUIMHUM NpUNagoMm, us KoHdirypauis 4acto Mae nepesary.

LLlo6 3BecTn oo MiHIMyMy MOXNMBI (DOTOXiIMIYHI peakLii, BAKOPUCTOBYIOTb NPUCTPIN Ans GrokyBaHHS CBiTNa Bif
Oxepena nokun 6yae posnodaTe BUMIpOBaHHS. Konv BUMIpIOBaHHSA MOYMHAETLCS, MPUCTPI aBTOMaTUYHO
BiJKPMBAETLCS, CBITNIO NPOXOAMTL Yepes 3pa3ok A0 AI0AHOI NNacTUHKK. Pi3HMUA B iIHTEHCUBHOCTI CBITNa, L0 AOCAMN0
[eTeKTopa i3 3paskoMm i 6e3 3paska, BUMIPIETLCS, SK ONMCAHO BULLE.

Takun CO gyxe WBMAKMIA y pobOTi 3aBAAKM NapanenbHOMy 3anvcy AaHuX i 30aTHOCTI €MEeKTPOHHOIO CKaHyBaHHS,
Ma€e 4yOoBY BiATBOPIOBAHICTb AOBXWHM XBUIb i AyXKe HaginHUNA.

KoHdpirypauis
ICHyt0Tb pi3Hi BUAM cnektpocpoTomeTpiB. KOXXeH 3 HUX Mae CBOI nepeBaru i Hegosniku.

OpHonpomMeHeBUI AU3anH

O6upea CP — TpaguuinHuiA Ta 3 Ji0QHUM MPUCTPOEM — OOHONPOMEHEBI. Taki Npunagn AeleBsi, NpocTa onTuyHa
cuctema 3abesneydye BUCOKY HyTnmBICTb. ETanoHHi CP, Lo BUKOPUCTOBYOTLCS iHCTUTYTaMy HaLiOHaNbHUX
cTaHgapTiB, Takumm ik HauioHansHuii IHcTuTyT CtangapTis i TexHonorii B Cnonydennx LWTaTtax tTa HauioHanbHa
®isnyHa Nabopatopisa y Benukin BputaHii — ogHonpoMeHeBi.
3okpema, CP 3 giogHUM NpUCTpoem Jobpe niaxoasaTb AN OAHONPOMEHEBOI KOHMIrypaLii, OCKinbK/ CneKkTpu
OLepXKyHTbCS OYyXe LWBUOKO, 8 4acoBWUI iHTepBan M BUMIpIOBaHHSM Crinoro gocnigy i 3paska MiHimansHun. Kpim
TOro, MoXxe GyTV BUKOPMUCTaHUI BHYTPILLHIN eTanoH Ans 3MEHLUEeHHs B nogansLiomMy edekTiB Big axepern.
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Ha puc.25 nokasaHa onTnyHa cuctema cyvacHoro C® 3 giogHUM NpucTpoemM
HP 8453. Lia ogHonpomeHeBa KoHirypauis Mae MiHiMarbHY KinbKiCTb ONTUYHUX KOMMNOHEHTIB i 4i0AHY NNAaCTUHKY 3
1024 enemeHTIiB A48 BUMIpIOBaHHSA 4OBXWHM XBUAb B Aiana3oHi 190-1100 HM 3 XOpOoLUO po3A4ifibHOK 30aTHICTHO.

[OBonpomeHeBUi AU3anH

Y TpaguuiiHomy ogHonpomeHeBomy C® BMMiptoBaHHS cninoro gocnigy i 3paska NpoBoAsATLCS NOCMIAOBHO 3
iHTepBanom y Aekinbka cekyHa - Ans BUMIpY OAHIET AOBXUHW XBUIi | A0 AEKiNbKOX XBUMWH — ANs BUMiPY NOBHOroO
cnekTpa. 3MiHa iIHTEHCUBHOCTI Jkepena (apend) Moxe CpUYnHUTI 3HaYHI NOMUIKM NPU BENMUKMX iHTEpBanax yacy.
LLlo6 nogonatu uto npobnemy, 6yno ckoHcTpyoBaHo ABonpomeHeBuin CP. VY Ui koHirypauii Ha ONTUYHY JOPIKKY
nobnusy axepena ceiTna CTaBUTbCS nepepusay. BiH obepTaeTbes Tak, WO anbTepHaTMBHI BUMIPIOBaHHS CRinoro
pocnigy i 3paska BiabyBalTbCA Aekinbka pas Ha CekyHAy | TakuM YMHOM OfepXXyeTbCA Monpaska Ha apend oxepena
cBiTna.

Ha puc. 26 nokasaHa cxema asonpoMeHeBoro C®. B nopiBHAHHI 3 0gHONPOMEHEBMMM Ui Npunaav maroTb GinbLue
ONTUYHUX KOMMOHEHTIB, O 3MEHLUYE YyTNUBICTb. [1a NigBULLEHHS YyTNMBOCTI Heo6XiaHO BinbLue Yacy aons
BUMIiptOBaHHs1. [10 TOro X, Yepe3 CKNagHUN MexaHiYHU An3anH Takux NpunagiB BOHM MOXYTb OyTW MEHLU HaginHUMM.

TpaguuinHo, BaxnueuM akTopom npu ansanHi CP 6yna Bucoka ctabinbHiCTe 4BONPOMEHEBMX NpUnagis.
OpHak, 0CTaHHI JOCATHEHHS B eNEKTPOHILi nokpawmnu ctabinbHicTe ogHonpomeHesoro C® i npussenu 4o 3MiHu B
noro KoHdirypauii. OgHonpomMeHesi CP 3abe3neuytoTb GinbLL BUCOKY YYTNUBICTb i MPOCTILLi B 3aCTOCYBaHHI, 3
apendom , Lo nuiie Ha oaunH-ABa NOPSAKM MEHLUMIA B NOPIBHSIHHI 3 ABONPOMEHEBUMI NpUnagamu.
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Mepwwun komepuiiiun CP 3 giogHum npuctpoem HP 8450A maB GaratonpomeHeBuii ansanH (ame.puc.27). B
HbOMY 3aCTOCOBYETBCS CMPAMOBYBaY, AKUA CNPSIMOBYE NMPOMiHb Ha eTarnoHHy MO3WLI0 | He MeHLU SK Ha 4 no3uuii
3paska (ans CnpoLLeHHs Ha PUCYHKY NokasaHa nuiie oHa nosuuis).



[Oun3aitH i3 po3wennieHUM NPoMeHeM

Takuin CO (pnc.28.) nopibHMi o ABONPOMEHEBOrO, ane 3aMiCTb NepepuBaya CBiTMa TyT 3aCTOCOBYETLCS
po3LWinstoY, SK1A Nocunae CBiTNO Ha ABa OKpeMi, ane igeHTUYHI getekTopu. Lis koHdirypauis gossonsie nposoanTu
BUMIptOBaHHS crinoro Aocniay i 3paska ogHo4acHo. Xo4a Taka KoHirypauis MexaHi4yHoO npocTilla, Hix
[BOMNPOMEHEBA, i NOTpebye MeHLLE ONTUYHUX ENEMEHTIB, 3aCTOCYBaHHSI BOX HE3aNeXHUX AeTEKTOPIB Moxe ByTu
e oaHieto npuunHoto apendy. Lien amsanH 3abesnevye BUCOKY cTabinbHICTb, ane He Taky K ABONPOMEHEBUN,
OCKiNbKM ABa AETEKTOPU MOXYTb AaBaTu Apeid He3anexHo oauH Big ogHoro. Kpim Toro, npu posiienneHHi yepes
3pa3ok npoxoauTb MeHwe 100% ceitna.

Aun3anH 3 ABOMa AOBXMHaMU XBUnNi

Mpu 3acTocyBaHHi Takoro C® onsa neBHWX Linen, Hanpuknag, Ans BUBYEHHSI BOX KOHKYPETHUX peakLiii y 3pasky,
OBi JOBXMHU XBWMi MOXHa BUMIpPHOBATU OOHOYACHO .
MoHoxpomMaTop Mae ABa AUCNEPCHI MPUCTPOI, SKi Ha BUXoAi 06”eQHYIOTb PO3LLENTIEHUI MYYOK CBIiTNa B OAMH
npomiHb. Lli cknagHi npunagu HabaraTo gopoxui, Hix TpaguuiiHi CO, i oyxe yacto 3amiHoTbea Ha CO 3 giogHUMm
NPUCTPOEM, KOTPi JO3BOMNSAOTL BUMiptoBaT 6arato AOBXWH XBUI .

BumiproBaHHA cnekTpa

CtyniHb B3aemogii 3paska 3 BUNPOMiHIOBAHHAM (MPOMNycKkaHHSM abo NOrMMHaHHAM) BU3HAYaETbCH BUMIPOBaHHAM
iHTEHCUBHOCTI Nagatoyvoro ceiTna (6e3 3paska) Ta iHTEHCUMBHOCTI NponyLeHoro ceitna (i3 3pa3kom). Lli iHTeHcnBHOCTI
nosHa4valoTbCs BigNoBiaHO Iob Ta [ Yy PiBHSHHAX, HaBedeHuX Y po3aini “lNMponyckaHHs i nornMHaHHS”. OcKinbku
OinbLUiCTb 3paskiB, LLO BUMIPIOOTLCS 3a AONOMOro Y®-BUMUMOI CNEKTPOCKONMIT, 3HAaXoAATbCSA Y po3dnHax, Cninvm
gocnig NoBMHEH BMMIPIOBATUCS B KIOBETI, LLIO MICTUTb YUCTUIN PO3YNHHUK, SKUA BUKOPUCTOBYETLCS ANSt MPUrOTYBaHHS
3paska. Llen npouec ycysae 3 BUMiptoBaHb 3paska byab-sike NOrmmMHaHHSA 3a PaxyHOK PO3YMHHMKA.

3 04HONPOMEHEBMM MPUNaAoM, KHBETY, WO MICTUTb PO3YMHHMK, BMIilLyOTb B CO i BUMiptolOTh cninuid gocnia,.
MoTim B Ll e KIOBETI BUMIPIOIOTbL pO34nH 3pa3ka. Bci cyyacHi npunaam aBTomMmaTnyHO dhickytoTe eTanoHHi (reference)
3HayveHHs Iy, SiKi BUKOPWCTOBYIOTLCA ANSA PO3paxyHKy BEMUYUH NOTMMHAHHA 3paska.

[ns neonpomeHeBoro npunagy abo npunagy 3 po3LiensieHnm NpoMeHeM HeoOXiaHi ABi kioBeTn. O6uABI KIOBETU
cnoyaTky 3anoBHIOKOTb YACTUM PO3YMHHUKOM i MPOBOASATE Tak 3BaHe banaHc-BuMiptoBaHHS. Lle no3Bonse maTtu
Pi3HMLIO B MOrMMHAHHI NpU BUMIPIOBaHHI 3 ABOMa ONTUYHMMU Aopikkamu. KioBeTy NoTiM 3anOBHIOIOTbL PO3YMHOM
3paska 4118 BUMIpOBaHHs | hakTUYHO OfHOYacHO BUMIipHOOTb I Ta I. B oTpumaHoMy crnekTpi pobnaTb nonpasky,
BMpaxoByo4yn H6anaHc-cnekTp.

KntoyoBi iHCcTpyMeHTanbHi napameTpm

Y uboMy po3aini po3rnsagaoTbesa AesKi iIHCTpYMeEHTanbHi napaMeTpu, ki MOXYTb BNNMBaTU Ha NPaBUNbHICTb
(akypaTHicTb) i TOUHICTb BUMiptoBaHHA (ouB. JogaTok A ansa GinbLu eTanbHOro BU3HAYEHHS TePMIHIB
npaBuIbHICTb(aKypaTHICTb -accuracy) i TOYHICTb (precision)). [kepena noMunok nNpv BUMipHOBaHHI, NOB"A3aHi 3
NiArOTOBKO 3paska, po3rnagarnTbca B rnasi 3.

CnekTpanbHa po3sfiifnibHa 30aTHICTb

CnekTparnbHa po3ginbHa 30aTHICTb — Le Mipa 34aTHOCTI Npunagy po3ginsatu ABi CyMiXKHI SOBXUHM XBuni. [Bi
[OBXVHU XBWIi BBAXXAKOTLCA PO3AINEHNUMMU, SKLLO MiHIMYM MK ABOMA NiKamMn JETEKTOPHOrO CUrHany CTaHOBUTb
meHwe 80% makcumymy. LI ymoBa Bigoma sk kputepin Penes. Ha pyc.29 cxemaTnyHO nokasaHo BUNaAoK ANis ABOX
CYMKHUX eMICIiHMX MiHii (BXig y npunag) i paktuyHuid curHan, Tob6To BUXig 3 oeTekTopa.

Smax

08*S

max

Po3pineHHs TicHO NoB’sidaHe 3 IHCTPYMEHTarnbHOK crnekTpanbHow wrpuHoto cmyrn (CLUC). CLUC Bm3HavaeTbes gk
LUMPpWHA, NpUW HaniBMakCUMyMi iIHTEHCUBHOCTI, CMyru CBIiTNa, WO BUXOAMTbL 3 MOHOXpomaTtopa (auns.puc.30).



MpaBuUNbHICTL BUMIPSIHOrO NOMMMHAHHSA 3anexuTb Big cniBeigHoweHHs CLUC i npupogHoi (natural) wupuHm cmyrm
(MWC) nornuHatoyoi pevoBuHu. MNLIC — Le WwWmprHa CMyru NOrMMHAHHA 3paska Npy HaniBMakCUMyMi NOrMMHAHHS
(amB.puc.31).

05A

CnieBigHoweHHss CLUC/MLWC = 0,1 abo MeHLIe [03BONSE NPOBOAUTU BUMIPIOBAHHSA 3 TOYHICTIO A0 99,5 % i HaBiTb
Ginbwe. Mpu CLUC/MNLWIM 6Ginbwe 0,1 BUMipaHUI cnekTp cTae GinbL BukpyueneHum (aue.punc.32). Mpu GinbocTi
[OBXVH XBUMTb CMYTM HEMOXITMBO PO3AINUTU KOPEKTHO, @ Y BENMMYMHAX NOMMMHAHHA CMOCTEepiraloTbCsa 3HaYHi
nomunku. CLLUC , nepw 3a Bce, € OyHKLIE LWMPUHM BXIAHOT | BUXIQHOT LWiNMMH MOHOXpOMAaTopa, a TakoX AMcnepcii 3a
paxyHoK pewiTku. Po3ginbHa 3gaTHicTb, wo ctaHoBuTb 0.5, 0.2 Ta 0.1 HM, He € He3BM4YalnHOo, ane BGinbLU BUCOKi
3HAYeHHs1 BUKIMKAKOTb 3HAYHe MoripLleHHs cniBBigHoweHHs C/LL.

— 1nm
5nm
— 10 nm
20 nm
— 50 nm

T T T T T 1
B cyvacHnx C® iHTepBan, HeobXigHWM ANA oaepxaHHA LMpoBMX AaHWX CnekTpa Ansg KoMmn’toTepHoi 06pobku, a
Takox Yac 36epiraHHs 3pa3ka TakoX BMMUBaOTb Ha po3dinbHy 3aaTHICTb. Llen edpekt nokasaHum Ha pmc.33. Akwo
iHTepBan Benvkuin no BigHoweHHto go CLUC , po3ginbHa 3gaTHICTb Nnpunaay noripwyeTtbes. MeHwwnii iHTepBan
nokpallye pesynbTaTu, ane npu uboMy Habarato 36inbLyoTb cnekTpanbHi dannm (?) (files), WwWo ycknagHwoe
BM3HaYeHHsi. Ha npakTuui e iHTepBan NOBUHEH AOPiBHIOBATH Yn BYTH Tpoxm MeHLwnMm, Hixx CLUC.

Bepyuun oo yBaru iHCTpyMeHTarnbHi BUMOMM, BaXXMMBO BU3HAYUTH, sika po3dinibHa 34aTHICTb NOTpibHa. Ak yxe
3a3Havanocs B rnasi 1 “MNpuHumnu i 3actocyBaHHA YP-BUAUMOI CnekTpockonii”, CMyr1 NornnHaHHA B Y®-BuamMmin
obnacTi 3BM4anHO A4OCUTL LUMPOKi , 0cOBNMBO ANA 3paskiB y po3ynHi. Maxe ana 99% 3suyanHux BumiptosaHb CLUC
=2 HM GinbLW HiX agekBaTHa ONA o4epPXXaHHA TOYHUX pe3ynbTaTiB Npy BUMIpIOBaHHI cMyr nornmHanHg 3 MNWC = 20
HM abo Ginbwe. Axkwo npunag 3 CLLIC=2 Hm 3acTocoBYeTbCS A58 BUMiptoBaHHs 3paskiB 3 MNCLU meHwe 20 HM



(Hanpwknag, 6eH3ony), MaTMMemMo NOMUIKY B aBCOMIOTHNX BUMIPIOBAHHSIX, sika 30inbLUyBaTUMETBCS i3 3MEHLIEHHAM
MWC. Ans abconoTHMX BUMiptoBaHb HeobxigHui npunag 3 manoto CLUC. Ane GinbLuicTe BUMiptoBaHb i3
3acToCyBaHHAM Y®-BMAUMOI CNEKTPOCKONiT MPOBOAATLCA ANS KiNbKICHOrO BU3HAYEHHS, ke 3BMYyariHo notpebye
nvwe BiAHOCHWX BUMIpIOBaHb (Hanpuknag, NornMHaHHA HEBIAOMOI KOHLEHTPaLii BIAHOCHO NOrMWHAHHA CTaHAAPTY).
KanibpyBaHHs, BUKOHaHe 3 BUKOPUCTAHHAM CTaHAaApTIB, SKi niaTpumMytoTh (bracket?) koHUeHTpaLito HeBigoMoro,
3abe3neunTb NpaBWbHi KINbKICHI pe3ynbTaTh HaBiTb AN AY)Xe BY3bKNX CMYT NOMMNHAHHS.

AKypaTHIiCTb i TOYHICTb AOBXWHU XBUIb

PisHMUs MK UMMM NOHATTAMM 3BUYaNHO He Jobpe 3po3ymina (ame. [oaoaTtok A Ans NosicHeHHs). AKypaTHICTb
(accuracy) BaxnvBa Ansi NOPIBHSHHS BUMIPIOBaHb, MPOBEAEHMX Ha Pi3HMX Npunagax. Ane B YO-snaumin
CnekTpocKonii BUMiptOBaHHSA BiOHOCHO CTaHAapTIB NPOBOAATLCA HA OAHOMY 1 TOMY X npunagi i TyT 6inbl Baxknvsa
TOYHICTb (precision), To6TO resettability(?).
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Ha puc.34 nokasaHo edhekT noraHoi resettability (BiaTBOptoBaHOCTI ?) LOBXMHM XBUNI. AKLLLO AOBXUHA XBUII Npn
MaKCMMYMi NOrMWHaHHS BUOUPAETLCA NS KiNbKICHUX BUMIpOBaHb, HEBEMWKI MOMUIIKU B OOBXWHI XBWUM, SIKi
TpannsTbCA Npu nepeHanarogxeHHi (resetting) CO Ha Lo JoBXMHY, ByayTe MaTh MiHiManbHWIA BNUB Ha BUMipsSIHE
nornuHaHHs. Llen metoq 3abe3neyye Hanbinblu BigTBOPHOBAHI KiMnbKiCHi pe3ynbTatu. 3 iHWworo 60ky, BUBIp AOBXMUHM
XBUIi Ha CMy3i NOrMMHAHHS, 3 TiEl0 X CamMOK MOMUIIKOK, 3YMOBUTb 3HAYHI MOMUIIKMA Y BUMIPSIHOMY MOTfMHAHHI. Y
LbOMY BMMNaAKY KiMbKiCHI pe3ynbTaTn He HaginHi.

Yci ctaHaapTHi TekcTn 3 YP-BUMAMMOI CNEKTPOCKOMii HaronoLLyHTh, WO AMs akypaTHOro KinbKiCHOrO BU3HAYEHHS
aHaniTM4yHa J0BXWHa XBUMi MOBMHHA ByTW NpY MakCMMYyMi NMOTMMHAHHS, HaBITb SKLWO iHWI AOBXWHU MOXYTb AaBaTu
Kpally cenektusHicTb. OgHak, Ui TEKCT 6a3yloTbCs Ha TpaguUiiHUX MeToAMKax MexXaHiYHOro CKaHyBaHHS i He
CTOCYITbCS Npurnagis 3 4ioAHMMU NMPUCTPOSIMUM, KOTPi MatoTb hakTuYHO abcontoTHy ressettability 4oBXuHM xBUnI.
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doTomeTpMUHaA aKypaTHICTb | TOYHICTb
Mpu xopoLomy onTUYHOMY Ta eNeKTPOHHOMY Au3alHi nvle aBa (akTopy BNNUBaTb HA POTOMETPUYHY
aKypaTHICTb | TOYHICTb — pO3CigHe CBITNO i LWyM.

Po3cisiHe cBiTno. Po3cigHMM CBIiTOM BBaXatoTb Big4yTHE OETEKTOPOM CBITNO Npu Oyab-siKii JOBXMHI XBUII, LLO
NEXUTb M03a LUMPUHOK CMYr BUOPaHOi JOBXUHM XBWIi. PiBHAHHSA ANst po3paxyHKy TPaHCMICIT i mornvHaHHsA mae
BUMSA:

(cTop.57)

ae T- TpaHcwmicia, |, — iHTeHcuBHICTb nagatoyoro (incident) ceitna, |- iHTeHcMBHICTb nponyweHoro ceitna, s -
iHTEHCUBHICTb PO3CISHOro cBiTNa.

IHTEHCMBHICTb PO3CISIHOrO CBiTNa 3BUYAMHO HE 3aneXuTb Bif IHTEHCMBHOCTI NponyLeHoro ceitna. Akwo ls
3aNULWaETbCa Maike NOCTIMHOK BESIMYNHOID, BOHA € AOMIHYIOHOK NPU HU3bKMX 3HayYeHHsx | [Mpu Bucokomy
NOrMMHaHHI po3CisiHe CBITNO 3YMOBIIIOE HEraTUBHY MOMUIIKY B YYTNUBOCTI Npunagy i €, B peLuTi peLwT, NiMiTyiounm
hakTOpOM Ans NOrNMHAHHSA , @ 3HAYNUTb, | ANA KOHUEHTpaLil, Wo BU3Ha4aeTbed. POTOMETPUYHA aKypaTHICTb



npunagy €, Takum YMHOM , KOMMNpoMmicHot. Ha prc.35 noka3aHo BNAMB Pi3HUX PiBHIB PO3CISHOrO CBiTNa Ha BUMIpsSHe
NOrfMHaHHSA B NOPIBHAHHI 3 (PAKTUYHUM MOTNMHAHHAM.

LWym. CP TMnoBo mae ABa WymoBux enemeHTu. MNepumin enemeHT (dhoToHHMIA abo Schott wym) — Big
CTaTUCTUYHOTO PO3NOAINEHHS (POTOHIB, LLO iX BUNPOMIHIOE J)Kepero cBiTna. BiH nponopuiiHMin KopeHto kBagpaTHOMY
iHTEHCUBHOCTI CBiTna.

Konu BUMIipIoloTbCS 3pasku Manol KOHUEHTpaUil 3 HU3bKUM NOrMMHaHHAM, el eneMeHT MoXe 3aBaXkaTu akypaTHOMY
BMMIpIOBaHHIO Manoi Pi3HUL MiXX BOMa BUCOKUMW PIBHAMW CBiTNA. [pyrun enemeHT nputaMaHHUi enekTpoHHUM
npuctposim npunagy ( (aeTekropHoMy nigcunioBady, analog-to-digital converter Ta iH.) i He 3anexuTb Big BUMipsIHOT
iHTeHcUBHOCTI. Llet enemeHT HabyBae 3Ha4YeHHS MPY BUCOKMUX PIBHAX MOTNMHAHHS , KOMW CUrHan 3paska Ayxe marnuvin.
Mpu xopoLuomy AnsariHi Noro MoXHa 3BeCTu A0 MiHIMyMy.

LLlym HeraTMBHO BNN1Ba€E Ha TOYHICTb (precision) BUMIpIOBaHb i, Ans OKPEMUX BUMIPIOBaHb, MOXE BHOCUTH
NMOMWIIKM TaKOX B aKypaTHICTb. Ane MOoro MoXHa 3MEeHLUMTH, 30inbLUMBLUM Yac BUMiptoBaHHSA (avB. gani “Time
averaging).

JiHinHUM anHamiyHuM giana3oH

YacTo cnipHMM i He 30BCIM 3p0O3yMinMM NOHATTAM € Aiana3oH npunagy (instrumental range). Y 6inbwocTi Bunagkis
— Lie NPOCTO LMdPOBUIA AianasoH, KUl MOXe NposiBNATM (MokasyeaTu) npunag. binblw npyaaTtHUM € NOHATTS
NiHIVHWIA AMHaMIYHWIA Oiana3oH, WO XapakTepuaye, ANa 4aHOro NPUAHATHOIO BiAXMIEHHS Bif NiHIMHOCTI ( IK NpOLEeHT
MOrNWHAHHS), BENUYUHM MIHIMANbHOIO i MakCMMaribHOro MOrMMHAHHS.

MoTeHujiansHi NTOMUIKK NpU Pi3HOMY NMOFMWHAHHI MOXYTb OYTU po3paxoBaHi i3  stray light i wymy.

Tak, nomunka 3a paxyHok poscisHoro csitna (%) aopisHioe (auB. ctop.59 Ta puc.35).

Momwunka 3a paxyHok wymy (%) AopiBHioe (auB. cTop.59).
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3aranbHa nomuska - e cyma nonepegHix ABox nomunok. Ha puc.36 nokasaHa 3aranbHa noMurnka Aang
npuknagy 3 GOTOHHMM LLUYMOM, O CTaHOBWUTL nntoc-MuHyc 0.0004 AU, i eneKTPOHHMM LIYMOM - NIOC-MiHYC
0.0001 AU. 3 pucyHka BUAHO, WO BUMiptoBaHHSA, npoBeaeHi Big 0.3 go 1.0 AU, matoTb HanbinbLly akypaTHICTb i

TOYHICTb. IHCTPYMEHTaNbHWUIA AMHAMIYHWIA fiana30H MOXHA BU3HAYNTK 3 NMPUAHATHOT MOMMUITKU BUMIPHOBAHHS.

DOpeiid

IHWa noTeHuUianbHa NpuyMHa POTOMETPUYHOI NOMUNKK — Ue apend (drift). BiH 3BuyariHO € Hacnigkom 3miHu
iHTEHCUBHOCTI [xepena MiX BUMiptoBaHHAM I, Ta
1. MopyweHHs po60Ty eneKTPOHHMX NPUCTPOIB Y NpUnagi Takox MOXyTb AaBaTtu Apend. Xopowni AusanH npunagy
MOXe 3BECTW A0 MiHIMyMy Apend, ane uen edekT Moxe NoripwmTn akypaTHICTb pe3ynbTaTiB , 0CO6N1BO yNpoaoBX
BEJMKOro NpPoMixkKy Yacy (aus.puc.37). 3 6aratbMa 3HaYeHHAMU JOBXMH XBUIb NpobnemMa apendy moxe 6yTu
3BeieHa 40 MiHIMyMy LUNSIXOM 3aCTOCYBaHHS TaKUX METOAMK, sIK BHYTPILLHE eTanoHyBaHHsa (auB. ctop.80 “Internal
referencing”).
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