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MCMNOAb30OBAHUE LM®POBOM ®OTOTEXHUKU
B OINMTUYECKOM CITEKTPAAbHOM AHAAU3E

LleAb MccAepOBaHMS — MOBbILWIEHWE BO3MOXKHOCTEN MMEIOWIMXCS M NepCrekTUBHbIX npubopos
ONMTUYECKOro  CMEeKTPAAbHOrO  aHaAm3a.  Pa3pabaTbiBaAMCb  CXeMbl  CMeKTporpapuueckmx
YCTaHOBOK AASl MOAYYEHWUS ONTUYECKMX CMEKTPOB MpU MomMolum LMdpoBbix (oToannapaToB. bbian
CKOHCTPyMpOBaHa yCTaHoBKa Ha ocHoBe ctnaockona CAT1-A ¢ umdpoBbiM hoToannapaTom. Takxke
ObIAM M3rOTOBAEHbI paboune MakeTbl CriekTporpaoB C UCMOAb30BaHMeM LMDPOBbIX (hOTOANMNapaTos.
BTropas ycraHoBKa MpeACTaBASIET COOOM KAACCMUYECKYKD CXemy MPU3MEHHOro criektporpada Ha
6ase umdposoro otoannapata SAMSUNG WB 500. BMecTo npm3mbl MOXKHO ObIAO MCMOAb30BaTh
CMEHHYI0 AMPAKLMOHHYIO pelleTky. TpeTbsl yCTaHOBKA COCTOMT M3 ABYX 4YacTeil — COOCTBEHHO
CMEeKTPOCKOMUYECKOM YaCcTu, COCTOSLIEN U3 MUKPOMETPUUECKON LLIEAM, OObEKTUBA, NPU3MbI AMUUK,
CbEMHOr0 KOHLeHTpaTopa M 3epKaabHoro umdpoBoro dotoannapata SONY mapkm ST A55V.
MeToamka paboTbl BKAIOHAAA (PM3UKO — TEXHUUYECKOE MOAEAUPOBAHME 1 KOHCTPYMpoBaHue., CHUMAAUCD
CreKTpbl CBETA, MPOXOASLLEr0 CKBO3b Pa3AMYHble CBETO(UALTPLI. [MoAyueHre LUMEPOBbLIX CMEKTPOB
HEOOXOAMMO AASI AAAbHENLLIEeN aBTOMaTM3aUMU M3MEPEHUid. YCTaHOBKM MOMYT HAaWTW NMPUMEHeHVE B
06AaCTIX crekTporpadmm, aCTPOHOMMM, KPUMUHAAUCTUKU U APYTUX. Tak)Ke OHM MOTYT NMPUMEHSTLCS B
AEMOHCTPALMOHHOM 3KCMEeprMEHTE 1 B AlOUTEAbCKOM KOHCTPYMPOBAHMM.

KAroueBble caoBa: cnekTpockon, cnekTporpady, umdpoBoin poToanmnapat, CnekTp.
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Use of digital photo devices in optical spectral analysis

The aim of the study is to increase the potential of available and prospective devices for opti-
cal spectral analysis. Mounting layouts for obtaining optical spectra using digital cameras were devel-
oped. An installation on the basis of steeloscope SL11-A with a digital camera was designed as well as
working dummies of spectrographs using digital cameras. The second installation is a classical scheme of
a prism spectrograph on the basis of digital camera SAMSUNG WB 500. A replaceable diffraction grating
may be used instead of the prism. The third unit consists of two parts — the spectroscopic part consist-
ing of micrometric slit lens, Amici prism, removable concentrator and reflex digital camera SONY SLT
A55V. The methods of work included physical — technical modeling and design. Spectra of light passing
through various filters. Digital spectra obtaining is required for further automation of the measurements
Such installations may be applied in the field of spectrography, forensics, astronomy, etc. These may also
be used in demonstration experiment and amateur construction.

Key words: spectroscope, digital camera, spectrograph, spectrum.
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OnTHMKaAbIK CMEKTPAIK TaAAQyAQ CaHAbIK (hOTOTEeXHUKaHbI NaiAAAAHY

3epTTeyAiH MakcaTbl — KOAAA 6ap XKoHe MYMKIHAIM 30p acnanTapAblH ONTUKAAbIK, CMEKTPAIK TaAAdy
MYMKIHAIKTEPIH apTTbipy. CrnekTporpausAblK, KOHABIPFbIAQPAbI aAy YLUIH OMTWKAABIK, CMeKTpPAep
KOeMerimMeH CaHAbIK hoToannapaTTbiH cbi3bacbl a3ipaeHai. Kypbiarbl CAT1-A caHabIK, poToanmnapar
CTUAOCKOIbI Heri3iHae KypacTbipbiAAbl. COHbIMEH KaTap, CaHAbIK oToannapatTbl ManAaAaHa
OTbIPbIN CNeKTPOrpadTbiH, XXYMbIC MakeTTepi AalblHAaAAbl. ExiHwi Kypbiarbl SAMSUNG WB 500
CaHAbIK poToarnmnapar HerisiHAe MPU3MaAbIK, CNeKTPorpadTbiH, KAACCUKAABIK, Cbi30acbiHa HEri3AEAreH.
[Mpr3MaHbIH, OpHbIHA aybICnaAbl AUPAKUMAABIK, TOP MaiAaAQHbIAYbl MYMKIH. YLWiHLWI KOHABIPFbI €Ki
GOAIKTEH TypaAbl: MUKPOMETPAIK CaHblAayAaH TypPaTblH CMEKTPOCKONTbIH Heri3ri 6eAiri, AuH3a, AMuum
npuamachl, SLT A55V mapkaabl SONY caHAbIK, hoToannaparbiHbiH alHAAbIK, >K8HE KYPacTbIPMaAbl Xabbi.
JKyMbIC icTey saicTemeci (hr3MKa-TEXHUKAABIK, MOAEAbAEYI XXOHE AM3alHbIHA Heri3peAreH. OpTYpAI
>KapblK, CY3riAepi apKbIAbl ©6TETIH >KapblK, CEKTPAepi TyCipiaai. KeaeluekTeri aBToMaTTaHAbIPbIAFaH
OALLEYAED YLUIH CAHADIK CMEKTPAEPIH aAy KaxkeT 6oAaabl. KOHAbIPFbI criekTporpacusi, acCTpoOHOMMS,
KPMMMHAAMCTUMKA >kaHe 6acka Aa cananapAa Koaaay Taba anaabl. CoHbIMEH KaTap, oAap Texipube

KOPCETYAE XHe 8yeCKOMAbIK, KYPacTblpyAapAa KOAAQHBIAYbI MYMKIH.
Ty¥iH ce3aep: CrnekTpocKor, crekTporpady, caHAbIK, hoToanmnapar, cnekTp.

BBenenne

Kak n3BecTHO, criekTporpad — 3TO CIEKTpalb-
HBI TIPUOOP, MPUEMHHUK KOTOPOTO PETHCTPUPYET
OJTHOBPEMEHHO BECh CIIEKTpP, pa3BEPHYTHIA B (¢o-
KaJIbHOW TUIOCKOCTU. PaHbliie mposiBka (oTornia-
CTHHOK, 3aKpeIUIeHHe, CYIIKa U JAalbHEHIINN aHa-
U3 JUHAKA OB OYEHb TPYNOEMOK W HE OTBedal
3alpocaM MPaKTHKH, 0COOCHHO B TEX CIydasix, KOT-
Jia TpeOOoBaJICs IKCIPECC — aHaAIU3. 3aTeM JIeNaIiCh
MTOTIBITKM aBTOMAaTH3aIMA ¥ MAITHHHON 00pabOTKH
CIICKTPOB MMYTEM aHalin3a HHHHﬁ, OCTaBJICHHBIX Ha
(hOTOIUIACTHHKE, OJHAKO, 3TOT ITyTh OBLI CIIpaBe-
JIMBO TIPU3HAH TYMUKOBBIM, OTHOCSIIIMMCS K TaK Ha-
3bIBAEMBIM «JIOKHBIM HpO6JICMaM>>. C pa3BUTUEM
TEXHOJIOTHH TIOSBUINCH (DOTOJMOIHBIC IJTUHEHKH,
CIoCOOHBIe (DHUKCHUPOBATH KApTHHY CBETOBBIX JIH-
Huit crektpa. C mosisinenuem [13C — maTpwuil mo-
SBWJIACh pealibHas BO3MOXKHOCTH aBTOMATH3AIUH
criektporpadudecknx usMepeHnil. CoBpeMEHHBIE
CHeKTporpapuuecKie MpuOOpsl OTINYAIOTCS BBICO-
KOH CTEIeHBI0 COBEPIIEHCTBA, HO OYEHb J0poru. B
TO k€ BpeMs IudpoBast GOTO — BHICOTCXHUKA TIE-
PEeKUBACT MepHoJl OYPHOTO Pa3BUTHUS U COBEPILICH-
cTBoBanus. BosmoxxHOCTH I (ppOBOH (HOTOTEXHUKH
HE WIyT HU B KaKO€ CPaBHEHHE C BO3MOKHOCTAMU
TUIGHOYHOH (OTOTEXHUKH, OCOOCHHO YepHO-Oe-
noii. IloMrMO OmNEpaTUBHOCTH TOJIYYCHHUS CHUM-
KOB, CyIIIECTBEHHBIE MTPEUMYIIECTBA JaeT JIETKOCTh
JanpHenend mupoBoii 00paboTKH M300pasKeHHS.
B nmanHO# paboTe mpejyiaraeTcs B CIEKTPOCKOIIAX
HCITOJIB30BaTh U(POBOH (hoToammapaT HEmocpe -
CTBEHHO 32 OKYJISIPOM, YTO MPEBpaIlaeT ux B CIeK-
Tporpadsbl. BelTO TakKe 3aMeUeHO, YTO ONITUYECKHUE
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CXeMBbI cIleKTporpad)oB TOCie AUCIIePTUpPYIOIIe-
ro 3JIEMEHTA MPEACTABISIOT CO0O0M, O CYIIECTBY,
(hoToanmapaTsl, BKIIFOUYAIOIIHE 00BEKTHBBI U (HOTO-
MaTpHIlEl. bblila mocraBieHa 3amada — pa3padboTaTh
psAa crieKTporpaUyecKuX yCTaHOBOK JUIs MOJTyYe-
HUs (HOTOM300paKEHUH ONTUYECKHUX CIIEKTPOB pa3-
JUIHBIX HCTOYHUKOB C UCITOJIb30BaHUEM ITH(DPOBBIX
(doroanmapartos.

MsBecten [1] crunockon CJI-11A, koTopbrit
MIPUMEHSETCS I DKCIPECCHBIX aHAJIM30B, K TOY-
HOCTH KOTOPBIX HE MPEIbSIBISCTCS BEICOKUX TPeOO-
BaHuH. [IpoOMKHUTEIBHOCTh aHANM3a OJAHOTO 00-
pasma 1mo BceM deMeHTaM — 2 ~ 3 MuHyTHL. [Ipubop
UCIIOJIb3YETCs Ha CKJIaJlaX MpU KOHTPOJIE MaTepHua-
JIOB, Ha IIMXTOBBIX JIBOPaX, B IIYHKTaX COPTUPOBKH
METaJUTHYECKOT0 JIOMa M SKCIIPECC — JIA00paTOPHSIX
TUTEHHBIX I[EXOB. AHAN3 HA CTHJIOCKONE HE CO-
MIPOBOXKJIAETCSI TIOBPEXKJICHHEM 00pasia, 3TO IIo-
3BOJIICT TIPOBEPATH TOTOBBIE JETaM Ha COOpKe, B
UHCTPYMEHTAJIBHBIX W TPOU3BOJCTBEHHBIX II€Xax
MeTaio00pabaTeIBarOIINX 3aBoA0B. [Ipudop Haxo-
JIUT TakKe MIUPOKOS NMPUMEHEHHE B HAYIHO — HC-
CJIeJIOBATEIBCKUX U YUCOHBIX J1TA0OOPATOPHUSX.

Onucanune ycranosku Nel

[lepBas ycTaHOBKa ObLia BBITIOJHEHA HA OCHOBE
crunockora CJI-11A myTtem ycTaHOBKH ITU(POBO-
ro ¢oroamnmnapara HaMPOTHB OKYJISPa TTOCPEICTBOM
KOOPJIMHATHUKA C TPEMSI CTETICHSIMH CBOOO/IBI.

Bo3MmoxHBI JiBa BapuaHTa yCTaHOBKH (OTO-
amrmapara — 4epe3 OKYJISIp U CO CHATBIM OKYJISIPOM.
B o00oux ciy4asx OCyIIECTBISJIOCH MOJIYUYSHHE
CIIeKTpoB. TakuM 00pa3oM, CIICKTPOCKOIT OBLT TIpe-
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BpameH QaxkThyecku B HHU(POBOI crekTporpad.
[TosiBMIIaCH BO3MOKHOCTD HE TOJIBKO BU3YaJIbHO Ha-
OMofaTh CHEKTp M JIeNaTh MOITYKOJIHUYECTBEHHBIN
aHaJM3 CIUIaBOB METAJUIOB, HO U (pUKCHUpPOBATh pe-
3yJbTaT HAONIIO/IEHUS B IU(PPOBOM BHAE. DTO IIO-
3BOJIUT B JAajibHEHIIIEM aBTOMAaTH3UPOBATh IIPOIIECC
H3MEpPEHHs], TOBBICUT TOYHOCTH aHaIN3a, O3BOJIUT
COCTaBIISITh IH(POBOH IACIIOPT METATUTHYECKOTO
criaBa. B ciryuae ncnonb3oBaHus npubopa B Hayd-
HBIX L[EJISIX TTO3BOJIUT MOMELIATh PE3YIbTaThl SKCIIE-
PHMEHTOB B HAIJIIJTHOM BHUJIC B OTYET.

Xir, ™Y

5
g
8

1 — uudposoii poroanmapar; 2 — IPOCTast TpeXrpaHHas
npusMa; 3 — OCBETUTENb; 4 — ONTHYECKas! LIEIb;
5 — 00beKTUB; 6 — OJIeH A,

PucyHnok 2 — Buj cBepxy BTOpOi yCTaHOBKH € IPU3MOit

Onucanue yctaHoBkH Ne2

Ha BTOpoii ycranoBke (puc. 2) peanm3oBaHa
cXxeMa KIJIaCCHYEeCKOTO CHeKTporpada ¢ HCIOJb30-
BaHHeM IudpoBoro ¢oroanmnapara.

3mece 1 — mudpoBoi ¢doToammapaT Samsung
WBS500 [2], on umeer 10 — KpaTHBIN ONTHYECKUI
3yM U 5 — KpaTHbIi nudpoBoid. DToT (oToanmapar
nenaeT cHUMKY B popmare JPEG. JlanHbI hopmat
WCIIOJIb3yeTCs IS IIOOUTENBCKOM CheMKH, MTpoIiec-
cop (oroamnmapaTta Npou3BOAUT 00pabOTKy n300pa-
KEHHS, TTOTy4aeMOT0 C MaTPHUIIBL, U C)KUMAET €ro.
[Ipu 3TOM HEU30EKHO MU3MEHSCTCS IIBET, MO3TOMY
BTOpasi yCTAaHOBKA TPUTOIHA B OCHOBHOM TOJIBKO
JUTSL IGMOHCTPAITMOHHOTO dKcriepuMenTa. ChreMHast
npu3Ma 2 yCTaHOBJIEHA Ha TOBOPOTHOM CTOJIMKE,
OCBETHTEINh 3 B BUJE CBETOIMOIHOTO (pOHAPUKA 3a-
KpEIUIeH Ha 3aKUMe C BO3MO)KHOCTBIO PETYJINPOBKH.
CBeT 0T OCBETUTEINS MPOXOAUT Yepe3 ONTHUECKYIO
mens 4 ¥ majaeT Ha OOBbEeKTHB 5, KOTOPBIH UMeeT
BO3MOJKHOCTH TI€PEMEIIEHHs] 10 MHOT'03aXO0IHON
pe3bbe, OJieH1a 6 PENSTCTBYET MOMa[aHUIO TOCTO-
POHHETO cBeTa. DIeMeHTHI 3-5 coOpaHbI Ha TUIaT-
(opme, KoTOpast UMeeT BO3MOXKHOCTH BpAIIaThCs
Ha TIOJIIIUITHUKAX BOKPYT BEPTUKAJIBHON OCH C BO3-
MOKHOCTBIO (PUKCaIMy TpY TIOMOIIK Oaparika.

i
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1 — mu¢poBoii poroammapar; 2 — AUPpPaKINOHHAS PEIIETKA;
3 — 00beKTHB; 4 — ONTHYECKas MIENb; 5 — OCBETHTEIb.

Pucynox 3 — Buz cBepxy BTOpoi yCTaHOBKH
¢ MTUPaKIUOHHOMN peneTKON

Ha pucynke 3 B kadecTBe JHUCIIEPTHPYIOLIETO
3JIEMEHTa BMECTO HPU3MBI HCHOJIb3YyeTCs AU(paK-
IMOHHAas pemeTka. [IpexycMoTpeHa BO3MOXKHOCTD
ObICTpOIT cMeHbI AU(PAKIIMOHHON PEIIETKH Ha PH-
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3My. Oco0o cieyeT OCTaHOBUTHCS HA KOHCTPYKIMH
CaMO/IeJIbHOM ONTUYECKOM IIEIH, CMOHTUPOBAHHOM
Ha BTOpOM ycTaHoBke. Ha pucynke 4 pamka ¢ mpo-
PE3bI0 BHINOJIIHEHA U3 CTANbHON ((peppoMarHuTHOI)
TUTACTHHBL. BpUTBEHHBIE JI€3BHS 3 MPUKUMAIOTCS K
paMKe MOCTOSTHHBIMU MarHuTaMu. JIe3Bust n3Bieye-
HBI U3 OIHOPA30BbIX OPUTBEHHBIX CTAHKOB, B Kaue-
CTBE MArHUTOB UCTIOJIB3YIOTCSI MArHUTBI U3 QyTisipa
coroBoro Tenedona. Takast cuctema nmpeaycMaTpu-
BAaeT BO3MOXKHOCTb PETYJHMPOBKU LIMPHHBI ILEINH,
e¢ BEPTUKAIBHOCTH W O0CCHEeUMBACT HAJCIKHOE
yaepxkanue Je3Buil. OHa OTIMYaeTcsi KOMIaKTHO-
CTBIO, IPOCTOTOH U MOXKET OBITh PEKOMEH/IOBaHA K
UCIIOJIHEHHIO MTPU KOHCTPYHPOBAHUH CaMOICITIHHBIX
CIIEKTPAJILHBIX TPUOOPOB.

1 — cranbpHast pamka ¢ Mpope3bo; 2 — MOCTOSIHHBINA MarHuT;
3 — OpUTBCHHBIC JIC3BHSL.

Pucynoxk 4 — ®ororpadust OnTHYECKOMH 1IeTH

Omnucanue yctanoBkH Ne3

Jisg  mocTrkeHWs HaWiIy4lIero pe3ylbTaTa
CHHMKH CIIEKTPOB CIIeJyeT MPOU3BOANTH B HEC)Ka-
ToM ¢ortorpapuueckom popmare RAW, xoropsiit
ABIsIETCS MU(POBBIM aHAIOTOM HEraTHBa JJIs Te-
HOYHOH (ortorpapun. Kpome Toro, s3ToT Qopmar
oOnagaer OONBIIMMH BO3MOKHOCTSIMH, OYEHb TI'U-
00K M JIETOK B 00paboTKe (oTOpemakTOpaMHu THIIA
LIGHTROOM4. B 3ToMm 1utaHe npencTaBisioT UH-
Tepec Takue ONLMH JaHHOTO PEAAaKTOpa, Kak: Ha-
JIOKEHNE CHUMKOB, aHaJH3 IBETHBIX THCTOTPaMM,
paboTa ¢ IIBETOBBIMH CIIOSIMU H JIp.

Ha pucynke 5 npuBezieHa ontudeckas cxema Tpe-
TheW YCTAHOBKH, BBITIOJIHEHHAS C HCIIOJIh30BaHHUEM
3epkajipHOrO (poroammapata SONY SLT ASS5V [3].
3T0T hoTOANIApPAT UMEET KPYITHYIO MAaTPHLLy C OOJIb-
IITAM pa3peleHneM 1 noauepxkuBaeT popmatr RAW.

B KOHCTPYKIMH HCIOJB3YETCS TPEXKOMIIO-
HeHTHas npu3mMa Amuun. CTpesikaMu MoKas3aH XO0J
CBETOBBIX Jiyuel. B cOOTBETCTBUU C 3TOH CXeMOul
ObUIa CKOHCTPYHpPOBaHA TPEThSl YCTaHOBKA, (OTO-
rpadust KOTOpoil puBeaeHa Ha puc. 6.

3mech pykoaTka | CIHYXHUT UIA yOepKaHUS
criekTporpada B pyKax, MEKpOMETpUYECcKas IIeib
2 uMeeT BO3MOKHOCTb PEryJIMPOBKHU 10 HIMPHHE U
BeIcOTe. [lepemunii 00bekTHB «HOMHTEP-8» YKPBIT
onenpont 3. [lpusma AMUYM HE BUJIHA, TaK KakK 3a-
KperieHa BHyTpH kopiyca 4. B coctase ungposoro
3epKabHOTO (hoToarmapaTa 6 ¢ SKpaHOM 7 UCTIOITb-
3yeTcsl JUIMHHO(QOKYCHBIH 00BEKTUB 5 ¢ TpaHc(o-
KatopoM. [l yBeIMYeHUs CTENIeHN OCBEILEHHOCTH
MUKPOMETPUYECKOHN IIeNH Mepell HEl MOXKET MpH-
COCIMHSTHCS KOHIIEHTPATOP B BHJIE OOBEKTHBA.

5 6 7

1 — ICTOYHHK; 2 — MUKPOMETpPUYECKas IIelb; 3 — 00BEKTUB; 4 — Mpu3Ma AMHUYH; 5 — 00BEKTUB (oToaImapara;;
6 — mudpoBoii poTtoanmapar; 7 — MaTpHIa.

Pucynok 5 — Cxema criekrporpaga
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@

1 — pyKkosiTKa; 2 — MEKpOMETpHUeCKas IIeNb; 3 — 00beKTUB Mox OeH/0i1; 4 — mpu3Ma AMUYH, pacIIONoKEHHAs! BHYTPH KOpITyCa;
5 — UHHOOKYCHBIN 00BEKTHB; 6 — IU(PPOBOI 3epKaTBHBIH (hoToammapar; 7 — OTKUIHON YKpaH.

Pucynok 6 — ®ororpadus TpeTbeit yCTaHOBKH

YcTaHOBKHM HMCIHBITHIBAIMCHE B TECTOBOM PEKU-
Me, Ha HUX CHUMAJHCh CIIEKTPBl PA3IHYHBIX 00b-
eKTOB — JIa3epHBIE JIMHUH, CIIEKTP aTOMOB HATpHS,
CIIEKTP COJIHEYHOTO cBeTa ¢ (hpayHroepoBbIMH JIU-
HUSIMH TIOTJIOIICHUS, CHEKTPBI IIOJIOC TPOIYCKaHUS
I[BETHBIX CBETO(MIBTPOB H JP.

3akiouyeHne

B pesynbrare nponenanHoi paboThl ObLTH pa3-
paboTaHbl (HU3MYECKUE MOJCIH YCTAaHOBOK, CIIy-
KaIIUX Ul CO3JaHMUs, IEMOHCTPAIIMU U COXpaHe-
HUSI CHIEKTPoB B nudpoBoM Buje. b cozmanbl

3 cmekTporpaduueckue yCTaHOBKH, pa3padoTaHbI
METOJIMKH IOJIyUYCHUS] W HAONIOJICHUSI CHEKTPOB.
[IpennokeHHbIE YCTAHOBKH MTPOJIEMOHCTPHUPOBAIIH
XOpOLIME MOTPEOUTEIbCKUE KAaueCTBA, BBICOKYIO
CTETNICHb TEXHOJIOTMYHOCTH, HH3KyI0 cebecTon-
MOCTb M IIOCJIE€ JIOTIOJIHUTENBHBIX JOPaOOTOK MO-
I'yT ObITb PEKOMEHOBAHbI K MEJIKOOIITOBOMY IIPO-
W3BOJCTBY. Y CTAHOBKH MOTYT HANTH NPUMEHEHUE
B HAyYHBIX LIEJISIX, HAPUMED, B 00JIaCTH acCTPOHO-
MHUH, KPUMUHAJIUCTUKH U Opyrux. Taxxke oHH MO-
I'YT IPUMEHSTHCS B OBITY, B JIEMOHCTPAIIMOHHOM
9KCIEPUMEHTE M B (DU3MYECKOM MPAKTUKyME II0
OTITHKE.
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