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The Mealsure

of Confidence

VIamepeHue ontMueckux nnoTHOCTEH
6onee 10 eanHuL, nornoweHna ¢ NOMOLLbIO
YHUBEpCanbHOro M3MepUTenbHOro
cnektpocporomerpa Agilent Cary 7000

TexHnuyeckunin 063op

ToyHoe u3amepeHne OoNTUYECKON NIOTHOCTH CUNILHOMOINOLLAKLMX
onTtuyeckux punbrpoB

CunbHonornowarowme ontmyeckue unbTpbl NO3BONAOT YNPaBNATL ONTUYECKUMMU CBOIA-
CTBaMU MHOTUX TOBApOB LLUMPOKOro noTpebneHna 1 NnpoMbilLeHHbIX n3aenuii. Takue
¢hunbTPbI C BbICOKOM ONTUYECKOI NIOTHOCTbIO UCMOMNb3YIOTCA B CPEACTBAX MHAMBUAYATbHON
3alLMTbl, HANPUMeEpP OYKax ANA 3aLUMTbl OT IA3EPHOTO M3NYYEHUA, ANA NPELN3NOHHOIO
yNpaBrneHa HU3KUMM YPOBHAMM OCBELLEEHHOCTU B ONTUYECKUX CUCTEMAX ANA NOBbILIEHWA
YyBCTBUTENbHOCTU Ha OMNpeAEeNeHHbIX ANMHAX BOJH W B Apyrux npoayktax. 31ot 0630p
JIEMOHCTPUpPYET XapakTepucTUKuU yHUBEpCanbHOro M3MepuTenbHoro cnektpodgotomerpa
Cary 7000 npu onpeaeneHun napameTpoB Takux matepuanos. B npuHatoit metoanke
AnA Banuaaumu (hoTOMETPUYECKMX XapakKTepucTUK cnekTpochoTomMeTpa UCMoNb3yioTcA
¢hUnbTPbl C HOMUHAMNbHO ONTUYECKOM NMNOTHOCTbIO, TOYHOE 3HaYeHMe KOTOPO HEU3BECTHO.
Metoaom aobaBneHuna punbTPoB NPOAEMOHCTPMPOBaHbI (HOTOMETPUYECKUIA ANANa3oH,
TOYHOCTb M FIMHEAHOCTb NPY 3HaYeHUAX nornoLeHuns cebiwe 10 eanHuy normowieHua (Abs)
B BUAMMOM o6nactu cnektpa u 8 Abs B 6nnxHeit VIK-o6nactu.

Beepenue

I/IamepeHMe BbICOKMX OMTUYECKUX NNOTHOCTEMN (I/II'IVI I'IOF]'IOLI.I,EHVIH) npeAacTaBnfaeT uHTepec
ANnA y4YeHbIX, UHXXeHepoB N ﬂpOVISBO[lVITeI'IeVI, paﬁoralou_wlx B pa3fnnyHbIX obnacrax,

OT aKTUBHO pasausaromeﬁca 6VIO¢)OTOHVIKVI M A0 U3roToBIEHUA ,U,VISaﬁHepCKVIX
COMHeYHbIX 04koB. [lomumo atoro n3mepeHue BblICOKNX ONTUYECKUX nnoTHocTen
H606X0,D,VIMO npu paspaﬁoTKe, npoun3BoACTBE U Banuaaluu NonocoBsbIX, 3arpaXxXaaroLmx
M1 oTCceKarLwmx d’)VIl'IprOB, KOJIn4eCTBEHHOM aHanu3e CcUrbHonornowawnWwmnx XnaKkmx
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cpea (Hanpumep, nepmanranata kanua [1]) u uccnegoBaHum
MYTHbIX 610norMyeckux o6pasLoB (B YaCTHOCTU, COAEPKALLMX
umtoxpom P450 [2]). KnioueBbiMM AnA npaBUnbHOT0 M3MepeHna
CTOMNb BbICOKMX ONTUYECKMX NNOTHOCTEl ABMAIOTCA Takue
XapaKTepucTUKU UCNomnb3yeMoro cnekTpohotomeTpa, Kak
thoTomeTpuyeckue TO4HOCTb, NMMHEAHOCTb U AMHAMUYECKMIA
ZNanasoH.

(OoTtomeTtpuyeckan NUHENHOCTb onpeAenaeT, HACKOMbKO TOYHO
cnekTpocdoToMeTp U3MepAET NOrMoLLeHNe C YBENUYEHUEM
ONTUYECKOM NNOTHOCTM UNK KOHLEeHTpauuun. Hanpumep, npu
BbICOKMX YPOBHAX MOTMOLEHNUA KanMbpoBoYHble KpUBbIE,
MomyyYyeHHble ¢ NOMOLLbIO crnekTpooToMeTpa ¢ Nioxoi
NUHEAHOCTbIO, OTKIIOHAIOTCA OT NIMHE|HOro BMaa, TeM CaMbIM
yMeHbLUasA TOYHOCTb M3MepeHuil. Hapaay ¢ nuHeiHOCTbI0
thotomeTpuyeckan TOYHOCTb XapakTepuayer cnocobHOCTb
cnekTpoghoToMeTpa TOYHO U3MePATb 3a/laHHYH ONTUYECKYHD
NMOTHOCTb UMY MOITIOLLEHME.

(OoTomeTpuyeckan TOYHOCTb U NIMHENHOCTb NMPUHLMMNMANbHO
Ba>Hbl, €CNIU HE06X0AUMbI TOYHbIE U MPELU3UOHHbIE U3ME-
peHua. Kpome Toro, 601blU0e 3HaYeHUE UMEET AManasoH,

B KOTOPOM CMEKTPoPOTOMETP AaeT NUHEelHbIA oTknuk. OH
Ha3blBAeTCA NUHEWHbIM AMHAMUYECKUM AMana3oHoM U 06bIYHO
onpeaenAeTcA kKak MHTepBan, B KOTOPOM MOrNoLLIeHWe ocTaeTca
npAMO NponopLUMoHarnbHbIM KoHueHTpauuu [3]. Lnpokuit
AMHAMUYECKWIA AMana3oH No3BOMAET BbIMONHATL U3MEPEHUA B
60nbLLIOM UHTEpBare KOHLEHTpaLUMii (ONTUYECKUX NOTHOCTEN) 1
3a CYET 3TOr0 MOXeT CYLLeCTBEHHO COKpaTUTb BPEMA aHanu3a u
noarotoBku 06pasuos, ocobeHHO ecnu Tpebyetca pasbaBneHne
KUAKUX UKW A0ONONHUTENbHAA (MHOrAa paspyliatowas)
mozudmkauma TBepabIx 06pasLoB AnNA U3MEPEHUA B Npejenax
pabouux xapakTepucTuk o60pyAoBaHuUA.

B aToM npumepe ontnyeckue NnoTHOCTM MaTepuanos, UCMOMb3y-
eMbIX ANA U3roTOBNEHUA ONTUYECKUX PUNLTPOB, M3MeEPANUCH

B BuAMMOM obnactu u B 6nivxkHeit VIK-o6nactu cnektpa. Metogom
nobasneHua UnbTPoOB NPOAEMOHCTPUPOBaHbI (hOTOMETPUYECKUN
[INanasoH, TOYHOCTb M NMUHEMHOCTb NPY 3HAYEHUAX MOTMOLLEHNUA
cebile 10 Abs Ha anuHe BonHbl NpubnuautensHo 640 HM B
BUAMMOIA 06rnacTu cniektpa u cebie 8 Abs Ha AnNnHe BOMHbI
npubnuautensHo 1500 Hm B 6rnimxxHedt VIK-o6nactu.

Teopua

Metoa no6aBneHua chmnbTpoB — 3T0 MPOCTON M HEAOPOTOM
cnocob onpeaeneHna oToMETpUYECKON NUHENHOCTU U
AvanasoHa cnektpocotomeTpa 6€3 UCMONb30BaHNA AOPOrUX
KannmbpoBaHHbIX cTaHAapToB. [[pUMeHUTENbHO K BUAMMOM YacTn
3NEKTPOMArHMTHOTO CreKTpa 310T MeToa onucad B [4]. B aaHHOM
crnyyae 3T0T MPUHLMM NPUMEHEH B BUAUMOIA U BnNuKHe
MNK-o6nactv cnektpa AnA NOATBEPXKAEHUA XapaKTepUCTUK
npubopa nepea aHanusom npobol. [pu HeobxoanmocTu
UCMornb30Banock ocnabneHne OMOpPHOTo fyya.

Koraa nagatowmii ceet, npoxoAn Yepe3 obpasel, CUNbHO
ocnabnaetca, ANA yBeNUYEHWA AMHAMWUYECKOTO Anana3oHa
npubopa Tpebyerca ocnabutb OMOPHbIA NyY, 4T06bl YpaBHOBECUTD
CUrHanbl (MK MHTEHCUBHOCTW CBETOBLIX MOTOKOB) B AeTEKTOPE.
TunuuHblie cnyyau, Kkoraa Tpebyerca ocnabneHue onopHOro

nyya, — 3T0 UCCNeA0BaHUE ONTUYECKUX NIOTHbIX (OMNbTPOB,
6anaHcupoBaHue nyyeii Npu Ucnonb3oBaHUM Aepxkarteneit Npo6
WS BCTIOMOTaTEeNbHbIX YCTPOWCTB, 0CNabnaoLwmx nyy, u apyrue
uaMepeHua npob ¢ Bbicokum normnotieHueM. Ocnabnatb onopHbIi
NYY MOXHO C NOMOLLIbIO OMMCAHHbIX HUXE CeTyaTbiX hUnbTPoB
UMW NOMHOCTbI0 aBTOMATM3MPOBAHHOTO 0cnabuTena OrMopHOro
nyya Cary [5].

N3mepeHua

ViccneposaHue hotomeTpuyeckoro AnanasoHa B BUAMMOM
06nacTi BbinonHAanoch nytem go6aeneHua cunbtpa BG25
¢ ocnabnawLwmmM cet4yatbiM UNLTPOM.

C60p AaHHbIX N3MepeHUit 0CYLLIECTBRANCA CreayoWwnm o6pasom.
Ha nytv onopHoro nyya 6bin yctaHoBneH ocnabutens Ha 4,5 Abs.
BbinonHAnock n3amepeHue 6a3oBoii NMHWK ¢ He6ONbLLUM BpemMe-
HeM cnekTpanbHoro ycpeaHenua (1 c). Janee no otaenbHocTy
uamepanucb BG25 n ocnabnaowmii cetyatbiit punbtp. 3atem
BpemsA ycpeAHeHuA yBenuumusanoch A0 50 ¢ AnA BbINoNHeHUA
U3MepeHuA NepekpbIToro fMyya 1 Bcnes 3a HUM COBMECTHOTO
usmepenua punstpa BG25 n ocnabnatowero cetyatoro cmnbrpa.
Bce namepeHua npoBoaunuch No oTHocUTENbHOMY KO3dhduuu-
eHTy pacceaHHoro nponyckanua %T. Oco6oe BHMMaHWe 6Gbino
YZAEneHo pacnomnoXeHuto UNbTpa U ero NepeMeLLeHnio Mexay
U3MepEeHUAMM.

PesynbTat n3mepeHna ¢ NepekpbITbiM Nly4OM 3aTeM BblyuTarcA
U3 BCEX pe3ynbTatoB U3MepeHuii ¢ hnnbTpamu, U NONyYeHHble
3HayeHWA nepecymnTbIBanuUCh B eAWHULbI NornoLueHusa. Nuansuay-
anbHble cnekTpbl BG25 u ocnabnatowero cetyaroro unbtpa
£06aBnAnuch AnA BbIYUCIIEHWA NMPOTHO3UPYEMOTO CNEKTPa
pe3ynbTaToB U3MepeHuii co Bcemu dunbtpamm Bmecte. CBoaka
napametpoB c6opa AaHHbIX U3MEPEHWIA npuBeseHa B Tabnuue 1.

Ta6n. 1. CBoaka napaMeTpoB, NPUMEHABLLMXCA AnA Ao6aBneHuna pe3ynbTaToB
M3MepeHNii (hunbTpoB B BUAUMOIE ob6nacTtu

Mapamerp 3HaueHua
Lar c6opa aaHHbIX 1 Hm
CnekTpanbHaa nonoca nponyckaHua 5 HM
Bpema cnektpanbHoro ycpeaHeHua Tcunmb0c
OcnabneHue onopHoro nyya 45 Abs
Pexum namepenus [Bynyyesoit
Bbicota wenu MonHan




YHVNBEPCAJIbHbI N3MEPWTEJTbHBIA CMIEKTPO®OTOMETP CARY 7000

AHanornyHaa MeToAMKa Mcnonb3oBanach Npyu U3mepeHuax
B 6nuxxHeii VIK-obnactu ana ao6asnexus asyx cdunbtpos UG 11.
Csoaka napameTpoB npueeaeHa B Tabnuue 2.

Tab6n. 2. CBoaka napameTpoB, UCMONb30BaHHbIX ANA A06aBNeHNA CNeKTPoB

B 6nuxHeli VIK-o6nactu

Mapamerp 3HaueHua

Lar c6opa aaHHbIX 4 um
CnekrtpanbHaa nonoca NponyckaHua MepemeHHasn

JHeprua 1.0

Bpema cnektpanbHoro ycpeaHeHua Tcunm10c
Ocnabnexue onopHoro nyya 2,2 Abs

Pexum namepenus [Bynyyesoit

Bbicota wenu MNonHaa

[etexTop PbSmart, cynbchua cauHua (PbS)

Pe3ynbratbl n 06¢cyxpenue

Peaynbtatbl fo6aBneHnA AaHHbIX M3MepPEeHUit (hMnbTPOB B BUAM-
Mo obnactu npeAcTaBneHbl Ha pucyHke 1. [leiicTBUTENbHbIE
(kpacHbI cnekTp) U NPorHo3MpoBaHHble (3eneHblii CnexTp)
pesynbTaTbl MU3MEPEHUI AEMOHCTPUPYIOT XOPOLLYI0 KOPPEenaLuIo
¢ MakcumarnbHbIM nornowieHuem Ha 640 Hm, gocTuraloWMm

10 Abs. Xopouiee 0THOLIEHME «CUTHAN — LUYM» Y Pe3ynbTaToB
U3MepeHuii KoOMOBMHMPOBaHHBIX (IMMLTPOB CBUAETENLCTBYET

0 NPeBOCXOAHbIX XapaKTepucTukax yHMBEPCarbHOTO U3Mepu-
TenbHoro cnektpocotomerpa Cary 7000 u ero cnoco6HocTH
perucTpuMpoBath Ype3Bbi4yaiiHO Marble 3HaYeHUA ypoBHei
0CBEeLLEHHOCTM B 06M1acTM MaKCMMyMa NOrNOLLEHMA.

Peaynbratbl f06aBneHUA AaHHbIX M3MepeHUit hUnbTPOB B BNNX-
Heit IK-o6nacti npesactaBneHbl Ha pucyHke 2. [leiicTBuTenbHbie

12

Abs
T

450 500 550 600 650 700
[nuHa BonHbI (HM)

Puc. 1. Cnexrpbl chunbtpa BG25 (cunmid) n ocnabnatowero cetyaroro unbtpa
(uepHbIit); cnektp ana unbtpa BG25 BMecTe ¢ ocnabnaiowmm cetyatbim
tunbTpoM (KpacHbii). 3eneHblit CnNekTp NpeAcTaBnAeT MPOrHOCTUYECKUIA
pe3ynbTart, MoNyYeHHbli CNOXEHUEM CUHETO U YEPHOTO CMEKTPOB

(kpacHbI cnekTp) U NPOrHo3MpoBaHHble (3eneHblii cnexTp)
pesynbTaTbl U3MEpPEeHUiA AeMOHCTPUPYIOT UCKIIOUMTENbHYIO
KOppenaumuIio ¢ MakCcUMarnbHbIM NOTMOLLEHMEM Ha ANWHE BOMHbI
npu6nuautenbHo 1500 Hm, aocTuratowmm 6onee 8 Abs.

YHuBepcanbHblii n3meputenbHblii cnektpocotometp Cary 7000

u Cary 5000 YO-Bua-b/IK — eanHcTBEHHbIE NpeacTaBneHHble Ha
pbiHke npubopsbl ¢ bVIK-getektopamu PbS Ha ocHose TexHonorum
PbSmart. PbSmart Aenaetca 3anateHTOBaHHOW TEXHOMOTUEIA,
ucnornb3yemoii AnA ynpasneHua getekropamu Agilent Ha ocHoBe
cynbtuaa ceuHua. Ee coyetaHue ¢ npeBocxoaHOM ONTUYECKOI
CXeMoii U KoppeKkuuel pacceaHHOro ceeta obecneynBaeT nyy-
LIyto cpeau aHanoroB paboty npubopa B 6nuxHeit VIK-obnactu.
B otnnuue ot Apyrux cpeAcTB U3MEpPEHuUA, B KOTOPbIX AnA
JOCTUXKEHMA LLIMPOKOTO AMHAMWYECKOTO AMana3oHa B 6nuxHe
MNK-o6nactv ncnonbayerca WMPOKONONOCHbIA UHAWIA-ranmnuii-
apCeHUAHbIN AeTeKkTop, B YHUBEPCANbHOM U3MEPUTENbHOM
cnektpocpotometpe Cary 7000 u Cary 5000 npumeHaetca
netektop PbSmart Ha ocHoBe cynbthuaa cBuHUA ¢ elle 6onee
LLUIMPOKNUM AManasoHom AnuH BorH. Cnektpocyotometp Cary 6000i
C MpMMeHEeHWeM y3KOMonocHOro Aetektopa Ha ocHoBe InGaAs

U creumanbHo npeAHa3HayeHHoi AnA Hero AMhpPaKLUMOHHOM
peLLeTku ABNAETCA naeanbHbIM BbIGOpPOM, ecnu HE06X0AUMO
peructpupoBatb 6onee 8 Abs B 6nuxHeii IK-obnactu.

Xota onucaHHble 3KCNepuMeHTbl No Ao6aBneHnto hunbTpos He
ABNAIOTCA MCYEPMNbIBAIOLLMMU, OHM NOATBEPKAAOT BO3SMOXKHOCTb
NpoBOAUTL POTOMETPUYECKMN TOYHBIE U3MEPEHUA MOrMOLLEHUA

C MOMOLLbIO 3TOT0 CMEKTPOOTOMETPA NPU ONTUYECKUX
nnotHoctAx 6onee 10 Abs B BuaMmoit obnactu u 6onee

8 Abs B 6nuxHeit IK-o6nactu. [NpeactaBneHHble pe3ynbTatbl
y6eAnTeNnbHO AEMOHCTPUPYIOT BO3MOXHOCTb TOYHbIX U3MEPEHUIA
BbICOKMX ONTMYECKUX NNOTHOCTEN C MOMOLLbIO JaHHOO
cnektpocoTomertpa.

8 L i

Abs

1100 1200 1300 1400 1500

[OnuHa BonHbI (HM)

Puc. 2. Cnextpbl chounbtpa 1 UG11 (cuHuii) u comnbtpa 2 UGT1 (YepHblid);
cnektp unbtpoB 1 UG11 1 2 UG 11 BmecTe (kpacHblid). 3eneHblii cniekTp
npeAcTaBnAeT NPOrHOCTUYECKMUIA pe3ynbTaT, NoNyYeHHbI CIIOXEHUEM CUHEro
1 YEPHOTO CMEKTPOB



3aknioueHue

Metoa ao6aBneHna MnbTPOB YCMELWHO AeMOHCTPUpYeT hoTo-
MeTpuyeckue AnanasoH, TOYHOCTb U NMUHENHOCTb YHUBEPCANbHOTO
uameputenbHoro cnektpodotometpa Cary 7000 B YO-Bua-bUK.

C nomollblo 0AHOTO M TOTO Xe cpeacTBa u3mepeHuin 6es
KaKuX-nmbo CroXHOCTEN NonyyeHbl cNeKTpbl NPo6, UMeroLLIUX
MakcumanbHoe nornolieHue 6onee 8 Abs B 6nuxHei
NK-o6nactu n 6onee 10 Abs B Buaumoii obnactu.
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