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TYPBUJIUMETPUUYECKUNA ®OTOMETP J1JIsI UCCJIEJOBAHUA
CEJMMEHTAIIMN HAHOPABMEPHbBIX OBBEKTOB

AHanusupyercs TypOUIUMETPHIECKHI (OTOMETP ¢ UMITYIbCHBIM PEKHMMOM Pa0OTHl HCTOYHHKA CBETA, IO3BOJISIO-
IIEro MPOBOJUTH CEMMEHTAIIMOHHbIe HCCIIEN0BaHMIS HAHOPA3MEPHBIX OOBEKTOB B YCIOBUAX J1a0OPAaTOPHBIX (HOHO-
BBIX 3aCBETOK MPH JIUTENBHOCTSAX Tporecca donee 500 yacoB. OmnuchiBaeTcs QyHKIMOHABHAS cXeMa J1abopaTop-
HOT'0 MakeTa ()OTOMeTpa 1 HPUBOIATCS SKCIEPUMEHTAIBHBIE UCCIIEOBAHUS HEKOTOPBIX €ro XapaKTepUCTHK.

Kn. cn.: typObumerpuueckuii poromerp, GoHOBaAsI 3aCBETKA, Apeiid HyIeBoi TUHUU

BBEJIEHUE

doromerpusl, BOZHUKHYB KaK HalpaBJIeHUE HCCIIe-
JOBaHUM XapaKTEPUCTUK CBETOBBIX IOTOKOB Helpe-
PBIBHBIX M HMMIIYJIbCHBIX HCTOYHMKOB cBera [1, 2],
craja OAHUM M3 MOIIHEHWIIMX HHCTPYMEHTOB IpH
MPOBEIEHUH SKCIEPUMEHTAIBHBIX  HCCIIEIOBAHMH.
PacnpoctpaHeHHOCTE  (POTOMETPUUECKHX METOJ0B
XapakTepu3yeT KpaTKoe IepeurciieHne olyacTed ux
MPUMEHEHHS], TAKUX KaK: acTpO(U3NIECKHE HUCCIIEN0-
BaHUA [3]; aHAIMTHYCCKUH XUMWYECKUN aHamm3 [4];
KITMHUYecKas MmpakTuka [5, 6]; uccienoBaHue TUIep-
3BYKOBOTO OOTEKaHUs1 0OOBEKTOB aBHAIIMOHHON U KOC-
MUYECKOl TEeXHHWKH [7]; aHaim3 aTMOC(EpHBIX a’3po-
3omelt [8] u Ipyrux cBeTopaccemBaromMX cucreM [9];
HCCIICIOBAHNE ONTHUYECKHX CBOMCTB HAaHOKOMIIO3UT-
HbIX MatepuainoB [10, 11]; umccnemoBaHme MPOIIECCOB
muddy3un [12] u ropermst [13]; omeHKa CcTerneHH
OKHCJICHHS MeTaJuIoB B muieHke [14] u 1.1 doTtomer-
pHUYECKHE METOIbl aHAJIN3a TaKXKe MIMPOKO HCIOJb-
3yIOTCS B HPOMBIIUIEHHOCTH JUIS HIEHTU(UKALUH
METaJJIOB U IpHUMeEcel B HUX, HAIIPUMEP, B COOTBET-
ctBum ¢ 'OCT 27981-88. Obummu n Hanbomee cepb-
€3HBIMM IpoOJeMaMM, BO3HMKAIOLIMMHU IPH paspa-
6oTKe (poTOMETpHUUECKIX TPHUOOPOB, ABISAIOTCSA (POHO-
Bast 3acBeTka [15], TeruioBoi apeiid u MyMoBO# 1O-
por [16].

VYuuTeIBas CTOND LIMPOKOE HCIIONB30BaHuE (hoTo-
METPUYECKHX METO0B JHUArHOCTHKH, IPOMBIIIIEH-
HOCTbH TPOU3BOIUT OOMBIIOE pazHOOOpasne poToMeT-
PUYECKOTO H CIEKTPO(OTOMETPHUIECKOTO 000py10Ba-
Hust: KOK-3, 5, Unico 2100, Apel PD303, SolidSpec-
3700 u 1.1. B KauecTBe UICTOYHUKOB CBETA UCIOIbB3Y-
I0TCSl AeHTepHeBble, KPUITOHOBBIE, IaJIOr €HHBIE JIaM-
Ibl, padoTarolie B HENPEPHIBHOM PEXUME H3ITyde-
HHUSI U UMEIOLLUE PECYPC, HE MPEBBILAOIMINNA 5 ThIC. U
(mpomsBomutenu PHILIPS, OSRAM wu np.). Typbu-
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JUMETPUYECKUE METOABI C MCIOJIb30BAHUEM JAaHHBIX
npuOOPOB MO3BOJISAIOT MOIYYaTh BAXKHBIC XapaKTepH-
CTUKH HCCIENYyEeMbIX OOBEKTOB: pa3Mephl Makpo-
YaCcTHIl B PacTBOpaX, MX KOHIEHTPAIUH, KO3PDHIIH-
eHThl muddy3un gacTuir B pacTBOpax, MacChl 4aCTHI]
u 1.11. HecMoTps Ha npuHMMaeMble Mepbl TepMOCTa-
OWITM3aIiK, TACTIOPTHBIN Jpeiid HyneBOH ITWHUU MPU
M3MEPEHHUIX ONTHYECKOHW TIOTHOCTH CEPUUHBIMA (O-
ToMeTpaMul OleHuBaercs BemuunHoW m0 0.004 1/4.
OTO OrpaHMYMBAET MX HCIOJIB30BaHHUE MPHU HUCCIENO-
BaHUM JJMTEIBHBIX MPOLECCOB, TAKMX KAaK CEAMMEH-
Talysl, HaIpuMep, HaHOPa3MEPHBIX YacTUL U IOJIHU-
MepHBIX MoJekyl. [losTomy mpu umccnenoBaHHMM Ma-
JIOpa3MEPHBIX OOBEKTOB IIMPOKOE PacIpOCTpaHEHUE
MOJTY4MJIO UCIIONB30BAHNE YIIBTPALEHTPUPYT € yCKO-
pennem 10 10° g [17]. OaHako npy aHamM3e GHONOTH-
YECKUX OOBEKTOB C TAKMMH IEPErpy3KaMH BO3MOXKHO
WX pa3pylleHne U U3MeHeHne CTPYKTYphI [6]. MoxHO
MPEATIONIOKHUTD, YTO UCIIOJIB30BAHNE TAHHOTO BO3/€H-
ctBus [17] Oymer okasbIBaTh BIMSHUE HA TPOCTPaH-
CTBEHHBIE XapaKTEPUCTHKH OOBEKTOB, HAPUMEp, U3-
MEHATh KOH(OPMALMIO TOJUMEPHBIX MOJIEKYJI IHpH
OIIPENENICHNN MX MOJEKYJIIPHOI Macchl U XapakTep-
HOI'0 pazmMepa.

B cBs3u ¢ 3TUM 1enpI0 TaHHOW paboTHI CTABHIIOCH
cozmanne (oToMeTpa, OOECHEUMBAIOIIETO BO3MOXK-
HOCTb JJIMTEIBHBIX TYpOHIMMETPHUYECKUX HCCIIeN0Ba-
HUIl HAaHOPa3MEPHBIX OOBEKTOB MOA ACHCTBHEM €cTe-
CTBEHHOW TpaBWTAIlK 0e3 HEOOXOMUMOCTH KaKOH-
Tu00 TOTTOTHUTEIEHON 3aIUTHI OT POHOBOM 3aCBETKH.

ONUCAHME ®YHKIIMOHAJIbHOM CXEMBI
JIABOPATOPHOI'O OBPA3LA ®OTOMETPA

Cxema mabopaTopHOW YCTAaHOBKM IpHBEAEHA
Ha puc. 1. Onruueckas IIOTHOCTh HCCIIETYyEMOTO
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Puc. 1. CtpykrypHas cxemMa TypOUJAUMETPUIECKOro (OTOMETPA.

1 — cBeroguon; 2 —  komwiuMaTop (NP HEOOXOOUMOCTH CO CBETOOHILTPOM); 3 —
CBETOZCNUTENbHAS IUIacTHHA; 4 — nuddy3Ho-paccenBaronias acTHHa; 5 — KioBeTa; 6 — HC-
crenyeMblii 00beKT (TOKa3aHa KIOBETa ¢ pacTBopoM); 7 — nuadparma; 8 — doromerpudeckas
ctepa; 9 — curnansHeii Goroguon l,.g; 10 — omopusrit doroamon Iy, ; 11 — 6ok perucrpa-

U 1 00paOOTKH CUTHAJIOB

pactBopa (0ObekTa) ompenensiercs 1Mo (opmyre
D =1g (Uy/ Uyp), Tne Uy — NoKa3aHuE CUTHAIBHOTO
¢doromrona 9 mpH MPOXOXKAECHUH CBETOBOTO IOTOKA
Yepe3 KIOBeTy 5 0e3 mcciuemnyemMoro pactsopa (00bek-
ta); Uy, — MoKa3aHue CUrHaNbHOro (oroanona 9 npu
MPOXOXIEHUH CBETOBOTO ITIOTOKA Y€pPe3 UCCIIeLyEeMBbIN
pacTtBop (00BEKT).

[IpoxoxaeHne paccessHHONO M3JIy4eHHs] OrpaHu-
ypBaercs nuadparmMoil 7 ¥ 3a cHeT BXOIHOTO OTBEp-
crusg  ¢oromerpuueckoro mapa. lcnomnb3oBaHue
mdy3HO-paccenBaromiell IacTHHbBl 4 1 (OTOMET-
pudeckoil cdepbl MO3BONSET OCIAOUTh BIHMSIHAE W3-
MEHEHHUIl pacmpeneleHusi HMHTEHCUBHOCTH CBETa
[0 CEYEHHIO 30HIMPYIOLIErO JIyya Ha pe3yibTaT H3-
MEpEHMUII.

B kadecTBe HCTOYHHMKA CBeTa HCIOIb30BAIUCDH
ceetomuonsl  (BL-LIOIURC A =660uM, AA=
=30um). Crexyer OTMETHTb, YTO pa3HOOOpasue
MPOMBIIIEHHO BBIITYCKAaEMbIX CBETOIMOAOB I103BOJIS-
€T MEpPEeKphITh BECh BUJMMBIM CBETOBOM MaIa3oH.
[IuTanue CBETOAMOOOB OCYIIECTBISUIOCH HMMITYJIbC-
HBIM HamnpspKeHreM ¢ 9actoTor 1522 I'1 co crabumm-
3anuer Toka 15-20 MA. Yactora MOXKET M3MEHSThCS
B IIMPOKHX Ipenenax, U ee BBIOOp ompenensercs
CIIEKTPOM IIPOMBIIIIEHHBIX MOMeX U (OHOBOHM 3a-
CBETKH B YCJIOBHSX IIPOBEIEHUS U3MEPEHUHN C LIENBIO
MOBBIILICHUS IOMEX03aLHUILEHHOCTH (OTOMETpa.

BbixonHoe HanpsKeHHE ¢ CUTHAJIBHOTO M OIOPHO-
ro ¢oroanonoB (ucronszoBanuce /256 ¢ muamnazo-

Puc. 2. OciuyuiorpaMMbl CUTHAJIOB, 3aMTMCAHHBIX B (haii.
a — HanpspKeHUE CHTHAJIOB C CHTHAJIBHOTO M OMOPHOIO
¢doToanonoB; 6 — HampsbKeHue curHana ¢ (poHOBOI 3a-
CBETKOH OT JIaMIl JJHEBHOI'O CBeTa JIaDOpaTOPHOTO OCBe-
ICHUS
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HOM CHeKTpajdbHOH dyBcTBUTENbHOCTH 0.4—1.1 MKM)
YCHIINBAJIOCH (MCITONB30BAINCh MUKpOCcXeMbl 544V /12
Mo cxeme BiimroueHus [18]), pernctprupoBaiocs IByX-
Ty4eBbIM ITUGPOBEIM octrumiorpadoM (8-pa3psIHbiii
ALII) ¢ gacroroit auckperuszanun 100 k[’ u 3anm-
ceiBatoch B (paitn mo 10 000 orcueros. [Ipu o6pabot-
Ke HMH(OpMAalMU BBIYUCISUIMCH BEIWYMHBI HYJIEBOU
muaN Uy ¥ aMIDTUTYAHOTO 3HadeHus (otoToka Uy
¢ ycpennenuem mo 20 orcueram (cM. puc. 2, a). AM-
IUINTYJa HaOpsDKEHHs, IPUBEIEHHAS K HANpPsDKEHUIO
¢ omopHOoro (oTomMOaa, BBRIYHCISIACE MO (popmyre
(Un — Up) / (Ugna — Uono) m ycpennsimach o 150 ot-
CYETaM.

NCCJIEIJOBAHUE XAPAKTEPUCTHK
D®OTOMETPA

Ha puc. 2, 6, npuBeneH XxapaKTepHBIA BH]I OCIUII-
JorpaMMEbI ¢ (POHOBOIT 3aCBETKOM OT OCBEIIEHUS JIaM-
amMM JHEBHOTO CBeTa 0e3 3aTeMHEHHs! 3JIEMEHTOB
ONTUYECKON CXeMBI TabopaTopHOTro (hoTOMETpA.
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Bunno Hanuune B CriEKTpe NMEPHOANYECKOrO CHT-
Hanma 100 'y cocraBisomen U ciiy4ailHbIX UMITYJIbC-
HBIX TPOMBIIIIEHHBIX MoMex. DoHOBas 3acBeTKa
¢ ammuTynoi 6.1% He mpuBena K CYLIECTBEHHOW
JIONOJTHUTENIBHON OIIMOKE PEerucTpaluy aMIUIATYAbI
MMITyJTECOB CHUTHaNBbHOTO (hoTommoma. OOpaboTKa pe-
3yJbTaTOB HM3MEPEHWI ONTHYEeCKOW IUIOTHOCTH 0e3
(OHOBOI1 3aCBETKM M IpU €€ HaJMYUHM B yKa3aHHOM
JMara3oHe MoKa3aja OTKJIOHEHHE pPe3yJIbTaTOB HM3Me-
peHuii, He npesbimatomee 0.27%.

B Tabmuue mnpuBeneHsl pe3yabTaThl M3MEpPEHUS
ONTUYECKON IUIOTHOCTH KOHTPOJBHBIX OOpasLoOB W3
Hab6opa mep ontuuaeckoit mmorHoct (HMITOIT-®3-8,
kiacc TouHoctu 0.04). OTkIIOHEHHE Pe3yIbTaTOB M3-
MEpEHUsI ONTUYECKON IJIOTHOCTH B AMANa3oHE 0 2
He npesbiuaer 0.04, 4To HaXOAWUTCA HA YPOBHE IO-
I'PEIHOCTH Haubojee paclpoCTPAaHEHHBIX IPOMBILI-
JIEHHBIX Ta00paTopHBIX (hoTromeTpoB. Mcmonp3oBanme
JTAHHOTO JTabOpaTOPHOTO (POTOMETpa IS W3MEPEHUS
ONTUYECKOW IUIOTHOCTH BBIIIE 2 MPUBOAUT K CYIE-
CTBEHHBIM IIOTPELIHOCTSM M3MEPEHUH, YTO OIpene-
JISIeTCS TEIUIOBBIMH LIyMaMH (POTOIMOAOB.

PesynmpTaThl M3MEpeHHS ONTHYECKONM IUTOTHOCTH KOHTPOJBHBIX 00pasmoB w3 HMIIOII-®3-8

(xmacc Tounoctu 0.04)

BaJl pe3yJbTaToOB H3Me-
pEeHUs C BEPOSITHOCTHIO
0.95

Onrtryeckass IUIOTHOCTh 0.34 1.13 1.41 1.74 2.14
KOHTPOIBHOTO 0Opasiia

Pe3ynpTaTel n3MepeHuii 0.35 1.17 1.42 1.71 2.1
JoBepurenpHplii  UHTEP- 0.001 0.004 0.006 0.011 0.036

100uM
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Puc. 3. COM-u300pakeHne HaHOPa3MEPHBIX
gactui Al,O;
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1.6 D

Puc. 4. Pe3ymbraTel HU3MEpEHHS ONTHYECKOMH
IUIOTHOCTH D pasnuyHbeIX OOBEKTOB IIPU JIH-
TENBHOM PEXUME paboTHI.

| — nucTHIUIMPOBaHHAs BOJA B KIOBETE;

2 — ONTUYECKOE CTEKIIO ¢ KO3(D(DUIIMEHTOM Tpo-
myckanus 50%;

3 — cenuMeHTaUMs HAaHOPa3MEpHBIX YaCTHUII
Al,O; co cpemuM amamerpoMm 5545 HM B OH-
CTWJIJIMPOBAHHOM BOJE;

4 — momumep ITIKK TICC-70 ¢ momekymspHOi
maccoii 70 000 a.e.M. B dTHUJIAIIETATE;

5 — OITHYECKOE CTEKIO ¢ KOI(PHUIMEHTOM MpOo-
myckanus 5%

I . f, MHUH|

6000 12000 18000 24000

Kak mpasuio, TypOuarMerpuyeckie MeToibl aHa-
JIM3a MPUMEHSIOTCS] IPU HU3KUX KOHLIEHTPALMSIX pac-
TBOPOB C HH3KOM ONTHYECKOH IUIOTHOCTHIO, YTOOBI
MOXKHO OBIJIO TIpeHeOpedh B3aMMOJICHCTBHEM MEXTY
uccienyeMelMu o0bekramu. I[losToMy Ha JaHHOM
sTane paboT OrpaHUYMMCS IUANa30HOM H3MEpEHHH
ONTHYECKOM IOTHOCTH 10 2 en. Ha puc. 3 npusene-
HO COM-u3o0paxenue gactunr Al,Os, a Ha puc. 4 —
pe3ynbTaThl U3MEPEHHUS] ONTUYECKON IUIOTHOCTU pa3-
JIMYHBIX ONTHYECKHX OOBEKTOB.

JlnmuTenbHble N3MEPEHUs] Ha ONTUYECKUX 00bEeKTax
C TTIOCTOSTHHOW ONTHYECKOH MIOTHOCTRIO (KpuBbIE 1,
2 1 5 Ha puc. 4) IaloT OLEHKY Apeiida curaamga, KoTo-
perii He ipeBbimaer 0.00017 1/4 B muana3oHe ontude-
ckoii miotHoctn go 0.2. B oOmact onTHuecKux
mioTHocTel Boimre 1.0 apeiid curHama mocTuraer Be-
snyuHbl 0.0008, 4TO BO MHOIOM OIpPENEssieTcsl U3Me-
HEHHMSMH TEMIEPaTypHOIO pEeKUMa CBETOAHOAA
B Tporiecce paboTHI (€ro TepMocTaOuIHM3aIys He Hc-
TT0JTB30BAJTACH).

W3MeHeHne onTHYeCKON TIIOTHOCTH MPU CEANMEH-
Tallid HaHOPa3MEPHBIX O0BEKTOB (KpuwBbIe 3 U 4)
Ha 2-3 mops/iKa BbIIIe BpeMEHHOro Apeiida curHana,
YTO TOBOPUT O BO3MOXXHOCTM HCIOJIB30BAaHHUS pac-
CMaTpHUBaeMoOil cxembl (OTOMETpa NpPU HPUMEHEHHUU
TypOUAMMETPUYECKUX METOJOB Ul aHajlIM3a Xapak-
TEPUCTHK HAHOPAa3MEPHBIX OOBEKTOB.

3AK/IIOYEHHUE

Takum 00pa3oM, HCIIOIB30BaHHE CBETOANOOB
C MIMITYJIbCHBIM HAalpsDKEHHEM HMHUTAaHUS CO CTAOWMIH-
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3alMeld TOKa B KadyecTBE MCTOYHHMKA CBETa B TypOH-
IUMETPUIECKOM (OTOMETPE MO3BOJISIET CYIIECTBEHHO
COKpaTUTh (B CpPaBHEHWH C TMPOMBINUIEHHBIM (hoTO-
METPUYECKIM O0OpyJOBaHHEM) BpeMeHHOH apeiid
CUTHAJIOB TNIPH M3MEPEHUH ONTHYECKOM IJIOTHOCTU
00pa3loB B [UINTENBHOM PEKHUME NPH COXPaHEHHH
YPOBHSI HOTPEIIHOCTH HM3MEPEeHus. OTO IO03BOJSET
UCIOJIB30BaTh €ro MPH HCCIEJOBAHUU CEIUMEHTALNH
HaHOpPa3MEepHBIX O00BEKTOB. VICHONh30BaHHBI WM-
MyJAbCHBIH PEXUM PaOOThl HCTOYHMKA CBETA M CTATH-
cTrUecKas o0paboTka CHTHAIOB OcCiIa0iseT TpeboBa-
HUS K 3aIUTe OT (POHOBOM 3aCBETKH.

Hayunvie uccnedosanus npogedenvl npu QUHAHCOBOU
noooepoicke Munobprnayku Poccuu 6 pamkax ucnoiHenus
obsizamenvcmg no Coznawenuto Homep 075-03-2020-051/3
om 09.06.2020 (nomep memul fzsu-2020-0021).
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TURBIDIMETRIC PHOTOMETER FOR STUDYING
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A turbidimetric photometer with a pulsed mode of operation of a light source is analyzed. The device makes
it possible to conduct sedimentation studies of nanoscale object in terms of laboratory background illumination
with a study duration of more than 500 hours. The functional diagram of the laboratory device sample is de-
scribed and experimental surveys of some characteristics are presented.
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INTRODUCTION

Photometry, having emerged as a line of research
into the characteristics of light fluxes produced by
continuous and pulsed light sources [1, 2], has become
one of the most powerful tools in experimental re-
searches. The prevalence of photometric methods is
characterized by a short listing of their application
areas, such as: astrophysical research [3]; analytical
chemical analysis [4]; clinical practice [5, 6]; study of
hypersonic flow around objects of aviation and space
technology [7]; analysis of atmospheric aerosols [8]
and other light-scattering systems [9]; investigation of
the optical properties of nanocomposite materials [10,
11]; investigation of diffusion [12] and combustion
[13] processes; evaluation of the oxidation state of
metals in the film [14], etc. Photometric methods of
analysis are also widely used in industry to identify
metals and impurities in them, for example, in accord-
ance with the GOST / State Standard of Russia 27981-
88. The common and most serious problems arising in
the development of photometric devices are back-
ground illumination [15], thermal drift and noise
threshold [16].

Given such widespread use of photometric diag-
nostic methods, the industry produces a wide variety
of photometric and spectrophotometric equipment:
K®K-3, 5, Unico 2100, Apel PD303, SolidSpec-3700
etc. Deuterium, krypton, halogen lamps operating in
a continuous mode of radiation and having an opera-
ting life not exceeding 5 thousand hours (by PHILIPS,
OSRAM, etc.) are used as light sources. Turbidimetric
methods using these devices let to obtain important
characteristics of the objects under study: sizes of
macroparticles in solutions, their concentrations, dif-
fusion coefficients of particles in solutions, particle
masses, etc. Despite the thermal stabilization
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measures taken, the certificate drift of the baseline
when measuring the optical density with serial pho-
tometers is estimated to be up to 0.004 1 / h. This lim-
its their use in the study of long-term processes, such
as sedimentation, for example, of nanosized particles
and polymer molecules. Therefore, in the study of
small-sized objects, the use of ultracentrlfuges with an
acceleration of up to 10° g has become widespread
[17]. However, when analyzing biological objects
with such overloads, their destruction and structural
changes are possible [6]. It can be assumed that the
exerted effect [17] will impact the spatial characteris-
tics of objects, for example, by means of changing the
conformation of polymer molecules when determining
their molecular weight and characteristic size.

In this regard, the goal of this work was to create
a photometer that provides the possibility of long-term
turbidimetric studies of nanoscale objects under the
influence of natural gravity without the need for any
additional protection from background illumination.

DESCRIPTION OF THE FUNCTIONAL DIAGRAM
OF THE PHOTOMETER LABORATORY SAMPLE

The diagram of the laboratory setup is shown in
Fig. 1. The optical density of the investigated solution
(object) is calculated by the formula D =
=g (Uco/ Uyp), where Uy is the readings of the signal
photodiode 9 when the light flux passes through the
cuvette 5 without the test solution (object); Uy, 1s the
readings of the signal photodiode 9 when the light
flux passes through the test solution (object).

The passage of the scattered radiation is limited by the
diaphragm 7 and the inlet of the photometric ball. The
use of a diffuse-scattering plate 4 and a photometric
sphere makes it possible to weaken the influence of
changes in the distribution of /uminous intensity along
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Fig. 1. Block diagram of a turbidimetric photometer.

1 — LED; 2 — collimator (if necessary with a light filter); 3 — beam splitter; 4 — diffuse-
scattering plate; 5 — cuvette; 6 — object under study (the cuvette with the solution is shown);
7 — diaphragm; 8 — photometric sphere; 9 — signal photodiode I,¢; 10 — reference photo-
diode 1,,; 11 — block of registration and processing of signals

Fig. 2. Oscillograms of signals recorded in a file.
a — voltage of signals from signal and reference photodiodes; b — voltage of signal with
background illumination of fluorescent lamps of laboratory lighting

the cross-section of the probing beam on the meas-
urement result.

LEDs (BL-L101URC A =660 nm, AA =30 nm)
were used as a light source. It should be noted that
the variety of industrially produced LEDs allows cov-
ering the entire visible light range. The LEDs were
powered by a pulsed voltage with a frequency of
1522 Hz and a current stabilization of 1520 mA. The
frequency can vary over a wide range, and its choice
is determined by the spectrum of industrial noise and
background illumination in the measurement condi-
tions in order to increase the noise immunity of
the photometer.

The output voltage from the signal and reference
photodiodes (D256 with a spectral sensitivity range
of 0.4-1.1 um) was amplified (544Y 12 microcircuits
were used according to the switching circuit [18]),
recorded with the use of a two-beam digital oscillo-
scope (8-bit ALIIT) with a sampling rate of 100 kHz
and saved in files per 10 000 counts. When processing
the information. the values of the zero line Un and
the amplitude value of the photo-induced current Ua
were calculated with averaging over 20 counts (see
Fig. 2, a). Voltage amplitude, accounted to voltage
across a reference photodiode, was calculated by
the formula (Ux — Up) / (Uona — Uono) and averaged
over 150 counts.

STUDY OF PHOTOMETER
CHARACTERISTICS

In Fig. 2, b, a typical oscillogram form of a back-
ground illumination of fluorescent lamps without
darkening the optical scheme elements of the labora-
tory photometer is shown.

One can see the presence of a periodic signal of
100 Hz component and random impulse industrial
noise in the spectrum. Background illumination with

HAYYHOE ITPUBOPOCTPOEHME, 2021, Tom 31, Ne 2

an amplitude of 6.1% did not lead to a significant ad-
ditional error in recording the amplitude of the signal
photodiode pulses. The processing of the optical den-
sity measurement results without background illumi-
nation and in its presence in the specified range
showed a deviation of the measurement results not
exceeding 0.27%.

The table shows the results of measuring the opti-
cal density of reference samples, taken from the Set of
measures of optical density (HMIIOII-®3-8, accuracy
grade 0.04). The deviation of the optical density
measurement results in the range up to 2 does not ex-
ceed 0.04, which is at the level of the error of the most
common industrial laboratory photometers. The use of
this laboratory photometer to measure optical density
above 2 leads to significant measurement errors,
which are caused by the thermal noise of the photodi-
odes.

As a rule, turbidimetric methods are used for anal-
ysis of solutions with low concentrations and low op-
tical density, so that the interaction between the ob-
jects under study can be neglected. Therefore, at this
stage of work, we restrict ourselves to the range of
measurements of optical density up to 2 units.
Fig. 3 shows an SEM image of Al,O; particles, and
Fig. 4 shows the results of measuring the optical den-
sity of various optical objects.

Long-term measurements of optical objects with
constant optical density (curves 1, 2, and 5 in Fig. 4)
let to estimate the signal drift, which does not exceed
0.00017 1/ h in the optical density range up to 0.2. In
the region of optical densities above 1.0, the signal
drift reaches 0.0008, which is largely determined by
changes in the temperature regime of the LED during
operation (its thermal stabilization was not used).
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The results of measuring the optical density of check samples, taken from HMITOII-®3-8 set (accuracy grade 0.04)

Check sample optical 0.34 1.13 1.41 1.74 2.14
density

Measurement results 0.35 1.17 1.42 1.71 2.1
Confidence interval of 0.001 0.004 0.006 0.011 0.036
measurement results with

probability 0.95

Fig. 3. SEM image of nanosized Al,Osparticles

Fig. 4. The results of measuring the optical density of various objects during long-term operation.

1 — distilled water in a cuvette;
2 — optical glass with a transmission ratio of 50%;

3 — sedimentation of nanoscale Al,O; particles with an average diameter of 55 £5 nm in distilled water;
4 — polymer PCC PSS-70 with a molecular weight of 70 000 amu. in ethyl acetate;

5 — optical glass with a transmission ratio of 5%

The change in optical density during sedimentation
of nanosized objects (curves 3 and 4) is 2—-3 orders of
magnitude higher than the time drift of the signal,
which indicates the possibility of using the considered
photometer scheme to analyze the characteristics of
nanosized objects by means of turbidimetric methods.

CONCLUSION

Thus, the use of LEDs with a pulsed voltage sup-
ply and a current stabilization as a light source in
a turbidimetric photometer can significantly reduce (in
comparison with industrial photometric equipment)
the time drift of signals when measuring the optical
density of samples in a long-term mode while main-
taining the level of measurement error. This makes it
possible to use it in studies of sedimentation of na-
noscale objects. The used pulsed mode of operation of
the light source and statistical processing of signals
dumbs down the requirements for protection against
background illumination.

Scientific research was carried out with the financial
support of the Ministry of Higher Education and Science of
Russia under the Agreement No. 075-03-2020-051 / 3 dated
06/09/2020 (topic number fzsu-2020-0021).
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