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Modification of solar batteries by polymer fluorescent films

The article describes a method for studying the effect of silicon solar cells” modification using spectrum
shifters, which are polymer films based on polymethylmethacrylate with a thickness of about 4 um with em-
bedded fluorescent dyes. In the process of work there were obtained spectrum shifters containing commer-
cially available fluorescent dyes Solvent Yellow 160, Coumarin 440 and BBQ. Evaluation of the spectrum
shifters” influence on the efficiency of a solar battery was carried out by comparing the curve of the external
quantum yield and the current-voltage characteristics of the latter before and after the modification. Interpre-
tation of the obtained results was based on the absorption and fluorescence spectra of the obtained spectrum
shifters. According to the curves of the external quantum yield, a decrease was established in the efficiency of
solar cells after the modification by spectrum switches. It is ascertained that the reason for this decrease is the
emerging competition in the absorption of incident radiation between the spectrum switch and the solar bat-
tery, and the parameters under which this competition would be minimal were determined. According to the
data obtained when measuring the volt-ampere characteristics of the obtained modified solar cells, an insig-
nificant increase in the power of the generated electric current was established. A conclusion is made about
the contradiction between the results of experiments on measuring the external quantum yield and current-
voltage characteristics. With a detailed examination of the features of these research methods it was possible
to find the cause for these contradictions. The main conclusions were drawn about the nature of the interac-
tion of spectrum shifters with solar batteries, and the main conditions under which this interaction was effec-
tive were determined.

Keywords: solar battery, spectrum switch, external quantum yield, current-voltage characteristics, absorption,
fluorescence, fluorescent dye, polymer film.

Introduction

The best efficiency of the experimental device obtained under laboratory conditions reached the conver-
sion efficiency of 25 % for the plates of elements on crystalline silicon [1] and 19.5 % for thin-film technol-
ogies [2].

There are two principal approaches for increasing the efficiency of solar cells. The first is to improve
the electronic properties of existing devices [3—6]. The second is the use of luminescent low-energy spectrum
shifters that absorb short-wavelength photons and re-emit them at more favorable wavelengths (in the long-
wavelength region). Luminescent low-energy shifters are a passive approach that involves the use of a lumi-
nescent material in a layer located in front of a photocell.

The most common polymers for this purpose are polymethyl methacrylate (PMMA) [7-9] or polyvinyl
acetate [10, 11], as well as such inorganic crystalline materials, as Al,O; [3] or SiO, [12]. Various types of
glasses [13—15] and organic silicates ORMOSIL [16, 17] are also used.

Luminescent materials used for low-energy shifters should ideally demonstrate: the quantum yield of
luminescence close to unity; a wide absorption band in the region where the efficiency of photocells is low;
high absorption coefficient; a narrow band of radiation coinciding with the maximum effective absorption of
the photocell; large Stokes shift to minimize reabsorption; low cost; high photostability.

Organic dyes have relatively high absorption coefficients [18], quantum yield close to one [19], and are
easily incorporated into the polymer matrix [18,19]. Their disadvantages are narrow absorption bands and a
relatively small Stokes shift, which leads to considerable reabsorption [20]. Several dyes can be introduced
into one polymer matrix and mixed with one layer to increase the width of the absorption band and increase
the Stokes shift [8]. Their photostability is a matter of debate, although there are reports of significant suc-
cesses in this direction and similar dyes are commercially available [19].

In this paper it is planned to study the effect of polymer spectrum shifters containing organic dyes on
the efficiency of solar cells.

Cepusa «Xumuns». Ne 4(88)/2017 39



A.l. Mantel, I.S. Irgibayeva, |.R. Mukatayev

Experimental part

Reagents. The fluorescent dye Solvent Yellow 160 (SY160) (number CAS: 94945-27-4) was purchased
from Jinan Junda Industrial Technical Co. Ltd. Fluorescent dyes 7-amino-4-methylcoumarin, coumarin 440
(C440) (Cat. # 04400); and 4,4"-bis[(2-butyloctyl)oxy]-1,1":4',1":4",1"-quaterphenyl (BBQ) (model number
03800) were purchased from Exciton Inc. [21]. Polymethylmethacrylate, Mw = 996,000, purchased from
Aldrich (Cat. # 182265). 1,2-Dichloroethane (DCE), 99+ %, purchased from Acros Organics (Cat. #
406820010. All reagents were used without pre-treatment. The high optical transparency gel of Smartgel
OC431A-LVP was purchased from Nyelubricants (Cat. # SM120913).

Equipment. The fluorescence spectra were measured on a USB2000 + spectrometer from Ocean Optics.
The transmission and absorption spectra were measured on a Cary 5000 UV-Vis-NIR spectrophotometer
from Varian. The profile and thickness of the films were measured on a Dektak 150 profilometer from
Veeco. The measurement of the external quantum yield was carried out on a Bentham 218 analyzer equipped
with a Bentham TMc300 monochromator and a Bentham PVE30 photovoltaic characterizer and power sup-
plies for a Bentham 605 xenon and halogen lamp. Volt-ampere characteristics were measured on a Keithley
2400 Sourse meter analyzer complete with a Sun 2000 Solar simulator company ABET technologies.

Preparing of polymer films of polymethylmethacrylate

0.5532 g of polymethylmethacrylate (PMMA) were dissolved in 5.7187 g of dichloroethane (DCE), and
a stock solution with a mass concentration of PMMA equal to 8.82 % was obtained.

Four working solutions of different concentrations were prepared from the resulting stock solution. The
proportions of the base solution (m (PMMA in DCE)) and dichloroethane (m (DCE), as well as the concen-
tration of the obtained samples (W (PMMA)) are presented in Table 1.

Table 1
The concentrations of the PMMA polymer film solutions

Solution 1 2 3 4
m(PMMA in DCE), g 0.1207 0.2535 0.3590 0.4832
m(DCE), g 0.5059 0.3673 0.2395 0.1260
W(PMMA), % 1.70 3.60 5.29 7.00

The resulting working solutions were applied uniformly onto the borosilicate glass with a thickness of
1 mm and an area of 25x35 mm’. The application area is 25x25 mm®, the volume of the applied solution for
each sample is 0.4 ml. After application, the samples were placed in a draught cupboard to remove the sol-
vent. The resulting films were studied using a profilometer in order to determine their thickness and surface
topography. Figure 1 shows the measurements of the profile of all 4 films.
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Figure 1. Parameters of the PMMA films profiles obtained from solution in DCE

It can be derived from Figure 1 that the higher is the concentration of the solution from which the film
was prepared, the more is the average film thickness, the more is the film thickness, and the worse is its uni-
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formity. It should be noted the presence of sharp ups on the boundaries of films. In calculating the average
thickness of the films, these sections are not taken into account.

The average thickness of the films was respectively: 3.05; 9.01; 16.01; 24.0 um.

Based on the results obtained, it was decided to adhere in future studies to a solution concentration of
about 4 %, since it allows to obtain the most uniform film surface at its smallest thickness.

General procedure for introducing phosphors into polymer matrices

The PMMA solution is divided into four equal parts by weight. Various proportions of the luminophore
solution are added to the each part. To all the obtained solutions additions of pure solvent are added in such a
way that the total mass of all solutions is the same. The final concentration of PMMA in working solutions is
kept at 4 %.

Discussion of the results
At first to the PMMA film was introduced the dye SY 160 having the following structure:
CZHS
\

N
/ \ o
CoHs N\
O N Cl

As a result of the introduction, a transparent film with a bright yellow-green fluorescence was obtained,
containing 2 % of SY160 based on the PMMA mass. The SY 160 dye was selected due to its bright fluores-
cence with a maximum at 495 nm — the region where the sensitivity of the solar battery is maximal.

The resulting borosilicate glass film was applied to a standard solar cell or solar cell (SC) made of
5x5 mm polycrystalline silicon by gluing through a gel with a high optical clarity and measuring the External
Quantum Yield (EQE) of SC with and without the deposited film. The result is shown in Figure 2.
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Figure 2. The curves of the BCD of a clean solar cell (SC) and a solar cell
covered with a PMMA film containing the SY160 (SC + SY160) dye

As can be seen from Figure 2, the presence of a fluorescent PMMA film with SY 160 leads to a decrease
in the SC quantum yield in the ranges of 300-360 nm and 390-500 nm. At first glance, the result is contrary
to the theory that the EQE SC should have increased in the wavelength region of 495 nm if a fluorescent film
is applied. However, if we consider the absorption and fluorescence spectra of the resulting film (Figure 3),
we can explain the obtained result.

As can be seen from Figure 3, the absorption spectrum of SY160 has 2 peaks — from 240 to 340 nm
and from 350 to 500 nm. If we look at Figure 2, it is in these areas that we see a drop in the SC VC. This is
clearly seen if we compare the absorption spectrum of SY160 with the curve obtained by subtracting the
curve SC + SY160 from the curve SC shown in Figure 4.
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Figure 3. Absorption and fluorescence spectra Figure 4. The difference between the EQE SC
of the dye SY160 and SC + SY160 curves from Figure 3

It may seem that in Figures 2 and 3 there is no visible contribution of fluorescence, which should in-
crease the EQE of SC. Comparing Figures 3 and 4, one can see some differences in the ratio of peak intensi-
ties and their locations, which is a consequence of the fact that Figure 4 reflects the total contribution from
absorption and fluorescence, that is, the difference in absorption and fluorescence intensities at the moment
of excitation of the sample at a given wavelength.

From the results obtained, it can be concluded that when light falls on an SC covered with a fluorescent
film, a competition arises between the film and SC in absorbing the incident radiation. The SC falls on the
radiation that was not absorbed by the film. This competition is the higher, the closer the absorption peak of
the dye and the maximum of efficiency are on the SC curve in SC. This loss cannot be compensated by the
fluorescence of the film, since the energy absorbed by the film is always greater than the energy transferred
to fluorescence or, in other words, the quantum yield of fluorescence is always less than 1.

From the above it follows that as a spectrum shifter for SC it is necessary to use a fluorescent film hav-
ing an absorption maximum where the EQE SC curve has a minimum.

As fluorophores having absorption in the short-wavelength region of the spectrum, where the EQE SC
is the minimum, dyes C440 and BBQ, absorbing shorter than 400 nm, were chosen.

The introduction of dyes into polymer films was carried out according to the procedure described
above. For each colorant, 4 films with different weight proportions of the dye in the polymer were prepared.
This was done in order to trace the effect of a gradual increase in the concentration of the dye on changes in
the EQE SC, as well as to avoid distortion of the results in view of the effect of concentration quenching,
which may appear in one of the samples. In this case, the results of this sample will simply not be taken into
account.

The first samples of films containing a fluorescent dye C440 were investigated. A summary of the dye
is shown in Table 2.

Table 2
Brief information about the dye C440
Full name 7-Amino-4-methylcoumarin
Abbreviation C440
CH;
Dye structure N
H,N (0) 0]
Weight percent 1 2 3 4
in PMMA films 1.79 % 1.11 % 0.59 % 0.24 %
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The absorption and fluorescence spectra are represented by the C440 dye in Figure 5. Figure 6 shows
the curves of EQE pure SC, and SC coated with C440 films with a mass concentration of 1.79 % and 0.59 %
in the 300-500 nm range. The remaining 2nd concentrations are not indicated in order to avoid cluttering the
schedule and loss of informative value.
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Figure 5. Absorption and fluorescence spectra Figure 6. EQE curves of pure SC and SC coated
of the C440 dye with PMMA films containing C440 dye

at concentrations of 1.79 % and 0.59 %

It can be seen from Figure 6 that with an increase in the C440 dye concentration, the SC efficiency in
the 320 to 390 nm region decreases. Figure 5 shows that this is the region where the absorption of the dye is
located. In the spectral range 300-320 nm, a slight increase in efficiency can be seen, even though in this
region the dye has a significant absorption value. This confirms the conclusion made earlier that the smaller
the value of the EQE SC in a certain portion of the spectrum, the smaller the fraction of absorbed energy the
SC converts into electricity, and the less competition is expressed between the SC and the spectrum switch.

During the research, the current-voltage characteristics of the obtained samples were measured (Table 3).

Table 3
Volt-ampere characteristics of the SC coated with polymer films with C440
Sample Jsc, mA/cm? Pmax, mB/cm’ Efficiency, % Relative efﬁciency*, %
SC —23.60 —11.10 11.10 100
1.79 % —23.62 —11.14 11.14 100.36
1.11 % —23.49 —11.03 11.03 99.34
0.59 % —23.41 —11.01 11.01 99.18
0.24 % —23.49 —10.95 10.95 98.65

Note. "Relative efficiency is calculated from the efficiency of the CS, which is assumed to be equal to 100 %.

From Table 3, it is seen that in the case of a concentration of the dye in the PMMA film equal to
1.79 %, an insignificant increase in efficiency with respect to the pure CS is observed, which contradicts the
data in Figure 6, where the concentration of the 1.79 % dye leads to the maximum decrease in the CS effi-
ciency. This discrepancy will be considered below.

Hereafter spectrum explorers containing the fluorescent dye BBQ were investigated. A summary of the
dye is presented in Table 4.

The absorption and fluorescence spectra of BBQ are shown in Figure 7. The curves of the BCD of a
clean solar cell (SC) and a solar cell with overlying PMMA films containing the BBQ dye are shown in Fig-
ure 8.
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Table 4
Brief information about the BBQ dye
Full name 4,4"-bis[(2-butyloctyl) oxy]-1,1":4',1":4"1"-quaterphenyl
Abbreviation BBQ
(H,C)s~CH,
~
Dye structure HC); O 0 (CHy)s
—/ H;C
H3C—(CHy)s
Weight percent 1 2 3 4
in PMMA films 2.63 % 1.33 % 0.67 % 0.34 %
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Figure 7. Absorption and fluorescence spectra Figure 8. The curves of the DCD of a clean solar cell (SC)
of the BBQ dye and a solar cell coated with PMMA films containing

BBQ dye at concentrations of 2.63 % and 0.34 %

It can be seen clearly from Figures 7 and 8 that in the 300-320 nm region the spectrum shifters with the
BBQ dye show the most pronounced increase in the EQE SC and a less pronounced decrease in the EQE SC
in the 320 to 390 nm region compared to the C440. This is because the absorption bands of the BBQ dye lie
in a shorter wavelength range than in the C440, which means that there is less pronounced competition be-
tween SC and the spectrum switch. It is expected that measuring the current-voltage characteristics of SC
coated with BBQ dye films will show a greater efficiency increase than for samples with C440 dyes
(Table 5).

Table 5
Volt-ampere characteristics of the SC coated with polymer films with BBQ

Sample Jsc, mA/cm” Pmax, mB/cm” Efficiency, % Relative efficiency, %

SC —24.20 —11.14 11.14 100
2.63 % —23.83 —11.04 11.04 99.10
1.33% —23.57 -10.92 10.92 98.02
0.67 % —23.83 -11.07 11.07 99.37
0.34 % —23.93 —-11.14 11.14 100

Note. "Relative efficiency is calculated from the efficiency of the CS, which is assumed to be equal to 100 %.

It can be derived from Table 5 that the efficiency of the SC coated with films with BBQ drops with re-
gard to the clean SC for all concentrations of BBQ, which contradicts the results of Figure 5. This contradic-
tion can be explained by the difference in the operation of the instruments for measuring the BAT and volt-
ampere characteristics.
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The device for measuring the EQE registers the energy of the radiation incident on the SC at a certain
wavelength and the energy produced by the SC when this radiation hits it. The device then calculates the
quantum yield as the ratio of the energy generated by SC to the energy of the radiation incident on the SC.
Thus, the shape of the incident radiation spectrum on SC does not affect the shape of the EQE curve.

In the instrument for determining the current-voltage characteristics, the radiation from the SC is sup-
plied by a simulator of solar radiation, which produces the radiation similar to sunlight. The instrument
measures basic SC parameters, which directly depend on the spectrum and intensity of the incident radiation.

Figure 9 shows the emission spectrum from the solar spectrum simulator, as well as the SC absorption
spectrum calculated on the basis of the EQE SC.
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Figure 9. The emission spectrum of the solar simulator (1), calculated on the basis of the BAC,
effective absorption spectrum of SC (2) and the difference between spectra 1 and 2 (3)

Figure 9 shows that in the range from 300 to 350 nm, taking into account the low intensity of the inci-
dent radiation, as well as the low value of the EQE, the effective absorption of SC is negligible. Since the
BBQ dye has an absorbance of up to 350 nm, it is logical that we do not observe any increase in efficiency in
the case of spectrum shifters containing BBQ when measuring the volt-ampere characteristics of the samples.
If we subtract curve 2 from curve 6 from curve 1, we obtain curve 3 describing the energy of the unused so-
lar battery. The dye BBQ in this case, there is practically nothing to collect, whereas for the C440 dye the
absorption spectrum stretches to 380 nm, where there is a larger amount of non-absorbed energy. That is why
we see a slight increase in the efficiency of SCs covered by spectrum shifters containing C440, with a simul-
taneous decrease in efficiency on the BAC curves.

In addition, for some samples there is a slight decrease in efficiency, as can be seen from Table 5,
caused not so much by the absorption of the dye as by the scattering of the incident light by the sample.

Conclusion

As a result of the work, spectra based on the PMMA matrix containing fluorescent dyes SY98, C440,
and BBQ were obtained. The influence of these shifters on the efficiency of the solar battery on which they
were applied was studied.

As a result of the study, the following conclusions were made:

1) there is a competition between the spectrum switch and the solar battery, expressed in the fact that
some of the energy absorbed by the switch does not reach the solar battery;

2) the effect of competition between the spectrum switch and the solar battery is much more pro-
nounced than the effect of increasing efficiency due to fluorescence;

3) the absorption region is a more important parameter for the spectrum displacer than the region of its
fluorescence;

4) spectrum shifters absorbing shorter than 350 nm do not affect solar batteries.
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A.N. Mantens, .C. Uprubaesa, U.P. Mykaraes

Dj1yopecueHTTi NoJJuMepJIepAiH KadbIpIIaKTapbIMeH
KYH cdyJeci 6aTapeslapbiH TYPJIEHAIPY

Makainana ¢iyopecueHTTi OOSFBIITAP CHTI3UIreH, KaIBIHIBIFH HIaMaMeH 4 MKM, MOJHMETHIMETAKpHIAT
Herizingeri mojuMmepii KaObIpiakrap Oousibll  TaObUIATHIH, KPEMHHH KYH COyJeNepiHiH CHeKTpIi
JKBUDKBITKBIIITAP KOMeTiMeH MoAn(UKaIMsIIAyAbIH ScepiH 3epTTey afici cunarranrad. JKyMmbic GapbichiHaa
KOMMEpPUWMSUIBIK JkaFbiHaH KospkeTimai Solvent yellow 160, Coumarin 440 sxone BBQ duyopecuentri
GOsIFBIIITAPBI 0ap CHEKTPNIK JKBUDKBITKBILTAP ajblHAbl. KyH OaTapesiChIHBIH THIMIUITIHE CHEKTPIiK
JKBUDKBITKBILITAP CEPi CHIPTKBI KBAHTTHIK LIBIFYIBIH KUCHIK CHI3BIFBIH KOHE MOAM(UKALUsFa NEHiHIT jKoHe
KeifiHri BONbTAMIICp CHIIATTAMAJapblH CaJbICTBIPY apKbUIbl OaraiaHipl. AJIBIHFAH  HOTHKEIEpi
HHTEpIIpeTalUsIIay albIHFaH JKbUDKBITKBILITAPABIH KYTBUTY MEH (IIyOPECLCHIHS CIIEKTPIIePiHe HEeTi3/IeIreH.
ChIPTKBI KBaHTTBIK HIBIFY/IBIH KHCBIKTApbIHA COHKEC CIIEKTPIIIK KBUDKBITKBILITAD apKbUIbI MOAU(UKALMAIAH
KeiliH KyH OarapessiapblHbIH THIMAUICIHIH TeMeHzaeyi aHblkTamasl. OcbiHOall TeMeHaeyniH cebebi
CIIEKTPaJIbl KBUDKBITKBIII TIeH KYH 0OaTapesichl apachlHIAFbl COyJIeNCHYIIH CiHipinyiHaeri maitna 6onarhiH
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0aceKenecTik JKoHe OHBIH €H a3 OONaThIH MapameTpliepi aHbIKTaNIbl. AJBIHFAaH MOAMGHUKALMSIAHFAH KYH
OaTapesiapbIHbIH BOJIbTAMIIED CHIIATTAMAJIAPbIH OJIIIeYy Ke3iHJAE ajblHFaH AEpeKTepre cokkec, eHIIpineTiH
JIEKTP TOFBIHBIH KyaThl MaMalibl kKeTepinai. ChIPTKbl KBAaHTTBIK IIBIFY XKOHE BOJbTAMIIED CHUNATTaMajlapblH
OJIIIEHTIH SKCIEPUMEHTTEPIIH HOTIDKEIePi apachbIHAAFl KAHIIBUIBIK TYpaslbl KOPBITEIH/IBI )KacaIsl. 3epTTey
ONICTEpIHIH epeKIIeIKTepi erKeH-Ter kel KapacThIpbUIFaHIa OCHl KapaMa-KaHIIBUIBIKTapaslH cebebi
afkpHmanapl. Herisri KOpeITBIHABUIAp KYH Oarapesuiapbl MEH CIIEKTPIIIK JKBUDKBITKBIITAPIBIH ©3apa
OPEKETTECy CUIIATHI XKOHE OCHI ©3apa dPEKEeTTeCYAiH THIMII OOJaThIH HETI3Ti MapTTapsl Typabl Kacabl.

Kinm coe30ep: KyH 0arapeschl, CHEKTPJIIK IKbIDKBITKBILNI, CBHIPTKbl KBaHTTBIK IIBIFY, BOJIbTAMIEP
CHITATTaMachl, CiHipy, diyopecuenius, GpayopecueHIHsIIBIK OOSsFBILI, MOTUMEpPII KaObIpIIakK.

A.W. Manrens, U.C. Uprubaesa, 11.P. Mykaraes

Moaudukanus coTHeYHbIX 0aTapeil OJIMMEPHBIMHU
(1yopecueHTHBIMH IJICHKAMH

B craTbe OnmcaH METO/[| CCIIEA0BaHuUs MOAU(UKALIMN KPEMHHUEBBIX COJHEYHBIX OaTapeil MpH MOMOIH CMe-
CTUTENEH CHEeKTpa, KOTOPBIC PECTABISIOT CO00# MONMMEPHBIC IICHKH HAa OCHOBE MOJMMETHIMETaKpHIaTa
TOJIIIMHON HPUMEPHO 4 MKM C BHEAPCHHBIMHU ()IIyOPECLEHTHBIMU KpacUTeIsIMU. B mpouecce paGoThl ObutH
HOJIYYeHBl CMECTUTENIM CIIEKTpa, COJEpIKAIle KOMMEPYECKH JOCTYIHBIE (NIYOPECLUEHTHbIE KpacHUTeNIH
Solvent yellow 160, Kymapun 440 u BBQ. Ouenky BIusHHs CMeCTHTeNeH crieKTpa Ha 3G (GEeKTUBHOCTD COJI-
HEYHOi OaTaped NPOBOAMIM CPaBHEHHEM KPHBOI BHEIIHETO KBaHTOBOTO BBIXOJA M BOJBTAMIICPHBIX Xapak-
TEPUCTHK IOCIEAHEH 10 U nocie Moaudukarmu. MHTepnpeTanuio noay4eHHbIX Pe3yJIbTaTOB BEIN C Yy4ETOM
CIIEKTPOB MOTJIOIICHHS U (IIyOpPECICHIIMH [IOTyYCHHBIX CMECTHTeNeH crieKTpa. 1o JaHHBIM KPUBBIX BHEIIHE-
r'0 KBAaHTOBOT'O BBIX0Ja OBLJIO YCTAHOBIICHO CHIDKEeHHE 3(D(EKTHBHOCTH COJIHEUHBIX Oarapeil mocie Moaudu-
Kalluk CMECTHTEISIMH CIIEKTpa. Y CTaHOBIICHO, YTO MPUYHMHA JAHHOTO CHIDKCHHS — BO3HUKAIONIAs KOHKY-
PCHLHS B [OTJIOLICHAH I1a/IAFOLIET0 H3Ty4CHHS MEXKY CMECTHTENIEM CIIEKTpa U COJHeYHOM Gartapeeil. Kpome
TOTO, OIIPEJeIIeHbl MapaMeTpPbl, IPH KOTOPbIX JaHHAs KOHKYpeHIUs Obuia ObI MUHMMaibHOW. ITo pe3ynbra-
TaM M3MEPEHHUsI BOJIBTAMIICPHBIX XapaKTEPUCTHK MOJIYYCHHBIX MOAN(DUIIMPOBAHHBIX COJHEUHBIX OaTapeii yc-
TAHOBJICHO HE3HAYHMTEIBHOE YBEIMYEHHE MOILIHOCTH BbIPaOAaTHIBAEMOr0 3JIEKTPHYECKOro Toka. CrenaH Bbl-
BOJ O NMPOTHBOPEYHHU PE3YJBTATOB SKCIIEPHMEHTOB M3MEPEHMS BHELIHEIO KBAHTOBOTO BBIXOJA M BOJbTAaM-
MEPHBIX XapaKTepUCTHK. [IpHUYKMHA JAaHHBIX MPOTHBOPEYHH ObUIA YCTAHOBJCHA IIPU JETAIBHOM PaccMOTpe-
HHHU 0COOCHHOCTEH JaHHBIX METOIO0B HccienoBaHus. M3ydeHa npupo/ja B3anMoAeiCTBUs CMECTHTENICH CIIeK-
Tpa C COJHEYHBIMH OaTapesiMH U BBIBEACHBI OCHOBHBIC YCIIOBHS, TP KOTOPBIX TAHHOE B3auMojeicTBre Obl-
710 GBI 9 PEKTHBHBIM.

Knioueswie cnosa: conneunas 6arapesi, CMECTHTENb CIEKTPa, BHEIIHUM KBAHTOBBIH BBIXOJ, BOJbTaMIIEPHbIC
XapaKTEePUCTUKH, HOIIOLIeHUE, (uryopecleHns, GyopeceHTHbIIT KpacuTelb, MOJTUMEpPHAas IUICHKA.
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