Munucrepcrso o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWI NOJJUTEXHUYECKWI YHUBEPCUTET»

HNuctutyr @usuku Beicokux TexHomoruit
Hanpasnenue noarorosku 22.04.01 «MatepuranoBeieHUE U TEXHOJIOTUN MaTEPUAIIOB)»
Kadenpa HanomarepuaaoB 1 HAHOTEXHOJIOT U

MATUCTEPCKASA JTUCCEPTALUA

Tema padoTsI

HccnenoBanue MoJIeKyJISAPHBIX MPEKYPCOPOB IS MOJIy4eHUsI a0copOepoB COJTHEYHBIX

O0atapeii Ha ocHOBe cyJab(duaa ojioBa

VJIK 530.145
CryneHt
I'pynna [0d (0] Hoanuce Jarta
4bM4b [ponosa Mapus BiaguMuposHa
PykoBogurens
JloKHOCTD [ %(0] Yuenas cTenens, Moanucey JlaTa
3BaHHUE
JlonieHT B.B. An K.T.H
KOHCYJIBTAHTBI:
ITo pazneny «PUHAHCOBBIN MEHEIKMEHT, pecypcor(HEeKTUBHOCTh U PECypcocOepeskeHue
JloJzKHOCTH [25(0] YuyeHas cTeneHb, MMoanucn Jara
3BaHHUE
Cr. npenoiaBaTenb H.A. I'aBpuxoBa
ITo pazneny «ConnasibHasi OTBETCTBEHHOCTbY
JoKkHOCTD [%(0] Yuenas creneHs, Moanucey JaTa
3BaHHE
[Tpodeccop O.b. Hazapenko JI.T.H.
JOITYCTUTD K 3AIIINTE:
3as. kadeapoii ()7 (0] YueHasi cTeneHb, Hoanuck Harta
3BaHHUE
HanomarepuanosB u 0.JI. Xacanos O.T.H.
HAHOTEXHOJIOTUI

Tomck — 2016 1.




[TmanupyemMblie pe3yabTaThl O0ydeHHUS

no OOII 22.04.01 «MarepuajioBeIecHHE U TEXHOJIOTHH MaTEPUATIOB,
npoduiib «IIpor3BOACTBO U3IENUN U3 HAHOCTPYKTYPHBIX MaTEPHAIIOB)»

Kon
pe3yJbTara

Pe3yabTar 00y4yeHus

P1

OcymectBinare  cOop, aHanmu3 ¢ 00OOIIEHWE  HAYYHO-TEXHUYECKON
uHpopManuyu B 00JACTH MaTEPUATOBEACHUS M TEXHOJOTHH MaTepHalioB C
UCIIOJIB30BAHUEM  COBPEMEHHBIX  HWH(OPMAIMOHHO-KOMMYHHUKAITMOHHBIX
TEXHOJIOTHH, TTTI00IbHBIX HH()OPMAIIMOHHBIX PECYPCOB

P2

PaGorate Cc maTeHTHBIM 3aKOHOJATEICTBOM M ABTOPCKUM IIPaBOM IpHU
MOATOTOBKE IOKYMEHTOB K IMAaTEHTOBAHUIO M OPOPMIICHUIO HOY-Xay

P3

Brinonasate MapKETUHTOBBIC MCCIIEI0BaHUS u aHaJIN3UPOBATH
TEXHOJIOTUYECKHI Tpollecc Kak oOOBEKTa yIpaBleHUs, pa3paldaThIBaTh
TEXHUKO-DKOHOMHYECKOe OOOCHOBAaHWE WHHOBAI[MOHHBIX pENICHUN B
npoeccroHabHOM e TENbHOCTH

P4

PykoBOAHTE KOJUIEKTHBOM B chepe cBOeH MpodecCnOHATBHOM e TeIbHOCTH,
TOJICPAHTHO BOCIIPUHUMAS COLlMATbHbBIE, STHUYECKHE, KOH(EeCCHOHAIBHBIEC U
KYJIbTYPHbIE pa3Inyus

PS

Buenpsare B IPOHU3BOACTBO TEXHOJOIMM IIOJIYYCHHS KEPAMUYECKUX,
METANINYECKUX MaTEepUaIOB U U3/EJIU, B TOM UMCJIEe HAHOMATEpUaioB, ObITh
TOTOBBIM K MPO(ecCHOHANbHON KCIUTyaTalluid COBPEMEHHOTO 000py10BaHUS
U NpUOOPOB, MO3BOJSIOMIMX IMONIY4aTh M JAUMArHOCTUPOBATh MaTepualbl U
U3J1e]IUs Pa3IMYHOrO HA3HAYCHUS.

P6

Pa3pa6aTI>IBaTI> HOBBIC 1 MOJACPHU3NPOBATH CYHIECCTBYIOIINEC TEXHOJIOTUU
MOJIYUYCHUA KEPAMUYICCKUX, MECTAJNIMUCCKUX MATCPUATIOB U I/I3IICJ'II/II71, B TOM
YU CJIC HAHOMATCPHAJIOB

P7

BHeapsaTh cuctembl ynpaBieHHs KadeCTBOM MPOAYKLUHU B 00JacTh
MaTepHaIOBEICHMS], IKCILTyaTUPOBaTh 000Py10BaHKE, TI03BOJIIOLIEE
JMarHOCTHUPOBAaTh MaTepHaiabl M H3JeNUs M3 HHUX, B TOM YHCIE
HaHOMAaTepHaJIbl

P8

HeﬁCTBOBaTb B HCCTAHAAPTHBIX CUTyallUsIX, HCCTU COUAIIBHYIO U STUYCCKYIO
OTBCTCTBCHHOCTD 3a IPUHATLIC PCHICHUS, BI:I6I/IpaTI> HauoOoee palrOHaJIbHBIC
CITOCOOBI 3alllUThl W TNOpAJKa B ,Z[CI>'ICTBI/I$IX MaJIOro KOJIJICKTHBaAa B
T-I];)G3BI)I'-I'c’tI\/IIHI)IX CUTyalusx

P9

OOmiaTbes B YCTHOM M MUCBbMEHHOM (hopMax Ha rocy1apcTBEHHOM si3bike PD
U HMHOCTPAaHHOM  SI3bIK€ JUIsl  pelleHus 3adad  NpodeccCHOHaTbHON
JEeATEIbHOCTH, IOArOTABIMBATL W IPEACTABIATh IPE3CHTALMMU IUIAHOB U
pe3yNbTaTOB COOCTBEHHOM M KOMAHJHOM JeATeNbHOCTH, (POPMHUpPOBATH H
OTCTaMBaTh COOCTBEHHBIE CYX/IEHUS U HAyYHbIC O3UIIH

P10

CaMocCTOsATENBHO OCBaNBaTh HOBBIE METO/IbI UCCIIEA0BAHNS, U3MEHATh
Hay4YHBIH, HAyYHO-TIeJarornyeckKuii ¥ Mpon3BOACTBEHHBIN NMPOQHIIb CBOEH
poeCCHOHATILHOM JIeATeIbHOCTH

P11

[IpuMeHATh MPUHIUITBI PAITIOHAIEHOTO UCIIOIH30BAHUS PUPOTHBIX
peCypcoB, OCHOBHBIE MOJIOKEHUS U METObI COL[UANIbHBIC, TYMaHUTAPHbBIE U
SKOHOMMYECKHE TOJIXO0/IbI IPH PEIIeHNH TPOo(eCCHOHATBHBIX 3a7au ¢ YI4ETOM
MOCIIEACTBHH JIJIsl 00IIeCTBA, SKOHOMUKHU U KOJIOTHH.

P12

Hcmons30BaTh OCHOBHBIE KaTCropruu 1 IMOHATHUA O6IH€FO u
IPOU3BOJACTBCHHOI'O MCHC/[’KMCHTA B HpO(bGCCHOHaJIBHOfI ACATCIIBHOCTHU




Munucrepcrso o0pazoBanusi U Hayku Poccuiickoii @enepannn
(benepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWI NOJJUTEXHUYECKWI YHUBEPCUTET»

WNHcTuTyT GU3UKN BBICOKUX TEXHOJIOTHI

Hanpasnenue noarorosku 22.04.01 «MatepuanoBeeHUE U TEXHOIOTUH MATEPUATIOB
Kadenpa HanomarepuaaoB 1 HAHOTEXHOJIOT U

YTBEPXAIO:
3aB. kadenpoii
O.JI. XacanoB
(IToxmmuce) (Mlata) (®.1.0.)
3AJAHUE
HA BbINOJIHEHH e BbINYCKHON KBAJIN(PUKAIMOHHOH PadoThI
B dopwme:
MAarucTepCcKON quccepTanun
CrypneHry:
'pynna (017 (0
4bM4b [ponosa Mapust BragumupoBHa

Tema paboThI:

HccnenoBanne MoJIeKyJISIPHBIX NMPEKYPCOPOB [Jisl MOJTy4YeHHsI a6copOepoB COTHEYHBIX

O0aTapeii Ha ocHOBe CyJb(puaa oji0Ba

YTBepKIcHa TPUKA30M JUPEKTOPA Ne 2599 o1 06.04.2016 T.
Cpok cliauul CTyIGHTOM BBITIOJIHEHHOM pabOTHI: 22.06.2016 .
TEXHUYECKOE 3AJIAHUE:
Hcxonnbie 1aHHbIE K padoTe O6bexToM UCCIICTOBaHUS SIBSLIETCS
TOHKOIIJICHOYHBIN cynbdua 0JIOBa,

CI/IHTC3I/IpOBaHHBII71 B aMHHO-THOJIbHOM cpeae

IMepeyenn noaJieKaMUX HCCIETOBAHUIO,
NPOEKTHPOBAHMIO H Pa3padoTKe
BOIIPOCOB

[Tonyyenue meHOK, dYacTull Cyib(puaa o0JI0Ba

XUMUYECKUMU METOJIaMHU. BozmoxHbIE
KOHTaKTHbIE MaTepualibl s CO3JaHus P-Nn
nepexona. AHanus CTPYKTYPHBIX,

MOp(}OIOrHUecKUX CBOMCTB Cylb(puaa OJIOBa,
CHUHTE3UPYEMOIO B aMHHO-THOJILHOM  Cpele,
q)OTOBOJ'II)TaI/I'—ICCKI/IX XapaKTCPUCTHUK AYCCK Ha
OCHOBE CyJIb(uIa 0JIOBA.

KoHcyabTaHTBI 0 pa3aesiaM BbINYCKHOW KBAJIN(PUKAIMOHHON PadoThI

Pa3nen

Koncynabrant

1. O0630p auTEpaATYPHI; An Brnagumup Bunopsesuu, Peter Reiss

2. OOBEKT U METOJIbI UCCICIOBAHMS;




3. Pe3ynbThl

MMPOBCACHHOT'O UCCJICTOBAHUA

u aHaJInu3

4, ®OuHaAHCOBBIN

pecypcodhHEeKTHBHOCTh u
pecypcocOpexeHue

MEeHeKMEHT, | ['aBpukoBa Hagexna AnekcanapoBHa

5. ComuansHass OTBETCTBEHHOCTD

Hazapenko Onbra bponuciaBoBHa

I[aTa BbIJA4YH 3a/1aHUH HA BbBINOJIHEHUE BblﬂyCKHOﬁ

KBATU(PUKANMOHHON padoThI 10 JUHEHHOMY rpadurky

3aganue BbIgad PYKOBOIUTEIb:

JlonKHOCTH [(%(0] Yuenas cTeneHs, Moanucey JlaTa
3BaHHUE
IOLIEHT B.B. An K.T.H.
3aaHue NPUHSJI K HCIIOJIHEHUIO CTY/ICHT:
I'pynna [0d (0] Hoanuce Jarta
4bM4b Hponoa Mapus BragumupoBHa







OHpeIleJ'leHI/ISI, 0603Ha‘leHl/lﬂ, COKpameHnd, HOPpMATUBHBIC CCBIJIKHA

SEM — Scanning Electron Microscope;

EDX — Energy dispersive X-ray spectroscopy;
EDT - 1,2-Ethanedithiol;

ETA — Ethanolamine;

APTMS — Aminopropyltrimethoxysilane;

FF — Fill factor;



UNIVERSITE JOSEPH FOURIER
TOMSK POLYTECHNIC UNIVERSITY

Master of Science
Exploration of contact materials for SnS solar cell absorbers
by Maria DRONOVA

Abstract

Nanostructured metal chalcogenides have been successfully prepared through
dissolution of tin metal in a primary amine-dithiol system. This method offers simplicity, does
not require sophisticated setups and materials, while it offers phase purity of the precursor-
annealed layers. Following this, morphology and elemental analysis were determined by
Scanning Electron Microscope (SEM) equipped with energy dispersive X-ray spectroscopy
(EDX). The purity of SnS phase was further confirmed by X-ray diffraction. Two approaches
of SnS-based solar cell fabrication were explored: solid state thin film and liquid electrolyte
containing- solar cell configuration. Optimization of the spin-coating process for SnS layers
formation was achieved via the mixture of Sn-dithiolate and ethanolamine. For liquid
electrolyte containing DSSCs two electrolytes were explored and photovoltaic measurements
were performed.
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INTRODUCTION

Metal chalcogenide semiconductors have performed a significant role as absorber
layers in thin-film photovoltaic devices. Among variety of combinations, CdS, CdSe, and
CdTe have become popular choices in photovoltaic industry due to achieved higher efficiency
in conversion energy. Despite of this fact, resource limit on Cd, Te, as well as restrictions on
heavy metal usage, leads to the increasing investigation of earth abundant, environmental
friendly absorber materials such as tin sulfide SnS. These characteristics together with a high
absorption coefficient and narrow band gap demonstrate a high potential of tin sulfide in
photovoltaics. However, up till now devices incorporating SnS show low efficiencies of 4%,
which points at the further explorations of this semiconductor to determine factors limiting its
performance. The first factor corresponds to the presence of impurity phases, such as Sn,Ss or
SnS», leading to the formation of trap states for the photogenerated charge carriers, which has
to be controlled via appropriate synthesis conditions. The second factor concerns the
significance of the interfaces between semiconductor in the role of the active layer and other
device components. As an example, experimental studies have demonstrated the crucial
influence between a deposited film of CZTS and a molybdenum back contact, forming layers
of MoS», with a final efficiency much higher than the best performance of SnS. There, the
control of structured interfaces is expected to be the major source of the difference in
performance between the two devices.

The goal of this work is to synthesise SnS thin films via solution processing of
precursors and investigate the influence of different contact materials on the device
characteristics. In addition to the materials preparation we will carry out several types of
structural, phase characterization as well as solar cell device measurements.
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CHAPTER ONE

LITERATURE REVIEW

1.1. Basic properties of SnS

Referred to the varied coordinating characteristic of tin and sulfide, tin sulfide based
solid state materials present a rich structural chemistry. Being as 14 element on the fifth row
of the Periodic Table, a tin atom can accept a coordination number from 2 to 9, which
consequently leads to a variety of geometrical arrangements. Considering sulfur as 16 element
on the third row of the Periodic Table demonstrates alike diversity in coordination chemistry
as tin. Tin-sulfur compounds have been produced via various synthetic routes including
chemical (hydrothermal synthesis, coating end etc.) processes as well as physical (thermal
evaporation, magnetron sputtering and etc.), where intrinsic optical and electrical properties
were observed [1]. Tin monosulfide has an
optical band gap of between 1.30 eV and

o0 E{ 'CQ‘ 1.43 eV, which coincides with the optimum
ALl Oy 1 N\MAL band gap for maximum theoretical
T0° T'_o" 11 ‘ #’ conversion efficiency. SnS has a higher

o oO-+o Qf? 3320 3y hoRdd | o optical absorption coefficient than CdTe (>
8- ‘ '0 Qb GAN 1-10° cm?) [2] and also exhibits intrinsic p-
=== o type conductivity due to Sn vacancies,

where the values of relevant conducting

e i ISR properties vary. Reported conductivities

, 5 range from 0.03 to 0.077 Q*cm™, carrier

% Cb i ’&'*f"i" concentrations from 10% to 10%*® cm, and

o R PO ) .59 hole mobility from 4 to 139 cm?V1s? [2].
Qo : e Sn(ll)  has  the electron
A K Qa1 configuration [Kr] 4d 5s? 5p® and forms
Cooco % Cb - R, | stoichiometric SnS that preferentially
P crystallizes in the orthorhombic

D i e Ay M herzenbergite structure, with the space
Figure 1.1: The crystal structures of tin group Pnma. In this structure, the Sn?* ion
(grey) sulfides (yellow) and the ground state  coordinates to three S?~ ions, with the Sn
structures of SnS, and Sn,S,[2]. 5s2 lone pair occupying the last position of

a tetrahedral geometry. Other phases of

SnS are the rocksalt (RS) structure grown
under epitaxial strain (Cmcm), the high temperature orthorhombic structure (Fm-3m), and the
zinc blende (ZB) structure (F-43m, from SnS evaporation onto rocksalt) [2].

1.2. Other phases (SnzSs, SnSy)

The low energy phase of SnS; (Sn*') is a trigonal structure composed of SnS;
trilayers, where the Sn(IV) ion is coordinated to six S ions in an octahedral environment. SnS;
is known to be an intrinsic n-type material. Crystals of SnS; are typically prepared through the
chemical vapor transport technique (CVT) over a temperature range of 600—800 °C, with 1> as
a transport agent [1]. Reported conductivities range from 2:10° to 0.90 Q' cm™, carrier
concentrations from 10%3 to 10" cm, and electron mobility from 15 to 52 cm? V1 s,
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The crystal structure of tin sesquisulfide (Sn2Ss) is also orthorhombic and shares the
same space group as the ground state phase of SnS. The structure is composed of SnSs
chains, with the Sn(1V) ions adopting chain-center positions in octahedral coordination to

T8 30

77 28

T4 : 20 20
73 M\ 18 10
’E.'5_170_1‘5_?70_5"5_3?0_15 13.5 10 15 20 25 30 15 3,5 10 15 20 25 30 35
Energy (eV)
Figure 1.2: UV-reflectance spectroscopic analysis of SnS (left), Sn,Ss

(center) and SnS> (right), showing change in reflectance as a function of incident
photon energy [2].

sulfur, and the Sn(lIl) ions adopting chain-end positions in the favored trigonal-pyramidal
arrangement [2]. Crystals of this material can be prepared by heating a mixture of elemental
Sn and S powders at 720 °C in a sealed quartz tube. Sn2S3 has also been reported as an
intrinsic n-type material with conductivities around 10 Q*, carrier concentrations around
10 cm3, but with little information available for charge carrier mobility [2].

Presence of phase impurities in tin sulfide is an important case and is directly
referred to the low efficiency of SnS-based devices, which was investigated by [2]. Several
important results can be extracted, which demonstrates the comparison study of optical and
electronic properties for each single crystal phase SnS, Sn,Ss and SnS,. Based on obtained
absorption curves shown in Figure 1.2, an extrapolated band gap value of each crystal phase
corresponds to 1.47 eV for SnS, 1.20 eV for Sn,Sz and 2.42 eV for SnSz, which values are in
agreement with literature data [2].

Indeed, based on UPS/IPES analyses for SnS, SnS post annealed, Sn,;Ss, SnS;
obtained via chemical vapor transport (CVT) is shown in Figure 1.3, and it clearly denotes
differences in values of band gaps according to the structural phase [2].

Reflectance (%)
B

1.3.  Chemical methods for preparing thin films of SnS

Metal Chalcogenide thin films Vacuum Level
synthesis by chemical methods is a focus _ = Conduction Band
of attention as there are relatively simple, B8 Valence Band
don’t require complicated apparatus and
convenient in terms of large area

Binding Energy (eV)

production.  Electrodeposition,  spray 4176y -4.27 eV
pyrolysis, chemical bath deposition are 544 eV 826X .90 ey
some of chemical techniques for SnS thin 2538 eV
films growth from the liquid phase, which e
sns 5nS post anneal sn, S, 5nS.

were widely reported.

Figure 1.3: UPS/IPES band edge

analysis, where the numbers indicate the

position of the energy band relative to the
vacuum level [21.

Chemical bath deposition is a
technique in which thin semiconductor
films are deposited on substrates through
the formation of nucleus and subsequent
growth from dilute solutions containing metal ions and a source of hydroxide, sulfide or
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selenide ions. The process depends upon the deposition conditions, such as the bath
temperature, stirring, rate, pH, solution concentration and etc., which lead to the formation of
variety of structures with required properties [3].

Other authors obtained polycrystal-line SnS thin films with an orthorhombic structure
via chemical bath deposition [4], following these steps: 30 ml distilled water, 0.8 g NH4F,
1.125 g SnCl2:2H20, 6 ml 0.25% NH4OH, 5 ml 2M Na»S»03 and to a volume of 100 ml
distilled water was added. For complexing, ammonium fluoride agent was used, on which the
pH of the solution depended. The films were deposited at pH = 7 from one solution by using
the thiosulfate bath as a source of S?~ ions. The deposition of SnS films was based on the
reducing ability of thiosulfate ions by the following reactions:

25,05 —»S,0% +28
S,05 +H" ->S+HSO;

S+28 -S>
The chalcogenide ions react with the metal ions, during hydrolysis, and the metal
chalcogenide is deposited.

Sn** +S* - SnS
The dependence of the photoconduction as a function of the thermal treatment of the
SnS films was analyzed, where increasing of photoconductivity upon thermal treatment at
300°C corresponding to the grain size enhance was demonstrated.

Smooth and uniform polycrystalline orthorhombic SnS films with a granular shape
suitable for photovoltaic application have been produced by via electrodeposition method [5].
This method can also be used to create uniform films over large areas, and less waste is
generated. Unlike in chemical deposition, electrical conductivity of substrates is required for
this technique [6]. Stannous chloride (SnCl2-2H20) and sodium thiosulphate (Na2S203) were
used as sources for Sn?* jons and S ions, respectively. The electrochemical experiments
were performed using three-electrode configuration with indium doped tin oxide (ITO)
substrates as working electrode, platinum electrode as counter electrode and a saturated
calomel electrode (SCE) as reference electrode. SnS thin films were electrodeposited onto
ITO substrates from an aqueous electrolytic bath containing 30 mM of SnCl, and 100 mM of
Na>S203 deposited at 55 °C. The pH of the solution was maintained at 2.1 by adding dilute
HCI acid.

The reaction for the formation of SnS occurs when the ionic product of Sn?" and S
ions exceeds the solubility product of SnS. It is known that Na>S.Os is unstable and it is very
easy to separate out S in the acid solution, so the elemental sulfur is released from S;03>" by
the following reaction, and Sn?* and S are reacted at the cathode to form SnS.

S,0% 5 S+50%
Sn? +2e8 - Sn

And Sn and S are reacted at the cathode to form SnS:

Sn+S—3SnS
The benefits of the solution techniques described above include the deposition of high-
quality films at atmospheric pressure and room temperature or slightly above, with minimal
equipment cost. In addition, solutions can often be recycled, which helps to minimize the
waste generated by these processes.

Continuous spray pyrolysis (CoSP) — single step process, involving spraying a metal
salt solution onto a heated surface, where the components react to form a chemical compound
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(Figure 1.4). It involves an extremely easy technique for producing films of any composition

as well as powders and doesn’t require high-quality substrates or chemicals [7].
The authors of ref. [8] reported the deposition of perfectly stoichiometric SnS
nanoflakes films, deposited for dye-

Substrate sensitized solar cells applications, using the
- Spray spray solution, which contained tin chloride
Heating / Atomizer (0.05 M) and thiourea (0.05 M) as precursor

plate

N

—a materials dissolving in DI water. The SnS

precursor solution was sprayed by a nozzle at
flow rate of 2-3 ml/min using nitrogen as the
carrier gas at a pressure of 1.5 kgf/cm? with a
flow rate of 61/min. The mist then is

Figure 1.4: A schematic representation of
transported onto a heated glass substrate.

spray pyrolysis equipment [7].
Improved crystallinity and reduced
density of grain boundaries was achieved by varying of annealing temperature of SnS
absorber layer via pulsed-chemical vapor deposition (pulsed-CVD). Pulsed-CVD is a variant
of CVD based onto the steps injection processes, in which the substrate is separately exposed
to each precursor in series of pulses (Figure 1.5). Being analogous of atomic layer deposition
(ALD), PCVD is distinguished by relatively short exposure steps, and gaseous precursors still
can be contained in the reaction chamber after these steps [9].
Using cyclic tin (Il) amide precursor

(C12H26N2Sn) and 4% H,S in N2 for the Sn and S Ultrasonic Nozzle
precursors, respectively, growth temperature can g’gfjggzor hat”
be varied for both precursor sources. Each pulsed- e ™\ .

CVD cycle consisted of a dose of Sn precursor Substrate ey =71 \‘ .
with N assistance for 1 s, then a dose of HzS to SRR o o
mix and react with the Sn precursor in the Resistive | te
deposition zone for 1 s in closed valve mode, and Heater

then evacuation for 2 s [10].

The synthesis of SnS thin films via Hl
aerosol-assisted chemical vapor deposition . ) _
(AACVD) was described in [11], results a uniform, ~ Figure 1.5: A schematic representation
large-area deposition, just like metal organic CVD, of AACVD apparatus [9]
while also offering the low-temperature single
source solution reservoir typical of spray pyrolysis methods. Thin films of tin (I1) sulfide were
deposited on glass substrate via AACVD method using 0.4-2.5 mmol of different precursors
solution  ([SN(S2CN((C2Hs)(CaHg))2], [Sn(S2CN((CH3)(CsHg))2] and  [Sn(S2CN(C2Hs))2].
Briefly, a quartz tube reactor containing borosilicate glass substrates were placed in a pre-
warmed Carbolite furnace. The reactor tube was connected the ultrasonic nozzle, which
formed the aerosol. The aerosol droplets were carried to the reactor tube by a constant flow of
argon (160-180 cm® min™!) into the round-bottom flask for thermal decomposition to deposit
products onto the substrate.

The effects of temperature and the concentration of the precursors on deposition
were investigated. Grey adherent films are characterized with orthorhombic structure and also
the presence of SnO> cassiterite phase has been observed, which effectively vanishes with
enhancing concentration of precursors. The stoichiometry 1:1 SnS films with morphology of
sheets bundles was achieved at higher concentrations of precursors (250 mM) and at 450 °C.
The direct electronic band gap of the SnS produced by this method was estimated from optical
absorbance measurements as 1.2 eV [12].

Exit to Cold Traps
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1.4.  Chemical methods for preparing SnS nanoparticles

The wet chemical technique was chosen in [13] for spherical SnS nanoparticles
synthesis due to its simplicity, non-toxicity, low time consumption and absence of
sophisticated instruments. Tin (II) chloride (SnCl>-2H>0) and sodium sulfide (Na2S) were
taken as tin and sulfur sources, respectively. Sodium sulfide solution was added drop wise
into the solution. The colorless tin (I1) chloride solution turns dark brown color with the
addition of sodium sulfide solution. This indicates the formation of SnS nanoparticles. This
reaction was carried out at room temperature for 2 h. The precipitated particles were
centrifuged and washed with deionised water and ethanol for several times. The final product
was dried.

The obtained spherical SnS nanoparticles are characterized by orthorhombic
structure with size in the range of 7-15 nm. The estimated direct and indirect band gaps from
optical absorption spectrum were 1.78 and 1.2 eV, respectively. A blue shift of 0.48 eV
observed for direct transition and 0.2 eV for indirect transition compared to bulk band gap are
due to quantum confinement.

Solvothermal/hydrothermal method corresponds to the decomposition or chemical
reactions between precursors in the presence of a solvent at temperature higher than the
boiling temperature of this solvent closed at high wvapor pressures. Belong to the
environmentally friendly methods due to closed isolated system conditions, solvothermal
synthesis allows to prepare nanophase materials with different sizes and shapes [14]. So,
dendrite-like SnS particles were accomplished using such method based on the reaction
between tin dichloride dihydrate (SnCl>2H20) and thiourea (Tu) in a mixed solvent of
ethylenediamine (En) and dodecanethiol (De) at 200°C for 24 h. After stirring for 5 min, the
mixed solution was transferred into a stainless autoclave. The autoclave was sealed and
maintained in an electric oven at 200°C for 24 h, then cooled to room temperature naturally.
The precipitates were filtrated, then, washed with distilled water and absolute ethanol for
three times, respectively, and finally dried in a vacuum oven at 50°C for 4 h.

By varying concentration of SnCl>2H.O to 16 mmol compared with that of the
typical condition (2 mmol), the resulting products are belt like SnS particles in addition to
some irregular aggregates. On the contrary, with decreasing concentration of SnCl>2H.0 to
0.5 mmol, dendritical SnS architectures as well as spherical aggregates were obtained [15].

Another synthesis of SnS in form of nanoplatelets with orthorhombic a-SnS phase
and slightly S-rich composition (Sn=48.5%, S= 51.5%) was reported in [16]. The mixture of
Sn"Y' precursor tin tetrachloride pentahydrate (SnCls-5H20, 35-350 mg, 0.1—1 mmol) in the
presence of 1-octadecene (ODE, 3—18 mL) trioctylphosphine (TOP, 1 mL, 2.24 mmol) and
oleic acid (OA, 1 mL, 3.17 mmol) under argon atmosphere was obtained and after was
degassed under vacuum (0.05 mbar) at 100°C during 1h. The sulfur precursor was prepared
by dissolving thioacetamide (TAA, 7.5-150 mg, 0.1-2 mmol) in oleylamine (OLA, 2 mL, 6
mmol) to form a 0.05—1 M solution and injected into the flask under stirring with tin salt
solution, which were heated before under 150°C with argon during 1h. The temperature of
this process is kept for 3—60 min at 150 °C before cooling down with an ice bath. The SnS
nanoplatelets are purified by precipitation with a chloroform/ethanol mixture, centrifugation
and redispersion in 10 mL of chloroform leading to a stable colloidal solution of dark brown
color.

The described protocol also yields to the formation of the small (2—3 nm) spherical
SnSz by replacing elemental sulfur with TAA as the sulfur source through the same reaction.

15



The deduced optical band gap of 2.8 eV indicates quantum confinement effects and room

temperature photoluminescence.

1.5. Interest of SnS as absorber material in solar cells and state-of-the-
art of SnS based solar cells

Nowadays photovoltaics development has exhibited a high extension in the range of

p-type
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Figure 1.6: (a) A schematic of the SnS p—n homojunction photovoltaic cell; (b)
Current density vs. voltage for the solar cell in the dark and under simulated AM1.5G
illumination with intensity of 100 mW cm2[17].
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0,352 nm

IO (L111)
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Figure 1.7: TEM images of
SnS/TiOz photo-anode prepared
by in situ solution chemical process

materials and configurations that can be incorporated
into low-cost solar cells. Moreover, some reports
have been shown that solar cells combined with
nanostructures have found intrinsic effects [17].
Considering nanowires geometry, due to its ability
for efficient charge separation, enhanced light
absorption and etc. SnS nw-based solar cells expect
to provide higher efficiency and low costs. A
schematic illustration of the SnS p—n homojunction
and the

current light mw
density— ® °
voltag)é (- // To S e et s
characteristi I

cs of the

O
with 20 deposition cycles [19]. solar cell are 0. “Hole e,:m.;o.,
shown to the solution
in Figure 1.6. Red
The cell defined rectifying behavior in the '

dark with rectification ratio greater than 20 at ~0.2 V.
Maximum power conversion efficiency (PCE) of
~1.95% was achieved with a high open-circuit
voltage Voc of ~0.65 V, a short current density Jsc of
~7.64 mAcm2and a fill factor (FF) of ~0.39. This

Figure 1.8: Scheme of the
photoelectrical conversion structure of
a QDSSC, the inset shows the structure

of SnS/TiO2 photo-anode [19].
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study demonstrates the promising potential of SnS 1D nanostructure arrays for future PV
applications [17].
In next work [18], quantum dot sensitized solar cells (QDSSC) were investigated. This
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Figure 1.9: J-V curves of the
QDSSCs with different SnS QDs deposition
cycle numbers [19].
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generation of solar cells has been

intensively developed due to
improved absorption effects, large
extinction coefficients, which are
caused by  full  quantum
confinement of QDs, large
intrinsic dipole moments, which
may lead to the fast charge
separation and etc. Orthorhombic
SnS QDs with an average size of
8 nm were deposited on porous
TiO2 films for solar cells
application by a low-costin-
situ solution chemical reaction
process. This method uses
separate cationic and anionic
precursor solutions and the
deposition reaction takes place on
cationic precursor solid films.
Figure 1.7 shows the morphology
after 20 deposition cycles of
SnS/TiOz photo-anode.

Figure 1.8 is a schematic
diagram of the photoelectrical
conversion structure of QDSSC.
The solar cell is consisted of
TiOz porous  film, SnS QDs
sensitizer, liquid electrolyte, and
Pt counter electrode. During
operation, major photons are
captured by SnS QDs, yielding
excited electron—hole pairs being
rapidly separated. The electrons
are injected into the conduction
band of TiO2 film and the holes
are released by redox couples in
the liquid electrolyte. The
insertion in Figure 1.8 shows a
simulated structure of
SnS/TiOz photo-anode films. The

TiO> particles are surrounded by SnS QDs, which enhances electron injection into the oxide
films.

The typical J-V curves of the solar cells with different deposition cycles were shown
in Figure 1.9. In Figure 1.10 it is well seen that the power conversion efficiency increases
with increase of SnS QDs deposition cycles from 5 to 20. The maximum photovoltaic
performance was reached in the SnS QDs sensitized solar cells with 20 deposition cycles,
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which showed open-circuit voltage of 510 mV, short-circuit current density of 2.41 mA, fill
factor of 0.49 and power conversion efficiency of 0.61% [19].

Another absorber material
of great promise was reported as |
potential alternative to Cu(In,Ga)Se:
structure including the expensive and
scarce elements indium and gallium
[20]. Fabrication of copper zinc tin
sulfide-selenide  Cu2ZnSn(Si1-xSex)s
(CZTSSe) thin film were carried out
via an ultrafast synthesis of a
Cu—Zn—-Sn-S aqueous colloid of
around 10 nm nanoparticles and

followed after by two annealing Figure 1.11: Dark-field STEM image and
processes: 1) N2 atmosphere allows  corresponding EDX-STEM mapping for Cu, Zn, and
the film densification and a sufficient Sn elements in a slice of a

grain growth, 2) Se atmosphere leads Mo/CZTSSe/CdS/ZnO/ITO device (Cu: red, Zn:
to the incorporation of Se, the grain blue, Sn: green) [20].

growth and the film compactness.

After the first N2 annealing step secondary phases such as SnS, Cu.S and ZnS were
formed as a consequence of a partial decomposition of the Cu.ZnSnS4 phase, whereas these
secondary phases disappeared (except for ZnS) upon the second Se annealing step:

Sn'S+CujS+2n"S+Se — Cu,ZnSn(S,Se), +S, T

Figure 1.11 shows detailed compositional analysis of the CZTSSe films. The
CZTSSe grains showed a homogeneous composition with a Cu—Zn—Sn ratio around the
stoichiometric values (50—25-25%). Also, the distribution of S and Se element appeared to be
rather homogeneous over all the CZTSSe grains analyzed in such slice.

The J-V curve of CZTSSe cells was recorded under AM1.5G 1 sun simulator
(Figure 1.12). The short-circuit current density (Jsc) was evaluated at 30.9 mA/cm?, the open-
circuit voltage (Voc) at 460 mV, and the filling factor (FF) at 0.60. Figure 1.13 shows the
external quantum efficiency of the cell recorded from 400 to 1400 nm without light bias.
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Figure 1.12: Current-voltage curves Figure 1.13: External quantum efficiency

recorded under simulated AM1.5G for (EQE) spectrum of CZTSSe and pure-sulfur
CZTSSe and pure-sulfur CZTS cells [20]. CZTS cells [20].
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1.6. Possible materials for creating p-n junctions with SnS

Transparent conducting oxides such as indium doped tin oxide (ITO), fluorine doped
tin oxide (FTO), aluminium doped zinc oxide (ZnO:Al) act as an electrode, are stable with
respect to exposure to atmospheric conditions and transparent to visible light. They typically
have wide enough band gaps to be inactive with respect to photon absorption up to around 3
eV and they are stable in air as they are already oxidized [2].

Figure 1.14: a) Scheme of HSC structure consisted of TiO2-SnS-P3HT-Ag; b)
the cross section of SnS-HSCs [24].

Different attempts have been applied to fabricate SnS-based p-n junctions. However,
reported efficiency in conversion energy of SnS-based solar cells is relatively smaller than for
other solar cells based on compound semiconductors, such as CdTe, Cu(In,Ga)Se> (CIGS)
[21]. 1.3% efficiency was reported for SnS-based solar cells, obtained for a heterostructure
consisting of a CdS layer grown by vacuum evaporation and an SnS layer synthesized by

spray pyrolysis [22].

g ot Nevertheless, composing from

S — cheap and non-toxic elements,

, : it makes SnS a potential

: substitute of such absorbents
& as Cu(In,Ga)Se> in form of

el / CZTSSe [20] and CZTS [23]

\‘ Mo (450 nm) ﬂﬂm with promising results (8.6%
@) glass (b) and 5% respectively), as was
N RSN R R mentioned above.

I 1 Indeed, the role of n-
type junction of oxides and
sulfides of metals (ZnO, TiOy,
| PbS) was shown. Among
4 variety of  nanostructures
J (particles, nanodots, nanorods
- and etc.) SnS-based junctions
have exhibited some
7 guarantees. For example,
R R SRR | authors [24] have synthesized
Tor o0 w 0z 03 04 SnS on spherical TiO2 with

. Voltage (V) mesoporous rough surface by
Figure 1.15: The structure of BHJ solar cells a modified chemical bath

(a) and cg_rrespoc/diﬂg cross_—sgction_ ir?]af?f .(b)' Bilg\gé/ route, and 2.8% conversion
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heterojunction solar cells HSCs was obtained (Figure 1.14).
Combination of p-SnS with n-ZnO was also presented by [25]

Al

as alternative way for cheap solar cell production. Deposited by pulse- 20
bias electrodeposition thin-film heterojunction is demonstrated smaller _Active layer |
conversion efficiency of magnitude 0.01%. PEEgT:Pss
The next device with n-type Zn(O,S)-based buffer layer has Glass
shown better certified total-area record efficiency of 2.04% and an Figure

efficiency of 2.1% with Zn1xMgxO buffer layers. Such device was 1.16° The structure
optimized by depositing SnO, at the SnS/Zn(0O,S):N interface using o'f Bi—U solar cells
atomic layer deposition (ALD) (Figure 1.15). The authors discovered based on SnS,/SnS
that oxidization treatment of SnS surface by an exposure 7.5 Torr of
H20: vapor at 120°C could significantly increase the characteristics of
cell as shown in Figure 1.15 [26].

Indeed, junction n-type SnSa/p-type SnS involving non-toxic semiconductor prepared
by plasma-enhanced chemical vapor deposition (PECVD) has been also reported by [27],
although rather small photovoltaic effect has observed.

The next hybrid solar device has fabricated using 33 wt.% of SnS/SnO with MDMO-
PPV as the active layer in [28]. The cell structure is schematically shown in Figure 1.16.
These solar cells had better performance than devices with MDMO-PPV:SnS as the active
layer in terms of the higher efficiency of electron transport in SnS/SnO nanostructure, than
that in Sn.

junction [28].
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CHAPTER TWO

MATERIALS AND METHODS

The single-source precursors (SSP) define some intrinsic advantages over the multi-
source synthetic routes, such as the easier handling with reduced toxicity risks and
contamination during synthesis. In addition, such precursors already contain the sulfur and the
tin needed for the further film formation. The work-up procedures are simple in the case of
thermal decomposition of SSP, as organic bi-products can be easily removed by thermal
decomposition of complexes containing Sn—S bond(s) and resulting in SnS formation [29].

2.1. Synthesis route of tin precursor through as-dissolved solution

Synthesis routes through dissolution of pure metal precursor at high concentrations in
primary amine-dithiol system at room temperature and ambient conditions have been very
recently reported [30]. Moreover, the dissolution of metal chalcogenides in a binary solvent
mixture of ethylenediamine with alkanethiols has been reported elsewhere [31]. We choose
the first approach, and explored additional reaction parameters in terms of concentrations and
applied dithiols as well as primary amines. High purity powder of elemental Sn (99.99%) was
dissolved in a solvent mixture of subsequently added 1,2-Ethanedithiol (EDT) and butylamine
(BuNH) (vol. ratio 1:1) and stirred after within 3 days. The reaction was performed in an Ar-
filled glovebox with water and oxygen level <0.1 ppm.

The concentration of initial solution was investigated with the parameters shown in
Table 2.1.

Table 2.1: Initial conditions for Sn-containing solution preparation

Concentration 0.2 M 0.4 M 0.8 M
Sn 124 mg (1.04 mol) 271.6 mg (2.28 mol) | 631.1 mg (5.3 mol)
EDT 3mL 2.8.mL 3.3 mL
Butylamine 3mL 2.8 mL 3.3mL

2.2. Solar cells fabrication
2.2.1. SnS-based solid state solar cells fabrication

2.2.1.1. Contacts creation, substrates preparation

The FTO substrates were locally covered with a scotch to protect the underlying
FTO. The rest of the FTO was covered with Zn powder dispersing in DI water. Some droplets
of concentrated HCI were added to etch FTO layer. Then the substrates were ultrasonically
cleaned in deionized water with soap, deionized water, acetone and ethanol for 10 min
followed by rinsing in deionized water between each step, and dried after all under Ar flow.
In the next step, substrates were UV/Os-irradiated during 20 minutes.
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2.2.1.2. Electron transport material preparation

A TiO2 compact layer was prepared from a solution containing 1 mL of ethanol and
76 uL of acetylacetone. Due to the exothermic reaction 130 pL titanium isopropoxide was
added dropwise with constant stirring. The dense compact layer of TiO, was deposited onto
FTO-substrates via spin-coating approach at 3000 rpm for 30s. The electrodes were annealed
after at 500°C for 30 min.

2.2.1.3. SnS spin-coating

The initial precursor solution (preparation is described in 2.1 section) was deposited
on TiO2 covered FTO substrates by spinning with at 800 rpm for 30-40 sec 2-3 cycles and
then followed by an annealing at 300°C. All processes were performed in glove box under Ar
atmosphere.

2.1.2. SnS based sensitized solar cells (SSC) fabrication

2.1.2.1. Device fabrication

Commercial substrates with 4 pm and 20 um mesoporous TiO2 on FTO were
preliminary activated at 450°C in an oven. NiO layer were deposited from Ni-nanoxide paste
(Solaronix) onto FTO substrates via doctor-blade coating with gap 2 mm and sintering at
400°C for 30 min.

Preparation of the SnS layer was formed by immersing TiO2 covered FTO substrates
into tin-dithiolate solution for 2—3 hours, following annealing at 300°C for 5-10 min.

Two electrolytes with redox mediator were used for DSSC fabrication: polysulfide
S%7/Sn?" aqueous electrolyte and Co?*** in propylene carbonate (see below).

2.1.2.1.1. FTOI/TiO2/SnS/ S* /Sy /CuxS device

The polysulfide electrolyte solution was prepared from 0.1 M of NaOH, 1 M S and 1

M Na>S'9H0 in deionized water, stirred overnight at 60—70°C. A parafilm was placed on the

SnS-TiO, covered FTO, serving as a spacer between the two electrodes to prevent leaking of
the electrolyte.

CuyS as a counter electrode was prepared by immersing brass plates in HCI solution at

50°C during 20 min with a rinsing step in DI water afterwards. A droplet of electrolyte was
dripped on SnS-TiO> covered FTO with spacer and combined with the counter electrode. The
whole device was clamped with binder clips and further investigated.

2.1.2.1.2. FTO/TiO2/SnS/ Co?"3*/Pt device

Tris(bipyridyl) cobalt complexes-based electrolyte was prepared from sources of 0.1
M Co?" and 0.1 M Co*" (both as perchlorate salts), which were mixed together with 0.1
LiClO4 in propylene carbonate and stirred for 10 min. The whole synthesis procedure of
cobalt complexes is reported elsewhere [32].
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A commercial Pt-counter electrode on FTO-glass (Solaronix) was previously
activated at 450°C for 20 min. The two electrodes were sealed face to each other with a hot-
melt film by putting on a pre-heated plate at 110°C for several seconds to let the electrodes
adhere. Then the electrolyte was injected through a hole in the counter electrode employing
the vacuum method: the air contained between the two electrodes was pumped out unless the
electrolyte stopped bubbling, after which the inflowing air pressed the electrolyte between
front and counter electrode. The hole in the counter electrode was closed with another small
part of sealing film by applying heating around the hole.

2.1.2.2. SnS layer modification

ZnS successive ionic layer adsorption and reaction (SILAR). The SILAR technique is
based on the substrate immersion, firstly, in a cationic solution, properly rinsed in distilled
water to remove not adsorbed cations. Afterwards the substrate is immersed in an anionic
solution, in which the anions react with the pre-adsorbed cations forming the desired
compound semiconductor and washed with distilled water. All this procedure represents one
cycle leading to a monolayer of 1-3 A [33].

The inorganic passivation route of ZnS via SILAR was reported [34]. To create a
layer of ZnS on SnS a mp-TiO> coated electrode with SnS layer was dipped in 0.1 M of
Zn(NOg)2 solution in ethanol and 0.1 M of NazS solution, which were used as cationic and
anionic sources, respectively. Three dipping cycles of mp-TiO2 with SnS consequently in
each solution were carried out with duration of 1 min each, followed by rinsing with ethanol
between the dipping processes.

Cation exchange. For cation exchange with Zn?* the following route was used [35]:
0.5 M of zinc oleate was prepared (3:1=oleic acid:ZnO) in 8 ml of ODE. The substrates were
dipped in this solution and heated at 50—150°C for 10 min.

2.3. Materials characterization

2.3.1. X-ray diffraction

The X-ray diffraction spectra of the samples were recorded using a Philips PW-1710
diffractometer with Cu—Ka radiation in the 2-theta range of 10 to 130 degrees. For X-ray
measurements Si substrates were cleaned and UV-irradiated, after which they were dipped
into a solution of aminopropyltrimethoxysilane (APTMS) (50 mM, 10ml) in dry toluene (10
ml) for 12 hours under Ar atmosphere. Then, the resultant modified substrates were rinsed
with toluene. SnS synthesis on the modified Si-substrates was performed via simple drop-
casting and heating on a hot-plate (300°C).

2.3.2. Scanning Electron Microscopy (SEM) and Energy Dispersive X-
Ray Spectroscopy (EDX)

Scanning Electron Microscope (SEM, FEI Nova NanoSEM) was used for the
morphology characterization. Equipped with energy dispersive X-ray spectroscopy (EDX) the
elemental composition of the samples was also investigated.
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2.4. Characterization of the obtained SnS-based solar cells

2.4.1. Scanning Electron Microscopy (SEM) and Energy Dispersive X-
Ray Spectroscopy (EDX)

Surface top view and cross-section images of the samples as well as elemental
composition were obtained using the same equipment as described above.

2.4.2. 1-VV measurements

For photovoltaic measurements the irradiation source was AM1.5G Newport 74125
Cornerstone 260 solar simulator using a mercury-xenon light source. Current-voltage
characteristics, fill factor and power conversion efficiency were measured via a computer
controlled electrometer (Keithley SMU 2400).
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CHAPTER FOUR

@OUHAHCOBBINA MEHEIKMEHT, pecypco3pPekTHBHOCTD U pecypcocdepexenne

Tema HacTOsImIEH BBIMYCKHOW KBanU(pUKANMOHHOW padotel — «lMccnenoBanue
MOJICKYJISIPHBIX MPEKYpCOPOB AJIsl MOJIydueHHUsi abcopOepoB CONHEUHBIX Oarapeil Ha OCHOBE
cynb(huIa 0I0BaY.

Hcnonp3oBanue cynbdpuia 0JioBa B COBPEMEHHOM IPOM3BOJACTBE OOYCIOBIIEHO
oOnmamanueM  CHENU(PHUUECKUX  ONTHYECKHMX W TOJYIPOBOAHUKOBBIX  CBOMCTB.
PaccmaTpurBaeMblil 00BEKT XapaKTEpU3yeTCss OTPOMHBIM IOTEHLIMAIOM B KauecTBe abcopOepa
B (hOTOBOJIBTAMYECKUX YCTPOHCTBAX, IIMPOKO PACIPOCTPAHEH B MPUPOAE U IKOJIOTHYECKU
Oe3omaceH.

Lenpto pazmena «DUHAHCOBBIM ~ MEHEKMEHT, pecypcod(h(eKTHuBHOCTE |
pecypcocOepexenne» B pamkax naHHoi BKP sBnsercs ananus ee NepCHeKTUBHOCTH U
YCIIEIIHOCTH, a TaKXke pa3paboTka NPUHIMIIOB M MeXaHW3Ma YIpPaBICHHUS HAy4dHO-
HCCJIEIOBATEIILCKUM MTPOEKTOM.

4.1. TlpeanpoeKTHBIN aHATU3

4.1.1. IHoTeHunaJbHbIC MOTPEOUTENTH PE3yJIbTATOB HCC/IEI0BAHUSA

B nanHoM paznene OblI IPOBEJEH aHATIU3 LIEIEBOI0 PhIHKA U €0 CErMEHTUPOBAHMUE.
IIpn ycremHon peanu3alvu CYLIECTBYIOLIErO IMPOEKTa IIPEANOIAraeéMblii CErMEHT pPBIHKA
CBSI3aH C BHEAPEHHEM M peanu3aiueld (OTOBOIBTANYECKHX 3JIEMEHTOB Ha OCHOBE SNS
abcopbepoB. Ha Pucynke 4.1 mnpuBeneHa KapTa CErMEHTHPOBAHUS 110 pealu3aluu
coJHEYHbIX Oartapell. B kauecTBe mapamMeTpoB CErMEHTHUpPOBaHUS ObLIM BHIOpaHBI YpOBEHb
J0X0J1a moTpeduTenei u ux jJokanu3anus no EBpasuiickomy KOHTHHEHTY. Pe3ynbTupyromuit
BbIOOP KPUTEPHEB OCHOBAH Ha HbIHE CYIIECTBYIOIIEH TEHACHIIUN Pa3BUTHS (POTOBOJIBTAUKHU U
00yCJIOBJIEH OIpPOMHOI pa3HMIEH BHUCHOJB30BAHUU (DOTORIEMEHTOB B 3aBUCHUMOCTH OT
reorpapuueckKoro MecTONOJIOXKEHUS U KIMMaTUYECKUX YCIOBUN. BuiHO, 4yTO peanu3yemblit
IPOEKT ClIeyeT OPUEHTHPOBATh HAa OTEUECTBEHHBIH CEKTOp MOTpeOHTENel CO CpelHUM U
HU3KUM YPOBHEM JI0X0J1a, KOTOPBIA B HACTOSIIIEE BPEMSI XapaKTepHU3YyeTCS KpalHe HHU3KOU
KOHKYPEHTHOCIIOCOOHOCTBIO.

MecTtopacnosioxeHue

€BPOIENHCKHUE CTPAHbI a3MaTCKUE CTPAHBI

Bricokuit

Cpennuit

YpoBeHb
noxoaa

Huskuit

Pucynok 4.1: Kaprta cerMeHTUpOBaHUs pbIHKA MO peaiu3aluu
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4.1.2. AHAJIM3 KOHKYPEHTHBIX TEeXHHMYECKHMX pelleHuid ¢ Mo3uLIHHU

pecypco3dPpeKTHBHOCTH U pecypcocOepeskeHHst

bonee neranpHbIi aHAIM3 KOHKYPEHTOB C IO3MLUHU PeCypcodPPEKTUBHOCTH U
pecypcocOepesxenus: npuseneH B Tabmume 4.1. Ha teppuropun Poccun ¢(yHKIHOHMPYIOT
HauOosiee KpyHHbIE IPOM3BOJCTBA COJHEYHOM MHIAycTpuUH, Takue Kak B KpacHonape
(xommanun  «ConHeunslii  Berep» u  «CarypH»), B Psazann (Psa3aHckuil  3aBox
MeTajokepamuieckux npudopos) u B HoBouebokcapcke (OO0 «Xeren»).

Tabnuna 4.1: OueHouyHast KapTa JJisi CPABHEHHS] KOHKYPEHTHBIX pa3paboTok

Bec baJjuibl Komkypenro-
Kpurepun oueHkun KpHUTe- cnocobnocts
b1 bko | b3 Ki K2 K3
pus

1 2 3 4 5 6 7 8

TexHnuyeckue KpUTepU OLEeHKHU pecypco3pGeKTUBHOCTH
1. Y10o6cTBO B AKCIUTyaTaIlluu 0.1 5 5 5 0.5 0.5 0.5
(cooTBEeTCTBYET TPEOOBAHUSIM
norpedurenei)
2. DHEePro’KOHOMUYHOCTD 0.1 5) 4 4 05 | 04 | 04
3. [IpocToTa sKCILTyaTaIrun 0.1 5 5 5 05 | 05 | 05
4. OyHKIIMOHATbHAs MOITHOCTh 0.1 5 3 4 0.5 0.3 0.4
5.HanexxHoCTh 0.1 5 4 4 0.5 0.4 0.4

JKOHOMHYeCKHe KPUTEePUH oleHKH 3(peKTUBHOCTH

1. KonkypeHTOCI0COOHOCTh MPOIYKTA 0.2 5 4 5 1 0.8 1
2. YpoBeHb NPOHUKHOBEHMS HA PHIHOK 0.1 5 3 4 0.5 0.3 0.4
3. llena 0.1 3 4 4 0.3 0.4 0.4
4. IpenronaraeMplii CPOK 0.1 5 5 3 05 | 05 | 04
SKCIUTyaTaIluu
Hroro 1 4.8 4.2 4.4

Ha ocHoBe aHanm3a KOHKYPEHTHBIX TEXHMUYECKUX PEIICHUH, MPOU3BOACTBO
(OTOBOJIBTAUYECKHUX DJIEMEHTOB 0a3MpPyeTCsi B OCHOBHOM Ha MOHO-, MOJUKPUCTATUTHIECKOM
KPEMHHHM C XapaKTepHbIMU HENPSIMBIMU NEpPEeXOoJaMUB 3amlpeiieHHoN 30He. OJgHAaKo B
YCIIOBHSIX KOHBEpPTAllUM COJIHEYHOTO CBETa WCIOJb30BAaHUE TAaKUX IMOJYIPOBOIHUKOB
aprseTcss MeHee O(G(EKTHBHBIM B CpPaBHEHHWU C TMONYIPOBOJAHUKAMH C TPSIMBIMHU
nepexo/laMuB 3ampenieHHod 30He.  OObeKToM pa3paldaThIBAEMOr0 HAYYHOI'O IPOEKTa
SBIISIETCS CYIb(UI 0JI0BA, KOTOPBIH, SBISASACH SKOJOTHUYECKH 0€30MacHBIM, MOXKET MO3BOJIUTh
YBEJTUYHUTH MOKa3aTeau (POTOIIEMEHTOB, Ojarojapsi BBICOKOMY KO3 (UIIMEHTY ONTHYECKOTO
MOTJIONICHHs, TPSAMBIM  TIepexojaM B  3ampemieHHoiW 3oHe. Takke, Omaromaps
TOHKOIJIEHOYHOM TEXHOJIOTUH, TAKUE MaHeIH 00yCIaBIUBAIOTIIPOCTOTYYCTAHOBKH, @ 3a CUET
MOJTYTIPO3PAYHOCTH TO3BOJISIIOT pa3MEIIeHHe HETOCPEICTBEHHO Ha OKHAX, SKOHOMS pabouee
MPOCTPAHCTBO,

4.1.3. SWOT-anaans
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ITepoiit aTan SWOT-ananu3a, ONUCHIBAIOIIWNA CHUJIBHBIE M CJIA0bIE CTOPOHBI
CYIIECTBYIOIIETO MpoeKTa, mpuseneH B Buae marpuilsl SWOT B Tabnure 4.2.

Ta6muma 4.2: Marpuna SWOT

CuJjibHbIe CTOPOHBI HAYYHO-

HCCIEI0BATEIBCKOIO MIPOEKTA

Caa0ble CTOPOHBI HAYYHO-

HCCICA0BATEC/IBCKOIO MMPOEKTA

Cl.Ucnonb3oBanue
0€30MacHbIX MaTEPUATIOB.
C2.IIpocrota cuHTE3a
0o0BeKTa, HEe TPeOYIOIEro
000pyIOBaHUS.

C3.bosiee HU3Kas CTOMMOCTh ITPOM3BOJICTBA IO
CPaBHEHHIO C APYTUMH TEXHOJIOTUSIMH.
C4.OK0OHOMHYHOCTh M SHEProdPPeKTHBHOCTD
TEXHOJIOTHH.

C5.VYnyumenHsle nokasarenu GporomMoayseiiHa

9KOJIOTHYCCKHU

paccMaTpuBacMoro
A0OPOroCTOAIECTO

OCHOBE CyJh(HrIa 0JI0BA.

Cnl.Ilpoekt HaXOIUTCI Ha CTaguu
pa3paboTKM ¥ HE  aJanTUPOBaH s
MIPOM3BO/ICTBA.

Cn2.HecTtaOunpHOCTh ~ TIOJUTHYECKOH |
HYKOHOMHYECKOW CUTYAIIMU B CTPAHE.
Cn3.bonbiioil cpok MOCTaBOK MaTepHalioB U
KOMILICKTYIOIIHIA, UCIIOJIb3yeMbIEe pH
MIPOBEJICHUHN HAYIHOTO MCCIICIOBAHHUS.
Cn4.1lensl.

Bo3mo:xxHOCTH

Yrpo3sl

B1.Cnpoc Ha HOBbIE TEXHOJIOTHH, TTPOYKT.

B2.Ilosgsnenue JIOIIOJTHUTEILHOT'O
(brHaHCUPOBAHUS TUTSt NaTbLHENIITHX
pa3paboToK.

B3.Pa3surue u peanu3anus o

IMMPONU3BOJACTBCHHOI'O YPOBHA.

V1.0tcyrcTBue 3aKOHO/IaTEeIbHOMN
HOJIEP>KKH FOCyapCcTBa.
V2.Pa3BuTass KOHKYpPEHIIHS
MPOM3BOJICTBA.
V3.0rpannueHus Ha 3KCIOPT TEXHOJIOTHH.
VY4.Yrpo3a HOBBIX KOHKYPEHTOB.

V5.Camxenne

TEXHOJIOTUN

OIOKETHOTO

(dbuHaHCHPOBAHMSL.

AHanu3 COOTBETCTBUS CHIIBHBIX U CIA0BIX CTOPOH IPOCKTa C €ro BO3MOKHOCTAMU U

yrpo3amu npuBeseH B Taonuie 4.3-4.4.

Tabmuna 4.3-4.4: VaTepakTHBHAS MaTpUIla MPOEKTa

CuJjibHble CTOPOHBI IPOEKTA
Cl C2 C3 C4 C5
Bo3moxHocTH Bl + 0 0 + +
NMPOEKTA B2 0 0 - + +
B3 - - - + +
V1 - - - + 0
Yrpo3sl ais Y2 0 0 + + +
NpoeKTa V3 - - - - -
V4 + + + + +
VY5 - - - - -
Cnalble CTOPOHBI POECKTA
Yrpo3sl s Cnl Cn2 Cn3 Ci4
NPOEKTa v1 - + - +
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y2 - - _ 0

Vv3 - + + +

V4 + - - 0

V5 + + 0 +

Bo3mo:xHocTH Bl - - - +
NMPOEKTa B2 + - - -
B3 + 0 - 0

B paMKax TPEThEro srara ObllIa COCTaBJICHA UTOrOBas Marpula Ha OCHOBC aHaliM3a
CHJIBHBIX, cl1a0BIX CTOPOH HACTOAIICTO IIPOCKTa C IMOTCHIHAIBHBIMHU BO3MOXHOCTAMH H

yrpo3amu (Tabmwuia 4.5).

Taomuua 4.5: SWOT-ananus

CuiibHbIE cTopoHbl | Ciiabble CTOPOHBI HAYYHO-
HAY4HO- HCCJIE0BATEILCKOT0
HCCJIe10BATEILCKOI0 NpoeKTa:
NpoeKTa: Cal.Ilpoekr HaxomuTcs Ha
C1.Mcnons3oBanue cTaauu pa3pabOTKH U He
HKOJIOTUYECKH O€30MacHBIX | aJanTHPOBaH TUTST
MaTepUasoB. MIPOU3BO/JICTBA.
C2.IIpocrota cunte3a | Cn2.HectaOMIBHOCTH
paccMaTpuBaeMoro OObeKTa, | MOJTUTUYECKOU u
HE TpeOyIoIIero | 3KOHOMUYECKOW CUTyallud B
JIOPOrOCTOSLIETO CTpaHe.
00opyI0BaHUS. Cn3.bosbI10# CpoK MOCTaBOK
C3.bonee HHU3KasE CTOUMOCTh | MaTEpHUaJIOB u
MPOU3BOACTBA M0 | KOMIUICKTYIOLIUT,
CPaBHEHHUIO C  JIPYTUMH | UCHOJB3yeMbIe npu
TEXHOJIOTHSIMHU. MIPOBEICHUU Hay4yHOTO
C4.9K0HOMUYHOCTh U | MCCIIEOBaHMUS.
3HeprodhPEeKTUBHOCTH Cn4.1lensl.
TEXHOJIOTHH.
C5.¥Vny4iieHHsie
nokaszatenu  (GpoToMoyieit
Ha OCHOBE CyJIb(}u1a 0JI0Ba.
Bo3moskHocTH: Crparerus: Crparerus:
B2.IlosiBnenue Pa3pabotka HopaboTka MPOIYKIIHH,
JOTIOTHUTEITLHOTO (OTOBONIBTANYECKUX  SYEEK | TOWCK MapTHEPOB, peKiiama
(bUHAHCUPOBAHUS JUISL | HA  OCHOBE  JKOJOTMYECKH
JTaNbHEUITUX pa3paboTok. 0e30macHbIX ~ MPOAYKTa ¢
B3.Pa3Butne m peanusanus | ylIy4IIeHHbIMH
bi (4] IIPOU3BOJICTBEHHOIO | MOKA3aTENSMHU.
YPOBHSL.
Yrpo3br: Crparerus: Crparerus:
V1.0t1cyrcTBHE [Ipoxsmwxenue npoaykuuu c | JlopaboTka npoaykuuwu,
3aKOHOJATEIbHOMN AKI[EHTUPOBAHUEM Ha | [InaHupoBaHue agbHEUIINX
MOJIJIEPIKKH TOCYIapCTBA. MIPEUMYIIIECTBAX W | 3aJa4 B JIOJITOCPOYHOM H
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V2.Pa3Butasi KOHKYpEHIHUA
TEXHOJIOTHI TPOU3BOJICTBA.
V3.0rpannueHus Ha SKCIOPT
TEXHOJIOTHH.

V4. Yrposa HOBBIX
KOHKYPEHTOB.

V5.Camxenue OrOKETHOTO
(dbuHAHCHPOBAHMSL.

3 PEKTUBHOCTH. KPaTKOCPOYHOM IEPHO/IC
CHmkeHre 1IeH 3a CYeT
YBEJIUYCHHUS 00BEMOB

4.2. NHMUIMAIUsA MPOEKTA

B pamkax mpoliecca MHHIIMAIIMU HACTOSIIETO IMPOEKTAa HUXKE COCTABJICH YCTaB
HAYYHOTO MPOEKTa MaruCTePCKO pabOThI CO ClIEAYIONIEH CTPYKTYpOil:

4.2.1. Ilenu u pe3yJbTaT NMPOEKTa

B Tabmure 4.6 0600mena nHhopMaIys o 3aHHTEPECOBAHHBIM CTOPOHAM ITPOCKTA.

Tabnuna 4.6: 3anHTEpECOBaHHBIE CTOPOHBI TPOEKTA

3auHTEepecoOBaHHbIC CTOPOHBI OxuaaHus 3aHHTEPECOBAHHBIX CTOPOH
MPOEKTAa
PykoBoauTeNnb NpoekTa Xopomue pe3ybTaThl 10 3aBEPIICHUIO TPOEKTa
OpraHmauHs{ YcnentHocTh BBIITOJIHEHUA IIPOCKTA JJIsA
MIOBBILICHMS CTaTyca OpraHu3aluu
3aKka3zuuKu B cinywae ycnemHoW peanmu3anuu  MPOEKTa

OXXHNIAHUC BBICOKOI'O Ka4€CTBa U Sq)(beKTI/IBHOCTI/I
BI)IHyCKaeMOfI MPOAYKIIMHU, TEXHOJIOTHUHN

Jlanee paspaboTaHa uepapxus Ieled MPOeKTa M KPUTEPUN TOCTHXKEHUS LeTei,
KoTopas npuseaeHa B Tabmurie 4.7.

Tabnuua 4.7: Llenu u pe3ynbTaT NpoeKTa

Henn npoexra:

HccnenoBanue MOJICKYJISIPHBIX a6cop6epOB COJIHCYHBIX

Oartapeit Ha OCHOBe Cynb(huIa 0JI0Ba

OxugaemMble

YBenuueHue S(I)(I)CKTI/IBHOCTI/I (bOTOBOJIBTaI/I‘-ICCKI/IX MOI[y.]'ICﬁ Ha

pe3yJabTaThl NPOeKTa: ocHOBe SNSabcopbepos

Kpurepun npuemkn
pe3yJbTara NpoeKra:

yJ'Iy‘IIJ_ICHHLIC (I)OTOB OJIBTaAaN4YCCKHUEC IIOKa3aTCJIn
CMOJCIMPOBAHHBIX COJIHCYHBIX AYCCK Ha OCHOBC

SnSabcopbepoB

TpeOoBanmue:

TpeboBanus Kk

JlutepatypHbiii 0030p 1O CYIICCTBYIOIIUM JTOCTHIKCHHUSM,

npobaemMaM B 00s1acTi (POTOBOJIHTANKH.

pe3yJabTaTy npoeKTa:

Cunres Sn-comepkamero  HPEKypCOpPHOTO  PacTBOPA,
CTPYKTYPHBIH, (pa30BbIi aHanu3 SNScioes.
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Pa3pa60T1<a pasHOro TuIlla COJIHCYHBIX AYCCK Ha OCHOBC

cynsduaa ojaosa, cpaBHeHHE 3(H(PEKTUBHOCTH, PE3yJIbTaTOB

4.2.2.

Crenyromum 3TanoM padoThI

Oprann3anMoHHas CTPYKTYpPa NPoeKTa

ObUIO CTPYKTypUpOBaHHE paboueil KoMaHbI,

pe3yNbTaThl KOTOPOTO MPUBEICHBI HUKE B Taduie 4.8.

Tab6muma 4.8: Pabouas rpynna npoekra

DUO,
OCHOBHOE MeCTO
paodoTkl,
HOJIZKHOCTh

Poanb B mpoekTe

Tpyno-
3aTparbl, AH.

DOyHKIUH

PeterReiss,
3aBEYIOIINN
nabopaTopuei
MonexkynsipHOH,
Opranuueckoii u
ruOpUIHOM
anextporuku (INAC-
SPrAM-LEMOH),
CEA I'peno0p,
®paHuus;

AH Bnanumup,

JOTIEHT Kadenpsl
HaHOMaTe
pHUagoB 1
HaHOTEXH
OJIOTUH
TITY,
K.T.H.

PykoBoaurens
MpoeKTa

Peanuzarus npoekra, 73
KOOPIMHAIIHSI
EeATEIbHOCTH

YYaCTHHUKOB ITPOCKTA

JpoHoBa Mapus
BnagumuposHa,
Maructpadt TITY

HWcnomuurens mo
MIPOEKTY

Brimonaenue paboTet 100

IO TPOEKTY

HUTOTI'O:

173

4.2.3.

OrpanuyeHus U J0NMYyIICHUS NIPOCKTA

Hwxke coctaBnena Tabnuiia 1O OrpaHUYCHHSM U JOMYIIEHUSM B IIPOIECCE
BBITIOJIHEHHS] HAYYHOTO MPOEKTA.

Tabmuma 4.9: OrpanudeHus: IpoeKTa

dakrTop

OrpanuyeHust/ 1onyumeHust

brojpker npoekra

Hcnonn3oBanue

XHUMHKATOB, COMMYTCTBYIOIIIUX

30




MaTepuasoB B ycioBuAx Jaboparopuu B
cBoOomHOM Jnoctyre. B mpomecce mpoekTa
OCYIIECTBIISUICSL ~ 3aKa3  OTCYTCTBYIOIIUX |
HEO0OXOIMMBIX XUMUKATOB.

Hcrounnk huHaHCHPOBAaHUS CEA, I'peno6nb, Opannus

Cpok#u poeKTa 15/02/26 — 14/06/16

[Ipoune orpaHuveHus U AOMYIEHUS* Yacel HaxoxJeHUsT B JabopaTopuu (JIUMUT) —
8.00-20.30.

CepxypouHas paboTa He OIIaYUBaCTCSl.

4.3. HJIaHHpOBaHl/Ie YHpaBJdc€HUSA HAYYHO-TEXHUICCKUM IPOCKTOM

4.3.1. Hepapxuyeckasi CTPYKTypa padoT mMpoeKTa

Jletanu3zanus CTPYKTYpbl NpOJENIAHHOW pabOThl MpUBEAEHA B BHUJIE CXEMbl Ha
Pucynke 4.2.

MccnepoeaHue MONeKyNAPHLIX
abcopbepoe conHeyHblx Batapen
Ha ocHoBe cyneduaa onoea

Ynpaenexue »  Peanuzauma CocTaenexue
NPOEKTOM 0TYETa

‘ !

Pazpabotka nnanHa
% F CuHTez < XapakTepuzauma
DEeHCTEUNA
A ¢ Y
L
6I‘I 0ArOTOEKA Anainis
obopynoBaHuA
CoeellaHue i« YA ' pezyneTaToe
CONYTCTEYHILLWE
MaTepuant

Pucynok 4.2: Hepapxuueckasi CTpyKTypa paboT 10 NPOEKTY

4.3.2. KoHTpoJIbHBbIE COOBITHS

KitoueBbie cOOBITHS U pe3yIbTaThI, TOTYyYEHHBIE B IIPOIlEcce padOThI Ha/l MPOEKTOM
cBeaeHsl B Taomuue 4.10.

Tabnuua 4.10: KoHTposibHbIE COOBITHS TPOEKTA

Ne KonTposbHoe Pe3syabTar
Jlara N
n/n coObITHE (moaTBepKIAOIIMI JOKYMEHT)
1. | Jluteparypubiii 0630p 01/03/16 Otuet
2. | CuHre3 Sn-coneprKaliero 10/03/16 Otuet
pacTBopa
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Hanecenne nokpertuii Ha ITO-
MOJITIOKKH METOJIOM
HEHTPUPYTHUPOBAHUS C
MOCIICAYIONUM OTKHUTOM

16/03/16

Otuer

Mopaudukarus |1TO-mopmoxek
APTMS/MPTMS

20/03/16

Otuer

Hanecenne nokpertuit Ha ITO-
TTOJITIOKKH,
MOTUGBUIIMPOBAHHBIC
APTMSwMmeromom
HEHTPUPYTHUPOBAHUS C
MTOCIICAYIONUM OTKHUTOM

23/03/16

Otuer

Pentrenoda3oBslii aHamu3 u
WHTEpHpETalus pe3yJbTaTOB

30/03/16

Otuer

N3roroBieHue 31EKTPOIUT
COZIepIKaIX COJIHEYHBIX STYEeK
Ha OCHOBE SNS (3NMETKPOIIUT —
noJucynbhu )

04/04/16

Otuyer

doToBobTANUECKUE
M3MEPEHUs COJIHEUHBIX STYEEK

08/04/16

Otuyer

Cxkanupyromast 3JeKTpOHHAas
MUKPOCKOIIHS,
SHEPTOAUCIIEPCHOHHAS
PEHTTEHOBCKAsl CHEKTPOCKOMUS

15/04/16

Otuyer

10.

Coznanue 0apbepHOTo
3alIUTHOTO CJI0S MEXAY SNS u
AJIEKTPOIUTOM METOJIOM
SIIARu kaTHOHHBIM OOMEHOM

27/04/16

Otuyer

10.

H3roroBieHue 31eKTpOIUT
COJICPIKAIIMX COTHEYHBIX TYCCK
Ha ocHOBe SNS (anekTposnut Co-
KOMILJIEKC)

04/05/16

Otuyer

10.

N3roroBnenue
TOHKOIUIEHOYHBIX COJHEYHBIX
3JIEMEHTOB HA OCHOBE SnS

15/05/16

Otuyer

11.

DOTOBOJIFTANYECKHE
HN3MEPCHHUA COJTHCUHBIX AYCCK

20/05/16

Otuer

4.3.3. Ilaan nmpoekra

JluneiHbli TpaduK HAYYHOTO MPOEKTA MPUBEICH HUXKE.

Tabnuua 4.11: KanennapHslii 1aH IpoeKTa

JTanbl Ha3zBanmne

Jdnurean
HOCTb,

JHHU

Hauvauo
padot

OxoH4YaHHE
pador

CocraB
YYACTHUKOB

VYnpasnenune | Paspaborka  rurana

10

15/02/16

13/05/16

P. Reiss
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MIPOEKTOM NeUCTBUHI
Cogeranue 20 20/02/16 | 13/05/16 P. Reiss
Peamuzanus | Teoperuueckue u 60 15/02/16 | 20/06/2016 | [IpoHoBa
JKCIIEPUMEHTAJIbHBIC M.B.
HCCIIEIOBAHUS 14
(cHHTE3, P. Reiss
XapakTepu3aIusi)
AHanus pe3ynbpTaToB 20 20/04/16 | 12/05/16 JpoHoBa
M.B.
20
P. Reiss
Cocrasaenne | OdopmiieHue 20 12/05/16 | 02/06/16 JlpoHoBa
oTyera MOSICHUTEILHOM M.B.
3aIUCKU TPOEKTA
Jlns  ynoOctBa mocTpoeHus rpaduka ¢ HOMOINBI0 auarpammbl  ['aHTa,

JUIMTETIbHOCTh KaXIOrO0 U3 JTamoB paboT u3 paboyux JHEH cleayeT MepeBecTH B
KaJICHapHble JHU I10 cleayroueil popmyie:

TKi :Tpi.kxan

e

IPOIOJDKUTEILHOCTh BBIMOJIHEHHUS |- pabOThl B paboOuYuX IHSX;

KaJICHAApHOCTH.

Koaddunuent kanengapHocTu onpenessiig no Gopmyie:

rae T — KOJMYECTBO KaJICHAAPHBIX JHEH B roxy; I

T

Kajt

366

“or

Kalt

-T

BBIX

= =17
~T, 366-119-27

— KOJIMYECTBO BBIXOJIHBIX THEH B

BBIX

ropy; T,, — KOJIMYECTBO NPa3IHUYHBIX THEH B rofy.

Tabnuua 4.12: Kanennapusiii mian-rpagux nposeneans HUOKP no teme

Nt Bup pador HUcnoannrean | Ty, IIpoxo/KUTEILHOCTD BBINIOJTHEHHUS
KaJl. padoT
AH. | ®epp. | Mapr | Anpens | Maii | Hionb
11213]1|2|3|1/2|3|1|2|3|1]|2
1 | Pazpabotka PykoBonutens 17
TUIaHa AEHCTBUI 0 i !
2 | Cosemanue PykoBonutens 34
C O 0 0
3 | Teopetnueckue u | PykoBoautens, | 23.8
9KCIIEpUMEHTAITb HCTIONIHUTEIh 102 I —— 1
HBIE
WCCIIEIOBaHUS
4 | Anammz PykoBoauTens, 34
pe3yIbTaTOB UCIIOHUTEIh 34

T«i— TPOJODKUTENBHOCTh BBIMOJHEHUS i-i pabOThl B KaJeHAAPHBIX THSX; Tpi —
Kian — KO3 OHUIIHEHT
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CocTaBiienue

OoT4ucTa

Hcnonurens

34

—

— PYKOBOIUTEID,
1 - ucnonnurens

4.3.4. DBrooaxer HAYYHOr0 HCCJIeI0BAHUS

B nmanHOM pasaciie pacCMaTpuBacTCsa Y4Y€T CTOUMMOCTHU HCIHOJIB3YyEMbIX MAaTCpuajioB B

nporiecce BKP. 3amianupoBaHHbIe 3aTpaThl 110 CTaThAM 00beauHeHbl B Taomuie 4.13.

Tabmuna 4.13: I'pynmupoBKa 3aTpar Mo CTaThsIM

Crarbn
Cripne, CrenuansHoe OcHoBHas Hononuute | OtyucieHus Hroro
matepuaibl | o0opymoBaHue | 3apaboTHas JbHAs Ha TUTaHOBAS
JUISL HAYYHBIX miara 3apaboTHast | colMagbHbBIE | ce0ECTOMMOC
(3KCIIEpUMEHT iaTa HYKJIbI Th
aJIbHBIX ) paboT
61 208 53 216 110 724 14 180 33 848 273176

Cuvipve, mamepuanvl, NOKynHvle uz0eaus U noayphadpuxkamol
(3a 8bluemom omxo0os)

3arpaThl Ha MPUOOpPETEHNE BCEX BUAOB MaTEpHaIOB, XUMUKATOB, KOMIUIEKTYIOLINX
U3JIeNuil, NCIOJIb3yeMBbIX B Ipoliecce HacTosMeil paboTsl npuBeaeHsl B Tabmuue 4.14.

Tabnuna 4.14: Ceipbe, MaTepuabl, KOMIIEKTYIOIINE U3/IETHS U TOKYITHbIE

nony¢habpuKaThl
HaumenoBanue Mapka, pasmep  |KoJu-Bo|Llena 3a enununy, pyo.Cymma, pyo.
OnoBo Sigma Aldrich, 100 mir| 1 5590 5590
EDT Sigma Aldrich, 250 M| 1 4050 4050
ITO noanoxku ITOSOL30 1 yn. 118.25 11 825
FTO+TiO2 4 mxm|  Solaronix, 16 pcs 1 ym. 239 4780
FTO+TiO, 20 Solaronix, 16 pcs 1 ym. 258 5150
MKM
bamion aprona Arcal Prime, 10m? 10. 17 213 17 213
Si-macTHHBI lym. 2 060 10 300
Bcero 3a Mmarepuaisl 58908
TpancnopTHO-3aroToBUTENBHBIE pacxobl (3-5%) 2 300
Hroro no cratee Cy 61 208
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CriIenyaJIbHOIro

Cneyuanvroe 060pyoosanue 0iisi HAYYHbIX (IKCNEePUMEHMANbHBIX) pabom

Hanee B Tabmumne 4.15 BKIIOYEHBI 3aTpPaTHI,
(mpubopos,

000pyI0BaHUS

CBSI3aHHBIE C MPHOOpPETEHUEM
KOHTPOJIbHO-U3MEPUTEIIBHOMN

anmnaparypsl,

CTEH/IOB, YCTPONCTB M MEXaHH3MOB), HEOOXOJMMOIO i MPOBEAEHUS paboOT B pamMKax
HACTOSAILIETO IPOEKTA.

Tabnuua 4.15: Onpenenenue CTOMMOCTH 00opy0BaHUS o cTarbe
«CrnieiobopytoBaHue AJ1s1 HAYYHBIX paboT»
Ne HaumenoBanue Koa-Bo Ilena exMHULIBI Oo0masn
n/n 000py10BaHUA eTMHULL o0opy1oBaHus, CTOMMOCTh
o0opynoBanust ThIC.pYO. o0opynoBaHmus,
ThIC.pYO.
1. | dudpaxromerpPhilipsPW- 1 2100 134 2100 134
1710
2. | [leunNabertherm 52 500 52 500
3. | CxaHupyoOmuil 21EeKTPOHHBIN 14 438 424 14 438 424
MHUKPOCKOII
FEINovaNanoSEMu
DHeproAuCIepCUOHHBIHI
CIIEKTPOMETP
5. | Glove-box 2 362 651 2 362 651
6. | ConHeYHBIN CUMYISITOD 645 950 645 950
7. | U3mepurenbHbIil mpubop uIs 262 500 262 500
J-V Keithley 2400
8. | Ynprpa3BykoBasi BaHHA 1 45 530 45 530
9. | Y®/O3o0HOoUHCTUTETBHOE 1 292 944 292 944
YCTPOWCTBO
10. | Becn 1 80 000 80 000
11. | CruH-ycTpORCTBO TUIS 1 42 000 42 000
CUHTE3a MOKPBITUI

Tabmuia 4.16: Pacuet amopTHU3aIMOHHBIX OTYKCIECHUH 10 cTaThe «Creno0opyaoBaHne
JUTSL HAYYHBIX PaboT»

Ne HaunmeHnoBanue Cpok Bpems Ha AmopTu3

n/n 0GopyaoBaHusI cayxObl, | IKCILIYAT | HOpPMA | auMoHHBI | AMOPTH3AIL
T,auu anuu, t, | amopr e "
AHH W3a0HMH | OTYHCJIEH 0
U B Ioj, H
pyo. "
b)

e

OTYHC/IEHH

sl HA CPOK

IKCILTyaTa

uuu, pyo.

35



1542
1. | Audpakromerp 15 net 4 0.067 140 709
PhilipsPW-
1710
135
2. | [leur Nabertherm 10-15 ner 14 0.067 3517
3. | Cxanupyromuit
ANEKTPOHHBIN
MUKPOCKOII
FEINovaNano 15 3 0.067 | 967374 7951
SEMu
DHeproauciie
PCHOHHBIN
CHEKTPOMETP
38 838
5. | Glove-box 10 et 60 0.1 236 265
2478
6. | ColHEUHBIN CUMYIISATOP 5 nmet 7 0.2 129 190
503
7. | U3meputenbHbIi TpuOOP 8-10 ner 7 0.1 26 250
s J-V
Keithley 2400
8.
VYpTpa3ByKoBas BaHHA 10 et 7 0.1 4 553 87
9.
Y®/O30H0unCTHTENBHOE 4-5 ner 7 0.2 58 589 1123
YCTPONCTBO
10. | Becnr
12 ner 7 0.083 6 640 127
11. | CouH-yCcTpOiCTBO I
CHHTe3a IOKPBITHA 8 ner 30 0.125 5250 432
UTOTI'O 53 216

Ocnosnas 3apa6omHaﬂ naiama

B Hacrosimiem pasnmene pacCUMTHIBAIACh OCHOBHAs 3apa0OTHas IJiaTa paOOTHHUKOB,
yuacTBytomux B mpoekre (Tabmuma 4.17). BenwunmHa pacxomoB mo 3apa0OoOTHOH TuiaTe
oTpenensiiach MUCXOAS M3 TPYAOEMKOCTH BBIMONTHSIEMBIX PabOT M JEHCTBYIOMIEH CHUCTEMBI
OTLIATHI TPYAA.

Tabnuna 4.17: Pacuer 0CHOBHOI 3apaOOTHOI MIaThl

Ne HaunmenoBanue HUcnosnuresn | Tpyno- 3apadoTHas Bcero
n/n 3TanoB no €MKOCTb, njara, 3apaboTHasn
KATerOpMsAM | 4YeJl.-AH. | IPUXOASAILIAsiCH | IJIaTa MO
Ha O/IUH YeJl.- Tapudy
JH., ThIC.pYO. (oxknagam),
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ThIC. PYO.

1. | Pa3zpabotka Hayunprii 64 816 20743
TEXHUYECKOTO PYKOBOJTUTEIH
3a/laHus,

Bri6op HanpasiieHus,
Teopetnueckue "
AKCIICPUMEHTAIIbHBIC
WCCIICTOBAHMSI,
O06001IeHe U OLIEHKA
pE3yIbTaTOB

2. | Teopernueckue u | Umxenep 100 585 14 874
IKCIIEPUMCHTAIILHBIC
UCCIICIOBAHMS,
O06001eHre U OLEHKa
pe3yIbTaTOB,
Odopmienne oTaera

Pacuer OCHOBHOW W JONOJHUTENBHOW 3apabOTHOM IJIaThl  PaOOTHHKOB,
HEMOCPEICTBEHHO 3aHATHIX BbIMoJHEHMEM HTU, ocymiecTBisuics MO HHMXKE NPUBEICHHOMN
bopmye:

CSH = 300H + 3,HOH )

rae 3ocn — OCHOBHAs 3apa0o0THasl MiaTa;3xon — AOMOJHUTENbHAS 3apaboTHas 1uiara (12—
20 % oT Bocn).
OcHoBHyIO0 3apaboTHyi0 1miaaty (Bocu) PYKOBOMMUTEIS OT TPEaIPUSITHUS
pacCcUUTHIBAIIM 110 cenyromei Gpopmyie:
30CH = 3;{}1 : Tpa6a
r7e 3ock — OCHOBHAs 3apabOTHas TUIaTa OAHOTO paObOTHHKA; Tp — MPOJOIKUTENLHOCTE padoT,
BBITTOJIHAEMBIX HAYYHO-TEXHHYECKUM paOOTHUKOM, pad. aH.;3; —  CpeIHEIHEBHas

3apa0oTHas 1aTa paboOTHHUKA, pyo.
CpenneHeBHYIO 3apa00THYIO TUIATY OMPEISTIIIH 10 (hopMmyJe:
3,-M
H )
Fll

rae 3w — MECSYHBIA JOJKHOCTHOW OKJajJ paboTHHKA, py0.;M — KOJIMYECTBO MeECSICB
paboTel 0e3 oTHmycka B TedeHHe roja; F, — JelcTBUTEeNbHBIA Tof0BOM (oHA pabouero
BpPEMEHHU HayYHO-TEXHUYECKOTO IepcoHana, pad. JiH.

Tabnuua 4.18: bananc pabouero BpeMeHH

Hayunbiii
IMoxa3aTenu paGouyero BpeMeHn Nuxenep
PYKOBOIUTENb
Kanennapnoe uncio queu 366 366
KonnuecTBo HEpabounx gHEH:
- BBIXOIHBIE THU 119 119
- Mpa3AHUYHbBIC THU 27 27
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IToTepu pabouero BpeMeHH:
PH P P 48 48
—  OTIYCK
Y 0 0
—  HEBBIXOJBI 10 0OJIE3HU
JleWicTBUTENBHBINA TO0BOM (GoH pabodero
172 172
BpeMeHH, F;

Pacuér ocHOBHOI 3apaboTHOM muiaTel npuBeAcH B Tabmune 4.19.

Tabmuna 4.19: Pacuér ocHOBHO# 3apabOTHOM TIATHI

HUcnoaHuTeun 35, Knp Ka Kp 3u, 3m, | Tp, Bocn,
pPYoO. pyo pyo. | pad. | pyo.
JH.
PykoBoautenn 20743 0.3 0.2 | 13| 13482 | 816 | 64 | 52224
Wmxenep 14 874 0.3 02 | 13| 9668 | 585 | 100 | 58500

ﬁOnOﬂHumeﬂbHClﬂ 3apa6omHa}1 naiama HayllHO'l’IPOMS’GOaCWZGGHHOZO nepconaja

Pacuer nononHuTeNbHON 3apabOTHOMN IUIAThl PACCUUTHIBAIM 110 (hopmyie:
3)101'[ = k}:lOl'I : 3
rie Kionr— KOIQQUIMEHT TONOTHUTEIbHOM 3apab0OTHOW IaThl (Ha CTAJWU MPOCKTUPOBAHUS

npuHumaercst paBHbIM 0.12—0.15). Pe3ynbTatsl o oOuiei 3apaboTHOM uiaTe UCHOTHUTENeH
paboTer ipuBeneHb! B Tabmwie 4.20.

OocH !

Tabnuma 4.20: 3apabotHas nnata ucnonuurteneir HTU

HcnoHUTETD 3o0cn, pyoO. 310m, PYyO. 350, pyoO.
PykxoBonuTens 52 224 7148 59 372
Wmxenep 58 500 7032 65 532

Omuucnenus Ha coyudailibHvle Hy.?fcabl

Bennuuna otuncieHuii BO BHe6IOI[)KCTHBIe (I)OH,Z[LI OIPCACIIAIN:
3BHe6 = kBHe6 ) (3 + 3[1011) )

rne Kewes — KOIPQHUIMEHT OTYHCICHWI Ha YIUIaTy BO BHEOIOKETHBIE (DOHIBI
(mencuoHHbIN (oH, GOHI 0053aTETLHOTO METUIIMHCKOTO CTPaXOBaHUS U IIp. ).

O6mme Tapudst B 2015 rony coctasistor B [IOP — 22%, 8 ®CC Ha obs3aTenbHOE
conuanpHoe cTpaxoBanue — 2,9%, B DOOMC — 5,1%. O6uwmit mnatéx B TIIY cocraBnser
27.1%.

OCH

Tabnuua 4.21: 3apaboTHas ruiarta ucnonuureneir HTU

HUcnoaHuresb 3snes, pyO.
PykoBoautenn 16 089
HNnxenep 17759
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4.3.5. Marpuua 0OTBeTCTBEHHOCTH

]_IJ'ISI pacupCaACiaCcHuss OTBCTCTBCHHOCTH MCKAY YYACTHHUKAMU IIPOCKTA

ObuTa chopMHUpPOBaHA MATPHIIA OTBETCTBEHHOCTH (Tabiuua 4.22).

Tabnuma 4.22: Matpuiia OTBETCTBEHHOCTH

Jdtanbl npoekta | Poab/monxkuocts | Posab/noknocts | PoJib/1015KHOCTD
Lenu, 3anaun O
PazpaboTka,
0) nu Y
peanuzanus
[ly6nukanuu, 1 v
MaTEHThI, TPAHThI
3aBeplicHHe 0) nu Y
4.3.6. PeecTp puckoB npoexTa
[ToreHMaTBHBIC PUCKH MMPOEKTA CBeNeHBI B Tabmuiie 4.23.
Tabnuna 4.23: Peectp puckos
Beposr
Horenuuan H(?CTB Biausinu Ypos Cnoco0nl YcaoBus
Ne|  Puck buoe HACTYILT | € pUCKa N CMSATYEHHS] | HACTYILUIEHH
BO3/1€liCTBH PHCK
e enust (1- (1-5) o pHCKa s
5)
1 | CnoxHoc | YBenudcHue 3 3 3 KoMriekcHbr
Th CPOKOB i aHanm3,
TEXHOJIOT | BBITIOJHEHUS CTPYKTYPHUPO
uu MPOCKTAa, BaHUC
3aTpaThl pe3yJIbTaTOB
2 | Heododex | YBenuueHnue 3 3 3 [IpoBenenue | HeGomnpioit
TUBHOCTHh | CPOKOB dbyHgameHTan | cpox
BBITTOJIHEHUS BHBIX BBITTOJTHEHHSI
MIPOEKTa HCCIIeIOBAaHU
i,
KOMILUTEKCHBI
i aHaIu3
BO3JEHCTBYIO
1111504
(hakTOopoB
3 | HexBarka | [IpuoctaHoB 2 2 2 CoeBpemenH | HecBoeBpeme
pecypcoB | Ka oe HHOE
IKCICPUMEH IUTAHUPOBAHH | TUIAHUPOBAHU
TOB € 3a1acoB €, 3aJICpXKKa B
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JOCTaBKE

IMOoCTaBIIMKa

MH
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CHAPTER FIVE

CoumnanbHasi OTBETCTBEHHOCTD

B pamkax nannoii BKP no teme «MccienoBanue MoJIEKYJISIPHBIX TPEKYPCOPOB IS
noJTy4deHus abcopOEepoOB COJTHEYHBIX OaTapell Ha OCHOBE Cyib(duaa ooBay ObUIa IPOBEICHA
paboTa Mo CHHTE3y HAHOCTPYKTYPHBIX CIOEB U3 CYJIb(HIa 0JIOBA ITyTEM PAaCTBOPEHUS TPaHy
YUCTOTO MeTa/ula SN B OPraHMYECKOW Cpele aMHH-THOJ C MOCICIYIOIUM OT)KUTOM.
PaccmatpuBaemblii 00BEKT 00JIaJaeT OTPOMHBIM TOTEHIIMAJIOM B KadecTBe abcopOepa B
(OTOBOJIBTANYECKUX YCTPOMCTBAX, MIMPOKO PACIPOCTPAHEH B TIPUPOJEC, DKOJOTHUECKU
0e30MmaceH, XapaKTepU3yeTcsl BHICOKMMH MOKA3aTeISIMU ONTHYCCKUX U TOTYIPOBOIHHKOBBIX
CBOMCTB.

CuHTe3 pabouero Sn-cojepikalero mpeKypcopa MpOBOAMIICS B MaHHITY/ISIIHOHHOM
pyuHOii kKamepe B armocdepe aproHa. CdopMHpOBaHHBIE CIIOM B KOHEYHOM HTOTE
CTPYKTYPHUPOBAIUCh B BHJE (DOTOBOIBTAMYECKHX SIUEEK IO TUICHOYHOMY THITY aKTHBHOTO
CIIOSl M, TaK Ha3bIBAaEMbIC, «I4YCHKH, CeHCcaOWIM3MpoBaHHBIC Kpacuteiem» (Dye-sensitized
solar cells, DSSC), Bkmrouaromye HOHHBIA AJIEKTPOJUT B CBOEM COCTaBe IS IEpeHoca
3apsiia MeXIy paboumMmu  dniekTpoiamu. Jlins  jganpHEWIiero W3MEpeHHs I[apaMeTpoB
MOJTYYEHHBIX COJHEYHBIX MPEeoOpa3oBaTeIeii MCIIOJIB30BAIOCH O0OPYJOBAHHE C MMHTAIIUCH
COJIHEYHOT'O CIIEKTpa B BUAUMOM u OyimokHeM MK-nnana3onax.

Hayuno-uccienoBarenbekas paboTa MpoOBOIWIACE B JIAOOPATOPUU MOJICKYIISIPHOM,
oprannyeckor u rudpuanoi snekrponukun LEMOH-CEA, I'pero6:ab, @panrus. [Tomemnenue
000pY/I0BaHO BBITSKHBIMHU IIKagaMH ISl KaKJI0TO paOOTHUKA, BEHTIISIIMOHHONW CHCTEMOH.
Bce xumudeckne KoMmayHIbl pacCOPTHPOBAHBI B MpelHa3HauYeHHBIX MKadax. Bce BbIXomb
000py/I0BaHbI OTHETYIIUTEISIMH, TeJICPOHAMH I SKCTPSHHOTO BBI30BA B ClTydae IMoXxapa.

[enpto pa3paboTKu MPOM3BOACTBEHHON U DKOJOTHYECKOW 0€30MacHOCTH B paMKax
JAHHOTO TPOEKTa SBJIACTCA aHaIM3 Oe30macHOCTH pabodero Mecra C y4eTOM BCEX
CYIIECTBYIOIIUX TPOU3BOACTBEHHBIX (AKTOPOB C TMOCIEAYIONIEH OIEHKOW CHUCTEM
MEPOTPHUSITHIA, KOTOPBIC TIO3BOJISAT MAKCUMAIBHO CHU3UTH WJIU MPEAOTBPATHTh BO3MOKHOCTh
YrpO3bI AJIs AKU3HU U 3J0POBbsI UEIOBEKA.

5.1 IIpou3BoacTBeHHAs 0€30MMACHOCTD

5.1.1. Hnentudukanus BpeaHbIX H ONACHBIX (PAKTOPOB
J1J1g 1e7I0CTHOTO aHaIn3a BPEIHbIX U OMACHBIX (PAKTOPOB B paMKax CYLIECTBYIOIIETO

MpoeKkTa Huxke npuBeaena Tabmuma 5.1.

Tabmuna 5.1 OcHOBHBIE 3JIEMEHTHI TPOU3BOJICTBEHHOTO Tpoliecca, POPMUPYIOIIHE

OTIacHbIE U BpEAHbIE (PaKTOPHI

Haumenosanue BugoB | ®axTopb (TOCT 12.0.003-74 CCBT) HopmatuBHbIE
pador Bpennsie OmnacHele FIOKYMEHTRI
Cunres Sn- — HEJIOMyCTUMAast — mnopaxenue TokoMm | CanlluH 2.2.4.548-96;
COACPIKAIICTO TeMIIepaTtypa npu pa60Te C
HIPEKypcopa U BO3/yXa paboueit SIIEKTPONPHOOPAMH. CII 52.13330.2011,;
HAHOCTPYKTYPHBIX | 5y
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citoeB SnS

— HeJIOCTAaTOYHAast
OCBEIIEHHOCTD
paboueii 30HBI,

— pabora c
TOKCHYHBIMHU

XUMHUKaTaMHU.

I'oCT
CCBbT

5.1.2. AuHanu3 BpeHAHBIX (paKTOPOB: NapaMeTPbl MUKPOK/JIUMATA,
OCBEIIICHHOCTh, BPEHbIC BelIEeCTBA

Iapamempor muxpoxiumama

B CaunlluH 2.2.4.548-96 mnpuBeneHbl oONTHUMalbHblE U JONYCTUMbIE 3HAYECHUS
Hokaszarejael MMKpOKJIMMaTa B IPOM3BOJICTBEHHBIX IOMEUICHUAX M paboT pa3HOU
KaTerOpHUHU TSHKECTH B 3aBUCHUMOCTH OT nieprona roaa (Tabmuma 5.2).

Tabnuna 5.2: OnTuManbHbIE U JOMYCTHMbIE TapaMeTphl A paboueii 30HbI

Kare- Temneparypa
[Tepuon Temmnepatypa . | OrHOcHTeNbHAsS CkopocThb
ropus MTOBEPXHOCTEH,
rojga BO3nyxa, °C BJIAXXHOCTB, %0 | IBYOKEHUS, M/C
pabot °C
X 0noaHbIH 16 21-23 20-24 40-60 0,1
0,1
Teruterit 16 2224 21-25 40-60

Knaccudukanus paboT 1Mo KaTeropuu TSHKECTH ONPEACISIETCS M0 3aTpadyrnBaeMOM
paOOTHUKAaMU 3HEpruM U npuBeneHa B Tabmuue 5.3. CorjacHo NpencTaBIeHHON TabiuIe,
HacTosmas padoTa B MPOMU3BOICTBEHHOM TIOMEIIEHUH OTHOCHTCS K KaTeropuu 10.

Ta6nura 5.3: Knaccudukarms padot mo tsokectu (CanlluH 2.2.4.548-96)

Kareropus pabot

XapakTepucTuka padboT

duznueckue

SHeprosarparsl, Bt

Jlerkas (kareropuss | PaGoThl, TpOW3BOAMMBIE CHIS, CTOS WIIH <174
16) CBSI3aHHBIE C X0/Ib0OH, HO HEe Tpelyromue
CUCTEMAaTHYECKOTO (bu3HIecKoro
HANPSDKEHUST WIM TIOTHSATHS U TIEPEHOCKH
TSKECTEN.
Cpenneii Tsxect | PaGoThI, CBSI3aHHBIE C TIOCTOSIHHON XOIb00H, 175-232
(xaTeropus 2a) BHITIOJTHSIEMBIE CTOSI WJIM CHJS, HO He
TpeOyroIiue nepeMenieHus TshkecTen
Cpenneii Tsbkectu | PaboThl,  CBsI3aHHBIE € TIEPEHOCKOM 233-290
(xaTeropus 20) Tsprecter 10 10 kxr, u xonp0oi
Tsoxemast (kateropusi | PaboTel, CBS3aHHBIE C CHCTEMAaTHYECKUM >290
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3) HaIMps>KECHUEM, B YaCTHOCTH, C IIOCTOSAHHBIM
NEPCABHMIKCHUEM nu HepeHOCKOﬁ

3HauuTeNbHbIX (cBbIE 10 Kr) TsHKECTEN

Pabouee mecTo mo mapamerpaM MHKpPOKIMMAaTa COOTBETCTBYET HOPMATHBHBIM
TpeOOBaHUAM: Ha pabouyeM MecTe YCTaHOBJIEHA LIEHTpalbHas OTONUTENbHAs cucTeMa s
NOAJEPKAHUS ONTUMAIBHON TEeMIIEpaTypbl B XOJIOAHOE BPEMs Iojia, IIPOBEJIEHA BBITSAKHAs
(mpu paboTe ¢ XMMHUKAaTaMH) U BEHTWISILIMOHHAS CUCTEMA B LIEJIAX YCTPaHEHHsI N30BITOYHOTO
TEIUIa U BJaru B IOMELEHUH.

Ocsewennocms

B ycmoBusix pabot I-III paspsmos cormacro CIT 52.13330.2011 mpemycmaTpuBaroTCs
cinenyromue HopMmaTuBHble 3HadeHuss KEO anms npou3BOACTBEHHBIX MOMENIEHUN MpHU
COBMEIICHHOM OCBELICHHHU.

Ta6muma 5.4 Haummenwire HopMaTuBHbIC 3HaUeHUss KEO 11 mpon3BoICTBEHHBIX

HOMeH_IeHI/Iﬁ IIpu HCKYCCTBEHHOM, €CTCCTBCHHOM COBMCIICHHOM OCBCIICHNUU

Hopmatusueie 3nauenue KEO ¢, %, npu coBMenieHHOM
OCBELICHUHU
Pa3psin 3putenbHbIx
pabot IIPU BEPXHEM UM KOMOMHUPOBAHHOM
pu OOKOBOM OCBEIIEHUHU
OCBEILICHUHU
I 3,0 1,2
I 2,5 1,0
11 2,0 0,7

CoryiacHo HOPMaTUBHBIM TPEeOOBAHUAM JJII MCKYCCTBEHHOTO OCBEIICHHS CIEIyeT
UCIIONIb30BaTh DHEPrOAKOHOMUYHBIE MCTOYHHKU CBETa C HAMOOJNbIIEH CBETOBOW OTHadYed U
CpokoM ciykObl. [IpuMeHeHHe JlaMIl HakaduBaHWs OOIIEr0 HA3HAUYEHUS Jisi OCBEIIEHUS
orpannunBaetcs PenepanbHbIM 3aKOHOM OT 23 HOA0psa 2009 rona Ne 261-®3. C 01 suBaps
2011 roma He momMycKaeTcss MPUMEHEHHE JUIsi OCBEIICHHS JIaMIl HaKaJWBaHHs OOIIero
Ha3HaueHus MolnHocThio 100 BT u Gonee.

Jnst  co3maHusi palMOHAIBHBIX YCIOBUM CBETOBOTO KIMMara pabodne MecTa
000py/IOBaHbl OJHOCTOPOHHHMHU CBETOBBIMH TpOEMaMH, OOECIEUYHUBAOIIMMHA HAIUYUE
€CTECTBEHHOT'O OCBEIICHHSI B CBETJIOE BpPEeMs CYTOK, MMEIOTCS JIFOMHUHECIIEHTHBIC JIaMIIbI
JTHEBHOTO OCBEIIEHUS, CO3/AI0IINE OCBEIICHHOCTh Ha paboumx MecTax He MmeHee 150 k.
KonudecTBo JIFIOMUHECIIEHTHBIX JIAMIT B KaXKJI0OM JJaOOPaTOPHOM OTCEKE MpUpaBHUBAETCS 4-5.
[Ipoxonapl, JI€CTHUYHBIE IUIOMIAKA TaKXe OCHAICHBbl aBapUHHBIM 2BaKyallMOHHBIM
OCBEIICHUEM JIJII COXPaHEHHUs JOCTaTOYHOTO YPOBHS CBETa MPU OTKIIOYEHUH pabodero
OCBCIICHHS.

Bpeonuvie sewjecmesa

B pamkax naHHOil paOOTHl OAMH M3 OCHOBHBIX KOMIIOHEHTOB B CHHTE3e SN-
conepxaiiero pacrtBopa siBisercss stanautuon (CpHa(SH)2). Dranautuon mnpencraBiser
co00l OecCIBETHYIO KHIKOCTh C XapaKTEPHBIM 3arlaxoM THHJIOH KaIlyCThl, OTHOCHUTCS KO 2
KJIACCY OMAacCHOCTH B COOTBETCTBHE CO CTAaHIAPTOM IO OIPEICICHHUIO CTEEHH OMacHOCTH
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marepuanoB NFPA. TIJIK cocrapmser 1 wr/m® (cpemHeB3BelmIeHHass BO BPEMEHH
KOHIIEHTpaIus i 8-4acoBoro padouero aus u 40-4acoBoit pabodeit Henenn).

[Ipu paGoTe ¢ HaHHBIM BEHIECTBOM MOXET BBI3BATh CHJIBHYIO TOJIOBHYIO OOJIb U
TomHOTY. [Ipy momagaHuy Ha KOXKY WM TJia3a ClIeAyeT HEMEMJIEHHO MPOMBITh C OOJBIINM
KOJINYECTBOM BOJIBI B T€UCHUE 15 MUHYT.

Bo u3bexanue mnposiBieHus MOOOYHBIX 3(pdexToB u mis Oe3omacHoi paboTHI ¢
ATAHIUTHOJIOM JKCIEPUMEHTHI MPOBOIATCS B MAHUIYJSIIUOHHOW pYy4YHOH Kamepe B
atmocepe aprona. Kpome sroro, manmpHeiiliiee XpaHeHHE OOpa3lOB BHE H3OJSIMOHHON
KaMepbl TOJBKO B BBITSDKHOM IKady B 3aKphiToM coctosiHuu. [Ipu paGote B nabopatopun
00s13aTeNbHBIM SIBJISIETCS  UCIIOJIb30BAHHUE CPEJICTB WHIUBUAYAIBHOW 3alUThl (TIEpYaTKH,
OYKH), CIICTIOJICK Y (Xaar).

5.1.3. Amnaau3 onacHbIX GaKTOPOB: JIEKTPOOE30MACHOCTH

DnekTpobe3onacHoCTh AekTpoyctaHoBok corjacHo ['OCT 12.1.038-82 CCBT
o0ecreynBaeTCsi KOHCTPYKIIMEH  DJIEKTPOYCTAHOBOK; TEXHHYECKUMH  crocobamMu U
CpeACTBaMU 3aIIUTHI; OPraHU3aMOHHBIMU M TEXHUYECKUMHU MEPOIIPHUITHSIMHU.

K cpenctBam 3ammuThl IEPCOHANA OT MOPAXKCHHS DIICTKPHUSCKUM TOKOM OTHOCSTCS:
AJIEKTPUYUECKAsT M30JISIIMS TOKOBEAYIIUX YaCTEH, 3alllATHOE 3a3eMJICHUE M aBTOMATHUYECKOE
OTKJIIOYCHHE DJIEKTPOYCTAHOBKH OT CETH, JEKTPUUECKOE pa3JesieHHe CETH, OrpaJuTeIIbHbIC
YCTPOMCTBA, MPEAOTBPALIAIOIINE MPUKOCHOBCHUE/TIPUOIIMKCHAE K TOKOBEIYIIMM 4YacTsIM
AIIEKTPOYCTAHOBOK M T.JI.. VICIONIB30BaHME JTHUX CPEICTB IO3BOJSET OOECHEUUTH 3aIlIUTY
Jro/iel OT MPUKOCHOBEHMS K TOKOBEAYIIMM YacTsIM, OT ONMACHOCTH MEPeXoa HaNpsKEeHUs K
METAJUIMYECKUM HETOKOBEAYIIUM YacTsM, OT IIaroBoro HampspkeHus. s mpodumaktuku
AIIEKTPOTpaBMaTH3Ma MPUMEHSIOT 3HAKH O€30MacHOCTH B COOTBETCTBHM C TPeOOBaHUSIMHU
I'OCT 12.1.038-82 CCBT. IlpenynpenutenbHasi CUTHaiIu3alus, OJOKHMPOBKA YCTpPOMCTB
OTHOCATCS TaKXKe K MepaM IpeAOCTOPOKHOCTH OT MOPAKEHUS TOKAa B MPOU3BOICTBEHHBIX
TIOMEIICHUSX.

5.2. DxoJjorndyeckast 0e30mMacHOCTb

B mnpouecce paboTbl ¢ Sn-comepxkamym MPeKypcopoM, HAHOCIOEB SNS cHUHTE3
IIPOBOJIMJICS B MAaHHUITYJSIIMOHHOM pyYHOM Kamepe. Bwlmensrommpecs mapbl BEMIECTB C
UPKYJIUPYIOIIMM aproHOM B TaKUX M3OJSIMOHHBIX KaMmepax (WIBTPYIOTCS Iepen
nonaganueM B atMmocdepy. JlampHeimas paboTra ¢ HaHOCTOSMH Cyidbduma oyioBa u
COITYTCTBYIOIIUMH OPTaHUYECKMMH PACTBOPAMH MPOBOAMIACH IO/ BBITSKHBIM IHIKA(pOM.
OTX0abpl OPraHUYECKON M HEOPraHUYECKOTO MPUPOABI IOCJE MPOBEAEHUS SKCIEPUMEHTOB
YTUIM3UPOBAIUCH B COOTBETCTBYIOLIUE KOHTEHHephl. VCmonb30BaHHBINA SN-IAUTHOIBHBIHN
pacTBOp JAeCTaOMIIM3UPOBANICS B KOHIIEHTPHUPOBAHHOW COJITHOM KHCJIOTE AJS yCTpaHEHHs
HENPUATHOTO 3alaxa C IOCIEAYIOIEeNd yTUIu3alueld B KOHTEHHEpPHI [JIs OpPraHMYECKUX
OTXO/IOB.

W3noxeHHble MEpONpUATHS IO COOMIONEHUIO OXpaHbl OKpYXKarolleil cpelnsl B
pamkax paccmatpuaemoit BKP B monHo#t mepe nmpenycmotpensl. [lpu ycnosuu cobimoienus
BCEX BBIIICYIIOMSIHYTBIX MPaBUJI pabOThl ¢ XMMUYECKUMHU BEIIECTBAMH, YTHIIN3ALUN OTXO0B
U T.J. BPEJHOE BO3JICHCTBUE HA OKPYXKAIOIIYIO CPEY HCKIIFOUEHO.
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5.3. Bbe3onacHOCTh B Ype3BbIYAHHBIX CUTYAHAX

B mnpowmsBoacTBeHHBIXx MacmTabax mpuunHamMu YC SBISIOTCS HECOOIIOJICHHUE
MIPABUII 110 MOKAPHOU OE30MaCHOCTH, TEXHUKU 0€30MaCHOCTH IIpH paboTe ¢ 000pyI0BaHUEM,
C B3pPBIBOOIIACHBIMH BEIIECTBAMH, a TAK)KE MPABUJI SKCILTyaTallud YCTAHOBOK, HEUCIIPABHOCTh
o0opynoBanusi U T.I. B mensx oTBoma M30BITOYHOTO TEIUIA OT JJICKTPUUYECKHX MPUOOPOB
nabopaTopun 0O€CHedeHbl CHCTEMON KOHJIMIIMOHWPOBAHUS W BEHTHISIUM BO3/yXa, NpHU
paboTe ¢ JIerKOBOCIUIAMEHSIEMBIM BEIIECTBAMH KaXkJ0e pabodyee MecTo 000pYyAOBaHO
BBITSDKHBIMU IIKapaMu, a TaKKe YIJICKUCIOTHBIMH OTHETYHIMTESIMH Y BBIXOJA U3
nomMenieHusi. Karteropust momemieHus MO TOXapOONMacHOCTH OTHOCHTCA K Kiaccy B
(TmokapoornacHoe).

[Ipu pabore Ha mNPOW3BOACTBE IUIAHUPYIOTCA M HPOBOJATCS B KOMILJICKCE
CJICAYIOIIME OCHOBHBIC MEPONPHUATHS, HANPABICHHBIC HA 3alUTy Pa0OYMX W CIIy)KalIUX
NPEINPUSATHS B YCIOBUSAX YPE3BBIYAWHBIX CUTYAITHIl:

— CBOEBPEMEHHOEC OIOBEIICHHE Pa0OYHMX M CIyXalux 00 yrpo3e BO3HHKHOBEHUS

YPE3BBIYANHBIX CUTYALINH;

— CBOEBPEMEHHOE YKPBITHE paboyero MepcoHaia B 3alllUTHBIX COOPYKCHUSX;
— obecrnieyeHne pabouux M CIy’KallUX CPeICTBAMU UHAMBUyaabHOU 3amuTel (CU3);
— paccpeloTOYCHHE M DBAKyallls B 3arOPOJHON 30HE PabOYMX M CITYXKAIUX, YWICHOB

HX CEeMEH;

— o0ydyeHue paboyero mepcoHasa OCHOBHBIM CIOCO0aM 3alllUThl M JICHCTBHSM B

yCIIOBUSX Upe3BbluaiiHbIX cutyanuil [ Xpamuos b.A., bonorckux T.I'., 2007].

5.4. 3akoHOaTeIbHOE peryJiMpoBaHue IPOEKTHBIX peleHuii

Bce  TpymoBele  o0s3aTenbcTBa, rapaHTMM B BOIpocax  obOecredeHus
MIPOU3BOJICTBEHHON O€301MaCHOCTH PErIaMeHTHPOBAaHbI B TPYJIOBOM Kojiekce Poccuiickoii
Oeneparun. Kaxaplii coTpyqHHMK, CHEIMAIMCT HECEeT 00s3aTeNbCTBA IO COOJIOAECHUIO
TpeOOBaHUI COrNlacHO (enepaTIbHOMY 3aKOHOIATEIbCTBY M HOPMAaTHBHBIX ITPABOBHIX aKTOB,
PEryIHpYIOIUX yIpaBlieHUue B 00JacT 6€301aCHOCTHU KU3HEESITEIbHOCTH.

B pamkxax mpoekra BbINONHsUIach pabora B Ja0OpPaTOpUM  MOJIEKYJISPHOM,
OpPraHM4ecKoil M THOPUIHOM 3JEKTPOHUKHU, TJI€ MPOBOAMIICS CHHTE3 HAHOCIOEB Cylbpuia
0JI0Ba U (pOTOBOJBTAMYECKUX TpeoOpazoBarenieil Ha UX OCHOBE. PaboTa OTHOCUTCS K YHCITY
paboT, BKIIOYAIONUIMX BpeIHbIE YCIOBUS TPYAd, OJHAKO HE MPEIYCMOTPEHO HMKAaKHX
KOMITCHCAIINH, COKPAIICHHBIX JHEH, BBIJAYM MOJIOKa H JIe4eOHO-TIPO(HIIAKTHIECKOTO
OUTaHus. B TIpOTHBOMOJOXKHOCTH, BbIa4a CPEICTB HHIUBUAYyasibHOW 3amutsl (CU3),
CHeLMaTbHOM ONEXbl A NPEeNOTBpPAIEHUs] TPaBM, MPUHOCAIIMX Bpea 370POBBIO NpHU
paboTte ¢ obopynoBaHHeM, 00si3aTelIbHA U rapaHTUpoBaHa. MHCTpykTak 1Mo oxpaHe Tpyda
nepes NpUCTYIUIEHHEM K paboTe 00s3aTeeH.
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CONCLUSIONS AND PERSPECTIVES

A novel SnS molecular precursor solution has been developed through the simple
dissolution of elemental tin in a dithiol/primary amine mixture. Scanning Electron
Microscope (SEM) with EDX was applied to investigate the morphology and elemental
distribution respectively. SnS is distributed in form of nanoflakes, whereas more dense
structure was observed for higher concentrated precursor solutions. In addition, X-ray
analysis indicates pure orthorhombic SnS without secondary Sn(1V) containing phases, such
as Sn,Sz and SnSz, which would be detrimental for photovoltaic applications.

Two approaches were investigated for the fabrication of SnS-based solar cells: solid
state cells and liquid electrolyte-containing cells. Based on an overview of energy levels for
hole and electron transport materials compared to SnS, several compounds were chosen for
further cell fabrication.

For the solid state SC, optimization of spin-coating process for thin layer formation
was achieved. To start with, hydrophobic thiol molecules from the precursor solution
rendered its deposition challenging both by spin-coating and by drop-casting on hydrophilic
UV/Os treated substrates. This could be overcome by surface functionalization with APTMS
or by adjusting the hydrophilic characteristics via mixing Sn-dithiolate with ethanolamine. A
significant enhancement in the wetting of the substrate surface was demonstrated. In case of
ethanolamine addition it was possible to increase the film thickness due to the higher viscosity
of the spinning solution. Preheating of the substrates is required to facilitate solvent
evaporation during the spinning process and to avoid shrinkage due to residual solvent during
post-annealing.

In parallel, for liquid electrolyte SC, SnS was deposited via immersing mesoporous
TiO2 electrode into Sn-dithiolate solution for several hours. Promising results from
photovoltaic performance were obtained on 20 um TiO2/SnS with polysulfide electrolyte with
0.29% efficiency and high fill factor (0.81), as well as reasonable values of Jsc (1.14 mA cm~
2) and Voc (0.32 V). However, the undesirable corrosive reaction between the polysulfide
electrolyte and the SnS layer decreased the stability of the cells.

The use of Co-based electrolytes allowed achieving a significant increase of the
stability of the cells although resulting in lower photovoltaic performance. By tuning three
parameters: concentration of Sn-dithiolate, thickness of TiO2, and SnS surface modification
by means of cationic exchange treatment with ZnS, power conversion efficiency together with
current-voltage characteristics could be improved.

Concluding, the developed SnS absorbers prepared in a very simple way demonstrate
promising results for photovoltaic applications. As a non-toxic and earth abundant compound
SnS could be an appealing alternative to other materials used in thin film solar cells, such as
CdTe or CIGS. Nevertheless, further investigation is necessary to develop high photovoltaic
performance from SnS-containing SC. Further optimization of SnS films thickness and
surface treatments reducing recombination processes are needed. Considering the polysulfide
electrolyte in the SSC approach, additional studies of surface treatment to avoid corrosion
reactions should be undertaken for the  further enhancement of the photovoltaic
characteristics. Moreover, in the solid-state configuration the exploration of a number of
contact materials (e.g. P3HT, Spiro-OMeTAD, PEDOT:PSS and so on) as hole transport
materials could open new perspectives.
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