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OnucaHbl 3Tansl CACTEMHOIo aHann3a
TEeXHUKO-3KOHOMMUYECKUX noKasaTesieun,
MO3BOJIAIOLMNX CPaBHUBATb 9P PEKTUBHOCTb
o060opynoBaHNss BO30GHOB/IIEMbIX
UCTOYHUKOB COJIHe4YHOW aHeprum. [TokasaHo,
4TO BHegpeHue reJinoyctaHoBOK Kak
AOrMNMOJIHUTEeJIbHOro UCTOYHUKa A4J1s1 CUCTeMbl
9/1eKTPOCHaBXeHNs HETAroBbIX

1 HeTPaHCMOPTHbIX NOTpebuTenen

(ans o6opynoBaHNs UHPOPMALUOHHO-
BbIYUCJINTEJIbHbIX KOMITJIEKCOB )XKeJ1e3HbIX
A0pOr) AacT BO3MOXHOCTb YMEHbLLUUTb
3aTpartbl Ha @HeproobecneyeHue,
COKpaTUTb 00bEMBI CTPONTEJILCTBA

JIMHMI 3neKkTponepeaay. ABTOpbl CTaTby
yBEepEeHbl, 4TO CUTYaLus B LeHOBOW
MosINTUKE Mo 3HEProHOCUTEISIM Aenaet
0CO0OEHHO Ba)kKHOV 0O6bEKTUBHYIO OLIEHKY
SHepreTN4ecKor OKyrnaeMoCTHU COOPYXXEHUs
resinoycTaHoBOK.

KnoueBbie croBa: xeneaHas gopora,
CUCTEMHbIV aHaIN3, COJTHEYHAsl SHEPI s,
resimoycTaHoBKU, SHepreTu4deckasl
OKYrnaemocTb.
|
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IKOHOMUKA

AHaNn3 TEXHUKO-3KOHOMMUYECKUX
nokasaresien UCTOYHUKOB
COOCTBEHHOW reHepaLunm aHeprum
Ha )XeJie3HbIX goporax

Camapos Kum Jleonudosuy — 0oxmop mexnuveckux
Hayk, npogheccop Texnonoeuuecko2o ynusepcumema,
Kopones, Poccus.

Cmpenaaiox FOpuii Benuamunoeus — 0oxmop
mexHu4eckux Hayk, npogheccop Texnonocuueckozo
yHugepcumema, Kopones, Poccus.

1IeJIbI0 CHYDKEHUST 3aTpaT Ha DHEPro-
obecriedeHre 1 TTOBBIIIIEHNE KaueCcTBa
9JIEKTPOIHEPTUM Ha XKEJIE3HOAOPOXK-
HOM TPaHCTIOPTE TPETyCMAaTPUBAETCS PA3BU-
THEe COOCTBEHHOW TeHepaluu SHEPTUU Ha
HETSTOBbIE HYXIbI: JIJIST DJIEKTPOCHAOXKEHMST
HETSATOBBIX M HETPAHCTIOPTHBIX TOTPeOUTENEH
MMyTeM KCIMOJIb30BAHUS HETPAAUIIMOHHBIX
BO300HOBJISIEMbIX UICTOYHUKOB 3Hepruu. 13-
HOC OCHOBHBIX (DOH/IOB IEKTPUUECKUX CETEH
coctabsieT 40 %. Ve TOJNBKO 0 3TOM MpU-
YMHE BHEAPEHUE HE3aBUCUMBIX OT DJIEKTPU-
YECKUX CeTell BO3OOHOBIISIEMBIX ICTOUHUKOB
sHepruu (BUD) axkryanbHo. s pernoHoB
Cubupu u JanpHero Boctoka ¢ BhICOKUM
YPOBHEM COJTHEYHOU WHCOJISIIUY 11eJIeC000-
pPa3HO UCIOIb30BaHME COTHEUHbIX BUD.

B Hamreii cratbe OymyT paccmMoTpeHsl BUD
¢ renuoycrtanoBkamu (I'Y), mpeobpasyioie
COJIHEYHYIO SHEPTUIO B DJIEKTPUUIECKYIO SHEP-
TUIO JJisi 000pynoBaHUST MHOOPMAIITMOHHO-
BbhIUCIuTETbHBIX KoMITIekcoB (MBK) xxenes-
HBIX IOPOT.

O6ecneuenne UBK mpowmbinenHoro
¥ TPAHCIIOPTHOTO Ha3HAYEHU ST ICTOYHUKAMU
JOTIOJTHUTEILHOTO,/Pe3epBHOTO, a TIPU HEOO0-
XOAMMOCTH M aBBTOHOMHOTO 3JIEKTPOCHA0Ke -
HUS JOJDKHO OCYIIECTBIISITHCS C YIETOM Tpe-
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0OBaHMI K X TapaHTUPOBAHHOMY BKITIOUE-
HUIO B paboTy, KBIM(PUIIUPOBAHHOMY 00-
CJIYXWBAHUIO W YJYUYIIEHUIO 3KOJOTUH,
K HaJTMYMIO TOTOBBIX K MCITOTh30BaHUIO Mepe-
JIBVKHBIX BBIYMCIIUTEIHBIX MOJTYJIeH (C 9HEep-
rOoyCTaHOBKaMM) TIpU aBapusIX U Ype3BblYaii-
HbIX cutyauusx [1, 2]. B aToil cBsI3u BO3HU-
KaeT 3aJaya TEXHMKO-3KOHOMUYECKOU
olLieHK1 obopynoBaHus BUD ¢ reamoycrtaHoB-
KaM¥ IS Ha€KHOTO (hyHKIIMOHUPOBAHUS
MBK.

TTpenenbHeblit Teopetnyeckuit KIT dhoto-
aJieKTpuueckoro npeobpazosanust (OOII)
npesbiiaer 90 %, mosToMy akTyajibHa IOCTa-
HoBKa 3agauyn noBbiieHnss KITJ ®OIT no
50 % u Gosee B pe3yjabTaTe ONTUMU3ALUKU
cTpykTypsl ¥ TapamerpoB ODOI1 u I'Y. Tenumo-
YCTAaHOBKY C KOHIIEHTPAaTOpaMH YJIaBIUBAIOT
Ha 40 % Gouiblie coJiHeYHOM dHepruu [3, 4].
Ha ocHoBaHUY 3KCIIEpUMEHTATLHBIX TAHHBIX,
noxydeHHbIX B CTeH()OPICKOM YHUBEPCUTETE
[5], MOXHO cesaTh BbIBOJ, YTO MPU UCTOJIb-
3oBaHun OB Ha ocHOBE apceHUIa TayTus
W HUTPpUJA TAJIUS ¢ KOHIICHTpAIMEH JIydu-
croit sHepruu CoJiHIa U 00beAUHEHUEM IBYX
MIPUHIIUIIOB TIPe0Opa3oBaHUsI COTHEUYHOTO
cBeTa B 2JIEKTPUYECTBO — TEPMOIMHAMUYE-
ckoro u ceetoBoro — KIT/I yBenuunBaercs Ha
26 % (B cpeaHem g0 40 % 1o cpaBHEHUIO
C CYILECTBYIOILIUM CPeIHUM 3HaYeHueM 14 %).
TepmonnHamuueckoe npeodpazoBaHue Oa3u-
pyeTcsl Ha UCTIOJIb30BaHUY TEPMOIJIEKTpUYE-
CKOTO U TEPMOAMUCCUOHHOTO MPOLIECCOB.
CBeToBOE IpeobpazoBaHue (MpsiMast KOHBEP-
cust pOTOHOB B TOK TIPW ITOMOIIY TIOJYIIPO-
BOJHMKA) OCHOBAHO Ha MeTonaax (poToaek-
TPUIECKOTO0, (hOTOraJIbBAHNYECKOTO U (pOTO-
SMUCCUOHHOTO MPpeoOpa3oBaHUil. YieabHas
CTOMMOCTD ITPOU3BOJICTBA IHEPTUU C TTIOMO-
mbio ['Y MOXeT OBITh CHIKEHA HE TOJIBKO 3a
cuét noseieHuss KITJI yctaHOBKU U €€ co-
CTaBHBIX 2JIEMEHTOB, CHUKEHUSI CTOMMOCTHU
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VIIPaBJICHHUS €10, HO U 32 CYET UCTIOTH30BaAHUS
I'Y kaKk TONOJHUTEILHOTO MCTOYHMKA TTUTa-
HMSI Y BBIIAYY 3JIEKTPOIHEPTUU B CETh O0IIIE-
IO ITOJIb30BAaHMSI 32 IJIaTy, FapaHTUPOBAHHYIO
MPaBUTETLCTBOM.

OCHOBHBIE KOMIIOHEHTHI B CTPYKTYype
croumocTH 'Y onmuchIBalOTCS MapameTpamu,
3HAYEHUsI KOTOPBIX XapaKTepU3yIOT YPOBEHb
HCITOJIb3YyeMbIX TeXHOJIOTU . CTOMMOCTB COJI-
HEYHOTO BAaTTa 3aBUCHT B TIEPBYIO O4Yepeb OT
CTOMMOCTH TOJTYTIPOBOHUKOBOTO MaTepraa
B ()OTO2JIEKTpUIECKOM IpeobpasoBaree,
a raxke ot KITJI ®BIT (py6./BT):

S _S,.dp
®E cp77<1>3nYlY2 ’

rae .S — CTOMMOCTD MOJTyNPOBOAHKKA [pYO. ],
d — TONIIIMHA UCTTOb3YEeMbIX TUTACTUH [MKM];
p — TUIOTHOCTh MOJIYMPOBOAHUKA [Kr/M3];
E_ —cpenHee 3HaUCHME COMHEYHOM OCBEIIICH-
HOCTH 32 IEHb C yYETOM BEUEPHUX U YTPEHHUX
YacoB M KJIMMAaTUYECKUX YCIOBUIA B pa3iny-
Hble BpeMeHa roja [Br/m?]; ng,, — KIII
@®3II; Y, u ¥, — TexHonornyeckue Koapdu-
LIMEHTBI, XapaKTePU3YIOIIUe BBIXObI TPOLIEC-
COB IepepadoTKU KPUCTAIIOB MOJTYIIPOBO/I-
HUKa B TUIACTUHBI U TJIACTUH B COJTHEYHbIE
9JIEMEHTHI.

W3 cootHoueHus (1) BUAHO, 4TO 4yeM
OoJibllie TIONIAAb COTHEYHbIX TTaHeael, TeM
BbIILIE CTOUMOCTb MOJyIPOBOAHUKA. IMero-
1Iasicsl B HACTOsIIIee BPEMSI U B TIEPCIIEKTHBE
HEONpeleIeHHOCTh B TOCYTapCTBEHHOM 1ie-
HOBOM MOJUTHKE 10 9HEPTOHOCUTEJISIM JieJia-
€T 0OCOOEHHO BaXXHOW OOBEKTUBHYIO OLICHKY
9HEPreTUYECKOol OKYMaeMOCTU COOPYXKEHUS
I'Y. CtouMocTh akKKyMYJSITOPHBIX OaTapeii
(AKB), aBasitoliuxcst 3JIeKTpPOXUMUIECKUMU
HakonuTeasamu sHepruu (HD), cocraBaser
HaunboJiee BECOMYIO J0JTI0 B 00111ei CTOMMOCTH
COJIHEUHBIX 2JIEKTPOYCTAHOBOK. BhICOKYIO
KPaTKOBPEMEHHYIO MOIIIHOCTh MOXHO TMOJTY-
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YUTH TOJBKO TIPU BeCbMa OOJIBIION eMKOCTH
AKDB, 4To 00yc/10BIMBAET OOJIBILINE pa3MEPhI
n Maccy HakormTelsd. K mpyruM HemocTaTKaMm
AKDB oTHOCSTCS HeBbICOKAsI LIUMKJIMYecKas
CTaOWIJIBHOCTH U, CJICIOBATEIbHO, OTPAHNYCH -
HBII CPOK CIIYKOBI, a TAKKe HaJIW4INE B HUX
KHCIIOTBI, CBUHIIA, KAAMHUS M IPYTUX 9KOJIO-
TUYECKH OTACHBIX MaTEPUAJIOB.

Cpoxk okynaemocTt I'Y B 3aBUCMMOCTH OT
€€ ylIeJbHOI CTOMMOCTH [J1eT]:

Sty

oK™ )
EFYST

e S, — croumocts I'Y [py6.]; £, — ronooe
KOJINYECTBO JIEKTPUIECTBA, BHIPAOOTAHHOE
I'Y [kBreu/ner|; S, — CTOMMOCTL S3HEPTUHU OT
TpaIUIIMOHHON 3HEPTOYCTAaHOBKU [py0./
KBtey].

7151 TOro 4TOOBI TETMOYCTAHOBKU OB
peHTabeTbHBIMU, HAJO MOYTH B JBa pa3a
YMEHBIINUTH CTOMMOCTH COJTHEUHOM 9HEPTUM.
[MpenBapuTenbHbIe OLEHKW MCIIOJIB30BAHUS
KOHIICHTpAIIUU JIYIUCTON 9HepTUM [6] ImyTeM
00beIMHEHNS IBYX TIPUHITUIIOB TIPpeo0pa3o-
BaHUSI COJTHEUHOTO CBETa B DJIEKTPUIECTBO —
teruioBoro u kBaHToBoro KIT/ [5], mpumeHe-
Hust B DI comHEeUHBIX KACKATHBIX 3JIEMEH -
TOB [ 1], cHUXXeHus 3aTpaT Ha ynpasieHue ['Y
C TIOMOTIIBIO CIEASINETO 3JIEeKTPONpUBOIa
(CBII), ocymecTBISIONIETO TTOIATOBBIN pe-
KM caexkeHns 3a CoytHIIeM [7], CBUOCTETb-
CTBYIOT O TOM, YTO Ha COBPEMEHHOM 3Tare
pazsutus ['Y cylniecTBeHHOe CHUXEHUE
CTOMMOCTHU COJTHEUHOTO BaTTa CTAHOBUTCS
peaIbHBIM TTPY 00eCTIeYeHN N KauecTBa BbIpa-
0aTbIBaEMOM 2JIEKTPOIHEPTUM HA TpeObyeMoM
ypoBHe [8].

DKOHOMUYECKYIO TIPUOBLIb 32 CUET BO3-
MOXHOCTH BBITIOJTHSITH NTOTIOJTHUTEIbHBIC
(byHKIIMM MOXHO M3BJIEYb C ITOMOIIBIO 10-
noJHUTENbHON 3Hepruu ot ['Y. JJonoaHu-
TEJIbHYIO HEPTHUIO 11eJIECO00PA3HO PEeaTU30-
BBIBaTh TOJIBKO TOT/A, KOTJa CTOMMOCTD 3a-
MEIIaeMOTO 2JIEKTPUIECTBA TPAAUIIMOHHON
SHEPTOCUCTEMBI paBHA WX OOJIBIIIE CTOMMO-
CTU BJIEKTpUYecTBa, BbIpabarbiBaeMoro I'Y.
Ecnu Ha TpaBUTEILCTBEHHOM YPOBHE OyIeT
OpraHu3oBaHa TOIACPXKaA IMPU BHEIPCHUUN
COJIHEUHBIX 9HEPTOYCTAHOBOK, TO CTOUMOCTD
3aMelIaeMoro 3JIEKTPUUIECTBA TOJKHA OCTa-
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BaThCSI UMEHHO TaKOM C Y4ETOM BbIUETA «KBOT
3a BBIOPOCHI» 32 CUET CHUXKEHUSI BBIOPOCOB
yraekucioro raza [9]. CooTBeTCTBEHHO 3a-
MUIleM BbITEKAIOIIUe OTCI0[a HepaBEHCTBA

[py6.]:
S§.28,/E,am S =28,/ (E,—S), (3)
rae S, , — KBOTa 3a BbIOPOCHI.
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ANALYSIS OF TECHNICAL AND ECONOMIC INDICATORS OF SOURCES OF OWN

GENERATION OF ENERGY ON RAILWAYS

Samarov, Kim L., Technological University, Korolev, Russia.
Strenalyuk, Yuri V., Technological University, Korolev, Russia.

ABSTRACT

The stages of the system analysis of technical and
economic indicators allowing to compare the
efficiency of renewable solar energy equipment are
described. It is shown that the introduction of solar
installations as an additional source for a power supply
system for non-traction and non-transport consumers

(for equipment of information and computer
complexes of railways) will make it possible to reduce
energy costs and reduce construction of power
transmission lines. The authors of the article are sure
that the situation in the energy pricing policy makes
an objective assessment of the energy payback of the
solar installation construction particularly important.

Keywords: railway, system analysis, solar energy, solar installations, energy payback.

Background. /n order to reduce the cost of
energy supply and improve the quality of electricity
in rail transport, it is envisaged to develop its own
generation of energy for non-traction needs: to
provide power to non-traction and non-transport
consumers by using non-traditional renewable
energy sources. Depreciation of fixed assets of
electric grids is 40 %. It is only for this reason that
the introduction of renewable energy sources
(RES), independent of electrical networks, is actual.
For regions of Siberia and the Far East with a high
level of solar insolation, it is advisable to use solar
RES.

In our article, we will consider RES with solar
installations (Sl), which convert solar energy into
electrical energy for the equipment of information
and computer complexes (ICC) of railways.

Objective. The objective of the authors is to
analyze technical and economic indicators of
sources of own generation of energy on railways.

Methods. The authors use general scientific
and engineering methods, mathematical
calculations, evaluation approach, comparative
analysis.

Results. Provision of ICC for industrial and
transport purposes with sources of additional/
reserve and, if necessary, autonomous power
supply should be carried out taking into account the
requirements for their guaranteed inclusion in work,
qualified maintenance and improvement of the
environment, availability of ready-to-use mobile
computing modules (with power installations) in
case of accidents and emergency situations [ 1, 2].
In this regard, the task arises of a technical and
economic assessment of RES equipment with solar
installations for the reliable operation of ICC.

The limiting theoretical efficiency of the
photoelectric conversion (PEC) exceeds 90 %,
therefore, the actual task of increasing the
efficiency of PEC is up to 50 % and more as a result
of optimizing the structure and parameters of PEC
and Sl. Solar installations with concentrators
capture 40 % more solar energy [3, 4]. On the basis
of experimental data obtained at Stanford University
[5], it can be concluded that when using PEC on
gallium arsenide and gallium nitride with a
concentration of solar radiant energy and combining
two principles of conversion of sunlight into
electricity — thermodynamic and light — the
efficiency is increased by 26 % (an average of 40
% compared with the current average of 14 %). The
thermodynamic conversion is based on the use of

thermoelectric and thermionic processes. The light
conversion (direct conversion of photons into a
current by means of a semiconductor) is based on
the methods of photoelectric, photovoltaic and
photoemission transformations. The specific cost
of energy production by means of Sl can be reduced
not only by increasing the efficiency of the
installation and its components, reducing the cost
of managing it, but also by using Sl as an additional
source of power and supplying electricity to the
public network for a fee guaranteed by the
government.

The main components in the cost structure of
Sl are described by parameters which values
characterize the level of technology used. The cost
of a solar watt depends primarily on the cost of
semiconductor material in the photoelectric
converter, as well as on the efficiency of PEC
(rub./W):

S.dp

E VY,

where S__ is the cost of the semiconductor [rub.]; d
is thickness of the plates used [um]; p is
semiconductor’s density [kg/m?]; E, is average
value of solar illumination for a day taking into
account evening and morning hours and climatic
conditions in different seasons [W/m?]; n,.. is
efficiency of PEC; Y, and Y, are technological
coefficients characterizing the yields of the
processes of processing semiconductor’s crystals
in plates and plates into solar cells.

It follows from relation ( 1) that the larger is the
area of solar panels, the higher is the cost of a
semiconductor. The current uncertainty in the state
pricing policy on energy carriers makes the
objective assessment of the energy payback of S|
facility especially important. The cost ofaccumulator
batteries (AB), which are electrochemical energy
storage units (ESU), is the most significant part of
the total cost of solar electrical installations. High
short-term power can be obtained only with a very
high capacity of AB, which determines the large size
and mass of the storage unit. Other drawbacks of
AB include low cyclic stability and, therefore, a
limited service life, as well as the presence of acid,
lead, cadmium and other environmentally hazardous
materials.

Payback period of S| depending on its unit cost
[years]:

T S

— SI
PP H
ESlST

(1)

S ppc=

(2)
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where S, is cost of Sl [rub.]; E, is annual amount
of electricity generated by SI [kW+h/year]; S is cost
of energy from a traditional power installation
[rub./ kW-h].

For solar installations to be cost-effective, it is
necessary to almost halve the cost of solar energy.
Preliminary estimates of the use of concentration
of radiant energy of the Sun [6] by combining two
principles of conversion of sunlight into electricity —
thermal and quantum efficiency [5], the use of PEC
of solar cascade elements in the photovoltaic cell
[1], reducing the cost of controlling Sl using a
follower electric drive (FED), implementing the
step-by-step regime of tracking the Sun [7],
indicate that at the present stage of the development
of the SI, a significant reduction in the cost of the
solar watt becomes real while ensuring the quality
of production electricity at the required level [8].

Economic profit through the ability to perform
additional functions can be derived by generating
additional energy from Sl. It is advisable to realize
additional energy only when the cost of the replaced
electricity of a traditional power system is equal to
or greater than the cost of electricity generated by
Sl. If support is provided at the governmental level
for introduction of solar installations, the cost of
electricity to be replaced should remain exactly this,
taking into account the deduction of «emission
quotas» by reducing carbon dioxide emissions [9].
Accordingly, we write down the following inequalities

[rub.]
- SQu)! (3)

Sr2 Ssr/ ESI or STZ Ssz/(Esr
where S, is emission quota.

Conclusions. A technical and economic
assessment of the energy optimization of RES
renewable energy sources with solar installations
has been developed. In order to make the use of
solar installations profitable, it is necessary to
almost halve the cost of solar energy received from
them. With the participation of the state or without
it, but the fulfillment of this task is the main condition
of economically viable projects related to the
introduction of non-traditional types of energy.
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