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The TPU Institute of Power Engineering develops a range of directions in the framework of “Sustainable

Energy” cluster.

HYBRID MODELING
IN POWER

ENGINEERING

The analysis of current network
operation including the functioning
of devices and FACTS systems
needs special modeling which will
ensure the solution of different
tasks fundamental for efficient
management of smart energy
systems with adaptive active
networks (rus. abbr. [EAAS).

Inparticular,itisnecessarytoanalyze
the dynamic influence of FACTS
devices on quasi steady conditions
and emergency conditions of IEAAS
as well as to develop optimal
algorithms for local and systemic
control of continual FACTS devices
management that will provide safe
and effective functioning of IEAAS
under various quasi steady and
transient normal, emergency, post-
emergency conditions and during
their operation.

Mathematical modeling serves as
the principal method of getting
information to solve the indicated
problems.

Through the modeling of IEAAS,
the mathematical models are
significantly simplified and the
problem specification is limited.
As a result, the completeness
and reliability of information are

reduced. Using this information
leads to malfunction of the whole
process: in projecting, maintenance
of power supplyand energysystems.
It also results in project mistakes
as well as in incorrect or non-
optimal settings of relay protection
devices and technological
automatic machinery. It obstructs
the work of operating personnel,
gives incorrect assessment of
working conditions for machinery,
distributing network in general
and, in particular, it doesn’t allow
the resource efficiency regimes to
be formed and maintained with
minimum energy waste.

simulator
Institute of

real time
in TPU

Hybrid
developed

Power Engineering realizes the
elimination of such simplifications
and limitations that occur during
the modeling of energy systems.

It is proved by research conducted
in the framework of pilot project
on creating smart energy cluster
“Elgaugol”™ held by “FSK EES OAQ”
(OJSK).

As a result of tests conducted on
the basis of VMK RV EES, it turned
out well to form optimal settings of
AASOU (Adaptive automatic system
of optimal voltage and reactive
power control) and to secure the
decrease of energy losses by more
than 5% in comparison with the
figures in project.
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BPULOHC
JIMPOBA

CoBpeMeHHble MWpOBble TpeHApI,
HanpaB/iEHHblE Ha WHTENneKTy-
ann3auMI0 IHEeprocucTeM U BHe-
ApeHue yCTPOWCTB r’MbKoro ynpas-
nenns mx napametpamu (FACTS),
penailt  npobnemy  nonyyenus
MONHOM W [OCTOBEPHON WHbOP-
MauumM 0 npoueccax B obopyno-
BaHMM U SHEprocmcTeMax B LLeIOM
KpanHe akTyanbHOW. [1ns aHanu3a
PEXMMOB paboTbl 3N1EKTPUYECKOM
CeTM C y4yeToM (YHKLMOHMPOBA-
Hua ycTporctB u cuctem FACTS
HeobXOAMMbl CpeacTBa MOAenw-
poBaHus, obecneyuBalowme pe-
WweHue psga 3adad, NpuHLMNK-
anbHO BaXHbIX AN5 3hHEKTUBHOIO
YNpaBNeHNUs MHTENNEKTYaNbHbIMMU
3HeprocucTeMamMM € aKTMBHO-
apantuBHbiMU ceTamu (MIAAQC).

COBPEMEHHBIE MUPOBDIE
TPEHAbI, HAMPABJIEHHbIE
HA  UHTENNEKTYANU3ALMUIO
SHEPTOCUCTEM U BHEOPEHHUE
YCTPOWCTB T'MBKOIO YMNPAB-
NEHNA UX NAPAMETPAMMU
(FACTS), OENAKOT MPOBNEMY
NOJIYYEHUA NONHOW U [1O-
CTOBEPHOW  MH®OPMALMUU
O MPOLECCAX B OBOPYLOBA-
HUU U SHEPTOCUCTEMAX B
LLEJIOM KPAMHE AKTYANIbHOW.

B yactHocTw, 310 HeobXx0AMMO ANs
aHanu3a AMHAMUYEeCcKoro B/M-
SHUS  MPUMEHSEMbIX YCTPOWCTB
FACTS Ha kBa3suycTaHOBMBLUMECS
M aBapuiiHble pexumbl MSAAC,
a Takke Ang pa3paboTkuM OnTu-
MaslbHbIX aNrOpUTMOB JIOKasb-
HOTO M CMUCTEMHOTO YMpaBieHus
HenpepbiBHbIM perynMpoBaHueM
yctporcte  FACTS, obecneunBa-
IOLWMX HajexHoe U 3Heprosd-
(deKkTUBHOE QYHKLMOHMPOBaHME
M3AAC npu BCEBO3MOXHbIX KBa-
3MYCTaHOBMBLUMXC WU MEPEXOA-
HbIX HOPMAasbHbIX, aBapWMHbIX
M MOCNeaBapuiHbIX PexuMmax u
npoueccax ux pabortbl.

BBuay HemonmyctTMMOCTM HaTyp-
HbIX 3KCMEPUMEHTOB B 3Hepro-
cucTeMax M HEBO3MOXHOCTU WX
MOJIHOLLEHHOTO dusmyeckoro
MOLENMPOBAHUS M3-3a 4pe3Bbl-
YalHOW C/IOXKHOCTU  OCHOBHbIM
nyTeM nonyyeHus uHdopmauum
LNS pelleHns yKasaHHbIX 3aaay
CNYXWUT MaTeMaTuyeckoe Mmope-
nupoBaHue. MonHoTa, focToBeEp-
HOCTb M ONEepaTMBHOCTb TAKOro
noaxofa 3aBUCUT OT ABYX (ak-
TOopoB. Bo-nepBbix, OT agekBat-
HOCTM NMPUMEHSIEMbIX MaTeMaTu-
UeckMx Momenei o6opyaoBaHma,
COOTBETCTBEHHO, 3NEKTPUYECKO-
ro paoHa B uenom. Bo-BTopbix,
OT CMOCOBHOCTM MCMOMb3yeMbIX
CpencTB pelueHus peanu3oBbl-
BaTb €ro ¢ Heob6XxoAMMOM TOUHO-
CTbH0 M OMEPaTUBHOCTHHO.

Teopust 1 MHOTONETHAS MPaKTUKA
MCnosb3yemblx B HacTosLiee Bpe-
Ms ONS peleHns 0603HaYeHHbIX
33434 CpeacTs, METOAMYEeCcKOM
OCHOBOM KOTOPbIX ABASIOTCA METO-
Abl YACNEHHOTO MHTErpMpOBaHMS
AnMpdepeHUManbHbIX YpaBHEHUN,
MOKa3bIBaIoOT, YTO B paMKax AaHHO-
ro MoAxofa yKasaHHas COBOKYM-
HOCTb (DaKTOpOB MPOTMBOPEYMBA
1 B HY)XHOM Mepe NPUHLMNMUANBHO
Hepeanusyema. [1o3ToMy npu mo-
penvpoBanun MIAAC npumens-
I0TCS  3HAYMTENbHblE YMPOLLEHMS
MaTeMaTU4yecknx Mogenen u orpa-
HWYEHWUS YCNOBUM WX peLIeHMs,
BCNEACTBME YEro TepseTcs nonHo-
Ta M JOCTOBEPHOCTb MH(OPMALIMK.

40

Mcnonb3oBaHWe nony4yeHHOW Ta-
KuM obpasom nHdopmaumm Beaet
K 6010 No BCEW LienoyKe: Npu npo-
€KTUPOBaHMM, 3KCMIyaTaLun cu-
CTeMbl 31eKTpocHabxeHns n 33C;
CNYXXMUT  MPUYUHOMA  MPOEKTHbIX
OWKNOOK, HENPABUbHBIX WU He-
ONMTUMaJIbHbIX HACTPOeK CpencTs
penemHon 3aluTbl, TEXHONOIM-
4eckoh M NpOTMBOABAPUIMHOM
aBTOMATUKK; MelaeT AenCTBUSM
onepaTMBHOIO M 0b6CyXMBaloLLE-
ro nepcoHana; Aaet owunboyHble
OLEHKM YCNOBMI paboTtbl 060-
PYAOBaHMWS, pacnpeaenuTenbHon
CeTu B LeSIOM U, B YACTHOCTU, He
nosgonsier GopMMpoBaTb M obe-
cneynBatb 3HEProadeKTUBHbIE
peXuMbl C MUHUMaJbHbIMK MOTe-
PAMU 3N1EKTPO3HEPTUN U T. A,

BcepexuMmHbIi - MonenvpytoLmii
KOMMAEKC PpeanbHOro BpEeMEeHU
3/1eKTPOIHEPreTUYECKMX CUCTEM
(BMK PB 33C), pa3paboTaHHbiit
B DHEpreTMYeckOM WHCTUTYTE
TITY, no3BONSIET UCKNKYUTb Ha-
3BaHHblE OrPaHWYEHUS U YyNpo-
LeHns, Ucnonb3yemble Npu Mo-
[ennMpoBaHmm 3HeprocucTem.
YHMKanbHble CBOMCTBA M BO3-
MOXHOCTM KOMMAeKca AgenakT
€ro afeKBaTHbIM WMHCTPYMEHTOM
[ONS peleHns NpuBeaeHHbIX 3a-
fay. [loka3aTenbCTBOM TOMY CAy-
XaT pe3ynbTaThl UCCNEef0BaHUM,
NoMy4YeHHble B paMKax MWUIOTHO-
ro npoekta OAO «®CK E3C» no
CO3[aHMI0  MHTENNEeKTyanbHOro
3Heprokiacrepa «2nbrayrosb».
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TPU Institute of Power Engineering
conductsahugerange of researches
in the field of energy efficient
schemes for autonomous hybrid
systems of power supply with the
use of sustainable energy sources.
They display complex solution
of choosing the most rational
capacity and the type of electric
power station, give calculations of
power consumption by farms and
domestic consumers as well as the
showings of economic efficiency
for electrotechnical decentralized
supply complex. Real projects on
implementation of decentralized
power supply schemes are realized
in Tomsk region and in the Sakha
Republic (Yakutia).

Atthe present moment two projects
are approved to be realized: “Wind
and solar power plant with the
capacity of 25 kW for autonomous
power supply in Alataevo village
(Parabelsky District, the Tomsk
region)” and “Wind and Diesel
power plant with the capacity of
100 kW for autonomous power

supply in Novonikolskoe village
(Alexandrovsky District, the Tomsk
region)”.

In 2014 the group of developers
from  “Tomskteploproekt  ZAO”
(Close  Joint-Stock ~ Company)
including Vitaliy Dmitrienko, a
TPU postgraduate student, worked
out a project called “Construction
of photoelectric power plant in
Bagatay village, Verkhoyansky ulus,
the Sakha Republic (Yakutia)” by
request of “RusGidro OAQ” (QJSK).

The capacity of the projected
power plant is 1 MW. Today it is
one of a few power plants in Russia
which uses solar energy.

RESOURCE
EFFICIENT

GENERATION

The project “Conduction of applied
research and experimental
developments aimed at creation of
solid fuel gasification stations for
power engineering and industry”
is realized by a scientific group of
the Department of Nuclear and
Thermal Power Plants, TPU.

One of the first noticeable results of
the project will be the elaboration
of gas generation stations for coal

gasification. Such stations could be
built into the technological cycle of
heat generating plants. The refined
energy gas derived such way will
be used instead of natural gas and
diesel oil.

Research as well as creation of
scientific and technical foundation
for using solid fuels in perspective
gas generating plants is an actual
task aimed at solving such global
problems as the resource efficiency
of active power engineering units
and ones being modernized as well
astheminimization of antropogenic
influence on environment.

The achieved results will serve
as the foundation to create new
gas generation plants as well as
to elaborate new compositions
of solid fuels, to optimize the
processes of their gasification and
combustion in energy-power units
used in fuel and energy industry.

The scientific novelty will be
the feature of new constructive
and technological decisions for
experimental examples of gas
generating units for furnace and
direct-flow-vortex gasification
of coal-water suspension (CWS)
with the derivation of refined
energy gas. This should be the
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Tak, Ha 6a3e BMK PB 33C cos-
[aHa MporpaMMHo-annapartHas
nnathopma AN TECTUPOBAHMUS U
HacTpoMKku paspabaTbiBaeMoi B
npoekTe afanTMBHOW aBTOMAaTK-
4eckoM CUCTeMbl OMTMMANbHOIO
ynpaBneHuss W perynmpoBaHus
HanpsXKeHUS U peaKTUBHOW MOLL-
HocTtv (AACQY), koTopas B 3aBUCH-
MOCTM OT PeXMMHbIX NapaMeTpoB
B MIAAC pomkHa nopaepxuBatb
HOPMAaTMBHbIV YPOBEHb HaMps-
XXEHWS BO BCEM 3Heprokiacrepe
«3nbrayronb». Knacrep BK/oYa-
eT B cebq yeTblpe MOACTAHLMM U
CeTU BbLICOKOTO HaMpshKeHus oc-
HOBHOro noTpebuTens - ropHo-
nobbiBatoLLero komMbuHaTa.

B pesynbrate mpoBefeHHbIX Ha
BMK PB 33C TectoB ymanocb
chopmupoBaTh  ONTUManbHble
HacTpoviku AACOY u obecneuutb
CHUXEHME MOoTepb 3/EKTPO3Hep-
rum 6onee yem Ha 5 % no cpas-
HEHMIO C NPOEKTHbIMU 3HAUEHUS-
mMu. PaboTta BbiNonHEHa rpynnon
Hay4YHO-MCCNeaoBaTENbCKOM
nabopatopuu  MOAENUPOBAHUS
3NeKTPO3HEpPreTMYeCckMX CUCTEM
(HW1 M33C), 3aBenmyiowmn -
K.T. H., goueHT A.O. CynaiimaHoB.
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PEANIbHBIE NPOEKTbI MO NPUMEHEHUIO CXEM OELLEHTPAJIN30-
BAHHOIO 3NIEKTPOCHABXXEHMA PEAJIN30BAHbI B 1IBYX PETNO-
HAX: TOMCKOM OBJIACTU U PECNYBJ/IUKE CAXA (AKYTHS).
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Bonbwon 610K wccnenoBaHWiA
BeAeT JHepreTMYeckuin UHCTUTYT
B 4acTu 3HeprosddeKTUBHbIX
CXeM TUOPUAHBIX ABTOHOMHBbIX
CUCTEM  3NEKTPOCHAbXeHus ¢
npUMeHeHMeM BO30OHOBASEMbIX
MCTOYHMKOB 3Heprun. Pesynb-
TaTbl 0606LWeHbl B MOHOrpadu-
ax  «Kapactp BO3MOXHOCTeW»,
«Bo3obHoBNSIEMas 3HepreTuka B
[EeLeHTPaNM30BaHHOM 31eKTpO-
CHaBXEHUU» U LpYIUX.

B 3Tux M MHOrMx Apyrux pa-
60Tax NpencTaBneH OMbIT KOM-
MIEKCHOro  pelleHus  3afauu

ez »
_IIIIIIIIIIIIIIIIllIIIIIIIIIIIIlIIIIII“ :

Puc. 1. BcepewumHbili Modenupytowuli KoMmnaekc peansHo2o epemeHu 33C
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BbIOOpa pauMOHaNbHOW MoLy-
HOCTM M TWMa 3NEKTPOCTaHLMHM,
npvBeAeHbl pacyeTbl rpaduKos
3HepronoTpebneHns  TUMNOBbLIX
CeNbCKOXO3AMCTBEHHBIX W Obl-
TOBbIX MoTpebuTenen snekTpo-
3Heprumn, a TaKxke mnokasaTenu
3KOHOMMYeckon 3hdEKTUBHO-
CTU CO3[aHWs 3NeKTpoTexHuYe-
CKOro KOMIM/eKca AeueHTpanu-
30BaHHOMO CHaBXeHUS C y4eToM
XapakTepucTUK BETPOBbIX, CON-
HEeYHbIX W TMOPOPecypcoB, KO-
TOpbIMM 06M1afaeT KOHKPETHbIN
paroH Tepputopun Akytum, Cu-
6upm nnmn CaxanuHa.

PeanbHble NpoekTbl N0 NpUMeHe-
HUIO CXeM AELEeHTPann30BaHHO-
ro 31eKTpoCcHabXeHus peanuso-
BaHbl B ABYX pernoHax: ToMCKoM
obnactv u  Pecnybnuke Caxa
(SkyTmns). B yactn «TOMCKMX Npo-
ekToB» Kadegpa 31eKTpocHab-
XEHWUS MPOMbILUNEHHbIX TMpea-
npuatuii (3MM) nonyumna nBa
MONOXMUTENbHbIX  3aK/IUYEHUS
roCynapCTBEHHOM 3KCMEPTU3bl Ha
NMPOEKTHYI LOKyMeHTaLMio, CMe-
Ty U pe3ynbTaTbl WMHXKEHEPHbIX
M3bICKaHWM MO ABYM 0ObekTam
KanwWTanbHOro CTPOMUTENbCTBA.

JTOMy npeALwecTBOBan 3Tan, Kor-
na 6biam cobpaHsbl, CMCTEMATU3K-
pOBaHbIl, M3y4eHbl AaHHbIE MO BO3-
0bHOB/NSIEMbIM  3HEpropecypcam
TomckoW obnactn. PesynbraThl
uccnenoBaHuin 6binyM MpencTas-
neHbl npodeccopom b.B. Jlykytu-
HbIM, goueHTamu W.0. Mypasne-
BbIM, M.A. CypKoBbIM B MHCTUTYTE
duHaHcoBoro aHanusa (ToMmck) u
NpoLAN NyBANYHYIO 3aLuTY.

HanpasneHwe nposeneHHOro uc-
cnenoBaHUA: U3ydeHUe NoTeHun-
azla UCMNOJIb30BaHUA COJTHEYHDbIX,
BOAHbIX W BETPOBbIX PECypCcOB
Tepputopun. NpeameT: NoTeHUU-
a/lbHbl€é BO3MOXHOCTU WUHTErpa-
LMK pecypcoB BO306HOBISEMON
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start of development work to
create competitive apparatus for
combined-cycle power units (CCPU)
with the capacity of 16-25 MW.

Within three years they expect to
achieve first results - in form of
active technological units of solid
fuel gasification which will be
assembled and launched on the
basis of one Russian thermoelectric
power station.
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The orientation of this project is
to develop the fundamental ideas
in the modern theory of heat and
mass transfer during ignition of
condensed substances as well as to
elaborate the scientific foundation
for the theory of resource efficient
and safe initiation of solid, liquid,
gellike and other high-energy
materials ~ combustion  using
local sources with limited power
intensity such as small-size hot
metal particles.

The experimental methods to study
the reqularities in the processes
of heat and mass transfer in gas
medium during combustion of gas
fuels by local sources with limited
power intensity are developed.

Possible mechanisms and
conditions for combustion of many
solid, liquid, gellike and dispersed
condensed substances by local
heating are determined.

Prognostic models that permit to
calculate necessary and sufficient
conditions for efficient combustion

of gellike fuel, mix fuels and
dispersed coal in specialized units
and power plants are created.

The results of operations can be
used in the development of efficient
technologies for initiation of high-
energy materials (solid, liquid and
gellike ones) combustion by low-
calorie energy sources. These results
allow steady combustion of different
fuels to be achieved. Furthermore,
the power inputs will be a great
deal lower (to 30%) in comparison
with current technologies.

INCREASE OF THE
HEAT ENERGY

TRANSFER
EFFICIENCY

The project of the power supply
scheme for the city of Tomsk was
initiated after the release of the
RF Governmental Resolution of
22.02.2012 Ne154 “Requirements
to the power supply schemes, to
the procedure of their development
and approval”. The conduction
of research and development
work was ordered by the city
administration.

The electronic model of power
supply system in Tomsk is realized
in the geoinformational system
(GIS)Zuluandincludesinformation
about elements of power supply
system. It is designed to fulfill
heat and hydraulic calculations,
to model the changeover and to
plot the piezometric charts. One
part of the electronic model is a
software complex to calculate the
reliability.

The electronic model realized
using the domestically produced
software complex “Zulu Thermo
7.0” makes it possible to carry out
the hydraulic calculation of ringed
heating systems and to calculate
the heat energy balance among
the consumers who were cut off
the heat supply system in case if
some section of heating system is
damaged etc.

One component of the electronic
model is the program of reliability
calculation. It permits to calculate
the indices of power supply
reliability, to form the walkway
of the heat-transfer agent to an
arbitrarily chosen consumer with
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3HEepreTMkM C CMCTEMAMM AeLleH-
TPaZM30BaHHOrO  3N1EKTPOCHAb-
eHus ToMckol obnactu.

B xome wuccnepoBaHusa rpynna
npoaHanM3MpoBana MacCMB AaH-
HbIX, MOMYYEHHbIX B pe3y/bTaTe
MOHWTOPMHIA rMapo- BETPOBOM U
COMTHEYHOW aKTUBHOCTEW M B Npu-
BA3KE K HMM MoOKasasna NoTeHuUm-
aNn MOLHOCTEN, KOTOpPble MOXHO
MOAYYUTb MAKOCOM K TOMY, YTO Bbl-
pabaTbiBaOT AENCTBYHOLWIME OM-
3€e/1bHble 3NEeKTPOCTaHLMM.

B Hactoqwee BpeMs NpoOeKTh
«BeTpo-conHeyHas 3NeKTpo-
CTaHUMs MolHocTblo 25 KBT ong
ABTOHOMHOIO  3/1E€KTpOCHabxe-
HMa c. AnataeBo [lapabenbcko-
ro pavoHa ToMckoi obnactu» u
«BeTpo-amnsenpHas anekTpocTaH-
umsa moluHoctbto 100 kBT ons as-
TOHOMHOIO  3JIEKTPOCHAOXEHMS
c. HoBoHukonbckoe AnekcaH-
[LpOBCKOro paroHa Tomckoi 06-
NTACTU» NPUHSATBI K peanu3aumm.

B 2014 ropy no 3aka3y OAO «Pyc-
[uppo» rpynnoi pa3paboTynkos
3A0 «ToMcKTennonpoekT», B CO-
CTaBe KOTOpow paboTtan acnu-
paHT nepBoro roga obyyeHus
kadegpbl IMMN Butanuin Omu-
TPUEHKO, MNOArOTOBNEH MpPOEKT
«CTpountenbctBo HOTO3NEKTPUYE-
CKOM CTaHuMK B nocenke bataran
BepxosiHckoro ynyca Pecny6nunku
Caxa (Skytus)».

MowHoCcTb NpOEKTUPYEMOVli CTaH-
umm coctasnsetr 1 MBT, u Ha ce-
rogHa 3TO OA4HA U3 HEMHOrux
aneKTpocTaHumit Poccum eguHmny-
HOM MOLLHOCTU, UCMOMb3YIOLUX
3Heprui ConHua.

NpoekTbl M nccnenoBaHus, Npose-
[eHHble Ha TeppuTopuu TOMCKOW
0bnacTu 1 B SIkyTum, BbINOMHEHbI C
npuBAeYeHneM CTyAEeHTOB M acnu-
PaHTOB ABYMSl HAy4HbIMM rpynna-
mu kadenpol MM B cocTase: 3a-
Beaylowmi kadbeapor npodeccop
B.B. JlykyTvH (Hay4HbI pyKOBO-
outens), noueHtsl M.0. Mypagnes,
M.A. Cypkos; poueHT C.I. ObyxoB,
noueHT N.A. [nOoTHUKOB.

PCOIODEKTUBHASA

PALUSA

Mpoekr «MpoBeaeHne npuknaa-
HbIX HAy4HbIX WCCNENOBaHUA U
3KCMEepUMEHTaNbHbIX paspaboTok
C LeNbl0 CO3AaHMSA YCTAaHOBOK ra-
3UdMKaLMKM TBEpAbIX TOMIMB ASiS
SHEpreTMKU W NPOMBILIEHHOCTU»
peanusyeT HayuHbli1 KOJUIEKTMB
Kacdeapbl aTOMHbIX M TEMIOBbIX
anekTpocTaHuuii (ATIC) dHepreTu-
4eCcKOro MHCTUTYTA, Hay4Hbli PyKo-
BOAMTENb NPOEKTa - JOKTOp Tex-
Huueckmx Hayk 10.C. BopoBuKoB.

10.C. boposukos

MNMopfepxka JAHHOTO Hampasne-
HWUS UCCnefoBaHWi Oblna nony-
YyeHa ellle B paMKax BbIMONHEHUS
NpOrpamMmbl MOBbILIEHUS KOHKY-
peHTocnocobHocTn TI1Y, ceiuac
LNS peanu3auMu 3TOM UOEU B
nonHoM dopMmaTe CO34aHbl Bce
npeanocbinku. lpeaycMoTpeHo
rocygapcrBeHHoe  UHAHCUPO-
BaHMe npoekTta no OLI Ha Tpwm
roga B pasmepe 100 mnH py6. B
rog. Ewe 151 mnH py6. BHebOA-
YKETHOro COPUHAHCMPOBAHUS 33
BeCb Nepuon MOCTYyNWUT OT WH-
LyCTpUANbHOro napTHepa npo-
ekta - DoHAa NOAAEpPXKU Ha-
YUYHOM, HaAYYHO-TEXHWYECKOW W
MHHOBALMOHHOM  [1eATeNIbHOCTH
«JHeprus 6e3 rpaHuLy.

@oHA  yypexaeH  KoMnaHuen
«MHTep PAO». ConcnonHutensmu
NpoeKkTa CO CBOUMMW UHTeNNekK-
TyanbHbIMU U TEXHUYECKUMMU pe-
CypCaMu BbICTYNAKT [1BE XOPOLIO
U3BECTHblEe B NPOdECCUOHANBHBIX
kpyrax opranusauum: OAO «Bce-
POCCUMMCKMIA  TeNNOTEXHUYECKUM
nuctuty™ 1 3A0 «Komnomalwu-
T3K» (Mockga).

OZHUM M3 MepBbIX U OLLYTUMBIX
pe3ynbTaToB  MpoOeKTa  CTaHeT
pa3paboTka ras3oreHepaTopHbIX
YCTaHOBOK MO rasudukaumm yrs,
KOTOpble MOXHO BCTpavMBaTb B
TEXHONOTMYECKUI UMKN  Tenno-
reHepupyLWnx npeanpusaTui.
[MonyyeHHbIM OYMLLEHHbIA 3HEp-
reTMYecKui ras HamaeT npMMeHe-
HME BMEeCTO MPWMPOLHOro rasa u
OV3EeNbHOro TOMAMBa.

MccnenoBaHusa 1 cospaHue Ha-
YYHO-TEXHUYECKMX OCHOB Mpw-
MeHEeHWq TBepAbIX TOMNAMB B Nep-
CNEKTUBHbIX a30reHepaTopHbIX
YCTaHOBKaX $IBNSIETCA aKTyanb-
HOW 3ajayei, HanpaBNeHHOM Ha
pelleHMe MUpOBbLIX MpobneMm B
06nacTM MOBbIWEHUS pecypco-
3QHEKTUBHOCTM  AENCTBYOLWMX
U MOLEPHM3UPYEMbIX O0OBEKTOB
3HepreTuku, CHUXKEHUS aHTPOMo-
FreHHOro BO3[EMCTBUS Ha OKpYy-
Xarolyto cpeay.

nOﬂyHEHHbIe pe3ynbratbl NocCny-
»KaT OCHOBOW AJ19 CO34aHUS HOBbIX
ra30reHepaTopHbIX YCTAHOBOK, a
TaKXe pa3pa60TKM HOBbIX KOM-
no3unummn TBEPAbIX TOM/INB, ONTU-
MU3auun npoueccoB uUx razmcbm-
Kaunn, ropeHna B SHEPTOCUNOBbLIX
YCTaHOBKaX, WCMNONIb3YyEMbIX Ha
npeanpuaTtnax ToniMBHO-3HeEpre-
TUYECKOro KoMniekca.

Mpouecc rasudbukauum TBepAabIX
TOM/IMB  MO3BOSIUT KOMMEHCUPO-
BaTb HELLOCTATKM YTO/bHbIX TEXHO-
Noruit Ha 06beKTax Teno- 1 3nek-
TpO3HepreTMku. Kak nokasbiBatoT

NPEAYCMOTPEHO roCYAAPCTBEHHOE ®MHAHCUPOBAHMUE MPO-
EKTANO ®LUMNHATPUTOLA B PASMEPE 100 MJIH PYBG.B rop.
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Puc. 2. ConHeyHas anekmpocmaHyus

the aim to determine whether the
power supply system is failure-free.

Thereby the electronic map of the
citywas created which included the
display of heating systems, heating
sources and consumers. The unique
character of the electronic map is
that the heat engineers now have
a modern, mobile instrument
which meets all the requirements
of heat supply system in the city.
This instrument improves the
effectiveness of managing the heat
supply system.

Resource efficiency in general
and in its elements is an integral

part of educational activity of TPU
Institute of Power Engineering
and, in particular, of the system of
further education which is realized
by the chairs of the Institute.

There are advanced training
programs which spread the
paradigm of energy saving

and resource efficiency among
the specialists with vocational
secondary education and higher
education working for power
enterprises.

The sections and disciplines of the
programs promote to increase the
reliability of power supply schemes

and equipment of oil and gas
enterprises, electric power stations,
substations etc. Thus it affects the
energy efficiency.

The disciplines aimed at energy
efficiency are the integral part of
the Basic educational program
including Master’s program. Inter
alia there are such disciplines
as “Sustainable energy sources”
(Department of Industrial
Electric Power Supply), “Energy-
saving modes of electric power
sources, complexes and systems”
(Department of Electric Drives and
Equipment), “Energy saving and
resource efficiency” and others.
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MCCNeoBaHNUS BeOYLIMX YYEHbIX,
nofyvyaemblit Npu  rasmdukaumm
yrnew cuHTes-ras gensgetcs bonee
KauecTBEHHbIM  NPOAYKTOM, CO-
LEPXALLMM 3HAUMTENBHO MeHbLue
Hecxuraemoro octatka. [1pu 3ToM,
HecMoTps Ha psA, yCnewHbIX npo-
€KTOB, 0OCTAeTCS HEMao BOMPOCOB.
OOMH 13 HUX — MexaHM3M npouec-
ca v MaTtepuanbHbii 6anaHc nony-
4aeMbIX NPOAYKTOB.

HayuHolt HOBM3HOW Takxke OyayT
06n1a8aTb HOBble KOHCTPYKTUBHbIE
M TEXHOMOTMYECKME peLueHnst Ans
3KCMepuMeHTanbHbIX  00pa3LoB
rasoreHepaTopHbIX YCTaHOBOK
FOPHOBOM M MNPSIMOTOYHO-BUXpe-
BOM rasudukaummn ToHkoamcnepc-
HOW  BOMOYrO/IbHOM  CYCMEeH3Un
(BYC) ¢ nonyyeHneM OYMLLEHHOTO
3HEepreTMyYecKoro rasa, Yto, B CBOK
oyepenb, CTaHeT 3afenoM Ans
OMbITHO-KOHCTPYKTOPCKMX ~ paboT
MO CO34aHUK0 KOHKYPEHTOCMOCO6-
HbIX arperaToB AfS1 NaporasoBbIX

~—

&@' - gl “F :«iigli

Puc. 3. [azoeeHepamopHas ycmaxoeka 2azuguxayuu

ye/is 8 mexHono2u4eckoM yukae T3L|

yctaHoBok (MIY) eaMHUYHONM MoLu-
Hoctn 16-25 MBT.

lpn 3TOM peanbHO BbINOAHU-
MbIM CTaHOBMTCS MCCnenoBaHue
npoLeccos rasudukaumm, BOC-
NNaMeHeHUs U rOpeHns TBepabiX
TOMAMB B OKWMCIUTENbHbIX Cpe-
[ax, onpeneneHne TemnepaTyp-
HbIX MONen, KNHETUKM NPOLECCOB
rasubukaummn, BOCNAAMEHEHUS
W ropeHus TBepAbIX/KMAKUX TO-
NAUB, YCTAHOB/IEHWE OCHOBHbIX
3aKOHOMEPHOCTEN, BAUSIOWMX Ha
BbIXOZ, ra30006pa3HbIX MPOLYKTOB
pa3fNoXeHus Mnpu NUponause To-
navBea, u T. 4.

MepBble pesynbTaThl NPOrHO3u-
pyeTca NonyumTb yXXe B TeueHue
Tpex net — B BUAE AENCTBYIOLUX
TEXHO/IOrMYeCKUX YyCTaHOBOK MO
rasuq:m(au,uu TBEpAoro Tonauvea,
KOTOpble 6yAyT CMOHTUPOBaHbI U
3anyLieHbl Ha OAHOM U3 POCCUIA-
CKUX TGnnOBﬂGKTpOCTaHLIMﬁ.
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OTBeTCTBEHHbIE UCNONHUTENN
npoekTa - 3aeefylowWwun Kade-
npovi AT3C A.C. MaTBeeB, LOLEHT
B.E. [ybuH, Takke B mpoekTe 3a-
[leNCTBOBaHbl  CTYAEHTbl, acmu-
paHTbl, coTpyaHukn ATSC, kadenp
JHepreTMyeckoro MHCTUTYTa U
LpYr1x Hay4yHo-obpa3oBaTenbHbIX
noapasfeneHnii yHuBepcuTeTa.

[TpoekT HampaBfaeH Ha pasBuTHE
(byHOAMEHTaNbHbLIX MPefCcTaBNeHNI
COBpPEMEHHOW Teopuu Tennomac-
conepeHoca Npy 3KMraHUM KOH-
[eHCMPOBAHHbIX BELLECTB, a TaKXKe
pa3paboTKy Hay4HbIX OCHOB 0bLuel
Teopun  3HeproaPeKTUBHOIO U
6e30nacHOro MHULMMPOBaHKS rope-
HUS TBEPAbIX, XWOKWX, reneobpas-
HbIX M Lpyr1X BUAOB BbICOKO3HEpre-
TUYECKMX MaTepuanoB NOKANbHbIMY
MCTOYHMKAMM OTPaHUYEHHON 3Hep-
FOEMKOCTU — TOPSYUMM YaCTULAMM
(MeTanIMyeckMMmn 1 HemeTananye-
CKMMM) MasblX Pa3MepoB.
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B pesynbrate npoBefeHHbIX MC-
CnefoBaHuiA cospaHa rpynna ¢u-
3MYECKMX U MaTeEMATUYECKUX MO-
nenen Aonsg ONUCaHUS KOMMAeKca
B3aMMOCBSA3aHHbIX npoL,eccoB
TennomacconepeHoca, (Ga3oBbIx
nepexofoB v XMMUYECKOro pearu-
pOBaHMS, NO3BONSKOLLMX MpOaHa-
NN3MPOBaTb YCIOBKS 3aXMraHus
KOHAEHCMPOBAHHbIX BELLEeCTB N10-
KasbHbIMW UCTOYHUKAMU SHEPTUM.

PazpaboTtaHbl 3KCnepuMeHTanb-
Hble MeTOAMKM [N U3y4YeHus
3aKOHOMepHOCTeN npoLeccos
TenjomMacconepeHoca B ra3oBow
cpene npu rasodasHoM BOCMNa-
MEHEHUU TOMIMB JNOKaNbHbIMU
UCTOYHUKAMMU OrpaHWYEeHHOM
3HeproemKoCTy.

OnpepeneHbl BO3MOXHbIE MeXa-
HU3Mbl U PEXWMMbI BOCMIaMeHe-
HUS GONbLIOK rpynnbl TBEPAbIX,
KUIKMX, renieobpasHbIX 1 gucnep-
TMPOBAHHbIX KOHAEHCMPOBAHHbIX
BELLECTB MPU IOKASIbHOM Harpese.

Co3paHbl MPOrHOCTUYECKME MO-
[enun, no3BonsolWme paccymTaTtb
HeobxoauMble M [OCTATOYHbIE
ycnoBsus  pecypcoaddekTMBHOIO
3a)XuraHus reneobpasHblx, cMece-
BbIX TOM/AMB U AUCNEPTUPOBAHHO-
ro Yyrnsi B CNeunanm3npoBaHHbIX 1
JHepreTM4yeckmnx yCTaHOBKaXx.

[lpoBoauMble uccnenoBaHust MoA-
LepxwvBaloTcs rpaHTamu [Npesunpen-
Ta PO (N2 MK-2391.2014.8), POOU
(N2 14-38-50003, N2 14-03-31304),
HEKOMMEpPYEeCKOro  MapTHepCTBa
«nobanbHas 3Heprus» (N2 MI-
2014/04/3%). MonyyeHHble pe3ynb-
TaTbl COOTBETCTBYHOT MPUOPUTETHO-
MY HanmpaBNeHUIO Pa3BUTUS HAYKK,
TEXHONOMUI U TeXHWUKKU Poccuiickoii
Qepepaunn  (Ykaz [pe3upgeHTa
Poccum ot 7 miong 2011 . N2 899)
«IHepro3PeKTUBHOCTb, IHEProC-
bepexxeHue, aaepHas 3HepreTvka,
a TaKxKe KPUTMYECKOM TEeXHONOrunu
denepanbHOro  ypoBHS, MOAYYUB-
Lie BbICOKMM PEMTUHT MO MOKasa-
TensaM COCTOSIHMS U MepcrnekTMBam

pa3BUTUS, KTEXHONOMMKU SHEProat-
(eKTMBHOrO MPOW3BOACTBA M Mpe-
00pa3oBaHMsl S3HEPTUM Ha OpraHu-
YEeCKOM TOMMBEY.

PesynbTaTbl npoBeaeHHbIX pabot
MOryT MpPUMEHATbCA Npu  pas-
pabotke 3HeproaeKTUBHbIX
TEXHONIOTUI UHULMUPOBAHUSA rO-
PEHUA  BbICOKOIHEPreTUHECKUX
MaTepuanoB (TBepAbiX, XUAKMX,
reneobpasHbix) MasoKanopui-
HbIMU MCTOYHUKAMM SHEpPrUU U
no3BONAT AOCTUraTh YCTOWYMU-
BOrO 32)KMraHUsi pas/iMuHbIX BU-
OB TOM/IMBA MPU CYLLECTBEHHO
MeHbwux (o 30 %) 3artpartax
3HEpPruM Mo CPaBHEHMIO C CyLue-
CTBYHOLLMMU TEXHOIOTUSIMMU.

Pabota Bemetcsi KONNEKTMBOM
Hay4yHO-uUCCNenoBaTeNbCKOM
nabopatopumM  MoAenMpoBaHus
NpoLLeccoB TeMIOMacconepeHoca
(HW1 MIT), 3aBepytowmii — 4. d-
M. H. goueHT M.A. Ctpuxak.

Puc. 4. Bu3ya/7u3auu,q npoueccoe menjiomacconepeHoca 8 MOMeHmM 3axcueaHus:

¥
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4.1. M3omepmbl cuCmeMbI «NAPbI 20PHYE20 — OBLXMCY-

wasaca 4yacmuuya - 6030yX»
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4.2. TemnepamypHoe nojie cucmemsl «x#uUokoe monsu-

80 — Yacmuuya - 8030yx»
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w105, m?¥/s

4.3. none QyHKUUU MoKa cucmemsl «meepooe monugo

- epynna yacmuuy, - 8030yx»

BbILUEH|
DDOFK RHO
D A 0]> DOR
0]:{e
| | » '

Jletom 2014 ropa MwuHucrep-
CTBOM 3HepreTuku Poccuitckoi
Qenepaumn 6bin yTBEPXKAEH [0-
KYMEHT, COAEepXaLlMi MaTepuansl
06 3dhdhekTMBHOCTM 1 Be3onacHo-
CTU  PYHKLUMOHMPOBAHUS CUCTEM
reHepauum u TPaAHCMNOPTUPOBKM
TennoBoW 3Heprum ropoaa Tomcka
C YYeTOM M1aHOB NepCneKTMBHOMO
ctpoutenscTtBa 4o 2030 roaa.

MpoekT pa3paboTkM Cxembl Te-
nnocHabxeHus ropona Tomcka
Obl1 MHULMMPOBAH BCNen 3a Bbl-
xopom [loctaHoBneHus [lpaBu-
TenbctBa P® ot 22.02.2012 Ne
154 «O TpeboBaHMAX K CxemaMm
TeN0CHabXeHUs, MOpSaKy  UX
pa3paboTku U YyTBEPXKAEHLSAY», 3a-
Ka3unkoMm Ha nposeseHne HNOKP
CTana ropofckas afMUHUCTPaLLMUS.

OCHOBbIBasAICb Ha TEXHUYECKOM
33a[,aHUK, BbIAAHHOM KOMNEKTU-
BY ucnonHutenei kadenpsl AT
JHWH, 6bina BbINONAHEHA npea-
NpoekTHas npopaboTka CXeMbl
TeNN0CHABXEHUS, OLHUM U3 Tpe-
60BaHUIM K KOTOpOW SIBNSETCS
CO34aHWe 3NEeKTPOHHOM MOoAenu
LNS TOPOJOB C HaceneHuem 60-
nee 500 TbiC. yenoBek.

B uTore anekTpoHHas Mopenb cu-
CTeMbl TENNOCHabxeHMs T. Tomcka
peasn3oBaHa B reouMHdopMaLm-
oHHoW cucteme (TMC) Zulu, co-

LEPXUT I/IHd)OpMaLI,VIIO no anemMeH-
TaM CUCTEMbI TEMIOCHAOXEHUS M
npeaHa3Ha4yeHa Ansa BbIMNOJIHEHUSA
TENNOBbLIX, TMAPaBINYECKMNX pac-

4yeToB, MOAENMpOBaHUa  nepe-
KMKOYEHUM, MOCTPOEHUS Mbe3o-
MeTpuyecknx rpadpukos. Yactb

3N1eKTPOHHOM MOoAenu npencras-
nset coboi NporpaMMHbIA KOM-
naeKkc Ang pacyeTa HafexXHOCTH.

Kaxpabii 00ObekT, npeacTtaBfeH-
Hbii B TVIC, nmeeT Basy AaHHbIX,
coepXallyto COOTBETCTBYHOLLYHO
MHpopmaumio. B cucteme npeg-
YCMOTpEeHbl Cpeactsa penakTu-
POBAaHUS  MHXEHEPHbIX CeTew,
BK/IHOYAOLWME BO3MOXHOCTb CO3-
[aHNS OObLEKTOB MHXEHEpPHOW
CeTH, HAHeCeHUs CeTH Ha KapTy, a
TaKXXe KOHTPOJS AEeNCTBUIA MOSb-
30BaTeNs Npu onpeaeneHnn KoM-
NMOHEHTOB CETU MU U3MEHEHUMU
ee KoHburypaumm.

JNeKTpOHHas Mofenb, peannso-
BaHHas C MOMOLLbIO OTEYECTBEH-
HOrO  MPOrpaMMHO-PaCYeTHOro
komnnekca Zulu Thermo 7.0, no-
3BOMISIET BbIMOMHATL [MAPABAN-
YecKMit pacyeT 3aKo/bLlOBaHHbIX
TENoBbIX CETE, MOAENMPOBAHUE
BCEX BMIOB NEPEK/OUYEHNI, pac-
yeT 6aNaHCOB TEMIOBON SHEPTUM,
OTK/IIOUYEHHbIX OT TEMIoCHabxKe-

4.4. Kadp 8uUOe02paMMbl IKCnepuMeHma 015 cucmemsl
«meepdoe monsugo - 4yacmuya - 8030yx»

HUS nNoTpebutenei npu NoBpex-
OEeHUM MNPOU3BONIBHOMO y4acTka
TENI0BOM CETU, U T. A.

CocTaBnstowas 3NEKTPOHHOM
MoAenu - nporpamma no pac-
YyeTy HaAeXHOCTM - MOo3BoNseT
BbIMOJIHATL pacyeT MokasaTtenen
HafeXXHOCTM  TennocHabXxeHws,
dopMUpoBaHME MYTU LABMXKEHMS
TenaoHoCUTens A0 MPOW3BO/bHO
BblOpaHHOro noTtpebutens c ue-
Nbl0 pacyeTa BeposSTHOCTH 6e3-
OTKa3HOM paboTbl (HAAEXHOCTH)
CUCTEMBI TEMNIOCHABXeHMs OTHO-
CUTeNbHO 3TOro notTpebutens.

Takum obpasom, B xoae paboTbl
Haf, CXeMoM TennocHabxeHus, Ha
peanu3aumio KOTOpOWi yLien pos-
HO rop, O6blna co3naHa 3NEKTPOH-
Has KapTa ropoja C Tenj0CeTSIMH,
BCEMM UCTOYHMKAMM Tenna u no-
Tpebutensmu.

YHUKaNbHOCTb ee B TOM, 4TO cne-
LMaNUCTbI-TEMIOTEXHUKK nony-
UMM COBPEMEHHDIN, MOOGU/bHDIN
M OTBEYalLWMii 3aga4yaM Tenno-
CHabXeHus ropoAa MHCTPYMEHT,
KOTOpbIi NOAHUMaET BONpoOC
3¢PeKTMBHOCTU ynpaBneHus ro-
POACKMM TENNOTEXHUYECKUM XO-
39ACTBOM Ha NOPSAOK.

TAKUM OBPA30M, B XOAE PABOTbI HAZL CXEMOM TENIOCHABXE-
HUSA,HAPEAJIU3ALMIO KOTOPOW YLEN POBHO M0/, BbIIA CO3 A
HA SJIEKTPOHHAA KAPTA TOPOAA C TEMJIOCETAMU, BCEMU UC-
TOYHUKAMU TENJIA U NOTPEBUTENAMM.
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[MpOeKT BbIMNOMHEH KONNEKTMBAMM
Kadeap TenNOTEXHMYECKOro Mpo-
dunsa DHWHa: aBToMatu3zaummn Te-
MA03HEPreTUYeCKUX  NpPOLLEeCCoB
(ATI) - 3aBenytoLLas kKadenpoii oo-
ueHT W.IM. O3epoBa; TeOpeTnyecKoin
M MPOMbILWJEHHON TENNOTEXHWUKM
(TAT) - npoceccop IB. Ky3HeLoB;
naporeHepaTopoCTPOEHNS M Mapo-
reHepaTopHbIx yctaHoBok (MIC u
Mry) - npogeccop A.C. 3aBopwuH;
ATOMHBbIX M TEMOBbIX 3/1EKTPOCTaH-
umnn (AT3C) - poueHT A.C. MaTBees.

HanpasneHnue 3HeproaddexTus-
HOCTM B LENOM W B 3NeMeHTaXx,
6e3yCnoBHO, HAXOOUT NOrMYHOE
npoaonxeHue B 06pa3oBaTesib-
HOWM [edaTeNbHOCTM DHepreTuye-
ckoro uHctutyTa TIY, B yactHoCTH,
B CMUCTEME MpOorpaMMm [OMNOMHK-
TeNbHOro npodeccMoHanbHoro 06-
pa3oBaHMUS, KOTOPble peanusytoT
Bbinyckatowwwme kapenpel SHMHa.

Tak, HanpuMep, Ha Kadeape anek-
Tpo3HepreTuyeckunx cuctem (33C)
[LeCTBYIOT MpOrpammbl  MOBbI-
WeHns KBanudukaumm, KoTopble
NMPUBHOCAT NapajgurMy 3Heproc-
b6epexeHus n 3HeproapdexkTuB-
HOCTM B Cpeay CneLuanncToB Co
CpefHUM NpodecCMOoHaNbHbIM U
BbICLUMM 0Opa3oBaHueM, paboTa-
IOLLMX Ha NpeanpusaTUsX 3Hepre-
TUYECKOro KoMMiekca.

B psimy nporpamMM Takoro ypoBHsl
M HanpaBneHHocTu: «PeneiiHas

TAKUM OBPA30OM, 3TU N OPYTUE NMPUMEPbBI UNNTIOCTPUPYIOT,
KAK M MO0 KAKUM HANPABNEHUAM SHEPTETUYECKUA UHCTUTYT
PABOTAET HA PA3BUTUE JHEPTO3®®EKTUBHbIX TEXHONOTUN
M KALPOB, KOTOPbIE YMEIOT PA3PABATbIBATb, CTPOUTb U BHE-
OPATb TAKME TEXHONOTMN HA NMPEANPUATUAX SHEPTETUYE-

CKOro KOMMNNEKCA CTPAHbI.

3aliMTa M aBTOMATMKA 3NEKTPO-
3HepreTMyeckux cetei», «Peneii-
Has 3alumMTa M aBTOMATUKa CUCTEM
3NEeKTPOCHabXeHUs npeanpu-
AT HedTSHOM M razoBOM Npo-
MbILWNEHHOCTUY  (PYKOBOAMTENb
nporpamMm — foueHT B.H. Konbes);
«McnbiTaHna M AMarHoCTUKa
3N1eKTPOYCTAaHOBOK BbICOKOrO Ha-
NPsHKEHUN» (PYKOBOAUTEND — NPO-
deccop B.A.JlaBpuHOBUMY) 1 ap.

Paspenbl M gucumnanHbl nepe-
YMCNEHHbIX MpOrpamMMm MpsiMoO U
KOCBEHHO paboTatoT Ha MoBbILLe-
HMEe HaOEeXHOCTU CXEM 3/IeKTpO-
CHabxeHus,, obopynoBaHuSs, B
YaCcTHOCTM nNpeanpusiTui Hedre-
ra3oBOro CeKTopa, 3/1eKTPOCTaH-
UMM, NOACTAHUMM U T. 4., U, CNeao-
BaTeNbHO, B KOHEYHOM UTOre — Ha
3HepreTnyeckyo 3hdeKTUBHOCTD.

To e caMoe MOXHO CKas3aTb
06 o06pa3oBaTenbHOM nporpam-
Me MOBbILEHNUS KBaNUPUKALUM
cneumanuctoB  «CoBpeMeEHHble
MeToAbl MOLFOTOBKM BOAbl AnS

3HepreTuku». Mporpamma paspa-
6oTaHa coTpyaHMKaMu Kadeapbl

Puc. 5. Cxema mennocHabxeHus . Tomcka

MNrc v Mry (3aBenytowuii - npo-
deccop A.C. 3aBopuH), BOwWwNa B
ynMcno nobeamBLUMX Ha KOHKYpC-
HOW OCHOBE W peannsoBaHa B
pamKkax «[lpe3naeHTcKon mnpo-
rpaMMbl MOBbILWEHNS KBaNUU-
KaLMM MHXEHEPHbIX KagpoB Poc-
cun Ha 2012-2014 roapi».

Ectb npumepbl mexaucumnau-
HapHOro B3aMMOAENCTBUS, Koraa
npu peanusaumun MK, Hanpas-
NEHHbIX Ha MOoMy4YeHUe HOBbIX
3HaHMI U KOMMETeHUM B obna-
CTM 3HeprosPeKTMBHOCTH, Ka-
denpbl paboTatoT B TaHAEME.

N, KOHEYHO Xe, AUCUMNAUHDI, Ha-
npaBAeHHble Ha 3Hepro3ddeKTuB-
HOCTb, NPUCYTCTBYIOT B OCHOBHOM
0bpa3oBaTesibHOM nporpamme,
BK/OYAS CTyMeHb Marucrtepckon
noarotoBku. B ux umcne - «Bo3o6-
HOB/SIEMbIE UCTOYHMKM SHEPrUU»

kadenpeol 3NeKTPOCHabXeHMs
MPOMBILIAEHHBIX  NPEANpPUATUIA»
(pykoBoauTens -  npodeccop

A.B. Kabbiwes, «3Heprocbepera-
OlMe PEXUMbl  3NEKTPUUECKMX
MCTOYHMKOB MUTAHUS, KOMMIEKCOB
u cuctem» Kadeapbl 3NeKTponpu-
BOJa M 3nekTpoobopynoBaHus
(pykoBoguTenb - goueHT N.A. Yep-
HbILWWOB), «JHeprocbepexeHne u
3HeproaddeKTMBHOCTb» Kadeapbl
3NEKTPUYECKUX CETEN U INEeKTPO-
TEXHUKU (PYKOBOAWTENb — MpO-
deccop B.A. Ywakos) u op.

Takum 06pa3oMm, 3T U Apyrue
npuMepbl UANKOCTPUPYIOT, KaK U
MO KakMM HanpaBfieHUsIM DHep-
reTM4eckMim UHCTUTYT pabotaer
Ha pasBuTMe 3HeproddhdekTuns-
HbIX TEXHONOTMMM W KaApoB, KO-
TOopble yMewT pa3pabatbiBaTh,
CTPOMUTb U BHEAPSTb TaKMe TEXHO-
NOTUK Ha NpeanpudTUaX Hepre-
TUYECKOro KOMMJeKca CTpaHbl.
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