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BCECE30HHASl TMBPUAHASA SHEPTETUYECKASA BEPTUKAJIbHAS1 YCTAHOBKA

Naros MN.B.,
HUTY MUCnC

M306peTeHne oOTHOCMTCA K 06nacTv renvo- U BETPOIHEPreTMKM U MOXET 6biTb
MCMONb30BaHO Ansi Npeobpa3oBaHns BETPOBOM M COMHEYHOW SHEPrUM B INEKTPUYECKYIO
ans obecneyeHuns 3N1eKTPOsHEpPruell aBTOHOMHbIX NOTpebuTenei pasfiMyHON MOLUHOCTU U
Ha3HaueHus.

B 1306peTeHnn JOCTUraeTCst TEXHUYECKUI pe3ynbTaT, 3aK/oYaloWMics B NMOBbILLEHUN
MOLLHOCTN TMOPUAHOW BETPOIHEPreTUYECKOM YCTAHOBKM W yBeNMYeHun BblpabaTbiBaeMom
3NEKTPO3HEPriM 3a CHET MUCMOJIb30BaHNUS BETPOBOW U COMHEYHOW SHEPrMM BCECE30HHO Mpu
nepeMeHHbIX MOroAHbIX YCIOBUSIX.

YKazaHHbI TEXHUYECKUI pe3ynbTaT AOCTUraeTcs Cneayowmm obpasom.

BcecesoHHas rubpuaHas sHepreTudeckas BepTMKanbHas YCTaHOBKa, COCTOsas W3
YCTaHOB/IEHHOrO C BO3MOXHOCTbIO BpaLleHWUs BEPTUKaNbHOIO Bana, BbIMO/IHEHHOMO B BUAE
LIMIMHAPUYECKON Tpy6bl, OXBaTbIBAIOWEN HEMOABMXKHYIO MOJYI0 OCb, 3aKpEMSEHHYK Ha
OCHOBaHWMU.

Ha BepTukanbHOM Bany COOCHO MeXAy ABYMSI 3alUMTHBIMM Kynonamu, MOKPbITbIMU
NpensTCTBYOWMM obneaeHeHWIo cnoeM, 3akpernneHsl potop CaBoHWyca u potop [lapbe,
KaXxapbli U3 KOTOPbIX COAEPXKWT, NO KpalHel Mepe, ABe NOMNacTu.

Potop CaBoHuyca ycTaHoBieH BHyTpu poTopa [apbe. Jlonactu potopa [Japbe
BbIMOSIHEHbI B BWAE CKPYYEHHbIX MONIOC, MOKPbITbIX MPENnsTCTBYOWMM 06/eaeHeHNo
cnoeM. Ha Bcel nmoBepxHOCTM nonactel poTtopa CaBOHMYyCa, BbIMOSHEHHBIX B BuAe
CKPYYEHHbIX MNAaCcTWH, C ABYX CTOPOH 3aKkpenieHbl (poToanekTpuyeckme npeobpasosaTenu.
Bbixoabl  poTOaNEKTpUUeckux npeobpaszoBaTenen CoeavHeHbl C  CUIOBbIM  BXOAOM
YCTPOWCTBA ynpaB/ieHusI.

Ha BepTukanbHOM Bany 3akpensieH AaTyvK CKOPOCTM BpalleHWsl Bana, BbIXo4 KOTOPOro
COeAMHEH C CUrHaNbHbIM BXOAOM YCTPOWCTBa YrpaeneHus. [lepBblii CUMOBOW BbIXOA
YCTPOWCTBA YNpaBneHUsl COeAMHEH Yepe3 MepBbl KoY CO BXOAOM 6eCKONNeKTOpHOro
[BuUraTensi MOCTOSIHHOrO Toka. A BTOPOM CUMOBOM BbIXOA YCTPOWCTBA YynpaBieHus
CoefIMHEH Yepe3 BTOPON KoY CO BXOAOM MHAYKLMOHHOIO nepeaaTymnka SHepruu.

BbIxoA MHAYKLMOHHOrO MepeaaTymka SHeprumn CoeMHEH Yepe3 KOHTPosiep 3apsga C
nepBbIM BXOAOM HaKOMUTENS 3NeKTPUYECKOM SHeprum. BTopoin Bxoa HakonuTenst coeanHeH
yepe3 KOHTpOsNep 3apsida C BbIXOAOM 3/1EKTPOMArHUTHOrO reHepaTopa, PacrnofoXeHHOro
B HWXXHEW 4acTu BepTMKanbHOro Bana.

Mpwv 3TOM 3alMTHBIE Kynosa BbIMOHEHbI B BUAE Nosycdepuyeckon KOHCTPYKLMUK.

Kpome Toro, npensTcTByloWwmMii 06NeAeHEHNIO COM BbINOSIHEH M3 KBa3WKpUCTaIoB
AlCuFe.

B uyactom cnyyae nomactu potopa [apbe MOryT O6biTb BbINOSHEHbI B BUAe
NPSIMOYrOJIbHbIX CKPYYeHHbIX MOM0C U3 antOMUHUEBOrO CraBsa.

B cBoo ouvepeapb, nonactu potopa CaBOHWYCa BbIMOSMHEHbI B BUAE NPSIMOYrOSbHbIX
CKPYYEHHbIX NIAaCTUH U3 apMUPOBAHHOMO KOMMO3MLIMOHHOMO MaTepuana.

Takke nonactu potopa CaBOHWyca MOTyT ObiTb BbINOSIHEHbI B BUAE MPSIMOYrOJSibHbIX
CKPYYEHHbIX NIAaCTUH K3 antOMUMHUEBOrO Cr/aBa.

B oTaenbHbIX YacTHbIX ciydasix (OoTo3neKTpuyeckme npeobpasoBaTeny BbIMOSHEHbI
rmbK1MmM aMopdHbIMU.



Kpome TOro, potoanekTpuueckme npeobpasoBaTenin BbIMOSHEHbI B BUAE MHOXECTBA
MOHOKPUCTANINYECKUX NPSIMOYrOSbHbIX MHOTMOKacKaAHbIX reTepOCTPYKTYPHbIX 3/1EMEHTOB
Ha OCHOBE MOJYNPOBOAHMKOBbIX COEANHEHU.

Mpu 3TOM 6ecKONNEKTOPHbIN ABUraTeNlb MOCTOSIHHOrO TOKa, PacrosiokeH Hag
3NEeKTPOMArHUTHbIM TEeHepaToOpPOM, BbLIMOSIHEH B BWAE UMIMHAPUYECKOW KOHCTPYKLMMW.
BeckonnekTopHbIi  ABUraTenb MOCTOSIHHOrO TOKa COAEPXWT CTaTop Ha MOCTOSIHHbIX
MarHuTax, 3akpeneHHbI Ha HEMOABMXKHOMN MOMON OCK, a TakXKe pPoTop, NPUKPENIEHHbIN K
BEPTUKaNbHOMY Basy.

Hapsgy C 3TWM  WHOYKUMOHHBIA  MepejaTyvMk  3HEpruu,  pacriosiokeH noj
3NEKTPOMArHUTHbIM  reHepaTopoM. WMHAYKUMOHHBIM MepeaaTynk  SHepruu  COAepXWT
pacronoXeHHble Ha BepTUKaNbHOM Bany npeobpasoBaTeNb MOCTOSIHHOMO HaMpshKEHUS B
nepeMeHHoe M KaTyLUKy MHAYKTMBHOCTU, 06BMBAIOLLYIO Nepedatollee NpoBoAsiLLee KOMbLO,
a Takke pacrofioKeHHble Ha HEMOABMXXHOM MOMOM OCM MpUHUMaloLWee NpOoBOAsLLee
KONMbLO, 0OBUTOE KaTyWKOM WHAYKTMBHOCTM, W npeobpa3oBaTenb MNepeMeHHOro
HanpspKeHUs1 B MOCTOSHHOE.

B cBOlO oOuyepedb, 3MEKTPOMArHUTHbLIN FeHepaTop, COAEPXWUT HWXHWUA U BEepXHUM
pOTOpbI, CTAaTOp, MarHWTHbIM NOABEC BEPXHEro poTopa B BUAE KOJMbLEBbIX MAarHUTOB.

BcecesoHHasi rmbpuaHas 3HepreTuyeckas BepTUKaslibHasi YCTaHOBKA [AOMOSHUTENbHO
COLEPXKMUT COJSIHEYHbIE KOJJIEKTOPbI, YCTAHOBMEHHbIE MO MEPUMETPY 3HEPreTUYecKown
YCT@HOBKM C BO3MOXHOCTbIO M3MEHEHUSI UX Yrfla Hak/IoHa, ONTUYECKM COeAMHEHHble C
doToanekTpnyeckumm NnpeobpasosaTensaMu.

B u4acTHOM cnyyae CONMHEYHble KOJNJIEKTOPbI BbIMOSHEHbI B BUAE KOHLEHTPATOpPOB
BOTHYTOW (hOpMbI.

ALL-SEASON HYBRID VERTICAL POWER PLANT

Lagov P.B.
«MISIS»

Field of the Invention. This invention relates to solar and wind power industry and can
be used for the conversion of wind and solar energy to electricity for supplying
independent consumers of various types and power requirements.

Disclosure of the Invention. The technical result achieved by the invention is increasing
the power of the hybrid wind power plant and raising the power output by using wind and
solar energy on a year-round basis in variable weather conditions.

Said technical result is achieved as follows.

The all-season hybrid vertical power plant comprises a vertical shaft in the form of a
cylindrical pipe capable of rotation and encompassing a steady hollowed axis mounted on
the support.

On said vertical shaft, between two protective domes coated with an anti-icing layer, a
Savonius rotor and a Darreus rotor are mounted each comprising at least two blades.

Said Savonius rotor is mounted inside said Darreus rotor. The blades of said Darreus
rotor are in the form of twisted bands coated with an anti-icing layer. The entire surface of
Savonius rotor blades in the form of twisted plates has photoelectric cells at two sides. The
outputs of said photoelectric cells are connected to the power input of a control unit.

A shaft rotation speed gage is mounted on said vertical shaft, the gage output being
connected to the control input of said control unit. The first power output of said control



unit is connected via the first switch to the input of a direct current brushless motor. The
second power output of said control unit is connected via the second switch to the input of
an inductive power transmitter.

The output of said inductive power transmitter is connected via a charge controller to
the output of an electromagnetic generator installed in the bottom section of the vertical
shaft.

The protective domes are made in the form of a hemispherical structure.

In addition, preventing the icing layer is made of AICuFe quasicrystals.

In the frequent case of Darrieus rotor blades may be formed in rectangular twisted
strips of aluminum alloy. In turn, the blade Savonius rotor formed in rectangular twisted
plates of reinforced composite material. Also blade Savonius rotor may be formed in
rectangular twisted plate from an aluminum alloy. In some particular cases, photovoltaic
cells are flexible amorphous. Furthermore, photoelectric converters formed as a plurality of
rectangular single crystal heterostructure multistage elements based on semiconductor
compounds. In this brushless DC motor, is located above the electromagnetic generator is
formed as a cylindrical structure. Brushless DC motor comprises a stator with permanent
magnets mounted on a stationary hollow axle, and a rotor attached to a vertical shaft.

Along with that the induction energy transmitter is located beneath an electromagnetic
generator. Induction power transmitter comprises a vertical shaft located on the converter
DC to AC, the inductor, entwine transmitting conductive ring, as well as located on the
fixed hollow spindle receiving conductive ring wrapped up an inductor and an AC to DC.

In turn, the electromagnetic generator comprises a lower and an upper rotor, stator,
magnetic suspension of the top rotor in the form of ring magnets. All-season hybrid power
plant further comprises a vertical solar collectors installed around the perimeter of the
power plant with the ability to change their angle, optically coupled to photovoltaic cells. In
the particular case of solar collectors are designed as hubs of the concave shape.

NMPUMEHEHME BOAOPOAHO-KMC/TOPOAHDbIX MAPOrEHEPATOPOB U
AONOJIHUTENIbHOIO OBOPYOBAHWA A1 NOBbILLEHUSA MAHEBPEHHOCTU
MAPOrA30BbIX YCTAHOBOK BbICOKOIO A4ABJIEHUSA

Bopucosa E.B., kaHA. TexH. Hayk
OAO «UHCTUTYT «DHEeproceTbnpoeKkT>»

HagexHocTb 3nekTpocHabxeHusi noTpebutens npsaMo 3aBUCUT OT MaHEBPEHHOCTM
3HEpProcUCTEMbI: HaNMuMs pesepBa MOLLHOCTM M BO3MOXHOro Temna ero mMobwnusaumw.
MokasaTtenem, MHTErpanbHO XapakTepU3yOLMM MaHEBPEHHOCTb, MOXHO CYMTaTb TOYHOCTb
NoAAEPXKaHUS YacToTbl B SHEProcucTeme.

Bonbwylo 4YacTb MowHocTelr ESC Poccuv B HacTosillee BpeMsi COCTaBfsieT
napocunosoe obopyaosaHve, obecneumnsatolee ObICTpoOe perynvMpoBaHue 4actoTel. Ho B
nocnegHve roAbl  OHO  MNOCNEAOBAaTeNbHO  BbITECHSETCH  60nee  3KOHOMUYHbBIMU
naporasoBbiMi ycTaHoBkamu (MIY), xapakTepu3yloLMMUCS, OAHAKO, MEeHbLUIEN CKOPOCTbIO
N3MeHEHWSI FreHepMpPyeMOI MOLLHOCTU.

Ha KpynHbIx 3neKTpocTaHumsax Poccum CTposiTCS COBPEMEHHbIE U 3KOHOMUYHbIE Y B
cocTaBe OfHOW ra3oBom Typ6uHbl (I'T), OAHOrO KOTNa-yTMAM3aTopa TPeX AaBNeHWI, OaHOM
napoBoit Typ6uHbl (MT). CyMmMapHasi MOLHOCTb TypbuH 3Heprobiioka cocTaBnsieT nopsaka
420 MBT ¢ KN4, pocturaowmm 58%.



PaspaboTaHHble CucteMHbIM OnepaTopoM EanHon SHepreTuueckoin Cuctemsl (OAO CO
ESC) craHpapTbl MO perynvMpoBaHui0 4acToTbl B 3Heprocucteme ans MY, yuutbiBaloT
6onee HW3KYIO MX MaHEBPEHHOCTb MO CPaBHEHWIO C NapocunoBbiMM ycTaHoBkamu (MCY).
TeMn “3MeHeHWst MOLWHOCTY Npu perynmpoBaHuu ans MNCY — 5% HOMWHaNbHON MOLLHOCTM
3a 15¢, a ana Mry - 5% 3a 30c, 4TO NOATBEPXAAET BO3MOXHOCTb, YXYALIEHWUS TOYHOCTU
NoAAEPXKaHWUSA YacTOTbl MO Mepe BbITECHEHWS NapoCKsIoBbIX ycTaHosok (MCY) MrY.

Pasnunune B ckopocTn nameHeHuns mowHoctun MY u MNCY 3anoxeHo B TexHonoruu Mry,
a UMeHHO, napoBas TypbuHa, BbipabaTbiBatolasi NpUMepHO TpeTb obLeit MowwHocTn MY,
cnepyeT 3a rasoBOM C MHEPUMOHHOCTBIO KOoTna-ytunmuzatopa (KY). Pexum ee pabotsl ¢
MOSHBIM OTKPBLITUEM PEryMpYIOWMX KIANaHOB UCKIIOYAeT BO3MOXHOCTb (POPCMPOBAHHOMO
YBESIMYEHNS Harpy3Ku.

MaccuBHocTe MT Mpy perynnpoBaHMM YacToTbl HE TOMIbKO OrpaHMYMBaeT CKOPOCTb
n3MeHeHns MowHoctn MY, HO ¥ NpUBOAWT K AMHAaMMYECKOMY nepepacrpeseneHunio
MOLLHOCTK Mexay TypbuHamu ¢ nepeperynmpoBaHuem T, 4TO BbIHYXXAAET AepXxaTb 3anac
MOLLUHOCTK nopsigka 13% BMeCcTo HOpMaTUBHOro 3HaueHus 10%, TO ecCTb, NOCTOSIHHO
paboTaTb Ha MeHbLUEN Harpy3Ke U B MEHEE 3KOHOMUYHOM pexumMe.

[na pelweHns npobnembl NpeanoxeHa cucteMa C MNPUMEHEHUEM TpexX BOAOPOAHO-
KMCNOpoAHbIX naporeHepatopos (BKIM) mowHocTbio no 25 MBT (T) (MCTOYHMKOB napa) u
[OMNONHUTENBHOrO 060pYyAOBaHMS: MAapoBOr0 KOMMPEeccopa, BCMOMOraTenbHOM MapoBon
TYPOUHbI U YCTPOMCTB BrpbICKa BOAbl. [JONonHUTENbHOE 060pyAOBaHWe UCMOMb3yeTcs Ans
COrniacoBaHns napameTpoB napa, BblpabaTbiBaemoro BKIM ¢ napameTrpamu napa Ha Bxoae
LIMNIMHAPOB BbICOKOrO M CpefHero AaBfieHWs napoBow TypbuHbl MIY.

[lononHutenbHas MOLWHOCTb, BbipabaTbiBaeMas napoM C BbIXOA@ KOMMPECCopa,
coctaBnsieT 7,63 MBT; C Bbixoaa BcroMoraTenbHoOW TypbuHbl, 3,51 MBT, a obwas
MOLLHOCTb gocTuraeTt 11,14 MBT.

Takum obpasom, npumeHeHve BKIM C yka3aHHbIM  Bblle  AOMONHUTENbHBIM
obopynoBaHneM obecneunBaeT CKOPOCTb YBEMYEHUS MOLLHOCTU Hanbonee 3KOHOMUYHbIX
MY Ha ypoBHe, nydweMm, yem Tpebyetca craHaaptom OAO CO ESC and napocuioBoro
obopyanoBaHusi. Kpome TOro, 6biCTpblii Habop MOLYHOCTM MapoBON TypOWHbI MCKMOHaeT
nepeperynupoBaHue rasoson TypbuHbl [IY, uTo wu3baBnseT OT HeobXx0AUMOCTU
NOAAEPXKaHUSA M3/IMWHEro 3arnaca MOLHOCTV 3Heprobsioka M MoBbIWAET 3KOHOMWUYHOCTb
T2C.

IMPROVED MANEUVERABILITY SYSTEM FOR HIGH PRESSURE COMBINED-
CYCLE POWER PLANTS, USING A HYDROGEN-OXYGEN STEAM GENERATORS
AND OTHER EQUIPMENT

Borisova E.V., Ph.D. in Engineering Science
JSC Energosetproyekt Institute

Reliability of power supply for consumers is directly dependent on the maneuverability
of the power system: the availability of reserve capacity and the possible pace of its
mobilization. Accuracy of frequency regulation in power system can be considered as an
indicator, integrally characterizing maneuverability.

Most of the capacity of UPS of Russia is currently steam-powered equipment, which
provides fast frequency regulation. However, recently it is consistently replaced by more



efficient combined- cycle power plants (CCPs), characterized, however, by a lower change
rate of generating power.

Nowadays, in the case of large power plant in Russia, it usually consists of modern and
efficient CCP units, consisting of one gas turbine (GT), one heat recovery three pressures
boiler and one steam turbine (ST). The total power of the turbine units is approximately
420 MW, with efficiency up to 58%.

Developed by the System Operator of the United Power System, Joint-stock Company
(SO UPS, JSC) standards of frequency control in power system for CCPs, take into account
their lower maneuverability compared to steam power plants (SPPs). The change rate of
power adjustment for SPP — 5% of nominal power for 15s, and for CCP - 5% for 30s,
which confirms the possibility of deterioration of frequency adjustment precision, following
replacement of SPPs by CCPs.

The difference in power change rate of CCPs and SPPs is based upon the technology of
CCP: a steam turbine that produces about a one third of the total power CCP, followed by
gas turbine with a sluggishness of heat-recovery boiler (HRB). Its operation mode with full
opening of control valves, eliminates the possibility of forced load increase.

Passivity of ST in the case of frequency regulation not only restricts the change rate of
capacity of the CCP, but also leads to dynamic power redistribution between the turbines
with GT overshoot, forcing to keep a reserve power of about 13% instead of the standard
value of 10%, that also means constant work in lower load regime and in less cost-
effective mode.

To solve this problem was created a system combining three of the hydrogen-oxygen
steam generators (HOSGs) with a capacity of 25 MW (t) (the sources of steam) and
additional equipment: steam compressor, steam turbine and auxiliary water injection
devices. Additional equipment is used to adjust parameters of the steam generated by the
HOSG according to the steam parameters at the inlet of the of high and medium pressure
steam turbine cylinders of CCP.

The extra power produced by the steam from the outlet of the compressor, is 7,63
MW; output from the auxiliary turbine, 3,51 MW and the total capacity reaches 11,14 MW.

Thus, the usage of HOSG, with additional equipment mentioned earlier, boosts the
speed of capacity increase for the most economical types of CCPs, to a higher level than
required by the standards of SO UPS, JSC for steam power equipment. In addition, a quick
power increase of the steam turbine eliminates the overshoot of the CCP gas turbine,
which eliminates the need to maintain redundant power headroom of the unit and
increases the efficiency of thermal power plants.

HM3KonErMPOBAyHb|ﬁ TEPMOCTOWKWIA npogonHMKosblﬁ
AJIOMUHMUEBBIV CMJ1AB ALP1E C JOBABKOW LIUPKOHUS

Benos H.A., Ana6un A.H., Mpoxopos A.}O.
HUTY «MUCnC»

Hun3konermpoBaHHbIN TEPMOCTONKUI NPOBOAHUKOBBIN antoMUHWEBLIV CriaB

MNpeaHa3HayeH A4na noslyvyeHus NpoBOSIokK. PekoMeHayeTcs ANnst U3roToB/ieHUst HOBOMO
NOKONIEHUA XXaPOMPOUHbIX Ka6EJ'IEI7I, B TOM YMC/IE BbICOKOBOJIbTHbBIX JIMHWIA .
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PekomeHayeTcs Ans U3roToBMEHWSI TEPMOCTOMKUX MPOBOAOB HOBOMO MOKOMEHWSI, B TOM
yucne AN HeW30MMPOBaHHbLIX ANMIOMUHWUEBLIX MPOBOAOB BbICOKOBOJSIbTHLIX BO3AYLUHbIX
J13MN, a Takxe 60pTOBbLIX NPOBOAOB, MPUMEHSIEMbIX B TPAHCNOPTE, Kak anbTepHaTMBa Meau

OcCHOBHble NpenMyLLecTBa Cniaasa:

lMoBblLLeHNe MPOMYCKHOW CMOCOBHOCTU BbICOKOBOMLTHBIX JISM 3a CYeT BO3MOXHOCTU
noBbILWEHNS pabounx Temneparyp.

CoyeTaHne  BbICOKOW  3M1EKTPOMPOBOAHOCTM M AOCTaTOMHOM  MPOYHOCTH,
coxpaHsitoLLeics nocne Harpeeos BoTb Ao 250-300 °C.

B0O3MOXHOCTb MOyY€eHWsi TOHKON TEPMOCTOWMKOM MPOBONOKM BMIOTh A0 AvameTpa 100
MKM .

BO3MOXHOCTb 3KCMyaTauMn NMHUM 3neKTpornepeday B PervoHax Co  CHOXKHBIMU
KAMMaTUYECKUMU YCNOBUSIMU.

MaTteHT PO NQ 2441090, ny6n. 27.01.2012, 6ron. N3

LOW-DOPED HEAT-RESISTANT ALUMINUM WIRE ALLOY ATSR1E WITH
ZIRCONIUM ADDITION

Belov NA, Alabin AN, Prokhorov AY
NUST «MISIS»

Designed to produce wire. Recommended for manufacturing new generation of heat-
resistant cables, including the high-voltage overhead transmission lines.

It is recommended for the manufacture of a new generation of heat-resistant wires,
including bare aluminum wires of high-voltage overhead lines and bead wires used in the
truck as an alternative to copper.

The main advantages of the alloy:

1. Improving the capacity of high-voltage power transmission lines due to the
possibility of increasing the operating temperature.

2. The combination of high conductivity and sufficient strength continued after heating
up to 250-300 ° C.

3. The possibility of obtaining a fine wire of heat-resistant up to a diameter of 100
microns.

The ability to operate power lines in regions with severe climatic conditions.
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3KCIJTYATALMSA U TEXHWYECKOE OBCJTY)XUBAHUE TPAHC®OPMATOPOB C
DNMMTENIbHbIM CPOKOM CNY)XKBbI;

ONATHOCTUKA FEHEPATOPHbIX U IPYINX 3KPAHUPOBAHHbIX
TOKOMPOBO/IOB C BO3AYLUHOM U3ONSAILMEMN, A TAK)XXE MO®A3HO
U30JINPOBAHHbIX TOKONPOBO/AOB C JINTOI (3NOKCUAHOW) U3ONALMEN
HOBbIE TEXHUYECKUE PELLEHUSA

Oonwux A.T.
000 HTL «3A4C>»

00O Hay4yHO-TEXHWUYECKMIA LIEHTP «INeKTPOUHXMHUPUHT, [uarHoctuka u Cepsuc»
(000 HTLU «34C») ycnewHo pasBMBaeT HayKOEMKME HamnpaBieHWsi NPOU3BOACTBEHHOM
fesATenbHOCTH, pa3pabaTbiBas M BHeAPSS HOBble TEXHUYECKME peLleHVs U MEeTOAMKM, a
TaKXe BbIMNOMHSAET CepBUCHOE paboTbl MO AMArHOCTMKE M OLEHKe OCTaTOYHOro pecypca
3nekTpoTexHuyeckoro obopygosaHus B P® u 3a pybexom. [o 3akasy BeayLimx
npeanpusTuiA, paspabaTbiBaeT CTaHAapTbl M METOAMKM MO KOHTPOIO TEXHUYECKOro
COCTOSIHUS  3/1eKTPO0bOpYAOBaHUs, a Takke B 0611acTu OxpaHbl Tpyda, MOXapHOM U
NMPOMBILLNEHHON 6€30MacHOCTUN B 3/1EKTPO3IHEPreTUKeE.

OCHOBHbIE BUAbl AEATENIBHOCTU

KomnnekcHble AuarHoctudeckve obcnenosaHus CUNOBLIX W U3MEpUTENbHbIX
TpaHcgopMaTopoB

TexHu4YecKoe OCBUAETENLCTBOBAHME M TEXHUYECKWI ayauT 3anekTpoobopyaoBanus MC
n B/

M3mepenne n nokaums YP B 3KpaHMpOBaHHbIX TOKOMPOBOAAX, TpaHcdopmaTopax,
reHepatopax, KPY3 u ap.

Tennosu3noHHoe obcneposaHune 3C, MC, B

XKectkasa owwuHoBka OPY n 3PY 35 — 750 kB: pacuyeT, UCnbITaHus, M3roTOBNEHME
feMndupylowmx  yCTPOACTB  ANs  MOJAB/EHWs  BETPOBbIX  PE30HAHCOB, MOCTaBKa
COBPEMEHHBIX Y3/10B KpeneHns

MpunbopbI 1 HOBbIE TEXHOMOMNM ANS ANArHOCTUKN U PEMOHTA 31eKTpoobopyAoBaHWS

MporpamMMHble NPoAYKTbI (pacyeT rMOKOM M XEeCTKOW OWMHOBKK, BJ1, sKpaHMpoBaHHbIX
Tokonposogos, CAMP uenein BTOPUYHOM KOMMyTaumMu 1 ap.).

MpoBeneHne pacyetos BJ1, TOKONPOBOAOB, OWMWHOBKM PY B pabounx pexwmax v npwu
K3

Pa3paboTka HOpMaTVBHO-TEXHUYECKUX AOKYMEHTOB

NEW TECHNICAL SOLUTIONS AND METHODS AND MAINTENANCE WORK ON
THE DIAGNOSIS AND ASSESSMENT OF RESIDUAL LIFE OF ELECTRICAL
EQUIPMENT; OPERATION AND MAINTENANCE OF TRANSFORMERS WITH A
LONG SERVICE LIFE

Dolin A.P.
OPEN COMPANY OF STC «EDS»

LTD Scientist technical center “Electroengineering Diagnostic and Service” (LTD STC

«EDS») successfully developing high-tech fields of activity, developing and introducing new
technical solutions and methods, as well as perform maintenance work on the diagnosis
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and assessment of residual life of electrical equipment in Russia and abroad. By request of
the leading companies, develops standards and methodology for monitoring the technical
condition of electrical equipment, as well as in the field of occupational safety and health,
fire and industrial safety in the electricity industry.

PRINCIPAL ACTIVITIES

e Complex diagnostic inspection of power and instrument transformers.

e Technical certification and technical audit of electrical substations and overhead lines.

¢ Measurement and location of partial discharges in shielded conductors, transformers,
generators, KRUE, etc.

e Thermal imaging survey ES, SS, HVL.

e Rigid busbar indoor and open switchgears and 35 kV - 750 kV: calculation, testing,
manufacturing damping device for suppressing wind resonance, supply of modern knot of
fastening.

 Devices and new technologies for the diagnosis and repair of electrical equipment

» Software (calculation of flexible and rigid bus, overhead lines, shielded conductors,
CAD chain the secondary commutation and others.).

e Performing calculations of overhead conductors, busbar switchgear in operating
conditions and under short circuit.

» Development of regulatory and technical documents.

CNOCOB NMOBbILEHNS 9KOHOMUYECKOW 2O®EKTUBHOCTU MAPOrA30BbIX
YCTAHOBOK, YYACTBYHOLLUNX B PEFYJINPOBAHUN YACTOTbI
9HEPTOCUCTEMbI

LWanupo B.WU.
3A0 HIMK «AenbdnH-NHdopmaTnka»

BHOBb BBOAMMbIE 3HEpProbsioKM C rasoBblM TOMAMBOM CTPOATCS Ha 6ase Hawnbonee
3KOHOMWYHbIX NMapo-ra3oBbix ycTaHoBok (MIY). Hegocratkom MIY sBNSETCS HEMOHOTOHHAs
peakuusi Ha TpeboBaHWe W3MEHEeHMs] MOLWHOCTW. [eHepupyeMmas MOLHOCTb NapoBOM
TypbuHbl (MT) cneayeT 3a MOLWHOCTbLIO ra30Boi TypouHbl (I'T) C MHEPLUMOHHOCTBLIO KOT/a-
yTunusaTopa.

OnbiTbl Ha MY ¢ ABYMs ra30BbIMK U OAHOM NapoBOW Typ6uHON 0bLei MoLwHOCTbIo 450
MBT nokasbiBatoT, 4TO Harpy3ka I'T 3a 1 MWH. NepexoAHoro rnpouecca U3MeHseTcs Ha 6%,
a Harpyska MT — Tonbko Ha 2,2%. [anee Harpy3ka [T MeaneHHO BO3pacTaeT, M
perynstop MowHoctn MY pasrpyxaer [T. Takum obpa3oM, B Hauane nepexofHoro
npouecca  6onblwyld  4YacTb  3agaHua  obecneumsator [T, pabotaowme ¢
nepeperyinpoBaHneM. 3TO co34aeT TPYAHOCTM B WCMOMb30BaHuu noteHuuana MY,
3acTaBnsis nopaepxusatb Ha T (4 Ha 6noke B LenoM) 60MbLUMIA 3amac MOLWHOCTM U TeM
CaMblM CHUXasi SKOHOMUYECKYI0 3DdPEKTUBHOCTb 3Heprobioka.

Yka3aHHOe orpaHuyeHne MaHeBpeHHocT [FY MoxeT OblTb CHATO nyTeMm
MCNONb30BaHNS AOMOMHUTENbHBIX MPaKTU4eckn 6e3bIHEPLMOHHBIX MCTOYHWMKOB Napa Ha
HayanbHOW CTaguM nepexoAHoro npouecca. B kayecTBe Takoro MCTOYHMKA Hala
OpraHv3aums NpeasioXuna WCnonb3oBaTb BOAOPOAHO-KUCIIOPOAHBIE MaporeHepaTopsl
(BKM), npou3soasLume nap Hy>XHbIX MapaMeTpoB 3a CYET OKWUraHns BOAOPOAa B KUCIopoae
npy CTEXMOMETPUYECKOM COCTaBE TOM/IMBHO-OKUCIIUTENBHON CMeCH.
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Cneumnanuctel OUBT PAH paspaboTtanu v uCnbITanM HEeCKOSIbKO 3KCMepUMEHTasbHbIX
BKIM Tennoso# MOWHOCTbIO A0 25 MBT. Mony4yeHbl OMbITHbIE AQHHbIE O UX AMHAMUYECKUX
xapakTtepuctukax. BKM obecneunsatoT GbICTPbIV MYCK C BBIXOAOM Ha HOMMHAIBbHBIN PEXUM
MeHee yeM 3a 10 c. TemnepaTypa napa 6e3bIHepLMOHHO PEryinpyeTcst BNpbICKOM BOAbI, @
JaBneHue pocrturaet 7,6 Mlla, 4TO HECKONbKO MPEBOCXOAUT AaBfieHWe B MaponpoBoje
nepeg MT. BkntoueHne opHoro BKI obecneumBaeT npupocT Harpysku MT HOMWHanbHOM
MoLHoCTbio 150 MBT Ha 5,5 %. Mpn TpeboBaHWN 3HEprocUCTEMbI YBENMYEHNUS MOLLHOCTH
MNry npumeHenne oaHoro wnu Asyx BKI1 no3BonseT npakTUYECKM CUHXPOHM3MPOBATb
M3MeHEHVe MOLLHOCTY ra3oBbIX U NapoBON TYpOUH, n3bexas nepeperynMpoBaHus.

BaxHbIM cBOMCTBOM BKI1 siBNsitoTCA €ro Manble MaccorabaputHble pa3mepbl: YAenbHbIi
o6beM ycTaHoBKM MeHee 107 M3/ MBT.

KanutanbHble 3aTpaTbl ONpeaenstoTcs, B OCHOBHOM, CTOMMOCTbIO 3JIEKTPO/IN3EPOB U
eMKocTen ans xpaHenust Hy n O,. Mockonbky TpeboBaHusi B ucrnonb3oBaHuu BKIM He
NPEeBbILIAT HECKONbKMUX MUHYT B CyTku, oblume 3aTpaThbl OLeHVBaloTCs He Honee, yeM B
200 pgon/kBrT.

BaxHoi npobnemoit  uHTerpaumm BKIM ¢ napoBbiMM  TypbuHamu  siBnsieTcst
HEBO3MOXXHOCTb JOCTUYb MOJSIHOrO OKUCIIEHUS BOAOPOAA B Kamepe CropaHusl. 3TO 3HauuT,
YTO nap, nojaBaeMbil B TypbuHy, Bcerga OyaeT coaepxaTb HEKOTOpOe KOMYeCTBO
HenpopearnpoBaswwmx rasos H, n O, (0,1-0,2 % no obbemy). MNpoUeHT 3TOT HEBENVK U
HeomaceH B TMOTOKe napa. B TO >e Bpemsi, B MecCTax KOHAeHcauun napa (B
pereHepaTMBHbIX MNOAOrpeBaTensx) rasbl MOryT HaKanIMBaTbCs, CO3A4aBast B3pbIBOONACHYIO
cmecb. OpHako, B TexHonorndeckoi cxeme MT MY pereHepaTuBHble MOAOrpeBaTeNnu He
npesycMoTpeHbl. HakonneHnst onacHoi KOHLEHTPaUun rasoB B KOHAEHCATope Typ6uHbl He
cnepyeT oxupaTb 6narogapsi MOCTOSIHHOM paboTe KEKTOPOB OTCOCa Mapo-BO3AYLUHOW
cMecu. He cneflyet TakKe onacaTbC HAKOMEHUS ra3oB M B CETEBbIX MOAOrpeBaTensix
TennodukaumoHHelx MT MY, koTopble MoryT paboTaTb Mpu paspeXxeHnn u, B CBS3M C
3TuM, 060pyA0BaHbI NMMHUSIMKU OTBOAA NApO-BO3AYLIHON CMECU B KOHAEHCATop.

THE IMPROVING OF MANEUVERABILITY OF COMBINED-CYCLE POWER PLANTS
THROUGH THE USE OF HYDROGEN-OXYGEN STEAM GENERATORS

Shapiro V.I.
JSC NPC «Delfin Informatica»

The majority of novel gas-fired power units are based on the most economical
combined (gas-steam) cycle power plants (CCPs). The disadvantage of CCPs is the non-
monotonic response to the request of changing its power output. The generated power
output of steam turbine (ST) follows power output of gas turbine (GT) with lag of the heat-
recovery boiler.

Experiments with 450-MW CCP with one steam turbine and two gas turbines show that
GT load changes by 6% for the 1 min. of the transient and ST load changes only by 2.2%.
After that, the ST load slowly increases, and the power controller unloads GT with the
same rate. Thus, initially in the transient, the GTs, operating with overshooting, work out
almost entire change in the load setpoint. This circumstance introduce difficulties in using
the CCP potential due to the need of keeping a larger power margin in the GT (and in the
power unit as whole), which significantly lowers the economic efficiency of CCP.
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The constraint of maneuvering capability can be removed by using additional almost
inertia-free sources of steam at the initial stage of the transient. Hydrogen-oxygen steam
generators, producing steam with required parameters by firing hydrogen in oxygen with
stoichiometric composition of the fuel can serve as such sources.

Specialists of the Joint Institute of High Temperatures, Russian Academy of Sciences
(OIVT RAN) have developed a few experimental HOSGs with thermal capacity up to 25
MW. Experimental data on the dynamic characteristics of HOSGs have been obtained.

The important property of HOSGs is the possibility of quick start with reaching the
nominal mode of operation in less than 10 s. The steam temperature is inertia-free
regulated by the amount of injected ballasting water. The pressure reaches 7.6 MPa, which
is several times more, than pressure in steam line before ST.

The switching of one HOSG into operation provides 5.5% increase in load for 150-MW
steam turbine. Therefore, during system request of changing power output of CCP, the use
of one or two HOSGs allows synchronizing of changes of power output of gas and steam
turbines without overshooting.

Moreover, HOSG has a very light weight and small size: the specific volume of the
installation is less than 103 m3/ MW.

Electrolyzers and storage systems of H, and O, account for more than 60% of the
outlays. Since HOSGs have to operate only for a few minutes a day, the overall outlays are
estimated as $200/kW.

When HOSG is integrated with steam turbines, it is impossible to obtain full oxidation
of hydrogen in the combustion chamber. This means that steam admitted into the turbine
will always contain some quantity of nonreacted H, and O, (0.1 — 0.2 vol %). Such content
of gases in steam flow is low and therefore poses no hazard. However, gases can
accumulate at steam condensation locations (in regenerative heaters), thus creating an
explosive mixture. On the other hand, accumulation of dangerous concentrations of gases
in the turbine condenser should not be expected due to the constant operation of the
ejectors for removing a steam-air mixture. Accumulation of gases is also unlikely in the
delivery-water heaters, which can operate at underpressure and therefore are furnished
with lines for removing a steam-water mixture to the condenser.

HAHOCTPYKTYPHbIA ®EPPOMArHUTHbIA MUKPOMNPOBOA.

XanporuvHa E.H., Bhagumupos [.H., YctumeHko J1.T.
OAO «LleHTpanbHOe KOHCTPYKTOpPCKOe 610po cnewumanbHbIX pagnoMaTepuanos
(UKB PM)», MockBa

OAO «LleHTpanbHOe KOHCTpyKTOpCKoe 61opo crneumanbHbix pagnomatepuanos» (LIKB
PM) BoT yxe 40 ner sBnsetca Beagywwmm npeanpusatuem OMNK Poccum B obnactu
paAno3NeKTpoOHHOro MatepuanoseaeHus. lNocnegHune natb ner LUKB PM  3aHumaetcs
pa3paboTKOW, W3rOTOBNEHMEM U  UCCNEAOBAaHWEM  Pa3IMYHbIX  HAHOCTPYKTYPHbIX
mMaTepuanos. HaHoMaTepuanbl — nepCneKTUBHas OCHOBAa AN BbICOKOI(MMEKTUBHBIX
MOrnoTUTENeN 3MIEKTPOMArHUTHbIX BOMH. BOT  HekoTopble npuMepbl  NPUMEHEHMS
HaHOTEXHONOrUN ANs NOrNoTUTENe 3NeKTPOMarHUTHbIX BonH (M3B) B caMblX pasnnyHbIX
cdepax:

MacCKMpOBKa BOEHHOW TEXHWKM OT panosioKaLMOHHOMO ObHapyxeHus;
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3awmTa vHdopMaumm, T.e. npeaynpexaeHne OT HeCaHKUMOHWMPOBAHHOIMO CbeMma Mo
3M1EKTPOMarHMTHOMY KaHany;

pelleHne  npobneMm  3MEKTPOMarHWTHOM  COBMECTUMOCTM  PaAWO3/1EKTPOHHOM
annapaTypbl;

pelLeHue npobnem MeanKo-6MoNornYecKor aNeKTpoMarHUTHON 6esonacHocTy (3awmTa
OT BPeAHOro BO3AeNCTBUS NOBOUHbIX U3STyHEHWI 3N1EKTPOHHBIX MPM60OpPOB).

OAO «UKB PM» pa3spaboTaH CBEpPXLUMPOKOAMAMNA30HHBIN  paaMonorfoLatoLwmin
MaTepuan Ha OCHOBE HaHOCTPYKTYpHOro deppoMarHMTHOro mukponposoga (HOMI) B
CTEKNSHHON m30onauun. OCHOBHbIM PaAMONOr/IOLAIOWMM 3/IEMEHTOM B HEM SIBNSETCS
HOMM, npeactaBnsiowmin cobo TOHKUN METan/IM4eckuid CepAeYHUK B CTEK/ISIHHOM
usonaumn.  ITOT  Matepuan obnafaeT He TOMbKO  YHWKANbHbIM  COYETaHWEM
[OM3NEKTPUYECKMX W MAarHUTHbIX MOTEePb, HO KpalHe  BbIUTPbILWHBIMU  BECOBbLIMU
XapaKTepucTMkamMm — macca 1 KunomeTpa MeHee O4HOMO rpaMMma.

MornoTuTenb 3NeKTPOMarHWTHbIX BONMH Ha ocHoBe HOMIM, pa3paboTaHHbii 1
Bbinyckaembli B OAO «LIKB PM» B uHTepecax MuHuctepctBa o6opoHbl P®, obnapaet
K03pdumumeHToM oTpaxeHns meHee 0,5% B avanasoHe anvH BosH o1 0,2 o 15¢cm .

Ha npeanpusatun pa3paboTaHbl HOBble MIEHOYHbIE W TKaHble MOrnoTUTENW,
nosly4yaemMble METOAOM MarHETPOHHOrO HamblneHns. MeToa No3BonseT NosyvaTb TOHKME —
[0 5 HM cnou MeTansioB v cnnasoB. Bbina pa3paboTaHa pagnoTexHnyeckass KOHCTPyKUMs
nornotutens, nossonswowas >PdeKTMBHO nornowartb WM paccensatb NagatoLLyio
3NEKTPOMArHUTHYI0 BONHY. [laHHbli MaTepuan C YCNexoM [eMOHCTPUPOBancs Ha
PasfIMYHbIX MEXAYHapOAHbIX BbiICTaBKax v opyMax v nonyyvn psg NpecTuXHbIX Harpag.

Kpome 3Toro paspabotaHa TEXHONMOrMS W3rOTOBNEHWS 3KOSIOMMYECKM  YMCTbIX
3KpaHMpYIOWMX TKaHel Ans obecrneyeHns Meamko-61Monornyeckon 3awmTbl nepcoHana u
HaceneHus, paboTalolero W MNpPOXWBAIOWEro B YCNOBUSIX BpeaHOro BO3L4ENCTBUS
3NEeKTPOMArHUTHBIX MOMel PasfIMYHON YacTOTbl U MHTEHCMBHOCTU, @ TakXke ANs pelleHust
3aday 3awuTbl MHboOpMaumn. Takue TkaHu MoryT OblTb WM3roToBNeHbl kak Ha 6ase
KOMM/IEKCHbIX HWUTEW C HAHOCTPYKTYPHbIM (PeppOMarHWTHbIM MWUKPOMPOBOAOM, Tak U C
HarblIEHHbIMK METa/IMYECKUMN  CNIOSIMU  HAHOMETPOBOW ~ TOMWMHBLL.  OHM  MOryT
NpUMEHATLCS ANS1 MOLUMBA CMELOAEXbl, 3aLUMTHbIX LITOP, Xalo3n W ApYrux LUBEeWHbIX
u3genuii, npeaHasHayeHHbIX AN JIOKanM3auuu MOBbILEHHOrO YPOBHSI W3Ny4YeHUld B
NMOMELLEHMSIX, NMEPEHACHILLEHHbIX 3/1EKTPOHHbIMKU Npubopamu (nabopatopumn CBY-TexHMKH,
AMarHocTuyeckve v GuanoTepaneBTUYeCKME MeAULMHCKME LEHTPbl, KOMMbIOTEPHbIE
kny6bl, pegakumm CMU n T.4.)

Ha ocHoBe H®MIT co3gaHa cucTemMa MarHWUTHbIX MapKepoB, MpeAHasHayeHHas Ans
CKPBITHOrO MarHMTHOTO KOAMPOBaHUA W uaeHTUdbuKaumm obbekToB — rpynn TOBapoB,
LieHHbIX Bymar, cucteM AocTyna, NaacTUKOBbIX KapT U APYrMxX 06beKkToB.

Paspabotkn OAO «LKB PM» ¢ wucnonb3oBaHMEM HaHOMaTepWanoB MPUHATHI Ha
cHabxeHne Poccuiickort ApMun, BOCTpebOBaHbl B MPOMBILIEHHOCTU M 3awuiieHbl 15
nateHtamu PO.
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Puc.2. 2nekTpoHHas MukpodoTorpadus CTpoeHuss amMop@HOro deppoMarHUTHOro
MUKPOMPOBOAA B CTEKNSIHHOW M30MsuMM. [MHa MacwTabHOro WTpuxa Ha cHumke — 20
MKM.

NANOMATERIALS AS BASIS FOR HIGH-EFFICIENT ELECTROMAGNETIC WAVE
ABSORBERS

Handogina E.N.,Vladimirov D.N., Ustimenko L.G.
OAS "Central design office of special radio materials"

Central Design Office of Special Radio Materials has been the Russian leader in the
field of radio-electronic material science for 40 years. In the recent five years the design
office has been engaged in the development, production and research of various
nanostructured materials.

Nanomaterials constitute a promising basis for high-efficient electromagnetic wave
absorbers. Here are some examples of the application of nanotechnologies in
electromagnetic wave absorbers in various fields;

masking the military material against radar detection;

data protection, i.e. prevention of unendorsed receipt of information through an
electromagnetic channel;

solution of problems of electromagnetic compatibility of electronic equipment;

solution of problems of medical and biological electromagnetic safety (protection
against harmful impact of stray radiation of electronics).

The design office has developed a super-wide-range material based on nanostructured
ferromagnetic microwire (NFM) in glass insulation. The nanostructured ferromagnetic
microwire in the form of a thin metal core is the main radio absorbent. The material is
characterized by both the unique combination of dielectric and magnetic loss and the
advantageous weight; the weight of 1 kilometer of the material is less than 1 gram.

The electromagnetic wave absorber developed and produced by Central Design Office
of Radio Materials at the request of the Defense Ministry of the RF has the reflection
coefficient less than 0.5 percent in the range of wave-length of 0.2-15 cm.

The design office has also developed new film and woven absorbers in the production
of which the technique of magnetron deposition is used. The technique allows to produce
thin films of metals and alloys with the thickness of less than 5 nm.
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The office has developed radio design of the absorber that can absorb or diffract an
incident electromagnetic wave successfully. The material has been demonstrated at
international exhibitions and forums and has been rewarded with some prestigious awards.

The experts of the Design Office have also developed an angle reflector on the basis of
nanostructure metallized film or the NFM material. The device is used in means to precisely
imitate radar Images of military equipment (creating decoy targets) and to detect facilities
in any weather conditions by means of radar survey systems (river and sea buoys).

Besides the design office has developed the technique of producing environmentally
clean screening fabric that can be used to ensure medical and biological protection of the
personnel and the population which operates or lives in the conditions of harmful impact of
electromagnetic fields of various frequency and intensity as well as to solve the tasks of
the data protection. The fabric can be produced using filaments with nanostructured
ferromagnetic microwire or sputtered metal films of nanometer thickness. The fabric can
be used to manufacture working clothes, screening curtains. Venetian blinds and other
textile products that are used to localize the radiation of high level in the premises with a
great number of electronic instruments (laboratories of microwave equipment, diagnostics
and physiotherapy medical centers, computer clubs, mass media offices, etc.).

The NFM has also been used as a foundation for the system of magnetic markers for
magnetic coding and object identification - groups of products, securities, access systems,
plastic cards, etc. The coding is employed to exclude fakes, to sort out products, in code
Keys, magnetic cards. The magnetic marker has a code that cannot be changed or deleted;
it can be destroyed only mechanically. The content and the volume of information is preset
while producing a mark with the diameter of 20 micron and the length of 5 to 7 mc.

The products of Central Design Office of Radio Materials in which nanomaterials are
used have been supplied to the Russian Armed Force, are in demand by the industry and
protected by 15 patents of the Russian Federation.

HOBbIiA KTACC OB BEMHbIX TEPMO3/IEKTPUYECKNX MATEPUAJIOB C HAHO- U
CYBMUKPOHHbIMW 3NIEMEHTAMU CTPYKTYPbI /11 TEPMO3JIEKTPUUECKNX
MOAYNEN

Mpoxopos B.M., Tpowwmes C.10., Musosapos I'.U., Mopo3osa K.O.
®denepanbHoe rocyaapcTBeHHOe 610MKeTHOE Hay4yHoe yupexxaeHne
«TexXHONOrMYeCKUilt UHCTUTYT CBEPXTBEPABIX U HOBbIX Yr/IEPOAHBIX

MaTepuanos»

Llenb paboTbl - co3gaHve OBbeMHbIX TEpMO3INIEKTPUYECKUX MaTepuasnoB C HaHo-,
MWKPO- U CYy6BMUKPOHHBIMK 371EMEHTaMM CTPYKTYPbl C MOBbILLEHHBIMWA TEPMO3NEKTPUUECKON
3(EKTUBHOCTBIO U MEXaHWYECKUMMM CBOMCTBaMU [N TEPMOINIEKTPUYECKUX MOAynel,
UCMONb3yeMbIX B CMCTEMAxX PerysMpoBaHvsi TemnepaTypbl W BbiMyCK OMbITHbIX MapTUii U
TEXHOMOMMYECKON AOKYMEHTauuu Ans OpraHv3aumMu npoM3BOACTBA TEPMOIEKTPUUECKMX
MaTepuanos U Moaynen.

PaspaboTtaHbl  TexHonormyeckume  npoueccel  (TM)  u3roToBneHMsi  O6bEMHbIX
TEPMO3/IEKTPUYECKMX MAaTEPUanoB ANs UCMOMb30BaHUS B TEPMOINIEKTPUYECKUX MOAYISX:

- TMN-1 nonyyeHnsi 06bEMHbIX TEPMO3SIEKTPUYECKUX MaTepuanoB C HaHO-, MUKPO- U
CYBMUKDOHHBIMW  37IEMEHTaMM  CTPYKTYpbl, Ha OcHoBe coeanHeHun AY,BY; p-tuna, ¢
TEpMO3/IeKTpUYeckor AobpoTHoCTbI0 ZT > 1,20;
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-TMN-2 nonyyeHnss O6BLEMHbIX TEPMO3MEKTPUYECKUX MaTepuanoB Ha OCHOBE
coeanHernin A,B"'; n-Tvna, MeToAOM HanpaBNeHHON KPUCTaNM3aumm B y3KonpobuibHOMN
Lenu € 3aaHHON LUMPUHOMN C TEPMO3NEKTPUYECKON A0BpOTHOCTLIO ZT > 1,02;

-TMN-3 cbopku TEpMODNEKTPUYECKMX Mogynel, C MOBbIWEHHbIMU  pabounmu
napaMeTpaMu WM HafeXHOCTbO, W3 MONYYEHHOro MaTepuana MeTOAOM OAHOCTaAMMHOM
nainku moaynsi B MHEPTHOM cpeae.

OCHOBHOE Ha3HayeHue npoAyKUMWM: [ANA CO3[aHWs CUCTEM OXNAXKAEHWUS, CUCTEM
perynnpoBaHus Temneparypbl

TexHonornyeckass cxema cCuHTe3a TD MaTepuana BkI4YaeT B ceba cneayowme
onepaumnn: apobneHve cbipbs (cnuTkoB Bi, Sb, Te), B3sTWe HaBeCOK Cbipbsi, MOArOTOBKA
aMmnynbl C HaHECEHHbIM MUPOYINEPOAOM, 3arpy3ka Cbipbsi B aMmnyny, OTkadka U oTnaika
aMmnynbl, cuHTe3 TOM B Kavalolen neyn, OXNaXAeHWe M BCKPbITWE amnysbl, YNakoBKa
CUMHTE3UPOBAaHHOro ciTka TOM

B maTtepuane coctasa Big4SbyeTes, cnedeHHoM npu Tsps = 450500 °C, HabnopaeTcs
MaKCMManbHas TepMoanekTpuyeckas 3PdhekTUBHOCTb Z7, KOTopas B TemnepaTypHOM
nHTepsane 80-100 °C cocraenset 1,20-1,25.

PaspaboTaHHas TexHonornyeckasi AOKYMeHTauusi ANs TEXHONOrMYeckMx npoLeccoB
TN1,TN2 w TN3 no3sonseT nonyyate TabneTku p-Tvna, nNAacTUHbLl N-Tuna
TEPMO3/IEKTPUYECKOrO MaTepuana Ha ocHoe coeamHernin AY,BY; ¢ TepmosnekTpuueckon
fobpotHocTblo ZT = 1,28 n ZT = 1,02 COOTBETCTBEHHO (YTO MPEBOCXOAUT MUPOBbIE
aHanorn Ha 20%), a Takke no3sonser obecneunBatb COOPKY TepPMO3NEKTPUHECKNX
MOAYNeW C 3afaHHbIMU TEXHUYECKUMM XapaKTePUCTUKaMK:

- ANS XONOAW/IbHOMO MOAYNA: MUTAlOLWee HanpshxkeHne He MeHee 6,2 B, Tok He Bonee
55A;

- AN reHepaTopHOro MoAyns: BbIXOAHAs MoWHOCTb 3,7 BT (monyuyeHo 4,5 BT Ha
COrNacoBaHHOM Harpyske) Npu pasHocT Temnepatyp 150 °C.

[JaHHas TexHonorus obecrneymBaeT MOydYeHWe MaTepuanoB C TEPMO3IEKTPUYECKON
[06poTHOCTBIO Ha 20% Bbile MO CPaBHEHWIO C MMPOBLIM YpOBHEM. JTO obecneunt
BbICOKYI KOHKYPEHTOCMOCO6HOCTb M3rOTOB/IEHHBIX U3 HUX TEPMO3/IEKTPUYECKMX MOLYyeN.

ObnactTm  npuvMeHeHUs  MoAynen:  CUCTEMbl  OX/I@XKAEHUSI  IMIEKTPOHHBIX U
OMTO3NEKTPOHHBIX YCTPOWUCTB; CUCTEMbI KOHAMLMOHWPOBAHWS MOMELLEHUI; YCTPOMCTBA
TepMoCTabunusaummn AaTYNKOB U CBETOAMOAHbLIX MHANKATOPOB; KPUOMeANLIMHA.

A NEW CLASS OF BULK THERMOELECTRIC MATERIALS WITH NANO- AND
SUBMICRON STRUCTURE ELEMENTS FOR THERMOELECTRIC MODULES

Prokhorov V.M., Troshchiev S.Yu., Pivovarov G.I1., Morozova K.O.
Federal public budgetary scientific institution "Institute of Technology of
Supersolid and New Carbon Materials"

The purpose of the work was to create a bulk thermoelectric materials with nano-,
micro- and submicron structure elements with high thermoelectric efficiency and
mechanical properties for thermoelectric modules used in temperature control systems and
to produce pilot batches and process documentation for production of thermoelectric
materials and modules.

Technological processes (TP) for manufacturing of the bulk thermoelectric materials for
use in the thermoelectric modules:
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- TP-1: fabrication of p-type bulk thermoelectric materials with nano-, micro- and
submicron structure elements based on the compounds AYB'; with a figure of merit
ZT > 1,20;

- TP-2: fabrication of n-type bulk thermoelectric materials based on compounds A';B"';
by directional solidification in narrow profile slot having a predetermined width method
with a figure of merit ZT > 1,02;

- TA-3: assembly of thermoelectric modules by one-step module brazing in an inert
environment with high operability and reliability of the resulting material.

The primary usage of the product is the development of cooling systems and
temperature control systems

Technological scheme of the synthesis of TE material includes: grinding of raw
materials (ingots Bi, Sb, Te), taking batches of raw materials, preparation of ampoule
coated with pyrolytic carbon, loading the raw materials into the ampoule, pumping and
sealing of the ampoule, synthesis of TEM in the furnace, cooling and opening of ampoules,
packaging of synthesized TEM ingot.

The material composition Bio+SbieTes, sintered at Tsps = 450 + 500 °C shows a
maximum thermoelectric figure of merit ZT, which becomes 1,20-1,25in the temperature
range of 80-100 °C

The developed technological documentation for the processes TP1, TP2 and TP3 allows
to fabricate p-type tablets and n-type wafer of thermoelectric material based on
compounds AYB"; with thermoelectric figure of merit ZT = 1,28 and ZT = 1,02
respectively (which exceeds the analogues by 20%), and also allows the assembly to
provide thermoelectric modules with the specifications:

- refrigerating module: the supply voltage at least 6.2 V, a maximum current of 5,5 A;

- generator module: output power of 3,7 W (4,5 W obtained by a matched load) at a
temperature difference of 150 °C.

The developed technology provides materials with thermoelectric figure of merit 20%
higher than current world level. This ensures high competitiveness of thermoelectric
modules.

The primary applications of the technology: cooling systems of electronic and
optoelectronic devices; air conditioning systems; thermal stabilization devices for sensors
and LEDs; cryomedicine

MPOrPAMMHO-BbIYUC/TUTESIbHbI KOMIJIEKC /11 KOMIMBIOTEPHOIO
MOJE/IMPOBAHWUS B3AUMOAEVCTBUSA YINIEPOAHBIX HAHOTPYBOK C
BOAOPOOM

F'pomoB C.B., fOLEHT, K.T.H.
HUTY «MUCuC»

MpoBeneHo nccnegoBaHve afcopOLMOHHBIX CBOMCTB YriepoaHbix HaHoTpybok (YHT) ¢
pas3fNYHOM XMPanbHOCTBIO C WCMOMb30BaHWEM KBAHTOBO-MEXaHMYECKUX pacqeToB U
MeTofa MOMEKYNSpHON AuHaMuku. MNporpaMMHOe obecreyeHne HanncaHo Ha si3bike Ruby
2.0.0. n ucnone3yet naket 6ubnunotek LAMMPS 1 GAUSSIAN. MonyyeHa 6onee nonHas
KapTMHa aAcOpOUMOHHBIX SIBNEHWM AN HECKONbKUX BWAOB CTPYKTYP  YriepoAHbIX
HaHoTpy6ok (YHT) C pa3nnyHON X1panbHOCTbIO, NPOBEAEHO COMOCTaB/IEHWE Pe3yNbTaToB
pacyeToB B paMkax npubnvdxeHuir Xatpu-®Goka u Teopuu dyHKUMOHaNa MIOTHOCTU.
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PaccunTaHHble  MONEKYNsSpHblE UM 3MEKTPOCTaTUUECKMe  CBOWCTBA  YIIEPOAHbIX
HaHOCTPYKTYp YKa3blBalOT Ha BO3MOXHOCTb WCMOMb30BaHUS [aHHbIX CTPYKTYp Afist
aacopbummn 1 XpaHeHWsi BoAopoaa.

MpuoputeTHoe HanpaeneHve: NHAYCTpUS HAHOCUCTEM.

MoTpebutensMm pe3ynbTaToB  SABASIOTCA  OpraHM3auuu, KOTOpble  3aHMMaloTCs
TOM/IMBHBIMU 3MIEMEHTAMN U BOAOPOAHOW SHEPreTUKOMN.

KoMmepueckoe npeanoxeHne no peanusauum pa3paboTku: yyacTve B CO3AaHUKN U
NPOABMXEHUM  NPOrpaMMHO-BbIYMCAIMTENBHOIO  KOMM/EKCa  ANS KOMMbOTEPHOro
MOAENNPOBaHUs B3aMMOAENCTBUS YrIepoAHbIX HAHOTPYBOK C BOAOPOAOM.

Pabota BbIMONHeHa npu  nopaepxke  QedepanbHOM  LENeBoM  MporpamMbl
«Wccnegosanna n pa3paboTku MO MPUOPUTETHBIM HarpasieHWsM Pa3BUTUS  Hay4HO-
TEXHOMOrnyeckoro komnnekca Poccum Ha 2014 - 2020 roabl».  YHWKanbHbIN
naeHTUhUKATOP NpUKIaAHbIX Hay4HbIX ccneaoBaHuii (npoekTa): RFMEFI57514X0087.

MpumeHenne paspabotaHHoro MNBK npeanonaraetca B 061acTM NpOEKTMPOBaHUS
HOBbIX YCTPOWCTB M TEXHOMOMUI XpaHEHUsI BOAOPOAA C LieNbI0 OLEHKU CBOMCTB KOHEYHbIX
n3penui

SOFTWARE-COMPUTING SYSTEM FOR SIMULATION OF HYDROGEN
ADSORPTION ON CARBON NANOTUBES WITH DIFFERENT CHIRALITY
PARAMETERS

Sergey Gromov
NUST “MISIS”

The adsorption properties of carbon nanotubes (CNTs) of different chirality were
investigated using quantum-mechanical calculations and molecular dynamics methods. The
software is written in Ruby 2.0.0 and uses the package libraries LAMMPS and GAUSSIAN.
As a result, a more complete pattern of the adsorption events was obtained for several
types of carbon nanotube (CNT) structures. The results, which were calculated using the
Hartree—Fock approximations and the density functional theory, were compared.

The calculated molecular and electrostatic properties of nanostructured carbon indicate
that these structures can be used for the adsorption and storage of hydrogen.

Priority area: Industry of nanosystems

Consumers of results of development are the organizations which are engaged in fuel
elements and hydrogen power.

Commercial proposal: participation in the development and advance of software for
computer modeling of interaction of carbon nanotubes with hydrogen.

This work was supported by the Federal Target Program "Research and Development
in Science and Technology Priority Development Fields for 2014-2020" (grant agreement
No. 14.575.21.0087 dated 21.10.2014, Project ID - RFMEFI57514X0087).

Application of the developed PVK is supposed in the field of design of new devices and

technologies of storage of hydrogen for the purpose of an assessment of properties of final
products
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CMCTEMA HEMPEPBIBHOIO KOHTPOJ11 U MOHUTOPUHIA OCHOBHOI'O
OBOPY1OBAHWSA NOACTAHLIMN"

Mepwmna H. ®.
3AO0 HIMNO TexHocepBuc-3nekTpo, MockBa

Cneumanuctamm 3A0 HMO '"TexHocepeuc-dnekTpo" paspaboTaHbl M yCnewHo
NPUMEHSAIOTCS  CUCTEMbl  MOHWUTOPWMHIA  BbICOKOBOJSIbTHOrO  31eKTpoobopyAoBaHUS  Ha
OCHOBaHWW aKyCTUYECKOM W 3/1EKTPOMArHUTHOM perncTpaumm YacTUYHbIX pa3psifoB:

Cucrema MoHuTOpuHra Pagap - M — npepHa3HayeHa Ansi KOHTPONS COCTOSIHWS
M30NALMN U3MEPUTENbHBIX TPaHC(OPMATOPOB, KOHLEBbIX KabenbHbIX My(T, 3/1erasoBoro
060py0BaHMS U BbICOKOBOSIbTHBIX BBOAOB CUJIOBbIX TPAHC(OPMATOPOB, @ TakXKe aKTUBHOW
YyacTn TpaHchOpMaTopOB U PeakTOpOoB, APYroro BbICOKOBONbLTHOrO 060pyAoBaHus.

PacwupeHHbI BapuaHT cucTeMbl Pagap-M BktodaeT B coctaB ycTponcteo HYDROCAL
, YUTO MO3BONSIET NPOBOANTL KOPPENALMIO BbISIBIEHHbIX YAaCTUYHbIX Pa3psdoB B U30NSLMK C
HanM4MeM M KOHLEHTpaLMel XapaKTepHbIX rasoB.

Kpome 3Toro takas moavdukaums AaeT BO3MOXHOCTb KOHTPO/IMPOBaThb:

e coaepXaHue Bnaru B Macie;

e TeMnepaTypy Macna;

® COCTOSIHWE BbICOKOBO/bTHbLIX BBOAOB (TOK YTEUKHM);

® psiA APYrvMx NapameTpos;

MporpamMmMHoe obecneyeHne No3BONSIET ONpeAensiTh:

e Hanbonee HarpeTyto Touky (no M3K 60076)

e CTeneHb CTapeHUs U OCTaTOYHbIV pecypc u3onsuuu;

OcHOBHble NpenmyLiecTBa cuctembl Pagap M:

e HenpepbiBHbIN (KPYrfOCYTOYHbIA) XapakTep paboTbl CUCTEMbl B COYETAHWU C
BbICOKOWN YYBCTBUTENIbHOCTbIO 3/1IEKTPOMArHUTHBIX U aKyCTUYECKUX AaTUYMKOB, BXOASLIMX B
COCTaB CUCTEMbI, MO3BOMAIOT BbISBAATL BO3HMKaOWME AedeKTbl Ha PaHHUX CTaausax
pasBuUTKS;

e [lepegaya AMArHOCTMHECKOrO CUrHana Mo  paguokaHany  obecneumsaer
acdekTUBHbIN c60p MHDOPMaLMK OT AECATKOB (@ Npu HEOH6XOAMMOCTU - COTEH) AaTYMKOB,
obecrneumBas MakCMMasbHYlO "rMOKOCTB" CUCTEMbI, BO3MOXHOCTb €€ HeorpaHWU4eHHoWM
TpaHchopMaLmm U paclUMpeHus.

e BO3MOXHOCTb (PYHKLMOHWMPOBAHWS CUCTEMbI, Kak B aBTOHOMHOM peXuMe, Tak U B
coctaBe ACY-TI obbekTa;

e MakcumanbHas 6e30MmacHOCTb cucTeMbl AN 060pyAoBaHWS M NepcoHana B npouecce
3KcnyaTaumm.

Cuctema KOHTpoONnst mM3onsuum cunoBbix TpaHcdopmaTopos CKUCT - npeaHasHayeHa
ANS NEPUOANYECKON ANArHOCTUKN TEXHUYECKOrO COCTOSIHUS  CUJTOBbIX TPAHCOpPMaTopoB U
PeaKToOpOB Ha MeCTe MX YCTaHOBKM Nof pabounM HanpsKeHueM,

KOHTpOnb cOCTOsIHMS TpaHChOpMaTOPOB OCYLLECTBASIETCA BPEMEHHbIM (OT HECKONbKUX
YacoB [0 HECKONbKUX CYTOK) noakstoyeHneM cuctembl MoHutopuHra CKUCT K
obcnepgyemomy TpaHcdopmaTopy. lMpu 3TOM Ha  WWHY 3a3emnexus TpaHcdhopmaTopa
YCTaHaBNMBAETCS 3NEKTPOMArHWUTHbIM AaTuuK, GUKCUPYIOWWIA HanMune paspsigoB B
aKTMBHOM 4acTu  TpaHcdhopmaTtopa. AKYCTUYECKMe AaTyMKM, YCTaHOBNEHHble Ha
noBepxHOCTb 6aka, N03BONSAOT OCYLLECTBMTbL NoKaumio aedekTa.
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MporpammHoe obecnieyeHne cuctembl obecneunBaeT 3D Bu3yanu3aumio MecTa
fedekTa B akTUBHOM YacTu TpaHcchopmaTopa.
MONITORING SYSTEM FOR POWER EQUIPMENT

Pershina N. F.
JSC NPO Tekhnoservice-elektro, Moscow

The specialists of CISC Spa "Technoservice-Electro" was developed and successfully
applied the monitoring system of high voltage electrical equipment on the basis of
acoustic and electromagnetic registration of partial discharges:

Monitoring system Radar - M — is designed to control the insulation condition of
instrument transformers, cable cuopling and gas-insulated equipment and high voltage
bushings of power transformers, as well as active parts of transformers and reactors, and
other high voltage equipment.

An extended version of the Radar-M includes the device HYDROCAL , which allows for
correlation of the detected partial discharges in the insulation with the presence and
concentration of typical gases.

In addition, this modification provides the ability to monitor:

e the moisture content in oil;

o the temperature of the oil;

o the condition of high voltage bushings (leakage current);

e a number of other parameters;

The software allows you to define:

e most heated point (according to IEC 60076)

e the degree of aging and remaining life of insulation;

Key benefits:of Radar-M;

e Continuous (persistent) the character of the work system combined with high
sensitivity electromagnetic and acoustic sensors that are part of the system, can detect
emerging defects at early stages of development;

e Transmission of the diagnostic signal on a radio channel provides efficient collection
of information from tens (and possibly hundreds) of sensors, providing maximum flexibility
of the system, the possibility of unlimited transformation and expansion.

e The possibility of operating in stand-alone mode and as part of SCADA system
object;

e Maximum security for equipment and personnel in the process of operation.

The insulation monitoring of power transformers SKIST - designed for periodic
diagnostics of technical condition of power transformers and reactors in place of their
installation under the operating voltage.

Condition monitoring of transformers is temporary (from a few hours to several days)
the connection of the monitoring system SKIST to investigated transformer. The grounding
transformer is installed an electromagnetic sensor, signaling the presence of discharges in
transformer active part. Acoustic sensors installed on the surface of the tank, allow the
location of the defect.

The system software provides a 3D visualization of a defect in the active part of the
transformer.
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MOBBILEHNE 3®®EKTUBHOCTU N HAAEXXHOCTW TENJIOSHEPTETU4ECKOIO
OBOPYJOBAHWSA U TEMJIOBbIX CETEM CUCTEM LIEHTPAJIN30BAHHOIO
TENNTOCHABXXEHNAA HA OCHOBE BHEAPEHWUS NAB-TEXHOJIOTMU

M.B.JlykuH, A.B.PbhkeHkoB, C.U.Moropenos
"HaumoHanbHbIA nccnegoBaTeNbCkuii yHuBepcutet "M3U"

PaspaboTaHa, = MHOrOKpaTHO  anpobupoBaHa  yHMBEpCarbHasi  TEXHOMOrus,
6a3vpylolascs Ha  UCMONb30BaHUM  YHWKAlbHbIX ~ CBOMCTB  MOBEPXHOCTHO-AKTUBHbIX
BELWeCTB. B oT/MuMe OT TpaaMUMOHHBLIX MPOMBIBOK TEMIOTEXHUYECKOTO 060pYAOBaHWS,
peanusaumsi TAB-TeXHONMOrMU MO3BONSIET B OLHOM TEXHOMOrMYECKOM LMKIE yAansTb
HaKonuBLUMecs TepMobapbepHble OTNOXKEHUs, GNIOKMPOBaTh MPOTEKaHWe KOPPO3UOHHbIX
MpoLeccoB, NpefoTBpallaTh HAKOMIEHWE HOBbIX OTJIOXKEHUN U CHWXaTb TMApaBIMYECKOe
conpoTuBneHve. Npu 3TOM HeraTMBHOE BO3AEUCTBME Ha KOHCTPYKLMOHHbIE MaTepuarbl
obopynoBaHusi He okasbiBaeTcd. Co3faHbl M 3KCT/yaTUpYHOTCS  CTaLMOHapHble
aBTOMATM3MPOBAHHbIE YCTAHOBKM WM MOBMIIbHBIE KOMMIEKCH A4St peanu3aumy TEXHOIOrUu
Ha pas/MyHbIX O6bEKTAX.

IMPROVING THE EFFICIENCY AND RELIABILITY HEAT-POWER EQUIPMENT
AND HEAT NETWORKS OF DISTRICT HEATING SYSTEMS ON BASIS OF THE
INTRODUCTION OF SAS (SURFACE-ACTIVE SUBSTANCE) TECHNOLOGY

M.V. Lukin, A.V. Ryzhenkov, S.I. Pogorelov
National Research University "Moscow Power Engineering Institute"”

The universal technology is based on the use of the unique properties of surfactants.
Unlike conventional flushing of heating equipment, the implementation of SAS technology
allows removing accumulated thermo-barrier sediments, blocking the flow of corrosion
processes, preventing the new deposits accumulation and reducing flow resistance in one
process cycle. Negative influence on the materials of construction equipment is not
provided. Stationary automated plants and mobile systems for the implementation of the
technology at various sites are created and operated.

CO3AHME TEN/IOM30JIALMOHHBIX KOHCTPYKLIWI A1 SHEPTETUKU U TIK

M.B.JlykmH, A.B.PbnxeHkoB, C.U.Moropenos
"HaumoHanbHbIA nccnegoBaTeNbCkuii yHuBepcutet "M3U"

PaspabotaHa u anpobvpoBaHa MHHOBALMOHHAs TexHonorust opMMPOBaHUS
BbICOKOI(EKTUBHBIX TOHKOMIEHOYHbIX MHOTOC/IONHBIX TEMIOM30MALUMOHHBIX MOKPbITUI
(TMTM) Ha nosepxHOCTSIX TPybOMpOBOAOB, KOTENbHbLIX arperaTtos, apMaTypbl U ApYroro
TEenn03HEepreTMYeckoro 1 NPOMbILLIIIEHHOr0 06opyAoBaHMS.

Tennou3onsunoHHble KOHCTPYKUMKM Ha 6a3e TMTI1 xapakTepusyloTCs HU3KUMU
3HauveHusMK 3ddeKkTMBHOrO KoadduumeHTa TennonposogHoctn (~ 0,027 Bt/(M'K)) u
BbICOKMMM 3HAYEHWUAMW aAre3nn K MeTanIMyeckum noBepxHocTam (~ 3 MMa).
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CREATING HEAT-INSULATING COATINGS FOR POWER ENGINEERING AND
ENERGY SECTOR

M.V. Lukin, A.V. Ryzhenkov, S.I. Pogorelov
National Research University "Moscow Power Engineering Institute"

An innovative technology of high-efficiency thin-film multilayer heat insulation coatings
(MHIC) on the surfaces of pipes, boilers, fittings and other heat and power industrial
equipment is developed and tested.

Heat insulation constructions based MHIC are characterized by low values of the
effective heat conductivity coefficient (~ 0.027 W/(meK)) and high values of adhesion to
metal surfaces (~3 MPa).

SHEPTOCBEPErAIOLLAA TEXHOJ1I0IMA PEKYMNEPALIMM U3BbITOYHOIO
AABJIEHUSA B CUCTEMAX TENJ1IOBOAOCHABXXEHNA B JIEKTPOHEPIUIO

M.B.JlykuH, A.B.PbhkeHkoB, C.U.Moropenos
"HaumoHanbHbIA nccnegoBaTeNbCkuii yHuBepcutet "M3U"

[N MMHMMM3aUUM HeonpaBAaHHLIX MOTEPb MMAPaBINYECKON 3Heprun paspaboTaHa v
anpobvpoBaHa 3HeprocbeperatoLasi TEXHOMOrMs pekynepauuy M36bbITOUHOrO AaBNeHWs B
cucTeMax TennoBOAOCHabXeHNs B 3NEeKTPO3Hepruto 6e3 YXyALIEHNs! ycnoBun
3KCMMlyaTauun  YCTAHOBJIEHHOr0  LUTaTHOro  o6opyaoBaHWsi. Co3aaHbl  OMbITHO-
MpOMbILLNEHHBbIE 06pa3Lbl 3HeprocbeperarLLmx peKynepaLmMoHHbIX YCTaHOBOK MOLLHOCTbIO
oT 5 A0 50 KBT, CMOHTMpPOBaHHbIE B CUCTEMax peKynepauuv AaBfieHUs, MO3BOJISIOLMX
MOBLICUTb  3HEPro3(PEKTUBHOCTb LIEHTPANM30BAHHOMO TEMI0BOAOCHAGXKEHUS. MprHUMN
paboTel 3PY  OCHOBaH  Ha ApPOCCENMPOBAHWM MOTOKA  CETEBOr0  TEMJIOHOCUTENS
rMapoTyp6uUHON, MoNlyYeHHasi Ha Bany Typ6UHbI MEXaHWYecKasi SHeprusi UCMosb3yeTcst Ans
NpvBOAa reHepaTopa Toka M BblpaboTKU 3NEKTPOSHEPruM Ha COBCTBEHHbBIE HYX/bI.

ENERGY-SAVING TECHNOLOGY OF RECOVERY OF EXCESS PRESSURE IN HEAT
AND WATER SUPPLY SYSTEMS TO ELECTRICITY

M.V. Lukin, A.V. Ryzhenkov, S.I. Pogorelov
National Research University "Moscow Power Engineering Institute"

In order to minimize unnecessary losses of hydraulic energy the energy-saving
technology of recovery of excess pressure in heat and water supply systems to electric
power without impairing of the operating conditions of established standard equipment is
developed and tested. Experimental designs of energy-saving heat recovery plants (HRP)
are created with a capacity of 5 to 50 kW systems mounted in pressure recovery systems
that improve the energy efficiency of centralized heat and water supply systems. The
principle of HRP operation is based on the throttling of the flow of coolant with a water
turbine. Turbine shaft's mechanical energy is used to drive a current generator and
generate electricity for their own needs.
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TEXHOJ10Irnsi NOBbILUEHUSA 2PPEKTUBHOCTU SHEPTOBJIOKOB T3C HA
OCHOBE MOAU®UKALIMN ®YHKLIMOHAJIbHbIX MOBEPXHOCTE
KOHAEHCATOPOB MNAPOBbLIX TYPBMH

M.B.JlykuH, A.B.PbhkeHkoB, C.U.Moropenos
"HaumoHanbHbIA nccnegoBaTeNbCkuii yHuBepcutet "M3U"

TexHoNorvst Hanpas/ieHa Ha YCTpaHeHUe «HeA0BbIPAabOTKM» 3MEKTPUYECKON MOLLHOCTM
3Heprobnokamm T3C 3a cuer mMoanduKaumm  yHKUMOHANbHBIX  MOBEPXHOCTEMN
KOHAEHCATOPOB MapoBbIX TypbuH. Moandukaums TennoobMeHHbIX NOBEPXHOCTEW MapoBbIX
TypbuH obecneumBaeTcs CO3[aETCA C MCNOMb30BaHWUSA MOBEPXHOCTHO-aKTUBHBIX BELLECTB
(MAB) B pe3ynbTaTe Yero AOCTUraeTcs:

- NepeBOA NIEHOYHOM KOHAEHCALMM B KanesbHyto Mo NapoBOW CTOPOHE;

- CHWXEHWe TMApaBIMYECKOro COMPOTUBAEHUS TPyboNpoBOAOB O6OPOTHOM CUCTEMbI
OXNAKAEHUS;

- yaanexus MMEIOLLMXCS " 3awumTe oT obpa3zoBaHus
HOBbIX TEpMObapbepPHbIX OTNOXEHWIA MO BOASHOW CTOPOHE.

TECHNOLOGY OF INCREASE OF THE EFFICIENCY OF POWER UNITS BASED ON
THE MODIFICATION OF THE FUNCTIONAL SURFACES OF THE CONDENSERS OF
STEAM TURBINES

M.V. Lukin, A.V. Ryzhenkov, S.I. Pogorelov
National Research University "Moscow Power Engineering Institute"

The technology aims to eliminate underproduction of electricity in power generating
units by modifying the condensers steam turbine functional surfaces. Modification of steam
turbine's heat transfer surfaces produce by using surfactant-active substance (SAS),
consequently obtained:

- translation of film condensation to drop condensation on the steam side;

- drag reduction of circulating cooling system pipes;

- removal of existing and protection against the formation of new thermal barrier
deposits on the water side.

3ALUMTA OBOPYJOBAHMSA TIK OT KAMJIEYAAPHO# 3PO3UM

M.B.JlykuH, A.B.PbhkeHkoB, C.U.Moropenos
"HaumoHanbHbIA nccnegoBaTeNbCkuii yHuBepcutet "M3U"

PaspaboTaHa v anpobupoBaHa MHHOBALMOHHAS 3KOJIOTMYECKU YMCTasi UOHHO-
nnasMeHHasi PVD-TEXHOMOrMs NMOBbILIEHUSI 3PO3UOHHOW, KOPPO3VMOHHOW U TEPMOCTOMKOCTH
060pynoBaHus TIK nyTeM (hOpPMMPOBaHMS YHUKANbHBIX MHOTOCTOMHBIX HAHOKOMMO3UTHbIX
MOKPLITUA. 3aliUTHbIE MOKPLITUS POPMUPYIOTCS Ha  (DYHKLUMOHAMBHBIX MOBEPXHOCTSX
JlonaTok Typ6UH U KOMMPeccopoB, paboumx Komecax HacoCOB, 3MEMEHTax MaacTUHYaTbIX
TEnno06MEHHVKOB NPy UCMONb30BaHUUN 3-X TEXHOMOrMUYECKMX KOMMIEKCOB.
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PROTECTION OF EQUIPMENT OF THE ENERGY SECTOR FROM WATER DROPLET
EROSION

M.V. Lukin, A.V. Ryzhenkov, S.I. Pogorelov
National Research University "Moscow Power Engineering Institute"

An innovative ecologically clean ion-plasma PVD-technology to increase erosion,
corrosion and heat resistance for energy sector's equipment by forming unique multilayer
nanocomposite coatings is developed and tested. Protective coatings are formed on the
functional surfaces of turbine blades, compressor impeller and plate heat exchanger
elements using three technological complexes.

WHHOBALIMOHHASAl TEXHOJ10Irs1 NOBbILUEHNA TPUBOJIOrMYECKUX
CBOWCTB, PECYPCA M U3HOCOCTOKOCTU 3AMOPHOW APMATYPbI
HE®TEMNPOBOAOB, TEMJIOBbIX CETE/ U BOAONPOBOAOB, 3JIEKTPUYECKNX
CTAHLIMIA M NPOMBILUNEHHBIX MPEANPUATUIA

M.B.JlykuH, A.B.PbhkeHkoB, C.U.Moropenos
"HaumoHanbHbIA nccnegoBaTeNbCkuii yHuBepcutet "M3U"

Co3paH He WMEIoLWMA MUPOBbLIX aHANIoroB TEXHOMOMMYECKUA KOMMEKC ANS MOHHO-
nnasMeHHon MoaudbuKaumm HYHKUMOHANbHBIX MOBEPXHOCTEN KpynHorabaputHoit 3PA 1
[APYroro MpOMbILWIEHHOrO 060pPYAOBaHMS, BK/OYAOWMI: MNSaHApHYID CUCTEMY WOHHOMO
pacrblfieHMsi METaNIoB B BakyyMe C 06/1acTbi0 paBHOMEPHOro (hOpMMpPOBaHUS MOKPbITUS
He MeHee 3 M; YHMKaNbHbI BaKyyMHbI Mogyfb Anst (hOPMUPOBAHUS MOHHO-MMA3MEHHBbIX
MOKPLITUIA Ha m3genusix BbicoTon Ao 3000 MM m maccor Ao 5000 kr; v3MepuTenbHO—
[AMAarHOCTUYECKUI KOMMMEKC Ans obecneyeHns KOHTPOss U ONTUMU3ALUMK XapaKTepucTuK
MOBEPXHOCTHbIX C/TOEB, MOAUMDULMPOBAHHbBIX C/I0EB U 3aLUMUTHBIX MOKPbITHN.

INNOVATIVE TECHNOLOGY OF INCREASE OF TRIBOLOGICAL PROPERTIES OF

THE RESOURCE AND DURABILITY OF FITTINGS OF OIL PIPELINES, HEATING

SYSTEMS AND WATER PIPES, ELECTRIC POWER STATIONS AND INDUSTRIAL
PLANTS

M.V. Lukin, A.V. Ryzhenkov, S.I. Pogorelov
National Research University "Moscow Power Engineering Institute"

A complex for ion-plasma modification of functional surfaces large fittings and other
industrial equipment having no analogues in the world technological is created. Complex
comprise: planar system of metal sputtering under vacuum to form a uniform area
coverage of not less than 3 m; unique vacuum module for the formation of ion-plasma
coatings on products up to 3000 mm and weight up to 5000 kg; measuring and diagnostic
system to monitor and optimize the characteristics of the surface layers, modified layers
and protective coatings.
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PYJIOHHBIE SHEPTOCBEPErAIOLLUME TEXHOJIOTMW CUHTE3A |
®YHKLMOHAJIbHbIX HAHOCTPYKTYPUPOBAHHbDbIX MOKPbLITUN

Cnenuos B.B.,
MAU

MHorve npakTUyecku BaxkHble NpobiemMbl CBsi3aHbl C 3KOHOMUEWH SHEPruM B TOM UK
nHOM BMAe. OCHOBHbIE NPOBNEeMbl 3TO CHUDKEHWE NOTEPL TENa B 3AaHUAX U COOPYXEHUSIX,
noeblleHne 3hdEKTUBHOCTM  UCMONb30BaHMSI JHEPrMM  MNpU  OCBELIEHUU  3AaHWUN,
COOPY>XEHUI, YIMYHOIO MPOCTPAHCTBa U MarucTpanein.

CyllecTBEHHOE 3HayeHWe WMeeT 3KOHOMMSI CPefACTB W 3HEprv Mnpu Co3haHun wu
noaaepXXaHust YUCTOTbI 34aHWUIN U COOPYXXEHWI, SKOSIOTUM, BKIOYaAs PaAvOo3KONOMUIO.

Bce yka3saHHble 3aaaun 06beanHATCA TeM, YTO (hU3NYECKME U XMMUYECKME NPOLIECChI,
Nexalime B OCHOBE MX NPOTEKaHWsi U pas3BUTUS, NPOUCXOASAT Ha rpaHuue pasgena cpea,
T.e. Ha noeepxHocTW. [lo3ToMy 3agava POPMMPOBaHUS  (YHKUMOHANbHBLIX WU
WHTENNEKTyaNbHbIX MOBEPXHOCTeW, obecrneunBaloWmMX ONTUMM3ALMIO Mepejayn U
nepepacnpeaeneHns 3Heprum akTyasnbHa v CBOEBPEMEHHA.

Tak, HanpuMmep, co3gaHve TennocbeperawwWwmx CTEKON AN 34aHWI, COOPYXEHWN u
TpaHCropTa  pellaeTcd  MpyM  MCNOMb30BaHUMM  MOMMMEPHbIX — MaTepuanos €
TENNOOTPaXaloLMM MOKPbITUEM Ha OCHOBE OKCMAOB UMHKa (ZnO) wnm onosa (SnOy).
KoTopble ogHOBpeMeHHO 06ecrneynBatoT NOBbILWEHWE MPOYHOCTU U CHUXEHUE BEPOSITHOCTU
NOSIB/IEHNS PEXYLLMX OCKONKOB MPW pa3pyLUeHnu.

CeeToanoaHble nsnyvarwowme reTepoCTpyKTypbl, pagnooTpaxatoLme "
pPasnonoroWatoLMe CMCTEMBI, @ TaKKe KaTaMTUYeckme NoBepxHOCTH, obecneyvBaiowwme
npoLeccbl CaMOOYUCTKM Ha OCHOBe «3ddekTa 0TOCa», MNOMyYeHMEe MUKPOBATTHbIX
YyBCTBUTESbHBIX 3/1EMEHTOB rasoBblX CeHCopoB OTHOCATCS K paspaay
BbICOKO3((EKTNBHbIX ~ 3Heprocbeperalowmx  HaHOCTPYKTYP M WHTENeKTyaNbHbIX
mMaTepuanos.

B mManbix Macwrtabax yka3saHHble MaTepuanbl 3(PMOEKTUBHO [AEMOHCTPUPYIOTCS U
MCMNOoNb3YIOTCS He TOMbKO 3a pybexoMm, HO 1 B Poccuu.

[ins LWMPOKOro NPOMBILLAIEHHOMO UCMONb30BaHNs HE06X0AMMO CO3AaBaTh MacliTabHble
NPOMBILLSIEHHbIE TEXHOMOMMK, K KOTOPbIM, HECOMHEHHO, OTHOCSATCS PY/IOHHbIE TEXHOOMMN.

B pesynbTate npoBegeHns paboTbl CO34aETCA KOMMIEKC BaKyyMHbIX U HE BaKyyMHbIX
PYNIOHHbBIX TEXHOMOMUIA, C NPOU3BOAUTENBHOCTBIO U Ce6eCTOMMOCTbIO aHEeprocbeperarLmx
MOKPbITUN 1 PYHKUMOHANbHBIX CTPYKTYp AOCTaTOYHbIE AN MX NPaKTUYECKON peanusaumm.

YCTaHOBKa BaKyyMHOIO HarmblIEHWUSI COCTOUT U3 BaKyyMHOW kamepbl, CUCTEMbI OTKaYKMK,
NIEHTOMPOTSDKHOrO  MeXaHW3Ma W MOHHO-MA3MEHHbIX W WOHHO-JTyYeBbIX YCTPOWCTB,
obecneynBaloWwmx NonyyeHne HeobxoAMMbIX HAHOCTPYKTYPUPOBAHHBIX MaTepWasos.

OTnnuMTENbBHOW OCOBEHHOCTBIO NpeaAnaraeMoit TEXHONOMNN SIBSIETCS UCMONb30BaHNe
METOAA MOHHOMO aCCUMCTUPOBAHWSA Ha OCHOBE HOBbIX BbICOKOMHTEHCUMBHBIX MOHHO-TTy4EeBbIX
YCTPOWCTB M UMMY/bCHBIX MarHETPOHHbIX CUCTEM.

BakyyMHble TEXHONMOrMM rapaHTUPYIOT MONyYeHWEe HaHOCTPYKTYPUPOBAHHBLIX C/IOEB
metannos (Al,Cu,Ag,Ti,Pt,Ni,Co n apyrux) cnnasos u komno3sutos (Pt-C,Fe-Ni,Ni-Ti v 1.4.),
noaynpoBOAHVKOB M An3neKTpukos (Sn0,,Zn0,ITO,AIN,ALLO; 1.T.4.)

He BakyyMHble pynoHHble TEXHONOrMM NO3BONSIOT CO3AaTb Heobxoaumoro penbeda B
NMOMMEPHOM OCHOBE M (hOPMMPOBaTb rPaAMEHTHbIE HAHOCTPYKTYPbl Ha TMOKOM HOCWTEne,
BK/IOYas MOMMEp TKaHW W MeTal/IMyeckylo OCHOBY 3@ CYeT 3nekTpodopesa.
Ob6opyaoBaHWe NOCTPOEHO MO MOAY/IbHOMY MpUHUMMY. B ero coctae BXOAWT TpaHCNopTHas
cUcTeMa, TEXHONMOrMYecKMe eMKOCTH, CUCTeMa CYLLKM, cucTema ynpasneHus. Ha yctaHoBke
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CO3/a€eTCsl CKBO3HOW M HECKBO3HOW penbed B MOSIMMEPHOM MaTepuane C pasMepoM Mnop oT
50 HM [0 MMKPOMETPOB 3a CYET XWMWMYECKOro TPpaBfieHWs, a Takke (OopMUMpYIOTCS
HaHOCTPYKTYPUPOBaHHbIE MOKPbITUS W3 HAHOPA3MepHbIX K/IACTEpOB, HaxXOAAWMXCA B
xuakon case. Hanpumep knactepbl cepebpa, TWTaHa, OKCMAA LMHKA, Pas/fIM4HOro poja
KepaMuK 1 Apyrux MaTepuanos.

Ha ocHoBe okcvpaa ZnO un SnO, cdopmmposaHbl Tennocbeperatoowme MoKpbITUS Ha
CTeKsie U MOSIMMEPHbIE HOCUTENM, KOTOPblE UMEIOT NPOryCcKaHWe CBeTa B BUAMMOW obnactu
He MeHee 80% u 3cdekTnBHO oTCekaeT MK cnekTp, Bo3BpaLlas Temnsao B UCXOAHbIA 06beM.

Wcnonb3ys  cnou  MeTanna Ha  MOMMMEPHOW  AMSNEKTPUYECKOW  OCHOBE,
CKOHCTpyMpOBaHbl nbkne cBeToamMoaHble MaTpuubl. IddEKTUBHOCTL WUCMOMb30BaHNUS
Takvx MaTpuL ANs OCBELEHUS] BHYTPU 3[aHUA U COOPYXEHW, a TaKXe YIMYHOro
NpOCTpaHCTBa ONpeaensieTcs U HU3KOW CTOMMOCTBIO U BbICOKON 3HEProachheKTUBHOCTLIO B
CPaBHEHWU C CYLLECTBYIOWMMMN OCBETUTENbHBIMM Npubopamu.

ROLL SAVING-ENERGY TECHNOLOGIES OF SYNTHESIS OF FUNCTIONAL
NANOSTRUCTURED COATINGS

V.V. Sleptsov,
MAI, Moscow

The application of films of various materials (metals - aluminum, copper, compounds
based on carbon and silicon, etc.) and surface treatment of polymeric materials at the
same time roll on both sides in a single technological cycle.

The installation includes a base plate, which can mount the tape drive mechanism
installed, boot with the original drum roll of film material, the chamber for drying the film
by heating elements and chamber for ion cleaning coiled material. Deposition of metal
coatings is carried out in two identical chambers sputtering equipped with interchangeable
modules spraying. The cells are cooled by spraying up to - 40 ° C on drums. Winding the
film carried on the receiving drum.

The tape drive mechanism includes a simple guide rollers, tension rollers and
smoothing (banana) videos.

Vacuum pumping is performed separately for each camera deposition, as well as for
the heating chamber and ion cleaning of the film. Outside the tape drive mechanism and
all the cameras shut down jacket.

Specifications Installation

- Velocity of film 1-10 m / min

- The value of taper of the film no more than 3 mm

- Limit the residual pressure mm Hg 5.10

- Maximum thickness of the film Al 20 mm

- The duration of the deposition process an hour 6-8 hours

- Diameter of the feed roll 270 mm

- Working pressure in the chambers sputtering, mm Hg 2.10-1 - 10-4
- The number of workers fed gases 3

Deposition modules:
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- Resistive Magnetron
- Arc
- Ion source

The concrete structure is determined by the installation process, carried out in this
installation into compliance with the requirements of the customer.
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