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B nauane 21-ro Beka 3apoaniachk M HOMy4YHIIa IUPOKOE PA3BUTHE JOKTPHHA BOAOPOTHON IUBHIM3ALINH, TIIaBHBIH
NPUHIONI KOTOPOH TJACHUT, YTO YEJIOBEYECTBO CMOXKET M30€XaTh III00AIbHOM 3KOJIOTHYECKOH KaTtacTpodbl TOIBKO
OJIHUM IIyTeM — IIyTeM CO3HATENIFHOTO JBMKEHUS IO HKOJIOTHYECKH YHCTOMY BEKTOPY: «BOJOPOIHAS SJHEPTETHKA —>
BOJIOPO/IHASI SKOHOMHUKA —> BOJIOPOIHAS LIUBUIIH3ALIUIY.

B crarbe mpoaHasM3MpoOBaHa M IOATBEPXKICHA KOPPEJALUS MEXIy COBPEMEHHOH (mocodckoil cuHepreTude-
ckoit koHnemnmuel Muposnanus 1 HyCi-nokTpuHol, KoTopas, OyxydH CynepaTTpakTOpOM, HAallOJHUT HOBBIM CMBIC-
JIOM TPEACTOSIIYI0 MCTOPUIO YeJIOBEUECTBA. BBIZEICHB! /1Ba MCTOPHUYECKUX 3Tala B aCUMITOTHYECKOM JBHKEHHN
YeoBeYeCcTBa K BOJOPOTHON IMBUIM3ALNH.

KntoyeBble crioBa: BOAOPOAHAs 3HEPreTuka, AOKTPMHA BOAOPOAHON LIMBUIIM3ALMM, CUHEPTETMKA, CUHEPTeTUYECKash KOHLeNUUs MMpo-
3[aHus, cynepaTTpakTop.
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At the beginning of the 21st century, the hydrogen civilization doctrine was established and developed. Its main
principle states that humankind will be able to avoid a global environmental catastrophe only by one way — the
conscious movement on ecologically clean vector: “Hydrogen Energy—Hydrogen Economy—Hydrogen
Civilization”.

International Scientific Journal for MexAayHapoAHbIA Hay4HbIW XKypHan

Alternative Energy and Ecology @ U?}D ,-"r ‘{_\EE Ne 1231(;76) «AnbTepHaTMBHasA IHePreTKa n IKONorns»
© Scientific Technical Centre «TATA», 2015 ‘ o © Hay4yHo-TexHu4eckum ueHTp «TATA», 2015

&

VT Fs
/‘,-l-\\.

PACE

\\.\
=

MewdyHapodHeil uzdamensckuld dom HayyHol nepuoduku “Cnelic”



International Publishing House for scientific periodicals “Space”

lonbyos B.A. inean BogopogHON LMBUAM3ALIMM KaK CynepaTTpakTop Ans YenosevyecTsa

The paper analyzes and confirms the correlation between the modern philosophical synergetic universe conception
and HyCi-doctrine which, being the superattractor, gives the new meaning to the forthcoming humanity history. This
paper highlights two historical stages in the asymptotic movement of mankind towards hydrogen civilization.

Keywords: hydrogen civilization, hydrogen civilization doctrine, synergetics, synergetic universe conception, superattractor.
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BopopoaHas akoHoMmuKa. BoOopodHasi SKoHOMUKa

BBenenue

CBoeoOpasue Hallei 3MOXH COCTOUT B UCKITIOUUTEIb-
HOW TIyOWHE W MaciTaOHOCTH COBPEMEHHOTO KpHU3HCa
6uocdepsl 1 conmyma, KOTOPBIH OKa3aJics CaMbIM TsDKe-
JIBIM ¥ CaMBIM OIaCHBIM 3a BCIO HCTOPHUIO YEJIOBEYECTBA.

B konue XX-ro Beka aKTHBHOCTb YEJIOBEYECTBA B
UCTIONIb30BAHMH HCKOIIAEMOTO TOIUIMBA YK€ NOCTHIJIA
Hepa3yMHBIX MaclITab0B, COOTBETCTBEHHO COCTOSIHUE
ouocdeps! 3eMan U U3MEHEHHE KiIMMaTa (A HE TOJBKO)
roBOPAT 00 McTOpUYecKu 0Mu3Koil katactpode. Teneps
MBICTh BepHazickoro o yenaoBeke, paboTaromeM pa3yMHO
[1, 2], momyuaeT cBOE MPOIOIKEHHE C OTTCHKOM I'PYCT-
HoW mpoHuu: «HbIHe "enmoBek BemeT cedsl y)ke He Kak
“Homo sapiens faber”, a xak “Homo desipiens faber”,
T.C. 4eNOBEK, padoTaromuii HepasyMHo» [3—-5].

3apoxkaeHne H CyIHIHOCTb TOKTPUHBI
BOJOPOIHOH NHBHIN3AIHH

Pa3mpbInmieHns o KpU3Kuce COBPEMEHHOH IMBHIIN3A-
IIMM Ha OCHOBE ydeHUs BepHanckoro, a Taxke MOI0XKH-
TeNbHBIC TEHACHIINH Pa3BUTH BOJOPOIHON 3KOHOMUKHU
3a nociaeanue aecsatuwiaetus XX BeKa MPUBEIH K IOSIB-
JICHUIO JOKTPHUHBI (KOHLIEIIMH) BOJOPOJHON IHUBUIM3A-
mun (Hydrogen Civilization (HyCi-)Doctrine, HyCi-
Conception).

BriepBrie 3Ta muanetapHas mpobiema Obina oduiu-
abHO paccMOTpeHa Ha MeXIyHapoaHOW KOH(pepeHINH
«BepHanckue ureHus» B JlOHEIKOM HalMOHAJILHOM
TexHu4YeckoM yHuBepcutere (Hdomenk, 10—12 ampens
2001 r). Ha nnenapHOM 3aceqaHWU aBTOp JAHHOW CTa-
TBU TPUBENI apTYMEHTHI B MOJIB3Y MEpexoaa K BOAOPOA-
HOW ITMBWJIM3AIIMH U BBICTYIIMJI C 3asBICHUEM: «AHAIHN3
HEraTHBHBIX U3MEHEHU KiinMara 1 Ouocgepsl Ha OCHO-
Be yueHHs BepHaackoro nenaer OCMBICIEHHE Iepexojia
K BOJOpPOIHON NHMBUIM3AIIMM OCOOCHHO aKTyaJbHBIM
MMEHHO ceiyac, He OTKJIaJpIBas Ha OyayIlye BpeMeHa!»

12 uronsa 2002 r. Coer aupekTopoB MexayHapoa-
HOW accommanuu BopopoxHoi 3Hepretukn (MABD) B
Momnpeane (B pamkax WHEC-14) no mHnnmaTtuse 1-pa
J. Bolcich (B To Bpemst unena CoBeta aupekTopoB MA-
BD, a merHe Bune-npesuaeata MABD) obcyamn U pexo-
MEH/JI0OBaJI KOHIEMIMIO JUIS TPEICTABICHHS MHPOBOMY
BOJIOPOZHOMY JBIDKCHHIO B KauecTBe OQHIMAIBHOI
Konnenmmun MABD [3-5].

I'masusrit npuanun HyCi-1oKTpHUHBI TTacUT: YeloBe-
YECTBO CMOXKET n30exkaTh MUPOBOH TI00ATBHON DKOJIO-
THYECKON KaTtacTpo(dbl M COXpaHUTh Onochepy mpuron-
HOW 11 ’KM3HM TOJIBKO OJHHUM €IMHCTBEHHBIM ITyTEM, a
HMMEHHO ITyTEM JBIDKCHHUS 110 HANpaBIEHUIO KOJOTHYe-
CKH YHCTOTO BEKTOpa: «BOJOPOAHAsI SHEPTETHKAa — BO-
JIOpOAHasl SKOHOMHKAa — BOJOPOJAHAs LUBIIM3ALIUS.
JIoKTprHa BOAOPOJHOM IMBMIIM3ALMK UMEET IPOTrpaMM-
HBII XapakTep M COCTOUT M3 TPEX B3aMMO3aBUCHMBIX H
B3aMMOOOYCIIOBJICHHBIX COCTABIISIOIINX: HHIYCTPHUANIb-
HO-3KOJIOTHYECKOH, TYMaHUTAPHO-KYJIbTYPHOU U IeOlo-
JIMTUYECKON MEXyHapOAHO-IIPABOBOM.

Hnoycmpuanvro-skonocuueckas cocmagnanwasn
HyCi-noxTpuHbl omMpaeTcss Ha COBPEMEHHYIO TEHICH-
LIMIO Pa3BUTHS BOJOPOAHON SKOHOMUKH U pa3pabarbiBa-
eT HCTOPUYECKOE BH/ICHHE B3aHMO3aBHCHMOCTH MHPO-
BOM 3KOJIOTHYECKOM CUTYyaIlMd ¥ BOJOPOJHON SKOHOMH-
KU B Ti00ansHOM MacmTade. bynyun ocHoBaHHOM, mpe-
Kae Bcero, Ha yueHuu B.U. Bepranckoro o 6uocdepe,
HyCi-nokrpuna onmpaercst B €€ aHanu3e Ha CHHEPreTH-
Ky — COBPEMEHHOE y4YEHHE O Pa3BUTHHU CIIOXKHBIX, Tep-
MOJMHAaMHUYECKH  OTKPBITBIX, CaMOOPIaHU3YIOIIUXCS
CHCTEM, KaKoBOM Onochepa u sBiseTcs.

T'ymanumapho-KynbmypHas cocmasnaowas NCXOIUT
u3 yueHust BepHajckoro o Hoocepe U ero KyJbTypHO-
¢dunocodekoro Haciaeaus. Jta 4acTh ONMUPAECTCS HA TY-
MaHUTAPHbIE HAyKH: COBPEMEHHYIO (DHUIOCO(HIO, KYIib-
TYpOJIOTHIO W JApPYTHe MUCHUIUIMHBL. B naHHOM ciydae
ncropudeckas 3anada HyCi-ZoKTpHHBI COCTOUT B pa3pa-
00TKE WICOJIOTHM M B IIPONaraHae BOJOPOIHO-
9KOJIOTMYECKOTO ¥ HOOC(EPHOTo B3IJIsiIa Ha Oyamylee ¢
Lenbio  (OpMHUPOBAHHS COOTBETCTBYIOIIETO CO3HAHUS
HAapoJOB CHa4aja B OTHCJBbHBIX CTpaHaX, a 3aTeM H B
MaciTabe BCEro 4yeoBe4ecTBa.

Teononumuueckas mexncoyHapoOHO-NPaABOBAsl COCMAB-

ssrowas. Tlepexon K BOJAOPOIHON YKOHOMHKE U 3aTeM K
BOJIOPOJTHOM IMBMIIM3AIMK OyJeT HEeM30eKHO U TepMa-
HEHTHO COMPOBOXIATHCS TIOOATBHBIMUA H/UIIK JIOKAJIb-
HBIMH T€OMOJIUTUIECKUMHU W TE€OOKOHOMHUYECKAMU KOH-
¢nukramu. B yactHOCTH, OyAyT HMETh MECTO HM3MEHE-
HUS B HallMOHAJIBHBIX HHTEpPEcax MHOTHUX CTpaH — 3TO
TIpexKIe «cTapeie» H
COOCTBCHHUKH SHEPreTHYECKUX pecypcoB. Kpome Toro,
MPOU30UIYT M3MCHEHHUS T€OPKOHOMHUYECKUX HHTEPECOB
TpPaHCHAIIMOHANBHBIX JHEPreTHUCCKUX KOMIAHHN; HE
HCKJIFOYCHO BO3HUKHOBEHHE TOJSIPHBIX HM3MCHECHUH B

BCEroO <«(HOBBIC» CTpaHbI-

chepe riI00aTbHBIX TEOMOJIUTUIECKUX U T€OOKOHOMUYE-
CKHUX BIUAHUH U T.A. ['1aBHas 3agaua MUPOBOM MOJIUTHU-
YEeCKOH JUTHI M BCErO YEJIOBEYECTBA COCTOUT B IIOCTO-
STHHOM paboTe HaJx MPaBOBBHIMH (HE C MO3MILUU CHIIBI)
pEIIeHISIMA BO3MOXKHBIX HETaTHBHBIX TCOMOIUTHYECKIX
U TCOPKOHOMHYECKUX TCHICHIWN B JIBIKCHUH YeIIOBE-
YecTBa 110 IMYTH K BOJOPOIHON ITUBIITHU3AIIHH.

Baxneitmee nonoxxeane HyCi-moKTpuHBI cOCTOUT B
HOBOM BHJICHHH POJIA U MECTA BOJOPOIHON SHEPreTHKH
U BOJIOPOTHON IKOHOMHKH B OyIyIIeH )KU3HU YeIoBede-
cTBa. Bodopoonas snepeemuxa u 6000pooOHASE IKOHOMU-
Ka A6IAIOMCA He YeM UHbIM, KAK MeXHU4ecKuM, IKOHO-
MUYECKUM U IKOJIO2UUECKUM (QYHOAMEHMOM nepexood
yenogeyecmea K yCmouuusomy oyoyuemy, 6000pooHOU
yusunuzayuu. Takoil nMoaxoJ K BOJOPOJHOMN SHEPreTUKE
U BOIOPOIHOM YKOHOMHKE sl OyIYyIIEeTo 4eI0BeYecTBa
MMOJHIMACT Ha HOBBIH YPOBEHb 3HAYMMOCTH BCEX KOJI-
JICKTUBHBIX YCHIIMH MHPOBOTO BOJOPOJHOTO JBHKCHUS
U ero maeosora — MexXIyHapOIHOW acCOUHMAIH BOJO-
POIHOM SHEPTCTUKH.
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JIOKTpMHA BOJOPOIHOM IMBUIM3ALHM:
MOZKET JIM 3TOT UAeAJT CIYKUTh
JJ151 YeJIOBeYeCcTBa CynepaTTpaKkTopom?

Brnagumup HMBanoBuu Bepnanckuil paznuuan cie-
JIyIOIe TUIBl YEIOBEYECKOrO MBIIUICHHS: HAy4dHOE,
¢unocodckoe, peNUrno3Hoe M XyJOXKECTBEHHOE — H B
MOJTHOM Mepe OCO3HABal M MX OTHOCHUTENIbHYIO HE3aBH-
CHMOCTb, ¥ MX I'TyOMHHYIO B3aMMOCBSI3b U B3aUMOBIIHS-
Hue. OH HEOJAHOKPATHO MMOAYEPKUBAN 3HAUUMOCTb TaKO-
TO B3aUMHOTO BIMSHUS Pa3IMYHBIX TUIIOB MBIIIICHUS Ha
BECh HCTOPHWYECKHH XOJ| CTAHOBIICHHS YEIOBEYECKOTO
3HaHUA M MUponoHumaHus. Tak, Hanpumep, BepHan-
CKHI mHcan o 3HaueHuHn QUIocopUH sl HAYIHOTO
MBIIUICHUS: «5] OTHOIIYCH K 3HAUUMOCTH (puiocodun He
Tak, KaKk OOJBIIMHCTBO HATypaJHcToB». «Punocodpus
BCET/Ia 3aKIIOYAET 3apo0bilii, THOTJA JAXE MPEBOCXO-
e 1ensle obsmactu OynyIiero pasBUTHSL HayKH.
Tonbko Onaromapst OZHOBpEMEHHOHM paboTre yenoBeue-
CKOT'0 MBIIUIEHUS B 3TOM HAIIPABICHUH MBI MOJKEM IO-
CTPOUTDH NPaBHIBHYIO KapTHHY HEH30EKHO CXeMaThue-
CKOTO TOCTPOCHHS NPHUPOIBL. B mcropmu pa3BuTHS Ha-
YYHOW MBICITH MOXHO SICHO M TOYHO IPOCIEAUTH TaKoe
3HaueHne QUI0COpUH, KaK KopHell U )KU3HEHHON aTMO-
cdepbl HayYHOTo MbIILIeHA [1,2].

C npyroi#l CTOpOHBI, OOIIEU3BECTHO BIMSHHUE Pa3BH-
THUsI KOHKPETHBIX HayK Ha (uiiocodckoe MbIIUICHUE, a B
OTAEJNBHBIX CIIy4asX — Ha CTAHOBJIEHHE HOBBIX (uIIo-
co(pckHX CHCTEM W HOBOTO MUponoHUMaHusA. Tak, B 60—
70-x rogax XX-ro BeKa 3apoJIMIach U 3aTeM crana Oyp-
HO pa3BHBaThCS MEXIUCLHIUIMHApHAs HayKa CHHepre-
Tuka. CornacHo 3ToM HayKe, CHHEPreTHYECKUE CHCTEMBI
TIOCTOSIHHO OOMEHMBAIOTCS SHEPrUed W BEIIECTBOM C
BHEUIHUM MHpOM. biarogaps Takoil «moakaudke» U3BHE,
UX HepapxXudeckas CaMOOPTIaHM3aIlMs MOXKET COoXpa-
HATHCS AJUTEIHHOE BPeMs U CYIIECTBOBATH CTaOMIIBHO
JO JOCTHXKEHHUsI TaK Ha3blBaeMOW Ou(ypKanunoHHON
Touku (mepuoxa). B Touke Ombypkamum cuHepreTude-
CKasi CHCTeMa HaxOIWTCA B BBICIICH CTENEHW HecTa-
OunpHOM cocTosiHMU. [laske Maible BHEITHHE BO3JEHCT-
BUSI MOTYT TIPUBECTH K HEOOpPaTUMOMY MEPEXOy CHUCTe-
MBI B HOBOE COCTOSIHHE, COBEPLIEHHO OTIMYHOE KaK OT
HA4albHOrO0, TaK U APYTUX BO3MOXKHBIX COCTOSHUI.

Pewaronuii Moment! Men cuHepreTuku U cuHepre-
TUYECKUN CTHJIb MBIIUICHUS! OBICTPO MPOHUKIH B €CTe-
CTBEHHBIC M TEXHHUYECKHE HAyKH, B OHMOJOTHIO, I'e0j0-
THIO, apXEOJOTHIO, METEOPOJIOTHIO, COLIMOJIOTHIO U APY-
rue. B 90-x rogax XX-ro Beka CHHEPTeTHYECKUI CTHIIb
MBIIUICHHS TIPOHUKAET B putocoduio u uctopuo [6, 7].
Haunnaer ¢opmupoBaThCsl cHHEpreThdeckas KOHIIETI-
Ul MUPO3/JaHUs, CHHEpPreTHuYeckas KapTUHAa COLUAllb-
HOHM peaJIbHOCTH, BKJIIOYaronias B ce0s yenoBeka, ooe-
CTBO, KyJIbTYPY U CO3HAHUE.

B 5Tu ke rogpl, Kak yke OMHMCAaHO BBIIIE, MUPOBOE
HaydYHOE M TEXHHYECKOE COOOIIECTBO NMPHUXOAWUT K HO-
BOMY ITOHHMAaHHIO YCTOWYUBOTO (sustainable) Oymymiero
YEeJIOBEYECTBA — BOJIOPOTHON IIUBUITU3AINH.

B cBere ckazaHHOIO BONPOC O BO3MOXKHOW KOppeJis-
MK ¥ B3aUMHOM J0NONHsIeMOoCTH (UIocodcKol cuHep-

TeTUYECKON KOHUENIUH MUPO3AaHKs U JOKTPUHBI BOJO-
POAHOW LMBHJIM3ALUK TPEICTABIISET OCOOBIH HHTEpeC.
[Ipexnae Bcero, pacCMOTPUM OUYEHb BaXKHBIH, a BO3MOXK-
HO U IIEHTPaJIbHBIN BONPOC O B3aUMHOMU JIOMIOIHSAEMOCTH
JBYX paccMaTprUBacMbIX KOHIICIIUN: pedb OyAeT UITH O
CMBICIIOBOM COJIEPXKAaHHH (PHUIOCOPCKOTO MOHITUS «CY-
HepaTTpakTop» U O TOM, KaKMM O0pa3oM 3TO IOHSATHE
MOXET MPEIOMUTHCS W BBICBETHTHCS, OyAydn BBEAEH-
HBIM B coziepkarenbHyto yacte HyCi-noKTpuHEIL.

CymmupyeM cHauasa (Guiocockoe conaepxKaHue
MOHSATHUS «CYNEPATTPAKTOP», KaK OHO TPaKTyeTCs B CH-
HepreTudeckoil konnenuuu muposnanus [6]. Cymepar-
TPakKTOp €CTh HE YTO WHOE, KaK MPOAYKT peau3anuu
a0COJIIOTHOTO Hjeala, KaK MPOAYKT peanu3aruu oole-
CTBEHHOTO Hzeaja. A CMBICI HCTOPHHM COCTOUT B IIPO-
I[[ecce BEUHOTO «CHHEPreTHYECKOT0» JBWKECHHS YeIOoBe-
Ka K cyneparTpakTopy. [Ipy 3TOM Be4HOE IBIKCHHE K
CyNepaTTpakTopy HOCHUT acCHMITOTHYECKHI Xapakrtep
NpUOTMKEHUsT K «aOCOJIOTHOMY  IPOW3BEICHHION.
VIMEeHHO acHMMNTOTHYECKHI XapaKTep 3TOrO IBHXKCHUS
HAaIOJIHAET MCTOPUIO0 OECKOHEYHO TIIyOOKHM CMBICIOM,
JIeNIaeT €ro Heucuepnaemvim: «BCIKUHN pa3, Korna JOCTH-
raercs Kakoi-To 3Tam B MPOJBIKEHUH K ITOMY IPOU3-
BEJICHHIO, C €r0 BEPUIMHBI OTKPHIBACTCS HOBAsl MaHOpa-
Ma, TOoNHas ermie Ooiee 3aXBaTHIBAIOIIMX COKPOBHIL, U
HAYMHAETCSl HOBBIN 3Tan. BBHIY mpakTU4eckou Hedoc-
muodrcumocmy aGCOIIOTHOTO MPOU3BEACHUS B KOHEUHbIU
HCTOPHYECKUH CPOK, OHO (PUTypHPYET B CO3HAHHUH YEJIO0-
BEYECTBA KaK HEKoe “IyXxoBHOE He0O™» [6], va cmpem-
JIeHUU K KOMOPOMY OOJJHCHbI OblMb COCPEOOmMOUeHbl 8Ce
yenogeuecKue YCUiUs.

Bce ckazaHHOE BBINIE MOJHOCTBIO OTPa)kaeT CTHIIb,
JIOTUKY, WHTEIPAlMOHHBIN XapakTep W HAIpPaBJICHHOCTh
(punoco¢cxoro MBIIIICHUS KaK TAKOBOTO M B TO XK€ Bpe-
Msi, B COOTBETCTBHU ¢ BepHaackum (kak 3T0 ObUIO CKa-
3aHO BbIIIe): «putocodus Bceraa conepKuT 3apooviuii,
WHOTJa Ja)ke MPEBOCXOSIINE IeTble 00IacTu Oymyre-
T'O Pa3BUTHUS HAYKH. ...

[IpoananusupyeM KOpPPEIAIHI0O CHHEPIeTHYECKO
koHuenuuu muposnanus u HyCi-goktpussl u chopmy-
JMpYyeM OCHOBHBIE BOTIPOCHI CIIEAYIOIINM 00pa3oM:

e SBnsercs M npean BOJOPOAHOW IUBHIM3ALNH,
Kak 370 nokazaHo B HyCi-nokTpuHe, pe3yibTaToM pea-
JIU3aIUHU OOIIeCTBEHHOTO (a0COMIOTHOTO) Haeana’?

e Moryr mu HyCi-moxTpuHa u caM wuzaean BOJO-
POAHOW IMBUIIN3AIMH SBISITHCS CYIEPATTPAKTOPOM ISt
yenoBeyecTna’?

e Kak Takas KOHKpeTH3alus CylepaTrTpakTopa co-
OTHOCHUTCSL ¢ ero (UIOCO(PCKUM «3apOABIIIEM» U €ro
¢dbunocopckumu cBoiictBamu? MOXKET JH 3TO OBITH MMO-
JIE3HBIM JUII HAYYHOTO M TEXHUYECKOTO MBIIICHNUS ?

[lo MHeHUIO aBTOpa HACTOSIEH PabOTHI, OTBETH Ha
MIOCTaBJIEHHBIE BOIIPOCHI, HECOMHEHHO, SIBJIIOTCS MOJIO-
KUTCIBHBIMU. JIeHCTBUTENBHO, NOKTPHUHA BOIOPOIHOM
IUBWJIM3AIMN — yX€ BIOJHE c(HOPMHPOBABILUICS «3a-
POZIBII» BEJIUKOW UIEU — BOJOPOJHOM IHEPreTU4ecKou
U/IeH, UMEIOIEeH CBOIO COOCTBEHHYIO HCTOPHIO pa3BHU-
THsI, UJIeH, OYCHb [TPUBJICKATEIbHOM /15l YeJIOBEUECTBA.
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BopopoaHas akoHoMmuKa. BoOopodHasi SKoHOMUKa

B cBoux ncrokax (XIX Bek) BoIOpoaHas >HEPreTH-
yeckas HAes BOCXOAUT K (DaHTACTHUECKUM Ui TOTO
BpemeHHu pasmbinuieHHsIM JKrons Bepna. Cienyer mon-
4epKHYTb, 4To JKionb BepH, 3HamMeHuTHIN (paHIly3cKuil
nucaTenb-(paHTacT, MMeJl MHOTO HPEAIICCTBEHHHUKOB.
Hampumep, B 1829 r yuenstit nu umxenep W. Cecil B
cBoEéM cooOmmeHnn Ha 3aceqannu KemOpumkckoro ¢u-
J0co(h)CKOTO 00IIEeCTBa MPEUIOKII UCII0JIB30BATh BOJIO-
pon B kadecTBe TorumBa. B 18221 oH omyOmukoBain
HAyYHYIO CTaThiO B XypHasle ¢uiocodckoro odmectsa
«O0 uCNONB30BaHUU Ta3000pa3HOTO BOAOPOJA IS CO3-
JlaHusl JBIDKYIIEH CHJIBI MexaHu3MoB (machinery)y.
[lepBbIif maTeHT Ha ABUTaTeNb, pabOTAIOIINKA HAa CMECH
BOJIOPOJI—KUCIIOPOJ, ObLI ToNyueH B Aurnuu B 1841 1. B
Mionxene (I'epmanus) B 1852 r. wacoBmmk H. Teitmann
co3/ai ABHWrareib, KOTOPHIA mpopaboTana Ha CMECH BO-
JIOpOA—BO3yX HecKoibko JieT. B 1839 r. anrnuiickuii
xumuk c3p William Robert Grove cozman rampBaHu4e-
CKYIO Ta30BYI0 Oarapero — HOBBIH 3JIEKTPOXUMHYECKUI
TeHepaTop IEKTPUIECKOTO TOKa (TOTUIMBHBIIM 3JIEMEHT),
YTO CJIeNIAJI0 BO3MOJKHBIM IOJNyYEHHE 3IICKTPHYECKOTO
ToKa ¢ BbIcOKUM KII/I ¢ MOMOIIbI0 3IEeKTPOXUMHYECKON
peakuu BoJopoAa ¢ KUCIopoAoM. B mepBoii moyiioBuHe
XX-ro BeKka Hay4yHbl€ U WH)KEHEPHBIE OCHOBBI MCIIOJb-
30BaHMs BOJOpOJAa B KadeCTBE TOIUIMBA CTald WHTEH-
CHBHO pa3pabaThIBaThCS.

N Bce xe mmenno XK. BepH mo mpaBy cuutaercs
IIPOBO3BECTHUKOM BOJOPOAHON JSHEPreTHKH, TaK Kak
MMEHHO OH NPHBJIEK BHUMaHHE IHPOKOH YUTATEIHCKOM
aynuropuu nociuenHeit uerseptu XIX Beka u XX Beka K
HOBOW BO3MOXKHOCTH UYeJIOBEYECTBA HCIIOJIb30BAThH BOJIO-
POJ KaK TOIUIMBO, NMPH CKUTAHUU KOTOPOTO 00pasyercs
Toneko Boma. Crenys 3a maeedd Bephaackoro, HeoOXo-
JUMO aKIEHTHUPOBAaTh BHHUMaHHE Ha ATOM IIpUMepe Kak
Ha HaIJIATHOM NEMOHCTpAIMH IIIOZOTBOPHOCTH B3aMM-
HOTO BIIUSHHS PA3IHYHBIX THUIIOB YEIOBEUECKOTO MBIIII-
JICHHA: B JAHHOM CIJTydae HayYHOT'O M XyJ0KECTBEHHOTO.

Bo Bropoii nonosure XX Beka unes JK. Bepra Bo3-
poIuiach Ha HOBOM YPOBHE YK€ KaK CMelnas, peajbHO
ocyIecTBIMasi HAyYHO-MH)KEHEpHAsl THIIOTe3a. 3aTeM B
nocieaHei yerBepTr 20-r0 CTOJICTHSI B CHILYy HOBBIX HC-
TOPHYECKUX YCIIOBUH (CHCTEMHBIN KPU3UC COBPEMEHHOM
LUBHIIM3ALNH) CHOPMUPOBATACH KHU3HECTIOCOOHAsT KOH-
Lenuusi BOAOpoaHOW skoHOMUKU. B Hauane XXI Beka
Bemaromasics uaes JK. BepHa momyumia cBoro 3aBep-
HIEHHOCTh B (popMe IOKTPUHBI BOJOPOIHOM LUBMIIN3A-
uuu Oyaymiero.

Urak, B HyCi-nokTpuHe 3aJ0XKeH W MOIY4HT ajlb-
Helnryo pa3paboTKy MpOIIeAIINi HCTOPUIECKOE pa3BU-
THE BEJIMKUM 4YEJIOBEUYECKHM HAeal COBPEMEHHOCTH —
coxpaHuTh Ouocepy 3emMiaM NPUTOTHON JUIS SKU3HH
IyTEM JIBIDKCHMSI YEJIOBEUECTBA MO JKOJOTMYECKH YHC-
TOMY BEKTOPY «BOJOPOAHAS SHEPreTHKA —> BOIAOPOAHAS
SKOHOMHKA —> BOJOPOHAS [TUBIIH3ALII.

besycnosno, 6odopoonas yusunuzayus u no ceoei
cymu, u no ceoeli yice C8epuUBUICIC UCTOPUYECKOU
pazeumocmu, u no ceoell NpueieKamelbHOCmuy 8 Kaue-
cmee 00uecmeeHHo20 udeand enoaHe modxcem (u Oyoem)
CAYIACUMB CYNEPAMmMpAKmopom, 08uUdliCeHUue K KOmopomy

HAnOJIHUM HOGbIM CMBICIOM NPeOCHOAWYIO UCHOPUIO
yenogeuecmsa.

JBrKeHUE K 3TOMY KOHKPETU3UPOBAaHHOMY Hay4HOH
MBICJIBIO CYNIEPATTPAKTOPY, B COOTBETCTBHU C (PHIOCO(-
CKOW KOHIIENIMEH CHHEPreTHYeCKOro MHUpO3JIaHus, Oy-
JIeT HOCHTh aCUMITOTHYECKHH XapakTep MpUOIMKEHUS
K «abCOJIOTHOMY NpOM3BEAEHHIO». B 3TOM BeuyHOM
JIBIDKCHUH T10 3aBEPIICHUN Ka)KAOTO 3TaIa Pa3BUTHS «C
€ro BEpLIMHBI OTKPBIBACTCS HOBas MaHOpama, ITOJHas
eme Oojee 3aXBaTHIBAIOLIMX COKPOBHUIN, M HauyMHACTCS
HOBBIU 3Tam» [6]. D10 duocopckoe MojJokKeHHe, HECo-
MHEHHO, HOCIYXHT «3apOJIbIILieM» JalbHEeHIIero yriyo-
JICHUA JOKTPHUHBI BOJOPOJHON IMUBMIN3AIUH. 31€Ch I0-
TpebyeTcss HOBas paboTa HAay4YHON MBICIU U, TPEKIE
BCETo, B 00CY)XKJITa€MOM HIKE HampaBiIeHHUH[S].

JIeCTBUTENBHO, YXKE CETOAHS Mbl MOYKEM BBIICIUTH
o KpallHeH Mepe 08a ucmopuueckux smana (0ge cmy-
neHu) 8 ACUMNMOMUYECKOM OBUNCEHUU YEeN08eYeCmBd K
8000pOOHOU Yusurusayuu Kax cynepammpakmopy. Ha
nepBoM otare, cornmacHo HyCi-nokrpune, Omocdepa
BCTYIIHT B «3II0XYy CBOETO pEHecCcaHca», U OyIyT coxpa-
HATBCSL U JIaXKe B YEM-TO YIIy4IIAThCs HKOJOTMYECKHUE
YCIIOBHS CYIIIECTBOBaHMA 4elloBeuecTBa. B 3ToT mepuon
01151 npoussodcmaa 8000poda 4eI0BEUeCTBO OyaeT emié
B OCHOBHOM HCIIOJIb30BATh HE80300HOGsIEMblE UCTOU-
HUKH TIEPBUYHON DHEPIHU: aTOMHAsl DHEPIHs, UCKOIae-
MO€ TOIUIMBO, a B NEPCIEKTUBE — TEPMOsIEpPHAs dHEp-
rusd. IIpy 3TOM Ha ()OHE IIMPOKOTO HCIOJIB30BAHUS
JIEKTPOIHEPTHH W MIEPMaHEHTHOTO POCTa MOTPEOICHUS
SHEPreTUYECcKOro BOJOPOJA YEIOBEYECTBO OymeT emié
NIPUMEHATh TaKHE SHEPTOHOCHUTENH, Kak: OHOTOIUIMBO,
HCKOIIaeMoe TOIUIMBO, OTXOIBI NPOM3BOJACTBA M OBITa,
BO3MOXXHO, M JIPyTHE BOJOPOAOCOJACPIKAIINEC HOCHTEIH
SHEPTUH (Harmpumep, 3TaHoi). [Ipu 3ToM B COOTBETCTBUH
C KOHKPETHBIMH YCJIOBHSMH pa3HbIX CTPaH U HApOJOB
(reorpaduuecKkiuMu, SKOHOMHYECKUMH, TEXHUIECKUMH H
T.1.) OyayT ONpeneNnaTbcs MOTCHIIMAIBLHO ONTHMAIbHBIC
BO3MOXKHOCTH, YTOOBI TOCTHYb OJJHOBPEMEHHO JY4IIHMX
U TEXHUYECKHX, U PHIHOUHBIX PE3yJIbTATOB.

Hcnons3oBanmne 860300H06/15eMblX NCTOYHUKOB SHEP-
run (COJHIA U €r0 NPOW3BOJHBIX) Ha 3TOM HCTOpHYE-
CKOM 3Tane OyZIeT, KOHEYHO, UMETh MECTO, HO B OTpaHu-
YEeHHBIX MacmTabax (M0 SKOHOMHYECKMM M TEXHHYe-
ckuM mpuunHaM aumb g0 10-20% ot obmiero sHepro-
MOTPeOIeHNUs).

COBEpIICHHO OYEBHIHO, YTO CaMa MBICIb O BO3MOX-
HOCTH OJarompHATHOTO pa3BUTUA Ouochepsl yxe Ha
MEpBOM DJTare JBHKCHHUS K BOAOPOJTHON LUBHIM3ALUH
SIBIISICTCS JUISL YEJIOBEUECKOT0 CO3HAHMS HAIIETO BpeMe-
HU (korma OoJbIlle TyMaroT, U BIIOJHE OOOCHOBAHHO, O
MHPOBOH IKOJIOTHUECKOH KaTracTpode) MMEHHO «TyXOB-
HBIM HEOOMY.

[locne pmocTwxkeHUs NEpBOM CTYNEHH BOIOPOIHOM
LUBHUJIM3ALNH B aCUMIITOTHYECKOM JIBIDKCHHHU K CyIep-
aTTPAKTOPY OTKPOETCS «HOBAas 3aXBaThIBAIOIIAS TAHO-
paMa M HayHETCs] HOBBIH MCTOpHUYECKHH 3Tam». B pam-
kax HyCi-ToKTpHUHBI MBICIUTCS, YTO Pa3BUTHE CIEIYIO-
IIETO UCTOPHUYECKOTO dTama OyJaeT WHUIIMUPOBAHO U OY-
JIeT TOJIepKUBAThCs BCE Oosee M OoJiee MIMPOKUM UcC-
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lonbyos B.A. inean BogopogHON LMBUAM3ALIMM KaK CynepaTTpakTop Ans YenosevyecTsa

noav3oganuem suepauu connya (M e€ MPOU3BOJHBIX) IIPU
MPOU3BOJICTBE BOJOPOJA IJIsl SHEPIrEeTUYECKOrO JKU3He-
o0ecIieueHNs YeI0BEIECTBRA.

OueBHJIHO, YTO HA 3TOM OTHAJIEHHOM STalle IIaHeTa
3emnss u Omocdepa OymyT mpereprieBaTh TaKHE TPaHC-
(hopMarmy, aHaIOTOB KOTOPEIM HE OBUIO B €€ TeOJIOTH-
YECKOM U UCTOPHICCKOM IponnioM. OCTaHOBUMCS TOJb-
KO Ha OIHOM IpHUMepe. DIIEMCHTapHBIC PacdEThl TOKa-
3BIBAIOT, YTO €CIIH, HApUMep, MoBepXHOCTh Caxapbl
MOKPBITH TOJTYIPOBOTHIKOBEIME COJTHEUHBIMU OaTtapesi-
MH, TO MOJIy9aeMOH 3Hepruu OyneT T0CTaTOYHO, YTOOBI
00eCTIeunTh KU3HEIEATSIFHOCTh BCEro YenoBeuecTra. B
TO K€ BpeMsl OCYILECTBJICHHE ITPOSKTOB TAKOTO MacIITa-
0a — 9T0 yxe paboTa «CBEPXUEIOBEKa» U «CBEPXUEIIOBE-
yectBa» [6]. Cnemyst 3a BepHaackum, MOXHO YTBep-
JKIaTh, YTO TaKas dHepreTudyeckas TpaHchopmaius cuc-
Tembl ConHIle—3eMIIsI HF3MEHUT YCIIOBHS T'€0JIOTHIECKOTO
CyIICCTBOBAaHMSA 3€MJIM W BBEI30BET HEIMPEICKA3yeMEIC
W3MEHCHUS CYIIECTBOBaHUS Onocepsl U 4eIoBeYecTBa.
IToucTune ecTh 0 YeM nMoayMaTh!

EcTecTBeHHO, 9TO TOT/]a HA TICPBBIN IUNIAH BBICTYIIHT
npobiema GopMupoBaHHUS OOHOBIEHHOIO, KH3HEYTBEp-
JKIAIOIIETO CYIMEPaTTPaKTopa, KOTOPBIA MOT OBl OBITH
NPUHAT YEJIOBEUYECTBOM KaK «IPOIYKT peanu3anuu ad-
COJIIOTHOTO Hjeana». [Ipu aToMm ¢unocodckoe MbIIie-
HHE pHUCYeT 3/eCh CICAYIOUIYI0 KapTUHY: «...JTIOIH,
(dbopmupyOLIKe 3TOT Haeal, o0sanas TMIAHTCKUMHU BO3-
MOKHOCTSIMH B TIPEOOPA30BaHUU OKPYIKAIOIIETO MUPA U
camux ce0s, BBIOMPAIOT B TO K€ BPEMsS U3 BCEX BO3-
MOJKHOCTEH TaKOTO IpeoOpa30BaHMsI TONIBKO TAKUE MYTH
U CPEJICTBA, KOTOPBIE COOTBETCTBYIOT ITUICCKUM U 3CTe-
TUYECKAM HOpMaM, MPOIANKTOBAHHBEIM aOCOIIOTHON MO-
paybio U aOCONIOTHOM KpacoToi» [6].

3akJaouenue

B cooTBeTCTBMM € CHHEPreTUYECKON KOHLIEIIUEH MU-
po3nanust GpunocopCKuil CMBICT HCTOPHH TIPEICTABIAETCS
MMEHHO KaK IPOIECC BEYHOTO CHHEPTeTHYECKOTO JABMKE-
HUS 4€I0BEKA U 4eJIOBEUECTBA K CYNEpaTTPaKkTopy.

JIOKTpHrHA BOAOPOAHON LIMBUIM3ALMU O ABMKCHUH U
OynmymieM Iepexoje YelIOBEYeCTBa B 3Py BOJOPOJHOM
[IUBUJIM3AIMH HATOJHSIET 3Ty GMIOCO(CKYIO Mapaaurmy
(3T0 «myxoBHOE HE0O0») KOHKPETHBIM IPAKTHYECKUM
COJIEpKAHUEM.

HecomuenHo, 4uro moa BaussHUEM (uiocoduu OymyT
U Jlanee OCMBICIMBAaTBCS B cCaMOM OOOOIIEHHOM BHIE
y3n0Bbie MOMeHTbI HyCi-TOKTpHHBI KaK 00IIIECTBEHHOTO
ujeana, J0CTOMHOTO CIYKHUTh CYIepaTTPaKTOpOM.
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B nacrosimeM 0030pe mpeacTaBieHbl pabOThl aBTOpa MO OCOOEHHOCTSAM JKCIepUMeHTaldbHOU oTpaboTku (D0)
KHCIIOPOTHO-BOJIOPOIHBIX XKHUAKOCTHBIX pakeTHbIX apuratenen (GKPI) 11156, 111157, P/10120, KB/I1 u psina aBura-
TENBHBIX U JHEPIeTHYCCKUX YCTAHOBOK, a TaK)KE€ CPAaBHCHHE MX OTPabOTKH ¢ 3apyOeKHBIMH NaHHBIMH. [loka3ana
POITE MOJCTTBHBIX UCCIICAOBaHIIA, aBTOHOMHBIX HCIIBITAHUI arperaTtos, CUCTEM U JIBUTATEIIS, B TOM YHCIE C UIMHUTAIH-
ell TOJIETHBIX YCIIOBHH IKCIUTyaTallH, M KOMIUIEKCHBIX HCTBITaHUH mpu DO MepCreKTHBHBIX IBUTATENCH W JBUTra-
TENBHBIX ycTaHOBOK (/1Y) pa3roHHBIX 010K0B. [IpuBeneHb criocoOBI 1 ycTpoiicTBa sl oOecriedeHust 0€30IacHOCTH
Ha3eMHBIX UCIBITAHUI PaKCTHBIX BUTATEICH M YHEPTETHUCCKUX YCTAHOBOK C MPUMCHEHUEM 3(P(PEKTHBHBIX CHCTEM
JIMarHOCTUKHU U aBapUNHOM 3aILUThl UCIIBITAHUN.

KntoueBble cnosa: paKeTHbIVI ABuratenb, dHepreTnyeckasa yctaHoBka, ncnbitaHue, 6e3onacHoCTb, MMUTaLus, BOOOpPOA, ANarHoCTuKa,

aBapuiHas 3awmTa UCMbITaHUN.

REVIEW OF DEVELOPMENT ON TESTING ROCKET ENGINES
AND POWER PLANTS ON HYDROGEN FUEL
AND THE PROBLEM OF ENSURING THEIR SAFETY
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The review presents the author’s works on features of experimental testing of oxygen-hydrogen liquid rocket
engines (LRE) 11D56, 11D57, RD0120, KVDI1, RD0146D and a number of propulsion units and power plants, as
well as comparison of their testing with foreign data. Moreover this review shows the role of model studies,
autonomous testing of units, systems and engine, including the simulation of flight conditions, and complex tests with
experimental testing of advanced engines and propulsion systems (PS) of control boosters. There are ways and
devices for the safety of ground tests of rocket engines and power plants with the use of effective diagnostic systems

and emergency protection tests.
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CTHTYT.

O06J1acTh HAYYHBIX MHTEPECOB: TEOPUS U MPAKTH-
Ka Ha3eMHBIX HCIBITAHUNA PAKETHBIX JBUTATENCH H
JIBUTATENbHBIX YCTAaHOBOK, THAPO- U Ta30JWHAMHKA
MPOLECCOB B 3HEPrOYCTAHOBKAX, MCCIIECIOBAHUSA B 00-

Information about the author: DSc
(engineering), professor, Laureate of USSR
Council of Ministers in the field of science
and technology, a member of the K.E.
Tsiolkovsky  Russian  Academy  of
Cosmonautics, Chief Resecarcher of the
PCF "SIC RSI", professor of "Management
of operation of rocket and space systems"
of Moscow Aviation Institute (National
Research  University);  scientific ~ and
pedagogical experience of 40 years. He
participated in working out a number of
systems for missile and space programs
"Space-1", "Space-3", "N1L3", "Energia-
Buran", "GSLV", "Angara" and others.

Education: Kazan Aviation Institute.

Research area: theory and practice
ground tests of rocket engines and moving-
enforcement units, hydro and gas dynamics

FE R

JJaCTH BOHOpOHHOﬁ TCXHOJIOTHH.

My6onaukanuu: Gonee 190, B Tom umcme 7 Mo-
Horpadwuii, 6 y4eOHBIX mocoduii, 44 aBTOPCKUX CBUIE-
TEJIbCTBA M MIATEHTa Ha M300pETCHMUS.

BBenenue

K mpo0ieMHBIM BOIpOCaM MpH CO3JJAHUM PAKETHBIX
JIBUTaTeNeil Ha BOJOPOJHOM TOIUTUBE OTHOCSTCS: OIpe-
JIeTICHUE XapaKTePHCTHK HanOoee HANPSHKEHHBIX Y3JI0B
u arperaroB JKP/I, pa3paboTtka 3((HeKTHBHBIX KaHAIOB
aBapMHHOMN 3alIUTHl U METOJOB JTHArHOCTUPOBAHUS TEX-
HUYECKOTO COCTOSIHUS ABHUTATEIISl, MIMUTALUS TTOJICTHBIX
YCIOBHH 3KCIUTyaTallud W obecredeHne Oe30MacHOCTH
HCIBITAaHUH.

1. OTpaGoTKa KHCJIOPOIHO-BOAOPOIHBIX IBUIaTe e
11156 u ux moguduxkauuii, 11157, P/10120,
KB/1 u P/10146/1

[lepsrie pakerHsie aBuratenu RL-10 (Tsara 68 kH) u
J-2 (tara 1 020 kH) ¢ ucmonp3oBaHHEM KHCIOPOIHO-
BoJOponHOrO TomummBa ObuH co3maHel B CIIIA B 60-x
rogax XX Beka. [Ipu 3TOoM cinepgyeT OTMETHUTh, YTO HC-
CJeoOBaHUs MO0 MPUMEHEHHUIO0 BOJIOPOJa B KauecTBe pa-
KkeTHOro TorumnBa Obumn HavyaTel B CIIIA 1o mHHIIMATHBE
MunncTepcTBa SHEpreTUKH emme B 1944 r.

B Hamell cTpaHe NpPUMEHEHUE KHCIOPOAHO-
BOZOPOJHOTO TOIUIMBA HA BEPXHUX CTYICHAX PAKETHI
«H1-JI3» cranu paccmarpuBath B 60-x romax XX Beka.
CooTBeTCTBYIOIIAE  Pa3pabOTKH  KHCIOPOIHO-BOIO-
poaubix XKPJ 11156 taroit 73,5 kH u 11457 Tsroit 392
kH Obutn Havatel B OKB A.M. HcaeBa 1 OKb A.M.
Jtonbku B 1962 r., npuMeHeHHE KOTOPBIX IIaHUPOBa-
JIOCh Ha BTOPOM 3Talle MpHU MOCIEAYyIOMEed MoJIepHHU3a-
LIMM PAKETHOI'O KOMILIEKCa.

processes in power plants, research in the
field of water-native technology.

Publications: more than 190, including
7 monographs, 6 textbooks, 44 patents for
inventions.

Jns orpaboTku ykazaHHbIx asurateneit 8 HUMXM
OB CO3J]aH KOMIUIEKC KHCIOPOJHO-BOJOPOJHBIX CTEH-
JIOB, MpeAycMaTpUBAIOIIUNA CUCTEMHBIM MOAXO0/A B OTpa-
00TKe JBUraTeNicil U MX arperaroB Ha HATYPHBIX KOMIIO-
HeHTax TorummBa (cteHanl B1, B2, B3, B4 u BS). B teue-
Hue 1962-1967 romoB Ha creHmax Bla u B10 Obumm
MIPOBEACHBI KCIIEPHMEHTHI 110 OTPabOTKe: KaMep cropa-
Hust (KC), razoreneparopoB (IT), TypOonacocHsIX ar-
peraroB (THA) u geurateneit 11156 u 11157 mo 3amk-
HYTOH cXeMe IpH KPaTKOBPEMCHHBIX HCTIHITAHUSIX.

C 1964 r. aBTOp AaHHOTO 0030pa MPUHUMAI y4acTHe
B Ha3eMHO# oTpaboTke qeurareneii 117156 u 11157 u ux
MOTU(BHUKAIMN IPU MPOBEACHUHM MOJICIBHBIX UCTIBITAHUI
AJIEMEHTOB, arperaToB U CUCTEM, aBTOHOMHBIX HCIIbITA-
HUW arperatoB, CUCTEM M JBUTATENS B JIOJDKHOCTU Ha-
yajgpbHUKa cTeHaa Bl. Ha ocHOBe 3THX HcclieJOBaHUN U
paspabotok B 1974 r. aBTOpoM ObLIa 3aIIUIICHA KaHH-
naTtckas aucceprauus [1].

KomrmuiekcHBIE WCIBITAHHS JBUTATEICH Ha TIEPBOM
JTarme, Kak MpaBHIIO, MPOBOMATCS O€3 MMHTAIMH YCIIO-
BUH AKCIUTyaTallidl HA BXOJIC B IBUTATElb [0 MarucTpa-
JISIM OKUCITUTEIIS] U TOPIOYETO, a TAK)KE BRICOTHBIX YCIIO-
BHI B BBIXOJIHOM CEUYCHUU coIuia aBuratens. Ha 3akiro-
YUTEJILHOM JTale YCJIOBUS JKCIUTyaTallud UMHUTHPOBA-
JINCh CICIUAIBLHBIMH YCTPOHCTBAMM: ITYCKOBBIMH Oaka-
MH B CHCTEME IHMTAHHs CTCHMA ¥ BBIXJIOMHBIMH TUPPY-
30paMy C OTKAYUBAIOIIMMHU YCTAHOBKAMH B BBIXJIOITHOM
Tpakte apurareis (puc. 1), KOTOpbIC HCIOJNB30BAIHCH
TIpH CTEHAOBOW oTpadoTke meurarteneit 11156, 11157 u
ux Monudukanmii [2].

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015

FHISIAEE

MexayHapoAHbIN Hay4YHbIN XypHan
«AnbTepHaTUBHasA 3HepreTUKa v 3KONOrmuaA»
© HayuHo-TexHU4Yeckunit LeHTp «TATA», 2015

Ne 12 (176)
2015

17

M7,

%

MewdyHapodHell uzdamensckull dom HayyHol nepuoduku "Cnelic”

SPACE

/‘,- A



\.‘['?f

SPACE

“Space”

International Publishing House for scientific periodical

IR

Fi

BO,EI,OpO,EI,Haﬂ 9KOHOMMKa. BO@OpOOHaFI 9KOHOMUKa. BesonacHocTb BO,EI,OpO,D,HOI;I 9KOHOMMKW. TexHOMorus. ..

a)

Puc. 1. Cxema umnTauum BbICOTHbIX YCITOBUIA MPU UCTbITAHUN ABUraTens:
a) — ¢ BbIX/0MNHbIM Anddy3opom; 6) — ¢ 6apokamepon 1 NapOIBKEKTOPHOW YCTaHOBKOW;
1 — pBuratenb; 2 — BbIXronHou Anddy3op; 3 — KrnanaH-3acrnoHka; 4 — axekTop; 5 — naporeHepaTop;
6 — 6apokamepa
Fig. 1. Diagram of the simulation of high-altitude conditions during the test engine:
a) — an exhaust diffuser; b) — with the pressure chamber and steam jet setting;
1 — the engine; 2 — exhaust diffuser; 3 — throttle valve; 4 — ejector; 5 — steam generator;
6 — pressure chamber

KoMmmuiekCHBIM OTHEBBIM HCHBITAHMSAM JBUTATENS B
cocraBe /Y OOBIYHO NpPEAIIeCTBYIOT XOJOAHBIC HCIBI-
taHus JIY ¢ menpro OTpabOTKHA W TPOBEPKH PEKHUMOB
3allpaBKH, HA/IyBa, CIIMBA U BEITCCHCHHUS KOMIIOHCHTOB
TOIUTMBA M3 0aKOB PaKETHI, CUCTEM TEILTOM30JISAIUN Oa-
KOB, TIOAJICPXKAHUS U PETYIUPOBAHHUSA PacXoia U COOT-
HOIICHWS KOMIIOHCHTOB TOIUIHBA, 3aX0JaKUBAHHS MarH-
cTpajieil nuTanus Asurarens [3].

B mocnexyromem Ha yKa3aHHBIX CTEHAAX C y4aCTHEM
aBTOpa OTPabaTHIBAIIMCH CHCTEMBI SAEPHOTO PAKETHOTO
meuratens 1171410, XKPA PJ10120 (PH «Dueprus»),
JKPJI KBJI1 (PH GSLV mno koutpakry ¢ Munuei), cuc-
tembl JIY OmokoB «P», 12KPb u «lI» PH «GSLV» u
«Oueprusa» [4-12], cucremsr MI'JI-reHepaTtopa Ha Ku-
CJIOPOTHO-BOJIOPOTHOM TOIUIMBE C MOHU3HPYIOMICH HO-
0aBKOW KaJMeBO-HATPUEBOW IBTEKTHKH [13—14], Temro-
3alIUTHBIC KOMITO3UIIMOHHEIC YTIIePO-YTICPOTHBIC Ma-
TEPHANBI IS CKOPOCTHBIX OJIOKOB JICTATENBHBIX ariapa-
ToB (JIA) B BEICOKOCKOpOCTHOH cTpye KP/ [15, 16].

ABTOHOMHasI 0TPabOTKa arperatoB U CUCTEM JIBUTa-
tensa P/10120 (KC, THA, IT) no 6onpielt gactu Oblia
IpoBe/ieHa Ha CTeHAe B2 mpH OrHEBBIX HCHBITAHHUAX
neuratens (74 ucTbITaHus ).

BBuxy OTCYTCTBHS MOJHOPAa3MEPHOTO CTEHIA KOM-
IJICKCHBIe uctbiTanus apuratens PJI0120 ¢ menbio oT-
PpabOTKH KOHCTPYKIIUHN TPOBOIMIINCE HA TIEPBOM dTarie ¢
MOCJIEIOBATEIEHBIM yBeTHUeHHEM ypoBHA Tiaru (20 %,
50 %, 75 % u 100 %), 9TO HECKOJIBKO YBEIMYMIO CPOKH
0oTpabOTKH W 00IIee KOMMYSCTBO JBHUTATENCH IS 3Tama
JIOBOJIOYHBIX HCITBITaHMA. Ha BTOpOM 3Tame Ha CTeHAax
B2 HUMXM ObiIM HpPOBEACHBI JOBOJOYHBIE U KOH-
TponbHO-TexHoJormdeckue ucnsiranus (AW u KTH), Ha
cregaax 201 u 301 HUMmam — 3aBepiiaromniue J0BO-
nounsie (3/I1), pecypcHble U KOHTPOJILHO-BHIOOPOUHBIE
ucneitanuss (KBU) asurarens P/0120 u Ha yHUBep-
casibHOM KoMIutekce creHa-cTapT (YKCC) — ucmbitaHus
meuratenst PJI0120 B coctase 1Y Gmoxa «I» [8, 9], xo-
TOpBIC MTO3BOJIIIIN YCIIEIIHO TPOBECTH JICTHBIC UCIIBITA-
Hust PKK «Oneprus».

CrnenyeT OTMETHUTh, YTO BHIOOP TEX WM MHBIX BHIOB
MOJICTIFHBIX ¥ aBTOHOMHBIX HCTIBITAaHUN B MIPOLIECCE OTPa-
0OTKHM IBHUTATENSI 3aBUCHUT OT €0 IapaMeTPOB M CXEMHOT'O
HCIIONHEHUsI, BO3MOXHOCTEH CTEHIOBOTO KOMIUIEKCA M
000pyIOBaHMs, a TAKKE ONbITA M KOHCTPYKTHBHOTO 3ajie-
J1a pa3pabOTYHKa [10 CUCTEMaM JIBUTATEIs.

B mpakTuke co3naHus ABUTaTENIC H3BECTHBI JBa Me-
TOJ]a CTCHJIOBOH JI0BOJIKH, KOTOPBIE MOXHO KPaTKO OXa-
PaKTepU30BaTh KaK IOCIEAOBATEIbHBIN U Iapajuiesb-
HBI METOJIBI.

OCHOBHOE OTJIMYHNE 3aKJIOYAeTCs B TOM, 4YTO B CIIy-
yae nocnedosamenbHoco0 Memood TOBOAKH TPHU BEBISBIE-
HUHM JleeKTa JBUraTeNs UCIBITAHUS HPEKPAuaiomces o
pa3paboTKyM M BHEAPEHUWs Ha JBUTATEIIX M arperarax
MEPOIIPUATHH 110 YCTPAHEHHIO 3TOrO Ae(EeKTa, a B CIIy-
Hae napaniebHo20 Memood T0BOJOYHbBIE HCIIBITAHUS He
npepvieaomcs, U MEPONPHUTHS 110 yCTPaHEHUIO nedek-
Ta pazpabaThIBAlOTCS M BHEAPSIOTCS B IIPOIECCE MPO-
nosokenust JIW nurarens.

Tak, Ipy CO3AaHUU KUCIOPOIHO-KEPOCHHOBOTO JBH-
rarens F-1 (tara 6 770 kH) u kucinopo1H0-BOIOPOTHOTO
neuratens J-2 (tara 1 020 xH), mpenHa3sHaYeHHBIX IS
cryneneit PH «CatypH-5», u asurareneit 11/156, 11157,
P/10120 B ocHOBHOM OBIT HPUMEHEH MapajIeIbHBIN
METOJ TOBOJKH, a IIPU CO3/IaHUM JIBUTATENI MHOTOKpAT-
Horo npuMmeHennst SSME (tsara 2 090 xH, p, = 23 MIla)
— IIOCIIEJOBATEIbHBIN METO.

Jus moBonkm apurateneii J-2 u F-1 Obuto 3aTpadeHo
43 u 59 nBurareneit npu cymmapHoi HapaboTke 127 000
u 153 200 ¢ coorBerctBeHHO. Ha n0oBOAKY nBUratens
SSME 65110 3aTpaueHo 13 pBurarteneit (mo ApyruM uc-
tounnkam 20) u 20 xomruiektoB THA 11t 3ameHsl ae-
(exTHBIX. Takoe Manoe KOIUYECTBO IBUraTesneil, 3aTpa-
YeHHBIX Ha J0BOJIKY SSME, M0O>XHO OOBSICHUTE:

— HAKOIUICHHBIM OIIBITOM IIPH OTPabOTKE SKCIepHU-
MEHTAJBHOTO KHCIOPOIHO-BOIOPOIHOTO JBUTATENS C
Tsroi 2 090 xH;

— TIOCIIEA0BATEIFHBIM METOJIOM JJOBOJKH JBHUIATEIIs
W HaJW4YMEM HCIIBITATEIbHBIX CTEHIOB U HCIIBITAaHWUH
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npuratens u JIY Ha HOMUHAIBHOM TsTe;

— TOBBIIICHHBIM 3HAUYEHHEM CpenHeld HapaOOTKU
onuHouHOro asurarens (8 000 c), HOTy4eHHBIM K 1-My
MOJIETY M O0eCHeYrBacMbIM PEMOHTONPHUIOJHOCTHIO,
BOCCTaHABJIMBAEMOCTHIO0 KOHCTPYKIIMH WU MPUMCHCHHUEM
3¢ (EeKTUBHBIX CHUCTEM JHATHOCTHKHA W aBapHHHOW 3a-
mwmthl (CA3).

Jnst  ucnblTaHUM  BBICOTHBIX — JIBUraTesned ¢
f.=100...114, xak IpaBUIIO, HCIIOIB3YETCSA CXEMa MMH-
taru (cM. puc. la), obOecreumBaromas OE30TPHIBHOE
HCTEUYCHHE Ta30B W3 COIUIa rmocie 3amycka auddysopa
Ha MapuieBoM pexkume. [lo 3Toil cxeme TecTHPOBAINCH
nBuratenu nepBoro mokoseHust 11JI58M, 11149,
11156, 11157 u KB 1 pasronnsix 6;1oxkoB PH «3eHuT,

Puc. 2. Cuctema ummutaumm BbICOTHBIX YCMOBUIA ANst 0TPaboTkm
asuratensa KBO1 Ha ctenge HWL PKI:
1 — bapokamepa; 2 — andy3sop
Fig. 2. The system of high-altitude simulation environment
for testing the engine on the stand SIC RCP:
1 — pressure chamber; 2 — diffuser

JlBuratenu, nmpeaHa3HAYCHHBIE IS BBIIICYKa3aHHBIX
PB, xapakTepu3yroTcs cleIyIouMI 0COOCHHOCTSIMU:

— Oe3razoreHepaTOpHOI cxeMol ¢ momadeil BOJOpo-
Jia, IOAOTPETOTO B TPAKTE OXJIAXKIEHHS KaMephl 10 TEM-
mepatypsl 400 K, B kauecTBe pabovero Tema Ui IPUBO-
na TypOouH TypOOoHacocHBIX arperatoB (THA);

— OCHAII[CHHEM KaMepbl CTOPaHUs HEOXJIaXkKIaeMbIMH
COIIOBBIMH HACaJKaMH H AJIEKTPOIUIAa3MEHHBIM 3a)KUTa-
HHUEM;

— pazzaenbHbIMU TypOOHAacOCHBIMH arperatamu THA
«O» u THA «I'» u nocjenoBaTenbHOM nmogadei padboue-
ro Tena Ha Typounsl THA okuciuTens u roproyero.

Besrazoreneparopnas cxema oOnamaer OoJiee BBICO-
KOM HaJEeKHOCTBIO U IYYIIUMH SKCIUTyaTallMOHHBIMU
XapaKTepUCTUKAMHU TP NMPOCTOTE KOHCTpYKuuu. B cxe-
M€ OTCYTCTBYET ra3oreHepaTrop Kak OJUH M3 CaMbIX Ha-
TPY’KEHHBIX arperaroB U COOTBETCTBEHHO OTHANAECT He-

«Kocmoc-3M» u GSLV, B KOTOpbIX (yHKIIMOHUPOBAHUE
JIBUTATEJNsl IPU OTPHIBHOM TEYCHUH ra30B U3 coluia (Ha
3armycke) o0ecreunBanoch YCTpOCTBAMHU IS MECTHOTO
OXJIaXJIEHHUS M packperuieHus comia [2]. Ha puc. 2 no-
Ka3aHa CHCTEMa MMHTAIIUM BBICOTHBIX YCJIOBHH CTCHIA
HUILI PKII ¢ 6apokamepoii / u muddys3opom 2, mpume-
HsBIIasics Aust oTpaboTku aeurarernst KBJ[1 PH GSLV.

B co3gaBaemom pasronnom Omoke KBTK mpemy-
CMaTPHUBACTCS HCIOJIB30BAHUE IMEPCICKTUBHOTO BUTA-
tenss PJ10146]1 (tsra 75 xH, f, = 475), cHaGxxeHHOTO
HeoXJIakIaeMbIM coruioBbiM Hacaakom (HCH) ¢ Gosb-
IO} CTETIeHBIO PACIIUPEHUs COIJIa M BHIIIOJTHEHHOTO M3
YIIEPOA-yIIACPOTHOTO KOMITO3UIIMOHHOTO —MaTepHuaia
(YYKM) (puc. 3) [17].

da=1,95 m

A
A 4

Puc. 3. Asuratens P0146[, cCHabGXeHHbIN:
1 — oxnaxagaembiM consioM ¢ d;= 0,96 m;

2 — ctauymoHapHbiM HCH ¢ f, = 170 (d,= 1,25 m);
3 — BblgBWXHbIM HCH ¢ f; =475 (d,= 1,95 M)
Fig. 3. Engine RD0146D equipped with:

1 —a cooled nozzle d,= 0,96 wm;

2 — stationary NSN with f, =170 (d,= 1,25 m);
3 — retractable NSN with f, =475 (d,= 1,95 m)

00X0AUMOCTh OTPaOOTKH YCTOHYMBOCTH €ro paboTshl,
CHIDKEHUsI 3a0pOCOB TeMIlepaTyp IpH 3amycke U BbI-
KIIIOUCHHH. YTIPOIIACTCSl CHCTEMa BOCIUIAMEHEHHS KOM-
MIOHEHTOB, YTO OCOOEHHO BaXXHO JUISl ABHTAaTelNeH C BBI-
COTHBIM 3aIlycKOM. VICKimo4aroTcsi mpoOsieMbl, CBS3aH-
HBIE C yJaJICHWEM BOJBI, KOTOpasi OCTaeTcs Iocie Ipe-
JBITYIIETO BKJIIOUEHHS B IOJIOCTSAX ABHTAaTENs C ra3ore-
HepaTopoM. [IpuMenenue apuratens Ge3ra3oreHeparop-
HOW CXEMBI IPU €ro HaJuIeXxame oTpaboTKe CHIDKaeT
PHUCKH HCTIBITAHUH, MCKITI0Yas OMacHOCTH, CBSI3aHHBIC C
pasrepMeTu3aIel BBICOKOTEMIIEPATYpHOI'O TpakTa Te-
HEpaTOPHOTO rasa.

I[Ipu nHazemuo#t otpabotrke nmBuratens PJ[0146 Ha
crenae HUI[ PKII npeamonaraercss UCmosib30BaTh /1B
BapHaHTa MCHOJIHEHHUS YKOPOUCHHOro coruia. B mepBom
BapHaHTE Ha JBUTATENIC YCTAHABIMBACTCS KaMepa cropa-
HUA ¢ oxyaxmaeMbeiM corioM [ (cM. puc. 3) ¢ f, = 114
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(mmameTp BBIXOJHOTO ceyeHus comia d, = 0,96 M) u pac-
4€THBIM JaBlieHHeM Ha cpese coruia 0,025 6ap Ha OCHOB-
HoM pexknme 1 0,012 6ap Ha pexume KOHEYHOH CTYIEHU
Taru. Bo BTopoM ciydyae Ha ABUTaTene yCTaHABIMBACTCA
HCH 2 ¢ f,= 170 (d,= 1,25 M) ¢ pacuéTHbIM J1aBJICHUEM
Ha cpese cormia 0,014 6ap Ha OCHOBHOM PEXXHME.

st oTpabOTKH BapHaHTOB JBHTATENICll C COIUIAMH
f.= 114 u f, = 170 npegycMaTpuBaeTcs HCIOIH30BAHUE
CHCTEMBI UMHTAIMU BBICOTHBIX YCJIOBHH (cM. puc. la u
16 COOTBETCTBEHHO).

IIpu 5TOM MOXHO BBIACTUTH OCHOBHBIC 33/1a4M HC-
MIbITAaHUH:

— otpabotka amsuratens PJI0146/] Ha pecypc mpo-
JIOIDKUTeNnbHOCTRI0 10 | 400 ¢ u mpoBepka pexXHMOB
HaCTpPOUMKHU JBUTATENS;

— 0oTpaboTKa peXKMMOB 3aXO0JIA)KUBAHUS, MHOTOKpAT-
HOTO 3aIlyCKa U OCTAHOBKH C HKCIICPUMEHTAJIBHBIM IO
TBepkaeHNUEeM (yHKIMoHupoBauus nsuratenst ¢ HCH u
YIIEJIBHBIX XapaKTePUCTHK JBUTATEIIs.

[Ipn 3TOM cCnemyeT OTMETUTH, YTO HOpPMAaJIbHOE
¢ynkironnpoBanne asuratenst ¢ HCH, BeimosHeHHOTO
13 KOMIIO3UIIMOHHOTO MaTepHaia, B Ipolecce 3amycka
o0ecrieunBaeTcsi HCKIOYEHHEM OTPBIBHOTO TCUEHHS
ra3oB B COIJIOBOM HAacaJKe 3a CUeT NMPHUMEHEHHs CHUCTe-
MBI IMUTALIMHU C TAPO3KEKTOPHOIN yCTAaHOBKOH M cMecH-
TeJeM-KOHJeHCaToOpoM 7 (M. puc. 16).

JUis onTEMH3AIUU PeKUMOB pabOTHl M HACTPOMKH
CHCTEM HMMUTAIMH BBICOTHBIX YCJIOBHH OYEHb BAKHO
CO37aTh a/ICKBaTHYI0O MaTeMaTHIECKYI0O MMHUTAIOHHYIO
3D Mozens BEIXJIOITHOTO I'a30ANHAMUYECKOTO TPaKTa Ha
CTEH/IE ISl OTIPEAENICHUs ITapaMeTpoB TeUeHUs (JaBiie-
HHUE 3amycka TUPDY30pa  Pyyan) U OOCCIICUCHUS HA3EM-
HOH  OKCHEPHMEHTAIBHOH  OTpabOTKM  JIBUTaTems
PI0146/ [2, 17].

2. IIpo6Jiembl 00ecnieyeHunst 6€30MACHOCTH
HCTILITAHUI HA BOJIOPOTHOM TOILINBE

ABapuiiHble CUTyaIlMM IIpU WCHBITAHUAX Ha BOJO-
POZHOM TOIUTMBE MOT'YT OBITh BBI3BaHBI:

— KOHJICHCALMEH W HAKOIJICHHEM KPHCTAJJIOB BO3MY-
Xa HJIM KHCJIOPO/IA B )KUIIKOM BOJIOPOJIC;

— 00pa3oBaHKEM B3PBIBO- MJIH MMOXKAPOOIACHBIX CMe-
cell MpU yTedkax HJIM BBIOpOCax BOIOPOIA B OKpPYIKAkO-
1Iee MPOCTPaHCTRO.

ABapuiiHas cuUTyaIlusi B IIEPBOM CiIydae BO3HUKAaeT,
KakK IIpaBuJIO, IPU MHOTI'OKpAaTHOM HCIIOJIB30BaHHUU CHUC-
TEMbI C BOJOPOJIOM, & BO BTOPOM Cllydae — MpPHU OJIHO-
BPEMEHHOM Pa3pyIICHHH BOJOPOJHOTO U KUCIOPOHOTO
0aKkoB U BI)I6pOC8.X KOMITIOHCHTOB IIPpH UCIIBITAHUAX.

Be3onacHOCTh HCHBITAHUN OOECIIEYMBACTCS Pa3Iny-
HBIMH METOJaMH, OCHOBAHHBIMH Ha TMOBBIIICHHBIX Tpe-
0OBaHHAX K TEPMETUYHOCTH CUCTEM, KOHTPOJIE OMACHBIX
HAKOIUICHHI BOJOPOJA, HCKIIIOUCHUH KOHTAKTa BOAOPO-
Ja ¢ BO3AYXOM B KOMMYHHKAIMAX CTCHIA U M3ICIHSA U
NPUMEHCHUHU CHCTEM BOCIUIAMEHEHUS U JIOXKHUTaHHS BO-
JIOPOTHBIX BEIOPOCOB.

Pa3paboTkn MeTOOB U cpeAcTB obecneueHus 6e3o0-
MACHBIX YCJIOBUHM HCHBITAHUN M O0OOOIIEHHS ONbBITa OT-

paboTKu KHUCTIOpPOIHO-BoAopoaHbiX JY u DY Obumm
MpeICTaBJIeHBI B JOKTOPCKOW quccepTanuu aBTopa [18].

AHanu3 CTaTUCTHKM OTKa30B NpH ucthbITaHuax JKPJI
MOKa3bIBaeT, uTo ~ 60 % mpuxoaurcs Ha THA u xamepy
CTOpaHUs, W CBS3aHBI OHA B OCHOBHOM C BO3TOpaHHEM,
mporapaMyd U U3HOCOM BPAIIAFONINXCS y3JIOB (Y3JIBI Ka-
YeHHS W YIUIOTHEHUsI), Ha KOTOpPEIC MapaMeTpsl pabode-
TO TpoIlecca PearupyroT ci1ado MO0 ¢ OOIBIITNM 3aras3-
neBanueM [1]. Tloatomy st moBbIeHus 3hHEeKTUBHO-
ctr CA3 HanbGonbIIMii HHTEPEC MpeCcTaBIsieT IpodiiemMa
JUAarHOCTHKU TEXHHUYECKOTO COCTOSHHS IBHTaTelsl Ha
OCHOBE METOJIOB paHHEro OOHapy>KEHHs OTKa30B C HC-
MOJIb30BaHUEM OBICTPOJCHCTBYIONICH ammaparypsl, 3¢-
(heKTUBHBIX CPENCTB KOHTPONS W AMArHOCTHKH, pac-
CMOTpPEHHBIX aBTOPOM B paze padot [19-43].

Brenpenne B CA3 KOHTpOISI BUOPOCOCTOSIHUS JIBHU-
rateis U CPeJCTB KOHTPOJISA, HallpUMep, U3HOCA OETOBBIX
JIOPOXKEK Y3JTI0B KaUCHHUS, TEIDIOBOTO COCTOSHHUS JIOTIATOK
TypouHsl THA u yTedek BoJopoa U3 CUCTEM JBUTATEIIS
C MHEPIIMOHHOCTHIO He Oosee 1 ¢ n anmapatypsl B CA3 ¢
uHepuuoHHOCThI0O A0 0,02 ¢ MO3BOJUT 3HAUYUTEIBHO
YBENMYUTh KOO((UIMEHT OoxBaTta W IPEAOTBPALICHUS
aBapUUHBIX CUTYAIMH B IIpOLIECCEe UCTIBITAHUMN.

B 0OBIYHBIX YCIOBHSAX CMECH BOAOPOAA C BO3AYXOM
U KHCJIOPOZOM SIBIISIIOTCSI CMECSIMH KBa3HPaBHOBECHOTO
cocTaBa, JUId BOCIUIAMEHEHHUS KOTOPBIX HEOOXOIUM
BHEIIHUI MCTOYHMK SHEPTHH. MUHUMaJIbHAS YHEPTUS U
TeMIepaTypa Tela, IPUBOISIINC K CAMOBOCIUIAMCHEHUIO
CMECH W ONpEACICHHBIC IKCIEPUMEHTAIBFHO, COCTABIIS-
ot 0,02 M/Ix u 700 K coorBercTtBenno [1, 4]. bonee
OITaCHOW O CBOHMM ITOCIICACTBUSAM SIBIISCTCS JCTOHAITHS
(B3pBIB) BOIOPOIHBIX CMeceH, Ui BOSHHUKHOBEHUS KO-
TOpOW, TOMUMO HAIHYHS TOPIOYCH CMECH, HEOOXOIUM
COOTBETCTBYIOLTUH HCTOYHUK WHUIIMUPOBAHHUSL.

B navanpHOM cTagum paboT ¢ BOXOPOIOM HE OBLIO
€IMHOTO MHEHHS O IIeJIECOO0Pa3HOCTH JOXKUTAHUS BBI-
6pocoB Bogopoaa. B mporiecce ucnbITaHui, Kak MpaBU-
JI0, JOXUTAIOTCA BBIOPOCH BOJIOpPOA C pacxogamu 0o-
nee 0,5 kr/c, mpU MEHBIIUX PACXOAax BOIOPO] BhIOpa-
CBIBacTCSI B aTMocdepy ¢ OaIacTUPOBKOW WHEPTHBIM
ra3oM — a30TOM.

HccrnenoBanus pacnpeneieHuss KOHICHTPAIMA BO-
JopoJia B 3aTOIUICHHON CBEPX3BYKOBOW CTpye, HCTE-
KalolIel W3 cOoIUia, TOKa3ajH, YTO A BOCILIAMCHEHUS
BEIOPOCOB BOJOPOJIa 32 COIJIOM JBHUTATENsl HEOOXOIUM
HCTOYHUK C [IHHOM (akena He menee 0,3 m [1].

Bocrulamenenre BBIOPOCOB BOAOpOIa — KOTOPOE BO
MHOTOM 3aBHCHT OT NIPOTEKAHUS MEPEXOJHBIX PESKUMOB B
CHCTEME MOJAYM BOJOPOJAa — 33 COIUIOM KaMepbl MOXET
MPOMCXOAUTH C B3PBIBOM B IIpoIlecce 3amycka. Tak, mpu
HEpETyJIHpyeMOM 3aIlycKe IpoLecc cMeceoOpa3oBaHUs
BOJIOPOJIa C BO3AYXOM IPOHUCXOIHT C KOJICOaHUSIMU, U Ha-
OJFOAroTCSI 3aePKKH BocIniaMeHeHus 1o T, = 0,5...0,9 c,
YTO MPHUBOIUT K yIaCTHIO OOJBIIOr0 00beMa CMECH BOZO-
poza ¢ BO3IyXOM H, KaK CIIC/ICTBHE, K MTOBBIIICHHOW BEITU-
yrHe yaapHo BoaHEI (AP = 40...60 I1a).

IIpu perymupyemoM 3amycke oOecleduBajoch Yc-
TOWYMBOE BOCIUIAMEHEHHE BBIOPOCOB BOJOPOJA 3a CO-
wioM ¢ T, = 0,12...0,25 (AP =5...20 kIIa).
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Kpowme Toro, ObUIO BBISIBIICHO, YTO C YBEINYECHHEM Ipa-
JIMEHTA HapacTaHus pacxoja (¢) 3a/iepKKa BOCTIIAMEHEHHS
BBIOPOCOB YMEHBINIACTCS. DKCIIEPHMEHTAIBHBIE 3aBUCHMO-

ctu AP=f(m) u t, = f(?;—mj NPHBECHBI Ha pUC. 4 U
T

5, MOCIEAHSS U3 KOTOPBIX alIPOKCUMHPYETCS yPaBHEHHEM
0,77 dm
=——-0,075, tne g =——
q dt c

Ha ocHOBaHMM wmcclIenOBaHUM I Kjacca JBHTa-
TeJel ¢ pacxogoM Bojopoaa no 14 xr/c Obulo ycTa-

10°! Kr/c

3

AP g
* -
_,-"""f

i /K

30 ofer

=0 Pacuer mo dopemme (1) |
2 z=0,15R=10x
O

10-5% ‘

1]
I} 1 2 3 4 5 Mg kr

Puc. 4. 3aBucumoctb AP = f(my)
— perynvipyemsliii 3anyck;

— Heperynvpyemsii 3arnyck
Fig. 4. Dependence AP = f(my)
— adjustable startup;

— nonadjustable startup

3. O6ecneueHue 6e30nacHOCTH UCTIbITaHUi 1Y
HA CTeH[e

Haubonee onacuel ncnbiTanug JIY Ha BOmOpoaHOM
TOIJIMBE, TaK KaK BO3MOXHA pa3repMeTH3alusl TOILUIUB-
HOW cHCTeMBI IPU OTKa3e ABUraTels U B3PHIB IPOJIUBOB
Bojopoaa u kuciaopoga. IToaTtoMy oraeBoe uCHBITaHHE
JY mpoBOAMTCS C BBINOJHEHHEM CIEIUAIBHBIX MEpO-
MIPUSATHH 110 6E30IIaCHOCTH:

— mepBbie ucnbITanust JIY BBIONHAIOTCS ¢ Oosee yIi-
POYHEHHBIMH OaKaMu;

— 0 Hayana wucnblTaHui Y nBuratens oJKEH
nMeTh KoddunreHT HagexxHocTH He Hioke 0,985, mox-
TBEP>KACHHBIH aBTOHOMHBIMH HCITBITAHHSMU;

— arperaTsl U cucTeMbl 1Y TOIDKHBI OBITH NCTIBITAHBI
ABTOHOMHO Ha HAaTypHBIX KOMIIOHEHTaX TOILIMBA.

OrHeBbIM UCHBITAHUSAM JOJDKHBI IIPEAIIECTBOBATH
XoJoAHble UcnbITaHus Y ais NpoBEpKH COBMECTHOIO
¢yHKIIMOHMpOBaHUs cucteM. B 6akax /1Y moikHBI OBITH
YCTaHOBJICHBI CUCTEMBI aBApUITHOTO CIIMBA KOMIIOHEHTOB
1 JOTIOJIHUTENIFHOTO HajayBa OakoB. JIY nomkHa OBITH
OCHAIIEHa CHCTEMaMH II0KapOB3PBIBOIPEIYIPEIK ICHI
(CIIBII) u CA3, xoTopsle 0obecnednBaloT KOHTPOJIb OM-
pelneneHHbIX TapaMmeTpoB aBuratens, JAY u cucrem
CTCHIA W TPEKpaIleHNne HCIBITaHUI IPU UX OTKIOHEHU-
X OT 3aJaHHBIX BeNWYHH. [ImaHmMpyeTcs mpu 3TOM Hc-

HOBJICHO, YTO ONTHUMAJIbHBIM PCKHUMOM BBIXOJa PEIAYK-
TOpa moJa4u ABJIACTCA T'PaJUCHT HapacTaHHUA pacxona
dm

20...40 X/C

T c
[IpemnoxxeHHass cxeMa 3amycka C peryIupyeMbIM
BBIBOJIOM peIyKTOpa II0JJadd TOPIOYETo Ha PEX UM OblIa
peasm3oBaHa IIPH HWCOBITAHUAX KaMephl JIBUTATEIS
11157 u no3Boiuiia YMEHBUIWTh BEJIMYUHY YyIapHOMH
BOJIHBI B IIPOIIECCE BOCIDIAMEHEHHS BEIOPOCOB BOIOpPOIA
3a comnoBbIM ycTpoiictBoM Ha 30...40 % [1, 8 u 9].

)
ot}

0.8

0,6 \x\E
0,4 =
N

T, .C

0,2 £ =
\h_‘_\_\_\_-
1 :

dm -1 KM
] 1 2 3 4 g WK 10 e
Puc. 5. 3aBucumoctb 1, = f[dﬂj
dt
Fig. 5. Dependence 1, :f(?)
T

MTOJIF30BATh ITOCTEIICHHOE YCIO)KHEHHE MPOTPaMM HCITBI-
tanmid. Ha puc. 6 mpencrasieHa cxeMa yCTaHOBKH KPHO-
rerHoro pasronHoro 6ioka (KPB) na creane HULL PKII
U IPOBCACHUSA KOMIUIEKCHBIX XOJIOAHBIX W OTHEBBIX
HUCTIBITAaHUH.

Puc. 6. PakeTHbIn 6ok Ha cTeHae
Fig. 6. Rocket block on the stand
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MoMeHT aBapuu HOCHUT CIy4ailHbIN XapakTep, a Mmpo-
Iecc ee pa3BUTHA MpaKTHUECKH HeynpasisieM. [loatomy
MIPU UCTBITAHUSAX PACCMATPUBAIOT MPEJCIBbHYIO0 MOJENb
C MTHOBEHHBIM pa3pylIeHHEeM OaKoB, HCIApeHHEM U
CMEIIEHUEM BCEU MacChl MPOJIUTOrO TOIIMBA U B3PHIBOM
00J1aKa CTEXHOMETPUIECKON TOPIOYCH CMEeCH.

Jiss pacdeToB OMACHBIX 30H OBUIM HCIOJH30BAHEI
3HAYCHUS KOA(QQUIMCHTA YYacTHS BO B3PHIBE MAacChI
BEIOpomIeHHOTO Bomoposa z = 0,3...0,5. B HopMaTuBHBIX
TpeOOBaHUSAX IO B3PHIBOOC3OMACHOCTH XUMHUYECKUX W
METATyPrHYECKUX IMPOU3BOJICTB PEKOMEHJIOBAHBI 3Ha-
yenus z = 0,1...0,3, a B metongukax MUC z = 0,02...0,1.
B T0 xe BpeMs craTHCTHKa aBapuil INOKa3bIBaeT, YTO

COOBITHS, TPEALIECTBYIOIINE B3PHIBY, IPOUCXOIAT JOC-
TATOYHO MEIJICHHO. DTO TO3BOJIIET MapupoBaTh pa3BH-
THE aBapUiHON cUTyaIuy, a Ko3(QMUIMEHT UCIIOIH30BA-
HHUSL BOJOPOZa BO B3pBIBE B OOJBIIMHCTBE CIIy4acB HE
npesbllIaet 3HaueHus z = 0,1.

C yd4eToM BBIIICH3IIOKECHHOTO, MOXHO IIPHHSTH
z =0,02...0,1 ansa oTkpeITEIX cTeHno0B U z = (,3...0,5
JUIS 3aKPBITHIX CTEH/IOB.

B cooTBeTcTBMM C MOJENBI0 MTHOBEHHOTO PAa3BHUTHSA
COOBITHI TIPOBEICHBI pacyeThl OIACHBIX 30H ISl HCIIBI-
TaHUH PaKEeTHBIX OJOKOB, UMEIOIIMX B TOTJIMBHBIX OaKax
ot 1 000 no 10 000 Kr >KUAKOTO BOAOPOIA, PE3YJIBTAThI
KOTOPBIX IIPUBEJIEHBI HA PUC. 7.

FAN S
4 e =0.1
—ae—7=0.2 L —1
35 —— | —#—=03
—e—7=0.4 r/_/l*"”f H_/_'__'_,u—"'—'f’)
3 - ,_/—/-”" e
a5 / ,,_f-“a .
2 -”//_/ac’ __‘_——”—'}'—F
’ / /Wf# rﬂ‘”’m‘rﬁ
1,5 2 PO il
.:’/
1
a5
a
a 1000 2000 3000 4000 5000 000 7000 2000 2000 10000
m, KT

Puc. 7. 3aBucumMocTb yaapHom BonHbl AP OT B3pbiBa BbiIOpoca Bogopoaa (/) Npy pasnuyHbIX Z

Fig. 7. Dependence of the shock wave AP on the explosion of hydrogen emission (m;) for different z

[IpuarMas Bo BHUMaHHE BHEIPCHUE Pa3paOOTaHHBIX
Mep Oe3omacHOCTH 1Mo cTeHay u 1Y u mpoBeieHHBIE pac-
yeTbl B 1991 1., MexxoTpacieBast SKCriepTHasi KOMUCCHS O
0e30IMacHOCTH MPHHSIIA PEIICHUE O BO3MOXHOCTH TPOBE-
JICHUST XOJIOMHBIX M OTHEBBIX HCHBITaHUU J[Y pakeTHBIX
omokoB Ha crene HUMXM c 3ampaBKoil TOIUIMBHOTO
Gaka JIY xwumkum BomoponoMm B komudecTBe 2 700 kr.
IIpu aTOoM obecrieunBanach 2-s cTeneHb 0e30MaCHOCTH Ha
pacctostauu 1 100 M OT CTeHIa CO CTETIEHBIO PUCKA, PaB-
Hoit 107 (1 orkasz Ha 10 000 ucnbiTanuii) [6].

Urak, Ha mnpakTHke KO3(D(DUIMEHT HCIOIB30BAHUS
BOJZIOPOJIa BO B3phIBE B OOJBIIMHCTBE CIy4aeB HE Mpe-
BbIIaeT 3HaueHusd z = 0,1. D10 mo3BossieT paccMarpu-
BaTh BONPOC O IPOBEACHUM WCIBITAHUI Ha BBINICYKAa-
3aHHOM cTeH/e Y mepCreKTHBHBIX paKeTHBIX OJIOKOB C
3alpaBKON TOILTMBHOTO Oaka BomopoaoM (mo 7 000 kr)
TPY BBHITIOTTHCHUHU JTOTIONHUTEIBHBIX Mep 0e30macHOCTH
Y NapyupOBaHMM HEWITATHBIX cUTyauui [5, 6], mpeny-
CMaTPHUBAIOIIHX:

— o0ecrieyeHrne MaKCUMAJIBbHO OTKPBITOIO HCIIOJIHE-
HHS HCTIBITAaTEILHOIO0 OOKCa I MCKIIIOYEHHST HaKOILIe-
HUS B3PHIBOOMIACHBIX CMECEU B MPOIECCE MCTIBITAHMS,

— COXpaHEHHE HEPAPXUUECKOTO MPHUHITUIA TOCTPOe-

HUS TIPOTPaMM HCIIBITAaHWK C UX TOCTETIEHHBIM YCIJIOXK-
HEHHUEM;

— BHEJIPEHHE AWArHOCTUYECKHX METOOB M CPEICTB
KOHTPOJISI TEXHMYECKOTO COCTOSIHMS JBUTraTess Iocie Hc-
TIBITaHUS JUIS OLIEHKH OCTaTOYHOT'O Pecypca ero CHCTEM;

— BHEJPCHUE ATYMKOB KOHTPOJISI YTE€UEK BOJIOPOAA C
HMHEPIMOHHOCTHIO He Oornee 1...2 c;

— ocHamienne CA3 mBuraTens BHICOKOUYBCTBUTEIIBHBI-
MH NIEPBUYHBIMH IIPeoOpa3zoBaTesIMU (TaT4nKaMu), odec-
MICYMBAIONIMIMH KOHTPOJb HanbOoJee HaNpsHKEHHBIX IMapa-
METPOB KPHUOTE€HHOTO JBHIATeNsI, HAIpuMep, U3Hoca Oero-
BBIX JOpPOKEK Y3710B KaueHus (mommuunHukoB) THA, tem-
HepaTyphl JIONATOK TYpOMHBI M JIp., @ TaKXKe KaHalaMu
KOHTpOJII BHOPOIIEPErPpy30K B HanOoJee TEeIUIOHATIPSIKEH-
HeIx cucteMax /1Y (THA u xamepa cropanus);

— NIPUMEHEHHE aKTUBHBIX CPEACTB (hIerMaTH3aliy C
no0aBKaMM HMHTHOWTOPOB MAJIsI TPEJOTBPAILCHHS BOC-
TUITAMEHEHMS! U JIETOHAIMU B3PBIBOONIACHBIX CMECEH BO-
JIopojJila ¢ BO3AYXOM M KHCIOpoaoM B orTcekax Y wu
crennaa u ap. [33].

B uactHocTH, B pabotax MHCTUTyTa CTpYyKTypHOI
MaKpOKHHETHKH H Ipobiem MaTepuanoBenenus PAH
(UCMAH) ObuTH TPEASIOKECHBI BBICOKOI(P(PCKTHBHBIC
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COCTaBBl MHTHOMTOPOB, KOTOPBIE MO3BOJISIOT PEryIHPO-
BaTh 3aKOHOMEPHOCTH TOPEHMS M B3phIBa BOJOPOJHO-
BO3AYIIHBIX CMECEH: CKOPOCTh TOPEHHUS, KPUTHUYCCKUE
YCIIOBHS BOCIUIAMEHEHUS, IEePexoJ]l TOPEHUs B JCTOHA-
muro. B xadectBe 3(p(peKTHBHBIX MHTHOUTOPOB IIpHMeE-
HHUTEJIFHO K TOPEHHIO cMecedl Bojopoja B Bo3ayxe (M
KHcIopoae), conepxamux oomee 10 % Bomopoma, ObLTH
NPE/UTOKEHBl M HWCIIBITAaHbl OJe()MHOBBIC COEAMHEHUS,
HarpuMmep nponwieH. (i nperoTBpalieHus 1eTOHANH
BOJIOPOIHO-BO3IYIIHBIX CMECel, peallbHO BCTpeyaro-
IIUXCS Ha TMPAKTHKE COCTABOB, JOCTATOYHAs! KOHIIEHTpA-
IUs TIpeJIaraeMoro MHruOuTOpa cocraBiseT ~ 3 %, a
JUId TpeKpalieHus Mpoliecca ropeHus TpedyeTcs He-
CKOJIBKO OoJbIliee KOJM4ecTBO WHTHOUTOpA (110 4 %)).

Brenpenne ykazaHHBIX JOIOJHUTEIBHBIX Mep 0e30-
MACHOCTH JIOJDKHO 00ECHEeUnTh yBeIMdeHHe Kod(pQuun-
€HTa oxBaTa aBapuiHbIX curyauuil no 0,8, xapakrepu-
3yIOIIEero crnocoOHOCTh coBpeMeHHbIX CA3 rapaHTHpo-
Bath BbIKItoueHue JXKPJ| mo MoMeHTa, Korja JBUTATENh
HayHeT pa3pymarbes [33, 34].

4. TlepcneKTHBBI HCTOJIBL30BAHMSI BOOPOIHON 0a3bI
HUII PKII s perienust 3ana4y 30 PKT
U BHeJIpeHNs BOJOPOAHBIX TEXHOJIOT Wil
B OTPac/Iy HApPOJAHOIO X03sliicTBa

YaukansHOCcTh Bogopomsoi 6assr HULL PKIT cocrout B
TOM, YTO:

— CTCHITBI ¥ BOJIOPOJTHOE TIPOM3BOJICTBO (C TOHOBOH Ipo-
u3BOaUTENHHOCTRIO 10 1 000 T *MAKOTrO BOAOpOIa) pac-
TIOJIO’KEHBI Ha OJHOHM IUIOMIAJKE, YTO ITO3BOJISCT YMCHB-
TIUTH TIOTEPU KOMITOHEHTOB TPH XPaHCHNH, TPAHCTIOPTHPOBKE H
WCTIOJTB30BaHNY;

— WCTIBITaTeNbHbIE CTEHIbI OOECTICUMBAIOT KOMIUIEKCHYIO
otpabotky m3aenuii PKT 1 ux cucreM ¢ nMuTaIei pa3mmaHbIX
BO3ICHCTBYIOIMX (HaKTOPOB (BBICOTHOCTh, THAPOIMHAMIKA,
TIOJIOYKEHHE OOBEKTA UCTIBITAHKS U JIP. ).

Kpome Toro, Ha BOIOPOTHOM KOMILIEKCE CO3/IaHbI CHCTEMBI
YTHIM3ALMN TIapOB KOMITIOHEHTOB M3 €MKOCTEH XpaHWIWINA U
BO3BpaTa OCTATKOB KOMIIOHCHTOB W3 CTCHJIOBBIX E€MKOCTCH B
Ppe3epByapsI XpaHWHIIa. Bee 310 MO3BOIISIET 3a CYeT OITHMI3a-
MM TIPOLIECCOB 3aXONAKIBAHKISL, 3AIPABKU ¥ VICTIHITAHII 00B-
extoB PKT moBectit ko3((IIMEHT UCTIONBE30BAHMS  HKHKOTO
BOZIOpOIa NpH 3KcruTyaratuu cucteM ¢ 0,2-0,3 10 0,6-0,7.

Ha Bomopomno#t »kcnepuMentaipbHOi 0O6aze HUILL
PKII BoITOSTHEH LIETBIN PsiJT HAYIHO-HCCIIEA0BATENbCKUX
paboT, HAMPaBIEHHBIX HA CO3JaHUE BOJOPOIHBIX TEXHO-
JIOTHH, T10:

— ucneitanusam JKPJl u JIY, obecnieuenuro 6e3omac-
HOCTH UCHBITAaHUH C BOJOPOIOM;

— IporeccaM MepeoxXIIaxACHUs )KAIKOTO BOJOPOAA B
KPYITHOPa3MEpPHBIX CHUCTEMaX, BHEAPCHHBIX B TEXHOJO-
ruro 3anpaBku PKK «Oueprus-bypan» Ha YKCC n
craptoBoM komuiekce (CK);

— TOJYYEHUIO IIyrooOpa3sHOro BOIOPOJa B CHCTEME,
0e3IpeHaXHOMY XPaHEHHIO U TPAaHCTIOPTHPOBKE KUIKO-
r0 BOJOpOJAa MO TPYOOIpPOBOJaM U B TPAHCIOPTHBIX
pesepByapax;

— UCTBITAaHUSM 00pa3IoB TypOojaeTaHAepa B CHCTE-

Max OXIKEHHUS BOJIOPOa;

— 3ampaBKe aBTOMOOMIEH ra3000pa3HBIM BOIOPOIAOM
[28].

Heo6xonuMo OTMETHTH, YTO B CO3/aHUU YHUKAJb-
HOW IKCIIEPUMEHTAIFHON 0a3bl M TEXHOJOTHH BOJIOPO/I-
HBIX UCTIBITAHUN aKTHBHO y4acTBOBAM MHOTHC CIICIIHA-
JIMCTHI OPTaHU3AINIA PAKETHO-KOCMHYCCKON M CMEXKHBIX
orpacneit: HUI[ PKII, OAO «Kpuoreamamy, PHIJ
«IIpuknagnas xumus», UXO® AH PAH, ULl Kenapia,
HHHWUNmam, UIIMIT, KbXM uMm. A.M. Hcaesa, HTIL]
Jronexku OAO «Carypna», KBXA, THAII, PKK «3Juep-
rus» uM. C.I1. Koponesa, I'KHIIL] um. M.B. Xpynuue-
Ba, BUAM, IIKBA, BHHUIIO, HIIO «TexHomary,
HITO UT, HUWmam, 11O «Kpacmam», MAUW u ap. [29].

C y4eToM MEepCHeKTHB MPUMEHEHHUsT BOJOpOJia B pa-
KETHO-KOCMUYECKOH TeXHHUKE TPeyCMaTPUBAOTCS:

— JaNpHEHIee COBEPIICHCTBOBAHNE U Pa3BUTHE BO-
nopomHoi skcnepuMmeHTanbHOW 0azer HUI[ PKIT mms
BEIMONTHeHN DenepanbHO KOCMHYECKOH IPOTpamMMEL
Poccunm o 2025 1

— TPOBEJICHUE PEKOHCTPYKIIUU CTCHIIOB I oOecIie-
YeHUS IKCTIEPUMEHTANIBHBIX PabOT MO CO3JaHUIO JIBUTA-
tenst PJI0146/1 u pasronnoro 61oka Pb KBTK u ero
CHCTEM;

— MOJIepHH3AIHsI BOJOPOIHOTO MPOU3BOJICTBA C BHE-
JipeHreM 0oJiee COBEPIICHHBIX JJIEKTPOM3EPOB U CHC-
TEeM OXKMKEHHS BOJIOPO/IA;

— 0TpaboTKa U BHEAPEHHNE TEXHOJIOTHH 00CCIICUCHUs
SKUAKUM BOAOpOJIOM KocMmoapoMoB Ilneceuk u Baliko-
HYp C HCHOJB30BaHUEM IKEIC3HOIOPOKHBIX LHUCTCPH
tuna XXKBL-100 u ap.

HayuHo-TexHuueckuil 1 npou3BOACTBEHHBIN MOTEH-
uuan HUILL PKII Hapsany ¢ BbINOJHEHHEM 3ajad MO OT-
paboTKe paKeTHO-KOCMHUYECKOW TEXHHUKH C MCIIOIbh30Ba-
HUEM BOJIOPOJHOTO TOIUIMBA TO3BOJISIET PEIIaTh 3aJauu
M0 MCCJIEIOBAHUIO BOJOPOJTHBIX TEXHOJIOTUH B DHEpre-
THKE U TpaHcmopte [28, 29].

HccnenoBanusi U pa3pabOTKH aBTOpa MO BOIpPOCaM
9KOJIOTHYECKOH 0€30MacHOCTH MPUMEHEHHS BOJIOPOJia B
TEXHHUKE, OOOOIICHHS ONBbITa HCIBITAHHA M METOJaM
JKCIepUMeHTaNbHOM oTpadoTku JXPJ] u 1Y Oputn pac-
CMOTpPEHBI U TPEACTaBICHE B MOHOTPaQUiX, yIeOHBIX
MOCOOMSAX W OTPACICBBIX PYKOBOIAIIMX MaTepUaIax
[36-43].

3akJaouenue

1. HazemHast oTpaboTKa pakeTHBIX [BUTaTeNeil Ha
KPHOTEHHBIX KOMIIOHEHTAaX TOIUIMBA MOXET OBITh IO-
CTpOCHAa Ha MPOBEACHHWU MOJEIBHBIX W ABTOHOMHBIX
UCIIBITAaHWH arperaTtoB M CUCTEM, a TAaKXKe KOMIIEKCHBIX
UCIIBITAaHUH JIBUTATENIsl C YYETOM CXEMHBIX OCOOEHHO-
CTeHl W INapaMeTpoB JBUraTels W CTEHIOBOTO HCIIBITa-
TENIBHOTO 000PYIOBAHUS.

2. OnpeneneHue XapakTepUCTUK JBUTATENS MO YCIO-
BUSIM Ha BXOJE B JIBUTATE]b W HA BBIXOJE M3 COIUIA Ka-
Mepbl TpebyeT NPUMEHEHHs CIEHUATbHBIX UMHUTUPYIO-
[IUX YCTAaHOBOK: ITyCKOBBIX 0AKOB MO MarucTpajsM IH-
TaHUSI OKHUCIIUTEIIS U TOPIOYETO M BBIXJIONMHBIX U (y30-
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POB C OTKAYMBAIOIIUMH CPEICTBAMH B BBIXJIOITHOM TpPaK-
TE CTEHJA.

3. Cucrembl IMAarHOCTHKH M aBapUIHOIN 3aIIWTHI
JIBUTATEIN C MPUMEHEHUEM yCOBEPIICHCTBOBAHHBIX Me-
TOJIOB U CPEACTB KOHTPOJISI BUOPOCOCTOSIHUS IBUTATENS,
CTENeHu u3Hoca Tpymuxcs nap B THA, temnepaTypsl Ha
Bxoze B TypOuny THA, yreuex BOmopoma U3 CHCTEM
JBHUTATENS M CTeHAa u anmapatypbl CA3 mo3BOJIAT yBe-
IMYUTh K03 UIMEHT oXBaTa M NMPEIOTBpPAILCHHS aBa-
PHUHHBIX (HEIITAaTHBIX) CUTYalMi B ITPOIIECCe UCTIBITAaHUH
10 80...90 %.

6. BHenpeHrne MeToJa YMEHBIICHHS PUCKa HCIBITa-
HHUM JBUraTeIbHOM yCTaHOBKM obecredmino Oe3omnacHoe
MPOBEJIcHNEe KOMILUIEKCHON CTEHIOBOW OTpabOTKU pa-
keTHBIX O10koB KPB n «Il» paxer-Hocuteneit «GSLV»
U «DHEPTHs».

7. PaccMOTpeHHbIE IPUHIMIBI, METOJBI U YCTPOUCT-
Ba obecrieyeHuss 6€30IaCHOCTH HCIIBITAHUI MOTYT OBITH
WCTIONIb30BaHbI IIPU CO3JaHMH M OTPAaOOTKE 3HEpreTHye-
CKUX YCTaHOBOK M BHEAPCHUH BOIOPOIHBIX TEXHOJIOTHH
B OTPacisIX HApPOIHOTO X0O3HCTBa.
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IToka3aHo, YTO 3JIEKTPOJIM3HAs AYEHKa MOXKET BBIAEPKMBATH 3aMOPaXKMBaHWe NpH Temieparype —15...-20 °C,
IIPUYEM B 3THX YCIOBHUSIX COIIPOTHBIICHHE MEMOpaHBl B BOJHO-3TaHOJIBHBIX pacTBopax ( 10 40 00. % ) He sBisieTcs
KPUTHYHBIM, U TT0Jlada JAaHHBIX PACTBOPOB B JJICKTPOIM3HYIO SUYEHKY MO3BOJISIET HA4aTh 3JIEKTPOJIU3 BOABI IIPU Ha-
npsoxernn 2,0...2,2 B u toke 0,07...0,13 A/cm’. ITo 06ecIeunBaeT «XONOMHBIH ITYCK», MOCIEAYIOIIHi CaMOPa30rpes
JICKTPOIM3HON SIUCHKH U JasibHEHIIee UCTIONb30BaHNUE ICHOHU30BAaHHON BOJBI JJIs1 BEACHUS IpoLecca.

KntoueBble crnosa: aneKkTponusep, TBep,D,blﬁ I'IOJ'IVIMeprIVI SNEeKTpOoNnuT, Katanmsartop, BO,D,HO-CI'IVIpTOBOM pacTBop, BOAOPOAHAA 3HEpP-
reTuka.
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The paper deals with the research that covers the possibility of using ethanol in concentrations up to 40 vol. % as
an anode depolarizer for the cell with solid polymer electrolyte (PEM) and in order to ensure its start at low
temperatures. Platinum, iridium and a solid solution of Pt-Ru (1:1 at. %) were used as the anode catalyst, and Pt on
Vulcan XC-72 and Pt-Ru were used as the cathode one. It is shown that in all cases by using water-ethanol solutions
with concentrations of ethanol up to 40 vol. % the cell voltage generally increased due to the increase of membrane
resistance and decrease of rate of the cathodic process of platinum catalyst passivation/poisoning by ethanol and its
oxidation products. Some negative impact has a stronger swell of the membrane-electrode unit in a solution of
ethanol, which leads to its partial destruction.

The energy consumption for the production of hydrogen by electrolysis of alcoholic solutions is lower than by
water electrolysis, though the economic feasibility of this process is doubtful.

The research demonstrates the electrolysis cell can withstand the freezing at the temperatures in the range of —15
to —20°C. Moreover, the resistance of the membrane in water-ethanol solutions (about 40 vol. %) is not critical at
these temperatures. The feed of water-ethanol solutions in the electrolytic cell allows one to start the electrolysis of
water at these temperatures at a voltage of 2,0-2,2 V and currents of 0,07-0,13 A/cm®. This ensures the ‘cold start’
and subsequent self-heating of the electrolysis cell and further using deionized water.

Keywords: elecrolyzer, solid polymer electrolyte, catalyst, water-alcohol solution, hydrogen energy.
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Onektponusepsl ¢ TIID, kak u3BecTHO, 00IamalOT
pSIOM JIOCTOMHCTB, TaKMX Kak BbICOKas 3()(eKTHB-
HOCTB, 9KOJIOTHYECKasl YHCTOTa, HU3Kasi HHEPLIUOHHOCTS,
OONBIION pecypc U JOCTATOYHO BBICOKUH YpPOBEHb
B3PBIBONOXKAPOOE30MAaCHOCTH.  DJEKTPOIU3EPhl  ITOTO
TUIA TPEACTABIIOT CYIIECTBEHHBIM HHTEpec Ui Je-
LEHTPAIN30BAHHOHN SHEPTETHKH, aBApUIHHOT0/ pe3epBHO-
IO 3HEProoOecneyeHus! U Pa3IMYHbIX CIICIHAIBHBIX 00-
JacTed: aBMaNusA, KOCMOC, MOIBOMHBINA (0T 1 T.11. Of-
HAaKO HEKOTOpbIe (haKTOpHI, TaKHE KaK BHICOKAs CTOH-
MOCTb, BO MHOTOM OOYCIIOBJICHHAsi IPUMEHEHNUEM Jpar-
METaJUIOB, U OTHOCHUTEIBHO BBICOKHH PAaCXOM 3JIEKTPO-
SHEpPIruu JAJsl TPOM3BOJCTBA BOJOPOJIA CACP)KHUBAIOT HMX
IIMPOKOE NpUMeHeHHe. Eiie oJHUM HeoCTaTKOM 3JIeK-
Tposm3epos ¢ TIID sBngeTcs orpaHNYEeHHOCTh TEeMIIepa-
TYPHOTO MHTepBajga MX dKcruryaramuu Beime 0 °C, 1mo-
CKOJIbKY PEarcHTOM SIBJISIETCS JICHOHW3UPOBAHHAS BOJA.
OTO 3HAYUTENHHO CYXKAaeT BO3MOXKHOCTH INPHMEHEHUS
anexTpoimuzepoB ¢ TIID miust cucteM BO30OHOBIISIEMOM

cells, electrocatalysis.
Publications: more than 200.

SHEPreTUKH, OCOOCHHO B CEBEPHBIX M BBICOKOTOPHBIX
perronax. HeoOXoauMOCTh MOCTOSIHHOTO TTOJICPKaHUs
MIOJIOKUTEIBHONW TeMIepaTypsl B 3JIEKTPOJIM3HOM ITOMe-
IeHNH TpeOyeT OONBIIOro pacxoja SHEPTUH U 3aMETHO
monmxaer oot KII/I cuctemsl. [Ipu 3TOM B ciiydae
aBapuM B CUCTEME SHEPrOCHAOKEHUS U MaJIeHUsI TeMIIe-
patypbl Huke 0 °C BO3HMKAET OHACHOCTh BBIXOJA DJIEK-
Tponusepa u3 crpos. OHON U3 3a1a4 HacTosIIeH pado-
THI SIBJIIETCS U3Y4EHHE BO3MOXKHOCTH ITyCKa 3JIEKTPOIH-
3epa ¢ TIID mpu oTpUIATENBHBIX TEMIEpaTypax C HC-
MIOJIb30BaHNEM BOJHO-CIIMPTOBBIX pacTBOPOB. [Ipu sTOM
0c0o00T0 BHMUMAHUSI 3aCITyXHMBAIOT CIOCOOBI CHHKEHUS
pacxoza 3JIeKTPO3HEPTHU Ha IPOU3BOJICTBO BOAOPOJA C
pacTBOpaMH JaHHOTO THIIA.

CrnenyeT OTMETHTB, YTO OTHOCHTEIHHO HEOOJBIIOE
4HcI0 aBTOpoB [1—4] mpoBoAMIM HMCCIEIOBAaHUS AIICK-
TPOJM3a BOJHO-CIHPTOBBIX PACTBOPOB, TOTAA KakK Ipo-
OsieMe TOIUIMBHBIX JIEMEHTOB C MPSMBIM OKUCIICHHEM
CIIPTOB — 3TAHOJIA ¥ METaHOJIa — MTOCBSILICHO OTPOMHOE
KoNu4ecTBO crated (Hampumep, [5—15]). Llensio »tHx
UCCJIeJOBaHUH OBLJIO OMNpEAEIUTh BO3MOXKHOCTH JJIEK-
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TPOXUMHYECKON KOHBEPCHM CIIMPTOB, T.€. CHIKCHHE
sHepro3aTpaT Ha MPOU3BOJACTBO Bojopoaa. B pabore [2]
IIPY UCTOJIb30BAaHUH BOJHO-3TAHOIBHOTO PAacTBOPA OBLT
MOJIy4eH MaKCUMaJIbHBIN TOK 10 0,25 Alem? mpu 1,1 B
(temmepatypa 80 °C), a »sHeprosaTpaThl Ha IOIy4YCHHUE
1 M’ Bozopoza cocraBmn 2,62 kBu/M’. B ciygae BoAHO-
METaHOJILHBIX PacTBOPOB PE3yJbTAaThl OBUTH CYIIECTBEH-
HO BbImre. Tak, B [1] ObUTO TOKa3aHO, YTO HANPSHKCHUE
npu saekTponnuze 4M BOIHO-METaHOJBHOTO pacTBOpa
npu mioTHOCTH Toka 0,5 A/em®, 1 A/em” u 2 Alem” co-
crasisuia 0,62 B, 0,85 B u 1,23 B coOTBETCTBEHHO NpH
ucnons3oBanun MeMmOpansl Nafion-117 npu 80°C. Ilpu
3TOM 3Heprosatpathl Obimd 1,48 kBu/m’, 2,03 kBu/m’ u
2,87 kBu/M® cooTBercTBenHO. [Ipn 3aMeHe MeMOpaH Ha
6onee Tonkue — Nafion-115, Nafion-112 — sneprozarpa-
TBI CHIDKAIKCH [1]. OqHAaKO U3-3a BEICOKOH TOKCHYHOCTH
METaHOJIa OH, C TOYKH 3PEHHUsS aBTOPOB, MPEICTABIIACT
MEHBIINH uMHTEepec A obiacTeil MpUMEHEeHHs, YIOMS-
HYTBIX BBILIIE.

HccnenoBanus 1mo BO3MOMKHOCTH 3alycKa M PabOTEI
anekTponnzepoB ¢ TIID npu oTpuIaTeNbHBIX TeMIIepa-
Typax He IIPOBOANINCE.

1. DxcnepuMeHTANbHAS YACTh

Karanuszartopel (ruaTuHa, UpUAMH W  IUIATHHO-
pYTEHHMBas YepHB) B XOJ€ JAHHOTO HCCIICTOBAHUS IOITY-
YaJld ¢ UCTIONb30BaHMEM MHKPOBOJIHOBOTO H3y4YCHHS B
OOBIYHOM TIpOIIECCE BOCCTAHOBJIECHHS ATHUIICHIIIMKOJIEM
[16-19] 1 mMeTomOM MarHETPOHHOIO-MOHHOTO HambLie-
Hus [20-25], B cityyae IUIaTUHBI — HA YTIEPOAHOM HOCH-
tene. Bee peakTnBbl uMenn kinaccudukammio oc.4. Pabo-
TBI BEJIMCh HA JBaXKABI IEPErHAHHOW OMIUCTHILINPOBAH-
HOM Boje. s mcciieoBaHMS KaTaIW3aToOpOB NPHUMEHS-
JIach NMKJIMYECKas BOJIbTamIiepoMeTpus. PabGoumit amek-
TPOJ TPECTABILIT COOOH MOATIOKKY M3 IOPUCTOTO THUTaHA
TIomampio 1 cM® ¢ HAHECEHHBIM IIEKTPOKATATHTHUCCKIM
cimoeM (karaymzatrop u S Bec. % m 10 Bec. % Bec.
HoHHO-00MeHHoro mnoimMmepa M®P-4CK) B kommue-
ctBe 1 mr/cm’. PaGoumii 37EKTPO ¢ SIEKTPOKATAINTH-
YECKUM CJIOEM MOMEIIalcs B TPEXAICKTPOIHYIO SUCHKY.
B kauecTBe 35IeKTpOJa CpaBHEHMS HCIOJIB30BAJICS Ha-
CBHIIICHHBIA XJIOPCEPEOPSHHBIN 3JIEKTPOJ, B KauecTBe
BCIIOMOTATEIBHOTO — IUIATHHOBAsI IPOBOJIOKA. DOHOBHIM
pactBopoM sBisnace 1M H,SO,. flueiika npoxyBanacek
aproHoM, TeMmIlepaTypa MOAIEepPKUBAJIACh C IIOMOIIBIO
tepmocTtata 25 °C. B xadecTBe 31€KTpoJa CpaBHEHHUS B
CEPHOKHCIIOM PAaCcTBOPE BBICTYHAN KaJTOMENbHBINH 3IICK-
Tpoa. Bce 3HaueHHWs MOTEHIMAIOB B JAaHHOW CTaThe
MPUBEICHBl OTHOCHUTENIIFHO OOPaTUMOTO BOIOPOIHOTO
anekTpoaa. IlporpaMMupoBaHue U MpOBEICHNUE U3Mepe-
HHUH OCYIIECTBIIATIOCH MOTeHocTaToM Solartron 1285.

HccnenoBanus  BOJBT-aMIEPHBIX — XapaKTEPHUCTHK
(BAX) snextponm3a BOJHBIX paCTBOPOB 3TAHOJA M IIPO-
IYKTOB €r0 pa3lIoXKEHHUs IMPOBOIWIM B JIAOOpAaTOpHOMH
JNIEKTPOIIM3HON A4YelKe W3 THUTaHA, COCTOSINCH M3 JIBYX
NONyslYeeK C 3aKaTblM MEXIy HHUMH MeMOpaHHO-
3MEeKTPOIHEIM OokoMm [26, 27]. Ilpu 3TOM BO BCexX Hc-
IBITAaHUAX pPacdeTHas IUIOTHOCTh KaTalu3aToOpOB HPH-

ousi, IaTuHel Ha caxke Vulcan XC-72, miuaTHHO-
PYTEHUEBON YEpHHU, HAHECEHHBIX HA TUTAHOBBIM KOJ-
JNIeKTOp TOKa, COCTaBisiIa 2,5 mr/cm’. B kadectse TBep-
JIOTO TIOJMMEPHOTO 3JIEKTPOJIUTA HCIIOIb30BATH MEM-
OpaHy Ha OCHOBE CYJIb(OHHUPOBAHHOTO IEPHTPOPHUPO-
BaHHOrO yriepoxa Nafion 117 (¢pupmsr DuPont). Kara-
JUTUYECKHUH CIOH C coaepaKaHueM noHoMepa 5 Bec. % u
10 Bec. % Bec. HAHOCHUIICSI HEMOCPEACTBEHHO HA MEM-
Opany [26, 27].

AKTHBHASI TIOBEPXHOCTh IUIATHHOBOTO KaTalM3aTopa
— Merammmueckas depHb (23 MY/r), npuanit (18 M*/r) u
mmatuHa Ha yraepoxe (Vulkan XC-72) (60—65 m*/r) —
ObLTa paccynTaHa UCXOJS U3 IAHHBIX MOTCHIUOIUHAMU-
KM WU ONpeessiach 3apsSaoM, COOTBETCTBYIOLINM Jie-
copbuuu Bojopoda ¢ mosepxHocTH Mmertana [28]. Ilpu-
MEHUTH 3TOT MeToJ a1 Pt-Ru HeBo3mMoxHO u3-3a nepe-
KpBIBaHUs 00JacTeid aacopOIiy BOJOPOAa M KHCIOpoIa.
st onpenenenust yaenbHol nosepxHocty Pt-Ru crutaBa
npumensuicst meroq BOT ¢ ncnonp3oBanneM aBTOMAaTH-
yeckoro aHamm3atopa Ttistar 3000. YaenpHas moBepx-
HOCTb MeTa/uTudeckoii ueprn 1o BT cocrapuma 25 M/t
kak y Pt, Tak u y Pt-Ru.

YaensHOE CONMPOTHBIICHHE MEMOpaH OIpeIeIsIH ye-
THIPEX30HIOBBIM METOJIOM Ha IMEpPEeMEHHOM Toke [26],
YHCTOTY BOJIOPO/Ia — XpOMAaTOTrpa)uuecKiuM METOJIOM Ha
xpomarorpade Xpomatak kpucramni 5000.1.

2. Pe3yabTaThl M 00CyKAeHUE

OnmuH W3 OCHOBHBIX KOMIIOHEHTOB 3JICKTPOJIHM3HOM
YCTaHOBKH — ITOJIMMEpHasi HOHOOOMeHHast MeMOpaHa Ha
OCHOBE CYyJb(OHHUPOBAHHOTO NEP(HTPOPUPOBAHHOTO YT-
nepoma Nafion (pupmbr Du Pont) wim oTeuecTBeHHAs
M®4-CK (¢pupmsr «[Inactmonumepy). KinrodeBbiMu xa-
paKTepUCTUKaMU MeMOpPaHBI SIBISIOTCS BIarOeMKOCTh U
yZAeIbHOE CONPOTUBIICHUE.

HccnenoBaHus MOKa3bIBalOT, YTO YIEIHHOE COIPO-
THUBJICHAE MEMOpPaHBI B 3THUJIOBOM CIHMPTE CYIIECTBEHHO
yBenmuuBaetcs (mo 180...350 OM-cM) 1o cpaBHEHHIO C
compotuBieHueM B Boxe (9...15 Owm-cm), uTO, TO-
BUJIMMOMY, CBSI3aHO C HEOCTaTOYHO 3(hexkTHBHON amc-
companyen cynb(horpynn B HENOISIPHBIX PaCTBOPHUTEIIAX
(B cimpTe) M yBeTUUEHHEM CONPOTUBIICHHUS IUIS TPaHC-
mopTa MOHOB Bojopoja. OmHaKO B BOTHO-ITAHOJBHBIX
pacTBOpax CONpPOTHUBIICHHE MEMOpPaHBI YBEIHMYHBACTCS HE
Tak cuibHO U cocraBnsger 28..38 Om-cm g 40 06. %
CIIMPTOBOTO PAacTBOpPA, CJIEIOBATENIHHO, TaKHUE PACTBOPHI
MOTYT OBITh WCHOJB30BaHBI IJIsI dMeKTposnza. [Ipu mo-
HIDKeHHH Temnepatypsl 10 0 °C coOTBETCTBYIOIIKE 3HA-
YEHHS CONPOTUBIIEHUS B BoJie COCTaBILIOT 12...15 Om-cMm,
u 40...50 OM'cM Kak B BOJie, TaK U B BOJIHO-3TaHOJBHOM
pactBope 10 —10 °C. BnaroemMkocts MeMOpaHBI mpHU
20 °C B atanone coctasiseT 49...50 Bec. % , B TO BpeMs
Kak B Boze 24...25 Bec. % , a B 40 00. % pacTBOpE 3Ta-
HoJia B Boje 40...44 Bec. % .

Takum 00pa3zoM, B cCilydae 3JIEKTPOJIHM3a BOABI IIPH
motHOCTH Toka 0,2 A/cm’ 1 Temmepatype 20 °C MHHE-
MaJlbHble OMHYECKHE IOTepH OyIyT COCTABIATH HpH-
omusutensHO 0,05 B, a B cirydae aneKTpoim3a pacTBopa
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stanona (40 06. %) TpH KUCHONB30BaHUH MeMOpaH C
OOJIBIIION TOIMHON ¥ OOJIBIINM YKBUBAJIICHTHBIM BECOM
(mammpumep Nafion-117) — 0,12 B. [IpuMeHenue 3Tux
MeMOpaH HECKOJIbKO YMEHBIIAeT, HO HE HCKIIYaeT
MIPOHHUIIAEMOCTH TI0 CIIUPTY W, 3HAYHT, 3arpsA3HCHUS Ka-
TOJa MPOAYKTAMH OKHCICHHS CIIUPTA U CAMUM CIHPTOM
[2]. HeoOxommmo OTMETUTH: psia ucciemoBarenei [7, 8]
CYHTACT, YTO CIHPT Pa3pyIIacT CBSI3H MEXKIY KaTaTUTH-
YECKHUM CJI0eM M MeMOpaHO! (IPOMCXOIUT paccaoeHHe),
Tak Kak MeMOpaHa CHJIFHO HaOyxaeT. Bce atu sBieHus

H,0 CH;-COOH + 4H' + 4¢”

~

CH;-CH,OH

CH;-CHO+ 2H" + 2¢

Peakmus 1 umeeT MecTo TIaBHBIM 00pa3oM IIPH II0-
teHuuanax Boie 0,8 B [5, 29], a peakuust 2 npu noTeH-
nuanax zHmke 0,6 B [5, 30] . [Ipu Gonee BBICOKMX aHO-
HBIX TOTCHIHANAX HICT OKUCIICHHE STaHOJa U IpOMe-
JKYTOYHBIX MMPOAYKTOB IO JHOKCHUIA YTIIEPOAA.

Kak crenyer m3 MOTCHIHOAWHAMHYCCKUX KPHUBHIX,
IS 3JIEKTpoJa U3 IUIATUHOBOW YEpHU B MATpPHIE U3
TIID B pactBOpe, conmepxameMm 1M pacTBOp cepHOM
kucnothl (puc. 1 xpusast 1), u B pactBope 1M cepHOit
KUCJIOTHI ¢ pobaBnenwemM 1,7M 3THIOBOTO cHoHpTa
(kpuBas 2 Ha puc.l) yxe mpu MEpPBOM IHMKIIE H3MEHe-
HUS TIOTEHIMANIa KOJIMYECTBO AJIEKTPUIECTBA, 3aTpadu-
BaeMoe Ha JIeCOpOIMI0 BOIOPOJA, B CHHPTOBOM pac-
TBOpe ymaio Oojee 4eM B n1Ba pasa. [Tuku agcopbunu u

N

YCUJIUBAIOTCS MPU YBEIWYCHUN KOHIICHTPAIUK 3TaHOJA,
0JIHaKO, KOHLIEHTpaIuu 10 6 M 3taHoxia [1-6] B TeueHne
HeboupIoro BpeMeHu (10 20 MUH) HEe NPHUBOIAT K 3HA-
YHUTENIBHBIM JIECTPYKTHBHBIM W3MEHEHHSM PabOTHI dIIeK-
TPOJIU3HBIX YCTaHOBOK.

[TnatuHa SBISETCS. XOPOILINM KaTajn3aTopOM IS HJIEK-
TPOOKHUCJICHNSI 3TWJIOBOTO CIUPTA. MeXaHW3M peakiun
OKHCJICHHUS 3TaHOJIA Ha IUIATUHOBBIX 3JIEKTPO/Iax B KHCIIOH
cpelie BKIIIOYAET IapaJuleibHBIE U TI0C/IEJOBATENbHBIC pe-
aKIIUW OKUCJICHWS, KaK MoKa3aHo HIDKe |5, 26].

(1)

2

ecopOIMM  BOJOpPOJa  CYMIECTBEHHO  CIIIAJIIINCK.
YMeHbIICHHE aacOpOIUN BOJOPOIA IPOUCXOAUT 3a
CYEeT OTpaBICHHUS IUIATHHOBOTO KaTajm3aTopa o0pa3o-
BaBIIUMHUCS B TIPOIIECCE OKHUCICHHS 3TaHOJA TPOIYyK-
tamu [31, 32]. IIpu norenuuanax Huxe 0,6 B muiatuna
He oOecrmednBaeT afcoOpOLHI0 KHCIOPOIOCOASPKAIINX
4acTHUIl, KOTOpbIe TPeOYIOTCS A TOOKUCIIEHHS MpO-
MEXYTOUYHBIX NPOAYKTOB OKHCIECHHS cmuprta [33, 34,
35]. KayecTBeHHO aHaJIOTHYHBIE PE3YJIbTaThl OBLIN
MOJIYYEHBI JUIs TUIATUHBI Ha YTIIEPOJHOM HOocHuTene (st
o0oux MeToNoB) wupuaueBoro u Pt-Ru snexTpomaos,
npudeM TOKH Wit Pt-Ru snextpona ObUIH HECKOIBKO
BEIIIIC.

0,03

I, Alcm

0,02 -

0,01

-0,01

1.5
E,B

Puc. 1. MNoTeHuMoamMHamMmnyeckue KpyBbIE NpU CKOPOCTU pa3BepTky noTeHumana 20 mB/c npu TemnepaTtype 25°C:
1 — nnatuHoBas YepHb B 1M pacTtBope H,SO,; 2 —nnatuHoBasi YepHb B 1M pacteope H,SO,4 ¢ nobasnennem 1,7 M ataHona
Fig. 1. Cyclic voltammetry (20 mV/s) at 25°C: 1 — Pt black in 1M H,SO4; 2 — Pt black in 1M H,SO, with addition of 1,7 M ethanol
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M3BectHo [19-12, 36, 37], uro HAUOOIBIIYIO AKTHUB-
HOCTh B OKHCIICHHH BOJHO-CIIUPTOBBIX PAacTBOPOB B pe-
JKIMe paboThl TOIIMBHOTO 3JIEMEHTa MoKasbiBaeT Pt-Ru
KaK Ha HOCHTEINle, TaK M B BHIC YepHU. B mpucyTcTBHM
9TaHONA ATH PA3IUYUs TMPOSBIIIOTCS YK€ TPH MAJbIX
3HaueHmsIX nossapmsanun (ot 0,42 B 1o 0,67 B), u Toku Ha
Pt-Ru ropazmo Beime, uemM Ha Pt. Hamo momarate, urto
akTHBHOCTh Pt-Ru karanmsaTopa B peakuuu OKUCICHUS
CIHPTOB W, B YaCTHOCTH, JTHJIOBOTO CITMPTA, CBs3aHA C
O yHKIMOHATBHBIM XapaKTepoM »JJIEKTpOKaTaiu3a Ha
Pt-Ru cmmasax [10, 12, 38]. OgHako mpu JOCTATOYHO
BBICOKOW aHOJHOW mouisipu3anuu (moreHimansl oonee 1
B) xemocopOIs MPOMEXYTOYHBIX IPOAYKTOB Majio
BJIMSIET HA TPOILECC, TaK KaK OHM JIOCTATOYHO 3 deKTHB-
HO okucisAoTcs. Ilpm 3TOM NOBBIIIEHHAas aKTHBHOCTh
MOIU(HUIIUPOBAHHBIX Ru TIIATHHOBBIX KaTaIH3aTOPOB B
OTHOIIICHUH TaHOJA B OCHOBHOM CBsI3aHA C OOJiee celek-
TUBHBEIM O0pa30BaHWEM YKCYCHOW KHCIIOTHI, IPOTEKAFO-
LLIEM C OTHOCUTENHHO BBICOKOH CKOPOCTBIO [6].

Kpome TOrO, OTMBIBKA KAaTaTUTHYCCKOTO CIIOS OT
BOJIHO-3TaHOJIFHOTO PpAacTBOpa PacTBOPOM CEpPHOHM Ku-
CJIOTHI B IIEJIOM BOCCTaHABIMBAJIA HCXOJHYIO ITOTEHIHO-
JUHAMUYECKYI0 KpUBYIO (BOJOpPOJHBIC NMUKU JaXKe CTa-
HOBUJIMCH Ooyiee SPKO BBIPaKEHHBIMH), HO OIIperelisie-

Masi TUM METOJIOM IOBEPXHOCTh KaTalnu3aTopa CTaHoO-
BUJIACh MEHBIIE B ciiydae 3yekTposioB ¢ 10 Bec. % co-
JIep )KaHHeM MOHOMepa U NMPaKTHYECKH HE MEHSIIACh IS
3JIEKTPOAOB ¢ 5 Bec. % KOHLEHTpauueid nonomepa. Bos-
MOJXKHO, 9TO 3TOT 3PQeKT ObLI CBsA3aH ¢ HaOyXaHWEM U
HapyLIEHHEM CTPYKTYpPbI KATAJIATHUECKOTO CIOSL.

Takum 00pa3oM, OCHOBBIBAasCh Ha BBILICIIPHUBE/ICH-
HBIX TAaHHBIX, MOXKHO OBUIO OBI OKHJATh OIIPEAEICHHOTO
YBEIMYCHUS TUIOTHOCTH TOKA IIPH 3JIEKTPOJIN3E BOJIHO-
ATaHOJIbHBIX PACTBOPOB B IIHPOKOIl 00JIaCTH MOTEHIIHA-
noB. OnHaKo, KaK cjiedyeT M3 pucC. 2, JIMIIb NPH He-
oo mIoTHOCTH ToKa (10 0,2 A/cM®) 1 TpH 3HAYe-
HUSX HampspKeHus Ha sdeiike 10 1,4 B, korma snexTpo-
JU3 BOIBI TPAKTUYECKH HE HJAET, DHEpro3arpaTbl Ha
ANIEKTPOJIM3 BOJHO-3TAHOJIILHOTO PAacTBOpa OBUTH HHXKE
10 CPaBHEHHUIO C 3HEpro3araparaMy Ha 3JIEKTPOJIH3 BO-
nel. [Ipn Gosiee BBICOKOM HAIPSHKEHUHM HHEPro3aTpaThl
Ha 3JIEKTPOJIM3 BOJHO-3TAaHOJFHOTO PacTBOPAa HAYMHAIIN
MIPEBBIIIATh HEPro3aTpaThl Ha 3JIEKTPOIHM3 IECHOHHU30-
BaHHOI BogbL. [Ipu Gosee Huskoi Temmeparype (20 °C)
M HU3KOM HANpsDKCHUH Ha SYeHKe IOJIOXKUTEIbHOES
BIIMSHUE 3TaHOJa ObUIO CYIIECTBEHHO MEHBILE, a IMpH
BBICOKHX 3HAUEHHSX PA3HOCTH MOTEHIIMAJIOB HErATUBHOE
BJIMSIHHE CTAaHOBMJIOCH OOJIBIIIE.

2
o
D1,9
1,8
1,7
1,6
1,5
1,4
1,3 -

1,2 T \ \
0

0,3

0,4 0,5 0,6 0.7
I, Alcm

Puc. 2. CpaBHuTernbHble BAX anekTponuaHon sueiiku ¢ TMO B BogHoOM cpefe v B pacTeope ataHona (40 06. %) npu 85 °C
(kaTop — Pt40/V, aHoa — Ir): 1 — B BogHOM cpefe; 2 — B cpefe ataHona 40 06. %, B aHogHOM KoHType yepe3 30 MuHYT paboTbl;
3 — B cpepe ataHona 40 06. %, B aHOAHOM KOHTYpe B TeyeHne 1 MUHyTbl paboTel;

4 — B BOOHOW cpefe nocne pasmMopaxuBaHus S4eiiku;

5 — aHop — Pt, B cpene ataHona 40 06. %, B aHoOgHOM KOHType Yepe3 30 MUHYT paboThbl
Fig. 2. Voltage-current characteristics of electrolysis cells
with PEM in water and ethanol solution (40 vol. %) at 85 °C
(cathode — Pt40/V, anode — Ir): 1 — in water; 2 — in ethanol solution (40 vol. %) in anode circuit during 30 minutes;

3 —in ethanol solution (40 vol. %) in anode circuit during 1 minute; 4 — in water after cell defrosting;

5 — anode — Pt, in ethanol solution (40 vol. %) in anode circuit during 30 minutes

HpI/IMe‘laTCHBHO, YTO IIpH MoJa4ue B aHOJAHYIO KaMe-
Py DJJIEKTPOJIMU3CpPa BOAHO-3TAHOJBHOI'O PpAacCTBOpAa HaA-
6J'IIO,I[EUIC${ POCT HAIIPSXKCHUA Ha sSYeiike B TeYCHUC

20...30 MuHyT TIpH 000 Temmeparype. DKCIepH-
MEHTQJIHO YCTAHOBJICHHAs Pa3HUIIA MaJICHUS HampsiKe-
HUSI HA MeMOpaHe B BOJIE ¥ BOJHO-3TaHOJIBHOM PacTBOpeE
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(40 06. %) npu 20 °C cocrapisia 3HAYEHUS HECKOJILKO
HIDKE PacueTHBIX, ONPEIENIEHHBIX 10 YASIbHOMY COTPO-
THBNeHMIO MemOpambl: 120...140 MB mpu 0,5 Alem’
(pa3HuIa B 3HAYCHUAX HANPSDKEHUS Ha SUYEUKE OKOJIO
140...160 MB), T.e. poCcT HampsDKCHUS HA STYCHKE B TIep-
BYIO OUYepe/lb ONPEAEIICS U3MEHEHHEM COTIPOTHBIICHUS
MeMOpanbl. Ho MOXXHO Take HpenrnoioXuTh, 4TO He-
OOoJIbIIOE HETaTHBHOE BIMSHHE OKA3bIBAET OTpPABIICHHE
KaToZa M, BO3MOXHO, HapyIICHHE CTPYKTyphl MeMOpaH-
HO-3JIEKTPOIHOTO OJIOKA 32 CUET CHIIBHOTO HaOyXaHUs
TII3. 3T0 MOXET NPUBOAUTH U K YACTUIHOMY OTCIIOE-
HUIO KaTQJINTHYECKOTO CJI0fA, U K ITOTepe CBA3HOCTH dac-
TUI KaTanu3atopa. Ciefayer OTMETUTD, YTO MIPU OTHOCH-
TenbHO BEICOKOM conepxkanuu TIID (10 u 6onee Bec. %)
B KaTAJIMTUYECKOM CJI0€ aBTOPHI JaHHOM CTaThU HAOIIO-
JTAJIA YHOC YacTHIl KaTalu3aTopa MpHU 3JIEKTPOIU3E BOA-
HO-3TaHOJBHBIX pacTBOPOB. BbUIO ycTaHOBIEHO, 4YTO
3aMEHa ATAHOJIa HAa PAacTBOP alleTAIbACTHIA B SUCHKE C

TIID Takke NPUBOAMT K HEOOIBIIOMY CHIXKEHHI0O BAX
AJIEKTPOJIM3HON SYEHKH, Onm3koe K cHkeHuto BAX B
pacTBOpe 3TaHOJA. 3aMeHa pacTBOpa 3TaHONA Ha pac-
TBOp YKCYCHOW KHCJIOTHI BBI3BIBA€T 0OoOjee 3aMeTHOe
yXyamieHre paboThl 3JEKTPONU3HON staciku. Bo3moxk-
HO, YTO €€ 00pa30BaHME NPH HIEKTPOJIN3E TOXKE OKa3bl-
BaeT OTPHUIIATEIbHOE BIMSHHE, HO BPS JIM 32 TaKOH KO-
POTKHIl TIPOMEXYTOK, Kak 1 muHyTa (CM. puc. 2), OHa
MorJia OBl J1aTh CYNIECTBEHHBIH BKJIAJ B HaOJIOIaeMblIil
3¢ exT.

HccnenoBanus B TPEXUIEKTPOAHOHN sUEHKe IOKa3a-
7Y, 9TO OKHCIIEHUE alleTalbaeruaa uaet oomnee s dex-
THUBHO, YeM OKHCJICHHE METaHOJ]a, a YKCyCHas KHCIOTa
CHIDKAeT aHOJHBIE TOKH IO CPAaBHEHHIO C PacTBOPOM
cepHOM kucaoTH (puc. 3). HeraTuBHOE BIMSHHUE YKCYC-
HOW KHCJIOTBI MOXXET OBITh CBSI3aHO C YMCHBILICHHEM
a7IcopOIMK BOBI Ha aHOJIE.

N 0,2 -
Q
<
0,15 -
3
0,1 -
RS 2 )
L v T
0,05 et
o 4__/,,//2
0 T T “ T T T T
0 0,2 04 0,6 0,8 1 1,2 1,4 1,6

E,B

Puc. 3. KBasncTtaumoHapHble KpuBble Npu CKOPOCTM pa3BepTku noTeHumana 0,1 mB/c n TemnepaTtype 25 °C:
1 — Pt yepHb B 1M pactBope H,SOy; 2 — Pt yepHb B 1M pacteope H,SO, ¢ sobasneHuem 1,7 M ataHona (10 06. %);
3 — Pt yepHb B 1M pactBope H,SO,4c nobasnenvem 1,8 M auetanbgernga (10 06. %);
4 — Pt yepHb B 1M pactBope H,SO, ¢ nobaenennem 1,7 M ykcycHow kncnotsl (10 06. %)
Fig. 3. Quasi-stationary curves (0,1 mV/s) at 25°C: 1 — Pt black in 1M H,SOys; 2 — Pt black in 1M H,SO4 with addition of 1,7 M ethanol
(10 vol. %); 3 — Pt black in 1M H,SO, with addition of 1,8 M acetaldehyde (10 vol. %); 4 — Pt black in 1M H,SO, with addition
of 1,7 M acetic acid (10 vol. %)

Hawny4ymme XapakTepUCTHKH TIPH  3JIEKTPOJIN3E
pacTBopoB MertaHoja mokaszamu Pt-Ru (1:1 at. %) Ha
anone (puc. 4), 0IHaKO, paboTa INEKTPOIUZHON TICHKHI
C TaKMM aHOAOM Oblla HecTaOuiIbHA: aBTOPHI JAHHOTO
ucclieioBaHus (UKCHPOBAIM MEAJICHHOE YXY[IICHHE
XapaKTepUCTHK BO BPEMEHH, YTO, MO-BHIUMOMY, CBS-
3aHO C HECTAOWJIBHOCTHIO PYTEHHEBOM KOMIIOHCHTHI B
IJEKTPOAAX C BBICOKHM COJEP)KaHHEM PYTCHHS B 3THX
yenoBusix [11, 39], mpuuém ucmonb30BaHUE aHAJIOTHY-
HOTO KaTalM3aTopa Ha KaToJe MPAKTHUECKH HE BIHSLIIO
Ha BAX. D10 no3BoisieT NpeanoioxkuTh, 4To, XoTsa Pt-
Ru kaTtamu3aTop Ha Karojxe IOJDKEH OBITH HECKOJBKO
Oosiee yCTOWYMB K OTpPABJICHUIO NMPOTYKTaMHU OKHCIE-
HUsSl 3TaHOJIa, HO OTCYTCTBHME KHCIOpOJa Ha KaToJe
CHIDKaeT 3((PEKTUBHOCTD YAAJICHUS 3TUX NMPOIYKTOB C

moBepxHOCTH. Kpome TOTO, BKIAA MepeHANpsKCHUSL
KaTOAHOHN peakiiy B o0Illee HANPSKCHUE Ha DJICKTPO-
JIN3HOM sSYelKe HE OYCHb BEJIUK. B CBsA3M C yeM OCHOB-
HBIE UCCJIeI0BaHUS OBLITU COCPENOTOUCHBI Ha SUeHKaX C
MIJIATUHOBBIM M UPUIUEBBIM KaTanuzatopamu. Vpuaue-
BBIH aHOJ oOecrieunBain 6ojee BHICOKHE XapaKTEPUCTH-
KH, 4YeM IUIaTHHOBBIA. HO OCHOBHBIC OTIMYMS, KaK U B
ciaygae Pt-Ru, Habmromamuce B 00iacTH HampsDKEHUS,
r7e TOMUHUPYIOIIUM MPOIECCOM CTAaHOBHIICS DJIEKTPO-
U3 BOABI. DHEPro3aTpaThl Ha JIIEKTPOJIU3 METaHOJIa
npu motHoctH Toka 0,1 A/cm” u Temmeparype 85 °C
cocraBuian: 3,22...3,34 kBTuac/M® IS IUIATHHOBOTO
anona m 3,18...3,30 kB1-uac/m’ JUIsl MpUAMEBOTO aHOJa,
YTO HECKOJBKO BBIIIC IHEPro3aTpaT, MONyYCHHBIX B
pabore [1].
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Puc. 4. BonbT-amnepHble xapaKTepUCTVKM 3neKTponmaHon ayenku ¢ TMS BoaHoro pacteopa ataHona (40 % 06.)
npu Temnepatypax 0 °C, —15 °C, katog — Pt40/V, ¢ ucnonb3oBaHMeM B Ka4eCTBe aHOAa PasfMYHbIX KaTanu3aTopos:
1 —aHon Pt, T=-15°C; 2 —aHopa Ir, T=-15 °C; 3 —aHog Pt/Ru, T =-15°C; 4 — aHop Ir, T = 0 °C;
5 — BAX anektponuaHon siverikv ¢ TIN3 B BogHoM cpefe, aHog Ir, T=-15°C
Fig. 4. Voltage-current characteristics of electrolyses cells with PEM in ethanol solution (40 vol. %) at 0°C, —15°C, cathode — Pt40/V
with different anodes: 1 — anode Pt black, T = -15°C; 2 — anode Ir, T =-15°C; 3 — anode Pt/Ru black, T =-15°C; 4 — anode Ir,
T = 0°C; 5 — voltage-current characteristics of electrolyses cells with PEM in water, anode Ir, T =-15°C

TakuM 00pa3oM, TOJOKHUTEIBHBIA 3PPEKT OT HC-
II0JIb30BaHMsI BOJTHO-3TAHOJBHBIX PAcTBOPOB Habirona-
€TCS TOJIBKO IPU HU3KUX 3HAYCHHUAX IJIOTHOCTU TOKA H
HamnpspkeHus Ha sgdelike. Ilpu 3TOM, HECMOTpsl Ha TO
YTO PHEPro3aTpaTsl Ha MPOU3BOJICTBO BOAOPOIA ACHCT-
BUTENBHO MOTYT OBITH CHIDKEHBI, TaKOW IpoIecc, Ha
B3TJISII aBTOPOB JAHHOW CTaThH, YKOHOMHUYECKH Malo
s¢¢pextuBer. CHIKEHHE SHEPro3arpar 1o CPaBHEHHIO
C TpSAMBIM 3JEKTPOJIM30M BOABI (3HEPro3arparsl
4,0...4,2 kBryac/M® U eme Hike MpU MaJIbIX IJIOTHO-
CTSIX TOKA) He3HaunTenpHOo. ClenyeT ymoMsSHYTh, YTO
anextpoauseps! ¢ TIID nMeroT OTHOCHTENFHO BBICOKYIO
KalnTaJbHYI0 CTOMMOCTb, U SKOHOMHYECKH BBITOJHOMN
SBIIETCS HKCIUTyaTaIUsl TIPU BBICOKUX IUIOTHOCTAX TO-
ka. CyIecTBeHHO M TO, YTO MOTpedyeTcs TaHOI BHI-
COKOM CTENeHU OYHCTKH, COOTBETCTBEHHO, II€HA MpO-
IyKTa BO3pAcTET, a TaK KaK peajn3anus Ipolecca co
100 % oxucneHueM 3TaHOJA JO JUOKCUIA YTiepoja
MaJOBEpOSTHA, IOMOJHUTEIHFHO BCTAaHET BOMpOC 00
YTHIM3anuu/pereHepanuy pabounx pacTBOPOB.

Hapsiny c BbIIICONMMCAaHHBIME HCCIIEAOBAHUSIMH HU3Y-
YaJoch BIMSHHAE HU3KOW TEeMIEpaTyphl Ha XapaKTepUCTH-
KH pabOTHI AIICKTPOIM3HON sueriku. Sdeiika OblIa 3aMo-
poxena mpu Temreparype —15°C B TeueHHE CYTOK.
BonbraMiiepHas XapakTepuCTHKa 3JIEKTPOIN3HOM UKy,
CHATas 1O OKOHYAHHWH Pa3MOPAXHUBAHHS, MOIHOCTHIO
coBmanaet ¢ BAX no 3amopaxuBanus (puc. 2), T.e. Takue
HHU3KHE TEMIepaTypsl He BeAyT K pa3zpymeruto MOb.

Ha puc. 4 npencraBnensl cpaBHUTENbHBIE BAX mist
BOJIHOTO pacTBopa 3TaHoia (40 % 00.) mpy MOHMKEHHBIX
temmepatypax 0°C, —15°C, ¢ anomamu pa3mTUYHBIX COCTa-

BoB (Pt, Ir, Pt:Ru=1:1 ar.). OueBuaHO, YTO IS BCEX
AHOJHBIX KaTaIM3atopoB npu —15 °C uaeT mpouece sJek-
TPOIM3a C 3aMETHON CKOPOCTHIO TIPU JIOMYCTUMBIX JIJIS
ANIEKTPOIM3HON SUEHKH 3HAYCHUSX HAMpsHKCHUS (MEHee
2,4..2,5 B). TemnoBsigenenue ¢ 1 e’ MDB pocturaer
0,08 BT npu miotHOCTH TOKa 0,1 A/CMZ, YTO TO3BOJISIET
peanu30BaTh CaMOPa30TPEB AIEKTPOJIH3Epa.

Crnemyer OTMETHTH, YTO MpH paboTe AIIEKTPOIU3HON
stueiiku ¢ TIID B pacTBOpe 3TaHOja IMpH TeMIepaTypax
Hmxe 0 °C, xak u npu temneparypax 20...85 °C naoimo-
JTacTCs IOCTETICHHOE YMEHBIIICHUE TOKOB CO BpEMEHEM U
BBIXOJIOM Ha cTallMOHapHble 3HaueHus B Tedenue 20...30
muHyT. [lpu nanpHeWniedl OTMBIBKH 3JIEKTPOIU3HOM
SIYEHKU TIEMOHU30BAHHON BOJOW XapaKTEPUCTUKU SYEH-
KH BO3BpamIalOTCd K CBOEMY IIEPBOHAYAIHHOMY 3HAUe-
HHIO, U BO3MOXKHa ee 3((eKTHBHAS IKCIUTyaTalys MpH
paboueii (80...90°C) Temnepatype.

3akJaouenue

B nanHOIt cTaTthe OBUT HCCIENOBaH AIICKTPOIN3 BOJ-
HO-3TaHOJIBHBIX PAacTBOPOB (KOHLEHTPALUsS 3TAHOJIA JI0
40 06. %) B anexrponusepe ¢ TIID. ITokazano, uro npu
HaIlpsDKeHUU Ha sideiike Beimie 1,4 B sHeprozarpartbl Ha
3NEKTPOIH3 AJISI BOJHO-3TAHOJIBHBIX PACTBOPOB IPEBBI-
[IAI0T SHEPro3aTpaThl Ha 3JIEKTPOJIM3 YHCTON BOJBI IPU
HCIIOJIb30BAaHUM HA aHOJE TaKHUX 3JIEKTPOKATAIH3aTOPOB,
kak Pt, Ir win Pt-Ru u Pt/C min Pt-Ru nHa kxatome. Oc-
HOBHBIE IPHYUHBI ATOTO SBJICHUS — CYIECTBEHHBIH POCT
COTIPOTHUBJICHUSI MeMOpaHbl B IIPUCYTCTBUE 3TaHONA H
OTpaBJIeHHE KaToja MPOAYKTaMH peaknuu. Bo3moxHO
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TaKkXKe HEKOTOPOE YBEIMYCHHE HAIPSDKEHHS H3-3a Ha-
pyuIeHus cTpykrypsl MOb 3a cueT 6onee CHIBHOTO €ro
HaOyxaHusi B pacTBope dTaHosa. Ilociae NpOMBIBKH
SYEMKN J€MOHU30BaHHOW BOJIOM M 3aMEHBl PacTBOPOB
9TaHOJIA HAa BOIy XapaKTEPUCTUKH STUCHKHA BOCCTAHABIIHU-
BaJIUCh. JHEPro3arpaTbl Ha 3JIEKTPOJM3 OSTaHOJA IpU
motHocTH Toka 0,1 A/cm” m Temmepatype 85 °C cocrapu-
JM B pacyere Ha 1 e Bojmopona: 3,22..3,34 kBruac/m’
IJIs IDIaTHHOBOTO aHoxa u 3,18...3,30 kBTuac/m’ JUISL UpU-
IMEeBOTO aHona. Takum 00pa3oM, IMOJOKHUTEIBHBIA 3(-
(eKT OT HCHOJIBb30BaHUS BOJHO-ITAHOJIBHBIX PACTBOPOB
Ha0JI01aeTCs TOJBKO MPH HU3KHUX 3HAUCHHSIX TNIOTHOCTH
TOKa M HANpsHKCHWSA Ha sUeike. YUUTHIBasl BBICOKYIO
KamuTadbHYI0 CTOUMOCTH 3JieKTponu3epoB ¢ TIID, He-
00X0AMMOCTh TPHMEHEHHS BBICOKOYHCTOIO 3TaHONA U
pereHepanyu/yTUiiM3anud pabounx pacTBOPOB MO Mepe
HX DJICKTPOXUMHYECKOTO PA3TIOKCHUS SKOHOMHYCCKAsS
MEPCIEKTHBHOCTh JaHHOTO IIpoIiecca KaKeTCsl COMHU-
TEJIbHOM.

Kpowme Toro, Obl1a rcciie[oBaHa BO3MOYKHOCTE ITyCKa
U pabOTBHl ANIEKTPONHM3EpPa C TBEPABIM IMOIUMEPHBIM
JNEKTPOJIMUTOM TIPH OTPHIATENBHBIX TeMIeparypax B
BOJIHO-ITAHOJNBHBIX  PAacTBOpax. YCTAaHOBICHO, YTO
JMEKTPONIM3HAs f4YeHKa C IpeIBapUTEIbHO yIaJICHHON
BOJIOH, XpaHAIIasca IPU OTPUIATENBHBIX TeMIepaTypax
(-15...-20°C), mocinie pa3MOpaKUBaHHs COXPAHAET CBOU
paboune xapakrtepucTuku. IlokasaHa BO3MOXHOCTH 3a-
ITycKa 3JCKTPOIU3IHON SYCHKHU TPU OTPHUIIATEIEHON TeM-
mepaType IpU HCMOJIH30BAHUU BOJHO-3TAHONBHBIX pac-
TBOpOB. [Ipy 3TOM Ha HaYaNBHBIX 3Tanax pabOTHl YHCTO-
Ta BOJOpOAa BechbMa Benmka (> 99,98 %). DHeprerude-
CKHe ToKasaTenu siekrponusa mpu —15 °C mpoctatouno
HU3KHE (10 5 kBT1-uac/m’ npu 0,1 A/CMz), OIHAKO, TEIl-
JIOBBIICTICHUE TIPH 3JIEKTPOJIM3E TO3BOJIIET OBICTPO pa-
30TpeTh CUCTEMY [0 IIOJIOKHUTEIBHBIX TEeMIIEpaTyp M
NEPEUTH K IEKTPOIU3y BoAbl. MITaK, «XOJOIHBIA IIyCK»
U KpaTKOBPEMEHHAs 3KCIUTyaTalus IPH OTPUIATEIbHBIX
TeMIieparypax anekTponuszepoB ¢ TIID ¢ mpumeHeHHEM
BOJ/IHO-ITaHOJIBHBIX PACTBOPOB BO3ZMOJKHA.

PaboTa BeImoIHEHA 3a cueT rpaHTa Poccuiickoro Ha-
yuHoro ¢onna (mpoekt Nel14-29-00111).
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The article discusses the features of electrochemical synthesis and behavior of polyaniline and polyaniline based
composites doped by electroactive anions (EAA). It has been found that in some cases electroactive anion forms
complex with the aniline molecule in electrolyte, which performs as initiator of polymerization. This provides
acceleration of the initial stage of aniline electropolymerization. As a result, it becomes possible to prepare high-
quality corrosion resistant polyaniline coatings on non-noble metal electrodes. The composites based on polyaniline
and nanocarbon materials (carbon nanotubes, graphene oxide) have been prepared, which are promising for use in
supercapacitors. Using EAA we developed electrochemical sensors to hydrogen and total content of antioxidants in
food.
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Oleg N. Efimov

1. Introduction.
The role of anions in the formation of spatial
structure of polymer matrices

Various electroactive polymers have been intensely
investigated over the two past decades; moreover,
polyaniline (PANI) is one of the most analyzed
polymers. PANI is a ‘workhorse’ for researchers for
several reasons, namely, because PANI is -easily
available and well-studied polymer stable in air, which
can be a conductor and an isolator depending on
oxidation state. In reduced state, PANI is soluble in
several organic solvents and easily forms coatings on
various materials. Therefore, it became possible to use
PANI in different fields of engineering such as
electrochemical energy storage systems (batteries and
supercapacitors), electrochromic devices, optical and pH
sensors,  heterogeneous  catalysis,  gas-separating
membranes, corrosion-resistant coatings and etc.) [1, 2].
Thus, it became necessary to analyze the possibility of

[-B-NH-B-NH-B-NH-B-NH-] -

L2e 2H

cathodic scan

2 HX
[-B-NH-B-N=Q=N-B-NH-],- — -[-B-NH-B-NH-B-NH-B-NH-],-

-2 e -2H

|
L.

Publications: 150.

PANI modification for the development of desirable

materials (metals and polymers), -electrochemical
capacity, charge-discharge characteristics, stability and
reproducibility of experimental data.

In aqueous and organic solvents, PANI shows
electroactivity in the presence of protic acid in
electrolyte. It is known that at reversible
electrochemical oxidation of leucoemeraldine form of
PANI in acidic media (Fig. 1), anions X" are intercalated
in a polymer matrix. Such intercalation is called the
anionic doping of PANI. When PANI is doped by small
and mobile anions, diffusion does not prevent the anions
from leaving polymer while it is reduced and entering it
while oxidized. Redox conversion in such systems is
accompanied by structural changes in a polymer matrix.

well

X X

anodic scan

[-B-N=Q=N-B-N=Q=N-],-

Fig. 1. The reversible acid/base doping/dedoping and redox chemistry of polyaniline
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The nature of anions which compensate charge in a
conducting polymer matrix affects strongly its
properties. Therefore, the choice of electrolyte for
chemical or electrochemical synthesis allows one to
modify polymer properties and, hence, widen the field of
application [3-5]. Routine electrosynthesis (ES) of PANI
is performed in aqueous H,SO,. Nevertheless, other
strong acids such as HNO;, HCI, HBF,, HCIO,, and
CF;COOH are used as well. It was found that the type of
anion defines morphology of PANI and stimulates
formation of either compact (HBF,, HC104, CF;COOH —
the 1* class) or loose (H,SO4, HNO;, HCI — the 2™ class)
polymer structure [6]. It is reported in [7, 8] that
similarly, albeit weaker, to anions, alkali metal cations
affect electropolymerization rate and properties of PANI
with the effect decreasing in the row: Cs >K'>Li" >Na".
The effect of anion on porosity and swelling of PANI
was investigated by standard porosimetry [9].

Calculation showed that the use of CI°, H,SO,,

H,PO,, BF, and HCOO™ in ES provides the formation
of matrices with larger pore size upon swelling, while
with CE,COO",

CH, -C,H, -SO; anions are hydrophobic, in some

polymer  matrices organic

cases being close to Teflon in hydrophobicity. PANI
doping by more complex organic acids was investigated
for improving of film formation. ES of PANI was carried
out in the presence of camphor sulfonic acid [10],
p-toluenesulfonic acid [11], substituted fluorosulfonic
acids [12, 13], polystyrene sulfonic acid [14], and
polyvinyl sulfonic acid [15]. Matrix oxidative
polymerization of aniline in aqueous solution in the
presence of poly(2-acrylamido-2-methyl-1-propane)
sulfonic acid (PAPSA) provides the formation of a water
soluble complex of polyaniline and PAPSA [16].
Substituted  poly(styrene  sulfonic) and various
substituted polyacrylic acids were used as polyanions
[17]. A molecular model of the complex formation
between partially doped polyaniline (polycation) chains
and negatively charged polyanion chains was suggested.
It is a so-called double-stranded structure in which
polyaniline macromolecules arranged along a polyanion
macromolecule are held in such configuration due to
electrostatic interaction forming twisted threads [17-21].
The syntheses afforded a series of water- and methanol-
soluble matrix complex polyanilines that showed
electroactivity at noticeably higher pH values which are
important for the development of biosensors and other
diagnostic devices for biological systems.

The search for new anions as dopants can reveal
unexpected properties in the systems as it was shown, for
example, in the synthesis of PANI in the presence of (+) —
or (—)camphor-10-sulfonic acid. The synthesis afforded
optically active chiral PANI, which retained its optically
active configuration even after dopants had been removed
from the polymer. The polymer ‘remembered’ its history
after doping by hydrochloric acid as well [22-24].

The insertion of polyacid based polyanions into a
polyaniline matrix allows polyanion to remain in
polymer to prevent deprotonation in electrolytes with
pH >4. As a result, redox activity and electric
conductivity are retained [25]. Anion migration from
polymer can also be lowered due to anions capable of
forming chemical and coordination bonds with the PANI
matrix, saving the polymer matrix.

2. Electroactive anions in PANI

All the above mentioned examples of the effect of
anion on properties of PANI do not consider, in essence,
electrochemical activity of anions. One of numerous
classes of investigated anions is, in fact, a class of
electroactive anions (EAA) or electroactive compounds
bearing negatively charged groups. When inserted in
PANI upon anionic doping, these compounds are able to
increase electroactivity of polymer by their own
electrochemical activity. New formed composite
materials can show noticeably higher redox capacity as
compared with PANI itself. One can also expect that
within potential range of electro-inactivity of PANI, the
composite will retain electroactivity due to EAA inserted
in the polymer.

Doping anions can be inserted into the polymer
during either synthesis of polymer or subsequent cycling
in the electrolyte containing them. Tetrasulfo anions of
phthalocyanines of Fe and Co were one of the first
electroactive polymers inserted in PANI. Thus prepared
composites were tested to catalytic activity in reaction of
reduction of O, and showed low stability in time [26—
28]. The doping of PANI by [Fe(CN)s]*’* anions was
accompanied by polymer degradation [29]. The insertion
into PANI of electroactive anions based on quinoid
derivatives provided better electrochromic properties of
new composites [30]. The corresponding increase in
redox capacity was reported [31], though the authors
observed lower conductivity of polymer as a result of
cross-linkage between PANI chains. The design,
synthesis, and applications of polyoxometalate doped
with the conductive polymer composites are critically
discussed and future directions for their use in energy
materials, sensors and electrocatalysis are envisioned
[32-35].

The use of quinones as EAA allowed broadening the
range and intensity of electrochromic properties of
starting PANI [30]. Heteropolyanions containing various
metals [36, 37], copper phthalocyanines [38],
ferricyanides [39], representatives of o- and p-quinones
and heterocyclic compounds, for example, indigo
tetrasulfonate [31] tested as EAA allowed the
development of a new class of high efficient biosensors.
It was found that EAA which do not form strong
chemical bonds with PANI substitute a part of major
doping sulfo anions when cycled electrochemically in
sulfuric acid. Such EAA can enter or leave reversibly
polymer. Nevertheless, they can remain partially linked
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with a PANI matrix as counter ions thus increasing
specific capacity of modified composite material.

Of considerable importance is the effect of EAA on
synthesis reaction rate and electrochemical behavior of
PANIL. It is known [40] that the limiting stage of
electrochemical and chemical synthesis of PANI is
oxidation of aniline An to radical cation (Fig. 2)
followed by dehydrodimerization and the formation of
p-aminodiphenylamine. Then the reaction observed is an
autocatalytic one.

H H H
—Or et O = 2O
i i i
I'{ III lli 3 i
2)@‘?:*—* OO —=
H H
N N
— - € —
ON—COwe =00
H H

Fig. 2. Scheme of electrocatalytic oxidative mechanism
of PANI synthesis

It was found that in the presence of EAA in
electrolyte, ES
potentials and shorter induction period. Independently of

is carried out at lower oxidation

electrode material and method of ES, ICl;” was
discovered to be the most efficient [41-53]. It is
assumed, that strong oxidative properties of IrCIL}~

provide easy oxidation of several aliphatic and aromatic
amines and diamines. Depending on concentration of
electrolyte and acidity of solution, formal potential of

IrCL}” / IrCL}™ is within 0.7-0.8 V vs. SCE [54, 55], and

the start of oxidation of aniline on Pt electrode in 1 M

05 s

HCI is observed at 0.45-0.65 V vs. SCE. One can
assume from the analysis of the experimental data that

IrCL}~ easily oxidizes coordinated aniline and performs

as oxidant regenerated on  electrode
electrochemical cycling.

It was possible to isolate a complex from solution

upon

with An: IrCI;” = 2 molar ratio. It was found from
elemental analysis that complex composition is An:
IrCI}~ = 2 as well [46]. Considering that IrCI;" is one-

electron oxidant, one could assume two modes for the
state of aniline molecules in the complex: i) one aniline
molecule is in oxidized radical state and the other one is
in neutral state; ii) both aniline molecules form a dimeric
radical. The study of the interaction of EAA with An by
IR-Vis and ESR spectroscopy [46] allowed of certain
conclusion on formation pathways and possible structure
of the initial complex. Most probably, the first stage
consists in the formation of an pair
IrCIly - C,H,NH; , which
[rCL; (C,H,NH, ] (I) and electron transfer from An

to Ir(IV). Then a neutral An molecule is captured which
results in the formation of a final Ir(IIl) complex

1onic

converts to

containing paramagnetic dimer [ IrCl, (C, H,NH,),]".

In this way IrCl; speeds up the formation of

p-aminodiphenylamine and reduces or eliminates the
induction period.

The organic radical anion containing negatively
charged groups can perform as EAA as well. The
2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS) bears a bulky ABTS” dianion
(Fig. 3), which is well retained in the PANI matrix due
to electrostatic interaction and steric factors.

T S04

N ¥

Fig. 3. Structural formula of 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) dianion (ABTS‘Z)

As for IrCI, an An-ABTS” = 2 complex can be

isolated from solution containing 1M H,SO, and
aniline [51]. In water solution with pH<3, ABTS*
exists as HABTS’, and electrode potential for the
ABTS +e +H =HABTS- reaction determined from CVA
[50] is E;p= 0.53V (SCE). Thus, ABTS" is a weaker

oxidant than IrCL.”~ and most probably its effect on ES is

stipulated by adsorption of a uncharged [An, ABTS*]°
complex on the electrode that results in shorter induction
period in ES. However, in contrast to the effect of

IrC1>

6 °

The prepared

the growth of a PANI coating is slower.

samples of PANI showed noticeably
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better electrochemical parameters upon cycling
(electrochemical capacity and Coulombic efficiency)
[51]. One can assume that the improvement is due to
looser structure of PANI (Fig. 4a, 4b, 4c) formed during
ES, which remains upon cycling in another EAA free

electrolyte. Thus, initially formed structure of PANI
shows ‘memory’ effect. After doping PANI with other
anions, it is still possible to re-dope PANI with ‘parent’
EAA[59].

Fig. 4. SEM images of PANI samples obtained in potentiostatic mode of (a) 0.1M AS in 0.1M H ,SOy,
(b) from the same in the presence of electrolyte |rC|2' (An: |rC|§' =10%), (c) of the same electrolyte
in the presence of ABTS (An: ABTS? = 10°)

Interesting catalytic properties are illustrated by
electroactive MnQ} anion [45, 56, 57]. It was shown by
using spectrophotometry that aniline oxidized by
electroactive MnO; anion forms blue solutions which

most probably contain dimers of aniline formed after
dimerization of radical or radical cation particles of
aniline. The most favorable conditions for preparing
polymers containing minimal number of defects are
potential scanning synthesis and concentration of EAA
of 10*-10° M. The role of KMnO, is the most
demonstrative in the synthesis of PANI on Ta and Si
electrodes [57], where polymer coatings were prepared
at potentials of 0.4 and 0.6 V. In the absence of KMnO,
the polymer can be prepared on these electrodes at
potentials >1 V only.

3. Electrochemical synthesis of PANI coating
on non-noble metals passivated by oxide films

The interest to metal protection from corrosion
through deposition of conducting polymer coatings and,
namely, PANI arose in the early 80-s of the 20th century
[60]. ORMECON Chemie GmbH (Germany) used PANI
based coatings deposited from dispersions in organic
solvents on non-noble metal surface (carbon and
stainless steel, copper). The group of researchers from
Los Alamos and NASA showed the possibility of
protection of metal structures from corrosion by acidic
gases evolved at spaceship launch. They suppose that the
corrosion-inhibiting effect is stipulated by the shift of
corrosion potential to positive values up to that of noble
metals. Corrosion current decreased or even vanished.
High corrosion stability of PANI is a result of the
formation of a stable composite layer formed by oxide

and conducting polymer on metal surface. The formation
of transition metal complexes with PANI is discussed in
detail in [61]. In general, the term ‘composite’ is used to
describe systems containing components able to form
own phases. If one of the components is distributed
uniformly in a polymer matrix of another one, the
component can be considered as a bulky one. However,
when a polymer coating is formed on the surface of
another material, an intermediate layer formed at the
interface contains phase components as well. Such layers
can be called surface composites. Most often, surface
composites form upon applying a conducting polymer
coating by electrochemical polymerization of monomer.
Below there are some examples which show that EAA
play an important role in ES of coatings on various
metallic supports.

PANI films can protect surface of various materials
such as non-noble metals, electroconducting oxides,
semiconductors and others [41, 45, 47, 51, 62-67].
Polymer coating is synthesized on the surface of a
passivating oxide layer formed on protected metallic
supports. Such a layer is formed by either normally or by
protecting surface passivation. If an oxide film is stable
enough in acidic solution used in synthesis of PANI, cell
voltage should be increased essentially to compensate
high resistance of an oxide layer that, in turn, results in
essential overoxidation of PANI and the formation of
defect island PANI coating. Of great importance is
higher adhesion of polymer coating due to the formation
of chemical bonds of PANI with oxidized metal surface.

We investigated corrosion-resistant coatings for
surface of Ti [42], Ta [41], Pb [43], Al[44], p- and n-Si
[47, 68], and stainless steel [41]. Electrodeposition of
PANI onto non-noble metals is hindered by that some
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metals dissolve and others are passivated to form low-
conducting oxide films in acidic medium at positive
potentials of ES of PANI. Electrooxidation of monomer
is impossible on the surface of dissolving metal because
of its reductive properties. Generally, ES of PANI on
metal surface covered by oxide film requires a special
synthetic procedure which involves thorough mechanical
treatment of the electrode surface. Generally, ES is
carried out in inert atmosphere.

In case of the formation of a passivated oxide film,
ES is realized in conditions unfavorable for the
formation of high-quality coating because of isolating
properties of an oxide film. It was shown [41, 42] that
the addition of initiators, namely, catalytic quantities of
transition metal salts to the reaction medium facilitates
noticeably ES of PANI on Ta, Ti and stainless steel
electrodes. Then this technique was tested on various
surfaces. Potentiostatic, galvanostatic and potential pulse
conditions were used for ES. It was found that pulse
conditions provide higher quality of coatings. However,
a key role is played by EAA in electrolyte that allows
very homogeneous, dense, uniformly distributed and
well-adhered electrode coatings to be prepared. In the
absence of initiator, non-uniform island growth of
polymer coating is usually observed, which most
probably starts on either defects or places of the smallest
thickness of an oxide film.

The insertion of transition metal anions in an oxide
film during growth provides a uniform distribution of
polymer coating nuclei. All tested non-noble metals were
covered by intrinsic oxide films, which protected active
metal surface and provided stability in air. However,

such films show different stability in acidic media. For
Ti, Ta and Pb, ES of PANI was possible in sulfuric acid
without extra oxidation. Fig. 5a shows the examples
noticeably lower voltage in galvanostatic synthesis and
Fig. 5b shows shorter induction period in potentiostatic
synthesis on these metal surfaces. The use of Al required
special pre-passivation of the electrode surface since
intrinsic oxide coating did not protect metal from
corrosion in conditions of ES of PANI (anodic potential
and acidic medium). The highest quality PANI coatings
were prepared in potential pulse conditions on the
electrode passivated using technique reported in [44].
This method consists in pre-treatment of an Al electrode
by the salt of K,IrClg dissolved in water-alcohol mixture,
washing-off and annealing at 400°C. Iridium inserted in
an oxide layer and at positive potential was most
probably in oxidation state +4.

Fig. 5c and 5d illustrate the first moment of oxidation

of An on Pt, Ti, and Ta electrodes in IrClé’ free 1 M

H,SO, (Fig. 5¢) and in the presence of IrCI;~ (Fig. 5d).

In chloroiridate free solution An starts oxidizing at
potential higher than +0.7 V on Pt electrode, +0.8 V on
Ti electrode and +1.0 V on Ta electrode, and An does
not oxidize on Pb and Al electrodes within this potential
range. It is seen from Fig. 5 that the addition of catalytic
quantities of IrCI}” (An: IrCI;” = 10%— 10°) noticeably
shifts oxidation potentials of An to the cathodic range for
Ti and Ta electrodes. After several cycles of passivation,

An starts oxidizing in the presence of catalysts on at +06
V on Pb electrode and +0.75-0.8 V on Al electrode.

24 r = 24 24 .
EV (a) 7BV EV EV i, mA (b) i, mA i, mA
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Fig. 5. (a) Galvanostatic synthesis of PANI at i = 0.2 mA/cm 2 at Ti, Ta, Pb
and stainless steel electrodes; without a catalyst (— — —); that in the presence of IrCIg' (—),

(b) potentiostatic synthesis of PANI at E = +0.8 V without a catalyst (— — —); that in the presence of IrClg' (—).

In 0.1 M aniline solution in 0.1 M H,SOy; [IrCIg'] =10° M.
(c, d) Starting the oxidation An from 0.1M AS in 0.1M H,SO, (c) without a catalyst;
(d) in the presence of electrolyte IrCIg' (An: IrCIZ’ =10%
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Similarly, technique for ES of PANI on p- and #-Si
was developed. Anodic etching of silicon surface
covered by a thin layer of silicon dioxide in aqueous
hydrofluoric acid provides high developed surface of
porous silicon (PS). The conditions for preparation of PS
affect both surface conductivity of PS layers and size of
pitting pores which determine ES of PANI on pore
surface. Conducting material inserted in pores would

provide electrical contacts with PS layers and has own
developed conducting surface. Potentiostatic, potential
pulse and galvanostatic methods for ES of PANI on the
surface of p- and n-Si were tested [47, 68]. It was shown

that the use of catalytic quantities of initiator IrCL.~ in

ES (An: IrCI;” = 1000) accelerates ES of PANI and
decreases working potential down to 0.65-0.7 V (Fig. 6).

i A

{ 1riin

Fig. 6. Current change with time under potentiostatic synthesis of PANI and CVA PANI ES on the p-Si (a) and n-Si (b): (1) at 0.8 V;
(2) - at 0.7V with the addition of the electrolyte HaIrCl 6.

An: IrCIZ‘ = 10°. CVA dropped in the reaction solution after 5 and 15 minutes of synthesis. V = 20mV/s

It was shown that stability of a polymer coating
depends strongly on method of preparation of PANI and
type of Si electrode. The highest stability till 7.5 M
H,SO, displayed PANI coatings prepared on p-Si in the
presence of IrCI} at 0.65 V in potentiostatic conditions.
It should be noted that such behavior of p-Si is due to the
fact that holes are major current carriers and their
concentration in the anodic range of ES of PANI is
always high. Anodic behavior of n-Si is governed by the
behavior of oxidant (IrCL;") as a source of additional
valence electrons. For n-Si, noticeable dissolution of
PANI coating starts even in 5 M H,SO,. Possibly, the
presence of oxidant provides extra oxidation of n-Si
surface, and adhesion of a polymer film to electrode
surface is not strong.

4. PANI based nanocarbon composite materials

Recently, the development of electrode materials for
supercapacitors  based PANI
composite and carbon nanotubes or graphene as carbon
filler has attracted great interest. Depending on synthetic
procedure, PANI shows high specific capacity ranging
from 500 to 1400 F/g, which consists of double-layer
capacity and Faraday capacity (pseudo-capacity), but

electrochemical on

mechanical properties of polymer are unsatisfactory upon
cycling as a result of changes in electrode volume upon
doping/dedoping by anions. As a result, >50% loss of
capacity is observed after 1000 cycles. Moreover, reduced
PANI shows insulating properties. Carbon nanotubes
(CNT) represent the good mechanical properties and
repeated charge-discharge cycles do not affect their
specific capacity, which is not high enough [69].

One could expect that the design of composites based
on conducting polymers and nanotubes allows best
properties of these materials to be combined. Indeed, it
was shown that the insertion of carbon nanotubes (CNT)
in PANI provides the formation of cage of reinforcement
in a polymer matrix, which increases mechanical
strength of polymer and conductivity of a composite
electrode [69, 70]. The composite is formed as a result of
chemical synthesis of PANI in the presence of oxidants
and CNT and electrochemical synthesis of PANI in the
presence of CNT in electrolyte. PANI composites
containing from 0.1 wt.% to 65 wt.% of CNT were
prepared and characterized [69].

Very high values of specific capacity for PANI based
composite electrodes containing different carbon fillers
are reported: 500 F/g for nanofibers (0,8 wt.%) [71],
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350-606 F/g with CNT [72-75]. PANI composite with
graphene oxide or reduced graphene oxide shows
specific capacity [72, 76-88] from 210 to 1130 F/g [82,
84, 86]. However, it should be noted that the discrepancy
of experimental data can be interpreted by different
synthetic procedures and methods of investigation.

The basic method for preparation of PANI
composites with carbon nanofillers is chemical oxidative
polymerization of aniline in sifu, i.e. polymerization in
the presence of nanofiller dispersion in reaction medium
[89]. The advantages of such approach are simplicity,
possibility of scaling up the process, possibility of
varying polymerization conditions, and uniform
distribution of nanofiller particles in a polymer matrix.

The investigation of polymerization products
prepared in the presence of CNT by transmission
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electron microscopy (TEM) showed that growing
polymer forms two phases, one of which forms a closed
shell round CNT (‘surface polymerization’), while the
other one is free polymer with granular morphology in
the space between CNT. The ratio between these phases
can be varied depending on reaction conditions. Surface
polymerization can be realized by optimizing reaction
conditions [90] and/or changing surface properties by
functionalization [91].

The most effective method for preparation of
structurally uniform PANI-CNT composite is pre-
modification of nanotube surface using polymerization
initiators — electroactive anions.

CNT were modified using surface adsorption of

polymerization initiators IrCI” and ABTS from

solution (Fig. 7).
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Fig. 7. The schematic arrangement of the IrCIZ‘ catalyst and An on carbon nanotubes
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Percentage of adsorbed IrCI;” u ABTS determined from maximal changes in optical density of solution was 8 and
14 wt.%. After chemical synthesis of PANI on modified surface of CNT, the samples were tested by TEM (Fig. 8).

A A

Fig. 8. Micrographs of the composites obtained by transmission electron microscopy:
(a)PANI/ CNT; " (b) PANI/ CNT / IrCIZ' and (c) PANI/ CNT / ABTS

A weakly pronounced polymer coating non-uniform
in thickness forms on the surface of unmodified CNT
(Fig. 8a) along nanotubes (1-30 nm). The coating has
irregular diffusion boundary. On the contrary, a polymer
coating of composites with modified nanotubes along
nanotubes is of essentially larger size (40—100 nm) and
has smooth boundary (Fig. 8b, 8c). The most obvious
example is a composite with ABTS, where polymer forms
an amorphous uniform in thickness and density coaxial
shell round nanotubes. The coating boundary is well-
pronounced and smooth. Thus, adsorbed initiator
accelerates polymerization of aniline on the surface of
nanotubes, i.e. at the interface as described in [92-93]. A
similar transition of polymerization from substrate surface
to the bulk of reaction medium was found by IR Fourier
spectroscopy [94].

The modified samples showed better electrochemical
parameters [49]. The most noticeable is electrochemical
reversibility of electrode reactions, the
difference of potentials of anodic and cathodic peaks
AE = E, — E, is lower in a composite containing
modified CNT. Another very important peculiarity for

namely,

capacity in composite upon repeated cycling. After
100,000 cycles in potential pulse conditions, the loss of
capacity for the ABTS containing composite was 5%
against 20% samples. These
experimental data allow one to conclude on that the
formation of individual polymer shells around modified
CNT provides the conditions for higher reversibility of
electrode reactions, which is most probably due to
increased charge transfer rate in the CNT-PANi shell
system. Fast charge transfer from one electroactive
center to another (redox conductivity) inside a polymer
shell is accelerated additionally by the participation of a

for non-modified

conducting framework of CNT. Obviously, charge
transport is more efficient as compared with parent
polyaniline and composites containing non-modified
CNT specified by the presence of a phase of PANI
unbound from the surface.

Interest to commercial application of nanocarbon
materials has grown especially after the discovery of
graphene by Nobel Prize winners A. Geim and K.

the use in supercapacitors is retention of electrochemical ~ Novoselov [95]. Graphene is a honeycomb-like
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monolayer formed by sp>-carbon atoms. Though
monolayered graphene can be used in electronic devices,
most interest of developers of carbon nanomaterial
composites is attracted to quite accessible graphene
oxide stacks or nanosheets, which can exist as stable

dispersion in solvent (water, alcohols,
dimethylformamide and others). Generally, graphene
oxide nanosheets (GONS) are original carbon

nanomaterial as fine powder. To distinguish it from
monolayered graphene, term ‘3D-graphene’ is used. In
comparison with monolayered graphene, GONS show
certain disadvantages including low specific surface and
electroconductivity. The disadvantages are stipulated by
the presence of oxygen bearing epoxy and hydroxyl
groups on the surface, and carbonyl and carboxyl on the
edges of nanosheets. These groups prevent aggregation
of GONS and are useful for preparing composites with,
for example, PANI due to the ability to form hydrogen
bonds. Polarity of functional groups provides higher
wettability of electrode material [96—100]. Below are the
results of syntheses and analysis of properties of PANI-
GONS and PANI - reduced GONS (RGONS)
composites. Methods for chemical synthesis of
composites of PANI in the presence of fine dispersion of
GONS reduced at 1200 mV (SCE) (RGONS) were
developed [52]. Composites with different percentage of
PANI tested as electrode materials for
supercapacitors.

Were

A detailed examination of this material shows that
interaction is generated between a polymer matrix and
GONS in polymerization, which is accompanied by
partial reduction of GONS. One can assume that this
provides higher conductivity of partially reduced
graphene oxide. In general, a nanocarbon component can
be considered as extended surface current-carrying
network (Fig. 9), which provides higher electron
conductivity as compared with pristine polyaniline.
Specific capacity of a GONS- PANI composite electrode
was 547 F/g upon cycling within the 0.7-0.05 V range in
IM H,SO4. GONS are uniformly distributed in PANI
matrix of the above described composites. Nevertheless,
possible to synthesize electrochemically
composites in which the RGONS layer was applied
directly on surface of electrode (glassy carbon or
metallic plate) and covered by the PANI layer on top.

it  was

For this purpose, water dispersion of GONS (3 mg/ml)
was reduced electrochemically at —1.2 V in 0,15 M
LiClO4 on a glassy carbon (GC) electrode, which was
a bar (S = 0.2 cm?) sealed in a glass tube or a plate
I1x4 cm in size. To prepare RGONS coatings of
different thickness, electrolysis was carried out for
500, 750, 1000, 1250, 1500 and 2000 seconds. To

prevent agglomeration of RGONS, the electrode was
washed repeatedly with distilled water and stored in
IM H,SO,.

Fig. 9. Electron micrographs of the resulting coatings RGONS with the times of electroreduction GONS (—1200mV):
(a) 500s, (b) 1000s

In addition before ES of PANI anions IrCI}~ were
adsorbed on RGONS coating. This allowed one to obtain
developed interface since the participation of initiator
IrCL;” provided polymer growth even in almost
inaccessible area of RGONS coating such as folds and
pores. The main task is to preserve to maximal extent the
developed surface of the electrode coating which appears
as separate nanosheets as evidenced from TEM [52, 99].

To control adsorption of IrCI; , the GC electrode
covered by RGONS was immersed into a cell filled
with solution of desired concentration of IrCl; , and

the changes in absorption spectra were monitored. It is
seen from Fig. 10a (curve 2) that almost 70% of

IrC1; was adsorbed on RGONS for 90 minutes: 0.84—
0.88 wt.% of Ir according to the energy dispersive
spectra. However, the adsorption of IrCI} on the
surface covered by non-reduced GONS(S = 0.2 cm’) is
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noticeably slower (Fig. 10, curve 1). For comparison,
~10% of IrCl;” (0.06 wt%) was adsorbed from
solution on non-reduced GONS. The growth of PANI

coating is going on more active on the RGONS surface
treated by IrCI} than on untreated GONS surface. This
fact is justified by the CVA data (Fig. 10b).
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Fig. 10. (a) The absorption curves IrCIZ' solution of [0,25.10°° M/ mI] GONS surfaces (curve 1) and RGONS (curve 2) with time;

(b) the amount of PANI on surfaces GONS (1) and RGONS (2) in potentiodynamic ES from 0.1 M solution of the AS in 0.1 M H,SO4
for 100 cycles. SEM image surfaces of composites of PANI-RGONS with the content of PANI;
(c) 15 wt.%, (d) 30 wt.%, and (e) 60 wt.%

Of considerable importance for electrochemical
properties of layered PANI-RGONS composite is mass
ratio of components. Maximal specific capacity and
especially upon repeated cycling is provided by the

content of PANI higher than 50%. Critical changes in
conductivity and electrochemical capacity are observed
at 30-75% percentage of PANI /RGNOS (Fig. 11).
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Fig. 11. Calculated C for PANI composite carbon component: for PANI-RGONS (1); for PANI-CNT (2). Critical changes in
conductivity and electrochemical capacitance as a function of wt.% carbon content in the composite material for the PANI-CNT (3)
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It was shown by TEM that the surface of RGNOS is
almost filled by polymer. Further increase in the amount
of deposited PANI provides the formation of compact
coating which complicates access counter ions in
material (Fig. 10 ¢ and d).

5. Development of electrochemical sensors
to hydrogen and antioxidants

5.1. Study of electrocatalytic properties
of Pd, Pt, Rh, Ir, dispersed in PANI matrix
and on carbon nanomaterial surface

An urgent task for hydrogen power engineering is
now the development of amperometric sensors to
hydrogen able to work in air, dry inert atmosphere and
vacuum. In hydrogen sensors, the catalysts in indicator
electrodes are platinum metals in high dispersed state
applied to polymeric or carbon supports. We suggested
that material based on PANI and CNT should be used as
support [101-102]. One can use proton conducting
polymer electrolyte, for example, polyvinyl alcohol —
orthophosphate acid — water in which cell
electrochemical reaction:

H, — 2¢ > 2H" proceeds, or solid fluorine-conducting
electrolyte, for example, PbgoAlosTigesF2; in which
reaction: H, + 2F — 2¢" > 2HF proceeds. As conducting
polymer, PANI does sensitivity to
hydrogen. Catalytic activity of platinum metal is affected
by the choice of metal, its quantity and method of
insertion in a conducting polymer matrix. It was shown
[103] that the use of reduced PANI when applied to
catalysts surface allows one to prepare more active
electrodes than the use of oxidized PANI. Two types of
catalysts were tested, namely, PANI and PANI-CNT

composite based ones. Two methods were used to insert

not manifest

catalysts in a polymer matrix. In the former method,
PdCl,, H,PtCls, K,IrClg or RhCI; were introduced in
electrolyte containing controlled amount of aniline
sulfate and 0.1 M H,SO,, and ES was performed in
potential scanning conditions at —0.2+0.7 V  (SCE).
When potential was scanned to the positive potential
range, PANI film grew on the electrode surface, and
anions of platinum metal salts inserted in polymer matrix
as counter ions. At reverse potential scanning to the
cathodic field, platinum metal salts dissolved in
electrolyte were reduced to metallic state in the bulk of
polymer. In the latter method, PANI was pre-synthesized
in metal salt free eclectrolyte. Electrosynthesis was

accomplished at —0.1 V and electrode kept up for several

minutes to stationary current. The electrode covered by
polymer was washed with distilled water and kept in
solution of 0.5-4.10° M of metal salt in 1M H,SO,.
Then the electrode was washed with distilled water,
dried and cycled in 0.1IM H,SO, in the —0.2+0.7 V
potential range for centers of
electropolymerization could be formed.

The electrodes were tested for catalytic sensitivity to

active

H, in gas mixtures, namely, Ar+H, and N,+H,. The
experimental study of the reaction of hydrogen
oxidation: H, — 2¢" > 2H' with proton conducting
electrolyte containing polyvinyl alcohol and phosphoric
acid (PVA-H;PO, -xH,0) in Ar-H, mixture showed that
maximal catalytic activity and a linear dependency of
current on concentration of hydrogen is demonstrated by
the PANI-Pd electrode. Proton conducting electrolyte
(PVA-H;PO4 xH,0) and PANI-Pd can be used in the
development of hydrogen gas sensors to be operate in
gases containing water Linearity of the
dependence of sensor current on concentration of
hydrogen can be achieved in the 0-100 v.% of H,
concentration range.

The study of the reaction: H,+2F +2¢ =2 HF

showed linearity of the dependency of reaction on
concentration of hydrogen in gas phase. The dependency
is linear in the H, concentration range 0—1 vol.% for the
PANI-Pd electrode and 0-0.1 vol.% for MWNT-Pd.
Fluorine conducting electrolytes can be used in the
development of gas sensors of amperometric type for
detection of hydrogen in inert gas media in the absence
of water vapors in contrast to proton conducting

vapors.

electrolytes.

5.2. Chemically modified PANI based electrode
as an amperometric sensor for determination
of total antioxidants content

EAA has been used to develop a sensor based on
chemically modified electrode (CME) for determination
of total antioxidants capacity (TAC) in fruits, vegetables,
vines, etc. Antioxidants are ‘sacrificial’ agents which
efficiently scavenge free radicals thus protecting cells
from oxidative damage. The principle of operation of
such CME is based on the reaction of mediator (oxidant)
present in electrode coating with antioxidant (reductant)
at the CME/electrolyte interface. The oxidized form of
mediator will react again with antioxidant resulting in an
increase of the current from the bulk of polymer to an
electrode (Fig. 12).
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Fig. 12. The scheme of the electrochemical biosensors as high-organized catalytic system

The impetus to this work was chemical methods of
analysis [58, 104] based on the rapid reduction of stable
radical anion of azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS") with antioxidants. The
electrochemical reduction-oxidation of ABTS™ is a
quasi-reversible reaction, ABTS™ + e—>ABTS”.
Therefore, ABTS* can be used a redox catalyst
(mediator) in the amperometric sensor for determination
of TAC with PANI to immobilize ABTS>" on electrode.
The dependences of current on concentration of model
antioxidants are proportional to the antioxidant
concentrations at electrode potential sufficiently high to
oxidize ABTS*to ABTS™ [58].

It was shown that IrCI;” can be also used as a

mediator [48, 58]. We demonstrated that the PANI
modified glassy carbon, tantalum or titanium electrodes
well respond to the presence of such antioxidants as
Trolox, ascorbic uric and gallic acids in solution. The
mediator was introduced in PANI either during
electrosynthesis or by impregnation of the prepared
polymer in solution of mediator. An important condition
for stable work of CME is a constant content of
immobilized mediators. This is achieved by a strong
electrostatic and steric interaction between mediator and
polymer. All obtained CME were used for determination
of concentration of antioxidants at electrode potential of
+0.68V (SCE). It should be noted that mediator free
PANI is demonstrated very weak amperometric response
to different concentration of antioxidants.

The role of mediator in sensor was analyzed for three
types of sensors: i) PANI; ii) PANI- ABTS” ; iii) PANI -
IrCI; . The sensors were stored in air for one year, and

their activity was tested periodically. Ascorbic acid was
used as reference compound. Freshly prepared 6x10 = M
solution of ascorbic acid was used in each test, and
sensor activity was measured (Fig. 13).
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Fig. 13. Calculated for 400 days of activity sensors antioxidants:
1. PANI; 2. PANI with the contents of ABTS® 0.14 wt.%;

3. PANI with the content of IrCIZ 0.15 wt.%;
4. PANI with the content of IrCl>” 0.08 wt.%

A PANI-ABTS®" based sensor was found to be the
most stable. Its activity remained almost unchanged for
400 days (Fig.13, curve 2). The sensor was less active

than the PANI-IrCI} one (Fig. 13, curves 3, 4).

However, the activity of the latter was less stable. The
PANI based sensor showed the lowest activity and
stability (Fig. 13, curve 1). These data are evidence of
that the mediator in the sensor can perform as an active
component and stabilizes noticeably long-duration work
of the sensor.
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Conclusion

The introduction of electroactive anions into matrices
of conducting polymers affects their electrochemical
behavior and opens new possibilities for commercial
application for instance corrosion resistant coatings,
electrode materials for supercapacitors, Li-ion batteries,
sensors for hydrogen and antioxidants. In any case at
initial stage of synthesis of such materials EAA performs
as initiator of polymerization of aniline which provides
fast and uniform growth of a polymer coating regardless
of state of support surface. Growing PANI coating
shows high electrical conductivity, possibly due to the
participation of EAA in electron transport, high
conductivity being combined with optimal porous
structure for counter ion transport. This raises the
prospects of finding new electrocatalysts, sensor,
electrochromic and energy storage systems. These
materials are very weakly studied in nonaqueous media
where one can work in a wider potential range. Here
you can expect the increase of specific energy of
supercapacitors and the rate of colouring in
electrochromic systems. Of great interest are easily
synthesized polyaniline composites with carbon
nanotubes and graphene which show high electrical
conductivity and good physical and mechanical
properties as a result of the formation of a nanocarbon
framework. Rapid progress in the ink-jet printing on 3D
printers opens a wide field for the development of
various devices using solubility of reduced polyaniline
composites with carbon nanomaterials in organic
solvents.
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PROMINENT SCIENTISTS’ BIOGRAPHIES

"\ KYIIPUAHOB BJIAAUMUP UBAHOBHY /*‘
(1935 -2015)

- Korza-to a Gosacs swus=r, Ho [ocnoge Bor nmoamor MHe obpecTi YEepeHHOCTE B CBOMX
CIJIAX ¥ HACTAEH/I Ha IyTh HCTHHHBI: BHTh B TADMOHHH ¢ coboll, H ¢ MHpOM, OH HOCAA
MHE CEMBI0, BEPHYIO MEHY, 3AMEYATEARHEIX TETEll 1 BHYKOE,

Teneps a1 He dowcs cuepTi. [loToMy YTO SHA, WTO KN He 3pH, BHUT N0-HACTOSLIEMY,
IBILAT TOMHeH Ipyas0. A yooen coenaTs Boe, 4eT0 XOTe BCEM CEpILEM, ¥ MeHS Donbine
CTa HAYYHBIX paboT, Gobile CTa MATHISCSTH HAYIHLX H300pETeHHIL

ExuncTeeHHOSs, 0 YeM #ajelo B MOCASIHIE ToOE, TaK 3TO 0 TOM, YTO CTa c1ab rmasanm
11 DOMBIIE HE MOTY 33HHMATBCH CEOMM JIE00HMEIM JEN0M — SHTaTs KHUrH. Ho 4 nonygan
HACAXIEHNE E APYTOM - B 00MEHNH €O CEOMMI DIHSKIIMIL

A =e zHamw, CHOMEKO MHE eme oTnyweHo Borom, Ho = GrarojapeH eMy M XOMY CKA34TH
OrPOMHEOE CTIACHOO0 34 CEOI0 MHEHE, 33 TO, YTO YHIY CUACTIHESIM.

Kynpusnoe B.H.
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Peaxonnerus MeskIyHapOAHOI0 HAYYHOIO KypPHAJIa «AJIbTePHATHBHASI JHEPreTHKA M 3KOJOTHs» ¢ MPH-
ckopOueM coo01IaeT 0 TOM, YTO YIeHA HAYYHOr0 COBeTa, MAaTPHAPXa KPUOTeHHO-BAKYYMHOI TeXHUKH, MPoO-
(peccopa Kynpusinosa Bnaagumupa UBaHoBuYAa 00JIbIIIe HET ¢ HAMU.

Moe 3HaKOMCTBO, paboTa u aApyx0a ¢ Bramumupom MBaHoBrueM Hauanuch ¢ baiikoHypa mpu co3MaHUU CUCTEM
KPHOTE€HHOTO 00ECIeYeHUsI CTapTOBOI0 KoMITIekca «QHeprusi—bypan» (KUAKHI BOIOPOJ, KUIKUNH KHUCIOPOT, KU
KUl a30T). Bmagumup MBaHOBHY pYKOBOAWMI BCEMH PadOTaMu IO OOECHEUYEHUIO TEIUIOM3OJIILMOHHBIX ITOJIOCTEH
KPHOTEHHOTO 000pYyIOBaHMS BBICOKUM BaKyyMOM IJIsl JUTUTEIBHOTO XpaHEHHUsS KPUOTEHHBIX IMPOJYKTOB (Ha IECATH-
JICTHS).

K aromy Bpemenu Bnaanmup ViBanoBuY yske ObII T€éHHATbHBIM WH)KCHEPOM M BBIAAIOIINMCS YYEHBIM B 00nacTu
KPHOTEHHOHW TeXHUKH. OH IpOIIeN IMyTh MCCIENOBATENs, MPOU3BOACTBEHHNKA, JOJITHE TOABI BO3IJIABILUT KPYITHBIA
OTJIeJ CO3JJaHMS U MCCIIEIOBAaHUS KPUOTEHHO-BAKYYMHBIX CHCTEM M yCTaHOBOK B «Kprorenmariey.

Bnagnmup MiBaHoBu4 B cBoelt paboTe Beera ObIT HAIlEJIEH HA PE3yNbTaT: U3JIENNs, allapaThl, MALIHHBEL.

OToMy HOAXOXy OH HAY4MJI M CBOUX YUEHUKOB, pE3yIbTaTOM UEro SBUJIACh HOBas, HE MMEIOIIasl aHAJIOTOB B OTe-
YECTBEHHON M 3apyOeXHOM MpakTHKe cepusi 000pYA0BaHUS KPHOCOPOIIMOHHBIX BaKyyMHBIX HacocoB oT 100 yi/c no
100 000 yi/c KPHOKOHICHCAIIMOHHBIX AIapaToB — ACCYOIMMATOPOB [UIS BAKYyMHOM OTKA4KH JICTKO KOHICHCHpPYeE-
MBIX T'a30B M IIapOB B OOJIBIINX KOJIMYECTBaX, HAIpuMep Bobl, 10 30 Kr/4ac.

Wzobperenus u ycrpoiictsa Bragumupa lBaHoBuua u ero yuenukos: Mcaesa A.B., Kpskoskuna B.I1., Caitnans
I".". — nernu B OCHOBY CO3/IaHMS CHUCTEM TOAEPKaHHS BaKyyMa B TEIUION30JIIMOHHBIX nosocTax (TUII) kpuoren-
HOTO 000pyIOBaHUs: B TPYOOIPOBOIaX, EMKOCTSX, anmnaparax pa3lInyHON NMPOTSKEHHOCTH, KOHPUTYpallud U eMKO-
CTH JUIS CHCTEM XPAaHEHMS M TPAHCIIOPTUPOBKH PA3IMYHBIX KPHOTEHHBIX MPOAYKTOB.

Kak npaBuino, Bce n300peTeHns u paboThl 3aKaHYUBAINCH HE TONBKO HAyYHBIMH BBIBOJIAMH, HO U YETKUMHU PEKO-
MEH/IAISIMH I KOHCTPYKTOPOB U TEXHOJIOTOB.

Komnextus Kynpusuosa B.1. pabotan cinaxeHo U 4eTKO, 6€3 XOIOCTHIX XOJI0B.

Bonpiroe 3nauenne nprobpenu padotsl Bragumupa MBaHoBHYA B cCHCTEMax OTKAYKU MPH MX BHEAPEHHH B UMU-
TaTOpax KOCMOCA, B YCKOPUTENSAX, B YCTAHOBKaX TEPMOSJICPHOTO CHHTE3d, MHUIIECBONW MPOMBIIUICHHOCTH, MEIUIIMH-
CKHUX KaMepax.

Pazpaborkn Bnagumupa MBanosnua KynpusHoBa ucmonb3oBanuch HedbM psgoMm npeanpustuii: HIIO «Momn-
Husy, HITO «JlaBoukuna», PHII «Kypuatosckuit uacturyt», HITO «TynoneBa» 1 MHOTUMH APYTUMH.

Bnamumup VBanoBuu co3znan mkoiny KynpusHoBa, H3BECTHYIO BCEMY MUPY CBOMMH HETPEB30HICHHBIMU TEXHH-
YECKUMH pe3yJbTaTaMH M HayYHBIMH JOCTHXEHUsIMU. OH yZ0CTOEH MHOTOUYHCIICHHBIX MIPABUTEIbCTBEHHBIX M HAYY-
HBIX Harpal. COTpyIHUKH €ro JJabopaTOpHH TakKe MMEIOT Pa3iIMuHbIe Harpaibl, JECATKH H300pETeHHH, aKTHBHO
Y4YaCTBYIOT B MEXIYHAPOAHBIX U OTEYECTBEHHBIX KOH(PEPEHIUIX M MPOCKTaX.

Bragumup VBaHOBHY ObUT MOMM ONH3KHM JIpyTroM Ha npoTshkeHuH noutd 30 jget. OH ObLT OTKPHIT AJISA BCEX, KTO
NPUXOAMI K HEMY 3a IIOMOIIbI0O U coBeToM. [louTH co Bcemu coTpyaHuMKamu Bmagumupa VBaHOBH4Ya CBsI3BIBajIa
Kpenkas Ipyxoa.

Bnamumup BaHOBMY OBUT MOMM Hay4YHBIM PYKOBOAWTEJEM B actupanTtype «Kprnorenmainay, 1 s BBIIOJIHSI €TO
IporpaMMy HccieloBaHni Ha balikoHype kak B paMKax CBOEH JHMCCEPTAMOHHONW paboThI, TaK M Ul HEMEIJICHHOTO
BHEJIPEHHS PE3yJIbTAaTOB B MPaKkTHUKy. OH, SABIASACH YPE3BBIYAHO YBICUEHHBIM YYCHBIM M MH)KEHEPOM, YMEN 3a)KH-
raTh OTJICJILHBIX JIIOACH 1 11eJble KOJUICKTHBEI.

Brnagumup MBaHoBHY OBUT MPOCTO 3aMeUyaTENIbHBIM M 00asATeIbHBIM Y€JIOBEKOM, KOTOPBI OYeHb IICHHI CeMe-
HBIE OTHOIICHHUS, OUYEHb JIFOOMII JKeHY, 1eTel U BHYKOB.

Bragumup VBaHOBHY HE HOKMI YyTh MEHBIIE Mecslia 10 cBoero 80-1eTus, U BceX Hac, ero COPaTHUKOB U JIpy-
3ei, ycrea Npuriacuth Ha npasgHoBanue OOunes. Msl ero odeHs mo6win. O4yeHs jkajb, 4TO BhIAamonerocs Yemo-
Beka, [larpuapxa Hayku u J{pyxObI HET psiioM, HO OH BCerJa ¢ HAaMH B HAIlIUX CepAlax U MaMsTH.

’
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3a 3HAYHTENFHBINA BKJIAl B Pa3BUTHE SKOJOTHUCCKU YUCTON SHEPTeTUKA HarpaxaaeT (IOCMEPTHO)
YIleHa HAyYHOTO COBETa penKoiuierun MexxIyHapoIHOTO HAYYHOTO KypHaa
«AJBTepHATUBHAS YHEPTETHUKA M SKOJIOTHI», aKaleMiKa MexIyHapoaHOI akageMHun X0JI0/1a,
npodeccopa KynpusHoBa Bragumupa MBanoBuda
MEXTyHApOAHON HAyYHOU Harpajon penkosiernn xypHana ISTAEE

Opoenom /lon Kuxoma «3a wecmv u 00CmMouncmeo 6 Hayke»

- T,
;.
|SIAEE ‘=.\
\ 3 MECTH 3
| WOAETCHME FEO ]
i B HasxE Fi
—\\. {1 }f,'
International Scientific Journal for = Ne 12 MexAayHapoAHbIA Hay4HbIW XKypHan
R ( ;:’ o 12 (176)
Alternative Energy and Ecology ) | F == 2015 «AnbTepHaTMBHasa 3HepreTUKa U IKonorusa»
© Scientific Technical Centre «TATA», 2015 &n © Hay4yHo-TexHu4eckum ueHTp «TATA», 2015

60

MewdyHapodHeil uzdamensckuld dom HayyHol nepuoduku “Cnelic”



\.‘['?f

SPACE

“Space”

International Publishing House for scientific periodical

IR

Fi

MHdopmaums

IIatpuapx KpHUOTE€HHO-BAKYYMHOM TEXHMKH, IJIaBHBIA Hay4HbId COTpyAHMK HaydHO-T€XHHYECKOro LEHTpa
«TATAY, ueH Hay4HOTO COBETa PEIKOUIEIHH MeXayHapOoIHOTO HAYYHOTO KypHaja « AJIbTepHATUBHAS YHEPTreTHKA
u sKomorus», maypear I[ocymapctBennoil mpemunm CCCP B.M. KympusuoB poamincs 12 wmrons 1935 r. Bo
Brnagumupckoit o6mactu. B 1961 1 mocne okoH4aHUSI MOCKOBCKOT'O HWHCTHTYTa XMMHYECKOTO MAIIWHOCTPOCHHUS
(MHUXM) Obl1 HampaBieH B TI. DieKTpoctalb MockoBckoil obmactu Ha mpemmpusatie /s 11. B 1962 r. Obun
TIepeBeIeH Ha MAaIMHOCTPOUTENbHBIN 3aBo UM. 40-tetust OkTs10ps B T. banammxe MockoBckol 001acTu U aKTHBHO
BKJIIOUMJICS B pabOTy II0 CO3JaHUIO IPUHIOWIHMAIEHO HOBOTO KPHOTEHHOTO 3alpaBOYHOTO OOOPYHOBAHUS IS
pakeTHO-KOcMHYecKnX KomruiekcoB. [lon pykoBonctBom B.M. KynpusHoBa (HauanpHHMKa OTIENa KPHOT€HHO-
BaKyyMHBIX cucTeM M ycrtaHoBOok HIIO «Kpumorenmam») Oblma pemeHa mpo0iema coszfgaHust 3(QeKTHBHBIX
NPOMBIIUICHHBIX CPEJICTB O€3MacisiHOM OTKauyKl Ha OCHOBE KpPHOAJCOPOIMOHHBIX W KPHOKOHAEHCALMOHHBIX
METOJIOB B IIMPOKOM JMANa30He IaBJICHUN — OT aTMOC(EPHOTO JI0 CBEPXBBICOKOTO BaKyyMa.

Eme B 80-x rr. B nuoHepckux padorax rpynmsl B.W. KynpusHoBa OblJI0 0OKa3aHO, YTO B YCIOBHSAX TEXHOJIOTHYE-
CKUX OTPaHMYCHUH MO MMPOU3BOJACTBY U MOHTAXXy KPYIHBIX KPHOTCHHBIX PE3epBYapoOB B YCIOBHIX kKocMoapoma baii-
KOHYp CO3/1aHHE KPHOTCHHOM CHCTEMBI XpaHEHHS U 3alpaBKd KOMIIOHeHTaMH pakeTHoro TorumBa PKK «Qneprus—
Bypan» NpHHINIHAIFHO BO3MOKHO TOJIBKO 32 CYET MCIIOIB30BaHUS KPHOAICOPOIIMOHHBIX CPEACTB CO3AaHUSI U MOJ-
JIep)KaHMsl BAaKyyMa B TEIUIOM3OJIIIIMOHHBIX MOJIOCTSX KPHOTEHHBIX PE3epBYapoB M TPyOOIPOBOJOB (MaruCTpabHBIX
# TpyOOIIPOBOIOB OOBSI3KH).

KoncrpynpoBanue 1 IpON3BOJCTBO BCEX KPUOTCHHBIX CUCTEM KPHOTEHHOTO KOMILIEKCA CHCTEMBI IIpHeMa, HaKo-
TUICHHS, XPaHEHHS U 3alpaBKH OBIJIO MOCTPOSHO C YYETOM INPHHIMIIA KPYIHOMACIITAOHOTO BHEIAPEHUS KPHOAICOpO-
IIHOHHBIX HACOCOB KaK I TEIUIOM30JIIIMOHHBIX ITOJIOCTEH KPHOTCHHBIX Pe3epByapoB (BOAOPOAHBIX, KUCIOPOIHBIX,
KUCJIOPOJHBIX), TaK M JIJIsl MPOTSHKEHHBIX KPUOTEHHBIX MarHCTPAIbHBIX TPYOOIIPOBOIOB.

Komanne Kynpussosa B.W. ynanocs 3a cxarble CpOKH IPOBECTH OOJIBIION 00BEM HCCICAOBAaHUN, KOHCTPYKTOP-
CKHUX paboT, a TakXKe MPUHSTh CAMOE aKTHBHOE Y4acTHE B COMPOBOXKICHUN MOHTa)XXHBIX U IIPUEMO-CIIATOUHBIX Pa0OT
Ha KocMozipoMe baiikonyp.

TanaHTINBOMY KOJUIEKTHBY pa3pabOTUYHMKOB CTApTOBOM CHCTEMbI IIPHEMa, HAKOILICHHS, XPAHEHUS WM 3alpaBKU
KPHOTEHHBIMH KOMITOHEHTAMH TOIUIMBA YAAJIOCh 3a CUET NEPEOXJIaXICHHsI KPHUOTEHHBIX KOMIIOHEHTOB Iepel 3a-
MIPaBKOW U MOJICPKaHUS UX HA 3aJJaHHBIX TEMIIEPATYPHBIX YPOBHIX 00€CHEUNTh 3HAYMTEIFHOE BOCHHOE TIPEUMYIIIe-
CTBO KOCMHYeCKOH cucTteMbl «QHeprusi—bypany». B pe3ynpTare kommiaekc MoT BRIBOAUTE Ha 30 % GombIe moIe3HO
Harpy3KH, 9eM aHaJOrM4yHasi aMepuKaHckas cuctema «Cueiic-1laTTmy.

B.U. KynpusHOBBIM ObUIM TIPEIUIOKEHBI W HUCCJICIOBAaHBI HOBBIE MYyTH HHTCHCU(DHKAIMH TEII000MEHHbIX
MPOLIECCOB B PabouuX CIOSAX aJCOPOSHTOB NPU KPHOTEHHBIX Temieparypax. HoBble cpencTBa OTKa4YKH HAIUA
IIMPOKOE MPHMEHEHHE B COCTaBe 00OpPYIOBAaHUS KPHUOTEHHBIX CHCTEM CTapTOBBIX KOMIUIEKCOB (cmctema 1117742,
noiurod B Ilnmecenke u Ipyrue), B MMHTATOpPax KOCMOCA, a TaKKe IPH HANAJOYHBIX paboTax Ha KOCMHYECKHX
TUIONIAJIKaX, B IPOM3BOICTBEHHBIX IIeXax M JadopaTopusx (kocmoapomsl «baiikonypy, «Ilnecenx», «ap» (Mugus),
«Sea Launch» (Kamugopaus, CHIA); kpynueiimas B Esporne kamepa KBH-10000, kamepa BK 600/300; m3nemust
HITO «Monnus», arperatHoro 3aBoja «Hayka» u npyrue.

B.M. KympusiHoB sBisiercst aBTopoM Oonee 150 m3obperenuit, 6onee 120 Hayunsix myOmukarmid. [log ero
PYKOBOJICTBOM 3aIlMINEHO 7 KaHTUAATCKUX auccepraruid. B Teuenne psama ner B.M. KynpusHoB ObuT wieHOM
yueHsIx coBeToB MBTY mm. H.O. baymana u HI1O «Kpuorenman.

Opnenom Jlon Kuxorta 3a BClo 15-€THIOI0 UCTOPHUIO PEIKOJUIETHH KypHaIa HarpaXKaalcs TOJIbKO akageMuk PAH
IOpuit Anexceesnu TpytHeB (Poccus) — oauH U3 co3marteneil KOHIEIINH YPaH-TOPUEBOTO IIUKIIA I MUPHOM 3HEp-
TeTHKH, PsA7a HAPaBJICHUH B aJIbTEPHATUBHON SHEPIeTHKE U SBIAIOLINICA OTLIOM BOJOPOIHON OOMOBI.

Brnagumup MBanoBuy KynpusHoB — BTOpOi B 3TOM cnucKe. [ €HHalbHBIM YYeHbI C MUPOBBIM UMEHEM, KOHCT-
PYKTOp, CO37aTellb KOCMUYECKUX CHCTEM, OCHOBOIIOJIOKHHUK IPOMBIIUIEHHOTO KPYITHOMACIITA0OHOTO CTPOUTENBCTBA
COBPEMCHHBIX SHEPTETHIECKUX CHCTEM, BBIJAIOLIMICS H300peTaTenb, 3aMedaTeNIbHbIA Mearor, MoIyJIsipu3aTop Hay-
KM, 9EJIOBEK C SHLIHUKJIONEANIECKUMH TTO3HAHMSIMU BO MHOTHX OOJIACTAX HAYKH, JIUTEPATYPHhl, I0I3UH, MYy3bIKH, TIpa-
BOCJIaBUSl — TAKUM OH M3BECTEH BCEM TEM, KTO 3HaJ €ro OJIU3KO.
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O0bsiBJIeHHE 00 U3AAHUH CTENBBINYCKA, MOCBILIEHHOI0 NAMATH NaTpUapXa KPHOTeHHO-BAKYYMHOIi
TeXHHKH, YWIEHA HAYYHOT0 COBETA PeAKOIernd MeKIyHAPOIHOT0 HAYYHOT 0 KyPHAJIa «AJTbTePpHATHBHAA
JHEPreTHKA M IKOJIOTH», aKkajeMuKka MexIyHAPOIHOI akajaeMuu xoJ01a, Jlaypeara IN'ocnpemun CCCP,
npo¢. KynpusinoBa Biaagumupa UBanosuua

Penxomnernss MexxayHapoaHOTO HAay9HOTO JKypHaia «AJIbTEpHATHBHAS SHEPreTHKA W 3KOJIOTHA» OOBSBISIET O
mpreMe HayYHBIX 0030pOB, HAYYHBIX cTaTeid, crateil o B.M. Kympusuaose, Bocnomunanuit o B.1. KynpusHoBe mms
(hopMHUpOBaHUS CIIEIUAIBFHOTO BEIMycKa jkypHama Ne 21, 2015, mMOCBSIIEHHOTO MaMATH MaTpUapxa KPHUOTCHHO-
BaKyyMHOW TEXHUKH, WIEHAa HAYYHOrO COBETA PeaKOJUIernd MeKIyHapOJAHOrO Hay4yHOIo KypHana «AIbTepHATUB-
Hasi DJHEPTreTHUKa U DKOJIOTH», akaJleMuka MexIyHapoaHo# akamemuu xonoxaa, Jlaypeara 'ocnipemuun CCCP, mpod.
Kynpusnosa Biragumupa MlBanoBu4a.

Brrparormuiicss y4eHbI ¢ MUPOBBIM HMEHEM, KOHCTPYKTOP U M300peTarTenb, 3aMeyaTeNIbHbIN OpraHn3aTop HAyKH
Brnagumup MBanosuy KynpusHOB BHEC 3HAYMTENbHBIN BKJIAJ B MHPOBYIO KPHOJIOTHIO, KPHOTEHHYIO TEXHUKY U
KpHO-BaKyyMHYIO TEXHHKY, oOoraTu ee 6osiee ueM 150 HOBEHIIMMHU TEXHMYECKHIMH PELICHUAMH, BHEAPEHHBIMHU B
COBpPEMEHHBIE CUCTEMBI XPAaHEHUS U TPAHCTIOPTUPOBKU 3KOJIOTMUYECKH YUCTON YHEPTUN.

KpuoreHHo-BakyyMHBIE CUCTEMBI SBJISIOTCS OCHOBHBIM 3JIEMEHTOM CHUCTEM IpUEMa, XpaHEHHUs, TPAaHCIIOPTHUPOBKH
KPHOT€HHOTO BOJOPOJIa.

Kpuorennsiii BOZopol MOXKET BBICTYNAaTh IPOMEKYTOYHBIM SHEPTOHOCHTENIEM LUBHIM3ALUK OyAyIero, rapMo-
HUYHO MHTETPUPYIOLIUM SHEPreTUYECKHE MOTOKH OT 3HEProreHepUpYIOIUX CUCTEM Ha OCHOBE COJIHEUHOM, BETPO-
BOIl PHEPTHH, PHEPTUH MOPCKUX BOJH U NMPHUIIMBHON SHEPTHHU, KPYIHBIX OMOIHEPTeTHUEKUX CHCTEM, aTOMHBIX 3JICK-
TPOCTAHILUHI U APYTHX IKOJIOTMIECKH YHCTHIX HCTOYHUKOB YHEPTUH (BO30OHOBISIEMBIX U HEBO30OHOBIISIEMBIX).

IIpo¢. Kymnpusto Bragumup MBaHOBHY CO3/1a/1 MEPBOKIACCHYIO MIKOJIY YYEHBIX U KOHCTPYKTOPOB, Ojaromaps
KOTOPO# OBUIHM CO3aHBl HE MMEIOIINE aHAJIOTOB B MHPOBOH IpaKTHKE KPYIHOMACIITAOHBIE dHEPTETHYECKHE KOM-
TUIEKCBI, CHOCOOHBIE JUTUTEIILHOE BPEeMsI HaJIe)KHO (DYHKIIMOHUPOBATH B OC3JIIOHOM PEKUME.

Bonbioe 3nauenne npuodbpenu padotsl Kynpusnosa Bragumupa lBaHoBrnYa B cucteMax OTKAa4yKH IPH UX BHE-
JPEHUU B UMUTATOpPaX KOCMOCA, B YCKOPUTEIAX, B YCTAHOBKAX TEPMOSIEPHOrO CHHTE3a, MHUIIEBON MPOMBIIIEHHO-
CTH, MEAUIIUHCKHX Kamepax.

bnaromaps cBouM sHImKIONIEAMYecKiM 3HaHUsIM KymnpusiHoBy B.J. ynanocek co3math 60bIIoe KOJIMIECTBO MO-
Horpaduii, y4eOHBIX TI0COONH, M IPYIUX METOJUYECKUX TOKYMEHTOB, 0€3 KOTOPBIX OBLIIO ObI HEBO3MOKHO MOATOTO-
BUTh BBICOKOKBaJIM()UIIMPOBAHHBIH MIEPCOHAN, FKCIUTYaTUPYIOIIN CIIOXKHBIE SHEPTeTHIECKHE KOMITJICKCHI.

bnaropapst cBouM yHUKalbHBIM YelioBeueckuM kauecTBaM KympusHoB B.U. co3nman ¢punocoduio HayuHOro mapt-
HEpCTBa, OCHOBAHHYIO Ha JJOCTOMHCTBE M YECTH B HAyKe, UCTIONb30BAaHMH UCKIIOYUTEIHHO OPUTMHANBHBIX TEXHUYE-
CKHX pEIICHUH BCeX IEMEHTOB U Y3JIOB Pa3pabO0TKH, TOCTHKEHUHU a0COTIOTHOM 0€301MacHOCTH M HAIeKHOCTH pa3pa-
0aThIBaEMBIX TEXHUYECKUX CHUCTEM, PA3BUTHUH BCEX WICHOB HAyYHOTO KOJJIEKTHBA, yCTAHOBKE HA aOCOJIFOTHOE MUPO-
BO€ JIMJEPCTBO HAYYHO-KOHCTPYKTOPCKOTO KOJUIEKTUBA MPH JOCTIKEHUH [TOCTABICHHBIX LENeH 1 3a1au.

C riry00KkHMM yBaskeHHEM,

TJIABHBIH pPelaKkTop

MeskayHAPOAHOTO HAYYHOTO KYPHAJIa
«AJIbTEPHATHBHAS JHEPreTHKA M IKOJIOTHs»
AJL I'yces
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MEXXAOYHAPOOHbIE HAYYHbIE KOH®EPEHLIUN

INTERNATIONAL SCIENTIFIC CONFERENCE

EU PVSEC 2015 &5 isoi7ss i

European PV Solar Energy Conference and Exhibition
CCH Congress Centre Hamburg e Hamburg e Germany

EU PVSEC 2015 Conference General Chairman

Stefan Rinck was elected as Conference General Chairman following nomination and voting process of the EU PVSEC ISAC -
International Scientific Advisory Committee.

Dr.-Ing. Stefan Rinck

SINGULUS TECHNOLOGIES

Chief Executive Officer

Member of the Main Executive Board VDMA, and
Chairman of the Committee for Research and Innovation

Chairman's Message

Dear Member of the Global PV Community,

It is my great pleasure to invite you to Europe's most important event in Photovoltaic solar energy which will be
held in 2015 in Hamburg, Germany. The last year has seen a lot of progress in PV deployment worldwide.

In Europe the good news is that we've now already passed the 88 GW the Member States originally committed to
do by 2020. So the question is how much more can we bring into the system, looking not just at 2020 but beyond to
2030. R&D has a big role to play in this and we expect during the EU PVSEC 2015 many presentations addressing
the science and technology developments needed to further increase the competiveness.

At the same time we can't hide our concern regarding Europe's future market share in PV products. In photovol-
taic research and development Europe has still a leading role. In the industrial implementation Europe should achieve
this position again.

Here the timing of the 31th EU PVSEC coincides with a year where the European Commission plans new growth
initiatives in key energy technologies.Innovation will always be at the heart of efficient and competitive manufactur-
ing. I hope we all can provide ideas and solutions on this, as well on the whole range of factors that determine PV's
future share of the energy supply system. How and where will large arrays with more than 100 MW be deployed?
How can the market for building and infrastructrure integrated products really take off? How best to move PV eco-
nomics move beyond the grid parity concept? Can concentrating PV systems compete with solar thermodynamic
plants? What developments can be expected in other regions of the world, notably in China, in the US and in Africa?

You will agree that there are exciting times ahead and the 31th EU PVSEC will surely provide more insight. The
EU PVSEC 2015 will be again the platform between the global PV industry and international R & D specialists to
discuss the latest developments and innovations in PV. The exhibition will again be the showroom of the international
PV community and for you the occasion to network and check out products, equipment and new materials. Certain
aspects of PV deployment will be deepened in special parallel events, offering also some surprises.

I welcome you soon in Hamburg!

Dr.-Ing. Stefan Rinck
photovoltaic-conference.com
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EU PVSEC Kondepennus npoiinér 14-18 cenrsops 2015 r
BroicraBka — 15-17 centsiopsa 2015 r

Bricraka EU PVSEC sBisieTcss caMoii 3HAUUMOU 110 COACPIKAHHIO U CaMOW OOJIBIION MO KOJHYECTBY Yy4acT-
BYIOLIMX CIELUHUAINCTOB B 00J1aCTH (OTOTraNbBaHUYECKONW MPOMBIIIIEHHOCTH. JTa HKCIO3ULUS 00BbEUHSET ClIelHa-
JIMCTOB OJIHOM M3 HauboJjee KHUBO 00CYKAAEMbIX TEXHOIOTHUECKHX cep, KOTOpasi, BO3MOXKHO, BCKOPE 3aiiMeT Bax-
HOE MECTO B KH3HH OOBIBaTEIICH.

3a 29 net npoBenenus (¢ 1985 roxa) eBpormeiickast BbICTaBKa M KOH(EPEHIMS COTHEYHON SHEPIeTHKH U (OTO-
BOJIFTAWKH CTaja OJHOM M3 CaMbIX M3BECTHBIX B OTpaciy, a KoH(pepeHIws no ¢poroBombTanke PV Solar Energy mpu-
BiedeT He MeHee 3 000 cnenuaaucToB, B TO BpeMsl KaKk CTEHAbl yYaCTHUKOB BhICTaBKH noceTAT cBbime 9 000 cnenua-
JIUCTOB.

EU PVSEC 2014 rona npuauman Amcrepaam, coopas okosio 3 000 mesneratoB u3 76 ctpad u 133 skcnoHeHTa U3
26 cTpaH, moceTuTeNsIMu cTanu okosio 9 000 cienmanuctToB u3 89 cTpan Mupa.

Bwmecre ¢ BeictaBkoit EU PVSEC npoiinet kondepennus European Photovoltaic Solar Energy Conference.

expoclub.ru no mamepuanam photovoltaic-conference.com

B BUAM mnipoiia HAyYHO-TeXHUYECKasi KOH(epeHIUsl 0 HOBbIM MaTepuajiam

29 mronsa 2015 roma BOo BcepoccuiickoM Hay4dHO-HUCCIEIOBATEIbCKOM WHCTHUTYTE AaBUAIIMOHHBIX MaTepHajioB
(BUAM) nponura II Beepoccuiickast HaydHO-TeXHUYECKass KOHPepeHus «Pojb (pyHIaMEeHTAIbHBIX HCCIICI0BAHUI
npu peanuzanun CTpaTernyecKux HANpaBiICHUI Pa3BUTHsI MAaTEPUAIIOB U TEXHOJIOTUH UX MepepaboTKu Ha IEPHOJ 10
2030 romga».

MeponpusiTre IpOBOJUIOCH C LEJIBIO BBIBICHHS aKTyalbHBIX MPOOIEM U TEHICHIMH B 001acTH QyHIaMeHTab-
HBIX OCHOB CO3JJaHHUSI HOBBIX MaTepualioB Juisl peaan3anin «CTpaTern4ecKux HalpaBlICHUH pPa3BUTHSA MAaTCPHAIOB U
TEXHOJIOTH nX nepepaboTku Ha repuox 1o 2030 rogay, a Takke GOPMUPOBAHUS YCIOBHH ISt OOMEHa pe3ylIbTaTaMH
WCCIIEJOBAaHUH 10 HayYHBIM INpoekraM. Ha KoH(epeHInu BEICTYNIIN BEAyLIHe y4eHble M crenuanuctsl BUAM,
HallMOHAJIbHBIX UCCJIEI0BATENIbCKUX YHUBEPCUTETOB, MHCTUTYTOB Poccuiickoi akajleMuu HayK U OpraHu3aluii aBua-
LIMOHHOM OTpaciu.

nanonewsnet.ru no mamepuanam BUAM

VI nanuonanbuas kondepenuuss PABU. Iocr-penu3

VI HAUWOHANBbHAA KOH®EPEHUMA
POCCUACKOM ACCOLIMALIMN
BETPOMHAYCTPUMK

27 mapta 2015 roma 3aBepiumia cBowo pabory TpaaunuonHas VI Hannonanphuas Kondepenius Poccuiickoii ac-
conuaruu Berpounayctpun (PABI) «B0o300HOBIsIEMbIE HCTOYHHUKHA SHEPIMU KaK BBICOKOI()(EKTUBHBIA HHCTPY-
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MEHT JHEProCcHa0XCHHS Ha PO3HUYHOM PBIHKE, M30JHPOBAHHBIX TEPPUTOPUAX W 00bekTax. CTapT PO3HUYHOTO U
poOJIeMBI ONITOBOTO phIHKa BUD», mpoBeneHHass COBMECTHO € 3aceTaHUEM SKCIEPTHOU ceKiun « MOHHTOpUHTA U
Pa3BHUTHS TEXHOJOTHHN 3HEProobOecrevyeHns Ha «H30JUPOBAHHBIX» Tepputopusx PDy», B mapTHepcTBe ¢ KoHCymbTa-
tuBHBIM CoBeToM Tipu [Ipencenarene Komwurera 'ocynapctBennoit Jlymsr PO no sHepreTuke.

B pabote kondepennuu npunsiin yuactue: [Ipeacenatens Komurera I'ocynapcrsennoit [ymer P® no sHepreTu-
ke W. JI. I'paués, IIpesunent PABU 1.M.bpsi3rynos, 3amectutens Ipeacenarens KouncynsratusHoro Cosera P.X.
AprukoB, PykoBoaurens JkcnepTHOH ceKiun MOHUTOPHHTA M pa3BUTHs TEXHOJIOTHH SHEproodecrieyeHns Ha «H30-
npoBaHHbIX» Tepputopusix PO» KC KO3 I'Jl PO M.E. I'puH, a Taxxke npenctaButeny Poccuiickoro s3HepreTH4ecKko-
ro arenTctBa Munsnepro P® u HII Coser Prinka.

C moxnagamu BBICTYIIIIM BEOYIIHE SKCHEPTHI IO MIPOM3BOACTBY 3HEPreTHUECKOTO 000pYyIOBaHMUS, SHEPTOCcHa0-
JKEHHIO U30JIUPOBAHHBIX TEPPUTOPHUNA, IKOHOMUCTHI ¥ 3aKOHOJATENH.

Kondepenius Obli1a mprypoueHa K BBIXOAy HocTaHoBieHus [IpaBurenpcra Poccuu Ne 47 ot 23 stuBapst 2015 ro-
Ila, peryiaupyronero padbory Bo3oOHOBIAEMBIX HCTOYHHUKOB 3Hepruu (BM3J) Ha po3HHYHOM pBIHKE M MPEIOCTaB-
JISIFOILIETO MIPAaBO CETEBBIM KOMIIAHMSAM MPHOOPETATh 3JIEKTpo3Hepruo oT BUD ¢ menpio KoMIIEHCAMU MOTEPh HJIeK-
TPOIHEPTUH B CETIX, KOTOPOE AACT HOBBIM UMITYJIbC pa3Butuio BUD Ha Teppuropun Poccuiickoit @eneparum.

B ciioxuBIIEHCS CIIOKHOM 111 pOCCHHCKON SKOHOMHUKH CHUTYallMM BO30OHOBISIEMbIE HCTOYHUKH MOTYT CHITPATh
CEpPBhE3HYIO POJIb B CHIDKCHHH 3aTPaT Ha YHEProCHAOKEHHE M30JIMPOBAHHBIX OOBEKTOB M HACEJCHHBIX ITyHKTOB. Co-
BpeMeHHbIe TexHosornu B1D MoryT obecrieunBarh He TONBKO U3MEPSIEMBI MIJUTHApAAMH pyOIIei 3KOHOMHIECKUH
3¢ deKT, HO U cTporoe coOII0JeHNE HKOIOTHIECKIX HOPM U BBICOKHX CTaHIapTOB.

YyacTHUKN KOH(EpeHINH MpHU3HATIH Ba)KHBIM 00paTUTh 0cob0e BHHUMAaHHE Ha HEOOXOTUMOCTH CEphe3HOW 3KC-
MEepTHOH OLeHKH 3(PPEeKTUBHOCTH IpUMEHEHU obopynoBaHus BID B pernonax, rae 3a4yacTyro IpuMeHseTcs: 000py-
noBanue BMD ¢ 3aBbIeHHON CTOMMOCTBIO. Takue MPOeKThl AUCKPEIUTHPYIOT TexHosorun BUO u mpespararot ux
B HEOOOCHOBAaHHO JOPOTO HMCTOYHHK SHEPIUH, ABISIOMIMNACS BCETO JIMIIbP WHCTPYMEHTOM OCBOCHHUS OIOKETHBIX
CPEICTB.

BaxHpIMH TeMaMu A7l 00CYKACHHS CTalH NPEUIOKECHUSI YIaCTHUKOB, JOTIOJHSIONINE YIIOMSHYTHIH 3aKOHOA-
TENBHBIM aKT M APYTHe aKThl, perynupyronme BUD. Hanpumep, Obl1o mpeanoxeHo o0paTuth 0codoe BHUMaHHUE HA
HEOOXOAMMOCTh BBIBOAA M3 SKCIUTyaTallMM TPaJUIMOHHBIX HCTOYHHKOB SHEPIHH, 3aMELIAEMbIX Oojiee SKOHOMHYE-
CKHMH BBITOJHBIMU HCTOUYHMKaMHu BUD, HeoOX0aMMOCTh yCHIICHHSI KOHTPOJIS 32 HapyIIEHHE SKOJIOTHIECKUX HOPM,
HEOOXOAMMOCTD NPUBJICYECHHUS 3KCIIEPTHOTO MOTEHIMANa Y9aCTHUKOB pbiHKa BUD 1yst peanbHOi onieHkH 3hhexTrB-
HOCTH PETHOHAIBHBIX IIPOEKTOB.

Heo0xoauMocTh cepbe3HOro MoAX0Aa K UMIIOPTO3aMELICHHIO B IIPOM3BOACTBE UCTOUHNKOB BUD mpusnana Kitro-
4eBOi 3a/1aueii, cTosImel nepe sl pOCCUIHCKON BO30OHOBIIIEMOI SHEPTETUKOM.

B xone pabotsr Meponpustust o nannuatuse [Ipeacenatens Komurera ')l I'pauesa U.JI. u IIpesunenra PA-
BU bpesrysoBa .M. y4acTHUKH KOH(EpPEHINH JOTOBOPHINCH O HE3aMEINTEIBHON MOATOTOBKE 3aKOHOAATEINb-
HBIX NPEAJIOKEHHUI MO CYIIECTBEHHOW KOPPEKTHPOBKE MOAXOMOB MO perynupoBaHuio peiHka BUD B Poccun u Ha-
MpaBIeHUIO UX B KoMuTeT 111 MOAAEPKKY U MOCIEAYIOMIEr0 Pa3BUTUS ITUX NPEINIOKEHHH.

OTueThl 0 KOHPEPEHIIUH B TIpecce:
http://actualcomment.ru/alternativnaya-energetika-pomozhet-krymu.html
http://www.voms.ru/ml/n61.html
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LUECTAA MEXXAYHAPOOHAA HAYYHO-TEXHWYECKAA KOH®EPEHLWA
r. UeaHoBo, 9-13 HoAGpa 2015 roga

:’I\D ANEKTPO3HEPIETUKA IMNA3AMU MOJIOAEXW - 2015

7l ;_~"-

)

0AQ «COEIC»

YBaxkaembie kojuiern!
OTBOY BIIO «MBaHoBCKHH ToCy/IapCTBEHHBIH DHepTreTHYeCKHH yHUBepcHTeT HMenH B.H. Jlennnan,

OTKpbITOE akiHOHepHOE 00mecTBo «CHCTeMHbIN oniepaTop EJMHON dHEpreTHYSCKON CHCTEMBIY,
Poceniickuit Hanponanensiit Komurer Mexynapoanoro CopeTa no SOJIbIIHM 3IeKTPHIECKHM
cucteMaMm Bricokoro HanpsbkeHus (HII « PHK CUT'PO»)

H Donj «HajexHas cMeHa»

W,

09— 13 Hostopst 2015 rojga npopoasat B UBaHoBO = S

VI-10 MeRIYHAPO/THY K MOJIOIEZKRHY K HAYUYHO-TEXHHYECKYH KOH(pepeHIHI
«DJIeRTPOIHEPTreTHRA IVIa3aMH MoJ101eskH - 2015»

S

Kondepennust nmocpsmena cemuaecaTwieTHio  Hayuno-vecne1oBaTe/IbcKOro  HHCTHTYTA 110
HEPEIale HISKTPOIHEPIHH 1IOCTOSHHBIM TOKOM BhICOKOro Haupsbkenust (Heine OAO «HTI[ EDC»),
KoTopei# 6bu1 00pazopan pacnopsbkenreM Coeeta Hapoaueix Komuccapoe CCCP ot 18 oktsbpst 1945 1.
JUTA pemeHus NpobieM, CBS3aHHEIX ¢ BHEPEHHEM B SHePTeTHKY 3JIeKTpollepe/ad MOCTOSHHOTO TOKA H
coz/laHdeM EJTHHOM DHeprocHCTeMBI CTPaHI.

HNEJH KOH®EPEHIINH - pa3pdrHe HAy4HOrOo H TBOPYECKOro IOTEHIIHANA MOIOBIX
HecneopaTenei B obIacTH HIICKTPOIHEPIeTHKH, 11000p KaapoBoro pezepba B ¢uimainbl CHCTEMHOTO
ONEpaTOpa U HAY4YHO-00Pa30BATE/ILHBIC YUPEKICHHSL

3AJTAYH KOH®EPEHIIHH — npeactapienue H 00CYyKICHHE HOBCHIIMX HAYUHBIX Pe3y/IbTATOB
HCCIIeIOBAHHI W MPaKTHUSCKUX AOCTHKEHHH B 06MAaCTH 3/IeKTPOSHEPTeTHKH, PAa3BHTHE H VKpeIUICHHe
HAYYHBIX CBA3eH MOMOABIX VUYEHBIX H AacIHPAHTOR, TMpHRIeUeHHe MArHCcTpaHTOR K HAy4HO-
HCCIIeI0BATENILCKOH JeATE b HOCTH.

HAVUHBIE HAIIPABJIEHHSI (CEKTIN) KOHPEPEHITHHI

1. MOJIETHPOBAHHUE U YIIPABJIEHUE 3JIEKTPOSHEPTETHUECKHUMH CUCTEMAMHA
+  MaTeMaTH4ecKOe MO/ISIMPOBAHHE SHEPIOCHCTEM
+ pazpabGoTka GATAHCOB TeKTPHYECKOH SHEPTHH H MOIIHOCTH HA JOITOCPOTHYIO H KPAaTKOCPOUHYIO
HEPCIEKTHRY, B TOM YHCJIE IPOrHO3UPOBAHHE HICKTPONoTpebeHus
+ ABTOMATHYECKOE VIIPaBJIeHHE DJISKTPOIHEPTETHUECKHM PEKHMOM YHEPTOCHCTEM
*  AHAIH3 CHCTEMHBIX aBApHIl B MISKTPOIHEPICTHKE
2. CUCTEMBI PACTIPEJEJEHHS SIEKTPOSHEPTHUH U PACIIPEJIEJIEHHASI TEHEPAITU S
+  IOAKIIOYEHHE PACIIPe/Ie/IeHHBIX HCTOMHHKOR SHEPIHH K BIIeKTPHIECKOH ceTH
* OCHOBBI YIIPABJICHHA pacrpe/ieleHHEIMH HCTOTHHKAMH SHEPTHH NPH MJIAHHPOBAHHH H VIIPaBICHHH
PeKMMaMH paclpe/ie/IMTe/IbHOH CeTH
*  HHTEJJIEKTYAJIbHBIE NOTPEOUTEIBCKHE CETH H YIIPABIISIEMbIE PACTIPE/ISIHTEIbHbIE CETH
*  VIPABJICHHE CIPOCOM M MHTEIPALMS YIPAB/IEMBIX 1oTpebuTeici dIekpudUKalus YIaICHHBIX U
H30THPOBAHHKIX paHOHOB

MewdyHapodHeil uzdamensckuld dom HayyHol nepuoduku “Cnelic”
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I\ 3NEKTPOSHEPTETUKA MA3AMU MOJIOOEXW - 2015
e%) LWECTAA MEXXOYHAPOOHASA HAYYHO-TEXHWYECKAA KOH®EPEHLWA

r. UeaHoBo, 9-13 HoAGpa 2015 roga

3. BPAIMAIOIHUECS DHNEKTPUUECKHE MATITHHEI
+ pazpaboTKa M OLBIT CEPBUCHOTO OOCIYIKHBAHMS BPALLAIOIIUXCS MALLIMH
*+ VIpaBJIeHHE CPOKOM CIIVKGBI BpalIAIOMIMXCS MAIIHH
*  BPAIAION[UECs MAIHHBL 151 BO30OHOBIISEMbIX HCTOYHHKOB DHEPIUH W pACHIPE I/ HHONH TeHepallui
4. TPAHC®OPMATOPEI, BBICOKOBOJILTHEIE JINHUH K OBOPYJIOBAHHE ITOJICTAHITAN
+  JIOCTHIKEHHS B IMATHOCTHKE H MOHHUTOPHHIE TpaHcopMaTopoB
+ TpaHc(OPMATOPEI W KOMIIOHEHTEI JUISI CeTel CBepX- M VIBTPABBICOKOTO HATPSDKEHHS MTOCTOSHHOTO
TOKa
*+ VIpaBIeHHE CPOKOM CIIVKGEI 060pYIOBAHHSA Tepe/IatH H pacTpe/IeIeHHs
+ Haubosee >pPEKTHBHOES HCIOIBIOBAHHE CYIIECTBYIONUX KaOe/IbHbIX CHCTEM
+ H30JHpOBaHHBIE kaOelH B SHepreTHYeCKOH cHeTeMe OY/TVINero
*  BO3BJYIIHBIC JIMHHHM JUIs TIepeiaun GoIbIol MOIHOCTH
+ TpHMeHEeHHe HOBBIX MaTepPHAIOR H TeXHOIOTHI
+ CcOoBpeMeHHBbIe pa3paboTKH M HOBOE BH/eHHE KoncTpykiui I1C
5. DJIEKTPOITEPEJJAYH TTOCTOSIHHBIM TOKOM BBICOKOI'O HAIIPSIDKEHHWUS U CHIIOBAS
DJIEKTPOHHUKA
+ cucremsl HVDC 1 o61acTi MX IpUMeHe HHA
» FACTS u apyras cuioBas SJIeKTPOHHKA U181 DIICKTponepeiay
+ TOCTOSTHHBIH TOK H CHJIOBas SJI@KTPOHHKA /Ul pacTipe/IeTHTebHBIX HTeKTPHUECKHX ceTel
6. PEJIEMHAS 3AIIUTA U ABTOMATHUKA SHEPTOCUCTEM
7. PBIHKH SJIEKTPOSHEPTHH Hu IMEPCIIEKTUBHOE PA3BUTHE
DJIEKTPODHEPI'ETHUECKHX CUCTEM
* COBpeMeHHBIE IIOJXOJBI H BONPOCH CTAaHJAPTH3AIMM B Ipollecce TNPHHITHA peIIeHHS IpH
VIIPABJICHHH AKTHBaMH
+ HOBBIE pemieHHs] W MeTojbl Juid obecredeHHs THOKHX W HAJeKHBIX MepCleKTHRHBIX TUIAHOB
PA3BHTHSI YHEPIOCHCTEMBI
+  y4eT SKOJIOTHUeCKHX TpeOOBaHHH NPH Pa3BHTHH SHEProcHCTEM
+  HM3MeHeHHe KJIMMATAa: MOCIIe/ICTBH /U SIeKTPOSHEPreTHIeCKHX CHCTeM
+ RO3/IeHicTBHE HAa (PYHKIIHOHHPOBAHHE HYHEPTOCHCTEM TeHepallHd Ha 6ase HHBEPTOPHBIX TeXHOJIOTHI,
a TAKOKe CHCTeM HAKOIUICHHS SHePrUH
*  B3aHMO/ICHCTBHE MEIHK/TY ONITOBBIM M PO3HHYHBIM PhIHKAMH
*  MOJIC/IH PHIHKOB M PEI'YJIHPVIOLHE CTPYKTYPHL B YCJIOBHSIX PA3BHTHS HHAYCTPHH
8. TEIINMOBLIE H ATOMHBIE SJJEKTPOCTAHITUHA
9. DHEPI'ETHYECKOE MANIHHOCTPOEHHUE
10.MHOOPMAITHUOHHBIE CHUCTEMEL, TEJTEKOMMYHHKAITHSI 51 TEXHOJOI'HH
UHOOPMAILTMOHHOM BE3OIIACHOCTH B DJIEKTPODHEPTI'ETUKE
11.OBPA30BATEJIBHBIE TEXHOJIOTUH U ITPOTPAMMEI ITOJI'OTOBKH CIIEITUAJIMCTOB
LU DNEKTPODHEPTI'ETHKH

PETJIAMEHT PABOTbI KOH®EPEHIIUAU

1. | llpxeM aHHOTAIHH (HA PYCCKOM H AHIJIHHCKOM SIZbIKAX) 110 30.04.2015

2. | HoarBepixaeHue yqacTust B KoH(pepeHIHH 510 01.06.2015

3. | Ilpuem cTateil MaTepHAIOB KOH(pEepEHITHH no 10.09.2015

4. | Hensb zaezna 09.11.2015

5. | I[Inenaphele Tokna/pl, paboTa MO CEKITHIM 10.11.2015

6. | PaBora no cexkmmsam 11-12.11.2015

7. | Kpyrslii cTon, no/iBe/IeHHe HTOTOB, DKCKYPCHOHHAS MporpaMma 13.11.2015

é‘% ONEKTPOSHEPIETUKA MMA3AMW MONOAEXW — 2015
WECTAA MEMOYHAPOQHAR HAYYHO-TEXHWMHMECKAA KOHBEPEHLINMA, r. MBanoso 9-13 noaBpa 2015 roaa

armsten Evrgy vt By LENSDAEE MBI anromninss sasrornnroseom
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I\ 3NEKTPOSHEPTETUKA MA3AMU MOJIOOEXW - 2015
e%) LWECTAA MEXXOYHAPOOHASA HAYYHO-TEXHWYECKAA KOH®EPEHLWA

r. UeaHoBo, 9-13 HoAGpa 2015 roga

YCJIOBHUA YHACTHUA B KOH®EPEHIINN

ABTOpAMH TE3HCOB JIOK/I4/I0B MOI'YT OBITh CTYACHTBL, AacCIMpaHTBl M MOJO[ble VUYEHBIE H
Heemeopatend. OOs3aTeIbHLIM  VCIIOBHEM  SIBIIIETCS YYacTHe B KadyeCcTBE COABTOPOR CeKI[HOHHBIX
JOKJIA/I0B  MOJIOJBIX MechefoBatenei (Bospact g0 35 user). JKenarTelnbHo IpeicTaBISHHE [0KIA/1A
MOJIO/IBIM COaBTOPOM.

Jna  yuactHa B koHbepeHmHH Heobxoaumo He mnozgHee 30 anpens 2015 roga
3apeTHCTPHPOBATLCH Ha caiiTe KoHdepeHiHH mo aapecy: http:/cigre.ru/rnk/youth/egm/egm2015/,
PasMECTHTD 3a8BKY Ha YYacTHE H aHHOTAIHIO MATEPHAIIOR JOKIIa/1a.

IIpu cooTBeTCTBUM JIOKJIA/IA HAYVYHBIM HAIIPABJICHUIM H TEMATHKE KOH(DEPCHIMM HA HJISKTPOHHBLH
ajpec aBTopa BBICBLIASTCS MOJTBEepKIcHHE yaacTHsA B KoHpepenumu (no 1 urons 2015). B cpok mo
10 cenTadps 2015 roa apTopaM HeoOXO0THMO Pa3MeCTHTh HAa YKA3aHHOM caiiTe TeKCT CTAThH.

IIpapuna odopMIeHHS H pasMelleHHs TOKIATOE IPHBE/ISHEI Ha caiiTe KoH(pepeHITHH.
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B MPeaCcTaBICHHBIX pElBOT‘aX JOJEKHBI OBITH OTPAXKEHBI: AKTYAIBHOCTE paccMaTpHBacMOH :\‘:’j:

np06nem,|, HOBH2HAa NPOBEICHHBIX HCCIeIOBAaHWH, JTHIHBIH BKIaj aRTOpa, TpaKkTHYeCKas IMEHHOCT, 'I/.r%\‘.w

HEPCIEKTHRBL MCIIOAL30OBAHMSL ITIOJIVUCHHBIX peayibTatoB. OprxkoMurer ocrapisier 3a cobol npapo
OTKJIOHHTE MAaTePHAJIbI, B KOTOPBIX He IPe/ICTABICHEI (He SICHBI) YKA3aHHBIE MTO3HIIHH.

IIpeacTaBieHHBIe JOKIABL, COOTBETCTBYIONIHE VCTAHORICHHBIM TpeGOBAHHAM H TIPONIE/IIIHE
pelleH3HpoBaHKe, Oy/YT H3JaHbl B AJIeKTPOHHOH W MeyaTHOH BepcHH K Hadady paboTel KoH(EepeHIHH B
COopuuke Tpytos (PHHIL) B asropckoit pepakuuu. Yyactuukd kondepenuuu Oyayr obecneueHs
HeoOX0IMMOH IPOSKIHOHHOM TeXHUKOHN /Ul IPE/ICTABICHHS JIOKIA/10B.

OduuaibHble S36IKH KOH(epeHIHA: PYCCKHI H aHTJIHHCKHIA.

MopMBI yUacTHs: 0UHAsA H 3a0YHAs.

OpresHoc: He NpejiycMOTpeH.

[IpoxkHBaHHe: OPTKOMHTET OKa3bIBAET MOMOIL YIACTHHKAM B OPraHH3aIHH OPOHHPOBAHHA MecT
B FOCTHHHIAX I'. MBaHOBa ¢ yUETOM NOKETAHHH 110 pa3sMeNIeHHIO, YKasaHHbIX B 3asBke. HeobxoaumocTs
OpOHHPOBAHHS TOCTHHHULEBL TPeOYETCs NOATBEPAUTL He nozaHee 10 oxkrsiopst 2015 rosa 110 3ICKTPOHHOM
novre cigre@ispu.ru .

ITo wroram koHpepeHrMH OyieT mnpoBefeH oTGOp JOKIATIOB, aBTOpaM KOTOPRIX OymaeT
npelocTaBlieHa  BO3MOKHOCTH — onmyOnWKoBaHMa — MartepHanio B «BectHuke — HBanoBckoro
rOCY/1apCTBEHHOTO DHEPIETHYSCKOTO YHUBEPCHTETay (BXOANT B crimcok BAK);

IlapTHep! KoHdepeHIMH NPOBOIAT KOHKYPCHL HA JIVMIIHE JTOK/IA/BI B HECKOJBKHX HOMHHAIMSIX.
[Mo6eauTenu koHKypca 6yIyT MOOIIPEHEI IIEHHBIMH TIPH3AMH.

AJIPECA JUJIS TIEPEITHCKH M TENE®OHDI JIJI5 CITPABOK:

153003, Poccus, r. Hpanoso, yi. Pabdakorckas, a. 34, HI'DY

e-mail: cigre@ispu.ru, makarov.arkadi@gmail.com

Tes.: +7(4932) 26-99-45, +7(920) 671-45-37

Makapoes Apkajuit Bnajguciapopuy

éps SNEKTPO3SHEPTETUKA MA3SAMW MONOOBEXW — 2015

WECTAA MEMOYHAPOQHAR HAYYHO-TEXHNHECKAA KOHB®EPEHLINA, r. MBanoso 9-13 HoaGpa 2015 roga
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PEKITAMHBIE MATEPWUAJIbI HAYYHbIX OPFAHU3ALIMNY,
WHBECTULUMNOHHbIX ®UPM N ®UPM-NMPOU3IBOAUTENEN

ADVERTISING MATTERS OF INVESTMENT
COMPANIES AND MANUFACTURERS

PEKJIAMA

Hayuno-texunueckmii neHTp "TATA" (Poccus) ocymecTBiaseT NOCTABKY 3aKa34MKaM rpag)¢eHOBBIX
MaTepHAaJIOB: OKCU rpadeHa, penyuupoBanHblii okcua rpadena (RGO) B Buae nopoika, BOAHOM
CyCIIeH3MH, MACTHI

1. GRAPHENE OXIDE
(concentrated aqueous suspension, 1000 ml)

Properties
Form: concentrated suspension of graphene oxide

Particle size 1-30 microns

Color: Dark Brown

Suspensibility: Polar solvents (water, N-metilpirrollidon, DMSO, DMF, aqueous ethanol) Solvent: water
Concentration: 5 mg / ml

Contents monolayer GO - 80-85% (at a concentration of 1 mg / ml)

2. GRAPHENE OXIDE

(a highly concentrated aqueous suspension (paste), 1000 ml)

Properties

Form: concentrated suspension of graphene oxide

Particle size 1-30 microns

Color: Dark Brown

Suspensibility: Polar solvents (water, N-metilpirrollidon, DMSO, DMF, aqueous ethanol)
Solvent: water

Concentration: 5 mg / ml

Contents monolayer GO - 80-85% (at a concentration of 1 mg / ml)

3. GRAPHENE OXIDE

(dry powder, 1g)

Properties

Form: concentrated suspension of graphene oxide

Particle size 1-30 microns

Color: Dark Brown

Suspensibility: Polar solvents (water, N-metilpirrollidon, DMSO, DMF, aqueous ethanol)
Solvent: water

Concentration: 5 mg/ ml

Contents monolayer GO - 80-85% (at a concentration of 1 mg / ml)

4. REDUCED GRAPHENE OXIDE
(dry powder, 1g)
Properties

Form: powder with very low bulk density

Reduction method: microwave exfoliation of graphene oxide powder

Color: black

Dispersibility: N-metilpirrollidon, DMSO, DMF, a dilute aqueous ammonia solution

Conductivity: ~2 S/ cm

BET specific surface area: 650-680 m*/g

BET surface standard porosimetry: > 2400 m*/g

Hzeomoenenue 3axasa - 2 nedenu. [Jocmaska noumon DHL. Onaama na pacuemmnwiii cuem npednpusmus Hayuno-
mexnuyeckutl yeump "TATA" no /Jocoeopy uzeomoeienus, ammecmayuu u NOCMAKY NPOOYKYULU.

MexayHapoaHbI Hay4HbIW XXypHan

@ J?JDLEAEE Ne 1231(;76) «AnbTepHaTUBHas IHepreTMKa U 3KONorusa»

© Hay4Ho-TexHU4Yeckuit LeHTp «TATA», 2015

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015
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CUHTE3 U CBOUCTBA OKCUOA rPA®EHA

Okcud epacghuma — npoAaykT rnyboKoro OKUCNEHUs
rpacuta, wumeer npocTenwyo dopmyny C,O0H
conepxut 6onbLIoe KOMMYECTBO KUCNOPOACOAEPKALLMX
yHKUMOHanbHbIX rpynn.  Okcup  rpadmTa,  SABNSASICb
rMapodunbHEIM  MaTepuanoM, crnocobeH o06pas3oBbiBaTb
KONnnowugHele pacTBopkl B BoAe, aumetundopmamuae, N-
METUNNUPONNUAOHE, BOAHBLIX pacTBopax 3JTaHona W
OPYrvX MONSIPHbIX PacTBOPUTENSIX, MOE OH pacLlennsercs
Ha TOHKue (BNSOTb 4O OAHOTO YIMEepOAHOro Crosi) MUCTbI

Xumuyeckass cmpykmypa Ol

okcuda zpachena (OF). J. Phys. D: Appl. Phys. 43 (2010) 374015 (19pp)

Cxemamu4eckasi Memoduka cuHme3a okcuda 2pagheHa

/’—\
P e |
H
:‘r:tr::;s Ultrasonication A
‘ ﬂ ANy
, -
AR
Graphite
Graphite oxide Ay
P O )
Graphene oxide
suspension

Mukpogomozpaghuu epachuma, okcuda epaghuma
U HaHoJIUCMO8 oKcuda 2pagheHa

Graphite

UK-cnekmp okcuda e2pagheHa

Intensity, a.u.

T T T T
291 288 285 282
Binding energy, eV

Intensity, a.u.

Okewng  rpacduta  nonyyanu
MoANGULIMPOBaHHbLIM METOA0M
Xammepca. [Ona npurotoBneHus
BOAHOW cycneH3un HaHonmcTtoB O
okcupa rpaduTa cmewwuvBanM  C
OUCTUNIMPOBAHHOMN BOAOM "
nony4YeHHyto cmMecb obpabartbiBanu
B YNbTPa3ByKOBOW BaHHE B TeYEHWe
1 vac. [anee o6pasoBaBLuyocs
CYCMEH3WI0 ANs yaaneHusl KpynHbIX
Yactuy ueHTpudyrmposanu 15 muH
npu 3000g.

i

Graphene oxide nanoshits

AnemeHmHbIlU cocmas
nJ/IeHKU okcuoda
epagpeHa

C -45,3 Bec.%
O -48,7 Bec.%
H-2,8 Bec.%
S -2.1Bec.%

o PenmaeHosckul o
: : , : : , - N — <0.1 Bec.%
4000 3500 3000 2500 2000 1500 1000 d’omoaﬂeKmPOHHblu cnekmp
Wave number, cm’ HaHo4Yacmuy oKkcuda epacpeHa
International Scientific Journal for MexAayHapoAHbIA Hay4HbIW XKypHan
Alternative Energy and Ecology @ UT} | IGAE = Ne 1231(;76) «AnbTepHaTUBHaA 3HepreTUKa 1 3KONOrUs»
© Scientific Technical Centre «TATA», 2015 ‘ &n © Hay4yHo-TexHu4eckum ueHTp «TATA», 2015
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M3 gaHHbix ACM BMAHO, YTO YacTuubl OKCcuaa rpadpeHa, NpUCyTCTBYHOLLME B BUAHOW CYCNEH3NN
nocne o6ny4YeHus ynbTPasBYKOM, SABMSAOTCA MAOCKUMU NUCTaMX TOMWWUHOW npubnuantensHo 0,6
HM, 4TO cooTBeTCcTBYET TonwuHe 1 crnos Or.

Size: 1-20 pm
Thickness: 0,6-1,3 nm (80% 1-2 layer) by AFM
Solubility: |Water, DMF, DMS, Aqueous Ethanol, NMP
pH 4-5

Graphene Oxide Applications

« Solar Cells

* Graphene Semiconductor Chips

» Conductive Graphene Films

» Chemical Power Sources (Supercapacitors

and Bateries )
» Catalysts and Sorbents

* Graphene Computer Memory
* Transparent Conductive Coatings
» Graphene Sheets and Many Others

Applications

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015
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OCHOBHbIE METOAbI MONYYEHUA BOCCTAHOBJIEHHOIO OKCUOA IPA®EHA

1. XumMmnyeckoe BoCCTaHOBIIEHME (UCNOJNb30BaHMUE CUNbHbIX BOCCTAaHOBUTENEN —
rmapasuvH, bopruapua HaTpusi U ackopobmMHoBas Kucnora ap.).

Hammers
method

Graphite

Graphite oxide

e e

Ultrasonication A
| e -
A

Graphene oxide
suspension

Reduction

>

Hydrazine

2. Tepmuyeckoe BoccTtaHoBrneHue. Hanbonee yacto npumeHseTca BocctaHoBrneHne CBY-

obny4yeHuem.

Graphene oxide
suspension

Graphene oxide
paper

Tum  EHT= 353Ky Sged & = leLengete 27 Des 2011 Cun Visoum = 7 959-010 ~Bar == 100 5m 4T = LELWY Sgral &= nLendisie 27 Cme 2011
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GRAPHENE OXIDE

(concentrated aqueous suspension, 1000 ml)

Graphite oxide - a product of
the deep oxidation of graphite,
it has a simple formula C,O0H
and contains a large amount of
oxygen-containing functional

groups. Graphite Oxide - a
hydrophilic material, it is
capable of forming colloidal
solutions in water,
dimethylformamide, N-

metilpirrollidone, ethanol and

aqueous solutions of other
polar solvents, where it
exfoliated thin (up to one
carbon layer) sheets of
graphene oxide (GO).

Intensity, a.u.

T T
291 288

Intensity, arb.un.

633 nm

T T
285 282

Binding energy, eV

1353
600

Application of graphene oxide

*Solar Cells

*Semiconductor Electronics
*Conductive graphene films
and coatings (including
transparent)

*Electrode material for
chemical power sources
(batteries and supercapacitors)
«Catalysts and sorbents
*Graphene-polymer composite
materials

*Conductive inks including for
3D-printing

«and many other applications.

The elemental composition
C —-45,3 wt.%; O — 48,7 wt.%; H — 2,8 wt.%; S — 2.1 wt.%; N — <0.1 wt.%

T T T T T
1000 1500 2000 2500 3000
Raman Shift, cm”

Properties

Form: concentrated
suspension of graphene
oxide

Particle size 1-30 microns
Color: Dark Brown
Suspensibility: Polar
solvents (water, N-
metilpirrollidon, DMSO, DMF,
aqueous ethanol)

Solvent: water
Concentration: 5 mg / ml
Contents monolayer GO - 80-
85% (at a concentration of 1
mg / ml)
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GRAPHENE OXIDE
(a highly concentrated aqueous suspension (paste), 1000 ml)

Graphite oxide - a product of
the deep oxidation of graphite,
it has a simple formula C,O0H
and contains a large amount of
oxygen-containing functional
groups. Graphite Oxide - a
hydrophilic material, it is
capable of forming colloidal
solutions in water,
dimethylformamide, N-
metilpirrollidone, ethanol and
aqueous solutions of other
polar solvents, where it
exfoliated thin (up to one
carbon layer) sheets of
graphene oxide (GO).

Application of graphene oxide

*Solar Cells

*Semiconductor Electronics
*Conductive graphene films
and coatings (including
transparent)

*Electrode material for
chemical power sources
(batteries and supercapacitors)
«Catalysts and sorbents
*Graphene-polymer composite
materials

*Conductive inks including for
3D-printing

eand many other applications.

The elemental composition
C-45,3 wt.%; O -48,7 wt.%; H-2,8 wt.%; S — 2.1 wt.%; N — <0.1 wt.%

o

Properties

Form: concentrated
suspension of graphene
oxide

Particle size 1-30 microns
Color: Dark Brown
Suspensibility: Polar
solvents (water, N-
metilpirrollidon, DMSO, DMF,
aqueous ethanol)

Solvent: water
Concentration: 5 mg / ml
Contents monolayer GO - 80-
85% (at a concentration of 1
mg / ml)

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015

#ISIAEE "3
74

MexAayHapoAHbIA Hay4HbIW XKypHan
«AnbTepHaTMBHaA 3HepreTMKa u aKonorns»
© Hay4yHo-TexHu4eckum ueHTp «TATA», 2015

MewdyHapodHeil uzdamensckuld dom HayyHol nepuoduku “Cnelic”



Q7

sePace

£

e

International Publishing House for scientific periodicals “Space”

"

LAY

WHdopmauuns

REDUCED GRAPHENE OXIDE

Properties

Form: powder with very low
bulk density

Reduction method:
microwave exfoliation of
graphene oxide powder
Color: black

Dispersibility: N-
metilpirrollidon, DMSO, DMF,
a dilute aqueous ammonia
solution

Conductivity: ~2 S/cm
BET specific surface area:
650-680 m?/g

BET surface standard
porosimetry: > 2400 m2/g

(dry powder, 19)

Application of RGO

* Due to the large specific
surface area and high
conductivity RGO is a
promising material for
chemical power sources
(Supercapacitors and
batteries). Specific electrical
capacity can reach 200-250 F/
g in inorganic electrolytes.
 Catalysts and sorbents

* Graphene-polymer
composite materials with
improved characteristics

» Conductive inks (including
materials for 3D-printing)
etc.

The elemental composition
C-96,1wt.%; O-2,7wt.%; H-0,3 wt.%; S—-0,4 wt.%; N-0,5wt.%

Reduced graphene oxide

it is a product of the
thermal reduction of
graphene oxide powder
under microwave
irradiation. In contrast to
graphene oxide, the
reduced graphene oxide
has a large specific
surface and a high
conductive
characteristics. This is a
black powder with a low
bulk density (~ 0.7
g/100cm3) contains more
than 96 wt.% Carbon.
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SQHLIMKIONEQNA A3
TEPMWHbI 1 ONPEOENEHUA

ENCYCLOPEDIA OF RENEWABLE ENERRGY

TERMS AND DEFINITIONS

CoJstHeuHAsl JHepreTuKa

TepMUHBI U OIIPEACTCHUS
(mo 'OCT P 51594-2000)
npoooadcene

HOHHTl/lﬁ, OTHOCAIIIMECHA K (l)OTOC)J'leKTpl/l‘lECKPIM YCTaHOBKaM

DoT03/1eKTPUYECKHIl MOYJ/Ib

YcTpoiicTBO, KOHCTPYKTHBHO OOBEAMHSIONIEE AJICKTPHUECKH COCAMHEH-
HBIE MEXIy CO00H (OTORNEKTPHUECKHE COJTHEUHBIC JJICMEHTHl U UMEIo-
IIM€ BBIXOJHBIE KIIEMMBI JUISl TIOAKIIFOUCHHNS BHEITHETO OTPEOUTEIs
DoT03/1eKTPUYECKHIT MOYJ/Ib ¢ KOHLEHTPAaLMeil COJTHeYHOMH IHepPruu
YcrpoiicTBo, BKIIOUaromiee B ce0sl KaKk KOHCTPYKTUBHOE II€JI0€ KOHIICH-
TPATOP COJHEYHON SHEPTUU U POTOIIEKTPUICCKUIT MOTYITb
Kom0uHupoBaHHbIi (poTO3NEeKTpUYECKHiT MOTYJIb
DOTORIEKTPUUECKUIA MOMIYJb, CHA0KEHHBIN CHCTEMOUW OTBOJA TEIia OT
COJTHEYHBIX JIEMEHTOB C LIEJIbI0 €r0 MOJIE3HOTO UCIOIh30BAHUS
CosHeuHnas poTo3/IeKTpUUEcKas OaTapes

CoennHEHHBIE MEXAY COOOH DJICKTPUYECKH M MEXaHHYEeCKH (DOTORIICK-
TPUUYECKHE MOTYIIH

OnopHasi KOHCTPYKIUS

Y CTpoHCTBO, MOANECPKUBAIOLIEE IPOCTPAHCTBEHHOE PACIIONIOKECHHUE COJI-
HEYHOI Oatapen

YerpoiicTBO cilexxeHUsI 3a COJTHLIEM

YcrpoiicTBo, oOecrieunBaromiee IIOBOPOT COJIHEYHOM OaTapen [Uis ciexe-
HUS 33 BUIUMBIM nepeMenienneM ConHna

Cucrema ciae:xkeHusl oTod1eKTPHYECKONH YCTAHOBKHU

Komrurekc MeXaHM3MOB M yCTPOWCTB, 0OECIIeUnBaIOIUX paboTy OMOpPHO-
MIOBOPOTHOTO YCTPOMCTBA C IENbI0 OPHEHTAMH COJIHEYHOM OaTapew or-
penenéHHBIM 00pa3oM K MOTOKY COJTHEYHOTO M3ITy4EHUS

Cucrema oxyaxaeHust GoTod1eKTPHYECKUX COJTHEYHBIX 3JICMEHTOB
Cucrtema 0TBO/A TeIUIa OT (POTOIIEKTPHUUECKOTO COTHEYHOTO JIEMEHTa C
LIEJIBIO CTAOMIIN3AIINH €T0 XapaKTePUCTHK

KII/I coHe4yHOro 31eMeHTa, MOAYyJisl, 6aTapen

OTHOIIEHHE MEKTPUYECKONH MOIIHOCTU COJIHEUHOTO 3JIEMEHTa, MOIYJIS,
6ataped K MPOM3BEACHUIO IUIOTHOCTH IOTOKA COJIHEYHOW HHEPTUH Ha
IUTOINAAb JIEMEHTa, MOIYJA, 6aTaped COOTBETCTBEHHO

BoabT-aMnepHasi XapakTepUCTHKA COJHEYHOI0 3JIeMeHTa, MOAYJs,
Oatapen

3aBUCHUMOCTh MEXAYy TOKOM Harpy3KH U HalpsDKCHHEM Ha KIEMMax Coll-
HEYHOTO (POTOIICKTPHUUECKOTO BIIEMEHTa, MOJIYJS, COJTHEYHOW Oarapen
IIPHU MNOCTOSHHBIX 3HAYEHUAX TEMIIEPATyphbl COJHEUHBIX 3JEMEHTOB U HH-
TEHCHBHOCTH MNOCTYMAIOIIEr0 COTHEYHOTO U3ITyYeHUS

TemnepaTypHblii KO3QPUUMEHT TOKA, HANPSKEHUS

3HayeHHE, XapaKTepU3yOILIee U3MEHEHNE TOKA, HAIPSYKEHHSI COJTHEYHOTO
9JIEMEHTA NIPU U3MEHEHHH ero Temneparypsl Ha 1°C

CraHaapTHble YCJI0BUS MCHBITAHMII COJIHEYHOIO 3J1eMEHTa, MOAYJIs,
O0aTapeu

VYcaoBus HCHBITaHHﬁ, PETIIaMEHTUPOBAHHBIC T10 TUIOTHOCTH IMOTOKA COJI-
HeyHoi sHepruu 1000 Br/m® 1 TemmepaType (HOTOIICKTPUISCKUX COJI-
HEYHBIX 3JIeMeHTOB (25+2) °C

Photovoltaic (PV) module

Concentrating (PV)

module

photovoltaic

Combined photovoltaic (PV) module

for production of heat and electricity

Solar photovoltaic (PV) array

Support

Solar tracker

Tracking system of photovoltaic plant

Cooling system of solar cells

Efficiency of solar cell, module, array

Voltage-current characteristics of

solar cell, module, array

Temperature coefficients of current,
voltage

Standard test conditions for solar cell,
module, array
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IInkxoBast MOIIHOCTH COJTHEYHOTO 3JIeMEHTAa, MOLYJIs1, 6aTapeH, CTAHLMHU
MakcumanbHast MOIIHOCTD ()OTORIEKTPUIECKOTO COTHEUHOTO SJIEMEHTa, MOLLy-
7151, ©aTapeu, CTaHIUY PU CTAHAAPTHBIX YCIOBHUSX HCIBITAHHN
MaxkcumMaJbHasi MOLIHOCTH (OTO3/IEKTPHYECKOI0 COTHEYHOT'O 3JIeMEeHTa,
MOJYJIsl, 0aTapeu, CTAHIUK

MoOMIHOCTD (POTOITEKTPHIECKOTO COTHETHOTO IIEMEHTa, MOIYJIs, baTtapen,
CTaHIMH B TOYKE HA BOJIbT-AMIIEPHON XapaKTEPUCTHKE, TJi¢ 3HAUCHHUE ITPOU3BE-
JICHUSI TOKa Ha HATIPSDKEHHE MaKCHMalIbHO

Peak power of solar cell, module, ar-
ray, power plant

Maximum power of photovoltaic solar
cell, module, array, power plant

HOI—[HTI/IH, OTHOCAIIHECH K COTHCYHOMY TEeNJIOCHAGKEHH IO

CucremMa COJIHEYHOTO TOPSIYEro BOAOCHAGKEHUS
Cucrema, HCIIONB3YIOLIAsl COJIHEUHYIO SHEPTHIO0 JUIs HarpeBa BOJABI U o0ecreyu-
BafoIIasi YaCTUYHOE WM TTOJTHOE MOKPBITHE HArpy3KH ropsuero BOJIOCHAOKEHUS
JTAHHOTO MOTpeOUTEs

AKTHBHasI CHCTEMA COJIHEYHOTO OTOIJIEHHUS

Cucrema, HUCTIONB3YIONIAs COJHEYHYIO DHEPTHIO Ul HarpeBa TEIUIOHOCHTEINS B
COJIHEYHBIX KOJUIEKTOpaX C IEIbI0 YaCTHYHOTO WIJIM TIOJIHOTO TOKPBITHS OTOIHU-
TEJIbHOM Harpy3Ku JaHHOTO NMOTPeOnTeNs

ITaccuBHasi cucTeMa COJIHEYHOI'0 OTOIJICHHS

Cucrema, MCHOJIB3YIOUIAs COJIHEYHYIO SHEPTHI0 Ul YaCTUYHOIO WM IIOJTHOTO
MOKPBITUS OTOMUTENILHOM HArPYy3KH JaHHOTO MoTpeduTess 0e3 MPUMEHEHHUS COJl-
HEYHBIX KOJUIEKTOPOB H CIIEHUAIFHOTO OOOPYIOBAaHUS, KOTJA MPUEMHUKAMHI U
AKKYMYJISITOpaMu COJIHEYHOMU OHEPIrun SABJIAOTCA KOHCTPYKTHUBHBIC 3JIEMCHTBI
3JIaHUS WK COOPYXKECHUS

CucreMa COTHEYHOT0 TEMJI0CHAGKEeHHU S

Cucrema, MCHOJIB3YIONIAs COJIHEYHYIO SHEPTHI0 Ul YaCTUYHOTO WM IIOJTHOTO
HOKPBITHSL HAarpy3KU OTOIUICHHUS U TOPSUETO BOJOCHAOKEHUS JaHHOTO MOTpeOH-
TeIns

CucreMa COJIHEYHOT0 OXJIAMKICHUS

Cucrema, MCHOJIB3YIOUIAs COJIHEYHYIO SHEPTHI0 Ul YaCTUYHOIO WM IIOJTHOTO
MOKPBITUS HArPY3KH OXJIQXKACHHS JAHHOTO TIOTPEOUTENS

CucreMa COTHEUHOTO TENJI0- H X0JI0I0CHAOKEHU S

Cucrema, MCHOJIB3YIOUIAs COJIHEYHYHO SHEPTHI0 Ul YaCTUYHOIO WM IIOJTHOTO
HOKPBITHSL HAarPy3KU OTOILICHUS, TOPSIYEro BOJOCHAOKEHHS U OXJIaXICHHUS JaH-
HOTO NOTpeOUuTeNst

OIHOKOHTYpHAs CHCTEMA COJTHEYHOT0 TEeIIOCHAOKEHH s

Cucrema, B KOTOpOH TEIUIOHOCUTENb, HATPEThI B COJHEYHOM KOJUIEKTOpE, IO-
CTYIAeT K MOTPEOUTEIIO HETIOCPEICTBEHHO HITH Yepe3 aKKyMYJISTOp Terlia
JIByXKOHTYpHAasi CHCTEMA COJIHEYHOT0 TENJI0CHADKEH U

Cucrema, B KOTOPO# TEIIO OTBOAUTCS U3 COTHEYHOTO KOJUIEKTOPA, repenaérest B
TEIUIO0OMEHHHKE TEIIOHOCUTEITIO, TIOCTYIAIOIEMY K OTPEOUTENI0 HEIIOCPEACT-
BEHHO WJIH 4epe3 aKKyMYJISTOp Teruia

TepmocudonHas cucTeMa COJTHEYHOr0 OTONJICHUS

Cucrema, B KOTOPOIl OTBOJ TeIUIa OT COJHEYHOTO KOJUIEKTOPA OCYILIECTBISETCS
MYTEM €CTECTBEHHOH LIUPKYIALUY TEIUIOHOCUTENS

Jly0ép cucTeMbl COJTHEYHOTO TENJIOCHAOKEHU S

TpanuIMOHHBIA HCTOYHHK TEIUIOBOM SHEPTUH, 00CCTICYHNBAIOIINA YACTUYHOE HITH
TIOJIHOE TIOKPBITHE TEIJIOBOW HArpy3KH M paboTaloIUi B COYETAHUH C CUCTEMOM
COJIHEYHOT'O TETIOCHA0KEHHSI

Tenaonpon3BoAUTEbHOCTh CUCTEMBI COJTHEYHOTO TETJIOCHAOKEHH S
KonmuectBo Teria, oTnaBaeMoro noTpeouTeNtto 3a GUKCUPOBAaHHBINH MEPHOJ Bpe-
MEHH (4ac, CyTKH, MECSIII, FO/1) CUCTEMOM COJIHEYHOTO TETUIOCHA0KEHHS
YaeabHas TeNJIoNpPOM3BOJMTEIbHOCTh CHCTEMbl COJTHEYHOr0 TenJIoCHal:Ke-
HUSA

KonmuectBo Termsia, BbIpa0daThIBAEMOTO CHCTEMOW COJIHEYHOTO TEIUIOCHAOKEHUS
3a (pUKCHPOBAHHBIM IEPUOJA BPEMEHH (4ac, CYTKH, MeCsI, TOXl), OTHECEHHOE K
€/IMHHUIIE TUIOIIAN COJIHEYHBIX KOJUIEKTOPOB

Koy puuueHT 3amerneHusi TeMJOBOH HArpy3KH MOTPeOUTeNsI CHCTEMOil
COJIHEYHOT0 TeNJI0CHADKEHUS

Jlonst TeruIoBOM Harpy3kd moTpeOuTensi, odecreunBaeMoil 3a c4ET COTHEUHON
SHEeprun

Solar hot-water system

Active heating system

Passive heating system

Solar heating system

Solar cooling system

Solar heating and cooling system

Direct-heating solar system

Double-loop heating system

Thermosyphon solar heating system

Auxiliary heater of solar heating
system

Capacity of solar heating
system

Specific capacity of solar heating
system

Function of heat load supplied by solar
heating system
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NEWS OF EDITORIAL BOARD

O :xypHaJe.

MexnyHapOIHbIA HayuHbIH KypHall «AJbTEPHATHBHAS DHEPIeTHUKA W DKOJIOTHS) SBISETCS MEXIUCUHUILTHHAD-
HBIM HayYHBIM H3JIaHHUEM.

I'maBHBIM pemakTopoM ADD AJL I'yceBriM u rnaBHbBIM penaktopoM [JHE T.H. Besuporny eme B 2000 romy 651-
JI0 coryiacoBaHo, 4To XypHaiusl ADD u IJHE sBnsioTcst B3aMMHO NEPEeBOAHBIMU, O Y€M €CTh IMHCBMEHHOE IOATBEp-
sknenre [1o4eTHOTo TJIaBHOrO pefakTopa MeXAyHapOAHOTO HAYYHOrO JKypHana «ANbTepHATHBHAS JHEPreTHKA U
9KOJIOTHS» U TIaBHOTO penakropa International Journal of Hydrogen Energy npod. T.H. Besuporiy — T. Nejat Vezi-
roglu, President, International Association for Hydrogen Energy, Founding Editor-in-Chef, International Journal of
Hydrogen Energy, ASME Fellow, I. Mech. E. Fellow, Inst. A & A Fellow, AAAS Fellow.

XKypnain pedepupyercs 1 HHICKCHPYETCS B CIEIYIONIMX MEKIYHapOIHBIX 0a3ax JaHHBIX U HHICKCAX IUTHPOBAHHMS:

1) Compendex/Engineering Index

2) Chemical Abstracts

3) Current Contents/Engineering, Computing & Technology

4) Inspec

5) VINITI Database RAS

6) Scopus

7)Science Citation Index Expanded

Journal Citation Reports (JCR) sBusercs exeromnoir myOmukammeir Science and Scholarly Research otmena
Thomson Reuters. 3to naTerpuposano ¢ Web of Science u noctynao Web of Science — Core Collections.

8) TOC Premier

International Journal of Hydrogen Energy (IJHE) (Elsevier) u3naercst 4 pa3a B Mecsil U1 UMEET BBICOKHE HayKO-
METpUYECKUe MOKa3aTeIn rII00allbHbIX WHIEKCOB nutupoBaHus — Journal Metrics: Source Normalized Impact per
Paper (SNIP): 1.424; SCImago Journal Rank (SJR): 1.338; Impact Factor: 2.930 (Thomson Reuters Journal Citation
Reports 2014); 5-Year Impact Factor: 3.448 (Thomson Reuters Journal Citation Reports 2014).
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SCIENCE AND ENGINEERING NEWS

CrycTsi HECKOJIbKO HeJieNb IMOCe 3alycka 3KCIepH-
MEHTAJIbHOTO 3aBOJIa, KOTOPBI IPOU3BOJUT CHHTETUYE-
CKOe in3eNibHOe TOIHBo e-diesel u3 yraekucioro raza u
BOJIBI, MpeacTaBuTe M KoMnanuu Audi 0OBSBHIH O CBO-
€M O4Yepe/IHOM JOCTH)KEHHUHU B Jielie MPOU3BOJICTBA CHH-
TeTH4ecKoro tominea. Ho Ha 3TOT pa3 AOCTH)XKEHHEM
CTaJl YHCTHIA OCH3UH, UMCIOLIMI PaCTUTEIBLHOE MPOHC-
XOXK/ICHHE, KOTOPBIHA TMONYYnIl Ha3BaHMe e-benzin u Ko-
TOPBIA OBUT MONYYEeH NPH COACHCTBHU CIICLUATIHCTOB
¢panmysckoit komnanuu Global Bioenergies.

B xonmne 2014 roga cnenmanuctel komnanun Global
Bioenergies mOCTPOWIIN ¥ 3allyCTHIM CICHUAIBHYIO Opo-
JMJIBHYIO YCTaHOBKY, B KOTOPOH J00asi caxapocozepixa-
nras Guomacca nepepadarbiBacTCsl Ha ra3000pa3HbIil U30-
OyraH. DTOT n300yTaH SBISIETCS JOCTATOYHO pPacIpo-
CTPaHEHHBIM BHJIOM CBIPbSl JJIS XMMHUYECKOW MPOMBIII-
JICHHOCTH, €r0 JajbHellnas rnepepaboTka MO3BOJIAET I0-
JYy4UTh M3 HETO CHHTETHYECKOE TOIUTMBO, MHOXKECTBO
Pa3IMYHBIX BUAOB ITACTMACC U MHOTOE IPYTOE.

Co0OpaB 1 0YHCTHB HEOOXOIUMOE KOJIHIECTBO Ia30-
obpazHoro n3o0yraHa, crienuanucTsl komrnanun Global
Bioenergies, OBBICUB JaBJICHHE, EPEBEIH €r0 B KU~
KOE COCTOSIHHE W IIEPEBE3TH EMKOCTh CO CXKMKCHHBIM
razoM B ['epmanuto. Tam, npu NOMOLIY Yepenbl XUMUYe-
CKHX NpPEBpaICHUH ra3000pa3Hblii H300yTaH OBLT Mepe-
paboTaH Ha YHCTEHINNH OCH3WH C OKTAHOBBIM YHCJIOM
100. «Jlyis Hac 3TO SIBISETCS MUCTOPUIECKUM COOBITHEM,
— pacckasbiBaeT Mapk [Jlenskyp (Marc Delcourt), npesu-
nenT komnanun Global Bioenergies. — DTo mepBblii pa3
3a BCIO HMCTOPHIO, KOTJa Mbl HOJYYHJIM TTOJHOLCHHBIH
YHUCTBIA OCH3MH W3 HCTOYHUKA PACTHTEIBHOTO IPOHC-
XOXKICHHS.

B HacrosIiee BpeMsi H300KTaH, MONTYyYCHHBIA IpYyru-
MH METOJIaMH, UCIIONB3yeTCsl B KauyecTBe NOOABKU K He-
KOTOpPBIM BUJaM ToruiBa. Ho crenuanucTel KOMIaHUH
Audi co3manu HOByIO (GopMmyiay OeH3uHa e-benzin Ha
OCHOBE MU300KTaHa, KOTOPBIH CropaeT OYeHb YHCTO U3-3a
OTCYTCTBUSI B HEM OeH3o0ia u cepbl. Kpome atoro, Bbico-

Komnanuu Audi BnepBble yAaJ10ch NOJIYyYUTh CHHTETHYeCKUH OeH3UH
PACTUTEJBHOIO MPOUCXOKIECHHSA

KOE OKTAHOBOE YHCIIO CHHTETHYECKOr0 OCH3MHA MO3BO-
JIMTh YBEJIUYUTH CTEIICHb CXKATHS, YTO emle OobLIe yBe-
an4auT 3 HeKTHBHOCTh paboThl ABHUraTelieil BHYyTpEHHE-
T'O CTOpaHUs.

B Hacrosmee BpeMst uccienoBatenn kommaHud Audi

3aHMMAIOTCS OINPECJICHNEM TOYHOI'O COCTaBa IIONyYeH-
HOTO TOIUINBA, MOCJIE YeTO HAYHYTCS UCIIBITAHUS, B KOTO-
PBIX 3TO TOIUIMBO OyIeT Cropatb B Kamepax OOBIYHBIX
nBurareneii. 1 mocie 3Toro HOBOE TOILIMBO OYAET MO-
BEPrHYTO JIOPOKHBIM HCIIBITAHUSM, HA HEM OyIyT €3/IUTh
HEKOTOPbIE MAIINHBI-TAKCH B HEKOTOPBIX HEMELKHUX TO-
ponax. U, B KOHIIE KOHIIOB, BCE MPUJET K TOMY, 4TO Ce-
PHIHO BBIITYyCKaeMbIe aBTOMOOWIJIM CMOTYT HCIIOJIb30BATh
e-benzin B KauecTBe OCHOBHOT'O BHJIa TOTLIHBA.

«MBI cuMTaeM, 4TO HaM OYEHb XOPOIIO YAAJOChH
MPUHECTH "3eJICHBIE" JJIEMEHTH B 001acTh, KOTOpas
JAaBHO M OTYasHHO HYXJaeTcsi B MOJoOHOM "o3eleHe-
HUH, — pacckazbiBaeT Puk bokpaT (Rick Bockrath), Bu-
me-ipe3ueHT kommaHum Global Bioenergies. — U, B
KOHIIE KOHIIOB, MBI IIEpeiZIeM OT IKOHOMHKH, IOJHO-
CThIO 3aBUCHUMOI OT He()TH, K 00JIee KUIHECIIOCOOHOM 1
9KOJIOTMYECKOW SKOHOMHUKE, KOTopas OyAeT dYepnarth
pecypchl U3 BO30OHOBIISIEMBIX HCTOYHUKOB Be3je, Il
9TO BO3MOXHOY.

B Ommwkaitmem OymymieM CHEIUATHUCTBI KOMITAHHMA
Global Bioenergies n Audi coOuparoTcsi ycoBEpIICHCT-
BOBATh pa3pabOTaHHBIC UMH TEXHOJIOTHH IUISl TOTO, 4TO-
Obl 1S CO3JaHWsl CHHTETHYECKOro OeH3nHa Ooiiee He
TpeboBasoch OMoMacchl. B 3THX HOBBIX TEXHOJIOTHAX
OeH3uH OyZeT MOIy4YaThesl TOIBKO M3 BOIBI, YIIIEKHCIIO-
ro rasza, BOJOpOJa U COJTHEYHOTO CBETa, U 3TO SBISETCS
OCHOBHO# muueeil konuenimu power-to-liquid (PtL), xo-
TOpasi ceiiuac akTUBHO pa3paldaThIBaeTCs U MPOJBUTaCT-
sl pyKOBOJICTBOM KommnaHuu Audi.

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015

#ISIAEE

MexayHapoAHbIN Hay4YHbIN XypHan
«AnbTepHaTUBHasA 3HepreTUKa v 3KONOrmuaA»
© HayuHo-TexHU4Yeckunit LeHTp «TATA», 2015

Ne 12 (176)
2015

79

MewdyHapodHell uzdamensckull dom HayyHol nepuoduku "Cnelic”



G,

se

International Publishing House for scientific periodicals “Space”

ace
~

LAY

WHdopmauums

W B ckOpOM BpeMEHH, B paMKax CIICIYIOIICH (a3bl
nmporpamMmebl, kKommanust Audi TOCTPOUT OIBITHBINA 3aBOT
B 'epmanum, mooOHEIN 3aBOY, KOTOPBIN ceiiuac Haxo-
nurcst B0 @paniuu. Toabko MOIIHOCTh HOBOT'O 3aBOJA

N A

—

oyzaet B 10 pa3 mpeBbIIaTh MOIIHOCTD CYIIECTBYIOIIETO,
oH Oyzet crocobOeH BhipadateiBath 100 TOHH H300yTaHa
BBICOKOI YMCTOTHI M M300KTaHa B TO/I.

dailytechinfo.org

- CaynoBckast ApaBust OyJeT OCTENECHHO EPEXOAUTh HA COJTHEYHYIO JHEPIrHI0

/

Ha Ttepputopun CaynoBckoil ApaBuu HaXOOUTCS
YeTBepTas YacTh MUPOBBIX 3amacoB Hehtu. HedTh 00ec-
MeYMBACT JIBE TPETH JOXOJOB B OIOJDKET 3TOW CTpaHBI.
Kazanock Obl, 3aueM CoJHEUHAast YHEpPreTuka B ApaBun?

B mnanax xoponeBcTBa BBIITH Ha NEPBOE MECTO B
MHpe 110 00beMy I'eHEpaIH COTHEYHOH SHEPTUH.

Celluac Henmaneko oT ropojga Pusan HauumHaeTcd
CTPOMTENBCTBO KPYIHOIO 3aBOJA MO MPOU3BOJICTBY COJI-
HeuHbIX maHened. Ha moGepexbe Ilepcnackoro 3ammsa
CTPOUTCS 3aBOJ MO MPOU3BOJCTBY MOJIUKPEMHHUS, a yXKe
B CIEYIOUIEM TOJy JBE KOMIIAHUM, KOHTPOIMPYIOILUE

9HEPreTUUCCKUi cekrtop crpanbl, — Saudi Aramco u
Saudi Electricity Company — Ha4HyT BO3BOAUTH 3JICK-
TPOCTAHIINH.

K cnoBy, 1 nutp 98 6ensuna B CaynoBckoit ApaBun
crout Beero 0,15 nomnapos CIIIA, a neHa anekTpuyect-
Ba N7l HACENEHHs COCTaBIsAEeT Bcero 1 meHrt 3a KBT.u.
Ilo BemukoIemHBIM IOporaM rocyAapcTBa €31iT IMpo-
JKOPJIUBBIE BHEOPOXKHUKY, HA 3JaHUSAX HUKTO HE AENaeT
N30JBIIHUIO0, @ KOHIUIMOHEPH! padoTaloT KPYTJIbIA IO 110
24 yaca B CyTKH.

Kommanust Acwa Power International obGeriiaet mpoa-
BaTh COJIHEUHYIO SHEPTHIO 10 5,8 LIEHTa 3a KMJIOBaTT-4ac.
310 OyzeT camas HU3Kasg CTOMMOCTb COJIHCYHOH SHEPIUH B
MHpE, HO BCE PAaBHO, 3TO CIIMILIKOM BBICOKasl LiIEHa — TIOYTH
B 6 pa3 JOporKe, YeM SHEPIus OT CKUraHus He(TH.

[Tpn m306mmun vedrn CaynoBckast ApaBusi — 3Hep-
retudeckui pail. CebGecToMMOCTh TOOBIYM COCTABIISICT

MeHee 4 IoJIapoB 3a OMH Oappesb, MOATOMY COJIHEY-
HBIE 3JIEKTPOCTAHLIMK MOTYT II0KAa3aThCsl YyIAadeCTBOM.
Ho npaBuTenbCTBO CUMTACT HHAYE.

[To moruke pyKkoBOJCTBA CTPaHBI, YTOOBI OCTaBATHCS
9KCTIOPTEPOM HE(PTH HOMEpP OAMH B MHpPE, UM CaMuUM
HYXHO TePEXOJUTh Ha «3€JEeHBbIC)» UCTOYHUKU 3HEPTUU.
Jleno B TOM, YTO CTpaHa CXKHIaeT IATYIO 9acTh JOOBI-
BaeMoil He(TH, Ooee TOro: KaXIpli roJ moTpediaeHue
HedTH pacTeT. A Belb €€ MOYKHO IPOIaBaTh!

IMoxcuuTano, 4to ecid norpebieHue HedTH OyAeT
pacTH W Janbllie TaKUMH TeMmmamu, To 4depe3 20 JeT
ApaBum caMoil TpHUIETCS 3aKyNaTh «4EPHOE 30J0TON.
ITosromy sHepreTrka 06e3 He()TH cTaja BOMPOCOM TOCY-
JIAPCTBEHHOTO YPOBHSL.

Crout oT™MeTuTh, 4To CaynoBckasi ApaBus UACAIBHO
MOJXOIUT I Pa3MEIIEHHs COJHEYHBIX JIICKTPOCTAH-
M. 31ech MHOTO OOJIBIINX ITYCTBIHb U OJHA U3 CAMBIX
BBICOKMX HMHTCHCHUBHOCTEH COJHEYHOTO H3IIyYeHMs Ha
IUIaHETe.

ITo mnany npaBuTenbcTBa, K 2030 roay rocyaapcTBo
JIOJDKHO BBIPabaThIBaTh CTOJBKO COJHEYHON 3HEPIHH,
YTOOBI MOKHO OBUTO MOKPBITH 20 MPOIICHTOB MOTPEOHO-
creit. [l mocTrkeHHs 3TOHM mesn mpuuercs: peopMu-
pOBaTh BCIO SHEPTETHYECKYIO cucTeMy. Bo3MOKHO, KO-
rna-auOyns CaynoBckass ApaBusi cTaHeT 00pas3LoBOI
CTpaHOH B MHpE, KOTOpas XO4YET OTKA3aThCs OT HUCIIOJb-
30BaHUs HEPTH.

zeleneet.com
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Co3nana 3D-muxpodarapes, ciocoOHasi c1eJiaTh YUINbI HE3ABUCUMBIMU
OT BHEITHUX HCTOYHUKOB YHEPTHH

|

b s

I'pynna wuccineposareneit u3 ynusepcurera Mnnu-
HO¥ica, CKOMOWHUpPOBaB MeTonbl 3D-ronorpaduueckoit
mutorpaduu U 0OBIYHOHN ABYXMEPHOH (oToIUTOTpaduH,
CO3J]aJII MUKPOCKOIIMYECKYI0, HO BBICOKO3()(hEeKTHBHYIO
aKKyMYJSITOpHYIO Oartapero. MHUHHMATIOpHBIE Ta0apHThI
CO3JJaHHOHM OaTaped MO3BOJISAT MHTETPHUPOBATH €€ MPSIMO
Ha YHUIBl MHKPODJIEKTPOHHBIX YCTPOMCTB, JAenas 3TH
YUITBl A0COJIOTHO HE3aBHCUMBIMH OT BHEIIHHMX HCTOY-
HHUKOB AJIEKTPUYECKON SHEPTHH.

«Hama 3D-mukpobaTtapes obinamaeT HCKIIOYUTEIb-
HBIMHU 3JICKTPUYECKUMHU XapaKTePUCTUKAMH, a TEXHOJIO-
rs MPOM3BOJICTBA TaKMX OaTapeil MOXKET MacIiTabhpo-
BaThCs 10 JIOOBIX pa3MepoB, Omaromaps 4deMmy TakKue
Garapen MOXHO OyJeT UCIIOIB30BATh B CAMOM IIMPOKOM
Kpyre obmacreil, — pacckasbiBaet [lon bpayH, mpodec-
COp MaTepHuajoBeIeHHsI U3 YHUBepcuTeTa MiumHoiica. —
B monasnsronieM OONBIIMHCTBE CITydaeB MHKPOJJICK-
TPOHHBIE YCTPOWCTBAa pabOTalOT 3a CYET IHEPTHH, HO-
CTaBJIsIEMON M3BHE MX YHIIOB, M 3TO CBA3aHO C TPYIHO-
CTHIO MHHHATIOPU3AIIUN TEXHOJIOTUI aKKyMyJIHPOBAHUS
sHepruu. MuHuaTiopHasi, eMkas U 3¢(dexTuBHas Oara-
pesi, BCTpOEHHAasl MPSIMO B YHII, MOXKET PEIIUTh Maccy
KOHCTPYKTOPCKHX Mpo0jeM Tmpu pa3paborke Oecrpo-
BOJIHBIX JTaTYMKOB, MAJOMOIIHBIX IPHUEMO-TIepPeNatoINX
YCTPOMCTB, MOHHTOPOB, MOPTATUBHON U MMIUIAHTHpYe-
MO MEIULIUHCKOHN 3JIEKTPOHUKH.

Co3paBas cBOlO Oarapero, y4YEHBIE HCIOJIB30BAIH
TexHonoruto 3D-ronmorpadudeckoit murorpadum A
CO3JJaHUS CIIOKHOM BHYTPEHHEH CTPYKTYpPBI 3JEKTpPO-
JIOB, a IIpU TIOMOIIM JBYXMEpHOH (oTtonuTtorpaduu
JNeKTpoJaM Oblla TpHIaHa HeoOXOJUMasi BHEIIHS
dbopma. B 3T0i paboTe ObUIM HCIIOIL30BaHBI BCE CaMbIe
MOCTIETHIE JOCTIKEHHUS TEXHOJOTMH pa3paboTKu, MO-
JIEeNTUPOBaHMUS M IPOU3BOJCTBA, COBOKYITHOCTh KOTOPBIX
MO3BOJIMJIA TIONYYHUTh BBICOKYIO €MKOCTh U BBICOKHIl
I0Ka3aTelb INIOTHOCTH XPAHEHHUS SHEPTUH.

B TexHonorum 3D-ronorpaduueckoil JTUTOTpaduH
HCIIONIB3YETCsI HECKOJIBKO JIydeil Jla3epoB, KOTopble (o-
KYCHPYIOTCSL B OIIPEIENCHHBIX TOYKaxX ()OTOUYBCTBH-

TENIPHOTO MaTepuaia, co3jaBas B 00beMe Marepuana
MHKPOCKOIIUYECKHE CTPYKTYpPbl TIPAKTHYECKH JHO00#
cnoxxHoctu. ITocne Takoi 0OpabOTKM OCTaTKH HE MOIaB-
[Iero IoJ BO3JCHCTBHE JIyda Jla3epa MaTepHajia CMbIBa-
JOTCS CIIEIMATBHBIM PACTBOPUTENEM, OCTAaBISISI CTPYKTY-
PY, COCTOSIIYIO M3 TBEPOTO HOJIMMEPHOTo MaTepHaa, Ha
TOBEPXHOCTh KOTOPOTO  OC&KAAIOT TOKONPOBOISIINI
MaTepHal, MpeBpamias BCe 3TO B JIEKTPOJ aKKyMYJIATOP-
HOI1 OaTapeu ¢ J0CTaTOYHO OOJIBIION TLIONIABIO.

Bonpmias mimomaapr 3NIEKTpoJa M €ro TOpHUCTas
CTPYKTypa 00ecIieunBaeT ObICTPBIN MEPEHOC JICKTPHYC-
CKHX 3apsJI0B TPU MOMOIIU 3JIEKTPOHOB M MOHOB, IPH-
OmmKasi CKOPOCTHBIC ITOKa3aTely Takux OaTapeil k 3Ha-
YCHHUSIM aHAJOTMYHBIX TIOKa3aTelel CYIepKOHICHCATO-
poB. KpoMme 3TOTO, TIIATEIBHO CIIPOCKTHPOBAHHBIC OCO-
OCHHOCTH PEIICTKH 3ICKTPO/Ia IPEIOTBPAIIAIOT IIPOIIECC
HAKOIUICHHUS W (PMIKCAIIMU MOHOB JIUTHUS BO3JIC OJHOTO M3
3JIEKTPOOB, UTO MOBBIIIACT HAJIC)KHOCTD €€ PadOTHI, T.C.
KOJIMYECTBO IMKJIOB 3apsja-paspsaa, BO MHOTO pa3 1o
CpaBHEHUIO ¢ OarapesiMH, UMEIOIMMHU OObIYHbIE Tpadu-
TOBBIE DJIEKTPOJIBI.

OnbiTHRIE 00pasnbl HOBBIX 3D-mukpobaTapei, Tom-
[IMHA KOTOPBIX COCTaBIIET OKOIo 10 MUKPOH, a IIonas
— 4 KBaJpaTHBIX MIJUTUMETPA, OBUIH CIIOCOOHBI BHIIABATh
500 MKA TOKa, TOACPKUBAsi CBEYCHUE OOBIYHOTO CBETO-
quona Ha mpotrskeHun 600 cexkyHJ BpeMeHu. A mocie
200 HKI0B 3apsima-pa3psaaKku o0mmas eMKOCTh aKKyMYJIs-
TOPHOI OaTaper CHU3WIIACH BCEro Ha 12 MPOIICHTOB.

«MBl pa3paboTamud TakOH METOI IPOHM3BOICTBA
TPEXMEPHBIX JTUTHH-HOHHBIX aKKyMYJSITOPHBIX OaTapew,
KOTOPBIM TOJHOCThIO COBMECTHM C CYIIECTBYIOIINMHU
TEXHOJIOTHSIMU  TPOM3BOJCTBA  IMOJIYIPOBOJIHUKOBBIX
YHIIOB, — pacckaspiBaeT XoWinoHr Hunr (Hailong Ning),
OIIMH U3 y4eHBIX. — M Temepb 6e3 0coOBIX TpymHOCTEH
MOJKHO OyJIeT MPOM3BOINTH CICIHATH3UPOBAHHBIC YH-
IIbI, KOTOPBIE OYIyT B COCTOSTHUA caMu ce0sl 00CCIICUHTh
JHepruei, HeoOXOAUMON UM JUTA JITUTSITHHOH paboThI.

dailytechinfo.org
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®oro: nature video / YouTube

[Tepexon Ha OGecHMIIOTHBIE TAKCH TO3BOJHUT 3HAYH-
TEJIFHO COKPATHTh KOJMYECTBO BBIACIAEMBIX COBPEMEH-
HBIMHM MaIllMHAMH BPEIHBIX I'a30B U COKOHOMHT JICHBI'H
BJaJieNbllaM TakconapkoB. K TakoMy BEIBOAY NPHILIH
yuensle 3 HanmonanpHo# nabopatopun mmenu Jlo-
ypeHca B bepkinu. OTyeT o MpOBEACHHOM MMH aHAIU3e
nosiBuiicst B xypHaie Nature Climate Change.

B mopcuderax uccrnenoBarenn OpUEHTHPOBAIUCH Ha
2030 roa. OHH BBISICHUIIN, HACKOJIBKO YKOHOMUYHBIMH 1
9KOJIOTUYHBIMH OyIyT OECHHJIOTHBIE TaKCH K JTOMY
BpPEMEHHU, HO HE CTalli MPEJCKa3bIBaTh, HACKOJIBKO IIU-
POKOE pacHpOCTpaHEHHE IIOJNyYUT 3Ta TEXHOJOTHS K
YKa3aHHOMY CPOKY.

CornacHO aHaNW3y, BBIXJION NAPHUKOBBIX I'a30B Ha
Mmoo (okono 1,6 kuitomerpa) mpobera y 6ecuiIoTHOTO
TaKCH-3JIEKTPOMOOMIS cOKpaTuTest Ha 90 MpOIEHTOB 110
CPaBHCHHUIO C HCIIOJB3YIOMNMCS B YAaCTHBIX LEJIAX aB-
Tomobuiaem 2014 roga BBIIYCKa € TPAAUIMOHHBIM JBH-
raTejieM U YMEHBIIUTCS B mpefene oT 63 g0 82 mporieH-
TOB TIPH CONOCTABJICHHH C YaCTHBIMH MalllMHAMH C THO-
pUAHBIM 1BUTaTeNeM. 3a oOpaser] Opajiuch MPOEKTHI

Yuenble NPEAIOKWIN YIAYYIIUTb IKOJOTIHI0 ¢ TIOMOIIbIO 0eCIMUJIOTHBIX TAKCH

THOPUIHBIX aBTO, KOTOPbHIE IUIAHUPYETCSl 3allyCTHTh B
mpou3BoacTBO B 2030 roxy.

[To MHEHHIO aBTOPOB, TIIaBHYIO POJIb B 3TOM CHITpaeT
MOSIBJICHHE B TaKCOMapKaX OJHOMECTHBIX M JBYXMECT-
HBIX OecImIOTHBIX aBTo. Omnmpasck Ha naHHble Deje-
panpHOrO ympasieHus mocceineix gopor CIIA, onu
OTMETWJIN, YTO B OOJBIIMHCTBE CIy4acB COBPEMEHHBIC
aMEpHKAHIBI BBI3BIBAIOT TAKCH IS MOE3/I0K B OJMHOY-
Ky. KoMmakTHple MamvHbI MO3BOJISAT 3HAYUTEILHO CIKO-
HOMHTB PACXO0Jl MICKTPOIHEPTUH U CBSI3aHHBIN C €€ IIpo-
H3BOJICTBOM BBIXJION ra30B B aTMOCheEpYy.

Bropoii ¢akrop — mosBICHHE 00Jice SKOJOTHUYHBIX
CXeM MOJy4YeHUsI NMeKTpo3Heprun. OXHUIaeTcsi, 9To JIeK-
TPOCTAHIIMK HA4YHYT nepexoanTh Ha HuXx kK 2030 roxmy, u
9TO TaKXKe MO3BOJIUT YMEHBIIUTH KOJTUYECTBO BBIXJIOIIOB.

JloTloTHUTEIHHO MCCTIeI0BATEIN TPOAHATU3NPOBAIIH,
HACKOJIBKO 3aTPAaTHBIMU B COJIEP)KaHUU OKaXyTCsl aBTO C
paznuuHbiMu Tunamu asurarenei B 2030 rogy. Ilo ux
OIIeHKaM, Tpu mpodere 19,3 ThICAYM KUIOMETPOB B TOJ
(cpenHecCTaTHCTHYECKHUI TOKA3aTelb Ul YacTHBIX aBTO
B CIIIA) amekTpoMoOHIs 000HACTCS BIIaJCIbIly BCE €I
JIOpO’Ke, YeM MaIlliHa ¢ TPAAULIUOHHBIM JIBUT'ATEIIEM.

Ho mnpu mpobGere ot 64,3 Thicsun 10 112,6 Thica4u
KHJIOMETPOB B rof] (CpeIHECTaTUCTUIECKUN MOKa3aTelb
st Takcu B CHIA) Hambosiee S5KOHOMHBIH BapHaHT —
Kak pa3 2JIEeKTPOMOOWIIb WIIM MAalllMHA C BOAOPOJHBIM
JBUTaTeNneM. B pacueTax yUMTHIBAIIUCH PACXOMAbI Ha IKC-
IUTyaTaluio, CTPaxoBKY, TOIUIMBO M CTOMMOCTH CaMoOTO
aBTO (M3 pacdera MOKYIKH B pacCpouky Ha IISTh JIET).
XOoTsl caM TPaHCIOPT CTOMUT JOPOKE, TOIUIMBO UISI HETO
00XomuTCs JIeIIeBIIe.

B npanpHeiiieM ydeHble IUIAHUPYIOT TPOBECTH JO-
MIOJTHUTEbHBIE M3BICKaHUSI B OOJNACTH ONTHMAlIbHOTO
Iu3aiiHa OECNMIIOTHBIX TakCH M 0Ooyiee peascTHIHO
cMoZeNMpoBaTh (hYHKIMOHHPOBAHKUE MOJOOHOTO TaKCo-
[apKa B yCIOBUAX COBPEMEHHBIX METAIlOJINCOB.

lenta.ru

Kanudopuuiickue XuMuKu U300pesn

/ HOBBbIEC BBICOKOS(l)(l)EKTI/IBHLIe MOJIMMEPHbIC COTHCYHBIC MMAaHE/IH

XuMHKH U uHKeHepsl u3 KamndopHuiickoro yHu-
BEPCUTETA MPEUIOKHUIN HOBYIO PEBOJIFOLIHOHHYIO CXEMY
OpraHM3allMM TOJIMMEPHBIX COJHEYHBIX Oartapeil. Cuc-
TEMa JaCT BO3MOXKHOCTb COXPaHATh HAKOIUICHHBIH 3apsn
HE MUKPOCEKYH/IbI, KaK ceifyac, a B TeUeHNEe HECKOIbKHUX
CYTOK. BIOXHOBIISUINCH aMEpUKaHCKHE y4YEHBIE TpHMe-
POM TIPHPOJIBL.

DOTOCUHTE3 — CIOKHEHIIWK IpPOoLEcC, UMEHHO OH
MOJACPKUBACT KU3Hb Ha Hauleil raHete. PacteHus B
X0JIe MUJUIMOHOB JIET 3BOJIOLUHN HAYYWJIMCh MHOIOCTY-
MIEHYaTOM TEXHOJOTMH IIOJYyYEHHUs] 3JIEKTpUYECTBA W3
¢otoHOoB. [Ipn 5TOM OHH YCTPOCHBI TAKUM 00pa30M, 4TO
3JIEKTPOH OTAEJNISAETCS OT MONYUYHUBIICH MOJIOXKHUTEIbHBINA
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3apsAA MONEKYJIBl M OCTaeTCsl HEKOTOpPOE BpeMs pasfe-
JeHHbIM ¢ Hell. Tak u coxpaHseTcs 3aps.

WHXeHepbl XOTAT 3aMEHHUTh JOPOTHE KpEMHHEBBIC
naHenu OoJiee JICIIEBHIMH TOJMMEPHBIMH, OJHAKO Yy
BTOPBIX €CTh CYIIECTBEHHBIN HEAOCTATOK — MX CTPOCHUE

HEpelKO NPUBOJMUT K TOMY, YTO TOJBKO YTO IOJYYEH-
HBIIl AJIEKTPOH OISITh BOCCOEIUHSETCS C JIOHOPOM, 3TO
NPUBOIUT K yMEHBIICHHIO Kod(duimenta (HOTodJeK-
TPHYECKOTO mpeobpa3zoBanus maneneid. Koapdumuent y
MOJIMMEPHBIX MaHEeJIeH COCTABISET OKOJIO 5 TPOICHTOB,
B TO BpeMs KaK Yy KPEMHHEBBIX — 10 25, a y MHOTOCIION-
HBIX CTPYKTYp M3 Pa3IM4YHBIX MaTepuajioB — Ooiee 30
TIPOILICHTOB.

VYuensle 13 KanmndopHun Ipeaokumm crocod HaBecTH
B CTPYKType IOpsOK. B m3roToBieHnu maHeneil npena-
raeTcs MCIONB30BaTh KOMOYKH TMOJIMMEPHOTO «CIIAreTTI»
BHYTpH, B TO BpeMsl Kak Jpyrue (ysiepeHsl OKpYKaroT 3TH
KOMOUKH CHApY>KH. DJIEKTPOH B IIEPBYIO OUEPE/Ib MOMa1aeT
K BHYTpeHHMM (QyJUulepeHaM, OT KOTOPBIX MOTOM IEepexo-
JIMT K HAPY>KHBIM, ¥ TaM OH MOYKET HaXO/IUTHCSI CBS3aHHBIM
JUTHTEJLHOE BPeMsi — JI0 IBYX HeJeb.

Bounee Toro: cbopka Takux maHeneil He TpeOyeT TOK-
CHYHBIX CPEICTB — OHM MOT'YT COOMpaThcs B OOBIYHOM
BOJIE, & CaM IIPOIIECC YNPOIIECH B Pa3bl.

zeleneet.com

Pa3pa6oTaH HOBBIN IPOCTOH METOA MOJy4eHHs BOJAOPOAA U3 BOJAbI IIyTeM JICKTPOIU3a

[IpocToe u HamexkHOE YCTPOMCTBO, pa3pabOTaHHOE
uccienoBatensmu w3 llBelinapckoro ¢eneparbHOTO

MMOTUTEXHIYECKOT0 yHHBepcuteTa JlozaHHBI (Swiss
Ecole Polytechnique Federale de Lausanne, EPFL), mo-
3BOJIUT PEANTN30BaTh MPOU3BOJICTBO BOJIOPOJHOTO TOII-
JIMBa U3 BOJBI 110 00Jiee HU3KOH CTOMMOCTH, HEXKEIU ITO
OBUTIO BO3MOXKHO 10 TMOCJIEIHEro BpeMeHu. B pa3pabo-
TaHHOW IIBEHUIAPCKUMH HCCIEIOBATEIAMU TEXHOJIOTHUHU
JJICKTPOJIM3a HE HCIOJB3YeTCs TOMENIAeMBIX MEXITY
AMEKTPOJAMHU TOPOTOCTOSAIINX HOHHBIX MEeMOpaH, KpoMe
9TOr0, OHa 00JagaeT HEKOTOPBIME APYTUMH HPEUMYIIIe-
CTBAMH TII0 CpPaBHCHHUIO C OOBIYHBIMH TEXHOJIOTHUSMHU
JJEKTPOIIH3A.

B TedyeHHme mOCTaTOYHO MJONTO BPEMEHH YUCHEIC
OBIOTCS HAJ 3aJadei 3aMeHbl MCKOIAEMEIX BHIOB TOII-
nuBa BoJ0pooM. [TocKoIbKY BOAOPO IPHU CTOPaHUU HE

BBIICISIET HUYETO, KPOME YHCTOW BOJIBI, OH SIBISICTCS
HWICATbHBIM TOIUIMBOM JIJISl OKOJIOTUYECKHA YHCTOTO
TPAHCIOPTA W HICATBHBIM CPEICTBOM IS MIPOMEKYTOY-
HOTO XpaHCHHS YHEPTHH, ITOIy4aeMON OT BO30OHOBIISIC-
MBIX HCTOYHHKOB, TakuX, kak ConHIe u Berep. OqHAKO,
MIPOM3BOJICTBO BOJOPOA, 3aK/IIOYAIOIIEecs B pacIleruie-
HUHM MOJIEKYJ BOABI Ha BOJOPOJ M KUCIIOPOJ IOA BO3-
JIEWCTBUEM D3JICKTPUYECKOM DHEPruu, OCTaeTcs Io-
IpeXHEMY KpaifHe TOpOTOCTOSIIINM M HE CIOCOOHBIM
KOHKYPUPOBaTh C OOBIYHBIM TOILUIMBOM U JPYTMMH HC-
TOYHHKAMH YHEPTHH.

I'pymma w3 EPFL, Bo3rmasmsiemas mpocdeccopom [e-
metpu [lcanpTrcom (Demetri Psaltis), pazpaborana Tex-
HOJIOTHIO YHHBEPCAJbHOTO W YIPOIICHHOTO MpoIecca
aJeKTponm3a BoAbl. Mrpas ¢ GamaHcOM MEXAy MEXaHH-
YECKHUMH CHJIAMHU, JJICKTPHYCCKIMH CHJIAMH W CHJIAMU
MOBEPXHOCTHOTO HATSDKCHMs, HCCIIeOBaTeNN H30aBU-
JIMCh OT HEOOXOIUMOCTH HCIIONb30BAHUsI MOHHBIX MEM-
OpaH, KOTOpbIE Pa3IEISIOT IEKTPOIBI B OOBIIHBIX JICK-
TPOJIM3HBIX CHCTEMaXx.

DNEKTPUUECKUHA TOK B DJIEKTPOJIU3HOM sUeHKe TEeUeT
0T KaToJa K aHoxy. JTOT TOK M BO3JEHCTBHE KaTalu3a-
TOPOB 3aCTaBIIIOT MOJICKYJBI BOJIBI PACIICIUIATHCS Ha
KHCTIOPOA U BoJopo. st Toro 4roObl BOCTIPETIATCTBO-
BaTh CMEIICHUIO STHX Tra3oB U 0Opa30BAaHUIO B3PHIBO-
OIMacHOU TpeMydel CMeCH, MEKAY JJIEKTPOIaMHU yCTa-
HABJIMBAIOT TOJMMEPHBIE MEMOpPAHBI, TIPOBOISIIUC HOH-
HBIIA 3JICKTPUICCKAN TOK W M3TOTOBJICHHBIC M3 MaTepHa-
na nox HasBanueMm HaduoH (Nafion). Takue meMOpaHbI
caMu 1o cebe NOCTATOYHO JOPOTOCTOSIINE, UMEIOT Or-
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paHUYEHHBIN CPOK CIyXObI U pabOTaIOT B PacTBOpax ¢
BBICOKOI KHCIIOTHOCTBIO, YTO CYXaeT KpPYyr HCIOJb3ye-
MBIX KaTaJH3aTOPOB.

Uto0Obl M30aBUTHCS OT OTPAaHUYCHHUH, CBSI3aHHBIX C
HEOOXOJMMOCTBIO HCIOJB30BaHHS HOHHBIX MeMOpaH,
YUYCHBIE Pa3MECTHIIM JJICKTPOABI HA pACCTOSHHU He-
CKOJIbKMX COTEH MHUKPOMETPOB JPYyr OT APYra, mpeBpa-
THB JJICKTPOJM3HYIO SYCHKY B MHKPOHNOTOKOBOE YCT-
poiictBo. Kornma »uakocTb B TaKOM YCTPOWCTBE Iepe-
MEIIAeTCsl CO CKOPOCTBIO, MPEBBIIAIOIIEH HEKUI mpe-
JIelT, Ta3bl, BOJOPOJ ¥ KUCIOPOJ, BBLACISIOTCS B MPOTH-
BOTIOJIOKHBIX HampaBiIeHUsX 3a cueT 3ddekra Cepike-
Cunnbepbepra (Segre-Silberberg effect), pasmenssice
0e30 BCAKOI MEMOpaHBI.

Takasi KOHCTPYKIHMS 3JEKTPOJIU3HON sUEHKH MO3BO-
JUT CO3/1aTh YCTPOMCTBA-3JIEKTPOJIH3EPHI, CIIOCOOHBIE
paboTath ¢ JI00BIMH TUIIAMH KUIKHX IJIEKTPOIUTOB U C
MOOBIMH  KaTaJIM3aTOpPaMH, KOTOphle Oosee He OynyT
MOJIBEPraThCsi PUCKY HUX TOBPEXKICHUS NpH paboTe B
4Ype3BbIYaiHO KUCHOH cpene. Takas yHHUBEpPCaIbHOCTD

0
i

HEBO3MOXKHA B OOBIYHBIX CHUCTEMax, B KOTOPBIX HOp-
MaJlbHO pPaboTalT TOJIBKO KaTalM3aToOpbl Ha OCHOBE
0JIarOpPOIHBIX METAIJIOB, TAKMX KaK IUIATHHA.

«Hamie ycTpoiicTBO 00MagaeT MOTCHIHAIOM IS
pe3koro yBenuueHus! 3Q(GEKTUBHOCTH IO OTHOLICHHUIO K
JIPYTUM METO/aM pACIICIICHUs] BOABL, B KOTOPBIX HC-
MOJIb3YIOTCS. MOHHBIE MeMOpaHbl, — paccka3siBaeT Mo-
xammay Xarmremu (Mohammad Hashemi), oguH u3 wmc-
cnenoBareneil. — Kpome storo, obmias 3dhexTuBHOCTD
paclIeuICHNsT BOABI YBEIWYUBACTCS 3a CUET OTCYTCTBUS
HMOHHON MeMOpaHbl, KOTOpas OrpaHHM4YMBacT HOHHYIO
MPOBOAMMOCTD DJICKTPOJINTA U BHICTYNAET B POJIM Mapa-
3UTHOTO AJIEKTPHYECKOTO COMIPOTUBICHHSD).

B Hacrosiiee BpeMsi HcclieioBaTeNbcKas Ipynna pa-
boraer, pa3pabaTbiBas TaKyl0 KOHCTPYKI[HH HOBBIX
ANIEKTPOJIM3HBIX SUeeK, KOTopas 0JHOBPEMEHHO obecrie-
4quT eme Oonbiryio 3¢ QeKTHBHOCTS IMpolecca pacuier-
JeHusT U OyZleT MOAXOAAIIeH Ui yCIOBHH MaccOBOTO
TIPOM3BO/ICTBA.

dailytechinfo.org

B CIHIA cnporHo3upoBaJjiu MoJiHoe BbIMUpaHue 0ebix MeaBeneii B Poccun k 2025 roay

Oxonoru u3 CIIA cnporHo3upoBaiy MOTHOE BHIMH-
panue Oenbix Measeneii B Poccuu x 2025 rogy. O6 stom
coobmator PUA HoBoctu co ccbutkoii Ha 0T4eTCirysk0b1
PBIOHBIX pecypcoB u nukoi npupozast CLIA.

Buonoru nox pykoBoactBoM Maiikna Panre us Ilen-
Tpa U3y4eHHs AUKON npupoas! mpu I eomorumyeckoin
ciyx6e CHIA B ropone Jlopen B TedeHre nocieqaux 20
JIeT W3y4aly IMHAMHUKY YHCIEHHOCTH OeJbIX MenBeneit
U €€ KOPPESIUI0 C aHTPOIOTCHHBIM BO3JACHCTBHEM U
KIMMaTH4€CKUMH U3MEHEHUSIMH.

®doto: imago stock&people / Global Look

OKcTpanonupys UMEIOIIUEC JaHHBIE HA JIECATH JIET
BIIEpEJl, YUEHBIE PACCMOTPENHN [Ba BO3MOXKHBIX CIICHA-
pHsL N3MEHEHUsI YUCICHHOCTH IOIYJISIINK OCJIBIX MeaBe-
neil. IlepBblil M3 HHUX HpeAyCMaTpUBAeT COXPaHEHHE
CYWIECTBYIOIIEH TUHAMUKU KIMMATUIECKUX U3MEHEHUH,
a TaKk)Ke BHIOPOCOB TTAPHUKOBBIX Ta30B.

Bropoil — mnpeamonaraeT BBINOJHEHHE CTpaHAMU-
ydacTHHIAMH KHOTCKOro mpoToKona BO3JIOKEHHBIX Ha
ce0st 00s13aTebCTB, NPEATNOIAraloX COKPAIlCHUE BbI-
OpOCOB MapHUKOBBIX Ta30B. O0e CXeMbI Pa3BUTHS CHU-

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015

HISIAEE

MexAayHapoAHbIA Hay4HbIW XKypHan
«AnbTepHaTUBHasA 3HepreTMKa U IKONOrus»
© Hay4yHo-TexHu4eckum ueHTp «TATA», 2015

Ne 12 (176)
2015

84

2
- 83
.a’m\

MewdyHapodHeil uzdamensckuld dom HayyHol nepuoduku “Cnelic”



WNHdopmauus

Tyaly MOKa3bIBAIOT COKPAIICHHE YUCICHHOCTH OENbIX
Me/IBeieH, mpuYeM IepBas HE HMCKII0YaeT WX IOJHOTO
HCUE3HOBEHHUS Ha Tepputopmsx Cubupm m ANSICKH yxe
k 2025 roxmy.

Ha rteppurtopun cesepa Kanansl, rie obutaer mpu-
MEpHO II0JIOBUHA MHPOBOHM IOITYJSIIMM OEJbIX MezaBe-
Jiel, ICYC3HOBEHUE 3THX XMBOTHBIX B pPaMKax IEpPBOTO
cueHapus MOXeT npou3oiTH k 2050 roxy.

CornacHo aHanu3y, NMPOBEICHHOMY JKOJIOTaMH, Be-
IymuMH (GaKTopaMy, BIUSIOIIAMH Ha IWHAMUKY YHC-
JIGHHOCTH OEJbIX MeIBEICH, SBISETCS COKpAICHUE ILIOo-
Iy JIEISHOTO MOKPOBa B APKTHKE, a TaK)Ke aHTPOIIO-
TeHHOE BO3/eicTBHE (HampuMmep, pasiuBel HedTH). ITO,
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HCKOTOPLIC 06pa3HLI KBaHTOBBIX TOYECK, HUCII0JIb30BAHHBIC B pa6o-
te.M306pakenue: Jie Bao et al./ Nature

Omukn 13 Maccagycerckoro u KammdopHutickoro
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TEXHOJIOTHYECKUX HHCTHTYTOB CO3JaJIl MHHHATIOPHBIN
CHEKTPO(POTOMETP, B KOTOPOM POJIb ONTHYECKUX (PHIIBT-
POB MIpaeT MaccHB KBaHTOBHIX TO4YeK. HOBBII neTekTop
10 pa3MepaM JIMIIb HEMHOTO NPEBOCXOANT ISTHUPYOITe-
ByI0 MoHeTy. MccnenoBanue omybiankoBaHo B Nature.

ABTOpBI CcHHTE3UpOBaNU 195 BUIOB KBAHTOBBIX TO-
YeK — TOJIyITPOBOAHNKOBBIX HAHOYACTHII, NPOSBIISIONINX
0co0bIC ONMTHYECKHE CBOWMCTBA. VX CHEKTPHI MOTJIOIIE-
HUA B CYMME IIOKpBbIBaJIk 6OHI)HIyIO qaCcTb BHAMWMOI'O
nuamazoHa (mmuHBL BOMH 390-690 nanomertpos). U3
3TUX 00pPa3IoB OBLI CO3/aH JBYXMEPHBIH MacCHB, KOTO-
PBIit UTpaj poJib ONTUYECKOTO (HUIBTPA.

W3mepsieMblii CBeT, MOMAIaBHIMK Ha QHILTP U3
KBAaHTOBBIX TOYEK, IOTJIOIIAICS ITO-Pa3HOMY B KaKIOH

10 MHEHHIO YYEHBIX, MPUBOJUT K YMEHBLUICHHIO €CTECT-
BEHHBIX PaiOHOB JOOBIYM MUY OCTTHIMH MEIBCITMHL.

benblii MenBen» 0OUTAET B APKTHKE Ha TEPPUTOPHH
Cubupn, Anscku, cesepa Kananer u I'pennangun. XKu-
BOTHOE SIBJIIETCSI OJJHUM U3 CaMbIX KPYITHBIX XUIITHUKOB,
JIOCTUTAsI B BBICOTY JIO TPEX METPOB, & MacChl — JI0 TOH-
Hbl. benmbie MenBenu OTHOCATCS K YS3BUMBIM BHIaM
«Kpacnoit kHUTrH» MexXayHapOOHOTO COI03a OXpaHbI
npupoabl. X 4MCIEHHOCTh B HACTOSILEE BpeMs, M0 pas-
HBIM OLleHKaM, cocTtaBisieT oT 20 Teicsd go 40 TheicAd
ocobeii.

lenta.ru

Co31aH NOpTAaTHBHBINA CIEKTPOGOTOMETP HA KBAHTOBBIX TOYKAX

sqelike. 3a GuIbTpoM OBII ycTaHOBIICH (OTOAETEKTOP,
TaKXkKe MPeCTaBIABIINN COOOH NMByXMEpHBIA MaccuB. B
UTOTE CHUI'HAJ] OT KaXAOro Habopa KBAaHTOBBIX TOYEK
AQHATTU3UPOBAJICS OTICNIBHO, a TOTOBBIN CHEKTP MOTydall-
Csl B pe3yJbTaTe KOMIIBIOTEPHOI 00pabOTKU M Hajoxe-
HHS OT/ACNBHBIX U3MEPCHUIA.

VYueHble MONYYHIIN HECKOJIBKO TECTOBBIX CIIEKTPOB
IIPY TIOMOIIM HOBOTO YCTPOWCTBA W CPAaBHHIIM MX C JaH-
HBIMH KOMMEPUYECKOTO crieKTpodoTomeTpa. Pe3ynbraTer
OKa3aJIMCh XOPOIIO COMOCTaBUMBIMH. [lo croBam aBTO-
POB, IaHHBIE MOXKHO JIOBECTH IO MACAIBHOTO COTJIACHS,
€CIIM YBEJIMYHUTh Pa3HOOOpa3ne KBAaHTOBBIX TOYCK M HC-
MOJIb30BaTh 00JIEe TOUHBIE METOANKH KaTHOPOBKH.

OCHOBHBIM NPEUMYILECTBOM HOBOT'O JAW3aifHa CIeEK-
TpodoTOMeTpa ABIAIOTCA €ro Maiyisle pa3Mepsl. 1o mHe-
HHUIO YYEHBIX, Ha OCHOBE IOJJOOHOTO CEHCOpa MOXHO
Oyzer co3maTh HOCHMOE YCTPOWCTBO, MO3BOJIIONIEE
MIPOBOANTH JUArHOCTUKY, HAIIPUMED, 3a00JICBaHUH KOXH
WINA OIPEAENTATh KOHICHTPAIMIO OIACHBIX BEIIECTB B
BO3JyXe.

KBaHTOBBIE TOYKH HIMPOKO pacHpoCTpaHEeHBl B 00-
JIACTH HOBBIX MaTEPHAIOB M TEXHOJIOTHH, OJJHAKO IO CHX
MIOp MCCIIEA0BATENN OOJIbIe KOHIICHTPUPOBAIUCH HA UX
(dbnyopecueniiuu. Ha ocHoBe atoro addexra, Hampumep,
OBUTH CO3/1aHbI DJICKTPOHHBIC TUCIUICH MM OHOJOTHYe-
CKHE METKH, KOTOPBIMHU «II0JICBEYMBAIOTY OCIIKH B KJIET-
KaX MHUKPOOPI'aHH3MOB.

nanonewsnet.ru no mamepuanam nplusi.ru
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' Hcnosib30BaHMe MATHUTHBIX METAMATEPUAJIOB CYLIECTBEHHO YBeInYHBaeT 3¢ PeKTHBHOCTh
cucteM 0OecipoBOIHOII Mepega4y SJHEPrun

3a mpoluenmee ECATUICTUE HCCIEAOBAaHUS B Ha-
NpaBiieHUH OECPOBOJIHOM Iepeady SHEPrHU MPUBEIN K
pa3paboTke HECKOJBKHMX MPAKTHYECKHX TEXHOJIOTHM, Ta-
KuX Kak OecrpoBOHAs 3apsKa MOOWMIBHBIX M OBITOBBIX
YCTPOHCTB, 3MIEKTpUUECKUX aBTOMOOWIeH u T.1. OnHaKo,
BCE 3TH TEXHOJIOTMH TOKa €lle MMEIOT OIPaHUYCHUsS I10
JIATBHOCTH M JOCTaTOYHO Maylo 3()(EKTUBHOCTD MNpPHU
niepeziade 3HEPTUH JaKE Ha TEX MaJbIX PACCTOSHUAX, Ha
KOTOPBIX OHHU CIIOCOOHBI ()YHKIIMOHHPOBATb.

B HOBBIX HCCIICOBaHHIX, NMPOBEICHHBIX YYCHBIMU
u3 ynusepcutera Tenusu, llanxait, Kuraii, 611 paspa-
00TaH cHOCO0 3HAYUTENHLHOTO YIIydlleHHs: d3PPEKTUBHO-

Efficiency( %)
=

o "
v o,
l:IZII 21 X 13 14 15 b
Frequency(MHz)

MeramaTepuan, CO3JaHHBIM KUTAalCKUMU YYECHBIMHU,
SIBIISICTCS OCHOBOM KOHCTPYKIIMM KaTymIeK, oOecredn-
BalOIMX pabOTy HEHU3JIydarollei OeCHpOBOIHON mepe-
Ja4u OHEPIruu, TEXHOJIOTHH, HCHOHBSyeMOﬁ OOJIBIINHCT-
BOM CYILECTBYIOUIMX YCTPONCTB I€peladd JHEPrHH.
OpHa KaTymKa co3aeT MarHUTHOE T0Jie, a BTopas Ka-
TyIIKa UHAYKTUBHOCTH CITYKUT AJI CO3JaHUs DJIEKTPH-
YECKOH COCTABISIONMICH 3JCKTPOMAarHUTHBIX KOJICOaHHH.

Kak B OoJBIIMHCTBE MeTaMaTepHaliOB, HCIIOJB3Yye-
Mble B MeTamaTepuajie KaTylIeK CTPYKTYPbl JOJKHBI
HMETh pa3Mepbl, KpaTHbIE JJIMHAM BOJIH, Ha KOTOPBIX
paboTaeT JaHHOE yCTPOUCTBO. Takoi MoaX0.1 MO3BOISET

CTH TEXHOJIOTMH OecnpoBOAHON mepexaun sHepruu. Hc-
TIOJIb30BAaHNE CIICNMAJbHBIX MArHUTHBIX MeTaMaTepHa-
JIOB, MCKYCCTBEHHBIX MAaTEpHaOB, UMEIOIINX CIIOXHYIO
CTPYKTYPY M CTPYKTYpY IOBEPXHOCTH, 3(P(eKTHBHOCTH
nepezaun OblIa yBENMYECHA ¢ HECKOJIBKUX IPOIEHTOB J0
20 IpOLEHTOB Ha PACCTOSIHUY IIepeiady B 4 CAaHTHIMETPA.

Wnes GecipoBOAHOI mepenadyn SHEPTHH 3apOHiIach
B 1890-x roma, korga HeOe3n3BecTHBIM Hukona Tecia
Ha4daJl IPpOBOJUTH CBOU IECPBBIC SKCIIEPUMEHTBI B 3TOM
HanpasieHun. Tenepb, Oojiee YyeM CTOJIETHE CITyCTsl, 3Ta
HUJacd BHOBL IIPUBJICKJIA BHUMAaHUC YYCHBIX. nu YK€ B
2007 romy wmcciemoBaTenud MaccadyCceTCKOro TeXHOJO-
TMYECKOTO MHCTUTYTa TPOAEMOHCTPHPOBAIHN IIEPBHIC
MPAaKTHYECKHE CHUCTEMBbl OECIIPOBOAHON IEpeaads, Ko-
TOpBIC BBIYCKAINCh OPraHM30BaHHOW IJIsi ATOTO Jeia
komnanueit Witricity.

[To coBnangenuio, y MeTamaTepuasoB ObUI 10CTaTOY-
HO cxokasg uctopus. B mHaugame 20 Bexka yueHble HadaIu
clieIoBaHUsl B O0JIAaCTH HMCKYCCTBEHHBIX MaTepHaJoB,
KOTOpBIE MOTJIM B3aMMOJICHCTBOBATH CO CBETOM BEChMa
HEOOBIUHBIMHU CIIOCO0aMH, HO TOJbkO B Hayaie 2000-x,
Korja B pacCHoOpsKCHUN HIOI[eﬁ MOABHUIINCH COOTBECTCT-
BYIOIIUE TEXHOJIOTHUH, OBUTH HM3TOTOBJIEHEI TIICPBBIC 00-
PpasIbl ICTUHHBIX METaMaTEepPHaIOB.
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peann3oBaTh yIpaBleHUE HU3JTYUYECHHEM dJICKTPOMArHuT-
HbIX BOJIH TaKUMH CHOCO6aMI/I, KOTOPbIE HEBO3MOXHO
MOJYYUTh NPHU HCHOJB30BAHHUNW IIPOCTBIX MArHUTHBIX
MarepuasioB. B 1aHHOM cilyyae, OCHOBY MeTamarepuaia
COCTaBJISIFOT CTPYKTYPBI, CBOEr0 poJia «METaaTOMBI»,
pasmepamu B 2,6 CaHTUMETpA, SBJISIFOIIMECS COCTABHBI-
MH YaCTSMH CIHUPATBHBIX MEIHBIX KaTymek. OcoObrit
pasMep CTPYKTyp B 2,6 CaHTHMETpa OuY€Hb BaXKCH, OH
obecrieunBaeT CUIbHYIO CBSI3b MEKAY PE30HAHCHBIMHU
CBOWCTBAMH METAaTOMOB U JUIMHOM BOJIHBI AJIEKTPOMAr-
HUTHOTO U3JYYEHHs, KOTOpas OTBEYAET 3a YBEIHUYCHHUEC
3 PEKTUBHOCTH MEpeaadyn SJHEPTHH.
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HecmoTps Ha MCHONB30BaHHE «UyIECHBIX» MeTaMa-
TepuaioB, 3((GEKTUBHOCT Nepenadyd SHEPrUH CHIbHO
3aBHCHUT OT paccTosHu, 32 % mpu 3 canTHMeTpax, 15 %
npu Aty cantuMetpax u 20 % npu 4 cantumerpax. Ho
CaMbIM MHTEPECHBIM PAacCTOSHHEM SBISIETCS UMEHHO 4
CaHTHMETpa, WICAITBHO IOAXOJMIIEe JUII MHOXECTBA
OTpeZielIeHHbIX o0yiacTell NPHUMEHEHUs], TaKuX, Kak 3a-
psinKa KapIHOBOIMTENCH M IPYrHMX HMIUIAHTHPYEMBIX
MEIMIIMHCKUX YCTPOHCTB.

Y

VYuensle ¢ GakyabTeTa MOJEKYJISIPHONH 1 XUMHIECKOH
¢usukn MOTU BrepBrie ommcany MOBEJCHUE IJIEKTPO-
HOB B paHee HEM3y4UCHHOM aHajiore rpad)eHa: B AByMep-
HBIX KpHCTaJlax HUoOara TeJulypa— M BBISICHWIH, Kak
BIIUSIET ABYMEPHOCTh HA IPOBOAsALUE cBoMcTBa. Ilomy-
YEeHHbIE JJAaHHBIE TIOMOT'YT B OyAyLIEM CO31aTh IUIOCKUE
¥ THOKHE AJIEKTPOHHbBIE YCTPOUCTBA.

6.95 A

f
J
.Sl JNb ‘IE

CrpyKTypa KpHCTaIIoB HHOOAaTa TeJutypa ¢ aromamu kpemuust © J. Hu et al/
Nature Physics

B mocnenune necsatuieTHst GU3MKKA aKTUBHO HCCIIe-
AYIOT TaK Ha3bIBA€EMBIC JIBYMCPHBIC MaTCpUalibl, CaMbIM
M3BECTHBIM CpPE/IM KOTOPBIX SIBIISIETCS rpadeH, 3a uccle-
JoBaHHE KOoTOporo momyumnn HoOGeneBckyro MpeMuto
Anppeit I'eiim u Koncrantun HoBocenoB. CpoiicTBa
TaKMX MaTepualioB, KOTOpBIE MPEACTABISIOT COOOM
JIUCTBD» TOHHIHHOﬁ B CYMTAHHBIC ATOMBI, paaAUKaJIbHO
OTIIMYAIOTCA OT UX «0OBEMHBIX» aHajoros. Hampumep,
rpadeH mpo3paveH, MPOBOJAMUT TOK JIydIle MEIH, UMEeT
XOPOIIYIO TEIUIONPOBOAHOCTh. YUEHBIE PacCUUTHIBAIOT,
YTO JApPYTHMe BapHaHTHl JABYMEPHBIX MaTepHAJIOB MOTYT
obazaTe eme 6os1ee SK30THIECKUMH CBOHCTBAMH.

I'pynna yuensix u3 Poccun u CIIIA, B cocTtaB koTO-
poit Bomum [TaBen Copoxun u JIt060Bb AHTHIHMHA U3
MO®TH, wucciaenoBaiu CBOMCTBA KPUCTANIOB HHOOATa
Teltypa ¢ atomamu kpemuus — Nb3SiTe6. Ilo croeit
CTPYKTyp€ OHU HAalOMUHAIOT COHABUYH TOJILIMHOMN B TpU

B OmkaiiiiieM BpeMEHH HCCIeI0BaTEIH COOMPAIOTCS
NPOU3BECTH aJalTalMI0 pa3pabOTaHHOW MMH TEXHOJO-
ruu OecCIpoBOIHON Mepenadyy YHEPTUH Ui MHOXECTBA
oOmacTel mpakTHYecKoro mnpuMeHeHus. VI B mepBymo
odepesb UM INIPHAETCS pa3padoTaTh HOBBIE TEXHOJIOTHH
W3TOTOBIIEHHMST MeTaMaTepHanoB, KOTOPBIE I103BOJIAT
MIPOU3BOAUTH TAKUE MaTEpUaNlbl KPYIMHBIMU NMAapTUAMHU U
o Oosiee HU3KOW CTOMMOCTH, HEXEIH HX HBIHEIIHSSA
CTOUMOCTb.

dailytechinfo.org

Hepexoz[ U3 TPEX B /IBa UBMEPECHUS MOBLIINAET IMPOBOAUMOCTDb, BLISCHW/IHN YUCHbIC MO®OTH

aToMa (OKOJIO 4 aHTCTpEM): CJIOH TeILTypa, CIOH HHOOHUS
C «BKPAIUICHHBIMU» aTOMaMH KPEMHHs, a 3aTeM CHOBa
CJIOW Teyypa. OTH BelecTBa OTHOCSTCS K Kiaccy -
XaJbKOT€HH/IOB, KOTOpbIE MHOTHE Y4YEHBIE paccMaTpu-
BAlOT KaK NEPCIEKTHUBHbIC BAPUAHTHI IByMEPHBIX MOJY-
MPOBO/IHUKOB.

b

AN

Bup cBepxy Ha oauH cioil HHoOaTa Temtypa

5um

CHuMOK 00pa3ia IIeHKH Huobara Tesurypa ¢ aromamu kpemuus. © J. Hu et al/
Nature Physics

B nmaboparopun VYuusepcurera Tyneiina (Hosbrid
Opaean) ydenble moiay4mind Kpuctamibl Nb3SiTe6, 3a-
TEM «OTILEMIUIN» OT HUX JABYMEpHBIE CJIOU — 00pa3Ilbl,

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015
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KOTOPBIE HCCIENOBAIN C MOMOIIBIO TPAHCMHUCCHOHHOM
9JIEKTPOHHOW MHUKPOCKOIWH, PEHTTEHOCTPYKTYPHOTO
aHanu3a U Apyrux MetonoB. llenbio wuccienoBareneit
6LIIIO IIPOBEPUTH, KaK B IBYMCPHOM BCIICCTBE MCHACTCA
ANEKTPOH-(QOHOHHOE B3aUMOICHCTBHE.

®DoHOHAMH HA3BIBAIOT KBA3WYACTHIBI, KBAHTHI KOjeba-
HUI KPUCTAUTMICCKOHN PEIISTKH — (DM3UKU BBEITH TIOHATHE
(hOHOHOB, TIOCKOIIBKY 3TO TIOMOTJIO YIPOCTHTH OIMCAHHE
MPOLIECCOB B KPUCTAJUIAX, a y4eT 3JIeKTPOH-(HOHOHHOTO
B3aMMOJICHCTBUS (PYHIAMCHTAIFHO BaXKCH IPU OIHCAHUU
Pa3IMYHBIX MMPOBOAAIIUX CBOICTB B BCIICCTBE.

«MBI pa3paboTaii TEOpHIO, KOTOpas IMpelCKa3bIBa-
Jla, 4YTO B JIBYMEPHOM MaTepHaje IIOAaBIIETCS 3JIEK-
TPOH-(P)OHOHHOE B3aMMOJICHCTBHE 3a CUET pa3MEPHBIX
3¢ deKTOB, TO eCTh, rpydO TOBOPs, MaTepHal MEHbIIE

NPENSITCTBYET NBIDKCHUIO DIIEKTPOHOBY», — TOBOPHUT CO-
aBTop uccienoBanus [laBen CopokHH, JOKTOp (H3HKO-
MaTeMaTHYeCKHX HayK, JOLEHT Kadenpbl (GU3NKU U XU-
MHHU HAaHOCTPYKTYp OMXD.

AMepHKaHCKHE KOJUIETH B Pe3yJbTaTe 3KCIICpUMEH-
TOB NOATBEPMIIH 3TO MPEACKA3aHHE.

«OHHM TpOBEIM HM3MEPEHUs, TAe OOHAPYKHIM 3TOT
a¢¢ext. Hamm pacdeTsl MO3BOIHIN OTOPOCHTH IPYTHE
BapuaHThl 00BSICHEHN, MBI CMOTJIN JI0Ka3aTh, YTO JICK-
TpOH-()OHOHHOE B3aNMOJACHCTBHE MEHSETCS MMEHHO 3a
CUeT AIByMEPHOCTH IICHKM», — 100aBisieT COpOKUH.

Pe3ynbraThl Mcciae10BaHUsA OMTyONUKOBAHBI B )KypHa-
se Nature Physics (DOI:10.1038/NPHYS3321).

nanonewsnet.ru no Mamepuaiam mipt.ru

Co3nan HOBBI "'pacmenurens' BoAblL, cIOCOOHBIH BHIPA0ATHLIBATH BOAOPOAHOE TOIIUBO
24 yaca B CyTKH, CeMb JIHeil B HeJeJII0

I'pynma yuensix n3 CT3HGOPACKOTO YHHBEPCHTETA
paspaboTana KOHCTPYKLHIO M W3TOTOBHJIA OIBITHBIN

o0paser] «pacIIenuTeNs» BOJbl, TaK Ha3bIBAEMOTO JJIEK-
TpoJM3epa, B KOTOPOM HCHOJIB3yeTCs HEAOPOroil kaTa-
JMU3aTOPTONIBKO OXHOTO THIa. Kpome 3Toro, HOBBIH
ANIEKTPOJIU3EP CHOCOOCH paboTaTh HENPEPBIBHO, MPOU3-
BOJISI BOJOPOJ U KHCIOPOJA W3 BOJABI, 24 4aca B CYTH,
ceMb nHell B Hememo. M Gonee KpyITHBIE YCTpOWMCTBA
JIEKTPOJIN3a, CO3JaHHbIE Ha 0a3e TakOW TEXHOJIOTHH,
MOTYT CTaTh OECKOHEYHBIM HMCTOYHHKOM 3KOJOTHUECKH
YHUCTOTO BOJOPOIHOTO TOIUTMBA ISl Pa3lIMYHBIX BHJIOB
TPAHCIIOPTA M JUISl IPOMBIILICHHBIX HYXKI.

«MsBI pa3paboTaqy HHU3KOBOJBTHBIH pPaCIICIUTENb
BOJIBI C KaTaJIM3aTOPOM OJHOTO THma. Bo BpeMs HCHBI-
TaHUH 3TO YCTPOHCTBO IpopaboTaIo HEHpPEPHIBHO B Te-
yeHre 200 gacoB, yCTAHOBUB ATHM CaMbIM HEUTO HAIIO-
nobue MHUpoBOro pekopaa», — pacckasbiaer M Kym (Yi
Cui), npodeccop n3 CTIHPOPICTKOTO YHUBEPCHUTETA U

cotpynHuk HarpoHanapHOW 1abOpaTopuy  JIMHEHHBIX
yckoputeneit SLAC.

Bogopon yxxe maBHO cuMTaeTcsl OOHHMM U3 CaMbIX
HNEPCHEKTUBHBIX BUJOB albTepHATUBHOrO TomnuBa. Ho B
HacTosIIee BpeMs IOJABILIONas 4acTh BhIpalaThkiBae-
MOTO M TOTPEOJIIEMOro IIPOMBIIUICHHOCTHIO BOAOPOJa
MPOU3BOIUTCS U3 IPUPOAHOTO raza. MeTos! MOoTy4eHus
BOJIOPOZIAa M3 BOJBI ITyTE€M 3JIEKTPONU3a J0 MOCIEAHETO
BpEeMeHU ObUIM IKOHOMHYECKH HE BBITOJHBI U, IOATOMY,
HE TOJIyYHIJIN IHPOKOTO PACIIPOCTPAHEHHUS.

OOBIYHBIN 3MEKTPOJIU3EP COCTOMT M3 IBYX 3JIEKTPO-
JIOB, MOTPY’KEHHBIX B 3JIEKTPOJIUT HA OCHOBE BOAbL. Hwu3-
KOBOJIFTHOE HaMpsDKEHHE, MPUIOKEHHOE K 3TUM DJeK-
TpoAaM, WHUIUHMPYET KATAIUTUYECKYIO JIEKTPOXUMHYE-
CKYIO PEakKIMIo, BO BpeMsl KOTOPOH MOJIEKYJBI BOJBI pac-
HIETUISAIOTCS, BBIMYCKas ITy3bIPHKH BOJOPOJA BO3JIE OJHO-
IO 3J1E€KTPOJa U Iy3bIPbKH KHUCIOPOJa - BO3/e Apyroro. B
TaKUX YCTPOWCTBAaX HA MOBEPXHOCTh KaXKIOTO M3 3JIEK-
TPOJOB HAHECEH KaTalM3aTOp OINPEIEJICHHOTO THUIIA, Kak
MIPaBUJIO, HA OCHOBE JIOPOTOCTOSAIINX IJIATHHBI U UPUINSL.
Kpome 3TOro, a1mekTpoAbl HAXOAATCS B DNEKTPOIUTAX,
MMEIOIINX pa3indHoe 3HadeHue pH-dakropa, pasmeneH-
HBIX JOCTaTOYHO JOPOTOCTOsIIEH MeMOpaHoH, obecrieyn-
BaIOIEH HOHHYIO 3JEKTPUIECKYIO IPOBOAUMOCTb.

Ho B 2014 roxy, Xonrmku i (Hongjie Dai), xu-
MUK U3 Cr3H(OpPACKOro YHHMBEpCHUTETa, pa3padoTa
MIPUHITUIT JIEKTPONIN3a, B KOTOPOM HCTIONB3YIOTCS 3JICK-
TPOJBI M3 HEJOPOTHX JKeje3a U HHUKENs, KOTOpHIe, K TO-
My ke, paboTaloT MpH noTeHnuane Bcero B 1,5 Bosbra.
W HOBBIN 3JEKTPONM3ED ABJIAETCSA HMPSIMBIM IPOJOJIKE-
HHEM TEXHOJIOTHH, pa3pabOTaHHON B MPOILILIOM TOLY.

International Scientific Journal for
Alternative Energy and Ecology
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«Harm anexTponusep yHUKajeH. Tak Kak Mbl HCIOJb-
3yeM a1 00OMX  3MEKTpPOJOB OOUH M TOT
’Ke KaTaJu3aTop, OKCUA XKeJe3a-HUKeNs, OHH, 3JIEKTPo-
IIbl, HAXO/ATCS B OJJHOM M TOM JK€ DJICKTPOJIUTE, HE pa3-
JIeIIeMOM HOHHON MeMOpaHOH, — paccKasbiBaeT X30TH-

5H Ban (Haotian Wang), oauH u3 uccienoBateien. —
Ham snexTponusep pacuierisieT BOAy MpH IMOTCHIHAIEe
Bcero B 1,5 Bonbra, a ero 3¢)eKTHBHOCTh ITPH KOMHAT-
HOU TeMmmepaType HMMeeT OeclpeleeHTHOe 3HaUCHHE B
82 nmpoueHTay.

KnrouoMm k co3nmannio BeICOK03()(hEeKTHBHOTO U IIPO-
CTOTO KaTaJM3aTOpa CTAIN MOHBI JINTHS, HAIMYNE KOTO-
PBIX TIO3BOJMIIO «PAacKOJIOTH» CJOM OKcHma Kejesa-
HUKENs Ha O4YeHb Meykue yacTuukd. «Hammume kpo-
[IEYHBIX CBSA3aHHBIX T'PAaHyJ YBEIMYMBAET IUIOMAAb MO-
BEPXHOCTH, JAcIast OJHOBPEMEHHO KAaTAJIUTUYCCKYIO IIO-
BEPXHOCTh 00Jiee aKTHBHOM, — paccka3biBaeT npodeccop
Kyu. — Kpome 3T0ro0, 4aCTHYKH OKCHIa XOpOIIO CBA3a-
HBI JPYr C JPYroM, 4TO OOECHEYHBAET BBICOKYIO DJIEK-
TPUYECKYIO IPOBOJUMOCTD NEKTPOA B IIEITOM.

«Hama rpynmna ucnosib3oBaja HECKOJIBKO HIEH, UC-
TIOJIG30BAHHBIX B JIMTHH-WOHHBIX aKKyMmyisropax. 11 Ha
OCHOBE ATOTO MBI MOJYYMJIH KaTaIn3aToOPbl COBEPIICHHO
HOBBIX THIIOB, — pacckasbiBaeT npodeccop Kym, — «bomnee
TOTO, MBI HA/ICEMCSI, YTO TOYHO TAKHE K€ MPUHIUITBI MO-
TYT CTaTh OCHOBOH CO3/IaHMsI KaTaJM3aToOpoB, peIHa3Ha-
YEHHBIX AJIS JPYTHX PEAKLMH, HEXKENU JJIEKTPOXUMUYE-
CKOE paclierIeHHe BOBI Ha BOAOPO U KHUCTIOPOI».

dailytechinfo.org

Poccuiickas «sigepHasi 6aTapeiika» nossBurcs yxe B 2017 rogy

W3o6paxenue ¢ caiira hi-tech.mail.ru

B sanepnoit orpacnu P® perynspHo coBepliaroTcs
PEBOJIIOIIMOHHBIE OTKPBITHS: BCIIOMHHM XOTS
Obl «[IpopbiB» B Hauaje ampeias W TEPCIeKTH-
BY IIPEBpAIICHUS SACPHBIX OTXOAOB B ymoOpeHus. B
2016 rony cneuuanuctsl TOMCKOTO HOJUTEXHUYECKOTO
VHHBEPCHUTETA IUIAHUPYIOT MOCTABUTH MEPBYIO OIBITHYIO
MAPTHUIO HATIOIHUTENS I POCCHUCKUX SACPHBIX UCTOY-
HUKOB ITUTAaHWS, a TIEPBBIN OMBITHBIN 00pa3el «sIepHon
Oarapelikn» HaMm oOemtaroT B 2017 roxmy.

HoBblii aTOMHBIM MCTOYHHUK MUTaHUS, HAaJ KOTOPHIM
paborator B Poccuu, Ha OCHOBE HCTOYHHKA OeTa-
n3nydeHus (mpeodpasyeTcs B JJIEKTPOIHEPTHIO) N30TOMA
HHUKeJb-63 MokeT outu 50 JIeT CHa0XaTh DIICKTPOHHBIC
ycTpoiicTBa muraHueM. Kak panee coobmianock, cre-
OUAUCTHl TOMCKOTO MONUTEXHHYECKOTO YHHBEPCUTETA

CTaHYT €IMHCTBEHHBIM B CTPaHE IMTOCTABILINKOM yCIYT I10
00Jy9eHUI0 MHIIICHH, KOTOpas CO3laHa U3 CTaOMIBHOTO
M30TONA HUKENA-62.

Hanomuum, panee cneuuanuctsl I'XK coBmecTHO €
corpyaHukaMd CHOHUPCKOTO a3pOKOCMHYECKOTO YHU-
Bepcutera nMeHn PemerneBa (CubI'AY) paspaboramu
TEXHOJIOTHIO M3TOTOBJIEHUS OaTapeil, KOTOpbhIe MCIOb-
3YIOT «MATKHI» OeTa-pacmaj paguou30TONa HUKENb-
63. IIpoekT cTaym OIHUM M3 JIaypeaToB KOHKypca, KOTO-
pblit mpoBoAMIICS MHUHUCTEPCTBOM OOpa30BaHUs U Hay-
ki P®. Tenepp AaHHBIA MpoOLIECC MOAXOIUT K OMBITHBIM
UCTIBITAHUSAM.

«MBI yXe W3roTOBHJIM MUILEHH, HUKeNb-62 B XKernes-
HOTOpCKE Y)Ke HapaOoTaiH, B OKTIOpe MBI IIAHUPYEM 3a-
TPY3UTh MUILIEHU B PEAKTOpP, MPUMEPHO TOJl YHIET Ha 3TO.
To ectp, B xoHIIe 2016 roga MpI HapaboTaeM HHKEIB-63. K
2017 romy mosBUTCS TICPBBI MPOTOTHIT TAKOH OaTaperku,
paHbLIe OXXKHUIATH MPEXJIEBPEMEHHO», — paccKas3ail AUPEK-
Top @I'YII I'XK (I'opHO-XMMHUYECKUi KOMOMHAT, BXOAUT B
«Pocaromy) [etp ["aBpuioB.

[lepcniekTuBy TpUMEHEHUs] NaHHOW Oartapeiiku ee
CO3/1aTeNId BUAAT B KOCMHYECKOH HHIYCTPHHU, Pa3iIHy-
HBIX IIOJIBOJHBIX CHCTEMaxX, MEAWIMHE U OOOPOHHOI
TPOMBIIJIEHHOCTH, & B NMEPCIEKTUBE U B TPAHCIOPTHOM
unayctpud. Kpome TOro, B CpaBHEHUM C JUTHUI-
HOHHBIMH aKKyMYJISATOpaMH, Oarapeiika Ha OCHOBE HH-
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kemsi-63 B 30 pa3 KoOMIIakTHee, 3KOJIOTHIeCKH Oe30macHa
n Oe3BpeiHa Ui YelOBEKa 3a CHET MPOM3BOIUMOTO
MSTKOTO OeTa-u3JIyueHHsi, KOTOPOE CaMOIIOTIIOMAeTCs
BHYTPH aKKyMyJIATOpA:

«Hamm cneumanucTsl e3auiu B kimHuky IBednapun
U IIBEHWIAPCKUE MEIUKH OYECHb 3aMHTEPECOBAINCH H30-
OpeTeHHeM ISl NCTIONIB30BaHMS B KaPIHOCTHMYIIATOPE.

CerofHsi €IMHCTBCHHBIM TIPEISTCTBHEM IIOBCEMECT-
HOTO PacHpOCTPaHEHHs «AEPHBIX OaTapeeKk» BBICTYMaeT
nX BBICOKas CTOMMOCTh. 10 OIEHKaM SKCIEPTOB, CTOM-
MOCTh | rpamMma paJMOaKTHBHOTO HHUKEJsI COCTaBIISIET
nopsiaka 4 000 gosuiapoB, a U3rOTOBIICHUE OJHON «OaTa-

-

ABTOMOOWIH SIBIISIFOTCSL OHAM W3 HauOoliee peBOIIIO-
IIHOHHBIX TBOPEHHH dYesoBedecTBa. Ho, Kak u ¢ 000
TEXHOJIOTEH, BCETIa €CTh MECTO JJISl COBEPIICHCTBOBAHUSL.

I'pynna unxeHepoB u3 YHHBepcuTeTa BuckoHCHH-
MbnucoH U ux cotpyaHuku u3 Kuras paspabotanu Ha-
HOTEHEPaTop, KOTOPBIA COOHMpAacT PHEPTHIO OT TPEHUSL
IIMH aBTOMOOWIIS.

BoopyxuBIIUCH CIICIAaTbHEIM HAaHOTCHEPATOPOM H
UTPYLICYHOH MOJENBIO Jeep, ncciieoBaTel MpoeMOH-
CTPUPOBANY, KaK 3Ta SHEPTUsi MOXKET OBbITh coOpaHa u
mpeobpa3oBaHa B 3JIEKTPHUUECTBO — YCOBEPIIEHCTBOBA-
HHE, KOTOPOE MOXET 00ecreuuTh MOoBbIIIcHHE 3 deK-
TUBHOCTH TOIUIMBA B MOJIHOPa3MEPHBIX aBTOMOOMIAX
Oymyiero.

'|ﬂ'ﬂ

[puHOMO paboThl HAaHOTEHEpaToOpa OCHOBBIBACTCS
Ha Tpubo3IeKTpudeckoM 3¢ddekre, KoTophId codupaet
SHEPTHUIO OT MEHSIIOIIETOCS AMEKTPUIECKOTO NOTEHIHATA
MEXIy JTOPOXHBIM TOKPBITHEM H KOJIECAaMH aBTOMOOU-
ns1. TpuboanekTpuaeckuit 3PPeKT — 3To IMEKTPUISCKUAN
3apsijl, KOTOPBIl BOSHUKACT B PE3y/IbTaTe KOHTAKTA WIH
TPEHHs ABYX Pa3HOPOIHBIX OOBEKTOB.

CornacHo 3aseienmo Crofonr Bana (Xudong Wang),
JIOIIEHTa MaTepUaJIOBE/ICHUSI U UH)KEHEPHU B Y HUBEPCHTE-

peiikm» MoxeT 000iTHCh B 4,5 MusLTHOHA pyOiteil. Takoe
3aTpaTHOE MPOU3BOACTBO OOBSCHSETCS CIIOKHOW TEXHO-
JIOTMYECKON IICTIOYKON IOJTydeHHs] M30TONA HHKENb-63,
HE CYIIECTBYIOIEro B mpupone. Ero MoxxHo HapaboTaTh
TOJNIBKO Ha CIICLUATBHBIX SICPHBIX PEaKTOPax, KOTOpBIC
€CTh Ha TPEX POCCHIICKUX MpPEeIIpUsTHAX. Bripouem, eciu
HAyKOGMKHE M TEXHOJOTHYHBIC YCTPOMCTBa YCIEIIHO
anpoOHPYIOT TEXHOJOTHIO, TO U HEOOXOOMMBIA IS HUX
00beM OyJeT pacTu, a cedeCTOMMOCTh OTHOH OaTapeiku —
nagaTe. Bynem HamesThcs, YTO OTEYECTBEHHBIM YYCHBIM
YAAcTCsl cIeaTh TEXHOJOTHIO JOCTYITHON IIMPOKOH 00-
LIECTBEHHOCTH KaK MOYKHO CKOpee.

nanonewsnet.ru no mamepuaiam hi-tech.mail.ru

HoBplii HaHOTeHepaTop cOOUPAET IHEPTHUIO OT KO0JIeC ABTOMOOWJISI BO BpeMsl IBHKEHH S

Te mTaTa BUCKOHCHH, Ha TpeHHe, co3JaBaeMoe MPH KOH-
TakTe AaBTOMOOWJIBHBIX LIMH C IOBEPXHOCTBIO 3EMIIH BO
BpeMs JIBIDKEHUS, TpUXoauTcsi nmpuMepHo 10 mporeHToB
HCIIOJIb30BaHMS aBTOMOOMIIFHOTO TOIUINBA.

Jns Hero u acniupanTa Sluxao Mao (Yanchao Mao)
9TO TPEACTaBUIOCH OOJBUION BO3MOXHOCTBIO IJISI TO-
BBIIICHUS 3(PPEKTUBHOCTH, MO3TOMY BECh IOCICIHUI
IO/l OHH NOTPATHIIN Ha pa3pabOTKy yCTPOHMCTBA, KOTOPOE
TIOMOXET PEIINTh 3Ty MPOodIIeMy.

Hx ycTpoiiCTBO MCHOJB3YET JIEKTPUUYECKUI 3apsn,
KOTOPBIH CO3[aeTCsl, KOTJa OMNpE/ICICHHBIE MaTepHaIbI
BCTYHAIOT B KOHTAaKT JPYT C IPYTOM.

Bo Bpems mpenBapuTenbHbIX UCHbITaHUN Ban u ero
KOJUISTM  WCIIOJIb30BAIM  WIPYIIEYHBI aBTOMOOWIIb
CO CBETOJMONHBIME (hapamMH, 4YTOOBI MPOAEMOHCTPHPO-
BaTh KoHIenuuioo. OHU MPUCOSAUHMIN 3JEKTPOJ K KO-
JiecaM aBTOMOOMJIS, ¥ BO BPEMsI €ro JIBHXKSHHUS 10 3eMIie
CBETOJIMO/HBIE (apbl 3aropajuch. J{BMKeHHE JIEKTPO-
HOB, BBI3BAHHOE TPEHHEM, OBLIO JOCTATOYHBIM JUIS TOTO,
4TOOBI CTCHEPHPOBATh HY)KHOE KOJIMYECTBO SHEPTHU JIIIS
IIUTAHUS MCTOYHHMKA CBETA, YTO HOAJECP)KUBAET UACIO O
MIOTEPSIHHOW Ha TpEeHWE SHEPTUHM BO BpEMs JBIDKCHUS,
KOTOpasi Ha caMOM JIeJIe MOKET OBITh COOpaHa M UCIIOJIb-
30BaHa MOBTOPHO.

«HezaBucuMO OT TOTO, CKOJBKO SHEPTHH TPATHUTCS
BITyCTYIO, MBI MOJKEM €€ BEpHYTb, M 3TO AETaeT BEIIH
6onee 3¢ dexTUBHBIME, — TOBOpUT Ban. — S nymato, uro
3TO caMas 3aXBaThIBAIOIIAsl YacTh IpoLecca, U 3TO TO,
YTO 5 BCErja MIy: KaK COXPaHHTh SHEPIHIO B Ipolece
OTPEOICHUNY.

HccnenoBaTeny TakKe YCTAHOBHUIIM, YTO KOJIHUYECTBO
COOpaHHOM SHEPrHM HEMOCPEICTBCHHO CBS3aHO C BECOM
AaBTOMOOWMJII M €ro CKOpocThio. [103TOMy KOJIHMYECTBO
COXpaHsIEMOH 3HEPTUH MOKET BapbHPOBATHCS B 3aBUCH-
MOCTH OT TPaHCIIOPTHOTO CPEJICTBa — O OLIEHKaM y4eHO-
ro 310 npuMepHo 10 % npu cpeaHeM pacxoje TOILUIUBA.

facepla.net no mamepuanam news.wisc.edu
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Ota ucTopus O CO3UIAHUM M BAOXHOBeHHH. CBHIE-
TENBCTBO TOTO, KaK YEIOBEUCCKHHA IyX IpeodiamaeT
ke B CaMBIX TSDKEJBIX YCIOBHSX. [IpuMep HMCHONB30-
BaHUS JOCTYITHBIX BO30OHOBISCMBIX HCTOYHHKOB HEP-
ruu g Ojara.

Xaneny bammpy (Khaled Bashir) 50, on xuBer B
Heiip anp banaxe B cextope I'aza. Kak u Bce xurtenu
T'a3bl, OH TOXe€ MOJKEH >XUTh C HOPMHUPOBAHHOW IHO-
CTaBKOMU 3JIEKTpO3HEpTuU. Tenepb, B «XOPOUIU» JEHb,
3JIEKTPUUYECTBO MOJAETCSA B TEUCHHWE BOCHMHU 4acoB, a B
TEYEHHUE CIEAYIOUTNX BOCEMHU OTKIIOYAeTCS.

Kax u Bce xutenu ['a3pl, OH JKUBET C MOCTOSTHHBIM
TPOXOTOM TE€HEPATOPOB MU HECKOHYAEMOM HEXBATKOU
ToruBa. OH TaKke XOPOIIO 3HAKOM C JUTMHHBIMH OYe-
peasMu 3a TMOKYMKOH rasa Ui HPUTOTOBJICHUS ITHIIH.
Bammp mepeHOCHT Bce JKUTEHCKHE TPYAHOCTH HEMHOTO
Jerde, 4eM JApyrue. Y HEero ecTh Iedb, KOTopas He Tpe-
OyeT HHU IEKTPUIECTBA, HU ras3a.

B 2000 romy 3amoiro 10 TOro, Kak 3JEKTPOCTAHIIHIO
T"a3pr pa3bomOmIn, bammp mocTpoust CBOIO MEPBYIO COJI-
HEeYHyI0 1edb. «Mos mepBoHaYaIbHAS Lesb ObLIa YUCTast
SHEprus, — pacckasbiBaeT OH. — Takasg Ie4yb HaMHOTO
JydIe, 4yeM 3JIeKTpudeckas uin rasoBas. OHa HCIIONB3Y-
€T €CTECTBEHHYIO DHEPTHIO, KOTOpasi HUUEro He CTOUT U
MMEeTCsI B HAIMYUH KPYTIBId rof. CollHeYHasT KyIHHAPUS
TTOMOTAET COXPAHHUTH BKYC U KAYECTBO CITBD».

Ileur narpeBaercsa no 140 rpamycos mo llenscuro,
[MO3TOMY TPHUTOTOBJICHHUE THIIHA 3aHIMAaeT HEMAallo Bpe-
MeHH. «B 3Toil meun BB MOXKETE CAENaTh Bee, 3a UCKITIO-
yeHHeM 4as u kKode», — roBoput bammp. C moMomrsio

YesoBek, KOTOprﬁ TOTOBUT C COJTHIEM

9TOW TeUr eMy yAajoCh MPaKTUYECKH MOKOHYUTH C 3a-
BUCHMOCTBIO OT ra30BbIX OaJIOHOB.

«41 3amosHsT 0aK TOJNBKO OIHMH pa3 B rof. ITO ObLIO
B MPOIJIOM TOMy, W TENeph S MOHSUI, YTO Mopa paccka-
3aTh JIIOASM O CYIIECTBYIONIEH ajbTepHATHUBE Tras3y,
JJEKTPO’HEPTUN U TOIUTHBY. BMecTo TOro 4To0b! KAaTh
B JUIMHHBIX OYepeAsX ra3 JJs TPHUTOTOBIICHHS IHIIH,
OHH MOTYT PacCUUTHIBATh HA MOCTYIHBIA IS BCEX HC-
TOYHHK.

Ha panubsiit MomeHT bamyp moMor co CTpOUTENbCT-
BOM 0K0J10 20 COJIHEYHBIX II€Y€i, B OCHOBHOM JIJIsI CBOUX
cocezieir. OH TOBOPUT, peakius OblIa OYCHB IOJIOKHU-
TCIBLHOM.

Cam Xanen bammp momyduit cTeneHb 0akaaaBpa Xu-
Muu B Aipkupe B 1985 roay u cTeneHb Maructpa B yHH-
Bepcutere Ilperopun B HOxHo#t Adpuxe. OH Takke
3209HO IMOJYYHJI BEICIIee 00pa3oBaHUE B Y HUBEPCUTETE
Makrmwn B Kanazne. bammp siBisercs skcrepToMm B 00-
JACTH YCTOWYHMBOHN SHEPTETHKH C HCIIONB30BAHHEM BO-
300HOBIIIEMBIX PECYpPCOB, TAaKUX KaK COJTHEYHAs JHEp-
rust. OH pabotan B MUHHCTEPCTBE CEIBCKOTO XO3SHCTBA
TlanecTHHEI B T€YCHHUE MHOT'HX JICT.

Ceiiuac bammp paboTaeT B KOMIIAHUH, KOTOPAsi TIPOH3-
BOJIUT CTPOUTEIIbHBIE MaTepUANBL, TJie OH KypHUpYET Mare-
pHaIIBI, MCTIONB3YEMBIX I M30isimK OetoHa. Poncrsen-
HHKH [IOMOTAIOT MY IIPOM3BOIUTE COIHEUHBIC TTCUH.

«S1 nmemaro 3TO HE IS MONYYEHHS MPUOBLIN», — TO-
BOPUT OH. UTOOBI HOCTPOUTH I€4b, BCE, YTO HYKHO CIe-
J1aTh, 3TO NPUNTH K HEMY, WM MO3BOHMUTH: baimup Bce-
rja TpUriamaeT NpuiTH U HaOMI0JaTh 32 MPOIECCOM.
CTpouTensCTBO NEUH 3aHUMAET OKOJIO JBYX AHEH U CTO-
ut okoJio 700 mekeneii. CTOUMOCTh MOYKET OBITh HUIKE,
€CJIH HWCIOJNB30BaTh IepepabOTaHHYIO MAPEBECHHY U
CTEKJIa U3 CTaphIX 3epKall.

facepla.net no mamepuanam: gisha.org
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BMW pa3zpabaTbiBaeT 00111eJ0CTYIHBI aBTOMOOWJ/Ib
HA BOJOPOJIHBIX TOILUTHBHBIX 3JIeMeHTAX

DNeKTpOMOOHITN, UCTIOJB3YIoNe OaTapen Kak oOc-
HOBHOM MCTOYHMK IIUTAHUSI, HAXOIATCS ceiddac B LIEHTPE
BceoOmmero BHUMaHus. IloBaibHBIN MHTEpEeC K JaHHBIM
TPAHCHOPTHBIM CpPEICTBaM, OJHAKO, HE OTMEHSAET TOTO,
YTO KaK aJbTePHATHBA MCKOIIAEMOMY TOIUIMBY paccMmart-
pUBaIOTCd WM JpyrHe BapHaHTBl KOHCTPYKLUI TpaHC-
MOPTHBIX cpelcTB. Bo Bpems «lus MIHHOBanuii», KoTo-
paiii npomten Bo @pannuu, BMW, nonynsapHsiil Hemel-
KU aBTONPOU3BOAUTEND, IPEACTABUI CBOM HOBBIN MPO-
torun cepun GT 5, coobmaer engadget. OTnuuuTens-
HOH OCOOEHHOCTHIO HOBOT'O MPOAYKTa MBICIH WHIKCHE-
poB BMW sBisiercs ucnonb3oBaHue BOAOPOJA B Kaue-
CTBE OCHOBHOTO 3JI€MEHTa, MUTAIOUIETO 3JIEKTPOJBUTA-
TEeJIb aBTOMOOWIISL.

[Togo6HBIE SKCHEPUMEHTHI B MALIMHOCTPOSHHUHU TPO-
BOJIWINCH W paHee, HamnpuMep THOPHIHBIA aBTOMO-
omme Hydrogen 7, KOTOpBIE MOT WCIIONB30BaTh Kak
JKUJKUN BOAOPOJ, Tak U kiaccuueckuil JIBC. B otnuune
OT IpEeALIECTBEHHUKA, KOTOPBI HA BOAOPOJHOM TOIUIH-
Be MOT npoexats He Oosee 200 KUIOMeTpOB, HOBEIH MO-
mudunupoBanHslii BMW msroit cepun nMmeeT 3armac
xomqa B 480 KUIOMETpPOB, a  JBHUTaTENb Ha
245 nomramuHBIX CHJI MO3BOJISIET HE TPOCTO HE TAIIUThCS
KaK 4yepernaxa, a y4acTBOBATh B JIpar peicHHre.

BMW crapaercs He oTcTaBaTb OT aBTOKOHLIEPHA
Toyota, KOTOpEI yke cO31an THOPHUIHBIH aBTOMOOWIH

Mirai croumocteio 57 0008, u pa3BuBaeT cOOCTBEHHOE

IIPOM3BOJICTBO B 9TOM HampasiieHuu. [lmannpyercs, 4ro
IIPOM3BOJICTBO TOJ00HBIX aBTOMOOMIEH B IPOMBIIIICH-
HOM MacmTabe HauHeTcs yxke B 2020 roxmy. Ilepciektu-
Ba He Onm3kas, Ho BMW HazeeTcs, 4TO CMOXKET CO31aTh
MPOJYKT, KOTOPBI OyIeT coderats B cebe BOAOPOIHBIC
TOIUIMBHBIE  3JIEMEHTHl U DJCKTPHUUECKYI0  CHUCTEMY
Edrive. Ho oanu auib pa3paboTKH aBTOMOOHIIS Ha ajib-
TEPHATUBHOM TOIUIUBE HE CMOTYT 3aMEHUTb OEH3HMHO-
BbIe aBTO. CTPOUTENBCTBO JOCTYITHOM, IIMPOKO PACIpO-
CTpaHEHHOM CETH BOJOPOJHBIX CTaHIWH — HempocTas
3amaya, Ho BMW u apyrue aBTONpoOW3BOAMUTENN CTpe-
MSTCS HCIIOJIb30BaTh BCE OCTYITHBIE BO3MOXKHOCTH.

Ha MIOCBSIIICHHOMY

HCCIIEIOBATEIbCKIM M OMBITHO-KOHCTPYKTOPCKUM pa3-

MEpOTIPHSTHH, Hay4HO-

paboTtkaMm, wumHxeHepsl BMW mpomeMoHcTpupoBanu
CBOIO HOBYIO CHCTEMY BIIPBICKA BOJBI AT X3TYOIKOB
nepBoii cepun. Boga moctymaer B BuAe ciipes B Harop-
HYI0 KaMepy BIIyCKHOTO KOJIJIEKTOPa, YTO YMEHBIIaeT
TeMnepaTypy cropanus Ha 25 rpagycoB Llenscus. Oto
CHIDKAaeT HE0OXOJMMOE KOJMYECTBO TOIUIMBA K ITOCTYII-
JICHUIO TIPH BBICOKHMX Harpys3kax, IOBBIIIAs SKOHOMHY-
HOCTP aBuTatens. TexHoJorus yxe Obula onmpoOoBaHa B
BMW M4, Ho cToUT nMOHUMATH cienyoee: Mexay M4
U «IIEpBOH cepUeil» €CTh CEPbE3HBIE PA3IUUMSL.

M4 — odunmanpHeIli aBTOMOOWIIB CIIyXO0bI Oe3omac-
HocTH MotoGP (u TpeGoBaHUsS K HEMY COOTBETCTBYIO-
mye) ¥ 3a00p BOJIBI B HEM MPOW3BOJMIICS U3 CIIEIHAIIb-
HOTO TSITHIUTPOBOTO Oaka. Cepus 1, Mexy TeM, BOOO-
IIe He UMEeT OTAEIBHOTO 0aKa Ui 3alpaBKH: Ui pado-
TBI IBUTATEIsI OY/ET MCIIOJIB30BAThCS KOHAEHCAT, BBIpa-
0aThIBaEMBIH CHCTEMON KOHIUIMOHUPOBAHMS BO3IYyXa B
caJIoHe aBTO. B mesom, maHHast cucteMa BIIpbBICKA TIpeS-
Ha3Ha4YeHa s aBTOMOOWIEH ¢ TypOOHaIIyBOM, HO
BMW ytBepxaaer, 4T0 oHa MOXET ObITh JopadoTaHa U
HCIOJIB30BATLCA B JalbHEHIIEM B JIOOBIX aBTOMOOUIAX
C LIENBIO TIOBBIIICHNS MOIIHOCTH ABUraTENs] MIIK CHIDKE-
HUS pacxojia TOIUINBA.

nanonewsnet.ru no mamepuaiam geektimes.ru
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O KOHKYPCAX HA COHMCKAHHE 30JI0TBIX MEJAJENR n NMPEMMIA
MMEHH BBIJAIOUIMXCA YUYEHBIX, MPOBOJIHMBIX POCCHIHCKON AKAJEMHEN HAVK
B 2015 roay

Poccuifckan akaneMus Hayk OORABTAST KOHKVPCH HA COHCKAHHE CTEYHMINX 30T0THX
Meaaneil H NpeMHil HMEHH BELIAKOUIHACH YSEHBIX, KEHIA8 H3 KUTOPEX IPHCYRIACTCA B 3HAME-
HATEARHYIO TATY, CEAZAHHYI0 ¢ SWHIHED H JCATCIEHOCTRI) YUEHOID, HMCHEM KOTOPOID HAIRAHA
MEJANL HAH MPEMHA,

30/10TBIE MEJAJIH

(MpHCY#1aKTCA 0TEHECTBEHHBIM YHEHBIM)

1. 3onoras Meaanke umenn MM, CNepanckore — 33 BRIAZIOMHECK HAY4HBIE PABOTH B
of12cTH roCYIAPCTBOBCACHMA.

Cpok npencTannemis padot 0o 1 oxtadpa 2014 roga.

2. 3onotas Menank wern JLC. Bepra - 3a spgaoniecd pafoTwl B ofnactd recrpadin,
GHoTeorpads o HXTHOTOTHH,

Cpok npeactannenns pador 1o 14 gexabps 2014 roma.

3. Jonoras meqans umenn C.H. Basnaosa — 53 peiiamnmecs padots B oBNacTH gHin-
KH.

Cpok npeact pafioT oo 24 pa 2014 roga.

4, Junoras Megank umend C.AL HanauIrmea = 3a BeI3I00HECA TEOPeTHIECKAE paboTel
10 MEXAHHKL.

Cpox npecTannema padot 0o 5 ausapa 2015 roga.

5. 3ouoras menank ivenn A.C. Monosa - 33 BLINAKITNECA TOCTIDHEHHA B OGIACTH PaTRi-
THA METOLOB i CPEICTS PATHOMNIEKTPOHHUKN, B TOM HHCNE A TEPENadn HHHOPMATIH.

Cpok npeacTannena pator no 7 despans 2015 roma.

6. 3onoras megank uven HLE. Tamma - 53 seigaommecd paGoTel Mo TeopeTHyeckoii
duase B QHIHKS AMEMEHTAPHRIX YACTHLL TEOPHH N0,

Cpok npeacTannensa pabor 1o 8 anpeas 2015 roga.

7. Jonoras menank ivern H.C, KypRakoBa — 33 BLIIAF0OMHECT paloTsl B o0TACTH QHan-
KO-XHMHMCCROTD SHATSE, XHMHA H TCXHOIOMHH.

Cpok npencTannenna paboT xo & centadpa 2015 roga.

&. Jonoran Megans iverd H.I Bacosa — 32 eeinaimnecs patoTel B ofnacTd fHInkm,

Cpox npencTamienna padoT 1o 14 centadpa 2015 roaa.

NMPEMHH .
(MPHCYKIAWTCA OTCHECTBEHHBIM Y4EHBIM)

Mpeyus wmenn C.B. Kopa it — 32 BRI A PCSYIBTATEL B 00MIECTH MATEMATH-

KH.

Cpok npencrasichuns paGor 10 15 oxradps 2014 roa.

2. lpemmua uvern B.O.Kouesckoro — 32 BEIAIOIMHIACA BT B 06120TH 0TEYECTREHHOI
HCTOPHH ¥ CTARAHOBEICHNA.

Cpox npeactasnenns pafor 1o 16 oktadps 2014 roga.

3, TMpenmus wvenn A.D, Konn - 3a seuiaroiimecs Hayqsie paboTs: B ofIacTi npasa,

Cpox npeictasacHus pafior no 28 oxrabps 2014 roga.

4. Mpenas uvenn BB, ToanuBIHA — 33 BRUAKIHECA HAVUHLE paboTH B 0G1aCTH Teo-
prrangm.

Cpox npencTannesus pabior no 18 Hoabpa 2014 roga.

5. Mpemus wvenn B.H. Bexcaepa - ma puaoniecs paioTs! 1o GHIHKE YCROPHTENCH.

Cpok npeactarnenna pabor a0 4 aexabpa 2014 roda.

paboTel B OOTACTH KIACCHMCCKO

6. [Ipemus mveHn A.A. ANI] — 38 Bl
H TCOPHH )

Cpox npecrasnenns paGot 1o 11 ausaps 2015 roga.

7. Mpesuz uvenn AH. Koamoroposa — 33 BLIIEIOIINECA PE3YIBTATE B OGTACTH MATCMA-
THEH.

Cpok npeacrasaeHus pabot 10 25 susaps 2015 roga,

8. Mpewns wvenn JLH. M: TAMA — 33 B
hHIMKE.

Cpoxk npeacrartenns pabot 1o 4 gespans 2015 roga.

9. Mpenis nnenn ALA, Llaxmatora — 33 sh@ionHecs paboTel B 06NACTH HCTOUHHKOBE-
ZeHHA, TEKCTOMOTHH, H3bIKOSHAHIA,

Cpox npenctasackns paGor 1o 5 mapra 2015 roga.

10. Mpesmna wvcnn ALA. MapkoBa — 3a BET2I0MHECA PCIVILTATE! B O04CTH MATEMETH-
KH.

Cpok npenctasienns pafior no 14 sapra 2015 roxa,

11. Tpemus umenn H.B. Npelenmukosa — 3a BeLIAKMIHECE PAGOTE B 06IACTH XHMHH,
HINEOXHMEH 1 TEXHOTOTHH CTEETA,

Cpok npencrantenms paGoT 1o 24 mapTa 2013 roma.

12, TMpemna umenn AA. ¥XT0MCKOT0 — 38 peigaioniuecs paboTil B ofacTH GHInonoTHI
HEPBHOH CHCTEMED H HIHOMOTHH TPYAOBOH JACATCIRHOCTH,

Cpox npenctantenna paGoT 1o 25 mapTa 2015 roga.

13, TIpewna unenn HUK. Koabnosa — 3a seyizommecs paboTel 5 067acTi MoTeky1aproi
TeHETHEH.

Cpox npenctanmenna pabor 1o 15 anpens 2015 rona.

14, Tpesua wvenn KA. O ~ 33 BEI
KEMHHECKOH GHOJOTHH 1 GHOTEXHOTONHH.

Cpox npenctasnenns pabor 1o 2 mas 2015 roma.

15. MNpenma mvern A.APACILTETHHA — 32 BRIAKMMCCH 10CTIHEHNS B OGIACTH COARHAR
PAIHOTEXHWIECKHX CHCTEM ABTOMATHIHPOBAHHOTD YIPARTSHH,

Cpok npejictasienus paboT jo 25 man 2015 roga.

16. TIpesna umern HUC. MIarckoro — 3a ssiam0iliHecs HayuHbe paborsl Mo TEKTORHKE.

Cpox npeactanncana pabot 1o 28 man 2015 rona.

17. [pesus nvenn C.H. Bunorpanckoro - 3a BEIAIHecH paGoTul B obnacth ofmef
MHEPOOHONOTHH.

Cpok npeactasnenus pador o | weoma 2015 rona,

18. Npesua maenn AH. HecMennosa — 33 BMISIOMHECA PaGoTs B 06/IACTH XHMHR 31e-
MEHTOOPTAHHYECKHX COETHHEHHH,

Cpok npeacrasnenus pador 10 9 wions 2015 rona,

19, TIpemua mvenn Co, Oanaenbypra — 3a BRUIAKMNHECH paboTH B 0ONACTH BOCTOKO-
BEEHHA.

Cpok npejctasnenna pabor 1o 15 wona 2015 rona.

20. Tpenua usern C.C. CMHPHOBA — 32 BBIIAKIMHECT HEYIHBIC PaboTsl MO HIyIeHHIo
MECTOPUAIEHHI TONEINEIX HCKOTMAEMEIX B METALIOTEHHM,

Cpok npeacraptenns pabor 1o 16 wona 2015 roaa.

21. lpemun unmenn HLE. 3abeauna — 32 BREIADMAACT BEIAL B HCCIEN0BAHIE Tpodiem
APREONOIHH.

Cpok npeacraptenna pabor 1o 17 mona 2015 roaa,

22, Tpemus umetin JA. Yyraesa — 3 sel1awumecs paGorsl B ofnacTi XWMER KOMILICKS-
HRIX COCTHHEHHI,

Cpok npeicrasiests pador oo 5 weons 2015 roga.

paboThn 0 HIHKE | panHo-

paboTa B ofnacTy (H3HKD-

* Kpowe npestun wenn JLC, Trxasesa (myrsr 34).

23, Tpemus uMesn AL A, TPHTOpbeBa — 33 BeLIAKHECE PadoTe B 0fnacTH QHIHYeckod
TEOTPafiHi.

Cpok npeacTasnennd pator 1o 1 asryera 2015 rona.

24, Tpemua wnenn C.A. Jleb — 33 BH
BLIMHCIHTCIBHBIX CHCTCM.

Cpok npeacrasnenys pador 1o 2 asryera 2015 roga.

25, lpenus unenn E.C. Bapru — 3a Buinaiommecs nayuseie paboTel B o61acTH MHpoBoil
IROHOMHEH,

Cpor npeacTasncHua pador 1o 6 asryera 2015 roza,

26. [pevun uvenyn E.B. Tapae — sa BRUIAKLIMECA HAYIHBE PaGOTE B 0OMACTH BCEMMP-
HOfi HCTOPHH W COBPEMEITHOTD PASEHTHA MEHKIYHADOIHEIX OTHOIEITHE.

Cpok npefctasnenna pabot 1o § asrycra 2015 roma.

27, Mpemua unern AH. Tynonesa — 3a ryiaionpecs paliioThl B 081acTH aBHALHOHHOH
HAYKH H TEXHHKH.

Cpox npenctasienna pador a0 10 asryera 2015 roma.

28 Mpexwa unenn [LH. AGao4xosa — 33 spinaiommeca paboTl B ofiacti snekTpodn-
KR W ATERTPOTEXHAKH.

Cpok npencraenenus pabor Ao 17 arryera 20035 roga,

29, TIpemus WMenn MLA. JIaBpeHTReBA — 33 BRUIAKNIHCCH PCIYILTATEL B OGIACTH MaTe-
MATHEH H MCXAHHKH.

Cpox npencrasienna pafor no 19 asryera 2015 roga.

30. Ipenns wnenn A.Q. Kosadesckoro — 3a Bellaionmecs paboth & ofitactn Suotorim
passutis, ofiel, cpapHnTenkioll 1 SKCIEPUMEHTAIBHOR 3MGPHOTOTHH GECTIOIROHOYHBIX K
HOSBOHOMHBIN #HBOTHBLX.

Cpox npencraszenna pafor 1o 19 asryera 2015 roja.

31. lpewns nvenn B.H. Hnateena — 32 mR@ommect paborel 8 of1acTH TeXmHIeckoil
ATMHH,

Cpox npeactaknenn pabor xo 21 anryera 2015 rona.

32, Tpentusn wnenn UL Kapeena — 3a seiaatominiics siian 8 n3yucune npobaem sceod-
medi HeTOPHH.

Cpok npejctannedus pabor 10 24 asrvera 2015 roga.

33, Mpemas umenn AJH Maabuesa - 32 nLIa0owmect pesyisTars B o61acTH MaTeMa-
THEH.

Cpor npeactarnenna pador 1o 27 asryera 2015 roma.

34, Mpemun wsenn JL.C. JInxauena nprcy#IAeTCH POCCHICKHM W 3apyGeikiEIM YaeHkIM
32 BELIAKAIHHCA BEIA] B HCCTEA0B2HUE AHTEPATYPR M KyILTypE! dpesneil Pyen.

Cpor npegcrasnenus pabot 1o 28 asrycra 2015 ropa.

35, Npemus inenn LB, Tlaexanosa — 32 srUiatompecs Hay Hele pafoTe 8 ofinacTi (-
Aocadim,

Cpor npeacrasnensa pabor 1o 11 cenatipa 2015 roaa.

36, Mpewna nvenn E,.C. Deoposa — 3a gaagtolmecs paboThl 10 KpHCTAIOTpadiig,

Cpok npeacTasnera paGot go 22 cewtadpa 2013 roga.

OBUIUE MOJTOKEHHA

B uemsax NOOMIPETHA YICHMX 33 HEYTHBMEC TPYORL, HAVHHLIE OTKPRTHA H H]UﬁPCTE}(HS:
HMEMNITHE BENHOC SHATCHHC I8 HAYKH H DParTHRH, Poccuitckas akatemus HEVK TPHCYHE ST
FOMOTRIE MEAATH B NPEMHH HMEHH BLRITAKITIHNCH YYCHRIX.

JonoTeie MenaT NPHEYAIRKITCH 38 BBLUIAKINCCT HAYTHERE pﬂﬁﬂTH, OTEPRITHE W H'SUE]}E'

pabors B ofinacTe paipaGorok

TEHHA HITH 0 COBOKYNHOCTH PaloT GoNplore HAYMHOTO H TPAKTHIECKOTO THAYSHNH,

B KoHKYpCax Ha COHCKAHAC 30M0TEIX MCTANCH MOTYT YUACTBOBATL NG OTASNBHEIE JIHLA
TEPCOHANBHO.

[Tpenuit TPHCYACIARITCA 34 OTACThHBIC BRLIEKIIHECH HAY HbIE PABOTEL, OTKPRITIA, H306-
PeTeHHA, & TAKHKC 38 CEPHM HAYHHRIX PRGOT 110 EIMHOH TEMaTHKE,

Ha comcrakne npemuit MOTyT GrITE MpeacTamiets! paboTel ITH cepHH paboT ejuAoi Te-
METHEH, KAK TPABHIG, OTIETHHEIX . Tlps npeacr pafioT BEIIEHTAKTCA THIR
BCIYIINE ABTOPEI, IPHYEM He DOJee TPEX HENORER.

TIpaso BELIBHAEHHA KRHIHIATOR HA COMCKAHHE SOUOTRIX MEIATEH H NpeMHi npelocTas-
NACTCA:

) aK, AM M HIEHAM-KOPD nenTanm Py

G) HEVUHBIM YHDCHIEHHAM, HM yiieBHED

B) HAYMHBIM H HHACHCPHO-TEXHHTECKIM 00UIECTRAM;

T) HayuHEM coBeTaM Pocciickoil akaieMMH Hayk M JIpYrux BEOOMCTE M0 BamHemmHM
npobneMan HayKH;

1) HEYUHO-TEXITHIECKHM COBETAM TOCYTapPCTBENHEX KOMHTETOR, MHHHCTEPCTE, BEAOMCTE;
TEXHHHECKHM COBETAM MPOMLIUITEHNHELX TIPEITRPHATHI; KORCTPYKTOPCKHM GHopo.

OpraHamm /A OTASNLHEE IHOA, BEBNTYRIINE KAHIWIATa Ha CONCKAHME 300Toi
MEAIA WITH I ofA3aHE NP TE B PPoc 10 akatemi Haye (119991, Mockea,
Jlenuncknii npocnext, 14, kopn. 2, Dkcneauund) ¢ Hagnicki “Ha conckanue 300070l Mogans
(TpeMuu) Mvedd,, "

) MUTHBH] e Apenc BETHIMHIOMICE HEYHYH XAPAKTCPHCTHEY paGoTel, ee
SHAEHHE U PASBHTHA HAYKH W HADOIHOID XO3RACTER;

§) npH BELIBIHCHHN PaboT Ha C TIPEMEN — DITY 10 HAYUHYW pabory
(copuio paGoT), MATCOHATE HEY HHOTO OTKPBITHA HIH H30GPCTCHIA — B TPCX IKICMILIADAX (Tph
BLUIBIKCHHH 38KPITLIX paboT aomy P PYHC B O
HOM 3K3CMIIApE);

TMpumeuanne: [Ipn BRIBHACHHN KAHINIATA HA COHCKANHE I0T0TOH MEJANH NpeicTas-
JICHHE Oy GNHEOBAHHELX HEYIHBIX padoT (cepril padoT), MATEPHANOR HAVIHOTO OTKPEITHA MM
WI0GpeTens He O0R3ATENLHO.

B) cBEACHHA 00 aFTOPE (MEpPCYeh OCHOBHEIX HAYUHEIX padoT. oTKPRITHI, wiofperennii,
MecTo paloTEl M JAHHMACMAN TOMKHOCTD, TOMAIINHE a0pec, HoMepa cry#efHOro u 1omam-
Hero Tenedionos);

T') COPABKY © TOM, 9T0 MPCICTARTAEMAR Ha KOHKYPC paboTa pawee ke GmlNa yiocToeHa
[ocymapcTBeRHOl MPEMHE, A TAK#E HMENHEX TOCYAAPCTREHHEIX NpeMii.

PaGoTrl, yaocToendse [ocylapeTBenHON NPEMAN, 3 TAKHE WMEHHEIX [OCYIAPCTBCHHLIX
npenuil, A COMCKAIME 300TLIX MeNATel i NPErHil HMEHH BEIZONMNCA YICHRIX e TPHIH-
MATCA.

VHEHEIM, YIOCTOSHHEIM 2000THX Menaneil oy npemuil, NPeoCTasiscTen npase npu
TeyaTaHHi paboT oTMEYATE B 3aronoske “YIocToEHa 300010l Meaann (Npesen) unein. . Poc-
criickol akaeMuy HayK 3a...Tod".

Pemenna Tpesnanyma PAH o nprcysiesis 3000Thix Menaneii B NpeMiil, & Takke Kpat-
KHE aHHOTALMK O PAfOTax, YIOCTOEHHEIX 300ThIX MEIANCH HIN OPEMHil, MyGmHKyioTCa B
“Bectuike Poceniickoil akanemun vayw”, B “Hisectnax Poccniicroi akageMin Hayk™ cooT-
BeTCTBYRIUEH cepuu B rasete “Tlonck™, B “Bectnmnre Pocenifckoil akageMin Hayk” nose-
WAKOTCH NOPTPETRL YICHBIX, YIOCTOCHHbIX J0T0TBIN MeTaneil 1 opeyuii.

Pacemotpernbie na sacexatny [pesnanyma PAH newatnsie nayunnie pabotsl, 3a koTopeie
NPHCYROSHE! 30M0THE METATH HIH MPEMHH, nepenatotca n bubmioTexy Poccwiickoii akaae-
MEH HEVE Ha XPaHEHHe,

30M0Tele MCTAMH, A TaK#e JUIIOMET 0 NPUCYRIEHHE 3000TRIX Melaneli spy«aoTes yio-
CTOEHHEIM HX THUAM Ha romraroM Oben cobpann Poceniiexoll akanemin vayk. Jumnome o
MPHCYHIEHHH NPeMAll BPYURKI0TCH YIOCTOSHHEIM HX THUZM Ha sacetaniy [Tpesmmnyma PAHL

Crpagky no renedoy: (499) 237.99-33

)il AKEIEMHE HAYK;
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MexxdyHapOOHbIU Hay4YHbIU XYpHasn
"AnbmepHamueHas
3Hep2emuka u 3kosio2us”

ANNBbTEPHATUBHAA
OHEPTETUKA
M 3KOnorusa

MexyHapOIHBIH Hay4dHBIN XKYypHaNl «AJbTEpHAaTHBHAsI dHEpreTHuka M skonorus» msgaercs ¢ 2000 r.,
BBIXOJUT €KEMECSIYHO U paclpocTpaHseTcs Mo noanucke yepes arenrcTa «Pocneuarsy, «llpecca Poccun.
Poccuiickue u 3apyOekHbIle ra3eTsl U KypHaiby, «MHTepnouTa-2003%», «Aproc-I'AJl», «Jlemosas mpec-
can, «KEPMAK-IIPECCy, a Taxxe uepe3 pelakiuio KypHaa.

Kypnan BxiodeH B cocTaB MeXIyHapoIHOW HaydyHO-00pa3oBaTesbHOW cucteMbl «Bomopom»
(http://www.hydrogen.ru).

MexyHapoIHBI HAay4HBIN XypHall «AJNbTepHaTHBHAs JHEPIeTHKAa M SKOJOTHSA» 3aperuCTPUpPOBaH
B npaButenbcTBe Poccnu B kadectBe CMU, omobpen Opranuszamueit O0beauaeHHsx Hanuii, BKItoueH
B nepeueHb BAK, Harpaxxnen EBponeiickoit Akagemuen EctectBennsix Hayk menaneto Penrtrena, B 2000
u 2003 rr. marpaxzaeH [IpesumenToM MeXTyHApOIHON acCONMAIMKM BOJOPOAHON 3HepreTuku (MABD)
akagemukoM T.H. Besnupority neHexHol nmpemMuei 3a TocTUTHyThIe yerexu, B 2008 roxy sKypHas Harpax-
neH [Ipemueit «Poccuiickuit Oueprerndyeckuii Onumn-2008».

1100 32u00i1 >cypnana npogeden psao HAyYHbIX OPYyMOE:

- [epBbln MexxgyHapoaHbIN CUMMIO3NYM
«be3onacHocTb 1 3kOHOMMKa BogopoaHoro TpaHcnoptay IFSSEHT-2000.
* Bropon MexxayHapoaHblh CUMMO3NYM
«be3onacHocTb 1 3kOHOMMKa BogopoaHoro TpaHcnoptay IFSSEHT-2003.
* [NepBbii BceMupHbIN KOHrpecc
«AnbTepHaTBHas aHepreTuka n akonorna» WCAEE-2006.
* [NepBas MexagyHapoaHasa KOHepeHLms
«Bopopopg 1 BozobHoBNAeMble UCTOYHUKM aHeprm» ICHRSE-2006.
* Tpetn MexxgyHapoaHbI CUMNO3NYM
«be3onacHocTb 1 3kOHOMMKa BogopoaHoro TpaHcnoptay IFSSEHT-2006.
* [NepBbii MexayHapoaHblii CUMMO3UYM
«BogopogHble ceHcopbl U pekombuHaTopbl» ISHSR-2006.
» HaumoHanbHbIn Poccnncknin cemmHap
«lMony4eHne anbTepHaTUBHbLIX 3HEPrOHOCUTENEN C MOMOLLbIO aTOMHO-
BogopoaHoro umkna» AB3-2007.

Marepuanbsl BceX MEpONpPHATHH OmyOnMKOBaHBI B MEXIyHapOJHOM HayqyHOM >KypHaje «AJbTepHa-
THBHAS DJHEPTE€TUKA U KOJIOTHI.

Bce crarem, mocrymnaromue B KypHaJl, pelieH3UPYIOTCs, pedepupyroTes, B KpaTyailliie CpOKH COrJia-
CYIOTCSI C aBTOpaMH M ITyOJIMKYIOTCS B )KypHaJie. ABTOPCKUE KOJUIEKTHBBI JIYUIIHX HAYYHBIX paboT ydacT-
BYIOT B KOHKypCaxX PEAKOJUIETMHM M HarpaXIaroTcs MOYETHBIMHM IUIUIOMaMH, TPaMOTaMH, IPU3aMH U Ha-
rpajaMu, yupexIeHHbIME MexXIyHapoAHOH peaKosuleruei xypHaia u ogoopeansimu OOH.

[ o]
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Pepokonnerna MexayHapogHOro Hay4HoOro XypHana «AnbTepHaTUBHasli 3HepreTuka
n akonorus» (http://isjaee.hydrogen.ru/) npurnawaetr pykoBoautTenen M ncnornHurteneun
NPOEKTOB K MNyOnukauum pykonucen no pesynbTataM MNpoBeAeHHbIX UccrenoBaHUN
M BbINOSIHEHHbIX HAY4YHO-TEXHMYECKUX paboT Nno creayromM OCHOBHbIM HanpaBleHUsM:

1. TexHonormm MOHUTOPWUHIa U NPOrHO3NPOBaHUSA COCTOSHUA aTMOocdepbl U rnapocdepsb.

2. TexHomnormu cosfaHus SHeprocOeperarLlinx CUCTEM TPaHCMNOPTUPOBKW, pacnpeneneHus
1 NoTpebneHuns Tenna n arneKTposHeprum.

3. TexHonormm HoBbIX 1 BO30OOHOBMNSAEMbIX MICTOYHUKOB SHEPIUN.

4. TexHonornm cosgaHnsa u 06paboTkn NONMMEPOB U 3N1aCTOMEPOB.

5. TexHonornm cosgaHns 1 06paboTKkM KOMNO3SULIMOHHBIX M KEpaMUYECKUX MaTepuarnos.

6. TexHonornm Npom3BoAcTBa TOMNB U SHEPTUN N3 OPraHUYECKOro Chipbs.

7. TexHonormM aTtoOMHOW SHEPreTukn, SOEepHOro TOMMAWMBHOrO LMkna, 6esonacHoro obpalleHus
C paanoaKkTUBHbIMUM OTX04aMU U OTpaboTaBLLIMM SOepHBIM TOMWBOM.

8. TexHOoNormm CHMKEHNs pyucka U YMEHbLLIEHWSI NocrneacTBUA NPUPOAHBLIX M TEXHOrEHHbIX KaTacTpod.

9. TexHonorMM cos3gaHusg MemopaH U KaTanuTU4EeCcKUX CUCTEM.

10. TexHONOrMM BOAOPOAHON SHEPIETUKN.

11. HaHoTexHonornm n HaHomartepuarnsoil.

12. TexHonormm co3gaHuns aHeproaddeKTUBHbIX ABUraTenen n OBMKXUTENEN AN TPAaHCMOPTHbLIX CUCTEM.

13. Ba3oBble U KpUTUYECKME CrieLnanbHble U MPOMbILLIEHHbIE TEXHOMOIMN.

14. TexHonornn obecrneyvyeHns 3alimTbl U XKU3HEeOEATEeNbHOCTU HaceNeHUs M onacHblX 0ObLEKTOB
Nnpu Yrpo3ax TepPOPUCTUYECKUX MPOSABAEHUN.

15. TexHonorm nepepaboTku 1 YTUAN3aLIMN TEXHOFEHHbIX 00pa3oBaHMN U OTXOA0B.

\17,
SPACE

W

A
iy

Anoncel 1 MHTepHeT-Bepcuu cTaTeil myOnuKyroTcd Ha caiite MexXIyHapoIHOTO HAy4HOTO JKypHaja
«AnbTepHaTHBHAs SHepreTrka 1 sKonorus» (http://isjace.hydrogen.ru/) B paznene «HoBocTm».

OJeKTpOHHBIE BEPCHU CTaTel MyOJIMKYIOTCS Ha caiiTe >KypHaja ¢ HeKOTOPOHW 3aJepKKOH MO BPEeMEHH
(36 mecsaueB). Exemecsiuno caliT )xypHana mocematot ynratend u3 205 crpan mupa. Obuee 4ncio noce-
mennit gocruraer 1 000 000 B rox.

ABTOPCKHE KOJUICKTHBBI, BHIIIOJHHUBIINE HanOoiee 3HaYMMble paboThl, MOTYT HOMHHUPOBATHCS HA Ha-
rpaxaeHue BhIcHIe MexayHapoqHONH Harpagoil peaKoJIeTHd >KypHana (OpAeHOM WIM MeAabio) T0
IPE/ICTABICHHUIO PYKOBOJHUTENS FOJIOBHOW OpraHN3allui-UCTIOIHUTENS paboT.

Harpans! npucyxaaroTcst B COOTBETCTBUH C pelieHneM MeXayHapoqHON HarpagHoW KOMHCCHH Mex-
JyHapOJHOT'O HAyYHOI'O )KypHaia « AJIbTepHATUBHAS YHEPTE€TUKA U SKOJIOTH.
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Penxonnernst oka3piBaeT COAECHCTBHE CBOMM aBTOPaM B MONTYy4YECHHH (PUHAHCOBOW MOJACPIKKH BEIYILIHX
MEXIYHApOIHBIX HAyYHbIX ()OHIOB, KOMIIAHUHA U MHCTUTYTOB, JUIA YEeTO MyOJIMKYET Ha CTPaHULAX >KypHa-
J1a KpaTKoe MpeAIoKeHUe 10 MEeKAYHAPOAHOMY IIPOEKTY.
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International Scientific Journal for
Alternative Energy and Ecology

ANBTEFHATHEHARA
SHEFTETHEKA
W 3KONOruAa

The International Scientific Journal of Alternative Energy and Ecology has been published since 2000
on a monthly basis. The Journal is distributed by subscription through the Rospechat, Russian Press:
Russian and Foreign Newspapers and Magazines, Interpochta-2003, Artos-GAL, Business Press,
YERMAK-PRESS subscription agencies and through the Editorial Board of the Journal.

The Journal is part of International Scientific and Educational System “Hydrogen” (http://www.hydrogen.ru).

The International Scientific Journal of Alternative Energy and Ecology has been entered into the Mass
Media Register of the Government of Russia, approved by the United National Organization, included in
the List of the State Commission for Academic Degrees and Titles, awarded the Roentgen Medal by the
European Academy of Natural Sciences. In 2000 and 2003 the Journal awarded a cash prize by President
of International Hydrogen Energy Association Member of Academy T.N. Veziroglu for achievements, and

in 2008 the Journal received the Prize of Russian Energy Olympus-2008.
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A number of scientific forums have been conducted under the aegis of the Journal

* First International symposium of Safety and Economy of Hydrogen Transport
IFSSEHT-2000.

» Second International symposium of Safety and Economy of Hydrogen Transport
IFSSEHT-2003.

* First World Congress on Alternative Energy and Ecology WCAEE-2006.

* First International Conference on Hydrogen and Renewable Energy Sources
ICHRSE-2006.

* Third International symposium of Safety and Economy of Hydrogen Transport
IFSSEHT--2006.

* First international Symposium on Hydrogen Sensors and Recombiners
ISHSR-2006.

* National Russian Workshop on Production of Alternative Energy Sources Using
the Atomic Hydrogen Cycle

AHE-2007

Proceedings of all these events have been published in the International Journal of Alternative Energy
and Ecology.

All manuscripts received by the Journal are reviewed, confirmed by the authors and published in the
Journal in the shortest possible time. Authors of the best scientific manuscripts participate in contests
announced by the Editorial Board and awarded honorable diplomas and prizes established by the
International Editorial Board of the Journal and approved by UNO.

Internatl_onal Scientific Journal for @) @= Y = Ne 12(176) MexayHapoAHbI Hay4HbIN XXypHan
Alternative Energy and Ecology ‘J\— i | L 2015 «AnbTepHaTUBHas 3HepreTUkKa U 3KONorusa»
© Scientific Technical Centre «TATA»,2015 © Hay4yHo-TexHuu4eckum ueHTp «TATA», 2015
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The Editorial Board of the International Scientific Journal of Alternative Energy and
Ecology (http://isjaee.hydrogen.ru/) invites managers and participants of current and
completed projects to publish manuscripts presenting the results of accomplished
research and development projects in the following areas:

1. Monitoring and prediction of atmosphere and hydrosphere conditions

2. Development of energy saving heat and power transportation, distribution and consumption
systems

3. Advanced and renewable energy sources

4. Development and processing of polymers and elastomers

5. Development and processing of composite and ceramic materials

6. Energy and fuel processing from organic raw materials

7. Nuclear power, nuclear fuel cycle, safe management of radioactive waste and spent nuclear
fuel

8. Risk reduction and mitigation of consequences of natural and technology-related
catastrophes

9. Development of membranes and catalytic systems

10. Hydrogen energy

11. Nanotechnologies and nanomaterials

12. Development of energy efficient engines and propulsion devices for transport systems

13. Basic and critical special and commercial processes

14. Protection and life support of population and hazardous facilities under threat of terrorist
acts

15. Processing and disposal of civilization-related waste

Announcements and Internet-versions of journal manuscripts are published on the web-site of the
International Scientific Journal of Alternative energy and Ecology (http://isjace.hydrogen.ru/) in the News
section.

Electronic versions of the manuscripts are published on the Journal’s web-site with some delay (36
months). Visitors of the Journal’s web-site represent 205 countries worldwide. The total number of web-
site visits is 1,000,000 per year.

Authors of the most significant papers can be nominated for the highest award of the Journal’s
International Editorial Board (order or medal) upon request submission by the head of the leading
participating organization.

The awards are conferred in accordance with resolutions of the International Award Commission of the
International Scientific Journal of Alternative Energy and Ecology.

The Editorial Board assists authors of published papers in getting international financial support of
leading international scientific foundations and search for leading companies and institutes that specialize
in the area of scientific interest for cooperation under international research and development projects.

Upon request of the authors, the Editorial Board publishes a free-of-charge summary of international
project proposal in the Journal that helps the authors find foreign co-participants.
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INEPEYEHb
HEe00X0IMMBIX MaTEePHAJIOB 1JIsl My0IUKaALH
B MeKIyHAPOTHOM HAYYHOM KypHaJe

«AJIbTepHATHBHAS YJHEPIreTHKA U IKOJIOTHS»
ITo TemaTuke:
Temamuxa onpedensiemcss 6 coomeemcmsuu ¢ Temamuxou ocyprara Form36 ¢ ykasamuem nomepa paszdena u cexyuu
(drcenamenvHo OnpedenumsbCs ¢ MmeMamuKou, eciu eciv 3ampyoHenus y agmopos, Pedaxyus enpase camocmosmenvno onpeode-
UMb MEeMAMUKY PYKONUCHU).
ABTOpOB:

Crarbs:

J11st CBOGBPEMEHHOTO BBIX0/Ia JKypHAaJa U OBICTpO MyOauKauuu paboT aBTOPBI JOJKHBI IIPEJOCTABIITh B pEIaK-
LU0 MaTepHalibl 110 MEPEYHI0, MPUBEICHHOMY B TaOJHIe HIKE. ABTOPBI JOJDKHBI 3aIllOJIHUTh 3HaKaMu (+) wid (-)
rpads B cronbdne «Hammaues
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4N

Ne mi/mt Marepuan Hamane
1 3asBneHne
2 KBuTaHuus 00 omiate WM NJaTe;KHOE NOPYYeHHe
3 TBepaas KOIus pyKOIIUCH CTaThH
4 DIeKTpOHHAs BEPCHs PYKOIIICH CTaThH
5 HasBaHme cTaThyl Ha PyCCKOM SI3BIKE
6 HasBanne cTaThyl Ha AHTTIMHCKOM SI3BIKE
7 YK (PACS)
8 ABTOp(BI) CTATHU
9 Koopaunats! opraanzaimii aBTopoB (BKI04as TeaedoHsl u e-mail)
10 Pucynku (pororpadun, cXxemsr)
11 [ToapucyHOYHBIE TOAIUCH Ha PYCCKOM SI3bIKE
12 [ToxpucyHOYHBIE TOAIUCH Ha QHIJIUHCKOM SI3BIKE
13 Tabnuip
14 Ha3zBaHus TaOIIUII HA PYCCKOM SI3BIKE
15 Hassanus Tabauil Ha aHIVIMHACKOM S3BIKE
16 CchUIKH B TEKCTE Ha TaOJIMUIbI U PUCYHKH
17 Criiicok utepatypsl (6ubdanorpadus)
18 bubnmorpaduyeckue CCHUIKH B TEKCTE B COOTBETCTBHE CO CHHCKOM JIMTEPATyphI
19 CTpyKTypHUpOBaHHOCTH TEKCTA, HATMUHE IT03ar0JIOBKOB
20 AHHOTaNus Ha pyCCKOM SI3BIKE
21 AHHOTAIUs Ha aHTJIMHCKOM SI3BIKE
22 Pedepat Ha pyccKoM si3bIKe
23 Pedepar Ha aHTTIMICKOM SI3BIKE
24 Pe3roMe Ha KakIoro aBTopa (ecim aBTOpoB He Oosee 6) WK Ha TTIaBHOTO aBTOpa™
25 ®dororpadust aBTopa (aBTOpoB)*
26 Pa3pemenue Ha onyOIMKOBaHUE B OTKPBITON NeyaTu (9KCIEPTHOE 3aKJII0YEHHUE)
27 HuTtepHeT-coo0IIeHHe Ha PYCCKOM sI3bIKe™®
28 HHuTepHeT-co00IICHHE Ha aHTJIMHCKOM S3bIKe™
29 CormnanieHue aBTOpPOB Ha IMyOJIMKALUIO CTAaThU B KypHae, Ha 3JEKTPOHHBIX pecypcax E-Library,
caiire xxypHaia (apxuB) U Ha CD — KOJJIeKIHs KypHaIa
30 Penensun
31 ConpoBoANTENFHOE NHCHMO PYKOBOAUTEIS OPraHU3aLuHy (WM IHCBMO aBTOpa)
3 AKT NpOBE/ICHHBIX HCIBITAaHUI (€CIU B CTAaThe MIPUCYTCTBYET SKCIIEPUMEHTANbHAS YacTh),
MOANMCAHHBIN yJaCTHUKAMH HCIIBITaHMH *
33 Xoparaiicta*

* MaTCpI/IaJIBI, MIPEAOCTABIIAACMBIC 10 JKCIAHUIO

N,

.

MewdyHapodHell uzdamensckull dom HayyHol nepuoduku "Cnelic”

SPACE

L)

IR

Fi

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA»,2015

MexAayHapoAHbIA Hay4HbIW XKypHan

mE po e Ne 12(176)
)| == 2015 «AnbTepHaTMBHaA 3HepreTMKa u akonorns»
— © Hay4yHo-TexHu4eckum ueHTp «TATA», 2015



AL

SPACE

“Space”

International Publishing House for scientific periodical

N

Fi

MHdopmaums

K ceedenuio asmopos. Peoaxyus MedxcOynapoOoHozo Hayuno2o HcypHana «AnemepHamusHas dHepeemuKd u 3Ko-
Jlo2Usy cuumaem, 4mo aemopwi, HANpassAs pyKkonucs 8 Pedakyuro, coenachel nepedams yupeoumenim u peoKoaiecuu
Medicoynapoono2o nayunozo scyprana « AnbmepHamuHas SHEPeemuKa U IK0JI02Us» Npaso OnyoauKo8ams PyKONUcCy
HA pYCCKOM A3bIKe U 8 nepegooe Ha AHeIULICKOM A3biKe. [Ipocum aemopoe npuxnaovieams K HANpagIaemol pyKonucu
Obs3amenvcmeo no gopme, npusedennou Huoice. Ilpu smom 3a asmopamu COXpAHAOMCA 6ce OCMAbHbIE NPABA KAK
COOCMBEHHUKO8 IMOTL PYKONUCU.

®opma Ne 2-ISJAEE -2013
OBA3ATEJBbBCTBO

ABtop(pl) cratbu npenocTaBiseT (1oT) uzgarenbctBy OO0 HTI «TATA» Ha 6e3B03ME3THON OCHOBE Ha CPOK
JICHICTBHUSL aBTOPCKOrO IIPaBa, NPELyCMOTPEHHOIO JEHCTBYIOIIMM 3aKOHOIATENbCTBOM P®d, HCKIIOUUTENBHYIO JIH-
[IEH31I0 Ha UCTIOIB30BaHUE CO3IaHHOTO ABTOPOM (MH):

Has3zeanue pykonucu na pycckom a3vike

Haszeanue PYyKonucu Ha AH2TUTICKOM SI3bIKE

1. @amunus, ums, omyecms agmopa pyKonucu
2. Damunus, ums, omuecmso asmopa pykonucu
3. @amunus, ums, omuecmso asmopa pyKonucu

JUTSI KCTIONTb30BaHMS B MeXIyHapOJHOM HAay4YHOM KypHaje « AJbTepHATUBHAS YHEPTETUKA U DKOJIOTHSI» B IIpeneax
npenxycMoTpeHHbix 1m.2¢T.1270 'K PO.

B cootBercTBuu ¢ 1.2¢1.1270 'K P® noxa ucnons3opanueM CTaTbu, IOHUMACTCS:

- BocriponsBrieHre CTaTbd WU €€ OTHENBHOW YacTH Ha PYCCKOM SI3bIKE B 000N MaTepHaNbHOU GopMme, B TOM
ypciue Ha OyMa)XKHOM W 3JIEKTPOHHOM HOCHTEIIIX B BHAE OTACIBHOTO TPOW3BEICHHS W/WIH B cocraBe JKypHa-
na(0B), u/un 06azax qaHHBIX M3maTens w/Wimm MHBIX JIAI, 10 YeMOTpeHuio M3naTens;

- pacmpocpanerre CTaTbd WM €€ OTICIBHOW YacTH Ha JF0OOM HOCHTEINC HA PYCCKOM SI3BIKE IO BCEMY MHPY B
BUJIC OTJCIHFHOTO MPOM3BEACHUS H/WH B coctaBe JKypHana(iioB), w/minn 6a3ax HaHHBIX M3maTerns WM WHBIX JIAI,
o yceMotperuto Uznarens;

-noBeneHne CTaThby WIK €€ OTACTHHOM YacTH J0 BCEOOIIETro CBEICHUS TaKUM 00pa3oM, 4To JTF000E JHUII0 MOXKET
MOJYYUTh AOCTYM K CTaThe U3 I0O0ro MecTa M B Jr000€ BpeMsl M0 COOCTBEHHOMY BHIOODPY (IIOBEICHHE J0 BCEOO-
HIEr0 CBEACHUS, B T.4. Yyepe3 HTepHET);

- mpaBo Ha nepeBo CTaTby Ha aHTTIMHCKUHN S3BIK;

- BocnpousBezieHre CTaTby MM €€ OTICJbHOM YacTH Ha aHIJIMIICKOM sI3bIKE B JII000H MaTepuaibHOU (opme, B
TOM YHKCIIC HAa OYMa)KHOM HJIH 3JICKTPOHHOM HOCHTEJIE B BUE OTACIBHOTO MPOM3BEACHHS H/WiK B coctaBe JKypHa-
na(oB), W/ Ha 0a3ax MaHHBIX M3maTens u/Mim WHBIX JIUI, 0 yeMoTpeHuro Vznarens;

- pacupoctpaneHust CTaTbi Ha aHTIUHCKOM SI3BIKE UM €€ OTICNBHOW YacTH Ha JIF0OOM HOCHTEINC Ha aHTIIHA-
CKOM SI3BIKE TI0 BCEMY MHPY B BHJIC OTJCIHFHOTO MPOM3BEACHNUS H/iH B cocTaBe JKypHana(oB), W/win 6a3ax TaHHBIX
W3nmaTens uim WHBIX JIUIL, IO ycMoTperHuto M3narens;

- noBeneHue CTaTby HA AHTIIMICKOM SI3BIKE WITH €€ OTACIHHON YacTH IO BCCOOIIETO CBEICHUS, TAKHM 00pa3oM,
YTO JIF000€ JIUI0 MOXKET MOMYYUTh AOCTYyN K CTaThe u3 II000TO MeCTa U B JJF000€ BpeMsi 10 COOCTBEHHOMY BBIOODPY
(moBenmeHHe 10 CBEACHHMS, B T.4. yepe3 MHTEpHET);

- CyOnuIleH3UpOBaHue (BbIAaya pa3pellicHHs ) MOJYYCHHBIX IIPaB M0 HACTOSIIEMY COTJIAIICHUIO B IIEJIOM HIIH
YaCTUYHOM BHJIC JUTS NIEPEBOJA, U3aHUs, PACIIPOCTPAHCHHUS U JOBEACHHUS 0 BCEOOIIIEro CBEICHUS HA aHTJIHHCKOM
SI3BIKE.

1. ®amuansi, UMsi, 0TYECTBO ABTOPA PYKOMUCH 1100NUCH
2. @amMuaus, UM, 0TYECTBO AaBTOPA PYKOMUCH H1OONUCH
3.®amuius, UMs1, 0TYECTBO ABTOPA PYKOIMCH 1OONUCD

International Scientific Journal for MexAayHapoAHbIN Hay4YHbIN XypHan

Alternative Energy and Ecology @ _JI‘-“/_C;B .-"I,,.-.E 3?—’ — Ne ;3%76) «AnbTepHaTUBHasA 3HepreTUKa u 3KONorna»
© Scientific Technical Centre «TATA»,2015 — © Hay4Ho-TexHU4Yeckunin LeHTp «TATA», 2015

sSPACE

AL

MewdyHapodHell uzdamensckull dom HayyHol nepuoduku "Cnelic”

T %

<y



N

a

SPACE

International Publishing House for scientific periodicals “Space”

4N

WHdopmaums

Form 01-ISJAEE

I'maBHOMY penakTopy

MexnyHapoAHOr0 Hay4yHOT'0 KypHaia
((AJ’[LTepHaTI/IBHaﬂ OHEPICTUKA U DKOJIOTUS»
I'yceBy Anekcanapy JleonnpoBuay

3ASIBJIEHUE*

Pazgen 1. IPOU3BOJIBHAA ®OPMA

[Ipomy (mpocuM) paccMOTpeTh BO3MOXKHOCTh IyOmukamuu pykomucu «HA3BAHUE PYKOIIMCHy» aBTOpOB
(ITEPEYUCJIIEHUE: nomxuoctH, @amunms Mms OTuecTBO) B MedcoyHapoOHOM HAyUHOM dCYypHale «Anvmephna-
MUBHAsL IHEPLEMUKA U IKOL02Us» B CPOKHU (yKa3bIBaeTCsi HAanOoJee ONTUMAJIBHBIN CPOK ITyOJIMKAIMH PYKOIIHCH).

**Mamepuan npedcmasnen 8 snekmponnom éude no E-mail ¢ coomsememeuu ¢ mpebosanusmu Ipasun nyonuxayuu Forml6 -
ISJAEE u Forml-ISJAEE. Teepovie konuu 00KyMeHmMOo8 1 OKOHYAmMenbHblll 6apuanm saekmponuoil eepcuu (CD) 6yoym nanpagne-
Hbl 6 Pedakyuro 6 MecsAuHblll CPOK.

Paszgen II. OBSI3BATEJIBHASI ®OPMA

ABTOpBHI ((haMHIIHS, IMs1, OTYECTBO), JTOJDKHOCTB,
TOJTHBIA TUTYJI IS TIPEICTABICHUS

LDk Wwd =

HaumenoBanme opraHuzanuu
(ecyu pyKOTIUCH MPEACTABISAETCS OT OpraHU3aIiK)

Ha3Banue cratbu (Ha pyCCKOM SI3BIKE)

HasBanwue cratsy (Ha aHTIMICKOM SI3BIKE)

OrtsercrBenHbIi aBTop (PUO, anpec, Tenedonsl, pakc, E-mail)

Anpec, mooubHbIH Teraedhor 1 PO 0TBETCTBEHHOTO JIHIIA IS
MOJTyYEHHsI OTTHUCKOB OIYOJMKOBAaHHOM CTaThU

TlomHpIe TUTaTE)KHBIE PEKBU3HUTHI AJISI OIUIATHI MPEAYCMOTPEHHBIX
B [IpaBunax no3uiuii o MOAroTOBKE PyKOIUCH K MEYaTH

W TIeYaTH, a TAKoKe IS TIOJYUYCHHUs cUeTa IS MOy4eHuUs! HeoO-
XOJIMMOT'O KOJIMYECTBA HK3EMILISIPOB JKypHaJIa C MMyOJIuKauei

Bponuposanne HEOOXOANMOTO KOINIECTBA MEIATHBIX BEPCUH
JKypHaJa ¢ aBTOPCKOM MyOIuKanueit

INonnucka Ha )xypHai (HOANUCAH, IUIAHUPYIO, He IUIAHUPYIO)

[Toamucka Ha IEKTPOHHYIO BepcHIo )ypHaia Ha CD
Ha MOJIYTO/INE, TO/I, Ha BCE BBITYCKHU JKypHaIa

Bxirouenne B 6a3y JaHHBIX [UIS pacIpOCTpaHeHUS (1a, HET)

Hoanucu aBTOPOB:

* 3asnenenue no ¢opme Form0I-ISJAEE o6s3amenvHo 018 agmopos u agmopcKoe0 KOLIEKMUBA He3A8UCUMO O HAIUYUS
ConposooumenvHo2o nucbma pykogooumeins opeanusayuu uiu asmopa. Ungopmayus no Pazoeny Il ne modcem uzmenamocs
HA RPOMANCEHUU PACCMOMPEHUA PYKORUCH U HA IMane n0020MOoGKU PYKORUCU K NYyOIUKayuu (3a UCKIIOUeHUueM 0COObIX Cy-
uaes). Unghopmayus no Pazoeny Il ucnonvzyemes oasa ogpopmnenuss Cnpagoxk (IIpuopumemnas cnpaexa, Cnpaexa 06 onybauxosa-
Huu u m.o.).

** Ecnu mamepuan npedcmasier 00bluHOU nOYmol 6 meepoou Konuu u 6 snekmponnol sepcuu Ha CD, mo coobwaemcs
E-mail Omeemcmesennozo asmopa (015 nepenucku). Ecnu E-mail omcymemeyem, nepenucka 6edemcs 06bI4HOU NOYMO.

**% Eciu agmopul e Mo2ym noonucamse 3asgnenue - KOMaHOUpOSKaA, agmopsl U3 PA3HbIX MeCh, - 00NYCKAEeMCsl JIeKMPOHHASL
noonuce (0mMeemcmeeHHOCMbs 3a Co2Nacue agmopa onyoIuKo8ams Mamepuanl u 00cmosepHocms noonucu necem Omeemcmeen-
MBI agmop).

[
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NMpaBuna ny6nukauum
M NOPAAOK NPOXOXAEHUA Npoueaypbl peLeH3NpPoBaHus,
pedepupoBaHus, aIKcnepTusbl 1 nyonukaumm (2015-2016 rogbl)

I. OBIIIME ITOJIOKEHUA

Kaxmas pykomuck moaBepraercss 00s3aTeIbHOMY PELEH3UPOBAHUIO TPEX PEICH3CHTOB W3 YHUCIA PEICH3CHTOB
MesxIyHapOJHOTO HAYYHOTO JKypHala «AJbTEPHATHBHAS DHEPTETHKA U DKOJOTHS» W JIBYX PELCH3CHTOB M3 YUCIA
IIpUrjaleHHbIX Peakosneruei.

Kamuaﬂ CTaThsA HpOXO}II/IT Tarn npez[BapHTeanoro peHeH3I/Ip0BaHI/IH 1 UTOTOBOI'O peHeH3I/Ip0BaHI/I${.

B nensx obecrieueHus] HanOoJIee Ka4eCTBCHHOM MPEAeYaTHON MOATOTOBKH U IPEABAPUTEIBHOTO PEIICH3UPOBa-
HUS, a TAaKKe CBOEBPEMEHHOT'O BBIKYTIA THPAXKEH M UX PacCIpOCTPaHEHHUS Bce IMyOJIHKAINH B KypHAJe OCYIECTBIA-
FOTCSI Ha TUIATHOM OCHOBE, 3a MCKIoueHueM .. 7, 10, 11, 14 Pa3gena 6.

Pazpeun 1. Ilopsinok npeaBapuTeIbHOIO PeLleH3UPOBAHUS

Kaxnast pykonucs peructpupyercss OTBETCTBEHHBIM cekpeTapeM Penkosurernu B Peectpe ydera mocTymaromux
pYyKOIIUCEN ¢ MPUCBOGHUEM YETBIPEX3HAYHOrO HOMepa, Hampumep, Per. Ne 0687 ot 23 asrycrta 2009 roga. Ilocne
perucTpaluy pyKoOIHCH B aJjpec aBTopa-KoppecnoHeHTa Hanpasisiercst [Ipuopurernas cripaska no ¢popme Form 16
ISJAEE. IIpuopureTHast cripaBKa yBEIOMIISACT aBTOPCKUI KOJUICKTUB O PETHCTPAIIMN PYKOMUCH U 0 PaKTe MEKIyHa-
poaHoro mpuopuTera pykomnucu. Ilocie paccMOTpeHHs PYKONHCH TJIABHBIM PEaKTOPOM M pelaKiiedl COMpOBOIM-
TeJbHBIE MaTepUaIbl M PYKOIIHUCH NIepeAaoTcs i nposeneHns PopMaibHON SKCHEPTU3BI B COOTBETCTBYIOIIEE ITOA-
pa3zgenenue Penakiuyn MeXIyHapOAHOTO HAyYHOTO JKypHasla «AJbTEpHATHBHAS YHEPTETHKA U HKOJOTH». B nams-
HEHIIeH NepennucKe aBTOPbl U peaKlus CChUIAIOTCS Ha PerucTpalluoOHHbIN HOMED.

[To 3aBepmenuro mpouenypsl @opmanbHONW SKCIEPTU3BI U BBIPAOOTKH PELICHUS aBTOPY-KOPPECIIOHACHTY Ha-
npasisiercst popma Form 17 ISJAEE, B xotopoit onpenensiercst Craryce (2) pyKOIHCH, B COOTBETCTBUH, C IIPHHS-
TeIM B penakuuu Ilepeunem crarycoB ¢opmsl Form 17 ISJAEE: 2/1 — mpencraBieHHbIE MaTepUalibl MOJHOCTHIO
cOOTBeTCTBYIOT [IpaBnnam penkosuterny; 2/2 — OTCYTCTBYET Ha3BaHHE CTAThbH Ha aHTJIIMHCKOM SI3bIKE, 2/3 — OTCYTCT-
ByeT Y/IK (PACS), 2/4 — OTCYTCTBYIOT KOOpAMHATHI OpraHU3anuii aBTOpoB (BKIIo4as TesnedoHbl U e-mail); 2/5 —
OTCYTCTBYIOT ITOIPUCYHOYHBIE TIOANICH Ha aHTJIMICKOM SI3bIKE; 2/6 — OTCYTCTBYIOT Ha3BaHHS TaOJIMI] HA AHTIIMHCKOM
sI3bIKE 2/7 — OTCYTCTBYIOT CCBUIKM B TEKCTE Ha TaOJUIBI U PUCYHKH; 2/8 — OTCYTCTBYET CITUCOK JHUTEpaTyphl (OHO-
auorpadus); 2/9 — oTCyTCTBYIOT OHONMHOTpadUICCKHE CCHUIKM B TEKCTE B COOTBETCTBHE CO CIIMCKOM JIUTEPATYPHI;
2/10 — OTCYTCTBYET aHHOTALMSA HA PYCCKOM si3bike; 2/11 — OTCYTCTBYET aHHOTAIMS HA aHTJIHICKOM si3bIke; 2/12 —
OTCYTCTBYeT pedepaT Ha pycckoM si3bike; 2/13 — oTcyTCTBYeT pedepar Ha aHIIIMHCKOM s3bIke; 2/14 — OTCYTCTBYeT:
pe3roMe Ha KaXKAoro aBTopa (eciid aBTOpoB He OoJiee 6) MM Ha IIIaBHOTO aBropa*, GoTtorpadus aBTopa (aBTOpOB)*;
2/15 — oTcyTCTBYeT: pa3pelleHUe Ha OIyOJMKOBaHNE B OTKPBITOM Meyatu (3KCIEpTHOE 3aKiodeHue); 2/16 — otcyr-
cTByeT: MIHTEepHET-CcOO0IIEeHNE Ha PYCCKOM sI3bIKe, MIHTepHET-co00IIeHe Ha aHTIIMHCKOM sI3bIKe; 2/17 — OTCyTCTBY-
er: CornamieHue aBTOpOB Ha IyOJIMKAIMIO CTaThU B XKypHane; 2/18 — orcyrcTByer: COnpoBOIUTENIFHOE MHCHMO PY-
KOBOJIMTEJISI OPTaHn3alMy (MIIM MHUCEMO aBTopa); 2/19 — oTcyTCTBYET: AKT NPOBEACHHBIX UCIIBITAaHWUH, ITOIMTHCAHHBINA
YYaCTHUKAMH HUCTIBITAHHUH.

Perucrpannonsslii PenaknnoHHbIi HOMEp PYKOITCH HA 3TOM 3Tale YCIOXKHSAETCsS 100aBlIeHHEM K HEMY HOMepa
cTaTyca 4epes3 3HaK «/»: HallpuMep, €CJIM PYKOMUCH MPHUCBOCH cTaTyc 2/1, TO perucTparMoOHHbIN HOMEp OyIeT BbI-
MIAACTh chenyromuM obpazom: Per. Ne 0687/2/1 ot 23 aBrycra 2009 roma. B dopme Form 17 ISJAEE coobraercs
00 OPHEHTHPOBOYHOI JaTe MyOIUKaIlK PYKOIIHCH.

Janee aBTopckue MaTepuanbl pykonucu nepenarotcs B CoBeT Penien3enToB u DkcnepTHbIN COBET.

[To 3aBepiieHHIO NMPOLEAYPHl SKCTPEHHOTO PEHEH3UPOBAHUSA M TONYYCHHS MOJOXKHUTEIbHOTO pemeHus CoBeTa
PenienzentoB u DkcniepTHOro CoBeTa cTaThst OyIeT OmyOJuKOBaHa B )KypHaJe.

[Nocne 3aBepuIeHus IpoLeypsl PECH3UPOBAaHMS U BhIpaOOTKHU pemreHus B MexnynaponHom Cosere Penensen-
TOB MEXAyHapOAHOTO HAYYHOI'O XXypHala «AJIFTEpHATHBHAS SHEPreTHKa M 3KOJIOTHS» aBTOPY-KOPPECIIOHACHTY
Harpasisercs Gpopma Form 18 ISJAEE, B xoTopoii coobmiaercs, 4To 1o pe3yiabTaTaM peleH3MPOBAHHS PYKOMHCH
npucsoed Craryc (3) mo Form 18 ISJAEE. Ilepeuens ctarycos ¢popmbl FORM 18 ISJAEE: 3/2 — nay4nas Ho-
BU3HA COMHHTEINbHA, 3/3 — HayyHOe 3HaueHHE pabOThl COMHUTEIBHO, 3/4 — HaydHBIN pe3yNbTaT COOTBETCTBYET CO-
BPEMEHHOMY COCTOSIHHIO HayKu, paboTa ocToiiHa (puHaHCHPOBaHMS MeXIyHapOJHEIM COOOIIECTBOM M PEKOMEH/a-
uuu Penxosnerun st puHaHcupoBanus MexnyHnaponasivu Hayaneivu @onnamu; 3/5 — HaydHbIH pe3ynbTaT mpe-
BOCXOJHUT COBPEMEHHOE COCTOSIHHE HaykW, paboTa JocTolHa (PMHAHCHPOBAHHUS MeXITyHApOIHBIM COOOIIECTBOM H
pekomenaanuu Penkomterun anst ¢punancupoBanus MexayHaponsabivu Hayuneimu @onmamu; 3/6 — Hay4HBIH pe-
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3yNbTaT CYIIECTBEHHO IPEBOCXOIUT COBPEMEHHOE COCTOSHIE HAayKH, paboTa qocTolHa (MHAHCHpOBaHUA MexTyHa-
POIHBIM COOOIIECTBOM M peKoMeHaanuu Penkomierun ans ¢uHaHCHUpoBaHUA MexayHaponsasiMu Hayunsimu @oH-
namu; 3/7 — Hay4dHBIA Pe3yJIbTaT MPEBOCXOIUT COBPEMEHHOE COCTOSIHUE HAYKH M MOXKET 00€CIeunTh MPOPHIB B IaH-
HOM HampaBlIeHHH HayKd, pabora JocToiiHa (puHaHCHpOBaHHS MeXIyHapOJIHBIM COOOIECTBOM M PEKOMEHIAIMU
Penxomnerun mans ¢puHaHCHUpoBaHus MexayHaponasiMu Hayuneivu @oHmamu; 3/8 — BaxkHeHIIass HaydHas pabora,
JIOCTOIHAs! (PMHAHCUPOBAHUS MEXTyHapOAHBIM COOOIIECTBOM M peKoMeHIauu Penkosuternu 11t GuHAHCHPOBAHMS
Mexnynaponusivu Hayansivu @onnamu; 3/9 — HanBaxHeiee OTKpbITHE, CIIOCOOHOE M3MEHHUTH BECh XOJI Pa3BUTHUS
HayKH, JOCTOIHas (PMHAHCHPOBAaHUS MEeXIyHapOAHBIM COOOIECTBOM M peKoMeHIanuu Penkouerun i GuHAHCH-
poBanust MexxaynapogasiMu Hayuneimu @onnamu

Iocie 3Tana penensnpoBaHust pykonuch nepeaaercss B CoBer IKCNEPTOB A1 OLEHKU TEXHUYECKOTO YPOBHS
pa3paboTKy.

[Tocne mpoxokaeHusa 3KcHepTH3bl B MexayHaponHoM CoBeTe JKCHePTOB U BBIPAOOTKU PEIICHHUS PYKOMUCH
npucsauBaercsi Craryc (4) B cootBerctBuu ¢ Ilepeunem crarycoB popmsl FORM 19 ISJAEE: 4/2 — texaudeckas
peanu3aiys COMHHTENbHA, 4/3 — TeXHUUYECKas pealu3alys BO3MOXKHA, HO MOJOXKHUTEIbHBIA 3((GEKT COMHHTEIEH,
4/4 — TexHUUeCKas peaqu3alis BO3MOXKHA M TEXHHYECKUN Pe3yNbTaT yJOBICTBOPUTEIbHBIN, 4/5 — TEXHUYECKHUH pe-
3yJIBTaT COOTBETCTBYET JIYUIIMM COBPEMEHHBIM MHUPOBBIM 00pasiam, 4/6 — TEXHUYECKHH pe3yJbTaT MPEBOCXOHT
COBpPEMCHHBII MUPOBOI YpOBEHb TeXHUKH,4/7 — BRIAAIOMIAsCS pa3padOTKa, TEXHUISCKHN Pe3yibTaT, KOTOPOH MOXKET
o0ecrieunTh TPOPHIB B JAAHHOM HAIlPaBICHUH TEXHUKH, 4/8 — BakHeWas pa3paboTka, NOCTOHHas HEMEIJICHHOTO
¢uHaHCHpOBaHUS MeEXTyHapOIHBIM COOOIIECTBOM M TEXHHMUYECKHH pe3yNbTaT IMPHUHECET 3HAYMTEIBHYIO MOJIb3Y Ye-
JIOBEUECTBY, 4/9 — HanBaXKHElIIee OTKPBITHE, TEXHUYECKUH Pe3ysbTaT, KOTOPOTO CIIOCOOCH N3MEHNTH BECH X0/ pa3-
BUTHSI TEXHUKH.

B dopme Taxke yTOUHAETCS OPUEHTUPOBOYHAS JaTa MyOINKAIIUH.

IMocne MpUHATHSA OKOHYATENHHOTO PEIMICHUS O BO3MOXKHOCTH ITyOJIKAIIMH PYKOIIHCH B aJipec aBTOPa-KOPPECIOHACHTa
HanpasiseTcsd Pemenne Penakunonnoro Hayunoro Cosera FORM 20 ISJAEE.

B ¢opme coobmaercs o ToM, 9TO PyKONHUCH MIPOIIIA MPOIEAypy pereHsuposanus B Mexayrapogaom Cosere Penen-
3€HTOB (Hay4HOE Ka4eCTBO) U HAYYHO-TEXHHUYECKYIO SKCHEPTH3Y (TEeXHUYECKas peaan3yeMocTh) B MexayHapoaHom Cose-
Te OKcrepToB Penxomnersm MexIyHapoIHOTO HayYHOTO XXypHANa «ANbTepHATHBHAs DHEPreTHKa M DKOJNOTHM». B 3Tl
xe opme coobmaercss 00 OLIEHKE KauecTBa PYKONUCH U 00 HayYHO-TEXHUYECKOM LIEHHOCTH MJIEW WM KOHUEeHIHH (ycT-
poiicTBa). Pykomucu npucBauBaetcs oauH u3 crarycoB popmel FORM 20 ISJAEE u coobiaercs 00 OKOHYATEIbHOM J1aTe
nyonukamuu. [lepeuens cratycoB popmsel FORM 20 ISJAEE: A — neuats B Ouipkaiiiux Homepax, b — nedyars nocie ycT-
paHeHHUs BceX 3aMeuaHuii, B — revars 1moce nojay4eHus OT aBTOPCKOr0 KOJJIEKTHBA BCEX 3alpalllMBacMbIX MaTepUaIOB.

ITocine omyOIMKOBaHHS PYKOIMCH aBTOPY-KOPPECIIOHICHTY HampasisieTcss CBHIETEILCTBO 00 OMYyOJMKOBAHMM II0
FORM 21 ISJAEE, B xoTtopoMm pykonucH npucauBaercs Cratyc (5) o popme FORM 21 ISJAEE.

[epeuens crarycoB Gpopmbel FORM 21 ISJAEE: o — pexoMennoBats B HarpagHomy komuteTy Penkoiuieruu Harpa-
JIITh aBTOpCKuil KoiuleKTUB OpreHoM Penkoserny 3a MHOTOJETHIOIO HAaydyHYIO paloTy, MO3BOJMBLIYIO IOJTYYUTH BBI-
JAOIIMICS Hay4YHBIN pe3ynbTat,  — pekoMeHnoBaTh B HarpamHoMmy komuTeTy Penxommernn HarpaguTs aBTOPCKHIT KOI-
nekTuB Menansio Penxonierun 3a MHOTOJNIETHIOI Hay4dHYIO pabOTy, NMO3BOJIMBIIYIO IONTYyYHTh3HAYMTEIbHBIH HaydHBIH
pe3ynbTar, Y — pekoMeHnoBate HarpagHomy xomurery Penkormernu HarpaguTh aBTOpPCKHil koiuektus Jummomom Per-
KOJUIETHH 32 MHOTOJIETHIOIO HAYYHYIO paboTy, TO3BOJIUBIIYIO TOJYYUTh BEICOKUI Hay4HBIH pe3yabTaT.

Ecnu no pe3yabTaTaM pCeUCH3UPOBAHUA U Hay‘{HO-TCXHI/I‘{CCKOﬁ OKCIEPTU3HI TOJYyYE€HA OTpULATE/IbHAasA OLCHKA, TO B
azpec aBTopa-koppecnonenta Hanpasigercs FORM 13 ISJAEE, B xotopoii coobmaercst o Ctatyce (13) B COOTBETCTBUH
¢ [Tepeunem cratycoB dpopmsl FORM 13 ISJAEE: 13-1 — oTKIOHHTB 0€3 BO3MOKHOCTH JaTbHEHIIEr0 PACCMOTPEHHUS PY-
KOITHCH B CBA3M ¢ OoubImMM 00beMoM HapymeHuH [IpaBmn odopmirerns pykomucy, 13-2 — OTKIOHUTH ¢ BO3MOXHOCTEIO
aBTOPCKOH MepepadOTKH PYKONUCH ¢ COXpaHEHHeM PelakinOHHOTO HOMEpa, HO ¢ OTCPOYKOH ImybOnukaimu, 13-3 — oTkio-
HHTH 13-32 HapyIICHHs IPUOPUTETA WM CYIIECTBEHHOTO 3aMMCTBOBAHMUS MaTepHana 0e3 CChUIOK, 13-4 — OTKIIOHHTH B CBS-
31 C CYIIECTBCHHBIM HApYHMICHUEM OCHOBHBIX 3aKOHOB ITPUPOIBI.

Hmozoeoe peuenzuposanue

[Tocne srana npeaBapUTEIbHOIO PELIEH3MPOBAHUSA MaTepUalIbl PYKOIIMCH BBIKIAbIBAIOTCS HAa 3aKPBITOM JIEKTPOHHOM
pecypce ¢ IpaBoM JOCTyIa OTpaHMYEHHOTo Kpyra JuIl U3 yncia MexayHaponHoro Hayunoro CoBera miin orpaHHYEHHBIH
Kpyr Jun u3 yucia MexayHnaponasoro Hayanoro Cosera u3Bemaercst CnennanbHbIM bromeTeneMm o Marepuanax pyKomu-
ceil, NPUHATHIX K MyOJIMKAIlMK U TIOJIYYMBIINX OLIEHKH PELEH3EHTOB U AKCIepToB. Ha 3Tame UTOroBOro peneH3upoBaHUs
(cpox 10 mHelt) pe3ynbTaThl IPEIBAPUTEIHLHOTO PEIEH3UPOBAHUS MOTYT OBIThH IIepeCMOTPEeHBl MexkayHapoausiM HaydaHbiM
CosetoM, 0 yeM B TeueHue 10 qHel u3Bemaercss aBTOp-KOPPECIIOHIEHT.

B ciyuae BOZHUKHOBEHUsI CIIOPHBIX CUTYallUi 110 HAyYHBIM BOIIPOCaM PYKOIIMCH IepeiacTcs Ha paccMoTpeHue B CoBer
peneH3eHToB MeXIyHapoJAHOT0 Hay4HOTO XXypHaia «AJIbTepHAaTHBHAS SHEPreTHKa U AKOJOTHs». B ciydae BO3HMKHOBe-
HUS CIIOPHBIX CHTYalHi MO BO3MOXXHOCTH TEXHHYECKOTO BOIUIOLICHUS HJCH, OMYOJHMKOBAHHOW B PYKOIUCH, TOCIETHSIS
nepenaercs B CoBeT 3KkcnepToB Mex/1yHapoAHOTO HAYYHOTO XKYpHala « AJIbTEpHATHBHAS SHEPIeTUKA U AKOJIOTH».

Cpoxk myOnuKauy Kaxk10H pyKOIMCH He MpeBbINIaeT 3 MecsineB. B ciydae HaIM4us peKOMEHJaTeIbHOTO MIChMa OJ1-
HOro u3 wieHoB Penxosuiernu MexayHapoAHOTO Hay4HOTO JKypHaja «AJIbTEpHATUBHAs YHEPreTHUKA U HKOJOTHS» MOXKET
OBITH COKPAIEHO BpeMsI paCCMOTPEHHSI PYKOIUCH 10 2 MecsieB. Cpok MyOJIMKaluy pyKOIHCeH, HalpaBIeHHBIX HA KOH-
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Kypc, IpoBOAUMBIH Penkosierueli, He mpeBbimaeT 2 MecsineB. Cpok IyOIMKalMU 3aKa3HBIX HaydHBIX 0030pPOB He mMpe-
BbIIIAET 2 MecsIleB.

B nr000M citydqae Bce pyKONmMcH, HAapaBisieMble B JKypHall, PELCH3UPYIOTCS U peepupyIoTcs B U3BECTHBIX MEXAYHa-
POOHBIX HAYYHBIX U3JAHUAX.

Pykonucu B xxypHaje MyONHKYIOTCS Ha PYCCKOM M Ha aHTIMHACKOM si3bIkax. Kaxknoil pykomucu, moctynusiieii B Pe-
JaKOHIO IPpUCBAUBACTCA pe,Z[aKHPlOHHOﬁ HOMCD U JaTa NOCTYIJICHUA.

KypHaa ny6JHMKyeT MCKJIKYMTEIbHO OPUTHHAJIBHBIE CTATHU. ABTOP HeECeT MOJHYK) OTBETCTBEHHOCTH 3a CO-
0J1101eHHe ITOT0 TPeOOBaHUS.

Pa3gen 2. Ilopsaaok npeacTaBjeHust pyKkonuceii

Jly1 cCBOEBPEMEHHOT'0 BBIXO[a KypHaja yOeAUTEIbHO IPOCUM COOI0NATh CIEAYIONINE IPpaBruiIa 0OPMICHHS PY-
KOTHCEeH:

1. Pykonuch mpeacraB/isieTcsi KaKk B MANIMHONMCHOM, TAK M B JIEKTPOHHOM BHje. ByMakHbIiI BapuaHT
PYKOITHCH TIpeCTaBIsIeTcs B 1 SK3eMIUIIpe, KOTOPBIH 00s3aTelIbHO MOAMUCHIBAETCSI aBTOPaMH Ha 000poTe.

O0bem pykomuceii:

Kpatkue coobuienns — 1o 7 crpanuil (1800 neyaTHBIX 3HAKOB),
00BeM cTaTel, Kak MPaBuUiIO0, HE JOJDKEH MPEBHINATh 12 CTpaHMHIL,
MUChMa B PEJAaKIUI0 — 10 4 CTpaHUIl,

00beM HayIHBIX 0030poB — He Oosee 40 cTpaHuil.

Pykomnuchb conpoBoxaaeTcs:

COIIPOBOAUTENBHBIM NMHUCHMOM PYKOBOJUTENS OpraHU3alluy, MIPEACTAaBIAIOEH PyKOHUCh, OOPMIICHHBIM 3KCIEPT-
HBIM 3aKJIIOUYSHHEM WM JPYTHM JOKYMEHTOM, Pa3pellaloliM OIyOJHMKOBaHUE B OTKpbITOH medatu (1 9K3.), yTBepKIeH-
HBIM PYKOBOAUTEIEM OPTaHM3AIllMU U 3aBEPEHHBIM IepOOBOH MeyaThlo. DKCIEPTHOE pa3pellieHue NPeNCTaBIAIOT TOJIBKO
aBTOopbI U3 Poccuy;

" KOMITaKT-ANCKOM WIJIH JUCKETOM, CoiepKanieil 00s3aTeNbHBIA MaKeT SJIEKTPOHHBIX (ailyioB, IEpEUHCICHHBIX B pa3-
nedqe II1.

3. TeKCT aHHOTAIIMM HA PYCCKOM U aHTJIMHCKOM si3bIKax nedaraercs mpudrom Times New Roman (12 kerib) B o1HOM
(aiiiie B creyromieM mopsiike: HAMMEHOBAaHUE CTaThH, aBTOPHI, HAUMEHOBAHUE OPTaHU3allH, AHHOTALUSI HA PYCCKOM SI3bI-
Ke; Jjayee, yepe3 2 CTPOKH, B TOM K€ I0CIIeI0BATEIbHOCTH — Ha aHIIMHCKOM sI3bIKe. AHHOTAIMS U3J1araeTcsi B MHINKATHB-
HOU (hopMe, B COCTaB aHHOTAIMU B 0053aTEILHOM MOPSIKE JIOJDKHBI BXOJHUTE: 00J1aCTh UCCIeI0BaHus (2-3 peasioxKeHus),
TEOpETUYECKUe MOJOXKEHUs (5-6 MpenokeHuil), SKCIepIMEeHTaJIbHbIE HccleoBaHus (6-7 IpeayioxKeHuil, OCHOBHBIE pe-
3ynbTaThl paboThl (4-5 MpeANIoxKeHUH, peArnoaraeMble MOTpeOuTeNny pe3ynbraTa (2-3 npeaaoKeHus).

AHHOTaIMS TaKkKe MyONHMKYeTCsl Ha caiiTe MeXIYHapoIHOTO HaydyHOro HH(pOpMAIMOHHOTo moprana «Bomopom» (Ha
PYCCKOM M aHTJIMHCKOM SI3bIKaX).

4. Tekct aBTOpCKOro peswoMme (15 cTpok) Ha PyCCKOM M aHTJIMICKOM si3blkax nedaraercs mpudToM Times New Ro-
man (10 Keryip) T0JDKEH coaepkKaTh: MECTO pabOThI, IOJDKHOCTh, 00pa30oBaHUe, HAYYHOE 3BaHHE, YUCHAs! CTEIICHb, HATPaJIb
W Hay4YHbIE IPEMHUH, TPOPECCUOHATBHBIN OIBIT, OCHOBHON KPYI HAYYHBIX HHTEPECOB, KOJIMYECTBO MyOIMKAIMIA KaX/I0T0 U3
aBTopoB. XKenarensHo BKmounTh: ORCID, unnexc Xupmia, Research ID, SPIN, u apyrue HayKOMeTpHUECKHE TTOKa3aTelH.

5. ®otorpaduu aBropos s pestome B popmare TIFF wmm JPEG. @ortorpaduu aBTOpoB npencraBisioTes B 00s3a-
TEJIbHOM HOPSIIKE.

6. Texcr pedepara (0Ha CTpaHHIA) Ui OMyOIMKOBaHUS B pedeparuBHbIX xypHanax (PXK) BUHUTU, «Ilucema B
JKypHaN “AJbTepHaTHBHAS SHEPTETUKA ¥ SKOJIOTHS » (Ha aHTIUICKOM SI3BIKE).

ITapameTps! cTpaHuLbL:

= popmat A4 (210 x 297 Mm);

® MeKCTPOYHBIH HHTEPBAJ MOITYTOPHBIMH;

* mpudT Times New Roman, (12 xernb) B onHOM aiine B cieayoueM NopsaKe: HaUMEHOBAaHUE CTaThH, aBTOPHL, Ha-
UMEHOBaHUE OpraHu3aLuy, pedepaT Ha pyCCKOM s3bIKe; Jajee, uepe3 2 CTPOKHU, B TOH e MOCIeJ0BaTeNbHOCTH — Ha aHTI-
JIUICKOM SI3BIKE.

7. UHTEepHEeT-cO00Ienne 11 pa3MeIleHNs] CHTHAIBHOM nH(opManun Ha caiitax MH(popManmonHoro noprana «Bojo-
pom» W Ha caiitax MH)OPMAIIMOHHON CETH, MOCBSILICHHOH dHepreTuke u skojoruu. CooliieHrne pazMepoM He OoJiee 0JHOM
CTpaHUIIbI U3JIaraeTcs B IPOU3BOILHON (opme:

= popmat A4 (210 x 297 Mm);

® MeKCTPOYHBIH HHTEPBAJ MOITYTOPHBIN;

» mpudT Times New Roman (12 xerus).

Coo0ieHre MoXeT BKItouYath pororpaduu u rpaduku.

=ENe e o o
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Paznen 3. OdopmiieHue pykonucu

. Penxosuterus pexoMeHIyeT aBTOpaM 0030pOB M CTaTel CTPYKTYPHPOBATh HPEACTaBIIEMBI MaTepuall, HC-
monE3ysimo3aronoBku (Hampumep: BBEJIEHUE, TEOPETUMUYECKHUU AHAJIU3, METOJIMKA SKCIIEPU-
MEHTA, PE3VJIbTATBI U UX OBCYXIEHUE, 3AKJIIOYEHUE, CIIUCOK JIMTEPATYPEI).

®  TEKCT MaTepHana s IMyOJUKAIMH JOJDKCH OBITh TIIATEIEHO OTPSIAKTUPOBAH aBTOPOM, CIEIyeT m30erath
MTOBTOPOB, HE clienyeT 6e3 HeoOX0AUMOCTH IMOAPOOHO OMUCHIBATh WILTIOCTPATHBHEIA MaTepHAl;

®  TEKCT JIOJDKCH OBITh HAIleyaTaH Ha Oenoil Oymare:

= popmat A4 (210 x 297 mm);

= MeKCTPOYHBIH HHTEPBAJI OITYTOPHBINH;

= mpudTt Times New Roman (12 xerns).

Pykomuch MOKeT BKIFOUaTh poTorpaduu u rpaduku.

TekcT pykonmceit ohopMIIIeTCs B CIEIYIOMICH MOCICI0BATEIHHOCTH:

" HHJEKC YHUBepcaabHOo# aecaTnyHoi kiaaccuuxanuu (YK umn PACS);

= Ha3BaHHe CTATHH HA PYCCKOM H HAa aHIJIMHACKOM si3bIKe (IPOIHCHBIMU OyKBaMu 0e3 KaBbIYEK, Kerib 14 Hmomyxup-
HI)IP’I, BBIpaBHUBAHUEC 10 LECHTPY,; IMEPCHOCHI HE AOIMYCKAKOTCs, TOYKa B KOHIIE CTPOKHU HE CTAaBUTCHA, NOAUCPKUBAHUE HE HC-
TIOJIE3YETCH);

= aBTOPHI (MHALHANEL, (haMUIIUS, Kb 14 TOoIyKUPHBIA KypCcUB, BEIPABHUBAHUE 110 LIEHTPY, TOYKA B KOHIIE CTPOKH HE
CTaBUTCS)

= Ha3BaHWe OPraHU3alNM, aJpec, FOPoJ, CTPaHa, HHAEKC, TeJedoH, (pakc, e-mail (kernp 12, BEIpaBHUBaHUE 110 LIEH-
TpYy. Ecmu aBTOPBI — MNPCACTABUTEIIN Pa3JIMIHBIX opraHmauHﬁ, TO HUCIIOJIB3YETCA METOA HAACTPOYHBIX CCBUIIOK, HAIIpUMED:
A. B. UBanos, 0. C. Ceor*);

® 3aroJI0BOK pa3jieiia (Kers 14, BRIpaBHUBaHHE 0 JIEBOMY KPalo, TOYKA HE CTABHTCA);

= TeKCT cTaThu: WpudT 12, ab3anubiii oTcTyn 1 cM, BEIpaBHHUBaHUE O GopMary;

" H0/3aroJI0BOK (IIPH(T KYPCUBHEIN, KeTJb 14, BRIpaBHIBaHUE IO JIEBOMY KPalo);

= CHUCOK JUTepaTypbl (LPUQT OOBIYHBIN, Kb 14, BRIpaBHUBaHUE 110 LCHTPY).

ITpy HamMcaHUM CTAaThbU HCIIOJIB3YIOTCS OOILICHIPUHATHIE TEPMMHBI, €AMHMIBI M3MEPEHHs U YCIOBHbIE 0003HAYEHUs,
eanHooOpa3Hele 1o Beel crathe. PacumgpoBka Beex(!) HCMOIb3yeMbIX aBTOPaMH 0003HAYEHMIl 1aeTcsl MPHU MEPBOM
ynorpedjeHUHN B TEKCTe.

Ipu Habope cTaThi Ha KOMIBIOTEPE BCe IATHHCKUE 0003HaUeHNS GU3HIECKUX BeMUMH (4, I, d, h 1 T. 11.) HabuparoTcs
KypCHBOM, Tpedyeckue 00o3HadeHus, Ha3BaHus QyHKImit (B, sin, exp, lim), xummdecknx anemenTos (H,O) n ennann m3me-
perust (MBt/cM”) — psiMbiv (06b1ambIM) mprpTomM. CHMBOTEI (R, @, ®, € U T. 1) OTOBAPUBAIOTCA HA IOJIAX PYKOMHUCH.

Tabmuupl, pucynku, ¢pororpaduu (TOIBKO YepHO-0eNbIe) Pa3MEIaoTCS BHYTPH TEKCTa H UMEIOT CKBO3HYIO HyMepa-
LIUIO TI0 cTaThe (He Mo paszaernam!) U coOCTBEHHBIC 3aroyIOBKU. bykBeHHO-1dpoBas Hymeparws (la, 2b) HexenarenbHa.
Ha3Banus Bcex pUCYHKOB, hoTorpaduii ¥ Ta0JuL NPHUBOAATCH HA PYCCKOM U HA AHIJINIHCKOM fA3bIkax!!!

Hymepanust 0003HaueHH Ha PUCYHKAX JaeTcs MO MOPSAKY HOMEPOB IO (IIPOTHB) YaCOBOM CTPENKH (U1 YepTexneit)
WM CBepXY BHU3 (cHU3Y BBepx). Paiinbl mumoctpanuii npenocrasisiores B popmare TIFF umun BMP (MakcuMansHOe Ka-
4ecTBO) ¢ pa3penienueM He Meree 300 dpi.

DopMyJabI CO3AI0TCS C IOMOLIBIO BCTpoeHHOTo penakropa hopmyn (Math Type, Microsoft Equation) ¢ Hymeparueii B
KPYTJIbIX CKOOKax (2), BEIPABHUBAIOTCS 10 HEHTPY; pacmudpoBka Bcex o0o3Havenmii (0ykB) B ¢opMyaax gaercsi B
Nnopsiike yNOMHHaHUs B (popmy.ie.

@DopmyJibl J0KHBI ObITH AKKYPATHO HAOPaHbI HA KOMIIBIOTEpe.

Bo u3bexxanne HemopazyMeHHH M OHMIMOOK pedaKiys PeKOMEHAYeT aBTOpaM HCIIOJIB30BaTh B (OpPMyNax OyKBBI
JIATMHCKOTO, TPEUECKOT0 U IPYTUX (HEe PYCCKUX) a(aBUTOB;

Odopmiaenne TUTEPATYPHBIX CCHIIOK (CIMCKA JUTEPATYPbI):

Bce nurepaTypHble cChUIKM 0003HAYaIOTCS MOPSAKOBON IU(MPOIl B KBaAPaTHBIX CKOOKAX, PACIONIOKEHHBIMU B OPSAIKE
WX YIOMHHAHUS B TeKcTe [3].

Bu6anorpaduyeckne cChbUIKH B CIIHCKE TUTEPATyPHI paclolaraloTcs B TOH MOCIEeOBATEIbHOCTH, B KaKOil YIIOMHHA-
IOTCS B TEKCTE, U O(OPMIBTIOTCS 110 CIIEAYIOLINM ITPaBUIIaM:

= st KHUT: QamMmis M MHUIHAIGEL aBTopa (OB), Ha3BaHWE KHHTH, MECTO H3IaHHS, U3ATEIBbCTBO, TOX (U1 TPYIOB
KOHGepeHui — ropoa, crpana, ron). Hanpumep: Jlangay JI. ., Jlumun E. M. KBantoBast mexanuka. M.: Hayka, 1988.
Wmu: Elton R. C. X-Ray Lasers. Boston: Academic Press, 1990;

= JUIsl cTaTeil B XXypHaie, cOOpHHKe, rasere: (GaMUIus ¥ MHUIMAIBL aBTOPa(0B), HA3BaHUE CTAaThH, Ha3BaHHUE >KypHaJa
(cOopHuKa), roj, ToM, HOMep (MM HOMEDp BhIlTycka), crpanuisl. Hampumep: [Monskosa A. JI., Bacunbses b. M., Kynenko .
H. u np. Vi3MeHeHHe 30HHOH CTPYKTYPHI IIOJIYIIPOBOIHUKOB O] aBiieHueM // PHu3rKa u TeXHUKA MOJTYIPOBOJHUKOB. 1976.
T.9, No 11. C. 2356-2358. NUnu: AdanaceeB A. M. Ontumusaius pacripeieieHusl SJHEPTrOBBIICICHUS B PEaKTOPE C MOMO-
HIBI0 «COBETOB oleparopy» // Bompocsl aroMHo# Hayku U TexHHKU. Cep. PHU3HKa U TEXHUKA SOEPHBIX peakTopoB. 1986.
Beim. 2. C. 32-36. WUnu: Mezain L. H. Rolling circuit boards improves soldering // Electronics. 1977. Vol. 34, No. 16.
P. 193-198;

= JUIsl AMCCePTANMii M aBTopedepaToB AMccepTaANMii KpoMe GaMUINK aBTOpa U ero MHUIMAJIOB CleIyeT yKa3aTh Ha-
3BaHUE IUCCEPTAIMH, CTEIICHb, MECTO 3aIIUTHI (TOPOMA) M TOJ; AJs MPENPUHTOB — HAa3BaHWE, MECTO M3JIaHHs, TOJl, HOMEP.
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Hanpuwmep: I'opmikosa T. . TepmoanHamuueckre CBOMCTBa U IPUMEHEHHE HEKOTOPBIX CIIaBOB Lepusi: ABroped. auc. ...
KaHJ. XuM. HayK. M., 1976;

" JUIsl MATEHTHOM JOKYMEHTAI[MU: BUJ IIATCHTHOTO JOKYMEHTa (aBTOPCKOE CBHUIETEILCTBO WM MATEHT), HOMEp, Ha-
3BaHHE CTPaHBI, BBIIABIIEH JOKYMEHT, HHIEKC MEXIYHApOAHON KiacCH(UKAIUH H300pETSHU, W MHACKC MEXITyHAPOI-
HOU KITacCHU(HKAIMU MPOMBIIUICHHBIX 00pa3loB, WK MHICKC MEXIYHAPOIHOW KIacCU(HKAIIMHA TOBApPOB U YCIYT, Ha3Ba-
HHE IaTeHTa (a. ¢.), aBTOPbI, Ha3BaHUE M3JaHUs, OIyOJIMKOBAaBILETO JOKYMEHT, Fof U HoMmep u3ganus. Hampumep: A. c.
100970 CCCP MKH3 B 251 15/00. YcTpoiicTBO Ui 3axBaTa HEOPUCHTUPOBAHHBIX jAeTalieil Tuna Bajos/Baymun B. C.,
Kenaiikun B. T'. // Otkpeitus. M3o6petenus. 1983. Ne 11.

IIpu HE0OXOIUMOCTH B 3aroJIoBKe OHOIIMOrpadHuecKor CChUIKH Ha paboOTy YeThIpeXx U 0oJiee aBTOPOB MOTYT OBITh yKa-
3aHBl HIMEHA BCEX aBTOPOB HJIM TIEPBBIX TPEX C JOOABICHHEM CIIOB «H IIP.».

B crincke nuTepaTypbl HHAIHAIB! JOJDKHBI CTOSTH IOCIE (haMIITHIA.

Pa3nen 4. Ilpapuiia npeacraBiieHUs YJIEKTPOHHOI BepCHH MaTepUaJIOB

ABTOp (KOPPECIIOHCHT) JO/DKEH HANPaBUTh B aapec riaBHoro peaakropa (E-mail: gusev@hydrogen.ru ) obs3a-
TENBHBIA TAKET JIEKTPOHHBIX (HaiiIoB.

[epedeHp 00s13aTENBHOTO MAKETa 3JICKTPOHHBIX (aiioB:

1. Pykonuch

daiin 0603HavaeTcs cieayromumM oopasoM (pumep): Article#1. Ivanov I.1I. Hydrogen detectors. (1300).

I'ne Article#1 — o603HayaeT HOMEp PYKOIMCH, IIPHUCBOCHHBIH aBTOPOM (PYKOIIHMCEH MOXET ObITh HECKOJIBKO Ha 3JIEK-
TPOHHOM HOCHUTEINE);

Ivanov LI. — paMunus nepBoro aBTopa M WHUIIHAJIBL,

Hydrogen detectors — riepBble Ba CJI0Ba U3 Ha3BaHUS PYKOIUCH;

(1300) — HOMep TeMaTHYECKOTO HalpaBIeHHs WM TeMaTudeckol cekimu u3 TemaTukm :kypHana (IIpuBeneHa B KoHIe
KaXX10T0 HOMEpa )KypHaJIa).

2. AHHOTAIMA

daiin 0603HavaeTcs cieayromuM oopazoMm: Summary#1. Ivanov LI. Hydrogen detectors. (1300).

I'me Summary#1 — o603Ha4aeT MPUHAAIECKHOCTh AHHOTALMK K KOHKPETHOM PYKOITMCH C HOMEPOM, IIPUCBOCHHBIM aB-
TOPOM (pyKomucel MOKeT ObITh HECKOJILKO Ha 3JIEKTPOHHOM HOCHUTEINE);

Ivanov LI. — ¢paMunus nepBoro aBTopa M WHUIIHAJIBL,

Hydrogen detectors — riepBbl€e Ba CJI0Ba U3 Ha3BaHUS PyKOIUCH;

(1300) — HOMep TeMaTHYECKOTO HalpaBIeHHs WM TeMaTudeckol cekimu u3 TemaTukm :kypHana (IIpuBeneHa B koHIe
Ka)XJIOTO HOMEpa JKypHaJia).

3. Peepar

daiin 0603HauaeTcs cieayromuM oopasom: Abstract#1. Ivanov L.I. Hydrogen detectors. (1300)

I'me Abstract#1 — o0o3HauaeT NMpPHUHAUISKHOCTE pedepaTa K KOHKPETHONW PYKOIUCH ¢ HOMEPOM, IIPHUCBOSHHBIM aBTO-
poM (pykomuceil MOKeT OBITh HECKOJIBKO Ha JJIEKTPOHHOM HOCHUTEIIE);

Ivanov LI. — paMunus nepBoro aBTopa M WHUIIHAJIBL,

Hydrogen detectors — riepBble Ba CJI0Ba U3 Ha3BaHUS PyKOIUCH;

(1300) — HOMep TeMaTHYECKOT0 HAalpaBJIEHU UM TeMaTudeckoi cexiuu u3 TemaTuku xkypuaia (IIpusenena B KoHIe
Ka)JIOTO HOMEpa JXypHaJia).

4. Pe3ome

daiin o603HavaeTcs cieayrommM oopazoM: Resume#1. Ivanov L.I. Hydrogen detectors. (1300)

I'me Resume#1 — 0003HauaeT NPUHAATIEKHOCTH Pe3loMe K KOHKPETHOH PYKOIHCH C HOMEPOM, IIPUCBOCHHBIM aBTOPOM
(pykomuceit MOXKeT OBITh HECKOJIBKO Ha 3JIEKTPOHHOM HOCHUTEIE);

Ivanov LI. — ¢paMunus nepBoro aBTopa M WHUIIHAJIBL,

Hydrogen detectors — riepBbl€ Ba CJI0Ba U3 Ha3BaHUS PyKOIUCH;

(1300) — HOMep TeMaTHYECKOTO HallpaBIeHHs WU TeMaTHdeckol cekiuu U3 Tematukm skypHana (IIpuseneHa B koH1e
Ka)JIOTO HOMEpa JKypHaJa).

5. PucyHku

@aiin o6o3HavaeTcs cienyonM oopasoM: Pictures#l. Ivanov I.I. Hydrogen detectors. (1300)

I'me Pictures #1 — o0o3HauaeT NpUHAATIEKHOCT (oTorpaduil ¥ PUCYHKOB K KOHKPETHOH PYKONUCH C HOMEPOM, IIPHU-
CBOEHHBIM aBTOPOM (pyKOIHCEH MOXKET OBITh HECKOJIBKO Ha 3JIEKTPOHHOM HOCHTEIIE);

Ivanov LI. — ¢paMunus nepBoro aBTopa M WHUIIHAJIBL,

Hydrogen detectors — niepBbie 1Ba C10Ba U3 Ha3BaHUS PYKOIIUCH;

(1300) — HOMep TeMaTHYECKOT0 HalpaBJIEHU UM TeMaTHdeckoi ceximu u3 Temaruku xkypuaia (IIpusenena B KoHue
Ka)JIOTO HOMEpa JKypHalia).

6. Pazpemenne

@aiin o6o3HavaeTcs cieayonM oopasom: Sanction#1. Ivanov L.I. Hydrogen detectors. (1300)

I'ne Sanction#1 — 0003HayaeT NPUHALIEKHOCT pa3pelleHys Ha IIPaBoO OTKPHITON MyONUKALK PYKONUCH K KOHKPETHOH
PYKOIIHCH C HOMEPOM, IPUCBOSHHBIM aBTOPOM (PYKOTIHCEH MOXKET OBITh HECKOJIBKO Ha AJIEKTPOHHOM HOCHUTEIE);

Ivanov LI. — ¢paMunus nepBoro aBTopa M WHUIIHAJIBL,

Hydrogen detectors — niepBbie 1Ba C10Ba U3 Ha3BaHUS PYKOIIUCH;
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(1300) — HOMEp TEMaTHYECKOTO HANpaBIECHUS MM TeMaTH4eckoi cekuuu u3 TemaTuku skypHasa (IIpuBeneHa B KoHIe
Ka)XJIOTO HOMEpa >KypHaa).

7. UnTepHeT-cOO0IEHUE

®aitnr 0603HavaeTcs caenyomum oopaszom: Internet#1. Ivanov I.1. Hydrogen detectors. (1300)

I'ne Internet#1 — o603HauaeT NpUHAANIEKHOCTH MHTEPHET-COO0IEHNsT K KOHKPETHON PYKOIIMCH ¢ HOMEPOM, IIPHUCBO-
€HHBIM aBTOPOM (PYKONHUCEH MOKET OBITh HECKOJIBKO Ha 3JIEKTPOHHOM HOCHUTEINE);

Ivanov LI. — ¢paMuius nepBoro aBTopa ¥ HHHUILIUAIIBL,

Hydrogen detectors — niepBbie 1Ba C10Ba U3 Ha3BaHUA PYKOIIHCH;

(1300) — HOMEp TEMaTHYECKOTO HaNpaBIEHUS MM TeMaTH4eckoi cekuuu u3 TemaTuku skypHasa (IIpuBeneHa B KoHIe
Ka)XJIOTO HOMEpa JKypHaa).

8. Corsamenne

Daiin 0603HagaeTcs caenyomuM oopasom: Agreement#l. Ivanov I.I. Hydrogen detectors. (1300)

I'ne Agreement#1 — o6o3Hauaer mpuHamnexHocth PDF-Bepcun CornameHnss K KOHKPETHOH PYKOIHCH C HOMEPOM,
MIPUCBOCHHBIM aBTOPOM (PYKOIHCEH MOKET OBITH HECKOJIBKO Ha AJIEKTPOHHOM HOCHTEIIE);

Ivanov LI. — ¢haMmus nepBoro aBTopa M MHULIHAIB;

Hydrogen detectors — nepBble /1Ba CJI0Ba U3 Ha3BaHUSA PYKOIIUCH;

(1300) — HOMEp TeMaTUYECKOTO HAIPaBJIEHUs WM TeMaTHueckor cexunu u3 TemaTuku ;kypHaia (IIpusenena B KoHIe
KaX/I0T0 HOMepa )KypHala).

9. ®opma nepenayu pyKONMUCH U MAaTepPUAIOB AJs nydankanun - Form#1

Daiin 06o3HavaeTcs caenyomum oopazom: Form#1. Ivanov LI. Hydrogen detectors. (1300)

I'ne Form#1 — o6o3Hauaet npunamiexHocts PDF-sepcuu @opMbl iepeaunl pyKOUCH M MaTePUaIOB ANl MyOIUKAILK
(MANUSKRIPT TRANSMITTAL FORM) k KOHKpEeTHOH PYKOITUCH C HOMEPOM, IIPUCBOCHHBIM aBTOPOM (pyKomHceld Mo-
KeT OBITh HECKOJIBKO Ha JIEKTPOHHOM HOCHTENE);

Ivanov LI. — ¢paMuius nepBoro aBTopa ¥ HHHUILIHAIIBL,

Hydrogen detectors — niepBeie Ba CI0Ba U3 Ha3BaHUA PYKOIIHCH;

(1300) — HOMEp TEMaTHYECKOT0 HAaNpaBIEeHUs MM TeMaTH4yeckol cekuuu u3 TemaTuku skypHasa (IIpuBeneHa B KoHIe
Ka)XJIOTO HOMEpa JKypHaa).

10. ®otorpaduu

®aitn 0603HavaeTcs ciaenyromum oopasom: Fotos#1. Ivanov L.I. Hydrogen detectors. (1300)

I'ne Fotos#1 — 0603Ha4yaeT MpUHAAIEKHOCTh (hoTorpaduil K KOHKPETHOH PYKOIIMCH ¢ HOMEPOM, NPUCBOCHHBIM aBTO-
POoM (pyKomucei MOKeT ObITh HECKOJIBKO Ha 3JIEKTPOHHOM HOCHUTEINE);

Ivanov LI. — ¢paMuius nepBoro aBTopa 1 HHUILIUAIIBL,

Hydrogen detectors — niepBeie 1Ba CI0Ba U3 Ha3BaHUA PYKOIIMCH;

(1300) — HOMEp TEeMaTHYECKOT0 HaNpaBIEeHHS MM TeMaTH4eckoi cekuuu u3 TemaTuku skypHasa (IIpuBeneHa B KoHIe
Ka)XJIOTO HOMEpa JKypHaa).

11. Penenzuu

®aiin o6o3HavaeTcs crieayrommM oopazom: Reviews#1. Ivanov L.1I. Hydrogen detectors. (1300)

I'ne Reviews#1 — o603HauaeT npuHamiexHocts PDF-Bepcun pelieH3nu K KOHKPETHOH PYKOIMCH C HOMEPOM, IIPHUCBO-
€HHBIM aBTOPOM (pYyKomuceil MOXKeT ObITh HECKOJIBKO Ha 3JIEKTPOHHOM HOCHTEIIE);

Ivanov LI. — haMmus nepBoro aBTOpa M MHAIHAIBI;

Hydrogen detectors — nepBble /1Ba CJI0Ba U3 Ha3BaHUA PYKOIIUCH;

(1300) — HOMEp TeMaTHYECKOTO HAIPaBIEHUs WM TeMaTHueckor cexunu u3 TemaTuku kypHaia (IIpusenena B koHe
KaX/I0T0 HOMepa )KypHalia).

12. KnroueBble cii0Ba

Daitn o6o3HavaeTcs caenyromumM oodpasom: Keywords#1. Ivanov L.1. Hydrogen detectors. (1300)

I'ne Keywords#1— 0003HayaeT NpHHAICKHOCTh CIHCKA KJIIOYEBBIX CJIOB K KOHKPETHOH PYKOIUCH ¢ HOMEPOM, IpH-
CBOEHHBIM aBTOPOM (pYKOMHUCEH MOXKET OBITh HECKOJIBKO HA SIEKTPOHHOM HOCHTEIIE);

Ivanov LI. — ¢paMuius nepBoro aBTopa U HHUILIUAIIBL,

Hydrogen detectors — niepBbie 1Ba C10Ba U3 Ha3BaHUA PYKOIIHCH;

(1300) — HOMEp TEeMaTHYECKOTO HaNpaBIeHUs MM TeMaTH4yeckol cekuuu u3 TemaTuku skypHasa (IIpuBeneHa B KoHIe
Ka)XJIOTO HOMEpa JKypHaa).

13. ConpoBoanTeIbHOE NHCHMO PYKOBOANTE/IS OPraHu3anuu (M1 NUCbMO aBTOPA, €CJIM ABTOP — YaCTHOE JIHLO).

®aitnr 0603HavaeTcs ciaeayromumM oopasom: Letter#1. Ivanov LI. Hydrogen detectors. (1300)

I'ne Letter#1 — o6o3nauaeT npuHaiexkHocTs PDF-Bepcun nuceMa pyKoBOAUTENSI OPraHU3aluU K KOHKPETHOH pyKo-
IIMCH ¢ HOMEPOM, IIPUCBOCHHBIM aBTOPOM (PYKOIHceil MOXKeT OBITh HECKOIBKO Ha 3IEKTPOHHOM HOCHTEIIE);

Ivanov LI. — ¢paMuius nepBoro aBTopa ¥ HHHUILIHAIIBL,

Hydrogen detectors — niepBeie 1Ba C10Ba U3 Ha3BaHUA PYKOIIKCH;

(1300) — HOMEp TEMaTHYECKOTO HANpaBIECHUS MM TeMaTH4yeckoi cekuuu u3 TemaTuku skypHasa (IIpuBeneHa B KoHIe
Ka)XJIOTO HOMEpa JKypHaJa).
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BHUMAHMUE!!!

Bwmecte ¢ 35eKTpOHHOM BepcHel BceX MEePeUUCIICHHBIX JOKYMEHTOB HEO0X0IMMO HAaNPaBUTh B PEJAKIIUIO OPUTH-
HaJIbl BCEX JOKYMEHTOB OOBIYHOM MOYTOHN 3aka3HBIM MUCHMOM Mo cief aapecy: 607183, r. CapoB Hmxkeropoackoit
0011, a/s1 687.

Penxomerus oOpamaeT BHUMaHHE aBTOPOB Ha TO, YTO HECOOJIOJCHUE NPHUBEACHHBIX BBIIIE IMPaBHI MOXKET 3a-
JiepKaTh MyOJIMKALMIO MaTepHaa 1 NPUBECTH K OTKJIOHEHHUIO PYKOIIMCH OT TIpoliecca JajbHeimero paccMorpenus!!!
OTKJIOHEHHBIE PEeJIKOJUICTHEH PyKOIHCcH (B OyMa)KHOM M 3JICKTPOHHOM BHJIE) aBTOPaM HE BO3BPAIIAIOTCS.

B cnydae OTKIOHEHHs pyKOIIMCH aBTOpP MOXET B TEUCHHE TPEX MECSIEB HANPABUThH B PENAKIMIO YBEIOMIICHHE U
WCIIPABIICHHBIH BapHAaHT B COOTBETCTBHH C TPEOOBaHUAMHU PEJaKIUH (IIPH 3TOM 3a PYKOIIUCHIO COXPAHSETCS PErnucT-
palMOHHBII HOMED), a TAK)Ke BOCCTAHABIIMBACTCS OUepe/Ib Iy OIHUKaIHH.

Pa3nen 5. O6si3aTesnncTBa Penakuuu nepen Boicuieii ATrecrauuonnoii Komuccueit

Penakuus 06s13yercst 00eCHeYnBaTh:
1. Hannune MHCTUTYTA pelieH3UPOBaHUS (11 SKCIIEPTHOM OIleHKU pyKomuceit). O0s3aTebHOE TPE0CTaBICHUE PElaK-

LMeH pereH3ui 1o 3arpocaM aBTOpaM PYKOIHCEH U SKCIEepPTHHIM coBeTaM B Bricuryto Arrecranmonnyto Komuccunto Poc-
cuiickoit Akanemuu Hayk.

2. Uupopmayuonnyo omxpeimocniv u30amus.

Hanunuue u pa3BuTHe ceTeBOl Bepcuu xypHaia B MHTepHerte o aapecy http://isjaee.hydrogen.ru/. AHHOTaIMuU CTaTeH,
KIIFOYEBBIE CIIOBa, MH(MOPMAIHs 00 aBTOpax JOJDKHBI HAXOIHUTHCS B CBOOOJHOM HocTyIie B MIHTepHETe Ha PYCCKOM M aHT-
JIMHACKOM SI3BIKaX, IOJIHOTEKCTOBBIC BEPCUU CTaTel B CBOOOAHOM JOCTYIIE MM JOCTYIHBIMH TOJBKO ISl IOAMMCYHUKOB, HO
HE paHee 4eM uepes To/1 OCIe BhIX0/1a MaTepuaia.

3. PerynspHoe npenocTaBieHre HHGOPMaIUU 00 OyOIIMKOBAaHHBIX CTAaThsX 110 YCTAaHOBICHHOH opMme B cucteMy Poc-
CUTICKO20 UHOEKCA HAYYHO20 YUMUPOBAHUSL.

4. OGs3aTenbHOE YKa3aHUE COCTaBa PENAKIMOHHON KOJUICTHHM WMJIM COBETa C yKa3aHHEM YYEHOH CTeNeHH M y4EHOro
3BaHHUS Ha CaiiTe HAyYHOTO MEePHOANIECKOr0 N3JaHus.

5. O0s3aTenbHOE YKa3aHUE Mecm pabombl 6cex asmopos U KOHMAKMHOU UHDOPMAayuu Onsl NEPenucKy.

6. Cmpoeas nepuoduunocms.

7. Hanmmuue npucmametinvix 6ubauocpaguueckux cnuckog y Bcex cTateil B (opmare, yCTaHOBICHHOM >KypHAIOM U3
gucia npeaycMoTpeHHbM AevictByromM ['OCTom.

8. Hannume karouesbix ¢106 Ha pyCCKOM M Ha aHTIIMICKOM SI3bIKaX ISl KaKJI0W MyOIMKalluy.

9. Hanuuue u cmpozoe cobaiodenue onyoIuKo8annblx npasui npeocmasienus. pykonucel agmopamu.

10. B ciyuae omkasa 6 nyoaukayuy cmamovy pedakyus Omnpasisaem asmopy MOMusUpOSaAnHblll OMKA3.

12. Hamuaue ISSN 1608-8298.

13. Hamnuue nmoamucHoro uaaekca: OAQ «Pocnewamvy 20487, Oowedunennoco kamanoza «llpecca Poccuuy 41935,
Karanora poccuiickoii npeccst "[louta Poccun".

14. Pa3BuBaTh CrelUaIN3alMIO: 110 XUMHUH, II0 SHEPreTHKe, 0 HayKaM O 3emile, 10 MHXXEHEPHO-arpolpOMBIILIEHHBIM
CIEIHATBHOCTSIM.

Pazgen 6. CTouMoCTh U NOPSAAOK OIJIATHI MMyOJIMKAIUIA

CToUMOCTH MyOJIMKANMM PYKOMHCH CKJIAJABIBAeTCS M3: A — MpeAnevYaTHOH MOATOTOBKH, JKCIEPTH3bI MaTepua-
JIOB W peleH3HPOBaHUs , a Tak:ke N3 B — ctommMocTn my6ankamun. CTONMOCTE MyGIMKAINH PYKONICH COCTABJISAET
20% OT CTOMMOCTH IKCHEePTH3bl U PelleH3HPOBAHUSI PYKONMHCH, 2 TaK/Ke CTOMMOCTH MpeAne4YaTHOH MOATOTOBKHU
(muTepatypHasi 00padoTka, rpadguyeckasi 00padoTka, KOMINbIOTEPHAas BepcTKa, padoTa nepesoauyuka): 5=0,2 A.

[IpenBaputensHOE PEIIEH3UPOBAHUE U MPEANICIATHYIO MMOATOTOBKY pyKOTHcel (YU3WIECKUX JIHIl H OpTaHH3alui,
ABISIOIIMXCS pe3ugeHTaMu PO, ocymectsisier npeanpusarue OOO Hayuno-nHHOBaMOHHBIN LeHTp «KpHrocy

[IpenBapuTensHOE PEIIEH3UPOBAHUE U MPEANICIATHYIO MMOATOTOBKY pyKOTHceH (PU3WIECKUX JIHIl U OpTaHH3alui,
ABISOIIKXCS Hepe3naeHTamMu PD, ocymectsiser npeanpustue OOO Hayuno-rexaudeckuit neHTp «TATA».

Omata HepesuneHTaMu PO mpomssoautes Ha BamtoTHBIe cueta HTL[ «TATA» B ymoOHOH AN HUX BaNIOTE: B
pyOmsix, monmapax unu eBpo (mo kypey IIb P®) Ha nenp miarexka Ha pacueTHble cueTa HaydHO-TEeXHUYECKOTO IeH-
Tpa «TATA».

Ilopsaook onnamul nyonukayuii

1. CtoumMocTh MOAroTOBKH myOuKanuu pykomnucu ¢ 01 urons 2014 roga coctaBiser:

— nnst usndeckux aui — 25 € 3a crpanuny (s aBropos U3 Poccuu B py6isx no kypey L[B);

— nnst BY30B — 30 € 3a cTpanwuiy (a1s aBTopoB u3 Poccun B pyoisx mo kypey LIb);

— JUI HAy9HO-UCCIIEA0BaTeNbCKUX HHCTUTYTOB PAH — 20 € 3a crpanuny (B pyomnsax no xypey 11B);

— JUTS IPEINPHUATHH, OTHOCSIIHMXCS K MaIbIM (hopmam — 40 € 3a cTpanuiy (IS pOCCHICKUX MPENPHATHN B pPyOISX MO
kypey LIB);

— JUTSI MUHUCTEPCTB pernoHabHOTO ypoBHS — 30 € 3a cTpanuiy (s opranm3anmii u3 Poccuu B pyoisix no kypey LIB);
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— It MEHHCTepCTB (eepansHoro yposHS — 40 € 3a cTpanumy (s opranmsanuit u3 Poccnn B pyosix mo kypey 1Ib);

— JUISL aKIMOHEPHBIX 001ecTB — 40 € 3a cTpanuny (U1 pOCCHHCKUX MPeANpUATHil B pyOsx no kypey 11B);

— JUI1 Hay4yHO-UCCIIEeJ0BaTeNbCKUX Npenpuatuil — 40 € 3a cTpanuly (/1 pOCCUHCKUX MPEANPUATUH B pYOIIIX 110 Kyp-
cy Lb);

— A7l TOCYIAapCTBEHHBIX IIPOMBILIIIEHHBIX mpeanpustuil — 40 € 3a crpaHuiy (A1 pOCCUHCKUX IPENNPUATHH B pyOIsIX
o xypey LIB);

— Ul IIyOJIMKaLUM MaTepUajoB, BHIIOIHEHHBIX HA KOHTPAKTHOW OCHOBE — 25 € 3a cTpaHully (JUI1 pOCCHICKHX Ipea-
npuATHii B pyoisix o kypey 11b);

— 1715 myONUKaluy MaTepUaloB, BBITOJHEHHBIX B PaMKaX MEKAYHApOIHBIX KOHTPAKTOB — 25 € 3a cTpaHuLy (1Js poc-
CHHCKUX NMpeanpusaTuii B pyomsax no xkypey 1B);

— s myOnukaruu MatepuanoB HanmoHansHbiX 1 DenepanbHbIX HEeHTPoB — 45 € 3a cTpaHuIyy (A1 pOCCUHCKUX Ipe-
pusITHiA B pyoIrsix mo kypey 1IB);

— Juis myOnukanuu MatepuanoB OI'VII — 45 € 3a ctpanuiy (a1 pOCCUMCKUX NpeanpuaTuii B pyoisax mo xkypey Lb).

— ISl ICHCHOHEPOB — CKuKa 25%;

— 1 MHBanuA0B 1 rpynmnsl — ckugka 30%;

— JUISL ’HBAJTUI0B 2 rpynnsl — ckuaka 20%;

— U1l MUHBaNUA0B 3 rpynmnsl — ckugka 10%;

— JIIsL WICHOB M ek ayHapoaHOH Acconuanuu AllbTepHATHBHAS DHEpreTHKa H DKOJIOTHS — OeCIIaTHO

— JUIS IOJIHCYUKOB — PU3NYECKHUX JIHUL[ — OECIUIATHO.

CTyneHThI U aCUPaHThl MOTYT OBITh OCBOOOKAEHBI OT OILIATHI IO MX 3asBICHUIO B agpec Penakuuu 1 Ha OCHOBAaHUM
Pemenns Pepgaxnun.

dDu3uyeckHe JUNA U OPraHU3alMM, ABJISAOLIMecS Hepe3uaeHTaMu P®, nepeyucjasioT oniaty myoauKanuii
HA BAJIIOTHBIE cYeTa B YAO0HOI /151 HUX BaJOTe: B Jo/1apax wid eBpo (mo kypcy LIb P®) Ha nenp miarexa
Ha OJUMH U3 pacyeTHBIX cyeToB mnpeanpusituii: Hayuyno-rexuumueckuii nenrp «TATA», OOO Hayuno-
HHHOBAIUOHHBIA HeHTp «Kpnoc», OO0 HayuyHo-nHHOBanMOHHBINH HeHTP «JIaGopaTropusi TexHonoruii 6eso-
nacHocrn», OO0 Hayuno-Texnonorndyecknii nenrp «Caposckue 1a00paTopuu CEHCOPHKH», KOTOPbIE COBMe-
cTHO ¢ HayuHno-rexuuyeckum neHTpom «TATA», yuacTBYIlOT B mpoueccax: peleH3MpPOBaHUS M IKCIEPTU3BI
pykonuceii, a Tak:Ke MOATOTOBKU PYKONMUCEH K My0JIMKALMH.

2. JlaHHasi CTOMMOCTB OIIpeelieHa Ui yOIUKaIii, CoIepIKaIIHX:

— 06weM crpanut] TekcTa (1800 meyaTHBIX 3HAKOB) — 10 7 BKIIOYUTEIHHO;
— KOJINYECTBO PUCYHKOB B PYKOIIUCH — 10 7 BKJIFOUUTENBHO;

— KosmuecTBo (ororpaduii (Bkiarouast Goro aBTopa) — 10 7 BKIOYUTEIBHO.

3. IIpu npeBbIIeHNN YKa3aHHBIX TTApaMeTPOB OIUIaTa MPOU3BOJUTCSA C MPHUMEHEHHEM CIeAYIOMmUX Kod3hduImen-
toB (K):

— o0bem crpanui ceiiie 7 — K= 1,25 3a kakayro MociaeIyoyo CTpaHHUILy;

— KOJIMYECTBO PUCYHKOB CBEIe 7 —20 € 3a Kax bl JONOTHUTENbHBIA prcyHOK (11t BY30B —10 € 3a pucyHox, ams Ha-
YYHO-UCCIIeA0BAaTENILCKUX HHCTUTYTOB PAH — 10€)

— mst BY30B —20 € 3a crpanuny (st poccutickux BY30B B pyomsix mo kypcy LIB);

— JUIsl HAY49HO-HCClIeloBaTeNbcKuX MHCTUTYTOB PAH — 20€ 3a cTpanuny (B pyoisix mo xypey L1b);

4. CTONMOCTh IyOJHKaIMi, HOCAIINX 0030PHBIA XapakTep, cocTaBiseT npu od0seme 10 20 CTpaHUIl BKIIOYHU-
TEJIbHO:

— st pusnueckux i — 20 € 3a cTpanuiy (a7 aBTopoB u3 Poccuu B py6iisx mo kypey L[b);

— it BY30B 25 € 3a ctpanuny (quis poccuiickux BY3o0s B py6isax no kypcey 11b);

— ISl HAYIHO-HMCCIIeI0BaTENbCKIX MHCTUTYTOB PAH — 25€ 3a ctpanumy (B pyoisix no kypey LIb);

— JUIL MUHUCTEPCTB PETHOHAIBLHOTO ypoBHS - 30 € 3a cTpanuny (Juist opranusanuii u3 Poccuu B pyossix mo xypey LIb);

— JUIst MUHHCTEPCTB (pefepanbHoro ypoBHs - 40 € 3a ctpanuity (a7 opranu3sanuii u3 Poccun B py6isx mo kypey L[b);

— AT IPEANPUATHH, OTHOCAIIUXCS K MabIM opmaM —25 € 3a cTpaHuIly (A1 POCCUHCKUX NPENpUATHH B pyOIaX 1o
kypcy LIB);

— JUISL aKIIMOHEPHBIX 00IecTB - 45 € 3a cTpaHully (11 POCCHHCKUX NMpeANnpUaTHii B pyosax no kypey 1B);

— JJIs1 HayYHO-HMCCIIe0BaTeNbCKUX npeanpusatuii — 40 € 3a ctpanuiy (11 pOCCUHCKUX NPEANPHATHI B pyOIIsX 1Mo Kyp-
cy LIb);

— JUIS TOCYJApCTBEHHBIX IPOMBINUIEHHBIX NpennpusaTuid — 45 € 3a ctpanuny (JUIst pOCCUICKUX NPEANPHITUH B pyOIIsix
o kypey LIB);

— U1 MyOJIMKAMM MaTepHaloB, BHITOJIHEHHBIX HA KOHTPAKTHOW ocHoBe — 30 € 3a cTpaHully (A7 pOCCHUICKUX Ipen-
npuATHii B pyoisix no kypey 11b);

— JuIs MyOJIMKalMK MaTepHalioB, BRIIIOJHEHHBIX B PAMKAaX MEXIYHApOJHBIX KOHTpakToB — 35 € 3a cTpaHully (ais poc-
CHHCKUX MpeAnpusaTuii B pyomsx no kypey 1B);

— st myonmkaruu MarepuaioB OIYIT — 50 € 3a ctpanuiy (A1 pOCCHICKUX MPEANPUITUI B pyOIIsix mo kypcy 1IB).
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— Ui MyOJUKauy MatepuaiioB L{eHTpoB (HalMOHAIBHOTO WK (enepanibHoro ypoBHs) — 50 € 3a crpanuIly (s poc-
CHHCKHX MpeAnpusTuil B pyossix no kypcy L1b);

— IUTs IeHCHOHEPoB — ckuka 30%;

— A uHBaNuAoB 1 rpynmnsl — ckuaka 30%;

— JUTSE UHBAIHOB 2 TPyl — ckuaka 20%;

— A7 ”HBaNUAOB 3 Tpynnsl — ckuaka 10%;

CTyZ#eHTH U aclUpaHTBl MOTYT OBITH OCBOOOXICHBI OT OILIATHI MO MX 3asBICHUIO B ajpec Penakuuu 1 Ha OCHOBaHUH
Pemennst Penakuun.

Peaxosuterusi myoJMKyeT BHE OUepefin CO CPOKOM pelleH3HPOBAHMSA, NPEIBAPHUTEIbHOH MOATOTOBKH U OILY0JIH-
KOBaHUSI pyKomucH - 14 qHeii u HA §ecNJIATHOI OCHOBe aBTOPOB PyKoNucell, MMeIUX HHAeKe Xupia >15.

Peaxonierusi He ny0JUKYeT ABTOPOB PadoT, MMEIOLIUX Bo3pacT foJiee 30 JieT ¢ MHAeKCOM XUpIIa MeHee 3.

— NIpM _NpeBLIIIEHNN 00beMa cTpanul cBbiine 20 — K= 1.5.

dusnyeckue Jula 1 OpraHu3aliy, ABISIONecs HepeduaeHTaMu PO, nepedncisior omiary myOinuKaluii Ha BaIOTHbIE
cueTa B yIOOHOMW ISl HUX BAJIOTE: B Jojutapax wim eBpo (1o kypey LIb P®) Ha nenp ruiatexa Ha pacyetHble cueta Hayd-
Ho-TexHu4eckoro neHrpa « TATA» umn OOO HayuHo-nHHOBanMOHHBIN LeHTp «Kpuocy.

5. CtonMocTh crareil pexslaMHOro Xapakrepa cocrtasisieT 200 € 3a cTpaHuIy (U1 pOCCHICKUX HPENNPUITHH B
pyomsx mo xypey LIB).

CrouMocCTh cTaTell peKIaMHOro XapakTepa (IBeTHbIe cTpannyku) cocTaBisieT 800 € 3a cTpanuLly (U1 pOCCUHCKHX
MPeaNpUsITHil B pyOIIsix mo kypey LIB).

duznyeckue JUIA ¥ OpraHn3al|y, SBISIOMNecs Hepe3naeHTaMu PO, mepednciisioT omiary myOnuKanui Ha Ba-
JIOTHBIC cUeTa B yIOOHOM JJIsl HUX BaJIfOTe: B JIoJUlapax wiH eBpo (1o kypey LIb P®) Ha nens nnarexa Ha pacueTHbIE
cuera Hayuno-texnmnueckoro nentpa « TATA» unmu OOO HayuHo-nHHOBaMOHHBIN LEHTP «Kpuocy.

6. CroumocTts CrieninaabHOTO BBITTyCKa JKypHaja (3aKa3aHHOTO OpraHU3aIliel) COCTaBIsIeT:

— 06wvem o 100 crpanun BrmrountensHo — 3000 € (s poccuiickux npeanpusaTuii B pyoisx mo kypey Lb);

—o6beM ot 101 o 150 crpanun BimounrensHo — K = 0,8 (3a npeBblaromuii 00bsem);

—o6beM ot 151 0 200 crpanun BrirounTenbHo — K = 0,6 (3a npeBbILaIni 00bem);

— o6weM criuie 200 crpanun — K = 0,4 (3a mpesblmaonuii o0bem);

— CHeIMaIbHBIH BHITYCK B MHOTOTOMHOM BapuaHTe — K = 0,6 3a Ka)kablil HOCIEIYIOIIN TOM;

— CIIELMAIIbHBIN BBINYCK B IOJHOLBETHOM BapuaHre — K = 2.

Ou3HUecKue JUIA U OPTaHU3AIMH, SBISIONIMECS Hepe3uaeHTaMu P®D, nmepeuncnaioT omnaTy myoauKanuil Ha Ba-
JIFOTHBIE cYeTa B YJOOHOM JUII HUX BaJIOTe: B AojIapax i eBpo (mmo kypey LIb P®) Ha nens maTexa Ha pacueTHBIE
cuera Hayuno-texumueckoro nearpa « TATA» wiun OOO Hay4uHo-nHHOBAIIMOHHBIH EHTp «Kpuocy.

7. Ot ormatsl 3a mybnukanuu ocBoboxnarorcs: HobesreBckue aypeatsl; akagemuku PAH; pextopst BY3oB; py-
kopoautenan: HUU, nayunpix lleHTpoB; aBTOPBI pyKonuceii, nMewomue naaekc Xupma > 20; yiensl MexayHnapon-
HOHl Acconuanuu AJIbTePHATHBHAasi JHepreTMKa M JKojorus, Gpusnyeckue JIMLA, ABIAIOMMEcH NOANMCYMKAMU
JKypHaJIa (rogoBasi MOANMUCKA).

8. IIpu momaue pyxonwmcu akagemuku PAH, pexropst BY3os, HUU, Hayunsrx LleHTpoB, CTYIEHTHI, acClIUPaHTHI U TIEH-
CHOHEPBI 005I3aHBI MPEJICTABUTh CIIPABKY, 3aBEPEHHYIO B OpTaHH3aLIH.

9. HpI/I nogadye pyKoIucHu NE€HCUOHEPHI 00s13aHEI OpeaAOCTaBUTH KOMMHUIO IIEHCUOHHOT'O YAOCTOBCPECHU .

10. JTro60i1 aBTOp FITH aBTOPCKUI KOJUICKTHB HMEET MPAaBO OOPATUTHCS B PEHAKIIHIO XKypHAIa C MOTUBHPOBAHHBIM
X0JIaTaliCTBOM 00 OCBOOOKIEHUH (YaCTUIHOM OCBOOOXIeHUH Ha 25% - 30%) oT orutatel 3a myOnukanuio. Penenne
00 0cBOOOXKIAEHNUHU OT OIUIATHI MpUHUMaeTcs [ TaBHBIM pefakTopoM KypHaia. IIpu ocBOOOXKAEHHUN OT OIUIATHI CPOK
My OJIMKAIIUN PYKOIIHCH MOXET OBITh MPOJICH 0 4 MECsIEeB.

11. lokymeHTHI 00 oruiaTe (IJ1aTe)XHOE OpYUYSHNE, KBUTAHIUS) IPEIOCTABISIOTCS BMECTE C MaTepHallaMH PyKoO-
TIHCH.

12. B cirygae HEOOXOAMMOCTH OTCPOYKH IIJIaTeka 3a ITyOIMKAlNIoO PyKOIHMCH aBTOP WM aBTOPCKUH KOJUIEKTHB
MPEOCTABICT B PEAAKIINIO JKypHaJla MUCHMO C IPOChOOH 00 OTCpPOUKe IIaTe a M TapaHTHEH OIUIaTHI B ONpe/IesIeH-
HBIE CPOKH.

13. ITy6nukanny wieHoB Hayunoro Coseta Peakoierun u peieH3eHTOB, a TaK)Ke aBTOPOB, UMEIOIINX PEKOMEH-
nanuu wieHoB Haydnoro CoBera Penkosuieruui MOTYT OCYHIECTBIISIThCS Ha OECIIATHONH OCHOBE WIJIM C YAaCTUYHOH
omnaroit 50% (ITo Pemennro Peaxomnernn u Penaknmm xxypHana).

14. ABTOpCKHE KOJUIEKTUBBI, CPE/IM KOTOPBIX eCcTh HobeneBCcKue aypearsl, MOTHOCThI0 0CBOOOXKIAFOTCS OT OILIATHI
myOJIMKAIHA.
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IIpeaBapuTenbHOe pelieH3UPOBAHME M NpeANeYaTHYI0 MOArOTOBKY pyKomHceill ocyliecTBJsieT MpeanpH-
saTue OO0 HayyHo-uHHOBanMOHHBIN HeHTp «Kpuoc»

000 Havuyno — ManoBanuonnblii llenatp «Kpuoc»

Anpec: 607181, Huxxeropoackasi 06J1actsb, r. Capos, yi. MockoBckas, 1. 29, oguc 311

CRYOS

=t Ten./dakc: (83130) 6-31-07, 9-07-08 Tear. (83130) 9 - 18- 46

Juis1 pacueTroB B pyoJifx:
O6pazert 3aroIHEeHNS TUIATEXHOTO OPYUCHUS

VIHH 5254483520 |  KIIIT 525401001

ITonyuarens

00O Hayuno — MnHoBanuonHslil Lientp «Kpuoc» Cu. Ne 40702810300000002650
bank nonyvarens BUK 042204721

WHH 7701000940 KIIIT 525402001

OAO “AKb Capos6usnecoank” r. Capos K/Cu. Ne 30101810200000000721

JlonmoJHUTEeIbHbIE BO3MOKHOCTH OILJIATBI

BbI MokeTe TaKk:Ke OCYLIeCTBUTH IJIaTex yepe3 cuctemy WebMoney

Komegaek B pyoasx (Pyoaun, P®): R970392195433

Komegaek B gosnapax: (Jloaaapel CIIHA): 7329674429334

B nepeBoge Heo6X0auMO yKa3aTh: «3a NpeINneYaTHYI0 NOAr0TOBKY pykonucu Ne...... H ee My0IuKanuIo»

IIpockba K aBTOpam!

B mensix yckopeHHsI COIVIacOBAHUS FPAHOK, Mpock0a K aBTOpPaM, MPeAoCTABIATH MAKCHUMAJIbHO BO3MOXK-
Hble KaHAJbI CBSI3M UISA ObICTPOIi cBsI3M Pegakuuu ¢ aBTOPOM M aBTOPCKUM KOJIEKTHBOM (MOOUJILHBII TeJie-
(don, ckaiin, pakc, IIEKTPOHHYIO MOYTY M T.1.). Eciin y aBTOpa-koppecnoHaeHTa NpeABUAATCA KOMAHAMPOB-
KH, OTIIYCK U IPYrHe HeoTJI0KHbIe [e/1a, IPoch0a CBOeBpeMEHHO B MMCBMEHHOM BH/ie YBeAOMHUTH Pegakuuio o
Ha3HAYeHUH OTBETCTBEHHOIO JIUIA /LISl COTJIACOBAHMSA I'PAHOK CTaTell.
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FHISIAEE

TEMATUKA MEXAYHAPOOHOIO HAYYHOI'O XYPHAJIA
«ANNbTEPHATUBHAA SQHEPIETUKA U KOOI UA»

I. BO3OBHOBJISIEMAS
SHEPT'ETHUKA

N

o

1. ConHeyHas JHepreTuKa

A.llImelHgend (Weenuapus, Liopux, Weeiinapckuin
henepanbHbIi MHCTUTYT TexHonoruin) (MPK)

I.U. Ucakos (AsepbangkaH, baky, MHcTuTyT chmamkm HAH) (3IP)
W.I". Xudupos (Y3bekuctaH, TawkeHT, MHCTUTYT saepHomn
duaukmn HAH Ysb6ekuctaHa) (MPK)

C.lepyHu (Apmenns, EpeBaH, EpeaHckui roc. yH-T) (MHKCP)
C.M. Pa3sa (MakvcrtaH, KeTTa, YHuBepcutet benymkucrana) (MPK)
C.3. Unbsic (MakuctaH, KeeTTa, YHnBepeuteT benymkuctaHa) (MPK)
A.M. lNendxues (TypkmeHucTaH, AwxabaTt-32, TypKMeHCKui
nonuTexHnyeckuin MHCTuTyT) (MPK)

B.®. pemeHok (benopyccusi, MuHck, O6beANHEHHbIA UHCTUTYT
ur3nkn TBEpAOro Tena n nonynposogHunkos) (MHKCP)

B.A. Bymy3soe (Poccus, KpacHogap, OAO «HOxreoTenno»)

1-1-0-0 UcTopusa conHe4yHOW 3HEepPreTUKn

1-2-0-0 ConHe4HO-BOAOpPOAHas 3HepreTuka

T.H. Besupoeany (CWA, Manamu, MAB3, UNIDO-ICHET) (MI'P)
1-2-1-0 MaTepuanbl AnsA COrIHEYHO-BOAOPOAHON
3HepreTMkun

1-3-0-0 ConHeYHble 3NEKTPOCTaHLUN
1-3-1-0 KpeMHueBble COnHeYHble ANEeKTPOCTaHLUMn
1-3-2-0 KocMuyeckue conHe4yHble CTaHLUU
1-3-3-0 ®oToanemMeHTbI
1-3-4-0 ®oToBONbTan4eckum 3cpcpeKkT B nonynpoBoa-
HUKOBBIX CTPYKTypax. ®oToanekTpuyeckme Moaynu

1-4-0-0 HazeMHble CONHEYHble CTaHLUKU
1-4-1-0 ConHeYHble KONMNEKTOpbI

1-5-0-0 ConHeyHble ropoga
1-5-1-0 ConHeu4HbI gOM
1-5-2-0 ConHe4Hble XONoAunbHble YCTAHOBKMU
1-5-3-0 ConHeYHble BOAONOAbEMHbIE CUCTEMDI
1-5-4-0 N'enuo3aHepreTU4eckme yCTaHOBKMU

1-6-0-0 ConHeYHbIV TpaHCNOPT
1-7-0-0 KoHUeHTpaTopbl CONTHEYHOro U3Ny4YeHus

2. BerposHeprernka

WN.3. boeycnasckuti (Poccus, Mockea, O33I1 PAH) (MPK)
B.J1. Okynose (Poccus, HoBocnbupck, Cub. ota. PAH)
Ban Kyuk I".A.M. (Mpe3ngeHT EBponerickon Akagemmm
BeTpoaHepreTukm)

2-1-0-0 BeTpoaHepreTuka u apxuTeKTypa

2-2-0-0 BeTpoaHepreTuka u akonorus

2-3-0-0 YHMKanbHble pelleHUs BETPOIHEPreTUKN
2-4-0-0MNapycHas BeTpo3aHepreTuka

2-5-0-0 M'M6pugHble BeTPOYyCTaHOBKMU

2-6-0-0 UcTopuns BeTPO3IHEpPreTUKn

2-7-0-0 Betpo-BoaopoaHas 3HepreTuka

2-8-0-0 AnekTporeHepaTopbl AN BETPO3HEpPreTukn
2-9-0-0 HoBble KOHCTPYKLIMM BETPOIHEPreTUYECKUX
YCTaHOBOK C BepTUKanbHOW OCbI0 BpaLleHUs
2-10-0-0 N'opu3oHTanLHO-0CEBbIEe BETPOIHEPreTUiecKkne
YCTaHOBKMU

2-11-0-0 BepTukanbHo-oceBble BeTpOIHepreTuieckme
yctaHoBKkM CaBoHuyca

2-12-0-0 BepTukanbHo-oceBble BeTpO3HepreTuieckme
yctaHoBku [lapbe

2-13-0-0 BeTporennoaHepretmyeckme ycTaHOBKU
2-14-0-0 Bynyuiee BeTpO3HEPreTUKMN

2-15-0-0 AspocTaTHasi BeTpo3HepreTuka
2-16-0-0 MaTepmanbi ANsA BETPOIHEPreTUKN

2-17-0-0 MogenupoBaHue Ha 9BM anHamuyeckomn cocTaB-
nsALWEen CKOPOCTU BeTpa B 3aBUCMMOCTM OT BPEMEHMU

2-18-0-0 KomnnekcHoe MoaenupoBaHne BETPO3HepreTu-
YeCKOWN YCTaHOBKM C BepTMKaNbHOW OCbI0 BpalleHUsi

2-19-0-0 NMpeo6pa3oBaHMe IHEPrMM B BETPOIHEPreTuyecknux
ycTaHOBKax

2-20-0-0 Ucnonb3oBaHMe 3Hepruu BeTpa.
TexHMKa, 3KOHOMMKA, IKONOrus

3. Mopckasi THAPOIHEPreTHKAa

3-1-0-0 UcTopus NpUIMBHON 3HEPreTUKn
A.J1. I'yces (Poccus, Capos, HTL, «TATA»)

3-2-0-0 SHepreTnKa MOPCKUX BOSH
C.I1. Kanuuya (Poccusi, Mocksa, A®JT um. MN.J1. Kannub! )

3-3-0-0 SHepreTnKa MOPCKUX Te4EHUN

4. I'eoTepmalibHAS JHEPreTHKA

B.A. Bymy3soe (Poccus, KpacHogap, OAO «HOxreoTenno»)
4-1-0-0 UcTopus reoTepmanbHON IHEPTETUKMN

4-2-0-0 PyHaameHTanbHbIe UCCNe[oBaHUsA B o6nactuy
reotepmanbHON 3HEPreTUKMN

4-3-0-0 Npo6nembl 0CBOEHUA reoTepManbHON IHEPTUMN

4-4-0-0 Ponb moaenmMpoBaH1si U MOHUTOPUHra
npy 0OCBOEHUMN reoTepMaribHON dHEpPruu.
OueHKa reotepmMarnbHoOro pesepsa

4-5-0-0 leoTepmarnbHble CTaHUUN
4-5-1-0 l'eoTepmanbHble 3NEeKTPOCTaHLUN
4-5-2-0 N'eoTepmanbHble TENSIOBbIE CTaHLUU

4-6-0-0 AchheKTUBHOCTb U HAEXKHOCTb reoTepManbHbIX
TEenoBbIX U ANEKTPUYECKUX CTaHLIMA

4-7-0-0 N'eoTepmanbHbIe pecypcbl CTpaH MUpa
M NepcrneKkTUBbI UX OCBOEHUSA

P
Wil g

A.J1. T'yces (Poccus, Capos, HTLL « TATA»)
5-1-0-0 BuorasoBble yCTaHOBKMU

5-2-0-0 Tepmoxummyeckue razoreHepaTopbl
5-3-0-0 SHeprus 6uomacchi 1 akonorus

5. JHeprus 6uomMaccol

6. Manasi ruipo3HepreTuKa

C.lllameopsiH (ApmeHusi, EpeBaH, QHepreTuyeckuii ctpaternye-
ckuit ueHTp) (MHKCP)

6-1-0-0 ObopyaoBaHue MarbIX U MUKPOTMAPO3NEKTPOCTaHLMIA
6-2-0-0 [lepMBaLMOHHbIE MMKPOTMAPO3NEKTPOCTaHLIUN

7. HeTpaguliMOHHbIE HCTOYHUKH

e B0300HOBJISIEMOii JHEPTrUH

B.A. XycHymduHos (Poccus, Mocksa, PAO «ESC Poccuny) (MPK)
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A.J1. T'yces (Poccus, Capos, HTLL « TATA»)
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)

7-1-0-0 NMpumeHeHne nbaa B 3HepreTuke.
IlepsiHble aneKkTpocTaHUuMK

7-2-0-0 Ucnonb3oBaHUe xonoaa BeYHON Mep3noThl Ans
TEPMOCTAaTUPOBaHUA ObITOBLIX U TEXHUYECKUX OO BEKTOB

7-3-0-0 PnU3nko-xuMmnyeckne CBOMCTBa Nbaa
7-4-0-0 Tennocusnyeckue CBOMCTBa Nbaa

7-5-0-0 TepmoaMHaMmmyeckne OCHOBbI NONYy4YeHUs
1 NpUMeHeHusA nbaa

7-6-0-0 O6opynoBaHue ANs uccnegoBaHUA Nbaa

7-7-0-0 YcTtaHOBKM ANs nony4veHus nbaa

7-8-0-0 Cnocobbl 1 MexaHU3Mbl 3KCTPEHHOTO BCKPbITUSA
nbaa Ansa cnaceHwus nop, BoAomn

7-9-0-0 BuHapHbI neg U ero NpUMeHeHue

7-10-0-0 NMpumeHeHMe Nbaa AnNs Co34aHUA UHXEHEPHO-
TeXHUYECKUX N apXUTEKTYPHbIX COOPYXEHUN

7-11-0-0 AuHamMuMKa u NPOYHOCTb Nbaa. IHaMuUKa Xpynkoro

paspyweHus. C-)KcnepumeHTaanble MeToAbl AUHaMU4eCKOoM
MeXaHUKU paspylieHusa nbaa

7-12-0-0 YucneHHble U CMeLlaHHble YACTIEHHO-
3KCcnepuMeHTarbHble MeToAbl AMHAMUYECKOW MeXaHUKU
paspyweHus nbaa

7-13-0-0 Cnoco6bl yaaneHus neasiHbIX NOKPbITUNA
Ha BOAHbIX 06beKTax

7-14-0-0 AKKymynupoBaHue xonoaa U NpMMeHeHue
3Hepruu nbaa

7-15-0-0 TpaHcnopTupoBKa akcbeproB u nony4yeHue
npecHou BoAbl

7-16-0-0 TepmorpaaueHTHasA aHepreTnka

N

e

8. JHeproxomiuiekcsl Ha ocHoBe BUD

II. HEBO3OBHOBJISIEMASA
SHEPT'ETHUKA

9. ATOMHAsl JHepreTuKa

F0.A. TpymHes, akan. PAH (Poccus, Capos, BHUN3®) (MNTP)
A.5. Cmonsipesckuli (Poccusi, Mocksa, PHL «KypuyaTtoBckuii
MHCTUTYT») (MPK)

A.l". Hydun (Poccus, Mocksa, ®efepanbHoe AreHTCTBO

no atomHow aHepruu P®) (MHKCP)

B.A. AgbaHacbes (Poccusi, Capos, POAL-BHNNI®) (MPK)
M.A. lNpenac (CLWA, Konambus, YHusepcutet Muccypu) (MPK)

9-1-0-0 AToMmHO-BOAOpPOAHAsA 3HEepreTukKa
H.H. NoHomapes-CmenHown, akag. PAH (Poccusi, Mockea,
PHL, «KypyaToBckuit HCTUTYT») (PHC)
A.A. Cmonspesckuli (Poccusa, Mocksa, PHL «KypuyaTosckuia
MHCTUTYT») (MPK)
B.H. ®amees (Poccusi, Mocksa, PHL| «KypuaToBckuii
MHCTUTYT») (MPK)
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)
9-1-1-0 UcTopnsi aTOMHO-BOAOPOAHON 3HEPTeTUKMN
H.H. NoHomapes-CmenHod, akag. PAH (Poccusi, Mockea,
PHL| «KypyaToBckuin nHcTuTyT») (PHC)
A.5. Cmonsipesckuli (Poccusi, Mocksa, PHL, «KypuyaTtoBckuii
MHCTUTYT») (MPK)
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)
9-1-2-0 BbicokoTemnepaTypHble ra3oBbie peakTopbl
(BTIP) ans npou3BoacTBa Bogopoaa BbiCOKOTeMMnepa-
TypHbiMu (T = 1000° C) meTogammn

9-1-3-0 BbicTpble peakTopbl C HATPUEBbLIM oxnaxae-
Huem (BH) ansa nonyyeHus cpegHeTemMnepaTypHOro
Tenna (T = 500° C), npon3BoAcTBa CUHTETUYECKOIO rasa
1 Bogopoaa

9-1-4-0 BbICTpble peakTopbl CO CBMHLIOBLIM OXJTaXAeHNEM
(BPECT) kak peakTopbl crneayloLero nokoneHusa ans
nony4yeHus BbicokoTemnepaTtypHoro Tenna (T > 500° C)
I".J1. XopacaHos (Poccusi, O6HuHck, Iy «"HU PO —
D3N um. A.N. JlennyHckorox») (MPK)

9-2-0-0 AToMHas 3HepreTuKa Ansi TPaHCNOPTHbIX CPeACTB
M.A. KasapsiH (Poccus, Mocksa, PUAH nm. MN.H. Nebepesa)
(MPK)
WU.B. lllamaHuH (Poccusi, Tomck, TOMCKWIN NONUTEXHUYECKMIA
yHusepcuteT) (MPK)
9-2-1-0 PaguoHyknuaHble UICTOYHUKKN Tenna
9-2-2-0 PaguoHyknuaHblie TepMO3JIeKTpuYeckue
reHepartopbl
9-2-3-0 Tepmo- M paanaLMOHHO-CTUMYNMPOBaHHbIE
c¢ha3oBble NnpeBpaLeHUs B cnniaBax BHeAPEeHUs
(kapbupax, HUTpUAAx, HUTpUAOrMapuaax,
kapboruapuaax u ruapuaax nepexogHbIX MeTansos,
BbICOKOTEMIMEPATYPHbIX CBEPXMPOBOASILLNX
MaTepuanax, MHTepMeTanm4eckux coeaNHeHUsX)

10. B3pbIBHAs1 JHEpPreTHKA

B.E. ®opmos, akag. PAH (Poccusi, Mocksa, HCTUTYT Tenno-
U3NKN SKCTPEMarbHbIX COCTOAHUIA OBbEeANHEHHOrO NHCTUTYTA
BblCOKux Temnepatyp PAH) (PHC)

A.J1. Muxatinos (Poccus, Capos, N®B POAL BHNNIP) (MPK)
H.H. lepdrokoe (Poccus, Capos, OB POALI-BHUNI®) (MPK)
A.A. lLimepuep (Poccus, Hosocnbupck, OO0 «HIMM “MATEM”»)
(MPK)

B.H. l'epman (Poccus, Capos, OB POALI-BHUNS®) (MPK)

10-1-0-0 B3pbiBHbIE TEXHONOIMU

10-2-0-0 KomnbloTepHOe MoaenupoBaHue 3afay B3pbIBHOW

3HepreTMKn

M.A. CbipyHuH (Poccus, Capos, B POAL BHNNI D)
10-2-1-0 NMocTaHOBKM 3aAa4 B3pbIBHOW 3HEPreTUKMN
10-2-2-0 NMoaBWXHbIE NarpaHXxeBO-31MNepPoBbI CeTKU

10-3-0-0 B3pbiBHasA AenTtepreBas 3HepreTMka

10-4-0-0 B3pbiBHasi aHepreTuka Asnsi CUHTe3a HOBbIX BELEeCTB
10-4-1-0 CuHTE3 M cneKkaHne maTepuanoB B3pbIBOM
10-4-2-0 YaapHoO-BONHOBOE cneKaHue matepuanos
10-4-3-0 KomnbloTepHOe MogenupoBaHue NpPoLeccoB
yAapHO-BOJIHOBOrO CMeKaHUs MaTepuanos

10-5-0-0 B3pbiBYaTble BelwecTBa

10-6-0-0 B3pbiBHbIE KaMepbl

A.A. lLimepuep (Poccusi, HoBocnbupck, OO0 «HIMM “MATEM”»)

(MPK)

10-7-0-0 KcTpemManbHble COCTOSIHUSA BellecTBa.

HeTtoHauus. YaapHble BONHbI

10-8-0-0 QHepreTyeckme Matepuanbl U pu3nka geToHauum

10-9-0-0 YpaBHeHuUs cocTosiHUA U ha3oBble nepexoabl

III. TEPMOSAJEPHAS
SHEPI'ETHUKA

@®.
g, 11. TepMosiiepHasi SHePreTUKA

i

B.H. JlobaHoe (Poccus, Capos, POALI-BHUNI®) (MPK)

11-1-0-0 UccnepoBaHuA B o6nacTy ynpaBnsemMoro
TepMosiAepPHOro CUHTe3a

11-2-0-0 PeHTreHOBCKWUA TepMOsiAepPHbIA CUHTE3
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11-3-0-0 My4KoBbLIN TepMOAAEPHbIA CUHTE3
11-4-0-0 UHepumnanbHbIA TepMOsiAEPHbINA CUHTE3
11-5-0-0 U3oTonHbIN 3chchekT

11-6-0-0 KpnoreHHble TpUTUEBLIE MULLEHN

11-7-0-0 MuweHn BbICOKOro faBrieHusi ANA uccrnenoBaHuA
npoLeccoB MIOOHHOIO KaTanusa sifepHbIX peakuum cuHTesa

11-8-0-0 MexxayHapoAHbIA NPOEKT TepMOSiAEePHOro
3HepreTuyeckoro peakropa UTIP

11-9-0-0 Pagnonornyeckas 3awmra u sgepHasi 6esonacHocTb

11-10-0-0 NMpou3BoACTBO PaaVoON3OTONOB U UX NPUMEHEHNE
M.A. KasapsH (Poccus, Mocksa, PUAH um. lebepesa) (MPK)

11-11-0-0 TONNUBHLIN LUK U 3KONOrus

11-12-0-0 NMpoekTMpoBaHue, CTPOUTENLCTBO

M 3KcnnyaTaums AAepHbIX uccnefoBaTenbCKUX

M 3HepreTU4ECKMX peakTopoB

11-13-0-0 NMpombiwneHHoe NPOU3BOACTBO KOMMOHEHTOB
M MaTepuarnoB, He06xoAUMbIX ANl UCNOJNb30BaHUsA

B AA€PHbIX peaKkTopax u UX TOMMUBHbIX LMUKNax
11-14-0-0 CHATHe ¢ 3KcnnyaTauuu, Ae3akTuBaums

1 obpalleHne ¢ 0TX04aMM IHEpPreTUHECKMX peakTopoB
11-15-0-0 UccnepoBaHusa B o6nacTv TeXHONOrMmn
Npon3BOACTBA Na3epoB N UX NPUMEHEHUSA

11-16-0-0 Cuctembl TOKAMAK

11-17-0-0 NMpomexyTo4YHbIe CUCTEMbI C MarHMTHbIM
yAepxaHuem

IV. BOOJOPOOHASI SdKOHOMHUKA

12. BogopoaHasi 3KOHOMHKA

@. KapaocmaHoeny (Typumsi, Ctambyn, CtambynbCkuii TeXHM-
yeckuin yHusepcutet) (MPK)

3. CeH (Typumsi, Ctambyn, CTambynbCKnii TEXHUYECKUIN YHU-
BepcuteT) (MPK)

A.J1. T'yces (Poccus, Capos, HTLL « TATA»)

12-1-0-0 UcTopusa BoAOPOAHON IHEPreTUKU

T.H. Beaupoeany (CLUA, Manamu, MAB3, UNIDO-ICHET) (MIP)
A.l". lanees (Poccus, Ceprues MNocag, ryrn «HNNxummaru»)
(MPK)

12-2-0-0 Be3onacHOCTbL BOJOPOAHON 3HEPreTUKn
A.T". lanees (Poccus, Ceprves Mocag, Pryr «HAxummary) (MPK)
4. Knenepuc (IatBus, Pura, YHusepcuteT JlatBumn) (MPK)
J1.®. benosodckuti (Poccusi, Capos, POAL-BHANIS D) (MHKCP)
12-2-1-0 PekombuHaTopbl BOgOpOoAa
A.J1. l'yces (Poccus, Capos, HTLL « TATA»)
12-2-2-0 CuctemMbl 064yBa UHEPTHLIMU razammn
12-2-3-0 Be3onacHOCTb KPUOTFEHHbIX CUCTEM
12-2-4-0 TexHonoruun 6e3onacHoro Mcnonb3o0BaHUs
BoAopoAa Ha 6opTy TPaHCNOPTHbLIX CPEeACcTB

12-3-0-0 MazoaHanUTM4YecKue cMCTeMbl U CEHCOPLI Bogopoaa
4. Knenepuc (Natus, Pura, YHusepcuteT JlatBumn) (MPK)
A.M. Nonaxckut (Poccusn, C.-MNeTtepbypr,

00O «HIK 3nekTpoHHbIe ny4koBble TexHonorumy») (MPK)
B.M. ApymioHsiH, akag. HAH Apmenun (Apmenus, EpesaH, Epe-
BaHCKWUIA rocyaapcTBeHHbI yHuBepcuteT) (PHC)

1O.LllyHmaH (Hugepnangbl, AendT, endTcknin TeXHNnYecKkun
yHuBepcuteT) (MHKCP)

J1.M1. Tpaxmerb6epe (Poccusi, Mocksa, IHCTUTYT Xumum4eckomn
du3nkm um. H.H. CemeHosa PAH)

12-4-0-0 XpaHeHue Bogopoaa

4. Knenepuc (IatBus, Pura, YHusepcuteT JlatBumn) (MPK)

O.H. Cpusacmasa (MHgus, BapaHacu, YHuBepcuteT BaHapac
Xunan) (MPK)

C.M. AndowuH, akag. PAH (Poccusi, YepHoronogka,
NMX® PAH) (PHC)
B.M. Tapacos (Poccusi, YepHoronoska, UMX® PAH) (MPK)
12-4-1-0 B yrnepogHbIX HaHOCUCTEMAX
O.H. Epumos (Poccus, YepHoronoska, AMXd PAH) (MPK)
b.K. l'ynma (Mngus, BapaHacwu, YHuBepcuteT BaHapac
Xunan) (MPK)
A.B. Baxpywes (Poccusi, WxeBck, MHCTUTYT npuknagHomn
mexaHukn YpO PAH) (MPK)
12-4-2-0 B nHkancynmpoBaHHOM razoobpasHom
COCTOSIHUU: B MUKpOChepax, MMKpoKanunnspax,
neHomMeTannax, LeonuTax u Apyrmx coegMHeHusX
B.C. KoraH (YkpauHa, XapbkoB, X®TW) (MPK)
E.®. MeaBepnes (Poccusi, Capos, POAL-BHNNI®) (MPK)
A.®. Yabak (Poccus, MockBa, Akagemusi NnepCrekTUBHbIX
TexHonorunn) (MPK)
12-4-3-0 B ra3006pa3HOM COCTOSIHUM NoOA AaBrneHneM
A.C. Kopomees, akag. PAH (Poccus, Mocksa, Oy
«UeHTp Kengbiwar) (PHC)
12-4-3-1 B ra3006pa3sHoM COCTOSHUM B KPYMHbIX XPaHUIWLLAX
12-4-3-2 B rasoobpasHom cocTosHun B 6annoHax
12-4-4-0 B XMAKOM COCTOSIHUMU
A.M. Apxapos (Poccus, Mocksa, MI'TY um. H.3. BaymaHa)
(MPK)
A.M. JomaweHko (Poccus, Banawwmxa, OAO «KpvioreHmalu»)
(MPK)
B.U. KynpusiHos (Poccus, Banawwmxa, OAO «KproreHmalw»)
(MPK)
A.A. Makapos (Poccusi, Ceprues MNocag, Py «HAxummaLL»)
(MPK)
I.I". LLlessikos (Poccus, Banawumxa, OAO «KpuoreHmaruy) (MPK)
B.C. TpaskuH (CLUA, Jloc-Arxenec, KanudopHuiickui
yHusepcuteT) (MPK)
B.C. KoeaH (YkpauHa, XapbkoB, XOTU) (MPK)
N.@. Kyabmetrko (Poccusi, Banawmxa, OAO «KpuoreHmalu»)
(MHKCP)
A.T". lanees (Poccusi, Ceprues Mocaa, Oy «HAxuMmalw»)
(MPK)
12-4-4-1 B KPMOTEHHOM XMOKOM COCTOSHAW B CTaLMOHAPHbIX
XpaHunuiLax
12-4-4-2 B KpyOreHHOM XWAKOM COCTOSIHUM Ha BopTy
TPaHCMOPTHbLIX CPEACTB
b.A. Cokornos (Poccus, Kopones, PKK «3Heprus»
um. C.IM. Koponesa) (MPK)
12-4-5-0 B xMMnyecku cBA3aHHOM COCTOSIHUU B XUAKUX
cpepax
12-4-6-0 B TBepaocdasHom cBA3aHHOM COCTOSIHUM
B MeTannorMapuaHbIix cuctemax
M.4. Xamnmow (CLUA, OpnaHnpo, YHuBepcuteT
LleHTpanbHoi ®nopuael) (3MP)
b.11. Tapacos (Poccusi, YepHoronoska, MX® PAH) (MHKCP)
C.I1. Mabyda (Poccusi, HoBocmbupck, MHX CO PAH) (MPK)
B.J1. KoxesHukos (Poccusi, Ekatepunbypr, UXTT YpO PAH)
(MPK)
12-4-7-0 B ancop6upoBaHHOM COCTOSIHUM
Ha Kpuoaacop6eHTax
12-4-8-0 B KOMGUHUPOBaAHHbIX CUCTEMAX
12-4-9-0 HoBble cnoco6bl xpaHeHUss Bogopoaa

12-5-0-0 MeToAabI Nony4yeHus sogopoaa
N.®. Ky3bmeHko (Poccus, Banawwuxa, OAO «KpuoreHmalu»)
(MHKCP)
B. B. JlyHuH, akaa. PAH (Poccusa, Mocksa, MI'Y) (PHC)
12-5-1-0 Papnonus
M.A. lNpenac (CWA, Konambusi, YHnsepcutet Muccypu-
Konambus) (MPK)
12-5-2-0 AnekTponus
12-5-3-0 TepMoXxuMmnyeckoe pasnoxeHve BoAbl
12-5-4-0 PasnoxeHne ammuaka
B.A. Kupunnoe (Poccusi, HoBocnbupck, MHCTUTYT katanusa
um. I.K. Bopeckosa CO PAH) (MPK)
12-5-5-0 Katanutuyeckasa koHBepcus (pUcOpMUHr)
razoo6pa3sHbIX M XUAKUX YrneBoaopoaoB
12-5-6-0 HenonHoe okucneHue yrneBoaopoaoB

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA»,2015

# ISIAEE "5

MexayHapoaHbI Hay4HbIW XXypHan
«AnbTepHaTUBHasA 3HepreTUKa U 3KONormaA»
© Hay4Ho-TexHU4Yeckunin LeHTp «TATA», 2015

113

AL

SPACE

MewdyHapodHell uzdamensckull dom HayyHol nepuoduku "Cnelic”

£ I

iy



AL

SPACE

International Publishing House for scientific periodicals “Space”

FER"

WHdopmaums

12-5-7-0 BbicokoTemnepaTypHbIA MeToq
12-5-8-0 N'mppaThbl
C.I1. labyda (Poccus, HoBocubupck, MHX CO PAH) (MPK)
12-5-9-0 BopTOBble KOHBEPTOPHbIE YCTPOMUCTBA
npeo6pa3oBaHUA OpraHM4YeCcKux BelLecTs B BOAOPOA
12-5-10-0 N'eHepupoBaHue Bogopoaa Ha 6opTy
B peakuun B3aumMoAencTBUs BoAbl C Pa3fIMiyHbIMMU
MeTannamMmm (aniMUHUN, MarHMm n T. 4.)
12-5-10-1 MexaHu4eckue 1 SneKTpudeckme cnocobb
yAaneHns OKUCHON NNEHKWN BO BPEMS peakLum
12-5-10-2 Xummnyeckue cnocobbl yaaneHns OKUCHON NNeHKM
BO Bpems peakLum
12-5-10-3 YnbTpa3ByKkoBble cnocobbl yaaneHus
OKVCHOW NIEHKM BO BPEMS peakLum
12-5-10-4 Cnoco6bl yBeNUYEHUS yLenbHO NOBEPXHOCTM
METanmnoBs peareHTos
12-5-10-5 Tepmuyeckue 1 bapuieckme MeToabl
WHTEHCU(MKALIMKM peakLmm reHepaL Bogopoda
12-5-10-6 YCTpoicTBa Ans reHepauuy BOAOPOAA B peakuum
B3aVMOLEICTBUS BOAbl 1 METanmnoB s 60pToBoro
npUMeHeHns
12-5-10-7 YcTpoicTBa Ans reHepauuy Bogopoaa
B peakLyv B3aMOAENCTBIS BOAbI U METannoB
Anst ObITOBOMO NPUMEHEHUS
12-5-10-8 YcTpoiicTBa Ans reHepawum BOROPOAa B peakumum
B3aMMOZJENCTBIS BOAbI U METANMOB AMS NPOMbILLNEHHON
SHepreTukm
12-5-10-9 du3nko-maTeMaTyeCKe MOAENM ONUCaHMS
NpOLIECCOB reHepaLmy Bofopoaa
12-5-10-10 lNepcnekTuBHbIE HANPaBNEHUS Pa3BUTIS METOAA
ANs1 BOMMOLLEHNS! ero Ha 60pTy TPaHCNOPTHbIX CPEACTB
12-5-11-0 Nony4yeHne Bogopoaa us rmyouHHoro
MOpCKOro ceposoaopoaa
U.M. Heknodos (YkpaunHa, XapbKkoB, XapbKOBCKUIA (OU3NKO-
TexHu4yeckuit tHeTutyT) (MPK)
H.A.A3apeHkos (YkpanHa, XapbkoB, XapbKOBCKUA (hn3NKO-
TexHnyeckun HCTUTYT) (MPK)
B.U. TkaueHko (YkpanHa, XapbkoB, XapbKOBCKUIA (pU3MKO-
TexHuyeckuit nHeTutyT) (MPK)
12-5-12-0 HoBble cnoco6bl NnonyyYyeHuss Bogopoaa

12-6-0-0 TpaHCcnopTUpOBaHUe Bogopoaa

A.l". lanees (Poccus, Ceprves Mocag, Pryn «HAWxummary») (MPK)
12-6-1-0 TpaHcnopTUpOBaHUE XKUAKNX KPUOTE€HHbIX
npoAyKTOB no Tpy6onpoBoaam
A.M. JomaweHko (Poceus, Banawmxa, OAO «KproreHmalw»)
(MPK)
12-6-2-0 OxnaxpeHue marucTparnei KpMOreHHbIX CUCTEM
12-6-3-0 HeycTtaHoBMBLUMECA NPOLIECCbI B KPUOTEHHbIX
cucremax

12-7-0-0 TonnuBHbIE 31IeMEHTbI

B.A. Cokonos (Poccus, Kopones, PKK «3Heprusi»

um. C.IM. Koponesa) (MPK)

1O.H. lanumos (Poccus, BopoHex, BI'TY) (MPK)

B.I1. MNMaxomos (Poccus, Mocksa, PHL, «KypuaToBckuin

MHCTUTYT») (MPK)
12-7-1-0 Pa3paboTka 1 Npou3BOACTBO TOMMUBHbIX
3NeMEHTOB
12-7-1-1 Mem6GpaHbI ANA TONNUBHbLIX 3NIEMEHTOB
12-7-1-2 KomnbloTepHoe MoaenupoBaHue
(PYHKLMOHMPOBaHMUA TOMMUBHBLIX 3/1IEMEHTOB
12-7-2-0 NMpuMeHeHNe TONNIMBHbIX ANIEMEHTOB
12-7-2-1 YcTpoMcTBa NUTaHUA Ha TONJIMBHbIX 3fIeMeHTax
C KOHBepcuen MeTaHona B BoAopoa
12-7-3-0 TonnuBHbIE 351IeMEeHTbI C NpeaBapuUTeNIbHON
obpaboTkon BogopoAcoAepxKaLlero Tonnmea

12-8-0-0 KOHCTPYKLMOHHbIE MaTepuanbl

1.I". bepexko (Poccusi, Capos, POAL-BHNNID) (MPK)
A M. lNonsHckud (Poccus, C.-MeTtepbypr,

00O «HIK 3nekTpoHHbIe My4koBble TexHonorum») (MPK)
B.M. Yepmos (Poccusi, Mocksa) (MPK)

FO.H. lWanumos (Poccus, BopoHex, BI'TY) (MPK)
1.CaH-lpeeyap (PpaHuus, TynoH-Bap, YHuBepcuteT TynoH-
Bapa) (3I'P)
A.T. lNoHomapeHko (Poccus, Mocksa, IHCTUTYT CUHTETUYECKMX
nonumepHbix Matepuanos uM. H.C. EHukononosa PAH) (MHKCP)
J1.B. Cnusak (Poccus, Mepmb, MIY) (MHKCP)
A.A. Kypdromos (Poccus, C.-INeTtepbypr, CIory) (MHKCP)
M.B. lNonbyosa (YxpavHa, JoHeuk, JoHHTY) (MHKCP)
AUN. Bnswko (Poceus, C.-16., AO3T «MHTO MHC3T») (MPK)
H.M. Bnacos (Poccus, Mogonbck, HAW HIMO «JTyu») (MPK)
U.N. ®eduk (Poccus, Mogonbek, HAW HIMO «y4») (MPK)
12-8-1-0 Bopopopn B MeTannax u cnnasax
B.A. lNonbyos (YkpauvHa, [JoHeuk, JoHHTY) (MPK)
J1.®. lonbyosa (YkpaunHa, JoHeuk, oHHTY) (MPK)
12-8-2-0 BoaopoaHas gerpagauus
12-8-3-0 CucteMbl HAaBO4OPOXKMBAHUS KOHCTPYKLMOHHbIX
maTepuanos
12-8-4-0 CtaTnyeckasi 1 AMHaMU4ecKasi NPO4YHOCTb
MatepuanoB
H.H. l'epdiokos (Poccusi, Capos, OB POALI-BHNNID) (MPK)
12-8-5-0 Ma3apbl. MpumeHeHue razapos
12-8-6-0 dnekTponeyun AnNsA TepMOBaKyyMHbIX NPOLIECCOB.
BakyyMHble aneKkTponeyy conpoTUBeHUs
8.H. Mapmep (Poccus, Mocksa, OAO «BHUNITO») (MPK)
12-8-7-0 HoBble KOHCTPYKLMOHHbIE MaTepuanbl
ANs 06BLEKTOB anbTepHAaTUBHOMW 3HEPreTUKU

12-9-0-0 MeToAbl NONy4YeHUs1 CUHTE3-ra3a
A.A. Cmonsipesckuti (Poccus, Mockea, PHL, «KypuaTtoBckuii
MHCTUTYT») (MPK)

12-9-1-0 AgnabaTnyeckas KOHBEPCUSA NPUPOJHOro rasa

12-10-0-0 TpaHcnopTHble cpeAcTBa U NpUMBOAbI

Ha BOAOPOAHOM ToNnnmee

T. Frepmue (F'epmanus, Bepnun) (MPK)

A.J1. Omumpues (Poccus, C.-MeTtepbypr, PHL «MpuknagHas
xummsi») (MPK)

A.M. Jomawerko (Poccusi, Banawmxa, OAO «KpvioreHmalu» ) (MPK)
B.A. Cokornos (Poccusi, Kopones, PKK «3QHeprusi»

um. C.T. Koponesa) (MPK)

A.1O. Pamenckuti (Pocecus, Mocksa, «Ayaut-INpembep») (MHKCP)
B.C. Cokonos (Poccusi, C.-lNeTtepbypr) (MVHKCP)

12-11-0-0 BogopoaHble aBTO3anpaBoYHble CTaHLUN

12-12-0-0 Bogopopa AnsA aHeproo6ecnevyeHus 3gaHumn
(BOAOpPOAHBbIE MUHU-3MEKTPOCTAHLMKN Ha 6a3e TONNMBHbIX
3NIEMEHTOB)

V. KOHCTPYKIIUOHHBIE
MATEPHAJIBI

13. HaHoCTpyKTYpbI

A.M. JlunaHos, akag. PAH (Poccus, Uxeck, MHcTUTYT npu-
knagHon mexanukn YpO PAH) (MPK)

FO.M. LLlynbea (Poccusi, YepHoronoska, UMX® PAH) (MPK)
B.U. Kodornos (Poccus, WxeBck, HayuHo-o6pa3oBaTenbHbii
LEHTP XnMmn4yeckon pmsmkm n mesockonum YaHL YpO PAH)
(MHKCP)

10.C. Heuaes (Poccusi, Mocksa, YT «MHL, PO — LieHTpanbHbin
WHCTUTYT YepHon meTtarnyprum um. .M. BapanHa») (MHKCP)
B.11. Tapacos (Poccusi, YepHoronoska, UMX$ PAH) (MHKCP)
10.4. Tpembsikos, akag. PAH (Poccus, Mockesa, ®PHM MIY) (PHC)

13-1-0-0 HaHoCUCTeMbI: CUHTE3, CBONCTBA, MPUMeHeHue
E.A. l'ydunuH (Poccus, Mocksa, PHM MIY) (PHC)
B.B. Kypwesa (Poccusi, Capo, HTLL « TATA»)

13-2-0-0 dynnepeHoBbIe CTPYKTYpPbI U yrnepoAHble HaHOMa-
Tepuanbl AN TeNOU3oNALUU
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13-3-0-0 PynnepeHoBbIe CTPYKTYPbl U yrnepoaHble HaHOMa-
Tepuanbl ANA CEHCOPOB BoAopoAaa

M.B. Bopobresa (Poccus, Mocksa, TMPEOMET) (MPK)

B.M. ApymiorsH, akan. HAH Apmennn (Apmenns, EpesaH, Epe-
BaH-CKMW rocyapcTBeHHbIn yHuBepcuteT) (PHC)

13-4-0-0 KomnbloTepHOe MogenupoBaHue CUHTe3a yrie-
pPOAHLIX HAHOMaTepuanoB ¢ 3aaHHbIMM CBONCTBaMMU

13-5-0-0 YrnepoaHble HAHOCTPYKTYpPbI ANs aBTOTpaHcnopTa

VI. TEPMOJINHAMMNYECKHUE
OCHOBBI A22

14. TepMoaMHAMHUYECKHI aHATN3

B AJIbTEPHATHBHOM JHEepreTuKe

B.A. XycHymouros (Poccms, Mockea, PAO «ESC Poccun») (MPK)
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)

14-1-0-0 TepmogMHaMU4ECKUI aHANMU3 OCHOBHbIX 3HepreTu-
YeCKUX NpoLeccoB B anbTePHaTUBHOMN 3HepreTuke

14-2-0-0 AkcepreTM4ECKUIN aHaANM3 OCHOBHbIX 3HEpreTuye-
CKMX NMPOLIeCCOB B anbTepHaTUBHOMN 3HEpreTuke

VIL. 9KOJIOI'HYECKHE
ACIHIEKTBI DHEPTETUKHA

:E% 15. OcHOBHBbIE MPO0OJIEMbI IHEPreTUKH
U aJIbTePHATHBHOI HEPreTHKHN

£

15-1-0-0 AKKymynupoBaHue 3NeKTpu4eckom aHeprum

15-2-0-0 CBepxnpoBogslme Mmatepuansl. CBepxnpoBogu-
MocTb. CBepXxnpoBOAUMOCTb B 3HEpPreTuke

15-3-0-0 HoBble LMKNbI M CXeMbl TepMoOTpaHchopmaTopoB
15-4-0-0 Mpo6Gnembl ocBeLeHUsi MeranonucoB

16. IlpuMeHeHue reJius M CHEeNHAJIBHBIX MaTe-
PpHMaoB B TPAHCIOPTHBIX CPEACTBAX

1O.A. Pbixos, akag. PAH (Poccus, Mocksa, MexayHapoaHbii
uHxeHepHbIn yHneepcuteT) (PHC)

16-1-0-0 Oupwxabnu Ans nepeBO3KU KPYNHOrabapuTHbIX
rpysos

16-2-0-0 Aupuxkabnu Ans KOHTPOIS 3a Ype3Bbl4alHbIMMU
CUTyauusiMu B Meranonuncax: aBTOMHCNEKLWA, NoxapHas
6e3onacHOCTb, aHTUTEPPOPM3M, HabnoaeHne

3a TeXHUYECKUM U IKONIOFMYECKUM COCTOSIHMEM NPOMBbILL-
JIeHHbIX 34aHUNA U COOPYXEeHUN. DHeproHaa3op (KOHTPOIb
TenJIoBbIX yTeyek 34aHUM B macwitabe ropoaa)

16-3-0-0 MNoxxapHble, HeMTpanu3auuoHHbIe, NONULEencKue
Aupuxaonu

A.J1. T'yces (Poccus, Capos, HTLL « TATA»)

O./1. ®ueosckuti (U3pannb, Murgan Xa'Emek, N3paunbckui
uccneposarenbckuii LeHTp «Polymatey) (MPK)

M.B. Bopobresa (Poccus, Mocksa, TMPEOMET) (MPK)
17-1-0-0 MapHukKoBbI adcpekT

17-2-0-0 dkonorunyeckne NnpodnemMbl MeranosiucoB
17-3-0-0 konorusa Bo3AyLWHON cpeabl U KOCMUYECKOro
npocTpaHcTBa

17-4-0-0 dxonorus BOAHbIX pecypcoB

17. DHepreTuKa U IKOJIOTHSI

17-5-0-0 Mpo6nembI BpeaHbIX BbIGPOCOB B aTMocdepy
TenNoBbIMU INEKTPUYECKUMU CTAHLIUSAMU

17-6-0-0 NMpo6nembl 3arpA3HEHMSs1 NOYBbI TPAAULIMOHHBIMM
3HEeproHocuTensiMm

17-7-0-0 AKONMOrNYECKUN TYPU3M U IKOKYPOPTbI

17-8-0-0 NMpo6nembl nepepaboTky NPOMBbILLINEHHbIX

1 ObITOBbIX OTXOA0B

18. DHeproddekTUBHBIE CIIOCOOBI
U YCTPOMCTBA pa3/ie/ieHUs1 1 OYUCTKH arpec-
CHBHBIX Fa30BbIX CMecel
A.J1. I'yces (Poccus, Capos, HTL, «TATA»)
M.A. KasapsiH (Poccus, Mockea, PUAH mm. IN.H. lNlebenesa)
(MPK)
A.A. bobposa (Poccusi, Capos, POAL-BHUNI®)

19. DkoJi0rHs ¥ 3HEPropecypchl NyCThHIHL

20. Boxaa, ee cBoiicTBa.
BogonoaroroBka, npuMeHeHHe

21. BuOpauusi u aKkycTuyeckue BO3/1eHCTBUS
JHEpPreTU4YeCKUX 00HEKTOB
HA OKPYKAKOIIYIO0 cpeay

VIII. 3AKOHOJATEJIBHAS BA3A,
CMU, NIOAJEPKKA TOCYJAPCTBA

22. 3akoHoaaTeabHasi 0a3a

M.5. Wenuw; (Poccus, Mockea, NocyaapcteeHHas dyma P,
npe3ungeHt HABJ) (MHKCP)

22-1-0-0 3akoHoaaTenbHasA 6a3a anbTepHaTUBHOMN 3Hepre-
TnKkmn B Poccum

22-2-0-0 3akoHoaaTenbHOe obecnevyeHne MHHOBALMOHHOIO
pPa3sBUTUA BOAOPOAHON 3HEPTeTUKN

22-3-0-0 3akoHopaTenbHasA 6a3a anbTepHaTUBHOM 3Hepre-
TUKU cTpaH CHI

22-4-0-0 3akoHoAaTenbHasi 6a3a akonorun

IX. KATPOBOE OBECIIEYHEHHUE
N OBPA30OBAHHUE

? 23. O6pazoBaHue
© 1 HAYYHO-HCCJIeI0BATEIbCKHE IIEHTPhI

J1.A. Unbkaesa (Poccus, Capos, POAL-BHUN3®) (MHKCP)
b.®. Peymoe (Poccus, Mocksa, ®PefepanbHoe areHTCTBO 0bpa-
30BaHus n Hayku P®) (MPK)

A.B. Yysukosckuti (Poccus, Capos, UMK POAL-BHNNI D)
(MPK)

1O.11. Lepbak (Poccus, Capos, CapdTW) (MHKCP)

JXK.-1. KoHueH (benbrus, KapmMmaHOBCKUI UHCTUTYT rMaporasoam-
Hamukn) (MPK)

23-1-0-0 O6pa3oBaTenbHas feATeNbHOCTbL B o6bnactu anb-
TepHaTUBHOW 3HEPreTUKX M 3KONOrun

23-1-1-0 O6pa3oBaTenbHas AeATENbHOCTbL B pamMKax
LUKOJNIbHOM NpOorpaMmbi.

23-1-2-0 O6pa3oBaTtenbHas AEeATENBbHOCTb B By3aX

23-2-0-0 BogopoaHble TeXHONapKu, Haykorpaabl

23-3-0-0 Monogexb B HayKe U TeXHUKe
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X. 9dKOHOMHWYECKHE
ACIIEKTBI A9D

24. DKOHOMHYECKHE ACHEKThI

24-1-0-0 MHBeCcTULIMOHHAsA NPUBIEKaTENbHOCTb Pa3NUYHbIX
cTpaH Mupa u oupm

24-2-0-0 3anacbl TpagULMOHHbIX 3HEePropecypcoB cTpaH
3KCNOPTEPOB U MUPOBbIE 3anachbl

24-3-0-0 Nl'ocynapcTBeHHble Hay4YHO-TeXHUYEeCKue nporpam-
Mbl pa3BUTUSI BOQOPOAHOMN 3HEPreTUKU

24-4-0-0 koHOMMYECKUI aHanu3

B.A. XycHymduHos (Poccusi, Mockea, PAO «ESC Poccumy») (MPK)

24-5-0-0 BusHec-nnaHnpoBaHue

XI. ”YHHOBAIIMOHHBIE PEILIEHUS],
TEXHOJIOT'MH, YCTPOMCTBA
N UX BHEJIPEHUE

25. HaHOTEeXHO0JIOrHH
JUISL AJIbTEPHATHBHOM SHEPreTHKH

@

A.J1. T'yces (Poccusi, Capos, HTLL « TATA»)
B.B. Kypwesa (Poccus, Capos, HTLL « TATA»)
O.H. Egpumos (Poccus, YepHoronoska, UMX®d PAH)

25-1-0-0 HaHoTexHONOrMM B NpoLeccax CUHTe3a OKCUA0B
MeTannoB, B NPOU3BOACTBE TBEPAOOKCUAHbBIX TOMNBHbIX
3nemMeHToB

25-2-0-0 HaHOTEXHONOIMY B U3rOTOBJIEHUU KIETOUYHbIX
KapKacoB Ansi MeAULIMHCKUX Lernen

25-3-0-0 PaaMaunoHHO-XMMUYECKMe HaHOTeXHONornm
B NPOU3BOACTBE HOBbIX TUMOB (PTOPNONMUMEPHbIX
KOMMO3ULMOHHbIX MaTepuanoB

26. IHHOBanMOHHBIE pellleHus B 00J1aCTH
JHEPreTHKH U aJbTePHATHBHON YHEPreTUKH
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)

7

—
s 27. UndopManoHHbIC TEXHOJOTHA
ot

XII. TPAHCIIOPTHBIE
9KOJOI'NMYECKHE CPEJICTBA

28. KpuoreHHbie M MHEBMAaTHYECKHE
TPaHCNOPTHBIE CPeACTBA

N
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)
28-1-0-0 KpuoreHHbIN a30THbIW TPAHCNOPT

28-2-0-0 ABTOMOGUNUN Ha MHEPTHbIX rasax A onacHbIX
06bEKTOB (MoXapHble, cnyXebHble a3ponopToB, CKNafoB
ropro4ecMa3oyHbIX MaTep1anos, Ans B3pbiBOONACHbIX
XMMWYECKNX MPOU3BOACTB U APp.)

28-3-0-0 NMHeBMaTHyYeCKMe TPAHCNOPTHbIE CpeacTBa

29. bopToBbIe AKKYMYJISTOPBI

29-1-0-0 TennoBble aKKyMyNATOPbI 3HEPTUU

A.J1. T'yces (Poccusi, Capos, HTLL « TATA»)
29-1-1-0 Temnepatypa Bblwe 273 K
29-1-2-0 Temnepatypa Huxe 273 K
29-1-3-0 Temnepatypa Huxe 77 K

29-2-0-0 MaxoBMYHbIE€ aKKYMYNATOPbLI 3HEeprum
29-3-0-0 SnekTpuyeckne akKyMynsaTopbl 3HEprum
29-4-0-0 MpyXMHHbIE aKKYMYNSITOPbI 3HEPTUU
29-5-0-0 NMHeBMaTUYECKME aKKYMYNATOPbI 3HEPTUN
29-6-0-0 XuMnuyeckue akkyMynsiTopbl dHeprum
30. MyJbTHpeKUMHBIE

b TPaHCIOPTHHIE CPEACTBA

A.J1. T'yces (Poccusi, Capos, HTLL « TATA»)
O.b. baknuykas (Poccus, Capos, HTL| « TATA»)
M.A. KasapsiH (Poccusi, Capos, HTL, « TATA»)

%~ 31. Cucremsl BHelHeil 1 60pTOBOI pexynepa-
e LMY SHEPTHH TPAHCHOPTHBIX CPeICTB
A.J1. T'yces (Poccus, Capos, HTLL « TATA»)

32. /InTHii-HOHHBIE HCTOYHHKH TOKA
H CYNEPKOHIEHCATOPbI

XIII. JOBBIYA
IMPUPOJHBIX UCKOIMTAEMBIX

33. FOBeHUJIBHBIH BOAOPO]

B IMpoueccax recOTEKTOHUKU U T€OXUMHUH

C.B. OQuroHckui (Poccusi, Exkatepunbypr, ®IYI «YpaHreonoro-
passegka») (MPK)

B.J1. CuiBopoTkUuH (Poccus, Mockea,

MIY um. M.B. JlomoHocosa) (MPK)

33-1-0-0 Ponb Bogopoaa B XMMUYE€CKOM CTPOEHUN MUPO-
3naHusA

33-2-0-0 [iBuxxywme cunbl pa3BUTUS 3eMNu U NnaHeT
33-3-0-0 Bogopopa B sgpe 3emnu

33-4-0-0 Neonorus 1 reoxMmnsi NPUPOAHLIX ra3oB
30H rMy6UHHbIX Pa3fNioMOB

33-5-0-0 TpaHCNOPT OBEHUNbLHOIO BOAOpPOAa Yepes TonLy
3emMnu 1 chopMmupoBaHme INEKTPO3aPAKEHHbIX 30H

33-6-0-0 MpupoAHbIN CUHTE3 YyrNepoanCTbIX BellecTB

33-7-0-0 FnybuHHas aerasauusa 3emnu, rnobanbHble KaTa-
cTpodbl U aHOMarnbHble SIBNEHUsI

XIV. KATAJIA3 B A9D

34. Karaau3

3.P. Ucmaeunos (Poccusi, HoBocnbupcek, MHCTUTYT kaTanusa
um. .K. Bopeckosa CO PAH) (MPK)

C.M. AndowuH, akag. PAH (Poccus, UMXd PAH, YepHoronos-
ka) (PHC)

B.H. lMapmoH, akag. PAH (Poccusi, HoBocmbupcek, MHcTutyT
kaTanu3sa um. I'.K. Bopeckosa CO PAH) (PHC)

B.A. Kupunnos (Poccusi, HoBocubupck, MHcTUTyT katanusa
mm. .K. Bopeckosa CO PAH) (MPK)

O.H. Egpumos (Poccus, YepHoronoska, MX® PAH) (MPK)
H.H. BepwuHuH (Poccus, UMX$ PAH, YepHoronoska)

34-1-0-0 Katanutnyeckue metoAbl CUHTE3a anbTepHaTUB-
HoOro TonnMBea

34-2-0-0 Katanu3 B cOBMeLLEeHHbIX CXeMaX «Npou3BOACTBO
3HEepruu 1 nonyvyeHue none3HbIX NPOAYKTOB U3 NPUPOA-
HOro rasa»
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34-3-0-0 Katanuz B reHepauuun pabo4ero Tena B rasoTyp-
GMHHbIX yCTaHOBKax

34-4-0-0 Katanus B TONNMUBHbIX 3NeMeHTax

34-5-0-0 Katanus B npoueccax nony4eHUsi CUHTe3-rasoB

v Bogopopaa

34-6-0-0 Katanutnueckne metoabl OMUCTKN Bogopoaa
34-7-0-0 KaTtanus B o4MCTKE NPOMBbILLNIEHHbIX Fa30BbIX Bbl-
6pPOCOB 3HEPreTUYECKUX CUCTEM

34-8-0-0 Katanu3 B cuctemMax O4UCTKM TEXHUYECKUX BOL,
34-9-0-0 doTOKaTANUTUYECKNE U INEKTpoKaTanuTuieckme
MeToAbl Nony4yeHUs BogopoAaa

34-10-0-0 PaspaboTka u nccnegoBaHvue CBOMCTB MaTepua-
nos aAnsA oopMMpoBaHWA KaTanUTUYECKUX crnoes

B TOMMUBHbIX 3/IeMeHTax

34-11-0-0 O mexaHM3MaXx KaTanUTUYECKOro AeNCTBuUA.
BnusiHme npupopbl MeTannoB 1 CTENEHU UX OKUCIEHUsA

Ha KaTanuTU4YecKyr aKTUBHOCTb

34-12-0-0 HaHOKOMNO3MTbI ANsi NPMMEHEHUA B KayecTBe
kaTanusaTtopoB. Bnusinme paamepHoro ¢akrtopa

Ha KaTanuTU4YecKyr akTUBHOCTb

34-13-0-0 AnbTepHaTMBHbIE KaTanu3aTopbl 63 NpuMeHeHust
nnaTuHbI

34-14-0-0 MNpob6nembl oTpaBreHUA KaTanusaTopoB
34-15-0-0 HocuTtenu kaTanu3aTopoB: AU3aliH, CUHTE3, CBOM-
cTBa

AA. Bynb (Poceus, C.-16., TN nm. Nodde )

34-16-0-0 Katanutnyeckue cnou onsi TONfIMBHbIX 35IEMEH-
TOB B NNaHapHOM UCMONTHEHUM

34-17-0-0 3onb-renb MeToA ANA NONYYEHUA KaTann3aTopoB
M HOCUTENen KaTanu3aTopoB

34-18-0-0 Katanutnyeckasa KoHBepcusi TONNUB

M MeMOpaHHble TEXHONOrMM B npoLeccax NPpoM3BoACTBa
BOAOPOACOAEPKALMNX TOMNUBHBLIX KOMMNO3MLMIA U 0CO60
YucToro Bogopoaa

XV. QHEPI'OCBEPEXXEHHUE

‘ 35. Dueprocoeperaouue TeXHOJIOTHH,
=7 CHCTEMbI, MATEPHAJIBLI H IPHOOPBI
A.J1. yces (Poccusi, Capos, HTL| « TATA»)

XVI. IPOBJIEMbI
HE®TEI'A30BOI'O KOMIIVIEKCA

‘ @ /G\I 36. Ipo6aeMbl HeTerazoBoii
A Ad H Yr0JIbHO# NPOMBILVIEHHOCTH
A.J1. T'yces (Poccusi, Capos, HTL| « TATA»)

36-1-0-0 MocTaHoBKa 3aAay ANA y4eHbIX U MUHXEHEPOB
¢ yenbto popmynupoBku T3 ana HUP u HUOKP
C Y4eTOM 3KONOrM4yeckoro acnekra.

=, 37. HedrerazoBbie TpyOONPOBOABI
= M IKOJIOTHSI OKPYIKAIOIEH Cpeabl

XVII. ONTUYECKHUE SIBJIEHUSI
" YCTPOMCTBA

é 38. Onrnyeckue sBJICHHs H YCTPOiicTBa

XVIII. TA3OTYPBUHHBIE
TEXHOJIOI'UHN

39. I'a3oTypOMHHBIE TEXHOJOTHH

XIX. 9KOJIOTHYECKHA YUCTBIE
MMPOU3BOJACTBA

XX. IPOBJIEMBI
AI'POINPOMBIIIVIEHHOI'O
KOMILJIEKCA

40-1-0-0 3KONMOrMYecKM YUCTble TEXHONOTUM U3FrOTOBNEHUs
OpeBecHbIX u3genun 6e3 MNPUMEHEHUS CUHTETUYECKUX
CMON-CBA3YOLMX

XXI. HAYKH O 3EMJIE

XXII. HHOOPMAIIUA
B OBJIACTH A3

41. Undopmanus

A.U. Canukoe (Poccus, Mockea, JOP LiHNWaTommnHdopm)
(MHKCP)

E.M. Tapapaesa (Poccusi, Mocksa, Jop LiIHWWaToMuHdbopm)
(MHKCP)

E.A. l'ydunuH (Poccus, Mocksa, ®HM MI'Y nm. M.B. JNlomoHoco-
Ba) (PHC)

WU.B. JlobaHosa (Poccus, Capos, HTL|, « TATA»)

41-1-0-0 NMepuoanyeckue nsgaHms

41-2-0-0 UHTepHeT-pecypcChbl

41-3-0-0 Hay4Hble 6uorpacumm y4eHbIx Mmupa

41-4-0-0 Hay4Hble cpoHABbI, Hay4HbIe NMPOEKThbI

41-5-0-0 MexxayHapoaHble Hay4YHble KOH(hepeHunn

41-6-0-0 PeknamHbie MaTepuanbl Hay4HbIX OpraHu3auum,
VMHBECTULIMOHHBbIX chupMm 1 ompm-npoussoauTenen

41-7-0-0 HoBble Hay4Hble KHUTU

41-8-0-0 UHTennekTyanbHast COGCTBEHHOCTb

41-9-0-0 SHUMKNoneans anbTEPHAaTUBHOW 3HEPTETUKU.
TepMuHbI U onpeaeneHus

41-10-0-0 OT3bIBbI, TUCbMa B pefakLUuio, KpaTkMe CoobLweHns
41-11-0-0 OO6palleHUss YNEeHOB peaakUMOHHOro Hay4yHOro
coBseTta

41-12-0-0 QHepreTU4eCcKUe KOMMNaHUMU

41-13-0-0 HoBocTtn Pegkonnerum

41-14-0-0 Hay4Hble opraHusauum

41-15-0-0 HoBOCTM HayKn U TEXHUKU

PHC — Pepaxuuonnsiii HayuHblit coBeT; MPK — MexayHapoaHbIi pelakilMOHHbBIN KOMUTET;
MHKCP — MexayHapoiHblil HAy4HO-KOHCYJIbTaTUBHBIM COBET pellaKIuu;
OC — DxcneptHbiit coBeT; MCP — MexyHapOAHbII COBET PELICH3EHTOB
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I. RENEWABLE ENERGY

1. Solar energy

A.Steinfield (Switzerland, Zurich, ETH-Swiss Federal Institute) (IEB)
G.l. Isakov (Azerbaijan, Baku, Institute of Physics of NAS of
Azerbaijan) (DECH)

1.G. Khidirov (Uzbekistan, Tashkent, Institute of Nuclear Physics
of NAS of Uzbekistan) (IEB)

S.Geruny (Armenia, Yerevan, Yerevan State University) (IEB)
S.M. Raza (Pakistan, Quetta, University Of Balochistan) (IEB)
S.Z. llyas (Pakistan, Quetta, University Of Balochistan) (IEB)
A.M. Pendjiev (Turkmenistan, Ashkhabat-32, Tutkmenian
Polytechnic Institute) (IEB)

V.F. Gremenok (Belorussia, Minsk, Joined Institute of Solid
State and Semi-conductor Physics) (IEAB)

V.A. Butuzov (Russia, Krasnodar, “Yuzhgeoteplo”)

1-1-0-0 History of solar energy

1-2-0-0 Solar-hydrogen energy
T.N. Veziroglu (USA, Miami, IAHE, UNIDO-ICHET) (HECH)
1-2-1-0 Materials for solar-hydrogen energy

1-3-0-0 Solar power plants
1-3-1-0 Silicone solar thermal electric plants
1-3-2-0 Space solar stations
1-3-3-0 Photoelectric cell
1-3-4-0 Photovoltaic effect in semiconductor structures.
Photoelectric modules

1-4-0-0 Ground solar stations
1-4-1-0 Solar collectors
1-5-0-0 Solar cities
1-5-1-0 Solar buildings
1-5-2-0 Solar refrigerators
1-5-3-0 Solar water-lifting systems
1-5-4-0 Solar energy units
1-6-0-0 Solar transport

1-7-0-0 Solar radiation concentrators

2. Wind energy

1.Z. Boguslavskiy (Russia, Moscow, DBREPE RAS) (IEB)
V.L. Okulov (Russia, Novosibirsk, SB RAS)

G.A.M. van Kuik (Netherlands, Delft, Wind Energy Research
Institute)

2-1-0-0 Wind Energy and Architecture

2-2-0-0 Wind Energy and Ecology

2-3-0-0 Unique Wind Energy Solutions

2-4-0-0 Sail-Driven Wind Energy

2-5-0-0 Hybrid Wind Turbines

2-6-0-0 History of Wind Energy

2-7-0-0 Combined Wind and Hydrogen Energy
2-8-0-0 Electric Power Generators for Wind Energy
2-9-0-0 New Designs of Vertical-Axis Wind Turbines
2-10-0-0 Horizontal-Axis Wind Turbines

2-11-0-0 Savonius Vertical-Axis Wind turbines
2-12-0-0 Darrieus Vertical-Axis Wind Turbines
2-13-0-0 Combined Wind and Solar Power Plants
2-14-0-0 Future of Wind Energy

2-15-0-0 Balloon-Based Wind Energy
2-16-0-0 Wind Energy Materials

2-17-0-0 Computer Simulations of the Time Profile of
Dynamic Wind Velocity Component

2-18-0-0 Integrated Modeling of Vertical-Axis Wind Turbines
2-19-0-0 Energy Conversion in Wind Turbines

2-20-0-0 Wind Energy Applications. Engineering, Economy,
Ecology

3. Marine hydroenergetics

3-1-0-0 History of energy of tides

A.L. Gusev (Russia, Sarov, STC “TATA”)
3-2-0-0 Sea waves energy

S.P. Kapitza (Russia, Moscow, IPP RAS)
3-3-0-0 Sea tide energy

T
#£
V.A. Butuzov (Russia, Krasnodar, “Yuzhgeoteplo”)
4-1-0-0 History of geothermal energy

4. Geothermal energy

4-2-0-0 Basic research into geothermal energy
4-3-0-0 Problems of geothermal energy assimilation

4-4-0-0 Role of modeling and monitoring in geothermal
energy assimilation. Appraisal of geothermal resources

4-5-0-0 Geothermal plants
4-5-1-0 Geothermal power plants
4-5-2-0 Geothermal heat plants

4-6-0-0 Efficiency and reliability of geothermal heat
and power plants. Major ways to improve the efficiency
of geothermal heat and power plants

4-7-0-0 Geothermal resources of world countries
and prospects of their development

P
Wl byl

S.A. Markov (USA, Greencastle, DePauw University) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)

5-1-0-0 Biogas plants
5-2-0-0 Thermochemical gas generators
5-3-0-0 Energy of biomass and ecology

5. Energy of biomass

6. Small hydroenergetics

S.Shatvoryan (Armenia, Yerevan, Energy Strategy Center) (IEB)

6-1-0-0 Equipment for small and micro hydro-power plants
(HPP)

6-2-0-0 Derivation micro hydro-power plants

i ﬁ 7. Unconventional sources of renewed energy
3

V.A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)
7-1-0-0 Application of ice in energy. Glacial power stations

7-2-0-0 Application of cold of permafrost for thermostatic
control of domestic and process structures
7-3-0-0 Physical and chemical properties of ice

7-4-0-0 Thermal properties of ice
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7-5-0-0 Thermodynamic basis for production and
application of ice

7-6-0-0 Equipment for ice testing
7-7-0-0 Facilities for ice production

7-8-0-0 Methods and machinery for ice emergent break up
for safety depth devices and over-land vehicles undergoing
disaster

7-9-0-0 Binary ice in science and technique

7-10-0-0 Application of ice for construction of engineering
and technical, and architecture structures

7-11-0-0 Ice dynamics and strength. Embrittlement
dynamics. Experimental methods of ice breaking up
dynamic mechanics

7-12-0-0 Numerical and combined numerical and
experimental methods of ice breaking up dynamic
mechanics

7-13-0-0 Techniques for removing ice from water reservoirs
7-14-0-0 Cold storage and application

7-15-0-0 Transport of icebergs and production of fresh wa-
ter

7-16-0-0 Thermogradient energy

il

8. RES based power complexes

II. NONRENEWABLE ENERGY

9. Atomic energy

Yu.A. Trutnev, Acad. RAS (Russia, Sarov, RFNC-VNIIEF)
(HECH)
A.Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov
Institute”) (IEB)
A.G. Chudin (Russia, Moscow, Federal Agency for Nuclear
Energy) (IEAB)
V.A. Afanas’ev (Russia, Sarov, RFNC-VNIIEF) (IEB)
M.A. Prelas (USA, Columbia, University of Missouri) (IEB)
9-1-0-0 Atomic-hydrogen energy
N.N. Ponomaryov-Stepnoy, Acad. RAS (Russia, Moscow, RRC
“Kurchatov Institute”) (SEB)
A.Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov
Institute”) (IEB)
V.N. Fateev (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)
9-1-1-0 History of atomic-hydrogen energy
N.N. Ponomaryov-Stepnoy, Acad. RAS (Russia, Moscow,
RRC “Kurchatov Institute”) (SEB)
A.Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov
Institute”) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)
9-1-2-0 High-temperature gas reactors (HTGR) for
hydrogen production via high-temperature processes
9-1-3-0 Fast reactors with sodium cooling (SC)
to produce mid-temperature heat, and synthesis gas
and hydrogen
9-1-4-0 Fast reactors with lead cooling as reactors
of future generation to produce high-temperature heat
G.L. Khorasanov (Obninsk, SSC of the RF — Institute for Physics
and Power Engineering Named After A.l. Leypunsky) (IEB)

9-2-0-0 Atomic energy for vehicles

M.A. Kazaryan (Russia, Moscow, P.N. Lebedev FIAN) (IEB)

1.V. Shamanin (Russia, Tomsk, Tomsk Polytechnical Univ.) (IEB)
9-2-1-0 Radionuclide heat sources
9-2-2-0 Radionuclide thermoelectric generators

9-2-3-0 Thermo- and radiation-stimulated phase
transformation in alloys incorporated (carbides, nitrides,
nitrides-hydrides, carbohydrides and hydrides of
transition metals, high-temperature, super-conducting
materials, intermetallic composition)

10. Explosion energy

V.E. Fortov, Acad. RAS (Russia, Moscow, Institute of thermal
physics of extremal state RAS) (SEB)
A.L. Mikhailov (Russia, Sarov, Institute of Experimental
Gasdynamics and Physics of Explosion RFNC-VNIIEF) (IEB)
N.N. Gerdyukov (Russia, Sarov, Institute of Experimental
Gasdynamics and Physics of Explosion RFNC-VNIIEF) (IEB)
A.A. Sterzer (Russia, Novosibirsk, MATEM Co. Ltd) (IEB)
V.N. German (Russia, Sarov, Institute of Experimental
Gasdynamics and Physics of Explosion RFNC-VNIIEF) (IEB)
10-1-0-0 Explosion technologies
10-2-0-0 Computer simulation of problems for explosion
energy
M.A. Syrunin (Russia, Sarov, IEB RFNC-VNIIEF)
10-2-1-0 Setting up problems for explosion energy
10-2-2-0 Mobile Lagrangian and Euler grids

10-3-0-0 Explosion deuterium energy

10-4-0-0 Explosion energy for syntheses of new materials
10-4-1-0 Materials synthesis and sticking
by the explosion
10-4-2-0 Shock-wave sticking
10-4-3-0 Computer modelling of processes of material
shock-wave sticking

10-5-0-0 Explosives

10-6-0-0 Blasting chambers
A.A. Sterzer (Russia, Novosibirsk, MATEM Co. Ltd) (IEB)

10-7-0-0 Extremal state of matter. Detonation. Shock waves
10-8-0-0 Energy materials and physics of detonation
10-9-0-0 Equations of the state and phase transition

III. THERMONUCLEAR ENERGY

11. Thermonuclear energy

8%

A

V.N. Lobanov (Russia, Sarov, RFNC-VNIIEF) (IEB)

11-1-0-0 Investigations on the controlled thermonuclear
fusion

11-2-0-0 X-ray thermonuclear fusion
11-3-0-0 Beam fusion

11-4-0-0 Inertial fusion

11-5-0-0 Isotope effect

11-6-0-0 Cryogenic tritium targets

11-7-0-0 High-pressure targets designed for research of
nuon catalysis processes in nuclear fusion

11-8-0-0 International project of thermonuclear fusion
reactor, ITER

11-9-0-0 Radiological protection and nuclear security

11-10-0-0 Production of radioisotopes and application
M.A. Kazaryan (Russia, Moscow, FIAN Lebedev Institute of
Physics of RAS) (IEB)

11-11-0-0 Fuel cycle and ecology

11-12-0-0 Design, construction and maintenance of nuclear
research and power reactors
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11-13-0-0 Production of components and materials required
for application in nuclear reactors and fuel cycles thereof

11-14-0-0 TOKAMAK systems
11-15-0-0 Auxiliary magnetocumulative systems

IV. HYDROGEN ECONOMY

12. Hydrogen economy

F.Karaosmanoglu (Turkey, Istanbul, Istanbul Technical Univ.) (IEB)
Z.Sen (Turkey, Istanbul, Istanbul Technical University) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)

12-1-0-0 History of hydrogen economy
T.N. Veziroglu (USA, Miami, IAHE, UNIDO-ICHET) (HECH)
A.G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)

12-2-0-0 Safety of hydrogen energy
A.G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)
J.Kleperis (Latvia, Riga, University of Latvia) (IEB)
L.F. Belovodskiy (Russia, Sarov, RFNC-VNIIEF) (IEAB)
12-2-1-0 Hydrogen recombinators
A.L. Gusev (Russia, Sarov, STC “TATA”)
12-2-2-0 Systems of inert gas blowing off
12-2-3-0 Ensuring of the safe operation of cryogenic
systems
12-2-4-0 Safe application of hydrogen on board
the vehicle

12-3-0-0 Gas analytical systems and hydrogen sensors
J.Kleperis (Latvia, Riga, University of Latvia) (IEB)
A.M. Polyansky (Russia, S.-Petersburg, “Electronic & Beam
Technologies Ltd.”) (IEB)
V.M. Aroutiounian, Academician NAS of Armenia (Armenia,
Yerevan, Yerevan State University) (SEB)
J.Schoonman (Netherlands, Delft, Delft University of
Technology) (IEAB)
L.I. Trakhtenberg (Russia, Moscow, N. N. Semenov Institute of
Chemical Physics RAS) (IEB)
12-4-0-0 Hydrogen storage
J.Kleperis (Latvia, Riga, University of Latvia) (IEB)
O.N. Srivastava (India, Varanasi, Banaras Hindu University) (IEB)
S.M. Aldoshin, Acad. RAS (Russia, Chernogolovka, IPCP RAS)
(SEB)
B.P. Tarasov (Russia, Chernogolovka, IPCP RAS) (IEB)
12-4-1-0 Hydrogen storage in carbon nanosystems
O.N. Efimov (Russia, Chernogolovka, IPCP RAS) (IEB)
B.K. Gupta (India, Varanasi, Banaras Hindu University) (IEB)
A.V. Vakhroushev (Russia, Izhevsk, Institute of Applied
Mechanics of Ural branch of RAS) (IEB)
12-4-2-0 Hydrogen storage in an incapsulated gaseous
state: in microspheres, in foam metals,
in zeolites and others
V.S. Kogan (Ukraine, Khar'’kov, NSC Kharkov Institute
of Physics and Technology) (IEB)
A.F. Chabak (Russia, Moscow, Academy of perspective
technologies) (IEB)
E. F. Medvedev (Russia, Sarov, RFNC-VNIIEF) (IEB)
12-4-3-0 Hydrogen storage in gaseous state under
pressure
A.S Koroteev, Academician RAS (Russia, Moscow,
Keldysh Research Center) (SEB)
12-4-3-1 Hydrogen storage in gaseous state in large reservoirs
12-4-3-2 Hydrogen storage in gaseous state in tank
12-4-4-0 Hydrogen storage in liquid state
A.M. Arkharov (Russia, Moscow, Bauman Moscow State
Technical University) (IEB)
A.M. Domashenko (Russia, Balashikha, “Cryogenmash”) (IEB)
V.I. Kupriyanov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)

A.A. Makarov (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)
G.G. Shevyakov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
V.S. Travkin (USA, Los Angeles, University of California) (IEB)
V.S. Kogan (Ukraine, Khar’kov, NSC Kharkov Institute
of Physics and Technology) (IEB)
I.F. Kuzmenko (Russia, Balashikha, JSC “Cryogenmash”) (IEAB)
A.G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”") (IEB)
12-4-4-1 Hydrogen storage in cryogenic liquid state in large
reservoirs
12-4-4-2 Hydrogen storage in cryogenic liquid state on board
the vehicles
B.A. Sokolov (Russia, Korolyov, S.P. Korolyov Energia RSC) (IEB)
12-4-5-0 Hydrogen storage in chemically-bonded state
in liquid media
12-4-6-0 Hydrogen storage in solid phase state in metal
hydride systems
M.D. Hampton (USA, Orlando, Univ. of Central Florida) (DECH)
B.P. Tarasov (Russia, Chernogolovka, IPCP RAS) (IEB)
S.P. Gabuda (Russia, Novosibirsk, 1IC SO RAS) (IEB)
V.L. Kozhevnikov (Russia, Ekaterinburg,
ISSC Ural Branch of RAS) (IEB)
12-4-7-0 Hydrogen storage in combined systems
12-4-8-0 Hydrogen storage in adsorbed state in
cryogenic adsorbents
12-4-9-0 Novel methods of hydrogen storage

12-5-0-0 Hydrogen production methods
I.F. Kuzmenko (Russia, Balashikha, JSC “Cryogenmash”) (IEAB)
V.V. Lunin, Acad. RAS (Russia, Moscow, M.V. Lomonosov MSU)
12-5-1-0 Radiolysis
M.A. Prelas (USA, Columbia, University
of Missouri-Columbia) (IEB)
12-5-2-0 Electrolysis
12-5-3-0 Hydrogen production via thermochemical
dissociation of water
12-5-4-0 Hydrogen production by ammonia decomposition
V.A. Kirillov (Russia, Novosibirsk, Boreskov Institute
of Catalysis) (IEB)
12-5-5-0 Method of catalytic conversion (reforming)
of gaseous and liquid hydrocarbons
12-5-6-0 Hydrogen production by partial oxidation
of hydrocarbons
12-5-7-0 High-temperature process for hydrogen
production
12-5-8-0 Hydrates
S.P. Gabuda (Russia, Novosibirsk, 1IC SO RAS) (IEB)
12-5-9-0 Hydrogen production on board of the vehicle
from organic fuels
12-5-10-0 On board hydrogen production via reaction
of interaction of water and metals (aluminium,
magnesium etc.)
12-5-10-1 Mechanic and electric methods of removal
of oxide layer during reaction
12-5-10-2 Chemical methods of removal of oxide layer
during reaction
12-5-10-3 Ultrasonic methods of removal of oxide layer
during reaction
12-5-10-4 Methods of increase of specific surface of metals
1-5-10-5 Thermal and pressure methods of intensification
of hydrogen production
12-5-10-6 Devices for on board hydrogen production
via reaction of interaction of water and metals
12-5-10-7 Devices for hydrogen production via reaction
of interaction of water and metals for domestic apllications
12-5-10-8 Devices for hydrogen production via reaction
of interaction of water and metals for commercial apllications
12-5-10-9 Physico-mathematical model of processes
of hydrogen production
12-5-10-10 Novel lines of development of method
for on-board application
12-5-11-0 Hydrogen production from deep-sea hydrogen
sulphide
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.M. Neklyudov (Ukraine, Khar’kov, Khar’kov Physical
Technical Institute) (IEB)

N.A. Azarenkov (Ukraine, Khar'kov, Khar'’kov Physical
Technical Institute) (IEB)

V.I. Tkachenko (Ukraine, Khar’kov, Khar’kov Physical
Technical Institute) (IEB)

12-5-12-0 Novel hydrogen production methods

12-6-0-0 Hydrogen transport

A.G. Galeev (Russia, Sergiev Posad, JSC “NIIHIMMASH”) (IEB)
12-6-1-0 Transport of liquid cryogenic products by pipelines
A.M. Domashenko (Russia, Balashikha, JSC “Cryogenmash”)
(IEB)
12-6-2-0 Cooling of cryogenic system mains
12-6-3-0 Transient processes in cryogenic systems

12-7-0-0 Fuel cells
B.A. Sokolov (Russia, Korolyov, S.P. Korolyov Energia RSC) (IEB)
Yu.N. Shalimov (Russia, Voronezh, VSTU) (IEB)
V.P. Pakhomov (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
12-7-1-0 Research and production of fuel cells
12-7-1-1 Membanes for fuel cells
12-7-1-2 Computer simulation of fuel cell operation
12-7-2-0 Fuel cells application
12-7-2-1 Power supply on fuel cells with methanol conversion
for portable devices
12-7-3-0 Fuel cells with hydrogenous fuel pre-processing

12-8-0-0 Structural materials
P.G. Berezhko (Russia, Sarov, RFNC-VNIIEF) (IEB)
A.M. Polyansky (Russia, S.-Petersburg, “Electronic & Beam
Technologies Ltd.”) (IEB)
V.M. Chertov (Russia, Moscow) (IEB)
Yu.N. Shalimov (Russia, Voronezh, VSTU) (IEB)
P.Saint-Gregoire (France, University de Toulon et du Var) (DECH)
F.A. Lewis (Great Britain, Belfast, The Queen’s University
of Belfast) (SEB)
A.T. Ponomarenko (Russia, Moscow, Enikolopov Institute of
Synthetic Polymer Materials of RAS) (IEAB)
L.V. Spivak (Russia, Perm’, Perm’ State University) (IEAB)
M.V. Gol'tsova (Ukraine, Donetsk, Donetsk STU) (IEAB)
N.M. Viasov (Russia, Podol'sk, SRI SIA “Luch”) (IEB)
I.I. Fedik (Russia, Podol’sk, SRI SIA “Luch”) (IEB)
12-8-1-0 Hydrogen in metals and alloys
V.A. Gol'tsov (Ukraine, Donetsk, DonSTU) (IEB)
L.F. Gol'tsova (Ukraine, Donetsk, DonSTU) (IEB)
12-8-2-0 Hydrogen degradation
12-8-3-0 Structural materials hydrogenation systems
12-8-4-0 Static and dynamic strength of structural
materials
N.N. Gerdyukov (Russia, Sarov, Institute of Experimental
Gasdynamics and Physics of Explosion RFNC-VNIIEF) (IEB)
12-8-5-0 Gasars. Application of gasars in marine and air
fleet, motor-car construction
12-8-6-0 Electrical furnaces for thermovacuum processes
E.N. Marmer (Moscow, VNIIETO)
12-8-7-0 New structural materials for renewable energy
structures

12-9-0-0 Synthesis-gas production methods
A.Ya. Stolyarevskiy (Russia, Moscow, RRC “Kurchatov
Institute”) (IEB)

12-9-1-0 Adiabatic conversion of the natural gas

12-10-0-0 Hydrogen fuel vehicles and engines

T.Gaertig (Germany, Berlin) (IEB)

A.L. Dmitriev (Russia, S.-Petersburg, RSC “Applied Chemistry”)

(IEB)

A.M. Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
B.A. Sokolov (Russia, Korolyov, S.P. Korolyov Energia RSC) (IEB)
A.Yu. Ramenskiy (Russia, Moscow, Audit-Premier) (IEAB)

V.S. Sokolov (Russia, S.Petersburg) (IEAB)

12-11-0-0 Hydrogen filling stations

12-12-0-0 Hydrogen for providing buildings, structures and
houses with energy. Micro hydrogen power plants based
on fuel cells

V. STRUCTURAL MATERIALS

13. Nanostructures

A.M. Lipanov, Acad. RAS (Russia, Izhevsk, Institute of Applied
Mechanics UB RAS) (IEB)

Yu.M. Shul'ga (Russia, Chernogolovka,

JSC “Cryogenmash”) (IEB)

V.I. Kodolov (Russia, Izhevsk, BRHE Centre of Chemical
Physics and Mesoscopy) (IEAB)

Yu.S. Nechaev (Russia, Moscow, Bardin Research Institute of
the Ferrous-Metals Industry) (IEAB)

B.P. Tarasov (Chernogolovka, IPCP RAS) (IEAB)

Yu.D. Tretiakov, Acad. RAS (Russia, Moscow, FMS MSU) (SEB)
13-1-0-0 Nanosystems: synthesis, properties,

and application

E.A. Goodilin, Member Corresp. RAS (Russia, Moscow, FMS
MSU) (SEB)

V.V. Kyrsheva (Russia, Sarov, STC “TATA”)

13-2-0-0 Fullerene structures and carbon nanomaterials
for heat insulation

13-3-0-0 Fullerene structures and carbon nanomaterials
for hydrogen sensors

M.V. Vorobiova (Russia, Moscow, GIREDMET) (IEAB)

V.M. Aroutiounian, Acad. NAS of Armenia (Armenia, Yerevan,
Yerevan State University) (SEB)

13-4-0-0 Computer simulation of synthesis of carbon
nanomaterials with specified properties

13-5-0-0 Carbon nanostructures for vehicles

VI. THERMODYNAMIC
BASICS OF AEE

14. Thermodynamic analysis
in renewable energy

V.A. Khusnutdinov (Russia, Moscow,
RAO UES of Russia) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)

14-1-0-0 Thermodynamic analysis of basic energy
generation processes in alternative energy

14-2-0-0 Exergetic analysis of basic energy generation
processes in alternative energy

VII. ENVIRONMENTAL
ASPECTS OF ENERGY

E% 15. Basic problems
i of energy and renewable energy

15-1-0-0 Electric energy storage

15-2-0-0 Superconductive materials. Superconductivity.
Superconductivity of energy

15-3-0-0 New cycles and schemes for thermotransformers
15-4-0-0 Problems of megapolise illumination
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16. Application of helium
= and special materials in vehicles

Yu.A. Ryjov, Acad. RAS (Russia, Moscow, International Univ. of
Engineering) (SEB)

16-1-0-0 Airships to transfer large-sized cargoes

16-2-0-0 Airships to control states of emergency in
megapolises: car inspection, fire safety, terrorism combat,
technical and ecological state control of industrial buildings
and structures. Energy control (heat leak control in
buildings on a city’s scale)

16-3-0-0 Fire fighting airships, counteracting, and police
airships

5

O.L. Figovsky (lIsrael, Israel Research Center Polymate) (IEB)
M.V. Vorobiova (Russia, Moscow, GIREDMET) (IEB)
A.L. Gusev (Russia, Sarov, STC “TATA”)

17-1-0-0 Greenhouse gas effect
17-2-0-0 Ecological problems of industrial megapolises
17-3-0-0 Ecology of air atmosphere and space

17. Energy and ecology

17-4-0-0 Ecology of water resources

17-5-0-0 Problems of unhealthy atmospheric emissions by
heat-electric generating plants

17-6-0-0 Problems of groung pollution by energy carriers
17-7-0-0 Ecological tourism and ecological resorts
17-8-0-0 Problems of factory and domestic waste utilization

18. Energy efficiency methods and facilities
for agressive gas mixture separation
and purification

A.L. Gusev (Russia, Sarov, STC “TATA”)

M.A. Kazaryan (Russia, Moscow, P.N. Lebedev FIAN) (IEB)
A.A. Bobrova (Russia, Sarov, RFNC-VNIIEF)

%%' 19. Ecology and power resources of deserts

20. Water, its properties.

H.,.Q/," Water preparation, application

(
N

21. Vibration and acoustic effects of energy fa-
cilities on the environment

VIII. LEGISLATIVE BASIS,
MASS MEDIA, STATE SUPPORT

22. Legislative basis

P.B. Shelishch (Russia, Moscow, RF State Duma, President of
National Association of Hydrogen Energy) (IEAB)

22-1-0-0 Legislation basis for renewable energy in Russia

22-2-0-0 Legislation assurance for innovation development
of hydrogen energy

22-3-0-0 Legislation basis for renewable energy in CIS
22-4-0-0 Legislation basis for ecology

IX. PERSONNEL MANAGEMENT
AND EDUCATION

23. Education and scientific research centres

B.F. Reutov (Russia, Moscow, Federal Agency for Education
and Sciences of RF) (IEB)

A.V. Chuvikovskiy (Russia, Sarov, RFNC-VNIIEF) (IEB)
Yu.P. Shcherbak (Russia, Sarov, Sarov Physicotechnical
Institute) (IEB)

J.-P. Contzen (Belgium, von Karman Institute for Fluid
Dynamics) (IEB)

23-1-0-0 Educational activities in the field of alternative
energy and ecology

23-1-1-0 Educational activity within school program

23-1-2-0 Educational activity in institutes of higher
education

23-2-0-0 Hydrogen trading estates and science and research
cities

23-3-0-0 Young people in alternative energy and ecology
science and technology

X. ECONOMIC ASPECTS OF AEE

24. Economical aspects

24-1-0-0 Investment attractiveness of various countries and
companies in renewable energy

24-2-0-0 Resources of conventional energy sources in
exporting countries and world resources

24-3-0-0 National scientific and technological programmes
of the development of hydrogen economy

24-4-0-0 Economical analisys in renewable energy

V.A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)

24-5-0-0 Business-planning in renewable energy

XI. INNOVATION SOLUTIONS,
TECHNOLOGIES, FACILITIES
AND THEIR INNOVATION

ut

H,

25. Nanotechnology for renewable energy

A.L. Gusev (Russia, Sarov, STC “TATA”)

V.V. Kursheva (Russia, Sarov, STC “TATA”)

O.N. Efimov (Russia, Sarov, STC “TATA”)

25-1-0-0 nanotechnology in the metal oxide synthesis and
solid oxide fuel cells production

25-2-0-0 Nanotechnology in cell framework manufacturing
for medical purposes

25-3-0-0 Radiation-chemical nanotechnology in production
of new types fluoropolymer composite materials

21

26. Innovative solutions
in alternative energy and ecology
A.L. Gusev (Russia, Sarov, STC “TATA”)

\‘I'?f

SPACE

MewdyHapodHell uzdamensckull dom HayyHol nepuoduku "Cnelic”

£ I

iy

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA»,2015

MexAayHapoAHbIA Hay4HbIW XKypHan
«AnbTepHaTMBHas aHepreTUKa u 3KONormsa»
© Hay4yHo-TexHu4eckum ueHTp «TATA», 2015

# ISJAEE "2
122



AL

SPACE

w

International Publishing House for scientific periodicals “Space”

FER"

MHdopmaums

27. Information technologies (IT)

XII. ENVIRONMENTAL VEHICLES

A.L. Gusev (Russia, Sarov, STC “TATA”")

28-1-0-0 Cryogenic nitrogen transport

28-2-0-0 Inert gas-based cryogenic vehicles for hazardous
structures: fire engines, air port auxiliary vehicles, fuel and

lubricant storage, vehicles in dangerously explosive
chemical production

28. Cryogenic and pneumatic vehicles

28-3-0-0 Pneumatic vehicles

29. On-board energy accumulators

29-1-0-0 Thermal energy accumulators

A.L. Gusev (Russia, Sarov, STC “TATA”)
29-1-1-0 Temperature above 273 K
29-1-2-0 Temperature below 273 K
29-1-3-0 Temperature below 77 K

29-2-0-0 Flywheel energy accumulators
29-3-0-0 Electrical energy accumulators
29-4-0-0 Spring energy accumulators

29-5-0-0 Compressed-air energy accumulators
29-6-0-0 Chemical energy accumulators

e,

[ )

A.L. Gusev (Russia, Sarov, STC “TATA”)
O.B. Baklitskaya (Russia, Sarov, STC “TATA”)
M.A. Kazaryan (Russia, Sarov, STC “TATA”)

30. Multy mode vehicles

31. External and onboard vehicle energy
recovery systems
A.L. Gusev (Russia, Sarov, STC “TATA”)

32. Lithium-ion current sources
and supercapacitor

XIII. RECOVERY TECHNIQUES
FOR AEE

33. Juvenile hydrogen in geotectonics

and geochemistry processes

S.V. Digonskiy (Russia, Ekaterinburg, FGUP “Urangeologo-
razvedka”) (IEB)
V.L. Syvorotkin (Russia, Moscow, M. V. Lomonosov MSU) (IEB)

33-1-0-0 Role of hydrogen in chemical composition of the
universe

33-2-0-0 Diving forces in the evolution of Earth and planets
33-3-0-0 Hydrogen in the Earth’s core

33-4-0-0 Geology and geochemistry of natural gases in deep
fault areas

33-5-0-0 Transport of juvenile hydrogen through the Earth
stratum and formation of electrically charged zones

33-6-0-0 Natural synthesis of carbon-based substances

33-7-0-0 Deep degasifying of the Earth, global disasters and
anomalous phenomena

XIV. CATALYSIS FOR AEE

34. Catalysis for renewable energy

Z.R. Ismagilov (Russia, Novosibirsk, Boreskov Institute of
Catalysis) (IEB)

S.M. Aldoshin, Acad. RAS (Russia, Chernogolovka, IPCP RAS)
(SEB)

V.N. Parmon, Acad. RAS (Russia, Novosibirsk, Boreskov
Institute of Catalysis of SD RAS) (SEB)

V.A. Kirillov (Russia, Novosibirsk, Boreskov Institute of Catalysis
of SD RAS) (IEB)

O.N. Efimov (Russia, Chernogolovka, IPCP RAS) (IEB)

N.N. Vershinin (Russia, Chernogolovka, IPCP RAS)

34-1-0-0 Catalytic methods for synthesis of alternative fuel
34-2-0-0 Catalysis in combined schemes «energy generation
and production of useful products from natural gas»
34-3-0-0 Catalysis in generation of working fluid in gas
turbines as an effective alternative flare generation method
34-4-0-0 Catalysis of fuel cells

34-5-0-0 Catalysis in processes of production of synthesis
gas and hydrogen

34-6-0-0 Catalytic methods of hydrogen treatment

34-7-0-0 Catalysis in treating of power reactor waste gases
34-8-0-0 Catalysis in process water treatment systems
34-9-0-0 Photocatalytic and electrocatalytic methods for
hydrogen production

34-10-0-0 Development and study of material properties to
form catalytic layers in fuel cells

34-11-0-0 On mechanism of catalytic action. Effect of metal
nature and degree of oxidation thereof on catalytic activity
34-12-0-0 Nanocomposites for application as catalysts.
Effect of dimension factor on catalytic activity

34-13-0-0 Alternative catalysts with no platinum

34-14-0-0 Problems of catalyst poisoning

34-15-0-0 Catalyst carriers: design, synthesis, and
properties

A.Ya. Vul' (Russia, St. Petersburg, loffe Institute)

34-16-0-0 Catalytic layers for fuel cells in planar design
34-17-0-0 Sol-gel process for production of catalysts and
catalyst carriers

34-18-0-0 Catalytic conversion of fuel and technologies in
the process of membrane production of hydrogen fuel
compositions and ultra-pure hydrogen

XV. ENERGY SAVING

35. Energy-saving technologies,
_ materials, systems, and instruments
A.J1. T'yces (Poccusi, Capos, HTL| « TATA»)
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XVI. PROBLEMS OF OIL-
AND-GAS COMPLEX

‘@@ 36. Problems of oil, gas, and coal industry

A.J1. T'yces (Poccusi, Capos, HTL| « TATA»)
36-1-0-0 Problem definition for scientists and engineers

to form a Task Order for research and R&D works taking

into account ecological aspect

37. Oil and gas pipelines and ecology

XVII. OPTICAL PHENOMENA
AND FACILITIES

38. Optical phenomena and facilities

XVIII. GAS-TURBINE
TECHNOLOGIES

39. Gas-turbine technologies

XIX. ENVIRONMENTALLY
CONSCIOUS FACTORIES

XX. ISSUES OF AGRICULTURE

40-1-0-0 Environmental technology manufacturing of wood
products without the synthetic resin binder

SEB — Scientific Editorial Board

IEB — International Editorial Board

IEAB — International Editorial Advisory Board
EB — Experts Board

IRB — International Reviewers Board

XXI. EARTH SCIENCES

XXII. INFORMATION FOR AEE

41. Information

A.l. Salikov (Russia, Moscow, CNIIATOMINFORM) (IEAB)
E.M. Tararaeva (Russia, Moscow, CNIIATOMINFORM) (IEAB)
E.A. Goodilin, Member Corresponding RAS (Russia, Moscow,
FMS MSU) (SEB)

V. Lobanova (Russia, Sarov, STC “TATA”)

41-1-0-0 Review of periodicals

41-2-0-0 Review of leading internet-resources
41-3-0-0 Prominent scientists’ biographies
41-4-0-0 Scientific funds and scientific projects
41-5-0-0 International scientific conferences

41-6-0-0 Advertising matters of investment companies and
manufacturers

41-7-0-0 Review of new scientific books

41-8-0-0 Intellectual property

41-9-0-0 Encyclopedia of renewable energy. Terms and
definitions

41-10-0-0 Opinions, letters in publishing office, short
articles

41-11-0-0 Messages of members of Scientific editorial board
41-12-0-0 Energetic companies

41-13-00 News of Editorial board

41-14-0-0 Scientific organizations

41-15-0-0 News
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Periodicity: 2 times per month
Issue volume (pages): 200-270

Distribution: Address

Official site: http://isjaee.hydrogen.ru
Subscription: via editorial board and catalogue

Table 3
Subscription Physical person Juridical person Ass;\gf;:ntil:)e; ff:) ilﬁ;e:il';agt:zl;ler 2y Mgg&ﬁrﬁ(}flggi;géal
Quarter $90 $150 $85 $80
Half year $180 $350 $175 $160
Annual $360 $700 $350 $320

To have an account, juridical persons are to send order by e-mail to info@hydrogen.ru or by fax (83130) 6-31-07
mentioning the institution address.

°‘f~r —————————————————————————————— 1

ORDER FORM

To: Scientific Technical Centre «TATA»
P.0.Box 687
Sarov, Nizhnii Novgorod region 607183, Russia
~ Phone/Fax: +7 (83130) 6-31-07
"< Phone: +7 (83130) 9-74-72
E-mail: gusev@hydrogen.ru

Please, send me copy/copies of “International Scientific Journal for Alternative

Energy and Ecology”, ISSN 1608-8298 ( issues, 20 year, $ (please,

see Table 1), postage included)

)
\

;,] =) ’L’A\,\ [g

Payments options

Our Bank details:

Beneficiary Name:

STC "Tata” LC INN5254022656

Beneficiary Address:

SAROV, RUSSIA

Beneficiary Tel:

+7 8313063107

Beneficiary Account Number:

ACC 40702840600000001680

Bank name

SAROVBUSINESSBANK

Bank Address:

SAROV, RUSSIA

Bank ABA:

SWIFT: SARORU2SXXX

Intermediary Bank Name:

DEUTSCHE BANK TRUST COMPANY AMERICAS
SWIFT: BKTRUS33

METALLINVESTBANK

SWIFT: SCBMRUMM

Intermediary Bank Address:

NEW YORK, USA,

Intermediary Bank ABA:

04457374

IOrganization
|Mailing Address

Details of payment: «International Scientific Journal for Alternative Energy and Ecology»
Name

|[Number Building Street

|City State

Postal code Country

E-mail Phone

IFaX

Signed Date

L e e e e |

International Scientific Journal for
Alternative Energy and Ecology
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SUBSCRIPTION TO

Golden Collection of Hydrogen Energy

ISIAEE

Dear Colleagues! Subscription to Golden Collection of Hydrogen Energy is now available!
The Golden Collection of Hydrogen Energy consists of 175 volumes of International Scientific
Journal for Alternative Energy and Ecology

Issue: International Scientific Journal for Alternative Energy and Ecology (ISJAEE)

ISSN 1608-8298

Number of volumes: 175

Official site: http://isjaee.hydrogen.ru

Distribution: Address Subscription: via editorial board and catalogue  Table 4
Order Phvsical Juridical Member of International Member of Editorial
YSICaDETSO uridical person Association for Hydrogen energy board of ISTAEE
Golden
Collection 800 USD 1000 USD 900 USD 900 USD
of Hydrogen
Energy

To have an account, juridical persons are to send order by e-mail to gusev@hydrogen.ru or by fax (83130) 6-31-07
mentioning the institution address.

Please, send me Golden Collection of Hydrogen Energy of International Scientific Journal

ORDER FORM

for Alternative Energy and Ecology, ISSN 1608-8298 (160 volumes,
| (please, see Table 4), postage included)

Payments options

I’ve arranged a bank transfer to:

STC «TATA» Limited

ACC: 40702840200001001681
BEN. BANK: SAROVBUSINESSBANK
SAROV, RUSSIA

CORRESP. BANK: ALFA-BANK,
MOSCOW, RUSSIA, SWIFT: ALFARUMM

CORR. ACC USD: 400927098 with « CHASE MANHATTAN BANK», NEW YORK,

N.Y.10004, USA. SWIFT: CHASUS33
Details of payment: «Golden Collection of Hydrogen Energy»

| Name

I
I
I
I
I
: CORR. ACC USD: 30109840300000000142
I
I
I

USD

| Organization

| Mailing Address
| Number Building
| city

Street

State

Postal code

| E-mail

Phone

| Fax

Country

| Signed

International Scientific Journal for

Alternative Energy and Ecology
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«TATA», 2015

129

Me>xayHapoAHbI Hay4HbIN >KypHan

# ISIAEE "5
2015 “AﬂbTepHaTl/lBHaﬂ 3HepreTuUKa u 3Konorusa»

© Hay4yHo-TexHu4Yeckni LeHTp «TATA», 2015



PEKJIAMA B MEXKAYHAPOOHOM HAYHYHOM XXYPHANE
«AJIbTEPHATUBHAY SQHEPTETUKA N SKOJ10INd»
MeskayHaPOIHBIN HAYUHBIH sKyPHAJ « ATbTepHATUBHAA SHEPTEeTUKA U 9KOJOTHUA » IIPUTJIAIIIAET HayYHbIE MHC-
TUTYThI, OPTAHUBAI[NY U IIPOMBIIILJIEHHBIE IPEATTPUATAA PA3MECTUTh MHMOPMAIHNIO 0 KOH(MEPEHI[UAX,, BLICTABKAX,
paspabaThiBaeMOIi U BBIITYCKAEMOU IPOAYKIINY B 00JIaCTH aJIbTEPHATUBHOI SHEPTETUKU U DKOJIOTHH.

Mnowaan peknamMHoro moayns

Passopor ITosoca

1/2 momocsr 1/3 mosocst 1/4 mosockr

TpebGoBaHUs K MakeTaM peKlaMHbIX
Mopynen, U3roToBsieHHbIX 3aKa34ynKoM

MakeT peKJIaMHOTO MOJYJA IOJKeH
UMeTh Pa3Mep, COOTBETCTBYIOIIUI pasMepy
IIeYaTHOTO OTTUCKA. POpPMATHl MAKETOB:
pactpoBsbiiit — TIFF (cMm. TpeGoBaHUs), BEK-
TopubIii — Corel Draw (cm. TpeGoBanms).
Hcoonns3oBanue pegakropa Microsoft Word
JIJI IPOEKTUPOBAHUA MaKEeTOB PEKJIAMHBIX
MOZyJIell He JOIYyCKAaeTCs.

HomyckaeTcsa mpegocTaBIeHEe MaKeTa
moxyJisa (kpome 0010:KkKHu) B hopmare Adobe
Pagemaker Bepcuii 6.0, 6.5, 7.0. Barowm ciry-
vae MOJIKHBI IIPEJIOCTABIATHCA BCE CBS3aH-
HBIE BJIEMEHTHI, a TAK’Ke BCe UCIIOJIb3yeMbIe
mIpU@THI.

TPEGOBaHVIﬂ K UCXOAHbIM peKNlaMHbIM MaTepuanam

Bce aeMeHTHI pEKJIaMHOTO MOAYJIA (MILIIOCTPAIIUY, JIOTOTUIIHI,
TEKCT U JP.) IPeAOCTABIAIOTCA B OTAEIbHBIX (haiiiax.

1. Texct

Texct Habupaetcsa rapautypoit Times New Roman, kerap 14,
WHTepBaJI IMOJyTOPHBIH. [lommycKkaercsa BblesieHNe BasKHOU MHODOP-
MaIluy MOy KUPHBIM Hauepranmem. @opmar Microsoft Word for
Windows.

UcnonszoBanre OLE-00beKTOB (rpadukm, ciaiibl Ipe3eHTaI i,
nuarpaMmsl B opmate Microsoft Excel, pesyibTaTsl BEIYUCIEHUHA B
MaTeMaTHUYeCKUX U MHBIX, B TOM YHCJI€ COOCTBEHHBIX ITPOTPaMMax)
B IOKYMEeHTax He fgonyckaercd. Takue o0beKTHI IPUCHLIAIOTCA B
¢opmaTe NCXOMHOM IPOrPaMMbI U AYOJIUPYIOTCSI H300paskeHueM (CM.
TpeO0OBaHUA K UJLIIOCTPAIIUAM).

Vcmonib3oBaHme JOTIOJTHUTEIbHBIX ITPUQPTOB (HAIPUMED, JIOTOTUI
BBIIIOJIHEH cIenu(dUUeCcKoil rapHUTYPOI) OTOBAPUBAETCA HOIIOJ-
HUTeJbHO. B 3TOM ciiyuae mpegocraBigercsa Gaii, ComeprKaIiui
nauepranue 6ykB B popmare TTF. UcnonszoBanue PS-mipudros He
IOIIyCKAaeTCs.

2. Hnmoctpanyuun

Bce ntiocTpanuy, HaXOAAINECA B PEKJIAMHOM MOLYJIE, JOJIKHBI
OpPenoCTaBIATHCA B OTAENbHEIX (haitiax B popmarax TIFF nau BMP.
He gomyckaercs ncmoab30BaHNEe MHOTOCTIOMHBIX U300parkeHuii. Yep-
HO-0eJible n300paKeHns OJIKHBI ObITh B Mojienu Grayscale. IlBeTHbIE
(o6mosxkka) — B mozmenu CMYK. Bcee u/6 pacTpoBbie n300paskeHUs
IoJiKHBI uMeTh paspemenue 200 dpi, neerabie — 250—400 dpi.

1 BEeKTOPHBIX M300pasKeHUil MPeAIOUYTUTEIbHBIM ABIAETCS
ucmoab3oBanue popmara Corel Draw (*.cdr) mo Bepcuu 12.0 BKIIO-
YUTEJIbHO.

Bce BcTpoenHbIE 9DhEKTHI (JTNH3BI, TEKCTYPHbIE 3aJIUBKY, TEHU U
T.JI.) JOJIYKHBI OBITH II€PEeBeIeHbI B pacTpoBoe usodoparkenue (bitmap).
Bexkropusbie addpexrs! (Extrude, Envelope, Contour, Add Perspective,
Blend, Distortion, Artistic media) gosxHBI 6BITH TIPEOOPA3OBAHEI B
KpuBble. Bce TEKCTOBBIE 00BEKTHI JOJKHEI OBITH IEPEBEIEHBI B KPU-
Bble. Pasmelienue pacTpoBbIX PUCYHKOB B qoKyMmeHTe Corel Draw
He IOMYyCKaeTcH.

CToumocTb pa3mMelleHunsa peKiiaMHbIX Mop,yne|7|

O06BbeM PEKJIAMHOTO MO YJISA Texnuueckue napamerps! | Ilena nyOnaukamuu B oqHOM HOMepe (py6.)

0061024 Ka (IIOJTHOI[BETHAS) 285x205 mm 300 000

2-a nu 3-4 CTPaHUIBI O0JIO0KKHY (IIOJTHOIIBETHAS) 285x205 MM 25000

IloHbIi pa3BOPOT HA ABE IOJIOCHI* 257x336 mm 10 000

ITonnasa momoca 1/1% 257x168 mm 5000

1/2 ITonocwr* 128x168 mm 5000

1/3 ITonocer* 85x168 MM 2000

1/4 Ilonocer* 64x168 MM 1000
CHUCTEMA CKUIOK

IIpu ny6aukanuu B 2-3 HOMepax 10%

IIpu ny6aukamnuu B 4-6 HOMepax 15%

IIpu ny6aukamuu B 7-9 HOMepax 20%

IIpu ny6aukamuu B 10-12 HOMepax 50%

I s 3akasza peKJIaMHOM IJIOMIAAN U TOJYUEeHUA cueTa Heo0X0AUMO 3aMI0JTHUTE (DOPMY 3aABKU
1 OTIIPABUTH ee 110 afpecy gusev@hydrogen.ru unu no dakxcy (83130) 6-31-07.
Pepaknusa sxypHaIa ocTaBjsieT 3a cOO0M IIpPaBo 0TOOPA MOCTYIUBIINX PEKJIAMHBIX 00'bABICHUIM.

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2015
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ADVERTISEMENT IN INTERNATIONAL SCIENTIFIC JOURNAL
FOR ALTERNATIVE ENERGY AND ECOLOGY
The International scientific journal “Alternative energy and economy” invites scientific institutes,

organizations and industrial enterprises to place advertisements on conferences, exhibitions, designed and
production products in the field of alternative energy and ecology.

Spaces for advertisement module

Opening Full page

1/2 page 1/3 page 1/4 page

General information on lay-outs
of advertisement modules fabricated
by a customer

The lay-out of an advertisement mod-
ule is to have the dimension in accordance
with that of a print. Lay-out formats:
raster — TIFF (see General informa-
tion), vector — Corel Draw (see General
information). The use of Microsoft Word
editor to design lay-outs of advertisement
modules is not allowed.

The module lay-out (except the cover)
in the format of 6.0, 6.5, 7.0 Adobe
Pagemaker versions is allowed to be pro-
vided. In this case, all combined elements,
and also all available fonts that are not
included in the Microsoft Windows struc-
ture are to be provided.

Information on original advertisements

All elements of the advertisement module (illustrations,
symbols, text, etc.) have to be put in individual files.

1. Text

Text is has to be composed by Times New Roman types, font
14, print interval: one and a half. Important information can be
printed in italics. Format — Microsoft Word for Windows.

OLE-objects (graphs, presentation slides, diagrams in Mi-
crosoft Excel format, results of computations in mathematical
and others including own programmes) are not allowed in docu-
ments. The objects as such are required to be sent in original
programme format, and are copied by illustrations (see General
information on illustrations).

The use of additional fonts (for example, a symbol is
given by a specific type) is additionally specified. In this case,
a file containing letter design in TTF format. PS-fonts is not
allowed.

2. Illustrations

All illustrations available in the advertisement module are
to be displayed in TIFF or BMP formats. Multilayer displays
are not allowed. Black-and white displays are to be used in
Grayscale model. Coloured displays (cover) are in CMYK model.
All black-and-white raster displays are to be of resolution of
200dpi, colour — of 250—-400dpi.

The use of Corel Draw (*.cdr) format to 12 version inclusive
is considered to be advantageous for vector display.

All incorporated effects (lenses, texture fillings, shadows,
etc.) are to be converted to raster display (bitmap). Vector effects
(Extrude, Envelope, Contour, Add Perspective, Blend, Distortion,
Artistic media) are to be transformed to curves. All text objects
are to be converted to curves. Raster figures are not allowed to
be placed in Corel Draw document.

Advertisement space price

Advertisement module space Technical parameters Publication price in one issue ($US)

1%t page of the cover (full-coloured) 160x145 mm 10000

Full opening in two pages 257x336 mm 1000

27 or 34 pages of the cover (full-coloured) 257x168 mm 300

Full page 128x168 mm 200

1/2 page 85x168 MM 200

1/3 page 64x168 Mmm 60

1/4 page 64x168 Mmm 30
Price rebate

When published in 2-3 issues 5%

When published in 4-6 issues 7%

When published in 7-9 issues 10%

When published in 10-12 issues 15%

To order an advertisement space and make up a bill, please fill in an order form and send it using
the following address: gusev@hydrogen.ru or by fax +7 (83130) 6-31-07.
The editorial board reserves the right to choose advertisements entered.
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607183, Poccus, Huxeropoackas o6n., Capos, a/st 683, 687, HTL, « TATA»
maBHomy pepaktopy 'yceBy AnekcaHapy JleoHngosudy
Ten.: 8 (83130) 63107, 94472, 90708, 91846; dpakc: 8 (83130) 63107; 90708
E-mail: gusev@hydrogen.ru, http://isjaee.hydrogen.ru, http://www.hydrogen.ru
[ns cnpasok E-mail: info@hydrogen.ru

To Alexander L. Gusev, Editor-in-Chief
Scientific Technical Centre “TATA”, P.O.B. 683 or 687, Sarov, Nizhni Novgorod region, 607183, Russia
= Phone: +7 (83130) 63107, 94472; fax: +7 (83130) 63107; 90708
’ v E-mail: gusev@hydrogen.ru, http://isjaee.hydrogen.ru, http://www.hydrogen.ru
w Information: E-mail: info@hydrogen.ru

MendynapodnuvLli HAYLHBLU HCYPHAT

JRypuan exaiouen 6 kamanoz «Pocnewamv» (underxc
«AnbmepHaMUEHAA IHEPZEMUKA U IKOLOZULY

10337 «AnbmepHamusHas sHepzeMuUKa U IKOJL02US» ) U

Ioanucano B mevars 15.07.2015 r. O0sedunennwiii kamanoz «IIpecca Poccuu. Poccuiickue

®opmar 60x84/8  Tupax 5000 k3. u sapyGexcnvie zazemvl u xcypuanvly (undewxc 41935
Ilena morosopHas

«Aﬂbmepnamueuaﬂ dHepzemuKa u 3K0JL02UA» ).
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