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ARCHITECTURE. URBAN PLANNING

USING ARTIFICIAL MOONSTONE BLOCKS FOR A MOONBASE
PROTECTION AS AN ALTERNATIVE VARIANT OF A MOONBASE
CONSTRUCTION: A HYPOTHESIS

IT'UTIOTE3A4 Ob HCIIOJIB3OBAHHUN HCKYCCTBEHHbBIX

KAMEHHbBIX KOHCTPYKIJUHU JUUIA 3ALLIUTHI JIVHHOI'O IIOCEJIEHUA
U AJIBTEPHATUBHbIY CLIEHAPUU PEAJIM3ALIMU CTPOUTEJIbHOH
IIPAKTUKH HA JIVHE

Sergey A. MALAHOV
Anton P. RAKOV
Dariya A. SAMSONOVA

C. A. MAJIAXOB
A.II. PAKOB
. A. CAMCOHOBA

Samara State University of Architecture and Civil Engineering
Samara, Russian Federation

The  paper  hypothesizes  that Ilepsvle obumaemvie 0OveKmMvl HA

before the first permanent mannable
moonbase starts operating there will be
experimental artificial unmanned stone
bases (monuments) built on its surface.
The first mannable moon facilities will be
formidably and strongly protected from
micrometeorites and radiation. Artificial
stone details on the Moon will be produced
by specially-designed 3D printers. Artificial
moonstone (produced of moon soils) will
be used for moonbases infrastructure
development. 3D printed technology
involves using sunlight on moon soils. This
technology will be applied to make first
moonstone blocks. Construction robots
will build first ever artificial objects on the
surface of the Moon. Artificial moonstone
blocks will also be used for protecting
accommodation modules brought from
the Earth. The paper also emphasizes the
idea that using stone blocks for permanent
mannable moonbases protection and
operation brings architecture back to
classic order system.

Jlyne 6yoym umemsv mMaccusnyio u npou-
HYIO 3aWumy om MUKpOMemeopumos u
paouayuu. Hckyccmeenuvie KameHHbie
demanu na Jlyne 6yoym oerame cneyu-
anuzupoeanuvie 3D npunmepwl. B co3-
Oanuu uHpacmpykmypsl 1yHHbIX NOCe-
JlenHutl 6yoem akmueHo UCNOIb308AMbCS
MECMHbIL  CMPOUMENbHbIL  Mamepuai
- UCKYCCMBEHHbIl KAMeHb U3 JIYHHO20
epyuma. Texnonocus mpéxmepHoll ne-
Yamu CONHEYHbIM C8EMOM NO JYHHOMY
2PYHmMY coenaem 803MONCHbIM U320MO08-
JleHue nepsvlx KamenHwix 610ko8. Cmpo-
umenbHble podOMbI NOCMPOSN NEPabvle 8
UCmopuu UCKyccmeeHHble 00beKkmbl Ha
nosepxnocmu Jlynoi. Kamennvie oema-
JIU NOHAOOOSAMCSL U 0I5l 3AUUMDBL HCUTBLX
mooyneil, docmasnennvlx ¢ 3emau. Oc-
HOBHAA Udes 3aKI04aemcs 8 mom, 4mo
UCNONb308AHUE KAMEHHbIX demaiel OJisl
3auumol U QYHKYUOHUPOBAHUSA TIYHHbIX
nocenenull, 8038paAWAOM ApXUmexmypy
8 AHMUUHYI0 OPOEPHYIO CUCTHEM).
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Ananu3 crioco0oB 3P (HEKTUBHOTO OCBOCHHUST IKCTPEMAIbHOW CpeJibl MOKa3all, 4To B
TOJIABJISIIOIIEM OOJIBIIHCTBE CITyYacB YEJIOBEK MCIONB30BAN OJIMH U TOT )K€ CICHAPUIA
ajanranyy. B ucropuu 3adMKCHpOBaHbI IPOIIECCHI MTPEOIOICHUS M OCBOCHHS YETIOBEKOM
Pa3IUYHBIX CPE: HAJBOIHOM U TOIBOAHOMN, MOJSPHBIX U MTYCTHIHHBIX, MOJ3CMHbBIX 1 BbI-
COKOTOPHBIX, @ TAKXKe BBICOTHBIX M OpOUTaIbHEIX [1]. B Hamm 1HM akTyabHBIM HalpaB-
JICHUEM DKCITAHCHH YeJIOBEYCCKON IMBIIIM3AINH SBISIETCSI KOCMHYECKOE IPOCTPAHCTBO.

«BriepBble B peaIbHOCTb MOJIETA K TAIbHUM MHUPaM MPOTrPECCUBHOE YEJIOBEUECTBO
MTOBEPHJIO B KOHIIE 19 Beka. Yke Torna cTano MoHsATHO, YTO, €CITH JIETaTeIbHOMY amiapa-
Ty IPHIATH HYKHYIO JUIS TIPEOJIOJICHUS TPABUTAIIMN CKOPOCTh U COXPaHATH €€ JJ0CTaTou-
HOE BpeMsi, OH CMOYKET BBIMTH 32 Ipe/iesibl 3eMHOU arMoc(ephl U 3aKpenuThCs Ha OpouTe,
nomo0Ho Jlyne, Bpamasck Bokpyr 3emun. [IpoGiema Obiia B qBurareisix. B nagane 20
BEKa MCCIIEIOBATENIM 00paTUIIi BHUMAHUE Ha PAKETHBIA JIBUTATEIb, IPUHIIUI JICHCTBHS
KOTOPOTO OBLT M3BECTEH YEJIOBEUECTBY eUIé ¢ pyOeka Hallel 3pbl: TOIUTUBO CrOpaeT B
KOpITyCe PaKeThl, OMTHOBPEMEHHO oblieryas e€ Maccy, a BelessieMast SHeprusl IBUTAET pa-
kety Brepén. [lepByro pakery, ClIOCOOHYHO BBIBECTH OOBEKT 32 MPEIE/Ibl 36MHOTO TPUTS-
JKeHwsI, cripoekTrpoBai Llnonkosckuit B 1903 romy» [2].

Tak mocTeneHHo HayKa BIUIOTHYIO MOJIOIILIA K AKCIICPUMEHTY TI0 CO3/IaHHIO TIEPBOTO
HCKYCCTBEHHOT'O CITyTHHKA 3eMId. « BpeMst 111710, ¥ XOTS JIB€ MUPOBBIE BOWHBI CHIILHO 3a-
MEJUTHITH TIPOIIECC CO3JIAHMSI PaKET JUTSt MUPHOTO UCIIONB30BaHHMsI, KOCMUYECKHI POrpece
BCE K€ He CTOos1 Ha MecTe. KilroueBoii MOMEHT ITOCIIEBOEHHOTO BPEMEHH — IIPUHATHE TAK
Ha3bIBAEMOM IIAKETHOM CXEMBbI PACIONIOKEHUS PAKET, IPUMEHIEMON B KOCMOHABTUKE U
nonbiHe. E€ cyTh — B 0JITHOBPEMEHHOM HCIIONIb30BAHUH HECKOIIBKUX PAKET, Pa3MEIEHHBIX
CUMMETPHYHO I10 OTHOIIEHHUIO K IIEHTPY MAacChl Tela, KOTOpoe TpeOyeTcsi BHIBECTH Ha
opbuty 3emun» [2]. B mocieBoeHHBIE TOMBI KOCMOHABTHKA TIPOIOIDKIIIA Pa3BUBATHCS C
HOBOI1 cmioil. «B okTa6pe 1957 rona Havanach HOBas, a TOYHEE MEPBasi, 3pa B OCBOCHUN
KOCMOCa — 3aITyCK IIEPBOTO UCKYCCTBEHHOTO CITyTHHKA 3eMiti» [2].

CreyronuM BOpocoM ObUT BOIIPOC O BIMSTHAN KOCMUUECKOW CpE/Ibl Ha KHUBBIE Op-
ranu3Mebl. «[lepBbIME JTOXMATBIMU KOCMOHABTaMH, 110 BO3BPAIICHIN IPUBETCTBOBABIIH-
MU CBOMX «OTIIPABUTEIICI» PaJIOCTHBIM JIaeM, CTalu Xxpectomaruiinbie benka n Crpenka,
OTIPABUBIINECS TIOKOPSTH HEOECHBIE IPOCTOPHI Ha ITATOM CITyTHHKE B aBrycte 1960 roxa.
Wx monét mamwicst 9yTh OoJiee CYTOK, M 3a 3TO BpeMs COOAKH YCIENH OOJETETh IIaHEeTy
17 pas» [2]. [Tocre Toro, Kak KOCMHYECKUN TIOIET BBIACP)KATN )KUBOTHBIE, MOJKHO OBLITO
TOBOPHUTBH U O BOBMOXKHOCTH TIOJIETAa B KOCMOC 4elioBeKa. [1epBbIM B UCTOPUU KOCMOHAB-
oM 12 ampens 1961 roma cran rpaxkaanmna Coroza CCP, Hamn cooTeuecTBeHHHUK — FOpmit
AnexceeBnd ['arapun. «B 9:07 mo MOCKOBCKOMY BPEMEHH CO CTapTOBOM ruromaaxe Ne 1
KocMmoapoMa balikoHyp OBLT 3amyIeH KOCMHYeCKuid kopabis «BocTok-1» ¢ mepBEIM B
MHUpe KOCMOHABTOM Ha OopTy» [2]. B Hamm JHU KOCMOHABT — 3TO Mpodeccusi, KoTopast
CYILECTBYET OOJIbIIE MATH JECATKOB JieT. «CerofHs MmyTemecTBUsI B KOCMOC BOCIIPHHU-
MAIOTCSI KaK HEYTO camo co0oit paszymerorieecs.. Ham HaMu JI€Tar0T COTHU CITyTHUKOB M
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TBICSIYM TIPOYUX HY)KHBIX U O€CIHOJIE3HBIX OOBEKTOB, 32 CEKYH/IBI 1O BOCXOAA COJHIIA U3
OKHA CITaJIbHU MOYKHO YBH/IETh BCIIBIXHYBIIME B €IIE HEBUAUMBIX C 3€MJIH JIydax IJI0CKO-
CTH COJTHEUHBIX Oarapeii MexxayHapoaHOH KOCMUYECKON CTaHIHm [2].

B xozme m3yueHHs1 ONbITa OCBOCHUS YEJIOBEKOM 3KCTPEMANIBHBIX CPEJl MbI MPUILLIN
K BBIBOJY, YTO TaKTHKa OCBOCHHS IKCTPEMaJbHON cpedbl Beerna oquHakosa. st aToi
TaKTHUKH XapaKTepHbI TPU Mpruéma.

[lepBblii TPHEM — 3TO OCTOPOKHOCTB, KOTOpasi 0a3UpyeTcsi Ha U3YyYCHUH U UCTIONb-
30BaHUHM YK€ NMEIOILErocs OMbITA, a TAKKE Ha CTPOTrO JIO3MPOBAHHOM H ITOLIATOBOM 00-
HOBJIGHHH 3TOTO OMbITa. TO €CcTh peann3anyy IIaHOB [0 OCBOSHHUIO JIFOOOH Cpebl, B TOM
YHCIIEe U KOCMUYECKOH, MPEIIIEeCTBYET LeNasi CepHsl MOCIEA0BATENbHBIX U 0YeHb 3HAYH-
MBIX KCIIEPUMEHTOB (HCCIIEA0BATEIbCKUX MUCCHIA).

Bropoii npuém — 3T0 aKTUBHOE HCIIOJIb30BAaHUE MECTHBIX PECYPCOB U CTPOUTEIIBHBIX
MaTepHajoB AJsI 3aKpeIUIeHHs B ocBamBaeMoil cpexe. Hanpumep, 3cKMMOCH — KOpEH-
HBIE JKUTENN 3aM0JSIPHBIX TEPPUTOPHUIT HCTIONB3YIOT B KAYECTBE CTPOUTEIBHOTO MaTepH-
ajia JJIsl CO3/1aHMsl CBOMX JKHMJIMILI CHET. «BHyTpeHHee nmoMelieHne 00bIYHO 3aCTHIAeTCS
LIKypaMH1, MHOT/IA IIKypaMH MOKPBIBAIOTCS U CTeHbI. [l 00orpesa KUIHIIA U 1OTIOTHH-
TEJIBHOTO €r0 OCBEILCHHUS UCTIONIb3YIOTCS IUIOUIKU-)KUPHUKU. B pe3ynbrare HarpeBaHus
BHYTPEHHHUE ITOBEPXHOCTH CTEH OIUIABILIIOTCS, HO CTEHBI HE TAOT, TaK KaK CHET JIETKO
BBIBOJUT M30BITOYHOE TEIUIO HAPYKY XMKUHBL [103TOMY B XM)KMHE MOXKET MOAICPIKHU-
BaThCst KOM(OpPTHAs [UIsl XKHU3HHU YeJIoBeKa Temreparypa. Kpome Toro, cHexHasi XHKUHA
BITUTHIBACT U3HYTPH U3JIMILIHIOO BIIAry, B pe3yJbTaTe Yero B XMKHHE JOCTATOYHO CyXO»
[3]. B enom, mo TeXHOIOTHYHOCTH U 3 PEKTUBHOCTH 3TA KOHCTPYKLMS BIIOJIHE CPaBHHU-
Ma C COBPEMEHHBIMH 00pa3LaMu.

Emé mpumep: yxe nocne sxkcnenunuii Xpuctodpopa Komymba xomonuzaropsr Ce-
BepHOH U HOXHOW AMEpPHKH CTPOWIM JOMa U3 T€X MarepHajioB, KOTOPbIE HAXOAWIN Ha
0CBaNBacMOM TeppuUTOpHH. B Kopalisix OHM HE XWJIM U CTPOUTENIBHBIX MAaTEPHAIIOB C
coboit He npuBo3wIH. C cO00 OHM MPUBO3WIN TOJBKO MPOJOBOIBCTBUE M IOJIEC3HBIN
HUHCTPYMEHT [4].

Tpernii npuém — opraHuzaiys yCTOHYNBOTO M B3aMMOBBITOJHOTO B3aUMOJICHCTBHS
OWKYMEHBI U OCBauBaeMOii cpezibl. To eCTh MPaKTHUECKH BCETa YEI0BEK OOHAPYKHUBAET
1 BBICTPaMBAaET MOCTOSIHHBIN MJIM CHCTEMAaTHUECKU 0OMEH pecypcamMu MEKay TOU cpe-
JIOH, U3 KOTOPOH OH MPHUOBLI, U TOW CPENIOid, KOTOPYIO OH OCBaMBaET.

EcrecTBeHHO NpeaNoONoXuTh, YTO PEaM3alus KaKIOro KOMIIOHEHTa CTpaTeruu
OCBOCHUSI JIYHHOM cpezbl OyIeT pa3BUBATHCS C MCIIONB30BAHMEM TEX K€ TAaKTHYECKUX
puéMoB. i1 CTPOUTENBCTBA JIOTHYHO MCTIONb30BATh MECTHBIN CTPONTEIbHBIN MaTepu-
a1 — perouT (OCKOIOUHBIN JIyHHBIH TPYHT), KOTOPBIM YCBIIIaHa BCSI TOBEPXHOCTH JIyHBI.
[Ipu momouw crienuaIbHON CTPOUTELHO-KOCMHYECKONH TEXHHKH, B YACTHOCTH TaKOTO
anmapara, Kak rejeonurorpad, KOTopslii GOKycHpyeT COITHEUHBIN CBET U CHEKACT Pero-
JIUT B TBEPIbIC KAMEHHBIE IeTanH [5].

CerozaHst HaM U3BECTHO O OOJIBIIOM KoMn4ecTBe 3D-NPHUHTEPOB CaMBbIX pa3HBIX KOH-
crpykuuid. CaMbIMH 3aMETHBIMU ()eHOMEHAMH B COBPEMEHHOM MH(OPMALMOHHOM TIOJIE,
MIPUONM3UBILIUMUCS K 3asiBJICHHOH TeMmaTuke, sBIAIOTCS npoekTsl Mapkyca Kaitzepa u
Onpuko Juan. OQHaKO y 3THX MPOEKTOB €CTh CYLIECTBEHHBIC HEAOCTATKH, 3aTPyAHSIO-
ye NMPUMEHEHHE MX Ha MoBepxXHOCTU JIyHbI. YeTpoicTBO, pazpaboraHHoe MapKycom
Kaiizepom, ncronb3yer il CHEKaHHs YacTHIL IIECKa COTHEUHBIN CBET, HO TpedyeT pyd-
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HOTO O0CITY)KMBaHHS M 3HAYUTEIBHO TEPSET MOIIHOCTh Ha BOocxofe W 3akare ConHIa B
CIJIC/ICTBUE M3MEHEHHUs yIiia TMajeHns C(hOKYCHpPOBAaHHOTO JIyda. YCTPOHCTBO, pa3pado-
TaHHOe DHpUKO JuHM, ToxKe 00CTy)KMBaeTCs BPYUHYIO U, K TOMY K€, UCIIONB3YeT BOIY
JUTS CBSI3BIBAHUS CBITy4del cMecH. M iest nerorb30BaHms NCKYCCTBEHHOTO JIYHHOTO KaMHS
JUTSL pa3HBIX TUIOJIOTHH JTYHHOH apXUTEKTYpHI MPeCTaBIeHa B TpoekTe « CeeHOIUTY, C
KOTOPBIM MOXKHO O3HaKOMUTHCS Ha odunmansHoM caiite OO0 «AJIM «Pamuzaite» [6].
WuTepecHo u TO, 94TO, B COOTBETCTBUHN C MEXTYHAPOIHBIMH JIOTOBOPEHHOCTSIMH, Kacaro-
mmMucst ocBoerust JIyHbl, mponaka yuacTkoB Ha JlyHe 3amperieHa, a BOT mpojiaxka 00b-
€KTOB, JTOCTABICHHBIX Ha HE€ M M3TOTOBIICHHBIX TaM, — He 3arperiaercs. O4eBUIHO, YTO
IpAIET COBEPUICHHO HOBBIM BUJ| XO3SIMCTBEHHOU AEATENBHOCTH [7].

K HacrosmiieMy MOMEHTY ykKe HaKOIICHO HEMAJIO MTPOEKTOB, MMEIOIINX OTHOIIICHNE
K ocBoeHu10 JIyHbl. OlleHKY BO3MOXKHOCTH MX UCTIONTE30BaHUS, 8 TAKXKE OIIEHKY pe3yiIbTa-
THUBHOCTH Ka)KIOTO M3 3TUX MPOEKTOB BMECTE M 10 OTIEIEHOCTH MOYKHO OBLITO OBI OCYyIIIe-
CTBHTH B XOJIe Pa3pabOTKH KOMITBIOTEPHOH Urphl. Takas urpa mMoria Obl CTaTh EHTPOM
poheCCHOHATBHBIX JUCKYCCHH W BUPTYAJIbHOHN IUIOMIAKOM [T IEPCIIEKTUBHBIX KOC-
MHYECKHAX HKCTIEPUMEHTOB.
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ENGINEERING AND CONSTRUCTION SYSTEMS
OF WATER-RESOURCES CONSERVATION SYSTEMS

TENSION INVESTIGATION IN THE ANCHOR-TYPE BLANKET
OF THE ZHIGULI HYDROELECTRIC STATION

UCCJIE[JOBAHUA HAIIPSDKEHUM B AHKEPHOM I[IOHYPE
JKUTYIIEBCKOM T'MJIPODJIEKTPOCTAHIJUU

Aleksey A. ROMANOV
Sergey V. EVDOKIMOV
Vladimir A. SELIVERSTOV

A. A.POMAHOB
C. B. EBJOKUMOB
B. A. CEJIUBEPCTOB

Samara State University of Architecture and Civil Engineering
Samara, Russian Federation

The paper states that anchor-type
blankets are often used in concrete
retaining structures built on soft soils.
It is done to decrease shearing loads
on a hydraulic structure. These anchor-
type blankets also allow to lessen
concrete volume used in water-retaining
structures thus reducing costs of the
whole hydroelectric complex operation.
The blanket reinforcement tension was
calculated while using distant-action
instruments set when the structure itself
was being erected. These instruments
were checked both in the period of the
structure erection and its operation
period. The obtained data illustrates
the change in the anchor-type blanket
tension that is different in different time
and operation periods. The tension
in blanket reinforcement within the
hydroelectric power station operation
time leveled off.

Keywords:  hydraulic structures,
trash-rack structures, concrete
structures, hydroelectric power station,
anchor-type blanket, shearing loads

B noonopnvix b6emonmnvix coopyice-
HUSIX HA HECKAbHBIX SPYHMAX NPUMEHS-
IOMCST AHKEPHBIE NOHYPbL OISl CHUIICEHUS.
yacmu cO8ULAIOWUX HAZPY30K, OCUCBYIO-
wux Ha coopyicenue. [lpumenenue makux
HOHYPO8 NO360I51eM  YMEHbUUMb 00beM
bemoHa HanopHLIX COOPYIICeHUll U mem
CaMbIM CHU3UMb 3ampamvl No 2UOpoy3-
ny. Hanpsiicenus 6 apmamype nonypa u3-
MEPSIUCL ¢ NOMOWBIO OUCTAHYUOHHBIX
npubopos,  YCMAaHOGNEHHbIX 60 GpeMs.
6036e0enuss  coopyscenus. Habnooenus
3a YCMAHOBIEHHVIMU NPUOOPAMU NPOU3-
B0OUNUCL 8 CIMPOUMENbHBIL Nepuod U 8
nepuoo asxcnayamayuu. Tlonyyennvle Oan-
Hble XapaKmepusyion u3MeHeHue Hanpsi-
JHCEHHORO COCMOSIHUS NOHYPA C MEUeHUeM
BpeMeny npu PaziudHbIX Haspy3Kax cmpo-
UMETLHO20 U IKCHIYAMAYUOHHOLO NEPUO-
006. Hanpsiicenust 6 apmamype nonypa 3a
2000l IKCHAYAMayuy 2UOPOINEKMPOCHIAH-
YUY NOCMeneHHo CMadUIU3UPOBATIUCS.

Knrwouesvie cnosa: cuopomexnuye-
CKUE COOPYIICEHUsL,  COPOYOePIHCUBAIO-
wue coopydicerus; OemoHHble COOpYIce-
HUsl; 2UOPOIIEKMPOCTNAHYUSL, AHKEPHbBIL
HOHYP, coguearowue Hazpy3Ku
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J1n1s1t ycTrouMBOCTH OETOHHBIX COOPY)KEHUH K CABUTAIOIINM Harpy3KaM, PacroIoKeH-
HBIM Ha HECKAJIBHBIX IPYHTaX, IPUMEHSIOTCS] aHKEPHbIE TIOHYPbI, IPUHUMAIOIINE Ha ceOst
YacTh Harpy30K, IEHCTBYIOLINX Ha cOOpykeHus. [lonoOHbIe KOHCTPYKIMY HOHYPOB IO3BO-
JSTIOT YMEHBIINTh 00beM OETOHA B THAPOTEXHUYECKHX COOPYKEHHUSIX M, COOTBETCTBEHHO,
CHHU3HThH 3aTPaThl M0 THAPOy3Ty. HecMoTps Ha yacToe NpUMEHEHHE aHKEPHBIX MTOHYPOB, B
TIEPBbIE TO/bI UX IKCIUTyaTaly He ObLIO IaHHBIX, XapaKTePU3YIOIINX Pa0OTy TAKUX MOHY-
POB Ha peallbHBIX 00bekTax. B Hagame 1955 . Ha aHKepHOM TIOHYpe 3manns JKurynéBckoit
THAPO3NIEKTPOCTAHLIMN ObUTH HAYaThl HCCIIEA0BAHNS HAPSKEHHOTO COCTOSIHUSI apMaTyphl.
W3ydenne HanpspKeHWH B apMaType MOHYpa MPOBOAMIIOCH C TIOMOIIBIO TUCTAHIMOHHBIX
pruOOPOB, YCTAHOBJICHHBIX BO BPeMs BO3BEACHHUS coopyxkeHus. Habmonenus 3a ycTaHoB-
JICHHBIMH ITpUOOPaMH MPOU3BOJMIINCH B CTPOUTEIBHBIHN IEPHO U B IEPUOJ IKCILTYaTaALHH.

[ToHyp THAPORIEKTPOCTAHINH MIPEACTABIAET COOOM KeIe300eTOHHYIO TUIUTY, COe-
JUHEHHYI0 apMaTypoi ¢ pyHAaMEHTHBIMH IUTUTaMH 31aHNS THAPOAIEKTPOCTAHIINH U CO-
poyznepskuatoriero coopyxerus (CYC). B mpuMbIKaHUSIX IUIMTHI K THAPOJIEKTPOCTaH-
LM ¥ COPOYIEPKUBAIOLIEMY COOPYKEHHUIO IJIsi 00ECIICUeHHUs] UX HE3aBUCUMOM OCaIKH
YCTPOEHBI «THOKHE YacTh» U3 acdansroderona. lllupuna ruOkoii yacTi, MPUMBIKAIOIIECH
K TuapodsiekTpocTannuy, — 7 M, y CYC — 5 m. [loBepx kene300eTOHHOW TUTUTHI U ac-
(ansroOeTOHA YIOXKEHB THAPOU3OJISILMOHHBIN CIION M MpUrpy3ka u3 rpyHrta. Pabouas
apmartypa nonypa d = 80 MM ycranosieHa AByMs psaami. Lllar HikHEro psina apMaTyphbl
—25 cM, BepxHero — 50 cMm.

Pa0ora noHypa m3y4anach Ha BOCBMOW CEKLMU THMAPOIEKTPOCTaHIMH. M3mepenus
HaIpsHKEHUH MPOU3BOMIINCH B apMaType TMOKOH 4acTu OHYypa, IPUMBIKAIOIIEH K 30aHHI0
THAPO3NIEKTPOCTAHIHH, TAE YCHIINE, NIEPEAAIOIIeecs] Ha TIOHYP, OTHOCTHIO BOCIIPHHUMA-
ercst apmarypoil. 1 u3sMepeHust HalpspKeHUsI ObUTH ITPUMEHEHBI CTPYHHBIC apMaTypHbIE
JMHAMOMETPBI, YCTAHOBJICHHBIC HA IIECTH JOIOJHHUTEIBHBIX CTEpKHAX d = 40 MM, pas-
MEIIEHHBIX MEXIY CTEPKHSMH BEPXHETO psna paboueld apmarypbl. Ha kaxaom MepHOM
CTep>KHE OBLIO YCTAHOBJICHO ITOCIIEA0BATEIBHO 110 TP ANHAMOMETPA JUISl B3aUMHOTO KOH-
TpOJIS OKA3aHui MproopoB. Pasmerenne nprnbopos nokasano Ha puc. 1. Kabemu ot npu-
00pOB OBbIIIM BBIBENICHBI Yepe3 OETOH B MMOTEPHY TMAPOIEKTPOCTAHIINH U TPUCOCANHEHBI K
N3MEpUTENILHBIM prbopaM. Kpome m3Mepenys HallpspKeHU B apMarype IOHypa, Hameda-
JIOCh BECTH HAOIIOZEHNE 32 TEMIIEPATYPOH B TIOHYPE U OCAIKON COOPYKEHHSI.

B cTpounTenbHbIil nepro apMarypa HaxoquIach O] BO3ACHCTBUEM PA3IMYHBIX (PaK-
TOPOB M YCJIOBHS €€ pabOThl Pe3KO MEHSUIMCh. B Hadaje cTpOUTENIbHOTO Mepuoaa mpo-
N3BOAMIIACH YKIIAJKa ropsiuero acgaiasTo0eToHa B THOKYIO YacTh OHYpa, HATPEB YacTH
pabouunx crepxHeil npuBoan Kk aedopmaruu. [Ipu ocTeiBaHNM CTEp)KHEN OCTaNNCh Ae-
(opManyy pemeTky U COOTBETCTBYIOIINE HANPSDKEHUs. B cepeanHe cTponTeIbHOro Ie-
pHona, rmocie yKIaaku acaasTo0eToHa Mpy 00IIeM MOBBILICHUH TEMIIEPATyphl BO3IyXa,
B apMaType BO3HUKAIIH CKMMAIOIIIE HAIPSDKEHUS, JOCTUTABIINE B OTICIBHBIX CTEPKHAX
BermmurHbT 300 + 400 kr/cM2. B KOHITE CTPOUTENBHOTO ITepHo/ia IPOU3BOIUIIACH OTCHITTKA
IpyHTa Ha HOHYP ¥ YKJIQJIKA IJIUT KPEIJICHUs IIPU OOLIEM CHI)KCHUH TEeMIIepaTypbl BO3-
nyxa. HanpspkeHns B CTEpKHAX U3 CKUMAIOLIHNX MEPEIUTH B PaCcTITUBAIOIINE.

B skcrmyaraunoHHbIM nepruoa, HauWHas ¢ MOMEHTA 3aTOIICHHsI KOTJIOBAaHA THIPO-
JNEKTPOCTAHINN, W3MEHEHUS! HANPSDKEHUM MPOHCXOOMIM BO BCEX MEPHBIX CTEPXKHAX
OZIHOBPEMEHHO M OBbUIM BeChbMa OJNM3KHU IO BEJIMYUHE APYT K Apyry. OTKIOHEHUs NpH-
palleHU HANPsDKEHUM B OTHAETBHBIX MEPHBIX CTEP)KHSX OT CPEIHEro 3Ha4eHMs ObUTH
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Puc. 1. Ilonepeunuii paspes soanus Kueynesckou [ OC
(Mecmo ycmanoexku 2ubKux wacmeti)

He3HaunTeNnbHbl. CToNb OJM3KOE COBMAJCHUE HAMPSHKEHHN B OTIEIBHBIX CTEPIKHSX BO
BTOPOH TEPHOJ CBUIETEIBLCTBYET O TOM, YTO ACHCTBYIOIUE PHUYKMHBI, BBI3BABIINE TU
W3MEHEHHS, ObLTH OIMHAKOBBIMU ISl BCEX CTEepKHEH. HanpsukeHnst B MEPHBIX CTEPXKHSIX
BO3pAcTaJIi IO Mepe HATIOJTHEHHUSI.

ITocne mycka arperaroB 8- CEKIIMU UMETIO0 MECTO PE3KOE CHIDKEHHE HANPSHKEHUH B
apmarype. [Ipy mouTH HEM3MEHHOM Halope HarpsHKeHHS yMEHbIIANUCh. B mocnemyto-
[IeM HarpshKEHHs B apMarype CHIDKAJIMCh U BHOBb BO3PACTalM MpU CpabOTKe W HAIOJ-
HEHUH BOJOXPAaHMIIMIIA.

B03MOXXHBIMU TIPUYUHAMH, BBI3BaBIINMH ITOCTEIIEHHOE CHU)KEHUE HANPSHKEHUH, SIB-
JSIFOTCSL: TIepepaciipe/iesieHie KacaTelbHbIX HalpsHKEHUH 110 JUTMHE MTOHYPA, MTOI3Y4eCcTh
OeToHa IUIUTHI TOHYPA U 3/IaHUS CTAHIMU B MECTE 3aJIeJIKU B HUX apMaTypbl, peaKcarys
HaIpspKeHU B apMarype, pasiinuyHas HHTEHCUBHOCTD 0CAJIOK 3AaHHs CTAHIMH U TUTUTHI
MOHYpa 1 Apyrue HaKTopbl.

BriBOALI.

1. B pesysnbrare HaOMIOICHUN YCTaHOBIICH XapaKTep COBMECTHOM PabOThI aHKEp-
HOT'O MOHYypa 1 34aHUs TUAPOSJICKTPOCTAHIIUU 10/ HeﬁCTBﬂeM Hamopa BOABI U
OTIPE/ICIICH TIOPSIJIOK BEJIMYKMH (PAKTUUECKUX HAMPSDKCHUN B aHKEPHOH apMarype
TMOoHYypa, UMEBHINX MECTO BO BPEMs CTPOUTCIILCTBA, HAITOJIHCHUA BOAOXPAaHWIIN-
112 ¥ B MOCJIS/YOLIHIA TIEPHUOJT IKCILTyaTallHH.

2. B ctpouTtensHbIii mepros B apMaType OHypa BOHUKIN pacTsATrMBaroIue Harlps-
JKEHHsI, JIOCTHUTIIINE K KOHILY 3TOTO meprona B cpeanem 360 kr/cm?. TIpu cBapke
apMarypbl IIOHypa C apMaTypoii TUPOITEKTPOCTAHIINH B JICTHEE BPEMs 3TU Ha-
TMIPSKCHUA MOTIIN 6I)ITI: €II€ BBIIIC, YTO ITOBBLICUIIO 6]:1 JOJII0 y4acCTusd IoHypa
B BOCIPUSTUH CABHTAIOMINX yCUIUA. TakuM 00pa3zoM, MEPONPHUSITHUSIMU CTPO-
HUTCJIBHOTO epruoga MOXHO 1O HeKOTOpOﬁ CTCIICHU YBCJINMYUBATL YCUJIUC, BOC-
MMPUHUMACMOC aHKEPHBIM IIOHYPOM.
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3. B akcruryaTanroHHBIN TIEPHOJ] HAPSHKEHHSI B apMaType aHKepHOTO TTOHypa yBe-
JTUYUBAIIUCH WA YMEHBIITAIUCH B COOTBETCTBUH C YBEITMUCHNUEM WIJIH YMEHbIIIE-
HUEM TOPU30HTAILHOTO JABJICHHUS Ha 37aHUE THAPOAJIEKTPOCTAHIINH, YTO yKa-
3BIBAET HA YIIPYTUH XapaKTep CBSI3H MOHYPa CO 3AaHUEM THAPOIIEKTPOCTAHITHIH.
BwMmecre ¢ TeM ¢ TedeHnEM BpeMeHH HAONIOAAETCS Tiepepacipe/elieHne yCUITHI
MEXy 3[JaHAEM THAPOAIEKTPOCTAHIINH U IOHYpOM. TaK oM ydacTHsl MoHypa
B TIPOTUBO/ICHCTBHM CIBUTAIOIIMM YCHIIHSIM TIPH TTEPBOM HAITOJTHEHUH BOJOXPa-
Hwmma gocrurana 11 %, a ¢ yueTom HanpsKeHUI CTPOUTEIBHOTO Neproga — 22
%. Ilpy MOBTOPHBIX 3aMONHEHUSX BOMOXPAHMWIMILA YCUIHNE, BOCIPUHUMAEMOE
MOHYpPOM, C Y4YETOM HAIpsDKEHWH CTPOMTEIHHOTO TEpPHOAa COOTBETCTBEHHO
cocTaBsuio 19 u 16 % OT BEeTMUMHBI TOJIHOTO TOPU3OHTAJILHOTO JABJICHUS Ha
3[1aHNEe THUAPOAIEKTPOCTAHINH. Takoe CHIMKEHUE YCHIIHS, BOCIIPHHUMAEMOTO
TTOHYPOM, MOXKET OBITh OTHECEHO B OCHOBHOM 32 CUET Tiepepacipe/ieeH s Kaca-
TENBHBIX HAPSHKEHUH 110 JIIFHE TIOHYPA.
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ON SPILLWAY STRUCTURES MADE FROM DISMANTLING WASTE
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In the process of reconstruction and
total renovation of hydraulic engineering
structures a significant amount of waste,
such as reinforced concrete crash, is
formed. The waste materials are supposed
to be subsequently disposed of, which
results in a substantial increase in costs.
The paper presents data obtained during
the inspection of the dam at the Teplovskoye
Water Reservoir in Perelyubsky District of

Saratov Region, where about 360.4 m’ of
reinforced concrete structures are to be
dismantled. The authors provide scientific
background and design solutions for the
use of dismantling waste in construction
of rigid dike dams from non-fine concrete
at spillway facilities’ elements. The
chosen elements are the overflow section
of a flood spillway and the inlet and link
waste canals’ protection.

Keywords: hydraulic engineering structures, spillway facilities, dismantling waste,
reinforced concrete structures crash

On-the-run inspection carried out at hydraulic engineering structures demonstrates
their actual technical condition. A considerable part of the examined structures [1, 2], such
as spillways at earth dams, are in state of failure, so their reconstruction or total renovation
is needed.

Repairing of such structures is followed by dismantling of some parts of concrete
elements or the whole structure and their subsequent replacement with new concrete. That
results in a significant amount of waste - reinforced concrete structures crash [3-8].

Dismantling waste must be disposed of at a landfill [9, 15-17]. It requires significant
capital costs for works, transportation to the landfill, which is often located at a distance of
over 100 km from the place of work, and recycling. Only the recycling costs on average
amount to 236 rub / ton depending on a region.

To reduce costs of reconstruction works, we propose to re-use crushed dismantling
waste materials in flood spillway elements, such as an overflow dam and a slope protection
of inlet and link spillway canals using the mobile units. Such engineering structures will
be designed as a rigid filter dike dam made from non-fine concrete. The advantages of
such a design and technology are:

* amobile complex is required to perform the work, and it includes a crusher and

a mobile mixing plant;

» the only imported material used is cement or another binder;

* waste is reused.

After having conducted the research of crushed aggregates we came to conclusion
that they can be used in concrete constructions of hydraulic engineering structures [8, 9],
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as they meet requirements of reliability [11-14] and environmental safety [10]. As a
natural object for further feasibility study of implementing such works we have chosen the
spillway of the Teplovskoye Water Reservoir in Perelyubsky District of Saratov Region.
In 2014 we were involved in the inspection of the structures.

The inspected structures of the Teplovskiy hydroelectric complex can be classified as
hydraulic engineering objects of class IV. The hydroelectric facilities and reservoir were
built in 1956. Spillway structures of hydroelectric facilities are located on the land lot of 2.0
hectares. Administratively this lot is located up the river Teplovka in Perelyubsky District
of Saratov Region at the distance of 13 km from the villages Lomovka, Teplovka, Mosty in
Pestravsky Municipal District of Samara Region, 4.4 km north of Teplovsky village and 1.15
km northeast of Kozhevsky village in Perelyubsky Municipal District of Saratov Region.

The objects of condition survey were as follows:

*  bottom soils, foundations, grills and foundation beams of console spilling and

main head regulators;

»  walls, piles of console spilling and main head regulators;

* covering and coating of an overflow dam, console spilling and main head

regulators;

» stiffeners, joints and junctions, conjugation of structures, methods of their

connection and the size of areas of bearing;

» condition of earthwork structures: inlet and link spillways, outlet canals and an

abrasion pit.

The photographs of spillway structures are shown in Figures 1 and 2, and the data
of structural assessment are given in Table 1, the amount of dismantled structures is
shown in Table 2.

Table 1
Structural assessment of construction elements of the spillway
Structures
Ne of hydroelectric Disfunction Condition
complex
1 |Ice barrier Constructions are inclined, partially absent State of failure

Destruction of the protective layer of con-
. crete, denudation of reinforcing rods, there )
2 | Console spilling . | State of failure
are through-holes, fungus, foundation soil

beneath the structure is washed out

3 | Abrasion pit Complete destruction of fixing plates State of failure

Destruction of the protective layer of con- Limited
4 | Overflow dam ]
crete, cracks operation

Destruction of fixing plates at the inlet and

. . outlet of the spillway dam, at the inlet of the L
Inlet and link spillway o ) Limited
5 console spilling, the narrowing of the work- .
canals ) ) i operation
ing section of canals due to sediment, trees

and shrubs
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Fig. 1. View on the conjugation structure — the console spilling
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Fig. 2. View on the overflow dam
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Table 2
Bill of Volumes for concrete structures dismantling

Name . L . Units of
No . Name of work item and justification of defects Volumes
of the site measure

Dismantling and further installation of flume structures
in the form of slabs and walls as a result of destruction of , 167.9
m b

the protective layer of concrete, denudation of reinforc-

ing rods, failure of the end section, fungus infection

Console |Dismantling and further installation of beams and grills
spilling |as a result of destruction of the protective layer of con-
crete, denudation of reinforcing rods, destruction of ele-

ments

Dismantling and installation of fixing plates as a result of

concrete strength parameter mismatch, cracks

Dismantling and installation of concrete reinforcement
as a result of destruction of the protective layer, through- m’ 32,7

Overflow holes

dam

Dismantling and installation of fixing plates as a result of , 8.8
m ,
concrete strength parameter mismatch, cracks

On the basis of the data shown in Tables 1 and 2 it can be concluded that in the process
of repair works at spillway structures of the Teplovskiy hydroelectric complex the volume
of dismantled constructions will be 360.4 m* and additional costs for waste disposal will be
more than 300 000 rub.

Conclusions

1. Inthe process of reconstruction and repair works at hydraulic engineering structures
a significant amount of waste, such as reinforced concrete structures crash, is
formed. It can be re-used on the site after being crushed.

2. Crushed aggregates in the form of gravel are recommended as source raw material
for constructing an overflow dam and protecting slopes of the of the inlet and link
spillway canals using the mobile small-scale units.

3. The study of using the proposed technology and design at the Teplovskoye Water
Reservoir in Perelyubsky District of Saratov Region showed that the volume of
waste will be 360.4 m’. If this waste is re-used, disposal costs cutting will help to
reduce reconstruction costs by more than 300 000 rub.
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ROAD DESIGN AND CONSTRUCTION

PROTECTING MOTORWAYS FROM DRIFTS

CIIOCOKb 3ALIHUTBI ABTOMOBHIJIBHBIX JJOPOI’ OT 3AHOCOB

Tatjana V. DORMIDONTOVA
Sergey V. EVDOKIMOV

T. B. JOPMHJOHTOBA
C. B. EBJOKMMOB

Samara State University of Architecture and Civil Engineering
Samara, Russian Federation

The paper analyses different ways
of motorways protection. These ways of
protection allow to change direction of
air masses by use of special flat screens
Jjoints connected successively to the
main screen. The special flat screens are
supported vertically. They are fixed to
hoisting units movable platforms and are
made as gas-filled envelopes. The authors
also dwell upon motorway protection
with the help of wind-shelters and prove
that these wind-shelters are unreliable. It
leads to assembling complexity. Besides,
their use is limited because of their
stationary state. The technical result
of the new way of motorway protection
introduces by the authors provides an
increasing degree of protection from
wind, snow and sand drifts.

Keywords: motorways protection,
wind-shelter, safety, panel train

Paccmampusaromes cnocobul 3auu-
mbl ABMOMOOUTLHBIX A0PO2Z, 8 KOMOPbIX
00ecneyusaromcs. 603MONCHOCIU  UMe-
HeHUsl HANpaeieHust OBUICEHUST 6030Y -
HbIX MACC NOCPeOCmEoM NOCIe008amelb-
HO NPUCOCOUHEHHBIX K OCHOBHOMY IKPAHY
€ NOMOWBIO WAPHUPOE OONOTHUNETbHBIX
NAOCKUX IKPAHOB, UMEIOUUX CPeOCmea
UX NoO00epICKU 6 BePMUKATLHOM NOAO0-
JHCEHUU U BLINOTHEHHBIX 8 BUOe NPUCOEOU-
HEHHbIX K GePXHEl Yacmu 3mo2o IKpaHa
3aNOIHEHHOU 2a30M 000NOYKU U yCma-
HOGIEHHBIX HA HA3EMHBIX NePeOSUICHBIX
nramghopmax nebedok. Ilpusedenvt 060-
CHOBAHUST UMEIOWUXCSL  CROCOO08 3auju-
mbl 00poe, ¢ NOMOWBIO KOHCIPYKYUU e~
MpPO3aWUMHO20 YCMPOUCIBa 00KA3AHO,
umo oHu OYOym AGNAMbC HeHAEeHCHDbI-
MU 8 pabome, umo npugeoém K 603HUK-
HOBEHUIO CAOJNCHOCME, Npu MOHMAdice
u 6yoym umemv OMHOCUMENLHYIO 02Pa-
HUYEHHOCMb UCHOTb308AHUSL 6CTIEOCTGUE
ceoetl  cmayuonaprocmu.  Texnuueckuil
pe3ynomam cnocooda, npeosioNceHHO20
asmopamu, — NOGvlULeHUe CHEeNneHu 3a-
wumsl 0opoe om 8o30elicmeusi 8empa,
CHe2a U NeCUambIX HAHOCOB.

Knrouesvie cnosa: 3awuma asmomo-
OUTLHBIX 00POe, BEMPO3AUUMNHOE YCIPOT-
cmeo, 6e30NACHOCHIb, WUIMOBOLL NOE30
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ABTOMOOMITBHBIE MarkCTPAI HEOOXOIMMO 3alllMIIATh OT BO3ACHCTBHI CHera, OOKO-
BOTO BETpa, MECYaHbIX HAHOCOB HA PABHUHHOM MECTHOCTH M B CTEIISIX, I7I€ HUMEIOT MECTO
OOJBIIME TUIOMIAN «PAa3rOHa» BO3AYIIHOTO MOTOKA. C 3TOH IeIIbo T 0e30IacHOCTH J0-
POXKHOTO TIOJIOTHA B 3UMHEE BpeMsI — IPH MIEPEHOCE CHEKHBIX MAaCC METEJIEBBIM ITOTOKOM,
a B JIETHEE BpeMsI — IIPH TIEPEHOCE ITBUTH 1 TIECKa MPH BETPE, IMEIOIIEM OTHOCHTEIBHO TI0-
CTOSIHHBIE CKOPOCTB M HAITpaBJIeHUE, HEOOXOANMO pa3palaThiBaTh ONpeeIEHHbIE CHCTEMBI
Mep M MEPOTIPUSITHI B BUJIE 3aIIUTHBIX YCTPOICTB.

ABTOpamu ObUT pa3padoTaH crocod 3aIIUTHl ABTOMOOMIIBHBIX JIOPOT € TIOMOIIBIO T1e-
peHoca yacTHIl. 3asBIsIEMbIH CIIOCO0 HaIpaBIIeH Ha PEIICHHE 3a/1a9H CO3/IaHUsS MOOMITHHO-
IO KOMILIEKCa, CIIOCOOHOTO OCYIIECTBIISTh 3aIIUTY J0POT OT BO3ICHCTBHUS BETpa, CHEra 1
TMIeCYaHbIX HAHOCOB.

TexHI4IeCKHit pe3ysbTar BEIpaKaeTcsl B YIPOIIEHUH KOHCTPYKIMH 3aIIUTHOTO YCTPO¥i-
CTBa IPU 00ECTICYCHNH TTOBBIIICHHS CTEIIEHN 3aIlIUTHI JOPOT OT BO3/IEHCTBHS BETpa, CHera
Y TIeCYaHBIX HAaHOCOB.

Pesynbrar njocturaercs tem, 9To Croco0 3aIliUThl MPEACTABISIET COOOH CLCTUICHHBIS
MEXIy cOOOH MOIBIKHBIE IIIATGOPMBI, Ha KKIOH W3 KOTOPBHIX PACHOJIOKEHO MOIBUK-
HOE OCHOBAHHE, C YCTAHOBJICHHBIMH B THE3/IaX OIOPAMH 3aIlIUTHOTO IIUTA CO IIyIOM, TIPH
STOM TIO/IBIDKHOE OCHOBAHHE BBITIOJTHEHO C BO3MO’KHOCTBIO BEPTHKATBHOTO MEPEMEILICHHS
OTHOCHTEIBHO IUIaT(GOPMBI 32 CUET YCTAHOBJICHHOTO MEKTy HUIMH MOTEEMHOTO TTPUCIIOCO-
OneHus1.

Crioco0 3ammThl MPECTaBIsIeT cOOOH IIMTOBOM TT0€3]1, B BH/E CIEIUICHHBIX MEXKIY
co00i1 moaBIKHKIX TUIatdopm (prc. 1). Ha xaxmoit mmardopme 1 pacnonokxeHo MOIBIXK-
HOE OCHOBaHHE 2, C yCTAaHOBJICHHBIMH B THE3/IaX OIIOPaMH 3 — JUTsl KPEIUICHHS 3alllUTHOTO
mmra 4 co uryrnom 8. IIpy 3TOM MOABIKHOE OCHOBAaHHUE 2 BBIITOIHEHO C BO3MOKHOCTBIO
BEPTHKAJILHOTO TIEPEMEIIICHUSI OTHOCUTEIFHO TUTAT(OPMBI | 3a CYET yCTaHOBICHHOTO MEK-
Iy HIMH TIOJTEMHOTO TIPUCTIOCOOICHHS 5, BBITIOTHEHHOTO B BUJIE THPO- M ITHEBMOIIU-

Puc. 1. 3awummnoe ycmpoiicmeo 015 dopoe
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JIMH]pa, KOTOPBIA yCTaHOBIIEH Ha miardopme 1, a ero mToK 6 3aKperuieH Ha MOABMKHOM
ocHoBanuu 2. Ilnardopma BbIIIONHEHA U3 KEpaM3UTOOETOHA B BHJIE MapaslIeieluIesna ¢
OTKPBITBIM BEPXOM U 3aIIUILECHA [0 IIEPUMETPY CTaIbHBIM JIMCTOM. PerynnpoBaHue BbICO-
THI IUTa 4 OCYIIECTBISETCS MPH ITOMOILH MOIKIIIOYAEMbIX HCTOYHUKOB CKAaTOTrO BO3/IyXa,
B KaUeCTBE HAIPABIISIOLIETO PUCTIOCOOIEHNS NCTIONB3YETCS ILTOK 0.

I[Tpn HEeoOxoaMMOCTH MoAbEMA (OITyCKaHMsI) OABIKHOTO OCHOBAHUS 2, K TOABEMHO-
MY IIPUCIIOCOOIEHHUIO 5, CHAO)KEHHOMY ILITOKOM O, TIOAKJIFOYAOT HCTOUYHHK CKATOTO BO3.Y-
Xa 1 OCYIIECTBIIAIOT TPeOyeMOoe PEeryInpoBaHUe BHICOTHI LINTA 4.

@DuKcupoBaHUEe MOABMKHOTO OCHOBAHUS 2 cO IUTOM 4 Ha HEOOXOIMMOM BBICOTE OCY-
LIECTBIISCTCS TIPYU TTOMOILM CTOIOPHBIX 3JIEMEHTOB, IPEAYCMOTPEHHBIX HA KayKIOW ILIaT-
thopme 1.

B kauecTBe NOABIKHBIX JIEMEHTOB IUIATGOPMbI | MOTYT OBITH UCIIOJIB30BAHBI KOJIEC-
HBbIE TIapbl 7 WM MOJIO3bS (B 3UMHEE BPEMS).

[ uroBoii moe3x nepeMernaeTcs py MOMOILH TArada, KOTOPBIM JOCTaBJIseT CLETICH-
HbIE MEXIy OO0l cTanbHbIM TpocoM 9 miaardopmbl 1 Ha yyacTOk AOPOrH, TpedyromeH
3amuThl. Tsarad ornerisiercs. OCymecTBIsIeTCs: PEryJIMpOBKa MONI0KEHNS BBICOTHI [IUTOB
4. B yacTHOM ciTy4ae Tsrad MOJKET OCHAIIATHCs OYITbI03epHON HABECKOH, CITy’KalleH J10-
MIOJIHUTEIIbHBIM OapbepoM IS CHEra, BETpa U IecKa.

[pencrapieHHsIH cr10co0 3aLUThI 10por paboTaeT ciexyromumM oopasoM. Ha kaskmoit
wiargopme 1 pacroIokeHo MOIBIKHOE OCHOBAHHUE 2, C YCTAHOBJICHHBIMHU B THE3/aX OIO-
pamu 3 mmTa 4 co mrymom 8 (puc. 2). [Ipu 3ToM moaBmKHOE OCHOBaHUE 2 BBHIIOIHEHO C
BO3MOKHOCTBEO BEPTUKAIBHOTO NEPEMEICHHS] OTHOCHTENBHO I1aTopMbl 1 3a cuer ycra-
HOBJICHHOTO MEX/y HUMHU TIOABEMHOTO IIPUCIIOCOONICHHS S5 — TMAPO - WM THEBMOLIIMH-
Jpa, KOTOPBIH 3aKpervieH Ha mwiatdopme 1, a ero mrok 6 — Ha MOABMKHOM OCHOBAHHH 2.
[Tnardgopma 1 BeImonHEHa U3 KeEPaM3UTOOECTOHA B BUE APAIIICIIEIUIIEA C OTKPBITHIM Bep-
XOM H 3allIUIIEHA [10 IEPUMETPY CTAIBHBIM JIMCTOM. PerynupoBanue BbICOThI I1aTdopMsl 1

AT

Puc. 2. Buo omoenvhoti niamegopmvl Ha KOIECHbIX NAPAX
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IIPOUCXOTUT TIPH TTOMOIIIX TIOJIKITIOYAEMbIX HCTOYHHUKOB CKaToOTO Bo3myxa. [Ipn HeoOxomu-
MOCTH TIO[TbeMa (OITyCKaHu ) TOJBMYKHOTO OCHOBAHUS 2, K TOXBEMHOMY TIPUCIIOCOONICHHTO
5 MOAKITIOYAFOT MCTOYHHK CHKaTOTO BO3/IyXa M OCYIIECTBIAIOT TpeOyeMoe peryIrpoBaHue
BBICOTHI. DUKCHPOBAHUE TIOJBIDKHOTO OCHOBAHHS 2 CO IMUTOM 4 Ha HEOOXOIMMOH BBICO-
T€ OCYIIECTBISETCS TPH TIOMOIIM CTOMOPHBIX IIEMEHTOB, MPEAYCMOTPEHHBIX Ha KaXIOH
mwiardopme 1. B kauecTBe MOABMKHBIX 2IEMEHTOB TIAT(OPMBI | MOTYT HCITONB30BATHCS
KOJIECHBIE TIAPHI 7, a B 3UMHHU TIEPUOJT — TTOJTO3BSL.

[mrToBO# TIOE3/T TIEpeMeIIaeTCsl P TIOMOIIH TATa4a, KOTOPBIH JJOCTABISET CIIETUICH-
HBIE MEXTy OO0 CTaTbHBIM TPOCOM TIaropMbl | Ha ydacToK JOporH, TpeOyrolmeit 3a-
umTthl. Tsrad otnernssercs ot kpermienuit 10. [Tpn moMorm moqsEMHOTO MPUCTIOCOOICHUS
5 ocyIecTBISIeTCs PETYANPOBKA TOIOKEHHS BBICOTHI IIATA 4 CO TIyTIOM 8 U (puKcHpyeTcs
CTOTIOPHBIMU dIeMEHTaMH. B cilydae n3MeHeHHsT HallpaBIIeHNsT BETPa TMPOM3BOIUTCS KOp-
PEKIHS TTONIOKEHNS IIIUTOBOTO TTOE3/[a IMTyTeM COOTBETCTBYIOIIETO €ro TIepeMEeIeH S TsTa-
YOM WIH TATOBOM J1e0éaKoii 11.

[IpemnokeHHBII aBTOpaMu CIOCO0 3aIUTHI TOPOT UMEET YIIPOIIECHHYIO CXeMy KOH-
CTPYKIIMM TI0 CPaBHEHHIO C paHee M3BECTHBIMHU. [IpH ero MCIIoNbh30BaHUM TTOBBIIIACTCS
CTEIeHb 3alUTHI IOPOT OT BO3NEHCTBUS BETPa, CHETa M MeCYaHbIX HaHOCOB. KpoMme 3ToT10,
MHOTOKPATHOE TIepEIBIKEHIE IIIUTOBOTO TTOe3/1a J1eOSIKOH IO3BOMSET 00SCIIeUUTh TIOCTO-
sTHHOE (DYHKITMOHMPOBaHKE 3alIUTHOTO YCTPOMCTBA B IEPHOJ BCETO CE30HA CHEro3aHoca
0€e3 UCIOIb30BaHUs TSHKEJION TEXHUKH.
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TRIAL DESIGN OF A DOME ROOF FOR AN ORTHODOX CHURCH
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The  paper  describes  some
construction solutions for a metalic dome
roof of an orthodox church. The authors
describe three alternative variants (with
different structural diagrams) of designing
its dome framework. The paper introduces
ribbed ring-shaped, grid and webbed
geodesic dome constructions which are

aimed to be used in the same operation
conditions. The researchers calculated
structural design, strength, proportioning
of members and weight index as well
as geometrically arranged elements of
each dome design structure. Then their
general total economic parameters were
compared.

Keywords: dome roof, dome, design shape, weight, calculation, selection of elements

Dome structures are often used successfully in round buildings [1-6, 11]. Dome roofs
are usually designed for buildings of social entertainment (such as circuses and stadiums)
and for religious buildings (such as orthodox churches). Dome roofs can be classified
according to different characteristics, such as their purpose, design shape, size, rising height,
materials used, etc. According to the dome construction, they are divided into ribbed, ribbed
ring-shaped, webbed, radial beam and grid domes [3, 7].

Dome design mostly depends on technical-and-economic properties of its coating [7-
9]. Complexity / simplicity of a dome calculations, manufacturing, final fitting-up and so on
depend, in their turn, on this dome design. Above all, weight and price of a dome depend on
this dome design. We find it possible to estimate efficiency of different dome constructions
(being used in certain operation conditions) while applying optimal design theory. For that,
we have to set out to calculate the minimum weight of the construction as a parameter
optimization problem and to find a solution to the problem. Trial design is most frequently
used to point out the most ergonomic dome structure in real life. To do that we need to work
out several alternative variants of the construction in question and then to choose the best
one taking into account a definite criterion [5-8, 10].

The authors applied the trial design method when constructing a dome roof of the
Orthodox Church in Bereza village. While designing this roof the authors chose ribbed
ring-shaped, grid and webbed geodesic domes for comparative analysis. The researchers
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calculated structural design, strength, proportioning of members and weight index as well as
geometrically arranged elements of each dome design structure. Geometrical arrangement
of the dome different design structures was made while using AutoCAD and SolidWorks
software systems. Static analysis of the dome different design structures was made while
using LIRA software system. Joint connection deign was made by SolidWorks software
system. Dome elements weight and its whole weight was calculated in Excel application.
Dome different design structures made by SolidWorks software system can be seen in
Figures 1-3.

To calculate economic efficiency of the designed dome structures the authors used
Ya.M. Likhtarnikov’s methodology [10]. According to this methodology to determine the
cost of the construction one has to calculate the construction weight and its elements and

units weight 77", labour hours, transport operation 7% and construction assembling
Tinst :

T — Tprdct + Ttmsp + Tinst

To calculate labour hours we need to define the necessary amount of carving, bending,
drilling, welding, etc. All these calculations depend on the roof elements type (if its rolled
stock or sheet), weight and amount. That is why three dome different design structures were
calculated and their technical-and-economic properties were compared.

To calculate transport operations it was necessary to decide on the type of assembling,
the type of deliverable assemblies and their quantity, to heft assemblies and choose the mode
of transportation. To calculate assembling costs it was necessary to decide on the erection
method and assembling vehicles and machinery.

While designing these three dome structures the researches did not take into account
transport operation and assembling labour input. They found it possible to rely on the cost of
materials required for the construction and the cost of its manufacturing (which was based
on the required labour hours).

Conclusions

1. Taking into account the calculated dome different design structures and comparing
their technical-and-economic properties the authors come to the conclusion that a
ribbed ring-shaped dome is the best option.

2. The total cost of assembling a grid dome is 7% more than that of a ribbed ring-
shaped dome.

3. The total cost of assembling a webbed geodesic dome is twice as much compared
to that of a ribbed ring-shaped dome.

32



Science News of Eastern Technical Un

iversities. 2016, Nel(1)

Fig. 3. Webbed geodesic dome
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This paper presents a brief analysis
of works devoted to analyzing the bending
torsion for beams with corrugated web.
Two types of bending torsion for beams
with corrugated web have been chosen
for research. The aim of this paper is to
clarify the theory of thin-walled bars by
V.Z. Vlasov in order to define the strain-
stress state of beams with corrugated web
by bending torsion. The clarification is
expressed as an increase in the flexural-
torsional characteristics of the section

by means of increasing the pure torsion
moment of the cross-section due to the
introduction of the equivalent flange
thickness into analysis. In order to
confirm, the action of two concentrated
forces on five beams with sinusoidal
corrugation has been analyzed. The
compared results of the analysis of beams
have been presented, which show that the
difference in the stress values is not more
than 7%. We define the boundaries within
which the clarified theory can be applied.

Keywords: beams with corrugated web, the theory of thin-walled bars, bending
torsion, stress, effective thickness, finite-element method

The stress state of thin-walled open section bars in case when the transverse load does
not go through the centre of the bend, is characterized by stress due to cross bending, and

additional stress due to bending torsion.

During one of the first experimental studies carried out by G.A. Azhermachev [1], it
was found that beams with corrugated web resist torsion better than beams with plain web.

When considering such a phenomenon as bending torsion for beams with corrugated
web, it should be noted that bending torsion can be of two types:

*  Local bending torsion, which occurs due to the displacement of the web from the

beam axis.

*  General bending torsion, which occurs when the force shifts from the beam axis.
The influence of local bending torsion was researched in the works by Stepanenko A.N.

[2], Yegorov P.I. [3], Abbas H.H., Sause R., Driver R.G. [4]. The research of general bending
torsion is presented in the work by Semenov PI. [5], as well as in works by the author of
this paper [6, 7], who gives a numeric evaluation of the impact of bending torsion on the
operation of a corrugated beam, and the angles of torsion of beams with different types of
corrugation are compared.

In this paper, we propose a clarification of the theory of thin-walled bars, in order to
define the strain-stress state of beams with corrugated web by bending torsion.

The essence of the suggested analysis consists in the following. The theory by V.Z.
Vlasov [9] is accepted as the basis. We propose taking into account the additional resistance
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to torsion, which appears due to constant displacement of the web axis from the beam axis,
by means of increasing the flexural-torsional characteristics of the section

k=1 |9l (1)
E-I,

In its turn, this index is connected with two geometrical adjectives I - sectorial moment
of inertia, and /, — pure torsion moment.

The sectorial moment of inertia / , for any symmetrical cross-section of the beam with
the web displaced from the flange axis along the length of the bar, is calculated as follows:

_b ot (6by ot 407 Ry 1, 12k, 1,
24-(6-b,-t,+h,-t,)

I ; 2

[2]

where h = h,+ 1~ is the distance between the flange axes (see Fig. 2 b).

The value /_is defined by the geometrical parameters of the cross-section.

The pure torsion moment /, for the section made out of several thin stripes, is calculated
as follows:

I, :%-Zbi £, ()

where b, and £, is the length and the thickness of each part of the section accordingly;

o — is set to 1,2 for i-shaped beams.

For the purpose of this paper the increase of the flexural-torsional characteristics of
the section is due to the increase of the pure torsion moment of the cross-section. The
latter is possible due to the introduction of the equivalent flange thickness factor into
analysis, which is calculated as follows:

£
tj"u'u — le' ‘E’ (4)

where s — is the length of the arch or the panel of the half-wave, a — is the length of the
half-wave (see Fig. 1) [10];
[ (ALY — ?;\f"k_\_\" e
—_—
PR R - S —F f -

| il | — 0 — 1l l.a L
—l—f— i

_'l_'L
Wave Triangular Trapezoid-shaped
s=ak, s=a s=a, ta,
_2 /.

. 2 al_ . 5
where k1:1-|-(7Z fj al:1/a2+4.f2 sin

2-a — . -
a,=a,-cosf; a,=a—a,

Fig. 1. Corrugated web profile
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Then the formula (3), after taking into account (4) and plugging in the geometrical
dimensions of the flanges and the web, will be as follows:

i
J#l|p:§'[2'bf‘t?_mp+hu. 'T:..-:]. (5)

It’s evident from (4), that if the length of the arch s is equal to the length of the half-
wave a, we will get a beam with the effective thickness of the flange equal to its geometric
thickness, and this is the same as the well-known construction of the i-shaped beam with
plain web, the solution for which is common knowledge.

,-f'&fP

1 4 o
] jr‘|——L=.F’ e P LN
| Tj ﬁ -

- S -

L L LA

L ' A —
| & [T
a b

Fig. 2. Analysis of beams with corrugated web
a — design diagram; b - cross-section

Let’s consider a beam which is pin-ended on two sides (see Fig. 2 a). The beam is
under the effect of two concentrated forces. Let’s present the analysis of five beams with
wave (sinusoidal) corrugation. The cross section is taken as symmetrical. The beams’
parameters are given in Table 1. The material is steel.

Table 1
The beams’ parameters
Ne Span " o b tf “ t fla Notes
L, m mm mm mm mm mm mm

1 6 500 2.5 200 12 77.5 20 0,258 Zeman

2 9 750 2,5 200 12 77,5 20 0.258 Zeman

3 6 500 3 200 12 77,5 50 0.645 deep

4 6 500 8 200 12 150 5 0.033 plain

5 7 620 6 280 22 200 10 0,05 -

As aresult of analysis, the stress due to cross bending o _, the stress due to bending
torsion o and the summary value ¢ = o, + o, have been calculated (see Table 2). The
method of analyzing the cross bending for corrugated beams developed by the author
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is presented in [11, 12]. To check the results’ reliability, the same beams have been
analyzed by Product Company “Lire” using finite-element method (FEM).

Table 2
Result of analysis
6,(¢) a= T T g,
Method of | 2*F, if o0, O e
Ne . MPa Mpa
analysis xkH | x=L/2, MPa
G (e) G,
T1 | T2 |T1[T2| T1 | T2 T.1 T
Stepanenko A.N. 19,0 | 2,16 | 10,58 | 8,42 |-8,42 2,27 7,95
| Semenov P.I. 2x65 20,51 | 1,14 | 10,82 9,69 |-9,68 10,39 24,24
Author e=4cm|19,04 | 2,47 | 10,76 | 8,28 |-8,29 2,48 6,16
FEM 18,58 | 3,19 | 10,78 | 7.8 |-7,59 0 0
Stepanenko A.N. 23,51 | 2,74 | 13,12 [10,39 [-10,38] -1,14 1,33
) Semenov P.I. 2x80 (2529 | 1,36 | 13,32 [11,97 |-11,96 6,35 13,68
Author e=dem|23,42 | 3,01 | 1321 [1021]-102 | -1,52 23,04
FEM 23,78 | 3,37 | 13,25 [10,53 | -9,88 0 0
Stepanenko AN.| 5,5 | 15,84 | 5,32 | 10,58 | 5,26 |-5,26 -5,61 -11,45
3 Semenov P.I. e—dem 20,49 | 1,16 | 10,82 |9,67 |-9,66 22,11 62,8
Author 17,13 | 4,45 10,79 |6,34 |-6,34 2,09 6,74
FEM 16,78 | 5,2 |10,84 |5,94 |-5,64 0 0
Stepanenko AN.| 5,5 [19,25 | 1,9 | 10,58 | 8,67 |-8,68 11,28 4,46
, [SemenovPL | 1190 [112 [10.06 [8.94 [-8.94 | 9.83 7,72
Author 18,1 | 0,72 | 9,41 |8,69 |-8,69 4,63 4,7
FEM 173 051 | 90 | 83 |-8,49 0 0
Stepanenko A.N. 13,43 | 545 | 9,44 |3,99 |-3,99 0,91 0,76
5 Semenov P.I. 2x160113,85 | 5,58 | 9,71 |4,14 | 4,13 4,06 4,55
Author e=3cm| 13,47 | 547 | 9,47 | 40 | 4,0 1,21 1,02
FEM 13,31 | 5,57 | 9,35 [3,96 |-3,78 0 0
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The calculations (see Table 2) show that the difference between the values of stress ow
according to the theory of thin-walled bars, taking into account the introduced clarification
for the analysis of beams with corrugated web, and according to FEM is not more than
5%, if the relation is f/a < 1/2. If the corrugation is deep f/a = 0,645, the difference is more
— up to 7%. The difference with calculations according to other methods is up to 24%.

Conclusions

1. The clarification has been introduced, in order to calculate the pure torsion moment
of the cross section of beams with corrugated web.
2. It’s recommended to use Formula 2, if the relation is f/a < 1/2.
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ENVIRONMENTAL SECURITY

PROSPECTS FOR THE EXPLOITATION OF WIND ENERGY IN
THE CENTRAL REGIONS OF RUSSIA
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This article examines possibilities
for the exploitation of wind energy in
the central regions of Russia. Results of
analysis of wind speed in the Middle Volga
region are presented, concluding that it
has medium potential for wind energy
harvesting. The expediency of using high
power wind turbines in the Middle Volga

for increasing the efficiency of wind
installations are given, partly involving
the application of medium and small
power wind turbines which generate
power under lower wind speed conditions,
but also the application of improved-
design wind turbines which concentrate
wind-flow.

context is discussed. Recommendations

Keywords: wind energy, wind harvesters, electricity generation, wind flow
concentrators

Introduction. Programmes for the reduction of environmental pollution caused by
emissions from fossil-fuel power stations, and the wider exploitation of ecologically
clean renewable energy sources (RES), are currently being successfully realised in
many countries of the world [1].

Of the wide variety of renewable energy source power plants, hydro-electric
stations are at present the most prevalent typology in the central regions of the Russian
Federation, including the Middle Volga area, harnessing the enormous hydro-electric
potential of the Volga and Kama rivers. The Volzhskaya and Saratovskaya hydro-electric
power stations constructed in the Middle Volga region operate efficiently, producing an
output of 2300 thousand and 1290 thousand kW, respectively [2].

Scientists and experts are simultaneously actively researching the possibilities for
the use of other renewable energy sources [3]. One potential source to be considered is
wind energy [4, 5]. Thus, the purpose of this research was to identify potential for the
efficient exploitation of wind energy in the Middle Volga region of Russia.

Research for Samara Region defined the average annual wind speed by season of
the year, and calculations were undertaken for the anticipated electric power generation
of high power wind turbines. In order to improve the efficiency of wind installations
in Samara Region it is recommended that wind turbines are installed which have a
significantly lower typical value for minimum wind speed at which they begin to
produce power.
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Methodology. The research was based on wind speed data for Samara Region
gathered from the data bank of the Samara Region Meteorological Centre (Ref. [1]).
The measurement of wind speed s was undertaken by the Samara Meteorological Centre
(“Sosnovyy Solonets” meteorological station, Samara). The measurements were taken
in the area around the settlement Yablonevyy Ovrag near to the town of Zhigulevsk
in Samara Region. Data for the average daily wind speed over a 10 year period of
observation were produced by the University. Results were processed and presented
as graphs indicating wind load recurrence by season of the year: for spring, summer,
autumn and winter.

Wind turbine performance projections were also used. Calculations of the power
and expected electricity generation capacity of wind turbines were based on established
methodology [1, 5]. In part, the power of the wind turbines was determined according
to the following formula:

3
Ny =CpFB%,

where U is wind speed in the rotor-blade zone, F', - swept area of wind turbine rotor,
P - air density, C' - coefficient, which is determined by the product:

C=Cyngny

where C, 1is coefficient, characterising the use of wind flow energy by the wind
turbine; 77, is generator efficiency coefficient; 77,, is wind turbine multiplier efficiency
coefficient [1, 6].

The magnitude of the volume of electricity generation over the one year period

considered was calculated as
T,

QG = TXNBZd’

T,

min

where the number of hours 7', and 7, were defined in correspondence to the
maximum and minimum wind speed coverage. These wind speed values were determined
according to the technical certification of the wind turbines. The wind turbines cannot
generate electricity outside the confines of these values.

The research considers the possible use of high power wind turbines. The typical
wind speed values given in the technical certification of several types of wind turbine
are considered, according to data shown in Table 1.

The power curves of wind turbines are presents graphically on Fig. 1.

The following parameters were considered in the comparison of the energy-
producing characteristics of different types of wind turbine [1, 6, 7]:

- number of hours during which the installed capacity is utilised, values calculated
by the formula:
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r 0
=
N
where N is certified capacity of wind turbine,
- utilisation of capacity coefficient:

0
YON-T
where 7' is number of hours per year.

Results & Discussion. From the expressions noted above it follows that the
generation of electricity by a particular wind turbine, and consequently its economic
efficiency, are significantly affected by the following factors:

» the wind speed values in the rotor-blade zone, which are defined by site-specific

wind parameters;

» the type of wind turbine used, its energy-producing characteristics and structural

design;

» the electrical and mechanical equipment of the wind turbine.

Analysis was carried out of the characteristics of wind flow over a ten year period
of observation in one of the typical districts of the Middle Volga area of Russia, Samara
Region. Calculations were determined by the average daily wind speed, wind speed
recurrence, and other parameters.

Recorded data was processed at Samara State University of Architecture and Civil
Engineering (SSUACE). An algorithm and a computer calculation programme were
developed for this purpose. The programme allowed for flexibility in the choice of
time range for calculation. The programme consisted of two parts: the first allowed the
calculation of the wind speed recurrence, and the second, the power of any particular
wind turbine under examination in relation to its specified performance and making
allowance for the height of the turbine axis.

Large wind turbines were considered. Calculations and graphic analysis of the wind
speed recurrence on an annual and seasonal basis were undertaken. An example of the
graphic representing summer and winter periods is given in Figure 1. The average wind
speed over several years in the area of study was 4.43 m/s. The average wind speeds
over several years for each season were naturally various: in winter - 4.50 m/s, in spring
- 4.47 m/s, in summer - 4.32 m/s and in autumn - 4.43 m/s.

It should be noted, that in Russia it is conventional to apply the criteria of mean
annual wind speed for the district in which a turbine is proposed, when feasibility studies
are carried out into the efficiency of large wind turbines. In cases where this parameter
is 6 m/s or greater, then it may be asserted with a high degree of certainty that such
turbines are an economically efficient installation [1-8].

The results obtained in our calculations of generalized parameters of wind speeds
suggest that the Middle Volga region has an average potential of wind energy. In
connection with this it is necessary to undertake more detailed analysis of the feasibility
of installing wind turbines in the region.

On the basis of on the guaranteed wind speed and the technical specifications of
particular wind turbines, calculations were undertaken and timetables were constructed
for the realisation of power of these large wind turbines by season of the year. Graphics
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illustrating the results of calculations for wind turbine ABQ-250 power 250 kW are
shown in Figure 2. The data obtained indicates that the greatest energy values may be
obtained in the winter period. The lowest electricity generation corresponds with the
summer period. The anticipated average annual electricity generation by this particular
turbine is 130 thousand kWh. The number of hours of use of installed capacity of the
wind turbine is 520 hours per year, and the coefficient of capacity utilisation - merely
0.06 or 6%.

Analogous calculations were carried out for other types of large wind turbine. For
example, the projected annual electricity generation of the VTO-1.25 1250 kW power
turbine is 340 thousand kWh. The number of hours of use of installed capacity of the
wind turbine is 270 hours, and the coefficient of capacity utilisation - 0.03 or 3%. It is
noted, that the coefficient of capacity utilisation of similar wind turbines is significantly
greater, at around 36%, when deployed in districts with significant wind potential, for
example Leningrad Region. By way of corroboration of the potential for obtaining large
values for the coefficient of capacity utilisation one may refer to [5].

One reason for the relatively low values for electricity generation achieved by the
wind turbines studied is the high minimum wind speed value (5 m/s) under which the
turbine will start to work.

Ifwind turbines require capital investment of 800 Dollars/kW, then under the existing
Russian electricity tariffs the payback period for the two types of turbines examined
corresponds to more than 20 or 30 years. These parameters clearly demonstrate the
inefficiency of the application of traditional large wind turbines in the Middle Volga
area of Russia.

The electricity generation values calculated considering wind speed data show that
traditional large wind turbine structures, which may be successfully used in districts
with significant wind potential, are economically inefficient for districts with medium
wind potential, and in part for Samara Region. The analysis undertaken demonstrates
that in order to exploit the wind potential of the Middle Volga, measures are required
to increase the efficiency of the wind installations. The most feasible measures, in our
View, are:

* - application of medium and small power wind turbines, but those which have
substantially lower typical minimum wind speed values under which they start
to generate power;

* -development of improved construction wind turbines, which allow the increase
of wind velocity directly in the zone of the rotor blades, and in consequence
allow the turbine to work under the low wind flow speeds in this area [10, 11].

Examples of advanced design solutions are wind turbine designs, developed with
the participation of their original designers [12-14]. Technical solutions include the
installation of wind flow concentrators in direct proximity to the rotor zone of the wind
turbine. As a result of these concentrators, the wind speed in the rotor blade zone is
increased, and consequently the coefficient of wind energy used and the quantity of
electricity generated.

Conclusion.

The analysis of potential exploitation of wind energy in the central areas of Russia
including in the Middle Volga, which possess medium wind potential, indicates that the
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use of large wind turbines to supply electricity consumers is not economically feasible.
The research has resulted in following findings:

1.

Analysis of wind speed data for the Middle Volga area was undertaken, with
Samara Region as the test area, and a result the average annual wind speed by
season of the year was defined. It is found that the Middle Volga has medium
wind energy potential.

Based on the technical characteristics of wind turbines, power and electricity
generation by heavy-duty wind turbines in the Middle Volga context were
calculated. The results of the calculations showed that the application of large
wind turbines in the research area would be economically inefficient.

In order to increase the efficiency of wind installations it is recommended that
medium and small power wind turbines are installed, which have substantially
lower typical minimum wind speed values under which they start to generate
power. Also, the use of improved construction wind turbines, which increase
wind velocity directly in the zone of the rotor blades, is recommended.

Acknowledgements This article was written as part of the State Research Project:
“Study of the efficiency of energy complexes within hydro-electric and wind-powered
electricity power stations, and the choice of their fundamental parameters”.

Table 1
Typical wind speed data for heavy-duty wind turbines
Wind turbine Speeds, m/s:
type minimum nominal maximum
ABQ-250 5.0 13.0 25
P-1 5.0 13.6 25
VTO-1.25 6.0 20.0 40
M EW
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Fig. 1. Power curves of wind turbines
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ECONOMICS, MANAGEMENT, MARKETING

MAJOR RECOMMENDATIONS OF INCREASING
MANAGEMENT EFFICIENCY OF BUSINESS
COMPETITIVENESS BASED ON INNOVATIVE TECHNOLOGIES
AND TECHNICAL SOLUTIONS DEVELOPED IN CIS

COUNTRIES

OCHOBHBIE PEKOMEHJJALIUH 110 [1OBBILIIEHNUFO
OODEKTUBHOCTH VIIPABJIEHN KOHKYPEHTOCIIOCOBHOCTBIO
IIPEJIIPUATUN HA OCHOBE BHE/IPEHUS HHHOBAIJUOHHbBIX
TEXHOJIOTMU U TEXHUYECKHX PELIEHUN B CHI?

Maria Laura I. ANFIMOVA

M.JI. 1. AHOPUMOBA

Peoples’ friendship university of Russia
Moscow, Russian Federation

The paper considers prospects of
innovative technologies in the sphere
of international cooperation and their
development as well as possibilities
of attracting foreign investments. The
research indicates global leaders in high
technology development and production
and  world-beaters in  introducing
innovations for management efficiency
and  business  competitiveness. The
author also stresses the importance of
developing and maintaining innovative
manufacturing complexes, which later
can increase competitiveness of produced
goods and materials. The paper also points
out that further redistribution of dual-use
technologies into other sectors of national
economics will lead to economic growth of
the whole sphere and will give rise to inter-
branch connections and international
cooperation and  collaboration in
innovative and investment projects. It all
will stimulate the wider economy.

B cmamwve noopobno paccmampuea-
emesi 6ONPOC 8O3MONCHOCU 0TIl PACULU-
penus cpepvl UHHOBAYUOHHBIX MEXHONO0-
2utl, 0becneyusaruux MedHcOYHapooHoe
CompyOHUYUeCMB0 U AKMUBHOe HpUGIeye-
HUe UHOCMPAaHHbIX uHeecmuyull. Bvloene-
Hbl MUpoGble auUdepuvl, obecnequsaruue
Pazpabomry MHOSUX HAYKOEMKUX UCCLe00-
B8AHULL U NPOU3BOOCHIE U BHEOPEeHUEe UHHO-
sayutl 0151 NOBbIUIEHUs IPhexmusHocmu
VAPABNeHust  KOHKYPEHMOCNOCOOHOCHbIO
npeonpusmui. Ommeuaemcs 8aNCHOCHIb
€o30anus U YnpagieHust UHHOBAYUOHHIMU
NPOU3EOOCMBEHHLIMU  KOMHAEKCAMU, KO-
mopule no36018m 6 6yoyuiem 00Cmudb Gol-
COKO20 YPOGHsL KOHKYPEHMOCNOCOOHOCMU
npou3800UMOll NPOOYKYuu, Kax, Hanpu-
Mep, PAKEeMHO-KOCMUYECKOU NPOOVKYUL,
u OanvHeluiee nepepacnpeoeieHue mex-
HOMO2UL «0BOUHO20 HAZHAYEHUA» 8 Op)yalue
CeKmMopa HaYUOHATLHOU IKOHOMUKU.
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Menoayu

Ha cerogusiiauii 1eHb BCEro HECKOJIBKO CTPaH B MUPE MOT'YT 00€CIeYUTh U Ipea-
[IPUHUMAIOT aKTHBHBIE MEpbI 110 MOBBILICHUIO KOHKYPEHTOCIIOCOOHOCTH, KOTOpBIE
CBSI3aHbl C HApAIMBAaHMEM KOHKYPEHTHBIX M LICHOBBIX NPEHMYIIECTB 3a CUET UHHO-
BAllMOHHBIX PELICHUH, BHEAPCHUEM MHHOBALIMOHHBIX TEXHOJOI'MH B MPOMBIIIJICHHOE
IIPOM3BOACTBO ITyTEM IIPUBJICUECHHUS] MHBECTULIMH U HHOCTPAHHOI'O KalluTana, Ha OCHOBE
Yero CTAaHOBUTCS BO3MOXXHBIM OOHOBJICHHE M MOJCPHHU3ALMsl OCHOBHBIX ()OHIOB, TEX-
HUYECKOE NepeBoopyxkeHue. OJHaKO MHOTHE CTpaHbl HE 00eCHeyeHbl BBICOKUM HHBE-
CTULMOHHBIM ITOTEHLMAJIOM WM HAaKOIUICHHBIM Hay4YHBIM 3aJ1€JIOM AJISI €r0 JajbHeil-
miero pasputus. Takue cTpaHbl Kak, Hanpumep, ctpansl CHIT oTHOCSTCS K cTpaHam
C BBICOKMM, HO HE HCIIOJIb30BAaHHBIM MOTEHLHAIOM I10 IPUBJICYCHUIO MHOCTPAHHBIX
HWHBECTULUH, YTO CBUJETEIBCTBYET O HEOOXOANMOCTH CKOPEHILIEr0 BOBJICUCHHSI HALU-
OHAJIBHOM HKOHOMMKH B IPOLIECC MHTEPHALMOHAIN3AMU Ipou3BoacTBa. st peanu-
3alMM MHBECTHUIIMOHHOTO MOTEHLIMANA TAaKUX CTPaH, Kak, Harpumep, Poccust u Pecry-
Onuka bemapych, He0OX0AMMO 00ECIIEUNUThH NMPHUBICKATEILHOCTE SKOHOMUKHU INPEKAC
BCETO HaIIEJICHHOW Ha MpHBJIeUeHUE MPSIMBIX MHOCTpaHHbIX nHBecTuini ([IMN) myrem
paboThI MO CJICAYIOIIMM OCHOBHBIM HAIIPaBJICHUSIM: 00€CIEUCHUE MIPHUBIIEKATEILHOIO
HMHBECTUIIMOHHOI'O KJIMMara, IOBBILICHUE TIOKa3aTeIeld KauecTBa (hakTopoB MPOU3BOI-
CTBa, IPOBE/ICHUE KAUECTBECHHON M AKTUBHOM BHEIIHEMHBECTUIIMOHHON MOJTUTHKHY.

JomxHa popMUpoBaTHCS aKTUBHAS ITOJIMTHKA 110 IIPUBJICUCHUIO HHOCTPAHHBIX UH-
BECTHLMH, KOTOpasi, B YACTHOCTH, JIOJDKHA MPHUBJIEKATh NPSMbIC MHOCTPAHHbIC WHBE-
cruuun B TpancHaunonanbable komnanuu (THK), aktuBu3upoBaTh npsiMble HHOCTPaH-
HbIE HHBECTUIINH, CBSI3aHHBIC B c(hepe BEICOKHUX TeXHONOoTHH ¢ npoBenerarneM HUOKP.

He cayuaiino B HEKOTOPBIX cTpaHax, HanpuMmep, B CLIHA, Kanane, FOxnoit Kopee,
(YHKIMOHUPYIOT M CO3/AIOTCSI HOBBIE HALIMOHAJIBHBIC LIEHTPHI 10 00ECIICUCHHIO BbI-
COKOI'0 YPOBHSI KOHKYPEHTOCIIOCOOHOCTH, €€ YIPABJICHHUIO U MOBBIILICHUIO C TIOMOIIBIO
Pa3NUYHBIX MHCTPYMEHTOB U MEXAaHHU3MOB, B TOM YHCJE Ha OCHOBE (POpMHUpPOBaHUS
TAKOH MPOMBIIUICHHOHN HMOJUTHKH, KOTOpasi 00eCIeunBaeT TOUCUHYIO MOAICPKKY pa3-
JIMYHBIX NEPCIEKTUBHBIX [IPOU3BOACTB B KPU3HUCHBIX YCIOBUSIX WIN HA ONpPeesICHHbIN
nepuoj BpeMeHHU. Takke 3TH HeHTpbl 00eCIIeunBaloT OAAEPKaHUE U BHEAPEHNE HHHO-
BAI[OHHBIX JIOCTHXECHUI B HayKe U TEXHUKE.

K mpumepy, pakeTHo-kocMuueckue npennpustus Kuras B TedeHue nociegHero
JECSITUICTHS] UCIONb30BaJIM O0Jiee IBYX THICSIY PAKETHO-KOCMUYECKMX M OOOPOHHBIX
Pa3paboToK Ul UX JAJIbHEHILIETo MCIIOIb30BaHMUS B TPAXKAAHCKOM CEKTOPE ITPOMBIIL-
aeHHocTd. B 1990-x rr. psg npennpustuii PKII B xoae peanusanuu cTpaTeruueckoro
yHIpaBieHNUsI KOHKYPEHTOCIIOCOOHOCTBIO BBIITYCKAaEMOM MPOAYKIMK ObUIM MPOQHUHAH-
cupoBanbl MunHCcTEpcTBOM 000poHBI CIIA ¢ 11empI0 akTHBHOTO BHEIPEHHS 32-X KpH-
THUYECKUX TEXHOJOTUH, 75 % M3 KOTOPBIX ObUIN «JIBOWHOIO Ha3HAYECHUsD. DKOHOMHKA
CIIA mpu 5TOM TOTy4wiia pe3Kuil mogbeM Ha (poHe aKTHUBHOM paboTHI IO pa3padoTke,
BHEJIPCHUIO U MCIIOJIb30BAHUIO MHHOBauui. OO11as MUpoBasi TEHACHIMS TOKA3bIBACT,

50



Science News of Eastern Technical Universities. 2016, Nel1(1)

YTO B NIEPCHEKTUBE Pa3BUTHIE CTPAHBI (CTPAHBI «30JI0TOT0 MUJITHAPAAY) 00pa3yoT MO-
HOTIOJIMIO Ha (PYHKIHHU CTPATETHUECKOTrO YNPaBiCHHS M IUIAHUPOBAHUS OOJIBIIMHCTBA
HAyKOEMKHX [TPOU3BOACTB, YTO 00ECIEYUT BO3ZMOKHOCTS SIBJISITCS [TTABHBIMU HHBECTO-
paMHu U B TO K€ BpeMs TOTPEOUTEISIMU TPOLYKINH HHHOBALIMOHHBIX M BBICOKOTEXHO-
JIOTMYHBIX TIPOU3BOJICTB.

3HauNTENbHbIE BO3MOXKHOCTH JAJsl PACIIMPEHUs] cpepbl MHHOBALMOHHBIX TEX-
HOJIOTHH 00ecrednBaeT MEKAYHAPOAHOE COTPYIHHUYECTBO M AKTHBHOE HMPUBIICUCHHE
HWHOCTPaHHBIX MHBeCcTHLMH. OcCyliecTBIEHHE U pa3pab0oTKa MHOTMX HAyKOEMKHX HC-
CJICZIOBAHUH M MPOU3BOACTB MPAKTUIECKH HE MPEICTABISIETCSI BO3MOXHBIM ISl SKOHO-
MUK J1a)Ke HEKOTOPBIX KPYIHBIX CTpaH. BcieacTBue 3T0ro, €CTEeCTBEHHO MPOUCXOIUT
TIIATEIbHBIH OTOOP HEOOXOOMMBIX TEXHOJIOTWH, MPOLECCOB, CTPATETHi, HHTETPaLHs
pecypcoB (mis 6onee 3(pPeKTHBHOTO MPOHUKHOBEHUSI HA BHYTPEHHHUE PHIHKH), WHTE-
rpanys GUHAHCOBBIX PECYPCOB, a TaKKe pa3paboTKa CTpaTeruii 1 MEXaHU3MOB CObITa
TOTOBOHM MPOAYKIHH. B CBSI3M €O CIOKHOCTHIO OPraHU3aLNU U OCYIIECTBICHHS HAyKO-
€MKHUX HCCIICIOBAaHUI M MPOU3BOJICTB OCHOBHAS JIOJIS TAKUX IPOU3BOJCTB COCPEHOTO-
YeHa BCETO B HECKOJIBKHUX CTpaHaX MHpa, KaK, HallpuMep, HOJIOBUHA BCeX (PUMHAHCOBBIX
pecypcos, Boiaensaembix Ha HUOKP, npuxogurcs na CLIA. Cpenu apyrux nunepos B
IIPOM3BOACTBE HAYKOEMKOM MPOIYKLINH MOXHO BBIACINTE 3anagnyto Espomy, Anonuto
u Poccnto.

Crnabopa3BuUThIEe CTpaHbl B 001aCTH HHHOBALMOHHBIX Pa3padOTOK M HAyYHO-HCCIIe-
JIOBaTEJIbCKOIO MOTeHIMana, Takue kak lIsenus, [lIselinapus, Hunepiaanas! u ap., B
OCHOBHOM SIBJISIFOTCS JIMJIEPAaMH JIMIIb CPAaBHUTEIBHO HA Y3KUX HANPaBICHUIX Hayd-
HO-TEXHHYECKOTO MPOrpecca U 3a4acTyI0 BO B3aUMOACHCTBUU C MPEANIPUATHSIMHU JIpY-
T'HX CTpaH.

C y4yeroM BBIOpaHHOM CTpAaTErny M LIEJIEBBIX 3a/1a4 MOBBIIICHH [T0Ka3aTeNnei KoH-
KypPEHTOCIIOCOOHOCTH NPOAYKLUH ¥ PA3BUTHUS MPEATIPUATHS €r0 MUCCHUSI MOXKET OBITH
OIIpe/ieNiCHa TakK: yAOBIECTBOPEHUE MOTPEOHOCTEH BHYTPEHHETO M BHELIHETO PHIHKOB B
KaueCcTBe BEIYLIETO MPOU3BOAMUTEIIST 000pynoBaHuUs 3a cueT 3(PEKTUBHOTO UCIIONIB30-
BaHMsI MHTEJUICKTYaJIbHBIX U TEXHUYECKHUX BO3MOXKHOCTEH. PaankanbHOe mepenpoex-
THUPOBaHUE OU3HEC-TIPOLIECCOB IS JOCTHKEHNUS CYILECTBEHHBIX YIYUILICHUHN SIBIISETCS
HEOTHEMJIEMOH YacThIO B MPOILECCE MOBBIIICHUS KOHKYPEHTOCHOCOOHOCTH M HMHHO-
BAI[IOHHOCTH OTEYECTBEHHBIX NPEANPUATHH. B cBA3M ¢ 3TUM paccMOTpHUM KIIIOUYEBOE
CJIOBO «mpoueccel». OCHOBHAS 4acTh NpPEACTaBUTENCH PYKOBOJACTBA MPEINPUATHH HE
«OpUEHTHPOBAaHA Ha MIPOLECcCy», a B OONBIINHCTBE CIIyyaeB COCPEIOTOUCHA HA 3aa4ax,
peanu3anyy OTAeIbHBIX ONEPAllMOHHBIX ACHCTBUH, Ha KaJpOBOM pe3epBe, Ha MoApas-
JENeHUSX U T.1.

Ho cux nop npeobnagan GyHKIMOHAIBHBIN TOAXOA MO OTHOLICHHUIO K IPOLECCY
(YHKIMOHUPOBAHUS NPEANPHUSITHS, T.€. CYUTAIOCh, YTO IPEANPUATHE SBISIETCS HEKUM
MEXaHU3MOM, COCTOSLIMM M3 HECKONbKUX (QYHKIMH. JlaHHbIE (yHKIMH, B CBOIO Oue-
pelnb, pa3fessioTes MeXIy PaOOTHUKAMH NPEIUpPUSTHS, OTHOCAIIMMUCS K TOMY HJIH
HHOMY IOJPA3AEICHUIO B 3aBUCUMOCTH OT CBOEH CIIEHUAIbHOCTH M KBaJIM(HUKALNH.
OcHoBbIBasich Ha Teopun Anama CMuTa 0 pasfeieHUuH Tpyla, ONpenesIeHHbI Habop
(YHKIUH, BBINOIHAEMBIH COTPYIHUKAMH, JEITUIICS HA BCe OOJIbIIEE KOIUYECTBO OIle-
paumii o Mepe yciIOKHEHHS NMPOU3BOACTBA. TakuM 00pa3oM, COTPYIHHUKH HpEeaIpus-
THS CTAHOBSITCSA BCE MEHEE HALEJICHbI Ha PELICHUE [I00aJbHbIX 3a/ad U TOCTHKEHHUE
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o0ImuX Lesed NpennpusaTHs BBUIY CBOEH Y3KOM clielMaiu3alud ¥ OpUCHTHUPOBAHUS
Ha BBIIIOJIHEHHE Y3KOTO Kpyra 3ajad B paMKaxX TOJBKO CBOETO IOApasieseHus. Takoi
MIOAXOJ 3a4acTyl0 TOPMO3HUT AMHAMMYHOE PAa3BUTHE BCETO MPENNPUSATHI U JOCTHKE-
HHUE OOLINX Pe3yJabTaToB, BBUIY TOTO, YTO YaCTO BO3HUKAET HECOINIACOBAHHOCTDH MEXK-
Ny pa3IMYHBIMU OAPa3ACICHUSIMH, HECKOOPANHUPOBAHHOCTD ICHCTBUH, PE3YJIbTaTOM
YEero SIBIISICTCS CHIKEHNE TEMIIOB IIPOU3BOICTBA U YBEJIIMYEHUE CPOKOB 10 LIEJISIM U 3a-
JaqaM B 11eJIOM. AHaJIM3HUPYsI BCE MUHYCBHI (DYHKLIMOHAIBHOTO MOAX0/1a, MOKHO CJIEJIaTh
BBIBOJI, YTO HEOOXOANMO OOpaTUTh BHUMAaHHME Ha MPOLECCHI, POTEKAIONINE Ha MPE-
MIPUSATHH, BBUAY TOTO, YTO OHM 3aTPArvBaIOT B MPOLECCE AESITEIBHOCTH MPOU3BOACTBA
IIPAKTHYECKU BCE MOAPA3AEICHUS U CIYKObl U OPUEHTUPOBAHBI HA KOHEUHBIN Pe3yiib-
tar. Ecnn paccMarpuBaTh BOIPOC ¢ TOYKH 3PEHHS MPOLIECCHOTO MOAXO0AA, TO MOXKHO
CKa3aTh, 4TO MPEANPHUIATHE NPEACTaBIAET cO00i Habop onepanuid, a He PyHKIMH, KaK
3TO ABJSIETCS MPU (PYHKIHMOHAIBHOM MOAXOJE, YTO BBI3BIBAET HEOOXOIUMOCTh yIpaB-
JISITh TPOLIECCAaMM B XOJI€ XKM3HEHHOTO LUKIIA npeanpustus. Kaxieiii nponece nmeer
CBOIO 1I€JIb, KOTOPAsi, B CBOIO OUYEPE/b, SBIISETCS [T0Ka3aTeNneM ero 3pQpeKTUBHOCTH, T.C.
HACKOJIbKO 3((QEKTHBHO M ONTHUMAJIBHO JAHHBIN MpOLECcC BEACT K AOCTHXKEHHUIO I10-
CTaBJICHHBIX IIeJiel W 3amad Bcero mpennpustud. Ilyrem sddexTuBHOrO ynpasieHus
LEJISIMU PA3JIMYHBIX IPOLIECCOB, HA PA3JIUYHBIX YPOBHSX, B COBOKYITHOCTH NPEAIPHS-
THE JOCTUTAET BBICOKOIO YPOBHS 3((EKTHUBHOCTU CBOECH AEATEIBHOCTH, OIy4asi KOH-
KypEHTHBIE IIPEUMYIIECTBA, YTO B PE3yJbTaTe BBIPAKACTCS B 0OCCIICUEHUH BBIITyCKa
BBICOKOKOHKYPEHTHOH MPOIYKIIHH.

OpHUM 13 CrOCO00B MOIACP)KAHMSI HAa BEICOKOM YPOBHE ITOKa3aTeNel KOHKYpeH-
TOCIIOCOOHOCTH KOHEYHOM NPOAYKLUH U B UTOTE IPEAIIPUATHS B LIEJIOM SIBIISIETCS TIPH-
BEICHUE HOPMAaTHBHO-TEXHUUYECKOH 0a3bl B COOTBETCTBUE C MEXKAYHAPOIHBIMHU CTaH-
JapTaMu KadecTBa. B Xozme oCyIIecTBIEHHS! CHCTEMBI CTPATETHYECKOrO YIPaBICHUS
KOHKYPEHTOCIIOCOOHOCTBIO MPOIYKINHU JTOJDKHBI OBITH PELICHBI PSJ 3a/1ad, B MEPBYIO
odepeb CBSI3aHHBIX C MPOBEICHNEM KauyeCTBEHHON MHBECTUIIMOHHOM IMOMUTHKH, OPH-
SHTHPOBAHHON Ha HCIONIb30BaHNe (prHAHCOBBIX pecypcoB ais BoimonHernss HUOKP,
OCHAIIIEHUE MPOU3BOJCTBA NPOPHIBHBIMH MHHOBALIMOHHBIMHU PEIICHUSIMHU U TEXHOJIO-
THSIMU.

Ecnu npuBecT npuMep B aBUAlIMOHHOM IPOMBILIIICHHOCTH, BO B3aUMOACHCTBUN
C Ip@XJAHCKON aBHAlMEH, TO B HacTosmiee BpeMs B PO Her ombiTa opraHu3anuu 1o-
CJICHIPOJA’KHOTO 00eCHeyeHns! KCIUTyaTallui aBUAlMOHHON TEXHUKH, OCHOBBIBAsICh Ha
MEXIYHapOJHbIX CTaHAAPTAX U JIOTUCTUYECKUX MH(POPMALMOHHBIX cucTemMax. OnHa-
KO MPEANPHUITUS POCCUHCKON aBHAMOHHON MPOMBILIICHHOCTH UMEIOT 3HAUYUTEIIbHbIN
MOTEHIMAI ¥ OTPOMHBIN OIBIT OpraHU3aliy B3auMozneiicTeus. B npouecce co3nanus
OJIHOTO CaMoJIeTa MOKET y4acTBOBATh JI0 THICSIUH MPEANPHUATHN MAIIHHOCTPOCHHUS, pa-
IHORJICKTPOHUKH, IPUOOPOCTPOCHUS U IPYTUX NPEIUPUSTUN U3 CMEKHBIX OTpaciieil.
Ilo cTarncTHYeCKUM AaHHBIM M NIPOTHO3aM B CPETHEM MPOCIEKUBAETCS pocT Ha 5 %
B T0J] TACCaKUPO0OOPOTa HAa BO3LYIIHOM TPAHCIOPTE. B CBSA3M ¢ 3TUM CTaHOBATCS BCe
Oosiee BOCTpeOOBaHbl MPUHLUMIINAIBHO HOBBIE TOAXO/bI K IIOCTAaBKE aBUALIMOHHO-TEX-
HUYECKOTO 000pYIOBaHUs, YTO SBJSICTCS. OAHUM M3 OCHOBHBIX JIEMEHTOB B XO/I€ CTpa-
TErNYECKOr0 YIPABICHUS! KOHKYPEHTOCHOCOOHOCThIO, KOTOPBIE, B CBOIO OYEpelb I10-
3BOJISIFOT 3((EKTUBHO HUCIIOJIB30BATH PECYPChl ABUAKOMITAaHHH.
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[TosToMy IMaMpyIOLIME IPEANPHUATHS, B TOM YHciIe (PyHKINOHUPYIOIUE B PAKeT-
HO-KOCMHYECKOH U CMEXKHBIX OTPaciIsiX, aKTUBHO BHEAPSIIOT U UCTIOJIB3YIOT HHHOBAIIUH
B CBOEH MPON3BOJICTBEHHO-X03IHCTBEHHON NEATEILHOCTH KaK HEOThEMIJIEMYIO COCTaB-
JSIFOILYIO CTPATETHUECKOT0 YIPABJICHHSI KOHKYPEHTOCIIOCOOHOCTHIO H3TOTaBINBACMOM
MIPOLYKIHNHU, TEM CaMbIM I0y4as JOIOJHUTEIbHbIE KOHKYPEHTHBIC IPEUMYIIECTBA U
o0ecrieunBasi TOBBILICHUE CBOCH TOBApHOM KOHKYpPEHTOCIOCOOHOCTH. B cBOrO oue-
pelb, OIBIT IPYTUX TOCYAApCTB IOKAa3bIBACT, YTO TAKOE HMCIIOIb30BAaHHE Pa3padOTOK
BBICOKOTEXHOJIOTHYHBIX IPOAYKTOB HEBO3MOXKHO 0€3 pa3BUTHSI HAyYHO-TEXHHUYECKOTO
MIOTEHIIMANA ¥ 33 CUET HENPEPhIBHOM MHHOBALIMOHHON AEATEIBHOCTH.

OcHOBHasl YacTb MUPOBBIX JOCTHXECHUI B OOJIACTH PaKeTO- U aBUACTPOCHUS 3a
MOCJIEIHUE IECATH JIET CTajla BO3MOXKHOW Onarofapsi peaju3aliu IPOeKTOB, KOTOPbIE
ocymectssuichk npeanpuatusivu OIIK Bo B3anMoneiicTBUM ¢ pa3IMYHBIMHE Hay4YHbI-
MH MHCTUTYTaMH. IIpu 3TOM «1BOMHBIE TEXHOIOTHN», KOTOPbIE CTaIN PE3yJIbTaTOM Ta-
KHX MPOEKTOB, BIOCJIEACTBUU HALUIN IIUPOKOE NMPUMEHEHNE B PA3IMYHBIX CEKTOpax
9KOHOMHKH, HE CBA3aHHBIX C PAKETHO-KOCMUYECKON AEATENIbHOCThIO. Takas cTpaTerus
MHHOBAIIMOHHOTO PA3BUTHsI UMEET psif Oe3yCIOBHBIX NMPEUMYIIECTB, T.K. HO3BOJISET
9KOHOMHTB CPE/CTBA B HCCIIEIOBATEIBCKOW 00JIaCTH M MAaKCUMaJIbHO BO3MOXXHO 00e-
CIIEYMBACT OTCYTCTBHE «AyOIMpPOBaHUS» HOBEHIINX pa3pabOTOK, co3naBas Onaronpu-
ATHBIC YCJIOBHS [UIs1 OOMEHA OIBITOM M HOBEHIIMMHU TEXHOJOTHSAMHU MEKAY Pa3iInyHbI-
MH CEKTOpPaMH{ IPOMBILIIICHHOCTH.
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