JIu BoHbI0OAHb TOMECTHIT Y4eHOTo U3 TypOy/TeHTHOM HUBUIM3AIIMN B UCCIIENOBATEILCKUH IIEHTP Ha
3emne. Brarogaps ero ygactuio 3¢ heKTUBHOCTh MHAKEHEPHBIX UCCIENOBAaHUY B 30HE HAYYHbIX
MICCJIEIOBAHUY HECKOJILKO ITOBHICUIIACK.

B 910 Bpems Gosiee MONOBUHBI CHHTETUYECKUX I'YMAHOUIOB Ha 3eMiie OblIM Iepernpasiess! JIu
BaHbl0aHEM B ApyTHe raJakTUKY [ UCIIOJIb30BAaHUS B KauecTBe paboueit cuibl. HEKOTOpLIe BeIH
HE MOTJIU OBITH BHITOTHEHBI TOJIBKO POOOTAMU-CTPOUTEIISIMY, U JIIOASM ITPUXOIUIOCH KOOPOUHUPOBATD
uX paboTy CO CTOPOHHI.

Ha 3aBofie 1o c6opke poOOTOB AeHb ¥ HOYb ITPOU3BOAMIN HOBHIX CHHTETUYECKUX TYMaHOUIOB U
OTIIPABJIANIM UX TYHOa, I'e TpeboBanach paboydas cuna. ITO 3acTaBisasio JIu BaHbioaHs 4YyBCTBOBATh
ce0s1 4epCTBHIM Ha4aIbHUKOM, KOTOPHIM 6€CKOHEYHO 3KCITyaTHPYeT poOOTOB.

Ho Bce 310 TOT0 CcTOMIO. 10 IONTy4eHHBIM faHHBIM OBLIJIO BUHO, YTO MMPOM3BOICTBEHHBIE MOIIHOCTHI
pacTyT, ¥ OHM HaMHOTO JIy4llle, YeM KOTrfa OH TOJIbKO MpPHIeN CIoaa.

[TouTu pa3pylneHHbIe 00BEKTH Ha 3eMJle TakxkKe Hadasld OJIUTeIbHbIM peMoHT. [1o Kpalinelt Mepe, JIu
BaHbloaHb He XOTel, YTOOBI ero pofHas MIaHeTa Mo-pexKHeMy MpeOriBana B COCTOSTHMY Xaoca.

CeropHs, IOKOHYMB C BHYTPEHHUMU [ieJlaMU, OH HaIllpaBUJI CBOX B30p Ha COJTHEYHYI0 CUCTEMY,
HaXOOUBIIIYIOCS Ha HEKOTOPOM PAaCCTOSHUU OT HETO.

TaM ero xpgan pa3pymeHHbII71 MeX3Be3JHbIM KOCMUYEeCKUM IIPOEKT, KOTOpBIfI OH IOJI2KEH OBIIT
HCCJIeJ0BaTh.

lamakTuka Kapso npepcTaBmnsna co60i cTaHAapTHYIO OMHO3BE3THYI0 ralaKTUYeCKyI0 CUCTEMY.

[ITecTh mIaHET BpaAIlaTKUCh BOKPYT 3BE3[bI FJIaBHOM ITOCTIEN0BATEIBHOCTH B popMe OyKBH G B LIEHTpE,
o0pa3ys popMy rajakTHKHU.

Ha nepBeIii B3TJISIM, OHA BRITJIsAENIa OUeHb 0OBIYHOM, Majlo YeM OTJINYasiCh 0T MHOXKEeCTBa HUUeM He
[IpuMeyYaTeIbHbIX FaJlakTUK B MiteuHoM [lyTu.

OpHako ecyiy MIPHCMOTPETHCS K TPEThel IjaHeTe, TO MOXKHO OBIII0 00HAPYXKUTh, UTO PSANOM C Hel
TIApUT OTPOMHOE 3[aHHUe.

ETo pa3Meps! BEIXOIUIIM aleKo 3a Mpenesikl OOBIYHOTO 30aHusI, a TOPOO-TUTaHT Ha IJaHeTe OB
JIUIIb YaCThIO €T'0 CTPYKTYPHL.

BecuuncrneHHOoe MHOXKECTBO ITOOOHBIX COOPYXKEHUM, 00beIUHUBIINCH, 00Pa30BHIBAIA TUTAHTCKOE
MEK3Be3[IHOe 3[IaHKe, He YCTYIalollee 110 pa3MepaM IjlaHeTe.

Takoe 3maHKe HA3EIBAJIOCh METACTPYKTYPOH.

Vx Ha3Ha4YeHUe, KaK IIPaBUiI0, ObIIO eIUHUYHEIM, HO U 9(PGEeKTUBHOCTD ITPYU TAKOH OIPOMHOM
00beMHOM Oa3e Bo3pacTaja B 6eCUrCIeHHOe KOJTMYECTBO pa3.

B Mneunowm [IyTu Takasg MeracTpyKTypa 4aCTO CTaHOBHUJIACh IPAUYMHOM CIIOPOB MEXKAY
IIMBUJIM3aIUSMY, U MHOTHE LIUBUIN3alMK OOPOIUCH 3a Hee.

OpHako MEeraCTPyKTypa Imepen HuMUu OBllla OYeHb IMyCTBIHHA, W IIOYTH HUKOI'O HE KHTEPEeCOBala.



B 3aMKHYTOM IIPOCTPAHCTBE CHUOEIL HI/IpaTCKPIfI HOI[‘-II/IHeHHBIfI, OTKYCBIBas OT HaI7I,'E[6HH01"O UM
HU3KOKA4YeCTBEHHOT'0O 3HEPTreTUu4eCKOro O6aToHuyrKa. OH CIIPDOCHUIT Y CHUOAIIET0 PAAOM C HUM
IMUPATCKOI'O JINJepa,

— Bocc, Kak BH ymMaeTe, Io4eMy 3TO MeCTO CTajio Halrel 6a3oi? He Kaxkmas ITUBUIU3ANKS 3aX04eT
KOHTPOJIUPOBATh TaKyl METracTPYKTYpPy, TaK Kak 2Ke OHU II03BOJIUJIA HaM IIOCTPOUTH 3[ECh CBOE
THe3m0?

OH c HacIaXOeHNEeM eJl, IePeKeBhIBas PE3NHOMONOOHEIN SHEePreTHYeCKUH 0aTOHYMK OOJIbIINMHI
TIOPIIUSIMM, KaK OyITO el KaKyl0-TO BKYCHSITUHY.

OmHaKO OCTaIbHEIE ITUPATH, IOCMOTPEB Ha 9HEPreTuYeckue OATOHYMKHU B CBOMX PyKax, MOTYa
0TOPOCUIIM UX B CTOPOHY.

9T0 OBIIa caMas HEBKYCHad W HeaIllIEeTUTHAs BEIlb B I'aJlaKTHUKE, IIPU BUTIE KOTOpOfI Jaxe MMm4ejInHada
KOJIOHHUS TTOKa4daJsa Obl TOJIOBOM.

[TpegBomuTeNh MMPATOB TOXKE C TPYAOM IIE€PEXKEBHIBAJI SHEPTeTUYECKUM OAaTOHYUK, HO B IIEpephIBax
MeXKy TJTIOTKaMU BCe 3XKe OTBETHJI Ha BOIIPOC MJIaAIIero IUPaTcKoro 6parTa.

— IJTa MeracTpyKTypa HacTOJIbKO pa3buTa, YTO PEMOHTUPOBATh €€ HeT CMbICIa. [Jaxe ee HEMOHTaX
¥ IIpofjaka B KaueCTBe OTXOM0B He MOXKET ITOKPHITh PACXOMbl Ha TOIIMBO, TaK YTO HUKOMY HET fella
10 3TOT'0 MecCTa.

C GombIIMM TPYZOM OH IIPOTJIOTHJI 3HepreTuYecKuit 6aToHYKK. OH Jaxe JOJIr0 YCIOKauBall gbiXxaHue,
Ipexye 4eM MPOIOIKHUTh:

— Ho 2T0 X0poimee yKphiTHE O HAac. XOTS OHO ¥ CTapoe, 30eCh MHOTO 3aKPHITHIX TOMUKOB,
OJOOHBIX 9TOMY, KOTOPEIE MOXKHO MCIIOJIb30BATh [IJIT PEMOHTA M XPAaHEHUS IIPUIIACOB.

— W 60npIIMHCTBO UKMBUNIKN3AIMl B MiiegyHoM [IyTy 3HAIOT, UTO 3TO MECTO IIOJIHOCTBIO 3a0POIIEHO,
II03TOMY OHHU ciofia BooO1le He mpupyT. TONMbKO Te, KTO TOJILKO YTO IOMAaJl B TalaKTUKY, OYIYT MOJTHE
m0O0MBITCTBA U CTAHYT pacCIpalIuBaTh 00 9TOM MecTe.

— KcTaTtu roBopsi, paHblle 30ech, KpoOMe Hac, Oblyia rpyIina NUpaToB, HO BCE OHM 3aHUMAIOTCS
yKaCHBIM fieJioM — yOuBaloT u rpabsT. OHM yKe HaBHO He MOsABIsAIUCh. CKOpee BCETO, OHU
CTOJIKHYJIUCH C NIPETSITCTBUSIMU.

HpeJIBOJII/ITeJ'Ib IIAPATOB I'OBOPHUJI KPACHOPEYUBO M YETKO, Ka3dJIOCh, YTO OH YK€ TaBHO B 3TOM MHUDeE.

HI/IpaT, C OTBPallleHueM I'IpOl"J'IOTI/IBH.II/Iﬁ CBOU 3HepFeTPI‘-IeCKPIﬁ CJINTOK, YCIJIBIIIAJI 3TO U, HE
3aAYMEIBAACH, BEICMESTI,

— H3meBaThcs Haf, crnabbIMu? IToxoxKe, MBI 4aCTO IIPUHUMAeM MEPEI IDOTHB HOBUYKOB B KOCMOCE.
M&I coenmany BCe, YTO MOTJIM, TOIBKO He Y6I/IBaJ'II/I.

['ma3a npepBoOUTesS IUPATOB PACIIUPUINCH, U OH MOIBITAJICS ONPaBoAThCS.
— JTO0 Ha3bIBAETCA 3apaHee 03HAKOMHUTH UX C ONIaCHOCTSAMHU ranaktuku! MHave, C UX HAUBHOCTEHIO,
OHU PaHO WUJIK NMO3AHO OyAyT 06MaHYTH 3TUMHU MeTaKOpIoparusaMu!

— [Ia, ma, ma, 6occ mpas...



B KoHIIE KOHIIOB, IIAPATEI CMUPHUJIKCE C OTBPAIIEHHUEM U IIPOTJIOTHUIJIX CBOX HU3KOKA4YE€CTBEHHEIE
JHEPreTu4eCKue OaToHYMKH. B KOHII€ KOHIIOB, 3a CTOJIBKO JIET IIMPATCTBA OHU HE 3apa60TanH MHOTO
JEeHer ¥ MOT'JIX IINTAaThCA TOJIBKO 3THM.

— ITolimeMTe, ecyiu BBl 3aKOHYMIIM eCTh. He XomsaT CIIyXH, 4TO IIOTEPSAHHAA TUBUIIA3ALIUAA
AI[MI/IHI/ICTpaTOpa Ha4daJla paCH.II/IpHTBCH? 4 capllian, 4TO OHU HAaXOOATCA pAOIOM C 3TUM 3BE€3THBIM
InojeM, eCiii MbI OCTaHEMCHA 31eCh, TO HAaC, CKOpee BCEro, Y6GPYT, KaK MYCOD, TaK 4YTO maBauTe
IIOTOPOIINMCHA C IIepee3goM.

HpeJIBOJII/ITeJ'IB IIXUPATOB IIPHKa3all CBOUM JIIOOAM B3ATh CTOJIBKO, CKOJIBKO OHHM CMOT'YT, d 3daTEM
IIOCIIENTHO ITOKWHYJI I'aJIaKTUKY.

VMM 1oBe3710, TOTOMY YTO BCKOPE IOCJIe MX yXofa MpuOblT HeOOIbIION KOCMUYECKUi KOpabiib.

9T0 OBIT MCCIEN0BATEIBCKIM KOPabib AqMUHUCTpaTopa. Y Hero Obla YeTKas [ejlb —
MEracTPyKTypa Ha TpeTbhell IIaHeTe.

— CeHCOPLI IMOKA3BIBAIOT, YTO 3M€Ch €CTh MEraCTPYKTypPa4, HO, IOX02Ke, OHa ITOJIHOCTHIO PAa3PYIIEeHa.

Jlu BaHbloaHb IIOCMOTPEJI Ha OTPOMHOE 3[aHKe Ha 9KpaHe U II0YYBCTBOBaJ cebs HEMHOTO
YOPY4YEHHBIM.

— CKopee BCero, Tak OHO ¥ eCcTb. 3Be3Has KapTa "Kpeitboy" Takke yKa3kBala Ha TO, UTO 3[eCh
eCTb IIOBpeXIeHHast CTPYKTypa. Eciu 6B ero MOXKHO OBIJIO HOPMAbHO OTPEMOHTHPOBATH, €T0 OB
yXKe MaBHO 3aHIH. [loyeMy ke HUKTO He IPOSBUII K HEMYy HHTepeca?

HecMOTpst Ha 3TH MBICJTH, UCCTIEOBATEIBCKUI KOPAOIb BCE K€ OTIPABUII KaK MOXKHO 6O0JIbIlIe IPOHOB
[I7151 CKAHUPOBAHHUST METACTPYKTYPHL.

HecmoTps Ha TO, 4TO 3TO OBIT pa3pyIIeHHbIH TUTAHT, OH MOT IIPEeI0CTaBUThL HEKOTOPLIE TaHHEIE [IJIS
IIPOEKTa CTPOUTEILCTBA METACTPYKTYPEI 6-T'0 YPOBHS.

[To Mepe CKaHMPOBaHUS OPOHEI ITOJTydanu Bce 6oiiee moapobHy0 nHGOPMAIMIO 0 MEracTpyKType. B
TO JXKe BpeMsI OH IOJIYYHU/I ¥ XOPOIlKre HOBOCTH. [[T0YTH mOKUHYyTast GopMalnus YaCOBHIX]

[Onucanue: ITa MeracTpykTypa Oblia IMOYTH pa3pylleHa B TeUeHHe JOIT0r0 BpeMeHH, HO II0CTie
aHaJIM3a MHI BCe ellle MeeM BO3MOKHOCTh BOCCTAHOBUThL HEKOTOPEIE ee GyHKIH. COTIacHO
TIPEATOI0KEeHHUSIM, B IIPOIIIOM 9Ta MEraCTPYKTYypa HUCII0Ib30BaIach B KaUeCTBE TUTAHTCKOT0
MOHUTOPA. Ee pasmuyHble yCTaHOBKH MOTYT OCYIIECTBISITh CKAHUPOBAHKE ITPOCTPAHCTBA B OOJIBIIOM
I¥ala3oHe, a pe3ynbTaT, 6/1arogaps COYeTAaHWIO pacyeTa MAaHHBIX ¥ MOOETHPOBaHUS, 0ECKOHEYHO
611130k K 100% TOYHOCTH, YTO MTO3BOJISIET OCYIIECTBISATh MEXK3BE3OHEIM MOHUTOPUHT LIUBUIM3AIIUY B
KOCMHYEeCKUX MacITadax]

[B mepeBo TexHOnOTUM HoOaBieHa HOBAST TEXHOJIOTHSI]

JIu BaHbl0aHb HE OXKHUOAN, YTO 9Ty IIOYTH PA3PYIIEHHYIO METAaCTPYKTYPY MO2KHO BOCCTAaHOBHUTE, IIYCTh
Jazxe TOJIBKO €€ 4aCThb.

OH OTKpBLUI IepeBO TEXHOJIOTUM U ITIOCMOTpPEJ Ha HOBYIO TEeXHOJIOTUI0. EC/IM OH ImpaBUIbHO yragas, To
3Ta HOBas TEXHOJIOTUS IIOMOXKET BOCCTAHOBUTH METaCTPYKTYPY.

Kak u 03Xuaanoch, OH yBUEJ HOBYIO TEXHOJIOTHIO B IepeBe TEXHOJIOTHH XKUBOT'0 MeTasa. [[IpoekT



BOCCTAHOBJIEHHUS XKHMBOT0 MeTaJlal
[YpoBeHb TexHOMOTHH: 5]

[Onucanue: ITOT 0COOBIN METalT MOXKET 3aMEHUTh OOJIBIIMHCTBO MaTePHaioB. C ero MOMOIIbIO MbI
CMOkK€eM OTPEMOHTHPOBATh 9T UyAeca, HECMOTPS Ha OTpaHUYEHHbBIN YPOBEHb TEXHOJIOTHUH |

[Bo3amoxxHas TexHonorus: CTpOUTENBCTBO TUTaHTa U3 XKuBoro MeTtana (0.2%)]

"XKupou MeTtann? Y MeHs ero JOBOJIBHO MHOT0", — JIu BoHbI0OAHb HEMEIEHHO IOCTPOUII B 3TOU
rajlakThKe 3Be3gHYI0 0a3y, 4ToOb 00BSBUTH O CBOEM CyBepeHUTeTe. OMHOBPEMEHHO OH IIPUKa3all
MHXXEeHepPHOMY K0pabJlio JOCTaBUTh KUBbIe METAJLJIH 71T PEMOHTA METaCTPYKTYPHI.

C Tex Mop Kak y HEro MOsIBUJIOCH YCTPOMCTBO [T CO3TaHus U3MEePEHUH, pecypChl KUBLIX METAJJIOB
0oJbIlle HE OTPAHUYUBAIMCH 3eMHBIMH., DTH MarudyeckKue MaIlliHbI MOTJIM TaK¥Ke IPOU3BOOUTE KUBHIE
MeTaJIIbl U3 BO3AyXa.

[ToaToMy CIyCT$ [OT0€e BpeMs 4acTh paboT IT0 PEMOHTY ITOBPEeXKIOEHHOM METraCTPYKTYPHI, Ha
KOTOPYI0 o0paTuil BHuMaHue JIu BaHbioaHb, Obl/la 3aBepIleHa.

OHa Bce ellle BBHITJISIZIeNIa TaKOM &Ke pa30UTOM, KaK ¥ paHbllle, HO 4acCTh ee QYHKUXN ObIa
BOCCTaQHOBJIEHA C ITOMOIIBIO XKUBOI'0 MeTasa. [YcTaHOBIeHa CBSI3b C JO30PHBIMHU |

[[Iporpecc peMoHTa YacoBwix: 20%]
[JanbHOCTD HAOMIOMeHus: Majas]
[BbI XOTHTE aKTUBHPOBATh YaCOBOT0?]

"MoxeT 111 OH ObITh OTPEMOHTHPOBAH TOIHKO [0 TaKoM cTeneHu? ¢ He OGyay IPOCUTH CITULIIKOM
MHOTOr0, laBaiiTe CHayaja II0OCMOTPUM Ha ero 3p¢eKT".

[Tong xomaHpmoBaHueM JIu BaubioaHs OpeBHSS 3a0polleHHas MeracTpyKTypa BHOBb IT0Ka3aja TYCKIYIO
JKU3HEHHYIO CHUILY.

Hauunas c ranaktuku Kapiio, B OKpyzKaloIUX ThICSYaX TalakKTUK Ha MTHOBEHME BO3HUKIIU
IIPOCTPAHCTBEHHEIE KOIe0aHus.

JTta (I)J'IYKTyaHI/IH IIpOHECIIaCh MUMO, HE OKa3aB HUKaKOI'0O BIIMSAHNWSA Ha ME€2XK3BE3[JHOE IIPOCTPaHCTBO.

OpHaKo HECKOJIBKUM LIUBUIA3AIMIM, HAXOMUBIINMCS B 30HEe BUOUMOCTH YaCOBOI'0 MeXaHU3Ma, He
IIOBE3JIO0.

Bce B ux cucteme OBIJI0 MTHOBEHHO PACKPHITO. IIITMPOKO30HHEIN ITPEePLIBAaTe/Ib, KOTOPHIM OHU
VCIIOJIb30BaIM AJIS IPefoTBpallleHus IIIM0HaXa CO CTOPOHHI APYTIUuX LUBUIN3alNl, He OKa3all
HUKAaKOI'0 BO3[EMCTBUS U JIONHYJI, KaK CJIOU IIE€HEl, OT OJHOI'0 ThIYKa 4acOBOrO.

C Gonee cnabbMU IUBUIN3ALKUSIMU BCe OBIIO B MOPSAKE, TaK KaK OHU He MOHSJIM, YTO UX "yBUAenun".

OpHako HEKOTOphIe MeK3Be3qHbIe UBUIN3ALKY, 00J1afjatolre OMpeeieHHEIM YPOBHEM CHUJTH,
MT'HOBEHHO BITalu B Xaoc. OHY IOHSIIN, YTO ITMPOKO30HHEIM ITPEPHIBATEND BHIIIET U3 CTPOS, U
nHMOPMAIKs B 3Be3IHOM CUCTeMe CTaja ORICTPO YTEKaTh.



Oun JINX0PaJO0YHO MCKaJIu IIPUYUHY 1 6BICTp0 06py1.HI/IJ'II/I BCEBO3MOXKHEIE 00BUHEHUS 1 YT'PO3EI Ha
3BE€30HO€ I10Jie, KOTOPOE€ CUNUTAJIM OPraHU3aTOPOM.

K coxarnenuio, He cpa3y yganoch U3MeHUTH coobiieHre Ha "M3BUHNUTE, 9TO OBLIO OTIIPABIEHO He
TOMYy agpecaty", "Y Hallero gUIJIOMaTA4YEeCKOr0 [10CJia Cephbe3H0e IICUXUYeCKOe PAaCCTPOUCTBO. ITO
Obly1a omuOKa, ¥ Mbl OTIIPABUIM €T0 B TIOpbMY", "Mo# nuTOMeIl CTydyaliHO Haxkajl Ha KHOIIKY
CO0O01IIeHNS, U TeIeph g C 3TUM pa3o0pascs, MoxKanyicTa, He IPUHUMaNTe 3TO OMM3KO0 K cepany" u
T... [Tocne 3TOro 0OHU C YHBIHMEM [IepecTpauBalid CBOY IIMPOKONIOIOCHEY IIPEePLIBATENb.

XOoTsl OHM ¥ He MOTJIM OCTAaHOBUTH CJIEKKY 9TOI'0 MacCTepa, OHU BCE 3Ke MOTJIU 3alUTUTHCS OT IPYTUX
UBUIN3AINH.

U xoTs1 genaTh 3TO OBIIIO 0YEeHb HeyHo0HO, BceolbIriee CMyIlleHe 03Ha4yaJslo, YTO HUKTO He CMYIIIaeTcs,
TI09TOMY HUKTO HE UMEJI ITPpaBa HUYETO TOBOPHUTE.

9T0 OBINIO CBSI3aHO C TEM, YTO OHU OOHAPYKUJIM, UTO OPTaHU3aTOPOM, ITO-BUAUMOMY, SBIISIETCS
IIUBUIM3AIMS UCKYCCTBEHHOTO uHTEesneKTa (MW), o6namarommas HeMOCTURKUMBIMUA TEXHOTIOTUSIMHU.
OHu maxe OTPEMOHTHPOBAIM METAaCTPYKTYPY, KOTOpasi cYuTanach 6eCrone3Hou.

Y sta uuBunm3aius, Cyns 1o BceMy, Oblna MOTEPIHHOM UMIepruell ATMUHUCTPATOPa, KOTopas B
nocyiiefHee BpeMs Obljla B IIeHTpe BHUMaHUS.
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