Biaagumvup J/IeoHOB: KOCMUUYECKHUM
MUHHUKOPAaO0JIb C KBAHTOBBIM JIBUTaTEJIEM
moJsieTut 10 Aab@sbl IlenTaBpa 3a 8 ger

Hemuorum 6osiee rosa Hazaj B uHTepBbi0 KM ¢usuk Bragumup
JleoHOB OyKBaJIbHO B30PBaJl UHTEPHET CBOMM IipoekToM aBuratessa (Ksl) ,
YCTAaHOBKA KOTOPOTO Ha KOCMHYECKOM Kopaljie HOBOIO IIOKOJIEHU:A
MIO3BOJIUT J0JieTeTh 70 Mapca 3a 42 4aca ¢ IOJHOW KOMIIeHcaruen
HEBECOMOCTH.

W BOT Jipyroul poccuiickuit
dusuk u TpeATpPUHUMATEIH
IOpuit MusnbHep 00BABUI 12
amnpesia 2016 roja B 55 JeTHUU
100uen MOJIETA IOpus
larapuna o ddanTacTUUECKOM
KOCMUY€ECKOM IIPOEKTE MOJIETA K

o " BREAKTHESUGH
Anbde llenTaBpa, OavKanIIen INITIATIV

K 3emyie JBOMHOH 3Be3Je,
OTCTOSIIIEN HA PaCCTOSHUU B 4 CBETOBBIX roza. IlpaBma sTo Oyzer
HAHOKOPabJIb C Maccoy IOPSI/IKA TPaMMa, HO KOTOPBIA Pa30BBET CKOPOCTH

0,2 CKOpPOCTH CB€TA U NJOCTUTHET 3BE3AbI 3a 20 JIET.

MbI 0OpaTUIKCH ¢ TPOCHOON MIPOKOMMEHTHPOBATH MPOEKT MusbHepa
K Buaamumupy JleonoBy, jaypeaty npemuun lIpaBurtesnncrBa Poccuu B
obsacTH HAYKM U TEXHUKH, aBTOpPy QYHJAAMEHTAJIbHOU TEOPUH
CynepobbequHeHus1 00b€MOM OoJiee 700 CTPAHUII, OIIyOJIMKOBAHHOM B JIBYX
nsnanuax (Auriusa, KemOpumk, 2010) u (Muausa, Viva Books, 2011).

Baadumup CeméHoBuU, KAKOBO 8aule MHEHUe KAK dkcnepma 6
of0aacmu Hogelux KOCMUUECKUX MexXHOoA02Ull u pa3padomuuxa
K8aHMo08020 deuzamensn o npoexkme MuavHepa?

HecmoTpsa Ha (paHTACTUYHOCTH HNpOeKTa MuibHEpa, OH He JIMIIEH
37IpaBOTO CMbICJIA U 3aC/Ty>KMBaeT BHUMaHUA. Ecsiv TOBOPUTH O MO3UTUBHOU
CTOPOHE IIPOEKTAa, TO €ro MOKHO TOJIBKO IPUBETCTBOBAaThb, U A JIUYHO CO
CBOEN CTOPOHBI ero BCECTOPOHHEe mojjep:kuBato. I0puii MuibHep cam 110
crenuaabHOCTA (U3UK U OJIUH U3 HEMHOTHUX IpeAlpUHUMAaTesend, KTO
BKJIQ/IBIBAETCS B HAYKY, B UHTEPECHBIE U IepCIEeKTUBHbBIE nccaenoBanud. Ho
KaK SKCIEPT, s BUXKY NpoOeMbl MPOEKTa, CBA3AaHHbIE, IpPeXKe BCETO, C



pazpabotkoii ¢oroHHOro ABuraresiss. O6 3GEOEKTUBHOCTH COJTHEYHOTO
rmapyca ¢ Jla3epHOU IIO/ICBETKOM HHUYEro He MOTY CKas3aTh, 3TO He MO
obJsiacTh ucciiefoBaHUM. A BOT Haj, pa3paboTkou (POTOHHOTO JABUTATEIISA
cieayer moaymaTb. Ho TOT ypoBeHb M3BECTHBIX KJIACCUUECKUX 3HAHUU B
pamkax CranmaptHoul monenn (CM) ¢UBUKH CETO/IHA HEIOCTATOUYEH JJIs
YCIIENTHOTO CO3/IaHuUsA (DOTOHHOTO JIBUTATEJIS.

3Hauum ecé Odeno 6 deuzamene. A Kaxkoebl nepcnexkmuesl
co30aHusnt homomHHoz20 dsuzameann?

[Toka pOTOHHBIU ABUTATEIb HUKOMY He yAAJI0Ch CO3/1aTh. U Kak 4 yxke
yKa3bIBaJI, B paMKax U3BECTHBIX 3HAHUU 3TO HelocTHKUMO. HykHa HOBas
¢usuka. I, HeCMOTpA HA TO, YTO £
SABJIAIOCH ABTOPOM  3TOM  HOBOU
pusuku B BU/JIE TEOpUU
CynepobbeuHeHMs, 51 HE BO3bMYChH 32
pazpaboTky GOTOHHOTO ABUTATENSI HU
3a Kakue JeHbr'd IIOCKOJIbKY, Kak
MIOKa3bIBAET Teopus u
IpeIBapUTeIbHbIE VCIIBITAHUS,
KBAHTOBBIA  JIBUTATeJb  HAMHOTO
addexTrBHEE POTOHHOTO.

Tem He MeHee, COBepIIIEHHO OeCIUIaTHO, I MOTY JIaTh HECKOJIbKO
II0JIE3HBIX COBETOB OyayluM pazpaboTumkam (POTOHHBIX JIBUTATeElel U
yKa3aTh Ha Mpo0JieMbl, KOTOPble UM NPUETCA pemaTb. Ho 3T0 B pabouem
nopsizke. Iloka oTmeudy, UTO OTAENbHBIM (OTOH IIpeACTaBsAeT COOOM
OJIMHOYHYIO JBYXPOTOPHYIO BOJIHOBYI) OJWHOYHYI) YACTHIy BHYTPH
YeTHIPEXMEPHOTO KBAaHTOBAHHOTO ITPOCTPAHCTBAa-BPEMEHU, SBJISAACH €€
COCTaBHOM YaCThI0, IO TUILY C(pepHUUECKOTO COJTUTOHA.

M BaxXHO yMETb pACCUUTHIBATH UMILYJILC CHJIBI Ha fA7pPO aToMma,
KOTOPBIN OKa3bIBaeT (POTOH B BUJI€ OTAAUU IIPU CBOEM U3JIyueHUU. IMEeHHO
3TOT UMILYJIbC CUJIbI OTJQUYM MOKHO UCIIOJIb30BaTh B (POTOHHOM JIBUTATEJIE.
OH Ha MHOro MOPSAAKOB IPEBBIIIAET HMITYJbC OT /IaBJEHUs IOTOKA
(OTOHOB, Kak JjaBjeHHe CBeTa B COJHEYHOM Iapyce. Bce 5Tu pacueTsl
nmoApoO6HO mpezcraBieHbl B Teopuu CynepoObenuHenus. Jlpyrux upaeu,
KOTOpbIE MPAKTUYECKU MOTYT Peayin30BaTh U/iel0 (GOTOHHOTO JBUTATEJs, B
IIPUPO/Ie IPOCTO HE CYIIECTBYeT.

Toz0a eonpoc Hascmpeuwy. A Kaxkoeo noaodceHue den ¢
npoodswiceHueM K8aHMO8020 dguzamenn?



Ecnu doronHBIN ABUTaTes b HaZ0 OyAeT co3AaBaTh C HYJIA, a S IO
CBOEMY OMBITYy 3HAI0, YTO 3TO HEMPOCTO, TO MO pa3paboTKe KBAHTOBOTO
nsurarens (Ks/l) Mbpl mMeeM ABAAIATUJIETHUU OMBIT C IOJIOKUTETbHBIM
pe3yJIbTaTOM, U TO Ha yPOBHE UCHBITATEIbHOTO CTEHZ0BOTO BapuaHTa. Eciun
doToHHBIN ABUTATENIH pAOOTAET KAK PEAKTUBHBIHN, TO KBAHTOBBIU JIBUTATEb
CO3/IA€T TATY 3a CYET B3aMMOJIEMCTBUA C KBAHTOBAHHBIM IIPOCTPAHCTBOM-
BpeMEHEeM, UCKJII0Yas caM IMPUHITUI PEAaKTUBHOTO JIBUXKEHUS ¢ BHIOpOCOM
PEAKTUBHOU MAacCCHI.

Pabora  KBaHTOBOTO  JiBUTaTesiA  Oa3upyeTcsa Ha  TeOpHUU
CynepobbefuHEeHUs U B €r0 paboTe UCHOIb3yEeTCA SHEPTUS CBEPXCUIIBHOTO
3JIEKTPOMArHuTHOro B3aumozeicTBusas (CIB), HocuTeseM KOTOPOTO
SIBJISIETCS CaMO KBAaHTOBAHHOE ITPOCTPaHCTBO-BpeMs. iMmeHHo sHeprus COB
3acTaBjisieT TeJ0 JBUTATbCS M0 WHEPHUU 0e3 BHENIHUX SHeProsaTpar.
Tenepp MBI y4uMCS HCHOJb30BaTh sHepruio COB mpu ABUIKEHUU C
yckopeHueM. BeJib JOCTOBEpPHO yCTAaHOBJIEHO, UTO TJIaKTUKU pa3beraiorcs
C YCKOPEHUEM B HapyIlleHHe U3BECTHBIX 3aKOHOB MEXaHUKH, a y TAJIaKTHUK
HET PpEaKTHUBHOIO JIBUTAaTeJsA. OITO MPOUCXOJUT TOJ JIEUCTBUEM
KoJIoccasiIbHOU sHepruu CIB, emeé Ha3bIBaeMOU KAaK «TeMHas 3SHEPTUs»,
IIpUpO/ia KOTOPOU BIIEPBBIE packpbiTa B Teopuu CymnepoObeauHEHUs.
CeromHs y:xe MexaHuKa HpIOTOHA U TEOPHs OTHOCUTEIbHOCTU yCTAPEIU U
He 00BACHAIOT (heHOMeHa YCKOPEHHOTO pa3beranus raJlakTUK.

Opnako g aktuBanuu sHeprum CIOB B KB/l Tpebyercs
JIOTIOJTHUTEIBHOE THUTAHNE, KOTOPOe KOMIIEHCHUPYET TEIJIOBbIE MOTEPU B
IIPOBO/IaX M MOJIINITHUKAX. DTU IIOTEPU COCTABJISIOT He bosiee 5%, U 1axke
MenblIie. [Toatomy KB/l 061a/1aeT BHICOKOM SKOHOMHUUYHOCTHIO U U3BECTHBIE
(dopmysibl  KacCUYeCKOM (PU3UKU He TOJATCA [AJisi OIHCAHUA €ro
SHEPTETUKU. DTO IPUHITUIINAJIBHO HOBasA (PU3UKA.

MaTepHaJibl yCIEITHBIX CTEH/IOBBIX HCIIBITAHUH B 2014 TOAY OIIBITHOTO
oOpasiia KBAaHTOBOTO JBHUTaTeJsI C BEPTUKAJIbHBIM B3JIETOM IOJIYUHIN
1oJioKuTebHBIM OT3hIB MuHHCTEpCTBa 0060poHBI Poccuu, KOTOpoe Mo
pobjieMe CEepUHHOTO OCBOEHHS IIPOM3BOJICTBA KBAHTOBBIX JBHUIaTEJIEH
oTMeuaer cienyiomiee: «IIpakmuuecku peub udém o co30aHuu
Hogellwell ompacau omedecmeeHHoOUl NPOMbIULIEHHOCINU
(anHaro02uuHOU pakemocmpoeHUIO 8 40-X...50-X 200ax NPoOUL1020
cmoaemus)».

Wtak, mepes; pOCCUICKON HPOMBIIIJIEHHOCThI0O U OW3HECOM CTOUT
rpaHUO3Had 337]a4a IePBBIMU B MHPE OCBOUTH CEPUUHOE IMPOU3BOJICTBO

3



KBAHTOBBIX iBuTaTesielt (KB/[) 1 TpaHCIOPTHBIX CPEICTB HOBOTO ITIOKOJIEHU
c Ks/l. OxmHako, OT TeOpHH U OIBITHOrO oOpasna A0 CepUuUHOro
npoussozcTBa KB/l Heo6xoauMo npoziesiaTh 00BIION IIyTh B 5 U O0JIee JeT,
IIpU 3HAUYUTEJbHBIX (PUHAHCOBBIX 3aTrparax, YYUTBHIBAs CJIOKHOCTH
npousBoacTBa KB/l Kak NpPUHIUNNAIBHO HOBOrO wusjenud. UMbl
paccuuThiBaeM Ha Hally TaJaHTJIMUBYI0 MOJIOZEXb, KOTOpAasA CO3JACT U
ocBouT npou3sBozicTBO KB/[ u Oyzer nepBbIMU OOPO3UTH MeEKIJIAaHETHBIE
Tpacchl HA KOCMUYECKUX KOpabIaX HOBOTO ITOKOJIEHU .

Ecau ucnoav3oeams kKeaHmosvlit odsuzameas 6 npoexme
Muanepa, mo, 3a xaxoe gpems Kocmuueckuili annapam docmuzHem
Aavdol Ilenmaspa?

Kak b2 yxKe Iycadi,
KOCMHUYECKHUH KopabJyib HOBOTO
IIOKOJIEHUA ¢ KBAHTOBBIM
ABuUrareseM aocturHer Mapca 3a
42 4aca ¢ IIOJIHOM KOMIIeHcalen
HeBeCcoOMOCTH, JIyHbI — 3a 3,5 yaca.
Ho »o10 KpymnHBIE amnmaparsl C
Maccoil 10...100 TOHH u 0oJee.
EcrecTBEeHHO, YTO MOXKHO CO3/1aTh
KocMUYeckuii MuHukopabsapb c¢ KB/l ¢ maccoit or 100 rpamMm 0 1
KWJIOTpaMMa ¢ IUTaHUEM OT si/lepHOl OaTapeliku. B pe:krme HeNpepbIBHOU
paboThl JBUTATENs] MHHUKOPAOJb MOKHO Pa30THATh JI0 CKOPOCTH 0,9
CKOPOCTH CBETA, I7ie peaaTuBUCTCKUe 3D DEKTHI MPOABIAITCA ciabo. Ipu
IMMOJIyCBETOBOM CKOPOCTH MHUHHUKOPAOJb [JOCTUTHET AJb(PbI
IlenTaBpa opueHTUPOBOYHO 3a 8 jet. Ho 3TO peasibHbIN MPOEKT, HA
peayii3anui0 KOTOPOTO YUJIET He MeHee 5 JieT. YUYHUThIBasdg, 4YTO
MuHUKOpabso c¢ KB/l He HyXeH pakeTOHOCUTENIb, OH CMOXKET
CaMOCTOSITEJTBHO CTAaPTOBATh C 36 MHOU IOBEPXHOCTH, U JlaKe MOKeT OBITh
HOCUTEJIEM MUJIbHEPOBCKUX HAHOKOpaOiei.

Ho Takoit MUHUKOPaOJib HAa OJYCBETOBOU CKOPOCTHU KJET OMMACHOCTD
IIPU CTOJIKHOBEHUM JlaKe ¢ MBUTUHKOU. [IpobieMa ero 3anuThbl BHICTYIIAET
Ha nepBoe MecTo. V1 BTopou mpo6sieMoi sIBJIsIETCA CBA3b C MUHUKOPAOJIEM 1
OTCJIE’KMBAaHUE €r0 TPAeKTOPUU B KocMoce. fICHO, UTO 3JIeKTPOMarHuTHbIE
BOJIHBI JJIsI TaKOU cBA3U OynyT HeaddekTuBHBI. Peub moxkeT uaTH 006
WCIOJb30BAaHUU T'PAaBUTALIMOHHBIX BOJIH, KOTOpble ObUIM HEJABHO
oOHapy»KeHbI 9KCIIEPUMEHTAIBHO, HO 3TO He ObLJI0O TMOHEPCKUM OTKPBITHEM
B 006J1aCTU TPABUTAIIMOHHBIX BOJIH.




A uymo eam u3eecmHMo 0 2pasumMayuOHHbBLX 60 THAX?

Ecniun Hwukona Tecna 100 JieT Hazaj cesaj OPOPBIB B 00J1acTu
IIPAKTUYECKOTO OCBOEHUA IJIEKTPOMATHETHU3MA, CO3JaB CHUCTEMY
IIepeMEHHOTO TOKa, HA KOTOPOU IEPKUTCS BCS COBpEMEHHAs SHEPTEeTUKA, TO
teopusas CymnepoObegUHEHUA [IeJaeT IO0/I00HBIN IPOpPHIB B 00JacTU
yIpaBJieHUs rpaBuTaIriel (aHTUTpaBUTAIIUEN ) U UHEPIIUEN.

AHanu3 paboOThl KBAaHTOBOTO JBHUTATeJISI IOKa3bIBAeT, YTO OH caM
SIBJIAETCS UCTOYHUKOM H3JIyYeHHUs] TPOJAOJIbHBIX I'DABUTAIIMOHHBIX BOJIH, U
II0 WX HU3JIYYeHUI0 MOKHO OyZleT CYZUTh O TPAaeKTOPHUU KOCMHYECKOTO
KopabJis B IIPOCTPAHCTBE.

B Teopun CymnepobbeHEHMSI MOKa3aHO, UYTO (PYHAAMEHTATbHOCTD
IPUHIMIA OTHOCUTEJLHOCTH OCHOBaHa HA KOJOCCAJIbHON YIIPYTOCTU
KBAaHTOBAHHOT'O ITPOCTPAHCTBA-BPeEMEHHU, COXpaHAA chepuueckyio dhopmy
IrPaBUTAIMOHHOTO TOJISI YacCTUIIBI (Tesia) BO BCEM Jaualla30HE CKOPOCTEH B
COOTBETCTBHUHU C IPUHIIMIIOM chepruuecKkoll HHBAPUAHTHOCTH.

JTto OBUIO JI0Ka3aHO ell€ B UHTePGEPEHITUOHHBIX OIBITAX
MaiikenbcoHa U MOpJu N0 HOCTOAHCTBY CKOPOCTH CBETAa B Pa3JIMYHBIX
HAIlpaBJIEHUAX HE3aBUCHUMO OT CKOPOCTU JBUKE€HUSA HCTOYHUKA CBETA B
YCJIOBUAX 3eMHOU IrpaBUTaniu. Ho Takoe BO3MOKHO TOJIBKO B CIy4dae, Korzja
CKOPOCTb I'PAaBUTALMOHHOI'O BO3MYII[EHUA KBAaHTOBAHHOI'O IIPOCTPaHCTBA-
BpEMEHU NPU JABUKEHUU B HEM 3eMJIM HAMHOTO HPEBOCXOJUT CKOPOCTH
cBeTa. [Ioka ke runoTeTUYECKU IPUHATO, YTO CKOPOCTh TPABUTAIIMU PaBHA
ckopoctu cBeta. Ho aT0 mpoTuBOpeunT onbitam MatikesbcoHa u Mopiu. K
TOMY K€ HallpAMYIO 3TO He IIOATBEPKAEHO KCIIEPUMEHTAIbHO, KOTJJa €CTh
WCTOYHUK U IPUEMHUK TPABUTAIMOHHBIX BOJIH, KAaK B ONBITaX IO
U3MEPEeHNI0 cKopocTu cBeTa. IloaToMy ocTaércss OTKPBITBIM IIpobsieMa
M3MepEHUA CKOPOCTU IPaBUTALIMOHHOT'O BO3MYIIIEHUA.

TosibKO  BBICOKAst CKOPOCTh T'PAaBUTAIIMOHHBIX BOJH U HUX
SKOHOMHYHOCTb II03BOJISET OOBACHUTH OTCYTCTBUE 3JIEKTPOMArHUTHOU
CBSI3U C BHE3eMHBIMHM ITUBWIMUBAIMAMHU, KOTOpass HSHEpros3aTpaTHa U
SIBJISIETCS MAJIOCKOPOCTHOM B KOCMHYECKHUX MaciTabax. UeTbIpe ro/ia ujeT
cBeT oT AstbdbI LleHTaBpa. A XOpoI1o 6bLJI0 UMETH ITOUTH MTHOBEHHYIO CBS3b
Ha TakoM paccrosHuu. Ho ecTh HajiekAa, YTO IPAaBUTAIIMOHHBIE BOJIHBI
layT HaM 5Ty BO3MOKHOCTh, TeM 0oJjiee, UTO B ypaBHEHHs TATOTEHUS
HploTOHA CKOPOCTh IPaBUTAIIUN HE BXOJUT, KaK Oy/ITO TATOTEHUE JIEHCTBYET
MTHOBEHHO.



INoayuaemesn, wmo eawu padéomvt nepekKaAuKarmces
npoexmamu MuavHepa. Budume au 8bt 603M0OHCHOCITMb 006E0UHEHUA
ycuauit?

ITU U/ieU y>Ke BUTAIOT B Bo3ayxe. f ke paboTaio B KOMaH/ie U O/INH He
IIPUHUMAIO pellleHre 0 KBAaHTOBOMY JIBUTATEJIIO, YUUThIBAas BCe TPY/THOCTU
IIPOeKTa. ATO /1eJI0 BO3MOXKHBIX IIEPETOBOPOB. A BOT U3MeEPEHUE CKOPOCTHU
I'PaBUTAIMOHHOTO BO3MYIIIEHUS MOKET OBITH COBMECTHBIM
MEK/IYHAPOJIHBIM IIPOEKTOM, TeM OoJiee, yTo B HACA nmeeTcsi HOBEHIIINH
nHTepdepoMeTp, U3MepeHU Ha KOTOPOM I10 MO€eU MeTO/IuKe IT03BOJIAT 3TO
caeslaTbh B paMKax ~HOBOM  pUBUKH. ITO  pelleHue  BaKHOU
dyHnameHTasIbHOU TIpOOJIEMBI, W IIOKa He Oy/ZleT peliéH BOMPOC C
W3MepeHUeM CKOPOCTU TPABUTAIMOHHBIX BOJIH, 3HAHUA O TPaBUTAIUU
OyZyT ocTaBaThCA HEITOJTHBIMHU.

Baadumup CeméHosuu, O6oavuwoe cnacudéo 3a uHmepecHoe
UHMepa6svIo U Yycnexoe eam 6 padome.

Anexkcanzp Ilerpos

25 anpesna 2016, KM



