OT3bIB
0(pHUIHAITBHOTO ONIMOHEHTA
HA JIUCCEPTAIUI0 HA COMCKAHUE YYEHOH CTeNeH!
KaHIUAaTa PU3HKO-MAaTeMATHYECKUX HAYK
benonenko Asnekces BaueciaBnua
HA TeMY «JKCIePUMEHTAJILHOE UCCIIeI0BAHUE PEJIATUBUCTCKHUX
rPaBUTANMOHHBIX 3(P(PeKTOB HA KOCMHYECKHUX ANNAPATAX C KBAHTOBBIMHU
CTaHJAApPTAMU BPeMEHU U YaCTOThI»
no cnenuaabHoOcTH 1.3.1. @Pu3nka KOCMOCa, ACTPOHOMHUS

HMucceprauust benonenko A.B. mocBsilleHa 3KCIEPUMEHTAIBHON MPOBEPKE
OIID >HHIITEHHOBCKOTO MPUHLINNA 3KBUBAIEHTHOCTU D113, KOTOpHI cocTaBiseT
IMIUPHUYECKYI0 0a3y obmieit Tteopun otHocuTenbHOCcTH (OTO) m  nmpyrux
PEJSITUBUCTCKUX Teopuid TrpaBuTanuu. IIpoBepka oOCyLIECTBISETCA IMyTEM
WCCJIEIOBAHMS BapHalil 4acTOThl 3JEKTPOMArHUTHBIX BOJIH B IPaBUTAlMOHHOM
noJsie. DPQPEKT rpaBUTALMOHHOIO CMEIICHHS YaCTOTHI SIBJISIETCSI COCTABHOM YaCThIO
OIID. Ero mnpeuu3snoHHOE HW3MEpPEHUME OTHOCUTCA K YHMCIY BaXHBIX 3aaad
bynnameHTanbHON (pu3uku. B 3TOM oTHOLIEHNHN paboTa ArcCepTaHTa HECOMHEHHO
aKTyajibHa, BHOCUT 3aMETHBIN BKJIaJ HE TOJIbKO KaK MOJTBEPKACHUE PE3yIbTaTOB
OTO, HO Takke KaK MOMCK OTKJIOHEHUI, OTKPBIBAIOUIUX ITyTH K HOBOM (pU3HKE.

Hucceprannst COCTOMT M3: BBEIAEHHUSA, TPEX IVIaB, 3aKJIIOYEHUS, CIIMCKa
JUTEPATYPHI, CIHUCKA PUCYHKOB W TaOJMUI] W TpPEX NPUIOKEHHH, B KOTOPBIX
OPUBOJMUTCS  BBIBOJ  aireOpanuecKuX  BBIPAXKEHHM, HCIOJIb30BAaHHBIX B
nuccepranyu. CoepkaHue TUCCEPTAlUU HATMCAHO XOPOUIUM PYCCKHUM SI3IKOM.

BBesneHre CTpYKTYpHO YETKOE: aKTyalbHOCTh 0OOCHOBAHA, 1I€JIb U HOBH3HA
c(OpMYIUPOBAHBI, JIMYHBII BKJIaJ aBTOpPA SBHO YKa3aH.

Conep:xkanue IEpBOM IJIABBI OXBATHIBAET JIBa OCHOBHBIX acrekTa. llepsbiit
— TPEOJIOJICHHE  KJIIOUEBOM  MOpoOJeMbl, CBSI3aHHOW C  KOMIIEHCAIuen
JOMUHUPYIOIIET0 JOIJIEPOBCKOIO CABUIAa IMEPBOTO MOPSAIKA, 4YTO 3aTPYIHSET
BBIJICJICHUE PEIIITUBUCTCKOTO TpaBUTAllMOHHOTO 3 dekra. Bropoit — pazpaborka
METO/Ia OHJIAWH-KOMIIEHCAIIMM U TPOBEICHUE CUCTEMHOTO aHallh3a TEXHUYECKUX
OTPaHWYEHUM anmapatHoro Komiviekca. OJHUM W3 pe3yJIbTATOB aHAIM3a CTajla
KOJIMYECTBEHHAsI OLEHKA CUCTEMATHYECKHUX MOTPEIIHOCTEN, BO3HUKAIOIINX W3-3a
TEXHUYECKOTO OrPaHUYEHHs] — OTCYTCTBHME BO3MOXHOCTH OJHOBPEMEHHOMU
paboThl ABYX PEKUMOB NepeAaun curHaia. Pa3paboTaHHbIi METOA KOMIIEHCAIMH
JIOTIEPOBCKOIO CABUIa IEPBOI0 MOPsJIKA BKIIOYAET aHAIW3 PEXUMOB IEperadu
CUTHaja ¥ OLEHKY TOYHOCTU IPaBUTALIMOHHOTO CABHUIa MO OOPTOBOMY CTaHIApTY.
Jnst cIBUTOB BTOPOro MOPSAKA CO3/IaHbl aHAIUTHYECKAs MOJIEIb OCTATOYHOTO
s dexta u aNropuT™M KOppeKuuu Ha 6a3e acrpoHomuyeckux Oubamorek SOFA u
astropy. CpaBHUTENIbHBIN aHAIU3 C MPEALIECTBYIOIUMH YKCIIEPUMEHTAMU BBISIBUII
(bakTOphl, OrpaHUYMBAIOIIME TOYHOCTh U3MEPEHUS MTapaMeTpa HAPYIICHHUS €.

['maBa 2  mocBslIeHa  aHauu3y  aTMOC(EPHBIX  BO3MYIIEHHH U
(GIYKTYallMOHHBIX IIYMOB, BIMSIOUIMX HAa CTaOWJIBHOCTh YAaCTOThl CHUTHAJA.




[TocnenoBaTenbHO paccMaTpuUBarOTCs HOHOCHEPHBIE U TporochepHbie 3PPeKThI, a
TaK)Ke OTPAaHUYCHUS, CBA3aHHBIC C (DIIUKKEP-TITYMOM.

B pasnmene o0 wmonochepe mpoaHaTM3HpOBaHBI (PUZNUECKUE MEXAHU3MBI
BO3JICMCTBUSI MOHM3UPOBAHHOW CpeAbl Ha PacCHpOCTpPAHEHUE PAJAMOCUTHAJIOB.
Oco0oe BHUMaHUE YIEJIEHO O0030py METOJ0B KOMIIEHCAMM HOHOC(HEpPHOM
3aJCPKKHA,  BKIIOYAs  allPOKCUMALMIO  OJHOCIOMHOM  MOJIENIBIO  TOHKOM
HOHOC(hEpHI.

AHanm3 TponochEepHOro BIUSHHUS BKIIOYACT KOJUYECTBEHHYIO OIICHKY
BEJIMYMH YAaCTOTHOTO CJABUra ISl YCIOBHM JKcrepumeHTa "PamuoAcTtpon'.
YcTaHoBieHa YaCTOTHAsE HE3aBUCUMOCTH d(pdekra B paboueM AuanazoHe MHCCHH,
a TaKXe MPOBEJICHO CPABHEHHE PA3IMYHBIX MOJIeNIel TPOIIOC(HEPHBIX 3a/IEPIKEK.

3aKIr0YUTENbHAS YaCTh IJIaBBhI COACPKUT OICHKY BKJIana (IMKKep-ITyMa B
OOIIyI0 TMOTrPemHOCTh H3MepeHui. PaccMoTpeHbl TeopeTHuecKue MOAXOAbl K
y4€Ty JAaHHOTO THITA ITyMOB B MPEIM3NOHHBIX TPABUTAIIMOHHBIX SKCTICPUMEHTAX.

B tpetneli riiaBe mpenacTaBieHbl (PUHANTBHBIC JAaHHBIE KCIIEPUMEHTAIBHOTO
U3MEPEHUs TPABUTALMOHHOIO CMEIIEHUSI YacTOThl B  paMKax IMPOEKTa
«PagnoActpon». HNx o00paboTka OO0BEAMHSET AITOPUTM  CHEKTPAIBHOTO
JETEKTUPOBAHUSI W aHaliu3 MpeoOpa3oBaHUM CUTHAjJa B HAa3eMHOM MPUEMHOM
koMmruiekce. I[IpeaenbHas TOUHOCTh U3MEPEHUN OblIa OIICHEHA C MPUBJICYCHUEM
anmapara napopmarmonHoi matpuilel duiiepa u HepareHcTBa Kpamepa-Pao.

UuciieHHOE MOJIEJIMPOBAHME, YUYWTHIBAIOIIEE PEATbHYI0 OpPOUTAIBHYIO
JMHAMUKY KOCMHUYECKOIO ammapara, MOATBEPAUTIO, YTO OIIMOKa, BHOCHUMAs
QITOPUTMHUYECKONW 00pabOoTKOM (BKJIIOYAsl CHEKTPAIbHBIM aHallU3), HE BBIIIE
HECTAaOMJIBHOCTH OOPTOBOTO BOJIOPOTHOTO CTaHAapTa.

OCHOBHBIM JIOCTHKEHUEM CTaja OICHKAa MapamMeTpa HapyIIeHUs MPUHIUIA
sKBHUBaJIEHTHOCTH € = (1.57 + 3.96) x 107°. Jlns BBIYMCICHUN T'PaBUTAIMOHHOTO
noTeHuana Obuta 3aaeiictBoBaHa Mozaenb EGM2008. [lomyuyeHHbI pe3yibTar
dbopMuUpyeT HOBbIE PEKOPJHBIE OIPAHUYCHUS JJIs DKCIEPUMEHTAIBHON MPOBEPKU
I'PABUTALIMOHHOTO KPAaCHOTO CMEIICHUS B JajdbHEW 30HE T'PABUTAIMOHHOTO IOJIS
3eMiIld Ha PACCTOSHUAX MOPSIKA JYHHOH OpOUTHL. B 3aKkioyeHuM nepedyrciieHbl
OCHOBHBIE PE3YJIbTAThI, OJYyUYECHHBIE B AUCCEPTALIUU.

ABTopedepaT npaBUIbLHO OTPAKAET COJEPIKAHUE TUCCEPTALIIH.

HmeroTcs cineayionmme 3aMeYaHmus

1. B pabore 4WacTto HCMONB3YIOTCS TEPMHUHBI, KOTOPHIE HE SBISIOTCS
oOmenpuHsIThIMU. Hampumep: «opOuTa MOJHOTO IHMKJIA» BMECTO «OJAUH BUTOK
opoute» (c. 34), «PENATUBHCTCKOE MPOCTPAHCTBO-BPEMS» BMECTO IIPOCTO
«mpocTpancTBO-BpeMs» (c.16). To ke kacaetcs abOpeBuaryp: 1199 Bmecto D110
JUIA SUHINTEMHOBCKOro TmpuHuMNa skBuBajieHTHOCTH, FFU BMecto UFF s
MPUHINNA YHUBEPCAIBHOCTH CBOOOJHOrO majeHus. Hakonen, cam TepMuH
Redshift, BeiHecCeHHBIN B 3aroioBku pazfeinoB 1 u 3, sBISETCS >KaproHHbIM. B



OTEUYECTBEHHOW JUTEpaType MNPHUHAT TEPMUH «TPABUTALMOHHOE KpacHOE
CMEIICHHUE.

2. B uutHpoBaHMAX JUTEPATYPHBIX HWCTOYHUKOB YacTO HCIIOJIb3YETCS
TOJIBKO HOMEp CChUIKM 0€3 yKa3aHus aBTOPOB MyONUKAaIlMW, YTO 3aTpyAHSET
YTeHHUE IUCCepPTaIUU.

3. Muorue pucyHkH, Hampumep puUCyHOK 1.9, HyxmaroTcs B Oosee
MoAPOOHOM MOAMKUCH IO PUCYHKOM.

4. B paspene 1.13 yrBepxknaercs, uro muccust ACES (mposepka OTO c
oMot 1e3ueBbix yacoB Ha MKC), mnanupyercs K 3amycky. OHako, 3amyck
MUCCHH YK€ mpou3olen 21 amnpesns 3Toro roja.

5. Hesicen kputepuii BbIOOpa aBTOPOM T'PaBUTAIIMOHHBIX CEAHCOB IS
o0paboTku. ['paBuTanimoHHbie ceanchl mpoBoAwUCh ¢ 2014 1., HO B Tabnuie 3.2
Ha c¢. 108 mpencraBnensl Jumb ceaHchl ¢ 2016 1. Takxke B maHHOW TabIHIle
MIPUBEJAECHO HECKOJNBKO ceaHcoB 2017 r., HO HESICHO, YYHUTHIBAJIACh JU aBTOPOM
HecTabmiIbHas paboTta 6OPTOBOrO BOJOpOAHOrO cTraniapta B 2017 ., cBA3aHHAas C
MCYEPIIAHUEM €ro pecypca.

6. He mnpoananu3upoBaHO, Kak MOBIMSIA IUIOTHOCTh paclpeacsiCHUs
M3MEPUTEIBHBIX CEAaHCOB MO OPOMTE HAa TOYHOCTH OIEHKH MapaMeTpa HapylIeHHUsI
€.

7. B teopuu 3amepkku B Tporocdepe ecTh MOJIeTH CyXOro M BIIAXKHOTO
Bo3ayxa. OpHako M3 TEKCTa 2W TJaBbl B YHMCIECHHOM MpUMEpEe HE SCHO,
MCIIOJIB30BANIMCH JIM aKTyaJlbHbIE JaHHBIE paiuoMeTpoB B [lymuHo.

OuenuBasg JuccepTalMi0 B IEJIOM, MOXHO YTBEpXKIaTh, 4TO padoTa
BBINIOJIHEHA HA BBICOKOM HAYyYHOM YPOBHE M CBHUJAETEJIBCTBYET O JOCTaTOYHOMU
kBaMpukauuu aBTopa. OCHOBHBIE pabOTHl JaUcCCEpTaHTa ONMyOJMKOBAHBI B
BEIyIIUX HAy4YHbl JKypHajaX C BBICOKMM uMMakT-¢pakTropoMm. CrenaHHbIe
3aMeuYaHus OTHOCSITCS B OCHOBHOM K O(OPMIICHUIO JAMCCEPTALMU U MPUHSATOMY B
HEl CTWII0 U3JIOKEHMs] W HE BIUSAIOT Ha OOIIyl0 OLIEHKY JaHHOU
JUCCEPTAIIMOHHON PabOTHI.

[Tony4yenHsie pe3ynabTaThl MOTYT ObITH Hcnonb3oBanbl B [IOMU PAH,
[MA®, TAUI, ®TU um. A.®.Modde u npyrux opraHuzaiusix, BEIyIIUX
UCCIIEIOBaHMS B 00JIacTU (PU3MKU BBICOKMX IHEPIHMi M KOCMOJIOTHUHU. Takke OHH
MoryT ObITh wucnosib3oBanbl B ®UAH, MKW PAH, HIIO wum. JlaBoukuHa,
[MHUNMAI u npyrux opranuzanusx, papadarsiBatomux KA u anmaparypy s
HUX 7151 Oy IyIIUX KOCMUYECKUX MPOEKTOB.

YKa3aHHBIC BBILIEC 3aMEYaHUs HE YMAISAIOT 3HAYMMOCTH AUCCEPTALMOHHOIO
uccienoBanus.  Jlucceprauus — oTBe4yaer  TpeOOBaHUAM,  YCTAHOBJIEHHBIM
MOCKOBCKHM TIOCYJapCTBEHHBIM yHHUBepcureToM uMeHu M.B.JIomoHOCOBa K
paboram mnomob6Horo poxa. CoaepkaHue  JOUCCEPTALUd  COOTBETCTBYET
cnequanbHocTH 1.3.1. ®dusmka KocMoca, aCTPOHOMHMSI, a TaKXKE KPUTEPHSIM,



onpeneneHHbiM nn. 2.1-2.5 IlonoxkeHUss O MPUCYKIECHUHU YUEHBIX CTEIEHEH B
MOCKOBCKOM roCcy1apCTBEHHOM yHuBepcutere nmeHn M.B.JloMmoHOCOBa, a Takxke
opopmiena cormacHo TpeboBaHusMm [lojokeHus O coBeTe IO 3alIUTe
JIACCEPTALMM HA COMCKAHHME YYEHOW CTEIEHW KaHAWJaTa HayK, Ha COHCKAaHUE
YUYEHOW CTEINEHU JTOKTOpa HayK MOCKOBCKOIO TOCYJApPCTBEHHOTO YHUBEPCHUTETA
nMmenu M.B.JlomoHoOcOBa.

Takum  oOpa3zoM, couckarenb benoHenko  Anekceit  BsdecnmaBuu
3aCJIy>KUBAET MPUCYKICHUS YUCHOW CTENeH! KaHauaaTa Gu3uKo-MaTeMaTHIeCKUX
Hayk 1o crnenranbHocTH 1.3.1. du3nka kocMoca, aCTpOHOMMUSL.

OdunnanbHbIi ONIMOHEHT:

JOKTOp (PU3UKO-MATEMAaTHYECKUX HaYK,

TJIaBHBIA HAy4YHBIM COTPYIHUK Jabopatopun «M3ydeHue OBICTPOIIEPEMEHHBIX
IIPOLIECCOB M CHEKTPOCKONMM»  OTHeNa KOCMHMYECKOM PaguoacTPOHOMHUH
Actpokocmuueckoro nentpa ®usunueckoro uHcturyta umenu II. H. JleGenesa
Poccniickoi akanemMuu Hayk

ITOITOB Muxaun BacuiseBuu

CrneunanbHOCTh, 1O  KOTOPOM  OQUIMANbHBIM  OINIOHEHTOM  3alluIleHa
nuccepranus: 01.03.02 — Actpodusnka u pagnoacTpOHOMHUS

KoHnTakTHbIE TaHHBIE:
Tenedon: +7 (495) 333-23-01, Email: popov069@asc.rssi.ru

Anpec MecTa pabOThI:
119991, r. Mocksa, JIeHMHCKUI TIPOCHEKT, 1. 53, @U3NYECKUid MHCTUTYT UMEHU

I1. H. Jlebenena Poccuiickoii akageMun HayK
Tenedon: +7 (495) 333-23-01 , Email: popov069@asc.rssi.ru

[Tonmuce M. B. Ilonosa 3aBepsito:



