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umneir cnexernsi (HCC) mcnbiToiBatoT CMeLLeHMEe 4acTOTbI MPOMNOPLMOHABHO MO3ULMOHHON PasHOCTW UX rpa-
BUTALMOHHbIX MOTEHLMaNOB. DPMEKT COCTABNSAET SKCNEPUMEHTaNbHYIO 6asy obLueli Teopun OTHOCUTENBHOCTN
(OTO) kak oanH 13 acnekToB npuHuMna skBuBaseHTHocTw ditHwTelina (M133). B craTtbe npepcraBneHsl pe-
3y/IbTaTbl MPELU3MOHHOrO M3MepeHUsi S(pdpekTa C NMOMOLYLIO CTAaHAAPTOB YaCTOThbl, pa3MelyeHHbiXx Ha KA n

HCC. Ncnonb3osanuck AaHHbIE CNeUnaibHbIX «KTPABUTALNOHHBIX CEAHCOB» PafANOCBA3UN, HAKOMJIEHHbIE BO Bpe-

MSi MUCCUUN KOCMUYecKoro paguoTesneckona «PagnoActporsy B nepuog 2015-2019 rr. CkpynynesHbiii aHanns

3TUX JaHHbIX NO3BONAET YTBEPXKAATH COOTBETCTEBNE TEOPUM 1 SKCMEPUMEHTA C BbICOKON TOYHOCTBIO: MapameTp
Hapywenus (oTknorenue ot OTO) coctasun 1.57 £ 3.96 - 1075,

DOI: 10.31857,/S0044451024110063

1. BBEAEHUE

SHaYNMBIM HEJIABHUM JIOCTUKEHHEM SKCIIepUMEH-
TAJIHON aCTPOHOMUU SIBUJIACH YCIEITHAS PEATU3AIIHS
npoekTa Kocmudaeckoro pasguoreieckona (KPT), «Pa-
juoActpons co ciyrHukoM CriekTp-P, Hecymum mapa-
0O/TMYECKYIO aHTEHHY ¢ auaMeTpoM = 10 MeTpoB, KO-
TOpast BMECTe C HA3eMHBIMU aHTEHHAME 00PA30BBIBAJIA
uHTEPMEPOMETP C PEKOPAHON JTuHOM 6a3bl &~ 350000
KM. DTO BMECTE C MUKPOBOJIHOBBIMH CTAHIAPTAMU YAC-

~
~

TOTHI HA CIyTHUKE W HA3EMHBIX CTAHIIUASX MPUBEJIO K
[TOPS/IKOBOMY IOBBIIIIEHUIO YIJIOBOTO Pa3peIleHust Pa-
nuonHTepdepoMerprueckux usMepenuii [1]. Beero 3a
Bpems cymectBoBanusg KPT, ¢ 2011 mo 2019 roasr, na

* E-mail: valentin.rudenko@gmail.com
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9TOM WMHCTPYMEHTe OBLIO BBIIOJIHEHO JIO JECATH Pas-
JINYHBIX aCTPOHOMMUYECKHUX [IPOTPAMM, OTYETHI O KOTO-
poix xpangarcs B AKI] ®UAH, a pesyabrarst omy6-
JINKOBAHBI B MHOT'OYUCJIEHHBIX CTATbAX HAYJIHOI'O KOJI-
JlektuBa rpymmbl «PagmoAcrpons. Pabora B KadecTse
KOCMHYECKOTO paguonHTepdepoMerpa ObLIa TIaBHON
nejbio Muccuu «PagumoAcrpons». OmgHAKO y:Ke B CTa-
JIMM [IPOEKTUPOBAHUS PACCMATPUBAJIUCH JIPYTHUe BO3-
MOXKHbBIE TIPUJIOXKEHNsT YHUKAJIHHOTO KOCMUYIECKOTO UH-
CTpyMeHTa K DYHIAMEHTAIbHBIM (DU3UIECKUM IIPOdJIe-
maM. Tak, BHUMaHUe OBLIO IIPUBJIEYEHO K HCIIOJIb30Ba-
HAI0 KOCMHYIECKOTO mHTepdepOMeTpa CO CTaHIapTaMU
9aCTOTHI [IJIsi TECTUPOBAHUS PEIATUBUCTCKUX b dek-
toB OTO, B yacTHOCTH, K IIPEIU3UOHHOMY U3MEPEHIIO
IPaBUTAIMOHHOTO CMEIIEHNUST YACTOThI 3JIEKTPOMArHUT-
HBIX CHTHAJIOB — 3(dEKTy, COCTABIILAIONEMY SKCIIe-
pumenTasbayo 6azy OTO u mpeicTaB/siONEMy OIHY
u3 $hopM NPUHIMNA SKBUBAJEHTHOCTH DifHIITelHA [2].



MITP, Tom 166, BoI. 5 (11), 2024

MpeynsnoHHoe n3aMepeHmne rpaBUTaALNOHHOMO CMELLLEHNST 4aCTOThI. . .

AHaju3 ¥ CXeMBl TAKOI'O TUIIA IPABUTAIMOHHBIX U3Me-
penmit B pamrax muccuu «PagmoAcrpons comepkarcs
B pabore [3].

PeasbHbIil BBITOTHEHHBIN SKCIEPUMEHT COCTOSIT B
U3MEPEHNN U CPAaBHEHWHM YacTOT OOPTOBOIO M HA3€M-
HOT'O CTAHJAPTOB B IPOIECCEe OPOUTAIBHOM IBOJIIOIIH
cnytanka Croektp-P. Ucnons3oBasucs BomopomHbe
CTaHIAPTHI, IPOU3BOINMbBIE OTE€IECTBEHHOM KOMITAHUEH
«Bpemsi-U»Y) | crabmibHOCTD KOTOPBIX B TEpPMHHAX
mucniepenn Annana cocrasiana Af/f = 1107 npn
BpeMenu ycpenmenns ~ 102 c.

HamomuuM, 49TO Mjesi KOCMHYECKOIO KCIEPUMEH-
Ta [0 M3MEPEHUIO0 I'PABUTAIMOHHOTO KPACHOTO CMEIIe-
Hust («redshift sddexrs) Brepsbie Gpl1a MaTepraIn30-
BaHa B muccun «Gravity-Probe A» (1976 r.), B KoTO-
poit H-crangapt 6bu1 moguar Ha seicory 10% kM Gas-
JINCTUYIECKO pakeToil. B amoree Tpaekropuu ero vac-
TOTa CPaBHUBAJIACH C AHAJIOIMYHBIM HA3€MHBIM Ma3e-
poMm. Mudopmarus 0 9aCTOTHBIX BapuUalnsax Iepeia-
BaJIACh KOMMYHHMKAIMOHHBIMU pajmocurHajgamu. s
OHJIAMH KOMIIEHCAIuu JOMUHUPYomero agpdekra Jor-
Iepa MepBOTO IMOPsAIKa ObLIa Pa3BUTA CHEIHAJIbHAS
TEeXHUKA, KOMOMHUDYIOIIas ofHoiyTeBbe (1w) curna-
JIbI, CHHXPOHHU3UPOBaHHbBIE 110 H0PTOBOMY CTaHIAPTY, U
JAByxnyTesble (Wi mnersesble) (2w) ¢ onOpoil Ha Ha-
3eMHBII cTanmapT. B majbmHeiineM mogo0Has TeXHUKA
[IPUMEHSIJIACh BO MHOI'MX KOCMUYECKHUX 3allycKax. Pe-
3yJsibTaroM sKcrepuMenTa GP-A crasio moareepKienue
OTO ¢ TOIHOCTBIO COTBIX f0JTeit iporenTa (= 1.4-107%)
[4,5]. DroT pesynbrar yuepKUBaJICI HA IPOTIKEHUU
noutu 40 netr. HemaBHo mosiBUINCH COOOIEHUsT TPYII-
16l HABUTAMUOHHBIX cyTHUKOB «Gallileoy 06 yakecto-
YeHUM TOf IPAHUIBI 10 YpoBHA ~ 3 - 1075 [6,7].

Cpasuunm ycioBust PA uzmepenuii ¢ skcrepuMenTa-
vmu GP-A u Gallileo. ITpunnunuasbHble OTINYIUS CJTe-
aytomue. [lepBbIil, IpeacTaBIIsI OJHOKPATHOE U3Mepe-
Hue 6e3 BO3MOXKHOCTH IIOBTOPEHMI I HAKOILJIEHWS JaH-
HbIX. BTODPOIA, BBIIOIHSJICSA ¢ KpaiiHe MaJjIoil opouTasib-
Hoit Momyssanueii «RedShifts adpdexra. IIpu srom, 0ba
MIPOBOJIMJINCH B OJIMZKHEH OKOJI03eMHO# 30HE ¢ OoJiee
9eM Ha MOPSI0K MEHBIUM PAIIYyCOM, 9€M amoreit op-
outel PA. Ilociennee NpUHIUINAILHO BAXKHO JJIsI Te-
CTHPOBaHUs TaKOro acmekTa [199 Kak ero mosuiuoH-
Has WHBAPUAHTHOCTD.

B muccun «PajimoAcTpoH» KOCMHYECKUi armapar
CuekTp-P nBurascs 1o BeITSHYTO# opouTe ¢ OOJIBIIIM
IKCIEHTPHUCUTETOM € ~ (0.9, ¢ IIaBaroNIM IEPUOIOM 7-
9 cyrox (B/msnue JIynbl), ¢ aroreem ~ 3.5-10° kv; Pac-
JeTHasl BeJIMYMHA OTHOCUTEJIHHOIO T'PaBUTAIMOHHOI'O

1) https://www.vremya-ch.com/index.php/projects-
ru/spaceapplications-ru/vch-1010-ru/index.html
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C/IBUTA 9aCTOTHI MEXKJIy HA3EMHBIM U GOPTOBBIM CTAH-
JapTaMy B HAMEYEHHBIX Jis U3MepeHuil Toukax (IuK-
Jorpamma) Jiexkana B quanasoue (5.3 —6.8)-10710 uro
JIEMOHCTPUDYET 3aMETHYIO MOIYJISIIAIO CJIBUTA 10 Op-
6ure. [lj1s1 cpaBHEHUST OTMETHM, 9TO Yy JABYX CIIyTHHUKOB
Gallileo, obecneunsiux pesyiabrarsl pabor [6,7], opbu-
TaJbHAsT MOJIYJIANUS CABUTA ObLIA HA IOPSAIOK MEHb-
me (< 0.1). B nenom op6urasnbHble (KHHEMATHIECKUE)
napamerpsl KPT «PagmoAcrpon» ObLiu ymoOHBL IJIst
uccienoanusi «RedShifty adpdexra.

Nwmeercst, ojiHAKO, 0OCTOSTEIBCTBO, 3aTPY/IHSIIONIEE
BBITIOJIHEHHE TAKOTrO 9KcriepuMenTa o tuiy GP-A. Pas-
paboranHass B [4, 5] TexHumka komnencanuu 3(dex-
ta Jlomiepa mepBoro mopsijika, Tpedyer OIHOBPEMEH-
noit paborer KPT B 06omx pekmmax — OIHOIIyTEBOM
1w u jpByxmyreBom 2w. Ha npakrtuke B muccun «Pa-
JOACTPOH», KaK U B OOJILINUHCTBE JIPYTUX KOCMUIE-
CKHX TPOEKTOB, TAKOH BO3MOYKHOCTH HE IPEIyCMaT-
puBajoch. s coxpaHeHusl «OHJIANH» KOMITEHCAIN
JomuHUpyIomero b derTa lomiepa mepBoro mopsaka
[IPUIILIIOCh OOPATUTHCHA K OMEPAIMOHHONU MOJE CO CMe-
HOHM PEXKUMOB. DTO 3HAYUTENHHO YCJIOXKHUJIO IIPOIIEe-
Jaypy buiapTpanuyu rpaBUTAIOHHOIO CIBUTa U OIEH-
K1 OImmMbOK m3Mepenusi. B pabore [4, 5] crasmicst Bo-
[IPOC HE TOJIBKO O TOYHOCTU U3MEPEHUs I'DABUTAINOH-
HOT'O CJIBUTA, HO TAKYKE O COOTBETCTBUU M3MEPEHHOT'O
suauenus npeackazannto OTO (uro BaxKHO st cesiek-
A KOHKYPUPYIOIMUX TEOPUil peIATUBUCTCKON I'paBu-
Taiun). 1o 06CTOATENLCTBO (BOPMAIM30BAHO BBEIE-
HUEM <«I1apaMeTpa OTKJIOHEHUS» ICUJIOH E:

Afgrav AU

7‘](- = —02 (1 + E), (1)
rae Afgrav/f — B3MEpeHHBI YaCTOTHBIA IpaBUTAL-
onnblit capur, AU — pasHOCTb IpaBUTAIMOHHBIX IIO-

TEHIINAJIOB B TOYKAX MOCBLUIKI M IPHEMa CUTHAJA, ¢ —
CKOPOCTH CBeTa, £ — IIapaMeTp HapylneHus (OTKJIOHe-
HUsI) TEOPUH.

ITo pesymbraram skcnepumenta GP-A ornenka ¢
okazplBaeTcs Ha ypoBHe £ ~ 1074 Taxum o6pasom,
anst bosee HagexkHoro noarsepxkaennss OTO unTepec
[PEJICTABJISIIOT SKCIIEPUMEHTHI (M3MepeHHsl), KOTOPhIE
JIAIOT MeHbINue 3HadeHus £. K HacTosieMy BpeMeH:
UMEIOTCsT PabOThI, AHAJIM3UPYIONINE U3MEPEHUs, IPO-
senennsle «PannoAcrpon». B pabore [8] 6e3 omaiin
koMmrteHcaru Jlomiepa mepBoro mopsijika, TOJIbKO Ha
OCHOBE OJTHOITY TEBBIX JIAHHBIX, TTOJIy4YeHo d¢ = 0.016. B
pabote [9] ¢ onaita KommeHcanuei, HO 6€3 OITUMAJIb-
HOro O0'beIMHeHus cepuil, Haiineno oc ~ 3 - 1074, O6a
pesyibrara xyxke, uem y GP-A. Asropsr padorsr [11]
obpamaior BunManue Ha rpanuity Pao—Kpamepa s
OIIEHKM TOYHOCTHU M3MEPEHHil IPaBUTAIMOHHOIO CIBU-
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Puc. 1. Pexumbl pabotbl pagnonunuii KA «PagnoAcTpoH»: a — OAHOMYTEBONR, COREP>XKNT rPaBUTALMOHHBIV N AOMNIEPOBCKUI

CcOBUrn 4acToThbl; 6 —AByXI'IyTeBOi;I, coaoepXunT y,qBoeHHbII7I AOI'IJ'IepOBCKVIﬁ COABUT N HE COOAEPXKUT rPaBUTALNOHHOIO. MosicHeHus:

H-maser — BogopogHblli ctangapTt Yactotsl, Data recorder — 3anuceiBatowee yctpolicteo, Tx — nepegatymk, Rx — npuemHuk,
Transponder — petpaHcnsitop, Tracking station — HasemHas craHuus cnexetnus (HCC)

ra, HO WIIIOCTPUPYIOT 3TO TOJBLKO Ha, YACTHBIX ITPHU-
Mepax, He IPUBOJIA Pe3YJIbTaTOB COBOKYIIHOTO aHAJII3a
BCEX CEaHCOB.

B macrositieil crarbe MpeICTABIIEH AHAJNA3 COBO-
KYITHOCTU TPABUTAIMOHHBIX CEaHCOB Mmuccuu «Pasumo-
AcrpoH» € ydYeroM HAKOILJIEHHOI'O OIbITa 0OpaboTKU
I'PABATAIMOHHBIX JAHHBIX POCCHUICKON T'pYyINOi, pa-
GoTaBIIeil B COCTaBE MEXKIYHAPOIHON KOJLIAOODAIUN.
AHaJin3 BBIIOJIHEH B paMKaxX IPHUHIUIA MAKCUMAJIbHO-
ro npasgononobus (Likelyhood principle) ¢ Muaumasib-
HBIM UCIOJIB30BaHUEM anpuopHoil nadopmaruu. Mero-
JUKa W camMa 0OpabOTKa JIAHHDLIX, BKJOYas aJTOPUT-
MBI, HEOJHOKPATHO U JIETAJIHHO OIUCAHBI B IIyOJINKAIU-
sIX aBTOPCKOIi T'PYIIIbI, TPUBEJEHHDBIX B CITUCKE JIUTEPa-
Typel. Harnsiaast 6y10k-cxemMa (JuarpaMma) mocJieo-
BaTEIbHBIX IIaroB 0OPAbOTKH COMEPYKUTCS, HAIPUMED,
B HesasHeli crarpbe [9]. Kpome onrumasbuoii dusibrpa-
uu 1oJe3nHoi nadopmarym u3 poHa MHOMOYNUCTIEHHBIX
GUBUYIECKUX IITYMOB B OTJIEAbHBIX CEAHCAX, BHIITOJTHEHA
TaK>Ke TPOIE/Iypa ONTUMAJIHLHOIO O0beIUHEHUSI COBO-
KYITHOCTH U3MEPUTENHHBIX JAHHBIX. Pe3ybrar J1eMOoH-
CTPUPYET y?KEeCTOYEeHUE I'PAHUIBI [IapaMeTpa HapyIlle-
Hust (OTKJIOHeHUs) €, TIOHUKAsA ee JI0 yposHst ~ 1077,
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2. CTPATETUSI UBMEPEHUN

OcnoBuble KaHaJbl paguocsssu KPT  «Paawmo-
Actpon» umenn dacrorel 8.4 I'T'm u 15 I'T'n. Husa
CITEIUAJIN3APOBAHHBIX TI'DABUTAIIMOHHBIX CEAHCOB Ha-
yuHasg umHboOpMmanua nocrymnana Ha 8.4 I'T'mn. Kawman
15 I'T'im npemMyIEeCTBEHHO WCIOJIb30BAJICS JIJIs Ka-
JmbpoBoUYHbIX m3Mepenuit. Kak ObIO oTMedeHO BO
BBEJIEHUU, IJIsi COXPAHEHUS <«OHJIAHH» KOMIICHCAIUN
JIOMAHUPYIOIIETrO  JIOIJIEPOBCKOIO  CIBHUIA  I[I€PBOIO
[OPSAJIKA TPUNLIOCh OOPATUTHCS K  OIEPAIMOHHON
MOJZIE CO CMEHOW PeKMMOB CHUHXPOHU3AIMU (CM. pHC.
1). B pesynbrare HempepbIBHAsI 3allUCh KOMMYHU-
KAIMOHHOI'O CHUI'HAJIa IPEBPAIaeTcss B KYCOYHYIO,
COCTOsIIIYI0 U3 OTPE3KOB C OIOpO Ha Goprosoit (1w)
wm Hazemublii (2w) crasmaprel (cMm. puc. 2). Ilpm
9TOM, YTOOBI HOJIYYUTh 2KeJIAeMyH (DUIBTPAIMOHHYIO
mabsonaemyio Af/f = (fiw —0.5f20)/ f [4], conepxa-
myo oba peXmMa B OOWH U TOT K€ (PUKCHUPOBAHHBII
MOMEHT BPEMEHU, HY>KHO BBIIOJHUATH UHTEPIIOJISIIIIO
YaCTOTHBIX JAHHBIX PEXKUMa 2W Ha 00JIACTD MEXKIY
JIByMsl COCEJHUMH KyCKaMu (30HA CYIIECTBOBAHUS
pexxuma 1w), OpU ITOM CJIEAYeT YIeCThb OIIUOKY
uHTepnoJsiiuu. OTMETHM 3/1eCh, 9TO paboTa B PEXKUME
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Puc. 2. Ceanc raksl7bo (2016-12-15 23:00), 4epesoBaHne 30H PEXUMOB CUHXPOHM3auun 2w (KpacHbiii) n 1w (cunuit); B3aum-
HbIll CABUT TPEKOB OBYC/IOBJIEH HANMHYNEM FPABUTALMOHHOMO CMELLEHNS B AaHHbIX 1w

2w umesa TexHnUecKyo ocobennocthb. Curuan ¢ HCC
MoChLIaeTCd Ha HadabHOi dactoTe 7.2075 I'T'm, KoTo-
pas upunuMmaercda Ha 6opry KA ¢ nomnpaskoii 3a cuer
adbdekra Hommepa. Ilocime rerepommnupoBanms Ha
TPaHCIIOHJiepe curHaJy orpazkaercss Ban3 Ha HCC Ha
qactote 8.4 I'Tn. HoBoe HazemHoe rerepoanHnpoBanme
TPAHCIUPYET CUTHAJ B 9aCTOTHBIN auana3oH ~= 6 MI'n
¢ ocseytoreit orudposkoit Ha 32 MI' u 2-x OGUTHBIM
KBaHTOBaHUEM 110 amiiutTye. Jlisi omeHKu Hecymeit
YACTOTHI CUTHAJIA U ee IBOJIONUK 1pu JABmkennn KA
UCIIOJIb30BAJICSI M3BECTHBI UTEPATUBHBIA aJrOPUTM
«0CTaHOBKU (ha3bl», pa3spaboTaHHBI B €BPOIEHCKOM
WHCTUTYTEe JajbHeill Kocmudeckoil cesazu JIVE, koro-
PBIil COJIEPXKUT IIOITAIIHOE CYKEHUE II0JIOChI (PUIbTPA,
HaunHast ¢ 2 kL' [10]. 3anuch B pexume 1w jummiach
80 ¢, B pexkume 2w — 120 c.

Hanusre, rme SNR mpumgaroro curaasa ObLI0 Me-
Hee 103, uckmouasuce u3 06paboOTKH. AJITOPUTM TaK-
ke Gosee moApobHO onucaH B crarhbe [11]. Tunununas
JJIUTEILHOCTD IPABUTAIIMOHHOTO CEAHCA Ha IIPAKTHKE
COCTaBJIAIA, 40 mun. s 3ammcu KJIIOYEBOIO KOM-
[EHCAIMOHHOTO AJTOPUTMa BBeJeM (OIPEeIenM) Pac-

~
~

CTpOfIKI/I MOCHLIAEMBIX cuTrHaJI0B. OTHOCHTEILHOE CMe-
ieHne 9aCTOThbl B OJJHOIIYTEBOM DE2KHME €CTb

Afrw/fsa = (fiw — fs.4)/ fs.4,

rae f1, — U3MEpeHHas 4acToTa B pexume 1w, fggq —
HOMUHaJIbHAasA 9acToTa. OTHOCUTEILHOE CMEIEHIE Yac-
TOTBI B JBYXIIyTEBOM DPEKUME C yIeTOM KOPPEKIIUU Ha
apdexr Hommepa paBHO

Af2w/f8.4 = (wi - FOfup)/(FOfup)a
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riae Fo = 8.4/7.2075, — nopmupytommuii koadduimenr,
fup — Jacrora B MoMeHT oTnpasku curnajia ¢ HCC Ha
KA. B urore kjroueBoe ypaBHEHUE KOMIIEHCAIIMOHHOM
cxemsl (GP-A) sammmercs kak

Aflw 1 Awi AU AfdopQ
- = (1+¢e) = + =22y
fs.a 2 fga (1+¢) c? f
AfI\/Ioon AfSun
+
f f
Afnonsph AfAiEmosph v\3
Ah — 2
I SCAQOE +o(2). @

rie AU /c? — rpaBuTanyoHHbIH C/IBUT,
Afdop2 _ (D . ae)
f c?
— pengarusucrckuii abdexr Honnepa, Afiroon/f —
BJIMsIHAE NPUJINBHOTO moreHimana JIyael, Afgu,/f —

|Ve _VS|2

2c2

+

BJIMSHIE MPHJIABHOTO MOTEHIAAIA Connna,
Afnonspn/f — Bausmme wmecdepmaHocTH eMin,
Afatmospn/f — armocdepubiii casur (BKIOYas

nonocdepy u Tpomnocdepy [12]), a Takxke duKKep
nrymbl Mepiaaus u ap. [13], Ah — addexr orcrpoiiku
(HECOBIIAJIEHNsI YACTOT) CTAHIAPTOB YacToThl Ha KA
n HCC. Anajus mnokasaj, 4YTO i WU3MEPEHUs &
¢ Tounocreio ayume 1074, my:KHO yuHTBIBATBL BCe
5P dEKTH ¢ OTHOCHTEILHBIM BKJIAI0M 6obmre 10714,
Huxe obcyxnmaercs BiausgHEe Kaxiaoro u3 3ddek-
TOB, IIPUBEJEHHBIX B OCHOBHOU KOMIICHCAIIMOHHON
cxeme (2).

Jlyist m3MepeHUsi IIapaMeTpa HapyIIeHUsl € TOY-
HOCTBIO He Xyxke 107° HeOOGXOJUMO YUHTHIBATHL pe-
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JATUBUCTCKU 3dpdext [lommepa BTOpOro mopsijika.
st 9T0#t Tesm OBLIM WCHOJIB30BAHBI (DOPMYJIBI U3
paborsr [14]:

AfdopQ _
f
v, — ckopoctb HCC, vy — ckopocts KA, D — BekTOp

paccrosinust or HCC mo KA, a, — yckopenune HCC.
Samenarue. Bee mapamerpsl B (3) JOIKHBI ObITH

(D-a.)

B Ve — VS|2
2¢?

+ (3)

c

[IpUBeeHBl B equHyio cucrtemy Koopamuatr EME2000.
Bekropnr cocrosinus KA npenocrasasiiorcs MIIM um.
Kennpima B cucreme EME2000, BEeKTOPBI COCTOSTHUS
MyIIAHCKON CTAHINN HEOOXOANMO OBLIO TEPEBECTH W3
cucrembl ITRF (International Terrestrial Reference
Frame) B cucremy EME2000 — 310 6bLI0 CliesaHo €
WCITOJIb30BAHUEM MO/IEIN BPAIIEHUsT 3€MJIN, TPUHATOMN
B pesosmoruu AU (International Astronomical Union)
u peasnnsoBaHHoil B 6ubianoreke SOFA [15].
Okazajioch Tak»Ke, YTO PEeISTUBUCTCKUM 3DderT
Jotiepa uMeer HaubOJIBIIYIO BEJIMYMHY Ha PACCTOSI-
mnax 10 90000 kM, mocturag 1.8 - 10719, wro cpasmmmo
C BEJIMYUHON I'PaBUTAIMOHHOTO ciaBura. Omumbka KoM-
MmeHcalun pesaruBucTckoro adpdexkra /lommepa orpa-
Hudena 2 - 10716 u BeI3Bana ommbKoil BOCCTAHOB/IEHUS
CKOpoCTH =~ 3MM/c u nosoxkenus ~ 300m KA [16].
JLJ1si OIIeHKM TEOPeTHIECKOr0 I'PaBUTAIMOHHOIO CIABUTA
gactorbl AU /c? ucnonbzobasack (hopMysIa, yIUThIBA-

~
~

~
~

0Iasl MOIPABKY HA HEC(HEPUIHOCTD 3EMJIH:

Afgr(w _
f

2
323

2
s

AU  GMgpR%Js

c? 2r3c?

1--=) @

r
AU /c? — pasHoCcTb HbIOTOHOBCKEX TIoTentnaos HCC
u KA, Mg — wmacca 3emin, Rp — paauyc 3emin,
Jo — KBaJIpyIOJILHBIT MOMEHT, 25 — KOODJMHATA KOC-
MUYECKOTO aIlllapaTa B TEOLEHTPUYIECKON CUCTEME KO-
OpPJMHAT, 7'y — TEOLEHTPUIECKUN PayC-BEKTOP KOC-
MUYecKoro ammnapara, G — TpaBUTAIIMOHHAS TOCTOSTH-
Hasg. DP@PEKThI, CBABAHHbIE ¢ IPUJIUBHBIM IIOTEHIAA-
soM JIyuer u CoutHila, paHee TOJAPOOHO PACCMOTDEHBI B
crarbe [17], Bkiaayg nonocdepsr u Tponocdepbl 06Cy K-
najicd B crarbe [12], Braag daukkep-myMoB B pabore
[13]. TTopsiakoBeIit BKIaL Kazkaoro u3 3hheKTos npe-
crasJieH B Tabi1. 1 u Ha puc. 3.

BakanuMBas ONUCAHUE CTPATETHH U3MEPEHUil,
[IOTIEPKHEM €Ille Pa3, 9TO B IPABUTAIMOHHBIX CEaHcaX
nHGOPMAIMOHHBI  CUTHAJI  3aIMCHIBAJICS  [TOCTOSTH-
HO, HO C IIEPECKOKAMHU MEXKJy OIEePaIMOHHBIME
momamu 1w u 2w. Bo Bpemsi mepBu4uHOI 00pabOTKU
MBI PA3/IeJIs/Id CATHAJ Ha OTIE/IbHbIE MHTEPBAJIBI C TI0-
CTOSTHHBIM PEXKUMOM paboThl. C y4eTOM IMKJIOTPAMM

CeaHCa YIaJIdJIOCh HECTallUOHapHOE€ Ha4daJlo KaKI0I'0
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Tabnuua 1. OctaTouHble 3dbpekTbl NOCTE NPUMEHEHUSI OC-
HOBHOI KOMMEHCALIMOHHOI CxeMbl

DdPeKTh TOHKOM KOMITEHCAIUN
Db derT MAaKC. BEJIMIMHA | OIIHOKA
I'pas. capur, AU /c? 6.8-10710 < 10715
Pen. Homnep ad- 1.8-10719 < 10716
dexr, v?/c?
I'pas. Braasx JIyubr 6-10~13 < 10716
I'pas. Bryag CoJiHna <1-107" < 10716
AU /%, kBagpymomb- <2-10715 < 10716
HBIf MOMEHT
Afron/f — wnowno- <2-107™ < 10716
cepHbIit CIIBUT
9aCTOTHI
A frrop/f — Tpomo- <1-107% < 10716
cepHbIit ¢aBUT
OIUKKep MIyMbI MEP- <1-10712 <1074
[AHWS

uHTEepBaJia 1w win 2w, IJle ITPOUCXO/INJI 3aXBaT dac-
torel. [lasee ¢ momoImpio MuGPOBOTO CIEKTPOMETPA
OLIEHUBAJIACH YACTOTA [IPUHATOIO CUIHAJA (CM. JIeTajn
B pabBore [11]). Tlocie OCHOBHOI KOMIIEHCAIIMOHHO
cxembl 2 ([Jomuep mepBOro INOpsKa) MNPOBOIMIACH
6oJtee TOHKAsi KOMIIEHCAIUS OCTATOYHBIX 3(PDEKTOB,
[TOPSIJIKOBBII BKJIAJ, KOTOPBIX IPEJICTaBIeH B Tabu. 1 u
Ha puc. 3.

B Tabu. 1 u Ha puc.3 NpuBeIEHBI PE3yJIbTaThl aHa-
JIN3a CIYYalHDBIX U CUCTEMATHYIECKUX OIMIUOOK CO CCBLII-
KaMd B TeKCTe Ha paboTbl, B KOTOPBIX 3TOT aHa-
JIN3 TPEJICTABJIEH JeTaJbHO. HAlOMHMM, 9TO BJIMSHUE
dmkkep abdexTos pacemorpeno B crarbsx [9,13]. Io-
IPEINHOCTh WHTEPIOJISIUA B U3MEPUTETBbHON MOse Co
CMEHON PEXKUMOB CHHXPOHU3AINU PACCUUTHIBAJIACH B
[OJIMHOMUHAJIBHON anmpokcumanuu (scipy.interpolate)
C TpeIBAPUTEIHLHBIM MOJIETUPOBAHAEM CHUTHAJIA U OC-
HOBHBIX 1I0MeXx [9]. B pesysbrare ommbKa UCIOJIb3Yye-
MOt MHTepIOAIME He mpepbicuiaa 1074 T

3. OB bEIMHEHUVE CEAHCOB

Hamei#t mespio wHa duHATBHOM 3Talle SBIISLIACH
OIleHKa IIapaMeTpa HapyIIeHUsl € II0 COBOKYIIHOCTH
IIPOBEJECHHBIX I'PABUTAIIOHHBIX CEAHCOB, COOTBETCTBY-
Iomasd KPUTEPUI0 MAKCHMAJIBLHOIO IIPaBIONONO0NS
(maximum likelihood criterion). CooxkynHocTh jaH-
HBIX H3MEPEHHI MOXKHO OINCHIBATH KaK CJIydalHbIN
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Bkfaa pa3nnyHbiX 3PEeKTOB Ha 4YacTOTy CUrHaa KOMMEeHCaLMOHHOW CXeMbl

w
X
ot
o
®

KA (M)

paccTosfHmne OT NYLWMUHCKOW CTaHUUn o

108

4% 10

10—9.

10-11

10—13,
s
©
[
=
5 10715.
=
[}
=
o

= 10-17

£ 10
o

10719 % MoAayb BKNafa 3ddekTa [lonsiepa 2-ro nopsaka Masoctu

*  MOAyJb BKNIaAa NPUIMBHOIO NoTeHumnana JlyHbl
MoAYyJb BKNafda NpunMBHOro noteHumnana ConHua | s
10721 S Mopy’b BKNaga HecthepuyHoCTy 3eMamn
% MOAy/b BKNaja rpaBUTaLMOHHOIO casura — paccTosiHune

2015-11-08 13:40

2015-11-13 10:20

2015-11-17 14:20

spemsa B UTC

Puc. 3. I'pachuk 3aBUCUMOCTN OT BpEMEHM MOLYS BCEX PaccHMTaHHbIX 3¢pchekToB (n1eBas WKana), a TakKe pacCTOsIHUE MEXAY
MywmHCKOl CTaHuMeld CnexeHus 1 KoCMUYecKnM annapatom (npasasi wkana). [ocTpoeHo Mo AaHHBIM PEKOHCTPYWPOBAHHOM

opbuThbl

POILIECC, IPEACTABJIEHHBIA TUCKPETHBIM BEKTOPOM
_ T
E—||€1,€2,...,Ek|| s

9JIEMEHTBI KOTOPOI'O £ — OIEHKH IIapaMeTpa € B KaK-
JIOM OTJIEJILHOM CEaHCe.

IIpu gocraTovno GosbioM dncie ceancos k> 1 (B
peasibHoM sKcrepumente k /2 40) u BecbMa GOJIBLIIOM
ornomenun curnas-mym: (SNR a2 (10° =-10°)) pacupe-
JleJIeHne IIapaMeTpa € MOXKHO CYUTATh [ayCCOBBIM U €r0
OLIEHKY B ceaHce k 3ammcbIBaTh Kak € = € = Agy, Tae
Ag}j, — raycCcoBBI CJIydaiiHble BEJIUTIHHBI C IapaMeTpa-
mu (Aey) = 0, rakumu uto (exe;) = oz npu k = i u
0 mpu k # i ({...) obo3HAYAET CTATUCTUYECKOE YCPE-
HeHre). IIpu ycaoBUN HE3aBUCHMBIX M3MEPEHH B OT-
JIeJIbHBIX CEAHCaX U HEKOPPEJIUPOBAHHOCTU UX IIYMOB
JiorapudM HHTErPAJIBLHOIO OTHOIIEHUS [IPABIOION00US
BEKTOPHOI'O IpoIecca € (JIJIs COBOKYITHOCTH BCEX CEAH-
COB) pa3buBaercsd HA CyMMY OTIEJbHBIX JIOrapudMoB
€k JUIS KayKJIOT'O CEaHca, T. €. IMEIOT MECTO CJIeLyIOMIIe
COOTHOIIIEHNST:

InA(éle) = Z In A(egle),
k=1

exe —€2/2

2
O

(5)
InA(egle) =

MaxkcumaJibHO HpaBILOHOILO6HaH nHTrerpaJibHasd OIICHKaA
HEN3BECTHOI'O IIapaMeTpa & IIpu O6’beILI/IHeHI/II/I BCeX ce-

5 2K9T®, Bem. 5 (11)
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AHCOB FBJISIeTCsI PellleHueM YpaBHEeHHsS Ha 3KCTPEMyM
dInA(€e) (6)
Oe

OTCIONA, UCHOJIb3Ysl paBeHCTBA (5), MOXKHO HafiTu Gop-
MyJLy ONTHUMAJIbLHOI ONEHKH €:

:0,

€k
= (7)

1
2
T

q
ENN Lo

Eopt =

s |LLTE

k
e € — OIEHKa IlapaMeTpa HapyIleHud B OTJC/JIbHOM

1

ceaHce, 0} — JHUCIEPCHd B OTIEIBHOM CEAHCE, Eopt —
ONTUMAaJbHAS OIEHKA €, M — YHUCJO CEAHCOB.

DT0 KJIFOUEBOH «aJI'OPUTM O0'beIMHEHUsT», JAFOIIUN
OLITUMAJILHYIO HECMENeHHYIO U 3 dexTuBayio (MuHY-
MAJIbHYIO) OIEHKY HapaMeTpa HApYIIeHUs € 10 COBO-
KYIIHOCTH M3MEPUTEJIbHBIX ceaHcoB. Jlucnepcust BeJu-
YHHBI €opt HAXOIUTCS C HOMOIINBIO MHQOPMAIMOHHON
marpunsl Puiepa (u3 dopMys OLEHKHU ee IapaMer-
POB), & UMEHHO,

)

m

-1

k=1

0?InA(€ |e)
Oe?

1

2
O

2
Eopt

(8)

[

Yunreas (7) u (8), MOXKHO 3aIMCATH UHTETPAJBHYIO
OIIEHKY € B BUJIE CYMMBbI BKJIAJIOB KayKJIOIO CEAHCa C UX

).

BECOBBIMU MHOXKHUTEJIAMU YE

m
Omin

é:
k=

= 9
Yk €k Vk (Uk ()

1
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rJe m — YHUCJIO CeAHCOB, Oy — MHUHMMAJIbHOE 3HAYe-
Hre o. BugHo, ITO BAMAHHE CEAHCOB C OOJIBINON IUC-
nepcuen 1oJaBJIsAeTCH.

4. OBPABOTKA JAHHBIX

O6paborKa JaHHBIX COCTOSJIA U3 HECKOJILKHUX IIO-
cyleioBaTeNIbHBIX dTanos. Ha mepsoMm srane (mpesa-
puTeabHas QUIBTPAIM) U3 3aIUCH CEAHCA YIAJAIICDH
mepBble 7 ¢ KaXKJI0r0 KyCKa CHHXPOHU3AIINN 1w Un 2w,
[JIe IPOUCXOAMUI «3axBary curnaja u SNR ObL1 HeOOJIb-
mmm (< 103).

Jlasiee CeIEKTUPOBAJIMCH CEAHCHI, HA KOTOPBIX 3a-
XBaT YaCTOTHI MOCJE MEPEKJIIOYEHIsT PEXKIMA, BBIIOJI-
Hsjicst 6osiee 15 ¢, ITO COKPAIAJIO JINTEIFHOCTD CHH-
XPOHU3UPOBAHHOTO PEXKUMa 1w U yXyJIIIaJI0 MOTEHIH-
AJILHYI0 TOYHOCTH JIETEKTUPOBAHUS YaCTOTHI CUTHAJIA
(> 107* '), Takux ceaHcOB OKazagoch 17, M OHE HC-
KJIIOYAJINCh U3 majibHelmeil obpadborku. [locse srama
IpeBapuTebHON (humbTpanuu 06padoTKa ILIa, IO CXe-
Me, OIMCAHHO B a3, 2 HACTosIIel ctarbu. B nepsyro
odepesib Mbl KOMIEHCHPOBAJN TPEH/I, BHI3BAHHBIN -
dexrom Homsepa nepporo nopsiaka (cM. puc. 2 — Ha-
KJIOH rpaduka), ¢ MOMONIBI0 KOMIIEHCAIMOHHON CXe-
MBI 2, ocTaTo9Hbe 3DMEKTHI MOCIe TPUMEHEHUT KOM-
[IEHCAIOHHON CXeMBbI IIPEeICTaBICHBI Ha rpaduKax Ha
puc. 3. YKaxKeM, 9TO HOMPABKHA HECHEPUIHOCTH 3EMIIH
¥ IpWIUBHOTO rtoTerinata CoTHIa MUHIMYM Ha [TOPSi-
JIOK MEHBIIE TOYHOCTU UCIOJIH3YEMBIX CTAHIAPTOB Yac-
TOTBI, IO3TOMY 3TU 3(PPEKTHI MOXKHO OBLIO HE YIUThI-
Barh. pyrue sadbdexrsr — npuauBHOi nmoreniua JIy-
Hbl, pengrusucTckuii 3ddekr lommepa — cymecTBen-
HBI U BHOCSIT 3HAYUTEJIbHBIN BKJIAJ B UTOTOBYIO OIIHO-
Ky Bcero skcrepumenta. KommeHcarus 3tux (GhakTopos
ObLIA TPOBEJIEHA C MCIIOJIB30BAHIEM PEKOHCTPYHPOBAH-
Hoit op6uThl KA (6asumcernaeckas rpymmma TTIM PAH).

BakubiM T1aroM MOHUKEHUs] CHCTEMATHIECKOM
OMMOKN B OIEHKE € SBJIsI€TCS KOoMIeHcarms dderra
paccTpoiiku  (HeCcoBIaJeHUsl 9acToT) OGOPTOBOTO U
HA3EMHOTO CTAaHJApTOB 4YacToThl (wien Ah B ypas-
Henun (2)). Jas 9Toil 1ein MCIoIb30BAINCH JaHHbBIE
KaJUOPOBOYHBIX ~ CEAHCOB,

JIEJIBHO C TI'paBUTAllMOHHBIMU. HO‘HpO6H06 OIlCaHue

IIPOBOJUBIIHNXCA  ITapaJi-

KOHIIETIIINY KAJUOPOBOYHBIX CEAHCOB W PE3YJIbTATHI
BBIUUCJIEHUS OTCTPOWKY IIpEeJICTaBIeHbl B crarbe [19)].
Kowmmencaruss oTcTpoiikKu IPOBOIUIACE € ITOMOIIBIO
WHTEPIOJISIIN U3MEPEHHBIX 3HAYEHUN B KAJIHOPOBOY-
HBIX CEAaHCaX Ha ATy IPOBEIEHUs] I'PABUTAIMOHHOIO
ceaHca, IOCJE Yero OMMOKa OTCTPOMKHM BBIYUTAJIACH
mo amajoruu ¢ apyrumu 3ddexkramu. g ueb0b-

638

Tabnuua 2. Vamepenusi napameTpa HapyLIEHNs € U o2 B rpa-
BUTALMOHHbIX CE€aHCax
Ceanc Hara ep - 107° O';% Eweight
raksl7az | 16-09-30 4.5 0.000494 1.41e-5
raks17bl | 16-12-06 6 0.003112 2.98 e-6
raks17bm| 16-12-06 4.8 0.002928 2.54 e-6
raksl7bo | 16-12-15 4 0.002664 2.32e-6
raks17br | 17-03-12 2.1 0.000977 3.32e-6
raks17bs | 17-03-13 1.2 0.001410 1.34e-6
raks17bt | 17-03-26 3.2 0.000752 6.58 e-6
raks17bv | 17-03-29 1.7 0.0029319 | 8.97e-7
raksl7aw| 16-09-29 40 0.631962 2.45e-7
raks17ay | 16-09-29 30 0.002486 1.29e-7
raks17bi | 16-11-26 63 0.000251 1.03e-4
raks17bk | 16-12-05 34 4111 —3.05e-8
raks17bn | 16-12-14 174 0.001939 | —2.78e-5
raks17bu | 17-03-29 1032 0.004340 1.10e-4

IOH YaCTH IPABUTAIMOHHBIX ceaHcoB (Menee 10 %)
OTCTPOUKA OCTAJACH HEU3BECTHOMN, U 3TU CEAHCHI ObLIN
UCKJIIOUeHbl n3 00paborku. K HuMm nobaBmimch Takue,
KOTOpBbIE€ MMEJIA IIOMEXY, BbI3BaHHbIE IIPUEMHOI ara-
paTypoil, OTCYTCTBHEM KOPPEKTHBIX OAJIMCTHIECKUX
JAHHBIX, HEJMHEHHBIM U3MEHEHHEM YaCTOTHI CUTHAJIA.
B o6meit ciokrOCTH HA BTOPOM 3Talne ObLIN UCKITIOYe-
HBI U3 00paboTKM 9 ceancos. B urore 4mcjio ceamcos,
[IPOIIIEIIINX BCe KpuTepuu oTbopa, cocrapmio 14. Ux
JaHHBIE OTPaXKEHBI B Ta0JI. 2.

Ucnonb3yst nmannable, mosydeHHbIe TOCTe 00paboT-
K1 Beex (Tabul. 2) rPaBUTAIIMOHHBIX CEAHCOB B COOTBET-
CTBUU CO CTpATErveil M3MepeHWil, Mbl MOXKEM HANTU
HOPMHUPOBOTHBIN KOI(PDUIMEHT v

=

Hanee, cornmacuo dopmyie (7), MOkeM HANTH €y
[0 COBOKYIIHOCTH U3MEPEHUil ¢ y4eToM BeCOBOI'O MHO-

m

>

k=1

1

2

(10)
Ok

-1
) = (0.0001547.

KuTess. TakuM 00pa3oM, COBOKYIIHAS OIEHKA DaBHA

Eopt = 1.5T-1075.

O6benunss BEIGOPOYHBIE JIUCIIEPCUU ¥ HAXOJS MH-
TEPBAJIBHYIO OIEHKY B COOTBETCTBHUU C PACIPEIEIICHN-
em x2 (cMm. [18]), mosryanm

mg — 1
X2 (1 =) (mg — 1)

mg — 1 52
X2(1+7)(my, — 1) "
(11)

6p<op <

v =095 o =396-10"".
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B pamkax MHHUMAKCHOTO TIOJIXO/a OMUPAEMCS
TOJIbKO Ha IMPAaBYIO0 YacThb OIEHKU. B mrTore mo coBo-
KYITHOCTH BCEX CEAHCOB MBI MOJIydaeM (pUHAJILHBIN pe-
3yJIbTAT:

opt = (1.57 +3.96) - 1077, (12)

5. SAKJIFOUYEHUE

Bripazkenue (12) qeMoHCTpUPYET OCHOBHOM pe3yiib-
TaT I'PABUTAIMOHHBIX CeaHCOB, mpoBeieHHbIXx ¢ KPT
«PagnoAcrpon». CoorBercrBue SKCIIEPUMEHTAJIbHBIX
maHHbIX wm3Mepenusi dddekra «RedShifts dopmy-
jge OTO mnoaTBepzKIeHO ¢ IOBBIIIEHHONW TOYHOCTBIO
~ 4-107° mo cpaBHEHHIO C KJIACCHYECKHM YDPOBHEM
HePBOro KOCMIYecKoro sxcrepumenta GP-A: 1.4-1074
[5]. AKTyaJabHOCTH TAKOIO MOATBEPIKJICHUS CBSA3aHA C
teMm, uro «RedShift» addexr siBisiercs: cocraBHoit Ya-
CTHIO DUHIITEAHOBCKOI'O MPUHIIUAIA SKBUBAJEHTHOCTU
(I1993), upencTaBIsLIONErO IKCIEPUMEHTAIBHYIO 6a3y
OTO [2]. B wacrrocru, yHuBepcasbHocTh «RedShifts
B JH000I 30HE IPOCTPAHCTBA-BPEMEHU TapaHTHPYeT
€ro MO3UIMOHHY 0 NHBAPUAHTHOCTE. HapyieHnue Takoii
yHuBepcajabHocTH o3HadaeT orkas or OTO. B arom ac-
[IeKTe BaXKHO, YTO I'PABUTAIIMOHHBIE U3MepeHus ¢ «Pa-
JUOACTPOH» BIEPBBIE CONEPIKAJNA CEAHCHI HA BECHMa
JaJIEKUX PACCTOSHUAX OT 3emun. Jlpyrue m3BecTHBIE
opburasbable u3Mmepenusi «RedShifty BbimosHsMCH B
OIM3KO# OKOJIO3EeMHOI 30He ¢ pajmycoMm == 20000 kM,
Brogas ciytauKE Gallileo. 3mepenus ¢ mocieamymu
[IPOBOJIMJINCH HE3ABUCUMO (PPAHILy3CKON U HEMeIKOil
IpyIIIaMi; OTIETH B padorax [6,7] mamm pas6poc mo ma-
paMeTpy HapyIeHns B pejenax ot (2.48+4.5)-107° ¢
omubkoit B 1. Takum o6pa3om, HOBBIH pe3ysbTaT «Pa-
nuoAcrpony BrosiHe corytacyercs ¢ panabiMu Gallileo
(upoext GREAT'). Unrepec K jJanbHeiinieMy HOBbIIIIe-
auto tounoctu uamepennit «RedShifty saddexra mpo-
JUKTOBaH ero csasbio ¢ (I199), mockosbKy s06oe Ha-
pyuterre (IT99) orkpbIBaeT BO3MOXKHOCTD IIOUCKA «HO-
Boit dusukuy. OneHKa poJid TPABUTAIMOHHBIX H3Me-
penuit ¢ RA myis cejleknuu ajbTepHATUBHBIX TEOPHUil
PEeJIITUBUCTCKON I'DABUTAIMN HA TEKYIIUNA MOMEHT 3a-
TpyAHUTEIbHA. B sinTeparype, B OCHOBHOM, paccMaT-
puBasmmch redshifts Ha Kocmosiormdyeckux macmrrabax,
(cM., manpumep, [21]). Ha ocuoe usmepennii 8 Cour-
HEYHON cucTeMe, B IPUHIIUAIE, BEPOSITHO TOYKE MOXKHO
cOpPMyIIPOBATH PEIENTHI JIsi TO00HOr0 0TOOpa, HO
9TO MOTPEOYeT CEPbE3HBIX JIONOJHUTEIHHBIX HCCIIEI0-
Banuit. UTo KacaeTcs MOTHUBAIMM YJIyUIICHUS TOIHO-
cru n3mepennit «RedShifty n ero nmpakTudeckux mpu-
JIOXKEHU, TO, KPOME IBPUCTUIECKOIO 3HAYEHUS YTJIyH-
JieHHO# tipoepku 1199, oueBnIHA HABUIAIMOHHAS 110~
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TPeGHOCTD BCe 6oJiee TOYHOTO BBIYMCJIEHNs! (IIPOrHO3A,)
rpaekropuit KA, ocobenno B nanbaeM KocMoce [22], Ky-
Ja 3aKJaapiBaeTcs BeananHa « RedShift» npu paguosto-
KAIIMOHHOM KOHTPOJIE TPAEKTOPUH (COOTBETCTBYIONIAST
[IOIpaBKa BBOAWIACH basutncTudeckoit rpymmoit UTIM
PAH upu o6¢ciykuBannu Mmuccun RA). IpoekTol Gosiee
tounblx «RedShifts mamepenwuii, B yacTHOCTH, MOXKHO
uaiitu B paborax [2,6,7,20].

BiiaronpapHocTu. ABTOpPBI BBIpaykaloT IpU3HA-
TEJIbHOCTb PYKOBOJACTBY Trpymnbl «PammoAcrpon» B
AKIL ®M1AH M. B. ITonosy u FO. FO. Kosanesy 3a no-
CTOSTHHYIO TOJJIEP:KKY B paboTe ¢ IpaBUTAIMOHHLIMU
U3MEPEHUsSIMA U UX 0OpabOTKOM, a TaKKe JUPEKTOPY
TAUII MTY A. M. Yepenaiyky 3a BHUMaHHE K Te-
Me ¥ CO3JaHue OJIATOTPUSITHBIX YCJIOBUA PabOThI s
0oJIbITEl YACTU COABTOPOB.
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