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Aunnotamust, OIHUM K3 MEPCICKTUBHBIX HAMPABJICHUN B 0071aCTH OPHEHTALINM W HaBHIa-
[[MM JICTATEIbHBIX aIapaToB SBJSETCS MOCTPOCHHE KOOPAMHATHO-BPEMEHHOW CHCTEMBI
oTcueTa Ha 0a3e PENUKTOBOrO W3aydeHus. s ompeaeseHUs MapaMeTpOB JIBUKCHUS
B TPOCTPAHCTBE MOYKHO HCIIOJIb30BATH €CTECTBEHHYIO aHU30TPOIIMIO TEMITepaTypsl (HOHO-
BOIO 3JIEKTPOMATHUTHOIO M3Iy4eHHUs BcelneHHOW (peaMKTOBOrO TEIIOBOIO H3JIydYEHUS,
CIIEKTP KOTOPOTO SIBJIAETCSA YEpHOTEIbHBIM ¢ Temmepatypoil 7 = 2,7 K). JlokanpHas nu-
NOJIbHAS AHU30TPOTIHS PEITUKTOBOTO M3IyYeHHUs CBsizaHa ¢ 3(dexrom Jlomaepa, Bo3HUKA-
IOIIMM TIpH JBYOKEeHHH COJIHEYHOW CHCTEMBI OTHOCHUTEIILHO PETMKTOBOIO (pOHA CO CKOPO-
creto npumMepro 370 kM/c B ctopoHy co3se3aus JIbBa. JIUoabHAs aHH30TPOIHSI IIPHBOINUT
K M3MEHCHHIO TeMiiepaTypsl HeOa Ha yposre AT ~ 107 K. Taxoke 115t TOBBIIIEHNS TOYHO-
CTH MOCTPOCHHS KOOPIMHATHO-BPEMEHHOW CHCTEMbI OTCYETa MOXET IOMOJHHUTEILHO HC-
MOJTb30BATHCSI MYJIBTUIIONBHAST AHU30TPOTIHS PETMKTOBOTO M3IYUCHHS W KapTa TOUYCUTHBIX
HCTOYHHUKOB B MHJUTHMETPOBOM JMAIia30He JJIMH BOJIH.

KiroueBsble cjioBa: PCIUKTOBOC U3TTYUYCHUC, CUCTEMA OTCUCTA, KOCMOJIOT Y, HABUT Al

Beenenne. Hauano TeopeTHYECKMX HCCIIEIOBAHUN PEIMKTOBOIO DJIEKTPOMArHHT-
HOIO M3JIyueHHs CBA3aHO ¢ pa0oToii [1], B koTopoii OblIa BeIYKMCIIEHA TEMIIEpATYDA
uanyuenns [2]. B mocienyromue roasl ObUIM DKCIHEPHUMEHTAILHO OTKPBITHI KaK
PETMKTOBOE M3jIyueHne BceneHnoi, Tak 1 ero anuzorpomnus [3-5], uro 610 mos-
TBepxkaeHo B xoe skcnepumenta COBE [6].

JIMIIoNIbHAST aHW30TPOIUS PEIUKTOBOIO H3JIy4YEeHHs, HAOIr0ZaeMass B OKOJIO-
3eMHOM IIPOCTPAHCTBE IMPOSBISCTCS B TOM, YTO TEMIIEpPaTypa M3IIy4EHHS
B Hanpasienuu co3e3aus JIpBa Ha 0,01 % Beitre cpemneir Temmneparypsl. B mpo-
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THUBOIOJIOKHOM HAaIPaBJIEHUU CO3Be31Ms Bomones — Temneparypa Ha CTOJIBKO XKe
Hke. OCHOBHOM TUIOTE30H, OOBSICHSAIONIEH JUMOJbHYI0 KOMIIOHEHTY pacrpe/e-
JeHusl TemrepaTypsl Bo Bcenennoit, siBiserca sddext Jlormnepa, Bo3HUKaIOIIUI
npu ABuxKeHUU COJTHEYHOM CHUCTEMbI OTHOCUTENBHO peauKkToBOrO ¢oHa. Takxke
B XOJI€ AKCIIEPUMEHTOB ObUIM U3MEPEHBI MYJIBTUIIONN aHU30TPOIHUHU PEIUKTOBOTO
u3JIydeHus 0oJiee BBICOKHUX MOPSAKOB [0].

MeTtoabl M MaTepuaJbl; pe3yiabTarbl. [ MOCTPOCHUS HOBBIX CHCTEM
HaBUTAIlMM U OPUEHTAIMU JIETATEIbHBIX alllapaToB C YJIYUYIICHHBIMH XapaKTepHu-
CTUKaMHU MOYET OBbITh HCIIOJb30BaHa KOOPAMHATHO-BPEMEHHAs CHUCTEMa OTCUeTa
Ha 0a3e peIMKTOBOIro U3dy4yeHus. B ocCHOBE MeTO/a JIEKUT aHU30TPOIUS PETUKTO-
BOro m3nydeHusa. Crioco0 MO3BOJISET OJHO3HAYHO OIpPENETUTh YIIOBOE MOJIOXKe-
HUE, CKOPOCTh, YCKOPEHHE aIllapara B MPOCTPAHCTBE HA OCHOBE U3MEPEHUN CIIEK-
TPATbHOMN MJIOTHOCTH MOITHOCTH MO HECKOJIBKUM HAIPABJICHUSIM.

PenukroBoe wu3iydeHHE MpeAcTaBiseT co0OM HaBUTALIMOHHOE IIOJIE ecTe-
CTBEHHOI'0 ITPOMCXOKJEHMs, KOTOPOE II03BOJISIET HEIOCPEACTBEHHO OIPEIEIATh
OpHUEHTALMI0O U CKOPOCTh JIETATENBbHOrO ammapara. [lojnokeHue B MpOCTpPaHCTBE
MOXET OBbITh OMNpPEJEICHO MYTEM MHTETPUPOBAHUS COOTBETCTBYIOIIUX YPaBHEHUU
nBwkeHus. [ ompeneneHuss BpeMEHM HEOOXOAMMO HCIIOIb30BAHUE JOTIOTHU-
TEJILHBIX CPEJICTB, TAKUX KaK OOPTOBBIC YaCHI.

Ha cerogHsi OCHOBHBIMM HMCTOYHHMKAMH OIIMOOK OIpeJeeHUs KOOpJUHAT,
CKOPOCTEN W OPHUEHTAIMU annapara Ha OCHOBE U3MEPEHUS TEMIIEPATYPhI PEIUKTO-
BOTO M3JIYyYCHUS SIBISIIOTCA (PIyKTyallUOHHAsT YyBCTBUTEIBHOCTH IMPUEMHUKOB,
YIJIOBOE Pa3PEIIEHUE ONTUYECKOW CHUCTEMBI, a TAK)XKE YHUCIIO U3MEPUTEIbHBIX Ka-
HayoB. [Ipy MCHOIB30BAaHMK 3 H3MEPUTEIBHBIX KAaHAIOB U MPHEMHUKOB C YYB-
CTBUTEIHHOCTRIO Ha ypoBHE 1 MKK (mpHOIM3UTENBHO COOTBETCTBYET YyBCTBH-
TEIBHOCTH KOCMHYECKOro ammapara Planck) townocts ompemeneHus yrioBbIX
KOOPJIMHAT Oy IE€T COCTaBJIATh MeHee 1 Yl MHH, TOYHOCTh OIPEAETICHUS CKOPOCTH
nemxenus e menee 100 m/c [7].

dyHIaMeHTaIbHBIE OTPAaHWUYCHHS HAa TOYHOCTH METOJAa HAKJIAIBIBAIOT COO-
CTBEHHBIE (IIYKTyalluu TEMIIEPATypbl PEIUKTOBOTO W3IIyUYEHUS, BO3MOXKHBIE OT-
KJIOHEHUS ero cnekTtpa oT [IaHKOBCKOro, a TaKKe CIEKTP €ro MpOCTPaHCTBEHHBIX
HeoiHOpoaHocTe. [lpu ycllOBUM JOCTMKEHUM W3MEPUTEINBHBIMU CPEACTBAMHU
TaHHBIX (PYHIAMEHTaJbHBIX MPEETIOB TOYHOCTh OMpPENENICHUsS HaBUTAI[MOHHBIX
MapaMeTPOB Ha OCHOBE U3MEPEHUS KapT pACIPEAEIICHHS TEMIIEPATYPbI PEIIUKTOBO-
ro U3Jy4YEHUS MOXKET OKa3aThbCsl HA HECKOJIbKO MOPSJIKOB BBIIIE, YEM MPU UCIIOJb-
30BaHHH TI100aHHBIX HABUTAIIMOHHBIX CITyTHUKOBBIX CHCTEM.

3akiouenne. B pe3ynbrare BBINOJIHEHHBIX AHAJUTHUYECKUX W YMCICHHBIX
OLIEHOK MPOJEMOHCTPUPOBAHA BO3MOKHOCTh UCITOIb30BAHUS AHU30TPOIIUU PEIUK-
TOBOI'O M3ITy4YEHHUS ISl MOCTPOCHUS KOOPAWHATHO-BPEMEHHOW CHUCTEMBI OTCUETA
C YHUKAJIbHBIMU XAPAKTEPUCTUKAMH ISl PELICHUS 3a]a4 HABUTALlMM U OPUEHTA-
LMY JIETATEJIbHBIX aIllapaToB.
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Fundamental limits of accuracy of the coordinate-time reference
system based on cosmic microwave background radiation
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Abstract. One of the promising directions in the field of aircraft orientation and navigation
is the construction of a coordinate-time reference system based on cosmic microwave
background radiation. To determine the motion parameters In space, it is possible to use the
natural anisotropy of the temperature of the background electromagnetic radiation of the
Universe (cosmic microwave background radiation, the spectrum of which is blackbody
with a temperature of T = 2.7 K). The local dipole anisotropy of the cosmic microwave
background radiation is associated with the Doppler effect, which occurs when the Solar
system moves relative to the cosmic background at a speed of about 370 km/s towards the
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constellation Leo. Dipole anisotropy leads to a change in the temperature of the sky at the
level of AT ~ 10-3 K. In addition, multipole anisotropy of cosmic microwave background
radiation and a map of point sources in the millimeter wavelength range can be used to im-
prove the accuracy of constructing a coordinate-time reference system.

Keywords: cosmic microwave background radiation, reference frame, cosmology, naviga-
tion

Introduction. The paper [1], in which the temperature of the cosmic microwave
background radiation (CMBR) was computed [2], presented the first theoretical
investigation of this phenomenon. Later, both the CMBR and its anisotropy were
detected experimentally [3-5] and confirmed by the COBE measurements [6].

The dipole anisotropy of the CMBR observed in the near-Earth space mani-
fests as the radiation temperature in the direction of the Leo constellation being
0.01% higher than its average temperature, with the temperature in the opposite
direction, towards the Aquarius constellation, being lower than the average by the
same amount. The main hypothesis to explain the dipole component of the temper-
ature distribution in the Universe would be the Doppler effect arising from the mo-
tion of the Solar System relative to the CMBR. Moreover, there were experiments
that allowed higher multipole orders of the CMBR anisotropy to be measured [6].

Methods and materials; results. A CMBR-based coordinate-time frame of
reference may be used to design novel navigation and attitude control systems for
advanced spacecraft. The method rests on the anisotropy of the CMBR. It allows
the angular position, velocity and acceleration of the spacecraft to be uniquely de-
termined via measuring the power spectral density in several directions.

The CMBR is a navigation field of natural origin that enables the attitude and
velocity of the spacecraft to be determined directly. The attitude may be deter-
mined by integrating the corresponding equations of motion. Determining the time
requires using certain supplementary means, such as an on-board clock.

At present, the error in determining coordinates, velocity and attitude of space-
craft via measuring the CMBR temperature primarily stems from the fluctuation
sensitivity of the receivers, the angular resolution of the optical system, and the
number of measurement channels. Using 3 measurement channels and receivers
with a sensitivity of 1 uK (which is approximately the same as the sensitivity of the
Planck spacecraft), the accuracy of angular coordinate determination will be under
1 arcminute, while the accuracy of motion velocity determination will be at least
100 m/s [7].

There are several sources that impose fundamental limitations on the accuracy
of the method: intrinsic fluctuations in the CMBR temperature, its spectrum poten-
tially deviating from the Planck spectrum in specific ways, and the spatial inhomo-
geneity spectrum of the CMBR. Should measuring instruments reach these funda-
mental limits, the accuracy of determining navigation parameters by measuring
CMBR temperature distribution maps may be several orders of magnitude higher
than when using global navigation satellite systems.
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Conclusion. Our analytical and numerical assessments demonstrate the poten-
tial for using the CMBR anisotropy to design a coordinate-time frame of reference
featuring unique characteristics for solving the problems of navigation and attitude
control of spacecraft.
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