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Annoramus. TianQin — 370 KOCMHYECKHI IETEKTOP T'PaBUTAI[MOHHBIX BOJIH, 3aIllyCK KO-
toporo oxuaaercst okosio 2035 roga. OH OyJeT perucTpupoBaTh rPaBUTAIIMOHHBIC BOJIHBI B
nuanasone yactot 0,1 My — 1 I', 94TO 1acT BO3MOKHOCTH OOHAPYKHUTH IPAaBUTAIIHOHHBIE
BOJIHBI OT OOJIBIIOr0 KOJIMYECTBA MCTOYHHMKOB, TAKMX KaK CIMSHHE MACCHUBHBIX YE€PHBIX
IBIP, TAJAKTHYECKHE KOMIIAKTHBIE TBOMHbBIE CHCTEMBI M Apyrre. Muccus Obuta O(QUIHaIb-
Ho npeanoxena B 2014 roxy u ye mpoiiia HECKOIBKO BasKHBIX TAIOB.

KiroueBble €JI0Ba: I'PaBUTAIMOHHBIC BOJHBI, KOCMHYECKHH TI'PAaBHTAIIMOHHO-BOJIHOBOI
nerekrop, mpoekt TianQin

Beenenne. TianQin — »3T0 KuTalicKMii HAIIMOHAIBHBINA MPOEKT KOCMHYECKOTO JIe-
TEKTOpa TI'PAaBHTALMOHHBIX BOJIH C MEXIYHApPOAHBIM COTpyaHHuYecTBOM. IllTad-
KBapTHpa mnpoekrta, Mccnemnosarenasckuii nentp TianQin, maxoaurcs B YHHBepCHU-
tere Cynp St Cena (I'yanwkoy-Wkyxaii). lerextop I'B Oymer moctpoeH Ha Tpex
UICHTUYHBIX KOCMHUYECKHMX arraparax, oOpa3yrolluX THTaHTCKUM JIa3epPHBIH HH-
TeppepoOMETp Ha BBHICOKOW T'€OICHTPUUYECKON OpOMTE, M HAICIICH HA PETHCTPALIMIO
I'B-uznyuenus B auanazone yactor 0,1 MI'y — 1 ' [1].

Peanu3amus nmpoekTa BKIIt0YaeT B ceOs pa3pabOTKy HOBBIX BHICOKOTOYHBIX Me-
TOJOB HU3MEPEHHUS MEKCIYTHUKOBOM JAIbHOCTH (IasepHass MHTEp(HEPOMETPUS
TPAHCIOHIEPHOIO THIIA) M KOMIICHCAIMH HETPAaBUTALMOHHBIX BO3MYILEHUI
(«cIyTHHK, CBOOOHBINM OT CHOCA»), a TAaKXKe CO3JaHUEe WHHOBALIMOHHBIX aHAIMTH-
YEeCKMX METOJIOB JIII MOJEIMPOBAHUS OPOUT KOCMHUYCCKUX araparoB, yIpaBie-
HUS KOCMHUYECKOW TIpYNMIUPOBKOM, 0O0pabOTKM W aHaiu3a JaHHBIX. Peamumzanms
muccun TianQin mpoiiia HeCKOIBKO BasKHBIX 3TAIIOB.

MeTtoabl U MaTepuaibl; pe3yJbTaThl. DTambl peajlu3alid MPOCKTa; TEKY-
it mporpecc. Kocmuueckuii gerexrop I'B TianQin, 3amyck KOTOPOro 0KHIAETCS
okosio 2035 roxa, npenHasHaueH aas oOHapy)eHust I'B B qrama3zoHe 4acTor 1074 ~
~1 T'u. erexrop TianQin momkeH ObITH peann30BaH HA TPEX HACHTHYHBIX KOC-
MHUYECKHX amraparax, pa3MEIIeHHBIX Ha MOYTH HICHTHYHBIX TCOLECHTPUUCCKHUX
opOuTax ¢ 600l monyocso ~10° kM i GOPMUPYIOLINX MOYTH PAaBHOCTOPOHHHIA
TpeyroiabHuK. KA OyIyT OCHAIIEHBI JIa3¢PHBIMH CHCTEMaMH, 00pa3yoIUMHU Jia-
3epHBII MHTEp(EPOMETp ¢ JIMHAMM ILICY, TOPSaKa 10° km. OmnopHbIE TOYKH HH-
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TephepomMeTpa CoBMEIIEHBI ¢ MPoOHbIME MaccaMu (ITM) cuCTeMbI peIyKIMH He-
I'PaBUTAIIMOHHBIX BO3MYILEHUN, TAKUM 00pa3oM, uHTtepdhepoMeTp OyIeT U3MEPSTh
paccTosiHre Mex Iy dTiuMu [1M, HaxoASIMMUCS B CBOOOTHOM TMaICHUH.

ITnockocts merekropa TianQin moyru meprneHanKyIspHa IIOCKOCTH DKIIHII-
ik, U ConHile OyaeT MpOXOIuTh 4Yepe3 (UKCHPOBAHHYIO OPOUTAIBHYIO ILIOC-
kocth T1anQin kaxasie moiroga. YToObl 3alUTUTh YYBCTBHTEIbHBIC MPHOOPHI
ot mpsimoro ocserenus Comunem, Ha T1anQin OymeT McHoap30BaHa cXxeMa mocie-
JOBAaTEIbHBIX TPEXMECSYHBIX OKOH HaONOJeHUI (HempephIBHBIC HAOIOICHHS B
TEUEHHE TPEX MECSIIEB, 3aTEM MEPexo]] B OE30MacHBI PEKUM Ha TPH MeCsIa 110
BO300HOBIICHHS CIIEAYIONMX Habroaenuit). IIpu Takoi cxeme o0Imas mpoaoIDKK-
TEJILHOCTh COOpa JaHHBIX COCTABHT 2,0 rojia B TCYCHHUE D-JIETHETO CYIIECTBOBAHUS
muccun. T1anQin HareseH Ha 0OHApPYKECHHE PA3IMIHBIX aCTPO(MU3NIECKUX U KOC-
MOJIOTHYECKHUX UCTOYHHUKOB I'B, TaKMX Kak CBEPXKOMIIAKTHBIC raJlaKTHYECKHE Ou-
HapHbIe 3BE3bI, CIMSIHUSA MACCHBHBIX YEPHBIX JbIP, 3aXBaT 3BE3THBIX OOBEKTOB
MAaCCHBHOW YEpHOW IBIpON W ApyTruX. B KadyecTBe KaaMOpPOBOYHOTO HCTOYHHUKA
BeIOpana nBoiiHas 3Be3fa J0800 (kammwmaT B yIbTPaKOMIAKTHYIO IBOMHYIO CH-
creMy OenbIX KapiaukoB). [Ipy JTOCTIKCHUH TUIAHUPYEMOM 4yBCTBUTEIBHOCTH OC-
HOBHOM W3MepUTENbHOIN anmapatypsl, ['B, u3inydaemble KaauOpOBOYHBIM HCTOY-
HUKOM, OyJIyT 3aperucTpUpPOBaHbI B TIEPBBIM TPEXMECIUHBIN ITUKI HAOIIOACHUH C
ornomrenreM curaan/mym (SNR) oxosmo 10 [1].

Jlnst peanuzaruu npoekta [1anQin Obuta COCTaBICHA TEXHOJIOTMYECKas I0-
poxnas kapta «0123», npeamonararomias 4 stana pealu3aldu MPOCKTa, KaKIbIi
U3 KOTOPBIX JOJ/DKEH 3aKaHYMBAThCS COOTBETCTBYIOIIMM HAyYHBIM M IpaKTHYe-
CKHM BBIXOIOM.

Otan «0»: cTpOUTENBLCTBO 00CEPBATOPHUH JIYHHOW JTa3ePHOM JTaIbHOMETPUH, C
MOMOIIIbI0 KOTOPOM MOKHO OYJIET MOJydaTh BHICOKOTOUHYIO WH(MOpMAITHIO 00 Op-
onrax KocMuueckux ammaparos TianQin.

Oran «1»: 3anmyck omunounoro KA (amamor LISA Pathfinder) ma oxososem-
HYIO OpOUTY /ISl POBEPKH PabOThI CHCTEMBI PEAYKIIUM HETPABUTAIIMOHHBIX BO3-
myennii (drag free control) u onruueckoit cucTeMbl perucTpanum.

Dran «2»: 3anyck aByx KA Ha kpyroByroo opouty Beicoroit ~400...450 xm
(amamor GRACE-FO). TexHonoruueckas 1ejib MECCHH — MPOBEPKA Ja3epPHOM CH-
CTeMbl aKTUBHOTO THIIA ISl U3MEPEHUH MEKCIYTHUKOBBIX paccTosiHuit. HayuHast
IIeJIb MUCCHHM — CO3JIaHUE II00aJIbHBIX U PETHOHAIBHBIX MOJICNICH TPaBUTAIlMOH-
HOTO IOJIS 3EMIIH.

Oran «TQ-3»: 3anmyck rpynmupoBKH U3 TPEX CIYTHUKOB Uit (POPMUPOBAHHMS
xocMuueckoro aerekropa I'B TianQin u mposenenune nerekruposanust I'B B koc-
Moce.

Otan «0» u stan «1» ObLIM YCHENIHO BBIMOIHEHBI, YTO MO3BOJIMIO MOATOTO-
BuTh [1anQin k TOYHOMY ONpEAETICHUIO AaTbHOCTHU JIO cryTHHKOB T1anQin ¢ mo-
MOIIBIO JIA3ePHON JIOKAIIMK U MPOJAEMOHCTPHPOBATH MPHUHIIMITHAIBLHYIO BO3MOX-
HOCTH KOMIIEHCHPOBATh HerpaBUTaloHHbIe Bosmytnenus it KA TianQin [2-4].
Otan «2» 6bul odunuansHo yTBepkaAcH B 2021 romy, a 3amyck mapsl CriiyTHHKOB
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TianQin-2 oxwumaercs npumepHo B 2026 romy. Taxke ObUIH TMPOBEICHBI pa3iny-
HBIE MTOATOTOBUTEBbHBIE PAOOTHI /st ATamna «3», BKIIIOYas HayYHbIE NCCIIEOBAHNS,
U3y4YeHHe MUCCHU U Pa3pabOTKy TeXHOJOTHi [5].

3akirovenne. opManbHO NPOWUIEHO MOJOBHHA IyTH peajv3alldd MPOEKTa
TianQin. Peanu3zoBanbl aBa 3tana muccuu. 3a npomeaime 10 jger qocTurHyT 3Ha-
YUTEIBHBIN MPOTPecc, Kak B pa3pabOTKE HAYYHBIX 3a7a4 MHUCCHH, TaK U B CO3Ja-
HUU HEOOXOTMMBIX TeXHOJOTHH. [IpecTONT BTOpas mojJoBHHA pabOThI IO Pea-
saruu muccun 11anQin, koropas MOXKeT okaszaThbcs Hamboiee CioxHON. OmHaKO
YK€ BBIMTOJHCHHBIE PabOThI, a TaK)KE TEMIIbl UX PEAlM3aIlK JAI0T YBEPECHHOCTh
B ToM, 4to Muccus T1anQin Oyzaer ycnemHo pealn3oBaHa U HAYYHBIC LEIH MHUC-
cuu OYIyT JOCTUTHYTHI.
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Abstract. TianQin is a space-based gravitational wave detector expected to launch around
2035. It will detect gravitational waves in the frequency band 0.1 mHz 1 Hz, offering the
chance to detect gravitational waves from a large variety of sources, such as merging mas-
sive black holes, galactic compact binary systems, and so on. The mission was officially
proposed in 2014 and has passed a couple of major milestones.
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Introduction. TianQin is a Chinese national project of a space-based gravitational
wave (GW) detector with international collaboration. The project headquarters, the
TianQin Research Center, is located at Sun Yat Sen University (Guangzhou-
Zhuhai). The GW detector will be constructed on three identical spacecraft, form-
ing a giant laser interferometer in a high geocentric orbit, and aiming to record GW
radiation in the 0.1 MHz — 1Hz frequency band [1].

The project implementation involves the development of novel precision tech-
niques for inter-satellite range measurements (transponder-type laser interferome-
try) and compensating non-gravitational disturbances (”drag-free satellite”), along-
side the creation of innovative analytical methods for modeling spacecraft orbits,
space constellation control, data processing and analysis. The TianQin mission im-
plementation has passed a couple of major milestones.

Methods and materials; results. Stages of the project implementation; cur-
rent progress. Expected to be launched around 2035, the space-based GW detector
TianQin aims to detect GW in the frequency range 10 * ~ 1 Hz. TianQin will be an
equilateral triangle constellation consists of three drag-free satellites, orbiting the
Earth with orbital radii of about 10° km. The spacecraft will be equipped with laser
systems forming a laser interferometer with arm lengths of the order of 10° km.
The reference points of the interferometer are aligned with the test masses (TM) of
the non-gravitational disturbance reduction system, so that the interferometer will
measure the distance between these TMs in free fall. To protect the sensitive in-
struments from direct solar illumination, TianQin will use a scheme of consecutive
three-month observation windows (continuous observations for three months, then
a switch to safe mode for three months before resuming the next observations).
With this scheme, the total duration of data collection will be 2.5 years during the
5-year mission lifetime. TianQin aims to detect various astrophysical and cosmo-
logical sources of GW, including ultracompact galactic binary stars, mergers of
massive black holes, capture of stellar objects by a massive black hole, and others.
The double star J0806 (a candidate for an ultracompact binary white dwarf system)
is selected as a calibration source. When the planned sensitivity of the main in-
strumentation is reached, the GW emitted by the calibration source will be regis-
tered in the first three-month observation cycle with a signal-to-noise ratio (SNR)
of about 10 [1].

In order to realize the TianQin project, a technological roadmap, entitled
“0123”, was drawn up. This roadmap envisages four stages of project realization,
with each stage culminating in a corresponding scientific and practical output.

Phase “0”: construction of a lunar laser ranging observatory that can be used to
obtain high-precision orbital information of TianQin spacecraft.

Stage “1”: launch of a single spacecraft (analog of LISA Pathfinder) into the
Earth orbit to test the operation of non-gravitational disturbance reduction system
(drag free control) and optical readout system.

Stage “2”: launch of two satellites into the circular orbit of ~400+450 km alti-
tude (analog of GRACE-FO). The technological goal of the mission is to test the
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active type laser system for inter-satellite range measurements. The scientific goal
of the mission is to create global and regional models of the Earth's gravity field.

Stage “3”: launch of a constellation of three satellites to form the TianQin
space GW detector and conduct GW detection in space.

Both Stage “0” and Stage “1” have been successfully carried out, which have
prepared TianQin to precisely range to the TianQin satellites with laser ranging and
have demonstrated the principle capability of drag-free control for TianQin. Stage
“2” has been officially approved in 2021 and a pair of TianQin-2 satellites are ex-
pected to be launched around 2026 to demonstrate the inter-satellite laser interfer-
ometry technology for TianQin. Various preparation work for Stage “3”, including
science study, mission study and technology development, has also been carried
out.

Conclusion. Formally, the first half of the TianQin project has been passed.
Two phases of the mission have been realized. Over the past 10 years, significant
progress has been made, both in developing the mission's science objectives and in
developing the necessary technology. The second half of the work to realize the
TianQin mission is forthcoming and may prove to be the most challenging. How-
ever, the work that has already been completed, along with the rate at which it has
been implemented, provides assurance that the TianQin mission will be accom-
plished and that the scientific objectives of the mission will be achieved.
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