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BbICOKOTOYHOM
CNYTHUKOBOW NA3EPHOM
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JlasepHas fa/lbHOMETPUSA C/IYXKUT 3Ta/IOHOM

ONS Kann6poBKU U CBEPKU PaANOTEXHUYECKUX
CUCTEM, CMHXPOHMU3ALLMKN 6OPTOBOro BpeMeHU
FNTOHACC. BbicokOoTO4YHas 1a3epHas gajbHoMeTpusa
MCMob3yeTcs CerofHs Ans peweHns orpoMHOro
MHOXeCTBa 3a4a4, HO CpeAu HUX CBOe HEN3MEHHOM
aKTYya/IbHOCTbIO U LULMPOTON NPUMEHEHUS BbiaenseTcs
onpepeseHue KOOpAUHaAT HENMOABUXXHbIX TOYEK

Ha noBepxHocTu 3emau (reopesms), a Takxe
onpeaeseHne MrHOBEHHbIX KOOpAUHAT U NapameTpoB
ABUXKEHUS AUHAMUYECKNX 06bEKTOB — HaBUTraLUs.

XX Beke Ha CMEHY MEXaHWYeCKHM YCTPOU-

CTBAaM [  Teofe3H4YeCKHX  H3Mepe-

HUM - MepPHBIM JIeHTaM, CUHCJIHUTeNsiM 060-
POTOB KoJIeC — NPHUIIIK YCTPOMCTBA AJISI H3MepeHHUs
BpeMeHHU PacIpOCTpaHeHHUs 31eKTPOMarHUTHBIX
BOJIH pasHBIX /[AHAlla30HOB - PaJHO4YacTOTHOIO
M OITHYEeCKOro (IPUMeHUTENIbHO K IIOJ3eMHBIM
M IOJBOJHBIM H3MepPeHHUSIM MCIIONb3YeTCsl TaKkKe
omnpefie/ieHHe BpeMeHU PacIIPOCTPaHeHH s aKyCTHYe-
CKUX BOJIH).

OnTHYeCcKHUM [JUAINa30H BOJIH IIPU pelleHUH
TaKUX 3a7a4 HMeeT CBOM IIpeHMYyIlecTBa U HeJo-
CTaTKH II0 CPaBHEHHUIO C PaJHOYacTOTHBIM AHaIla-
30HOM: IIOC/TIeJHUIN obecredyrBaeT BCEIIOTOJHOCTH
U B psifie C/lydaeB BO3MOXKHOCTD 3aTOPU30HTHBIX H3Me-
peHUI (3a cuyeT AUPPAKLKU pafuoBonH). OLHAKO
Ha TOYHOCTb B PaZiMOYaCTOTHOM /Hala3oHe BIHSIOT
HCKa>KeHHUSI 371eKTPOMArHUTHOIO II0JIsI MeCTHBIMH
npegMeTaMH M CYLIeCTBeHHOe BO3JeHCTBHE OKa-
3bIBaIOT GaKTOPBl OKPYXKalolled cpeAbl (aTMocdepa,
HoHocdepa), BIHUSIONIe Ha CKOPOCTh PAacIIpoCcTpaHe-
HUS PaJHOYaCcTOTHBIX KoebaHU M.

B onTHYeckoM AHama3oHe 3TH CHHUKAIOIIHe TOY-
HOCTb HM3MepeHHUSI QAKTOPHl OKa3bIBAIOT MeHbIIee
BJAHUSHHUe. 3aTo BO3PACTAlOT IOTEPU B BO3AYIIHOMH
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CURRENT STATE

OF HIGH-PRECISION SATELLITE
LASER DISTANCE MEASUREMENT
IN RUSSIA

V.P.Vasilyev, Doc.of Tech. Sc., V.D.Shargorodsky,
Doc.of Tech. Sc., Scientific and production
corporation "Systems of precision instrument making"
(JSC NPK SPP), www.npk-spp.ru

Laser distance measurement serves as a standard
for calibration and verification of radio engineering
systems, makes a check of onboard time scales of
GLONASS devices with a terrestrial standard. The
high-precision laser distance measurement is used
for the solution of a huge set of tasks today, but
among them the invariable relevance and width

of application distinguishes determination of
coordinates of motionless points on the Earth'’s
surface (geodesy) and also determination of instant
coordinates and parameters of the movement of
dynamic objects — navigation.

n the XX century to replace mechanical

devices for such measurements - to measured

tapes, numerator turns of wheels - devices for
measurement of time distribution of electromagnetic
waves of different ranges - radio-frequency and optical
have come (applicable to underground and underwater
measurements also definition of time distribution of
acoustic waves is used).

Optical wave band at the solution of such tasks has
the advantages and shortcomings in comparison with
radio-frequency range: the last provides all-weather
capability and in some cases a possibility of over-the-
horizon measurements (due to diffraction of radio
waves), however accuracy in the radio-frequency range
is influenced by distortions of the electromagnetic
field by local objects and environment factors (the
atmosphere, ionospheres) influencing the speed of
distribution of radio-frequency fluctuations make
essential impact.

In the optical range these factors reducing
the accuracy of measurement appear less, but
losses increase in the air environment (especially
due to dispersion in aerosols [1]" and influence of

* At distribution in the water environment (especially in blue-

green area of a visible range) losses in the optical range, on the
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cpene (0cobeHHO 3a cueT paccesHUsS B aspo3oisax [1]7)
1 BO3PBCTaeT BIMsHKe GOHA COMTHEeYHOIO U3/Iy4eHHu ],
CO37,A0IIeT0 HepeqKo CHJIbHBIE IIOMeXH IIPOBeleHHIO
H3MepeHUH.

[TosToMy Hauboree pa3yMHO HCIIONB30BAaTh COYETA-
HUe CpelCTB 000MX AMAIla30HOB. [IpruyeM ONTHYeCKHe
CpelcTBa — CerOAHS 3TO, B OCHOBHOM, JIa3ePHasi JaJIbHO-
MeTPHSL ~ CIy>KaT 3TaJIOHOM J1s KaJIMOPOBKU M CBEpKH
PaIHOTeXHHUYECKUX CHCTEM.

B cepeguHe XX BeKa BBICOKOTOYHAS [Oa/IbHOMeE-
TpPHS, OCHOBAaHHAas Ha HM3MepeHHH BpPeMeHH PacCIIpo-
CTpaHeHHsI 31eKTPOMarHUTHBIX BOJIH, MCIIO/Ib30BaIach
[IpeuMYIIeCTBeHHO [/ Ha3eMHBIX TIeofe3u4yecKUX
pabot. IIocKoNbKy IMPH TaKUX paboTax TpeboBaHMS
K TOYHOCTH OOBIMHO IIpeBaJMpoOBaIX HaJ TpeboBaHU-
SMH K OIIePaTHUBHOCTH (33 HCK/IOUEeHHeM BOEHHBIX
IIpUMeHeHHM), TO ONTHYeckue (¢ Hadaaa 60-X rofoB -
7a3epHBle) AaIbHOMEPBI 0Ty YK/IH IPeUMy1leCTBeHHOe
pacrpocTpaHeHue. l3Mmepsiemble HAaJBHOCTH B XOne
TaKUX PaboT OOBIUHO He IIPEeBBIINAIOT HECKOIBKHUX
JeCsITKOB KHUJIOMeTPOB, M Cpelld IpHMeHSeMbIX MeTo-
JOB IIpeJIIIouTeHHe OTAABaI0Ch Pa30BOM AaTbHOMETPHUH
(M3MepeHHUIO COBHTa $a3 MOAYIHUPYIOLIET0 CUTHAJA,
Ha/laTaeMoro Ha PacIpOCTPaHSIOIIUICI CBeTOBOH
ITyYO0K).

Cettuac, 6raromapsi pasBUTHIO KOCMHYECKHX HABHU-
FallMIOHHOTeo[le3U4eCKUX CHCTeM, Ha3eMHBble KOOp-
OUHATHBIe CeTH CTaJld CTPOMTBCS C HX IOMOLIBIO,
U IpUMeHsieMas [ 3TOro JIa3epHasl Aa/JbHOMeTPHSA
IIOJTyYM/Ia Ha3BaHHE CIIyTHHUKOBOM JIa3€PHOM [aJIbHO-
MetpuH (SLR - satellite laser ranging). Tak Kak IoBce-
MeCTHO PaCIpOCTPaHSIOMIAsCS CIYTHUKOBAs HaBUIa-
LIMsl OIIMPaeTCsl Ha reofie3uio, TpeboBaHMUS K TOUHOCTH
HaBUTAIIMOHHOTeofle3U4ecKUX CHCTeM OBICTPO BO3pac-
TaroT. OcobeHHO >KeCTKHe TpeOOBaHUS IIPeIbSBIISIOTCS
K JIa3epHOM AAJIbPHOMETPHH, CIy>Kallled 3TaJOHHBIM
1 KaJIMOPOBOUHBIM CPeICTBOM IJISI STUX CHCTEM.

Eciu B 60-e ¥ 70-e rombl JOCTATOYHO MaJIOM CUU-
Ta/Iach MOrPeIIHOCTh M3MePeHUH OA/IBHOCTH IIOpsAKa
eIUHHL] JelIMMeTpoB, TO ¢ 2000-X rofoB IMOAHHUMAeTCs
BOITPOC II0 JOCTH>KEHHUU TOUHOCTH +1 MM.

[l pelleHUs 3THUX IpobneM B I706aTBHOM Mac-
mrabe co3maHa MexkayHaponHast Caykba sa3epHOM
nanpHoMeTpuu (ILRS - Intrnational Laser Ranging
Service) [3]; c Hauana 90-x rofoB Poccurickas Pemepanyis
cTasna ee wieHoM. Ilox srupgor ILRS pa60Ta10T B HACTOS-

IIpy pacrpocTpaHeHUH B BOLHOH cpefe (0COGEHHO B CHHe-3e-
JIeHOM 0671aCTH BHAMMOLO CIIEKTPA) IIOTEPHU B OITHYECKOM
IUama3soHe, HA060POT, OKA3BIBAIOTCS MEHBIIE, YeM B PafHOYa-
CTOTHOM [2], 61aromapsi 4eMy OonTHUYeCKas AATbHOMETPHUS (KaK
U Hepefavya UHGOPMAIMH) HAXOLUT IPUMeHeHHe IIPHU [10JBO-

IOHEIX paboTax.

i1

a background of the sunlight creating quite often
strong hindrances to carrying out measurements.

Therefore the combination of means of both ranges,
and optical means is the most reasonable - today it is
generally a laser distance measurement - serve as
a standard for calibration and verification of radio
engineering systems.

In the middle of the XX century the high-precision
distance measurement based on measurement of time
of distribution of electromagnetic waves was used
mainly for land geodetic works and as during such
works of the requirement to accuracy usually prevailed
over requirements to efficiency (except for military
applications), optical (since the beginning of the
60th years - laser) range finders have gained primary
distribution. The measured ranges during such works
usually don’t exceed several tens kilometers, and
among the applied methods preference was given
to a phase distance measurement (measurement of
shift phases of the modulating signal imposed on the
extending light bunch).

Nowadays, thanks to development of space
navigation and geodetic systems, land coordinate
networks began to be under construction with their
help, and the laser distance measurement applied for
this purpose has received the name of a satellite laser
distance measurement (SLR - satellite laser ranging).
As everywhere the extending satellite navigation
relies on geodesy, requirements to the accuracy of
navigation and geodetic systems quickly increase,
and especially strict requirements are imposed to the
laser distance measurement serving as reference and
calibration means for these systems.

If in 60th and 70th as rather small was considered
an error of range measurements of decimeter order
units, then from 2000t years the question on reaching
the accuracy of +1 mm is brought up.

For the solution of these problems the
International service of a laser distance measurement
(ILRS - International Laser Ranging Service) [3];
since the beginning of the 90th years the Russian
Federation became its member. Under the auspices
of ILRS over 50 measuring stations on all to the world
work now, and some more dozens of stations are in a
stage of a construction or reconstruction.

It is necessary to notice that for optimization
of this measuring network it has to be whenever
possible evenly distributed on the surface of the
globe, and in the 90th years the international SLR

contrary, turn out less, than in radio-frequency [2] thanks to
what the optical distance measurement (as well as information

transfer) finds application during the underwater works.
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Puc.1. CnymHukosbie nasepHble danbHomepbi cepuu
“CaxkeHb-T" 8 UHMepecax 8mopo20 nokoreHus KA
“FnoHacc-M": a = SLR cmaHuyus 8 LLleakoso, 88edeHa

82000 200y; b - KeaHmogo-onmuueckas cucmema Aamati-

CK020 ONMUKO-Ad3epH020 UeHmpa, eéedeHa 8 2006 200y;

¢ - Teneckon mpaekmopHbix usmepeHul Aamatckozo

oNMUKo-Aa3epHo2o0 ueHmpa; d — Kocmodpom batikoHyp, SLR

cmanyus "CaxkeHb-TOC", ssedeHa 8 2006 200y, nepeducio-
uupyemas cmaHuus

Fig. 1. Satellite laser range finders of the "Sazhen-t" series for

the benefit of the second generation of KA of "Glonass-M":

a - the SLR station in Shchyolkovo, esteblished in 2000;

b -the Quantum and optical system of the Altai optiko-laser

center, established in 2006, ¢ - the Telescope of trajectory

measurements of the Altai optiko-laser center; d - Baikonur

Cosmodrome, SLR the Sazhen-TOS station, established in

2006, the redeployed station
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community had claims: the territory of the biggest
country in the world - Russia - has been very poorly
equipped with SLR stations (at us it is accepted to call
them quantum and optical stations - QOS); today we
in this regard came to the advanced positions - in
the Russian territory of 20 operating stations, and
by the year 2020 will be 29, and besides we make
a contribution to condensation of SLR network of
the southern hemisphere equipped still more weakly
than northern (two of our stations - in Brazil and
the Republic of South Africa - already successfully
function).

Also SLR stations change - they became more
compact, but at the same time more precisely than
former. If in the early seventies our first laser stations
had optics on the basis of one-and-a-half-meter
projector mirrors (the laser locator of SKOL-2 had 4
such mirrors on the general basic and rotary device),
then the laser station "Sazhen-TM" produced in recent
years has dual optical system with a diameter of
mirrors of 25 cm, providing at the same time the same
range and much the best accuracy of measurement.

Types of made at our enterprise and acting now
laser stadiametric stations are shown in fig. 1 and 2,
and their arrangement in the territory of Russia and
the next to it countries -in fig. 3.

11ee BpeMsi CBblLIe 50 U3MEePUTEIbHBIX CTAHIIUI I10 BCEM
MHUPY, H ellle HEeCKOJIbKO HeCATKOB CTAaHLIMH HaXOOSATCS
B CTaJIM1 COOPY>KeHH S UJIH PEKOHCTPYKIIMH.

CremyeT 3aMeTUTh, YTO IJIsl ONTHMM3ALIMH 3TOH
M3MepHTEeNbHON CeTH OHA [JOJMKHA OBITH II0 BO3MOXK-
HOCTM PaBHOMEPHO pacIipelie/ieHa II0 IIOBePXHOCTH
3eMHoro mapa. Eme B 90-e rogbl MeskayHapogHoe SLR-
Co0bIIeCTBO IPembsABIAIO0 K POCCHM ITPeTEH3UH: Tep-
PUTOPHSI CAMOM GOJIBIION B MHUPe CTPaHbl ObUIa OYeHb
cnabo ocHaleHa SLR-CTaHIIMSIMU (y Hac MX IPHUHATO
Ha3bIBaTh KBAHTOBO-OIITHYECKUMU CTaHIHAMHU - KOCQ).
CeromHs MBI B 3TOM OTHOIIEHMH BBIIIJIM Ha IIepeoBbIe
MO3ULIMK — Ha POCCHMICKOM TeppUTOpPHUH 20 HeHCTBY-
IOIIMX CTAHIHUH, a K 2020 rogy ux 6ymer 29, U K ToMy
’K€ MBI BHOCHM BKJaJ B CrylneHHe SLR-CeTH OXKHOTO
IOy IIapH s, OCHAIIEHHOTO II0Ka Cy1abee ceBepHOro (1Be
HaIllMX CTAaHIIMU - B bpasuinu u IOAP - yske yCIIeIHO
OYHKLIMOHUPYIOT).

H3mMmeHsA10TCS ¥ caMU SLR-CTaHLIMM — OHHU CTaJIM KOM-
[IaKTHee, HO ITPH 3TOM TOYHee IIpeXKHUX. EC/IU B Hayaste
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Puc.2. CeputiHas SLR cmaHyus "CaxeHb-TM", pazpabomka
2005 20da (vacmoma nosmopeHuli umnyabcos 300 I,
mouHocmb 0,75 Bm; memod 00H03AeKmpoHHOU 8bICOKOYA-
cmomHol AaszepHol 0aAbHOMeMpPUU peaau308aH 8 cepuliHbiX
MaA02abapumHbIX Ad3epHbix cmanyusx "CaxeHb-TM"):

a - CepuliHas SLR cmaHyus "CaxkeHb-TM"; b - CepuliHas SLR
cmanuus "CaxeHb-TM" 8 ykpbimuu (JleHuHzpadckas oéa.,
Csemnoe)

Fig. 2. Serial SLR "Sazhen-TM" station, development of 2005.
Frequency of pulses repetitions - 300 Hz, power - 0,75 W. The
method of a one-electron high-frequency laser distance
measurement is realized in serial small-size laser stations
"Sazhen-TM": a - Serial SLR the "Sazhen-TM" station; b — Serial
SLR the "Sazhen-TM" station in the shelter (The Leningrad
Region, Svetloe)
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Bcero 29 ctaHumm go 2020 r. N3 HUx gencTBytoT 20 CTaHuMmM
@ KanuHurpag
® MypmaHck
([ J
@ CseT/ioe YronbHble
@ MeHaeneeso Konu
EBnatopus * ® Hopunbck
PS ® LllenkoBo
FeneHxxmK ® Capanyn
Yenansi 3eneHYyyKkckas
[ X J @ opcx . ® SikyTCK
® ® TaBpuyeckas ® EHvcenck
ApXbI3
KOMCOMOnbCK-Ha-AMype
[ ) BaPIKOHyp |(yp'a ®
. Baaapbl g
3wemroropck  @® @ VpkyTck B < Puc.3.
M J 7 onreska Poccutickas
OHADI YnaH-Yae Py .
@ Hypex ceypuick cemb AA3epHbIX
cmaxuul
Fig. 3.
@ Cynep KOC (CaxeHb-11) @ KOC 'K "Pockocmoc” ans cuctems MC AT Russian
@® KOCHCKK cuctembl TNTOHACC (CaxeHb-K) @ KOC ans PocctangapTa network of laser
® KOC pgnsocHaweHns ArO @ KOC gnsa ocHaweHus PCAB NTA PAH stations

70-X TOfOB HAIIM II€pBble JIa3epPHble CTAHIIUK HMeTH
ONTHKY Ha OCHOBE II0/TyTOPaMeTPOBBIX ITPOKEKTOPHBIX
3epkai (ma3epHbd Jokatop CKOJI2 umen 4 Takux 3ep-
Kajla Ha obIieM OIIOPHO-IIOBOPOTHOM YCTPOKCTBE), TO
BBIIIyCKaeMasl B IIOC/e[HUE TOIbl CEPHUIHO JIa3epHas
cTaHUUS "CaxkeHb"TM' HMeeT CABOEHHYIO OIITHYECKYI0
CHCTeMY C JUAMeTPOM 3epKasl 25 cM, obecriednBas IIpU
3TOM TY >Ke JaJIbHOCTb IeFCTBUS M Ha MOPSIAOK TYUIIYIO
TOYHOCTb U3MepeHHSI.

Bupl M3roTaBIKMBaeMbIX Ha HallleM ITPeAIpHUsITHH
M JeNCTBYIOMIMX B HACTOsIIee BpeMsl Ja3epHBIX AAJIb-
HOMeTPHUUEeCKHUX CTAaHILIMI I0Ka3aHbl Ha pUc.l U 2, a uX
pacrionoxkeHHe Ha TeppUTOPHUH PoccHU M 6MHKAMIIKX
K HeH CTpaH - Ha puc.3.

JlocTuraemasi ceriyac B MUPOBOH ITpaKkTHKe (B TOM
YHCJIe U Y Hac) TOYHOCTb M3MepeHUs COCTaBIIsieT OKO/IO
0,5 cM ¥ OrpaHUYMBAETCS B OCHOBHOM ABYMS (paKTO-
pamu. Kak 6bI710 KOHCTaTHPOBaHO B 2005 rofly Ha cIie-
L[Ma/IBHOM MeXXJyHapOJHOM COBelIaHUH B I. McT6OpH
(BennKkoOpUTAaHUSI), HUMeBIIEM B Ha3BaHHHU IIOA3aro-
noBok Towards 1-mm accuracy [4], T.e. "IlyTh K TOYHO-
cTh 1 MM', 3TO - TPyAHOCTb TOYHOIO yd4eTa IIOKa3a-
TeJIsl IpesloMJIeHHsI aTMOChepHOro BO3AyXa Ha IyTH
PacIIpoCTpaHeHHs JIa3epPHOro y4a M Tak Ha3blBaeMasi
‘ommbka Henu'. O6 3ToM ci1emyeT pacckasaTb HECKOIBKO
rofpobHee.

ITokasaTtesb IIpeIOM/IeHHUS BO3yXa BOMH3M IIOBEpPX-
HOCTU 3eM/u cocTaiaseT ~1,0003 [5] u B obIei Ciaoxk-
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Reached now in world practice (including us)
the accuracy of measurement is about 0,5 cm and
is limited generally by two factors; as it has been
stated in 2005 at the special international meeting
to Eastbourne (Great Britain) which had a subtitle
of Towards I-mm accuracy [4] (@ way to the accuracy
of 1 mm), these factors are - difficulty of accurate
accounting of index refraction of atmospheric air on
the way of distribution of a laser beam and a so-called
"error of the purpose” that is necessary to tell slightly
in more detail about.

Index of air refraction near the Earth’s surface
is ~ 1,0003 [5] and in total brings a delay of time of
distribution of a signal from ~ 3 m to ~ 10 m depending
on "a place corner” (an inclination of the vising line in
relation to the horizon plane); work at small corners
of the place when this delay exceeds 10 m, in general
is undesirable. The size of index refraction of air
depends on its temperature, pressure and humidity,
and these factors are measured only in a point of the
station arrangement. It is possible to consider all
nuances of distribution of these parameters along the
route of the beam by means of atmosphere model so far
at best with a margin error in several mm (in terms of
range) though the research and accounting of local
conditions in combination with improvement of the
general model of the atmosphere allows to improve
this accuracy gradually.
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HOCTH BHOCHT 3aIEP5KKY BPEMEHHU
PacIIpoCTpaHeHHs CUIHAJA OT ~3 M
mo ~10 M B 3aBHCHMOCTH OT 'yIia
MecTa" (HaK/IOHA JIMHUK BH3HPOBa-
HHS II0 OTHOIIEHUIO K IIOCKOCTH
FOPU30HTA); paboTa MpPHU MasbIX
yIIax MecTa, KOra 3Ta 3aJepsKkKa
mpesbimaer 10 M, Boobiie Heke-
JaTe/bHa. BelMYMHA IIOKa3aTess
IIpeJIOMJIEHUS. BO3AyXa 3aBHUCHUT
OT €ero TeMIIepaTypsl, AABIEHHS
Y BJI&SKHOCTH, a H3MEPSIIOTCS 3TU
baKTOPHI JIUIIb B TOUKE PACIIONONKE-
HUS CTAHIIMU. YUeCTh BCe HIOAHCHI
pacIipesieieHUs] 3THX IIapaMeTpoB
BIIOJIb TPACChl JIyya IIPU IIOMOIIU
Mozienu atMochepsl MOKHO II0Ka
B JIy4IIeM C/1y4ae C [OrPelTHOCThI0

ST1anoH, Poccnsa

ucnymHyuku

GFz-1, NAPEL, I CRYOSAT,
Poccuns . Poccus = Poccus/EKA
i @ =
1 ] Ly
Nareoc, LARES, WESTPAC, BLITS,
CLA CLA Asctpanus / Poccus
Poccus

FNMOHACC-M, Poccus

Puc.4. OmeuecmaeHHble U 3apybexxHbie pempopedAekmopHble cucmembi

Fig. 4. Domestic and foreign retroreflex systems and satellites

GALILEO,  GPS Ne 35, 36, METEOP,
EKA/ CWA/ Fepmanus/ NIOHACC-KI,
Poccus Poccus Poccus Poccus

B HECKOTBKO MM (B IIepecueTe Ha
IATBbHOCTD), XOTS HCC/IeIOBaHMe
1 y4eT MeCTHBIX YC/IOBHUH B COUeTAaHHH C COBEPIIEHCTBO-
BaHHeM o6IIell Mofenu aTMocepsl IT03BONISET IOCTe-
[IeHHO y/Iy4YLIaTh 3Ty TOYHOCTb.

TeopeTH4ecKH CyIIeCTBYeT IYTh pelleHHs! JaHHOM
mpobsieMbl — OfIHOBPeMeHHOe H3MepeHMe MabHOCTH
Ha JIBYX CHJIBHO pa3sHeCeHHBIX JJIMHAX BOJIH JIa3epHOr0
M3TydeHHs (HallpuMep B BUJHMMOM U HHPPAKPaCHOM
y4acTKax CIeKTpa) C UCII0/Ib30BAHHEM yPaBHEHHMS JIHC-
[IepCMH - 3aBUCHUMOCTH IIOKasaTess IIpelOMJIeHUS
OT [JIMHBI BOJIHBL. B IIPUHIIMIIE 3TO [103BOJISET IOy YUTh
3HaueHHe 3aJiep’kKKU CUTHajIa B aTMochepe, He I1pube-
ras K U3MepeHHUIO TeMIIePaTypbl, JABJeHUS U BJIasKHO-
CTH BO3/IyXa BJI0/Ib TPACChl. OfIHAKO 6bI7I0 IOKA3aHO, UTO
IJ1 OOCTHOKEHHSI TAKUM CIIOCOOOM TOIPeIIHOCTH 1 MM
B M3MepsieMOM JJIBHOCTH HY>KHO H3MepsSTb Pa3sHOCTb
BpeMeHU PacIIpOoCTPaHeHMs I/ 3TUX JBYX JJIMH BOJIH
C TOYHOCTBIO Ty4ille +0,5 MHUKOCeKyHAHI [5] (T.e. +0,07 MM
B IlepecueTe Ha [AAJIBHOCTD). ITOro IIOKA He yHaeTcs
BBIIIOIHUTH I10 PAAY TeXHUYECKUX IIPUUMH.

BTOpoH  cepbe3HBI  OTPaHHUYHUTEIb  TOYHO-
cty - "ommubKa Lemu' - obyc/IOBIEH TeM, YTO IIOYTH
BCe CIIyTHUKM-LIeJIH JJI51 BbICOKOTOYHBIX Ie0[e3UYeCKHUX
U reodU3UUeCKUX H3MepeHUH IIPeACTaBISIOT cobot
MeTa/UIMYeCcKHe IIaphl, Ha IOBEPXHOCTH KOTOPHIX YCTa-
HOBJIEHO MHOKECTBO PeTPOPedIeKTPOB — YIOJIKOBBIX
OTpa’kaTe/llell M3 KBaplLeBoro crekaa. KcraT, 6oib-
IIMHCTBO TaKUX CIIYyTHUKOB-LIeJIel K OTpaskaTesiel A4
HUX WU3TOTOBJIEHO HAIIMM IIpenmpusitieM (cM. Tabnm.l
U puc.4). OTu cheprueckre KOHCTPYKLIMH HMEIT JHa-
MeTp OT 23 ¢M [0 2,15 M, a KOJIMYeCTBO YTO/IKOBBIX OTpa-
sKaTeIer Ha KasKIOM M3 HUX COCTaBigeT oT 20 o 2142.

H3-32 0gHOBpEMEHHOr0 OTPa’keHHs JIa3epHOIo
HMIIy/IbCa OT HeCKOJIbKHX peTpopedeKTOpOB, Haxo-

Theoretically there is a solution of this
problem - simultaneous measurement of range on
two strongly carried lengths of waves of a laser
radiation (for example, in visible and infrared
sections of a range) with use of the equation of
dispersion - dependences of refraction index on
wavelength - in principle allows to receive value of
signal delay in the atmosphere, without resorting
to temperature measurement, pressure and air
humidity along the route; however it was shown
that for achievement in such a way the error of
1 mm it is required to measure the difference of
propagation time for these two lengths of waves
with an accuracy in the measured range better +0,5
picoseconds [5] (i.e. +0,07 mm in terms of range)
that it is not possible to make on a row of technical
reasons yet.

The second serious limiter of accuracy - "a
purpose error” - is caused by the fact that almost all
satellites purposes for high-precision geodetic and
geophysical measurements represent metal spheres
on which surface the set of retroreflector - angular
reflectors from quartz glass (by the way, the majority
of such satellites is established - the purposes and
reflectors for them is made by our enterprise - see
tab. 1 and fig. 4). These spherical designs have
diameter from 23 cm to 2,15 m, and the number of
angular reflectors on each of them is from 20 to
2142.

Because of simultaneous reflection of a laser
impulse from several retroreflectors which are on
different removals from the station and because
of inevitable dispersion of sizes of the effective
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Tabnunua 1. JlasepHble peTpopednekTopHble CUCTeMbI, Co3aaHHble AO "HIMK"CMM" 4ng pocCMnCKMX KOCMMUYeCKMx anna-
paToB (Bcero 060pyA0BaHO 1a3epHbIMM peTpopediekTopamm 148 KoCMUYeCkMx annapaTos)
Table 1. The laser retroreflex systems created by JSC NPK SPP for the Russian spacecrafts. In total it is equipped with laser
retroreflectors of 148 spacecrafts

Tnn KA

BbicoTa op6.,

KM

[op 3anycka

Kon-Bo

KA

Kon-Bo CB Ha KA

Pa3smep cncrembl

petpopedi., MM

CantoT-4 (Poccus) 350 1975 1 42 184x168x47
Unkaga-11, -13 (Poccus) 1000 1976 2 280 235x145x11
MeTeop-1 (Poccma) 950 1976 2 70 »585x210
MonHua-1C (Poccus) 36000 1974 1 70 504 x318x510
Paayra (Poccus) 36000 1976 2 50 306x255x%248
FEOUK (Poccns) 1500 1981 n0 1990 11 692 Ifgﬁﬁg;:;ﬁﬁ
FMOHACC (Poccus) 19100 €1981 no 2000 >50 396 1330x1010
ST1anoH-1, -2 (Poccus) 19100 1989 2 2142 21294
Pecypc-0 (Poccus) 620 1992 1 2 200x160x%90
MeTeop-2 (Poccus) 950 1993 1 3 196x66 %96
MeTeop-3 (Poccuna-repmaHuns) 1200 1994 1 24 »280x100
3ea (Poccus) 475 1997 1 20 2968
FMOHACC (Poccus) 19100 C 2000 no 2005 11 132 #,660x9,380
MeTeop-3M-1 (Poccus) 1020 2002 1 1 cdepa DGO MM 288 x64
Napeu (Poccus) 690 2003 1 60 2215
Moxkae, (Poccus) 690 2003 1 6 2115%x46
FMOHACG-M (Poccuma) 19100 € 2003 Mo H.B. *45 112 511x311
BUTS 2009 (Poccus) 832 2009 1 aBTOHOM. chepa 2170
FEO-VIK (Poccus) 1000 Hei’::fﬁg;igﬁ\lm 1 30 $300x96,5
CnekTp-P (Poccus) SAAMNTUYECKan 2011 1 100 500%406 x 80
2011,2014 2
FNOHACCK (Poccus) 19100 2011 1 123 |<§ﬁ6bii;:§iiga

OAIIUXCS Ha PasHBIX yOa/leHHSIX OT CTaHLIMK, U K3-3a
Hen36eskHOro pasbpoca BelHUYMH 3)GEKTHUBHOM OTpa-
SKaIOIler ITOBEPXHOCTH 3THUX PeTpopedrIeKTOpPOB BO3-
HMKaeT IIOTPeIlHOCTh, MOCTHUTAIOINAS /IS KPYIIHBIX
cheprYecKHX CIyTHUKOB-LIeNeH HEeCKOJIBbKHUX eJHHHUIL
MHJIIMETPOB (CM. Tab1L. 2).

Eme B 90-e romel [y pelleHHUs CIeLIUPUYECKHX
BBICOKOTOYHBIX 3alay IeOOMHaAMHKU (B YaCTHOCTH, /IS
SITIOHCKOr0 ITpoeKTa Keystone II0 MpeacKa3’aHUIO 3eM-
JIeTPSICEHUI U LyHAMHU Ha OCHOBe HaOIIOIeHMSI MaJIbIX
IIOZIBMSKEK 3eMHOM KOPBL) HAIIMM IIPeIIpHUsATHEM OblIa
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reflecting surface of these retroreflectors there is
an error reaching for large spherical satellites - the
purposes of several cm (tab. 2).

In the 90th years for the solution of specific high-
precision problems of geodynamics (in particular,
for the Japanese Keystone project on prediction of
earthquakes and a tsunami on the basis of observation
of small motions of the earth crust) our enterprise
has created the special SLR purpose of WESTPAC (see
fig. 4) where in each timepoint the laser signal is
reflected only from one retroreflector that is reached
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CO3[laHA CIeluaabHass SLR-Lie/lb
WESTPAC (cM. puc.4), Iie B KaKIBIH
MOMEHT BpeMeHH JIa3ePHBIH CHI-
HaJI OTPasKaeTcs TOMBKO OT OLHOrO
peTpopedIekTopa, YTO JOCTUTAETCS
OTpaHHYEHHEM €ero YIJIOBOTO OIS
CIIeLMJIBHBIMHU O/meHgaMu. Takoe
pelleHye II03BOIMJIO CHU3UTh CpeJi-
HIOI0 BeIHYHUHY 'OMIMOKU LienH’
IUISL AAHHOTO CITyTHHKA 10 +0,5 MM,
HO BBI3BAJIO HEKOTOpPbIe TPYLHOCTH
IIpH ero Hab/ofgeHuU. Mexkay cepu-
SIMU OTPKEHHI OT PasHBIX PeTpo-
pedneKTOpPOB BOSHUKAIH I1€PEPHIBHI,
a ycpeqHEeHHe pe3yJIsIaToB H3Mepe-
HUH C IOMOIIBIO 3aKPYTKH CITy THUKA
BOKPYT CBO€K OCH IIPH €ero 3aIyckKe
Ha opbUTY IIOCTEIIEHHO yXyALIAI0Ch

a)

Puc.5. Coepuueckuli cmekasiHHbIU cnymHUK "Bauy”: a - cepudeckull CnymHuk
"BLITS" 8 pazobpaHHom gude; b — nemHwbili 0bpazey,

Fig. 5. Spherical glass Blitz satellite: a — the Spherical BLITS satellite in

unassembled form; b - the Flight sample

b)

M3-32 TOPMOKEHHS STOrO Bpalle-
HUSI BUXPEBBIMH TOKAMH, BO3HH-
KAOIKMK B MeTa/UIMYeCKOM KOpIIyce CIIyTHHKA IIPH
€ro ABU>KEHUH B MATHUTHOM I107Ie 3eM/IH (KCTaTH, STOT
HeJIOCTaTOK B OIIpefle/leHHON Mepe IIPHUCYI] BceM MeTas-
JTMYeCKUM ChepHUueCcKUM CITyTHUKAM-LIEISIM).

[l pagyKaJIbHOIO IIPeofioNeHus TPYAHOCTEH, CBS-
3aHHBIX C 'OIIMOKOM Lienu’, HaMH OBUI IIpeljiosKeH,
H3rOTOBJIEH U BBIBeJleH B KOCMOC CIIYTHHK-IIeIb COBEP-
meHHO HoBoro Tuma - BLITS (Ball Lens In The Space).
OH IpeACTaBiIsI COBOM CTEKISIHHOe ChepHUUecKoe Teso
C HCIIO/Ib30BaHHEM IIPHHIIMIIA JIKMH3bI HmHeGepra 6,
7]. TIOTOMY ero KOHCTPYKLIHS II03BOJIsLIA CHOKYCHPO-
BaTh IAJAIONIMN HA TAKyIO JIMH3Y IIYYOK H3/TydeHHs
C IUIOCKMM BOJTHOBBIM (QPOHTOM Ha IIPOTHBOIIOIOXK-
HOJ IIOBEPXHOCTH JIMH3BI (PUC.5). HaHecs Ha MOOBUHY
cbeprl oTpaskarlee MOKPHITHE U MTPUAAB CHepHUYECKON
NHH3e BpallleHHe BOKPYT OCH, JIeXKalleil B IUIOCKOCTH
paszesa MeXIy OTpaskalollel U ITPO3PavHON [10BEPXHO-
CTSIMH, MOKHO IIOJTYIHTh OTPaskeHHBIN CUTHAI B BHIE
[IePUOLHUYECKH IIOBTOPSIONIMXCSL CEPHUH OTPaskeHHBIX
HMITY/IBCOB. IIpHUeM TaKkoH CIYTHHUK He HMeeT MeTasl-
JIMYeCKHUX YaCTeH, Iie MOTYT BOSHUKATh BUXPEBbIe TOKH,
U ero BpallleHHe BOKPYI OCH 3aKPYTKH OCTAeTCsI HeH3-
MeHHBIM 3a BCe BpeMsI CJIY>KOBI CITyTHHKA B KOCMOCe.

TakoM CIyTHHUK MPaKTUYeCKH IIpe[CTaBisieT coboi
"TOo4eqHYI0" I1e/b, He BHI3bIBAIOIIYI0 MCKA KEHUS GOPMBI
OTPa’KeHHOT0 HMIIYJIbCa K KOJMeDAHHUN IIOJIOKeHHUS
3QPeKTUBHON TOUKMU OTPakeHUS OTHOCUTEIBHO IIeH-
Tpa MAacCHl CIIyTHHUKA. BbI3bIBaeMas TeMIlepaTypHBIMU
M3MEHEeHHUSIMH [I0Ka3aTens IIPeJOMJIEHHS CTeKjIa
[IOTPEIIHOCTh B H3MepPeHHH MOAJIBHOCTH He IIPEeBBI-
maet 0,1 MMm.

DTOT CIYTHHK, YCIEIIHO HAbIIOfaBIIMICS BCEMH
CTAHUMSIMH MeXAYHapogHOM SLR-ceTH ¢ KOHLA

by restriction of its angular field with special blends.
It has allowed to reduce the average size of "a purpose
error” for this satellite to +0,5 mm, but has caused
some difficulties at its observation: between series of
reflections from different retroreflectors there were
breaks, and averaging of results of measurements
by means of turning of the satellite round its pivot-
center at its start into an orbit gradually worsened
because of braking of this rotation by the vortex
currents arising in the metal case of the satellite at
its movement in magnetic field of Earth (by the way,
this lack of a certain measure is inherent in all metal
spherical satellite purposes).

For radical overcoming the difficulties connected
with "a purpose error” we have offered, made and
launched in space the satellite purpose of absolutely
new type - BLITS (Ball Lens In The Space) representing
a glass spherical body with use of the principle of
a lens of Lyuneberg [6], [7] allowing to focus the
radiation bunch falling on such lens with the flat
wave front on an opposite surface of a lens (fig. 5).
Having applied the reflecting covering on a half
of the sphere and having given to a spherical lens
rotation around the axis lying in the section plane
between the reflecting and transparent surfaces it is
possible to receive the reflected signal in the form of
periodically repeating series of the reflected impulses,
and such satellite has no metal parts where there can
be vortex currents, and its rotation around the axis of
turning remains invariable for all the time of service
of the satellite in space.

Such satellite practically represents the "dot"
purpose which isn’t causing distortion of a form
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Tabnuua 2. NpobaeMbl 4OCTUXKEHNS CYOMUNINMETPOBOM
TOYHOCTU U3MEPEHMIN AANLHOCTM MO Na3epHbIM CYTHUKaM
Table 2. Problems of achievement of submillimetric
accuracy measurements of range on laser satellites

PeTpoped- BbicoTa Owmbka YonnHeHue
JleKTopHas opéuThl, MMnyabca
uenun, Mm

cmcTemMa KM (curHaTypa)
Ajisai (an.) 1400 50 ecTb
DTaNIoH 19100 40 ecTb
noHacc 19100 25 ecTb
Lageos(CLUA) 5800 10 ecTb
Napey, 690 2,0 ecTb
Bectnac 835 0,5 HeT
bnany, 835 0,1-0,3 HeT

2009 roma mo Havasa 2013 roxma, 6bL1 BRIBeeH Ha Kpyro-
BYI0 OPOUTY BBICOTOE 835 KM U IOC/TY>KHJI ITPOTOTHUIIOM
IJIsT HOBOTO CIYTHHKAa BLITS-M HecKonbKO 6oJbIIero
pasMepa M Macchl. B HacTosIlee BpeMsl HOBBIM CIIyT-
HHUK IIOAATOTABIMBAETCS K 3aIlyCKy Ha OpOUTY BBICOTOK
~1500 kM, rzme BAHsSHHe arMochepbl Ha CTAbHIBHOCTD
OPOMTHI IIOYTH OTCYTCTBYET. YTO MO3BONUT 3GPEeKTHBHO
HCIIO/Ib30BaTh 3TOT KOCMHYECKHUH aIlllapar Ajid reodu-
3MYeCKUX HCCIefJOBAHUHN M Teolde3ndecKHX H3Mepe-

m ONTO3JIEKTPOHHbIE MPUBOPbl N KOMMNJIEKCHI s
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of the reflected impulse and fluctuations of
provision of an effective point of the reflection
concerning the center mass of the satellite. The
error caused by temperature changes of index of
glass refraction in measurement of range doesn’t
exceed 0,1 mm.

This satellite which was successfully observed by
all stations of the international SLR network since
the end of 2009 prior to the beginning of 2013 has
been put to circular orbit 835 km high and has served
as a prototype for the new BLITS-M satellite, of a
little bigger size and weight which is prepared for
start into an orbit by height ~ now 1500 km where
influence of the atmosphere on stability of an orbit
is almost absent that will allow to use effectively
this spacecraft for geophysical surveys and geodetic
measurements with an accuracy, which achievement
was difficult earlier.

Important addition to the range-metering
systems considered above is (BKOS)[8] "requestless”
system developed recently intended for transmission
of laser pulse from the earth-based station on
airborne receivers of the GLONASS spacecrafts and
a binding of the pulses accepted by this receiver to
an onboard time scale of the appropriate spacecraft
(fig. 6). It allows, using a binding of high-precision
"hours" of the earth-based laser station by this time,
to make a check of onboard time scales of CGLONASS

BBKOC BOpPTOBOM MOAY/b
bCY Tanmep [€— ®OTOMNPUEMHUK €
[

Bpemsi npviemMa UMnynsCcsi B 60pTOBOW LKane BpeMeHu, t o,

<%

JlazepHbIn
peTpopednexkTop

TenemeTtpuyeckas

PafMONVHIS
HEK_OC [IBYCTOPOHHee BpeMms cron
HasemHelt Moay L 1 pacnpocTpaHeHus
NasepHbin DoTONPUEMHUK Taiimep | M0YIbCA, T
doTonpuemMHuK nepesaTynK KOC KOC LleHTp
06paboTkum
| 5 JaHHbIX
Bpems CTapTa MMMy/1bCa B HA3EMHOV LKA/ BPEMEHM, terpr
Tarimep
MeCTHbIV MY LLeHTPabHbLIN JlazepHas JlazepHas PasHOCTb xo4a
Jnkna ceasu CUHXPOHM3aTOP NCeBAOAANbHOCTb  AANbHOCTb LKA BPEMeHM
S=Cltgon—tep) ~ R=CT/2  AT=(R-S)/c

Puc.6. Vicnonb3osaHue 6e3zanpocHol KOC 8 ueasix onpedeneHust pacxoxxoeHus 6opmosoll u Ha3emHoUl WKan 8pemeHu
Fig. 6. Use requestless COS for definition of a divergence of onboard and land time scales
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HUI C TOYHOCTBIO, IOCTHKEHHe KOTOPOM paHblle 6b110
3aTPySHUTE/IBHBIM.

BasKHBIM [OIOJTHEHHEM K PacCMOTPEHHBIM BhIIIe
OABHOMEPHBIM CHCTeMaM SIB/IsieTCsl pa3paboTaHHas
B IoclefHee BpeMs "Ge3s3ampocHas’ cucrema (BKOC)
[8]. OHa mpenHa3sHaueHa [jIs1 Iepeladd JIa3epHOIO
HMIIy/JIbCa C Ha3eMHOHM CTaHLIMM Ha OOpPTOBBle IIpHEM-
HUKH KOCMHYecKUX amnnapaTtoB [JIOHACC ¥ IIpHUBA3KU
IIPUHSATBIX 3TUM IPHEeMHHUKOM HMMIIY/IbCOB K OOPTOBOK
IIKaJe BpPeMEeHH COOTBETCTBYIOIIEI0 KOCMHYECKOIo
anmapata (puc.6). ITO MO3BOJISET, MCIIOIb3Ys IIPUBS3KY
BBICOKOTOYHBIX '4acoB' Ha3eMHOM JIa3€pPHOM CTAaHIUU
K 3TOMY BpeMeHH, ITPOU3BOAUTD CBEPKY OOPTOBBIX MIKaJI
BpeMeHH arrapaToB I[JIOHACC ¢ Ha3eMHBIM 3Ta/IOHOM,
obecriedrBas 3a CUeT MaJbIX [OTPeNIHOCTeH Jla3epHOH
JTMHUM 3HA4YHUTeTbHOe IIOBBIIIEHKE TOYHOCTH CHHXPO-
Hu3anuu 6oproBoro BpemeHu [JIOHACC M COOTBETCTBY-
IOlllee IIOBBIIIEHHe TOYHOCTHM HaBHTALIMOHHOTeofe-
3UYeCKUX OIIpefie/IeHUI C IIOMOIIBIO 3TOM I7106a/IbHOM
KOCMHUYECKOH CHCTEeMBI.

OcHalleHue B 6/K>KakIer IepcrieKTHBe BCeX HOBBIX
Ha3eMHBIX JIa3ePHBIX CTAHIIMI TaKOM CHCTEMOM C y4e-
TOM IIMPOKOTO OXBaTa CEThIO TAKHUX CTAHLMK TeppH-
TOPHUH 3eMHOr0o HIapa 0b6eCIIeYUT B Ja/IbHeHIIeM 3Ha-
YUTe/IbHOe IIOBBIIIEHHe TOYHOCTHBIX XapPaKTePHUCTHK
cucteMbl [JIOHACC M co3macT el B 3TOM OTHOIIEHUHU
IIPeHMYIIeCTBO IIepel APyTUMH I7106aIbHBIMU CITyTHH-
KOBBIMH HaBUI'allMOHHO-TeO[e3UYeCKHUMU CUCTeMaMHU.
B emme 6omnbliner cTerleHH 3ToMy OyzieT CriocobCTBOBATH
OCHaIlleHHe BCeX KOCMHYeCKHX aIlllapaToB HOBLIX MOIH-
dUKaLUK MeXCIIYyTHUKOBBIMM JIa3€PHBIMU JTHHHUSMU
(MJIHCC) pmis 6bICTPOro MHOTOKpaTHOro obMeHa JaH-
HBIMH O PaCXOKAE€HHMH KA/l BpeMeHH Ha 3THX allllapa-
Tax (pUC.7).AlllapaTypa 3THUX TMHUH I10 CYILEeCTBY IpeJ-
CTaBiseT coboM coueTaHUe He33aIIpOCHOro JaIbHOMEDPA
Y HU3KOMH(QOPMATHUBHOM TUHUH CBI3H.

KakoBbl >Ke [anbHeHIIHe IIepCIeKTHBBl pa3BH-
THUSI BBICOKOTOYHOH JIA3€PHOM CIIYyTHHUKOBOH [aib-
HOMETPHH - II0C/Ie OCHAIeHUSI H3MEPUTeNIbHOM CeTH
HOBBIMH, COHep)KaIIMMU cucTeMy BKOC, CTaHIIHMSIMH
tuna "CaskeHb-K" u "CaskenpJ1" (puc.8) [9], moaroTosneH-
HBIMH K CEPUHMHOMY ITPOM3BOACTBY U 0OJMAAIOMIMMU
BO3MOKHOCTBIO AOCTHDKEHHS aIlllapaTypHOH IOrpell-
HOCTH 1-2 MM, W IIOC/Ie CYILeCTBEHHOI'O PaCIIHpPeHHS
CeTH TOYHBIX CTAaHLIMI? YTO 3a/lyMaHO, 3aIlJIaHHPOBAHO
1 MOXeT ObITb peasH30BaHO B O/nMD>KaiIIMe oAbl Ha
HallleM IIpeAIIPUSITHH!

[Ipexkme Bcero, IpemycCMOTPeH BBOZ, B CTPOL BTO-
porl ouepenu AJITaFCKOrO ONTHKOJIA36PHOrO LIEHTpA
C TeJIeCKOIIoM JrameTpoM 3,12 m (puc.9) U /a3epHBIM

* HepBaﬂ ovuepenb 3TOro K3MEPHUTE/JIBHOTO K UCCIe0BATE/IbCKOI'0

LleHTpa GyHKIMOHUPYeT yKe 6osee 15 jeT.

i1

Puc.7. MexcnymHukosas ra3epHasi Hagu2auyUoHHO-C8513-
Has cucmema (MJIHCC). TepmuHan MJTHCC-YJTK 0as KA
[noHacc-M Ne 752, 753

Fig. 7. Inter-satellite Laser Navigation and Coherent System
(ISLNCS). The MLNSS-ULK Terminal for KA of Glonass-M
No. 752,753

devices with a terrestrial standard, providing at
the expense of small errors of the laser line the
substantial increase of accuracy of synchronization
of onboard time of CLONASS and the appropriate
increase in accuracy of navigation and geodesic
determination by means of this global space
system.

Equipment in the short term of all new earth-
based laser stations by network of such stations
of the territory of the globe will provide with such
system taking into account broad coverage further
substantial increase of precision characteristics of
GLONASS system and will create her in this regard
advantage before other global satellite navigation
and geodetic systems. In a bigger degree it will be
promoted by equipment of all spacecrafts of new
modifications by inter-satellite laser lines (MLNSS)
for fast repeated data exchange about a divergence
of time scales on these devices (fig.7). The equipment
of these lines in essence represents a combination of
a requestless range finder and the low-informative
communication line.
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a) ;

b - KOC "CaxkeHb-K"

Puc.8. JlazepHble cucmembl npeuyu3uoHHOU mo4yHocmu 0As u3mepeHust daabHocmu U nepedayqu epemeHru: a -KOC "CaxkeHb =/1";

Fig. 8. The laser systems of precision accuracy for measurement of range and transfer of time: a = COS "Sazhen - L"; b - COS "Sazhen-K"

IaJIBHOMEPOM, KOTOpBIH 6ymeT criocobeH 3dpdeKTHBHO
M3MepSATh C MH/IJIMMETPOBOM TOYHOCTBIO PAaCCTOSHUS
10 peTpopedIeKTOPOB, YCTAHOB/IEHHBIX Ha JIyHe.

31mech Haf0 3aMeTUTh, YTO YKe B TedeHHe ITPOLIef-
IIMX Tpex JIeT MBI IIPOBOJIK/IM M3MepeHH s Ha JaTbHOCTSIX,
CPaBHHMBIX C paccTogHueMm [0 JIyHsl. FiMeeTcs B BUIY
paboTa 110 peTpoped1eKTOPHOL MaHeH, YCTAHOBIEHHOM
Ha KOCMHYeCcKOM armapare "PaioacTpoH" ¢ BBITSIHYTOR
IMIITHYECKON OpOUTOM, aIloreil KOTOPOM HAXOMHUTCS
Ha PaCCTOSTHUU TOYTH 350 THICSIY KUIOMETPOB OT 3eMJIH.
OnmHaKko TOYHOCTb HCIIOJNIB30BAHHOM IIPH 3TOM AQJIBHO-
MEPHOH aIllapaTypel - OKOJO JeLIMMeTpa, 4YTO BIIOJIHE
JOCTATOYHO J/Is1 PellleHHs 3afad AJAHHOM KOCMHYEeCKOU
MUCCUH, HO HeJOCTATOYHO ISl pellleHUs] QpyHIaMeH-
TaJIBHBIX 3a/la4, CBSI3AaHHBIX C HCCIefOBAHUSMU JIyHBI
1 cucTeMBl 3eMiistJIyHa. 3[eCk yMeCTHO YIIOMSIHYTh, YTO
Hallla 3eMHasl reofie3us U HaBHUTAIMS OCYILEeCTB/ISIOTCS
B CHCTeMe, I7ie NOJIO’KeHHe LIeHTpa TSDKeCTH HaXOAUTCS
B CBSI3aHHON cucTeMe 3emsi/lyHa, M Oaske "3eMHas
TBepZb Ko/ebeTcs B 3aBUCHMOCTH OT IOJIOXKeHU s JIyHBI,
He FOBOpsI y>ke 06 YPOBHSIX OKeaHCKHUX BO/,.

B HacToslee BpeMsl TYHHOH Ja3epHOM [Ja/bHOMe-
Tpuer (LLR-Lunar Laser Ranging) 3aHMMArloOTCSI BCEro
Tpu cTaHuuU (nBe B CIIA u ogHa Bo PpaHIUM), UMe-
IOl[ie COOTBETCTBYIOIlee 0OOpPyIOBaHHe - MOIIHbIE
KOPOTKOMMITY/IbCHBIE JIa3epHBble IepefaTIUKU U O0Jb-
IIKe IIpHeMHBbIe Te/lecKombl. B 6mrkaiimeM bymyriem
K HUM IIPHUCOeJMHUTCS U Hallla CTAHLIMS Ha A/Tae. 9Ta
paboTa Bo BpeMeHH YBsI3aHA C HOBBIMH KOCMHYECKUMH
MHCCHSIMH, B Xofle KOTOpbIX Ha JIyHy OymyT mocTaB-
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What further prospects of development of a high-
precision laser satellite distance measurement - after
equipment of measuring network with new, containing
the BKOS system, stations like "Sazhen-K" and
"Sazhen-]" (fig. 8)[9] prepared for mass production and
having potential of achievement of an instrument error
of 1-2 mm and after essential expansion of network of
exact stations? What is conceived, planned and can be
realized in the next years at our enterprise?

First of all, input is provided in a system of the
second turn of the Altai optiko-laser center” with
the telescope with a diameter of 3,12 m (fig. 9) and a
laser range finder which will be capable to measure
effectively with a millimetric accuracy of distance to
the retroreflectors established on the Moon.

Here it is necessary to notice that within last three
years we took measurements at ranges, comparable
with distance to the Moon - it means the work on
the retroreflex panel installed on the "Radioastron’
spacecraft with the extended elliptic orbit which
apogee is at distance of nearly 350 thousand km
from Earth. However the accuracy of the ranging
equipment used at the same time - about a decimeter
that it is quite enough for the solution of problems of
this space mission, but isn’t enough for the solution
of the fundamental tasks connected with researches
of the Moon and system Earth Moon (here appropriate

*  The first stage of this measuring and research center functions

more than 15 years.
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JIeHBL U HOBBIe peTpopedieKTOpHbIe
CHCTeMBI, B TOM YMC/Ie CO3/aBae-
Mble Ha HallleM ITPeIIIPHUSTHH.

Ceryac B Tpex TOYKax Ha JlyHe
KMEIOTCSI  peTpopedeKTOpHBEIe
IIaHeNlH, [OCTaBAeHHBIE TyAa
acTpoHaBTaMHu Muccum Apollo-11,
Apollo-14, Apollo-15, a eme B ABYX
TOYKaX - MeHbIIHe II0 pasMe-
paM IlaHeIH, YCTaHOB/IeHHBle Ha
COBeTCKHMX aIlraparax 'JlyHoxox-1l"
u "Jlynoxoz2". Ho Bce 3TH CHCTeMBI
6puTH ocTaBieHB! Ha JIyHy bornee
40 et Haszan, U 3PPeKTUBHOCTh
MX CHH3MJIACh M3-3a eCTeCTBEHHBIX
IpUYMH (3aIBUIEHUS U 3PO3HUHU
IIOBEPXHOCTH, a BO3MOXKHO U Pajiy-
ALIMOHHOM JerpaJalium).

K coxkaleHHIo, B KOPOTKOM CTa-
The HeT HUKaKOH BO3MOSKHOCTH XOTSI
OB KPAaTKO YIOMSHYTb O JAPYTHX

Puc.9. Cmpoumeabcmao emopoli ouepedu AOJIL| ¢ meaeckonom T = 3,12 m
Fig. 9. A general view of construction of the second turn of AOLTs with the Ti
telescope—3,12m

MHOIOYHC/JI€HHBIX IIPHUMeHEHHAX

BBICOKOTOYHOH JIa3epHOM Ja/IBHOMETPHUH — OT pellleHUs
BaKHEHMIINX 3aad PyHIAMeHTalbHOK HayKH J0 pas-
HOOOpa3HBIX MPAKTHUYECKUX YCTPOMCTB, B TOM YHC]Ie
1 OBITOBOTO Ha3HAYEHHS.
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to mention that our terrestrial geodesy and navigation
are carried out in system where the center of gravity
position is in the related system Earth Moon, and even
"terra firma" fluctuates depending on position of the
Moon, not to mention levels of ocean waters.

Now only three stations (two in the USA
and one in France) having the corresponding
equipment - powerful short-pulse laser transmitters
and big reception telescopes are engaged in a lunar
laser distance measurement (LLR-Lunar Laser
Ranging). In the near future our station in Altai also
will join them; this work in time is coordinated to new
space missions during which will be delivered to the
Moon and new retroreflex systems including created at
our enterprise.

Now in three points on the Moon there are
retroreflex panels delivered there by astronauts of
missions of Apollo-11, Apollo-14, Apollo-15 and in two
points - the panels, smaller by the sizes, installed on
the Soviet devices "Moon Rover-1" and "Moon rover2".
But all these systems were delivered to the Moon
more than 40 years ago and their efficiency decreased
because of the natural reasons (dust pollution and
erosion of a surface, and maybe also because of possible
radiation degradation).

Unfortunately, in short article there is no
opportunity at least briefly to mention other numerous
applications of a high-precision laser distance
measurement - from the solution of the major problems
of fundamental science to various practical devices
including household purpose.
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