
OT3bIB oQuqna.nbHoro orrrroneHTa

Ha Arrcceprarl[rc Ha concnaHrre yueuofi crerreHlr AoKTopa Qurnrco-

MareMarrrqecKr{x HayK Eyrrcennqa Alercceq IeHHaAbeBnqa

Ha reMy <<Hosbre MeroAbr aHaJrn3a AaHHbrx MrrJrJrucercyHquofi

orrruqecKoff rcocunqecKofi acrpoMerprr[>)

[o c[eqnaJrbHocru 1.3.1. OuslrKa KocMoca, acrpoHoMrrfl

Arryanurocrb pa6omr onpeAersercr rrosBJreHlreM crreqlr€urr{3r{poBaHHbrx

KocMI4rIecKI4x a[[aparoB Hipparcos, Gaia AJrr rrpoBeAeHr4tr acrpoMerpr,rqecKlrx
ga6lroAeuvi4, vr, fJIaBHbIM o6pasorra, yBenl4rreHr.reM ToqHocrI4 ga6nroAenufi. filtx
fp aMorHofi pe4ytcquu s a6ruo Aelrtnfi, neo 6xo4zM o f{zrbream eQ QeKrbr, KoropbrMr4

paHee MoxHo 6ulo npene6peqb BBt4Ay Lrx M€Llocrz. Kponae 9Toro, KoJrocc€ilrrrufi
oobeM HaonIoAareJIbHbIX AaHHbIX [pI{BOArrT K TIOTBJIeHI4IO KaTIeCTBeHHO HOBbTX

crarl4crl,IqecKl4x s$Qexron. kI, uaxoHell, neo6xoAlEMocrb nepecMorpa MoAenr4

Ha6moAeunit csszaua c oco6eHHocrf,Mr4 ranrE6ponKr4 r{HcrpyMeHTa, B r{acrHocrra,

6a:oeoro yrna Menqy orrrtrqecKr{Mr4 ocrMr4 TeJrecKouon Gaia.
I]enrro pa6our flBlrflercfl KaK ycoBeprueHcrBoBaHlre rlMerouluxcr, TaK r4

pa:pa6otKa HoBbIX MeroAoB a*atrv3a AaHHbrx AJrs Mr{nnnceKyHAHofi onruqecrofi
KocMrarrecrofi acrpoMerpur{.

Hayunax HoBr43Ha pa6oru cocror4T B cneAyroqeM:

- BbIIIoJIHeH aH€uII,I3 cllcreMarur{ecKux oruu6oK rrapanJraKcoB, o6ycnonnenurti
Hecra6ulbHocrbro 6asosoro yrJla Me)KAy rroJuMlr 3poaLrfl cKaHupyroulero
acrpoMerplrqecKoro cnyrHr{Ka; rroKa3aHo, rrro uepuoAr{qecKrae xole6aszg
6agosoro yfJla BcJIeAcrBIre HepaBHoMepHoro HarpeBa KocMLTarecKoro a[[apara
corHeqHblM rI3JIyr-IeHI4eM npzBoA.rrr K Bo3HI4KHoBeHrlIo uo6alrHoro cABr4ra

[apannaKcoB;

paspa6oraua MeroAVKa rrocrpoeHr4f, acTpoMeTpr,rqecKofo KaTalrofa c

I4crIoJIb3oBaHpIeM arlpl4opHofi Iauooprr,ra\r4u, KorAa r4Merouluxcs na6lroAarenbHbrx

AaHHbIX HeAocrarotlHo Ant nonHouacrura6Horo perueHr{g c rrrrbro [apaMerpaMvr;
rIpI4MeHeHLIe 6afiecoecKofo noAXoAa B TaKr.rx cJrfra.rrx rro3BoJrser na46xHo
o[peAenl4Tb rIoJIo)KeHvIfl, QopnaanrHbre Heolpe4endnuocrra Koropbrx upaBr4JrbHo

xapaKTepr43yror Sarrzvecxue oruu6rrE;



- tloryqeHo pelxeHue 3a4arrl4 o MoArlSraxaqura craHAaprnofi acrpoMerplrqecrofi

MeiKAy r4cTtrHHbrMr,r 14

ypaBHeHHe paBHoMepHofo

nafi4eua y4o6nar rapaMerpu3a\vrfl. e$Serron 3ana3AbrBaHvrs) Ha
qefo rrocTpoeHa ooIIIar nporleAypa ilpeoop€l3oBaHH{

acrpoMerpu.recKofi u eeesAuo-Kl,IHeMaru.recrofi un$oprraaquu or oAHofi srroxr{ K

MoAeJII4, ocuosaHHofr Ha rlocTynl4pyeMoM paBHoMepHoM 6apuqeurpuqecKoM

.qBI4xeHLIIa sn€s4, c yu€rorr,r KoHerIHocrI4 cKopocrr4 cBera; H€lJrr,rque e$Qerron
3ana3AbrBaHvrfl TpeoyeT rrpoBoAr,rTb pa3rr4rrr4e

na6ruoAaeMbrMr4 Benr,rquHaMr4; BbIBeAeHo 14 perxeHo

ABr,DKe Hr{{ B TepMranax Ha6lroAaeMbrx Benr4qLr H ;

- Ha ocHoBaHuur ilonyqeHHoro petueHLrfl.pa3pa6oraHa nporleAypa upeo6pa3oBaHut
acrpoMerpu.Iecxofr u ssesAuo-Kl4HeMarz.recKofi rau$opuarlrrr4 or o4Hofi orroxr4 K

4pyrofr KaK c yv€rona KoHerIHocrH cKopocrn cBera, TaK u 6es oHoro; BbrBeAeHbr

crpofne $opnrynrr, orII{cbIBaIoqI4e 3aBr{cr{Mocrb BeKTopa acrpoMerpr.rqecKr{x

rapaMerpoB or BpeMeHI{, raKxe BhrBeAeHbr Qopuynu Anfl upeo6pa":oBaHrrt

o nr u 6 o r rr K opp e Jr xtluit M e xrAy c o orBercrByro rrIH M u Be ilvqLrH aM Lr ;

- I4ccneAoBaHbI e$$exrrr op6nranrHoro ABr.rxeHrrs 3erarra Ha acrpoMerpr4qecKoe

o6uapyxeHue gK3onnaHer; c rroMorrlbro paspa6oraHHoro MareMarr4rrecKoro

alll]apara npoAeMoHcrpr4poBaHo, rrro cyqecrBeHHar KoppeJrrunr MexAy

ABVX9HHeM 3erulpt n SK3ouJIaHerbr rrpr4BoAr4T K cMerrIeHHbrM orIeHKaM

nap€urJraKcoB Anr TaKHX cr,rcTeM;

- ycraH oBJI e HbI orp aHI4q errufl Ha re crr,rp oB aHlze rro crHbroroHoBcKo fi rp anur arJvrv c,

LICIIOJIb3OBaHI4eM CKaHI{pyIOIIefO aCTpOMeTpLIqeCKOTO CtIyTHLIKa HA OCHOBe

anaJrr43a KoppentIIHI4 MexrAy Hynb-[yHKToM rrap€LnJraKcoB kr rrapaMeTpoM y:
BXOAfl rrlr4 M B rr ap aMerp r,13o B ansrr fi n o crHbroro u o n c ru fi Q oprra alrasvr

lloloxenur, BbrHocl{Mbre Ha 3alr{rrry: r .:

l. [orca^:aHo aH€uII4TI,IqecKLI 14 rroATBepxAeHo qucneHHblMr{ gKcrrepnMeHTaMr,r, rrro

o[peAen{eMbIe cKaHI4pyIoqr4M acTpoMeTpr,rqecKuM cnyrHHKoM napulJrJraKcbr

rIoABepxeHbI mo6anrHoMy cABI,Iry BcneAcrBlre [epnoAr4rrecKnx nsN,reHeHzfi

6asosoro yrJla, Bbr3BaHHbrx HarpeBoM crryrHr.rKa corHerrHbrM ll3nyrreHueM.

2. lloxasaua BblcoKaq sS$exrunHocrb parpa6oranuofi u oupo6onaHnofi Ha

pe€LnbHbIX sa6lroAeHlaflx Gaia MeroArrKr4 nocrpoeHrar acrpoMerpurrecKoro
KaraJlora c I4cIIoJIb3oBaHr4eM anpuopnofi ran$opuaquu Arrfl ss€gA c M€rrrbrM

o6reuol,r ua6mo4areJrbHbrx AaHHbrx.

3. flonyveHo crporoe perueHr4e 3a1avtv o paBHoMepHoM ABr,rxeHr{r4 3Be3AbI

orHocI,ITeJIbHo 6apuqenrpa ColHe.rHofi ctrcreMbr c y.r€rorr,l KoHerrHocrLT cKopocrr,r

CBCTA LT

OCHOBAHI4I4

apyrofi.



4. .{ora:ano nocpeAcrBoM paspa6oraHHoro MareMarr4rreeKoro a[napara, rrro

ABI{xeHue poAl4Tenbcrofi 3Be3AbI, BbI3BaHHoe H€uII{rI?IeM gK3onJlaHerbr c
op6uralrHblM nep?IoAoM oKoJro oAHoro roAa, Mox(er 6rnr noJlHocrbro vru
qacrlltlHo rlornolrleHo eSQerrou [apaJrJraKca, qro ne4€r KaK K rroHr4xeHr4ro

BepotrHocru acrpoMerpuqecKoro o6uapyNenr4r no4o6Hrrx cr4creM, TaK H iK
cuetq€HHbrM orIeHKaM r4x rrapaJrnaKcoB. , 

,5. lloxasano, rrro Ml4KpoceKyu4Hufi mo6amnufi cABr4r rrapaJrJraKcoB

orpaHl4rrl{Baer rorlHocrb onpeAeJreHu.s IIIIH napaMerpa y c r4cnoJrb3oBaHr4eM

cKaHr4pyroqefo acrpoMerpurrecKofo crryrHr4Ka Ha ypoBHe - 3.5 x 10-4.

.{ocronepHocrb pe3ynbraroB AI4CCepTarlzrr rroATBepxAaeTc.rr

PAH, Ha ceMr.rHapaxMHoror{r4cJreHHbrMr4 AoKnaAaMr4 aBTopa Ha ceMrrHapax fAO
xa0e4pu acrpoHoMl4lr Cn6fy, Ha ceMuHapax JlopnaaHoscKofi o6cepnaropukr

lpes4encKoro rexHl4rlecKoro yHuBepcurera, Ha ceMr{Hapax Jlyugcxofi u
TypuHcroft o6cepnaropvrit, a raKxe Ha pf,Ae Bcepoccr4ficrcux r,r MexAyHaporHbrx
xoHQepenqufi.

,{IEccepraqur cocrol4T Lr3 nne4enz.a, 6 fJraB, 3aKJrroqeHlr{ 14 clrr4cKa
qnrupyeuofi nl{reparypbl (155 Har.rMeHoBauufi), rpr4iroxeHr4.rr. ,,{uccepraqna
coAep)Krrr 258 crpanug,25 pucyHKoB , 6 ralturl

Bo BneleH r Ir c$opnaynLIpoBaHbl aKryanbHocrb, crerreHb pa:pa6oraHHocrr4,
o6rexr uccneAoBalnvrfl, rleJrr{ kt 3a1aqpr,

3HaqI4MOCTb, rIpI,IBeAeHbI fIOJIOlKeHI4t,

co.{epxaHl'Ie Al{cceprarJi'l'kr, AocroBepHocrb u anpodaqulpa6orbr, Jrr4r{Hnfi arna4.
B rrase 1 upe4craBJleHa raK H€BbrBaeMar craHAaprHas, acrpoMerpr4qecKat

MoAeJIb, 6azupytotgancr_ Ha rloJloxeHr4r4 o paBHoMepHoM rrprMoJrr{Hefiuov

ABI4x(eHI4I4 oAt4HotIHHx seesA orHocr4TeJrbHo 6apuqeurpa Comre.{Hofi czcreurr. B

I4 cKJIoHeHVro pa*=pacosd k F6, a raK)I{e paAr4€urbHoe co6crBeHHoe ABI4xeHI4e,
npeAcraBnsroqee co6ofi nyqeBylo cKopocrb 'Ur, 4el€Hnoe na paccrorHr{e,

llr:Urf R.

B pa:4ene 1.2 IasroxeHa npoqeAypa npeo6pa^:oBaHr4fl acrpoMerpr4qecKr.rx
napaMerpoB Mex{Ay

craH.qaprnofi uo4elrE.

paMKax srofi MoAeJrr4 B pa3AeJre l.l
rrapaMeTpoB: nprMoe BocxoxAeHr4e qo

[apulnJraKc @, KoMrroHeHTbr co6creenHoro

BBOATTC'T rueCTb acTpoMeTpr4qecKr4x

cKJIoHeHHe d, Tpr.rroHoMerpu.recxufi

ABI4XeHV' rIO [pgMOMy BOcXOXAeHLIT

HOBr43Ha, HAyqIlAfl, V [paKTr,IqeCKag

BbtHocr4Mbre Ha 3arrlr{Ty, KpaTKoe

p€BnI4rIHbIMn 3IIOXaMI4, pa3paooTaIJHas, paMKax



i

I

;

Kporr're caMl4x acrpoMerplzqecKzx napaMerpoB, or BpeMeHr4 TaKXe 3aBr4crr
HeonpeAelenuocru rapaMerpoB H Koppenrqr4r{ MexAy HHMr{. I4nooprraaqtrfl. o
craHAaprHbIX ouu6xax v Koppentrll4f,x coAepxurcr B KoBapnaqr4oHHbrx
MarpI4IIax pa3MepoM 6x6. llpeo6pasonaHl4lo KoBaprraUr{oHHbrx Marpr.rrl Me)KAy
pa3n[qHbrMr4 grroxaMr4

B pas4ene 1.4 s
uocn.rqdH pa":4en 1.3.

KarrecrBe rannrocrparlLrr4 rrpuBe4en npurr,rep ynpoq€nnoro
flpeoopa3oBaHr4fl acTpoMeTpr4qecKr,rx AaHHbrx.

B pa3Aerre 1.5 ycTaHoBneHbr rrpeAenbr rrpzMeHr4MocTr4 MOAeJrr,r

paBHoMepHoro 6apuqenrpuqecKoro .qBr4xeHLrf,. PaccvrarpuBafl ycKopeHr{e,
BbI3BaHHoe KpytlHouacrura6HblM rpaBI4TarIr4oHHbrM noJreu falarruxu, uaitAeHo,
IITO Ha MI{KpOCeKyHAHOM ypOBHe roqHocrLr ABr4x{eHr4e Mox(Ho crrHTarb
paBHoMepHhIM Ha LIHrepB€uIax BpeMeHr4 He [peBbrruarorqux 50 ner. ftr ln6s4,
ABl4xylqnxct napanJleJlbHo r€uraKTrlrlecrofi rrJrocKocrl4, ofpaHl4qeHue sBJlgercf,
MeHee crpofHM, 14 MOAenb OCraerc_s c[paBeAnunofi Br]Jrorb 4o 100 ner.

Bropaa rJraBa nocB{IrleHa Hcclte$oBaHr4ro BrruflHr4fl xole6auzfi 6asosoro
yrna Ha ruo6alulbtfi cAnIar rpl4roHoMerpr4rrecKr4x rrapaJrJraKcoB, [onyqeHHhrx z3
na6mo4enufi cKaul,Ipyrcu{ero acrpoMerpr4rrecKoro cnyrHkrKa c AByMr rroJrsMr4

3peHHfl.

B rocN'tIE'{ecKoM an[apare Gaia npr4cyrcrByror xore6auus 6a3osoro yrna c
auulzry4ofi oKoJro o4nofi Mr4JrJrrrceKyHAbr Ayru, rrro Mo)Ker rrpr4Becrr,r K
3HaqI4reJIbHoMy uo6alrsoMy cABLIT napaJrnaKcoB. Curyagux ycyry6ulagr reiur
o6crosreJlbcrBoM, rrro B JILITeparype cyu{ecrBoBaJrrz ABe pa3nr,rrrHbre $opuynir
Anf, cABLIra. llosroMy Bo3HIIKJIa 3alLaqa ycrpaHuTb 3To rrporuBoperrr{e, rrro
6rtlo cAenaHo. Bonpoc 6rtr nccreAoBaH KaK aH€urprrr4rrecKz, TaK Lrrl4cJreHHo.

Pa:Aen 2.I co.{epxl4T a*aJrkrrkruecxzfi rroAXoA, ocHosaHHrrfi Ha
paccMorp eHur4 Toro, KaK M€UIbIe BO3Myrq eHvfl pa3nr,rrrHbrx [apaMerpoB Lr3MeH.rrroT

Ha6ruonaeMrre BeJrHqr4Hbt.

B pa3reJle 2.2 npeAcraBJIeHbI pe3yJrbrarbr rrncneHHbrx gKcnepr4MeHToB,

upone4eHHblx AJI{ rlpoBepKr4 aHalrzrruqecKrlx BbrBoAoB. ltrt uzyueHLTr p*n"tn#
acneKToB npo6neuu 14Crronb3OB€Lrrr4cb ABa B3aI,rMOAOrIOJrHsrcrqux noAXoAa.:
rrprMoe peureHae 14 r4TepaTHBHOe perIeHr4e

B pa3Aene 2.3 o6cyN4arorca p€BnuqHbre rpaKTr4rrecKr4e rrocJreAcrBLrs
noryrIeHHbIX pe3ynbraroB. Vra^:auo, rITo cyqecrByror rpr{ pa3nkrqHbrx s$Serra,
cuoco6crByloqux cHtrlrlo BblpoxAeHkrr: xoueqnrrfi pa3Mep uolefi spenua,
BpeMeHH€uI 3aBLIcI4Mocrr R I43-3a sKclleHTpucurera geuHofi op6urrr r4 pa3nrlr{r4e

Mex{Ay Oapnqeurpl4r{ecKl4M H reJlLIoqeHTpprqecKr4M paccrof,HpreM. K coxaleHLr}o,

i:

u

Bce 3Tv e$$exrrr rrpo{Bn;lrcTct Ha ypoBHe HecKoJrbKr4x npoqeHToB, qro AeJraer



PE3YJIbTAT OI{CHb qYBCTBI4TEJIbHbIM K HE6ONbIILIM OUU6rcAU B
xalu6ponxn. 3ro o6cro-sreJlbcrBo 3Haqr4TerbHo orpaHuqr{Baer ruaHcbr Ha
BbrpoxAeHr4f, r4cKJrroqr4TerbHo r43 CaMHX Ua6moa euuit. :

llonyueuurre Bo rropofi rJraBe pe3ynbrarbr COCTaBLIJI14uLvvvzL r JroDw ysrJJr.br.lr.bl vorj'L'*ts,'il ocHoBy AJrfl
ycrpaHeHur eQQercroB' BbI3BaHHrIX I4Melo[prMucflrone6anz.s\az 6a3oBoro yrna,,B
peAyKrIHr4 AaHHbrx B npoeKre Gaia.

B rperrefi rJIaBe pa:pa6orana MeroAr4Ka r4cnonb3o BaHufl anpuopnofi
rzu0opn'raIJuhr AIrs' [ocrpoeHl4t acrpoMerpr4rrecKoro Karuurora npr4 HeAocraro"no*
o6terue ua6nroAareJlbHblx AaHHIIX, KorAa us Ha6rro geuuit KaKoro-Jruoo o6re*a
ue y4aetc's Ha.4€xHo onpeAeJII4Tb Bce [srb acrpoMerpr.FrecKr4x rrapaMerpoB.

B pa":4ene 3.1 AaHo reopernrrecKoe o6ocnonanze. Cnaq€ua olLTcbrBaerc,
[polleAypa OIIeHKI4 acTpoMerpl{qecKr4x napaMerpoB KaK KJraCCr4qe cKa'-, 3AAaqa
HauMeHbIUI4X KBa.{paTOB, KOTOpaf COrnaCyeTCt C UcIonb3yeMbIM B IIpoeKTe Gaia
acrpoMerpuqecKl4M pelueHlleu. 3areu o6cyx4aercf, npueMJreMocrb rayccoBbrx
anpl4opHblx I{ arocrepl4opHblx rlnorHocrefi nepotrHocrr4 Lr vx r4HTepnperarluq B
KOHTeKCTe aCTpoMeTpr4qecKofo pelreHr4r.

B pa3AeJIe 3.2 v3JloxeHa npaKTr4r{ecKar [porleAypa nocrpoeHr4,

MOAen14

cHtTne

npn co3AaHvld Kar€uroros Gaia. pa:pa60raHHafl MeroAr4Ka 6rrna
CO3IAHHU BCEX rPdX ACTPOMETPI4IICCKI{X KATAJIO|OB GAiA,
Hacrorrqufi naouenr.

rlerndpran rJraBa nocBtIIIeHa uccJreAoBaHuro Borrpoca o 'ntwtsnul;
s$Seruoa 3ana3AblBan,rfl) o6ycnonneHHbrx KoHerrHocrbro cKopocrlr cBera, 

"uupeo6pa:oBaHl4e 3noxl4 rr-a acrpoMerpzqecKr4x Kar€uroron. BosHraKaer Borrpoc o

PasAer 3.5 upznoAl'Ir cBeAeuufl o6 ucnorb3oBaHLrr.r arrpkropHofi znsopla a[1[Ipr

nprrMeHeHa npl;i:

r{Merolltxcr B

B pa3AeJre 4.1 o6cyN4arorca e$sercrrr 3an€BAbrB a'vr/
YPABH EHI4 E ABI{}KCHPIf, 38 C3AbI B TCPMI4HAX HA6ITOAAEMbI X BEJII4III.{H.

acrpoMerpr{rrecKofo perreHr4f, c r{cnoJrb3oBaHr4eM anpuopHofi zn$opna a\uh.
Pa:Ael 3.3 coAep)KI'T aHanl4Tl4tlecKyro r4Jrnrocrparlr{ro r4cloJrb3otsaHurfl

aupzopuofi raH$opnraqnrz Ha rrpr4Mepe ynporqduuoro cryrrafl, KorAa perxeHr.re
BKJrroqaer roJrbKo oAHy r43 KOOpAr4Har (uarpuvrep, d) 14 napaJrnaKc.

B pa":4ele 3.4 orIHcaHbI 
'I4cJIeHHbre 

gKcrrepr{MeHTbr, BbrrroJrHeHHbre rJ' Toro
'Iro6lt [poAeMoHcrpupoBarb npaKTllqecKyrc ocyqecrBrrMocrb paspa6orauuofi
MCTOAI,IKT4. IIOTTYVCHHbIE PE3YNbTATbI IIOKA3bIBAIOT,
perueHue, coAepxaqee ToJrbKo KOOpAr4HaTbr, [pr,rBoAr4T
or.leHKaM HeU3BeCTHbIX.

TOM' KaK na6nroAaeMbre 6apzqenrpr4r{ecKI4e Berr{rrr4Hbr
B paMKax craHAaprnofi acrpoMerpr4rrecrcofi uo4elra.

[3MeHrroTcr co BpeMeHeM

t:

V NOIVIIEHO
I

r{To acTpoMeTpzqecxoe

K cr4JrbHo cueuldnnula



B pa^r4ene 4.2 [onyqeHo crporoe perxeHrre BhrBeAeHHoro ypaBH eHvfl.B xo4e
npone4euHofo HccJIeAoBaHLrfl yAanocb uafiru [onHbre aHaJruruqecKr4e peureHg{
Anr Bcex Quauvecxrax sQ$erron. ,:

B pas4ene 4.3 o6cyN4atorcf, p€Bnl{rrHbre acrreKrbr noryqeHHoro perxeHr4r.
Pasaer 4.4 coAepxr{T Bhrqr4cJreHr4e Bcex gJIeMeHToB xrco6uaua,

uctronHyeMoro .qJIt llpeo6pasonanr4fl, craHAaprHbrx ouru6orc H KoppeJr xguit.
B pa3Aene

3aIIa3AbIBAHLIfl.

3aKIIOqeHr{r o

rrapaMeTphr.

B usrofi rJraBe I43yrIeHo BnkrflHr4e op6zrzurrHoro ABr4xeHkrr 3enuz Ha
acrpoMerpl4r{ecKoe o6napyxeHne 3K3olnaHerHbrx clrcreM. Eruro
IIpoAeMOHcTpHpoBaHo, rITo B HeKoTopbIX cnyqatx ABkIXeHI4e poAl4Tenbcxofi
3Be3AbI, o6yclonleHHoe npllcyrcrBneM IlJraHerbr, Mo)Ker 6rrrr lonHocrbK) r4JIr4
qacrrzrrHo rrornoule uo s Q S ercroM n ap €LJrJraKca.

4.5 AaH BbrBoA npra6nnx€Hurrx sopnayn, gna esQerron
IlolyueHHrre coorHorxeHr4.rr no3BoJrsror cAeJIaTb BalKHbre

acTpoMeTpuqecKr4eBrruflHr4ur eQ$ercron 3arr€t3AbrB aH:afl, Ha

B pa3Aenax 5.1 v S.Z BbrrroJrHeH

acTpoMeTpr,rqecKofo AeTeKTr{p oBaHHfl 3K3O[naHeT.

crarr4crr4qecr<zfi aHanr43

flory.reu uolurrfi ua6op
Qopuyn Anfl pacqera acrpoMerpr4rrecKr4x essexron, o6ycnoBJreHHbrx
B3al4MoAefrcrnueu Me)KAy op6rara-urHrru ABr.rxeHr4eM 3eunu 14 op6raranr""rt
TBHXeHLTeM poAr4Tenrcxofi 3Be3Abr Ans npou3BoJrbHbrx KpyfoBbrx op6zr.

B pa3lene 5.3 paccMarpkrBaerafl nprzMeHeHr.re

AeTeKTI4pOBaHHtr SK3OrInaHeT B TeX CJlyrrarx, KofAa
o6uapyNeHa acrpoMerpuqecKu.

B pa3Aene 5.4 o6cyN4aercr rpeAenbHa,
AereKrl4pyevofi IIJIaHerbI. llonyueHa f$oluax Sopvryna, Koropar rro3Bon.rrer
Aenarb KarrecrBeHHo BbIBo4rr o6 o6HapyN eHnLr gK3orrJraHer c r{cronrso"ar"et
ua6mo,qeuuir. Gaia.
IIIecrag rJraBa nocB{IrleHa I{crroJrb3oBaHrlro zsuepeuufi, BbrnoJrH.rreurx
cKaHI'IpyrcuIuIM KOCMHqeCKI4M arrnaparoM, An'- 3Kcnepr4MeHralruofi [poBepKr{
o6rqefi Teop?rr4 orHocnrenbHocrrl. ,.

i

B pa3Aene 6.1 AaHo aHalrLrru.recKoe o6ocuoeaHr4e. PaccuorpeHsr rrr.i.""i
,r Bo3MyrrI eHu'dMpr napaJrnaKcoB

14 rapaMerpay.
PasAer 6.2 nocaxq€H xoe0Suqr4eHry Koppenrrlr4r.r MexAy HyJrb-ryHnro,
[ap€LnnaKcoB 14 rrapaMeTpoM y.
B pa:4ele 6.3 o6cyx4arorct IrocneAcrBrrr crarvrcrvr.recxofi 3aBr{crdMocrr4 MexAy
rapanJIaKcaMII u napaMerpoM /. 

l
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B pas4enax 6.4 u 6.5 [pHBeAeHbI pe3yJrbrarbr rrr4cJreHHbrx gKcrrepzMeHroe. Bce
Teoperl4rlecKLle BbIBOAbI IIOIHOCTbTO noATBepXAeHbr pe3ynbraraMl,I
penpe3eHTarl4BHoro KoMrlblorepHoro MoAeJrr4poBaHufl. B xoAe BhrnoJrHeHr4t
rII4creHHbIX 3Kcnep[MeHToB 6un o6HapyxeH Her{3Becrurrfi pauee eQSerr. Bulo
Hafi4euo, tITO qyBcTBHTeJrbHOCTb acrpoMerpr4r4 Gaia rapaMerpy ,v,
cyule crB eH HbrM O6p as orra 3aBr4 cr4 T or SKJrr.rrrrrz.recxo fi IIIup orbr

B s axrro.{ eHvLr n oABoAtrT c fl. Lrr orr4 ALrc cepraquoH uo fi p a6 orrr.

Bce pesyJrbrarbr reoperr{qecxofi qacru Ar'cceprarlLrr4 Lr

MoAenl4poBaHvrfl [oryqeHbl rLItIHo aBTopoM, AoKnaAblBaJrncb
MexAyHapoAHbrx xoHQepeurlr4.rrx.

flo reMe Avrcaeprar\uv ouy6ruxoBaHo 15 pa6or. Lrs HHx 14 crarefi B
XYPHANAX, B TOM TII{CJIC BbICOKOPCfiTUHTOSTTX, PEKOMCHAOBAHHbIX
ny6mrraqrau pe3yJrbraroB goxropcrofi AucceprarJLrv. B ruecrn
AraccepTaHT f, BJrreTC.S nepBhrM aBTOpOM.

Bce srrureneperll4cneHHble pa6oru coorBercrByror reMe Ar.rccepra Lryu 14

IIoJIHocrbIo orpax{alor ee coAepxaHLle. Bxna4 Al{ccepraHTa B coBMecrHbx
uy6luraqzxx o6osHa'Ien. Bce npeAcraBJreHHbre B Avrccepra\uu pe3ynbrarbr

aBropoM. O6ocnosaHHocrb HayqHbrx noJro)KeHvfi, ntrrtoAoB H

AVTCC9pTAL\Idk[, rroATBepxAaeTcflcSopvryru4poBaHHbrx B

O TIYO JII4 KO B AHHbIM I{ CTATb'MI4 B PC IIEH3T{PYCMbIX XYPHAJIAX.

Arrope$ epar orpaxaer coAepxaHrre Ar4ccep ragkr.

K pa6ore ecrb prA sa\,re.raHrafi.

llepnoe 3aMeqaHl4e cB.'3aHo c onpeAeJreHr4eM Tpr.rroHoMerpr4rrecKoro
napaulaKca (crp.26). O.rearz4uo, rrro npu onpeAeJreHqr.{ aBropa:
<Tpurououerpuuecxzfi napanJlaKc o6rrqHo orrpeAenrercf, KaK yroJr, rroa
KoropblM orpe3oK Alunoff B oAHy acrpoHoMllqecKyro eArrHr4rly A Br,rAeH a
paccMarpunaeruofi 3Be3AbI) BerI4tIuIHa rpraroHoMerpuqecKoro rrapannaKca oe
6y4er MeHtrTbcII B TerIeHI4e foAa, TaK KaK ABraxeHrle 3eunu no op6uri ,rpr"o4r, *
nap€LnJIaKTI{rIeCKOMy SInI4nTLIqeCKOMy ABI4XeHI{IO 3Be3AbI (n 9KJII4IITI,IqeCKT4X
xoop4zuarax) B 3aBI4cHMocrI4 or 3Knr.r[Tr4r{ecKr4x KoopAr4Har 3Be3Abr.
@nxcupoBaHl4e BeJII,IqI,IHbI rpl,rroHoMerpr4qecKoro rrapaJrJraKca- (Sopuyla l.l4)
B03MoxHo rTpu AoTIOJIHHTeJIbHoM ycJroBr4H, Hanpr4Mep, 6apzqeHrpuuecrufi
parkrya-BeKTop r feordeHTpa 3euln, pannuft 1 a.e., rBrflerc.rr KareroM B

MATCMATTITIECKOFO

Ha ceMr4HApax Lr

BAK ilfls

pa6orax

uonyrleHbl JII4TIHO

peKoMeHAalq.uir,

rpqMoyfoJrbHoM rpeyfonbHr4Ke, a R - 6apuqenrpz.recxufi paAayc-BeKrop Ao
3Be3AbI - fLIIIOTeHySOft .
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Heo6xo4I,IMo Aarb qerKoe olpeAeJreHLre rplrroHoMerpr{qecKoro rrapaflnaKca,
KaK oAHoro I{3 BaxGefiuI4x napaMerpoB, onpeAeJrreMbrx B npoeKTe Gaia c yqeToM
MT4KpOCeKyHAHOfi TOTTHOCTIT r,l3MepeHr{fi. i,,

B pa3Aene 1.5 paccMarpuBaercr Borrpoc rpurMeHnMocrLr MoAeJrr,r

paBHoMepHofo 6apuqenrpuqecKoro ABI{xeHr{f, 3Be3Abr. flocrolbKy B 6y4yrqem

Kar€ulor Gaia, no-BLIAHMoMy, 6y4er rrpnH.sr KaK olrlrrrecKaf, peaJrrrrcarlr{t

ue6ecuofi cl{creMbl orcv€ra, To ecrecrBeHHo Bo3Hr{Kaer Bonpoc o cBr3r,r pa,{no- g

orrl4rlecKofi cucreMbl KoopAr4Har. B srofi cBflsvr )KeJrareJrbno 6rrlo 6H noqcHurr
rIo3I4IrI4Io aBTopa, KaK rlneHa KoHcopquyMa Gaia, no noBoAy yrrera ycKopeHr4{

Coruequofi czcreurr s faraKTr4Ke r4 Bbr3brBaeMoMy orr4M ycKopeHlreu nexonofi
a6eppaqrau (ro.ruee r43MeHeHHeM eeKoeofi a6epparyuu) H ero BrrvflHkrs. Ha

co6crneuHoe.qBI4x{eHIze ss€sA. Coruacuo PC[E-ur:MepeHrarM BrrLrflHr4e ycKopeHprfl

Conre.IHofi cncreMbl Ha IIoJIoxeHr4e KBa3apoB cocraBJrrer 5,8 uxc Ayrrr B roA,
tITo B nonropa pasa 6orrtue reopervqecKofo. I4ueercfl rrtr Bo3MoxrHocrb orleHKrr

3Toro e$Qerra tro I43MepeHr,rflM noroxeszfi sn€sA ulutu Ha6lroAaeMbrx

KBa3apoB?

Cnegyrouqufi nonpoc cBtr3aH c BbrBoAaMr4, cAeJraHHbrMr,r B pa3AeJre 2.1.7:
(I43MeHeHI4e napaJrnaKca HeorluquMo c rorrKr,r 3peHrrq na6nroAenufi or
oAHoBpeMeHHoro r43MeHeHr,r[ opneHTar\vrr ua 6r, 5y, 6, u 6asosoro yrna na dT>

(Sopvryra 2.2I). llovevry An{ onpe.qeneHuf, op?reHrarlvlr 6*, 6y, 6, u napuarlif'r
6asonoro yrna df ne HcrloJlb3osaru Ha6rroAeHr,r[ KB€BapoB? Tor.qa gro cHrauaeT

Bonpocbl aBropa o Bo3Mo)KHocrqx caMoK€rrrr6ponxn r4HcrpyMenra (crp.49-50).

Bropoe 3aMeqaHI,Ie cBt3aHo c BTopbrM rronoxeHueM, BbrHocr4MbIM Ha
r::i

3aIqI4Ty, T.e. c ueroAuxofr nocrpoeHnf, acrpoMerpr{qecKoro KaraJrora c
LIcrIoJIb3oBaHI,IeM anpraopnofi ransopruaquu Anfl sn€:4 c M€urbrM o6rduovr
ua6lrcAareJlbHblx AaHHbrx. Hacromro aKTyanbHa AaHH ax pa6ota B Hacro"trl6e
npeux? Vxa^slrsaercr, rrro AaHHar MeroAura 6rrra paspa6oraHa Arfl. o6pa6orrcu

AaHHbIX AJIx BblnycKa nepBoro penrlsa GAIA u ony6tuKoBaHa B crarbrx 2015-
2016 rr. HanepHoe, sra pa6ora 6ura aKryanbHa B ro BpeMf,, ra BAK 4onycraer
TaKyIo rpaKToBKy nono)Kenr4s., BbrHocr,rMoro Ha 3arrlr{Ty. C 4pyrofi cropoHbl?

Ha6ruogeunx GAIA no3urllroHr{pyrorc{ KaK a6colrornue na6lro4ennr, T.e,

ua6moAe uus, 6es xarofi -ru6o 4ouonHr4reJrbHofi anpuopnofi nn$opMarlr4n. Teu He

MeHee pe3ynbrarbr aBropa (ra6nuqu 3.2,3.3, puc. 3.4) y6elr4reJrbHo AoK€BbrBaroT

ecJIH He neo6xoAuMocrb, To xeJrareJrbHocrb r4crroJrb3oBaHHfl

ran$ opvra \w g.nfl nonyr{eHr,rf, Kar€urora sedsA.

Tpeue 3aMeqaHlze cBfl3aHo c rperbl4M IroJIo)KeHI{eM, BbIHocI{MbIM H4

3aIrII4Ty: o paBHoMepHoM ABvDKeHvLT 3Be3Abr orHocr4TenbHo 6aprlqeHrpa
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CorHe.rHofi cucreurr c yu€roM KoHer{Hocrlt cKopocrr4 cBera. Mareuau4qecKl{

sTOT BOrrpOC

BbIIII4CJICHI,If,

eror s$$exr 6rusox no SopMe K raK Ha3brnaeuofi rrJraHerHoia a6eppaqzu, ua vto
yKa3brBaer aBTop, Lr BeJrr4rrlrHa groro esserra 3aBr4cr4T or orHocurelsnofi
cKopocrrr na6.rrroAareJrfl (n 4annoM cflyqae KA) u 3Be3AbI. Anrop yKa3blBaer,

irro (paBHoMepHoe nocrynareJrbHoe ABr4)KeHrle 6apur\eHTpa He l4rpaer Hurarofi

ponr4 BBr{.qy DKBT4B€ureHTHocrr4 pa3nrarrHbrx rlHepr{u€ulbHblx cplcreM). Ho, n groM

cnyqae pa6oraer 3aKoH cnoxeHr4r (nuuuraurar) cxopocrefi falvlres. Ho AaNe ue

fl. crrr4Taro rJraBHbrM. franHoe gro Heo6xoAzMocrb raKofo

c roqKn 3peHur Qrananrnoro pe3yJlbrara, KoropblM {BJl-rlorcf,

aCTpOMeTpI4rIeCKI4e IIapaMeTpbI 3Be3AbI B OapuIIeHTpI4rIeCKOH SKBaTOpnaJIbHOLI

cr{creMe KoopAr4Har Ha onoxy J2000.0 (n ne6ecsofi cucreMe KoopAI{Har).

CoeepureHHo HeBaxHo, KaKr{e napaMerpbr, r{3MepeHHble Ha MoMeHT rlprleMa, nrrt
((r4crl4HHbre>) Ha MoMeHT rr3JryrreHlr[, r{crronb3yrorcr. Pesynsrar peAyKIIHI{ B

ne6ecnofi cr4creMe KoopAr4Har AonxeH 6urr oAI4HaKoBbIM. B peaJIbHocrLI

((r{cTr{HHbre [apaMeTpbr) Ha MoMeHT u3nyqelF'I1lfl He H3BecTHbI, Ho OHI,I U He

Hy)rubr. B cnyuae craHAapruofi uoAenr4 ABr4xeHLrf, 3Be3AbI anropl,Iru pe4yltquu
(I4crLIHHbrx) Ha MoMeHT H3rryrreHrl.fl 14 ua6nro4eHHbrx KoopAI,IHar 3Be3AbI H.a

MoMeHr rrpr4eMa Ha 3noxy J2000.0 AoJrxeH Aarb oAI,IHar<osHfi pe3ynbrar.

llocleAHee 3aMerIaHI4e cBt3aHo c IItrbIM rIoJIoxeHI4eM, BbIHocLIMbIM

3arrIHTy: o QBfl3]/_ Hynb-nyHKTa rlap€uIJIaKCOB kr napaMerpoM Y, BXoArquIM

napaMerpr43oBaHHbrfi uocrnbloroHoBcxrafi $opvrarrr43M. ConeprueHHo HerroHflTHg

3arreM Bo3Bparrlarbcq B npouuufi BeK u perxarb 3a$arry a6conroruzarJiy

rap€urnaKcoB 3Be3A (.r., Harrpr,IMep, lIoAo6eA B.8., Hecrepoe B.B. O6uras

acrpoMerpvrfl), KorAa B crrr4cKe na6nrogaeMbrx o6rerroe GAIA vMeercf, 6orep

200000 KB€BapoB? Sroro BrroJrHe AocraroqHo Lr AJrf, oqeHKI{ rlapaMerpa y, u wr4
r<anr,r6ponKr4 r,rHcrpyMeHTaJrbHbrx napaMerpoB, rrocJre rrero Lrx MoxHo crlurarb

H3BeCTHbrMr4, Vr peruaTb 3aAarly TOJTbKO OTHOCT{TeJrbHO aCTpOMeTpIA.IeCTUX

rrapaMerpoB 3Be3A (napanneJrbHo Momer 6rrrr peureHa 14 3a.qarra,

cQoprr,rynlrpoBaHHafl B nepBoM IroJroxeHr{rl, BbrHocr{MoM Ha 3aIrI?ITy o

rrapaMerpax Bapr4alruu dazosoro yrna). 
,,ir

OrMe.reHHbre 3aMevra*nfl, He BJrnrror na o6qyro BbrcoKyro oIIeHKy pa6orrt, a
cKopee craB{T .{onoJrHl,rreJlbHbre 3aqa.ut\ Koropbre Heo6xo,rlunao peIuI4Tb B

6y4yr{eN{ Anfl npoBeAeHr4r peAyKrrr4r4 Ha6nroAenufi c Ml{KpoceKyn4nofi

roqHocrblo. , l;

lloerovry MoxHo yrBeplxAarb, rrro .4r,lccepTallur orBeqaer BceI\{

rpe6onaur{.flM, ycraHoBneHHbrM rr. 9 lloroxenus o nopqAKe npncyxAeHl{f
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"'l'ii'.yrIeHbIX creneHefi, yrBepxAeHnoro [ocraHoBJreHr{eM npaBr,rrenbcrBa P@ J\b842 ot
24.09.20t3 r. Co4eplKaHple Anccepraqr{H coorBercrByer crrerlu€rJrbHocru 1.3.1.

@usuKa KocMoca, acrpoHoMl4s (Suezxo-MareMarlrqecKne HayKLr), a ee aBTop

Eyrrcenuu A.nerccefi leHuaAreBnq 3acnylKr4Baer npr4cyxAeHzf, eMy crerreHrr

.{oKTopa Srarzro-uareMarr4r{ecKr,rx HayK rro cilequaJrbHocrLt : I .3. 1. <@zguxa
KOCMOCa, aCTpOHOM14fl D.
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