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* Ausorarust. [Ipoekr “Acrpomerpus” obecnednT KOOPAUHATHO-(DOTOMETPUIECKUIT MOHUTOPUHT (hOPMBI
anMba u muamerpa aucka Cosana ¢ rounocrsio 0.005” u ero ciuttocayrocru Ha yposae 1076 R B reuenue
6 Jier. [Ipoekr npepmnosaraer uccaenoBanue BHyTpeHHEH CrpyKTypbl u guaamuku COJIHIIA U U3MEHEHUs
ero r106aIbHBIX XapAKTEPUCTHK 1O siyipa. [IpoekT Takke 0becrednT uccjaeOBaHie TOHKON CTPYKTY Dbl 1
muHaMuKu (HoTocdephl Kak Ha IUCKe, Tak u Ha JuMmbe. Peanmm3arus mpoekTa mIaHupyeTcs B BOCXOIAIIEH
daze HOBOTO 24-TO COMHETHOTO IIHUKJIA.

PROJECT “ASTROMETRIA” ON THE MEASUREMENT OF TEMPORARY VARIATIONS OF
THE SHAPE AND DIAMETER OF THE SUN ON THE SERVICE MODULE OF THE RUSSIAN
SEGMENT OF THE ISS, by H.I. Abdussamatov', Yu.V. Alekseev®, A.A. Antoshkov'3, L.N. Arkhi-
pova®, V.P. Budin', A.A. Garbul®, A.I Ivanov?, LS. Immaylov', V.A. Karinsky®, S.I. Khankov',
V.P. Konoshenko?®, A.A. Kuznetsov?, A.V. Markov?, C.N. Martinov3, V.E. Melnikov?, L.A. Mirzo-
eva®, 1.1 Nikolaev', L.Sh. Oleynikov®, IL.N. Sivyakov', D.P. Veselov':®. The project “Astrometria” will
provide simultaneous measurement of variations of the shape and diameter of the Sun with an accuracy
0.005"”and of flattering of the disk with an accuracy 107% R during 6 years. The project supposes a
research of an internal structure and dynamics of the Sun and installation of change of the global charac-
teristics down to the core. The project also provides research both of the fine structure of the photosphere
and its dynamics both on the disk, and on the limb. The project is supposed to be carried out at first of
rise of activity of the next solar cycle.

Karouesbie cioBa: Counie, Gpopma u guaMerp, uX BapUAILUMH, KOCMAYECKHUI KCIEPUMEHT

1 Bseaenue

Bbicokorounble usmepenus “cosinednoil nocroguuoii”’ (®@pasuud, 2005) nokasbBaior, 4ro ee KosebaHusd
. 2

¢ ammmurygoii B 1.3 Br/M° wmim 0.1% B Tevenwme 1l-nernero nwmksaa CosHIa aHAJOTHYEH COOT-

BETCTBYIOIEMY KOJIeOAHHMIO YDOBHs: aKTUBHOCTM Kak 10 ¢dasze, tak u no ammuryse (Abaycamaros,
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2003; 20046; 2005; A6aycamaroB u ap., 2001). Hapsay c rakumu 1l-jerHuMu Bapuanusamu He-
[IOCPEJICTBEHHO OOHAPYKEHO HAJIMYMe TAaK:Ke K BEKOBOH COCTaBJIAOLIEH B BapuHalusaX ‘‘COJIHEYHOIM
ITOCTOSTHHO’, CKOPPEINPOBAHHBIX C BEKOBBIMU BAPHUAIAAMHU yPOBHS €0 aKTUBHOCTH. YCTAHOBJIEHO, UTO
JIOJITOBPEMEHHAA IIMKINYeCKast BAPHAIN “COMHEYHOM MoCTOAHHOH” (S¢)) haKTUYecKH NeanKOM ABJISeTCs
Pe3yJIbTaTOM COOTBETCTBYIOIIEr0 W3MEHEHMs IJIOMAIN u3Jydarorieil moBepxaoctu (orocdepsr CosHia

npy coxpaHeHnn ee 3(pPEeKTHBHON TeMIepaTyphl IPAKTUICCKH HEH3MEHHOH
AS@/S@ R 2AR®/R@,

rne Rz - pammyc Commna (A6mycamaros, 2005). Ilosromy KosiebaHus “COHEYHON IIOCTOSHHON W 33
11-meTHMT UMUK TPAKTUYECKHA BCEIEN0 OOyCJIOBJIEHBI COOTBETCTBYIOIIUMHU BAPUAIUSIMHU €r0 PaIuyCca
¢ ammntyzoit B npegenax a0 350 kM. Takum obpazom, 1ll-jieTHuil resiMOIUKI IPEACTABJIAET COOOMH
CKOOP/IMHUPOBAHHOE HJACHTUIHOE KOJ€0AaHMEe AKTUBHOCTU W PAINyCa-‘COJHEIHON IMOCTOSHHON Kak II0
daze, rak u no ammiuryie (Abaycamaros, 2005). ITosromy Counie, Crporo roBopsi, B LEJIOM HE
HAaXOIWUTCS B COCTOSIHMM MEXAQHUIECKOTO W YHEPreTHIecKoro pasHOBecus. OHO SBJISETCS TePEMEHHON
3Be3/10i1, MyJIbCUPYIOIIEH, B I€JIOM, OTHOCHTEJBHO €€ CPEIHEr0 YPOBHs, IO KpaifHeil Mepe, C TpeMs
kBasunepuogudeckumu (11, 80 u 200 jieT) CKOOPAMHUPOBAHHBIMYU BAPUAIMIMU AKTUBHOCTH U PAJIUYCa-
“cosaednot nocroguuoi”. CremoBaresibHO, TOYHAs aOCOMIOTHAd Benuwduna pajuyca CoJHIA IBIISETCs
BaXKHEHIUM (DYH/IAMEHTAJBHBIM [IAPAMETPOM M OJIHUM U3 OCHOBHBIX MHIMKATOPOB YPOBHS AKTUBHOCTH
u “cotreanoit nocrogauoir’. [Ipu 3TOM HaHHBE O CIeKTpe KoJedaHuil byHIaMEHTAJIBHBIX XapPaKTEPUCTAK
ComHnia, a MMEHHO: PAANyCa, CILIFOCHYTOCTH, WHTErPAaJbHOTO TTOTOKA U3JIYUYEeHUs — SBJISIOTCH OCHOBOM
JIS TAArHOCTUKY TapaMeTpOB €r0 BHYTPEHHEro CTPOEHWS BCJEICTBHE TOTO, YTO OHU XapPaKTEPU3YIOT
U3MEHEHHUsI er0 BHYTPEHHUX CJI0EB, BILIOTH 10 siyipa. OJIHAKO HE UCKAXKEHHBIE BJIUSHUEM HECTADUIBHOCTH
3eMHON aTMochepbl U KOIebaTebHbIX IPOIECCOB B HEM, JIOJINOBPEMEHHBIE BBICOKOTOYHBIE OJHOPOIHBIE
u3MepeHus abCOJIIOTHON BEJIMYMHBL PAJUYCA U €r0 OTHOCHTEJIbHON BAPUAIIUU MOLYT OBbITH [IPOBEIEHBI
TOJIBKO B YCJOBHSX KOCMUYECKOTO MPOCTPAHCTBa. [losToMy, mis uccjaenoBaHus BaXKHEUUX U Haubojee
aKTyaJbHbIX (yHIaMeHTaabHBIX Tpobsem dusuku CosHig W acTpodU3WKKU B IEJIOM, 8 TaKXKe I
0osiee 3PHEKTUBHOIO ¥ TOYHOI'O KMCC/IEIOBAHUS MEPBOIMPUYINHDI BAPHUAIMI “COTHETHON MOCTOSTHHON W —
BpeMeHHbBIX Bapuanuii hopmbr u quamerpa CosHiia B pazimyanbix narepBaitax, — 8 TAO PAH paspaboran
upoekT “Acrpomerpus” na ciayzxedbuom mouyie (CM) poccuiickoro cermenra (PC) MKC (A6aycamaros,

2003; A6aycamaros u ap., 2004a).

2 OcHOBHBIE 33712491 IIPOEKTA

- KOOpﬂI/IHaTHO-(bOTOMeTpI/I“IQCKI/II;’I MOHUTOPHUHI CbOprI J'H/IM6a u juamMerpa JUCKa COJ’IHH& C TOYHOCTDBIO
O.OOSH u ero cmmocHyTocTn Ha ypophe 107 R (mo ycpemmennbiM pesynbTaTam obpaborkm 100
u3Mepenuii);

— KOOPAMHATHO-(DOTOMETPUYECKHNE U3MEDPEHNU /IBYX EHTPAJIbHBIX U 16-Tu InMOOBBIX y4aCTKOB JUCKA,;

— KOOPAMHATHO-(POTOMETPUIECKUE H3MEPEHMS YIVIOBBIX PACCTOAHUM MEXK/Iy STAJOHHBIMH 3BE3IaMH
+2.5 < myp < +6.5 ¢ TOIHOCTBIO O.OO4H (o ycpennenubiM pesyJbraram obpaborku 100 usmepenuii);

— CO3JaHue yHI/IKaﬂbHOI'?’I 63,3131 JaHHbIX C (byH,D;aMeHTaﬂbeIMI/I BbICOKOTOYHBIMH PAAAMHU 3THUX
[IapaMeTpoB.

3 OcHoBHBIE IIEJIN IIPOEKTA

1. UccnenoBanne riobalbHBIX MPOLECCOB, IpoTeKaiomux B Heapax CoJHDA, M OUEHKA MX BJIMAHWA HA,
Semuro:

— OmpeiesieHne CIIEKTPa W MPUPOIBI Bapuannii (hopMbl, 1uaMeTpa, CIUTIOCHYTOCTH INCKA U ‘COTHEIHON
[IOCTOSTHHOW M WX 3aBUCHUMOCTHU OT (Da3bl MUK U HOTOKA, COTHEIHBIX HEHTPHUHO;
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— u3y4eHHe CTPYKTYPbl BHYTDEHHEI'O CTPOEHHHA U JAUHAMHUKH, 8 TAaKKe I[JIODAJIbHBIX IIPOLECCOB,
nporekaonmx B Hegpax CoOJHIA, U X BapUALMI B TEYEHUE [TUKJIIA;

— uccsaenoanne GU3NIECKUX MEXAHU3MOB U BBISICHEHUE IIPUPO/IbI COTHEYHOIO IUKJIA;

— u3ydYeHWe BIIMSHUS JO0JTOBPEMEHHBIX BAPUAIUN COJTHETHOTO PAINYCA-TIOTOKA PAIUAIAN HA TIIyOOKHe
W3MEHEHUS B KJIMMaTe 3eMJIM U YCTAHOBJIEHUE MPUIWHBL €r0 TJI00AIBHOTO MOTENIEHS.

II. UccnemoBanne MUKIOBLIX Bapualuii TOHKOM CTPYKTYPbI (poTocdheps:

— HUCCJEJOBAHUE TOHKON CTPYKTYpPbL U JuHAMUKHU (Horocdepbl U UX Bapualyii B TeYeHUE [TUKIIA;

— olpezesieHre TPUPOJIbL TPAHYJISIUE, ME30- U CyIePrPAHYJISIIIN;

— HCC/IeIOBaHME Bapuauil (pu3mIecKux mapamerpoB (orocdepbl B 3aBUCHMOCTH OT IJIyOHMHBI HpH
U3MEHEHUHN AuaMeTpa u (a3bl UKIIA.

4 Permenue 3ama4

Jljist pereHust TepMUIeCKUX IPoHIIeM, CBABAHHBIX C HEIIOCPEICTBEHHBIM BJIUSHUEM HHTErPAJIHHOIO [IOTOKA
u3sydeHus nojgHoro mucka COoJHI HA CTAOMJIBHOCTH KAYECTBA OINTUKU M MEXAHUYECKOW CTPYKTYPbI
TeJIECKOa, U (POTOMPUEMHOrO OJIOKA, a TaKXKe JJisi [MOJIYYeHWs] OJHO3HAYHBIX U HEIPOTUBOPEYHBBIX
Pe3yIbTaTOB C TPeOYeMO TOYHOCTHIO PA3pabOTaH W 3ATATEHTOBAH YHUKAJILHBIN COJHEYHBIN TuMborpad
kocmuueckoro Gasuposanust CJI-200 (puc. 1) €O CBETOBbIM JAMaMeTpOM IJIABHOrO 3epkaja 200 MM,
UMUTUDPYIOLIMIT KOJbLeobpa3Hoe conednoe 3armenune (Abnycamaros, 2000; 20048). B ocnoBy onruyeckoii
cucrembl CJI-200 nostoxkena 3adokaibHast aljlaHaTuYecKas cxema ['peropu, B npoMexkyTodHOM (HOKyCe
KOTOPO#l yCTAaHABJIMBAETCA MCKyCCTBeHHas JIyHa, mnepekpbiBaiomag Oosee 90% UIEHTPAIbHOR 30HBI
n300paXKeHUsi COJTHEYHOrO TUCKA W ObecredwBarommias HaOJIOMEHHE TOJbKO 33 OYeHb Y3KHM KOJIBIIOM
Kpag JuMba U AByMs IIEHTPAJbHBIME ydacTKaMmu jucka (puc. 2). “JIyna” (3) npezncrasiaser coboii
"

HEIPO3PAaYHbIN JJIMIITUYECKUI IKPAH C [olepeyYHbIM JuaMerpoM He Menee 1800 ¢ JiByMs IEHTPAJIbHBIMU
OTBEPCTHUSAMU, YCTAHOBJIEHHBIH 1OZ yrjioM 12° [0 OTHOIIEHWIO K MJIOCKOCTH, MNEPIEHIUKYISPHOM
onTu4eckoil ocu. OTParKeHHbBIH 3ePKAJIBHON MOBEPXHOCTHIO “JIyHbI” HOTOK Jiyuaucroil sneprun ComHia,
HAJAMONIMA  CXOAANIMMCS OYYKOM OT TDJIABHOrO 3epKaja (2), BBIBOAUTCH HAPYXKY 4Yepe3 OTBEpCTHUe
(8) B xopuyce jmmborpada. CJI-200 caabxkeH KBapUEBBIM 3€PKAJBHBIM CBETO(CIEKTPO)IEIUTEIbHBIM
duaprpom (BCB®) (7) Ha BXOAHOM 3padke, OCIAOIAIONINM WHTErPATbHBI IIOTOK COJHEYHOTO
uzsaydenus 6Gosee dem B 100 pa3, m reanodOTOMHUKPOMETPOM €O creluajibHbiM Mo3andabiM [13C-
dboroupuemuukom juamerpom 50 MM, pasmelneHHbIM B (QOKajbHON 1iockocTu (6) HA LOABUKHOM
OCHOBaHUHU. DKBUBAJEHTHOE (DOKYCHOE pACCTOsTHUE ONTHYIECKOi crcTeMbr — 4800 MM,

Hayunasg anmaparypa (HA) usMepurebHO-UCCIEI0BATEIHCKOrO KOMILIEKCa COJIHEYHOro auMborpada
CJI-200 cocrouT u3 aByx 6JiOKOB: Gjioka onTuku u Mexanuku (BOM), ycraHaBIMBaeMOro B OTKPLITOM
KocMoOce 3a upejenamu Kopuyca ciaykebnoro moayis (CM) PC MKC, u 6Guoka anexrponuxu (B3),
COCTOSIIEro m3 BHyTpeHHero cybbsioka ¢ kommbiorepom HA, pasmemiaemoro B repmoorceke CM, a
TaKXKe BHEIIHero cyb0JI0Ka ¢ MHUKPOIPOIECCOPOM, pasmernaemMoro Hemocpegcrserno na BOM. g
ymobcTBa IKCIyaTannu u obecnedenus Bo3MoxkuHOCTH 3amenbl 3CB® wu II3C-dorompuemunka Ha
6opry CM BOM CJI-200 KOHCTPYKTHBHO PACUJIEHSIETCS BJOJb OINTHYECKONW OCu TpyObl Ha TpuU
compsiraeMbIx cy00/10Ka: Cy0OJI0K 3epKaabHOro cBeTodmibrpa — BOMI, cy066/10K reimodoToMUKpOMETpa
— ¢doronpuemuoro ycrpoiicrsa — BOM2, u, cobcrBernno, 0cHOBHO# cyO0/I0K costHedHOro jumborpada,
BrJjrovag 1ardopmy rounoro ciexenus (IITC) u cucrembl nasenenus u yupasienus — BOM3. BOM1
u BOM2 ycranaausaiorcs Ha BOMS3 ¢ momompo mTudTOB W 3aKPEIIIIOTCS MOCPEICTBOM 3aMKOB
MHOTOKDATHOIO JeiicTBus (puc. 3).

BOM CJI-200 Bxatouaer B cebsi coeayromnue GbyHKINOHAJbHBIE JJIEMEHTHI:

— rpy6a jumborpada ¢ nuratoniei onrudeckoit cucremoit (ITOC);
OTKWJIHAS TEIJIO3AINUTHAS KPBINIKa 00bEKTUBA ¢ TIPUBOIOM;

— 3amensiembrit 3CB® ¢ nmpuBomom;

— cobersennas IITC Busuphoit ocu smmborpada 3a Cosniem;
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Puc. 1. Onruyeckas cxema COJHEIHOTO juMbOrpada € XOIOM JIydeil Jjisi OCEBOTO IydKa CHUCTEMBI, Tae 1 —
mHBApPOBBIA KOpyc (TpyOa) smmborpada, 2 — BOrHYTOE SJLIMICOMAAIbHOE TiaaBHOe 3epkano (Des 200 mm u3
kapbuna kpemuus (A\/50) ¢ nenrpanbabei orepcrueM 5 (H49 MM, 3 — IIOCKOE HEIPO3PATHOE TEILIO3AIUTHOE
3epKaio — “TIyHa” — IUIANTUIECKON (POPMBI C YIJIOBBIM AUAMETPOM HE MEHee 1800 ¢ IEHTPATBHBIME IBYMST
orBepcruaME, 4 — BTOPUYIHOE BOIHYTOE SJLIMICOUAAIbHOE 3epKano (Des 44 Mm u3 xapbuna xpemuus (A/50), 6 —
perucrpupyomee ¢dboronpuemuoe ycTpoiictBo (cnenmanbaas 1I3C-marpuna) (H50 MM B (HOKAJIBHON MIOCKOCTH
mamborpada, 7 — 3epkaabHbli cBeTo(cnekTpo)aeaurenbubii Gmibtp (3CB®) m3 xBapnesoro crekma KY-1
@Dcs 188 mm (A/50), oupenesnsiommii aneprypy cucrembl npu HabmogeHusax CoJHIA, fABIAACH €€ BXOIHBIM
3padkoM, 8 — orBepcTHe B Kopiryce mmborpada. llpu mabmonennn 38631 3CB® BBIBOAUTCS M3 CBETOBOTO MYYIKA
¥ BXOJHBIM 3DaYKOM OIITHYECKON CHUCTEMBI CayxkuT auadparma guamerpom 200 M.

— appeTupyoliee yCTpOHCTBO ¢ PUBOJIOM;

— TeIJIO3aIMUTHAA KPbIKa TPyOb! iuMborpada ¢ mpuBoIOM;

— 3amensiemblit Mo3ananbiii [13C-doronpuemuuk suamerpom 50 MM — rernodOTOMUKPOMETD;
— aBTOHOMHas cucrema obecredenus rerioBoro pexkuma (ACOTP);

— aHasm3aTop Kadecrsa nzobpaxenus (AKN);

— TeJIeMEeTPUIECKHEe TATINKHU OMEPATUBHOTO KOHTPOJIS;

— dororuz ¢ mosem 3penns 6°, yCTaHOBJIEHHBIH COOCHO ¢ Bu3upHOii ocbio [10C;

— CHUCTeMa TOYHOTO BEIEHWH U CJIEKEHWs BU3UPHON ocu yimMborpada 3a Cotaiem;

— cucrembl aBromaTndeckoii dhokycuposku (CAP) n ynpasienns (CAY).

[I3C-doronpuemuuk npeacrapisger cobOil MO3aWKy € TpPeMs ABTOHOMHBIMHU ['PYIIAMU OTAEJIbHBIX
6710xk0B: 16 1uMOOBBIX OJIOKOB, 2 HEHTPAJIbHBIX 010Ka u 4 JIMHEHKH HA JUAMETPAJIBHO IPOTUBOIIOIOKHBIX
kpasgx jumba depes kaxpie 90° (puc. 4). Kaxnas rpynmna GoronpueMHbIX GJOKOB UMEET HE3aBUCHMbIH
pexkuM paboTel u cobcrBennyio cucremy ynpassenuss CY1, CY2, C¥Y3, a Takyke aBTOHOMHbIE 0DIINe
JIEKTPOHHBIE 3ATBOPBHI C YIIPABJISIEMBIM BPEMEHEM IKCIOHUPOBAHUS.

Paszpaborannas ACOTP sBkjrouaer peryjaupyeMmbie 3JEKTPOHArPEBATEN M OOIIeHl MOITHOCTHIO 10
100 Br, obecrieqmBaioiime KOMIIEHCAIMIO HEPEryaupyeMbix remioBeix morepb BOM B okpyzkaroree
KOCMHUYECKOE IIPOCTPAHCTBO, & TAKXKEe IKPAHHO-BakyyMHyio remiousossuuio (9BTU) ero napykubix
nosepxuocreil. UuBapossiii kopiryc (rpy6a) sumborpada cHapyu HoKpbiBaercs aByMs cjaosgmu 9BTU no
10 MM, MeKTy KOTOPBIMHU Da3MeIIaeTcsa MONOJHUTENbHAA TPYOa M3 MIOPAJIOMUHAS /i BHIDABHUBAHUSI
TeMIIepaTyp BAOJb ONTHUYECKON OCH WM IO BCeMy OObemy MHBApOBO# TpyObl. K maccuBHBIM 3j1eMeHTaM
ACOTP moxkHO OTHECTH CHCTEMY SKPAHUPOBKU BTOPUYHOTO 3€PKAJIA OT MPSMOIrO COTHEYHOTO 00y 9eHuUs
U OT MEPEOXJIAXK/ICHUs 1pU HAOJIOJCHUN 3Be3/l, BHEIIHUE DAJUAIMOHHBIC [TAHEJU U TEIIOBbIE IIUHbI
JUTsl OTBOJA Teruta, Bbiaessiomerocs npu pabore [I3C-doronpuemunka u npu nabimogenusx ComHia,
a TaKXKe TEIJIO3AMMUTHYIO KOJBIEBYIO OJIeHIy, YCTAHAB/IMBAEMYIO BHYTPHU KOPIyca OObekTHBa. Taxmm
0o0pa30oM OpraHm3yercss OTPHUIATENbHBIN BHerrHWi TenaoBoir bajmanc BOM B pabouem nmanazone
TeMIIepaTyp 3a CYeT BHIOOpPA PAIMANMOHHBIX XAPAKTEPUCTHWK, TEIJOBON W30JISIUU KOPIyCa-TPYObI u
oA el Hapy KHbIX oBepxHocTeit paguaropos. Takas ACOTP B pabodem pexkume MOXKET MOIEPXKATH
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Puc. 2. Ilocrpoennoe CJI-200 uzobpakenune mumba u AByX yIacTkoB mucka ComHIa

TeMIeparypy 3epkasi u Kopuyca tpyObl gumborpada B nuana3one m3meHeHus we Oosiee uem 1,0 K
U yIepXKaTb MoJioykeHne (POKAJIBHON IJIOCKOCTH OITHYECKOH CHCTEeMbI Ipu pabdore jaumborpada B
IUKJMYECKOM pexkuMe B mpejesnax He bosee 25 mrm (Abaycamaros, Xankos, 2005; 2006). Yeenudenue
CTAOUIBHOCTU TOJIOKEHNS (POKAJBHON IJIOCKOCTH JimMborpada MoxKeT ObITh [IOCTUTHYTO 3a CYeT
PEeryJIMpPOBKH YPOBHEN TEMIEPATyp 3epKaJjl i KOPITyca TPyOsb:

Af = Bru Ora -+ Bsr Osr — Bk 91(,

rue Af — repMmuyeckoe cmerieHue (GOKAJIbHON LIJIOCKOCTH OLUTHYECKO# cucrembl [MKM|; Ora, Oer u
fx — ueperpeBbl IVIABHOIO M BTOPUYHOIO 3epKaJ u Kopiryca-rpybel, coorsercrBento [K|; Bra, Bsr
u Bx — mnepemarodnbie KO3M@UIMEHTHI [Jisi IJIABHOTO W BTOPUYHOTO 3€PKAJ U KOPIyCa JIAHHON

ONTHYECKOil crcreMbl, cooTBercTBeHHO [MKM/K]. C momomipio 310ii hopMysIbl TaKKe MOKHO OIPEIENTUTh
BEJINYMHY TEPMUYIECKOTO CMemnieHus (HhOKATBHON IIOCKOCTH JuMOOTpad a BO BpeMs U3MEPEHWH TuaMeTpa
gucka COJHIA WM PACCTOSHUE MEXK/ly SPKUME STAJOHHBIME 3BE3/IaMH M BBECTH COOTBETCTBYIOIIYIO
KOMIIEHCHUDYIOIILYIO HOIPABKY B M3MEPEHHbIE BeJIUdIuHbL [Ipym 9moM i m3bekaHus HepeoxsIarKIeHus
kopmyca-tpybsr  gumborpada gexypubiii  koutyp ACOTP ocraercs BKIIIOUEHHBIM TOCTOSHHO. B
sroM pexkume B3I obecredmBaeT KOHTPOJL TEMIEPATYP ONTHKO-MEXaHWYeCKuX 3jieMeHToB BOM m
mofiepyKaHne ux ¢ Tpedyemoil ToYHOCTBIO. g TmoamepxKaHus 3HAYEHUNH TEeMIIepaTypbl ONTHYECKHUX
s7eMenTOB Tpy6bl gumborpada u (GoTonprueMHbIX MATPUI] B HEOOXOAMMBIX mpejeax BbY obecneduBaer
ABTOMATUYECKOE PEryJIMPOBAHUE MOJIa4u uTanus Ha pabouue varpesarean ACOTP BOM.

5 Meroauka IIpoBeAeHUdA SKCIEPUMEHTA

B pexume usmepenwit nmo Counny Hasemenne BOM B HanpaBiieHMH [EHTPA COJIHEYHOI'O JIMCKA C
rouHocThi0 He Xxyxke +3° ocymecrsisiercs [ITC nporpamvubiM 06pa3om depe3 HHOOPMAIMOHHYO
yupasJasiowmyto cucremy (MYC) CM. Ilpu arom uzobpaxenue CouHUa JOJNKHO OUAAATH B 10J€ 3PeHus
dororuna £3°. C sroro Bpemernu IITC moxm ynpapjeHmeM KOHTPOJLIEPA, CHCTEMbBI TOYHOTO CJIEXKEHUS,
HCIIOB3YIOMIEr0 B KAUECTBE NH(DOPMAIIMOHHBIX CUT'HAJIOB CUTHAJIBI PACCOTJIACOBAHNS N300paKeHus JTuMOa
Comana ot gerbipex [I3C-uneek GhoTompueMHNKa, PACIONIOKEHHBIX B THAMETPAJIBHO TPOTHUBOTIOIOXKHBIX
Kpasgx auMbOa depe3 Kaxkable 90°, HAUMHAET MOCTOSHHOE HaBejeHme ocu JjuMmborpada Ha MEHTP AUCKA
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@otorua

Bnok 3epkanbHOro ceetounbTpa

Bnok rennogotoMukpomeTpa

Tpy6a conHeuHoro numbGorpaca

*175°

Nnathopma TOYHOro CnexeHus

Puc. 3. O6muit Buy 6sioka onruku u Mexanuku (BOM) komiinekca CJI-200

Connma m obecmeunBaeT crabuiam3armio n3obpazkennsi CogHIA B mpeaenax He Oosee 5. Hamee
cucrema aHasuzaropa kKavecrsa uzobpaxkenus (AKU) anasnusupyer curHas ¢ LEHTPAJIbHBIX MaTDULL
doronprueMHIKA, BOSHUKAIOMIMIA IIPU ILJIABHOM IIepeMelneHny 0J10Ka (hpOTOIPHEMHNKA, BAOJIb OLTHYECKON
ocu, KOTOpoe ocyulecrBiser cucrema apromarudeckoit dokycuposku (CA®D) wnox yupasienuem
koutposuiepa CA®. AKU omnpenensier Hawaydmmii KoHTpacTt rpanymasaiuau (otochepsr CosHIa u ¢
momoripio CA® ycramasiuBaer (POTONPUEMHUK B IJIOCKOCTM Haujydineir (okycuposku. Haumnaercs
9Tall U3MEPEHUil, B X0Je KOTOPOro CUI'HAJbL C MATPHIL, [10J, YIPABIEHUEM KOHTPOJLIEPA, IIPEodpa3yOTCs
B nudpoBoii Kox U cuurbiBaiorcs B Oydepuyio namsars BY s nanbreiinieil 06paborku U perucrparuu
Pe3y/IbraroB.

Cucrema yupassenus jpuxkennem u sapurauuein (CYIH) CM unocrpoena 10 UpUHLMILY KOD-
pekrupyemoil 6ecuiardopmenHoil unepuuaibioil Hapuranuonnoit cucrembl (BITHC). Nuepuunasibubivu
maraukamu  CY/IH 4BJsAOTCS  BBICOKOTOYHBIE T'MPOCKOMUYECKUE U3MEPUTENN BEKTOPa  YIJIOBOM
ckopoctn (TMIBYC), ¢ HecKOMIEHCHpOBAaHHBIM yxogoM mopsaka 0.001°/9ac—0.003°/gac. Ilyrem
WHTEIPUPOBAHUS COCTABJSIONNUX abCcooTHON yrioBo#t ckopoctu BUHC Bbramciaser mosokeHue
CBHABAHHBIX OCEl OTHOCUTEJIbHO uHepuuasbHoro Hasuca. Koppekuus 3nanus opuenrauuu (KOppekius
BUHC) oupenensiercs ¢ UCHOIb30BAHUEM 3BE3JHBIX AATYUKOB OJIOKA OLIPEJEJIeHUs KOODIMHAT 3BE3[
(BOK3) CM uyrem ux unepuojuyeckux BKJO4eHuil (upumepHo 2 pasza B cyrku). s obecuevenus
HaBeneHus Bu3upHoit oct BOM mHa sTamoHHbIe 3Be35bI MporpaMMHELIM 00pa3oM depe3 UYC ¢ TOYHOCTBIO
TTOPATIKA 1 MPOBOIMTCST IOCTUPOBKA €ro MpuOOPHBIX oOceil oTHOcuTe bHO mpubopHbIX oceit BOK3.
FOcrupoBka npubopubix oceit BOM ornocuresnbro npubopubix oceit BOK3 ocyuecrBisiercs: myrem
[IPOBE/ICHUST CePUK M3MEPeHuil Halpasjenus Ha nentp aucka Cosnna annaparypoit BOM u cpaBaenus
usmeperntbix BOM nanpasiienuii ¢ BoraucsieHabiME yriioBbiMu nosiozxkeausimu Cosniia 8 BUHC B onmo u
TO e BpeMsi. [1oBbIeHne TOIHOCTH TAKON I0CTUPOBKHU J0 JIECSITKOB YIVIOBLIX CEKYHI JOCTUTAETCS TyTeM
BKJIIOUEHNS U 00paboTKu nHMOpMAIUN OITHOBPEMEHHO NBYX 3Be3nHbix mardynkoB BOK3 u BoimosHenns
koppeknuu nanabix BUHC mo ux JaHHBIM Tepes mpoBeaeHreM ocTupoBku. [lomyuenuas uudopMmalms
(yrast orpaborku IITC upu nasesenuu Busupuoii ocu BOM na uenrp nucka CosHUA U BbIYUCJIEHHOE
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@31 yrn.MuH

@35 yrn.MmuH

Puc. 4. Pacmmonoxenne marpur [I13C Ha mamemn GpoTOIpueMHOr0 yCTpOMCTBa

yriosoe nosiozkenue Connia 8 BUHC B npuBsizke K ONHUM U TeM K€ MOMEHTAM BPEMEHH) ONpPeIesisder
monoxkeane 1ITC B BUHC B mepecdere mis mysneswbix yrioB mosopora IITC wu ucmonws3yercss mist
nasejenuss BOM (nocpeuncrsom IITC) B 3ajaHH0e BpeMst HA LJIOIIAAKY 3BE34HOIO Heba, CONEPAKALLYTO
[0 MEHbIIeH Mepe [apy 3TaJOHHBIX 3Be3[, IporpaMmubiM obpazom depez UYC u nocienyioriee ee
COITPOBOXKIEHUE.

Jng penykimum BCeX W3MEPEHWil, 3alJaHWPOBAHHBIX B IKCIIEPUMEHTE, U3 WHCTPYMEHTAJbHON
CUCTEMBI B METPUYECKYIO, & TaK K€ JJId KOHTPOJIS CTAOUJIbHOCTU BCEH WHCTPYMEHTAJbHOI CHCTEMBI,
LJIAHUPYETCs PEryJIsiPHO POU3BOJUTD U3MEPEHUs TAKUX XAaPAKTEPUCTHUK, KAK MaciuTabbl (110 06eum ocsam
U3MEPUTEJILHON CUCTEMbI), KOCOYIOJIbLHOCTh CUCTEMbI KOODAMHAT (OT/IMYUE yIJia MEXK/IY OCSAMU CUCTEMbL
or 90°) 1 OpUEHTAIIUIO OCeHl OTHOCUTEIHLHO HAIIPABJICHHS HA MIOJIIOC 9KBATOPUAJILHOMN CHCTEMbI KOODIUHAT.
B npoekre “Acrpomerpust”’ 3Tu 331291 — KaIUOPOBKa MaciTaba n300paskeHust 1 KOHTPOJIb CTabUIbHOCTH
G YHKITMOHAIBHBIX [TAPaMEeTPOB JuMOOrpada B IejoM — Oy/IyT PeIieHbl MOCPEACTBOM U3MEPEHUS YITIOBBIX
paccrosauii Mex/y 3e3zamu Karajora Xuiapkoc (Ileprumen u up., 1997). 3Be3quas BesuuuHa Beex
0TOOpAHHBIX 1 Kaaubposku 172 map 38e3.1, CrpynnupoBansbix B 16 moma/ikax, B mosoce “b” — menbiie
6.5. [Ipu sTOM 11 TPOBEPKM TOYHOCTU TO3UITMOHHBIX U3MEPEHWH 3Be37 ObLIO TMPOBEIEHO UHCIEHHOE
MOJIE/TUPOBAHYE TTPOIECCA TIOJYIEHUS U U3MEPeHns n300pakeHunil, OTOOPAHHBIX NI KAJTUOPOBKY, 3BE3].
C yuerom acdderra nBrKeHns n300paKeHUsI MO MOJI0 3PEHUs, BOZHUKAWIIEro u3-3a Haguwdus y MKC
coOCTBEHHBIX KOsiebaHuit 1 omnOOK COOCTBEHHBIX ABU2KEHUH, 1 KOOPAMHAT 3BE3/I, 8 TAKKE PA3HOCTH JIIOX
B 15 ster u Habutonenus nopsaka 170 map 3Be3/ B KaXK/I0M CEaHCe KaJUMOPOBKH, IIOJIYyYEHO, UTO OIuOKa
0 yCpeIaHEeHHBbIM pe3ysbraram o0b6paborku 100 m3MepeHuit B 1mesioM COCTABUT HE DOjiee 0.001". [TosTomy
MOXKHO OXKHMIATh, U ommbka usMepenus guamerpa Cosnia (paccrosHuil MexkIy Todukamu neperuba
PaauaIbHOrO TPOMUIS SPKOCTH HA ITPOTUBOIOJIOXKHBIX KPAAX €ro JUM0a M0 YCPETHEHHBIM PE3Y/IbTaTaM
0bpaborku 100 uzmepenuii) HGyjer TakKe HOPHAIKA 0.001". Taxuwm 00pa3oM, B Pe3y/IbTaTe IPOBEICHHOIO
YUCJIEHHOTO MOJEJIMPOBAHUS IPOIECCa MOJIyYeHrs] U u3MepeHus: n3o0paxkenuit 3se3 u CosHIIA MOXKHO
c/leJIaTh BbIBO/L, YTO OMIMOKM M3MepeHuil B npoekre “Acrpomerpus’” 3aj02KeHbl peaJibHbie, u 6ojiee Toro,
B CJIydae MPOBEMIEHHUsT YKCIIEPUMEHTa, MOXKHO OXKHUIATh, 9TO pabora komiurekca CJI-200 Oymer ycmernrree
(B CMBIC/IE TOYHOCTH), Y€M ILJIAHUPYETCs Ha HACTOSILNEM JTAIle.

YupapiieHue nUKJIOIPAMMON SKCIEPUMEHTA ODECIIednBAETCs CUCTEMO yrpaBseHus OOPTOBOM amma-
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WHTerpauus Hay4yHo# annapartypbl
KOCMMYECKOro 3KCrnepumeHTa
«ACTPOMETPUA»
(komnnekc conHeyHoro numborpacpa CI1-200)
Ha CJTYXKEBHOM MOAYINE
POCCUMCKOIO CEFMEHTA MKC

Cnyxe6Hbin moayns PC MKC

YHuBepcanbHoe paboyee mecto YPM-[]

Mnardopma TouHOro (NTC) Cn-200

ConHeuHbiv numGorpadc CJ1-200 ¢ NTC

Puc. 5. Pazmemenue komiuiekca nay4noii annaparypst CJI-200 upoekra “Acrpomerpus” na CM PC MKC

parypoii (CYBA) CM u B9 komuuekca CJI-200. Yupasienue paGoTONl MCLOJHUTENbHBIX OPIaHOB U
cuctem BOM wu dorompueMHOro ycTpoiicTBa, & TakKe 3amuch HHGOPMAIMYU TOJHKO 33JIaHHBIX CTPOK
JUMOOBO# Tpynnbl (POTONPUEMHUKA B pexkumMe Habiogenns CoJiHna wid TONbKO AByX (rTpex) 6JI0KOB
JUMOOBOI TpPynnbl (POTOMPUEMHNKA, B peXuMe HaOJIOMEHusS 3Be37, OlepAaTUBHAA WX O0OpaboTKa u
perucrpanus u300pazKkeHuit uMba U NEHTPAJIbHBIX y4acTKOB JAucka COJIHIA Wid 3Be3/]] 0DeCednBaeTcst
B9 CJI-200. ®parmenrsbl HaydHOH uHPOPMAILME, a TakxkKe HaubOJee BAXKHAs YaCTh KOHTPOJIbHOM
unrdopmaiuu oneparusHo nepenatorca B Lenrp ynpasienus noseramu (Mocksa) (ITVII-M) uepes UYC.
Tenemerpudecknii KOHTPOJIb Ciy:keOHBIX mapamerpos komiiekca CJI-200 ocyrecTsisiercs OOpTOBOM
unrdopmanmonnoit cucremoit (BUTC) CM. C ee momolipio nepenaercs Best ciayzkebHas urdopManys o
cocTosiHUM armnaparypsbt u ee pabore. [lepuogumaecku Ha 3eMIi0 JOMOJIHATEIBHO BO3BPAIIAIOTCS HOJHBIE
PE3YJIbTATHL YKCIIEPUMEHTA, 3AMUCAHHBIE HA CMEHHbBIE KECTKUE JIMCKH.

6 3akJuarouyeHue

Pazpaborannas B 2004 1. B TAO PAH comectro ¢ 'OU um. C.1. Basusiosa cobersennas IITC komiiekca
CJI-200 ¢ muama3oHOM YTJIOB NPOKAMKH BOKPYT BepTUKaJIbHOI ocu £175° u £45° BOKpyT TOpU30HTAIBHON
OCH C JIMCKPETHOCTBIO OKOJIO 2" nossonster peann30BaTh KOCMUYECKW SKCIepuMenT “AcrpoMerpus’ Ha
cayxeorom momyse PC MKC 6e3 wcmosbh30Banusi paHee 3aILIAHUPOBAHHOTO MTPOMEXKYTOYHOIO 3BEHA
HABEJIEHUsl C LOMOLILIO AByXcreneHHol 1uardopmbl Hasesenus (JIITH) u BbiHOcHOro pabovero mecra
(BPM). ITosromy B coorsercrsuu ¢ npocbboit TAO PAH BOM komusekca CJI-200 wianupyercs
kpeuurb HenocpeacrsenHo Ha YPM-JI (yuusepcasibuoe pabouee MeCro), PACLOJIOKEHHOM HA BHELIHEN
HOBEPXHOCTH pabodero orceka Goabiioro auamerpa (PO-2) CM mo IV-it miockoctn (mpaseiii 60opr),
Ha paccrosuuu okosio 1000 MM ot ero kopryca (Coyxkebubiit Momyab, 2004). Ilpu sToMm, B "acTHOCTH
3HAYUTENBHO YIPOIIAETCd KOHTYD YIPABJIEHHS U IOBBIMIACTCS HAJEKHOCTh MEXAHUYECKON CXEeMbl U
TOYHOCTH mnpeiBapurenbaoro nasefenns BOM na CosHne winm Ha 33JaHHYIO IUIOMAAKY 3BE3IHOTIO
Heba, COMEPKAIIYI0 [0 MEHBIIeH Mepe mapy TAJOHHBIX 3Be3[, U UX MOCJIEAYIOee COMPOBOKICHUE.
[Ipu nommepxanun opburansbuoit opuenTaruu MKC ¢ mOMOIIBI0 yIpaB/sionmx MOMEHTHBIX THPOCKOIIOB
(CMG) cucrema MKC-YPM-/-npocraska-BOM CJI-200 npakTWYecKu HE HUCIBITHIBAET YIPYIUX
KoJiebaHni, TaK KaK CIIEKTD 4YacTOT YIPABJISIOMNX BO3/EHCTBUI JIEKUT BHE JUAIIA30HA COOCTBEHHBIX
vyacror coBoKylHON cucrembl (CurykeOublit Monyib, 2004). JKCIEPUMEHT UPOBOAUTCS JBYXCYTOYHBIMU
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HEIPEPBIBHBIME CepusiMu U3 12 CeaHCOB HA CMEXKHbIX BUTKax. KOJIMYeCTBO Takux cepuil B MeCsI[ — He
menee 6. laurenbHoCcTh ceanca — He Oosiee 30 MuH.

Obwas macca BOM — 64 kr, BY (Buyrpennuii cyb6J0K ¢ KOMIBIOTEPOM) B repMoorceke — 15 Kr
(BremHwmil cy66/0K ¢ MUKpoOnporeccopoM — 7 Kr B cocrae BOM). Tabapurhbie pasmepst BOM — 1090 x
485 x 550 MM, BY (BHyTpenuuii cy66s0k ¢ koMibioTepom) — 180 x 400 x 270 MM u (BHemHuit cy66710K ¢
mukporporeccopom) — 200 x 200 x 80 mm. Peanuzanus mpoeKkTa IIAHUPYETCd B BOCXodineil ¢hase HOBOro
24-10 COJIHEYHOrO ITHKJIA.
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