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acTpoHOMUYecKas OJIMMIIAIA 9
TeOpPeTU4YeCKuii Typ, penieHus deBpais
9 xaacc

1.

[lepBbiM caxapom, OOHApy?KEHHBIM B MEXK3BE3JHBIX OOJIaKax, CTaJ IVIMKOJIbaJIbIET 1/l
CH,OHCHO. B HekoTopom obJiake ¢ pajuycoM 2 napceka JiydeBasi KOHIeHTparust (KOJTMIeCTBO
MOJIEKYJI B CTOJIOUKE /KOJIOHKE ¢ ILIOMA/IbIo OCHOBaHus 1 ¢cM?) B HalpaB/ieHUH Ha IIEHTP 00Jia-
Ka coctasiger 2.8 - 101 momexyn na em?. OnennTe o6IIyI0 Maccy MOJEKY/T TIMKOIbaJbICII/Ia
B oDJIaKe.

Pemntenue (8 6as10B):

Onpe/ie/inM  MOJIIDHYIO MAacCCy MOJIEKYJl IVIMKOJIbaJbJeruia: B OJHONH MOJIeKylde 2 aTo-
Ma yriepoja, 4 aroma BOIOPOA, 2 aToMa KHCJIOPOJa, TOIJa MOJISIPHAs Macca paBHA
p=2-124+4-1+2-16 = 60 r/moub.

Boraucianm o0beMHYI0 KOHIIEHTPAIUo MojieKyst. O0beM KOJOHKH IPEICTaBUM B BHJIE HPSIMO-
YIOJILHOT'O TIapaJIjIe/IelnIle/ia ¢ BLICOTOM, PABHON raMeTpy ob/Iaka:

V=Sh=1-(2-2-3-10"%) =1.2-10" en®.

Torya obbeMHasi KOHIEHTpalus (B MPENOIOKEHIN, YTO MOJIEKYJIbI B 0OJIaKEe PACIIPEIeJIeHbI
PABHOMEDHO; HO, MTOCKOJIBKY MbI MOJIyYIaeM OIEHKY, 9TO IIPEJIITOIOKEeHNe OMPaBIaHo) paBHa
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Ompesiesium 00beM 00JIaKa, CIUTasT €r0 MapoM:
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KOJII/I‘{eCTBO MOJIEKYJI IVIMKOJIbaJIbJAETU/Ia B O6JIaKe:
N=Vi;n=9-10°.2.10"° = 18 - 10°! mrryk.
Torg:a KOJIMIeCTBO IVIMKOJIbaJIbJACIn1a B MOJIAX PaBHO

N 18-10%
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CrenoBaTeibHO, Macca TJIMKOJIbAJIbJICI I PaBHA
M=vy=3-10%.-60~2-10"r.
Bamernm, 4To 310 pumepro 1073 macesr CosHa.

Kocmuaeckuit Kopabiib ¢ paHTacTHIECKUM JIBUTaTE/IeM, KOTOPBIit 00/1a/1aeT MpeHeOpesKnMo Ma-
JIBIM PacXo/IOM TOILJIUBA U CIIOCOOEH roJaMy pa3roHATh KopabJib ¢ ycKopeHueM 1 g, coBepIinaer
mepesieT MeXKJ1y OKOJIO3EMHON opOuToit 1 OKoJIoMapcuaHcKoit opouToit. Otennre, B KAKUX Mpe-
JesaxX MOYKET MEHAThCA MPOJIOJIKUTETHHOCTh TAKOTO IepeseTa, eCJIi U3BECTHO, 9TO M OKOJIO
Bemun, 1 0koJ10 Mapca KopabJib JI0I7KeH NMeTh HYJIeBYI0 CKOPOCTb OTHOoCcHTebHO COJTHIIA.



Pemenne (8 6asioB):

s magasa noiivem, 9To ycKopeHue 1 g B OKpeCTHOCTSX 3eMHO opOUTHI (U 3a Hell) — BeJIin-
Ha BeCbMa 3HAYUTE/IbHAs, OHA HA IMOPSIKN OOJIbIIIE FPABUTAIIMOHHOTO YCKOPEHUS, CO3/IaBAEMOT0
Coutaniem. B arom Hecsioxkuo yoeaurhest (qannabie Boipazkensl B CU):

CGM 7-1071-2.10%

_ -3 2 1 2
a=—y = (15-1010)2 =6-10"" m/c” < 10" m/c

DT0 3HAYWT, YTO B MIEPBOM MPUOIMZKEHUN MOXKHO cauTarh, uro CosHie (a mianeTsl — tem 60-
Jiee) He BJIMSIOT HA MOJIET KOCMUIECKOro kopabiis. Takum o6pa3oM, ero moset — 06bIKHOBEHHOE
PaBHOYCKOpPEHHOE JIBUXKEHNE.

Tax kak Mapc siBJisieTcst KOHEUHO 1EJIbIO 10JieTa, KOpabJib 110 TPUOBITUH JIOJI?KEH 3aTOPMO3UTD,
TO €CTb IEePBYIO MOJIOBUHY ITYTU KOpPabJib YCKOPSETCsl, BTOPYIO — TOPMO3UT. Torja:
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Vekopenne a = 10 m/c?, paccrosmue d npunmmaer sHauenus ot ay — ap = 0.5 a.e.
o ay + ag = 2.5 a.e. llogcraBuB ducsa, MOJydnM, 9TO BpeMsd TOJIETa JIEXKUT B JIHAIIa30He
OT 2 CyTOK J10 4.5 CYyTOK, 4TO JIOBOJIbHO OBICTPO JIJIsT KOCMHUYECKUX IIEPEICTOB.

CrpaBeIJIMBOCTH PaJii OTMETUM, ITO MpojeTeTh depe3 CoJrHile Kopad/b He MOXKET, TOITOMY B
caydae COeJIMHEHH IIaHeT eMy Ipujerca objerersb CoJiHIe 10 IyTh OoJiee JTMHHOMY IYTH,
HO Ha OIEHOYHBLIN OTBET 3Ta MOIPABKa He MOBJINIET.

3Besa R AnjipoMe bl U3-3a CHILHOTO 3Be31H0ro BeTpa Tepser 107% mace Connna B rog. Cun-
Tasi, 9TO 3BE3/HBII BETEP YHOCUTCS OT 3BE3/Ibl MPAMOJMHEHHO U PaBHOMEPHO CO CKOPOCTBHIO
3-10% km /¢, OIleHUTE KOHIEHTPAIMIO YaCTHUI] 3BE3HOIO BETPA OT ITON 3B€3/(bI B OKPECTHOCTH
Comreunoii cucrembl. ['opnunbiii napasutake R And pasen 07.004.

Pemenne (8 6asioB):

1 mapcek — 3TO paccTosiHue, ¢ KOTOPOro 1 acTpoHOMHYEcKas eJIMHUIEA BUIHA 110 yriaoM 17,
Torma MOXKHO BRIMHCJIATE paccrostaue 10 R Argpomenl. [lepeBeiem mapaJiiakc B pacCTOHIE:
r=1/0".004 = 250 nx.

B cirydae nzoTportHOro pacnpocTpaHeHus BEIeCTBa 110 3aKOHY COXPAHEHUA MaCChl, €CJIN Yepe3
ITOBEPXHOCTD 3BE3/IbI 3& OJIUH I'OJI IIPOIILIO KAKOE-TO KOJIMYECTBO BEIEeCTBa, TO 3a TO YK€ BpeMsd
yepe3 JIoOyIo cdepy pajmyca r, OKPYKAaIOILyI0 3Be3/ly, IPOIJET POBHO TO K€ KOJUIECTBO
BelecTBa. 3HAYNT, IPON3BEIEHNE

4r’vp = 1 = const,

rjie r — pajunyc cdepbl, v — CKOPOCTh PAcCIPOCTPaHEHUs BEIIECTBa, p — IJIOTHOCTH BEIecTBa,
1 — Temi nmorepu Macchl. OTCIOfIa TI0JIyYaeM IIOTHOCTD BEIeCTBa 3BE3/IHOr0 BeTpa (Ipu 9TOM
yuntbiBas, uto Macca Comnma pasna 2 x 1030 kr, a rog mmresa 3.15 x 107 cexyna, a 250 nk
cocrapsaor 750 x 106 m):
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Cunras, 9T0 3Be3.HLII BeTep COCTOUT U3 HOHU30BAHHOIO BOIOPO/IA (UTO JIjIs PeasbHOro 3Be3/1-
HOTO BeTpa BechMa OJIM3KO K JefiCTBUTeILHOCTH ), TIOAEIIM TIOTyYeHHYIO IIOTHOCTD Ha MACCy
aToOMa BOJOPOJA My I IOTydeHIs KOHIIEHTPAIMH aTOMOB BOJIOPOIA 1!

) 3x 1072
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Ocrajioch y9ecTb, YTO MOHU30BAHHBIN aTOM BOJOPOJA COCTOUT W3 JBYX dacTull (IpoTOoHA W
3JIEKTPOHA), TI03TOMY HTOTOBBIil OTBeT GoJiblle B JiBa pasa: okoso 0.4 M.

Kaxpiit Teneckon cucrembr KELT (Kilodegree Extremely Little Telescope) ocharen sma30-
BbIM 00beKTUBOM ¢ juamerpoM 42 mMm u [I3C-marpuneit pazmepom 37 X 37 MM, cojepzKarieit
4096 x 4096 mmkcesteit. [lose 3penns reneckona cocrasiser 26° X 26°. MakcnmasibHas 9yBCTBU-
TeJIbHOCTh MaTPHUIILI JocTUraeTcs Ha jnte BoyHbl 600 HM. OnpemennTe mnpemeabHOE YIIIOBOE
pasperieHne TaKoro HHCTPYMEHTA.

Pernrenue (8 6as110B):

Ha kBajipaTHyto MaTpuily npoenupyercs y4acTok Heba ¢ yriioBeiMu pazmepamu 26° X 26°. C yue-
TOM KOJIMYeCTBa IHKCeIel 10 O/IHOW CTOPOHE IMOJIydaeM, YTO Ha OJWH IHKCEIb IIPOEINPYeTCs
Kycouek Heba IMUpuHOil d:

d = 26><_3600” ~ 23” )
1096
Paccunraem audpaknnoHHBII Ipeaes Tejeckona f na aauae BouHbl A = 600 HM:
A 10~ x 206265"
0192, 2 — 199, 000X 1077 x 2062657
D 12 % 10-3

3/1ech B KadecTBe [ OBLI TOJCTABJICH IUaMETD O0bEKTHBA B METPaX.

CpaBuuBas 6 u d, MOKHO 3aMEeTUTh, YTO yIJIOBOE PAa3pEIeHNe TeJIECKOIA OIPeJIeIsdeTCs HC-
KJIIOUNTEILHO pa3MepaMu [UKceseil, To ectb orser: 23”.

PenrtrenoBckuit ncrounuk B cozpespuu Jlebens Cyg X-3 gaBisiercst mepeMeHHbIM. BbL1o 3ame-
4YeHO, YTO U3 obJacTeli, HaxoadImuxes Ha Hebe Ha yriaosoM paccrognuu 16” or Cyg X-3, Takxke
IPpUXOAUT IIEPEMEHHOEC U3JIyYCHHE C TEM 2Ke IIEepruOo/JI0M, OJJHAKO MaKCUMYMbl I MUHUMY MBI 6JI€C—
Ka HabJIIoaroTCs ¢ 3aepKKoii (o cpasHennio ¢ Cyg X-3) Ha 2.7 roma. OreHnure, Ha KaKOM
paccrosann Cyg X-3 maxomurca ot CosHia. A or nenrpa Hareir [asaktukn?

Pemtenne (8 6asioB):

PenTrenosckoe uzsydenue, UCIyIEHHOE OOHEKTOM, TPOXOIUT HEKOTOPOE PACCTOSHUE 10 OKPY-
JKAIOIIEro €ro BellecTBa U paccenmBaeTcd Ha HeM. [[oaTomy 3ajepkka BbI3BaHa TE€M, YTO U3JIY-
YeHUI0 TpebyeTcs BpeMs JIjist JocTrzKeHus BermectBa. CBer 3a 2.7 10j1a MPOXOIUT PACCTOSTHUE,
HEMHOTO MeHbIee 1 K (KOTOPBIA, KaK M3BECTHO, paBeH MpUMEpHO 3.26 CBETOBBIM TrojaM),

tounee, 2.7/3.3 = 0.8 k.

D10 paccrosiuue Mbl BuauM 1o yriaom 6 = 16”. 3uaunt, Cosnne u Cyg X-3 pasje/sier paccTo-
AdHUe 7.

l 206265"
rzézO.SHK-TleKHK.

3ech yros 6 ObLT mepeBesieH B PaInaHbl.

Kak cieryer u3 yciaoBus 3aja4qu, 00beKT HaXOJIUTCA B co3Be3un Jlebe s, depe3 KoTopoe 1mpo-
xoguT Mieunsrit [IyTs. Beriomaup paciosiozkenue co3Bes3 iuil, MOKHO OIEHUTH, YTO yIJIOBOE
paccrosiaue Mexy Jlebegem u Crpesbiom (B HEM HAXOAUTCs TEHTD [aJakTHKU) COCTABIISET
npumepro 90° (B peanbroCTH rasakTudeckas jgoiarora Cyg X-3 pasha 79°, 4ro NpakTHYECKH
He BJIAsIET Ha Pe3yJIbTar).

Taxum obpaszom, moIydaeM MpsMOYTOJIbHBIH TpeyroabHuK ¢ Beprmmaamu B Cyg X-3, CosHile n
nenTpoM [asakTuku, riae BTopoe NCKoMoe paccrosiuue [ siBjsgeTcs TUnoTeHy3oi. Paccrosmue
ot Cousana 10 nentpa Mireanoro [lyTu paBHo 8 KIIK, cjieg0BaTeIbHO

D =+/102 4+ 82 ~ 13 xuxk.
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