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1. IlepBbiM caxapom, OOHAPYKEHHBIM B MEXK3BE3JIHBIX O0JIAKAX, CTAJ [JIUKOJIbaJIbIEI U]

CH,OHCHO. B HekoTopom obJiake ¢ pajuycoM 2 napceka JiydeBasi KOHIeHTparyst (KOJMIeCTBO
MOJIEKYJl B CTOJIOUKE /KOJIOHKE ¢ ILIOMA/IbIo OCHOBaHus 1 cM?) B HalpaB/ieHHH Ha TIeHTP 0bJia-
Ka cocTapider 2.8 - 101 momexyn ma cm?. OrennTe ob6ILYIO MACCy MOJEKY/ TIHKOIbALICI A,
B ODJIaKe.

Peinenue:

Ompe/iesuM  MOJISIPHYIO MacCy MOJIEKYJ IVIMKOJIBAJIbJErnIa: B ONHOM MOJIeKyjle 2 aTro-
Ma yriepojga, 4 aroma BOJOpOJa, 2 aToMa KHCJIOPOJA, TOIJIa MOJISPHAS Macca paBHA
w=2-124+4-1+2-16 = 60 r/mosb.

Boraucianm o0beMHYI0 KOHIIEHTPanio Mojekysa. OO0beM KOJOHKH IPEICTaBUM B BHIE IIPSIMO-
YTOJILHOTO TIapaJLIeJIeInIIe ia ¢ BLICOTOM, paBHOI JimaMeTpy 0bJIaKa:

V=Sh=1-(2-2-3-10"%) =1.2-10" en®.

Toryma obbeMHas KOHIEHTPAIUA (B IIPEIIOJIOKEHIN, YTO MOJIEKYJIBI B O0JIAKE PaCIIpeeIeHbI
)
PaBHOMEPHO; HO, TIOCKOJIbKY MBI TIOJIyIaeM OIEHKY, 9TO [IPE/IIOJIOXKEHIe OlPaB/IaHO) paBHa

o 2.8-10%
= _—="""_=2.10%em 3.
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Onpenennm o0beM 00IaKa, CIATAsST €TI0 IIAPOM:
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Vo=-mR*= -7(2-3-10"%)3 =910 cn®.

3 3
KommmaecTBo MOJIEKYT TVIMKOIbaIbIEI 1A B 00JIaKe:
N=V.n=9-10°.2.10"° = 18 - 10°! mrryk.
TOI‘IL& KOJIMIeCTBO IVNIMKOJIbaJIbJACI'n1a B MOJIAX PaBHO

N 18-10°

_ _ 28
—N—A—W—310 MOJIb.

14

CrenoBaTeIbHO, Macca TJIMKOJIbAJIbICI A PaBHA
M=vy=3-10%.60~2-10"r.

Bamernm, 4To 310 npuMepro 1073 macenr CosHa.
A.B.Becenosa



2.

Kocymuaeckuit kopabiib ¢ (haHTacTHIECKUM JIBUTaTeIeM, KOTOPBI 00/1a1aeT IpeHedPesKMO Ma-
JIBIM PacX0JIOM TOILJIUBA U CIIOCOOEH IrojJlaMK Pa3roHATh KopabJib ¢ ycKopeHueM 1 g, coBepIiaer
nepesieT MexKJIy OKOJI03eMHON OpOUTOi M OKOJIOMapCHaHCKoit opouToit. OrieHnTe, B KAKUX IIpe-
Jesiax MOXKET MEHAThCA MPOJOJIZKUTEIBHOCTh TaKOIr'o IepeseTa, €CJIU U3BECTHO, YTO U OKOJIO
Semsn, u okoJio Mapca KopabJib J0JIKEH UMETh HYJIEBYIO CKOPOCThH oTHOCHTEebHO CoJTHIIA.

Peinenue:

g Hagasa moiivem, 9T0 yCKOpeHue 1 g B OKpeCTHOCTSX 3eMHOi opOuTHI (U 3a Heil) — BeJIiu-
Ha BeCbMa 3HAYUNTE/IbHAsI, OHA Ha MOPSAIKNA OOJIbIE TPABUTAIIMOHHOTO YCKOPEHUS, CO3/1aBaeMOro
Comnniem. B arom Hecsioxkuo yoennThest (nanuble Boipaxkensl B CU):

GM 7-1071.2.10%
R (1.5-1011)2

a =6-107% m/c? < 10" m/c?

DT0 3HAUUT, YTO B MEPBOM MPHUOJIMKEHIN MOXKHO cunTarh, 4to CosHIle (a mianeTsl — reM 60-
Jiee) He BJIUSIIOT Ha 10JIeT KOCMIIeCKOro Kopabuist. Takum o6pasoM, ero mojer — 06bIKHOBEHHOE
PABHOYCKOPEHHOE JIBUYKECHUE.

Tax kak Mapc siBjisieTcst KOHEUHO 1EJIbIO 10JieTa, KOopabJib 110 IPUOBITUH JIOJI?KEH 3aTOPMO3UTh,
TO €CTb IEePBYIO MOJIOBUHY ITYTU KOpPabJib YCKOPSETCsl, BTOPYIO — TOPMO3uUT. Torja:

d a(t)? 4d
— = i = t — -
2 2 a
Vekopenne a = 10 m/c?, paccrosmue d npunmmaer 3Hauenus ot ay — ap = 0.5 a.e.

10 ap + ag = 2.5 a.e. IlojgcraBuB uncia, MOJIYyIUM, 9TO BpPeMd II0JI€Ta JIEXKUT B Jdalla30He
OT 2 CYTOK J10 4.5 CYyTOK, 4TO JIOBOJIBHO OBICTPO JIJIsT KOCMHUYECKUX IIEPEICTOB.

B.A.JImumpues

3Besa R AnjipoMe sl U3-3a CHILHOTO 3Be31H0ro Berpa Tepser 107% mace Comnnna B rog. Cun-
Tasl, YTO 3BE3/IHBII BETEp YHOCHUTCS OT 3BE3JIbl HMPSIMOJIUHENHHO W PABHOMEPHO CO CKOPOCTHIO
3-10% km /¢, OlleHNTe KOHIEHTPAIMIO YaCTUI] 3BE3IHOIO BETPa OT 3TOi 3Be3/bl B OKPECTHOCTH
Comreunoii cucrembl. ['opnunbiii napasutake R And pasen 0”.004.

Penienne:

1 mapcek — 3TO paccTosiHue, ¢ KOTOPOro 1 acTpoHOMHYEcKas eJIMHUIEA BUIHA 110 yriaoM 17,
Torma MOXKHO BRIMHCJIATEL paccrosaue 10 R Argpomenl. [lepeBeeM mapaJiiakc B pacCTOHUE:
r =1/0".004 = 250 nk.

B ciydyae n3oTponHoro pacinpocTpaHeHus BEIIECTBa 110 3aKOHY COXPAHEHHUS MacChl, €CJIA Yepe3
ITOBEPXHOCTH 3BE3/IbI 38 OJIUH T'0JI, IIPOIIJIO KAKOe-TO KOJMYIECTBO BEIIECTBA, TO 3& TO YK€ BpeMsI

yepe3 J00yI0 cdepy pajimyca r, OKPYKAaIOIIyI0 3Be3/ly, MPOIIeT POBHO TO K€ KOJUIECTBO
BeIeCTBa. 3HAYUT, IIPOU3BEJICHUE

4r’vp = 1 = const,

re r — pajmyc cdepbl, v — CKOPOCTb PacIpOCTPAHEHUS BEIIECTBA, P — IJIOTHOCTH BEIeCTBa,
mm — TeMn orepu Macchl. OTCIO/IA TOJTyYaeM IJIOTHOCTh BEIeCTBa 3Be3JHOr0 BeTpa (IIpU 9TOM
yuanTniBad, aTo Macca Commma pasna 2 x 1030 kr, a rox mmmrea 3.15 x 107 cexyma, a 250 mk
cocrapasor 750 x 100 m):

. 1076 .2 x 10%° kr
m =
3.15 x 107 ¢

=0.6 x 10'7 xr/c;

i 0.6 x 10'7
_ - ~3x 1074 x 10718275 =3 x 1078 s
dmr20 47 (7.5 % 1018)2-3 x 10 <r/u

p



Cumrast, 9T0 3B€3/IHBII BETEpP COCTOUT U3 HOHU30BAHHOTO BOJIOPOJIA (UTO 7T PEAThHOTO 3BE3/I-
HOT'O BeTpa BechbMa OJIM3KO K JefCTBUTELHOCTH ), HOJEJIUM Oy Y€HHYIO IJIOTHOCTh HA Maccy
aToMa BOJOPOJIA Mg I TOJIyIeHnsT KOHIIEHTPAITUA aTOMOB BOJOPOJIA N

p 3 x 10728
n=-—

_ oAU . \
mo  1.67 x 10-27 2 x 107" wacru/M”.

Ocrajioch y9ecTb, YTO MOHU30BAHHBIA aTOM BOJOPOJA COCTOUT W3 JBYX dacTull (IpoTOHA W
3JIEKTPOHA), TI03TOMY HTOTOBBIl OTBeT GoJIbIle B JBa pas3a: okoso 0.4 M.

B.B. I'puzopves

Kaxprit reneckon cucrembr KELT (Kilodegree Extremely Little Telescope) ocnairen jmH30-
BBIM 00BbeKTHBOM ¢ auamerpoM 42 mm n [I3C-marpurneit pasmepom 37 X 37 MM, copepzKarieit
4096 x 4096 mukceneii. [lose 3penns Temeckona cocrapiser 26° X 26°. MakcnmaibHas 1yBCTBU-
TEJIbHOCTh MATPHUIIBI JOCTHTaeTcs Ha jymmHe BojHbl 600 HM. Oupegennre mpeaebHOE YIJIOBOE
paspelieHne Takoro HHCTPYMEHTA.

Permnenue:

Ha xBasipaTHyto MaTpuIly Ipoerupyercs yIacTok Heba ¢ yryioBbIMI paszmepamu 26° x 26°. C yue-
TOM KOJIMYeCTBa IUKCceseil 110 OHO CTOPOHE IOJIydaeM, UYTO Ha OJINH ITUKCeIb IIPOEINpPYeTCs
Kycouek Heba MupuHoil d:

26 x 3600”

4096

d ~ 23",

Paccumraem mudpakinoHHbIil peaesn Tesreckona 6 Ha jyuHe BOTHBI A = 600 HM:

1079 x 206265"
fr129. 2 g, B0 X107 X 2062657
D 42 % 103

3/1ech B KadecTBe [ OBLI TOJICTABIICH JUaMETDP O0bEKTHBA B METPaxX.

CpaBuuBast 6 u d, MO’KHO 3aMETUTh, YTO YIJIOBOE Pa3pelleHre TeJIECKOIa OIPeIe/IsAeTCs MC-
KJIIOUNATEILHO pasMepaMu IIuKceseil, To ectb orser: 23",

B.B.I'puzopves

Pentrenosckuit ncrounuk B cozpesnun Jlebens Cyg X-3 gaBigercs mepeMeHHBbIM. BbLIo 3ame-
YeHo, UTO U3 objiacreii, HaxoaAmxcst Ha Hebe Ha yriaooM paccrostaun 16” or Cyg X-3, Takxke
[IPUXO/IUT ITEPEMEHHOE U3JIyUEHHUE C TeM Ke ITEPUOIOM, OTHAKO MAKCHMYMbI I MUHUMYMBI OJ1eC-
Ka HabJIIoIaroTCs ¢ 3aJ1epKKoii (1o cpasHenmio ¢ Cyg X-3) Ha 2.7 roma. OneHnre, Ha KAKOM
paccrosgamn Cyg X-3 maxomurcsa ot Cosana. A or nenTpa Hareit [asaktukn?

Peurenne:

PenrreHoBckoe usiydeHne, UCIyIEHHOE 0OBEKTOM, [IPOXOJUT HEKOTOPOE PACCTOSHUE JI0 OKPY-
JKAIOIIEro €ro BEIeCTBA U PAccenBaeTcsl Ha HeM. [109ToMy 3a/iepKKa BbI3BaHa TEM, UTO U3JLY-
YeHUI0 TpebyeTcs BpeMs JJisd JOoCTHKeHus BerecTBa. CeeT 3a 2.7 1ojia MPOXOIUT PACCTOSHHE,
HEMHOTO MeHblee 1 nK (KOTODBIH, KaK M3BECTHO, PaBeH HPUMEPHO 3.26 CBETOBBIM ToOJaM),
tounee, 2.7/3.3 = 0.8 k.

D10 paccrosinue Mbl BuauM 1o, yriaoM # = 16”. 3uauut, Cosnne u Cyg X-3 pasjeisier paccTo-
AHUE T

l 206265"
r=- =08 nk- —— =~ 10 Kux.

0 16"
3tech yros1 6 ObLT 1epeBejieH B PaInaHbl.

Kak cireyer us yciaoBusd 3aja4qu, 00beKT HaXOIUTCA B co3Be3aun Jlebe s, depe3 KOTopoe mpo-
xomuT Mueunsrit [TyTs. BermomMHUB pacriosioykenue co3Be3uii, MOKHO OIEHHTDb, 9TO yIJIOBOE



paccrosiane Mexy Jlebemem u Crpesbiiom (B HEM HAXOAUTCs TEHTD [aJakTHKU) COCTABIISET
npumepro 90° (B peanbHOCTH rasakTudeckas josrora Cyg X-3 paBaa 79°, 9T0 mpakTUIecKn
He BJIASIET Ha PE3yJIbTar).

Takum obpazomM, mosrydaeM IpAMOYTOJIbHBIH TpeyrobHuk ¢ BepimuHamu B Cyg X-3, CotHile u
nenTpoM laakTuku, rie BTopoe NCKOMOe paccTosuue [ siBjseTcs THIOTeHy30i. Paccrosmaue
ot Couana 10 nenrpa Miteanoro [lyTu paBHO 8 KIIK, CjIeI0BaTeIbHO

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

B.B.I'puzopves
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