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XapkiBcbKka 00,1aCTh. 11 kaac. 08.02.2017p.

3apaya 1 Conue Ta Ilpokcima. (5 6amiB) Ha sxiii Bigcrani Bix Ilpokcimu LlentaBpa, ii Buanma
30psiHa BeIWMYMHA Ta BUAWMa 30psHa BenuunHa CoHIS 3piBHAIOTHCA? Yomy BOHHU
JOPIBHIOBAaTUMYThH? AOCONIOTHI 30psiHI BENMUUUHU: Mproxcen=15.6, Msun=4.83. Bincranb Mix
3opsimu 1.3 mk.

Po3B’sa130K:
3anumiemMo piBHSIHHS, IO MOB’S3y€ aOCOMIOTHY 30pAHY BETUUYUHY M, BUTUMY 30pSIHY BEIUUYUHY

V' Ta BificTaHB BiJI 30pi JI0 criocTepiraya 7.

M =V +5-5log(r) (1 6amm)
[To3naunmo yepe3 M, Vi abCcomoTHY Ta BUAMMY 30psiIHY BeJIMUYMHY BiAnoBiaHo CoHI, a uepes

M, V> — Tlpokcimu llenTtaBpa. r1 Ta r» — Bigctanb Bin Conug Ta [IpokciMu BIAMOBIIHO 110
criocTepiraya, skl 6a4uTh I1i 30pi SIK 30p1 OTHAKOBOI 30PSHOT BETHYNHHU.

3anuIeMo CUCTEMY PIBHSHB!
M, —5+5log(r,)= M, —5+5log(r,)

1 Ganu
{ n+r,=13 ( )
1 pO3B’sSKEMO Ti:
og(r)-log() - (2
(My-M,)
N0 5 =1425 (1 Gamm)
r
r,=142.5r,, r, +142.5r, =1.3ié
r,= 13 0.009i¢ = 0.0297id. diee (1 6amm)
143.5

3HaliiIeMo 3HaUYeHHS BUAUMOT 30psiHOT BeTu4YuHU, sika Oyzae ais [Ipokcimu [entaBpa 1 qyst CoHus
0JIHAKOBOIO

V., =V, =15.6—5+5l0g(0.009)=0.37 (1 Gamm)
Bignosins: Ha Bincrani 0.009 nk Big [Ipoxcimu LlenTtaBpa ii Buauma 3opsiHa BenuanHa 1a COHI

3piBHAETHCA 1 ckimagatume V=0m.37.



3agaua 2. Ilepioa Ta miBBich. (10 6aniB) B nmeskoro acrepoina cuHoaumuHui 1epiof] (B poKax)
JOPIBHIOE BENUWKIM MiBOCI (B a.0.), a MOr0 EKCIIEHTPUCUTET JOPIBHIOE HAWMEHIIINH MOKIIMBII
BijicTanl 10 3emu (B a.0.). Baxaroun 1o op6iTa 3emili € KOJOBOIO, a acTepOill PYyXa€eThCs B
TUIOUIMHI €KIINTUKHU, pO3paxyBaTH BEJUKY M1BBICh, EKCLIEHTPUCUTET Ta CUAEPUYHUIN TIEPIOJ.

Po3p’sa30K. 3rigHo 3 TperiM 3akoHOM Keruiepa mo3HauMMo BeNMKY MiBBich ( B a.0.) a = X2,

3

cugepuuHnii mepion (B pokax) 7 = x°. CHHOAMYHMUMA mepioJ S BU3HAYAETHCS 3 PIBHIHHSA

1 1 o . . .
<" 1—?. B 3anmexnocti Big Toro, Ounpmie 7 OAMHHMIN YM MEHIIE, 1I€ PIBHSIHHS OTPUMYE

X =1-x, x<lI

X =1+x, x>1

3

BUTJISI: . (Ilpu upoMy MM BXKe migcTaBuaM S=a=x’>, T=x’, Ta BHUKOHAIH

eJIeMEHTapH1 CIIPOILICHHS ). (3 6amm)

[le piBHSHHS TPETHOTO CTYIICHIO, aJie, JUBIITYMCH HA HOTO TPAaHUYHO MPOCTOTY, PIIICHHS
HEBa)XKO 3HaWTH migbopom: x1 = 0.683, x» = 1.325. (mpuiimManucs BCl pIillIECHHS B 1HTEpBajax

0.666 — 0.7 1a 1.3 — 1.333), (3 6aym)
Binnosinai Benuki miBoci — a1=x?1=0.466, T1=x’1, a’>=x*>=1.756, T>=x*,=2.326. (2 6Gamn)

Haiimenry BifcTans 10 3eMJIl B IEPIIOMY BUIIAAKY acTepoin gocsrae B adenil: 1—a(l+e)=e, aB

apyromy — B mepirenii a(l-e)—1l=e, 1O MNOPUBOAWTH JO PIBHAHb JJs BHU3HAYCHHS
1—aq, l+a,

EKCLICHTPUCHUTETY: ¢, = =362 Ta ¢, = =.274. (2 6ann)
I+aq, l1-a,

HMonatok: OnuH 3 yYacHUKIB TMepeIUIlyTaB CHHOIWYHUN Ta CHACPUYHMIA TEPiogu Ta CTaB
BUpINIIYBATH 3aJadyy 3 YMOBOIO He a=S, a a=7. BiH oTpumaB pilieHHS, K€ HE Nependadyanoch

. . 1 1
aBTOpPOM, aje Ma€ MpaBO Ha icHyBaHHs: a=71=1, e=0.5. B 1ipomy BUNaAKy piBHSHHS rl 1—?

dbopmanpHO nae S —>oo, ane Tpeba BUKOPUCTOBYBATH HE HOro a BU3HAYEHHS CHUHOJIUYHOTO
nepioly: «IPOMIKOK dYacy MIX JBOMa IIOCTIJIOBHUMU OJHOMMEHHUMH KOH(DIirypamisimu
maHeTny. ko op6iTH 3eMii Ta MIaHETH PO3TAlllOBaHI K Ha MAJIIOHKY, MK MOCTIIOBHUMU
MPOTUCTOSIHHAMU a00 CIONY4YeHHS MU actepoiny Oyzae AiiicHO mpoxoauTu 1 pik, a MiHIMaiIbHa

BiJICTaHb B a.0. OyJIe TIOPIBHIOBATH €KCIICHTPUCUTETY:




3agaua 3. [Iponopuiiini 30pi. (10 6aniB) BeaxaTu, mo ocBiTIEHICTh E, Ky 30psi CTBOPIOE Ha
3emti, mponopiiiHa 10 i BUAMMOI 30psSHOI BETUYUHU m, € TPpyOOor moMuikor. OIHAK, KOJIU
IIKOJISIP BCE K PO3paxyBaB OCBITICHICTh BiJl ACSKOI 30pi MO MPOMOPIIii, TOPIBHIOKYH 110 30PI0 3
CupiycoMm (aCMa, m=-1.48™), BiH OTpuMaB pe3yibTaT, 1yKe OJU3bKHUIl A0 paBUiIbHOTO. SKa 11e
Oyna 30ps, Ta SIKy BUAMMY 30psIHY BETUYHHY BOHA Mae€?

Po3B’s130K.

OcsitnenicTs E Bif 30pi 3al€XUTh Bi ii BUAUMOI 30psaHOi Benuuuun m sk 1094 (qus.

PHUCYHOK). (2 6amm)

L pyHKUis cnagae 31 3pOCTAHHIM

E 30pSIHOL BEJIMYMHU. Tomy
MPOIOPLIHHICTD MIXK 30pSTHUMU

BEJIMUMHAMHU Ta OCBITJIEHICTIO Bl IBOX

3ip MOXKE 3IIHCHIOBATHUCH JIUIIE SKIIO

00HIB1 MAaroTh BIJI’ €MHI BUIUMI

BenuuuHU. Cupiyc  BiAmoBimae Ik

BHUMO31. (1 6am)

3anumeMo yMoOBY 3aaadi B (opmi

PIBHSIHHS:
-1.48
m Eppa 10700y 148 1.48
E 1074 m m —-m
(1 6am)

Jlorapudmyroun, oTpuMyemo:
0.4(1.48+m) =1g1.48—1g(—m) , a6o
1.48+m=2.51g1.48—2.51g(—m),
m+2.5lg(—m)=-1.05. (2 6amm)

Ile piBHAHHA HE Ma€ MPOCTOTO AHATITHYHOTO PilIeHHA, ane rpadik miakazye npuOIH3HY

BimoBias m~-1.48/2 = -0.74. (2 6amm)

[Tepeipsiemo: -0.74+2.51g(0.74)=-1.07.Tounime i He Tpeba, 60 B yMOBax 3ajadi cka3aHo,

10 OTPUMAHO HE TOYHUM, a JUIIEe «OIU3bKUIN JT0 BIPHOTO» pe3yJbTar. (1 6am)
(ITpu oniHrOBaHHI MpUIMATKCS K MPaBUIBHI BC1 BIAMOBIAL B fAiana3oHi Bix -0.6 g0 -0.8)

3ops 3 m=-0.74 niiicHo € Ha HeO1, 11e — Kanomnyc (aCar), apyra 3a sICKpaBiCTIO 30ps Ha

HeOl1, Ha KaJIb HEBUUMA 3 TEpUTOPIT YKpaiHH. (1 6am)



3agaua 4. Komera I'anest. (10 6amiB) Komera Nannes npoiinma cBiit mepurenii y 1986
pori Ha Biactani 0.587 a.o. Bim CoHus (Benwka miBBICh ii opOiTH a=17.834 a.0.). OOuucauTH
EKCIICHTPUCHUTET OpOITH Ta mepios obepTaHHs KoMeTH (y pokax). SKy MBHIKICTh KOMETa Maja
M1]T Yac MPOXOKEHHS TIEPUTEII0?

Po3B’s130K.
3anuemMo 3B's130K MK IepereTiifHO0 BIICTAHHIO Ta BEJIMKOIO MIBBICCIO p = a(l—e);

Jie e — eKCIIEHTPUCUTET OpOiTH. 3HANIEMO 3HaUCHHS CKCIIEHTPHUCUTETY

e=2"L _0.967 (2 6amn)
a

3rigno 3 Il 3akonom Kermepa (rmopiBHIOIOUH 3 3eMIICHO):

3 3
a_=l{“-"- }—>T=a2 =aJa =75.314 (2 Gann)

3rimHo 3 apyruMm 3akoHoM Kermepa, paaiyc-BekTop, skui crnonyuye CoHIlE Ta KOMETy, 3a

OJIMHHMITIO Yacy OINHUCYE IUIOINTY, Ky MO)KHA 3HAWTH IMOUTMBIIKU ILIOITY BCi€i OpOITH Ha Mepiof

0o0epTaHHS KOMETH:

mab _ ra’Nl-é’
T Ja*

3 iHmoro 0oky, B adenii Ta mepurenii, KOJIM BEKTOP MIBUAKOCTI MEPHIEHAUKYISPHUN 10 paalyc-

w_2ma’Nl-é®

rV . .
BEKTOPY W = 7 Toxl WBUAKICTh y IEPUTEIIIT MOXKHA 3alUCaTH: V =2 — =

3
r rva

_2:3.14:17.8347 V1-0.9671* _ . S{a.o}
0.587v17.834° pie

= const (1 6am)

S
w="=
T

% (3 6amm)

[TepeBenemo y Km/cek:

1.5-10° 476 {éz‘ * pié

— = } V=11.5-4.76="54.74[éi /ceé|
31.56-10

ceé *a.e

Bianosiae: e=0.967, T=75.314 pokiB, V'=54.74 xm/cexk. (2 6amm)



3agava 5. HalimBuammuii nyascap. (10 6aniB) [Tynscap PSR J1748-2446 mae HaiikopoTIIHiA
nepion oGepTaHHs i3 ycix Bigomux: Bin po6uts 716.38 o6epriB 3a cexynay. Moro maca nopiBHIoe
4-10° xr a pagiyc — 16 km. IlopiBHsiiTe NiHiiHY IBHIKICTH Ha KOrO €KBATOPi 3i MIBUIKICTIO
CBITJa, Ta OLIHITh T'yCTHHY, Ky IMOBMHHA MaTH PEYOBHMHA IyJibcapa, 100 HOTO HE po3ipBajiu
BimuenTposi cumy. IlopiBHsMTE 1i i3 TYCTHHONO sapa cBHHIO (pamiyc aapa 6.9-1073cm, atomna

Maca 207 a.0.m.).

Po3Bsizok.
ITepion o6eptanus 7=1/n=0.0013959 c. JliniliHa MIBUAKICTH Ha €KBATOP1

_27R  2-3.14-1.6-10
T 1.39-107°

To6To0, BoHa ckiamae (V/c=0.24) 24% Bia MIBUAKOCTI CBITIIA.

%

=7.2:107 yye. (1 6an)

Tino 13 TakuM MBUAKAM OOepTaHHSAM Mae OyaM HaA3BHYAMHO IMUIBHHM, 00 came Horo
ICHYBaHHSI € MOJJIMBHM JIMIIE KOJIA BIJILICHTPOBI CHJIM, TOB’sA3aHI 13 IIBUIKUM OOEPTaHHSIM,
MEHIIIE 3a CHIM TOKiHHA. T00TO, BIANEHTPOBI CHJIM HE MOXYTh pO3IpBaTH TLIO, SKIIO

BiJIIEHTPOBE MPUCKOPEHHS Ha €KBAaTOPi QQ°R MEHIIe 3a IPUCKOPEHHS CHIU THKiHHS GMR2:

Q’R < (1;32/[

M

_>_

R G

% _ g 70 (7 6aniB)
3

P dr G

p>0.7-10" r/em?,

ne QQ=2my — KOJOBa yacToTa, R - paaiyc HEUTpPOHHOI 30pi, p — 1l ryctuHa, M — ii maca, G —
rpaBiTailiifHa crana.
3HaxXOAM4YM TYCTHUHY SApa CBHHIIO, BBAKAIOYM HOTO OJHOPITHOIO ceporo i3 3a3HaUeHUMHU
1014 3
napameTpamu, otpuMaemo 2.5-10'* r/cm’, ToOTO TYCTHHA IILOTO IyJbcapa y 3.5 pa3u MeHIe 3a

anepHy. (2 6amm)



3agava 6. Fapsauwuii omitep. (15 6aniB) [Imanera WASP-33b oGepraeTbcs HaBKOJIO CBOET 30pi
Ha Bigcrani 0.02 a.0. 3ops mae edextuBHy Temmepatypy 7400° K, ii pamiyc 10° kM. 3HaiimiTe
TEeMIIEpaTypy IUIAHETH, BUXOJSYH 3 TOTO, 110 BOHA 3HAXOJUTHCSA Y TEIJIOBIM piIBHOBa3l, TOOTO
€HEpris, M0 MOTJMHAETHCS IJIAHETOI0, BCSI BHUIIPOMIHIOETHCS IUIAHETOI B 1H(padyepBOHOMY
nianasoHi. [lopiBHSAHTE TEMIOBY MIBUAKICTh pyXy aTOMIB BOJHIO B aTMOC(epi TUTAHETH 13 IPYTOr0
KocMiuHOM0. SIK MOXXHa iHTepmperyBaTH Lel pesyabrar. Maca mianetu 3.8-10%7 kr, pamiyc
1.1-10° kM, nnareTa BigOusae 34% BUIPOMIHIOBAHHS, 110 HA HET Maac.

Po3Bsizok. KokHa 1utaHeTa oTpuMye 3a OJUHHIIO 4Yacy eHepritoo (£), Mo J0piBHIOE TOOYTKY
HOTOKY CBiTHOCTI 30pi (L), mineHoi Ha 4ma’ (1€ a — BijcTaHb IJTAHETH BiJ 30pi) HA ILIOILY
MONEPEYHOro nepepizy mianetu (), NeprneHIuKyISIpHOT0 IpoMeHsaM 3opi. Llg mioma, sk BigoMo,
JOPIBHIOE TOOYTKY YKCiIa T Ha KBaJpaT pajiyca R MIaHeTH:

L
4ma

E=—= 7R}, (1 6an)

CBITHICTB 30p1 JIETKO OTpUMaTH 13 3aKoHy Credana-bonpimana:
. 4 2
L=0oT" - 7R (1 6aJ1)
Skio BigOMBHA 3AaTHICTH IJ1aHeTH (ab0eno) A, TO TIaHeTa MOTJIMHAE JIUIIE YacTUHY (/-
A)Maarogoro BUMPOMIHIOBAHHS, 1 OTPUMYBaHa IJIAHETOIO CHEPTis CKIIaIac:

ol* - nR’

[Inanera, sk CKa3aHO Y YMOBI, 3HAXOJIUTHCS Y PIBHOBA31 1 BUIIPOMIHIOE BCIO €HEPTiio, sSKa
Oyna Hero morinuHyta. OTKe, BJIacHE IJIaHETa, HarpiTa MOTJIMHYTUM BHUIPOMIHIOBAaHHSM [0
temnepatypu T Oyzae 3a 3akoHoM Credana-bonbiiMaHa BUIPOMIHIOBaTH €HEPTiIO:

E, =of, -4k}, (1 Ga)
[TpupiBHtotouu Bupasu (4) i (3) orpumaemo:
oTy, -4nRy, =(1—A)- Ey - 7R}, (3 6a)
T4 . 2
E, = ™
4 (1 6a)

- BEJIMYMHA, 110 BKAa3y€ €HEprito, gKa MPUXOAUTh Ha BEPXHIO MEXY aTMoc(epu MiaHeTH BiJ 30pi
Ha oAuHMIIO ot (4.2-10° Br/m?).
3 popmynu (5) Bupaxaemo TeMIeparypy miaHeTu:

JU=4)-E,

4o (2 6an)
[TincraBuBIIN YnCOBI 3Ha4eHHs oTpuMaeMo TpL=1870K.
Jlpyra KocMivHa MBUIKICTh IS TUIAHETH

T =

P,

2GM,,

V. =
n R, (1 6an)

[TizcTaBUBIIM YKCIIOBI 3HAaYEHHS OTpUMaeMo Vi=67.5 km/c.
HaiiimoBipHiIa MBUAKICTH aTOMIB BOJHIO MPU TEMIIEPaTypi IIaHETH:

2kT,,

m

Vi = (1 6an)



[TincTaBuBmM yncnoBi 3HaueHHs oTpuMaemMo Vu=10.9 km/c. OCKiTbKH aTOMH BOJHIO MAIOTh
HIBUAKOCTI, IO PO3MOJIIIEH] 32 3aKOHOM MakcBena, TO 3aBK/I4 y YaCTUHHU aTOMIB IIBUIKICTD
OyJie mepeBUIIyBaTH JIPYTy KOCMIUHY J1IaHO1 IUIAHETH, TOMY BOHHU Y BEpXHIX Iapax arMocdepu,
7€ 31ITKHEHHS MK aTOMaMH MaJIOMMOBIpPHI, 3MOXYTb MOJIMIIUTH IJIAHETY. A OCKIJIBKU Jpyra
KOCMIYHa Ta Cepe/IHsl TEIIOBA IIBHUIKOCTI BIIPI3HAIOTHCS HE 1y>KE€ CUIILHO, TO YaCTUHA TaKUX
aToMiB Oy/ie TOCUTh 3HAYHA 1 32 KOCMOTOHIYHI IPOMDKKH Yacy IJIaHeTa MOYKe BTPATUTH 3HAUHY
YaCTUHY BOJHIO. (2 6ann)



