Po3B’s3ku 3aBaans 111 erany BeeykpaiHcbkoi osiMmiaam 3 acTpoOHOMIL
11 knac

1. ¥V MoMeHT BepXHbOi KynbMiHaIli 3ipku o J[pakoHa Ha 3eHITHIM Bijgctani 9°17'
Ha TIBHIY BIJ 3€HITY 30pSAHUN TOAWHHUK, IO HJe 3a TPIHBIIBKHUM YacoM,
nokasyBas 7"20M38°. ExBaropianbHi koopauHaTu o J[pakoHa: MpsiMe CXOJKEHHS
14"03M02%, cxmnenns +64°37'. BusHauutH reorpadiyHi KOOPAMHATH MicCId
CIIOCTEPEKEHHSI.
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OCKiZIbKH 30ps KyJIbMiHY€ Ha IMiBHIY Bifl 3eHITY, To 8>¢. Ii BHcOTa B BepxHiii
KyJIbMiHaIlI{
h, =90°+ ¢ — 6,
a 3¢HITHA B1JICTaHb
z, =90°—h, =6 — 0.
3B1/ICH 3HaXOJUMO LIUPOTY MICLS COCTEPEIKEHHS:
@ =6 —z, = 64°37' —9°17' = 55°20'.
30psiHUIA Yac B MICLI CIOCTEPEKEHHS JOPIBHIOE HPSIMOMY CXOJIKEHHIO
CBITWUJI, SIKI B LIed MOMEHT NIepeOyBaloTh Y BEpXHiil KynbMiHalii. OTxe,
s=0=14"03M02°.
30psAHMI Yac y MyHKTI 3 reorpadiyHoI0 JOBIOTOIO A MOB’SA3aHUM 3 30PSIHUM
yacoM Ha ['piHBIYl CMIBBBIHOIICHHSIM:
S=Sg+A,
3BIAKU
A=5-50=14"03M025-7"20™38°=6"42M24°,
abo0 B rpaycHii Mipi
A=100°36'

2. 21 Bepecusa 1999 poky BinOynocst mokputTTs Ypana Micsiem. B neit aens Ypan
3HaxoquBcs y cy3ip’i Kozopora. flke 3 ABOX SIBUI — MOKPUTTS YU BIAKPUTTS
VYpany — MokHa OyJIO JIETKO CHOCTEpIraTH y HEBEJIMKI TEJIECKONH Ha TEMHOMY
HeO1? BianoBijib MOSICHITS.
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21 Bepecus CoHIlE 3HAXOAUTHCS MOOJIM3Y TOYKU OCIHHBOTO PIBHOACHHS.
Kopucrtytounicb kapToro 30pssHOro Heba, MOXKHAa BCTAaHOBUTH, WIO CY3ip’s
Ko3zepora, e 3naxoauBcs Micsiib, B 1€l 4ac BUIUME BBeUepl, a KyTOBa BiJICTaHb
Mk Coniem ta Micsiiem ckinanae 6iu3bko 90°. Otxe, Micsipb nepedyBaB y ¢asi
NEepIoi YETBEPTI (3pOCTAIOUUIA).

[Toxputtss Ypana MicsineM MOYMHAETHCSA CXIJHOIO YACTUHOKO CYIYTHHUKA,
sKa B 116 MOMEHT € TEMHOIO (HEOCBITJIEHOI0). ToMy 3HUKHEHHSI YpaHy 3a JUCKOM
Micsiist Morio 6yTv TO9HO 3apikcoBaHe.



Binkputts Ypany BinOyBanocs Ha 3axifHii (OCBITIeHii) yacTuHl Micsug, a
TOMY IOSIBa TUTAHETH Ha (POHI JOCUTH sickpaBoro Micsus (ikcyBaiocs 3HAYHO
BaxKue.

3. Komu 3emns 4 ciuds 3HaxoauThbes B nepuredii, CoHIle 3MINIYEThCS MO HEOY
BIJTHOCHO 3ip 3 KyTOBOIO MBUIKICTIO 61’ 3a 100y, a 4 mumHs, Koiau 3emMis B adenrii
— 57' 3a 100y. Bu3HAaYUTH €KCIIEHTPUCUTET 3€MHOI OpOITH.
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Kytu 3mimennss CoHils mo HeOy BIAHOCHO 31p TaKl ), K 1 KyTH 3MIIIEHHS
3emuti o opbiTi. 3a apyrum 3akoHoM Kermtepa, miorii, onmucandi pagiyc-BEKTOPOM
3emuti 3a oJTHAKOBUH 4ac (3a J00y) B mepurednii i B adenii ogHakoBi. OCKUIBKH ITi
KyTH MaJji, IJIOLII MOKHAa HAaOJMKEHO MPEACTaBUTH Yy BUTIIAMl PIBHOOEAPEHUX
TPUKYTHHKIB.

B

s

A

Ha pucynky C — Conne, 3 — 3emiis, Toai C3 — nepurerniiina abo adeniitna
Bifncranb. Kyt mpu BepmmHi C (LACB=0) — KyT 3MmimeHHs 3emii mo opOiTi. 3
piBHOOeApenoro A ACB 3Haxoamumo:

AB =243=2-C3-tg-.
[Tnoma TpukyrHuka ABC
S=-AB-(3=(3%-tg".
Toni nyist mepurenito MaeMo:
Sa=q°-tg,
1151 adeniro
S.a=Q*-tg=L
[TpupiBHIOIOYH 111 TUIOII, 3aHXOANUMO:
> tgS=Q% tg}.
Bupaszumo niepureniiiny 1 adeniiiHy BicTaHl yepe3 BEJIUKY MiBBICH OPOITH 1
eKCLEHTPUCHUTET:
q=a(l—e),
Q=a(l+e).
Toni, BpaxoByrouH, 1O AJI1 MAJIMX KYTIB TAHT€HC MPUOIHU3HO PIBHUI KYTY
(Y pamiaHax), 0JI€pKHUMO:



a?(1—e)? % = a?(1 + e)? '%,
(1-e)? _ o
(1+e)2 ay

1-e oy

1+e a;

BigHomieHHs KyTiB OJIHAKOBE 110 B pajiaHax, 110 B rpaayCcHIN Mipi, TOA1

1z _ /Sl ~ 0,967,
1+e 61/

1—e=0,967(1+¢) =0,967 + 0,967¢,
1—-0967 =e+ 0,967e,
0,033 =1,967e,
0,033

e Wz 0,017

4. 3HaiiTu mepioJl MOBTOPEHHsS MpOTUCTOsIHL FOmiTepa (cepemniit paaiyc opOiTH
5,20 a.0.) s MapciaHChKOTO crocTepirada (cepennii paaiyc opoitu Mapca 1,52
a.0.)B HAOJIM>KEHHI KOJIOBUX OPOIT.

3a III 3axkonom Kemiepa 3Haxomumo mnepioau oOOepTaHHS IUJIAHET

(mopiBHIOKOYH iX 3 pyxoM 3emil HaBKoJ0 COHIIA):
T32 _ a%
e

3BiakH nipu T3=1 pik, a3=1 a.0. o1ep>KUMO:

Ty =+ a3, = /1,523 = 1,87 poxky,

Tio = /af‘o = /5,203 ~ 11,9 poxky.

Hnst croctepiraua Ha Mapci HOmitep BucCTymae BepXHBOIO IIJIAHETOO.

3acTtocoByroun GoOpMysly CHHOAMYHOTO I€piogay, JUI dYacy MDK JBOMa

MOCJIIIOBHUMHU OJIHAKOBUMU KOH(pirypatisimu FOmiTepa oaepxxumo:
11 1

S Ty To

TwTo _ 187119
To—Ty 11,9 —1,87

S = ~ 2,2 poKH.



5. Actpodizukn MaiOyTHHOTO MPOBOJMIM PEMOHT CBOTO KOCMIYHOTO KOpabiis
Mo0JIM3y MDK30PSIHOTO 3a1i3HOTO chepruyHoro acrepoina 3 paaiycom 1500 km. ITix
qac PEMOHTY OJHMH 3 JOCTIAHHWKIB 3aryOMB MAaJICHbKY CTalbHY KYJBKY 3
MiIAITHAKA, sSKa TodYalia BUTPHO MMajgaTH HAa IOBEpPXHIO acrepoiga. Ha skii
MIHIMAJBHIM BIJCTaHI BiJ acTepoiga NPOBOJWINCH PEMOHTHI POOOTH, SKIIO
BiJTOMO, III0 KyJIbKa, BIIABIIM Ha TIOBEPXHIO, MOBHICTIO PO3IUIaBUBCA. Bimomo, 110
IpU yJapl MOJIOBMHA KIHETMYHOI €Heprii KyJbKH TiIuia Ha i1 po3irpiB. I'ycTuHa
samiza 7,9 r/cM®, muToma TemnoeMHicTh 3amiza 500 JIx/(kr-K), muToma TemioTa
maiaeHds ctam 270 kJ[x/kr, TemmepaTypa miasineras 1535°C.
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[ToTenmianpHa €HEPris KyJIbKHA B TOYATKOBU MOMEHT
mM
Epo == _G E,

Je M — Maca KyJbKH,
M — maca acrepoina,
R — iforo paniyc,
I — BiAggaJib BiJ] TOBEPXHI acTepoija.

[ToTeHiianbpHa eHEPris Ha MMOBEPXHI acTepoina

mM

E,=-G —
[TouaTkoBa KIHETMYHA €HEPrisd KyJIbKU pIBHA HYJIO. 3aCTOCOBYIOUM 3aKOH
30epeKeHHs MOBHOI MEXaHIYHOI €HEeprii, 3HaXOAUMO KIHETUYHY €HEPTii0 KYJIbKH

O1J1s1 MOBEPXHI:

mM mM
—G—=—-6G—+E,,
R+r R
mM mM 11 r
E,=G——-G—= GmM(———) = (mM ——.
R R+r R  R+r R(R+7)
[TonoBuHa 11i€i eHeprii iijie Ha HarpiBaHHS 1 IJIABJICHHS KYJIbKU:
1 GmMr
Q=3E =
2 2R(R+T)

st Toro, mo0 TOBHICTIO PO3IUIABUTH KYJbKY, il MOTPIOHO HArpiTé Bij
MOYATKOBOI TeMIIEpaTypH (IKy MOXXEMO HNPHUIHATH PIBHOIO aOCOJIIOTHOMY HYIIIO,
OCKIJIBKA acCTepOia MIDK30PSAHHUMA 1, OTKE, JKEpesl HarpiBaHHS y BUIJIAAL 31POK
nopyy Hemae) a0 Temneparypu mmiaBieHHs Tn,=1535+273=1808 K, a motim
po3IUIaBUTH. [ 1HOro NOTpiOHA KUIBKICTh TETIOTH

Q = cmAT + mA = cm(T,,, — 0) + mA = cmT,, + mA,

Jie C — MMTOMA TETUIOEMHICTh MaTepiany KyJIbKH,
A — IUTOMA TEIJIOTa TUIaBJICHHS.

[TpupiBHIOIOYH 111 KIJTBKOCTI TEIUIOTH, OJIEPKUMO:

GmMr
——— = cmT,, + mA,
2R(R+T1)
R+r GM
r  2R(cTyu+A)’
Riq—_GM
r T 2R(CTyp+R)’
. R
r=—""73m

2R(CTM+)L)_1
Maca acrepoina



M=pV = gnpR3,

. R . R
r= GampR3 o 2nGpR?
2R(cTyp+A) cTup+A
1,5-10°
r=s ~ 1,35-105(m) = 1350(km)
3 3,14-6,67-10-11-7900- 1,52 - 1012

500-1808 + 270000

6. [loxBiiiHa cucTeMa CKIAAA€ThCA 3 ABOX 31p OAHAKOBHX PO3MIpiB, TEMIEpaTypu
MOBEpPXHI SKUX BIAPIZHAIOTHCS B 2 pa3u. BusHauTe amIulTyay 3MiHH 30pSHOI
BEITMYMHY, SKIIO HaXwi OpOITH BIiACYTHIH. B CKUIbKM pa3iB mpu HOMY
3MIHIOEThCS OUCK crucTeMu? 300pa3iTh CXEMAaTUUYHO KPUBY OJIUCKY.
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CaitnicTs 30pi L nponopuiiina T4 R? . OckinbKyu po3mipu 3ip OJHAKOBI, TO
BIJTHOILLIEHHSI CBITHOCTEM Take K, K BIJHOIICHHS TEMIEpPaTyp B YETBEPTOMY
CTETICHI:

4 4
b_1 —(TZ) =2*=16
— _4 — — — —

OckuIbKM BIJICTaHb BiJ crocTepirada g0 000X 3ip MOJBIHHOI CHUCTEMHU
OJIHAKOBI, X OCBITJICHOCTI TaKO BIJIPI3HSIOTHCA B 16 pasis:

B Makcumymi OiHCKy, KOJiM OOUJIBa KOMIOHEHTH BHUAMMI, OCBITJEHICTb
CHUCTEMH JIOPIBHIOE CyM1 OCBITJICHOCTEM KOMITOHEHT:

Ena=E1+E,= E;+16E,=17E;.

B MiHiMyMi OJUCKY TEMHUH KOMIIOHEHT IMOBHICTIO 3aKpUBA€ SICKPABIIIHA,
TOMY

Enmin=Ex,
a, 0TKe, 3MiHa OJIuCKy ckianae 17 pasis.

JIns 3HAXODKEHHS aMILNTYId 30pPSHOI BEIMYMHH 3aCTOCYEMO (OpMYITy
Ilorcona:

Pmax — p 5128m = 10044m

min
3BIJIKHU

Emax

Am = 2,5lg = 2,51g17 = 3,1™

min



7. CmipanpHa TalaKTHKa, M0 3HAXOAUThCA Ha Biactani 16 Mnk Big Conig,
CIIOCTEPIraeThCsl «3 pedpa» (3emiis po3TalioBaHa B IUIOIIMHI I1€1 TajJaKTHKH).
BuauMuii O3M0BKHUM KyTOBUM po3Mip ranaktuku — 16. IBUAKICTH BigmaneHHs
ranakTuky Big COHI BU3HA4YEHA 3a 3akoHOM ['ab0ma 1 ckiamae asns HEeHTpaIbHOI
gactuau 1200 km/c. CriekTpanbHa jiHis, ska B ciekTpi COHI CIOCTEPITAETHCSA 3
nosxuHoI0 Xl 500 HM, B CIIEKTpax 3ip, OTPUMAHUX 3 PI3HUX YAaCTUH TaJaKTHUKH,
3MillleHa MO pi3HOMY. B cmekTpax 3ip, BUAMMHX Ha CaMOMYy Kpar0 TaJaKTHKU
o003y 1i MIOMIMHY, 3 OJHOTO OOKY JaHa CIIEKTpaJibHA JIiHISA CIIOCTEPIraeThCs Ha
noBxkuHi 501.5 HM, a 3 iHmOro 6oky — Ha a0oBXuHI 502.5 HM. OIiHUTH TIepIoA
oOepTaHHS 31p, PO3TAIIOBAHUX IO KpasiX BUJIMMOI YACTUHU TaJaKTUKHU, HABKOJIO ii
HEHTpA.
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Bkazana B yMOBI MIBUAKICTb BIJJAAJICHHS IIEHTPAJIbHOI YACTUHU TalaKTUKH
3YMOBIIIOE 3MIIIEHHS CIEKTPaIbHOI JIiHIT 3 JOBXHHOKO XBWIlI A=500 HM Ha
BEITUYUHY

AL =Yg = 2200/ 500 A =204,
c 300000 kM/c

TOOTO B IIEHTPi ralaKTUKK CHEKTpalbHa JIiHisg Mae gosxuay 502 A. B wiit yacTuni
HEMae pallalibHOI CKJIAJ0BOI IIBUKOCTI 32 PaXyYHOK 00€pTaHHS rajlakTUKH.

Pi3He 3MilllEeHH CHEKTpajJbHUX JIHIA B PI3HUX YaCTUHAX TalaKTUKU
MOSICHIOETHCS  BIIMIHHICTIO IIBHAKOCTEH NMX YacTUH BigHocHO 3emui. [lpu
oOepTaHH1 31p HABKOJIO IIEHTpA TrajakTUKH 30p1 3 OJHOIO KpPal pPyXaroThCsA B
HanpsMKy 10 CoHug, 3 iHmoro kpato — Big CoHusd. B mepmomy Bumanky
oOepTasibHa NIBUJIKICTD 31p BIJIHIMAETHCS BiJl IIBUJKOCTI BIAIAJICHHS TaJaKTUKH, 3
IpyroMy — HOJA€Tbcsl N0 Hel. Uepe3 1ie Ha Kpasx TalaKTHKU CIIOCTEpPIraeTbes
3mimieHHs: £0,5 HM BiIHOCHO 3HAY€HHS, OJCPKAHOTO JJISi IEHTPATbHOI YaCTHUHHU.

Take 3MilIeHHS BiAMNOBiAa€ 00epTaIbHIM MIBUIKOCTI:

AL 0,5 A KM KM
Vo = —¢ =——=-300000— = 300 —.
) A 500A o o
[le mBUaKICTH OOEPTAHHS 31p HA KPAIO TAJIAKTHKH.
3Har04M BIACTaHb JI0 TAJAKTUKHU Ta i1 KyTOBUI PO3MIpP, 3HAXOJUMO JlIaMETP

TaJIaKTUKH:
D=r-tg>~16Miuk-tgl6 ~ 74 K.
Tomi 30pi Ha Kpasx TalaKTHK{A BiIJajeHl BiJ IIEHTpa Ha BIJICTaHb
R=37 knk=1,14-10"° kM. BBaxkaroun opOiTHM LHUX 3iPOK KOJIOBMMH, 3HAXOIHMO
nepioJ ix o0epTaHHS:

2nR  2-3,14-1,14-10'8km 16
T = = R ~ 2,39-10"°c = 756 MJIH. p.
Vo 300—




