III eTan Bceykpaincbkol y4HIBCbKOI oJ1iMmiaau 3 actpoHomii 2016/2017 HaB4aJILHOTO POKY.

XapkiBcbKa 00J1aCThb. 10 kanac. 08.02.2017p.

3apavya 1 INoguuuuk Ha Lepepi. (5 6aniB) Hackiibku 3MIHUTH CBiM XiJ MasTHUKOBUI TOJTUHHUK, SIKIIO
Horo mepeHecTH i3 3emuni Ha KapiaukoBy IutaHeTy Llepepa? Bimomo, mo mepion obepTaHHS IITYYHOTO

cynytHuka Llepepu o HU3BKi# K0JIOBIi 0pOiTi ckinanae 145 xBuuH. Paniyc Lepepu 480 k.

Po3B’s130Kk.
[lepion MaTemMaTHYHOrO0 MasiTHUKA Ha NOBEepXHi 3emil T, =27 L , (1 6am)
&o
ne, L — NoBKMHA MasATHHUKA, go — MPUCKOPEHHs BUIbHOTO najinHsa Ha 3emuti. Ockinbku Llepepa,
3HAYHO MEHIIA 3a 3eMJI0, TO 1 MPUCKOPEHHsI BUILHOTO MaJIHHS MEHINE, OTXKe MEePios 3pocTe 1
TOAVHHUK CHOBUIBHUTH CBIN X1,

[Tix cinoBamu "Ha HU3BKIN KOJIOBIM OpOITI" CHiA PO3YMITH T€, IO CYMYTHUK PYXA€ETHCS MO
opOiTi, panlyc [KOi MOXHA HPUMHATH PIBHUM pajlycy IUIAHETH, 13 MEPIIO0 KOCMIYHOIO
mBUAKICTIO. 3Hatoun nepion (145 xBunun) Ta paaiyc (480 kM) OTprUMaEMO MIBUAKICTb.

v=21R/T=0.347 xm/c (1 6ai)

Tenep mpuckopeHHs BiuIbHOTO TajiiHHA Ha llepepi 3Haiimemo i3 ¢GopMyau s MepIIol
KOCMIYHOT IIBUIKOCTI:

g=V/R=0.25 m/c? (1 Gan)
Bignomenns mepiogiB konuBaHb Ha 3emuti (7o) Ta Ha Llepepi (7) BupakaeTbcs yepes

MPUCKOPEHHS BUTLHOTO MaJiHHS Ha JaHUX Tijax 1 JopiBHIoe 0.16 M/c :

T
- £ 0.6, (2 Gann)
T 8o
SKIIO J71s1 3eMuti B3SITH 2=9.8 M/C
OTxe Xil MasTHUKOBOrO roauHHuka Ha Llepepi Oyne y 6.3 pa3u MOBUIBHINIMIA HIX Ha

3emuti.



3anaua 2. Aepocrar Ha Benepi. (10 6anis) B atmocdepi Benepu, npubauzno Ha Bucoti 50 kiomerpin
HaJ| TIOBEpXHEI, (Pi3udHi yMOBH ayxe moAioHi no 3emHux: Tuck 0.1 Mlla, remneparypa 300°K. Bunukae
i71es1 3poOUTH MUIOTOBAHUK aepocTaT, 1o Oyne TpuBamid 4ac Apeidysatu B atmochepi Benepu. [lpu
bOMY MiJHOMHY CHJy Oy/le CTBOPIOBATH 3BHYAHE 3€MHE IOBITPS Y BHYTPIIIHBOMY IPOCTOPI st
ekinaxy. Po3paxyiite 00’eM Takoro aepocrarty, sikuii 6u maB miaiomuy cuny |MH. (Atmocdepa Benepu

NPaKTHYHO IUTKOM ckianaeTbes 3 CO2).
Po3Bsizok.

Io-nepiue, Tpeba po3paxysaTtu Macy 1m° moBiTps (MomspHa Maca 29) Ta Byraekucioro razy CO;

(monsspra  maca 44) mnpu  3amaHMx ~ yMmoBax. J3rigHo 3 (dopmynoro  MeHueneeBa-

uP

Knaneiipona p = ®T orpumyemo 1.16 xr/m> 11 nosiTps Ta 1.76 xr/m> nis CO.. (3 6amm)

HactymauM kpokom Tpeba MpUUHSATH JI0 BiOMa, IO MPUCKOPEHHS BUIBHOTO MaiHHS Ha BeHepi
2 . s .
TPOXHU MEHIIE 32 36MHE Zgenepu = 0.9Zemni & IM/c” . (el pakT MokHa MPOCTO Mam’sITaTH, a MOXKHO i

pO3paxyBaTH, 3HAIOUW Macy Ta paaiyc Benepwu, Halikparie — B OMUHUIIX MacH 1 pazgiycy 3emi). (2 6amn)
TakuM 4MHOM, KOKEH KyOiuHUI METp MOBITPs CTBOPIOE B aTMochepi Benepu ApximenoBy cuiy:
S =85(Pco, = Par)=9-(1.76-1.16) =5.4 H. (3 6amm)
[I1o6 orpumatu noBHy migiomMuy cuiry 1MH tpebGa matu 06’em aepocTary:

V= F/f=10%5.4= 185 000M>. (2 6amn)



3anaua 3. Acrepoigna Hebe3neka. (10 6ani). OO6UMCTITE €HEPrit0, TKa BUIIIUTHCS M1 Yac MaiHHS Ha
3emimio acrepoina nmiametpom 10 m (YensaGincbkuit mMeteoputr) Ta 1 KM, NpHiiMaiOyd T'YCTHHY HOTO
pedoBunu 2.5 r/cM’. PesyapTar BUpasiTh B TPOTHIOBOMY €KBiBANIEHTI, Ta MOPIBHANTE 3 HANIOTYKHINIOK
BogHEBOIO O60MO0r0 AH602 (58 meraronn THT), saxy xonu-HeOyap Oyno BunpoOyBaHo. EHepreTuunmii

exBiBaseHT Tpotuiay (THT) 4.2 Mmk/kr.
Po3Bsi3ok.

Enepris, sika BUAUIAETbCA MMiJ Yac MaJiHHS acTEpOily 3a CBOIM INOXO/PKEHHSIM € KiHETHYHOIO.
o6 po3paxyBaTH ii, TpeOa OIIHUTH MIBHIAKICTh MAJiHHA acTepoixy Ha 3emuro. Bakiausi 1Ba rpaHuYHI

BUITaAKHU:

1) acrepoin pyxaBcs BiTHOCHO 3eMJIi 3 MaJIOIO BIIHOCHOIO IIBUAKICTIO, 00 fioro opbita Oyna myxe
cxoxor0 Ha opbity 3emm (a=1, e=0). B mpoMy pa3i MmBHAKICTH NaaiHHS HA MOBEPXHIO 3emili Oyne

MPAKTUYHO JIOPIBHIOBATH APYTii KOCMIUHIN MBUAKOCTI uig 3emii — 11.2 kMm.c. (2 6amm)

2) actepoin pyxaBcs 10 JOBOJI BUTSTHYTIH, Maibke mapabomiyniii opOiTi, sika nepecikaia opoiTy
3emini (e ckopilie KOMETHa HiX acrepoimHa opbira!). B mpomy BuUmanky BiZHOCHA HIBHAKICTH Oyre
JOPIBHIOBATH Pi3HUIII MIX KOJIOBOKO MBHIKICTIO 3emuti HaBkoio Connsg — 30 kM/c, Ta mapaboaiaHoro — 42

KM/C, a BIUTMBOM TSDKIHHS 3eMJIi MOXKHA 3HEXTYBATH. (2 6amm)

B 000x Bumajkax rajibMyBaHHSM B aTMocgepi 3emili HeXTyeMO, 00 BOHO HECYTT€BE JJISi TaKUX
BEJIMKUX TUI, MpO SIKI ie MoBa. ATMocdepa BakiauBa JUls TUIa, Maca SKOro MOPIBHSAJIBHA 3 Macolo
MOBITPSI B CTOBII aTMOC(epH 3 TAKUM CaMUM MEepPepi3oM, K Mepepi3 Tla — TO 3HAUUTh IPHU JiaMeTpl Jech

70 2 M. (1 6am)

[Tpuitmaroun mBUAKICTH Big 10 10 14 kM/c 00UMCIMMO KIHETUYHY €HEPrio OJJHOTO Kilorpama

2
MacH acTepoiny: & = v? , oTpumytoun Bia 5-107 no 108 M2/c2 = JIx/xr. (1 6am)

[TopiBHioroun 1€ 3 4.2 MJI/Kr y TPUHITPOTOIYOJTYy, 3HaX0IMMO, IO KOXKEH KUIOrpaM MacH acTepoiny

exBiBaneHTHUH Bix 12 mo 24 xr THT. (1 6am)

3anuIuiocs Juile po3paxyBaTH MacH acTepoiny 3 niamerpamu 10 M ta 1 km:

M =pV = %pD3 =1.3-10 kr (mns miamerpy 10 m) a6o 1.3-10"2 kr (1 km), (1 6a)
[ToBHa enepris E = &M B mxoynsx, ekBiBaneHTi THT Ta B oquauisax AH602: (2 6amm)
[IBuakicTs magiHAA 10 km/c 14 xm/c
HiameTp
10 m 6.5-10" I = 15 KT = 1 Xipocuma 1.3-10"]1x = 15 GT = 260 AH-602
1 xm 6.5-10" I = 30 KT = 2 Xipocumu 1.3-1020"3 T = 30 GT = 520 AH-602




3anaya 4. Mixopoitaasuuii nmepedir. (10 6aniB) [Ipu mepenboTi 3 oxHIET KOCMIYHOT CTaHIi, IO
pyxajiack TI0 KOJIOBil opOiTi 3 paaiycom Ri, Ha iHIIY, IO pyXajach MO Till ke opOiTi, ae monepeny
nepmoi Ha BimcraHi L=3000 kM, KOCMOHABTH 3arajJbMyBaJId CBIA KOpaOeiab, MEpPEHIIA Ha HUKIY
MPOMDKHY OpOITy paziycom Ro, i 3a =30 roauMH Ha3IOTHAIM JPYTy CTaHIN0. BU3HAYMTH HA CKiIBKU
KUJIOMETPIB MPOMIXKHA OpOiTa HUXKYA 32 OCHOBHY. Bucotu opOiT Haj moBepxHEr 3eMili 3HAYHO MEHIII

paaiyca 3emi.

Po3Bsizok.
Kopab6enp Ha mpomixHii opOiTi 3a yac t mpoiiie NUIsIX ®1R1, a CTaHIIIA 3a TOH ke yac t mpomnIe MUIIX

@2R>. 3BIICH 3HAXOIUMO:
o Rt —o,Rt =(oR —o,R )t =(w,—w,)IR= L

L
E = (wl - a)z) (3 Gam)

M [gR
VY 10M *e 4ac 0)1,221: G—3= & 3
R Rl,2 Rl,2

(a)l—coz)zw/ng( : ! J:@( ! ! jz

Rla/z _R23/2 (RZ—AR)3/2 _R23/2
3
(I—ARJ -
~\/§ I S ~\/§ U R) ~\/§3£
R AR R ARY" R 2R’
+

AR=— |— (7 6amniB)

[TincTaBnsroun 4UCIOBi 3HAYEHHS OTpuMaeMo AR=15 km.



3anava 5. O6epranns acrepoiga. (10 6aniB) 3riHO 3 Cy4yaCHUMU MOTJISIIaMU, JesIKi 3 acTepoiliB He €
CYUUIBHUMH TiJTaMH, a CKJIAJAIOThCAd 3 OKPEeMHUX (PparMeHTiB, IO YTPUMYIOTHCS Pa3oM JIUILE CHIIAMH
B3a€EMHOTO TsDKiHHA. Po3paxyBaTi HalMEHIIMH MOMJIMBUII TepioZ] OCBOBOTO OOEpPTAaHHS TaKOTo
acTepoina, NpuiiMarody rycTHHy Matepiany 2.5 r/cM®. PO3IJISIHYTH J1Ba IPaHMYHi BUTIAIKH:

- chepuuHa Kyna IpiOHOTO KaMiHHS (aHTIIHCHKOIO — «rubble piley)

- 181 cpepruni Kam’sHI OpmiK (KOHTAKTHO-TIOABIHHMIA acTepoin)

Po3B’s130K.
1 Bunmajaok. J{ns takoro Tina piBHOBara Oyae JOTH, JOKW 1HEpIiHHA BIALIEHTPOBE NMPHUCKOPEHHS Ha
. S Vi 4rn’R* _ GM  4nGpR’
MIOBEPXHI HE NEPEBUIIUTh IPaBITALIMHOTO HPUCKOPEHHS: — = R < R IR (3 6am),

. ) kY4
3BIAKU OTPUMYEMO Tiepion odepranus I’ > G ~ 2.2 rogunu. (2 6ann).
0
2 Bunajaok. /s takux Tin piBHOBara Oyne MOTH, JOKH IHEpIIiifHA BiJIICHTPOBA CHJIA HE MEPEBUIIUTH
M - GM*
<

CHJTY TIPUTSITAHHS JIBOX TLI: (3 6anm), 110, MiCHS aHAIOTIYHHX IiJICTAHOBOK MPUBOJUTH 10

nepioay obepranus 71 > 12z ~ 4.4 ron. (2 6ann).

Gp



3angaua 6. I'eocranionap—UA. (15 6ani) Ha reocramionapay op0iTy moTpiOHO BUBECTH CYIYTHHK Ha
SKOMYy OyJe BCTaHOBJICHO TEJIECKON /Il MOHITOPUHTY HAaBKOJIMIIHBOTO CEpEelIOBHUINA YKpaiHW.
Pospaxyiite ¢oxycHy BifcTaHb 00 €KTHBa Ta 3arajdbHUN po3Mip mpuitmMada 300paxenHs (I133-matpwiri)
Tak, mo0 MokHa OyJIo crocTepiratu JeTaii Ha moBepxHi 3emui po3mipom He merme 100 metpiB, a
3arajibHE MPSMOKYTHE I0JI€ 30py OXOILTIOBaNO O ycto Ykpainy: Big 44°.5 mo 52°.5 miBHIYHOI MIUPOTH, T

Bijx 22° 1o 41° cxigHoi noBrotu. Po3mip ogHoro mikcemns mpuitMada 5 MKM.

Po3B’s130k

CriouaTKy BM3HAYMMO pajiiyc TeocTalioHapHoi opOiTh (Ha 1iif opOiTi yac oOepTaHHS CYIyTHHKA
HaBKOJIO 3eMJIl JOpiBHIOE yacy oOepTaHHs 3emili HaBKOJIO BJIACHOI Oci), TOOTO CYHyTHUK BUCHTH HaJ
NESKO TOYKor Ha 3emui. s Tima, mo oOepraeTbcs HaBKOJO 3eMill IO KOJIOBIM OpOiTI Ha JMESKid
BiZicTaHi WBHAKiCTs Oyne: v = (GM/r)"? (3 6ann), yac obepranns T = 2mr/v (1 6an), 3BiACH OJEPKUMO
paziyc reocrarionapHoi opoitu: r = (GMT*/41*)"? = (6.67-10711-5.97-10%*(24-3600/47*) ! ~ 42300 km. (2
Oann).

Jani Bu3HaumMo po3mip YKpaiHM B KUJIOMETpax Ta y KyTOBHX Ipajycax, BiIHOCHO CYIMyTHHUKA.
Po3mip Ykpainu B kinomerpax: mupuna b = (52°.5-44°.5)-2nR/360° = 890 km (1 Oax), noBxuny 0ynemo
po3paxoByBatu Ha mUpoTi 48°.5: a = (41°.0-22°.0)-cos(48°.5)-2nR/360° = 1400 xm. (1 Oam).

BusnaunMo BiCTaHb BijJf CYMyTHHUKA 0 TOYKH 3 KoopAHHAaTaMu 48°.5 miBHIUHOI mmpoTu Tta 31°.5
cxignoi mosrotu: [ = ((r — Rcos(48°.5))% + (Rsin(48.5))%)"? = 38400 km. (1 6amn).

Ockinbku YKpaiHy BUJIHO 3 CYNyTHHKA IiJT JE€IKHUM KyTOM, TO CKOPETyeMO po3Mmip (IIHUpHHY) 3a
paxyHOK LIboro KyTta. Bennunna kyra Oyne: & = 48°.5+arccos((r-Rcos(48°.5))/l = 56°, a Bunpumuii po3mip
b1 = bcos(56°) = 500 km (2 Ganm).

Po3paxyemo kyToBuil po3mip Ykpainu, Bugumuii 3 cynytHuka: tg(a) = a/l, tg(B) = bl/,
oTpumyeMo oxf3 = 2°x1° (1 6an). Bynemo BBakaTu TakoxX, 110 TPAaHUYHA PO3JIIJIbHA 3[]aTHICTh TEJIEeCKOMa
00yMOBJIEHa TUTBKA PO3MIPOM OJIHOTO IMIKCENs, 1, BUXOAIYM 3 1IbOTO, OOYUCINMO pO3Mip mpuitMaya Ta
¢dokycHy BiacTaHb, 00 mone 30py Oyino 2°x1°. Po3mip mpuiimaua Oyne 14000x7000 mikcenis, abo,
BPaxOBYIOUH PO3MIp MiKcems 5 MikpomeTpiB — 70MMx35MM, 11100 MaTH Take 1mose 30py HoKycHa BiACTaHb

nmoBuHHA JopiBHIOBaTH F'= 35MM-180/ =~ 2 M (3 6ammn).



