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1. Monynp «Ckianapemii» MoBUHEH OyB 31MCHUTH M'SKy mocaaky Ha Mapc B 40 kM Bif
Mmicusg pobotu Mapcoxona "OnmnopTeioHiTi". Un Mir « ONMOPTHIOHITD) CHOCTEPIraTH MICIIE
nocaaku «Ckianapesiiy, SKIIO0 BIAOMO, [0 BUCOTa MAPCOX0a TPOXU MEHIIIE CEPETHbOIO
3pocty moaunau? [cHyBaHHSM penbedy Ha Mapci Mo)KHa 3HEXTYBaTH.

Haunem ¢ Beisicnenns pajuyca Mapca. B yenoeun npeasiaymieit 3aa4n 66010 cKa3aHo, 9TO OH
NPHMEPHO B 2 paza MeHbIe pajHyca 3eMJIH, cTajlo ObiTh, paBeH npumepHo R = 3.2 ThiC. KM.

I'Ipe;monomu.\l, 9YTO MeCTO IocCa/IKH «(?Kll&llﬂpeﬂ.’lll» BHJIHO C «()IHIOprK)HHTH» B TOYHOCTH
Ha I'OPpH30HTE. Hapucyeu BeCbMa VIPHPOBAHHYIO KapTHHKY!

h d

R

Ha KoTopoii h — Heobxoaumas Beicora «OQnuopreioHNTHS, d — PACCTOSIHHE 10 MECTa I10CaIKH
«Cxuanapesums», R — paanye Mapca.

Buano, uto R 4+ d* = (R + h)?, orkyza, pacnosaras KaJbKyJIsTOPOM, HECTOXKHO BbIMHCIHTD
h. Ecim e KaJpKy/asTopa HeT, TO HpHeTes ellle HeMHoro noaymars. [lepenecem nepsoe cia-
raemoe ciesa Hanpaso d° = (R + h)? = R? u pa3ioxuM BepaxKeHHe CHpaBa Kak pa3HoOCTb
keajparos. [loayanm d2 = h (2R + h).

BbICOTa «(_)HHO[)THOHHTH» h ABHO Ha MHOI'O IIOPAJAKOB MeHbIIE JHaMeTpa Mapca 21‘?, TaK 4TO
BTOPBIM CjlaraeMbIM B CK06K8..\' MOYKHO € YHCTOH COBECTbIO npeue6peqb. H Torja
d2

h= 35

HO,'ICTH.BII.\I HHCIIa (BCQ PacCTOAHNA — B KH.TIOM(."FPRX)I

e B L
?—m—zhm.

DTO ABHO HAMHOTO 6OJIbllIG, HeM «pPOCT CpeJIHero HeJIOBeKa», U3 Hero ciejyver cjlejlaTbh BbIBO,
49TO VBEHIETL MeCTO IoCa/IKH «CKHRII&DCJL’IH» «()IIHOprlOHllTH» HHKaK He MOI.

3amerum, 9TO 3a1a4y MOXKHO 06110 GBI pemaTh 1 «Haobopor» (ecan Bel me gorajanuck noza-
HMCTBOBATH JAHHOE U3 IPe/AbLIYIIeil 3a1a4i Wil COBCeM He OMHHTEe pa/jjiyc 3eMiIHn): OleHHTh
BBICOTY Mapcoxo/ia (Hanmpumep, Kak 1.5 M) # noc4nTaTh pajnyc mwiaHeTsl, Ha Kotopoii «Cknana-
pessiny oKazascs Ol TOuHO Ha ropuzoHTe. OH oKaxKeTcsi H0JIbIIe HOJIYMIIIHOHA KHJIOMETPOB,
4TO J/151 1000 IJIaHeTH IBHO MHOT'OBATO.



2. Bueni 3amyctunu Ha HU3BKY opOiTy Micsaus (Bucora 50 kM) craHmito. 3 SKUM
IHTEpBAJIOM Yacy MM OyJieMO i 6a4UTH TO 3 OJHOTO Kparo MICSIYHOTO JMCKA, TO 3 1HIIOTO?
Maca Micana M = 7,35-:10%2 kr, pagiyc Micsaug R = 1738 xwm, rpasirauiiina crana G =

6,67 - 10112

Kr

Huskas opOura oO3navaer, 4TO BLICOTOH MOXKHO npeHedpeus M0 CPABHEHHIO
¢ paauycom Jlyuel. A 3nauuT, annapar OyAeT NoABAATLCS PSAOM ¢ JUMOOM ABAXKIbI
3a nepuoa obpauenus BOKpYr JIyHBI, 4epe3 paBHbIC NPOMEKYTKH BPEMEHH, 110
NOJIOBHHE CBOEro opOuTanbHOro nepuoja. lepuoa nyunol cranumm Oyaer paseu:

T = 2nR,
Vi
Fn = Kkpyrosas CKOpPOCTb CTaHUMHM Ha OKOJOAYHHOIH opOure (1.¢. nepsas

KOCMHYECKas CKOpoCTh s JIyHet).

GM,  [6.67+10711-7.35 1022
R, 1.738 - 10°

Vy = = 1679.5 = 1680 m/c

| eapuanm
3Hauur,

_2-3.1416-1.738" 106

1680
M neprot noABICHUSA CTAHLIMK PAIAOM C JIMMOOM COCTABHT MOJIOBHHY OPOHTAILHOIO:

=6500c =18y

t =T/ =09 vaca.




2 gapuanm
MoskHO He cpa3y MOJACTaBJIATh YHCIEHHBIE 3Ha4eHUSA B (OpMYIIbI, a nmpeo0pa3oBaTh

WX, BbIPa3uB TiepHoJ oOpallleHus dYepe3 CpPeAHIO IIOTHOCTh JIyHBI (BenmvuHa
TUIOTHOCTH HE JlaHa B YCJIOBHM, HO YyYalllHiics MOKeT e€ BBIYMCIUTH WIM 3HaTh —
npubmkennoe 3navenue 3300 kr/m’):

. 2nR, 2nR, Am?R3

v, GM, . GM,
R,
3-3,1416

= 6’6? . 10—11 . 3’3 ] 103 = 6540 O ~= 1’8 yaca.

U nepuop nosiBNeHUsI CTAHIIHK PSIIOM C TUMOOM COCTaBUT MOJIOBUHY OpPOUTAJIbHOTO:
= T/2 = (0,9 gaca.

3 eapuanm
MokHo pemats 3a1a4y, ucnojb3ys 3-ii 3akoH Kerepa (B 0000ménnoM Bue):
T:M+m, a3
EMH +m R_ﬁ
(3mece M — macca ConHila, m — Macca ClyTHHKA, 15, m; U a; — mepuo oOpaiieHus
3emau Bokpyr CosiHua, macca 3emyim U paguyc opOMTHI 3eMJIM COOTBETCTBEHHO).

Bo3MoskHa 3amuchk 3TOro 3akoHa JUisl Apyroro Habopa Tes, HanupuMep JUIsl CUCTEMBI
3emst — JIyna (Bmecto cuctemsl CosHile — 3emis).

[TpeneOperasi ManbIMU MaccaMy 1O CPABHEHUIO C OOJIBIIIOM, MOJIYyYUM:
T2 M a3
T2M, R}
Orcroa UICKOMBIH niepuo/1 OyAeT paBeH:
3
J

— ~ 1,8 4aca.

T=T, |—
* My a3

H NEpHOA MOABJICHUA CTAHIIUHU PAAOM C TUMOOM COCTAaBUT IMMOJIOBUHY OIJGHTEIJ]BHOI‘OL

t =T/,=009uaca



3. Bci daHTacTHuHiI MOBICTI Ta 4YM 1HAKIIE MOB’SI3YIOTh CBOI CIOKETH 3 HAYKOBHUMH
dbaktamu. AJsie onuH (aHTACT-MOYATKIBEIb BUPIIIUB OMUCATH B CBOEMY OIIOBIJIaHHI
OYIIBHUIITBO MPSMOi MOHOPEJIbCOBOI joporu B COHsIUHI cucTeMi Bia 3eMii 10 YpaHa (ane
1e He MOXuBo!). [l OyaiBHHMIITBA JIOPOTH B3sJIM CIEIiaIbHO OOPOOJICHHM MICSUYHMMA
IpyHT. BuzHauuTu, sikuii map rpyHty Tpeda 3HSATH 3 OBEpXHI Micslis AJi1 BUTOTOBIICHHS
perKH, JOBXHHHU SIKOTO BUCTA4UTh, 100 MO mOpsmiil 3'eaHatu opOitu 3emuti 1 Ypana.
BBaxkartu, mo peiika Mae B mepeTuHi BuA NpsMokyTHHKA 5x10 cM, opOita Ypana kpyrosa,
a HUIbHICTh PEMKH MOPIBHIOE T'yCTHHI MicsyHOro IpyHTY. [iamerp Micsausa 3480 kwm,
pazaiyc opbitu Ypana 19,2 a.o

Pemenne:
Beraucium anuHy penbca:
[=(192—-1)x15-10" =2,73-102m

Beraucinum 00béM penbea (T.e. 00bEM HE0OXOAMMOr0 IPyHTa, T.K. IIIOTHOCTh PeJibca
paBHA IUIOTHOCTHU TPYHTA 110 YCJIOBHUIO):

V=1x8§=273-102x0,05x%x0,1=1,365-101"m3

DTa BeJMYMHA HA MHOTO MOPSIKOB MeHbile 00béMa JIynbl (4/37R7=2:10" W),
MO3TOMY JIOMYCTUMO HCIIOJIb30BaTh (hopMmyiry miisi oObéma mrapoBoro cios. Kak
U3BECTHO, 0OBEM 1IAPOBOTO CJIOS paguycoM R 1 TommHoit AR pasen V = 4mR2AR
(HO He 0053amelbHO UCNOIBL308AMb MY POPMYIY, MONCHO 00BLEM CN105 UCKAMb, KAK
pazHocmes 00véma ececo mena u 00véma eHympenHeil yvacmiu).

Bhruuciaum TONIKMHY IAPOBOr0 CIIOS, UMEKLIET0 00bEM V, KOTOPBINA HAN0 CHATH C
MOBEPXHOCTH JIyHEI:

/4 1,365 - 101°

= 2 3
RT 4 x (3480 x 10)?

AR ~ 3,6-107*m

OtBert: = 0,4 MM.



4. Tlpu nocraBili Ha MICSYHY 0a3y BaHTaXiB 1 MacakupiB KopaOeiab BUXOIUTh Ha KOJIOBY
HABKOJIOMICSYHY OpOITy 3 BHCOTOIO 25 KM Haja moBepxHero Micsisa. Ham mocaakoBum
MaiJIaHYUKOM BiH KOMIICHCY€E CBOIO OpOITAJIbHY IIBUJKICTh 1 MOYMHAE BIJIbHE TMAJIHHS Ha
Micsnp. Ha nesikiit BUCOT1 BKIIIOUAOTHCS TaIbMIBHI JABUTYHH, K1 0 TOCAJAKU MPAIIOIOTh
nocTiiHo. Ha skiii BHCOTI mepen MOCaJKOI BiH TMOBHHEH OYB BKJIIOUMTH TajbMiBHI
JIBUTYHH, 1100, PYXalO4uCh 3 IIOCTIHHUM NPHCKOPCHHSIM, PIBHUM JIBOM 3EMHHM
IPUCKOPEHHS BUIBHOTO MAIiHHS, 3pOOMTH M'SKYy MOCaAKy (3 HYJIbOBOIO MIBUAKICTIO)?
BBaxkatu, 1m0 3MiHOIO TPUCKOPEHHS BIIBHOTO MAIIHHS 3 BUCOTOI0 MOXKHa 3HEXTYBATH.
Maca Micsius B 81 pa3iB MeHIe 3eMHO1, pajaiyc Micsiis B 3,67 pa3u MeHIie pajaiyca 3emii

ITocanka kopaOnst pacnagaercs Ha ABa JTana: 1) cBoboaHoe najaenue (T. e. Habop
CKOpOCTH), ansiieecs HauOonbuiee BpeMms, M 2) e€ KOMIEHcauus J0 HyJs INpH
KOHe4HOI nocaake. O0a ABWIKEHUs! paBHOYCKOpeHHbIe. B nepBoM ciyuae yckopeHue
KopaOisi paBHO JIYyHHOMY YCKOPEHHUIO CBOOOJHOrO TNajJeHHsi, BO BTOPOM —
pe3yabTUPYIOLee YCKOpeHHe OOpaTHO MO HANPABICHUIO JYHHOMY M PaBHO ABYM
3eMHBIM. 3anuilleM YpaBHEHMs, OMHCHIBAIOIIME HM3MEHeHHe ckopocTH. HawanbHas
CKOPOCTb Ha MEPBOM 3Tale U KOHEeYHasi CKOPOCTh Ha NoclieiHeM dTane pasHbl :

Viagenus = Intnapenus ¥ V'ropmomeuuu i Zg3tT0pM0)KeHHH =0

Tak kak koHe4Hasi CKOpPOCTh NaJA€HUsl paBHaA HavallbHOM CKOPOCTH TOPMOXKEHUsI, HAM
6)’,[181‘ HU3BECTHO COOTHOLUICHHUEC BpeMéH NnaacHus U TOPMOKCHUSL:

¢ 2
2
tna,aeuml _293_2 R3_2M3_Rn_2_81_ ~ 12
= — T e e = =
tTOpMO)KeHHﬂ 9n GM_Q MJI R3 3,67
Rji
5 k3 YCIIOBHA CIICAYET, 4TO:
Sua,ueuux T S-ropnoxcenux = 25 KM
2
g}ltna,qeumi
Suaneum« . 2 >
— — 2 —
STOpMO)KeHMH 293tropmomeuua
‘/llaAEHHutTopMO)KEHHH e 2
2
gn tnagenux
= 2 =
2
9n tnaaeuuutropmomeﬂuﬁ wyy g3tT0pM0>KEHHH
t2
9n NnajileHus 2
- 2 e 9n : Lhapenus
Lnagenus _ £2 Lnagenus _ 93 Zt%,pmm,m,.
t_m g3 TOPMOXKEHHS 9n t g
PMOXKEHHUs TOPMOKEHHst 7
2
- 1 s tnagenuﬂ
Lnanenus S 1 Chapenus ZtEOPMomeHM,,

Lropmoxenus 2 Lropmorenns
P P
tua,qenm;
= — D
t'ropmmxeuuﬂ

Pemas cucremy W3 JABYX YpaBHEHHil, nojydaeMm, 4To Kopalib JOJKEH HavaTh
TOPMOXKEHHE Ha BbICOTE NpuMepHO 1.9 km.



5. Bueni MaifOyTHBOTO 3anponoHyBaiu (GaHTACTUYHUN MPOEKT, B XO1 SKOTO BECh TPYHT
Ha TOBepXxHI Mapca eleKTpoXiMIYHUM CIIocoO0M OyB OM PO3KIIaICHUI Ha BIIbHI METal 1
KHCEHb, 1 TAKUM YMHOM Oyja 6 cTBOpeHa KMCHEeBa arMocdepa Ha ruiaHeTi. SIka TOBIIMHA
mapy TpYyHTY, SKUW MOTpIOHO HepepoOUTH, MO0 THCK TaKWW KHUCHEBOI aTMochepu y
NoBepxHI Mapca BHSIBWIIOCS TakuM jKe, K aTMOC(EpHHN THUCK y TMOBEpXHI 3emii?
BBaxkatu, o rpyHT Mapca cKiIaJa€eThCcsi 3 MIHEpally JIMMOHITY 3 XIMIYHOIO (POPMYJIOHO
Fe;Os3 1 mpmbhicTiIo 3.5 T / cM3. ATOMHI Barm 3ajiiza 1 KUCHIO CKJajaloTh 56 1 16
BiJIITOBITHO.

3. Pemenne. ATvmoceproe naBnenue y moeepxHoctd 3emmn p coctaemser 10° ITa u pasHo Becy
2

ctonba aTMmocteps miomansio 1 M~ Bee To e camoe OymeT OTHOCHTBCE M K Mapcy, HO Helb3s

3a0BIBaTh, 4TO YCKOpeHHe cBoOOAHOrO maneHus g Ha Mapce apyroe. Macca storo cronda c

2
miIomaiabl OCHOBaHHA 1 M~ cocTaBuT:

3nece M u R — macca u paguyc Mapca. JlaHHOe BbIpaskeHHE MOXKHO MOJYYHTh OPYrHM, Gonee

cJ103HbBIM c11oco00M. KonuenTpanus aromoB B armocdepe y nosepxHoctu Mapca pasHa

3nece k — mocrosuuas boneimana, T — Temmepartypa atmocgepel. HYucmo atomMoB B cTonbe
atMocepsl eIMHUYHON MIOMAaH €CTh MPOU3BENEHNE KOHIEHTPAUUU Ha BBICOTY OJHOPOIHOrO

ctonba atMochepst H:

p R _Np_p

nsanz =
kKT png pg mg

3aech Ny = noctosiHuas ABOraapo, j i /m = MONAPHAA W MOJACKYJIAPHAA MAcca raza. YUHTbIBag, 410
Mg = N'ns, Mbl BHOBB NPHXOAHM K NIepBoit GopMysIe peiieHns 3aaa4n

Macca cronba okassisaeres pasnoit 2.7 10" xe/n’, OO0patuM  BHUMAHME, Y10 BLICOTA
arMocdepsl M TOIUHHA TPYHTA CYIUECTBCHHO MEHBLIE PAAMYCA [IAHETHI, YCKOPEHHEe ¢BOBOAHOIO

NAACHMS MBI CHHTACM HOCTOsHILM, Macconas jous kncaopojaa s moaexyiae FexOy pansna

L
f=— b = (.3,
24;, +3

sl +
3nece Ap m Ap, — aToMHBIC Beca Kucnopoja u kenesza. UroGwl Hanonuuth ctond armocdeps
TpeOyeMBIM KOJIHYECTBOM KHCJI0POJA, HYKHO nepepaborars cTtond rpyaTa Mapcea 1oii e nuomaiau
(Tak kak oOpaboTke noasepraerca Bes nuanera) rayouHoii . Macca storo cronba 6yner pasna
m = Ms _ 24, +34,
s 5 3 .
M 3A,

Macca cTonGa nonyuaerca parnoii 910 K/’ Teneps MEI MOEEM HANTH ero rayiHRy

h=mgs/p=25M,
3neck p — NIOTHOCTE FPYHTA, KOTOPYH) HYAHO NEPEBECTH B HYKHEIE eIHHHIEI (NPH BEITIOTHEHHH

pemenns B cuereme CH — B kr/m’)



ExcniepuMeHTanbHe 3aBIaHHS
VY nepion 3 8 mo 14 ceprnus 2013 poky Ha obcepBaTopii OyJiM MPOBEICHI CIIOCTEPEIKCHHS
Micsus, 30kpema, Oyna orpumana dotorpadis (IMB. Mad) YaCTHHU HOTO ITOBEPXHI.
BukopucroByroun gany dororpadito 1 mani mpo Micsib, OIiHITh JIHIKHUK 1 KyTOBUM
miameTpu (1 3eMHOro cmoctepirada) Tpbox KkpartepiB Kl - K3. 3a panumwu
criocTepexeHb MmpodecioHalliB cepeHiil KyToBuil paaiyc_Micsams = 15,535', a cepennii
ninikiami pagiyc Micang 1,737 - 10° km.

YucJi0Bi_1aHi, AKi HaBeAeHi B PO3B’A3YBaHHI 10 32124, MOKYTh BIAPi3HATHCH Bij
orpuManux Bamu 3a paxyHok BukopucTaHoi ¢ororpadii B inmomy gopmari.

Peienue:
Mpescae Beero, onpeletny Vinosoil (j) 1 ansefiasil () vacmmalb doTorpadin eIy omusMl Bhl-
PEGHEHIAMI:

i Ag
§ = —— = — 19
p e I e (19)
e ,ﬂE = 15.535 — cpeammit yraosoil paguyce Jlyme, Mg = 1.737 - 1P km — cpeunil smpefinii

pamye JIVHEL DoayueRise 0o Janisn nabmotennil npodecenonanos, By — nuneiinedi pagaye JIvee,
mEnMeperHEdl o dororpadmm.

K comanenmo, HIMEPHTE HelOCPEICTEEHHO paguye Brausoro mucka JIyne no dororpadmm me
OpelcTARTHETC BoaModHEM. [loaToMmy Gyaes a8 3Toro HCOONRI0BATE HECTMKHYIO METOIHKY KOC-
BeHHOMO onpeaenennsa Rq. Pacosorpas kpyr paguyea B o kpyrosofl cersent ACBDA, ¢ sricoToil b
u ocHopanned AR = Za (cu. pue. 7). Ha tpevroneanka A ADO no teopese [Indaropa caemyer, uro

2 2
R‘_.=ﬂ‘_.+|:R—.h_]2. = F=$.

T.o. ana Onpeae/eHid paJuyea Kpyra HEODXOIHMD SHATE BRICOTY h Kp¥TOBOMD CErMEHNTA H NOJIOBHHY
€0 OCHOBAHHA — d.

Brmoanmy JonoamATelsHoe nocTpoeaRe Ha Janioil dororpadmm. Tporegen wepes repxmon Tov-
gy O wacTH BHAHMoro Jucka JIvee (oM. puc. 8) kacaTensnym. [Tpopeges napainensnyio eff npasyo,



qepes Kpaiimomn aesyvio Touky A apcka. Ooyerns w3 Toukn O #a mee nepnepaukyasp CD. B peayine-
TATE MLl DOTYyYaeM MOIoBAHY Kpyrosoro cexTopa ACDA, aas woroporo by = CD, ag = AD n,
CIeIoRATENEH,
(ag +hi )

Ry = —ah (20)
=i
Onpegensa no dororpacun spadenns ap = 24.4 om,
B hg = 5.6 cu (Banm sHAMEHHA MOTVT OTIHMATLCA OT YEa-
FAHALIY, B 3ABNCHMOCTH 0T (POPMATA NCIOAEZYeMOil doTo-
rpadmn), B urore nonyuaem Hy = 55.957 ex. Toraa yroo-
Boit 1 aumelinedl macmTab doTorpadmn npeacTaRIAKOTCR
saadernasMu iy = 16.7" fom, gy = 310 safen
Janee onpegenses dnaeliHLe pasMepsl OTMETEHHEX K-
Tepos o dwrorpadgmmn: d; = 4.4 enm, de = 235 om, dy = 1.6
ML
B wrore yrooene o nHeiinbie TnaseTprl KpaTepos W — Ky

ECTE
U= jig - dy = T35, Dy = iy - dy = 136 5,
DY = po-do =39, Ds = py-do = Thrm,

Pue. T.
DY = po-ds =27", Dy = py -dy = S0 xu.

Puc. 8.
Omeem: Dy = 136km, Dy = T3xm, D3 = 50xm: DY = 73.5", D = 39", Df = 27", (Spax =



2. B onuH 13 BEeUOpiB acCTpPOHOM-amaTop
(3pict skoro jgopiBHIOE 175 cM), 110
IPOKHUBAE Ha I’ SITOMY nosepci
JICB’ITUTIOBEPXOBOTO OyIUHKY (IWB. Mal),
BUUIIIOB HAa 0AJKOH MTOMHUITYBATHCS 3aX0/I0M
Conug. BiH  crmocTtepiraB  3aXOIUTIOIOUY
KapTUHY, SK BEpIIMHY ONOpH  JiHIl
eJICKTpoIiepeaadi (cxema SIKOT
IIpeICTaBIICEHA Ha MaJl.), po3TaloBaHoi B 80
MeTpax Big OynuHKY, yBiHuana Benepa.
OmuiniTe BUcOoTy BeHepu Hax ropu3oHTOM B
MOMEHT CIIOCTEPEKEHb.

[

Cxema ornopu niHii enekmponepedadyi.
Po3mipu nodaHo 8 minimempax
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dacan aeB’aTUNOBEpPX0OBOro OyauHKy. Bucora nmogana B MiniMeTpax.




Jadawa N 8. « Buicoma Benepui wad 2opusonmoms

VYeaoeue., B ogun saMedaTelbHBI Bedep ACTPOHOM-IODHTENL (pocT KoToporo pased 175 cw),
NPOAKHBAIONING HA [IATOM TaxKe JeBATHITAAHOIO JoMa (M. pre. 6), Buimen Ha GaakoH nomodoBaThes
FakaToM. OH 0DHADYALL, 1T0 BePIUIHHY 000D JTHHEKA 3/1eKTPoNepeaidi (CNeMa KoTopoil npeicTapiena
Ha pHe. 7)., pacnonosxennofl B 80 merpax or goma, senvaer Benepa. OQuennrte seicory Benepnt nan
rOpH3OHTOM B MoMedT Habmogenuit. (7 Ganios).

Hano: Peuwenue:
h, =175 m, Jns onpeenesnd vioosoil BelcoTe BeHeps! HAJL TOPHAOHTOM E MOMEHT HADIH-
Hy = 34.0 m, AeHill HEoDNOIHMO, TpeHdle BCerD, BhMHCINTE BRICOTY NOMOMEHIH [V1A3 Halo-
Ha = 28.0 JaTeld HAll NoBepXHOCThIO Demiu. Las 5Toro HsdepiM 0o PHCYVHKY BRICOTY
L =380 m. NOJIOMEHHA NoJa DAKoHA 5 3Tama HaJl NoBepXHOCTRID Jemian — iy = 6.6 oM
Hatimu: H BRICOTY BCero 3ganud — fiz = 15.1 em. Onpenenus BeicoTy nojia DANKOHA B
ho—7? METPAX:

by = HZ:_I = 1224 m.

2
ClleIoBATEIBHO, BRICOTA NOJOMEHNA TIAS HADMKIATENA HAJ NOBEPXHOCTRID 3eM/IH eCTh

hy =hy + hg = 13.99 0.

e noBaTenbLHO, Teneph MOAHO OIPe1eIlTh: THHEAHYI0 BRICOTY BEPIIHHLL ONOPEL JTHHHH 3JeKTROIees
JatH HAD YPOBHEM IUIAS &LT’I‘IZIOHOMH:—J’J.KIEHTEJIH:

hy = Hy — by = 20.01 a0,

ClleI0BATEIBHO, TAHPMEHC YVIIOEOH BRICOTH BeHepbl onpeieidaercd Kak

h h
tghg = fﬂ' = hg = arctg (f) = 14°.



11 kaac
1. Bunuma 30psiHa BenuunHa 3ipku Peryn nopiBHioe + 1.4m, BijcTanb A0 Hel 24 Nk, Maca
- 3.5 macu CoHry, nepios ocboBOro odepraHHs - 16 roauH. Buxoasuw 3 1ux JaHUX,

3HANAITH MIHIMAJILHO MOXJIMBE 3HAYEHHS TeMIIepaTypu MoBepxHi Peryna.

4. Pemenne. Onpenennm adcomOTHYIO 3Be30HYI0 Bennauny Peryna:
ma=m+5-5lgd=-05.

3neck d — paccrosnue a0 Peryna. C yuerom Ttoro, uro abcomoTtHas 3ee3anas senuuuna ConHua

pagua +4.7", nmomyuaem, uto ceetumocTs Peryma L Goneme csetumoctn Connma Lo B

0.4:52 .
10 = 120 pas. Jlna ceetumocTeii L, paanycos R 1 Temneparyp I cnpaBeinHBO COOTHOLIEHHE

(1))

OTCI{!,EIB MBI MOJIYYAEM BRIDAACHHE 118 TEMIEPATYPLI NOBEPXHOCTH PC]’)’J’IHI

4 2
e
L,) (R

Ham nemssecten paamyc Peryna R, Ho usBecTen nepuoj ero ofpalieHus BOKpPYT cBoell ocH f.

(nunexc «0» otHocuTea k Connuy):

OHPC,‘],E_TIHM, NpH KaKOM paguyce R CI]I-]SH‘IECI{OE TENO MOMKET BPAlIATLECHA € TAKHM NEPHOAOM H HE
OBITE PA30PBAHHBIM HEHTpUﬁe)KH]:IMH CHITAMH. ﬂﬂﬂ ITOrQ €ro CKOpPOCTE Ha IKBATOPE HE AOJIEKHEA
MPEBLILIATE NEPBYHY KOCMHYCCKYHO:

2nR - GM
t R

3II,ECI:; M — macca 3BC3bLI. MEI HE YHUHTBIBAEM 31CCH BKIIAQ TEMIOBOI CKOPOCTH HacTHL, 49TO ﬁy}],ﬂ']“

obocuoBano ganee. [lomyuaem:

14 AN
rs1[ L] (AR st~ 9000k
1) Gmr

HoGaBuM, 4TO NpH TPaHUYHOM 3HA49eHUU Temrmepatypsl (9000 K) mbe1 Oyaem uMets panuyc Peryna
B 5 paguycos CoiHla M CKOPOCTh OCEBOro BpauieHust Ha dkBatope npumepHo 380 xm/c. Dto
HecpaBHMMO OoJibIle TEIUIOBOM CKOPOCTH aTOMOB BOJIOPOJA, COOTBETCTBYIOIIEHl JaHHOI
temneparype (10 kM/c), 4To omnpaBabIBaeT AOMyLIEHUE, CAENaHHOE Bble. PeanbHas TeMneparypa
Ha 3kBarope Peryna nemuorum 6onee 10000 K, To ecTs 3B€3/1a HAXOAUTCS HA TPAHU AMHAMUYECKOI

YCTOHYHUBOCTH.



2. IlnyToH pyxaetbcs 1Mo opOiTi 3 Benmkoro miBBiccto 40 a.o. i excueHTpucuTeToM 0.25.
Woro cpenHuil paaiyc nopiBHioe 1.2 Tuc. kM, a reomeTpuuHe anpbeno 0.6. OuiHITH
niaMeTp 00'€KTHMBa Takoro Teneckona, B skui [LmyToH Moryia 6u xoua O KoJIHM-HEOYIb
CIIOCTEPIraTH JIIOJANHA 3 HOPMAJILHUM 30POM.

s Toro, 9robel HabmoaaTs [LloyTon, goctaTouno yBHAETH er0 KAK TOYeYHLIH 00LeKT, pa3pe-
mMAThL AHCK yike He Tpebyercsa. [lostomy Ham Tpebyercd OIEHHTE JIHAMETD TAKOI'O TeJIECKONA,
pH HADIIOMEHHH [TIA30M B KOTOPLIH ofecnednpasiack ObI HPOHUIIAIOIIAS CIOCOOHOCTE, HIH3Kan
K MakcnuMyMmy Onecka [Lnyrona.

Cpasy e MOXHO 3aMETHTh, YTO HAWIYVYIIAME YVCIOBHA 1A Habmoaenus [ToyTona 6yayT To-
A, KOIJa oH OyIeT HaXOAuThes B paiione nepurenns opoutel. CoOTEETCTBYIONIEE PACCTOSHHE
r=a(l—e)=30a.e. (rae a — Gonbmas noIyock opbuTEL, a € — sxcienTpucuret ). Hudopma-
st 0 HakJIoHe opbuTel [IIyToHA He NpHBOAWTCH, Ma OHA H He HYXKHA, NOCKOIBLKY HabIIH0aTh
MBI ero cobupaemest ¢ 3emtn, kotopast HamHoro 6imke Kk Commiy, gem Iltyton.

Hamee mur Gepem ceerimocts Comana L n BeIMHC/ISeM OCBEHIEHHOCTE, cozgasaemyio CosHiem
¢ . L

na [Lnyrone E' = =5, Ecim paguyc ILiyrona R, To B efuHAIY BpemeHH Ha HEro [onajlaer

sueprua E' 7w R?, a paccensaer on aE' 7 R?, rae a — ero reomerpuueckoe ansGeno. B wrore

Ha 3emste [L1yToH co31aeT oCBENIEHHOCTE

aF' m R?
4rr?
(pasuuneii mex 1y paccrosianeM or Commna jgo [Tayrona u paccrosiunem ot [Liyrona mgo Senurn
MBI IpeHEOpeKeM ).
Cobupas Bce BBIKJIAIKH BOEIHHO, IIOIYIAEM
E— alLmR* _ a L R?
T (4mr?)?2 T 16wt

Hanee mam Hajgo KakuM-1u60 oOpasom NPHBA3ATL MOJIYYEHHBI Pe3yIbTaT K HpoHHIAONet
C10COBHOCTH. DTO BCErO ¢JeNaTh, OIEHHB BHIHMYIO 3Be3HYI0 Benunny Ilnyrona. 3amernu,
o Fy = ﬁ — 9TO OCBEIEHHOCTD, co3tasaeMas ConHnem Ha 3emie (ecn a — pajnyc opoHTLL
Sesum), a 3% = R?/r? — xksagpar yriosoro pagnyca Iltytona B paguanax. Toraa

|
E=akE (E) @ =,
r 4

H, 4TO NPHATHO, H3 IIHATH COMHOMHATEeH TONBKD OJIHH — p&SMEpHMﬁ.

Kaxk Mul yaxe sHaem, © = 30 a.e. [Tockoasky 1 a.e. — 910 1.5-10° K, To r = 4.5-10% kn. Orerona
A3? = 7107, Kpome s1oro, a/r = 1/30. IlogcTasiasa ocTalbHEE MHOMKHTEIH, HOTYHAEM, YTO

E

— 10",
Fa 0

NseectHo, 9T0 KaskAblili OJMH HOPSiIOK PA3HUIBI OCBEIIEHHOCTeH COOTBETCTBYET PA3HUIE
Ha 2™.5 u, nockoJibKy BujnMas Bejmdnna Cosaiga oummzka Kk —26.5™, [LinyTon no naimeii 1oBoJib-
HO I'py0OoIii olleHKe OKa3biBaeTcs 00beKToM ¢ +16™. [locko/bKy npe/ieibHast HPOHUIIAIOIIAS CIIO-
COBGHOCTb HEBOOPYZKEHHOIO Iv1a3a +6™, 1mI0mma b 00beKTHBa J0/IZKHA ObITh npuMepHo B 10* pas
BoJIbIIe IIIONIA 1M 3padKa, JuaMeTp 00beKTHBa JoJzKeH 6bITh B 102 pas Gosbine quameTpa 3pad-
Ka ryasa, T.e. 0kojio (0.5 M. Bojiee akKypaTHbIe BEIYUC/I€HUS JIOJIXKHBL JIATH HECKOJIBKO MeHbIIHIT
pe3yJ/ibTar.



3. 22 4epBHsS B COHSYHHUH TOJYICHb CIIOCTEpiray, IO CTOITh BEPTHUKAIBHO HA PiBHIH
MOBEPXHi, MMOMITHUB, 110 MOr0 TiHb Ma€ JOBXKHWHY, PiBHY Horo 3pocty. Ha skiil mmpoTti
3HAXOJIMBCA CIlocTepiray?

1. Pemenne. PaBeHcTBO BBICOTHI BEPTHKANBHOrO NPEAMETd H JUIMHLI €0 TEHH HA FOPH30HTAILHOM
MOBEPXHOCTH O3HauaeT, 4yTo Bhicota Conuua fi cocrasnger 45° Tax xak kapruna nabmiozaerca B
conHeuHbli nongens, ConHUe pacnonaraercs B BepxHel KyasMuHaumu. Ero Beicota B 9TO Bpems

paBHa

h=90°— ¢+ 5, ecim ConHile pacnogaraeTes K ry ot 3eHHTa ( > 8),

h=90° -8 + ¢, ecmu ConHue pacnonaraercs K CEBEPy OT 3eHUTA (( < 6).
JlanHEIE COOTHOMIEHHS MOYKHO HANHCATE B BHJAE OAHOMH (hopMynsL:
h=90°—|p— 3|
22 wonsa (B nerHee conHuectoanne) cknoHeHue ConHOa § NONOMKHTENLHO M PABHO YINTY HAKIOHA

axBaTopa K aknunTuke £ (23.4°). M3 npeneinymmx Gopmyn nonydaeM BRIPAXKEHHE U IIHPOTHI

MECTa:

¢ =&+ (90°—h).

VYkazannas kapTuHa Mora Ha0moaaTeed Ha wHpoTax —21.6° n +68 .4°,



4. 3a oJHIEIO 3 BEPCid YYEHMX, POJIb YaCTMHOK TEMHOI MaTepii MOXYTh I'pPATH «BIMITH
(WIMP - weakly interacting massive particle) - emremeHTapHi YacCTHHKH 3 €HEPIi€IO
omm3pko 100 I'eB. Busznaute cepenHi0 KOHIIEHTpAlil0 BIMITIB B IPOCTOPI, SIKIIO Maca
TanakTuku B Mexkax 50 KIIK Bijg LeHTpy omiHoeThea B 2:10'? mac CoHns, a 9acTKa TEMHOI
MaTepii B Hill CTaHOBUTH TTpHOIH3HO 80%.

S. Pemtenne. OnpeaenyM Maccy 4acTHLbI 7, UCXO/Is U3 TOTO, YTO €€ SHeprus £ paBHa 10" 5B nm

1.6-107 Ik

m= i =210 x¥,
=

2 42 S
Macca anaktuku coctasmser 2-10'? mace Comuna nmm 4-10* kr. OnpeennM mIOTHOCTh TEMHOI

MmaTtepuu B [ anakTuke:

3M »

p=08—5=2-107" xr/m’.

4R

3nece R — paamyc rano lamaktuku, paBHbiii 50 Kok umm 1.5-10"" M. Orcioma MBI MMeeM

KOHLCHTPAIHUKO YaCTHULL:

n=L-10° v
m



5. Hns cBoix cmnocrepexxenb X. ['tolreHc BUKOPHUCTOBYBAaB TeJeCKOIM-pedpakTop 3
niaMeTpoM 00'ekTuBa 22 cM 1 POKyCHOIO BificTaHHIO 64 M. O0'€KTHB 1IOTO TeJIeCKoma OyB
MiJBIIICHUH HaA CTOBI, a CIOCTepirad 3 OKYJSIpOM pPO3TAIllOBYBaBCS Ha 3eMIIL.
[Ipunyctumo, nepeOyBatoud Ha mUPOTI +52°, [tOHreHC NPOBOAMB CHOCTEPEKEHHS
CBITHJIA 3 CXWJIGHHsIM +27° y BepxHIM KyiapMiHallii. SIKy BigcTaHb HEOOXiAHO HOMY
MPOWTH 3a 15 XBWIMH CIIOCTEPEIKEHHSI, 11100 BECh YaC CIIOCTEPIraT CBITWIIO B LIEHTP1 MOJIS
30py? BBaxkaTu, 1o ['toiireHc BUKOPUCTOBYBAB OKYJISIP 3 PIBHOIHUYHUM 301TbIICHHSIM.

4. Pemenne. YriioBas CKOpPOCTh CBETHJIA HA HEOECHOM 3KBAaTOpE paBHA
wy =2m/T.

3,[[605 T - NpoaoJIKUTCIIBHOCTE 3BE3HBIX CYTOK. ﬂ,ﬂHHa CyTO'-IHOf‘I napauieiin CoO CKIOHCHHUEM 0

MEHBIIIE, COOTBETCTBYIOIIAS YTJIOBasi CKOPOCTh COCTABUT
o= @y cosd = 2m cosd /T.
Oto coctassier 13.4" B cekynay. 3a Bpems ¢ (15 MUHYT) CBETUJIO TPOYEPTUT HA HEDE AYTY JITHUHOM
y=ot=2mcosd t/T=3.35°.

Ha Ttaxoii ke yrom tpebOyercs moBepHyTh Teneckor. Habmomatens HaxoauTcs OT OOBEKTHBA Ha
PACCTOSTHUM PABHOM CyMMe (DOKYCHBIX paccTosHUI 00bekTHBa F 1 okymnsapa f. Kak n3BecTHo, 1uamerp
BBIXOJJHOTO 3payka ¢ paBeH OTHOIUIEHHIO auamerpa o0bekTHBa [ K yBEIMUYEHHIO TEJIeCKOTa.
VBenuyeHue ke paBHO OTHOLIEHHIO (JOKYCHBIX paccTOsHUI 00bekTuBa 1 okyispa. OTcioa nojydaem

doxycHOe paccTosiHUE OKyIsIpa:
f=Fd/D.

JlnuHa Bcero Teneckona OyAaeT paBHa
L=F+f=F(1+dD).
Cuuras nuamerp 3pauka HaOmoAarens paBHbIM 6 MM, MOJYYaeM paccTOsHHE OT HabmoaaTens 10
oObekTuBa: 65.7 M. CBeTH10 HaXOAUTCS BOJIN3M KY/IbMUHAIUM, IBHIKETCS MAPAJUIEIbHO TOPH30HTY.

HOBTOMy Ha0I101aTeNb JOKEH TAKIKE JBUTATLCS TOPH30HTAIILHO, IIPOX04 32 BPEMS [ paCCTOSAHHE

[=Lsiny~Ly(pan)=3.8m.



ExcnepuMeHTaibHe 3aBIaHHS.

1. 7 Bepecus 2014 poky xocmiunum amapatom (KA) Rosetta, 3a momomororo
aBTOMAaTH30BaHOT0 «0Ka» MojyJist Philae Oyna 3pobnena gororpadis-cendi (qus. Mai), Ha
SAKIH MOXKHA TMMO0AYUTH COHSYHY Oarapero amapatry Rosetta Ha Tl sgapa KoMmeTu
67P/YypromoBa-I'epacumenko. Bigomo, 1110 TOBKHUHA «JIBEPHOI METI1» COHAYHOI OaTapel
(Bimpizok AB) nopieatoe 30 cM, a BijcTaHb BiJ IeT1 10 00’ ekTuBa hoTokamepu - 230 cm.
Ha man. mpeacrasnena nis nopiBHsHHES doTorpadis sapa 67P/Uypromosa-I'epacumeHko 3
BHCOKOIO PO3IUIBHOI 3JaTHICTIO, PO3MIpPH SKOTO JOPIBHIOIOTH 3X5 KM. Y MOMEHT
orpumanHs ¢otorpadii KA pyxascs HaBKOJIO sapa KOMETH IO KOJIOBIiH OpOiTI 3 MepioioM
31,9 ni6. BuxopucroByrouM HasiBHI JaHi, BU3HauTe paaiyc opOitm KA 1 macy smapa
KOMETH.

Cendi, sixke orpumanm amapatoMm Rosetta. Ha ¢oro morpammio sapo 67P/Uypromosa-
['epacumeHko



dotorpadis sapa 67P/UyproMmoBa-I'epaciMEHKO 3 BUCOKOIO PO3JIJIBHOIO 3/IaTHICTIO, SKY
oTpuMaiii annapatoM Rosetta.

Hano:
d = 230 e,
f = 30 em,
i bh=3x5 KM,

T =319 cyr

Peuenue:
Santerin, ro "nBepHas netin"” coHedHoll HaTapen BHIHA NOMTH UIAINMS, T.¢.
CEETOBBIE Jy'H OT Hee HIYT NOYTH HeDIeH THKYIAPHD ee MIABHOMY HIMePeHHD
(onpenensiesomy ero gmmaofl). ClegosaTelbHO, JErKo ONpefelnTs yroa (a),
N0 KOTOPLIM OHA BHAHA 40 kameps! Philae: ns rpeyvroasinka AQAC (em.

Haiimau:
l:f"_'? I}II{'. 13. ek B TOYIRe (J I:I:’H'IIL".'J.EL"‘I{L'IIH Rl‘l.).l{"'l}ﬁ.} {'.'[{",.l&"."l'. BTy
7, My —
te = = — 9arctg [ — 7.46° (13)
A — — 1'!=IH|.'1.'1-." — = .40 . x
=2 2 2

Puc. 12: @ororpadus siapa 67P /Hypiomosa-I'epaciMesKo ¢ BLICOKHMM paspelieHneM, HoJayUYeHHas all-
naparom Rosetta.

Buas yron a n aueefinndl passmep nern Ha gororpadun £, = 25 mm (nocaeanuii onpejesies no
dororpadun unefikofl, B MM creAyer HOMHHTB, YTO BALLl PE3VILTAT MOXKET OTJIMYATLCH OT Bbille
HPHBEJIEHHOIO) MOXKHO onpegeants yraosoft Macirab dororpadum p:

o

py = = = (.208° /uns. (14)
lll

W3 conocrasaenus dororpacdmit (11) u (12) caeaver, /'4{\ A
1o Ha dororpadun BUAHA CTOPOHA SAPa, XapaKTepHiye- /
Mas MEHBIIUM H3MepeHneM b, KOTopoe MOXKHO ONpee/nThb 0 /2 {C|/
KaK Je— -

: d . i ———g |
bh=2rtg (—,) (15) o3
2 el

re = yroa, noa Koropsism siymo ¢ bopra KA mMensmee na- B
Mepenrne spa, onpejgeasemoe seanaunoit b, Tannwit yron Puc. 13: k onpeseaennio yria o

p
ONpeJieyBIoM C HCHOVTRIOBAHROM VIVIORODO MAacHrraoa 41)«:1()1 pxul)llll H paccerostims r:

f=/1:I,=.'§.).\°.



3nech E;‘f = 12 mmM — IHACHHE MEeHBIIETD H3MEepPeHHA AAPa KOMETRI, ONpede/iHdenMos [0 PHCYHEY {l—l .'pl}.l]l.
O Henob30BAHHEM BhIIIE NpHEBCIEHHBIX I]H{'L'}'}'K.'lf.lllllﬁ Hn {l}lip.‘pl}'.'[bl (lﬁj Jerko HAfTH PacCTOER e
A HAPE KOMETEL [l}ﬂ,’lli:\'t' Ul]{.—ili'l'bl KOCMH"ECKOID allllapaTa R(JHE!ILH}.’

4 b _ b . .
lgE=E' = F =?3-=4hm.1. (16)

Hanee pocnonszyesmes eropeis sakoom Heworona nua KA, nepmskvinerocs no kpyroeoll opbure (s
npoernuax Ha npaeitenne "KA-anpo kosmers"):

(7. MMy “
TN (17)

Mgellge = -

IECH Mge, ge — Macca M yexkopesie KA. TTpu asuokennn 1o kpyrosoit opdure a,, crs HeHTPOCTpeMu-
reJIbHOe VCKOpPeHHe. KOTOPOoe MOXHO Npe/ICTABHTL BRIE:

>
o 4=
Age = Wy, T = —T.

c T2

B pesviasrare sropoft 3akon Heworona (17) npeacrasasiercs 8 suje:

{72 GM \n? rd .
— T\ = My = W =9. lUl' KI'. (lh’)

Mocaeuuit pesyasrar coraacyercst ¢ Hanbo/iee TOUHBIMH IPABHMETPHYCCKUME OUCHKAME MACCH SApa
komersl ( My = (1.0 £+ 0.1) - 10" kr).

2.3 v
Omeem: r = 48 km, My, = '("—I'. =9-10'2 kr.

2. Conrle o6epTaeThbest HE SIK TBEPJIE TUIO0, a qudepeHIliaJbHO: KyTOBa MIBUAKICTH
3aJIeXKUTH BiJ resiorpadiunoi mupoTt B. 3a nanumu cioctepekeHsb B JiHIT HEUTPATIBHOTO
3aimiza 1=15648.5A B nenTpi Ta Ha miMO1 (kpait nucka) CoHIls Ha pi3HUX reiorpadiuHux
HIMPOTAX OTPUMATH 3aJEKHICTh KyTOBOI MIBUKOCTI BiJl IIUPOTU. KyTOBY MIBUJIKICTH
BUPA3UTH B rpaja/nody, cepeaniit paaiyc Conis 696000 kM. PesynbpTaTi 3aHecTy B
TaOIHIIO (3pa30K HaBENIEHO) Ta 300pa3uTu rpadiuno. BusHauntu nepion obepTaHHs Ha
CKBATOP1 Ta 3pOOUTH OLIHKY epioaa moOau3y MoarociB. SKi 11e mepiou — CHHOAWUYHI, UM
cuaepuyHi?

(BBaxkaTm, 1110 HaBeCH1 3AJIMIIIKOBI IHTEHCUBHOCTI JIIHIT I' JIJIS1 PI3HUX JIUISHOK JUCKY
CoHlI1st OTpUMaHi1 0OJTHOYACHO Ta HE YYTJIUBI J0 JIOKAIIbHUX BEPTUKAJIBHUX MOTOKIB
PEYOBUHM Y€pe3 HU3bKY NIPOCTOPOBY PO3AUIbHY 30aTHICTB).

B, rpan AN, A v, KM/C o, Tpaa/moda
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PO3B 430K

3a ZomnepiBCHKHMHE 3CYBAMH TiHIH BH3HAYAEMO IIBHIKICTE 00epTaHHA CoHIA
v =c®AM .
BuropucToByloun cmisBimHomeHHA ® = V / (R*cosB). oTpEHMaeMo 3amexHICTs KyTOBOI
IIBHIKOCTI Bil MIHPOTH.
OTpuMaHI JaHI IPEICTABICH] B TAOIHIIL

B. rpan Al A V. KnM/c . rpaa/aooa
0 0.105 2.01 14.3
20 0.097 1.86 14.1
40 0.075 1.44 13.4
B 60 0.046 0.88 ' 12.5 |

3anexnicts ® = (B) nokazaHa Ha TpadiKy.

. rpag/noba

14.5 -
- .-'____--
14,0 B

13,51
13,0

12,54 ~ \

12,0

11,0 4—— | . . . —
0 10 20 30 40 50 60 70 80 B, rpaa
IpoiaTepnonroBaBmu 3amexkHicTs Ha B=80 rpaz. BH3HaUHMO Iepiod OOEpPTAHHA MOOIH3Y
nomocis T = 31 100y, Ha ekBaTOpi - . = 25 mi0.

OT1pnMmaH] 3HAYCHHA NEPIONIE - I¢ CHISPHYHI 3HAYCHHA. OCKUTBKH PYX 3€MIi BHKIOUEHO, TaK
AK PO3TTATAEMO BITHOCHI 3MIITEHHA CIEKTPIB.




