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1 I'eomeTpusa u BpeMs

ACTpOHOMMS, KaK HAYKA, CTATA CYIIECTROBATD
€ TEX IIOP, KAK OH4A COeMHILIACh C MATEMATHKOM,

A, epyen

1.1 Cegepnas cmonuya

OnpenennTe manHy L TeHn, 0TOpackBaeMoil BePTMKANEHON MAYTOI BEICO-
Toft H = 8 M n muamerpom [) = 20 cm Ha ropusoHTansHYI0 naxydy kopabis
B MECTHBII colHeuHbli monnens 21 gexabpa s [lerepbypre (@ = 607 ¢. 11.).

1.2 [env Jiynwi

B nocnemnnit nens IPhO - 2016, 17 11001,

T'opo OPIX
Jlyra nepecexna mepumman Llopmxa s Heop
B 23:46 To neHTpanmLHOeBporiefickomy  Crpama Ireimapns
BPEMEHM, a B ABTYCTE TOIO 3Ke O/ 1po- 47°23" ¢

Koopaunars: o qo/
M30LILII0 MONYTEHEBOE IYHHOE 3aTMeHME 8"32 B 2.

HPG,EOJI}KI’ITEHBHOCTBEG OROI0 HIOJIYHaca.
Hatiqure ero maTy u OxapaxkTepusyti- :
Te ycnosus uaGmiomenus s Iliopuxe. llmomanms 88 xm
= . [Tacenemre 400 TrIC.
Opbury Jlymy cumraiite KpyroBoil ;
P Y i - i ? Jletnee spems [la, +1
ypaBHEHNEM BpeMeHM IIpeHedpernre.

. Central Europe
Hacopoit mOAC  {jyug

1.3 Ilcesdomapc

Kax M3RECTHO, CaMbIE YVCIIENIHBIE aCTPOI0TN acrpmmrme;“{ HE 3aHMMalOTCs.,
HekoTopele jke TIpouMe B CBOMX Pacuérax saMeHsIoT muaHnery Mapce ma so-
obpaskaemomt [cepmomape. [lonoxmm, [IeemoMape CyIecTBYeT Ha CAMOM
merne, 1 GObLIAS TIONYOCE ero 0pdursl Ha 4.00% MeHblITe, 4eM Y OPOUTEI
Mapca 11pn paBHbIX 3KCLEHTPHCHTETAX,

O]_LEHI-‘I'I‘E'._ KaK HaCTO MPOMCXOTAT BEIMKNE IIPDOTHBOCTORSHIIH HC{'BJ].OMHPCE..
Hexoms M3 NpeanonoKeHns 0 COBNageHnn (Quaiyecknx XapakTepHuCTIK
IeermomMapca 1 Mapca, OIleHHTe pasHUIly MX OIeCKoB BO BpeMs COOTBET-
CTBYIOIIIUX BEANKNUX IPOTHBOCTOTHMIL, Opbiry 3eMau cunTaiite Kpyrosoit,
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1.4 Gloria Mundi
Earth's Transit Zune {ETZ) — uﬁnarrb OPOCTPRRCTES, I FOTOPOLE mand-
K Moyt i [ h Jeman

no aucky Comuug, Qo sesnmmres s1a ofnucrs courarrunym nonoce
nebeenoi cepn, oxmirnisnomedt sy (pre. 11}

Crrprran opfisry Jeman gpyrosodl, paccuuraie yrioayn upany §; sced
ETE, a rawme wnpuay fr voit €@ 9act, 13 goropoit MoryT Hafaonatecs
RATHWS MPOXORTEHIE — KOrEL IHeK JEmme momioeTin npocipyeTes
HA COTHEMHEIE,

Pare, 1.0, K samane Gloria Mundi

1.5 Beuepnee Ofnaxo

B rawoft news 2017 roga wy B Ofnaxa
{or = 54", & = —70°) mamoganacs  Mxvkere (p = +87, 1 = +98°, UT=7)
o 9:00 zenepa? Tpimmwvckoe aéammoe npesta GST na 0 UT 1 aumaps
Tore e roga Guo pumo GSTy = 61439,

1.6 e mymu co apesenem

Cezodnnr 34 cenmatpn — casmi ETuMHw Gens & 0d)

O adteoe dxuntes, e 25 vapmi.

B raxoi Gousaiwed k asmewmeny Herepbypry (607 ¢ me, 307 2.2 p rouxe
HA NOBEPXHOSTH 3&2\! a0 Mor GBl B0 ll\r't’IUNTNEHH HE B0 ape-
menm, Gyoe JANNCE F u
passepasit Contus nperelpertte

L7 Teocuwxponnsiti cnymutis

Hawnonenne spyrowodt opfarms reoc CTYTHHEL ¥
i # = 6.69°. B MAKCHMATEHO
BEICOTE] 3TOTD CITY b g mwpoTen p = 51.49°, Sescno

CHnTATE WAPON, AT
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1.8 Csepxrnosas 1987A

SN 1987A #a nuke aproctu 15 mag 1987 rona mMena BMAUMYO 3BE3AHYIO
semmuuHy 3%, [Inasro ymeHbnas Graeck, oHa nepecrana ObITh BIIMMOI
HEBOOPYXEHHEIM ritazoM K 4 despana 1988 rona. llpenmonosxum, Tro ap-
KOCTh 00BEKTA SKCTIOHEHUNANBHO YMEHbIIAIACE CO BpEMEHEM,

Yeranosute, KOria CBEpXHoBad Iepectana OpITh JOCTYIIHA A BU3YAJIEHOTO
Habmronenna B 6-groitvMoBsnl Teneckorn. Koadipummenr cperonepenaun
OPUMNTE paBHbIM 70%,

1.9 Yellowknives

XosaT nereHiel, UT0 B ucuesHysieM nuemeny Hesnoynaiid cyiecrsosan
ApeBHMIT 00bI4all; B MOMEHT, Korja uacosoit yron ComHIa cocTasisn
138 297 4 npraroias 3se3a oceHHero Heba Anppefapan (4h 36™, +16° 31)
nepecexaia HebecHbIT MEPUIMALL, IVIABHBLT JKpeLl IeMeHn o0pallai cBoi
B30Op Ha OYTeROAHVIO 3Be3ny — [lonapuyto, B Hanpasmenimn KoTopoit 1nebo
03apanoch PpasHOIBETHBIMY JeHTaMI, NapIUMK B Hebe. YBHUIEE NeHTh,
COIVIACHO [IOBEPLIO, KPELl 3al1yCKall CBALIEHHDBIC YAChl, OTCUMTHIBAIOIIIIE
poBHO 111 3BE3MHBIX CVTOK, 10 MCTEUEHMHM KOTOPBIX WIEHBI INIEMEHM
NOTAHE YBUIIETH [IepBhIe TANEIE BOMBL TH UaCkl OTCTAKT ¢ XO10M 7 + 1072,

B 2017 roay acTtpoHoMuueckads BecHa Hacrynuna 20 mapra B 10:28 no mect-
HoMy Bpemenn. OnpeennTte nary, Korna itennoyHaidrsr yeapian 661
MIEepPBYIO Kanens B 2018 roxmy,

1.10 «beenaHka»

3neamy Bapmapma (@ = 18.0", § = +4.7°), OMHOYHYI0 3B€3TY B CO3BE3IH
3MeeHoOCHa, YaCTO HAa3blBaoT «JIeTAILEH», IOCKOILKY OHa obragaer caMbiM
0OIBIINM 13 M3BECTHBIX CODCTBEHHBIX NBIDKEHUIL [, = —798 mas/rox,
ps = 10327 mas/ron. Ilpu napannakce m = 547 mas e€ Jayuesad CKOPOCTE
cocrapngeT v, = —111 xMm/c. Brruncenure IONHYI0 IIPOCTPAHCTBEHHYIO
CKOPOCTE 3Be306l bapHuapna oTHocHTeIbHO COTHEUHO CHICTEMBI,

1.11  Bpawawujuiicst Habrwdamennb

COyTHUK OBMAKeTCH B o6paTHOM HaMpaBIeHuil 0 KPYTOBOM 9KBATOPH-
anpHOI opbmre Ha BeicoTe h = 5000 kM. OnpenennTe BUAMMEIE VITIOBEIE
CKOPOCTH W: ¥ (wy COYTHUKA B MOMEHTEI, KOIAd OH HAXOOUTCH B 3eHUTE
I Ha rOpu3oHTe A7 HabnromaTtena Ha skpatope 3emnu. OTBET BLIpasuTe
B YTTIOBBIX MUHYTAX B CEKYHIY.



12 Faanen §

112 Hedmpanumem

Ty /1eM CUITATE, UT0 33 PeACTAMI CONHEHOTO KPYT KPHLAR BPAITEHNSE
Tanaxtmn mrockas © © = 240 sd/e, a AHcK HefTPATBHOTO ROmOPeia
paccToRHUA By, = 50 Kow
Ha ranaxnirecrod aoarore { = g uafmogserca ofnake [ Onenrre

Ul €50 I b Ayyesaf
THOPOCTIL

113 fanéxut pyxas

B 2010 ropy Dame w Thaddeus mampcu
HODYEO HBCTH BHCLIETO pyxana Mneunoro
Tlyvm, wayuan e CO #5a 1.2-Merposos

CFA. Dun PYRITH HETATD \
PYIIER WA FANARTINECk0R AanroTe § = 137 | |
{ronxa A na puc. 1.2), 1ae ras Haeet FemioneH- ! b 4 J-'I
TPHHEECKYI0 AYHERYID ckopoeth —200.9 g/, p Civtpige /
Towaras, oro HauMeasg © 5 KOEE KpoBa _.q___p/

¥ TASCKAL |

Puc. 12 K susmmue Jonfsud

nmaro o = 240 km/c), PEuMeTCTe UKo
v (3e 1 seacirate )

M TETHONENTPUHECKOS PACCTMNIE TOURI A,

114 Bugineesexan swesda

Coemmnenns Kmievepa w Carypua n p i

Brruncmiere cpeaHul TepRoa P oMY HACTYTLISHIN & CPegHeE YINoBoe
nepesemesne £ TAHET MEATY ANYME HOCTeT0RITE NN CODBITHRAMIL,

BETHEDE 21 Jm:aﬁpx 2020 roga op noh
crosmoil ancram 30,37, B saxon * oHo BygeT tad:

Horass Kernep yoragosn, w10 WHOMLE BEXHENE COCTHHEHER TRONCXOIET
aprrmnt () an ron GAarofap DONNTHOMY ANIAKE 0 TIEHET, KaX 370 TR0,
manpsiep, 5 7 rogy 10 0.5 B xaros oHI T0rAE HAl 2
B kw0 cospeamnmg Haxoaraocs Cottne no spests Cpemme o n coci He it
Takoil cepun?

« Ta muTIE
coaneayui, nanpasep, Ursa dajor e Uhe




leoMeTpua 11 RpeMa 13

Pewernus

1.1 Cesepnas cmonuya

21 nmexabpa Commite IPOXOaUT TOUKY 3MMHETO COMHIECTOAHMA, €ro CKI0-
HeHne dg = —& = —237 26'. B noajens, B MOMEHT BEDXHEN KyJIbMIHALAH
BeicoTa COJIHIIA HAZ FOPMA0HTOM COCTABUT

heo =90° — @+ 85 = 90° — 60° — 23° 26" = 6° 34,
T eI OB CBeTIUIO ABMAIOCH DeCKOHEeUHO Y}zaJIEHIIBIM TOHWEUHEIM HMCTOU-
HUKOM, TO OINMHA TEHI BI0IDL IIOBEPXIIOCTII COCTABMIIA OBt

H

— =~ 8.7H = 70 M.
tghy

Onnuako ConHile NMeeT KOHEUHRI YITIOBOI paaMep (2pg = 32'), moaTomy
reoMeTpUUecKas 00NMacTb TEHI IpecTanBisteT co00 YCeu@HHYI0 TPeyIoilb-
HYIO Ipn3My (puc. 1.3),

BerumcnM JIMHY Tern, 0T6pacsiBaeMoll MaUuToM! Ha ITOCKOCTD TATyObL:

D 0.2 M X cos 6" 34
L=———-:coshg=——— =213 M.
2tgpe 2xtg0° 10’
T~
\\‘ ho
Q 2po
H|
T =

Puec. 1.3. Maura u eé TeHn

Vnpasicnenus.
. Mccnenyiire hopmy oBmacTi TeHM 1 €€ 3aBUCHMOCTE OT TEOMETPHIECKIX TTapaMeT-
pos maurer D u H.

. Hapucyitte kauecTReHHBII TPadiix 3a8MCHMOCTI OTHOCHTETRHOI JUTHHEL ITPOEKITHH
TEHJI MAUTEI HA FOPH30HTANBHYIO miockoers L/ H or mapamerpa D/H.

3. PeiunTe 3amauy B Goee IpannonomofHoM Cydde KOHMMECKON MAYTEL BRICOTOH H

¢ mraMerpoM ocrosanua D,
. Hajinure yIaoBYiO CKOPOCTE TEHN B PACCMATPMBACMBIH MOMEHT BPEMEHIL,



" Paazes |

1.2 Hews Tyt

Samermo, wro neton 8 1ln i = eficrne
netee npesest UT+2, Tlockommky no Tpusswuy (no UT) sepxigg Byam-
sepnonn JTymes mafmoganacs B 230 46" - 3% = 219 46%, 3 geoprmecnoe
npemn (nonvora 87 32°) onepeaer rprammekee wa 85327157 = 34T,

o 7 ep L Bauno sag POBAHO
n 2146 4 34T = 208 307, C Ty p w Comnue
o npAMoscy Boceompemnn’ aa 220 207 — 120 = 100 207,

Jhyente o  ROTAR HPEMEIY
Bocxosnenssd Contia 1 Tyest 1205

HECTY A0 CI¥ B Inne — BCed Seped mipy e, goraa dyii npumna or-
nocrrenso Coumuga 121 =107 207 = 17 407, [To arycronekore nonsonyHis
Hyw0 sxaneperatse entf 24", cymmapmo — 19407 4 24" = 257 g0m,

1l o Jlyeint 31 Coasun MPpoRCXOINT © nes
PHOLOM B | CHEOIYECKII MECH, TAKAN PASHNIA HAKOIMTCR 33

25t 4

i 29.53% = 31.6%.

g OBaTeum, AYUHOE SATMEHNE TPORIOULTY
17 oo (23" 467 + 316" = 18 amryers (14"
o mafnwgartes n Lopeece te morao,

Vnpawnenur

i J(n manra Jiynn nepecesaan sepumian [opioo 17 arman?

PEMIL e Ty sa OPOLETE Y30 cuvel opdT,
mul et nepmn EYNEMIEAATIE 17 HIoNE IPOR30Ina Ba esteete £3.2°

1.3 Icesdomape
o tperveny sawony Keunepa oph nepito Tl

T =Ty (1= 0,04 = 656,98 cyv. %0.96"% = 646, 18 cyr.,

WO COOTBETCIHYET CHHOAMMECKOMY NEpROTY

1 1
s=(ﬁ‘f) =(m‘mmq«) Py

BpREMETN o yTERIN
SRCHFITCETETS OpBIFths JapEIie i Ty OO AR AN LS X 1TICKOCTIL TEMIEOD
wrrtogn. I RERIONEIIN OERIETRE TTTIN Parats B Do womio mmer.
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B Benuxue NpOTUBOCTOAHMH ILIAHETA ¥ 3eMild HaXOUTCS IPUMEPHO
B OJJHIX ¥ TeX e TOYKAX CBOMX 0pOMT, COOTBeTCTBYIOIINX HanboJbiueMy
commxennw. 3ametun, uro S : T = 13 : 10 ¢ TouHOCTBHO ~ 2 - 1074
CrnenosarensHo, Benmkue nmpotusocTogaus IlceBromMapea mMpouCxoasT
Kaxnabie 13T = 105 = 23.00 3eMHEBIX rona.

Mapc uTlcesnomape He H3YUAKOT CAMM, & JIMIITb OTPAKAKT COJIHEYHBLI CBET,
[03TOMY pazunia ux 61eckon ofycmoBiIena IByMS «IIPOCTPAHCTBEHHBIMM»
daxropamn — 6misocteio k Habmogateno u K Comuauy. OcBemIéHHOCTE
00paTHo TPONOPLMONAIEHA KBaJpPaTy PaccTOLHMA A0 MCTOYHIIKA, OTKY A
2

Gaill —Ea) =& Al
Am=25lg i +2.51g _Sg(1-eg)
0.96a5 (1—eq) —ae 0.96a; (1-ez)
: reoleHTpIHeckad Ant, » TENMOUEHTPHIECKaT A, 5
1.38 1.
=5lg _ S 51g0.96 = 0.43™.

0.96 % 1.38 — 1.00

VnpasicHenue.

Penntre oBparnyo 3agady: Mo 5aTaHHOMY IIPOMERYTKY BPEMEHI MEHKTY BETHKHMA
npotuBocTosHUAMY TlceBnomapea — 23 3eMHBIX Tofa — HaiIHTe BO3MOKHYIO
BeJTMUMHY GOJIBINON OTYOCH ero opouTEL

1.4 Gloria Mundi

Ro+ R
= 2arcsin — —2 = 0,538°;
Qg

0

Ro-R
6 = 2aresin ——— = 0.528°.
)

Puc, 1.4. Tenr M DOTYTEHB 3EMIN

Vnpaxcrenus.
. Ouenure LAY KOHYCH TEHHN 3emn,

2. PaccunrailTe MaKCHMAILHO EDBMD}KH}’K) IPOADIDENTEIBHOCTD NPOXCHKACHWNA Bemmit

o mucky Connna amns mabmogaren, NOKOAIET0cs OTHOCHTeNnbHO HernTpa Connua.
. Ompememtre Bapuaino nmpuia ETZ, 00y CI0BIeHRY 0 3IUDIITHYHOCTE 0pOHTDIL

. Bpiuncimre yriaosvio wupuny vacr ETZ, coorsercrnytomelt uenmpanpibis TPaH-
3UTAM, KOTIa 3eMA mepecekaeT My, COCTMHANNIN HabmogaTens u nenTtp Comana.



1 Pannen §

1.5 Beuepnee Ofdnaxo
Boyenomin noapaiyMEsIeTon, KORedHO, RepRHI Ky Ihiian Ofaxa ~

HIRHER med Tof BE T
HEMBIA.

TRHHEIUCKDe MECTHOE CONHCTHOE BIEMA B MOMEHT BOPOIER RV IEMITHAIL
BMO n Hxysere comn
UT=21" - 7" = 14t

B TP spess GST uepes mectHoe sséagnoe
npnm 5, KOTOpOS © TIPRMEIN o Ofinaxa s MoMent

€10 BEpXHER kYN

GST=s-t=a-i=354"—a8" 15" = 22" 52",

Ono CHANO ¢ FOAIMECTRON TPOLISTIII ¢ HANATA 10T Jredt N 1 nee-

| N ITF "
ST =G8To 4 [ e+ ———— | x 24",
o i (m.zqzz*z:"samnv A

CIpAveNTHEOCTE poRef Vi ero annei-
wocts o N oo UTin chtl)! nc'm HEpes | CHEEPMMECKIE CYTRIC 1T "IEFCZ
LTpomuuecknit Tol cHHIASM YHHRITETY Hi SBESTIHRTE WACHN TO e canoe,”

Tenept yHe MOWHD BEEHCINTE N

N= GGy L SUE | X 365.2422 =
240 23h 567 04e )
f22h s — gl gt 1t i
= - ————— |} 36500 = g = A
3 proyee 3650422 =314 = 3

Hrak, B h Ofiakn Ky P s [lxyrere » 2000
2 dienpana 2017 roga,
¥npownerur.
e P npH anel N (1)

Kak Apofins 9acTs pray RTaT MONET NORTRITR B oTeeT 3agn
Peavisere a1y samaay nan 3007 roga.
Fernrre ary saaauy o 3607 rony.

TR CHOSOR YrEeT, PRI B HE YT paETLL
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1.6 He wuymu co épemerem

[poROLKUTENBHOCTE THA 24 ceHTA0PT MaKCHMATIBHA, €CTI 0KOTI0 9TOT0 IHS
CorHIle TPOXOANT TOUKY coHIecTosHNL. Toraa okomo 25 Mapra HacTyImaer
MIPOTHROMOIOKECE COTHIECTOSHIIE,

Yacosoit yro saxona ConHua f CBA3aH ¢ €F0 CKIOHEHNEeM d 11 LINPOTOH ¢
COOTHOLIEHMEeM
cost = —tgdtge,

& IIPOJOILKITEIBHOCTE JHA COCTaBIAeT IpuMepHo 2t, Torga ycnosne sagaun
(hopmanuayercs Kak

arccos (Flgetgy) = 2arccos (=tgetggp).

1
Sotgetgep = £
2
+49°  ecnu 24.09 — 1eTHEE CONHIECTOSNHNE;
¢ = arctg | = = )
2tge —49°,  ecnu 24.09 - 3uMHEe CONHIECTOTHHUE,

TMomxoasitas TOYKa, OUEBNIHO, HAXOAUTCHA B CEBEPHOM MOTYILIAPIN M IMEET
joxarory, pasHyw gonrore Iletepbypra: 49° . mr., 30° B. 1.

Vnpaxcnerue.

Ouennure, B Kakoe DAMKAIINIES TEICAUETETHE MOTI0 3AIECTH TV TeIIeCTBeITHITKE,
€C/IM OH MOoNL3YeTCA TPUTOPHMAHCKMM KalleHuapéM? B kakoMm pexe sanmchk Gymer
BCPHA [UIA KIITAHCKOIO KaleHaapa?

1.7 TeoCUHXDOHHBLI CNYMHUK

CnyTHuK nocTHraeT MakCHManbHolt BbICOTHI IIPY MEPECeUEHNM ILITOCKOCTH
mepuanana (puc. 1.5). 3amermm, uto

Rsin(p - 6) = [r — Reos(p - 8)] tg 1/,
Y =90°—(p—8)—h.

Pue. 1.5, K paculry ropu3oHTansH0I0 NAPANTAKCa CIYTHIKA



1] Faanea |

o Rsin(yp = ()
& b= 90 —w—s)—ungl%’.

i |
T CTERIAI eI

OETAIOCH PACCHETATE PAANYE OPFNTE COYTHIRE, HAMPIMED, HEToIsionss
TpeTrit saxon Kenrepa & cpansening ¢ JIyRoik:

=42.3-10" %, (12

=42 164 nM. Ly

’ B371 3¢ sin B Ty,
fe= 50,00 — 44,807 — arctg [ml =38.40°,
Viparcuenien,
whicaTIa aroro coryrimea b
. B 1 npn poit apyrol opifiiTia ey i
CHTYRIMA, KOFAR eT¢ P T KACHITCR TOP Foom 18,
e by,
. O, PRARINILY | (12w (130

L8 Ceepxnosas 19374

20 C HERCOPYHEHHEIM CIRICM:

ABHAOTD

6% 254 Mnt
my=6"+ 5lg———— + 25le0.70 = 126",
(51 4

)
DT TSI T

apuocTi B COOTRETCTAYET

YY

2.5
E3lge
L §

B ;
m=mg = —Z.SIg-j; =-2.5lgexp {—;} =
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C 15.05.1987 r. 1o 04.02,1988 r. nporuso 265+ 1 gHedt. CocTaBuM HPONOPLITIO:
" _ 12.6™ — 3™
265d S 6T — 3m

= "~ 850",

Tpubasass 850 nHeit k 15 mag 1987 rojia, MoayuuM NCKOMYH 4TV — OKOJIO
11 cexntabpg 1989 rojga.

Ynpaxuenus.
. Yem 0BycroBIEH IKCITOHEHIMATBHLIT C1IAN SPKOCTH CBEPXHOBOIM?

. Ha camom fmeme, cTell¢HHAA CBA3R APKOCTH U BPEMCHM YCTAHABIMBACTCR Ucped
HEKOTOPOE BpeMa nocile nuka, Pennare sanauy, ucnonssys kpusyio Girecka 1.6.

2 T T N e
Mar Apr May Jun Jul Aug Sep Oct Nowv
g 3 > S ]
— /- %
: #
3 4 [
@ 4l / . =
= Mo
=% b
H:t i, [
= A
m 5 .
6 | | ) | | F — | i |

2 50 T8¢ 158 280 250 300
Hun mocne HENTPUHHOTO BCILIECKA

Puc. 1.6. Kpusas Gnecka SN1987A
(R. Kirshner, E. Schlegel)

1.9 Yellowknives

B momeHT epeceuenns AnbaedapasoM HefecHoro MepHaMana ero Jaconoit
VTOJI COCTABILET £ = 128 5 HIDKHEI KYTbMIHALINI W [ = 0t —g BEPXHEIL

Yacosbie yriei n npaMble BocxoxkieHna Anprebapana 1 ConHIa cBA3aHsL
COOTHOLIEHHUEM

s=it+a=tg+ s
rae s — MeCcTHOe BBéaﬂH()e BpeMH. OTCH],E[H MOAHO paCCHUMTAaTh 1IpiAMOE

BOCXOKIeHIe yemunHozo ConHIA.

B nmepsom cayuae ay = 3007 Tak uto uepes COTHIO JHEeN IPAMOoe BOCXoxK e~
trze COMHIIA cocTaByT oxoo 10P, Iockomeky Buana [lonapHas 1 CMEHAIOTCS
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BpesTeNn rosa, ®
P, BHE SxuaTopHATEE 30us, Kowen aeta, Kanemn Buarn e unmer.
Ho BropoM onywae o = 159 07™, Haltim CoOTRETCTHYIONES MPAMOE
NOCYOMICHIE it Chedrer ConEip. SRMETIM, 470 YPABICITHE NPEMeni

Cpeamee Hermmoe
= comeunne — cotmemmne = Ly = fuey = 0 =y,
penn npezm

TIpIrKn/mes & YPABHENING oy = &y = flay), 1o ec1s’

g = 157077 - 7.5 cosm - 1,507 sin ag « 9,87 sin 2ay,

o p UL, 1 sy naeen ey = 159 23T
Tprmoe BocxosZenne cpeanero CoTHIE THAEMN0 PacTET o0 BPEMEHEM
{& TosEOCTEI0 0 tenor weels ofopoTonk

T h
gy = — K",
LT
TRE T — NpeMAC Biew. Ot Hauaaz 2017 rogs
IR0 IAMYCKA SAC0N NP0

rn=r-|»+(3:“+za"+19"}+ 10 28" =
T o

% 365.2422° + 78,4367 = 3125 oy,

CTh OGN

111 % 237 56™ 04
n= o = 111.0evT

Tiy h MEHITY 2018 romd 1w RETLIGN TepEoT
Rennoymihomi Kanenn corn

fa=to+r— 3650 = 31257 £ 11000 - 36s® =S4 ey,
M0 COOTRETCTRYST 28 denpana.

Ynpascuenin,

. Beanommes foses towait parass, SIPEReTiTe CRETHES CONTENNOE APESH OKDA-
MAHITE OTCHETA WHCOR, T rons paB-
10 365 2421904

: Th enocol i PHTYATA, Xotopuft nospoTdn G TouHo
MPERIRAILRATE ITPUX koo 1 20018 romy.

plms) 8 COpANGTEL T
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1.10 «Beananka»
Paccrosmie mo 3pesgst Baprapa

_ 1000 mx

= = 1.828 nx.
7 (mas)

[lorroe cobeTBEHHOE IBMKEHNE 3BE3/IbI

j= /(e cos 8)* + i = 10358 mas/ron,

TUTO COOTBETCTBYET NHEHON CROPOCTH

pd

10.358" /rom x 1.828 ik = (10.358 X 1.828) a.e./rom =
18.9 a.e./rom = 90 xM/c.

12

Torma moHas IPOCTPAHCTBEHHAL CKOPOCTE

v = Af(pd)? + 02 = 143 xve/c.
Ynpaxcrenun,

. Korna spesga Bapnapna Gbraa sumn Oymer upomerars Gmmixe Beero K Comsiry
U Ha Kakon pacetosHuu? Ha cxonsxo s8E3/IHRIX BeTUUIH e€ OeCK TOTAa OT/OIAeTCs
OT HbIHEIIHEr0?

. Haltnure axBaTopianeisle KOOpAMifaThl (Ha amoxy 2000 r.) ssesgsr Bapuapna
BO BPEMA MaKCHMAIBHOTQ ¢OMIKe HIA

1.11  Bpawaruwjuiics Habmodameny

rEOI.IEHTpI-I'LIECKaH CROpPOCTE COVTHIIKA

G

Vase = Ry +h

= 5,92 kxM/c.

3armuimeM 3aK0H CI0MKeHNa CKOpOCTEﬁ:

Vore = Ve — @g X T,

M 3aMETIIM, YTO BEKTOPHOE [IPOM3BeieHIIe
(B X F) || Vage, CICIOBATENLHO, CKOPOCTH
— —

Vorn 7t Vige TOKE ROITHHEAPHEL

Pue. 1.7, K perdmenenuo oTHOCH-
TeNLHLIX CKOPOCTEH CHyTHHKA

1o U3HAYAET, YTO BEJIAMYMHA QTHOCHTEIBHON CKODOCTH CITYTHWUEKA HC 3dBU-
CHT OT ITOJT0MEeHIIA Haﬁnmnareﬂa 1 paBH4A

27 (Rg + h)

T =~ 6.75 kxM/c.

Vorn = Vage + (Re + h) wg = Vase +



: d

2 Poaen 1

HoxoMete yraonste exopocTi (os, pre. 1.7

_ Vo _ 635mm/c
= = o

=135 10" panfc = 4.6'fcs
+ TR 1.35 - 107" panfc = 4.6' iz

__Veweos _ Ve __ 6TSMMfe
T (Rat+hicosf Re+h 6378 ww -+ 5000 mM

= 503107 panje = 2.0'fe.

“h

Fnpawnesus,

. Pateunraiive nuasyso yrnosys cxopocts Mapes B npoTHBICTORHILE, CORTIHERI

W KRAAPATYRA; BEREPIT — B NERXHEM W MIGKHES CORIIIEHITN, & TAKNSE I MUKCI-
SULILIBEE ANONTBOINCE.

Hudezprre axomraum moses emosius Beep.

112 Hetimpanumem

Ecui cMOTPeTs ¢ CeBepuoro nommnca [uUtsTHEL, 3
FAAAKTIMECKAN TONTOTA OTCHHTRBACTCN O Hil- Hersor ,
OPARCHNS HE QKT HPOTHE Macosoil CTPeKIL, /

a npatenste casord Macanoro [y mponexoanr i
10 WACOBOL

fa

Jamlsest TEOPEMY CHHYCOR 108 ACSE (pue. 18} Chnm

P
L ] fa A
i LGES = —#ln £G5S0 = Zginf, :
r r B G
Jlyuepan cropocTs OONAKE PAEHA PASHOCTH Pice. L&

TpoekLit cropacteit ofaara i Conna Ha dya 55

vy w wcos(90° = JGCS) - veos{f - 907 =

I : (1.4
= u(sin LGCS —sind) = .J(Tﬁ - 1‘] sinf.
Feno, aT0 MUHHMATEROE IHAUEHME U, TOCTHTASTCT TPI P = Fpayd
2 B
o = 240 wmfc o sin 1407 % (--’-‘E - ]] = =130 '
50 gnx

Fnpawnenus
Hycrn kplisas uf T AR Cpas o= e [peranare
cnocof el D

afinnxa npa sagannof rmansTEeeckod aomrore £
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1.13  Hanéxuti pyxae
OBpariMcs K periieHno npejibIayIel 3agaun.

W3 perpaxenns (1.4) 3aBMCUMOCTH IYYeBOI CKOpoCTH 00BEKTA U, OT €TI0
raJlaKTOLICHTPIYECKOr0 PACCTOAHMS 1 M FaNakTUYecKOl JouroThl { clemyer

= o = 8 KITK i
FE " ol
vsin{ 240 X sin 13°

JIist HAXOACHUA TCAMOIEHTPIYECKOTO PACCTOSHMS X 3aruiem’ Teope-
My kocunHycoB ana ACSG (puce. 1.8) o pemrmM ImorydeHHOE KBaJpaTHOE
ypaBHEHIE:

r? = x?+rd — 2xrg cosf.

1 : 2
3 {2@ cosf + J(Zr@cos £F —4(r? —rz)) =

rocosf +frf —rdsinf? = (1.5)

Fo+r =21 KK, (1.6)

=
I

n

1.14  Bugneemckas 36e30a

Cunoamnuecknil nepuoj IIaHeTsl S, BRIPAKAGTCH Uepe3 CHIIEPHUECKNe
nepnoasl mnaneTs T, u 3eman Tg:
1 1 1

SIS i
L Tu 7 2

CpEIIHHfI IIPOMEARYVTOK BPEMEHM MEXITY BEIMEIIMI COCTMHECHMIAMNI P ceasan
C CMHOOMYECKMMH IIEPHOTAMI TIIAHET COOTHOIIEHNEM

S Erses (1.8)

B KOTOpOM MMEEM IIpaBO Ha OCHOBAHMHN (17) 3daMEHNTh CUHOIHMYECKME
NnepHuoisl Ha CHOEePHUUECKIIe:

11 1
T Ty S
L
: v =1 =5
& B= (T.{j - Tgl) = (11.862°1 — 29.458 1) ner ~ 19.86 zer.
]

t Ormerus, 9T0 CTPOKY-BRIpamenne (1.5) MOKHO NOAYURTH ¥ HETIOCPEACTROHNO 1A TEOMeTPHN
saaun. a (1.6) — BoBce snmmcats cpasy (mockonbky £ < 1).
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pal Paanea 1

Ypasuewue (1.9) somer Gur et KAk
aeMeoi opinTa ¢ adi) neperrocoy nalitmraTens nuenrp Commna,
Takafl mogxoa TLETHD A ETeTY I
BORPOC: CpEIHEE YTHOTOE nqxxtmrm(: ecTy
Q & 360" ;- i % it 42,77 L0
. {— 3607 = 18 e gene = i [ = HET AL
B noctony (fo TpEMOTG s e B0E — 2427 =

=117.3" — k samagy.

21.12.2020 rona sknMnTHecKas ponrors ConEna cocTanmger oxen 270°,
pac Ha Joarore 4 = 270° + 30° = 300°,
A rparsue Crpeeia (Sagittacius, Sgr) o Kosepora (Capricornus, Cap).

Memny coemmensuso 7 1. 0o w3 w 2020 7. 13 npomis

2000+ 7
= I_L =102
P w(ITMATHIBAR S BPEME DOTIATS,
P Ty YH! ROTROTY:

A=l = 5007 — 242.7" » 102 = ~24435" = 25°

*. Komurep # CaTypH coemuaanes # Praday (Pisces, Psc).

Bo npenma cpen CEpHN COBE]

ARIOKCHTR, BYIyNN oRono i Coaue

Haxograock Hatpotis Purd, 5 Jese (Viego, Vir),

Fnpoasrenus,

Ofociyfre diopayay (1 8] e sbrncnerme {110} Ouenne XapaxTepHaie pasgmin
MEEy i o VERANIT npEsET

WyTABAN,

¥ Amnm myT NEELLAUE ARHET W RPEMEN

O TEPONO SR
Ourmumere gusesng Knwrepa o Catvpea & 71, 10 83,



2 Hebecnas cdepa

ITperne Bcero, Mbl IOMAKHBI 3AMETHTh, 9TO MUD
ABIACTCH MAPo0OPa3HEIM, NOTOMY YTO0 3Ta hopMa
COBCPIIEHHENIIAR M3 BCEX. . .

H. Konephux

2.1 IlomHoub

B reuenmne roma HeKOTOpOE y,‘IEIJ[EHHOE CBETHIIO OMIChiBaeT Ha Hebe Semin
HapaUIakTMYEeCKUil 3JIJ1MIIC, SKCLUEHTPUCUTET KoTOporo e = 0.987. B nous
¢ ueTBEPTOTO Ha IIATOE ANPEJIT MOKHO HAONIIATE, KAK OHO MepeceKkaer
nefecHeIl MepUAMAH B MOJHOYE. Ha Kakoft BbICOTE Hal TOPHM3OHTOM
3TO MPOMCXOTIT, €ct HAOMTATENb HAXOAUTCS Ha lupote ¢ = 80° ¢, u1.?
CoaHlle NpouLIO TOUKY PABHOAEHCTBMA B HOUE ¢ 20 Ha 21 mMapra.

2.2 A gopu mam muxue

Prrxas mamma Mupy yerana ot sceobiero BHUMaHIS I yJeTena Ha Ypa,
Tam, KoHeuHo, X0m0nHO, 3arTo crnokoiiHo. M BOCXO;BI Kpacussre.. .

B garux npenendx MOMeT HBMCEHATRHCH HpD,U,OJDKHTeJ’[bHOCTL BOCXOIOA Conn-
1Ia JJis N‘I'pr, HBXDHHLHEﬁCH Ha yCﬂOEHﬂﬁ «TIOBEPXHOCTII® aTOT0 FHTHHT&?
VpaHoueHTpHUECKas MKUPOoTa MecTa HabaoaeHus ¢ = 10°,

2.3 Tenu

Hafmomarens 3aMeTIul, UTO MUHUMAIBHAS JUIMHA TeHH TOHKOIO MeTpo-
BOI'0 BEPTUKANBHOTO cTOnOa B TedeHme AHA cocTaBmwia i, = 1.732 m.
B 1e e caMple CYTKM €€ MaKCHMAIbHAad IiiMHA OBIIa PABHA [nax = 5.671 M.
Hattnnre mmpoTty Mecta Habumoaerns ¢ u ckronenne Confna de B TOT
nesb. CoiHLe CUMTAITE TOYEUHBIM MCTOUHIKOM.

2.4 Teopus eeposmuocmer

PaceMoTpuM NpongBonbHbLT MOMEHT BPEMEHHN B ipejenax Oiipraiuimg
10 teicsu ner, QOmeHUTE BEPOATHOCTL TOTO, UTO B KakoIi-1ubo Touke Ha Semie
B 9TOT MOMEHT BO3Mo:xHO Habmonars nokperrue Jlysodt seesst @ Leo
(9XBaTOPHATEHBIC KOOPAMHATH! Ha 110Xy ] 2000.0: 117 23™ 568, +10° 31 46”).
Hamyranen y 3eman armocdepsr npenebperire.



26 Paszea §

25 Tpuwaca

HanGoTuias BEcoTa HAZ TOPH30OHTOM, KOTOPOM JOCTHTIET HEROTOPLE
aneana w Caper-Tleveplypre {p = 407 ¢ ), cotvammes by = +357,
OnpeneanTe BRICOTY 2To# J8L3AKI B MOMEHT, EOTHA €€ ACTPOHOMIEECKITEL
aamayT A = 907,

26 Beipym

B Rakoil MOMeRT B0 HETHHHOMY COMHETHOMY Rpesenn | cenralipn Perya
oy = 10" 092, §, = 11" 53") st Xopr [y = 114157, 4 = 15" 20') maxezavcs
HA OEHOM ATLMykaHTIpate b BedpyTe (nmpore ¢ = +337 53°07

27  Eume, a ne kazamoes
1H & )

[ ofinacri Heba pasaepos Ak = 10.07
o mecote 1 AA = 1D, 0 JNJ iL!IIM\rTY 1l HuECOTe f = 2,77 AL FOpIsONTOM,
Ony ymume F srof obracTy. SHEHCHMOCTR

Kot it BEICOTED CBETILTA X
nmest r.'ne;:yu:.uun npmixm‘msm L

T T = = -]

Hemonmsa pedpaku 8, ©
2 8 =

-

-

= L | ? e EEE)
i 2 3 P T
BRICOTA HAL POPIICHTOM X,°

Pate, 2.1, Tpadue $ i

ar mcﬂuuinl‘t BHF.OIH (T Saesmnunisnn}
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2.8  Huabmodaemocmp

Herxotopas zsesjia co ckioHeHneMm ¢ = +40.0° mabmopaerca B Cankr-
Tetepbypre (1mpora @ = +60.0°). M3BecTHO, uT0 KOrja e€ BpicoTa Haj ro-
pusoHTOM coctasmaa h = 20.0°, Buanmas 3Bés;Han BenmunHa Obina
pasua 6.80™. Tlogussumcs Ha Ah = 10.0°, 3Bespa crana sipue Ha 0.40™,
Bymer mu aTa 3Be3ja QOCTYIIHA U1 HAGMIONEHNA HEBOOPYKEHHBIM Tia-
30M (IpoHULIAIAT ClOCOBHOCTE 6.0™) B KaK0it-11160 MOMEHT BpeMeHH?
Ecnm ga, To Kak Hoiaro 0ypmer HpomoiKaTees HepHof e HelpepbIBHOM
BUAMMOCTI?

2.9 Pas de deux

B nvroment 3axosa COMHIA a3MMYT 1EHTPA €ro [1cKa 6b11 paseH Ag = 98.0°,
a MOJYTb CKOPOCTII M3MEHEHNd 3TOI Bennuuue! b = 12,87’ /vun, B MmoMeHT
HabmoneHust cpeiHee COITHEUHOE BpeMs ONepeskaio ucTHHHoe, Hatgure
mary nabmonenns. Pedpaximneit npenedpeus.

2.10  Mapubo
Houso 17 aneaps 2009 200a ¢ CkanOUHABUL MHOZUE 00U HAON00aAU APKUL
CTed Memeopouda. ceopaioieso 6 amsocgepe Jemm.

Mereoponi ABKMrazcs paBHOMEPHO U IIpsi-
moumHedRo. OnpeenuTe ero CKOpocTs v t—1fy  AsuMyr Bricora

0 JaHHBIM ChEMKIL KaKoBO MUHUMANBHOE 5 40 19740 28 4°
yAaszenye TPaeKTOpuM MafneHus OT TOUKM 528,  922.3° 14.7°
HabTIole N, ecIi MeTeopuT ObIT Haltnen 231.0° 0% rouno

Ha paccTogHun 195 kv ot Heé? Kpusuanoii
HOBEPXHOCTY 3eMIN NpeHefpeys.

+5 Me +0.05° +0.057

2.11 PeaxmueHas mpuzoHOMempus

Bo Bpems Typa ofuH u3 yuactHukor IOAA-2016 cryuaitHO 0TIpaBuiCH
B KOCMUMECKIIT DOMAET U OKas3ascsd HAaQ ropogoM MPOBeIeHU OMIMITHAThl —
Bxy6aneisapoM (¢p = 20° c.11., Ay = 86" B.I.) — Ha BEICOTE, PABHOII
pagnycy 3emmm h = Ra.

. Haitgure, xakas 9acTh TOBEPXHOCTH Semnn OTKPBINNACE €T0 BIOPY.

2. OnpegeniTe KOOPIMHATEI CAMOI 3AIaIHOM ¥ CAMOIT BOCTOUHOIM TOUEK ITOM

obnactit — Wigw: Aw) 1 E(@g; Ag).
. Kaxoit HanGonpinelt DMPOTHT ¢y ., DOCTHTAET B TONETE CAaMONET, MeTAITII
n3 W B E 1o xparuaittieit rpaekropun?

3emunio cunralite ugeansHEN mapom Ges armocdephr.
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212 Kopatinexpywenue

CuHYBUINCE [FOCTE 0T
pon. Heganao crmsticito, Piieits (f Ori = 5% 150 8 = —5‘ 11°) maxasmsren
Ha mhcote b = 52.5° npw aswmyte A = 109°. Hacw, yoTamoRneHHEE
Ha fesrkoxckoe npests (U4 7), nokasnmasr 00:00 21 woabpa 2007 rona
Hafpure qacowodl yroa Purens, Texyiiee IPHEENUCKD: SEE3IHOC BReMa
W Bl pads HHE ELH T Koe BN
Ha 0" UT 1 nxsapl #0417 rona Gruno pasuo GST, = 6" 437,

213 Jazadounwi kpye

PaccunTatite ACTPOHOMENECKHA AIMMYT ROCXORE 3ncamn ¢ Borumnre lea
(o = 67 56™ 38°, § = —28° 38") npw Hafnmern 13 cavolk ceneproi pan-

or Canrr-Tletepfypra (¢ = 59° 57 e, Ay = 30719 n.n,)
a Kpacaoi Hoamue (g = 43°41° oo, 40° 11" n, 0.) TouEw sessoi
TOBEFXIOCTH. 3EMM0 CHITALTE WAPOM
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Pewenus

2.1 TlonHoub

Wz-za Dpﬁlil'ﬂ.:leDI'D JABMACHIH SEMHH TPpackTOpHA 3Be31bl OTHOCHUTEIBHO
panékoro gona 1a semHoM HeGe npegcrasiser cofoil aiwmmrc, fonbias
TIONYOCh KOTOPOro Tapaniensha sxinTuke, [ToHaTHo (cM. puc. 2.2), uto
SKCLEHTPUCUTET € MAPaTIaKTIUeCKOr0 SIIHIICA CBI3AH C SKIMITIHUECKOT
IIIPOTOMN [/ CEETHIA COOTHOLICHIIEM

e = cos fj.

;. B =*arccose = £arccos 0.987 = +9.2°,

Houp mabmrogeHi OTCTOMT 0T BECEHHET0 PABHOLCHCTBII BCEro Ha 15 CYTOK,
Jns aRAMITIMecKOM 10Ar0TE COMHIA MMeeM

154 360

=15"Xx —— =~ 15
365.2422

—_ °=1h,
365.24224

/{@, = 360: X

BOIMSI TOUKHM BECEHHETO PABHOACHCTBHA KOOPIMHATEI IPeobpasyrorcsa

cremyiomuM 06pa3oM (mosopoT Ha pHc. 2.3):
o =Jlcose— fisineg
8= fcose+ Asine.

(2.1)

Paccuntaen npsmoe Bocxoxgenne CONHLA, 3HAA, UTO €70 IKILMIITHYECKAs
mporta fo = 0%

@s = Agcose = 1M X cos 23.44° = 13.76°.

|
[ Op6uma 2l
JEALTH o et

Pue. 2.2. llapanmakTHHecKife a7auTICE] Pue. 2.3. [ToBOPOT KOOPJIMHATHBIX OCCH
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Homyerm, o LT CBETICNA: TOCAR
ErD MpMIMOE BOCXORIEENE & = ;. Haltné crnonenme wa orerestst (2.1)
B
A=fHeoge s+ |—4 Flene=olged — =
IH IerOS I.;ls } B cos s
4 " L3 g ==4
=13.76" g 23447 = oy {5" g

B neproM cIyuas CRETHNG & MOMERT HIGENHEN Ky TEMIEHATIII HAXOIHTCR
nag ropraoETos (@ + ) < 907 Bropoi uossomnbil PEsyIETET TAET INcoTy

by =g+ 8 —00° = 80% + 18" — 90" = 4+4°,

Teneps o = g + 127, Asanoriusse
npteﬁpmua.m(n [ OXPECTIIOCTI TOMKI GUEHH:

a—12" = (A — 12" cose + fsing

{5 = fense~ [A— 12" sine, fra)
RPN [ S
i s an e { o gk

Tpee ckaomennn =14° ceemman seaReTcn Hesocxanmm (& < ¢ = 907)
Hernéprint papranT,

By = 00 — i+ By = = B0° 4 47 = 4147,

Vnpawwerma

Thowascerse, 470 b ofitnes CIyHae A1 IPEMMY BRCXOBLIEHI 1 SIUIITTIECKIN
nonver ay = a4 120 S Ay = d + 12", Kawono smwsatbiie Eoascmoe
aasense meavesnm |4 — gl B wakom crysee crenermie manaanena’

r Touex edepie T4 (] € Jlo < 90° £0e fio —
SAHAHIGS wHpoTL, W dy 1% = B, woropas crapar
b cooTeercrimne Toukas A B e T vemaueny [y - Ag] — u0avis paisocts %
FEANATHASIRIK ANToT. MuosecTio

= [fUAB) VAR & T: y = g+ 121

COMEPRHT ARATERR YLD | 78 DOEX TSR © NPOTIOIOAmHITA TR
nocxemnennes. Hadanre minlf,

Dlelensrme, i KRN VIIOMOM FOCTOEMINE OT TOUKIT BECRT THHCIER rrpmﬂ]m«m
{21}
MPEIETRITLE BorpenmocTed soapemTe 00537, 057 0 57,
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2.2 A zopu mam muxue

VYrnospoit paasep Corana npu Habmogennn ¢ Ypana cocraBigeT

d 1.00 a. e.
P=2po — =32 X ——— =~ 100",
ag 19.19a.e.

Campre kopotkne Bocxost CoaHUA Tpoc-
XOOAT, KOr'lla OHO HaXOMTCH Ha HEﬁECHOM
akBarope. [lpuMeM VITOBYI0 CKOPOCTD
Conuna pasmoit wg = 360°/ Ty, Te Ty —
NPONOIKUTENEHOCTE CyTOK® Ha Ypaxe.
[ng MUHIMATBHON IPOSOIKIUTeTEHOCTI
BOCXOja IMeeM (puc, 2.4):

P .
wesin(90° — @) ~ 360° cos@

Imin =

- 4 Puc. 2.4. Bocxon ConHia BHOJb
1007 17.24 g nebecioro sxparopa (i = 90° - ¢)

= X
360°  cos10°

B mecropacnonomenmin Mupy momer
HACTYIIATH MONgpHas Houk. HerpyaHo A
JIOTaIAThCE, UTO MAKCUMYM JUTHTEIBHOCTIH %,
BOCXOAd TIPUXOIUICH HA [I€Hb, KOrma Pa i
CostHLe e1Ba 3aX041T — B HIGKHEN KYIBMH- 9 :
HAIMI KacaeTcda TOPH30HTa (cM. puc. 2.5). o
Iloagpuoe paccrosHite ComHIEA B 3TOT A€HD Topusonm

"
po=@+ lp =10° + 1(10_ Pue. 2.5. Boexon Connna okono
= 2

moqmoca Mupa

Ot mEIpKHert KyaIBMITHAITIL, HAUATa BOCXOMA, 10 KOHIA Bocxofa ConHie
TIOTHMMETCH Ha YTOJ, pasHeld CBoeMy yraoBoMy auamerpy P. Ero wacosoil
YTOil MBMEHNTCH HA BEAMUMHY

T —-Pj2 10° = 50"
AB = arccos fo = arccos g-ria = arccos ———— = 4,3°,
Pe w+PJ2 10° + 50"
A8 Af 43°
by = — = Ta= X 17.24" = 127,

ws  360° O 360°

+ [lousTite cunpfuNeckux cymox na Ypaue repaer cmpicil Ero och mpalleriss HakmoHeHd
K IUI0CKROCTI opBiTet Ha 87, 10 eCTh BeKTOPEL Y ITI0BLIX CROPOCTel 0piUTalLHore i coBCTBeHHOrD
BPALeHNE TPaKTHYECKH OPTOTORANEEDL, 11 CKIATHBATE UX anrebpantdeck Helhan,
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23 Tenu

o BY proro ana. M-
MBI IS TERH 0CTRTRETEN AP mieboabmed nucore Conmin hogy,
B MOMEHT 10 BEPXECH KYTEMMHALNE, & MAKCHMATRHAN LIHHA — B MOMOHT
HwFHeT Kyammnamnt Consms (macora Hy,

Tersese Term, anama cronbs L= L0 M 1 moRoMale crnodenie CoaHna
H IHPOTE CER3AHE CTELVIILIHMA TEOMETPHUBCKNMI COOTHOIICHNEMH:

T =00°—p-+6,-_=ardgrt = iretg 17327 = 307,
in

L
Fraiy = -+ g — 90" = retyg —— = Arclg 56717 = 10%
s
THTA CHCTEMA THHERHMY YPRBHEHAIIT JETKS PAIDCITRACTCR OTHOCHTEIRH D
wenzpecTany: @ = 80°, 8o = 20° He crepver sabumars mpo wksne
MOy HEAPUe; JO0yeKaETes mma caysan: (807 oo, +2077 5 (80° s, 1, —207)

Vnpawenerue,
B

amy

24 Teopur aepotmuocmen

B ceaan ¢ GANAOCTLEY SBE3AL] K TOUKS O0CHHETD PAEHOTEHCTING [IPH Ha-
XORIEHIH €F SKIHITHESCKOR WmpoTs! § 00 JATAMHLA SKEATOPHATEERM
KOOpARAATAM (7; &) NONYETIMS HERORS0RITH «IR0CKOEs IpHiTHeRe."
Ha {22, crp. 30) nomyarst, uro SETHEN TOUKN OCEHECTD PABHOTEHCTRILE

B=fcose+ @ 12" sine=
= 10° 31" 46" cos 23.44" — (12" — 11" 23" 56™) 5in 23.44" =
= 1L529" cos 23447 — 9.017° sin 23.44° = +6.07",
Temeps i [PRHETE o
PEIIEIITE SN, TECMOTRR 1 T, WT0 AKIRITHSCCKIR MITROT COETni
TPENOCXOANT HAKNOHEHIE JYHI0H OPENTE & 01Tk iy = 5.157,

e [l mpH HAMINE ACYATD ME I anpT o
BMECTO ApecfipatnREHT KIOQATHAT A0CTIRITG PEITIETE Bate ATOEYARpINTIe SEmEy
13 HAKISAENINH CETORUIN MERT 1N SIN TR S cbepe, A Mt A — Wy XTI
L] L
rmpm KASSHYCOR ATR & $THHOE MMJ ~ IS SRHTITIHS ~ Bhains. SATHINGTIN B W0
ens{#” — T} = cosf80" — F) cone + sin00” — Fhsin £ cos(18" — 2},

o f = arcsin {sin S eoa s — con F sln ¢ sina) = +6.11",
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Moxpsrrie 3pesge: JyHolt Habaiogaerca Ha 3eMile, eCii reoleHTPHIecKoe
YIJIOBO€ PACCTOAHME MEKIY 3Be3H0i M HeHTpoM JIyHEBl He OpeBnllaeT
CYMMBI €€ VIVIOBOTO PAaaNyca M CYTOUHOI0 HapaiaKkca

P = pg + mg = 0.26° + 0.95° = 1.21°.
3amerus, uro ic + P = 6.36° > [, 3axII0UNM, UTO LIOKPAITHA BO3MOMKHEL

ITocKONBKY IepHo IpeLeccHIt Y308 JIYHHOMI opiuTer cocTasder 18.6 mer,
WTO CYNIECTBEHHO MeHbIte 10 Thicsa jJeT, fyaeM cuntath, 4To nentp JlyHot
PABHOMEPHO PACTIPCIEIEH B «I108Ce» IKINIITHUECKUX NPT [—ig; +ig).

Ixaunmuki

Pue. 2.6. TeHs 1t 1OMYTCHE 3eMIN

Jamaua cpemach K HaXO)KAEHNMK OTHOIUEHNMS IIOIEALN S) OKPeCcTHOCTH
3BE3IHI paguyca P, TOTagariel B «IT0AC», K IUIOMIAMT S TOCICIHETO:

. . e
5135133{0—31119), S =12m X 360" X 2ig;

. 2 arccos ilkas 81° = 1.41 pa
P 1.21° RS LIS

rae 0 = 2 arccos

B pesynrrare nckoMas BEPOATHOCTE €CTh

oo _ PPO-sind) _ (1.21°(1.41—sin81°)

s ~1-1075,
S T 8x X 360° X ig 8 X 360° X 5.15°

Vnpascnenus.

1. Mceaenyitte acuMuroTiueckoe nosenerne gyrkuun ®(F) npu f — fuax.

. Ouenure BEPOSTHOCTD TOIY, YMTO B HEKOTOPOi sa0anHON ToOUKe Ha 3eMiie B caydali-
HBIF MOMEHT BPEMEHH BO3MOMKHO HabnonaTh nokpertue JIyHon 3eanst ¢ Leo.

. Kax uasecTHo, HoKpsiTus 3BE30 JYHOI TPOMCXoasT cepuamu, Tak, HapuMmep,

cepls TOKpHTHIL Ambhaedapana Hauanack 29 swrapa 2015 roga u mpofoIRNTCS

0o 3 cenrapa 2018 roaa. Onpenennre 3RNUIITHYECKYIO ILMPpOTY Anbiebapana,

JOITOTY BOCXOJALIErO yaid JIYHHOI opOMTLl B QeHb OKOHYAHMA CePUM M Jary

HAYATa OHepesIHON cepUM MIOKPRITHIT 3T0M 3Be3nnl JIyHOIML.
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2.5 Tpuuaca

BeicoTa BepxHelt KYILMITHAIIMM K CEBEPY OT 3€HNTA HE MOKeT OBITh MEHBIITE
BBICOTEI CeBEPHOTO IIOMI0CA MUpa, pasuoit mupore [etepbypra ¢ = +60°,
CremoBarenbHo, KYTEMITHATINA POMCKXOINT K 0Ty 0T 3ernTa. [lockomsry
CKJIOHEHE 3Be3]Ib1 & CBA3AHO C Ay 1T (9 COOTHOIIEHUEM fpo = 90° — ¢ + 6,

8 = hax + @ — 90° = 35° + 60° — 90° = +5°.

Croco6 1. PaccMorpuM napayiakKTIIecKIit
AZPM: senut — ceBepHBL HOMIOC Mupa — 7
spesga (pme. 2.7). Haiiném BhicOTY 3Besjibl \ e

B YKa3AHHBI MOMEHT, MCITOIL3YH chepuue- 5_\;06 B >4
CKYIO TEODEMY KOCUHVCOR: |

sin§ = sin hsin ¢ — cos h cos ¢ cos A;
. sind + cos heos @ cos 90° M
arcsin - =

sin ¢

=
Il

=

. 8in§ 5 o
arcsin ——— = +5.76" = 46,
sin 60°

1

Cnocof 2. TlockonbKY CKTOHEHME 3BE3MIBI Y
HEBEMKO, HEIIOCPEICTRENHO U3 EBKIIHI0BOI

reoMeTpun puc. 2.8 rnoarydaem 90'". BN
mEN N
) 5° Topuzonm W
h= = ——— = 577" 246",
sing  sin60° Puc. 2.8

2.6 Betipym

3anuiem chepHIecKyIo TEOPEMY KOCIHYCOB I/ NapalIakTiyeckoro AZ PM
(3eHUT — ceBepHBIIl MOMC MUPa — CBETMIO):

cosz =sing@sind + cos ¢ cos 8 cos .

HOCKDJIBKY CBETHIA HAXOOATCH Ha OJTHOM allbMYyKaHTaparTe, X 3€HUTHbBIE
PaccToAHMA 21 = Zg, TIOBTOMY MIOCJE BEIUMTAHMA MMEEM

0 =sing-(sind; —sind;) + cos @ - (cos d; cos t; — cos dy costa).

PassocTs npamMeix ocxoxmerntt Peryna 1 Xopra

Aa = ay — e = 11715 — 108 09™ = 1% 06™ = 16.5°.
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Packnanpsas cos by = cosity + Af) = cos(f; — Aa) xEK ROCHHYE pasHOCTI,
ARITRBIM K YPRBHEHI0

sing -« (gind; - sindy) +
A

=4 bcosg . (cos 8 = cosd; cos A costy =
£ - coscos §; sin Aw -sint, =0,
g
1 ECTh
A+ Beosty - Csinty = 0, {23

T seeessl KosdidimenTin
A= 5in 537 53 % (sin 177 53" — gin 15° 20°) = —0.03262,
B= cos337 53" % (eos 117 53" - cos 157 20" 008 16.57) = 0.04473,
= cos 33" 53" o5 13° 207 8in 16,57 = (122739,
Boanengy (23] n keanpar u npueaést § KRIPATIIONMY VPARHEHIG 0THOH-
TNBHO C08 £
A Boos®ny + 2ABcosty = OF = CF cog 1y
(B + C%) cos® t; + 2ABeos ty + (A7 = C%) =0,

| cosn

_ 2V R T A - AR _ feust] = 099689,
L Bt " Neosel = —0:54426.
Hope1 cooTsercIyioT wacossm yrnanM £3.04" i =160.78", logcranomxa

L} ¥p {23 finm nag; MR COOTUETETIY M-
LMK SEQHeHIA IBE3AHMD BPeMerit:

A= +3.04% = 0" 12T, = sy = 0" 1™ 4 10" g™ = 20t 2™
= ~160.78" = 13° 17, ot = 13017% + 10h 09 = 237 267,

| ecemTafipa, 34 22 THA O30 OCCHHETD PABHOMEHCTNM, COTHEMTION BRCME
DTEPEREET TEIIHOS MHIMEJIHO HiL

22 % 9756" = 1" g7,

1 BEROMOE Apestit T, 110 aE™ oM 53,
Vnpawnenue,

Permrre v A, HOFEA S8 TMERT PR CHIOHERIR
Hy npEsiae Oeobia p i yuail up

FITE STpOMBYE SOCROALIEUALE,
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27 Bumu, a He kasamuck

Pedypamimms e mamenter a3y o coetin, C yMensiesnnes FbcoTs o
BENHTIHA JAMETHO PACTET, 113-30 00, HATPHMED, THCE IaRaTHOre Comums
CTANGEHTCN CTUNOCHY TRIM.

Tlyern werhimizan DRCOTA HARTRA noue 3penig — Ny, & eTinmenid aanep
¥ampe — g BITHMEe BECOTST HIGKIER 3 BepKECH TPAITN] KATPE PAEHE
CONTRETCTIE N0

1 1 1
h—it\ll=h—-iﬁnh+k(ko—5mk},
b shh= b+ Sagh e R+ 2o

+§ n+Eﬂ.\ o+ 5 ]

Hrourtem MepeOs VPAEHEHNE M1 BTOPOre 8 mpalonsans dyisamm Bk
# OKPECTHOCTH A 68 RRNEANOR AITPOKCHMAITHCTT;

Ab = n.,ma(.*a. # %A.,n) i n[ﬁ.. . -;m] = gl + RChg) - Ao,

Tposssomyo B (k) Mokso pRccqiTaTs auaTTHgect, o ky it npoie
eAenate ato mpuirwséane, nonaras Bk ) = R'(A)

= 1.02' ) Rih - Ak(2) = 1446268,
3 [EESUERD Rih+ ah(2)=14'16.14";

‘e x“I-r-a-S.ll"

i) Rk + AR} — Rih+ &h/E)  16.14" —d6.26"

R'(k) = e = = = —0.050.

B pesynprare

Agh = == = Ah (1= /Th)) = 10° % (1 4 D.050) = 10.5"

1+ Rkl ) T

Mersaswe passeps: 10.5" no awcore n 10.0' no asmsyry.

Ynpaxrenn.

1. Cnesmye P OTHe
ne & THicxe ero.

& Heerwemre BYCR), memsonsayi rpaduns an yeaonsn sa s {pie 2.1),

W METHRIET Pasaeps
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2.8 Hadnwdaemoemy

Uen MeHEIIE HYTE, OPOXGIIMMEIT CIOTOMN 30e3ON B aTMocepe Jenun,
TEM ApUe IBEITA U MEHRIIE SHAUCHHE ¢f BHINMOR 3BEanHol Benman-
EBL TIPHUEN RpaMO Tp P OITHE-
cxosy oyt TIyeTh il = SBE3IHAS BETIOOTHA INCAAN BHE ATMOCdEp,
E, — pemsranna tornontesst o sestre. Torm, cunad arsocdepy mockol
(B ClLTy QocTaTOuHON 1 TAKOCD 11 HRIEOTH),
MOEEN 3 Lol i sutcoTe i

E
miky=my + m—-—'k

Faznocts ] B YCAOBIE 388 HENIMYUH

{1
i)~ mif+ by = B | — m&i}'
mlh) = i + Ak o

Sl == z = - = 0.435",
st b —sin A+ AL sinTt 20° — s~ 300

Onpegenus, Ha Basol BucoTe H T0msHa HAXOTITRCE IBE3Aa, uroll
BTH APEIERtNo TOCTY RO L alioaesi HEROOPY KRN [TTA30M
(mposmIARMAS cnecofEoCTs iy = 609

1
O e SN 11
= ‘(slnh sin i
K= -1
H=ausin{ 1 —mlé m'} = aresin —
K

Creras, uro H < 50° = p+ 8 = 00" = 60° + 40° = 70° — muicovi BepuHel
KYARMECTITIT SHEIM, SUAMHT, 35EA0A TPCoaoaeeT moporonsi Geck 6.0%.
TIpn oMo chEPHIECKO TEOPEMEl KOCHHYCOD JLTH MAPLLIARTIYECKOIO
TPEYTOALHIKD BLSHCTHN HACOBO YT, OpPI KOTOPOM LOCTHIACTCH TAKAS
HhicoTa:

sink - sinpsind sin BALAT - din 607 sind0”
I = arceos = HICCOE = = &1
0@ eosd cos 60" cos 407
Tawstm Uﬁpu:mM NEPROI, T TE%ENTE KOTOPOre 3ne3na HOpMATLAD TOCTYTIHA
T Py TARIOM. OROI0 2 WACOR.
¥npawwentie.

Tpovetare PacHETIl IIH MOAEIN ATMOCHEPE — TOHKOMD OfepIyeCsirs Canm.
CpumTTe pesyIbTaT ¢ Ty RHILIA § £ITOCR0in MOALIIL
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2.9 Pas de deux

Paccuuraem cknonerue Conana 8.

Cnoco6 I. 3anminem cthepHUecKy0 T€OPEMY CUHYCOB T8 NapaiiakTirde-
cxkoro APZO n nponnddepeHIIpyeM 110 BpeMeHII NoJIyIeHHOE PABEHCTEO:

coshsin A = cosdgsint,

dA dh . . di ;
& ~coshcosA— e vsinhsinA = = cos 8¢ cost.

Samerum, uro dt/dr = wy = 15'/MuH — yTIOBAS CKOPOCTh IBIKEHUS
Comuua no wedy. [loncrasum h = hg = 0, A= Ag B paBeHCTBA BbIIIIE:

sinAg = cosdg sint;

b
— 08 Ag = c0sdg cost.
JO 55

BOSHE,I[éM B KBAPAT M CIOKIM 3TH YPaBHCHIA:

2 =i o

; & \* b 5
cos® 8g = sin® Ag + (—) cos’As =1+ (—) — 1| cos” As.
e fidey

b 2
. 8y = +arccos 4|1+ (— —1|cos? Ay =
\ .fdo
12.87" /smn | 2
= +arccos4 |1+ || —————| —1]|cos®98° = +4.10".
\ 15/ /Mun
Cnoco6 2. Touxa saxona ConHila -
OTCTOMT OT TOUKI 3amaja BCEro e S
ma 8°. Mmeem mnpapo pemars . Ae— = .
«IUIOCKYKO» 8aflauy — CM. pMC. 2.9: — o T 7 P~
yio» sanauy p WLy =<
. e 56 / e
+b = wgcosi: \E_{‘T/
o & I -.I\-‘-
8y = (Ag — 90°)sin w. Puc. 2.9

Yros iy HeTpYTHO HCKIFUNUTE U3 MOJYUEHHO cucTeMnl, Takum oGpason,




HelecRan eeps L)

ChrestHy CEOPOCTH M3MeNeses crnomeien Comita BEMan PARMOTEnC TR,
COCTRBILRICY, HRIpIIMeR, i (2,3)

dfiz =

= % ge =17 fovr % g 23.440° = 0.4° feyr.

Toran mens
OEpecTrocTs : He THE KAK 110 YCAODHI0
VPARHEETE BPEMERT OANAENTETLNG — CPRHEE COTHIMNOE BPEMA Depesa-
er neTiHuoe, Caysg ¢ arp ToWe e
TOCKDALKY Touka aaxeaa Condina eMemeHa k cesepy. 3uauut, Rafinmnesng
UPHILIACE NPHMEpNe 1A | SIpens, ¢ MPATIHHROM 1ac

OTETOWT O | wa b e,

Ynpaxuenus,
CipeteaITe WHPOTY MerTa HafiTriaeHis, Bpems 3awons ConeiE, & TaEse ero
PAANTATITELHOCTS,

2 Huflauye MO0yt CKOPOCTI HEMERERIN BRICOTE! COXHI € 3 TOT MOMERT B[epenm.
Eakedi drimnsecinit chiaes nseer nemnenma b + 021

210  Mapude

Moxament, 410 ¢HTVaLMN Nesosmowie, B camost 4ene, NPOCKIN TPEERTO-
P BETEOPONIA, OTPCaka (pssolt, Ha Heliectymn ofepy TatneTc gy o
spyra. P B MDY BCEMN PN

TOLER, aya cipep Y30 TEOpEMY HOCHHY

Py muslsin.’l, sin by + cos by cos hy cos(A = A;}]:
pry = 2682 P = 17080, g = 42,897,

Kok metaient, piz + o — pyp = 26827 = 17,007 — 4289 = 1.0%, swro suasuso

OT By, MG 1] Py , TEAIIIME]
metan Hopnds PACCHICTREM COOTHETETIY ILHE
prps T 11 o ¥ X 1107 ny *, ute
(o +pl™ = g 2 06" = 007 > 0.
TlaHHEE TRIL TR depraeckni TP 0 HE M-
mTa i P P f o
Ynpasucrin,
1A enocod TCE Wik © VyTREp-

STERILTE BLTN PASHYCE-EERTOPEL TRER TOER nritefino HESABICHMEL, T6 4TI TOWKNR
HE JER0T HE GIEON NpaMof. BaraasnTe THKDe 10XIATERMTIO,
4. Apomenre pacus oo seoay Kopejensns cmocronrensio.
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2.11 PeaxmusHas mpuzoHoMempus =
1. Ilromans HOBepPXHOCTI CHepUIecKOro CerMeHTa h
JIMHEITHO 3aBUCUT OT ero BBLICOTEI, TO €CTh MCKOMOE //’é‘_“ﬁx—il‘
OTHOLLIEHME IToIIaNeil ecTs (puc. 2.10) _é"' L s N l.H
< Hg A
27Re-H _ H _1-cosf _ [ ]
27Rg 2Rg 2Rg 2 \
" (1 Re ) _i-12 1 e
2 Re +H 2 4 Pue. 2.10

2. I'pannua obyacri BUOMMOCTH OPECTaBisgeT coDOM MalbLi KPyT pa-
murycom @ ¢ meHTpoM B (@g; Ag), TOCKOILKY YIJIOBOE PACCTOSHIE OT TOUEeK
rpannie! 1o BxyGanemsapa cocrapnaer §, 3HauuT, nX KOOPITUHATEI (¢ 4)
VHOOBIETBOPAIOT YPABHEHHMIO

1
cos f = sin @ sin @y + cos @ cos gq cos(A — Ag) = 3

3amerum, uTo MakcuMyM |A — Ag| nocrasnser MyuHUMYM (DYHKIIN

% — sin g sin
f@=eosd-1g)= 21—
COS 2 COS ¢y

Hafitiém mmpoTy ¢q, IpH KOTOPOI 3TOT MUHMMYM gocturaerca.””

1
f'l@1) =0:  cosg, sing, cos @, cos g, (E — sin ¢, sin Epg) sin ¢ cos @p;

y . 1 5 sy M 3
cos’ g, singy = 5 Singr = sin® ¢ sin @q:
sing; = 2sin @g.
Takum 06paszom, UCKOMAS IUPOTA ¢ = arcsin(2 sin 20°) = 437,
IMoncranue eé B BeIpaxkesue ana (@), moxyumm

L _singsing, 1 -2sin?20°

fle1) = cos(dy = Ag) = 2 = (.387.

COS (9 COS ¢y ~ cos 43° cos 20°
. AA = arccos f(@) = 67°

Aw = Ap— Ad = 86" - 67° = 19°,

Ap = Ap + AL = 86° + 67° = 153°.

B pCSyHbTaTﬂ HaﬁﬂCHhI camMasd 3allallHad 1 BOCTOUHAH TOYUKI rpaHH].[b]:
W(43° c. mr.; 19° 8. 1.), E(43° ¢ ur.; 153" 8. 1.).

HPGREPI\‘Y BRITIOTHEHM JTOCTATOYHBIX YLTJJ'.U_BI‘LFI MMEHHMAIBHOCTH MIIN VIREPAIe HITe 08 ux
OUCBMAHOCTH ODCTAEAHEM BHIMMATEALHBIM HHTATETHM.
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3 Camoadr nemr oo ayre SOILOIOrG KpYTE f
apoxeasmers wepes W o E. PaccmoTpis npesic-

yrouis cer APEC, tae P — cenep /' 2
momoc. A TouEA L — COMAR COBCPHAS TOWKA P | %
sapuipyra, ZPCE = 90° no enpegenesmmw rounn . [/ B =
Han op To ceps pey

=3

1E90° = e = gl 90° — ) eos Ad,

oTRYI
o8 Ad cos 67"

=0° - = 00° — arctg e = AT
ee A5 e e 15437

212 KopaGnewpyuenue
Hstea aeTponoMuTeckaR sy A = 109 € (07; 180°), Parens pacoomra-
€TCR K 3RMAZY 0F fefecHorn Mepignant, Ero 4acosoi yroa onpeienscIon

183 ChEPIUECRON TEOPEMLL CHITYCOB TR 0 Tpey
sind _ sint
cos§  cosh’'
. sinAcosh s 109" cagbsY . oy oo
t = ieesin == @ arcsin o E 1T = 35.6° = 2" 227,

MecTHoe J8EIHDE BPEsy paccaiTaess o hopayae
LET=t+a=2"22" ¢ 15" = Py,

il BIeME Ha T] P OTCTAET OT
Hit 7 HACON, TAM NODGTOTHER TOTHOM): HACTYTINT Hepes

A= 07" 01012018 r. — 01" 20012007 £ = 10 4 310 4 6" = 40,25,
TN HTO SPESANOE BPEMA fa I'pmmr B HUTAMMLI MOMENT COCTANTRCT

M‘n
GST = GST, + (3657~ 81 - e =
gl
=6"a3™ + (365 - 41.25%) x m =

=324 9166% = 0.9166" = 22" 40",
HEoMaE A0AT0Ta OCTROBL ECTE
A=LST-GST = 7ha7m - 22P 007 = — 147 29™ = 9" 37" = 144.35" w. 1,
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p g

Puc. 2,12, ['eomeTpiraeckue NOCTPOSHNH, HCHOTLIYEMEIE B PEIIeTIIL

3aTeM BRIUMCIMM HAKIOHEHHE | K SKBATOPY € GOIBIIOT0 KPYTa g, UCTIONE3YS
cheprueckyio TeopemMy KOCHMHYCOB Ar1s yrioB B AKK'C”:
cosi = —cosé cos 90° + sin & sin 90° cos ¢y;
i = arccos (sin £ cos ¢;) = arccos (sin 16.74° cos 43° 41") = 77.98°.  (2.4)

Ham raioxe monagoburea panea m gyryu KC', KOTOpy1o HeTpyaHo paccdn-
TaTh 10 cepiudeckoit Teopeme curycos g AKK'C”:

sin g sinm

sini  sin90°’
sin sin43° 41’
m = aresin — [P,z = aresin ————— = 44,92°.
sini sin 77.98°

Paproynanénneie or Cauxr-IlerepOypra n Kpacuoit [Honsnaer Toukn Je-
Kat Ha 0ONBIIOM KpyTe A, HEePIeHANKYTaPHOM g 1 NPOXOAAIIeM uepes
cepenuny O nyru CK. Io aHanorun ¢ (2.4), ero HaKJIOHEHHE K IKBATOPY

=]
I

{
ATCCOS | Cos (m + 5 sini| =

o

= arccos| cos (44.92” + ) X §in 77.98" | = 54.51°.
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Torma, ouennaHo, caMas ceBepHas TOYKA DONBIIOrO Kpyra h HaxOOMTCHT
na mupote ¢. Harrném asumyT A rocxona sseanst ¢ CMa va arolf mmpore.
3anuireM cPEPUUECKYI0 TeopeMy KOCHHYCOB IS MapauIakKTHYecKoro
TPEYTOMLHIKA:

sind = singsin h — cos @ cos h cos A;

singsinh —sind sin 28° 58’ g
A = —arccos —————— = —arccos ————— = —33.57,
cospcosh cos 54.51°

Y¥npaxcnenus.

1. 3anuimmre ypasHeHMUC DOMBITOTO KPYTa, MPOXOIAIIETO UCPe3 3aNaHHbBIE TOUKN
(15 A1) u (@2:A2), a TaxKe cepeAMHHEOTO MEPHIEHIMKYTIAPA K HEMY.,

2. Mcmoms3ys pe3ynbrar NpeisiayIlero YupamkHe s, HalIuTe IpoTy ¢,



3 HebGecnas Mmexanuka

He nuanTe T Ba1, IO CPAHTA, B0 KOTGROR oH
ABMHETCR, HAHEpTENG Spanee]

. Yaadaes

3.1 [eendomeprypuli

B 2016 rony Honrpmirs Baca oftaxnonesno ormedn
9 miad, Haxoasen #wa Cenepros nomoee x uafinoga,
KaK MATIEHEROS HeBECHOE TEA0" 00T i DENAIEHE

nepeceraer Anex Comua. Bacwudy npegnosaran, W
=10 TpAHINT Koro

CHYTIIIG, OTPALEOIETOCE BOKPYE Bem« o Kpy- 4
ropodt opfinTe; e

Teouerrpiraeckne paceromum Cosmga o Meprypies  Puc. 3.0, K sagoue
BO BPEMT IPOXCETEHIT COCTARIANN Fy, = 1010 0, 6. Meesdoneprypii
nry = 0557 a, ¢, COSTHCTTTREANG,

Haftanre paanyc opfurs: Takore coyramss R i of Ragnonenye [ a Tacse
Artseftaf passtep ey d.

3.2 O dednoa Ly savonsume croso

Tarks Jlarpastsa — TOMKE B.OHCTEME M3 TRYX MACCHBHELX T, B KOTOPHIT
TPETHE TEA0 € NPEelpesannte Mol Maceol, MCITLBAImEs HeKA-

Eie TPaRIr €I €0 £TOP HEYE LEPELIX
TEA, MOKET OCTADATHLR ot amax Tenr. Tousn
Jlarparsea Ly TesinT Ha cocOMEARNURT Tena opEMof i HAX0TNTCS 33 TEI0M
© Boxittel MantoR.

Bripassre paccrosuie x Meany Toukofi Ly 4 G000¢ MACCHEHRM TEA0M
UCPCd PACCTORHAC B MCRITY TEAAMH H OTHOUICHIE HX MACT §f o 1.

Pty ncaievno, i Mgy, esaamee JUFD 08 AERY
v s s 3016 7oz, npnan et 1L i 2019 vopn,
s, I 118 CAMMIX TATTFICATIIALR YEROUIAE HfAREReILIA 17 Poccini,
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33 Koemodpom wa 0numepe

Heolurenmme, 1o aks: ki ¥ it CTUHILL, 1Ay

BBEDEHIE CIoE armocdeps KDnmrepa, BRI NOCTPOEH KOCHMOTPOM L1R MEH-
Hecirs, ¥ rpite COTHEUHDI CHETEMBL

OuesEnTe MINIMATEHYH CKOPOCTL, £ KOTOPofl JONHEH CTAFTOBATE KOC-

MaeCEn kopadan ¢ sTore yrofn gefcnm FIRETETH

¥ APYrUM 3eéanad fed JAnsHe TR SATPAT TOMANRA.

34 3eéadnoe mpuo

iy mmaanies, AUDyIAL HE TRNERei MARETe, OBpuMmOIeTes BoXpyT
anesT mo opfure paxpyes ¢ = 0.5 8, €., TOCTPONR B 3ATYCTI VeTof-
HUNAT % WEICORNM TEMTEpATYPas meagoaer, Wa peamo Guno aa oy

SRCITETHITHID HIVHTE CPasy fee spaaant Tipivepnan Tpaek-
TopR T e e, 32k ofTeT
H MIAHETE OKOT0 ZREITE Maccof W

Ne o & x

2 oM 401z 0.050”
3 08h0E™  +12°27' 000"

Puac 3.2 K snmne Scfabice mpus Tafanza 3.1, PparseHT waranar

B pamrest b & (rafinuma 3.1}
S nnmpom YEABAILE NPUMBTE NOCKORTEHIT,
CRAOHEHMS | MAPATIAKCH 3BE3A 2w 3. Bre DeNHTHEE! OOpeTeneHE
HHATOTHHHD SEMEEIM.

: IMPOTETH MO DCEX ARSI OTHHE-
KOBEL 1 paEmn § = .1 aoe, a EROPOCTE 38E3N0NETA w1l DeCKoTeaRorTis
Bk, o8 pames Ue. = 70 ke

Hakawre pacerosuna dis, de da % COOTRETCTIVEOUING MM YT/ TREYTONR-

HUNA O, P, P,

Onessre vpems moniTn,

Cluessere szccen sebzn U, 90 w40,

BLracsisTe, £ Karof 13 99851 Anapar npriaiainTen CHabies Beero, I ome-

HETE 5T PAcCTORHEE. JANEINT 111 0H of TOBEPXHOCTE. ECIN JHEANE
T EALEMOR

CIrHocHTEALHIE IINEREITIT AELUL 16 FHITHnIT.
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F HuEe CpafiuE, onp
ofexta 67 P: G HoNyoen @ x
GHLTI YTpAReHE B X0ae mocrofpefork.

7 Pt opBuTE
g & Hactn rpadurka

3

E HSrp L

e = 1

; +18

? +5t

= F

E of

-

it

E ¢ T

£ A ==

£ - \

T o T v AT Y T A W

2 W e 0 FE 4.8 54 62

= TENIRQIEHTPINEERDE PACCTORFIE £, 0 &

P, 33, Ppaduen & sagavce 670
3.6 K Camypry!
sopafing e 0 Jemmn B CaTypry

o FHEPICTHHECKI rpnn-mpnua B esoa muaskerai
Kol POTETEN MUMO ACTERONIA-TPORNNA (624) TexTop,
O i TAYOCD [ TeT it opiTa,

CROPOCTE CTAPTE © DONSPXEOCTHE DEMCIN, A TAEME YIod MeRUly HATpaE-
aescatA»ne wo Commre i ma Carypr n soMent crapra sopatan, Ouetinre
OTHOCHTEAEHYI0 CEUPOCTE Kopafils It acTepaias B0 Fpen cmmsmermL,

OplinTe nanger Py ipepalt npenedy

3.7 [pasumayuns nadaem

PaccMoTpin VHOLLY . 3EKOHA I
e i
F=G-F
Pk
Haiijure mepsys nomg K0 BTOpo# e mas ofiberTa

maces 4w prmryn A 1 paskax garmof Teopiti, notarar B g,

o)
bk s f =i

+ cofisl.
e
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38 Awmunnanemo

Actporosn Jyma e Ty syt o AR aaameeTis, ofpaniimses pogpve

ameaTsl ¢ Maccoir W, = 109, mo sxmnrimeckatt opire ¢ GoBATEHED
por =03 0.6 B P vost ¢ = (1,72 Kax n noanraercd

mmmunu BPEAMA 0T BRCMEHH HEHTPATENAN SLEATa HAXOMNTCT TOMHD

memay . B aror morent X wevenman anosanues nnaeria Tynm

cocTanaer v = 2377,

DinBadae KT0-T0 ONITE BOE BEPLITYTAT, It 1 MOMEHE X HEATPATLHAR SBCa08
Beccieann Hevenn, & MoTyan C‘l\'ﬁput’&‘ﬁ TLARMET YMEHBOIIIGE B 217 poa,
Te, C KAKHM MEP FejlEmIx acTf Gymyr

OBPAINATECE I OTCYTOTBHE mzm.r HapecTHo, WT0 MAAHETED OTHOCATCR
® Kaacey ropeasnx Dnnrepon ¢ maceos W = Ty

39 Todozpag

TEN0 INMHETCR ¥ HENTPATLIOM TPRBMTANOHIOM Tote yneans: saces 1,
[Muockoer opfinrs: pasbieta By cexTopal ¢ ofieit GEPUINNON B HEmIpE
SLLITRE W CAMHAKOERIMIL MATEIMIT YEiaMy pacreopa A, Yacusaed opfe-
TAMEHEI MOMEHT MMIVIECE Tena |1,

Hafiunre wasenenne CRopocTi ciy thine (AT} nps npoxcs#iesi cerTapa.

logorpadiom HaseBawT KPIHYE, ROTORYID ONNCKEAET KOHENY BERTGRE CRO-
pocT, O HANATA Havertso, 410 148 Kruncpora
JBICEEHUR FOIOTPAY — I¥TA OKPYREOCTH WIH OKPYRHOCTE.

¥ =l

% 3
3 "

Pure. 3.4. K aamage Mdospag: nitn smoenTiseckol apinTss i ronorpadia crogooT

Yrossnte ronarpah CKOpoCTic T8 ATTHITTseckoi opfiuTan nanﬁpe:s.élumn
BRILIE, C YUETOM 08 P pon. YitaemTe 5a T
TONRM, COOTIETCTHY OIS s opdnTe.

H Rty ep-
Em—u £ AKEHENTPHEHTETOM ¢ = I O’:nerb'rt Ha ‘-mp'mnr KAPAKTCPHENS
ANEMERTHE B COOTHOMERIER MERTY LN,
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310 [Tpuwas 66

TTpecaeny it 3cxATpoi wivy Macrep Kota penmn yRpsrses
Ha mannete Mpmcer A 8 mepung T =
= i CTANBAPTHBIA NET, SKITENTPHCHTET oplintst & = 0.44), Boprosoi
KoTs ceprEang TeaToBy BEM

romis ens‘ © pReuETHN,

L @ TOMEH,
L) umrpmmunu node, utpes 6 yaememLak posesT whrTyTEca [,

. S COOTHOERE MERTTY YIETHAM MOMERTOM Hammynhea | yneas-
EOL ' E P eI 3
EHTETOM £ #1o opliuTe.

s

B momert, Koroa Mpocet BCTyITe B BCpXHE: COSmnenne o Mensnianm
W HAXQUIIACE TONHO 33 ef IHCKOM B 8NOLEHTPe chocl opfinre, Kota
Halla JAENraTh Kopafite nps nosoumne Crorkl. Hepes npoMekyToR Epeme-
14 He openstne it 1peTh T, kopadan coneplii wECTRYI0 T0CATKY
Ha MpaceT Ipn acTPONCHTRINECKOM PACCTONHI 1y, panHoM forsmod
DNTYOCH OPENTL ITAHETHE

3. Hadtzmre £, : rpanT wopafina
1 CAEHETEE

311 Mars Orbiter Mission

Msmuites i anmapar Mars Orbiter Mission 3anyeTici ¢ NOMOUIR pakeTsl-
wocnrens Palar Satellite Launch Vehicle 5 mongps 2013 roga. Macca annapara
BMECTE ¢ TOMANBOM COCTAEINL m = 1352 i, CHANATA aNMapaT BRIBEAN
H ATAITTIAECKY M OPONTY BOKPYT SEMN ¢ BRcoTams neprren iy = 2645
wanorea fi; = 23904 1o, 1T 03§ 6 pia nep HaGojee

apfTy, a Jares oTipaniticy & Mapoy no romaRoncEosy anTency,

s Toro, wrobw noepnne EMED, ANATATETI
Al OUEHL EOPOTEIL NpOMERTTOR :peum{u il nepriesTpa. Mo atom
1 FEPHTER 1 I0C] ORI ArTTapaT npeofpEn

P ———— wvmymhe J = 1.73-10° wr - u..'c

1. Haspgmre snicory monoro anares.
2. PacounvaliTe SHCLeHTPUCHTET HoRodl opEuTE I nepio ofPaterns o nei.

Hianemenmmen MACCE 5I-34 FOPEHIR Tonamsa mpeledpernTe.
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312 Muacca Mecmuol spynnnt

i y M TPy ofipasyer eauiyio duideckn
eucreny, p o X Tyrs
u cipop TPARHHTEN NG HEATERD HPYT

o ppyra. 3nan :umuc aTI ramm): MOHHD OUEHNITE MY CYMMAPHYED
MBCCY, EOTOPAR COCTAIIRET CYIECTRERHY I dacTt macesr needi Mectioi

rpymmt. Qas onessu T L uuet;:}' ranaEs

THRAMI, HX L Th Eoapac |

Sy Metogom 1 1959 rogy ncx:nmmnnamﬂ(aimn Waltjer, » arosi aagane
MBS CESYEM TID 50X IV,

PacexoTpis cncTesMy H3 gpyx Towesmea sace S, w Wy ¢ aymenmd
VMM MMITEARCE W 1] i encTese arctita

TOC OERTPE MACC

an, g

Liesmp siaiee

P 35, K snzane Macea Mecmrod siyntis

1. Henry pana nomtan asepri E? By orner
wepes sacces Wy 1 W, paccTOSHIN Py 1 £y, CROPOCTI Ty 3 Uy M FPABNTAITI-
amEyIn nocTonEy W G

2, Ileg p nmmEun i
5] — PPRBHTONIOHALS TOCTORHIMR;
PEFER — pRGCTOmIe MERY TRTAMIL
vEf ~ OTHOUNTERHHAL CRUPOCTS TEL;
4, Bl _
HE= W TIPRBEISHHAA Maccy;

R =10 + MWy — noanss saces CucTEMLL

3. Mosaaorme, UTo w3 NOAYRSHEOTD PEIVIRTATI CTETVET PopMyas

:F:zsuu(l-l
r L

TR Fy — HEROTOPAd BOBCTURTR, Buipazure 37v kopcranTy depes £ 0L g u G.
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Hetermas siesamu at

Penietme Ten B £ CHCTEME TR Yeao-

art vl = 0F = 05 THPamMeTRaEckRom SRITE MPEICTARINETON NMPUARCHARMHI

rid = %’ <11 —cosd).

P (3:1)
ﬂmw{ﬁ?"-ﬁ (6 - sin ).

Tap: p f samepieTen B p

+ Mrnooszye (31), aekasnre, 4o

ot _ (f—sinf)sing

r (1—vosdp ~

Tyers Tenepe Wy 1 Wy — cooThercrresno Maces Maeusoro 1Ty u ranax-
Tamst Anaposesst, Hi gasuisii Mosent o, = =118 ke u r, = 710 5k
TIpoMEAyTOR BPEMERN b, MOHO TPHHITH Pannks Bospacty Bretennol
(13.7 + 10° zex).

B coer .
CHIEHNTE MAKCHMATEHOE ¥ ARTCHIEE PAYAETIE iy B CIMCAHEOM (RHEHIN
X CYMMAPEYI deey T

3.13  SwsomyHu

Tps TPAH3HTHOM METOIe i SHIO[LIEHET ¥ HRX CcoyT
HHROBR MOHHO YCTAHORHTS HPRMEIM €

NIARETSL ATHOCHTEIEHD LPHTPA MACC CHCTEMR TLIAHETA ~ 1Y HA EPHBSIIT
# TOMY, HT0 IPOXDHLENNE IINHETH 0 MRy 28230 HaSARELLTeR palbie
WA NOSHE 00 CPREECHEK C TPeaCRasaHus Gos yubta ayHs. Mesterc

- ¥
FPRCcMOoTRII BRIHMYI0 ¢ PEAPA CHETEMY 0O CTRYIOMIMMI NEPIMETPasH:
Wy — Maca LIAHETHL
iRy = MACCE AYVHBL
Ry — paonyc mraHeTs;
Fp  — opiTansrsil nepHon GapRIEHTPA CHOTEMB] TIAHETA - TyHa,
Fr = mepsog ofpatiers AYI BOKpYT ILANeTs);
Op  — PRCCTONHME OT G2PMLEHTPE A0 3nesiny;
@y = PRCCTORHEE OT AVHL 10 GapiieaTpa;
Fw = thasa ayusi (fip =0, ROFAR TYHI 9 IPOTHBDCTONHIE £0 JESN0M).
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Byaen CUITATE, UTO AVHA BOETIA ACHNT B II0CKOCTI OPSNTE! IAHETEL,
HANPERTEHNE ¢ ofPIHen S NORPYT ITATETA CORITATIET ¢ HAnpanienmes
TPALIENIE MUIAHETE IOKPYT 30e30L; Boe OpANTLL B CHCTEME KPYTOBRIL.
Ha cxese wmitse maoSpusennd neckosvko korrpurypailn o pasiniMe
(pasasim.

fu=0" 80° fu = 270°

SEEE

K smfnwdamens

Pue. 36, K samime Seavmys Opiseps FOEERIYpaL (onpetesese k)

Nyers o = Iy — §, FOE § ~ ppeackasasmoe (63 YUTa JIYHR BRens HETATs

it Alm — Ip UTO CROPOCTS HHHS
HEHUR TEATPE MACe 10 pfirTe Ky71a fomane ckopocTn TRIGKENsE TyHK
DOKPYT WET0, MUKHLKITTE, 4T0

T W Py

o =
! 2erag Ny

n for.

2. Nyern ag = tm — T, fRE T — Mpeit
ALy — Hall T3 np & CKoj ﬂle.nyw. i sy
A0 APEMA n'poxclaulcr(m MO0 CHRTATE TocToRERod. [TokikeTe, sSTo

Pl
g =T Pty 208 fius
* BOKPYT 38E3TRL, AHATOTHEHGR Camnuy.
3m cxnm vnmmp:rr BEOTETE aaaer. Ha

uanecTno, uro Fiy = 3.50 cyr, Py = 12080y o Ry = 12Re. Mescty o n oy
OHITOINERD COOTHOIIEHNE

o = —0.74320] + 1933 - 10 gyt

Hexopa us coorromene Wiy, = W, madipre r.

4. Hodnpre neparon ofpamesnns mym fo 8 cyTRx.

5§, DUEHUTE PRCCTOANME OT NYIHE MO HEHTM MAKS dm 1 paanycax Jemme
Haftrmre macey mysu My, © Maceax Jesur,
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HeSocnsn soexammes kil

314 Moon naw!

Crepnr Kpana — of73cTs DPoCTRAHCTSR OKONO HeSECHOND TEXA, B XKOTOPATT
oo g enoi CHy TRy Ha e,
BUKPYT umnpﬂm obpamaeTea (HAmpusep, speanu). Eé pn.:u!}": sna Fencin
MOFHD JAMHCATS Kk

RS
o,

Ry = aa

Mpeaen Pouta — Musisassesdl pannye opfuTh, Ha KOTOPOM CIFTHRE
MomeT 1 e, B encrese

Senng - Jlyna of pased
=Rea. -}ﬂ, &.
s

rae gp i pp — NE0THOCTH 3N i JIVHE] CODTRETCTREHHD,

P . nogaran R < D,
4 B by P 3 edop-

aearnnEntn JyHm

[l KKy SHaNS M IIOTROCTHE 3eMIN pe cicTenn Jesuny —Tyua Mmor-
aa Gkl CYIIRCTRORATE DPN HIAHENTHHY IHAMCHWAY pannyca Seson Re
1t Buaniof nomyeen opfrs Ty a.?
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Pewernus

3.1 [Ilcesoomepkypui

Taxkoll COYTHMK He MOXeT o0paliarbcs BOKpPYT 3emin. B camonm pnere,
OLICHMM BUAMMYIO YIJIOBYIO CKOPOCT: MepKypusa B MOMEHT HaOII0ae I,
monarast CKOPOCTM IUIAHET vy I Ug OTHOcuTenbHO CONHIA DABHBIMH

KPYTOBBIM:
(G Gl
Upm — Vg ay Ag

W= =~ . (3.2)
Fm 'y

Heo0xoaumo OTMETHTS, UTO TEJIO HA CXeMe M3 YCIOBMA 3aaUl JBIKETCS,
KaK ¥ TofobaeT BHYTPEHHeH MIaHeTe B HIDKHEM COeIMHEeHNHN, B 3aTTATHOM
(momaTHOM) HATTPABIEHMIL

C apyroii CropoHDL, Ciry THIK, o0palatonumiics mo opdure paguyca R, nMeer

YIIIOBYI0 CKOPOCTD
- [GM,
o= :
R

113 coBmagenus BUIMMBIX BIDKEHIT IPIXOANM K PABEHCTBY @ = ¢J, 0TKYZA

z —
ryle Mm 0.56° 1
R= | —L——=C= 7 X a.e =

3( = I)ZE o [To0 | 3310
=== s W
au 0.39

14:103a.e. =~ 2. 10% xm.

Bo Bpems mpoxoxjeHHUS relMOleHTpUUeckoe paccrosHme Mepxypua
COCTABJIATIO

Ru=rg—ry=1.010a.e.-0.557a.e. =0.453a.e,,
uTo G1M3Ko K ero adenuiinomy paccToTHIo
au(l +ep) = 0.3871 a. e. X 1.2056 = 0.467 a. e.

CienosarelnHo, Belpaxenue (3.2) mpeyse/ynsaeT 3HAUCHHE OTHOCUTE -
Holt yriosoil ckopoctyt Mepxypus u Jemmau, a IOIyUeHHa#s OLeHKa R
CYLLIECTEEHHO 3aHIMKeHa,

Ha rakom paccrogauu ot Semau, 3a npefenamu chepst Xuna (1.5 - 10° gm),
CITYTHUK 0OpAaIaThed He MOKET (eM. 3agauy 3.14, cTp. 53). o
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3.2 O feduoi Ly savoneume croso

PACCMOTPIM T MOTEPRAILHEIE TOUKN © moceasis 0 1 By w0 panryoams-
P Fioa £ DOKPYT 0GIETo NEHTPS MACE © Yraowi
P an, Has onp Wy =9y,

[T Tperseny 3axony KenIepa yrIoRas CKOPOCTE BPAIIEHIN CHCTEME

_ 2w JOUR; + R
..._T_“' e

Eynes «pafiotatue n CHCTEME OTCHETA, CORIANHON ¢ GOEE MACCHIHEIM
esroy, Bropos reio coofiiasT exy yoropenne

= =Rl

TIOFTONY 10 MATEMHATLHY S TOMRY MACChi m, PACTOAoSeRtyI B Touxe Ls,
il PAINYCE-BERTOPE T, NENCTEYET CHTa HHEPIM

= % GWlam .. .
Fy = =ity = ‘“‘igﬂ{"] =7h

VOROBHE aToi TOUKH!
GWm . L GWm . L CWlam . =
-l;‘Tl?_P{rl—rb-—lF:_zFP{ry—:]+ o {7y = Fal = ma®if = 7).

T Trmmmn B i wsepmn TpamE

Tloekonsky TEam ALHAT HL OTHOE DPEMOE, MORHD TEPETTICET) 310 YpauE-
HILE, 33MECHUE SERTO[A HA KX NPOCKINH K& HAUDAKICHIE 3TOM IpRsoi:"™"

CLTOE T O
= (R+xP R I :

R
Mocne yaromesn wa ﬂT VEAOHEE PARHOBECEN BERIFRTHT CHMONTIRNNEe::
!

- £ §=¥«:11
|_1+§]"+i(1+§] —p=(leml+8) _m
i Etl

«« Texmniecue, 572 $pasn MM IOV TG BHTUPIS WO OOYCTITD.
sasaerenen Fen =% F1 a0, Fo i B TU0sierjits cotinentil RGN I YEAGHIN S0
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PacknameiBast 1IOIYUeHHOE BbipaskeHue o dopmyie (1 +1)% = 1 + at
U npeHedperas YWIeHAMH BTOPOTO M BRICIINX IIOPAJKOB TIPU PACKPBITIH
TPOMABENEH I, TIOTYVUNM

1—2§+§—,u::1+§+;x.

7 7 My
) r——yy xxR|1-——].
£ & 12 ( 1293?1)

Vnpasxcuerus.

. The ke HaxoanTed TouKa La: BHYTPH MM CHApPY:Ki 0pOMTHI TETa MeHbluell Maccn?
. Honyunrte aHANOIWYHBI Pe3yNbTaT AMA ToukM L1, pacmonaratolgefics Mexcdy
renamu. B aroM cnydae ypobHee HCKATE PACCTORHIE OT TEIA ¢ MEHBIIEH MACCOM.

. Joxaxure, 4T0 CYLIECTBYIOT POBHO IBe Toukir Jlarpansxa, He TeKALIIE HA COSIUITIO-
HICH Tera IPSMOlE, npuués Kazkas n2 Hux 0dpasyeT pABHOCTOPOHHEIT TPEYTONBHIK
€ BTHMU TEITAMIL.

. 1lyeTs Teneps rea MMEOT NPAKTHYECKN OXUHAKOBLIE Maccsl. Hatiaure paceroanie
OT HenTpa Mace cueTeMur 10 Toukn Jlarparska, naxonaiueics AGTII3N Hero, BEIPAINE
OTBET uepes paccTOAHME MeXKIY Tenamu R, cyMMy I pasHOCTE MxX Mace Za 1 Aay,

3.3 Kocmodpom na KOnumepe

Ouesngno, HaMm TpebyeTca IMOCYNTATH TPETHK) KOCMMUECKYH) CKOPOCThH
ana 0murepa. Tlyers Uy, — opGnransHas ckopocrs I0nuTepa, ¥ — ckopocth
kopaust B cucreMe orcuéra IOnmrepa, Koria oH yke ITOKHMHYI ero chepy
RITMSHIS, 3 V — ckopocTh Kopabig B cucreme orcuéra ConHIa B 3T0T ke
MOMEHT.

113 3aK0HA CTIOXKEHS CKOPOCTelr
=2 -+ —
V=td+Ty = V<utuy,

le}f‘{él\{ PABEHCTEO JOCTHUTAETCH TOJOBKO TOTOA, KOTIA vu 5’31— COHANpaBiIeHBL
HOCKU.HE:K}’ HAC MHTEPECYyeT HAMMEHBIIICe 3HAHUEHIIC U, 6Y,IIEM CUNTaTh, YTO
TAK M €CTh.

Opbury nurepa Gymem cumrars kpyrosoir. Torma, 4To0br MOKMHYTH
CDJ'IHB'-:IHY'PD cucremy, HEOﬁKOI{HMD, uTOORI TeJIMOLEHTPHYECKAR CKOPOCTh
kopabnst V cocrapnsiia xots 661 V2w, 0TKyAa

v= (\f?f— l}vq'_.

IMycTe vy — CKOPOCTH, ¢ KOTOPOIT KOpabns OBII 3amylIeH. 3amuienM 3aK0H
COXPAHEHU DHEepPIIIL:
e Ug G‘J]h.r

2 2 Ry
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B MomeET ctepir I0murepa

HYI0 SHEPIUK €70 BIANMOAERCTING ¢ [UCTEIITHM PARNOHE HY010; WAMARTE
COTHIA MOWHS HE YHTMBITY, 10 OTHOCHTEALND Hero Kopafay moarn
HE MEHAT CBOErD MOI0MEHNE.

P ¥ pocts Kmrepa

L=, ﬁﬂ:ﬂ@‘

G, G
oy (=120 T s
ay Ry

Hpea sanyexats ¢ TOnuTepa, GecTHO FOROPT, He ONEHE — © 3eMTH KT
npotme, ,,

Vnpusecnerue,
TLnm MR EREMOT CROPOCTH MR SAILHCHTE CPASY SAKOH COXPAHEHIN
MILEPIIE 238 MOMENTOR cTapTa © nmepa i namera sin GeckonesmsTe:
f-m) o g
2 By om
Hadgpre oomafiky. Kak e nenpanre?

34 3aadnoe mpuo

1. Tlpemie mcero, HyRHo nep P IREH 0 p 3
He 30l 0 ToM, 9T0 0pAUTa NIAHETH B JHA PAIE MEHLILE SEMEDR:

5. e
dhy= — = =100 ms;
= 005"
g _DSa.e
dy=—= =1L§
g T nx
M e TEOPEMY VEOR, HalQEN VIO Mexay 2Ei-

pepl
aani 2 13 Ha Hele nuaseT
iy = arceosisin fy sin ) + cos & cos & cos{my — ay}) =

= arceos(sin B0% 12 sin12° 27"+
+ 05 BO° 12" cos 127 27" cost12° 347 — st 6™} = 73 54°,
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Teneps ¢ NOMOIIED TEOPEME] ROCHHVCOD I8 MADCKOTD TREVTOMRHIKR
onpegeanent di:

day = o 5, — By, cos gy =

= V1007 + 12,57 - 2 % 100 % 12,5 X cos T3°54" o > 1.7 mi.

Croramimmecs TBA VT8 HAX0TM TP DM TE0PEnt CHiryeon!

thy  dn dp _ da
sing; sing’ singy  singy
73° 54" e
iy = presin (dn } mln{l:i 57 ]=n1 14
) ] y sin 1% 54" .
@y = aresin (d.,-?;‘-) - msm(lﬂ.n . -73—1——') 44732,
2 Ha nnplt,'.cln pac MEHY LI DUEHEN
MO CHUTATY, HT0 nup
TPRMEPHG € TOf e CKOPOCTRID Ui, Bt 2 amnéan ero CHROPOCTE CYILECTEeH:
Ho waon TAM He adetih J0Ar0, [TOFTOMY ATHM AN0IHRE
mDnvr:m:lm npepefipenat. Toraa Bpesi monéTy ! onpeIeiReTon Kax
iy +dy + 3
z-—-—-—--—-—”“’um d“t&-]&"xer.

3. Ilo ARATOrTOIHLIM TPHEHEAM MOKHO o

CUNTAT, 4TO RRINIE KA HA aRdan
i o P Heob-

XOMUMO CER3ATH memay cofioi aaccy
AVEIALL, CHOPOCTE «HA GECKOHEIHOCTIE:
11 IPHEEINHOE PACCTONIE,
FAMETHM, UTO MPAMOYTOMLIME TPEYIONk-
souent (AP 3 CORH {cxesta 3.7) pansst
M0 THROTEHYDE | ¥TaY. Jnas,

q

p_ b
e ===,
372"

M mrerpan aHeprion Ae canepioan- ~
ueckelt 0pGHTH (ROTOPK COBIALAET € T8 Pue 17, Tiponér Mo anesgns
EODLIM LA AUHITINECROA © TOURDCTER (M = Od 5 0, AP'= & IR = q.
6 SHARA TP i)

U= \JG:UZ (%
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OTEYIA GOMLINAE TOAYOeh THIepBoTE

]
i
FuntETHAM, UTO
2
L L
BriTom &3
Tlpesae wes np PACUETH, nep e T nocTo-

MHHYH B YA0GHBIE CLNHIITE:

a
G=6674- 100" ——
Kr-e

0.1 % 70° 73" 54
gty = 2LET gy If tg g = 0.7,
.1 % 70° 61" 14!
o= mp —— =gam
iy 52 ofrs z = LM,
0.1 %70
(AL Al )
Ay ) te

4. Paccrogune B OEPUACTPE €CThH

PRI U e

=ale—t=u|s-1)= 1= =gl

pale-n=u{-1] ls%( : ) L
OHO MEHHMANLHD ¥ Tpﬂm 3EC2ORI N0 MOHOTOHHOCTU TRHITHCE 1T PaBHO

. g
p;=qtgz—'=li.ln.e.xlg“

=002 a. e = 43R

Tlockomsky Ry ~ Wa/lls = 1.3, annapar He 3anennT 3Ty Iocamy.
Test e seiies, [ SRHO T HOpOuIO
noTpyanTeca’

VipasHenus
1 ot ’ 540,

. Hamomne yeoems g NO8EpXHOCTIE IUTAHETEL OlaHToll MHONITAHETRHEMIT
. [MICHATE PATIYCHT BOEX TREX Jnd.
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Tlo Teopese Tinparopa ksaapat : UKOPOCTH ROMETH
=l

Pty W Ty — np

chopoeTi O ,'.\;pm)\mpom.t piil :(m*:rpua am'prux
-
=605 [~ —-].
) s

Haiiném coOTHETCTRY ELIEE MMPAKCHIE LIH Uy, Hexol 03 ICME u panen-
crmn vy = (8 meprrenn i aem:

2
] AL F
virt= GJJIS,(“U_'(}
OTEFIE CPA3Y CIETYeT

(u,:Jp'l-u’,:

Herpyiino SMeTirh, w10 KACATEThHas & rpadicky TOpHanNTAINS B TOUEe
Irm=20ta.e; o, = 1348m/c), rae

cat(l = el = Gizall = '),

{34

duir) g i dutin) ¥

= 0
dr dr
1—¢
— mr&[—i—_+“{—’) S e gy
+4 L 1=t
TIOBCTRHORKA d, ¥y, Uy, B [3.4) 2ad ¥ €. pasg
FOTOPOE HAXQIIM 18 40
L 134 n(ll’c
st XN a4
"|| Gt VI as  298wMjc =
204a.e |
a= l—_-? T i 346 me,
¥npawnents
L Hpeanconsere cniocod anpetenesms Golsinof OOTy0CH & dXcHeNTPRCnTeT: opfies
Team, waem 7 W o),
& rpiufee. ng B PERORIH aagsm 1
PREYIHTE e METOI,

3. OhgestuTe narpeisoers pAcuETHE BEIHNI & 1 e,
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3.6 K Camypry!
. Bopalian nerwr o BIANTIEY,

HAXOIITCR 118 opierre Jesumi, o adenati — wa opfinre Carypon, Ere mu:nu
TIOAYOCE

CROPOCTE, ROTOPYH KOpafih AOMECH IMETS B TOMKE NEPHITENTPA, CTL

_zysmrcx\z

= 40.1 umefe,

:28

Ha rpamnue cdepnt teicrans Jemun kopaiis J0UKEH HMETh CROPOCTE
o= e - vg = (41 - 208) isfe = 103 EM /e,

Toris 73 SAKCGHS COXPIHCHILT SHEPIMIE CROPOCTR CTAPTE C NOBEPXHOCTH
emnn Gyaer panm

=
B = i+ ok = VIDAT 4 1.2 awfe = 152 /e,

R Ty — DTOPAT KOCMITHECKT CHOPOCTY LA JeMITH,
Bpesm ausenin gopafinn or 3exoon & Carypuy pusso notosmse opbi-

Tansmors neprona e ararnes Tomana:

‘Tg } 1roa [5.284 e
e T2 \T0ne

) = 6.1 roma.

2, TIoeROALKY & MOMERTY OKOHUAHKE NodeTa Kopafine u CaTypr gomssas
OXASATECA B HETOCPCACTECHHON GIHIOOTI IPYT OT APYTIL, ¥Tom £, ROTOphuT
3L Bpen (onga kopatian npoxagur Carypr no caoell opfiure, panes

_E=sst|=-1 a 74"
Iy
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Pacemorpuos Tpeyronsumg & SO [Femnn - Consue - Cavypu) o MomenT
CcTapTe Kopatnn, CHpefeans 0o Tecpee KUCHHYCOn [EOUERTRITACKDE
paccrorese Carypaa:

&h= V"omheh‘—z-oe-e':-cosuau- - )=

= /1,007 + 6.54% — 2 % 1.00 % 9.54 X cos {160° — 74"} = 9,0,
Tarpa no Teopese CHnyeon
eh
sn 2 ogh

£ Qoh = arcsin 2L :"!- resin ———
3 Texrop it | Tomreps o noers
opbure © wa B, Jaxow

AR 70K l:‘rapm M TOUKI NepecedeHng opdutsn Onnrepa:
ety = dy braind,

e — yTOa MERTY PATHYCOM-BERTOROM I BEETOPOM CROpPOCTR BOpalinmg,

Ty — CHOY xopafing npi mep opéirTu DmaTepa:
2
oy =[Gl | — E = 132 mvfe;
Il r " X
L= nrcsm—E = urcsin(im LN eThiyey LI
@y ur 520ae 132mMie
P Texropa op ponead

MY W ATY POTRY PATIyCy- py. Yran sesmy T i i

AB=1050"—8 = 00" — 36" = 54",
CEOpOCTH TPORHIEE PaBkL KpyToBod Loe opumd [Omreepa

)
= u’" Bl 130 wafe

ﬂu\.@"

CrTHOCHTENHYI0 CxopocTs Deiropia 1t KOpaBiut PACCHMTRIMEN 110 TEOPEME
ROCHHYCOR!

T = 4f05 + 5 — 2vLor cos A

= VT4 132 - 2% 13,1 x 13.2 X cos 54 = 12 smfc,
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37 Ipasumayud nadeem
Haf e BRpIGRERIe 8 DOTEMIAThHOR aepram tem Uirk:

dr i dr
fir) = - =~ = i | e =
Lirp fF[rJdr —G mfrz+5 G*Jlmfrxw”a}
oo
=—ommf[l, sz’r——GSJlm(t “"]nonu.
e ok m

B 3 mar < (i +a0). Torna
M3 OAPCICTEHIA II\'D]JU)‘] IU(NH‘!EU(UH CROPOCTI M SNKCIEL COXPALICITHE
AHEPTHIL HMees

%m.;  UCH) = Ufes) = limm U(e)s

1, 1 aretg £ -
EL\.—GﬂJl(ii— & J_—Gﬂl(§+m).

___ﬁ’J _zR

2 2y

e -5 - R - )

38 Anmunianemm

B amom permenm i aecom p Oy Ien STMESITE BT, OTHOCHINECS
% Tlyne s ero naasere, o | — oTHOCHIUMEE, COOTRETCTREHHO, K Jyne.
st pagpeye- BesTOpn U KAHI0E 0 TAKIET 8 MOMENT HCHEII0NeHs
SBESTE ONPEIENETE B3 Y awnca (2

YuuTIEAL, WT0 B Mumm X DaaneTil HAXOAUINCH ua omn npasai,
nogyuaes

r 8 B3n e _ L
S vrcosy 1+ 072con BT S
» L3n. e
- = =025 0.
T Y cos (v - 1807 1+ 0.72.c0s (237 - 1807) iz




& Fannen §

Jlnw Gocmanod sourynes opEWTHE 8 COPRBERTIG KhpikeHe

R S
n—-‘—_-t;-ﬂﬁba.c.

Tl reapeste kocimryeon L rpeyrontiyon AF £, P 1 4 Fy Fo L otrpeneassorci
paccrosami o7 maaser yne: w Tyme no smoporo doxyca:

T = JAale + 1 = 2 2ue sy cos (v - 180°) = 0752 e

r
ra'= 4

¥rox semay HanpasneHuamy 13 oxyes: opure ama Dymer w Tymw

GOPENSNNETOR #A TEOPEMET CHEVCOR STH 6% 3o TRENTONLIITROE:

ef 4 rf — 2 2ae vy cos (3607 ~ 1) = LM ace.

2a ) — 180°
a:,,=ar:dn( e gin (v — 180°)

) =83.6";
m

TR (zapsmisw —1-)) ~ 45",
iz
Bexrop TOUKM, [IH nn poit T P, B KA~
AbrE MOMENT By o it 1 TN T i
Tlostosy na «GicThey PRI SUUTHIIER
FTOM MeEATY [ [ TNAHET 1 HX CROpoCTein
180" + o, 180° + 89.6°
Puiniiey SR e o PR, TR o
i - Z 13485
180° - B0 = 46.9"
b= "Tﬂ - = sf

HITErpia aHeprinn NOMORET HailTa Moy CRopOcTed NEaneT nocte

A 1—1J=U.55KMJ’G

=™

1 21
W= i i, (-—'-;) = 120 km /e,

Terreps p TpaH e
CHIETRHOH CROPOCTH [IA8HET:

i v THE OTHO-

Vi = Wy sin fly + ¥ysinfly = 0.685in 134.8° + 1. 20sin66.6° = 1,59 (xu/ch
Ve = Voens fly + Vicos fy = 0,68 c0s L34.8° + 1,20 cos 66.6° = 0,00 (kat/c)



HeliCriS MOXRHIEKN &

Orcyterase p ol TTHL HE MOKET HE B GTHO-

CHTEARMAN CROPOCTS MLaaKeT Vo = 1V,

MEICTERHD TEPEHECT BOO MACEY B OAHY W [UIAHET, sduEcupyems ed

TR nrnmm OTPAIETLCR BOKPYT HEE ¢ PACYETIION ortmr.nremnna
Vorn- B PRI SHEPTHH,

o 'ryn:h a’ sonadt cucTenhn:

2 Vaw |7
k —_— =0.A55a ¢.
[rp. trp GeI¥y
Tepstog TP TTOMMLIA TPEThEr
EET Y Kcmmfm
T=Ta = 4.7 rofra,

VrpasHeRuA.

. C gaxnfl EROpng i B ITRRETH WPER [ICTATONHD

Bantiisce Spens HOCTE Qe HOREHI SBediia, I G5 X CROpOCTI B MoMenT X
HE HIMCRIEEL]

Oimpeassicre mea sansensocrel yran § wesay paIceoM-ICETOPOM TESIHETE
1 BERTOPON €€ CHOPOCTH OT BCTP P rwor
armasaze v, Korga flv) soomnen?

3.9 Todaepad
1 € oanoik erap CEETTTE
] s G‘Ndoli_
el 7 i
e
|AF] = a-Ar= %m
C mpyroft CTOpoHbL Y IRARIEIT MOMEHT HMIYITRC
S g dy
[l = Ra= RZE.
At= ﬁaw
il

MOmes SEuounTs, a0




% H o

2a = [37.0 £ 0.5) mda;
2h = (26,0 = 0.5} ana.

ORI EpRY MOKHO HARTH SRCIEHTPRCITET

26
E= «1— (—) =0.71:002,
2a

a frocae — cROpOCTER 1 W
1+
Pmx _ 1T G205,
Ymin 10

Urofisl BEMHCANTE PACCTORITHE OT TOURM O 10 HERTPS OKPYVIRHOCTH, HYWHHED
M PAIYCA FOADTPAHE SHHECTS i

Thaay + min Hinax — Vern

g = DT < = Siiin

Teneps Kerkn PONTS IPABKALHEYID Bexrop cxoj AT
EH 10 KRCUTEILHON K TPAEKTORI, HOST0SY OTMETEN 10UeR Ha rojlorpade
CHENATY HETPYANDI

9‘6 "'v[
. 4
3
5 e L
,,/ \'\_1
4f duge 18 /
'\ | / * | e s
b - \
'\-\.1 - .
e SR
Pre. 3.8 Buy apfiern i v roperpadie choposTR.

3 CHOPOCTE HPH TEICKCHOG 10 THIepioe J08ars MeKLy o8 acusmoTa-
MU TIOATOMY FOAorpE e somet GrTh Uetoll orpyRu0cTen,

Hafigés yrom 8 mesiy »n LI T

i =1
r{ﬂ]:l_““g = proosfh=1

1
%:nn:ms; = arces =6,
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TIpn noMOMI MATErPIAs SHEPTII YOTANO-
BHM, UT0 CHOPOCTL <HA GECHOHEMHOCTIS

G
tioe = 4] —
@

8 MEPHUCHTPHEIECKLE CROPOCTY

Gt e+l
a e=1'

Uy =

rae @ — GONBIEAL MOMYOCH rHOEpiots,
Ornomemie ¥y cropoctel

R N

s P, 30, Tngorpad exopocr
MomHo Th K ¥ i OPENTR
Ynpaxuenus,
Hawne fymer roaorpad s Kpyrosod opline?
Tlactpoitte poaarpad ata Tean, non P ¥ 7
IPANMTACIIOEADS e
[lexamerre, 9ra ronorpal o angaNe sAteT B 2anENE T,

A0 Opukas 66

1. Tlo onpenenenin CoRTORROA CROPOCTH MMECH

_dS _rdrsin(fdf _ [Fxdf _
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Ha mumsitcrom aCTpOROMIHECTOM CIVTHIHE

AstroSat, anmymenkos 1 centadipe 2015 roga,

ECTh 5 pRAIEHE RRCTpY MenTon, B maromoi

sagave e Gyges oficysmars 3 ma monc

SXT, LAXPC w CZTL 3ti srRcTpysenthi
Lo

. EMewT ofties none:

Huterpy- | Haaoca | Hnowmm| Epasrromas "zr‘h:(:::“ Hpcan
SEHT (k) () | adu. fomenbead) AECEADR
! |
|
lll ST H3+q0 Q.067 | a0% 13000 goero Rxne
! U000 % mofion
LAXPC 3+80% Ly | Lk 3§ culTsiEDR =
w2000 neero
CZTT | 10s10 [ 09 | - 4 4098
TIyeTs SOy THHE 0 PERTT (i , aHep-

TETIMECKI CHEETP ROTOPOT0 HMEET
MARTHOCT NoToK HOTOROE ¢ 3Eeprned £

F{E} e KE™%,

e K = 1 dorones/(xsB!* - w? < c),

5 KT} NOToEA GoToNOR © SEepritiso 1 ksh,
5 wali, 40 wals 3t 100 xaB s gaHMere ., [laa kot

[OTOKL PACCUNTANIE TOTHOR YHCIO OTEULTOR B eONHIMHOM HHTCpHATE
FEPTI, 30 BN 53 T 30 Bpev
oot = 200 e,

- B nan BRants KT

AT L5, T KOTOPON HE DOCTHIACTCR HACRIENIE pitpe SXT,
. TTpeRmONDEIE, W METOHHIE cTan & 3540 pas g[rie, AEFTHCINTE LENIEMDE
foanoe YRy 13 8 LAXPC, 4
P B it ¥
KUROTO-ftsefio OTACTRIOND CHETINRD T ofiee 10 Boen caEraimam?

¥ mmnusor LAXPC 3 oA
fies neperpnrtnn.



Samoms wameAnR 11

Hcronnes cuntserca sperncy e
SNR = 3.0p ZT1
EAyHARAL ¢1)ﬂyﬁ|mu cocvamimer 0.00014 oreair(e - waB - mcea),
Eaxono EpEMA bei ana

1 Bed Toro e serouinna wa CETTY

MpencTasny cefe, To Ham T

PR KOTOPOR KOSHORUICHT K «CRauRnms nnepaclm Ha 20%. AstroSat
HafTI0anT ROTOMHICK B TEYENE 1 ¢ 10 sttt i SPKOCTH K 1 C NOCne sero.

3 P HASTRIM 03 v
B ofiox Kakof eHeTpysent o

IS PErNCTRALILN 0T00HE NaMeHerI?

¥ PEHTTEHOBUENY B . Taknx Kax Cas A, mefangaerce
BT Ay, y pacmury ¥Ti,

€ mreoit somas (01825 w, Hpcmn’uma e, HT0 CYLUECTUYeT HITUNHNK,
KOTOPIT HATYHAET ToabKe 0LHY APKI0 TN, COOTBETCTRYIMIYRY STOMY
pacnany. Kakoen mommes GRITE MUHUMUTLHAS (00 MOTYAN) TYeesas
CROPOCTY T TAKDID MCTOWINNKD, STO0M PECHCTPUPY MR THINIE I IS 13-
METOHHMER pas. cugTunsamM LAXPCY




L) Paanea &

Pewenus

6.1 Bazposnd yxac

B cootmerereric ¢ daxomom Credana — Boapusai coetiMarTs aneas

L= anf'sT?,
& cit i wHa d panna
L 4xfleT & Fo.,
L~ ks Bt G
Ci DOAYHEHHOE o Eg. wConas:

aye dopryay Horeona:
EAE

= 4200 K.

e

E

= g Amaem -,-=["

Taxan PATY]H BYET Opy WBETY 3B23AB.

YrpuwHesus.
L T Bamnsty COEXTPARLIASLY ISEEECY I THINY MOMET UPINALIERITE Fi0 aheata?
CHIEHETE BOAMOBHOE PACCTORITHE 10 HES,

=

6.2 AxKpeyta Ha Redmponio ssesiy

C oo SHEPTHIT P
BERECTE 0 YCAGHIN A «OTIETEs TOTSRITHATERGS SHEPrEa rada ofpa-
IWAETER 1 KIMHETIMECRYID, HTO00LE 30TEM TCR KITHETIMCCRAR SHEPIIE NOTORA
B 2 aseanur B

p a ¢ panaa

eo pasee, PR Tenmne

il
=

npw GTOM M OperieGperagy MAMLILIOR THYTPEnnei SHeprued rada
ed ManoCTH ne Cers it 3HepTHeN,

L

Cunran H TONACAY I e
won Credais - B OTEVIR Ve HCTPY BEIPAINTE DATVEY

G

RS

1A
Lu§gTt = T ( ) =2 WK



R (1T}

6.3 Tpotuwoi anvsga-npoeyece

dneana nmcer abCoNOTHYE 38EATHY D v 1A 5 Messie
FRATUT, 28 CRETHMOCTS B 100 pad Gorkwe comseunodl L = 388 . 10° Br.

Tlpm es7eae 0ANOTD KIUPHL YEIEPOIE RMIENHETCR FHEPrHL
E=Amc* = (3miy — e = 1171077 T,
Koomuuectno ofipasy kniecs 1a 1 cesyHTy aaep yIIepoia passo OTHOLICHE

TOBIABACMON B CUET COPEHINT FeIINE CHETHMOCTIL K SHEPIII, DIIeIaemMoil
T CHITESE Q0TS SPa YTTEpOITa:

0.3 % 3,88 - 10 B
s Txie=i: 0",

64 Heampuno

L Ik N BILD =TS Comanes aneprua
OBpEIVETEN B YREIAHHDE PEAKIIN, TO Ha Knaciee ST = 25 MaB coxneanci
Fneprun npExomwred ! mefrpumo, Torga, IHAS BEIMMHHY COTHOTHON
rocTosoit £y, pocanTaes LI0THOCT N0ToKs eRTpIHD:

E, 1360
B=n==1

e _ o et
5 B R L6 0T

A AeTERTI B CHA3AHLE

N =Ny (u—n+ a-f].

OTCHIA 0K KPeEPALIRIIIHYCE UACTHI]

f=
Vnpamnesus
1 DareBnTe, P HACTOAITICE HPEME nupeAEInx
wifiepi ¢ pazaycom 1 a, e, oxpysaniiei Cosne,
I ¥CTAaHOENTE, KAK QOECH MOHETLCR G0 ) oo
oG St u v
i nw ot A0 wern,




1% Pragen i

6.5  Hymweauus uedenude

1 Creuams onpegensss oTHOMEN S TIOTONES, SUTENT COEHIN TOTORR
1o saEony Cred B

my =y = =25ilg [—;L) ;

i_l= g dAm =yl gD S a0s g e

Cnerumocts onpepesi Mo sarony Credann - Bousumana, ovey s sps-
MM MOTOKH W OTHOLICHNE PAImycon:

AxRiaT}
4xD?

s.8.8 J_(]
EORTH

Bacnoasiyemcd Tax®e 3ak0H0M caeujenns Bura:

n_A ﬂ_ﬁx[ﬁ)
T 2 B YR (&

=VTFix (:%’;] = 0,890,

Li=AzRieT} = F=

1l ¥ CPEAHEH CROPOCTE unepRog
MONHO ZANHCATH BhIPAUKEHIE LN PAIHOCTI PALNYCOn
Ri—Ri=uvx ; = 128+ 10" % B4400 % % .
Tl El v PAHEE OT pamiy
Ry = 495 10" m

(1—0.890)R; = 5441 10 =2
. [R, = 44110

2 Oam e moToRd F; eTe
© HABTOAAEMEIM NOToROM oF O

g — i = —2.51g (?] =% By g0 timened,

B TOTURL ¥

Fp = By x g0 AR M0

651 107" Brfad



1m

3 Bannicw BEIPEHCHIEE LTH PACCTONHNA A0 35CIILE Mepes Paminye, moTok
" FPY 1 MOMEHT i

||RgurT J—
“& =T =

Tlo saxouy exerennn Bins

2688 107 w0 K

== =465 K.
648,110 m i

5 D= 2.208- 10" 5 = 300 mk,

6.6 Obua fasuTus

Ilo aesony Bua adidp Pt [t

b 00029 MK
r= ——MK:T.
I Sx107m s

Ocmmi Momne CHESaTs BRBOL, UTe Kpaihan
MOXOGER HA COTHEHHYHM,

Mo doparyne Morcosa SaX0THM, B0 CKONEKD a3 RETOUHNE cnatee Coxnia:

in E'E-s' = gl (U2 o 3, 101 pag
-

B rae e/ f = Ao, npatsie-
wumo npssimcsenne Panes — Tasnca, Torga HeRoMas IIOTHOCTE AOTOKS

1 2ef%T 4xRL 1 5 B
FreForoe——"0 2 o230 107 e 2 2.0 167% fim,
e 7 ' P
Vnpaucuests.
1, Cnagrere, Tt oTneT, scme G Panen -

Tecmasca Gearn upusseriena guopsyitn [T
L PareTa HANATA IRNTATLCH ¥ T A MANE © g y. Omminirre,

EAK HE pEKLTE TOTORA SHBIACHY 0T BpeseaN,




122 Pazpen &

6.7 [asatime nocosopus npo 3mo

L Thockoneey mageareman sgepomm £ = L nponopauoinuisi sacee 3,
wonpit srose Lo 905 0 Bpems cymecTrosaHms anesan (Ha raansoit
TOCIEACEITEALRDCTI)

3
M =y rerg|=r| .
T et |

CHcanan Moy s GLETKY HERTOABIIEHA MACCH JNe3TH;

1123
gy HEY 101
= (2 £ A WLoss = 144915,
o r J =l 4
CHEHIN CReRTRanLHL Krace Takod aaeatnt, Macct Jaknonesi n seTepml-
ae o1 L0GTE, ne 1610, 470 cCOOTRETCTEYET ClERTPALKMOMY wracey B

Herrep il or PR MACEL
lgre—lgla4
R =13,
lgLe—lglos
Taksent OBpABOM, THEIlE NMEET CHCKTPRALMBIR Kance FIV.
2 PAILHYECA F HA PACCTO-
wri d or aned w nrm«rmmru aroi nnimrmn AN COOTRETETREN G
mriL L
=[1=g)—
L4l E

Pt = darteaTh,

Mul npenoAoGRIETI, TT0 [IIaReT: Ty HaeT Kak afcomaTho cepoe Teao

{B £ pon xyme abcomoTig SEp % panencTio
H HANYTREMOl MOLT0CTI:

L oo ek
11 _“Jﬁ =d4nrieaTt,

M3 paBeHcTEA TEMTICPATYD TLIRHETH B 3EMAH CICAVET BMpARKCHNC

_-dlL _(1-alls




aroRu HATVIEER 123

i Bup yraony’: ¢Rop TUIANETIE DOKPYT UETTP Mace
CHCTCME TIPT DOMOIDE TRETECTD JaroHy Kernepa:

il

U= G

MyeTn dimd — PRCCTORHNA OT 3D¢3AEL H NIANETE 10 IEHTPA MACC, TOTAE

"
dy= EJ.

G+
=iy = mﬂ‘ﬁ = EJP“I ’{‘m M] ‘II

W3 coomnomess nan sdvexra Jonnepa TOMYWRT BRPAKEHEE T MACCHE

LIAHETEE
M v _m |6 = Htd
T_c_:‘ll_ = m_Tc =

3
i
(‘J.N;) i _ AR [N = 14407 iy
I o | G :

Hroropoe sgavesie Macens panno m = 331 + 10% xrpan 0,554 0,

6.8 Mezanazep

IL noToKa €BER3aEaC By n Tense-
FERTM YTAOR {F, 10T KOTOPLEM IIER 3707 HCTORHIE, COOTILOMIEEM
=#
S,w B0, reflw— Fi

rie A — paanyc neTosiies, d — paccTosme 10 sero. OTcoms nupasise

PECCTONELE:
TR*B

d= =,
J 5

HpEOCTH HETOOIMES HaiinEM o doparyine Panea - Maasici:
kpTpr®  2ksTy
e L

e




1 Pannea &

TloeTamint DLPRATETIHE I APKOCTIE D POPMYIY D000 PRCCTORHI 1t nslno-
MM pacuiT:

Vnpaswerue.
ONeHITe APROCTE METRIOAREOID Misepn (MacToTn waaydsson ¢ = 6.7 1T
© npwacTaoi fesmepazypol T = 2 1000 K,

6.9  Cnupm & xocmoce

CINpejienin LIHHY BoAHLL, HE KOTopol TPoBoInics HABTmTer e

A= ¢ = 4.5 ¢
P noofizaka B3 map
1mE 15
d= =135 =4 107 m

o

TINOTHOCTS (IOTOKA WATYUEHIR PaRH

Sy =120 fln = 1.2- 10 Br/(m® - Tre)

M CTAANL ¢ B, 5. = 0.0, rne i1 -
YO, 10/ KOTORIN BIGAEH
flr
G
e B — papuye werounuxa, D — ero guasetp, d — paccrogsme 5o gero.
T APROCTE o dopatyne Panes - Marsca:
2k’
B, e
Orciopa 1 ¥ MIEPATYPY:
2 s 5, cld*
Tb_th & &had SRR

T kil

T T



Jnca HATFUEIIE 125

610 anpewénnas sona

o ¥ . TP Ha op-
TOTUHLAMNY RS 1Y SaM I A. Pacny T o CIERTpE
mpRfTEGEack IaK0H0M Bimar

7 r RS, 2mh v
Py = [ufvid =fs—-’—--’ )d
-"Df“’nug,e‘”mmav

Buenéne Honoe obosHauerme:

liv kpT: h;Tm
= ve= —x.n‘v = dx.
"k [ h

I pasbHoe W BOIEMEM BTOT JrTerpan™

P = v

2hARY (keTs) f 4
xe
"x“% h( J

_ taky R 12akd . R

-} i}
=T A 6= A

[love3nas MOMHOCT B JAHH0M CTYHBE PLEHA De3noi mcpnm o paeETe
s oo, By = vy, fima i c
neime noporosod (E = Eg):

w
Riam
,,m=m-9fn,ll'|d|-=hv,)\—;'— W zxp{ )n‘n =
dé

%

RL Rt -~
- knT.—_,x,AFB = [hP:E ) fx’(" dx =
s

R

iy B-rlﬁ

i3 x,{x‘ g+ e

++ HTerpipyes 0 nacTes:

Jr;’g" dr=-rle* s f!ﬂ:“" de=—re s{x’-" +J|rzw' 4 d,} =

=yl —axte "—s|::=" —Jrr'* dx}:—f:'dx’ shx el



2 Tusaei &

I comeeusoro SNeMeRTs 1) BEIPAIIM WEpes Xyt
Lt -
g fe SRTSAZIRAN + 2%, + 2%
S AR S AT
P

X
=g t 2 + 2

peodp I nepen mocrp rpatprsa,
a TiEE Hies sasesns D) woploa):

qﬂ%lx",é-axi Fgle w= pil) = 0, pico} =0,

¥ IONIMHMOMIATEROTD WHORITENE 108 KOSQEHITENTI TOTORETEILEN, 010
oH P

manBopar, MoHorouno yinvact. Taxum ofipasons, rpadmk meet Toanse

UOJTHE MAECHMY I

s

e

Puc. 5.1. Kageerpemmsil rpadius sanmcasoct ivg )

E

T Touxe Xp MARCHMYME 1] TRCHIBOANAR qoT#HA GTh pasHDi HYMG:

:_; = %1_—;’, agd g s 2 =

pxg)m i) = xf =25, ~2=0.

Kopers avoro ypaneem Mowsng maie smeromon Srceximm:

o) =-2,
1) = =4,
p2=-2,
pl3) =10 2<x <3,
pl25)= 2375 2 <3y < 2.5
pr2.25) = 0171 225 <3y < 2.5,

Barrore xp = 2.27, uro cOOTRETCTRVET MaxcHMannEomy KILT

Moo = (T} = 46%,



SaNaTE WY IEHEH 2

6,11  Dolee Vita

T IponyrEAaRNg 1 koags)p P L CYMAEE QO
Aanare 1005 i
Iy g
T=1-R=—22_
iny +nayt
Mepen u s wad o Gaccedine, crer 1y

TP THAHIILE PAIZERA Cped (H0amyx — BOSR, BOJA — SIMAI M ATMA3 —
aoa,a:}-'xJ Mognaarens rrpr_uu)ui:nna DOV CHITAEM paniM 1, = 1.00,
T p T panes ny
msc})@m.uwmna u-pouyc)u.»m 2% TPEX TR PRIREI0N Cpeg:

At Ans R - dgns
L N T M e R A

= 0.74.

Yrnosere saciuyalel Hl DEpexome BOAIYE — DOSA — RIMAD — DOAEYK
HE MERUKEICTCR, BOCKONEKY b WIGTE SS NONTWRECRA CHCTEMAN wenéy cefn
Rak nazcrina. Hab ocaenEE-
HOCTE FPAMO APOTIop . Bnaumnr, § 10 1ead

Ha MPeTene BIUTHMOCTIE 36E30 YMeHBITHTCR:

B nﬁl? — R&lE.

T 2 AAR SAREEpPE W TOPHIOHT
nmmmocm» oTan fanke 1 1,16 pas. Koamsecmnn My 3663 Ipi aTom
yaesmatmnoen n (707" = 1.6 paaa,

6.12  Josecme 0 621000 NEIEHDE
PagcTomume of HABMMAATENE 10 Kopadas PLsHD

= (Rs + )t =AY = VIRzh.
COnpeTABAM OCBELENNDCTS 0T JAMIN C COMIESHo nocTonmm:

LS p— BP0kl
£ 1wy = i = Ey 10

Hoays i na T JLRMITEL
IR
P= Fm‘-xzq. < 1o~ P M- mal,

Eonit Be YURTLIBATL NOCIOMCERE 1 yRisam g = 007, 70 momsocrs
JAMEER NoAYMReTen pannoi Fy = 200 kBT — e JaMna, 8 nposesTop!



1 Pagen s

Tlyern Hy = 8 kM — BRCOTA OXHOPOIHOR aT8GCheRs, TOTIA MYTh IVIR

o1 Bern uepes (pepry cocranmAeT TEANHD

L=1++2RsH,.

TPEME JNMHE TYTH YR Heped
arsoelepy:
! L
Amy = f—, Amy=—.
e

“Torma panercrao oCBeMERHOCTER DpIMET B0

g 10704 _ E L qgtaimamma) g -UaELiE

Al

Ias

p= luﬁzﬂ 3 1T g UL o pa 130 B
n

Vnpaseene
Cpatsnre pesymiraTos ope adomsestino smedn s aneoray 207 w45 wan ropi-
BOHTIM W B ICHHTE,

613 Pomomempus & nonece U

I Ofxactt nogocst U Sa1iHa w95 INATAIOH SIHE D000 (360 = 40) ny.
[ W CPEEHAR SACTOTR 114 Tiom
AVCH BYAYT PAsHED

= 9365 10" Ty,

Ve = 7495 AW TL vy = 832 10M T,

LlTsprsn mONOC B TERMMHAY YACTO TR PAIH
A= Viar — Viuin = 1874+ 10" Ty
[AoTHocTh NOTOKA HANYURENE AT0 JAHHON TOmock

Fun = 3630 3¢ 1070905 g = 3630 Ml = 3630 - 107 Br Ty W,

Heromore oTonon 130 TOTOKR
oo O TISEKOM,

Nohivgug = Bv o -A- A
rie A= 1x% 1 At = 1 ¢ Hroresoe Bhpasiesne HMEET 117

CAv-far - ACAT LEM I xEER- 10T k1K
LI 6626 1077 = 7,432 - 101

Ny = 12180,



Sasina sy 1

2 Beeagm eacaywupee ofozmaaein: & — norox of neda n pacudre
HA KBAIPATHYI0 CEKYHAY, fhuy — MOAHMI HoTox 07 Hela oo aananiod
AMEPTYPERL, ¢y — DOTHEGH NOTOK OT aBean, CrrsteTiod, wro

iy = A = e (10 P x b =5l

Tlepedziag i ANEILIEIM ETanas:

Mg zz.u"+2.51g( ] =224 - 2.51g() = 20.76™,

iky
bt y 50%,
" -
R= l:_\* 5 Eéﬁ = 0.5 107719 5 400,
gy ey
3 Yncno perHerpup iy PRI 11 Ny, kozdiu-

UMEHTOR SXCTIHEDIOT 1 S KTHEHOCTH NPIEMEHES, 8 TKHE ANCPTYPST
TEXECKONE, BRIPAREANCA 1 M

]
Ny = 12180 % 0.5 X 0.2 % 0 [Z—ZE] =1253x = 3813,

6.14  AsrroSat

- I 2 a8 c An
i a, Yweno L} f sepeuit

30 BpeMa’t BCTH

CualEl=FE)-ad-t=Kt-ad-E55,

e no dich K=10 eros/{xaB - m® - o)
51 R sabecis o
3'[*:55“- ﬂr::;“{’;':] sxr | waxee | czn
1 10 &0 e —
3 342 2 410 -
40 .86 = 3 #
104 145 = =] i
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2z noToRs c Ee[EiE]

e B = [ FiErd = (£} -
£

roarony Qi oreddron, dorcupyesnas SXT an coryay

= MG{E"‘T ﬂ] = L605 oTeugvon/c,

HpEMI BKC P M RRE NPIERN, 30 HOTOROE
ypm
5T yepi0
s

3 Mosoca saanore 1s socka cubraikgn LAXPC iseer 1sipiny, parHyo
(80 = 33/8 = %.625 xabl, PacuiT
ERIcTpEe BCero HACTYINT HaCUIOEHIEe CubTsuss 1

| Emin | Ene | Oteutmarc |
Ciabru
| T ) | (eaB) 100
30 12.625 55.8
L} T35 A0.0 114
| Beera 30 500 1306
4 B WHEN or 1 oy sa CZTL a sates

HANOKIM yenoERe Ha wx oraoweeie (SNR 2 3) nownr o oM, wTo
MATEMATHRECKOS ORMTAHNE CHTHATL § MHHSAHO J3RHCHT 0T BpesteHn
HAROTLTEHISR:

T
Efs] 'E{SIo-E.

] 0 panof im0y

ofs) = alslay -
Onpeagmm sumuenna E{s ), ma{s}y:

Efsle = 3% (EL — E2 | rd = d.26 ovcueron/e.
sl = 000014 - (B — By} 14 4096) = 321 orcsEle,
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it frivF:§ #CHE VMe 33 DPCMA ! MMEET DU

Els] _ Efsle-t/h _ Efsh

SR = ot o{shyifle  oish
BpeMi CHITATL COOT SNR(f ) =3

SNRit)=3 = fo=51-10"c

4 Jiyume scero momsocnt LAKPC:

Hucrpysent | Hncio oreaéros | Hucno orenéron
Ao oL e
SXT 1.60 =2 153 =2
LANPC 51.60 = 5% ALE2 =62
CZTI =4 5.11=5

6 JMaaan A = 0.01825 A = 1823 0¥ COOTRETCTIYET SHEPTHR

he
Ej= T = 679553,

DoToHEL ¢ TAEON SHCPOLE PErICTRAPYIOTCR cufTmakon 7. Yrofe nonacs n
mency cHETHIg O, sneprin oo gonia craTs Messme E) = (.73 ab,

Ana -6 E} = 70,375 =B, (v i}
MOTYIH ZyHeBoi sl ZINTREN peiL N BTOP0E BApHRET
(poanmmune sHeprick MEHEILE; HeTouRSE npniTnsaeTca)
= perme
=g =

v=

1—%):: 10.4 10" gale,
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He roxbaiT an raTasToni Ha canmme § ame
kode. [3e KARIAE CHEPRAIONIAR TOUKS — dbeatal

T lpamacmm

7.1 ¥meuwa 2aza
Ha p ey e VLA o u s M1

ANCEOBOH TETAKTMER ¢ SKTHEHRIM sseanoofpasoeames IRAS 083346517,
HANORRLLERR S paceToRETte 0.2 MK Y100 silkinun 68 ocm K 1ydy apeuts

oxano 237 TYUERAA CROP Fa%a HA ]

7.8 kTR o £F HeHTpa cocTannaeT 5850 kMo o npeTeprernng ronyhoe
AMHEAM o Ha (ioHe Konranyya
wy seck oy HCTEHCHINE THIA.

Brrsincanre CROPOCTS BPANIeRNT TRTAKIRN
U CROPOCTL yHeranud v, ann npofHol wacTin

# FA3DBOM NOTORE HA pagnyee 7.8 KiK. 78 wax

Oup MOMeT an -

HA JAHHOM PATHYCS DPEOOIeTs IPRENTALIN P
TITRETHEN, HCHONLIYR auuLe pic. 7.2, Frie. 7.1, Ban scfiokys

ey

EABIIIE T

o

1338 1335 1348

mia sz, A

Fare, 72, Cnesrpomerpaen men oorsouwesms O 4335,
ntnpanncEkin mn rocsarornaeckate sdder il (Cannan et al)
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7.2 Dark Matters

E COCTAY CEONTCHHE BXOIAT 70 CIMpatsanx 1 30 soUmnTiseckis Fanasvie,

TARAKTHE pagsa — 207,
WMOCTH 1530, f ROPOCTD DR LICITHA

clppantie ranaenm — 210 ke npr cootaamesin 590 (e,

DhennTe oMo TEMIOEE MATEPFI By TPH CHOTITEHIN, SCAM MICCL MERKT-
TAKTHHECKOrD FAIE AA MOPATOK TPENNILAAT MECCY MUIAKIHE, YAPaxTepHEE
EKOPOET THaRkTI tocTserast 107 saic, 4 padsep cronaento — 7 Mok,

7.3 Teopema Pubaxa

TNpue Ha | K =190 Mng

n snfiamgawmeiica «c pefipas, SuTe oOEIPYHCHO, TI0 OTHOWCITHE MAKCH-
" it JLEEHIN O

PATOPHOTO ATAM0HL 115 IIp i YR ako-

POCTLH 3T0M FATAKTHEN, OUEHUTE ef alCOMTHYI RUIHMYR SREITHYH
DERIIY.

7.4 Tuepaux saxyyma

Oupeteante oTHOmIENNE TAOTHOCTI SHEPTItE PETIKTONOI0 HATYHERIN
l parypa T = 2K} g BHEPTIH NOKOA NPOTOHOS B MEETE-
TETHMECKOM BeIerTe (KonuenTpamm o~ | w0

7.5 Paunanr Beerewnan

fe =;
E Ep u anepras Be Py — BAR BEIICTTEA
W MR CONTIETCYREITD pamk (2, = 0.3 1w 0, = 1070

O i 2, P ROTOPON TUOTHOCTIL
AHEPTHI H Y

Duennre Temneparypy T, B SIPAKTEPIYI0 SHEPIII0 GOTOHGN PETTKTONGED
WATYHEHI £, CODTRETETHYEOIIIYED SMONE € KPACITRM CMEICITEM I,

76 Hemuwa & Bune

B ma SEPHEY 00TEKTA € COBNE-
I i pactigasee. Din naxoanica na oplute
Jemnu, a apyrof — @ £ RPECHEIM r= .1
P ¥
REHED OF permeT i Jesnie Hi HeKoTo-
POR HACTOTE, W HX . 1 ® ¥

o ofBeKTR.
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7.7 Ofoapesan 21 ent

Py I ¥ 1 TIprH-
MATh HATYSENNE B Quanadone wueror or 1,32 go 1,52 Ty, Dau vsemseqsiof
TATARTIEI B PRMEAX TPOBamore ofibopa coevamoctis i o 1 cocras-
amer 10% Br mpa mpeaze e 1 M o nafopatopacit wactore 142 ITh,
Tlpeaen syncrmirenswoctic npyemsiarn cocraneet 0,5 sfln sa | sanyry
MAKORITENION CHITATA B HYUE UOEPANbE HANDLETSHHOCTH, NPIadM Iy
ACCTATOUHO WHPOK, wTofsr 0fTacTy wamy HI naadxoi

T © RAKIM TG0
TIHM KPACHEIM CHELUEHEEN 2 MOKET ORITE SAPCTUCTPRPOBAIE HA ARHHOM

KAOILE, LTI BPERt CHTE 1 mimyTy?
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Pewerus

7.1  ¥meuxa zaza
‘

1. Cropocrs vy TEIAKTHER
CRYH CKOPOCTE] MOMKIG SHIPETENTE 13 3akst Kafira:

T

o = 68 (roa/c)Mme % 80,2 Mk = 5450 ma /e,

HafimogaeMin TyNenas CROPOCTE Uy CRARTINACTCS 113 CHETEMATIHECKOH
P K P Bl € YuETOM VI
HAKIIOHE OCH TAIAKTIKIL K 1YY 3pesns i

T = Uy + U SiNT,

il wy — vy _ (5850 - 5450) meafe _ 1020 wxiie
T el [rEE - i

B eoryuas B ¥oTopodl yrop
10 TEOPEME UNPHATL L08 TMHAMBHECKOR MACCH 31 CROPOCTH yﬁl:rnmu
WMEEL BEIPEREHEN

iR 20
M= =

5 A2y, = 1440 /e,

2 Tloorysm siasetine cxopocTs
MCTEUEITIEL 30 1A OLHOEC CREJLE-
W O JOMIEPOTHKDM CMETHENIN
ITOCHH TLOTIOIE

Ha ocronanny ofossauenns an-
e C 1A 1335 merp COOTIE e T 29
CTH ¢ Helt naﬂupempﬁym ILIMHY 1 somitss A

nooHEr A = 1335 A onpenenrs
BEITHMEITY £8 ChCLTERIn

1A=
M
o IRAMEAIE ORAIHNERETCH AIIOE MEHLIUE RRIMECAEHION PRHEE CROPOCTH

yoeramnn. Takeym ofpazoM, PaccMAETPMEACMEIN NOTOK TA3A HE CMOET
IPEOIAAETE NPITAKERIE TATAKTIHEL.

Piec. 73, Caterusbsrrng aamn (1332 A)

1335 — 1332

= =3.00° ® T = BTORM/C,
A c=3 00" kmje = BT0 KM
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7.2 Dark Matters

O T MACCY TANAKTHEN T GAHHLIM
abcomorioil ané u

L= T0AMaM o g0, g 10 L,
g @ 10° Lo (15 /L) = 12 107 Sk,

Mok cnmg TAAKTIE % Taanu—buiepa,
2 : o CROp ) Levh @

Mnessoro [Ty Tir paccurtacst 08 NIBCCTHOND 3HANCHIE A6COIOTHOT J8EaT-

HOM  wrofies aares CBETIMOCTIL CIMAEHEDE TANAK-

THE CROITIENNA 11X MACENT

i = o UMM o= U B Lo=3 10’°L3:

iy V“'-* '_ 210 % 12 B a0
L,—Lm--[vm) —[ﬁ] X310 La = 1.5 107 Ly,

WMy =18 10" 3 (W /Le) =4 10" IR,

CyMMApHAR MACUS FATEKTIHE DXRILIEIETCN PARHON

Wy = W + 70 Mg =
=M 5.2 107 kg + 70 % 9 - 10" = - 10 R,

C Apyrof CTOPoHE, K3 TEOPEMBL EMPHATA NONYUACM OLCHKY ANHAMIUCCRON
MACEHT CROTUIEHI:

Wy =

R 10° ®A5
?R= KM/e :'M"Kx:a-m“‘m&.

G
HNorkoasky MICCH MERIDEANHOTO TRl HE NOPRAOK [TPEILIERCT MAccy

T PHAT MaCCA T3 & TOpAKL
1080 = 1+ 10745, o gons Tésol MaTEpURT

10 W 110" 7
i e = = R,
P = T

Vnpaxuenus
O ait EETLES
o a
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73 Teopesma Pudara
PaccauTaes CKOPOCTE YILTEHNT FATAKTHEL No 3aKk0ny Xalina:
Ve = HR = 68 (rnfe)/ M x50 M = 8100 ka/c < 0,
Hat opos kpau v el Ay o Ha-

TIPASNCHA ¥ HEM, HA APyTOM — " o nac, Onpepemme ary cxopocts Vg
3

_ (s _ Ve + Vi

= == 115
(BA)min Vit = Vi

i k-1 0,15 A
Voot = Vir - Ty G0 msfex e = dianale

Bawe n mastectse avanomn aa8 cpasrenns Muesmod Iy (Vi = 240 50 /e,
Mpw = —21.5"), nenonsayes coornomrene Tane - Tinneps:

L ¥ i
ot ) [@ = 10
Tow N\ Vanw 240

.M = My —251g10 = 21,5 — 25T = g™,

Yripazenenien,
1 Tlok&3aTens CTENEHI B ATKOHE Tum( bpeps saNICHT 01 HOTOMETPUTOEROT
e, R nnance 8, eong

NOKAZETETN CTEMENH 108 TARNO0 nau0cl pases 3, AGCoukTHAR 653 IEE FEARSHAL
M.lmmom 1yTae B nogoee B pasmms -0, 7™

2 Hatiar e
sl nplm!m B—V¥ = filiy)
e

-

Af -V

T4  SHeprud gakyysma

3HAE RONIEHTPALIR TROTOMON 111 50 MACCY M, METPYITND DLISHETIT i
TUIGTHOCTE SHEPCIY MoK0E"

Wy = nmge’ = 17 20838 Mab = 0.4 10% 2B’ = 1.5 107" Haefw,

! MTyECHEE £ 10 T 3AROHY
Creduss - B (EICRTER YR
B T P — E e

. rasnerngs UGC 12591, agnn we ouafonse Maccaumbic COMPATHILT TRTARTHL, HMEET
Exapocrh PRSI koAt 300 ko
e IO $HEQIACH FI0SOH BRIMECTEN ALINCh, KIMESHE, M SETor SEEUNEIeNT oo s E = me?
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B, El ¢ doron-
s ranont, yers cpennan :mrpm thoToHa panin r, | COTTIETCTBY 106
RoHUCHTPanHA Goronon — iy, B cANERIY BpeMeHNE HA IUICIIATKY NETanT
o (oo ¢ HIBECTHEM P 13 MKT)

L
N = =nye- 5
= ghye B

Ul ELC] BYET
= 1
P=gN= Fhee ds,

AR Wy = M — SHEPTHI U3TY Ilna
LA CTEIYIOMIEE YEIOMIE TEMN0E0TS PARHOBECKE:

I
P=—wye-83-dt = ol d¢-dr.
A e
s waEn

4oT _ 43 2567107 Imf(e: m?)

W=
S 3107 me

=6-107" Haine’;

We _ Geubt i
Wy L3107

7.5 Panurs Beerennan

L Tlodp o iy Be it W VAT Tab M
faETOpOM & = gif), TaK WT0 B MOMEHT BpEsEHI ¢ paccrossme #{f) = altir,
[lonaTyo, ¥T0 NAGTIOCTD FEPriH BCLLCCTIA

Pmicn o g,

IO # — EOHUCHTPALME YCTHI,

Tipee o P E e ToikES
b HO M anmsn BomE: Af) = altide, Tax uro
JURS WATYUEES
promfhoa,
a8y [ MMEEN L

A=k _r-at 1

ain alrl  alt)
aft)={1+2"
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¥ ot iRy, TAHHAMY
£S5 darTop aTom AN

D'nmmeum MROTHOCTER FHEPIUN BENECTIL W MALYUEHNEN 1 MOMENT
BREMern £ TaKin ofipason, ecTh

Emlt) _ pita)  at) _ Qnipe Doy 1
- T ey AT it RS LI 71
) peita) ot Qepe o @y 1+z s
pitTs 7 P b or Thx

OTEYH MORYHiEH
Ou, O 03

m - w3 10"

o, a, 0

2 Cornacmo saeory Credana - Boanumans, (MI0THOCT: SHEPTTH Hamyae-
TR POTGPIIGIELTRHA SETREPTOR CTCIEHN TEMIEpLTVpRL

{p, e,

Pt

= Toa

CT={l+g) =27 ExY- 10 s 8- 107 K

Moy aperonym ouesry steprn Gorome,
Crocod 1. P — o i 8 T

~ kT, =138- ln_"_rbsﬂ( *8+ 10" K= 110" T =07 3B,
Crocolf 2. KAPRRTEp YN STHHY BOITHE PETHETOBOID (OTOHA NOTYHIN,
HCTIOTLAYH 3aR0H Buna:

b 2000 s - K
Ay MR e,
LA T T A

Tlo AuTiose DTN Yise HeTpYIHG PACCIHTITE INeprion:

10 iy .
G0 S b il e R S

Ae 360107 5
Vrpramnenus
. O ettoenfon ol £ [Todeny pesyrn-
TATH PAATHHAIOTON 1 THTH s
H nKa Bati, 2o Mtttk

mueprun dovonn: = wkyT, raew — Geapnaseepsod naddurunen. Kan o samcor
o TEMAEEATY R T
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7.6 Hlemuna & Bune

Tenn, pacnoaesennoe Ha opfure 3emin, JOCTATOMHO Topauo, wrobst
BOAMOGKID BRI HETOTRMBETS 230 OIRCHIIN ET0 HIYHEN & P
0

AnanasoHe axos Panes - Daomca, PG OHPESIRET CILERT
ILAGTHOCTE MOIMGCTH " £10 MATYSeRnA TP SAAAHHCR YRcTOTe VW) 3 TeM-
neparype T ¢ T (D MATTPOITHOTD.
WATYHEITTH

]
fi= Flw) = %k..r.

UBparimcn Teneps & y veay. lp El

uacror ) = fyv maTyueHe GMN0 HA CAMOM JETE MATYHCIO MM b i
maanme il +2) & &v(l+2). 0
MOUHOCTI

2mid(l
a8 E"r—’r"—[—:im‘ {t+2=fill ).

Sv

Tlycrh doToms GLUI HATYNEHEL B MOMEHT BPOMERI f, § IPREATE | MOMEUT
BpeMEnH &, 3a Dpens pumpm poTonn
Luhmu BOSH Y ) 1 wnap [ [

Ec:tn pamita L, 1o
51 DCBEMEHHDCTh |iEaEE b TaKan CIyUae

L &L} L 1
E=o—o B =, .
4oy a'te)  4xr} (142)

1€ My — PACCTORMME | Modteny Npisna wanydeni, Takius ofpasom,
X TRy V' p 10 oFLUETE fy CRETHMOCTD £CTH

L=dzriB (142 o (1427

o cnex W ATIpHBE-

IEFIEIK* COETHMOCTER TIAEK0T0 8 BAMaKore NETOURIKL PABHM E00THET-
CTREHHO

flfi=0+2l =1+32=1%
Lily=(1+8)f=14+2e=12

oAkl HCTOURNE RAKETER Apete]

Ths catpm e - IoTHRCTY =
P S———————
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Aeierneue nepace.  PACCMOTPIM TONLKD METEPELT HACTOT, B KOTOPOM
p MOGET 33 Py namydenne, IIp

EPACHOC CMEINEHHKE COOTRETCTIYET CATITY HACTOTE THEM 1 = 142 1T
Ha xpadt v = 1,32 Ty sroft uoaoew:

Arlicmeue smapoe. Oll:mm TENEpE NPEIersHOe HAUCHIE KPACHOTD

(e 0 Opefene uy TIE T
évumrn, Tloekomexy 7 = 1, Gynes
npsnicgenie, FACCTORRILE f0 FIAKTHEY I KPACHEM P —

o
d=—.
Hs'
BrIpR#IM TLIOTHOCTE NOTOKE HATYICHUR B COCETPAnEHOf auwma HI
UE[Ea COETHMOCTE TATARTHRM L B 9700 THIMH, PAcCTOAIHE g0 Hed J
W IUEPITHY THHEH AV

1
Ay arsAv
TIomyERIIAKCS BETUMITE DOTORD FONHIL HPENOCROETH MY BCTERTE L
HOCTE [FHON TPMEMHIR:

®= (2.3

>4 =05 107 Hno= 051077 Bry(a® - Ta).

CeoRaTentio,
L2
e Narw, Av
_ B (mnfe) Mk s 10°* By o
T TR W e 4z o 10F Tes 0.5 - 109 Brj(a® - Thy)
P 2.86- 107
=286+ 107 u/Mik = ———— = 0.093.
/M = R 10
i tpermes, ¥ Tanropus paccysanesn, npanenénmme
B PUIICHNH NpPeSLITYIed a&aalrn MOHHD DpUITH K BRBOIY, WT0, Ho-
TIEPBALY, HIEPIEA DOIOCH, TP #a Jestne,
OTAMMAETCH UT MayHAEMOR MaTaRTIEos, i pmmn
Av
M=

t+2"
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(7.2) T Hit KOCMONOMIECR e
mwexm B ENAcCHHecEall (})punummmﬁ MOReNH TAKER KOPPCKUIE

COOTRETCTAYET JaMeHe

g

L] e T

e
Taknm obpazosr,

LHY 1

e mdar r.‘zllq-z)

Wieg)=2 = =008

3 B aTp HI KPACHOC TFANAKTHEN
MAKANLIGET CONYUERIGES 1 NepnoM onERKL, o
TPAHILER 0T0CH NPREME PATHOTENSCRONA: Ty = 5 = 0,076,
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CROPOCTE CRETA B DAKYYME ¢ w2598 10 oot
TPausCTatHoI HOETONRN G =674 10 ket
TNocrograas (e h = 6.686-107% Tw ¢
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¥
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Mpuicacane

D2 Efunuybl usMepeHus

Bemrounm (=0 cre*

Dnisia MeTp 1077 ar= 1 oM icanTseeTp)
Maeen wrnorpasst 1077 s = T {rpass)
Cieta HEHITOE W% H= 1w (masia)
Pafiors, sHeprig fresng 1077 s = 1apr
MompocTs parr 107 By =1sproc?
Tanncrue nackaTs 10! M= 1 mer o™
Ciexn Toka antnep WA

AnexTpiaeeRIR SEpAT Ky 107 En

Amexrparueckitii nomen i T W ch

Smextpimeckan wanpumEnmocrs 94! 1070 e B!
DneRTPIIERLE CHIPUTRIERRE 0N 10~ e Om
BAeKTPHUECKAN EMKIUTY & ety

MATTSTIAR HATPIGKETHOCTY Ay 0 fan A -w! =13 (aperen)
MEFHITHAR HHILYRIENE TEENA 10T = 1 P (rayee)
MarEnTIn notek nefep 107" B = | M {acaxcaens)
Ay rraseocrs TeHpH w. e

Apkacts 6w 10% k- w7 = 106 (emunsll)
Bpemu cewyu (g)

Ciixa coera wanaena (k1)

Coerosof noTok Amaacert (uat)

Deseruinners ke (k)

Tipacranss Prefin Nprerass Prefix x
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wrm (3 Zemn (@ W pw ) ceoh (0 107
awca (3 Heaw (B 0% s i) omilli (m) et
ners. (M} Peta P WY sompo (W) mice () 07
epe () Tern (0 W% mame (w) mams () 10°f
mra (T)  Giga (@ w' miko (o pleo () 107®
wera (M) Megn (M} fewro (B femto (1079
oo (5) ke (kF 10? wrre (1) catto () 101
rexto  ir]  heets (n 10° semTo (1) gepte (2} 1077
nexs (o) deca  (da) a0t Bewro () yaets [y 10®

o c=EOUTHEEBOD= 3+ 101 — umEnoNce aAMERNE cHapCtn Cveta 8 CTC,
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