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Beryn

Po3B’s13yBaHHs 3amad gomoMara€e 3acBOEHHIO Kypcy 3arajibHoi
ACTPOHOMIi, OCKIIbKY BKa3y€e KOHKPETHE MPU3HAYCHHS TCOPETHUHHUX
OCHOB JJaHOI HAayKH.

B kokHOMY po3nimi 3aBAaHHS pPO3TAalIOBaHI BiJ MPOCTHUX 10
MOPIBHAHO CKJIAJHHUX. 3aBIAHHSIM IEPERyIOTh KOPOTKI TEOpeTHYHI
BiJTOMOCTI, B SIKHX HaBEJIEHO OCHOBHI 3aKOHU Ta (hopMyIr, HEOOXiTHI
JUI pO3B’A3yBaHHS 3aBlIaHb AaHOrO po3nainy. O0’eM HHX MOSCHEHb
HEOJTHAKOBUH 1 3aJIC)KHUTh BiJI TOBHOTH BUCBITIICHHS THX YK€ PO3JLIIB
B MAPyYHUKAX.

3apmaHHA CKJIaJeHI 32 HAYKOBUMH JaHUMH 3  TaKUM
pO3paxyHKoOM, 11100 OyyM MpeAcTaBieHI BCI OCHOBHI PO3AUIN KYpCy
3arajibHOi acTPOHOMIl, 1[0 BHBYAIOTHCS B MENAroriyHuX By3ax. Y
0araThOX 3aBJAHHAX MPOTOHYETHCS 3HANUTH PO3B’SI30K, IMOB’S3aHUMN
HE 3 OJHHM, a 3 KiJIbKOMa 00’€KTaMH ab0 3 OJHUM SIBHIIEM, IO
CIIOCTEPIraeThCsl B PI3HUX MICIIX 3eMHOI moBepxHi. Lle 3pobneno
JUIsE TOrO, 100 3a #oro pesympTaTaMH MOXKHa OyJlo 3pooutn
y3aranbHIOOYl BUCHOBKM. OJHaK pO3B’s3yBaHHS PI3HUX BapiaHTIiB
MoyKe OyTH BUKOHAHE Pi3HUMH CTYACHTAMHU.

Crix mati Ha yBasi, w0 TiCHHI B3a€MO3B’S30K Maii’e BCIX
PO3MLUIIB aCTPOHOMIT HE 3aBXKIM JO3BOJISIE PO3IOJIIIMTH 3aBIaHHS 110
po3ainiax, i ToMy JesKi IepecTaHOBKH HEMUHYYI.

Ha BigmiHy Big mpollecy HAYKOBHUX JOCIIPKEHb, BHCOKa
TOYHICTh OOYHCIIEHb TIpU BHpIlIeHHI Y40OBHX 3aBJaHb HE €
BU3HAYANBbHOK. TOMY pO3B’SI3KH 3aBllaHb MOXKYTb OYTH OTpUMaHi 3
PI3HOIO TOYHICTIO 1 3aJIEKHO BiJ] IILOTO PE3yJIbTaTH MOXYTh JEII0
BiJIPI3HATHCS BiJl BiZIOBIi/IEH /10 3aB/IaHb.



OcHoBH cheprvHOI Ta NPAKTHYHOI ACTPOHOMII

§1. HebGecna cdepa. CucreMum HeOeCHHX KOOPIAMHAT.
Kyabminanis cBiTui. Burasg 3opsiHoro Heb6a Ha pi3HUX
reorpaivHuX mapaJseiasx

Hebecna cehepa. JIns BuU3HAUEHHS BUAWMOIO IIOJIOKEHHS
HeOECHHX TiJl 1 BUBUEHHS IX PyXy B aCTPOHOMIi BBOAUTHCS TOHSTTS
HebecHoi cghepu.

Cdepa noBinbHOTO pajiycy 3 IEHTPOM, MOMIIICHUM B JTOBLIbHIM
TOULi MPOCTOPY, HA3UBAETECSI HEHECHOI cghepoio.

Ob6eprannst HeOecHOT cpepH TOBTOPIOE 00EpTaHHSI HEOOCXMITY.

[psama Z0Z' (puc. 1), mo npoxomuth uepe3 neHtp O HeOecHOT
cdepH i criBnagae 3 HAIPSIMOM JIiHIi BUCKa B MICIIi CIIOCTEPEXKCHHS,
HA3UBAETBCA 8EPMUKANLHOIO JIHIEIO.

P
7
Puc. 1. OcHoBHI TOUKH 1 JiHIT HeOecHOT chepu

Beprukanpna niHis nepeTuHae HebecHY cepy B TOUKaX 3eHimy Z

i Haoupy Z'.
Benuke koo HeOecHoi chepu SWNE  (puc. 1), miomuHa SKoro
NEepHeHINKYIsIpHa  JI0  BEPTUKAIBHOI  JIiHII, = HA3WBAETHCS

Mamemamuunum ab0 CHPABICHIM 2OPUZOHMOM.

MareMaTHYHHl TOPU3OHT JiMUTh HeOecHy cdepy Ha JBi
MOJIOBUHU: BUIUMY 1 HEBHIUMY JJIsl crocrepirada. [diamerp PP,
HaBKOJIO fKOro BifnOyBaeTbcst oOepranHs HeOecHOl cdepw,
HA3UBAETLCS Gicclo cgimy. Bick CBITY mepeTHHAETbCS 3 HEOECHOIO
cheporo B nisuiunomy P 1 niedennomy P’ nomocax ceimy. Benuke
kosio HebecHoi chepu QWQ'E, mimommHa SKOro meprneHAnKyIspHa
710 OCi CBITY, Ha3UBAEThCA HebecHum exeamopom. HebecHuil ekBatop
JUINTh TIOBEPXHIO HeOecHOi cdepr Ha MBI MIBKYINI — nigHiuHy i
nieoenH).
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HebecHuii exBaTop mepeTUHAETHCA 3 MATEMAaTHYHUM TOPU30HTOM
B JIBOX TOYKaX — mouyi cxody E i mouyi 3axody W.

Benuke kono HebecHoi chepu PZQSP'Z'Q'N  (puc. 1), mumomuna
SKOTO MIPOXOAUTH Yepe3 MPSMOBUCHY JIiHIIO 1 BiCh CBITY, HA3UBA€ETHCS
nHebecuum mepudianom. HeOecHHMIA MepHIiaH MUTATH TIOBEPXHIO
HeOecHOT cepu Ha cxiOHY 1 3axiOHY niKyIIi.

[TnomuHa HeGecHOro MepHaiaHa i1 TJIOMIMHA MaTeMaTHYHOTO
TOPU30HTY TepeTHHArOThC 1o npsamiit minrii NOS, sika Ha3uBaeThCS
nonyoennorwo  ninicro. HeOGecHwit MepumiaH TEpPETUHAETBCA 3
MaTeMaTHYHUM TOPHU30HTOM B ABOX TOUKax — mouyi nieuoui N i
mouyi nigoHs S.

SIBumie mepeTwHY CBITHIIOM HEOECHOTO MepHuiiaHa Ha3HBAETHCS
KyabMinayicio CBiTHNA. SIKIIO CBITWIIO TIepeTHHAE OYry MepuiiaHa
PZP' — wHacrae eepxus kyaominayis, skumo P'Z'P — nuocus
KYIbMIHAYIA.

Hyra Bemmkoro koma HeOecHoi cdepu ZMZ' (puc. 2), 1o
NPOXOJIUTh Yepe3 3€HIT, CBITHIO M i1 Hagup, HAa3UBAETBHCS KOJIOM
sucom abo eepmukaniom cBiTiiIa M.

Koma BucoT, mo npoxomaTe dYepe3 TOUYKKM CXOAy 1 3axony,
HA3UBAIOTHCS NEPULUMU BEPMUKATAMU — CXIOHUM I 3aXIOHUM.

Mane kono HeOecHOI cdepu, IUIONIMHA SKOTO MapayieibHa
TUTOMIMHI HEOECHOTO eKBaTOpa, HA3UBAETHCSA HebecHOo abo 00008010
napaiennio cgimuia. BuauMi 1000Bi pyXH CBITHII 3[[IHCHIOIOTHCS 110
J00OBUX MapaIesX.

Hyra Bemmkoro kona HeOecHoi cepu PMP’, sxa mpoxomuth
yepe3 TOJIFOCH CBITY i CBITHIIO M, Ha3MBAETHCS 200UHHUM KOIOM a00
KOJIOM CXUJEHHsl CBITHIIA.

Cucmemu nedecnux xoopounam. IlonoxeHHs CBiTHIA Ha HEOl
OJTHO3HAYHO BU3HAYAETHCS IO BiJIHONMICHHIO 1O OCHOBHHX IUIOIIWH i
MOB’SI3aHUX 3 HUMHM JIHIH 1 TO4oK HeOecHOi cepu 1 BUpaKaEThCs
KUTBKICHO JIBOMa BEJIMYMHAMH ([IEHTPAJbHUMHU KyTaMHu abo jJayramu
BEJIMKHX KiJT), SIKi HA3UBAIOTHCS HEOECHUMU KOOPOUHAMAMU.

Topuzonmanvua cucmema. OCHOBHOI IUIOLIMHOIO € IJIOIIKMHA
MareMmaTryHoro ropu3oHty NWSE (puc. 2), a BiUTIK BeleThCs Bijf
3€HITY 1 BiJl O/HI€T 3 TOYOK MaTeMaTUYHOTO ropu3oHTy. OnHi€er0
KOOPJWHATOI € 3eHimua eidcmanb z ab0O eucoma CBITWIA HaJ
ropuzouToM h.

Bucomoro h ceituiia M Ha3uBa€eTbCs Jyra Kojia BUCOT MM Bif
MaTeMaTHYHOI'O TOPU30HTY /10 CBiTHJIA, a00 LeHTpanbHui KyT mOM
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MiX TUIOIIMHOI0 MaTeMaTHYHOTO TOPH30HTY 1 HAmpsIMOM Ha CBITHIIO
M. Bucotu BimpaxoBytoTh B Mexkax Bix 0 mo 90° mo 3enity i Bix 0 10
-90° no Hanupa.
3enimnoro gidcmannio CBITHIA HA3UBAETHCS Iyra BEPTUKAIBHOTO
KoJa ZM Bij 3eHiTy JI0 CBiTHIA
z+h=90°

Puc. 2. l'opusoHTanbHa cucteMa HeOeCHUX KOOpAUHAT

[lonoxeHHs caMOro BEPTHKAJIBHOTO KOJa BU3HAYAETHCS 1HIIOK
KOOPJUHATO — asumymom A. Aszumymom A CBITHIA HA3UBAETHCS
Iyra MaTeMaTHYHOTO TOPU30HTY Sm Bil TOYKM MiBIHS S 110
BEPTUKAIBHOIO KOJIa, IO HPOXOJUTH 4Yepe3 CBITWIIO. A3UMYTH
BiJIpaxOBYIOTh B OiKk 1000BOro oOepranHs HebecHOi cepu, TOOTO Ha
3axij BiJ{ TOUKH MMiBIHA, B Mexax Big 0 mo 360°.

Lls cucremMa KOOpAMHAT BUKOPUCTOBYETHCS U Oe3mocepenHix
BU3HAYEHb BUIMMHUX MOJOXKEHBb CBITHJI 32 JONOMOTOI0 KyTOMIpHHX
THCTPYMEHTIB.

Ilepwa exsamopianvna cucmema xoopounam. OCHOBHOIO
TUIONIMHOIO B IiHl cHCTeMi € TuToIrHA HeOecHOTo ekBaTopa (puc. 3a).

[Nouarox BiaiKy — BepxHs Touka HeOecHOro exkBaTopa Q. OxHieo
KOOPAUHATOIO € cxunenHs. Cxunewuam O Ha3uBaeThesl ayra mM
roguHHoro kosia PMmP’ Big HeOecHoro ekparopa A0 CBITHIIA.
BinpaxoBytots cxuienss Big 0 1o +90° 10 MiBHIYHOIO MOMIOCA 1 Bif
0 mo -90° nmo miBaeHHoro. Kpim cxuieHHS MOKHa BUKOPHUCTOBYBATH
MOJISIPHY BiZICTaHb P — IYTY Bij MiBHIYHOTO MOJFOCA CBITY JIO CBITHIIA

p+o=290°



Puc. 3. [lepma (a) Ta apyra (0) ekBaTOpiaibHI CHCTEMU HEOECHUX KOOPIMHAT

[MTonokeHHs! TOMUHHOTO KOJIa BU3HAYAETHCS 200UHHUM Kymom t.

Toounnum kymom cBiTHIa M Ha3uWBaeThCs ayra HeOECHOTO
ekBaropa Qm Big BepxHbOi TOukM (Q HeOecHOro ekBaropa [0
TOJIMHHOTO Kosia PMmP’, o npoxoauThk 4epe3 CBITHIIO.

lopuHHI KyTH BipaxoBylOThcs y Oik 1000BOTO 0OEpTaHHS
HebecHoI cdepu, Ha 3axifn Big Q, B mexax Bix 0 mo 360° abo Bix 0 mo
24 ronuH.

Jns mepeBefieHHS TPagyCHHX OJWHHUIbL JyTd B TOAWHHI abo
HaBIMaKy HeoOXiTHO BpaxoByBaTH, mo 24" = 360°, 1" = 15°, 1** = 15
1°¢=15", 1° = 4*® abo KopuCTyBaTUCS TAOIHUIAMHA JOJATKIB 2 Ta 3.

Iln cucremMa KOOpPIUHAT BHUKOPUCTOBYEThCS B MMPAaKTUUHIN
ACTPOHOMIi JIJIsl BU3HAYEHHS TOYHOTO Yacy.

Hpyea  exsamopianena — cucmema — koopounam. (OCHOBHOIO
TUIOIMHOIO Ii€i CHCTEMH KOOpAWHAT € IUIOIWHA HeOeCHOTo
ekBatopa (puc. 30). OnHi€I0 KOOPIAUHATOIO € CXMJIEHHS O, 1HIIOI —
npsiMe CXOJDKeHHS (L.

Ipsmum cxooxcennsam o cBiTiiia M Ha3MBAETHCS Tyra HeOECHOTO
eKkBaTopa I'm BijJl TOYKH BECHSHOTO PIBHOAEHHS J0 TOJAWHHOTO KOJIa,
IO MPOXOAUTH Yepe3 CBITHIIO.

BinpaxoByoTh @ y 0iK, NPOTHJIEKHUHA A0 10OOBOro oOEpTaHHS
HebOecHoi cepu, B Mexax Bin 0 1o 360° a6o Bix 0 1o 24 roaus.

s cucrema BUKOPHCTOBYETHCS JIJIsl BU3HAYCHHS HE3MIHHUX IPH
1000BOMY oOOepTaHHI HEOSCHOI cdepu KOOpAMHAT 1 CKJIaJaHHS
KaTaJIoTiB HeOECHUX 00’ €KTIB.

Exainmuuna cucmema xoopounam.y JeSKHX BHUIaJKax, 30Kpema
npu O04YMCIICHHI moyiokeHb Ha HeO1 CoHils, miaHeT ud Micsig,
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BUKOPUCTOBYIOTh CUCTEMY KOOPIMHAT, B AKii 32 OCHOBHY HNPUHHSTO
IUIOMIMHY eKJINTHKH, a 3a OCHOBHY TOYKY BUIIIIKY — TOYKY
BECHSIHOTO piBHOJEHHS (puc. 4). Y wiil cucreMi BUKOPHCTOBYIOTbH
TaKi ABi KOOPIAWHATH: eKINMUUHY 00820MY A\ 1 eKAinmuuny wupomy
B. Bi miameTpallbHO TIPOTHJICKHI TOYKM HeOecHOi cdepw, ski
3’€JHy€ TpsAMa, MEPIeHIUKYIApHA 10 IUIONIMHU CKIINTHKH — IIe
nomocu exninmuxy. Bennke xono HeGecHOi cdepu, M0 MPOXOAUTH
gepe3 00MBa MOFOCH SKITIIITHKH 1 CBITHIIO — K010 WUpOomu CBITHIIA.

z Touka niTHLOro

n/—\ COHLIECTOSAHHSA

EkninTuka

Puc. 4. ExninTuyna cucteMa HeOECHHX KOOPAUHAT

Exninmuuna ooecoma A cBituna M — 1ie TGHTPaIbHUN KyT MIX
HanpssMOM Ha TOYKY BECHSHOTO DIBHOJCHHS 1 IUIOIIMHOIO KOJa
IMIUPOTH CBITHJIA, BUMIPSHUI B TUIOMIMHI EKIINTHKU. EKIINTHYHY
JOBrOTY A BUIJIIYYIOTH BiJi TOUYKM BECHSHOIO PIBHOJCHHS B3JIO0BXK
SKJTINTHKN Ha3yCTpi4 BHIUMOMY J1000BOMY oOepTaHHIO HeOECHOi
cdepu 10 KoJIa MUPOTH CBiTHIA. BuMiproroTs ii y rpagycax.

Exninmuunoio wiupomoio P cBituia M Ha3UBa€ThCs LEHTPATBHUN
KyT MK TUIOIIUHOIO €KJIINTHUKY 1 HAPSMOM Ha CBITHIJIO, BUMIPSHUH
y IUIONMHI KoJla MmHupoTH cBiTHna. Exmintuuny mmmpory [
BI[UTIYYIOTh BiJ] CKIINTHKA B3JOBX KOJA IIUPOTH JO CBITWIA.
Bumiproroth 11 y rpajgycax, BOHa JIoJlaTHA JI0 MIBHIYHOTO IOJIFOCA
CKJIINTHKH.

VY Oynp-sikoMy Micii 3eMHOI TIOBepXHI BucoTa hp momoca cBity
3aB/I1 JIOPIBHIOE reorpadiyHiil MKUPOTI ¢ LBOTO MicLs:

hp = o,
a IUIoUIMHA HEOECHOro eKBaTopa 1 IUIOIMHM HeOeCcHHX mapanenei
HaXWJIEHI JI0 TUIOIIUHY CIPaBXHbOTO TOPU30HTY il KyTOM
i=90°- .
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Bucota h i 3eniTHa Bifgcranb Z Oynb-s1koi Touku HeOecHOI chepw,
y ToMy uucim 1 Oyap-KOTO CBITHJIA, TOB’s3aHI MDK CcOOO0
3aJIeXKHICTIO
z+h=90°.

Puc. 5. BepxHs KyapMiHAIA CBITHI

Y MOMEHT BepXHBOI KyJIbMiHaLil (pHC. 5) CBITHIIO 31 CXUIICHHSIM O
< ¢ (cBituna Mi, M> i M) nepernHae HeOecHWI MepuiaH Ha
miBJeHb BiJ 3¢HITY Z (Haa abo i TOYKOIO MiBIHS S) 1 HOTO 3eHITHA
BIJICTaHb

Ip= @— 0,
a BHCOTa
hs = (90°— @) + 6,
a3uMyT Ap = 0° i roguHHNH KyT tz = 0° = 0"

Ilpu 6 > ¢ cBitwo (Ms) y BepxHid KyJbMiHauii mepeTuHae
HeOeCHUIT MepH/IiaH Ha MiBHIY Bijx 3eHiTy (Haa Toukoro miBHOYI N),
MK 3¢HITOM Z 1 MIBHIYHMM IIOJIOCOM CBiTy P, 1 Tomai 3eHiTHa
BIJICTaHb CBITHJIA

3=0- O,
a BHCOTa
hs = (90°-0) + o,
azumyT Ap = 180° i ronuHHM# KyT tp = 0° = 0",

11



Puc. 6. HixHs Ky IbMiHAIS CBITHI

Y MOMEHT HWXKHBOI KyibMiHalil (puc. 6) CBITHIO TEpeTHHAE
HeOSCHUIT MepHiaH Mij MiBHIYHUM TIOJIOCOM CBITY: cBiTHIIO (M1),
0 HE 3aXOAHTh, — HaM TOUKOIO miBHOYI N, cBitHio (M2 1 Ms), 10
3aXOINTh, i CBITHIO (My), IO HE CXOAMTH — IIiJ TOYKOIO MiBHOYI. Y
HWKHIN KyJbMiHAIi{ BUCOTA CBITHIIA

hz = 86— (90° — ),
HMOro 3eHiTHA BIJICTaHb

Zy = 180° - 6— o,
azumMyT Ay = 180° i roquaHMIA kyT ty = 180° = 12"

Puc. 7. YMOBH BHIUMOCTI CBITHJI HaJl TOPH3OHTOM

12



3aJIe)KHO Bijl MAPOTH MICHS CIIOCTEPEKEHHS ¢, CBiTHIA 3 O < (°
MOXYTh B HW)KHIH KyJIbMiHalii MPOXOAWTH MiA TOYKOIO MIiBAHS S
(Ms) i tomi Aw = 0°, a romuuHUE KyT ty = 180° = 12". B mpomy
BUMaaKy Zy > 180° a6o hy < —90°, oro OyTu HEe MOXKe, i, OTXKE,
peaibHa 3eHiTHa BifcTanb Z = 360° — zy, a Bucorta h = —(180° + hp),
ane 3aBkau z + h = 90° Hanpsm kynpMmiHamii BIZHOCHO 3€HITY
3aBXK/M BKa3yeThcst OykBamu: S (200 11/1.) — Ky/IbMiHAIlS Ha MiBACHb i
N (abo nH.) — KyJIbMiHallisl HA MiBHIY BiJI 3CHITY.

[Ipu

0 = +(90° - @)

Bucota hy > 0° ToOTO CBITHMIIO HIKONH HE 3aXOJHUTh ITiJ{ TOPHU3OHT
(cBiTHIIO, IO HE 3aXO/IMTh), & Y CBITHIIA, IO HE CXOMUTH (puc. 7) hg <
0°1 cxuneHHs

5<—(90° - g).

Ipukiaaau po3’si3yBaHHs 33124
Ipuxnag 1. BusHaunTy 3€HITHY BIJACTaHb, BHCOTY, a3UMYT 1
roguHHui KyT Kamennmu y BepxHid 1 HIDKHIH
KyJbMiHAIli HA MBHIYHOMY TpoOmiky (¢ = +23°26"),
Ha reorpadivHiii mmpori ¢ = +45°58' i Ha
MiBHIYHOMY MOJSIpHOMY Ko (@ = +66°34).
Cxunennst Kanemm 6 = +45°58'.
HMano: Kamemna, § = +45°58'; miBHiuHM# Tporik, ¢ = +23°26";, ¢ =
+45°58"; miBHIYHE NOJSPHE KOJIO, (¢ = +66°34',
Po3B’s130Kk.
Cxunenns Kanemn 6 = +45°58' > ¢ miBHIYHOTO TPOTiKa, 1 TOMY:
Z,=0— ¢ = +45°58' — 23°26'=22°32" N,
hs=90° — z,= 90° — 22°32' = +67°28' N,
omke, a3uMyT A, = 180°, a ronuaHMI KyT t; = 0° = 0"

Ha reorpadiuniii mmpori @ = +45°58' = § 3eHiTHa BiacTaHb
Kamenmnmn z, = & — ¢ = 0° TOOTO Yy BepxHiil KyjbMiHaIil BOHA
3HAXOAMTHCH B 3€HITi, 1 11 BUcoTa hy = +90°, roauuumMit KyT t, = 0° =
0", a a3umMyT A, HEBU3HAUCHHH.

Ti % BEeNWYMHHU YIS MIBHIYHOTO MOJIIPHOTO KOJa (CXMIEHHS O < ¢
= +66°34)"

Zy = @ — 0 =+66°34' — 45°58'=20°36'S,
hs = 90° — z,=+90° — 20°36" = +69°24' S,
aToMy Az =0°1 t,=0°=0".

13



Bucotu h, i1 3enitHi BigcraHi z, Kanemnu B HWKHIH KyabMiHAI1
3HAXOJSTHCS TaK:

Ha MiBHIYHOMY TpoIiKy (¢ = +23°26"):

hy =08 — (90° — @) =+ 45°58' — (90° — 23°26") = —20°36" N,
TOOTO B HIDKHINA KynbMiHamii Kamemnna 3aXxoauTh 3a TOPU3OHT, 1 ii
3€HITHA BIICTaHb
Z,=90° — h,=90° — (-20°36") = 110°36" N,

azumyT A, = 180° i roguHHMiA KyT t, = 180° = 127,

Ha reorpadivnii mupoti ¢ = +45°58"

hy =8 — (90° — @) = +45°58' — (90° — 45°58") = +1°56' N,
TOOTO BOHA HE 3aXOIUTh, TOI:
Z,=90°—h,=90°— 1°56' = 88°4' N,

azumyT A, = 180° i roguuHMiA KyT t; = 180° = 127,

Ha MBHIYHOMY MOJIIPHOMY KOJIi (¢ = +66°34"):

hy =8 — (90° — @) = +45°58' — (90° — 66°34") = +22°32' N,
Z, =90° — h, =90° — 22°32'=67°28" N,

TOOTO 3ipKa HE 3aXOUTH 32 TOPU3OHT.

Hpukaag 2. Jleska 30ps BigcTae Bifg momroca ceity Ha 48°. Um
3aBX/IM 1i MOXKHA Oa4UTH Hall TOPU30HTOM TepHomos
(+49°34")?
Jano: TepHomins, ¢ = +49°34', p = 48°.
Po3B’s130K.
YMoBa, KONMU 3ipKy 3aBXIW MOXKHA z
0ayuTH HaJ TOPU30HTOM:
hy >0abo & > +(90° — ¢). v
Buninena Ha pucyHKy nyra — ue
noJisipHa BiJCTaHb JaHol 3ipku. 3ops B
touni M  mepebyBae B HWXKHIU
KyJIbMiHaMii, Ky MOXXHa BH3HAYUTU TaK
(muB. puc.): S
hu= @—p =49°34' — 48° = 1°34'.
Ockinbku ymoBa Ny > 0 BUKOHYETBCS TO AaHY 3ipKy MU 3aBXKIH
Oyznemo OaunTy HaJ ropu30HTOM TepHOMmoIs.

Hpukaang 3. Ha skux reorpadiunnx mapanensx Kanemra (8 =
+45°58')  He 3ax0omMTH 3a TOPH30HT, HIKOIU HE
CXOJIUTh 1 B HWXHIM KyJbMiHAIl MPOXOJUTH Uepe3
Hagup?

14



Jano: Kanemnna, 6 = +45°58'.

Po3B’30K.

3a ymMoBOIO 0 > +(90° — @) — CBITHIIO HE 3aX0UTh. ToMy

@ > +(90° — §) = +(90° — 45°58),

3BIOKH @ > +44°2', ToOTO Ha miBHIY Bix reorpadidynoi mapaneni ¢ =
+44°2' Ta ax mo miBHIYHOTO Toimoca 3emim (¢ = +90°) Kanenna €
31pKOI0, 110 HE 3aXO/HTh.

3 ymoBu cumetpii HeOecHOi chepr 3HAXOAMMO, IO B MiBACHHIN
miBkyni 3emumi Kamena He cXOQuTh B MICIIEBOCTSX 3 TeOTrpadiqHOI0
HIMPOTOIO Bix @ = —44°2' 1o miBaeHHOrO reorpadivyHoro momtoca (¢

=-90°).

3rigHo dopmynn z, = 180° — & — ¢ HmKHA KynbpMiHanis Kanemmu
B Hamupi, To06T0 TpH Z, = 180° = 180° — & — @, BimOyBaeThcs B
MmiBASHHIM miBKym 3emii, Ha reorpadiunii mapaiem ¢ = —6 = —

45°58'.

3agayi 10151 caMoOCTiliHOT0 po3B’A3yBAHHA

1.

Ha sxiéi BigcTani Big oka Tpeba TOMICTUTH MOHETY
miametpom 1,7 cMm, mo0 BoHa 3akpmna coboro CoHre
(xyroBuit niametp Conus npuiiastu 30')?

Hiamerp chepuynoro aepocrara gopiBHioe 13 m. Ha skiit
BiJICTaHi BiH mepe0yBae, KO HOro KyTOBHM JiaMeTp yABii
MEHIIMKA MicsyHoro (KyToBHH miamerp Micsms TpUAHATH
30)?

IIpn coocrtepekeHHI  3ipKM  TMOMIYalOTh, 110 BOHA
MiZAHIMAETHCS BCE BHUILE 1 BUILE. Y SIKYy CTOPOHY HEOOCXMITY
JIUBUTHCS CIIOCTepiray?

MucnuBenb BOCEHM MHJe TMiJi paHOK B Jici B HaNpsMKY
Ionsiproi 3ipku. Ilicns cxomy CoHus BiH NOBEPTAETHCS
Ha3aj. SIK BiH HOBMHEH WTH Ha3all, KEPYIOUUCH HOJI0KEHHIM
Conus?

Yu € Ha 3emirl Take Micle, A€ JIOAMHA 13 3aB’A3aHUMU
04YMMa, pyXardrch, HEOMIHHO TIijIe Ha MiBHIY?

300pasutn Ha KpecieHHI HeOecHy cdepy B Tpoekmii Ha
TUIOIIMHA TOPU3OHTY, €KBaTOpa, MEpHJiaHa Ta MepIIOTOo
BEpTHUKAIIA.

[Hupora neskoro myHKTY @ = 55°45'. BuzHauutH KyTOBY
BIJICTaHb BiJl TOYKH 3€HITY JIO TOJIFOCA CBITY B LIbOMY MICIII.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

24.
25.

[lig skuM KyTOM HEOECHUH €KBaTOp MEPEeTHHAE FOPHU30HT (B
TOYKaX CXOMY 1 3aX0[y) HIJIs CIiocTepiraya, Mo 3HaAXOAUTHCS
Ha mupoti 40°7 ki ui KyTH, SKIIO MIMPOTa CHocTepiradya
Oyne 10°? 20°? 50°? 70°? —40°?

e BHCOTa CBITWJI Haa TOPU30HTOM IIPOTSATOM J00M HE
3MIHIOETHCA?

Ski BakIuBI KoJia HEOECHOT chepr HE MAaIOTh BiAMOBITHHX
Kin Ha 3emmi?

SK po3TamoBYeTHCS EKIINTHKA TIO BIAHOIICHHIO /IO
ropu3oHTy Ha [liBHiYHOMY TIOMTFOCI?

3a SKMX YMOB TONIOC CKJINTHKH 30iraeTeCsi 3 3€HITOM
cnocrepiraga?

B saxomy wicmi 3emii eKTiNTHKAa MOXE CIHIBIACTH 3
TOPHU30HTOM 1 KOJH 11e OyBae?

Sxi HaOLTPIIMI 1 HAMMEHIINHA KyTH YTBOPIOE EKIINTHKA 3
TOPU30HTOM B MiCIIEBOCTI, IIUPOTA SKOT @ = 55°45'?

Sxuit KyT YTBOPIOE EKJINTHUKA 3 TOPH30HTOM Y MOMEHT
3aX0ly TOYKH BECHSHOTO PIBHOJACHHS JIsl CIIOCTEpiraua,
SIKUH 3HaxonuThes Ha 18° reorpadivHoi mmpoTn?

SKuit KyT 3 TOPHU30OHTOM YTBOPIOE CEKIINTHKA B MOMEHT
CXOAy TOYKHM BECHSHOTO PIBHOJAEHHS JUIsl MIMPOTH 55°7 YV
MOMEHT 3axofy i€l Touku? Te x s mmpoTtu +66,5°7
BusHaunTi miHilHY BifcCTaHR MiX JBOMa 3ipKaMH, IIIO
3HAXOIATHCA BiJl HAC HA BIACTaHsX I'11r2 1 BUaOMMI Ha HeOl Ha
KyTOBiH BijcTani ©.

V sikiii Toulli Heba cxuiieHHs nopiBHIOE —90°, +90°, 07
[lomsipHa 3ipka posrTaoBaHa Bij Moitoca CBITY Ha 44'9".
Yomy nopiBHIOE ii cxuneHHs?

SKi a3UMyTH TOYOK MIBHOYI, TIBIHS, CXOY 1 3aX01y?

UoMy HOpiBHIOE CXWJICHHS TOYKM 3€HITY Ha reorpadivHii
mmpoTi 42°7

SIKi TOpU3OHTAIBHI KOOPIWHATH TIOJIOCA CBITY B MICIIEBOCTI,
reorpadivHa mmpoTta skoi +23°26'?

SIKi TOMUHHUHE KYT 1 a3UMYT 3€HITY?

YoMy JOpiBHIOE TOJMHHUI KYT TOYKH 3aX0/y Ta CXO/1y?
YoMy J0piBHIOE TIpsSIME CXOJPKEHHSI (0) 1 CXHUICHHS (8) TOYKU
BECHSIHOTO PIBHOACHHS?



26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hnsa sxoi Toukm HeOecHOI cdepu 1 mpsMe CXOMKCHHS 1
CXWJIEHHS JTOpiBHIOE Hymo? SIka acTpoHOMiYHA IHpOTa i
JIOBrOTa 1i€i TOUKH?

Slka acTpoHOMiYHa MIMPOTAa 1 AOBroTa MiBHIYHOTO IOJIOCA
CBiTYy?

BusHaunTi TIpsAME CXOIDKEHHS 1 CXHWJICHHS MBHIYHOTO
MOJIFOCA EKITINTHKH.

Slxa moBroTa 1 MHPOTA MIBHIYHOTO IOJIOCA SKITIITTHKHN?
ITpami cxomxenHs 3ip 284°15'17", 17°57'1", 191°13'59"
BUPA3UTH B TOAMHAX, XBUJIMHAX 1 CEKyH/IaX.

[Mpsami cxomkeHHs 3ip 3"'17*°9°, 1972*°39¢ i 21"3¢ 3amucaru B
TpaxycHIN Mipi.

AzumyT cBiTHna 45°, Bucora 60°. B skiit yacTuHi HEOOCXHITY
Tpeba mIyKaTH Le CBITHIIO?

logumaanit kyT cBitmna 18 rox. Y skiil wactuHi HeOecHOI
chepu BOHO 3HAXOTUTHCS?

3a SKUX YMOB a3UMyT OyIb-AKO1 3ipKH JOpiBHIOE 270° — A,
Jie A — acTpOHOMIYHA J0Brora Ifiei 3ipku?

3HalWTH TeOMETpUYHE Miclle TOYOK cdepr, IS SIKOi
ACTPOHOMIYHA JIOBrOTa JIOPiBHIOE MPSIMOMY CXOPKEHHIO.
3HalTH TEOMETpUYHE MiClle TOYOK cdepH, sl SKUX
ACTPOHOMIYHA IIUPOTA JOPIBHIOE CXUJICHHIO.

3HaiiTh Ti TOYKH cdepu, I SKUX LIMPOTa JOPIBHIOE
CXHWJICHHIO 1 JIOBrOTa JOPIBHIOE MPSIMOMY CXOJIXKCHHIO.

YoMy [OpiBHIOE a3UMYT 3ipKM B MOMEHT BEPXHbBOI
KyJbpMiHAIii Ans micus Ha mupoTi ¢? Ym y BCiX 3ip BiH
OJIHAKOBHI?

IMpu sikoMy cXWJIeHHI 3ipKH ii a3UMyT B MOMEHT BEPXHBOI
KynbMiHamii qopiBHioe 0° i ipu sskoMy BiH AopiBHIOe 180°7
JIBa yHKTH CHOCTEPEIKEHHS JIS)KATh HA OJJHOMY MEpHIiaHi.
upota omHOTO +56°, a iHIIOro +9°. SIKa pi3HUIIS BUCOT, HA
akux 3ipky Cupiyc B MOMEHT BEpXHbOI KyibMiHalii 6adaTh
criocTepirayi B UX MiCIsax?

[MopiBHATH a3UMyTH 1 BHCOTH OJIHOTO i TOTO » CBITWJIA B
MOMEHT HIDKHBOI KyJbMiHAIii IS CHOCTEpiradiB, IIo
3HAXOMATHCS Ha MHUpOTax @ i @ + 30°.

SIka 3eniTHa BijncTanb Beru (6 = + 38°42") mig yac BepXHBOT
KyJIbMiHaIii Ha MHAPOTI @ = 55°45'?
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43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

o4.

95.

56.

57.

Ha skiii 3eHiTHIM BiACTaHI TPOXOAWTH YEpe3 BEPXHIO
KynbMiHamifo 3ipka Kamena (6 = + 45°54") Ha mmporax ¢ =
59°57" ta @ = 41°20"?

[Nonspua Bigctanb 3ipku 15°. Un 3aBkaAM BOHA 3HAXOIUTHCA
HaJl TOPU30HTOM CITOCTepiradya Ha ImupoTi ¢ = 59°57'7

Un MoXe ofHa 1 Ta X 3ipkKa MPOXOMHUTH 4Yepe3 HeOeCHH
MepuAiaH Ha WupoTi @ = 52°16' i B TOYLi MiBHOYI 1 B TOYIi
miBaHA? A B IHIINX MicIsX 3eMiti Moxe OyTH Take siBUIe?
[Tonspra BiAacTans 3ipkm mopiBHIoe 20°15'. fka ii 3eHiTHa
BiJICTaHb B HW)KHI{ KyJlbMiHAI] HA mUpoTi @ = 59°13'?
[Nonspua Bixctanb 30pi 48°. Un 3aBxau ii MoxkHa Oa4nTH Ha
mmpotax ¢ = 46°29', ¢ = 55°45', ¢ = 50°27"1 ¢ = 41°43"?

Uu cxomuth Ha mmpoTi @ = 64°35'" domanerayr (o
[liBgennoi Pubn), cxunenus sikoro nopisHioe —30°5'?

3ipka, o ommcye Haj ropu3oHTOM ayTy B 180° Bix cxomy mo
3axoMy, MiJ Yac BEpPXHBOI KyJIbMiHAIll 3HAXOAWUTHCS Bif
3eHiTy Ha 55° Ilig skuM KyToM HEOSCHHH €KBaTOp
HaxXWICHUH 10 TOPU3OHTY JAaHOI MICIICBOCTI?

Ske cxwieHHs 3ipKH, IO CIlocTepiraigacs Ha MIUPOTI ¢ =
64°35' B HWKHIHN KynbMiHaI] Ha BucOTi 10°7

B Opmeci (¢ = 46°29") wna 3eniTHi Biacrani 63°5'
criocTepiranacsi BepxHsA KynbMiHauis Cupiyca. Ske Horo
CXUIICHHS?

Ske cxuieHHs 3ip, MO KYJIbMIHYIOTb B MICIEBOCTI 3
IIUPOTOO (@ B TOYII MIBHOYI?

Ske cxwuieHHS 3ip, IO KYJIBMIHYIOTH B 3€HITI B IYHKTI,
IIUPOTA KOO JOPIBHIOE (7

Sxe cxwmieHHs 3ip, IO MPOXOJIATh Y BEPXHIN KylnbMiHAI]
Yyepes 3€HIT Ha mupoTax ¢ = 55°45', ¢ = 50°27"'1 ¢ = 41°43"?
Jlo sKOro CXWIIEHHS BWAHO 3IpKW MiBJCHHOI MiBKYJi Ha
mmpoTi @ = 59°57'1 ¢ = 41°20"

VY nesxkoMmy IyHKTI crocTepirajacs B HIKHIM KyJlIbMiHALii
3ipka f Manoi Benqmenui (8 = +74°31") Ha 3eHiTHIH BigcTaHi
63°46'. SIka mMpoTa MICIISI CIOCTEPEIKEHHS?

3ipky o Bisumdoro (& = +45°54') B MOMEHT HWXXHBOI
KyJIbMiHaMii BUIHO Ha TOPU30HTI. SIKka BUCOTa MOMIOCA CBITY
HaJl TOPU30HTOM B MICIIi CIIOCTEPEIKEHHS?



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Bucora 3ipku, Mo 3HaXOOUTHCS HA HEOECHOMY E€KBaTOpi, B
MOMEHT 11 BepXHbOI KynabMiHaIlii qopiBHioe 30°. SIka BucoTa
MOJIFOCA B MiCIIi CTIOCTEPEKEHHS?

Ha miBaenp Bim 3eHiTy BUcCOTa HWXHBOrO Kpato CoHIS B
MepudiaHi, BHMIpsSHa 3a JIONMOMOTOI0 CEKCTaHTa Ha
MOpchKkoMy cynHi, Oyma 84°21', cxunenns neHtpy CoHIl
+18°39". BusHauuTH WIUPOTY, BPaxOBYIOUM, IO KyTOBUI
niametp Conr gopisHioe 32

3eniTHa BiacTaHb HWKHBOrO Kkpato CoHIE y BepxHi
KylbMiHamii 3 BpaxyBaHHSAM BCiX mompaBoK 55°42'19",
kytoBuii pagiyc Conus 16'10", cxunenns nearpy CoHus —
14°34'56". BuzHa4uTH MHAPOTY MICIIS CIIOCTEPEKEHHS.
Ilomynenna Bucora nentpy Conng 30°15' (3 BpaxyBaHHSIM
BCiX MOTpiOHKUX TomnpaBok). CxuneHHs CoHILs B 1el yac § =
—19°25'. BU3HaYNTH MIUPOTY MICIISI CITOCTEPEKECHHSI.

3HalTH MUPOTYy MICHEeBOCTI, sKmo omiBHIYHE CoHIE
cnoctepiranocst Ha Bucoti 4°11', a #oro cxuieHHs OyIo
+22°8'.

3ipka, moO HE 3axoauTh, Mae BucoTy 20° B HIDKHIN
KynbMiHamii i 50° y BepxHild. 3HAWTH CXHUJICHHS 1€l 3ipKH i
HIMPOTY MICIISI CIIOCTEPEKEHHSI.

3ipka, 0 HE 3aX0AUTh, CIOCTEpirajiacsi y BepxHiil
KyJbMiHAIli Ha IBHIY BiJ 3€HITYy Ha 3€HITHIA BixcTaHi
29°47', a B HWkHIH — Ha 41°49'. BuzHaunTtu reorpadiuny
LIMPOTY MicCLsl CIIOCTEPEKEHHSI.

loguaanii kyt 30pi 20°, a ii 3enitHa Bimcranb 40°. Sxuit
Oyze il ToAMHHMI KyT TIO IHIIy CTOPOHY MepHuiiaHa Ha Tii
JKE BHCOTI?

Bu3naunTy BHCOTY mToOdiOca CBITY 1 Haxwin HeOECHOTO
€KBaTOpa JI0 CIIPaBKHBOTO TOPU3OHTY HA 3€MHOMY €KBaTOPIi,
Ha MiBHIYHOMY Tpomiky (¢ = +23°26'), Ha miBHIYHOMY
nojsipHoMy komi (¢ = +66°34') 1 Ha miBHIYHOMY
reorpadivHOMY TOIFOCI.

Cxunenns 3ipku Minap (£ Benukoi Benmenuii) nopisHIoe
+55°11". Ha sxiii 3eHITHIA BifgcTaHl 1 Ha AKiii BHCOTI BOHA
nepeOyBae y BepXHId KylbMiHalii Ha muporax +59°46' i
+38°33"7

Ha skiii HaliMeHIii 3€HITHIN BiacTaHl 1 HAMOLIBIIINA BUCOTI
nepeOyBaroTh Ha mupoTax ¢ = +45°12' Ta @ = +68°59' 3ipku
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69.

70.

71.

72.

73.

74.

75.

76.

77.

Adniotr (€ Bemukoi Beamenuui) i Antapec (oo CxopmioHa),
CXWJICHHS SKWUX BIMMOBITHO mopiBHIOE +56°14' 1 —26°19'7
Bkazatn asuMyT 1 TOOMHHUM KyT KOXHOI 3ipKH B IIi
MOMEHTH.

Y neskoMy MicIi CIIOCTEPEXKEHHS 3ipKa 31 CXWJIEHHSIM
+32°19' migHIMa€eTHCS HAZl TOYKOIO MIBIHS Ha BUCOTY 63°42'.
3HalTH 3€HITHY BiJCTaHb 1 BUCOTY i€l 3ipKH B TOMY K MicCIIi
mpu azumyTi 180°.

Po3p’si3aTn monepeaHro 3amavy I Ti€l ok 3ipKy 32 yMOBH 11
HaWMEHINO1 3eHITHOT BificTaHi 63°42' Ha MiBHIY BiJ| 3CHITY.
Slke cxuineHHs TOBWMHHI MaTH 3ipku, o0 y BepxHiil
KyJIbMiHAIi TPOXOANTH B 3€HITI, 2 B HIDKHIN KyJIbMiHamii —
B HajuWpi, TOYII IMIBHOYI 1 TOYI[ MBAHA MICIS
cnoctepexkeHHa? YoMy mopiBHIOE reorpadivyHa IIMpoTa MUX
Micup?

OOuncnuTy 3eHITHY BiJCTaHb, BICOTY, a3UMYT 1 TOIXWHHUI
KyT y BepxHi 1 HIKHIA KymnbpMmiHamii 3ipku ¢ Jlebens
(cxunenns +27°51") Ha 3eMHOMY €KBaTopi, Ha MIBHIYHOMY 1
MiBIEHHOMY TpOIIIKY (¢ = £23°26'), Ha reorpadivHiil mupoTi
(@ =+27°51"), Ha miBHIYHOMY i MiBACHHOMY MOJSIPHUX KOJIAaX
(¢ =+£66°34") i reorpadigHUX MMOIFOCAX.

YoMy MOpIBHIOE Pi3HUIS 3€HITHUX BiJICTaHEW NBOX 3ip MpHU
OMHOWMEHHUX  KyJbMIHAIliIX B OJHOMY  IIyHKTI
CIIOCTEPEKEHHS?

Po3p’si3atu momnepenHio 3amavy s 3ip Y AHIpoMenu U o
OBHa, cxuieHHsa sxkux +42°05' 1 +23°14' BigmoBigHO.
Bxkazatu BigMIiHHICT a3UMYTIB i TOMUHHUX KYTIB IUX 3ip B
OJTHOMMEHHUX KYJIbMIHAIIAX Ha UPOTax ¢ = +48°28' ta ¢ =
+38°33".

3HalTH PI3HUIIO 3CHITHUX BiICTaHeW 3ipku mpu il
pi3HOWMEHHHMX  KyJbMIiHAIisIX B OJHOMY  ITyHKTI
CIIOCTEPEKEHHS.

Po3B’s3aTn nonepeiHIO 3a1a49y TS 31p, BEPXHS KyJIbMiHAIIS
SKUX Ha mmpoTtax ¢ = +57°38' i ¢ = +41°18' BinOyBaeThCs
HaJ TOYKOIO ITiBIHA.

OOumcnauTy PI3HULIO HAKOLIBIIOI 1 HAHMEHIIOI BHCOTH
Anppebapana B THX MicHax, e o0uaBi ii KyibMiHaIii
BiOYBAalOTbCS HAa TIBHIY B 3€HITY. Y Mekax SKHX



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

reorpadiuHux mnapaneneid MoxnuBi mi siBuma? CXuIEHHS
Anpnebapana +16°25'.

3HAWTH PI3HUIO 3CHITHUX BIJICTAaHEH INPH OJHONMEHHUX
KyJIbMiHaLiAX 31pKU Ha Pi3HUX reorpadivyHux mapaiessx.
Po3B’s3atn momepennro 3amauy s Amiota (¢ Benmkoi
Benmenumi) i Cmiku (o [iBM) 3a CIIOCTEPEKCHHSMHU Ha
mmpoTtax @ = +59°46' 1 ¢ = +37°45". CxuneHns umx 3ip
BIAIOBIAHO + 56°14'1 -10°54".

VY 3ipku o Benukoi Benmennmi cxunenns +62°01', a y 3ipku
o IliBmenHoi Pubum —29°54'. YoMy MOpIBHIOIOTH BHCOTa
TOJIFOCA CBITY 1 HAX¥JI HEOECHOTO eKBaTopa J0 CIIPaBKHBOTO
TOPU30HTY Ha THUX TeorpadiyHUX Mapayiessx, Ae I 3ipKu
MPOXOJATh B 3€HITI, KyJbMIHYIOTh B TOYIIl IIBIHSA i TOYIl
niBHO4i? Po3rmsHyTH o00MABi KymbMiHamii 1 3poOuTH
y3arajabHIOKUHUA BUCHOBOK.

Ha mmpoti ¢ = +55°45' 3ipka n Bemmkoi Benmemumi B
HIDKHIA KyJibMiHamii 3HaxomuThcs Ha BuCOTI +15°19'. Um
iJI0J000BO  mepedyBae  BOHA  HaJX  TOPU3OHTOM
MICIIEBOCTAX, IIUPOTa KX ¢ = +56°20' Ta ¢ = +37°45"?
Cxunenns Jleneba +45°6'. 3HaliTH YMOBH HOTO BHUIAMMOCTI
Ha mupoTtax @ = +58°36'1 ¢ = —34°54".

3ipKku 3 SIKUM CXHJICHHSM TPOXOASTH B 3€HITI 1 Hajgupi Ha
mupoTax ¢ = +61°47, ¢ =+41°42'1 ¢ = -35°20' i sixi yMOBH
1X BUIMUMOCTI B IIUX MICIIAX?

Ha skux reorpadiunamx mnapanensx Bera (a Jlipn) i B
Ckopriona He 3axofaTh? CXWIEHHA IMX 3ip BiAMOBIIHO
nopiBHIOE +38°44' 1 —19°40".

3 sikux reorpagiuHUX Mapajieei MiBHIYHOI 3eMHOI MiBKYIi
craroth BuanMi Toniman (o Llenraspa) i Kanonyc (o Kins),
CXWJICHHS SIKUX BIAMOBiAHO AopiBHIOE —60°38' 1 —52°40'7 Ski
3 IUX 31p BUAHO Ha mupoTi ¢ = +35°15' ra B Tepronomi?

3 skux reorpadiunux napanenei Anrons (B Ilepces, & =
+40°46") i AnTapec (o CkopmioHa, 6 =—-26°19') He cxonsiTh?
OOuncnuty noscu reorpadivHoi MUPOTH, B SIKUX OCHOBHI
3ipku Benukoi Benmeauii i [TiBaennoro Xpecra He CXOIATh
HaJI TOPU30HTOM, CXOJISITh 1 3aX0/ISITh, & TAKOXK HE 3aXOJISATh.
CXuIieHHs X 3ip 3HAXOIUThCH B Mexkax Bij +62°01' (o) mo
+49°26'(n), a IliBnennoro Xpecra — Bix —62°49' (o) o0 —
56°50'(y).
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§2. Bupammmii piyamii pyx CoHus, 3MmiHa mip Ppoky i
ACTPOHOMIiYHi 03HAKM TeILUIOBHX MOSICIB

Kozepir

Py

Puc. 8. Pyx Conus no exminTumi

B Hamny enoxy ekJinTHKa HaxXWieHa J0 HeOeCHOro eKBaTopa Iij
kytoM & = 23°26' i Tomy cxuieHHS COHISI TPOTITOM POKY
3MIHIOETBCA B Mekax +23°26'. Haxwmm 3eMHOI OCi BH3HAYa€ThCS
KyTOM MDX HEFO 1 IepIeHANKYIIPOM J0 TIOUIIMHH 3eMHO1 opoiTh (10
0Ci SKJIINTHKH).

Buacnigok npursranHs 3emili IHIIMMHU IUIAHETaMU W KyT 3
4acoM 3MIHIOE€ThCSA. BHU3HAYEHO, MO 3aBISKH MPUTSITAHHIO TUTAHET
CoHAYHOT CHCTEMH IUIONIMHA 3E€MHOI OpOITH «IIOTOMIYETHCS
BIJIHOCHO aajiekux 3ip 3 mepiogoMm Omu3bko 41000 pokiB, Tak 1110
3HAYCHHS KyTa € 3MIHIOEThCS B Mexkax Bia 22,068 no 24,568°. Y Ham
qac KyT € LIOpiuHO 3MeHuryeTbes Ha 0,47".

21-22 Oepesnss ConHue nepeTuHae HEOSCHHI  eKBaTop,
MiHIMAIOYHCh B MIBHIYHY MiBKYyNO. Y el MoMeHT neHTp CoHIs
3HAXOJUTHCS B TOYIl BeCHsHOTO piBHOJeHHS (puc. 8). [IpnbmmsHo
gepe3 YBepTh POKy, a came 22 dyeppHs, CoHIlE 3aiiMac HaWBHIIE
MTOJIOKEHHS HaJI €KBATOPOM — 1€ JICHb JIITHROTO COHIIECTOSHHS. 23
BepecHss COHIlE MPUXOAWTH B TOYKY OCIHHBOTO PIBHOJACHHS 1 22
IPYIHS HAHWKYE OMYyCKAEThCS il HeOecHu ekBaTop (y HIBIACHHY
MiBKYITO HeOa) — 1€ IeHb 3MMOBOT'O COHIIECTOSIHHSI.

Axmo depe3 Ey MO3HAYUTH KiJBKICTh TEIUIA, IO OTPUMYETHCS
OJIMHUIICIO ILIONI 3eMHOI moBepxHi Big COHIs, 110 3HAXOIUTHCS B
3€HITi, TO MHpHW 3cHITHIM Biactani COHIM z Ta K OMMHHUI ILUIOLI
OTPHUMYE KiBbKICTh TeTIa
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E = Eycos z,
0 TO3BOJISIE TIOPiBHIOBATH E; 1 E> ipn 3eHITHUX Biactansx COHIM z;
1z

Tpomaosaucexi cyminku TpuBawTh notH, NOokM CoHIE He
CXOBA€ETHCS Mig TOpU30HT Ha 7° (h = —7° 1 z = 97°). SIK1I0 X HABITH B
HWKHIM KyneMiHanii Bucota CoHus hy > —7° (zw < 97°), 10O
TPOMAJISIHCHKI CYTIHKH TpHUBalOTh 10 cxomy COHIM 1 Ha3MBAIOTHCS
OLnuMU HOYaMU.

[Migcrapmsitoun y dopmyiny hy = 6 — (90° — @) hy = —7°, nerko
3HAWTH reorpadiuHy MHUPOTY MiCIb, B IKUX HACTAIOTH Ol HOYI MpH
pizHnx 3HaueHHsx cxwieHHs Conmg. Ta x  Qopmyma, npu
MiZCTaHOBI B Hel iy = —18° mae TpaHUII0 TEMHUX HOYEH, IIPH STKUX
CBITAaHKOBE OCBITJICHHS TMOBHICTIO 3HuMKae. [lpu Ay = —0°9
(npuBeneHi 3Ha4YeHHs Ay 1 /s BPaxOBYIOTH BEIHYHHY paliycy
consraHoro nucka 0°,3 1 cepenHro pedpakmito Oinst ropm3oHTy 0°,6,
mo gae 0°9) BepxHili Kpad COHSYHOTO JUCKA JOTHUKAETHCS JI0
TOPU30HTY, 1 THM CaMHUM BHU3HAYA€ThCSA TIOYATOK 1 3aKiHUCHHS
nonsipHoro fHs. IlouaTok 1 3akiHYEeHHS MONSAPHOI HOWI 0OyMOBIEHI
noryieHHO0 BucoToro CoHist: -z =—0°,9 (abo zz = 90°,9).

TpuBanicts mepiogy OinMx HOYEH, MOJSAPHOTO AHS 1 MOJSIPHOL
HOY1 3HAXOJUTHCS 33 KAJICHIAPHUMH JIaTaMu, B siKi cxwiieHHs COHIISA
Mae obuuciieHe abo 3a/1aHe 3HAYCHHS, a CaMi JaTH BCTAHOBIIOIOTHCS
32 aCTPOHOMIYHMMHU KaJCHIAPSIMHU-IIOPIYHUKAMHU a00 3a TaOJIHUIICIO
monatky 8. Ilpu po3p’s3yBaHHI TakuX 3aBlaHb JOCTaTHBO
KOPUCTYBATHUCS 3HAYCHHSIMU TreorpadivyHoi MIMPOTH 1 CXUJICHHS
Conug 3 Tounictio g0 0°,1.

Ipukaaau po3B’si3yBaHHs 32124
Ipuknan 1. Ha sxiit reorpadiuniit mupoti CoHlle KylIbMiHYy€ B I€Hb
JIITHHOI'O COHILIECTOSHHS Ha BUCOTI +72°50" Haj TOYKOO
niBHO4i? SIki monyaeHHa i oniBHiyHa BucoTu COHIIS Ha
Ii{l MUPOTi B IHI PIBHOJCHB 1 3MMOBOT'O COHIIECTOSTHHS?
JlaHo: JeHb JITHBOIO COHIECTOsSHHS; h, = +72°50'N; § =
+23°26".
Po3B’si30K.
B neHb NTHBOrO COHLIECTOSIHHS IOJYJCHHA 3€HITHA BiJICTaHb
CoHrs
z, =90°—h, = 90°—72°50"N = 17°10"N,
1 TaK AK KyJibMiHalis BifOyBa€eTbCs Ha MiBHIY Bij 3€HITY, TO O > ¢, 1

23



@ =0—2z,=+23°26"—17°10"= +6°16".
B mHi piBHOAEHB O = 0°, TOMY MOTyZA€HHA BUCOTA!
h, =90°— ¢ =90°—6°16"= +83°44"S
1 OMiBHIYHA BHCOTA!
h, =—(90°—¢) = —(90°—6°16") = —83°44" N.
B nenn 3umoBoro cosmectossHHI O = —23°26°, T00TO & <@, i
TOMY:
h,=90°—¢ +6=90°—-6°16"—23°26" = +60°18" S
h,=6—-(90°—¢) = —23°26"— (90°—-6°16") = —107°10"N.
OtprMaHa BHCOTa B HIDKHIA KynmpMiHamii menma —90°, mo
HeMOXIHUBO. Lle o3Hauae, mo HKHS KynbpMiHaliss COHIA MPOXOANUTD
i TOUKOM0 MiBAHS S. ToMy cripaBXHSI BHCOTa
h, = —(180°—107°10") = —72°50".

Hpukaan 2. 3HaiiTH TpUBaJicTh MepioAy OiTMX HOYEH 1 TPUBAIICTD
MOJIIPHOTO JHS 1 TONAPHOI HOYI Ha INHUPOTI @ =
+69°41".

Hano: ¢ = +69°41" = +69°,7.

Po3B’s130K.
3Haiinemo cxuneHHs: COHIIA 0, BpaXOBYIOUH, 10 h, = —7°
d=h,+ (90°—¢) =—-7°+(90° - 69°,7) = +13°,3.
3a Tieto x dopmyioro nipu h, = —0°,9 oTpuMaeMO CXHJICHHS JIJIs
CoHIis, 1o He 3aX0auTh, 0 = +19°,4. Jlnsg CoHugd, 0 HE CXOJIHTh,
OTPUMAEMO:
d=¢—2z,=69°7—-90°9 =-21°2.
3a acTPOHOMIYHUM KaJICHJIaPEM-IIIOPIYHUKOM a00 3a TaOJIHIICIO

nonatky 8 BcraHoBioeMo, mo cxwieHHs Conng 6=+13°3 26

kBiTHA 1 18 cepnns, 6 = +19°,4 — 18 TpaBHs 1 27 nunHA, a § =

—21°,2 - 28 nmucronagai 15 ciuus.

Tomy Ha miif mwpoTi 3 26 kBiTHS 10 18 TpaBHs 1 3 27 ymmnHs 10 18
cepnHs TpHUBalOTh Oini Howi, 3 18 TpaBHS n0 27 JMIIHS TpUBAeE

MOJIAPHMIA JIeHb, a 3 28 ucTonaaa a0 15 cidHs — rmoJispHa Hid.

3agadi 1Sl caMOCTIHHOTO PO3B’A3yBaHHS
88. Kounu 3enitHa Bigctanb Conng 90°7 azumyt 0°7?
89. 3a sxuit yac CoHIle, BHACTIJIOK CBOTO PYXy IO EKIINTHII,
MEPEMICTUTHCS Ha BETMUMHY CBOTO JiameTrpa?
90. ki mosrora i mupota Conust 22 yepBHs 1 22 rpyaHs?
91. Slka moerota Comnirs 22 BepecHs? 1 sxkoBTHS? 1 ciuHs?
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92. Ski npsime cxomkeHHs 1 cxwieHHs Conng 21 Oepesns i 23
BepecHs?

93. fxi mpsime cxomxenns i cxuwieHHs Conus 22 uepBua? 22
rpynss’?

94. SIki mosrora i mmpora COHISI B Ti MOMEHTH, KOJH HOIO
IpsIME CXOJDKEHHs 6" 1 1277

95. flxa monmynenHa Bucota CoHI Ha MWHUPOTI ¢ = 55°45' B nenp
JITHBOTO COHLIECTOSIHHS?

96. Ha skiit Bucoti mepebyBae CoHie omiBmHI 22 TpyAHS Y
MiCIIeBOCTI, TeorpadivHa mupora sikoi 64°33'?

97. Slka Bucora CoHIE B MepuliaHi B JICHb JITHBOTO
COHIIECTOSIHHA Ha mmmpoTtax 59°57', 41°20', 23°26', 66°34?
Te & U1 3MMOBOTO COHIIECTOSIHHSI.

98. flka BucOTa momoca CBITY B TOMYy Miclli Ha 3emui, ae 22
yepBHA I1eHTp COHIS OMIBHOYI 3HAXOMUTHCS TOYHO Ha
TOPU30HTI, B IPUITYIIIEHH], 10 pedpaxiii Hemae?

99. Ha ckinbku omyckaeTbcst meHTp COHIM T TOPU30HT
OMiBHOYI 22 YepBHs Ha WHUPOTI ¢ = 64°35'7

100. Ha sxi#t Bucori BumHo Conrne Ha lliBneHHOMY momtoci 22
rpynus’?

101. Slka BucOTa moJIOCa CBITY B TOMY MicIli 3emii, Ji¢ BUCOTa
neHTpy CoHus omiBmHI 22 vepBHs fopiBHIOe 69°38'? Slka
Brcota COHIIS B TOMY K MicCIli OMmiBIHI 22 TpyaHs?

102. 23 BEpECHs TiHb CTPUXKHS, PO3MIIIEHOTO
MIEPIICHINKYJISIPHO MTOBEPXHi, omiBaHi cknana 0,731 Bix ioro
BUcOTH. Bu3HaumTH reorpadiuyHy mupoTy MicieBocTi 0e3
JIOTIOMOTH aCTPOHOMIYHOTO KaJIEHAAPS.

103. Tinp croBma, PO3MIIIEHOTO MEPHIEHIUKYISPHO MOBEPXHI,
OmiB/HI Ha MWHPOTI ¢ = 55°45' 6yma 0,854 Bucotu cropma. B
SKHI JIEHb POKY 3p00JICHO 1€ CIIOCTepeKEeHHS?

104. Bnuszbko 1100 p. g0 HamoOi epud KHUTAHChKI acCTPOHOMH
BUpaxyBaJld, MI0 B JEHb JITHBOI'O COHLECTOSHHS BHCOTa
Conng omiBaHi jgopiBHIOBaNia 79°7', a B J€Hb 3UMOBOTO
connecrostuas 31°19' (wa miBAeHs Bim 3eHiTy). Ha skiit
mmpoTi Oyno 3pobneHo cnoctepekeHHs? Sxuil Tomi Oys
HaXWJI EKITINTHKH 10 eKBaTopa’?

105. OOumMcnUTH HAXWJI EKIINTUKHA 1 BU3HAYMTH EKBaTOpPiabHi
KOOpJMHATA TI OCHOBHMX TOYOK 33 BHUMIPSHUMHM B JIHI
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COHIICCTOSIHb TIOJTYICHHUMU 3CHITHUMH BifctaHsMu COHIISL
29°48'1 76°42' Ha miBEHD BiJ 3€HITY.

106. baussko 3000 pokiB TOMy B A€HB JITHHOTO COHIIECTOSHHS
nojlyZicHHa 3eHiTHa BiacTanb COHLS B OJHOMY 3 MicCIb
3eMHOI TMOBepxHI Oyma 26°15, a B 1OeHp 3UMOBOTO
COHIIECTOSIHHS TIONyAeHHa BrcoTa COHISI B TOMY X MiCIi
nopiBHioBasa +16°3'. OOYMCIMTH HaxXWI CKIINTHKA J0
HeOeCHOro eKBaTopa B IO CIOXY.

107. 3a pesynbpTaTamH MOMEPEHIX 3aBJaHb OOYHCIHTH PIYHY
3MiHy Haxuily CKJIINTUKHU 1 3p0OUTH BUCHOBOK MPO MPUUYHHY
i€l 3MIHH.

108. OOumcnuTH 171 THIB PIBHOJEHH 1 COHIIECTOSHB ITOTYICHHY
1 OmiBHIYHY BHCOTH 1 3eHiTHI BifcraHi COHIS Ha MIKPOTI
+61°47' ta B Tepronomi (49°34").

109. 3a  pesympraTamMm ~ TOMEPENHBOI  3a7adi  BHSBHUTHU
3aKOHOMIPHICT, Y OOYMCIIEHWX BEJIMYMHAX 1 BKa3aTH, Ha
SKUX IIUpoTax OyBaloTh O, CBITII 1 TeMHI HOYI B JHI
COHIIECTOSIHb.

110. BusHauwWTH BiTHOIIEHHS KUTBKOCTI TeIJa, SKi OJepXKyIOTh
Bix COHIIA OMIBAHI B JHI PIBHOJCHb 1 COHIIECTOSIHb 30HH,
pos3MillieHi Ha mupotax @ = +61°47', ¢ = +55°45' Ta ¢ =
+37°45'". TlopiBHSIHHS POBECTH JIJIsl KOKHOT'O MiCIISI OKPEMO
(o maTtax) i o MiCIIsIX.

111. 3maliTn nonyaeHHy 1 omiBHiYHY BucOoTH COHII B JHI
pPIBHOJIGHb 1 COHIIECTOSIHb Ha 3€MHOMY €KBaTopi, Ha
TpOMiKax, Ha TOJSAPHHUX KOJMax i reorpadiyHuX MOJIOCAX.

112. Bu3HauWTH BiJHOIIEHHS KUIBKOCTI TeIa, sIKi OJepXKyIOTh
B MOJIyJICHb B JIHI PIBHOJICHb 1 COHIICCTOSHH MiCIIS 3€MHOI
MOBEpXHI, 3a3HayeHi B monepenHidl 3amadvi. [lopiBHSHHS
MPOBECTH ISl KOXKHOI MicreBocTi (B pi3HI nmaTu) 1 s
KOXKHOI 1aTh (TI0 MiCIIEBOCTSX ).

113. Ha sikux reorpadiunux mnapanensx COHIE HE CXOIWTh,
MPOXOJUTh B 3€HITI 1 HE 3aXOAUTh B JHI, KOJU HOIo
CXWJIEHHS JOpiBHIOE +21°19'1 —16°43"?

114. B sxi gni poxy CoHIle NPOXOAWTH B 3€HITI 1 Haaupi
€KBaTOpa, TPOMIKIB 1 3eMHHUX Mapaieieit 3 reorpadidHoO0
mupoToro +7°48' 1 —18°35'?

115. Ha sxiit reorpadiyniii mumpoti CoHue KyJIbMiHY€E B JI€Hb
JIITHBOI'O COHLIECTOSIHHSA Ha 3eHiTHIM Bimcrani 10°41' uHa



miBHIY Bif 3eHITY? YoMy NOpiBHIOE MONy[eHHA 1 OMiBHIYHA
Bucota COHIIT Ha Ti JK€ IMUPOTI B MHI PIBHOJACHB 1
COHIIECTOSIHB?

116. Po3B’s3aTu momepeAHI0 3aJady NpH Tid K MOJXyACHHIH
3eHiTHiN BifgcTani COHII, ane Ha MiBACHD BiJl 3€HITY.

117. 3maiiTu manerorpadiuHy MIMPOTY TPOIMIKIB 1 MOISIPHUX
kim Ha Mapci, FOmitepi 1 Ypani, sxkmo Haxun oci Mapca
nmopiHIOE 24°48', oci FOmiTepa 3°7', a oci Ypana 98° (maxumn
Oimpmmic 90° 03HaYa€e MPOTHIICIKHE 0 36MHOTO OOepTaHHS
TUTAHETH).

118. 3a pe3ynpraTaMu  TOMNEPEAHBOI  33ajadi  BU3HAYUTH
OCOOJIMBOCTI PO3TallyBaHHS TPOIIKIB 1 TMONAPHUX Kil B
MOPIBHSAHHI 3 3¢MHUMH 1 BU3HAYUTU MEXKI 3MIHU CXWICHHS
Connst Ha HeOOCXUITi IIUX TITAHET.

119. OOumcnUTH BiTHOIIEHHS KUTBKOCTI TEIUIA, SIKE OACPKYIOTh
Bim CoHIM oOmBAHI B [HI pPIBHOJEHH 1 JITHBOTO
COHIIECTOSIHHS €KBATOP, MIBHIUHI TPOMIKH i MIBHIYHI MONAPHI
Koa YpaHa i 3’ICyBaTH YMOBH OCBITJICHHS PI3HUX 30H Ili€l
TUTAHETH TPOTATOM Tepiony il obepraHHs HaBkoio COHII,
omu3pkoro 1o 84 pokiB. Haxui oci mnanetu 98°.

120. Tlpu sixkomy cxwuneHHi CoOHI HacTalOTh OUTi HOUl Ha
mmpoTtax @ = +59°57' 1 = +64°34"? Un MOXIHMBI Ha 1UX
MIMPOTAaX TOJSPHI JIHI 1 TOJSPHI HOYi?

121. 3a pesynpTaTamMu TNONEPEAHBOI 3afayli  BHU3HAYUTH
TPHUBANICTh TIepioAy OiTMX HOUEH Ha KX MIMPOTAX.

122. 3naiiT; TpUBaNiCTh mepiogy OUTMX HOYEH 1 TPUBATICTDH
MOJIIPHOTO JHS 1 MOJISIPHOT HOYI HA MUpOTax @ = +68°59'1 @
= +71°58' Ta BU3HAYNTH HAHOUTBIIY MOIYyACHHY 1 OMIBHIYHY
Brucotd CoHII.

123. o saxux reorpadivHUX mapaiiesiell MONIMPIOIOThCS MEXi
MOJIIPHOTO JHS, HOJSAPHOT HOYi, OLTHUX 1 TEMHUX HOYCH B JHI
PIBHOZCHB 1 COHLIECTOSIHB?

124, Ha sxux reorpadidHAX Tapaneysx TOYHHAIOTHCSI 1
3aKIHYYIOTBCS TEpIOAM OULIMX HOYEH, MOJIAPHOro JHS 1
noJsipHOi Houi npu cxwieHHi Conn 10° 1 21°7 [pubnuzHo
B SIKi IHI POKY 1ie BifOyBa€eThCs?
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§3. Cucremnu BigJiiky yacy Ta iX mepeTBOpPeHHs

3opsanor 006010 Ha3WBa€EThCS TPOMDKOK dYacy MK JBOMa
MOCTiTIOBHUMHU OJTHOMMEHHUMU (Hampuknan, BEPXHIMH)
KyJIbMiHaLisIMA TOYKH BECHSIHOTO PiBHOJACHHSA. MOMEHT i BEpXHBOI
KyJIbMiHaIii OepeThcsl 3a MOYaTOK 30psHOi no0u. 3opsHHU 4Yac S
BUMIPIOETbCS TOJUHHUM KyTOM [y TOUKH BECHSHOTO PIBHOACHHS i
TOMY 3aBXKau S = tr.

B HebecHoro cBiThiia 3 IpsSIMUM CXOJDKEHHSM O TOIWHHUN KYT

t=S-a

VY BepxHii KynpMinanii aist citmia t = 07, B HwokHid t = 12" Y
BEpXHiil KynpMiHamii S = ¢, TOOTO B MOMEHT BEpPXHBOI KyJIbMiHALI]
CBITHJIa 30pSHUM 4Yac 4YHCEIbHO JIOPIBHIOE WOTO MPSIMOMY
CXOJIUKCHHIO.

3opsHUit dWac S B MyHKTI 3 reorpadiuHor0 mOBrororo A
MOB’sI3aHUM 13 30psHUM  2puneiucbkum (6ceceimnim) dacom Sp
piBHICTIO

S=S0+ 4,
mpuaoMy A BiIpaXxOBYeThCS Ha cXinx Bix ['pwHBiYa 1 BHpakaeThCs B
TOJMHAX, XBHJIMHAX 1 CeKyHJax 4acy. s mepeBeleHHs IpagyCHHX
ONIMHUIIL B OJIWHUIIl Yacy MOXKHAa BHKOPHUCTOBYBATH TaOIHII
nonarkis 2 ta 3.

B oauH 1 To# ke (i3uuHMI MOMEHT 30psHUI Yac S1 i Sy aBOX
ITyHKTIB BiJJPi3HIE€THCS HA Pi3HUIO reorpadigHux MOBrot Ai i Az mux
MYHKTiB, TOOTO

S2-S1=A— A

Cnpasoichboio coHAUHO0I0 000010 HA3UBAETHCS TIPOMIXKOK Yacy Mix
JBOMa TIOCTIZIOBHUMH BepXHIMH (200 HIDKHIMH) KyJbMiHAI[iSIMHU
ueHtpy Conus. CrpapxHiil COHSYHUI 4ac BUMIPIOE€TbCS TOJUHHUM
kytoM neHtpy CoHug. 3a moyarok J00M 3py4HO TPUHHATH
MOJYACHb, X0Ua 3aralbHONPHUHATO IOYaTKOM J00HM BBaXKaTy MiBHIY.
VY 1poMy BUNAAKY COHSYHHIA Yac JAOPiBHIOE TOAUHHOMY KyTy COHIIS
moc 127,

TpuBaicTh CHPaBXHBOI COHSAYHOI JOOM IPOTATOM  POKY
3MIHIOETBCS BHACHIIOK HEpiBHOMIpHOI mBUAKOCTI pyxy COHIS IO
SKJINTHI, a TaKoXXK BHACTIJOK HAaXWIy EKIINTHKHA JI0 €KBaTopa.
Uepes ocTaHHIO MPUYMHY MTPOEKIlisS HA €KBATOP JA000BOTO 3MIillIEHHS
CoHLIs IO eKJIINTHLI TPOTATOM POKY pi3Ha.

Jnst ycyHEHHS IHMX HE3PYyYHOCTEH BBOAMTHCS MOHATTSA IIPO
cepeone Comnye, TOOTO TIPO YSBHY TOYKY, SIKa PIBHOMIPHO PyXa€ThCs
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MO0 €KBAaTOpy 1 3aBepllye I0 HHOMY IMOBHUU 00epT 3a OIUH
TPOIIYHHH PiK.

Cepeonvoro consaunoio 006010 HA3UBAETHCS MPOMDKOK Yacy Mix
JBOMa IMOCTIIOBHUMHU BepxHIMH (200 HIDKHIMH) KyJIbMiHALisIMU
cepenaporo Conms. Tpuamicte Takoi mobwm mocTiitHa. CepemHiit
COHSYHUH Yac BUMIPIO€ThCA TOAUHHUM KyTOM cepenHboro CoHLs.

PeanbHo mu cnioctepiraemo crnpasxne CoHIlE, 30KpeMa MOKEMO
3adikcyBaTH HOTO MPOXO/HKEHHS 4Yepe3 HeOecHni mepumiad. OmgHaK
Hallll TOAMHHUKHA TIOKa3yIOTh CEepelHii COHSYHMNA 4Hac T). 3B’S30K
MK CIpaBKHIM COHSYHUM 4acoM e 1 CepelHiM COHSYHHUM YacoM
T), BUMIpSHUM Ha TOMY X reorpadiyHoOMy MepuaiaHi, 3a1a€TbCs 3a
JIOTIOMOTOI0 PIGHSAHHS 4AaCY:

n= Tx— T ®.

PiBHSHHSIM dYacy Ha3MBA€ThCS TAaKOX caMa BEJIMYMHA 7, SKY
OOYNCITIOIOTh Hamepex 1 TOJal0Th Ha KOXEH JIeHb Y BCIX
aCTPOHOMIYHHX IMOpivHMKaX. HabmrmkeHo Horo Mo)kHa BU3HAYATH 3
puc. 9.
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Puc. 9. 3MiHa BETMYMHY PIBHSHHS Yacy MPOTITOM POKY

3 Bu3Ha4YeHHs 4acy 7o i T), @ TAKOXK 3 JIOMOBIJICHOCTI PO HATIPSIM
BIJUTIKY TIPSIMOTO TiTHECEHHS 0. MOYKHA MOOAYUTH, 10 BUKOHYETHCS
PiBHICTB:

n=oae-—a,
TOOTO PIBHSHHS Yacy JOPIBHIOE PI3HHIII MK MPSIMHM IiIHECCHHSM
copaBkHboro COHIS e 1 NPSIMHM IiAHECEHHSM «CEPEIHBOrO
Conus» a. Lle o3Hauae, mo B aHi, konu CoHIE y pyci M0 eKIiNTUII

29



obransie «cepenne CoHue», TOOTO KOJIH 0 > 0, piBHAHHSA Yacy 7 > 0,
toni T, > Te 1 cepenHiil mMBACHb HACTA€E MIBHUIIES, HIK CIIPaBXHIH, i
HaBmaky, 1 < 0, Ko oe < 0.

Cepennst consiuHa 100a, 110 BUKOPUCTOBYETHCS B MPAKTUYHOMY
JKUTTI JOBIIIA 30PsAHOI 100K Ha 3*°56°,

SopsHuii yac omiBaHi 22 Oepe3Hs mpuOiuzHo mopiHioe 0. B
MOJTyIeHb OYAb-SKOTO JHS POKY 30pSIHUN 4ac NopiBHIOE 4*° (TOuHIIIe
3**56°), MOMHOKEHI Ha YHCJIO JHIB, 0 HpoHIuIM 3 22 OepesHs 10
JaHoro JHs). TouyHe 3HAYCHHS 30pPSHOTO Yacy B TPUHBIUCHKUIA
MOJYZICHb AA€ThCS HA KOKEH JICHb B aCTPOHOMIUYHOMY KaJleHJapi A7
JaHOTO POKY.

3opsHUil yac B OyAb-sIKy TOAWHY COHSYHOIO Yacy JOPiBHIOE
30psSIHOMY Yacy OMiBAHI FOTO JHS [UTIOC YHCIIO TOIUH, IO PO
BiJ] MOJYJHS A0 TAHOTO MOMEHTY COHSYHOTro 4acy. [lpu TouHimomy
po3paxyHKy Tpeba Ie BpaxyBaTH, IO 30pPSHHHA Yac Tedye MIBHIIIC
COHAYHOTO, OOraHswoun #oro Ha 3*°56° 3a moOy (3a 24 roawHH).
Hanpuxman, o 6 roguni Bedopa 1 TpaBHS 30psiHME 4Yac JOPIBHIOE
237 + 6" + (3*°56°)(6/24) = 8'37*°59°.

[lepeBenennst 30pstHOTO Yacy S B CepeAHiil COHSYHHMNA 1) MOXKHA
MTPOBOJIUTH TaKOXK 3a (POPMYJIO0

T, =S — So—356%(T,/24),
a MepeBeJICHHS COHSIYHOTO B 30pSIHUN — 3a hopMyIoro

S = So + Ty + 3**56°(T»/24),
ne So — 30psIHUM Yac B cepelHiil monyieHs (a0o OMmiBHIY, SKIO BiJTIK
T, tine Bix omiBHOYI), a 1) BHUpa)xaeTbcs B roanHax. llepeTBopeHHS
1HTEepBaIly 30pPSHOIO Yacy B IHTEPBaJl CEPEeTHHOIO COHSYHOTO Yacy i
HaBIIAKKU TOYHIIIE POOUTHCS 3a TAOIMIICIO JOJATKY S, sSKa Ja€ sikpa3
Benmunnn T)+3*°56¢(T1/24) 3a 3aganumu S — So, 1 HABMAKH.

IMpu po3paxyHkax HeOOXiJHO MEPEBOJUTH IHTEPBAIU 30PSHOTO
yacy A4S B iHTepBanu cepenHsoro micuesoro yacy A7 (abo HaBmakm),
a 3HA4YeHHS BCECBITHBOTO 30PSHOIO Yacy So 3HAaXOAWTH B
ACTPOHOMIYHMX  KaJeHAapsX-IIOpiYHMKaX abo  KOpPHCTYBaTHUCS
Ta0JIUIIEIO T0AATKY 6.

Hexaii neske sBumie B SKOMYCh IYHKTI 3€MHOi ITOBEpPXHI
BinOynocs B MOMEHT 7 MICLEBOroO 4acy. 3aleXHO Bia MpUHHATOT
CHCTEMH BiJUIIKYy Yacy 3HaXOOUThCS cepelHill rpuHBiuchKui yac 7o,
IO € iHTepBaJIOM cepenHboro yacy A7, 1m0 NpoMIIoB 3 TPUHBIYCHEKOT
miBHoui (AT = Tp). Lleit intepBanm 3a Tabmurer gomatky 6
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MEPEBOANTHCS B IHTEpPBAl 30pSHOrO 4acy AS 1 Tomi B 3amaHuit
MOMeHT 7, 30pstHui Jac B I puHBidi
So=5gp + AS,
a B JaHOMY ITyHKTI
S=5+ A,

ne A —reorpadidHa JOBroTa JesKOTo MyHKTY 36MHOI TIOBEPXHI.

IepeBenenns iHTepBaNiB 30psHOrO 4acy AS B iHTepBaIu
cepenuboro MicreBoro 4acy A7 = To 3IIHCHIOETHCS 332 TAOIUICIO
JOJATKy 6 BiJIHIMAHHSM TIOTIPaBKH.

[Ipu TouHMX po3paxyHKax 30pSHOTO Hacy Tpeba OpaTu 30psHUi
yac B MICIEBY MIBHIY 3a KaJCHIapeM, Je el 4Yac IaeThCs IS
TPUHBIYCHKOI MiBHOYI. SIKIIIO MICIICBICTh Ma€ JIOBrOTY A Ha CXiJ Bif
I'punBiva (B TroAWHAaX), TO 30PSHUHA 4Yac B MICIEBUH MONy/ICHb
JIOPIBHIOE 30pPSHOMY 4Yacy B TPHUHBIUCBKHH TOJYICHb MIiHYC
3**56°(\/24). PiBHAHHS Yacy B MICICBUIl TOJYACHb TaKOXK
BiZIPI3HSETHCS BiJl PiBHSHHA yacy Juisl [ puHBIYa Ha BETHMYUHY, PiBHY
HOro TONWHHIN 3MiHI, TOMHOXKEHIN Ha CXiJIHY TOBTOTY MICIIEBOCTI (y
TOMHAX).

MicueBuii cepenHiii yac

T,=Te + 1,
Jie 77 — piBHSHHS 4acy, a 1o — CIIPaBXXHIN COHSYHUN Yac, BUMIpSHUH
roguHauM KyToM CoHIlsl, 30i1beHuM Ha 127, To0TO

Teo =te+ 12",

MicrueBi cepemni yacu Ts 1 Ti2 JBOX IMYHKTIB TOB’s3aHI MiX

c000F0 PIBHICTIO:

To-Tun=- .
a 3 CepeaHIM TPUHBIUCBKUM 4YacoM To (BCECBITHIM YacoM) —
piBHICTIO

T,=To+ A
VY npakTHYHOMY KHTTI BUKOPHCTOBYETHCS 200 MOSCHUM Yac
T.=To+n

a0o0 IeKpeTHUH yac
T,=T,+1"=T,= T+ n+1",
Jie N — HoMep TOJMHHOTO TIOSICY.
Jlnis IBOX MyHKTIB, PO3TANIOBAHUX B Pi3HUX FOJUHHHUX MOscax N1
1Ny,
To— Ty = Tp2 — Tor =Nz —Ny1.
Skiio cucteMa BiJUTIKY 4acy He BKa3aHa, TO 3aBXK/M MAa€ThCsS Ha
yBa3i 4ac, 110 Jii€ Ha JaHii TepuTopii.
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IMokasu romuuuuka 7 (abo S;) He 3aBXKAM BIIANOBINAIOTH
MOMEHTY TouHOro 4yacy 7 a6o S. Pisannsg u = T — Trabo U = S — S;
HA3UBAETHCS NONPABKOIO0 200UHHUKA, 3HAIOUHN SIKY MO)KHA BH3HAYaTH
TOYHUH 4Yac 3a TOJUHHHUKOM, IO ¥JIe HEBipHO. 3MiHA MOMPaBKU
TOJUHHMKA 32 ONHY 100y (HAacTymHa MompaBKa MIHYC IOTIEpEIHs)
HAa3UBAETBCSI 000068UM XO0OM 200UHHUKA (. SIKIIIO BiH MOCTIHHHI, TO
MOIpaBKa TOJMHHUKA B JISSIKHUI MOMEHT t Moxke OyTH oOumcieHa 3a
(dhopmyIoro

U=Uo+ o t—to)
Ie Up — BiToMa HaM TIOTpaBKa rOJMHHUKA B MOMEHT to.

BusHaueHHST TONpaBKM TOJMHHUKA 3HAXOJMUTHCSA OaratbMa
crnocobamu. Hampukiaa, 3HaHOUd TpsIME CXO/DKCHHS CBITWIA ¢,
CIOCTEPIraloTh ~ WOTO  KYJbMIiHAIIFO 1 MOMEHT KyJbMiHamii
BiJ[3HAYAIOTh 32 TOMUHHUKOM. [ OJMHHMK, MO MPaBWIBHO WHIE 3a
30pSIHUM YacoM, TIOBUHEH y IIed MOMEHT MOKa3yBaTH 4ac S = .
SIKIIO TOAMHHUK WJE 3a CepPelHIM, MOSCHUM a00 JCKPETHUM YacoM,
TO Tpeba po3paxyBaTH, KOJH 3a I[UM 4acOM Ma€ OyTH KyJbMiHAIlis, 1
MOPIBHSTH 3 THM, IO (HAKTHYHO TTOKA3yBaB FOIMHHUK.

Jlinis 3MmiHM gaT npoxonuth mo Tuxomy okeany moOiau3y 180°
nosrotu Bijg ['punBiva mik KamuaTtkor i Amsckoro. HoBa nara,
Hanpukiazn 1 ciuas 2014 poky, mepir 3a Bce TOYMHAETHCS Ha il
JiHIT 1 TOMHPIOETHCS 10 3axoy. [lepeTrHarOUM 110 JiHIIO WIy4Yd Ha
3axijl, OJIH JICHb BUKUIAIOTH 3 JI4UOW; HANPHUKIIAJ, M 5 Oepe3Hs
HACTYITHUH JieHb BBaXKatoTh 7 Oepesns. [Ipu pyci x Ha cxix nBa JaHi
MIAPS HA3UBAOTH OJTHUM 1 THM K€ YHCIIOM.

Ipukaaau po3s’sa3yBaHHs 3a1a4
Hpukaag 1. fki exBaropiaidbHi KOOpAWHATA TOBUHHI MaTH MBI
3ipkH, ki B 7'35*" 30psHOTO 4Yacy KyJnbMiHYBalmu 0 y
Tepuomnoni (¢ = 49°34") Ha 3enitHiit Bifcrani 40° oxHa
Ha TiBJICHB, a 1HIIIA HA MiBHIY BiJ 3€HITY?
Hdano: S =735, ¢ =49°34', z = 40°.
Po3p’sa30k.
3opsi, MO KYJIbMIiHY€ Ha MIBJCHD BiJI 3€HITY, OyJie 3HAXOJUTHChH Y
BEPXHill KyJibMiHawii i 11st Hel:
het =90°— @ +061122= ¢ — .
Just 30pi, M0 KyJabMiHYE Ha MiBHIY BiJ| 3€HITY, MOXIUBI JIBa
BUIIAJIKA — BOHA MOXKE TIepe0yBaTH K y BEpXHiil KyJIbMiHaii:
hes =90° -8+ @i22=62—0,
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a MoXke niepeOyBaTH y HUKHIM:
hus =@ + 63— 90°123=180° — (¢ + 33).

Opnak, 3 TE€OMETPUIHUX
MipKyBaHb (OUB. pHC.), MOXXHA
OpUUTH 10  BHUCHOBKY, IO
OCTaHHBOTO BHIAKY BiIOYTHCS HE
MOXKe.

IIpsiMe mimHECEHHS 3ip MOJKHA
3HaliT!H 3 dopmymn S =t + q,
BpaxoByrouy, mo t = 0" — y BepxHiit
KynbMiHamii Ta t = 12" — y HUKHIH.

OTxe, As 30pi, MO KyIbMiHY€ Ha MiBISHb BiJ 3€HITY:

01= @ —21=49°34'-40° = 9°34', ay = S = 7"35*".

Juis 3ipku, mo KyapMiHye Ha MiBHIY BiJ 3€HITY, 1 nepeOyBae y

BEpXHIN KyIbMiHAIIil:
02= @ +22=49°34" + 40° = 89°34', a; = S = 7"35™.

Ipuknan 2. Busnauuty 30psHUil 4ac y MyHKTax 3 reorpadidHoro
IOBroToro 2'23*37° 1 7746*20° B MOMEHT, KOJIU B
OyHKTI 3 reorpagivnoi mosrororo 80°5'5 y Beru (a
Jlipn) romuHHHI KyT mopiBHIOE 4729*"°48¢. Tlpsme
migHeceHHs Beru o = 18"35%15¢,
Hdano: Ay = 2723*37¢, Ay = 746*°20° A3 = 80°05',5; Bera, o =
18735*°15¢, t = 4729*°48°,
Po3B’si30K.
3HaifiemMo reorpadiuHy DOBrOTYy TPETHOTO IYHKTY B OJMHUIISX
qacy: Az = 80°5',5 = 5720**22¢. Toxui 30psiHHIL YaC B TPETHOMY MYHKTI
Sz=a +t=18"35"15° + 4729*48° = 2375*"3¢.
3 dpopmynu Sz — Si = Az — A1, OTPUMYEMO, IO B MEPLIOMY ITYHKTI
30psIHUE Yac
S1= Szt (M1— A3) — 23'5*%3¢ + (2723**37¢— 5720*"22¢) = 20"8**18°,
a B Ipyromy ITyHKTi 30pSIHUH 4ac
S2 = S3+ (A2 — A3) =23'5*"3° + (7746*°20° — 520*°22°) = 25'31*"1°,
aje B IIbOMY NYHKTI yXe Iouanacsi HoBa 30psiHa joba (anme He
KalieHnapHa) i Tam S = 1"31*°1°,

Ipukaan 3. Kamitan kopabist BUMIpSB B CIIPaBXHIH MOIyneHb 22
rpyHs 3eHiTHY Bigctanb CoHst — 66°33'. XpoHomerp,
IO #Jae 3a TPUHBIUCHKUM YacOM, IOKa3aB Y MOMEHT
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cnoctepeskeHHsa 11754* panky. PiBHsHHS yacy B mei
JeHb 0yiio —9*°. BusHaunTH, e 3HaXOIUBCS KOpademb.
Hano: To = 12, 2o = 66°33', To = 11"54**, n = -9**,
Po3p’s30k.
3rigno dopmynn Ze = @ — Oe WIMpOTa, Ha sKId mepeOyBaB
kopabensb (22 rpyans cxuieHHs CoHIt oo = — 23°26"):
¢ =00+ 20 =—23°26'+ 66°33' = +43°7".
3HalizeMo cepeAHiid MicleBUI 4ac Ha JOBroOTi Kopadus (1 = Ty —
T@):
Tv=Te + 5 =1151".
3 dopmynu T, = 7o + 1 3HaAXOOUMO OBTOTY MICIIE3HAXOKEHHS
KopaoJs:
A =Ty—To=11"51*"— 1154* = — 3*,
3HaK MIHyC O3Hadae, 1m0 Kopabeiah 3HAXOMWUTHCS Ha 3aXix Bif
TPUHBIYCHKOTO MEpHIiaHa.
OTrxe, KOOpAMHATH KOpabdiis: mupoTa — +43°7', nosrora — 0°,75
Ha 3axix Bix ['puHBiva.

Hpuxaan 4. Jleskuii nyHKT 3 reorpadidHOr JOBroror 5'34*®
3HAXOJUTHCS B I’ ITOMY TOJUHHOMY T0sici. BusHaunTH
MICIIEBUH CepeHil, MOSCHUH 1 JeKPEeTHUH Yac IbOTro
MYHKTY B CIIPaBXHIH MONyJeHb 27 OBTHs, SKIIO B
LIeH IeHb PiBHSHHSA 9acy IOpiBHIOE —16%".
Hdano: A = 5734 n=35; 27 xxoBTHA 1| = —16".
Po3B’s130K.
VY crpaBxHill moNy/IeHb CIIpaBXHil coHsYHNH Yac Te = 12700*".
27 OBTHS MICIIEBHI cepeHiil uac
Tr= Tot n=12"00" — 16* = 11"44*
MOSICHUM Jac
T,=Ti+ (n—A) = 11744* — 34 = 11710
1 AeKpeTHUil yac
T,=T,+1"=12"10*,

3agadi 1is1 caMOCTIHHOTO PO3B’A3yBaHHS
125. Sxwuii ronuHHMR KyT 3ipku ened y 23"17*® 3opsiHOTO Hacy,
SIKIIO T mpsime cxokeHHs 207387
126. 3opsHuit yac popiBHioe 21714*". TlpsiMe CXOMKEHHS 3ipKU
1430*". 3naiiTh TOANHHUIA KYT 31pKH.
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127. Topuuumii KyT 3ipku 14722*°, mpsime cxomxeHHs 1372*.
3HaNTH 30pSHAN YaC B MOMEHT CITOCTEPCIKCHHSI.

128. Skmii  30psHUI Yac B MOMEHT CIIOCTEPEKCHHS, SKIIO
TOAMHHUA KyT 3IpKH 3 TOpPSIMUM CXOIKEHHAM 21"9**23¢
nmopiHIoe 98°11'15" Ha cxin?

129. B koTpiii ToAMHI 32 30pSHUM YacOM BiIOYBAETHCS HIDKHS
KyJIbMiHaMis 3ipKH, IpsiMe CXOKEeHHs siKoi 158°27'7

130. V nanuii MOMEHT 30psHUE 4yac 6"38*". BusHauuTH mpsme
CXO/DKEHHSI CBITHJI, SKi TmepedyBaTUMYyTh Yy BEpXHii
KynbMiHamii gepes 2710,

131. Tlpsme cxomkeHHs nepiioi 3ipku 5'29%%, a apyroi 10731*".
BusnauuTH, yepe3 CKibKH 4acy IMPOKYIBMIHYE Ipyra 3ipka
TicJIs mepIoi i mepiua micist APYyToi.

132. Sxmo choroaHi jeska 3ipka KyJbMiHye B 8" Beuopa, TO
KOJIM BoHa OyJie KynpMiHyBatu uepe3 10 mHiB?

133. Komm mnpubmm3HO 3a cepemHiM COHSYHUM dacom 10
JFOTOTO KYJIbMiHYeE 3ipka ApkTyp (o0 = 14712*%)?

134. B koTpiii TOAWHI CepemHbOrO COHSYHOrO 4acy 1 cepmHs
Oyne KympMiHyBaTH ApKTyp, TpSIME CXOIDKEHHS SKOTO
147127

135. B koTpiii roiuHi cepeJHBOr0 COHSYHOTO Yacy KyJabMiHye 1
KOBTHs 30ps o JIebems (o = 20739*%)?

136. B skuit genp Cupiyc (o = 6'42*") KynbMiHy€e OMiBHOYI?
137. Sxmio 3ipka, mpsMe CXOJDKCHHS K01 187, 3HaXOIUThCS B
Mmepumiadi o 20", To sika mpuOIN3HO B 1Iei MOMEHT faTa?

138. O xotpiit roguni 10 xoBTHs 3ipka Mimap (o = 13720*%)
Oyzne mepeOyBaTH came IIiJ] MiBHIYHHM TOJIOCOM CBiTy?
3ipka 6 Opiona 14 nucronana cxoauts B 20°. B sikuii neHb
BoHa 3iiine B 17"30*? fke npubnm3HO i1 npsiMe CXOKEHHS,
SIKIIO 11 CXUJICHHS JIOPIBHIOE HYJIIO?

139. 3ipka & Opiona 14 mucromana cxoauts B 8:00 Beuopa. B
AKUW JeHb BoHa 3iiine B 5'30™ Bewopa? fAxe mpubimzHO ii
npsMe CXOPKEHHS, SIKIIO 11 CXUIIEHHS TOPiBHIOE HYITIO?

140. BusHauuTH 30psSHHUN Yac B MOMEHTH BEPXHBOI i HUKHBOI
KyneMmiHanii 3ipkun @omanerayt (o IliBnenHoi Pubu), npsme
CXOJIDKEHHS sIKOT 22"54*#53¢,

141. Yepes ckinbkH 4acy Mmicisi BEpXHbOI KynbMiHamii JeHeba
HacTaHe BEpXHS KyinbMiHauig 3ipkud y OpioHa, a MOTIM —
3HOBY BepxHs KyibMiHailis [eneba? [IpsiMe cXOmKeHHS

35



36

Heneba 2073944, a y Opiona 5722*°27¢. lllykani iHTEepBaIu
BUPA3HUTHU B CUCTEMaX 30PSHOTO 1 CEPEAHBOTO Yacy.

142. YV 14715*10° 3a cepennim yacom Cupiyc (o Benukoro [ca)
3 OpSIMHM IIiAHECEHHAM 6742*°57° 3HAXOMUBCA B HIDKHIN
KynbMiHamii. B ski HalONIMK4i MOMEHTH 4acy IICIs IbOTO
I'ema (o IliBHiuHOT KOpoHm) Oyne 3HaXOAMTHCS y BEpXHIiH
KynbMiHamii 1 Komu i TOAMHHWK KyT Oyae IOpiBHIOBATH
3"16**? I1psme nignecenns [emu 15732%°34°,

143. 'V 425" romuHHMI KyT 3ipKH 3 HOPSIMHM IiJHECEHHSIM
2r12**30° nopiBHIOBaB —34°26'. 3HaWTH IpsSIME CXOIKEHHS
3ip, ki B 21750 OymyTh 3HAXOAUTHUCS Y BEPXHIN 1 HIDKHIN
KyJIbMiHaIlii, a TAKOXX TUX 3ip, TOJUHHI KyTH siKuX —1713**20°
1 5742°°50¢.

144. 3HaiiTm 30psHUI Yac B MOMEHTH, B SIKi TOAWHHUN KyT
Purens (B Opiona) BignosigHo gopiBHIoe —3"17°°43° i
172*°29°. Ilpsame cxopKeHHs i€l 3ipku 5712°°8°.

145. Slke Oyno 6 CHiBBiIHOIIEHHS COHSYHOTO Yacy i 30psSHOTO,
sIKOM 3emitst o0epTanacs B IPOTHIICKHOMY HAMPSIMKY?

146. Yepes siki iHTepBadM CepeqHBOTO Yacy BiOyBalOTHCS
OJTHOMMEHHI 1 pi3HONMEHHI KylIbMiHaIii 3ip?

147. Ha CKinbKH 30pSIHMH TOJMUHHHWK BHUIEPEIUTh TOAMHHUK,
SKUM #ae  3a CepeAHIM COHSYHMM dYacoM, 3a 10730
CEepeIHbOr0 COHAYHOTO Jacy?

148. flka TpuBamicTh 30psHOI 0OW, SIKIIO BOHA BUPaXKEHA B
CepeIHLOMY COHSTYHOMY 4aci?

149. Tlepesectn inTepBan 15711*°50°,8 3opsiHOrO 4acy B
IHTEpBaJI CEPEIHHOTO COHSYHOTO Yacy.

150. Tlepesectn inTepBan 5732*°15°43 3opsHOrO 4acy B
THTEepBaJl CEPEeTHHOTO COHSYHOTO Yacy.

151. Tlepesectn intepBan 10712**5°32 cepemHbOr0 COHSIYHOTO
yacy B 3opsHMid wac. Te »x ans intepBamy 21722*°4¢76
CEepEIHLOTO COHSYHOTO Yacy.

152. Tlepesectn iHTepBan 2'23*°24°,92 cepeqHHOr0 COHSIYHOTO
qacy B iHTepBaJl 30pSHOTO 4acy.

153. Bupaszutu 1465 30psHux ai0 B cepeaHiX COHIYHUX 100ax.

154. O xoTpiii TOAWHI CEpPeHBOTO MiCHEeBOro uacy Oyne
noyarok 30psiHoi goou 1 mumua? 20 ceprHsa? 5 nuctonana?
(IlizgpaxyBaTu HaOIMKEHO)



155. TlizpaxyBaTu HaONMMKEHO 30PSHHUI Yac B CEPEIHIO OMIBHIY
1 TpaBHs i omiBHOYI 19 nHTHS.

156. 3muaiiTi 30paHuil yac 7 uepHa B 10" paHKY cepeaHBOTO
MICIIEBOTO Yacy.

157. 3maiitTu 30psHAN dac 27 rpyaHs B 3" Bewopa cepeaHbOTrO
MICIIEBOTO Yacy.

158. 3muaiitu 30psanuit yac 10 TpaBHs B 10" Bedopa cepeqHbOTO
MICIIEBOTO Yacy.

159. V naBHi Yacw HyJBOBHM MEPHIIaHOM BBa)kalld MepUjIiaH
octpoBa Deppo, 1 Ha AEAKUX KapTax JOBIOTH Big3HAYAIOThH
Big @eppo. Peppo nexuth Ha 3axif Big ['punBiva Ha 17°40'.
Slka posrora Bim ['pumHBiYa TYyHKTY, SKIIO HA KapTi BiH
nexuThb Bijg Peppo Ha 50° Ha cxin?

160. Komu B I'punBivi 10717*°14°, B nesikoMmy myHKTi 12743*°21°.
Slka noBrora UpOro MyHKTy?

161. Cepemniit XpoHOMETp, SIKHA Hae 3a MICIHEBHM YacoM
JIeSIKOTO MiCTa, MpuBe3eHuil y Xapkie. flka y Hboro Oyne
MOIMpaBKa IIONO XapKiBCHKOTO CEPEHBOTO 4acy, SKIIO
JIOBTOTa MicTa 5'7**46°, a XapkoBa 2"24**56°?

162. V Xapkosi nomyneHb, a B IeSKOMY IYHKTI B TOH K€ 4ac
TOJIMHHMK TIoKa3ye 12"46*". Slka jOBrorta 1bOro MyHKTY BiJ
I'pungiva? (JloBrora Xapkosa Bia I'punBiua 2"25*)

163. JloBrora mepmoro myHkty Bim ['puaBiva 37°34' Ha cxin.
Ha sxiit moBroti Big ['prHBiYa 3HAXOAMTHCS APYTUH TYHKT,
Jle TOJUHHHK 32 30pSHUM YacoM Iokasye 8'45*" B Tol yac,
KoJH B miepiomy 2"'30*?

164. 3 oxHOrOo MYHKTY B iHIMIA mepenanu curHan B 97832°
MiclieBoro 3opsiHoro dYacy. CurHanm OyB OTpUMaHui B
9"34**16° wmicreBoro 30psHOTO Yacy. Slka pi3HHUIS TOBTOT
[UX MiCIIb B TPpajycHii Mipi?

165. B nmeskoMy MicCTi 3a TOAMHHUKOM, IO ¥jie 38 KHIBCHKHM
30pSHMM YacoM, crocrepiramacs B 4748  BepxHs
kyneMmiHania Kanenmu (o = 5710*"). SIka pi3HUIS TOBrOT LUX
MmicT?

166. B nesxomy wMicTi cmoctepiraizacs BepxHsS KyJIbMiHALlis
Kanemmm B 2'56*" 3a XpOHOMETpOM, LIO IOKa3ye 30pSHHUMA
nbpBiBChbKUE yac. [Ipsime cxomkenns Kamemnu 6710%. fka
JIOBTOTA MICIIS CIIOCTEPEKCHHS?
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167. Y wmomeHT KynbMiHamii 3ipku o Opiona (o = 5'51*)
TOIMHHUK, IO M€ TOYHO 3a 30pSHUM I'PHHBIYCEKAM YacoM,
nokazye 15"9*". Busnauutu noBroty ['puHBiIYa MO0 JaHOTO
MiCIIS.

168. MaHapiBHMKH BIAMITHIH, IO 3a MICIEBHMM YacoM
3aTeMHEHHsT Micsag mouamocss B 5713*, Tomi Ak 3a
ACTPOHOMIYHUM KaJICHAapeM Iie 3aTeMHEHHS! IOBUHHO OyJio
BinOyTHcs B 3’51 32 rpuHBIUCKKUM YacoM. SIka ix qoBrora?

169. Bu3HauMTH 30psSHUI 4Yac B MyHKTaX 3 reorpadidHoro
noBrotoro 2'13*°23° 1 84°58' B MOMEHT, KONMM B MYHKTI 3
nosrototo 4'37**11° Kacrop (o bnusHsiT) 3HaXOAMTBCS Y
BepxHil kynpMiHatii. [Ipsme cxomxenns Kacropa 7°31*°25".

170. Po3B’s3aTu momepeqHIo 3adady Uil TUX K€ MYHKTIB, aje
UIT MOMeHTy dacy, B skuid Kamemma (o Bizamdoro)
3HaXOAUTHCSI B HIDKHIM KyJbMiHaLil B MyHKTI, reorpadiuna
JOBrota sikoro 6'57**5¢, Ipsme cxomxenns Kanemu 5713*,

171. OOumcnutu roauuHi Kyt Anromns (P Ilepces) i Ampraipa
(a Opmna) B 8720**30° 30psiHOro yacy. [IpsiMe CXOIKSHHS IUX
3ip BiAMOBiMHO AopiBHIOE 374**54¢ i 19748*°21°. TomuuHI
KYTH BHPA3UTH B TPAyCHIN Mipi.

172. Tlpsame cxomxenus Mipu (o Kura) 2716*°49°, Cupiyca (o
Benmukoro Ilca) 62*°57° i Ilpomiona (o Mamoro Ilca)
7"36*"41°. SIki ronyMHHI KyTH WX 3ip B MOMEHTH BEPXHBOI 1
HWKHBOI KynbMiHawii Cupiyca?

173. 3muaiiti roaunHi Kyt Kacropa (o bnmsniokis) 1 Hleara (B
[leraca) B MomeHT, koiu roauHHuiA KyT Beru (o Jlipn)
nopiBatoe 4"15*10°. Ilpsime cxomkenHs Kacropa 7"31*°25°,
Bern 18735**15¢ i IlleaTta 2371*°21°.

174. Topunumii xkyr Mipu (o Kura) B ['punBiui mopiBHIOE
2'16*"47°. Bu3HauuTH B 1Ieil MOMEHT 30pSIHAN 4ac B MyHKTax
3 reorpadiuHo0 JOBroror 2'3*2° i 54°44'5. Ilpsme
cxomkeHHs Mipu 2716%°49¢,

175. 3mnaiiTi 30psiHUE 4Yac 1 roauHHMA Kyt Minapa ({ Benukoi
Benmenuni) B I'pusBiui 1 B myHKTI 3 reorpagiqHo0
JIOBrotoro 6734**9° B TOM MOMEHT, KOJIM B MYHKTI 3
reorpadiuHor0  jgoBrororo  8'38°58°  roaMHHHMH = KyT
Anbnebapana (o Tempus) 329°44'. llpsme cXoIKEeHHS
Minapa 13"21**55¢, a Anpnebapana 4"33*3¢.



176. Slxe mpsime CXOIKEHHS Y 3ip, IO 3HAXOATHCS Y BEPXHIH i
HIDKHII KyJIbMiHaIIii B IBOX  pI3HUX ITyHKTaX
CIOCTEPEKEHHS, SIKIIO B OJHOMY 3 HUX, PO3TallOBAaHOMY Ha
cxim Bix iHmoro Ha 36°42', romuuuuii kyt llporiona (o
Majoro Ilca) mopiBHioe —2716*°41°? IlpsiMe CXOIKEHHS
Iportiona 773641,

177. Ha sxkux reorpadiyHux MepuaiaHax 30psSHHUN Yac
BIANOBIAHO JopiBHIOE 22748*°30° 1 7736*°34°, skmo B
MICIIEBOCTI 3 reorpadiunoro aoBroror 5'31**40° roauHHUi
kyT Kanennu (o Bizauuoro) — 2"39*°08°? IIpsime cxomKeHHS
Kanemnmm 5713*.

178. Yepe3 ski iHTEpBalM 30PSIHOTO 4Yacy IICHS BEPXHBOI
KynbMiHamii 3ipku B Jlea 3 mpsiMuM cxopkeHHsIM 11746*°31°
3ipka o [igpu Oyne 3HaXOAMTHUCS Yy BEpXHiH KylbMiHaLii, y
HIOKHIM ~ KyJnbMiHaIii 1 3aliMaTH  TIOJIOKEHHS,  fKe
XapaKTepU3y€eThCs TONWHHUM KyToMm 4725167 Ilpsme
cxopkeHHs o [igpu 9725%°8¢,

179. YV MOMEHT BepxHBOi KyjibMiHalii 3ipku & Bemukoi
Bemmenumi 3 mpsmuMm  cxomkeHHsM 12751*°50° 3opsHUMit
TOAMHHUK TMOKa3yBaB 12741**28°) a B MOMEHT HAcCTYITHOI
HWKHBOI KyJnbMiHamlii Ti€i > 3ipKM HOTO TMOKa3u Oynu
0741**4¢. Tlpu sKuMX TOKa3ax TOTO X TOJUHHHKA 3ipKa [
Manoi Beamemuni mnpoxomwna Iii KyJdbMiHAIi, SKmo ii
CXOJDKeHHs jopiBHIOe 14750507

180. Yomy mopiBHIOE HaOIMKEHE 3HAYEHHS 30PSHOTO 4Yacy B
CepeHIO, MOSICHY 1 IEKPETHY MiBHIY B JEIKOMY MYHKTI (A =
3733, n=3) 8 mororo i 1 BepecHs?

181. TlpuGnu3no B siki qHi poky Cupiyc (o = 6'43*") i AHTapec
(0= 16"26**) 3HAXOAATHCS y BEpXHiid 1 HWKHIA KyJIbMiHAII{ B
CepEeHIO miBHIY?

182. BwusnauwnTi 30psiHUil yac B ['punBidi B 7728*16° 9 ciuns (so
= 7711*39% i B 20"53**47¢ 25 nunns (s, = 20708*°20°).

183. 3naiiTu 30psiHUN Yac B CepelHi, MOSCHUM 1 JEKPETHHUH
MOJY/ICHb, & TAKOXK B CEPE/HIO, TOSICHY 1 JIGKPETHY TIBHIY B
nesikoMmy myHKTi (A = 273017, n = 2) 15 ciuna (S, =
7"35*°18°).

184. Po3B’si3aTH HOMNEPEIHIO 3a1a4y JUIsl JACSIKUX MYHKTIB (A =
6"11*°26°, n = 6 1 A = 9733*10° n = 10) 8 cepmHs (So
21703*32°).
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185. OOumcnutu rtommuHi kytu Jleneba (o Jlebens) (o =
20739**44°) B I'punpiui B 19742**10° 16 uepBHI (S,
17734*534°) i 16 rpyaust (so = 5"36*"4°).

186. OOumcnuTH TOAMHHI KyTH 3ip o AHgpomenu (o =
0075*°48°) 1 B Jlesa (o = 11746**31°) B 20"32**50° 3 cepmus (s,
= 20%43**40°) i 5 rpynHs (S, = 4"52**42°) B mesAKOMY MYHKTI
(A =847*31°, n = 9).

187. 3muaiiTu rogunHi KyTH berenbreiize (o = 5'52*°28°) i Criku
(o = 13722**33°) B 1"52*"36° 25 uepBHA (S0 = 18'6**7°) i 7
mucronana (s, = 2'58*22°) B neskomy myHKTI (A = 4"37*"11°,
n=>5).

188. B sixi MoMeHTH Yacy B I'puHBIUI 3HaXOIATHCSA Y BEpXHiit
kympMmiHamii [lommyke (a0 = 7'42*°16°), a B HIKHIT
kyabMiHaiii Apktyp (o = 14713**23°) 10 motoro (so =
9"17**48°) 1 9 TpaBHs (so = 15'4*°45°)?

189. 3naiiTi MOMEHTH BEpPXHBOI 1 HWKHBOI KyinbMiHamii 22
Oepesnst (so = 11755*31°) i 22 4yepBHs (S0 = 17"58**14°)
Kanmemmn (o0 = 5"13®) i Berm (a0 = 1835*15°) mHa
reorpadiunomy mepumiani A = 3"10*® (n = 3). MomeHTH
BKa3aTH 110 30PSHOMY, CEPETHBOMY, MOSICHOMY 1 IEKPETHOMY
qacy.

190. B sxi MoMeHTH Yacy 5 Jr0TOro (So = 8'58*°6°) i 15 ceprus
(So = 21"31**8°) rogwmunui kytu Cupiyca (o = 6'42*57°) i
Amnpraipa (o = 19748*°21°) B nesiskomy myHKTi (A= 4727**53°, n
= 4) nopiBHIOIOTh 328477

191. B saxi momentu yacy 10 rpymas (so = 5'12*°24°) ronunHi
Kyt Anbaebapana (o = 4'33*3°) i  JIebens (o = 19728*°42°)
B JesKkuX MyHKTax (A = 2'59*11° n=3 1A =9"33*10% n =
10) BiamoBigHO MOPiBHIOIOTH +67°48' 1 —24°32'7

192. Ha sixux reorpadiyaux Mepuaianax 3ipku o biaus3HIOKIB 1y
Benukoi BenMeauini 3HaX0AsIThes y BEpXHIN KynbMiHaii 20
BepecHs (So = 23'534% B 840*26° 3a yacoM IEIKOrO
nyHkty (n = 7)? Ilpave migHeceHHs LUX 3ip BiANOBIAHO
JopiBHIOIOTH 7"31%25¢ 1 11751*°13¢.

193. [liametp aesikoro Micta gopiBHioe 20 kM. Ha ckinbku
CIpaBXKHIN TOJYyJACHb HAa HOro CXiJHIH OKOJIHMIN HACTyIae
paHilre, Hixk Ha 3aXiqHil, AKIIO WOro mupoTa 55°45'

194. 14 gepBHs 3a CHIOCTEPEKEHHSIMU Ha KOpabJIi, KyJIbMiHAIls
Conrs BimOymacss B 8723 3a XpOHOMETPOM, IO IIOKa3ye



rpuHBiUCHKUN 30psiHUi wac. Kynbminamiss BigOynmacst Ha
3eHITHIN BigcTani 22°2' (pedpakiis BpaxoBaHa). Busnauntn
JIOBTOTY Ta IIUPOTYy CYAHA, SKIIO 32 MOPCHKUM
ACTPOHOMIYHMM WIOPIYHUKOM B TII€H JeHb 1 TOJHMHY
koopauHatu CoHig Oyim o = 5726™°, § = +18°25".

195. 3aremnenHss Micsns modanocst 2 KBiTHS B 1973 3a
cBiTOBUM yacoM. O KOTpi¥i roJ{uHI BOHO MOYAI0Cs B ICIKOMY
Mmicti (moBrora 578" Ha cxinm Big ['punBiva, V 1mosc) 3a
MTOSICHUM, JICKPETHHUM, MiCIICBIM 4acoM?

196. Micsune 3aTeMHeHHs mouyangocs 18 mucromnanga B 2073855 1
3akinumiiocsd 19 nmucronana B 0710%8¢,2 3a BceCBITHIM 4acoM.
B sxi njate i MOMEHTH 9acy BOHO TOYAJIOCS 1 3aKiHUMIIOCS B
Micrax, siki po3miniexi B 111, V ta VII rogunamnx nosicax?

197. JlitHe coHuecrosHHs HacTamo 21 depBHs B 18738*" 3a
BcecBITHIM dYacoM. Koy BOHO HAcTajo 3a YacoM MICT,
3a3HaYEHUX y MOTepeaHii 3amaqi?

198. 3muaiiTi nosicHuii yac B XapkoBi (A = 2724*°56°, 1l mosic)
Jutst MoMeHTy 18724**30° MicIieBOro cepeIHporo yacy.

199. 3maliT TPUHBIYUCHKUI dYac, SKAW BIATOBIZA€ TOSICHOMY
gacy 12710**30° micTa, iK€ 3HaXOIUThCS B V MOSICI.

200. 15 yunHSA COHSYHUU TOAMHHUK TOKa3ye 4 TOAWHU IHS.
Korpy roawHy y 1leii MOMEHT TIOBHHEH ITOKa3yBaTH
TOJAMHHHUK, [0 WJE 3a MICHEBHUM CEpeHiM Yacom? 3a
30pstHUM?

201. 3HaiiTu cepenHil MiCIeBHIA, TOSCHUHN 1 JEKPETHUH Yac B
MyHKTax 3 reorpadiuHoro moBrororo 4'43*28° i 9"8*°37¢ B
MOMEHT 6'52*°6° 3a cepeHIM IpUHBIUYCHKUM dacoM. [lepmuii
MYHKT 3HAXOJUThCS B V, a ipyruii — B X TOAMHHOMY TOSICI.

202. BusHauuWTH CepeaHiil MICIEBHIA, MTOSCHUM 1 JEKPETHUHN Yac
B MYHKTaX 3 reorpadivyHoo A0BroToro 5712*°56° i 7751*°22°,
SKIIO B Ied MOMEHT B TPEThOMY IIyHKTI TOJUHHHUK
nmokaszyBaB 17"31*"44° 3a cepemHIM MICIIEBUM 4YacoM, a
reorpadiuHa JOBroTa TPEeThOrO IMYHKTY AOpiBHIOE 6"27*°36°.
[lepmuit myHkr 3Haxomutecss B V, a apyrmid — y VIII
TOJMHHOMY IOSICI.

203. 3HalTH PI3HUIIO MDK IMOSICHUM 1 CEpeIHIM MICIEBUM, a
TAKOX MK JICKPETHHUM 1 CEpEeJIHIM MiCIIEBUM YacOM B IYHKTI
3 reorpadiunoi goBrororw 7718*°58°, skuii po3TaiioBaHUi B
ChOMOMY T'OJTUHHOMY IOSICI.
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204. BusHauuTH MOCHIJOBHICT, HACTaHHSI  OJHOMMEHHHUX
MOMEHTIB 3a CEpeIHIM MICIIEBUM, TOSICHUM 1 IEKPETHUM
gacom B nepmiomy (A = 3"19** n = 3) i npyromy (A = 5"32**, n
= 6) myHKTax.

205. B sxi MOMEHTHM 4Yacy 3a pI3HUMH CHUCTEMaMH BiJUTIKY
HACTalOTh CHPaBXHIM TONyA€Hb 1 CIHpaBXHSA IIBHIY B
myHKTax 3 A = 2739*®, n =3 i A = 3"41**, n = 4 y nHi, Konu
PIBHSIHHS Yacy BIAMOBIIHO J0opiBHIOE +12*% 1 —15%*7?

206. TouHmii MiCBKHH TOJUHHUK ITYHKTY, IO 3HaXOJUThCS B
LIOCTOMY TOAWHHOMY Tosici okazye 7"32*® Bedopa. Skuii B
IIell MOMEHT CEepEJIHIN MICIICBH, MOSICHUN 1 ICKPETHUI Yac B
Kuesi (A = 2"2**, n = 2) ta B gesikoMy myHkTi (A =97, n = 9)?

207. Jlitak BuinetiB 3 ogHoro nyHkty (N =4) B 11720* i npudys
0e3 3amizHeHHs B iHmmi (N = 7) B 17'45*". Ckinbku 4yacy
JIETIB JITaK 1 sIKi MOMEHTH BWJIbOTY i MpHOYTTS BKa3aHi B
PO3KJIai MOIBOTY?

208. Temerpama BimmpaiieHa 3 0OJHOTO MyHKTY (N = 8) y 7"40*®
BEYOpa 32 MICBKHUM YacOM 1 JIOCTaBJIeHa aJpecary B IHIIOMY
myHKTi (N = 2) B TOM ke meHb B 16"20* 3a wacom mporo
MicTta. CKUNBKH 4Yacy WIuia TeinerpaMa i sSiKi MOMEHTH 4acy
BIJITPABKH 1 IOCTABKH BiJ[3HAYCHI HA Hii?

209. Komm 3a moscHuM dacoMm Micta (moBrora 3716*°29¢, 1|
mosic) 22 4epBHS BimOyaeThes KynbMiHallisi COHI, SKIO B
el JeHb PiBHAHHS Yacy JopiBHIOE +1*°20°7

210. Karmitan kopaOiiss BUMIpSB B CHpaBXHIN mTonyneHb 22
rpyaHs 3eHiTHY Biacranb CoHis — 66°33'. XpoHoMeTp, 110
Wae 3a TPUHBIUCHKMM YacoM, II0Ka3aB Yy MOMEHT
cnocrepeskeHHs 11754 panky. PiBHsIHHS yacy B Led JieHb
Oymno —9*°. SIki reorpadiuni KoopAMHATH KOpaOs?

211. 3HaliTi CHOpaBXHIN MiclieBUIA 4ac, SKUN BIITIOBIIAE
13715*°28°,5 cepeqHBOr0 MICIEBOTO Hacy, SIKIIO PIBHSIHHS
yacy B 11eii MomeHT +11**13¢,97.

212. CoHs4HUY TOAVMHHUK 8 KOBTHS B XapKOBi IMOKa3aB 3" qHs.
PiBusiHHs dvacy B ued geHb Oyino —12*. Kotpa ne Oyna
TOZMHA 32 JEKPETHUM XaPKiBCHbKHM 4acoM?

213. IloBue 3aremneHHs COHIlI MOBHHHO OyJ0 BifOyTHCS B
MYHKTI 3 J0Brororo A = 2730 B 9727** ciroBoro uacy. B
JNaHWW JeHb pIiBHAHHSA dacy Oyino —9*. Um BimOymocs
3aTEMHEHHS 10 MOMEHTY CIIPaBXHBOT'O MOy JHs?



214. 26 Bepecus CoHue B IMyHKTI 3 JOBrotoro A = 2730
CXOIWTh 3a CEpelHIM MiCIleBUM dHacoMm y 5"51*° panky, a
3axoauTh B 5'51* Bedopa. UoMy nopiBHIOE B Il JeHBb
piBHSHHS Yacy?

215. Ska pizHmng B TpuBasocti 4yacy Bin cxomy Conms mo 12
TOMWHU JIHSA CepeaHhoro dvacy 1 Bim 12 rogwmHM OHS
cepeanboro vacy a0 3axony Conus | mnucromazaa, Kojid
PIBHSHHS Yacy jJopiBHIOe —16**?

216. Slke mpubausHo mpsme cxomkeHHs CoHusg 7 nHCTONana,
AKILIO y LeH JeHb PiBHAHHS Yacy JOpiBHIOE —16*7?

217. OmniBagHi 3 KOBTHS TMONpaBKa TOJAMHHUKA —26*°34°67.
Cepenniii 1o0oBHit Xin roguaHNKa —1°,61. 3HalTH MTOTIPaBKY
roguHarka B 18" 1 6" Toro x uncia.

218. TogmuuuK 5 ciunsa moka3ye 9718134 panky; omiBaHi 1
ciuyHs ¥oro mompaBka Oyma —2*°6°5, moGoBuit xim +2¢9.
3HalTH TOYHMIA Yac y BKa3aHUI MOMEHT 5 CidHSI.

219. OmiBani 3 mOTOro mMOMpaBKa TOJMHHUKA Oyna +6*°14°.
JobGoBuit xix roauHHuka -—11°. BusHauntH nONpaBKy
TOAMHHUKA OmMiBaHI 1 1 omiBaHI 6 JIFOTOTO.

220. Tlomparka roguHHUKa 15 nmumHs B 127 Oyma 9%°1¢, 18 nunas
B 12" Oyna 8®40° 20 nunusa B 12" Oyna 8*°24°. Busnauutu
cepenHiit 1o0oBUit Xif roquHANKA 3 15 1m0 20 mumHS.

221. Y xypHaini 3anMcaHi MONpPaBKH FOJUHHUKA, BU3HAUCHI 3a
paliocurHaiaMu TOYHOTO 4acy: 9 BepecHs B 67 — —2*14°, 10
BepecHs B 6" — —2*"21°) 14 BepecHs B 6" — —2*°49°
BusnaunTy nonpasky roguHHuKa Uit 6" 12 BepecHs, wig 18"
12 BepecHsi i uis 6" 16 BepecHsl.

222. 3ipka y Manoi Benmenumi (o = 15720*°49°) cnioctepiranach
B HW)KHIW KyJIbMiHaIlii, MTPUIOMY 30psSHUI TOJAWHHHK B IEH
yac mokazyBaB 3'39*°33¢. flka momnpaBka rogMHHNKA?

223. Y MOMEHT BepxHbOi KyjbMiHarii B Benmukoi Meapenutii (o
= 10"55*°48°) 3opstHUH TOAMHHMK IoKa3yBaB 10755*°32¢.
BusHauuTty nomnpaBKy rOJMHHUKA. Bka3aTu, Koau 3a LM
HECTIPABHUM TOJWHHHMKOM BiOYAEThCS KyJIbMIHALIS O
Benukoi Benmenui (o = 107°57*234°).

224. Kyneminamis [pomiona (o = 7"36™*) y MyHKTI 3 JIOBrOTOIO
A = 230" BimOymacs B Hiu 3 30 na 31 rpynus B 1'15* 3a
TOJIMHHUKOM, IO HIe 32 JIGKPETHUM 4YacoM JIAHOTO ITyHKTY.
Ska #ioro mompaBka?
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225. Y MOMEHT BepxHBOI KymbMiHarii 3ipku (o = 15732*234"),
TOJIUHHUK, IO W7C 3a 30PSHUM 4acoM, TIOKa3yBaB 15729*%42¢,
3HalTH MONPaBKy TOAMHHHUKA 1 HOTO IMOKA3H MPH FOJUHHOMY
KyTi Ti€l x 3ipku 1720*°50°¢.

226. YV MOMEHT BepxHboi KysbMiHamii 3ipku (o0 = 4733*3°)
30psIHUI TOJUHHUK MOKa3yBaB 4'52*°16™, a B TOH ke MOMEHT
HacTymHoi Houi Horo mokasu Oymu 4'51%. OGuucnutH
MOTIPABKH 30PSIHOTO TOJJMHHUKA B MOMEHTH CIIOCTEPEKCHB, &
TaKoX 1X M0OOBHWH 1 TOMUHHMN Xif (TOOTO 3MiHY TOIPAaBKU
3a 100y 1 32 OHY TOJTUHY).



§4. IlpakTuyHe BH3HAYeHHs TreorpadiyHux i HeOecHHX
eKBaTopiaJbHUX KoopauHat. Pedpaxmis

ACTpOHOMH BUMIpIOIOTH 3€HITHI BiJCTaHi OJHHX 1 THUX e 3ip B
000X KyJbMiHaIisIX 1 3a GopMylaMH 3HAXOAATH IX CXWJICHHS 1
reorpadigHy mmpoTy obcepBaTopii.

3HalOYM @, BU3HAYAIOTh CXWICHHS CBITWJI, B  SKHX
CIIOCTEPIra€eThCsl JIMIIE BepXHS KyibMiHamis. [Ipm BHCOKOTOYHHX
BUMIpPIOBaHHSIX BPaXxOBY€ETbCA pepaKiis.

Ammocghepra (acmporomiuna) pegppakyis — SBUIIC BiIXUICHHS
CBITJIOBOTO TPOMEHS BiJ MPSAMOJIHIMHOTO HampsMy TpH HOTO
MPOXOPKEHH] uepe3 atMocdepy 3emiti.

3a paxyHok wnporo edekry cBitwio (nmpominb M, puc.10)
CIIOCTEPIraeThCs HE Ha 3€HITHIN BincTaHi z (mpoMiab M»), sk 11e Oyio
0 Ha TUTaHeTi, Mo30aBIeHi aTMocdepy, a Ha BiacraHi z' (IpoMiHb
M), npudomy

z'=z-p,
Ie p — KyT pedpakiii, SKuid 3aJeXXHUTh BiJl TEMIIEPATYPH i TyCTUHHU
aTMocdepu (Bi BHCOTH CBIiTWJIA HaJ| TOPU30HTOM). 3HAYCHHS KyTa
pedpakiiii mogaHo B TaOIUIN 10AaTKY 4.

Puc. 10. ATmocdepHa pedpaxiis

3apasku pedpakiiii CBITHIO 3aBXId NepeOdyBae BUIIE BiJ CBOTO
CITPaBXHLOTO TIOJIOKEHHSI.

Y chopaBxHIil TMONyAEHb PETYISPHO BHUMIPIOIOTH 3CHITHY
BiJicTaHb zeo COHIIA 1 BiAMIYalOTh MOKa3d Sy 30PSHOI0 TOJAMHHUKA,

45



MOTIM 3a GOPMYJIOIO Zg = @ — O BU3HAYAIOTh HOr0 CXUIICHHS Oo, a 3a
HUM — NPSIME CXOJDKEHHS (o, OCKLITbKH

99
tge
e €= 23°26' — HaxXWJ eKJIIITHKHA.

OnHOYacCHO BU3HAYAETHCSA 1 MOMPABKa 30PSHOTO TOAMHHUKA

u=5-58=ae-35,

OCKIUJIbKM B CIPaBXKHill monmyneHb roguHHUi KyT COHISI TOpiBHIOE
HYJIIO 1 TOMY 30psIHUM Yac S = .

Bigmivaroun mokasu S'r TOTO K TOAWHHUKA B MOMEHTH BEpXHBOT
KyJIbMIiHAIIi ICKpaBUX 31p, 3HAXOMATH IX MPSIME CXOKEHHS

a=ae+ (S-S
1 32 HIM aHaJOTIYHO BH3HAYAIOTH MPSME CXOJPKEHHS iHIINX CBITHIL,
SIKEe TaKOXK MOke OyTH 3HaliJicHe SIK
a=S8"+u.

3a exBaTopiaJbHIMH KOOpIWHATaMu 3ip (Tabnwmi momatkiB 19-

21), BU3Ha4a0Th Teorpadivuai KOOPAWHATH MICIlh 36MHOT IIOBEPXHI.

t
sin ag = =1go,Clge,

Ipukaaau po3s’ss3yBaHHs 3a1a4
Hpukaax 1. B monyzaens 3eHiTHa Bigctanb CoHI Ha reorpadivHii
mmpoti @ = +59°46' Oyma 39°33' S, a 3opsHuit
TFOJMHHMK TIoKa3yBaB 3'57*°41¢, OOUUCIUTH IS 1[LOTO
MOMEHTY ekBaropianbHi KkoopauHatH CoHuOs i
MIONIPaBKY 30PSIHOTO TOJJMHHHKA.
Hdano: Ze =39°33'S; S, = 3'5741°; ¢ = +59°46'.
Po3B’s130K.
3rigao Gopmynu Z; = ¢ — & cxuineHHs CoHLA
do = ¢ — Zo = 59°46' — 39°33' = +20°13".

_ tgo,
3a popmyoro Sin ac = .
£

=190, Ctge 3maiinemo:

sino.e = tgdectge = tg 20°13'ctg 23°26' = +0,8490,
3Bijku mpsmMe cxomkeHHs CoHnsg oo = 58°6',2, abo, mepesiBIIN B
OJIMHHUIII yacy, o = 3'52%°25¢,
Ockinbky B CIpaBXHid MOTyIeHb 30pIHUE yac S = ae =3'52*°25°¢,
a 30psSHMH TOAWHHMK mo3yBaB Sr = 3'57*°41° To oTpuMaeMo Taky
MOIPABKY TOJIMHHUKA:

U=S—S = ae—S; = 352*"25° — 3'57*41° = —5*°16°.
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Ipuknag 2. B MoMeHT BepxHBOi KyibMiHaLii 30pi o JpakoHa Ha
3eHiTHINA BigcTani 9°17' N 30psHUI TOAMHHUK TO3YBaB
7720*°38°, mpuuoMy HOro mompaBKa [0 30pPSHOTO
TPUHBIUCBKOTO qacy JIOpiBHIOBaJIa +22*°16°.
ExBatopianpHi koopamHatm o JlpakoHa: TpsMe
migHecenus 1473*2¢ i cxuneHHs +64°37'. BusHauutu
reorpagivHi KOOPJUHATH MICIIS CIIOCTEPEIKCHHS.

Hano: o [pakona, a = 1473*2, § = +64°37', z, = 9°17' N, 30psHuit

TOIMHHUK S, = 7720%38°¢, u= +22"16°¢,

Po3p’sa30k.
3HaxoauMo reorpadiuyHy MHUPOTY:
@ =0—12,=164°37' - 9°17" = +55°20'".
3opsaHMit yac B MICIIi criocTepekeHHs S = o = 14732, a 3opsHuit
yac B [ 'pinBiui
So=S;+ U = 772038 + 22*°16° = 7"42*°54°.
Toni 3HafimeMo reorpadiuyHy JOBroTy
A =S —Sp = 14703*2¢ — 7742*°54° = 6"20*"8°,
a0o0, MepeBiBIIM B KyTOBI OUHHMII, A = 95°2'.

3agayi 17151 caMoOCTiliHOT0 po3B’A3yBaAHHA

227. Ha mmporti 55°4520" B MOMEHT BEpXHBOI KyJIbMiHAIil
BUMIpsiHa 3eHiTHa BiactaHp 3ipku 50°0'0". Kopucryrouncs
Tabimuero pedpakmii (momatok 4), BU3HAYUTH CXWJICHHS
3ipKH.

228. B oOcepBatopii (¢ = 55°45'20") BumipsiHa 3eHiTHA
BiJICTaHb 3ipKH y BepxHill KyibMiHamii 47°59'48". Ske
CXMJICHHS 31pKHU 3 BpaxyBaHHSAM cepelHboi pedpakiii?

229. OmniBuiuHa BHcOTa HWwKHbOro kpato CoHusg 3a
BUMiptoBaHHAM 3 Kpuronama 14°11'5". Cxunenns CoHIsl B
neit nmenp +21°19'34", kyroBuii pamiyc Conms 15'47".
BusHaunTH, 3 BpaxyBaHHsAM pedpakiii, mMMPOTy, Ha SKii
3HAXOJIUBCSl KPUTOJIAM.

230. 3eniTHa BiJICTaHb 3ipKH B BEpXHill KynbMiHaii 24°2'8", a B
HWKHIA KynpMmiHamii 53°51'51". 3naiiti mmpoty wmicus
CIIOCTEPEIKEHHS 1 CXUIICHHS 31PKH, BpaXxoBYyIOUHr pedpaxiiito.

231. llltypman kopaOyisi BH3HAYHMB 3€HITHY BiJICTaHb IICHTpA
Conng omiBHoYi — 80°. JIe i B KM J€Hb MIT' 3HAXOIUTHUCS
Kopabenb 1 Ha CKUIBKM KiJOMETpiB (MPHONM3HO) LITypMaH
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MOMUJIKOBO BH3HA4YMB OH IMOJIOKEHHS KOpalisl 1Mo LIMPOTI,
SIKOW BiH HE BpaxyBaB BIUIMBY pedpakiii?

232. Y pesikuii MOMEHT Oyna BUMipsiHA Pi3HUIS a3UMYTiB JIBOX
3ip, mpsaMi cxomkeHHs skux 850 1 9'46*", 3MEHIUTHCS YU
30IMBIIATRCS T PI3HUIE, SKIIO BpaxyBaTH  BIUIUB
pedpakmii?

233. CnocrtepexeHHs1 Ha MepuaiaHi 3ipku p Manoi Beamenuui B
i BepxHii Ta HIDKHIA KyJIbMIHAIl Jamd 3HAYEHHS BUCOT
55°48'6" 1 24°58'56" sBimmosimHO. BW3HAUMTH CXWICHHS
31pKH 1 IIUPOTY MICIIEBOCTI 3 BpaXyBaHHSAM pedpakiii.

234. OgpepkaBUIM TOBIJOMIJICHHSI MPO BiIKPHUTTS HOBOI Majoi
TUIAHETH, AacTPOHOM 3a/aBCi METOI B TOH XKe Bedip
BU3HAYUTU 1i TOYHI €KBaTOpiajbHI KOOPJIMHATH.
Crocrepiratoun il Ha MepH[iaHi, BiH OTPHMaB, IO BEPXHS
KyJlbMiHAISI TIaHETH BimOynmacs Ha Bucoti 37°19'S5" B
5'18**14° 3a 30pssHUM TOJUHHUKOM, ITOTIPaBKa SKOTo —3*°19°.
3a 1aHMX YMOB TOIpaBKa Ha pedpakiiro Oyma 1'3". Ski a1 o
mianeru? [lupora obcepraropii 43°19'1".

235. BusnHauuth reorpadidHy MIUPOTY MICIS CHOCTEPEKEHHS i
CXWJICHHS 3ipKM 32 BUMIPIOBAaHHAMH Ii 3€HITHOI BiJCTaHi Zz
abo Bucotu h B 000X KyIbMiHAIISIX — BEpXHiil (B) 1 HIDKHIH
(H): a) zg = 15°6' N, zy = 68°14' N; 0) zs = 15°6' S, z4 =
68°14' N; B) hg = 80°40' mix., zy = 72°24' nn.; r) hg = 78°8'
., hy = 17°40' n.

236. Y micueBocTi 3 reorpadiuHoro mupoToro ¢ = +49°34' 3ipka
o Ngpu nmpoxoauTh BepXHIO KyJIbMiHAIIIO HAa BUCOTI +32°
HaJ| TOYKOO MiBIHA, a 3ipka 3 Manoi Benqmenuiii — Ha miBHIY
BiJI 3€HITY Ha BifcTaHi 24°48'". fki cxuneHHs nux 3ip?

237. Slke cxwileHHS MarOTh 3ipKH, SKi Y BepXHiil KyiabMiHamii B
nesikomy Micti (¢ = —35°20') 3HaXOIAThCS Ha 3CHITHIN
BijcTaHi 63°39' Ha miBHIY Bij 3¢HITY 1 Ha BUCOTI +58°42' Haj
TOYKOIO MiBIAHS?

238. Kamenna mnpoxoauTh BEPXHIO KyJIbMIHAIIO Ha BHUCOTI
+82°35' mpu azumyTi 180°, a AnpaebapaH, CXUICHHS SKOTO
+16°25', — Ha 3eHiTHIN BixcTaHi 22°8' Ha MIBACHP BiJ 3CHITY.
Sxe cxunennsa Kanennu?

239. OOuucnutu cxwuieHHs 3ip O Bemukoi Beamemumi i
domanbrayra, SKIO PI3HUI 3CHITHUX BiJICTaHEH IUX 3ip i
Anpraipa y BepxHill KynbMiHaLii B AESIKOMY IYHKTI (¢ =



+41°18') cranoButh BigmoBimHo —48°35' 1 +38°38'. Anpraip
KyJbMIiHY€E Ha BUCOTI +57°26' HaZ TOYKOO TTiBIHS.

240. SIke cxuieHHS y 3ip, AKi KyJbMiHYIOTh Ha TOPH30HTI i B
3eHITI MiCIEeBOCTi, Teorpadiyna mupora sikoi —+41°42'7
Pedpaxuito 6ins ropu3oHTy mpuiAHATH 35'.

241. 3HaliTd mOpsMe IiJAHECCHHS 3ip, B MOMEHTH BEPXHBOI
KyJIbMiHamii SKUX 30pSHUI TOJUHHUK NOKa3yBaB 18725°32¢ i
19750**40°, skmio mpu #oro mokaszax 19720*°16° Anpraip 3
npsMUM  migHeceHHssM  19748%°21°  mepeTHyB HeOecHUI
MepH/liaH Ha MiBJICHb BiJl 3CHITY.

242. Y MOMEHT BepxHbOi KyibMiHamii CoHus #Horo mpsme
migHeceHHs Oyno 23'48*°9°, a 30psHUII TOOMHHNK MTOKa3yBaB
23'50*1°. 3a 46*48° g0 wuporo HeOecHWH MepuIiaH
nepernyiaa 3ipka [ Ileraca, a mnpu mokaszax TOro x
ronquaHNKa 0'07*°40° HacTama BepxHS KyJIbMiHAIS 3ipKH o
AHgpomenn. Slke mpsiMe TiTHECEHHS Y X ABOX 3ip?

243. Mapc KyIbMiHyBaB yepez 15°50° 3a  30opsiHUM
TOJMHHHUKOM Ticiis berenbrerize Ha BUCOTI, IO NEPEBUIILYE
BACOTY 1i€i 3ipku B KyibMiHamii Ha 16°33". Ilpsme
migHeceHHs berenbreitze 5'52*28¢ 1 cxuimennsa +7°24'. Ski
eKBaTOpiajibHi KoOpAWHATH Mapca i moOIu3y sKOI TOYKH
EKIIINTHKY BiH iepeOyBaB?

244. Ha mmpoti ¢ = +55°45') xonmu B3OpsiHHNA TOJUHHUK
nokazyBaB 1752*°22¢, FOmniTep nepeTHyB HeOeCHUI MepHTiaH
Ha 3eHiTHIA Bigcrani 47°38'. B 2723*31° 3a TUM Xe
TOIMHHUKOM  KyJbMiHyBama 3ipka o OBHa, m1psiMe
migHeceHHs skol 24*°21°¢, SIki exBaTopiaJibHI KOOPJAMHATH
IOmitepa?

245. VY myHKTI 3 TeorpadiyHoo mupoTor +50°32' momyneHHa
Bucota Conigs 1 TpaBusi i 11 ceprins qopiBHoBana +54°38', a
21 mucromama 1 21 ciuas — +19°29'. Buszauutu
ekBaTopiaibHi KoopauHatu COHIS B 1 JTHi.

246. Y cnpasxniid nomynens Conne npoiinuo B Opeci (¢ =
+46°29") nHa BucoTi +65°54', a 3a 13*"44° no 1uBOro
Anpnebapan mepeTHyB HeOecHHMI MepuaiaH Ha 3CHITHIH
BiJICTaHi, II0 NEpEeBUILY€E IMONYJACHHY 3€HITHY BiACTaHb
Conmst Ha 5°58'. Bu3HaunTu ekBaTOpiayibHI KOOpPJWHATH
Comis 1 30pi.
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247. B 13'6*°41° 3a mekpeTHUM 4YacoM B MyHKTi 3 A = 4"37**11¢
(n=5)1i ¢ =+41°18" 3enitHa Bigctans Conis Oyma 54°18'.
3a 45%45° (3a 30psAHMM YacoM) IO LbOTO Y BEPXHIH
KynbMiHamii nepedysana Cmika, a yepe3 51*°39¢ micns Hel —
Apktryp Ha BucoTi +68°1' S. BusHaunth ekBaTopianbHi
koopauHatn CoHg 1 ApkTypa. PiBHSHHS yacy B 1ed JeHb
Oymno —16*°8°.

248. 3mnaiity reorpadiuyHy MIMPOTY MICHEBOCTI, B sKil 3ipku [
[epces (0 = +40°46") i € Benukoi Beqmenui (6 = +56°14") B
MOMEHTH BEpPXHBOI KyJIbMiHAMii 3HAXOIAThCA Ha OJTHAKOBIi
3€HITHIN BifICTaHi, ajie mepiia — Ha MiBAEHb, a Jpyra — Ha
MIBHIY BiJ 3€HITY.

249. Y MOMeHTH BepXHbOI KyibMiHalii 3ipka o ['onunx IciB i3
cxuneHasM +38°35' mpoxoauTh B 3eHiri, 3ipka 3 Opiona —
Ha 46°50" miBmenHime, a 3ipka o Ilepces — ma 11°6'
miBHivHIIIe. Ha kit reorpadiuniii mapameni mpoBeneHi
BHUMIPIOBaHHS 1 SIKi CXUJICHHS 3a3HAYEHUX 3ip?

250. ¥ wmomeHt BepxHboi KynbMiHamii CoHIS —cepeaHii
xpoHomeTp mokazaB 10728°30°, a mpu iforo mokazax
14°48**52° Oy mnpuiiHaTuii 3 ['puHBiva 12-romuHHUI
pamiocurHan TOYHOTO dYacy. 3HaWTW reorpadiuHy JOBTOTY
MICISL CITIOCTEPEIKEHHS, SKIIO PIBHSIHHS 4Yacy B e JIEHb
Oyio +6 **8°.

251. Y MOMEHT BepXHbOI KyJIbMiHALi]l AEAKOI 3ipKH Ha 3CHITHIN
BifgcTani 2°14' Ha miBHIY BiJ 3€HITY 30psHUI yac ['puHBiua
23'2**39¢. ExBaTopiaibHi KoopauHaTH 30pi o = 17°38*°3°¢ i o
= +46°2'. BwusHauntu reorpadiuyHi KOOpAWHATH MICIIA
CIIOCTEPEIKCHHSI.

252. B MOMEHT TOKa3iB 30pSHOTO XpoHOMeTpa 1877*°27¢
eKCHeOUlliss NpWilHATa  pajiocHurHajg  TOYHOTO  4acy,
nepenaannii 3 ['punBiua B 18" 3a 30psiHUM TPUHBIUCHKUM
gacoM. Y MOMEHT BepxHbOi KynbMiHawii 3ipku y Kacciomei
Ha 3€HITHIN BiacTaHi 9°8' Ha MiBAEHB BiJl 3€HITY MOKa3H TOI'0
X XpoHoMeTpa Oynu 19717*°2°¢. ExBaropianbHi KOOPIUHATH Y
Kacciomei a = 53*°40° i & = +60°27'. 3naiiTi reorpadiuni
KOOPAWHATHU EKCTICAMLII.

253. VY chpaBxHiil NOTyAEHb MOKa3u CEPEeAHBOr0 XPOHOMETpa
excrieammii Oyynu 11741*37°, a B MoMeHT npuiiomy 12-
TOJMHHOTO PAJiOCUTHATY TOYHOTO Yacy TOW e XPOHOMETP



nokazaB 19714*36°. BumipsiHa 3€HITHa BiACTaHb 3ipKH O
Jlebens (6 = +45°6") y BepxHiil KynbMiHaIlii 3°26' Ha MiBHIY
BiJ] 3¢HiTy. BusHaunTH reorpadiuni KOOpAUHATH €KCIeIUIII,
SKIIO B JICHb MPOBEACHHS CIIOCTEPEKEHb PIBHSHHS Hacy —
5T17e.

254. Y crnpamxkHI TONy/AEHb INTYpMaH OKEaHCHKOTO JaliHepa

BuMipsB Bucoty CoHILIS, IO BUSBMIIACS PiBHOIO +75°41' mpu
asumyTi 0°. YV meid MOMEHT cepemHili XpoHOMeTp 3
nonpaBkoro —16**2 mokazyBaB 147129 rpHUHBIYCHEKOTO
yacy. Cxunenns Conus +23°19', a piBHsHHs yacy +2*°55¢.
Sxi reorpadiuHi KOOpIUHATH J1aliHEpa Ta B sIKi MPUOJIM3HO
JTHI POKY BiH B Il Yac 3HaXOAUBCS?
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§5. IleperBopenHst HeOecHnX KoopauHaT. Cxin i 3axin cBiTUa

3B’5A30K MK TOPH3OHTAJIEHUMH 1 €KBATOPiaIbHUMH HEOCCHUMU
KOOpAWHATAMH 3[IIHCHIOEThCS Yepe3 HApalaKmMuyHullL mMpuxymHux
PZM, BepmmHamu sIKOTO € TOMIOC CBiTy P, 3eHiT Z i cBiTio M, a
cTopoHamu — ayra PZ nebecHoro mepuniana, nyra ZM Koma BUCOTH
cBiTmia i gyra PM iioro xona cxuienb. OueBuaHo, mo PZ = 90° — o,
ZM =2=90°—-hiPM=90° - &, ne ¢ — reorpadiyna mupoTa Micus
CIIOCTEePEIKEHHS, Z — 3¢HiTHA BificTaHb, N — BHUCOTa 1 & — CXUIICHHS
CBiTHIIA,

Puc. 11. [NapanakTHuHUH TPUKYTHUK

VY mapanakTHYHOMY TPUKYTHHKY KyT TP 3€HiTi AopiBHIoe 180°
— A, ne A — a3uMyT CBITWIIA, a KyT NP TOJIOCI CBITY — TOAWHHOMY
kyry t Toro o cBiTmima. Toni TOPU3OHTAIBHI KOOPIMHATH
00UYHUCITIOITHCS 32 (hOpMyIIaMu
€c0sz =singsind + cose cosd cost
sinzcosA=—cos@sind +singcoso cost

sinzsin A=cosJosint
a eKBaTopiaibHI KOOPAWHATH — 32 POpMyJIaMH
Sind =singpcosz —cos@sinzcosA
C0SJ COSt =COS@ COSZ +SingsSinzCcosA
cososint=sinzsin A
npuuomy t = S — @, e @ — npsMe CXOKEHHS CBITHIIA 1 S — 30psSHUN
Jac.
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Y MomeHTH cxoay i 3axody cBituia ioro Z = 90°, i cos z = 0,

TOMY

cost=-tg ¢tg o,

3BiAKM MO’KHA 3HAWTH TOAWHHUHN KyT 1, sIKuit amst cxoxy Tpeba Opatn
13 3HAKOM MIHYC 1 JUTsl 3aX0[y 13 3HaKOM IUTIOC (1I€ PiBHSIHHS Ma€ JBa
kopeni). Y Bumaaky CoHIs roauHHI KyTH le HalOTh MOMEHTH
CIPaBXHBOTO COHAYHOTO Hacy Te = to + 12°, aki 3a popmynoro 7, =
Te + 71 TEpeBOIATHCS B MOMEHTH CEPEAHBOrO 4acy, a MOTIM — B
HEOOXiZIHY CUCTEMY BiJJIIKY.

3 dopmymu mepeTBOpeHHS TOPU3OHTATBHUX KOOPIWHAT B

eKBaTopiabHi pu Z = 90° oTpuMyeMO
sin 6
cosg
AKa Ja€ a3UMYTH TOYOK CXOJY 1 3aX0[y.

3HalifieHl 3Ha4eHHs TOAMHHOTO KyTa 1 a3uMyTa B Mexkax Bim 180
mo 360° BimmoBimaroTh cxomy CBiTHIA, a B Mexax Big 0 mo 180° —
HOro 3axoy.

Pedpaxiiis migHiMae cBiTHIO Haj ropu3oHTOM. OCKUIbKH Oins
TOpU30HTY pedpaxiiis qopiBHIOE 35', TO y MOMEHT BHAUMOTO CXOMY 1
3aX0Jly CBITHJIa HOTO CIIPaBXKHs 3eHITHA BiJCTaHb NOpiBHIOE He 90°, a
90°35'.  BiamoBimHO g0  1Oro  (GOpMyNIH  TEPETBOPEHb
YCKJIaTHFOIOTHCSI.

CoS A=—

NisHiuKuit nonloc ceity
P

MiBHIYHKA NnoAC = —
exninTMHI 0°h ¢ 2

/waa ociHHbOro
piBHOAeHHA

TOUKa BECHAHOrO
PiBHOACHHA

Puc. 12. AcTpoHOMIYHUIT TPUKYTHUK

Hns Micsns 1 COHIIE MOMEHTOM CXOJY 1 3aX0Jy BBaKA€ThCSI
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MOMEHT CXOAy 1 3aX0qy ix BepxHbOro Kparo. OCKUIBKH KyTOBHUI
paxiyc Micsns i CoHus mopiBHIOE 16', TO B Ii MOMEHTH 3€HITHA
BiJICTaHb IEHTPY IIUX CBITHII (A0 SKUX 1 BIAHOCUTHCA 3HAYEHHS O, 10
JA€TbCA B acCTPOHOMIYHOMY KaneHaapi) mopiBHioe 90°35' + 16' =
90°51" (3 BpaxyBaHHAM pedpaKiiii).

Cdepuynnii TpUKYTHHUK 3 BEPIIMHAMH B TIOIIOCI CBITY P, monroci
exmnTaku [/ 1 cBiTWII M  HA3UBAETBCS  ACHMPOHOMIYHUM
mpuxymuuxom (puc. 12).

IIpuxiaau po3B’si3yBaHHs 32124

Hpukaag 1. B axkoMmy HampsmMKy OyB BCTaHOBJIICHHH TENECKON 3
¢dorokameporo it poTorpadyBaHHI ~ COHSIYHOTO
3aTeMHEHHS, fAKII0O B TOYIi 3 TeorpadpiyHIMHU
koopauHatamun A = 27580 1 ¢ = +40°14
3aTeMHEHHs HacTtao B 15729*F,8 3a wacom, sxuii
BIJIPI3HAETHCS BiJl Yacy Jeskoro micra Ha +17? B meit
yac eKkBaropianbHi koopauHaTH COHIL:  TpsMe
migHeceHHs @ = 272785 i cxunenns & = +14°35.
B cepenHio TpUHBILBKY MiBHIY 30psiHUI 4Yac B Ied
JeHb S = 14728*%19°¢.

Jano: Touka crmoctepekenns, A= 2'58%,0, ¢ = +40°14,

T =15"29"%,8, T-T,=1"  so= 1472819 = 14"28**,3;

Conue, @ = 2727*%,5,6 = +14"35.

Po3B’s130k.
[1ix yac 3aTeMHEHHS B JACSIKOMY MiCTI 4ac
T,=T-—1" = 14"29%,8.

3 rpuHBIOBbKOI MiBHOYI NpoWmoB iHTepBan yacy AT =T, =
11729%*,8, akuii TIepeBOAMMO B IHTEpBai 30pstHOr0 yacy AS =
11731*%,7, i Ttoni B MomeHT Ty, 3a ¢opmynoo Sy = sy + AS,
30psAHUi Yac B I'puHBiui

So = Sg +AS = 14728%%,3 + 11731*%,7 = 25760 = 270*®, 0,

a B 3aJaHiil To4Ili, 32 GopMynoro Sy = Sg + A, 30psHUH yac
So = Sg + 4 =270*%,0+ 2758*%,0 = 4"58*%, 0.
B cBoro uepry ronunnmii kyt CoHus
t =85—a=4"58",0—227*%5 = 2"30*%, 5,
a00 repeBiBIIM B KyTOBI BETMYNHU:
t =37"37,5~37°38.

BukopuctoByroun  TaOnuui  TPUTOHOMETPUYHMX  (YHKUIH
3HaXOJMMO:
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sing = sin40°14" = +0,6459,
cos @ = cos40°14 = +0,7634;
sin & = sin 14°35 = +0,2518,
cos 8 = cos 14°35 = +0,9678;
sint = sin37°38 = 40,6106,
cost = cos37°38 = +0,7919.
3 bopmynu
cosz = sin¢ -siné + cos@ cos b cost
OTPUMAEMO:
cosz = 0,6459-0,2518 + 0,7634 - 0,9678 - 0,7919 = +0,7477
Otxe, z = 41°36 isinz = +0,6640.

3HaXOIUMO a3UMYT:

. sind . 0,9678
sinA = —-sint =
sinz 0,6640

3BIJIKM OTPUMYEMO JBa 3HAYCHHS:
A=62°52"1 A=180"—-62"52"=117°08".

IMpu § < @ 3HaueHHs A 1 t He qyXe BiAPI3HAIOTHCS Mik co0010, a
Tomy A = 62°52 . BifnosigHo Texeckor GYI0 HAIPABICHO B TOUKY
Heba 3 TOPH3OHTANBHAMH KoopauHatamu A = 62°52 i z = 41°36’
(abo h = +48°24).

-0,6106 = +0,88997,

Hpuxaan 2. BusHauuty a3uMyTH TOYOK i MOMEHTH 3aXOJy 1 CXOay
CoHIIsl, a TaKOX TPUBAIICTH JHSA 1 HO4Yi 21 YepBHS B
MicleBocTi 3 TreorpadiyHMMH KOOpAWHATaMu A =
472841 ¢ = +59°30', sIKA 3HAXOJIUTHCSA B 11" SITOMY
TOJMHHOMY TIOSICi, SKIIO B TMONYIEHb  I[HOTO JHS
cxunenns Comns § = +23°26', a piBHAHHA uyacy 1 =
+1*°35°.

Jlano: Comme, & =+23726"; n=+135°=+1%6; 1=

4728%® 4: o = +59°30; n = 5.

Po3p’sa30k.

BpaxoByroun cepennio pedpakuiro Ginsg ropusonti p = 35" i
KyTOBHI pajiyCc COHSYHOro aucka v = 16', BpaxoByemo, MmO B
MOMEHT cxo/y i 3axoxy COHIISI HEHTP COHAYHOT'O TMCKa 3HAXOAUTHCS
IiJ] TOPU30HTOM Ha 3€HITHIH BifCcTaHi

z=90"+p+r=90"51"
Toni
sinz = +0,9999; cosz = —0,0148;
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sind = +0,3979; cosd = +0,9174;
sing = +0,8616; cos¢@ = +0,5075.

[lykaemo t:
cos z—sin ¢-sin & -0,0148-0,8616-0,3979
cost = UL AP = —0,76804.
cos @-cos 8§ 0,5076-0,9174
3Bigcu

t = +(180" —39749',3) = £140°10',7 i sint = +0,6404.
OTtxe, B MOMeHT cxoty COHIIS HOT0 TOAMHHUN KT
t, = —140°10',7 = —9720*®,7,
a B MOMCHT 3aX0Jly
t, = +140°10",7 = +9720%%, 7.
3a crpaBxHIM COHIYHUM yacoM COHIIE CXOIWTh B
Tor = 12"+ t; = 12T —9720*%,7 = 2739*%,3
1 3aX0IUTh B
Toz =127 + t, = 127 + 9720%%,7 = 21720%%,7,
110 BiJITIOBIIa€ MOMEHTAM 33 CEPEIHIM YacoM
Ty1 =Tor +1 = 2"39%%,3 4+ 1%3,6 = 2741%,
Ty = Top +1 = 21720%3,7 + 1*3,6 = 21722*5,

Ti >k MOMEHTH 3a MOSCHUM YaCOM:

cXif
Thi =Ty — A+ n =241 — 428" + 57 = 3713*",
3axiJ
Thy =Thy — A +n = 21722%% — 4728 4 57 = 21754*%,
a 3a JIGKPETHUM YacoM:
cxin Ty = 4"13* izaxin Ty, = 22754,

Tpuaiicth nHs
T =Ty — Ty = 22754%% — 4713%=18"41*",

B MomeHT HMKHBOT KynbMiHaIlii Bucota CoHIls

hy =6 —(90"— ) = +23°26’' — (90" — 59°30") = —-7°4’,
TaKMM YMHOM 3aMiCTh 3BUYaliHOT TpHBAE OiJia Hid.

A3uMyTH TOYOK cxoAy i 3axoxy CoHIlT O0YMCITIOIOTh HACTYITHUM

YHUHOM:
0,9174

0,9999

sind =32 . gint = + -0,6404 = +0,5876,
sSinz
10 Jia€
A=+(180"—-36") = +144’,0,
TaKk SK a3uMyTH 1 romuHHI KyTH COHISM 3HAXOIATHCS B OJHOMY
KBaJpaHTI.
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BiamosigHo, CoHIle CXOIUTh B TOYIl CIPABXHBOTO TOPH30HTY 3
a3uMyToM A; = - 144°,0=216",0 i 3axomuth B TOUI 3 a3UMyTOM
A, = +144°,0, sxi pPO3MIillleHI Ha BiJICTaHi 36 1o oOuIBI CTOPOHU
BIJl TOYKH ITIBHOUI.

3agayi 10151 caMOCTiliHOTO PO3B’A3yBaHHA

255. Bupasutu ¢Gopmysnol0 KyTOBY BiACTaHb MDK JBOMa
TOYKaMd Ha cdepi, KOOPAMHATH SKUX 3amaHi B
eKBaTOpiadbHIN CUCTEMI.

256. BusHauuTu KyTOBY BiAcTaHb Mix 3ipkamu o i [ Bemmkoi
Benmenuii, koopaunatu skux o1 = 10°59%%, 81 = +62°10', ap
=10"57, &2 = +56°47".

257. TlowaTtok 1 KiHeIp NUIAXY MeTeopa IO 30pSHOMY HeEOy
3HAXOMATHCS BiA MiBHIYHOTO momroca cBiTy Ha 90° i Ha
136°19'0", a kyT Mi>X KOJIaMH CXHWJIEHbB, IO TTPOXOISTH Yepe3
i TOYKH, AOpiBHIOE 62°20'42". BU3HAUNTH JOBKUHY LUIAXY
MeTeopa B Tpajgycax 1 KyTH, MiJ SKHMH HOTO IUIAX TIePETHYB
JIBa 3raJlaHuX KoJa.

258. BuBectu Tpum (GOpMyITH TEPETBOPEHHS EKBATOPIaIbHUX
KOOPJMHAT 0, 1 & B exinTuyHi A i B. 3acTocyiite dhopmyiu 10
koopauHat CoHIsL. Brasiexa: moOyIyBaTH KPECICHHS; HAXUII
€KBaTopa JI0 eKJIINTHKH TO3HAYUTH Yepe3 €.

259. Busectu dhopmyin TIePETBOPCHHS SKTINTUYHUX
KOOpJMHAT A i B B eKBATOpiaJibHI O 1 O, TO3HAYUBIIMA HAXUI
SKJIINTHKY JI0 eKBaTOpa 4epes €.

260. 3HaiiTu 3€HITHY BIiACTaHb 1 asuMyT o [lpakona (o =
141*°57¢, 6 = 64°48'.8) na mmpoti 59°56'.6 B 16724**33¢
30pSTHOTO Yacy.

261. 3naiiTH 3eHITHY BiAcTaHb i a3uMyT o Jlea (o = 1047, &
= +12°18") ma mmporti 55°45"' qus MOMEHTY 30pSHOTO Yacy
5723 8.

262. 3HalTH 3€HITHY BiACTaHb 1 a3sUMyT APKTypa Ha LIMPOTI
51°32' B 13734*°54¢ 3opsiHoro yacy (o = 14711*°58°, 6 =
+19°36'6").

263. OOuucnuty o i O 3ipKH, sIKA B MOMEHT 30PSHOTO 4acy
11711*36° wmana koopmuHata z = 49°15'10" i A =
298°28'50".

264. Bu3Ha4MTH TOPW3OHTAILHI KOOpAMHATH 3ip & Benmkoi
Beamenumi (o = 12751*50¢, 6 = +56°14") i Anrapeca (o =

57



58

16726*°20°, 8 = -26°19') B 14'10* 3a 30psHMM YacoM
€Bnatopii (¢ = +45°12").

265. 3naiiTh ropusoHTanbHI KoopauHatu ['emu (o = 15732*°34°,
O = +26°53") i Cmikn (o = —13722*33°, 5 = —10°54") 15
KBIiTHS (So = 13730%°8°) 1 20 ceprns (so = 21'50**50°) B 21730*®
3a JEKpeTHUM dYacoM B TyHKTI 3 reorpadigHuMu
koopauHatamu A = 6'50*® (n=7)1 ¢ =+71°58"

266. B obmacte Heba 3 AKMMH  TOPU30HTAJILHHUMH
KOOPJAMHATAMH HEOOX1THO HaIlpaBUTH TEJIECKOTI,
BCTaHOBJICHUH Yy MYHKTI 3 reorpadiyHuMu KOOpAUHATAMU A
= 2592 (n = 3) ta ¢ = +41°42', mo6 4 TpaBHA (So =
11745*2¢) B 22"40*® 3a mosicCHIM YacoM NobaunTH YpaH (o =
13752*1; 6 = —10°55") i Hentryn (a0 = 16"39*3; § = —
20°32"?

267. ExBaropianbHi KoopauHaTH KoMetu o = 81°48.7, o
+68°28'". Ski 1i exminTuyai KoopauHata A i B?

268. 3maiitu mmpoty [ 1 gosroty A 3ipku o OpioHa,
eKBaTOpiajbHI KOOPIUHATH AKOi o = 5'49%% § = +7°23.

269. 9 TpaBHs mpsme cxomkeHHS CoHis Oymo 45°30. 3Hatoun
HAXWJI EKITINTUKY JI0 €KBATOPa, BU3HAYUTH cxXiieHHS COHIIS.

270. JHosrora Conus popiBaroe 71°11'.7. Slki ekBaTOpiajibHI
koopauHatu CoHug?

271. Josrora CoHms nopiBHIOE 43°,6. 3HalTH OTO CXWIICHHS 1
npsiMe cXoJpKeHHs. Te 3 7Sl MOMEHTY, Kok JoBrota CoHIIs
143°,6 (15 cepmas).

272. Buznaauutu nosroty CoHns 2 ciyHs 1 5 numHs, SIKIIO B IIi
nHi 0 1 o CoHI 3a acTpoOHOMIUHUM KaneHmaapem —23°,0,
18748* i +22°,8, 6"55*".

273. Touka CIOCTEpEXKEHHS IIEKHUTh Ha MHpOTIi ¢ = 52°30'
niBHiuHOT mmpotu. Yepes 340" micist cBO€l BEpXHBOI
kynbMiHamii CoHIle 3HaX0auThes Ha BucOTi h = 33°8'. Skuit
asumMyT A i cxwieHHs O CoHUs y Uedl AeHb B MOMEHT
CIIOCTEPEKEHHS?

274. UYepe3 CKiNbKH Yacy Ticlsl CBO€I BEPXHBOT KyJbMiHAIIT
Conrie 3Hax0oauThCs Ha BUCcOTi h = 35° 13 uepBus B Kuesi (@
=50°27"), sxmo cxunerns Conid 6 = + 23°12'

275. 3 dopmynu nepeTBOpEeHHS €KBaTOPialbHUX KOOPJIUHAT o i
0 B TOpu30OHTaNIbHI (cO0sz = sin@sind + cosEcosdcost)



oTpuMaTH (QOpMylly Ui BH3HA4YCHHS 3EHITHOI BiAcTaHi
CBITWJI Y BEpXHIH KyJIbMiHAIIii.

276. Y Touui miBHIYHOI MiBKYJi, IUPOTY SIKOi Tpeba BU3HAUMTH,
BEPTUKAIBHO BCTAHOBJICHO CTPW)KEHb IOBXHHOIO 2,5 M.
Yepez 3740 30psHOrO 4Yacy micisl BEPXHBOI KyJIbMiHAIT
CoHns BiH BiKHZAa€ HAa TOPH3OHTAIBHY IUIOMIUHY TiHB
noxuHOI0 3,831 M. fka reorpadiuna mumpoTa MicIis, SKIIO
cxwienHast COHIISI B ICHD CITOCTepexeHHs o = +15°20'?

277. 3HaWTH WHMPOTY MICIIEBOCTI, 3HAIOYM CXWICHHS 3ipKd 1 11
TOAMHHI KyTH B MOMEHTH 4Yacy, KOJH a3uMyTH 3ip
Bifpi3HAIOTECS Ha 180°.

278. JloBecTH, 10 TPOTATOM MO0 TpPAaHWUYHI 3HAYEHHS a3uMyTa
3ipKu (Ha CXiJI UM 3axij BiJ MepuiiaHa), 0 Ma€ CXUJICHHS O

coso

> (@, BU3HAYAIOTHCS POPMYIION0 sin A=+ .
cosgp

279. Ha miBHiuHId mmpoTri 45° HaHOUTBIIMN a3UMYT 3ipKu
nopiBHIOE 225°. JloBeCTH, IO CXHUIICHHS Ii€i 3ipKH JOPIBHIOE
+60°.

280. Jlosectu, mo ekBaTopiayibHi KoopauHath COHI 3aBXKIAU
MOB’sI3aH1 CIIBBITHOIICHHAM g0 = [(gesing, € & — HaXW
EKJINTHKY JI0 €KBaTOPA.

281. Ha wmmpori +55°45'18" 15 TpaBHs 3eHITHa BiJACTaHb
nentpy CoHus 31 BciMa [ONpaBKamH JIOPiBHIOBaja
65°13'20", B meii MOMEHT CepefHiil XPOHOMETp IOKa3yBaB
16"51**7¢, cxunenns ueHtpy Conng +18°50'33". Buznauntu
MOMIPAaBKy XPOHOMETPA BIJHOCHO CEpPEeIHBOTO MICIIEBOTO
yacy, KOPHUCTYIOUHCh (OPMYNIOI0 cosz = singsind +
cospcosocost. PiBHsaHHS "acy Oynmo —3**47¢,5.

282. Cxwienns cpitwia 0°. BuszHaunTn Horo asuMyTd B
MOMEHTH CXOJ1y 1 3aX01y.

283. Skmio 3ipka 3idUIa B TOYI MiBHIYHOTO CXOMAY, TO B SIKIi
TOUIlI TOPH30HTY BOHA 3aiiyie? SIKi a3UMyTH TOYOK CXOJY i
3axomy?

284. Komnu 21 BepecHs CXOAUTH KOMETa, NPsSME CXOKEHHSI K0T
4", a cxunenns 0°?

285. Slkwii azumyt COHIIE B MOMEHT MOI0 CXOIy Ha 3€MHOMY
exBaTopi 22 6epe3na? 22 yepBHs? 23 BepecHa? 22 rpyaHs?

286. Ha sxux mupotax 13 naucronana CoHIle HE CXOIUTh, SKIIO
B IIeH JIeHb Horo nojsipHa Bigactanb 108°7?
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287. Sxi mpuOIM3HO TOOUHHMK KYT 1 a3MMYT TOUYOK CXOXy i
3axomy 3ipku 0 OpioHa Ha mmpoTtax 68°58' 1 41°20', sxmio
cxuieHHs 3ipku —0°2'?

288. Busnauntu 0e3 BpaxyBaHHS pedpakuii 30psHUA Hac i
a3UMYyTH CXOIy 1 3axopy 3ipku & bnmsHiokiB (o = 67397, 6
=+25°12") Ha mmpoti 55°45'.

289. BwusnHauumtu 11 mupotd 59°46'.3 30paHuil yac i azuMyT
Touku cxony Beru (o = 18"34*36°¢, 6 = +38°43",6).

290. OGumcmut MoMeHT cxoay Cupiyca (o = 642° § = —
16°37") Ha mmpoTi 55°45' 22 k0BTHA 3a MOACHUM 4YacoM (0e3
BpaxyBaHHsI pedpaxmii).

291. OOuucnuTh 30pAHUN 1 CepelHiid MICIEBUH dYac CXOmy i
3axony 3ipku o Maoro [lca (o = 7734*°29¢, § = 5°27'.5) Ha
mupoTi 59°56',6 3 kBiTHS (03 BpaxyBaHHS pedpakiiii).

292. OO6uucnutu (6e3 BpaxyBaHHs pedpakiiii) TOMUHHMNA KYT i
a3UMyT TOYOK CXOXy 1 3axomy Ha mmpoTti 59°46'.3 3ipku
Peryn (o = 1074**42°, & = +12°18',3). Ckinbku yacy 3ipka
3aJMIIaeThCs Haja ropuzoHToM? Komu 3a cepeiHiM COHSYHUM
gacoM BigOymeTses i cxif i 3axig 20 KBITHs, SKIIO 30pSHUI
yac omiBHOYI 1bOro yuciaa 13748%8<?

293. 3ipka 3HaXOAUThCs 16 roJWH IiJl TOPU30OHTOM MICIICBOCTI,
mupoTa kol 55°45' 1 8§ ronuH Hal TOpU3OHTOM. BusHaunTu
MPHUOIM3HO a3UMYT TOUKH i1 3aX0AYy 1 11 CXUIIeHHSI.

294. AsumyT 3ipkM B MOMEHT 1i 3axoay JnopiBHIoEe 30°,
OOuncnuTyu 1 CXUJIEHHS, CKUIBKK Yacy BOHA mnepelyBae Haj
TOPU30HTOM 1 i BUCOTY B KyJIBMiHAIII1 ISl CIIOCTepirada, o
3HAXOJUTHCS Ha MUPOTI 51°,7.

295. B ski MOMEHTH Yacy CXOJWTh, KYyJIbMIHY€ i 3aXOJHTh Ta
CKIIBKH 4acCy 3HaXOJIUTHCS HaJl TOPU30HTOM TOYKA JITHBOTO
COHIeCTOsTHHS 22 OepesHst (So = 11755*°31°) i 22 uepBHS (S0 =
17758**14°) Ha 1IeHTpaJLHOMY MEPH IiaHi PYyTroro roAUuHHOrO
MosCY B MICISIX 3 TeorpadigHoro mupoToro @ = +37°45'1 ¢ =
68°20'? MoMeHTH BUpPa3UTH B 30pSIHOMY Ta JEKPETHOMY
qaci.

296. OOumciuTH a3UMyTH 1 MOMEHTH CXOAY, BEPXHbBOI
KyJIbMiHamii, 3axo1y i HIWKHBOI KyJbpMiHanii Kacropa (o =
7731%°25¢, § = +32°) i AnTapeca (o = 16726*°20¢, 6 = -26°19")
15 xBiTHS (S0 = 13730*°8°) 1 15 xoBTHS (S0 = 1"31*°37°) B
MICIISIX 36MHOI MOBEPXHi 3 reorpad)iyHUMU KOOpAWHATAMH A



= 35333 (n=4), o =+37°45'1 A =2"12*"15° (n =2), 9 =
+68°59".

297. OOuYucIUTH a3MMyTH 1 MOMEHTH CXOAY, BEPXHbBOI
KyneMmiHamii 1 3axony CoHIsl, HOro MoJdyA€HHY i OMiBHIYHY
BUCOTY, a TAaKO)X TpPHUBAIICTh JAHA B JHI BECHSIHOTO
pIBHOJIEHHSI 1 COHIIECTOSIHbP B MYHKTax 3 reorpadigHuMu
koopauHatamu A = 2°36*, 3 (n =2), ¢ = +59°57' i L = 5'53*,
9 (n = 6), ¢ = +69°18". PiBHsAHHS Yacy B Iii JHI BiJIOBiTHO
+7*°23¢, + 1**35° 1 —2*°08°.

298. B siki MomeHTH "acy 30 nmunas (so = 20728*°3°) y myHKTI 3 A
= 258 (n = 3) i ¢ = +40°14' HIKYe mepepaxoBaHi 3ipKu
MAalOTh TOPU30HTANIbHI KOOpAWHATH A 1 Z:

3ops o S A z
Cupiyc 6r42x57¢ -16°39' —40°10' 67°8'
Peryn 10r5*®43¢ +12°13' +65°5' 46°28'
Kanema 5r13 +45°58' +152°55' 86°25'

299. V nyHkTi 3 reorpadiyaumu KoopauHatamu A = 4'37**11¢ (n
=5)1i¢@=+41°18"'5 cepmns (so = 20'51**42°) 6ynu BuMipsHi
TOPU30OHTANIBHI KOOpAWHATU ABOX 3ip: B 21710 y mepmoi
3ipku 4 = —8°33'1 2 =49°51", a B 22"50* y npyroi 3ipku 4 =
46°07'1 z = 38°24". O0uUMCIUTH €KBATOPiaJbHI KOOPAHUHATH
X 3ip.

300. 21 ueprns cxmienHss Conust 6 = 23°26'. Ha skiit mupori
TPUBAIICTB JTHS 21 YepBHS JOPIBHIOE JIHIIE TPHOM I'OAUHAM?

301. OOuucnuTH TPHUBAIICTH IHS 1 CepeaHill MicIeBHil dac
cxomy 1 3axofy BepxHboro Kkparo COHISL Ui TYHKTY 3
KoopauHatamu @ = 47°13', A = 2"38**,9 24 TpaBHS, SIKIIO B
neit gac cxwienns Conng 6 = 20°37',2. BpaxyBatu BIUHB
pedpaxrii.

302. OO0uYMCIUTH TPUBATICTH HAWOBIIOTO 1 HAUKOPOTIIIOTO JHS
Ha mmpoTax ¢ = 59°57', ¢ = 55°45' ta ¢ = 38°35' (6e3
BpaxyBaHHs pedpakuii)?

303. 4 TtpaBus cxmienHs Connsg +15°0',7. CnocrepexeHHs
nmokasanu, mo B med aeHp CoHIe 3ainuio 4depe3 725"
30pSHOrO0 4Yacy Micisi CBO€i BepXHbOI KynbMiHamii. Ska
reorpagiyHa HMPOTa MICIS CIIOCTEPEIKESHHS?

304. Komm CoHne omycKaeTbes Mij TOpU3OHT Ha 18°, Hactae
ACTPOHOMIYHA Hi4 (3aKiHUYIOTbCS ACTPOHOMIYHI CYTIHKH).
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UYepe3 ckinbku vacy (mpuOmmsno) micis 3axomy CoHIs
HAcTa€ HiY MiJ Yac PiBHOJAEHHS Ha 3€MHOMY eKBaTopi? Ha
mmpoTi 45°? Ha mupoTi 60°7?

305. OGumcnutu (3 BpaxyBaHHsAM pedpaknii) TpHUBaIICTh
aCTPOHOMIYHHX CYTIHKIB Ha mmpoti 59°56'.6 25 Oepesns,
Kxoiu cxunends Cong +2°1',9.

306. 3HaiiTH MiBHIYHY IIUPOTY, Ha SKIid 3aBISKA BIUIUBY
pedpakIiii 1eHb MOAOBKYETHCS HA 16 XBWIMH MPU CXWIJICHHI
Comnrg 0°.

307. [JoBectu, mo Ha ImUPOTI 45° MPOMDKOK Hacy BiA TOro
MOMEHTY, KOJIK a3uMYyT 3ipku gopiBHIoe —90°, 10 MOMeHTy i1
3axX0Jly € BEIMYMHA, TTOCTIHHA JIJIS BCIX 3ip.

308. BzsBmm Qopmyiny, 10 BH3HAYa€ KOCHHYC 3CHITHOI
BiJICTaHi 3a BiOMHMH J, t 1 ¢, BUBeCTH (OpMYJTy, IO JIA€
30inmbIIeHHsT TOAWHHOTO KyTra COHII B 3aJIEKHOCTI Bif
30iNBIIEHHsT OTO 3€HITHOI BifICTaHi, MpU cxoi abo 3axofi
Conis.



II. OcHOBM TeopeTHYHOI ACTPOHOMIl i HeOecHOI
MeXaHiKu

§6. Emnipnyni 3akonn Kenuiepa i kondirypaunii niianer

IInmanetn ob6epTaroThCcsl HaBKOIO COHIII 1O SMNTHYHUX OpOiTax,
B OJIHOMY, 3arajJbHOMY (poKyci sKkuX 3HaxoauThcs CoHIIe.

Eninc Bu3Havaetbes sk [MT, mis sskux cyma BiJICTaHEH BiJl ABOX
3amaHux Touok ((okyciB F1 i F2) € mocTiliHOW BETUYMHOO, SKa
JIOpPIBHIOE JTOBXUHI BemuKkoi oci (puc. 13). JliHis, sxa 3’ eanye Oyan-
AKy TOYKY eJlifica 3 OJHUM i3 Horo QokyciB, HA3UBAETHCS pajiyc-
BEKTOPOM IIi€1 TOUKH.

Crymiep BiIMIHHOCTI eJimnca BiJl Koja XapaKTepusye HOro
eKCIIEHTPUCUTET, SKHHA JOPIBHIOE BIAHONICHHIO BiJCTaHEW MDK
(dokycamu 10 BEIHKOI OCi:

e = F1F2/ A1A2.

ExcrienTpucuTer HOpiBHIOE BiTHOMIEHHIO BijacTaHi (okyca Bif

LIEHTPA JI0 JIOBKHHU BEJIMKOI MiBOCI
e = c/a.
[Tpu cniBnaganHi hoxycis (e = 0) emirnc mepeTBOPIETHCS B KOJIO.

F|
mana nieeick
(b) 9

mana Bicb

~
BENMKa NniBsics (a)

BeNMKa Bicb
Puc. 13. OcHOBHI apameTpH erirnca

Y nepmomy HaOMIKEHHI MOXKHA BBaXaTH, IO OpOiTH
BEJIMKUX IUTAHET JIEKATh B OHIN TUTOIIHHI.

Benuka miBBick a  opOiTM  BH3Hayae  po3Mipu, a
EKCLEHTPUCUTET ¢ — CTYIiHb BUTATHYTOCTI opOiTH. Pamiyc-BexTop r
TUTAHETH BU3HAYAETHLCS PIBHIHHAM entinica (puc. 14)

"~ 1+ecosT
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1 3MIHIOETBCS B MEKax Bifl IEpUTeNiHOI BiacTaHi

g=afl-e),
KOJIU crpaBkHs anoMaiis — 0°, no adeniiiHoi BigcTaHi

KOJIU cripaB>kHs aHoMais — 180°.

Puc. 14. Enintiyna opbita

CepenHbor0 BifcTaHHIO MIaHeTH Bijg COHII € BEJIMKa MiBBICH i
opOiTH
_Q+q

2

OpbiTa HHANLOT IVIAHETH

a

CnonyvenHs

Bepxue cioyuenns Opdira 3emai

MpoTugroaHHA
——
——

w

Puc. 15. Kondirypauii HmkHboT (a) Ta BepXxHboT (0) ruiaHet

Opb6itu aner Mepkypist i Benepu nexxaTs BcepeauHi opOiTh
3emiti, e — HuoicHi TUTAHETH. [HIN TIIIAaHETH — 6epXHi — 3HAXOIATHCS
nanpiie Big CoHid HK 3emiss. MepKypili HIKOJU HE BiAJANS€ThCS
Bix CoHig ganbiie Hix Ha 27°, a Benepa — Ha 48°. Tomy 1i 1uiaHeT!
BUHO TO SIK BPaHiLIHi, TO K BEUipHi 31pKU — HA CXOJ1 Mepel] CX0A0M

64



Conus abo Ha 3axoni micis Woro 3axomy. Pi3Hi xapakTepHi B3aeMHi
po3rammyBaHHs IDiaHeT BigHOocHO 3emuti 1 CoHus  (nrawemmi

KOHGhieypayii) TIOKa3aHi Ha PUCYHKY 15.

Biacrani Mix niageramu 1 Bigcradi riadet Bixg CoHId 3a3BuUyaii
BHPaXalOThCS B aCTPOHOMIUYHHX OJMHHIIIX (2.0.), ajge 1HKOJH 1 B

KiToMeTpax 3 po3paxyHKy, mo 1 a.o. = 149,6-10° km.

3opsHi, abo cuaepuuHi, nepiogu odepranus 71 1 7> ABOX IUTaHET
MOB’s13aHI 3 1X CepemaHiMH BiacTaHsMH ai 1 a2 Big CoHIS TpeTiM

3akonoM Kemepa (puc. 16)

Puc. 16. Tperiii 3akon Keruepa

Slkmo mepiom 3amaeThCs B pOKax i @ — B aCTPOHOMIYHHUX
OIMHUIX, TO, Npuimatoun 11 3emii 1o = 1 pik i ae = 1 a.o,,

OoTpuUMaeMo J1J1si OyIb-SKO1 IIIaHeTH

T2=a%.

Cepenns opOiTanbHa, 200 KOJIOBA MIBUAKICTh IJIAHETH
b, = 27
g = —
T

3aBXIU BUpaxaeTbcss B KM/C. OCKUIBKM a  3a7a€Thes
aCTPOHOMIYHUX OAWHMILIX 1 T — B pokax, To

v, = 29,78T3 .

Saminusmu 7 (T = \/g ), OTPUMAEMO:

65



29,78

CJa

CepenHs TPHUBAIICTh CHHOJUYHOTO Tiepiogy oOepraHHs S
IUIaHETH TIOB’S3aHA 3 CHACPUYHUM IepiomoM 1 piBHIHHAM
CHUHOJIUYHOTO PYXY:

(km/c).

Uy

. 1 1
JUISL HUOKHIX TUTaHeT — — = — ——,
T Tg
. 1 1
IUIsl BEPXHIX IUTaHeT — — = — — —,
T T

ne Te — cupepudHUi Tiepion oOepTaHHS 3eMili, SKH JOpiBHIOE 1
30pSIHOMY POKY.

Mnanemart,)

l

“‘

. Mnanemayi))

Puc. 17. I'enionieHTpUYHA JOBrOTa

CepenHili CHHOIUYHUHN TIepioa 0OepTaHHS J03BOJIIE OOUNCIUTH
npubnu3Hy naty f, ueproBoro HacTaHHs TeBHOI KoHQiryparii
TUTAHETH 32 BIIOMOIO 1aTOIO t1 Takoi sk KoHDIrypailii, OCKUIbKH

t=t1 +S.

SAxmo 3 Conus nposectd npamy (puc. 17) y HanpsMKy TOYKH
BECHSIHOTO PIBHOJCHHSA, TO KyT MDK LI€I0 MPSIMOIO 1 HampsiMOM Bix
CoHIlI 70 TUIAHETH, SIKHH BiJPaxOBYIOTh NPOTH TOJAWHHHKOBOI
CTPIJIKH, HA3UBAETHCS 2€MI0YEHMPULHOIO 00820MOI0 NIAHEMU.

Skmo mo3HauutH 4epe3 lo remiomeHTpHYHYy m0Broty 3emii, a
yepe3 | — TenioneHTpUYHy MOBrOTY IUIAHETH, TO Ul BHYTPIIIHBOT
maHeTy (puc. 15)

y HIDKHbOMY criosrydeHHi | — lo = 0°,

y BepxHbOMY criony4deHHi | — lp = 180°,
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B 3aximnii exonramii |- lp = 90° - O,

B cximHil enonramii | — lp =270° + ©,
ne © — Haiibinpire BuANME KyTOBE BifgajaeHHs ianeTH Big CoHIs.

J11st 30BHINTHBOT TUTAHETH

y npoructosiHi | — lp = 0°,

B crioay4eHHi | — lo = 180°.

Bynp-axi mnanetHi KoHQiryparii i JaTH iX HAaCTaHHS MOXYTb
OyTH OOYHCIICHI 3a TENOINEHTPUYHOI JOBrOTOKO IwiaHer |, sky
Bi[paxOBYIOTh B IUIONIMHI CEKJINTHUKU Bl TOYKH BECHSHOTO
piBHOZEeHHS Y B TpSAMOMY HampsMi, TOOTO MPOTH OOEpTaHHS
TOMWHHUKOBOI  CTpinku. Hexail B geskuit nmeHp poky U
reTiOIeHTPHYHA TOBIOTa BEPXHBOI IutaHeTH li, a remioreHTpuyHa
nosrota 3emii lo;. [Tnanera 3a mo0y mpoxoauTh 1o opOiTi Ayry

a)=3600/T (cepenniii moOoBHMH Xin IUIaHeTH), a 3eMid — OYTy

wy = 360° /Tea (cepenniii 1000BHI Xix 3eMill), A€ TEPIOAU BUPAKEH]
B cepenHix q00ax (puc. 17).

B nenp t; mrykaHoi koHQiryparlii TenmioleHTpHYHA JOBroTa
TUTAHETH

L=+, -t)=1 +wAt,
a 3emui
loa = log + @ty —ty) =g, + wopAt

3Bigkn, mosHaumBmH @y - =Aw i (lgy—lo;)—(,—l)=L,
OTPUMAEMO

L .
At=—11, =t +At.
Aw 21

ITpu obuucnenHi KoH}Irypauii HUKHIX IJIaHET @ — @y = A® .

Haii6inbin 30amwkeHHs 13 3eMIIel0 TUIaHEeT, 0 00ePTArTHCS 110
MOMITHO BUTATHYTHX Op0iTax, HOBTOPIOIOTHCS Yepe3 il yrciaa Min
CepefHiX CHHOOWYHUX S 1 cuaepuyHux 7 mepiofiB oOepraHH,
OCKIJIBKH

mS=nT .

Ls % ¢opmyna 103BOJIsIE BCTAHOBUTH MEPIOAMYHICTE BEIUKUX
NPOTHUCTOSIHB TJIAHET.

Kyt mpu 3emii Mix HanmpsMamu i3 3eMii 10 TOYKM BECHSHOT'O
pPIBHOAGHHS 1 A0 IUIAHETH, SKUH  BiAPaxOBYETbCS  MPOTH
TOJIMHHUKOBOI CTPUIKH, HAa3MBA€ThCS TEOLEHTPHYHOIO JOBIOTOIO
mranetn |' (puc. 18).
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MnaHerta

Puc. 18. I'eonieHTpuyYHa JOBroTa IJIAHETH

Enementamu mnaneTHOI OpOiTH € HACTYIHI Benn4anHU (puc. 19).

MnaHera

HuaxigHuh By3on

MnowwuHa op6iTh NnnaHeTn

MnowuMHa eKninTUKu

~

T
CnpaBxHa /
aHomania

HanpaMok Ha TouKy
BECHAHOrO PIBHOAEHHA

Losrota sucxigHoro syana
Haxun op6itv nnaHeTn

BucxigHui By3on
NiHia By3nie

Puc. 19. EnemenTH ranetHoi opoiTi

1. Bennka miBBicCh .

2. Excuentpucurer e.

3. Kyt Mix mjongHaMyd opOiTH IJIAHETH 1 CKIINTUKA — HaXWIl
opoiTH i.

4. BumipssHa y IUIOIIMHI EKJIINTHKH KyTOBa BiACTaHb BiJ
HanpsIMKy Ha TOYKY BECHSHOTO PIBHOAEHHS N0 TUIOLIMHHU OpOITH
IUIAHETH B TiH i1 gacTWHI, ¢ IUIaHETa CTA€ OIMMKYE 0 MIBHIYHOIO
MOJIIOCa SKJIINTUKU (JIiHISI MEepeTHHY IJIOMMH OpOITH IUIaHETH Ta
TUIOIIMHY CEKIINTUKA HA3UBAETHCS JIHIEIO 6)371i6, TOUKU TEPETUHY
IUIONIMHMA SKIIITHKY 3 OpOITOIO TUIAHETH — gy3iamu opbimu. By3oi,
yepe3 MKW TUIAaHETa IEPEeXOJUTh, PYXalYHUCh y OIK IMiBHIYHOTO
MOJIIOCA EKJIINTUKY, HA3UBAETHCS GUCXIOHUM BV3710M, TIPOTUIICKHUN
BY30JI — HUBXIOHULL).
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ToMy MOXHa CKa3zaTH, IO YETBEPTHM EJIEMEHTOM IUTaHETHUX
opOIT € moBrora BHCXiZHOTO By3na 4. Haxmm opOiTm Ta moBrora
BUCXIJJTHOTO By3Jla BH3HAYAIOTh IOJIOKEHHS IUJIOMIMHU OpOiTH Yy
MPOCTOPI.

5. KyroBa BifcTaHp mepuremiro  BiJl BHCXimHOTO By3ma. Hero
32/Iaf0Th OPI€HTAITII0 OPOITH TUTAHETH B i ITOIIHHI.

6. CopapxHs aHOMalisi IutaHeTw 1 — KyTOBa BiJCTaHb
IJIAaHETH Bij miepureniro /1.

3a BiZIOMHMHU E€JIEMEHTAMH &, €, i, I/, @ i T Ha OCHOBI (popMyIT
Kemuiepa o0uncHO0OTh eghemepudu MaHeTH — MOJIOXKEHHS TUIaHETH
Ha KO)KEH JICHb Ha KiJIbKa POKiB HaIlepes.

IMpuknagu po3s’ss3yBaHHs 3a1a4
Npuknan 1. 3xaliti nepureniiidy i adeniiiHy BiCTaHi, CUICPUIHNN
1 CHHOAWYHHWI Tiepionn oOepTaHHS, a TaKOX KOJOBY
mBUAKICTH MaJiol maHeT [loesii, SKImo BejanKa miBBICh
1 ekcrueHTpucHuteT i opbitu apopiBHOOTE 3,12 a.o. i
0,144.
Hano: a = 3,12 a. 0., e = 0,144.
Po3B’si30k.
[lepuremniiina BiZiIcTaHb

q=a(l—e)=3,12(1-0,144) = 2,67 a.o.
1 ademiiiHa BificTaHb
Q=a(l+e)=3,12(1+0,144) = 3,57 a.o.

Cuaepuunmii iepio 06epTaHHs

T =ava=3,12/3,12; T =5,51p.
Ockinbku a > 1 a.0., TO TUIaHETa BEPXHS 1 TOMY 1i CHHOAWYHUN

. 1 1 1
nepiosl o0epTaHHs S 0OUNCTIOETHCS 32 POPMYIIOID — = T npu
®
Te=1p
S=t; §5== LI
“T-1 77 551-1 P
KosnoBa mBHIKiCTh
29,8 29,8 16,9 K/
Vg = ; Vg = = 16,9 kM/c
© Va' " 312

Hpuknan 2. BU3sHauYUTH TeNiOLNEHTPUYHY JOBroTy 3emii i ruraHer 21
Oepes3Hs, KOO B el JeHb MepKypill 3HaxoAuBcS B
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BepxHil kynbMiHalii 3 Conriem, Benepa — B HaliOimbImii
3aximHINA enoHTaltii i Mapc — B IpOTHCTOSHHI.
Hano: Mepkypiit, AA =0°; Benepa, AL =47"; Mapc, AA=180".
Po3B’s130K.
300pa3uMo Ha PUCYHKY OpOITH TUTaHET KOHIIEHTPHIHIMHE KOJIAaMHU
B LEHTPI AKUX 3HaXoAuThcs COHIlE, 3 SKOTO MPOBOJUMO NPOMiHb,
SIKUH TTOKa3y€e HAMPSIM Ha TOYKY BECHSHOTO PIBHOJICHHSI.

[

90°

Tak sk 21 Oepesnst Conue 3 3eMyi BUJIHO B TOYI[l BECHSHOTO
piBHOmEHHs, TO 3emusa (3) 3HAXOAWTHCA B  JiaMeTPaIbHO
MPOTHIICKHIN TOUIli CcBO€i opOiTM 1 il TemioleHTpUYHA MOBroTa

l, =180 . Mepkypiii (M) 300pa3uMo B BepxHIil KyibMiHamii (3a
Conuem), ¥oro remoneHTpuuHa jmgoBrota ly = 0°. Benepa (B)
3HAXOJUTHCS B HAMOLIBININ 3aXiJIHIH €JIOHTAIll 1 TOMY MTPOBOJAUMO 3
3emni gotnyHy mo opbitn Benepu Bmpao (o 3axony) Bin Conus.
I'emionierTpruHa noBrora Benepu
I, =180 +(90 —A1) =270 —47 =223.
Y Mapca (M), SKuUH 3HaXOAUTbCI B  NPOTHCTOSHHI

remionenrpuyHa posrora |, =180

Hpukaan 3. Bepxus kynbminaiis Mepkypist BinOynacsi 18 KBIiTHS.
Konmu mpubnm3Ho BinOyAeTbcs HaHOUIbIIA 3aximgHa
EJIOHTAIll TUIAHETH, SKIIO0 CEePeAHBOAOOOBUN  Xif

Mepkypist @ =4,09, a 3emni @, =0",99.
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Hano: Mepkypiii, t =18.04, A1=22, w=4,09; 3ems,
@, =07",99.
Po3p’s130Kk.
Mepkypiii pyxaeTbess mBuame 3emi (@ > @, ). 300pa3sumo

3emunto 1 Mepkypiil BIIHOCHO Hei B MOMEHT t, BEpXHBOI KyJIbMiHALIT

(M1) i B MOMeHT t, HaWOiNbIIOT 3axinHOi eoHTanil (My).

3emnna

3a npomixkok yacy At =t, —t, Mepkypiii npoiine nyry L =M M,
3 CepeIHbOI000BUM PYyXOM
Aw=w-w,=4,09-0,99=3,10.
I3 pucynky 6aunmo, o
L=180 +(90 —A1) =270 —22 =248.

L
Tomi, 3rimHo popmymu At = A_ OTPUMYEMO:
@

L 248
At =—=——=80 nib.
Ao 3,10
OTxe, HacTynHa HaiOUIbIIa 3axXigHa enoHramis Mepkypis
HacTaHe npubausHo t, =18.04 + 80 1i6 = 7.07 abo t, =7 yunns.

3agadi 1J1s1 caMOCTiliHOTO PO3B’A3yBaHHA
309. CkinbkHu Yacy HOTAT, IO Hje 0e3 3yIMUHOK 31 HIBUAKICTIO
100 km/rox, maB Ou #iTu Big 3emii 10 opOitu [Lnyrona?

71



72

310. KocmonaBTam Ha Mapci KyTOBi po3MipH COHSIYHOTO JHCKY
Oymum 6 22',7. 3naroumn, mo JiHiitaMA paniyc COHI OPIBHIOE
109 3emMHUM pajiycaM, 3HaWTH, CKIJIBKH 4Yacy CBITJIO Bif
Conus e no Mapca.

311. Ckinpku vacy motpiOHO seTiTH Bijg 3emui g0 Mapca B
MDKIUTaHETHOMY ~ KopaOji, 1Mo pyxaeTscsi 1O OpOiTi,
MepUreNiiiHa BiJICTaHb SKOi JOPIBHIOE BifICTaHi 3eMii Bif
Comnrs (1 a.0.), a adernmiiina BimcTaHb AOPIBHIOE BiJCTaHI Bill
Mapca g0 Conns (1,5 a.0.)?

312. Yu wmoxe BigOyTHCs NpOXOKeHHS Mapca Mo JHCKY
Conus? npoxomkeHns Mepkypist? npoxomkenHs Omitepa?

313. Ywu moxxHa mobauuTn MepKypiit BBeuepi Ha cxomi?

314. IInanwery Buano Ha Binmcrtani 120° Bim Conus. Bepxus 1ie
IJIaHeTa Y HUOKHA?

315. Excuentpucurer opOiti komeru 0,9, cuaepudaHuii mepiof
1000 pokiB. Sxa Binctanp mi€i komern Bim CoHI B
nepurednii i agemnii?

316. Ekcuentpucuter opbitn Mepkypist popiBHioe 0,2, Benuka
miBBich — 0,4 a.o. fIka Haii0inaplia 1 HaliMeHIIA BIACTaHb
IJIAHETH Bij 3eMli B KijlomeTpax?

317. OGuucnutu nepureniiiny i1 adeniiiny Biacrani Carypha i
Henryna, sxmo ix cepemni Binmcrani Bim Conus 9,54 a.o. i
30,07 a.o0., a excuentpucureTs opoiT — 0,054 1 0,008.

318. 3mnaiith nepureniiiny Bincrans Hentyna (a = 30,07 a.0., e
= 0,008) Ta [LnyTona (a = 39,52 a.o, e = 0,253).

319. 3nHaiiTH 3HAUEHHS CIPaBXHBOI AHOMAJIi IUIAHETH, NpPHU
SKHX 11 pajiiyc-BeKTOp JOPIBHIOE CEpeIHIN reNliomeHTPUIHIN
BijcTaHi.

320. 3HalTH eKCLEHTPUCHUTET OpOITH 1 mepureniiHy BiICTaHb
Mapca i actepoiga AJoHic, skmo y Mapca Benuka MiBBiCh
opOitu 1,52 a.o. i Ha#tOlabIna BincTanp Big Conns 1,66 a.o., a
y Anonica siamoBigao 1,97 a.o. i 3,50 a.o. Bkazaru, sixa 3
[IMX JBOX IUIAHET HiaXoauTh Oamkue 10 CoHIs.

321. Ha sikiit cepenHiii 1 HAKOIBIIIH MeIIONEHTPUYHIN BiCTaHI
pyxarotbcsi Mani miaanetu Ikap i Cumeiza, skmo y Ikapa
nepuresiiiHa BiICTaHb 1 ekcueHTpucuretr opbditu 0,187 a.o. i
0,827, ay Cumeizu — 3,219 a.0.10,181?

322. Buaume i3 3emin 1060Be 3mimeHHs COHIS M0 EKIINTHI
Ha MOYaTKy CiuHs JocArae HalOimbIIOro 3HaueHHs 61', a Ha



MOYaTKy JIMIHS — HaWMEHIIoro 3HadeHHs S57'. OOuuciuTH
SKCIICHTPHUCUTET 3eMHOi OpOiTH 1 BKa3aTh, sAKi ii TOYKH
3emiis IPOXOAUTH B IIi JHI.

323. Actepoin @opryHa 30JMKYETHCS 13 3eMIICIO IO BijcTaHi
1,056 a.o., a actepoin Odemis — no 1,716 a.o. Ix cepenni
TeTIONEHTPUYHI BiICTaHI BiMTOBITHO TOPIBHIOKOTE 2,442 a.0.
1 3,129 a.0. 3HaMTH EKCIICHTPUCUTETH OPOIT IIUX aCTEPOIIiB,
ix mepureniiini 1 ademniiiai BigcTani. OpOiTy 3emiti BBaKaTH
KOJIOM, a HaXHJIaMH OpOIT acTepoiiB 3HEXTYBATH.

324. Ha sxuX TpaHWYHUX BIACTaHAX Big 3eMJi MOXYTh
3HaxoquTHcs Mepkypiit (a = 0,387 a.o., e = 0,206) i Mapc (a
=1,524 a.0., ¢ = 0,093)? OpGiTy 3eMiTi BBaKATH KOJIOM.

325. 3maiiTh Mexi 3MiHM JliaMeTpa COHSYHOTO Aucka 3 Mapca,
SKIIO MPU CepelHill TeNioneHTPUYHIN BiICTaHi TUIaHETH BiH
nmopiBHIoe 21'3". Ekcuentpucutet op6itu manetu 0,093.

326. Bumumwmii i3 3emii miaMeTp COHAYHOTO J¥CKa HA MOYaTKy
ciuas nopiBHioe 32'35", a wa mowarky smmHs — 31'31".
OOYHNCIUTH EKCICHTPUCUTET 3eMHOI1 OpOiTH, Mepiremniiny i
adeniiiny  Bimcrani 3emui 1 TOPIBHATH  BIUIUB
EKCIEHTPHUCUTETY Ha 3MiHY CE30HIB POKY 3 BIUIMBOM HaXMITy
3eMHOI 0ci, sika AopiBHIOE 23°26' (po3paxyHKU MPOBECTH JIJIS
reorpagivaux mumpot 0°, 30° 1 60°).

327. OOGuucnuty nepionu odepranusa HaBkoio CoHist Benepu i
acTepoina €BpomH, y KX CEPEIHI reTOIeHTPUYHI BiJICTaH]
BiZioBiTHO nopiBHIOOTE 0,723 a.0.1 3,10 a.o.

328. Busnauutn mnepiogu obOepraHHs HaBkoio CoOHI Maioi
IUTaHeTH ATIO/UIOH 1 KOMeTH Ikei, SKI0 BOHM NPOXOJIATh
o013y CoHIls Makke Ha OJIHAKOBUX BIJICTAHSAX — ATIOJUIOH
Ha Bigcrani 0,645 a.o., a koMmera Ha BigcTani 0,633 a.o., ane
ixHi opOiTH MaroTh ekcueHtpucutet 0,566 10,9933
BIJIIIOBIAHO.

329. Ckinbku vacy obepraeTbcs HaBkojo COHI IUTaHETa, 10
3HaXOoIUThcd Ha BigcTtani 100 a.0.?

330. Acrepoin [Namnana Bignanenuit Big COHI B cepeHOMY
Ha BijacTaHb B 2,77 pasu Ounbiry, HiX 3emust Big CoHIg.
Yomy nopiBHIOE Yac Horo moBHOro 0oepty HaBkoso CoHus?

331. Ska cepenns Biactanb Big COHISI Maiol TUIAHETH, MEPIioj
obepranHs sikoi HaBKoJI0 COHIIS CTAHOBUTH § POKiB?
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332. Actepoin Becra 3xilicHroe moBHUIT 00epT HaBKoJ0 COHISL
3a 3,63 pokmW; y CKUTbKM pa3iB pgani, HDK 3emis, BiH
3HaXOAUTHCS B cepeiHboMy Bif CoHIst?

333. TIlepiox obepranns cynmytHuka CaTypHy — Mimaca — 23", a
MIOCTOTO CynyTHHKa — Tutany — 15723, SIke BimHOIIEHHS iX
cepenHix Bifcrane# Big CarypHa?

334. Tperiii cynmytauk KOmitepa 0o0epTaeThCsl HABKOJIO TUIAHETH
Ha Bigcrani 14,9 i pagiycie 3a 7737,7. Ckinbkm dacy
o0epTaeTsCsi T ATHUH CYNMYTHHK, BIACTaHb SKOTO JOPIBHIOE
2,52 paniyciB manetu? Bocbmuii CynmyTHHK, IS IKOTO BOHA
nopiBHioe 328 pamgiycam?

335. Ilepmmit cynmytauk mnanetu Omitep — lo oOepraerscs
HaBKOJIO Hel 3a 42728 Ha cepenniit Bifcrani 421800 kM. 3
SKMMU Tiepiogamu obepraroTbess HaBKkodio HOmitepa #oro
cymmyrHuKE €Bpomna i1 ['amimen, Bemwki miBoci OpOIT SKHUX
nopiBHIOIOTE 671,1 Trc. kM Ta 1070 THC. KM?

336. 3naiiTu cepenHio Biactanb Big CaTypHa HOTro CyMyTHHKIB
Mimaca i Pei, sxi oOepraroTbcss HABKOJO IUIAHETH 3
nepiogamu 22'37** 1 44,518. HaitOinpmmii CynyTHHUK TUTAHETH
— Twuran, obepraerscs 3a 157,945 mo opOiTi 3 BeNUKOO
miBBiccio 1221 Trc. kM.

337. Yomy HAOpiBHIOE KOJIOBA ULIBHIKICTh IUIAHET YpaHy i
[Tnyrona, cepemHs Bincrtanb sikux Big COHIS CTaHOBHUTH
Bigmosigno 19,19 a.o0.139,52 a.0.?

338. 3naiiTu cepenHio opbiTanbHy MIBHUAKICTH acTepoini Ikapa
(1,078 a.o.), Kpumei (2,774 a.0.) i Hecropa (5,237 a.0.). B
Ny’KKaX BKa3aHO CEPEJIHIO TelliONEeHTPUYHY BiJCTaHb.

339. Ilpu sKuMX 3HAYEHHSX CIPABXKHBOI aHOMaNii IIBUAKICTH
HEOECHOTO Tilla, IO O0epTaeThCAs MO eNNTHYHIN opOiTi,
JIOPIBHIOE HOT0 KOJIOBIH MIBUAKOCTI?

340. Ha ckinbku (B KyTOBiH Mipi) 3emits 3a 100y obranse Mapc,
axmo auBuTUCS 3 CoHIS (30psiHI Mepiofu OO0EpTaHHS LHX
IJIaHeT BigmoBigHO 365,25 1 687 1i6)?

341. Yomy O JOpiBHIOBaB CHHOJIWYHUI Tiepion oOepTaHHS
IUTaHETH, 30PSIHUN mepioa obepTaHHA siKOi HaBKoio COHI
cranoBuB Ou 370 mHiB? Ha sKy BijicTaHb BOHA HaOIMKamacs
6 mo 3emmi?



342. Cooctepirad TOMITHB, M0 JesKa IUIaHETa OyBae B
MPOTHUCTOSTHHI KOXHI 665,25 mobm. flka i1 BimcTaHb Bin
CoHIIS B aCTPOHOMIYHUX OJTUHUIIAX ?

343. fxa Oyna O BenMka miBBiCH OpOITH IUIAHETH, SIKOU
CHHOJIUYHUHN Tiepion ii o0epTaHHs HopiBHIOBaB 1 poky?

344. VY sxux Mekax IMOBHMHHI 3HAXOIHUTHCS IUTaHeTH Bix CoHII,
mo6 iX CHHOAWYHMI Tepion obepTaHHs OyB OUIBIIMI ABOX
POKiB?

345. Yu moxke Mapc IIOpIYHO MIXOAMTH 10 3eMiIl Ha
HallMEHIy BiICTaHb, TOOTO MOPIYHO OYTH B MPOTUCTOSIHHI?

346. Bwusnauntu 30psHUIA nepiox obepraHHs Mapca, 3HAIOUH,
10 ioro CHHOAUYHUH niepion gopiBHIOE 780 mil.

347. CunomnuHu# mepio oOepTaHHs YSABHOI IUNIAHETH — 3 POKH.
SAxwuit 30psuuii nepion ii o6epranus HaBkoso CoHis?

348. SIxum moBWHEH OyTH 30psIHHIA TIepios 00epTaHHS IIAHETH,
CHHOJUYHUHN TIepioJT K01 TOPiBHIOE 4 pOKU?

349. fxa moBuHHA OyTH TPUBAIICTH 30PSHOTO i CHHOIUYHOTO
nepioliB 00epTaHHS MJIAHETH y BUTIAJIKY iX piBHOCTEH?

350. IIporucrosuus FOmitepa BindOynocs 15 munas. Komm BoHO
BiOyeTbc HACTYIHOTO pa3y, SKIIO 30psSHUHA Tepiox
obepranns FOmiTepa 11,86 pokis?

351. Cmoctepirad momiTuB, IO JesKa IJIAHETA BiIXOIUTH JIO
cxony Big Connsg Ha 90° koxHi 505,25 nmi6. Sxwmit ii
CUJIEpUYHHH 11epioa obepTaHHs?

352. Haiikpama BedipHs BumuMicTh Benepu Oyma 5 mrororo.
Komm HactymHOro pasy BimOymeThCs [ K TOis, SKIIO
30psiHUI Tiepionl o0epTanHs Benepu 225 ni6?

353. Acrepoin Jligist OyBac B IPOTUCTOSHHI 4Yepe3 KOxHiI 469
nio, a acrepoin InHa — uwepe3 447 ni6. Y ckinmpku pasiB 1l
acTepoiii B CEPEeIHBOMY 3HAXOIAThCS Haibiie Bing COHISL
HiX 3emis?

354. Cepenniii cuHoaMYHMIA Tepion oOepTanHs Mepkypis 116
ni6 i mepureniiina Bigcranb 0,307 a.o., Carypua — 378 ni0 i
9,024 a.o. O0YMCIUTH IS LUX TUIAHET CUIACPUYHHMHA MEPioj
o0epTaHHsi, BENMKY MiBBICh 1 EKCLHEHTPUCHUTET OpOiTH,
ageniiiHy BigcTaHb, HAHOUIBITY Ta HAKMEHIY T€OLEHTPUYHY
BiJICTaHb, KOJOBY IIBHJKICTh, & TaKOXX T'paHUYHY 3MiHY
KUIBKOCTI TeIlIa, SIKe BOHU OJICPKYIOTh Biji COHIIS BHACIIIIOK
eNINTHYHOCTI 0pOiTH. 3eMHY OpOiTY BBasKaTH KOJIOBOIO.
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355. YmoBu BuauMocTi BeHepu moBTOPIOIOTECS Yepe3 8 PoKiB.
3’sicyBaTH MPUYMHY [[HOTO SBHIIA.

356. 3naiiTu cepenHiii 7o60BHIA pyx MepKypist o opOiTi, SKIIO
CUHOAWYHUU mepion Horo obOepranHs HaBkoio CoHus
mopisaIoe 115,88 mi6.

357. 3emns Ui MalOyTHIX KOCMOHAaBTIB Ha Mapci € To
PaHKOBUM, TO BeUipHIM CBiTHIOM. Yepes siKi MPOMIKKH Yacy
MoxHa OauuTH 3eMiTio 3 Mapca B SIKOCTi PaHKOBOT 31pKH?

358. 3maroun Bigcrami 1ragmer Big CoHIM, O00YHMCIATH
HaHOUIbIIe KyTOBe BimmaneHHs 3emui Big CoHI, BUIUME 3
Mapca.

359. Ha saxwif xyT Moxe BigxomuTu Bim 3emui Micanb ist
crocTepirava, IO 3HAXOMUThCS Ha Mapci mig  yac
CEPeHhOI0 TPOTHCTOSHHS, SKIIO BIACTaHI Big 3emili J0
Micstis i Mapca BBaKaTH BiToMUMH?

360. Bincranp FOmitepa Bim CoHmg craHoBuTh 5,2 a.0. SIka
enonramis 3emui (y Trpagycax), IO CIOCTEPIraeTbcs 3
IOmiTtepa B AKOCTiI paHKOBOTO a00 BEUipHBOT'O CBITHIIA?

361. 3 sxoro BHIUMOIO KyTOBOIO MIBUIKICTIO BeHepa mepetnHae
nuck Conusl mpu i1 mpoxopkeHHi? CKiJbKU 4acy TpuBae ii
MPOXOJDKEeHHST 110 aucKy COHIl, SKIIO BOHO IICHTpasibHE?
Bincrans Benepu Bin Conrs 0,723 a.0., CHHOIWYHHN TTepiof
obepranns Benepu 584 no6u; miamerp Conrs 3'.

362. Busnauutu Bigcranb Big Conig g0 Benepu B
ACTPOHOMIYHHX OIMHHIIAX, SKIIO ii KyT eoHTarlii 47°.

363. Baaxaroum opOiTy MepKypis KOJOBOK, OOYHCIUTH HOTO
cepenuio Binctanb Bin COHIS, 3HAIOUHM, IO B CEPEHIM
enonranii Mepkypiii Bignanserbes Bix CoHist Ha 23°.

364. Busnauntm  Bincranp  MOmitepa Bim  CoHums B
ACTPOHOMIYHMX  OJUHMIISAX, 3HAIOYM HACTYIHI  JaHi:
npotuctosiHas HOmitepa BimOymocst 10 ymnas. Yepes 11
pokiB 315 ngmiB (3opsiHME mepion oOeprtanHs lOmitepa)
reoneHTpuYHa pizHus KoBrot Conns i FOmiTepa craHoBmia
3a crioctepeskeHHsIMu 120°.

365. 3nHaiitTh mpuOMM3HI JaTH TONEpeAHBOI 1 HACTYMHOI
HaHOUIBIOI 3axigHOl enoHramii Benepwu, sikmo Taka x ii
KoH(irypamiss BimOymacs 7 nucromana. Benuka MmiBBiCh
op6itu Benepu 0,723 a.o.



366. OOuncnuTH HAROMIKYI JaTH ABOX YEPTOBUX BEPXHBOTO Ta
HIDKHBOTO CHONy4eHb MepKypis, SIKIIO IOTepeTHE HIKHE
CHOJIy4eHHsI TUIaHEeTH BimOymocst 9 KoBTHA. 3opsHHI mepion
obepranns Mepkypis 88 mi0.

367. BusHauutn JICHb HaOIMKIOrO HACTYITHOTO
npotuctossHHsA  FOmiTepa, 3HAIOYM, IO TeTONECHTPUYHA
nmoerota FOmitepa 1 ciuns 306°55', a 3emui 99°55'.

368. Bwusnauwrtu aHi cnonyuenb FOmitepa 3 CoHIleM B IbOMY 1 B
HACTYITHOMY pOIIi, 3HAIOYM TENONEHTPUYHI JOBroTH Ha 1
ciuns FOmitepa 306°55' 1 3emui 99°55'.

369. 3maiti AeHp HAWOMMKYOro miciss 1 CIYHS HUWKHBOIO
cionyuenust  Benwepu 3 Conuem,  3Hawoud, 110
rejioneHTpuuHa goprora Benepu 1 ciuns 260°40', a 3emui
99°55".

370. 3naiity HallOmwxuuit 10 1 ciyHS AEHB CXiIHOI enmoHramii
Benepu i BU3HauNTH BUANME TONIOKEeHHST BeHepn Ha HeOi B
MOMEHT I1i€i enmonraniii. ['eiioneHTpuyHi 10Broty Ha 1 ciuHs
Benepu 260°40', a 3emuti 99°55'.

371. BusHauntH HAWOMIDKYMI JeHh HAWKpamoi paHKOBOI
BUIUMOCTI BeHepu, 3Har0uM TeTioleHTpUYHI JOBrotd Ha 1
ciunst Benepu 260°40' i 3emuti 99°55'.

372. T'emiomentpuuHa mosrora 3emuni 1 ciuns 100°, a Mapca
172°49'. BusHauntu BuIuMe mojoxeHHs Mapca Ha Hebi 1
TPaBHS TOTO X POKY 1 1 TpaBHs uepe3 ABa POKH.

373. T'emiomentpuuna posrora lOmitepa 1 mumas — 291°, a
3emuti — 279°. Buznauntu BuauMme mnojoxeHHs FOmiTepa Ha
HeOi 1 BepecHsL.

374. Bu3HaYMTH TENONEHTPUYHY JOBroTy Mepkypis i FOmitepa
25 BepecHs, SAKIIO 9 OepesHs IBOro K POKY I'elliOIeHTPHYHA
noBrora Mepkypist Oyna 243°, a HOmitepa 359°. Cepenniit
no0oBuit pyx Mepkypis 4°,09, a FOmitepa — 5',0.

375. 17 motoro remoueHTpu4Ha 1OBrota Benepum 26°, a
remioueHTpuyuHa gosrota Catypna 107°. Cepenniii 1o6oBuii
pyx HMX IUIaHET BiAmoBigHO gopiBHiOE 1°,602 1 0°,034.
OO0YHNCINTH TeNOIEHTPUYHY JOBrOTY IMX IUIaHeT 17 JIMIHA.

376. 29 Gepesns renmioueHTpryuHa qoBrota 3emii 187°, FOmitepa
1° i VYpanma 210°. Komu BimOyneTbcss HaiOIMK4e
NPOTHUCTOSIHHS WX TUIAHET, SKIIO CepenHill Mo0oBUI pyX
3emui nopisaioe 0°,986, FOnitepa 4',98 1 Ypana 0,727
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377. 3HaiiTH JeHb YEproBOTO BEPXHBOTO CIIONy4YeHHs Benepw,
SIKIIO0 23 KBITHS ii TeMOIEHTpHYHA JOBrOoTa JOpiBHIOBAjIA
131°, a remiouenTpuuHa goBrora 3emui — 212°, Cepenniit
noboBwuii pyx Benepu nopisaroe 1°,602, a 3emuti 0°,986.

378. BuzHauuTH JIeHb YEProBOr0 HIKHBOTO  CIIONYYCHHS
Benepn, sxmo 1ii HaWOinpmra 3aximHa emonrartis (47°)
BimOynacst 7 muctomana. CepenHiii moOoBuii pyx Benepu
nopieHIoe 1°,602, a 3emti 0°,986.

379. OOYHCIHUTH ACHb YEProBOi HAHOLIBIIOI CXiTHOI eJOHTamil
Mepkypis (22°), sKIIO HOro HaWOIbINA 3axiJHa eJIOHTAIlis
(27°) 6yna 6 Gepesns. CepenHiii mo6oBHil pyx Mepkypis
nopiBHtoe 4°,092, a 3emui 0°,986.

380. IlporucrosHus actepoina Ipmu BimOymocst 23 BepecHs, a
Jlinu — 2 rpyaHs TOTO X poKy. Benuka miBBichk opOit Ipmu
2,772 a.o., a opbitu Jlinm — 3,139 a.o. Komu omHOwYacHO
BiIOYeThCSI HAHOMMKYE CIIOTYIeHHS IIHX acTepoiaiB?

381. Ska remiolneHTpUYHA TOBroTa 3emii i miaHet 23 BepecHS,
Koo  Mepkypili mepeOyBaB y HaWOUIbIIN  3aximHii
enonrarii (28°), Benepa — B HIKHBOMY cIioy4eHHi, Mapc —
B crionydeHHi i FOmiTep — B IpOTUCTOSHHI?

382. Bu3HauWTH TENIONEHTPUYHY JIOBroTy 3emiii i ruaHer 22
YepBHSI, SKIIO B 1IeH JieHb MepKypiii nepeOyBaB y HUKHBOMY
cnony4yeHHi, BeHepa — B HaHOUIbIIM cXigHiM enoHTamii
(45°), Mapc — y mporucrostaHi 1 HOmitep — B 3aximHiit
kBagpatypi. ['emionentpuyuna Bincranps FOmitepa 5,2 a.o.

383. Cupepuunuii mnepion obepranHs Mepkypis 88", a
cuHOAWYHUH niepion — 116™. [TpuGimzHo uepe3 CKUTbKH Yacy
MMOBTOPIOIOTHCS HAWOLIBII 30mKkeHHS Mepkypist 3 3emiero?

384. VY opbitu Mapca Benuka miBBich — Omm3bpko 1,52 a.o0. i
excuentpucutet 0,093, a y op6itu acrepoina Epora — 1, 46
a.0.10,222. Yepes ki MPOMIKKH Yacy BiiOyBalOTLCS BEIUKI
MPOTUCTOSIHHS, HA SIKY MPUOIU3HO BiICTaHb BOHU B 1Ii EIOXH
30JIMDKYIOTBCS 13 3eMIICIO 1 Ha CKIIBKM MOXKYTh BiJUIaNIITUCS
Bij Hei? OpOiTy 3eMiti MPUHHSATH KOJIOBOKO.



§7. Bincrani, posmipu i o0eprannst Tian COHAYHOI cHCTEeMHA

lobosum napanaxcom (Biml Tp. TOPUAAOEG — 3MIMIEHHS) p
Ha3UBAETHCSI KYT MK HampsiMOM Ha CBITHJIO 3 SIKOI-HEOYyAb TOYKH
3eMHOI IOBEPXHi 1 HANPSIMOM Ha HBHOTO 3 EHTPa 3eMIIi.

HaiibinmpImoro 3Ha4YeHHS pp MEW KyT JOCATAE, KOJIHU CBITHIIO
3HAXOIUTHCS Ha TOPU30HTI. TOMi BiH HA3UBAETHCS 2OPUBOHIMATbHUM
napanakcom.

Hns o0uncIeHb BHKOPHCTOBYIOTH eK8amopianbHull
20pU3OHMANbHULL NApAaKc, TOOTO KyT, i SKAM 31 CBITHIA BHUIHO
ekBaTopianbHui paaiyc 3emii (puc. 20).

Ceituno

Puc.20. ExBaTopianbHUI TOPH30HTAIBHHUHN ITapallakc CBITHIIA

A came: Bigcranb r Big 3emil g0 Tin CoHSYHOI CHUCTEMH
00YHCITIOIOTH 32 TX TOPU30HTAIBLHUM €KBATOPiaJbHUM IapajlakCoM Py
1 eKBaTOpiaNbHUM paniycoM 3emii Re:

r= —_R@ .
sin py

I'opu3oHTaNBbHUI HapajakC BHUKOPUCTOBYETbCA JIMINE IS
BH3HAYEHHS BifacTaHeid 70 muaHeT CoHsuHOI cucTeMH. J[as HUX BiH
3HAYHO MEHIIWH 1 JIMlIe y JesKuX Bumankax nepesuinye 1'. Tomy
(bopMyIly MOKHA CIIPOCTHTH, MPUHAHSBILY JUISI MAIKX KYTIB, 11O Sinpy
= po (y panianax). IleperBoprotoun panianu B cekyHau (1 pamian =
206265"):

20626 5"
r=———R

Po
Axmo noxnacth Re = 1, To I' OTpUMaEeMO B €KBaTOPiaJIbHUX
paniycax 3emui. [Ipu oOumcnenHi B kizomerpax ciif npuitHATH Re
= 6378 kM.
l'opu3oHTANBEHUI eKBaTOpiabHUI mMapanakc pp Micsnsg B
cepeaaboMy nopiBHioe 57', a Conirs — 8",79.

D -
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3HalouM BiACTaHI 0 TUIAHET i BUMIPIOIOYM iX KYTOBI PO3MIpH,
HEBa)XKO BH3HAYHTH JIiHIHHI PO3MIpH IIAHET.

SIkmo KyToBi po3mipu HebGecHoro Tina o >3°, To Horo JiHiiHI
posmipu R=rsin p . (puc. 21)

Cnocrepiray

Puc. 21. [lo Bu3Ha4YeHHS JiHIHHUX po3MipiB T COHSYHOT CHCTEMU

ITpu p <3°, BHACIIIOK MPOMOPIIHHOCTI Sin P i p OTpUMAEMO
!

R=r—£_ (p— B XBHJIMHAX JYTH),

3438
=r m (p— B cexyHOax ayru),
Yo
R=R,—.
® Py

Pangiycu ConIlsg 1 maHeT 3a3BUYall BUPAKAIOTHCA B pajiycax
3emni (pigme — B KUIOMETpax), MpUYOMY MOJISIpHUE paniyc Ry,
eKBaTOpiaJbHUHN pajiiyc Re i CTHCK & IJIAHETH IOB’s13aH1 3aJIeKHICTIO

Ry = Re(1-¢),

Re =YReR, =R3/-¢)

[Ipu cniBnaganHi HanpsAMiIB 00epTaHHS HEOECHOTO Tijla HaBKOJIO
oci 1 HaBkono CoOHIS TPUBAIICTH HOrO COHSYHOI 100M S, mepiox
oOepTaHHs HaBKOJO oci P i mepion oOepranHa HaBkoyno CoHust T
0B’ s13aH1 3aJIEKHICTIO

1 1 1 1 1 1
=———(mpu P<T) i —==-—— (upu P>T),
s p TP R )
a MpH NPOTWISKHHUX HANpsAMax OJHOMY 3 TEpiOAiB HMPHUIUCYETHCS
3HaK MiHYC.

a cepeiHii pajiyc
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Ilpuxiaan po3B’si3yBaHHs 32124
Hpukgax 1. V koMmeTn, ska MPOXOAWMIIa HEAAIeKO Bim 3emi,
TOPU3OHTAIBHUI eKBaTOpialbHUN mapamakc 14".5,
KyTOBHI jiamMeTp TOJIOBH 15' i BHauMa JOBXKHHA
xBocta 8°. OOYMCIWTH JiHIHHI PO3MIPH TOJOBH |1
HIDKHIO MEXY JOBXXKMHHU XBocTa koMeTH. (CrocTtepirad
0aunTh MPOEKIIiI0 XBOCTa HA HeOecHY cdepy).
HMano: po=14"5p=15"11=8".
Po3B’s130Kk.
Bigcrans komeTu Big 3emili MOXKHA 3HAUTH 33 (HOPMYJIIOHO:
206265" R - 206265"

0

-6378=90,73-10°km,

Py 14",5
a00 xon BigoMo mapanakc CoHust Pe = 8",794,
8,79%
r=a,+o-1.2:"% _0 6065 a0.,
P, 14,5

abo
r =0,6065-149,6-10° = 90,73-10° xm
Ockinbku p < 3°, TO NHIAHUNA JiaMeTp TOIOBU
p !

1
D=r =90,73-106i=396-109 KM .
38 3438’

KyroBa noexuHa xBocta A = 8° > 3° i TOMy /g OOYHCIIECHHS
HIDKHBOT MEXK1 JIOBKHUHH XBOCTa BUKOPUCTOBYEMO (hopMyy:

I =rsinA=0,6065-sin8 =0,6065-0,1392 =0,0844 a.o.,
abo
| =0,0844-149,6-10° =12,6-10° kM .

Hpuxaag 2. Jleska rinoreTUYHa IUIaHETa OOCPTAETHCS HABKOJIO
CoH1g B mpsAMOMY HampsMKy 3a 1,52 poku, a HaBKOJIO
CBOE€T1 0ci 00epTaeThes Ha3yCTpPid 3 mepiogoM 32 mpoou.
3HalTH TPUBAIICTH COHSYHOT IOOH HA TIIAHETI.

Hano: T = 1,52 poku = 5554, P = 32"

Po3p’sa30k.
Ockinbku P < T, a HanpsiM oOepTaHHA Iu1aHeTH HaBkojo CoHLs
MIPOTHIICKHHH i1 0CBOBOMY 00€pTaHHIO, TO,
1 1 1 1 N 1 587

S P T 32 555 32.555°
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3BIJIKM TPUBAIICTh COHSYHOI JOOU

(32 . 555) 1 .
=—%=30", To6T0 30 3eMHMX AiO0.
587

3agayi 1151 caMoCTilHOr0 po3B’I3yBaHHS

385. Ckinbku yacy mpomiHb cBitTna izae Big CoHis 10 3emiri?

386. [iamerp Micsaus cknanae 0,27 miamerpa 3emii. Hextyroun
BigcTanHio  Bix  3emiml g0 Micsdi, — BH3HAYMTHU
ropyu3oHTaIRHUN mapamakc COHIS I cIiocTepirada, SKHMA
3HaXOIUThCA Ha Micsi.

387. YoMy IOpIBHIOE TOPU3OHTAILHUN Mapanakc Mapca, KoJu
4 TIaHeTa 3HaXOAWThC HanOmmkae mo 3emii (0,378 a.o.)?
lNopusonrtansuuit napanakc Cong 8",79.

388. Sxmit HaWOinpIMA KyTOBWMH nmiamerp 3emui, SKIIO il
cnocrepiraté 3 Mapca Ha Biacrani 0,378 a.0.?

389. Hentyn 3naxomuthes Big Conns Ha Bincrani 30 a.o. Yomy
JOPIBHIOE HOTO TOPHU3OHTANBHUI Mapanakc Ha CepeaHii
BiacTaHi Bix 3emumi?

390. Yomy nopiBHIOE TOpHM3OHTANBHUI mapamakc HOmirepa,
KOJIM BiH repeOyBac BiJ 3emJi Ha BiacTaHi 6 a.0.?

391. BusHaumtu cepenHii pagiyc i CTHCK 3eMil, SIKIIO il
eKBaTOpialbHUN pajgiyc 6378 kM, a monsapHuid — 6357 KM.
392. Pagioimmynec, cnpsMoBaHuii 10 BeHepu B ii HIKHBOMY

crojydeHHi Ha cepenHiii Bigcrani Bijg Conns 0,7233 a.o.,
noBepHyBcst 1o 3emmi  uepe3s  4*°36°.  OOGuuciuTH
TeOLEHTPUYHY BIJICTAaHb IUTAHETH MiJ dYac padioioKaiii,
JIOBXKMHY aCTPOHOMIYHOI OJMHMII B KiJIOMETpax i cepeaHii

TOPH30HTAJIBHUN ekBaTopianbHuil apanakc CoHIIsL.

393. Ilpu cepemHbOMYy MPOTUCTOSHHI Mapca cIpsIMOBaHUH [0
HBOTO PAJIOCHTHAN TOBEpHYBCS N0 3emii uepe3 522,6 c.
3HalTH cepelHIO0 TeNIONeHTPHYHY BiJcTaHb 3eMii i
TOPH3OHTAJIbHUN  ekBaTopianbHMi  mapaiakc  CoHug.
Cupepuunuii nepioq odbepranus Mapca 1,881 p.

394. Sxuii rOpU30HTAIBHUN €KBATOpIAIbHUN Mapanakc Micsiis
npu #oro cepenniii (384400 km), Haiimenmin (356410 km) i
HanOumemit (406740 kM) TeONEHTpPWYHINA  BijcraHi?
ExBaropiansauii pagiyc 3emi — 6378 kM.
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395. 3a pmaHuMM mOTIEpedHBOI 3amavi OOYMCIMTH TPaHWUYHI
3HAYCHHS JiaMeTpa MICSYHOTO IWCKa, SKHH TPH CepemHii
TeOlEHTPUYHIH BiJicTaHi qopiBHIoe 31'5".

396. Mexi reoueHTpU4HOI  BiAcTaHi  Micsans, BUMIpsSHI
pamionokaniiauM MetoaoM, Oymu: 16 ciurast — 406090 km; 28
ciung — 357640 kM ta 12 motoro — 406640 kM. 3HaiiTu
3HAYEHHS BEJIMKOI MIBOCI i eKCUEHTPUCUTET MICSUHOI OpOiTH
B IHTEpBaJlaX 4acy Mi>K CYMIXXKHIUMH JaTaMHU.

397. Panmiocurnan, cnpsMoBaHWil g0 Mepkypis mnpu Horo
HaHOUIBIIIOMY 30JFDKEHHI 3 3eMIICt0, TTIOBEPHYBCS Ha 3eMITIO
yepe3 8*°52°. BU3HAUNTH TeOLEHTPUYHY BiACTaHb IUIAHETH 1
eKCIIGHTPUCUTET ii OpOiTH, SKIIO BeNHWKa IMiBBICH OpPOITH
nopiBHioe 0,387 a.o.

398. Cunommunuii mepiog obepranHs acrepoiza Epora
cTaHOBUTH 2,316 poky. B enoxy BeNHWKOro NpPOTHCTOSHHS
roro COPU30HTANTbHUI €KBaTOpiaTbHUH napaiaxkc
nopiBHioBaB  58",26, a  pamiyc-BekTop 3eMil  Majo
BIJIPI3HABCA Bija 11 mepireNliiHOl BiJACTaHiI (€KCIIEHTPUCUTET
3emHOi opOiTi 0,017). Ha sikiif BimcTani Big 3eMii mpoimos
B IICH JICHb acTepOija 1 SKi BEJIMKA IIBBICh 1 €KCIIEHTPUCUTET
fioro opOiTH?

399. ki ropu3OHTaNbHI €KBaTOpialbHI Mapajakcu YpaHa i
HenTyna B mpotucTosiHHI TIpH iX CepenHii, mepiremidHii i
adeniiiniii BincTansx? Benuka MiBBICH 1 €KCIIGHTPUCHUTET
op6itu nepmoi manetn 19,19 a.o. 1 0,0460, a npyroi — 30,07
a.0. 1 0,0079. Opbity 3emii BBaKaTH KOJIOM, a Iapaiakc
Conng 8",794.

400. B skuMx ~ Mekax  3MIHIOETbCS  TOPU3OHTAIBHHH
exkBaTopianbHui mapaigakc CoHIM, SKIIO IpH CepeaHii
reJIiOIeHTPUYHIN BifacTani 3emuni BiH jgopiBHioe 8",794, a
eKcIeHTpucuTeT 3eMHoi opbitu — 0,01677?

401. OOumcnuTH JiHIKHUHA pagiyc Micaus B pagiycax 3emii i B
KUJIOMETpax, SIKIIO MPHU TOPU30HTAIBHOMY €KBAaTOpialbHOMY
napanakci 55',1 paniyc MicS4HOTO JTUCcKa JOpiBHIOE 15'.

402. Ilpm  cepeaHbOMY  NPOTUCTOSIHHI ~ TOPHU3OHTAIBHHUNA
ekBaTopianbHui mapamakc lOmitepa nopisaioe 2",09, a
Carypra — 1',03. OOYHCIUTH €KBAaTOpIAILHUMA, CEpeaHil i
MOJISIPHUIA PajJilyCH, a TaKOX CTUCK IHMX IUIAHET, SKIIO Y
nepuoi KyToBUH €KBaTOpiaJIbHUM JiaMeTp CTaHOBUTH 46",8,
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KyTOBHI monsipauii niametp 43".9, a 'y npyroi — 19",41 17",5
BIJIIIOBITHO.

403. B moment npotuctosHHs HOmitep Bigmanenuit Big 3emuti
Ha 628 MiH. KM; Horo KyToBui miamerp 47",2. BusznaunTu
niHi#HUE paaiyc FOmiTepa.

404. Haiimena incrans Benepu Big 3emii qopiBHioe 40 MiIH.
KM; B LIeil MOMEHT KyToBuil pagiyc Benepu nopiBaroe 32".4.
BuzHnaunTy MTiHIHHWHA TiaMeTp i€l MIaHeTH.

405. 3nHarouu, 110 TOPU3OHTAIBHUI H000BUI mapanakc Micsiis
nopiBaroe 572")7, a xyroBuil pamiyc Micsaus 15'32",6,
o04HMCIUTH BijncTaHb M0 Micsls i Woro JiHIWHUN pajiyc,
BHpa)XXEHUH B pajiycax 3emili, a TaKOXK IUIONIY TMOBEpXHI i
00’eM Micslis, MOPIBHIHO 3 3MHUMH.

406. ExkBaropianbHWi  TOpU3OHTaNbHUE  mapanakc  CoHus
nopiBHtoe 8",79 3 Tounictio no 0",01. Bkaszaru y BigcoTkax i
B KUIOMETpax TOYHICTh, 3 SKOK 332 LUMH JaHUMH
OTPUMYETHCS BijicTaHb 10 COHIIS.

407. Tlapanakc Conus 8",8, a Buaumuii pagiyc CoHus
nopiBHioe 16'1". Y ckinpku paziB pamiyc CoHis Oimbmimit
paniyca 3emuni? SAkuit niamerp CoHus B KinmomeTrpax?

408. KyroBuii pazxiyc Micaus 1620", a mapamakc 59'51".
BuznaunTtn Bumumuil pagiyc Micsis, KoM HOro mapaiakc
3422".

409. ki minifiHI po3mipu giamerpy UYepBoHOi IUIAMH Ha
IOmitepi 1 miamerp pamiamifHOro mMOsICY IUTAHETH, SIKIIO
WMy BUAHO 13 3emuti mig kytoMm 10", a BUNPOMiHIOBaHHS
IJIAHETH CIIOCTEPIraeThCs ax J0 BijacTtaHi B 13',7 Bij LeHTpY
il mucka. [Tapanakc FOmitepa 2",09.

410. T'opusoHTanbHMH  ekBaTopianbHUM  mapaiakc  CoHus
nopisHioe 8",794, a tioro kyroBuii giameTp — 32'. O0uucIuTH
JiHidHui pagiyc COHIS TOPIBHAHO 3 3€MHHUM 1 JIiHIHHI
niaMeTpu IIsM 3 KyToBUMH Aiametpamu 0",8 1 24".

411. Ilin yac mpotuctosiHHs IOmiTepa mpu #oro cepeaHii
Biacrani Big CoHusg 5,2 a.0., cmocrepexyBaHa i3 3emii
HaiOlIplIa eJOHralisl YOTUPHOX TaJiJIeEBUX CYIYTHHKIB
cTaHOBMTHL Bimmosimuo 138")5; 220",3; 351"2 i 618",1.
3HalTH 3HAYEeHHS BEJMKHX MiBOCel OpOIT UX CYMyTHHUKIB.

412. Ha saxux npuOIM3HO BiJCTAHIX OOEPTAIOTHCS HABKOIO
Mapca i#ioro cynyrtauku @Doboc 1 Jlelimoc, ski 3a



CHOCTEPEKEHHSIMH 13 3eMJIl MPH cepeJHbOMY MPOTHUCTOSHHI
IUTAaHETH BlAAANSIOThC Bl Hel BigmoBigHo Ha 24",7 1 61",8?
Benuka niBBick opbiT Mapca gopiBHioe 1,524 a.o.

413. 3 K0 KyTOBOIO 1 JIHIHHOI HIBUJAKICTIO 00EPTAIOThHCS
TOYKH MICSYHOTO eKBaropa 1 celeHorpadidHi mapainemi 3
mupotamu 30° 1 60°? iametp Micsms — 3476 kM, a mepion
rioro obepranns — 27*,32.

414. ExsaropiampHa 30Ha Imitepa miamerpom 142800 &M
obOepraerscs 3 mepiogom 9750*°, a cepenHs 30Ha, JdiamMeTp
akoi 139400 kM, — 3 mepiogom 9'55*". 3HaiiTm KyTOBY i
JiHIMHY DIBUIKICTH TOUOK €KBAaTOpa IUIAHETH 1 mapajemnen 3
mmmpoTtamu +30 © 1 +60°.

415. 3a | romuHy cHoOCTepeXeHb JeTani MoBepxHi Mapca
3MICTWIMCS TIO JOBroTi Ha 14°,62. OOuYuciIuTd mepiof
obepranHa Mapca i NiHIHHY MBHIKICTE OOEPTaHHS TOYOK
fioro ekBaropa i mapameneir 3 mmporamu —20° i —50°.
Hiamerp Mapca — 6800 km.

416. 3Haiitu reorpadiuHy MHPOTY TOYOK 3E€MHOI IMOBEPXHI,
JiHIHA MBUAKICTb 00EpTaHHS SKUX Y JIBa, YOTHPH 1 BiCIM
pasiB MEeHIIIa JIiHIHHOT IBUIKOCTI TOYOK €KBATOPA.

417. Mepkypiit 1 Micsup 00epTalOThCS B HAIMPSIMKY CBOT'O
opOiTansHOTO PYXY, Iepmuit 3 nepiogom 584,65, a npyruit 3
nepiogom 27%32. Ilepiog obGepranHs Mepkypis HaBKOJO
Connst nopiBHIoe 88", a Micsp 00epTaeTbcs HABKOJIO HHOTO
pasoM i3 3emueto. YoMy HOpIBHIOE TPUBANICTh COHSYHOI
nobu Ha Mepkypii i Ha Micsmi?

418. Sxa TpUBAIICTh COHSIYHOI JOOM B CydaCHUX OJMHMIIIX
BUMiptoBaHHs Oyia 6 Ha 3emui, Micsmi i Mepkypii, sSx6u i
HeOecHI Tina o0epranucs Ha3ycTpid OpOIiTaIbHOMY pYyXY,
T0OTO 31 cxony Ha 3axin? HeoOximHi gaHi 3amo3uyYuTH 3
MOTIEPEIHBOT 3a/1adi.

419. 3maiitu TpuBamicTh coHsuHOi 100M Ha Benepi, fka
o0epTaeThCsi HABKOJO BIIAcHOI oci 3 mepiogom 243416 y
NPOTHJIKHOMY HAmpsMKy, a HaBkoJio COHISL B NPSMOMY
HanpsMKy 3a 225" Slka Oyna © TpuBajicTh COHSYHOI 100w,
AKOM BKa3aHi HAPSIMKU 0OepTaHHs CIiBHagan?
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§8. 3akon BcecBiTHBOIO TsKiHHS i 3a1a4a ABOX Tij

3 3akoHy BcecBITHBOTO TSOKIHHS BUIUIMBAIOTh, SIK HACTIIOK, TPH
3akonn Kemnepa, sxi HplOTOH BHBIB MaTeMaTHYHO B OLIBII
3araJlbHOMY BHUTJISAI Ta SKi 3aCTOCOBYIOTh HE JIMIIC JO OOepTaHHS
mraner HaBkojo CoHmg, ame 1 10 OyOb-IKMX CHCTEM Tijl, IO
00epTaroThCs.

3aBiaHHS BU3HAYCHHS OPOITH OJHOTO HEOECHOrO Tijia BiJIHOCHO
IHIIIOTO HA3WBAETHCS 3a0aueto 06ox min. llpm po3B’si3aHHI ITi€l
3amadi  HeOecHe Timo Oimpmoi Macu M (TeHTpaiabHE TiNo),
BBKAETHCSI HEPYXOMHUM, 1 BH3HAUYAEThCA OpOITa, MO SKiM TiJIO
MEHIIIOT Macu M pyXaeThCs BIAHOCHO IEHTPaIbHOIO Tina. HbHOTOH
MOKa3aB, M0 B TOJI TSDKIHHSA IEHTPANBHOTO Tina Oyab-sKe iHIIe
HeOecHe TiIo pyXaTUMEThCS 10 OAHOMY 3 KOHIYHHX MepepiziB —
KOJy, eJiIcy, mnapaboiii abo rimepOosti, MPUUOMY IICHTPAJIbHE TiJIO
3aBXXIU 3HAXOAWTHCA B OJAHOMY 3 (POKYCiB OpOITH pyXOMOTO Tina,
JIiHIAHA MIBUAKICTH U SIKOTO BIJHOCHO IICHTPAJLHOIO Ha JaHId
BiJICTaHi I' BU3HAYAETHCA IHTETPAIOM €HEpTil

v? =G(M +m)(3—1j=y(3—1j,
r a r a

e u= G(M + m), a — BeNHKa MiBBIiCh OpOITH, I — pajiyc-BeKTOp
pyxomoro Tina, G — rpasiTtamiiiHa crana.

Skuio Maca pyxoMoro Tiia HabaraTto MeHIa MOPiBHSHO 3 MacOI0
HEHTPaJIbHOTO Tija, TO 3ajada JBOX TiJl HAa3WBAETHCSI OOMEXKEHOIO 1
Tomi u=GM .

3rigHo iHTerpamy eHeprii, KOKHil BifcTaHi Bil IEHTPAIBHOTO
TiJla BiJNOBIJa€ PsAJ 3HAYEHP MIBUIKOCTi, IO BH3HAYAIOTH BUTIISL
opOitu pyxomoro Tina. Tak, mo0 HebecHe Tiio 00epTanocss HaBKOIIO
HEHTPAIFHOTO TI0 KOJIOBil opOiTi pajiycy I =a, BOHO NMOBHHHO Ha
naHiil BincTtaHi F=a oOOB’SI3KOBO MaTH BEIWYHHY OpPOiTAIBHOT
HIBUIKOCTI U = U, , IPUYOMY 3T1IHO IHTerpaity eHeprii

Ls IBUIAKICTD HA3UBAETHCS KOIOBOIO UBUOKICIIO.

Sk cepemHs WIBHIKICTH PyXy Tijla BOHa MOXe OYyTH TakoX
BH3HAYEHa 3a mepiofoM obepTanHs 7 1 BEIHMKOIO MiBBicCIO a opOiTH
Tina:
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b = 2ma
a T )

Slkmo mwa BimcTami I BiM MEHTPAIBHOTO TiJIa IIBUAKICTH
PYXOMOTO Tijla IIEPEBUILYE U, , AKa BIANOBiAae BiacTaHi I, TO Take
TiNO TakoX Oyae CYIMyTHUKOM IIEHTPalIbHOTO 1 PyXaTUMETHCS
HABKOJIO HBOTO IT0 SIINTHYHIK OpOiTi, BETMKA TIBBICH SKOi @ MOXKE
OyTu oOurcneHa 3a iHTerpajoM eHeprii. Umm Oiible U TepeBUIIyE

U, , THM OLIBII BUTATHYTOIO Oyne emintuuna opbita (0 < e < 1).

Hapemri, skmio Ha maHid BiACTaHi ¢ Big IEHTPaILHOTO Tijla
HIBUIKICTh PYXOMOTO Tija
L= uaﬁ :

TO BOHO BXe He OyJe CYMyTHHKOM IEHTPAJIFHOTO Tila, a Mpoize
MOB3 HKOTO T0 MapadorivHii opoOiTi. Hacpasmi, mpu migcTaHoBII

2
v? = 21)§ =z
r
B iHTerpan eHeprii orpumaemo  1/a=0, ToO6r0o a=o0, wE
xXapakTepu3ye emntuyay opoity (€ = 1). ToMy mBHUAKICTH
2
0, =2 = [
r
HA3WUBAETHCH NAPAdONIUHOI0 UBUOKICIO.
[lpu o >wv, pyx Tina BigOyBaeThes no rimepdomi (e >1).
B xoxHiit Touti opOiTH 3 pajiiyc-BEKTOPOM # IIBUIKICTH Tijia
2a
L=y, [—-1.
r
Touka eminTuyHOi OpOITH, HAWONMMKYA JI0 IICHTPAJILHOTO TiJa,
HA3UBAETHCS Hepuyenmpom, a HaUOINbII BiJyiajeHa BiJ HBOTO —
anoyernmpom. 1[I TOYKH OTPUMYIOTH KOHKDPETHI HaiiMEHyBaHHS 3a
HA3BOIO IIEHTPAIILHOTO Tija, 1 ACsIKi 3 HUX NPUBECHI B TAOIHUII:

LenTpajibHe I'penbka HaszBa HasBa
TiJI0 Ha3Ba MepHIeHTpa anoueHTpy
Comnre Iemmioc HepHuremin adeuiit
3emist les nepuren arnoreit
Benepa I'ecniep nepurecrnepii arorecrnepii
Mapc Apec nepuapiit arnoapii
CatypH Kponoc TIePUKPOHIH anOKPOHii
Micsup Cenena TiepUCeNeHii anoceseHii

87



B mepurnentpi, mpu r=g=a(l—e) TilO-CymyTHHK Mae
HaHOUTBITY IIBH/IKICT

Dy =D, _UW’
q a ale

a B anoLeHTpi, mpu r=Q = a(1+ — HalMeHITy

U = V. _—U
Q™" a\/1+e

BBaxaroun macy CoHIst M =1 i HEXTyIO4H MOPIBHSHO 3 MaCOIO
Conus macamu Horo cynyTHukiB (M=0), oTpuMaeMo HIBUAKICTbH
HeOecHUX Ti1 B 1ol TsOKIHHS CoHII:

L= 29,781/3—1 ,
r a

Ae I i a BHpaXeHi B aCTPOHOMIYHMX OJIMHHILIX, 2 U B km/cC.
Le#t Bupa3 m03BOMIsIE OOYMCIUTH MIBUIKICTH IJIAHET i KOMET Ha
Oynp-sikiit Bigcrani I Big Conns. IloknaBum y dopmyni a=r,
MOYKHA 3HalTH 3HAYECHHS KOJIOBOI IIBUIKOCTI
29,78

D, =
oV

1 3HayeHHs MapaboiuyHOI IIBHIKOCTI U, =Ua\/§ Ha JOBiUIbHI

Bigcrani Big CoHis.
Sxmo BifcTaHi I 3a7aHi B KUTOMETpax, a Maca LEHTPaIbHOTO
Tijla BUp@XEHA B Macax 3eMJIi, TO KOJIOBa IIBUJIKICTh

Uy = 631,31/M .
r

Hapemti, mpu BuMiproBaHHI Mac B Macax 3emii 1 BiJIcTaHed B
paaiycax 3emIri KoJIoBa IIBUIKICTh

M
a=7,91 T

Cepennst a60 KoJIOBa MIBHIKICTH Tijia, 0 00EPTAETHCA HABKOJIO
LEHTPaJbHOTO TiJla MO eNNTWYHIA OpOiTi 3 BEJIMKOIO MiBBicCIO 4,
TaKO)X OOYHMCIIOETHCS 3a UMM (hOpMynaMy IiICTAaHOBKOIO B HHUX
r=a.

[lincranoBka y ¢opmyiau r = R (pamiyc HeOSCHOIo Tija) JIae
3HAYEHHS KOJIOBOI MIBHJKOCTI v; OIiJsl MOBEpXHI IBOTO TiNa, SKY
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Ha3MBalOTh B KOCMOHABTUIII MEPIIO0 KOCMIYHOK MIBUAKICTIO. Jpyra
KOCMi4Ha HIBUAKICTb Uj =), V2. OueBuaHoO, M0
b =Y Ly
a s
Jr Jr

Je 7 BIAPaxoBYEThbCS BiJl LIEHTPY HEOECHOTO Tila i BHPaXKAETbCS B
fioro paniycax.

iv,=

2.2
Ockinbku U, = GM+m,To 47[2a =GM+m,3BiILKI/I
a T a
T%(M+m) _ 4z?
a’ G

Macu CynmyTHHKIB, SIK MPaBUJIO, Ty>K€ Majll MOPIBHSHO 3 Macolo
LHCHTPAJILHOT'O TiJ'Ia, 1 TOMY, HEXTYIOUHU BCIUYHHOK M, MOXHa
00YHMCIUTH Macy IEHTPATBHOIO TiJIa B ICBHIN CUCTEMI OJIMHHMIIb.

Ockinbkn Maca HeOECHMX Tiln 3a3BUYail  OOUMCIIOETHCS
MOPIBHSHO 3 COHSYHOIO a00 3eMHOI0 Macoro (ToO0To, B Macax CoHIl
abo B Macax 3emJyi), TO 3HAYHO MPOCTIIIE 3aCTOCYBaTH TPETii
y3arajibHeHH 3akoH Keruiepa 1o 1BOX CUCTEM TiJI, 110 00EPTArOThCS

2 3
T2 (Mg +my) _9
2 3
T (Mp+my) &3
Tyt BenmumHU 3 iHAEKCOM | BIIHOCATBCS O OAHIET cUCTEMH
HEHTPAJILHOTO Tija i HOro CymyTHHKA, a Ti K BEIUYMHH 3 iHIAEKCOM
2 — 10 1HIIOT CUCTEMH aHAJIOTTYHUX TIJI.

Ilpu BU3HA4YeHHI Mac IUIAHET B Macax 3eMJli HOPIBHIOIOTH PyX
CYITyTHHKA IJIAHETH 3 pyXoM Micsius HaBKoJI0 3emili.

Mpuknagu po3s’ss3yBaHHs 3a1a4

Hpuxaag 1. Komera lamnmes mnpoiimma cBiii mnepureniii Ha
reyioneHTpuuHii Bigcrani 0,587 a.0. 13 MIBUAKICTIO
54,52 km/c, a xomera Ikei-Cexki — Ha mepurenabHil
Bigctani 00,0083 a.o. i3 mBuakictio 480 xm/c. Ilo
SKHX OpOITax pyXarmoTbCs LI KOMETH 1 SKUH ix
CHJIEpUYIHUH 1epio; o0epTaHHs?

Hano: Komera l'aymes: g = 0,587 a.o., vg= 54,52 a.o0. komera Ikei-

Cexi: g =0,0083 a.o., ug=480 km/c.
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Po3B’s130K.

o6 Bu3HauuTH BUA OpOITH, HEOOXiTHO 3HANTH KOJOBY Uk 1
napaboniyHy vy IBHAKICTE KoMmeTu ImoAo CoHIS Ha 3aJaHux
BIJICTaHSAX (] BiJf HHOTO 1 IOPIBHATH OOYHUCIICH] MIBUAKOCTI 3 JJAHUMHU
B YMOBI 3aj1a4i.

Komema I'annes.
29,78

9,8
ke

3rigHo popmymu vg = Ha Bigcrani ( = 0,587 a.o. —

KOJIOBA IIBUIKICTE
_ 2978 _ 298

v =
K="g ~ Joss
2u . .
a 3a GOpMYIIO Vg = VgV2 = - napaboJiyHa MBUAKICTH

v = veV2 = 38,87 - 1,414 = 54,96 % ~ 55 %
Ockinbkn g < Vg < vy 1 B TOH ke 4ac v, 6iausbka 10 vy, TO

kometa [amnes obOepraeTscst HaBkono COHI MO QyXKE BUTATHYTIH
op0iTi, BeTHKa MiBBICh SIKOi O0UMCITIOETHCS 32 POpMyIamMu

D=1 __11 _ 2978 298
=1, 7 ~ 7
. ,Za .
[Moxnapmm y dhopmyni v = v, - 1 r = q, 3HaiiAEMO

v, =v, |——1.
q aq
29,78 _ 29,8

3a dopmynow v = ~ —= KOJIOBA IIBUJKICTb KOMETH
(1) p y K \/; \/; bl
29,78

JOPIBHIOE Vg = [km/c]. TligcraBuBmm 1m0 GopMmyiay B
Va

=38,87 &,
(o

MOTIEPEHIA BUPa3, OTPUMAEMO:

2 1
=29,78 |- —=
q a
. 29,782 886 85
3Biacu > = =18,0 a. o.
29,782><——17q 886,85x —54,522
q 0,587

3a popmynoro g = a(l — e) eKCueHTpPHUCUTET OpOITH
e=1-21=1-222=-0967.
18,0
3a TpeTiM 3aKOHOM Kermepa nepiog 00epTaHHS KOMETH
T = ava =18v18 = 76 pokis.

Komema Ixei-Cexi.
Ha Bigcrani r = g = 0,0083 a.0. koj10Ba MIBUIKICTH
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29,8 29,8
="Jq ~ Vo083
1 mapa0oJiuHa MBUAKICTh
v = veV2 = 327 x 1,41 = 461 km/c.
Takum 4MHOM IIBHAKICTH KOMETH B meperuiii vg > vp. Omxke,

KoMeTa Tpoinnia modnu3y CoHug no rinmepOoiniuHii opOiTi 1 Oibie
JIO HHOTO HE TTOBEPHETHCSI.

= 327 KM/c

Hpukaax 2. Jlns acrepoiga Ikapa 3HAWTH CEpemHIO TIBUIKICTD,
MIBUIKICTh B Tepurenii, B ademii i B Tourli opOiTH 3i
cnpaBkHbor0 aHomaiieto 90°, a TakoX KOJIOBY 1
napaloJiyHy MBHAKICTh HA THX CaMHUX BiJICTAHIX BiJ
Conns. Benuka miBBiCh 1 eKCIIGHTpHUCHTET OpOiTH
Ixapa nopisHto0TH 1,078 a.0. 1 0, 826.
Hano: Ikap, a = 1,078 a.0., ¢ = 0,826, T = 90°.
Po3p’s130Kk.
3a popmymnamu
a(1-e?) .
= Trocosr 4= a(l—e)iQ=a(l+e)
3HAXOJINMO TelliOIEeHTPUYHY BincTanp mpu T = 90°:
1,078(1 — 0,8262) 0342
~ " 1+tecoso0T  oreEo
q =1,078(1-0,826) = 0,188 a.o.
Q =1,078(1 +0,826) = 1,968 a.o.
BukopucroBytoun hopmynu

b = 2208 B8 o = [y =y, [0
K="7F — 'Y T YA 1—e Q_a1|+e’

KOJIOBa IHBI/I,Z[Ki CTh IINIAaHETHU

r

29,8

v, = o 28,7 xm/c,
HIBHJIKICTH B IEPUTEIIT
=287 1’968—930 /
Yo =57 Jogg — 0 e
1 BUAKICT B adedmii
28,7
= 8,86 km/c.

D, =
Q 1,968
0,188
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2a . .
3a dopmynoro v = v, - 1 mBHUAKICTH acTepoina, komu T =

90°:
v, = 28,7 /2222278 —1 =661 xu/c.

Ha Bincrani q = 0,188 a.0., 3riqHo Gopmyn

29,78 298 . 2u
Vg = =— |[km/clivg=v 2=/—
K Jr N [ /] 17 K\/— r
KOJIOBA IIBUIKICTD
29,8
Vyyg = —— = 68,7 xm/c
Ka =~ /6,188 ’ /e,

napaboJiiyHa MIBUIKICT
Vg = 68,7 X 1,41 = 96,9 km/c,
T00TO Vg < Vg < Vjpq-
Ha Bigcranni Q = 1,968 a. 0.

Ve = 21,2X 1,41 X 29,9 /e,
TOOTO UQ < vKQ < UHQ'

Ha Bixgcrani r = 0,342 a.o.

298
Vgy = N oA 50,8 xm/c,

v = 50,8 X 1,41 = 71,6 xu/e,
TOOTO Vi < Vp < Vpppe-

Hpukaan 3. 3xaiitu macy lOmitepa 3a pyxom Horo cymytHuka lo,
SKHH 00EpTaeThbCS HABKOJIO IUIAHETH 3 TMEPioIoM
1,765 1o xonosiii op6iTi Ha BiacTani 421,6-10% kM.
Hano: cynytauk, T = 14769, a=421,6-10° km.
Po3B’s130K.
3 dopmymnu T2(M +m)=123,7-10"1643 purusae

’ 1 (421,6-10°)°

a
M =132,7-10™ .2 =132,7-10 L =318,
T (1,769)

Hpukiaang 4. Buznaunty nepury i Apyry KOCMiYHY HIBHIKICTH Ha
Omitepi, konoBy 1 mnapaboyiyHy MBUIKICT Ha
BigcTaHsixX 3 1 8 Horo paziyciB BiJl MOBEPXHi, a TAKOXK
LIBUJKICTH MOTO TEpmworo CymyTHHKa lo, sxuii
olOepTaeThes 10 KOJNOBiK opbiti pamiycom 421,6-10°
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kM. Maca IOmitepa cknamae 318 3emHuUX Mac, a
cepenHiit pagiyc — 10,9 paxiycis 3emui.
Hano: Onitep, M = 318, R = 10,9; Bincrani: 3R i 8R Bix noBepxHi
rutaHeTH abo Bif meHTpa mianeT = 4R i = 9R,;

Po3B’a30Kk.

M . .
3 dopmynn v, = 7,91, /— (ww/ c) , TIepIa KOCMiYHa MBHIKICTh
r

M 318
v, :7,91,/—:7,91 — 42,70/
R \10,

Jpyra kocMivHa IIBHJIKICTh
b, =0, \/5 =42,7-1,41= GO,ZKM%.

UI U[I

3 dopmyn v, = Ti v, = T, KOJIOBa INBHJKICTh Ha PI3HHUX
r

BlACTaHAX

42,7 42,7
5 K/ i s KM
Vpy = \/Z 21,4 4 10y, \/5 14,2 4,

1 mapaboJiyHa MIBUIKICTh

60, 2 60, 2
! KM, 3 — o KM
O = .\/Z 30.1 4 ! Una \/5 201 4

M
3rizHo Gopmymn v, = 7,91, ’— (*, c) , BUJIKICTh CyMyTHUKA [0

. = 631, 3,/——6313 —17 3K
421,6- 10 /

3agadi 1J1s1 caMOCTilHHOTO PO3B’A3yBaAHHA
420. Sxa kozoBa i mapaboiyHa MBUIKICTE BiTHOCHO COHI Ha
cepennix Biacransx Benepu (0,723 a.0.), 3emii (1,00 a.o.),
IOmirepa (5,20 a.0.) i [Tnytona (39,5 a.0.)? 3a orpuMaHuMU
pe3yiIbTaTaMy 3HAWUTH 1 MOSICHATH 3aKOHOMIPHICTb.
421. OOuMciaWTH MIBUAKICT MaJIMX IUIAHET AXxiuleca Ta
I'exTopa B mepuremnii i adenii, AKmo X KOJOBa IIBUAKICTH
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94

13,1 xm/c, a excuentpucuretd opOiT BimmosigHo 0,148 1
0,024. Ha sxiii cepemHii TeNMONEHTPUYHIA BiIcTaHI
3HAXOAATHCS LI TUIAaHEeTH?

422. Benuka MiBBICh 1 E€KCLHEHTPHUCHUTET opbOiTH Mepkypis
nopiHIOOTE 0,387 a.0.1 0,206, a opbiTht Mapca — 1,524 a.o.
i 0,093. 3HaliTh cepemHI0 MIBHUAKICTh IUX IUIAHET, iX
LIBUKICTH B Tiepurenii i adedmii.

423. OOuucnauTy MBHIAKICTH actepoiaiB Jliaii Ta AfoHica Ha ix
CepenHii, mepirenmidHid 1 ademiiHii BiICTaHAX, a TaKOXK
KOJIOBY 1 TapaboIiuHy MIBUAKICTH HAa MUX BijcTaHsx. Bemuka
MiBBICh 1 EKCIEHTPUCUTET OpOITH TEpIIoro acrepoina
nopiBHIOOTE 2,73 a.0.1 0,078, a npyroro — 1,97 a.0,10,778.

424, Ha sAxux TeETIOLUEHTPUYHHUX  BIJACTAHAX  MIBUIKICThH
Mepkypis nopiparoe 56,1 km/c i 41,7 km/c? Benuka miBBich
opOitu mianeru 0,387 a.o.

425. 3 sxoro mBHaKicTIO BigHOCHO COHI mpoxoamB Mapc B
€MOoXYy BEJMKOr0 MPOTUCTOSHHS NIPY TEOLIEHTPUYHIH BiCTaHi
57,15 man. xkM? 3iCTaBUTH IO IIBHAKICTE 3 KOJIOBOIO 1
mapaloIiYHOI0 MIBUAKICTIO Ha Tii ke Biacrani Big CoHI.
Benuka niBBick op6iT Mapca nopiearoe 1,524 a.o.

426. Po3p’s3atu monepenHIO0 3amady s actepoiga Epora,
SKIIO BiH B €MOXY BEJIUKOTO MPOTHCTOSIHHS TMPOXO/IHB
nepurenii Ha BifacTtani 22,59 muH. kM Big 3emui. [lepion
obepranns Epora HaBkosio CoHlls gopiBHioe 1,76 p.

427. Ha sxiit Bimcrani Big CoHIM TpoHImia KOMeTa, IO
pyxanacs mo mapaboIigHoi opOiTi, AKIIO 11 MBUAKICTH HA HIK
BiJICTaHi TopiBHIOBaNa 65 KMm/C?

428. Omna xoMmera mpoiinuia nepurenid Ha Bincrani 0,07 a.o.
Big Conus 31 mBuakictio 160 xm/c, a 1HIIA — Ha BiJCTaHI
1,24 a.o., To6TO 31 mBHAKICTIO 36,5 kM/c. BusHauntu THII
opOIT, MO SIKUX pyXaJucs I[i KOMETH 1 BCTaHOBUTH, UM
MOBEPHYTHCS BOHU 10 COHIIA 1 KOJIU came.

429. CunomnunHuii mepion obepraHHs acrepoina Konxian
nopiBaroe 1,298 p., a fioro mBuakicTh B nepuremii — 20,48
kM/c. YoMy JOpIBHIOE  CHICPUYHUE mepiol oOepTaHHS
actepoina, BelMKa IMIBBICh 1 €KCLHEHTPHCUTET Horo opOiTH,
nepureniiHa i adeniliHa BiACTaHi, a TaKOX IIBUJAKICTh Ha
Cepe/IHIN TeNioNeHTPUYHIN BiZicTaHi i B adenii?



430. Excuentpucurer  opOiTm  acrepoima  Y30ekucTaHii
nopiaIoe 0,092, a #oro mBHIKICTH B adenii — 15,21 kwm/c.
3HaliTH BENMKY MiBBiCh OpOITH actepoina, HOro 30psSHUM 1
CHHOAMYHUHN Tiepioan oOepTaHHs, MIBUAKICTh B MEpHremii i
IIpH cTIpaBkHii aHomarii 30°, 90° 1 120°.

431. Komera pyxaerbcs HaBkojo COHI, Mawo4d B JaHWH
MOMEHT IIBUJKICTh 565,4 km/c. Ii pafiyc-BekTop I0piBHIOE
0,005543 a.0. BuzHauuTu €KCIIEHTPHCHTET KOMETHOI OpOITH.

432. Jlesika KOMETa pyxaeThCsl 1O  e€Jincy, 10  Mae
excuentpucuter 0,5. IlopiBusatn ii miHidHI Ta KyTOBI
HIBUJKOCTI B mepuredii i agenii.

433. llopiBasiTn B mepuremii i B ademi KyToBi 1 IiHIHHI
HIBUJKOCTI ~ KOMETH, IO pYXaeTbcs MO  emincy 3
excuentpucuteroMm 1/3; 3 ekcuentpucuterom 0,75.

434. Sxmo niHiHA MBUAKICTE KoMeTH B ademii BuUeTBepo
MEHIIIa, Hi)K B TIEPUTEITii, SIKUI eKCIIEHTPUCUTET i1 0pOiTH?
435. OGumcnutu macy HenryHa B Macax 3emuti, 3HA[O4H, II0
HOro CyNmyTHUK 3HaXOIUTHCS BiJ LEHTPY IUTAHETH Ha 354

THC. KM Ta Horo mepioq obepTanHs qopiBHIoe 521"

436. Busnaunth Macy YpaHa B OJMHHUIAX 3€MHOI MacH,
NnopiBHIOIOYM pyx Micsist HaBkojio 3eMii 3 PyXoM
cymyTHUKa YpaHa — TuTaHi€ro, Mo 0OepTAETHCS HABKOJIO
HBOTO 3 mepiogom 817" Ha Binmcrtani 438000 kM.

437. OOGumcnutu Macy Mapca B TIOpiBHSHHI 3 Macoro 3emii 3a
pyxom ioro cymyrauka ®oboca, s skoro a = 9300 km, t =
0,32 nmobu. Bimmomigai BenmnuwHHM 11 Micsis TpUAHATH
piBaumu 384000 kM i 27,3 1i0.

438. BuznauuTtH Macy Mapca B COHSYHUX Macax, 3HAa[O4H, 10
BifmcTtanb ®oboca BiA riaHeTH nopiBHIOE 9380 kM, a dac
3opstHoro 00epty Podoca 0,31892 nob6u; Bincranp Mapca
Bixm CoHIl JopiBHIOE 227 MIIH. KM, a 30pSHUH Mepiof
obeprannaa Mapca nopiBHioe 686,98 100u.

439. OOumcnutu macy HOmitepa, 3HarouW, 0IO0 BiACTaHb
nepmioro cynyTtauka Bif FOmitepa nopisaroe 422000 kM, yac
roro obOepranHs HaBkoyio lOmitepa 1,77 moOu, BimcraHb
Micsug o 3emumi craHoButh 384000 kM, a 4yac oOepTaHHS
Micsitia HaBkoso 3emti 27,32 noow.

440. Bwusznauutu Macy lOmitepa, npuiinsmu macy CoHIs 3a
onuHUIO, Macy 3emiti 3a 0, a TaKOXK 3HAIOYM CHACPHUYHUI
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niepion FOmiTepa 4332,6 no6u ta 3emmi 365,26 1i0 Ta BenuKy
miBBich opOith FOmitepa 5,2028 a.o.

441. 3mnaiitu macy CoHud, SIKIIO KyTOBa MIBUAKICTh 0OepTaHHS
3emuti cTaHOBUTH 1° Ha N00Y, a BiacTaHb Bij 3emuti 10 CoHI
1,49-10% xm.

442. BusHauuth Macy Mapca B Macax 3emili 3a pyXoM HOro
cynyTHHKa JleliMoca, IO 3HAaXOAWUTHCS BiJ IUIAHETH Ha
cepenHiii Bizctani 23500 kM 1 obepTaeThcs HaBKOJIO0 Mapca
3a 1,26 moOy. llepiox obepranns Micsms HaBkono 3emiti
nopiBaioe 27,32 ni06 i Bennka MiBBiCH MICSIYHOI OpOITH —
384400 kM.

443. JizHatucs Macy YpaHa 3a pPyXOM WOTO YETBEPTOTO
cynytHrKa OOepoHa, M0 00epTaeThCsl HABKOJIO IUIAHETH 32
13,46 ni6 Ha cepenniit Bincrani 587 THc. KM.

444, 3a mapamerpamu oOepTaHHS 3eMili OOYHCIUTH Macy
CoHI14 B 3eMHHX Macax.

445, Bu3HAuUTH CHICPUYHHUIA MEpioJ] 1 CEpeAHI0 MIBUAKICTH
cynytHUKiB CatypHa Mimaca i ®ebm, siki obepraroThbes
HaBKOJO IUIaHETH Ha CepefHiX BiJCTaHAX, BiAMIOBIAHO
185400 xm i 12960 tnc. xm. Maca Carypna B 95,2 pasu
OinpIna Macu 3emiti.

446. 3a maHWMU MOTNEPETHBOI 33291 OOYUCIUTH MIBUIKICTh THX
xe cynyTHHUKIB CaTypHa B IEPHKPOHIi 1 allOKpOHii, a TaKOX
KOJIOBY 1 mapa0oJiiyHy IIBUIKICTh HAa 3a3HAYECHUX BiJICTAHIX
Bin Carypna. Ekcuenrpucuretn opOIT  CYIyTHHKIB
BixmoBijgHO nopiBHIOIOTH 0,020 1 0,166.

447. 3naiiTh BenWKy TIBBICH OpOIT 1 CepemHI0 WIBHIKICT
cynytHukiB HOmitepa lo 1 Kamicto, siki obepraroTbes
HaBKOJIO TIAHETH 3 TiepiogaMu BiamosigHo 14,769 1 16*,689.
Maca IOmnitepa B 318 pasiB Oibia Macu 3emii.

448. flxa mnosuHHa Oytn wMaca 3emii (B TOpIBHSHHI i3
Cy4acHo0), o0 Micsip o0epTaBcsi HABKOJIO HEl 3 Cy4acHUM
epio1oM, aJie Ha BIIBiui OLIbIIiH BiCTaHi?

449, Sk nmoBuHHA Oyyia O MUTTEBO 3MIHUTHCS Maca 3emili, 100,
3aJMINAIOYMCh Ha CydacHid BijacTaHi, Micaup oOepraBcs
HABKOJIO Hel 3a Bl 100u?

450. Ha ckinbku noBUHHA Oyna O panToBO 3MEHIIMTHCS Maca
3emuti, 1100 Micsis MOKUHYB i1 Ha3aBxIU?



451. Sk moBHMHHA 3MIHUTHCS Maca LEHTPAIBHOTO Tijia, MO0 Y
Horo CymyTHHKa Cepe/Hs BiacTaHb 30inbimiacs B K pasis, a
nepioa obepTaHHs B N pasiB i, 30kpema, npu K = n?

452. Sxoro mae Oytu maca CoHns, mo6 3emist obepTaiacs
HABKOJIO HBOTO 3 Cy4aCHUM II€PioJIOM, ajie Ha BABIWI OLTBIIii
BifcTaHi? SIK 3MIHATBCA TPU I[HOMY TIEPiOTU OOEpTaHHS
Mapca i CarypHa, $Kmo IX BiJICTaHI 3aJUIIATHCS
HeaMmiHHUMHU? CywacHi mepiogu oOepTaHHS NHHUX TUIAHET —
1,881 p. 129,46 p.

453. BusHauuTH TINOTETWYHUH Tepiog oOepTanHs Micsus
HaBKOJIO 3eMJIi 32 YMOBH, 110 Maca 3emili 3pocia 0 y YOTHpH
pasu, a Micsmp 3HaXOMWBCS Ha BABIYI OUTBIIIN BifcTaHI.
CyuacHuii nepion obepranus Micsitst nopisHioe 274,32.

454, Bupectu dopmyiy, sika BHUpaxka€ B Jo0ax yac MaaiHHS
OyIp-sikoro HEOECHOTO Tilla Ha CBO€ IIEHTPalbHE CBITHIIO,
MPUMYCKAIOYH, MO 1e MAIiHHSA Take X K 1 pyX KOMETH MO
Jy’Ke BUTSTHYTOMY €IIiNICY 3 BEJNHKOIO BIiCCIO OpOiTH, sKa
JTIOPIBHIOE TIOYATKOBIH BiJICTaHI MiXK TiJIaMU.

455. Ckinpku yacy manmana 0 3emuss Ha CoHne, sSkOM BOHA
nepecraia obepTaTucss HABKOJIO HHOTO?

456. Ckinbku yacy Micsiip nagaB 6 Ha 3eMitro, SKOu Horo pyx
NPUIUHUBCA?

457. 3a ckinbku vacy [lnyron, manatoun Ha CoHIle, JONETIB OU
JI0 OT0 MOBEPXHi?

458. Sxa Oyna 6 mapabosiyHa MIBUAKICTH HA BijcTaHi 3emiti Bif
Conus, sikOu Maca octaHHbOrO 3pocia B 100 pazis?

459. Yrpumano 6 Conie Haily 3eMIlt0, PyXalO4YHCh HABKOJIO
HBOTO 110 OpOITi 31 MWBHIKICTIO 29,76 KM/C, siKOM Maca CoHIl
3MeHIIuIacd BaBiyl?

460. Ywm 3minuBcs 0 pyx 3emii, skou CoHile, 30epiratouu CBOIO
Macy HE3MiHHOIO, JIOCSTIIO B JiaMeTpi Ti€l K BEITUYWHH, IO
niamerp 3eMHOi opOiTH?

461. Sx 3Mminunacs 6 op6Oita 3emuti, sikOu Maca COHIIS panToBO
nonBoinacs?

462. Ha ckinpkn 30inpmmBes O pik, skOu Maca 3emui
3MEHIINIACS MUTTEBO B MUJIBIOH pa3iB?

463. 3 sxoro mBHAKiCTIO BHage 3emuis Ha CoOHIlE, SKIO BOHA
3YINUHHUTHCS Ha CBOIH opOiTi? Bincrans Big CoHilst q0 3emii
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1,5-108 kM, pamiyc Conms 7-10° kM i KyTOBa IIBHKICTH
obepranns 3emini HaBkoio CoHrs 1° 3a 100y.

464. BusHauuTd, Ky IOOTHYHY WIBHAKICTH MOTPIOHO Hajgatu
paketi, mo0 BoHa oOmiTaza 3eMIIIO B3JIOBXK IOBEPXHi, HE
nazgaroun (pagiyc 3emi 6371 kM, maca 3emii 5,97-10% kr).

465. OO6umcnUTH MapaboivyHy MBUIKICTH HA TIOBEpXHI Micsiis
(R=0,27 paniycis 3emui, M = 1/81 macu 3emi).

466. OOumcnIUTH MapaboiuHy MIBHAKICTh HA TOoBepxHI COHII,
skmio pagiyc Cormst 696000 xm.

467. Sxoro mOBMHHA OyTH MIBUIKICTh TiJIa, 100 BOHO OOJIITANIO
Conrie modnu3y ioro moepxHi? Po3B’s3aTu mro 3amady 3a
JOTIOMOTOI0 TpeThoro 3akoHy Kermrepa 1 posrmramgarodn
IIyKaHy IIBUAKICTH K TPaHWYHY, TPU SKiHA TiJIO BXKE HeE
Brajic Ha moBepxHiO COHIIA.

468. Sx6m y 3emii OyB CymyTHHK 3 mepiogoM oOepTaHHS B 8§
MICSYHHX MICHIIIB, sKa Oyna O 70 HhOTO BiJCTaHb?

469. Ha skiii BincTtaHi Big moBepxHi Mapca TOBHHEH Ou
3HAaXOAUTHUCS HOTO CYNyTHUK, KM 00epTaBcs O HaBKOJIO
HBOTO 3 THM K€ MepiofioM, 1o i Mapc HaBKOIIO CBO€ET 0OCi?

470. Sy mBuakicth Tpeba HamaTH MIKIUIAHETHOMY Kopabiro,
00 BiH MIT TOJIETITH 3 TOBepXHI Mapca Ha iHII TuiaHeTn?

471. OOuMCIUTH KOJIOBY 1 napa®oJiuHy MIBUIKICTH HA TIOBEPXHI
3emuti i Ha BimcTansax 1,8 1 59,3 ii pamiyca Bijg moBepxHi.

472. Cepenns reoueHTpudHa Bigcranb Micsis — 384400 kM, a
cepenHiil ekcueHTpucurer ii opbitm — 0,0549. 3naiitu
CEepeIHIO, TIEPUreiiHy 1 armoreiiHy MBUAKOCTI MicsIis.

473. Yomy nopiBHIOE KOjOBa 1 mapaloJliyHa IMIBUIKICTH Ha
noBepxHi CoHIIA 1 HA BIZCTaHI TPHOX 1 BOCBMH pajiycCiB Bif i
nosepxHi? Maca Conus B 333000 pazis 6inbiua Macu 3emii,
a 11 paniyc nopisaioe 109,1 3eMHUM.

474. BuU3HAYUTH KOJIOBY 1 MapaboIIiyHy IIBUIKICTh Ha TIOBEPXHI
Micsus, Benepu i Mapca. Macu 1 paziycu 0ux TiI B 3eMHUX
napamerpax: Micsus 0,0123 1 0,272, Benepu 0,815 1 0,950 i
Mapca 0,107 1 0,533.



§9. llITyyHi HeOecHi Tisia

[pn 3amycky mTydyHHX HEOSCHUX TUT M HAJAETHCS MOYATKOBA
MIBUJKICTH U, (IIBUAKICTD 3aITyCKY), KA 3aJICKHUTH Bl pO3paxoBaHOi
op6itu. IloyaTkoBa MBUAKICTh HAMAETHCA KOCMIYHMM JIBUTYHOM Ha
JIeSIKIi BUCOTI h, HaJ MOBEPXHCIO IEHTPAJIHHOIO TiJia (HABKOJO
SIKOT'O 3aITyCKAEThCS CYIMyTHHK ), TOOTO BiJ HOTO IIEHTPY HA BiICTaHi

r=R+h,,

ne R — cepemniii pamiyc mporo tinma. 30kpeMa, MpH 3allycKy
cymyTHHKa HaBKoJo 3emiti R = 6371 kwm.

Puc. 22. Enintuuna op6ita MITYYHOTO CYIyTHHKA

®dopma i po3Mipu emNTUYHOI OPOITH IITYYHOTO CYNMyTHUKA
BU3HAYAIOThCS MUISIMH 3amycKy (puc. 22). LleHTp neHTpanpHOro Tina
€ ogauM 3 (pokyciB opbiTH, a ii BesvKa MmiBBiCh
ZQ+Q:R+W+WQ

2 2
NPUYOMY TIEPUIIEHTPUYHA BiJICTAHb

q=R+h

a

1 aNIOLIEHTPUYHA BiJICTaHb
Q=R+hg,
ne hq — Halimenina Bucota (BUCOTa MepHULEHTpa) 1 hg — Haiibinbia

BUCOTa (BHCOTA aroIleHTPy) MITYYHOTO CYIMYTHHKa HaJ| MOBEPXHEIO
Tina. J{nst mrydyHUX cymyTHHKIB 1 opOiTansHUX KopaouiB 3emimi hg —
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BHCOTA Mepurero, ho — BICOTa anorero, q — nepureiiHa Biactanb i Q —
BiJICTaHb aIorexo.
Excuentpucurer opOiTH BU3HAYAETHCS POpPMYyTaMH
g=all-e), Q=all+e).
[IBumkicTh IITyYHUX HEOECHWX TiJ BHPAXKAETHCSI B KM/C 1
00YHNCITIOETRCS 32 cpopMynaMn

Ua—z—ﬂa,u Uas|—— \/7—1)61 1re
\/ Vi-e’
v = ua\/7 ua‘/ ua—6313\/7 v, = 791\/7 v, =L,
\/?

oy

Ilepiomm  obepraHHS  MTYYHUX  CYMYTHHUKIB  TMPHUHHSITO
BAMIpIOBaTH B XBWJIMHAX, a IX BiJICTaHI — B KIJIOMETpax, i TOMY
TperTiit 3akoH Kemnepa mae BUTIsg

3
=275,2.10° & 460 T =16,58-10 %a, |->
M M

1)

Ta

a=331,23MT?,
ne M — Maca UEHTpPaJIbHOT'O Tijla, BUPaXKEeHa B Macax 3eMJli.

3a mapamerpamu OOEpTaHHS INTYYHOTO CYNYTHHKAa MOXHA
O0YHCIINTH Macy LEHTPAIBHOIO Tija.

TpuBamicTe NOJBOTY IITYYHMX CYNYTHHUKIB Haja MiBKYJEIO
HEHTPATBHOTO TiJla, PO3TAIIOBAHOIO TiJi MEPUIICHTPOM OpOiTH
(TepuLIeHTpUYHA TTiBKYJIs)

2 2
t:(l—e) -(3+e) T
18v1-e?
ne T — mepion oOepTaHHS CYNYTHHKA i € — €KCLHEHTPHUCUTET HOro
op0Oitu.

Hax mnporunexxHoto (almoNEeHTPUYHOIO) IMBKYJICI CYIyTHUK

MPOJIITaE 3a iHTEepBal yacy

b

r=T-t.
Haseneni ¢popmynu MokHaA 3aCTOCOBYBATH 1 10 pyXy HPUPOJHUX
CYIYTHHKIB TIJIAHET.
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VYV nonboTi 3 OnHi€l INIAHETH OO 1HIIOI MDKIUIAHETHA CTaHIA
(MibkmmaHeTHHH Kopabenb) cTae cymyTHUKOM COHIIS 1 pyXaeTbes B
HOro momi TSOKIHHS 3a 3aKOHaMU pyxy IuiaHeT. [Ipocroro
TPAEKTOPI€I0 MOJBOTY € HamiBelinTHYHA (TOMaHiBChbKa), BEPIIMHU
(amcumm) siKOi MOTHKAIOTHCS MO OpOIT IIaHeTH 3amycky (3 Hel
pOOUTHCS 3aIrycK) 1 TUIaHeTH 30MrKeHHS (I0 Hel mpsMye CTaHIIis).
Hextyroun B mnepmioMy HaOMMKEHHI HAXWIOM 1 EJIINTUYHICTIO
TUTAHETHUX OPOIT, MOXKHA TIPOBOJIMTH PO3PAXYHKH 33 3HAYCHHIMH iX
BEJIMKUX MMiBOCEH «¢; (IUTaHeTH 3amycKy) 1 a» (TUtaHeTH 30JIMKEeHHS),
SIKi 3a/1aHi B aCTPOHOMIYHUX OJMHHUIISX.

[lpu monboTi A0 BepxHBOI TUaHeTH (puc. 23) 3amyck CTaHINI
3MIMCHIOETHCS Ha il IepUTeNiiHii BigcTaHi

q=a
B IIpsSIMOMY HanpsiMKy. AdediiiHa BicTaHp cTaHIil
Q = dap.

A (rw1aHeTa 30IDKSHHS B I€Hb 1))

Opbirta
MIKIITAHETHOL
CTaHIii

TI (mnaHeTa 3amycKy B JIEHb ;)

Puc. 23. l'omaHiBcbKa 0p0iTa MIXKILIAHETHOTO KOPaOIIst

[pu HanpsMi cTaHIii 10 HUOKHBOT TUTaHETH ¢ = a2 1 Q = aj.
TpuBanicTh MONBOTY, BHpPa’k€Ha B POKax, OOUYMCIIOETHCS 32

dhopmyIoro
a=T_ava
2 2
€ a — B acTPOHOMIYHUX OauHUIX. [Ipu HeoOXimHOCTI At

NEpEeBOAUTHCA B I[O6I/I.
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[Ipu 3amycky 10 BepXHBOI IIAHETH MMOYATKOBA TeIiOLEHTPUYHA

WIBHAKICTE V, =y, @ IPH 3allyCKy A0 HWKHBOI mianetn V, =vg,

MPUYOMY B IO IIBUKICTh BXOIUTH OpOiTaibHa (KOJIOBA) MIBUAKICTH
V; nnanetu 3amycky. OTxe, o0 MiXKIJIaHETHA CTaHLis BUUILIA Ha
PO3paxyHKOBY TeJIOLUEHTPUYHY oOpOiTy, ili HeoOXimHO HamaTH
TO/IaTKOBY IIBHUJIKICT

U() =Vn _Vl .
Ane, m00 TMOKMHYTH TUTAHETY 3aIlyCKy, CTaHI[iS TOBWHHA I
mo?
MOJI0JIAaTH ii TSDKIHHSA, HA 10 MOTPIOHA KIHETUYHA CHEPTis — e
m — Maca CTaHlii i v, — Ipyra KOCMiuHa IIBUAKICTh HA MOBEPXHI

miei turanetd. TomMy MIBUAKICTH 3amyCKy U, CTaHIi 3 IUIAHETH
(mo9aTkoBa TUTAHETONIEHTPUYHA IIIBUIKICTH), 3HANIETHCS 3 PIBHOCTI

mv?  mo? . moj
2 2 2

v, =,/U§ +0h .

Jenp 3amycky ¢; MDKIUIAHETHOi CTaHIii He MoXe OyTu
JOBIIbHUM 1 BHUOMpaeThCcs 3a BIANOBIIHOIW0O KOH(irypaumiero A,

3BIIKU

IJIaHeTH 30JmKeHHs P (quB. puc. 23), ToMy IO CTaHIisS MPpHIIE 10
MicIs 3ycTpiui abo panimie, abo mi3HimIe 3a IUiaHeTy. B 1uranetn
30JVDKEHHST 3 CHICPUYHHM IepiojoM oOepTaHHs 71> cepemHii
JO00OBHI PyX.

o 360°
2 —
T2
1 32 3HAWEHOW TPHUBAIICTIO IMOJBOTY CTaHIi Al (BHpa)XeHOI B

no0ax) riaHeTa MOBUHHA NPUITH B paiioH 3ycTpidi A, MPONHIIOBIIN
o cBOiH OpOiTI HUIAX

360°

2
Omke, B JCHb f; CTapTy MDKIUIAHETHOI CTaHII PIi3HUI
TeNliOIEHTPUYHOI JIOBIOTH TUIAHETH 30JIMKEHHS /> 1 TUIAHETH 3aIyCKY
/; moBUHHA OyTH

L2=a)2A'[= At.

|2 _Il ::I.SOO - L2 :1800 _a)zAt
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1 32 Li€I0 PI3HULECIO HEBAXKKO 3HAUTH B aCTPOHOMIYHOMY KaJleHIapi-
MIOPIYHMKY Ha TOTOYHWH PIK BiIMOBIAHAN ICHB ?;.
Llporo gHs BiACTaHb MK IJTaHETAMU
p=ya +a2 —2aa,cos(l, 1),

a KoHpirypauis A/, TuaHeTH 30JMKEHHS OOYHCIIOETHCS abo 3

PIBHOCTI

sin Ay, = 2sin(l, -1,
P
ab0 3a hopMyIor0

CtgAA, = % cosec (I, —1,)—ctg(1,-1,).
2
Jlerko mobauntn, mo npu L; < 180° 3HaiineHa emoHraiis Oye
3axigHo0, a mpu Ly > 180° — cxigHOMO.
OueBuAHO, MIKIUIAHETHA CTaHIUA Mmigifize [0 IUIaHETH
30JIMOKEHHS B IEHD
t, =t +At.

[puxsiaau po3p’si3yBaHHsI 32124
Ipukaax 1. BusHauuTu nDapaMmeTpu pyxy CYNyTHUKaA, SKUH
MPU3HAYCHUN JUIS JIOCHI/DKCHHS PEHTIeHIBCHKOTO
BunpoMiHioBaHHs COHI 1 BEpXHIX MIapiB 3eMHOI
atMoctepu B mexax Big 200 mo 1550 xm Hapg
3€MHOIO TIOBEPXHEIO.
Hano: cynytauk, hg= 200 &M, hg = 1550 km; 3emis, R = 6370 km, M
=1.

Po3p’s130Kk.
Benuka miBBich OpOiTH CYIyTHHKA
+h 200+1550
a=R+—_© =6370++T=7245KM,

Horo repureiiHa BiicTaHb
gq= R+hq =6370+ 200 = 6570 kM

1 anoreiiHa BiCTaHb

Q=R+h, =6370+1550 = 7920 km .

ExcrienTpucurer opOiTH,
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e=1-9_1 %70 _4 003,
7245

a
a nepiox obepTaHHs

T =16,58-10" a,/M =16,58-107°-7245./7245 =102",

Tak Ak maca 3emui M = 1,
KonoBa mBHIKICTE CYITyTHUKA

M 1,
v, =631,3 o313 a2 1/
\/ 7245
HOT0 MIBUKICTH B Hepnrei

o, |2 =7,42. f@=8,15 /!
q 6570 c

7,42
Dy =0, [+ = = 6,76 K1/
Q [7920 c

6570

CynyTHUK TpoJiTaE Haj TEpPUreHO TiBKyJlew 3emii 3a
MTPOMIXKOK 4acy

_(1-e)(3+e)’ _ (1-0,093)°(3+0,093)

18/1-¢? 184/1-0,093"

a BIIPOJIOBXK

1 ammoreil

-102 = 45",

-t =102 — 45 =57
PYXa€eThCs HaJT alIOTeHHOIO TBKYJICTO.

Hpukaang 2. Sky aepoleHTpUYHY LIBUIKICTE 1 Ha SKid
MakKCUMaJlbHIi BificTaHl Big MmoBepxHi Mapca
noTpiOHO HazaTH KOCMIYHOMY amapary, o0 BiH
CTaB IUTYYHUM CYIYTHHKOM ILTaHETH 1 obepTaBcs
HABKOJIO Hel 3 nepiogoM 2740* 1o eninTu4Hii opOiTi
3 excrerTpucurerom 0,250? Maca Mapca nopiBHIOE
0,107 mac 3emui, a iforo paaiyc — 3400 km.

Hdano: Mapc, M = 0,107, R = 3400 kMm; cynyTtauK, T = 2740 = 160",

e =0,250.
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Po3p’sa30k.
B op0OiTu mTygyHOTO CYITyTHHKA BEJINKa IiBBICh

a = 331,23/ MT? =331,23/0,107-160° = 4650 km ,

BiJICTaHb aroapiro
Q= a(1+ e) =4650-1,250 = 5810 k™,
3BIIKM MaKCUMaJIbHA BiJICTaHb BiJ MMOBEPXHI ILTAHETH
h, =Q—R =5810-3400 = 2410 km.

KonoBa mBHIKiCTh CynyTHHKA

v, =631,3 /M ~631,3 /M =3,04 111/
a 4650 ¢

1 TOAi, IIyKaHa MBUAKICTh B aroapii
1-e 1-0,250
Oy =V [ =3,04 [ 2" =235 K1/
l+e 1+0,250 ¢

Hpuxaag 3. 3’sacyBatd OOCTaBHHH TIOJIBOTY MIKIUIAHETHOTO
kopabnss 3 Benmepu go IOmitepa. Cepeans
refmoneHTpudHa Bifactanp lOmitepa — 5,203 a.o., a
Benepu — 0,723 a.o. [Ipyra kocmiyHa MIBUAKICT Ha
noBepxHi Benepu 10,36 km/c; cepeHiii 1000BUi XiJ
IOmnirepa 0°,0831.

Jano: nnanera 3amnycky, Benepa, a1 = 0,723 a.0., vy = 10,36 xMm/c;

manera 36mmkenss, Onirep, a2 = 5,203 a.o., @, =0°,831 = 5'.

Po3p’s130K.

Ockinbku Kopabellb CTapTye 3 HIXKHBOT TUIAHETH JI0 BEPXHBOT, TO

3allyCcK BiOyBaeThcsi B mepurenmii (amB. puc. 23), i mepureniiiHa

BiJiIcTaHb Kopabmst = a1 = 0,723 a.o., adeniiina Bigcrtanb Q = az =
5,203 a.0., BeNMKa MiBBiCh OpOITH

4 q+Q 0,723+5,203

=2,963 a.o.,
2 2
EKCLEHTPUCHUTET OpOiTH
0,723
e=1-3-1 2 _0 756
a 2,963

1 TpUBaJicTh NONBOTY 10 FOmiTepa
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_a 2,963
\/_ ——4/2,963 =2,55p.
I'emiorneHTpUYHA KOJIOBA MIBHIKICTH KOPAOIII

Va_298 29,8 173wy

\/2,963

a INBHUIKICTh B TMEPUreNii, BOHa > IIOYATKOBAa TEJIOICHTPHYHA
MIBUIKICTH KOpaOIIs,

5,203
V =y =V, Q _17,3 228 _ 46,4 xu
! q 0,723

Ockinpku opOiTanbHa MBUAKICTh Benepu

29,8 29,8
V=22 =35,0 1/,
Ja. 40,723 ¢
TO JOJATKOBA IIBUAKICTH
v, =V, -V, =46,4-35,0=11,4 K/
3BIJIKM IIBUAKICTH 3ayCKy Kopabis 3 Benepu
_ 2 2 _ 2 2 KM
v, =4JU; +U, =4/11,4" +10,36" =15,4 L
3a mpomixkok yacy A¢ = 2,55 poku = 2,55-365 116 FOmnirep npoiine
IO CBOIH OpOITI MIIAX
L, =w,At=0,0831-2,55-365=77,4,
i TOMy B JIeHb CTapTy KOpaOJisa Pi3HUIIA TeTiOUEHTPUYHOI JOBIOTH
IOmirtepa i Benepu
l,-1, =180 —-L, =180 —-77,4=102,6,
a koHpirypamis 41> FOmitepa, sika cnoctepiraerbcsi 3 Benepw,
3HAXOJHUTHCS 32 (POPMYIIOFO:

ctgad, =

, 723 . ,

03 cosec102°,6 —ctg102",6 = +0, 3659,
3BiKU Al = 69°9. Ockinbku L, = 77°4 < 180°, To 3HaiineHa
KOH(}irypamist —3axiZjHa eJOHTallisl.

3agayi nJs caMoOCTilHOTO po3B’A3yBaHHS

475. Bu3HauuTH WIBHUAKICTH 3allycKy 1 mepiogm oOepTaHHS
LITYYHUX CYIMyTHHUKIB 3eMJli, SIKi pyXalOThCsl HABKOJIO HEl 110

106



KOJIOBHX OpOiTax Ha BiJCTaHSIX IOJOBHHH 1 JBOX ii pajiyciB
BiJT ITOBEPXHI.

476. Po3B’s3aTH MONeEpenHIO 3aavy AJsl [TYYHUX CYMyTHHUKIB
Mapca 1 lOmitepa. Macu i panmiych B TOpIBHAHHI 3
3emuauMu: Mapca — 0,107 1 0,533, FOmitepa — 3181 10,9.

477. SIx 3MIHATBHCS TIEPIOAN 1 MIBUIKICTH 00EpTaHHS CYITyTHUKIB
3 MOMEPEeJHBOTO 3aBAAHHS, SKIIO Maca HEHTPaJIbHOTO Tijla
3pocte B N pasiB, a ix pajiyc — B M pasiB i y BUmagky m = n.

478. Ha skifi BHCOTI Haa 3€MHOIO0 IIOBEPXHEIO 1 3 SKOKO
MIBUIKICTIO PYXalOThCS IO KOJOBUX OpOiTax IITy4Hi
CYIyTHUKH 3 mepiogamu obeptanns 90*%, 150*° i 37?7 Paxiyc
3emti — 6370 kM.

479. OOUMCAUTH BUCOTY HaJl 36MHOIO MOBEPXHEIO 1 IBUIKICThH
CTalliOHAPHOTO WITYYHOTO CYIyTHUKA, TOOTO CYMYyTHHKA,
SAKUI HEPyXOMO BHCUTH HAJI OJHIEI0 1 Ti€I0 X TOYKOIO
3eMHOTO eKBaTopa.

480. Po3p’sizaT  TONEpeAHIO 3adady sl CTalliOHAPHUX
HITYYHUX CYMyTHUKIB IJIAHET, 3a3HA4YCHUX y 3aBhanHi 476.
[lepion obepranns Mapca — 24"37**,4, a FOmitepa — 9'50*%,5.

481. 3naiiTh MmWBUIKICTE 1 Tmepiongn oOepTaHHA IITYYHHX
cynmyTHUKIB Ha BucoTax 200 kM i 1000 kM HajJ IOBEpXHEIO
3emuti, Micsisg, Mapca i FOmitepa. Macu iux HeOeCHUX Til B
Til K€ MOCIiOBHOCTI gopiBHIOIOTH 1, 0,0123, 0,107 1 318, a
paniycu — 6370, 1738, 3400 1 71400 kM.

482. Ha ckimpky TpaayciB i B SKOMY HamnpsMKy IIOBHHHA
3MINIyBAaTHCS TPAEKTOPIS MOJBOTY TOJNSAPHUX MITYYHHX
CYITyTHUKIB 32 OJUH 00epT MpH X pyci Mo KOJIOBUX opdiTax
31 mWBUAKICTIO 7 KM/c i 2 km/c HaBKoso 3emiti, Mepkypis i
Benepu? Ilepion obepranns Mepkypis — 58,65, a Benepu —
243"2. HeoOxiaui BimoMOCTI auB. B 3a1a4i 484,

483. Tlo sikux opOiTax OymyTh pyxaTHCs IITY4HI HeOecHi Tina,
3aIyIIeHi 3 TOPU30HTAILHOK MIBUIIKICTIO 9,5 KM/C Ha BUCOTI
200 kM Hang mnoBepxHero 3emimi, Mapca 1 FOmitepa?
Heo0OxiaHi BiZIOMOCTI 3aI103U4NATH 13 3aBaadus 481,

484. Ha axiit MiHIMaJIbHIA BUCOTI 1 3 SIKOIO IIBUJIKICTIO ITOBHHHI
OyTu BuUBezeHi Ha eninTuuHi opOiTH 3 ekcuenTpucuterom 0,1
10,6 MTY4YHI CYIyTHUKH, 1100 BOHU 00ePTAIUCS 3 IepiogaMu
2" 1 8" HaBkoso Mepkypis 1 Benepu, macu sKux, B
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MOPIBHSAHHI 13 3eMHOI0, BiamoBigao 0,055 ta 0,815, a paxiycu
— 2440 xm 1 6050 km?

485. fky wacTuHy cBOTO mepiofy OOepTaHHS MPONITAIOTh Hal
MNEPULCHTPUYHOIO 1 alOLEHTPUYHOIO MiBKYJISAMH IUIaHET
ITY4YHI CYMyTHUKH TPU EKCIeHTpucurerax ix opbit 0,1 i
0,4?

486. CkinbKu 4Yacy MpOJIiTAIM HaJ MEPUTCHHOI0 1 aroreiHOI0
MIBKYJISIME OpOiTalbHA CTAHINSA 1 CYMyTHHK 3B’S3KY, SKIIO
opOiTanpHa CTaHINA oOepTamacs B MeKax BHCOT BiJ 258 kM
no 283 KM, a CyIyTHUK 3B’SI3Ky — MO OpOiTi 3 BEIMKOi
niBBiccto 27030 km i1 BucoToto anorero 40860 km?

487. 3maiith Macy Micsans (B macax 3emyti) 3a pyxoMm il
IITYyYHUX CYMYTHUKIB, $AKi 0OepTamucs Hal MiCSIHOO
MOBEPXHEI0 B MeXaxX BHCOT: Big 77 kM 10 385 kM, 3
nepiogom 2"11*%; Bix 21 kM mo 100 kM, 3 mepiomom B 1754*%,
Hiametp Micsis — 3476 k.

488. 3a maHMMU 1 pe3yJabTaTOM  TONEPEIHBOI  3ajaaui
po3paxyBaTd  KOJIOBY 1 TpaHHWYHI  CEJICHOIICHTPHYHI
IIBUAKOCTI CYITyTHUKIB MicsIis.

489. BuzHauutu Macy Mapca 3a pyxoM HOro MpUPOIHOTO
cynytHuka Jlefimoca 1 1mTy4Horo cynmyTtHuka. leiimoc
o0OepTraeThCs HABKOJO IUIaHeTH 3 mepiogom 14262 Ha
cepenHiii Binctani 23500 KM, a ITYYHHHA CYNYTHUK — 3
nepiooM 257, B MeKaxX BUCOTH HaJl MOBEPXHEIO TUIAHETH Bij
1760 xm mo 32500 kM. Pamiyc Mapca — 3400 km.

490. ABTOMaTHYHA MIKIUIAHETHA CTAHIIIS 00€PTAETHCS HABKOJIO
IJIaHeTH 3 nepiogoM 49723 B mexax Big 1400 kM g0 114000
KM Hajg 11 noBepxHew. BusHauntu Macy Benepy,
MpUHHABIIY 11 pagiyc 6050 kM.

491. Tlepmmuii B icTopii JroacTBa o0miT 3emiti OyB 3aiHCHEHUN B
Mexax Bucotd Bix 181 kM mo 327 KM HaI 3€MHOIO
MOBEpPXHEI0. BU3HAYMTH BeJMKY MiBBICH 1 €KCLIEHTPHCUTET
opbitu Kopalbiis, mepiox ioro obepTaHHS HABKOJIO 3eMii,
HWOTO CepeflHI0 1 TPaHWYHI IMBHIKOCTI, a TAKOX TPHUBAJICThH
MOJILOTY HaJl IIEPUTEHHOIO 1 aIIOTeHHOI0 MIBKYIISIMUA 3EMUTI.

492. Po3p’s3aTH NONEPEIHIO 3afadyy AJsl CYNyTHUKA 3B’S3KY,
BHBEJICHOTO Ha OpOiTy HaBKOJIO 3eMIli B MEXaX BHCOTH Bij
500 1o 39100 kM.



493. Sk 3MmiHMIUCS 6 mapamMeTpu MONbOTY CYIMyTHUKA 3B’A3KY
MOTIEPETHBO1 3amadi, SKIo O BiH B MeXaX Ti€l X BHCOTH
obepraBcst HaBKoJO Mepkypist i FOmitepa? HeoOxinHi nani
3aMo3u4mTH 13 3aBaanb 481 i 484.

494. CynyTHUK 3B’S3Ky, BHBEJCHHH Ha OpOITY 3 BHCOTOIO
mepurero 636 KM Haa TIBACHHOIO TIBKyJe0 3emii,
00epTaeThcsl HABKOJIO IUTaHETH 3 mepiogom 12716, 3naiitu
BEJIMKY TIBBICH 1 EKCIICHTPUCHUTET OpOITH CYNMyTHHKA, HOTO
amoreiiHy BHCOTY, IIBHIKICTH B mepurei 1 amorei Ta
TPHUBATICTh MOJILOTY HaJ NPOTUIICKHUMH MiBKYJISIMU 3eMJTi.

495, OOuMcnUTH BCi OCHOBHI HapameTpH MOJNBOTY IUTYYHOTO
cymyTHHKa Micsis, SKmo BiH o0epTaBcs 3 mepiogom 272* i
MiJHIMABCS B anocelieHii Ha BUCOTY 244 KM Haj MICIYHOIO
noBepxHer. BimoMocTi mpo Micsilb 3a1103UYNTH 3 3aBIaHHS
481.

496. Bu3HaunTH  BENWKY ~ TIBBICh 1  E€KCHEHTPUCHTET
HaMMmpoCTimoi eminTuYHoi OpOiTH KOCMIYHOTO KOpabis,
TPHUBANICTh HOTO MONBOTY Bif 3emii 1o Mapca i IBHIKICT
3amycKy i3 3eMJIi, SKII0 CepeHs TeliOleHTPUYIHA BiACTaHb
Mapca 1,524 a.o. Cepeans opOitajbHa MIBUAKICTH 3eMJIi
29,8 xm/c.

497. 3a manuMu W pe3ynabTaTaMu MOMEPENHBOI 3ajadi 3HAUTH
KoH(Qirypamiro Mapca, HalOUIBII CIPUSATIUBY UIS 3aITyCKY
0 HBOTO 3 3emJi KocMidHoro kopabus. [lepion obepraHHs
Mapca HaBkono CoHIis gopiBHIOE 687 mi0.

498. OOuMCIMTH IMIBHAKICTH 3aIlyCKy KOCMIYHOTO KOpabOis 3
Mapca i noJaboTy A0 3eMili 32 HaWIpOCTIIow OpOITOrO 1
HAMOIBII CHPUATINBY U [BOTO KOHQIryparito 3emi.
Cepenns remioleHTprYHa BicTans Mapca — 1,524 a.o., iioro
maca — 0,107 i pagiyc — 0,533 B MOpiBHSIHHI 3 36MHUMHU.

499. 3a ganuMM W pesynbratamMu 3aBnaHb 496-498 3uaiitu
HallMEHIly TPUBANICTh MOAOPOXi 13 3emni Ha Mapc i 3
Mapca Ha 3emiro (BiAMOBiAHI HaTH AN CTapTy KopaOdiiB
BCTAaHOBHTH 32 KaJICHIAPSIMU-IIOPIYHIUKAMH).

500. BwuznauuTu mapamerpu, 3a3HaucHi B 3amayax 496-498 mns
MOJBOTY KOCMiyHOro kopa®ist i3 3emui no Benepu 1 3
Benepu mo 3emui. CepeaHs TrelioOLEHTpUYHA BIiACTaHb
Benepn 0,723 a.o., ii maca — 0,815 i pamiyc — 0,95 B
MOPIBHSHHI 3 3€MHUMH.
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§10. IlpuTsAranns i TSKIHASA

3naroun Macy M i pagiyc R HeOecHOro Tisa, MOKHA OOYUCIIUTH
MPUCKOPEHHS  CWJIM TSOKIHHA ¢ Ha HOTO MOBEPXHi, NpUUIOMY
Hai3pyuHille OOYMCIIIOBaTH ( B MOPIBHSHHI 3 MPUCKOPEHHSIM (g
Ha 3eMJIl, a MOTIM B)Ke 3HalTH HOoro abCOJIFOTHE 3HAYEHHS.

3rigHo  3akoHy BcecBiTHBOrO  TSKIHHA, Ha  MOBEpPXHI
cepoinanpHOro HebGecHoro Tina wmacorw M i pagiycom R
rpaBiTaIiifie IPUCKOPEHHS

g-G,
R
a Ha MMOBEPXHi 3eMIIi Te K IPUCKOPEHHS
Mg
o =6—,
R@
3B1JIKM, MOALTMBIIY MEPIIY PiBHICTH Ha APYTY, OTPUMAEMO:
2
M (Rg M
=0p—| —=| abo g=0g¢—,
9=0e Mg | R 9=0e RZ

ne M BupakeHa B Macax 3emuti, a R — B pajiycax 3emii.
AHAJIOTIYHUM YHHOM OOYHMCIIOETHCS TpaBiTaliiHE MPUCKOPEHHS
0, HeOeCHMX TiJl B MOJI TSOKIHHS LEHTPATBHOTO Tijia Ha BiAcTadi I

BiJI HBOTO

M +m

r2

gr=G

abo

Ko m <<M .

RN

Ls Gopmyna no3Bonse TakoK OOYUCIUTH Macy LEHTPaIbHOTO
Tija 3a BiIOMHUM TpaBiTalilHIM NPUCKOPEHHSIM (), .

IIpuxnagn po3B’si3yBaHHs 33124
Hpukaan 1. 3vaiiTu rpaBiTauiliHe TpUCKOPEHHS, sike Haaae HOmiTep
CBOEMY JpPYroMy CyNYyTHUKY  €Bpomi,  sSKHH
3HAXOUTHCS BiJ IJIAHETH Ha CepeiHiii Biacrani 670,9-

110



10% kM. Maca IOmitepa B 318 pasis Ginbiua 3a 3eMHy, a
cepenHiit paaiyc 3emui qopiBHIoe 6371 kM.
Jano: cynytruK, I' = 670,9-10% km; FOmitep, M = 318; 3emus, Re =
6371 kM.

Po3p’s130k.
[Ilykane npucKOpeHHs
R’ M
g = g 2 > a g g@ R2 1
ne g,= 9,81 M/c? — NPUCKOPEHHS BUIBHOTO MAIiHHS HA 3eMHii
MTOBEPXHI.
Tomi
M
9, =0 ?,

mpuyoMy I' BUpaXeHHH B pajiycax 3emii, a Maca M — B Macax 3emuti.
Ockinbku cepenniit pamiyc 3emmi Ry = 6371 kM, To mrykaxe

rpaBiTamiifHe MPUCKOPEHHS

318
—9,81 0,281
9 (670 9. 1o3j /

6371

3agayi 151 caMocTiliHOT0 po3B’A3yBaAHHA

501. Io Oimpime: mpuckopeHHs, mo Hangae 3emist COHIFO YU
NPUCKOPEHHS, 110 Hajae 3emist Micsito, 1 y cKiJibKu pa3iB?

502. Skmio y acrepoina miamerp ckiamae 0,01 miamerpa 3emuii,
a TYCTHHA JIOPIBHIOE cepeldHiil ryctuHi 3emii, TO fka cuia
TSDKIHHS Ha HOTO TTOBEPXHi B MOPIBHAHHI i3 36MHOIO?

503. Axmio Ha 3emii JoAMHA, CTPUOAIOYH BEPTHKAIBLHO BBEPX,
TPUMAEThCS B TOBITPI | CEeKyHAy, CKiIbKM O BOHA MpH
TAKOMY X CTPHOKY MPOTpUMAIacs, HE TOPKAIOYHCh OBEPXHI
acTepoiza 3 momnepeaHbol 3a1ayi?

504. Paniyc Micsis 1740 km, a #ioro maca craHoBuTh 1/81 Macu
3emii. flka OOBXHMHA CEKyHIHOI'O MasTHUKAa Ha IOBEPXHI
Micsg 1 sixkuli mepioJ; konmuBaHb MaB Ou Ha Micsili 3eMHUi
CeKyHJIHHH MasTHUK? BenwumHa NPUCKOPEHHS  CHIIH
TsKiHHA Ha noBepxHi 3emiti 9,81 m/c?, a 1i paaiyc 6371 k.

111



112

505. 3 s4KOW MIBUAKICTIO CHApsa, IO BHIIITAE 3 rapMatd Ha
3emui 31 mBuAKicTIO 900 M/c, BUIETUTHL 3 HHOr0 Ha Micsii,
JIe BCi Tijla BayKaTh B 6 pa3iB MEHIIE, HiX Ha 3eMii?

506. OOUYMCIUTH TPUCKOPEHHS CHJIM TSDKIHHS Ha IOBEPXHI
Mapca, skmio #ioro cepenHiii pamiyc 3390 km, a iforo maca
6,4-10% xr.

507. SIke mpucKOpeHHS CWIM TshKiHHA Ha moBepxHi CoHI,
Ko #oro panmiyc B 109 paziB Oimpmmii panmiyca 3emu, a
ryctuau CoHIis 1 3emii BimHOCSThCA 5K 1:47

508. Skmo mnoxeoitu niametp CoHI, HE 3MIHIOIOYH HOTO
CepeIHI0 TYCTHHY, TO SIK 3MIHHUTBHCS TPHUCKOPEHHS CHIH
TSDKIHHS Ha HOTO TTOBEpXHi?

509. Sxum cramo 0 MPHUCKOPEHHS CWJIM TSDKIHHS Ha TOBEPXHi
Conus, sk6u, 36epiraroun cydacuy macy (1,98-10% kr), Bono
301MBIINIIOCS B AiaMeTPi 10 PO3Mipy 3eMHOI opOiTH?

510. Bu3HauNTH TPUCKOPEHHS CHIM TSDKIHHA Ha ITOBEpPXHI
Omitepa B mopiBHSHHI 3 HOro BENMYMHOIO Ha 3EMHii
MOBEPXHi, 3Hatouy, 1m0 maca fOnitepa B 317 pasis, a ioro
paaiyc B 11 pa3iB Oinbmri, HiX y 3eMIi.

511. Bu3HaYWTH MPUCKOPEHHS BIILHOTO MaJiHHS HA MOBEPXHI
mwianeT Mapca i Benepu, a Takox acrepoina Ilepepu. Macu
i pamgiycn B mopiBHSHHI 3 3emHMMu: y Mapca — 0,107 i
0,533, y Benepu — 0,815 i 0,950, y Llepepu —28,9-10° i
0,0784.

512. Maca Micsus y 81,3 pasu, a giamerp B 3,67 pa3u MeHIle
3eMHHUX. Y CKiJIbKM Pa3iB Bara KOCMOHAaBTiB Oy/€ MEHILOO
Ha Micsi, HiX Ha 3eMiti?

513. SIxe mpUCKOpEeHHs BUTLHOTO MaJliHHs Ha moBepxHi COHI 1
CatypHa, pagiycu sikux Oinbmi 3eMHoro BiamosigHo B 109,1
i 9,08 pa3u, a cepenHs TyCTWHA B TOPIBHSIHHI 13 3€MHOIO
cranoBuTh 0,25510,127?

514. Slxe mpUCKOpeHHS BiNbHOrO MajaiHHA Oyno O Ha MOBEPXHi
3emni ta Mapca, skOu mpu He3MiHHIA Maci ixX ngiamerpu
30iIbIIMIMCS BABIYI 1 BTpu4i? Maca i pamiyc B Mapca y
nopiBHsHHI 3 3eMHuMH — 0,107 1 0,533.

515. Sk 3MiHWIOCA O NPUCKOPEHHS BIIBHOTO TAaJiHHA Ha
MOBEpXHI IJIaHeTH Tpu 30iiblIeHHI 11 Mack B M pa3iB, a
Cepe/IHLOI TYCTUHH B N pas3iB i, 30Kkpema, ipu m = n?



516. fAxum crtamo © TPUCKOPEHHS BIIBHOTO MAAiHHSA Ha
noBepxHi COHIIS, SIKOM TIPH Til JKe Maci BOHO 301IBIIIIIOCS B
niametpi 10 po3Mipis 3emHoi op6iT? Maca Conus B 333000
pasiB Oiibia 3eMHO1, a Horo aiameTp nopiBHIOE 1392000 kM.

517. 3a pmammMm ToTIEpeqHBOI 3amadi 3HAWTH TpaBiTaliifHE
MIPUCKOPECHHS 3eMJIi B TI0JT1 TSOKIHHS COHIIS.

518. Ak 3miHmOCS 6 IPUCKOPEHHS BIILHOTO MaliHH Ha 3emiti
mpu HE3MiHHIA Maci 1 30inpmenHi i po3mipiB y 60,3 pasm,
T0OTO 10 OpOiTH Micstia?

519. OOGuucnuTH TpaBiTauiiiHe TpUCKOpPeHHS Micsls B moii
TsokiaHA 3emiti i CoHISE py HOTO cepeaHild TeOLeHTPUYIHIN
Bizcrani 384400 km.

520. Ax 3minmnocs 6 rpaBiTauiiine npucKopeHHs: Micsls B Mot
TsOKiHHS 3emiti, skOu Maca 3emiti 30LIbIIMIacs B M pasis, a
Micsp niepebyBaB B N pasiB mamnbiie (OImK4e), HK 3apas, i,
30Kpema, mpu m = n?

521. V saxux Mexax 3MIHIOEThCS TpaBiTalliiiHEe MPHUCKOPEHHS
Mepkypis (a = 0,387 a.o., i e = 0,206), I[Inyrona (a = 39,5
a.0.1€=0,253) i komeTn I'aynes (a = 18,0 a.0.,ie = 0,967)?

522. YV skux Mexax 3MIHIOEThCS TpaBiTalliiiHEe MPUCKOPEHHS
CYITyTHUKA, SIKUH 00J1iTae 3eMIII0 B MEKaxX BHCOT BiJl 636 KM
o 40660 kM Hax 3eMHOIO ToBepxHero? Paxiyc 3emmi — 6370
KM.

523. Po3B’s3aTu nomnepeHIo 3a1auy uisi KOCMIYHOI CTaHII, sKa
Oyna BHBeJeHa Ha TEOICHTPUYHY OpOITY 3 BEIUKOIO
niBBiccro 106670 kM i Bucororo nepureto 590 km.

524. 3naiiTM rpaBiTalliiiHe NPUCKOPEHHS JIBOX TalliJICEBUX
cynytHukiB HOmitepa lo 1 Kamicro, ski obepraroThes
HABKOJIO TUIAHETH Ha cepefHixX BiactaHsx 5,92 i 26,41 ii
pamiyca. Maca FOmitepa B 318 paszis, a paxiyc B 10,9 pazis
OLNIBIII AaHAJIOTTYHUX 3EMHHX.

525. BxkazaTu po3TallyBaHHS 3arajbHOTO LEHTPY Mac 3emi i
Micsug, skmo pamgiyc 3emm 6370 kM, maca Micsms
nopiBHioe 1/81 3emMHOI Macu 1 BiacTaHb MK Titamu — 60
3eMHHUX PaJiyciB.

526. 3HaliTH MOJOKEHHS TOYKHM MDK 3emiiero 1 MicsieM, B SKii
rpaBiTaniiHi MPUCKOPEHHSI BiJ IIUX TiJ YMCENBHO PIBHI MiXK
c000t0, ajie MPOTUJICKHO HanpasiieHi. Pagiyc 3emii 6370 km,
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Maca Micsis nopiBHioe 1/81 3eMHOiI Macu 1 BiJICTaHb Mik
Timamu — 60 3eMHHX pafiyciB.

527. Exsartopiamphuid pamiyc HOmitepa R = 71300 kM, a
BIJICTAaHb BiJ WOTO IIGHTPY JO YETBEPTOrOo CYyIyTHHKA
nopiBHIOE NR (me N = 26,4), gac #ioro obepTaHHSI CTAHOBUTH
16,69 ni6. OO4MCaWTH, BUXOAAYM 3 LHX JaHUX,
MPUCKOpEHHS g Ha moBepxHi FOmiTepa.

528. IlopiBHATH MPUCKOPEHHS CHUIH TSKIHHS, IO CTBOPIOETHCS
ComnreM Ha TToBepxHI camoro COHIISI 1 Ha BiacTaHi 3eMini Bix
Conug, sxmo Bimomi pamiyc Conug 7-10° kM Ta pamiyc
3emHOi opbitu 1,5-108 km?

529. Bwusnauutm giametrp, 00’em 1 ryctmHy Henrtyna Ta
MPUCKOPEHHS CHJIM TSDKIHHS Ha MOTO MOBEPXHI, BBAKAIOYH:
cepenHiilt Buaumuii giametp 2",3, maca raHetu B 17,2 pasis
Oinpima macu 3emii, nmapanakc Conns 8",8, cepeaHst Bi/ICTaHb
Henryna Big Conmns 30,1 a.o.

530. OOCuucnuTH TpaBiTaliiHy CcTaly, BBaKAIOYH TyCTUHY
Bemni 5,5 r/cm®, 3emumii pagiyc 6371 kM, a IPUCKOPEHHs
cwm TsoKiHEA 9,81 M/c2.

531. Bwusmaumrty BijgcTans Bij 3emuti g0 Micsiid, KO BigOMO:
panmiyc 3emmi 6370 kM, cepenHs ryctuHa 3emii 5,5 r/cm®,
niepioq ooepranas Micsts 27,32 mobwu.

532. Micsup B amorei Ha 1/9 nmampmie, HiX B mepurei. Ha
CKIJIBKH BiJICOTKIB B Iepurei Oiibla NpuiuBHA cria?



I1l. TEJIECKOIIN

§11. XapakTepUCTUKHU TeJIeCKOMIB

OCHOBHMMHU XapaKTEPUCTUKAMHU TEIIECKONa € HOro (hoKycHa
giocmanw F, diamemp 06 ’ekmugy D 1 i0HOCHUU om8ip

A=D/F,
SKHH 4YacTO HA3WBAIOTh CEIMIOCUTION).

Ha#inpocTimmii  Temeckonm Il Bi3yallbHUX — CIIOCTEPEXKEHBb
CKIIQNa€ThCsl 3 00 ’exkmuea  (JIH30BOTO, JI3€pKaJbHOrO  abo
JI3ePKANBHO-TIIH30BOTO) 1 oxyrapa (puc. 24). OO0’exktuB Oynye
300pakeHHsT TIeBHOTO 00’ekTa ab0 MUISHKK 30psSHOTO Heba y
¢doxkanbHiii wiomuHi. OKyIsp, SIKUH BUKOHYE POJIb JIYIH, TA€ 3MOTY
HAOJMM3UTUCS 10 300paXCHHsS LBOro O00’€KTa OJMKYe, HIXK Ha
BiJICTaHp Haimimmoro OadeHHs (25 cM) 1 po3rmsmatd Horo Tmif
OLIBLINM KYTOM 30DY.

—_— N

O00'cKTHE | r - |-- f—d

Puc. 24. BynoBa Ta npuHIUN Iii Tenxeckorna

36invuwenns meneckona

ne f'— GokycHa BifiIcTaHb OKYJSpa, 0 — KYTOBI PO3MipH CBITHJIA NpU
CIIOCTEpEKEHHI HE030pOEHUM OKOM 1 f — KyTOBI PO3MIpH TOTO X
CBITMJIA TIPU CIIOCTEPEXKEHHI B Teneckon. KparTHicTh 301IbIIeHHS
3a3BHYAl TIO3HAYAETHCS 3HAKOM X, 1[0 TPOCTABIISIETHCS OIS YKcha y
BUTIIA/ TIOKa3HKKa creneHs (Hanpukinag, 50%, 120%1 1. 1.).

Haii0inpme 30iMbIIeHHS, MO JOMYCKAETHCS TEJIECKOIOM 32
XOpoIux aTMoc(hepHUX YMOB

I'nax =2D,
a HaliMeHI1Ie 301IbIIIEHHS
r D
min = . »
6

ne D — niameTp 00’ €KTHBY, BUPaXCHUH B MiTiMETpax.
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Po3zoinbna 30amuicmes (ab0 poO3AUTBHA CHJIA) TEJIECKOMa o
XapaKTepPU3y€eThCsl HAMMEHIIIOK KYTOBOK BIJICTAaHHIO MK JBOMa
TOYKOBUMHU 00’€KTaMM, TIPH SKid BOHHU I€ HE 3JIMBAIOTHCSA OIWH 3
OJTHVIM:

140" 14"
o= _

D(MM) D(CM) ’
a 30UJIBIIICHHS, 1110 T¥ BiIMIOBIIa€ — PO3/IITbHE 301TBIICHHS

ne D — niameTp 00’ €eKTHBY, BUPAKEHHUI B MLTIMETpax.

Ilponukna 30amuicms (CUIIA) TEJIECKONA M — IPaHUYHA 30psHA
BEJIMYMHA 3ip, SIKi JOCTYIHI CIIOCTEPEKEHHSIM B TEJIECKON B TEMHY,
0e3xMapHy Hid:

m; =2,"10+5Ig D (D B minimerpax)
abo
m; =7" +5Ig D (D B cantumerpax).
3o00paxkeHHs cBiTHIA (200 BiACTaHI MiX CBITHIIAMH) Y POKaIbHII

ionuHi Teneckona (y (OKyci Teneckoma), y TOMY YHCHI 1 Ha
OTpPHMAaHHMX B Hill poTOHEraTHBaX, Mae JIiHIIHI po3Mipn

d=F-tgp'.
Sxmo p' He mepeBunrye 5° i BUpaKECHUH B XBUIIMHAX JTYTH, TO
F
d=——-p',
3438
a Ko " BUPaXEHHH B CEKyH/IaX AyTH, TO
F
d=———-p".
206265
Toni kyroBuit MaciiTad poToHEraTUBA
£=5 ()
d
abo
P
=— ("/mMm),
¢ g ("/vm)
a JIHIHHUN MacTad
R
$=q
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Je R — niHifiHI po3MipH CBIiTHIIA.
Liamemp nona 3opy N Teneckoma, BUPa)XEHUI B XBHUJIMHAX
IYTH, MOXe OyTH BU3HAUCHHUI TEOPETHYHO 32 (popMyIoro
!
N = 2000
T
IIpakTraHO TOHM >K€ MiaMeTp BH3HAYAETHCS 3a MPOXOHKCHHIM
3ipKM Y TOJI 30py HepyxoMmoro Teneckoma. Jisi mporo 3ipka 3
BIJOMUM CXWJICHHSIM O BCT@HOBJIOETHCS HAa CAMUU Kpail MOJsl 30py
TEJIECKONa TaK, 00 MPH HEPYXOMOMY TEJIECKOIl BOHA MpOHIUIA 10
BCBOMY JiaMeTpy Mojisi 30py. BigzHauuBIIM 3a CEKyHIOMipOM
MOMEHTH NOsiBU 7 1 3HUKHEHHA 7T, 3IpKH y HOJi 30py TENECKOIa,
3HAXOSTh
-1
4
o€ 7 — TPUBAIICTh HNPOXOPKEHHS 3ipKH B CEKyHIAaX, BUpPaKe€Ha B
cexkyHzax yacy, a N —y XBUJIMHaX IyTH.
B pagiorteneckona i pamioiHTepdepomMeTpa po3aiibHA 3AaTHICTh

o =2"51-10° A 4200’1,
D D

N = Ty cosd—z cosd

ne A — JOBXKHMHA pa):[lOXBI/IJ'Il i D — miamerp pamOTenecxona (abo
BiJICTaHb MiX pallioTeNnecKonamH, K1 YTBOPIOIOTH
pamioinTephepometp).

Creninp pearyBaHHA pPafiONpUHAMAIbHOTO IPHCTPOIO  HA
PaIiOCUTHANN XapaKTePU3y€eThCS YYMaugicmio

AT:E.T_W,
2 oAV

sIKa BU3HAYA€THCA HIYMOBOIO TEMIICPATYpPOrO Tm, CTAJIOK0 4HacCy 7

("gac criparibOBYBaHHSI 3aMHCYIOYOTO MPHUIIAAY) B CEKYHIAX 1 CMYTOIO
MPOIYCKaHHs AV B repuax.

IMpuknagu po3s’a3yBaHHd 3a1a4
Hpuknag 1. Kyrosuit giamerp Benepu mnoGumzy ii HaiiOinbmoi
enmonramnii jgopiBuroe 25", Slkumii OKymsp TMOTpiOHO
BUKOPHUCTATH, MO0 TPHU CIIOCTEPEIKEHI B TEIECKON 3
¢doxycHoro BifcranHio 00’ekTrBa 10,8 M Benepa mana
po3mipu Micsitst, kyroBuil giamerp sikoro 32", Slkum
Oyne maiamerp 300pakeHHS IUTAHETH Ha HETaTHUBI,
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oTpuMaHoMy B (OKyci Teneckomna? 3HaAWTH MacIiTad
HeraTHBa, 3Harouw, mo giameTp Bernepu — 12100 kM.

Hawno: F = 10,8 M = 1080 cm; Benepa, p = 25", R = 12100 km;
B =32" =1920."

Po3B’s130k.
BuxopucroByroun hopmyiu:

w=l=La=p o =t g=f

f p 3438'"’ d
OTPUMAEMO:
301IbIIEHHS
B 1920 .
W—;— S5 =777,
OKYJISIp 3 (DOKYCHOIO BiJICTAHHIO
F 1080
f=W=7; =14,0CM=140MM;
niameTp 300paskeHHs TUNIAHETH Ha (POTOHETATHBI
n 12
25
d=Fﬁ=1080m, d=0,13cm = 1,3 MM;
KyTOBHIA MacIiTab HeraTuBa
" p'' _2s" " -1
f :7:—13 =19 ,2MM ;

JIHIAHUI MacITad

§=§=1211;’°;§=9300 =,

’

3agadi 1Sl caMOCTIHHOTO PO3B’A3yBaHHS

533. Slka po3amisibHA 1 MPOHWKHA CHIIA TeJleCKONa 3 00 €KTUBOM
8 cm?

534. BuzHauuTH, sKa KyTOBa BiJICTAHb MiX JBOMa 30PSIMH, SIKi
JIeAb PO3UIEH] B TENECKOITi, JiaMeTp 00’ ekTuBa sskoro 60,96
cMm?

535. Slka po3aiibHa 1 MPOHMKHA CHJIA TEJIECKONa 3 00 €KTUBOM
niameTpom 75 cm?

536. Slke moOTpPiOHO 3acTOCyBaTH 30UIBIICHHS, 100 MpH
cnocrepexenti Omitep (40") OyB 3a po3MipoM TaKHi XKe, K
Micsup st He030pOo€EHOTO OKa?

537. Sxmo okymnsap 3 (OKycHOIO BiacTaHHIO 00’ekTuBa 60 cM
nae 30inbireHHs B 200 pasiB, TO sike 30UIBIICHHS BiH JaCTh,
KO (POKyCHA BijicTaHb 00’ ekTuBa Oyne 12 m?

538. Sfxmo okyinsp 3 00’€KTHBOM 3 (POKYCHOIO BiCTaHHIO 1 M
nae 30ibIneHHs B 50 pasiB, TO siKe 301IbIIEHHS 1aCTh TOH JKe
OKYJISIp 3 00’ €KTHBOM 3 (POKYCHOIO BiJICTAHHIO 5 M?
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539. PedpaxTtop mae dokycHy Biacranp 19,5 M. fka ¢okycHa
BIJICTAaHh OKYJISIPiB, IO JAlOTh Ha IbOMY pedpaxTopi
30inbmenns B 300, 1000 i 3000 pazis?

540. Axwuit giamerp Oyae matu 300paxkeHHs CoHIS (BUIUMHN
nmiameTp 32') y dokyci 06’ exTnBa 3 hoKycHOO BiacTanHio 40
cm?

541. Axmo xytoBuii aiametp Micsig 31', To sikuii Oyzae AiameTp
foro 300paxkeHHs B (okyci o0’ektmBa 3 (HOKYCHOIO
BiZICTaHHIO 254 cMm?

542. BusHayuTH BiJHOCHHH OTBip, PO3ALIBHY Ta NPOHHKHY
30aTHICTH, HaAHOIABIIE 1 HaWMeHIIe 30UIBIIEHHS IBOX
TEJIECKOITiB, OJHOTO 3 00’€KTMBOM miameTpoM 37,5 cM i
(OKYCHOIO BIiJICTAHHIO 6 M, a IHIIOTO 3 00 €KTUBOM
niametpoM 1 M 1 pOKYCHOFO BiICTaHHIO 8§ M.

543. 3naiity 301MBIIEHHS 1 lilaMeTp OIS 30py JBOX TEJIECKOIIIB,
omHOTO 3 00’ ekTHBOM giameTrpoM 30 cM i cBiTiiocmioro 1:5, a
iHImoro giamerpom 91 ¢ i ceiTiiocwioro 1:19, npu okymspax
3 poxycuumu Bigctansmu 40 MM i 10 mMm.

544. SIxa cBiTinocWia, poO3OiTbHA Ta TPOHHWKHA 3[AaTHICTB,
HaHOLIbIIIE 1 HaliMeHIIe 301UTbIIIeHHS Teaeckona MakcyToBa i
Tejeckomna-pedpakTopa, KO nepimi Mae giametp 70 MM i
¢doxycHy Biacranp 70,4 cm, a nmpyrmii — miametp 80 MM i
¢doxycHy Binctanb 80 cm?

545. JliznaTtucst 30UTBIIEHHS 1 JiaMeTp TOJsl 30py TEIEeCKOIiB
MOTIEPeIHBOT  3a7aui  MpU  OKyJIsApax 3  (OKYCHUMH
Bigcradsmu 28 MM, 20 MM 1 10 MMm.

546. fxe 30inbLICHHS 1 TOJE 30py AaAyTh OKYJSIPU MIKUILHUX
TEJIECKOIIB, 3a3HaueHl B TMOMEpeaHii 3agadi, mpu ix
BUKOPUCTAHHI  JUIsl  CIOCTEPEKEHb B TEJECKOMH 3
00’exTHUBaMHU JiaMeTpoM 65 cM i ciTiiocwior 1:161 33 cm 1
1:10,5?

547. Yu ™Mae ceHC BUKOPHCTOBYBATH OKYJISAp 3 (POKYCHOIO
BIICTAHHIO 5 MM MPU CIOCTEPEKEHHSIX B TEJIECKONHU 3
¢dokycHoro BiacTanHio 1,25 M 1 cBimmocwiow 1:5 1 3
¢doxycHoro BiacranHio 7,50 M i cBiTiocmiow 1:15?

548. Slka MiHiMaNbHAa KyTOBa BIJICTaHb MK KOMITOHEHTAMHU
MOJIBIMHOT 31pKH MOXe OyTH, 11100 iX MOKHA OyJ10 00a4YnuTH
B TellecKomu 3 00’ ektuBamu giametpom 20 cm i 1 m?
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549. BusHauuTH  MiHIManbHYy  KYTOBY  BiACTaHb  MIXK
KOMITOHEHTaMH1 TO/IBIHHHX 31p, TOCTYITHUX CIIOCTEPEKECHHIM
B TEJIECKOMU 3 00’ €KTHBaMu jJiameTpoM 70 MM i 8 cM.

550. ki HaliMeHII KyTOBI BiACTaHI MiX KOMIIOHEHTaMHU
MOABIMHAX 3ip MOXYTh OYTH JO3BOJICHI TEIECKOIaMH,
oHUM 3 (DOKYCHOIO BiJICTAHHIO 1 CBITIIOCHIIOIO 00’ €KTHBA 1
M i 1:10, a immmMm 3 ¢okycHOl BiacTaHHIO 14 M i
ceitiocmnoro  1:16?  Oxynmsipu 3 gkuMH  (POKYCHUMH
BiJICTAHSIMHU ITOBUHHI OyTH JIJIS IIHOTO 3aCTOCOBaHI?

551. V Teneckomu SIKOTO HAMEHILIOTO JiaMeTpy MO)KHa Oa4uTH
noBiiHi 3ipku P Jlebens (35"), { Benukoi Benmeanui (14") i
vy Hisu (5",0) i sike mpu 1BOMY Mae OyTH 3acCTOCOBaHE
MiHIManbHEe 301IbIIEeHHS ?

552. Yu MoOXHA B TEJECKONH IIKITFHOTO THITy Oa4WTH TUCKU
wianeT Mapca, Ypana i HenTyHa, SKImo KyToBi IiaMeTpH
OUX TUIAHET B CEpPEeIHbOMY TPOTUCTOSHHI BiJIOBIAHO
nopiatorote 18", 4", 1 2".5? Jliametp 00’ €KTUBY
MEHICKOBOTO TeJecKona AopiBHIOE 70 MM, a IIKIJIBHOTO
Teneckomna-pedpakropa — 80 MM.

553. Yomy mopiBHIOE (OKyCHa BiJCTaHb 00 €KTHBa, IO A€
300paxenHs Micss giamerpom 15 mm?

554. Mapc npu HaOmWKeHHI J0 3eMii Mae KyTOBHl jJiaMeTp
25", Sxuit Oynme miamerp ¢oTorpadivyHoro 300paskeHHS,
OTPUMAHOTO 32 JONOMOrorw pedpakropa 3 (OKYCHOIO
Bigctaumro 19,5 m?

555. Jliamerp Tesneckoma JopiBHIOE 1,25 M, HOro ceiTiiocuia
0,2. Sxuit y #oro ¢oxyci diHIMHHIA AilameTp 300pakeHHs
Mapca, K10 HOTO KyTOBHit qiametp 25"?

556. Kyroswuii niamerp KOmitepa B mpoTrcTOSHHI TopiBHIOE 49",
a KyToBWH nmiamerp BeHepu B HIDKHBOMY CIIOJNy4eHHI —
Oomu3pko 60". ki 30inbIIeHHST HEOOXiTHO 3aCTOCYBATH IS
Toro, mo0 B TeJIeCKON IUCKH IUX IUIaHeT OyJo BWIHO
po3MipoM 3 Micsip sl He030pOEHOTO OKa, SIKIO JiaMeTp
MicsgaHoro aucka 0°,5?

557. Bwuznauurtu niHiitaui giametp ¢otorpadivHux 300pakeHb
Mapca 1 Micsms, a TakoX MaciTaOW [HUX HETaTHBIB,
oTpuMaHux y Qokyci pedpakropa 3 00’extuBoM 20 cMm i
cBiTiocwnoro 1:15 i B Qokyci pednexropa 3 (QOKyCHOIO
BigcranHio 24 M. KyToBi po3mipu IMX CBITHJ BiJIIOBIJIHO



25" 1 32', a niniitaui pagiyc Micsiusg — 3476 kM 1 Mapca —
6800 kM.

558. OOumcnuti MacmTa® HeraTuBiB 1 JiHIAHI JiameTpu
300pakeHp Mapca Tta Micaus npu ix ¢ortorpadysanHi y
¢doxyci Temeckoma-pedpakropa, giaMeTp 00’ €KTHBA SIKOTO
nmopiBHIOE 8 cM 1 cBiTinocmna — 1:10. KytoBi po3mipu mwx
CBITWJI MIPUHHATH BiAmoBigHo 25" 1 32', a miHidHUN paaiyc
Mics — 3476 kM 1 Mapca — 6800 kM.

559. O0’extuB actporpada Mae miamerp 33 cM, a Maciurad
HETAaTHBIB, EKCIIOHOBAHKX B #oro ¢okyci — 1' mm™. 3uaiitu
¢dokycHy BiAcTaHb 1 CBiTIIOCHIy acTtporpada, a TaKoX
JiHIAHI po3Mipu Ha HeratmBax (3HATHUX B (OKyci) BimcraHi
MIXK KOMIIOHGHTaMH MOABiHOI 3ipku [ JleOexs, kyToBa
BIACTaHb MK KOMIIOHEHTAMU IKHUX 35",

560. Ckimpkm dYacy BHJHO 30pi B TONI 30py HEPYXOMOTO
Teseckona npu 30inbmeHHi B 100 pa3iB, SKIO CXUIESHHS X
3ip BixnmoBigHo —0°03', +45°58" i + §9°02'?

561. 3ipka Purens (B Opiona), cxuieHHs skoi —8°15',
IPOXOAUTH JlaMeTp MOl 30py HEPYXOMOIo Tejeckona 3a |
XB. 3HAWTH 301JIbIICHHS 1 JiaMEeTp OISl 30py TEIEeCKONa MpH
1IbOMY 301JIbIICHHI.

562. 3ipka Cupiyc i3 cxwieHHsMm —16°39' cnocrepiraerbcs B
TeJIeCKoII 3 niaMeTpoM 00’ektuBa 20 cMm i cBiTiocwow 1:15.
IMpn ogHOMY OKyNSApi 1 3ipKa MPOXOIUTH JiaMeTp MOJIs
30py 3a 1*°53° a npwu inmomy — 3a 38°. BuzHauntu pokycHy
BIZICTaHb OKYJISIpa 1 JiaMeTp IMOJisi 30py TeJNecKoma MpH ixX
3aCTOCYBaHHI.

563. Ilpu okynspi 3 POKyCHOW BijcTaHHIO 32 MM 301IbIICHHS
Tesneckomna-pedpakropa 325*. BusHauntn miamerp, GpokycHy
BiiCTaHb 1 CBiTJIOCHIy 0O0’€KTHBA TeJecKoma, WOoro
PO3AUILHY Ta MPOHUKHY 31aTHICTh, HAWOLIbIIE 1 HAMEHIIIE
301IbLIEHHS, TT0JIE 30pY MPU 3a3HAYEHUX TPHOX 301IBILICHHAX
1 TPUBAJICTh MPOXOKEHHS MO HOro IiaMeTpy 3ip, CXUIICHHS
SIKMX BifmoBigHO +62°1'1 +5°21",

564. IlopiBHATH  PO3AUIBHY  34aTHICTh  IIECTUMETPOBOTO
Tejeckomna-pedaekTopa 1 pajioTeNIeCKONMiB 3 aHTEHAMHU
JgiameTpoM D, 1110 TpaliiorTh Ha TOBKHHI pamioxBuii A: 1) D
=22Mm, A, =65cm;2) D=100 m, A =10 cm; 3) D = 1000 M,
A=10mMm.

121



122

565. 3HaliTi pO3AUIBRHY 3AaTHICTH paaioiHTepdepoMeTpiB, IO
CKIIAalOThCI 3 JBOX PAmIOTEICCKOMIB 13 B3aEMHOIO
BimcranHro 100 kM, 1000 kM i 9000 kM 1 mpuAMarOTh
PaaioXBHIIi, 3a3HAYCHI B MOMEPEIHIN 3a/adi.

566. OO4YMCIUTH YYTIUBICTh MNpUAMaua paaioTe]ecKomy 3i
CMYTOI0 TpoImycKaHHs AV, CTajlol0 4acy 7o 1 HIyMOBOIO
temneparyporo Tu: 1) Av =10° T, 7 = 10°i Ty = 250° K; 2)
AV =10%Tn, 0 =3%1 Ty =200° K; 3) Av = 10° T'ii; 70 = 20° i
Tw=310°K.

567. BuzHaunTh MIyMOBY TeMIepaTypy NpuiiMada Teineckona 3i
CMYTOIO TIPOIYCKaHHS AV, CTaJIO0 Yacy 7o 1 9yTIUBICTIO AT:
1) Av =10°Tu, =61 AT = 0°, 20; 2) Av = 10° I', % = 10°
i AT =0°,39; 3) Av=10* T, 7 =4°1 AT =2°,2.



IV. OCHOBH ACTPO®I3UKHU I 30PSIHOI
ACTPOHOMII

§12. bauck ceitui. Piunmii mapanakc

bmuck E  (6auckom  HEOECHOTO  CBITHJIA  HA3WBAETHCA
OCBITIIEHICTB, IKY II€ CBITHJIO CTBOPIOE y ITYHKTI CIIOCTEPEXXECHHS Ha
TUIOIMHI, TEepHeHIUKYJSIpHI g0 HOro TpOMEHIiB) CBiTHIA
XapaKTepU3yEThCs HOTO BUIUMOIO 30PSHOI0 BETUUHUHOIO 1.

Omgae i Te X CBITHIO MOXE MaTH pI3HY BUANMY 30pSHY
BEJIMYHMHY 3aJIeKHO BiJ cHOCOOY i BH3HAYCHHS: Bi3yalbHYy 30psHY
BEIMYMHY My, PoTOrpadiuHy 30psSHY BETUUUHY Mg, HOTOBIZyaIbHY
30pSIHY BEIHUUHY Mpy, POTOCTEKTPUYHI 30psIHI BEHIUHH V (3KOBTY),
B (cunmo) i U (yneTpadioneroBy), OOIOMETPUIHY 715.

Bimnomenns Onucky FE; 1 E> ABOX CBITWI TIOB’s3aHe 3 iX
BUAMMHUMH 30PSIHUMH BEIMUUHAMU M 1 m2 ¢hopmynoio Iloecona, xky
MOJKHa TIOJ]aTH B KUJTPKOX BapiaHTax i 3aCTOCOBYBATH OYIb-sIKUH 3
HHX, B 3aJIe)KHOCTi BiJl KOHKPETHOI 3aj1a4i:

Ig _0,4(my—my), EL—2512m ™ —100Ame-m),
E
2 2

m, —m, =-2,5Ig
1
PizHuug
C = mpg— my, = Mpg — Mpy
Ha3MBAETBCS 36UYAUHUM NOKAZHUKOM KOIbOpy, pisHuus (B-V) —
OCHOBHUM NOKA3HUKOM Koabopy, a pizauus (U-V) abo (U-B) —
YIbmpagionemosum nOKA3sHUKOM KOIbOPY .
[lnanery 1 iX CyNyTHHKH CBIiTATH BiIOWTHUM COHSIYHUM CBIiTIIOM 1
TOMY IIpH TIOBHiH (a3i ix Gnuck
q2
r2p? ’
ne k — xoedilieHT, mo BpaxoBye ocBiTiieHicTh CoOHIEM 1 cHCTeMy
OJIMHMIIb BUMIpIOBaHb, 4 — cepuuHe anvdeno (cepuurne anvbedo
MOKa3ye, SIKy YacTHHY IIaJ]al0uoro CBiTjia BiOMBae Tino), d —
JIHIAHUE aiaMeTp, 7 — T'eliOIEHTPUYHA BiJCTaHb 1 0 — BIACTaHb Bij
crioctepirada (i BiJCTaHI BHpaXKalOThcs abo B KiloMmeTrpax, abo B
acTPOHOMIUHUX OAMHUIX | a.0. = 149,6-10° km).
Buacnigok obGepranns 3emii HaBkoso CoHus Onu3pka 30ps
3MIIIY€ETHCS Ha 3aranbHOMY (OHI 3ip.

E=kA——
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Piynum napanaxcom Ha3MBa€eThCS KYT 7T, T SKUM 3 30pi Oymo O
BHTHO pajiiyc 3eMHO1 opOitu a (puc. 25).

Sx BusABWIOCSH, HaBiTh AN HalOmmwkumx 3ip m < 1". Tomy
aHaJIOTIYHO N0 A000BOTO MapalakCcy HEBAXKO 3amucaTH (OpMynTy
JUTST BH3HAYCHHS BIJCTaHI A0 30pi r, PIYHHNA Tapajgakc 7 SKOi
BUMIPSIHUM, ¥ BUTJISII:

r = 206265" > .
T

Puc. 25. Piunnii mapanakc cBiTHIa

Bincrans, 3 sxoi pajgiyc 3eMHOI OpOITH BUIHO i KyToM 7 = 1",
HAa3MBAETHCS MTAPCEKOM.
1 napcex (nx) = 3,26 cs. poxy = 206265 a.o.
Bincrans 7 3ipku, BupakeHa B mapcekax, i il piyHHUi mapanakc 7w,
BUMIPSTHUH B CEKYH/IaX ITyTH, OB’ SI3aHi CITiBBiAHOMICHHSM
1
r=—-1.

"

/4
Ockinbku Onuck E 3ipku MpsMO TPOMOPUiHME ii cBiTHOCTI L
(céimuicmio 30pi HA3WBAETHhCS TOBHA KIIBKICTH e€Heprii, mo i
BUIIPOMIHIOE 30psi 3 YCi€i CBO€i TOBEpPXHI 3a OJUHUIIO dYacy) i
00epHEHO TIPOMOPIIIMHNE KBaIpaTy BIJICTaHI # BiJ| criocTepirada, TO
BiJTHOIIIEHHS CBITHOCTI JIBOX 3ip:

L_ER_EBE 5
L2 E2 r22 E2 72'2 .

Ipukaaau po3s’sa3yBaHHs 3a1a4
Hpuxaan 1. Bizyanenuii Onuck Bern +0™,14 1 ii mapamakc 0,123, a
B 3ipku B Bogomis BisyansHuit 6nuck +3™,07 i mapanakc
0",003. 3naiiTH BiHOIIEHHS OJIMCKY 1 CBITHOCTI KX 3ip.
Jdano: m; = +0™ 14, 7; = 0",123; my=+3™,07, 7> = 0",003.
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Po3B’s130K.
Bigaomenus 6mucKy 3ip:

5, ~15.

E
lg—==0,4(m -m)=1172: —
gE (m, —m,) E,

2
CBITHOCTI 1UX 3ip:

L E x: 15 0",003
L, E, x’ 0",123

OTtxe, Bera 3maerscsi HaM sckpasimoro 3ipku  Bomomis B 15
pasiB, a Hactipasai B Bomouris sickpagima Beru B 112 pa3sis.

’ L
j =0,0089 a6o :2=112.

2

Hpuxaax 2. B enoxy cepenHpboro mnpoTHcTossHHS Mapca ioro
CYIyTHUKH BHUIHO i3 3eMii AK 3ipKOIomiOHI 00’ €KTH
+11™,6 (®oboc) i +12™,8 (Metimoc). 3HaiiTi GIHCK
CYITyTHUKIB B €M0XYy BEJHMKOTr0O MPOTUCTOSHHA Mapca.
CepenHs renmoneHTpryuHa Bijgcranb Mapca 1,524 a.o.,
a excreHTpucurert ioro opoitu — 0,0934.

Hano: Mapc, a = 1,524 a.0., e = 0,0934; ®oboc, m =11™,6;

Jeiimoc, m = +12™,8.

Po3B’a30K.
bnuck cynyTHuka:
dZ
E == kAﬁ
T2p

ITin vac cepeHHOrO0 MPOTUCTOSHHS TENIOICHTPUYHA BiJCTaHb
Mapca i #oro cynytHukiB r = a = 1,524 a.0., a iX reoueHTprYHa
BiICTab p = a — ag = 1,524 a.0.—1,0 a.0.= 0,524 a.o.

B enoxy BeavKoOro mpoTHCTOSHHS Mapca HOro reiioneHTpuIHa
Bigcranp 1; = q = a(l —e) = 1,524(1 — 0,0934) = 1,382 a.0., a
TeOlEHTPUYHA BijcTaHb p; = q —ap = 1,382 — 1,0 = 0,382 a.0,,
TOMY OJIUCK CYITyTHHUKA

d2
E1 = kA 1‘12_2

Pi
OTxe,
Er _ (TP 2
E (T1P1)
abo x
Lot = 219 7P — 0,4( )
g E - grlpl = U,a(m ml ]

Jie m — BijoMa 1 m; — IllyKaHa 30psiHa BEJINYHHA CYITyTHUKA. 3BiJCH
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51g 22470524 o 5. 0179 = om0
= _— = = 5% = .
971382+0382 ~9V ’ ’

To6to Gmuck ®oGoca m; = 11™,6 — 0™,9 = 10™,7, a Gauck

m-—my

Heiimoca m; = 12™,8 - 0™,9 = 11™,9.

3agavi 1Js1 caMOCTiHHOTO po3B’A3yBaHHS

568. VY ckinbku pasiB 3ipku 1-01 30psHOI BETMUMHM SICKpaBilll
HaWcmadmux 3ip, sAKi BHAHO HE030poeHUM OKOM (3ip 6-oi
30pSTHOT BETMYHUHHN)?

569. VY ckinbku pasiB 3ipku 1-01 30psHOT BETMUMHM SICKpaBillli
3ip 21-01 30psSTHOT BETUIMHI?

570. VY pmesxoi 3MiHHOI 3ipKu OJHCK 3MIHIOETHCS BiJl MiHIMyMY
0 MakCHMyMy Ha 7 30pSHHUX BEIMYMH. Y CKUIBKH DPa3iB
3pOCTaE TPH IIbOMY OJIMCK 3ipKH?

571. bamck HOBOI 3ipkw, ska cmanmaxHyna B cy3ip’i Ilepces,
30impmmBes B 25000 pasziB. flka Oyno BimmoBigHa 3MmiHa
OJUCKY B 30pSIHUX BEIMYMHAX?

572. Y ckinbku paziB 3ipka ApKTyp scKpaBima 3ip o
Anppomenu i m [iBu, sKkmo BisyanpHHH OMUCK ApKTypa
nopiBatoe +0™ 24, a iHmuX 3ip BignmosigHO +2™,15 1 4™?

573. YV ckinbku pasiB 3ipku ¢ Jlebexs i y Bomomisi cnaOre
cBiTATh 32 Cupiyc (o0 Bemmkoro Ilca), sikmio ix BisyanbHHI
OJsiick BianoBiHO popisHioe +2M,64 +3™97 1 —1™ 587

574. Y ckinbku pa3iB 3MIHIOETBCS Onmck Mapca, sKImo Horo
BUJIMMA Bi3yaJibHa 30psiHA BEJIMYMHA KOJMBAETHCS B MEXKax
Big +2™ no —2™,6?

575. 3HaiiTH Pi3HHUINIO 30PSHUX BEJIWYHH 3ip, IO BiIPI3HIIOTHCS
3a 6mmckom B 10, 100 i 1000 pa3is.

576. Ckinbku 3ip 6-01 30pSHOI BEJIMYMHU MArOTh Pa3oM TaKHUH
xKe OJTUCK, SIK 0JIHA 3ipKa 1-0i 30psSHOT BeMUInHI?

577. Ckinbku 3ip HyJIbOBOI 30pSHOI BETUYMHH MOXYTh
3aMiHUTH CBITJIO, IO BHITYCKa€ThCs BciMa 3ipkamu Bif 10-1
mo 11-i BemwuwmHHM, sKIMO ix uwucno mopiBHIOE 5460007
[MpuiinsaTu cepeanto 30psHy BeawuuHy 3ip Binx 10-01 g0 11-01
30psiHOI BenuuuHM 10,5.

578. Sxa mpubnm3HO Mae OyTH KUIBKICTh 31p HYJILOBOI 30pSHOT
BEJIUYMHHU IS TOro, 1100 X CBITJIO 3aMIHHJIO CyMapHE
cBiTiO 3ip Big 19-0i mo 20-0i 30psiHOT BENWYMHHM, SKIO iX
uucno gopisaoe 4,4-108?
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579. 3ip 6-oi 30psHOI BeaMYMHM Ha MiBHIYHOMY Hebi 2000. ¥V
CKUIBKM  pa3iB  iX 3arajgbHa  OCBITJICHICTH  OiibIma
OCBITIIEHOCTI, 1O 11 cTBOproe Cupiyc, 6muck sikoro —1™,67

580. Ckinbku 3ip HYIbOBOi BUAMMOI 30PSIHOT BETUUNHHI MOKYTh
3aMIHHUTH CBITJIO, IO BHITYCKAETHCA BCiMa 3ipKaMH BOCHMOT
BHIIIMO]1 30PSTHOT BEIMYMHU, YHCIIO IKUX Onm3bke 1o 267007

581. VY ckinbKku pa3iB HOCTYIHI TeleCKONaM HaWMEHII SICKpaBi
3ipku (+22™M,5) cBitare cnabiie 3ipku AsbTaipa (o Opia),
omuck axoi +0™,8?

582. Bisyanbuuii 6nuck 3ipku [lomnyke (f bnusnrokis) +1M,21,
3ipku Anbtaip (o Opna) +0™.89 i 3ipku Purens (f Opiona)
+0™,34, a Buanmi poTtorpadiuHi 30psHI BETHUUHHI TUX KE 31p
JIOPIBHIOIOTH ~ BigmoBimuo +2M46, +1™13 1 +0M17.
Bu3HaunTH MOKa3HWK KOJNBOpY KOXKHOI 3 HUX 3ip i
BiJTHOIIIEHHS IHTEHCHBHOCTI BUIPOMIHIOBAHHS B Bi3yaJIbHUX
1 hoTorpadiyHUX MPOMEHSX.

583. ®doroenexTpuuHa k0BTa 30psiHa BenuumHa Berm +0™M,03,
Anbnebapana +0™,86 i Criku +0™97, iX OCHOBHI MMOKa3HUKU
KOJBOPY AOpPiBHIOIOTH BiamoBigao 0™, +1M54 i —0™23, a
yinbrpadioneroBi (U-V) MOKa3HUKH KOJIbOPY JOPIBHIOIOTH
0™, +3M46 i —1"M17. 3naliTh cuHIO 1 ynbTpadioneToBy
30psIHY BEIMYHMHY KOXHOT 3 IIHX 3ip.

584. OOGumcnut It KOKHOI 3ipKH  TONEPeHBOI  3a1adi
BiJTHOIICHHSI OJIUCKY B Pi3HUX MPOMEHSIX.

585. V ckinbku pasziB BinpizHAeTbCA OnrcK COHLS B Bi3yalbHUX
(—26™,78) i dpororpadiunmx (—26™,21) IPOMEHSIX 1 Y CKLITBKH
pas3iB — B JKOBTUX 1 CHHIX TPOMEHSX, SIKIIO HOro OCHOBHHIA
MOKA3HUK KOJIBOPY J0piBHIOE +0™,637

586. Skmo Bigcrane gm0 3ipku  4-01 30psHOI BETUMYMHU
3MEHIIUTH BJBIYi, SKOIO CTaHE ii BUIMMA 30psSHA BeJIMUUHA?

587. Ha ckinbku 3MIHUTHCS 30psiHA BENMYWHA 3IPKH, SKIIO il
HaOmu3utu Ha 40% Bixcrani? SIkmio ii BigmamuTH Ha Taky Xk
BEJIUYUHY?

588. Bumguma 30psina BenauunmHa Jleneba 1M,33, a Cupiyca —
1™ 58. V ckinbku pasiB Hened craB Ou g Hac sicKpaBilIni
Cupiyca, skmo Horo mnomictutu Ha Biacrani Cupiyca?
Binomo, mo Cupiyc y 75 pazis oumkue 10 Hac Hix J{eHe0.
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589. Ha ckinbku 3MiHUTBCS BUAWMMA 30psHA BEJMYMHA 3ipKU
mpu 11 BiJIajeHHi B /Ba, YOTUPH 1 N pa3iB i MpU TaKOMY XK
3MEHIIICHHI i1 CITPaBKHBOI BiicTaHi?

590. ®Dororpadiunuii 6muck 3ipku [Ipomion (o Manoro Ilca)
nopiBaroe +0™M,88, a 3BUUalHUI MOKa3HUK Koibopy +0M,4.
3HaiTH Bi3yanbHUM ONMWCK mi€i 3ipKu Tpu 30UTBIIEHHI 11
Biactani Big 3emm B 5 i 10 pasiB i npu 3MeHIIeHHi i1
Biacrani B 3 1 6 pasis.

591. Bu3HAauYUTH BiJHOIIEHHS OCBITJICHOCTEH, CTBOPIOBAHHUX Ha
3emuti MicsilieM B MOBHHUE MICSIb 1 B MIEPIIiN YBEPTI, SKIIO B
nepuioMy Bumaiaky Ommck Micsns nopiBHioe —12M7, a B
npyromy —9™ 2.

592. V ckinbku pasziB noBHUH Micsip cBiTUTh cnabire CoHisl,
SKIIO Horo BisyalbHMH OnHCK popiBHIOe —12M7, a BuamMa
Bi3yaibHa 30psiHa BenuunHa CoHist —26™,87

593. V ckinbku pa3iB 3emist orpumMye Oinbiine cBitia Big CoHIls
(—26™,78), Hix Bim camoi sickpaBoi 3ipku Heba Cupiyca (o
Benwukoro [lca), BuauMa BizyanabHa 30psiHa BETMUMHA SKOTO
nopiBaioe —1M, 587

594. OO6uMCIUTH KYTOBHH AiaMeTp 1 BUAMMY Bi3yallbHY 30pSHY
BenmmunHy CoHusg 3 Mepkypis, Mapca 1 Ilmyrona i
BU3HAYUTH OCBITIICHOCTI X TuraHeT COHIIEM B TIOPiBHSHHI 3
ocBiTiieHICTIO 3emil. Bigcrani mux twrader Big CoHis
nopiBHIOWOTH Bignosigno 0,387 a.o., 1,524 a.o0., 1 39,5 a.o.
Bumumuii i3 3emuni miametp Conust 32', a Bi3yanbHUE OnHcK
nopiBHioe —26™,78.

595. B emoxy cepemHBOrO TPOTUCTOSIHHA Mapca Horo
CYMYTHHKH BHJHO 3 3eMJi sIK 3ipKonoioni 06’ektu +11™,6
(®oboc) 1 +12M,8 (Metimoc). Ski mpuOIM3HO KYTOBI PO3MipH
i sgkuid OJMCK CYNyTHUKIB y TOBHIH ¢asi 3a
CTHIOCTEpeKEHHAMU 3 Mapca, SKIo CepelHild IMOIepeyHHK
®doboca mopiBHioe 21 kM, a noriepeunuk [eiimoca — 12 km i
BOHM OO0EpTalOThCS HABKOJIO IUIAHETH BIINOBIAHO Ha
Bigctansx 9400 km 1 23500 km? CepenHs reiioneHTpHYHA
Bijmctanb Mapca 1,524 a.o., a ioro pazgiyc — 3400 kM.

596. BuxopucToByrouM  JaHi  NONEpPeNHbOI  3agadi  Ta
EKCLEHTPUCUTET MapciaHchbkoi opOiTu — 0,0934, oOuuciuTu
OmMcK CymyTHUKIB Mapca mpu #oro adeniiHOMy
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NPOTUCTOSIHHI 1 TpW TepiremiiHoMy Ta adeniiHoMy
CTIOJTyYEHHSIX.

597. Hiamerp Micsus MeHmuii 3eMHOT0 B 3,67 pasu; chepudne
anp0eno 3emmi 0,39, a Micsmg 0,07. Ilpu reoneHTpuuHil
Bimcrani 384400 kM OMCK MOBHOTO MICSAIlT MOPIBHIOE —
12™7. Sk Burnsgae 3emias i Micsib 32 CIIOCTEPEKCHHIMH 3
Conus?

598. Ckinbku vacy HEOOXiJHO YsSBHOMY Moi3nmy, mo iine 6e3
3ynuHOK 31 mBuakicTio 100 km/rox, mo6 mictaTucs a0
HaitOmmx4oi 3ipku — o LlenraBpa, napanakc sikoi 0",767

599. Ckinbku 4yacy HEOOXiJHO JIETITH B KOCMIYHOMY Kopabmi,
mo pyxaerses 31 mBuakicTio 1000 km/c, mob moietitu a0
3ipku [lomnyke, mapanakc sikoi gopisaroe 0",107?

600. Ilapanakc 3ipku 61 Jlebens nopisuioe 0",37. Slka no Hei
BiJICTaHb B CBITJIOBHX pOKax?

601. Ilapamakc Cupiyca mopiBaroe 0",37, a mapamakc Crika —
0",02. Bupasurtu BicTaHi 0 IUX 3ip B MapceKax, CBITIOBUX
pOKax, acTpOHOMIYHUX OJMHUIISIX 1 KiTOMETpax.

602. Ilapamakc Anpraipa gopiBaioe 0",2, a mapamakc Berm —
0",12. Bupasurtu BiJicTaHi JO LKX 3ip B MapceKax, CBITIOBUX
pOKax, acTpOHOMIYHUX OJMHUIISIX 1 KiTOMETpax.

603. Ilapamakcu Ilomsproi 3ipkum (o Mamoi Benmenuri),
Minapa ({ Bemukoi Bemmemmmi) 1 3ipkm Kamreitna
Bignosiguo 0",005, 0",037 1 0",251. Bupasurtu BijcraHi mux
3ip B MapceKax i CBITIOBHX POKaX.

604. Tlapanakc 3ipku mopiBaroe 0",312; MOXIMBAa HETOYHICTP
fioro BuMmiproBaHHs ckiamae £0",006. 1llo moxHa cka3zaTu
PO BiJICTaHb JI0 3ipKu?

605. HmoBipHa moxn6ka mapamakca Pirens (0",006) cTaHOBHTH
+0",006. 1llo MoHa cka3aTH PO BiACTaHb JIO 3IPKHU?

606. Bincranp Big 3ipku Jlene6 (o JleGemst) mo 3emumi cBiTiiO
poXoIuTh 3a 815 pokiB, BigcTaHb Bix 3ipku Anbaebapana (o
Tenbist) —3a 67,9 poku i Big 3ipku Tomiman (o Llenraspa) —
3a 4,34 poku. YoMy JOPIBHIOIOTH PivHI TApaAIaKCH KX 3ip?

607. Buguma 3opsiHa BenmumHa Cupiyca gopiBHioe —1M58, a
fioro cynytHuka 8M,44. Y cKibKM pa3iB CHpaBXHIH OJIHMCK
Cupiyca OUTBIINH CTIPaBKHBOTO OJIMCKY HOTO CyImyTHHKA?

608. 3ipka Cupiyc 3 BHJMMOIO BIi3yaJbHOI 30DPSHOIO
BenmnunHO0 —1™ 58 3Haxoamthest B 20 pasiB Ommkue 110
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3emuti, HX 3ipKa € 3Mmil, BisyanbHuil 0muck sxoi +37,85. fka
3 IUX 3ip 1 y CKUIbKM pa3iB 34a€ThCS HaM SICKPABILIOKO 1 sIKe
BiTHOIIIEHHS 1X CBITHOCTEH?

609. Posp’szatm momepenHto 3amady s 3ip o Opma i o
Opiona, skmo y nepmioi 3ipku Omuck +0™,89 i mapanakc
0",198, a y npyroi Bignosigao +3™,7810",002.

610. 3opsna BenmunHa Berm nopiBaroe +0™1. Ska Oyma 6 ii
30psiHa BenMuYMHA, sSkOM Bera Bimmamunacs Bij Hac Ha
Bimcrtanb B 1000 paziB pami? UYwm Oymo O ii Tomi BUAHO
HE030pOEHUM OKOM?

611. 3ipka HaObmmwkaeTbes 10 COHSYHOI CHCTEMI 31 HIBUAKICTIO
v km/c. Yepes CKITbKU POKiB 11 BUAMMUN OIUCK 301BITUTHCS
B 7 pasiB, SIKIIO BiAICTaHb A0 3IpKU JIOPIBHIOE @ CBITJIOBUX
pokiB abo R xu? [pumimka: Bennunny, Ha Ky TIpU LBOMY
3MEHIIUTHCS BIJICTAHb, MO3HAYUTH dYepe3 x. [IIBUAKICTH
CBITJIa ITO3HAYUTH YEPE3 C.

612. UYepe3 CcKiIbKM pOKiB BUAMMHUEN OJMCK 3ipku AubTaip
30impmmThCs Ha 0™ 1 30psHY BenWUYWHY, SKIIO BiJICTaHb JO
Hel jgopiBHIOE 15,7 CB. pOKy i BOHa HaOMIKAETHCS IO HAC 31
MIBUJIKICTIO OJIM3BKO 26 KM/C.

613. Bincranp no Cupiyca ckiagae 2,7 1K, ajie BHACHIJOK PyXy
Cupiyca 3MeHIIyeThCsl Ha 8 KM HIOCeKyHIU. Po3paxysatw,
Yepe3 CKUTbKH POKiB BUAMMUE Onrck Cupiyca 3pocTe BABiUi.



§13. ®iznuna npupoaa Conug i 3ip
CBITHICTE 3ip OOUYHCIIOETBCS 3a iX aOCOMOMHOIO 30PAHOI0
senuuunoro M (30psiHa BeNWYMHA, Ky Majia O 30ps, SKOM BOHA
nepeOyBana Ha BiacTani 10 1K), ska MoB’s3aHa 3 BUIUMOIO 30PSHOIO
BEJIMYUHOIO M CIIiBBIAHOIIICHHIMU
M=m+5+5Ilgz" Ta M=m+5-5Igr,

K
Jle 77 — pIYHAN Mapaiakc 3ipKu, BUPaXEHUH B CEKyHIAX AYyTH 1 I —
BiJICTaHb 31pKU B MapceKax.

3naiizeHa 3a nuMu (GopMysIaMu aOCONIOTHA 30psiHa BennunHa M
MOXe Oyt Bi3yaIbHOIO My, (hotorpadiunoio Mpg,
(OTOETEKTPUYHOIO.

[lpy BU3HAYeHHI 30pSHUX BEIMYMH 13  CIIOCTEPEKCHb
BUMIPIOEThCS JIMIIE Ta YaCTHHA BUIIPOMIHIOBAHHS, sIKa MPOMIUIA
yepe3 arMocdepy 3emuti. YacTrHa K BUIPOMIHIOBaHHS, OCOOINBO B
yibTpadioneToBii i iH(ppauepBOHid 001ACTAX, IOTIMHAETHCS
arMocgeporo 3emii. s BpaXyBaHHS IOTO MOTJIMHAHHS BBOJIUTHCS
OonmomeTpuyHa  HOMpaBka b, [0  XapakTepu3ye  IOBHE
BUITPOMiHIOBaHHs. LI mompaBka 10Aa€eThes A0 a0CONIOTHOT 30PSHOT
BEJINYHHHU.

3okpema, abCONIOTHA OOJIOMETPHUYIHA 30psIHA BEJTMYNHA,

My=M,+b
i Moxe OyTHM TakoX OOYHCICHA 32 BUAMMOIO OOJIOMETPHYHOIO
30pPSTHOIO BEJTHYHHOIO

mp=my + Db,
ne b — GonoMeTpryHa MOMpaBKa, sKa 3aJIeKUTh BiJl CIIEKTPAILHOTO
KJIacy 1 KJIacy CBITHOCTI 3ipKH.

CeitHicTp L 3ip Bupakaerscsi B cBiTHOCTsX CoHus, sKa
npuiiMaeThes 3a onuHUIIO (Lg =1), 1 Toxi

L _10040Me-M) 460 1gL = 0,4(Mg-M),

Le
e Me — abcomoTHa 30psiHa BenmmarHa COHIIS:
Bi3yanbHa Moy = +4™79;
¢dororpadivuna Mepg = 5™,36;

dotoenekrpuyHa sxkoBTa Moy = +4"77;

(dhoToenekTpraHa CHHS Mep=5™40;

OonomeTpuyHa Mep = +4™M73.

Lli 3opsHI BETMYMHM HEOOXiZHO BUKOPUCTOBYBAaTH MpHU
PO3B’sI3yBaHHI 33/1a4 JaHOTO PO3Iiy.
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Temnepatypa € OfHi€El0 3 HaWBaXJIMBIMUX  (PI3UYHUX
XapaKkTepucTuK 3ip. Temnepamyporo 3ipkiu BBaXarOTh TEMIIEPATYPy
BUJUMOTO (30BHINIHLOTO) MIApy 30psHOI atMochepu — doTochepu.
[Ipote Temmepatypa y ¢doTocdepi Ha pi3HHX TTUOWHAX pi3HA.
CrioctepexxyBaHe BUIPOMIHIOBAaHHS 3ipkd (POpPMyeTbCcS Ha Pi3HHX
piBHAX y dortochepi. lLle pesympryroue abo edeKTuBHE
BUIIPOMIHIOBaHHSI CTBOpIOE Oe3nepepBHUil (oH crekTpy. Tomy
Oe3nepepBHUI CHEKTP JO3BOJSIE OIIHUTH YCEpeTHEHe 3HAYeHHS
temmeparypu. Llfo Temmneparypy Ha3uBatOTh e(heKTUBHOIO Teg.

Busnauaerbces T,y Ha ocHOBI 3akoHy Credana-bonbiimana: sKimo
3ipKy BBa)KaTH aOCOJIOTHO YOPHHUM TiJIOM 3 TEMIEPaTyporo Teg, TO 3
OJIMHUIII CBOET TIOBEPXHI BOHA BUIIPOMIHIOE €HEPTIO

E=0T..
ne o — crana Credana-bonblMana, siKa 4YHCENBHO JOPIBHIOE
5,670373(21)-10 Br-m > K™,
Tomi cBITHICTB 3ipKH:
L=4R> 0T,
EdexTrBHa TeMnepaTypa 3ipKu BUBHAUYUTHCS 33 (POPMYIIOL0:
L

| P —
AroR?

Top =
Tyt R — paaiyc 3ipku.
EdexrtuBHa Ttemmeparypa CoHmst Moke OyTH 3HaiileHa 3a
BEITMYMHOIO YUCIIOBOTO 3HAYCHHS TaK 3BaHOI consunoi cmanoi Q. Le
— TMOBHA KUIBKICTh COHSYHOI €HEprii, ska MPOXOAUTh 3a OJUHUIIO
Yyacy depe3 MEPIeHIUKYJSAPHY J0 NPOMEHIB OJUHUYHY ILIOMIAJIKY,
po3TamoBaHy Ha cepenHii Bigcrani Big 3emuti 10 CoHIIS.
Eo= Q = 1367 Bm/m>
Sgxmo Ry — paniyc Conus, a, — cepelaHs BiJCTaHb Bix 3emii

no Comnn (1 a.0.), To:

Q=

47a
Toni Teqb z\/g' /:_ea
o o

Le _ O'Te;} 4R2

2 2
@ 4728.@
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Onwucanuii MeTo OLHKK e()EeKTUBHOI TEeMIIEpaTypH MoOxe OyTu
3aCTOCOBaHMH 1 10 iHmMX 3ip. [Ipore mist mporo Tpeda 3HATH r/ R,
ne I' — BigcraHb Bij 3ipKu 10 crioctepiraya, a R — paniyc 3ipku.

SAxmio £ — KifbKicTh eHeprii, ka noTparuisie Bix 3ipku a6o CoHIs
0 HOpMaJli Ha IWIoAAKy mwiomeo 1 cM? 3a 1 ¢, To mpu KyToBOMy
miamerpi A, BupaxkeHomy B cekyHaax ayru ("), edexTuBHa
TeMIieparypa

E

oA

3akoH Credana-bonpliMana 3acTOCOBYEThCS Al BU3HAUCHHS
e(eKTHBHOI TeMIepaTypu JIMIIEe THUX 3ip, B SKUX BiJoMi KyTOBi abo
TiHIAHI po3MipH.

Komipna temmeparypa CoHIs i 3ip, B CIIEKTpaxX SKHX BigoMuit
PO3MOJIiN eHeprii, Moxke OyTH 3Hal/IcHa 3a 3aKOHOM Bina

Amax - T = b,

1€ Amax — JOBXHHA XBHJI, 110 BiIIOBiJa€ MaKCUMyMy eHeprii, a b —

T,, =642,3;

2

craina 3MimeHas Bina, ska ancenpHo nopiBaioe 0,002898 m-K.
3  JOCTaTHBOIO  TOYHICTIO  KOJIpHa  TeMmeparypa  3ip
o0uHnCIIoEThCs 3a X mokazHukamu Koibopy C i (B-V):
7200° 7920°
=————Tal, =——————.
c+0™65 " (B-V)+0"72
Tennosum iHOexcom Ha3UBAETHCS PI3HUISL 30PSHUX BEIUYUH
00’eKkTa, BU3HAYCHHUX Bi3yalbHO (71,) 1 32 JONOMOTOIO pajlioMeTpa
abo tepmoenemenTa (m,). Ll BennunHa MoB’s3aHa 3 TEMIEpPaTyporo
31pKH CITiBBiTHOMIEHHIM
my —my = 10|g T+ 29500/T — 42,1
Macu M 3ip 3a3Buuail BupaxaroTscst B Macax Conus (Me= 1) 1
JIOCUTh TOYHO BU3HAYAIOTHCS JHINE s (hi3MYHUX TOJBIHHUX 3ip (3

BIZJOMHUM IapajakcoM 77) 3a TPETiM y3aranbHeHUM 3akoHoM Kemnepa:
CyMa Mac KOMITOHEHTIB MOJBIIHOT 30pi

K

a3

M 1 + M 2= —2 N
P
ne P — nepiog o0epTaHHs 31pKU-CYIIyTHHKA HaBKOJIO TOJIOBHOI 3ipKU
(abo mBOX 3ip HABKOJIO 3arajibHOrO LEHTPY Mac), BUPKEHHH B
poKax, a — BeJdMKa MiBBicb OpOITH 3ipKU-CYNYyTHHKAa B

aCTpOHOMi‘lHI/IX OJHWHUIIAX.
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Bennunna a B acTpOHOMIYHMX OJWMHHMLAX OOUYMCIIIOETHCS 32
KyTOBUM 3HAYEHHSIM BeJMKOI miBoci a” 1 mapasakcoM 7, OTpUMaHUM
13 CIIOCTEpEKEeHb, B CEKYHIIaX AYTHU:

a

72_"
SIKIo BimOME BIOHOLIEHHS BIiACTaHEH d; 1 @ KOMIIOHEHTIB
MOJBIMHOT 30pi Bif IX 3araJikHOrO IIEHTPY Mac, TO PiBHICTb
M, _&
My &
JI03BOJISIE 3HAWTH Macy KO>KHOTO KOMIIOHEHTa OKPEMO.
JlinitiHi pagiycu R 3ip 3aBam BHpakatoTbes B pagiycax CoHI
(Re= 1) 1 ans 3ip 3 BiZOMUMHU KYTOBUMH AiaMeTpamMu A (B CEKyHAaxX
IIYTH)

"

R :107,5é ,
T

IpUIOMY
lg A=5,444—0,2m,—2Ig T.

JIiniliHi pagiycH 3ip 3HaXOAATHCS TAaKOXK 3a popMynamMu
lgR=28473-02M,—2Ig T,
IgR=082C—-0,2M, + 0,51,

IgR=0,72(B—V)—0,2My + 0,51,
ne T — temnepatypa 3ipku (eeKTHBHA, ajie SKIIO BOHA HE BiZjloOMa, TO
KOJIipHA).
Komm Bimomi mMaca M i pamiyc R 3ipku, MOXXHa po3paxyBaTH
CEepEIHIO TYCTHHY PEYOBHHH 30pi p:

M  3M

V. aR®

Mo
47RS

3py4yHO BHpPA3UTH CEPEIHI0O TYCTUHY PEYOBHHU 3ipKH B
OJUHHUILIX cepelHbol rycTuHu CoHud (Ipu pg =1 cepelHs rycTuHa

Hnsa Conng: Pg =

3ipKH OTPUMYETHCSI B TYCTHHI COHSYHOI PEYOBHHH):

M 1
Po Mg R 3
Re
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Skmo BpaxyBaTH CepefHI0 TycTMHY pedoBMHH CoHIA

Po =141 2/ cm®, To MOXKHa OTPUMATH CEpPEeNHIO TYCTUHY PEUOBHHHU

31pKH B aOCOJTIOTHUX OJTUHUIIIX.
IToTyxHicTh BUITpOMiHIOBaHHS 3ipku 60 CoHIIs
_ 2 4 _ 2
Ey =47R"-ol,, =47R°E,
a IIOCeKyHJHa BTpaTa MacH 4epe3 BUIIPOMIHIOBAaHHS BHU3HAYAETHCS
3a popmymnoro Eitamreitna
Eo
T
2
Jie ¢ — MBUAKICTB CBITIA Y BaKyyMi.

AM =

Ipukiaaau po3s’si3yBaHHs 33124
Ipukaan 1. Busnauntu edexkTUBHY Temmeparypy i paaiyc Berwn,
akmo i kyropud nmiamerp 0",0035, piunuii mapanaxc
0",123 1 00JIOMETPpUIHAN OJIMCK —0™,54.
Bonomerpruuna 3opsina BenuuuHa CoHus —26™.84, a
consiyHa crana 1367 Br/m?.
Hano: Bera, A = 0",0035, n = 0",123, mp, = —0™,54; Conre, mep = —
26™,84, Q = 1367 Br/m2.
Po3B’si30K.
[Majatoye mnepneHAWKYISPHO HA OJWHHIKO IUION 3eMHOI
MOBEPXHI BUIPOMIHIOBAHHS 3IpKH, aHAJOTiYHE COHAYHIN CTamil,
00YHCITIOETHCS 32 POPMYIIOHO:

|gE£ =0,4(m,, —m,)=-10,520

©

—— EE ~302-10™ a6o E =4,13-10° Brh.
(O]

Pagniyc Beru: R =107, 5é =107, 5M =3,06
T 0",123
Omxe, nmiHidHui paniyc Beru B 3,06 pasu Ouibiuuii 3a pamiyc
Conrs.
Temnepatypa Beru:

[E 4,13-10°°
T,, = 642,3¢| —> = 642,31 ——— ~ =10030 K
oA 5,67:10°0,0035

135



Hpukaan 2. 3nxaiity ¢izuuni xapaktepuctuku Cupiyca 1 #oro

CYIYTHHKA 32 HACTYIIHUMM JaHUMH CIIOCTEPEKECHHS:
BUIMMA JKOBTa 30psiHa BenumumHa Cupiycy —1™,46,
foro ocHoBHHI mMokasHUK Kombopy 0™,00, a 3ipku-
cymytHuka Biamosigao +8™,50 i +0™,15; mapamakc
sipkm 0°,375; CymyTHMK 00epTaeThCs HABKOJIO
Cupiyca 3 mepionom 50 pokiB Mo OpOiTi 3 KyTOBHUM
3HAUEHHAM BelIuKoi miBoci 7,60, mpHuOMy
BiTHOIIIEHHS BiZICTaHEH 3ip 10 3arajJbHOTO IEHTPY Mac
cTaHOBHUTH 2,3:1. AOGcomoTHa 30psiHa BenmmanHa COHITI
B JKOBTHX Tpomensix +4™,77.

Hano: Cupiyc, V; = —1™,46, (B — V), = 0™,00; cynytauk V, =

+8™,50, (B —V), = +0™,15, P = 50 p.,a" = 7",60; aya

2,3:1; m = 0",375; Conue, Mgy = +4™,77.

Po3B’sa130Kk.

AbcomtoTHa 30psiHa BenmarHa Cupiyca:
My, =V, +5+5lgn = —-1M,46 + 5 + 51g0,375 = +1™,41,
a Jjorapu@m HOro CBITHOCTI
lgL, = 0,4(Mp — M) = 0,4(4™,77 — 1™,41) = 1,344,
3BIiJICH CBITHICTb L = 22.
Temmneparypa Cupiyca:
7

T

920 7920

“(B-V),+0m72  0™00+ 0™, 72

=11000K,

Paniyc Cupiyca:

IgR]_ = 0,72(3 - V)l - O,ZOMVl + 0,51 =
=0,72-0™,00—-0,20-1™,41 + 0,51 = 0,228,

1 Toxi paniyc Cupiyca Ry = 1,7, a fioro 00’em

R13 =1,73 =491 (06’emy CoHirs).

Hins cynytarka Cupiyca BUKOPUCTOBYEMO Ti K (OpMyIH:

My, = +11™,37;L, = 2,3-1073; T, = 9100°;

R, =0,022; R3 =10,6-107°.

Benuka niBBich OpOiTH CyITyTHHKA:

a 7”60

Cyma mac 3ip:

a=—=— = 20,3 a.0,,
T 0,375

M, +M —a3—20’33—33

12T p2 T 502 T Y

BinHomeHHsa mac
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Mio_ % _23 GoM, =23M
M, a, 1 orrTestz
3 ocTaHHIX IBOX piBHOCTEH 3HaxoauThCst Maca Cupiyca M, = 2,3

1 Maca iforo cynytauka M, = 1,0.

Cepenns rycTusa 3ip:

y Cupiyca

M, 2,3 2
p1= pOR_f =141 291 0'66m_3'

HOTO CyIyTHHKA

1)

10,6-107°
3a 3HAWICHNMHU XapaKTEepPUCTUKAMH — paJiycoM, CBITHICTIO i

M, _ 3 ¢ K2
pz—poR—%—l,‘}l =133-10 CM_3_133 C/l/l_3

TYCTHHOIO — poOMMO BHCHOBOK, mo Cupiyc HaleXxHuTh 0 3ip
TOJIOBHOI TIOCHIIOBHOCTI, @ HOTO CYIMYTHHK € O1LTMM KapJIAKOM.

3agayi 17151 caMoCTiliHOr0 po3B’A3yBaAHHA

614. OOGuucnuTH Bi3yaJbHY CBITHICTb 3ip, Bi3yaJlbHHH OJHCK i
piuHHI Tapanakc sSIKMX BKaszaHi B Ayxkax: o Opma (0™,89 i
0",198), a Mamoi Benmemurti (2™,14 i 0",005) i ¢ Iamianus
(4™7310",285).

615. 3naiiTh QoTtorpadivuHy CBITHICTB 3ip, U SKHX Bi3yaabHUN
0JIMCK, 3BUYAHUI TIOKa3HUK KOJILOPY 1 BigcTanb Big COHIIL
BKa3aHi B Ayxkax: 3 brmsaiokis (1™,21, +17,25 1 10,75 nk);
n Jlera (3™58, +0™M,00 i 500 mk); 3ipka Kanreiina (8,85,
+1™30 1 3,98 1K).

616. Y ckinmpku paziB Bi3yalbHa CBITHICTH 3ip TMOMNEPEIHBOT
3a/1a4i mepeBuInye ix GororpadivyHy CBITHICTH?

617. Bizyanpauii O6muck Kamemm 0™,21, a 11 cymytamka 10™.
[Moka3HHKH KOIBOPY WMX 3ip JOPIBHIOIOTH BIMOBIJIHO
+0M,82 i —1™63. Bu3HaunuTH, y CKUNBKH pa3iB BidyaibHa i
¢dororpadiuna cpiTHicTh Kamemnu Oinbrm  BignoBimHOL
CBITHOCTI il CyIyTHHKA.

618. AOcomoTHa Bi3yanbHa 30psSHA BeNWYMHA 3ipKH [
Benmukoro Ilca popiBaioe —2M,28. 3HaliTh BizyanpHy 1
¢ororpadiuny CBiTHICTH [JBOX 3ip, oxHa 3 SKuUX (3
noka3zHukoM kombopy +0M.29) y 120 pasziB sckpasima, a
iHma (3 mokasHukoM kosbopy +0™.9) y 120 pasiB ciaOiia
3ipku B Benukoro Ilca.
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619. Ax6u Conue, Pirens (B Opiona), Tomiman (o LlenTaspa) i
foro cymytHHK [Ipokcmma 3HaXoWiIMCS Ha OTHAKOBIi
BiJCTaHi Big 3eMIi, TO SIKYy KUIBKICTh CBiTJIa B MOPIBHSHHI 3
COHSYHOIO OTpUMYyBasia O BoHa Bia mux 3ip? BisyanbHuii
omuck Pirens 0™,34, #ioro napanakc 0",003, Ti ) BeJTHYHHHA Yy
Tonmimana 0™ 12 i 0",751, a y Ilpokcumu 10,68 i 0",762.
3opsHa BenuunHa Conirsg —26™,78.

620. 3maditu Bimctani Big COHIY 1 IapajgakCH TPbOX 3ip
Bemukoi Beamenwmi 3a X OJIMCKOM B KOBTHX NMPOMEHSX 1
a0COIIOTHOIO 30PSIHOIO BETMYMHOIO B CHHIX POMEHSIX:

a,V=1M79, (B-V) =+ 1",07 i Mz = +0™32;
0,V =3m31, (B-V) =+0M,08 i Mz =+1"97,
n, V=186, (B-V)=-0m19 i Mp=-5"32.

621. Ha sxiii Binctani Bim Conis 3Haxoauthes Crika i YoMy
nopiBHIOE i mapamakc, SKMIO i1 CBITHICTP B JKOBTHX
mpoMeHsX AopiBHIOE 720, OCHOBHHI TMOKa3HUK KOIBOPY
nopisaroe —0™,23, a 6muck B cuHix npomensix 0™, 747

622. AOcomoTHa CcHHA 30psHa BenuunHa Kamemmm (o
Bizandoro) +0™,2, a Ilpomiona (o0 Mamoro Ilca) +3™,09. ¥V
CKITBKM pa3iB Ii 3ipKH B CHHIX MPOMEHSAX SICKpaBinmn abo
cmabmni  Perynma (o Jlema), abcosiroTHa >KOBTa 30psiHa
BennunHa skoro —0™,69, a OCHOBHMII MOKa3HUK KOIBOPY —
om11?

623. Sk Burnsgae Conme 3 Biacrani 3ipku  Tomiman (o
LenTaBpa), mapanakc sikoi 0",751?

624. Sxuii BizyanbHuii 1 ¢ororpadiunnii O6muck CoHusg 3
BijgcraHewt 3ip Peryn (o Jlesa), Aurtapec (0. CkoprioHa) i
Berenbreiize (o OpioHa), mnapajakcd sKHX BiJIIOBIIHO
0",039, 0",019 1 0",005?

625. Ha ckinbku OOJIOMETPUYHI MOMPABKH BiAPI3HAIOTHCS BiJ
OCHOBHUX TIOKa3HHWKIB KONBOPY TpU  OOJOMETPiuHii
CBITHOCTI 3ipku, mo nepesuirye B 20, 10 1 2 pasu ii xKoBTY
CBITHICTb, IKa, B CBOIO Uepry, OiIblIa CHHBOI CBITHOCTI 3ipKH
BimoBiaHO B 5, 2 1 0,8 pasu?

626. Makcumym eneprii y cnektpi Criku (o iBu) npunazae Ha
eJIEKTPOMArHiTHy XBUIIO JjoBxkuHOIO 1450 A, B crextpi
Kanenmu (0. Bisaudoro) — na 4830 A, a B cnextpi [lomtykca
(B bBnmsmrokiB) — mHa 6580 A. BusHaumtu KomipHY
TeMIeparypy Lux 3ip.



627. CoHsuHa cTaja TEpPIOJUYHO KOJIUBAETHCS B MEXaX Bij
0,136 Br/cm? mo 0,137 Br/cm? Ha CKilbKM OpH IEOMY
3MIiHIOETbCSI e(dekTuBHAa Temneparypa CoHLS, BUAUMHIMA
nmiameTp skoro Ommsbkuit go  32'7 Crama Credana-
BonbiMana ¢ = 5,67-10% Br/(m%K*).

628. 3a pesynmbTaTOM MONEPEAHBOI 3a/adi 3HANUTH HAOIMKCHE
3HaYeHHS [OBXXWHU XBWJi, $Ka BIANOBITAE MaKCUMyMY
€Heprii B COHSYHOMY CHEKTpi.

629. Busnauntu edekTUBHY TemImeparypy 3ip 3a iX KyTOBUM
JiaMeTpOM 1 BHIIPOMIHIOBAHHSM, IO JOXOJWTH Bil HUX IO
3emui:

o JIesa (0",0014 i 13,566- 107 JTx/(cM?-xB));
o Opmna (0",0030 i 8,946-10 ! JIxk/(cm?-xB));
o Opiona (0",046 i 32,3410 Tx/(cM? xB)).

630. Buguma OomomeTpudHa  30psHA BENHYMHA 3ipKH O
Epinana nopisatoe —1™ i kytoBwmii giametp 0",0019, y 3ipku o
Kypasns anamnoriuni mapamerpu +1™ 1 0",001, a y 3ipku o
Tenbusg +0™,06 i 0",018. O04uCIUTH TeMIieparypy IHX 3ip,
NPUAHSBIIN  BHIUMY OOJIOMETPUYHY 30pSHY BEIUYHUHY
Conug —26M,84.

631. BusHaumTu cepenHIO TeMIepaTypy 3ip CHEKTpaIbHHX
kiacie B0, A0 i dGO, 3maroum, 1mo ix cepeaHi MOKa3HHKH
KOJBOPY BiAMOBigHO AopiBHIOOTE —0™,33, 0™, O™,57.

632. Bu3HauuTd 3a MOKa3HUKOM Kojbopy C TeMmmeparypu
HactynHuX 3ip: & Epimana (1™12), &€ Bmusmiokis (0™,92),
IMpomiona (0™47) i T Ckoprmiona (—0™,33).

633. OOuuciuTu Temreparypy AnbaebapaHa, 3HaKO4H, 110 HOTO
BUIMMa Bi3yanbHa 30psHa BenudyuHa JopiBHIoe 1M1, a
KyTOBHH giameTp nopiBHIoe 0",02.

634. Buznauutu TEMIIEPATypy 3ip, Bi3yalIbHUIA i
¢dororpadiuHnii ONMCK SKUX 3a3HAYEHUH y IyKKax: Y
Opiona (1™7 i 1M41); & Tepkyneca (392 i 3M92); a
IMepces (1™,9 1 2™,46); B Augpomenu (2™,37 1 3M,94).

635. OOumcnuTu Temmeparypy 3ip 3a (OTOEIEKTPUYHOIO
’KOBTOIO 1 CHHBOIO 30PSIHUMH BEJIMYMHAMH, 323HAYCHHMH B
nyxkax: € Bemukoro Ilca (1™,5 1 1™29); B Opiona (0™13 i
0M1); a Kins (-0™75 1 -0™,6); o Bogoaisa (2™,87 i 3™,71); a
Bomomaca (-0M,05 1 1™,18); o Kuta (2™,53 1 4™,17).
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636. 3a pesyibpTraTamu ABOX MOIMEPEAHIX 3a/1a4 3HANTH TOBXUHY
XBUIII, SIKa BIATIOBiZJa€ MaKCUMyMy €Heprii B CHEKTpax THX
xKe 3ip.

637. YV gxkux Mexax 3MIHIOETBCS TeMIlepaTypa 3MIiHHUX 3ip,
SKIIO0 B CEpeIHbOMY TEIUIOBUII iHIEKC U HHUX JIOPIBHIOE
+4™3 B mepion HaWOimpmoro Omucky i +7™8 B mepiox
HaHMEHIIOTO OIHCKY?

638. OOuucnuTu Cepe/IHI0  TeMmIeparypy  3ip-TiraHriB
cnexTpaigsHoro kinacy KO, 3Haroum, mo X TEIUIoBUi iHAEKC B
cepeaHpoMy JopiBHIoe +1M,2.

639. 3ipka a OpioHa mocuiae Ha 3eMJIIO KUIbKICTH TeIUia, L0
XapakTepu3yeThes Benmumuuuoro  32,34-101  JIx/cm?  3a
xBwiMHYy. CKUTBKH TeIIa BiJ 1€l 3ipKu oTpuUMye 3emiis 3a
piK, SIKIIO HOro 30MpaTH A3epKaJIOM TEJIECKOMa, IO Mae
miametp 2,5 m?

640. BusHauuTH, SKYy KUTBKICTH JBOLY MPOTSATOM POKY 3lIaTHE
PO3TOMHUTH TEIIO, IO MocuiaeTbess Ha 3emino Cupiycom i
30MpaEThCS A3EPKAIOM 3 JliaMeTpoM | M, SKIIO 332 XBUJIHHY
Ha 1 cM? 3eMHOI MOBEPXHi, MEPHEHAMKYISAPHO 10 HPOMEHIB
wi€i 3ipku, monaiae KinbKicts eneprii 24,36-107 Jx?

641. 3ipka o Bomomaca ma 1 cM® mnoBepxui 3emui,
NEepPHEeHANKYSIPHO 10 ii NMPOMEHIB, MOCHIAE 33 XBHJIMHY
26,88-101* JTx. IMapanaxc 3ipku 0",08, a paxiyc B 26 pasis
OubIIMi coHstuHoro. BusnaunTu Temnepatypy o Bosomnaca.

642. 3ipka o OpioHa mocunae Ha 3eMIIIO KiIBKICTh €HEprii, 10
XapakTepu3yeThes BenumuuHoro  32,34-101  JIx/cm?  3a
XBIWIMHY. OOYUCITUTH 32 IIMMU JJAHUMH TeMIepaTypy 3ipKH,
3Hato4M, mo I mapamakc npopiHioe 0",011, a KyToBuii
IiameTp, BUMIipsHUH iHTepdepomeTpom, gopiBHIOE 0",047.

643. OOGuuciuTH TeMrepatypy ApKTypa, 3HAIOUH, 10 IPOTATOM
XBUIMHH Ha 1 cM? moBepxHi 3emili, NEpHEHIUKYIAPHO [0
iioro mpomeHiB, BiH nocunae 26,8810t JIx, ioro mapanakc
nopisaioe 0",08, a kyroBwuii giametp 0",02.

644. TlopiBusTn pmiametpu 3ip o CkoprmioHa 1 «3ipku
Bapuapna», 3Harouu, 1m0 iX aOCOIIOTHI 30PSHI BEIHUMHH —
4™01+13™4, a TemnepaTypu OJHAKOBI.

645. Busnauutu paapiyc P LlenTtaBpa, skmo ii Temmeparypa
21000°, a abcomoTHa Bi3yasibHa 30psHa BenuuuHa M,=—3™,8.



646. Busnauutu pamiyc AHTapeca, 3HaHO4YM, IO HOro
temrneparypa 3100°, a abcomoTHa Bi3yallbHa 30psHA
BenuunHa M, = —4™.

647. Busnaumtu paniyc cynytauka Cupiyca, 3HalOUH, 110 HOTO
temrneparypa 7500°, a abcomoTHa Bi3yallbHa 30psHA
BenuyuHa M, = 11™ 2,

648. Busnauutu paniyc AnpnebapaHa i OOYMCITUTH HOTO
BUIUMHNA KYTOBHM iaMeTp, 3HaIo4HW, mo y AnbaebapaHa
napanakc © = 0",057, T =3300°, a M, =-0",1.

649. V 3ipku Bera (a Jlipn) napanakc 0",123 i kyToBuii niamerp
0",0035, y Anpraipa (o Opaa) 0",198 1 0",0030, y Pirens (B
Opiona) — 0",0003 1 0",0027 ta y Anpaebapana (o Tenpis) —
0",048 1 0",02. 3naiiTu pagiycu i 00’eMu IuX 3ip.

650. bauck [leneba B cuHix mpomensx 1M,34, Horo oCHOBHHIA
mokazHuK kompopy +0™09 1 mapamakc 0",004; T1i X
napamerpu y € bmmsnrokis 4M38, +1M4 1 0,009, a y vy
Epimana 4™,54, +1™,6 1 0",003. 3Haiitu pamgiycu i 00’ emu 3ip.

651. IlopiBusaTu niameTpu o 3MmieHocus 1 3ipku bapHapna,
TeMIeparypa sSIKUX OJHAaKOBa, SIKIIO y TEPIIoi 3ipKu BUIAAMA
OonomMeTrpruyHa 30psiHa BenmnurHa AopiBHIoe 1™,03 1 mapamakc
0",029, a y npyroi Ti  mapamerpu 8™,1 1 0",545.

652. OGuucnuTH JiHIMHI pagiycu 3ip, Temmeparypa i
a0OcoxroTHa OONIOMETPHYHA 30psiHA BelTMYMHA SKHX: y oo Kuta
3200° i —6™75, y B Jlera 9100° i +1M,18, a y & Iamianmns
4000° 1+6M42.

653. Ski KyTOBi i JIiHIIHI AiaMeTpH 3ip, BUAUMa OOJIOMETPUYHA
30psiHa BEJIWYMHA, TEMIlepaTypa i mapaiakc sSKUX BKa3zaHi B
nyxkkax: n Benukoi Beaqmenuni (—0™,41, 15500° i 0",004), €
Benukoi Beamenuiii (+1™,09, 10000° 1 0",008) Ta  ApakoHa
(+2™,36, 5200° i 0",009)?

654. Skmo y ABOX 3ip NpUOIM3HO OJHAKOBOI TeMIEpaTypu
paniycu BiapizHstothes B 20, 100 i 500 pasiB, TO B CKUIBKH
pasiB BiJIPi3HAETHCS iX 0OJIOMETpivYHA CBITHICTH?

655. V¥ ckinbku pasiB pazaiyc 3ipku o Bogounist (ciekTpanbHHN
migknac G2Ib) OGimpnmii paniycy CoHus (CHeKTpalbHUH
niaknac G2V), saxmo ii BuaMMa Bi3yanbHa 30psHA BEJIMYUHA
3M 19, comomerpuuna nompaeka —0™42 i mapanakc 0",003,
Temreparypa 000X CBITWJI TUpHONHM3HO OJIHAKOBa, a
abcouoTHa 6onomeTpuyHa 30psiHa BennunHa Conn +4™,737
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656. OOumciutu  OONOMETPUYHY  TONpPaBKY A 3ip
cnekTpaigpHoro migkiaacy G2V, mo skoro Hanexuts CoHIle,
ko KyToBuil niamerp Conus 32', ioro BUAMMa BiyalbHa
3opsiHa BenuunHa —26™,78 1 edexTuBHA Temmieparypa S800°.

657. 3HaliTd HaOMMKCHE 3HAYCHHS OOJIOMETPHYHOI IOIPAaBKH
JUT 3ip cnekTpanbHOro minkiacy BOla, mo sikoro HaneXuTh
3ipka € OpioHa, sikmio ii KkyroBuil aiametp 0",0007, Bugnma
Bi3yallbHa 30psiHa BenuumHa 1™75 1 MakcumyM eHeprii B ii
CIIEKTpi MPUIAac Ha JOBKUHY XBUTi 1094 A.

658. 3maiitu pagiyc i cepeaHto ryctuHy 3ip [ BmuzHiokis
(1m21, +1m25 i 10,75 nk); n Jlera (3™,58, +0™ i 500 nk);
3opi Kamrrefina (8™,85, +1™,3 i 3,98 nk), skmio maca 3ipku 3
BnusHrokiB npubnusno 3,7, maca 1 Jlera Onau3pko 4, a Maca
3ipku Kanretina 0,5 mo BigHomeHHO 10 Macu COHIIS.

659. Bisyanpamii Onmck [lomsproi 3ipkm 2™ 14, i 3BuU4aiiHuUit
MmokasHuk komwopy +0M,57, mapamakc 0",005 1 wMaca
nopiBaroe 10. Ti x cami gani y 3ipku Domanmsrayr (o
[liBmennoi Pubn) 1™,29, +0M,11, 0", 144 1 2,5, a y 3ipku BaH-
Maanena 12™3, +0™,5, 0",236 1 1,1. BusHauuTH CBITHICTb,
pazmiyc 1 cepeAHI0 TYCTHHY KOXKHOI 3ipKku 1 BKazaTH il
MOJIOXKEHHs Ha miarpami ["epiimmpynra-Peccena.

660. 3HaiiTé cyMy Mac KOMIIOHEHTIB MOABIHHOI 3ipku € [iapwu,
napanakc sxoi 0",01, nmepiox o6epTanHs cynyTHHKA 15 pokiB
1 KyTOBI pO3MipH BeNMKOI miBoci foro opoitu 0",21.

661. 3HaliTH cyMy Mac KOMIIOHEHTIB NOJBIMHOI 3ipku o
Bemukoi Bemmenumi, mapanakc skoi  0,"01, mepiox
oOepTanHs cynyTHHKA 44,7 pOKiB 1 KyTOBi pO3MipH BEIHKOI
miBoci #foro opbitu 0",63.

662. Bu3HaumTHm Mach KOMIIOHEHTIB TOJBIHHUX 3ip 3a
HACTYITHUMH JJAHUMHU:

KyroBi po3mipu . . . CriBBiIHOIIIEHHS
. Y p . P . Piunnii Ilepion . . .
3ipka BEJIMKOI MiBOCI BiZIcTaHe# 3ipKH BT
. napayakc| obepTaHHs
opbitn 3araJIbHOTO [IEHTpa Macu

o Bisauuoro

o Bu3HIoKiB 0",054 0",073 105 nuis 11:14
B N 0",29 0",072 | 420 pokis 87
£ emKoi 2’51 07127 | 59.8 poxy 4951
Beamenurti

663. Jlus romoBHHX 3ip HOMEPeIHBOI 3a7adi OOYUCIUTH PaIiyc,
00’eM 1 cepeqHIO TycTUHY. Buanma xoBTa 30psiHa BeTHMYUHA
1 OCHOBHHUH MOKa3HUK KOJIBOPY 1uX 3ip: o Bizamgoro 0™,08 i



+0™,8, o BausaiokiB 2™ i +0™ 04 i & Benukoi Beamemuii
3M791+0M,59.

664. Busnauutu cepenHro ryctuny 3ipku 40 Epimana B 3a
HACTYMMHUMH JaHMMHU. Maca 3ipku craHoBuTh 0,44 Macu
Comry, T =11000°, M, =11™2.

665. Bu3HauuTH CcepeqHIO TYCTHHY OLUIOTO Kapiuka, 0 €
CYITyTHUKOM 1HIIOI 3ipKH, 38 HACTYMHUMHU JaHUMH. CIIeKTpH
TOJIOBHOI 3ipkH 1 cymyTHHKa ojHakoBi. CepemHsi TycTHHA
ronoBHoi 3ipku 0,2 r/cM°. PisHMLIS BHIMMHX 30PSHHX
BEIMYMH TOJIOBHOI 3ipKHM 1 cymyTHHKa nopiBHioe 10™, a
BigHoIIEeHH iX Mac 2:1.

666. nms Conms i 3ip a Jlea, o Opma, o OpioHa 3HaiTH
MOTYXHICTh BHUIIPOMIHIOBAHHSI 1 BTpaTy MacH 3a CEKyHIY,
o0y 1 pik. [Tapamaxcu mux 3ip HactymnHi: o Jlesa 0",039, o
Opna 0",198 1 o Opiona 0",005.

667. 3a pe3ympraTaMH IMONMEPEAHBOI 3amadi  OOUHCIUTH
TPHUBAIICTh CIIOCTEPEeKYBaHOT IHTEHCUBHOCTI
BunpomiHtoBaHHs CoHLS 1 THX Ke 3ip, BBaXKAOUH
MOJKJIMBICTD i BTpaTH IO TOJOBHHU CBO€I CydacHOi MacH,
ska (B Macax Comnils) y o JleBa mopiBHioe 5, y 0 Opna 2 iy o
Opiona 15. Macy Conus npuiiastu 2-10%0 kr.

668. BusHauntn (i3WUHI  XapaKTEPUCTHUKH  KOMIIOHEHTIB
nonBiiHOT 3ipkm I[lpormioH 1 Bka3zaTu iX IONOXEHHS Ha
nmiarpami ['eprmmpysra-Peccena, skmo: Bi3yanbHHH OIUCK
[Ipormiona 0™ 48, Horo 3BuuaiiHMil MOKa3HUK Koabopy +0™,4,
BUaMMa OosomerpuuHa 3opsiHa BenmmumHa 0™43, KyTOBUI
miamerp 0",0057 i mapamakc 0",288; Bi3yanbHUWil OJHICK
cynytauka Ilporiona 10™,81, Horo 3BHYaiiHMII TOKAa3HHK
kopopy +0™, 26, mepion obepranHs HaBKoJO 3ipku — 40,6 p.
1o OpOiTi 3 BUAMMOIO BEJIUKOO MiBBicCIO 4",55; BiIHOIICHHS
BiJICTaHEH 3ip Bij iX 3arajbHOro HeHTpy Mac 19:7.

669. Posp’s3aTu momepenHro 3amady Uil MOJABIHHOI 3ipKu o
LlentaBpa. Y ronoBHOI 3ipku (POTOETEKTPUYHA KOBTA 30PsIHA
BeauunHa 0M,33, OCHOBHMI MOKa3HMK Kosbopy —+0™63,
BuauMa OomomerpuyHa 3opsiHa BenmuuHa 0M28; y
CyIyTHHUKa aHayoriyni Benuuuau 1M7, +1M 1 1M 12, nepiox
obeprannas 80,1 p. Ha BuaMMIN cepenHiii Bimcrtani 17",6;
napagakc  3ipku 0",751 1  BigHOIIGHHsA  BijcCTaHEH
KOMITOHEHTIB BiJ iX 3arainpHOro 1eHrpy mac 10:9.
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§14. KparHi i 3minni 3opi

OCKIiNbKH €Heprisi, MO0 OTPUMYETHCSI HaMH BiJ KpaTHOI 3ipKu
JIOPIBHIOE CyMi €HEpridi BiJ] KO)KHOTO 3 KOMIIOHEHTIB, TO OJUCK E
KpaTHOI 3ipKU JOPIBHIOE CyMi OJHMCKY 1i KOMIIOHEHTIB!

E=E+E+..,
i ToMy 1i BummMa M i abcomoTHa M 30psSHI BEIMYUHHU 3aBXKIH
MeHIIi 30psAHOT BeTHYuHH M; 1 Mj Oy1b-IKOro KOMIIOHEHTA.

OOumcieHHss M KpaTHOI 31pKH 3a M; ii KOMITOHEHTIB Haiyermie
3MIACHIOETHCS TIOPIBHAHHIM X OIHCKY 3 OHMCKOM Ep 31pKH HYJIHOBOT
BUAMMOI 30psaHOI BenmnuuHU Mo = 0, sxuio npuiiHsty £o= 1.

Toni 3 hpopmynu [Torcona

lg E_ 0,4(my —m)
EO
OTPUMAEMO
Ige=-0,4m i Ig Ei =-0,4m;.

BusnaunBmm Ommck Ej KOXXKHOTO KOMITOHEHTa BUKOPHUCTOBYIOTH
dopmyny E = E1 + E» + ... IS 3HaXOJPKEHHsI 3arajibHOTO OIHCKY
KpaTHOI 30pi 1 TOTiM OOYHCITIOIOT

m = -2,5IgE.

SKIO 3aMicTh 30pSHOT BEJIIMYMHM JCSKUX KOMIIOHCHTIB 3aJlaHi
BIJIHOLIEHHS 1X OJIMCKY, TO HeMae HEOOXiTHOCTI BHU3HA4YaTH OJIMCK
KOXXHOTO KOMIIOHEHTa OKpEMO, a IMPOCTillle BUPA3UTH HOTO dYepe3
OJIMCK HallcmabIoro KOMIOHEHTA.

3rigHo dopmynu [lorcona BigHOmIEHHS OJIMCKY IBOX 3ip F1 1 E»
OB’ si3aHe 3 1X 30pSHUMU BETMYMHAMU M1 1 My!

E_ 2,512™™

1

Takum YMHOM, 3HAIOYH BHJMMI 30psiHI BEIMYMHU KOMIIOHEHTIB
KpaTHO{ 31pKH1, MO>KHa OOYMCIIUTH BiTHOIIEHHS OJNMCKY IHX 3ip.
Hampuxian, sxmo 3agaHi BiAHOIIEHHS OJIMCKY KOMIIOHEHTIB
E E
Lok, ==

3 3 =N i T. 1., TO OJHMCK BCiX KOMIIOHCHTIB BUPaXKarOTh
2 1

B
k
¢dopmynoro £ = E1 + E> + ... 3HaX014Th E.

CepenHst opOiTaibHa MBUAKICT U KOMIIOHEHTIB 3aTEMHIOBaHOL
3MIHHOI 3ipKM MOXe OyTH 3HaiJieHa 3a MepioAMYHUM HaHOIIBIIUM

yepe3 Omuck opHoro 3 Hux (E,=—,E;=nE;) 1 morim 3a
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3MimeHHsM AL JiHiH (3 JOBXHHOIO XBWII A) BiI iX CEpemHBOTO
TIOJIO’KEHHS B CIIEKTPi, OCKIJIBKU B IAHOMY BUIAJIKY
AL
V=0, =C—,

A
1€ v, — NPOMEHEBA MIBHAKICTH i ¢ = 3+10% M/c — mBHaKicTh cBiTIA Y
BaKyyMi.
3a 3HaliAcHUMH 3HAYCHHSAMH O KOMIIOHEHTIB 1 TIepiooM
3MiHHOCTI P (B ceKyH/ax) 31ipKy OOUMCITIOIOTh BEJIHKI MiBOC a; 1 a2 iX
a0COIIFOTHHUX OPOIT (B KiJIOMETpax):

T

27
MOTIM — BEJIUKY IiBBiCh BITHOCHOT OpOiTH
a=a;+a.

3a popmymamu
3
a‘(eao) . M a
My (s M)+ M, (s Mg )= 20 40) § My _ 2
1 (C] 2 (S} 2 M

P (3 poxax) 2
BU3HAYAIOTh MaCH KOMIIOHEHTIB.

Sxmio BenuWKa miBBich OpOITH BUpakeHa B KYTOBUX BEITHMYMHAX

Ta BiJJOMO IMapaiakc CBITHIIA, TO
" n3

a a
a(KM)Z? Ta M1+M2 ZTPZ.
T
A .
®opmyna U =v, =C—— I03BOJISIE TAKOK OOUHMCIUTH IIBUIKICTH

PO3IIUPEHHST Ta30BUX OOOJOHOK, CKMHYTUX HOBUMH 1 HaJHOBUMH
3ipKamu.

Ipuxaaan po3B’si3yBaHHs 32124
Hpuknag 1. 3HaiiTd BUAMMY Bi3yalbHY 30psSHY BEJIUYHHY
KOMIIOHEHTIB TIOTPIHHOT 3ipKH, SKIIO 1i Bi3yalbHUN
omuck 3™, 70, npyra KOMIIOHEHTA SCKPAaBiIia TPETHOI
B 2,8 pasiB, a mepumid SCKpaBillMii TPETHOrO Ha
3m,32.
Tano: m = 3™, 70; i—z =2,8;my =ms —3™,32.

Po3p’s130K.
3a popmyoro Ig E = —0,4m 3naxoaumo
lgE = -0,4m =-0,4-3™,70 = —1,480 = 2,520
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iE =0,03311.
{06 Buxopucratu dhopmyny E = E1 + E» + ..., He0OXiqHO 3HAUTH
criBBinHomenus E; /E5:

E
lg - = 0,4(my —my) = 0,4 37,32 = 1,328,
3

3inku By = 21,3E;.
Hami
E=E  +E,+E; =213E;+ 2,8E; + E3 = 25,1E;3,
1 Tomi
E E 0,03311
35251 251 0,001319 = 0,00132,
E, =28E;=2,8-0,001319 = 0,003693 = 0,00369
E, =21,3E; =21,3-0,001319 = 0,028094 = 0,02809.
3a popmynoro m = —2,5IgE 3naxomumo BuanMI BidyaibHi 30psiHi
BEJINYMHH KOMIIOHEHTIB
m; = —2,5lgE; = -2,5-1g0,02809 = —-2,5 - 2,449 = 3,88,
m, = —2,5lgF, = —-2,5-1g0,00369 = —2,5- 3,567 = 6™,08,
my = —2,5lgF; = —2,5-1g0,00132 = —2,5- 3,121 = 7™, 20.

Ipukaan 2. B crektpi 3aTeMHIOBAILHO-3MIHHOT 3ipKH, OJMCK SKOT
3MIHIOETBC 3a 3,953 nmoOu, chekTpanbHi JTiHIi
BITHOCHO 1X CEPeJHBOTO TMOJIOKEHHS TMEPiOTUIHO
3MIIIYOTHCS B MPOTHJICKHUX HANpPsSMKax /10 3HAYCHb

19-10° i 2,9-10° BiJl HOPMaJIbHOI JOBXKWHH XBHIII.
3HaTH MacH KOMITOHEHTIB i€l 31pKH.
(AL 2),=1,9-10" [(A112), :2,9-104‘; P= 3,953

Po3p’s130k.
CepenHs opOiTaabHa MIBUAKICTH MIEPIIOT0 KOMIIOHEHTA

v, =v, =C(A1/ 1), =3-10°-1,9-107; v, =57 kM,
Op0iTanbHa MBUAKICT JAPYroro KOMIIOHEHTA

v, =0,, =C(ALl 1), =3.10°-2,9-10"; v, =87 Km.
o6 3HaliTH 3HAYEHHS BEJIUKUX IIBOCEH OpPOIT KOMIIOHEHTIB,

HEeoOXiHO mepion obeptanHs P, skuii HOpiBHIOE mepiogy 3MiHHOCTI
30pi, BUPA3UTH B CEKYHJIaX.

Ockinpin 1 =86400° P =3,953-86400°

Toni y mepmioro KOMIOHEHTa BEITUKa MiBBiCh OpOiTH

Jano:
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v, 57-3,953-86400

a,=—P= =3,10-10° xm,
27 2.314
a 'y JIpyroro
a,=Yp_Ya -8 310.10° =4 73.10° xu,
2w A 57

BEJIIMKA IMBBICH BIHOCHOI OpOiTH
a=a +a, =7,38-10°km
st BU3HaUYeHHS CYMH Mac KOMIIOHEHTIB TOTPiOHO BHpPa3WUTH
aB a.o.(la.o.=149,6-10°km)i P — B poxkax (1 pik = 365%,3).
7,83-10°
Ig(M,+M,)=3lga-2IlgP =3lg——— -
9(M,+M,) =3lg J 9149,6-106

-2 Ig% =3(Ig 7,83 19149, 6) — 2(Ig 3,95 — Ig 365, 3) =

=3(0,8938-2,1749) — 2(0,5969 — 2,5626) = 0,0881
abo
M,+M, =122=12.

BigHomeHHs Mac:

& i 473 10° B
M, a, 310-10°
1 TOIi Ml =07, 1 M ~0,5 (B macax CoHIISX).

3agayi 15 caMoCTiliHOT0 po3B’A3yBaAHHA

670. Slka BumuMMa 30psHA BeJIMYWMHA MOJBIHHOI 3IpKH, OJHMCK
KOMITOHEHTIB sikoi 1™ 1 2™?

671. Tlopxgsitina 3ipka Kactop (o bim3HAT) ckiamaeThcs 3 TBOX
3ip 2™ i 2™8 3opsHOi BenmumHU. SIKUK 3aralbHUA OJKICK
31pKH B 30PSIHUX BEJIMYMHAX?

672. BusHauuTu BizyanbHUi OyMck mOABiHHOI 3ipku o Puo,
OJIMCK KOMITOHEHTIB sikoi 4™,3 1 5™, 2,

673. OOuucnutu Oinuck dYoTwpHuKpaTHOi 3ipku ¢ Jlipm 3a
6muckoM 11 kommonenTis: 5™ 12; 6™M,03; 5M,11 1 5™,38.

674. BizyanpHuii Oiuck moasidHoi 3ipku y OpHa 47,02, a
PI3HUIIS 30PSIHUX BENMYMH ii KOMIIOHEeHTiB craHoBUTH 0™,08.
3HalTH BUAMMY 30PSHY BEIMUHNHY KOXKHOTO KOMIIOHEHTA.
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675. Sxuii Gnuck MOTPiHHOT 31pKH, SIKIIO MEPIINi il KOMIOHEHT
siCKpaBimmii aApyroro B 3,6 pa3u, TpeTii — cadmmid Ipyroro
B 4,2 pa3u, a ioro omuck 4™,36?

676. 3HaiiTu BUAMMY 30psIHY BEJIMYMHY MOABIHHOI 3ipKH, SKIIO
OIUCK OTHOTO 3 KOMITOHEHTIB 3™,46, a Tpyruii KOMIOHEHT Ha
1™,68 sCKpaBIIIHii IEPIIOTO.

677. OOuuciuTH 30pSHY BEIMYUHY KOMIIOHEHTIB MOTpiitHOT
3ipku B €nuHOpora 3 BidyalbHUM Onuckom 4™07, SKIIO
IpyTHd KOMITOHEHT cnabmmii mepmoro B 1,64 pasm i
sicKpaBimuii Tpetsoro Ha 1™,57.

678. 3HaiiTu Bi3yaJbHy CBITHICTH KOMIIOHEHTIB 1 3arajbHy
CBITHICTh TIOJIBIHOI 3ipKH 0@ BIM3HIOKIB, SKIIO Bi3yallbHUI
Onuck ii kommnoneHTiB 1,99 1 2™ 85, a mapanakc 0",072.

679. OOumciuTH Bi3yaJlbHY CBITHICTH JAPYIOro KOMIIOHEHTA
no/BiiHOT 3ipku y JiBHU, AKIIO Bi3yadbHHUN ONHCK i€l 3ipKu
2™91, Onuck nepmoro kommoHeHta 37,62, a mapanakc
0",101.

680. Busnaunth Bi3yalbHY CBITHICTH KOMIIOHEHTIB IOJBIHHOT
3ipku Minap ({ Benukoi Beamenurti), sikmo ii oimck 2™ 17,
mapamakc 0",037, a mepmmii KOMIIOHEHT SICKpaBillIUit
Ipyroro B 4,37 pa3u.

681. 3naiitn ¢ororpadiuyHy CBITHICTH MOJBIHHOI 3ipKH N
Kaccionei, BizyanpHHMi ONMCK KOMIOHEeHTiB skoi 3M5 i
7™,19, ix 3BHYaitHi oKa3HUKK Kombopy +0™,57 i +0™,63, a
BifcTaub 5,49 nk.

682. OOuucnUTH Macu KOMIIOHECHTIB 3aTeMHIOBaHHUX 3ip 3a
HACTYITHUMH JaHHMHU:

3ipka ITpomeHeBa IBHAKICTE KOMIOHEHTIB | Ilepiox 3MiHHOCTI
B Hepces 44xmlc i 220xm/c 2,867
U 3mienocus 180xm/c 1 205xm/c 12,667
WW Bisunuoro 117xm/c 1 122xm/c 27,525
U Iedest 44xm/c 1 200xMm/c 27,493

683. OOuumciuTu cyMy Mac NOABIMHOT 3ipKH, SKIIO BEJIWKa
miBBich ix opOitu 0,85 a.0., a mepiox obepranus 0,285 p.

684. Busnauntu cymy Mac mojaBiiiHOi 3ipku [IpormioH, sKIIO
nepiosn obepTaHHs ii CymyTHHKa HaBKOJIO T'OJOBHOI 3ipku 39
POKIB, a BeJMKa MiBBick opoOiTh 13 a.o.

685. Benuka miBBich opOiTH TOABIHHOI 3ipku o lleHTaBpa
BUIHO Tixg kytoMm 17",65. Y CKinbku pa3iB Is BiJCTaHb
Oinbina Bincrani 3emui Big Conns? lapanakc 3ipku 0",75.



686. OO6uucnuTu Macy moaBiiHOI 3ipku o LleHTaBpa, y K01 7 =
0",75, P="179 pokis, a = 17",6.

687. Ilepiom obGepranus moxsiiHoi 3ipku ¢ [igpu 15,3 poky,
napanmakc 0",02 i KyTOBi po3Mipu BEIHKOi MiBOCI OpOITH
0",23. BuszHauuTtH niHiiiHI po3Mipu OinbmIol miBoci 1 cymy
Mac KOMIIOHEHTIB.

688. Ilapanakc moziiiHOi 3ipku o Bnmsurokis 0",076, Bugumi
KyTOBI po3Mipu BenHKoi miBoci opOitm 6",06 1 mepiox
obepranns 306 pokiB. BusHaunTi cymy Mac KOMIOHEHTIB.

689. VY ckinbky pa3iB 3MIHIOETHCS Bi3yallbHHN OJHMCK 3MIHHHX
3ip B Ilepces i x Jlebemst, siKmo y mepmioi 3ipku BiH
KOJIMBA€eThCs B Mexkax Big 2™,2 no 3M,5, a y apyroi — Big 3™,3
1o 14™2?

690. V ckinpKku pa3iB 3MIHIOETHCS Bi3yallbHa 1 OoJOMeTpHYHA
CBiTHICTH 3MiHHUX 3ip o Opiona i o CkopmioHa, SIKIIO Y
nepuroi 3ipku BizyallbHUM Oinck KonuBaeThest Binm 0M,4 mo
1™3 i Gomomerpuuna mompaska Big —3",1 go -3™4, a y
npyroi 3ipku — Ommck Big 0M9 mo 1M,8 1 GomomerpuuHa
nonpaska Big —2",8 1o —3™,0?

691. V saxux Mexax i y CKUIBKH pa3iB 3MIHIOIOTHCS JIHIHHI
paniycu 3MiHHHX 3ip o Opiona i o CkopmioHa, SKIIO Yy
nepuroi 3ipku napanakc 0",005 i KyToBHiA pajiyc 3MIHIOEThCSI
Bix 0",034 (B makcumymi Omwcky) mo 0",047 (B MiHIMymi
onmcky), a y npyroi — napamakc 0",019 i xyroBuit pamiyc —
Big 0",028 mo 0",04?

692. 3a gaHMMM JBOX TMOMEPEAHIX 3a1ad  OOYHUCIIUTH
Temniepatypy berenpreiize i AHTapeca B MakKCHMyMi ix
OJMCKy, SKIIO B MiHIMYMi TeMriepaTypa nepiioi 3ipku 3200
K, a npyroi — 3300 K.

693. YV ckimpkum paziB 1 3 AKUM JOOOBHM TPaJi€HTOM
3MIHIOETBCS CBITHICTh B KOBTHX 1 CHHIX HPOMEHSIX 3MIHHHX
3ip-iedein oo Manoi Beamenuni, { bamsnrokis, 1 Opna, TY
Iura i UZ [uTa, BigoMOCTI PO 3MIHHICTh SIKUX HACTYITHI:

biick B cHHIX IPOMEHSX Ocronuii nokaskuk
3ipka Iepion KOJIbOPY

B MaKCHMyMi |B MiHIMyMi | B MAKCHMYMi | B MiHiMyMi
o M.Beameui | 34,50 2™ 66 2™ 66 +0™ 56 +0™,61
{ bimsnrokis | 107,15 4™ 38 5m18 +0™,70 +1™02
n Opina 7,18 4™,08 5™36 +0™,59 +1M,04
TY Illuta | 117,05 11™79 13,19 +1™,47 +27,00
UZ Ilura 144,74 12M43 13,80 +1",63 +2M12
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694. 3a maHuMmu monepenHBOI 3a7adi 3HAWTH aMILITYAH 3MiHU
Omucky (B JKOBTMX 1 CHHIX TIPOMEHSIX) 1 OCHOBHHUX
MOKa3HHUKIB KOJBOPY 3ip, MoOymyBaTu rpadiku 3aje:KHOCTI
aMIUTITYA BiJ Mepioay 3MiHHOCTI.

695. V¥V miniMyMi OJHCKY Bi3yaslbHa 30psHA BEIMYHHA 3ipKH O
Hedes 4™3, a 3ipku R Tpukyrauka 12™,6. Skuii 61uck mux
3lp y MakCHMyMi CBITHOCTi, fKIIO BOHa y HHUX 3pPOCTa€
BimoBiaHO B 2,1 1 760 pazis?

696. bmuck Horoi Op:a 3minuBcs 3a 2,5 ni6 3 10M,5 mo 1M,1. ¥V
CKITBKA pa3iB BiH 30UTBIIMBCSI 1 SIK B CEPEOHBOMY
3MIHIOBABCS IIPOTATOM ITIBIOOH?

697. bnuck Hoeoi Jlebens 1o cnanaxy oys 21™, a B MakcuMymi
30impmmBes 1o 1M,9. Skmo BBakaTH, MO B CEPETHHOMY
abCoNIOTHAa 30psSHA BeIWYMHA HOBHX 3ip y MaKCHMyMi
omucky OyBae Omm3bko —8™, TO SIKy CBITHICTH Malia 1l 3ipKa
70 crajaxy 1 B MakCHMyMi OJMCKY Ta Ha sIKii MpHOIHM3HO
BizcTaHi Bix CoOHIIA 3ipKa 3HAXOTUTHCS?

698. Y cnekTpi HOBOI 3ipku B cy3ip’i ['epkyneca TemHi niHil
Oynu 3MIlEHI BiIHOCHO HOPMAJIBHOTO IIOJIOKEHHS [0
dioneroporo kinng. Jlinis H, (A = 4341 A) 6yna 3mimena Ha
10,1 A. Slxa mBuAKicTS rasy, akuii ckuHya 3ipka?

699. Ewmiciiiai Bomuesi minii 4861 A i 4340 A B cnextpi HoBoi
Opna Oynu 3MmimieHi 70 (IOJIETOBOTO KIHISA —CIEKTPY
BiamoBinHo Ha 39,8 A 1356 A, a B cnextpi HoBoi JleGens —
Ha 40,5 A i 36,2 A. 3 sxoro WBHIKICTIO PO3MIMPIOBATHCS
ra3oBi 000JIOHKH, CKHHYTI IIAMH 3ipKaMu?

700. KyroBi posmipu ramaktuku MS81 B cy3ip’i Benmkoi
Benmenui 35'x14', a ranaktuku M51 B cy3ip’i ['onuux IlciB
— 14'x<10'. HaiiGinpmuii OTUCK HAAHOBUX 3ip, IO
CHaJlaXHyJIM B PI3HUH Yac B IUX TaJaKTHKaX, JOPiBHIOBaB
BignoBiguo 12M5 i 15™1. IlpuifHABIIM B ceperHBOMY
abCOIOTHY 30pSHY BEIMYMHY HAaTHOBUX 3ip Y MakCHUMyMi
Osucky —15™, 3HalTH BifCTaHI 10 WX I'aJIAKTHK 1 X JiHIHI
po3mipwu.



§15. Pyx 3ip i ragmakTuk y npocropi

[IpocTopoBa MIBUAKICTE 3ipKH CKJIATAETHCS 3 CHUCTEMATHIHOT
KOMITOHEHTH, MOB’3aHOI 3 PyXOM 3ipKH HaBKOJIO LEHTPY | anakTukuy,
1 XaoTH4HOI (meKymspHOoi) KomMmoHeHTH. [IIBMAKOCTI ONHM3BKUX B
MPOCTOPi 3ip BIAPI3HAIOTHECS BHACTIMOK BIAMIHHOCTI IX XaOTHYHHX
KOMITOHEHTIB IMBHIKOCTEH. 3a3BHyYali XaOTWYHI IIBHIKOCTI 3ip
TOPSIZIKY AECSITKIB KM/C.

IIpocTopoBy MIBUAKICTH 3ipKH MOKHA CIIPOEKTYBAaTH Ha MIPOMiHBb
30py 1 Ha IUIOMMHY, MNEPIEeHIANKYISpHY a0 TpomeHs 3opy (ii
Ha3UBAIOTb KAPMUHHOIO naowunoio). IIpoekiis MBUAKOCTI 3ipKu Ha
NPOMIHb 30py HAa3WBAETHCS HPOMEHEBOI WIBUOKICMIO Uy,  Ha
KapTUHHY IUIONIMHY — MAH2EHYIATbHOIO WEUOKICIIO Ur.

[IpocTopoBa MBUAKICTE U 3ip 3aBXKIW BU3HAYAETHCS BIIHOCHO
Conng (puc. 26) i OOYHCTIOETHCS 32 MPOMEHEBOIO IIBUIKICTIO,
HaIpPaBJICHOI B3JIOBX MPOMeEHs 7, 1o 3 eaHye 3ipky 3 CoHIleM, 1 3a
TaHTEHIIATHHOIO MIBUIKICTIO.

v=4vE+0%.

3ipka B
HaHOiIbmoMy
30am:keHHI 3 CoHIeM

Conne

Puc. 26. Pyx 3ipku BigHocHO COHI

Hanpsim npocTopoBoi MBHIKOCTI 3IpKH XapaKTEPU3YEThCS KYTOM
® Mix Hero 1 IpoMeHeM 30py crocTepiraua. OueBHIHO, 1O
Ur - UT o o
cos®=—, sin®=-—=L, mpuuomy 0° <O <180".
v v
[IpomeneBy WIBHUAKICTD 3IPKH U MOXHA BH3HAYUTH JOCHUTH
IBHJKO. J{J1s HOTO JIOCUTH OTPUMATH CIIEKTP 3ipKH.
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SKmo chexkTp OTpUMaHUM Ha NPU3MATHYHOMY i1HCTPYMEHTI
(mpu3MaTUYHUN CIEKTp), TO (ioJeToBa YaCTHHA CIEKTPY BUXOIHUTH
PO3TATHYTOO, @ HOTO YepBOHA YaCTHHA — CTHCHYTOIO, 1 BIJICTaHI MiXK
CHEKTPAIbHUMHU JIiHISIMM BXX€ HE OyAyTh NPOMOPLIHHI PI3HUISM
JIOBXWH XBWIb. ToMy mpu o00pobmi dQororpadii cmekrpy -—
cnekmpozpamu, HEOOXiTHO TIepIm 3a BCe BCTAHOBHUTH MaciTad
PI3HUX JUISHOK CHEKTPY, TOOTO iHTepBal JOBXKHH XBWIb, IO
BKJIAJJA€THCS HA ONMHMII JTOBXHHHU KOXKHOI JUITHKH CHEKTPOTPaMH.
et MmacmTad — ducnepcis TIASHKH CIIEKTPOTpaMH, TOPIBHIOE

D24

AX

i BUpaxaeThcs, SK NPaBIIo, B aHrcTpeMax Ha MM (A/mm). Tucnepcis
MPU3MATHYHOTO CIEKTPY HE IMOCTiiHA 1 3MEHIITYEThCS TIPH TIEPEX0Ii
Bill ¢iomeToBOi 10 YEPBOHOI YAaCTWHU CHEKTpy (BenmnumHa D
30imbIIyeThCS).  3MiHAa — AMcmepcii  CHEeKTporpaMH  HAOYHO
300pakyeThCst aUcnepciiinoo kpuBoto X = f(1), sxka Oymyerscs 3a
MOJIOKEHHSAM CIIEKTPANBHUX JIiHIM 3 BIOMOIO JOBXHHOK XBHIIL,
HaTPUKIIA, 3a JiHIIMH 0albMePiBCHKOI cepii BOAHIO.

SKIo B criekTpi 3ipKH JiHISA 3 JOBKUHOK XBHJIL A 3MilleHa Bil
CBOTO HOPMAITBHOTO (JIAOOPAaTOPHOTO) TOJOXKEHHSI Ha BEIHUUHY Ax
MM, a JIUCIIEPCis CIIEKTPOrpaMu Ha JIaHiil JiIsSHI 1opiBHIOE D A/mm,
TO 3MIIICHHS JIiHii, BUPAKEHE B A:

A =1"—-1=AxD
1 IpOMEHEBa IIBUJIKICTh
AL
v =C—.
A

SIKIo MpoMeHeBa IIBUKICTh HAIlpaBlIeHa JI0 CIiocTepirada, To
CTIEKTpaJIbHI JIiHIT 3MIIIYIOThca B (ioneToBuid Oik crektpy, A’ < A,
AA<0, ur<0.

Sxmo mpoMeHeBa IIBUAKICTH HampaBlieHa BiJ crocTepirada, TO
CHEKTpaJIbHI JIiHIT 3MIIIYIOTHCS B UepBOHMH Oik criektpy, A' > A, 44
> 0, Uy > 0

PesynbTati BH3HAYEHHS U, 32 PI3HUMHU JIHISIMH CHEKTPY
OyayTh memio BigpizHsaTucs. O0UUCINMO X cepenHe apupMeTHUHE:

n
Uy,
oo i=l
O =———
n
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10 1 BBa)KaTHMEMO HaWOiNbII BipOTiTHUM 3HAYEHHSIM IMPOMEHEBOI
MITBUKOCTI 31pKH.

[lpore 3Ha4YeHHS U, XapakTepH3ye HE BIACHY IPOMEHEBY
MIBUJKICTH 31pKH, a BIIHOCHY MPOMEHEBY MIBUIKICTH PYXy 3ipKH i
3emiti, TOOTO MICTUTBH MPOECKIIiF0 OpPOITANBHOI IMBHIKOCTI 3eMili Ha
HaMpsM JI0 3ipKH.

Tomy mpoMeHeBy MIBHIKICTH 3ipKH v, Tpeda BUIPABUTH 3a

paxyHok pyxy 3emumi. [IpomeneBa mBHAKiCTH 3ipku V BiTHOCHO
Conn:

V, =v, —29,8-sin(4, — g )-c0s S, ,
e A, — eKJIINTUYHA IOBroTa i S, — eKIINTHYHA HIMPOTa 3ipKH, Ag —

exiinTuyHa JoBrora COHI B ICHb OTPUMAaHHS CIICKTPOTPaMH 3ipKH
(bepeTbcst 3 aCTPOHOMIYHOTO MIOPIYHMKA), a ducio 29,8 Bupakae
KOJIOBY IIBUAKICTH 3€MJIi B KUJTOMETPax 3a CEKYH/IY.

HIBuakicte V, (abo v, ) mogatHa B HampsMmKy Big CoHus (abo
Bix 3emMii) i Big’eMHa B HarpsiMKy 710 CoHtls (abo 10 3emii).

TanreHmianbHa TIBUAKICTh U 3IpKH B KiIOMETpax 3a CEKyHIy
BU3HAYAETHCSA 3a 11 PIYHUM MApaJaKCoOM T 1 BIACHUM PYXOM L, TOOTO
3a IyTor0, Ha SIKY 3MIIIY€eThCA 3ipka Ha Hebocxwii 3a 1 pik:

Uy (KM/C) =4,74. ,u(l"/pik)- r(mc) =4,74. ,u(%”pm) :

UYepes BenuuesHe BignaneHHs 3ip Bij CoHIM iX BIaCHI pyxH, sIK
NPaBUIIO, TyXe Mali, MOPSIKY IECSITHX 1 COTUX KyTOBOI CeKyH[IH, i
TOMY HaAiHHO BH3HAUYAIOTbCA 32 3MIHAMH  EKBAaTOpiaJIbHUX
KOOpJMHAT 3ip JIMIIe 3a 3HayHi MPOMIXKH 4dacy. OIWH 3 METOJIB
3aCHOBaHHMI Ha TIOPIBHSHHI €KBaTOPiaJbHUX KOOPIWHAT 3ip B Pi3Hi
€OXHU #; 1 {2, IPUIOMY €nOX0l0 Ha3UBAETHCS MEBHUH MOMEHT POKY,
JI0 SIKOTO BIJIHECEHO IMOJIOKEHHS CITKM €KBAaTOPIaIbHUX KOOPIUHAT 1
Ha MKMW JIAIOThCSl €KBaTOpiajbHI KOOpAMHATH 3ip. Emoxa 3amxmau
MO3HAYAETHCSI HOMEPOM POKY 1 HOro JecaTMMH JOoJIsiMU. Tak, ermoxa
2000,0 nmo3nauae mouatok 2000 poky, a emoxa 2013,5 — cepeauny
2013 poky.

Hexaii B eroxy ¢; ekBaTopiaibHi KoopauHaty 3ipku M Oymu o i
J1, a B €TOXY ¢> — BIAMOBIAHO, ¢ 1 0. 3a Pi3HUINO enox At =t — t;
€KBaTOPiaJibHI KOOPJAWHATH 3iPKH 3MIHSATBHCSI HE CTIJIBKH 332 PaxyHOK
il BIACHOrO pyXy, CKUIbKM (1 TOJOBHUM YHMHOM) 32 DPaxyHOK
NPELeciiiHOr0 MOBOPOTY CITKM €KBaTOpiaJIbHUX KoopAuHAT Ha 50",2
3a pik (puc. 27).
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ITiBHIYHHMIH [TOJTIOC [TiBHIYHHMIH TOJTIOC

CBITY B €NOXY /] CBITY B €MOXY 1

eKIINTHKA

HeGecnuit exBatop
B €MOXY 7]

HeGecnmii exBatop
B €IOXY 1

Puc. 27. 3miHa eKBaTOpiaIbHUX KOOPAUHAT 3ipKU B Pi3HI €OXU

ToMy, 00 BU3HAYNTH BIACHUN PYX 4 3IpKH, MOTPiOHO mepi 3a
BCE 3BUIBHUTH 3MiHY 1i €KBaTOpiaJIbHUX KOOPJMHAT BiJ BIUIUBY
nperecii, o A0CITAEThCS TPUBEICHHSIM €KBaTOPIATbHUX KOOPMHAT
a; 10 0 KOOPAMHATHOI CITKH MEpPIoi ernoxu ¢;. JJis iporo Bi o 1
0> BIIHIMAaeThCs Tperiecis 3a pi3HUI0 enmox Af 1 Tomi HOBI
eKBaTOpiajbHI KOOPIUHATH 31pKHU, MPUBECHI 0 MEPIIOi eTOXHU:

a= oa;— PyAt,

o0 = 0— PsAt,
ne P, 1 Ps — BIANOBiTHO, piYHA MpeTIecis 0 MPSIMOMY CXOJDKEHHIO 1
CXHUJICHHIO.

3uavyeHns P, 1 Ps 1y1a ekBaTOpiaJIbHUX KOOPAMHAT HABOISATHCA B
creriaibHuX TaOnuIgx mpeuecii (momaroxk 16, momatok 17), B
ACTPOHOMIYHUX KaJICHIAPAX 1 JOBITHUKAX.

SIK1I0 BUSBUTBCS, O @ = a2 1 & = &2, TO BIACHUHU PyX 4 3ipKH
Jy’Ke MaJIui 1 IPaKTUYHO HE MOMITHHIA.

[Ipu BigAMIHHOCTI eKBaTOpiaJbHUX KOOPAWHAT 3HAXOIATH
KOMITOHEHTH BIIACHOTO PYXY flo 1 fs TIO KOOpAMWHATaX 1 3a HUMH

3HaxXods4Th BJIACHUH pyx
[ 2 2
H= :ua + /u5 5

OpUYOMY 1Li KOMIIOHEHTH MAaloTh OyTH BHpaskeHi OOOB’SI3KOBO B
CeKyHAax IyTH.

BusHaueHHs 45 B CEKyHOax IYI'M HE BHKIHMKae MpoodieMm,
OCKIUTbKH f{s BUMIPIOETHCS B3ZI0OBXK IYT'M BEIMKOTO KOJa, MO KOy
CXUJICHHS 31pKH, 1 TOMY
55 _AS
Moy, oy A
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e AJ BUpaXKaEThCs B CEKYHJIaX JIyTH.

KoMMoHeHT (i, HampaBleHUI B3JOBX IYrH MAJOro Koja, Mo
HeOecHIN mapanenmi 3ipkd, ToAi sAK pi3HMII Ao = o —
BUMIPIOETHCA AYTOIO BEJMKOTO Kojla — HeOeCHOTro eKBaropa, i ToMmy
_a-a _ Aa
-t At
BHUpaKeHE B CEKyHAaxX 4Jacy (c¢).

Hy

P

Hobosa
mapaeis

Koo
CXHJIEHD

HeGecuuit exBatop
Puc 28. TTo3uwiitauii KyT

Skmo ysBuTH c0OO1 KiJIbKa 3ip 3 OJHAKOBUMH L, flo, M5 , A€ 3
PI3HUM CXMJIEHHSIM O, TO YMCIIOBI 3HA4€HHS (4, y BCIX LHUX 3ip
OyIyTh PI3HUMH 32 PAaXYHOK CXOJKCHHS KiJI CXHWJIEHb JIO TOJFOCIB
CBITY, 1 HalOUIbIIE 3HA4YEeHHs 4, Oylne B 3IPKM 3 HaHOLIBIIMM 3a
a0COJIIOTHOIO BEJIMYMHOI0 CXWIEHHsIM O. Ll moxubka ycyBaeThCs
NPHUBEJIEHHAM L, 10 HEOECHOI mapajieli 3ipKH, IO J0CATa€eThCA
BpaxyBaHHSIM HOTO CXWJIEHHsS, i Tak Ak 1° = 15", To BuUpaxeHe B

CEeKyHJaxX JyI'" i, MiJCTaBAA€eTbCA Y popmyiy

yz\/(l5,ua 0055)2 +,u§ .

Hampsim BiiacHOro pyxy 3ipKM BH3HAYA€ThCS MO3UILIHHUM
KyToM ¢ (puc. 28), sSKuil BiZpaxOBYETbCS MPOTH TOAMHHHKOBOI
CTPUJIKH BiJl TIBHIYHOTO HANPSAMY KOJIa CXUJICHHS 3ipKH. 3aJIeXKHO Bij
3MIHM €KBAaTOpIaIbHUX KOOPJAWHAT 3ipKH, TMO3UIIHHUA KyT @
BJIACHOTO pPyXy Moke mnpuiiMaTu 3HaueHHs Bix 0° mo 360° i
00uHCITIOETHCS 32 HOPMYJIaMU:
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154, coso Hs

Y7,

Y 1929 poui Xab0m BCTaHOBUB, IO JIiHII CHEKTPIB YCiX
rajakTHK, 3a BUHATKOM KIJbKOX HaHOIMKYMX 0 Hac, 3MileHI B OiK
JOBINIMX XBHJIb 1 II€ 3MIIICHHS (YepBOHE 3MIIICHHS Z) TUM OIJIbIIe,
YUM Jaji 3HAXOAUTLCA TalakTHKa. €IUHUM MOSCHEHHSM ILOIO
spuia € edekt Jlormiepa, KU moysrae y 3MEHIIIEHH] YaCTOTH CBITJIa
B pe3ynbTaTi 30UTBIIEHHS Bimgami MDK JDKEpeloM CBiTia 1
croctepiraueM. Y IbOMY BUIIQJIKY € CITPaBEIJIUBUM 3aKOH Xa001a

v, = Hr,

sin @ , COS@ =

ne o, — IWBUAKICTh BiANANEHHS TalakTHUKH, I — Bigmame 10
raJlakTHKHA B Meramnapcekax, H — koedilieHT mponopuiiHOCTi, KUl
HOCHTbH Ha3By cTaloi Xabbma.

B ranaktuk i kBa3zapiB BrmacHuél pyx x4 = 0 i TOMy AN HUX
BU3HAYAETHCS JIMIIE MPOMEHEBA IIBUIKICTH U, , @ OCKUIBKH If

LIBUIKICTh BEJIMKA, TO MIBUAKICTIO 3eMJli HEXTYIOTH 1 Toli V, = v, .

A )
Ilo3nauaroun 7=Z , OTPUMAEMO IS TOPIBHSHO OJU3BKUX

ranakTuk, aus skux Z <01
V,=cz
1, 3rimHO 3aKoHYy Xa0bma, ix BigcTaHs B Meranapcekax (Mmk)

r=-=t,
H

Jie 3HaYeHHs cTayioi Xaooma H = 75 xm/(c-MIk).
Jis nmanekux TajakTHK 1 KBaszapiB, s skux z > 0,1, cimig
KOPUCTYBATHCS PENATUBICTCHKOIO (POPMYIIOI0
1+z)% -1
r= 2 .C
@+z)°+1
a OIliHKa iX BiJCTAaHEW 3aJIe)KUTh BiJ] MPUUHATOI KOCMOJIOTIYHOL
Mmozeni Beecity. Tak, B 3aKkpuTiil mybCyr0ii MOJEII
c 1
=
H z+1
a 'y Biakpuriii Mmogeni Eitnmreiina-ne Citrepa
2c 1
=01

H Vz+1

r
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AOcomoTHa 30psiHa BENMYMHA TaJaKTUKM BH3HAYA€THCS Ha

OCHOBI (hyHIAaMEHTAIBHOI (hOPMYITH 30PSHOI aCTPOHOMII.
M=m+5-5Igr.

Tyt r — Bigmanp 10 TajJakTHKW B mapcekax; M — ¢ororpadiuna
abo Bi3yanmbHa 30pSgHA BEMWYHMHA TaNAKTUKH. CBITHICTh TaJaKTHKH
BU3HAYAETHCSA 32 (HOPMYJIOKO

lg(L/Le)=04(My -M)
abo
L :100,4(M0—M) L®

3Halo4M BiAgane 10 TaJakTHKH 1 ii KyTOBI pO3MipH, MOXKHA
3HAWTH 11 JiHIAHI PO3MipH

d !
r—=,

3438
ne d' — KyToBi po3MipHu TaJakKTHKH y XBHIHHAX ayrd, 3438' — uucio
XBWIMH Y pajiiaHi.

d:

Ipukiaaau po3B’si3yBaHHs 33124
Hpuxaan 1. V criekTpi 3ipku JiHis refiro 3 10BKMHOKO XBUI 5016 A
smimena Ha 0,017 MM 70 4epBOHOTO KiHISI CHEKTPY
MIpH JUCTIepCii CeKTporpamMu Ha Iiit minsHIi 20 A/,
ExninTruna noBrora 3ipku 47°55’ i i exminTHuHA
mmpota —26°45', a mix yac pororpadyBaHHs CIEKTpY
exminTnuHa goerota Conng Oyma  OMM3BKOIO 0
223°14’. BU3HAUNTH NPOMEHEBY IIBHJIKICTh 3ipKH.
HMano: cnextp, A = 5016 A, Ax = 40,017 mm, D = 20 A/mmg
3opsa, A, =47°55', p* = —26°45'; Conne, Ao = 223 14",
Po3p’s130Kk.
3HaX0IMMO 3MILIECHHS CIIEKTPAIbHOT JIHIT:
AL = AxD = +0.017 - 20 = +0,34 A
1 IpOMEHEBY IIBUAKICTh 3ipKH BiTHOCHO 3eMJIi:
AA +0,34 KM

= T 7 5016
[Ilo6 BW3HAUMTH NPOMEHEBY IUBUAKICTH V, 3ipku BiZHOCHO
Comnlg, He0OX1aHO 3HAUTH
sin(A, — 1) = sin(47°55' — 223°14") = —0,0816
cos B, = cos(—26°45") = +0,8930,
i TOMI
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KM
V, = v, —29,8-sin(A, — Ag) cos f. = +22,7 —

Hpuxaan 2. B cnekrpi kBasapa, Gororpadiunmii 6mck sxoro 15™,5
i xyroBuit miamerp 0",03 ewiciitna minigs BomHi0 Hp 3
nomkuHOO xBwi 4861 A 3aiimae MMOJIOKCHHS, IO
BiamoBinae nosxuui xpumi 5421 A. 3maiitu npomeneBy
IIBUIKICTH, BIJICTaHb, JIIHIKHI PO3MIPH 1 CBITHICTH IIHOTO
KBa3apa.

flano: M, =15",5, A=0"03; Hy, A'=5421 A, A = 4861 A.

Po3p’s130K.
3 popmymu AL = A'=A = AX- D, smimennsa cnektpanbnoi minii

BOJIHIO:

AA=A'-21=5421-4861=+560 A

:M=+@:+o,115.
A 4861

Ockinbku Z > 0,1, To mpomMeHeBa MBUAKICTH KBa3apa:

v _@+2°-1 _ (0115+1) -1
" (1+2)°+1  (0,115+1)%+1

i

-.c=+0,108-c

abo
V. =0,108-3-10° xm/c = +32400 xm/ c .
C z
3 ¢opmymn [ =-—-—— B 3aKpuTill MyIbCyIOYiil MoOAEMI
H 1+z

Bcecaity Bigcranb 10 kBa3zapa

5
p .2 3100 0115 o oMk = 619-10%
H 1+z 50 1+0,115

abo
r=619-10°-3,26 c8.p.= 2,02-10966.p.
Tomi,3 R=Tr m , MiHIMHKMI JiameTp KBazapa
A 619100 2B g0
206265" 206265"
abo
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D =90-3,26 =293 cs.p.

3rinno  gopmymu = M =m+5-51gr, ioro abconroTHa

¢dotorpadiuna 30psiHa BeIHYUHA
— _ m 6 _ m
M, =m, +5-51gr =15",5+5-19619-10° = -23",5,
i3 popmymn lgL =0,4(M_—-M)
lgL,, =0,4M_,, —M ) =0,4-(5",36+23",5)=11,54

3Binkm cBiThicTh IgL =347-10°, To6T0 mOpiBHIOE cBiTHOCTI 347

MimiapaiB 3ip Ty CoHIs.
Ti >k Benmuuunu B Mojeni Eitnmreitna-ne CUTrepa OTpUMYHOTHCS 3
bopmynn

r:ﬁ[l- 1 j:2-3-105(1_ 1 j
HU Vi+z 50 J1+0,115
abo r =636-10°-3,26 ce.p.=2,07 -10906.p.
D =92,5nx =302 cs.p.,
l\/lpg:—23m,5
Lpg:347-109.

3agayi 145 caMoOCTiliHOr0 po3B’A3yBaHHS

701. Y crekTpi 3ipKH JiHiS KaJIBIIO 3 TOBKUHOIO XBHII 4227 A,
3MmimeHa 1o ¢iomeroBoro KiHI crektpy Ha 0,7 A.
Bu3znauuT, 3 SKOH IIBUAKICTIO PYXa€ThCs 3ipKa IO
MPOMEHIO 30pY 1 UM HAOJMXKAEThCA BOHA JO 3eMili 4
BIIIAJISETHCS?

702. fka B aHTCTpeMax 3MiHA JOBKWHU XBWJI JiHii D Hatpiro (A
=5896,16 A) npu mBuaKocTi pyxy 160,9 km/c?

703. Uncno KOMWBaHb 3a CEKyHAY I YEpBOHUX IPOMEHIB
451-10", nna dioneroBux — 783-10'%, Ski HOBXKHMHM XBHIIb
IM BiAIIOB1AAIOTH?

704. Tlo6nu3y COHSYHOI IUISIMH B CIIEKTPI JIESIKOi TOYKH JUCKA
uepBOHa BoaHeBa ninig Hy (A = 6563,0 A) 3micTunacs Tak,
o ii JOBXKMHA XBWJII BUSIBHIAcs 6566 A. Ska MpOMEHEBA
MIBAIKICTH BOJHIO B IIA TOYII?
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705. Ha ckinbKu aHTCTpeM 3MIHHMTBCS JOBXXKHMHA XBHJI 3€JIEHO-
romy6oi minii Boamio Hg (A = 4861,5 A) B Touni consunoro
IIMCKA, NI€ BOIEHb BiMmaiIcThbCs Bix Hac 31 mBuakictio 137
KM/c?

706. Jlinii mornuHanHs BogHO Hy 1 Hs, MOBXWHUM XBHIIb SKUX
4861 A i 4102 A, 3mimeni B cHekTpi 3ipkd 70 YEpPBOHOIO
KiHus BigmoBiano Ha 0,66 i 0,56 A. BusHauutu MIPOMEHEBY
LIBHJIKICTH 31PKH.

707. Po3p’s3aTu momnepeaHro 3anady Juis 3ipku Peryn (o Jlesa),
SIKTITO Ti K JIHIT B 11 CIIeKTpi 3MimmeHi 10 (HioIeToBOro KiHIlI
Bimmoeizno Ha 0,32 A 10,27 A.

708. B sky cTopoHy CHEKTpy i Ha CKiJIbKH MiTIMETpIB 3MillIeH1
JNinii MorMMHAHHA 3ami3a 3 JoBKUHOW0 XBHm 5270 A i 4308
A B cmextporpami 3ipkm 3 TIpoMeHeBOIO MBHAKICTIO —60
KM/C, SIKIIO JUCIIEPCis CHEKTPOrpamMH Ha MEepUIii JiIsHIN
nopisHioe 25 A/mm, a va gpyriit — 20 A/mm?

709. Jucnepcist cniekTporpamu 3ipku 60 A/mm 6musbko H,. Llg
JIHISA B CIIEKTPi 3ipKU 3MilIEeHA Bl HOPMAJIBHOTO HOJIOKEHHS
Ha 0,005 MM mo ¢iomeroBoro kiHms crektpa. Ska 3a
npuHiunoMm Jlomnepa MBHIKICTH 3ipKM B KIJOMETpax 3a
cexyny? JlaGopatopHa qoBxuHa xBHI il H, 4341 A.

710. Tlpumyctumo, 1o aucriepcisi criekTporpada JiHidHA 1 M0
BECh BHJIMMHUI CIIEKTP 31pKH 3aiiMae Ha IUTACTHHIN JOBKUHY
5 cm. flke moBMHHO OyTH B IIbOMY BHUNAJAKY JIiHiliHE
3MIIIEHHS HA IUIACTHHIN JIHIT CHOeKkTpa, 110 Mae B
naboparopii goBkuny xBumi 5000 A, sxkmo 3ipka
HaOIMKAEThCA 10 HAc 31 mBUAKIicTIO 10 kM/c?

711. OOYMCNUTH TIOJNIOKEHHS BOJHEBUX JiHIA mornuHaHHS Hg,
Hs i Ho B criekTpax 3ip, mnpoMeHeBa MIBHIKICTD OJHIET 3 IKUX
BiHOCHO 3emuti nopiBHIOE —50 kM/c, a iHmoi — +30 kM/c.
HopMmanbHa MoBXHMHA XBWIb IIUX JIiHIM BiamosigHo 4861,
410213750 A.

712. 3ipku P [Jpakona i y [lpakoHa 3HaXOAAThCS TOOIH3Y
niBHiYHOrO Momoca exmintuku. Jlinii 3amiza 3 L = 5168 A i A
= 4384 A B crekTpi mepoi 3ipku 3MimmeHi 10 PioneTOBOro
kinmg Ha 0,34 A 10,29 A, a B criextpi apyroi 3ipku — Ha 0,47
A1 0,4 A. BusHauntu npomMeHeBy IIBHAKICTH X 3ip.

713. 3naiitn mpomeHeBy wBUAKICTH 3ipku Kanomyc (o Kims),
SIKIIIO B HIY CHOCTEpeXeHb ekainTruHa qoprora CoHis Oyiia



OMM3BKOI0 10 eKIINTHYHOI JOBIOTH 3IpKH, a JiHii
nornuHaHHA 3ami3a E (5270 A) i G (4326 A) B ciektporpawmi
3ipKH 3MIIIICHI 10 YepBOHOrO KiHI BifanosigHo Ha 0,018 MM
i 0,02 MM, mpu amcrmepcii 20 A/MMm Ha MepUIii  JUTSHITE
crextporpamu i 15 A/Mm na apyriit i ginsmui.

714. 'V wmiu dotorpadysannsa crektpy 3ipku Bera (o Jlipm) ii
SKJIINTUYHA JIOBrOTa Bifpi3HSIACS Bijl €KJIINTHYHOI JOBrOTH
Comnng Ha 180°, i ninii normuuanns soamio Hp (4861 A) i H,
(4102 A) 3mimeni 10 (ioneToBOro KiHus CHEKTPOrpaMu
BiamoBimuo Ha 0,0225 mm i1 0,038 MM mpu amcmepcii Ha
IUISTHKaX pOo3TallyBaHHS [uX JiHid 10 Amm i 5 A,
3HaliTH IpOMEHeBY MBUAKICTH Beru.

715. 3a sgKkuX YMOB TIOTIpaBKa TPHUBEACHHS IIPOMEHEBOI
mBUAKOCTI 3ip M0 COHIYM MOPIBHIOE HYIIO 1 MpU SKUX il
a0COIIIOTHE 3HAYCHHSI CTa€ HAUOUTBIINM?

716. IlpomeneBa mBHUAKiCTE ApkTypa —22 KMm/c, a
TaHTeHIIaTbHA MIBUAKICTh 23 KM/C. 3HAUTH KYyT, YTBOPEHUH
HaMPSIMKOM PYXY 3ipKH 3 IPOMEHEM 30pYy.

717. TlpomeneBa mBuAKicT, berenbreiize +21 km/c, BIacHUi
pyx 0",032 3a pik, a mapamakc 0",012. BwusHauutn
NPOCTOPOBY IIBHIKICTH 3ipku BimHocHO CoOHLS 1 KyT,
YTBOPEHHI HATPSMKOM PYXY 3ipKH B MPOCTOpi 3 IPOMEHEM
30py.

718. TloBna mpoctopoBa mBHKicTh B [liBmenHoro Xpecra 21
KM/c, a mpoMeHeBa +13 km/c. BuU3HauuTH TaHTeHIiaNbHY
HIBHJIKICTH 31PKH.

719. TloBHa mpocropoBa mBHAKICTH 3ipku Kanomyc 23 km/c
yTBOpIO€ KyT 37° 3 mpomMeHeM 30py. BuszHaunTu npomeHeBy
Ta TAHTEHIIAJIbHY CKJIa/IOBI IIBUKOCTI.

720. Hanpsmox pyxy Kanemnu yrBoproe kyT 48°,2 3 mpomeHeM
30py; MPOCTOpOBa MIBHIKICTH ii pyxy 45 xm/c. Buznauntu
piuHUit BiacHU# pyX 3ipku, sKiio i mapanakc 0",063.

721. 3a HaBeJACHMMM B TaOJUI[ JaHUMH 3HANTH BEIMYMHY 1
MO3UIIIHAN KyT TAaHTE€HIIATBHOI IIBHJIKOCTI 3ip.

3ipka Cxienss Piunmii KoMIoHeHTH BIacHOTO pyxy
napajakc 10 O 1o §
o banznokis +32°00' 0",072 —0°0130 +0",110
y bauzniokis +16°27" 0,031 —0°033 —0",046
p bausHiokiB +31°53' 0",059 —0°0121 +0",154
B lonunx ncis | +41°38' 0",108 —0°0629 +0",284
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722. KoMIOHEHTH BIIACHOTO PYXY 3ipKH 3 KOOpAMHATAMH O =
11736*%,8, 6 = +27°20' mactynHi: u, = 0°,0465 1 us=—0",795.
BusHaunT BnacHU# pyX (4 1 MO3ULIIAHUN KYT .

723. KoMHOHEHTH BIACHOTO PyXy 3ipKH 3 KOOpAMHATAMHU O =
22728*, & = +8°52' macrymnHi: u, = + 00361 us = +0",152.
BusHaunTH BnacHU# pyX (4 1 MO3ULIIAHUINA KYT .

724. Bnacuuii pyx 3ipku | = 1",24 B HanpsMKy, NO3HULIAHUN
KYT IKOTO 165°. BU3HaUUTH KOMIOHEHT BIACHOTO PYXY LLs.

725. Bnacuumii pyx 3ipku (0. = 157585, § = 20°56") p=1",59 B
HampsIMKy, TO3WMIWHUKA KyT skoro 218°. Bwusnauntu
KOMIIOHEHTH BJIACHOT'O PYXY MO KOOPIMHATAX L 1 Us.

726. Piunwmii BnacHmii pyx «3ipku bapuapma» 10",25, nmapamakc
0",546. fxa 11 TapreHIyiaasrHa MIBUAKICTE?

727. Yomy mopiBHIOE TaHTEHIiallbHA MBUAKICTE Cupiyca, SKIIo
rioro mapamakc mopiBHtoe 0",371, a piuHWIA BIacCHHWHA PyX
1",315?

728. Koopmunatu Cupiyca Taki: a = 6"41*, § = —16°35'. Horo
BIACHW pyX 3a npamuM cxomkeHHsMm —0°0374, a 3a
cxuneHHsM —1",209 3a pik, mpoMeHeBa MBUAKICTb —7,5 KM/C,
napanakc 0",38. BusHauutu npoctopoBy mBHAKICTH CHpiyca
BigHOCHO COHIIA 1 KyT, yTBOPEHHUH HEIO 3 IPOMEHEM 30DYy.

729. OO6uYMCINTH TaHreHUiaJdbHy MIBHIAKICTH 3ip, Hapajakc i
BJIACHMI PyX SIKMX BKa3aHi micis ix Ha3B: Anbraip (0 Opia)
0",198 i 0",658; Cnika (o Jisu) 0",021 i 0",054; ¢ Inmianis
0",28514",69.

730. Hns 3ip momepenHhOi 3amavi  3HAWTH KOMIIOHEHTH
BJIACHOTO pyXy 3a €KBAaTOpPiaIbLHUMH KOOpAWHATAMHU.
[No3umiliHMA KyT BIACHOTO PYXY 1 CXWJICHHS KOXKHOI 3ipKH
BKa3aHi micis ii Ha3Bu: AnbTaip 54°,4 1 +8°44'; Cmika 229°,5
1—10°54"; € Tmmianma 123°1-57°.

731. TlpomeneBa mBHIKiCTH Bern popiBHioe —14 km/c, BiacHUN
pyx 0"348 B pik, a mnapamakc 0",124. BusHauuTn
MPOCTOPOBY IIBUJIKICTh 3ipKH BiTHOCHO COHIISL.

732. TlpomeneBa mBHIKICTE Anbaebapana +54 km/c, a
TaHTeHIliaJbHa MIBHIKICTE 18 KM/C. 3HAWTH MPOCTOPOBY
MIBUAKICTH 3ipKH BiiHOCHO COHIIS.

733. 3a skuil iHTEpBa yacy i B IKOMY HaIlpSAMKY 30pi i3 3amaui
730 3micTaTbea Ha AiameTp MicsuHoro aucka (30') 1 sikumu
OyayTh TOJI iX eKBATOpialbHI KOOPIUHATH B KOOPJMHATHIH
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citii 1950.0, skmro y widt ciTii ix koopauHath: y Anbraipa
198*°20°,6 1 +8°44'5", y Cmixm 13722333 1 —10°54'4" iy ¢
Iamnianms 21759%33¢ 1 —56°59'34"?

734. Sxkumm  OymyTh  eKBaTOpialdbHI  KOOPJIMHATH  3ip
nornepeanboi 3agavi B 2000 p. B KOOpAMHATHIN CiTHI LBOTO
POKY, SIKIIO B MICISX 1X pO3TallyBaHHS pidHAa Mperecis 3a
MPSIMHAM  CXOJDKEHHSM 1 CXHJIEHHSM (B TIOCIIJTOBHOCTI
nepepaxyHky 3ip) nopiBHroe +2°,88 1 +9",1; +3°,16 i -18",7;
+4°101+17",4?

735. IlpomeneBa mBHaKicTh 3ipku AxepHap (o Epigana) +19
kM/c, piuanit mapanakc 0",032 i pmacHmit pyx 0",098, a y
3ipku [ene6 (o JlebGens) aHanoOriuHi BEIMYMHU JOPiBHIOIOThH
BignmoBimHO —5 kMm/c, 0",004 i 0",003. 3HaiiTH BeNWUYUHY i
HaAIPSIMOK ITPOCTOPOBOT MIBUIKOCTI IUX 3ip.

736. YV cnektpi 3ipku [Ipomion (o Mamoro Ilca) minii
MOTIMHAHHS 3aii3a 3 JOBKHHOW XBWm 5168 A i 4326 A
3MileHi (3 BpaxyBaHHSM MIBUAKOCTI 3emiti) 0 ¢hioIeToBOTO
Kinng BigmoimHo Ha 0,052 A i 0,043 A. KommoneHrtu
BiacHoro pyxy 3ipku —0°,0473 3a mpsAMUM CXOKEHHSIM 1 —
1",032 3a cxwieHHsM, a ii mapanakc 0",288. 3Haiitu
BEJIMYMHY 1 HampsMOK TpocTopoBoi mBuakocti IlporioHa,
CXWJICHHSI SIKOTO +5°29',

737. Ha cnexrporpami 3ipku Kamenmna (o Bisamdoro) minii
MOTVIMHAHHS 3aji3a 3 JoBXHHOM xBmai 4958 A i 4308 A
3MilleHi 10 4epBOHOTro KiHI Ha 0,015 MM mpu qucnepcii Ha
X AisHKax Bimmosimao 50 A/mm i 44 A/mm. CxunenHs
3ipku +45°58', exmintnyna gosrota 81°10', ekminThYHA
mupota +22°52', mapanakc 0",073, a KOMIIOHEHTH BJIaCHOTO
pyxy +0°,0083 i —0",427. Y Hiu CIIOCTEPEIKEHDb CKIINTHYHA
nosrota Connst Oyna 46°18'. 3HaliTh BeNMYMHY 1 HAPSMOK
MIPOCTOPOBOT MIBUAKOCTI 3ipKH.

738. ¥V nmany emnoxy BidyanbHuWii Onmuck 3ipku Bera (o Jlipm)
+0M14, 1 Baacuuii pyx 0",345, mapamakc 0",123 i
npoMeHeBa WBHIKICTE —14  kM/c. 3HallTH  emoxy
HaloipIoro 30imkenas Beru 3 CoHueM 1 o04YUCIUTA 1S
Hel BIJACTaHb, MapajaKC, BJIACHUH pyX, NPOMEHEBY Ta
TaHTEHIIaJbHY IBHJKICTh 1 OJUCK IIi€ 3ipKH.

739. Posp’s3atu momepenHto 3amady ans 3ipku Tomiman (o
IlentaBpa), Bi3yaJbHUI OJIMCK $KOI B Cy4YacHy eIOXY
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nopisaroe +0™,06, Bnacauit pyx 3",674, mapanakc 0",751 i
MpOMEeHeBa IBHAKICTE —25 km/c. Slkumm Oynu IrykaHi
BenuuuHU 10 THC. POKIB TOMY 1 SKMMH BOHHU OyIyTh depe3
10 THC. POKIB ITiCI €OXU HAMOIIBIIOTO 30JMKESHHS ?

740. Buznauut JaTy HaHOUIBIIOTO  30JMKEHHS  <«GIpKU
Bbapuapna» 3 ConueMm, SKImIo st Hel cydacHi JaHi Taki: m =
9m57, u=10",25, t=0",546, vr =117 xm/c, vy =90 km/c.

741. Sxi OyayTp mapanakc i BiacHMH pyX «3ipku baphapma»
(muB. momepeHIo 3aa4y) uepe3 2000 pokis?

742. VY cnekTpax JaleKHX I'aJakTHK 1 KBa3apiB CIIOCTEPIraeThCs
3MIIICHHS JIiHIH 10 YepBOHOTO KiHIII (YepBOHE 3MIIICHHS).
Sxmo e sABUIIE iHTEpHpeTyBaTH sIK edekt Jormepa, To Ky
MPOMEHEBY IMIBUIAKICTIO MAalOTh Ha3BaHI 00 €KTH TpH
YepBOHOMY 3MIIIEHH], 1[0 CTaHOBUTH BiAmosigHO 0,1, 0,5 1 2
JOBXXMHU XBUJII CHEKTPAbHUX JiHIH?

743. 3a maHMMU MONEPEAHBOI 3a1adi OOYMCIUTH BIJCTaHb THUX
e 00’ €KTIB B JIBOX KOCMOJIOTIYHUX MOJIEISIX.

744. 3HaiiTi 4YepBOHE 3MIIEHHA Y CIEKTPax HEeTaIaKTUYHUX
00’€KTIB, MPOMEHEBA IMBUIKICTh SKUX gopiBHIoe 0,25 i 0,75
IIBUIKOCTI CBITIIA.

745. Slka BiAMIHHICTP B TPOMEHEBHX HIBHUIKOCTAX OO0 €KTIB
MOTEPEAHBOT  3a1aui, SKIIO 3aMICThb  PEJIATHUBICTCHKOI
dbopmymu edekry Jlomepa BHUKOPHUCTOBYBATH 3BHYANWHY
(hopmyiy boro edexty?

746. VY Tabnuiii HaBe/ICHI JAaHi PO TP TaJaKTHKH:

ITo3HauenHs ., Buaumi | Buanwma 3opsina Scys
Cysip’s . CHEKTPATbHUX
TaJIaKTUKH po3Mipu BEJHYUHA A,
minid H 1 K
M101 B. Benmequis 28'x28' 8m 2 6,9A
M96 Jle 11'x8' 10m,0 10,3A
MS88 B. Beponiku 9'x6' 10m1 15,8A

3Harouu, 1o y jginiid H 1 K 10HI30BaHOr0 KaJibllit0 JOBKHUHA
xpumi 3968 A i 3934 A, 3maiitm mpoMeHeBy MIBMJKICTB,
BiJICTaHb, JiHIHHI PO3MipH, aOCOIIOTHY 30psSHY BEIUUYUHY 1
CBITHICTB IIUX T'aJIAKTHUK.

747. Y cnektpi kBazapa CTA102, Gmmck sikoro 17M3, 3cyB
eMICIHUX JiHIA NepeBULIye BiANOBIAHY IOBKUHY XBWII B
1,037 pa3m, a B ciektpi kBazapa PKS 0237-23 (6auck 16™,6)
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—y 2,223 pa3u. Ha sikux BigCcTaHsX 3HAXOIATHCS Li KBa3apu i
AKi X CBITHOCTI?

748. OOuucnuTH BiICTaHb, JiHIAHI PO3MIpH 1 CBITHOCTI KBa3apa
3C48, sxmio Horo kyropwii miamerp 0",56, onuck 16™,0, a
ninis (L = 2798 A) ionizoBaHOTO MarHifo 3MimeHa B HOTO
CIIeKTpi 110 onoxkerHs A = 3832 A.

749. Po3p’s3aTu TOMEpeNHIO 3ajady Juis kBazapa 3C273 3
kyToBUM niamerpoMm 0",24 1 6muckom 128, sKmio emiciiiui
ninii BoaHio B #ioro crmekTpi 3mimeni: Hp (4861 A) mo A =
5640 A; H, (4340 A) no A = 5030 A i Hs (4102 A) mo A =
4760 A.

750. B omHOoro 3 HaWOUIBII BiIJAJICHUX KBa3apiB YEPBOHE
3MimeHHss  gopiBHIoe 3,53  HOpPMajbHOI  JTOBKHHHU
CIIEKTPANBHUX JiHIM. 3HAWTH TPOMEHEBY IMIBHUAKICTh KBa3zapa
1 OLIIHUTH BiICTaHb 10 HHOTO.
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Bianosinai

RBoOooNaOrwONE

12.

14.
15.
16.

17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.

1,95 m.

2981 m.

Ha cxin.

CoHIIle TOBUHHO 3aBKAM 3HAXOJIUTHCH JIiBOPYY.
[liBnenHuii nosmtoc.

34°15".

90° — .

Ha nonrocax.

Exmintuka, Nepmuii BepTHKal, TOYKH PiBHOJIEHb Ta
COHIIECTOSHb.

Sk BenMKe KOO, HAaxXWiEHE OO TOPH30HTY Wil KyTOM
23°26'.

Ha monsipHMX Konax: Ha MiBHIYHOMY — B MOMEHT CXOAY
TOYKH BECHSHOTO PiBHOICHHS, Ha MiBAEHHOMY — B MOMEHT
il 3axony.

57°41"110°49".

84°30".

11°30"158°30"; 0°147°.

\/rlz + r22 —2n1, c0s0O .

[liBneHHWit TmONOC CBITY, MWIBHIYHHHA TIOJMIOC CBITY,
HeOEeCHMIA eKBaTOP.

89°15'51".

180°, 0°, 270°, 90°.

42°.

A =180° h =23°26".

0r, 180°.

6", 18".

a=38=0°

Jnist TOUKH BEeCHSIHOTO piBHOJEHHS, A = 3 = 0°.
B =66°34', A = 90°.

o =18", 6 =66°34".

A — HeBHM3HAaYeHa, 3 = 90°.

18757*°1¢,13; 1711*°48¢°,07, 12744*°55°,93.
49°17'15"; 285°39'15", 315°45".
[liBnenno-3axigHiil.

CxizHiii.



34.

35.

36.

37.
38.
39.
40.
41.

42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

Ha niBHiYHOMY MONSIPHOMY KOJIi B MOMEHT CXOAY TOYKH
BECHSHOTO PiBHOACHHS.

Komtop connectosHs (KpiM AyT Bif MOJIOCIB €KITINTHKH 10
HaWAOIDKYKNX JI0 HUX TOJIOCIB CBITY).

Benuke k010, 1110 TPOXOIUTE TTOCEPEANHI MiXK €KBaTOPOM 1
EKJIINTHKOIO Ta YTBOPIOE 3 HUMH KyTH 78°16'30".

Touku piBHOJCHB.

0° mpu & < @ Ta 180° mpu & > .

[Ipu 6 < @ Ta IpH 6 > .

47°.

Bucotn BigpizasroThest Ha 30°; asumyTn abo ogHaKoBi abo
Bifpi3HAtoTEC Ha 180°, sxio —(¢ + 30°) < & < —e.

17°3".

14°3'; 4°34'.

3aBxKIH.

Hine ae moxe.

51°2'.

Hi, Tak, Tak, Hi.

Hi.

35°.

35°25".

-16°36'.

6 =90°—o.

5= o.

5= o.

Ho —30°3" ta 1o 48°40'".

41°43".

44°6'.

60°.

27°7'.

40°51'13".

40°20'".

72°3".

6 =35°% @=75"a60d =75° ¢ =35°.

54°12".

4,

0°190°; +23°26'1 66°34'; +66°34" i +23°26'; +90° i 0°.
4°35' . 1 +85°25" ma.; 16°38' . 1 +73°22' nh.
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68.

11°2' N, +78°58' N, 180° 1 0%; 71°31' S, +18°29'S, 0° 1 07;
12°45'S, +77°15' S, 0°1 0% 95°18' S, —5°18' S, 0°1 0.

69. 89°4'mH. 1 +0°56' mH.
70.  179°4' nu. 1 —89°4' nH.
71. = @=0%d = @p=+45°%06 = @=+45°.
72.
Bepxus KynbMiHaris HwokHs KyabpMiHaLisS
¢ Zs h, A |t Z, h, A t
90° 62°09' | +27°51' - 62°9' +27°51"

+66°33'  |32°42' nn.[+51°18' | 0° | 0 |85°36' mu.|+4°24" .| 180° | 12"
0° 27°51' . H+62°09" e[ 180°| 0 | 152°9" ma.|—62°9 mu. | 180° | 12!

73.
74.
75.
76.
77.
78.
79.
80.

81.
82.
83.

84.
85.

86.
87.

88.

89.
90.
91.
92.
93.

82— 01; 20 — (81 + 82); O2 — d1; 82 — 1.

18°51',0°10% 11°47', 180°1 0", 0°1 07 18°51', 180°1 12",
180° — 20 i 180° — 20.

64°44'; 97°24',

147°10" —16°25' < ¢ < +16'25".

02— Q1; P2 + Q1 — 28; P2 — Q1; P2 — Q1.

14°57'; 22°1'"; 22°1".

+62°1' 1 27°59'; B Toull MmBOHA HEMOXIuBa; +27°59' i
62°1"; miBmeHHmii momoc +29°54' 1 60°06'; +60°06' i
29°54"; B TouYIll HIBHOYI HEMOKJIMBA.

11;101000B0; 3aXOIHTh.

i;101000B0; 3aXOIHTh.

+61°47"' me 3axonmdaTh,, —61°47' He cxomnTh, +41°42' i —
41°42" cxomaTh 1 3axonsaTh, B Kanbepi —35°20' 1 +35°20'
CXOJISTH 1 3aX0ATh.

+51°16'1 -70°20".

29°22"' i +37°20". Tomiman BumgHO, Kanomyc — Hi. B
TepHOMO1 HE BUAHO JKOIHOT 30Pi.

—49°14'{+63°41".

< —40°34', +27°59 > @ > -27°59', > +40°34"; > +33°10",
+27°11'> @ > -27°11", £ -33°10".

B momenT cxomy i 3axomy CoHI; Ha IIHPOTax @ >
+23°26'1 ¢p < —23°26' B MOMEHT BEpXHBOT KyJIbMiHAIIii.
[Ipubnu3zno 3a 12 rogus.

90°10°; 270° 1 0°.

180°, 188°, 280°.

0710°; 1271 0°.

6" i+23°26" 12" 1 -23°26".



94.
95.
96.
97.
98.
99

100.
101.
102.
103.
104.
105.
106.
107.
108.

109.
110.

111.

112.

90°10°; 180°10°.

57°41".
2°1".

53°29', 72°6', 90°, 46°52", 6°37', 25°14"', 43°8', 0°.

66°34".
Ha 1°59".
23°26".

43°48', 22°46'".

36°10".

3 tpaBHs abo 11 cepmHsi.
34°47', 23°54",

23°27".
23°51"

—0",48; 3miHa HaxMITy 3eMHOI OCI.

JIiTHE COHIIECTOSIHHS

PiBHOEHHSA

3HUMOBE COHIIECTOSIHHS

Iupora

HOJIy/IeHb

MmiBHIY | IOJTyJCHD

MBHIY  |[OTYACHB

MiBHIY

+61°47

38921
+51°39'

94°4T'

61°47'
—4047" | +28°13'

118°13' | 85°13'
28°13' | +4°47"

141°39'
—51°39'

z

h

o ’ Z
+49°34 h

26°8'
63°52'

107°

49°34’
_17° +40°26’

130°26' 73°
—40°26’ 17°

153°52'
—63°52'

B nenp 3umoBoro cosuecrtosHusg hy, = —hp IHA JITHROrO

COHICCTOSAHHA.

61°47"

9,445,

[To6nmM3y JITHBOTO COHLECTOSHHS Ha
mmpoTi +61°47' 6ini Houi, B TepHOMOINI — CBITJII HOYI.

69:1; 55°45"

4,51:3,00:1;

37°45";

2,01:1,64:1. 37°45".55°45".61°47": 1,24:1,08:1; 1,67:1,19,1;

5,81:2,25

1.

ITynkt

JlitHE

COHIECTOSTHHS

PiBHOIEHHS

3umoBe

COHICCTOAHHS

hg

hy

hg

hH hB

hy

ITiBHiuHMiT TOMIOC
IiBuiune mossipHe Koo [+46°54'  0°35'
TliBHiuHMH TpomiK

+23°26'| +2

3°26'

+90° |-43°06°

+0°35'
+23°26'
+66°34'

+0°35' | —23°26' | —23°26"
—23°26"| +0°35' | —46°54'
—66°34'| +43°06°| —0°

ExBarop:
Tpormik:
[Tonsipue
[omoc:

KOJI0:

2,30 2,51 1,34,

251 2.3
183 1
1 —

0

1

1,72:1,87:1
2,51:2,30:1

1,83:1: —
1 — —

169



170

113.
114.

115.

116.

117.
118.

119.

120.
121.
122.

123.

124.

125.
126.
127.
128.
129.
130.
131.
132.
133.
134.

<-69°,6, +21°19"; > +67°,8;, >+74°,2, —16°43"; < -72°4.
B seniti: 21.03 i 23.09; 21.06 (mn.) i 22.12 (mm.); 9.04 i
2.09; 27.01115.11.

B magupi: 21.03 1 23.09; 22.12 (mu.) i 21.06 (ma.); 1.03 i
13.10; 14.051 30.07.

+12°46'"; +77°14' un. i —77°14' nn.; +79°19" mu. i —53°47
mH.; +53°47' ng. 1 —79°19' .

+34°08'"; +55°52' ma. i —55°52' mu.; +79°19" og. 1 —32°25'
mH.; +32°25' na. 1 —79°19' nH.

+24°48' 1 £65°12"; £3°07" 1 £86°53"; £82° 1 +8°.

Mapc: moaiOHO 70 3eMHUX, Bif +24°48' no 24°48';
Omitep: moxi6HO 10 3eMHUX, Big +3°07" mo —3°07";

VYpaH: npoTuiiexXKHO 3eMHUM, Bijg +82° mo —82°.

ExBarop: 7,19:1; nmonspue xoiso: 3,58:1; tpomik: 1:7,19.
IMonspui aHi i HOYi B 30HI +8° < @ < +90°; B 3eHiti 0° < @
< 82° (Te x 1 B miBAEHHIH MiBKyJi). B paiioni nmomtocis 10
42 3eMHUX POKIB.

+23°,0 1 +18°,4; HEMOKIIMBI.

39.06 mo 3.07; 3 13.05 mo 31.07.

68°59": mpubnu3HOo B mepion 3 28.04 mo 20.05 i 3 24.07 mo
15.08; 3 21.05 nmo 23.07; 3 2.12 oo 11.01; +44°28' g, 1 +
2°26' nH.

71°58" 3 18.04 o 8.051 3 5.08 no 24.08; 3 9.05 no 4.08; 3
17.11 no 26.01; +41°29' 1. 1 +5°25' nH.

PiBonenns: +£89°,0, e Oymae; £83°,0 i +£72°,0; mitHe
COHIIECTOSHHS: +65°,6; —67°,5; +59°4 1 +48°,5; 3umoBe
COHIIECTOSHHA. —65°,6; +67°,5; —59°,4 1 —48°,5.
16.04127.08, +73°, +79° 1 -81°;

26.051 18.07, + 62°, +68°, —70°.

2'39%,

644",

3r24®,

14736*38°.

B 22733*48°,

8748,

Yepes 572°°, yepes 18758 3a 30psiHUM FOJUHHUKOM.
[Ipubmuzno B 19720*,

B 16752,

17730,



135.
136.
137.
138.
139.
140.
141.

142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.

Bimsg 20"

Ha nmouartky poky.

[TpubnuzHo 22 cepmusi.

B miBHiu.

[Mpubmmzno 22 rpyaus, 5730

22'54**53¢ 1 1054**53¢,

AS = 8742%®43°, AT = 8"41**17¢; AS; = 24", AT = 23'56**4¢;
AS; = 15"17*17¢, AT, = 15714*47°¢,

1171*222° 1 14"16**50¢,

17722¥38¢, 5722*538°¢, 18"35*°58¢ 1 11"39**48°.
1754*225¢ | 6"54**37°¢,

ConsiaHa 106a Oyna 0 KOpoTIa 30psHO.
23'56*%4¢ 1 11'58*2¢,

1*¢43¢,5.

23'56*#4,°09.

15"9*21 4,

5r31*#25,°68.

10r13*#45,°48, 21"25*34,°7,

2723%%48,°48.

1461.

5r28%, 2711*%18,°24, 22'5*52¢,

14732%® 1 19"34*®,

3r1x238¢,

21720,

1310%®,

32°20" = 279*=20°.

2r26*°7° na cxin Bij ['punBiva.

— 2"42**50¢,

3"11** Ha cxix Bin I'puHBiva.

8"45* na cxin Bix ['punBiva.

6°26',

0r22xe,

2'14*® ga cxip Bix JIpBOBA.

9r18* Ha cxin Bix I'puHBiva.

122** Ha cxin Bing I'puHBiva.

5r7xe37¢ i 8734*%6°,

12729*18¢ 1 157554 7¢,

5r15%#36¢ = 78°54', — 11727**51° = 12732**9¢ = 188°2',2.
4726 %8¢, 0" i — 0'53*®44°; 16726**08°¢, 12" i 11"6**16°.

171



172

173.
174.
175.
176.
177.
178.
179.
180.

181.
182.

183.
184.

185.

186.

187.

188.

189.

190.

191.
192.
193.
194.
195.

15719*® i 237494°,

6"36*38° 1 8"12*"34°.

17753*%1¢ 1 4731*°6°; 27*°10° 1 11"5*°15¢.

2'53*%12°¢ 1 14'53*°12%,520* i 17720*.

1746**18° = 26°34',5, 10734*°22° = 158°35' 5.

21738**37¢, 9738**37¢, 2"3*"53°.

14r40%°24° i 2740*".

8 mrororo: 9714*, 9T47*® 847*; 1 BepecHs: 22"32*%, 2375,
22'5%,

Cupiyc: 1 abo 2 ciuasg i 1 abo 2 numHs; AHTapec:
npubau3HO 26 TpaBHs 1 27 nucTonana.

14741*9°, 1775*"33°.

19736*°52¢, 2077*°14° i 1977*"4¢; 7734*"54¢, 8'5*°16°, 7"5*"6°.

94x29¢, 9r15*°57¢ 1 815*°47¢;, 2172*°31°¢, 21713**59°,
20713*49°; 9r3*56°, 837**2° i 7736*"52°;, 2171**58°,
20735*°4°, 19734**54°,

16740%°14°¢ i 4741*°44°,

o Armpomenm: 1559%57¢ 1 859 4719*14° i B Jlena:
12r28**16°.

Berenvreiize: 12742*245° 1 2135*%; Cmika: 512*40° i
147455,

MMomnyke: 22720*48¢ 1 16734*48°;, Apkryp: 16752**49¢ i
1176*"49°.

Kamenma: 22 Oepesns 513*, 17°15*10¢, 17'5*10° i
1875**10¢, 17713*, 5717*°8¢, 577*"8° i 6"7*"8°; 22 uepBHs
5r13%®, 11713*%27¢, 1173*%27¢ 1 1273*°27¢; 17713*%, 23715*°25¢
1 23"5%25¢ (mepex moyaTkoM JaHoi gatu) abo 23"11*°29¢ i
2371*°29¢ (B many nmaty) i 5*°25°,

Bera: 22 Oepesns 18735*"15°, 6"39*°10°¢, 6729**10° i
7729*10¢; 6735**15°, 18737*°12°, 18"27*12¢ i 19"27**12¢; 22
yepBHs 18735*15°, 33*30°, 23**30° i 1723**30°; 6"35*"15°,
12r31x%32¢, 12721*°32°¢ i 1321**32°,

Cupiyc: 1746®18° i 13711%22°; Anpraip: 14749*°33° i
2"18*°33¢.

4r52*°31° 1 13737*°24¢, 5719*37¢ i 1474**30°.

6"57°°48° = 104°27', 11"17*°36° = 169°24".

1*=17e.

A = 257 na 3axin Big ['punBiva, ¢ = 40°27'.

3 xBiTHs B 0"3*®, 173*®, Or11*®,



196.

197.

198.
199.
200.
201.

202.
203.
204.
205.

206.

207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.

VY 1II romuHHOMY moOsici — mosicHMi 4ac: 18 mucrtomana
23738*30° 1 19 nucromama 3'8*,2; B V — meKkpeTHHIA 4ac:
19 nucromnana 2"38**,5 i 6'8**,2; y VII — nexpeTHuii yac: 19
mucromaza 4'38*,5 1 8'8*",2.

21 uepBHs B 21738*%; 22 uyepBHsa B 2738*%; 22 uepBHA B
0r38*.

1759*°34°¢,

7710*30°¢.

476*", 11734*,

11735*34¢°, 1152*"6° 1 12'52*°6°; 16710*°43°, 16"52*"6°,
1752*6°¢.

16717*°4°, 1674*"8° i 1774*°8¢; 18755*"30°, 1974**8¢, 20"4*"8¢.

—18%58° i + 41*22¢,

I: Ty, Tai Ty, Iz Ty, T T

I: 12712, 12733* 1 13"33*%; 0712**, 0733**, 1"33**; 11745*",
12r6x3 1 13r6x3; 231‘45)(5, OFGXB, 1r6x3;

II: 12712*, 12731* 1 13731*%; 0r12*®, 0*31*", 1"31*%; 11745*,
1274x § 1374*%; 23'45%%, 074*®, 174*®,

B Kuesi: 14"34*, 14r32*® i 15732*%; B myHkri: 21732*",
21732 1 22732%",

[TyskT Bummsoty: 9720*%, 12°45*" 1 3725,

[ynkr Biampasku: 13740, 16720* i 2740*,

B 11744**51°,

@ = 44°8', A = 45' na 3axin Big ['punBiva.

1374**15¢,5.

3r23*,

UYepes 6*° miciist CIpaBKHBOTO TTOJTY THSL.

_9XB.

32,

14748,

—26*°35°,07 1 —26*°34°,27.

9r16*°18°,2.

+6*°36° i +5*41°,

+7°4.

—2*°35¢, —2*°38¢,5 1 -3*"3°.

—18*44¢.

+16°, 10757**18°.

+15*,

+ 2*52° 1 16"50*°32°.
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174

226.
2217.
228.
229.
230.
231.
232.
233.
234.
235.

236.
237.
238.
230.
240.
241.
242.
243.

244,
245.

246.
247.
248.
249.
250.
251.
252.
253.
254,

255.

256.
257.
258.

—19*13¢, — 18*"1°, +1*°12°, +3°.

5°44'11".

+7°44'28".

83°3'32".

51°32'9" i +74°34'41".

3a miBHIYHUM a00 MOJSIPHUM KOJIOM BIITKY, 8-9 KM.

Hi, ockinbku pedpakiis He 3MIHIOE a3UMYTiB CBITHIL.
+74°34'43" 1 40°22'10".

5°14'55" 1-9°22'7".

+48°20" 1 +63°26"; +63°26' 1 +48°20"; +58°28' i +49°8'; —
47°51'1-59°46'.

—8°26" i +74°22".

+28°19' 1—-66°38'.

+45°58'".

+57°19'1-29°54".

—48°53'1 +41°42".

18753**37¢ 1 20718**45°,

2371*°21° 1 5*°48°,

6'8*°18° 1 +23°57'; moOmmM3y TOYKH  JITHBOTO
COHIECTOSIHHSI.

1733**12¢1 +8°7'.

1 tpaBHs: 27347 1 +15°10'; 11 cepmas: 97253 1 +15°10'
21 nucromama: 15747*%,8 1 —19°59'"; 21 ciynga: 20712*,2 1 —
19°59".

446°°47° 1 +22°23"; 4"33**3° 1 +16°25'.

1478*37°¢1-13°; 14714*31°1 +19°19'.

+48°30".

+38°35', —8°15"1 +49°41",

426*°30° = 66°37',5.

—5"24*°36° = —75°9'1 +43°48'.

5744*5¢ | +69°35".

427°°42¢ 1 +41°40'.

—1"53*,8 = —28°27"' 1 +37°38', 26-27 uepBHs.

cosl =sin g, sing, +cosd, coss, coda, —a, ).

5°23..

Jopxxunna nusixy 71°18'10", xytu 40°13'48" ta 69°14'45".
COs fCOS A =C0SOCOsS

cos Asin A =sin gsin § +cosecos dsin a



259.

260.
261.
262.
263.
264.
265.

266.

267.
268.
269.
270.
271.
272.
273.
274.

275.
276.

277.

281.
282.
283.
284.
285.
286.
287.

288.
289.
290.

sin #=cose&sin 6 —sin ecos osin «, binic: Comnrs
COSA=cosocosa .

COSA=C0S0COSx,CosdSina =sin Acose,

sin 6 =sin Asin ¢ .

A=58°z=17°.

A =279°28' 7 =68°46'.

A =343°42'9,7 = 32°45'.

1411*35¢ 1 +19°38"7",

A=140°11'1z=16°1"; A =-30°54"1z=T77°58".

15 kBitH, A = -85°42'17z = 63°1"; A =-51°20"1z = 87°9";

20 cepmas, A = +48°28' 1z = 50°7'; A = +70°11'i z =

95°6'.

VYpan: A =-7°36'1z = 52°56', Hentyn: A = —45°42'i1z =

76°26'.

A =85°45', B = +45°7" 8.

A =87°10', B =-16°2".

+17°11')5.

4738*®5¢ | +22°8'.

2744%224¢ 1 +15°9"; 9'43*36° 1 +13°7".

281°,3, 102°,7.

15°20',3, 70°37',5.

410%,2.

Beaxarouu t = 0, oTpumyemo Z = i((p -0 )

52°30'".

sin(t, +1,)

—1*18°,

270°190°,

B toumni niBgenHoro 3axomy, 225°1 45°.

B 20"

270°190°, 246°,51 66°,5, 270° 1 90°, 246°,51 66°,5.

@ =>72°

HeoOximHo BpaxyBaTH, MO 3ipKa JIEKUTh NMPAKTHYHO HA
€KBaTOPi.

A.=220°51"1 5. = 21744*%; A, = 139°9'1 s, = 15"34*% 6.

23'54%®,
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176

291

292

293
294
295

296

297

298
299
300
301
302

303.
304.
305.
306.
3009.
310.

. Cxig B 0"56%*°28¢, 3axing B 14"12**30°; 3a cepeqHiM YacoM:

cxim B 0"11**7¢, 3axim B 13"24*59°,

. U= 472756°, A = +£115°2'7; 14753%; cxin B 12750*°28°,
3axin B 3743*53¢.

. 55°1,-18°8.

. —32°,5, 4"48*, 5° 8.

. Ha +68°20" 3apxmu mHam ropm3oHTtomM. Ha +37°45' S =

22741* 5, 6" 1 13718*5, AS = 1437, 22 Gepesns: T, =
11745% 1972 | 219*®, AT = 14734*%; 22 uepBhs T, = 5'43*,
1371 20717%, AT = 14734*®,

. Ha +68°59' Kacrop He 3axonuth, AHTapec He cxonuth. Ha

+37°45' Kacrop 15 kBitHa: 226°41' 1 1173*; 0° i 1975*%;
133°19' 1 378*%; 180° 1 7°7*%; 15 OBTHA: a3MMYyTH TaKi X;
234, 7'6*, 15'8* i 19'4*®. AnTapec, 15 xBitHsa: 303°34' i
23"30*; 0° 1 4"3**; 56°26' i 8"36**; 180° 1 16°1"; 15 >xoBTHS:
asumyTH Ti k; 11727*, 157598 20"32*® i 3'57*,

. Ha +59°57', piBHogenns: 268°32' i 6725*; 0° i 12731*%;

91°28' i 18738*; +30°3' 1 -30°3; 12714*. JlitHe
coHIecTosHHs: 254°52"' 1 3% 0° 1 12725*%; 145°8' 1 21"51*;
+53°30' i —6°36' (6ina Hiu); 18"52*®, 3uMOBE COHIIECTOSHHS:
320°17' 1 925 0° 1 12722*%; 39°43' i 15718*; +6°36' i —
53°30"; 5'53*. Ha +69°18' B menp piBHOmeHHS: 267°45' i
774 0° 1 13714%%; 92°15' i 19723*%; +20°42' 1 —20°42,
12719, 21 uepBHsa & >(90° — @), He 3axomuTh; +44°9' i
+2°45', a 3 BpaxyBaHHSM cepenHboi pedpakuii +3°00'
(monsipHuii fieHb); 22 rpyaHs O < — (90° — @), HE CXOJUTh; —
2°45' (cytinkn) i —44°9' (mossipHa Hiy).

. Cupiyc B 843*"; Peryn B 17"27**; Kanenna B 19"1*",

. 177,81 -8°11"; 16"33*%,11 +11°10'.

. —64°48'.

. 15724 4714**7, 19"38*,5.

. Haiikoporma Hiu Ha mmpoti 59°57' — 5°31**, Ha mmpori

38°35'—9718*.
52°30',2.
Yepes 1712*%, 1744*% 2733*",
230",
77°,7.
Bbruzeko 6600 pokis.
12,5 XBUIUH.



311.
312.
313.
314.
315.
316.
317.
318.

319.
320.

OIMKUeE.
321.
322.
323.
324,
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.

330.

340.
341.
342.
343.
344.
345.
346.
347.
348.

Bimseko 255 ni6.

Hi, Tak, Hi.

Hi.

BepxHsi.

10 a.0.1190 a.o.

222 MIIH.KM. 1 102 MJIH.KM.

9,02 a.0.1 10,06 a.0.; 29,83 a.0.1 30,31 a.o.
29,83 a.0.129,52 a.o.

v =arccos(—e).
0,093 a.o. 1 1,38 a.o.; 0,777 a.o. 1 0,44 a.o. Agonic —

1,081 a.0.11,975 a.0.; 3,930 a.0.14,641 a.o.
0,017; mepuremniii i ademiii.
0,158, 2,056 a.0.12,828 a.0.; 0,132, 2,716 a.0.1 3,542 a.o.
1,467 a.0.1 0,533 a.0.; 2,666 a.0.1 0,382 a.o.
Bix 23'12" mo 19'16".
0,017,0,983 a.0.11,017 a.0.; 1,07; 1,09, 1,67 i 7,04.
225 ni6 i 5,458 p.
1,81 p.1919 p.
1000 pokis.
4,62 pokiB.
4 a.o.
B 2,362 pazu.
0,153.
11757%®,
3,551 7,*15.
185,3 tuc. km. 1 526,7 THc. KM.
6,80 km/c 14,74 km/c.
28,7 xm/c, 17,9 xm/c 1 13,0 xm/c.
v =arccos(—e).
0°,461.
74 p., 0,009 a.o.
1,7 a.o.
0,63 a.o.
0,763 a.0.1 1588 a.o.
Hi.
688 1i0.
0,75 p. abo 1,5 p.
4/3 p. a6o 4/5 p.
177



349.
350.
351.
352.
353.
354.
47,9 xm/c; 2,31; 29,53 p.; 9,554 a.o.; 0,055; 10,079 a.o,;
11,079 a.o.; 8,024 a.o.; 9,63 km/c; 1,25.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
CkoprrioHa, yepe3 2 poku 1 TpaBHA — B cy3ip 1 CTpiibus.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
p. 144 p.; 20,3 muH. KM. 1 416 MIIH. KM.

178

2 poKH.

18 ceprHS HACTYITHOTO POKY.

1320 nib.

12 BepecHs HACTYIHOTO POKY.

2,734 a.0.13,102 a.o.

88" 0,387 a.o.; 0,206; 0,467 a.o.; 1,467 a.o.; 0,533 a.o.;

4°5'30".

780 nib.

41°.

17".

11°.

0,1332.

0,73 a.o.

0,39 a.o.

5.a.0.

3 KBITHS IONIEPEIHBOTO POKY 1 12 YepBHS Yepe3 [Ba POKH.
6 TPyIHS I[HOTO X POKY 1 2 JTFOTOTO HACTYITHOTO POKY.
[TpubnuzHo uepes 230 aid, 18 cepmusl.

31 ciuHs TOTO X POKY i 7 Oepe3Hst HACTYITHOT'O POKY.

21 aucronana.

9 BepecHsl.

29 Ci4HS HACTYITHOT'O POKY.

1 TpaBHS Toro x poky Mapc mepebyBae B cCy3ip’i

B cy3ip’i Crpinbus.

341°1 16°.

266°1112°.

8 OBTHSI 1 22 KBITHS TOTO X POKY.

20 yepBHS HACTYITHOTO POKY.

Yepes aBa poKH S KBITHS.

19 TpaBHS TOro X POKY.

[TpuGim3HO Yepe3 YOTUPH POKH 2 TPy THSL.
0°; 62°; 0°; 180°; 0°.

270°; 270°; 225°; 270°; 349°.

7 poKiB.

Mapc: 15 p. 1 17 p.; 56,7 muH. kM. 1 398 mnH. kM. Epor: 37



385.
386.
387.
388.
389.
390.
391.
392.
393.
394,
395.
396.
397.
398.
399.
400.
401.
402.

kM, 54200 km 1 1/10.
403.
404,
405.
406.
407.
408.
409.
410.
411.
412.
413.
414,

KkM/c i 6,13 km/c.
415,
416.
417.
418.
419.
420.

8*¢18¢.

2,"38.

23,"2.

46,"4.

0,"29.

1,"47.

6371 xm i 1/300.

41,4 vutH. kM, 149,6 mutH. kM 1 8,794,

149,6 muiH. kM 1 8,794,
57'2",61'31"i53'55",

33'31"129'22",

381860 km i1 0,0634; 382140 km i 0,0641.
79,8 mutn. kM 1 0,206.

22,58 mau. km = 0,151 a.o0., 1,458 a.0.10,222.
0",48, 0",5110",46; 0,302, 0,305 i 0",300.
Bizx 8",943 no 8",65.

1736 km.

71400 kM, 69900 kM, 67000 kM 1 1/16; 60000 xm, 58000

71800 kM.

12600 kM.

60,3; 0,272; 0,074; 0,0201.

3 tounicTio 10 0,11% abo 164445 kM.

109; 1391000 xm.

15'45",

30500 kM, O1s 5 MITH. KM.

109,1 a6o 696000 kM, 570 km 1 17200 xm.

421800 kM, 670900 kM, 1070000 km i1 1882103 kM.
9400 kM 1 23500 kM.

0",549 ¢ = 2,66-10° pan/c; 4,62 m/c, 4 m/c 12,31 m/c.

0"61ct=36",6¢c1112,7 xm/c; 0",605 c* =36"3c?, 10,6

24r37%224¢; 241 m/c, 226 m/c 1 155 m/c.
60°; 75°,51 82°,8.

17671 29%,53.

23752%,2; 25",42; 35%,2.

11771 8,24 p.

35,02 i 49,52; 29,78 1 42,11; 13,06 i 18,47; 4,74 1 6,7

(xm/c).
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421. 15,2111,3; 13,41 12,8 (km/c); 2,27 a.o.

422. 47,9,59138,9; 24,1, 26,51 21,9 (xm/c).

423. Jlipmist: 18, 19,51 16,7 (km/c); 18 1 25,4; 18,81 26,6; 17,4 i
24,6 (km/c). Anmonic: 21,2, 60 1 7,5 (xm/c); 21,2 1 30; 45,1 i
63,8; 15,91 22,5 (km/c).

424, 0,327 a.0.10,44 a.o.

425. 26,48 xm/c; 25,33 1 35,82 (km/c).

426. 30,55 xm/c; 27,751 39,24 (xm/c),

427. 0,42 a.o.

428. vg = 160 xm/c > vy = 159 km/c, o rinep6oii; vg = 36,5
kM/C < vy = 37,9 kM/c, o eninicy, T = 26,7 p.

429. 4,356 p.; 2,667 a.0.; 0,115; 2,360 a.o.; 2,974 a.o.; 18,24
kMm/c 116,24 xm/c.

430. 3,19 a.0.;5,7p.; 1,21 p.; 18,29; 18,1; 16,831 16,01 (xm/c).

431. 1.

432. B mepwurenii JiHiiHAa [BUIKICTH BTPUYi, a KyTOBa
MIBUJIKICTh BIECATEPO OLIbIII, HIXK B adeii.

433. B mepwuremi miHiiHA DIBWUAKICTH BJBiWi, a KyTOBa
IIBUIKICTh BUETBEPO OiJIbIII, HiXK B adelii.

434. 0.,6.

435. 17,1.

436. 14,7.

437. 0,1.

438. 1/3050000.

439. 317 mac 3emuti.

440. 1/1047.

441. 1,9-10° kr.

442. 0,107.

443, 14,7.

444, 333000.

445, 227,61 14,3 xm/c; 55071 1,71 xm/c.

446. 14,61 14; 14,41 20,4; 14,21 20; 2,02 i 1,45; 1,87 1 2,64,
1,581 2,23 (km/c).

447, 421700 km 1 17,3 xkm/c; 1883000 km 1 8,18 km/c.

448. Y 8 pasiB OuibIlIa Cy4acHOI.

449, B 186,6 pasiB Oibilia Cy4acHOl.

450. Ilpm Oynp-sIKOMYy 3MEHIIEHHI, 10 NEPEBHUILYE MOJOBUHY
MacH HEHTPAIBLHOTO Tija.

451. k¥n?ik.



452. B 8 paziB Oinbiua; 2431 10,42 p.

453. 38%,63.

455, 64*,6.

456. 48.

457. 44 p.

458. 420,9 km/c.

459. Hi.

460. Hi.

461. TlepetrBopmiacsi 6 y BUTATHYTHH €iIC 3 adenieM mooIu3y
Tiei TOYKH, J¢ 3HAXOAWIACh 3eMJIi B MOMEHT 30LIbIICHHS
Macu CoHIIs.

462. 47°8.

463. 606 xm/c.

464. 7,91 km/c.

465. 2,4 xm/c.

466. 617 xm/c.

467. 435,8 km/c.

468. B 4 pasu 6inbina, Hixk 10 Micsis.

469. 17000 kM.

470. 4,8 xm/c.

471. 7,91111,2;5,5917,91; 2,6413,73; 1,021 1,44 (xm/c).

472. 1,02;1,0810,97 (xm/c).

473. 4371618; 2181 309; 146 i 206 (km/c).

474. 1,6812,38;7,32110,4; 3,5415 (xkm/c).

475. 6,46 xm/c12"35*.5; 4,57 km/c 1 7718*%,

476. 2,89 xm/c 1 3'5*%; 2,04 xm/c 1 8'43*%; 34,9 xm/c 1 5713*%; 24,7
KM/c 1 14745%®,

A477. m\/E im; 1/ﬂ il.
n m

478. 280 xm 1 7,74 xm/c; 2980 kM 1 6,53 km/c; 4190 xm 1 6,14
KM/C.

479. 35790 xm i 3,07 xm/c.

480. 17000 km i 1,45 xm/c; 89600 kM 1 28,2 km/c.

481. 3emmni: 7,79 xm/c 1 1728*,3; 7,35 km/c 1 1"45*®, MicsuHi:
1,59 km/c 1 277*%; 1,34 xm/c 1 3"34*", MapciaHchbki: 3,44 km/c i
1750*; 3,11 km/c 1 2728, IOmitepianchki: 42,1 km/c 1 27587
41,8 xm/c 1 3"1*®,

482. 30°,53 1 229° Ha 3axizg; HemoxxnuBo 1 1°,2 Ha 3axim; 0°,1 1
4°,3 Ha cXI.
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483. Tlo emimcy: a = 12760 km, e = 0,485, T = 240*; mo
rinep0oJIi; Briasie Ha IJIAHETY.

484. 301 xm i 2,94 xm/c, 630 kM 1 3,34 km/c; 724 km i 7,26 km/c,
1534 xm 1 8,28 xm/c.

485. 0,43510,565; 0,252 1 0,748.

486. 44* 8144 9; 55*® 1 11722,

487. 0,012310,0123.

488. 1,58,1,711 1,46 xm/c; 1,65,1,691 1,61 xm/c.

489. 0,10810,107.

490. 0,814.

491. 6625 xm; 0,011; 89*4; 7,76, 7,85 1 7,68 xm/c; 44**1 i
45 3,

492, 26170 xm; 0,737; 11742*%; 3,9, 10,02 i 1,52 xm/c; 55*® i
10747,

493. 22240 km; 0,868; 397,5; 0,98, 3,681 0,26 (km/c); 1721 38",3;
91100 xm; 0,212; 446 ; 37,3, 46,31 30,1 xm/c; 93*® i 163",

494. 27000 xm; 0,741; 40620 km; 9,941 1,48 km/c; 171 117,3.

495. « = 1880 kM, q = 1780 xkm, Q = 1980 kM, hq = 43 &km, &=
0,053, vn = 1,61 x™m/c, vg = 1,70 xm/c, vo = 1,53 km/c, t =
57* 1 r= 65,

496. 1,262 ao.; 0,208; 258 #i6 11,6 xm/c.

497. 94°,1 ua 3axix Big Conrs.

498. 5,6 xm/c; 37°,6 Ha cxif.

499. 974 ni6.

500. 0,862 a.o.; 0,161; 146 mi6; 11,5 km/c; cximHa €IOHTAIis
45°5; nmo 3emm: 10,8 kM/c, 3a 3eMHUMH HOTJISIAMH
enoHTariis 3axigHa 98°,3 (B Hebi Benepu — cxinna); 2 poku 1
MICHLb.

501. TIpuckopenns, mo Haxae Micsiro 3emus Oinbiie B 151000
pasis.

502. 0,01.

503. 10c.

504. 0,1615m, 2,458 c.

505. 3 Ti€ro K MIBHIAKICTIO.

506. 3,64 m/c?.

507. 267 m/c?.

508. 30iabMIMTHECS BIBIYI.

509. 1/1657 npucKOpEHHsI CHUIM 3€MHOTO TSDKIHHS.

510. 25,7 m/c?.



511. 3,70, 8,861 0,46 m/c?.

512. B 6 pasis.

513. 2731 11,3 m/c%

514. 2,45,1,0910,93, 0,41 m/c?.

515. 3mn?im.

516. 0,59 cm/c?.

517. 0,59 cm/c?.

518. 0,27 cm/c?.

519. 0,27 cm/c?, B momi Tsokinasg Conns 0,59 cm/c?.

520. m:n>m™.

521. Bin 2,71 no 6,28 cm/c?; Big 2,42-10* no 6,82-10™ cm/c?; Bix
4,74.10* o 1,68 cm/c? (B 3550 pasis).

522. Bin 0,18 1o 8,11 m/c? (B 45 pa3is).

523. Bin 0,93 cm/c? no 8,21 m/c? (B 879 pasis).

524. 75 cm/c?i 3,76 cm/c?.

525. 4660 kM Big 11eHTpa 3emiIi.

526. 343980 kM Big mieHTpa 3emii.

527. 24,8 m/c?.

528. 46000:1.

529. 50000 kM, 65-10* xkm®, 1,6 T/em®, 11 m/c?.

530. 6,67-10"** H-m?%/kr?.

531. 384000 km.

532. Ha 37%.

533. 1"5,12™.

534. 0",19.

535. 0,15, 16™ 9.

536. 45*

537. 1500*.

538. 250

539. 0,065 m, 0,0195 M, 0,0065 Mm.

540. 3,72 mm.

541. 23 mm.

542. 1:16; 0",37; 15™; 750%, 60* 1 190%; 1:8; 0",14; 17™,1; 2000*
(nikomm He 3acTocoByeThes), 170* 1 500%.

543. 1) 38* i 53 150* i 13, 2) 430* i 4'6; 1730* (me
3acTocoByeThes) 1 1',2.

544, 1) 1:10; 2"; 11™,3; 140%, 12* i 35%; 2) 1:10, 2"; 11™,6; 160~
13* 1 40%,
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545. 1) 25%1 80" 351 57'; 70* i 29'; 2) 281 71'; 40* i 50'; 80* i
25",

546. 1) 371*i5'4; 520* i 3',8; 1040% i 1',9 (He 3aCTOCOBYETHCSA);
180*. 2) 124* i 16'1; 173* i 11'5; 346* i 5,8; 55%
(3acTOCOBYIOTBCS BCi).

547. 42% 500%, 250% — mae cenc; 83%, 1000* i 1500 — Hi.

548. 0,7"i10",14,

549. 2"i11"8.

550. 1",4,50%120 mm; 0",16, 438% 1 32 mm.

551. /[IBi — B Oynp-akuii; TpeTio — mipu 60* 1 120 mMm.

552. Mapc i Ypan Bunno, HentyH — Ha Mexi.

553. 166,35 mMm.

554, 2,25 mMm.

555. 0,76 mm.

556. 37*1 30~

557. 1) 0,36 Mmm i 28 mMm; 69",4 mmL; 18900 km/MM i 124 kM/MM.
2) 2,9 Mmmi 223 mm; 8",6 mm; 2340 km/Mm i 15,6 kM/MM.

558. 4'3 mmt; 68000 km/MM 1470 km/mm; 0,1 MM 1 7,4 MM.

559. 344 cwm; 1:10,4; 1'Mm; 0,58 M.

560. 80¢, 115°¢i 1,2.

561. 135%i14'8

562. 40,5 mm127"; 13,5 mm1 9%

563. 650 mMm; 104 w™; 1:16; 0"22; 16™M1; 1300* (me
3actocoByeThest) 1 108%; 1'5, 6,2 1 18',5; 13¢, 53¢ i 158¢; 6°,
25°174°,

564. Ontuunwmii 0",02, paguo 124'; 4'2 1 42",

565. 1'64;0",02510",28.

566. 0,39;1,8210,11.

567. 312°,248°1280°.

568. 100.

569. 108

570. 630.

571. 11™

572. 61 32.

573. 491 166.

574. 69.

575. 2™5;5M 7M5,

576. 100.

577. 3b5.



578.
579.
580.
581.
582.
583.
584.
585.
586.
587.
588.
589.
590.
591.
592.
593.
594,
595.
596.
597.
598.
599.
600.
601.

7.

1,8.

17.
437-10°.

+2™4 1 +4™M32; +0™ 74 i-0M2.
1;4,13,18,415,86; 1,24, 2,94 1 2,38.
1,6911,79.

2,5.

3pocte Ha 1™,11; 3smeHmuThes Ha 0™, 73.
387.

Ha 1™5;3™,01i5Ign.

+3M981 +5M48; -1™91-3"41.

25,1.

437-10°.

12-10°.

831-28M84; 21'i —25™,86; 49" 1 -18™ 8.
-9mj12,-5m21i2'
12m1i13™3;14"9i16™1; 15M11 16™,3.
Ak 30pi 3z —4"41+0M 2.

46 MITH. POKiB.

9800 poxis.

8,8 cB. p.

+1M2513,16; +0™,21 1,25; -0™,17 1 111,17.

2,7 nk = 8,8 ¢B. p. = 558000 a.o. = 8,3-10%%; 50 nx = 163

CB. p.

602. 5 k= 16,3 cB. p. = 1,03-10° a.0. = 15,4-103; 8,3 mx = 27,2

603.
604.
605.
606.
607.
608.

609
610

611

cB.p.=1,7-10° a.0. = 2,56-10%,

200 mk 1 652 cB. p.; 27 ik i 88 cB. p.; 3,98 nk i 13 cB. p.

Bizgcrans 10 30pi JiexkuTh B Mexax Bijg 3,26 nik g0 3,14 nk.

Bizgcrans 10 30pi He MeHIna 83 TK.
0",004; 0",048 1 0",752.
10200.

Sckpasimmm 3naetsest Cipiyc B 150 pasiB; cBITHICTB 3ipKu

B cy3ip’i 3mii Oinbia B 2,68 pasu.

. EllEz = 14,3; L1:L2: 685.
. 15™ 1, mi.

s
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612. 8000 pokis.

613. 97000 pokis.

614. 9,3; 4610; 1:7,6.

615. 16,8; 12940; 1:520.

616. 3,16; 1; 3,31.

617. 83201 17400.

618. 80800 i61800; 5,611 2,45.

619. 67300; 1,3; B 13,2-10° pa3ip MeHIe.

620. 32,2 mk10",031; 19,2 nxi0",052; 239 nk i 0",004.

621. 46,6 mxi0",021.

622. OOwmaBsi ciabmi: B 2,5 1 36 pasis.

623. +0™41.

624. +6™8317M4; +8™391+8M96; +11™,291 +11" 86.

625. +1™5; +1M75; +0™,99.

626. 20000 K; 6000 K; 4400 K.

627. Bix 5750 g0 5800 K.

628. 4995 A.

629. 13600 K; 8400 K i 3000 K.

630. 15200 K; 13200 K i 3900 K.

631. 23000 K; 11200 K 1 6000 K.

632. 4100 K; 4600 K; 6500 K i 23000 K.

633. 4000 K.

634. 20000 K; 11100 K; 6000 K i 3240 K.

635. 15500 K; 20300 K; 9100 K; 5080 K; 4060 K; 3350 K.

636. 1448, 2615, 4869, 8941, 1869, 1427, 3184, 5703, 7135,
8648 A.

637. Bix 2300 K 10 1650 K.

638. 4200 K.

639. 8,38 JIxk.

640. 3 wmr.

641. 4350 K.

642. 3100 K.

643. 4000 K.

644. Jiamerp o Cxopmiona Ounbiiumii B 3000 pasis.

645. 10,5Re.

646. 480Re.

647. 0,034Re.

648. 162Re; 0",033.

649. 3,1129;1,6i14,3;971912700; 45 i 89900.
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650.
651.
652.
653.
654.
655.
656.
657.
658.
659.
33ipKa roj1oBHOi nocnigosocri; 1,78-10%; 0,012 i 900 kr/cm®
— Oinuii KapJvK.
660.
661.
662.
663.
664.
665.
666.

531147000; 93 i 804400; 394 i 61-108.

Binminnicts B 494 pasm.

650; 2,1; 0,97.

0",0014 1 38; 0",0017 i 23; 0",0035 1 42.

B 400; 10*i 25-10* pasis.

82.

—-0m 05.

-3m

2115,53-10% r/em®; 311 1,89-10 r/em®; 0,28 1 32 r/em®.
4570; 711 4-10° r/em® — maarirant; 12,1; 1,51 0,99 r/em® —

42.8.

4.2,

2812,1:211,8;1,111,06.

1,6;4,110,96 r/em®; 1,9; 6,91 0,41 r/em®;

1,2;1,710,9 r/em®.

10° r/em?.

39.10% kB, 4,33-10° 1/c, 374-10° 1/n06a i 136-10'? 1/pix;

177-10% xBr, 19,7-10® 1/c, 17-108 1/n06a u 62-10% 1/pix;
454-10% xBr, 50,4-10° 1/c, 4,35-10% 1/006a i 15,9-10™ 1/pixk;
257-10% xBr, 28,6-10'° 1/c, 24,7-10'® 1/m06a i 90,1-107

T/piK.
667. 7,35-10 pokis; 8,06-10%° pokis; 1,26-10'? pokis; 1,66-10°
POKiB.
668.
3ipka M L, Mp Ly M R p,r/em® | T, K

Ipouion | +2M,68 7 +2m63 | 6,9 1,8 2.1 025 | 6400
Cynyrmuk | +13™01 | 5,2.10* - -

06 | 0,013 |3,9-10°| 7900

[porion — 3ipka TOJIOBHOI TOCIHIJIOBHOCTI, CYIIyTHUK —

Oinuit Kapiuk.

669.

3ipka M, L, My Ly R M |p,r/em®| T, K
o +471 | 106 | +4"66 | 1,07 | 1,05 | 105 | 1,28 | 5870
02 +6"08 | 03 | +5"5 | 049 | 103 | 095 | 1,23 | 4600

OO0Owu1Bi — 30pi rOJIOBHOI MTOCIII0BHOCTI.

670. 0™64.

671. 1™6.

672. 3M91.

673. 3M85.
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674. 4™7314M81.

675. 1™ 09.

676. 1M57.

677. 4M68;5M2216™79

678. 25,4;11,5136,9.

679. 2,7.

680. 15,21 66,5.

681. 1.

682. 46i0,9;29i3,3;1,8i1,8;53i3,.2.
683. 7,5Mae.

684. 1,5Mo.

685. 23,5.

686. 2,1Mo.

687. 11,5a.0.16,5Moe.

688. 5,5Mo.

689. B 3,31 22900 pa3is.

690. B2,311,7;2,311,9 pasu.

691. Bix 730 mo 1010 (B 1,38 paza) i Big 160 mo 230 (8 1,44

pasmu).
692. 4300 Ki4650 K.
693.
B cunix AB AL 30iIbIIeHHS. 3MeHIIICHHS
TIPOMEHSIX B 61HcKy (3a 100y) | 6ircky (3a 1o0y)
o M.Beamenuiti 0m,16 1,16 -0m121 +0™,06
{ Bin3HIOKiB 0m8 2,09 —0™ 236 +0™M 118
n Opna 1m28 3,25 -0™535 +0™,268
TY lura 1m4 3,63 -1m 38 +0™,19
UZ Il{ura 1m 37 3,53 -1M279 +0™M 14
B cunix AV AL 30iIbIICHHS 3MEHIIICHHS P,
TIPOMEHSIX v Ouncky (3a 100y) | Guucky (3a 1o0y) |nobu
o M.Beamenumi| 0™,11 1,11 -0™,083 +0™,042 3,97
{ BinzHioKiB 0™,48 1,56 —0m,142 +0™,071 10,15
n Opna 0m,83 2,15 —0m,347 +0™,174 7,18
TY Iura 0m,87 2,23 —0™ 236 +0™,118 11,05
UZ Ilura 0",88 2,25 —0m,179 +0™,09 14,74
694,
3ipka P, no6u AV AB AB-V)
o. M.Beamenurii 3,97 om11 0m,16 +0™,05
{ binsHIokiB 7,18 0™,83 1m 28 +0™,45
n Opna 10,15 0m48 0m8 +07,32
TY Iura 11,05 0m,87 1m4 +0™,53
UZ IluTa 14,74 0™,88 1m37 +0™,49
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695. 3™5i5m4,

696. B 5750 pasis, na —1™,88 abo B 5,65 pasu.

697. 1/2501 160-10%; 1000 k.

698. 700 xm/c.

699. 2500 xm/c.

700. 3,16 Mnxk, 32-10° nx x 13-10° nx; 10,5 Mnxk, 43-10° ok x
30-10° k.

701. HaOmmxkaeThes 31 MIBUAKICTIO 50 KM/C.

702. 3,16 A.

703. 665,2 uMm, 383,1 uMm.

704. Big nac 31 mBuakicto 137 km/c.

705. 2,22 A.

706. +40,8 xm/c.

707. —19,7 xm/c.

708. Jlo ¢ioneroBoro ki ciekrpy: —0,042 mm i —0,043 mm.

709. 20,7 xm/c.

710. 410 m.

711. 4860,2; 4101,313749,4 A; 4861,5; 4102,41 3750,4 A.

712. —19,8 km/ci1-27,3 xm/c.

713. +20,6 xm/c.

714. —-13,9 xkm/c.

716. 46°.

717. 25 xwm/c, 31°.

718. 16 xm/c.

719. 18 km/c 1 14 xm/c.

720. 0",44.

721. 13 xm/c i 236°,2; 10,1 km/c i 134°,2; 17,5 xm/c i 45°,1;
33,4 xm/c1291°,9.

722. 1",011142°.

723. 0",55174°.

724, -1"2.

725. +1",251-0°07.

726. 90 xm/c.

727. 17 xm/c.

728. 18 xkm/c, 114°.

729. 15,8; 12,2178 xm/c.

730. +0¢,0361 +0",383; -0°,003 1 —0",035; +0°",481 1 —2",556.

731. 19 km/c.

732. 57 km/c.

189



190

733. Aunbraip: 3a 2740 pokiB, Ha MH.-cX., o0 = 19749*°50° 1 1 § =
+9°1'33"; Cmika: 3a 33300 pokiB, Ha ma.-3X., o0 = 1321** i &
= —11°13'31"; € Iumitiug: 3a 384 pokw, Ha MA.-CX., O =
2272*°37¢,716 =-57°15'56".

734. o = 15046°4 i 6 = +8°51'59"; a = 13725115116 = —
11°19'41"; a0 = 2273*°22°,11 6 = —56°47'12".

735. 24 xm/ci38°; 6 km/ci 146°.

736. 20,8 xm/ci99°.

737. 41,2 xm/c143°,2.

738. Uepes 310-10° poxkis: 5,5 mx 1 0",182; 0",755; 01 19 xm/c; —
om71.

739. Yepes 28,1-10° pokis: 0,902 nx i 1",108; 7",992; 0 i 34
km/c; —0™,78. 10000 pokis Tomy: 1,6 nik i 0",625; 2",505; —28
km/c 1 19 km/c; +0M,46. Yepez 10000 poki: 0,967 nx i
1",034; 6",915; +12 xm/c i 32 km/c; —0™,62.

740. 11700 pix.

741. 0",574111",56.

742. 30-10% 115,5-10%i 240-10° (xm/c).

743. B zaxpuriii: 545 Mnk; 2000 Mnk; 4000 Mrik; y BiIKpHUTiii:
564 Mik; 2210 Mnx; 5080 M.

744. 0,291 1,65.

745. 0,29c¢ 3amicts 0,25¢ 1 1,65¢ 3amicts 0,75¢.

746. 510 xwm/c, 10,2 Mnk, 83,1-10°x83,1-10°nkx, —21M8 i
43,7-10% 780 km/c, 15,6 Mnk, 49,9-10°x36,3-10°nk, —20™,9 i
19-10% 1200 xm/c, 24 Mk, 62,8-103x41,9-10%nk, —21™8 i
43,7-10°.

747. 1) 3060 Mnx i 76-10'% 3590 Munxk i 132-10%; 2) 4140 Mnxk
i 331-10%°; 5320 Mnxk i 525-10%.

748. B zakpwuriii: 1620 Mnk, 4400 nx, 8,32-10™. V Bigkpuriii:
1740 M, 4720 nk, 102,

749. B 3akpwuriii: 828 Mk, 963 1k, 4,37-10%2. V Binkpuriii: 864
Mk, 1000 nk, 4,79-10%2.

750. 0,907¢=272000 xkm/c; 4670 Mnxk 1 6360 Mnxk.



HNomatok 1. T'penbkmii andaBiT. ACTPOHOMIYHI CHMBOJH.
ChiBBiTHOIIEHHSI MiK ACTPOHOMIiYHUMHU
OAUMHMISAMY T0BKMHU
[MponncHi OyKBHM BHKOPHUCTOBYIOTBCS B TIO3HA4€HHI 3ip
(nmo3nauenss no baiiepy).
A o anns(a = v HIO
A B Oera E | & KCi
X Y ramMa | O | o |OMIKpOH
A o nensta | IT s vl
E € | emcuioH | P p po
Z ¢ J3eTa 2 o | curma
H il era T T Tay
® 0 TeTa Y L |EICWIOH
I 1 Hora D | o b1
K K Karra X X xi
A A | maMbra | V| vy nci
M n MIO Q | o | omera

ACTpPOHOMIYHI CMMBOJIM

Cone ©®
Semia @
Micsup

CniBBiTHOLIEHHSI Mi*K ACTPOHOMIYHMMH OAUHUISIMH 10BKUHHU

1 a.o. = 1,49597890,5-10* m
1nk = 3,26c6.p. = 206265a.0. = 3-10" 3k = 3-1010

1ce.p. = 0,3066nx = 63240a.0 = 9,5-10" k= 9,5-10"°

1 Ancecmpem 1 A=10"%

1 nanomemp 1 um = 10°
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Jonarok 2. [lepeBeieHHs OAMHMIbL Yacy B TPAIyCHi OAUHHIT

XBUIIMHU Yacy B

Tloguau B . CCKy'HZ[I/[ Jacy B XBHIJIMHAX
Tpaaycax 1 XBUIIMHAX .
rpagycax 1 CeKyHax nyru
Ayru

TOJL. 0 XB. 0 XB. 0 r c. ron c. "o
1 15 1| 015 |31 |745| 1| 015 | 31| 745
2 30 2 | 030 |32|800| 2| 030 |32| 800
3 45 3 | 045 |33 |815| 3 | 045 [ 33| 815
4 60 4 | 100 |34 (830 4| 100 | 34| 830
5 75 5115 | 35|845| 5| 115 | 35| 845
6 90 6 | 130 |36 |[900| 6 | 130 [ 36 | 900
7 105 | 7 | 145 |37 |915| 7 | 145 | 37| 915
8 120 | 8 | 200 |38 (930 8 | 200 | 38 | 930
9 135 | 9 | 215 | 39945 9| 215 | 39| 945

10 150 | 10 | 230 | 40 |{1000{ 10| 230 | 40 | 1000
11 165 | 11 | 245 | 41 (1015/ 11| 245 | 41| 1015
12 180 | 12 | 300 | 42 |1030{12| 300 | 42| 1030
13 195 | 13 | 315 | 43 |1045/13| 315 | 43| 1045
14 210 (14 | 330 | 44 (110014 | 330 | 44| 1100
15 225 | 15| 345 | 45 |1115/15| 345 | 45| 1115
16 240 | 16 | 400 | 46 |1130{16| 400 | 46 | 1130
17 255 | 17 | 415 | 47 (114517 | 415 | 47 | 1145
18 270 | 18 | 430 | 48 |1200{ 18 | 430 | 48 | 1200
19 285 | 19 | 445 | 49 |1215/19| 445 | 49| 1215
20 300 | 20 | 500 | 50 [1230{20| 500 | 50 | 1230
21 315 | 21| 515 | 51 |1245{21| 515 | 51 | 1245
22 330 | 22| 530 | 52 |1300{22| 530 | 52 | 1300
23 345 | 23| 545 | 53 [1315[ 23| 545 | 53 | 1315
24 360 | 24| 600 | 54 |1330{ 24| 600 | 54 | 1330
25| 615 | 55 |1345| 25| 615 | 55 | 1345
26 | 630 | 56 (140026 | 630 | 56 | 1400
27 | 645 | 57 (1415|27 | 645 | 57 | 1415
28 | 700 | 58 (1430{ 28| 700 | 58 | 1430
29 | 715 | 59 (1445/ 29| 715 | 59 | 1445
30| 730 | 60 |1500{30| 730 | 60 | 150

192



Jonartok 3. IlepeBeeHHs rpagyCHUX OAUHALB B OAMHMIN Yacy

I'panycu B XBUIMHY TYTH B CeKyHJIH IyTH B
OJIMHHUIAX Yacy OJIMHHUIAX Yacy OJIMHUIAX Yacy
0 r.xs. | ' |xs.c | ' [xB.c|” c. " c.
1 04 1 04 31|124| 1| 007 | 31| 2,07
2 08 2 08 32 (282|013 | 32| 213
3 012 3 012 | 33|212| 3 | 0,20 | 33 | 2,20
4 016 4 016 [ 34 (216| 4 | 0,27 | 34 | 2,27
5 020 5 020 | 35)|220| 5| 0,33 | 35 | 2,33
6 024 6 024 | 36 |224| 6 | 0,40 | 36 | 2,40
7 028 7 028 |37 (228| 7 | 047 | 37| 247
8 032 8 032 | 38|232| 8| 053 | 38| 253
9 036 9 036 | 391|236 9| 060 | 39| 2,60
10 040 | 10 | 040 | 40 |240| 10| 0,67 | 40 | 2,67
11 044 | 11 | 044 | 41 |244|11| 0,73 | 41 | 2,73
12 048 | 12 | 048 | 42 |248|12| 0,80 | 42 | 2,80
13 052 | 13 | 052 | 43 |252|13| 0,87 | 43 | 2,87
14 056 | 14 | 056 | 44 |256|14| 093 | 44 | 2,93
15 100 [ 15| 100 |45 |300|15( 1,00 | 45| 3,00
20 120 | 16 14 |46 |3 4|16| 1,07 | 46 | 3,07
30 200 | 17 18 |47 |3 8|17| 1,13 | 47 | 3,13
40 240 |18 | 112 |48 |312|18| 1,20 | 48 | 3,20
50 320 (19| 116 |49 |316(19| 1,27 | 49 | 3,27
60 400 |20 | 120 |50 |320|20| 1,33 | 50 | 3,33
70 440 | 21| 124 |51 |324|21| 140 |51 | 3,40
80 520 [ 22 | 128 |52 |328|22| 147 |52 | 3,47
90 600 [ 23| 132 |53 (332|23| 153 | 53| 3,53
100 640 |24 | 136 |54 |336(24| 1,60 | 54 | 3,60
150 | 1000 | 25| 140 (55 |340(25| 1,67 | 55| 3,67
200 [ 1320 | 26 | 144 | 56 |344|26| 1,73 | 56 | 3,73
250 | 1640 | 27 | 148 | 57 |348|27| 1,80 | 57 | 3,80
300 [ 2000 | 28 | 152 | 58 |352|28| 1,87 | 58 | 3,87
350 [2320 |29 | 156 |59 |356(29| 193 |59 | 3,93
360 |[2400| 30| 200 | 60 |400|30| 2,00 | 60 | 4,00
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Jonxarok 4. Cepenns pedpaxuis

194

z |Pedpakmis| z Pedpakuist z Pedpaxuis
0°| 0" 0" 0| 50° 1 8"5 72°20' | 2' 58" ,8
1 1 0| 50°30 9,9 72°40" | 3 2 4
2 2 0| 51°0 11,0f 73°0 6 1
8 3 0| 51°30’ 12 3] 73°20' 10 0
4 4 0| 52°0' 13,6 73°40 13 9
5 5 0 | 52°30' 14,9 74°0' 18 1
6 6 0| 53°0 16 ,3| 74°10’ 20 5
7 7 1| 53°30 17 6| 74°20' 22 4
8 8 1| 54°0' 19 1] 74°30’ 24 6
9 9 1 | 54°30' 20 ,6| 74°40 26 9
10 10 1 | 55°0 22 1§ 74°50' 29 2
11 11 2 | 55°30’ 23 ,6| 75°0 31 5
12 12 2 | 56°0' 25,2| 75°10’ 34 0
13 13 3 | 56°30 26,8 75°20' 36 5
14 14 4 | 57°0' 28 4 75°30’ 39 0
15 15 4 | 57°30’ 30,1f 75°40' 41 6
16 16 5 | 58°0 31,9 75°50' 44 2
17 17 6 | 58°30’ 33,7 76°0’ 46 9
18 18 7 | 59°0 35,5 76°10’ 49 6
19 19 8 | 59°30 37 4 76°20' 52 5
20 20 9 | 60°0 39 4 76°30’ 55 3
21 22 1 | 60°30 41 4 76°40' 58 2
22 23 3| 61°0 43 .5 76°50" | 4' 1 2
23 24 4 | 61°30’ 45 6| 77°0' 4 3
24 25 6 | 62°0' 47,8 77°10 75
25 26 8 | 62°30 50,2 77°20' 10 7
26 28 1| 63°0 52 ,6| 77°30’ 14 0
27 29 3 | 63°30’ 55,0| 77°40’ 17 3
28 30 6 | 64°0' 57 .5 77°50' 20 8
29 31 9 | 64°30' 20,1 78°0 24 4
30 33 2 | 65°0 2,8 78°10 28 1
31 34 6 | 65°30' 5,7 78°20' 31 8
32 36 0 | 66°0 8,6/ 78°30' 35 7
33 37 4 | 66°30' 11,6 78°40 39 7
34 38 8 | 67°0 14,8 78°50 43 9
35 40 3 | 67°30' 18,1 79°0 47 8
36 41 8 | 68°0 21 ,6| 79°10’ 52 1
37 43 4 | 68°30' 25,1 79°20' 56 ,6
38 45 0 | 69°0 28,9 79°30" | 5 1 1
39 46 6 | 69°30' 32,8 79°40’ 5.8
40 48 3 | 70°0 36,9 79°50' 10 ,6
41 50 0 | 70°30' 41,3 80°0 15 )5
42 51 8 | 71°0’ 457

43 53 6 | 71°20' 48 .8

44 55 5 | 71°40' 52,0

45 57 5 | 72°0 55 4

46 59 6

47 1 17

48 38

49 6 2




HMonarok 5. 3opsinmii yac Ha I'puHBiui B cepenHiii moayaeHb

Micsi 1 uncia

3opaxuii gac

Micsi 1 uncia

3opsHuii yac

Ciuenp
CiueHb
Ciuenp
CiueHb
Jrotnit
Jroruit
bepezenn
bepezenn
bepesenn
Kgitenn
Ksitenn
Ksitenn
Tpasenb
TpaBeHb
Tpasenb
TpaBenb
UepBeHb
YepeHb

UepBeHb

1
11
21
31
10
20

2
12
22

1
11
21

1
11
21
31
10
20
30

18"
19r
197
20°
217
21
22r
23"
23"
o
1r
1r
or
3r
3r
4r
5r
g
6"

40
208
208
388
18%®
57x8
36%®
16%®
55%8
35%e
14x»
54xe
33
12x®
5oxe
31
11
50%
30%®

Jlunens
Jlumiens
Jlunens
CepneHb
CeprieHb
CepneHb
Bepecenb
Bepecenb
Bepecenb
JKoBTeHb
JKoBtenp
JKoBTeHb
Jlucronan
Jlucronan
Jlucronan
I'pynenn
I'pynens
I'pynenn

10
20
30
9
19
29
8
18
28
8
18
28
7
17
27
7
17
27

7r
71‘
81‘
91‘
91‘
10"
11r
11r
12r
13r
13r
14
15"
157
16"
17
17
18"

9XB
48
2%
7XB
470
26%
6XB
45%
24
4XB
43
23
2XB
4%
21
o
40
19%

3a KOXHY CepefiHIO 00y 30pSHHM Yac BUIEPEIDKAE CEpeHil
coHstuHui Ha 3*°56°,6, a 3a KOXKHY cepeHIo roauHy — Ha 10°.
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Jonatok 6. [lepeBenenHs inTepBaiiB yacy

[Ipu mepeBeneHHi iHTEPBAJiB cepeqHBOr0 MiclieBoro dacy A7 B
1HTEpBaJIU 30psSIHOTO Yacy AS monpaBKa T0a€THCS.

[Ipu mepeBeneHHi iHTepBajiB 30pstHOrO 4acy AS B iHTepBaIn
CepeHbOro MicieBoro 4acy A7 momnpaBka BiTHIMAETHCA.

< < < < <

5 2| & & 8 & g5 & 8 & g
= S| E = S| E S £ & k£ S
rog. XB.i C. |rod. XB.: C. [ XB. i C. |[XB.i C. [XB.{ C. [XB.i{ C.
1 010/ 13 2{08) 1 {0 |16} 3 |31{5 |46} 8
2 0i20) 14 213, 2 {0 |17{3|32{5 |47: 8
3 030115 228| 3 {0 (183 (335 (48 8
4 039|116 238 4 {1|19{3 (34{6 (49 8
5 0 49|17 2471 5 {1 |20{3 (35i{6 |50 8
6 059|118 2571 6 {1 |21{3 (36{6 |51 8
7 1:i09|19 31i07| 7 {1224 |37{6 (529
8 1419/ 20 3417| 8 {1234 (386 (53] 9
9 129121 3:27| 9 {1 |24:4(39:6 (549
10 113822 3i37|10{2 (254 |40} 7 |55} 9
11 1|48 23 31|46(11 |2 |26}4|41|7 |56} 9
12 115824 356|122 |27;4 |42, 7 |57} 9
1312 |28}5 (43! 7 |58}10

1412 (29:5 |44: 7 |59:10

1512 |30} 5|45} 7 |6010
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Honatok 7. Jlani mpo Conie

My = +4™,79; my =V =-26,78",
U =-26,05"; B =-26,16";
U-B=+0,10", B-V=+0,62",
BC =-0,07™; My = +5,51™;
Mg = +5,41™; Mp = +4,72™;
mp = -26,85™
Maca CoHrst 1,989-10% kr
ConsuHmit paziyc 6,9599-10% m
COHsYHA CBIiTHICTb 3,826-10% Bt
TIpucKOpeHHs CHIM TSDKIHHS HA MOBEPXHi 274 m/c?
EdexTuBHa Temmeparypa 5807 K
CoHsYHA cTalIa 0,1368 Br/cm?
CepenHiil BUIUMHI KyTOBHH TiaMeTp 32'03",56
CoHsYHUIT mapasakc 8,794"
Cepenns ryctuna CoHus 1408,4 xr/m®
Haxwn exminTuxu 23°26'
JliniiiHa IIBUIKICTE Ha €KBATOP1 2025 m/c
Jlpyra xocMivHa IBHUAKICTH Ha IIOBEPXHI 617,7 xm/c
Bincrans 10 nenrpa I'anaktnkn 10000 mx
HIBuxicTs pyXy HABKOJO IEHTpa I anakTHKn 250 xm/c
Iepiox obepranHs HaBKOJIO LieHTpa ["anakTHKu 200 mMiH.p.
CBiTIIOBE PIBHSHHS 499,004780 ¢
Yuco ehemepuaHux CeKyH/ B TpomiuHoMy pori | 31556925,9747
Tonepeunuk ["anakTuku 200000 cB.p.
Maca lanaktiku 2-10"Me
Crana ['ab66na 75 xm/(c-Muk)
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Jopatok 8. Tadmuusa cxuiaednss CoHusi NPOTATOM POKY

\Hens| CI4 (NIIOT | BEP | KBI | TPA | YEP | IuN | CEP | BEP | XXOB | INC | TPY

1 [23°04'-17°201-7°49 +4°18'+14°54'+21°58'+23°09'+18°10'+8°30/ -2°57'-14°14|-21°43]

-22°591-17°03|-7°26'| +4°42'1+15°12+22°06'+23°05+17°55+8°09] -3°20'-14°34/-21°52]

-22°54'-16°46'| -7°03| +5°05'+15°30+22°14'1+23°01'+17°40'+7°47'| -3°44'-14°53-22°01]

-22°481-16°28'-6°40'| +5°28'+15°47'|+22°22'+22°56'1+17°24'+7°25] -4°071-15°11-22°10]

-22°42'-16°10"|-6°17'| +5°51'1+16°051+22°29+22°511+17°08'+7°03 -4°307-15°30]-22°18]

ol bh|[w]|N

-22°36'-15°52-5°54' +6°13+16°22/+22°35'+22°45'+16°52+6°401 -4°53-15°48/-22°25]

~

-22°28-15°34'-5°30' +6°36'+16°39+22°42+22°3971+16°36'+6°18] -5°16-16°06/-22°32]

-22°211-15°15'|-56°07"| +6°59'1+16°551+22°47'+22°33'+16°19'+5°56/ -5°39'-16°24/-22°39)

9 |-22°131-14°56'| -4°44"| +7°21"+17°12|+22°53'+22°26'+16°02'|+5°33 -6°021-16°41-22°46]

10 [-22°057-14°37|-4°207 +7°43'+17°27'+22°58'+22°19+15°45'+5°10 -6°25'-16°58-22°52]

11 [21°567-14°18/-3°57 +8°07'+17°43+23°02'+22°11"+15°27'|+4°48! -6°48'-17°15|-22°57]

12 |-21°471-13°58-3°331 +8°28'+17°59+23°07'[+22°04+15°10'|+4°25 -7°107-17°32|-23°02]

13 [21°371-13°38/-3°107 +8°507+18°14'+23°11'+21°55"+14°52'+4°02 -7°32'-17°48-23°07]

14 |-21°271-13°18]-2°467 +9°11+18°29+23°14'+21°46'+14°33'|+3°39] -7°55]-18°04-23°11]

15 [21°167-12°58-2°221 +9°33'+18°43+23°17'+21°37+14°15+3°16/ -8°18'-18°20]-23°14]

16 [-21°067-12°37'-1°591 +9°54'+18°58/+23°20'+21°28'+13°56'+2°53 -8°40'-18°35|-23°17]

17 [20°541-12°16/-1°351+10°16+19°11'+23°22'+21°18+13°37'|+2°30 -9°02'-18°501-23°20

18 [-20°421-11°55/-1°111+10°37'+19°25+23°24'+21°08'+13°18'+2°06' -9°24'-19°05-23°22]

19 [-20°307-11°34'-0°481+10°58'+19°38/|+23°25'+20°58'+12°59'|+1°43| -9°451-19°19]-23°24]

20 [-20°187-11°13-0°241+11°191+19°51'+23°26'+20°47'+12°39'+1°207-10°07-19°33/-23°25]

21 -20°05'-10°52 0°00°[+11°39'+20°04'+23°26'+20°36'+12°197+0°57-10°29'-19°47-23°26"

22 -19°52'-10°301+0°24'+12°00'+20°16'+23°26'+20°24'+11°59+0°33'-10°50'-20°00-23°26'

23 19°38'-10°08'+0°47'+12°20'+20°28'+23°26'+20°12'+11°39+0°10'-11°12'-20°137-23°26"

24 1-19°24" -9°46'+1°11'+12°40'+20°39+23°25'+20°00'+11°19' -0°141-11°33'-20°26-23°26"

25 19°10" -9°24'+1°35'+13°00'+20°507+23°24'+19°47'+10°58' -0°37-11°54'-20°381-23°25|

26 [-18°55' -9°02+1°58+13°19'+21°01+23°23'+19°34'+10°38' -1°007-12°14'-20°50%-23°23

27 -18°40" -8°39+2°22'+13°38'+21°121+23°21'+19°21'+10°17"| -1°247-12°351-21°011-23°21

28 -18°25' -8°17'+2°45+13°58'+21°221+23°19'+19°08'| +9°56'| -1°471-12°55-21°121-23°19

29 18°09' -8°03+3°09'+14°16'+21°31+23°16'+18°54'| +9°35'| -2°10%-13°15-21°231-23°16

30 (17°53] +3°321+14°351+21°41'+23°13+18°40' +9°13'|-2°34'-13°351-21°33/-23°12]

31 (17°37] +3°55] +21°50] +18°25' +8°52] -13°55] -23°08
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Jonaroxk 9.

KyTroBuii niamerp CoHusi IpOTAroM poKy

Jama Do, " Jlama Do, " Jama Do, " Jlama Do, "
1/12/2011 1946 1/01/2012 1952 1/02/2012 1948  1/03/2012 1937
2/12/2011 1947  2/01/2012 1952  2/02/2012 1948 2/03/2012 1936
3/12/2011 1947  3/01/2012 1952  3/02/2012 1947  3/03/2012 1936
4/12/2011 1947  4/01/2012 1952  4/02/2012 1947  4/03/2012 1935
5/12/2011 1948 5/01/2012 1952 5/02/2012 1947 5/03/2012 1935
6/12/2011 1948  6/01/2012 1952  6/02/2012 1946  6/03/2012 1934
7/12/2011 1948  7/01/2012 1952  7/02/2012 1946  7/03/2012 1934
8/12/2011 1948  8/01/2012 1952  8/02/2012 1946 8/03/2012 1933
9/12/2011 1949  9/01/2012 1952  9/02/2012 1946  9/03/2012 1933
10/12/2011 1949 10/01/2012 1952 10/02/2012 1945 10/03/2012 1932
11/12/2011 1949 11/01/2012 1952 11/02/2012 1945 11/03/2012 1932
12/12/2011 1949 12/01/2012 1952 12/02/2012 1944 12/03/2012 1931
13/12/2011 1950 13/01/2012 1951 13/02/2012 1944 13/03/2012 1931
14/12/2011 1950 14/01/2012 1951 14/02/2012 1944 14/03/2012 1930
15/12/2011 1950 15/01/2012 1951 15/02/2012 1943 15/03/2012 1930
16/12/2011 1950 16/01/2012 1951 16/02/2012 1943 16/03/2012 1929
17/12/2011 1950 17/01/2012 1951 17/02/2012 1942 17/03/2012 1929
18/12/2011 1950 18/01/2012 1951 18/02/2012 1942 18/03/2012 1928
19/12/2011 1951 19/01/2012 1951 19/02/2012 1942 19/03/2012 1928
20/12/2011 1951 20/01/2012 1950 20/02/2012 1941 20/03/2012 1927
21/12/2011 1951 21/01/2012 1950 21/02/2012 1941 21/03/2012 1926
22/12/2011 1951 22/01/2012 1950 22/02/2012 1940 22/03/2012 1926
23/12/2011 1951 23/01/2012 1950 23/02/2012 1940 23/03/2012 1925
24/12/2011 1951 24/01/2012 1950 24/02/2012 1939 24/03/2012 1925
25/12/2011 1951 25/01/2012 1950 25/02/2012 1939 25/03/2012 1924
26/12/2011 1951 26/01/2012 1949 26/02/2012 1939 26/03/2012 1924
27/12/2011 1951 27/01/2012 1949 27/02/2012 1938 27/03/2012 1923
28/12/2011 1952 28/01/2012 1949 28/02/2012 1938 28/03/2012 1923
29/12/2011 1952 29/01/2012 1949 29/02/2012 1937 29/03/2012 1922
30/12/2011 1952 30/01/2012 1948 30/03/2012 1922
31/12/2011 1952 31/01/2012 1948 31/03/2012 1921
1/04/2012 1920 1/05/2012 1905 1/06/2012 1893 1/07/2012 1888
2/04/2012 1920  2/05/2012 1904 2/06/2012 1892 2/07/2012 1888
3/04/2012 1919  3/05/2012 1904  3/06/2012 1892 3/07/2012 1888
4/04/2012 1919  4/05/2012 1903  4/06/2012 1892  4/07/2012 1888
5/04/2012 1918 5/05/2012 1903 5/06/2012 1892 5/07/2012 1888
6/04/2012 1918 6/05/2012 1902 6/06/2012 1891 6/07/2012 1888
7/04/2012 1917  7/05/2012 1902  7/06/2012 1891 7/07/2012 1888
8/04/2012 1917  8/05/2012 1901  8/06/2012 1891 8/07/2012 1888
9/04/2012 1916  9/05/2012 1901  9/06/2012 1891 9/07/2012 1888
10/04/2012 1916 10/05/2012 1901 10/06/2012 1890 10/07/2012 1888
11/04/2012 1915 11/05/2012 1900 11/06/2012 1890 11/07/2012 1888
12/04/2012 1914 12/05/2012 1900 12/06/2012 1890 12/07/2012 1888
13/04/2012 1914 13/05/2012 1899 13/06/2012 1890 13/07/2012 1888
14/04/2012 1913 14/05/2012 1899 14/06/2012 1890 14/07/2012 1888
15/04/2012 1913 15/05/2012 1898 15/06/2012 1889 15/07/2012 1888
16/04/2012 1912 16/05/2012 1898 16/06/2012 1889 16/07/2012 1888
17/04/2012 1912 17/05/2012 1898 17/06/2012 1889 17/07/2012 1888
18/04/2012 1911 18/05/2012 1897 18/06/2012 1889 18/07/2012 1888
19/04/2012 1911 19/05/2012 1897 19/06/2012 1889 19/07/2012 1889



20/04/2012 1910 20/05/2012 1896 20/06/2012 1889 20/07/2012 1889
21/04/2012 1910 21/05/2012 1896 21/06/2012 1888 21/07/2012 1889
22/04/2012 1909 22/05/2012 1896 22/06/2012 1888 22/07/2012 1889
23/04/2012 1909 23/05/2012 1895 23/06/2012 1888 23/07/2012 1889
24/04/2012 1908 24/05/2012 1895 24/06/2012 1888 24/07/2012 1889
25/04/2012 1908 25/05/2012 1895 25/06/2012 1888 25/07/2012 1890
26/04/2012 1907 26/05/2012 1894 26/06/2012 1888 26/07/2012 1890
27/04/2012 1907 27/05/2012 1894 27/06/2012 1888 27/07/2012 1890
28/04/2012 1906 28/05/2012 1894 28/06/2012 1888 28/07/2012 1890
20/04/2012 1906 29/05/2012 1893 29/06/2012 1888 29/07/2012 1890
30/04/2012 1905 30/05/2012 1893 30/06/2012 1888 30/07/2012 1891
31/05/2012 1893 31/07/2012 1891
1/08/2012 1891  1/09/2012 1902  1/10/2012 1917 1/11/2012 1934
2/08/2012 1891  2/09/2012 1902  2/10/2012 1918 2/11/2012 1935
3/08/2012 1892  3/09/2012 1903  3/10/2012 1918 3/11/2012 1935
4/08/2012 1892  4/09/2012 1903  4/10/2012 1919  4/11/2012 1935
5/08/2012 1892  5/09/2012 1904 5/10/2012 1919 5/11/2012 1936
6/08/2012 1892  6/09/2012 1904  6/10/2012 1920 6/11/2012 1936
7/08/2012 1893  7/09/2012 1905  7/10/2012 1921  7/11/2012 1937
8/08/2012 1893  8/09/2012 1905 8/10/2012 1921  8/11/2012 1937
9/08/2012 1893  9/09/2012 1906 9/10/2012 1922  9/11/2012 1938
10/08/2012 1894 10/09/2012 1906 10/10/2012 1922 10/11/2012 1938
11/08/2012 1894 11/09/2012 1907 11/10/2012 1923 11/11/2012 1939
12/08/2012 1894 12/09/2012 1907 12/10/2012 1923 12/11/2012 1939
13/08/2012 1894 13/09/2012 1908 13/10/2012 1924 13/11/2012 1940
14/08/2012 1895 14/09/2012 1908 14/10/2012 1924 14/11/2012 1940
15/08/2012 1895 15/09/2012 1909 15/10/2012 1925 15/11/2012 1940
16/08/2012 1895 16/09/2012 1909 16/10/2012 1925 16/11/2012 1941
17/08/2012 1896 17/09/2012 1910 17/10/2012 1926 17/11/2012 1941
18/08/2012 1896 18/09/2012 1910 18/10/2012 1927 18/11/2012 1942
19/08/2012 1897 19/09/2012 1911 19/10/2012 1927 19/11/2012 1942
20/08/2012 1897 20/09/2012 1911 20/10/2012 1928 20/11/2012 1943
21/08/2012 1897 21/09/2012 1912 21/10/2012 1928 21/11/2012 1943
22/08/2012 1898 22/09/2012 1912 22/10/2012 1929 22/11/2012 1943
23/08/2012 1898 23/09/2012 1913 23/10/2012 1929 23/11/2012 1944
24/08/2012 1899 24/09/2012 1913 24/10/2012 1930 24/11/2012 1944
25/08/2012 1899 25/09/2012 1914 25/10/2012 1930 25/11/2012 1945
26/08/2012 1899 26/09/2012 1915 26/10/2012 1931 26/11/2012 1945
27/08/2012 1900 27/09/2012 1915 27/10/2012 1931 27/11/2012 1945
28/08/2012 1900 28/09/2012 1916 28/10/2012 1932 28/11/2012 1946
20/08/2012 1901 29/09/2012 1916 29/10/2012 1933 29/11/2012 1946
30/08/2012 1901 30/09/2012 1917 30/10/2012 1933 30/11/2012 1946
31/08/2012 1902 31/10/2012 1934
1/12/2012 1947 9/12/2012 1949 17/12/2012 1950 25/12/2012 1952
2/12/2012 1947 10/12/2012 1949 18/12/2012 1951 26/12/2012 1952
3/12/2012 1947 11/12/2012 1949 19/12/2012 1951 27/12/2012 1952
4/12/2012 1947 12/12/2012 1949 20/12/2012 1951 28/12/2012 1952
5/12/2012 1948 13/12/2012 1950 21/12/2012 1951 29/12/2012 1952
6/12/2012 1948 14/12/2012 1950 22/12/2012 1951 30/12/2012 1952
7/12/2012 1948 15/12/2012 1950 23/12/2012 1951 31/12/2012 1952
8/12/2012 1948 16/12/2012 1950 24/12/2012 1951
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Jonatok 10. Tani npo 3emuio Ta Micsiub

Cepenniii pagiyc 3emii

6,3713-105m

ExBaropianpuuii pagiyc 3emii

6,378:10%m

[onsipunii paniyc 3emii

6,35678-10°xm

Maca 3emi

5,9737-10% kr

CepenHs TycTHHA 3eMITi

5,515-10% xr/m®

006’em 3emii

10,8321-10™ kn?®

[Inoma mosepxHi 3emii

5,1072-108 xkm?

Ctuck 3emii

0,0033528

IIpuckopenHs BITEHOTO MaiHH Ha OBEPXHi 3eMIIi
(Ha exBaropi)

9,780318455 m/c?

IIpuckopeHHs BUIFHOTO MaiHHS HA TIOBEPXHi 3eMiIi
(Ha moJtoci)

9,832177280 m/c?

[eprra xocMivHa DIBHIKICTh Ha NOBEPXHI 3eMiti 7,9 km/c
Jlpyra KocMivHa MIBUJIKICTh Ha NOBepXHi 3emii 11,186 xm/c
Iepion o6epTanHs 3eMiti HABKOJIO OCi 23M56M4¢ 1
Cepe/Hill eKCIIEHTPUCUTET opOiTH 3emiti 0,01671123
1IBuakicTs pyxy 3emii mo opOiti 29,785 xm/c
Cupnepnunnii nepiox obepranns 3emii 365,256363 nib
Cepenniii pagiyc Micsis 1,7371-10m
31'26"

Cepenniii BuIuMuH KyToBHH Hiamerp Micsis

Maca Micsus

7,3477-10% xr

06’em Micsis

2,1958-10%0 xn3

[Tnoma moBepxHi Micsius

3,793-107 xm?

Cepenns ryctiuaa Micsiis

3,3464-10° xr/m3

[TpuckopeHHs! BUTLHOTO NaJiHHs Ha TIOBepXHi Micsius 1,623 m/c?
[Mepmia kocMiYHa NIBUAKICTh HA MoBepXHi Micsiist 1,68 xm/c
Jpyra KocMiYHa IBUAKICTh Ha MoBepxHi Micsus 2,38 km/c

Bincrans Mik nieaTpamu 3emii i Micsis 3,84-108 m
Bignomenus Mac 3emi 1 Micsis 81,3
Cepenniii ekciieHTpHcHTeT opoiTH Micsius 0,0549
1,023 xm/c

CepenHs BUAKICTE pyXy Micsms no opOiti

Cupnepnunnii mepiox obepranHs Micsius

27,321 582 ni6

Cunonmunnil nepion obepranas Micsius

29,530588 ni6
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Joparok 11. XapakTepucTHKH NJIaHETHUX OPOIT Ta oOepHeHi
3HAYeHHS Mac MJIaHeT

Benuka miBBichk CunepuaHuii N .
opbitn nepiox obepTaHHs C“HOHI?“H““ Cepeﬂﬂlv“ Exe-
[Tnanera nepion NOOOBHIA | IEHTPH-
a, a, obepTaHHs pyx cHTET

poku | nobu
a.0. | MIH. KM

Mepkypiii [0,3871| 57,91 |0,24085 | 87,969 115,88 14732" | 0,2056
Benepa |0,7233| 108,20 |0,61521|224,701| 583,92 5768" | 0,0068

3emmss |1,0000| 149,60 |1,00004 365,256 - 3548" 0,0167

Mapc  [1,5237| 227,94 |1,88089|686,980| 779,94 1887" | 0,0934

Onirep |5,2028| 778,33 |11,8623(4332,71| 398,88 299" 0,0483

Carypn |9,5388| 1426,98 | 29,458 (10759,5| 378,09 120" 0,0560

Vpan (19,1914 2870,99 | 84,01 | 30685 369,66 42,2" 0,0461

Henryn (30,0611 4497,07 | 164,79 | 60190 367,49 215" 0,0097

ITnyron (39,5294 5913,52 | 248,54 | 90800 366,73 14,5" 0,2482

OO0epHeHi 3HaYeHHA MaC MJIAHET
(BigHomenns macu COHIA 10 MACH NJIAHETH)

Mepkypiit 6000000
Bemnepa 408000
3emis + Micsib 329390
3emst 332958
Mapc 3093500
IOmitep 1047,355
CatypH 3501,6
VYpau 22869
Hentyn 19314
ITnyTon 360000
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Jonartok 12. @iznyHi XapaKTepUCTHKHU NJIaHeT

Cepeoniti padiyc Maca Tyemuna,
Inanema P
o B pat)ty?ax B yacax | oo
3emni 3emni
Mepkypiii 2439 0,383 0,055 0,330 5500
Benepa 6052 0,950 0,815 4,87 5200
3ems 6371 1,000 1,000 5,98 5515
Mapc 3393 0,532 0,107 0,64 3900
IOmnitep 71398 11,19 317,89 1900 1300
Carypn 60000 941 95,17 568 700
VYpau 26200 4,11 14,6 87 1600
Henryn 24300 381 17,2 103 1720
[nyton 2500 0,39 0,0025 0,015 1700
= =
8 E =) = 15
2 .- g BB e
© 2 g- 5 2 g °
§ EED g0 g & i B
s 0o 23| EZ s '8 =& =
g | g87 E =5 | E&8| O
R 5 =2 £
g g =5 | 8
E & & 3
& E = »
— = <
Q as)

Mepxkypiit 3,72 4,3 58,65¢ 2° 0
Benepa 8,87 10,4 243,164 177°,3 0
3emist 9,78 11,2 23"56™ 23°45 | 0,0034
Mapc 3,76 5,0 24h37m 25°,19 | 0,0052
Omirep 25 61,0 ghsQm 39,12 0,0649
Carypu 11,0 36,0 10M14m 26°,73 | 0,0980
Vpau 9,50 22,0 10M49m 97°,86 | 0,0229
Henryn 11,50 24,0 19"00™ 29°,6 0,017
[Inyton 0,6 0,72 6"38™ 122°,46 0
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Joaartok 13. OcHOBHi XapaKTepUCTHKH CYNyTHUKIB MJIaHeT

M — BUOMMa 30psSHA BEIWYMHA, d — CEpeIHs BiACTaHb IO IUIAHETH
(xm), T — 30psiHMii iepion obepTaHHs (100u), i — HaxuiI opoOiTH (°), e
— eKCLEHTPUCUTET OpOiTH, R — paziyc cynmyTHHKa (KM), M (2) — Maca

CYIyTHHKA, 0 — CEPE/IHS TYCTUHA CYIyTHHKA (T/cM1).

Hasea | m | a | 7 | @i Je] R [m@Ep
CynyTtHuk 3emui
Micsis | -12,7 [ 384400 | 27,322 [18,3-28,6[0,05 [ 1,738 [7,35x10%B,34
Cynytauku Mapca
Doboc 11,3 9380 | 0,319 1,0 0,01 14x10 [1,08x10%2,0
Jeiimoc | 12,4 | 23460 | 1,263 | 0,9-2,7 |0,00| 8x6 [1,8x10%[1,7
Cynytauku FOnirepa
Metuna | 17,5 | 127960 | 0,295 0 0 (20) ? ?
Anpacres | 18,7 128980 | 0,298 0 0 12x8 ? ?
Amanprest | 14,1 | 181300 | 0,498 04 0 [135x75 ? ?
Teba 16,0 | 221900 | 0,675 (0,8) [0,01| (50) ? ?
Io 50 421600 | 1,769 0,04 0 [ 1,815 B,94x10%B,57
€Bpomna 53 | 670900 | 3,551 047 0,01 ] 1,569 |4,8x10%P,97,
lanimen 4,6 |1070000| 7,155 0,19 0 [ 2,631 [1,48x10%1,94
Kamwricro | 5,6 1883000 16,689 | 0,28 [0,01 | 2,400 [1,08x10%(L,86)
Jlena 20,2 [11094000] 238,72 27 015]| (8 ? ?
limamis | 15,0 [11480000] 250,57 28 0,16 | (90) ? ?
Jlucites | 18,2 [11720000] 259,22 29 0,11| (20) ? ?
Enapa 16,6 [11737000] 259,65 28 0,21| (40) ? ?
Ananke | 18,9 1200000 631 147 0,17 | (15) ? ?
Kapwme 17,9 22600000 692 163 [0,21| (22) ? ?
IMacige 16,9 23500000, 735 147 10,38 | (35) ? ?
Cunome | 18,0 [3700000] 758 153 0,28 | (20) ? ?
Cynyrauku CatypHa
Ian ? 133570 | 0,576 0) 0) | (10 ? ?
Armanr | 18,0 | 137640 | 0,602 (O] (0) | 20x15 ? ?
Ipomereit| 15,8 | 139350 | 0,613 (0) 10,00 | 70x40 ? ?
IMangopa | 16,5 | 141700 | 0,629 (0) 10,00 55%x35 ? ?
Emimereit | 15,7 | 151422 | 0,694 0,34 10,01 | 70x50 ? ?
Slayc 14,5 | 151472 | 0,695 0,14 0,01 [110x80 ? ?
Mimac 12,9 | 185520 | 0,942 153 [0,02| 195 |3,8x10%[1,17
Ennenax | 11,7 | 238020 | 1,370 0,02 [0,00| 250 [84x10%[1,24
Tedis 10,2 | 294660 | 1,888 1,09 [0,00| 525 [7,55x10%1,26
Tenecto | 18,7 | 294660 | 1,888 (@) 0 | (12) ? ?
Kaminco | 19,0 | 294660 | 1,888 (0) (0) | 15x10 ? ?
Jliona 10,4 | 377400 | 2,737 0,02 |0,00| 560 [1,05x10%4L,44
€nena 18,4 | 377400 | 2,737 0,2 [0,01] 18x15 ? ?
Pes 9,7 | 527040 | 4,518 0,35 |0,00| 765 P,49x10%1,33
Tutan 8,3 |1,221850| 15,945 | 0,33 |0,03| 2,575 [1,35x10%,88
linepion | 14,2 [1481000| 21,277 | 043 |0,10|175x100] ? ?
Slmer  [10,2-11,9/3561300| 79,331 | 14,72 [0,03| 720 [1,88x10%[,21
Deba 16,5 [12952000] 550,48 | 1753 0,16 | 110 ? ?
CynyTHuku Ypana
Kopmenis | 24 [ 49750 [ 0335 [ (014 [ [ @5 [ 2 [?
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Haszea

R

m a T i e me | p

Odenist 24 53760 | 0,376 | (0,09) (0,01) (15) ? ?
bianka 23 59160 | 0,435 | (0,16) | (0) | (20) ? ?
Kpecina 22 61770 | 0,464 | (0,04) | (0) | (35) ? ?
[lesnemona 22 62660 | 0,474 | (0,16) | (0) | (30) ? ?
Ikynberta) 22 64360 | 0,493 | (0,06) | (0) | (40) ? ?
[opuis 21 66100 | 0,513 | (0,09) | (0) | (55) ? ?
Posanminga| 22 69930 | 0,558 | (0,28) | (0) | (30) ? ?
beninna 22 75260 | 0,624 | (0,03) | (0) | (35) ? ?
ITak 20 86010 | 0,762 | (0,31) | (0) 75 ? ?
Mipanga | 16,5 | 129780 | 1,414 340 |0,00| 235 ,89x10%L,35
Apieinb 14,4 | 191240 | 2,520 0,00 [0,00| 580 [1,26x10%,66
YmMbpiens | 15,3 | 265970 | 4,144 0,00 [0,00| 585 [1,33x10%1,51
Turanis | 14,0 | 435840 | 8,706 0,00 [0,00| 790 B,48x10%1,68
O6epon | 14,2 [582600 | 13,463 | 0,00 |0,00| 760 B,03x10%1,58

Cynyrauku Hentyna
Hasna 25 48000 | 0,296 4,7 10 | (25 ? ?
Tanacca 24 50000 | 0,312 0) © | (40 ? ?
JecnuHa 23 52500 | 0,333 0) © | (90) ? ?
Tanarest 23 62000 | 0,429 (0) ©) | (75 ? ?
Jlapucca 21 73600 | 0,554 0) ©) | 95 ? ?
IIporeit 20 117600 | 1,121 (0) (0) | (200) ? ?
Tpuron | 13,6 |354800 | 5,877 157 0,00 | 1,350 P,14x10%P,07
Hepeina | 18,7 |5513400] 360,16 29 0,75] (170) ? ?
Cynytauk IltyToHa
Xapon | 16,8 | 19640 | 6,387 | 98,8 [0,00] 595 [1,77x10?]2,0
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Jonartok 14. OcHOBHi XapaKTepUCTUKHN HAWOINBIINX acTepoiniB

206

Hassa Iepureniit, | Adenniit, Jiamerp, Maca,
a.0. a.0. KM KT
Lepepa 2,5465 2,9842 | 487,3+1.8 | (9,43+0,07)x10%
Tannana 2,132 3,414 | 582x556x500 2,06x10%
OHona 1,988 3,356 233,92 2,82x10%
Becra 2,151 2,571 | 578x560x458 2,75x10%
Actpest 2,573 2,076 | 167x123x82 ~2,4%1018
I'eba 1,936 2,916 185,18 1,37x10%
Ipuna 1,834 2,936 199,83 1,79x10%
Diopa 1,855 2,547 135,89 8,47x10%
Mernga 2,09 2,677 190 2,05x10%°
Tires 2,772 3,506 407,12 9,03x10%
IMapgpenona 2,207 2,697 153,33 5,092x10%8
BikTopist 1,821 2,849 112,77 -
Erepist 2,354 2,798 207,64 1,63x10%
Ipena 2,151 3,019 152 8,21x10%
EBnomist 2,146 3,14 255,33 3,34x10%°
Tcixes 2,515 3,327 253,16 2,57x10%°
Detuza 2,14 2,8 90,04 1,23x10®
Mensnomena 1,793 2,799 140,57 3,00x10%8
®dopryHa 2,057 2,829 |225%205x195 1,08x10%
Macinis 2,069 2,753 1455 4,49%1078
Jlrorerrist 2,435 2,041 95,76 2,566x10'®
Kamiomna 2,61637 | 3,20381 | 235x144x124| (8,16+0,26)x10'8
Tanist 2,018 3,244 107,53 -
Demina 2,72 3,54 198 1,13x10%
doxkes 1,8 3 75,13 -
Ipozepruna 2,425 2,887 94,8 -
Estepma 1,941 2,753 96 -
Benona 2,369 3,193 120,9 -
AmditpuTa 2,371 2,739 212,22 1,17x10%°
VYpanist 2,066 2,666 100,15 ~1,04x108




Jonatoxk 15. Ilpenecis 3a 100 pokis

3a mpsIMUM T THECCHHSM

3a cXuIeHHAM

o [ O[] A E ],

5 12" | 110 [ 100 | on | 8" | 7" a as| ¢
XB XB XB XB XB XB XB o XB roJl XB
80° | 5 | 8 |11 |14 | 16 | 17 | 18| 80° [ 0 o0 [33 |24 0
75| 5 | 7|9 11|12 |13|13|-75c] 0 30|33]|23 30
700 | 5 | 7|8 |9 |10 |11|11|-700]1 0[32]23 0
60° | 5 | 6| 7|8 | 8| 9|9 |-60]1 3031]2 30
500 | 5 | 6|6 |7 ]| 7|8 ]|8|5°]2 0|20]2 o
400 | 5 | 6| 6|6 ]| 7| 7|7 |-4°]2 3027|2130
30° | 5 | 5|6 |6]| 6|6 |6|-3°]3 024|210
20| 5 | 5|5 |6 | 6|6 |6 |-200]3 30|20]20 30
1001 & | 5| 5|55 |6 |6]|-100]4 0]17]20 0
4 30|13|19 30
0 5|55 |5|5]|5]|5]| 0 : ole |19 o
10| 5 | 5|5 |5 |5 |5 |5]10°|5 30/4]|18 30
20| 5 | 5|5 |5 | 4| 4|4]2°]6 00|18 0
30°| 5 | 5| 4| 4| 4| 4|4]30°]|6 30|-4|17 30
400 5 | 5| 4| 4| 4|3 |3]4°]|7 o0|-9|17 0
50°| 5 | 4| 4|3|3|3|2]50°]|7 30/[-13|16 30
60°| 5 | 4| 3|2 |2|1|1]60c]8 01716 0
70°| 5 | 42|10 -1|-1]70°]|8 30/-20]15 30
75| 5 | 3| 11| 2]-3|3]7|9 o|24|150
80° | 5 | 2| -1|-4|-6]|-7|-8]80°|9 30[-27|14 30
120 [ 137 [ 14" [ 15" | 16" | 17 g N8 |10 029114 0
24" | 23" | 200 | 210 | 20" | 19" o 10 30|-31] 13 30
11 0(-32]13 0
11 30|-33| 12 30
12 0(-33]12 0
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Joaartok 16. Piuna npeuecis 3a npssMuM migneceHHsm P,

0
-20°|-10°| 0° |+100° [ +20°[+30°|+40°]|+50°|+60°
a

o"00™ | 12"00™| 3,15 3,1%(3,2°| 3,1° [ 3,15]3,1°|3,1°|3,1%[3,1°
030 | 1130 |30(30(31] 31 |31(32[32]|33]|34
100 | 1100(29(30|31| 31 (32|33(34([35]37
130 | 1030(29(30|31| 32 (33|34 3, [37]40
200 (1000 |28 (30(31] 32 (3335363942
230 | 930 |28(29|31| 32 (34|35(38(40]45
300 | 900 |2,7{29|31| 32 |34 (3639|4247
330 | 830 [27]29]31) 33 [34|37|40(43| 4
400 | 800 (2712931 33 [35]37|40(44 (51
430 | 730 |26(29(31| 33 |35(38|41]|45]|52

500 | 700 |26(28|31| 33 [35|38(42(46]53
530 | 630 [26]28]31| 33 [36]38|42(46(54
6" 00™ 26128(31] 33 |36(38|42]|47]|54
12"30™| 23"30™| 3,1 {3,131 30 [30[30]29]|29]|28
1300|2300 |32(31(31] 30 |30(29]28]|27]|25
13302230 |133(32(31] 30 |29(28]26]|24]22
1400|2200 1331|3231 30 |28(27]25]23]|19
1430|2130 1341|3231 29 |28(26|24]|21]|17
1500 | 2100 (343231 29 |27]25|23|20(14
153012030 |135(33(31] 29 |27 (25]22]|18]|1.2
1600 | 2000 {35(33|31)| 29 |27 (|24|21|17 (11
16301930 |135(33(31] 29 |26(23]20]16]|09
1700 | 1900 (35(33|31| 28 |26(23|20(15(08

17301830 |136(33(31| 28 |26(23(20]15]|08
18"00™ 3613331 28 |26(23]|20]15|08
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Jonartok 17. Piuna npeuecisi 3a cxueHnsm P
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Jonartok 18. OcHOBHi XapaKkTepuUCTHKH cy3ip’iB

210

a

< = o] =
g - e | s3f5 e B
g £ 3 = | 28289 Eg &
T s g | ESEe |2 =
= 2 g = 2 H O©
Anppomena Andromeda And 722 | 100 | 1" | +40°
BausHioku Gemini Gem 514 70 7 20
Benuka Bexgsenums Ursa Major UMa 1280 | 125 11 50
Benuknii Ilec Canis Major CMa 380 80 7 -20
Tepesu Libra Lib 538 50 15 15
Bogoumiit Aquarius Agr 980 90 23 | -15
Bizununii Auriga Aur 657 90 6 40
Bosk Lupus Lup 334 70 15 | 45
Bornomnac Bootes Boo 907 90 15 30
Bomnoccst Beponiku |Coma Berenices| Com 386 50 13 20
Bopona Corvus Crv 184 15 12 | -20
I'epkyiec Hercules Her 1225 | 140 | 17 | 30
Tigpa Hydra Hya 1303 | 130 | 10 | -20
Tony6 Columba Col 270 40 6 -35
TConui [lcu Canes Venatici | CVn 465 30 13 | 40
Jisa Virgo Vir 1294 | 95 13 0
Henbdin Delphinus Del 189 30 21 | 10
JpaxoH Draco Dra 1083 80 17 65
€ nuHOopir Monoceros Mon 482 85 7 -5
KepToBHNK Ara Ara 237 30 17 | -55
YKusonuceusb Pictor Pic 247 30 6 -55
Kupada Camelopardalis | Cam 757 50 6 70
Kypasens Grus Gru 366 30 22 | -45
3asup Lepus Lep 290 40 6 -20
3mMicHOCEIb Ophiuchus Oph 948 100 17 0
3mist Serpens Ser 637 60 16 10
3onora Puba Dorado Dor 179 20 5 -65
Taniens Indus Ind 294 20 21 | -565
Kaccionest Cassiopeja Cas 598 90 1 60
Kinb Carina Car 494 | 110 9 | -60
Kur Cetus Cet 1231 | 100 2 -10
Kosepor Capricornus Cap 414 50 21 | -20
Kowmmac Pyxis Pyx 221 25 9 -30
Kopma Puppis Pup 673 | 140 8 | -40
Jlebinp Cygnus Cyg 804 150 21 40
Jles Leo Leo 947 70 11 15
Jlerroua Puba Volans Vol 141 20 8 -70
Jlipa Lyra Lyr 286 45 19 | 40
Jlucnuka Vulpecula Vul 268 45 20 | 25
Maua Beamenuus Ursa Minor UMi 256 20 15 70
Maumuit Kinp Equuleus Equ 72 10 21 10
Maunii Jle Leo Minor LMi 232 20 10 35
Mauuii ITec Canis Minor CMi 183 20 8 5
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Mikpockort Microscopium Mic 210 20 21 | -35
Myxa Musca Mus 138 30 12 | -70
Hacoc Antlia Ant 239 20 10 | -35

Kocunenp Norma Nor 165 20 16 | -50
OseH Aries Ari 441 50 3 20
OKTaHT Octans Oct 291 35 22 | -85
Open Aquila Aql 652 70 20 5
Opion Orion Ori 594 | 120 5 5
[TaBiin Pavo Pav 378 45 20 | -65
Bitpuio Vela Vel 500 | 110 9 -50
Ilerac Pegasus Peg 1121 | 100 | 22 | 20
Iepceit Perseus Per 615 90 3 45
iy Fornax For 398 35 3 -30
Paiicpkuii [Ttax Apus Aps 206 20 16 | -75
Pax Cancer Cnc 506 60 9 20
Piseus Caelum Cae 125 10 5 -40
Pubu Pisces Psc 889 75 1 15
Puce Lynx Lyn 545 60 8 45
IliBuiuna Kopona |Corona Borealis| CrB 179 20 16 | 30
CexkcTaHT Sextans Sex 314 25 10 0
Citka Reticulum Ret 114 15 4 -60
CkopIioH Scorpius Sco 497 | 100 | 17 | -40
CkynbITop Sculptor Scu 475 30 0 -30
Cronosa ['opa Mensa Men 153 15 5 -80
Crpina Sagitta Sge 80 20 20 | 10
Crpinens Sagittarius Sgr 867 | 115 | 19 | -25
Teneckort Telescopium Tel 252 30 19 | -50
Tenerp Taurus Tau 797 125 4 15

TpukyTHHK Triangulum Tri 132 15 2 30
Tykau Tucana Tuc 295 25 0 -65
DeHike Phoenix Phe 469 40 1 -50

XameseoH Chamaeleon Cha 132 20 11 | -80

Llenrasp (Kenrasp) Centaurus Cen 1,06 | 150 13 | -50
Ledeii Cepheus Cep 588 60 22 | 70
Lupkyib Circinus Cir 93 20 15 | -60

I'oguHHNK Horologium Hor 249 20 3 -60

Yara Crater Crt 282 20 11 | -15

lut Scutum Sct 109 20 19 | -10
Epinan Eridanus Eri 1138 | 100 3 -20
HiBxenna ['igpa Hydrus Hyi 243 20 2 -75
ITinenna Kopona [Corona Australis|  CrA 128 25 19 | -40
ITiBgenna Puba | Piscis Austrinus|  PsA 245 25 22 | -30
IiBnennnii Xpect Crux Cru 68 30 12 | -60
In. Tpukyrauk  [Triangulum Aus.|  TrA 110 20 16 | -65
Sltipka Lacerta Lac 201 35 22 | 45
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Jonartoxk 19. Biacui Ha3Bu 3ip

B tabnuii HaBepeHW CHHMCOK 3ip, IO MAarOTh BIACHI iMEHA.
[IpuBOAATHCS MOBIAKOBI daHi, Taki SK OJHUCK My, CIEKTPAIBHHM KI1ac,
BiJCTaHb I', HeOeCHI KOOpAWHATH (IpsAME TMiTHECEHHS @ 1 CXUIIEHHS &
Ha ermoxy 2000.0). 3Hak «?» O3Ha4ae BiACYTHICTh JaHWX abo ix

HCTOYHC 3HAYCHHA.

N 2 ‘:.4 s S 3
g 3 g 2| 5§ s °
= S o S| -
ABBa ) JiBa 3.4| M3 | 150 | 12"5535.95¢[+03°23'00".00
ABoip € Kisp 1.9] KO | 150 |08"22"30.96¢| -59°29'59.93"
Apnapa € B. ITec 1.5] B2 | 500 | 06"58"37.97¢| -28°58'00.07"
Anxadepa 4 JleB 3.4| FO | 120 | 10"1641.98° | +23°25'00.04"
Anxin & | Aummpomema [4.9] KO | ? [01"22v20.00°|+45°30'59.91"
Asenbpadara | m Jlebinp 47 B3| ? |21M42v05.96°|+51°11'00.11"
Azxa n Epinan 3.9| K1 | 100 | 02"56%25.00° | -08°53'59.92"
AiH Ais Pami | v Crpinens  [4.8] K2 | ? |18"54"10.06°| -22°45'00.01"
Al € Teneup 3.5| KO | 150 | 04"28%36.98°|+19°11'00.02"
Axamap 6 Epinan 3 | A3 | 120 | 02"58"18.00¢| -40°17'60.00"
Axpab B Cxopmion  [2.5| B1 | 800 |16M05"26.03¢| -19°48'00.02"
AKpyKC a| IIn Xpecr [0.8] B1 | 400 |12M26"36.04¢| -63°06'00.21"
AxkyGeHc o Pak 4.3| A5 | 150 | 08"58"29.04° | +11°52'00.03"
Anandap | 1 Tipa 44| B2 | ? |19713"44.94°[+39°07'59.95"
Amamax vy | Anmpomena [2.2| K1 | 300 | 02"03"53.00° | +42°2000.08"
Amargap | 1 Tlipa 51| A3| ? |18724"14.04°| +39°29'59.94"
Asrons B Ilepceit 21| B8 | 90 |03"08"11.00°|+40°56'59.95"
Auia 0 3mist 4 | A5 | 100 |18M56"12.00¢| +04°12'00.00"
Aot ¢ | B. Benmemums [ 1.8] A0 | 80 | 12M54%02.03¢( +55°56'59.90"
Ankanyporic | W Bomonac  [4.2| F2 | 100 |15M24%29.97¢|+37°23'00.07"
Anynpa n B. Ilec 2.4| B5 | 2500 | 07"24¥05.01° | -29°17'59.89"
A;’g’}’)ﬁic ¢ | B. Benvemuus [ 3.8| GO | 25.4 | 11"18"12.00° | +31°31'48.00”
Aryna v | B. Benmenmms | 3.5| K3 | 150 | 11"1828.97¢| +33°04'59.94"
Bopeanic
A KOG o Hepeii  [55| A3| 7 |22129"53.04¢| +78°5000.01"
Ao Misiap | Tew 45| K5| 2 |0974v38.99¢|+26°11'00.04”
Acap
A“"U“f;z“‘ap o| Timpa |44| K2 | 150 |08"3846.05¢ | +03°20'60.00"
Anp Crmaykar | 31 Pucs 43| K5 | 200 |08"22%49.94¢|+43°11'59.97"
Anpbangax T Crpinens  [2.9] F2 | 300 |19"09"45.95¢| -21°01'00.11"
Anpbani € Bopouiit 3.8| Al | 120 | 20"47¥41.06° | -09°30'00.08"
Anpbipeo B Jlebinn 2.9 G8 | 400 | 19"30%43.07¢|+27°58'00.05"
Anbrenio Y ITerac 2.8| B2 | 500 | 00"13"14.00°[+15°10'59.90"
Anbreny0i € Jle 3 | GO | 300 |09"45"50.96¢| +23°46'00.02"
Aubrie6a Y JleB 2.1| KO | 150 |10"9%59.03¢[+19°51'00.03"
Aunbrieni o1 Kosepir 4.2| G3 | 1500 | 20"17“36.00° | -12°30"36.00"
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Anbropab d Bopona 3 | B9 | 120 |12M29%51.03¢| -16°30'59.95"
Anbaebapan o Teneub 0.9| K5 | 65.2 | 04"3554.95¢ | +16°29'59.93"
Anbsiepamin o Ledeit 24| A7 | 51 |21M834.97¢| +62°35'00.23"
Aspprabax | 1 Jle 3.5| A0 | 2000 | 10"07"19.98° | +16°46'00.04"
Anpubain n Jpakon 2.7| G8 | 73.4 | 16"23"59.04¢| +61°29'59.95"
Aunbsip ¢ | Buusmoxu [3.4| F5 | 61 |06"4518.07°|+12°53'59.98"
AJbkec o Haua 4.1] KO | 120 [10"59Y46.07¢| -18°17'59.90"
AubKkop 80| B. Benmemuusi | 4 | A5 | 70 |[13"25%12.99°¢| +54°59'59.98"
Anpmeramnax | o | Tpuxyrauk |3.4| F6 | 65.2 | 01"53¥05.00° [ +29°35'00.02"
AnbHaip a| XKypasemn [1.7| B6 | 67.5 [ 22"0813.98°| -46°58'00.06"
AnbHaCT Y Crpisnens 3 | KO | 120 |18"05"48.05¢| -30°26'00.13"
AsbHinam € Opion 1.7] BO | 1500 | 05"36"12.01°| -01°11'60.00"
AubHiTak 4 Opion 1.8] 09 | 1500 | 05"40"48.00° | -01°56'24.00"
AJBHIST c Cxopmion  [2.9| B1 | 600 |16M21"11.96°| -25°34'59.91"
Aubpaii Y Lledeit 3.2| K1 |50.2 | 23"3920.00° [ +77°3700.29"
Asbcadi 9 Jpakon 4.7] KO | 18.5 [ 19"32%20.97°| +69°39'00.11"
Aubraip o Open 0.8] A7 | 16.5 [ 19"50%46.97°| +08°52'00.09"
Aubraiic 3 Jpakon 3.1| G9 [ 120 [19"12%33.03°[+67°40'00.11"
Asnbrapgp B Pak 35| K4 | 200 |08"16"30.96°| +09°11'59.96"
Asnbrepd A Jles 43| K5 | 250 | 09"3142.94¢| +22°58'59.92"
Asnbdapa o ligpa 2 | K3 | 90 |09"27"35.01°| -08°40'00.06"
Aunbpepan o| Ammpomena | 2 | B9 | 90 |00"08%23.00¢|+29°04'59.96"
Asbdepr n Pubu 3.6| G8 | 150 |01"3129.00¢| +15°21'00.07"
Asbdipk B Ledeit 3.2| B1 | 800 |21"28"39.05°|+70°32'59.73"
AJibxeka A Opion 3.4| 08 | 1500 | 05"35"06.00¢ | +09°55'48.00"
Asb-Xekka 4 Tesnewus 3 | B3 | 500 |05"37%39.05¢| +21°09'00.04"
AnbxeHa y| Bmmsmoxkn [1.9] A0 | 90 |06"37%43.05° | +16°23'59.90"
Aupiiona n Ternennp 2.8| B7 | 400 |03"47v29.00° | +24°07'00.01"
Aspuraiin B Open 3.7| G8 | 46.6 | 19"55"18.96° | +06°24'00.01"
Auspuiar v Kosepir 48[ B9 | ? [20"2039.96°| -12°44'59.91"
Anprmba o Bopona 4 | F2 | 48.7 [ 12"08v24.07° | -24°42'59.92"
Ansikpab | Ckopmion [4.3] G2 | ? [16"07"24.02¢| -20°51'59.90"
AmnrereHap T Epinan 48] KO | ? [02"5102.00¢| -21°00'00.01"
Ankaa o Denike 24| KO | 80 |00"2617.00°| -42°18'00.14"
Ancep o VUL 44| MO | 300 |19"28443.02° [ +24°39'59.90"
AnTapec o | Cxopmion [0.9] MO | 500 |16"29"25.07¢| -26°25'59.95"
Anxa 0 Bomomiit  |4.2| G8 | ? |22M16Y48.96°| -07°46'59.92"
HApKa.6 B| Crpimews [43] FO | 2 |1972313.00°| -44°47'59.94"
ocrepiop
ﬁg‘i‘jg B| Crpinens | 4 |B8| 2 |19722v38.07¢|-44°27'59.94"
ApkTyp o Bomnomnac 0 | K2 | 35.5 | 14"15%40.00¢ | +19°11'00.02"
Apm n Kosepir 48] A3 | 65.2 [ 21"0424.06°| -19°51'00.03"
Apueb o 3aenp 2.6| FO | 1000 | 05"32"43.96° | -17°49'59.96"
Apakic 1 Jpakou 49| F7 | 80 [17'05"18.00°|+54°28'12.00"
Acemyc 0| Bomomac |4.1| F7 | 48 |14"2512.00¢|+51°51'00.00"
IMpumyc
Acearyc v| Bomomac |4.7| A8 | 100 |14"16"09.01¢|+51°21'59.87"
Cekonuyc
Aceauryc x| Bomomac |4.4| A7 | 150 |14M3v28.95¢| +51°47'00.01"
Tepuiyc
Ackpeniex 1. Kopona [4.6] K1 | 200 |19"08“20.01¢| -40°29'59.99"
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AcwMizicke & Kopma 3.2| G3 | 800 | 07"49%17.07¢| -24°51'59.99"
Acrepona 21 Teneup 5.8| B8 ? | 03M45"55.01¢| +24°34'00.06"
Acuena S Crpinens  [2.6] A2 | 100 | 19"02%37.06°| -29°51'59.92"
Arik 0 Iepceit 3.8] B1 | 1000 | 03"4419.00¢| +32°16'59.89"
Artnac 27 Tenens 3.6| B8 | 400 |03"49"10.00° [ +24°03'00.07"
Atpus o |TIn. Tpuxytauk| 1.9 K2 | 100 |16M48“40.02¢| -69°02'00.14"
AxepHap o Epinan 05| B4 | 90 [01"37¥42.00¢] -57°14'60.00"
Axipn n| Kacciomes |[3.4] GO | 19.2 [ 00"49"06.00°| +57°48'59.95"
Arbderia || onona [4.1] A2 | 100 | 19709428.08¢ | -37°5500.08"
Mepiniana
baram 0 Iepceit 4.1| F7 | 41.3 | 02"44"12.00°| +49°12'36.00"
barer 4 Kur 3.7| K1 | 200 |01"51%27.00°| -10°20'00.09"
Kaiitoc
Baxam 0 ITerac 35| A2 | 80 |22"10"12.00¢[+06°12'00.00"
beiin 01 Epijan 4 | F2 | 200 | 04"11"54.00°| -06°5024.00"
bemnarpike Y Opion 1.6] B2 | 400 |05"25"07.98°|+06°21'00.07"
Benernaru n | B. Benmenyms [ 1.9] B3 | 120 | 13"47%32.06¢| +49°19'00.00"
Berenbreiize o OpioH 0.4| M2 | 400 | 05"55"10.04° | +07°24'00.08"
Boc p Kosepir 4.6| F5 | 77.3 [ 20"28"51.01°| -17°48'59.94"
Boreiin 3 OseH 44 K2 | 2 ]03M11v38.00°| +19°44'00.02"
Bpaxiym c Tepesu 3.3] M4 | 80.7 | 15"04¥04.07¢| -25°17'00.03"
Bacar 5| Bmmsmoxm [3.5] F2 | 53.5 | 07"20"06.98° | +21°5900.03"
Bera o Jlipa 0 | A0 | 26.3 | 18"36"55.99°| +38°46'59.98"
Besen 3 B. ITec 1.8| F8 | 3000 | 07"08"24.03° | -26°23'59.96"
Beit € Cxopmion [ 2.3] K2 | 58.3 | 16M50%09.95¢| -34°17'59.99"
Bingemiatpikc | € Jisa 2.8] G9 | 100 |13"02"11.02¢[+10°58'00.03"
Takpykc y| TIn Xpecr [1.6] M3 | 120 | 12"31"09.96°| -57°07'00.06"
Cemma o | Tl Kopoma [2.3] A0 | 80 |15"3441.06°|+26°43'00.03"
Tiagym 11 S Tenensb 3.8| KO | 150 | 04"2254.00° | +17°32'24.00"
T'onosa Crpinbnsg| & Crpinens  [3.5] K1 | 150 |18M57"44.03¢| -21°06'00.04"
TComeiiza B M. ITec 2.9| B8 | 150 | 07"2709.00°| +08°16'59.93"
I'oprones Ksapra| ® Iepceii 4.6 K1 | ? ]03"1%17.00°| +39°36'59.97"
Toprones Tepiiist | p Iepceii 3.3| M4 | 200 | 03"05"11.00° | +38°49'59.97"
I'padiac I n Ckopmion | 3.3| F2 | 55.9 [ 17"12¥08.95¢| -43°13'59.98"
Cpagiac 11 {| Cxopmion [3.6] K5 | 150 | 16"54"36.00°| -42°21'36.00"
padiac III &| Cxopmion [4.1] F6 | 80 |16"04"24.00°| -11°22'12.00"
I'pymiym £ Jpakon 3.8| K2 | 200 | 17"53%31.96° | +56°52'00.05"
[yazap A Jpakon 3.8] MO | 200 |11"3123.98°[+69°20'00.28"
Jlabex B Kozepir 3 | F7 | 100 |20"21%01.00¢| -14°47'00.10"
Jene6 11 4 Open 3 | B9 | 100 |19"05"24.96° | +13°51'59.94"
Jene6 Anbreni | & Kosepor 2.8] A9 | 47.3 [ 21747%02.02¢| -16°0800.09"
Jlene6 Anpreny6i| n Kur 35| K2 | 120 | 01"08+36.00° | -10°10'59.91"
Jlene6 Kaiiroc | B Kut 2 | KO | 57.8 | 00"43"35.00°¢| -17°58'59.93"
Jleneb Oxkab | & Open 3.4| F1 | 46.6 | 19"25%28.99° | +03°07'00.01"
%‘;&fgf ¢| Jlemdin | 4 | B6 | 500 |20"33v12.96°| +11°17'59.97"
Jened o Jle6inp 1.3] A2 | 2000 | 20"41"26.07¢| +45°15'59.96"
Jenebona B Jle 2.1] A3 | 42.9 [11749¥04.04°| +14°33'59.93"

JIxab6ax v Cxopmion | 3.9 B3 | 600 | 16M1%60.00¢| -19°27'36.00"

Jxabxar 1| Ckopmion 4 | B1| 800 |16"06"48.00°| -20°40'12.00"

JIxanax Y Bopona 2.6| B8 | 200 |12"15449.06¢| -17°32'00.09"

Jlxenax 11 € Jle6inp 2.5| KO | 71.7 | 20"4613.05¢| +33°58'00.13"
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Jhxy60a d Cxopmion  [2.3| BO | 800 |16M"0020.07¢| -22°37'00.03"
J3uban \ JlpakoH 4.3| F6 | 69.4 | 17"41¥54.00° | +72°09'00.00"
Jianema o | B.Beponiku [4.3| F5 | 61.5 | 13M09"58.96¢| +17°30'59.95"
Hipax v | Bausmioku  [4.1| B7 | 300 |06"28"58.04° | +20°12'59.96"
Jopcym 0 Kosepir 4.1] A1 | 150 |21"0554.00°] -17°13'48.00"
Jlybxe o | B. Beamenuus | 1.8 KO | 80 |11"0343.96¢|+61°45'00.11"
3aBiKaBa B Misa 3.6] F8 | 32.6 | 11"5041.95°| +01°46'00.01"
3aniax n JiBa 3.9] A2 | 150 | 12M9%53.96°| +00°40'00.01"
3aypak Y Epinan 3 | MO | 150 |03"58%02.05¢| -13°30'59.96"
3i6asb ¢ Epigan 48] A0 | ? [03"1550.00°] -08°48'59.94"
3yen v| Tepesn |3.6| K4 | 120 |15"3701.05¢| -28°07'60.00"
Xakpabi
3y6en Enpreny6i| o Tepesu 2.6| A4 | 59.4 | 14"5041.01°| -15°59'59.92"
3y6en Enpuiemani| Tepesu 2.6| B8 | 120 | 15"7"00.04¢ | -09°23'00.01"
3y6en Ensikpabi | v Tepesu 3.9 G8 | 80 |15"3531.94¢| -14°47'00.10"
3y6en Ensikpibi | & Tepesu 4.9] A0 | 250 |15"0058.98¢| -08°30'59.98"
Icuna i B. ITec 5 | G3 | 500 |06M56"06.98¢| -14°0300.10"
Iap € Bonomac  [2.4] G9 | 150 | 14"45%00.00° | +27°04'12.00"
I/Ieu. e | 3wmienocers [3.2| G9 | 100 |16"18"18.98° | -04°41'60.00"
IToctepiop
Wen Ipiop 8 | 3wmienocens [2.7| M1 | 150 |16"14"19.98°| -03°40'60.00"
Winpayn 5 [M. Benmemma [4.4] AL | 150 |17"32"11.06° | +86°35'01.61"
Kaiiraiin o Pubu 3.8| Al | 150 | 02"02"02.00° | +02°46'00.00"
Kaitsim ® Tepkymec |4.6| A? | ? |[16"25%24.98°(+14°01'59.93"
Kanomyc o Kins 0.7 FO | 150 | 06"23"57.03¢| -52°40'59.94"
Kanemna o Bisamumit  |0.1] G5 | 43.5 | 05"16"40.98¢ | +46°00'00.06"
Kacrop o | Bmusmioku [ 1.6] Al | 47.3 [ 07"3436.05° | +31°52'59.91"
Kactpa € Koszepir 47| B3 ? | 21"37404.95¢| -19°27'59.91"
Kayc Aycrpaiic | & Crpinens  [1.8] B9 | 100 |18M24"10.06¢| -34°23'00.01"
Kayc bopeanic | A Crpinens | 2.8] K2 | 69.7 | 18M27"58.05¢| -25°26'00.09"
Kaye 151 Crpinems  |2.7| K2 | 74.2 | 18"21700.02 | -29°48'59.91"
Mepiianamic
Kag B| Kacciomes |2.3| F2 | 49.4 | 00"09"10.00°| +59°09'00.11"
Kaddamspxuaxmal y Kut 35| A3 | 70.9 | 02'43"18.00° | +03°14'00.01"
Keiin 02 Epinan 4.4] K1 | 15.9 [ 04"15"15.99¢| -07°40'00.08"
Kitassga o M. Kinp 3.9 GO | 150 |21"15"49.96°| +05°14'60.00"
Kokca 0 JleB 3.3] A2 | 80 [11M14"12.00°|+15°25'48.00"
Koxab B IM. Benmemuus | 2.1| K4 | 100 | 14"50443.07¢| +74°08'59.99"
Kpas B Bopona 2.7| G5 | 300 [12"34%23.02°| -23°24'00.02"
Kyma v Jpakon 4.1 A5 | 120 [ 17"32¥09.96°| +55°10'59.94"
Kypnax £ Ledeii 43| A5 | 120 | 22"03448.04° | +64°36'59.99"
Kypca B Epinan 28] A3 | 90 [05'07%51.01°] -05°05'00.01"
Kxambautist A Jisa 45| A? | ? |14"19%06.95° | -13°23'00.02"
JlaGp 3 Yama 3.6] G8 | 90 [11M19"19.99°| -14°45'59.95"
Jlesar v Cxopmion  [2.7| B2 | 600 |17"30"46.08¢| -37°17'59.90"
Maacum A Tepkynec |44 K4 | 2 |17"30%44.01° | +26°05'59.96"
Maiist 20 Tenenp 3.9 B7 | 400 | 03"45"49.00°|+24°22'00.10"
Manyopiym o Crpinens  [3.8] G8 | 120 |19"04"39.99¢| -21°43'59.95"
Mapkab o ITerac 25| B9 | 100 |23"0446.08°|+15°11'59.96"
Mapke6 | K Bitpuia 25| B2 | 400 [09"22"07.05¢| -55°01'00.05"
Mapke6 11 Y Cigpa 3| G6 | 100 |13"18"54.98°| -23°11'00.11"
Mapxe6 111 K Kopma 3.8 B6 | 400 | 07"3848.00°| -26°48'00.00"

215



Mapdux I 0| Kacciomes [4.3] A7 | ? [01M1%07.00°[+55°09'00.05"
Mapouxk 11 L | 3wmienocems [3.8] A2 | 150 | 16"30V55.01°| +01°5900.00"
Marap n ITerac 2.9| G2 | 200 | 22"43¥00.01°¢|+30°12'59.92"
MebcyTa ¢ | BuusHiokH 3 | G8 | 600 | 06"43"55.98°| +25°07'59.96"
Merperng 5 | B. Benmemuns | 3.3 A3 | 61.5 | 12M15%25.95¢( +57°01'59.89"
Mesaprim Y OBeH 3.9 A0 | 150 | 01"53%31.00¢[+19°17'00.04"
MexkOyna ¢| Bmmsmoxu [3.7] GO | 1500 | 07"04"07.03¢ | +20°33'60.00"
MeHKatiHaH B Bisauunii  [1.9] A2 | 70 |05"59%32.00°|+44°57'00.16"
Menkap o Kur 25| M2 | 150 | 03"0217.00¢| +04°05'59.99"
MeHKeHT 6 LlenTaBp 2.1] KO | 49.9 | 14"06"42.00°| -36°2212.00"
Memki0d & Iepceii 4 | 07 | 1500 | 03"58"57.05° | +35°47'00.07"
Menkxi6 C Iepceii 2.9] B1 | 1200 | 03"5408.01°[ +31°52'59.91"
Mepak B | B. Benmemms [2.4] Al | 60 |11"01"51.06° | +56°22'59.91"
Mepra 38 Bosonac 57| F5 ? | 14"4919.06°| +46°07'00.06"
Meporna 23 Teneup 42| B6 | 400 |03"46"19.00°|+23°56'59.94"
Miamnakigyc | B Kinb 17| Al | 67.8 | 09"13"12.00°| -69°43'00.11"
Mimosa B I Xpect |[1.3| BO | 400 |12M47"44.02¢| -59°42'00.18"
MiHkap € Bopoun 3 | K2 | 100 | 12"10%08.03°| -22°37'00.03"
MiHraka 3 OpioH 22| 09 | 1500 | 05"32"01.05¢ | +00°17'60.00"
Mipa o Kur 2 [ M7 [ 100 | 02"19"21.00°| -02°59'00.01"
Mipam n Iepceii 3.8] K7 | 800 |02"50"42.00°| +55°53'59.88"
Mipax B| Ammpomena [2.1] MO | 78.1 | 01"09"44.00¢| +35°36'59.88"
Mipdak o Iepceii 1.8] F5 | 600 |03"2420.00° | +49°50'60.00"
Mipram B B. Iec 2 | B1 | 733 [ 06"22"41.95¢| -17°57'00.02"
Micam K Iepceii 3.8 KO | 150 | 03"09%30.00° | +44°51'59.90"
Midpia n Bonomac  [2.7] GO | 32 |13"54%40.96°| +18°23'59.99"
Munap ¢ | B. Benmemmma [2.1] A2 | 70 |13"23"54.00° | +54°55'48.00"
Mymideitn Y B. Ilec 4.1| B8 | 1000 | 07"03"45.03°| -15°37'59.97"
Mycruna I o | B. Benmenuus [ 3.3 G5 | 200 | 08"30%16.02¢[ +60°43'00.17"
Mycuuna m, | B. Benmenuus | 4.6 K2 ? | 08M"40"12.95¢| +64°19'59.92"
Hasgi y | Kacciomes [1.6] BO | 800 | 00"56"41.99°|+60°43'00.17"
Haoc C Kopma 2.3| 05 | 2000 | 08"03+35.00° | -40°00'00.11"
Hamrmupa Y Kosepir 3.7| FO | 100 |21"40%04.95°| -16°39'59.95"
Hexkxkap B Bonomac  |3.5( G8 | 150 | 15"01%57.01¢| +40°22'59.90"
Hiranb B 3aenp 2.8| G4 | 300 |05"28"14.99°| -20°44'59.99"
Homyc 1 C Jpakon 3.2| B6 | 300 | 17"0848.04° | +65°43'00.03"
Hynku 9 Crpinens 2 | B3| 200 |18"55"16.06°| -26°17'59.96"
Hycakan B | Tln Kopoma [3.7] A9 | 120 | 15"27"48.95°| +29°05'59.91"
Oxyiyc T Kozepir 53| B9 | ? |20"27%19.01°| -18°12'00.02"
ITikox o [MaBiin 1.9] B3 | 250 | 20"25"38.08°| -56°44'00.14"
Ineiiona 28 Terneus 5.1] 0? | ? [03"49%10.99¢[+24°07'59.90"
osic n Crpinens | 3.8 B8 | 4000 | 18"13"46.04°| -21°03'00.11"
Tomnyke B| Bmusmoxu |[1.1] KO | 35.1 | 07"45"19.04¢| +28°00'59.91"
IMonspHa o |M. Benmennus | 2 | F8 | 800 | 02"31%13.00° | +89°14'54.84"
Toppima Y Misa 2.8] FO | 32.9 [ 12"41v42.00°| -01°26'60.00"
Ipesena v Pax 3.9| G8 | 300 | 08"4641.97° | +28°46'00.05"
Ipeuinya 46 M. Jles 38| K2 | ? [10"53v18.01°[+34°13'00.01"
Ipuma liagym | y Tenenp 3.6] KO | 150 | 04"19%47.98¢[+15°37'00.00"
[purnenc S Bosomnac 35| G8 | 150 | 15"15%29.97°| +33°19'00.02"
IIpouion o M. Ilec 0.4] F5 | 11.4 [ 07"39"17.94°[ +05°1400.01"
Pana S Epinan 3.5 KO | 29.4 | 03"43+14.00° | -09°45'59.96"
Pac Anbrerti o Iepkynec  |2.9] M2 | 600 | 17"14¥38.97¢|+14°22'59.97"
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Pacanbxar o | 3wmienocems [2.1| A5 | 54.4 | 17"34%56.07° | +12°33'59.91"
Pacairsic n Jles 3.9] K2 | 200 | 09"52"45.97¢|+26°01'00.10"
Pacraban B Jpakon 2.8| G2 | 250 | 17"3026.00¢| +52°18'59.87"
Peryn o Jles 1.4| B7 | 80 |10"08"22.00°|+11°58'00.09"
Pirens B Opiox 0.1] B8 | 1000 | 05"14"31.99¢| -08°12'00.01"
Pine Anib ABBa | JiBa 3.9| F3 | 100 | 14"4302.97¢| -05°39'00.01"
Poranes B Jensdin 3.6| F5 | 80 |20'3732.99¢|+14°35'59.92"
PykoOar o Crpineus 4 | B8 | 120 |19"23"53.98°| -40°36'59.99"
Pykbax ¢ | Kacciomes |[3.4] B3 | 500 |01"54"24.00°|+63°41'00.23"
PyTikymyc B Tepkynec  |2.8] G8 | 100 |16"3013.06°|+21°29'00.10"
Pyx0a o Jlebinp 5.1| K2 | 500 |20"3118.97°|+49°12'59.97"
Pymba 5 | Kacciomes [2.7| A5 | 85.2 | 01"25"49.00° [ +60°14'00.24"
Cabik n | 3wmienocens |2.4| A2 | 65.3 | 17"10%23.06°| -15°42'59.90"
Capanambis | y Bogomiit 3.8 A0 | 100 |22"2138.97°| -01°23'00.01"
Canancyyn B Bopouiit 2.9| GO | 1000 | 21"31"33.96¢ | -05°35'00.00"
Canansbapu | p Ilerac 35| G9 | 120 |22"5001.06° | +24°36'00.05"
Caganmpmenik | o Bonomiit 3 | G2 [ 1000 | 22"05"46.99° | +00°19'00.00"
Cagp Y Jlebinp 2.2| F8 | 800 |20"22"13.05°|+40°15'00.01"
Caid K OpioH 2.1| BO | 1500 | 05"47%46.02¢| -09°40'00.02"
CanbMma T ITerac 46| A5 | ? [23'20%38.06°|+23°45'00.07"
Caprac 0 Cxoprion 1.9 FO | 300 | 17"37+18.00°| -43°00'00.00"
Capin ) Tepkymec  |3.1] A3 | 90 |[17"15%02.07°[+24°49'59.97"
[iBHiynuit Ociuk| y Pax 4.7 Al | 150 [ 08"43"16.94°|+21°28'00.03"
Cerin Y Boutonac 3 | A7 [ 100 | 14"32"04.98°|+38°18'59.92"
Cepue Kapna | o | Tomuillcu [2.8] Al | 120 | 12"56"00.98°| +38°18'59.92"
Cinictpa v | 3wmienocems [3.3] KO | 150 | 17"59"01.02¢| -09°47'00.03"
Cupiyc o B. Iec 1.5] Al | 8.7 [06"45%08.99°| -16°42'59.97"
Cipma ! Misa 41 F6 | ? [14"6"01.04°] -05°59'59.90"
Cityna K Bomomiit 5| K2 | ? [22"37"46.07¢| -04°14'00.00"
Ckar ) Bogomiit 3.3| A3 | 100 |22"54"38.97¢| -15°48'59.97"
Ckin 53 Epigan 3.9| K2 | 150 |04"38"10.95¢| -14°17'60.00"
Crika o Jisa 1| B1 | 300 |13"25%11.07¢| -11°08'59.95"
Cyaiokia o Jensdin 3.8] B9 | 200 |20"39%38.95°|+15°55'00.01"
Cy6pa 0 JleB 35| A5 | 70 |09"4109.07¢|+09°53'59.98"
Cynagat Y Jlipa 3.2 B9 | 200 |18"5855.94°|+32°41'00.12"
Cyxetins Enp Baszg| A Bitpnna 2.2| K5 | 500 |09"07"59.99°| -43°25'59.97"
Cyxeins Emp Bitpwra | 1.5| O7 | 1500 | 08"0931.97¢| -47°2059.96"
Myraid
Tabirt T3 OpioH 3.2| F6 | 25.1 | 04"4951.01¢| +06°56'59.97"
Taiirera 19 Tenenp 43| B6 | 400 | 03"45"12.01°| +24°28'00.05"
Tanita Ayctpanic| x | B. Benmenuus | 3.6 A0 | 120 | 09"03%37.07¢| +47°09'00.10"
Tanita Bopearic | 1 | B. Benmennus | 3.1| A7 | 49.4 | 08"59"13.05¢ | +48°02'00.00"
Tanis Aycrpaiic | p | B. Benmemumns | 3.1 MO | 150 | 10M22V19.02¢| +41°29'59.99"”
Tanis Bopearnic | A | B. Benmenuns | 3.5] A2 | 120 | 10"17406.05° | +42°55'00.02"
Tapazen Y Open 2.7| K3 | 300 [19"46"14.97°|+10°36'59.94"
Termex C Pak 47[ GO | 70 [08"12"12.00°|+17°38'60.00"
Teenim V2 Epifan 3.8 G9 | 200 | 04"3532.95¢| -30°34'00.10"
Tepebemiym | @ Crpinens  [4.7] G5 | 53.5 | 19"55"50.04° | -26°17'59.96"
Test [ocrepiop | 1 | Bausmroku  [2.9| M3 | 150 | 06"22"58.04° | +22°30'59.96"
Test [piop M| Bmmsmoxu  |3.3] M3 | 200 | 06"14¥51.94°| +22°29'59.90"
Tinp € Jpakon 3.8 G7 | 150 |19"48"10.07°|+70°15'59.83"
Toniman o LlenTaBp 03] G4 | 4.4 [14"3936.01°] -60°50'00.10"
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Topkynapic [ Pubu 4.3] G9 | 200 | 01"45%24.00°|+09°09'00.07"
Tpanemnist Opiona| 6 Opion 4 | 08 | 1500 | 05"35"18.00°| -05°24'00.00"
Ty6an o Jpakon 3.7| A0 | 200 | 14"04“24.00° | +64°22'00.00"
Typeiic ! Kinb 2.3| A9 | 800 | 09"17¥06.04° | -59°15'59.96"
Yuyk Enpxaiia | o 3Mist 2.7| K2 | 66.6 | 15"44"16.95° | +06°24'60.00"
[OFVS) o Cony6 2.6| B7 | 150 | 05"39%38.96° | -34°04'59.98"
deka v | B. Benmemuus [2.4] A0 | 70 |11M53v48.96¢| +53°41'59.90"
Depkag Minop M. Beamenuusa | 5 | K4 ? | 15"1705.95¢| +71°49'00.09"
Depkan y M. Benmemuns [ 3.1 A3 | 200 | 15"20444.04¢[+71°50'00.26"
domanerayr o I1x. Puba 1.2| A3 | 21.9 | 22"5738.97¢| -29°37'00.05"
Dopamen n Kinb 1| B?| ? [10"45%03.94¢| -59°42'00.18"
PymEms | g pisy |45| B6 | 300 | 2303%52.04¢| +03°4900.01"
CamakaH
Dypyn S B. Ilec 3 | B3 | 300 |06"20"17.98°| -30°03'59.92"
Xamap B Llenrasp 0.6 B1 | 300 |14"03%50.03¢| -60°21'59.83"
Xamaib o OseH 2 | K2 | 68.4 | 02"07410.00°| +23°27'00.08"
Xan ¢ | 3wmienocers [2.6] 09 | 600 | 16"37"09.03¢| -10°33'59.90"
Xapa B| Tomhilleu |[4.3] GO | 29.9 | 12'33"45.07¢[+41°20'59.99"
Xaccanex ! Bizamunii  [2.7| K3 | 250 | 04"57400.04¢[+33°09'00.05"
Xarnca ! OpioH 2.8] 09 | 1500 | 05"35%25.94¢| -05°55'00.02"
Xenyc 1 C Bizamunii  [3.7| K4 | 500 | 05"02%28.97¢(+41°04'60.00"
Xenyc 1T n Bisamumit [ 3.2] B3 | 200 | 05"06“30.98¢| +41°13'59.98"
Xese C Jisa 34| A3 | 80 |13"34%42.01°|+00°36'00.00"
Xomam ¢ Ilerac 3.4| B8 | 150 | 22"41¥27.05¢ | +10°50'00.05"
Ilenena 16 Tenenp 55| B7 ? | 03"44"48.00°| +24°16'59.95"
Lens6anppaii | B | 3mienocens [2.8] K2 | 120 | 17"43"28.02¢| +04°33'60.00"
Ilo3ma 3 Jles 2.6| A4 | 68.4 | 11"14%06.05¢ | +20°31'00.04"
lam o Crpina 4.4| G1| 600 |19"40"06.03¢|+18°01'00.08"
[lat B ITerac 2.3 M2 | 200 | 23"0346.95° | +28°04'59.94"
[layna A Cxopmion  |1.6] B2 | 300 |17"33"36.04¢| -37°06'00.00"
leaup o Kacciomest |2.2| KO | 120 | 00"40%31.00¢| +56°32'00.08"
Hleniak B Jlipa 3.3| B7 | 300 | 18"50"04.05° | +33°22'00.01"
Hlemani L Kur 3.6| K2 | 200 | 00"19¥26.00° | -08°50'00.05"
IlepaTtan B Osen 2.6| A5 | 50.2 | 01"5439.00° | +20°48'00.01"
Enasux L Jpakon 3.3| K2 | 150 | 15"2455.96° | +58°58'00.19"
Enexrpa 17 Tenenp 3.7| B6 | 400 | 03"4452.00¢|+24°07'00.01"
Enb Anng 3 Bisauunii  [2.9] FO | 4000 | 05"01%58.03¢ | +43°5000.01"
Ens Kodpa x | B. Benmemuus | 3.7 K1 | 120 | 11746%02.94¢| +47°46'59.95"
EnpHaTx B Tener 1.7| B7 | 120 | 05"26"17.01°| +28°36'00.03"
Enid g Ilerac 24| K2 | 500 | 21"44"10.95° | +09°53'00.10"
Epakic n Ledeii 3.4 M2 {3000 | 21"43%31.08° | +58°47'00.18"
Eramin Y Jpakon 2.2| K5 | 100 |17"56"35.95¢| +51°28'59.99"
I, Ocnuk ) Pak 3.9| KO | 150 | 08"44v40.96° [ +18°09'00.04"




Joaatok 20. 100 Haiidauxqux 3ip

I 109 m Cnexm, MR

nK % M P M o R®
Proxima Cen C |14"26™18°| -62°27' | 1.3 | 772 | 11.05 M5V 0.18 | 0.17
alf Cen A 143612 | -6037 | 1.33 | 750 | -0.01 G2v 111 1.32
alf Cen B 143612 | -6037 | 1.33 | 750 | 1.33 KOV 0.92| 0.98

Barnard 175524 | 0442 | 1.83 | 547 | 9.54 M5V 0.18| 0.2
Wolf 359 105406 | 0717 | 235 | 425 | 13.53 M6V 0.1 | 0.14
Lalande 21185 | 110036 | 3614 | 2.52 | 397 7.5 M2V 0.43| 0.47
L 726-8 A 013624 | -1813 | 2.58 | 387 | 12.52 M6V 0.1 | 0.16
UV Cet B 013624 | -1813 | 2.58 | 387 | 13.02 M4V 0.09| 0.15
Sirius A 064300 | -1640 | 2.65 | 377 | -1.46 M1V 217 | 1.68
Sirius B 064300 | -1640 | 2.65 | 377 | 8.68 BOVII 0.99 | 0.008

V 1216 Sgr 184648 | -2354 | 2.9 | 345 | 10.6 M4V 0.28 | 0.13
Ross 248 233930 | 4354 | 3.18 | 314 | 12.29 M6V 0.1 | 0.19
eps Eri 033036| -0938 | 3.3 | 303 | 3.73 K2V 0.8 | 0.87
Ross 128 114512 | 0105 | 3.36 | 298 | 11.1 M5V 0.18| 0.21
61 Cyg A 210442 | 3833 34 | 294 | 5.22 K5V 0.7 | 0.74
61 Cyg B 210442 | 3833 34 | 294 | 6.03 K7V 0.7 | 0.68
eps Ind 215936 | -5702 | 3.44 | 291 | 4.68 Kav 0.7 | 0.74
DM+4344 A | 001530 | 4344 | 3.45 | 290 8.1 M1V 0.49 | 041
DM+4344B | 001536 | 4345 | 3.45 | 290 | 11.06 M6V 0.1 | 0.19

DM+4344C | 001530 | 4344 | 3.45| 290 11 M5V 0.24| 0.2
L 789-6 223548 | -1534 | 3.45 | 290 | 12.18 M6V 0.1 | 0.22
Procyon A 073642 | 0520 3.5 | 286 | 0.37 F51V 1.78 | 2.19
Procyon B 073642 | 0520 3.5 | 286 | 10.7 F1VII 0.66 | 0.012
Procyon C 073642 | 0519 35 | 286 | 12.8
DM+591915 A | 184212 | 5935 | 3.53 | 283 8.9 M4V 0.43| 0.31
DM+591915B | 184212 | 5935 | 3.53 | 283 | 9.69 M5V 0.42| 0.24
DM-3615693 | 230242 | -3608 | 3.58 | 279 | 7.36 M2V 0.43| 0.62
G 51-15 082654 | 2657 3.6 | 278 | 14.81 M8V 0.08| 0.11
tau Cet 014148 | -1611 | 3.61 | 277 3.5 G8V 0.94| 0.81
Luyten 072442 | 0520 | 3.76 | 266 | 9.82 M4V 0.28 | 0.35
L 725-32 011000 | -1715 | 3.83 | 261 | 12.04 M5V 0.18| 0.24
DM-39 14192 | 211418 | -3905 | 3.85 | 260 | 6.67 MOV 0.52| 0.72
Kapteyn 050942 | -4505 | 3.91 | 256 | 8.81 MoV 0.52| 0.32
DO Cep B 222612 | 5727 | 3.95| 253 | 11.3 M4V 0.28 | 0.22
Kruger 60A | 222612 | 5727 | 3.95| 253 | 9.85 M4V 0.27 | 0.35
DM-12 4523A | 162730 | -1233 | 4.05 | 247 | 10.6 M4V 0.28 | 0.31
DM-124523B | 16 2730 | -1233 | 4.05 | 247 | 11.7 M5V 0.2 | 0.24
Ross 614 A 062654 | -0247 | 4.07 | 246 | 11.15 M4V 0.13| 0.31
Ross 614 B 062654 | -0247 | 407 | 246 | 145 M8V 0.08| 0.1
v.Maanen 004630 | 0507 | 4.31 | 232 | 12.37 F3VI
Wolf 424 A 123054 | 0918 | 4.35 | 230 | 13.16 M4V 0.28 | 0.31
Wolf 424 B 123054 | 0918 | 435| 230 | 134 M7V 0.09| 0.1
DM-37 15492 | 000230 | -3738 | 4.44 | 225 | 8.63 M4V 0.28 | 0.46
G 3-33 015730 | 1248 | 4.46 | 224 | 12.27 M5V 0.18 | 0.25
DM+50 1725 | 100818 | 4943 45 | 222 | 6.59 K7V 0.57| 0.81
DM-46 11540 | 172454 | -4652 | 4.63 | 216 | 9.36 M2V 0.38| 0.43
DM-49 13515 | 213012 | -4914 | 4.67 | 214 | 8.67 M1V 0.49 | 0.49
DM+68946 | 173642 | 6822 | 467 | 214 | 9.15 M4V 0.28 | 0.47

3opsa o 0
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G 158-27 000412 | -0748 | 4.67 | 214 | 13.74 M7V 0.09] 011
DM-44 11909 | 173330 | -4418 | 469 | 213 | 11.2 M5V 0.18]| 0.24
G208-44 A | 195218 | 4418 | 474 | 211 | 1341 M7V 0.09] 01
G208-45B |[195218| 4418 | 474 | 211 | 13.99 M7V 0.09| 01
DM-156290 | 225036 | -1432 | 4.78 | 209 | 10.15 M5V 0.18] 0.24

40 Eri A 041300 | -0747 | 4.83 | 207 | 443 K1V 0.84| 0.81
DM-7781B | 041306 | -0747 | 483 | 207 | 9.52 AOVII | 0.43| 0.015
LTT-1909C | 041306 | -0747 | 483 | 207 | 11.17 M4V 0.2 ] 031

AD Leo 101654 | 2007 | 485 | 206 | 94 M4V 0.28| 05

L 145-141 114300 | -6434 | 485 | 206 | 11.44 | A8VII
70 Oph A 180254 | 0230 | 493 | 203 | 4.22 Kov 0.89| 1.02
700Oph B 180254 | 0230 | 4.93 | 203 6 K5V 0.65] 0.71
EV Lac 224442 | 4405 5 [200] 101 M5V 0.18| 0.24
DM+15 2620 | 134312 | 1509 | 503 | 199 | 85 M4V 0.28]| 05
Altair 194824 | 0844 | 505 | 198 | 0.76 ATV 1.75| 1.58
AC+793888 | 114436 | 7858 | 518 | 193 | 10.8 M4VI 03 | 0.32
G9-38A 085530 | 1957 | 521 | 192 | 14.06 M7V 0.09] 01
G9-38B 085530 | 1957 | 5.21 | 192 | 14.92 M7V 0.09| 01
DM+442051 A | 110300 | 4348 | 538 | 186 | 8.77 M2v 043] 05
WXUMaB [110300| 4349 | 538 | 186 | 14.45 M5V 0.18| 0.24
36 Oph A 171218 | -2633 | 543 | 184 | 5.06 Kov 0.88| 0.93
36 Oph B 171218 | -2633 | 543 | 184 | 5.09 K1V 084| 0.9
DM-2612036 C| 171312 | -2630 | 543 | 184 | 6.34 K5V 0.65| 0.78
DM-204123B| 145430 | -2112 | 556 | 180 | 7.93 M2v 0.43 | 0.66
DM-204125A| 145430 | -2113 | 556 | 180 | 5.78 K5V 0.65| 0.81
G175-34 A | 042648 | 5852 | 5.56 | 180 | 11.08 M4V 0.28| 0.31

G175-34B | 042648 | 5852 | 556 | 180 | 12.44 F3VII
DM+14774 | 234636 | 0207 | 5.65 | 177 | 8.98 M2V 0.43| 0.46
DM-3613940 A| 200754 | -3615 | 565 | 177 | 5.32 K3V 0.75] 0.71
DM-3613940B| 200754 | -3615 | 5.65 | 177 | 115 M5V 0.18| 0.24
sig Dra 193230 | 6934 | 568 | 176 | 4.69 KoV 0.88| 0.78
del Pav 200348 | -6620 | 5.71 | 175 | 3.55 G5IV 1 1.23

L 347-14 191706 | -4539 | 571 | 175 | 115 M7V 0.09| 01
DM-211377 | 060830 | -2152 | 5.78 | 173 | 8.13 M1V 0.49| 0.69

L97-12 075248 | 6739 | 578 | 173 | 14.34 | (K-M)VII

DM+4 4048 A | 191430 | 0505 | 5.85 | 171 | 9.12 M3V 0.36| 0.58

eta Cas A 004606 | 5733 | 585|171 | 37 GOV 0.88 | 1.09

eta Cas B 004606 | 5733 | 585|171 | 751 MoV 0.54 | 0.65

eta Cas C 004606 | 5733 | 585|171 8 MoV 05| 0.65

L 674-15 081030 | -2125 | 5.85 | 171 | 116 05| 07

v.Biesbroeck B | 191430 | 0504 | 5.85 | 171 | 17.38 M5V 0.18| 0.24
DM-31123 | 052854 | -0343 | 5.88 | 170 | 7.97 M1V 0.49| 0.79
L 205-128 174224 | -5718 | 5.88 | 170 | 10.9 05| 07
DM-409712 | 152900 | -4107 | 592 | 169 | 10.1 M4V 0.28] 0.31

G 240-72 174900 | 7052 | 592 | 169 | 1415 | GOVl

G 87-12 065136 | 3320 | 595|168 | 99 M4V 0.28| 0.38

YZ CMi 074206 | 0341 | 5.99 | 167 | 11.2 M4V 0.28| 0.3

G 102-22 053912 | 1228 | 6.02 | 166 | 11.48 M4V 0.28| 0.32

G87-26 A | 070642 | 3837 | 6.02 ] 166 | 125 M5V 0.18| 0.24
G87-26 B 070642 | 3837 | 6.02 | 166 | 13.1 M6V 0.1 ] 0.19
DM-4513677 [ 201018 | -4519 | 6.1 | 164 | 7.97 MoV 0.52| 0.68
DM+46 1797 | 123330 | 4603 | 6.1 | 164 | 7.13 K4V 0.7 ] 0.78
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Joaatok 21. 100 naiisickpaBiumx 3ip

g r;" 3 o > = 2 > (é - :\Q S

& & c © 2 Gl I =
o | CMa |06"45™ 8%.9|-16° 42' 58" |-1.46 AlVm 379|523 | -8
o | Car |062357.2 |-524144.0-0.72 FOIl 01510 | 12 |21
o | Boo |141539.6 |191057.0 |-0.05 K1IlbC 1.23 88 [1032| -5
o | Cen |[143936.2 |-605007.0-0.01 G2V 0.71 {742 (1792 | -25
o | Lyr |183656.2 | 384701.0 |0.03 AO0Va 128 | 157 |-14
o | Aur [051641.3 |455953.0 |0.08] G5Illle+GOlll 08 |77 | 52 |30
B | Ori |051432.2 |-081206.0]0.13 B8ae: -0.03] 4 1 |21
o | CMi |073918.1 |051330.0 |0.37 F51V-V 0.42 |1285| 713 | -3
o Eri | 0137429 |-57 1412.0|0.46 B3Vpe -0.16[ 22 | 48 |16
o | Ori |055510.3 |072425.0 05 M1-2la-lab 1897 | 27 |21
B | Cen |140349.4 |-602222.0|0.61 B1lll -0.23| 6 16 6
o | Agl |195046.9 |085206.0 |0.76 A7V 0.22 |194 | 530 |-26
o | Tau |043555.2 |163033.0 |0.86 K5II1 154 |50 | 59 |54
a | Sco |162924.4 |-26 2555.0/0.91 |[M1.5lab-Ib+B4Ve |1.84 | 5 9 -3
o Vir [132511.5|-110941.0|0.97 | B1ll-IV+B2V |-0.23|12 | 41 1
B | Gem |074518.9 |280134.0 |1.14 KOlIllb 1 |96 |552 | 3
o | PsA |225739.0 |-293720.0|1.16 A3V 0.09 |130| 286 | 7
B | Cru |124743.3|-594119.0|1.25 BO.51I -0.23] 9 24 |16
o | Cyg [204125.8 |451649.0 |1.25 A2lae 009 1 1 -5
o | Cen |143936.2 |-605007.0|1.33 K1V 0.88 |742[1754 |-21
o | Leo [100822.3|115802.0 |1.35 B7V -0.11[42 | 244 | 6
¢ | CMa |065837.5[-285820.0| 1.5 B2ll -0.21] 7 2 |27
o | Gem | 0734359 |315318.0|1.58 AlV 00463175 | 6
o | Gem |0734359|315318.0|1.58 A2Vm 004163 |175 | -1
o | Cru |122635.9 |-630556.0|1.58 B0.51V -0.26]10 | 16 |-11
y | Cru |123109.9 [-570647.0|1.63 M3.5111 159 (37| 15 |21
A | Sco |173336.4|-370613.0|1.63 B2IV+B -0.22| 4 6 -3
Y Ori |052507.8 |062059.0 |1.64 B2llI -0.22| 13 8 18
B | Tau |052617.5|283627.0 |1.65 B7III -0.13]24 | 20 | 9
€ Ori |053612.7 |-011207.0|1.69 BOlae -0.18] 2 1 26
B Car |091312.1 |-694302.0|1.69 A2IV 29 | 54 | -5
o | Gru |220813.9 |-465740.0|1.71 B7IV -0.13]32 | 87 |12
¢ | UMa |125401.7 | 5557 35.0 |1.77 AOpCr -0.02140 | 62 | -9
o Per [032419.3 495141.0 |1.79 F5Ib 048] 5 15 | -2
o | UMa [110343.6 |614503.0 |1.79 KOllla 10726 | 64 | -9
y | Vel |080931.9 |-472012.0|1.83 WC8+07.5e -0.25] 3 3 135
3 | CMa |070823.4 |-26 23 35.0|1.84 F8la 067 1 2 |34
€ Sgr |182410.3 |-342305.0(1.85 B9.511I -0.03| 22 | 32 |-15
¢ | Car |082230.8 [-593034.0(1.86 K3I11+B2:V 1285 | 13 | 2
n | UMa [134732.3 [491848.0 [1.86 B3V -0.19(32 | 79 |-11
0 Sco |17 3719.0 |-425952.0|1.87 F1ll 04 |11 4 1
B | Aur |055931.7 |445651.0 |19 A2IV 00339 | 40 |-18
y | Gem |063742.7 |16 2357.0 |1.92 A0V 31 2 |-13
o | TrA |164839.9 |-690140.0|1.92 K2llb-11la 144 | 7 6 -3
o | Pav |202538.8 |-564407.0|1.94 B2IV 02|17 ] 4 2
6 | Vel |084442.2 |-544230.0|1.96 AlV 004140 ] 16 | 2
B | CMa | 0622419 |-1757 22.0|1.97 B1ll-111 -0.24| 6 3 34
o | Hya |092735.2 |-083931.0|1.97 K3lI-111 145|118 | 14 | 4
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T | CrB [155930.1 12555130 2 Be+gM3+Q 01 |-1] 4 [-29
a | Ari |020710.3 [ 232745.0 |2.01 K2lllabCa-I 1.16 [ 49 | 174 |-14
B | Cet |004335.3|-175912.0|2.01 |KOIIICH-1H,K-0.5[1.01 | 34 | 221 | 13
a | UMi |023150.5|891551.0 |2.02 F7:1b-1lv 06 | 7 1 [-17
c | Sgr |185515.8 |-261748.0|2.03 B2.5V -022114 | 12 |-11
B | And |010943.9 |353714.0 |2.05 Mollla 157116 | 142 | 3

6 | Cen |140640.8 |-362212.0|2.05 KOlIllb 0.99 |53 418 | 1

C | Ori |0540455 |-015634.0]|2.05 09.51be -0.21) 3 3 |18
K | Ori |054745.3|-094011.0|2.06 B0.5lav -0.18| 4 1 |21
a | And |000823.2 |290526.0|2.06| B8IVpMnHg |-0.11]33 | 118 |-12
a | Oph |173456.0 |123336.0 |2.07 A5l 0.15[69 | 107 |13
B | UMi |[145042.2 | 7409 20.0 |2.08 K4111Ba0.3 147125 9 |17
a | Cru |122636.5 [-630558.0]|2.09 BlV 9999|110 ] 16 | -1
B | Gru |224240.0 |-465305.0|2.11 M5l 162119 92 | 2

B | Per [030810.1 4057210 |2.12 B8V -0.05|135| 2 4

B | Leo [114903.5[143419.0 |2.14 A3V 0.08 [ 90 | 483

vy | Cen |124130.9 [-485734.0|2.17 AllvV -0.01) 25123 | -6
A | Vel [090800.0|-432557.0/2.21 K4lb-11 1655 | 17 |18
y | Dra |175636.3 | 512920.0 |2.22 K5Il 152122 5 |-28
vy | Cyg [202213.6 [401524.0 |12.23 F8Ib 067 2 2 | -8
a | Cas |004030.4 |563215.0 |2.23 KoOllla 11714 | 28 | -4
5 | Ori |053200.3 |-001757.0|2.24 BOII+0O9V -0.22] 3 1 |16
a | CrB [153441.2 | 264253.0 |2.24 A0V -0.02|1 43 | 107 | 2

1 | Car [091705.4 |-591631.0|2.25 A8Ib 018 4 | 10 |13
{ | Pup |080335.0-400011.0|2.25 O5laf -0.27) 2 | 23 |-24
vy | And |020353.9 |421947.0 |2.26 K3-lIb 13719 | 32 |12
{ | UMa | 1323555 |545531.0|2.27 A1VpSrSi 002[41 ] 70 | -6

B | Cas |000910.6 |59 0859.0 |2.27 F2111-1vV 0.34 59 | 268 |11
e | Sco [165009.7 |-3417 36.0|2.29 K2.5111 115149 | 505 | -3

€ | Cen [133953.2|-532759.0| 2.3 B1lll -0.22| 8 8 3

o | Lup |144155.7 |-472317.0| 23 B1.51I 02| 5|14 |5

n | Cen |143530.3 |-420928.0(2.31 B1.5Vne -0.191 10 | 26

& | Sco [160019.9 |-22 37 18.0|2.32 B0.3IV -0.12] 8 7 | -7

B | UMa | 1101504 |562256.0|2.37 AlV -0.02) 41 | 45 |-12
a | Phe |002617.0|-421822.0|2.38 Kolll 1.09 |42 | 172 | 75
e | Peg [214411.1]095230.0|2.39 K2lb 15214 130 |5

K | Sco |174229.1 |-390148.0(2.41 B1.5l1I -021) 7 5 [-14
n | Oph |171022.6 |-154329.0|2.42 A2V 005(38 | 39 |-1

B | Peg [230346.4 |280458.0 |2.42 M2.511-111 16716 | 165 | 9

n | CMa | 0724056 |-291811.0(2.44 BSla -0.09] 1 3 |41
y | UMa |115349.8 [534141.0 |2.44 AOVe 38 | 63 |-13
a | Cep [211834.7 [623508.0 |2.45 ATV 02266 | 69 [-10
¢ | Cyg [204612.6 | 335813.0 |2.46 Kolll 1.03 |45 | 295 |-11
y | Cas |005642.4 |604300.0 |2.47 BOIVe 015 (12 | -7

o | Peg [230445.6 |151219.0 |2.48 B9V -0.04)123 | 59 | -4
K | Vel [092206.8|-550038.0| 25 B2IV-V -0.18| 6 6 |22
a | Cet |030216.7 [ 040523.0|2.53 M1.511la 164114 | 11 |-26
C | Cen |135532.3|-471718.0|2.55 B2.5IV -022|1 8 | 39 | 7

S | Leo 1114064 |203125.0 |2.56 A4V 0.12 [ 56 | 134 |-20
C | Oph [163709.4 |-103402.0|2.56 09.5Vn 002| 7 | 13 [-15
a | Lep |053243.7 [-174920.0)|2.57 FOIb 0212 3 |24
B | Sco |160526.1 |-194819.0|2.58 B1V -0.08| 6 6 |-1
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Joaartok 22. Tabauus 1esiKMX CHeKTPAJIbLHMX JiHii

Ilo3nauenns B | Ilo3HaueHHs B ‘HOB)KH,HH To3HAYEHHS B HOB)KI/I'Ha
crektpi CoHL | ClIeKTpi eemMeHTa XBRUL, crextpi CoHisl XBHL,
Bonens H 3auizo Fe
C H, 6563 E 5270
F Hy 4861 bs 5169
¢ H, 4340 b, 5168
h Hs 4102 c 4954
He 3970 d 4668
He 3889 e 4384
H, 3865 G 4326
Kucens O Marsiit Mg
A 7621 b, 5184
a 7185 b, 5173
B 6870 [ 5167
a 6278 Kansmiit Ca*
Haniﬁ Na H 3968
D, D, 5896 K 3934
D, D, 5890
Ds Ds 5876
T'eniii He
7065
6678
5876
5048
5016
4922
4713
4472
4388
4144
4121
4026
3965
Turan Ti*
| 3759
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Jonatok 23. Cepenni 3HaueHHsi Temmepatypu 7, MOKa3HHKa
kosbopy Cl, (B-V) Ta G6osiomeTpr4HOi monpasku b.

Cr. T"0J10BHA MOCITIIOBHICTh I'iraHTH i HAATIrAHTH
KJ1ac T, K Cl B-V T, K Cl B-V
05 35000 - 0,50 —-0,45 35000 - 0,50 —0,45
BO 21000 —-0,45 —-0,31 21000 —-0,45 -0,31
B5 15500 -0,39 -0,17 15500 - 0,39 —-0,17
A0 11000 -0,15 0,00 11000 -0,15 0,00
A5 9800 0,00 +0,16 9800 0,00 +0,16
FO 8600 +0,12 +0,30 8600 +0,12 +0,30
F5 7500 +0, +0,45 7500 +0,26 +0,45
GO 6500 +0,42 + 0,57 5700 + 0,42 + 0,57
G5 5400 +0,64 +0,70 5000 +0,64 +0,70
KO 4700 +0,89 +0,84 4300 + 0,89 + 0,84
K5 4000 +1,20 +1,11 3600 +1,20 +1,11
MO 3600 +1.30 +1.39 3400 +1.30 +1.39
M5 3000 + 1,80 +1,61 2800 + 1,80 +1,61

C. Cm. b
b TonosHa . .
KJ1ac KJ1ac . . Tirantu Hanarirantu
MOCJTi IOBHICTh
BO - 2,70 F5 —0,04 —0,08 -0,12
B5 —1,58 F8 —0,05 -0,17 —-0,28
A0 -0,72 GO —0,06 -0,25 —0,42
A5 -0,31 G2 -0,07 -0,31 —-0,52
FO —0,09 G5 -0,10 -0,39 —0,65
F2 -0,04 G8 -0,10 —0,47 —0,80
KO -0,11 —0,54 -0,93
K2 -0,15 -0,72 -1,20
K3 -0,31 —-0,89 -1,35
K4 -0,55 -1,11 —1,56
K5 -0,85 -1,35 —1,86
MO - 1,43 - 1,55 -2,2
M1 -1,70 - 1,72 - 2,6
M2 —2,03 —1,95 -3,0
M3 -2,35 —2,26 -3,6
M4 -2,7 -2,72 -38
M5 -31 -34 -4,0

224



[IyHKT Iupora JloBrora
Bopucminp 50° 21" nH.1m. 30° 57 cx.u.
Binanis 49° 14’ ma.m1. 28°29' cx 1.
JIHIIPONETPOBCHK 48° 27" nH.11. 34° 59" cx.n.
JloHerpK 48° 00’ .11, 37°48' cx.m.
Kuromup 50° 16 nH.1m. 28° 40" cx.A.
3anopixoks 47° 50" mH.m1. 35°10" cx.4.
IBaHO-DpaHKiBCHK 48° 55' ma.mL. 24° 43’ cx.z.
Kepu 45°22' nH.11. 36°27' cx. 1.
Kuis 50° 27’ .. 30° 30’ cx.x.
Kiposorpazn 48° 30’ nH.11. 32° 18" cx. 1.
JIynpk 50° 44’ mH.1m. 25°20" cx.A.
JIbBiB 49° 50" mH.11. 24° 00" cx.A.
MukonaiB 46° 58' nH.11. 32°00' cx.n1.
Opneca 46° 28’ mH.mI. 30° 44’ cx.1.
ITonraBa 49° 35' nH.11. 34° 34’ cx.n.
PisHe 50° 37’ mH.1m. 26° 15" cx.A.
CeBacTonons 44° 36’ nH.11. 33°32" ex.o.
Cimdepononb 44° 57" a1 34° 06’ cx.n.
Cymn 50° 55’ nH.. 34°45' cx.n.
TepHominb 49° 34’ nH.11. 25°36' cx.a.
Yxropon 48° 37' nH.1. 22° 18’ cx.z.
XapkiB 50° 00" nH.1m. 36° 15" cx.u.
XepcoH 46° 38’ ma.. 32°35" ex.a.
YepHiris 51° 30" mH.1m. 31° 18’ cx.m.
YepHiBui 48° 18’ nH.1I. 25°56' cx.n.

Jonatok 24. I'eorpadiuni koopauHATH IeSIKMX MYHKTIB YKpaiHu
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