



























































Tema 3. Hawa nnaHeTHa cuctema

Y nunHi 1969 p. Ha noBepxHo Micausa 3aiicHUB
nocagKy nifioToBaHU KOCMiYHUIA Kopabenb «Amnon-
NoH-11», i acTpoHaBT Hein ApMCTPOHT 3pobuB nep-
LM KPOK MO MOBepXHi IHLIOro CBiTY — TakK no4yascs
HOBWUI eTan y A0CNiAXeHHI KOCMOCY. Y CbOro Ha ro-
BepXxHi Micsaua nobysano 12 acTpoHaBTiB, AKi NpmBes-
NN Ha 3eM/110 3pa3Km MICAYHOIO I'pyHTY. JlocnifKeHHSA
nokasasnu, Lo noBepxHsa Micaua mandke LiNKOBUTO
BKpUTa TOHKUM LLApPoOM MUy Ta ynamKamMu KaMiHHA. Lleli wap Ha3Banm
peroniitom (3 rpe,. po3apo6/eHniA KaMiHb). ToBLMHA PEroNiTY 3MIHIOETb-
¢ Big micus oo micusd i CTaHOBUTBL Y cepefHbLOMY KiflbKa MeTpiB. AHani3
peroniTy MpuvHic HecnogiBaHi pe3ynbTaTu: po3Mipn LMX YaCTUHOK — Bij
MIKPOMETPIB [0 METPIB; 3a XiMIYHUM CK/1aJoM MiKPOYaCTUHKW HaMNo10BU-
HY CK/1afatoThbCA 3 OKCUAIB CUNILLILO | € (PaKTUYHO Ma/IEHbKMMW CKITAHUMMA
Ky/IbKamu, L0 YTBOPUAUCH Micas NagiHHA MiKPOMETEOPUTIB.

OcTaHHIM 4YacoM y NoNspHMX obnactsax Micsausa KOCMiYHI cTaHUiT BU-
ABUNU 3anacu BOAAHOr0 Nboay. [J>kepenoM BUHUKHEHHS i HAKOMUYEHHS
MICAYHMX MOMAPHUX NbOLAIB MOXKYTb 6YTU KOMETHU, L0 BNau B Li 061acTi.

| | Ana ponutnueBmx

MafiHHA MeTEOPUTIB € OCHOBHUM (DaKTOPOM, SAIKUIA 3MIHKOE 30BHILLI-
Hili BUrNa4 noBepxHi Micsiusa | NPU3BOANTL A0 CBOEPIAHOT epo3iT Mi-
CAYHOro r'pyHTy. Hanpmknag, MeTeopuT i3 Macoto 1 Kr, KU NeTuTb 3i
LWBUAKICTIO 10 KM/C, Mae TakKy KiHETUYHY eHeprito, Lo Mpu 3iTKHEHHI
3 rnoeBepxHeto Micsus ModkKe YyTBOPUTU KpaTtep i3 giameTpoMm 1 M i po3-
KMZaTu Ha KisibKa AecATKIB MeTpiB KaMiHLi Ta nua. Ha Micsiub nocTii-
HO MagalTb TUCAYI METEOPUTIB PI3HOT MacK, sIKi 6e3yNUHHO 3MIHIOTb
30BHILLHIN BUrNsA4 Moro noeepxHi. LLlonpaBaa, Be/MKi Kpatepu 3 gia-
METPOM Ki/lbKa COTEHb KiZIOMETPIB YTBOPU/INCH Ay>Ke AaBHO, Lie 4 MPL,
POKiB TOMY, KON Magasio bifnbLie MeTeopuTiB. MNpoTaromMm Mifibapais po-
KiB KOCMIYHI «60MbapayBaHHS» TaK po34poousiv BePXHil Lwap MicAYHO-
ro rpyHTy, L0 BiH NEPETBOPUBCH Ha <M.

@ [i3HaliTeca 6inble npo 3emnto i Micsiub.

MnaHetr 3emHOT rpynu. MNMnaHeTn COHAYHOT CUCTEMM 3a PO3MipamMm
i 6yoBOO NoAinATb Ha ABi rpynu (puc. 1.5) — nnaHeTn 3eMHOT rpynu
(Mepkypiii, BeHepa, 3emnsi, Mapc) Ta nnaHeTu-riraHTwn (FOniTep, CaTypH,
YpaH, HenTyH).

lMnaHeTV 3eMHOT rpynM MaroTb TBEPAY MOBEPXHIO Ta 3HAUHY TYCTUHY,
TOMY L0 CK/1afatoTbCA NEPEBAKHO 3 BAXKKMX XIMIYHMX eneMeHTiB. Mna-
HETU-TiraHTWN yTBOPUANCS 34e6inbLuoro 3 Migporeny Ta Fenito, TOMy TXHS
cepegHA rycTmHa HeBenukKa, a Mi>k aTMoC(eporo | MOBEPXHEID HEMAE YiT-
KOT MeXKi.

46



Tema 3. Hawa nnaHeTHa cucrtema

MepKypiihi € HaiMEHLLUOK i3 NnaHeT 3eMHOT
rpynu, sIKy pigko Komy Bunagasno crnocrtepira-
TW HEO306POEHNM OKOM, TOMY LLLO BOHa po3TaLlo-
BaHa 6n113bKo 0 CoHuA. MepKypili gy>ke NoBifib-
HO 06epTaeTbCA HAaBKOJ/IO CBOET OCi B TOMY CamMoMy
HanpsaMKy K i 3emns. CoHsYHa foba Ha naaHeTi
BABIYI AoBLUA, HIXK nepiof 1T 06epTaHHA HaBKO/10
CoHug. OT)Ke, NPOTAroM Maii>ke TpbOX MicALiB Tam
cBITUTb COHLLe | CTi/IbKU XK TpUBa€ Hiy. CBITINHU
nosepxHi MepKypis, Aki 6ynn 3pobneHi 2008 p. 3a

pornomorolo AMC «MecceHmpkep» 3 BiacTaHi 27 Tuc.  Puc. 1.5. TopisHAnbHi posmipu nnaqet

KM, BpaXKatoTb CXOXKICTIO Foro penbedy 3 nosepx-
Heto Micausa — Taka cama Besinye3Ha KiNbKicTb
KpaTepiB, L0 CBIAYMTb NPO OLHAKOBY MPUPOAY LMX KOC-
MiYHUX Tin (puc. 1.6). [Oo pedi, 0auH i3 BE/IMKUX KpaTe-
piB Ha MepKypii Ha3BaHMin Ha YecTb Tapaca LLleBueHKa.
Ha nosepxHi Mepkypis 6y/i1 BUSAAB/IEHI TAKOXX BE/N-
ye3Hi PIBHUHU, AKi 3anoBHEeHI 3aCTUI/I0t0 6a3anbTOBOK
naBoto. Lle cBiguunTh, WO NiaHeTa Oy1a KoNuch posirpi-
Ta, BHaC/iAOK 4Oro B TOW yac BifbyBanacsl iHTEeHCMBHaA
BY/IKaHIYHa Ais/IbHICTb.

3eMHOI rpynu Ta NnaHeT-riraHTie

Puc. 1.6. MosepxHa Mepkypis
3i CBIT/INH, 3p06NEHNX

MapameTpu MepKypis «MecceHmpKepom»
3opsaHa BeiumHa (MakcmmasnbHa) | —2,2
CepegHs BigcTaHb o CoHUA 57,9 MIH kM 1 3

0,387 a. o.

Mepiof o6epTaHHS HABKOJIO0 88 3eMHUX 46 5
CoHus
Mepiof o6epTaHHS HABKOJIO OCi 58,6 3eMHUX Aib 7
[iameTp no ekBaTopy 4880 Km
Maca (3emna = 1) 0,055
CepeAHsi rycTuHa 5,4-10% Kr/m? ;: ?nﬁﬁ?i;ﬂ-
TemnepaTypa MnoBepxHi Big —170°C po +430°C | 5 Kopa; ’
Cuna TS>KiHHS Ha eKBaTopi 4 — NoBepXHS.
(Bemna = 1) 0,38

ﬁ [JisHaiTeca 6inbLie Nnpo MepKypiii.

BeHepa — Haiirapsdiwa nnaHeta COHAYHOT cucTeMU. Y Hel, K
i y MepKypisi, Hemae NpupogHnNX cynyTHMKIB. NnaHeTa npuBepTae yBa-
ry nogein Tum, Lo Ha Hallomy Hebi 1T ACKpaBiCTb Yy AeCATKW pasiB ne-
peBuLLyEe 6/IMCK 3ip NepLuol 30psAHOT BeNMUYMHN. 3a sicKpaBicTio BeHepa
nocigae Tpete micue B COHAYHIN cucTemi nicns CoHua i Micausa. YKpa-
THCbKa HapojHa Ha3Ba L€l niaHeTn — BeuipHsa, abo BpaHilwHA, 30p4,
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Tema 3. Hawa nnaHeTHa cucrtema

€ BogeHb — 74 % Ta renin — 20 %, a 'y xma-
pax rnomiveHa MpUCYTHICTb MeTaHy, aMiaKy Ta
BOASIHOT Napu. BepxHili wap cBiTinMx xmap, ae
aTtMocgepHUin TUCK cAarae 1 aTm, cknagaeTbesd
3 KpucTanmkiB amiaky. LLlap xmap 3 fomillKa-
MW CIpKMU, L0 PO3TalLOBaHUM HU>KYE, Ma€e Yep-
BOHUI Konip (puc. 2.3). HaliHm>K4e po3TaLlo-
BaHi XMapu 3 BOAAHOT MNapu, AKi yTBOPHOOTLCA
Ha rnmbuHi 80 KM Bif BepXHIX CBITNUX XMap.
Temnepatypa i aTMocepHUii TUCK i3 rNUGUHOK
MocTynoBO 3poCTaloTb. HelwoaaBHO 3’ABUINCA
rinoTesu LLOAO MOXX/IMBOCTI iICHYBaHHS >XUTTA : -
y Xmapax HoniTepa, agyxe rMoro atmocgepa Mae Puc. 2.3. «Benuka YepsoHa Mnama,

BCi KOMMOHEHTWN, AKi 6ynun HeobXigHI ANna Nnosi- AKa PO3TallioBaHa B NiBJeHHIlA
BUW XXUTTA Ha 3emni. Jeaki wapun xmap Tensi nigkysil lOnitepa i 3a posmipami

. . . . maike BABIYi BinbLua, HixX 3emns,
Ta BIAHOCHO KOMq:)OpTHI ONnA ICHyBaHHA HaBITb € BENETEHCHKIM BUXOPEM

3eMHUX MIKPOOPraHi3miB. B aTMOChEi, Y AKOMY BiTep aMe
Ha rnnbuHi 20 000 KM BoAeHb NepexoanTb 3 yparaHHoo WBKAKICTIo 40 100 m/c

Yy MeTaliuHUiA CTaH, i Moro isnyHi BacTuBO-

CTi HaraflytoTb po3nnasfieHun MeTan, SKUn Jobpe NPOBOAUTL efleKTPUY-

HWI cTpyM. TaKnii arperatHUi cTaH BoAHO (rycTuHa 4 r/cm® npm TUCKOBI

106 atm) Ha 3emni He icHye. 3aBAsKN eIeKTPUYHOMY CTPYMOBI, LLO re-

HEPYETbLCA Y Uil MeTaneBiii 060/10HLI, BAHUKAE NOTY>XHE MarHiTHe none,

TOMYy HaBKos10 KOniTepa yTBOPHOOTLCA pagiauiliHi nosicn, siki B 104 pasu

IHTEHCUBHILLI Bif 3eMHUX. KONiTep € MOTY>XHUM [>KepPesioM BUMPOMIHIO-

BaHHA. Y LeHTpi KOniTepa icHye TBepAe A4p0, NofibHe 3a XIMIYHUM CKNa-

[OM [0 NlaHeT 3eMHOT Fpynu, SKe MOXKe CK1afaTucs 3i CKeslbHUX ropig.

MapameTtpu KOniTepa

3o0psiHa BennymHa (MakcumasibHa) | —2,7
CepepfHs BigctaHb o CoHusA 778,6 MIIH K
5,204 a. o.
Mepiog o6epTaHHA HaBkos10 CoHuA | 11,87 3eMHOr0 poKy
Mepiog o6epTaHHA HABKOJ10 OCi 9,92 rog
[JiameTp no eksatopy 142980 km
Maca (3emna = 1) 318
CepefHs rycTvHa 1,9-10° Kr/m3 1 —TeepAe appo;
2 — MeTasIeBUN BOLEHb;
TemnepaTypa MoBepxHi —133°C 3 — pigKwii BOAEHD:
Cuna TsKiHHA Ha eKBaTopi 5 2 4 — rasonopiGHi
(36Mf|ﬂ - 1) 1 BOJeHb Ta renin

ﬁ [i3HaiiTeca 6inbLe npo onitep.
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Tema 3. Hawa nnaHeTHa cuctema

Puc. 2.4. CatypH

Puc. 2.5. Kinbus CatypHa

CaTypH — Aapyra 3a po3Mipom nnaHeTa-riraHT, oTo-
yeHa rapHUmMu Kinbusamm (puc. 2.4). CeiT/iMHU, AKI 3po-
61B KOCMIYHMI anapaTt «Bosagkep-2», NpoaeMOHCTPY-
Ba/M, LLO CUCTEMY Kiflelb YTBOPIOKOThL TUCAYI TOHKNX
Kineub (puc. 2.5). KoXkHe 3 HUX CKNaJaeTbCA 3 YUMC/IEH-
HUX ynamkiB Nbogy. TOBLUMHA Kineub CTAHOBUTbL He
GifibLLe 2 KM.

CaTypH He Mae Toro po3maiTTa Ko/bopiB, AKUi Mn
crnocTepiraemo B atmociepi KOniTepa, ane CTpyKTypa
aTmocepn LX naaHeT gy>e cxoxka. XKoBTyBaToro Ko-
Nbopy BepxXHIM Llapam aTmocgepn CaTypHa HagaloTb
CHiroBi Xxmapu 3 amiaky. Ha rnmbuHi 300 KM Bif BepXHIiX
LIapiB XMap po3TalloBYHOTbLCA XMapy BOAU, Y AKUX MPU
NiABULLEHHI TemrnepaTypu CHII NepeTBOPIOETLCS B AOLL,.
CepegHsa ryctmHa CaTtypHa MeHLUa, HiXX BoAM, Lo CBif-
UNTb MPO HEBENNKY Ki/IbKiCTb BaXKKUX XiMiYHUX efle-
MEHTIB Y sapi nnaHeTn. CaTypH, SK i OniTep, mae mar-
HiTHe none, pagialiliHi NosAcK Ta € A>Kepenom
BUMPOMIHIOBaHHS.

Y CaTtypHa BUABMEHO 6araTo CynyTHUKIB fi-
ameTpom Big 34 0o 5150 KM. [MoBepxHi BEMKNX
CYNYTHUKIB BKPUTI 6araTbMa KpaTtepamm pis-
HUX po3MipiB. Haibinbwmm cynyTHUKOM nia-
HeTU € TuTaH, SKUN MOXKHa crnocTepiraT Ha-
BiTb Y Te/IeCKON LUKIi/IbHOro Tuny. BiH maiike
y niBTOpa pasu 6inbwnii 3a Micsaub, 0TOHEHWUIA
LiIbHOK a30THO aTmocgepoto. i yac Bmca-

KocmidHuii kopabens HACA «Kaccitb> - nyeqHa Ha 10ro MOBEPXHIO KOCMIYHOT CTaHLiT

3[i/iCHIOE 3aHYPeHHS Mk CaTypHOM

Ta A0ro BHYTPILWHIMK KinbLUAMY

«KacciHi» 6ynu BuUsABMeHI 03epa i pivuKun pigKo-
ro asoTy i MeTaHy.

MapameTpu CatypHa

1 — Kam’'siHe 4po;

2 — MeTa/IeBnii BofieHb

3 Kpanefibkamu refito;
3 — KOMIPKM 3 LMPKYto-

H04NMM BOAHEM Ta refiem

3o0psHa Ben4mMHa (MakKcMMmasibHa) 0,7
CepepgHsa BigcTaHb Ao CoHUA 1434 MIH K
9,56 a. o.
. 29,67
Mepiog o6epTaHHA HaBK010 COHLA
3eMHOr0 poKy
lMepiog o6epTaHHA HABKOJ10 OCi 10,66 rog
[iameTp no ekBaTopy 120536 km
Maca (3emna = 1) 95,2
CepefiHs rycTuHa 0,7-10% kr/m?®
TemnepaTypa NoBepXHi —170 °C
Cwuna Ta>KiHHA Ha ekBaTopi (Semna =1) 1,1
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Tema 3. Hawa nnaHeTHa cucrtema

Ona ponutnmenx

CaTypH BUMNPOMIHIOE Y KOCMOC 6ifbLue eHepril, HI>XX 0TpUMYeE Bif
CoHus. ACTPOHOMM HefaBHO BUABUAWM aediunT enito B atmocepi Ca-
TYpHa B MOPIBHAHHI 3 aTMocepoto KoniTepa i 3anponoHyBa/n LiiKaBy ri-
noTesy Npo MOXX/IMBE [pKepesio roro eHeprii. Ha CatypHi Meniii He no.-
HICTIO PO3UMHSETLCA Y BOAHI, SIK Lie cnocTepiraerbcs Ha oniTepi, e
BULLI TUCK | TemnepaTypa. Y BoAHeBI atmoctepi CatypHa lleniii yTBo-
proe Kpamsii, 9Ki KOHAEHCYTbCS B aTMOc(epi K CBOEPIAHUIA TyMaH
i NOTIM BMMagaloTb Yy BUMNAAI gouly. Taki refiiesi onagm y BepxHix Lua-
pax aTMocepu MOXKYTb 6YTU I>KepesioM BHYTPILLIHbOT eHepril, TOMY L0
6i/bLL rycTuin Ceniii (y NOPIBHSAHHI 3 BOAHEM) OMYCKA€ETbCA 6M>KYe [0
LeHTPY. TaknM YNHOM, MOTeHLia/IbHa eHepria Kpanesb enito nepeTso-
PIOETHLCA B KIHETUYHY EHEPrito, L0 NPU3BOAUTL A0 MiABULLEHHSA TeMMe-
patypu B Hagpax. I3 yacom resiesi foLi NPUNUHATLCA, TOMY Temrepa-
Typa Ha CaTypHi 3HU3UTLCH.

@ [i3HaiTecs 6inbwe npo CaTypH.

YpaH — TpeTs 3a po3MipoM nsiaHeTa-riraHT — Mae 3e/leHyBaTo- 6na-
KUTHWIA Konip, ToMy Wwo 1/7 iioro atmoctepn cknagae meTaH (puc. 2.6).
BiH 106pe nornvHae YepBOHI MpoMeHi 11 BiabrBae 6na-
KNUTHI Ta 3eneHi. Bicb 06epTaHHSA YpaHa HaxuneHa
nifg KyTOM yCbOro nvwe 8° Ao nowmuHmM opbiTtn. lc-
HY€ 0AHa 0cob/INBICTb, sIKa BUAINSIE YpaH 3 yCiX nna-
HeT COHSAAYHOT CUCTEMU: IOr0 eKBATOP HaXW/EHWIA [0
NAOLWMHN Op6ITY Nig KyTOM 98°. TaKuii BeNIUKUIA KYT
Haxmny NpuU3BOAMTb [0 YHiKabHOT y COHAUHIN cucTe-
Mi 3MIHUM NP POKY — MOMSAPHI KO/1a po3TaLloBYHOThb-
CA Maii>ke Ha eKBaTopi, a TPoniky — 6inA NOKCIB. Puc. 2.6. YpaH

MapameTpu ¥YpaHa

3opsiHa BesinyvHa (MakKcMasibHa) 5,5
CepegHa BigcTaHb Ao CoHuA 2870 Mk Ku

PEARF BIACTaNb 49 Son 19,18 a. 0.

. 84,0 3eMHOro
Mepiog o6epTaHHA HaBKos10 COHLUA
poKy 3
Mepiog 06epTaHHA HABKOJO OCi 17,24 ropg,
[iameTp no eksaTopy 51120 Km i
Maca (3emnga = 1) 14,5 1 — Kam'siHe Apo;
CepefHa rycTvHa 1,3-103 Kr/m® | 2 MaHTIA I3 3amepanmx
. . BOAN, METaHY Ta amiaky,

Temnepartypa noBepxHi 217 °C 3 — aTMocthepa 3 BOgHIO,
Cuna Tsa>KiHHA Ha ekBaTopi (3emna =1) |0,9 renito Ta MeTaHy
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Tema 3. Hawa nnaHeTHa cuctema

OciHHE
PiBHOAEHHS

2028 /

CoHue

BecHsaHe

piBHOZEHHS -

’ 3umose COHUECTOAHHA

e LA v JIiTHE COHLIECTOSIHHSA
. B MiBHIYHIiA NiBKyNi

Puc. 2.7. Bicb 06epTaHHsA YpaHa nexuTb
Maiike y NaoWmHi op6iTh, TOMY TaM TPOMIKM
30iraloTbCs 3 NONSPHUM KOMIOM. TpMBanicTb
Ce30HiB Ha YpaHi 21 3eMHuii pik. OcboBe
obepTaHHA YpaHa, fK | BeHepw, Bif6yBaeTbCA
Y HanpsAMKy, NPOTUIEXXHOMY HanpsMKY
ob6epTaHHSA iHWKMX nnaHeT COHAYHOT cucTeMM

B MiBHIuHiI niBKyni -

», 1986

/2070

Lle o3Havae, wo CoHLe OCBIT-
NIHOE OAMH i3 NOMKOCIB NSIaHETU Mali-
e 42 3eMHI poKU, y TOW Yac sIK Ha
iHLLIOMY MOJKOCI CTiNIbKU YK TpMBae
nongapHa Hiv (puc. 2.7). LWonpas-
[la, cneky Tam He byBae, afpke YpaH
oTpumye Big CoHUS HabaraTo MeH-
e eHeprit, Hi>XK 3emnsa. Y 1977 p.
Oynn BigKpuUTI Kinbusa YpaHy. Mna-
HeTa oToyeHa 11 BY3bKUMU KifbLs-

MW, SIKi po3TalloBaHi B NOWMHI eKBaTopa
Ha BiAgcTaHi 611M3bK0 50 TUC. KM Bif LEH-
Tpa nnaHeTn. TOBLUMHA KifeLb He rnepeBu-
wye 1 KM. TakoXK YpaH 0TOYEHWI BE/TMKOIO
KiNIbKICTIO CYMYTHUKIB.

G [i3HaliTecs Ginblue Npo YpaH.

HenTyH — HalimeHLUIWI cepef NJlaHeT-TiraHTiB. BiH po3TawioBaHuii

Ha Me>i COHAYHOT cucTemmn. MNnaHeTa Mae BHYTPILLHE O>Kepesio eHeprit,
OCKIiNIbKM BUMPOMIHIOE Y KOCMOC Tenaa Mar>xe BTpuUdi

6inbLie, Hi>K oTpumye Koro Big CoHus (puc. 2.8).

Big yvacy cBoro BigkputTa y 1846 p. HenTyH 3po-
61B NOBHUI 06epT HaBKOMO CoHLA TiNbku y 2011 p. Pe-
a/IbHOIO € rinoTesa npo BoAAHI XMapu 3 po34MHOM amia-
KY, TYCTUHA AKNX MOXKE MNepeBULLLYBaTU NYCTUHY PifKOT
BOAM B KislbKa pasiB (puc. 2.9). LLIBnaKicTb BIiTPiB Yy XMa-
pax cAarae paHTacTUYHOT BeMYMHU — 600 m/c. Yomy

BMHUKAKTb CUMIbHI BITPWU Ha TaKill XONoAHIM niaHeTi —

Puc. 2.8. HentyH

Lie e ogHa Hepo3ragaHa TaEMHUNUA MNMAaHETU.

MapameTpn HenTyHa

1 — kam’'siHe A4po;

2 — MnyxKa CyMmiLl

i3 3amep3unx Boay,
amiaky i meTaHy;

3 — atmocdepa 3 BOAHHO,
renito ii MeTaHy

3o0psHa BeinymnHa (MakcMMasibHa) 7,8
CepefHs BigcTtaHb Ao CoHusA 4491 MnH K
30,0 a. o.
. 164,6 3eMHOrro
Mepiog o6epTaHHA HaBK010 COHLA
pOKy
Mepiof 06epTaHHS HABKOJIO OCi 16,11 rog
[iameTp no ekBaTopy 49528 Km
Maca (3emna = 1) 17,2
CepefiHA ryctuHa 1,8:10% kr/m?®
TemnepaTypa NoBepxHi —214 °C
Cuna TsKiHHA Ha ekBaTopi 11
(Bemna = 1) ’
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Tema 3. Hawa nnaHeTHa cucrtema

HaBkono HenTyHa obepTaloTbCs BiCiM CYNYTHUKIB, HalbiNbLWIWA
3 HUX — TPUTOH, AKWIA KPY>K/Si€ HABKO/O MaHeTU Yy 3BOPOTHOMY Ha-
npsamky. Ha cBiTinHax, otpumaHux 1989 p. KocMivHMM Kopabnem «Bosi-
[>Kep-2», MOXKHa rnobaumTu, Lo NNaHeTy onepis3yroTb TPY 3aMKHEHI 1 04He
He3aMKHeHe Kifbus. BoHW po3TalloBaHi Ha BiagcTaHi Big 1,7 fo 2,5 pagi-
ycn HenTyHa.

G [JisHaiTeca 6inbLie Nnpo HenTyH.
Hain6inbLi cynyTHMKN nnaHeT COHSAYHOT CMCTEMU

Mnavera Cynyrnx ST BEE Deme nosepsii 6
pls MaHumesq 5268 1,49 193 — 140
|23 TwuTtaH 5150 1,88 190 — 179
2 Kannicto 4806 1,08 1830 — 140
2 lo 3640 0,892 3550 —130
® Micsub 3475 0,735 3340 Big — 170 go +130
2A €spona 3130 0,485 3040 — 140
w TpUTOH 2700 0,215 2100 — 235

YMOBHI Mo3HayeHHs nnaHeT: A — HOnitep; k —
CatypH; ® — 3emnsa; ¥ — HentyH

@ KOHTPO/bHI 3annTaHHA

1. AKi 0co6/IMBOCTI Y NMAaHeT-riraHTie?

2.UYomy HOniTep MOXXHA BBaXKaTU [y>Ke CXOXXUM Ha
30p0?

3. Lo BuknuKae reniesi gouwti Ha CaTtypHi?

4. Yum obymoBieHa 3MiHa Mnip poKy Ha YpaHi?

5.0nuWiTb NOBEPXHI NNaHET-TiraHTIB.

6. Y yomy nosisAraloTb 0CO6/IMBOCTI NIaHET-riraHTiB?

Puc. 2.9. Ha HenTyHi
BUSIBNEHWNI BENETEHCHKWIA
BMXOp i3 AiaMeTpoM noHas
1000 KM, SKMiA Mae Ha3By

«Benmka YopHa Mnama»

3aB/laHHs AN15 CNOCTEPEXKEHHS

1.3a 4ONOMOrol acTPOHOMIYHOIO KasieHgaps BigwyKarvite Ha Hebi
HOniTep Ta CaTypH i BU3HauTe, Y AKOMY Cy3ip’i cnocTepiratoTbeca Ui
naaHeTw.

2. AKi naHeTU-riraHTM BUAHO CbOrOAHI Yy BeYipHIK vac?

[Li3HaiTecs, K 3a 4ONOMOro rnobyca MoXHa nokasartu
po3mipu nnaHeT COHAYHOI CUCTEMUM Ta BiACTaHi MDK HUMMW.
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Tema 3. Hawa nnaHeTHa cuctema

@ Kapnnkosi nnaHeTu. Mosic Konepa, xmapa Oopra.
Mani Tina COHAYHOI cMCTeEMU — acTepoian, KOMeTH,
MeTeopoign

Kapnvkosi niaHeTn. Tak Ha3uBalTb AOCUTbL BeNUKI Tinia COHAYHOT
CUCTEMWN, HACTINIbKM BEIUKI, LLIO BNacHa rpaeiTauis Hagana iM piBHOBaXK-
HOT hopMU, HaBNV>KEHOT A0 KYNACTOT. Asle Ha BiMIHY Bij peLuTy nnaHeT,
Maca Kap/IMKOBMX 3HAYHO MeHLUa, TOMY TM He BAas10CA
«PO3YUCTUTU» OKOJSNLLI CBOET Op6ITU Bif iHLWIMX NoAi6-
HUX Tif.

YnepLue e HoBUiA Knac Tinn COHAYHOT cuctemMm BU-
3HaunnM y cepnHi 2006 p. Ha Acambnei Mi>kHapogHo-
ro ActpoHomivHoro Cotosy (MAC) y Mpa3i. TakoXX Togi
6yno 3miHeHo cTaTyc lNayToHa, AKU A0 LbOro BBaXKa-
NV [eB’ATOK0 nnaHeToo COHAYHOT cnucTemMun: BiATo4l BiH
CTaB NepPLUOKD MN/IaHETOK-Kap/INKOM.

Y 1930 p. B JloBenncbkivi obcepsatopii (CLUA)
Puc. 3.1. MnyToH Knaing Tom60 BigKpWMB HeBifOMY MnaHeTy, Wo obepTa-

ETbCA HaBKOJ/IO OCi B 3BOPOTHOMY HanpsiMKy. BoHa oT-
pymana HasBy nyToH (puc. 3.1). ¥ 1978 p. acTpOHOMM 3BEPHYN yBary
Ha Te, WO Ha CBITAWHI MNyToHa BUAHO HEBENMKMIA BUCTYN Ha MOro AUCKO-
Bi. MpofoBXKyUK CrOoCTepeXKeHHS, YUYeHi BUSBUAU Y TNyToHa CYNyTHUK,
KW 0TPUMaB Ha3By XapoH. [esiKi aCTPOHOMU BBa>XKat0Tb XapoH CymnyTHU-
KOM, iHLUI Ha3mBaroTb MAyToH i XapoH NoABiHO N1aHeTo (agXKe Yy HUX
nepiogm obepTaHHA HABKO/10 OCI ¥ BIAHOCHO OAWH OAHOrO € oaHaKoBi). Mi-
3Hiwwe y MNnyToHa 6ynn BUABNEHI LWe 4 CyNyTHUKMN.

AHanisyoun opbiTn KomeT, y 1951 p. acTpoHom k. Kownep nepea-
6aumB iCHyBaHHSI 3a HenTyHOM Mosicy acTepoifiB, AKUIA Ha3Ba/IN MOSICOM
Komnepa. ACTPOHOMIUHI CNOCTepeXKeHHS

AvzHomist HikTa Hamaka 3a JONOMOroK CyyacHUX Tesieckonis nif-
47 XapoH ° TBEPAUAM Lo rinoTe3y y 1990 p., Konu 3a
.'" {\ % ‘ IEPEY 171y TOHOM MOoYasv BiAKPUBAaTU HOBI 06°€EK-
Epuga MnyToH " Tigpa  Taymea ‘ TW. 3 HAayKOBOT TOYKW 30pYy CTasI0 0YEBUL-
HUM, WO MAYTOH 6inblUe CXO0XKUW Ha HUX,

s ] Hi>K Ha pewTy nnaHeT COHAYHOT cuUCTe-

Makéhare Liepepa MW, MPUYOMY OAMH i3 BUABNEHUX 06’€KTIB

(Epnpa) € HaBiTb 6inbLUMM 3a MNayToH.
HwHi go nepeniky HanbinbwWunx i Hai-
BiJOMILLVX Kap/INKOBUX MAaHET BiAHOCATb

Pvic. 3.2. Hai6inblLui KapinKoBi Epuay, Llepepy, lNnnyTtoH, Naymea, Make-
MJaHEeTN Y NOPIBHAHHI i3 3emnieto make (puc. 3.2).

[LizHaliTeca 6inbLie, Yomy MayToH 6yno BUNYy4YeHO 3 Nepesiky
KnacuyHux nnaHet COHAYHOT CUCTEMWN.
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Tema 3. Hawa nnaHeTHa cucrtema

Xmapa OopTa. NinoteTn4yHa xmapa OopTta — cpe-
pyUYHa XMapa KpudKaHUX 06’€KTIiB, fiIKa € O>Kepesiom
fosronepioAnyHnx KomeT. MependayvyBaHa BicTaHb [0
30BHILLHIX MeXX XMapu OopTa Bif COHUA CTaHOBUTb Bif
50000 a. o. (= 1 cB. piK) go 100000 a. o. (1,87 cB. po-
KiB). BBa>KaeTbCs, WO 06°€EKTU, AKi CKafjaloTb XMa-
py, copmyBanmcs 6ina CoHus i 6y poscisHI ganeko
B KOCMOC rpaBiTauiiiHuMn edpeKTaMm NnaHeT-riraHTiB Ha
paHHbLOMY eTani Po3BUTKY COHAYHOT CUCTEMW.

Mauii Tinia CoHAYHOT cucTtemmn. Mo pisHMM opbiTam HaBkos10 CoHUA,
OKpPIM Kap/IMKOBUX MNJ1aHeT, 06epTaeTbCs Le YMmano ApibHUX 06’eKTIB,
L0 He € cynyTHUKaMn. BoHW Ha3BaHi Manumu Tinamm COHSAYHOT cucTe-
MW. [0 UbOro TNy KOCMIYHMX Tif1 HaseXxaTb 06’ekTU noscy Koiinepa, ac-
Tepoign (Mani nnaHeTn), KOMeTn, MeTeopoian (abo MeTOpPUTHI Tina), Koc-
MIYHWP N i ras.

AcTepoian. Mepwnii actepoig (Big rpey,. asteroid —
30penofibHnin) BiAKPUB ITaNiNCbKNIA aCTPOHOM [I>Ky-
3enne Miayyi. ¥ ciyni 1801 p. BiH no6ayms cnabky
30pH0, AKa HaCTYMHOro Beyopa TPOXW nepemicTunacs.
Hogiln nnaHeTi ganu Ha3By Llepepa (puc. 3.3). 3a Heto
rnoyasan yBa>kHo crioctepiratm — BoHa BUSIBUIACs HeBe-
JINKOIO, HaBiTb MeHLLIOK, Hi>kK MicsLb. HAKe > 6yno 3an-  Puc. 3.4. Actepoig-433 «Epoc»

Puc. 3.3. Lepepa

ByBaHHS1 aCTPOHOMIB, KO/M 3a KiflbKa poKiB HeJasieKo Mag BUINAA BENETEHCLKOTO
Bif Llepepu BUSIBUAM LLie OAHY Masly niaHeTy — i Has- o 33;“;);;;(; ?\I?’EK“R"'
Banv Mannagoto. Lii 06rasa KocMiYHi 06’€KTH, Lo 06ep- 3aiiicHVBILN y 2001 p.
Tanuca HaBkono CoHUA Ha BifacTaHi 2,8 a. 0., Ha3Ban nocazKy Ha noBepXHio
MasIMMKU NniaHeTamu, abo acTepoigamu. INoTim 6yn acTepoifa B yYNOTOBYHi
BiAKpuTI KOHOHa i BecTa. 3-nomMi>XK yCiX BigKpUTUX Ha no6usy UeHTpa, BUABYE,
TOW Yac Mannx niaHeT giameTp Llepepn BUSBMBCA HalA- L0 1Oro CIpa NOBEPXHA

BKpWTa LIapoM peronity

6inbwrm (6113bKo 960 KM), TOXK 3rofom 1T BigHec M o . .
I CX0XKa Ha NOBEPXHIO MICFILI,H

KJ/lacy naaHeT-Kap/nKiB.

Ha BepeceHb 2017 p. 6yno 3apeecTpoBaHO 6/M3bKO 1 M/IH acTepol-
fiB (puc. 3.4). HaliMeHLWi 3 HUX MalTb JiaMeTp NvLle KiflbKa AecATKIB
MeTpPIB. Y TesleCKONu AUCKN LMX TiNl PO3Pi3HUTU HEMOXK/TMBO — BOHU Ma-
H0Tb BUTISA CBITAUX TOHOK. CyMapHa Maca BCiX acTepoifliB He NepeBuLLlyE
0,1 macu Micsius.

BusiBneHM actepoifamMm HafaloTb MOPSLKOBUIA HO-
Mep i Ha3By, SIKY MNPOMOHYE aBTOp BigKpUTTA (Tak, 3a
HoMepoM 1790 3apeecTpoBaHUIA acTepoif YKpaiHa). Ua-
CTO HOBI KOCMiYHI Tifla Ha3aMBaroTb Ha YeCTb KpaiH, MicT
Ta BUAaTHUX 0CcOBMCTOCTEN. YKpaTHCbKi acCTPOHOMU Ta-
KOXX YyCNaBuNM Hally KpaiHy Ta BUAATHUX CMiBBIiTYN3-
HWUKIB: HaBKO/10 CoHUS obepTatoTbesa actepoign Kuis,
MonTtaBa, Kob3ap, KameHsip, CkoBopoaa, [LOBXKEHKO,  pyc. 35, Komera YypiomoBa-
HapbyT Ta iH. lepacuMeHKo
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Tema 3. Hawa nnaHeTHa cuctema

| | Ana gonntnmemnx

Puc. 3.6 Komerta lfannes

Puc. 3.7. KomeTa leiina-bonna

Puc. 3.8. Aapo komeTn
Fannes Ha BiACTaHi KiflbKOX
TWCAY KiflomeTpiB

58

Opb6iTK ABOX BiAOMUX YUCEHHUX FPyn acTepoi-
[iB — Fpeku  TposiHUi — YHIKa/IbHI TUM, LLIO po3Ta-
LLIOBaHI Y BepLUMHaX PIBHOGIYHMX TPUKYTHUKIB, CTOPO-
HU AKX OOPIBHIOKOTH BigcTaHi Bif KOniTepa fo CoHuSA.
Mepiog 06epTaHHA LX acTepoifiB HaBKo10 CoHLS 36i-
raeTbcs 3 Nepiogom obepTaHHA HOniTepa.

KomeTun oTpmanu cBOK Ha3BY Bif rpew,. cometos —
XBOCTaTa 4m Bosioxarta (3ops). Lle BigHOCHO HeBeNMKI He-
6ecHi Tina, WO MaTb TYMaHHWUM BUrNA4 i 06epTatoTbCA
HaBKO0/10 COHLA MO MNOAOBXKEHUX eNinTUYHMX opbiTax.
Came TOMY TX MOXXHa nob6avymTn nivule y cTUcsi nepioam
361M>KeHHS i3 COHUEM.

KomeTu € 3anmwKamMmm KOCMIYHOT peYOBUHN, 3 AKOT
YTBOPWANCA NMAaHeTu. 3a TpaguLieto KOMeTi AaloTb Has-
BY Ha YeCTb TUX acTPOHOMIB, SKi NepLui no6aumnm it Ha
Hebi (puc. 3.5, 3.6, 3.7). 3a ouyiHKaMy BYEHUX, Ha Jda-
NEKNX «oKoNuusax» COHSYHOT cuctemMu B Xmapi OopTa
CKOHUEHTPOBaHO 651M3bKo 10'2—10* KomeT, siKi obepTa-
l0TbCA HaBKoMo CoHUA Ha BiagcTaHAax 3—160 Tuc. a. o.

HailisHamMeHUTiLLOoK KOMETOlo € KomeTa Mannes. Aun-
pekTop NpMHBILLKOT 06cepBaTopii E. Mannen ynepuue Bu-
3Ha4uMB Opb6ITY KOMETU, AKY 6yno BUAHO vy 1682 p. OAnA
LbOro BiH BMBYMB CTapofaBHi NiTONUCK i 3BepHYB yBa-
ry Ha Te, WO oAHA 3 KOMET 3’ABndanaca Ha Hebi 3 rno-
CTIHUM nepiofoM 76 poKiB. 3a AOMNOMOIoK TPEeTbLOro
3akoHy Kennepa Mannein Bu3HaunB BenMKy NiBBiCb Op-
6iTn a = 17,94 a. 0. Ta nepenbayms i1 nosisy y 1758 p.
OcTaHHIl pa3 KomeTy [Mannes cnoctepiranm y 1986 p.,
a HacTynHu i npuaiT go 3emsi odikyeTbes y 2062 p.

"onoBHa cknagosa kKometn — T aapo (puc. 3.8). Big-
NoBiAHO [0 rinoTe3n BiOMOro aMmepuKaHCbKOro gocia-
HMKa KomMeT @. J1. Yinnna, KoOMeTHe A4p0 ABASAE CO60t0
Kpu>kaHy 6puny, Lo cKNafaeTbea i3 cymilli 3amep3nol
BOAM 1 3aMOPOXXEHMX rasiB i3 BKparnjeHHAM Tyronnas-
KMUX KaM’AHUCTUX Ta MeTasIeBUX YaCTUHOK. Y Mipy Ha-
61>KeHHA KoMeTu [0 CoHuA Mif A4pa KOMETU MOYMHAE
BMNapoByBaTuUcA. HaBKOI0 SA4pa YTBOPHOETLCA NPOTSHXKHA
rasosa 000/10HKa, LLIO CBITUTbCA, — KOMa. Pa3om i3 Agpom
BOHV YTBOPIOIOTb r0/10BY KOMETU. NofanbLue 30/IMXKeHHS
KoMeTW i3 CoHLLeM NpUBOAMTB [0 TOrO, Lo Ti rosioBa Haby-
Ba€ 0Ba/IbHOT (popMuK, NOTIM MOJOBXKYETLCA, a 3 HeT YTBO-
PHOETLCA XBICT, L0 CKNAAAETHCA 3 MUY i rasy.



Tema 3. Hawa nnaHeTHa cucrtema

JoB>XXVHa XBocTa KOMeTWu iHofi
NpoCTAraeTbCs Ha MifbAoHN abo coT-
Hi MifbAOHIB KinomeTpiB, npuyomy
HanNpPsAMOK XBOCTa B pe3ysbTarti 4il co-
HAYHOI 0 BITPY 3MIHIOETLCA TAKUM YU-
HOM, L0 BiH BECb Yac BiAXUMAETbCA
y npotune>xHuin Big CoHus 6ik. 3aa-
€TbCA, L0 XBIicT Ao CoHus He npuTs-
ryeTbCs, a HaBNaku, BiALLITOBXYETbCS.
3a3Bnyait XBIiCT KOMeTU MPUTATYETb-

Puc. 3.9. MagiHHA ynamKiB KOMeTH
Lywmelikepis-/leBi Ha KOnitep

cs go CoHus, ane Ans YacTMHOK i3 AiaMeTpoM MeHL Hi>k 10~° m cuna Big-

LLITOBXYBaHHA CTae 6inbLUOKO 3a cnny NpuUTAraHHA.

30iMCHUBLUNM KiflbKa COTeHb 00epTiB HaBK010 COHLSA, SAP0 KOMETU
3PELLITOI0 BTpPaYvae CBOK Macy i pyMHYETbCS, ane Ti peLuTKY NPOAOBXKYTb
pyX Mo op6iTi Ta NepeTBOPHOOTLCS HAa MeTEOopPHI MOTOoKK. Konn 3emnsa ne-

peTuHae opbiTy TaKOro MeTeOpHOro NOTOKY, crocTepira-
ETbCS «30PAHUM A0LWL». TMHYTb KOMETU TaKoXK Y BUNaj-
Ky noTpannsaHHs Ha CoHLe abo 3iTKHEHHS i3 NiaHeToro
(puc. 3.9).

MeTeopoian. 3rigHo 3 BU3Ha4YeHHSM Mi>KHapoaHoT
MeTeopHOT opraHi3ayii MeTeopoigu 3a po3MipoM 3HAYHO
MeHLWWIi, HI>K acTepoigu, ane HabaraTto 6isibLUi 32 aToM.
IxHA Ha3Ba y nepeknagi 3 rpeLbKoi 03HaYaEe: «TOM, Lo
nepebyBae y MoBiTpi». MeTeopoign yTBOPHOKOTLCSA BHA-
CNigoK po3nagy KOMeT abo nogpibHEHHSA Manux niaHeT
nicna 3iTKHEHHSA.

MoTpanuBLUM Ha KOCMIYHIN LWBUAKOCTI B 3eMHY aT-
Mocepy, Wi Api6HI TBepai YaCTUHKKM cnanaxywTb, Sn-

MeTeopoig — HeBenvke
Heb6ecHe Tifo, Lo pyxa-
ETbCSA B MDKMIAHETHOMY
npocTopi

MeTeop — BugumMuii
cnig Bij MeTeopoiaa,

LU0 YBINLLOB B aTMochepy
3emni

MeTteopuTt — meTeopoig,
LU0 BMNaB Ha NMOBEPXHIO
3emni

Lar4m Ackpasuin cnif. KocMivyHUi nui HIKOW He oniTae A0 NoBepxHi
3emni, af>ke BiH 3ropsie i BUNapoBYeTbCA B aTMocdepi Ha BUCOTI Big 120
[0 60—80 kM. Lle cBiTNOBe sABMLLE, BUK/IMKAHE i0HI30BaHVM MOBITPAM Ha
LUMISAXY N0/IbOTY METEOPHOT YaCTUHKW, Ha3MBalOTb METEOPOM, abo najato-
yoto 30peto. Cama YacTUHKA B LbOMY BUMAAKY Ha3UBAETLCA METEOPHUM

TinomMm. Macu Takmx Tin1 BAMIPIOKOTLCA AeCATUMU [0N5-
MW rpama, iHo4i — KislbkoMa rpamamu. Becb nonit me-
TEOPHOrO Tisla MOXKe TPUBATU Bif AeCATUX A0NEN CEKYH-
AN 00 KiNbKOX CEKYHA,.

UmncneHHi meTeopun, AKi CNPAMOBYOTbLCA A0 3eMii
B MeBHY MoOpYy POKY, YTBOPHOKOTL METEOPHI MOTOKU, abo
«30psIHI gowi». Hanigomivm i3 HUX € MoTiK «[llep-
ceign», KU B YKpaiHi MOXXHa CrocTepiratn y ceprHi.

MeTeopnTn MOXKYTb [OCATTU MNOBEpXHi 3emni,
OCKiNlbKU MaloTb 6inbliuy macy (puc. 3.10). Konu me-
TEOPUTHE TiNI0 3 BENIMKOK LUBUAKICTIO NeTUTb B at-
Mocdiepi, TO Yepe3 onip NOBITPSI BOHO HarpiBaeTbCcs A0

Puc. 3.10. MeTeopwur,
3HalAeHniA B AHTapKTULi
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Tema 3. Hawa nnaHeTHa cuctema

BoJip, — CBiTnoBe ABMLLe Temnepatypu BuLle 10 000 °C i noumMHae CBITUTUCHL, K

SIKe CYNpPOBOMKYE NONIT po3>KapeHa Ky/ns, AKy Ha3mBatoTb 6onigom (Big rpew.
METEOPUTHOrO TiNna bolid — cnwuc). Mig vyac nonboTy 60/i4a 3 HAA3BYKOBOK
B aTMOC(epi LWBMAKICTIO B aTMOC(epi BUHUKAE yaapHa XBUA, AKa
CoHsiuHWMiA BiTEP CTBOPKOE MOTY>KHI 3BYKOBI KOMIMBAHHA, TOMY N0ANHA

CKNlafaeTbCs 3 enemeHTap- uye CUMbHWI FYpPKIT.

:;';‘pqigi;s';mf:ﬁf“"”x MeTeopuTHe Tiflo — Lie (hparmMeHT acTepoiAa, Kuii,
ey ey obepTaroumcb HaBKosio COHLSA, 3ITKHYBCS 3 HaLLOK nna-
Big CoHLLS HeTO. TO6TO METEOPUTU MalOTb acTepoigHe NOXOA>KEH-
HA. LLIBNAKICTb, 3 AKOIO METEOpUT BAiTae B 3eMHy aT-
Moccepy, 3a1eXKUTh Bif HANPSIMKY MOro pyxy BiflHOCHO
BEKTOpa LWIBUAKOCTI 3em/i. Halibinbluy WBNAKICTb BXO-
KeHHsA B atMmocepy (50—70 kKm/c) matoTb Ti MeTeo-
PUTHI Tina, AKi NeTATb Ha3ycTpiy pyxy 3emni, Konum
LWBMAKOCTI 6onifa Ta 3emni fgogarotbes. LLIBMAKICTL Me-
TEOPUTHOrO Tifla Nif Yac BXOMKEHHSA B aTMocgepy 3em-

Puc. 3.11. ApU30OHCHKMIA Ni He Mo>ke 6yTK MeHLow 3a 11,2 KMm/c, afgyke HaBiTb
kpatep (CLUA) . KO/IN acTepoifHe TifI0 «Ha340raHse» Hally MaaHeTy, To
yteopusca 10 000 pokis yepes 3eMHe TS>KiHHS 1i0ro LBUAKICTb NOUMHAE 3pOcTa-

TOMy. MIOr0 AiameTp — 12 kM ) Ly 33 paxyHOK METEOpUTHOT PeUHOBMHM Maca 3eM-
rnnéuHa 200 M. Ynamkum

METEOPHTA 3HAXOIATH Ha ni 36iNbLUyeTbCs Ha 500 000 T Ha pik.
BifCTaHi 30 KM Big Kparepa Ha 3emni acTpoHOMMU Ta reosiorn BUABUAN 6iflib-
e COTHIi MeTeoOpUTHUX KpaTepiB pPi3HOro AdiameTtpa
(puc. 3.11), AKi Ha3MBaKTb acTpobsiemamm (Big rpeu,.
astra blema — 30psHi paHn), ane 6iNbLUICTE KpaTepiB
He 36epernacsa, agpke NPoTAromMm BiKiB aTMocepHi npo-
Llecu 3HULLYBann CAigM KOCMIYHUX KaTaKnismiB. Be-
NINKY KiNbLEeBY CTPYKTYPY METEOPUTHOIO MOXOAXKEHHS
JiaMeTpoM 7 KM BUSIBUAW B YKpaiHi B InaiHeLbKoMy
paiioHi (puc. 3.12) BiHHUUbKOT 061acTi. Meonoriyvxi go-
Puc. 3. 12. InniHeLbKuii CNIoKeHHSA MoKasyloTh, Lo novYaTKoBa Maca MeTeopuTa
METEeOPUTHWIA KpaTep nepesuwyysana 10 Kr.

[Li3HaliTecs, K BeniMye3Hi METEOPUTU 3MIHIOBaIN XXUTTS
Ha 3eMJi.

@ KOHTpO/IbHI 3annTaHHs
1. Po3TlymauTe NOHATTS «Kap/IMKoBa NiaHeTa». AKi Kap/IMKoBi NiaHeTn

BU 3aHeTE?
. Po3KaXiTb, AKiI KOCMIYHi 00’€KTV Ha3MBalOTb MUIUMU Ti/laMW.
.OnNnWiTh cKNag KoMeTu Ta 0cob/IMBOCTI Ti pyxXy HaBKosio CoHLA.
. AAKNM UMHOM KOMETU NOB’A3aHi 3 MeTeopamm i acTepoigamn?
.Uunwm Bigpi3HAETLCA MeTeop Bif MmeTeopuTa?
. Yn icHye Hebe3neKa 3iTKHeEHHA 3emi 3 acTepoigom? Homy?
. fAlka npmnpoaa NOXo4>KEHHSA «30PSAHUX A0LLIiB»?

~No o~ wWN
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Tema 3. Hawa nnaHeTHa cucrtema

8. 3HangiTb B Mepexki IHTepHeT iHpopmavito npo komeTy LLymelike-
piB-J1eBi Ta nmagiHHA 1T hparmeHTiB Ha FOniTep. MigroTyiiTe cTucne
MoBiJOM/IEHHS.

@ Tema gna guckycii

fKa Bawa gymMKa LWoA0 NPakTUYHOro BUKOPUCTaHHSA acTepoifiB AK
O>Kepesia KOPUCHUX KoNasinH?

@ JocnigkeHHs Tin COHAYHOT cUcTeMM 3a A0MNOMOroH
KOCMiYHMX anapariB. [inoTe3n i Teopii popmyBaHHSA
CoHAYHOI cnuctemu

KocmoHaBTUKa —

MosABy KOCMOHABTUKM 3yMOBW/IM HOBI 3anuTW /Il0f- Y€ KOMM/IekCHa HaykoBo-
CTBa LLOAO A0CNig>KeHHSA KocMocy. OT>Ke, ro/loBHMMK  TeXHIdHa Tanysk, Lo
3aBAAHHAMN 414 LieT ranysi aCTp_OHOMiT cTanu suse- i:"::li?;;;gx’;ﬂmeHHm
AEHHA LUTY4YHOrO CYNyTHMKa 3emni Ha 1T opbiTy, MOMT | eviunoro npocTopy 3a
JIIONHN B KOCMIYHWI NPOCTip, BMUCaKa /IOAVNHN HA MO-  10foMOrow asToMaTudHIX
BepPXHIO Micaus, 0CBOEHHS NAHET, PO3TALLOBAHMX B ME- i Mi/IOTOBAHNX KOCMIUHVX
»>kax COHAYHOT CUCTEMM Ta 3a 1T MeXKaMu, a TaKoXK 3iiic-  anaparie
HEHHS eKcneguLii o fganeknx 3ip. HMHI nepebyBaHHSA
JNIOAVIHU B KOCMOCI BXXe He € IMBUHOO, NPOTe NIK0ACTBO 3p06M0 NinLLe Kiflb-
Ka nepLUnX KPOoKiB TPUBAIOr0 Ta 3aXO0MJ/IY0ro LWAAXY, AKUA HaNeXXuTb
nofos1aTM KOCMOHAaBTULL.

3HauYHWIN BHECOK Y CTBOPEHHSA HayKOBMX OCHOB KOCMOHaBTUKMW, MifI0TO-
BaHMX KOCMiYHMX Kopab/iiB Ta aBTOMaTUYHUX MIDXKMNAHETHUX CTaHLLi 3po-
61 yKpaiHcbKi BUYeHi. 3okpema, HO. KoHgpaTiok (O. LLapreii) y 1918 p.
064YMCNUB TPaeKTopito NosboTy Ha MicAub. lMi3Hiwe
BOHa bGyna 3acTocoBaHa aMmepUKaHCbKUMWU YYeHUMU Nif
yac NiAroToBKU KOCMIYHMX eKCneanuii « AnonioH».

MoyaToK KOCMIYHOT epn Byno NOKNageHo 4 >KOBTHA
1957 p., konu Big6yBsca 3anyck LLIC3 nig KepiBHULTBOM
C. Koponbosa (puc. 4.1). Lleii BugaTHMIA KOHCTPYKTOP
nepLnx y CBiTi KOCMIYHMX KOpabniB i Mi>KNIaHETHUX
CTaHLii HapogmBcs, BUpIC | OTpMMaB OCBITY 3a (haxom Puc. 4. 1. Cepriit Koponbos
aBiLiiHOro KOHCTpPYyKTopa B YKpaiHi (KuUiBCbKNi nosi- MIf, Hac KepyBaHHA
TEXHIYHWI IHCTUTYT). KOpPO/bOB 04O/MIOBAB CTBOPEHHS rloNILOTOM KOCMIYHOTO

. .. . Kopabns «BocTok»

AMC, aki nepLui B ICTOPIT KOCMOHaBTUKK gocAarnn Mi-
csus, BeHepn Ta Mapca. Ane HalibinbLLMM AOCATHEHHAM
Ha TOoW Yac cTaB nepLUnii NiJIOTOBAHUIA MOMIT KOCMIYHO-
ro Kopabtnsa «BocToK», Ha AKOMY 12 KBIiTHA 1961 poky
NbOTUMK-KOCMOHABT HO. MarapiH 34iiCHNB KOCMiYHY Mo-
[opoxk (puc. 4.2). Bigrogi uto gaty no BCbOMy CBIiTY Bij-
HayaloTb SIK BcecBiTHINM feHb KOCMOHaBTUKM, a Kopo-
NbOBa Ha3MBalTb 6aTbKOM KOCMOHABTUKMU. Puic. 4. 2. tOpii Farapix
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Tema 3. Hawa nnaHeTHa cuctema

LLle ogHi€t0 iICTOPMYHO NOAIEID Ha LLUNSAXY MigKOPEeHHS MI0AVUHOK KOC-
MiYHOro NMpoCcTopy cTasa c/laBHO3BiCHA MiCAYHA eKcrneauuis aMmepuKaH-
CbKNX acTpoHaBTiB ApMCTpoHra, KonniHsa i OngpiHa, wo TpuBasia 16—
24 nunHA 1969 p.

Mpotarom XX CT. y pPO3BUTOK AOCNIAXKEHHA KOCMIYHOIO NpocTopy
3HaYHWU BHECOK 3p0OMIN KOCMOHaBTU-YKpaiHLi: B. J1axos, . Beperosuid,
B. >Xono6os, /1. Knsum, A. JleBueHko, IN. Monosunu, I'. LLIoHIH, A. Apuge-
6apcbkuii, FO. KageHoK (NepLumii KOCMOHaBT He3aeXXHOT Y KpaiHu).

30iicHMB NOMLOTU Y CKIaAi eKinaXkiB KOCMIYHNX
Kopabnis «BocToK-4» (1962 p.), «Coro3-14» (1974 p.,
6yB KOMaHAMpoM Kopabns). Mig yac ekcneguuit

Ha «BoCTOK-4» NpoBiB NepLUi eKCrnepmMeHTHr

3 pafiosB’sI3Ky

W = A
Bonogumup J/isaxos

30iicHMB NONLOTU Y CKaAi eKinaXkiB KOCMIYHNX
Kopabnis «Cot3-32» (1979 p.), «Coto3 T-9» (1983 p.),
«Coto3 TM-6» (1988 p.). INMig vac ekcnegmuit
npautoBaB Ha opbiTa/ibHUX CTaHUifAX «CantoT-6»

Ta «CanTt-7»

=

|

30iicHMB N0MLOTU Y CKaAi eKinaXkiB KOCMIYHNX
Kopabnie «Coto3 T-3» (1980 p.), «Coto3 T-10»
(1984 p.), «Coto3 T-15» (1986 p.). Nig yac TpeTboT
eKcneamuii npauytoBaB Ha OpbiTaNIbHUX CTaHLLisAX
«CantoT-7» Ta «Mwup>»

NeoHig Knsum

AHartonii
ApuebapcbKuii

3aiicHMB NoniT y cKnagi eKina>Ky KOCMiYHOro
Kopabnsa «Mwup» (1991 p.). Mig vyac ekcneguuit
3iiCHNB 6 BMUXO0AIB Y BiAKPUTNIA KOCMOC

tOpiin KageHrok

3aiicHMB NoniT y cKagi eKinaXy aMepMKaHCbKOro
watTtna «Konamb6is» (1997 p.). Mig yac ekcneguuit
MpoBiB pAg 6i0/10rYHNX eKCNEPUMEHTIB L0400 BNINBY
CTaHy HeBaromocTi Ha pPOC/INHU

Op6iTanibHi CcTaHLiT BIAKPWAW NHOACTBY HOBI MOXX/IMBOCTI Y A0OC/IAXKEH-
Hi KOCMiYHOro npocTtopy. BoHu cTtanu ctayioHapHUMW HayKoBUMU Ga3a-
MW, OCHaLLLeHVMW flabopaTopisiMn AN NPOBeAEHHS Pi3HUX eKCNEePUMEHTIB,



Tema 3. Hawa nnaHeTHa cucrtema

cnocTepeXkeHb i gocnifgis. CTBOPeHHSA Ha opbiTanbHil
CTaHLiT KomopTabesibHUX YMOB 4151 NPOXKUBaHHA [0-
3BOJINSI0 NIOAMHI NepebyBaTy B KOCMOCI TpUBa/IniA yac —
Bi[l KiNIbKOX AHIB [0 Ki/IbKOX MiCALLiB.

YnepLle 3anyck riraHTCbKUX opbiTasibHUX CTaH-
Ui — pagsaHCcbKoT «CantoT» Ta aMmepuKaHCcbKoT «CKaii-
ne6» Bigdynoca B 1970-Ti pp. OAHMM I3 rONIOBHUX 3a-
BaHb, AKi CTaBUAW nepes co60K0 KOHCTPYKTOPU LUX
cTaHuiin, 6yno gocnignTun, SIK BN/MBaE Ha OpraHiam nio-
OVHU TpuBane rnepebyBaHHSA B KOCMOCI.

Puc. 4. 3. Op6itanbHa
KOCMi4Ha cTaHLisa «Mup»

Y 1986 p. Ha HaBKO/103eMHY 0Op6ITY 6yna BuBeAeHa cTaHLUia «Mup»
(pwnc. 4.3.). MpoTArom pokiB iCHyBaHHSA Ha Hill 6y/10 NPOBEAEHO YMMasI0

HayKOBMX Mporpam.

MounHatoum 3 1998 p. KOCMiYHWI NPOCTIP aKTUBHO AOCNILKYIOTb yue-
Hi pi3HNX aep>kas, npaworym Ha Mi>kHapoaHi KocMmiYvHin cTaHuii (MKC)

(puc. 4.4.). Lito ninotoBaHy op6iTasibHYy CTaHL,ito
BUKOPUCTOBYOTb AK 6aratolifibOBUA KOCMIYHUIA
pocniaHnubkKnin kKomnnekc. MKC — cninbHWi
MI>KHapOAHWI NPOEKT, Y AKOMY 6epyTb y4yacTb
14 pep>xaB — CLUA, Pociqa, AnoHisa, KaHaga Ta
KpaiHu, Lo BX0AATb 40 EBPONENCbKOro KOCMiyHO-
ro areHTcTea. OCHOBHOIO METOK CTBOPEHHS CTaH-
LiT cTana MOXXNUBICTb NPOBEAEHHSA eKCNepUMeH-
TiB, SIKi NOTPebYOTb HAABHOCTI YHiIKa/IbHUX YMOB
KOCMiYHOr0 MosboTy. M0N0BHUMU rasty3samMu Jocni-
MkeHb Ha MKC € 6ionorisa, isvka, acTpoHOMIA,
KOCMOJI0Tisi Ta METEOPOSIoris.

Puc. 4. 4. MixHapogHa
KOCMivHa cTaHuis (MKC)

MeTol0, AKY CTaBUTb Mepes Co60 Mid>KHapoAHa KOCMOHaBTMKaA,
€ OCBOEHHSI HaMGNM>KUMM YacoM Mapcy. TodXX HUHI po3pobnsieTbCs Bif-
nosigHa Nporpama. g 4yac Mi>KnaaHeTHMX MoAbOTIB KOCMIYHWIA anapaTt
(KA) 6yge neTiTn no enincy, y PoKyci sikoro nepedysae CoHue. Havsuria-
Hilla TpaeKTopIA 3 HAAMEHLLOK BUTPATOI eHepril nponaratvme no enin-

Cy, KNI € AOTUYHMM A0 op6IT 3emni i Mapca. Toukun
CTapTy Ta NpPUIbLOTY NeXKaTb Ha OfHIV NpsMIK Nno pis-
Hi 60ku Big CoHuA (puc. 4.5). Takuii NoNiT B 04MH 6iK
TpuBaTuMe NoHag 8 micAauis. KocmoHaBTaM, SIKi B He-
Janekomy MarbyTHbOMY BifBiaaoTe Mapc, Tpeba Bpa-
XyBaTu, L0 0o4pa3y NOBEPHYTUCA Ha 3eMJ1t0 BOHU He
3MOXKYTb. CripaBa B TOMY, LLIO HaLla naaHeTa pyXaeTb-
cAa no opb6iTi wengLle, Hi>X Mapc, i Yepe3 8 micAayiB
roro BunepeanTb. 71 NOBEPHEHHA KOCMOHaBTaM f0-
BefeTbCA YekaTn Ha Mapci we 8 micauis, NoOKM 3em-
11 3HOBY 3aliMe BUTiAHE NONOXKeHHSA. TO6TO 3arasibHa
TpuBasnicTb eKkcregumLi’t Ha Mapc cTaHOBUTUME 6/113b-
KO [1BOX POKIB.

Puc. 4.5 TpaekTopis
nepenboTy i3 3emni Ha Mapc
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Tema 3. Hawa nnaHeTHa cuctema

ETtanu gocnigkeHHs COHAYHOT cnuctemMm
3a [JONOMOroK KOCMIYHMX anapariB

Pik Mogis
1057 3anycK WTY4YHOro cynyTHuUKa 3em/i, No4aToK KOCMiYHOT epu.
3’aBmnaca MO>XK/IMBICTb CTBOPEHHS KOCMIYHMX /labopaTopiii
BiakpuTTs pagiauinHmx noscis BaH-AnneHa. Mukona Ko3npes
1958 |BiA3Ha4ae B MiCAYHOMY KpaTepi «AJIb(OHC» 03HAKM BYJIKaHIY-
HOT [iSASIbHOCTI
Pagionokauis CoHus (CLUA). CtaHuis «JlyHa-2» He BUSBUA
1959 |y Micauya marHiTHoro nons. OTpumaHo nepui otorpadi’ 380-
poTHOro 6oky Micsus
1961 |Mepunia NoNiT JIIOANHN B KOCMOC
Papgionokauisa Mepkypida, BeHepu, Mapca, HOnitepa (CPCP
1961— i CLLUIA). YTO4YHeHi Be/inumHa a. 0. i nepiof obeptaHHA BeHepu
1964 | HasKono CoHus, BM3Ha4eHi nepiog 0CboBOro obeptaHHsA BeHe-
pn (BUABMBCA 3BOPOTHUM), Temnepartypa i Pi3anyHi Xapakrepu-
CTUKW NOBEPXHI NnaHeT
BigKpUTTA penikToBOro BUNpPOMiHIOBaHHSA. MepLui doTorpadii
1965 . .
noeepxHi Mapca («MapiHep-4»)
JocnigpkeHHA atmocdepn BeHepu 3 anapary, L0 CMYCKaeTbCA
1967
(«BeHepa-4»)
Bucagka «AnonnoHa-11» Ha Micsiub. Mepuunii BUXig NtogvHn
1969 -
Ha nosepxH Micausa (CLUA)
1971 |lMNepwa Mm’AkKa nocagka Ha Mapc («Mapc-3»)
1974 CeHcauiiHni BUCHOBOK CTiBeHa XOKIiHra Npo MO>XK/IMBICTb «BU-
NapoBYBaHHS» YOPHUX fip
MepLia poTonaHopama rnosepxHi BeHepu («BeHepa-9», «BeHe-
1975
pa-10»)
doTorpadir doboca, Aermoca i noBepxHi Mapca («BiKiHr-1»,
1975 L
«BIKIHIr-2»)
BiakpuTTa Kineup YpaHa. 3anyck «Bosimkepa-2», KU nepe-
1977 | paB 6e3uiHHY iH(opMaL,ito Mpo 30BHILLHI faHi nnaHeT KOniTepa,
CatypHa (1981), ¥YpaHa, HentyHa (1989)
1978 |BigkpuTtTa XapoHa, cynyTHuKa MnyTtoHa (O>K. Y. KpicTi, CLLIA)
1979 |BusaBneHo Kinbua y Onitepa
1986 JocnigpkeHHs komeTun Fannes AMC «Bera» i «pKoTTo». Y Ypa-
Ha BUABNEHO 10 HOBMX CYMYTHUKIB
1990 |3anyck KOCMIYHOro Teneckona «Ia66n»
1995 ABTOMaTUYHUIM KOCMIYHWI anapat «[anineo» gocar Konitepa

i BrepLue B35B Npo6u atmochepmn




Tema 3. Hawa nnaHeTHa cucrtema

Pik Mogia

MoyaToK (hyHKLiOHYBaHHA NepLuor 6araToHawioHaIbHOT
1998 | KOCMIYHOT CTaHLiT. Hali6inbLlumnii Ha CbOroAHILLHIN AeHb
LWITYYHUI 06'€KT, NO6GyA0BaHWN B KOCMOCI

MepLua nocagka Ha actepoid. Actepoig Epoc, KOCMiYHWIA ana-

2001 pat NEAR Shoemaker

2003 Mocagka Ha Mapc. Mapcoxif gocnig»KyBas CTPYKTYPY I'PYHTY
naaHeTw

2004 ABTOMaTUYHNI KOCMIYHMI anapaTt «KacciHi» gocar op6itu

CaTtypHa

2005 |Mepwa m’sika nocagka Ha TuTaH. KocMiuHuin anapat «KaccCiHi»

Meplua ycniwHa nocagka B nosisipHoMy perioHi Mapca. Anapar

2007 . .
3HaMLIOB BOAY B I'PYHTI NaHETn

2009 3anyck micii Kepler. MepLinii KocMivyHWIA Teneckon, Mpu3Ha-
YeHUIA 4NA MOLWYKY eK30MnnaaHeT, NogibHMX Ao 3emni

2014 MepLunin WITYYHW 30HA, A5 NIAHOBOT | M’AKOT NocagKM Ha
KomeTy. 30HA Po3eTTa, KomeTta UyptomoBa-I'epacMeHKO

2014 MI>KNAaHeTHNI KOCMIYHWIA 30HA, «HOBI rOpn3oHTU» Aocsar

op6iTn MnyToHa

2015 |BnepLue y Kocmoci 6y/10 BUPOLLEHO KXY (canar)

2019 |lMepwia m'Aka nocagkKa Ha 3BOPOTHI CTOPOHI Micsiusa

linotesun i Teopil popmyBaHHA COHAYHOT cucTeMn. 3 HalaaBHi-
LUINX Teopir noxogpkeHHs1 COHSAYHOT cMcTeMn BifomMo BYeHHSA PeHe [ekap-
Ta. loro KocMoroHiuHa rinotesa — Teopisi BUXOPiB — MPOTSArOM NeBHOr0
yacy KOHKYypyBasia 3 Teopi€to BCECBITHLOIO TSXKiHHA. BiH BBa>kaB, L0 COH-
ue, K i iHwWi 30pi, 0To4YeHe edipHOD PEYHOBUHOD, SAKa PO3MNOBCIOAYKYETb-
CA Ha BeJINKIi BifcTaHi y BCiX HanpaMkKax. O6epTatouncb, CoHUe cnpuymn-
HSI€ 06ePTa/IbHUI PYX NPUNErNNX 061acTel Liel pe4oBUHM, NOTIM BOHM, 3i
CBOro 60Ky, nepeaaroTb Moro HaCTYNHWUM 061acTAM, Tak WO, HapeLUTi, BCS
Maca npuxoanTb B 06epTaHHA. Y UbOMY edipHOMY BUXOPi MYaTb HaBKO/10
CoHuA nnaHeTu. MpoTe JekapT He 3Mir chopMynoBaTU 3aKOHU MNaHeT-
HUX PyXiB, TOMY MOro rinoTesa He oTpMMasia rnoAasibLLOro po3BUTKY. Tifb-
K1 3 gpyroi nonosmHM XVIII cT. NponoHyTLCA eBOOLiiHI KOCMOrOHIY-
Hi TinoTe3n TaKUMU BYEHUMU, K BrothdoH, KaHT, Jlannac, Pow, Meiiep,
J1oHbEP, BiKEpPTOH.

3apa3s 3ara/ibHONPUIAHATOO € TinoTe3a, Wo opMyBaHHA COHAUHOT cUC-
Temu rnoyvasnoca 6113bKo 4,6 MApA PoKiB TOMY 3 rpaBiTaliiHOro CTUCKY-
BaHHSA HEBE/IMKOT YaCTUHM FiraHTCbKOT MI>X30pAHOT ra3oninsoBoi XMapu.
Llsa noyaTkoBa xmapa, MMOBIPHO, csarasa 3a po3mipamm KifibKoX CBIiT/10-
BUX POKIiB i 6yna npapoanyem Ansa KinbKox 3ip.
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Tema 3. Hawa nnaHeTHa cuctema

Y npougeci CTUCKYBaHHS Po3Mipy ra3onuioBoi XMapy 3MeHLUyBasIncs
i Uepe3 3aKOH 36epeXKeHHsI MOMEHTY iMMYy/ibCy 3pocTasia LWBUAKICTb 06ep-
TaHHA Xmapu. LleHTp, ge 3i6panacs 6inbLua YacTMHa mMacu, cTaBaB YCe ra-
pPAYILIMM Y NMOPIBHAHHI 3 HABKOTMLLHIM AMCKOM. Yepe3 obepTaHHA XMapu
LIBMAKOCTI 1T CTUCKYBaHHS NapasieNibHo 1 NepneHANKY/MSAPHO A0 oci 0bep-
TaHHA Bigpi3HANUCA, WO NPM3BEN0 40 YU iSIbHEHHA XMapuy, (hopMyBaHHA
XapaKTepHOro NpoTon/iaHeTHOro Ancka giameTpom 6/m3bko 200 a. o. i ra-
psY0l, WisIbHOT NPOTO30pPi B LIEHTPI.

[Li3HaliTecs GinbLue Npo rinote3u i Teopii hopmMyBaHHsI COHAYHOT
cucTemu.

G KOHTPO/bHI 3annTaHHSA i 3aBAaHHSA

1. Konw BiabyBCcs nepLunii noniT AANHN Y BiAKPUTUIA KOCMOC?

2. AKWMi BHECOK 3p06U/IN YKPaTHCbKi BYEHI Y PO3BUTOK KOCMOHABTUKI?

3. CKiflbKM MiHiManbHO Mae TpmBaTu NoNiT Ha Mapc?

4.Konu i sk yTBopunacs CoHAYHa cucTema 3rifHo 3 3ara/lbHOMpuinHA-
TOO Teopiern?

5. CKopucTanTecs AoAaTKOBMMW AxKepeniaMu iHhopMalit. 3HaiaiTb Bi-
[OMOCTI npo rinoTe3y opmysaHHA COHAYHOT cuctemu B. deceHKoBa
i nigrotyTe cTMCNy AONOBIAb.

? BukoHaliTe TeCcTOBI 3aBAaHHs1 i3 aBTOMATUYHOI NEPEBIPKOLD
Ha caiiTi «|[HTepakKTUBHE HaBYaHHS».

BucHOBKW. MNnaHeTn 3eMHOT rpyny MatoTb NMOPIBHAHO HEBENUKI PO3-
Mipun (IXHA 3arasibHa maca He nepesuLlye 0,5% macu Bcix nnaHet Co-
HAYHOT cUCTeMWN) | ABNAIOTb CO600 TBepAi Tisla 3 BUCOKOK cepefHbOoR
rYCTUHOIO.

Yci nnaHeTn 3eMHOT rpynmn MarTb CXO0XKY Oy[0BY Ta CKNajatoTbCs
3 A4pa, MaHTIl, TBepaol Kopu. [ns IXHIX NOBepXOHb € XapaKTepHUMN
KpaTepu, ropu, ByJsIKaHu.

MnaHeTu-riraHTM 3a XiMiYHUM CK1afoM HaragyroTb 30pi, HE MalOTb
TBEPAOT NOBEPXHi, TOMY Ha HUX HEMOXX/IMBO MOCaAUTN KOCMiIYHWUIA KO-
pab6esib. Mg X0noAHMMM XMapaMy BOHU MaroTb rapsadi Hagpa, Temnepa-
Typa AKUX CArae AecATKiB TUCAY rpagycis.

ACTepoign, KOMeTU, METeopOoian € 3a/iMKamMn Tiel BeIMYe3HOT
XMapu KOCMiYHOT peyoBnHU, 3 AKOT yTBopunuca CoHue i BennKi nna-
HeTwn.

OCHOBHWIN NOSAC acTepoifiB po3TalloBYETbLCA Mi>XK Mapcom Ta HOoni-
Tepom, asne 3a op6iToto HenTyHa iCHYOTb LEe MiNIbOHW MAaHeTonogio-
HuX Tin (nosdc Kolinepa) Ta MifbiioHN KoMeTHUX sgep (Xmapa OopTa).

MounHatoum 3 1957 p., NKOACTBO MOYano aKTMBHO A0OCAIA>KYBaTU
CoHSAYHY cMCcTeMyY 3a [0MoMOror KOCMiYHUX anapaTis. barato ykpaiH-
CbKUX YYEHUX B3S/1M y4YacTb Y PO3BUTKY CBITOBOI KOCMOHaBTUKMU.



Tema 4.
CoHue — Hambimxk4va 30ps

®i3nyHi xapakTepucTnky CoHLA.
bypoBa CoHUs Ta gpkepena noro eHeprit

CoHLe — ofHa 3 Minbapgis 3ip Hawoil ManakTu-
KW, UeHTpanbHe cBiTWUA0 B COHAYHINM cUCTeMIi, BIK SKO-
ro 65iM3bKo 5 Mip4 poKiB. BoHO gae 3emni Tensio i CBIT-
No, Wo nigTpUMye >XUTTSA Ha Hawiil nnadeTi. CoHue
(puc. 1.1) po3TalloBYeTbCA Ha 6/M3bKIil BigcTaHi Big
3emni — ycboro 150 MaIH KM, TOMy MU 6a41MO M0ro
y hopmi gucka. BuByeHHA COHUSA Mae fy>Ke BaXK/MBe
NMpaKTUYHe 3Ha4YeHHS 411 PO3BUTKY 3eMHOT LmMBiNi3auii.

Temnepatypa CoHUA BUMIPIOETLCA 3a LOMOMOIror
3aKOHIB BUMNPOMIHIOBaHHSA «4YOpHOro Tina». CoHLe BU-

Puc. 1.1. CoHue

MPOMIHIOE e/IeKTPOMAarHiTHI XBUAI Pi3HOT JOBXXWHW, AKi HalUKMM OKOM
cnpuiiMaroTbes SK 6ine cBiTno. Hacnpasai 6isie cBiTN0 CKNagaeTbCs 3 Lifo-
ro crekTpa e/fleKTpoMarHIiTHUX XBU/b Bif, YepBOHOI0 A0 (DioN1eTOBOro KOJ1bo-
py, anie CoHLE BUMNPOMIHIOE HalbinbLue eHeprii y >XOBTO-3e/1eHi YacTUHi
CreKTpa, TOMy acTPOHOMMK Ha3MBatoTb COHLLE YKOBTOIO 30pet0. Temneparty-

pa Ha noepxHi CoHus ctaHoBUTbL 5780 K.

CBiTHicTb CoHus (LS) BM3Ha4yae NOTY>KHICTb MOro
BUMPOMIiHIOBaHHSA, TOOTO KiNbKiCTb eHepril, Wo BMUNpo-
MiHIOE NoBepXHA COHLSA Y BCiX HaNpsiMKax 3a 04VUHULLI0
yacy. Ona Bu3HayeHHs1 cBiTHOCTI CoHUA Tpeba BUMIpS-
TN COHAYHY CTasly  — eHeprito, Ky oTpumye 1 M2 no-
BepxHi 3emni 3a 1 cek 3a ymoBU, W0 CoHLE po3TalloBa-
He B 3eHiTi. [ns BUu3HayeHHs cBiTHOCTI CoOHUSA HeobXiaHo
BE/TMUMHY COHSIYHOT CTas10T MOMHOXXUTU Ha naoLly cde-

pu 3 pagiycom R:
Ls=4 R?> q 4 10%°Br, (1.2)

fe R =1,5-10" m — BiacTaHb Big 3emni go CoHUs.

bynosa CoHuda. CoHLe — Befinye3Ha po3»kapeHa
naasmoBa Ky/s, Wo Mae ckKnagHy 6yaoBy CBOIX 30B-
HILWHIX | BHYTPILWHIX WwapiB. ¥ pe3ynbTaTti Pi3NYHnNX

CoHAYHa cTana q —
eHepris, AKy oTpumye 1 m?
noBepxHi 3emni 3a 1 cek,
AKLLO COHAYHI NpoMme-

Hi NajalTb NeprneHanky-
NAPHO [10 MOBEPXHI. 3a cy-
YaCHUMY JaHUMK, HA MeXi
BEPXHiX LLapiB atMocde-
pu 3emni BeiMUymnHa co-
HAYHOT CTanoi AOPIBHIOE

g = 1,4 kB1/m?

A0PO — LeHTPaIbHI
o6nacti CoHus, ae npo-
TiKalTb TEPMOSIAEPHI
peaxuii

npouecis, WO NpoTikawTb B Hagpax CoHusA, 6e3nepepBHO BUAINAETLCA
eHepris, AKa nepefaceTbCA 30BHILWHIM LIapam i po3nogisiIfAeTbcA Ha Bce
6inbLUy naowy. BHacNigok uboro 3 HabAav>KeHHSIM 0 NOBEepPXHi TeMne-
patypa COHAYHOI NMasmm NOCTYMNOBO 3HUXKYETHCA. 3aeXxHo Bij TeMne-
paTypu Ta XapaKTepy NpoLeciB, L0 BU3HAYaOTLCA L€ TeMMepaTypoto,
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Tema 4. CoHue — Han6amK4ya 3ops

CoHLEe YMOBHO po3instoTb Ha Taki 06nacTi 3 pisHUM iSUYHUM CTaHOM
PeYoBMHN Ta PO3MOAISI0OM EHEPriT: 4p0, 30Ha pagialii, KOHBEKTMBHA 30Ha

Ta thoTocepa.

BHyTpiwHA 6ygoBa CoHus

CepegHa BigcTaHb o 3emni 1,5=10% m
Pagiyc 109 R
CepegHili giameTp 1,39210° m
Maca 1,99+10%° m (330000 M )
CepefiHA ryctuHa 1,4 r/cwm®
I'IpMCKopeH_Hﬂ BiNIbHOro NagiHHA 274 m/c2
Ha eKBaTopi
Temnepatypa agpa 1,4=107K
TemnepaTtypa KOPOHU 1,5=106K
Temnepatypa poTochepun 5780K
CBITHICTb 4«10%BT
XiMi4yHUI ckNag 3a Macoro,% H,— 71, He — 27
30Ha pagiauii — LleHTpanbHa 06nacTb (94p0) 3aiMae BiJHOCHO HeBe-

30Ha, fie eHepris
NEPEHOCUTLCA LUMISIXOM
NepeBUNPOMIHIOBaHHS
OKpEMVIX KBaHTIB

KoHBeKTMBHa 30Ha —
30Ha, Je 34iMCHIOETLCA
nepegava eHeprii WASXOM
nepemillyBaHHS —

6inbLU rapsyi KOMipKK
CMNAVBALTb Yropy,

a XO/OAHI onycKatTbeA
[IOHN3Y

68

NIMKWIA 06°eM, ane 3aBASKN BENNKIN IYCTUHI, AKa 36i/b-
LUYETLCA [0 LIEHTPY, TaM 30cepe>keHa 3HauyHa vyacTuHa
mMacu CoHUSA. BennuesHuin TUCK Ta HaflBUCOKa TeMnepa-
Typa 3abe3neyvyoTb MPOTiKaHHA TEPMOALEPHUX peakLiii,
AKi € OCHOBHUM gpkepesiom eHepriT CoHus. Pagiyc sgpa
CTaHOBUTb Npun6an3Ho 1/3R.

Y 30Hi NPOMEHUCTOT piBHOBaru, abo 30Hi pagiauii,
L0 OToYye AP0 Ha BifcTaHi Ao 2/3R, eHepria nowiu-
PHOETLCS LUNAXOM MOCNIA0BHOIO NOr/IMHAHHSA | HacTyr-
HOro NepeBUNPOMiHIOBaHHSI PEYOBUHOK KBaHTIB efleK-
TpOMarHiTHOT eHepriT.



Tema 4. CoHue — Hanbnmkua 3ops

Y KOHBEKTVBHI 30HI (Bif BEPXHbLOIO LLIApPy 30HU pa-
agiayii, man>ke go camoi BuaMmoT Mmexxi CoHust — doTo-
chepu) eHeprisi NepefaeTbCs BXKe He BUNMPOMIHIOBaHHSAM,
a 3a [0MoMOrol KOHBEKLIT, TOOTO LWAAXOM nepemMilly-
BaHHS PeYOBUHU, KOW YTBOPKOKOTLCS CBOEPIAHI OKpeMi
KOMIpKW, SAKi TPOXM BiApi3HATLCA 04Ha Bif 04HOT TEM-
rnepaTyporo Ta rycTMHOH0.

AT Mochepoto BBaXKatoTbCA 30BHILLHI LWapn CoHLSA,
L0 YMOBHO MOAiNeHI Ha TPy 060/10HKU. HairnnbLunii

wap atMmoctepn CoHUS, WO CKNagaeTbesa 3 rasis, — Puc. 1.3. doTocthepa —
doTocchepa (Big rpeu. sphera photos — Kynsa cBiTna), HalArMBLUMI Wwap
200—300 KM 3aBTOBLLUKW, CAPUAMAETLCA HAMW SIK MO- atmMoctepn COHUS, iKW
BepXxHs CoHus (puc. 1.3). NycTuHa rasiB y ¢oTocge- BUMPOMIHIOE CBIT/IO

pi B MifIbOHM pasiB MeHLLla 3a rycTuHy noBiTps 6ins
rnoBepxHi 3emni, a Temnepartypa oTochepyr 3MeHLLY-
€TbCS 3 BUCOTO. CepegHili wap oTochepn, BUNPO-
MiHIOBaHHSA SKOro My CNpUiMaemMo, Mae Temneparty-
py 5780 K.

Y COHAYHWI TeeCKOoN MOXHa CriocTepiratn cTpykK-
Typy oTochepu, Y AKii KOHBEKLiiHI KOMiIPKM MatTb
BUrNA4 CBITANX | TEMHUX 3epeH — rpaHyn (puc. 1.4).
Hapg dhoToceporo po3TalloBaHa Xxpomocdepa (Bif rpe.
chromos sphera — KonbopoBa cgepa), ge aTomamm pis-
HUX PeYOBUH YTBOPKOKOTLCA TEMHI NMiHIT NOrNMMHAHHA  Puc. 1.4. TpaHynn y otocdepi
y cnekTpi CoHua (puc. 1.5). 3arasibHa TOBLLMHA XpPO- MatoTb Aiametp 1000 KM —
Mocepu ctaHoBUTbL 10—15 Tuc. KM, a Temnepatypa 'y Ti Lie NposB KOHBEKLT
BEPXHiX Lapax cAarae 100 000 K.

Puc. 1.5. CnekTp CoHuA. TeMHi NiHii NOrMHAHHA YTBOPHOKTLCS Y XpOMochepi

Hap xpomMocthepoto po3MillieHM 30BHILLHIN wap atmocgepy CoHUSA —
COHSIYHa KOpOHa, TemrepaTypa AKOT CArae KifibKoX MiNbMOHIB rpagycis.
PeuoBMHa KOpPOHU, SiKa MOCTINHO BUTIKAE y Mid>KM/IaHETHWUI MpPOCTip, Ha-
31BAETLCA COHAYHMM BIiTPOM.

AKLLO NOPIBHATK CBITHICTE COHLSA 3 FIOr0 Macok, ToO MU OTPUMAEMO,
W0 1 Kr COHAYHOI PeYOBUHW reHepye Mi3epHy NOTY>KHicTb =0,001 BT, y ToWA
yac siK cepefHs NOTY>XHICTb BUNPOMIHIOBaHHSA NHOACLKOro Tina AopiBHIOE
npn6an3Ho 100 BT, To6TO B TUCAYY pasiB 6ifnbLue Bif NOTY>KHOCTI TaKol ca-
MOT Macu COHAYHOT pevoBUHU. MNpaBaa, CoHLEe CBITUTL NPOTArOM MiflbSp-
[iB pPOKiB, BUNPOMIHIOOUN Maili>Ke OfHY i Ty caMy eHeprito, HagiiHo 06i-
rpisatoym 3emsto Ta iHLWI Tisla COHAYHOT cUCTeMN.
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Tema 4. CoHue — Hanbnmxuya 30psa

G KOHTpO/bHI 3annTaHHSA
1. lllo Take COHAYHa cTana?

2. W0 po3ymitoTb Nif CBITHICTIO COHUA? YoMy BOHa [OPiBHIOE?

3.0nuWiTb BHYTpPILLHIO 6yaoBy CoHUA.

4.Ha fAki 30HM YMOBHO nogineHi Hagpa CoHua? AKi npouecu Bigbysa-
H0TbCA B KOXKHIM i3 HUX?

@ PeecTpaL,isi COHSTYHUX HENTPUHO

COHSAYHUIA HENTPUHO € BUAOM BUMNPOMIHIOBAHHS, KU NPUX0OAUTb A0
3eMHOro cnocTepiraya 3 HaMrnmMoLmnx Hagp CoHuUS i Hece B cob6i iH(opMma-
Lit0 NpO Npouecu, Lo Tam BifoyBatOTbCS.

HeNTp1HO — «HEeBOBMMa» YaCTUHKa, SKa bepe 6e3nocepefHto yyacTb
y TepMOsSfepHNX peakLuisax. 3oKpema, HeTPUHO YTBOPIOKTLCA B NpoLe-
ci TepMosiiIepHMX MEePeTBOPEHb BOAHIO B Fenii, AKi, 3rigHo 3 cyyaCHUMM
YABNEHHAMM, CNY>KaTb IXKepenaMn BHYTPILLHbO3ipKOBOT
eHeprii. EHepris ymx 4aCTUHOK i BefIMYMHa IXHbOro Mno-
TOKY 3a/1eXkaTb Bif, Temnepatypu i xapaktepy S4epHUX
peakuiii. KpiM LbOro COHsIYHI HEMTPUHO, LLIO BONOAIOTh
BE/INYE3HOK MPOHMKAI0YOK0 34aTHICTIO, MPOXOAATh Yepes
BCHO COHAYHY TOBLLYY MPaKTUYHO 6e3MnepeLLlKOoAHO i gocsra-
t0Tb 3eMni. TOMY COHAYHI HEMTPMHO JaloTb iH(opMaLito
npo ctaH CoHUSA NpakKTUYHO B MOMEHT CMOCTEPEXKEeHHS.

AKOM Ham BAANOCHA «3M10BUTU» COHAYHI HENMTPUHO,
MW B NEBHOMY CeHCi «nobaumnu 6», wo BigdyBaeTbCcA
B LleHTpi CoHUA. Ase criocTepiraty IX MoOXKHa TifIbKU He-
npaMUM Wwasaxom (puc. 2.1), 3MyLyUmM B3aEMOLIATY 3 iIHLUMMW YaCTUH-
KaMu i peecTpytoun pesynbTaTu NoAi6HUX B3aEMOAIN.

MigxoasaLo AAepHO peaKLietd MoXKe CTY>KUTU B3aEMOIN HEATpU-
HO 3 A4POM OAHOrO0 3 i30TOMiB X/10pY 3 aTOMHO Barow 37. BrioBuBLUK CO-
HSYHI HEMTPUHO, TaKe AP0 NePeTBOPIETLCA B AP0 i30TONy aproHy-37,
AKUIN € pafioaKTUBHUM, a 0T>XKe, Yepes MNeBHi NPOMIXKKM Yacy MOXKHa BU-
MiproBaTK, CKifIbKM A0ro HAKOMMUYNIOCS.

Ane iHLWi KOCMIYHI BUMPOMIHIOBAHHSA TaK0XX MOXKYTb BUK/IMKATW Afep-
HY peakLito NepeTBOPEHHSA X/10py B aproH. LLLo6 no3dbyTmnca takmx nepe-
LIKOZ, BUMiptoBaHHA Tpeba NpoBoAMTU FTMOBOKO Nij, 3eM-
Nero, Kyanm 3BuYariHi KOCMIYHI YaCTUMHKU NPOHUKHYTU
HE MOXXYTb.

loea Takoro «geTeKTopa» Ana peectpauyii COHAYHUX
HENTPUHO Oyna 3anpornoHoBaHa b. MoOHTeKOpPBO i 34iii-
cHeHa P. [leBicom. HEMTPMHO TeNECKOMOM C/y>Kua Be-
NnyesHa uucTepHa, HarnosHeHa 600 TOHHaMW Nepxop-
eTuneHy. Anapatypa 6yna BCTaHOB/IEHA B MOKNHYTOMY
Puc. 2.2. Tlig3eMHuii pyaHuKy B wTaTi MNMisgeHHa Jakota, CLUA (puc. 2.2).
[ETEKTOP HEWTPUHO COHSAYHI HEMTPUHO crocTepirany NPoTSAromMm TPUBaIOro

Puc. 2.1. 30BHiLIHA
COHAYHA aKTUBHICTb
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Tema 4. CoHue — Hanbnmxkya 30psA

yacy KiflbkoMa cepigMmun. BusiBunocs, L0 YMCI0 3apee-
CTPOBaHUX aKTiB B3aeMogil HabaraTto MeHLUe nepenba-
YEHOro TeopiEto.

[na NOACHEHHSA UbOro AesiKi BUEHI MpuUnycTuau,
L0 COHAYHWUI TEPMOSILEPHUI peaKTop Npautoe B «iM-
NMyNIbCHOMY peXXumi». Tob6To B Hagpax CoHusA TepMo-
AflepHa peakuisa vac Bif Yacy npunuHAETbCA, i Toai CoH-
Le CBITUTb 3a paxyHOK 3anaciB eHeprii, HaKOMMYeHnX
B nonepegHbLOMY LK.

Puc. 3.1. CoHsiuHa nnsma —

KOHTPO/bHI 3annTaHHA e obnacts horocepn, Ae
& 3HUXKYETHLCA TeMMepartypa,
1. LLio TaKe COHAYHWNI HENTPUHO? a[ke CUbHe MarHiTHe none
2. 9K MO>KHa 3apeecTpyBaTy COHSUYHNI HEUTPUHO? Y NNAMI 3yNUHAE KOHBEKL|IO

@ MposiBU COHAYHOI aKTUBHOCTI Ta iXHill BN/IMB Ha 3eM/10

COHsiYHa aKTUBHICTb BU3HAYaETLCS Ki/IbKICTIO N/IAM Ta TXHbOK 3a-
rasibHOK MnoLero. JocnigKeHHS nokasanu, Wwo TemnepaTypa BcepeauHi
nasMun ocuTh BUCOKa i csarae 4500 K,
ane nnsima 34aeTbCA TEMHOK Ha (hoHi MarsitHe none
6inbL rapsyoi oTochepn 3 Temne- ; e G
paTypoto 5780 K (puc. 3.1, 3.2). BU-  tone xonsexsii
HUKAaE MUTaHHS: WO 3HMXKYE TeMmre-
paTtypy BcepefmHi NnaMu? MNaamu Ha
COHUi MOXXYTb iCHyBaTW MNPOTArom
KifIbKOX MicsiLiB, TOMY BMHUKIA Ti-
noTesa, L0 SAKUIACb NPOLEeC ranbmye
KOHBEKLLi0 N/1a3MW B COHAYHIV NAsMi
Ta NigTpMMye pi3HMLI0 TeMmnepaTyp.
3apas goBeneHo, WO TaKUM «i30/1s5-
TOPOM» € CU/IbHE MarHiTHe nose, siKe Puc. 3.2. Nnamn 3'eaHani mix coboto
B3aEMOJi€ 3 eNeKTPUUHO 3apAIPKEHN- rlonapHo, AK NIoMICIA B MarHITI, koxHa

. nnsamMa mae CBOK MarHITHY NoAApPHICTb
MW YacTUHKaMu nnasMu i ranbmye
KOHBEKLiiHI npoLecn BcepednHi NAAMU.
LLle ogHa 3aragka akTMBHOCTI CoHUS 3axoBaHa B Ti NepiognyHoCTI —
LKA 3MIHM KiZIbKOCTI N/ISIM NOBTOPHETHLCS MPUBIN3HO Yepe3 KOXKHI 11 po-
KiB (puc. 3.3).

1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

Puc. 3.3. 3MiHa COHAYHOT aKTUBHOCTI BU3HAYAETLCA KiIbKICTHO MASIM Ta iXHbOK MOLLEKD
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Tema 4. CoHue — Hanbnmxuya 30psa

( ) Ans onuTAnBMX

Mnsamn noegHaHi Mi>K cob00 MarHITHAMM CUNOBUMMN MIIHIAMW M0-
AI6HO [0 NOMOCIB MarHiTy — KOXXHa rnsisMa Mae CBOK MOJIAPHICTb. Tak
camo, SIK HEMO>K/IMBO PO34INUTU MIBHIYHMIA Ta NiBAEHHWIA NMOOCU Mar-
HITY, TaK i COHAYHI NAAMW ICHYIOTb Ti/IbKM napaMmu, siKi MaroTb pPi3Hi
MarHiTHI NOSPHOCTI. AKLLO BpaxyBaTy NOASAPHICTb MAAM, TO LMK CO-
HAYHOT aKTUBHOCTI TPMBAE NPUBN3HO 22 POKMU.

Puc. 3.4. CoHue i 3emns

MpoTty6epaHui —
LWiNbHI XMapy BOAHHO, SKi
NigHIMaTLCSA B KOPOHY
B3[J0BX MarHiTHUX NiHii

Puc. 3.5. XpomochepHuii
cnanax Ha CoHLi

G [Li3HaiiTecs Ginblue Npo CoHLe Ta NPOSABM MOro akTUBHOCTI.

KOHTPO/IbHI 3annTaHHs

BnavB COHAYHOT aKTUBHOCTI Ha 3emsito (puc. 3.4).
Jocnigkytoum CoHuge 3a A0MOMOro CynyTHUKIB Ta
AMC, acTpoOHOMU BUSIBU/IN NOr0 CUMIbHE KOPMYCKYIAp-
He BMMPOMIHIOBAaHHA — MOTIiK e/IeMeHTapHMUX YacTu-
HOK (MPOTOHIB, HEMTPOHIB, e/IeKTPOHIB). Hanpuknag,
nig yac xpomocepHUX crnanaxie, AKi BUbyxaroTb MNo-
65113y NNSAM, BUAINAETLCA TaKa Besinve3Ha eHepris,
AKY MO>XHa NopiBHATU 3 BUMPOMIHIOBaHHSAM BCi€T )o-
Tocthepu CoHUSA. He cnig nnyTtatu cnanaxu 3 npoTtybe-
paHuamu. MpoTy6epaHui (Big nat. protubero — 3ayBa-
HOCb) ICHYIOTb MOCTIMHO — L LWiNbHI X0104HI XMapwu
BOAHIO, AKI MigHIMalTbCA B KOPOHY i pyXarTbCs
B30B>X MarHiTHUX CUI0BMX NiHiW. 3aBAsiK/ NpoTyb6e-
paHUsM BigoyBaeTbCs 06OMiH pedoBUHaMM Mid>K XPOMO-
cepoto i KOPOHOH0.

Cnanax BUHMKaE MiXK BOMa NiigmMamm 3 npoTunied-
HOK MOMISAPHICTIO, KOMU MPOTAroM KiflbKOX FroAvH TeM-
nepaTypa B Wi 30Hi 3pocTae go 5 - 106 K i BUainaeTbca
eHepria 1021-1025 >k, W0 Malixke cymicHe 3i CBITHI-
cTto CoHUS Y BUAMMII YacTUHI cnekTpa. Mig yac cnana-
XY eHepris BUNPOMIHIOETLCS B OCHOBHOMY B HEBUAUMIN
YyacTUHI crekTpa (pagio-, yNbTpadiosieToBOMY Ta peHTre-
HIBCbKOMY AianasoHi). i yac cnanaxiB y Mi>KniaHeT-
HUIA NPOCTIP TaKOXX BUKNAAKTLCSA MOTOKN 3apsipKeHNX
YaCTUHOK, AAKi 1eTATb 3i wBuakicTio 4o 20 000 km/c
(pnc. 3.5). Yepes KisibKa roguH nicna cnanaxy Kop-
NYCKY/APHI MOTOKU MOXYTb JOMETITU A0 3emMsi i BU-
KMKaTn 30ypeHHs 1T MarHiTHOro rnosia ta CBiTIHHSA io-
Hochepy, WO MPOABASETLCA Y BUTMNAAI IHTEHCUBHUX
MONSIPHUX CANB.

1. fKe ABULLE Ha3MBalOTb COHAYHOI aKTUBHICTHO? 3 KOO LIMKIYHICTIO
BOHa Bif6yBaeTbcA?
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Tema 4. CoHue — HanbnmxK4ya 30ps

2.Ha3BiTb npouecn Ha CoHui, SKi MOXYTb CYyTTEBO
BM/IMBATK Ha CTaH 3eMHOT aTMocdepu.

3. Lo € pkepenom eHeprii CoHUs?

4. 064nCNITb, AKY COHAYHY eHeprito 3Mir 61 NornHy-
Tn 3a 1 rog Aax Bawloro 6yaAnHKY oniBAaHi.

G 3aBfaHHA oA cnocTepeXeHHs

YBaral Iif yac cnocrepe>keHb He MOXKHa AMBUTUCA
Ha ancK CoHLS SIK HE036POEHMM OKOM, TaK i B Te/IeCKon
6e3 cneuiasibHOro ceitnoginbTpal

MigpaxyviTe 3arasibHy Ki/lbKiCTb COHAYHUX MASIM
Ta HamMa/loNTe TXHE po3TallyBaHHA Ha AUCKY COHUS.
3BepHIiTb yBary, L0 MassMu 4acTo 3’sBMAITLCA napa-
MU. Yepes KifibKa AHiB MOBTOPITb CNOCTEPEXKEHHS, | BU
nomiTmnTe ob6eptaHHA COHLSI HABKO/10 OCi — MASIMU 3Mi-
ctunnca. KinbKicTb NAsIM 3a Ll Yac TeXX MOoXKe 3Mi-
HUTUCA.

BukoHaliTe TeCTOBI 3aBflaHHs i3 aBTOMATUYHOIO NepeBipKoto

Ha canTi «[HTepaKTUBHE HaBYaHHS».

XpomocdepHuii

cnanax — T¥M4yacose
3HAYHe MOCWIEHHS
SICKPaBOCTi 06MEXEHOI
LINAHKN Xxpomochepu
COHUS, BUBYXOBWIN BUKMJ,
peyvoBUHU i eHeprii, Aka
HaKoMM4eHa B MarHiTHomMy
NOAi COHAYHUX MISIM.

MarHiTHa 6yps —
30ypEHHSI MarHiTHoro
nons 3emni nig BNANBOM
cnanaxy Ha CoHLuj.

Y e yac BUHMKaKTh
HenosafKn B pafio3B’sasky
Ta eNeKTPOHHUX
npunazgax, noripLuyeTscs
CamonouyTTs /toAeN.

BUCHOBKW. 3as1eXkHO Bif TeMnepaTtypu Ta XapakKTepy MnpoLiecis, L0
BU3HaYaloTbCA L€l TemnepaTyporo, CoHLEe YMOBHO PO34iNsitoTb Ha TaKi
061acTi 3 Pi3HUM (PiI3NYHMM CTAHOM PEeYOBUHW Ta PO3MoAISIOM eHeprit:

A0po, 30Ha pagiayii, KOHBEKTMBHA 30Ha Ta aTmocdepa.

COHSAYHUIA HEATPUHO € BUAOM BUMNPOMIHIOBAHHS, KN NpUXoanTb
[10 3eMHOr0 crnocTepiraya 3 HalurnMbLwnx Hagp CoHus i Hece B COO6I iH-
thopmavito Npo npouecu, Lo TaMm BiabysatoTbcA. Na peecTpauil Hel-

TPMHO BUKOPUCTOBYIOTbLCS MNiA3eMHi slabopaTopil.
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Tema 5. 3opi. EBontouia 3ip
0 3opi Ta ix knacuikauia

30psa — Le Be/Inye3Ha Kysi rapsyoro rasy, ska yTpuMyeTbes sIK 0gHe
Lifie 3aBASAKM BIACHI cuni TSOKIHHA 1 po3irpiBaeTbCs AAEPHOK eHEpPrietD.
[na 3ip BnacTuee BeNIMKe Pi3HOMaHITTSA, NPoTe cepes HUX MO>XXHa BUAIN-
TW OKpeMi rpynu, Wo MaroTb CMisibHi BN1acTUBOCTI.

Anensuunck Ha Heb6o, My 6aummo, LW 30pi pi3Hi 3a KonbopoM. Ocobnn-
BO Lie MOMITHO Mig Yac po3rnsagaHHsa cnekTpis. OCHOBHI BIigMiHHOCTI crek-
TpiB 3ip NOAAraTb B KiSIbKOCTI N IHTEHCUBHOCTI CNOCTEPedXKyBaHUX CrekK-
TpaslbHUX NiHIN, a TaKOXX Y PO3MoAini eHeprii B 6e3nepepBHOMY CMEKTPI.
13 ypaxyBaHHAM BUAIB CAEKTPa/IbHMX MiHIN Ta TX IHTEHCUBHOCTI No6yao-
BaHa crieKTpasibHa Kiacudikauisa 3ip.

BigMiHHOCTI B cneKTpax 3ip BU3HavyaoTbCA nepeayciMm BigMiHHOCTAMMN
Temnepartyp. 3a TeMmnepaTyporo 30pi po34i/INAN Ha 7 CNeKTPa/lbHUX Ka-
ciB (puc. 1.1), Aki no3Ha4ymnm nitepamm naTtmHCbKoOT abeTku: O, B, A, F,
G, K, M.

HaiiBnuyy TemnepaTypy Ha NOBepPXHi MakTb CUHI 30pi CNeKTpasibHO-
ro knacy O, AAKi BUNMPOMIHIOKTb HalbiibLLEe eHePriT y CUHINM YacTUHI chek-
Tpa (puc. 1.2). KodxkHWiA cnekTpasibHUI Knac nogingetca Ha 10 nigkna-
ciB: AO, Al... A9.

3a3Buyaii y cnekTpi KOXXHOT 30pi € TEMHI NiHIT NOrMHaHHSA, AKi YyTBO-
PHOOTLCS B PO3Pig>KeHin atMmocdepi 30pi Ta B atMocdepi 3emni i noka-
3yl0Tb XiMIYHUI CcKNag umx atmocdep. Bussuiocs, Lo BCi 30pi MaroTb
Maii>kKe 0HAKOBUI XiIMIUYHWI CKNag, TOMY L0 OCHOBHI XiMiYHi efeMeHTHr
y BceecBiTi — lNigporeH Ta Neniii, a 0CHOBHa BIAMIHHICTb Pi3HMX CNeKTpasib-
HNX KnaciB 06yMOB/IeHa TemMrepaTyporo 30psAHMX (hoTocdep.

BumiptoBaHHs BigcTaHel [0 3ip. 30pi po3TallioBaHi B MifIbOHU pasiB
fani, Hi>k CoHLe, TOMY ropu3oHTasIbHI Napasiakcu 3ip BigMoBiAHO B Miflb-
MOHM pasiB MeHLWi, | BAMIpPATU Taki Masli KyTu e HIKOMY He BAaBasi0ocsi.
[na BMMiptOBaHHSA BiAcTaHel Ao 3ip aCTPOHOMW 3MYLLIEHI BU3HA4YaTh pidHi

Puc. 1.1. Konbopu 3ip
BM3HaYatoTb 7 OCHOBHMNX
CNeKTpasibHNX KNacis.
Halirapsuiwi 3opi —
CUHI 30pi — Hanexarb
[l0 CMEeKTPabHOTo Knacy
O, HalixonoaHiwi —
YepBOHi 30pi — A0
CneKTpanbHoro Knacy M.
CoHue Mae Temneparypy
thotoctepm 5780 K, xoBTuiA
Konip i HanexuTb Jo
cnekTpanbHoro knacy G
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Tema 5. 3opi. EBontouia 3ip

Puc. 1.2.
[HTEHCUBHICTb
BUMPOMiHIOBaHHS
KOCMIYHMX

Tin i3 pisHoto
Temneparypoto. fapsui
30pi BUNPOMIHIOWTb
GinbLue eHepril

Y CUHIlA YacTuHi
CMEeKTPa, XONoAHI —
Y 4epBOHiii. MnaHeTu
BUMPOMIHIOTb
€Heprilo NepeBaxHo
B iH(ppa4epBOHiii
YacTUHI cnekTpa

napanakcu, ki nos’si3aHi 3 opbiTa/IbHUM pyxXoM 3eMii HaBKo/10 COHLSA
(puc. 1.3). ¥ Touui C postawuoBaHe CoHuUge; A, B — nono>keHHA 3eMni Ha
op6iTi 3 iHTepBasiom 6 MicAuiB; BC = 1 a. 0.— BifcTaHb Big 3emni fo CoH-
usa (Benuka nieBiCb 3eMHOT 0p6iTK); S — 30ps1, A0 AKOT Tpeba BU3HAUNTN
BigcTaHb; BSC = p — piyHUiA1 Napanakc 30pi.

BigctaHb [0 HaGmKUMX 3ip

BigctaHb
3opA CsB. p. nK
lNpokcuma 4,2 1,3
BbapHappaa 5,9 1,8
Bonbg 359 7,5 2,4
Cipiyc 8,8 2,6
Pocc 154 9,5 2,9
€ EpigaHa 11,0 383
MpouioH 11,4 285
AnbTaip 16,5 5,1
Bera 26,5 8,1
ApPKTYp 36,0 11,0
Kanenna 45,0 13,8

Puc. 1.3. PiuHunin napanakc
BiacTaHb Big 3eMni [0 30pi BU3HAYAETHLCA 3 MPSIMO-  BU3HAYae KyT, nig Akm 6yno
KYTHOr0 TPMKYTHUKa CBS: 6 BMAHO BiA 30pi BenMKy

BC la.0. niBBicb 3eMHOi 0pbiTn (1 a. 0.)
- = (1.4) B NepneHANKYSpHOMY 40
sinp sinp ) MPOMEHS! 30py HanpPsAMKY

r=
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Tema 5. 3opi. EBontouia 3ip

BiacTtaHb [0 3ip BUMIPIOOTh Y CBIT/I0BUX pOKax, ajfie B aCTPOHOMIT e
BUKOPMCTOBYHOTb OAMHMLI0 Napcek (MK) — BiACTaHb, ANs1 SSIKOT pivyHWA Na-
panakc p = 1" (napceK — CKOPOYEHHS Bif NapanaKc-CeKyHAaa).

la.o.
sinl”

1nk= =206265 a. 0.=3,08-10% km (1.5)
CniBBiAHOLLEHHS Mi>K MNapceKoM Ta CBIT/I0BMM POKOM Take: 1 NK = 3,26 CB.
pOKY.
AKLLO pIYHUIA Napasiake BUMIPHOETLCHA KYTOBUMU CeKyHAaMu, TO Bif-
CTaHb [0 3ip Y napcekax MoXKHa BMPasnUTU Takow (OpMYSIoHD:

r=1/p" nK (1.6)
AOGCONIIOTHI 30psAHI BeNMYUMHM | CBITHICTb 30pi. Xoda CoHue

€ HalsACKpaBilMM CBITWU/IOM Ha HallOMy Hebi, Lie He 03Ha4ae, L0 BOHO
BUMPOMIHIOE BifibLLe eHeprit, HIXK IHLWI 30pi. 3 Kypcy i3nKu BigOMO, L0

OCBIT/IEHICTb, AKY CTBOPHOIOTb AXKepena eHeprii, 3ase-

AGCONtoTHa 30pAHA YKUTb Bif BigCTaHi [0 HMX, TOMY HeBe/IMKa namMmrnoyvka
BenM4MHa M BusHaqae y Balili KiMHaTi MoXXe 31aBaTnCs HabaraTo sicKpasi-

ACKPAaBICTb, AKY Mana
6 30pA Ha CTaHAapTHIl
BigcTaHi 10 nk

CBITHICTb 30pi

LU0, HIDK JaneKuii NpodXKeKkTop. [AnA BU3HaUeHHS CBiT-
HOCTIi, abo 3arasibHOT NOTY>XHOCTi BUNPOMIiHIOBAHHS,
acTPOHOMW BBOAATH MNOHATTSA abCco/IOTHOT 30pAHOT Be/IN-

BM3HAYAE MOTYXKHICTS UMHU I\CI ?fopﬂHy_ BENIMYMHY, SIKY Mana 6 30ps Ha CTaH-
BUMPOMIiHIOBaHHS 30pi OapTHIN BiacTaHi ro = 10 NK, Ha3MBalTb abCcoNtTHO
3a OAVIHWLIO CBITHOCTI 30PAHOK0 BE/INYMHOLO.

6EPETLCA MOTYXKHICTb Mpn6nunsHo Ha Takii BiagcTaHi (11 nk, abo 36 cB. po-
BUNPOMiHioBaHHs COHLiA KiB) BiJj Hac po3TaLloBaHa 30psi APKTYp, WO MaEe BUAN-
4.10% Bt

My 30pPsiHY BE/IMUUHY, siKa Maliyke [LOPiBHIOE abCoNoT-

Hil. CoHue Ha BiacTaHi 10 NK mano 6 BUrisa4 AOCUTb
CNabKaT 30pi N’ATOT 30pSAHOT BEIMYMHM, TO6TO abCoNOTHA 30psHA BENNYU-
Ha CoHua =+ 5 .

AKuLo Bigoma BifACTaHb [0 30pi r B napcekax Ta 1l BUuanma 3opsHa Be-
NnyYmMHa T, TO abCOMOTHY 30PSHY Be/IMYMHY M MO>KHa BU3HaAYUTK 3a [0-
MOMOroK Takoil opmMy/n:

M =m +5 5lgr (1.7)

CBITHICTb 30pi BM3Ha4a€ KiflbKiCTb eHeprii, Lo
BUMPOMIHIOE 30pS 3a OAVHULLO Yacy, TO6TO NOTY>K-
HICTb BUMNPOMiHIOBaHHSA 30pi. 3a OAUHULIO CBITHOCTI
B aCTPOHOMIT 6epyTb MOTY>XHICTb BUMNPOMiHIOBAHHS
CoHus 4-10%6 BT. AKLL0 BigoMa abCcontoTHa 30psiHa Be-
NnymnHa 30pi M, To T CBITHICTb BU3HAYaETLCA 3a [0-
MOMOroK Takoil hopmyn:

E

flckpasa 30ps MiBAeHHOI L — 10°°™
niekyni RS Kopmu E (1.8)
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Tema 5. 3opi. EBontouin 3ip

CBITHICTb AesKux 3ip

3ops L 3opsA L
CoHuge 1 Kanenna 150
[eHeb 90000 ApPKTYyp 102
Pirenb 70000 Bera 54
Betenbreiise 25000 Cipiyc 23
MonapHa 17600 AnbTaip 10

Pagiyc 3ip. Ans BU3Ha4YeHHs pagiyca 30pi He MOXXHa BUKOPUCTaTU reo-
METPUYHWIA MeTOA, af>Ke 30pi PO3TaLLOBYIOTLCA HACTI/IbKU AanekKo Bif 3em-
Ni, WO HaBiTb Yy BeNIMKI TeNeCKONM 40 HelaBHbOIro Yacy HEMOXX/IMBO Oy/10
BUMIPATU TXHi KyTOBI po3Mipy — yci 30pi MatOTb BUTNA4 O4HAKOBUX CBIT-

JINX TOYOK.

[Nnsi BU3HaYeHHsA pagiyca 3ip aCTPOHOMU BUKOPUCTOBYHOTb 3aKOH CTe-

thaHa-bBonbuymaHa:
Q T,

(1.9)

e Q — eHepris, W0 BUNPOMIHIOE OQVHULA MOBEPXHI 30pi 3a 0AUHU-
uto vacy; o0 — ctana CrehaHa-bonbymaHa; T*— abcosioTHa TeMnepartypa

noBepXHi 30pi.

EHeprisi, sIKy BUNPOMiHIOE BCS 30psi 3 pagiycoM R, BM3HAYAETLCA 3a-

rasibHOO MJIOLLLEO Ti MOBEPXHI, TOOTO:

E ARRQ 4R T (1.10)

3 iHwWoro 60Ky, Take came CrniBBigHOLLEHHA MU MO-
XKEeMO 3anucaTi oNsi eHeprii, AKy BUNPOMiHIOE COHLE:

E. 4R% T2 (1.11)

OT>Ke, 3 piBHSAHb (1.10), (1.11) MOXKHa BM3HAUUTU
HEBIAOMUIA pagiyc 30pi, AKLWO BigoMi Ry i TemnepaTy-
pa T, CoHusa:

R 05 To

_=(|_) Ch

Ro T’
e L — CBITHICTb 30pi B 04MHUNLAX CBITHOCTI COHUA.

BnsBnsaeTbes, WO iCHYOTbL 30pi, SKi MaloTb pagiyc
Yy COTHI pasiB 6inbLunii 3a pagiyc CoHus, i 3opi, Wo Ma-
H0Tb pafiyc MeHLNIA, HiXK pagiyc 3emMni.

CoHLe 3a Pi3nyHMMKM NapaMeTpamm HaneXXnTb [0 ce-
peaHiX 3ip — BOHO Mae cepegHto Temrepartypy, CepegHto
CBITHICTb i T. iH. 3a CTaTUCTUKOLO, Cepes BENIMKOT Kiflb-
KOCTi Pi3HOMaHITHUX TiN HaWbiNbLIe TaKUX, SAKi MalOTb
cepefHi napameTpu.

(1.12)

Bini kapnnkmn — 3opi,
L0 MarTb pagiyc

Y COTHIi pasiB MEHLUWIA
Bifl COHAYHOrO i ryCTUHY
B MiNIbliOHM pasiB GiNbLLy
3a LWiNbHICTb BOAU

YepBOHi Kapnnmkm —
30pi 3 Macoto, MEHLLOIO,
HIDX COHAYHa, ane
6inbLuoto, HiX Y OniTepa.
Temnepatypa i CBITHICTb
LyX 3ip 3a/IMLLIAI0TLCS
CTa/IMMV NPOTArOM
[LleCATKIB MiNbAPAIB POKIB
YUepBOHi riraHTV — 30pi,
L0 MaloTb TeMMNepaTypy
3000—4000 K i pagiyc

Y BECATKM pasiB GinbLniA,
HDK COHAYHMIA. Maca Lmx
3ip He HabaraTto 6inbLua
3a macy CoHug. Taki 30pi
He nepebyBaloTb Yy CTaHi
piBHOBaru
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Tema 5. 3opi. EBontouia 3ip

Puc. 1.13. [liarpama CrieKTpasnbHi Knacu
lepuwnpyHra—Paccena. E

Mo oci abcumuc no3HaveHa
Temneparypa 3ip, no oci
OpAVHAT — CBITHICTb.
CoHue mae Temnepatypy
5780 K i cBiTHiCTb 1.

XonogHili 30pi Ha HALITAHTY
Jiarpami posralloBaHi AHTapec
npasBopyy (4epPBOHOIO YEPBOHI

Anbpe6apaH riranty

KONbopy), a 6inbLu

rapsvi — niBopyu
(cuHbOTrO KONLOPY). 30pi,
L0 BUNPOMIHIOIOTb BinbLue
eHeprii, po3TalloBaHi BuLLe
CoHU#, a 30pi-KapaMKm —
HVKYe. binbwicTb 3ip, .
A10 AKNX HaNeXmnTb - YEPBOHI KAPJIVKM
i CoHLe, po3TalloBaHi
Yy BY3bKilA CMy3i, iKYy
Ha3nBatoTb FO/I0BHOKO 25000 10000 5000
NoC/iJOBHICTIO 3ip Temnepatypa T, K

rONOBHA
nocnaoBHICTb

CBiTHicTb L/L,

ACTPOHOMW BUPILLAN NEPEBIPUTU, UM barato B KOCMOCI TaKux 3ip,
AK Hawle CoHue. 3 uieto meToto E. MepulunpyHr i . Paccen 3anporoHyBsa-
nun giarpamy, Ha AKiA MO>XHa NO3HAYNTU MicLe KOXKHOT 30pi, AKLLO Bifo-
Mi T Temnepatypa i cBiTHiCTb. Ii Ha3BaHO AiarpamMolo CreKTP—CBITHICTb,
abo giarpamoto MepuwnpyHra—Paccena. BoHa mae Burnsg rpadgika, Ha
SIKOMY M0 OcCi abcuuc BiA3Ha4YalTb CMEKTPaIbHUI Knac, abo TeMnepatypy
30pi, a No oci opAMHaT — CBITHICTb (puc. 1.13).

Ao CoHue — cepefHA 30psi, TO Ha giarpami Mae 6yTu CKyNn4YeHHSA To-
YoK Nob6An3y Toro micus, sike 3aimae CoHue. To6To 6iNbLUICTb 3ip MalTb
Oy T >KOBTOI0 KOJIbOPY 3 TAKOK CaMOH0 CBITHICTHO, AK | CoHUEe. AKe XK 6y/0
341BYBaHHS aCTPOHOMIB, KO/ BUSIBU/IOCS, LLLO B KOCMOCI He 3HaALLAN XKOoj-
HOT 30pi, AKY MO>XHa BBaXkaTu Konieto CoHUA. BinbLUicTb 3ip Ha giarpami
po3TalloBaHi y BY3bKiii CMy3i, sIKy Ha3MBatlOTb FO/IOBHOI MOCAiJ0BHICTHO.
LiameTpun 3ip roNoBHOT MOCNIAOBHOCTI Bigpi3HAOTHCA
Y KiflbKa pasi., a TXHSA CBITHICTb 3riJHO i3 3aKoHOM CTe-
(haHa—bosbLMaHa BU3HAYa€eTLCA TeMMepaTyporo MoBepx-
Hi. [o uiel cmyru Hanexxatb CoHue i Cipiyc. CyTTeBa
pi3HMUA B TeMnepaTypi Ha NMoBepxHi 3ip pi3HUX Crek-
TPpa/IbHUX KJlaciB MOSACHIOETLCA PI3HOK MacoK LMX CBi-
TWUN: UMM 6inblwa maca 30pi, TUM 6inbLia 1T CBITHICTb.
Hanpwuknag, 30pi rof1I0BHOT NOC/iA40BHOCTI CNeKTpasib-
HMx Kacis O Ta B y Kifibka pasiB macuBHiLi 3a CoHug,
a 4yepBOHI Kapnukun (puc. 1.14) maoTb Macy B LECATKMU
Puc. 1.14. YepBoHWii kapiMk  PasiB MeHLUY, HiXK COHSAYHa.
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OKpemo Bif rosioBHOT MOCMIAOBHOCTI Ha giarpami UepBoHMii
pOo3TalloBYOThCA 6iNi KapnKuM (NiBOpyY YHU3Y) Ta yep- riraHT
BOHI HaAriraHTu (NpaBopyY yBepxy), AKi MalTb Mpu-
6/11M3HO 04HAKOBY Macy, asie 3Ha4YHO Bifpi3HATLCS 3a
po3mipamu (puc. 1.15). iraHTX cNeKTpasibHOro Knia-
cy M matoTb Mali>ke TakKy caMy Macy, sIK 6ini Kapnm-
Kn (puc. 1.16) cnekTpasbHOro Knacy B, ToMmy cyTTEBO

BIAPI3HAETLCA CcepeaHs rycTuHa umux 3ip. Hanpuknag, Puc. 1.15. MopiBHAbHI
pagiyc yepBoHoro riraHta betenbreinse y 400 pasis pO3Mipu COHLst
6inbLINIA, HI>XK pagiyc CoHUsA, asle Maca LMxX 3ip mMaxe i YepBOHOTO riraHTa

0lHaKO0Ba, TOMY YepBOHI FiraHTu CNeKTPasIbHOro Knacy
M MatoTb cepefiHiO IYCTUHY B MifIbMOHW pasiB MeHLUY, HiXK F'YCTUHA 3eM-
HOT aTtmoctepr. TUNOBUM NPeACTaBHUKOM 6iINX Kap/ivkiB € cynyTHUK Ci-
piyca, pagiyc SsKoro maii>ke Takuii, ik pagiyc 3emni, a ryctuHa mae gpaH-
TacTnuHy BennumnHy 31 - 0,6 r/cm®, TO6TO HaNepPCTOK PeyoBUHU BifIoro
Kapsimka Ba>kmB 61 Ha 3emsii 10 000 H. LLie 6inbLuy rycTuHy mMatoTb Hel-
TPOHHI 30pi Ta YopHI Aipw.

lonoBHa 3aragka fiarpaMn cneKTp—CBITHICTb Nonsrae B ToMy, LU0
B KOCMOCI aCTPOHOMMU Lie He 3HaLWAM Xo4a 6 ABi 0AHaKOBI 30pi, AKI Ma-
HOTb 0O4HAKOBI (PiI3VYHI NapamMeTpu — Macy, Temnepartypy, CBITHICTb, paji-
yc. Hanpuknag, 6arato 3ip Hasnexkatb A0 CNeKTPasibHOro
Knacy G (Kanenna, a KeHTaBpa Ta iH.), afie Hemae 3ip,
AKi 6ynun 6 To4Ho Taki, Sk CoHue. HaneBHO, NpoTArom
€BOJIIOLIT 30pi 3MIHIOKOTb CBOT (Di3NYHI NapameTpu, TOMY
MasI0AMOBIPHO, O MU 3MOXXEMO BifLlyKaTu B KOCMO-
Ci LLe ofiHY 30pt0, AAKa 3apojunacsa 04HOYacHO 3 HalluM
CoHLeM, Matoum TOTOXKHI NOYaTKOBI NapameTpu. Y Aia-
rpami cneKTP—CBITHICTb 3axX0BaHa TaEMHULSA eBOJIO-
LT 3ip: gesiki 30pi TifIbKU-HO HAPOAMNUCA, THLUI MaloTb
cepeaHiii BiK, i, Kpim Toro, 6ararto 3ip 3aKiH4yl0Tb CBOE
ICHYBaHHSA rpaHAio3HUMU cnasiaxaMu.

G [i3HaiiTecs 6inblue Npo 30pi-HaariraHTu.

@ KOHTPO/bHI 3annTaHHA
1. 3a AKMM NPUHLMIMOM MPOBOAATL CNEeKTpasibHY Kiacudikauito 3ip?

2. flKa 3aN1e>KHICTb ICHY€E Mi>K CBITHICTHO 30pi Ta Ti abCOMHOTHOI 30PSHOI0
Be/INYNHOIO?

3. Y CKiflbKK pasiB Bigpi3HAOTLCA CBITHOCTI ABOX 3ip, 04HAKOBMX 3a KO-
NbOPOM, AKLLO pagiyc ogHIel 3 HUX 6inblunii y 20 pasiB?

G 3aBaaHHA ons cCnocTepeXXeHHs
Bun3HauTe pagiyc o4HIET 3 ACKpaBuX 3ip, AKY BUAHO BBeYepi y BaLl AeHb
HapOKEHHS. FAKMiA BUrNsg mana 6 us 30psa Ha Hallomy Hebi, SsK6u BoHa
cBiTuNa Ha micyi CoHUA?
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3BuyaiiHi 3o0pi. MNoagiviHi 30pi. Pi3UYHO-3MIHHI 30pi.
MnaHeTHi cucTeMu IHWNX 3ip

MpoTtarom cBOro TpUBasIoro
XKUTTA KOXKHA 30psi MOXKe SK 36i/1b-
LwyBaTK, Tak i 3MeHLyBaTu BCi CBOI
OCHOBHI MapameTpu — Temnepa-
TYpY, CBITHICTb Ta pagiyc. 3opi Ha
rosIoBHIA MOCNIAOBHOCTI MNepebdy-
BalOTb Y CTaHi rpaeiTaliiiHOT piBHO-
Barm, Koy 30BHILLUHI LLIapn 3a paxy-
HOK rpasiTauil TUCHYTb 40 LeHTpa,
y TOW yac SIK TUCK HarpiTux rasis
[i€ B NPOTUNEXXHOMY HanpsaMKy —
Big ueHTpa (puc. 2.1).

30ps B CTaHi rpasiTayiiHol piB-
HOBarm He 3MiHIOE CBOIX NapamMeTpiB,
af>ke IHTEHCMBHe BMNPOMiHIOBaHHA
eHeprii 3 NoBepxHi KOMMNEHCYETLCA
[>Kepenom eHeprii B Hagpax — Tep-

3opsiHe CKynUeHHs, 3adikcoBaHe TeNeckonom «fabem»  \voaaepHUMU peakLisimMn. Takuii

npouec TpMBae A0TW, AOKW MOSI0BU-

Ha [MigporeHy B Aapi He NepeTBOPUTLCA Ha [Meniid, | Toai iIHTEHCUMBHICTb Tep-
MOSIAEPHUX peaKLii MoXKe 3MEHLUMTUCA. TpuBanicTb TaKoi cTalioHapHOT
hasu B X>XUTTI 30pi, KOMM Ti napamMeTpu LOBIrMiA Hac 3aULLAKThLCA CT/TMMU,
3ane>XXunTb Big 11 Macu. Po3paxyHKM NOKa3yoThb, L0 Taki 30pi, K CoHLe,
y CTaHi piBHOBaru cBiTATbL He MeHLe, Hi>X 10 mnppg pokis. binbl macus-
Hi 30pi cnekTpasnbHUX KnaciB O, B, y Hagpax siKUX TepMosaaepHi peakwit
NPOTiKatTb IHTEHCMBHILLE, Y piBHOBa3i CBiTATbL 100 M/IH POKiB, a HaliJoB-
e «MepPeXTATb» MasleHbKi YePBOHI Kap/iMKy — TXHIN BiK MOXXe nepesep-
wyBaTn 10 pokiB.

Puc. 2.1. 3ops B CTaHi
piBHOBaru: 30BHiLUHI CUN
rpasiTaLii BpiBHOBaXEHi
CKIamm ra3oBOro TUCKY
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MopaBitiHi 30pi — cucTeMU, AKI CK1afalTbCA 3 ABOX
3ip, WO ONUCYHThb 3aMKHEHI 0p6iTY HAaBKOJ10 CMisIbHOro
LleHTpa Mac nif Aieto B3aeMHOro TAXKIHHSA. IHKon Tparn-
NAKTLCA CUCTEMU 3 TPLOX | OislbLUe 3ip; Y TaKOMY BUMaa-
Ky CUCTEMY Ha31BaKTb KPaTHOK 30pel0.

IHoAi 6yBae, WO ABi Di3NYHO He NOB’A3aHi MiXK Co-
6010 30pi BUNaAKOBO MPOEKTYHTbCSA Ha He6OCXWMAI MNo-
psa. Taki 30pi Ha3KBaOTb ONTUYHO MOABINHUMU — Ha
MpoTMBary «crpaeXXHim», i3anyHo noasiviHUM. Knacmu-
HUM NPUKNaLoM Takmx 3ip € AnbKop | Miuap y cy3ip’i
Benukoi Begmeanui. O6masi 3o0pi nogBiiHOT cmctemMun
06epTatoTbCA NO eNiNnTUYHUX opbiTax HaBKOO CMiflb-
HOro LIEHTPY Mac uUmx 3ip. AKLWO BiCTaHb MiXK KOM-
MnoHeHTaMW Ay>Ke Befmka, opbiTanibHUI Nepiog MoXke
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BUMIpIOBATUCA poKamu, iHoAl cToniTTAMU. Ons
TICHMX CUCTEM TX OpbiTaslbHUIA Nepiod MOXKe CTa-
HOBUTW NiLLE KiSlbKa roAnH. AKLL0 JOCUTb MacuB-
Hi 30pi 06epTatoThCs Ha 6NM3bKIl BigcTaHi ogHa Bif,
O[HOT, TO Lie NPM3BOAUTbL A0 TOro, L0 3peLlToro ABi
30pi 3inn0TbCA B 04HY (pUc. 2.2).

3MiHHI 30pi — 30pi, Yy AKUX CnocTepirawTb
3MiHM 6/IMCKY X0o4a 6 B OAHOMY CrMeKTpasibHOMY
JianasoHi.

3MiHHI 30pi TNy Anronb (Bigoma noAgiii-
Ha 30ps B MNMepces) — hOTOMETPUYUHI MOABINHI,
B AKMX Y NMPOMiIXKKaxX MidXK 3aTeEMHEHHAMU 6/INCK
€ CTa/INM @60 YK 3MIHIOETLCH B Ma/IX MeXKax. 3MiH-
Hi 30pi HasmBalTb PI3UYHO-3MIHHUMU, AKLLO 3Mi-
HM 6NIMCKY 3YMOBJIEHI MpoLecamMu, Lo BigbyBatOTh-
cs1 B caMili 30pi abo Ha Ti NOBepPXHI, | ONTUYHUMM
Yy BUNaAKY, AKLLO0 6/IMCK 30pi 3MIHIOETLCA BHAC/I-
[OOK AiT 30BHILHIX LOA0 HET NPUYMH, Hanpuknag
nig yac nepioguyHNX 3aTeMHEHb IHLLOK 30pet0.

Mepwi AeB’ATb 3MIHHUX 3ip Y KOXKHOMY i3 Cy-
3ip’iB NO3Ha4alTb NliTepaMu NaTUHCbLKOIo andasi-
Ty Big R fo Z i foaatoTb Ha3By Cy3ip’s, Hanpukniag
T Tenbus. 3opi, BigKPUTI Mi3Hille, NO3HaYalOTb
ABOMa niiTtepamm TOro camoro andasity (Big RR
[0 QZ). 3a TaKok CXeMOoK no3HavaloTb 334 30pi
B KOXKHOMY cy3ip’T. HacTynHi BiAKpWTI 3MiHHI 30pi
no3Ha4varoTb NiTepoto V i gofatoTb HOMep Ta Ha3By
cy3ip’sa, Hanpuknag V335 Jlebensa (puc. 2.4).

3a 0cob6MBOCTAMU 3MiH 6/INCKY | NpUynHa-
MU, WO 3YMOBJ/IIOIOTb 1X, 3MiHHI 30pi NOAINAKTb
Ha LWICTb FO/IOBHUX KNaCiB: epynTUBHI; MY/bCYHOYI;
3MIiHHI 30pi, WO 06epTaloTbCA; cnanaxyrdi i Ho-
BOMOAIOHI; TICHI NOABIViHI 3aTEMHIOBaHI CUCTEMMU;
[>Kepena cUIbHOro 3MiHHOIO PeHTreHIBCbKOro BU-
MPOMIHIOBaHHSA. Y KOXXHOMY 3 LIMX Knacis € 06’ekK-
TV PI3HOT NPUPOAM, L0 HaseXXaTb [0 Pi3HUX TUMIB
3MiHHOCTI 61CcKy. BogHoyac ogHi 1 Ti caMi 06’ek-
TV MOXKYTb 3MiHIOBaTW G/INCK MaiiXKe 3 YCiX MOXK-
NMBUX MPUYNH ab0 3 6yAb-IKNX TXHIX KOMOiHa-
uin, Wwo gae niactaBn Ans BigHeCeHHs TX ogpasy
[0 KiNlbKOX KnaciB. OKpiM TOro, € yHiKasibHi 06’€K-
TW, LLIO He BK/IAJal0ThCs Y 3a3HaYvYeHi pamKn Kna-
cugpikauii.

OKpeMi TnM 3MiHHMX 3ip Ha3MBaKwTb 3a 30-
peto-npoTtoTunomM. 3MmiHHI 30pi Tuny & Lledes

Puc. 2.2. MNoggiliHi 30pi. B3aemHe
TAXKIHHA Ta NofanbLUe 3/IMTTS

Lledpeigm — Benukuiin knac
My/IbCYHOUMX 3MIHHMX 3ip, 3MiHN
6/MCKY SIKMX 3yMOB/IOKOTh

iXHE po3TallyBaHHS y CMy3i
HecTabinbHOCTI Ha Aiarpami
lepuwnpyHra-Paccena

Puc. 2.3. Ledeina
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Puc. 2.4. Po3TallyBaHHS AesiKux TUMIB 3MiIHHUX 3ip Ha giarpami lepuwnpyHra-Paccena

HasuBatoTbCA Ledergamu (puc. 2.3), 30pi Tuny RR Jlipy — nipugamu, 3opi
Tuny W [iBn — BipriHigamu. TpuBanunii yac yci ui rpynu o6’efHyBan
nig Hassoto uedeign. MpoTe i paHiwe X Noginany Ha gosronepiognyHi
(abo knacuyHi bedeigm, npotoTmnn — 30p4 6 Lledest) i KopoTkonepiognyHi
(npototnn — 30pa RR Jlipn). BugineHHA oKpemMunx Tunis — nipug i Bip-
riHig — cynpoBOA>KyBasioca 3MiHaMU B HAyKOBUX YSBIEHHSX LLLOAO Mac-
WITabiB ralakTUKN i ra/lakKTUYHOr O CBITY B LliJIOMY.

3aranbHONPUNHATOID TEOPIEID, L0 MNOACHIOE 3MiHU, SIKi Bif0yBatOThb-
cs B LedeTgax, € Teopis nynbcauyivi. BignoBigHo Ao WieT TeopiT uedeign —
Le ny/fbCyrodi riraHTCbKi ra3oBi Kyni, AKi B MOMEHT MakCUMyMy G/IUCKY
MalTb HaMMeHLLWNA 06°eM | HaBULLY TemnepaTypy. MNoTim BiabyBaeTbCA
pO3LUMPEHHS 30pi, NpMYoMy 1T TemnepaTypa 3HMXKYETLCA. JOCArHyBLIN
HarbibLLIOro PO3LUMPEHHS, 30BHILLHI LWapKW Nig Ai€0 CU MPUTSAraHHA no-
UMHaKTb NafaTu BHU3, «MPOCKaKYyTb» Yepes cepelHe NO0XKEHHS PIBHO-
Baru i 3HoBY CTMUCKalOTbCA. LIMKN NOYMHAETLCA CroYaTKy.

Mepiof nynbcayii Ledeis 3ane>knTb Bif Macu Ta pagiyca 30pi, Hanpu-
Knag 0 Lletbes nynbcye 3 nepiogom 5,4 gobu.
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Buaun uedein
Lledpeian 3opi Tvny BL Bononaca 3 aHOMa/lbHUMW 415 CBOET
aHOMaS1bHI CBITHOCTI Nepiofamu nynbcaLii
Lledheian pos- . . .
ronepioguuHi 3opi 3 nepiofamu NynbcaLin NoHag ofHY J06Y
Lledpeian Mynbcytodi 3MiHHI 30pi 3 Nepiogamun nyabcaii
Kap/INKOBI 1-6 rog
Llecpeian MynbCcyroYdi 3MiHHI 30pi BUCOKOT CBITHOCTI, AKi MatOTb
K/1aCUYHI CTabiNbHI KpMBI 6NCKY
Ledpeiay 3opi Tuny RR flipy, 3MiHM 6/IMCKY AKMX nepebyBatoTb
KOPOTKO- . .

. . B Me>kax Bif 12 go 35 gi6

nepiognyHi
(I:'(I'peg;evllﬂﬂo.l. Mynbcytoyi 3MiHHI 30pi, SAKi MalOTb CTIViKi KpuBI
CKNaA0BOT 6nu1cKy 3 nepiogamm nynbcauii Big 1 go 30 fi6

MnaHeTHI cucTtemMn iHWKUX 3ip. Halibinbw Bigo-
My Ha CbOrofHi njaHeTHy cucTemy (He BpaxoByOum
CoHAYHY cuctemy) mae 30psa HD 10180 (puc. 2.5).
HaBKos10 Hel 06epTaloTbCs CiM MN1aHeT, 30ps Biggane-
Ha Bif Hac Ha BiacTaHb 127 cB. pOKiB i pO3TaLlOBYETb-
cay cysip’i MisgeHHOT Migpw. JocToBIpHO BifOMO Npo
N’ATb NAAHET, a ANA A0BeAeHHS NPUCYTHOCTI LLie ABOX
naaHeT NMoTPiOHI Jo0AaTKOBI CNOCTEPEXKEHHS.

Hawla nnaHeTHa cucTemMa — Lie YHOTUPU KaM’AHU-
CTi nnaHeTn (0gHa 3 HUX 3eM/s) Y BHYTPILWHINA YacTu-
Hi COHSYHOT CUCTEMM | YOTUPU ra3oBi NaaHeTu y 30B-
HILUHIN.

A SIK BiKpUBaKTb HOBI NnaHeTn abo njaHeTHI cucteMn? AK BigOMO,
3a Me>kxaMy COHAYHOT cMcTeMur BiAKPUTO BXKe UMMasio eK3onaaHeT (Taknii
TepMiH BXXMBalOTb LLOAO MNJ1aHeT, AKI He HaneXkaTb A0 cknagy CoHAYHOT
cmuctemu). LLi nnaHeTn obepTaloTbCA HABKOJIO0 3ip, SAKi po3TalloBaHi Big Hac
Ha pI3HIi BifCTaHI.

Meplwy ek3onnHeTy 6yno BigkpuTo B >XeHeBCbKI obcepBaTopil
y 1995 p. ¥ Hall yac acTpoHOMamMu BigKpuTo noHag 800 ek3onnaHeT. lc-
HYHOTb TaKi MeToAM MOLIYKY eK30MaHeT: aCTPOMETPUYHUIA, METOZ nepe-
XigHOT (poTOMETPIT, CNEKTPOMETPUYHE BU3HAYEHHS pafiasibHOT LUBUAKOCTI
30pi, rpaBiTayiiHe MiKpOTiH3yBaHHSI.

0N0BHMI HaNPsAMOK MOLUYKY eK30MaaHeT — Le NOLYK MaaHeT 3eM-
Horo Tuny. Ha BupilleHHs L€l 3agadi cnpsmoBaHi pi3Hi KOCMiUHI Npoek-
Tn. Cepef BifoMnx Mo>KHa Ha3BaTu npoektn KEPLER (NASA) — kocmiu-
Hui Teneckon LLmiaTa, 3gaTHMiA ogHouacHo BiacnigkoByBaTy 100 Tuc. 3ip;

Puc. 2.5. XyfoxHe
YAB/IEHHA NJIAHETHOI
cuctemu HD 10 180
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Tema 5. 3opi. EBontouia 3ip

Puc. 2.6. Komm'totepHa mogenb COHAYHOT cuctemm

COROT (ESA) cniewjianizoBaHnii 30-cM KOCMiYHWIA TeNecKor, 34aTHUIA Bifa-
KpWBaTW NjaHeTn 3eMHOro Tmny. CyyacHi aCTpPOHOMU BBaXKaloTh, LLO Bif-
KPUTTS NOZIGHMX g0 3eMsi NAaHeT € aKTyaslbHUM HayKOBUM MUTaHHSM,
BUPILLEHHA SIKOr0 MOXKe 6YTWU JOCATHYTO B Hela/leKOMY ManbyTHbOMY .

G [i3HaliTeca npo iHonnaHeTHy cuctemy [nise 581.

@ KOHTpO/bHI 3annTaHHs
1. Big yoro 3ane>xutb Nepiog rpaeiTayiiHol piBHoBaru 3opi?
2. {Ki 6yBaloTb TUNW 3MiIHHUX 3ip?
3. /10 AKoro Ksacy 3mMiHHKUX 3ip Hanexkartb uegeign?
4.3HalfiTb B Mepexki IHTepHeT iH(hopMaLLito Npo o4WH i3 MeTOoZiIB MNoLUy-
Ky eK3onnaHeT. [MigrotyTe cTMCAe NOBIAOMIEHHS.

@ Tema anst AUCKycii

AK Ha Bally AYMKY, Y/ 3MOXKE BUXKUTW B COHAYHINM cucTeMi Hawla uu-
Biflizauis, AKwo CoHLe B MaibyTHbOMY MepeTBOPUTBLCA Ha YepBOHOIO ri-
raHra?

@ EBontouisa 3ip. bini kKapankn. HEMTPOHHI 30pi. YopHi aipw

ACTPOHOMM CTBOPW/IV TEOPIO eBOJTIOLIT 3ip 3aBASAKM TOMY, LLO B KOCMO-
ci MOXKHa criocTepiratu MinibApau 3ip pi3HOro Biky. BececBiT — ue cBoepig-
HUI KOCMiYHWIA MapK, Yy SSIKOMY 30pi HAPOAXKYHTbCS, MEBHMI Yac CBITATb,
a noTiM rMMHYTb. Ba>kKKo rno6aunTy 30pto [0 1T HapOAXKEeHHS, NMOKM BOHA He
MOYHe CBITUTUCSA Y BUANUMIIA YaCTUHI cneKTpa. 30pi 3apoayKyoTbCs pa3om
i3 N1aHeTaMy 3 PO3PiA>KEHUX Fa30nUI0BUX XMap, AKi YTBOPHOKOTLCA Mic-
N BMOYXyY cTapmx 3ip. 3a AONOMOIroK cyyacHUX TesliecKoriB acTPoOHOMM
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Tema 5. 3opi. EBontouin 3ip

BUSABWU/IN B KOCMOCI COTHI TaKMX BeNUYe3HUX rasonu-
NOBUX TyMaHHOCTel, Ae 3apas Bifj0yBaeTbCA YTBOPEHHS
Monoamx cBiTiB (puc. 3.1). Hanpuknag, Taki cBoepij-
Hi «Ac/1a» HOBOHaPOYKEHUX 3ip MOXKHa NobavynTu B Cy-
3ip’T OpioH (puc. 3.2) Ta 30pAHOMY CKyn4eHHi Mneaan
(puc. 3.3).

Jons 3opi Ta TpmBanicThb 1T XKUTTA 3a71eXKaTb Bif ro-
4YaTKOBOT MacK 3apojKa 30pi — MpoTo30pi. AKLLO BOHA
6yna B KiflbKa pasiB 6ifbLUoto, HiXK Maca CoHus, To Nig,
yac rpaBiTaliiHOro CTUCKYBaHHSA YTBOPHOIOTLCA raps-
yi 30pi cnekTpasibHUX KnaciB O Ta B. lNMpoTo3opi 3 Ta-
KO MOYaTKOBOK Macol, AK Maca CoHus, nij vac rpa-
BiTaLiiHOro CTUCHEHHSA HarpiBaloTbCA [0 TeMMepaTypu
6000 K. lMpoTo30pi 3 Macol Yy KiNbkKa pasiB MeHLLOLO,
HI>K COHSIYHA, MOXXYTb MepeTBOPUTUCA Ti/IbKU Ha yep-
BOHMX Kap/AuKiB. HaliMeHLWwa Maca, sika HeobxigHa ans
rnoyaTKy TepMosifepHUX peakLiii y Hagpax 3opi, gopis-
Htoe mali>ke 0,08 macy CoHusA. O6’€EKTU MEHLLIOT MacKu
HIKO/IM He NepeTBOPSATLCA Ha 30pi — BOHU O6YAYyThb BU-
MPOMIHIOBaTW eHEPrit0 TiNIbKW B iHPPaYepBOHii YacTUHI
crnekTpa. Taki KOCMIYHI Tisla MU cnocTepiraeMo HaBsiTb
y COHAYHI cucTeMi — Ue niaHeTu-riraHTy KOnitep, Ca-
TYPH, HenTyH. Mo>knuBo, L0 B MI>K30pAHOMY MpocTopi
KiJIbKICTb TaKUX X0M04HNX THgpayvepBoHUX Tin (IX Lwe
Ha3nBalTb «KOPUYHEBI Kap/MKM») MOXKe 6yTu Habara-
TO GiNbLIOKD, HIXK BUAUMUX 3ip.

Hosi Ta HagHoBI 30pi. 30pi 3 Macoto y KinbKa pasis
6i/1bLLIOIO, HIXK COHAYHA, 3aKiHUYYHKTb CBOE XXUTTA rpaHmi-
03HUM BUOYXOM. ¥ 1054 p. KnTalicbKi aCTPOHOMM CMoCTe-
piranun Hag3BUYaiHoO ACKpaBy HOBY 30pt0, SIKY 6y10 BUAHO
BAEHb NPOTArOM KiflbKOX TVDKHIB. LIt0 He3BMYaliHY 30pt0
nomiTLUAM TakoXK niTonucui B KMiBCbKil Pyci, agpke Le
6yB pik cMepTi ApocnaBa Myaporo. Beaxkanocs, Lo rnosisa
HOBOT 30pi BillyBasia «bo>XKe 3HaMEHHS» Ha CYMHY MOZit0.
CborofiHi Ha ToMy Micui, e cnanaxHyna us TaeMHU4a
30p4, BUAHO TymMaHHicTb Kpab (puc. 3.4). 3opi cnekTpasib-
HUX Knacie O Ta B, AKi NpoTAroM KifibKoX AHIB 36iNbLLUy-
I0Tb CBOK SICKPaBiCTb Y COTHI MifblOHIB pa3iB, Ha3nBa-
t0Tb HoBMMU. IHKONM HOBa BUNPOMIHIOE Maii>Ke CTifIbKN
>K eHeprit, CKiJIbKM BUAINAIOTL pa3oM yCi 30pi B rajlakTu-
Li — Taki 30pi MaloTb Ha3By HaaHoBi. TymaHHicTb Kpab
y cy3ip’i Tinbusa € 3aMuwKomM Takol HagHoBol, Wo cna-
naxHyna B 1054 p. BipHille, AKLW0 BpaxyBaTu, WO Ty-
MaHHicTb Kpab po3millyeTbca Ha BigcTaHi 6500 ¢B. poKiB
Big 3emni, To cnanax HagHoBoTl cTaBcs we 7500 p. Tomy.

Puc. 3.2. TymaHHiIcTb y cy3ip'i
OpioH MOXHa nobaunTn
HaBiTb HEO30POEHNM

OKOM. BigcTaHb [0 Hei
6/113bko 1000 cB. pokiB

Puc. 3.3. TymaHHicTb

Y 30PAHOMY CKYMYeHHi
Mneagw, 3 AKoi
YTBOPIOKTLCS HOBI 30pi

Puc. 3.4. TymaHHicTb Kpab,
AKa yTBOpUiaca nicns
cnanaxy HagHoBoi y 1054 p.
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Tema 5. 3opi. EBontouia 3ip

HoBa 30psi — 30p4 Kacy
BMOYXOBMX 3MIHHUX, 6/IMCK

OcTaHHIV cnanax HagHoOBOT acTpOHOMMK criocTe-
pirann B 1987 p. y cycCigHii ranaktuui — Benukiii

KO PanToBO 36iMbLUYETHCSH MarennaHoBin Xmapi. BubyxHyna riraHtcbKa 30psi

Ha 7-20M

CrneKTpasibHOro Knacy B, fika KifibKa TV>XKHIB cBiTUNa

HapiHoBa — 30p#, CBITHICTB AcKpasBille Bif ycix 3ip y ranaktuui (puc. 3.5). Mpu-
AKOI HECMoAIBaHO 3pocTae 6113Ho 3a 20 rog nepep crnasiaxom HagHoBoT 6yr1o 3ape-

i 32 Aekinbka fié gocsirae
(105-10%) L,

Puc. 3.5. Cnanax HagHoBoi
y CyCIifHiln ranaktuyi Benvka - i X
MarennaHosa Xmapa (1987 p) ~ HOCTI 3 Macamu, NopiBHSAHMMY i3 Macoto CoHus, Ta BU-

COKNMU ePeKTUBHUMU TeMnepaTypamn. Ha3sa «06isi
Kap/IMKu» MoB’A3aHa 3 KO/IbOPOM MNepLunX BiAKPUTUX NPeACTaBHUKIB LibOo-
ro knacy — Cipiyca B i 40 EpigaHa B.

€CTPOBAHO yapHY XBUKO HEUTPUHHOIO MOTOKY, AKUIA
TpvBaB 13 C i 3a NOTY>KHICTHO 6YB Y AeCATKM TUCAY pa-
3iB 6iNbLUWIA, HI>XK eHepris B ONTUYHOMY fAiana3oHi.

Taknm YnHoMm, y 1987 p. acTpoHOMMU BriepLLe oTpu-
Masin iHhopMaLito Npo AasieKy KOCMIiYHY Mojito, Aka
Bigbynacsi maw>ke 200 Tuc. pokiB Tomy. Micns cnanaxy
30pi BCi NflaHeTu, AKi obepTanncsa HaBKO/O Hel, BUNa-
pyBasincsa i NepeTBopuINCA Ha rasonusioBy TyMaHHICTb,
3 K0T B MaibyTHLOMY MO>Ke YTBOPUTUCHA HOBE MOKOSiH-
Hs1 3ip. To6TO y BcecBiTi cnocTepiraeTbCcst CBOEPigHNTA
KPYroo6ir peyoBnHN: «30pi — cnasax 3ip — TyMaH-
HiCTb — i 3HOBY HapOAYKeHHSI MosioauXx 3ip» (puc. 3.6).

Bini kapnukun. Bini KapIMKmn — 30pi HU3bLKOT CBIT-

| [na onnuTanBux
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Micna cnanaxy HoBoi a6o HagHOBOT 3a/1MLLIAETLCA A4P0, Y AKOMY
BiACYTHE ApKepesio eHepril. Taka 30psi NOCTYMNOBO 3MeHLLIYE CBili pagiyc
i CBITUTb Ti/IbKM 3aBASAKN rpaBiTaliiHOMy CTUCKYBaHHIO — MOTEHLLi-
a/ibHa eHepris 30pi NepeTBOPIETLCA Ha Tensio. MNpu CTUCKYBaHHI Maca
3a/IMLLIAETLCA CTas10k0, TOMY 30iNbLUYETLCSA FYCTUHA, | 30pS MepeTBOpPIO-
ETbCA Ha 6iNI0ro Kapsmka.

AKLL0 NnoYaTKoBa Maca 30pi 6ysia B KifibKa pasiB 6i/1bLLUO, HIXK CO-
HAYHA, TO 6I/INI KapANK MOXKe NepeTBOPUTUCHL HA HEMTPOHHY 30pt0, pa-
AlyC AKOT He nepeBULLYE KiNIbKOX AeCATKIB KIJIOMETPIB, a ryCTUHa cArae
thaHTacTU4HOT BeNNUMHK 10*° r/cme. INepLuy HeMTPOHHY 30pH0 BUMNaKo-
BO Bigkpunu B KembpnmkcbKoMy yHiBepcuTeTi B 1967 p. 3a 40NOMOror
HEBE/IMKOT aHTEHM aCTPOHOMU 3apeeCTPyBa/IN padiocurHan, SKuia no-
BTOPOBABCA 3 MOCTiViHUM nepiogomM 1 c. YHoui B TOMY HanpsiMKy, 3Bif-
KN HagXo4nIm imnynbcu, He 6y10 BUAHO XKOAHOT 30pi, TOMY acTPOHOMU
HaBITb BUCYHY/I FNOTE3Y MPO pagioCcUrHasl LUTYYHOr0 NMOXOA>KEHHSA Bif,
no3asemMHoT UmBinisayii. MoTim crocTepe>keHHA NoKasaau, Lo Taki ne-
PIOANYHI CUTHAIN HAaAXOAATb Ha 3eM/It0 Bif, COTEHb IHLLUUX HEBUANMUX
mKepen, sKi 6y10 Ha3BaHo nysbcapamn. O4uH I3 nynbcapis 6y/10 BUAB-
NEHO HaBIiTb Y LEHTPI 3HAMEHMTOT TyMaHHOCTI Kpab.



Tema 5. 3opi. EBontouin 3ip

Binuii kapank —
MnaHeTapHa 30PS H3bKOT CBITHOCTI
. TYMaHHICTb 3 Maco, NOPIBHAHO
HepBoHui - 3 Macoto CoHLS,
ManeHbKa riraHT _ OfIHaK 3 pagiycom
30ps ‘ oo y =100 pasiB MeHLWMM
' Bif, pagiyca CoHus
i 3 BUCOKOIO e(HEKTUBHOLO

. Temneparypoto
HelTpoHHa

30ps

UepBoHMiA
HagriraHT HapgHosa /

3ops-

Ha xMapa
3 npoTo-
30pAaMun

Mynbcap — ranakTuyHui
06’eKT, [pKepeno

YiTKOro nepiofmyHoro
YopHa gipa iMnynbCHOro
BUMPOMIHIOBaHHS

Puc. 3.6. EBontouisa 3ip

HelTpoHHi 30pi. Cy4acHi TeopeTUYHI po3paxyH-
KW/ NOKa3ylTb, WO Ny/bCcapun i HEMTPOHHI 30pi — Lge
OAHI 7 Ti cami 06’eKTU. BHacnifoK CTUCKYBaHHSA Heli-
TPOHHOT 30pi Mae BUKOHYBATUCHA 3aKOH 36epe>KeHHs
MOMEHTY iMnynbey. Lieih 3aKOH 4acTo AeMOHCTPYHOTb
Ha nboay hirypuctn, Konm Tpeba BUKINKaTU LLBUAKE
obepTaHHA CBOro Tifla HaBKOs10 oci. CrOPTCMEHM CMo-
YaTKy MNOYMHAaKTbL MOBINILHO 06epTaTUCA HaBKOJ0 OCi
3 BUTATHYTUMMU B Pi3HI CTOPOHM pyKamu. 'oTim no-
CTYMNOBO PYyKWV NigBOAATL A0 Ty/y6a, npu LboMy KyToO-
Ba LUBUAKICTb 06epTaHHSA Pi3Ko 3pocTaEe. Take came 3pOCTaHHA KyTOBOT
LUBMAKOCTI cnocTepiraeTbCcA Npv 3MeHLLEHHI pagiyca 3opi. Hanpuknag,
3apa3 CoHue 06epTaeTbCA HaBKOJIO CBOET OCi 3 Mepiofom npubnsHo
28 pi6. Ak6mM pagiyc CoHua 3meHLwWwmBeA Ao 10 Km, To
roro nepiop obepTaHHA JopiBHIOBaB 6u 1 c. MNpwu rpa- 4
BiTaLiMHOMY CTUCKYBaHHI HacTi/IbKM 3pOCTae Harnpy-
>KEHICTb MarHiTHOro NosiA 30pi, L0 BOHA «BUMYCKae»
BMMNPOMIHIOBaAHHA Ti/IbKU 4Yepe3 MarHiTHI nosawcu
Y BUINALI CBOEPIAHNX «MPOXKEKTOPIB», AKi ONMUCYIOTb
Y KOCMOCIi Beimye3Hunii Konyc (puc. 3.7). Mo>xnueo,
wo B MNanaktTuui iCHYOTb MiNIbUOHN HEATPOHHUX 3ip,
asle 3apeecTpoBaHO TiNIbKU KislbKa COTeHb Y BUTNALI
nynbcapis (puc. 3.8), ag>ke 6ifbLUICTb TaKUX «MNpPO- Puc. 3.8. OauH i3
YKEKTOPiB» He CrpsiMoBaHi Ha 3eM/to. 3aPEeECTPOBaHMX Ny/bcapis

Puc. 3.7. XyLOXHE
306paxeHHs nynbcapa
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Tema 5. 3opi. EBontouia 3ip

( l Ana ponutnmemx

Y4BiTb €06, L0 KOCMIYHUIM Kopabesib HabNMXKaeTbCA 40 YOPHOT
aipy. Moro WweMAKicTb Mae NocTYMNoBO 3pocTaTu A0 LUBUAKOCTI CBiT-
na. Asie 3rifHo 3 TeOPI€Er BIAHOCHOCTI LWBUAKICTb MaTepiasibHOro Tina,
Maca CroKoH SIKOro Bifpi3HAETbCA Big HY/15, HIKOIM He AOCATHe LWBUA-
KOCTI cBiT/a. To6TO 3a 3eMHUM FOAVMHHUKOM YSBHUIM KOCMIYHWIA KO-
pabesb HIKOMM He JOMETUTbL A0 MEeXXi YOpHOT Aipy, TOMY WO Yac ans
KOCMOHAaBTIB Ha 60pTy Kopabsisa 6yze CNoBiNIbHIOBATUCS. FAKLLO KOCMO-
HaBTW OyayTb NiATPMMYBaTM 3B’SA30K i3 3eM/eto 3a AO0NOMOro pagio,
TO CMOBIJIbHEHHS Yacy NPOSABUTLCA Y TOMY, LLO CUIHa/In 3 Kopabns by-
AyTb HaagxoamMTwn Bce pigwie i pigwe. 3 IHWOro 60Ky, KOCMOHaBTU Ha
KOCMIYHOMY Kopabni cnocTepiraTMMyTb 30BCIM iHLUWKA MAUH Yacy —
CUTHa/I Bif 3eMISH ByayTb HaAXoAUTM BCe YacTiwle i vacTtiwe. Tob-
TO KOCMOHaBTU Ha Kopabsii, SKWi nagae y YopHy Aipy, Moram 6 noba-
UMUTU JasieKe MaiibyTHE HALLIOro CBITY, afie BOHM He 3MOXKYTb Nepeaatiu
Ham iHhopMaLLito NMpo Halle ManbyTHE, afpKe CUrHau1 Yepes3 Mexky vop-
HOT Aipn HIKOAW He focsarHe 3emiii.

YopHi gipwn. LLi KocMmiYvHi 06’€KT YTBOPHOOTLCA Ha OC-
TaHHIW cTagil eBotoLIT 3ip i3 Macoro, 6iN1bLLOKD HiXK 3M.
Taka AvBHa Has3Ba MoB’si3aHa 3 TUM, Lo Li Tisla MaoTb

YopHa Zipa He BuUmMyckae
3 NONSA THKIHHSA Hi
€/1EMEHTaPHUX YaCTUHOK,

Hi €NeKTPOMArHITHI 6y_T|/| HeBMANMI, OCKINIbKI He BUMYCKaloTb 3a CBOT MeXi
XBUAi. Pagiyc YOpHOI cBiTna. 3 iHWOro 60Ky, Taki 06’€KTU BTAMyOTb BCE 3 Ha-
Aipy 3anexuTb Bif, ii BKOJIMLUHBLOr0 nNpocTopy (puc. 3.9). AKLL0 KOCMIYHUIA KO-
macy, i Moxe GyTi Bij pa6enb NOTPANUTbL Ha MeXXY «UYOPHOT Aipn», TO BUpPBATUCS

KiJIbKOX CaHTVMETPIB
abo mMeTpiB [0 MiNbAPLIB
KinomeTpis

31T NonAa TAXKIHHA BIH He 3MOXKe, af>Ke Apyra KocMiyHa
LWBMAKICTb 6i14 1T NoBepxHi AOPIBHIOE LUBUAKOCTI CBIiTNA
300 000 km/c (puc. 3.10).

B [i3HaliTecs GinbLue Npo BiAKPUTTS HAAHOBOT HIMELIbKMM
actpoHomom XVI cT. Tnuxo bpare.

Puc. 3.9. Xya0XXHE 306paXKeHHS YOPHOI Aipu Puc. 3.10. XyfoXXHE 306paXKeHHS KOCMIYHOIO
Kopabns, Wo HabnmKaeTbCA A0 YOPHOI Aipy
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Tema 5. 3opi. EBontouin 3ip

G KOHTPO/bHI 3annTaHHs

1. Ak BigbyBaeTbCS €BONKOLLIA 3ip?

2. Uunwm Bigpi3HaeTbes Hosa 30pa Big HagHoBOT?

3. lWo moxke crnpnunHuTy BMbYX HoBux i HagHoBMX 3ip?

4. llo Take 6iniA KapnuK i YoMy BiH OTPYMaB TaKy Ha3By?

5. AAK ynawiToBaHi HelTPOHHI 30pi?

6. AKUIN 06’EKT Ha3MBalOTb YOPHOK Aipot0? AKi BMacTUBOCTI Mae YopHa

fipa?

P BrkKoHaliTe TeCTOBI 3aBAaHHsl i3 aBTOMATUYHO NEPEBIPKOI0
Ha caliTi «|[HTepaKTUBHE HaBYaHHS».

BWCHOBKW. ¥ KOCMOCI NOCTIHO Bif0yBatOTbCA HAPOA>KEHHSA MOSIOANX
3ip i3 ra3onnNoBMX TYMaHHOCTEW Ta BUOYXU CTapuX, KoM YTBOPHOKTb-
Cs1 HOBi TyMaHHOCTi. CnocTepiraeTbCcs CBOEPIAHUIA KPYroobir peuoBUHN:
30pi — cnasiax 3ip — TYMaHHICTb — i 3HOBY HapOAXKeHHSA MON0ANX 3ip.
UopHa fipa He BUNYCKae 3 NONSA TAXKIHHA aHi eNieMeHTapHi YaCTUHKMU,
aHi efleKTpoMarHiTHI XBUAi.

Di3nYUHI XapaKTePUCTUKMK 3ip: CBITHICTb, TeMnepaTypa, pagiyc, ryc-
TUHa — CYTTEBO PI3HATHCA MidXK C000t0. MiDK LiIMMN XapaKTepucTuKa-
MW iCHY€e B3aEMO3B’AA30K, SAKMI Bifobparkae eBONOLIAHNIA LWWASAX 30pi.
CoHLe 3a CBOTMW NapamMeTpamu HaJIeXXUTb [0 XKOBTUX 3ip, SAKi nepedy-
BalOTb Yy CTaHi piBHOBary i He 3MiHIOKTb CBOTX PO3MIipiB MNPOTAroM Mi-
NbAPLIB POKIB.

30psi B CTaHi rpaBiTaLiiHOT piBHOBarn He 3MiHKE CBOIX NapameTpiB,
af>ke iIHTEHCUBHE BUNPOMIHIOBaHHSA eHeprii 3 NOBEPXHI KOMMEHCYEThCS
[>Kepenom eHeprii B Hagpax — TepMOSLEPHMMU peakLisiMu.



Knum IBaHoBuY YyptomoB (1937—2016) —
npodgecop, 4neH-kopecnoHgeHT HAH Ykpai-
HW, BigoMUi y CBITI AOCNIAHUK PI3NKN KOMET
i KOCMOTOHIT COHAYHOT CUCTEMM, BigKpyBay ABOX

KOMET.
Hapogueca y Mukonaesi. ¥ 1949 p. poau-
Ha xsonusa nepeixana go Kuesa, ge nicns WKo-
NN BiH HaB4YaBCA CNo4vaTKy Yy 3a/1i3HNYHOMY Tex-
HiKyMi, a 3rogoMm y KuiBCbKOMY YHiBepcUTETI
im. T. I'. LLleBYeHKa Ha (isnyHOMY (haKy/ibTeTi.
OTpumaBLum 1960 p. YHiBEpCUTETCbKY OCBITY
3a haxom (pi3MK-aCTPOHOM, MO/IOAUIA HayKOBELb
npavtoBaB Ha cTaHUiT B 0yxTi TiKci, e focnif>KyBaB MonsipHi canBa, 3eM-
Hi cTpymMun Ta ioHocgepy. 3rogom YypromoB po3pob/1siB Ha KUTBCbKOMY 3a-
BOAI «ApceHas» acTpoHaBirayiiHy anapaTtypy 418 KOCMIYHUX pakeT. Mic-
NS 3aKiHYeHHA acnipaHTypuy CTaB HayKOBUM CMNiBPo6iTHNKOM KNTBCbKOro
YHiBepcuTeTy, a 3 1998 p. — npodecopom. 3 2004 p. ovontoBas KMUTBCbKUIA

naaHeTapin.

HaykoBa cnagwmHa Knnma IsaHoBnYa Haniuye noHag 800 npaup,
asnie HalMBigOMILLUMM Oro AOCSATHEHHSIM CTaio BiAKPUTTSA KoMmeT. [Mepuiy
BUEHUI BiAKpUB 1969 p. pa3om 3 acnipaHTKow CBIiTNaHOK MepacMeHKO.

Lleln KocMiuHMiA 06°€KT TaK i HasBann — «KomeTa YypromoBa-IrepacmeH-
KO». Y 1986 p. Knum IBaHoBMY pa3om i3 BasieHTMHOM COM040BHUKOBUM
(3 AcTpogpizanyHoro iHCTUTYTY iM. PeceHKoBa, KasaxcTaH) BigKpuB 4py-
ry, LOBrornepiognyHy KOMeTy, sika oTpuMasia Ha3By «KomeTta UyptomoBsa-
Co/104,0BHVKOBa.

Knum Yyptomos i CeiTnaHa MepacumeHKoO
2 6epe3Ha 2004 p. 6ynu NpUCYTHI Ha KOCMOApPO-
Mi Kypy y ®paHuy3bKi MBiaHi nig yac 3anycky
€BPOMNErCbKOro Mi>knaaHeTHOro 30H4a «Po3eTTa,
AKNIA BMpywas Ao «Kometn Yypromosa-Iepacu-
MeHKO». [eHb 12 nuctonaga 2014 p. cTaB yepro-
BUM Tpiymdom ana Knnma IsaHoBmya: «Posettax»
3aBepLuMIa CBOK Micito — Ti CNyCKOBUIA anapat
«®Pini» 3giicHMB BAay NocafKy Ha KOMETY, 06
po3rnoyaTi Ti AOCNiII>KEHHS.
Iwe ogHUM AocArHeHHSAM npodecopa Yypto-
MOBa CTaJ10 HagaHHA Mi>XKHapoAHMM acTPOHOMIY-
HUM COHO30M HaLiOHaIbHUX iMEH-CUMBO/IB Ma/IMM MjlaHeTaM Ha 4ecTb
T. LeByeHKa («2427 Kob3ap»), |. PpaHKa («2428 KameHsap»), I'. CKoBo-
poan («2431 CkoBopoga»), KHY im. T. LLleBueHKa («4868 KHyLLeEBisA»).
A 1984 p. im’a camoro K. |. Hyptomosa 6y/10 BLLaHOBaHO Yy Ha3Bi Masiol
nnaHeTn 2627.




~ Top>kecTBO HayKW i CBIT/I0 Bipn

OneHa IBaHiBHa Ka3sumunpuak-IlosoHcbka (1902—
1992) — Bigoma i gy>ke LWaHOBaHa B HayKOBOMY CBITI
YKparlHCbKa acTPOHOMKa.

Hapognnaca manbyTHA HaykKoBuus Ha BonuHi

Y WAAXETHIN pognHI MicueBmx ABOPsiH MOMNOHCbKNX.
Y OANTUHCTBI Ta HOHaAUTBI giBYMHa HaB4yasiacsi B KiJlibKOX
XKiIHOUMX riMHasisx — y Bapuwasi, MeTepbyp3i, Hos.-
ropoa-CiBepcbkomy i J1yubKy. UynoBo po3moB/isifia He

NLLIe PiAHO YKPaTHCLKOHD, a 1 Jo6pe 3Hana pociicbKy,
MOMbCbKY, aHIMINCbKY M HiMeLbKY MOBMU.

Y 1922 p. OneHa 611cKyYye ckiasa icnmTtn Ha isn-
KO-MaTemMaTu4HUi hakynbTeT JIbBIBCbKOIO yHiBepcuTe-

Ty AHa Kasumunpa, Ha BiggisieHHA acTpoHoMiT. 3 1934 p.

npautoBasia B aCTPOHOMIYHI 06cepBaTopil Npy BapLuasBcbKoMy yHiBepcuTe-
Ti, Ae 3axucTuna gmcepTayito «MNpo naaHeTn W LEHTPUYHWIA pyX NSIaHeT»
i 3000y1a HAYKOBUI CTYNiHb AOKTOpa (hilocoqit.

Micna Apyroi cBiTOBOT BifiHW, NPOTAroM AKOT y4yeHa 3a3Hana YnmMano
rops v NoHeBipsAHb, BOHA pa3oM i3 MaTip’to Ta CMHOM repeixana go Xepco-
Ha, Ae BMK/agasia aCTPOHOMIO B MeAaroriyHoMy iHCTUTYTI. Y Toi camuii
yac OneHa IBaHiBHa 3HOBY roTyBaniacs [0 3aXUCTy KaHANAATCbKOT, OCKiJlb-
KU 1T NONbCbKOro NpoecopcbKoro annaomy y PagsaHcbkoMy Coto3i He BU-
3Hann. Y 1950 p. BYeHa 3axmcTuna guceptauyito Ha 3400yTTS HayKOBOIo
CTyNeHs KaHaugaTa i3nKo-MaTeMaTUYHNX HayK.

OneHa IBaHiBHa npautoBania B OfecbKOMY nefaroriyHoMy iHCTUTYTI,
noTim y JleHiHrpagcbkomy (HUHI CaHKT-INeTepbypr). OCHOBHI HayKOBi po-
60T Kasnmmpuak-INosioHCbKOT NPUCBSYEHI BUBYEHHIO PYXY KOPOTKOre-

pyxn 35 KOpPOTKOMNepiognyHNX KOMET, A0Befa, L0 Br/AVB BEIMKUX Mia-

HET € OCHOBHMM UYMHHMKOM, AKWIA Ai€ Ha TpaHChopMaLLito KOMETHUX OpoIT.
OcTaHHI pokun >xnTtTsa OneHa IBa-

HiBHa NpuiiHANa 4epHeye MNOCTPWU-

YKEHHS, uMTana nekuii i nucana KHu-

r 3 60rocsioB’s. Y CBOIX npausx BoHa

nparHysia nofapysaTu NOACTBY CBIT-

o BipW, TOPXKeCcTBO KyNbTypu i Ha-

yku. O. |. INonoHcbKa 6yna noxoBaHa

Ha TepuTopiT MNyNKoBCLKOT 06cepBa-

TopiT (CaHkT-IMeTepbypr).
Y 1978 p. im’am OneHn Kasumup-

yak-l'onoHcLKOT Ha3BaHa Mana nna-

HeTa «2006 lMonoHcbKa», B XepCoHi

Ha 4YecTb BMAATHOT aCTPOHOMKMW Has-

BaHa ByMus.




Tema 6. Hawa lanaktnka

@ MonouHui Lnax. bygosa Manaktmku.
30psiHI cCKynyeHHA Ta acouiauil. TyMaHHOCTI.
Micue CoHAYHOT cucTemun B Manaktuui

Puc. 1.1. MonoyHuiA,

a6o Yymaubkuia LLnsx,

[10 SIKOTO BXOAMTb Halla
CoHsYHa cucTema.

Ha HiYHOMY Hebi My 6a4unMmo
0oro siK cpibnscTy cmyry

lanakTnka — BeneTeH-

CbKa 30psHa CnucTemMa, ska

CKNMafaeTbCs NPU6N3HO
i3 200 mApA 3ip, A0 AKNUX
HanexuTb i CoHue

MonouHuii LLnsx (a6o
Halla [anakTvka Yu npo-
CTO lanakTvka 3 Benu-
KOI NiTepun) — ranaktmka,
y SKiil po3TawoBaHa Co-

HSiYHa cucTema i BCi OKpe-

Mi 30pi, BUAMMI HEO36PO-

E€HUM OKOM. Y Hapogi i we

Ha3nBaTb YymalbKum
LLinsaxom

Puc. 1.2. LleHTp
Uymaupkoro LLnaxy. 3HIMoK
3 Teneckona «Cnituep»
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Monoununin LLUnax. byposa Manaktuku. 3o0psHi
CKYM4YeHHs Ta acouiauii. TymaHHocTi. 3a mexkamu Co-
HAYHOT CUCTEMMU, Ha BifcTaHi 6inbL Hi>k 100000 a. o.,
MOYNHAETLCA 30HA TSKIHHSA IHWMX 3ip. Heo36poeHnM
OKOM Ha Hebi Mo>KHa nobaunTn 6mn3bko 6000 3ip, AKi
YTBOPIOKOTbL Ha Hebi 88 cy3ip’iB. Hacnpasgi 3ip Habara-
TO 6iflbLUe, ane Big faneKnX CBITUA HAAXOAUTh TaK Masio
CBiT/a, WO TX MOXHa crnoctepiratu TiJibKW B Tes1ecKor.
Benunki ckyn4yeHHs 3ip, WO YTPUMYHTLCSA CUOK TAXKIH-
HS, Ha3MBalOTb ra/laKTUKaMMU.

Y BcecBiTi nepebyBatoTb MifibAPAN ranakTuK, cepeg
AKMX € | Hawa ManakTnka, Ky HasnBaroTb MoOYHNIA,
abo Yymaubkunii LLINsxX, 0o AK0T BXOAUTb Halla CoHAYHa
cuctema. Ha HiyHOMy Hebi My 6aumMmo 1T K CpibaAcTy
cmyry (puc. 1.1). Hawa Nanaktnka — ue Besinye3Ha cu-
CcTema, y sSIKill 06epTaloTbCsA HaBKOJO LeHTpa (puc. 1.2)
Minbsapau 3ip. Mapsadi 3opi po3milleHi y Burnagi gmc-
Ka 3i cnipa/ibHUMKU pyKaBaMu. MaslakTUKM po3TalloBa-
Hi B CKYNUYEHHAX i (POPMYIOTb KOMipYacTy CTPYKTYpY
BcecBiTy. Haiibinblu BigaaneHi KOCMiUHI 06’€KTU, SIKi
e MO>XHa rnobaymTn y cydacHi TesieCKonu, — KBasa-
pv. BoHn po3TawloBaHi Big Hac Ha BigcTaHi 10 mnapg cB.
POKIB.

Jy>kKe BaXKKO BU3HAUYUTKU BiK, KO/IK chopMyBaBcs
Uymaubknin LLINAx, ane Hapasi Bik HalifaBHiLLIMX 3ip
y FanakTuyi ouiHeTbCA Y 13,6 MApA POKiB, Lo npu-
6711M3HO AOPiBHIOE BiKy BcecBiTy. 3a cyyacHUMU YAB/eH-
HAMMK, HyMaubknii LLINnax yTBOpUBCSA BHACMIAOK 3iTK-
HEHHS | 3/IUTTA HEeBE/IMKUX ranakTuk. CBigvYeHHAM
LbOro € nepLui 30pi 3 Ay>Ke HN3bKOK METa/TIYHICTHO, L0
YTBOPUANCS Ha HaMpaHilomy eTani icHyBaHHSA Bcecsi-
Ty. Taki 30pi BYeHi 3HaxX04ATb Y ralakTU4YHOMY rasio —
«oKonuui» Yymaubkoro LLInsxy, wo TArHeTbCA 3a MeXKi
ioro BUANMOT YacTUHW.

3a [0oMnoMoror KOMMn’toTEPHOro MoAentoBaHHSA a-
XiBUi 3 MapBapa-CMITCOHIBCbKOro acTpogi3avyHOro LeH-
TPy AiAWAN BUCHOBKY, WO Halla ManakTuka Ta ranak-
TuKa AHgpomean (puc. 1.3), AKi HabnmKaroTbCA ogHa [0



OZHOT 3i WBMAKIcTO 61n3bko 500 Trc. KM/Tof,
BpeLUTI-peLwlT 06’efHat0ThCA. Lie cTaHeTbea npu-
6/11M3HO 3a 2 MNpA, POKIB.

3opi B NanakTuui yTBOPIOKTL MEBHI cUC-
TeMu, AKi TPpUBaNUii Yac iCHYKTb Y CMisIbHOMY
rpasiTauiiHomy noni. BiNbLWIICTb 3ip pyxaeTbcA
Y MOABINHUX Ta KPaTHUX CUCTEMAX, Y SKNX KOM-
NMOHEHTN 06epTaloTbCA HABKO/O CMiSIbHOMO LieH-
Tpa mac nofibHo Ao obepTaHHA nnaHeT COHAYHOT
cucTeMn. HallumcneHHilli cuctemm o6’egHaHHSA
3ip HanivyTb COTHI TUCAY 06’€KTIB — Lie 30-
PAHI CKyn4yeHHA Ta acouiayii. KynsacTi 30psaHi
CKYMNYeHHS CKNajalTbCs 3 MifIbMOHIB 3ip. Po3-

Tema 6. Hawa lNanaktuka

Puc. 1.3. Komm'iotepHa Mogenb
36/mKeHHsA Yymauskoro LLnsxy

Ta raflakTmkn AHgpomeam

CifiHI 30psIHI CKYMNYeHHs MaloThb KiflbKa TUCAY 06°€KTiB. Halsickpasilui
3 HUX — lMnesgm (Ctoxkapu) Ta Nagm — BUAHO HEO3O6POEHNM OKOM Y CY-
3ip’T TisibuA. Y 30psHi acoyiayi’l BXoaATb BigHOCHO Monogi 30pi, AKi ma-

HOTb CMifibHE MOXOO>KEHHA.

MapameTpu Hawol [ManakTukm

[MonoXxeHHsA LleHTp

[Auck :
CoHus Fan

287000 cB. pokiB :

" 1 000 cB. pokiB

KynscrTi
CKYNYeHHS

«——————————— 100000 CB. poKiB———————————>

KinbKicTb 3ip 4 « 101

Maca 710" M

LiameTp ancka 3 « 105 cB. p.

BigctaHb CoHUS A0 LeHTpa = 30 000 cB. pokiB
FanakTUYHWIA piK 2,5 « 108 p (=250 M/H p)

ManaKTUKY 4acTo 306padkylTb SIK 30psi-
HY CUCTEMY Y BUTIAA4I BENIETEHCLKOro MAVHUA,
Yy AKOMY 30pi pyXalTbCs B OAHIV NNOWKHI. Ha-
cnpasgi NalakTukKa Mae cpepuyHy hopmy 3 dia-
MeTpoM Maii>ke 300000 cB. pokiB, ane 6iNbLLICTb
3ip BENIMKOT CBITHOCTI PO3MILLYOTLCA MPUGIN3-
HO B OfHIM NMOLLUMHI, TOMY TX BUAHO Ha HeGI AK
TYMaHHY CBIT/ly CMYTY, AKY B YKpaliHi Ha3VBa-
Tb HymMmaubkm LLInaxom.

HasBa «lanakTnka» npuiiwna 3 OaBHboT
peuiT i B nepeknagi o3Havyae Mono4vHuin LLInsix.
3BepHiTb yBary, Wo BCi Ackpasi 30pi (cy3ip’a

Puc. 1.4. Ta3onunosa TyMaHHICTb
Tpugig y cysip’i CTpinbus
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Tema 6. Hawa MNanakTtuka

TyMaHHOCTI — NPOTSKHi
3ryLUEHHs rasy i Mix3o-
pAHOro nuny B fanakTuui,
AKI BUSIBNIAIOTL cebe no-
TNIMHAHHAM (TEMHi TyMaH-
HOCTi) a60 BUMPOMIHH0-
BaHHAM (CBITNI Andy3Hi,
eMiciliHi TymaHHOCTi).
TeMHi 71 CBIiTAI TyMaHHOCTI
Bif|Pi3HAKTHCA NULLE BU-
r1940M, METOAaMM iX BU-
ABNEHHSA | CMOCTEPEXEHD,

0COO6/IMBICTIO BUMPOMIiH0-

BaHHA

OpioH, Jle6igb, Jlipa, Open) po3TawioBaHi y cMy3i Mo-
noyHoro LLnaxy. ¥ uii nnowuHi po3talloBaHa 3HayHa
yacTMHa ra3onuIoBUX TYMaHHOCTEeN, 3 AKUX YTBOPHO-
HOTbCA HOBI MOKOJIHHA 3ip | NnaHeT.

Yci ui 06’ekTU (HOPMYOTb TaK 3BaHy MJI0CKY CKNa-
foBy ManakTuUKK, 00 AKOT BXOAUTL i COHAYHA cucTemMa
(puic. 1.4). Ctapi 30pi Masoi CBITHOCTI, SAKi BXOAATb Y Ky-
NACTI CKYMYEHHSA, HanexXkatb [0 cthepuyHoi CKaaosol IMa-
NaKTUKN. 3a XiMIYHUM CK1aoM 30pi KY/IACTUX CKYN-
YeHb MICTATb Y COTHI pa3iB MeHLe BaXKKUX XIMIYHUNX
enemMeHTIB, Hi>XK CoHLLe, afi>Ke Lie 30pi NepLIOro NOKOsiH-
HA, AKi chopmyBa/IMCcA pa3oM 3 YTBOPEHHAM [Ta/lakKTUKN
we 10-15 mnapfa pokiB ToMy. 3apof>KeHHSA MOSI0ANX 3ip
i NNaHeTHUX CUCTEM 3apas BifbyBaeTbCA TiSIbKN Y MJ10-

WMHI ManakTukuy, fe razonuaoBi TYMaHHOCTI YTBOPIOKOTLCA Mic/ns cnana-
Xy HoBux Ta HagHoBuX 3ip.

TymaHHOCTI. JeaKi TYMaHHOCTI CBITATLCA, TOMY LLO X BUCBIT/IHOIOTb
CyCifHi 30pi; iHLWI 3a/1MLWLalnThbCA XMapamMmm TeMHOro rasy. OCKifibKy MiXK-
30pPSAHUI NWUA NOrMIMHAE CBITNO, YUYEHI MOXKYTb BU3HAYUTU MicLie po3Ta-
LIyBaHHA TaKoT TYMaHHOCTI, AKa 3aTynse 6inbly ganeki 3opi. MNicna cna-
naxy 30pi BCi NaHeTu, AKi 06epTa/Inca HaBKOJIO HET, BUMapOBYOTLCS
i NepeTBOPIOIOTLCSA Ha rasoBy TYMaHHICTb, 3 AKOT B Mailby THbOMY MOXKe
YTBOPUTUCA HOBE MOKOJIHHA 3ip. To6To y BcecBiTi crnocTepiraeTbcsi CBO-
EPIAHUIA KPYroobir pe4oBUHU: 30pi — cnanax 3ip — TYMaHHICTb — Ha-
POAXKEHHSI HOBUX 3ip.

JeAki razosi TyMaHHOCTI, L0 OTOUYHOTb 30pi, HA3MBalOTLCS M1aHeTap-
HUMW. BOHW CBITATbCA 3aBAAKW eHepril BUNPOMIHIOBaHHSA LeHTPasibHOT
30pi — Aapa naHeTapHOT TyMaHHoCTi. HUHI BuABneHo noHas 1500 ranak-
TUYHUX NSIAHETaPHUX TYMaHHOCTEN, TX 3HaNAEHO | B HAMONVXKUNX ranak-
TUKax, Hanpukniag y MarennaHoBnx xmapax.

JesiKi TyMaHHOCTI, 3a AKUMW JIerko cnocrepiratu

Cysip’s Hassa Bug MiBkynsa Crnoci6 cnocTepeXkeHHS
Bopgonivi | NGC7293 | nnaHeTapHa | NiBgeHHa Y BiHOK/b
Kinb NG3372 nusosa MisoeHHa Y 6iHOK/1b
Nipa M57 nnaHetapHa | lNMiBHiuHa Y Teneckon
OpioH M42 andysHa | MiegeHHa | Heo36poeHM OKOM
CTtpineupb M20 anysHa | MiBgeHHa Y Teneckorn
Jlvcrusa M27 nnaHetapHa | MNiBHiYHa Y Teneckorn

CoHsiYHa cuctema —
CoHlLie Ta BCi 00’€KTH,
L0 rpasiTaLinHo
NnoB’s3aHi 3 HAM
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Micue CoHsvHOT cucTemun B ["aniakTuui. CoHug pos-
TawoBaHe no6sn3y NAoWMHN ManakTUKM Ha BiAcTaHi
25000 cB. pokiB Big 1T agpa (puc. 1.5). BekTop wBuna-
KocTi COHUS BIIHOCHO HaMGAMXKUMX 3ip CpAMOBaHWUIA
[0 cy3ip’a Nepkynec. Pa3om 3 ycima cycigHiMm 3opsamun



Tema 6. Hawa lNanaktuka

CoHLe 0bepTaeTbCA HaBKO/0 sAapa MNanakTnkuy 3i Wweug-
KicTio 230 km/c. Mepiog o6epTaHHA CoOHUA HaBKOJIO
A4pa Ha3UBaETbCA Fa/lakKTUUHUM POKOM, SIKUA J0piB-
Htoe 250 000 000 3eMHUX pOKiB. AHani3 LWBUAKOCTI
obepTaHHSA 3ip CBIgYMTbL NP0 CYTTEBY BIAMIHY Mi>XK Mo-
BeIHKOI 06’€KTIB Y ChepunyUHIili Ta NIOCKIM CKagoBux
ManakTuKW. AKLLO 30pi NA0CKOT CKNaLoBOoT 06epTatoThb-
CA HaBKOJ0 LeHTPpY ManakKTUKu Nobaun3y ogHIEeT naoLm-

HW, TO 30pi ChepUUHOT CK1aaoBOT 06’€AHAHI Yy BENINYE3HI Puc. 1.5 Micue
KYNACTI CKYMYeHHS, L0 06epTatoTbCA HAaBKOJIO LIEHTPY pO3TaLLyBaHHs COHSUHOI
rno BUTArHYTUX opbiTax y pisHuX niowmHax. [o Toro cucTeMy B FanakTu

K nepiof 06epTaHHSA LMX CKYNYeHb NOKa3sye, LU0 3HaYHa

Maca ManakTukm po3nogisieHa came y chepuydHin cknagosin. Lle MoxkyTb
6yTn 06’EKTM Masiol Macu, sAKi He BUMPOMIHIOKOTb EHEprito y BUANMIN Ya-
CTUHI creKTpa, abo YopHI Aipn Manoi Macu.

G [izHaiiTeca 6inblue NPO NOXO4XKEHHS HAa3BW HalLOi ManakTuku.

G KOHTPO/bHI 3annTaHHA

1. ONuLWIiTb OCHOBHI NapameTpu Hallol [MalaKTUKMN.

2.Yomy, Ha Ball nornsg, cnocrepirayvy, skuii nepebysae Ha 3emsi, Uy-
MaubKni LLINAX BUAHWIA NepepuBYaCcTUM i K/104YacTUM?

3. LLLo TaKe 30psiHi CKyNYeHHA?

4. Ake micue COHAYHOT CUCTEMU Y Halli ManakTuwi?

5. 4um Bigpi3HATLCA 30pi MAOCKOT CKaaoBoT NanakTUKK Big 3ip cie-
PUYHOT CKNaf0BOT?

6. 3HalgiTb Ha KapTi 30pAHOro Heba cysip’sl, Kpi3b SKi npoxoanTb Yy-
MaLubKui LLnax.

@ Migcnctemum ManakTuky Ta i cnipasibHa CTPYKTYypa.

OpHielo 3 TaeEMHUUb lManakTUKM € TaK 3BaHi cnipasibHi pyKasu
(puc. 2.1), AKi 3apogKyTbCs decb 6ina Ti ueHTPY. CoHLE pO3TalLlOBYETb-
CA Ha nepudepi’ 0O4HOro 3 TaKNX PyKasiB, L0 3aKpyye-
HUIA Yy NMOLWWHI FaNlakTUYHOro gmcka. ACTPOHOMU BBa-
»KaloTb, L0 cnipa/ibHI pyKasy BUHUKaKOTh SIK CripasibHi
XBWUAI TYCTUHU, AKI CTBOPIOKOTLCS Mif Yac CTUCKYBaHHA
XMap MI>K30pAHOro rasy Ha rnoyaTKoBoMy eTari hopmy-
BaHHSA 3ip. Y CBOIO Yepry, Npuv BUHUKHEHHI 3ip Y MiXK30-
PAHUX XMapax rasy Ta nuay BUHUKaKTb YAapHi XBUI,
L0 NPM3BOAUTL A0 YTBOPEHHA Monoamx 3ip. Konu ma-
CMBHI 30pi cnanaxytoTb SK HagHOBI, TO TEXX YyTBOPOKOTh-

Cs1 HOBI TYMaHHOCTI, 1 HOBI yaapHi XBMi NOLUMPHOKTh- Puc. 2.1. CriipabHi
€Sy MiDK30psiHOMY npocTopi. To6To (hopmyBaHHSA OAHIET PyKaem ranaktuku M8o
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Tema 6. Hawa MNanakTtuka

Anpo

ranakTuky  TEMHa 30Ha

PykaB KeHTaBpa

Puc. 2.2 CnipanbHi pykasu
HaLloi ManakTukm

rpynu 3ip 3abesneyvye CTBOPEHHSA MexaHi3My A1s yTBO-
PeHHS HOBOIO NMOKOAIHHSA 3ip. Llel npougec iHKONM Ha3u-
BalOTb (JOPMYBaHHSIM 3ip 3a A0MOMOr0K CaMOPO3MHOXKEH-
Ha. Takuii nepebir noaii MoXke hpopMyBaTh cnipasibHi
XBWUAI T'YCTUHM He Ti/IbKW B Halliv Manaktuui, a i B iH-
LIMX cnipanbHUX ranakTnkax.

KoXkeH cnipanbHWii pykas onmncye norapupmivyny
cnipanb i3 HaxMaoM NpubAnsHo 12°. BBaXkaeTbCs, LU0
B Hallil ManakTuui iCHYHTb YHOTUPW OCHOBHI criipasibHi
pyKaBu, siKi 6epyTb CBill NOYATOK Y ralaKTUYHOMY LiEH-
Tpi (puc. 2.2). Ko>xHOMY 3 HUX HajaHa BfacHa Has3Ba:

Pykas Jlebeas, Pykas KeHTaBpa, Pykas CTpinbus, Pykas Nepces. Takox
iCHYE Lle oANH HeBeMMKNIA pykaB — PykaB OpioHa, caMe B HbOMY 1 pO3-
TaloBaHa COHAAYHA cucTemMa.

Puc. 2.3. Kinbue

€anHopora — NPOTSHKHWIA
KiNbLEenoAibHniA naHutor

i3 3ip, TPUYI 06EepHEHWI
HaBKo0 YymaubKoro Lnaxy

CniipasibHi pyKaBu BUHUKaKOTh Y JeAKUX raaktu-
Kax SIK AMBHI XBWUJII TYCTUHWN, Ae (hOPMYHOTbCA HOBI MO-
KONIHHA 3ip.

Mo3a Me>kaMy 0CHOBHMX CMNipaibHUX pyKasiB po3Ta-
woBaHe 3o0BHIiWHe KinbLe, abo Kinbue €guHopora. BoHo
CK/lafaeTbea i3 rasy Ta 3ip, Wwo 6ynuv 3ano3nyeHi Big iH-
LUINX FraNnakTUK MiNbapan pokis ToMy.

Kinbue €gMHopora — NpPoTsH»KHUINA KinbLenogioHniA
naHuor i3 3ip, Tpudi obepHeHUn HaBKOM10 YUyMaLbKo-
ro LLUnaxy (pwuc. 2.3). MNpunycKaeTbCA, WO CTPYKTYypa
cthopMyBasiacsl BHac/1i0K BUPMBaHHSA YacTUHM 3ip i3 ra-
NaKTUKU-CynyTHUKa Bennkuia Mec npunanBHUMK cuna-
MW B X0A4i 1T JOBFOTPMBA/IONr0 MOrnvHaHHA YymaubKum

Lnaxom. Bara Kinbua €amHopora ctaHoBUTL 100 M/TH COHAYHMX Mac, 3aB-
[LOBXXKM BOHO csirae 200 TUC. CB. POKIB.

KOHTpO/bHI 3annTaHHSA

1. [le 3apopKytoThCs cnipasibHi pyKasu ManakTnkmn?

2.Ha3BiTb OCHOBHI pyKaBu MalaKTUKN. Y AKOMY 3 HUX PO3TaLLOBYETLCA
CoHsAYHa cucTema?

3. AKuii npouec hopMyBaHHSA 3ip Ha3UBAETLCSI CAMOPO3MHOXKEHHAM?

4. Ak chopmyBaniaca cTpykTypa Kinbusa €anHopora?

@ HagmacvBHa yopHa dipa B LeHTPI ManakTnku

LleHTp ranakTUKu MiCTUTb KOMMNAKTHUIA 06’€KT i3 Ay>Ke Be/IMKOK Ma-
coto (6nm3bKo 4,3 MNH M), po3TalloBaHUA y HanpsaMKy cy3ip’a CTpisib-
us. Llein 06’ekT Mae Ha3By CTpineub A* (aHrn. Sagittarius A*, puc. 2.4),
GiNbLUICTL BUEHUX BBaXKAKTh MOro HaAMacMBHOK YOPHOLO Aipoto (puc. 2.5).
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Tema 6. Hawa lNanaktuka

Puc. 2.4. HagmacusHa YopHa gipa Ctpineub A*

Puc. 2.5. Komm'toTepHa Mofens Yop-
HOT Aipu B LEHTPI ManakTuku

Y 2002 p. mi>kHapogHa gocnigHuubka rpyna IHCTu-
TyTy Makca NnaHka Ha 4yoni 3 PaiiHepom LLleaenem no-
BigoMMIa NPO pe3ysibTaTu CNOCTEPEXKEHHS py Xy 30pi S2
HaBKo/10 06’ekTa CTpineub A* 3a fecAaTb PoKiB. BoHW go-
Boannu, wo Ctpineyb A* — 06’€KT BENNYE3HOT Macu.
3 aHanisy eniemeHTIB 0p6iTK Oy/10 BU3HAYEHO, L0 Maca
06’eKTa cTaHoBUTbL 2,6 = 0,2 MAH mac CoHus. Lia maca
MIiCTUTbLCA B 06’eMi AiaMeTpoM He GifibLl HidXK 17 cBiTno-
BUX roguH (120 a. 0.). MNMoganbLui cnocTepedXeHHs BCTa-
HOBWAU BiNbLU TOYHE 3HAYEeHHS Macu — 3,7 MJIH Mac
CoHUA, pagiycom He 6inbllu HiXK 6,25 cBITN0BUX roguH
(45 a. 0.). Ansa nopiBHAHHA: TNYTOH BigganeHuii Big
CoHuA Ha 5,51 cBiTN0BUX roguH. Lii cnocTtepe>keHHs
[03BONUAV NPUNYCTUTK, WO 06’eKT CTpineupb A* nos’sa-
3aHWi 3 YOPHOLO Aipoto.

[0 KiHua 1960-X pp. He icHyBa0 ePeKTUBHUX iH-
CTPYMEHTIB A/151 BUBYEHHS LEHTPasIbHUX 0bnacTeii Ma-
NaKTUKWN, OCKINbKU LWiNbHI XMapy KOCMIYHOrO nuay
(puc. 2.6), AKi 3aKpMBatoTb Bif cnocTepirava ranakTny-
He S4p0, NOBHICTIO NOr/IMHATL BUANUME BUMPOMIHIOBaH-
HS, WO e Bif HbOrO, | 3HAYHO YCKIaAHIOKThL Po6oTy
B pagiofianasoHi.

3 NnosABOKO iH(hpavepBOHUX AETEKTOPIB BUCOKOT PO3-
LiNbHOT 30aTHOCTI 3’ABUAack MOXK/IMBICTb cnocTepira-

Puc. 2.6. LLiinbHI xmapu
KOCMIYHOIO Ny HaBKO/O
anpa fanaktmkm

Puc. 2.7. 3opi B mexax + 0,5"
Bifl LEHTPY ManakTukm

YopHa fipa He BMNycKae
3 MNoNs TAHKIHHA aHi
e/leMeHTapHNX YaCTUHOK,

TN OKpPeMi 30pi B UeHTpasibHMX obnactax ManakTuku
(puc. 2.7). BUBYEHHS TXHIX CNEKTPa/IbHUX XapaKTepuc-
TUK BUSABWNO, WO BGiNbLLICTb i3 HUX HaseXkaTb [0 MOJIOo-
Anx 3ip BIKOM Ki/sibKa MifibliOHIB poKiB. Bcynepey no-
rnagam, ki NPUNHATI paHiwe, 6yn10 BCTaHOB/EHO, L0
B OKO/INLAX HAaAMaCVBHOT YOPHOT Aipy aKTUBHO e npo-
LleC 30peyTBOPeHHS. [lesKi JocnigHUKM BBaXKatoTb, LLO
[>Kepenom rasy 474 LbOoro rnpoecy € ABa naocKi akpe-
LiHI rasoBi Kinbusa (puc. 2.8), BUSABeHi B LeHTpI Ma-
NakTuku B 1980-x pp. MNMpoTe BHYTPILLHIN giameTp Lmx

aHi eneKTpoMarHiTHi
XBUJi. Pagjyc YopHOT fipu
3a/1eXNTb Big, i Macu,

i MOXe 6yTu Bif, KiNlbKOX
CaHTMMeTpIB abo MeTpiB
[10 MiNbAPLIB KINOMETPIB
AKpeLis — nagiHHA
PEYOBUHM Ha rpasiTytoye
Ti/NO i3 HABKONWLLHBOIO
cepefoBuLLa
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Tema 6. Hawa MNanakTtuka

Kifeyb 3aHaATO BENMKUIA, W06 NOACHUTY NpPoLEC 30pe-
YTBOPEHHS B 6e3nocepeHiin 6/1M3bKOCTI Bif YOPHOT Aipw.
3opi, Lo po3TalloBytoThes B pagiyci 10 Nk Bif YopHOT
[ipn (Tak 3BaHi «S-3ipKW»), MalOTb AOBINIbHUI Hanps-
MOK pyXy OpbiTa/lbHUX MOMEHTIB, LLIO CyNnepeymnTb akpe-
LiiHOMY CLIieHapito X BUHUKHEHHS. BBaXKaeTbc4, LLO Lie
rapsdi sapa YepBOHUX riraHTIB, AKi yTBOPUAUCA Y Bif-
faneHnx paoHax ManakTuKu, a noTiM MirpyBaav B LIeH-
Puc. 2.8. Xmapy rapsuoro TpasibHY 30HY, e TXHi 30BHILLHI 060/10HKW 6y K 3ipBaHi
rasy B LIEHTPI [aniakTUKu NPUNIMBHUMU CUIaMI YOPHOT Aipw.

G [Li3HaliTecs Npo rinoTeTUYHI aHTUNOAW YOPHKX Aip.

@ KOHTPO/IbHI 3annTaHHs

1. Ky Ha3BYy Aa/M 06’ €KTY B LLeHTPI MalakTukn?

2. 3aBAsAKM YOMY CTa/10 MOXK/IMBUM CROCTepiraTu 30pi B LLEeHTPa/IbHUX 06-
nactax NanakTnkmn?

3. AKi crniocTepeXkeHHA NpuUnyckKawTb, Wo 06’ekT CTpineyb A* nos’sa3a-
HUI 3 YOPHOIO Aipot?

4. o aBnATL CO60I0 YOPHI Aipn?

BukoHaliTe TeCTOBI 3aBJaHHS i3 aBTOMaTUYHOK NepeBipKOt0
Ha caliTi «|[HTepakKTUBHE HaBYaHHS».

BucHoBkK. Hawa Nanaktuka (MonoyHuin LLInsx) — BennyesHa cu-
cTeMa, Y SAKilh 06epTatoTbCa HaBKO/O LeHTpa 400 mnpg 3ip. HauncneH-
HiWIi cucteMu 06’ HaHHA 3ip HaUTIUYKOTb COTHI TUCAY 06’ €EKTIB — Lig 30-
psiHI CKyn4yeHHS Ta acouiauii. CoHLe po3TalloBaHe no6an3y naoLmMHN
ManakTukn Ha BigcTaHi 25 000 cB. poKiB Big Ti agpa.

CnipasibHi pyKaBu BUHUKAKOTh Y AeSKUX FralakTuKax K ANBHI XBU-
Ni TYCTUHU, Ae (DOPMYHOTbCA HOBI NMOKOJ/TIHHSA 3ip. BBaXKaeTbCA, L0 Y Ha-
Wi ManakTULi iCHYHOTb YOTUPW OCHOBHI CNipasibHI pyKaBu, AKi 6epyTb
CBili NOYATOK Yy ranakTU4YHOMY LIeHTPI.

LleHTp MNanakKTUKM MICTUTb KOMMaKTHUM 00’€KT i3 Ay>Ke Be/IMKOK0
Macoro, po3TalloBaHUi y HanpsiMKy cy3ip’a CTpinbus. Lleii 06’eKT mae
Ha3By CTpineyb A* i BBAXKaETbCA HagMaCcBHOK YOPHOK AipoHo.
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Tema 7.
bynoBa i eBontoLia BcecBITy

@ CBIT raniaktuk. AKTUBHI siapa ranaktuk

FanakTUKM — HaA3BMYaKHO ganeki 06’eKTu. Bia-
CTaHb [0 HalbNMXKUNX i3 HAX BUMIPIOETLCA B Meranapce-
Kax, a [0 Aa/IeKUX — B OAVHULIAX YePBOHOI0 3MiLLlEHHS.
Came yepes BigfasieHICTb HEO36POEHNM OKOM PO3Pi3HU-
T Ha Hebi MO>XKHa nuwie TPU 3 HUX: TYMaHHICTb AH-
apomean (BugHo B MNiBHIYHIN niBkyni), Bennky i Many
MarennaHoBi Xmapu (BuaHo B INMiBaeHHIM niBkyni). Bu-
Pi3HNTY OKpeMi 30pi B 3006paXKeHHAX THWNX ralakKTuK
He BAaBasiocHa axk A0 noyatky XX CT.
Jo noyaTtky 1990-X pp. HasivyBasio-
cs He 6inblie 30 ranakTuk, B AKUX
BAanocA nob6adunTm okpemi 3opi (BCi
Ui ranakTuku HanexkaTtb o Micueor
rpynu). licna 3anycky KOCMIYHOro
Teneckona «a66s1» i BBeEHHSA B A0
10-MeTpPOBUX Ha3eMHUX TeleCKoniB
Ki/IbKICTb ranakTuK, B AKMUX BAanocs
PO3PI3HUTY OKpPEMI 30pi, 3HAYHO 3POC-
na (puc. 1.1). Hawa NanakTtnka i ra-
naktuka M31 (B cy3ip’T AHgpomean)
BX0AATb 40 MicLeBol rpynu raiaktuk
(puc. 1.2, 1.3).

[anakTMKy — i30/1b0BaHi
30psHI cucTeMH, LLO
MICTATb, KpiM 3ip, ra3

i nnn. Yci 06’ekTn B cknagi
rafakTuk 6epyTb y4acTb

B 06epTaHHi HaBKO/O
CMiNIbHOTO LEHTPA Mac

Puc. 1.1. laneki ranaktuku.
B LeHTpi — KinbLie AHwWTaliHa

Puc. 1.2. Tanaktuka M31 B ynbTpagionetoBoMy cBitni MarennaHoBoi Xmapu
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Tema 7. bypoBa i eBontouia BcecBity

3a MopoAoriYHMMM 03HaKaMu ra-
M 110 NaKTUKU MOAINAITb Ha YOTUPU TUMN:
_ ' = eninTunyHi E;
\ = crnipasbHi S (puc. 1.4);
" NGCi5: = NiH30M0Ai6HI SO;
= HenpaswbHi Ir (puc. 1.5).
Andpomeda E 2 Maca ranakTukK BapitOeTbCS Bif
' 107 go 10*2 mac CoHus, Ansa nopie-
HAHHA — Maca Hawol anakTukm
e CTaHOBUTb 613bKO 2 - 10! mac CoH-
NGC 6822 us. diameTp ranaktuk — Big 5 Ao
Tpwymnne y M,,_L,__.,:‘,m,,.,,-x,_,w,,u 250 kinonapcek (16—800 Tuc. cB. po-
KiB). [1/1 NOpiBHAHHA — fAiamMeTp Ha-
woi Manaktuky 651n3bko 100 TuUc.
Puc. 1.3. Haiibnmxkyi o Yymaupkoro CB. POKiB, a HaAriraHTCbKa ranakTu-
LLinsixy ranaktuku Ka IC 1101 mae giameTp NpUGAN3HO
6 MJ/IH CB. POKIB.
Hali6inbLi CKyn4YeHHs ralakTUK CnocTepiratoTbea y cysip’ax Aisu Ta
Bonocca BepoHiky (puc. 1.6). Y UbOMYy HanpsMKY acTPOHOMU BigKpuan
CcBOepPiAHY Bennky CTiHy, e Ha BiagcTaHi 500 MJ/TH CB. pPOKiB BUSABNAETHCA
3HauHe 36i/IbLUEHHS KiNbKOCTI ra/lakTUK Y MOPIBHAHHI 3 IHLLIXMMW HanNpsiM-
Kamn. OKpeMi ranakTuKm B3aEMOAi0Tb MiXK co60t0, HaBiTb Bif0yBalOTLCA
TXHIi 3ITKHEHHSA, KON 0AHA raslakTuKa NorfIMHae iHLy, — CrocTepiraeTb-
CA CBOEPIAHNI FaNlaKTUYHNI «KaHibaniam» (puc. 1.7). Ha ocTaHHbOMY,
YeTBEPTOMY, CTYMeHi iepapXiyHOl CTPYKTYPU CKYMNUYEHHS rafiakTUK Maii-
>Ke He B3aeMOfit0Tb MI>K co6010.
Benuka CtiHa. LLe ofHi€0 XapaKTepHOK PUCOK PO3MNoAiny raiaktuk
Yy MPOCTOopI € Te, L0 BOHW po3MilleHi y BcecBiTi y Be/IMKOMY MacluTabi He
Xa0TUYHO, a YTBOPIOKOTh Ay>Ke ANBHI CTPYKTYPU, SAKI HaraflytoTb BesIn4e3Hi

Yymaunwxuii [Mlasx

Puc. 1.4. CnipanbHa ranaktmka NGC 24,
po3TalioBaHa B cy3ip’i CKynbnTop. Puc. 1.5. HenpasunbHa
Binkputa 1785 p. B. lepwenem ranaktnka NGC 1427A
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Tema 7. bypoBa i eBontouia BcecBity

CiTKN 3 BO/IOKOH. LI BO/IOKHA OTOUYOTb FiraHTChbKi, Bif-
HOCHO MOPO>KHI 06/1aCTi — MopoXkHeui. [esaKi NopoXkHe-
yi matoTb giameTp 300 M/IH CB. POKIB — Ha CbOrodHi Le
Halb6inbLL BiAOMi yTBOpPeHHSA y BcecBiTi. HaimMmoBipHi-
LLIMM NOSICHEHHSIM LLiET BONOKHUCTOT CTPYKTYpW BeecBiTy
€ Te, LLI0 ra/lakTUKM Y NPpocTopi po3TaLlioBaHi Ha NoBepx-
Hi BeIMYe3HUX 6yNb6aLLoK, a MOPOdKHEYI € TXHbOK BHY-
TPILLHBLOK 06/1acTHO. 3 MoBepXxHi 3emMAi Ham TiflbKKU 34a-
€TbCA, L0 Fa/laKTUKM po3TaLloBaHi No4ibHo 40 HaMucTa,
SAKe HaHM3aHe Ha BOIOKHAaX, afpkKe MU TX 6a4nMmo Ha 06ia-
KaX BeNIM4e3HUX KOCMiYHUX bynbbaluok (puc. 1.8).

Harbinbwmm i3 TakKnx KOCMIYHUX BO/IOKOH Y CTPYK-
Typi ranaktuk i € Benuka CTiHa 3aBA0BXKM 600 MJ/IH CB.
pokiB i 3aBWwIMpLLKM 200 MJIH CB. POKiB. NMpocToposa Mo-
Oenb BcecBiTy Haragye LUMaToK NeM3un, sSiKUi y Linomy
Ma€e ofHOpPIgHY CTPYKTYPY, asie OKpeMi 06’EKTM MaroTb
MOPOXKHUHU (purc. 1.9).

Y 1929 p. aMepuKaHCbKWUIA acTpoHOM E. Ma66n go-
CMif>KyBaB CMeKTPU ralakTUK i 3BepHYB yBary Ha Te, LU0
NiHIT NOFNIMHAHHS Y BCiX CNeKTpax 3MillleHi B YepBOHUIA
6iK. 3rigHo 3 edpekToMm Jdonnnepa, Le CBiguYMTb Npo Te,
LLLO BCi raNakTUKM Bif Hac BigaanatoTbea. Kpim Toro, 3a
[OMOMOroK Be/INYMHN 3MILLEHHSA CMEKTPa/IbHUX AiHIN
MO>XHa BU3HAYNTU LUBUAKICTb, 3 AKOK ranakTuku Bia-
JansTbea. Busasunocs, Wo WBNAKICTb BifAaieHHS ra-
NaKTUK 30i/1bLUYETLCS NPSIMO NPOMNOPLIAHO BiACTaHi Ao
UMX ranakTuk (3akoH Ma66na):

V = Hr, (1.10)

e V — WBNAKICTb pyXy ralakTUKK; r — BifgcTaHb

[0 Hel; H — cTtana Ma66na. 3a ocTaHHIMM BUMIpIOBaH-
HAMN H = 70 Km/(C - MnNK).

ManakTU4YHi agpa MalTb 03HAKW aKTUBHOCTI
(puc. 1.11), aKkwo:

= CMNeKTP e/IeKTPOMArHiTHOro BUNpoMiHIOBaHHS 06°eK-
Ta HabaraTo LIMPLUWIA Bif crieKTpa 3BUYaHNX ra-
NaKTUK i MOXKe cAraTu Bif pafio- 40 YXOPCTKOro ram-
Ma-BUMNPOMiHIOBaHHS;

«ClMOCTEPIraeTbCA «3MIHHICTb» [>Kepesia BUMPOMi-
HIOBaHHS. AK npaBusio, Le BigdyBaeTbCcA i3 nepio-
JoM Bif 10 XBU/INH Y PEHTIreHiBCbKOMY Aiana3oHi 4o
10 pokiB B ONTUYHOMY ¥4 pagiofianasoHax;

=€ 0CO0/IMBOCTI CreKTpa BUMNPOMIHIOBaHHSA, 3a AKUMU
MO>XHa 3p06MTU BUCHOBOK MPO PyX rapsiyoro rasy
3 BEJIMKOHKO LLBUAKICTIO;

Puc. 1.6. Cy3ip’a
Bonoccs BepoHikn

Po36iraHHs ranaktmk —
(haKT 36i/bLUEHHS 3 YacOM
BifiICTaHEl MiX ranakTuka-
MW, Po36iraHHs ranaktmk
3YMOB/IEHE PO3LUMPEHHAM
[OCTYMHOro Ans cnocte-
pexeHb BcecBiTy

AKTVBHI f4pa rasiak-
TUK — a[pa ranakTtuk,

B SIKUX CrOCTepiratoTbes
MPOLECH, LLO HE MOXHA
NOSICHWATMN BIACTUBOCTAMM
3ip Ta ra3onunnoBmx KOMr-
NEKCIB, 3 AKUX Ljj ranaktun-
KW CKNajatoTbes

Puc. 1.7. 3yctpiy
[IBOX raslakTnK

Puc. 1.8. BonokHucra
CTPyKTypa BcecBity
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Tema 7. bypoBa i eBontouia BcecBity

Puc. 1.9. MpocToposa Mofenb Beecsity Puc. 1.11. Tanaktuka IC 3639
3 HEACHUM aKTUBHUM A000M
= € BUAMMI MOPO0rivHi 0CO6/IMBOCTI, 30KpEMa BUKUAW I «rapsayi NAaMn»;
=€ 0C06MBOCTI CNeKTpa BUNPOMIHIOBaHHS Ta ioro nonsdpu3sadii, 3a SKu-
MW MOXXHa 3p06UTWN BUCHOBOK NP0 HasiBHICTb MarHiTHOrO NoaA Ta oro
CTPYKTYypy.
MposiBu nepesiiyeHnX 0CO6/IMBOCTEN MOXKYTb BYTW Pi3HI, ralakTuKm
MO>XXYTb BUAB/IATU He BCi NepesniveHi 03HaKu, a inie aeski 3 HUX. Tpa-
ANLIVIHO ralaKTUKKW NOoA4iNsatoTb Ha YOTUPW K/lacu: ceidepToBCbKI, pajio-
aKTUBHI, nauepTnam ta Keasapu (puc. 1.12).
AKTUBHI fipa rajlakTuK € BaXK/IMBUM HarnpsMKOM

[JPKeTv — penisiTUBICTCHKi CNOCTEPEXKHUX | TEOPETUYHMX acTPOi3NUHUX [OChi-
CTPyMeHi nnasmm, wo- D>KeHb. [ocnig»keHHA Liel o6nacTi BKIOYaloTb BUKO-
BAPVMBAIOTLCA 3 LIEHTPIB PUCTaHHS CMOCTEPEXKHUX OrNSAAiIB AN MOLIYKY aKTUB-

(A4ep) akTUBHUX ranakTuk,

; ; HUX A4ep ranakTuK y LLMPOKOMY Aiana3oHi CBITHOCTEN
KBasapiB, pagioranaktmk

i YePBOHMX 3MilLLIEHb, NEPeBIPKY MoAener KoCMi4HOT eBO-
NIOLIT | POCTY YOPHUX Aip, BUBUEHHS (DI3NKM aKpeLi’ Ha
YOPHI Jipv i eNeKTPoOMarHiTHOro BUNMPOMiHIOBaHHA aKTUBHUX Aep rasak-
TUK, BUBYEHHS BNacTUBOCTeN ayKeTiB (puc. 1.13) i BUKUAIB peyoBUHN 3 aK-
TUBHUX A4ep raNakTuK, a TaKoXX BUBUEHHS BMNJIMBY akpeLi’ Ha YOpHY Aipy
i KBa3apHOT aKTUBHOCTI Ha eBOJIIOLLII0 ra/lakKTUKMN.

CelithepTOBCbKA PaflioakTBHa

ralakTnka

\ ..

KBasap Naueptng

Puc. 1.13. AKTVBHa riraHTCbKa eninTuyHa
ranaktka M 87. 3 LeHTpy ranaktuku Bu-
Puc. 1.12. Knacu akTUBHUX ranakTuk pVBaETLCS PENATUBICTCHKUIA CTPYMiHb
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Tema 7. bypoBa i eBontouia BcecBity

G [izHaiiTeca 6inblue Npo Pi3Hi BUAM rafiakTuk.

G KOHTPO/bHI 3annTaHHA

1. Ynm eninTUYHI i HeNpaBUNbHI ranakKTUKKW Bigpi3HAOTLCS Big cnipasib-
HUX? [JO AKOro TUMY HaNeXXnTb Hawa [ManakTnka?

2. AKi CTPYKTYpM MaroTb raNakTukm?

3. CchopmyntoiiTe i NOACHITL 3aKOH [Mabb6na. AK 3a JONOMOrow 3aKOoHY
Fa66na MoOXKHa BUMIPATU BiACTaHb A0 ranakTuk?

4.Yn MoXKyTb Bif0yBaTUCA 3ITKHEHHS ranaktuk?

5. /Ans 4yoro JocnigpKyTb akKTUBHI Agpa ranakTtuk?

@ CnocTtepexXHi OCHOBU KOCMOJOT T
Kocmonoris (kocmoc

Ana nobynosn mogeni BcecBiTy HeobXxigHo pgaty i rpey, Aoyos —
BiANOBiAb HA TaKe 3anMTaHHS: «UU Mae BCecBIiT sikyc  BU€HHS) — posain
MEXKY Y MPOCTOPi?». HECKIHUEHHWI i Ge3MeXKHUI y mpo- S0 POHOMIL B AKOMY

- . . BVBYaKOTb BCECBIT AK uine
cTopi Ta vaci B_CE(_:BIT npusepTae Ao ce6e_y3ar_y TAM, WO onoridi
He Mae KpaiB i MICTUTb HECKIHUeHHY KifbKIiCTb 3ip Ta  poon opey —
ranakTuk. Ase B TaKOMy BiYHOMY Ta G6e3MeXXHOMY Bce-  cynepeunocri, ai
CBITI BAHMKaIOTb CYMNepeyHoCTi, SIKi B aCTPOHOMIT HAa3W-  BUHWKAIOTb Y BiYHOMY Ta
BatOTb KOCMOOTiYHUMIN napagokcamu. 6e3MexHOMy BCecBiTi

ICHYIOTb TPW HaWbiNbL BigOMi KOCMOJIOTiYHI napa-
[OKCU: (DOTOMETPUYHMIA, FpaBiTaliiHUA Ta «Tens10BOT
cMepTi» BcecBiTy.

doTOMETPUYHUI Napajokc 6yB chopmy/iboBa-
HWUIA 1744 p. wBeiuapcbKmMM actpoHomom XK. LLleso
Ta OOMOBHEHW HiMeLbKUM acTpoHOMOM |. Onbbep-
coM 1826 p. KOpOoTKO CyTb LbOro napajgokca MoXKHa
BUPa3NTU B TaKOMY 3anuTaHHI: «AKLWo BcecBiT He-
CKiHYEeHHWIA, TO YOMYy BHOYi TEMHO?». 34a€TbCA, LU0
Ha Le 3annTaHHSA BiANOBICTU Ay>Ke MPOoCTOo, afyKe 3Mi-
HY AHS | HOYi BMBYalOTb Y MOYaTKOBIN WKONi. Ane
Tpeba Nam’ATaTu: Hag HIYHOK MoBepxHew 3emni
CBITUTb 6e3niy4 3ip 6e3me>kHOro BeecBiTy, sAAKi BUNpo-
MiHIOKOTb HECKIHUYEHHY KifNIbKiCTb eHepriT, TOMYy OCBIT-
NeHHsA Bif 3ip i ranakTMk mae 6yTm He MeHLWUM 3a
OCBIT/NIeHHSA, siKe cTBOptoe CoHLe. MpoTe 3 BNacHOro
[ocBigy My 6a4mmo, LWo BHOYI He60 HabaraTo TEMHI-
e, Hi>XXK yaeHb. MaTeMaTUKM 3anporoHyBaan Taky
Mogenb BcecBiTy, B AKil MOXXKHa cnpocTyBaTh (hoTo-
METPUYHUIA NapafoKc. BeecBiT MoXKe 6y TU 6e3medk-
HWUM, ane CKiH4YeHHMM. B ogHOBMMIpHOMY MNpocTopi
TaKunii 6e3MeXXHNI CKiIHYEHHWI CBIT — Lie 3BUYaiiHe  pyc 2.1 Mogens ogHOBUMIpHOTO
K010 abo 6yab-siKa iHLWwa 3aMmKHyTa Kpusa (puc. 2.1). npocTopy BceciTy
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Puc. 2.2. Mogenb fBOBUMIPHOIO
npocTopy Bcecaity

3aMKHYTWIA ABOBUMIPHUIA NPOCTIp — MOBEPXHSA
chepun, AKa He Mae MeXXi, asle nnowla NoBepxHi cie-
pU € CKIHYEeHHOK Be/IMYMHOK (pUc. 2.2).
Mw >KMBEMO Y TPUBUMIPHOMY MPOCTOPI, | BaXK-
KO YSIBUTW CO0i TaKnii 3aMKHYTUI BcecBiT, KU He
Mae MexXKi, ane Mae CKiH4YeHHUIA 06°eM i, O0T>Ke, 06-
MeXXeHY KiNbKicTb 3ip | raakTtuk. ¥ Takomy Bce-
CBiTi HEMaE LIEHTPY, BCi TOUKM B HbOMY pPiBHOMpas-
Hi 1 y BCiX HanpsaAMKax npocTip ogHopigHniA. Ha
MpaKkTULi BaXXKKO MepeBipuUTH, Y AKOMY MpPoCTopi
MELLUKatTb SIKiCb ICTOTU, | Ai3HATUCSA, UM € MPOCTIpP
CKiHYeHHUM. FAKL0 NPOCTip 3aMKHYTUM, TO MaH-
LPIBHUK, NOAOPOXKYOUN B O4HOMY HaNpsMKY, MOXXe
34iNCHNTM HAaBKOMOCBITHIO MOAOPOXK | MOBEPHYTUCA
B TOUKY CcTapTy. B icTopii 3eMHOI LmBini3ayii nepuy
TaKy MoopoXK 34iricH1MB Mar'eninaH, siK1Uin JoBIB, LU0
noBepxHA 3eMsii € 3aMKHYTUM [4BOBUMIPHUM MNPO-
CTOPOM. Y TpmBUMiIpHOMY BcecBiTi KOCMOHaBTU Hi-
KO/ He 3MO>XKYThb 3aBePLUNTU TaKy HaBKO/IOCBITHIO
Mogopo>XK, TOMY MepeBipKY MOXXHa 3p0OUTU TiSIbKU
3a 40MOMOrow TeOPETUYHNX MIPKYBaHb.
MpaBiTayinHWn NapagoKc — KOCMOJOriyHa
npobsiema, iKka BUHUKAE i3 KNacnuyHoi Teopii T4-
XKIHHA | Ky MO>XHa chopMytoBaTy TaKUM Yun-
HOM: «Y HecKiH4YeHHOMY BcecBiTi 3 eBK/1iJ0BOIO

reoMeTpIi€er0 | HEHY/TbOBOK CepefHbOO NYCTUHOI PEHOBUHM rpaBiTaliiHnA
MOTEeHLian ycroam HabyBae HECKIHYEHHUX 3HAYEHb.

Ha paHuii MOMEHT Uel napafoKc He BUHUKAE, OCKiflbKU HbIOTOHIB-
CbKY TeOopito BCECBITHLOIO TSXIHHS, K 3’sCyBasiocsi Ha rnoyaTtky XX cT.,
He MO>XHa 3acToCOBYBaTU A5 ONUCY CUAbHUX rpasBiTaliiHMX NoNiB TA-
XKIHHS (puc. 2.3) i, 30Kpema, po3nogisy HeCKiHY4eHHOT Ki/llbKOCTI pevoBu-
HU Yy 6e3MeXXHOMY NPOCTOopI. Y LMX BUNagKax Tpeba BUKOPUCTOBYBATU Te-
Opito BigHOCHOCTI AlMHLUTalHa.

Puc. 2.3. HblOTOHIBCbKa
Teopis TAXKIHHSA HenpugaTHa
[N PO3PaxyHKY CUMbHUX
NoniB TSXIHHSA
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Mapafokc TensoBoT cMepTi. TensioBa cMepTb —
TEPMiH, WO onncye KiHUeBUIA cTaH Oyab-siKOT
3aMKHYTOT TepMoAMHaMiyHOT cuctemu (puc. 2.4).
Mpwn LBOMY HISIKOro HanpaB/ieHOro 06MiHY eHeprieto
cnocTepiraTuca He 6yge, OCKiNIbKW BCi BUAW eHep-
ri’ nepeifyTb B TennoBy. TepMoAMHaMiKa po3riis-
[lae cucTemy, LLO Nepebysae B CTaHi TeM0BOT cMep-
Ti K cucTeMy, B AKill TepMoAMHaMiIYHa eHTponida
MaKCUMasibHa.

BucHOBOK npo TensioBy cMepTb BcecBiTy 6yB
cchopmynboBaHuii P. Knaysiycom 1865 p. Ha OCHOBI
Lpyroro 3aKoHy TepMoguHamMmiku. 3a LM 3aKOHOM,
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6yab-sika (hidnyHa cuctema, Lo He 06Mi-
HIOETLCA eHeprielo 3 iHWUMK cucTema-
MU (4ns BcecBiTy B UWislIOMy Takuii 06-
MiH, 04EeBMAHO, BUK/AKOYEHNIA), NparHe
[10 HalAbiNnbLU BiporigHOro piBHOBaXKHOr0
CTaHy — [0 TaK 3BaHOro CTaHy 3 MaKcu-
MYMOM eHTponiT. Taknii cTaH Bignosigas
61 TensoBivi cmepTi BeecBiTy.

LLle A0 CTBOPEHHS CyYacHOT KOCMO/0-

riv 6ynu 3pobneHi YncneHHi cnpobu cnpo- PUc. 2.4. TenfioBa cMepTh — TEpMi,
CTyBaTW BUCHOBOK MpPO TernsioBy CMepTb LLIO OMCYE KIHLEBITA CTaH Gy/b-SKO
BcecBiTy. HaiibinbLu Bifoma 3 HAX (/yK- 3aMKHYTOi TEPMO/MHAMIYHOI CUCTEMM
TyaujiiHa rinotesa J1. bonbymaHa (1872),
BiANOBIAHO A0 AKOT BcecBiT 04BiYHO NMepebyBae B piBHOBaXKHOMY i30Tep-
MiYHOMY CTaHi, ane 3a 3aKOHOM BMMagKy TO B O4HOMY, TO B iHLLOMY MOro
Micui iHKOMIN BifbyBalOTbCA BigXWUEHHS Bif LbOro cTaHy; BOHU BifbyBa-
OTbCA TUM pigwe, Yum 6inblly 06/1acTb 3aX0N/IOKTh | UMM 3HAYHILLMM
€ CTYNiHb BigXWEeHHS.

G KOHTPO/bHI 3annTaHHs

1. o BMBYae HayKa KOCMOJOrisa?

2.Y yomy cyTb (DOTOMETPUYHOIO0 KOCMO/IOMiYHOro Napagokca?

3.MoACHITb, Y YoMy nonisirae napagokKc «TernsioBol CMepTi»? Hnum Moxk-
Ha rioro cnpoctyBaTu?

4.T10ACHITb POTOMETPUYHUI NapafoKCc 6e3MeXXHOro i HECKIHYEHHOro
BcecBiTy (napagokc Onbbepca): «AKWo BcecBIiT HECKIHUYEHHWIA, TO
YOMY BHOYi TEMHO?».

@ IcTOpiA pO3BUTKY yAB/EHb NPO BcecBiT.
MoxomykeHHS 1 eBONKOLIA BeecBiTy

ACTPOHOMIYHI AgocnigKeHHA, Wo nposognnmcb y XX cT., AOMOMOr-
NN acTpoHoMaM 36arHyTu po3fiTaHHA ralakTuK, AKe CBifUnTb Npo Te,
LLLO caM BcecBiT He 3aMLLAETbCA CTa/IMM Y Yaci — BiH 3MiHIOE CBOT Napa-
MeTpU. AKLLO BiCTaHb MiXK raslakTukamMn 3apas 36i/bLUyeTbCA, TO paHi-
LLIe BOHWM pO3TaLloBYBa/IUCh 6/1M>KYe 0fHa A0 04HOT. 3a A0NOMOIor CTanol
Fab6na mMoXkHa nigpaxyBaTu, KONU BCi ra/lakTUKM [0 noyaTKy po3Luu-
pPeEHHS MOrnuM nepebyBaTy B 0AHIM Touli. MOMEHTOM rMoyaTKy pPo3LUMPEH-
HA BcecBiTy € Benukuini Bubyx, aknii nos’asaHnii i3 Bikom T BcecBiTy:
T=1/H.

Ha nepwwii nornsag 3gaetbed, WO ANs nobyaoBu Teopil eBontouit
BcecBiTy BenmMKe 3Ha4YeHHS Mae BM3HaYeHHA Micusa Benukoro Bubyxy
(puc. 3.1). Axkbu Bennknii Buoyx 6yB npouecom, siKUii Haragye Bubyx
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BvnpomiHioBaHHS
PEeniKTOBOro (hoHy

TemHi Biku
Mepwi 30pi

dopmyBaHHSA ranakTuk,
nnaHeT Ta iH.

P0O3BUTOK ranaktunk

CKynueHHsA ranaktmk

Puc. 3.1. Komm'toTepHa Mofenb po3BUTKY BcecBiTy Bif Bennkoro Bubyxy 40 HaWoro vacy

Benvkuii Bnbyx —
TEPMiH, 3a AOMOMOro0
AKOr0 06’€AHAHO Cy4acHi
YSAB/IEHHS NMPO NOYaTKOBI
cTafji po3BUTKY BcecsiTy,
LLIO MOSACHIOKTb 10r0
€BO/IILiH0 | BMACTUBOCTI

60M6UM, TO MOXKHa 6y/1I0 6 BM3HAUYUTKU MicLe L€l nogair.
HacnpaBgi po3wmnpeHHs1 BececBiTy BK/KOYAE He TiNlbKK
po3niTaHHA caMUX ralakKTUK BiHOCHO KOCMiYHOIo Npo-
cTopy, a i 3MiHy napameTpiB camoro BcecsiTy. IHWMMK
cnoBamm, raslakTUKN He NeTATb BIAHOCHO pewuTn Bcee-
CBIiTYy, TOMY LU0 cam BcecBIiT TeXX po3LIMproeTbCA. Ta-
KM YMHOM, KOHKPETHOro Micus, ge ctascs Benukunia
Bunbyx, y BcecBiTi He iCHYE, TaK camMo, SIK HEMA€E LIeHT-
pY, Big SIKOro BigfansitoTbCA ranakTuKu.

3a cyvyacHUMM gaHmmun, ctana Fa6bna H = 70 km/(c - Mnk), To6T0 Be-
NKUin Bnbyx mir Bigbytmcsa npnbnnsHo 15 mapg pokis ToMmy. AKLL0 Bpa-
XyBaTu, WO BiK HaWOl ManakTMKy He Moxke ByTu 6inblUMiA 3a BiK Hali-
CTapilmMX KYAACTUX 30PSAHUX CKYMYeHb, L0 ICHYHOTb Y>Ke noHag 13 mnpa
POKIiB, TO LIHO LIUPPY MOXKHA TaKOX BBXKATU 38 HUXKHIO MEXKY BiKYy Hallo-

ro BcecsiTy.

"onoBHi epu B icTopiT BeecBiTy. BcecBiT Ha NoyaTKy iCHyBaHHS MaB Ha-
CTi/IbKV MaJ/leHbKI po3Mipu, Lo ToAi He 6yN0 aHi ranakTuk, aHi 3ip i HaBiTb

B ocHoBY cyyacHOIi
aCTPOHOMIYHOT KapTUHW
CBITY LWOA0 eBO/HOLi
BcecBiTy noknasgeHo
MOZAENb rapssvoro
BcecBiTy
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LLe He iICHyBaNIn eneMeHTapHi YaCTUHKK. NycTuHa i Tem-
rnepaTypa HOBOHapoA»KeHOro BeecBiTy gocaranu Takmx
(haHTaCTUYHUX 3HaYEeHb, LLIO BYEHI HABITb HE MOXKYTb BU-
3HaAYNTK, Y AKOMY CTaHi Npu LbOMy nepebyBana maTtepisi.
Lleihn noyaTKoBMI A MOMEHT HapoaXKeHHs1 BcecBiTy Hasu-
BalOTb CUHIYNAPHICTIO (Big nat. eanHuin). MNoTim ryctum-
Ha i TemnepaTypa BcecBiTy novanu 3HUXKYBaTUCh, CTaIu
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yTBOPIOBATUCA e/leMeHTapHI YaCcTUHKM, aToMU | Fa/laKTUKN. YCro icTopito
Haworo BcecBiTy MOXKHa po3giiMTy Ha YOTUPU EPU — afpOHHA, NenTOH-
Ha, BUNPOMIHIOBAHHSA Ta pevoBUHU (AUB. TabNULIO).

Epa |Bik BcecBi- Temnepa- | ['yCcTUHa,
. . Pasun eBoOLT g
BcecBiTy | Ty, pOKiB Typa, K Kr/m
1,5-10%® |CyuacHa enoxa 2,7 5.10%
1,210 | BUHUKHEHHS XXUTTA Ha 3emni
10 dopmyBaHHS COHAYHOT cUCTEMU
6-10° YTBOPEHHSA NEPLUNX 3ip
. 9 T —26
ESIOETE 5-10 YTBOPEHHSA Hallol [anakTuKun 10
o 10° KBazapu
3108 IMossBa XmMap BOAHIO Ta resito
10° YTBopr_omec;l atomu FigporeHy 10-13
Ta lenito
3.10° CDopmyBUaHHﬂ PeUoBMHM. BcecsiT 3 10-10
CTa€e HeMTPa/IbHUM | TEMHUM
Bunpo- 300 c KiHeub epy BUNMPOMIHIOBaHHA 10
MIHIO- YTBOpOKOTLCSA Aapa deinTepito Ta a G
BaHHA e lenito 10 10
ENEeKTPOHM i NO3UTPOHN B CTaHi
JlenToH- . . .
Ha 10-%c TensioBOi piBHOBarv 3 BUMPOMI- 10
HIOBaHHSAM
1077 ¢ PO3,CI,IJ'I?HHFI €/1eKTPOMArHITHOT Ta 10t
cnabkoi B3aemoail
AgpoHHa| 107'°c | YTBOpPeHHS HEMTPOHIB i NPOTOHIB 10?7
1032 ¢ |BigaineHHs cUNbHOT B3aeMoail
10“ ¢ |BigaineHHs cun rpasiTauil 10%2 10%
Yci yotnpu pyHaaMeHTas1bHI
CUVHrYy- 0 cunu 06’efiHaHi B €4MHY. Po3Mmi-
NAPHICTb pu BcecBiTy HabNMXKyOTbLCA A0
Hy/15

] Ona ponutnnemx

I3 (hi/locohCbKOT TOUKM 30pY, MidK efleMeHTapHUMW YaCTUHKaMu Ta
e/1eKTPOMarHiTHUMU XBUNSIMU HEMAE CYTTEBOI Pi3HULLI, af>Ke BCe CyLLe
B MPUpPoAi € maTepieto. Asie 3 PiSUYHOT TOUKM 30pYy NPUHLMNOBA PI3HU-
UA MDK LMK BUZamMn MaTepil noasrae B TOMy, LU0 LUBUAKICTb eleMeH-
TapHUX YaCTUHOK (E/IEKTPOHIB, MPOTOHIB, HEMTPOHIB), 3 AKNX YTBOPEHI
30pi, NNaHeTn i, HapewTi, MU 3 BaMW, HIKOMIN HE MOXKe JOCATrTU LUBUJ-
KOCTI CBITNa, Yy TOW Yac K KBaHTU e/IEKTPOMAarHiTHUX XBW/b HiKO/IN He
MOXXYTb MaTu LWBUAKICTb MeHLLY, HI>XK LUBUAKICTb CBIT/A.

107



Puc. 3.2. PeniktoBe BUMPOMIHIOBaHHS — KBaH-
TV CBIiT/a, WO yTBOPUANCA 15 MApA POKiB TOMY.
BoHu Bigainunucs Bif enemeHTapHUX YaCTUHOK
i noYany camocCTiliHe NOLIMPEHHS Y BCecBiTi
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PeniktoBe (hoHOBE BUMPOMIHIOBAHHS
(puc. 3.2, 3.4). Ti KBaHTU eleKTPOMarHiT-
HOro BUNPOMIHIOBaHHS, LU0 BifipBanucs
Bif enemMeHTapHUX YacTUHOK B epy BUMpPO-
MiHIOBaHHSA, A0X0AATb A0 3em/i 3Bigycinb
i BignoBsigaloTb eneKTpoMarHiTHoOMy BU-
MPOMIHIOBaHHIO YOPHOrO TiNla 3 Temrepa-
Typoto 2,7 K (puc. 3.3).

Ha noyaTky icCHyBaHHA KBaHTU Masu
BE/INKY €Heprito, ToOMy BUMPOMiHIOBaH-
HA BifgdyBanocs y BUCOKOYACTOTHINM ya-
CTUHI cneKTpa eneKTPoOMarHiTHUX XBUIb
y ramma-gianasoHi. I3 yacom ramma-
KBaHTW BTpayanu eHeprito, ToOMy [JOBXKU-

Ha efleKTpOMarHiTHUX XBU/b 36inbLUyBasiacs, i Yyepe3 10° pokiB nicnsa
Bennkoro Bnbyxy mMakcMmym BUNPOMIHIOBAHHA NpuNagaB Y>ke Ha BU-
OVMY 4YacTUHY CneKTpa — ToAi Monoamii BececBiT cnpaBai MaB BUMNsg,
SACKpaBOT BOFHAHOT Ky/i Ta 6yB NogibHMIA 0 BUOYXY siiepHOT 60MOU.
Uepe3 10 M/IH pOKiB MaKCUMYM BUMNPOMIHIOBaHHSA BXXe pOo3TalloByBaB-
cA B iH)payepBOHIV YacTUHI CNEKTpPa, a vepe3 14 mMapa PoKiB cepeaHsi

Benukuit Bubyx

" 15 minbapgis
(cborogHi)
.
 30pA
ranakTmka

* 10 minbsApais

A5 npotoranakTHka
¥ <
A

<2 MinbApau
KBa3api
aTomu

Puc. 3.3. Yum gani Big 3emsi po3MiLLyeTbCS KOCMIYHWIA 06'€KT, TUM MOMOALUMM MW AOr0 6aun-
MO, a[pKe CBIT/NO Bif HbOTO JOCArae NoBepxHi 3emni Yepes MiNbAPAM POKIB. Ha Mexi BUanmMoi
yacTuHu BeecBiTy 3 BigcTaHi 10 MApA CB. POKIB HAAXOAUTL BUMPOMIHIOBaHHS, ke YTBOPWUIOCS
3a yaciB Benmkoro Bubyxy. Ha BigctaHi 5 Mipg CB. pOKiB MM 6a4MO KBasapW, 3 AKMX NiHiwe

(hopMyHOTbCS ranakTUKu
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TemnepaTypa BcecBiTy 3meHLwwmnaca ao 2,7 K,
TOMY 3apa3 MakCMMyM BUMPOMiHIOBaHHSA Me-
pebyBae B pajiogiana3oHi Ha XBWi 3aBA0BXK-
K1 1 MM. IHTEHCUBHICTb i YacToTa TaKoro Bu-
MPOMIHIOBaHHS He 3asieXkaTb Bif HanpsiMKy,
i Lle cBigunTb NMpo Te, L0 CepefHA Temnepa-

Typa BcecBiTy nosctoau ogHakosa. LlikaBso, Puc. 3.4. AHi30Tponis penikToBoro
Lo nepe,q6aq|/|B iCHyBaHHFI rapsA4oro paHHbLO- BUNPOMiHIOBaHHS 33 AaHUMK

ro BcecBiTy e 60 p. TOMY ypoa>KeHeLb MicTa

cynyTHuka WMAP

Opecu I'. T'amos (CLUA), ane 3apeecTpyBa/iv

Li penikToBi efleKTpoOMarHiTHI XBuUi Ti/IbKK PenikToBe BUNPOMIHIOBaHHA —
B 1965 p. BUMNPOMIiHIOBaHHS BcecBiTy, sike fo-

MaibyTHe BcecBiTy. ['paBiTaLiiHa B3ae-
MOZAISl PEYOBMHM B MaibyTHbOMY MOXXe 3MeH-

MiHY€E B Ajiana3oHi JOBXMWH XBW/b Bif,
MiniMeTpiB 40 MeTpa

LWUNTK WBUAKICTb PO3LUMPEHHS BcecBiTy. Bu-

ABNAETLCA, AKLLO CepeaHs rycTUHa BcecBiTy Mae KpUTUUYHe 3HAYeHHS
51072 kr/m3, a ctania Na66na H = 70 km/(c - MnNK), po3LLUMPEHHA MOXKe

BigbyBaTunCs Bi4HO. Po3paxyHKN NOKa3yTh, L0 MabyTHSA
[onsa Haworo BeecBiTy 3a1eXXnTb Bif 3HaUeHHS CripaB>XHbOT
cepefHbOT NYCTUHW LWOAO0 KPUTUYHOT TYCTUHU Py. MOXKYTb
6yTn TpU cueHapil MaibyTHLOro PO3BUTKY MOAIN:

1) p <po;

2) p > po;

3) P = Po- ) ) )

Po3rnaHbmo ui mogeni MoXX/MBOT €BOJIOLLIT HaLoro
CBITY:

1. Akuwo cepefHA ryctuHa BeecBiTy p < py, TO rasiak-
TUKK OyAyTb po3niTaTuUCA BiYHO, | B MalibyTHbOMY Temrepa-
Typa POHOBOro BUNPOMiHIOBaHHSA NOCTYMOBO Oye 3HU>KYBa-
TUCb, HABNMXKYHOUMCL 0 abCONMOTHOrO HY/A, 8 MaKCUMyM
BUMNPOMIHIOBAHHA 3 4YacoM Oyje 3MilllyBaTuUCh Yy caHTUMe-
TPOBUIM | METPOBUIA Aiana3oHn efleKTPOMarHiTHUX XBWUJIb
(puc. 3.5). Takuii BececBiT Ha3uBalTh BiAKPUTUM, BiH He Ma€e
MeXi Yy MpocTopi 1 MOXKe iCHyBaTW BiYHO, MOCTYMOBO MNepe-
TBOPIOKOUYNCh Ha HiLLO.

2. FKLL0 B KOCMOCI BUABUTLCA 3HAYHA NMpuxoBaHa maca
i cepefHs rycTuHa 6yfe p > p,, TOAI po3LLMpeHHsT BcecBiTy
yepes AeAKUIA Yac NpUNUHUTLCA. Taknii BeecBiT Ha3nBaloThb
3aKpUTUM — BIH HE Mae MeXKi y NpoCcTopi, asie Mae novYaT oK
i KiHelb y vaci (puc. 3.6).

Uepe3 Kisibka MinbspaiB pokiB po3biraHHA ranak-
TUK MO>Xe 3YNUHUTUCA, & NOTIM NOYHETLCHA CTUCKYBaHHA
BcecBiTy, TOMYy L0 rpaBiTayiiHa cunia 3aMyCuTb FralaKTUKun
36/IM>KYBaTUCh. 36NMXKEHHSA raflakTUK Nnpu3Beje o Tpariy-
HUX HacMIAKIB A1 YXUBUX OpraHiamiB, OCKIiNIbKN eHeprisi

[

C B
A+ B + C < 180°

Puc. 3.5. Y Bigkputomy
BcecsiTi cnpaBeg/vea
HeeBK/ifoBa reomeTpis,
KONW cyma KyTiB Y Tpu-
KYTHWKY MeHLua Bif 180°

A+ B + C = 270° > 180°

Puc. 3.6. [Ins 3akpuTOro
BcecBiTy € NpaBuIbHOKO
HeeBK/ifoBa reomeTpis,

KON cyma KyTiB Y Tpu-
KYTHUKY 6inblua 3a 180°
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¢hoHOBOro BUNPOMIHIOBaHHS | TeMnepaTypa BcecBiTy 6yayTb 3pocTatu
(puc. 3.7). Hebo no4yHe cBITUTUCSA crnovaTKy YepBOHUM KOJ1IbOPOM, a Mo-
TiM cTaHe cUHiIM. TemnepaTypa 3pocTe HacTi/IbKU, L0 BCi XXUBI IiCTO-
TU 3arviHyTb, NOTIM 3HUKHYTb 30pi, MAaHeTn, eneMeHTapHi YaCcTUHKWN,
i BcecBiT 3HOBY NepeTBOPUTLCA Ha PEHOBUHY 3 HaA3BUYAMHO BEIVKOLO
rYyCTUHOIO.

Puc. 3.7. EBontoList 3aKkpuTOro BeecBiTy. Takuii CBIT 36i/bLUYETLCSA 40 NEBHUX MaKCMMaslbHUX PO3-
MipiB, NiCNs YOro ranakTukn NOYHYTh 36/1MKyBaTUCh. [OYaTOK i KiHeLb Takoro BcecBiTy mMatoThb
HeCKIHYeHHO BenNKy TeMnepartypy i rycTuHy

3. IcHye TaKoXX iMOBIpHICTb TOro, WO cepefHsi rycTuHa BeecBiTy go-
PiBHIOE KPUTUUHIM FYCTUHI p = p,. Y LbOMY BUNAAKY 6E3MEXXHUIA Ta He-
CKiHYEHHWMIN BcecBiT Mae Hy/TbOBY KPMBU3HY, i 4151 HBOTO cnpaBesinBa reo-
mMeTpia Eskniga (puc. 3.8).

FanakTukKM 6yayTb po3niTaTtuca BiYHO, TeMneparty-
pa BcecBiTy 6yae Bi4HO Hab/IM>KyBaTUCSA A0 abCOMOTHO-
ro Hyns... Lleii cueHapiin eBontouil LiKaBuii We i TUM,
L0 NMpW HbOMY 3arasibHa eHepris BcecBiTy 3anumLiaeTb-
csA piBHOW Hynto: EK + En = 0.

To6TO AKLLO BBaXKaTW NOTEHLLia/IbHY eHeprito TsHKiH-

n

HA HEraTMBHOO, a KIHETUYHY eHeprito pyxXy — Nno3nTuB-
HO0, TO BCECBIT MIl BUHUKHYTW 3 HIYOro y pisnyHomy
60° " BaKyyMi SIK JUBOBU>XHE 30ypeHHs, TOMY 3 4acoM BiH TeXX
MO>Ke NepeTBOPUTUCA Ha HILLLO.

CyuyacHi cnocTepe>keHHs1 NigTBepAKYTb ICHY-

g A BaHHs1 y BcecBiTi NpMXoBaHOi Macy (Tak 3BaHa TemMHa

MaTepif), sika 3ocepegkeHa B Tiflax, W0 BUMPOMIHIO-

IOTb HE3HAYHY eHeprito y BUTSAi eNeKTpoMarHiTHUX

A+ B + C = 180°

Puc. 3.8. Y reomeTpii EBkniga
napanensHi Npsmi He

NepeTUHaKTLCA, a Cyma KyTiB
y TPVKYTHUKY AopiBHioe 180°
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XBWUJ/Ib — YOPHI Aipu, nysnbcapu, HEMTPUHHE BUMPOMI-
HIOBaHHA, rpasiTauiiHi XBui Ta iH. ACTPOHOMM, AKI
3alimaloTbCsi MpobsieMaM KOCMOJIOT T, 3arponoHyBanm
rinoTesy LLOAO0 iCHYBaHHSI HOBOFO K/acy efleMeHTapHUX
YaCTUHOK, AKUM [ann TaKy YMOBHY Ha3By — Cnabko



Tema 7. bypoBa i eBontouia BcecBity

B3aemogitoui MacueHi HacTnHku (CBMUY). Takuii BeecBiT Haragye Kas-
KOBY NTuULo PeHikc, AKa nepioguyHo 3ropsie, a rnoTim i3 noreny Bigpo-
[>KYETBCA MOJIOZ0H0.

( Ona ponutnmeux

OcTaHHI JocnigkKeHHs pyxy 3ip y rafiakTukax nigTBepayKyroThb ri-
noTe3y NPo iICHYBaHHA K/lacy eneMeHTapHMX YacTUHOK i3 MPUX0BaHo0
Macoto, SKi OTPpUMa/In Ha3By TeMHa MaTepis. Kpim Toro BUsAB/IEHO, LU0
B MIDKIFa/TaKTUYHOMY MPOCTOPI iICHYKTb CUJIbHI MOMS HEBIZOMOT NMPUPOAN,
AKi aCTPOHOMW Ha3Ba/IM TEeMHOI0 eHeprieto. HoBITHI rinotesu npunycka-
l0Tb, L0 B HaLl Yac 3a [0MoMOrot TesleCKornis My criocTepiraemo Tiflb-
Kn 5 % matepii BcecBiTy, a 95 % npunagae Ha 3aragKosi nNosig TeMHOoI
eHeprii Ta TeMHOI MaTepil, AKa He BUMNPOMIHIOE e/IeKTPOMArHiTHI XBUJi.

[LizHaiiTeca 6inbLue Npo Teopito Bennkoro Bnbyxy.

KOHTPO/bHI 3annTaHHs

1. Aka pgons 3akpuToro BeeciTy?

2.0nnwiTh Mogens rapsyoro BeecBiTy.

3.Y YoMy nonsirae CyTHICTb TeopiT BcecBiTy, AKNIA PO3LLMPIOETLCA?

4. T1po wo cBigunTb penikToBe BUNPOMIiHIOBaHHA BcecBiTy?

5.TManakTnkKa nepebdysae Ha BigctaHi 100 MnaH NK. O64YNCNiTb, CKiNlbKKN
POKIiB N1IeTUTL CBITNO Bif HET Ao 3emMi.

6.3 AKOK LWBNAKICTIO BiAa/IAETLCA Bif HAC raslakTMKa, sKa po3TaLlo-
BYETbCS Ha BiacTaHi 10° ¢B. pokiB Bif 3eMni?

B BrkKoHaliTe TeCTOBI 3aBAaHHsI i3 aBTOMATUYHO NEPEBIPKOID
Ha caliTi «|[HTepaKTUBHE HaBYaHHS».

BuCHOBKM. BCECBIT Mae CK1aaHy KOMipyacTy CTPYKTYpPY, Y SIKilA Bij-
OyBa€eTbCA rpaBiTayiiHa B3aeMopisi BCiX KOCMIUYHMX Tisl. 30pi yTBOPIOKOTb
BE/INYE3HI CKYMUYEHHS, AKi HaTiUylOTb COTHI TUCAY | MifIbIAOHN 06’ EKTIB.
Y cninibHOMY MOoJTi TSXKIHHA Fa/1laKTUK PO3TaLLOBYHOTLCA COTHI MifbAp-
[iB 3ip, SKi 06epTaloTbCA HABKOJI0 CNI/IbHOIO LEHTPY. ManakTuKm Texx
YTBOPKOKOTb OKPEMI CKYMYEHHSA, YTBOPIOOThH CTPYKTYPU, L0 HaragytoTb
Be/NYEe3HI CiTKU 3 BO/TOKOH.

KocmonoriyHi napafokcy — cyrnepeyHocTi, AKi BAHNKaTb Y BiYHO-
My Ta 6e3Me>XHOMY BcecBiTi. ICHYOTb Tpy HalibifbLL BigOMi KOCMOJIO-
rivyHi napagokcn: POTOMETPUUHWI, rpaBiTaliiHNIA Ta «Tenna cMepTb»
BcecBiTy.

EBontouia BcecBiTy noyanacsa 3 Bennkoro Bubyxy Hag3smyaiiHo
W inibHOT MaTepiT 13—20 mnppa poKiB TOMY, KON CTal0Ccs 3arajgKoBe pos-
LLIMPEHHA KOCMIYHOIo NMpocTopy.
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Tema 8. XXutrta y BcecsiTi

@ loanHa y BcecBiTi. AHTPOMHWIA NPUHLUMN

JTiognHa y BeecBiTi. 3arasibHi XapaKTePUCTUKM XXUBUX ICTOT MOXKHA
onucaTy 3a [OoNOMOror AeAKNX TePMiHIB TeopiT CKNagHMX CUCTEM, NOBeLiH-

Puc. 1.1. Nanytor AHK,

3a [J0NOMOrOt0 IKOr0
3anucyeTbes i 36epiraeTbecs
iHpopmavis npo

XXUBWIA OpraHiam

Ky Ta eBOJIIOLII0 SIKUX BUBYAE HayKa CUHepreTuka. Yci
>KMBI ICTOTU 3a 4OMOMOroK0 reHiB CTBOPHOKOTHL Be/INYes-
HUIM 06’eM iHDopMaLiT, AKa 36epiraeTbcs i nepegaeTbcA
Hawagkam (puc. 1.1). O6car iHdopmayii, SKnii 36epi-
rae TifIbKW 0fiHa KNIiTUHA XXNBOIro OpraHiaMy, OLiHIOETb-
cs B 102—10% 6iT. N9 nopiBHAHHA Haragaemo, Lo 06-
cAr iHopMaLil, Ky 36epiraloTb cydyacHi KOMMN’IOTEPHI
ONCKN, Y MiNbApav pasiB MeHLLWIA.

BionoriyHa eBonoLifA >XUBUX OpraHiamiB Bifby-
BaETbCA Yy HaNpAMKY 36i/1bLUEHHA 0b6cAry iHopmauy,it,
AKWIA NepefaeTbCcs HallagkaM. Hanpuknag, 3arasibHa
Maca ycix >usux ictot 100 m/H pokiB Tomy b6yna He
MeHLLIa, HI>K Maca Cy4acHUX >XMBUX ICTOT, asie 06¢Ar Ho-
BOT iH(hopmaLiT, AKOK BOJOAI€ Halla umBinisaLia, y mi-
NbApAW pasiB 6inbLKA, HIXK IHGopMaLis, Lo 36epirana-
CA Y BefleTeHCbKUX Tislax ANHO3aBpIiB.

IFraHTCbKUA CTPUOOK Y 36i/bLUEHHI MOTOKY iHOpP-
MaLit Bigoysca 100 TUC. pOKiB TOMY 3 MOABOK PO3YMHOT
nogHu — Homo sapiens. bionorn foBoasATb, WO Tofi
Ha 3emni napanenbHo iCHyBau ABa BUAN PO3YMHUX J1t0-

[leli — KpOMaHbMOHLL Ta HeaHAepTasbLi. Xoya HeaHaepTasbLi 6ynn di3ny-
HO CU/IbHI Ta MOTYTHI, ane nNij vyac Nb0L0BMKOBOr0 Nepiogy BOHU 3arvHy/u.
BW>KnNn KpomaHboHL, SIKi HABUM/IMCA He TilbKK fobyBaTu Ta 36epira-
TW BOrOHb, a I NepefaBaTn CBOT 3HaHHSA Hallafkam, To0TO nepejasaTu iH-
thopMaL,ito 3 MVHY/I0ro B MaibyTHE He TiNIbKU 3a AOMOMOroH reHis. Maii-
>Ke BCi TBapuHU ANns 06MiHY iH(hopMaLield KOPUCTYIOTbCA 3ByKamu, ane

CuHepreTMKa — Hayka,
1|0 BUBYAE 3aKOHM Ta
€BO/IOLLII0 CKNagHUX
cucTem

YXnBuiA opraHiam —
CK/agHa BigKpuTa cmctema
3 XIMIYHWX i 6ioN0riYHUX
CMONYK, SIKa Ma€ BUCOKY
CTYNiHb YNOPSAAKOBAHOCTI
Ta 36epirae BEMYE3HWI
06’eM iHthopmaLlii Npo
cebe i HaBKOMMLLHI CBIT
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TiNlbKX PO3yMHa foguHa A1 36epeXkeHHS iHhopMaLLit
rnoyasia 3acTocoByBaTW Pi3HOMaHITHI 3HaKN i CUMBOJIN,
AKi 3 YacoM NepPeTBOPUINCS Ha NMUCEMHICTb.

3aBAsKKM KOMMN’lOTepaM Ha cy4vacHoMy eTani pos-
BUTKY HaLUOT UMBIiNi3ayi’ TeX CrnocTepiraeTbCa 3Ha4YHe
30i/IbLLUEHHSA MOTOKY iHQopMaLLiT, AKOK BOMOAIE NOA-
cTBO. 3a gonomorow AMC My novann 36mpatun iHdop-
Mauito Ha anieKnx nnaHetax ta NnpucTynunmn go 6esno-
cepefHixX NOLYKiB No3a3eMHUX (DOPM XKUTTS.

AHTPOMHMA NpuHUM. XKUTTH € OHIE0 3 BETMKUX
TaeMHULb BcecBiTy. Mun 6a4nmo Ha 3eMni pisHOMaHITHI
>KVBI OpraHi3amu, asie Hi4oro He 3HaemMo Npo iHLWWi gopmun



Tema 8. KutTa y BcecsiTi

XKUTTA Ha YY>KMX NNaHeTax. Yci XXUBI iICTOTU HapOa>Ky-
HOTb AiTel, a NOTiM paHo Yn Mi3HO BMUpaKTh, TOOTO re- o o
. R HayKOBUW NpUHUNUM, KU
PETBOPIOIOTLCH HA HEXKMBY MaTepito. Ane Ha 3emni we CTBEPKYE, U110 ICHYBAHHS
HIXTO He cnocTepiras 6e3nocepefHe 3apPOIXKEHHS XKUBUX  wyTTs 3HAYHO 3aNEKUTL
6I0NOriYHMNX KNITUH i3 HEXXMBUX XIMIYHUX CrONyK. 13 Big Hali3aranbHilmx
LbOro NpmMBoAy aHrniicbkuii 6ionor ®. Kpik BUCNOBMB-  BAAcTUBOCTEl Beecsity
€ Tak: «Mun He 6a4MMO LLINAXY Bif NepBicHOro 6ynbio-  Bigkputa cuctema
HY 10 NPMPOAHOIO A060pY. MOyKHa AiATU BUCHOBKY, L0 OBMiHIoeTbCA
NMOXOPKEHHS XKUTTSA — [MBO, a/le Lie CBiUNTb Nnile Npo 3 HABKONLIHIM _
Halle He3HaHHS». ACTPOHOMIYHI CMOCTEPEXKEHHS NMOKa- ::?s(ggz:lnu;&ingsepnew
3yH0Thb, L0 NapameTpu opbiTy 3emni, Ti Maca, pagiyc i Xi-
MIYHUWI cKNag Hanbinbl CNPUATAMBI AN iICHYBaHHS
XUTTA. [15 LbOro TakoXK noTpiéHe ctabinibHe CoHLE, AKe MPOTAroM Kislb-
KOX MifbApAiB POKiB Maii>Ke He 3MiHKBas10 CBOET CBITHOCTI. HaBiTb po3Luu-
peHHS BcecBiTy TeXX CrpUsie iCHYBaHHIO XXUTTS, afXke Y (pa3i CTUCKYBaHHS
CMepTe/ibHe KOPOTKOXBW/1bOBE JOHOBE BUMPOMIHIOBAHHSA MOI/10 6 3HULWM-
TW BCe XKMBe. BUHMKae Take BpadKeHHS, LU0 BCe CYLLEe B KOCMOCI ICHYE A/
TOro, Wo6 Ha 3eMi XXUNu po3ymMHi itogn. Takum YMHOM, 6yna chopmysibo-
BaHa (hisiocopcbKa 0CHOBa KOCMOJIONiT — aHTPONHUIA npuHUmMn (BiA rpew,.
antropos — ntoguHa): «Mwu cnocTtepiraemo BcecBiT TakuM, AKUM MU i0ro
6a4urMo, TOMY L0 MU iICHYEMO». TO6TO, MOXKe, [1eCb Y KOCMOCI ICHYIOTb CBI-
W 3 IHWKMMW NapamMeTpamMun, asie TaM HemMae pPo3yMHUX iCTOT, AKi MOrnu
6 onucaTun cBOE OyTTA | NepeaaT Lo iHhopMaLito 3 MUHY/I0ro B MaibyTHE.
MporHo3u eBONOLIT THOACBKOT UuBini3ayii. Yac icHyBaHHA OKpemMoT
umMBiNi3ayi’ TeXk Br/vBae Ha BU3HAUYEHHS 3arasibHOT KisIbKOCTI UmBini3a-
uii y Manaktuui. Hanpuknag, y CepeHboBiuYi, KONU cepegHsi TpMBanicTb
XUTTA noguHu 6yna 20—30 pokKiB, KifbKICTb HacesneHHA 3eMi He rnepe-
BuLyBana 100 MH ocib, i TiNbKM HanNpUKIiHL XX CT., KO/IM 3HA4YHO 3pic
cepefHi BiK ntofgen, HaceneHHA 3eMAi CArHYNo 3a 6 mnpa. CKinbKy yacy
MO>Ke iCHyBaTu OKpemMa LmMBini3auisa, M1 He 3HaEMO, af>ke cnocTepiraemo
Ti/IbKN 3a PO3BUTKOM M0ACTBA. ICHYOTh KiflbKa HayKOBUX OLLiIHOK TpuBa-
NIOCTI >KUTTA umMBINi3auii. 3a Tak 3BaHOM0
MecMMIiCTUYHOK TOUYKOK 30py cepefHs
TpUBaJIiCTb iICHYBaHHA OKpeMol i30/1b0Ba-
HOT umBinisauii He nepesuiye 10 000 po-
KiB. BignoBigHo A0 Li€l LWKain 3eMHa Ln-
Bini3auist HAbIMIXKYETLCA A0 CMEPTI, afyKe
NIOACTBO 3ITKHYNOCA 3 LM pagomM npo-
6nem, AKi MOXXYTb NpPU3BECTU [0 KaTa-
CTPOivHMX HacnigKiB.
Y4eHi, AKi MawTb iHWY, He TaKy
6e3HafiliHy TOUKY 30py, BBaXKakTb, L0
BCi Ui npo6nemn B MalbyTHbOMY MO-

XKyTb OyTW BUpiLLeHi, TOMY OoNTUMIiCTNY- Puic. 1.2. ONTUMICTMYHA OLiHKA TPUBAIOCTI
Ha OuiHKa TPUBA/IOCTI ICHYBaAHHSA HALLOI  icHyBaHHs Hawoi umBinisauii — 100 000 pokis

AHTPOMHWIA NPUHLMN —
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Tema 8. KutTta y BeecsiTi

Puc. 1.3. KatacTpogiyHe 3iTKHEHHSA 3 acTepoifoM abo KOMETOK MOXe MPU3BECTW A0 3arnbeni
uyBinisauii

umBinizaui’i — 100 000 pokiB (puc. 1.2). To6To 3a Ui€e0 WKaio Hala
umBinizauisa TiSIbKN HapomMKYETLCS, | B MailbyTHBOMY Hac YeKae PO3KBIT,
OCBOEHHST MI>K30pPSAHOro NpPOCTopy Ta 3ycTpidi 3 iHOMNNaHEeTHUMMK UUBI-
nisauiamu.

OCHOBHI NPUYMHK, AKi MOXKY Tb BUK/IMKAT W 3arnbesb Hawloil
umBinisauit:

1. EkonoriyHa KatacTpoda, sika MO>Xe BUHUKHYTU BHacNifoK 3abpya-
HEHHS1 HaBKOJINLLIHLOIO CepesoBMLLA NPOMUCIOBUMU BigX04aMWN Ha-
WX nignpuemMcTB.

2.3MiHa kiMaTty Ha 3emni yepes 36i/bLLUEHHA KiSIbKOCTI BYT/1eKNC/I0r0
rasy B aTmocgepi, 36i/bLLUEHHSA NapHUKOBOro epeKTy Ta NiABMLLEHHS
Temnepartypu.

3. 36iNbLUEHHST 030HOBUX Aip B aTMocdepi MoXKe BUKIMKATU NigBULLEH-
HS YacTKWM yNbTpadioneToBoro BUNpomiHioBaHHA COHLSA, AKe focsa-
rae noBepxHi 3emsi, BHaC/MiAOK YOro MOXKyTb 3arMHyTu diopa i gay-
Ha HawoT nnaHeTn (OKPiM >XMBUX OpraHi3MiB y BoAi Ta NiJ NOBEPXHEID
3emi).

4. KaTacTpoivHe 3iTKHEHHSA 3 acTepoifoM abo KOMETOK MO>Ke Mnpu3sBe-
CTW [0 Pi3KOr0 3HVDKEHHS TeMrepaTypy Ta BUHUKHEHHST HOBOTO J1bO-
[OBMKOBOrO rnepiogy (puc. 1.3).

5. LmBinizauiss Mo>ke NOKiHYNTU XKUTTSA caMoryoCcTBOM Yepe3 aTOMHY Bil-
Hy. MogiT ocTaHHiIX POKiB MOKa3yloTb, L0 Taka 3arposa iCHye, NoKu
aTOMHa 36posi MOLUMPHOETLCS cepeq Aep>KaB, SIKi He CAPOMOXKHI 1T Ha-
NeXXHUM YNHOM KOHTPOMNIOBATU.

6. IHTenekTyasnbHa gerpafauis NOACTBa.



Tema 8. XKntTa y BeecsiTi

g KOHTPO/bHI 3annTaHHs

1.Y 4omy nonsrae CyTHICTb aHTPOMHOI0 NPUHLUNY?

2. CchopMyntoriTe MPUUMHUA, SIKI MOXKYTb BUK/IMKATU 3arnbenb Hallor -
Bini3auir.

3. LLlo Take BigKpuTa cuctema?

4. AKi NeCUMICTUYHI | AKI ONTUMICTUYHI NPOrHO3U iCHYBaHHS HaLLOT Ln-
Binizayii?

@ IMOBIPHICTb XXUTTS Ha IHWMX NaHeTax.
dopmyna [peika

IMOBIPHICTb ICHYBaHHSA XXUTTA Ha IHWUX Tislax COHAYHOT CUCTEMU [0-
CUTb HM3bKa, TOMY MOLLYKM M03a3eMHUX LMBINi3aLliii 3apa3 BeAyTbCs Mo-
6113y iHWKX 3ip. HegaBHO BUSABNEHO NOHAL TUCAYY TEMHUX CYMYTHUKIB
3ip, WO CBigYNTb MPO iCHYBaHHA iHWKWX MAAHETHUX CUCTEM, e MOXKYTb
6yTun foci HeBigomi umBinizauit (puc. 2.1).

PiBHSHHA [pelika — maTemaTuMuyHa opmysia, 3a A0MNOMOrow AKol
MO>XHa BM3HAUYMUTM YMCNO UMBIni3ayiii B Hawin MNanakTmuyi Yymaubkui
LLnAx, 3 AKMMW Y NOACTBA € LAaHC BCTYNMUTU B KOHTaKT. PIBHAHHSA 3acTo-
COBYETbLCS B TaKUX rany3sax, 9K KCeHob6ios1oris, actpocouiobionorisi Ta no-
LYK M03a3eMHOro po3ymy.

PiBHsAAHHS 6y/10 3anponoHoBaHe pagioacTpoHoMoM ®. [perikom (CLUA)
AK crpoba OuUiHUTM KiNbKICTb N03a3eMHMX UMBINi3aliii y Hawi Manak-
TULi, 9Ki MOXYTb BCTYNMUTU 3 HAMU B KOHTaKT. [[0/10BHE NpU3HAYeHHS

Puc. 2.1. BusiBneHo noHag tmucayy TEMHMX CYNyTHYKIB 3ip, WO CBigYTb NPO
iCHYBaHHS IHLUNX NIAHETHUX CUCTEM, e MOXYTb OYyTW AOCI HEBIAOMI LMBini3aLii
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Puc. 3.1. PagioTeneckonu, 3a 4ONMOMOrOH X
AKX MOXHA NPUIAMATI PagiocurHanm LLIOro BUNMpPOMIHKOBaHHA, AKE MOX>KeE 6yTI/I

Bi/} N03a3eMHUX LMBINi3aLLii Hociem iHopmaLit (puc. 3.1).
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Tema 8. XutTa y BeecsiTi

PiBHAHHA: AaTV BYEHUM 3MOrY Ki/IbKICHO OLLIHUTKY NapamMeTpu, L0 BU3Ha-
YyalTb KifbKiCTb N03a3eMHUX LMBINi3aLiii. TaKo>X BOHO TiCHO MoOB’si3aHe
i3 napagokcom depmi.
PiBHAHHA [peiika BUrnsifae TakKMM YUHOM:
N=R:-f-n-k-d-q-L,
ae:
=N — KifbKiCTb MN03a3eMHUX UMBINi3aliii B Hawlin ManakTuui;
=R — WBNAKICTb YTBOPEHHA 3ip Yy ManakTuui, ycepegHeHa NpoTsrom
yCbOro yacy 1T icHyBaHHs1 (6511M3bko 10 3ip Ha piK);
«f — yacTka 3ip, WO MatlTb MAaHETHI CUCTEMMU,
=N — CepefHA KiNbKIiCTb NAaHeT, L0 BXOAATb 40 N/IaHETHUX CUCTEM Ta
€KOJI0rivYHO NpuaaTHI [0 XKUTTSH;
=k — yacTKa nnaHeT, Ha AKX AiNCHO BUHUKIIO XXUTTS;
=d — yacTKa nnaHeT, Ha SAKUX NicNA BUHUKHEHHSA XXUTTSA PO3BUHYIUCH
ioro po3ymHi hopmu;
=( — 4YacTKa N/aHeT, Ha AKNX PO3yMHe XXUTTS Aocsro dasu, o 3abes-
nevye MOXXIMBICTb 3B’S3KY 3 iHWIMMW CBiTaMu, UmBinisauisamm;
=L — cepefHA TpMBa/iCTb iCHYBaHHA TaKMX No3a3eMHUX (KOCMiYHWNX)
umBinizawin.

KOHTPONbHI 3annTaHHsA

1. Yn BUCOKa IMOBIPHICTb XXUTTSA Ha iHLIMUX naaHeTax?
2. AK 064MNCNIOETLCS PiBHSAHHSA [perika?

MOLWYK XXUTTA 3a Mexamu 3eMii.
MnTaHHA ICHYBaHHSA IHWNX BCECBITIB. MyNbTUBCECBIT

KoHTaKTy Mi>K UuBinizauisiMy repLl 3a Bce 03HavatoTb 06MIH iH-
hopmauieto. AKwo y BececBiTi iCHYHOTb iHLWI UMBini3ayii i BOHU MalOTb
neBHMIN o6cAr iHopmauil Woao cBo-
€l YacTuHU ManakTUKU, To O6MIH iH-
thopmauiieto Mi>K HUMM MOXKe MPUBECTU
[10 3araslbHOro 3pocTaHHA iHhopmaLit,
TOMY TaKuii npouec, 3rigHo 3 Teopieto
6i0/10riuHOT eBOMOLIT, MOXKHA BBaXKaTU
NPOrpecuBHUM.

KoHTaKTu 3 iHWmMMK ymBinisayismm
MOXXYTb OYTU TPbOX TUMIB:

1. O6miH iHbopmavieto 3a goNoMo-
rol0 efIeKTPOMarHiTHUX XBWU/b abo iH-



Tema 8. KutTa y BcecsiTi

2. O6MiH iH(opmaLiieto 3a ONOMOI o0 aB-
TOMaTUUYHUX CUCTEM, KepyBaTu AKUMU 6yayTb
KOMM’t0Tepu i po6oTu.

3. 3ycTpiy >X1BUX MpeacTaBHUKIB THO-
nAaHeTHUX LuBINi3auiii.

Ha paHomy eTani po3BUTKY 3eMHOT Ln-
BiNnizayil My MOXXeMO 34iACHUTU KOHTaKTU
MepLlIoro TMNy — cy4vacHi pagiotesieckonu,

Puc. 3.2. Big 3emni nowmproeTsbes
CBOEPIAHA IHTeNIeKTyallbHa XBUS,

CMPOMOXKHI nepeAaBaTn Ta NpuiMaTy iH- SIKY BUMPOMIHIOTb 3eMHi pagiocTaHLji

thopmavnito Big umBinisayii Haworo iHTeneK-
TyasnibHOro piBHA 3 BiAcTaHi 1000 cB. pokiB. Ha Takii BigcTaHi iCHYHOTb
MifIbMOHM 3ip, TOMY BigLuyKaTu BignoBiAHMNIA 06’ €KT ANsi CANOCTEPEXKeH-
HA Qy>Ke CKNaaHo.

Y 1967 p. BrepLLe 3apeecTpyBasIv NepiognyHi CUrHaIn, SKi Hagxoau-
NN 3 MIDK30PSAHOro npocTopy, TX Ha3Ba/in nynbcapamn. AHani3 curHanis
rnokasas, LU0 My/ibcapy HIAAKOro BigHOLUEHHS 40 iHOMMaHETHUX LUBINi3a-
Lii He MatoTb, af>Ke nepioANYHI CUTHa/IN BUNPOMIHIOKTb HEMTPOHHI 30pi.
Big 3emni NowmproeTbCs CBOEPigHA IHTeNEKTYa/lbHa XBUIA, AKY BUMPO-
MIHIOIOTb 3eMHI pagiocTaHuiT (puc. 3.2). AKLL0 BpaxyBaTu, Lo NepLli pa-
AiocTaHyi’ noyanu nepegasatuy iHopmavito y kocmoc 100 pokiB Tomy, TO
Ui «PO3YyMHI» CUrHaNM NOLWNPUNUCA Ti/IbKW Ha BifcTaHb 100 cB. poKiB Bif
3emni. AKLLO Ha TaKili BiACTaHi po3TalLOBYETLCS LMBINiI3aLis HALLIOrO iH-
TeNeKTya/lbHOro piBHA, L0 OTpMMasia Halli curHaam, To BignoBiab Aiige
[0 Hac He paHiwe Hi>XK Yepe3 200 p. To6TO BCTAHOB/IEHHA KOHTAKTIB MidK
umMBini3ayisgsMm 3a AOMNOMOro eNleKTPOMarHiTHUX XBU/1b MOXKe Bii0yBaTu-
CA JOCUTL TpMBaNuUiA vac.

Hanarof>keHHA KOHTaKTIiB ApYyroro Tuny 3a AonomMorow aBToMaTuy-
HMX CUCTEM TeXX BUMarae TpuBanoro yacy. Hanpuknag, KocMidHi anapatiu
«[MioHep-10», «ITioHep-11» (puc. 3.3) i «Bosigykep-1», «Boamkep-2» vepes
MifIbIOHM POKiB BUNAYTb 3a MeXXi COHSYHOT cncTeMu i 6yayTb CaMoCTili-
HO 06epTaTUCA HaBKOJI0 LEHTPY MNanakTnkn. He BUK/IOUEHA MOXX/IUBICTb,
L0 Ui anapaTu cTaHyTb CyNyTHUKaMM AKOTCb 30pi. AKLo AMC He 3ropsThb
60n1i40M B aTMOChepi nNiaHeTn, TO iIHOMNAHETSAHW 3MOXKYTb NPOYUTATU iH-
thopmavito, AKY HecyTb Lii anapaTtu.

Y XX cT. 6yno 3ano4yaTkoBaHO npoekT SETI
(aHrn. Search of Extra Terrestrial Intelligence —
MOLUYKW N03a3eMHOro po3ymy). Llel npoeKT nepea-
6ayvaB BigNpaBUTV B KOCMOC peTesibHO 3allmnppo-
BaHe MOBILOMMIEHHA ANSA NPeACTaBHUKIB THLWINX
umvBinizauivi. BUHMKae 3anuUTaHHA: 47151 YOro Mu
BeleMO MOLUYKW iHOMNaHeTHUX umBinisayin? Yu
MO>Xe KOHTaKT i3 Mno3a3eMHUM PO3YyMOM MpUHec-
TU HaM SAAKYCb [0AaTKOBY IH(opmauito i gono-

MO>Ke NI0ACTBY BUXKMTU B LbOMy CBiTi? CnpaBa Puc. 3.3. «lioHep-10»
B TOMY, LLIO0 Halla umBinisaLia 3apa3 nepebysae nponitae noss tonitep
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MynbTUBCECBIT,

Tema 8. KutTta y BeecsiTi

Yy CBOEPIAHIN i30n1auiT, TOMy WO 3emasa 3a baraTbMa napameTpamm € Ta-
KOXX 3aKpPUTOK CUCTeMOK0. 3rifHOo i3 3aKoHaMM eBOMOLIT CKNagHMUX cuc-
TeM Yy 3aKpUTI cucTeMi 3pocTae 6e3naj i 3HULLYETLCA IH(hopMaLlis, ToOMy
3aKpuTa cucTemMa npmpedeHa Ha cmepTb. MNprUKNagom Takoi CBOEPIAHOT Ae-
rpagauii 3aKpuToi CUCTEMU € 3BMYaliHI TENNOBI NPOLECU — B i30/1b0BaHIN
KO0/16i BUPIBHIOOTLCSA TeMriepatypa i rycTmHa.

LlikaBo, L0 Liell 3aKOH 3poCcTaHHA 6e3nafy B 3aKpUTI cUCTeMi fie
i B IOACHLKOMY CYCMiNIbCTBI, TI/IbKU B LbOMY BUMaAKy MipUIOM CNY>KUTb
He TemnepaTypa, a iHjopmauisa. JlloguHa € iCTOTO CycnislbHO, | BOHA
MO>Ke 3aN1LLIATUCh NIIOAUHOK, TiNIbKN CMINKYHUYNCh 3 IHLWMMW OAbMU.

BUHMKaOTb | 3aCTEpPeXXeHHS WOA0 MOXK/IMBUX HACNiKiB KOHTaKTIB
i3 yumBinisayieto, ska nepebyBae Ha BULLOMY CTyMeHi PO3BUTKY. HAKLL0
yy>ka UmBinisayin 3a iHTeNeKToM HabaraTo Bunepeaunsia 3eM/isiH, TO BOHa
BXXEe MOXKe 3[iICHIOBATU Mid>K30psHI NepenboTu. TO6TO KOHTAKTW TPeTbOoro
TUNY MOXKYTb Bif0yTUcs i Ha 3emsii, SKLWO A0 HAC Npu-
NeTATb Yy>Ki KOCMiIUHI Kopabsi. Y ubomy BUNaAKYy BU-
HWKHe rofIoBHa npobsiemMa: 4m 3axXo4yTb PO3YMHI ICTOTU

6ararocsiT — . .. . .

rinoTeTuHa MHOXMHa Beix 3 THLLIMX CBITIB CNIJIKYBAaTUCS 3 HaMK, af>Ke MidXK Hamu
MOX/IMBUX MapasnenbH1X I HAMKU MOXKe BYyTU iHTeNeKTyanbHa «rnpipea». KoHTak-
BcecBiTiB (BK/IOUHO 3 TUM, TU MiDK UMBINi3aLiaMy MOXKYTb MPU3BECTU A0 KOH(/TIK-
B SIKOMY iCHyEMO MU). TiB — CBOEPIAHNX «30PAHUX BiiH», | M1 MaemMo 6yTH ro-

TOBI [10 UbOrO.

MynbTrececBiT. [N0Te3M WoAo iCHYBaHHA My/NbTUBCECBITY BUC/IOB/O-
Ba/IN (haxiBLi 3 KOCMOJOrIT Ta aCTPOHOMITI, isnku, inocoun. AKi npu-
nyLeHHSA BUCYBA€E CyyacHa HayKa?

YABiTb, W0 3eMHa UMBINi3aLia po3BMHynacs HacTifibKu, WO MU MO-
>KeMo cnocTtepiraty BeecBiT Big Kpat [0 Kpat. Ase BiH — YCbOro fuLe
Kpanns B KOCMiYHOMY OKeaHi, i 3a Me>XaMy Halloro noss 30py iCHYHTb
iHLWI ranakTukun, 30pi, NfaHeTn, BigaaneHi Bif Hac Ha YNCNEHHI MinbsAp-
AN CBITNOBMX POKIB. | Xo4a Hal BcecBiT BEIMYE3HWIA, Pa3oM i3 HUM ic-
HY€E Le He3/iYeHHa KiNbKIiCTb IHLWNX
BcecBiTiB. BOHW NpoCcTArHyMcA Ha Be-
NINYEe3HUX MpoCcTopax MpocTopy-yacy.
I Xoya ui BcecBiTy po3LLINPIOKOTHCA He-
MWUHYyYe i LWBUAKO, NPOCTip-vac, AKuii
TX BMILLLYE, PO3LLUNPIOETLCA Le LUBUA-
e, po3BoAsaYn X Jasi 0auH Bif O4HO-
ro, rapaHTyHuMn, L0 BOHU HIKO/N He 3Y-
CTPiHYTbCA. CaMe TaK (DOPMY/IOE HayKa
ifeto MynbTUBCeCBITY (puc. 3.4).

Ane AKWO Ue NPUNYLEeHHSa BU-
ABUTbLCA NpaBAMBUM, TO BOHO Oyae He
MPOCTO YiTKOM rinoTe3orn, a nigTeep-

Puc. 3.4. Komm'ioTepHa MOENb OfHiei {>KEHOLO ”C’_Cﬂiﬂ.?BHiCTm (hyHAaMeHTasb-
3 rinoTes Wof0 MyNbTUBCECBITY HUX 3aKOHIB CBITOOYA0BU.
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Tema 8. XKutTa y BeecsiTi

loea MynbTUBCECBITY BUHUKAE 3 (DI3NKU, He-
06XigHOT Anst onmcy BeecBiTy, SSKUA MU HUHI Cro-
CTepiraemMo i B AKOMy MeLLKaemo. Yum fani mu 3a-
31MpaeEMo B KOCMOC, TUM Jasli My 6a4MMOo B 4aci.
BinbL BigaaneHi raakTmky My 6a4Mmo Monoau-
MW, TOMY MEHLUE PO3BUHEHUMU. Y TXHIX 30psX
MeHLLIe BaXKKUX efIEMEHTIB, TX BUAUMUIA PO3MIp
MEHLLUNM, OCKIZIbKN BOHW 3a3HaIN MeHLUe 31UT-
TiB, Tam 6inbLUe cripanibHMX | MeHLUE eNiNTUYHUX
ranakTukK. TOX AKLLO MU [iAgemMo 40 MeXX Hallol
3[aTHOCTI 6a4nTn, BUSBMMO HanepLui 3opi BeecBiTy, a 3a HUM — LapUHy
TbMW, Y SIKili EAQUHNM CBITIOM Oy e 3a/IMLLKOBE CBITIHHA Bennkoro Buoyxy.

BucyBaroun igeto MynbTUBCECBITY, HayKOBL,i MPOMOHYKOTb 3p06UTK
KPOK LWe aani, ysaBuTK, WO NPOCTip, Ae BiadyBcs Bennkuin Bubyx, HecKiH-
YEHHO PO3LUMPIOETLCA. Y HbOMY MOCTIMHO HAPOAXKYETLCA 3 BMOYXIB i Bif-
[ansieTbCA OAVH Bif 0IHOro He34YMcneHHa KinbKicTb BcecBiTiB.

Take ysiBNieHHSA CBITOOYA0BU 34a€TbCA PAHTACTUYHUM, ajie BOHO MOXKe
cTatu nepwmm metagizanyHuUM sIBMLLEM, LLIO BUTIKAE i3 3aKOHIB (Di3VKMN.
MpuiHABLWIN MOro, NoAMHA BNepLle 3po3yMie 06Me>XKeHICTb TOro, 4Yoro
MO>Xe HaBUYMUTU Ti CBIT, B SIKOMY BOHa >XmBe. ICHye HeobXifgHa Ham iHhop-
Mavisi, ane M1 HIKO/IM He 3MOXXeMO 1T 0TpuMaTK, Wob NigHATY igeto fo pis-
HA HAYKOBOro hakTy. o TUX Nip y4eHi 34aTHi vLle npunyckaTtu, asne aHi
nigTBepANTN, aHi cNpocTyBaTu TOW (PaKT, Lo Hall BcecBiT — nuwie api6-
Ha YacTMHKa rpaHAio3HOro MynbTUBCECBITY, HEMOXK/INBO.

G KOHTPO/bHI 3annTaHHs

1. AKi MOXKYTb 6YTU TUNU KOHTaKTIB 3 IHWIXMK LMBiNi3auismm?

2. AKNM YMHOM MO>KHa OLIHWUTW KifbKiCTb N03a3eMHMX LMBINi3aLiii B Ha-
win ManakTuyi?

3.Y AKunii cnocib MACcTBO HAMaraeTbCA YCTaHOBUTU KOHTaKTW 3 Mo3a-
3eMHUMU LUBiNi3ayiamm?

4. Yum 3arpodkye 3yCcTpiy 3 no3aseMHUMU LMBiNisayiamm?

YKUTTS € OfIHIEI0 3 BENVKIX
TaEMHULb BeecBiTy

BukoHaliTe TeCTOBI 3aBflaHHS i3 aBTOMATMYHO NepeBipKoto
Ha canTi «[HTepaKTUBHE HaBYaHHS».

BucHOBKIN. XKNTTA — Le CKagHa BigKpuTa cnuctema XimMmivdHux i 6io-
NOTiYHUX CrOoMyK i3 BUCOKMM CTYMNEHEM YNOPSAKOBaHOCTI, AKa 36epirae
Be/INYe3HU 06°eM iHopMaLi’ Npo cebe i HABKONULLHIN CBIT. 3eMn4a 3a
6araTbMa napameTpamMm € 3aKpUTO CUCTEMOIO, TOMY MpobaemMa BUXKU-
BaHHSA JIIOACTBA M0OB’A3aHa 3 0CBOEHHAM KOCMOCY .

ManakTuKM i 06MiH iHhopMaLierd MI>DK HAMU MOXKYTb NMPUBECTU A0
3araslbHOro 3pocTaHHSA iHgopMaLii, ToMy Takuii Npougec, 3rigHo 3 Teo-
pieto 6i010riYHOT eBOIOLLIT, MOXKHA BBaXKaTW NPOrpecuBHUM. KOHTaKTun
3 IHWMU UMBINI3aLisiMy MOXKYTb 6YTU TPbOX TUTIB.
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[Mpuknagn po3B’aA3aHHA 3a4aY

3o0ps Bera poartawloBaHa Ha BifacTaHi 26,4 cB. poky Big 3emni. CKifb-
KM POKIiB neTina 6 Ao Hel pakeTa 3 MOCTIViHOW WBKMAKICTIO 30 KM/C?

JaHo: Po3B’a3aHHA:
D=26,4 cB. poKky ¢D )
¢c=300000 km/c t=7=264000 POKIB.
V=30 km/c

LLIBuaKicTb paketn B 10000 pa3iB MeHLUa,
HIDK LLIBMAKICTb CBiTNa, TOMY KOCMOHaBTWU OyayTb
netitn go Bermn y 10000 pasiB gosLue.

t=?

OniBAHI Bawa TiHb Y ABa pa3u MeHLla, Hi>XK Ball 3picT. Bu3HauTe BU-
coty CoHUSA Hag ropr3oHTOM.

Po3B’A3aHHA:

Bucota CoHUA h BUMIPIOETECA KYTOM MidK MIOLLMHOKO
rOPU3OHTY Ta HaNpPsAMKOM Ha CBiTWM0. 3 NPAMOKYTHOro Tpu-
KYTHUKa, Ae KateTamu € L (goB>XmHa TiHi) Ta H (Baw 3picT),
3Haxoaumo

h=arctg(H/L)=arctg2=63°26".

AcTepoig AMYp pyXaeTbca Mo enincy 3 ekcueHTpucutetom 0,43. Uum
MOXKe Lieli acTtepoif 3iTKHYTUCS i3 3eMnelo, AKLWO Woro nepiog obep-
TaHHA HaBkos0 CoHUA [0piBHIOE 2,66 POKy?

JaHo: Po3B’aA3aHHA:
T=2,66 poky
e=0,43

AcTepoig MoXKe 3ycTpiTuca i3 3emsielo, SAKLLO
BiH rMepeTHeTbCA 3 0opbITOo 3emni, TOOTO AKLIO Bif-
lin="2 CTaHb y nepurenii r,;,=< 1 a. o.

3a [onomMororo TpeTboro 3akoHy Kernepa BU3Ha4YaEMO BeMKY MiBBiCb
op6iTn acTtepoiga:
_ 2/3
& =a,(T/T,)"
Je a,=1 a. 0.— BenvKa niBBicb 0p6iTM 3emni; T,=1 pik — nepiog
o0bepTaHHA 3emni HaBKo/10 CoHUA.

a, =T”*=T"°=1,92 a. o.



6)

Mpviknagn po3B’a3aHHA 3agay

Op6ita 3emni Opéira a=cC + I'yn;
acTepoiaa c=ea:

rin=2a (1 — e);
CoHue r.»n=1,09 a. o.

Timin ¢ a Bignosigs. Actepoig AMyp He ne-
peTHe op6iTy 3emni, TOMy He MO-

>Xe 3ITKHYTUCA i3 3eMnelo.

Puc. M.1.

Ha skii BucoTi Hag noBepxHeto 3emi Mae obepTaTuca reocTauioHap-
HUI CYNYTHUK, KU BUCUTb Haf OFHIEK TOYKOK 3emsi?

Po3B’A3aHHA:
a) 3a [ornomMorolo TPeTboro 3akoHy Kensiepa Bu3Ha-
YaeMO BEe/IMKY MiBBICb OP6ITU CynyTHUKA:

a =a,(L/T)",

H=?

e a,=380000 kM — BesivKa niBBicb 0pbiTM Micsausa; T,=1 noba — nepiog
obepTaHHA cynyTHMKa HaBkono 3emsi; T,=27,3 nobn — nepiof o0bepTaHHSA
Micaus HaBKoMo 3eMJii.

6)

a,=41900 KMm.
H=qa, -R 535500 Kwm.

Bignosigs. eocTauioHapHi CynyTHUKM 00epTat0TbCs i3 3aXody Ha cxif y nJio-

LWMHI ekBaTopa Ha BMCcOTI 35500 KMm.

UM MOXKYTb KOCMOHaBTM 3 MOBepPXHi Micsaus Heo36poeEHM OKOM ro-
6aunTn YopHe mope?

JaHo: Po3B’A3aHHA:
D=1000 Km BusHauaemo KyT, nig sskum i3 Micsausa BuaHo
L=380000 km | YopHe mope. 3 NMPAMOKYTHOI0 TPUKYTHUKA, Y SKO-
| My KaTeTamu € BiAcTaHb A0 Micsaus i giameTtp Yop-
HOro MOps, BM3HAYaeEMO KyT:
a=arctg(D/L)=9" .

?

Bignosigb. SAKWo B YKpaiHi feHb, To 3 Micauya YopHe mope mMoXkHa noba-

unTK, 60 ioro KyToBUIA giaMeTp GiNbLUWIA BifA po3ainbHOT 34aT-
HOCTI OKa.
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Mpuknaan po3s’A3aHHA 3afjay

6. Ha noBepxHi AAKOT nNnaHeTn 3eMHOIT Fpyny Bara KOCMOHaBTIB byae Hali-
MeHLLIoK?
Po3B’A3aHHA:
P=mg; g=GM/R?,
ge G — rpasiTauiiHa ctania; M — maca nnaHetn, R — pagiyc nnaHetu. Hain-
MeHLLIA Bara Oye Ha MOBepPXHi TiET NNaHeTN, Ae MeHLLEe MPUCKOPEHHS Bi/IbHOMO
nagiHHsA. 3 dopmynn g=GM/R? Bu3Ha4aemo, WO Ha MepKypii g=3,78 m/c?,
Ha BeHepi g=8,6 m/c?, Ha Mapci g=3,72 m/c?, Ha 3emni g=9,78 m/c2.
BignoBigb. Bara 6yae HaliimeHLIoOH Ha Mapci — y 2,6 pa3y MEHLLOH, HIXK
Ha 3emi.

7. Konn, B3MMKY u4un BAiTKY, Y BIKHO BallOl KBapTUpwW oniBAHi noTpa-
nnsie 6inblle COHAYHOT eHeprii? Po3rnsaHbTe Bunagku: A. BiKHO BUXO-

ONTb Ha niBAeHb; B. BikHO BUX0AUTbL Ha cXif.

Po3B’a3aHHA:

A. KinbKiCTb COHAYHOT eHeprii, Ky OTPUMYE OAMHMLS MOBEPXHI 3a

OAVHULIIO Yacy, MOXXHa 064YMCINTM 3a JOMOMOro Takol hopmysn:
E=gqcosi,
[e  — COHAAYHa cTana; i — KyT NajiHHA COHAYHUX MPOMEHIB.

CTiHa po3TaLuoBaHa NeprneHaUKyNspHO A0 FOPU30HTY, TOMY B3UMKY KYT
NagiHHA COHAYHMX MPOMeHiB byae MeHWVM. OT>Ke, SIK Le He AUBHO, B3UMKY
Y BIiKHO BalLol KBapTupu Big COHUS HaaxoauTb OifibLue eHepril, HidXK YniTKy.

B. AKLLO0 BIKHO BUXOAMUTb Ha CXif, TO COHAYHI NPOMeHi oniBAHI HiKo-
NN He OCBIT/IIOTbL Bally KiMHaTy.

8. BusHauTe pagiyc 30pi Bera, sika BUNpoMiHioe y 55 pasiB 6i/ibLUe eHepriT,
H>K CoHue. TemnepaTypa noBepxHi ctaHoBuTb 11000 K. Akuii Burnag
Masia 6 Us 30ps Ha Hawomy Hebi, sk6m BoHa cBiTMNa Ha micui CoHUsS?

JaHo: Po3B’A3aHHA:
L=55 Papiyc 30pi BM3Ha4aTb 3a 4OMNOMOrow (opmy-
T=11000 K | nn (13.11):
2
R="? R T
R T

e R 695202 km — pagiyc CoHua; T =6000°C — TemnepaTypa noBepx-
Hi CoHus.

2
%@:2; R=R =1400000 KM

Bignosigb. 3opsi Bera mae pagiyc y 2 pasu Ginblinii, Hi>K y CoHUS, TOMY
Ha HawoMmy Hebi BOHa Mana 6 BUINsA4 CUHLOIO AUCKA 3 KYTO-
BUM AiameTpom 1°. AAk6m Bera cBiTuna 3amictb CoHUsA, TO 3eM-
ns oTpumyBana 6 y 55 pagsiB 6isblie eHepril, HIXK Tenep, i Tem-
nepatypa Ha Ti noBepxHi 6yna 6 Buwo 3a 1000°C. Takum
YMHOM, YMOBUM Ha Hallii nnaHeTi cTaan 6 HenpugaTHUMWU ONsi
6yab-AKNX HOpPM >XKUTTS.



[TpakTnyHa poboTa

PoboTa 3 pyxoMO KapTow 30psAHOro Heba

1. MoBepHITb N1aCTMacoBUIA KPYr Ha KapTi TakMM YMHOM, LWo6u farta cno-
CTepeXkeHHA Ha 30BHILLIHbOMY KO/ KapTu 36iranaca rognmHor criocTepe-
>KeHHS Ha 30BHILHLOMY KOAi Kpyra. Togi B Npo30poMy 0TBOPi Kpyra byae
BWAHO TiNIbKW Ti 30pi, SIKi B Ll MOMEHT po3TalloBaHi Haj roOpM30HTOM.

2. 30pieHTyliTe KapTy Haj rofoBOK BiAHOCHO CTOPIH FOPU30HTY. Y LIeHTPI
Mpo3oporo oTBopy 6yae BUAHO Ti 30pi, L0 po3TawloBaHi Noban3y 3eHiTa,
a 6ina Kpato Ti cBiTMNA,AKI CBITATL KO0 TOPU30HTY, TOOTO CX04ATb, abo
3aX0fATh.

3. KynbMiHaLis 30pi HacTae B TOM Yac, KOs CBITWUI0 NePeTUHAE NJIOLLNHY
MepugiaHa — Ha KapTi ue npsMa /iHifa, Wwo nNpoxXoamTb BiATOYKN MiBHO-
Yi Ha ropm30HTI Yepe3 NiBHIYHWI MONKOC CBITY A0 TOUKM MiBAHSA Ha MiB-
[eHHOMY ropu3oHTi. BHacnifgok obepTaHHA 3em/i HABKOJ10 OCi, NOLLMHA
MepuiaHa NOCTIMHO 3MILLLYETbCA, TOMY MPOTArOM 06U KOXXHE CBITU/IO0
[Bidi nepeTnHae MepugiaH, TOMY PO3pPi3HAKOTL ABiI Ky/nbMiHauii. Y mMo-
MEHT BepXHbOT Ky/ibMiHaLiT 30pA po3TalloBaHa HalBuLLLEe Haf rOPU30H-
TOM, @ B HWDKHI Ky/bMiHaLIT — HAHMKYe.

4. Benvka Begmeguua onisHoYi CBITUTL N06M3Y 3eHITY. BUKopmucToByroumn
pyXoMy KapTy 30pAHOro Heba, BU3HaUTEe B AKOMYMiCSLLi NPOBOAATLCA Cro-
CTepeXKeHHs.

5. 3a J0NoMOorow pyxomoi KapTu 30psAHOro Heba BU3HAYUTU, YN MOXKHA
B YKpaiHi B Ci4Hi oniBHOYi nobaunTn 30pto0 Bera. BumipsaiTte eksaTopi-
anbHi KoopAnHaTK LiET 30pi.
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oaaTtku

HAVIACKPABILLI 30PI

No _ Bia- C_BiT- Temne- Ra—
n/m Ha3sBa Cysip’a m CTaHb HICTb | paTtypa | aiyc
nk L=E/E, K R/R,
1 |Cipiyc o Ben. Nec |-1,46 2,7 22 11000 | 1,3
2 |KaHonyc |a Kinb -0,75| 55,0 | 20000 7500 | 85,0
3 |Apktyp |aBosmonac |-0,05| 11,1 113 5000 14,0
4 | Pirenb o KentaBp |—0,01 1,3 1,4 5800 1,2
5 |Bera a Nigpa +0,03| 8,1 55 11000 | 2,0
6 |Kanenna |a BisHnuuia | +0,08 | 13,7 151 5600 | 13,0
7 Pirenb  |p OpioH +0,13 | 250,0 | 50000 12000 | 52,0
8 |MpouioH |a Man. NMec | +0,37 8,5 7,6 7000 2,0
9 Eee;g"' o OpioH +0,47 | 150,0 | 13000 | 3000 |426,0
10 | AxepHap |a EpigaH +0,51| 40,0 870 15000 | 4,0
11 |Fapap B KeHtaBp |+0,63| 150,0 | 10000 | 20000 | 8,0
12 |AnbTtaip |a Open +0,76 51 11,3 9000 1,4
13 g;:“%a' o Teneus | +0,86| 20,0 | 160 4500 | 21,0
14 | AHTapec |a CkopnioH |+0,91| 130,0 6300 3000 |300,0
15 |Cnika o [isa +0,91| 80,0 2400 25000 | 2,6
16 |Monnykc |B bansnarta | +1,14 | 11,0 37 5000 4,5
17 f;;";'a”b' O‘E;%i' +1,19| 7,7 17 10000 | 1,4
18 | [leHeb o Jlebigb +1,25| 500,0 | 70000 10000 | 90,0
19 |Peryn o JleB +1,35| 27,0 200 13000 | 2,8
20 |Kactop |o bnusHarta |+1,58| 16,0 50 11000 2




Donatku

SATEMHEHHSA MICALSA, AKI MOXXHA MOBAUYNTW B YKPAIHI

(2019—2062 pp.)

Jata Yac daza Jata Yac ®daza
21.01.19 7-10 rMoBHe 08.11.41 6-30 0.17
17.07.19 00-31 0,65 12.02.55 0-42 MoBHe
19.08.35 4-08 0.10 17.06.57 5.25 0.76
12.02.36 00-13 NnoBHe 11.12.57 2-52 0.92
07.08.36 5-50 rnoBHe 06.06.58 22-12 MNoBHe
06.06.39 21-54 0.84 30.11.58 5-14 MoBHe
30.11.39 18-55 0.94 05.04.61 0-54 MoBHe
18.11.40 21-02 rnoBHe 25.03.62 5-34 rnosHe
16.05.41 3-42 0.05 18.09.62 21-29 MoBHe

3ATEMHEHHA COHUA, AKI MOXHA CIMOCTEPITATIA

B YKPAIHI (2020—2187 pp.)

ARIE o tﬁ: BuA I'IOBI\I-/II(I)'CI':L(':'Sam/I
21.06.2020 8-51 0.04 K. A3is
10.06.2021 14-14 0.13 K. ApPKTUKa
25.10.2022 12-35 0.62 u. —
29.03.2025 14-38 0.01 u. —
12.08.2026 21-03 0.86 . A3sis
02.08.2027 12-33 0.37 . Adpnka
21.06.2039 21-22 0.92 K. €spona
11.06.2048 17-00 0.90 K. €spona
14.11.2050 16-20 0.70 Y. —
12.09.2053 11-45 0.40 M. Asid
05.11.2059 9-58 0.50 K. Adpnka
30.04.2060 13-49 0.57 . Azid
20.04.2061 5-35 0.97 . Opeca, Kpum
06.07.2187 10-44 0.98 . Xapkis, Uepkacu

M — noBHe 3aTeMHeHHSA, K — KisbLenogibHe 3aTeMHeHHA, Y — yacT-

KOBe 3aTeEMHeHHS. Yac MaKCcMMaUsibHOT (ha3y 3aTeEMHEHHA MO4aHO 3a KNTB-

CbKM YacoMm.
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ACTPOBJIEMW

JaBHi reonoriyHi CTpyKTypwu, AKi rnoe’dAsaHi
3 NagiHHAM BENIMKUX METEOPUTIB

Hassa Ajpeca Aiam., Bik
KM

s KaHaga, OHTapio 200 (1,8 mn

(Sudbury) aja, p , PA p-

BpeaedopT

(Vredefort Misg. Apurka 200 |2 mapg p.

Ring)

Monuraiicbka |I1iBH. Cnbip, Pocis 100

BoBTucbKa ggEOBmeKa’ SEpEEE 31 65 £+ 1,2 M/H p.
c. O60/10Hb, CeMeHiBCbKU

0O60/10HbCLKA 20 169 = 7 MH p.
p-H, MonTaBcbKa 06/1.

TepHiBCbKa ¢. Beceni Tephu, Kiposo- 15 280 = 10 m/iH p.
rpagcbka o6/1.

InniHeybKa M. lnniHyi, BiHHMUbKA 06/1. 6,5 [400 = 30 M/H p.

Binnniscbka 2.6]|15I1'IVII'IIBKa, 7Kurommpcbka 5,5 |165 * 6 m/H p.

PotmucTtpis- |c. PoTmucTpiBka, YepKacbka 2.2 130 + 10 MH p.

CbKa 06.

3eneHoraun- c. 3eneHunn an, Kiposorpas- 0,8 |60 mnH p.

CbKa CbKa 06/1.

3eneHoran- c. 3eneHun Nan, Kiposorpag- 0,7 |60 mnH p.

CbKa CbKa 006/1.

ACTPOHOMIYHI OBCEPBATOPII YKPAIHW | CBITY

Ha3ssa MicTto Kpaina PIK
3acHyBaHHS

["0n10BHa acTpOHOMIYHa
obcepBatopisa HAHY Kwuis YKpaiHa 1944
http://www.mao.kiev.ua
KuiBcbKa acTpoHOMiYHa
obcepBaTopisi Kwuis YKpaiHa 1845
http://www.observ.univ.kiev.ua
KpumcbKa acTpoisnyHa
obcepBaTtopis HayuHunii | YKpaiHa 1908
http://www. crao.crimea.ua
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HasBa

MicTo

KpaiHa

Pik
3acCHyBaHHSA

J1bBiBCbKa acTPOHOMIYHA
obcepBaTopis
http://astro.franko.lviv.ua

J1bBiB

YkKpaiHa

1769

MwKonaiBcbKa acTpOHOMIYHa 06-
cepBaTopis
http://www.mao.nikolaev.ua

MwukonaiB

YkKpaiHa

1821

OpfecbKa acTpoOHOMiYHa
obcepBaTopis
http://www.astro-observatory.
odessa.ua

Opeca

YKpaiHa

1871

MonTaBcbKa rpaBiMeTpuYHa 06-
cepsaTopis
pgo@poltava.ukrtel.net

[NonTaBa

YKpaiHa

1926

Y>KropogcbKa siabopatopis
KOCMIYHUX O0CNiO>KEHb
http://www.univ.uzhgorod.ua

Y Kropog

YKpaiHa

1957

XapkiBcbKa acTpoHOMiYHa 06cep-
BaTopis

13 2002 p. IHCTUTYT acTpoHOMIT
http://astron.kharkov.ua

XapkiB

YkKpaiHa

1806

XapKiBCbKUM IHCTUTYT
pafioacTpoHOMIT
http://www.nbuv.gov.ua/
institutions/rai

XapkiB

YKpaiHa

1985

Mapn3bka acTPOHOMIYHa
obcepsatopis
http://www.obspm.fr

Mapmx

dpaHuis

1671

"puHBILbKa aCTPOHOMIYHA
obcepsatopis
http://www.nmm.ac.uk

J1oHa0H

AHrnis

1675

BinbHOCbKa aCTPOHOMIYHa
obcepsatopis
http://www.astro.ff.vu.lt

BinbHt0C

JintBa

1753

KpakiBcbKa acTpOHOMIYHA
obcepBaTopis
http://www.oa.uj.edu.pl

KpakiB

MonbLya

1795

MynkKoBCcbKa acTpoOHOMIYHa
obcepsatopis
http://www.gao.spb.ru

C.-MeTep-
oypr

Pocisi

1839
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HasBa Micto KpaiHa PIK
3aCHyBaHHS
OHAap>keiioBCcbKa acTPOHOMIYHA
obcepBatopis .
http://www.expats.cz/ Mpara Hexia i
ondreiovobservatory
MayHT-BisicoH o6cepBartopis . .
httgzllwww.mtwilsrt))n.edﬂ A EpE | s el
AcTpoisnyHa obcepeaTopisd BpuT
y BikTopiT Konym éiﬂ KaHaga 1910
http://www.nrc-cnrc.gc.ca
AbacTymMaHCbKa acTpOHOMIYHA
obcepBaTtopis AbacTtymaHi | pysida 1932
http://www.genao.org
BropokaHCcbKa acTPOHOMIYHaA BipMe-
obcepBartopis BropokaH Hisi 1946
http://www.aras.am/bao.html
CneuianbHa acTpodisnyHa obcep- .
. IMiBH. .

BaTopis KaBkas Pocisa 1966
http://www.sao.ru
AcCTpoHOMiYHa obcepBaTopis
MayHa-Kea aBaiil CLUA 1970
http://www.ifa.hawaii.edu/mko
AMepUKaHCbKa acTPOHOMIYHa 06-

- Jac- .
cepsaTopis KamnaHec Uuni 1976
http://www.Ico.cl
LLIeMaxnHCbKa acCTpOHOMiYHa Asep6aii-
obcepBaTopisi LLllemaxa 1960
http://www.shao.az fokaH
HayKoBWii iIHCTUTYT KOCMIYHOIO
Teneckona «lra66na» CLLUA 2010
http://www.stsci.edu/hst/
Oy>ke Bennkuin Teneckon (VLT) Myctens .
http://www.eso.org/vit ATakama =P LR
O6cepBaTopis Poke-ge-noc-My- | Jla-IManbma,
Yyayoc KaHapcbki | IcraHis 1985
http://www. ias.es 0CTPOBU
ApecibcbKa acTpoHOMIYHa o6cep-
BaTopis Apecibto Unni 1963
http://www. naic.edu
O6cepsaTopia J1naHgo ae Yaii-
HaHTO IMyctenda .
http:/?www. almaobservatory. Agakama il LR




AOBIAKOBI AAHI NMPO MICALb

Donatku

MapameTp BennuvHa
MiHimManibHa BiagcTaHb Bif 3eMni, KM 356 410
MakcunmanbHa BigcTaHb Bif 3eMii, KM 406 740
CepefHs BigcTaHb Big 3emMni, KM 384 400
CepeaHil eKCLUEHTPUCUTET 0pbITH 0,0549
CepeHili Haxun NAOWMHM opbiTU A0 EKNINTUKN 5°08'43"
Mepiog obepTaHHs No opb6iTi, Ai6 27,32
CepefHs nepioguyHicTb 3MiHU (ha3 Micaua, ai6 29,53
CepepHiii kyToBUiA pagiyc Micsus 15'33"
Maca, Kr 7,3510%
CepegHs ryctuHa, Kr/m® 3340
MpUCKOPEHHS CUNU TSXKIHHA, M/C? 1,62
Jpyra KocmiyHa LWIBMAKICTb, KM/C 2,38
MakcunmasnibHa Temnepartypa BAegHb, °C L)
MiHimManibHa Temnepartypa BHoui, °C -170
OCBiT!‘IE‘I—!iCTb Bif noBHOro MicsiLsi Ha 3eMHil 0.25
MoBepXHi, K
OCBiTJ'IEI-!iCTb Bif, MOBHOT 3eM/1i Ha MiCAYHI 16
NoBepXHi, K
CepefHs BigobpadkyBasibHa 34aTHICTb Bif YCI€l
MiCAYHOT MoBepxHi, % A2
Bifo6parkyBasibHa 34aTHICTb MaTEPUKOBUX
obnacten, % flaes
BifobpaykyBasibHa 34aTHICTb MOPCbKMX 0bnacTein, %o 7,3
3aranbHa nsowa noBepxHi Micsus, Km? 3,8:107
Mnowa MopiB Ha BCi NoBepxHi, % 16,9
Mnaowa mMopiB Ha BUAMMOMY 6oui, % 31,2
Miowwa noBepxHi, Ky MOXHa cnoctepiratu 59

B pe3ynbTaTi nibpayii, %
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CMNEKTPAJIBHA KJTACU®IKALLIA 31P

CneKTpasibHUN Konip TemnepaTtypa, Tunosi sopi
Kac K
@) BnakntHuit 20 000 Haoc (¢ Kopmu)
B Binunn, 5 15 000 Benna}Tpmc
61aKNTHUN (y OpioHa)
A Binui 10 000 Cupiyc
F >KoBTuii, 6inuni 8 000 AnbTaip (a Opna)
G >KoBTnii 6 000 CoHuge
K >KoBTnii, 5 4500 Anb,q_e6apaH
romMapaH4veBumn (a Tinbug)
M HomapqueEMM, 3000 BeTenLTremse
YepBOHUN (a OpioHa)

TEPMIH XXNTTA 3IP

CnekTpasibHWiA Knac

TepMiH XXNTTSA (POKiB)

0]

MeHLle 108

107

108

10°

1010

1011

I X oOo|Tn|> | w

rnoHag 10
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XPOHONOIIA KOCMIYHWUX NOAIA

OaTa

Mopgis

15000000000 p. go H. e.

3apomkeHHSA BeecBiTy — Benukuin Bnoyx.

5000000000 p. 40 H. €.

3apoa>keHHSA COHAYHOT CUCTEMN.

4500000000 p. fo H. e.

YTBOpeEHHA 3emMii.

3500000000 p. fo H. e.

MoyaToK apXencbKol epn B LLUKai
reonoriYyHoro NiTOYNC/IEHHS.

1900000000 p. fo H. e.

Ha 3emni 3’aBunmnch nepLui BOLOPOCTI.

500000000 p. fo H. e.

MoyaToK Maseo3oMcbKOT epy — 3’ABUINCH
rnepLui CNopoBi POC/IMHN.

400000000 p. 0o H. e.

Ha 3emsi BUHUKAW nepLui pnon.

230000000 p. fo H. e.

MoyaToK Me3030MCbKOT epy — 3’SABUNCH
XBOWVIHiI POC/INHMN.

200000000 p. Ao H. e.

MoyaToK HPCLKOro nepiogy — BUHUKAU
nepLui nnasyHu i nTaxu.

67000000 p. A0 H. €.

MoyaToK KarHO30MCbKOT epy — 3’SABUIUCH
KBITKOBI POC/IMHW | ccaBLii.

65000000 p. fo H. e.

KaTtactpogiyuHe 3iTKHEHHA 3eMi
3 acTepoiioM, KON 3arvHyv ANHO3aBpu.

4000000 p. oo H. e.

3’ABUINCL aBCTPasIONITEKN —
NIOAMHONOAIOHI MaBnu, Npapoamyi NHAVHN.

2000000 p. go H. e.

MoyaToK aHTPOMOreHHOro nepiogy —
BUHUK/IM PO3YMHI NI0AMN.

200000 p. [0 H. e.

3’ABUNINCHL HeaHAepTaslbLi — NiABnL,
JNIOAVHN PO3YMHOT.

40000 p. oo H. e.

3’BMNUCb KPOMaHbIAOHLi — MOXX/MBI
npeaKy eBpPONeoifHol pacu.

1 BEpeCcHSI NOYaTOK epu STiTOUMNC/IEHHS Bif,

5509 p. o H. e. : -
«CTBOPEHHSA CBITY» 3a KaJleHAapem Bi3aHTil.
1 6epe3Hs NoyaToK NiTOYNC/IEHHA Bi
5508 p. fo H. e. P . A
«CTBOPEHHSA CBITY» 3a KanieHaapem Pyci.
1 BepecHsI NoYaToK BiA1iKy iTOYNC/IEHHA
4713 p. fo H. e. ep . Ay
H0N1iaHCBLKOro repioay.
Y ErvnTi CTBOPEHO COHSAYHWI KaseHaap, Lo
4200 p. fo H. e. P - enAap., W
I'PYHTYBaBCSl HA TPOMiYHOMY POLLi.
7 >KOBTHSI Mo4vaTokK MiTOYUCNEHHSA Bif,
3761 p. [0 H. e. «CTBOPEHHS CBITY» 3@ EBPEVCbKUM
KaJIeHOAPEM.
MepLui 3ragku Npo MeTeopuTun
2100 p. [0 H. e. P aA b P

B AaBHbOErMMETCbKOMY Marnipyci.
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Jdara Mogia
36yaoBaHo CTOYHIeHIPK — AaBHSA
2000 p. o H. e. YA - y A ~ A
acTpoHOMiYHa obcepBaTopisi B AHIIT.
600 p. oo H. e. Y BaBW/0OHI CTBOPU/IN COHSYHWUIA TOANHHUK.
Micharop ynepLue BU3HAYMB napameTpm
555 p. 4o H. e. 3eMHOT Ky/li i BBiB C/I0BO KOCMOC A151
no3Ha4eHHs BcecBiTy.
MeTOH 064YnCANB LMK 4NN Bignik
433 p. fO H. e. - 4 A ATIKY.
TPONiYHOro POKY Ta CUHOAMYHOrO MicAuUS.
€BLOKC ynepLLe CTBOPUB KapTy 30PAHOI0
350 p. fo H. e. A y Pv P pTY 30p
Heba, Ha SKil € eKNINTUKA | 304iaK.
ApicToTenb chopmynoBas 6ya0B
330 p. fo H. €. P ‘*?.p Y DYAOBY
reOLLeHTPUYHOI CUCTEMM CBITY.
Apximes, CTBOPUB acTpapiym — roguHHUK,
250 p. o H. e. L0 BiATBOPHOE BUAMMMIA Ha Hebi pyx CoHLS
i nJiaHer.
EpatocteH ynepLue BUMipSAB ayry MepugiaHa
240 p. OO H. e. P ST VIMIPAB AYTY MEPUA
4NA BU3HAYeHHA pagiyca 3emii.
ApicTapx CamMOCbKM1iA BUCYHYB i€t Npo
222 p. 0O H. e. picTap YHYB 14 P
renioUeHTPUYHY CUCTEMY CBITY.
Minnapx ckiaB KaTasior 3ip i No3Ha4MB TX
125 p. oo H. e. g
ACKPaBiCTb 30PSAHUMU BE/IMYMHAMMU.
Pumcbkuii imnepatop KOnin Llesap yBiB
46 p. [0 H. €. KasieHAap, KW Ha oro 4ecTb Ha3Ba/In
Ho/TiaHCbKUM.
Knasgin MTonomel Hanucaes KHUTy «Benmka
140 p. H. e. MaTemMaTmyHa nobyaosa acCTPOHOMIT»

(MericTe).

LioHiciiA Manuii 3anpoBaguB MiTOYNC/IEHHS

3 [0k Bif, BTisIeHHA (HapomkeHHs) Icyca XpucTa.
622 p. 1§ JINNHA novaToK icna_1MCbKo'|' epu
NITOYUCNEHHA — epa TigpKpa.
988 p. KHA3b Bonogmmup 3anposagms toniaHCbKUIA
KasieHaap.
1054 p Cnanax HagHoBoT B cy3ip’T Tenbus, Npo SIKy
) € 3ragku B nitonmncax KniscbKoi Pyci.
1091 p Mepwii 3ragky Npo noAniT 6oniga B niTonmcax
) KuiBcbKoT Pyci.
1330 p Binbam Okkam copMynoBas MpUHLAM,
) AKNI BigoMnii K «bpntea OKKama».
HagpyKoBaHO nepLuy KHUrY 3 aCTPOHOMIT
1483 p. YKparlHCbKoro aBTopa HOpisa Jporobuya

(KoTepmaka).
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JaTa

Mopis

Mwnkonaii KonepHuk cchopmyitoBaB 3acaan

1543 p. renioLeHTPUYHOT CUCTEMM CBITY.
1546 p Tixo bpare goBiB, W0 KOMETU
) pO3TaLLOBYHOThLCA Aasni, HiXXK Micsiup.
1582 p 3anpoBagykeHo MpuropiaHcbKnii KaneHgap
) (HOBMIA CTUAB) Y AEAKNX KpaTHax €Bponu.
1600 p. ,_£I,>Ko_p,qa|-|_o Ep_yHo OyB crnaneHu Ha_BOFHI/ILLI,i
IHKBI3NUIT 33 1e10 XXUTTH Y KOCMOCI.
anineo Manineii nposiB nepLui
1609 p. crnioctepeXkeHHs Micausa Ta nnaHeT 3a
[OMoMOror Tefnieckona.
1609 p WoranH Kennep chopMy/oBaB 3aKOHU Pyxy
' naaHeT — 1-i Ta 2-i 3aKoHM Kennepa.
1644 p PeHe [eKapT BMCYHYB MNepLuy rinoTesy rnpo
' yTBOPeHHA COHAYHOT CUCTEMMU.
1647 p #AH [eBenii cknaB NepLuy AeTanbHY KapTy
) Micsaus.
1659 p. BigkpuTo Kinbue CatypHa.
PeHe Pbomep 3a JONOMOIot CynyTHUKIB
1676 p. FOniTepa BnepLUe BU3HAUYMB LLIBUOKICTb
cBiTNA.
1687 p. IcaaK_HbrOTOH cqa(_)pMynroBaB 3aKO0H
BCECBITHLOIO TSAXIHHS.
[>kerimc Bpaaner BU3HaUMB LLUBUAKICTb
1728 p. CBiTNa 3a goromoroto abepauii cBiT/1a Big
3ip.
EamoHpg Mannein nepefb6avyms NoBepHEHHS
1740 p. y 1758 p. KOMeTU, AKy Mi3Hille Ha3Ban Ha
A0ro yecTb.
Mwuxailino JToMmoHOCOB BigKpUB atmochepy
1761 p. BeHepwu nig yac 11 NpOXOA>KEHHS MO ANCKY
CoHus.
WoraHH Tiliyc BiKpMB 3aKOH NAAHETHNX
1766 p. BigcTaHel, AKnii HasBann nNpasuiom boge-
Tiuiyca.
1772 p MeTp Mannac y Cubipy 3HaMLLIOB METEOPUT
} Macor 6113bKo 500 Kr.
1781 p. Binibsam MepLuenb BigKpUB YpaH.
JD>KoH Myapaiik BUCYHYB NPUNYLLEHHS,
1782 p. wio 3ops Anronb (B Mpeces) € noaBiiiHOK

30PAHOK0 CUCTEMOIO.

133



134

Dopatkn

Jarta

Mogia

1783 p.

Binibsam MepLuenb BigkpmB pyx CoHuA
B HaNpsMKY cy3ip’a 'epKy/iec.

1801 p.

Lo>ky3senne Miauyi BigKpUB nepLumni
actepoig — Llepepy.

1814 p.

WNo3zed dpayHrothep BUSBMB YMCAEHHI NiHIT
nornvHaHHA y cnekTpi CoHus.

1826 p.

eHpix Onbbepc cchopmyntoBas
(hoTOMETPUYUHUIA NapafoKe — napagokc
Onbbepca.

1839 p.

Bacunb CTpyBe B INyfIKOBCbKIii 06cepBaTopiT
O4HUM i3 MepLmnx BUMIpAB Nnapanakc Bern
(a Nipwn)

1842 p.

XpwucTiaH Jonnaep AoBiB iCHYBaHHA eeKTy
3MiHWM J0BXXWUHWN XBUi B aKYCTULLI 1 ONTULLI.

1846 p.

WoranH Fanne BigKpWVB niaHeTy HenTyH Ha
OCHOBI 064KMcneHb Agamca Ta JleBepbe.

1848 p.

Binibsim TomcoH (fiopg, KenbBiH) yBiB
abCo/MIOTHY LLIKa/ly TEMMepPaTyp.

1851 p.

>KaH ®PyKo 3a A0MNOMOror MasdTHMUKa [0BiB
06epTaHHs1 3emJ1i HAaBKOJ10 OCI.

1852 p.

Pyponbt Bosbgh yBiB IHAEKC COHAYHOT
aKTMBHOCTI, KU Ha3MBaOTb YMNCIOM
Bonbga.

1859 p.

HopmaH lNorcoH yBiB KoedilieHT ans
BU3HAYEHHS 30pAHUX BeSINUYUH — (DOpMYy Ny
[MorcoHa.

1860 p.

[>kelmc MaKkcBesi CTBOPYB TeOpito
eNIEKTPOMarHiTHOro noss.

1864 p.

Enyapg Pow f0BiB HasABHICTb HUDKHbLOT
MeXKi 471 op6iTU NPUPOLHOro CynyTHMKA
njaHeT — mexka PoLua.

1865 p.

. PiXTep BMCYHYB rinote3y npo 3aHeceHHsA
Ha 3eMJ1H0 XKUTTSA 3 KOCMOCY — MaHCrepmis.

1865 p.

Pynonb Knaysiyc cchopmyioBas napagokc
«TersoBoi cMepTi BcecBiTy».

1871 p.

[>KoH Peneli ony6nikyBaB npaLto npo
Monsipu3aLito cBiT/Na Ta NOSICHUB 6/1aKUTHUIA
KOJlip Heba.

1877 p.

Acah Xonn Bigkpme doboc i Jemoc —
CYnyTHUKMN Mapca.

1881 p.

J>koBaHHI Ckianapenni Bigkpue Ha Mapci
«KaHau1n».
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JaTa

Mopis

MPUHBILBLKWIA MepuaiaH 3a Mi>KHapOAHO0

1884 p. YroAo NMPURHATO 3a NOYaTKOBUIA.
1900 p. Makc MNnaHkK B_ip,Kpl/lB eHeprito KBaHTa Ta
3aKOH BUMNPOMIHKOBaHHS YOPHOro TiNa.
1902 p. KocTAHTUH LlioNKOBCbKMiA I_3VIBiB thopmyny
NS BU3HAYEeHHS LWBUAKOCTI paKeTu.
1908 p. YnaB TyHrycbkuin meteoput (Cnbip, Pocis).
1913 p. Fe_Hpi_ Pacc_en nobyaysaB giarpamy cnekTp—
CBITHICTb 3ip.
AnbbepT AWLUTarH 3rigHo i3 3arajibHo
1917 p. Teopieto BiAHOCHOCTI NobyayBaB CTaTUYHY
Mozesib BeecBiTy.
1919 p Nyro 3enirep C(_poplvlymoaas rpa_BiTau,iVleu‘/’l
' napafoKc HecKiH4YeHHOro BeecBiTy.
1919 p CTtBOpeHo Mi>KHapoaHWIA ACTPOHOMIYHNIA
) Coto3 (MACQC).
1922 p OnekcaHgp PpigmaH nobynyBaB HECTATUYHY
) Mofesib BeecBiTy.
1925 p 3anpoBagykeHo BcecBiTHIV Yac ans
) 064YMCIEHHS aCTPOHOMIYHUX edheMepua.
1925 p ,£I,>K9p,q>+< X_eﬁn BigKpMB 2_2-piL|Hy
' nepioAnyHIiCTb aKTUBHOCTI CoHLSA.
1929 p FOpiti KoHgpaTiok ony6/iKyBaB KHUTY
: «3aBOOBaHHSA Mi>KM/IaHETHUX NPOCTOPIB».
1929 p. EnBiH 2661 BiAKPUB po36iraHHA ranakTuk.
1930 p. Knaiig Tom60o BigkpuB MNayToH.
1931 p Kap_n FIHCI:KV!VI BigKpWB
' pagioBunpomiHioBaHHSA Mono4vHoro LLinsxy.
1932 p. {'IeB JlaHpay TEOPETU4HO ,_qOBiB MO>X/IMBICTb
iCHYBaHHSA HEATPOHHUX 3ip.
dpaHK [laiicoH 3anponoHyBaB A/
1934 p. eHepro3btepe>keHHSA CTBOPUTKU chepy HaBKOSO
CoHus.
1946 p J>Kopayk Falvlc_JB 3anpornoHyBaB rapsyy
) Mofesib BcecBiTy.
1950 p Yy I‘Iapvmfi 3acHoBaHa Mi>kHapoHa
' Pepepauisn ACTPOHABTUKMU.
1950 p AH OOpT BUCYHYB FinoTe3y npo icCHyBaHHS
: «XMapu KOMeT» 3a opb6iToro MayToHa.
1957 p. MoyvaTtok KocmiyvHoT epn: B CPCP cTBOpeHO

MEPLLWIA Yy CBITI LUTYYHWNI CYNYTHUK 3eMi.
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Mogia

CtBopeHo HACA (HauioHasibHe KocmiyHe

TSk AreHTCcTBO, CLLIA).
BaH AnneH BMABMB pagiaLiiHi nosicm
1958 p. HaBKo0/10 3eMmJIi.
1959 p AMC «JlyHa-1» (CPCP) cTasia nepLuoto
) LUTYYHOI nsiaHeToo COHAYHOT CUCTEMM.
1959 p AMC «JlyHa-3» (CPCP) ynepuue y CBiTi
) choTorpadysana 3BopoTHUI 6iK Micsuys.
FOpiw MarapiH (CPCP) ynepLue y CBITi
1961 p. 06neTiB 3eM/1H0 Ha KOCMIYHOMY Kopabni
«BocTok».
1963 p CteopeHo CETI (SETI) — opraHisauito g4
) MOLUYKIB XXNTTA Yy BcecBiTi.
1963 p. BigkpuTi KBasapn — n_osaranaKTMLlHi
[>Kepena pasioBUnpoMiHOBaHHS.
1965 p. ApF!o MeH3iac i Po_6epT BisicoH Bigkpunu
peniKToBe BUMNPOMiHIOBAHHSI.
AMC «JlyHa-9» (CPCP) 3gilicH1Mna nepLuy
1966 p. y CBIiTI M’SIKY NM0CafKy Ha NOBEPXHIO
Micaus.
1967 p AMC «BeHepa-4» (CPCP) pocsarna
) aTmocepun BeHepu.
1967 p. BigkpuTi nynbcapu (HEMTPOHHI 30pi).
Ha Micsup 3pobmB nocagky nifioToBaHUMN
1969 p. KOCMiYHMI Kopabesb «AnoanoH-11»
(CLLA).
1969 p B ABcTpasiii BnaB MeTeoput Map4yecoH,
’ Yy AKOMY 3HaMLWIAN 3anuiikn AHK.
AMC «JlyHa-16» (CPCP) B aBTOMaTUYHOMY
1970 p. pe>xnmi goctaBmna Ha 3eMK0 I'PyHT i3
Micaus.
1970 p AMC «BeHepa-7» (CPCP) 3pobuna M’aky
) nocagky Ha NnoBepxHIo BeHepwn.
1972 p CtapT AMC «[TioHep-10» (CLUA) — nepLuwii
) noniTt 3a meXxi COHAYHOT cUcTeMN.
3anpoBagKeHO MidXKHAPOAHWI aTOMHUI
1972 p. uac — TAL.
Mepwia cnpoba BigiciaT NOBiAOM/IEHHA
1974 p. iHoNlaHeTsIHaM pagioTesieckonoMm Apecibo
(CLLA).
1975 p. AMC «BeHepa-9, 10» (CPCP) oTpumanu

TeneBi3iviHe 306paXKeHHA NOBEPXHI BeHepu.




DopaTtkn

JaTa

Mopis

CTBOpEHO EBponelicbKe KOCMiuHe

1975 p. areHTcTBo — ESA.
1976 p AMC «BIKiHr-1,2» (CLUA) nepeganu
) Tenesi3iviHi 306pa>keHHs NoBepxHi Mapca.
CrapT anapaTiB «Bosipkep» (CLLUA),
1977 p. AKI NONETATb A0 3ip i3 MNoc/aHHAM 40
iHOMNaHeTsH.
1977 p BigkpuTo KifnbLe YpaHa nig vyac 3aTeMHEHHS
) naaHeTo c/1abKoi 30pi.
Y CLLUA 3MOHTOBaHO pafioiHTepdepomeTp
1981 p. «[Jy>Ke Besinka aHTeHa» 3 27 aHTeH
JiameTpom 25 M.
1984 p BiakpuTo KinbLe HenTyHa nifg yac NOKpUTTS
) MJaHeTor crlabKmx 3ip.
1985 p y XapKoBi CTBOPEHO pafioacTPOHOMIYHNT
) iHCTUTYT (Pl HAHY).
AMC «Bera-1,2» (CPCP) ynepLue 6yno
1986 p. ofep>KaHo 300padKeHHS siapa KOMETH
Mannes.
Cnanax HagHoBOT B cycCigHil ranaktuui
1987 p. MarennaHosa Xmapa, siky 6y/s10 BUAHO
He036POEHNM OKOM.
1991 p. 3aCHpBa_Ha YKpaliHCbKa acCTPOHOMIYHa
acouiauis.
1992 p CTtBOpeHO HaLioHa/lbHe KOCMiYHe areHTCTBO
) YKpaiHu.
1993 p CtBOpeHO YPAH — YKpaiHCbKUiA
) pagioiHTepdepomeTp HAHY.
CtBopeHo Col03 HayKOBMX TOBapuUCTB
1993 p. Pocii — CHTP.
3MOHTOBaHOI0 HaMBINbLUWIA Y CBITI
1993 p. TesilecKon-ped/IeKTop i3 AiaMeTpoM A3epKasia
10 m ([aBanti, CLLA).
1994 p. jngiiHHﬂ Ha FOniTep komeTun LLlymelikepa-
1995 p BuBefeHO Ha opbiTy NepLunii yKparHCbKNiA
) LUTYYHUIA CynyTHMK 3eMAi «Ciy».
AMC «Boapykep-1» nponetnTb
2012 p. resiionaysy — MeXXy Mi>K30psAHOT Ta
COHAYHOI NnasmMun.
MMiBHIYHWIA NoOOC CBITY BHACNiAOK npeLecit
13333 p. ONMUHUTLCA No6M3y 30pi Bera B cy3ip’i

ipa.
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