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IllanoBHE YYHIBCTBO!

Bu mounnaeTe BUBUEHHS OfHiel 3 HAWaBHIMINX 1 I[iKaBUX HAYK —
acCTPOHOMIil, AKa MOCIiIMKye IPUPOAY, MOXOMKEHHSA Ta €BOJIOIIiI0 IK
oKpeMux HebecHUX Tij, Tak i BcecBity B mijomy. ¥ miipyYHUKY BU
3IiMiICHUTE CBOEPiAHI KOCMiUHI MaHAPMU KpPidhb IIPOCTip i uac.

Tak, y poamimax:

» «IITlo BUBYae acTPOHOMisA?» BU PO3TJIAHETE iCTOPil0 3apO KeHHA
HayKM aCTPOHOMIil Ta eBOJIIOIiI0 YABJIEHb JIOAWHU OPO BcecBiT;

» «OcHOBU MpaKTUYHOI acTpoHOMii» i « BumipioBaHHS yacy Ta Ka-
JIeHIap» BU HaBUUTECHh PO3Ii3HABATH Cy3ip’sa HA HiuHOMY He0i i 3a
JIOTIOMOT'00 HeOeCHUX CBITHJI OPi€eHTYBaTHCh HA MiCIIeBOCTi Ta BU-
MipioBaTHu yac;

* «3aKOHU PyXYy IIJIAHET» BU BUBUUTE OCHOBHI 3aKOHU «HeOeCHOI Me-
XaHiKM», aJKe BCci KOCMiuHi Tijma, CyNyTHUKHK Ta KOCMiuHI Kopa-
6J1i pyxXarThCs 3TiJHO i3 3aKOHOM BCECBITHBOIO TSAMKIHHSA, AKUHI
BU BUBYAJIU B Kypci ¢hisuku. Bu gisHaerech, AKUil BaroMmuil BKJIaz
B OCBOEHHS KOCMOCY 3pO0MJIN BUAATHI YKpaiHChbKi BueHi.

B acTpodisumuHux posmisax Bu JisHaeTech, AKi GpidmuHi ymMOBU ic-
HYIOTh Ha moBepxHi mianer COHAYHOI CHUCTeMHU, YOMY HaBKOJO ILja-
HeT iCHYIOTh KiJIbIlf, IK HAPOAMKYIOTHCA HOBi 30Di I IEPETBOPIOIOTHCA
Yy OWJ IJIaHEeTHI CHCTEeMH.

Oxpim ToTO, V HiAPYUYHUKY BU 3HaligeTe BiAmoBiai Ha Taki mikasi mu-
TaHHA:

- [ITo BuiuBae Ha 3MiHy KiaimaTy Ha 3emJi?

» Ckinpku uacy 1ie 0yae ceitutu Conile?

» I moaeriTu mo wopmoi gipu?

- [T1o 3arposKye icHyBaHHIO 3eMHOI ITMBiTizaii?

- Yu icuyioTh y BcecBiTi «TeMHa eHeprisi» i «TeMHa Marepia» ?




Ho poamisiB fogaroThCcA KOHTPOJIbHI 3aIUTAHHA, TEMU JJIS TUCKY-
cili i 3aBHaHHSA IJIA CIIOCTEePEKEeHb.

IligpyuyHuK MicTHUTh HOKJIAAHI BiIOMOCTI Impo TeJecKomnu, II0 403-
BOJISTIOTE JOCaiguTu mosepxHio Micsans, cynyrauku Omoitepa, Kinbiisa
CarypHa, a TaKOXK CIIOCTepiraTu raJakTUKM, AKi po3TallloBaHi Ha Bin-
CTaHi JecATKiB MiJMbIIOHIB CBiTJIOBUX POKiB Bim Semuri.

IIpamrooun 3a MmaTepiajioM IIiIPYyYHUKA, BU OTPUMAETE MOMK-
JUBiCTH caMOCTifiHO TepeBipATM HaOyTi 3HAHHA Ta 3aKpimaioBa-
T npakTuyHi HaBuuKu. OKpim TOrO, pyOpuKa «[lisHaiiTeca 6iib-
mie» IMO3HAMOMUTH Bac i3 MikaBuMU (paKTaMU, IKi CTOCYIOTHCA TeMU
¥ migBUINATE iHTepec 40 BUBUEHHs mpenameTa. IlocuiaHHA Ha eJek-
TPOHHI MaTepiajy Po3MiIlleHO Ha CTOPiHKAX HiApyJYHMKA CHeIliajb-
HOIO MMO3HAYKOIO i.

Y MOBHI MO3HAUYEHHS

g KouTpoabHi 3anuTanua

@ Tema gnsa muckycii
3aBIaHHA OJIA CIIOCTePEKeHH s
@ s ronuTanBux

. ) 3aBIaHHA OJIS CAMOCTiiHOI poboTu

@ IIpakTuuna pobora

G HisHaiica 6iibie

3gepmaemo ocobru8y ysazy, wo nid 4ac acmpoHoMitHUX cnocme-
pescernv He moxcHa dusumucs Ha CoHue ani 8 meneckon, ani Heo30po-
EHUM OKOM.




Bctyn

Mpeamet acTpoHOMIi Ta MOro 0co6NMNBOCTI

3aBHaHHA acTPOHOMII Ha Pi3HUX icTOpuuHMX eTamax. Po3Bu-
TOK aCTPOHOMIUHOI HAYKH! IIPOUIIOB AOBTWU NLIAX Bif BipyBaHb
y HeOecHi Ham3Buuaiini cuau i 3eMJio, AK eHTP BcecBiTy, mo 3a-
OYyCKY B KOCMOC JIIOJIell i aBTOMATUYHUX CTAHI[IHN AJIA JOCTiAKeHHA
He TiJIbKY HABKOJIO3€MHOTO IIPOCTOPY, a I immux miaamer CoHsU-
HOI cCUCTeMHU.

OCHOBHIi IPUYMHU, 110 OOYMOBUJIM i CTUMYJIIOBAJIU 3aPOIKeHHS
1 PO3BUTOK aCTPOHOMIi:

s IPaKTUYHI moTpebu, IOBA3aHi 3 3eMJIepPOOCTBOM, MUCJIMBCTBOM,
OpPieHTYBaHHAM y IIPOCTOPi;

* HAKOTIMYEeHHA aCTPOHOMIUHUX 3HaHb AJIA POZBUTKY acTPOJIOTIi (He-
00Tr'pyHTOBAaHE 3 IIO3UILiI cyYyacHOl HayKy HaMaraHHsA 3a IIOJIOYKeH-
HAM IJIaHeT Ha Hebi mepemdauarty Xig momiit Ha 3emJi (moroxy Ta
yposKkaii, Mmup abo BifiHY AJid Jep:KaBU, MOJI0 MPaBUTEJd, a 3T0-
IOM — i KOYKHOI JIIOOMHN);

* HANTOJIOBHIIIIOI0 IIPUYUHOIO IJIA PO3BUTKY acTPOHOMIiI OyJo He-
cTpuMHe OasKaHHS JIOACHKOI IYMKU IMIPOHUKHYTHU B CYTh pedel,
YCBiIOMUTHU CIIPaB)KHE IIOJOMKEHHS 3eMJIi I Jrogmuu y BeecsiTi,
midHATU 3aKOHU, 38 AKUMHU PYyXalOThCs CBiTHJIA.

T'anysi acrpomomii. CyuacHa acTpoOHOMisA — Haa3BUUYAHO posra-
Jy;KeHa HayKa, POBBUTOK AKOI Oe3locepeaHbO OB’ I3aHUN 3 HAYKOBO-
TeXHIYHUM IPOTPECcOM JIIOACTBA. ACTPOHOMIiA MOAIISETHCA HA OKPEeMi
migpoaninu (abo HaupAMU), Y AKUX BUKOPUCTOBYIOTHCA BJIACTUBI JIUIITE
iM MeTOAM Ta 3aCO0U HOCIiIKeHb.

AcTtpomMerpissi — po3aia acTpoHOMIi, IIT0 BUBYAE IOJIOMKEHHS
i pyx HeOeCHUX TiJI Ta iXHiX cucTeM.

HebOecHa MexaHika — PO3AiJl aCTPOHOMII, 1[0 BUBUAE 3aKOHU
pyxy HeGeCHUX TiJI.

Acrtpodisuka — posgina acTtpoHoMil, 1110 BUBUae GisuuHi ABUIIA
¥ xiMmiuHIi IIpomecu, AKi BigfOyBalOThCA B HEOECHUX TijlaxX, IXHIiX cu-
cTeMax Ta B KOCMiYHOMY IIPOCTOPI.

Kocmouroria — poszgia acTpoHoMii, 1110 BUBUAE IOXOAKEHHs, 0Y-
IOBY Ta eBoOJIIOIiI0 BececBiTy AK €qMHOrO I1iJ10TO.

00’exTu mocuimkeHHa B acTpoHOMil. ACTpoHOMiA — HayKa Ipo
BceecgiT, 1110 BUBUa€e oXO0KeHHs, 0YI0BY, PyX Ta PO3BUTOK HEOECHUX
TiJI i CTBOPEHUX HUMU CHUCTEM. BCeCBiT y IMUPOKOMY PO3YMiHHI ITHOTO
cJI0Ba — Bce CyIIle, II[0 Po3TaIllloBaHe Ha 3eMJIi Ta 3a il MexxaMu.

V¥ ma yac Bigomo, 1o y BeecBiTi kpim 3ip icHye 111e 6araTo iHIIIIX
KOCMIiUHMX TiJ Ta IXHiX KOMILJIEKCiB — ILJIaHET, acTepoimiB, KOMeT,
rajJakTUK, TyMaHHoOcTel Ta iH. Tomy acTpoHOMU BHUBUAIOTh BCi 00’ €K-
TH, AKi mepedyBaOTh ¥ KOCMiYHOMY ITPOCTOPI Ta IXHIO B3AEMOJiI0 MisK




lanakTuka «Koneco ornagy».
3Himok Teneckony «[a66n»

lanaktnka NGC 4036,
cxoXka Ha MonouHun LLnax.
3Himok Teneckony «[a66s»

co6o1o. Cj10BO «KOCMOC» y IepeKJali 3 IpellbKoi o3Ha-
yae mMopAIOK, Ha BimMiHy Big «xaocy», qe mamye 0essa.
Tob6to e B laBHiit I'perii Bueni posywmiau, 1o y Beec-
BiTi mifoTh AKich 3aKOHU, TOMY Ha Hebi icHye meBHUM
HOPAIOK, 1 y HAII Yac ITiJf CJIOBOM «KOCMOC» MU YABJIA-
eMo cob0i Bcecsir.

¥V cyuacHil acTpoHOMii BUKOPHUCTOBYIOTHCS Pi3HO-
MaHiTHI MeToau mociaimkenHs BeecBiTy. AcTpoHOMU He
TiIbKY 30MpaloTh iH(popMaIlito npo gajgeki cBiTu, BuBYa-
I0YM BUOPOMIHIOBAHHSA, AKe HAAXOIUTH 3 KOCMOCY IO
moBepxHi 3eMIi, a I IPOBOAATEL eKCIIEPUMEHTH Yy HaBKO-
JUMTHBOMY Ta JAJIEKOMY KOCMiUYHOMY IPOCTOPI.

BakamBuMu 3aBmaHHAMU acTPOHOMII cTaaM MmOsc-
HEHHSA i IIPOrHO3yBaHHA ACTPOHOMIUHUX ABUII], TAKUX
SAK COHAYHI 11 MiCAYHI 3aTeMHEHHS, TOSIBA KOMET, IPOXO/IKeHHA IT0B3
3eMJII0 acTepoiiB Ta BEJIMKUX METEOPHUX TiJl.

1106 Kpartme mi3HATH €BOJIOIiI0 3eMJIi, aCTPOHOMis 3aMa€ETHCA BU-
BUEHHAM (pisMUHUX IPOIieciB, 1110 BinOyBaloThCa B HaaApax Ta arMocge-
pax BimoMux HaM maaHeT. JlociigkeHHA HEOECHUX TiJ HO3BOJAE Bif-
HOBicTH Ha MUTaHHSA 040 cTifiKocTi CoHsSuHOI crcTeMu, BiporigHocTi
HeOe3IIeK! 3iTKHeHHS HAaIllol IJIAHeTH 3 KOCMiUHNMHM TiJIaMu.

AXTyaqbHUMHU y HAIIl Yac JIUIIAIOThCA IIPO06JeMU BiZKPUTTS HO-
BuX 00’eKTiB COHAYHOI cuCcTeMHU, SOCTiAKeHHs IPoIleciB, AKi Big0y-
BatoTbcsa Ha COHIIi, TOMY IO Bix iX ImisHAHHS 3aJIEKUTH iCHYBaHHS
YChOT'0 »KHBOTO Ha 3eMJIi. BuBueHHs eBOJIIOII] faleKuX 3ip Ta mopis-
HAHHA iX i3 CoHIleM momomMaralmTh YUYEeHHM BU3HAUUTH €TAMU HOTo
PO3BUTKY.

Cepen HaOMMMKUYUX TEPCIEKTUB Y Talysi acTpoHoMmii mpiopurer-
HUMHY 00’ €KTaMu IJIA JoCaiAsKeHb oopaHi Micamns, Courme Ta Mapce. 3o0-
Kpema mporpama HACA mianye HeBIOB3i 3OIMCHUTHU IIEPIITY
B CBiTi eKcmemuIlito 3 acTpoHaBTaMu Ha UepBOHY IJIaHeTY.
Iuma MiKkHApOaHA KOCMiuHa mporpaMa IIoB’ sg3aHa 3 OCBOEH-
HAM CYOyTHUKA 3eMJIi i 3BefleHHAM Ha HbOMY CTaHILil JJid
aCTPOHOMIUHHMX cHocTepekeHb. Ile BifKpue mepesn yueHU-
MU HOBi MOJKJIMBOCTI JOCJiIKEeHHSI KOCMiYHOTO IIPOCTOPY.

3B’A30K acTPOHOMII 3 iHIMIMMHN HaykaMu. ACTPOHOMIY-
Hi MeTOgu MaloTh HAA3BUUAMHO BeJUKe 3HAUEHHS He TiJb-
KU B KOCMOHaBTUILi, a ¥ JJisg HaBiramil y MOpeImJiaBCTBi Ta
asiamii. Ilig vac cxymamanHAa reorpadiuamx i Tomorpadiu-
HUX KapT, KaJeHIapiB IJd HapOIHOTO I'OCIogapcTBa, 00-
YMCJIeHHS HACTAHHSA MOPChKUX IPUIIJINBIB i BiAnaIuBiB, BU-
3HAYEHHSA CUJIU TAKIHHA B PIBHUX TOUKAX 3€eMHOI ITOBEPXHi
3 METOI0 BUABJIEHHS IOKJIAAIB KOPUCHUX KOIAJUH TAKOMK
BUKOPUCTOBYIOTH acTpoHoMiuHi maui. To6To 3HAUEHHSA ac-
TPOHOMil B JKUTTi CYy4acHOTO CYCHiJIbCTBa HEMOIKJINBO IIe-
peorinuTH.

AcTpoHOMIisA ciopigHeHa 3 iHImMIMU HayKaMu — (isukoro, ximiero,
MaTeMaTHKoIo, 0iojoriero, iocodiero, Tomy 1110 Ha 3eMJIi iI y KocMo-
ci miroTh OOHI I Ti caMi 3aKOHU IPUPOIU.



Bctyn
| Ana gonnuTnnemx

AcTtporomiuHi gocaigykeHHA B YKpaiHi MaOTh JaBHI TpamwMirii.
3a uaciB KHsa:x01 1001 ocepefKaMM TAKUX JOCIimKeHb OyJIM MOHacC-
Tupi. CaMe B JaBHIX JIiTOmMMCAaX MOKHA 3HAWTH CBiZOIITBA IPO CIIO-
CTepesKeHHA KocMiuHux ABuml. Tak, y JIaBpeHTiiBchKOMY JiTOommci
1064 p. Bmepite 0yJio 3adiKkcoBaHO COHAYHE 3aTeMHeHHa. CTapoBUH-
Hi TEKCTM TAKOK PO3IOBiTaiOTh PO ITOAiOHI IPUPOAHI ABUIIA, IO
craauca 1091 p., 1115 p. Ilikaso, 110 TaKi BiJoMOCTi BUABUINCS
IiHHMMU He JUIIIe B raJiy3i acTpoHoMil, a i icTopii, OCKiJIbKY J03BO-
JISTIOTH 3 BEJIMKOI0 TOYHICTIO BCTAHOBJIIOBATU ATy BU3HAYHOI O],
3 AKOIO JIiTOIIMCIII HEeOAMiHHO IOB’A3yBaii HACTAHHS 3aTE€MHEHHS.

Haivigunitainn acrponovu. HafiBugaTHini BueHi, 1110 3poduiiu cyT-
TEBUH BHECOK Y CTaHOBJIEHHS acTpoHoMmii: MukoJsa Komepuuk (1473—
1543) «3pymus 3emio, synuausin Conne», Moran Kemaep (1571—
1630) BcTaHOBUB 3aKOHU PyXYy IjaaHeT, ['axinzeo amineii (1564—1642)
BinkpuB uoTupu cynyrauku IOmitepa, asu Bernepu ta in. I1i BigkpurTa
YTBEPAKYBaJIU reIioleHTPUUYHY Moae b cBiTy Komepuuka. Icaak Hoio-
ToH (1643—1724), ysaransHuBIIN 3aKoHU Kemjiepa mpo pyXx IJIaHeT, Bif-
KPUB 3aKOH BCECBITHHOIO TAKIHHA 1 3aKJIaB OCHOBU HEOECHOI MeXaHiKu.
Binbawm I'epiens (1738—1822) ctBopuB Mozesb Hatmoi ['alakTuky —
BeJIETEHCHKOI, ajle CKiHueHHUX po3MipiB cucremu 3ip. Mosed Ppayn-
rodep (1787-1826) Buepille BUKOPUCTAB CIIEKTPAJbHUI aHAJIi3 B ac-
Tpouomii. ExBinm I'a66s (1889-1953) moriB, 1Mo 3a MexkaMu HAIIOL
lanakTuKu € HeaJIiUueHHEe YMCJIO0 iHIITUX TaKUX Ke 30PAHUX CUCTEM i 110
e CBiT raJaKTUK pO3IIUPIOETheA. AnbbepT AftHiTalis (1879-1955)
CTBOPHUB TEOPil0 BiTHOCHOCTIi, sIKa cTajia (pyHIaMeHTOM KOCMOJIOTII.

VYEKpalHChbKi HAYKOBIIi 3pO0MJIN BATOMUI BHECOK Y POBBUTOK BiT-
YM3HSIHOI Ta CBiTOBOI acTpoHOMIii.

3HaiaiTEL B Mepeski IHTepHeT Ta iHIMINX mKepesax BiZoOMOCTI IIpo
PO3BUTOK acTPOHOMiIYHOI HAYKMW B YKpaiHi Ta migroryiiTe moBigom-
JIeHHs abo mpes3eHTaIlifo.

ACTPOHOMIYHi 3HaHHA i pO3BUTOK LuBiIni3ayii

Y Oymb-AKi yacu acTpoOHOMIiA 3miMiCHIOBaja BeJWKUI BIIJIUB Ha
MPAaKTUYHY AiAJbHICTH JIOJUHU, ajie TOJOBHE ii 3BHAUEHHSA MOJIATAE
y (hopMyBaHHI HAYKOBOT'O CBiTOTJIALY.

HaiirosoBHimum cTuMyJioM AJd PO3BUTKY acTPOHOMIi cTajo Oa-
JKaHHS JIOJIel OCATHYTU CYTHICTh peueil, yCBiIOMUTHU CIIPAB}KHE TIO-
JosxeHHs 3emJii y BeecBiTi, misHaTu TaeMHIUYI 3aKOHU KocMocy. IIpo-
TSTOM yChOT'O CBOTO iCHYBaHHSA IIA HayKa 3aJ0BOJIbHAJA IOTPeOu
JIOJICTBA B MOACHEHHI ITOXOMKEeHHS 11 PO3BUTKY HAaBKOJUIIHBOTO CBi-
Ty, IOMIYKY icTuHU. Bimirpatoun BesinyesHy CBiTOTVISAHY POJIb, aCTPO-
HOMis 3aB)KIU IIOCifajia dijJibHe Miclie B [yXOBHOMY KHTTi 0COOMCTO-
CTi ¥ cycmiJibCcTBa.

3y3CTpiy ABOX ranakTuk.
3HimoK Teneckony «[a66»

CKynuYeHHA ranakTmk.
3Himok Teneckony «fa66n»



B actpoHoMii KoskeH 00’€KT icHYe y BJIaCHUX IIPOCTOPi # uaci, m1o
CTBOPIOIOTH HOT0 crernu@iky. ¥ sarajJbHOMY PO3YMiHHI IIpoCTip — 1e
dopma crasocti, 30epekeHHs 00’€KTa Ta Oro 3MicTy, a uac — dopma
PO3BUTKY 006’€KTa, BHYTPIITHA Mipa OyTTd Ta caMo3HUIeHHA. IIpocTip
i yac IOTIOBHIOIOTH OOWH OJHOTO, i UMM CKJIATHIIINHA 00’ €KT, TUM CKJIAMI-
HimmuMu € i opMu.

IlisHamHA ocobMBOCTEI IPOCTOPY 1 UaCy € iCTOPUUHUM IIPOIle-
CcoM, IO BigOyBaeThCsA HA OCHOBi IIPAKTHUYHOI AisIJIBHOCTI JIOomeii,
iXHBOTO OCBimy.

CyuacHa acTpoHOMifdA, 3aauIIalOUNCh QYHIAMEHTAIBHOIO HAYKOIO,
Mae BeJiMuesHe IPUKJIagHe 3HAUeHHA i 6e3mocepeHbO TTOB’ I3aHa 3 Ha-
YKOBO-TEXHIUHUM IIPOTPECOM JIIOACTBA. BUBUeHHA pisHOMaHITHUX He-
0ecHUX TiJ, IKi MOXKYTH IIepeOyBaTH B yMOBaX JNy:Ke BUCOKUX i IysKe
HUBBKUX TEeMIIepaTyp, 'YCTHH i THCKY, 30arauye BasKJIMBUMU JaHU-
MU «3eMHi» HayKu — (isuKy, Ximito Ta iH. 3aKoHU HeOecHOI Mexa-
HiKU IOKJIaIeHO B OCHOBY TeOpii pyXy KOCMIUHUX allapaTiB, a IIpakK-
TUYHY KOCMOHaBTUKY YABUTHU 0€3 aCTPOHOMII B3araJji HEMOIKJIUBO.
Hociimxkerraa Micanda i miaHeT DO3BOJAIOTH, 3HAYHO Kpallle BUBYA-
TU HaANTy 3eMJIO0.

Kpim Toro, actpoHomisa € ofgHi€l0 3 HAWTOJOBHIIIINX HAYK, 3aB/ -
KU AKUM CTBOPIOETHCA HAYKOBa KapTWHA CBiITYy — cucTeMa yABJIEHb
Ipo HalsaraJbHiNIi 3aKoHU OymoBu i po3BUTKY BcecBiTy Ta #0oro ok-
peMux JYacTUH.

ﬁ LisHaiTeca GinbLie Npo icTOpilo pO3BUTKY acTPOHOMii.

@ KoHTponbHi 3annTaHHA

1. IITo BuBUae acTpoHomia?

2. Sk Bu BBasKa€eTe, YOMy aCTPOHOMIfA € OHI€0 3 HAWAABHIININX HAYK?

3. HasBiTh BizoMux BaM acTPOHOMiIB MUHYJINX UaciB.

4. Ha3sBiTh Tina, mo yrBopioioTh COHAYHY CUCTEMY.

5. AcTtpoHoMisa Mae mpukKJaagHe 3HAUeHHA. [IpoidrocTpyiiTe mpuKIa-
IaMu Iie TBePIKeHHs.

6. BcramoBiTh BigMiHHOCTI MisK acTpoHOMi€O Ta acTpodisuKoIo.

7.5ki mpuunHM O00YMOBUJIM 3aPOJKEeHHA i PO3BUTOK aCTPOHOMIii?
IIpoanaurisyiite ix.

8. flke sHaueHHS Mae acTpPoOHOMiA y hopMyBaHHI HAYKOBOI KapTUHU
cBiTy? IToscHITS.



30PAHE HEBO
TA PYXU CBITUN

Tema. 3opsaHe HebO

HebecHi crituna i nedecua chepa. Ilix gac cmocrepesxkeHs 3a 30-
pPsaMU HaM 30a€ThCsA, 1110 BCi HeOecHIi cBiTuMJIa po3TallloBaHi Ha HesaKii
yABHi# chepuuHiii moBepxHi He6a I OJHAKOBO BimmaseHi Bifg cmocre-
piraua. HacupaBai BoH: po3TallioBaHi Ha pisHUX BifcTaHAX Bing SeM-
ai. ToMmy yABHY IOBEepXHIO HEOOCXUJIY ITOUATN Ha3WBATU HeOeCHOI
ceporo.

Cysip’a. Bigcrani B KocMiuHOMY TpOCTOPi Taki BeJqnKi, 110 BUMi-
poBaTH iX y 3BUYANHUX AJIA Hac KiJloMeTpax He3py4YHO, TOMY acTpO-
HOMHY BUOpAaJU OTUHUIAMU BUMIiPIOBAHHS aCTPOHOMIYHY OTUHHIIIO
Ta CBITJIOBUH PiK.

3a mexxamu ConsaunHoi cuctemu, Ha Bigcraui mouman 100000 a. o.,
MOUYMHAETLCA 30HA TAXKIHHA iHmux 3ip. Heo36poenum okoM Ha Hebi
MosKHAa mobaunTtu O6au3bko 6000 3ip, aAki yTBOpooOTH cysip’a. Ha-
crpaBai 3ip mabaraTo OinbIlle, ajie Big majeKuX CBITHJI HaIAXOIUThH
TaK MaJIo CBiTJIa, IO iX MOKHA CIIOCTepiraTH TiJIbKU B TeJIeCKOII. Be-
JUKi CKyOUeHHs 3ip, 0 YTPUMYIOThCSA CHUJIOI TAMKIHHA, HA3UBAIOTh
rajJlJakTUKaMU.

Hesari Bimomi cysip’a micTaTs gobpe momiTHI Girypu, ckiaameHi
ACKPaBUMU 30PAMU, AKi Jerko BuisHaTtu. Hampukiaan, Beauka Ben-
menuitd (KOHTYpP KoBia), OpioH (pirypa mucauBis), JieB (KoHTyp Jie-
sKauoro JieBa), Cxopmiou. Iumri cysip’s He MaOTh TAKUX BU3HAUEHUX
KOHTYPIiB i MicTATL MeHII sicKkpasi 3opi. Posmozais 3ip mMixk cysip’amu
IOBiIbHMI, i PisHi KyJIbTYypU BUAIIAIOTEH HA HeO1 pisHi cysip’a. OgHak
JeKiJTbKa HAUIOMITHIIINX KOHTYPiB, CKJIAJeHUX SICKPABUMU 30PAMU,
BUIIIAIOTHCA OiJBITICTIO KYJABTYP, X0Ua 3a3BUUYail BOHU OTPUMYIOTH
pisui HasBu. Takum € cysip’a Opion (puc. 1.1).

Ax cysip’s orpumanu ceol Hazsu. Huri MiskrHapomua acomiamia
acTpoHoMiB Bu3Hauae 88 cysip’is, 1110 posnoAijeHi y miBHiuHi#i Ta miB-
IeHHil miBcepax. Ale icTopis BUSHAUEHHA Ta YIOPAIKYBAHHS CYy-
3ip’iB HaJiuye THCAYOJITTS.

HaBHi criocTepiraui 6aunam Ha 30pAHOMY HeOi OKpeMi ToeTHaAHHSA
3ip i BidyasbHO 00’emHyBau ixX y pisHomauiTHi Girypu. [[as Toro mod
OyJIO JIeTIIe OpieHTyBaTHCA 3a 30PAHUM HeOoM, rpymam 3ip (cysip’am)
JIFOAY TIOYAJIM JaBaTU HA3BU TBAPUH, IITaXiB, pisHUX ITPeIMETiB, a 3T0-
oM — imeHa MiiuyHUX repois Ta icTorT.

Y III cT. 1o H.e. JaBHLOTPEIbKi aCTPOHOMMU BIIEPIIlE 3BeJU Ha3BU
cysip’iB miBHiUHOI miBcdepu B €AUHY CUCTEMY, OCHOBOIO AKOi OyJa Mi-
dogorisg. 3romom IIi Ha3BU IepeliHdANa eBpomelickKa Hayka. Tox, yci
cysip’s, 110 MicTATH sICKPaBi 30pi Ta € BUAMMUMY B CEPEIHIX IITUPOTAX
niBHiuHOI miBchepu Semi, i mounHi 30eperyii iMeHa repoiB aHTUUHIX

He6ecHa cdpepa — Lie yABHa
cdepa AoBinbHOro pagiyca, LeHTp
SAKOI B 3a/IeXKHOCTI Bifj 3aBAaHHA,
LLIO BMPILLYETHCA, MOEQHYETLCA

3 TI€I0 YN iHLLIOK TOYKOLO
npocTopy. LieHTp HebecHoT
chepu moxe 6yTv 06paHni

B MicCLli cnocTepekeHHsA (OKo
crnocTepiraya), y LeHTpi 3emni abo
6ynb-AKili Touli NnpocTopy

Cysip’a — finAHKM HebecHoT
chepu, Ha AKi nogineHi okpemi
rpynu 3ip AnA 3py4YHoCTi
OpIiEHTYBaHHA

Puc. 1.1. OpioH — HamAcKpagiwe
cysip’sa niBHiuHOI chepun

AcTpoHOMiYHa oAHNLA

(a. 0.) — cepepHA BigcTaHb MiX
ueHtTpamu 3emni Ta CoHusA.
1a.0.=150- 10° Km
CiTnoBui pik (cB. pik) —
BifJICTaHb, AKY NPOXOAUTb
CBIiTNIOBUI NPOMiHb 3a 1 piK,
pyXaroumnchb 3i WBUAKICTIO

300 000 Km/c.

1 cB. pik = 10" kKm




An leBenin

Puc. 1.2. Cysip’a Benuka Begmeguua

1. a — [ybxe («Begmiab»);

2. B — Mepak («[onepek»);

3.y — Oekpa («CrerHo»);

4. 8 — Merpes3 («[ToyaTok XBOCTa»);

5. € — AnioT (ckopile 3a Bce nepe-
KNaBAETbCA AK «KYPAIOK»);

6. { — Mizap («CTerHoBa noB'AsKa»);

7.n — Anbkang / beHeTHaw (o3Havae
«[poBIAHMK NNakanbHULb)
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Jereun i mijis (Hampukiaan, Augpomenu, Ileraca, Ilepces, I'epkyeca
Ta in.). Tako:k HatiBimomimumu cysip’amu IliBHiunoi miBcdepu € Be-
auka Begmenunsa, Baususara, Jle6igs, OBen, Temens. Ha crapoBuH-
HUX 30PSAHUX KapTax HaBiTh MOKHA 3HAWTH IxHi 300pakeHHs. IcKpa-
BUM IIPUKJIAIOM I[LOTO MOKe CJAYTI'yBaTH CJIABHO3BiCHUM aTyac cy3ip’iB
«¥Ypanorpadia», yraageHuii moabcbKuM actTponomoM XVII cr. dxnom
T'eBeniem. Ha cyuacHUX acTpOHOMIUHMX KapTaxX HeMae 300pakeHb Mi-
diunux obpasiB cy3ip’iB, aje 30epeskeHi IxHi gaBHi Ha3BU.

Cygip’a miBmenHo1 miBcdepu (AKi He MoKHA mmobaumTu B €Bpormi)
oTpuMaJii Ha3BU B enoxy Benmkux reorpadiuaux Bimkpurtis. Cepen
HUX MOKHa 3ycTpiTu Taki HasBu, ik Kuab, Komnoac, Bitpuna, Texe-
ckor, Hayroapauk, OKTaHT; a TAKOK YMMAJIO IIiBJeHHUX Cy3ip’iB mpu-
cBAvYeHi TBapuHaMm: BoBK, 3aernb, [laBuu, I'ony6, 3osora Puba Ta iH.

( ) Ona ponuntnnBmnx

ITikaBo, 110 came IIOABa HAa HEOOCXUJIi IIEBHOTO Cy3ip’ s 3yMOBHU-
Jia BUBHAUEHHA HAWYJII00JIEHIIIIOro s BCiX ITKOJAPIB Yacy — JIiT-
HiX KaHIKYJI.

¥V laBEbOoMy Pumi epioz Haii6iIbIol JIiTHROI crieKku (3 22 aui-
Hs 10 23 cepnHs) 36iraBcd i3 MOYaTKOM BPaHINIHBOI BUAUMOCTI 30Di
Cipiyca, 1o 3Bamacsa Canicula (To6To «mMameHbKHUI cobarar). Ileii
yac OyB 00paHUil pUMJISHAMHU [JId TPUBAJOTO BiIIOYMHKY Bijg mpa-
IIi Ta HaBUAHHA.

Cucrema, 3a IKOI0 30psaM JalOTh Ha3BU. bara-
THOM SACKPaABUM 30PSIM Ha3BU JaJU IIe JaBHbOTPellb-
Ki Ta apabcbki acTponomu: Purens, Anbaebapan, Ka-
nesaa, Anbraip, Cipiyc, Bera Ta in. Ilismime asckpasi
30pi B cysip’aX cTasiu mO3HAYATHU JiTepaMu IPerbKo-
ro aadasity, 3a3BuUail y Mipy 3MeEHIIIEeHHA IXHBOTO
OJINCKY.

3 1603 p. mie cucrema mosHauyeHHs 3ip, 3aIPOIO-
HOBaHA HiMeI[bKUM acTpoHoMoM Moranrom Baiiepom.
¥ cucremi Baiiepa HasBa 30pi CKJIagaeTheA 3 IBOX Uac-
THUH: HadBU Cy3ip’s, M0 AKOTO HAJEKUTh 30pPs, Ta Ji-
Tepu rpenbKoro ajadasity. IIpuuomy i1oro mepIroio Ji-
TepoI0 ol TO3HAYAIOTh HaWsACKpaBiImly 30pio B cy3ip’i,
B — mpyry 3a 6JMCKOM 30DIO i T. A.

Ilicna BuHaANLeHHS TeJeCKOIIiB KiJIbKicTh JOCJIi-
MoKyBaHUX 3ip s0inpimuiacsa. [IJia iX mo3HaUeHHA ByKe He BHUCTAUaJIO
JiTep rpenbKoro anadasitTy, ToMy 30pi mouasu mMO3HAUYATU JIATUHCHKU-
MU JiTepamMu. A KOJU CKiHUMIUCA I BOHU, A0 CUCTEMHU ITO3HAUEHHS
BBeJu i nmudpu (Hanpukaan, 61 Jledigs).

Posrisubre cysip’sa Beaukoi Begmenui (puc. 1.2), Bigome 3 gas-
HiX uaciB y 6ararbox HapoAiB mij pisaumu HasBamu: Bemukwuii Kisi,
Kopomucio, Ilnyr, Jlock, Bisok, Cim Myzaperiis Ta in. Yci 3opi mporo
cy3ip’s MaoTh BJacHi iMmeHa apabChbKOTO IMMOXOMKEeHHA.



Tema. 3opsAHe Hebo

Conaunmnii yac ta 3oxiak. CioBo 307i-
aK (Bix rpem.— Ko.s0 i3 300pajiceHb maea-
PUH) yIepIlie MMoYaJud BIKUBATHU IJIA BU-
3HAUEHHSA 0COOJIMBUX Cy3ip’iB Ie KiabKa
THCAY POKiB Tomy. Il masBa moB’sizaHa
3 tuM, o Conne, Micanp i naanmeru Co-
HAYHOI cucTeMMu MOJKHA CIIOCTepiratu Ha
i 12 3omiakanbHuX cysip’iB, AKi yTBOPIO-
IOTh Ha HebecHil cdepi BesnKe KoJI0, i ce-
pen Ha3B MUX cy3ip’iB mepeBakaiOTh HA3BU
"KUBUX iCTOT.

Ha puc. 1.3 306paxkeno opbity 3em.i,
naneki cysip’a Ta yepes kosxHi 30° mpose-
IeHi JiHii, K1 HO3HAYAIOTL ITOJIOKEHHSA
HAaIol IJIAaHEeTW BiJHOCHO 3ip uepesd KOK-
HUN Micanb. TakuM YMHOM, MH MOXKEMO

CkopnioH

Crpineup

Kosopir | .

Tepesu

Oisa

BnusHaTa

EkninTuka

no3Havaty pyx 3emui mo op6iri Ta Binpa- Puc. 1.3. Opb6ita 3emni Ta 3o0aiak. [nowWwwmHa, y AKin obepTtaeTbca 3emna
XOBYBATH BeJIUKi IIPOMIKKM Uacy. HaBkono COHLA, 3aN1LIAETbCA CTaNoo BiGHOCHO 3ip. JliHia nepeTuHy
3a moyaTok Bimmiky pyxy Bemui Bigp- MVIOWMHM op6iTV 3emni 3 yABHO HeGeCHO Chepord Mace Ha3By eKTiNMUKA.

MeMO TOUYKY BECHSHOTO PiBHOAeHH:A. SIKIT0
21 Gepesusa 3’eguatu 3emurro i CouIle nps-
MOIO JIiHi€I0 Ta MPOAOBMKUTHU Ii ¥ KOCMOC, TO ITd IIPAMAa IeCh y AaJleuun-
Hi IepeTuHae ysaBHY HebecHY cepy yV ABOX MiaMeTpaJbHO TPOTUIEHK-
HUX TOYKaX, OJHA 3 AKUX poaTaloBaHa B cy3ip’i [liBu (3 60Ky 3em.i),
a iama — y cysip’i Pub (3a Conunem).

VY GepesHi cysip’a Pub He BuaHoO, amke BoHO mepebysae 3a CoH-
meM. ACTpoHOMU Iieii MOMEHT OIHUCYIOTh TaK: «21 0epesus CoHIle pos-
TalroBaHe y HaIPAMKY cy3ip’a Pub y Toulli BeCHAHOr0 pPiBHOAEHHA» .

Pyxarounch pasom i3 3emeio mo opOiTi, MU IIPOTATOM POKY CIIO-
crepiratumemo CoHIle B PidHMX HaANpPAMKaxX Ha TJi pisHUX cysip’iB.
SKIMO KOKHOTO JHSA ITO3HAUATH MOJIoKeHHA 1eHTpa CoHIE BimHOCHO
JaJleKuX 3ip, To MOKHA OTPUMATH BeJIMKe KO0JO0 HebecHOI chepu, AKe
Ha3WBAETHCSA EKJIINTUKOIO (Bix rper.— 3amemHeHHs). MaTeMaTuuHe
BU3HAUCHHS eKJINTUKN — Iie JiHid IepeTuHy IJIOIMUuHYN opbiTtu 3eMm-
Ji 3 HebGecHOIO c(heporo, TOOTO ILJIOIIMHA eKJIINTHKN 30iraeThcs 3 ILJIO-
IITUHOI0 OpOiTH 3emuri.

IlnomuHa eKJIINTUKY IPOTATOM CTOJITH 3aliMa€e CTaje IOJIOMKEH-
HA BiTHOCHO 3ip, ajie IMOJIIOCH CBiTY MOCTYIIOBO 3MIiMIYIOTHCSA Y KOCMiU-
HOMY IIPOCTOPi — IIie ABUINle HA3UBAIOTH Ipeleciero (Big jar.— sune-
pedixcenns, puc. 1.4). Bich obepTanusa 3eMJIi OIUCYE ¥ KOCMOCI KOHYC
iz mepiomom 26 000 poxkis. I akmio B mam yac IliBHiuHMI moJroc cBi-
Ty poaraioBaHuil y cysip’i Masoi Beamenuiri, To uepes 13 000 poxis
BiH mepemicTuthes y cysip’sa Jlipu, i Harri Hamagku OyayTh BU3HAUA-
TU HAIIPAMOK Ha MiBHIY 3a mormomoroio 3opi Bera. Buacaigok nperecii
3MiHIOETHCS TAKOMK IIOJIOMKEHHS ILJIOINIMHYU He0eCHOTO eKBaTopa cepep
3ip, ToMy B MaiiOyTHROMY B YKpaiHi He Oyme BumHoO cy3ip’a OpioH, 3aTe
HaIIl HamagKu modavaTh HAWOAM:KUY o Hac 30pio IIpokcumy Ken-
TaBpa.

12 cysip'iB, AKi NepeTMHaE ekNinTrKa, Ha3nBaloTb 300iaKaTbHUMU

3opiak

OBeH Y Tepesu n
Teneup ¥  CkopnioH m
bnunzHata IL Crpineupb 57!
Pak S5 Ko3opir Y
Jles &)  Boponii o
[isa )  Pubn PAS

Mpewuecia — 3mileHHA oci
obepTaHHA 3emni BiAHOCHO 3ip.
Bicb 3emni onncye B Kocmoci
KOHYC i3 nepiogom 26 000 pokis

Puc. 1.4. fiBuwe npevecii geMoHCTpye
AuUTAYa [131ra, Wo obepTaeTbeA
HaBKOJO BIACHOI OCi, y TON Yac AK

il BiCb OMMCY€E KOHYC y NPOCTOPI
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CY3IP’A NIBHIYHOI NIBKYNI

YHacaigok obepranHsa 3eMJIi

HAaBKOJIO CBO€I OCi BUTJIAL 30PSIHOTO HEOA
TPOTATOM HOYi BMiHIOEThCH,

i HaMm 3maeTncH,

10 30Pi PyXarmThCA BiTHOCHO TOPUB0HTY .

B 000
R
B
[Pje_r_y-z!________________
BEJIUKA BEAMEAUMLOA
Kacrop
Ilonmyxe |
BJjausHATA | F
R ]
Berenbreiize 3
L,
Pirean

VHacaigok pyxy 3emuIi
HaBKoJ0 CoHIA

30psHe He0O B Pi3HI MOPU POKY
BUIVISa€ HEOTHAKOBO.



CROPIIIOH

Haiisckpagiiiri 30pi mo3HauarThCA JIiTEePOIO
TrpenbKoi abeTKM Ta Ha3BOoIo cy3ip’s,
IO CKJIay SKOTO BOHU BXOAATD,
Hanpukgan Ansga Keraspa.

_______________________________________________ CTPLIELb
____________________________________ TEPKYJIEC

____________________ Hene6
__________________________ J-----JIEB_IEI?
_____________________________ KO30PIT

________________ Heneo
________________________________________ MAJIA BEIMEIUIISA

________________________________ Honspra sopa
TIIETAC
_____________________________ Maprab [~

_________________ [Tear

_____________ Aupepar

_______________ Anpreni6
... AHIPOMEJA

_____________________ Cipax

______________________ Mipax

_____________________ Anamag

MesapTim

__________________________ Tamanp
S
AU

_____________________________ AnpneGapan

___________________________________________ Har
________________________________________________________ NJIEAIN

Ieaxi 3 TosioBHUX Cy3ip’iB
(mo3HAaUEHI BEJIMKUMU JIiTEPaAMU)
ITiBHiuHOI miBKYyJIi Ta AeAKi 3 HalACKpaBimmx 3ip
(mosHaueHi MaauMu JiTepamn).
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3emna

Puc. 1.5. MNnowmHa matemaTnyHoro
rOPU3OHTY € NePreHANKYNAPHO
10 NPAMOBUCHOT AiHiT

E

Puc. 1.6. YHoui HagilH1m opieHTpoM Moxe 6yTu MonapHa 3opA P;,

Ha AKy cnpsAmMoBaHa Bicb obepTaHHA 3emni. AKwWwo AnBUTUCA Ha MNonAapHy
30pto, TO nonepepy Oyae HaNPAMOK Ha NiBHiY, No3agy — MiBAeHb,
npaBopyy — cxif, niBopyy — 3axig. Touka Q — KynbmiHauia CoHuA
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ﬁj Ana ponutnneux

31e6iabIToT0 YKpaiHChKi Ha3BYM Cy3ip’iB € mepeKJaagaMu TPerrhb-
Kux abo JIJaATUHChbKUX Ha3B. AJie 00 OKPEMUX Cy3ip’iB BXKUBAIOTh-
ca i Hapoxui HasBu. Tak, Benruka Begmenunia — 1e Benmukwuit Bis,
Mana Begmenuiis — Maunuii Bis, Kaccionea — Bopona, a6o Ilaci-
Ka, [lenbdhin — Kpunwuis, mosc Opiona — Kocapi, Open — IliBum-
Ha 3 Bipammu, a 3opaHe ckymueHHs [Ineagu — Croskapu, Yymanb-
kun lzax.

Opi€eHTyBaHHA Ha MicLeBOCTiI

Y IOBCAKIEHHOMY JKUTTi AJIA BUBHAUEHHA HAIPAMKY MU BUKO-
PUCTOBYEMO OPi€HTUPHU, AKi HaM JoOpe 3HAOMi,— OYAUHKM, JOPOTH,
piku ToIro. AKIO MU MOTPAILJIAEMO B HE3HANIOMY MiCIIEBiCTh, TO HAIITL
3BUYHI OPi€eHTUPU 3HUKAIOThH, i MU MOXKeMO 3abaykaTu. Y IbOMY BU-
HagKy HaIiiHUMU Opi€eHTHpPaMU MOMKYTb OyTu HebecHi cBiTuia, am:xe
BOHM HaM CBiTATH i BAoOMa, i Ha Uy:KUHi.

Ia opieHTyBaHHS Ha MOBEPXHi 3eMJIi aCTPOHOMM 3aCTOCOBYIOTH
TepMiHU MPAMOBUCHA JIiHis Ta TOpU30HT. HampaMok npaMoOBUCHOI Jii-
Hil 3ajaeThCcsa CUJIOO TAMKIHHA 3eMJi B TOUIli CIIOCTEpPesKeHHs. Moro
MOKHa BUBHAUUTHU 34 JOIOMOTOI0 3BUYANHOTO BUCKA-TATAPIA, AKUN
migBimryiors Ha HUTIH. [IpunycTumo, 110 crocTepirau nepedyBae Ha I10-
BepxHi 3emui B Touni O, aka mae reorpadiuny mupory ¢ (puc. 1.5).
Hanpamorx OO, 1o BUCKY BHI3 Ha3WBAIOTh HAAUPOM, IPOTUJIEIKHUI Ha-
npamok OZ, yropy, — 3eHiTOM. 3apa3 rOPU30HT BU3HAYAIOTH SIK ILJIO-
MIUHY, AKa € MePIeHINKYJIIPHOI0 A0 IPAMOBHUCHOI JIiHil.

OO6piii, abo JiHig IepeTuHy IJOIIMHYA TOPU30HTY 3 HeOeCHOI che-
poro, Oyme KojoM, ¥ IeHTPi AKoro mepedyBae crmocrepiradu. Ha ropuson-
Ti po3piBHAIOTH woTHUPU TouKMU: N — miBHiu, S — miBgens, E — cxin,
W — gaxim, 3a JOIIOMOT0I0 AKUX JIOAU OPi€HTYIOTHCS i BUBHAUAIOTH
HaAIPAMKH IIiJ Yac MaHAPiBOK (puc. 1.6).

YHaciaigok obGepraHHA 3eMJi HaBKO-
JIO OCi IJIONMHU MepugiaHa Ta TOPUI0H-
Ty OPOTATOM A00M 3MIIYIOTHCA Y IPOCTO-
pi momo 3ip, aje HaM Ha ImOBepxHi 3eMuri
3[Ta€ThC, III0 BCe BifI0OyBaeThCA HABOAKU —
HeOeCHi cBiTHIa PYyXalThCA OO0 TOPU30H-
Ty. Mu Kaxkemo, 1o CoHIle CXOIUTb, KOJU
BOHO 3’ABJSAETHCS HaL oOpiem Ha cxoxni. ITo-
Tim CoHIle migHiMaeTbCA BCe BUIIE i BUIIE
1 omiBaHi 3aiiMae HAWOIiJIBLIIY BMCOTY HaL
ropu3oHTOoM. Ileil MOMEHT acTPOHOMU Ha-
3MBAalOTh BEPXHBOI KYJbMiHaIi€c (Bifg
JaT.— gepuiuna). BepxHa KyabpMiHaIia Ha-
CcTae y TO MOMeHT, Kosiu CoHIle ITIepeTruHaE
IJIOITMHY MepuaiaHa i po3TamioBy€eThCI HAL
TOYKOIO ITiBIHS.



Tema. 3opsAHe Hebo

Mowment BepxHBbOi KysibMiHaIii COHIIS MOYKHA BUSHAYUTH 34 JIOTIO-
MOTOIO TMAJUYKHU, AKY Tpeba BCTAHOBUTHU NEPIEHIUKYJIAPHO A0 TOPU-
30HTY (puc. 1.7). [Insa BuBHaUeHHS KyJbMiHAIil YBa*KHO CJIIIKYNTE 3a
IOBXKMHOIO TiHi: Kosmu CoHIle po3TallioBaHe HaJ TOUKOIO MiBAHS, TiHb
yKasye HaIPSIMOK Ha ITiBHIiY i Mae HAaWMEHIIY JOBKUHY.

Tinsku B 6epesHi Ta BepecHi CoHIle CXOAUTDH HOOJIU3Y TOUKHU CXOAY,
a 3axX0oauTh 0isia Touku 3axony. BiaiTky CoHIle cCXOOUTh HA IiBHIYHOMY
cxo0/i, a 3aX0AUTh HA HMiBHiYHOMY 3axomi. ¥3umMky CoHIle CXOAUTH Ha
MiBJeHHOMY CXOJi, a 3aX0IUTh HA MiBIeHHOMY 3aXO/Ii.

Ieaki 3opi Ha HAIIUX IIUPOTAX HIKOJIMU HE 3aX0AATh, TOMY Ha Hebi
MM MOXKEeMO MO0AUYMUTH He TiJIbKM BEePXHIO, a I HUKHIO KYJIbMiHAIiO0,
KOJIU CBiTMJIO TIepe0yBae HaWHUIKYUE HAJ TOPU3OHTOM (IUBUCH PYXOMY
Kapmy 30pan020 Heba, HA 3BOPOTi AKOI € iHCTPYKI[idA, AK BU3HAYATH
MOMEHT KyJbMiHaIlii 3ip).

Haiisickpagiuri 30pi

Hassa Cysipia Bigcrans Bumguma 3opsana
(cB. p.) BeanuuHa (™)

Cipiyc Benuxwuii ITec 8,6 - 1,47
o Keuraspa Kenrasp 4,3 - 0,27
ApxTyp Bosomac 36,7 - 0,04
Bera Jlipa 25 + 0,03
Kamenna Bizununii 42,2 + 0,08
Pirensb Opion 870 + 0,12
ITpomion Maunuii ITec 11,4 + 0,38
Berenbreiize Opion 530 + 0,50
Aunbraip Open 16,8 + 0,75
Anppebapan Tenenn 65 + 0,85
AHnTapec Cropiion 610 +1,09
ITonnyke Baunsuara 33,7 + 1,15
Iened JleGinn 1550 + 1,25
Peryn Jles 69 + 1,35

g KOHTpOnbHi 3anuTaHHA

1. latiTe BU3HaUeHHA HeOecHOI chepu.
2.Ha aky kingbKicTb cy3ip’iB posaisena mebecHa cdepa?
3. 3BiIKY DOXOIUTE CJIOBO «304iaK»?

4. TepuTopito ckiabKOX cy3ip’iB mpoxoauTh CoHIle IPOTATOM POKY?

5. HasBiTs oguHuIli BUMipOBaHHA BifcTaHell B KOCMiYHOMY IIPOCTOPI.
IlaiiTe BUBHAUEHHA.

6. [TaiiTe MmaTeMaTUYHe BUBHAYEHHA €KJIINITUKN.

7.k BusHauyaeThCsa TOUKA 3eHIiTY?

8.3a AKwmit yac micasa BepxHbol KyabMiHatii CoHIlA 3a 30pAHUM T'O-
OUHHAKOM HACTYIA€E MOTr0 HUMKHA KyJbMiHAIisg?

9. fAxumu Oysu 6 eKJinTHUUYHI cy3ip’d, AaK0u IIoIuHA OpoiTy SemJri
3MiHMJIACH i cTajia 10 MePIeHAUKYJIAPHOIO A0 oci ii o6epTaHH.

KynbmiHauia — nepetuH
cBiTMNaMy HebecHoro mepugiaHa
BHaCJiOK J060BOro obepTaHHs
3emJsii HaBKOJ1O OCi

Puc. 1.7. OniBgHi TiHb Big nanuukmn
CpAMOBaHa Ha MiBHIY

MpakTnuHi po6oTn

- CmocTepeskeHHA 30pA-
HOTO Heba.

» OpienryBauasa no Cou-
1o, pasax Micsars,
cysip’ax rta Ilomsp-
HOIO 30pel0 Ha MicIie-
BOCTi i 3a yacom.
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Puc. 1.1. HebecHa cdepa

O — LeHTp HebecHoi chepm (micue
po3TallyBaHHA cnocTepiraya);

Q — BepxHs ToUKa HeGeCHOro
ekBaTopa; Q' — HWXKHA TOYKa
HebecHoro ekBatopa; M — cBiTunO

Puc. 1. 2. EkninTuka

Touky HebecHoro ekBaTtopa, yepes
Ay CoHue mif Yac CBOro pyxy rno
ekninTuui nepexoantb 3 lMiBAeHHOT
niBKysi He6a B lMiBHIYHY,
Ha3UBalTb MOYKOI BECHAHO20
pigHoOeHHA. Touka HebecHoro
ekBaTopa, yepe3 AKy CoHue
nepexoauTtb 3 [iBHIYHOT NiBKYNI
HebecHoi chepn y MiBaeHHY, —
MOYKA OCIHHbL020 PiBHOOEHHS
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30PAHE HEBO TA PYXW CBITUN

Tema. Heb6ecHa cdepa
i po60BUIN PYyX CBITUN

0 Toukn i niHii He6ecHoI chepn

Tlonarra Hebecna cepa (puc. 1.1) nae 3Mory BUBHAUYUTU KYTOBi
BimcTani mMik moBimbHUMU HEeGECHUMM CBiTHMIIAMU.

ITpamoBucHoO JiHierw (ZZ') HA3UBAIOTH IPAMY, AKa IPOXOAUTH
yepes meHTp HeGecHOI chepu. Ii HAIPAMOK 3aTAETHCA CHIIOIO TAKIH-
HA 3eMJIi B TOUI[i CIIOCTEPEKEHHA 1 BU3HAYAETHCA 3a JOIIOMOTOIO
BUCKAa-TATApIsd, IiABilIIeHOT0 Ha HUTIi. 3eHiT (Z) — BepXHS TOUYKa
mepeTUHy IPAMOBUCHOI JiHil 3 HebecHOIO cheporo, a Hagup (Z') — Tou-
Ka HebOecHOI cdepu, mpoTuiaerxkHa 3eHiTy. Ilmomuny, sxa IpPoOXoauTh
yepes 1MeHTp HebecHOI chepu Ta € MePHeHANKYJIAPHOIO 10 TPAMOBUC-
HOI JIiHil, HA3WBAIOTH IJIOUIMHOI0 MATEeMATHYHOTO (CIIPaBKHBOTO) TO-
pu30HTY.

Beauke xoJio HebecHoi chepu, sike IPOXOAUTEL Uepesd 3eHiT, CBiTHIO
¥ Hagup, HA3WBAIOTH KOJIOM BHMCOTH, a00 BEePTUKAJILHUM KoJoM (ZMZ').

Bics cBity (PyPg) — me nmpama, 110 mpoxoauTh yepes IeHTP He-
b6ecHOI chepu mapasiesTbHO 0ci 00epmaHHs 3emi T IepeTuHaE HebecHY
cdepy vy ABOX AiaMeTPaJbHO MPOTUJIEKHUX TOUKAX.

Touka mepeTuHy OcCi cBiTY 3 HeOecHOIO c(heporo, MOOIU3Y IKOI PO3-
ramoBaHa IlosmapHa 30psa, HasuBaeThcA IliBHIYHMM IMOJJIIOCOM CBiTY
(Py), 3 mpotune:xHoro 60Ky poaraimopauuit IliBgeHHUI MOdIOC CBITY
(Py).

HebOecHuii ekBaTOp — BeJIUKE KOJIO, AKE IPOXOAUTDH Uepes IEHTP
HebecHOI cepu i meprHeHINKYIAPHE 10 oci cBiTy. Bin giauth HeOecHy
chepy Ha IliBHiuny miBKyII0 3 BeprnuHOIO B IliBHiuHOMY mOJTIOCi CBiTY
Tta [liBmenny — 3 BepminHo B IliBgeHHOMY mOJIfOC CBiTY.

Koxo cxunens ceituaa (PyMPg)— 11e BeauKe KoJio HebecHOI cde-
pH, 110 IPOXOAUTH Yepes3 MOJIOCH CBiTY I camMe CBiTHJIO.

Benuke Koo HeGecHOI cepu, AKe IIPOXOAUTH Uepes3 TOUKHU 3eHi-
Ta, HaJAUpPa Ta IOJIIOCHU CBiTYy, Ha3WBalOTh HeGeCHUM MepHuaiaHoM. Bin
MepeTUHAEThCA 3 MAaTeMATUYHUM TOPU30HTOM y ABOX AiaMeTpaIbHO
IPOTUJIEKHUX TOUKaxX. TouKa mepeTuHy MaTeMaTUUYHOTO TOPU30HTY ¢
HebecHOTO MepuaiaHa, Haiibam:kya mo IliBHiuHOTO MOJMIOCA CBiTY, Ha-
3uBaeThcA TOUKOI0 miBHOUI (N). Touka mepeTuHy MaTeMaTUYHOTO I'O-
PU3B0HTY if HeOecHOTO MepuaiaHa, Hanboau:Kua g0 I[liBmeHHOrO0 moaca
CBiTY, Ha3sMBAETHCA TOUYKOI ImiBAHA (S). IIpama, 110 mMOEAHYE TOUKU
miBHOUYI W miBAHA, Ha3UBaEThcA MOJyAeHHOIO JiHiero (NS). Bona je-
JKUTH Ha IJIOM[MHI MaTeMaTUYHOTO TOPUBOHTY.

MaremaTnyHUM TOPUSOHT 3 HEOECHUM €KBATOPOM TAKOXK TEPEeTHU-
HAIOThCA Y ABOX AiaMeTPaJbHO IIPOTUJIECKHUX TOUKAX — TOUIIL CXOMY
(E) it Touri 3axoay (W). fKimo cmocrepirau cToiTh B IeHTPi HeOECHOT
cepu 00IMUUSAM O TOUKH IIiBHOUI, IIpaBOPyY Big HbHOTr'o Oyae poaTa-
IIIOBAHA TOYKA CXOAY, & JIIBOPYY — TOUKA 3aXO[y.



Tema. HebecHa cdepa i Lob6oBUA pyx CBiTWN

Bupgumuii piuauit masax CoHIlA cepen 3ip Ha3WMBAOTh EKJINITH-
K010 (puc. 1.2). ¥V miomuHi eKJINTUKH JeKUTh opbiTa 3emi, ToO-
To ii maax maBkoJso Coung. EximinTuka meperuHae HebecHUII eKBa-
TOp B TouKax BecHaHoro (Y, 6ausbko 21 GepesHsa) i ocimHboro (£,
0siM3bKO 23 BepecHs) PiBHOAEHHA.

H KoHTponbHi 3anuTaHHA

1.k HasuBaOTh IPAMY, IO IPOXOAUTH Uepes IeHTP HebecHOI
chepu?

2. Yomy nHi piBHOAEHb MAIOThL TaKi Ha3BU?

3. Ile posraroBanuii 1eHTp HeGecHOl chepu?

4. K BUBHAUNTHU TOUKY 3€HITY?

@ BusHauyeHHsA BigcTaHel Ao HeGecHuUX Tin.
Heb6ecHi KoopanHaTh

BusnaueHHA BigcTaHeil MeTOJOM TOPU30HTAJBHOTO IIapaJjiaKca.
Panionoxamiiamii mero. Busnauennsa sigcraneii o tia CondauHoi cuc-
TeMU 3aCHOBAHO Ha BUMipIOBaHHI IX TOPU30OHTAJbLHUX IapayiakciB. Kyt
P, Mia aKuM 3i cBiTUIIa BUAHUET pagiyc 3eMiti, IepueHInKyJIAPHUNA 10
IIPOMeHsA 30PY, Ha3WBAIOTh TOPHU30HTAJBHUM Mapaiakcom (puc. 2. 1).
Ywuwm 6i7bINIOIO € BiICTAHD IO CBiTHUJIA, TUM MEHIIIUM € KyT p. [Ipunycru-
MO, IT10 IOTPiOHO BUMipATHU BimcTanb L Big menTpa 3emi O 1o cBiTuiaa
S. 3a 6asuc 6epyThb paxgiyc Semiti Ry i Bumipiorors KyT LZASO = p — ro-
PU30HTAJBHUN Mapajakc CBiTHMJIA, TOMY II[0 OJHA CTOPOHA IPAMOKYT-
HOTO TPUKYTHUKA — KaTeT AS € TOPU30HTOM JJisi TOUKU A. 3 mpAMO-
KyTHOTO TpuKyTHUKA OAS BusHauaemo rimorenysy OS:

Re

sin p

OS=L=

(2.2)

s Toro mo0 BU3HAYUTY T'OPU3OHTAJBHUI HapaJiakc cBituia S,
MMOTPiOHO BOM CIIOCTepirauamM OJHOYACHO 3 TOUOK A i B BUMipATH He-
OecHi KoopauHaATH IIHOTO cBiTUIa. I1i KOOpAMHAaTH, AKi BUMipPIOIOTH O~
HOYAaCHO 3 ABOX TOUOK — A i B, Tpoxu BimpisuaTumyTthca. Ha ocHoBi
miei pisHUIII KOOPAWHAT BU3HAYAIOTH BEJIMUYNHY TOPU30HTAJIBHOTO Ta-
panakca.

Yuwm gaii Big S3emiti cmocTepiraeTsbes CBiTHIO, TUM MeHIIIe Oyae 3Ha-
YyeHHA Mapayiakca. Hampukiaana, HaUOGiIbIIINE TOpU3OHTAIBHUI Tapa-
Jakc Mae Micsanb, KoJiu BiH mepedyBae Hamommxue 10 3emai: p = 1°01'.

TopusonTanbHM Mapasakc maaHeT HabaraTo MeHINH, i BiH He 3a-
JUINAEThCA CTAIUM, aJKe BifcTaHi MisK 3eMJjero Ta IJIaHeTaMU 3Mi-
HIoloThbcsa. Cepe mIaHeT HaWOiNbIIMiT mapasakc mae Benepa — 317,
a HaiimeHmuii napaidakc 0,21” — HenTyH.

3opi posrarioBaHi B MisbiioHU pasiB gaii, misk CoHIile, TOMy ropu-
30HTAJIbHI Iapajakcy 3ip BiAIOBiAHO B MiJIbHOHU pa3iB MeHIII.

g BusHaueHHA Bincrane# no Tinm CoHAYHOI cucTeMU KOPUCTY- Puc. 2.1. TOpN30OHTaNbHMIA
IOTHCA HAWOIIBIIT TOUHUM METOIOM BUMipIOBaHHS — PadioNoKauillHuM. napanakc p ceituna
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YaBHa He6ecHa cdepa
[OBINIbHOTO pafiyca Jonomarae
BM3HAUNTU KOOPAUHATMI
HebecHMX CBiTuN

He6ecHi koopauHaTy — uncna,
3a [IONOMOTOI0 AKX 3a3HavaloTb
NonoXeHHA 06’ekTa Ha HebecHin

chepi

30PAHE HEBO TA PYXW CBITUJT

Buwmipasmiu uac ¢, HeoOXigHME AJIsg TOTO, IMO0 pamgioIOKAIiNHuI iM-
OyJbC MOCAT HeOecHOro Tijia, BimOuBcsA ¥ mMOBepHYBCA HA 3eMJII0, 00-
YHUCJIOIOTh BificTaHb L M0 IIHOTO Tija 3a (pOPMYJIOIO

L= c%, (2.3)

e ¢ — IMIBUAKICTH cBiTaa ~ 3-10% m/c.

3a IoIIoMOro0 paAiooKaIlii BusHaYeHi HalOiabIll TOUHI 3HAYEHHS
Bimcrameint no Tin CoHAYHOI cucTeMu, YTOUHEHI BigcTani mMik marTepu-
KaMu 3eMJIi.

Heb6ecHi koopauaaTu. B actpoHoMil moJio:KeHHsA ¢BiTHUI HA HeOi Bu-
3HAYAIOTh 34 BIiAHOIIIEHHSIM JI0 TOUYOK i Kisn HebecHOi cdepu. I1i HebecHi
KOOpAUWHATH MONi0HI 10 reorpadivyHmX, AKi BUKOPUCTOBYIOTH JJIA OPi€H-
TyBaHHS Ha moBepxHi 3emuti. HebecHi KooparHAaTH BiIpaxoBYIOTH Ayra-
MU BeJIUKUX KiJ ab0 IeHTPaJIbHUMU KyTaMU, 1[0 OXOILTIOIOTH IIi JYTH.

Ha nebecHiit i 3emuil chepax MOKHA IIPOBECTHU AeAKi KoJja, 3a Io-
IOMOT0I0 IKVX BU3HAUAIOThCA HeOecHI KoopauuaTu ceitui (2.4a). Ha
3eMHi# chepi icHYIOTH ABi 0COOIUBI TOUKU — 2eozpaiuHi noawcu,
e Bich oOepranusa 3eMJIi mepeTuHae moBepxHio miametu (N, S — Bin-
noBiguo IliBuiunuit ra I[liBgenuuii moatocu). Ilaoiuaa 3eMHOT0 eKBa-
TOpa, AKa MiIuTh Hamly maaHery Ha I[liBuiumy Ta IliBgenny miBKRyIi,
MPOXOAUTH Uepes IeHTP 3eMJIi mepPIeHIUuKYJIAPHO 10 ii oci obepTaHHsd.

MiBHiuHMI nontoc cBiTy MisHiuHMI nontoc cBiTy

S

P, He6ecHa cdepa

pUHBIUbKUI
mepwugiaH
KniBcbKuin
MepupiaH

EkBaTop

He6ecHuin
eKBaTop

MispaeHHnin nontoc cBity

MNiBaeHHNI nontoc cBiTy
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Puc. 2.4. OCHOBHI TOUKM i NiHII cUCTeMU KoopAUHAT: d — 3eMHoI (reorpadiuHoi), 6 —
HebecHoI

Mepupgianu Ha 3emJi TpoxomsaTh uepesd reorpadiuni mosocu Ta
TOYKU criocTepekeHHs. [louaTkoBuil (HyJIbOBUI) MEPUIiaH TPOXOAUTH
mo0JIN3Yy MicllesHaXOMKeHHA Koaullabol I'puuBinsKoi o6cepBaTopii.

SAKnI0 mpomoBKUTH Bichk 0O0epTaHHA 3eMJIi B KOCMOC, TO Ha Hebec-
Hil cdepi MU oTpuUMaEMO ABi Touku mepeTury (puc. 2.40): IliBHiuHM‘I



Tema. HebecHa cdepa i Lob6oBUA pyx CBiTWN

mositoc P, (y cyuacrny emoxy 6isa ITomapuoi sopi) i IliBgerruii mosrroc
(v cysip’i OkrauT). IlnouHa 3eMHOTO eKBaTOpa IIePeTUHAEThCA 3 He-
b6ecHOIO c(hepoio, i B Imepepisi Mu oTpuMaeMo HeOecHUIT ekBaTop. AJle ic-
HY€ OHA CYTTE€BA BiAMiHHICTH MisK moJrrocamMu I eKBATOPOM Ha 3eMHil
KyJi Ta moJirocamMu CBiTy i HebecHuM ekBaTopoM. ['eorpadiuHi mosrio-
cHU peajbHO iCHYIOTH K TOUKHU Ha IMOBepXHi 3emJIi, ge Bich o0epTaHHA
3eMJIi IepeTUHAETLCS 3 ITIOBEPXHEI0 MJIaHeTH, i 10 HUX MOKHAa J0JIeTi-
TH YW I0iXaTU Tak caMo, AK i ;0 ekBaTopa. IlosaiociB cBiTYy AK peasib-
HUX TOYOK Y KOCMiYHOMY IPOCTOPi HeMae, aJKe pamaiyc HeOecHOI ce-
PY € HEBUBHAUEHUM, TOMY MU MOYKEMO ITO3HAYUTH TiJIbKU HAIIPSAMOK,
Y AKOMY BOHM CIIOCTEPiraroThCs.

ExBaropiaapHa cucrteMa He0eCHUX KOOPAMHAT i KAPTU 30PSIHOTO
neoda.Iligyac yKaamaHHs 30PAHUX KATAJIOTIB Ta 30PAHUX KapT 34 OCHOBHE
KoJ10 HebecHOI cepu 0epyTh K010 HebecHOro ekBaTopa (puc. 2.5). Taky
cucTeMy KOOpAUWHAT Ha3WBAIOThH eKBaTOpPiaabHOI0. B il 0CHOBI JIe:KUTH
HeOeCHUI eKBaTOP — IIPOEKIiA 3eMHOT0 eKBaTopa Ha HebecHY chepy.

OCHOBHUMMU IIJIOIIMHAMH B ITill CUCTEeMi KOOPAUHAT € ILJIOIIUHU He-
0ecHOro eKBaTopa Ta KoJjia CXujeHb. [ BU3HaUeHHA eKBaTopiaib-
HUX HeOeCHUX KOOPAUMHAT cBiTmaa M HPOBOSATH KOJIO CXUJEHHS ue-
pes moJitocu cBiTy Py i Py, AKe iepeTuHae HeOecHUI ekBaTop y TouIi C
(puc. 2.6). ITep1ita KoopamHATA 0L MAa€ HA3BY npsaMme cx00xeHHsa (npame
nionecenns) i Bigiriuyernes mo Ay3i HeOecHOTo eKBaTopa Bix mouku gec-
HAHO020 pieHo0enHs ) MPOTH XOAYy MOAMHHUKOBOIL CTPLIKM, AKIIO IU-
Butucd 3 IliBHiUHOTO TOJIOCA, TA BUMIipIOETHCA TogmHamMu. Ipyra Ko-
opauHATa 0 — CXUJIeHHS BU3HAYAETHCA AYroio Koja cxuiaedb CM Bin
eKBaTopa A0 JAHOTO CBiTMJIA i BUMipIOETHCA IpaycaMu.

Ha miBmiu Big ekBaTOpa cXmjaeHHA ToAaTHE, HA IIiBIeHL — Bix’em-
He. MesKi BusHaueHHsS eKBaTOpiaJbHUX KoopaumHAaT Taki: 0 rox < o <
24 roxm; —90° <6 < +90°

Mpame cxopkeHHs, o

He6ecHuin
eKBaTop

Puc. 2.5. EkBaTopianbHa cuctema
HebeCHUX KoopAMHaT:

0 — CXWneHHsA CBiTUNa;

o — MpsAMe CXOAKEHHS.

Py Kono

CXUNEHHA
+90°

Puc. 2.6. EkBaTopianbHa cuctema
HebecHUX KoopanHaT
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Puc. 2.7. KapTa 30psAHoro Heba ekBaTopianbHOI 30HW. [laTh, KON Ui Cy3ip’a KyNbMiHYIOTb Y BeUipHil
yac, No3HaueHi BHM3Y KapTu. BiglykarTe ix nicna 3axopy CoHUA B NiBAEHHIN YacTUHI Hebocxuy
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30PAHE HEBO TA PYXW CBITUN

Kapra 3opasoro ne6a y ¢hopmMi IPAMOKYTHUKA € IIEBHOIO NPOCKUi-
€10 HebeCHOL cepu Ha NJOWURY, HA AKill NO3HAYUeHi eK8amopialbHi
KoopOouramu a, 6 (puc. 2.7). IIi KoopanHATH He 3aJeKaTh Big miciia
CIIOCTEPEe)KeHHA Ha 3eMJIi, TOMy KapTolo 30psIHOTO He0a MOXKHA KOPU-
CTYyBaTUCh Y OyAb-AKill Kpaiui.

G KoHTponbHi 3anutaHHA

1. dx MoKHa BUBHAUNUTHU BiJlCTAHb OO CBiTMJIA, 3HAIOUM HIOTO T'OPU-
30HTAJBHUN mapaJiaxkc?

2.Y uyomy moJsrae pagioJOKalliliHuII MeToJ BU3HAUEHHS BigcTamei
o HeOecHUX Tix?

3. OnuIiTh ekBaTOpiaJbHy CCTEMY KOoOpauHAT. SIKi KoopauHATH BU-
KOPUCTOBYIOTH Y IIi#i cucremi?

4. dx moxxkHa Ha [TiBHiuHOMY moJfoci 3eMJIi BUSHAUNTY HAIIPAMOK Ha
HiBIeHb?

5.3a I0IIoMOroo pyxoMoi KapTu 30psSHOTro Heba BM3HaUTe Cy3ip’d,
1110 HiKOJIM He 3aXO0MATh AJIA CcIlocTepirayua, AKuil mepebyBae Ha Te-
purtopii Ykpainu.

6. Yomy B acTpoHOMii BUKOPHCTOBYIOTH Pi3Hi CHCTEMU KOOPAMHAT?

@ Tema ana guckycii

Yu MOKHA KOPUCTYBATHUCSA HAIIIOIO KapTOI 30PAHOro Heba Ha II0-
BepxHi inmux miaaner Couaumoi cucremu? Ilig yac MisKILIaHETHUX II0-
aboTiB? Ha miamerax, sKi o6epTarmThbCsa HABKOJO iHININUX 3ip?

Q 3aBAaHHA ANA CNOCTEepPeKeHHA
3uaiigite [longpHy 30pI0 Ta BU3HAUTE HATIPAMOK MepHuIiaHa 3 miB-
HOUi Ha HiBAeHb BiZHOCHO BaImoro 0yauuKy. HamamoiTe cxemMy poaTa-
IIYBaHHS BaIIOro OyAUWHKY {00 MepHiaHa Ta BU3HAUTE KYT MidK Me-
puaiaHoM i OyAL-AKOIO0 CTiHOIO BAIIIOTO OYAWHKY.



Tema. Yac Ta kaneHgap

TEMa. LlaC Ta KaHEHHa p TponiyHnN pPiK — NPOMIKOK

Yyacy Mi>k BOMa NOCAiZOBHUMU
Tunu xamengapis. ¥ cydyacHOMY KaJieHIapi ycix €BpOIeNChbKUX MPOXOPKEHHAMM LieHTpa AnC-
KpaiH 3a OCHOBY OepeThcsa 1 TPOIiYHUHA piK, ajie mpu C’I“BOpeUHHi‘ ime- :Zci?;u:i?oq:?::o;eeiﬁq“m TOuKY
aJbHOTO KaJIeHJaps BUHUKAE YCKJIAAHEHHs, aJ»Ke TPOIiuHuil pik He
Mae IIiJIoTo umcJaa maio.
HoBruit vac B €BpOIi KOPUCTYBATUCA 0NIAHCOKUM KaaeHdapeMm,
AKui 0yB 3ampoBamkenuii e Omiem [{esapem y 46 p. 10 H. e. ¥ 11b0-
My KaJIeHIapi TPUBAJIiCTh TPOIIiUHOro POKY OyJja B3ATa 3a 365 mi6 6 ropx
00 xB 00 ¢, a g1a Toro, 1106 PiK MaB IIije Yucyo Ai6, 0yJo IPpUAHSATO, 110
KOJKHI TPU POKU MOCIIiJIb TPUBATUMYTH 0 365 1i0, a ueTBepTHUii pik —
366 mi6 (BucokocHUU piK). Ajie B cepeJHhOMY KOKHUU KaJeHIapHUN
pik OyB moBiuii 3a Tpomiunwmii Ha 11 xB 14 ¢ (365 1i6 6 rox 00 xB 00 ¢ —
365 mi6 5 rox 48 xB 46 c). To6TO KoM TPOMIUHUIT PiK yiKe pealbHO 3a-
KiHuyBaBcs, piK 3a 0JiaHCBKUM KaJieHgapeMm Tpusas Ie 11 xB 14 c.
Tomy 3a HwoTHUPU POKU IMOXUOKA HaKOMUUyBajacsd, i KajJeHmap

BizcraBas yske Ha 44 xB 56 ¢, a 3a 400 pokiB — maiiyke Ha 3 K00HU.

T'puzopiancvkuil Karendap, mo nie B Ham uac, sunpasus mo | 2000, 2004, ... 2096, TP‘I’I Robu
HETOYHiCTH. ¥ HbOMY BUIyUYHIU TPU n06u 3 KoxxkHUX 400 pokis, 210002104, ... 2196, 1;1;11‘{5'}1‘;'
TOOTO TPU BUCOKOCHI POKU 3pobmiau mpoctumu. Ha puc. 1 moka-
3aHO, AKi pOKU OyJi BUCOKOCHUMU 3a I0JIIaHChbKUM KaJIeHJapeM, 2204’ .. 2296, 32 J0JIi-
a KPYy’KeuyKoM O0BeJleHi Ti, AKi cTajam mpoCTMMU 3a TPUTOPiaH- 2304, .. 2396, aHCBKUM
ChbKUM. JIerKo momMiTuTH, 110 I1e Ti POKU, AKi 3aKiHUyIOThHCA IBO- KaJjeHaa-
Ma HYJISMHU i YKCJIO COTEeHDb AKUX He MIMUThCA Ha YoTUpU O6es oc- 2400, 2104, ... pem

raui. I'puropianceruii KaJeH/ap Tex He € ifearvHuM, are Puc. 1. BucokocHi poki 3a
noxuOKy Ha OJHY A00y BiH Jae npubJN3HO Uepe3 33 CTOJITTA. loNIaHCbKIM KaneHaapem.
Kpyxeukom o6BepeHi poku, AKi

3a rPUropiaHCbKUM KasneHgapem
He € BUCOKOCHUMMU

i. [isHanTeca Npo BMKOPUCTaHHA Pi3HMX TUNIB KaneHAaapis
Ta NiITOUNCNEHHA Y KpaiHaX cBiTy.

. ) Ana gonutnnBunx

HoBy pedopmy kanergapsa 0yJio 3aiicaeHo B 1582 p. 3a mpormo-
suirieto [Tamu Pumcskoro 'puropisa XIII. [Iasa Toro, mo6 BUIPaBU-
TH HAKOIIMYEHY Ha TOW Yac IOMUJIKY, OTOJOCHUJIHN, 110 1582 p. Tpu-
BaTHMe TiJIbKU 355 mil.

HosBuii kanernmap O0yB HasBaHUU IpuropiancbKuM (a60 HOBUM
ctuieM) Ha yecTh [lanmu PuMcbKoro i moctTymoBo 6yB yBeIeHmit y Beix
Kpainax €Bponu Ta Amepuku. Temep pisHHIIA MiK 0JiaHCBKUM
i rpuropiaHCHKUM KaJleHTapAMU gocAria Bxke 13 mi6 i mre s36epe- .. )

g q . - BucokocHmi pik mae 366 gib.
KeTbesd B XXI cT. ¥V mMuBiibHOMY KUTTI YKpaiHu HOBUI CTUJIL OYB
. " Lllo popatkoBy fo6y BBOAATb
sanpoBamkeaunt ypagom [learpansaoi Pagu B 1918 p. %) F1ETEE

MpocTi pokn matoTb 365 fi6.

3a rpuropiaHcbKnM KaneHga-
Actponomisi Ta BuzHaueHHa yacy. dac € (¢imocoderkroro, (isuu- pem pik CIZEREISEE) (e e
HOIO Ta COI[iaJIbHOI0 KaTeropieio, TOMy 3afiadya TOUHOTO BHMipIOBaHHS HUM, AKILO BiH AINNTbCA Ha 4 Ges
Cy € OfHi€I0 3 HAliBaXKJIMUBIIMINX IIP00JIeM CyuyacHOl HayKu. 3 HAIIIOTO AL st
1a y, "1‘ . p JI y . YRI. . YylTbCA Ha ABa HyJi i YNCNo co-
IOCBimy Bimomo, 1110 Uac «Teue» PiBHOMipHO, MOAIOHO 10 BOAU B TUXi TEHb AKNX HE MINATLCA Ha 4

piuri. 3a MM TPUHITUIIOM B JaBHUHY Oy CKOHCTPYHOBaHi BOASAHI Ta
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Puc. 2. CrapoBuHHMIN
COHAYHUN FTOANHHUK

30PAHE HEBO TA PYXW CBITUJT

micouHi rOAMHHUKK. 3 YacoM OYB CTBOPEHUI MeXaHiUHWI FOAUHHUK,
Iis AKOT0 OCHOBAaHA HA IIPUHITUII IIEPIOAUYHNX KOJUBAHb MAaATHUKA,
110 JOBI'O MOKe 30epiraTu cTajuM mepion cBOIX KoJuBaHb. IIpuHIMI
nil HaMTOUYHIMINX CyyacHUX eJeKTPOHHUX T'OAUHHUKIB 0a3yeThcsda Ha
BUKOPUCTAHHI KOJIMBAHb B €JI€KTPOMATHITHOMY TOJIi KpucTaaiB abo
HaBiTb OKPEMUX MOJIEKYJI.

Xoua roAVMHHUKY MIPOTATOM BiKiB 3MiHIOBasu BUTJAL (puc. 2, 3)
i 80iBIITyBasIaCh TOUHICTh BUMipIOBaHb, MeAKi OMUHUIIL JJId BUSHAUYEH-
HA Yacy 3aJUIINJINCSI OJHUMUN M TUMHU caMHUMU — PikK i moba, Tomy
110 BOHU mOB’s3aHi 3 pyxom 3emui HaBKoJ0o CoHIA Ta il o0epTaHHAM
HaBKOJIO CBOEI oci.

I BU3HaUeHHA KYyTOBOI MIBUAKOCTI 00epTanHsa 3eMJIi opieHTHpa-
MU MOKYTh COy:KuUTU HebecHi cBiTnuiaa — Cownre, 3opi Ta in. Tomy i Bu-
KOPUCTOBYIOTH ABi CHCTEeMHU BiAJIiKy Yacy — 30pAHUN Uac i COHAUHUN
yac. 30pAHUIN Yac IepeBa’KHO BUKOPUCTOBYIOTH aCTPOHOMM, a B IIO-
BCAKAEHHOMY JKUTTi JIFOAU 3aCTOCOBYIOTH TiIbKM COHAYHME yac. IIpo-
Mi}KOK uacy, I0 JOPiBHIOE OSHOMY IIepioAy o0epTaHHS 3eMJi HaBKO-
JIO BJIACHOI OCi, Ha3WBaIOTh J000I0. 3aJIeKHO Bij cl1oco0y BU3HAUEHHS
IBOT'0 TEPioy B aCTPOHOMIii BUKOPUCTOBYIOTH O3HAUEHHS: CHPABIKHSA
COHAYHA 100a.

ConauHwUii uac y meBHOMY MicIli, abo mMiciieBuii uac, MOKHa BU3HA-
YUTHU 38 JOIOMOTOI0 COHAYHOTO TOAWHHWKA — 3BUYANHOI MAJIUYKH,

Puc. 4. ToauHHi noacu. 3emna nogineHa Ha 24 NOACK, y KOXHOMY 3 AKUX BCi TOAMHHUKMN MOKa3yloTb OAHAKOBMI Yac. [epeixaatoumn
3 OAHOrO NOACY B IHWWIA, MAaHAPIBHUKN NepeBOAATb CTPINKN FOAMHHUKIB Ha Life YnCio roguH
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Tema. Yac Ta kaneHgap

TiHb BiJ AKOI JOIOMOKe IMPUOJIU3HO BUMipATU MicieBuii uac. Micre-

. . - . CnpaB)KHA COHAYHA f06a —
BUM mosyAeHb — 12 rogmHa 3a MiclieBUM 4acoM — HACTAa€ O Ti mopi,

NPOMIPKOK Yacy MiXX ABOMa

KOJIN TpuBa€ BepxXHs KyJabMiHalisgs CoHIIA, — TOAi TiHb Bij majluuKu NOCNIAOBHNMM OIHONMEHHMN
HaKOpPOTIIA. (BepxHiMM 26O HUXKHIMK)

Y mOBCAKAEHHOMY KHUTTi KOPUCTYBATUCHh MiCIIeBUIM YacOM He3pyd- KynbMiHauiamMmn LieHTpa
HO, ajJi’Ke B KOJKHill TouIlli Ha moBepxHi 3eMJi BiH pisHuii, i mu, mnepe- GO (2fAele

DK IKA0uM Bifi OMHOTO MiCIs IO iHIIIOT0, MyCHJIU O IIOCTifHO IIepeBoau-
TU CTPiJIKY TOAMHHUKA Ha KiJlbKka XBUJINH. 11a mpobiaema ycyBaeThed,
AKIIO KOPUCTYBATUCH IIOACHUM YacoM, AKUHA 3aIPOBAIVJIN HATIPUKiH-
i XIX cr. 3emiI0 MOAiaNIN MepugiaHaMu Ha 24 TOAWHHI mmosAcu i mo-
MOBUJINCH, IO BCi TOIMHHUKY B OJHOMY II0SICi OyIyThH IIOKAa3yBaTHU OJ-

MicueBuin yac BM3HaYaEeTbCA
3a 1OMOMOTOK COHSAYHOTO

HaAKOBUU yac, AKUU TOPiBHIOE MiCIIEBOMY Yacy CEPeIHbOT0 MepuaiaHa roAVHHMKa. KOXHII MepugiaH

(puc. 4). Ma€ CBill MicLIeBUM Yac
MangpiBHUKY TIepeBOAATH TOOUHHUKU Ha OHY FOAMHY TiNbKH MosicHMiA Yac AOpIBHIOE

Y BUOAAKY, KOJW BOHU IIEPETHUHAIOTH MeXKY BifmoBigHoro moscy. Hy- MicLIeBOMY uacy cepefjHboro

JBOBHUH MOSAC TPOXOAUTH yeped I'puHBINBbKRUIN MepuaiaH, TOMY I'OJUH- MepugiaHa BignoBigHOro noscy

HUKMN y Beaukiit Bpuranii nmokasyioTs micueBuil yac I'puHBIiIIBKOTO
mepugiana. Ieit yac Ha3WBaOTHL BCECBITHIM YacoM i 3aCTOCOBYIOTH
B aCTPOHOMII IJIsg BUBHAUEHHS MOMEHTIB Pi3HUX KOCMIiUHUX HOMTifi.

G KoHTponbHi 3anntaHHA

1. dki icHytoTh TUTIM Kajeuzapis? YuM BOHU BiApisHAOTHCA?

2.HasBiTh ommHUIlI BUMipioBaHHA yacy. YoMy mpoTsarom 6araThbox
POKiB BOHU 3aJIMIIAIOTHCA HE3MIHHIMIU ?

3.IIlo 3symoBMJIO BaMiHY IOJIIaHCHKOTO KaJieHAApsA Ha I'puropia-
cbKuii? YoMy BOHU TaK Ha3WBaIOTHCS?

4.Y yomy moasarae BiAMiHHICTH I0JIiaHCHKOTO KaJieHAapsa Big rpuro-
piaHCBKOrO?

5. XTo0 BIepIlie 3aIPOBAANB MPUHIIUI BUCOKOCHOTO POKY B KaJeH-
mapi?

6. YoMy HEMOIKJINBO CKJIACTH a0COJTIOTHO TOUHUN KajieHaap?

@ MpakTnyHi po6oTn

- BusHaueHHA MaKCHUMAJILHOI Pi3HUIIL MiCIIeBOTO UacCy AJIS ITKiJIb-
HOT'0 IOABip’ia Ta KJacHOI KiMHATHU.

- BusHaueHHS MOMEHTIiB cxony Ta 3axony CoHIIS AJIs ZaHol Miclie-
BOCTi 3 JOIIOMOT0I0 ACTPOHOMIUHOTO KajJeHaaps. Puc. 3. MepLunit aTOMHUI FOANHHIK
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2a

Puc. 1.1. MnaHeTn obepTatoTbCa
HaBkoJsio CoHUs Mo efincax.
AF, =, — Y nepurenil;

BF, = r,,.,, — B adenii

3emna B nepurenii 3—4 ciyHA
Habnmkaetbca no CoHUA Ha Hal-
MeHLY BiACTaHb — 147 M/IH KM

3emnsa B adenii 3-4 nunHA Big-
nansaetbcsa Big CoHUA Ha Hanbinb-
wy BiactaHb — 153 MJTH KM

Han6inbwy wemnakKictb 3emns
mae B3umKy: V... = 30,38 km/c

HanmeHwy wBugKicTb 3emna
Ma€ BRiTKy: Vi, = 29,36 km/c

30PAHE HEBO TA PYXW CBITUN

Tema. 3aKOHMN pyXy He6ecHUX Tin

0 3akoHun Kennepa. 3aKOH BCeCBITHbOIO TAXIiHHA

3axonn Kennepa. Morans Kenep BusEaums, mo Mapc pyxaeTs-
cs HaBkoJ0 COHIIA 110 eJIifncy, a moTiM 0yJio JoBeaeHo, 10 # iHImi mia-
HeTHU Te:XK MAIOTh eJinTUdYHi opbiTu.

IIepmuii 3axon Kennepa. Bei mitaneru o6epratorhesa HaBKoJio CoH-
A 1o ejincax, a CoHIe po3TamioBadHe B ogHOMY 3 (DOKYCIB IIUX €JIi-
nciB (puc. 1.1).

TosnoBHUI Hacaimzok mepiroro 3akony Kemepa: Biacraus Mixk 1mia-
"Heroro Ta COHIIEM He 3aJIUIIAETHCA CTAJIOI i 3MiHIOETHCS B MesKax:

Poax <72 Toin 1.2)

Touxka A opbiTu, me miIaHeTa HAOJMIKAETHCA HA HANMEHIITY Bif-
craub 10 CoHIls, HABUBAETHCA MepUredieM (Big rper. peri — mobausy,
gelios — Comurie), a HauBiggameHimry Big meuTpa CoHilg Touky B op6i-
TU IJIaHeTH HadBasu adesiem (Bix rpem. apo — npaui) (puc. 1.3). Cyma
BificTaHe# y mepuresii Ta adesii gopiBHIOE BequKii oci AB eqimnca:

= 2a (1.4)
CrymiHb BUTATHYTOCTI eJlilica XapaKTepu3yeThCA eKCIeHTPHCHTe-

TOM e — BiJHOIIIEHHAM BifcTaHi MisK ()oKycaMu 2¢ IO AOBXKUHU BeJIU-
Koi oci 2a, ToOTO

Viax T T,

max min

e=—, 0<e<1 (1.5)

OpbiTa 3emii Mmae majeHbKul exkcueuTpucurer e = 0,017 i maii-
JKe He BiIpisHAETHCS BiJ KoJia, TOMY BimcTaub MixK 3emieio i CoHIleM
3MiHIOETBCA B HEBEJIMKUX MerKax Bif r,;, = 0,983 a. o. B mepureJii g0
Tmax = 1,017 a. 0. B adenii.

Opb6iTa Mapca mae 6inbiinii ekciearpucurer, a came 0,093, Tromy
BimcTaus Mik 3emuiero i Mapcom mij yac IpOTUCTOAHHS MOXKe OyTH
pisaoro — Bimg 100 muax KM g0 56 MJIH KM. SHAUHUN €KCIEHTPUCUTET
(e = 0,8...0,99) maroTs opbiTu OaraThboX acTepoimiB i Komer, a JesaKi
3 HUX IIePeTUHAITh OpOiTy 3eMJIi Ta iHIIuX IJaaHeT, TOMY iHKOJIU Bin-
OyBalOThCA KOCMiUHI KaTacTpodu I yac 3iTKHEHHA ITUX TiJI.

CymnyTHUKHY ILTaHET TeXK PYyXaloThCA II0 eJINMITUUYHUX opbiTax, Ipu-
yoMy y POKyci KOKHOI opOiTH po3minieHUi IeHTP BiIOBigHOL TIa-
HEeTHU.

O pyruii 3axon Kemnepa. Pagiyc-BekTop miaHeTu 3a of-
HaKOBI IPOMIiKKM Yacy OIMCye PiBHI ILIOIII.

TosmoBHUI Hacaimok aApyroro 3sakouny Kemmepa mossarae
B TOMY, II[O IIiJf Yac pyxy ILJIaHeTH 10 opOiTi 3 wacom 3MiHi0-

. Mepuzenidi k . . . 6 e e
i VT, EEGFTTTTTE. €ThCs He TiJIbKM Bimcraub miranetu Big CoHIA, a I JiHifina

Puc. 1.3. Adeniin i nepurenin 3emni
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Ta KyToBa Ii IMBUIKOCTI.

Haii6inbiry mBUAKICTD IMJIaHETA MA€ B IePUTeIii, KOIu
Bimcraub no COHIIA € HAWMEHIIIO, a HANMEHINY IIBU-
KicTe — B adenii, Kosiz BificTaHb € HANOIIBIIOO.



Tema. 3aKoHU pyxy HEGECHUX Tin

Hpyruit 3akon Kensiepa pakTnuHOo BU3Hauae Bimomuii Qi-
BUYHUI 3aK0H 30eperKeHHA eHeprii: cymMma KiHeTU4HOI Ta IIoTeH-
miaJbHOI eHeprii B 3aMKHEHIill CUCTEMi € BEeJIMYMHOIO CTAJIOIO.
KimerruHa eHeprisg BU3HAUAETHCA IIBUAKICTIO MJIAHETH, a II0-
TeHIliaJbHa — BifcTaHHIO MiK maaHeToio Ta CoHIleM, TOMY HIpPU
Habav:xeHHi 70 COHITA MIBUAKiCTh miameru 3poctae (puc. 1.6).

Axbu 3emiis obepranaca HaBK0JIO COHITA 3 ITOCTIHHOIO IIIBU-
KicTio, TO KifbKicTh AHIB y 1uX miBpiuuax Oyja 0 0JHAKOBOIO.
Age, srigno 3 gpyrum 3akoHoM Kelniepa, BBUMKY IIIBUIKIiCTh
3emuri 6isbIia, a BAITKY — MeHIIa, TomMy JiiTo B IliBHiuHil miB-

KyJi TpuBae Tpoxwu OinbIle, Hixk 3uMa, a y IliBgenHil miBKyJIi, Puc. 1.6. Mpu HabavkeHHi o CoHuA
HaBIaKM, 3MMa TPOXU JOBIIIA 3a JIiTO. WBMAKICTb NAaHeTU 3pOCTaE, a Npu
Tperiit 3akon Kemnepa. KBagparu cugepuunux nepioais obeprau- BiAdaneHHi — 3MeHLyeTbCA. AKLo

Bigpiskm vacy t, - t, =t, - t; =t; - t5,

Hd m1aHeT HaBK0JI0 COHISA CIIiBBIAHOCATHCA AK KyOU BeJIUKUX MiBOCeH -
TO nnowi S, =S =S¢

ixHiX OpoOiT.
— = (1.7)

ne T, ra Ty — cunepuyHi nepioau obepranud OyAb-AKUX IIJIAHET;

a, Ta a, — BeJuKi miBoci opbiT IUX IJIAHET.

SKIIT0 BUBHAUUTY BEJIUKY ITiBBiCh OpOiTH SKOICH IJIaHETU YU
acrepoina, To, 3TifHo 3 TpeTiMm 3akoHOM Kemiepa, MoyKHaA 00UmC-
JIUTH Tepiof obepTaHHA I[bOTO Tijla, He UeKal0uu, IIOKU BOHO 3PO-
O0uTh MOBHUH 00epT HaBKOJI0 COHIIA.

Tperiii 3akoH Kemniepa BUKOPUCTOBYETHCS TaKOK i B KOCMO-
HaBTUIIi, SKII0 Tpeba BUSHAUYNUTH IIePiof 00epTaHHA HaBKOJIO 3eM-
JIi CYTyTHUKIB, KOCMiYHUX KOpabJiiB a00 00GUMCJIUTHA Yac IMOJIHO-
Ty MiKIIJJaHEeTHUX CTAHIIi# Ha iHIi maaHneTu COHAYHOI cUCTEMMU.

Puc. 1.8. 3aKoH BCECBITHbOrO TAXIHHA

3aK0H BCEeCBITHROTO TsskinuA. Beauknit anriificbruit pisuk i ma-
Tematuk Icaak HbroToH moBiB, 1110 (pismuHOI0 0CHOBOIIO 3aK0oHiB Kerre-
pa e pyHzaMeHTAJIbHUI 3aKOH BCECBIiTHBOTO TAKIHHSA, AKUN HE TiIbKU
3yMOBJIIOE PyX IaaHeT ¥ CoHAUYHIN cucTeMi, a i BU3HaUae B3a€EMOIiI0
3ip y lamaxtuimi. ¥ 1687 p. I. HetoToH chopmyTIOBaB Iiei 3aKOH TaK:
0yov-aki 0sa miaa 3 macamu M i m npumsazyromuvcs i3 CuL010, 6eAULU-
Ha AKol nponopyiitna 000ymKy ixHix mac ma o6epHeHo NPonopyiliHa
keadpamy gidcmani mizn nHumu (puc. 1.8).
Mm
R

me G — rpasitamniiina crama; R — BigcTamb MisK UMM TiJIaMu.

Caim 3BepHyTH yBary, 1o ¢gopmy.a (1.9) cupaBeniuBa TiIbKU AJII
IBOX MaTepiaJibHUX TOYOK. SIKIIO Tijo Mae chepuuny popmy i ryctu-
Ha BCepennHi posIoAijieHa CUMEeTPUYHO BiJHOCHO IIeHTPa, TO Macy Ta-
KOT'0 Tijla MOJKHa BBa’sKaTU 3a MaTepiaJibHYy TOUKY, Ka PO3MIIIIYEThCA
B IeHTPi cepu. Hanpukiaazm, AKII0 KOCMiuHUE Kopabesb 00epTaeTh-
cA HaBKOJO 3eMJIi, TO AJid BUBHAUEHHSA CUJIU, 3 AKOI Kopabesb mpu- . T

. . . Ale Ha KOCMIYHNN Kopa6enb,

TATYeThCA OO0 3eMJIi, 0epyTh BifgcTaub R + H 1o menTpa 3eMJi, a He 10 3aneXuTb B BIACTaHI R + H Mix
nosepxHi (puc. 1.10). Kopabnem i LeHTpom 3emni

F=G (1.9)

Puc. 1.10. Cuna TaxiHHA, AKa
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30PAHE HEBO TA PYXW CBITUN

. ) Ona ponutnneBmnx

BuzparHuil HiMenbKuil cBAIEHUK i acTpornoM Moranu Kemiep,
AKUHA BIIKPUB KJIOUYOBI 3aKOHU PYXY IIJIaHET, YECHO IIPOMIIIOB IIIJIAX
OCASTHHA.

ITporsirom ycworo kuttsi Kemnmep BipuB, mo CoHssuHa cucTe-
Ma — BUTBip MUCTEITBA, CIIOBHEHUN MiCTUUYHUX ABUII. BiH He BBa-
JKaB cebe acCTPOHOMOM 3a MOKJMKaHHAM, a HaBIIaKU — 3aXOILII0BaB-
csI TEOJIOTi€o i MpiAB craTtu cBaAleHuKoM. CBilt iHTepec mo Teopii
KomepHuKa crmoyaTKy MOsACHIOBAB HEOOXimHiCTIO mocaiguTu pisHi
IYMKH II[OJ0 CBiTOOYZOBU Imepes THM, AK SiATH BJaCHUX BICHOBKIB.

3peIITo0 IPUPOAHA JOMUTIUBICTD I 3aXOIIJIEHHA aCTPOHOMIEO

Teneckon «Kennep», Ha3BaHUN

Ha YecTb 3aCHOBHUKA HebecHOT .o . . g
MexaHiku. AnapaT BUKOPUCTOBYBS cronyKaau Kemaepa Do pPeBONOIINHUX BiIKPUTTIB — CJIaBHO3BIiC-

npotsarom 2009-2018 pp. HUX 3aKOHIiB.
B emitadii 3 mpuBogy cMepTi BUAATHOTO BUEHOTO OYyJI0 HaIMca-
HO: «5I BUKOpuCcTOBYBaB AJiA BUMipioBaub HebGeca. Temep g Maio BU-
miparu Tiui 3emui. [Tompu Te, 110 AyIIa Mos Ha HeOl, TiHb MOTO Tija

JIEXKUTDH TYyT».

G KoHTponbHi 3anutaHHA

1. Chopmyntoiite nepinuii 3akon Kemsepa. IIlo posrarmioBane y ¢o-
Kyci op0OiT miianer? A cymyTHUKIB?

2. laliTe Bu3HaUeHHA IIepuresito Ta adeniro. kol mBugKkocTi HAOy-
Ba€ IJIaHEeTa, IPOXOAAYM IT1i TOUKU opOiTI?

3. Y uoMy IoJiATae HACJILOK Apyroro 3axkony Kemaepa? ¥V akii mis-
KyJi 3eMJIi Telwia mopa poKy TPUBAJIIIA 3a XOJOLHY ?

4. Yomy Tperiii 3axou Kemepa € oqHUM i3 HaWBaKINBIIIINX I/ PO3-
BUTKY KOCMOHABTUKU?

5.Y crinbKu pasiB agerniiina BimcTann OinbIia mepureaiiiHoi Bigcra-
Hi, IKIIO eKCIleHTpUCUTeT opbity gopisuaioe 0,5?

6. Yu 3MiHIO€TBHCS IIBUAKICTH IJIAHETH, III0 PYXAETHCA II0 €JIilITHIY-
Huilt opbiTi? KosoBiit opbiTi?

@ Tema ana guckycii

Ak saminuThCA KiimMaT 3eMJuti, AKIO eKCIIEHTPUCUTET 3eMHOI Op0i-
T 6yme mopiBHIOBatu 0,5, a BeIMKa MiBBiCh 3aJUINUTHLCA TAKOI0, AK
3apa3? Beaxkaru, 1110 KyT HaXujay oci 00epTaHHA A0 IJIOMIUHY eKJIin-
TUKU 3aJIANINTECA 66,5°.

G 3aBAaHHA ONA CNOCTepPEeKEHHA

Busnaure 3a JOTIOMOT'0I0 AaCTPOHOMIUHOTO KajJeHAaps, AKa IaHe-
Ta COHAYHOI cUCTEMHU PO3TAIIOBYETHCA Halidoamkue 10 3emui 10 Oe-

Hi BHOUYi?

26



Tema. 3aKoHU pyxy HEGECHUX Tin

KonoBa wBunpgkicrb. Pyx KocmiyHux anaparis
no eninTnyHmMx opbirax. MNepiog o6epTaHHA KOCMiIUHOrO
anapara. [lpyra i TpeTa KOCMiYHi WWBNAKOCTI

Komosa meunkicts. Poariiaaemo opbiTy cynyTHUKA, AKUM o0epTa-
€ThCs II0 KOJIOBiH op6iTi Ha BucoTi H mag moBepxHero 3emuri (puc. 2.1).
Ha Toro 1106 opbiTa OyJia cTasom i He 3MiHIOBaJla CBOI mapamMeTrpu,
TMOBUHHI BUKOHYBATUCA ABi YMOBHU:

1) BeKTOp IMIBUIKOCTI Mae OyTHu HAITPAMJIEHUH 110 TOTUYHiN 10 opbiTu;
2)BesinumMHA JiHINHOI IIBUAKOCTI CYIyTHUKA Ma€ AOPiBHIOBATH KO-

JIOBi#l IITBUAKOCTi, IKA BUSHAUYAETLCSI PiBHAHHAM:

(2.2)

ne — M, =6-10*" xr — maca Bemri; G=6,67 - 10-11 (H « m,)/Kr, —
cTaJjia BCECBITHBOTO TAKIHHA; H — BHUCOTA CYIIyTHUKA HAJ IIOBEPXHEIO
Semii, Ry =6,37-10° M — paziyc Semui.

3 dopmyau (2.2) BumaumBae, 0 HaliOiabIlle 3HAUYEHHSA KOJIOBA
mIBUAKicTh, Mae npu Bucoti H =0, To6TO y TOMy BUIIAAKY, KOJHU CY-
MIYTHUK PyXaeThed 0isis camoi moBepxHi 3emuti. Taka IMIBUIKICTD ¥ KoOcC-
MOHABTHUI[I HA3WBAETHCA MEPIIOI0 KOCMiUHOO:

. (2.3)

Y peanbHUX yMOBaXxX JKOIHUM CYNMyTHUK HE MOKe o0epTaTucs
HaBKOJIO 3eMJIi 10 KOJIOBi#l op0iTi 3 mepIIown KOCMiYHOIO INIBUIKICTIO,
aJsKe rycra arMocgepa aysKe raJbMye PyX TiJI, 1[0 PyXalOThCA 3 BeJIn-
KOO IIBUAKicTIO. IKOM HABiTh IIBUAKICTE paKeTu B arMocdepi gocariia
BEJIMUYMHU TIEPIIT0i KOCMiuHOI, TO BeJIUKUM Omip mOBiTPA posirpis 6u ii
IIOBEPXHIO IO TaKOI BUCOKOI TeMIlepaTypH, 1110 BOHA O MUTTEBO PO3ILIa-
Buaca. ToMy pakeTu ITif yac cTapTy 3 IOBEePXHI 3eMJIi cIoYaTKy Iij-
HiMalThCA BEPTUKAJILHO BIOPY A0 BUCOTHU KiJIbKa COTEHBb KiJIOMeTpiB,
Jle OTIip MOBIiTPSA HE3HAUHUH, i TIIBKY TOAI CYyITyTHUKOBI Hala€ThCA Bif-
HOBigHA IMBUAKICTD Y TOPUBOHTAJILHOMY HAIIPAMKY.

. ) Ana ponutnueunx

HeBaromicTts mig yac moaboTy B KOCMiuHOMY KOpalOJi Hacrae
B MOMEHT, KOJIM IPUIUHAIOTh POOOTY PaKeTHiI ABUTyHU. [Jig TOro
100 BiUyTH CTAH HEBAroMOCTi, He 000B’sIBKOBO JIETITH B KOCMOC.
Bynb-saxuii cTpuOOK y BUCOTY UM JOBKUHY, KOJN 3HUKAE OIOpPAa JJIs
HIir, Tae HaM KOPOTKOYAaCHE BigUyTTsS 3BUYANHOTO CTaHY KOCMIiUHO-
IO IIOJILOTY.

Pyx kocmiuHuX amapariB mo esinTuyHuUx opoitax. Ko Benu-
YyrHa MIBUAKOCTI CyIIyTHUKA Oyae BiapisHATHUCA Big K0JI0OBOI ab0 BEK-
TOP IIBUAKOCTI He Oyje mapajieIbHUM ILJIOIUHI TOPUBOHTY, TOAI KOC-
miunuii amapar (KA) 6yze obepraTuca HaBKOJIO 3eMJIi IO einTUYHI’

Puc. 2.1. KonoBa weunakKictb
BM3HaYa€ pyx Tifla HaBKOMo 3emni
Ha cTaniv BUCOTi H Hag ii noBepxHeto

MepLa KocmivyHa WBUAKICTDb

V, — 7,9 KM/C — WBUAKICTb, AKY
Tpeba Hagatu Tiny AnA Toro, Wob
BOHO 06epTasiocb HaBKOJIO 3em-
ni no Konogii op6iTi, pagiyc Akol
[OpIBHIOE pagiycy 3emni

Mepuren

Touka opbit KA, fika po3TaLuoBa-
Ha Hanbnwxue no 3emni

Anoren

Touka opbitn KA, sika po3TaluoBa-
Ha Hanpanblie Big 3emni
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Mepuiren ﬁ E

Vmax

Puc. 2.4. Pyx cynyTHrKa no
eNinTUYHIN TPAEKTOPIT CXOXKUN

Ha ob6epTaHHA NnaHeT y 30Hi
TaXiHHA CoHUA. 3MiHa WBMAKOCTI
BU3HAYa€ETbCA 3aKOHOM 36epexeHHs
eHeprii: Cyma KiHeTU4HoI Ta
noTeHUianbHOI eHeprii Tina nig vyac
pyxy no op6iTi 3aN1LWAETLCA CTaNOo0

T.=24ron

Puc. 2.7. TeocTauioHapHuin
CYNyTHUK 06epTaEeTbCA Ha
BMUcoTi 35600 KM TinbKK No
KOJIOBIlN Opb6ITi B NAOLWMHI
eKBaTopa 3 nepiogom 24 rog
(N — TiBHiIYHMI Nontoc)
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TpaeKTopii. 3rigHo 3 mepmum 3akonoM Keriepa, B OIHO-
V.. My 3 OKYCiB esritica TOBUHHUNA MIiCTUTHCSA IMEHTP 3eMJi,
TOMY IJIOIITMHA OPOiTH CYyMyTHUKA Ma€ MepeTuHATH I1JIO0-
IUHY eKBaTopa abo 36irarucs 3 Hero (puc. 2.4). Y mpomy
BUIIAIKy BUCOTA CYIyTHUKA HAJl TOBEPXHEI0 3eMJIi 3MiHIO-
€ThCA B MeXKax Bij mepurer mo amorero. 11i HasBu aHajo-
rivuHi BiimoBimZHUM TOouKaM Ha opOiTax IJaHEeT — nepuze-
J2i0 Ta ageniio.
SKIO CYyIyTHUK PYXa€ThCA IO eJIINTUYHINA TPaeKTOpil,
TO, 3rifHO 3 ApyruM 3akoHOM Kemiepa, 3MiHIO€ThCA HOr0 MIBUAKICTH:
HaANOIIBITY MIBUAKICTH CYITyTHUK MA€ B Iepurei, a HAliMeHIITy — B atiorei.
Ilepiox obepranas KocviuHoro anapara. Ilepiog obepranusa Koc-
MiuHOTO amapara, AKHI pyXaeThbcAd HaBKOJO 3eMJIi 110 ejimncy 3i sMiH-
HOIO MIBUAKICTIO, MOJKHA BUSHAUUTHU 324 JOIIOMOTOI0 TPETHOTO 3aKOHY
Kemepa:

Anoren

T, _ ac
< -, (2.5)
Ty ay

ne T, — mepiox obepTaHHA CynmyTHHMKA HaBKoJso 3emii; T,,=27,3
nobu — cujgepuuHuMil nepiox obepranua Micama HaBKkoo SeMuti; g, —
BeJIMKAa IIiBBichk opbiTu cynyTHUKA; d,,= 380000 KM — BeJunKa IIiBBich
opbitu Micangsa. 3 piBaaHHA (2.5) BUSHAUMMO:
3
T.=T, |- 2.6
e=Tu = (2.6)
‘M
Y KocmoHaBTHIII 0c00UBY PoJib Bigirpators IIIC3, aAKi «BUCATH»
Hajg onHieo Toukoo 3emJi. Taki cynyTHUKY Ha3WBAIOTh IeoCTaIlioHAP-
HUMU, IX BUKOPUCTOBYIOTH IJIs KOCMIiYHOTO 3B’ A3KY (puc. 2.5).

Ona ponutnueBmnx

s sabes3meueHHs TJI00aIbHOTO 3B’ I3KY HOCTATHHO BUBECTHU Ha
reocTallioHapHy OpOiTy TPU CYIIyTHUKM, AKi MaiOTh «BUCiTH» Yy Bep-
IMUHAX TPaBUJIBHOTO TPUKYTHUKA. 3apa3 Ha TaKux opbiTax posra-
IITOBaHI BiKe KiJbKa MECATKIB KOMEPI[IMHUX CYODYyTHUKIB PisHUX
KpaiH, IKi 3a0e3IeUyI0Th PEeTPAHCIIAIII0 TEJIEBi3iNHNX IITporpam, Mo-
OinpHUI Teae()OHHUM 3B’ 430K, KOMII I0TepHY Mepe:ky IuTepuer. Cy-
IYTHUKY 3B’ A3KYy BUBOASATH HA I'€OCTAIliOHAPHI OpOiTH TAKOMK yKpa-
iHCBKi pakeTu «3eHiT» i «[Himpo».

JIpyra i rpers kocmiuni mBuakocti. [Ipyra i TpeTsa kocmiuHi mBug-
KOCTi BU3HAYAIOTh YMOBU BiAMOBiTHO IJIA MiKIIJIaHETHUX 1 MisK30ps-
HUX TIEePEJIbOTIiB.

Axiio nmopiBHATH APYTy KOocMiuHy mBuAkKicTe V, 3 mepmoroo V]
(2.3), TO OTPUMAEMO CITiBBiTHOIIIEHHA:

v, =2V,. 2.7

Kocwmiunuit kopabenb, AKWUIT CTapTye 3 MOBEPXHiI 3eMJIi 3 APYTroo
KOCMiUHOIO IIIBUAKICTIO i pyXaeThbcs 1Mo mapabotiuHiil TpaekTopii, mMir



Tema. 3aKoHU pyxy HEGECHUX Tin

Ou moJieTiTH mo 3ip, amiKe mapabdoJsa € He3aMKHEHOIO KPUBOIO, SKa IPs-
MYy€ 10 HeCcKiHueHHOCTi. Ajle B peaJbHUX YMOBaxX TaKuii Kopabeab He
nokuHe COHAYHY CUCTEMY, OCKiJIbKU OyAb-AKe TijJlo, IO BUHIIJIO 3a
MeKi 3eMHOT0 TSKiHHA, IOTPAIlIAe B rpasitarifine mose Couisa. Too-
TO KOCMIiUHUHN Kopabesib cTarme cynyTHUKOM COHIIA 1 00epTaTuMeThCsa
B CouAvHiN cucTeMi mOAi0HO [0 MJIaHeT YW acTepoimiB.

Hnsa moaboty 3a Me:ki COHAUHOI cucTeMU KOCMiuHOMY KopabJieBi
Tpeba HaZaTH TPeTIO KocMiuny mBuakicte V; =16,7 km/c. Ha xaisb,
MOTYsKHICTh CYYacHUX PEaKTWBHUX ABUTYHIB I1le HEJOCTATHSA AJA T10-
JIBOTY 10 3ip mpu cTapTi Oe3mocepeaHbO 3 TOBepxHi 3eMi. Aje, AKIITO
KA mpousiTae uepes rpasirariiitHe 1moJie iHIIIOI JIaHETH, BiH MOYKe OTPU-
MaTH I0JaTKOBY €Hepriio, AKa J03BOJISE B HAIIl Yac POOUTU MiK30pAHIL
monbotu. Y CIITA y:xke sanyctuau kinbka Takux AMC («Iliomep-10,11»
ta «Bosamxep-1,2»), AKi B rpaBiTamifinoMy moJIi maaHeT-riraHTiB 30i/1b-
MINJIN CBOIO IIBUAKICTh HACTIIBKU, IO B MAliOYyTHHROMY BHJIETSATH 3a
me:ki CoHAYHOI cucTeMu.

Ona gponutnnuBunx

ITomiT Ha Micanes BimOyBaeThCcsa B IpaBiTalliiHOMY II0JIi 3eM-
ai, tomy KA jetuts 1mo esincy, y GOKyci aKoro Oyme IeHTp SeMJIi.
HaiiBurigaima TpaeKkTopis moJgb0Ty 38 MiHiMaJIbHOIO BUTPATOIO HAJb-
HOT'0 — IIe eJIilc, AKUHN € JOTUYHUM A0 opbitu Micasa.

ITig vac MisKIIaHEeTHUX IIOJBOTIB, HanmpukJaasn Ha Mapc, KA me-
TUTH O eJincy, y Qoryci axkoro nepedyBae Conme. HaBuriguina
TPAEKTOPiA 3 HATMEHIIIOI0 BUTPATOI0 €HEePrii mpoJsdArae mo eJjimncy,
AKUHA € foTuYHUM 10 opbiT Semuti it Mapca. Touku cTapTy Ta IpUIbO-
Ty JieKaTh Ha OOHil npAMiit mo pisui 6oxu Big Coura. Takwuit mosiT
B oauH OiK TpuBae moHan 8 micaiiB. KocmoHaBTaM, AKi B HegaleKo-
My ManOyTHHROMY BimBimators Mapc, Tpeba BpaxyBaTu Ie i Te, IO
0oJIpasy K MOBEPHYTHCA HAa 3eMJI0 BOHU He 3MOKyTh. CIipasa B ToMYy,
10 3eMJIs 1o opOiTi pyxaeThbes mBuUaIIe, Hisk Mapce, i uepes 8 micsa-
IiB fioro BumnepenuTh. [[Jig mOBepHEHHA KOCMOHABTaM Tpeba ueKa-
T Ha Mapci 1e 8 micsaiiB, moku 3eMJis 3afiMe BUTiHE IIOJOMKEHHA.
Tob6To 3aranbHa TpuUBaJicTL eKcrenuIrii Ha Mapc Oyne He MeHII HixK
2 poxu.

g KoHTponbHi 3anntaHHA

1. Yomy KOgHUIT CYMIYTHUK HE MOKe 00epTaTucs HaBKOJIO 3eMJIi o
KOJIOBi#1 Op6iTi 3 mepInoo KOCMiUHOIO IMITBUAKICTIO?

2.Yomy mig yac cTapTy KOCMiUHOTO KOpabJ/isi BUHUKAE IepeBaHTa-
JKeHHA?

3.Yu BUKOHYEThCA Y HEBATOMOCTi 3aKOH Apximena?

4. Kocmiunuii Kopabesb o6epTaeThCsa HABKOJIO 3eMJIi 110 KOJIOBiii op-
6iti Ha BucoTi 200 KM. BusHauTe JiHIMIHY MIBUIKIiCTE KOpabJs.

5. Yu MosKe KocMiuHMH Kopabesb 3poduTu 3a 000y 24 o6epTy HABKO-
0 3emJi?

[pyra KocmiyHa WBNAKICTD —
v, =\/EV1 =11,2 KMm/c, TOGTO Hai-
MeHLUA LWBWNAKICTb, NPU AKIA TiNo
noknpae coepy TaKiHHA 3emni

N MoXe cTaTty cynyTH1UKom CoHuA

TpeTta KocmiyHa WBNAKICTD —
MiHiManbHa WBUAKICTb, KONN pa-
KeTa npu CTapTi 3 MOBEpXHi 3emi
MOXe NMOKUHYTU cdepy TAXKIHHA
CoOHLA 11 MONETITN B ranakTUYHUN
npocTip

Mapcoxig «CnipiT», AKMIA NpoBiB
Ha nosepxHi nnaHeTn 2000 A#i6
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BiTUM3HAHOI NNnaHeTonorii

Muxosaa IlaBiaosuu Bapa6amos (1894—1971) — Bu-
IaTHUU YKpaiHChLKUU acTpoHOM, akagemMik AH YPCP. Ha-
ponuBcsa B XapKoBi B poauHi mpodecopa ohTaabMOJOTIi.
Y 1912 p. sakimumB XapkiBcbky rimHasiro Nel i Bery-
OWB Ha IMepHmuil Kypce PismKko-MaTeMaTUYHOTO (haKyJIbTe-
Ty OpiiBchkoro (auui TapTycbkoro, EcToHisa) yaiBepcu-
Tery. 3 1914 mo 1919 p. maiOyTHilI yueHUil HaBYaBCA HA
dismko-maTemaTuuHOMYy (haKkyabTeTi XapKiBCbKOTO yHi-
BEPCUTETY, a IIicJisd 3aKiHueHHs OyB 3aJuINIeHUII Ha Ka-
denpi acrpouomii. IIpodecopchbke 3BaHHa MukoJsa Ilas-
goBuu orpuMmaB 1934 p., a 11e 3a ABa POKU Homy OyB
OPUCBOEHUN BUEHMI CTYIIiHb JOKTOpPA (hi3MKO-MaTeMaTUU-
HUX HayK 0e3 3aXUCTy Auceprallii (3a CyKymHicTio pobiT).

IIpoTsarom 6araTbox POKiB HayKOBOI AislILHOCTI BuUe-
HUM cTaB aBTOpoM 01u3bK0 600 npykoBanux mpaiib. Ilika-
BO, IITO IIEPIIIi JOCTiAKeHH III0J0 CIOCTePeKeHb COHAYHUX
misaM, Benepu i1 Mapca MukoJjia ony0Jikysas 11ie B 15 po-
KiB. HaykoBa mpaiia migmiTka Toni 6ysa npuiinara Gppam-
IMY3bKUM JKYPHAJIOM « ACTPOHOMIisA».

Cepen BifoMUX JOCSATHEHDb aKaJeMiKa — BaroMi BiIKPHUTTsS II[OJ0 BUBUEH-
Ha maaHetr CoHsuHOI cucTemu. BapabaliioB BuBuaB moBepxHio Mapca, BifKpuB
«IIOJIAPHI IMAIKW» ¥ KPUCTaAJU Jhoay B armocgepi Beuepu, mociaigkysas Ca-
TypH i FOmiTep, a Takox coHAUHY KOpoHY. [lo peui, came Mukosa ITaBioBuy
CITiJIBHO 3 KOHCTPYKTOpoM i1 onnTukoM M. I'. IloHOMaphOoBUM CKOHCTPYIOBaB
MepIIui PagdHCbKUNA CIeKTPOTreJiocKon (IPUCTPill A1 BidyaJbHOTO CIOCTE-
pesxenns CoHIs).

I xoua 3apyOixHi BueHi po3pobaAIM aHAJIOTiuHi Ha-
VKOBIi mmpobJieMu, pe3yJbTaTH XapKiBChKUX aCTPOHOMIB
YaCTO BUABJIAJNCA OLJIBII TOUHMMU. YCi IIi JOCTimyKeHHS
cTaatu QPyHIAaMEHTOM HAYKOBOI IITKOJIM ILJIaHETOJIorii, AKa
¥ IIOHWHI YCIiIIIHO PO3BMBAETHCS Ta BioMa JajleKo 3a Me-
sKamMu YKpaiHu.

Muxkosa IlaBmoBuu 6arato saiiMaBcsa BUKJIALAIIbKOIO
IisiTbHICTIO, CTaB 3aCHOBHUKOM XapPKiBCHKOTO IJIaHEeTapiio
1 OmHUM i3 aBTOPiB mepIinoro «ATjaacy 3BOPOTHLOT'O OOKY
Micamsa».

ITam’aTh Ipo aKageMika yBiuHeHa y Ha3BaHUX HOTO
iM’sam Kparepy Ha Mapci i mamoi maaneru Ne2883 — Ba-
pabar. A Big 1992 p. HAH VYkpainu sampoBaauia mpeMiio
imeni M. II. Bapa6amrosa 3a mpaifi B ranysi @isuku mia-
HeT, 3ip i raJakTukK.




Cecuaia Temena Ileiin-T'amomkinma (1900—
1979) — Bigoma amMepuKaHChKA aCTPOHOMKA i mepIia
JKiHKa, AKa oTpuMaJia 3BaHHSA TPO(ECOPKU U 0YO0JIIO-
BaJia kKadenpy B 'apBapacbKkoMy yHiBepCcHUTETI.

Hapoaunacsa y Benukiit Bpurasii B poagusi icto-

pUKa, BUKJamaya Y HiBepCUTETChKOTO KOJIE:KY TP
OxkcdopacbKoMy yHiBepcuTeTi. 3aXOIJIEHHA acTpo-
HOMIi€0 y AiBUMHM BUHUKJO ¥ 19 POKiB, KOJIM BOHA
BimBimasa yekitito mpogecopa acrponomii Exminrto-
Ha. ¥ 1923 p. Cecuurig 3 Bigsuakoio 3akinunia Kem-
OpumK, ajge BUSBUJIOCSH, II[0 Y HBOMY B Ti Yacu KiH-
KaM He BUIABaJIU JUILJIOMU.

IIparayuu mpooB:KYyBaTH aCTPOHOMIUHY OCBiTYy ¥ HAYKOBY HisdabHiCcTh, Ce-
cunia mepeixasa go CIITA i# BiaamiTyBajsacs Ha poboTy B obcepBaTopiro I'ap-
BapACbKOT0 VHiBepCUTETY.

VY 1925 p. TasaHoBuTa BUeHA HAIKCAJIA KHUTY, 1110 MaJja 0 IPUTOJIOMIIIATHI
HayKoBY cmiiabHOTY. ¥ Hilt Cecuia Ilefin moBoamia: 30pi CKJIagaoThCA He 3 Me-
TaiB (K BBaKaJ0oCs HA TOU Uac), a 3 BOAHIO i reJito. IIpoTe 3nuByBaTH I11i€i0
nparieio cBiT He cyauaocs. JlocBiguenuir acrpodisuk I'eapi Hoppic Paccen 3a-
HeBHUB IiBUMHY, 10 il BIZAKPUTTA cynepedaTh iCHYIOUUM TeopiAM, i BiZMOBUB
IpeAcTaBIATH KHUTY 3arauay. IlikaBo, 1110 3a YOTUPU POKM BiH BUAAB BJIACHY
mpario, y kit mo:xHa O0yJio BrisHaTu cmiauBi igei Cecurii, i1 yBifimios B icTo-
pifo AK 3aCHOBHUK OnHiel 3 mepIrux Teopiit eBourtorrii 3ip. Kaura Cecurii Iletin
3T0ZI0M yce K TaKu OyJia HaJpyKOBaHAa, ajie HeBeJNKUM HaKJAA0M, i 3a Hel Bue-
Ha oTpUMaJjia HayKOBUH CTYIIiHb Bif KosemKky Penkaidda.

Cecutiss mpomoBIKMIIa PO3POOIATH MPodIeMaTUuKy 3ip-riranTtiB. [yis gpyroi
KHUTHY BOHA OIIPaIlioBajia CTiJIbKY JAHUX, IO il mpalls crata (QaKTUIHO eHITH-
KJomnemieio 3 actpodisuku. Unumaao HACTYITHUX HAYKOBUX JOCATHEHDb B Tarysi
eBoJoILii BeecBiTy HaykoBuIla 3pobduaa pasom i3 yoaoBikom — Cepriem I'amo-
mkinuM. Iogpy:K:Ksa oTpuMasio 6araTo MOYeCHUX HATrOpPO..

Ha uects Cecuurii I'esenu Ileitn-T'anomikiznoi HasBauuii Bigkputuii 1974 p.
acrepoin «2039 Iletin-T'amomikim».




Cysip'a Jlea i Benukunit ChiHKc

Puc. 3.1. Pyx CoHua no eknintuui
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@ Buaunmun pyx CoHuda. Bugumi pyxun Micaya Ta nnaHer

Bugumuii pyx Conua. 3mina mip poky Ha 3emui. Okpim g060BO-
ro pyxy Couiig mo He0y, MU TAKOMXK CIIOCTepiraeMo fioro piuuunii pyx
V3IOBXK eKTinTuru. Ii mrommuHa 36iraeThCsa 3 IIIOIIIHOIO Op6iTH SeM-
Jai. Pyxaiouuch pasom i3 3emJieio mo op0OiTi, Mu IPOTATOM POKY CIIO-
crepiraemo CoHIle Ha TJi OZHOTO 3 ABAHAAIATHU Cy3ip’iB, posTalo-
BaHUX Ha JiHil exkainTuru. I1i cysip’a HasuBaOTh 30diaKATbHUMU.
Hanpukaan, yv uepsui CoHIle pyXaeThbes 1o cysip’to Bausuar, y Be-
pecui — [HiBu, y rpyauai — Crpinpua Ta im.

Axmro crexxutn 3a COHIIEM TPOTATOM POKY, TO BUABUTHCA, IO
ioro pyx mo exJinTtuili He € piBHOoMipHUM (3.1).

ITouaTok Bimniky cmocrepesxkyBaHoro pyxy CoHIA mpumamgae Ha
JIeHb BeCHAHOro piBHOAeHHS — 21 OepesHs, KoJu Halre CBiTuiio mepe-
OyBae B TOUIli BeCHAHOrO piBHOAeHHA V. Ilepeminryrounch mo eKJIimnTu-
i, 22 uepsusa COHIEe IPOXOAUTH TOUKY JIITHBOI'O COHI[ECTOSIHHSI — &9,
KOJIM TPUBAJICTh CcBiT/IOBOrO nHsA B IliBHiuHil miBKYyJIi € MaKcUMaJIb-
Hoto. ITorim, 22 BepecHs1, COHIIE TEPEeTUHAE TOUYKY OCIHHBOT'O PiBHOIEH-
HA £, TouKy 3uMoBOro couiectoanusa V3 Conile mpoxoauTtsb 22 rpyn-
HA, KOJU TPUBAJIICTh CBITJIOBOTO ITHA € MiHiMaJIbHOIO.

SomiakaabpHi cy3ip’d it yac nmepedyBanHa y Hux CoHig

YV — Osen: 21 6epesus — 19 kBiTHA. v — Teaensb: 20 KBiT-
s — 20 tpaBua. I — Bawususara: 21 tpaBusa — 20 uepBHs. &8 —
Paxk: 21 uepBua — 22 jgunua. § — Jles: 23 jqunua — 21 cepuHs.
M — Hisa: 22 cepuusa — 21 Bepecusa. == — Tepesu: 22 BepecHs —
22 mosTHA. | — Cropmion: 23 sxosTHa — 21 aucromaga. < —
Crpinenp: 22 nucromamza — 20 rpyausa. V3 — Kosopir: 21 rpyxa-
Ha — 19 ciuna.? — Bogoaiii: 20 ciuga — 18 mrotoro. 00 — Pubu:

19 grororo — 20 GepesHs.

Teneup - % . < Kosopir
’ 3 T = . ~ 3
e L ! . N
P2 ; . - \
, TGuKa niTHporo SRR
! LOHUEeCTOAHHA \
]

1 A

Bbnusnata 1 I« Crpineub
V1 1
\

7
4
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@ Ona ponutnneunx

IIporsarom mepioxy 3 21 Gepesus mo 22 BepecHs CoHIle moJsae
MOJIOBUHY CBOT'O PiYHOTO IMLIAXY, ToOTO 180° eKIIinTUYHOrO KoJia 3a
186 xi6. Ha mpyry moaxoBuny mpunagae 179 ni6. TooTo HaBecHi Ta
BIITKY pyx CoHIlA BinOyBaeThCs MOBiIbHIiIIIE, Hi’K BOCEHU 1 Y3UMKY.

HastmBuamuit pyx Haimoro CBiTmja CIocTepiraeTbea IPOTATOM
1-5 ciuna (1,017° ma mo0y), a HaWOOBiIbHiMIKMIT — mpoTArom 1—5
aumnHa (0,95° Ha 100Y).

Bich obepranua 3emJi HaxujaeHa O ILIOMIMHYA OPOiTH IIig KyTOM
66,5°, i 11e IPU3BOAUTE M0 3MiHU IIip poky Ha 3emi (puc. 3.2). Axou
Bich oOepTanuA 3eMJIi OyJia IepHeHInKYIAPHOI0 A0 ILJIOIINHYN OpoiTH,
TO 3MiHa Iip POKY He BigOyBasacs 0, agsxe CoHIle IIPOTATOM POKY OCBiT-
goBasio 6 pieHomipuo IliBHiuny Ta IliBmenHy miBKyJi Harroi miaaHe-
Tu. [IHi, Komu CoHIle 0JHAKOBO OCBITJ/IIO€ ABi MiBKYJIi 3eMJi, HacTalOTh
TinbKM ABiui Ha pik — HaBecHi 20—21 Gepesusa i Bocenu 22—23 Bepec-
Hs, KOJIX Ha BCiX MaTepuKax OJHAKOBA TPUBAJIiCTh AHA — 12 roguH.

B immri micani rpuBasicTs g Oibita abo mewia 3a 12 roguH i 3a-
JEeXKUTH Big reorpadivHol IMTUPOTU MicCIld crocTepeskenua. HaiigoBirmia
newsb y IliBriuni?l miBKRyai HacTae 21-22 yepBHA — MMOYATOK aCTPOHO-
miuHOTO JiTa, a y IliBAeHHil miBKYJIi B el JeHb MOUYNHAETHCSI acTPO-
HOMiuHA 3uMa. Uepes miBpory 21-22 rpynHda, HaBOnaku, y [liBHiuHI
MiBKYJIi HacTae acTpoHOMiuHa 3uMa, a B IliBmenuiit —ito (puc. 3.3).

Ha mupoti 50° (Kuis, JIbBiB, XapKiB) TpuBasicTh HAWIOBIIIOTO THS
22 yepBHA — 16 rox 20 xB — y ABa pasu OiJbIlla 3a TPUBAJIICTL Hali-
KOpoTIoro nudA 22 rpyaHa — 8 rof.

Bumumi pyxu Micsama ta niaauer. Koudirypanii nnaner. Micans —
MPUPOAHUI CYIyTHUK 3eMJIi i Halibam:kde no Hel HebecHe Tiso. Bim
PyXaeThcsAa HABKOJIO HAIIIOI IJIAHETH II0 eJINITHYHINA opbiTi y Toi cammit
0iK, y AKuit 3eMJid 00epTaeThCAa HaBKOJIO CBOEI OCi.

Hanpsamoxr pyxy Micsnsg — i3 saxony Ha cxin. ITosuuii obept mo
opbiTi HaBKOJIO miIaHeTu (CUAEePUUYHUN MicArnb) Micans 3gificHioe 3a

BecHsHe piBHOZEHF

OciHHE piBHOEHHA
1 23 BepecHA

Puc. 3.3. OcBiTneHHA 3emni COHAYHUMY NPOMEHAMM B3UMKY i BRiTKY. Hanbinblue
eHeprii Big CoHUA OTPUMyE TponiyHa 30Ha, Ae ONiBAHI COHAYHI NPOMEeHi
MOXYTb Nagat nepneHAnKyNApHoO Jo ropusoHTy. LinpoTa Tponikis +£23,5°

Puc. 3.2. Kyt mix nnowmHamm
eKkBaTopa Ta ekninTuku 23,5°, a Kyt
Mi>K MIOLNHOK eKNINTUKKX Ta
nosnocom CBiTy 66,5°. Lle € npnunHoto
3MiHM Nip POKy Ha 3emni

KoHdirypauiamu nnaHer
Ha31BalTb XapaKTePHi B3aEMHI
NOMOMEeHHA NiaHeT BiAHOCHO
3emni i CoHua

MpoTncroaHHAa — nnaHety
BVAHO i3 3emni uiny Hiy

y npoTunexHomy Big CoHuA
HanpAMKY

EnoHrayia — Buauma

3 MOBepXHi 3emni KyToBa
BiICTaHb Mi>X MJIaHETO
i CoHuem
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Puc. 3. 4. 3miHa ¢a3 Micauya

. HoBuin Micaup (HoBak).

. 3pocTatoumnii cepn (MONoauK).
. Mepuwa uBepTb;

. 3pocTatounin Micaub.

. NoBHUI Micaub (NoBHA).

. Cnapatounn Micaup.

. OcTaHHA uBepTb.

. Crapuin Micaub

ONOULT D WN =

BepxHe cnony4yeHHA

HwXHe cnonyueHHa M,

MpoTNCTOAHHA

Puc. 4.5. KoHdirypauii BeHepu

i Mapca. lNpoTncroaHHa Mapca:
nnaHeta nepebyBae HanbnmKue
0o 3emni, it BUAHO BCHO HiY

y npoTtunexHomy Bifg CoHuA
HanpAamKy. BeHepy HaliKkpalue
BMAHO BBeYepi Y CXifHY enoHrauito
nisopyu Big CoHua (B;) Ta BpaHui
nig Yac 3axigHol enoHrauii
npasopyu Big CoHua (B,)
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27,3 nobu. IlikaBo, 110 came 3a Iieil Yac BiH 3iNICHIOE OUH
00epT HaBKOJIO cBoOi oci. OT:Ke, i3 Semyi Mu 3aB:KIu Oaum-
MO JiuIIe oaHy miBKyJaio Micsaid, ocBiT/IeHHS SKOI MOCTiii-
HO 3MIiHIOETHCS, IPOXOAAYN MOBHUU ITUKJI (has.

®aszu Micansa, To6To 3MiHa #0ro 30BHIIIIHBOrO BUTJIAAY,
HACTAaIOTh YHACILLOK TOTO, 1110 Micsllh CBiTUTLCS BigOuTMM
COHAUYHUMU ITpoMeHAMHU. O6epTaourch HAaBKOJIO HAIIIOI IIJIa-
HeTU, BiH 3aliMae pisHi mosoxkeHHs BigzHOCHO 3emuri Ta Cou-
151, TOMy MU 0a4MMO PisHi YaCTHMHU HOTO AEeHHOI MiBKYIi.

IITo6 3posymitu, yomy mu 6aunmo dasu Micarsa, mouwe-
Mo 3 HOBoro MicArs, AKuit i3 moBepxHi 3eMJi Maii:ke HiKO-
JIV He BUAHUM, aJi’Ke 0 Hac ITIoOBepHeHa Moro HivHa IiBKYJIsS
(puc. 3.4). Ilepira uBepTh HACTAE 3a TUXKIEHD, y IIeH Yac 10
3eMJIi TOBEpHEHi MOJIOBMHA JEHHOTO Ta IIOJOBUHA HiUHOTO
60Ky Micamnsa. IloBHa HacTae y TO MOMEHT, Koau Micaib
posTarioBaHuii 3 mpotuaekHoro 6oky Big Coua. OcTaHHS
yBepTh (a60 crapuit MicAllb) cmocTepiraeTbes y mMiBAeHHO-CXiqHIN Ua-
cTuHi HeboCcxXUay mepen cBiTankoM. Big ogHOro MosoamMKa 40 HACTYII-
HOro npoxoauThb 29,5 semHux 1i6. Ilei mepiox micaunux (a3 HasuBa-
IOTb CUHOOUYHUM MicAUeM.

Koudirypamisa nnamer. Yei miIametrn cBiTATbCA BiAOUTUM COHAU-
HUM IIPOMiHHAM, TOMY KpaIllle BUAHO Ty ILJIAHETY, KA PO3TAIloBa-
Ha OaumKue g0 3eMJi, 3a YMOBHU, SIKIIO OO HAC IIOBepHeHa Ii meHHA,
ocBitTsiena CoHieMm miBKyJss. Ha puc. 4.5 300paskeHo mpo-
TuctoaHHa Mapca (M;), To6To Taky KoH(pirypariio, Koau
3emas Oyze mepebyBaTu Ha OAHIN mpaMint misk Mapcom
i CoHnleM. ¥ TPOTHCTOSHHI SICKpaBiCcTh MJIaHETH HAMOIIb-
ma, ToMy IIo A0 3eMJIi IIoBepHeHa Bcs ii JeHHa IIiBKYJId.

OpbiTu gBox maaHeT, Mepkypia i Benepu, posramiosani
oamkue qo CoHIlst, HidK 3eMJIsi, TOMY B IIPOTUCTOSHHI BOHU
He OyBaioThb. ¥ IIOJIOXKEHHi, Koau Bexepa uu Mepkypiit me-
pebyBaioTh HaiibamKue 70 3eMJIi, IX He BUAHO, TOMY IIIO 10
Hac IIOBepHeHa HiuHa miBKy.Jaa miametu (puc. 3.5). Taka KoH-
dirypamnia mHazmBaeThCca HUKHIM crionydeHHAM i3 CoHIlEM.
Y BepXHBOMY CIIOJIYUEHHI IJIAHETY TeK He BUHO, aJiKe MiK
Helo i 3eMJIei0 po3TaIloByeThcA AckpaBe CoHIle.

Haitikpamii ymoBu ay1s cnocTepeskeHHsa Beuepu i MepKy-
pia OyBaioTh y KoHG}Iirypaiax, ki Ha3MBalOTHCS CXiTHOIO
Ta 3axigHoro exoHramiamu. CxigHa eJoHraIisga — 1ie MOMEHT
TOJIOXKEHHS, KOJIU IIJIaHeTy BUAHO JiiBopy4 Big CoHIlA BBeUue-
pi (B,). 3axigna enonrailis Benepu crocTepiraeTbes BpaHIli, KOJIU ILIa-
HeTy BuAHO npaBopyu Bix CoHig y cxigumiit vactuui Hebocxumy (B,).

Cupepuunnii i cuHOMUUHMI TIepioau obepTaHHd niaaHer. Cudepuu-
Huil iepion obepTaHHS BU3HAYAE PYX TiJ BigHOCHO 3ip. Ile mpomikok
yacy, yIpoaOBXK SIKOTO ILJIaHeTa, PyXalouyuch mo opbiTi, poOuUTs moB-
Huit o6ept HaBKOJO CoHIlA (puc. 3.6). Curoduunuil mepion obepTanHs
Bu3HAYae pyx Tia BigaocHO 3emui i Connga. Ile mpomiskok vacy, ympo-
JIOBJK STKOT'O CIIOCTEPIiraroThCA OAHI ¥ Ti cami mociimoBHI KoH(iryparii
miraHeT (IPOTUCTOAHHSA, CIOJIYUEeHHS, eJIOHTAILil).



Tema. 3aKoHU pyxy HEGECHUX Tin

l ) Ona ponutnneunx

3 ycix acTpOHOMIUHMX SBUII, HalleBHE, HAWOIIBIITY yBary JIiO-
el mpuBepTrae 3amemuenHs COHUs, SKe HACTa€ y TO MOMEHT, KOJII
Tiab Big Micama mocsarae moBepxHi 3emui. Xoua MicAamnp uepes KO-
Hi 29,5 1o6u nmepedyBae mixk Conrmem i 3emiero (paza — HOBUIT Mi-
CAIb), ajie 3aTeMHeHH Bif0yBaoThCsa HAbAraTo pigine, aaiKe ILIOIH-
Ha opOiTu Micama HaxuIeHa [0 eKJinTuKY mig kytom 5°. Ha op6iTi
iCHYIOTH OBi TOUKM, ¥ AKX MicaIlb IIepEeTUHAE IJIOMINHY eKJIIiIITH-
KM, — BOHHM HA3WBAIOTHCA BY3JIaMH MiCAYHOI OopOiTH. 3aTeMHEeHHA
Micsaia a6o CoHIIA MOXKYTE BifOYyTHCA TiIbKK B TOMY BUIIAAKY, KOJIKU
Micanp nepebyBae mobusy BysJa opbiTu. Bysnau micssuroi opbiTu
3MIIYIOTHCSA ¥ KOCMIYHOMY IIPOCTOPi, TOMY 3aTeMHEHHS Bi0yBaOTh-
cq B pisHi mopu poky. Ilepion moBTOpeHHA 3aTeMHEHb, ab0 capoc, 3Ha-
Ju e erumnerchbKi sxepiri 4000 pokis Tomy. CyuacHi o0UnCIeHHS Ia-
IOTh TaKe 3HaueHHA capocy: ', = 6585,33 mo6u = 18 pokis 11 1i6
8 rox. ITporaroMm omgHOTO capocy B Pi3HMX MiCIsIX HA MOBEepPXHi 3eM-
Jai BigoyBaroThcs 43 3aremuenHs Couma Ta 25—29 saremuens Mics-
I, IPUYOMY COHSUHI i MicAYHI 3aTeMHEHHSA 3aBK A1 BiTOyBalOTHCA
mapaMu 3 iHTepBaJioM 2 THUIKHI.

G KoHTpoOnbHi 3anuTaHHA

1. YuM MosKHA IOSCHUTY HepiBHOMIpHIicTE BugumMoro pyxy CoHILA o
eRJinTuIi?

2.3a AKX yMOB Ha 3eMJIi He BigOyBajsocs 6 3MiHU IIip PoKy?

3.IIlo posymitoTs mig KoHGirypamiamu miraner? OnuiriTs ix.

4. [latiTe BUBHAUEHHSA CUHOANYHOMY i CUIePUUYHOMY IIepiozam obGep-
TAHHA [JIAHETH. ¥ YOMY IOJIATAI0Th IX BigMiHHOCTi?

5. ko Mae OyTH TPUBAJICTh CUAEPUYHOrO Ta CUHOJUUYHOTO mepio-
IiB 00epTaHHA IJIAHETHU Yy BUMIAAKY iX piBHOCTI?

6. Yomy 3 moBepxHi 3eMJIi 3aBK AU BUAHA JIMIIE OAHA IMiBKYyJasa Mics-
1s? OTUIIiTh 0COOIMBOCTI PYXY CYIYTHUKA HAIIIOI IIJIaHEeTH Ta II0-
CJIiTOBHICTE (pas.

6 BusHauyeHHA Macu i po3mipiB He6ecHuX Tin

Haiipaskausiioo xapakTepucTUKOO HeOeCHOro Tija € fioro maca,
AKY MOKHA OOUUCIIUTY IIJIAXOM BUMIiPIOBAHHSA CUJIU TAMKIHHA Ha HOTO
MoBepxHi (IpaBiMeTpuuYHUIL cr1oci0). 3aKOH BCECBITHHOTO TAKIHHSA 103-
BOJIAE O0UMCIUTI Macy 3eMJii Ta iHmux HebecHUX Tia (puc. 4.1).

Ha Tino macoio m, ke posraliioBaHe I0OOJU3Y II0-

BepxHi 3emui, aie cuna ta:xkinaa F = mg, ne g — upu- CEPay

CKOPEeHHA BiJbHOTO HmamiHHA. SIKIO Tijgo pyXxaeTbes
JINIITe TMiJ Ji€f0 CUJIU TAKiHHSA, TO 3aCTOCOBYIOTh 3aKOH
BCECBITHBOTO Ts:KiHHA. IIprcKoOpeHHA BiTbHOTO IadiH-
Hs, CIIPSIMOBAaHeE 0 IIeHTPY 3eMJIi, 00UMCIIIOI0TE 3a (pop-

Puc. 3.6. LLUnax, wo Bignosigae
CcrpepryHoMy nepiofly ob6epTaHHs
Mapca HaBkono CoHus, 306paxeHo
MYHKTYPOM CUHbOTO KOJTbOPY,
CUHOANYHOMY — MYHKTUPOM
YEPBOHOIO KOJIbOpY.

MonoxeHna C—3,—M, Ta C—
3,—M, — aBa nocnigoBHUX
npotuctoaHHA Mapca

= - __
e f—

MYJIOIO: Puc. 4.1. Bu3HaueHHs po3MipiB HEGECHUX Tin
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3emns Ha Thi CoHusna

36

30PAHE HEBO TA PYXW CBITUJT

M

®
OTixe, 3HAIOUH, 1110 IPUCKOPEHHSA BijIbHOTO naainus g = 9,81 m/c?,
G=6,673+-10"' Hm?/kr? u pazgiyc 3emai Ry,= 6370 KM, MOKHA 3a
dopmyoro (4.3) obuucauTu macy 3emai (4.4).

R2
M =5l (4.3)
G
M =5,97+10% kr (4.4)

)\ AisHanTecA, AK MOXKHa 064NCANT Macy HebecCHUX Tin 3a TpeTim y3aranb-
HeHum 3aKoHOM Kennepa.

IITo6 BusHauuUTH JiHifTHUI po3Mip HeGeCcHOTO Tija, MOTPiOHO BUMI-
PATH KYT, OiJ SKUM MU 6aUMMO MOro pajaiyc, i 3HaTu BifcTaHb 4O HBO-
ro. Ha puc. 4.1 cmocrepirau i3 nieaTpy T SeMJti Moke 6a4UTH JIUIIIE JIi-
HifiHU# pazgiyc R Tina oig KyTom p.

Bigcrams Big menTpa 3emiri g0 1meHTpa He6ECHOTO Tijia IIO3HAYMMO
gireporo D. Toxi: R = D - sin(p).

dAxmro D BupasuTu B pagiycax 3emJi, To it R Mu 3HaiizeMo B pa-
miycax 3emui. SIkimo D BupasuTu B KijiomeTrpax, To R Buiife B Kijgo-
MeTpax.

Hanpukmnan, sigcrauns o Micamsa D gopiBHioe 60 seMHUM paji-
ycaMm, a pagiyc Micamsa mu 6auumo mig kyrom 16'. Haa Micsama R =
60 -sin(16') = = 0,27 pagiyca 3em.i.

IligBomaYM mimcyMKu, MOKHA CKa3aTH, IO Pe3yJIbTaTU HaBeJeHUX
00UMCIIOBaHb JOBOAATH BiICYTHICTh MPUHIIUIIOBUX BiAMiHHOCTEH MiK
3emJeio i HebeCHUMU TiaMu.

.‘ ) Ina gponutnneux

B acTpodisuri ogmHUIIEIO NI BUPAKEHHA I IIOPiBHAHHA MAac
3ip Ta iHMMUX acTpoHOMiIUHUX 00’€KTiB (30KpeMa rajJlakTHK) € Maca
Counsa. Bona mosnauaeThesa uepes M i mopiBHioe maci Connga: M, =
=(1,98847 =+ =+ 0,00007)+10% Kr.

CousguHa Maca mepeBUIye Macy 3emii maioke B 332 946 pasis.
Biaussxo 99,86% macu Corsaunoi cucremu npuiazgae came Ha CoH-
1Ie, a 3arajibHa Maca ycix miaaueT craHoBuTh Jjutte 0,0013 M, mpu-
yoMy OiJbIlIa YacTHWHA CyMapHOI MacHu ILIaHeT HaJeXuTh IOmiTepy
(itoro maca y 1047,56 pasiB meHIIa 3a COHAYHY).

Maca 6inbimocTi okpemux 3ip y Beecsiti ckaamae Big 0,08 mo
50 M, a Maca YOpHUX Jip i MiAUX TaJaKTUK MOKe CATATU MiJabii0-
HiB i MiIBAPAIB Mac HAIIIOTO CBiTMJIA.

G KoHTponbHi 3annTaHHA

1. fIkmii 3akoH momomarae obumcauTu Mmacy HebecHoro Tina? HasBiTh
ioro hopmy.ry.

2. fdxuMu faHUMU HeOO0XiJHO CKOPUCTATHUCA, 11100 BUSHAYUTY PO3MIip
HebGecHoOTO Tiza? ¥ YoMy HOT0 MOYKHA BUPA3UTU?



Tema. MeToan Ta 3aco6U aCTPOHOMIUHUX AOCAIAKEHD

Tema. Metogn Ta 3acobm
ACTPOHOMIYHUNX [OCNIAKEHDb

BunpomiHioBaHHA Heb6ecHUX Tin.
MeToan acCTPOHOMIYHUX AOCAIAXKEHD

Bunpominopanua HebecHux Tin. Y Iifl TeMi MU pO3rJIsSHEMO OC-
HOBHi MeTOiu, 3a JOIIOMOTI'0I0 IKMX aCTPOHOMU 30MPalOTh iH(opMaIriio
mpo moAii B fajiekoMy KocMoci. BuaBasgeThC, 1110 OCHOBHUM JKepPejioM
Takoi indopMmairii € eJIeKTPOMAarHiTHI XBUJIi Ta eJIeMeHTapHI YaCTUHKH,
AKi BUITPOMIiHIOIOTH KOCMIiUHi Tijia, a TAKOMK IrpaBiTaIliiiHi I eJTeKTPO-
MAaTHITHI MOJs, 3a JOIIOMOTOIO AKUX ITi Tijla MiK cO00I0 B3a€MOMIIIOTh.

)"max

l TigporeH

Kanbuin

\

MarHin

Hatpin
FipporeH

EHepria

400 500 600 700

LoBXuHa xBuni A, HM

Puc. 1.1. CnekTp BMNpOMiHIOBaHHA 30pi 3 Temnepatypoto T = 5800 K. 3anaguHu Ha rpa-
diKy BignoBigaloTb TEMHMM MiHIAM NOMNVHAHHA, AKi YTBOPIOIOTb OKPeMi XiMiuHi enemeHTn

CoHIie Ta 30pi BUIIPOMiHIOIOTH €JIEKTPOMATHITHI XBUJIi pisHOMAaHIT-
Hol moBokuuMU. IlaneTu Ta IXHI CyIyTHUKY BigOMBaOTh COHSIYHE CBiT-
JIO ¥ caMi BUIIPOMiHIOIOTH iH()paduepBOHi MpoMeHi ¥ pagioxBuii. Pos-
PifsKeHi ra30Bi TYMaHHOCTI BUIIPOMiHIOIOTH €JIeKTPOMAarHiTHI XBMJIi
YiTKO BU3HAUYEHOI JOBXKUHU.

BunpominioBanHusa HebecHUX TiJj, II[0 He HOXOJUTHL OO IIOBEPXHi
3eMJIi, DTOCTiAKY€EThCA 3a HOIIOMOTOIO INMITYYHUX CYOYTHUKIB, HAYKO-
BUX OpOiTAIBHUX CTAHIiM, SKi 00epTaroThCsA HABKOJIO HAIIOI IJIaHe-
TH, a TAKOK 34 JOIIOMOI'OI0 aBTOMATHUYHUX MisKIJaHEeTHUX CTAHIIili,
cupAaMoBanux a0 maader CouauHoi cuctemu. BunpominioBanusa, sgKe
IPOXOAUTEL KPidh 3eMHY aTMochepy, BUeHi MTOCIiIKyIOTh Oe3mocepen-
HBO 3 IOBEepPXHi 3emJIi.

Ax Bimomo 3 Kypcy i3k, aTOMU MOKYTH BUIIPOMiHIOBATH ab0 I10-
TJINHATY €HePriio eJeKTPOMAarHiTHIUX XBUJIb Pi3HOI YaCTOTH — BiJ IILOT'O
3aJIesKaTh ACKPAaBIiCTh i KOJIip TOro uu iHImoro tija. {jaa obuncieHHs iH-
TEHCUBHOCTI BUIIPOMiHIOBAHHSA BBOAUTHCA MOHATTSA TaK 3BAHOTO YOPHOTO
Tija, AKe MOJKe ijeaJIbHO IMOTJIMHATY ¥ BUIIPOMiHIOBATH €JIEKTPOMATrHiT-
Hi KOJIMBAHHA B [[ialla30Hi BCiX TOBYKUH XBUJIb (0e3IepepBHUIT CIIEKTD).

30pi BUOPOMIiHIOIOTh €JIEKTPOMATHITHI XBUJIL Pi3HOI JOBMKUHU A,
ajle B 3aJIeXKHOCTI Bij TeMmIlepaTypu IIOBePXHi Hambinbiine eHeprii

O6’egHaHe 306parkeHHsA
KyNACTOro 30PAHOr0 CKyMyeHHsA
B Cy3ip'i KeHTaBpa MicTUTb:
PEeHreHiBCbKI faHi Teneckona
«YaHppa» (uepBOHe CBITNO),

L0 MOKa3yloTb rapAYmnn ras;
pagioaaHi lyxke Benukoro
Macwuy Teneckonis Kapna fHcKi
(CMHE CBITNO), WO NOKa3yTb
YaCTUHKWN BUCOKOI eHepri;

AaHi Teneckona «fa66n» y BuaMmomy
cBiTNi (3eneHe) 4EMOHCTPYIOTb
ranakTvKy B CKyMYyeHHi Ta

3a MeXamu Knactepa

YopHe Tino nornvHae Bco eHep-

rito, AKa Naja€ Ha Moro NOBEPXHIO,
i BCIO eHeprilo NepeBrNpPOMIHIOE

B HAaBKOJMLLUHIN NPOCTIpP, ane B iH-
Wi YacTMHI cnekTpa

Actpodisuka BrBYaEe bynosy
KOCMiYHUMX Tin, Gi3nyHi ymoBu

Ha NOBEpPXHi 1 BCepeauHi Tin,
XiMiYHUI cKnag, ppkepena eHeprii
Ta iH.
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Puc. 1.2. YepsoHnin Kapank

Puc. 1.3. Monogi 30pi. Pi3Hi konbopun
3ip NOACHIOTLCA €NeKTPOMarHiTHUM
BUMPOMIHIOBAaHHAM Pi3HOT JOBXWHU
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OpuIaziae Ha MeBHY YaCTUHY CIIEKTpa A,,, (puc. 1.1). Ilum noscHIO-
IOThCS PiBHOMAHITHI KOJIbOPHU 3ip — BiJ 4epBOHOTO A0 CUHBLOTO (pPHC.
1.2, 1.3). BukopucToByoUYr 3aKOHU BUNPOMIHIOBAHHSA YOPHOTO
Tijna, aki Bigkpuau ¢isuxku Ha 3eMJi, aCTPOHOMHU BUMipIOIOTH TEM-
meparypy gajeKmxX KocMiuHmx cBitua (puc. 1.4). 3a Temmeparypu
T = 300 K uopHe Tijio BUIPOMiHIOE eHepriio mepeBakHO B iH(ppauep-
BOHIll YaCTHHI CIIEKTpa, dKa He CIPUUMAaEThCSI HEO30POEHUM OKOM.

3a HUBBKUX TeMIIepaTyp Take Tijo y cTaHi TepMoAUHAMIYHOI PiB-
HOBaru Mae€ CIIPaBIi YOPHUU KOJIip.

' ) Ana ponuTnuBux

Y npuposai abcoIIoTHO YOPHUX TiJl He iCHY€e, HaBiTh HOpHA caska
morauHae He 6iabin HidkK 99 % eleKTpOMArHiTHUX XBUJIb. 3 iHIIIOTO
00Ky, AKOM a6COJIIOTHO YOPHE TiJIO TiMbKY MOTJINHAJO €JeKTPOoMAar-
HiTHiI XBUJi, TO 3 YacoM TeMIlepaTypa TaKoro Tijla crajia 0 HecKiH-
YeHHO BeJINKOI0. ToMy HOpHE TiJI0 BUIIPOMiHIOE €Heprilo, IPUIOMY
HOTJINHAHHSA i BUIIPOMiHIOBAHHS MOKYTh BiOyBaTHCs B PisHUX Uac-
rorax. OgHAK TP MEeBHiN TeMIlepaTypi BCTAHOBJIIOETHCA PiBHOBAra
MiK BUIIPOMiHIOBaHOIO Ta MOTJIMHEHOIO eHePriaMu. 3aJIe;KHO0 Bi piB-
HOBaKHOI TeMIepaTypu KoJip aGCOJI0OTHO YOPHOTO Tijia He 000B’A3-
KOBO OyZe YOPHMM — HAIIPUKJAI, cayka B IIeUi IIPpU BUCOKil TeMIle-
paTypi Mae uepBoHIIT a00 HaBiTH OiIHI KOJIIp.

T=12000 K T = 5800 K T = 3000 K

Amax = 250 HM Amax = 500 HM Amax = 1000 HM

™ .'

EHepria

!
T T T
0 500 1000 1500
[oBXxXuHa xBuni A, HM

Puc. 1.4. Po3nopgin eHeprii y cnekTpi BUnpomiHioBaHHA 3ip. Konip 3ip BU3Havyae Temnepa-
Typy noBepxHi T: cvHi 30pi MatoTb Temnepatypy 12000 K, uepsoHi — 3000 K. Mpwu 36inb-
LIeHHi TeMnepaTypu Ha NOBEPXHi 30pPi 3MEeHLUYETbCA [OBXMHA XBUAI A,,,,, AKa BignoBigae
MaKCMMyMy eHeprii BUMPOMiHIOBaHHA

Meronn acrponomiunux mociaimskens. Mix isukoro Ta acTpodisu-
KO0 € 0araTo CmiJIbHOTO — IIi HAYyKY BUBYAIOTH 3aKOHU CBITY, Y AKOMY
MU KUBeMO. AJjle MijK HUMH iCHY€ OJHA CyTTeBa PisHUIlT — (isuUKU Ma-
IOTh MOJKJIMBICTH IIePEBipUTH CBOI TEOPETUYHI PO3PAXYHKHU 34 TOIIOMO-
TOI0 BiATIOBiAHUX €KCIIEPUMEHTIB, ¥ TOH Yac K aCTPOHOMM B OiJIbIIIO-
CTi BUIIA[IKiB TaKOi MOKJIMBOCTI He MAaIOTh, aJ[)K€ BUBYAIOTH IPUPOAY
TaJIeKuX KOCMiuHMX 00’€KTiB 3a iIXHIM BUIIPOMiHIOBAHHIM.



Tema. MeToan Ta 3aco6U aCTPOHOMIUHUX AOCAIAKEHD

AcTpodisuuHi eKCIIepUMeHTH B KOCMOCi BCe K TaKU BiOyBarOTh-
ca — ix 3mificHIOE camMa MPUPoaa, a aCTPOHOMHU CIIOCTEPiralTh 38 TUMU
mpoliecaMu, AKi BiZOyBalThCA B JaJeKux cBitax (puc. 1.5), i aHauri-
3YIOTh OTpPUMAaHi pe3yabTaTu. Mu crocrepiraeMo CBOEPimHI dBHUIIA
B yaci Ta 6aumMo Take Jajexe MHHYJe BcecBiTy, KoJu Iie He icHyBa-
Jia He TiJIbKHU Hallla MUBiJIisallisa, a HaBiTh He 0ya0 COHAYHOI CHUCTEMH.
TobTo acTpodisuuui MeToaM BUBUEHHS JAJIEKOT0 KOCMOCY (PaKTUUHO
He BiApi3HAIOTHCA BiJl eKCIIEPUMEHTIB, AKi IPOBOAATH (hi3UKU HAa II0-
BepxHi 3emui. o Toro X 3a ZJOIIOMOI'0I0 aBTOMATUYHUX MirKIIJIaHET-
Hux crafiiit (AMC) acTpoHOMHU IIPOBOAATH CIIPaBXKHI PisuuHi eKkcrepu-
MEHTH AK Ha IIOBEPXHi iHIMINX KOCMIUHUX TiJI, TAK i B MisKIIJIaHETHOMY
IpocTopi. ACTPOHOMIUHI criocTepesKeHHA 3iCHIOIOTHCS AK Yy aCTPOHO-
MiUyHUX 00CcepBaTOPiAX 3a JOTTOMOI0OI0 PiBHOMAHITHUX TEJIECKOIIiB, TaK
i He030POEHUM OKOM.

Criocrepesxenns Heo30poenum oxomM. OKO JIOAUHYU € VHIKAJIbHUM
OpPraHOM UyTTs, 34 JOIIOMOTIOI0 AKOT0 My oTpumyemo moHax 90 % iH-
dopmarrii mpo HaBKOJUIIHIN cBiT. ONTHYHI XapaKTEePUCTUKU OKa BU-
3HAYAIOTHCSA PO3AITBHOIO 3JaTHICTIO TA Yy TIAUBICTIO.

Posdinvua 30amuicms oka, abo zocmpoma 30py, — I1e CIIPOMOK-
HIiCTh PO3PisHATH 00’€KTH MEeBHUX KYTOBMX PO3MipiB. YCTaHOBJEHO,
IIT0 pO3JiJibHA 3JaTHICTH OKa JIOAWHU He mepeBuiltye 1’ (ogHa Mimy-
Ta gyru, puc. 1.6). Ile odHavae, 1110 MU MOKEMO 0aUUTU OKPEMO IBi
30pi, AKINO KyT Mix HEUMU a > 1', a Ario a < 1', To 11i 30pi 3/JIMBaOTh-
csl B OJIHE CBiTMJIO, TOMY PO3PiBHUTHU iX HEMOKJINBO.

Mu pospisasgemo aucku Micamns i Conis, agske KyT, OiJ AKAM
BUAHO OiaMeTp IIMX CBiTua (KyTOoBuUII miamMeTp), HOPiBHIOE GJIU3b-
kKo 30’, y Toii yac K KYTOBi miameTpu maHeT i 3ip meniri 3a 1/,
TOMY IIi cBiTMJIa HEO30pPOEHMM OKOM BHIHO SK fACKPaBi TOUKHU.

YyTauBicTh OKa BUBHAYAETHCA IIOPOTOM CHPUUHATTA OKPEMUX
KBaHTIiB cBiTsia. Haiibiapily 4yTAnMBICTE OKO Ma€ y JKOBTO-3€JIEHIil
YacTHHI cCIeKTpa, i Mu MosKeMo pearyBatu Ha (—10 KBaHTiB, AKi 1m0-
TPAILISAIOTL Ha ciTKiBKY 3a 0,2—-0,3 c¢. B acTpoHoMii uyTauBicTL OKa
MOJKHa BU3HAUUTU 3a JOIIOMOIOI0 TaK 3BaHUX BUANMUX 30PAHUX Be-
JUYUH, AKi XapaKTepusyoTh ACKPaBicTh HeOECHUX CBiTUJI.

i j Ona ponutnuemnx

Puc. 1.5. HapogeHHA HOBOI 30pi

YyTaIuBiCTh OKa TAaKOK 3aJIEKUTH BiJ AiaMeTpa 3iHUIL — y TeM-
PsBi 3iHUIII POSIINPIOIOTLCS, 4 BIEHDb 3BYKYIOThC. Ilepen acTpoHo-
MiYHMMH CIIOCTEPEKEHHIMU Tpeba 5 XB IIOCUIITH B TeMPSABi, TOxi
YYTJAUBICTH OKa 30iJIBLITUTHCA.

G KoHTponbHi 3annTaHHA i 3aBAaHHA

1. YuM TOSAACHIOETHCS PiBHOMAaHITHICTH KOJIBOPIB 3ip?

2.3a 1omoMorom AKUX 3aKOHIB aCTPOHOMHU BUMIipPIOIOTH TeMIIepaTy-
PV ZaJleKuX KOCMiuHUX CBiTHI?

3. IligroryiiTe cTHCIE TOBiJOMJJIEHHS PO METOAU acTPOPi3UUHUX 0~

Puc. 1.6. Mn po3pi3HAeEMO ancK
MicAaua, ockinbKn NOro KyToBui
diameTp 30', y TOM Yac AK Kpatepu
CJiJ’KeHb. He030pPOEHNM OKOM He BUAHO, afxe
5.YumM BU3HAUAETHCA UYTAUBiCTL OKa? X KyTOBUI giameTp mMeHwun Big 1’
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30PAHE HEBO TA PYXW CBITUJT

MpuHumn Aii i 6yaoBa oNnTUYHOroO Ta pagioreneckona,
BEeTEeKTOpiB HEMTPUHO Ta rpasiTayiiHNX
xBunb. Mpunmadi BUNPomiHIOBaHHA

CgiTno Big 30pi
.'.

ITpunaun aii onTuuyHoro tejgeckona. Ha xanab, OiabIIiCTh KOC-
MiuHKX 00’€KTiB MH He MOYKeMO CIIOCTepiraTu Heo30POEHUM OKOM,
OCKiJIbKM 110T0 MOJKJIMBOCTiI oOMeskeHi. Temeckomnu (rpel. tele — ma-
JIeKO, Skopos — 0auuTH) JO3BOJIAIOTHL HAM M00AUUTH HajieKi mebecHi
cBiTua abo 3apeecTpPyBaTH iX 3a JOIOMOTOIO iHINNX NPUAMAaUiB eIeK-
TPOMATHITHOTO BUIPOMiHIOBaHHS — (poToamapara, Bigeokamepu. 3a
KOHCTPYKI[I€IO TeJIECKONN MOXKHA IMOMiJTUTH Ha TPU IPyIIu: peppaxTo-
pu, abo JsiH30Bi Tesmeckomnu (puc 2.1.) (1at. refractus — 3aJ0MJIeHHA);
pediekTopu, abo m3epkaJbHi Tesmeckonu (puc. 2.2), (1art. reflectio —
BifiOMBai0) Ta J3epPKAJIbHO-JTIH30Bi TE€JIECKOIIN.

IIpunycrumo, 1110 Ha HeCKiHUeHHOCTI PO3TaIllOBYEThCS HebecHe CBi-
TUJIO, AKe AJIs Heo30POEHOr0 OKa BUIHO i KyToM ;. [IBoomyKJIa JIiH-

Okynap .
3a, AKY Ha3MBaIOTh 00’€KTHUBOM, OyAyE 300paskeHHs cBiTraa v POKaJIb-
Puc. 2.1. Cxema niH30BOro Hilt muormmuHi Ha Bigcrami F Bim o6’extuBa (puc. 2.1). ¥V doxanabHil
Teneckona (pedpakTopa) IJIOIMHI ycTaHOBIIOIOTH 1133 MaTpuilio (mpuiaj iz 3apAgHUM 3B’ 13-

KOM), Bimeokamepy abo immuii mpuitmau 3o6pakennsa. [[aa Bisyanab-
HUX CIIOCTEPEXKeHb BUKOPHCTOBYIOTH KOPOTKO(MOKYCHY JIIH3Y —JIYITy,
SAKY HAa3WBAIOTh OKYJLADOM.

30iJIbIlIeHHA TeJIECKOIIa BU3HAYAETLCS TAK:

PedpakTtop — Teneckon, y ako-

' _% _F, 2.3)
y ANA CTBOPEHHSA 300paKeHHs n= =

BUKOPVICTOBYIOTb MiH31 o f

PednekTop — Teneckon, y AKo- Ie o, — KYyT 30py Ha BUXOJi OKYJApPa; o, — KYT 30Dy, i AKHM

MY ANIA CTBOPEHHA 300paeHHA CcBiTMIIO BUAHO Heo30poeuum okoMm; F, f — (porycHi BigcTaHi BigmoBig-

BUKOPUCTOBYIOTb A3€pKano HO 00’eKTHUBA it OKYyJIApa.

PospinbHa 3maTHiCTh TemecKkona 3ajeKUTh Big Aiamerpa 06’ eKTH-
Ba, TOMY IIPU OJHAKOBOMY 301JIbITIeHH] OifbII UiTKe 300pasKeHHA Ja€e
TeJIECKOII i3 OiabIuM giameTpoM 00’ €KTHBA.

Mnocke 3pocTaHHA eHeprii

S A TVVAVAVAVAVAN

36inblWEeHHA JOBXUHM XBUNI

0,0001 Hm 0,01 Hm 10 HM 1000 Hm 0,01 em Tem m 100 m
I [ ] | ]
y-NPOMeHi PentreHiBecbKi | YO- || IHppauepBoHi Papioxsuni
npomeHi npo- npoMeHi
MeHi
_,_,—-'—_"_'_._- -
e CBiTno
Mapa6oniuHe A3epkano L . | Y d
400 HM 500 Hm 600 HM 700 HM
Puc. 2.2. Cxema g3epkanbHoro
Teneckona (pednektopa) Puc. 2.4. lLIkana eneKTpoOMarHiTHUX XBuib
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Tema. MeToan Ta 3aco6U aCTPOHOMIUHUX AOCAIAKEHD

Kpim Toro Tesneckomn 36iibIye BUAUMY SCKpPaBiCTh CBiTHMII, KA
Oyze y cTinbKu pasiB OisibIia 3a Ty, 110 CIPUHAMAETHCSI HEO30POEHUM
OKOM, V CKiJIbKM ILTOIIA 00’ eKTHBA OiIbIlla Bif Mol siHuiii oka.

3amam’ATaiiTe: B TeJIECKOI He MOKHA TUBUTHCH HA CoHIle, TOMY 1[0
ioro sICKpaBicTh Oyle TAKOI0 BEJIHKOIO, II[0 BH MOKeTe BTPATUTH 3ip!

Pamiorenecrkonu. [ peectpailii eJleKTpoMarHiTHOrO BUIIPOMiHIO-
BaHHA B pajmiomiamasoni (moB:kmHa XBuJi Big 1 Mm i 6inbmre — puc.
2.4) cTBOpeHi pagioTesiecKonu, AKi MPUIEMAIOTh PaAioXBUJIL 3a JOTIOMO-
I'OI0 CIIeIliaJIbHUX aHTEeH i IlepefaroTh iX 10 mpuiiMava. ¥ pagionpuiima-
Yi KOCMiUHi CUTHAJIMW OIIPAI[bOBYIOTHCA 1 PEECTPYIOTHCA CIEIiaIbHUMN
mpuiagaMu. ICHYIOTh ABa TUIIHA PALioTeJeCKOIIiB — ped)JIeKTOPHI Ta aH-
TeuHi pernriTku. ITpuHnun aii ped)JIeKTOPHOro pagioTeecKona TaKui
camMmii, K TeJecKolla-peJeKTopa, TiIbKU A3ePKajo s 30upanHs
eJeKTPOMAaTrHITHUX XBWJIb BUTOTOBJIAETHCA 3 MeTaly. JacTo 1me n3ep-
KaJyio Mae ¢opmy mapabosoima obepranHs. Yum Gijbinuii miamerp Ta-
Kol mapabosriuHol «TapiJKm», TUM OiJIBIIIL po3miabHA 3JaTHICTE i UyT-
JUBicTh pagioreneckona. Haiibinbinuii B Ypaimi pagioreneckon PT-70
mae giamerp 70 m.

HJis cmocTepeskeHHA HAa KOPOTKUX XBUJIAX IIOIIUPEH] I3epKaIb-
Hi mapaboJriuHi aHTeHM, BCTAHOBJIEHI HA IIOBOPOTHUX IPUCTPOSIX, IO
CJIYJKaTh IJIA HaBEeJeHHS PalioTeJIeCKOIIiB Ha AyKepPeso PagioBUIPOMi-
HIOBaHH:A. 3a IPUHIINIOM il Taki pamioTeseckonu aHaJOrivHi omTmy-
HUM TeJiecKoIaM-pedpaxTopaM. HacTo BUKOPHUCTOBYIOTHCA KOMOiHAITi1
Pany O3epKaJbHUX aHTEH, IO CIOJYyUYeHI KabeIbHUMU JIiHiAMU B €11~
HY CUCTEMY — «PelriTKu». [[Jig cmocTepeskeHHA HA TOBTUX XBUJIAX BU-
KOPHUCTOBYIOTH I'PaTH, IO CKJIAJAIOTHCA 3 BEJIMKOI KiJIBKOCTi ejeMeH-
TapHUX BUIIPOMiHIOBauiB, — dinozie (puc.2.5).

[lerexTopu HeliTpuHo. HaCTUHKY HEUTPUHO YTBOPIOIOTHCA BHAC-
JiIOK OesKUX BUIIB palioaKTHUBHOTO PO3Many, AJEePHUX pPeakIliil, mo-
IiOHMX o0 THX, 10 BigOyBaroThca Ha COHILl, UM BHACJIIAOK 3iTKHEHHS
KOCMIUHHMX ITPOMEHiB 3 aromaMu. depes gysKe caabKy B3aeMO/Iio 3 pe-
YOBUHOIO HEUTPUHO HAJA€E VHIKAJIbHY MOYKJINBICTh CIIOCTEPiraTu 3a mpo-
mecamMu, AKi HeJOCTYIIHI IJIs JOCTiAKeHb uepes OITUYHI TeJeCKOIIN.

IIBuaKicTs PyXy HEUTPUHO € GJMBBKOIO O IMIBUAKOCTI CBiTJIA.
Bonu BimirparooThs BeJIUKY POJIb Yy IEPETBOPEHHAX €JIEMEHTAPHUX Yac-
TruHOK. Maca HeTPMHO BKpall MaJia y TOPiBHAHHI 3 iHIIIUMU eJieMeH-
TapHUMU YaCTUHKaMU, ajle BOHA € BayKJUBOIO JIJISA ITOSICHEHHA B KOCMO-
Jorii (peHOMEHY IPUXOBAHOI MacH, OCKiJIbKM, HE3BAYKAIOUU HA il MaJie
3HaUEHH:, KOHIIEHTpallisd HeMTpuHO y BeecBiTi mocuTh BucoKa, 1100 ic-
TOTHO BILIMHYTHY HA CePeaHIO I'YCTUHY PEUOBUHMU.

IlepeBarkHa KiJIbKiCTh HEUTPUHHUX JETEKTOPiB, METOIO IKNX € BU-
BUEHHS HeHATPUHO, PO3TAIIOBYIOTh INMIMOOKO IIi 3eMJiero, 11100 3amobir-
TH BILJIUBY Ha HUX OyAb-AKOT0 KOCMiUYHOIO BUIIPOMiHIOBaHHSA Ta iHIITUX
I:Kepes IPUPOAHOT0 pafdiaiiiinoro ¢gory. Yepes ciaabKy B3aeMOIiio
HEUTPUHO 3 iHIMUMHU eJeMeHTapHUMU YaCTUHKAMU PO3Mip HEUTPUH-
HOTO JleTeKTopa Mae OyTHu Ay:Ke BeJIUKUM Ta 3JaTHUM yJOBUTHU 3HAU-
HY KiJIbKiCTh HEUTPUHHUX YACTUHOK.

Opniero 3 HaWBiZoOMimIUX 00cepBATOPili, IO CHEIiaJIi3yeThca Ha
BUSABJIEHHI HeNTPUHO, € obcepBaTopisa Cynep-Kamiokange B fAmowii.

Puic. 2.5. Hanbinbwnia y cBiti
fAeKkameTpoBuin pagioteneckon YTP-2
(YkpaiHa, XapkiBcbKa 061acTb)

306paxeHHs LeHTpa CoHuA
B NMPOMEHAX HENTPUHO, OTPUMaHe
obcepBatopieto Cynep-KamiokaHge
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30PAHE HEBO TA PYXW CBITUN

JlerexTop rpaBiTamniiiaux xBuirb. HOBITHBOIO rayry3310 CIIOCTEPEIK-
HOI acTpoHOMIil € 2pasimayiilHo-X8ULbO8A ACMPOHOMIS, 1110 BUKOPUCTO-
Bye TpaBiramiiiai xBuii (HaiigpiOHIiITi BUKPUBIEHHSI IPOCTOPY-Uacy,
mependaveHi 3araJbHOIO TEOPi€lo BiJHOCHOCTI AWHITITAllHA) AJIS CIIOCTE-
pe:xkeHb Ta 300py AaHUX PO HEUTPOHHI 30pi # YOpHi Aipu, mpo BUOY-

HeiTpuHHa acTpoHOMisAA — rany3b

acTPOHOMIi, WO CriocTepira€ acTpo- xu HaJHOBUX, a TAKOX AJA AOCIIAMKEeHH 1HIINX IIPOIleCciB y KOCMOCI.
HOMiUHi 06'€KTV B CneLianbHIX 06- Besmocepennsa peectpallia rpaBiTamiiHuX XBUJIb € JOCUTH CKJIAI-
cepBaTopiAX 3a AONOMOroi0 Hel- HOIO uepes cjabKicTh rpaBiTalliiinoi B3aemMofii Misk 3opamMu (BoHA Maii-
TPUHHIX A€TeKTOpIB ske Ha 40 mopsaaKiB ciabina 3a eTeKTPOMAarHiTHY), TOMY T'paBiTaiiini
HelTpliHo — cTabinbHa, enek- XBUJII COPUUYNHAIOTL AYyKe MaJjie BUKPUBJIEHHA IIpocTopy. IIpmiragom

TPUYHO HelTpanbHa efleMeHTap-
Ha YaCTMHKa, Maca AKoi 6513bKa
00 HynA

s X peecTpariii € JeTeKTOp rpaBiTariiHNX XBUJIb.
JleTexkTOop rpaBiTanmiiHUX XBHJIb (TpaBiTaliiHMI TeJeCKOIl) —
. . OPUCTPill, IPU3HAUESHUN OJIA PeecTpallii rpaBiTamifHuX XBUJIb. 3Til-
HeiTpunHuiA AerekTop — Komn- HO i3 3araJibHOIO TeOpi€ BiIHOCHOCTi, rpaBiTaIiiini xBuii, AKi yTBO-
NEeKC, MPU3HAYeHU ANA BUBYEHHA X b . A ’ .p 0 i y N
HeViTP1HO PIOIOTHCA BHACIIIOK KOCMIUHUX IIPOIECiB, BUKJINKAIOTH HAJA3BUUANTHO
cIabKy mepioAnyHy 3MiHY BifcTaHell MiK MPOOHMMU YACTUHKAMMU.

G LizHailTeca npo HanowmpeHiwi TMNY aeTeKkTopis
rpaBiTauiiHNX XBUJb.

IIpuitmaui BunrpomiaoBanaa. KJIeKTPOHHI Tpuiagu I peecTpa-
il BUOpOMiHIOBAHHA KOCMIiUHMX CBiTMJ 3HAUYHO 30iJBLIIYIOTH PO3-
IinbHY 3HATHICTH i 4yTJAMBiCcTH TesiecKomiB. [0 HUX HaJseKaTh (o-
TOIIOMHOXKYBAUi Ta €JIEKTPOHHO-ONTHUYHI IIepeTBOpoBaYi, Aifd AKUX
I'PYHTYETHCA Ha ABUII 30BHIITHBOTO oToederTy. Hanpukinmi XX cT.
JLJIs1 OTPUMAaHHSA 300pasKeHHs IoYaJId 3aCTOCOBYBATHU IIPUJIAIN 3aPsI0-
Boro 3B’ sA3KYy (I133), y AKMX BUKOPUCTOBYETHCS SIBUIIE BHYTPIITHBO-
ro doroedekTy. Bouu ckaamaioThcA 3 AysKe MaJeHbKUX KPEeMHieBUX
eJIeMeHTiB (IIiKcesiB), 1110 PO3TAIIIOBAHI HA HeBEJIUKi# miomri. MaTpu-
i II33 BUKOPUCTOBYIOTH He TiJIBKM B aCTPOHOMII, a 1 y JoMaIIgix Te-
Jerkamepax i poroanmaparax — TaK 3BaHI Mu(pPoOBi cucTemMu AJIA OTPU-
MaHHS 300pakenHud (puc. 2.6). II33 3HaUHO 30i/JbITYIOTh UYTJINBICTH
Puc. 2.6. Matpuusa M33 OpUHMaviB eJIeKTPOMAarHiTHOTO BUTPOMIiHIOBAHHSA 1 JAOTh 3MOTY pe-
€CTPYBATH KOCMiuHi 00’€KTHU B JeCATKH pasiB caabIiri, Hixk mpu oTo-

rpadyBaHHi.

. ) Ana ponuTAneBmnx

ITpuanun inTepdepeHIii e1eKTPOMAarHiTHUX XBUJIb TO3BOJISIE

lpasiTtauiiiHa xBnna — 36ypeH- 00’eTHATH PagioTeJecKONM, IKi pos3TalloBaHiI Ha BimcTaHi mecsarT-
HA rpasiTaLiiiHoro nons, «6puxi» KiB THCAY KimoMeTpiB, 1o 36ilbIIye iX poO3AiAbHY 34aTHICTH 10
MPOCTOPY-4acy, WO NownprTbCA . . q
P py-tacy, W P 0,0001"” — 1me B coTHi pasiB mepeBepINye MOKJINBICTH ONTUUYHUX
31 WBMAKICTHO CBITJ1a .

TEJIECKOIIiB.

KoHTponbHi 3annTaHHA

1. PoskakiTh IIpo MpusHAUYEHHS TeJeCKOIIiB.
2. YuM BigpisHAIOTHCS I3ePKAJbLHUN Ta JiH30BUI TeJeCKOnun?
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3. Axuit npuHIUI POoOOTH pagioTesiecKkoma?

4. 1110 BuBUae HelTPUHHA acTPOHOMiA?

5. AKy pyHKI[iI0 BUKOHYE HEeUTPUHHUI feTeKTop? JeTeKTop rpasira-
MiAHUX XBUJIb?

@ Tema pna guckycii

ITpunycrumo, 110 y KocMoci 0yaAyeThbCcsa MiKHaApOZHA KOCMiuHa
CTaHIlisA, HA AKiN YKpaina Oyme MmaTu KocMiuHuii 6J0K. fIKi acTpoHo-
MiuHi TpUJIagAy BU MOTJIM O 3aIIPOMOHYBATU JJis IPOBEIeHHS AOCJIi-
IxeHb BeeciTy?

Puc. 3.1 Teneckon BTA Ha
3aBAiaHHA ANA CNOCTEePE)KeHHA

MNiBHiYyHOMY KaBKasi
ITocmocTepiraiiTe 3a HiuHuM HeOOM uUepe3 caMOpPOOHUII TeJie-
cxomn-pedpakTop. Yloro Mo:xHa BUTOTOBUTH 3a JOIIOMOIOIO JiH3U A
oKyJIapiB. Iyiss 00’eKTUBA MOKHA BUKOPHUCTATHU JIIH3Y 3 OKYJISIPiB
+1 miomTpis, a AK OKRyJApP — 00’eKTUB (hoToamapaTa adbo iHITY JiH3Y
oas oKyJaapiB +10 giomrpiii.

CyuacHi Ha3eMHi i KOCMiUHi Teneckonu.
AcTpoHOMIiuHi 06cepBaTOpii

3aCcTOCYBAaHHS B TEJIECKOMOOYIYBAHHI TOCATHEHb TeXHIKH i TeXHO-
goriii. IIporsarom XX ¢T. IporpecuBHi JOCIiAKeHHSA B raJy3si acTpoHO-

Mii cTHKAaJIMCS 13 cepio3HUM 00OMeKeHHAM PO3MipiB TeslecKoIriB. 3a3Bu- Puc. 3.2 CermeHToBaHe A3ep-
yail A3epKaja AJs TeJIEeCKOIliB BUTOTOBJISAIN TOBCTUMMU, 11100 YHUKHYTHU Kafio HOBITHbOrO KOCMIYHOTO
medopmarliii BifoOparkeHHs Ha IXHil IOBepXHi, aje Ii A3epkaaa 6yuiu Teneckona «[pxeimc Ye66»

nysxe Baskkumu. Came TOMY TeJeCKOIIM TPUBAJIUM vac OyJaIu BeJIUKU-
MU, B&XKKUMHU i JOPOTUMU HIPUCTPOSIMHU.

CyyacHi TeXHOJOTiUHI JOCATHEHHS B TeJeCKOHmoOyIyBaHHi m03-
BOJIMJIV 3HAYHOIO MipOIO0 YCYHYTH IIi HeIOJIiKM. AKTHMBHA OITHUKA,
KOMII’JOTEepHE YIPaBJIiHHA (JOPMOIO A3epPKaJl TeJiecKoIla JO3BOJISIIOTH
BUKOPHUCTOBYBATH TOHKI, JIETKi, a TaKOK «THYYKi» ab0 cerMeHTOBaHi
nsepkadia (puc. 3.1, 3.2). Tako:k TOHKI a3epKaJia IITBUAIIIE OXOJOIKY-
IOThCS B TeMPSABi ¥ 3a0e3meuyoTh OiIbIT YiTKi 300paskeHHs.

BucorkomBuakicHi KoMn’ioTepu SO3BOJIUIN acTPoOHOMAaM OyayBa-
TU HOBi riraHTCHKi TeJIeCKONY 3 YHiKaJIbHUM AU3aHOM. €BpoIeiichKa
ITiBgenna obcepBaTopis mobyayBaaa BUCOKO y ropax Amn, ma IlisHo-
ui Yunai reneckon Very Large Telescope (VLT) (puc. 3.3). Bin ckaa-
IaeThCs 3 YOTUPHOX TEJECKOIIiB-BeyK 3 KOMII IOT€POM, II[0 KOHTPOJIIOE
pPyx asepxaJ giamerpom 8,2 m i surmre 17,5 cm 3aBToBINIKU. Kosken i3
YOTHUPHOX TEJIECKOIIIB MOJKe IIPAII0oBATH CAMOCTIMHO abo moemHyBa-
TH CBOE CBiTJIO 3 iHIIMMU, 11100 IPAIIOBATH AK €TUHUI BeJeTeHChKUN Puc. 3.3 Teneckon Very
TeJIeCKOII. Large Telescope B AHpax
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Puc. 3.4. KocmiuHui
Teneckon «[ab66n»

Puc. 3.5. Teneckon «Cnituep»

30PAHE HEBO TA PYXW CBITUJT

Iranifickki Ta aMepuKaHCBKiI acTpoHOMHU MOOyAyBajud B IITaTi
Apwusona (CIIIA) Large Binocular Telescope (Benukuit BiHoKyisap-
HUI TeJIeCKOIl), AKUU TpUMae mapy AsepKas giameTpoMm 8,4 M Ha on-
HOMY KPiIJIeHHi.

Teneckon Gran Telescopio, po3TalmoBaHWil Ha BePIIUHI ByJKaHA
ITix ma KamapchbKuX OCTpOBaX, TPUMAa€E CerMeHTOBAaHE I3ePKaJjo Iia-
merpom 10,4 m.

CyuacHi KomMI’foTepu 3AiMICHUIN PEBOJIIOIIAHNNA IIpOorpec B KOH-
CTPYIOBaHHI I yIpaBJiHHI TesecKkomamu. Maiike BCi BeJIMKi TeJecKomu
KepyIoThCA aCTPOHOMAMM i TEXHIKaMu 3 KOHTPOJIbHOI KiMHaTH, a AedKi
HaBiTh MOKYTHb BUKOPHUCTOBYBATUCS aCTPOHOMAaMU, SKi mepe0yBaioTh
3a THCcAYi KitomeTpiB Big oO6cepBaTopii. JleAKi TesecKoIIu IOBHICTIO aB-
TOMAaTHU30BaHi i 3JaTHI 3MiICHIOBATHU CIIOCTEePEKeHHA B3araJi 0es 1o-
crifimoro Haraany. Ile HamaI0 MOMKJIUBICTh IIPOBOAUTH MacIITa0Hi CII0-
CTepesKeHHsA oApasy 3a MiJbiioOHaMI KOCMIUHMX 00’€KTiB i HA XBUJIAX
pisHoi moBxkuHHU. [HPOPMAIIito, 1110 30MPAIOTh CyUYaCHI TE€JIEeCKOIIH, aCTPO-
HOMHY aHATi3yBaATUMYTh II[e BIIPOOBIK KiJbKOX HACTYIHUX MEeCATUIIT.

I3 moyaTKOM KOCMiUHOI epu HAcCTae HOBUII eTall BUBUEHHS BceecBiTy
3a gonomorom ImTyyHux cynyTHukiB Semuri (IIIC3) rta AMC. Kocmiu-
Hi METOAM MAIOTh CYTTEBY IIepeBary mepej Ha3eMHUMU CIOCTEPEKeH-
HSMH, TOMY II10 3HAYHA YaCTHUHA eJeKTPOMAarHiTHOro BUIIPOMiHIOBaH-
H 3ip i mIaHeT 3aTPUMY€EThCA B 3€MHill armMocdepi. 3 ogHOr0 60Ky, Iie
MOTJINHAHHSA PATYE *KUBi OpraHisMu Bifi cMepTeJILHOTO BUIIPOMiHIOBaH-
HA B yabTpadioieToBill Ta peHTreHiBChbKill YacTHHAX CIIEKTpa, ajie 3 iH-
IIIOT'0 — BOHO O00Me’Kye mOTiK imgopmarrii Big ceiTu.

Kocmiunuii Tesmeckomn «I'ab6s» (puc. 3.4) — aMepuKaHCHLKUM OII-
TUUYHUN TEJEeCKOIl, PO3TAIIIOBAHUY Ha HaBKOJ03eMHil opbiTi 3 1990 p.

44

KimHaTta ueHTpy kepyBaHHA HACA 3a micieto Teneckona «[a66n»



Tema. MeToan Ta 3aco6U aCTPOHOMIUHUX AOCAIAKEHD

Biu € cminsanM ipoekToM NASA i €BponelicbKOTo KocMiu-
Horo areutrcTBa (EKA). Teneckom HasBaHO Ha yecThb EaBi-
Ha ['a66uia. Ile yHikanpHa 6araToiijroBa opbiTasbHa o6cep-
BaTOpifA, HalbiIbIIa cepel 3aMyIIeHNX ¥ KocMoc y XX CT.
Teseckor € iepmuM amapaTom i3 cepii «Besuki o6cepBaTto-
pii», 3a fioro MOIIOMOroOI0 3AificHeHO 6araTo BaKJIMBUX CIIO-
CTeperkeHb.

Tamri BugaTHi KocMmiuHi Teeckomnu i3 cepii « Benuki 06-
cepBaropii»: «Komnrou», « Haugpa», «Cmoitiep» (puc. 3.5).

V¥ mamr uac pyHKI[ioOHYye 6araTo obcepBaTopiii, AKi pe-
€CTPYIOTHh Ta aHAJiI3yIOTh BUIPOMIHIOBAaHHA BCiX miamaso-
HiB — Bijg pamioxBuib A0 raMmma-mrpomeHiB. HaiGinbImi ce- PUC. 3.6.
pen HUX:

- O6cepBaTopia sxemini (Biusuara) (puc. 3.6), mae qBa BOCBMHU-
MEeTPOBi TesiecKonm y pisHmMX Micuax — Ha ['aBaax Ta B Umi.
IappauepBouuii Tesmeckon IliBnennuit Bausuiok (Gemini South)
poarammoBaHuii Ha BucoTi 2740 m B Aupax (Ywmii), a #ioro 6par
IliBuiunuit Bausuiok (Gemini North) — Ha BepIIUHI 3aCHYJIOTO
Bynkany MaynHa-Kea, I'aBai. IToTy:xui oOcepBaTopii HajmexarTs ci-
MOM KpaiHaM.

- €pxcbka ob6cepBaTopiga — acTpoHOMiuHa obGcepBaTopisg y Uu-
Ka3bKOMY yHiBepcureri. ¥ 1iii oocepBaTopii BcTaHOBJIEHO TeJe-
ckom-pedparTop i3 giamerpom rosmosuoi Jirsu 102 cm (40 groiimis),
BurotoBienuit Ensinom Kiapkom; 1ie 0yB HaWOiIBIINNI TeJIECKOI
y ¢BiTi mo crBopenua MayuT-BincoHiBecbKoro pediekTopa.

- Maynr-Bincon — actpoHomiuma obcepBaTopia Ha ropi BijibcoH, Ha
niBHiuHUI 3axin Bixg Jloc-Aum:xeneca, Kanigophis.

Benukuii BHecOK y BUBUeHHA BcecBiTy 3po0uiu TakoK yKpaiH-
coki Bueni: M. II. Bapa6amos, I0. M. Korapariox, M. K. fIureas Ta o
b6araro iHmux (puc. 3.7). 3a ixHbo1 y4yacTti Oyau CTBOPEHi mepIri Koc- e P R -
MiuHi ammapaTH, AKi IoYaau JOCTiJKyBaTH He TiJIbKY HaBKOJIO3EMHUN
IpoCTip, a ¥ iHmIi mirameru. ABToOMATHUYHI MiKIJIaHeTHi craHIii cepii
«Jlyna», «Mapc», «Bernepa» nepenanu Ha 3eMJI0 300parKeHHA iHITNX
IJIAHET i3 TaKOI0 PO3IiJIbHOI0 3MaTHICTIO, IKA B THUCAYL pasiB mepeBu-
IITy€ MOYKJIMBOCTI HABEMHUX TEJIECKOIIiB.

JItomcTBO BIepiiie mo0AaYMJIO HABITh TAHOPAMU Uy KUX CBiTiB i3 qu-
BOBM:KHUME neiizakamu. Ha mux AMC 6ysa BcTaHOBJIeHA amaparypa
IS TIPOoBeleHHsA OesmocepenHix GismuHmMx, XiMiuHUX Ta GioJoriuHmX
eKCIepPUMEHTIB.

Ob6cepaTopis [keMiHi

Puc. 3.7. Mepumn ykpaiHCbKuin
cynyTHuK «Ciy-1»

| ) Ona ponutnnBunx

ITepmmy B VKpaiHi acTpoHOMiuHYy oOcepBaToOpiio 3acHOBa-
HO 1821 p. agmipanom A. I'peiicom. O6cepBaTopito 6yao 30ymoBa-
HO Yy MukosaeBi. BoHa Maja nmpusHaueHHA o0CayroByBaTu dop-
HOMODPCBHKUH Gaor. [Ipyra B YKpaini — ob6cepBaropia KuiBcbkoro
VHiBepCcUTEeTy, OYIiBHUIITBO AKOI 3aBepiinerno 1845 p. ITorim Oyio
BigkpuTo o6cepraTopii B Omeci (1871) Ta Xapkosi (1888), y 1900 p.
CTBOPEHO 00cepBaTOPiio JIbBiBCHKOTO YHiBEPCUTETY.

[onoBHa o6cepBaTopis
HAH YkpaiHu, Knis
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30PAHE HEBO TA PYXW CBITUN

KoHTponbHi 3anutaHHA

1. ki KocmiuHi Temeckonu Bu 3HaETe?

2. fIxa obGcepBaTOpisa BBAKaA€ThCA HaMcTapilmoo B cBiTi?

3. CropucraiiTeca JoJaTKOBUMU KepeaaMu iHGopmarlii. 3HaWIIT
BimomocTi ipo ramma-reseckon @epmi. IIlo € 06’eKTamu ciocTe-
pekeHs Tegeckona Pepmi?

@ LisHanTecs 6inble npo ¢pnarmaH eBponecbKoi acTpoHOoMi.

I EVEE]

FanakTuuni &

KOCMIiYHi
npoMeHi

# Boagxep-1
4 " CoHAYHUN BiTEp
’ e
[ = MioHep-10

Buxig AMC «Bosapxep-1, 2» Ta «[lioHep-10, 11» 3a mexi COHAYHOT cnctemmn



COHAYHA CUCTEMA

Tema. byaosa CoHAYHOI cucTtemm

0 Ictopia BuUB4eHHA COHAYHOI cucTemmn

ITepiri cipobu moscHUTHM TaeMHUYI HeGecHi aBuIia Oyam 3poo-
aeni B [laBaromy €runti monazg 4000 p. romy Ta B laBHil I'perii mie
IO TIOUAaTKY HaIol epu. ETUNETChKI JKePIli CKJIAIU IePIri KapTu 30Pp-
HOTro Heba, JaJu HasBU ILJIaHeTaM. BeJlukuil rpenbKuii (iszocod i ma-
rematuk [liparop y VI cT. 10 H. e. BUCYHYB izeo, 1o 3emiia Mmae op-
MY KYJIi i «BUCUTBH» Y IPOCTOPi, Hi HA IO HE CIUPAIOUYNCh. ACTPOHOM
Tinmapx (180—-125 p. go H. e.) y Il cT. 10 H. €. BUBHAYUB BiICTaHb BiJ
3emii 1o Micsansa Ta BigKpuB ABUIIe IIperecii oci obepranHa 3eMJri.

HoBri croniTTa B acTpoHOMii IpoBigHOIO OyJjia TaKk 3BaHA 2e0UECH-
mpuyiHa cucmema ceimy (puc. 1.1), m1o BusHauasia rieHTpoM BeecBiTy
3emao. Haii6inbItoro po3BUTKY 1A Teopid HaOyaa B MoHOTpadii « AJb-
marecT» («Beauka mobymoBa») ajleKcaHAPiICHKOTO acCTPOHOMA, Teorpa-
da it marematukra Kinasgia [Itonemes (6s1. 100—-170). 3a fioro Teopiero
3eMJI0 y IIPOCTOPi 0TOUyIOTh 8 chep, Ha AKUX posTairnoBani Micarb,
CoHrIie Ta I’ aTh BioMux y Ti yacu miaaner: MepKypiii, Beunepa, Mapc,
KOmirep i Carypu. Ha BochMmiii cepi posrTaimoBami 3opi, axi 3’eguami
MiK c00010 i 00epTaThCAa HABKOJIO 3eMJIi K €AuHe Ifije.

V I tuc. H. e. HABUBHAYHIIII aCTPOHOMIUHI BiIKPUTTA 3pOOUIN
apabcbki actpornomu. ¥ Barmani, Kaipi, mictax Cupii Ta Cepenaboi
Agii 0ysiu 3BemeHi obcepBaTopii, ckiIameHi mepiri radbaumi pyxy Micsa-
14 i mIaHeT, BUHANAEeHI acCTPOHOMIUHI mpuaany OJis BUSHAUEHHS BU-
coTu HeOeCHUX CBIiTHJI HaJ JIiHi€l0 TOpM30HTY (KBaJApaHTU) # CIIOCTE-
pesKeHb (CeKCTaHTH).

[Tonemen

leoueHTpUYHa cuctema
CBIiTY: y LieHTpi po3TalloBaHa
3emns, a BCi iHWi HebecHi Tina
06epTaloTbCsl HABKOMO Hel

lenioueHTpMYHa cucrema cBiTy:
y UeHTpi po3TawoBaHe CoHLe.
3emna pa3om i3 nnaHeTamu
06epTaETbcA HaBKOJIO HbOTO

Puc. 1.1. TeoueHTpuyHa cnctema cBiTy Puc. 1.2. TenioueHTpuryHa cnctema cBity
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COHAYHA CUCTEMA

Omap Xatiam (1048-1131) BucyHyB HaA3BUUYAWHO CMiJIMBe TIPU-
OyIeHHA IPO iMOBipHICTE HACEJIEHOCTi JaJleKUX CBiTiB I HeCKiHUeH-
HicTb Hammoro BeecsiTy.

Anb-Bipysi (973-1048) y nmpaisgx 3 acTPOHOMIii BUCJIOBUB TimoTe-
3y 1Ipo pyx 3emii HaBkoga0o CoHIlA.

Mipso Yayroek (1394-1449) y CamapkanIi saripoBaiuB 10 BUKO-
PUCTAaHHS COPOKAMETPOBUI CEKCTAHT, 3a JOIIOMOI'0I0 IKOT0 Mir o0uuc-
aoBaTu pyx CoHIA 3 HE0AUEHOIO 10 TOTO Yacy TOUHICTIO.

Teopisa reomenTpuuHoi 6ynosu BeecBiTy mpoicHyBasma 7o XVI cr.,
KOoJu BifmOyBcs TepInuii peBOJIOIINHNI TTepPeBOPOT Yy CBiTOTIAMmi.
ITonbcbkuit acTpornoMm Mwukogsaii Komepauk y mpati «IIpo obepras-
HA He0eCHUX TiJi» IIPEICTAaBUB BJIACHY 2€/i0UeHMPUYHY CUCMeMY C8i-
my (puc. 1.2). 3a #ioro Teopiero, eHTpaIbHe Miciie HamexkuTh CoHITIO,
a 3emJyia Ta iHII IIaHETH 00€PTAOTHCA HABKOJIO HHOTO IT0 KOJOBUX
(e enxinTuuyHUX) opbitax. Ile BIiAKPUTTA A0 KJIIOYU MO HMi3HAHHA
Bcecgity, ane 11e gosro BueHHd IIlToseMesa He IoOCTyIasocda MiciieM
. : HOBii Teopii.

- Lo TenianpHicTb BimkpuTTsa KomepHUKOM rejlioleHTPUYHOI CuCTeMU
0. Xaiiam CBiTY TIOJIATAJIa B TOMY, ITI0 BiH, 3pyHHYBABIINA MeKYy MisK HeOoM i 3eM-
Je, BUCYHYB rimoresy, mo y BececBiTi gifoTh omHi ¥ Ti cami 3akonu,
cupaBeJiBi AK Ha 3eMJii, TaK i B KOCMOCI.

OcraTouHO 3aTBEepAMB BueHHsA KomepHUKa, oTpuMaBIiiu Oessare-
peuHi Toxas3u Moro MpaBAUBOCTI, iTarilicbKuil (hiduK, MexaHik i acTpo-
oM Tasmineo TIaxineii. Hum Oyia BusBieHa 3mina a3 Bemepu, 1o
cBimumiio mpo ii obepranua came HaBKoJio CoHIs, a He 3eMJi. Takoxk
Tasiseir 3a 1OIIOMOT00 HAMMIPOCTIIIIOrO TejJecKona modbauus Ha Mics-
1Ii ropu i KpaTepu, BifKpuB yotupu cynyTHuku IOmiTepa Ta mobaunus
30pi B Moaounomy Ilnaxy.

Cyuacuuk I'aninea Voras Kemnep (1571-1630) ycaaBaeHuii Tum,
10, 3AiMCHIOIYY CIOCTEPEKeHHA 3a pyxoM Mapca, BUBHAUMB TpU 3a-
KOHU pyXy IiaHer. Ile cTajio 3BHAUHUM IIPOPUBOM Y PO3BUTKY VABJIEHD
npo 6ymoBy Coussunoi cucremu (puc. 1.4).

B icropii actponomii XVIII cT. moB’sizaHe 3 iMeHeM aHTJIiHICBKO-
ro yuenoro Icaaka HeroToHa, skuit chopmMyaIroBaB OCHOBHI 3aKOHU (hi-
suku. ¥ 1687 p. y kuusi «Marematuuni 3acagu dizocodii mpupogm»
BiH JOBiB yHiBepcaJIbHICTL CHJIN TAMKiHHA, a00 rpasiraiii. Cuma Ts-
JKIiHHA Kepye PyXoM 3ip i rajlakTUK, a TAKOXK BILJIMBAE HA €BOJIIOIiI0
misioro BeecsiTy.

¥ XIX cT. mouaBcA HOBUU eTall y BUBUEHHI KOCMOCY, KOJIU HiMeIlb-
kuit pisuk Mosed ®payrrodep y 1814 p. Bizkpus mninii mornuHazHA
M. Kennep y cuekTpi Conuga — Ppaynzopeposi ninii (puc. 1.3).

BE

PVlc.1.3.(DpayHro¢epoBi -II|IIIII|‘| III[II,_.I |I|I[I|||||||||||I| i ||||| ||||||||I||-|
niHii y cnektpi CoHuA
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Tema. bygoBa CoHAYHOI cuctemm

Puc. 1.4.. Cxema 6ynosu COHAYHOI cucTeMmn

EBontouis ranaktnk
(npopoBsixyeTca)
Mepuwi 30pi
400000000 p. nicna

Benukoro Bubyxy
Po3wwnpeHHsa

BEJINKUIA
BUBYX

ndIg IHWS)

KocMiuHui MikpoxBunbLoBuia
¢oH 400000 p. nicna
Benukoro Bubyxy Mepuwi ranakTnkm
1000000000 p. nicna
Benukoro Bubyxy

®opmyBaHHA CoHAYHOT
cucremu 8700000000 p.
nicna Benukoro Bubyxy

Puc. 1.5. Ta66n poBiB, WO ranakTnky po3biratotbes. MisHiwe BUeHi cTBOpUN
Teopito eBonouii BcecBiTy Bif 10ro 3apofeHHA 4O CbOroAeHHA

3apas
13700000000 p.
nicna Benukoro




M. KonepHuk

E. la66n

A. ARHWTanH
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COHAYHA CUCTEMA

ITorim sinii morsmHaHHA OyJIu BUABJEHI y CIIeKTPax iHmux 3ip. 3a
JIOTIOMOTOIO CIIEKTPiB aCTPOHOMY BU3HAYAIOTh XiMiUHUH CKJIAM, TEMIIe-
paTypy i HaBiTh IMIBUAKICTH KOCMiYHUX TiJ.

ITosic Koiinmepa, sskuii poaTaloBaHuii 3a opbiToio Hemnryua
i mictuth 6su3bK0 70—100 THc. 00’ekTiB Hiamerpom mouanm 100 Kwm,
Buasiaerno y 1992-2000 pp. ua Bigcrani 30—50 a.o. Big Conris.

¥V XX cr. Bigkpurta AnbbepToM AWHINITAaHOM 3arajbHOI Teopii
BiJHOCHOCTI JOIIOMOTJIO aCTPOHOMAM 30aruyTH JUBHE YePBOHE 3MillleH-
Hs JiHiN TOTJIMHAHHSA y CIIEKTPax JaJIeKWX TaJaKTuk, axe y 1929 p.
BiZIKpUB amMepuKaHcbKuii actrponom Exsin I'a66s. Bin mosis, 1o ra-
JIaKTUKHU Po30irarorbes Bif Hac y pisHux Hanpamikax (puc. 1.5). Ilorim
BUEHi cTBOpPUJIM Teopito eBosiorii BeecBiTy Bif #10r0o 3apoasKeHHA 110 Cy-
yacHocTi. [{e gayi0 mOmITOBX 10 BUHUKHEHHA HOBOI HAYKU — KOCMOJLO-
2ii. 3 4 :xoBTHa 1957 p. mouasack epa KocmoHaBTuKHU. [[boro gusa B Pa-
nAaacbKoMy Corosi OyJ10 3aIryIeHo B KOCMOC IIePIINH Y CBiTI MITyYHUR
cynyTHuUK 3emJi (puc. 1.6), y cTBOpeHHi AKOro 6paju yyacTb YKpaiH-
CbKi BUeHi Ta iH:KeHepH.

¥V 1969 p. Heitn ApMCTPOHT cTaB MEPINOIO JIOAUHOIO, SKa B paM-
Kax micii «AmoJsno-11» 3mificHuIa BUXiJ Ha IOBEPXHIO IT03a3€MHOTO
o0’exkra — Micama (puc. 1.7, 1.8).

CpOrofHi B KOCMOCI JIITaIOTH COTHI aBTOMATUUYHUX CTAHITiH, AKi JO-
CIiIKYIOTh HEe TiJIBKM HAaBKOJIO3EMHUU IIPOCTIpP, & 1 BUBYAIOTH iHIITL
mianetn COHAYHOI CUCTEMMU.

OcHOBHI eTanyu epyM KOCMOHABTHKH

Hdara Ilogis

3anycK IMITYYHUX CYIYTHUKIB 3eMJIi, MOYaTOK KOCMiuHOIL
1957 | epu. 3’ABUIacAa MOKJIUBICTh CTBOPEHHA KOCMiUHUX
nabopaTopiit

Bigkpurra pagiamitinux mosciB Bam-Annena. Mukoga
1958 | KosupeB BigsHauae B MicaAuHOMY KpaTepi AIb(OoHC 03HAKHU
BYJKaHIUHOI MiAJIBbHOCTIL

Paniomoxkarisa Conma (CIITIA). Craumia JIyHa-2 He BUABJISIE
1959 |y Micanga maraiTHoro nmoJis. Orpumano nepiri ¢otorpadii
3BOpPOTHOI0 60Ky Micsaia

1961 | Ilepiuit OJIT JIOAUHU B KOCMOC

Pagionokania Mepkypisi, Beaepu, Mapca, IOmnitepa (CPCP
i CIITA). YTouHeHi BeJmunHA a.0. 1 mepios obepTaHHA

1961- . .

1064 Benepu naBkosio CoHIlsl, BUBHAaUY€Hi Iepio; 0CbOBOTO
obepranHa Benepu (BuABUBCA 3BOPOTHUM), TeMIIepaTypa
i (hisuuHi XapaKTepUCTUKHU IOBEPXHI IIJIaHET

1965 BigkpurTta penikToBoro BunpomiHmoBaHHA. [leprri
dororpadii morepxui Mapca (Mapinep-4)

1967 Hocaimxenna armochepu Benepu 3 anapary,

10 criycKaeTbess Benepa-4




Tema. bygoBa CoHAYHOI cuctemm

Hara Ilomisa
1969 Bucagka Anoanona-11 na Micami. Ilepimnii Buxin JrogHNI
Ha moBepxHIO Micsama
1971 |Ilepma m’saka mocagka Ha Mapc (Mapc-3)
1974 CeHcarritinuii BucHOBOK CriBeHa XOKiHTa PO MOKJIUBiCTH
«BUMAPOBYBaHHA» YOPHUX Iip
Ilepia hoTonmanopama noBepxHi Benepu
1975 | (Benepa-9, 10). @ororpadii Poboca, Heiimoca i moBepxHi
Mapca (Bikine-1, Bixine-2)
Bigxkpurra ximens Ypana. 3anyck Bosadixcepa-2, AKUi
1977 | mepenmas HeOIiHEHHY iH(pOpMAaIlil0 IPO 30BHIIIIHI IIJIAHETH:
KOmirep, Carypu (1981), Ypau, Henryx (1989)
1978 Bigkpurra Xapona, cynyrauka ILryrona
(ox. Y. Kpicri, CIITA)
1979 | Bussieno kiabiia y IOmitepa
Hocaimxenasa kometu lannea AMC Beea i JTacommo.
1986 . .
Y Vpaua BusiBiieHi 10 HOBUX CYIyTHUKIB
1990 | Bamyck KocmiuHOTO Temeckomna I'a66.

ABToMaTHUHUM KocMiuHuil anapat I'anineo gocar Omitepa

1995 |,
i Buepite B3sIB Mpobu aTMochepu
ITouaTok pyHKIIiOHyBaHHSA IIepIIol OaraToHamioHaJIbHOI

1998 |xocwmiunoi crauIii. Haibinpmnii Ha CbOTOAHIIIIHIN TeHb
IITYYHUA 00 €KT, I00YZOBaHUN B KOCMOCI

2001 ITepma mocagka Ha acrepoin Epoc KocmiuHOro anapary
NEAR Shoemaker

2004 ABTOMaTHUHUN KOCMiuHUM anapaT KacciHni gocar opoiTu
CarypHa

2005 ITepmia m’saka mocagka Ha Turas.
Kocmiunwnit anapatr Kaccini

2009 3amryck micii Kepler. Ilepmuit KocMi4YHU TEJIECKOI, IPU-
3HAUEHUI IJIA MOIMIYKY €K30IIJIaHeT, MOLi0OHuX 10 SeMJIi

2014 Ilepruit mTyuYHni 30HA A IIJIAaHOBOI i M’ K01 mMOcagKy Ha
Komety. 30HI Posemma, komera HYypromoBa-I'epacuMeHKO

2014 MixknianeTauin Kocmiunuit 30HA Ho08i 2opu3onmu gocar
opbitu IlnyToHa

2015 |Bmepime y KocMoci 6y10 BUPOIEHO 2Ky (caJiar)

2019 |Ilepma M sAKa mocagka Ha 3BOpoTHOMY 6ol Micams

@ KoHTponbHi 3annTaHHA

1. fAxa pisHUIA MiK IeOIleHTPUYHOIO Ta TeJiOIeHTPUYHOIO CHCTe-
MaMu CBiTy?

2.Cxkinpku nnaner CoHsAuYHOI cucTeMu OyJjo Bimomo 3a uaciB IlTo-
nemes?

Puc. 1.6. Mepwmni wryyHUn
CYNyTHUK 3emni

e . ol

Puc. 1.7. Banit «<Annono-11»

Puc. 1.8. Herin ApmcTpoHr. Mepuia
BUCaAKa noanHnM Ha Micaui
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CoHsAYHa cuctema — CoHue
Ta BCi 00'€KTK, WO rpaBiTaliniHO
NnoB'A3aHi 3 HUM

lMnaHeTa — HeCcamoOCBITHE TiNo,
Lo 06epTaETbCA HABKOJIO 30pi

i Ma€e He3HayHy, NOPIBHAHO

3 LileHTPaJIbHUM CBiTUJIOM, Macy

Benuki nnaHeTn matoTb chepuryHy
abo 6n13bKy go chepuyHoi dop-
My. B CoHAYHI cucTemi nnaHeTn

BUAUMI 3aBAAKM COHAYHOMY CBIT-
Ny, AKe BiAOMBAIOTb TXHi MOBEPXHI

Puc. 2.1. MNosac Konnepa
Ta xmapa OoprTa

Puc. 2.2. CoHauHun BiTep
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3.IlodAcHiTh, Yy UOMYy TOJIATa€ CYTHICTH HNPOBiAHOI acTPOHOMiUHOI
Teopii rpenbkoro Buenoro Kiaasmia Iltonemes.

4. Yum Bigomuit Muxoaait Konepauk?

5.ImMeHa AKUX aCTPOHOMIB MUHYJIUX YaciB BaM Bimomi?

6. 3 axoi moxil mouaJiacs epa KOCMOHABTUKM ?

Cknap i 6ygoBa CoHAYHOI cuctemun. MoxnuBicTb
icHyBaHHA HeBigomunx nnaHet B COHAYHIN cucremi

Mu xxuBemo Ha 3eMJi — ofHiM i3 mIaHeT, 110 HaJIexaTh 40 Couau-
HOi cucremu. Ili mianeTn pyxarmThcs 1Mo ¢BOix opbiTax HaBKO0JI0 COH-
ndA. Biapmricts miaaHeT (oKpim Benepu i MepKypist) MaioTh CymyTHH-
KU, AKi o6epraroThbeca HaBKOJO cBoel miaaHeTu. [lo CorauyHoI cucteMu
Kpim Conrisg, BocbMu miiamet i moHan 100 iXHiIX cynIyTHUKIB, BXOOATH
TaKOK Iosic acTepoinis Ta mosic Koiimepa (puc. 2.1), KomeTu, MeTeo-
poigu Ta KOCMiuHUH ITHJI.

IMomo Couia myiaHeTn PO3TAIIOBYIOTHCA Yy TaKill MOCJiJOBHOCTI:
Hanoam:Kua — Mepkypiii, 3a Hum — Benepa, 3emuss, Mapc, IOmiTep,
CarypH, ¥Ypan i Henrys.

Y Cousauniii cucreMi € ABi JiIAHKY, 3alI0BHEHI MaJUMHU TiJIaMMU.
ITosc acmepoidis, 110 poararoBauuit Mmisk Mapcom i FOmiTepowm, 3a
CKJIaJIOM HOMiOHWH 0 MJIaHEeT 3eMHOI I'PyIu, OCKiJIbKM CKJIAJa€ThCs
mepeBaskHO 3 cUJIiKaTiB i MmeraniB. Haiibinbimmumu 06’eKTaMu mOACY
actepoiniB € Ilepepa, Ilamnaga i Becra. 3a opbitoio HenTyHa posTa-
III0OBaHi TPAaHCHEIITYHOBI 06’ €KTH, 1[0 MiCTATL OaraTo 3aMepsaJiol BOLU,
amiaky Ta meramy. Haiibinbmumu 3 Hux € Ilayron, Cemna, Xaywmea,
Maxrkemare Ta Epuzpa. [JomaTKoBO [0 THCAY MaJWX TiJI y IIUX ABOX [i-
JSHKAaX € iHIIi momyaaii pisHOMaHiTHUX APiOHUX TijJ, TAKUX AK KO-
MEeTH, MEeTEeOPOiaN Ta KOCMIUHUI IINJI, 1110 PyXaoThcd HaBKOJI0O COHIIA.

Conauynuii gimep — noTik miaasmu Big Couna (puc. 2.2), m1o yTBO-
PIOE B MiiK30PAHOMY CE€PEIOBUIIL «MiXyp», AKUHA Ha3WBAEThCA rejlio-
ceporo i mpocTAraeTbcA 10 Kparo poadcigHoro nucka. [imorerwuna
xmapa OopTa, IO CAYIKUTD IKEPeIOM JOBrOMePiofUIHNX KOMET, MOXKe
cAraTu NpubJIM3HO B TUCAYY pasiB OisbIol BigcTami.

TosmoBHa poab y CoHAUHIN cucTeMi HAJEKUTD
Comumio. Moro maca npubauszo B 750 pasiB mepe-
BUIIIYE CyMapHY Macy BCiX iHINIUX TiJ, 10 BXOOATH
1o CorsauHOI cucTeMu, a Tomy 1eHTp Mac CoHAYHOT
cucTeMu posTalroBanuii B Hagpax CoHILA.

T'pasiTamniiine taxinaa CoHIA € BU3HAYAID-
HOIO CHJIOIO IJiA PyxXy Bcix Tin CoHsSYHOI cucTeMHU.
Cepenusa Bigcraub Big CoHIIS 40 HaWAAJIBIIOL Bifg
Hboro maaHetTu HentyH cranoBuTh 30 a.o0., ToO6TO
4,5 Mapa KM, IM0 Ay:Ke MaJio B HOPiBHAHHI 3 Bim-
CTaHAMHU I0 HanOamKuux 3ip. TinbKu geaxi kome-
Tu BigganaoThes Big Cornsa ma 1015 a.o. 1 MOKYTH
BiuyBaTM iCTOTHUI BIJINB TAKIHHA iHIIUX 3ip.



Tema. bygoBa CoHAYHOI cuctemm

Yci Benuki niaametu obepraioThecd HaBK0JIO CoHIlA
B OMHOMY HaOpPAMKY (200 HaIpAMKY OChOBOT'O 00epTaHHA
camoro CoHIA) o MalisKe KOJIOBUX OpbiTax, KyTU HaXm-
JIy ILJIOIUHU AKHUX OJHA IO OJHOI i 10 COHAYHOI'O eKBATO-
pa mauri. Bigcrani Benukux naaset Big COHIIA YyTBOPIOIOTH
dakouomipHicTs Timiyca-Bozge (puc. 2.3). ¥Yci acrepoinu
obepraioTbcsa HaBK0JI0 COHIIA B TOMY CAMOMY HAIPSIMKY,
110 I BeJIMKI myameTu, IpoTe iXHi opOiTH MOMITHO BUTSAT-
HYTiI I HaXUJEeHi 0 IJIOIIWHU eKJINTUKU. BijabiricTs Ko-
MeT PYXa€eThCA V BCiX MOKJIMBUX HANPAMKAaX, a ixHi opbi-
T1 OJiM3bKi mo mapaboniunux. Ile — mepiogumuni KomeTu,
Y HUX IPAMUN PyX.

IInanmetu o6epTaroThCcsA HABKOJIO CBOIX OCeil, IpUUOMY
y Bcix miaHer, Kpim Benepu # Ypana, obepranusd Bifg0y-
BAa€THCS B IPAMOMY HaIpPsIMKY, TOOTO B TOMYy caMoMYy, IO IiI obepTaH-
HA HaBKoao CoHILA.

Ilparuno Timiyca-Bone. IlikaBa maTemaTuuHa 3aKOHOMipHICTh
B posralryBaHHI miaHer BigHocHo CoHIls OyJia BizkpuTa HiMeIlbKu-
mu actpouomamu Timiycom i Boxe i chopmynroBana y 1766 p.:

a,=0,4+0,3-2",

Ile a, BeJINKA MiBBiCh IJIaHETU B ACTPOHOMIUHUX ONWHUIIAX
n — mesiKe YMCJIO, IO BU3HAUAE IIeBHUM HOMED IJaHETU 3a II0-
pankoMm 30iabiieHHs Bigcraumi Big CoHIlA.

[Lnanera BeJ:i‘;,aa‘.‘f.“B' n la,=0,4+0,3-2" Pij”i":’“ Ljﬂ
Mepxrypiit 0,39 =il 0,55 -0,16 0,4
Benepa 0,72 0 0,7 +0,02 0,03
3emisa 1,0 1 1,0 0 0
Mapc 1,52 2 1,6 -0,08 0,05
IOmiTep 5,2 4 5,2 0 0
Carypu 9,58 5 10 -0,42 0,04
Ypau 19,14 6 19,6 -0,46 0,02
Henryn 30,2 7 38,8 -8,8 0,29

Y BcecBiTi mepebyBaoTh MiabApAU TAJaKTHUK, cepel AKUX
e i mama TamakTuka, AKy HasuBawoTb MoJgouHHil, abo Yymaib-
kwuit, Ilaax, go sxoi Bxoguth Haima Cornauma cucrema. Ha HiuHOMY
Heb6i Mu 6aumMo ii AK cpibasacTty cmyry (puc. 2.4). Hama TlamaxTu-
Ka (38 rpen.— MoanouHuil Illnsax) — e BeJIuuedHa CUCTeMAa, y AKil
obepTraroThbesa HaBKOJO meHTpa 400 mapx 3ip.

SAx1o B MalibyTHROMY 3€MJIAHU 3aX0UyTh OOMiHIOBaTUCA iH(MOP-
Malli€lo 3 IHIIIMMU CBiTaMU, TO HAIly KOCMIUHY agpecy MO:KHa 3alu-
caTu Tak: YKpaiHa, miamera 3emisa, CouguHa cucrema, lajlakTuka,
Bceecsir.

Puc. 2.3. MNpasuno Tiuiyca-boge —
eMnipnyHa popmyna, Aka Npuban3Ho
OMUCYE BiACTaHi MiX nNnaHeTamm
CoHsiyHoi cuctemu i CoHuem

Puc. 2.4. MonouHun Wnax
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Mapc =
& @ 3emnd

BeHepa & Mepryp

Puc. 2.5. MNopiBHANbHI po3mipu
CoHua i nnanet

COHAYHA CUCTEMA

Kinbkicauit cknag Constunoi cucremu (Ha 2016 p.)

Courtie (30ps) 1
Ilnanern 8
IInaneru-kapanku 5
CynyTHUKMY IIJIaHET, IIOHAa/I 150
Acrepoinu, moHasm 500000
Komern, mouan 1000000

Ilnaneru CousuHol cucTemu 3a pos3mipamu (puc. 2.5) i 0ymoBoio
pO3mOoAiNeHl Ha Bl Ipynu — naaHemu 3emnoi epynu — Mepkypiii,
Benepa, 3emusa, Mapc (puc. 2.7) ra naanemu-zizanmu — Imirtep, Ca-
TypH, ¥YpaH, HenryH (puc. 2.8). CyTTeBa pisHUIA MiK IIUMU I'PyIIaMA
IJIAHET IOJIATAE B TAKUX (PaKToOpax:

* IJIAHETW 3eMHOI I'PyIX MalOTh TBEPAY ITOBEPXHIO, TOMY IO CKJIa-

IAIOTHCS MePeBaKHO 3 BAXKKUX XIMIUHUX €JIeMEeHTIiB;

* IJIAHEeTHU-TiraHTU YTBOPUJINCA 34e0iIbIIIOro 3 riAporeHy Ta reJiio,

TOMY IXHA cepefHSA I'yCTMHA HEBEJUKA, a MiK armMmoc@epoio i mo-

BepXHEI0 HeMa€e YiTKOoI MexKi.

. IInanern
OcHoBHiI mapamMeTpu =
3emMHa rpyma TliraaTu
CepenHs rycTuHa ~ 5 r/cm® ~ 1 r/cm®
XiMiuHMHT CKJIAL Fe, Si, Al H,, He
Temneparypa mig xmMapamu 200-700 K ~ 2000 K
KinpkicTs cynmyTHUKIB 3 moHazn 163

Iesaki acTpoHOMH BBasKaloTh, 110 Ha 30BHimIHI o6aacti CoHnAuHOI
CHCTeMH TpaBiTalliifHO BILIMBAE BeJIMKa HeBHAMMA ILTaHera. Taki ri-

Puc. 2.6. linoteTnyHa ges’ata nnaHeta COHAYHOI cucTeMu
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MMOTeTUYHI 00’€KTH 3a3BUYall HasUBaOTh «Il1aHe-
TaMu IKc».

OnHy 3 TaKUX TeOpiil BUCYHYJIM aCTPOHOMU
3 KaniopHiichKOTO TEXHOJOTIYHOTO iHCTUTYTY
K. Baruriu i M. Bpays. MosKJauBo, I IMiIoTeTUYHA
[IeB’ATa IJIaHeTa-TirauT, 3 Macoio mopaaky 10 sem-
HUX, po3drarroBaHa mo3a Henryuom. CiiporzosoBa-
Ha Ha OCHOBi aHaANi3y pyXy HUBKH TPAHCHEIITYHO-
BUX 00’eKTiB (puc. 2.6).

I1a niamera He Mae ogititinol Ha3BU, AOCJIIiI-
HUKHU Mi’K c000I0 KOPUCTYIOThCA Ha3Bow «JIleB’s-
Ta aHeTta» abo «PDarTis.

ImoBipHUIi nepion obepranusa aes’ ATOI IIaHe-
™1 — 10—20 Tucau pokiB. ¥ mepuresii BoHa Mae
Haoamxarucs o Conma npubausuo go 200 a.o.
(30 mapnm kM), a B adesrii — Bigmanarucsa mo 600—
1200 a.o. (90-180 mapna km). OpbiTa nmiaaneru,
3TiTHO 3 MPOTHO3aMHU, JIEKUTDH y IJIOIUHI, 6ils



Tema. bygoBa CoHAYHOI cuctemm

AKOI rpynyoThcsa 30yploBaHiI Heio opbiTu TpaHCe-
HEITYHOBUX 00’ €KTiB, OLHAK BUTATHYTA B IIPOTH-
JeXHUM OiK: ii mepuresiii posrarioBaHuil y Ha-
OPAMKY ixX adeJriis.

ITono:xenns mes’saTol maaHeTH Ha OpoOiTi He-
Bimome. Haii6inpmr iMmoBipHO BuaABuTH ii 1100I1-
3y aesiro, me Tija pyxaroTbCAd HAWOOBiJIbHiIIIE
i, BiAmOBiIHO, IPOBOASATE OLIBIIY YACTHHY Yacy. Mepkypiit  BeHepa
Teseckomu, 3m1aTHI 3apeecTpyBaTU TaKuii 00’ €KT
Ha TaKuX BifcTaHAX, 3[e0iJbIIIOro MalTh AYIKe Puc. 2.7. MnaHeTH 3emHoi rpynn
MaJie ToJie 30pPYy i MoraHo MiAXOAATE AJIA HOIIYKY.
Skimo miamera Mae IMOTYKHY aTMocdepy 3 BOJI-
HIO Ta TeJito i1 e()eKTUBHE IIepeHEeCeHHsI eHeprii,
TO B ii cBiTHOCTI mepeBakaTMe BUIIPOMiHIOBAH-
Hs 32 PAaXYHOK BHYTPIITHIX MyKepest (TpaBiTartiii- . ’ . .

L3

HOT'O CTHUCKAaHHS), 1110 poouTHUMe ii caMOoCBiTHOIO.

Y rpyaui 2018 p. mixg yac moimrykKy aeB’ATol
IIaHeTu acTpoHoMmu 3 IHcTuryTy Hayku KapHe-
ri, a Tako:k I'aBaiicbkoro i Kamigopuificbxoro
VHiBepCUTEeTiB 3HANWNIIIN HANOIiJBII BigmajseHni
3 ycix Bimomux Hayti 06’ekTiB CoHsSUYHOI cucTe-
mu — actepoin 2018 VG18, axuil BOHKU 3r0J0M
maszBanau «Farout» (auriy. — dagnerxo). JlocmigikeHHA TPO BiTHOIIEHHA
Farout mo ges’saroi nianeru TpusaoTh. HayKoBIli He BigKuga0Th Bapi-
aHTa, IO IIe IIPOCTO BeJUKa KyIla Pi3HuX 00’€KTiB, 00’ THAHUX CHiJIb-
HUM T'PaBiTAI[iiHUM IIOJIEM.

Onitep _ CatypH Ypan HentyH

Puc. 2.8. MNnaHeTtn-riraHTK

@ KoHTponbHi 3annTaHHA

1.IITo Take Cousuna cucrema? JlaiiTe IOSCHEHHS.

2.IIlo masuBaioTh maaHeTo0? SKi miaaHeTu BXomATH Ao ckjany Co-
HauHOI cucremMu?

3. YKaxiTh ocHOBHI ocobmBocTi 6ymoBu COHAYHOI CCTEMMU.

4. {Iki naameTn HaJNEXKATh MO 3€MHOI TPymIu?

5. fKi miaHeT HaJeKAaTh A0 I'PYIU ILJIaHEeT-TiraHTiB?

6. IlTo € Bu3HAYAJIBLHOIO CHJIO0 AJA PyXy Beix Tis Comssunoi cuctemMu?

7.IlosAcHITH, ¥ YOMY IIOJISITAE€ PIBHUIA MisK IIJIaHETAMU 3€MHOI I'py-
¥ Ta IJIaHeTaMU-TiraHTaMU.

8. Homy acTpoHOMU AOCi He 3MOTJIN BUABUTHU «I[eB’ ATy nmiamery» Co-
HauHol cucteMu? 3a AKUX YMOB Ii MOKJIMBO BiIKpUTH?
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Mepkypin

BeHepa

MeTtanese agpo

{'_- —fAnpo

Micaub

B Kopa
MamHrTia
Appo

Puc. 1.1. bygosa nnaHet
3eMHOI rpynu

lOnitep

 3emna
s\) =
YpaH HentyH

I MoneKkynapHui rigporeH
Mertaniunun rigporex

B TigporeH, renii, meTtaH rasm
B MaHTis (Boda, amiak, MeTaH nin)
Appo (kamHi, nig)

Puc. 1.2. byposa nnaHeT-riraHTis
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Tema. NMnaHetTnn COHAYHOI CMCTEeMM

® Moai6HicTb Ta BigMiHHICTD MiXK NNaHeTamu
3eMHOI rpynu Ta nJlaHeTaMu-riraHTamu.
MnaHeTn 3emHoOI rpynu.
Qi3nyHi Ta opbiTanbHi XapaKTepucTuKn

IInameru semuoi rpynu — Mepkypiii, Bernepa, 3emuis i Mapc y mo-
PiBHAHHI 3 IJTaHETAMU-TiraHTAMU MaIOTh BiTHOCHO HEBEJIUKi po3Mipu,
TBEPAY IIOBEPXHIO Ta 3HAUHY I'ycTuHy (61u3bK0 5 r/cM®), amsxe CKJa-
AIOThCSA MMEPEBAYKHO 3 BAXKKUX XiMiunmx esemenTiB. I1i maanetu ma-
I0Th Taps4e memaneée A0po, AKe OTOUeHe MAHTI€0 i3 CHIiKaTHUX 110~
pix (pmc. 1.1).

Bepxm#Hiit map naaner 3eMHOI rpynu — Kopa — (OPMYETBHC ITif
€10 K BHYTPIITHBOTO TEIJIa, TaK 1 B0BHIITHIX (KocMiuHMX) (haKTOPiB.
Aute TemmepaTypa Ha IOBEPXHi IJIaHET 3€MHOI I'PYIIN CYTTEBO BiAPi3Hs-
€ThCA, aJ[’Ke BOHU OTPUMYIOTH Bim CoHIlA pidHy KindbKicTh eHeprii. o
Toro K B atrMocdepax Meprypida, Bernepu i Mapca maii:ke HeMae Kuc-
HIO, a TUCK CYTTEBO BiIPi3HAETHCA Biff aTMOC(EPHOTO TUCKY HA 3eMJIi.
SAx1mo Ha moBepxHi 3eMJIi € YMOBHU AJId iCHYBaHHSA XKUTTS, TO HA IIOBEPX-
Hi iHMIUX IIJIaHEeT TOKHU IO He BUABJIEHO HABiTh IPUMITUBHUX OaKTEepii.

Ilnameru-rirantu (puc. 1.2), Ha BinMiHy Big nmyameT 3eMHOI rpynu,
He MaioTh TBEPAOI IIOBEPXHi, amske 3a Ximiunum cxaagom (99 % rig-
poreny i reimiro) i ryctunoo (~1 r/cm®) BoHM HAragymoTh 30pi, a IXHS
BeJINKA Maca CIPUUYMHSE HATPiBaHHA ANep A0 TeMIOepaTypu ITOHAJ
+10000 °C. Kpim TOTO, IJIaHETU-TIiralTH JOCUTHL IIBUIKO 00epTAIOThH-
cA HaBKOJIO OCi Ta MalOTh BeJIMKY KiJbKIiCTh CYIyTHUKIB.

Haii6inbImoto 3aragkoo ycix miaHeT-rirauTis (KpimMm Ypana) € maixe-
peJio BHYTPIiMIHBOI eHeprii, AKy BUIIPOMIiHIOIOTH IIi TJIAHETH B iH(ppa-
YyepBOHil vyacTuHi cuexkTpa. [[;kepesoM eHeprii He MOXKYTb OyTH Tep-
MOsAAePHi peakIlii, oOCKiJIbKM Maca IJIaHeT-TiraHTiB HeZOCTATHS IJII
mepeTBOPEeHHA iX Ha 30pi. He BukJiroueHa iMOBipHiCTEH TOTO, IIT0 TiraH-
TH BUIPOMIHIOIOTH €Hepril, sKa OyJia HaKOoIMMUeHa Mil yac yTBOPEH-
Hsa CoHAYHOI cucTeMHU KijibKa MiJIbAPAiB POKiB TOMY.

MEPKYPIN. Mepkypiit — Haiimenma ninanera CoHAYHOI cucre-
mu i Hanoam:xua go Conngsa. Mepkypiit (puc. 1.3) BasKKo crocrepiratu
3 3eMJIi, OCKinbKY BiH He Bigmanserbcesa Big CoHI Ha KyT, OiabInnii
mixk 28°. OTske, MIPOTATrOM MaiiKe TPHOX MICAINIB Ha IJIAHETI CBiTUTH
Cosrie i CTiIbKY K TPUBA€E Hid.

3uiMKu moBepxHi MepKypisa, axki Oysu 3po0JieHI 3a JOTOMOTOIO
AMC «Mapinep-10» (CIITA), BpakamTh CX0KiCTIO 0OT0 peabedy 3 II0-
BepxHeio MicAla — Taka K BeJuues3Ha KiJIbKiCcTh KpaTepis, IO cBin-
YUTh PO OJHAKOBY IPUPOAY IIMX KocMmiunux Tija. Kpartepu Ha Mep-
Kypii HasBaui iMmeHamMu Bimommx MuTHiB. OOUH i3 BeJIMKUX KpaTepiB
HasBaHUii Ha dyecTb Tapaca IlleBuenka (puc. 1.4).



Tema. MNMnaHetn CoHAYHOT cncteMmn

TpusamicTs gHA i HOui Ta moroga Ha Mepkypii He 3mMiHIOIOTHCH,
OCKiJIbKH HOT0 Bich 00epTaHHA MalKe MePHeHIUKYJIAPHA O IIJIOIIN-
HU opbiTH, i 3MiH mip poKy Ha HbOMY He Bif0OyBaeThcs. lleHHa TeM-
neparypa carae +430 °C, aje IpoTAroM TPUMICAYHOI HOUYI IIOBEPXHS
IIJIAaHETH CUJBHO OXOJIOMKYETHCS, i TeMIlepaTypa Ha CBiTaHKY 3HUKY-
erbest 5o —170 °C. I'pyrT Meprypis ays:ke posapi6HeHmi i Mae HU3B-
Ky TeIJIONPOBiAHiCTh, TOMY BiKe Ha IMIMOMHI KiJbKOX IECATKIB caHTU-
MeTpiB TeMIIepaTypa He 3MiHIOeTHCA. MepKypiil He MOXKe YTPUMYyBaTH
cTayy arMmocdepy, aje 0ijig MOBEePXHi IJIaHeTH BAAJIOCS BUABUTU Ha-
ABHICTD ATOMIB reJiifo — Iie IIOSCHIOETHCS TAK 3BAHMM COHAYHUM BiT-
poOM, KW CKJIAAAETHCA 3 €JIeMEHTAPHUX YACTUHOK Ta OKPEMUX ANEeP
JeTKUX XiMiuHMX ejJeMeHTiB. ¥ rpasBitamiiHomy mouai Mepkypia aTo-
MM TeJIilo MOKYyTh pyxartuca He Oiynbire 200 i6, a moTiMm rydoaarbesa
B MiKIIJIAaHETHOMY IIPOCTOPI.

Hesparkaroun Ha 0au3bKicTb no CoHIlsd, 10OOBUII mepemnaj TeMiie-
patyp Ha Mepkypii pexopauuit — 650 ‘C (Bix +467° Ha ekBaTOpi BIeHDb
i Yac IPOXOIKeHHd mepuresiro 1o —183° tam ke mepez cBiTaHKOM).
Taxwuit mepenas — HACJHILOK BeJMKOI TPUBAJIOCTI JHA i HOUI Ta mpak-
TUYHOI BiZcyTHOCTI aTrmMocdepu. AJje Bike Ha INIMOMHI OJIM3bK0O MeTpa
3HAYHWX KOJUBAHb TEMIEPATypPU HeMae, aJKe TeIJOMPOBiAHICTE mO-
IpiOHeHUX IOpiz, 10 BKPUBAIOThH IIOBEPXHIO, Ay Ke MaJa.

Haii6inemum KpaTtepom Meprypisa € 1500-kitomerpoBuit 6aceitn
piBanHU Cuexu (puc. 1.5). Ha moBepxui MepKypia Oy BuABJIEHI Ta-
KOJK BeJIMue3Hi piBHUHU, 3alIOBHEHi 3aCTUIJIOI 6a3a/IbTOBOIO JIABOIO.
Ile cBiguuTh 1Ipo Te, IO KOJUCH ILJaHeTa Oyja posirpiTa, BHACIiIOK
YOro B TOM uac BigOyBajsacs iHTeHCHUBHA BYyJKaHiuHA misAabHicTh. CBi-
*Ki KpaTtepu Ha MepKypil yrBOpUINCS Ticaa MamiHHA METEOPUTIB.

Y nmpumnmonApHUX KpaTepax IJIAHETH € BomaHui Jig. I:xepesrom
BOOU, IMOBipHO, € KOMeTH Ta iHIIi ApiOHi Tima; mpu ix magiHHI BoHA
BUIIAPOBYETHCSA, ITiCJIA YOTO YACTUHA IMapy KOHIEHCYETHCA HA XOJOM-
HUX OiIAHKaX. 3aBOAKHU AysKe MaJIoMy Haxmujay oci obepranus Mep-
Kypis OIHO 3rajaHux KpaTepiB Hikoau He ocBiTioeTbesa CoHIleM, i Jin
TaM MoJKe 30epiraTucs gyske JoBro. Bin OyB BuABJIeHUI IIi Yac pamio-
JoKaIrii 3 3eMJi 3aBAAKM BHCOKOMY paJapHOMY ajb0eno i 3romom 10-
caimxenuit AMC «MecceHa:Kep» 3a AOITOMOTOI0 HEMTPOHHOTO CIIEK-
TpomeTpa (BUABUB BUCOKUWI BMICT BOJHIO) Ta JIAa3€PHOTO aJbTUMeETPA
(BusiBUB BuCOKe iH()pauepBoHe anrden0). OTpuMani 1aHi BKasyoTh HA
Te, 10 HOAeKYAU JIil TOBOJI YMCTUH i B JesIKUX MiCI[IX BUXOIUTH Ha
noBepxHIo. Voro saranbay Macy oniniooTs y 1010-1012 Tors. MeTeo-
puTHi KpaTepu Ha MepKypii 6i/IbIIT pO3IIOBCIOMKEH], HidK Ha Oyab-AKil
igmrii muaameri CoussuHOl cucTeMu.

Ha Mepxkypii posnosclomxeHi 3aragKkoBi ApiOHI samaguam, oToue-
Hi cBiTJIUM opeosioM. BoHM MalTh IJacKe JHO 3 YiITKUMU KpadaMU, He-
IPaBUIBHY (GOPMY i 4aCTO BJIUTI B TPYIU. IXHA IIMOMHA CTAHOBUTS Jie-
CATKU METPiB, a MIUPUHA — BiJ mecATKiB mo Tucad. Haituacrime BoHUI
GopMYyIOTHCA B METEOPUTHHUX KpaTepax. BiflcyTHiCTh KpaTepiB y Mexax
caMmX 3alaJIuH BKa3ye, 110 BOHU € BiJTHOCHO MOJIOIMMY YTBOPEHHAMM.
Ix mosBa Moske 6yTu IMOB’A3aHOIO 3 CyOJIiMAIli€l0 AKMXOCH JETKUX pe-
4yoBUH ab0 3 BYJIKAHIYHUMU ITPOIeCaMMU.

Puc. 1.3. Mepkypin

Puc. 1.4. KpaTep, Ha3BaHuI
Ha yecTb Tapaca LeBueHKa

Pnc. 1.5. bacenH piBHUHU Cnekn
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ITapamerpu Mepkypis

3opsaHa BeauunHa (MaKCcuMaJIbHA) -2,2
C . G 57,9 MJIH KM
epenHs Bimcraub 10 CoHIsA
0,387 a. o.
Ilepion obepranus HaBKoJ0 COHILA 88 zemHUxX 1i6
Ilepion obepTaHHsT HABKOJIO OCi 58,6 zeMmHUX 1i0
HiameTp mo ekBaToOpy 4880 k™
Maca (3emas = 1) 0,055
1 — appo;
2 — MmanTis; Cepenns ryctuHa 5,4-10% kr/m?
3 — Kopa; Temmeparypa IIOBepxHi Big —170°C go +430°C
4 — nosepxHs. - -
Cuna ta:xxinHA Ha ekBaTopi (3emua = 1) 0,38

BEHEPA. Benepa (puc. 1.6) mpuBepTae yBary Jilogeil TUM, IO Ha
Halromy He0i i1 scKpaBicTb y JeCATKY pasiB IepeBUIlye OJMCK 3ip mmep-
1101 30pPAHOI BeJnMUYMHN. YKpaiHCchbKa HApOAHA Has3Ba Ifi€l IIaHeTH —
Beuipus, a6o Bpauimnias sops, ajg:ke BOHA IIePIIO0 3’ ABJIAETHCSI Ha Be-
JipHbOMY HeGOCXMJIi I OCTAHHBLOIO TaCcHE Ha CBiTaHKY.

TpuBanuit uac BeHepy HazuBajam MJIAHETOIO 3arafoK, aJasKe I'yCTi
XMapu MIPUXOBYIOTH i moBepxHIO (puc. 1.7). TinbKu HelogaBHO pagio-
CIIOCTEPEe:KeHHs BUSIBUJIN, 1[0 BeHepa MOBiJILHO 00epTaeThCsA HABKOJIO
oci y 3BOpOTHOMY HanmpAMKY (IIOPiBHAHO 3 00epTaHHAM 3eMJii), i co-
HsaYHA no0a Ha Hitl TpuBae 117 zemHUX 1i6.

Y xmapax Ha BeHepi, KpiM mmapm BoguW, YTBOPIOIOTHCA KPAIJIUHNI
cipuaHoi KHCJIOTH, ajie IO IIOBEPXHi IIi KMCJIOTHI HOIIi He HOJiTaloTh,
OCKIJIBKHM ITif XMapaMu TeMIlepaTypa pPisKo migBUIyeTheA (Ha IMOBepX-
i +480 °C), i kpamai BunapoBywThesa. OCHOBHUI IITap XMap po3Ta-
mroBaHuii Ha 3HauYHi# BucoTi (50—60 KM), IIT0 MOSCHIOETHCS BEJIUKUM
Puc. 1.6. BeHepa aTMOCc()ePHUM THUCKOM, AKUH 0issa moBepxHi mocsarae 90 atm — Taxkuii
THUCK Ha 3eMJIi.

Ha Bewnepi ay:xe 6araTo ByakauiB (puc. 1.8), aje maiizke Bci BOHU
IaBHO 3racju. CauHi HempaMi 03HAKM BiJHOCHO HeZaBHBLOI ByJKaHiu-
HO1 akTUBHOCTi Oys0 moMiueHo y ropu Maat, mpoTe IpAMUX TiATBEp-
PKeHb IIbOTO TIOKM HEMAE.

OcKiibKY XMapy POOJIATH TOBEPXHIO HEJOCTYITHOIO JIJISI CIIOCTEPE-
JKeHb y BUJUMOMY CBiTJIi, 11 ZOCJIiI:KYIOTH IepeBaYKHO paIioJioKaIlii-
HUMHU MeTodaMu. 3 aHaJidy 300paskKeHb BU3HAUUJIVCSA OCHOBHI pucu
reoJiorii niaaHeTu. Byjo BcTaHOBIEHO, 10 B 30HI 3MOMKU HAUNOIIN-
PeHiIni piBHUHMN AeKiJTbKOX TUIIB, YTBOPEHI HaIlapyBaHHAMMU BYJIKa-
HivHUX JaB. Mopdojioria JaBOBUX MOTOKIB y CIIOJYUEeHHIi 3 pe3yJibTa-
TaMM BU3HAUEHHS XiMIiUHOTO CKJIQJAy B MiCIISIX IIOCAAKU KOCMIiUHUX
amapariB cepii «Benepa» — «Bera» cBimuaTs mmpo Te, 1110 11e — 06a3ajb-
TOBi JIaBU, IIIMPOKO PO3IOBCIOAKeHI Ha 3emui, Micami, i, mabyThb, Ha
Mepxrypii i1 Mapci. ¥ Mexax mux piBHUH CIIOCTEPiramTbesa cuerudiu-
Hi KiJbIIeBi ByJIKAHOTEKTOHIUHI CTPYKTYPHU ITOTEPEUYHNKOM Y COTHI Ki-
Puc. 1.7. BeHepa, BKpyTa XMapamu JIOMEeTPiB, ITIIO OZep:KaJiu Has3By «BiHIiB». Cepen piBHUH po3TalloBaHi
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Tema. MNMnaHetn CoHAYHOT cncteMmn

«OCTPOBU» i «KOHTUHEHTU» CUJILHO IIepeciueHoi mMiciieBocTi, He THUIIO-
BOi ajiA iHmumx miaHer. CTPYKTYPHUN MaJIIOHOK TaKOi ITOBEepPXHi, 3y-
MOBJIEHU MePEeTUHAHHAMY YNCJEeHHNX TeKTOHIYHUX PO3JaMiB, Hara-
Iy€e BUJ UePEUYHOI ITOKPiBJIi, TOMY MiCII€BICTh I[HOTO TUIIY OTPUMAaJIa
Ha3By «Teccepa», III0 B IepeKJIadi 3 IPerbKoi 03HAUAE «UePeIUILd».

ITanopama moBepxHi Benepu, arky nepenana AMC «Benepa-14»:
He0Oo BIeHb TbMAHE, AK Ha 3eMJii nepen poieMm. KoJip xmap i moBepx-
Hi yepBOHUH, amKe aTMocdepa MOTJINHAE COHAYHE IIPOMiHHA Yy CUHIN
YaCTHHI CIIeKTpa, AK B OoKeaHi Ha rambuui 900 m. Xmapu Ha Benepi
CKOpiIle HaragyoTh CIa0Ky iMJIy, B AKiii BUAHO IMpeaMeTy Ha Bimcra-
Hi 10 1 KM.

Temmeparypa nmosepxHi Bernepu cranosuts +480 °C, 3aiumraeTsb-
Cs CTAJIOI HMPOTATOM M00U i He 3MiHIOETHCS 3aJIeKHO BiJ BimcraHi mo
IOoJIoca U1 eKBaTopa. 3a TaKUX YMOB Ha Benepi He BigOyBaeThcs pis-
KHMX 3MiH IIoToau — HiKoJu He OyBae yparaHiB, a IIIBUAKiCTH BiTpy
0isiss moBepxHi He nepeBuIye 1 m/c. Bucoka Temmeparypa 6ijia 1mo-
BEPXHIi IIJIaHETU 3yMOBJIeHA ITapHUKOBUM ederToM. ['otoBHA cKJIamo-
Ba armoc(pepu Bermepu — Byriexucauii ras (CO,) — 6ausbko 97 % 3a
o6’emom. HecniogiBaHUM BUSIBUJIOCA Te, IO IIPOTATOM ABOMicaYHOL
HOUi Ha moBepxHi BeHepu He crocTepiraeTbcs abCOTIOTHOI TeMPABU.
Kpim mocrifinux cmanaxiB 6anckaBok (puc. 1.9), AKi cynpoBomKy-
IOTHCA T'YPKOTOM T'DOMY, TaM YHOYi BUAHO CBiTiHHA BEepXHiX mIapiB
arMmochepu. Hiume ocBiTIeHHS ITiJCUJIIOIOTHL BOTHI BiJ AifoumX ByJIKa-
HiB, AKi BHACJIIZOK 3aJIOMJIEHHS IIPOMEHIiB B aTMoc(depi BUIHO Ha Bin-
CcTaHi COTeHb KiJIoMeTpiB.

AcTtpoHOMU cTBOpUMIIM eTanbHy KapTy Bernepu (puc. 1.10), Ha AKil
TMIO3HAUYEHO COTHi KpaTepiB, OLIBIIICTD 3 SKUX KOJUCH OyJIM BYJIKAHA-
Mu, amke maixke 80 % mosepxHi BeHepu BKPUTO BYJIKAHIUHOIO JIABOIO.
HedKi KpaTepu YyTBOPUJINCH MicaA MaAiHHA acTepoidiB.

Ycim TonmoniMmiuHMM HasBaM Ha KapTi Bemepu 3a Tpaguitieio 1amoTh
sKimoui imena. OguH i3 ByJIKaHiB Ha3BaJI HA YeCTh aCTPOHOMA XapKiB-
cbKOI acTpoHOMiuHOI 00cepBaTopii BamenTunu ®egopelib.

ITapamerpu Benepu

Puc. 1.9. Cnanaxu 6nmckaBok
B aTMocdepi BeHepn.

Puc. 1.10. KapTa BeHepu

3opsaHa BeJauunHa (MaKCHMaJIbHA) -4,7

108,2 MmaH KM

Cepenusa Bigcranab 10 CoHIA
0,723 a. o.

ITepiox obepranus HaBKoJ0 COHILA 224,7 3eMHUX [1i0

ITepion obeprarnHsS HaBKOJO OCi

(3BOpOTHE 0OepTaHHA) R B2 O

HiameTp mo ekBaTOpPy 12104 xm
Maca (3emia = 1) 0,815
Cepenns rycruHa 5,2:10% xr/m?
TemmepaTypa mOBepxXHi 480 °C

Cusa TsoxkiHHA Ha eKBaTopi (3emuia = 1) 0,9

1 — Appo;
2 — MaHTis;
3 — Kopa;

4 — noBepxHA.
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Puc. 1.15. Mapc

Puc. 1.16. KaHann Mapca

Puc. 1.17. be3niy Kpyrnux KpaTtepis
CBifYaTb NPO iHTEHCUBHE METEOPUT-
He 6ombapayBaHHA B MUHYNOMY
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MAPC. HazpaHU# KOJIMCH 3a CBill UepBOHUN KOJip Ha UecTh Oora
Bifinu, «KpuBaBuii» Mapc (puc. 1.15) mig yuac mIpoTUCTOAHD 3a sICKPaBi-
CTIO TIOCTynaeThes TinbKu Benepi. Xoua maca Ta pagiyc Mapca meHrri,
Hixk 3emi, aje TpuBaJicTs Ko6u (24,6 roxn) i amina mip pokry (Bich 00ep-
TaHHA HaXWJIEHA IIif KyToM 65° 10 IIoIuHY 0p0iTH) HAraAyIOTh HAIITY
miaauery. IllompaBaa, TpuBaicTs ce3ouiB Ha Mapci maiizke y 2 pasu
IoBIa, HixK Ha 3emuri. HaBiTh y HeBesinKi Temeckonu ma Mapci BugHO
6ijsi mosApHi mIankKu, AKi cBiguaTh Mpo HaABHICTH Bogu B aTmocdepi
TJIaHEeTH.

Mapc npuBepHYB 0CO0JIMBY yBary JioAell Immicias ToOro, AK
y 1877 p. iramiticekuii actponom [[. Ckiamapesri BIiTKpUB «KaHAJIN»
(puc. 1.16) — ToHeHbKIi, JiegBe moMiTHI JiHil, AKi 3’exHyBaau TeMHI
minsguku moBepxHi Mapca. 1i moBigomyIeHHS 3auapyBajiu aMepuKaH-
cbpKoro migbioHepa II. JloBesia, AKUi MOKWUHYB TOPTiBJIIO i cIleIiaab-
HO JJIdA TIOMIYKiB KuTTA Ha Mapci moOyayBaB BeJIMUe3Hy aCTPOHOMIUHY
obcepBaropiro. ITicaa gocaimxenns Mapca 3a momomoroio AMC 6yio
BCTAHOBJIEHO, IO «KaHAJN» € CBOEPIAHOIO OIITUYHOIO ii03i€10, AKY
CTBOPIOIOTH OKPeMi HiTAHKYN MapciaHCBKOTO JaHAIA(pTy — TOpH, I0-
JIUHU, KpaTepu.

I3 6srmsbKoil BigcTami Mapc Ginbire cxosxuii Ha Micans, Hixk Ha 3eM-
JI10, a 0e3Jriu KPyriInxX KpaTepiB cBifuaTh Npo iHTEeHCHUBHE METEOPUTHE
6ombapayBaHHs B MmunyjJaomy (puc. 1.17). Ha geAkux cxujgax MeTeo-
PUTHUX KpaTepiB BUIHO 3aCTUTJII MOTOKU AKOich pigmau (puc. 1.18).
Moskauso, mig yac BUOyXy 3 HaAP BUILIAIACA BOAA, a IOTIM 3a HU3b-
KOI TeMIlepaTypu 3HOBY 3amepsajia. Pan kparepiB ma Mapci HasBaiu
Ha YecTh YKpaiHCcbKUX acTpoHoMiB: Bapabaios, I'epacumoBuy, Cimeii-
Kin, CtpyBe, PeceHKOB.

Yu e :xxurta Ha Mapci? Pospigskena armocdepa Ta BeJIuKi 1000-
Bi mepemaau TeMIepaTypu YHEeMOKJINBIIOOTH iCHYBAHHSA BUCOKOPO3-
BUHEHUX (POPM JKUTTSA — pocymH abo TBapuH. Ha 3HiMKax moBepxHi
BUHO UEPBOHY ITYCTEJIO0 3 JIOHAMU ITiCKY, AKUH MepPeHOCUTHCS BiT-
poM Ha THcAUYi KiomerpiB. UepBOHUIN KOJIip MapciaHChKOTO I'PYHTY
(puc. 1.19) nosicHiOOTH 3HaUYHUM BMicToM (10 16 %) okcunis sasisa
(3Buuaiinoi ip:ki). IIpo BiacyTHicTb :KuTTA Ha mMoBepxHi Mapca cBifg-
YaTh TAKOYK Pe3yJIbTATU €KCIIEPUMEHTIB, AKi 6e3mocepeHb0 IIPOBOU-
auck 3a gonomoror AMC — HasBHiCcTH MiKpooprauisMmis Ha IoBepx-
Hi He 3apeecTpoBaHa.

Ha Mapci HiKoJIM He BUIIagae IOII, aisKe IIapW BOAU B aTMocde-
pi y 100 pagiB mewnre, Hixk Ha 3emai. Ha camiit moBepxui Mapca Boza
B piAiKOMy cTaHi He moMiueHa, ocKiJibKU mpu TucKoBi 0,006 atm TeMm-
rmeparypa KUIIiHHS Bogu 3HUKYETbCA 10 +3 ‘C. To6To TiILKU-HO Ha II0-
BEPXHIi YTBOPIOETHCA HEBEJIMKA KAJIOXKA, BOJA B Hill 3aKUMAE i BUTIApO-
BY€TBLCS. 3allaciB BOAM Y BUTJIAAIL CHIr'y Ta JILOAY ITIig moBepxHero Mapca
MosKe OyTu HabaraTo 6isbille — AKIMO i1 PIBHOMIPHO POBIOMIJIUTU 110
TOBEPXHi, TO INIMOMHA TaKOTO MOPA MorJia 6 cAraTy KiJibKa COTeHb Me-
TpiB. Pyciia Bucoxsux piuoK Ha IMOBEPXHi CBiguaTh, II[0 B MUHYJIOMY
Ha Mapci 60yJa rycrima armocdepa, BUIIagaan goIi, i, iMoBipHO, ic-
HYBAaJIO JKUTTsA. Y UeHI IPUIIyCKalOTh, 1110 KaiMmaT Ha Mapci mir aminm-
TUCA Uepe3 3ITKHEHHA 3 aCTepPOiIoM.



Tema. MNMnaHetn CoHAYHOT cncteMmn

KoHTponbHi 3anuTaHHsA

1. Yomy MepKypili He MOKe yTPUMYyBATHU cTaay aTrMochepy?

2. fIka nnameTa 06epPTAETHCI HABKOJIO OCi ¥ IPOTUIEKHOMY B TIOPiB-
HAHHI i3 3eMJjer0 HAIPIMKY?

3.Ha axux miaaHeTax 3eMHOI I'pyIH BifOyBaeTbCcs 3MiHa mip PoKy?

4. Benepa posmimyersea gaii Big Couns, Hixk MepKypiii, age womy
TeMIlepaTypa Ha ii moBepxHi BUIla, HisK Ha MepKypii?

5. fIki € moxkasu Toro, 1110 Ha moBepxHi Mapca KoJuck 0yJia Bojga B Pifa-
KOMY cTaHi?

6. HYomy moBepxHaA Mapca Mae 4epBOHYBATHUH KOJIip?

7.06uncaits pamiyc opbitu Mapca 3a npasusiom Timiyca-Boge.

8. Ha 3emuri Ta Ha Mapci migKuHyJIM OHAKOBI KaMeHi Ha OOHY U Ty
camy BucOTy. [loBITe uym mMIBUAINE OTyCKATUMETHCSA KaMiHb Ha 1O~
BepxHI0 Mapca, mixk Ha 3emuio? IloscHITH CBOIO JYMKY.

ﬂ 3aBAaHHA ONA CMOCTePEKEHHA

1. HamamroiiTe moJioskenHs BeHepu BiJHOCHO FOPU3OHTY Ta BigHOC-
HO 3ip i cmocrepiraiiTe, AK 3MiHIOETLCS IIe MOJIOMKEHHSA IIPOTATOM
KiTbKOX THIKHIB. 3p00iTh BUCHOBOK, AK 3MiHIOETHCA SICKPaBicTh
IJIaHeTH 3a Ied uac.

2.11ix vac mporucTossub Mapca BuU3HAUTEe MOMEHTH, KOJU IJIaHeTa
3YIUHAETHCS i TOUYMHAE PYXATUCS BiTHOCHO 3ip y 3BOPOTHOMY Ha-
OpAMKY — 3i cXoay Ha 3axij.

G ] Ana ponutnnBunx

Mapc mae aBa mpupoaHi cymyTHuKT — Poboc i eiimoc, AKi i3
3eMJIi MOKHA ITO0AYNTHU JUIIIEe B TEJIECKONU. 300pakeHHsa 000X Cy-
MYyTHUKIB Oyiu 3adiKcoBaHi KOCMIYHUMY CTAHI[ISIMU. BoHU BUSBU-
aucsa 6e3dopmMuuMEU OpuaaMu posmipamu 21x27x29 kM (Pobdoc) Ta
8x12x15 gm ([eiimoc) i HaragyoThs acrepoinu. [loBepxHa cynmyTHH-
KiB BKpuTa KpaTepamu giamerpom Bix 50 m mo 10 KM, AKi cBiguaTh
PO METEOPUTHI ymapu, aisKe B HaaApaxX MaJHUX TiJl ByJIKaHiuHAa mIi-
AJNBHICTD € HEMOKJINBOIO.

Qi3nuHi xapakrepunctukn 3emni. BHyTpiwHa 6ygosa 3emni.
bypoBa atmocpepu. Pyxu B o6onoHkax 3emni.
AcTpoHOoMmivHi paKkTOpU Knimaty

3EMJISA. Hammra nianeta — TpeTs 3a mopsaakom miaaHera CoHsaU-
HOi cuctemu. Bora mae opmy chepoina (Kyai, c1abKo CIJIIOCHYTOL
6iyig moJiocis, puc. 2. 1). Bick obepranHa 3eMJi HaXUJIeHAa [0 IIJIOIIN-
HU 1i opOiTHu (IJIOIIUHY eKJIINTUKK) i KyToM 66,5°. 3eMisa pyxaeTh-
cs 10 ¢BOi#t opbiTi HaBKO0JI0 COHIIA i3 cepeqHbOO IITBUAKICTIO OJIM3BKO
30 km/c. Kpim Toro, obepraiounch HaBKOJIO BJAaCHOI oci, BoHa poOUThH
onmH 00epT 3a 24 rox. 3eMJIsd 0OTOUueHa aTMOoc(eporo, SKa MPOCTATAETHCA

Puc. 1.18. Ha gesakux cxunax
MeTEOPUTHUX KpaTepiB BUAHO
3aCTUIMNi NOTOKW AKOICb PiguHN

e

Puc. 1.19. YepBoHuin Konip
MapCiaHCbKOro FPYHTY MOSACHIOOTb
3HauyHUM BmicToM (8o 16 %)
OKCMAiB 3ani3a (3BMYaANHOT ipXi)

Henmoc
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Puc. 2.1. Burnag 3emni 3 kocmocy

Ek3ocdepa

Tepmocdepa

JNinia KapmaHa

Me3zocoepa

Crpatocdepa

COHAYHA CUCTEMA

B Kocmoc 6isbirr Hidk HA 1000 KM, 1110 CTBOPIOE HA il TOBEPXHi CIIPUAT-
JIUBi YMOBU JJIsT iCHYBaHHS JKUTTA (TeMIepaTypy, CKJaaa arMmocdepu,
IOCTATHIO KiJIbKiCTh BOAM).

Ximiunuit ckaan atmocdepu 3emdi € Heognopigaum. Haiibinas-
100 CKJIamoBO0 aTmochepu 0iast mosepxui Semi (3a 06’emom 78 %)
€ azoT N,, AKUI Bifirpae BasKJIUBY POJIb y :KUTTiI pocauH. Kucens O,
€ HeOOXiTHUM eJIeMeHTOM JJId JUXAHHS BCiX )KMBUX iCTOT i CTAHOBUTH
21% o06’emy atmochepu (puc. 2.2).

Bogsama mapa H,0 B armocdepi saTpumye iH(ppauepBoHEe BU-
IPOMiHIOBAaHHSA 3eMJIi Ta CTBOPIOE MapPHUKOBUM e(DeKT, YHACTIIOK
Yoro TemMIiiepaTypa IIoBepXHi migBuiliyerbesa. SIkO6u He OyJ0 B aTMOC-
depi BomsiHOI mapm, TO Ha HAIIIi#l IIaHeTi HacTaB OU JLOJOBUKO-
BUI mepios — TeMmIleparypa HaBiTh Ha eKBaToOpi Morjyia 6 3HUBUTHU-
ca go —25 °C.

ITapaukoBuii eeKT MOKHA ITO0AUNTH Ha HIPUKJIALL
mapHUKAa Ta IJIiBKH, AKOI HAKPUBAIOTH I'PAAKY. ¥ IeHbD
COHAYHE CBiTJIO MPOXOAUTL KPidh MJIIBKY i HarpiBae sem-
JI10. SIKIIO I'PYHT TeMHOT0 KOJBOPY, TO Y 3BOPOTHOMY Ha-
OPpAMKY BUIPOMIHIOETHCA €HEPTisa B iH()pauepBOHiN Ua-
CTUHI CIIEKTpa, AKa 3aTPUMYEThCA ILTiBKOI0. B atMocdepi
3eMJTi TapHUKOBUI e(EeKT CTBOPIOIOTH BYTJIEKUCJIUN ras
i BomsaHa mapa.

IToroma (BiTpu, MUKJIOHU Ta aHTUIIUKJIIOHU) (DOPMY-
eTbeda (puc. 2.3) B HMIKHIX mapax armocdepu, AKi Ha-
3UBAIOTHCA Mponocgeporo, ne mepenadya eHeprii Bigdysa-
€ThCs He TiJIbKM BUIPOMIHIOBAHHSM, a 1 3a HOIIOMOTOIO
KOHBEKIIii.

OkeaHu i MOpSA HA MMOBEPXHi 3eMJIi aKyMyJIIOIOTH Be-
JNYEe3Hy KiJbKicThb COHAYHOI eHeprii, aaKe Boma Mae
ONHY 3 HAMOIJbIIUX y MPUPOJALI MUTOMY TEIJIOEMHICTB,
TOMY Ha MaTepuKaxX, SK IpPaBUJO, IPOTATOM J00u i Ha-
BiTh IPOTATOM POKY HE CIIOCTEPIraeThcAa Pi3KOTO0 Iepe-

B o

Tponocdepa

Puc. 2.3. UnknoH dopmyeTbea
B HVXKHIX LWapax atmochepu
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maay TeMIepaTypu.

IITap o3ony O, (asoTpomHa BUIO3MiHA KUCHIO) 3aXU-
Iae »KUBi OpraHisMu ILJIAaHETH BiJ CMEPTEJLHOTO YJb-
TpadioseroBoro BunpominioBanaa Coumna. Yiabrpadio-
JIETOBi TPOMEHI BHUITYIOTh MiKPOOPTraHi3Mu Ta POCJIUHU,
BUKJHNKAIOTh 3aXBOPIOBAHHSA y Jiofei. AKOM 3HUK O30HOBUU IIap
B aTMmocgepi, He cTago 0 KUTTA Ha TOBepxHi emi.

MarnitHe mojse 3emai (puc. 2.4) cTBOPIOE HABKOJO IIJIaHETH Ha
Bucoti moHas 500 KM mosicu pagiaiiii. EjeMmeHTapHi yacTUHKY, AKi py-
XaloThCA Y MIMKIIJIAHETHOMY ITPOCTOPIi 3 BEJIMUE3HOI0 MIBUAKICTIO i Ma-
I0OTh eJIeKTPUUYHUIN 3apsAh, B3AEMOLIIOTh i3 MarHiTHUM mojieM 3eMJIi
1 TOMy He TOJiTaioTh A0 aTMochepu. TakuM UYMHOM, MarHiTHE TI0Je
3aXUIIAE KUTTA Ha TJaHETI BiJ CMEPTOHOCHUX IIOTOKIB KOCMIiUHUX
YACTUHOK.

Exogoriuna cucrema 3emi rmepebyBae y cTaHi cBOEPiAHOL CTii-
Kol piBHOBaru, ToMy HeBeJIUKi 30ypeHHs B aTmoc(depi abo amiHHI



Tema. MNMnaHetn CoHAYHOT cncteMmn

COHAYHOI pamiarii cyTTeBO He BIJIMBAIOTh Ha 3araJibHUI CTaH Iiel
cucteMu. Ajie TeoJIOTiUHI JOCTiAKeHHs ITOKAa3yIOTh, II[0 B MUHYJIO-
MYy BigOyBaJincs eKOJIOTiuHI KaTacTpodu, BHACIIIOK SKUX Pi3KO 3HU-
JKyBaJlacsa TeMIlepaTypa Ta HacTaBajJu JbOTOBUKOBI mepioam. Ilia
OIPOTHO3YBaHHsA MaliOyTHBOTO JIIOACTBY HEoOXimHO 3’sAcyBaTu mpu-
YWHU, 10 IIPU3BOAATH 10 TAKMX KaTtacTpodiunux mporecis. IIpumun-
HOIO PAIlTOBOTO 3HM)KEHHS TeMIIepaTypu Ha IMTOBEPXHI 3eMJIi MOXKYTh
OyTu 30BHIiIIIHI (haKkTOpU (HAIPUKJIAL, IIafiHHS acTepoima), reooriu-
Hi mpo1tecu (BUBEeP)KEeHHSA BYJIKAHIB a00 PyX MaTepnKiB) Ta aHTPOIIO-
reHHi (paKkTopH.

Exosoriuny Kartactpody Ha 3eMJIi MOKe CTBOPUTHU TeXHOTeHHa Ji-
AJBHICTD JIIOAUHN, BHACTIJOK AKOI 3MiHIOEThCA XiMIUHMI CKJIa] aTMO-
chepu. Hammpukiaan, cnaJioBaHHS BeJINKOI KiJIbKOCTI opraHiuHOro Ia-
JIMBA TPU3BOAUTH A0 3MEHIIIeHHS KUCHIO B aTMoc(epi Ta 36iabIteHHA
BYTJIEKHCJIOTO T'asy, AKUI CTBOPIOE TapHUKOBUH edeKT (puc. 2.5). IIpo-
Tarom XX cT. cepenHs Temieparypa 3emii niasuiquiaack Ha 0,8 ‘C, mio
IIPU3BEJIO IO iHTEHCUBHOTO TaHEHHA JILOAOBUKIB (puc. 2.6) i migBuimeH-
HA PiBHA OKeaHy, BHACJIIAOK YOTO HWHI 3aTOIJIeHI BeJUKi mJIomIi po-
nounx HusuH. JIFOACTBO 3MOXKe YHUKHYTU €KOJIOTiuHOI KaTacTpodu,
AKINO OyZe IMIupIlle BUKOPUCTOBYBATH aJIbTePHATHUBHI JJKepesa eHep-
rii, 110 He 3a0pPYAHIOIOTH HABKOJIUIITHE CEPEIOBUINE, — €Hepritoo 3eMm-
HUX HaJIpP, BITPOBY Ta COHAYHY €HEpPriio.

Bynosa 3emuri. 'eosoriuni mocaigkeHHs moKasaau, 110 TeMIepa-
Typa BecepeauHi 3emiri kosxHi 34 M 3pocrae Ha 1 ‘C i y cBepaIoBUHAX
Ha raubuni 10 KM gocsrae +300 °C. Ilenrpanbua yacTrHa 3eMJIi yTBO-
pIOE MeTaJieBe Sapo.

30BHIiIIHA YacTUHA sSapa nepedyBae B PO3IJIABIEHOMY CTaHi mpu
remneparypi +7000 °C, a BHyTpilllHA — y TBepZoMy. Buiie posTaimo-
BY€EThCA CUJIiKaTHA 000J0HKA, abo maHTiA. Ha manTii «111aBae» Kopa,
TOBIMHA AKOI HeoJHAKoBa — Bix 5—7 KM mig oxkeaHamMu, 10 KiJIbKOX
IeCATKIB KiJloMeTpiB IIiJ ripcbKUMU palioHAMU KOHTUHEHTIB. YHaCJi-
IOK KOHBEKIIil B MaHTii 3eMHa Kopa po3aijaniaaca Ha OKpPeMi TeKToHiU-
Hi IJIUTH, AKi IOBiJILHO IIepecyBaOThCA.

ITapameTpu 3emuri

Puc. 2.4. MarHitHe none 3emni

Puc. 2.5. MapHuKoBUin epekt

Puc. 2.6. TaHeHHs NboOBUKIB

Kyt maxuny ekBaTopa mo mioiuuu opoitu | 23,4°

149,6 maH KM
Cepenusa Bigcraub g0 CoHIla

1a.o.
ITepion o6epranus HaBKoJg0 COHILA 365,26 semHux nid
Ilepion obepTaHHS HABKOJIO OCi 23,93 rox
HiameTp mo ekBaTOpPy 12756 xm
Maca 5,97-10% Kr
Cepenns ryctuHa 5,5-10% gkr/m?
TemmepaTypa mOBepXHi Bixg —83 °C mo +52°C

1 — BHYTpILLHE AAPO;
2 — 30BHILUHE A8PO;
3 — maHTifA; 4 — Kopa.
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Puc. 2.7. Pyx maTepukiB: a — po3gineHHA MaHrei; 6 — yTBOpeHHA MaTepuKiB

Puc. 3.1. Micaub

64

BrakaioTs, mo 200 MJIH POKiB TOMY iCHyBaJu e€qUHUII MaTe-
puk Ilaures (puc. 2.7) tra oqun CeiToBUit OKeaH. ITaHresa mana Gopmy
gitepu «C», IeHTP AKOI mepeOyBaB Ha eKBaTOpPi. Ycd IeHTpaJbHa Ya-
cruHa Bix 40° misgennol muporu 1o 40° miBHiuHOI mupoTu 6yja BKPU-
Ta mycresiamu. [{a mycrenbHa yacTuHa Bignmosinae cyuacuum IliBHiuHIT
Awmepuri, ITiBgenuit Amepuiii, Adpuri ta €spomi. IliBaiuna €Bpoima
(o6macTh IliBHiuHOTO MODPsA) OyJia BKpUTA AYsKEe COJIOHUM BHYTPIiITHIM
MOpeM, AKe MePiogUYHO BiTHOBIIOBAJIO 3B’ A30K 3 OKEAHOM.

@ KoHTponbHi 3anuTaHHA

1. [To AKOI rpynu mJaaHeT HAJEeKUTh 3eMJIA?

2. Yomy Ha MaTepuUKaxX IPOTATOM POKY He CIIOCTepiraeTbcs pi3Koro
mepemnagy TemMmnepaTtyp?

3. Ik 3MiHIOETHCA 3 BUCOTOIO TeMIepaTypa B Tpomocdepi?

4. HasBiTh ocHOBHI mmomi0HOCTi Ta BizMinHOCTi Mixk 3eMJero Ta Bereporo.

5.ITosicHiTh cyTHiCTH MapHUKOBOTO edheEKTy, HOT0 KOPUCTHL Ta He-
OesIeKy.

Micaupb: pisnuHi xapakTepncTnkmv Ta npobnema
noxoaKeHHsA. Penbed Ta PpisnuHi ymoBm Ha noBepxHi

®izuuni ymou Ha Micani. Micaus (puc. 3.1) € mpupogHUM Cy-
OYTHUKOM 3eMJi, Ha aKoMy aTtmocdepa BigcyTHsa. He nuBiaumcs HA
Te, 1o Micanp posmimenuit Mai:kKe Ha Takiil camiii Bigcraui Big Con-
I, AK 3eMJd, i OMUHUILA H0T0 MOBEePXHI OTPUMY€E TaKy caMy Kijb-
KicTb eHeprii, 110 i OOMHUILA ITOBePXHI 3eMJi, pisuuHi yMOBU Ha ITUX
KOCMIiYHMX TijlaX CYTTEBO BifpidHAIOTHCA. ['0OJIOBHA IpUUYMHA TaKUX
BimMimHOCTE! OB ’si3aHa 3 THUM, IO CHJIA TSXKiHHA Ha Micamni meH-
ma Bix 3emHOi y 6 pasiB, ToMy BiH He MOKe BTpUMAaTH 0ijisg mOBEpPX-
Hi oKkpemi MoJsieKyau rasiB. IIporarom minbApaiB pokiB moroma Ha Mi-
cAli ogHakoBa: 2 TuyKHI cBiTuTh COHIlE, i TOBEPXHA HAarpiBaeThCcs 10



Tema. MNMnaHetn CoHAYHOT cncteMmn

remmueparypu +130 °C, a moTiM MPOTAroM ABOTHUKHEBOI HOUI IOBEPXHSA
OXOJIOIPKYETHCA, 1 TeMIlepaTypa mepes cBitankoM cranosuTs —160 °C.
3a BHCOKOI AeHHOI TeMIIepaTypu MOJEKYJIHU rasiB MOKUAAIOTE chepy
TsaxKinHEa Micalsa, ToMy Ha HbOMY HEMOMKJIMBE iCHYBaHHS T'yCTOI aT-
mocdepu. Ha Micari HaBiTh yaeHb TeMHe He00, AK V MisKILIaHEeTHOMY
IPoCTOpPi, TaM He OyBae aHi BiTpiB, aHi moIris. 3MiHU Hip POKY He Bin-
OyBaeThCA, ke Bich 00epTaHHA CYIyTHUKA 3eMJIi MaiiiKe mepIeH -
KyJIspHA OO0 IJIOIIUHU OPOiTH.

Ha moBepxui Micaia HaBiTh HE030POEHUM OKOM BHUIHO TeMHiIri
IiTAHKY, 1110 OyJu Has3BaHi mMopamu, Ta cBiTxaim, AKi acTpoHOMU Ha-
3BaJI MAMeEePUKAMU.

Y Mopsx HeMae BOJIOTH, aJi?Ke Y BAKYyMi BoZla MUTTEBO 3aKUIIA€
i BUmapoByeThbcsa abo 3amepsae. Boga B TBepaoMy cTaHi Moike 30epira-
TUCA i moBepxHeo Micsamd Ha IIuOUHI KiJIbKOX MecATKiIB MeTpiB, ae
IIPOTATOM I00U TeMIlepaTypa He 3MiHOeThes i mopisuioe —30 “C.

ITix yac cocTepeskeHb y TEJIECKOIl BUAHO, IO Ha CBITIMX MaTe-
PUKax mepeBaKaloTh Kpamepu — KPYIJIi TOpU AiaMeTpoM A0 Kijab-
KOX COTeHb KiJOMeTpiB, AKi MalmTh BaJXd 3aBBUIIKU KiJibKa Kijome-
TpiB (puc. 3.5).

Binsnricts KpaTepiB Mae MeTeOPUTHE MOXOMMKEHHSA, X0Ua Oes-
Ki 3 HUX MOTJIM YTBOPUTHUCA ITiJi YaC BUBEPIKEHHS BYJKaHIB, 3 AKUX
BUTiKaJia PO3ILJIaBJieHa JiaBa Ta 3alOBHIOBaJa OiJbIT HUBBKI AijaH-
KU,— TaK BUHUKJIN MOpPs. BUBep:KeHHS BYJKAHIB NIPUIUHUJIOCSA
IyKe TaBHO, OCKiJIbKY BiK HalCTapillinX TBePAUX CKeJIb HA MaTepu-
Kax — 4,4 MJpA POKiB, y TOI Uac AK jJlaBa B MOPAX 3aCTUIJIa 0JIM3b-
KO 3 MJIPJI POKiB TOMY.

ITaginaa meTeopuTiB € OCHOBHUM (PaKTOPOM, STKMI 3MiHIOE 30BHiIII-
Hit Buraan noBepxHi Micsallsa i mpu3BOAUTE M0 CBOEPiAHOI epodii mi-
cauHoro rpyuty. Ha Micanp mocTifiHo magaroTh TUCAYL METEOPUTIB Pis-
HOI MacH, AKi 0e3yINHHO 3MiHIOIOTH 30BHIINTHIA BUTJIAL HI0T0 IIOBEPXHi.
ITonpaBna, BeIUKi KpaTepu 3 AiaMeTpPoOM y KiJlbKa COTEHb KiJIoMeTpiB
YTBOPUJINCH IYsKe MTaBHO, Ile 4 MJIPI POKiB TOMY, KOJIHU IIamajio 0iJb-
mre meteopuTiB. IIpoTaroMm MijbapaiB pokiB KocMmiuHi «OoMbapayBaH-
Hs» TaK MOAPIOHMJIM BEepPXHIiH I1ap Mica4HOTO I'PYHTY, IO BiH mepe-
TBOPUBCA HA IWJI.

Hocurimxernsa Micamsa 3a JoIOMOTo0 KOCMIiUHUX anapaTiB po3Io-
yayu B Pagsgacekomy Coro3i Ife Ha modyaTKy KocMiuuoi epu. Y 1959 p.
AMC cepii «Jlyna» Bmepiite y cBiti gocaru Micansa: «JIyna-1» crana
TIePIIIo0 MITYYHOO I1aneToo CoHAYHOI cucTemu, «JIyHa-2» mocsaria
moBepxHi Micsarsg, a «JIyua-3» chororpadysaia 3BoporHuit 6ix Mi-
cans (puc. 3.6) i mepegasia fioro 300paskeHHA Ha 3eMJIIO.

Y nunai 1966 p. «JIyHa-9» 3mificauaa m’axky mocagky B OxeaHi
Byp i Buepire y cBiTi nepepajia TejieBisiiHUY penopTak i3 ImoBepxXHi
3BOPOTHOTO OOKY CyImyTHHKAa. Mu mobauuu, 1Mo ¥ cupaBii MOBepX-
Ha Micamna BKpHUTa IIUJIOM, ajie MiIlTHIiCTh I'PYHTY AOCTATHS AJIS TOTO,
1100 yTpuMaTHU CcTaHI[ifo Ha moBepxHi. ITorim Micanps gocaimxysain
AMC «JIynoxoxn-1, 2» (puc. 3.7), aki pyxajuch 1o moBepxHi, Ta AMC
«JIlyna-20, 24», AKi B aBTOMaTUYHOMY PE}KUMi BIIepIile JOCTaBUJIMN Ha
3eMJII0 3pa3Ku MiCAYHOI'O I'PYHTY.

Puc. 3.5. Kpatepu Ha Micadi

Puc. 3.6. 306paxeHHs

3BOpOTHOro 60Ky Micaus.

[ecatkn Kpatepis Ha MicAui Ha3Banu
Ha YeCTb YKPaiHCbKNX aCTPOHOMIB

Puc. 3.7. JlyHoxoa-1»
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Puc. 3.8. MNepwa Brncagka
nogvHn Ha Micadi

Peronit — e Kpuxkuin
OCKOJIKOBUI BEPXHil Wwap
Ha nosepxHi Micaua

COHAYHA CUCTEMA

ITinoroBanmii KocmiuHMUA Kopabeab «Amosaon-11» (CIITA)
21 nunuaa 1969 p. sxiiicHuB mocaaky Ha moBepxHIO Micsars, i acTpo-
HaBT Helii ApMCTpPOHT 3pOOUB IEpPHIN KPOK IO MOTO IMOBEPXHi
(puc. 3.8) — Tak movyaBcsa HOBUU eTal y MOCJiIKeHHI KocMOCY. ¥ ChO-
ro Ha noBepxHi Micsaia modyBaso 12 actpoHasBTiB (puc. 3.9).

IocamimxeHHA TOKas3aIu, 110 moBepxHa Micalla maiiske ITOBHICTIO
BKPUTA TOHKUM IIIAPOM IIUJIy Ta yJaMKaMu KaminHsa. [lei map Has-
BaJIU PeroJIiTOM (3 rper.— nodpibienuil kaminv). Moro ToBmmrHA 3Mi-
HIOETBCS BiJf MicIlg 4O MicIld i CTAHOBUTH y CepPeIHBOMY KiJabKa Me-
TpiB. AHaJIi3 peroJiTy IpuUHic HeCIIOAiBaHi pe3yJIbTaTh: PO3MIipHU ITUX
YaCTUHOK — BiJl MiKpOoMeTpiB A0 MeTpPiB; 3a XiMiUHMM CKJIAJOM Mi-
KPOUYACTMHKY HAIIOJIOBUHY CKJIAMAIOThCA 3 OKCUAIB CUJIiILitO i € hak-
TUYHO MAJIEHbKUMU CKJISHUMU KYJIbKaMU, 1110 YTBOPUJINCH MiCJId ma-
IiHHSA MiKpOMETEOPHUTIB.

. ) Ona ponutnuBmux

Yu 3MosKe JIIOACTBO KOJUCHh BUKopucTaTt MicAnp AK 0asy mjas
KOCMIiYHMX TOCeJIeHb? SIKIIf0 BpaxyBaTu BUTPATH HA KOCMiuHi IO-
JbOTH, TO 1 KT MicauHOTO I'DYHTY, AKUHA HOCTABUJIU aCTPOHABTU
Ha 3eMJII0, OI[IHIOETHCSA Y CTIIBKU K, CKiIBbKM KoIrTye 1 T 30J0Ta,
sAKe No0yBalOTh B 30JI0TMX KOHAJBHAX Ha 3eMJii. Aje TOJIOBHA MeTa
HAYKOBUX JIOCTiIKeHb II0JISATaE B TOMY, 11100 Ha Micsaii cTBopuUTH
0asy [Jiss BUBUEHHS OiJIBIN JaJIeKWX IIJIaHET. X0oda Bara KOCMOHAaB-
TiB y 6 pasiB menmIa, Hisk Ha 3eMJIi, ajge XoouTH 1o mMoBepxHi Mica-
s y ckadauapi He JOCUTH 3PYYHO, aJ»Ke CUJIa TEePTS TeK MEeHIIA.
vKutioBi mpuminieHHA MOKHaA TOOYAyBaTH IIiJi TIOBEPXHEIO, A€ Ha
rIuOMHI KiJIbKOX MeTpPiB yAeHb i BHOUI 30epiraeThcs crajia TeMire-
parypa, a AKepejoM eHepril cayryBaTUMYyTh COHAYHI eJJeKTPOCTaH-
mii. Beauki Teseckonu Ha moBepxHi MicsIisg 103BOJISATE OTPUMYBATH
HabaraTo 6isibire iHdopMaIlii mpo gajdeki cBiTu, agsxe Tam aTMocde-
pa BiicyTHA i He BIIMBAaTHUMe Ha SIKiCTh 300paskKeHHA.

ITapamerpu Micausa

1 — Aappo;

2 — BHYTPILIHA MaHTIs;
3 — 30BHIlUHA MaHTIf;
4 — Kopa.

3opsaHa BeJuynHA (MaKCUMaJIbHA)

-12,7

Cepenusa BiAcTaHb 40 3eMJIi

384,4 MJIH KM

60,3 pagiycu 3emuri

Ilepion obepTaHHS HABKOJO 3€MJIi

27,32 zemHUX 1i0

ITepiox obepTaHHS HABKOJIO OCi

27,32 3eMHUX 11i0

IiameTp mo eKBaTOpPy

3475 ¥m

Maca (3emusa = 1) 0,012
Cepenusa rycTruHa 3,34:103 kr/m?
Cuna tsa:xkinHa Ha ekBaTopi (Semua = 1) 0,17

Temneparypa moBepxHi

Big +130°C go —170°C
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Tema. MNMnaHetn CoHAYHOT cncteMmn

Epoaroniga Micaua. IcHyoTh KijibKa rimores, AKi MOSCHIOIOTH II0-
xomkeHHA Micansa. 3a ogHieio MicAallb cmouyaTKy iCHyBaB sIK OKpeMa
IJIaHeTa ¥ moTiM OyB 3aXOIJIEHWU IPaBiTAI[iTHUM ITOJeM 3eMJTi.

Imma rinmoresa mosiArae B ToMy, IO 00MJBa KOCMiuHi Tijsia yTBO-
pUJIKCA 3 OJHOTO 3TYCTKY MHUJIOBOI XMapwu, I0 obeprajaca HaBKOJO
CoHI1id.

Itme ogHa rimoresa mpumryckae, 1o cruouatrky Micamns 6yB Bucoun-
HOIO Ha IIOBepXHi 3eMJii, ITOKU He BigipBaBca Bij Hel BHACJIZOK Bin-
IEeHTPOBAHUX CUJI.

Takosk icHye rimoresa, 3a AK0I0 3eMJIs IIi Yac cBOTo ()OPMYyBaHHA
B3iTKHYyJacsa 3 iHIMIMM KocMiuHMM TijgoMm. Bix mosomoi miaaneTu Bigko-
JIOBCS YJIaMOK i 3 yacoMm IepeTBopuBcA Ha Ii cymyTuuk. Came 15 Teo-
pid MOSCHIOE TIEBHY CXOKicTh y cKaazni 3emi Ta Micarmd.

Puc. 3.9. ipyra ekcneguuis
Ha Micaub

G KoHTponbHi 3annTaHHA

1.Yomy Bozma Ha moBepxHi MicAlla He MoOKe iCHyBaTH B piIKoOMYy
craui?

2.Yomy 3 moBepxHi 3emii Mu 6aumnMo TibKu oguH 0ik Micama?

3.3a J0moMOTro0 PyXOoMOi KapTH 30PAHOro Heba BU3HAUTE, Ha TJIi
SAKOTO cy3ip’s cmocrepirasess Micsaib y JeHb BaAIIOro HAPOIIKEHHST
moTouHoro poKy? Koy BiH cXoquB i 3ax0onuB y el JeHb?

4. Yum cxoxi mixkx coboio Micans i Mepkypiii?

5. Yomy moBepxHA MicAla 3HAYHO I'yCTillle BKPUTa KpaTepamMu, HixK
nmoBepxHa 3emuti?

6. ACTPOHABT IIPOTATOM KiJIbKOX 3€MHUX [Ii0 cIlocTepiras 3 IIOBepX-
Hi Micamna 3a pyxom 3emui Ha HeOecHil cepi. IIlo BiH mobauus?
OnuIriTe i TOACHITS.

Tema pna guckycii
IITo 6 Bu mMoryiz 3anpoIOHYBaTH! IJisd ocBoeHHS MicAnsa B maiioyT-
HBOMY?

Binbutok ntogcbKoi Horn

MpakTuuHa po6ora Ha nosepxHi Micaua

«BusHaueHHd JIiHIHHUX PO3MipiB MiCAYHUX KpaTepPiB».

MnaHeTu-riraHTn.
Qi3nyHi Ta opbiTanbHi XapaKTepucTuKn

IOIIITEP. ITe maii6inbiia mianera Conaunoi cucremu (puc. 4.1).
TosmoBHuMUu criaagoBumu armocdepu IOmitepa € Bomenr — 86,1 %
Tta reqiit — 13, 8 % . BepxHiii miap cBiTIUX XMap Mae TeMOepaTypy
—107°C i ckaamaeThea 3 KpucTaanukis amiaky. Illap xmap 3 goMimmika-
MU CipKu, IO PO3TAIIIOBAHUI HUMKYE, Ma€e YepBOHUM Kourip. HaltHux-
Ye POo3TAaIllOBaHI XMapu 3 BOASHOTO JbOAY, AKi YTBOPIOIOTHCA HA TJIU-
ouni 80 KM Big BepxHixX cBiTamx xmap. Temneparypa i armochepHuIit
THUCK i3 MIMOMHOIO IIOCTYIOBO 3pocTaioTh (puc. 4.2). Puc. 4.1. lOnitep
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100

Crpatocdepa

Tponocdepa

Bucota, kM

XMapH 3 amiary

0 -200-100 O 100
Temnepatypa t, °C

Puc. 4.2. CtpyKkTypa atmocdepm
Onitepa 3a pesynsratamm
nocnigxenb AMC «Maninen» (CLUA)

Puc. 4.3. IOniTep mae AckpaBi CTinKi
CANBA HaBKOJIO 060X MONIOCIB

Puc. 4.4 . MNonapHe canso tOnitepa
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V IOmiTepa Hemae TBepzoi ab6o pigkoi moeepxHi. Mloro «moBepx-
He» IPUNHATO BBAsKaTU PiBeHb, Je THUCK JopiBHIoe 1 atm. ["aszoBuii
map, po3MiIlleHni BUIITe ITLOTO PiBHA, CTAHOBUTH aTMOc(epy.

HemonaBHo 3’ ABUIKCS TiIIOTE3H I[OA0 MOXKJINBOCTIL iCHYBaAHHS JKIUT-
Ta y xmapax IOmitepa, am:xe 1ioro armocepa Ma€ BCi KOMIIOHEHTH, He-
00ximHi nya mosaBu 3eMHOI hopMu KUTTA. [leAKi mapu XMap € TeIJIuMu
Ta BiTHOCHO KOM(OPTHUMU AJIA iCHYBaHHA 3eMHUX MiKpPOOpPraHisMiB.

IMonsapni caiipa. I0miTep Mmae sAckpasi cTifiki csABa HABKOJIO OO~
ciB (puc. 4.3). Ha BigmiHy Big mossapHUX cAWB Ha 3eMJIi, 1110 3’ ABJIA-
IOThCA B IIepiofu MigBUINEHOI COHAYHOI aKTUBHOCTi, v IOmiTepa BoHn
€ IOCTINHMMHU, Xo4a IX iHTeHCUBHicTh 3MiHIOeThCA. CaliBa CKIamga-
IOTBCS 3 TPHOX T'OJJOBHUX KOMIIOHEHTIB: TOPiBHAHO HEBEJINKA OCHOBHA
Haliackpasiwa obaacme (menine 1000 KM 3aBIIUPINTKY, PO3TAIlIOBaHA
npubausHo Ha 16° Big MarHiTHUX MOJIOCIB): 2apsayi nasmu (Caigyu mar-
HITHUX CUJIOBUX JIiHiH, ITIO CIIOJYyYalOTh i0HOC(EPU CYIYTHUKIB 3 10HO-
chepoio IOmiTepa) Ta obracmi KopomkouacHux sukudia, posTaiioBa-
HUX BCEPEANHI OCHOBHOTO KiJIbIId.

ITo0keHHA OCHOBHIX aBPOPAJIbHUX Kijelb cTifike, AK i IxHa popma
(puc. 4.4). OnHak iXHe BUIIPOMIHIOBAHHS CUJIbHO MOAYJIIOETHCSI THUCKOM
COHAYHOTO BiTPy — YMM CUJIbHIIIWUY BiTep, TUM caabIIi MOJAPHI cAlBa.
¥ rpyzasi 2000 p. Ha noarocax IOmitepa (mepeBaskuo Ha IliBHiUHOMY ITO-
Jioci) opOiTaabHUM TeslecKomoM « HaHapa» BUSBJIEHE JMKepeso IyJIbCy-
BaJILHOTO PEHTTeHiBCHKOTO BUITPOMiHIOBAaHHS, Ha3BaHe BeJInKo0 peHT-
reHiBCHKOIO ILIAMOIO. [IprumMHT [[Or0 SBUIA IIOKH IO He 3’sICOBaHi.

Beauxka YepBona Ilaama, posTaimoBaHa B IIiBAeHHIN IiBKyJIi
FOmirepa i 3a posmipamu maii:ke BaBiui Oinbina, Hisk 3emus (puc. 4.5,
4.6), € BeIUYE3HUM CTiiKUM BUXOpeM B aTMocdepi, y aKoMy BiTep Ame
3 yparauHoio mBuaKicTio 10 100 m/c. Homy 1e#l BUxX0op, AKUN MOMiTH-
su e 300 pokiB TOMYy, icHye 40 HAIIIOTO Yacy, 3aJIUIIAETHCA 3ara K00,

3aBAAKU MOCTiMKeHHAM, 110 3aiticuuB Hanpukinmi 2000 p. 30HT
«Kacciui», 6ya0 3’sacoBamo, mo Benuka Yepsoua Iliama moB’si3aHa
3 HU3XiTHUMU TTOTOKaMu (BePTHUKaJbHA IMUPKYJIAIiA aTMochepHUX
mac). XMapu TyT pPo3TallloBaHi BUIlle, a TeMIlepaTypa ixX HHUMKYa, HixK
B iHIIUX 00JIacTaAX.

Kouip xmap IOmitepa 3aseXuTh Bif BUCOTU: CUHIO CTPYKTYPY
MalOTh HAWBUII, il HUMU PO3TAIIOBYIOTHCSA KOPUYHEBi, moTiM 0isi
i HatinuK4ui — uepBoHi. IIIBuaKicTh oOepranHs Bemukoi yuepBoHOI
maamMu — 360 kMm/roz. Ii cepenns Temmeparypa craHoBuTh —163 °C,
OPUYOMY MiK OKPAlHHUMHU Ta IeHTPAJIbHUMU YaCTUHAMU ILJIAMU CII0-
cTepiraeTbcsa pPidHUILA B TeMIiepaTypi 0susbko 3—4 rpanycis. Ia Big-
MiHHiCTH, HMOBipHO, € IPUYMHOIO TOTO, IO aTMoc(epHi rasu y IeH-
Tpi maAMU 00epPTalThCS 3a TOAMHHUKOBOIO CTPiJIKOI0, B TOM Uac AK
Ha oKpaiHax — mpotu. TaKoK BUCJIOBJIEHO IPUIYIIEHHS IIPO BBAEMO-
3B’ 30K TeMIIepaTypu, TUCKY, PYXy Ta KOJabopy UepBoHOI miamMu, xoua
AK caMe BiH 3miMiICHIOETHCSA, BUEHUM IIOKM IO CKJIAAHO BiAIIoBicTH.

Hamnpuxkinii stororo 2002 p. 11e oguH riraHTChKU BUXOP — Biauil
oga (puc. 4.7) — mouaB raJbMyBaTucsa BeJInK00 4epBOHOIO MJIAMOIO,
i BiTKHeHHA TpUBAJIO IiaNi MicaAnb. OQHAK BOHO He 3aBAAJIO0 3HAYHOIL
IIKOAY 000M BHUXOpPaM, OCKiJIbKM BigOyJ/I0Cs IO JOTHUYHIMA.
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Puc. 4.5. Benuka YepBoHa lNnAma, Aka po3TalloBaHa B niBgeHHin niskyni lOnitepa

Y 1938 p. 6ys0 3adikcoBaHo ¢hopmMyBaHHA I PO3BUTOK Ha IOmire-
pi TPHOX BeaMKUX Oinux oBajiiB mobuausy 30° miBmenHOI mupoTu. Ilei
IIPOIIEC CYIIPOBOAKYBaBCA OJHOUAaCHUM (hOPMYBAHHAM IIe KiJTbKOX Ma-
JIeHbKUX 0iux oBajiB — BuxopiB. Ile miaTBepmKye, mo Beauka Yep-
BoHa Ilnsama € HarimoTyKHIMIMM i3 forriTepiaHchbKUX BuxopiB. IcTopmu-
Hi 3anucu He BUABJIAIOTH MOAIOHUX JOBTOKUBYUUX CHCTEM Yy CEPemTHix
MiBHIYHUX ImIupoTrax miaHetu. I1o6ausy 15° miBHiuHOI mupoTy paHire
TAKOK CIIOCTepirairncs BeJnKi TeMHi oBaIu, ajle yMOBU AJISA BUHUKHEH-
Hs BUXOPiB i HAaCTymHOTO iX mepeTBOPEeHHA Ha CTiliKi cucremu, momaio-
Hi 10 UepBOoHOI IIAMU, HAIIeBHO, iCHYIOThH JIUIIIE B IiBAeHHIil MiBKYJIi.

BauckaBku (scKpaBi crajmaxuy) moB’s3aHi 3i mropmom Ha IOmire-
pi. ¥V 1eHTpPi BUXOPY TUCK BUABJIAECTLCA BUIUM, HidK YV HABKOJIUIITHLO-
My paiioHi, a cami yparanu oTOUeHi 30ypeHHAMU 3 HUBbKUM TUCKOM.
3a sHimMmkamu, 3pobsenumu AMC «Boamxep-1» i «Bosamkep-2», 0yio
BCTAHOBJIEHO, IO V IIEHTPi TAKNX BUXOPiB CIIOCTEPIraroThCA KOJIOCATIb-
Hi 3a po3dmipamMu cmajaxu 6JMCKABOK MPOTSAKHICTIO B TUCAYI Kiome-
TpiB. IToTyKHiCTH OJIMCKABOK YTPUUi IIEPEBUIIYE 3€MHY.

MaruiTocdepa FOmitepa y 1200 pasis moTy:xkHiia 3a semuy. IIpore
BeJIMUMHA HAIIPYKEeHHSI MarHiTHOTO II0JIs PO3TAaIllIOBaHA y 3BOPOTHIH 3a-
JIeXKHOCTI Bif pamiyca miaHeTu. A ockinbku pagiyc IOmitepa npu0ims-
Ho B 11 pagiB Ginbinuit 3a pagiyc 3emJi, To i HATPY:KeHHA MarHiTHOTO
noJis IOmitepa Buiie semHoro y 5—6 pasis.

ITapamerpu IOmitepa

Puc. 4.6. NopiBHANBHI po3mipun

Benukoi YepsoHoi Mnamu i 3emni

Puc. 4.7. TiraHTCbKniA
Buxop — binui oBan

3opsaHa BeJnUYMHA (MaKCUMAaJIbHA) -2,7

778,6 MIH KM

Cepenusa Bigcranb no CoHIlA

5,204 a. o.
Ilepiox obepranus HaBKoJ0 COHIA 11,87 3eMHOT0O POKY
ITepion oGepTaHHS HABKOJIO OCi 9,92 rox
IiameTp mo eKBaTOPY 14 2980 k™
Maca (3emia = 1) 318
Cepenus ryctuHa 1,9-10% xr/m3
TemmepaTypa IIOBepXHi -133 °C
Cuna Ts:xiHHA Ha eKBaTopi (Semuia = 1) 2,2

1 — TBeppae AApo;

2 — MeTaneBuin BOAEHD;
3 — pigKkuin BogeHb;

4 — rasonopibHi
BOJEHb Ta renin
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Puc. 4.8. CatypH — HamBigaaneHiwa
nnaHeTa, AKy 3Hann acTPOHOMM
B CTAapOAABHI yacu

COHAYHA CUCTEMA

CATYPH. IIa noraneTa-TiralT € Ipyrowo 3a poadmipom micas FOmi-
Tepa, ii JIerko BIIisHATU 3a rapHUMU Kigbiamu (puc. 4.8). CBiTauHU",
3po0JeHi KocMiuHuM amapaToM «Bosamkep-2», IPOIeMOHCTPYBAJIH, III0
cucreMa Kijsemb CaTypHa CKJIaJaeThCA IIePeBaKHO 3 YUCJIEHHUX YIaM-
KiB KpuUru, HeBeJNKOI KiJIbKOCTI BasKKUX eJeMeHTiB i nuay. ToBmiuHa
KOJKHOTO KiJIbI[A He IIePeBUIllye 2 KM.

CaTypH He Ma€ TOTO PO3BMAITTA KOJIbOPiB, AKUHA MU CIIOCTEPIraeMo
B armoc@epi FOmitepa, aje crpykTypa arMocepu UX ILJIAHET € AyiKe
cxoxom0. JKoBTyBaTOoro Koambopy BepxHiM mapam armochepu Cartyp-
Ha HaOaoTh CHirosi xmapu 3 amiaky. Ha rimnouni 300 KM Big BepxHixX
mapiB XxmMap poO3TalloOBaHi XMapu BOAMW, ¥ AKUX CHIT TP IIiIBUIEH-
Hi TeMIIepaTypH IepeTBOpioeThca Ha gorl. Cepenua rycruna CarypHa
MeHIIa, HiK BOIU, IO CBiIUUTL IPO HEBEJIUKY KiJIbKiCTh BAKKUX Xi-
MiuHUX eJeMeHTiB vy aapi naaneru. CarypH, ak i FOmiTep, Mmae moTy:x-
He MarHiTHe II0Jie, pagialliliHi mosCcU Ta € IKepeioM BUIIPOMiHIOBAHHS.

BepxHi mapu xMap oTpuUMyIOTh eHeprito AK Bix CoHIsA, TaK i 3 roiu-
6unu CatypHa. ¥ pe3yabTaTi B3a€EMOZii IIUX MOTOKIB eHepril BUHUKA-
I0Th CUJIbHI BiTpU, CIIPAMOBAaHI IIepeBaKHO i3 3aX0y Ha CXiJ, IX MIBU-
KicTb mocsarae 400 m/c. Uepes BiTpu yTBOPIOIOTHCA TEMHI CMYTH XMap,
10 IIPOCTATAIOTHCS B3JIOB/K eKBaTopa.

Ona ponutnuBmx

CaTypH BUIIPOMiHIOE Y KOCMOC OiJIBIIIE eHeprii, HisK OTPUMYE Bif
CoH1A. ACTpoHOMY HEITOJAAaBHO BUABUIN AedinuT resito B aTMocde-
pi CarypHa B mopiBHAHHI 3 aTMoc(hepoio IOmiTepa i 3anmpomnonyBain
I[iKaBy TimoTe3y MPo MOKJIMWBE IsKepeso iioro eHeprii. Ha Caryphi
TeJIiil He IIOBHICTIO PO3UMHAETHCA ¥ BOAHI, AK IIe CIIOCTEePiraeThcsa Ha
IOmirtepi, me Bumli Tuck i Temmeparypa. ¥ BogHeBiit armocdepi Ca-
TypHAa TeJill YTBOPIOE KpaIlLli, AKi KOHJEHCYIOThCA B aTMocdepi aK
CBOEPIZHUY TyMaH i MOTiM BUOALAIOTh Y BUTJIALL moimy. Taki resie-
Bi omazu y BEpXHiX mMapax aTMocepu MOKYTh OYTH IyKepeJjioM BHY-
TPiIIHBOI eHeprii, TomMy 1110 6iJIbII TycTHi Teill (y TOPiBHAHHI 3 BOJ-
HEM) OIIyCKA€EThCA OJIMKYe [0 MeHTpa. TaKuM YMHOM, IIOTeHITiaIbHaA
€Hepris Kpamesb reflil0 IePeTBOPIOETHCA Ha KiHETUUHY eHepTiio, 110
IIPU3BOAUTH 0 HiABUIIEHHSA TEMIIEPATypPX B HaaApax. I3 uacom reJi-
€Bi OIi MPUNIMHATHCSA, TOMY TeMmieparypa Ha CaTypHi 8BHUBUTHCS.

Hasxoao Conms CarypH obGepraeThcs 3a
29,67 seMHOro pPOKY Ha cepenHil Bimcranmi
1427 mau kM. ExBaTopiagbHuii giameTrp Bepx-
HBOI Mexki xmap — 120536 KM, a moyrapHUT — HaA
KiJIbKa coTeHb KijomeTpiB MeHIuii. B aTmocgdepi
Carypua mictutbea 94 % BoxHiO i 6 % reiito (3a
06’emom). Moro maca y 95 pasiB 6inbIna 3a macy
3emui (puc. 4.9), maraiTHe moJie TpPOXW cjaadIme
3a semHe. BBaskaeTnbes, 1110 CaTypH Mae HeBeJInKe
ANpo i3 cuirikaTiB i 3ajrida, BKpUTe JbOAOM i IIu-

Puc. 4.9. MopisHAnbHI po3mipn 3emni i CaTypHa OOKMM IIIapOM PiZKOr0 BOIHIO.
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Ha Bigminy Big IOmitepa cmyru Ha CaTypHi T0XOOATH A0 AyiKe
Bucoxkux mupor — 78°. Hemanexo Bix IliBHiunoro mosaroca crocrepi-
raeThbCs BeJWUe3He OBaJIbHE YTBOPEHHSA pPo3MipoM i3 3emJio, HasBa-
He Besukoio 6ii0r0 misamoio (puc. 4.10), a TakoK BUABJIEHO KiJTbKa
IJISM MEHIIIOTo po3Mipy. Yepes 6inbiny, Hixk Ha Onitepi mBuikicTs
MOTOKiB, IIi yparaHHi BUXOPH IIBUAKO 3racaioTh i IepeMiIlnyoTbes 3i
cmyramu. [IIBUAKOCTI 30HAJIBHUX BiTpPiB m00JIM3y eKBAaTOpPa CATAIOTH
400-500 m/c, a ma mupori 30° — 6amuspko 100 m/c. HeBucoka KoH-
TPACTHICTh KOJBOPiB Ha BuAMMOMY AucKy CaTypHa moB’s3aHa 3 TUM,
1110 uyepes3 HU3bKi TeMmepaTypu B HaagxMapHiit atmocdepi Catypua, 1e
mapy aMiaKy BUMOPOMKYIOTHCS, YTBOPIOETHCA IIAP I'yCTOTO TyMaHy,
AKUN X0Ba€ CTPYKTYPY HoAcCiB i 30H, Tomy Ha CaTypHi BOHM HOMiTHi
He Tak 4iTKo, aK Ha IOmirTepi.

CaTypHy BJIACTUBUII TaKWU caMUil ITaTepPH CMYT, AK i arMocdepi
IOmirepa, oguax Ha CaTypHi 11i cMyru MeHIII TOMiTHI i T00JIM3y eKBa-
TOpa 3HAYHO IITUPIIIi.

Temneparypa i Tuck. Criaa xmap CaTypHa 3a/IeKUTh BiJi BUCOTU
i smiHIOETHCSA 31 30iJIBbIIIEHHAM THUCKY. ¥ BEepPXHiX IIapax i3 TeMmiepary-
poio 100-160 K i Tuckom 0,5—2 6ap XxMapu CKJIALAIOTHCA 3 aMiauHOTO
Jabony. XMapu BOLSHOTO JILOAY IIOYNMHAIOTH YTBOPIOBATUCA HA PiBHI, 1€
THUCK CTAHOBUTD 0JIU3bKO 2,5 6ap, i MpogoB:Ky0ThCA 10 piBHS 9,5 6ap,
[le TeMIlepaTypa 3MiHeThCA B Meskax 185—-270 K.

IlTecmukxymuuk IlieHiuH020 noatwca, ioro Buxop (puc. 4.11), a ra-
KOJK IIOCTiliHe XMapHe yTBopeHHA B aTrMocdepi Carypua nodausy Ilis-
HiYHOTO moJIoca Ha MmupoTi 78°, Oyao BIeplle MOMiueHO HA 3HIMKax
AMC «Boamxep-2». CTOPOHU IIIECTUKYTHUKA MalOTh JOBXKUHY TIPU-
oausuo 13800 Km, 110 GinbIne, Hidk miamerp 3eMJi. Yesa CTPYKTypa
obepraeThbed 3 iepiogom 10 rox 39 xB 24 ¢ (10 36iraeTbed 3 epiogom
pamioBUNpPOMiHIOBAHHSA ILJIAHETH). ¥ UeHI IPUITYCKAaIOTh, II10 I1e Iepios
obepraHHs Bciel BHyTpimHBOI yacTuamu CaTypHa.

ITapamerpu CarypHa

Puc. 4.10. BennyesHe oBanbHe
YTBOPEHHA po3Mipom i3 3emnio,
po3TaloBaHe Hefaneko Big
[liBHiYHOrO Nosntoca, Ha3BaHe
Benukoto 6inoto naamoro

Puc. 4.11. WecTnkyTHMK TiBHiYHOrO
rnosioca Ta noro BUxop

3opsHa BeaInunHA (MakCUMaJIbHA) 0,7

1434 muH KM
Cepenusa Bigcraub mo CoHIlS

9,56 a. o.
ITepiox obepranus HaBKoJ0 COHILA 29,67 3eMHOT0O POKY
Ilepion obepTaHHS HABKOJIO OCi 10,66 rox
HiameTp mo ekBaTOPy 120536 kM
Maca (3emia = 1) 95,2
CepenHsa rycTUHA 0,7-10% kr/m3
TemmepaTypa mOBepxXHi -170 °C
Cuia Tsaxxinua Ha ekBaTopi (Semusa = 1) 1,1

1 — Kam'AHe Agpo;

2 — MeTaneBui BoJleHb
3 Kpanesnbkamu renito;

3 — KOMIpKM 3 LMpKyJto-
I0YMM BOOHEM Ta rejliem
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YPAH. Bin Tako:K HaJIe;KUTh 10 YKMCJa IJIaHeT-TiralTis (puc. 4.12).
Horo exBaropiambauii pagiye (25600 kM) 6iabmmmii, Hixk y BeMiri Maii-
ske y 4 pasu, a maca (8,7 - 10% kr) — y 14,6 pasa. Bicb oGepranns
Vpana maiiske ropusoHTaJbHA (HaxuieHa mig Kyrom 98° mo miormu-
HU opbiTH), a HATPAMOK 00epTaHHSA 3BOPOTHUIN HAIPAMKY 00epTaHHSA
HaBKo0J0 COHIA (3 yCiX iHINMX MJIaHeT 3BOPOTHUM HAIIPSIMOK Oo0epTaH-
Hs CIOCTepiraeTbcs Takoxk y BeHepu).

ITomi6HO mo iHImIMX mJaaHeT-TiraHTiB aTMocdepa IJIaHeTH CKJana-
€ThCs B OCHOBHOMY 3 BOJHIO, I'eJIil0 Ta MeTaHy, X0ua IXHi YaCTHHKU
nmerro HuKYi mopiBHAHO 3 OmiTepom i CaTypHOM.

TeopeTuura Mozge b OyA0OBM Y paHa Taka: Horo IIOBEePXHEBUH I1ap
€ Ta30piAKoI0 000JOHKOIO, ITiJi KO0 PO3TAIllOBaHa KPUIKaHa MaHTiA
Puc. 4.12. YpaH (cyMmimr BOASHOTO W aMiauHOTO JILOAY), a IIe IJIudIine — SApPO 3 TBEpP-
nux mopix. Maca mauTii Ta saapa ctaHOBUTH Hpubausao 85—-90 % yci-
ei macu Ypaua. 3oHa TBepAoi peuoBUHU cArae 3/4 pamiyca ILIaHETH.

Temneparypa i Tuck. Temmeparypa B meHTpi YpaHa CTaHOBUTH
6auspko 10000 °C, tuck 7—8 mua armocdep. Ha Mmexi aapa TUCK mpu-
0sim3HO yaBiui HUMMKUM. BHyTpiniae Temio YpaHa 3HaYHO MEHIIIe, HidK
B iHIIUX IIJaHeT-TiranTiB. BigcyTHiCTh, HAAJUIIIKOBOTO TEILJIOBOTO BI-
MPOMiHIOBAHHA IIJIAHETH 3HAYHO YCKJIAAHIOE BUBHAUEHHS TeMIIepaTypu
ii magp, ogHAK AKIMO IPUIYCTUTH, 1110 TEMIEPAaTyPHi YMOBU BCepeanHi
VYpana 6J13bKi 10 XapaKTepHUX IJd iHIMNX IJIaHeT-TirauTiB, TO TaM
MOJKJIBE iCHYBaHHA PifIKOI BoAU i, OT:Ke, YpaH TaKOK MOKe Hajie:xa-
Tu 1o aHeT COHAYHOI cucTeMu, Ha TKUX MOYKJIVBE iICHYBaHHS KUTTS.

Xoua YpaH He Ma€e TBEPAOl HOBEPXHI B 3BUUHOMY PO3YMiHHI I[HOTO
CJIOBA, HaWBigIaIeHIIITy YaCTUHY MO0 Ira30mnomioHol 000JI0OHKY TpUiHA-
TO HasWBaTU aTMocdepoio. Braskaiors, 110 armochepa ¥ paHa moumnHa-
eTbesa Ha Bigcrani 300 KM Bix soBHimraboro mapy npu Tucky 100 6ap
i remmeparypi 320 K.

Armocdepa YpaHa HEe3BUUHO CIIOKiliHA y HOPiBHAHHI 3 aTMO-
cpepamu iHmux maaHer-rirauTtis. Koau «Bosam:xep-2» HAOIM3UBCSA 0
VYpana, To Baamgocs sapikcysaru Bcroro 10 cMyr xmMap y BUAUMIi ua-
CTHUHI ILJIaHETHU.

IIapamerpu ¥Ypana

3opsaHa BeanurHA (MaKkCUMaJIbHA) 5,5
C . C 2870 muH KM
epenusa Bigcrausb g0 CoHIlA
19,18 a. o.
. 84,0 semHOrO
Ilepiox ob6epramus HaBKoa0 COHILA
3 DOKY
Ilepion obepTaHHsS HABKOJIO OCi 17,24 ropg
IiameTp mo eKBaTOpPy 51120 kM
1 — Kaw'ane Anpo; Maca (3ema = 1) 14,5
2 — MaHTIfA i3 3amep3nunx
BOAM, MeTaHy Ta aMiaKy; Cepenns ryctuHa 1,3-10% xr/m?
3 — atmocdepa 3 BOAHIO, TeMmepaTrypa moBepxHi -217 °C
renito Ta MeTaHy
Cuna ta:xinaA Ha ekBaTopi (3emua = 1) 0,9
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OciHHe
piBHOAEHHA

2028 A

’ 31IMOBE COHLECTOAHHS JIiTHE COHLIECTOAHHSA
B [iBHIYHIN niBKy”i g MMiBHiuHiN niBkyni
BecHaHe
piBHOAEHHA

Taxa cmnokiifina armoc(pepa MoKe OyTH IIOsICHeHA HaI3BUUYAHO
HU3bKOI0 BHYTPIIIHBOIO TeMIlepaTypooo. Borma Habararo Hum)KYa, HijK
B iHmmx myaaHer-riranTiB. HaliHm:k4a TeMmepaTypa, 3apeecTpoBaHa
B Tpomocdepi Ypaua, cranosuts 49 K (—224 °C), 110 poOuUTs ILJIaHETY
HaWXoJIOAHIiIIOI0 cepen miaaHeT COHAYHOI CUCTEMU.

Ce3onni 3minu. [IpoTsarom KopoTkoro nepiony, 3 6epesHs g0 Tpas-
Ha 2004 p., B armocdepi Ypana Oya0 IIOMiUYeHO aKTUBHIIIIY IIOSBY
xMap. CrocrepeskeHHA 3apeecTpyBaJu MIBUAKICTL BiTpy m0 229 M/c
(824 xm/ron) i mocTiliHy rpo3y, HasBaHy «(peepBepPKOM UeTBEPTOTO
aunasa». ¥ 2006 p. B IHcTUTYTI HOCTigKeHHS KOCMiYHOIO IIPOCTOPY
(CIITA) ta YuiBepcureti Bickoncuu-MeaicoH criocTepirajiu TeMHY ILIA-
MYy Ha IIOBEPXHi YpaHa, 110 JO3BOJIUJIO POIIMIUPUTH 3HAHHA PO 3MiHY
mip pory Ha miit muameri. YoMy BimOyBaeThCcsa TaKe HMigBUINEHHA aK-
TUBHOCTi, TOUHO HEBiIOMO — MOMKJINBO, «EKCTPEeMaJbHUI» HAXUJ OCi
IIJIAaHETU IPU3BOAUTH IO «eKCTPEMAJILHUX » 3MiH ce30HiIB. BusHaueHHa
Ce30HHUX Bapialiii ¥YpaHa OTPUMATHU IIOKHU IO HEMOKJINBO, aJKe Iep-
ri gKicHi BimoMocTi ipo #ioro armocdepy OyJjm oTpUMaHi MEHIIIe HidxX
84 poru Tomy (pik Ha Ypani TpuBae 84 3emHi poxu). Bick obepranus
VYpaHa JeXuTh Maike y maomiuHi opditu (puc. 4.14), Tomy Tam Tpo-
mikuy 36irarorses 3 IToaapaum koaom. TpuBaicTs ce30HiB Ha YpaHi —
21 semuuii pik. OcroBe obepTaHHs YpaHa, K i BeHepu, Bin0oyBaeTn-
cA y HAIIPAMKY, IPOTUJIE;KHOMY HAIIPAMKY 00epTaHHA iHIIUX IJIaHET
Consiunoi cucremu (puc. 4.13).

AisHaiTeca 6inblwe npo YpaH.

HEIITYH. Ila nmagera posramioBaHa Ha okosaulii CorsauHOI cuc-
TeMH i € IepIIoi, AKY O0YJI0 BIIKPUTO 3aBAAKY MaTeMaTUYHUM po3pa-
XYVHKaM, a He IILJIAX0M PeryJaapHUX cuocTepe:kens (puc. 4.15). Ilpumy-
II[eHHs II[0J0 HasABHOCTI IIJIaHeTH OyJIM OB’ sA3aHi 3 Helepea0aueHNMH
3mMiHamu B opbiTi YpaHa, ocKiIbKY came rpaBiTamiiivi cuau iHIIoro Be-
JUKOT0 KOCMiYHOTO Tijla MOTJIM IIPU3BECTH M0 IIOSBU WX BiIXUJIE€Hb.
3romom HenrTyH Oys0 3HalieHO HEHOTaJ iK O0UMCJIeHOTO Miciiepoara-
IITyBaHHJI.

Puc. 4.13. NMoBHWIA UnKN obepTaHHA
YpaHa HaBkono CoHuA

Puc. 4.14. Bicb o6epTaHHA YpaHa
NEXNTb Ma>Ke B MIOLWMHI
op6iTy, TOMY TPOMiKM Ha HbOMY
36iratoTbca 3 MonApHUM Konom

Puc. 4.15. HenTyH
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Henryu mae mepion obepranua 164,6 3eMHOTO POKY i pyxaeTbecd
HaBKoJI0 COHIIA eJIiNTUYHOI0, 0JIU3HKOI0 0 KPYroBoi, opbiToo; #oro
cepenusa Bimcraus Big Couna y 30 pasis 6inbIna, HidK y 3emuri, i craHo-
BUTH IpuOan3Ho 4491 MIH KM.

Cezonni sminu. Yepes gosruii opbiTanbumii nepiox HenTyHa ceso-
HU Ha HbOMY TPUBAIOTh 0/113bK0 40 pokiB KoKkHUIT. OCKIIbKY IIJIaHe-
Ta He Ma€ TBepAoi MOBepXHi, il armocdepi BiaacTure audepeHIriagbue
obepranns. [llupoka ekBaTopiasbHa 30HA 00ePTAETHCA 3 IEPIOAOM HPU-
6si3HO 18 roguH, 1110 MOBiNbHIIIE, HijK 16-TogUHEE 00epTaHHSI MarHiT-
HOro moJig IjaaHeTu. Ha mpoTuBary eKBaTopy, HOJSAPHI o0JacTi po6-
J4aTh 00epT 3a 12 rogun. Cepen ycix ninaner COHSYHOI cCTeMU TaKUiA
BUJ obepTaHHA HaAWOiJbIN ssCKpaBO Bupakeuuii came y Henryua. Ile
MPU3BOAUTDH O CUJIBLHOTO IITUPOTHOTO 3PYIIIeHHS BiTpiB.

Temmneparypa i Tuck. Ilig xmapamu (puc. 4.16) Temneparypa at-
Mocdepu IMOCTYIoBO miasuinyerhea no +700 °C, Tomy Boma TaMm He
MOJKe Imepe0dyBaTu B pifKoMy cTaHi. BiibIil peaibHOO € rimoresa mpo
BOJASHI XMapu 3 PO3UMHOM aMiaKy, I'yCTUHA SKUX MOKe IepeBUIIyBa-
TU TYCTUHY PiAKOl Boau B KiibKa pasiB. IIIBuaKicTh BiTpiB y XxMapax
carae anractuunoi Beamunau — 500 M/c.

Ha HenTyHi BuABJIeHO BeJIeTEeHCHKUIM BUXOP i3 AiaMeTpoM IOHAL
1000 kM, sxuii mae HasBy Benuka Hopua Ilnama (puc. 4.17). Tem-
Hi Buxopu HenTyHa — Ie cucTeMu BUCOKOTO TUCKY, ITI0 3a3BUYAl Cy-
TPOBOKYIOTECA ACKPABUMU «CYIIyTHIMU XMapaMu». SIcKpaBi xma-
P¥ YTBOPIOIOTHCA, KOJIU MOTiK HABKOJUIITHBOTO MOBiTPSA MOPYIITYETHC
i mepemiIyeThbcsa Bropy HajJ TEMHUM BUXOPOM, Uepes [0 Ta3’ MOKYTh
3aMeps3aTy Ha KPUCTAJIU JbOAY METaHy.

Puc. 4.16. Mig xmapamn
Temnepatypa atmochepu NocTynoBo
nigsuLyeTbeca ao +700 °C

ITapamerpu Henryna

3opsaHa BeauunHa (MaKCHMaJIbHA) 7,8

4491 MJIH KM

Cepenusa Bigcraub g0 CoHILA

30,0 a. o.
Ilepion obepramusa HaBKoa0 COHILA 164,6 3eMHOTO POKY
ITepion oGepTaHHS HABKOJIO OCi 16,11 rog
HiameTrp mo ekBaToOpy 49528 kM
I gif;;”fyfﬂf‘f Maca (3emust = 1) 17,2
13 3amep3mx BoAw, CepeHs I'yCTHHA 1,8:103 xr/m3

amiaKy 1 MeTaHy;

3 — aTmocdepa 3 BOAHIO, TemnepaTypa moBepxHi —214 °C
renito Ta MeTaHy

Cua Tsa:xiHHA Ha ekBaTopi (Semas = 1) 1,1

@ KOHTpoOnbHi 3anuTaHHsA
1. ki ocobmBoCTi XapaKTepHi A miamer-rirauTis?

2.V axkux miaHer 0iibIi mepiogu obepTaHHsS HABKOJIO OCi: y ILJIaHeT-
riraaTiB uu maaHer 3emHol rpynu? IlosgcHiTh.
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3. HasBits Haitbiabry miianetTy CoHAYHOL cucTeMu. Y YOMY TOJIATAE
ii ocobsmBicTB?

4. Yomy IOmiTep mopiBHIOIOTH i3 30peio?

5.1IITo B CarypHa € HaOiIBIIINM, a 1[0 HAWMEHIIIUM IOPiBHSAHO 3 iH-
mumu maameramu CoHAYHOI cucTeMu?

6. YuMm oOymoBJieHA 3MiHA ITip POKYy Ha YpaHi?

7. fIxa npupoxa Beaukoi Yopuoi Ilnamu ma Henrywni?

8. HamaurtoiiTe opb6iTy HenryHa B IpoeKIfii Ha MJIOIUHY eKJIINITHKH.

9.IlodAcHiTh, unM ocobamBe BigkpurTa HenTyHa mopiBHAHO 3 Bij-
KpUTTAM iHmux mianer COHAYHOI cucTeMu.

@ Tema gna guckycii

YoMy BUHUKJMU TilIOTE€3W IIPO MOMKJIUBICTH iCHYBaHHSA JKUTTH
y xmapax Omitepa?

Puc. 4.17. Benuka YopHa
Mnama (poTo i3 30HAY)

G 3aBAaHHA ANA CNOCTepPEKEHHA
3a J0IOMOro0 acCTPOHOMIUHOTO KajeHAapsA BigmrykaiitTe Ha HeOi
KOmnirep Ta CarypH i BUsHauTe, y AKOMY Cy3ip’i crmocTepirarmorbes Iii
IJIaHeTH.

@ MpakTnuHa po6oTa

«Cnocreperxkenna miraner Cousaunoi cucremu (dpas Benepu, cmyr
Ta miaaM B atrmocdepi FOmirepa, kinens CatypHa)».

@ CynyTHuKun nnaHer. Kinbua nnaHer

Cynyrauxn Mapca. Mapc mae aBa cynyTHuku — @oboc i [Ieiimoc. XyBOXKHE yABNCHHS
@doboc pobuTh MOBHUM 00epT HaBKoJsio Mapca 3a 7 rox 39 xB. CymyTt- MaitGy THbOrO 3iTKHeHHA Mapca
HUK mmepedyBae Ha Bigcrani 9400 KM Big moBepxHi mirameru. Ie 6amoxK- 3i cynyTtHukom ®o6ocom
ye mesxki Porma, i 6e3 BHyTpinaboro onopy @oboc 6yJio 6 posipBaHo Ha
YACTUHU ONPUILTUBHUMU cujgamMu. 1li cuiam TaKkoK CIIOBiIJIBHIOIOTH PYX
CYIyTHUKA i, MOKJINBO, MeHI HixkK 3a 100 MJIH POKiB IpU3BEeAYTH IO
oro 3iTKkHeHHA 3 Mapcom.

Heiimoc posTaioBaumii Ha 6ibIn Biggasewnii opbiti — 23400 KM,
i IPpUIIINBHI CUJIM 3yMOBJIIOIOTH MOTO IIOAAJIBINIE BigmaleHHa Bif mia-
Hetu. IloBHHUI 00epT HaBKoJi0o Mapca Biu 3xiiicHioe 3a 30 roxg 17 xB.

O6uzgBa cynyTHUKY BuAHO Ha Mapci He 3 ycix micip uepes ixui He-
BeJIMKi po3Mipu, OJIMBKiCTh [0 IJIaHEeTH I MpueKBaTopiajabHi opOiTHU.

Cynyraukn i kinsna FOnitepa. Cranom Ha jgumnens 2018 p. Bigomo
79 cynyruukiB IOnitepa: e HaibigbIIa KiTbKiCTh BIIKPUTUX CYIIYT-
HUKIB cepepn ycix, 1110 00epTaroThca HaBKOJIO maaHeT CoHAYHOI cucTe-
mu. Haib6inemri cynyrauku Omitepa — Io, I'animen, Kanaicro Ta €B-
pony (puc. 5.1) — HasuBawTh I'anine€6010 2pynoi.

Cynyrauku HOmiTepa MokHa po3AianTu Ha rpynu. BHyTpinmHi cy-
MIyTHUKU 00ePTAIOThCA MaiiiKe KPYrOBUMH OpOiTaMu, M0 MPaKTUIHO

. . - Puc. 5.1. HanbinbLui cynyTHUKN
JIeJKaTh y IJIOIIUHI eKBaTopa IIaHeTu. YoTupu HaHOIUK Yl 10 IaHe- tOnitepa — lo, MaHimen,

T cynyTHuUKY (Agpacres, Metuna, Amanbresa i Teba) miamerpom Bix KannicTo Ta €epona
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Puc. 5.2. MNoepxHa €Bponu

Puc. 5.4. Kannicto

Puc. 5.5. Ha Kannicto, nmoBipHo,
nif NoBepxHelo € OKeaH
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40 mo 270 xMm nepebyBaioTh Ha Bimcraui 1-3 pagmiycie IOmitepa i Ha-
OsmakarTheA M0 Merki Porra. 30BHIIHA rpymia CKJIAZAETHCI 3 MaJeHb-
Kux (miamerpom Big 10 mo 180 KM) CyIIyTHUKIB, 1110 PyXalOThCA BUTAT-
HYTUMHU 1 AysKe HaXWJIeHuMHU 10 ekBaTopa IOmitepa opbiTamu.

Yorupu 6amkui go Omitepa cynyrauku Jlema, INimasia, Jlicited,
Enmapa pyxatoThca B Hanpamry obeprauusa IOmiTepa, a wotupu manab-
uri cynytHuku AHauke, Kapwme, ITacige i CiHome pyxamoTbesa y 3BOPOT-
HOMY HaIpPAMKY.

lagineesi cymyrauku. Yci Benuki cynytauku FOmitepa o6epraioTh-
cs CUHXPOHHO Ta 3aB:Kau moBepHYTI no FOmiTepa oM 60KOM BHACJTI-
IOK BILIMBY IMOTY:KHUX MPUIIUBHUX CUJI IJIaHeTu-rirauta. IIpu 1mpo-
my 'animen, €Bporma Ta Io mepebyBaOTh OAUH 3 OAHUM B OPOiTAILHOMY
pesonanci 4:2:1. Ilo Toro & cepen cynyTHukKiB IOmiTepa icHye 3akoHO-
MipHiCTB: UMM JaJIi CYyITyTHUK BiJ IIJTaHETH, TUM MEHIIA HOoTro I'yCTUHA
(Io — 3,53 r/cm?, €Bpoma — 2,99 r/cm®, T'amimenx — 1,94 r/cm®, Kai-
agicro — 1,83 r/cm?). Ile sane:xuTh Big KinbpkocTi Bogu: Ha lo ii mpak-
TUUYHO HeMmae, Ha EBponi — 8 % Bix macu, ma I'amimeni i1 Karicro —
IO TIOJIOBMHU IXHBOI MacH.

€spona — HalIiKaBimMUi CYyIyTHUK, 110 Mae rI00aJIbHUI OKeaH,
B AKOMY He BUKJIIOUeHa MOXKJIUBICTD icHyBaHHA KuTTA. CleriaabHi 10-
CIimKeHHs IToKas3aJju, 10 OKeaH mpocTaraeTbes Braub Ha 90 KM, fioro
00’em mepeBuiye 06’em CeiToBoro oxkeany 3emJii. [loBepxua €Bponn
BKpHUTAa poldjaMaMu I TPillfuHaMM, 1[0 BUHUKJIN B il KPUIKAHOMY IIaH-
mupi (puc. 5.2). BucioBiioBaiocs IPUIIYINEHHS, 110 AKepPeoM TeIlia
i €Bpomnu € caM oKeaH, a He AApo. basyiouuch HaA MPUTYIEHHi, 1110
3a 1-2 MJpa POKiB KMCEHb Mir HOTpaluTH ¥ TiAdimHUI OKeaH, BUEHi
TEOPEeTUYHO IMPUIYCKAIOTh HAABHICTD JKUTTA HA CYIYTHUKY.

CynyTHuk [o mikKaBuii HAsIBHICTIO HMOTYKHHUX OiIOUNX BYJIKAa-
HiB; WOro MOBEPXHSA 3aJIUTa IIPOAYKTAMHU BYJKaHIUHOI aKTHUBHOC-
Ti (puc. 5.3). Ha dororpadiax, 3pobseHNX KOCMiYHUMHU 30HIaAMH,
BUIHO, IO IMOBepxXHs [o Mae ACKpaBo-:KOBTe 3ab0apBJIeHHA 3 ILJIAMAa-
MM KOPUYHEBOTO, YEPBOHOTO Ta TE€MHO-3KOBTOTO KOJIbOpiB. I1i misa-
MU — IIPOAYKT BUBEP:KEeHb BYJKaHiB lo, 1110 CKJIafaloThCA IIEPEeBAKHO
3 CipKu Ta il CIIOJIYK; KOJIip BUBEP)KEHb 3aJIEKUTH BiJ IXHBOI TeMIie-
parypu.

T'animed € HaitbinbpIIuM cynmyTHUKOM He Juite FOmitepa, a it B3ara-
Ji cepepn ycix cynyTHukiB mianer Counaunoi cucremu. ['animen i Ka-
JIICTO BKPUTI YMCIEHHUMH KpPaTepaMu.

Ha Kaanicmo (puc. 5.4), gk i ma €8pori, iIMOBipHO, TaK0OXK € OKe-
aH. Ha e omocepeakoBamo BKasye MmaruiTae noje Kajricro, ke Moxke
O0yTU HOpO:KeHe HAasSBHICTIO eJIeKTPUUYHUX CTPYMIB y COJIOHi# Bomi
(puc. 5.5). Tako:x Ha KOPUCTH ITiei rimoTe3uw CBiAUUTH TOU (PaKT, II0
MAarHiTHe moJie CYIIyTHUKA 3MiHIOEThCSA 3aJIeKHO Bijg Horo opieHTaril
Ha MarHiTHe mmoJe IOmitepa, To6To mix moBepxHero KajricTo icuye Bu-
COKOIIPOBimHAa pigmHA.

Maui cynmyrauku. [amri cymyTHUKY HabaraTo MeHIII Ta € CKeJIbHU-
MU Timamu HenpaBuabHOI hopmu. Cepen HUX € TaKi, 110 06epPTAIOTH-
csa y 3BopoTHuii 6ik. Cepen maaux cynyTHuKiIB FOmiTepa mocuTs 1mika-
BOIO IJId BUeHHUX € AMaJibTesi: HIMOBipHO, BcepeauHi Hel icHye cucTeMa
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HOPOKHUH, IIT0 BUHUKJIM B PEe3yJIbTaTi KaTacTpou, ska BimOyJiacs
B JaJieKOMy MUHYJ0oMY. Uepe3 meTeopuTHe OoMOapAyBaHHA AMalib-
Tesd PosIajacs Ha YaCTUHU, IKi IIOTiM 3HOBY 3’€THAJMCS IIiJ Ai€io B3a-
€MHOI rpaBirtarliii, aje Tak i He cTajau €TUHUM MOHOJIITHUM TiJIOM.

Meriza Ta Agpacresa — maiibamxuai o IOmiTepa cynyTHuKu 3 gia-
meTpamu 013bpK0 40 kM i 20 kM BimmoBigHo. BoHE pyXamThes IO Kparo
roJioBHOTO Kinbila FOmiTepa mo opb6iti pagiycom 128 Ttuc. KM, BUKOHY-
oun obepT HaBkoJo IOmiTepa 3a 7 roj, 110 POOUTH iX HANIIIBUAIIINMUI
CYIIyTHUKAMU IJIAHETH.

3aranbHUM giamerp Bciel cucremu cynyTHuKiB FOmiTepa ctraHOBUTH
24 miaH KM. BBamkaerncsd, 110 paHiire ix OyJio e Oijiblme, aje gesdki
BHOAJIX Ha IIJIAHETY IIiJg mielo il moTysKHOI rpasirTarrii.

Kinsna. Kocmiunumii anapar «Bosm:xep-1» y 6epesui 1979 p. Buep-
e cpororpadyBaB CUCTEMY CIa0KUX Kijellsb, 110 00epTaloThCA HaBKO-
Jgo FOmitepa Ha BigcraHi 55 THc. KM Big BepXHBOTO Iapy xmap. Bouu
MAaloTh UiTKi MexKi, i mo6susy HuX mepebyBaroTh cynyTHuKu. [1lupn-
Ha Kijemp cTaHOBUTH 6 Tuc. KM, ToBminHa — 1 kM. Kinbma FOmitepa
ny:xe teMHi (ix anbpbeno, To6TO BimOuBHA 3MaTHiCTh, mopiBHIoOE 0,05),
i ckIamaTHCSA BOHU, UMOBIPHO, 3 Ay:Ke MaJeHbKNX YaCTUHOK METeO-
putHoOi mpuponu. Yactunku Kinmens IOmitepa, mBuaiiie 3a Bce, He 3a-
JIUIIAIOTHCA B HUX JOBTO (Uepes MEePEeIrKoAn, 1[0 CTBOPIOIOTHCA aTMO-
cepoio i1 marHiTHEM moJsem). OT:Ke, pas Kijabllsd HECTiliKi, BOHU MAlOTh
MOCTiliHO momoBHOBaTuCA. HeBenuki cynyruuku Metiga i Agpacres,
ypi opOiTH JIeXKaTh ¥ MexKax Kijlellb, — OUYeBMIHI IyKepesa TaKUX II0-
moBHeHb. I3 3emui kinbiga FOmiTepa MoKyTh OyTu moMiueHi mig uac
crocTepeskeHb TibKu B [U-riamasoHi.

Cynyrauku i kimsia Carypua. BisuriBroio CaTypHa € Bigomi Kiab-
s (puc. 5.7), 10 0NepPisyOTh IJIAHETY HaBKOJIO eKBaTopa W cKJjana-
I0ThCA 3 0e3JIiui KpuKaHnX YaCTUHOK podMipamu Bif 1 MM 40 KiIbKOX
MmeTpiB. Bichk obepramusa CarypHa HaXuWJeHa OO IJIOIIUHU OT0 Opoi-
™1 Ha 26°44", ToMmy mizg yac pyxy opOiToi0 KiJbIig 3MiHIOIOTEH CBOIO OPi-
eHTaIio BigHocHOo 3emMuri. Koau miiolmuHa Kijemns mepeTuHae 3eMJIio,
HaBiTh y cepeaHi TeJIeCKONM MOOAUYUTHU X HEMOKJIUBO, TOMY II[O TOB-
MIHA KijJemnb Jullle KiabKa JecATKiB MeTpiB, xoua iXHA IMIUPUHA C-
rae 137 tuc. km. Kinbiis obepraroTses HaBkoao CaTypHa i, Bigmosiguo
Io saxkoHiB Kemepa, MIBUAKiICTh 00epTaHHA BHYTPIIIHIX Kijlemb 0i1b-
Imia, HidK 30BHIITHIX.

IcayioTs Tpu ronoBHi KinbrndA, HasBaui A, B i C. Iz 3emui BoHnI
nobpe momiTHi. Cirabmri Kinbia HasuawoTsk D, E ta F. IIpu 6auxuomy
po3raAgaHHi Kijlenb BUABJISAEThCA, 110 iX Ay»Ke 6araro. Mim Kiabiia-
MU iCHYIOTH IIIJINHU, e HeMa€ YacTUHOK. Haibiabiry Hiijiuny, aKy
MOKHa TO0aunUTH y cepenHii Temeckon (Misk Kinmbiamu A i B), HasBa-
HO wiauHow Kaccini (puc. 5.8). dcEnMUu HOUYaMu y TIOTYKHi TeJIeCKO-
Y MOJKHA MO0AYNTH W MEHIIT ITOMIiTHI IIiJIMHU.

IcHyOTH ABi OCHOBHI rimoresu PO MOXOMKEHHS Kijgelnb. 3a mep-
11010 3 HUX, KiJbIlA € 3aJUIIKaMU 3HUIEHOro cynyTHuKa CaTypHa.
Ilpyra cTBepaKye, IO KiJbIlA € 3aJUNIKAMU IPOTOIIJIAHETHOI XMa-
pu, 3 akoi yrBopuiiucsa Bci Tima Comsunoi cucremu. Beepenmui merxi
Poina, me obepraeThes Oibla yacTUHA Kijellb, YTBOPEHHS CYIIYTHUKIB

Puc. 5.6. Kinbusa lOnitepa (TemHi),
MNMOBIPHO, CKNaAaloTbCA 3 Ayxe
HeBeNNKNX TBEPAUX YAaCTUHOK
MEeTeopPUTHOI NPUPOAN

Puc. 5.7. Kinbua CatypHa

Puc. 5.8. HanbinbLy winuny, aky

MOXHa nobaunTn y cepeaHiit
Teneckon i3 3emni (MiX Kinbuammn
A i B), Ha3BaHoO wWinuHow KacciHi
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Puc. 5.9. TutaH — HanbinbLuni
cynyTHuK CaTypHa

Puc. 5.10. Mimac He3BMYanHMn
TUM, O Ha HbOMY BUABNEHO
OAVH BENUYE3HUIN KpaTep,
Ha3BaHuUN lepwenem, AKUA Ma€e
PO3Mip i3 TPETUHY CynyTHUKA.

Puc. 5.11. Kinbua CatypHa
i noro cynyTHuK EHuenag
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HEeMOJKJINBe uepes rpaBiTallilHMil BIJIUB NIJaHETH, IO PYHHYE BCi
OinmbII-MeHIT 3HAUHI Tisa. YacTUHKY KiJiellb MOCTiHHO 3iIITOBXYIOTh-
cs, pYAHYIOTHCS, a IIOTIM 3JUIIAI0OThLCA 3HOBY. ¥ KijabIli E vacTuHa JIb0-
Iy 3’sBJISETLCS 3aBASAKHU reiizepaM, 1o IiroTh Ha Exilenani.

CarypH Mae nmouan 60 cynyTHuKiB, giamerp 12 i3 HUX CTaHOBUTH
noHan 100 kM. Hai6inbimuii cynyrauk CarypHa — Twuran. Bix 6iab-
muit Big Meprypisa i egunumii 3-momisk ycix Bigomux cynyTHuKiB Co-
HSAYHOI cucTeMu, SKUI Mae IPOTAKHY atrMmocdepy (puc. 5.9).

Opbita BHyTpimIHiIX cynyTHUKiB, ITana i ATiaca, JeXuTh 0i1s 30-
BHIIITHBOTO Kpaio Kinbiiga A. Hacrynuuii cynyTHuK, IIpomereii, Bigmo-
Bilae 3a MIiIWHY, 110 IPUJIATAE 0 BHYTPIIITHLOTO Kpaio Kijabma F. Ilo-
Tim ime ITammopa, BigmoBigaibHA 3a YTBOPEHHS iHINMOI MerKi Kinbia F.
Bonu BusiBieHi Ha 3HiMKax, 3po0JeHNX KocMiuHMME amaparamu. Ha-
CTYIHi ABa cynyTHuKU — Enimereii i Iuyc — BusABJIeHi 3 3eMJIi, BOHI
TMOAIJSAIOTH CIiJIbHY op0OiTy. PisHuUIA v ixHBOI BifcTaHi 1o CaTypHa cra-
HOBUTH Jurie 30—50 Km.

Mimac He3BuuaiHU# TUM, 1110 HA HHOMY BUABJIEHO OJAUH BEJINUE3-
Hui Kpatep — I'epimeib, SKuii Ma€ Po3Mip Y TPETUHY CYIIyTHUKA. Bin
BKPUTHUH TPiluHAMU, AKi, AMOBipHO, 3yMOBJIEHI IPUIIJIUBHUMU Je-
dopmariamu, ockinbKu cepen cynyTHukiB CarypHa Mimac — Haii-
omvskunii no miaaneru. Poamip Iepiiena — 130 kM. Bin sarnubnenunit
y moBepxHio Ha 10 KM, 3 I[eHTPAJIbHOIO IipKOI0, Maiiike TaKOI CaMOI0
3a BHCOTOIO0, K i ropa Esepect Ha 3emuri (puc. 5.10).

EHnnenan mae HallaKTHUBHIITY ITOBEPXHIO 3 ycix cynyTHuKiB y Co-
HAYHINA cucTeMi (MOKJINBO, 3a BUHATKOM TuTaHa, 3HIMKUN ITOBEPXHi
AKOro IIle He oTpuMaHi). Ha HboMy BUIHO CJIiAM MOTOKIB, 1110 3PYHHY-
BaJIM KOJIMITHIA penabed. OTiKe, BBasKa€eThCA, 1110 HAAPA IIHOTO CYIIYT-
HUKa MOMKYTb OyTM akTuBHI ¥ moci (puc. 5.11). Kpim Toro, xoua Kpa-
Tepu MOXKYTh CIOCTepiraTucs Ha BCill ITOBepPXHi, HA AeAKUX TIISTHKAX
BiK IIUX YTBOPEHb HEBEJUKUN — KiJbKa COTeHb MiJbIOHIB poKiB. Ile
o3Hauae, 110 YacTUHAa noBepxHi EHIlenana yce 1mme smiHoeThCsa. BBarka-
€ThbCs, 10 MPUUYNHOIO0 aKTUBHOCTI € BILJINB IpUILIHBHUX cuia CaTrypHa,
AKi1 posirpiBarors EHIenan.

Pesa mae crapy, cyuisibHO BCigHY KpaTepamu moBepxHio. Ha Hi,
Ak i ma [lioHi, Buginaorbeea sckpaBi Touki ecmyru. I1i yrBopenHsa, ma-
0yTh, CKJIAMAIOTHCA 3 JHOAY, IO 3alIOBHIOE PO3JIaMM B KOpi CyIryT-
HUKiB.

Cynyrauku i kineiga Y pana. Ypan mae 27 cynyTHUKIB (puc. 5.12)
Ta cucremy Kijmens (puc. 5.13). Ilepmri gBa cynytuuku — Turaniio
1 O6epon — BigxpuB Binbawm lepmens y 1787 p. Ille aBa chepuuni
cynyTHUKU — Apiesnb Ta YMOpiens — Oyau Bigxkpuri B 1851 p. Binpa-
mowm Jlacceaom. ¥V 1948 p. :xepapa Koiinep Bigkpus Mipaungy. Oc-
TaHHI CYIIyTHUKYU IJaHeTu Oyau Bigkputi micas 1985 p. mix uac mi-
cii AMC «Boamxep-2» abo 3a JOIOMOI'0I0 BIOCKOHAJEHUX HA3BEMHUX
TeJeCKOIiB.

CynyTHuUKU YpaHa MOKHA MOAiIUTHA Ha Tpu rpynu: 13 BHyTpimI-
HiX, 5 Bequkux i 9 Heperynapaux. BHyTpiniai cynyTHUKM — HeBean-
Ki TemMHi 00’€KTH, CXO0Ki 3a XapaKTePUCTUKAMU Ta MOXOIKEHHAM HaA
KiJgbIlg ImIaHeTH.
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II’aTh BeIMKUX CYIYyTHUKIB JOCUTHL MaCUBHIi, 100 rigpocTaTuyHAa
piBHOBara Hazaja im cpepoiganbuoi ¢popmu. Ha yoTupbox i3 HuX II0-
MiueHO O3HaKU BHYTPIIIHBLOI i 30BHIIIIHBOI aKTUBHOCTI, TaKi AK (op-
MYBaHHS KaHbUOHIB i rimoTeTHYHUH ByJIKaHi3M Ha moBepxHi. Haii6inb-
muii i3 Hux, Turanis, craHoBUTE B AiaMeTpi 1578 KM i € BocbMuM 3a
BeJIMYNHOI cynyTHUKOM v CoHsunii cucremi. Moro maca y 20 pasis
MeHIIa Bif semHoro Micsaiid.

Heperynapui cynyTHuKm YpaHa MamTh eJIiOTHUYHI i AyKe HaXU-
JeHi (3me06inbIioro perporpaaHi) opbiTu Ha BenuKii Bigcraui Bim miaa-
HETHU.

Kinpma Ypana tremui — BigbuBaioTh Jjmiiie 3 % COHAYHOT'O CBiT-
aa. Ile osuauae, 1110 GiJIBIITiCTH, YaCTUHOK HEe BKPUTI JbogoM. Kimbira
poaTaloBaHi OJIM3BKO 0 IJIaHETH, B MeXKax 25 Tuc. KM HaJa XxMap-
HUM TOKPUBOM. BOHU CKJIAZAIOTHCA 3 JeB’ATU Ny:Ke BY3bKUX, TOCUTh
OIiJIBHUX KiJIellb, pOo3MillleHX Ha BeJUKiN BiicTaHi ogHe BiJ OJHOTO,
i KimpKOX AU@QY3HUX yTBOPIB Ti€l kK mpupoxu. Kinbna Ypana He ma-
IOTh TUJIOBUX YACTUHOK.

Cynyraukn i kinsuna Henryna. Kinena Henoryna (puc. 5.14) Bia-
Kputo 1984 p. mix uac mokpurta Henrysom oxuiei i3 3ip, Toxi & yue-
Hi ZifAIJIM BUCHOBKY, IO KiJbIlA MalOTh CETMEHTHY CTPYKTYPY.

ITicaa opoasory 1989 p. AMC «Bosam:xep-2» mobausy Henryma
y 1iei mmaHeTn Oyau BUABJEHI Tpu Kiabig. [[Ba AcKpasi Kinbisa i oxgme
(maiicimabire BHYTPpillTtHE), po3MmiteHi Ha Bigcraui 63 Tuc., 53 Twuc.,
42 tuc. kM BigmoBimmo. MixK gBOMAa ACKPaBUMHU KiJBIISMU PO3MIilIleHA
IJIOIWHA poscigHol pevoBuHu. KiNbla cKIagaI0ThCA 3 APIOHUX ITHUJIO-
BUX YACTUHOK i mToOpe BUIHI HA IPOCBIT.

Huwuni Bimomo 14 cynyraukiB Henryna. Ha#i6inbsmmuit cepes HUX —
TpuUTOH — HaJEKUTH IO HEPEeryJAPHUX CYNyTHUKIB i pyxXaeThcsa Ha
Bimcrani 14 pagiycis maameru (puc. 5.15). Moro cunepuunuii mepiox
obepranHa 5 Ai6 21 rox 3 xB, AiamMeTp CTaHOBUTEL 0au3bKO 2707 KM.
IcrytoTh rimoresu, 1o TpuToH — caMoCTiliHA IIJTaHeTa, 3aX0IlJeHa KO-
anch MarHiTHUM mmojieMm HemryHa.

YV Tpurona 6yj10 BUSBJIEHO He3HAUHY I'a30By 000JIOHKY, THCK SKOI
Ha moBepxHi B 70 THc. pasiB MeHIIU Bil 3eMHOTO aTMOCHEPHOTO THC-
Ky. [Toxomxennus 1iei armocdepu, 1o Mmaaa 60 JaBHO PO3CiATHUCA, II0-
SACHIOIOTH YaCTUMU BUBEP:KEHHAMU HA CYIIYTHUKY, IO IIOIIOBHIOIOTH
ii razamu. Koy 6yso orpumano suHiMmKku TpuToHa, Ha HOTO0 KpUiKa-
Hill TOBEePXHi IOMiTHIN reiiseponoi0oHi BuBep:KeHHI a3oTy (puc. 5.16)
i TeMHUX YaCTHHOK IIUJY PidHUX po3MipiB. Bce 1e poscioeThca B Ha-
BKOJIMITHBOMY ITPOCTOPi. IcHye mpunyIieHHs, IM0 IIicJasa 3aXO0MJIeHHS
HenryHoMm cyniyTHUK OYB PO3irpiTuil NpUIIINBEAMA CUJIAMU i IePIIIi
MiJIbspJ POKiB mmepedyBaB y pigkomy crani. MoKJIMBO, V CBOIX Hagpax
BiH, aK i paHiie, 30epir 1e#t arperaTHU cTaH.

Hpyruii 3a BeJIUUYNHOIO Ta HAWOIMBIINN BHYTPIIIHIA CYIyTHUK
Henryuna — Ilporeii. Bim o6epraeThesa HaBKoJIO HenTyna maiizke o
eKkBaTopianbHi# opbiTi Ha BimcTaHi 6;usbKO0 4,75 eKBaTOpiaabHUX pa-
niyceie mimanetu. OCKiMbKY BiH posTaloBaHuil ayske 6am3bko g0 Hem-
TyHa, MOT0 OysKe BasKKo croctepiratu 3 3emui. CynyTHuK OyB BigKpu-
uii AMC «Bosamxep-2».

‘ {J A(pienb &
Ym6pienb

TuTtaHis

&

06epoH

Puc. 5.12. HanbinbLwi cynyTHrKM YpaHa

Pnc. 5.13. Kinbua YpaHa

Puc. 5.14. Kinbua HentyHa

Puc. 5.15. TpUToH — HabinbLwmin
CynyTHVK HenTyHa
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Tperiii 38a posmipamu cynyTauk Henryna — Hepeiga. Cepenns Big-
craub Bix Henryna 6,2 maH KM, giametp 6u3bk0o 340 kM. Hepeiga —
HalBigmangeHimuii cepen Bimomux cynyTHuk Hemnryua. Borna poouTh
onuH o0epT HaBKOJIO myaHeTu 3a 360 1i6. Opbita Hepeigu nyxe BUTAT-
HyTAa, ii eKcreHTpucuTeT ctaHoBuTh 0,75. Hatibinbina BigcTans Bifg cy-
OyTHUKA IO IJIAHEeTH IIePeBUIllye HaliMeHIy B 7 pasis.

Puc. 5.16. Telizeponopi6Hi

BUBEPXKEHHS a30Ty Ha TPUTOH Haji6inpmi cynyTanku miaaner CoHAYHOI cHCTeMHU
IInanera Cymyruux | diamerp, km @ Maca, - 103 kr | T'yctuna, kr/m?3 iit:;ii?ﬁ%
pls Tauimen 5268 1,49 193 - 140
23 Turan 5150 1,35 190 - 179
pls Kaumicro 4806 1,08 1830 - 140
2L To 3640 0,892 3550 - 130
@ Micsamns 3475 0,735 3340 Big — 170 mo +130
2[ €Bpoma 3130 0,485 3040 - 140
w Tputon 2700 0,215 2100 - 235

VMmo6Hi nosnaueHHs nianem:
2l — KOmirep; T — Carypr; ©® — 3emusa; ¥ — Henrys.

H KoHTponbHi 3annTaHHA

1. YuM I0SACHIOETHCA TUBOBUIKHE 3abapBieHHI [0?

2.IIpo 110 cBiguaTh unciaeHHI KpaTepu Ha cynyTHukax Omitepa?

3. ki cynmyTHUKY ILTaHET MaTh aTrMochepy?

4. fIxa nimaHeTa Mae HaAMOiJbIIEe KiJbIle HABKOJO cebe?

5.IIlo aBase coboro Kinbite CarypHa?

6. ITosicHiT, MaIOHKOM, YoMy Kinbite CaTypHa i3 3emii moxke OyTu
NPAKTUYHO HeBUIAUMIM.

("] Tema pna puckycii
IToBepxHIO AKMX CYNYTHUKIB MOYKHA BUKOPHUCTATH IJIsA IIO00YIOBU
KOCMIiUHHKX IIOCEJIeHb?

G 3aBAaHHA ANA CNOCTepeXKeHHsA

3a gomoMoro O6iHOKJIA abo IMIKiJIBHOTO TesJecKolla MOYKHA CIIO-
crepiratu I'amineesi cynyruauku IOmitepa. Busnmaure momenTHu 3a-
TeMHEHHS OJHOTO 3 IINX CYONYTHUKIB — KOJIU BiH 3HUKAE 3a JUCKOM
IOmirepa.

6 KapnukoBi nnaHeTu

Kapaukosi nimanern. Tak HasuBalOTh JOCUTH Beauki Tima CoHsu-
HOI cUCTeMU, HACTiJIbKY BeJUKi, 110 BJacHa rpaBiTaiia Hagasaa im piB-
Puc. 6.1. MnyToH HOBasKHOI hopMu, HAOJIMKEHOI 10 KyadacToi. Aje Ha BigMiHy Bifm peritu
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IJIaHEeT Maca KapJWKOBUX 3HAYHO MEHINIA, TOMY iM He BIAJIOCA «PO3-
YUCTUTU» OKOJUIIL cBoel opbiTy Bij iHIMUX mOmiOHUX TiJ.

Yuepuie me#t moBuii KJjac Tia COHAYHOI cUCTeMU BU3HAUUIU
y cepuni 2006 p. Ha Acamb6.ei MiskaHapoguoro Acrponomiuaoro Coro-
3y (MAC) y Ilpasi.

¥ 1930 p. B JloBeaiachkiit o6cepBaTopii (CIITA) Kiaaiinx Tom6o Big-
KPUB HEBiJOMYy IJIAHETY, 1[0 00ePTAETHCA HABKOJIO OCi B 3BOPOTHOMY
HanpAMKY. BoHa orpumaJia HasBy IlayTon (puc. 6.1). ¥ 1978 p. actpo-
HOMH 3BEePHYJIM YBary Ha Te, 110 Ha 3HIMKY [11yTOHA BUAHO HeBEJIUKUI
BUCTYH HA 1oro aucKoBi. [IpomoB:KyoUn CriocTepeKeHHA, YUeHi BUABU-
au y IlnyToHa CynnyTHUK, AKUHA OTpUMAaB Ha3By XapoH (puc. 6.2). [e-
AK1 acCTPOHOMUY BBaYKAIOTh XAapOH CYIyTHUKOM, iHIi HaduBaoTh 111y-
ToH i XapoH HMOABIHOIO IMJIaHeTO (a:Ke y HUX IIepiogm obepTaHHs
HABKOJIO OCi If BITHOCHO OAWH OJHOTO OJHAKOBI).

Y 2006 p. 3a HOIIOMOTOI0 KOCMi4HOTO TejiecKoma «I'ab6y» OyJiu
BigkpuTi 1me aBa HeBeauki cynmytHuku Ilayroma — Hike i I'igpa.
VY 3B’aA3KYy 3 TUM, 1110 ILIIyTOH Ma€ qy:Ke BUTATHYTY OPOiTY 3 BEJIUKUM,
y IIOPiBHSAHHI 3 iHIMIUMU IJIaHeTaMu, eKkcieHTpucurerom (e = 0,25),
i 3a macoro Ta poamipammu HabaraTo MeHInui 3a iHiri naameru Co-
HAYHOI CUCTEeMHU, AesdKi aCTPOHOMM BBaKaloTh, IT0 IlayToH OyB KO-
auck cynyTaukoMm HenryHna, amxe FOmiTep, CarypH, HentyH i Semuia
MaloTh CYIyTHUKMN, HabaraTo Oinbiri 3a Hroro. Craryc IlnyToHa Ak
IJIAHEeTHU IIOCTYIIOBO CTABaB MiJ03pijuM IIe I TOMY, IO Horo opdiTa
HaxXWJIeHa IIiJ 3HAaYHUM KYTOM [0 IIJIONINHYU eKJINTUKYN y ITIOPiBHAH-
Hi 3 OyAb-AKOI0 maaneTo0 COHAYHOI cucTeMHu i TpoxXu Haramye opoi-
Ty KOMETHU.

¥V 1951 p., ananisyouu opbitu Komer, actpouom [I:x. Koiinep me-
peabauuB icHyBaHHA 3a HenTyHOM I10sCy acTepoifiB, AKuil Temep odi-
mifiao HasBaau mosgcom Koiimepa. AcTpoHOMIUHI cIlOCTepesKeHHs 3a J0-
TIIOMOTOIO0 CYYaCHUX TeJIeCKOIIiB mimTBepauiau 1o rimoresy y 1990 p.,
Kouuz 3a IlimyToHOM Imouasiu BimkpuBaTu HOBI 00’ ekTu mosicy Koiimepa.
3 HAyKOBOI TOUKHU 30PY CTAJ0 OUEBUIHUM, 110 I11yTOH Oinbile CX0MK U
Ha YJIeHiB I[iel rpynu, HizK Ha iHmi Bicim nmamer CoHAYHOI cucTeMHA.
Y aunui 2005 p. Bigkpuau HOoBuUil 06’eKT nmosacy Koiinepa, aKkuii 0yB
HaBiTh Oinpminii 3a IlayToH, TOMY JesIKi acTPOHOMM CTaJIX HAa3WBATHU
oro gecsaToro miaaHero. HoBy miaaHeTy Heodiliiino npossaau Kce-
HoIO (3 rpell. xena — uy:ka) (puc. 6.3). Ile BinkpurTsa craio daranab-
HUM yAapoM JJIsl CTATyC-KBO JeB’ATH ILJIaHeT, OCKiIbKY, aKIno IL1yTon
BBaJKAIOTh IJIAaHETOIO, TO KceHa Terk Mae HaJlesKaTH OO0 KJacy ILIaHeT.
Tomy mepes acTpPOHOMAMHU ITOCTAJIO 3aIIMTAHHA: 0 POOUTH 3 iHINHU-
mu 06’exramu mosicy Koiinepa, aki Tpoxu menri, wisk [lnyToH, amgxe
B MaiibyTHbOMY Ha OKOJIUIAX COHAYHOI CUCTEMU MOKYTh BiAKPUTHU
e OisbImi Tima?

Hna supimenHs miel npobsemu B MAC 0yJio cCTBOPEHO cIielliajib-
HUU KoMiTeT, axuii MoaudgiKyBaB BUSHAUCHHS IJIAHETH, JOAABIIIH, ITI0
IIageTa Ma€ OyTH He TiIbKM KPYIriaoi (popMu, a i MOBUHHA TAKOMK OyTH
€IWHUM TiJIOM Ha CBOi# opbiTi. 3a mMuM BuU3HaAUEHHAM OYJI0 3MiHEHO
craryc IlnyToHa, AKUE 10 IIHOTO BBasKaAJIU AeB’ATOI0 IaHeToo Couau-
HOI cucTeMM: BiITOMi BiH cTaB IIEPIIOI0 IIJIaHETOIO-KaPJIUKOM.

Puc. 6.2. MNnyToH i XapoH

Ixepappg MNetep Kornep

Puc. 6.3. KceHa
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Y 2006 p. IInyron OyB mo3HaueHUII acTepPOIiTHUM

HaM?Ka "Homepom 134 340; odinifiny HasBy I HOMEP OTPUMAB
i 06’eKT 3 ymMOBHOIO Ha3Bow0 «HKcena». Bin Temep mae Ho-
‘ mep 136 199 Tta massy Epuna.

Hunui go mepesiky maibinbiiux i HaWBimoMimmx
KapJUKOBUX IJaHeT BimHOoCcATh Epuny, Ilepepy, ILiry-
ToH, 'aymea, Makemake (puc. 6.4).

a Epuna (puc. 6.5) — nHalimacuBHima i HaftGiJIbIT Bif-

Makemake

Puc. 6.4. HanbinbLwi Kapnmkosi
nnaHeTn y NopiBHAHHI i3 3emneto

Puc. 6.5. Epnga

Puc. 6.6. MopiBHANBHI po3mipn
Lepepw, 3emni Ta Micaua
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Liepepa

nanena Bixg CoHIA KapamkoBa miaaHeTra COHAYHOIL cuc-
TeMu. TOUHO BUSHAUUTU PO3MipU HACTIJIBKU HaJIeKO-
ro HebecHOro Tijza ay:ke BaKKo. SIckpaBicTh 00’eKTa
IPOIIOPIlifiHA IIJIOIII MOBEPXHi, MOMHOKEHOI HA ajb-
O0emo (YacTKy COHAYHHMX IIPOMEHIB, IO BilOMBAIOTHCA
00’eKTOM).

CnekTpOCKOIIiuHi criocTepeskeHHsA, TpoBeeHi B ciuni 2005 p. B 00-
cepBaropii «/l;KeMiHi», MOKa3a1 HaABHICTb Ha mMOBepxHi Epuau mera-
HOBOTI'O CHiry, unM BoHa Haranye IlnytoH i cynyrauk Henryna TpuToH.
ITum mosicHIOETHCS BUCOKe anbbeno 00’ ekTa. Taxkoxk B ii cHiry € momir-
KU a30THOTO JIbOAY, YacTKa SKOTO0 3 IJInOmHOI0 3pocTae. Epunxa Bifg-
pisaaeTbea Big Ilnyrona i TputoHa KoabopoM. IlayTon i TpuToH uep-
BOHYBaTi, a BoHa — cipyBara. Ile moB’sizano 3 HasaBHicTIO HA Epuni
€TaHOBOT'O Ta €TUJIEHOBOTO Jboay. ¥ »KoBTHiI 2011 p. Oyam omyOJiko-
BaHi pe3yabTaTUu JOCJiIKeHb, 3TiJHO 3 AKUMU TOHKUH I1ap 3aMep3JInX
rasis, 1110 TOKPUBAE MOBepXHIO Epuan, Moske cy0aiMyBaTHCA 3a IiIBU-
IeHHA TeMIlepaTypu (B mepuresiii) Ta yTBOpIOBaTH TUMUYACOBY aTMOC-
depy KapJUKOBOI IIJIaHETH.

Ilepepa € HAWOINBIIIMM i HAWMACUBHIIIINM TiJIOM y TOfACi acTepoi-
nIiB (puc. 6.6). 3a po3mipoM BoHa mmepeBepIIye 0araTo BeIUKUX CYIyT-
HUKIB IIJIaHeT-TiralTiB Ta MicTuTth Maii:ke Tpetuny (32 % ) saraabHOI
Macu nosAcy acrepoini. CyuacHi criocTepesKeHHA TOBEJH, 110 BOHA Mae
dopmy chepoina. Opbita Ilepepu posramioBana misk opbiramu Mapca
i Omirepa, BoHa ciabkoeninTuuna (excrentpucurer — 0,08). Bpa-
XOByIOUU HUB3BKY T'ycTuHy llepepu, MOKHa OPUNYCTUTH, IO BOHA
MiCTHUTh 3HAUHY KijdbKicTe gmboxy — mo 20—30% Bix macu. Ilpumyc-
KaloTh, IO JiJ mig giero yabTpadioseroBoro sunpoMinmoBanuasa CoH-
A TaHe i YacTWHAa BOAU AUCOIIIIOE i YTBOPIOE MysKe PO3PiIKEeHy «aT-
mochepy» Llepepu.

@ KoHTponbHi 3anutaHHA

1. Ay cucremy Tin BigkpuTo 3a opbiToro Henrymna?

2. Mix opbiTaMu AKUX IJIAHET PO3TAIIIOBAHUN II0AC acTepoimgin?

3. Yomy IlnyToH mo3baBuaM cTaTyCy IJIAHETH?

4. HamauroiiTe op6iTy IlayToHA B IpOoEKIii Ha IJIOIUHY €KJIIITUKH.



Tema. Mani tina CoHAYHOT cnctemmn

Tema. Mani Tina
CoHAYHOI cuctemn

6 Actepoigun. Kometn. Tina noacy Konnepa

Maui tima Consunoi cucrevn. ITo pisaux opbitax HaBKoso COHILA,
OKPIM KapJHKOBUX ILIAHET, 00ePTAEThCA IIle YMMAaJIO APiOHUX 00’ €K-
TiB, IIT0 He € cymyTHUKaMu. BoHu HasBaHi Maaumu Timamu CoOHAYHOL
cucteMu. o I[bOTO TUITY KOCMIUYHUX TiJI HaJie;KaThb 00’ €KTH mosAcy Koii-
mmepa, acTepoinu, KoMeTu, MetTeopoinu (a6o MeTeopUTHI Tisa), KocMiu-
HUM nua i ras.

Acrepoign. Ilepmuii acrepoif (Big rper. asteroid — 3opemonio-
HUM) BigkpuB iTaniicbkuii actpornom k. ITiammi. ¥V ciuni 1801 p.
BiH mo6aumB caa0Ky 30pI0, AKA HACTYITHOTO BeUopa TPOXHU IePeMicTu-
nacs. It nanu sassBy Ilepepa (puc. 1.1). Ba Helo moYaIu YBaKHO CIIO-
cTepiraTu: BOHA BUSBUJIACA HEBEJIUKOIO, HABITh MeHIIOI 3a MicsaIlb.
fAke % OyJI0 3MBYBAHHS aCTPOHOMIiB, KOJM 3a KijJbKa POKiB HexaJe-
ko Bix Ilepepu BusiBuIM 11e ofHYy Majy miaaHeTy — ii masBaam Ilau-
aagoro. Ii obuaBa KocMiuHi 00’€KTH, 110 OOepTranucsa HaBKoJ0 CoH-
1 Ha Bigcrami 2,8 a. o., massaau manumu niaHemamu. Ilorim Oyin
BigkpuTi FOHOHA i Becra. 3-mmomMiK ycix BiIKPUTUX Ha TOI Yac MaauXx
miaaHeT giamerp Ilepepu BuABuBcA Haibiabmum (61u3bK0 960 KM),
TOK 3TOJIOM ii BigHecJI 40 KJacy IaaHeT-KapJuKiB.

Ha Bepecens 2017 p. 6yJio 3apeecTpoBaHo 6,in3bK0 1 MJIH acTepoi-
IiB (puc. 1.2). HaiimeH11i 3 HUX MaiOTh AiaMeTp JIAIIE KiJIbKa JecATKiB
MeTpiB. ¥ TeJIeCKONU NUCKY IIUX TiJI PO3PIBHUTU HEMOXKJINBO — BOHU
MalTh BUTJIAA CBiTIMX Touok. CymMapHa Maca BCix acTepoimiB He 1e-
pesuirye 0,1 macu Micarma.

Haiiackpasimum actepoinom € Becra. Ile egunuii actepoin, AKuit
sicHOI HOUi MOJKHA cmocTepiraTu 3 3eMJi He030POEHUM OKOM 3aBAAKU
ACKPAaBOCTI 1Oro IOBEPXHi i po3Mipy, AKUI CTAaHOBUTE 576 KM y mote-
PEYHUKY, Ta TOMY, III0 BiH MOKe HabJIMKaTHUCA O 3eMJIi Ha BiJCcTaHb
autiie 177 MJIH KM.

| Ana gonnuTnnemx

OpbiT; ABOX BiOMMX UMCJIEHHUX TPYI acTepoifniB — I'pexu
¥ Tposanyi — yHiKaJIbHI THM, IO PO3TAIIIOBaHI y BEepIINHAX PiBHO-
O0iYHUX TPUKYTHUKIB, CTOPOHU AKMUX HOPiBHIOIOTH Bifcrawmi Big FOmi-
Tepa no Coumnsa. Ilepiox obepTaHHA ITUX acTepoimiB HaBKoao CoHILS
30iraeThbcd 3 mepiomom obepramua FOmiTepa.

Buasinerum acrepoizamM maroTh TOPAIKOBUNM HOMEpP i Ha3BY, AKY
IIPOIIOHYE aBTOP BiAKPUTTA (TaK, 3a HOMepoM 1790 3apeecTpoBanwmii ac-
Tepoin YKpaina). HacTo HOBi KocMiuHi Tijla Ha3WBaIOTh Ha YeCTh KpaiH,

Puc. 1.1. Uepepa

Puc. 1.2. Actepoig-433 «Epoc»

Ma€ BUMNAL BeIeTeHCbKOro ciana
3aBAOBXKN 33 KM. KoCMiuyHUI
anapat NEAR, 3gincHuslumn

y 2001 p. nocagKy Ha NOBEPXHIO
acTepoifa B yNorosuHi nobnusy
LleHTpa, BUABWB, LLO 1Oro cipa
NMOBEPXHA BKPUTA LIAPOM Perosity
i cxoxka Ha nosepxHio Micaua
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MicT Ta BigomMux ocib. YKpaiHCBbKi aCTPOHOMHU TAKOK YCJIABUJIN HAITy
KpaiHy Ta BUAATHUX CHiBBiTUM3HUKIB: HaBKOJI0 COHIIS 00epPTaloThCA
acrepoinu Kuis, ITonrasa, Ko63ap, Kamensp, CkoBopopna, [loB:KeHKO,
HapO6yT Ta iH.

BimomocrTi nmpo geski acrepoinu

Ilepioy | Op6Gir. Beauka Excuen-

N Hassa Hiametp (kMm) M"i;’a obepraH- 1epiox (Brios, miBBich TPHUCHUTET
(L) Hia (rox) | (poxmu) Kaac op6itu (a.0.)| opOiTH
1 Ilepepa 960 x 932 87000 9,1 4,6 C 2,766 0,078
2 IMammaga | 570 x 525 x 482 | 318000 7,8 4,6 U 2,776 0,231
3 IOuona 240 20000 7,2 4,4 S 2,669 0,258
4 Becra 530 300000 5,3 3,6 U 2,361 0,090
8 diopa 141 13,6 3,3 S 0,141
243 |Inma 58 x 23 100 4,6 4,8 S 2,861 0,045
253 | Maruabpma| 66 x 48 x 46 103 417,7 4,3 C 2,646 0,266
433 | Epoc 33 x 13 x 13 7 5,3 1,7 S 1,458 0,223
951 |Tacmpa 19 x12 x 11 10 7,0 3,3 S 2,209 0,174
1566 | Ixapyc 1,4 0,001 2,3 1,1 U 1,078 0,827
1620 | T'eorpad 2,0 0,004 5,2 1,4 S 1,246 0,335
1862 | Anosmon 1,6 0,002 3,1 1,8 S 1,471 0,560
2060 | Xipou 180 4000 5,9 50,7 B 13,633 0,380
4179 | Toyraric | 4,6 x 2,4 x 1,9 0,05 130 1,1 S 2,512 0,634

Puc. 1.3. TonoBHMI nosc actepoigis
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Yomy wmisk Mapcom i IOmitepom posramoBana
He OoJHa BeJuWKa IJaHeTa, a 0esiyiu manux Tin? duaa
TOSCHEHHJ ITiel 3aragky HiMenbKuii acTpoaom I'. Oib-
6epc (1758-1840) Bucyuys rimoresy, 1o misk Mapcom
i FOmitepom koJsinch icHyBasia mianera @aeToH, siKa 40-
Mych BUOyxHYyJa. [IprnunHOi0 KaTacTpodu Morjaa O0yTu
3yCTpiu ImIaHeTu 3 iHIIUM KocMiuHumM Tijiom. Ha Ko-
pucTh Teopii Bubyxy ImJIaHeTH CBigumiio Te, 1Mo 0ijb-
OIiCTh acTepoifiB MalOTh BUTJIAJ YJIaMKiB HeIIPABUJIb-
HOl (popmu. CyuacHi JocaimsKeHHSA PO3IMOIiny opOiT
MaJINX IIJIaHET MMOKa3yIoTh, IO, ITBUAIIE 3a BCE, MiXK
Mapcowm i FOmiTepom BesinKoi miiaHeTu HiKoJiu He 0yJIo,
a TI0SIC acTePOiNiB — Iie 3aJIMIIKU Ti€el peUOBWHU, 3 AKOI
4,5 Mapa pokiB ToMy yTBOpuancsa miaametTu CoHsuHOL
cucremu (puc. 1.3).

3a opbiToio HenryHa poaraiioBaHe Kijlbile MajJeHb-
KX IIJTaHeTONOANiOHUX Tij (Tak 3BaHuii modc Koiimepa),
AKi uepes rpaBiTaiiiini 30ypeHHA MOXKYTh 3MiHIOBATH
mapaMmeTpu cBoei opbitu (puc. 1.4). 3iTKHEHHA 3 iHITIO0



Tema. Mani tina CoHAYHOT cnctemmn

IJIAHETOI0 a00 CYIIyTHUKOM CIIPUYMHUTH PYHHYBaHHA IIUX TiJl i yTBO-
peHHs okpeMux (pparMeHTiB, AKi OyayTh 00epTaTUCA IO CAMOCTIHHUX
opbitax. SIKII0 BpaxyBaTH, 1110 TMOBiPHICTBH 3yCTPiUi yJIaMKiB 3pocTae
31 30i/IbIIIeHHAM iIXHBOI KiJIbKOCTi, TO IIOSIC ACTEPOiiB MOKe OYTU CBOE-
PioHOIO MAaIIIMHOMI AJA MOAPiOHEeHHA KOCMIUHMX TiJ Ha MeHII gpar-
MEHTH.

IIpo Te, 1110 MaJIi MIaHETH ITPOMOBIKYIOTh TiJIUTHUCS, CBiIUNTD Bia-
KPHUTTS TaK 3BAHUX ciMmeiicTB, abo rpyi, acrepoinis. ¥ 1918 p. AmnoH-
cekuii actpouoMm K. I'ipasma 3BepHYyB yBary Ha JgesKi rpynu acre-
poixiB, 110 MaiOTh CcX0Ki mapameTrpu opbit. Taki rpynu acrepoinis
HasBaJiu cimelrictBamMu [ipagAMu — BOHHM MOTJIM YTBOPUTHUCH ITiCJIA
3iTKHEHH: OiJbIIT KPYOHHUX Tij. AcTepoinm pyxamTbcsa HaBKoao CoH-
A B TOi camuii Oik, IO I mJIaHEeTH, i MalOTh, AK IPABUJIO, €JIiITUU-
Hi opbiTH.

Komern oTpuMasu cBOIO Ha3BY Bif rpell. cometos — xBocTaTa, a6o
Bosioxara (3ops). Ile BimHOCHO HeBenuKi HeOecHi Tisia, 1110 MalOTh TY-
MaHHUU BUTJIAL i o0epTaioThea HaBK0J0 COHIA IO ITOAOBKEHUX eJIill-
TuYHUX opbiTax. Came ToMy IX MOKHA IMOOAYUTH JIUIIIE Y CTUCIII Iepi-
onu 30am:kenHs i3 CoHIleM.

Kometu € samumnmikamMmm KOCMiuHOI PeUOBUHM, 3 AKOI YTBOPUJIUCS
aaHeTH. 3a TPaaUIli€I0 KOMETi JaloTh Ha3By Ha YeCTh TUX aCTPOHOMIB,
AKi mepimri mobavwmau ii Ha HeO6i (puc. 1.5, 1.6, 1.7). Ha uecTh yKkpain-
CBbKUX aCTPOHOMIB HasBaHi KomeTu ['epacumenko, Heyiimina, Ckopur-
yeHKa, YepHux, Yypiomona, IllaiiHa. 3a omiHnkaMu BUeHUX, Ha JaJie-
Kux «okoauiax» Couaunoi cucremu B xMapi OopTa CKOHIIEHTPOBAHO
6aussKo 1012-101'% komeT, aki o6epraroThea HaBKoJo CoHIIA Ha BigcTa-
HaxX 3—160 Tuc. a. o.

Timoreruuna xmapa Oopra (puc. 1.8) — chepuuna xmapa Kpu-
KaHUX 00’eKTiB (ak 1m0 1 TpJH), AKaA € J:KepeioM ITOBTOIEePiOgUUYHUX
Komer. IlepembauyBaHa BifcTaHb 40 30BHiIMIHIX Mexx xmapu Ooprta
Bim CoHma cramoBuTh Big 50 Tuc. a. o. (mpubsm3uo 1 ¢B. pikK) mo
100 Tuc. a. o. (1,87 cB. pokiB). BBakaeTbcs, 1110 06’ €KTH, AKi CKJIaIa-
IOTh XMapy, chopmyBasiucs 6iyia Counga i 6yaum poscisgHi gJajieKo B Koc-
MOC rpaBiTamiiHuMu e()eKTaMU IIJIaHET-TiraHTiB HAa PaHHBOMY eTailri
po3BuTKy COHAYHOI CUCTEMU.

Puc. 1.6. Komerta leina-bonna Puc. 1.7. Kometa YyptomoBa-TepacumeHko

Puc. 1.4. 3a op6itoto HentyHa
po3TalloBaHe KinbLie ManeHbKnx
naaHeTonoaibHux Tin — Tak
3BaHWI noAac Konnepa

Puc. 1.5. Kometa lannesa

Puc. 1.8. Mogenb xmapu OopTta
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Puc. 2.1. Cnig meTeopa
Y HiYHOMY Hebi

Merteopoig — nopiBHAHO
HeBennKe TBEPAE TiNo,

L0 PYXAETbCA B Mi>KNnaHEeTHOMY
npocTopi HaBkono CoHuA

no eninTuyHii op6biTi

Meteop — ABuLLEe y BEpPXHIil
aTMocdepi, Lo BUHMKAE

y pasi BiiTaHHA B HEl TBepAnNX
YaCTUHOK — METEOPHUX Tif

MeTteoput — TBEpAe KOCMiYHe
TiNO, O BNaso Ha MOBEPXHIO
BENIUKNX | Manux nnaHeT

MeTeopHUIT NOTIK — CYKyMHICTb
MeTeopiB, AKi crnocTepiraloTb Mif
yac 3ycTpivi 3emni 3 MeTeOpHUM
poem

MeTteopHuii piii — rpyna
METEOPHUX Tifl, WO YTBOPUANCA
BHacnifoK po3nagy Aapa KOMeTu
i pyxatoTbca HaBkono CoHusA

no ofHaKoBMX op6iTax 3i cTanum
nepiogom obepTaHHsA

Pnc. 2.2. MeteopurT,
3HangeHUNn B AHTapKTULi
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COHAYHA CUCTEMA

Haiisnamenurimoio € komera [Nannesa. [fTupexkTop I'puHBiIBKOI 00-
cepBaropii E. ayneit ynepiiie BusHauuB OpOiTy KOMETH, AKY OYJI0 BUI-
HO v 1682 p. [lyig mporo BiH BUBUMB CTapoOJaBHi JiTOomMCU i 3BEPHYB
yBary Ha Te, 110 OJHa KoMeTa 3’ ABJIAJAacsa Ha HeOi 3 moCTiiHUM Iepio-
IoM y 76 pokis. 3a momomMoroio TpeThoro 3akony Kemiepa Mamneit Bu-
3HAUMB BEJUKY IiBBich ii opbitu (oo = 17,94 a. 0.) Ta mependadyus 1mo-
aABy y 1758 p. Ocrauniii pas komery 'annesa coocrepiranu y 1986 p.,
a HacTynHu# ii npuiait go 3emJi ouikyerses y 2062 p.

6 MeTteopwu Ta meTeoputn. MeTeopHi NOTOKN

Mereopoinu. 3rigHo 3 BusHaveHHAM MiKHaApPOaHOI MeTeopHOI op-
ramisarii, MmeTeopoifu 3a po3MipoM 3HAUHO MEHIIIi, HiK acTepoinu, age
Habararo 6iabImi 3a aroM. IxHA Ha3Ba B IepeKJIai 3 IPEIbKOI 0O3HAYAE:
«TOIi, 1110 IIepebyBae y moBiTpi». MeTeopoigu € MpoAyKTaAMU PO3TaLy
KoMmeT abo moApiOHeHHs acTepoigiB yHACIIOK 3iTKHEHHS.

ITorpanuBiim Ha KOCMiUHil IIBUIKOCTI B 3eMHY aTmMocdepy, IIi
IPiOHI TBepAi YaCTUHKY CIIAJaXyIOTh, JUINA0UN AcKpaBuii caig. Koc-
MiUHMH IIWJI HiKOJW He HOJIiTae OO0 IMOBepXHi 3eMJIi, afKe BiH 3ropsie
i BumapoByeTbheda B armoc(epi Ha BucoTi Bix 120 xo 60—80 xm. Ile cBiT-
JIOBe sABUIIlE, BUKJMNKAaHe 10HI30BaHUM MOBITPAM Ha HIJIAXY HIOJLOTY
MeTeOpHOI YaCTUHKM, Ha3WBAIOTh METeoOpoM, a00 MaJarouoi0 30pero.
Cama yacTUHKA B IIbOMY BUIIQJKy HAa3WBAETHCA METEOPHHUM TijioM.
Macu Takux TiJ BUMipIOIOTBCSA AECATUMU AOJAMU I'paMa, iHomi — Kijib-
KoMa rpamamMu. Bech IOJIIT METEOPHOTO Tijia MOKe TPUBATHU BiJ mecs-
TUX J0JIeH CeKYHIU A0 KiaTbKox ceKyH[ (puc. 2.1).

YucaeHHi MeTeopHU, AKi CIPAMOBYIOTHCSA 10 3eMJIi B IIEBHY IOPY
POKY, YTBOPIOIOTH METEeOPHI ITIOTOKH, a60 «30psHi goriri» . HaliBigomimum
i3 HUX € nomik Ilepceidu, AKui B YKpPaiHi MOKHA CIIOCTEPiraTH y CEepITHi.

MeTteopuTn MOXKYTH JOCATTH TOBEPXHI 3eMJIi, OCKiITBKY MAIOTh 0i/Ib-
mry macy (puc. 2.2). Kosu MeTeopHe Tijio 3 BeJIUKOIO IIIBUAKICTIO JIETUTh
B aTMocdepi, To uepes OIip MOBIiTPA BOHO HATPiBAETHCA A0 TeMIIepaTypu
Buiie 10000 °C i mounHae CBiTUTHUCH, AK pO3:KapeHa KyJsd, AKYy HasuBa-
0Th Goaimom (Bix rperm. bolid — cmuc). Ilixg uac moaboTy OoJrima 3 Ha-
3BYKOBOIO IIIBUIKICTIO B aTMoc(epi BUHUKAE yaapHa XBUJsA, IKa CTBO-
PIOE TIOTYKHi 3BYKOBi KOJIMBAaHHS, TOMY JIOJNHA Yy€ CUIBHUUA T'yPKiT.

MeteopHe Tiio — Iie hparMeHT acTepoifa, AKUI, 00epTal0UYNCh
HaBKoJ0 CoHIA, 3iTKHYBCA 3 HAIIOIO IaHeTor. To6To MeTeopuTu
MaloTh acTepoinHe moxomkeHHs. [IIBUIKiICTh, 3 AKOIO METEOPUT BJIi-
Tae B 3eMHY aTMoc(epy, 3aJeKUTh Bil HAIPAMKY HOT0 PyXy BimHOC-
HO BeKTopa mBuakocTi 3emui. Haiibinbmly ImMBUAKICTh BXOMMKEHHS
B arMmoc(epy (50—70 KM/c) MarTh Ti MeTeOpHi Tijia, AKi JIeTATh HA3Y-
cTpiu pyxy 3eMJi, TOMYy IO ITBUAKOCTI OoJrifa Ta 3emMJi oJZal0ThCA.
IIBuaKicT, METEOPHOrO Tijia IIig yac BXOMKeHHSA B aTMochepy 3eM-
Ji He Moske OyTu menmioro 3a 11,2 KM/c, afKe HaBiTH KOJIU acTepOif-
He TiJIO «Has3moraHde» HAIIy ILTaHETYy, TO Yepeld 3eMHe TAMKIHHA Horo
IMBUKiCTh TOunHa€e 3pocrtatu. HuHi 3a paxyHOK MeTEOPHOI PeUOBUHU
maca 3emri 30iabiryerhes Ha 500000 T Ha pik.



Tema. Mani tina CoHAYHOT cnctemmn

Ha 3emuti acTpoHOME Ta reoJiorw BUABWJIU OiJIbLIIIE COTHI MeTeo-
PUTHUX KpaTepiB pisHoOro giamerpa, siKi Ha3WBaOTH acTpPoOJIeMaMu
(Big rpem. astra blema — 30pAHi panm), aje GiJBIIICTH KpaTepiB He
3beperyacs, amKe MPOTATOM CTOJITHL aTMoc(epHi IIpoliecu 3HUIITYBA-
JIU CJIiIV KOCMIiUHMX KaTakJi3MiB (puc. 2.3). Bea1uky KiJibIeBy CTPyK-
Typy METEOPUTHOTO ITOXOIKeHH A aiamMeTpoM 7 KM BUSABUJIU B Y Kpai-
ui B Irinenbkomy pationi (puc. 2.4) Binaunbkoi obsacti. 'eosoriuni
JIOCJIiIPKeHHA TTOKAa3yIoTh, III0 ITOYaTKOBA Maca METeOPUTA IIePEeBUIITY-
BaJsia 10! Kr.

KoHTponbHi 3anutaHHA

1. Yum meTeopoin BigpisHseTbesa Big mereopuTa?

2.IITo 3 ToroO, 1110 MU 6aYNMO, CBiTUTHCA Aaji Big 3emyi — Mereopu
YU KOMEeTH?

3.IlosACHITH, YOMY METEOPHi MOTOKU IOB’SA3yIOTh 3 IEBHUMU KOMe-
TaMu.

4. B KoMy BUOALKy METEOPUT BEJIUKOI MAcHU, 1[0 3 BEJIUKOIO IIIBU-
KicTio mocsirae moBepxHi 3emuti, He Oyae yTBOpOBaTH KpaTep?

5. Ha semuti meteopu cBiTaThesa Ha BucoTi 80—120 kM. A Ha Mapci?
OGIr'pyHTYyIiTEe CBOIO BiIIIOBiAb.

6. Axum ynHOM 300pakeHHA acTepoifiB (30pemoAiOHUX 06’ €KTiB) Ha
3HiMKax BiApisHAOTHL BiJ 300pakeHb 3ip?

7.B Ykpaiui sHaiizeno mereoput 3 Mepkypis. I[lodacHiTh, AKUM un-
HOM peuoBMHA 3 I[i€l IJIaHeTH IIOoTpallnjia Ha 3eMJI0. 3a AKIMU
O3HAKaMU MOJKHA 3PO3yMiTH, IO Iie He 3eMHa peuyoBuHAa?

QDi3snyHi XxapaKTepnucTUKN Mmanux Tin
CoHAYHOI cuctemu. AcTepoigHa Hebe3neka

T'onoBHa ckaamoBa komMeTu — ii aapo. BignmosimgHo A0 rimoresu Bi-
JIOMOTO aMepPMKAaHCHKOro gocaigauka Kometr @. JI. Vinnia, komerHe
AIPO SABJIAE cO00I0 KPUIKAHY OPUJIY, IO CKJIAJAETHCA i3 CyMiIlri 3a-
Mep3JI0l BOAU ¥ 3aMOPOKEHUX rasiB i3 BKPANJIEHHAM TYTOIJIABKUX
KaM’AHHCTHUX Ta MEeTAJeBUX UYACTUHOK. ¥ Mipy HAOJIMKeHHS KOMEeTH
nmo CoHIlA Jig AApa KOMeTH MOYMHAE BUIIapoByBaTucsa. HaBKoo aapa
YTBOPIOETHCS MPOTAMKHA ra30Ba 000JI0HKA, IIT0 CBiTUTHCA, — KoMa. Pa-
30M i3 IPOM BOHM YTBOPIOIOTH TOJOBY KoMeTu. [lomabiiie 36 IMKeHH
Komertu i3 CoHIIEM IPUBOAUTE IO TOTO, 110 ii 20.108a HaOyBae OBaJIbHOL
dopmMu, TIOTIiM MOJOBKYETHCA, a 3 Hel YTBOPIOETHCA XBiCT, 110 CKJIaga-
eThcA 3 TuUJy i rasy (puc. 3.1).

HoB:KMHa XBOCTA KOMETU iHOJi MIPOCTATAETHCSI HA MiJbioHU abo
COTHi MiJIBIOHIB KiJIOMeTpiB, IPUUOMY HAIPSIMOK XBOCTa B Pe3yJIb-
TaTi il COHAYHOTO BiTPYy 3MiHIOETHCA TAKWUM YWMHOM, IIIO BiH Bech 4ac
Bigxunserbea y nporuiexkuuil Big CoHisa 0iK. 3gaeThes, IO XBiCT
1m0 CoHIIA He HIPUTATYETHCA, a HaBHAKU, BiAIIITOBXYETHCA. 3a3BUYAM
XBicT KoMeTHu IpuTAryeThes no CoHIA, ajie i YaCTUHOK i3 miamer-
pom meHIn Hizk 107° M cmia BiAIITOBXYBAHHSA CTa€ OiJIBIIOIO 34 CHIIY
MPUTATAHHS.

Puc. 2.3. AprsoHcbkuin kpatep (CLUA)
yTBOpMBCA 10 TUC. poKiB Tomy. Moro
fiameTp 1,2 KM, rmmbuHa 200 m.
OcKonkun meTeoputa 3HaXoAATb

Ha BifcTaHi 30 KM Big KpaTepa

Puc. 2.4. InniHeubKknn
MeTeopUTHUI KpaTep

COHAYHMI BiTep CKNaJaEeTbCA

3 efleMEHTaPHMX YaCTVHOK Ta
OKpeMuX Afep Nerkmux XiMivHmx
eneMeHTiB, siKi netaTb Big CoHLA

Puc. 3.1. byposa komeTn:
1 — ronosa, 2 — XBICT,
3 — Aapo, 4 — Koma
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CTyniHb pusuKy — Le foby-
TOK MMOBIPHOCTI KOCMIYHOI Ka-
TacTpodu 1 KiNbKOCTI MOXINBUX
JIOACbKUX XepTB

Puc. 3.2. MagiHHA ynamkiB KomeTun
LLlymenkepis-Jlesi Ha tOniTep

COHAYHA CUCTEMA

3IificCHUBIIN KiJIbKa cOTeHb 00epTiB HaBK0J0 COHIIA, AP0 KOMe-
TU 3PEITOI0 BTPAaUa€e CBOIO Macy i pyHHY€ETbCA, aje ii pernTKy IIPoI0B-
JKYIOTH PYX 10 opbiTi Ta mepeTBOPIOIOTHCS HA MemeopHi nomoku. Koau
3emiid mepeTuHAaEe OpOiTy TAKOTO METEOPHOTO IOTOKY, CIIOCTEPiraeTh-
cs «30paHUM gotl»y. [MHYTH KOMETH TaKO0K y BUIAAKY MOTPATLISAHHS
Ha Comurle abo 3iTkHeHHA i3 maaHeTom0 (puc. 3.2).

Actepoingna nebesnerka. Haii6inbiy yBary acTpoHOMIB IpuBepTa-
IOTh actepoigu rpynu AmoJiona, AMypa i AToHa, OCKiJIbKHY B IIepure-
JIii BOHM HAOJIMIKAIOTHCA 00 3eMJIi abo HaBiTh IepeTUHAIOThH ii opoiTy.
Hanpuraazn, y 1932 p. acrepoin 1862 Anosion (giameTp 3 KM) mpoJie-
TiB moB3 3emutio Ha Bifmcrani 0,028 a. o. Ille 6musxue go Semui y 1994 p.
npoJetiB acrepoin 1994 XMI — Bix karacTpodu IIaHeTy Bigaiisio
sguriie 112 tuc. km y mpoctopi Ta 1 rox y yaci. Xoua AMOBipHiCTE 3y-
cTpiui 3eMJi 3 OKpeMHUM acTepoifoM AOCUTH MaJja, aje, BPpaxOBYIOUN
3HAUHY KiJIBbKiCTh acTepoifliB, CTYIIiHb PUBUKY 3aTMHYTH BijJi KOCMiu-
HOI KaTacTpodu BUABUBIAETHCA TAKOI CaMOI0, AK BiJl 3BUUANHOI II0-
BeHi abo aBiakaTacTpodu. 3a cydyacHUMU JaHUMU, opOiTy SeMJi mepe-
TuHaioTh 0/1m3bK0 2000 acrepoiniB i3 giamerpom mounax 1 KM i Kinbka
COTeHb THUCAY APioHUX i3 miameTpom O0au3bKo 100 M. ITix vac sycTpiui
3em.Ii 3 actepoigom giamerpom 1 KM BUAIJIUTHCA €HEPTid, eKBiBaJleHT-
Ha BUOYyXy MiJbiOHIB aToMHUX 60M0. Kpim TOro, BUKMA Iury B aTMoC-
(depy mpusBesie 10 YTBOPEHHSA CYIIiLJIBHOI XMapHOCTi, TOMY ITOBEPXHS
3emui Oyze oTpuMyBaTH MeHIle cOHAYHOI eHeprii. Ile Mmoike 3ymoBuU-
TH IIOYATOK HOBOTO JILOJOBUKOBOTO IIepiony.

Huni crBopenuii Mikuapoguuii ¢poug «Kocmiuma BaprTa», pos-
pobJjieHa mporpama MIOIIYKiB HeOe3IeuHnuX acTepoifiB i koMmeT Ta 006-
YuCJIeHHA IXHiX op0iT. 3HAUHUII BHECOK Y IIi JOCHiI:KeHHS 3Pp0o0uIu
ykpaiucbki actrpounomu Kuesa (B. Kpyunuenko, K. Yypiomos), Kpu-
my (M. Yepnux) i Xaprosa (. Jlyminko).

3uanngiTe B mepeki Inrepuer indopmariro npo komery Ilywmeii-
KepiB-JleBi Ta maginua ii ¢pparmenTis Ha FOmiTep. IligroryiiTe cruc-
Jie TIOBiTOMJIEHHS.

@ KoHTponbHi 3anutaHHA
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1. IITo Ginbimre: aapo KomeTu uM ii rosoBa?

2. Kynu Hanpamienuii xBict komeTu BigHocHo Counsa? Uwu 3MiHiO-
eTbcs itoro mosioskeHHA? [10ACHITE.

3. I3 yoro ckJamaeTbCa AAPO KOMETH?

4. OnuIriTh IPoIleCc YTBOPEHHS I'OJIOBU Ta XBOCTA KOMETH.

5. HamaurtotiTe opbiTy KoMeTu Ta caMmy KOMeTy Ha Hiil, IO JIETUTH
XBOCTOM YIIEPE/.

6. YoMy Ha mOBEePXHAX OTHUX ACTEPOIZiB MIiJIbHICTh KpaTepiB Beu-
Ka, a Ha TTOBEePXHAX IHIINX MeHIIa?

7. 5Ky HeOe3meKy MOKYTh CTAHOBUTHU aCTePOIAM I SeMJIi?



Tema. KocmoroHia COHAYHOT cncTemm Ta BigKpUTTA eK3onaaHeT

Tema. KocmoroHia COHAYHOI
CNCTEeMI Ta BIigGKPUTTA eK3onnaHeT

Finotesm i Teopii BUHUKHEeHHA COHAYHOI cucTemu,
YTBOpPEHHA naHeT

3 mangaBHIimMuX Teopiii moxomkenus COHAYHOI cucTeMu Bimome
BueHHa Pene Jlexapra (1644 p.). Moro KocMoroniuna rimoresa — Te-
Opisg BUXOPiB — IPOTATOM II€BHOT'O Yacy KOHKYypyBaJja 3 Teopieio Bce-
cBiTHBOTO Ts:KiHHA. [lekapT BBaskaB, 1o Conrile, AK i ixmri 3opi, oTo-
yeHe ehipHOIO PEUOBUHOIO, IIT0 POBIIOBCIOMKYETHCA HA BeJINKI BigcTaHi
y BCcix HanpAMEKax. O6eprarouncsk, CoHIle CIPUUNHIE 00ePTAJIbHINA PYX
MIPUIETAUX 00JacTeli 1iel peuoBUHM, IOTiM BOHH, 3i CBOTO GOKY, mepe-
IaloTh MOTO HACTYITHUM 00JIacTAM, TaK 1110, HAPEIIITi, BCSA Maca Ipuxo-
IUTH B 00epTaHHA. ¥ I[boMY ehipHOMY BUXOPi MIaHEeTH MUaTh HABKOJIO
Counga. IIpore [lekapt He 3Mir chopMyJII0OBaTU 3aKOHU IIJIAHETHUX PY-
XiB, TOMYy HOTO rimoTe3a He OTPUMAaJa MOAAJIBIIIOTO PO3BUTKY. TiabKM
3 apyroi moaxoBuuu X VIII cT. 6y1u 3alIiponoHOBaHI €BOJIIOIiNHI KocMo-
TOHIUHi rimoresu TakmMU BUeHUMU, AK Broddou, Kaur, Jlanmac, Por,
Metiep, Jloubep, BikepTon.

Hwuwni sarasmbHOonpuiinATOIO € TimoTesa, 1o opmyBaHHsa CoHAYHOL
CHCTEMH IToYajiocs 0Ju3bKO 4,6 MJIPA POKiB ToMy 3 rpaBiTaiifiHoro
CTUCHEHHS HEBEJMKOI YaCTUHU IiraHTChKO1 MijK30PAHOI ra30mmnI0BOL
xmapu (puc. 1.1). Ila mouaTKkoBa xMapa, IMOBipHO, cAraJia 3a po3Mi-
paMu KiJIbKOX CBITJIOBHX POKiB i OyJia mpapoauTeIbKoio KiJIbKOX 3ip.

Y mporieci cTucHEeHHS PO3Mipu ra3olInJ0OBOI XMapy 3MEHIITyBa-
JINCh, i, 32 3aKOHOM 30epesKeHHa MOMEHTY iMIyJIbCY, IMBUAKICTE 00ep-
TaHHA XMapu 3pocrajia. [leHTp, me 3i0pasiaca O6inbIlla yacTuHA Macu,
CTaBaB yce TrapAYiInM y TOPiBHAHHI 3 HABKOJIUIITHIM ArcKoM. epes
KYJSpHO oci obepranHsa BimpisHaaucsa. Ile mpussesio [0 yIIiJbHEH-
HS XMapu, (QOPMYyBaHHSA XapaKTEPHOTO MPOTOMJAHETHOTO AUCKA Mi-
amerpom 6au3sko 200 a. o. i rapAuoi, IiJIBHOI IIPOTO30Pi B IeHTPi
(puc. 1.2).

Kommn’roTepue Mome/r0oBaHHA HO3BOJIAE BULIINTH KiJbKa XapaKkTep-
HUX eTalliB I[boro npoiiecy. Ha mepiriii pasi 6amamc Misk rpasiTaiiiero,
THUCKOM i 00epTaHHAM PEYOBUHU MIPUBBiB J0 YTBOPEHHSA CIIOYATKY TOB-
CTOr0, a IIOTiM Bce ToHIIoro nucKy. IloTiM y nucky Bigdyaacsa pparmes-
Talidg peYoBUHU HA 3rycTKU nuiy. [Ipnbansno 3a 1 MaH pokiB muiiosi
3TYCTKU 3JIUILINCA B KOMIAKTHI Tijla acTepoifHMX PO3MipiB 3 0au3b-
KUM A0 HuX (pisuro-ximiunum ckiaamom. ITicasa mporo mpubIns3HO IITe
100 muiH pokiB piii acTepoiniB BimuyBas iHTeHCHUBHE IIepeMilllyBaHHH,
II[0 CYIPOBOIKYBAJIOCS MOAPiOHEHHAM KPyIHuX 00’€KTiB i 00’emHaH-
HaM (3aunanHaM) npioaux. Ha 1iii ¢asi, Biaacue, i cpopmyBaiucs 3a-
poaku miaaHeT 3eMHOI rpynu — MepKypisa, Benepu, Mapca i 3emui. Ilo-
TiM npubausHo e 3a 200 MIH pPoKiB chopMyBaaucs IIJIaHETH I'PYIIN

Puc. 1.1. ®opmyBaHHs
CoHsIYHOI ccTeMy novanocs
6113bKo 4,6 MIPA POKiB TOMY

3 rpaBiTaUilHOro CTUCHEHHA
HEBEJINKOI YaCTUHWU TiraHTCbKOI
MiXK30PAHOI ra3onmnoBol XMapu

lNMpoTonnaHeTHUN ANCK —
[OVCK WiNbHOrO rasy, Wo
06epTaETbCA HABKOSIO MOSIOAOI,
HeloaaBHO chopmMoBaHOI
NPOTO3ipKK, 3 AKOrO 3rofom
YTBOPIOKOTbCA NaHeTn

Puc. 1.2. MNpoTtonnaHeTHUN gucK
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Puc. 1.3. Ek3onnaHeTa

Mpokcnma KeHTtaBpa b

Ek3onnaHera (rpeu. exo —
no3a, 330BHi), abo No3acoHLeBa
njaHeTa, — MnaHeTa, Wo
06epTaETbCA HABKOSO iHLIOT
30pi abo apeidye KOCMiYHMM
NPOCTOPOM (TOBTO He HaNeXnTb
[0 NNaHeTapHoI cucTemMm).

Fapava 30Ha, npugaTHa
30Ha [0 XKUTTA

Temnepatypa 30pi (K)

BipgcTaHb po 30pi (a. 0.)

COHAYHA CUCTEMA

IOmnirepa, yBiOpaBIiu B cebe ras, 10 He YBiHIIIOB 40 MEHIIT MaCUBHUX
mjIaHeT 3eMHOI rpynu. I, HaperiTi, e 3a 1 MJIpA POKiB yTBOpuUINCA
"HauBigganeninti Bix Connga miaanetu — HenryH i IlnyTon, 3aBepmius-
mu poiiec popmyBaHHsa COHAYHOI CHUCTEMMU.

3 IILOTO CTae 3PO3yMiJio, IO acTepPoiAu i KoMeTu — IIe 3aJIMII-
KU POI0 IPOTOIIAHETHUX TiJ, IPUYOMY acTepoifm — Ile KaM SHUCTI
YTBOPEHHA BHYTPIIIHBOI 30HU, AKA MOPOJANJIA IIJIaHETH 3eMHOI Ipynu,
a KoMeTH — Iie KaM AHO-KPHUKAaHi yTBOPEeHHS, I'eHeTUYHO II0B’ A3aHi
3 BOHOIO IJIAHET-TirauTiB. Aje HampuMiTHIiIIe, 110 B IIpoiieci hopmy-
BaHHA ITaHeT-riranTiB FOmiTep i CaTypH BUKOHAJIM POJb CBOEPIAHUX
«YUCTUJILHUKIB» COHAYHOI CCTeMM, CBOIM I'paBiTAI[ilHUM II0JIEM BU-
KMHYBIIHX MaJIi IPOTOIIJIaHETHI 3TyCTKHU Ha JaJieKy nepudepiio Consau-
HOI cCUCTeMU.

Finotesm wopo popmyBaHHA COHAYHOI cucTemMU.

@ BiakpuTTa ek3onnaHer, ixHi Ppi3nUHI xapaKTepucTnkmn

Cranom Ha ciuenb 2015 p. mocTeMeHHO BCTAHOBJIEHE iCHYBaHHS
1900 exsommaner y 1202 nnanerHux cucremax, y 480 3 AKux 0inb-
e ofgHiel IIaHeTH, Ha ChOTOJHI acCTPOHOMAMMU BiIKPHTO BiKe MOHA
4000 exsomaner.

3arajabpHa KiJbKicTh eKksomaner y Hairii I'amakTuili Mmosxe csara-
TH COTEHb MiJbApPAiB. 3SBUUHUX OpOiTaJIbHUX MJIAaHET, HMOBipHO, IIO-
"Hanx 100 mapxa, 3 Hux Big 5 go 20 muapa — semuenomioni. Takoxx 3a
moTOUYHUM OIiHIOBaHHAM 22 % COHIIENIOAIOHUX 3ip MarTh Ha opbiTax
nomibHi 10 3eMJIi IIaHeTH, 10 IIepedyBarTh Y IPUIAATHUX IJS SKUT-
Ts 30Hax (puc. 1.4).

TpusBaanii yac BUSABJIEHHSA IJIAHET IOOJU3Y iHINUX 3ip O0yJI0 HEeBU-
pimmyBaHUM 3aBIAaHHAM, OCKiJNBKY I1i HeOecHi Tija MaJi i TbMAHI 1O-
piBHsAHO i3 30pAMHU, a IxHi cBiTHJIa po3TaIioBaHi gajsexko Big SemJi (Bifg-
CTaHb /IO CYCiTHIX 3ip BUMipIOETHCA CBITJIOBUMU
poramm). ¥ XXI cT. TaKi maaHeTu movaaum Bif-
KPHUBATHU 3aBAAKN BIOCKOHAJIEHIM METOIaM, Ua-
CTO — Ha MeXKi MoskamBocTei. IIpukaazom Moxke
cayrysaTtu ek3omyianeTra IIpokcuma Kernraspa b
posTalroBaHa Ha BigcraHi 61u3bK0 4,25 ¢B. po-
KiB Big 3emuri, y cysip’i Keuraspa (puc. 1.3).

Y kBiTHi 2004 p. MiKHapOIHA KOMaH/Ia CIIe-
miamicTis, siKa mpaioasa Ha goii 3 [aemem Ilo-
BEHOM, OTpuMaJia B iH(ppauepBOHOMY mialas3oHi
mepime 300paskeHHA HMOBipHOI eK30oIlIaHeTH,
110 odbeprasacs 3a 55 a. 0. HABKOJIO KOPUUHEBO-
ro xkapauka 2M1207 y cysip’i Iizpu (puc. 1.6).
06’ekT, HasBauuit 2M1207 b, axuii posTaliosa-
HU#A mpubamsHo 3a 172 = 3 ¢B. poku Bixg 3emuti

XonoagHa
30Ha

Puc. 1.4. 30HW, NPUAATHI O KUTTA Y PI3HUX MAAHETHNX i mae macy 8 = 2MIOmn (fesKi gocHiAHUKY 3MEH-

cuctemax Ha npuknagi CoHua i 3emni

20

mIyIoTh ii 1o oxHiei-1BOX I0MiTEpiaHCHKUX).



Tema. KocmoroHia COHAYHOT cncTemm Ta BigKpUTTA eK3onaaHeT

ITpubausHo B 11€#i yac KocMiuHME Tesieckomn «1'ab6J» 3podbuB 3HIM-
Ku 30pi Pomasabrayr, Biggaaenoi Big 3emui Ha 25 ¢B. pokiB (puc. 1.5).
Ix sicraBiaenna mossosuio B auctomagi 2008 p. oTpuMaTH 300paskeH-
Ha mrasetu @omansrayt b. Ii BizkpuTTa B onTHYUHOMY miamasoni cra-
JIO HEeCIOIiBaHKOIO, aJ;Ke BifOyJocsa BOHO JIMIle 3aBAAKU BUHATKO-
Bilf sicKpaBoOCTi ILTaHeTH (CyOAYHN 3 yChOro, 00’€KT Mae OysKe BHCOKe
anrbp0emo).

Toro X POKy 3a JOIOMOTOI0 HAMOIIBIINX HAa3eMHUX TEJECKOIMiB
Keck IT i Gemini North, 1o sgatui mparmoBaTtu B indpauepBoHOMY Ii-

arasoHi, Ipymi acTPOHOMIB BAaJIOCA OTPUMATHU 3HIMKU 0/Ipasy TPhOX Puc. 1.5. 3ops 2M1207
miaHeT 0iyia iHIIOI BeseTreHchbKOI 30pi — HR 8799 B cysip’i Ileraca. (611aKMTHOrO KOMbOPY) | 06'€KT
ITe OyJsio mepiiie 300pasKeHHA MYJbTUILJIAHETHOI CUCTEMH iHIITOI 30pi 2M1207 b (4epBOHOrO KONbOPY).
(puc. 1.6). Mepwuin 3HIMOK eK30MnaHeTu

Haii6inpir BitoMy Ha ChOTOAHI ILTaHETHY cucCTeMY (He BpaxoBy-
ouu Comauny cucremy) mae 3opss HD 10180. Haskosio Hei obGepra-
IOThCSA CiM ILJTaHeT, 30PsA BiAgajieHa BijJ Hac Ha BiJcTaHb
127 cB. pokiB i poaramoByerbesa y cysip’i IliBgenHO1
I'igpu. docToBipHO BiOMO IIpO I’ ATH IIJIAHET, a AJIA I0-
BelleHHs HaABHOCTI Ille IBOX IIOTPiOHI mOZaTKOBIi cIo-
CTepeKeHHs.

TosoBHME HAIPAM HOMIYKY €K30ILJIAHeT — IIe IO0-
IIYK IJTaHeT 3eMHoro tTuiy. Ha poss’a3aHHs 1iel 3a1a-
i cupAMoBaHi pisHi Kocmiuni mpoekTu. Cepen BitomMux
moskHa HasBaTu mpoeKTu KEPLER (NASA) — kocmiu-
Huii teneckon IlIminra, sgaTHUT o4HOUYACHO BifcaigKO-
ByBatu 100 tuc. 3ip; COROT (ESA) cnenianisoBanuii PuC. 1.6. 3HIMOK MNaHeTHOI
KocMiuHME Tesaeckon miamerpom 30 cM, 3MaTHUI BifKpUBATHU IIJIaHETH cuctemn HD 10 180
demHOTO THNy. Cy4yacHi acCTpPOHOMU BBa’KalOTh, 110 BiAKPUTTS IIOIi0-

HUX 0 3eMJIi IJIaHeT € aKTyaJbHUM HAYKOBUM IMUTAHHAM, BUPIIIEH-
HA AKOTO MOXKe OyTH JOCATHYTO B HEJAJIEKOMY MaiOyTHbBOMY.

[isHanTeca npo iHonnaHeTHy cnctemy Mise 581.

G KoHTponbHi 3anntaHHA

1. OnuuriTek cyTHiCTD rimores 100 moxomxeHHs CoOHAYHOI cucTeMu.

2.1ITo Take exk3omnaHera?

3. Kouu 6ysu 3pobJeHi mepiiri 3HiMKU eK30ILIaHeT?

4. 3uanniTe B Mepesxi IHTepHeT iH(popMAaIlio mpo oAWH i3 MEeTOAiB IO~
mIyKy eksortaner. IligroryiiTe cTrcie moBifoMIeHHA.
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AKUN nepesepwms lannesn

Kauwm IsanoBuu Yypromos (1937—2016) — mpo-
decop, unen-kopecunouaeaT HAH Vkpaiuu, Bimo-
MUt y cBiTi gocaigHuK (QismKy KoMeT i KocMOTroHil
CoHAYHOI cucTeMH, BiIKpUBaU JBOX KOMET.
Haponusca y MwukosaeBi. ¥ 1949 p. ponu-
Ha XJIOIIlA mepeixasa no Kuesa, me micaa miko-
JU BiH HaBYaBCsA CIOUATKY Yy 3aJi3HUYHOMY TeX-
HiKyMi, a sromom y KuiBcbKoMy yHiBepcuTeri
im. T. T'. IlleBuenka Ha (ismuHOMY (PaKyILTETI.
Orpumasiiu 1960 p. yHiBepCUTETCHKY OCBiTY 3a
haxom (isuK-acTPOHOM, MOJIOJUI HayKOBEIlh IIpa-
mioBaB Ha crauiii B 6yxTi Tikci, me mociaimxysas
HOJAPHI cAliBa, 3eMHi cTpyMu Ta ioHOchepy. 3ro-
nmoM YyproMoB po3po0bJisiB Ha KUIBCBKOMY 3aBOJi
«Apcenas» acTpoHaBiramiiiny amapaTtypy AJasa KoOcC-
miuHuX paker. [licia 3aKiHUeHHA acHmipaHTypU CTaB HAYKOBUM CIIiBPOOGiTHU-
koM KuiBcbkoro yHiBepcurery, a 3 1998 p. — npodecopom. 3 2004 p. ouosio-
BaB KuiBcbKuii mianerapiii.

HayxkoBa cnagmnua Kinuma Isanosuua mamiuye monan 800 mpais, ajie Haii-
BioMilmuM HOro MOCATHEHHAM CTaJ0 BiZKPUTTA KoMeT. Ilepiny BUueHUH Bif-
kpuB 1969 p. pasom 3 acuipanTkoio CeiTiianoro I'epacumenko. Ileit KocMmiuamit
00’eKT Tak i HazBamu — «Komera HUypiomoBa-I'epacumenko». ¥ 1986 p. Kium
IBanoBuY paszom i3 BasenTurnom CoofoBHUKOBUM (3 ACTpodi3muHOTO iHCTUTY-
Ty iMm. @PeceHKOBa, KazaxcraH) BiIKPUB APYTY, JOBTONEPiOINUYHY KOMETY, SIKa
orpuMasia Ha3By «Komera UypiomoBa-CoI0HOBHUKOBA Y .

Kaum Yypromos i Ceitsiana I'epacumenko 2 6epesua 2004 p. Oysau npu-
cyTHi Ha Kocmoapomi Kypy y @Ppaunnysbkiii I'Biami mig uac samycKy €BpoIei-
ChKOT'0 MiKIIJIaHETHOTO 30HAa «Poserra», AKuil BUpPyIIaB g0 KoMeTu Uypio-

moBa-I'epacumenko. lenp 12 nmucromana 2014 p. craB
yeproBuM Tpiymbom mia Kiuma IBanosuua: «Poser-
Ta» 3aBepInia CBOI Micifo — ii cmycKOBHE amapar
«Dini» 3aificHUB BOAJIy MOCaaKy Ha KOMeTY, 11100 po3-
nmouaTtu i1 gocaimsKeHHs.

Imie ogHUM mocArHeHHAM npodecopa HypromoBa
crajo Haganua MisKHapOOHUM aCTPOHOMIUHHM COIO-
30M HAITiOHAJIbHUX iMEH-CHMMBOJIiB MaJIUM ILJIAaHETaM
Ha uecTh T. IlleBueHka («2427 Kob63ap»), I. ®pau-
Ka («2428 KameHnsap»), I'. CkoBoponu («2431 CkoBo-
poma»), KHY im. T. IlleBuenka («4868 Kuyiesia»).
A 1984 p. im’a camoro K. I. HypromoBa 0yJji0 BIITaHo-

;;;;;;' BaHO y Ha3Bi Majoi mianeTu 2627.
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Onena IaniBna Kasumupuak-Ilosoncska (1902—1992) —
Biloma #1 mysKe IITaHOBaHA B HAYKOBOMY CBiTi yKpaiHChbKa acTpo-
HOMKaA.
Hapoaunacs mai0yTHA HayKOBUIA Ha BoauHi y MisgaxeTHil
poxauHi micrieBux aBopsAH IlosoHChKUX. ¥ TUTHUHCTBI Ta IOHAITBI
IiBuMHA HaBUajlacd B KiJTbKOX JKiHOUMX TiMHa3isax — y Bapima-
Bi, ITeTep0Oypsi, HoBropoa-Cisepcbkomy i JIynbKy. BoHa uymo-
BO PO3MOBJIAJIA HE JIUIIIE PiTHOIO YKPaiHChKOIO, a i Jo0pe 3HaJa
POCificbKY, MTOJBLCHKY, aHTJIINCHKY i HiMEI[bKY MOBMU.
Y 1922 p. Onena 6aMCKyde cKJajka icouTu HA PisuKo-Ma-
TemaTuuHuil (paryiabrer JIbBiBcbKOro yHiBepcurery dma Ka-
3uMupa, Ha Bigmimemusa actpoHowmii. 3 1934 p. mparoBaJia
B acTpOHOMiuHi# oOcepBaTopii mpu BapiiaBcbkomy yHiBepcH-
TeTi, me 3axucTuiia aucepraiiio «IIpo miaHeTw i MEeHTPUUYHUNT
pyXx miaHeT» i 300yJia HAYKOBUH CTYHiHBb HJOoKTOpa (hismocodii.
ITicna IIpyroi cBiToBOI BiliHM, IPOTATOM KOl yUeHa 3a3HaJja YMMaJIO T'OPSa
71 IOHeBipAHBb, BOHA Pa30M i3 MaTip’io Ta CHHOM IiepeixaJja A0 XepcoHa, /e BU-
KJIafajia acTPOHOMiIo B mefaroriuaomy iHcturtytTi. ¥ Toii camuii uac Oena IBa-
HiBHA 3HOBY I'OTyBaJiacA JI0 3aXUCTy KaHAMAATChKOI, OCKiJIbKY Ii ITOJIBCHKOTO
npodecopcbkoro aumiaomy y Pagauacsromy Corosi He BusHanu. ¥ 1950 p. Bue-
Ha 3aXMCTHUJIA JUCEePTAaIlilo Ha 3M00yTTA HAYKOBOTO CTyIleHA KaHaunara Qisu-
KO-MaTeMaTUYHUX HayK.
Osena IBaniBua mpaiioBasa B OmecbKOMY IearorivHOMY iHCTUTYTIi, TOTiM
y Jleniarpagacekomy (HuHi CankTt-IlerepOypr). OcHoBHI HayKoBi po6otu Kasu-
mupuak-IIoI0HCHKOI IPHUCBAYEHI BUBUEHHIO PYXY KOPOTKOIIEPiOAUYHUX KOMET,
30KpeMa eBOJIIOIil iXHixX opbiT. Buena mociimxyBasa pyxu 35 KOPOTKOIIEpio-
IUYHUX KOMET, J0BeJia, 1[0 BILINB BEeJIUKUX
IJIAHEeT € OCHOBHUM UMHHUKOM, AKUH [Iie HA
TparHcpopMaIlito KOMeTHUX OpoiT.
Ocrauui poxu xkurtsa OJsena IBamiBHa
OpuiHANA YepPHEeUU MOCTPUT, YNTAJIa JeK-
mii i mucasa KHuUru 3 00rocJyios’sa. ¥ c¢BOIX
nmpamAaxX BOHA IparHyJjia mogapyBaTHU JIIOM-
CTBY CBiTJIO Bipu, TOPIKECTBO KYJbTypPU
 mayku. O. I. ITosoHCchKa OyJsia mOXoBa-
Ha Ha TepuTopii IlyixkoBcbKOI o6cepBaTopii
(Caukr-IleTepoypr).
Y 1978 p. im’am Osernu Kasumupuak-
ITonoHCBhKOI HasBana MmaJia miaaHera «2006
ITosmoHchKka», B XepCcoHi Ha YecThb BUJIATHOI
aCTPOHOMKMU Ha3BaHA BYJIUILA.




30PI

Tema. Y3aranbHeHi
XapaKTepucTnkmn ctalioHapHux sip

BusHaueHHsA BigcTaHen o 3ip.
AGCONIOTHI 30pAHI BeNINUYNHM i CBITHICTb 30pi.
Konip i Temneparypa 3ip. Pagiycu 3ip

Busnauenns Bimcraneii 1o 3ip. 3opi posTalinoBaHi B MiJibiioHUT pa-
izl AKUM Gyn0 6 BUAHO Big 30pi 3iB aagi, Iji)ic COHIL.e, TOMY ‘I‘().pI/ISOI:ITaJIBHi ngpana.fccn 3ip Bi/II.IOBi/I'
T e HO B MiJbloHU pas3iB MeHIIi, i BUMipaATu Taki Majii KyTu Iie HiKomy
(1 a. 0.) B NepPreHANKy APHOMY He BAaBajocd. [y BUMiploBaHHA BificTaHell [0 3ip acCTPOHOMU 3MY-
[0 NPOMEHS 30PYy HaMPAMKY meHi Bu3HAvaTy piuHi mapanmakcu, Aki noB’ssaHi 3 opbiTanbHUM Py-
xom 3emuti HaBKoJ0 CoHiia (puc. 1.1). ¥V touni C poaramioBare CoH-
me; A, B — moJjoxkeunHa 3eMJii Ha opbiTi 3 iHTepBaysiom 6 micalis;
BC =1 a. o.— Biacrausb Big 3emai mo CoHIla (BeJnMKa MiBBich 3eMHOI
opbiTu); S — Bopsd, Ko AKOI Tpeba BusHAUNTHU Bincraub; LBSC =p —
piuHUI mapajgakc 30pi.

PiuHuii napanakc BU3HayaE KyT,

Bigcrasp Big Semuri 1o 30pi BU3HAUAETHCS 3 MPAMOKYTHOTO TPHU-
KyTHuka CBS:
BC la.o.
r= = (1.2)

sin p sin p

Piunwnii napajsakc MOKHa BUMipIOBATU TiJIBKU IPOTATOM KiJIBKOX
MicAIiB, mMoku 3eMJisd, a Pa30M i3 Helo i TeJIecKoIl, PyXaluuch HaBKO-
s0 CoHIIs, He IepeMicTAThCS Y KocMiuHOMY mIpocTopi. Piuni mapanak-
cu 3ip acCTpOHOMM HaMarajaucs BusHauaTu Iie 3a yacis M. KomepHuka,
III0 MOTJIO CTaTH 0e33allepeuyHuM JOKa30M 00epTaHHs 3eMJIi HaBKOJIO
CoHIIA Ta YTBEPI KEHHAM TeJIiOIeHTPUYHOI cucreMu cBity (puc. 1.3).
Aune tinbxku 1837 p. B. Crpyse B IlysikoBChKil acTpoHOMiuHi# 06cep-
BaTopii (Pocis) BusHauuB piunuii napanakc 3opi Bera (a Jlipu). Haii-
OlIBIINI mapajiakc Mae HamOam:Kua no Hac 3opa IIpokcuma Kenras-
pa — p=0,76", ase ii B €Bpo1i He BugHO. 3 AICKPaBUX 3ip, AKi MOKHA
baunTu B YKpaiHi, Haitbm:Kue 00 Hac nepebdyBae 3opsa Cipiyce (o Benn-
kKoro Ilca), piunuii mapanakc axoi p = 0,376".

Bigcraus 1o 3ip BUMipIOIOTH ¥ CBiTJIOBUX POKaX, ajle B aCTPOHOMIii
1I1e BUKOPUCTOBYIOTH OAMHUITIO Mapcek (IIK) — BifcTaHb, AJIA AKOI piu-
HU# napayiakc p = 1” (mapcek — CKOPOYEHHS BiJ mapajlakc-ceKyH[a).

Puc. 1.1. PiuHnn napanakc 1

i a. o.
BrSHatac KyT, Mia AKAM 1 o= =206265 a. 0.~3,08-10' km (1.4)
6yno 6 BMAHO i3 30pi BeNMKY sinl”

nieBicb 3emMHOT op6iTK (1 a. 0.)
B HanpsAMKY, NepreHAnKynapHoOMy
110 POMeHs! 30py ~ 3,26 CB. POKY.

CroiBBigHOIIEHHS MiXK ITapCEKOM Ta CBITJIOBUM POKOM Take: 1 mK ~
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Tema. Y3aranbHeHi xapakTepuCTUKM CTaLiOHapHUX 3ip

SAKmro piunnii mapajakc BUMiPIOEThCA KYTOBUMU CEKYHIAMU, TO
BiicTaHb 0 3ip y IMapceKax MOKHA BUPA3UTU TaKOI0 (POPMYJIOO:

r~1/p" ok (1.5)
Bigcranp 1o HaROAMMKIUX 3ip
Bigcrans
3opa
CB. p. K
ITpoxcuma 4,2 1,3
Bapuapzaa 5,9 1,8
Bouabspd 359 7,5 2,4
Cipiyc 8,8 2,6
Pocc 154 9,5 2,9
¢ Epigana 11,0 3,3
IIpomion 11,4 3,5
Agpraip 16,5 5,1
Bera 26,5 8,1
ApxTyp 36,0 11,0
Kamesa 45,0 13,8

3opAHi BeIUYUHU. YIIepille TepMiH «30pAHa BeJIuunHa» OyB yBe-
IeHUU NJd BU3HAUEHHA ACKPABOCTL 3ip rpenbKuM acTpoHomom I'ir-
napxom y II ct. 7o H. e. Toxi acTpoHOMU BBasKaJju, 110 30pi pos3Mmilie-
Hi Ha ogHaKOBiil Bigcraui Big 3emii, ToMy AcCKpaBicTh 3aJI€KUTDH Bil
po3MipiB mux cBiTMI. 3apas MU 3HAEMO, IO 30Pi HABITH B OTHOMY CY-
3ip’i po3TaIoByOThCA Ha PidHUX Bigcranax (puc. 1.6), Tomy Bugmma
30psSHA BeJIMUYNHA BU3HAYAE TIIBKU OeAKY KiJIbKicTh eHeprii, aKy pe-
€CTPY€E HaIlle OKO 3a IIEeBHUU IIPOMIiXKOK udacy. l'inmapx posminus yci
BUIMMIi 30pi 3a AcKpaBicTio Ha 6 cBOepigHUX KJaciB — 6 30paAHUX Be-
auunH. Hafisickpagitri 3opi Oy Ha3BaHi 30pAMU IIEPIIOI 30PAHOI Be-
auunHaY (puc. 1.7), 6iabm ciabki — apyroi, a Halicaabkimti, AKi JeaBe
BUIHO Ha HiuHOMY Hebi, — 1rocrtoi. ¥ XIX cT. aHTIiicbKUI acCTPOHOM
H. ITorcos mOOBHUB BU3HAUEHHS 30PAHOI BEIUUYUHY II[e OMHIEI0 YMO-
BOIO: 30pi mepIroi 30pAHOI BenunHU MaioTh 6yt y 100 pasiB scKkpasi-
11i 3a 30pi 11ocToi BeuunHU. BUANMY 30pAHY BEJIUUYUHY ITO3HAYAIOTH
Jgiteporo m. jasa Oyab-IKUX 30PAHUX BEJIUUYUH M., M, Oyae cupaBej-
JIUBe TaKe BiIHOIIEHHA IXHBOI AcKkpaBocTi E; Ta E,:

£:100’4(m2_ml) (1.8)
2

Buduma 3opana 6eruyuna m BU3HAYAE KiJIbKicTh cBiTiA, III0 1O-
TpaILise Bix 30pi g0 Hamroro oka. Haficaa01i sopi, AKi 111e MosxHa 1moba-
YUTU HEO30POEHUM OKOM, MatoTh m = +6m. PiBuaunsa (1.8) HazuBaoTh
¢popmyaoio Ilorcona. fAckpaBicTs E (pakKTUUHO BU3HAYAE OCBITJIEHICTD,
SAKY CTBOPIOIOTH 30Pi HA MOBepxHi 3eMJti, TOMy Beauunny E MOKHA BU-
MiproBaTu Ja0KCAMU — OTUHUIAMM OCBITJIEHOCTi, AKi 3aCTOCOBYIOTH
y Kypci ¢pisuku. 3rigHo 3 GopMyI0i0, SKINO Pi3HUIT 30PAHUX BEJIMUYNH
JBOX CBIiTHJI TOPiBHIOE OOUHMUII, TO BiAHOIIIEHHA OJIUCKY Oyzae ~ 2,512,

Puc. 1.3. PiuHi napanakcu 3ip
ACTPOHOMM HaMaranuca BrU3HavaTtu
e 3a yvacis M. KonepHuka

Puc. 1.6. 3opi B cy3ipi OpioH
pO3TaloBaHi Ha Pi3HUX BiACTaHAX
BiZ 3eMni, a HaM 3[A€TbCA, WO
BOHM CBITATb Ha NMoBepxHi chepun

Puc. 1.7. Cipiyc — 30pAa
nepLuoi BeNNYNHN
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A6conoTHa 30psAHa
Be/INYMHa — Mipa CNpaBXHbOI
CBITHOCTI, TO6TO eHeprii, AKy
HebecHe TiIo BUNPOMIHIOE

y NeBHOMY fAiana3oHi XBusb

CBiTHICTb — MNeBHa KiNbKicTb
eHeprii, AKYy BUNPOMIHIOE
ACTPOHOMIYHUIA O6'EKT 3 yCiel
NOBEPXHi 32 OAHY OANHULIIO
yacy

3a oguHMLIO CBITHOCTI Oe-
peTbCA NOTYXKHICTb BUNPOMi-
HioBaHHA CoHuA 4-10% Bt

CeiraicTs L meaxux 3ip

3opsa L
CoHIre 1
Heneb 90000
Pirens 70000
Berenbreiize 25000
ITonspra 17600
Kanenna 150
ApxTyp 102
Bera 54
Cipiyc 23
Aunpraip 10

26

30PI

I BUBHAUEHHSA BUAMMUX 30PSHUX BeJIUUUH HeOECHUX CBiTHI
aCTPOHOMMU B3AJHU 3a CTAHAAPT TaK 3BAHUU IIIBHIUYHUHA IMOJAPHUI
pan — 1e 96 3ip HaBkoso IliBHiuHOTO TOMTIOCA cBiTy. Haliackpasimia
cepen HuUX — IlossipHA — Mae 30pAHY BeJIUUYUHY M = +2m.

BigmocHO 1boro cTaHZapTy HalicaabIri 30pi, AKi e Mo:kHa moba-
YUTU HEO30POEHUM OKOM, MAlOTh 30PAHY BeauuuHy +6m, y 6iHOKJIb
BUIHO 30pi mo +8m, y IMKIIbHUNA TeJeCKOIl BUIHO cBiTuiaa mo +11m,
a 3a IOIOMOT0I0 HAMO1IBIIINX TEJIECKOIIiB CyYacCHUMU MeTOJaMu MOYKHA
3apeecTpyBaTH cjabKi ramakTuku g0 +28m. [y:ke ssckpasi HeOecHi cBi-
THUJIa MalOTh Bifi’eMHY 30pAHY Beanuuny. Hampukian, HaligscKkpasimia

3op4a marroro Heba Cipiyc Mae BumguMy 30pAaHy Bequuuny m = —1,6m,
Iad HaldacKpaBimiol niaanetu Bewmepu m = —4,5m, a pas CoHIa
m = —-26,Tm.

A6conroTHi 3opaHi BeaumuumHM i cBiTHicTh 30pi. Xoua CoHIle
€ HAWSICKpAaBiIlIMM CBiTHJIOM Ha HAIIIOMY Heli, Iie He 03HAYaE, 1[0 BOHO
BUIPOMiHIOE OijibIlie eHeprii, Hixk iHImri s3opi. 3 Kypecy ¢isuku Bifo-
MO, IO OCBiTJIEHICTDb, AKY CTBOPIOIOTH A Kepesia eHeprii, 3a/IesKUTh BiJ
BifcTaHi ;O HMX, TOMY HeBeJMKAa JIaMIOUYKa y BaIlliii KiMHaATI MoXKe
3raBaTuca HabaraTo sSICKPAaBiIlIoio, HidK MaJeKWi npoKeKTop. ad Bu-
3HaUYeHHA cg8imHocmi, abo 3arajbHOI IMOTYKHOCTI BUIPOMiHIOBaHHS,
aCTPOHOMHU BBOIATE IIOHATTS a0COJIOTHOI 30psAHO0I Beauuuau M. 3ops-
HY BeJIWUYMHY, AKYy MaJja 60 30pd Ha cTaHmapTHi# Bixcraxi r, = 10 Ok,
HA3WBaIOTh a0COJIOTHOIO 30PITHOI0 BEIUIUHOIO.

IIpubsausHo Ha Takii Bigcrani (11 nk, a6o 36 ¢B. POKiB) Big Hac pos-
TaIoBaHa 30pA APKTYP, II[0 MA€ BUANMY 30PAHY BEJIMUYNHY, IKa Mai-
JKe mopiBHIoe abcostoTHil. Couie Ha Bigcrani 10 oK Maao 6 BUTJIAI 10-
CUTB cJIabKO0I 30Pi IT’ ATOI 30PSAHOI BEJIMUYNHI, TOOTO a0COJIIOTHA 30PAHA
BesqinunHa CoHIA ~ + 5™,

dAxKmro Bigoma BimcTaHb 10 30pi 7 B mapcekax Ta ii BuguMa 30psAaHa
BeJIMUMHA M, TO abCOJIOTHY 30pAHY Beanuuny M MoKHA BU3HAUUTU
3a SOIIOMOTOIO TaKol (hopMyJIn:

M=m+5-51gr (1.9)

CeiTHicTh 30pi BUBHAUa€ KiJIbKicTh eHeprii, 1110 BUIIPOMiHIOE 30DPA
3a OQUHUIIO Yacy, TOOTO IOTYKHIiCTh BUIIPOMIiHIOBAaHHS 30pi. 3a ogu-
HUITIO CBITHOCTiI B acTpoHOMil 6epyTh HOTYKHICTh BUIPOMiHIOBAHHSA
Conumga 4-1026 Br. fxio Bigoma abCco0THA 30pAHA BeauunHa 30pi M,
TO ii CBiTHiCTH BUBHAUAETHCA 3a JOIIOMOTOI0 TaKol (DOPMYJIH:

E 0,4(5-M

L=—=10"" 1.10
Eo (1.10)
Temnepatypy 30pi MOKHA BUSHAUNTH 34 JOIOMOTOI0 3aKOHIB BU-
IpoMiHIOBaHHA YopHOTO Tijma. HalimpocTinmuii MmeToa BUMipHOBaHHSA
030pPOEHNM OKOM MOJKHA BUSHAUUTHU TiIBKU KOJIP ICKPaBUX 3ip, am:xe
YYTJIUBICTH HAIIIOTO OKAa /IO CIIPUUHATTSA KOJIbOPiB IPU cJIaOKOMY OCBiT-
JeHHi mnysxe majia. Kouip cirabKux 3ip MOKHa BUSHAUUTHU 34 HOIIOMO-
o0 OiHOKJIA a00 TeJIeCKoIla, AKi 30upatoTh OiJIbIlle CBiT/Ia, TOMY B OKY-

JISIPi TeJiecKoIla 30pi 34a0ThCA HAM SICKPaBIIIMMMU.



Tema. Y3aranbHeHi xapakTepuCTUKM CTaLiOHapHUX 3ip

Papiyc 3ip. [lyia BusHaueHHA pajiiyca 30pi He MOKHA 3aCTOCYBaTU
TeOMETPUYHUN MEeTOJ, aJl’Ke 30Pi PO3TaIOBYIOThLCA HACTIIBKU Aajie-
KO Big 3eMJIi, 1110 HaBiTh y BEJIMKi TeJ€eCKOIIY 0 HeJaBHLOT'O Yacy He-
MOJKJINBO OyJI0 BUMipaATH IXHiI KyTOBi posmipu — yci 30pi maioTh BU-
TJIA OGHAKOBUX CBiTIIMX TOuoK (pme. 1.11, 1.12, 1.13).

g BusHaUeHHA pajiyca 30pi aCTPOHOMU BUKOPUCTOBYIOTH 3AKOH
Cmepana-Boavymana:

Q=c-T", (1.14)

Ie @ — eHeprisd, 10 BUIMIPOMiHIOE OSUHUILA IOBEPXHI 30pi 3a ogu-
HuIo yacy; ¢ — crajia Crepana-Boabimana; T4 — abcosroTHa TeMITe-
paTrypa IIoBepxXHi 30pi.

Enepria, axky BunpomiHioe Bcda 30pd 3 pajiycoMm R, Bu3HauaeTbcsa Puc. 1.11. fickpasa 30ps
3araJIbHOIO ILIOINelo i moBepxHi, TOOTO: MispeHHoi niskyni RS Kopmu
E=4nR* Q=4nR’ - T" (1.15)

3 immroro 60Ky, TaKe caMe CIIiBBiIHOIIIEHHS MU MOYKEMO 3aIIUCATHA
I eHeprii, aky BunpomiHioe CoHIle:

E,=4nR% 6 T3 (1.16)

Omxe, 3 piBHAHb (1.10), (1.11) MoxHA BU3HAUUTH HeBimoMuil pa-
miye 3opi, akimro Bigomi R, i remmeparypa T, CoHiia:
R 05 To
—=(L)" —, 1.17)
Re T
me L — cBiTHicTh 30pi B omuHUIX cBiTHOCTI COHILA.
BusBnserbes, 1mo icHyIOTh 30pi, AKi MaloTh pajiyc y COTHi pasiB
binmpruit 3a pagiyc CoHIs, i 30pi, 1110 MaOTh pPagiyc MeHIIIN, HiXK pa-
niye 3emui.
Pagiyc 3opi mo:kHa BUBHAUNTHY, BUMipIOIOUYY i CBITHICTB i TeMIte-
paTypy IOBepxHi. Puc. 1.12. NMonapHa 30psA

G KoHTponbHi 3anntaHHA

1. IITo moTpi6bHO BUBHAYMTHU [JIsI BUMipIOBAHHA BimcTaHi 10 3ip?

2. Ik BUBHAUYAETHCA CBITHICTH 3ip?

3. fIKuM YMHOM BUMIipIOIOTLCS BigcTaHi g0 HanOAMKUIUX 3ip?

4. fIx BusHavaeTheA pagiyc 3ip?

5. Piunwuii mapanakc IIpokcumu KenraBpa cranoButs 0,76". fIka Big-
CcTaHb 10 IIiei 30pi?

CneKkTtpanbHa Knacudikauia sip.
Aiarpama lNepywnpyHra-Paccena

Cnekrpansua knacudikaiis 3ip. 3opAa — Ie BeJnue3Ha KyJsd ra- ————
paqc?ro I‘ausy, H.Ka yTpI/IMyeTLCﬁ AK OJTHE I_l.iJIe SaBIUIK.I/I BJACHIi cumri 7 Puc. 1.13. 3opi no6usy
Tm}cu{gﬂ u pOSElI‘plBa(-JTI:CH AMEePHOI0 eHeprielo. I'[JIJI 3ip BJIaC"I‘I/IBe Be- MonAPHOI. IX BUKOPUCTORYIOTE
JIMKe Pi3BHOMAHITTA, ITPOTE cepesl HUX MOYKHA BUILJINTH OKPEeMi Irpymnu, AK CTAaHAAPT ANA BU3HAYEHHS
IIT0 MAIOTh CIILJIBH1 BJIaCTHUBOCTI. BNANMUX 30PAHNX BENTUYNH
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3opAaHe ckynyeHHa M107

Puc. 2.2. IHTeHCKBHICTb
BUMPOMIiHIOBAaHHA KOCMIYHUX TiN

i3 pi3HOl0 Temnepatypoto. lapaui
30pi BUNPOMIHIOIOTb GinbLue eHeprii
Y CMHI YaCTVHI CNeKTpa, a XONoAHi
30pi — Yy YepBOHiN. MNnaHetn
BUMPOMIHIOOTb €HEeprilo nepeBaxHo
B iHppaUepBOHiIl YaCcTUHI cneKkTpa

98

30PI

HuBnsauucek HA HE00, MU 6aumMO, 1110 30pi pisdHi 3a Kosbopom. Ocob-
JIUBO IIe IIOMiTHO ITiff yac po3raananuA cueKTpiB. OcHOBHI BizminHOCTI
CIIEKTPiB 3ip MOJATAIOTH B KiJILKOCTI 1 iHTEHCUBHOCTI CIlOCTEpEKyBa-
HUX CIIEKTPAJbHUX JIiHili, a TAKOXK Y PO3IIOIiIi eHeprii B 6e3mepepBHO-
My CIIeKTpi. I3 ypaxyBaHHAM BUIIB CHEKTPaJbHUX JiHINA Ta IX iHTeH-
CHUBHOCTI mOOyJ0BaHa cIeKTpajbHa Kiaacudikaiia 3ip.

TapBapaceka cnexkTpaJjbHa Kiaacudikamia 3ip

v [ 0 B A ssoox

Puc. 2.1. Konbopwu 3ip BM3HauaoTb 7 OCHOBHMX CNEKTPanbHMUX KnaciB. Hanrapauiwi 3opi —
CUHi 30pi — HanexaTtb [0 cnekTpasbHOro Knacy O, HaliXONOAHiILi — YepBOHi 30pi — A0
cnekTpanbHoro knacy M. CoHue mae Temnepatypy dotochepu 5780 K, koBTuin Konip i Ha-
NeXnTb A0 CneKTpanbHoro Knacy G

BigminzocTi B criekTpax 3ip BUBHAUYAIOTHCA IEepeayciM BiaMiHHO-
CTAMU TEMIIePATyp. 3a TeMIIepaTypPoio 30Pi po3aianaIn Ha 7 CIIeKTPaJib-
HUX KJaciB (puc. 2.1), ki mosHaumam JiTepaMu JaTUHCHKOI abeTKM:
O,B,A,F,G, K, M.

HaiiBuiy Temneparypy Ha TOBEPXHI MaIOTh CHUHI 30Pi CIIEKTPaJIb-
HOro KJjacy O, AKi BUIIPOMiHIOIOTH HalibibIlle eHepril y CUHIN YacTu-
Hi cmexkTpa (puc. 2.2). Ko:kHUN cuekTpaabHUN KJac IOIiJIS€ThCI Ha
10 migkaacis: A0, Al... A9.

10
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CBiTHicTb, L

10?

10-1:

10 L
Ynotpadioner
Buaume cgitno

IHdpauepBoHi NpomeHi g Papiopianasox
: LoBXuHa xBuni, A



Tema. Y3aranbHeHi XxapakKTepucTuKn cTalioHapHUX 3ip

3asBuuail y cIeKTpi KOKHOI 30pi € TeMHi JiHil morInHAaHHS, AKi
YTBOPIOIOTHLCA B PO3PimskenHiii armocdepi 3opi Ta B armochepi Semuri
¥ MOKAa3yIoTh XiMiUuHUI CKJIAA ITUX aTMocdep. Busgsuiocs, 1o Bci 30pi
MaloTh Mali’Ke OOJHAKOBUI XiMiuHMII CKJIad, TOMY IO OCHOBHI Ximiu-
Hi elemenTu y BeecBiTi — rigporeH Ta rejiii, a oCHOBHa BiiMiHHICTh
pisHUX CIIeKTpaJbHUX KJAciB 00yMOBJIEHA TEMIIEPATYPOIO 30PAHUX (O-
Tocdep.

Comnrie 3a QpismuyHIMU HapaMeTpaMy HAJIEKUTh 0 CepeaHix 3ip —
BOHO Ma€ CepeaHI0 TeMIIepaTypy, CepeIHIo CBiTHiCTh i T. iH. 3a craTuc-
TUKOIO, CepeJl BeJNKOI KiJIbKOCTi pisHOMAaHITHMX Tijg Ha#bijgblle Ta-
KUX, Ki MaloTh cepeaHi mapaMeTpu.

AcTpoHOMU BUPIIINAN IIepeBipuTH, uu 6araTo B KOCMOCI TaKHX
3ip, ak Hamre CoHie. 3 miero metoro E. 'epmmnpysr i I'. Paccen 3a-
IPOIIOHYBaJU AiarpamMy, Ha SKifi MOKHA IIO3HAUNUTU MicIle KOMKHOI
30pi, AKIIO BigoMmi ii Temmeparypa i citHicTs. Ii HasBamo miarpamoro
CIIeKTP—CBiTHIiCTB, a60 Hiarpamoro I'epummmpyuara—Paccena (puc. 2.3).
Bona mae Bursazg rpadika, Ha AKOMY II0 OCi abCI[UC BiI3HAYAIOTH CIIEK-
TpaJIbHUH KJiac, a00 TeMIeparypy 30pi, a o oci opaguHaT — CBiTHICTB.

Axmro CoHIle — cepeaHs 30psdA, TO Ha giarpami Mae OyTU CKyIIUeH-
HsI TOYOK I00JIM3y TOro Miciisd, sike 3aiimae Conie. To6TO OiabIIicTh 3ip
MalTh OyTU KOBTOT'O KOJILOPY 3 TAKOI caMOI0 CBiTHicTIO, K i CoHIIe.
SKe x OyJI0 3MBYBAaHHSA aCTPOHOMIB, KOJIM BUSBUJIOCS, III0 B KOCMOCI
He 3HAUMLIN JKOOHOI 30pi, AKY MOKHa BBakaTu Koiieo CoHia. Binb-
IIicTh 3ip Ha miarpami poaTaiioBaHa y BY3bKill cMy3i, AKYy Ha3MBaIlOTh

CnekTpanbHi Knacm
F G

YEPBOHI
HALOTTAHTU

YEPBOHI
Anbpe6apaH
Cipiyc_;\\\! MIFAHT

rONOBHA
NOCNIAOBHICTb

o]
I~
~N
~l

o
=
=
]
E
]
v

BINl KAPJINKN

5000

Temnepartypa T, K

bini kapnukn — 30pi, Wo
MaloTb pafiyc y COTHi pasis
MEHLUUN Bif COHAYHOro

i ryCTVHY B MiNIbIOHW pas3iB
6inbluy 3a rycTuHy Boau

YepBOHi Kapnukm — 30pi

3 MaCol, MEHLLOID, Hi>K COHAYHA,
ane 6inbLoto, HiX y lOniTepa.
Temnepatypa i CBITHICTb LMX

3ip 3anMWaKTbCA CTaIMMn
MPOTAroM AeCATKIB MiNbApPAiB
poKiB

YepBoHi riraHTn — 30pi, Wo
MatoTb Temnepatypy 3000—
4000 K i pagiyc y gecaTtku pasis
OiNbLUNI, HiXX cCOHAYHMIA. Maca
L1x 3ip He HabaraTo 6inblua

3a macy CoHus. Taki 30pi He
nepebyBaloTb y CTaHi piBHOBaru

Puc. 2.3. fiarpama
lepuwnpyHra-Paccena.

Mo oci abcuync no3HaveHa
TemnepaTtypa 3ip, No oci

opanHaT — CBIiTHiCTb. COHUe Mae
Temnepatypy 5780 K i cBiTHicTb 1.
XonopgHiwi 30pi Ha giarpami
po3TalloBaHi NpaBopy4 (Y4epBOHOro
Konbopy), a 6inbL rapavi —
NiBOPYY (CMHBOrO KONbOPY).

30pi, Wo BMMNPOMIiHIOOTL bifblwe
eHeprii, po3TawoBaHi Buwe CoHus,
a 30pi-KapnunKky — HmXKYe.
BinbwicTb 3ip, 4O AKNX

Hanexutb i CoHLe, po3TalloBaHa

y BY3bKill CMy3i, AKY Ha3nBaloTb
rosIOBHOIO NOCNIJOBHICTIO 3ip
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Puc. 2.4. YepsoHnin Kapnnk

YepBoHun
riraHT

Puc. 2.5. MNopiBHANbHI po3mipu
CoOHUA | YepPBOHOTO riraHTa

Puc. 2.6. binun kapnuk

30PI

TOJIOBHOIO IIOCJIiTOBHICTIO. [[iaMeTpu 3ip roJIoBHOI MOCJIiJOBHOCTI Bif-
pisHAIOTHCA ¥ KiMbKa pasiB, a ixHA cBiTHicTh 3rigHo i3 3akoHoM Cre-
dana—BoabnMana BusHaAYaeThbcA TeMmOepaTrypor moBepxHi. o miel
cmyru HasexxkaTtb Conre i Cipiye.

CyTTeBa pidHUIIA B TeMIepaTypi Ha IOBEPXHi 3ip pPi3HUX cHeK-
TPaJbHUX KJACIB MOSCHIOETHCS Pi3HOI0 MacCoOIO ITUX CBITHJ: UM 0ijib-
ma Maca 30pi, TuMm 6isbimna ii cBiTHicTh. Hanpukiaazg, 30pi rosioBHOI 10~
CJiMOBHOCTI cmeKkTpaiabHUX KJaciB O Ta B y KijgbKa pasiB macuBHiMIi
3a Comure, a uepBOHI Kapauku (puc. 2.4) MalOTh Macy B JeCATKHU pasiB
MEeHIITY, Hi’K COHAYHA.

OKpeMmo BijJ TOJIOBHOI MOCJIiJOBHOCTI HA AiarpaMi po3TaIllOBYIOTh-
cdA 6iyi kKapaumku (JIiBOpydY YHH3Y) Ta 4YepBOHI HaAaTirantu (IpaBopyd
YBepXYy), AKi MalTh MPUOJM3HO OJJHAKOBY Macy, ajle 3HaUHO BifIpi3HA-
I0ThbCs 3a po3dmipamu (puc. 2.5). I'iraHTu crieKTpajabHOTO Kjaacy M ma-
I0Th Mal)Ke TaKy camMmy macy, K 0iyii kapauku (puc. 2.6) cnekTpaiab-
HOTO KJIacy B, TOMY CYTTEBO BiIpi3HAETHCA CEPENHA I'yCTUHA ITUX 3ip.
Hampuxinan, pagiyc uepBoHoro Haariranta Berenbreiize y 400 pasis
(puc. 2.7) 6inpiuii, HisK pagiyc CoHIlsd, ajle Maca [MUX 3ip MaiyKe ogHa-
KOBa, TOMY UePBOHi riranTu clieKTpaabHOro Kjaacy M MaioTh CepeaHio
TYCTUHY B MiJIbHOHM pas3iB MEHITY, HiK I'yCTHHA 3eMHOI aTMocdepu.
Tunosum mpeacTraBHUKOM 0inx Kapaukis € cynmytauk Cipiyca, pamiyc
AKOr0o MaliKe Takuii, AK paaiyc 3emii, a rycTuHa Mae (paHTAaCTUUHY
BesimunHy 31 - 0,6 r/cm?3, TOOTO HAIEPCTOK PEUOBUHY 0iJI0T0 KapauKa
BaskuB O0u Ha 3emui 10000 H. IIle 6inbilly rycTUHY MalOTh HEHMTPOH-
Hi 30pi Ta YopHIi mipu.

TonoBHa 3aragka giarpaMum cnekmp—c8imuicmy MOJIATAE B TOMY,
IIT0 B KOCMOCi aCTPOHOMU IIle He 3HaANIIIN Xoua 0 ABi 30pi, AKi MalOTh
OMHaKOBi (hismuHi mapamerpu — Macy, TeMIIepaTypy, CBiTHiCTb, pami-
yc. HanpukJiang, 6arato 3ip HajIeXaTh 10 clieKTpajabHOro kiaacy G (Ka-
meJsia, o Kenraspa ta iH.), ajge Hemae 3ip, aKi Oyau 6 TOUHO Taki, AK
Conre. HaneBHOo, TpoTATOM €BOJIIOIIT 30pi 3MiHIOIOTE CBOI (pismuHi ma-
paMeTpu, TOMY MaJIOMMOBIPHO, III0 MU 3MOKEMO BiAITyKaTH B KOCMO-
ci mre omHy 30pIO, AKAa 3apoamiaca ogHouacHo 3 Hamum CoHIleM, Ma-
I0YM TOTOYKHI IIOUaTKOBI mapamerpu. ¥ gmiarpami cnekmp—ceimnicmo
3aX0BaHa Ta€EMHUILA €BOJIIOIII 3ip: AeAKi 30pi TIMbKU-HO HAPOAUIUCH,
iHImi maioTh cepenHill BiK, i, KpiM Toro, 6araTo 3ip 3aKiHUYIOTH CBOE
icHyBaHHS I'PaHIIO3HUMHU CIlaJaxaMMu.

G KoHTpOnbHi 3annTaHHA

Puc. 2.7. Papiycn peaknx 3ip
y nopiBHAHHI i3 CoHuem

1. YuM mosCHIOETHCS PiSHUIA B TeMIepaTypi Ha MOBEpPXHi 3ip pis-
HUX CIIEKTPAJbHUX KJAciB?
2. ITo Take roJi0OBHA IMOCIiZOBHiCTH 3ip?
3. AKuil npuHIUI IOKJaAeHni B ocHOBY I'apBaps-

CoHue . . se i 0
HelTpoHHa 30pA -, cbKoi Kaacudiranii 3ip?
Binuii Kapk— 4. $Iki 30pi Maw0TH BUIYy TeMIEPaTypy IOBEPXHi:
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YepBOHI UM CUHi?
5. o AKOTro CHEeKTPAJbHOTO KJAacy HAaJeXKUThb
Comnre?



Tema. MNoaginHi Ta HecTauioHapHi 30pi

Tema.
NMopaBinHI Ta HecTayioHapHi 30pi

3BuyanHi 3o0pi. MNoaBinHi 30pi pisHMX TUNIB.
3miHHi 30pi. Nynbcylodi 3miHHI 30pi

Seuuaiiai 30pi. IIpoTaromM cBOTo TPMBAJIOTO KUTTA KOKHA 30D
MOJKe AK 30iJbIITyBaTH, TaK i 3MEHIITyBaTH BCi CBOI OCHOBHI ImapaMer-
pu — TeMIepaTrypy, CBiTHicTh Ta pagiyc. 30pi Ha roJIOBHi# ITOCJIiTOB-
HOCTI mmepebyBaroTh y CTaHi rpasBiTaIiiinoi piBHOBaru, KOJau 30BHiIIHI
I1apu 3a PaXyHOK r'paBiTallii THCHYTH 10 IIeHTpPa, B TOI Yac AK THUCK Ha-
TpiTUX rasiB i€ B IPOTUIEKHOMY HAIIPAMKY — Bix menTtpa (puc. 1.1).

3op4 B cTaHi rpaBiTalfiiiHol piBHOBaru He 3MiHIOE CBOIX ImapaMer-
pPiB, amsKe iHTeHCUBHE BUIIPOMiHIOBAHHSA €HEPTii 3 MOBEPXHiI KOMIIEH-
CYETBHCS AKEpPesoM eHeprii B Hagpax — TepMOAIEPHUMU PeaKI[isTMU.
Taxuii Iporec TpUBa€e MTOTH, TOKU IIOJOBUHA TiAPOTEeHY B AAPi He me-
PETBOPUTHCA HAa TeJIiii, i TOAl iHTEeHCUBHICTh TEPMOALEPHUX PeaKITiit
MOJKe 3MEHIUTHCsA. TpUBaJIiCTh TaKol cTamioHApHOI a3y B KUTTIL
30pi, KoJiu il mapaMeTpu AOBTUU Yac 3aJUIIAIOTHCA CTAJIUMU, 3aje-
JKUTh Bif i macu. Po3paxyHKU MOKa3yIOTh, 1110 Taki 30pi, axk Cowuile,
y cTaHi piBHOBAru cBiTATH He MeHIIle, Hixk 10 Mmapn pokis. Binbmr ma-
CHUBHI 30pi cmeKTpajbHUX KJaciB O, B, y Hagpax AKUX TePMOSIAePHi
peakiiii mpoTikaioTh iHTeHcuBHimIe, v piBHOBa3i cBiTaTe 100 MuaH po-
KiB, a HalJOBIIIe «MEPEeXTATH» MaJIeHbKi UepPBOHI KapJauKu — IXHIiH
BiK Moke mepesepmrysatu 10'! pokis.

Ilopgiitai 30pi — cucreMu, AKi CKJIaZAIOTLCA 3 ABOX 3ip, IO OIU-
CYIOTh 3aMKHEeHi op0iTy HAaBKOJIO CIILJIBHOTO IIeHTpa Mac IIiJ i€ B3a-
€MHOIO TS:KiHHA. [HKOJIM TPaNISIOThCS CUCTEMH 3 TPhOX i OiyIbIle 3ip;
Y TAKOMY BUHNAAKY CUCTEMY HA3WBAIOTh KPATHOIO 30PEI0.

Inoni 6yBae, 1110 ABi hisuuHO He OB’ sI3aHI MisK c0000 30pi BUOAI-
KOBO MIPOEKTYIOThCA Ha HebocxuJi mopsaa. Taki 3opi HasuBaiOThH ONITHY-
HO MOABIHHUMM — Ha IPOTUBATY «CIPaBXKHIM», (i3UUHO TOABIHHUM.
Kaacuunum npukjgagom Takux 3ip € Aapkop i Minap (puc. 1.2) y cy-
3ip’i Benukoi Begmenuii. O6uasi 3opi moasitiHol cucTtemMu obepra-
IOTHCA 0 eJiNTUYHUX opbiTax HABKOJIO CIILJIBHOTO IIEHTPa Mac IIUX
3ip. AKIIo BiZcTaHb MisK KOMIIOHEHTAMU Y Ke BeJuKa, opbiTaabHU
mepion MOKe BUMiproBaTucCA poKaMu, iHoAi crosmitTamu. s TicHux
cucTeM ix opOiTaJbHUI TTEPio MOKe CTAHOBUTH JIUINE KiJIbKa TOAWH.
SAxIimo gocuTh MacuBHI 30pi 00epTaloThcA Ha 0JM3bKill BimcTaHi omHa
BiZl ogHOI, TO IIe MPU3BOAUTEL IO TOTO, IO 3PEIITOI0 ABi 30pi 31/LI0Th-
ca B oxuy (puc. 1.3).

SMiuHi 30pi — 30pi, Y AKUX CIIOCTEPirarTh 3MiHU GJIMCKY X0oua 0
B OJHOMY CHEKTpPaJIbHOMY OiarasoHi.

3minHi 30pi Tuny Asrons (Bijoma moxsitina sopsa P Ilepcea) —
¢doToMeTpuuHi MOABIIHI, B AKUX y IPOMiKKaX MiK 3aTeMHEHHAMU
0JICK € cTasuM abo K 3MIHIOETHCS B MaJINX MeyKaX. SMiHHI 30pi Ha3u-
BaiOTh (Pi3MUHO-3MiHHUMU, IKII0 3MiHU OJIMCKY 3YMOBJIEH] IIpoliecamu,

Pnc. 1.1. 3opAa B cTaHi piBHOBa-
rv: 30BHILWHI cunn rpa.iTaLii BpiBs-
HOBa<eHi crnamu rasoBoro TUCKy

Puc. 1.2. Anbkop i Miyap

Puc. 1.3. MNogginHi 30pi. BzaemHe
TAXKIHHA Ta Nofanblue 3AUTTA
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TymaHHicTb y cy3ip'i OpioH
MO>Ha NobaynTy HaBiTb
He030pOEHNM OKOM. BiacTaHb

[0 Hel 6nm3bko 1000 cB. pokiB

Puc. 1.5. Uedeiga
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Puc. 1.4. Po3TawyBaHHA feAKUX TWUMIiB 3MiHHUX 3ip Ha Aiarpami lepuwnpyHra-Paccena

110 BimOyBaOThHCA B caMili 30pi abo Ha Ii moBepxHi, i ONTUYHNMHU y BU-
HagKy, AKINO OJMCK 30Pi 3MiHIOETHCSA BHACJIAOK Aii 30BHIITHIX IITOAO
Hel IpUYMH, HAITPUKJIAJ i Yac IepioguUHNX 3aTeMHeHb iHIII0I0 30Pelo.

Ileprri meB’aTh 3MiHHUX 3ip y KOKHOMY i3 cysip’iB mos3HauaoTh
JitepaMu JaTHHCBKOro ajgdasity Big R 10 Z i qomaioThk HasBy cysip’s,
"HanpukJgan T Tenbisa. 3opi, Bizkpuri misHiine, mo3sHayamoTh JBOMA JIi-
TepamMu Toro camoro ajndasity (Bix RR mo ®@Z). 3a TaK0OI0 CXEMOIO II0-
3HaUaioTh 334 30pi B Ko;kHOMY cy3ip’i. HacrymHi BigkpuTi sminmi 30pi
IO3HAYAOTh JiTepoio V i mogaoTh HOMED Ta Ha3By Cy3ip’s, HaIpUKJIaI
V335 Jlebensa (puc. 1.4).

3a 0CO0JIMBOCTSAMY 3MiH OJIMCKY i IPUMUYMHAMU, 1110 3YMOBJIIOIOTH iX,
3MiHHI 30pi TOIIAIOTE HA WiCMb 20106HUX KJACIE: ePYITUBHI; yJb-
cyioui; 3MiHHi 30pi, 1[0 00epPTaIOTHC; CIIATAXYI0Ul I HOBOMOAiOHi; Tic-
Hi TO/IBilfHi 3aTeMHIOBaHi CHUCTEMU; [KepeJia CUIbHOTO 3MiHHOTO PEHT-
TeHiBChKOTO BUIIPOMiHIOBAHH.

VYV KoXHOMY 3 IIUX KJIAciB € 00’ €KTH Pi3HOI Ipupoau, 110 HAJIEKATh
Io pisHuMX TUHOiB 3MiHHOCTI O0JMcKy. BogHouac oxui # Ti cami 00’ ek-
TU MOJKYTBH 3MIiHIOBATU OJIMCK MAal’Ke 3 YCiX MOYKJIMBUX IPUYUH a00
3 Oyab-AKUX IXHiIX KOoMOiHAaIlill, 1[0 mae ImigcTaBu AJsd BigHeceHHS ixX
oapasy oo KinbKox KJjaciB. Oxpim Toro, € yHiKaJbHi 00’€KTH, IO He
BKJIAQJAIOTLCA Y 3a3HAUEeHI paMKu Kjaacudikairii.



Tema. MNoaginHi Ta HecTauioHapHi 30pi

OxkpeMmi Tunm 3MiHHUX 3ip HA3WBAKOTH 3a 30PEIO-IIPOTOTHUIIOM.
3minui 3opi Tuny & Iledes masuBaroThea medeizamu (puc. 1.5), 3opi
tunty RR Jlipu — gipumammu, 3opi Tunny W I[iBu — Biprimigamu. Tpu-
BaJIMit yac yci i rpymnu o6’ egHyBaIu IIijg HasBoio yegpeiou. I1pore i pa-
Hilme ixX mominaau Ha moBromepioamuni (abo KaacuuHi medeigu, mpo-
Totun — 30pA O Iledes) i koporkonepioguuHi (mporotun — 30ps RR
Jlipu). BugineHHa okpeMuX THUIIIB — Jipum i BipriHig — cymIpoBOmKYy-
Bajiocd 3MiHAMU B HAYKOBUX YSABJIEHHAX 11040 MacIiTabiB 'amakTuku
i raJIJaKTUYHOTO CBiTy B IIiJOMYy.

3araJbHONPUNAHATOIO TEOPi€ro, IO MOACHIOE 3MiHU, AKi BigOyBa-
I0ThCA B nedeinax, € meopia nyavcayiii. BinmoBinuo mo miel Teopii me-
deinu — 1e MyJbCYIOUi riraHTChbKi ra3oBi KyJi, AKi B MOMEHT Mak-
CUMyMYy OJINCKY MalOTh HaWMeHINUui 00’e€M i HaWBUIIY TeMIIepaTypy.
ITorim BimOyBaeThCs PO3IIIUPEHHS 30Pi, IPUUOMY il TemMmIepaTypa 3HU-
Kyerbea. [locarmyBIm HalbiIbIIIOT0 PO3MIMPEHHA, S30BHIIIIHI IIIapu
Oig giero cuJl TAXKIHHA MMOYMHAIOTH IIaJaTU BHUB, «IPOCKAKYIOTH» Ue-
pes cepelHE TIOJIOKEeHHA PIBHOBATH i 3HOBY CTHCKAaOThCA. [[UKJ mo-
YMHAETHCA CIIOYATKY.

Ilepion mysnbcalriii medein saje:XKUThL Big Macu Ta pajaiyca 30pi, Ha-
mpukJjaz o edesa myabcye 3 mepiogom 5,4 nobu. Ilyabcarlii npuBogaATh
JIo TOTO, 1110 Iedeina 3 YacoM IIePEeTBOPIOETHCA HA TirauTa, SKUi MOXKe
IIOCTYIIOBO CKUHYTHU CBOIO 00010HKY. Taki 06’eKTu acTpoHOMHU Ha3Ba-
JU naaremapHumu mymannocmanu (puc. 1.6).

Bumu uedein

Puc. 1.6. MNnaHeTapHa
TYMaHHICTb YTBOPIOETbCA, KON
NopyLy€eTbCA piBHOBara i 3o0pA

CKMJA€E 30BHiLUHI Wwapw

IMedeinn anomaapHi . .
mepiogamMu myJabcalrii

3opi Tunny BL Bosiomaca 3 aHoOMaJIbHUMMU OJIsI CBOEI cBiTHOCTI

IMedeinn noBromepiomuuni 3o0pi 3 mepiogamMu IIyJbcalliii MIOHAL OSHY HOOY

Medeinn kapaukoBi ITynbcyroui sminHi 30pi 3 mepiogamu nyabcaliii 1-6 ropn

IMedeinn kxacuuHi .
KPUBi OJIHUCKY

IIyabcyroui 3miHHI 30pi BUCOKOI CBITHOCTI, AKi MalOTh CcTabiIbHIL

edeiny KopoTKonmepioguuHi . .
L ety p p1on B Meskax Big 12 mo 35 mib

3opi Tuny RR Jlipu, 3aminu 0I1MCKY IKMX IepedyBaoTh

CKJIaZ0BOL 3 mepiogamu myabcarii Big 1 go 30 xi6

Medeinn chepuunoi Ilynbcyroui 3miHHI 30pi, AKi1 MalOTh CTiHiKi KPUBi OJIMCKY

@ Hosi Ta HagHoBiI 30pi

Hogsi Ta Hagmosi 30pi. 3opi 3 Macoio y KijabKa pasiB 6ijabImoro,
Hi’K COHSYHA, 3aKiHUYYIOTH CBOE JKUTTA TPAHAIO3HUM BUOYXOM.
Y 1054 p. KuTaiicbKi acCTPOHOMU CIOCTepPirajam HaA3BUYANHO sACKpa-
BY HOBY 30pPI0, AKY OYyJIO BUJHO BIEHBb IIPOTATOM KiJIbKOX THUIKHIB.
ITr0 He3BHUaliHy 30pI0 MMOMITHIN TaKOXK JiTonucii B KuiBeskiit Pyci,
amxe 1e 0yB pik cmepTti Apocaasa Myaporo. Beamkaiocs, 1110 mosBa
HOBOI 30pi BirnfyBajia «Boske sHamMeHHA» Ha cyMHY mozito. CboromHi Ha
TOMY MicCIIi, Je cnmajJaxXxHyJia I TaeMHUYa 30ps, BuaHo Kpabomomiony
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Puc. 2.1. Kpabonogi6bHa
TYMaHHICTb, IKa yTBOpWIaca nicna
cnanaxy HagHosoi y 1054 p.

HoBa 30ps — 30pA Knacy
BMOYXOBMX 3MiHHUX, 6IMCK AKOI
panToBo 36inbluyeTbCA Ha 7-20"

HagHoBa — 30p#, CBITHICTb
AKOI HEeCMOAiIBaHO 3POCTaE i 3a
Jekinbka fi6 pocsirae (108-10') L,

Mynbcapu — ranakTnyHi 06'ekTy,
IKepena CTporo nepioguyHoro
iMMYNbCHOrO BUMPOMIHIOBaHHA

Puc. 2.2. Cnanax HagHoBoi
y cycigHin ranaktuui Benuka
MarennaHosa Xmapa (1987 p.)
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30PI

TymMaHHicTh (puc. 2.1). 3opi cnekTpanbuux KiaaciB O i B, aki mporsa-
roM KiJIbKOX AHIiB 301JIBIYIOTH CBOIO SICKPaBiCTh y COTHI MijbiOHIB
pasiB, HasuBaoTh HoBumu. Hapasi acTpoHOMEU IIPaKTUYHO He MAIOTh
posbiskHocTel om0 GpisuuHuX mpoiieciB cragaxy HoBux. BraskaeTsb-
cs, IO cIajiaX BigOyBaeThCcA HA IMOBEpPXHi 6ijoro Kapiauka, IIo BXO-
OIUTH MO TicHOI moaBiiHOI cucTemMu. PeuoBuHa 3 30pi-KOMIIaHBOHA
mepeTikae Ha 0iui KapJauK, 301JbIITye HOTO Macy, 3allyCKae samep-
Hi peaxiiii, AKi posirpiBaoTs 0inuii KapJuK, 1110 TPU3BOIAUTEH IO BU-
oyxy. Cnanax HoBoi cupuunHse CKuAaHHA 000J0HKHY (31 IMBUAKiICTIO
6su3pko 1000 KM/cek), AKYy 3roJ0M iHO1 MOYKHA CIIOCTepiraTu y Bu-
raaai rymamHocTti. Maca ckunyToi obosmouku menIna 3a 0,001 macu
Conrnga. OTike, criaJaxHYBINN, 30PA He PYHHYETHCA MIOBHICTIO. IHKO-
au HoBa BumpomiHioe mMaii:ke CTiIBKHU K eHeprii, CKiJIbKU BUIiIA-
I0Th padoM yci 3opi B NamaxTuiii — taki 3opi marors HasBy HamHoBi.
Hagmosa 3ops — 1e BuOyX 30pi, SKa BiKe BUUeplajga BHYTPillIHI 3a-
macu PeYOBUHU IJIS TEPMOANEPHUX PeaKIliii, uepes 10 IIepecTae CBi-
TUTHUCA 3 CEPeIUHM, a il 000JI0HKA ITOUYMHAE CTPIMKO HagaTy Ha A1POo,
10 COPUYNHAE BUOYX.

Tob6To HoBa 30psa — IIe pe3yJbTaT IePeTiKaHHSI PeUOBUHU 3 OJHi-
€l 30pi Ha Oinuit Kapauk, a HagHoBa — 1ie KiHeIlb JKUTTS JOCUTH Ma-
CUBHOI 30pi, KOJIX B Hel 3yIUHAETHCA TePMOSAAEPHUI CUHTE3 ¥ Haapax.

Kpabonogioua TymanuicTs y cysip’i Tenblld € 3aIUIIIKOM TaKO1
HannoBoi. Bipwuire, AKIo BpaxyBaTu, IO IId TYMAHHICTh PO3MIITy-
eTbesa Ha Bigcraui 6500 cB. pokiB Big 3emri, To camax HaxmoBoi craB-
ca mie 7500 pokiB Tomy.

Ona ponutnuBmnx

ITicnsa cnanaxy Hosoi abo HagHoBol 3aInIIaeThCsa SAPO, V AKO-
MYy BifmicyTHE mkepesio eHeprii. Taxa 30ps mOCTYIIOBO 3MEHIITYE CBilt
pazmiyc i cBiTUTB TiIbKM 3aBAAKM I'PaBiTAI[ITHOMY CTUCHEHHIO — IIO-
TeHITiaJbHA €HepPrid 30Pi IepeTBOPIOETLCA Ha Temio. IIpu cTUCHEeH-
Hi Maca 3aJUIIae€ThCA CTAJOI0, TOMY 301JIBIITYETHCSA I'yCTHHA, i 30pA
TIEPEeTBOPIOETHCA HaA 6i10TO KapauKa.

Aximo mouaTKkoBa Maca 30pi OyJa B KijJbKa pasiB 0iJbIIoIo,
Hi)K COHSAYHA, TO Oi/JIMii KapJAUK MOKe IIePeTBOPUTHICH Ha HENTPOH-
HY 30DPI0, pamiyc AK0i He MepeBUINy€e KiIbKOX MTeCATKIB KiToMeTpiB,
a ryctuHa cArae panracTuunol BequunHu 10 r/cmd. Ilepmry Heli-
TPOHHY 30pPI0 BUHAAKOBO BigKkpuau B KeMOpumKchbKOMY yHiBEpCH-
TeTi B 1967 p. 3a HOIIOMOro HEBeJIUKOI aHTEHU aCTPOHOMHU 3apee-
CTPYBaJIU PamioOCUTHAJ, AKUI IIOBTOPIOBABCS 3 IIOCTIMHUM IIepiogoM
1 c. YHOUI B TOMYy HAIPAMKY, 3BiIKM HAAXOAUIN iMITyJIbCH, HE OYJI0
BUJTHO YKOJHOI 30pi, TOMY aCTPOHOMM HaBiTh BUCYHYJU TillOTE3y PO
pamiocurHaj IITYYHOTO IOXOMKEeHHS BiJ mo3a3eMHOI ITUBijrisarrii.
IToTiMm cmocTepe:keHHs MOKA3AJIH, III0 TaKi IepioguYHI CUTHAJIN Hal-
XOOATh Ha 3eMJIIO Bil COTE€Hb iHIMNX HeBUIMMUX OKepes, AKi 0yio
HasBaHO myJabcapaMu. OnuH i3 myJabcapiB OyJa0 BUSBJIEHO HaBiTh
y meuTpi Kpabomomi6oHol TymMaHHOCTI.



Tema. MoaBiVHI Ta HeCcTauioHapHi 30pi

Ocranniii cnasax HagHOBO1 acTpoOHOMU CIIOCTE- MnaketapHa

piranu B 1987 p. y cyciguiii ramaktuii — Besu- . TyMaHHICTb

s . s . . YepBoHuin Lo
Kitn Marennanosizt Xmapi. Bubyxuysa riraarcbka M LiranT Binuit

. aJleHbKa 2

30ps CHEeKTPAJbHOTO KJacy B, sKa KiJbKa THK- : _ _ KapamK
HiB cBiTHMJIa ACKpasilie Bif ycix 3ip y rajaxkTuiri s e —> @
(puc. 2.2). ITpubausuo 3a 20 rox mepen crajgaxoMm
HagnroBoi 6yJio 3apeecTpoBaHo yIapHy XBUJIIO HEl- o HeliTpoHHa
TPUHHOTO IIOTOKY, KUl TpuBas 13 ¢ i 3a moTyxHic- L =x 0P g
TI0 OYB y J€CATKU TUCAY PasiB OiibIuil, HisK eHep- o HepBoHuii .

. . . - HagriraHt HapHosa /
ris B ONTUYHOMY AiamasoHi. Benvika 30ps

Taxum umaOM, v 1987 p. acTpoHOMU BHeEpIIe
oTpumMaau iHGopMallio Ipo JaJeKy KOCMiUuHY II0-
Iiro, sxa BigOyaacsa matizke 200 Tuc. pokiB ToMy. [JEGGERUEIE] o,y : \ -
ITicna cmanmaxy 30pi Bel mmaHeTn, AKi oOeprany- [ EESEStiEaid ;
cA HABKOJIO Hei, BUIAPyBAJUCA i IePEeTBOPUINCS
Ha rasolnjoBY TYMAHHICTb, 3 IKOI B MAi0OyTHLOMY
MOJKe YTBOPUTHUCS HOBe IMOKOJiHHA 3ip. TodTo y BeecsiTi cmocTepira-
€ThCSA CBOEPiMHUI KPYTroo0ir peuoBUHMU: 30pi — CnaLax 3ip — myman-
Hicmb — i 3HO8Y HapPoOdieHHs moaodux 3ip (puc. 2.3).

YopHa pipa

Puc. 2.3. EBonouia 3ip

@ KoHTponbHi 3annTaHHA

1. dki icHyrOoTH TN 3MiHHUX 3ip?
2.Yu e Conne Halirapaudimniomo 3opero B NamaxkTuili? IloscHiTs cBoIO
IYMKY.
3. fKi 30pi 3MiHIOIOTH KiJILKiCTH BUITPOMiHIOBAHOTO: (hOTOMETPUUHI
moABitiHI M QisMuHO-3MiHHI?
4. fIx Bu posymiere TepMiH «TicHa moaBifiHa 3opaHa cucteMmas? Ilo-
ACHITB.
5. 1110 o3nauae Tepmin Hosa 30pa?
6. [IBi 30pi MarOTh OJHAKOBY TEMIIEPATYyPY IIOBEPXOHb, aje Pis3Hi cBiT-
HOCTi. SIK Bu BBaikaere, ixui posamipu ogaaxkoBi? Homy?
7. 1o AKOTO CIeKTPaJbHOTro KJjacy HajeXKutb Conie? OOTrpyHTyiTE
CBOIO BiZIIIOBigb.
8. fAka Bigcraus mo IlossapHoI 30pi, AKIIO i1 piuHMI mapagaKc CTaHo-
Buts 0,003"?
9. ITosacHiTh cyTHiCTE Teopil myabcariit megein. HaseniTs mpukaagn.
10. fAxa npupona cuasaxy HoBoi 30pi?
11.1I3 gBOX 3ip MOKHA moGauUUTU JuIlle OAHY. IlosACHITE, AK misHae-
Tech IIPO MOABIHHICTE 30Pi.
12.TloscHiTh, YOMY 30pi 3 MEHIIIOIO ITOYATKOBOIO Macoio OisibIlie yacy
mepe0yBaOTh ¥ cTafAii 3BMuaiiHoi 30pi, HizK 30pi 3 OibIIO0 TOUAT-
KOBOIO MacoIo.
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Puc. 1.1. CoHue

CoHAYHA cTana g — eHepris,
AKY OTPUMYE 1 M? MOBEPXHI
3emni 3a 1 cek, AKLLO

COHAYHI NPOMEHI NagaTb
nepneHanKynApHO LO NMOBEPXHI.
3a cyyacHUMY BaHVUMU, Ha MeXi
BEPXHix WapiB aTMocdepyn 3emni
BeJINYMHA COHAYHOI CTanol
JOpiBHIOE g = 1,4 KBT/Mm?

Puc. 1.3. BHyTpiwHa 6ynosa CoHuA
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30PI

Tema. CoHLe AK 30pA

3aranbHi xapakrepuctukn CoHua, BHYTpillHA 6ypoBa,
atmocdepa. PeecTpaulis COHAYHUX HENTPUHO

SaraapHi xapaxrepucturu. CoHIle — OJHA 3 MiTbAPAiB 3ip HaITOL
TanmakTuru, nmearpanabHe Tiio COHAYHOI CUCTEMU, BiK SKOT0 OJU3BKO
5 mupn pokiB. Bono gae 3emuii temio i cBiTs0, 1[0 HiATPUMYE JKUT-
Ts Ha HaIniid miaadeti. CoHile — HalbOJMIKUYaA 40 HAC 30psdA, BigmaieHa
Big Semuri smirie ma 150 M KM, TOMy M1 6aunmo iioro y ¢opmi muc-
Ka (puc. 1.1). Conrie poamiiiene Ha BimcraHi 6ausbko 10 KK Bifg 1meH-
Tpa 'amakTuKM, 06epTaeThecsa HABKOJIO HHOTO 3i mBuaKicTio 250 KM/C.
BuBuenusa CoHI Mae AysKe BasKJIWBe NPaKTUUYHE SHAUEHHS IJIA PO3-
BUTKY 3eMHOI ITUBijizarii.

Temneparypa CoHIlsI BUMipIOETHCA 3a AOIIOMOTOI0 3aKOHIB BU-
MPOMiHIOBaHHSA «YOPHOTO Tisia». COHIle BUTIPOMiHIOE eJIeKTPOMATHIT-
Hi XBUJIi pisdHOI JOBKUHU, AKi HAIIIIM OKOM CIIPUIMAIOThCA AK Oije
cBiTs10. Hacmpaszai 6ijie ¢BiTJIO CKJIAMAETHCS 3 I[IJIOT0 CIIEKTPA eJIEKTPO-
MaTrHITHUX XBUJIb BiJi YepPBOHOI0 10 (pioIeTOBOro KOJIbopy, ane CoHIle
BUIIPOMiHIOE HalbisbIlle eHeprii y »KOBTO-3eJIeHil YacTUHI creKTpa,
TOMY acTpoHoMMu HasuBaioThb CoHIle }KOBTOIO 30pelo. TemmepaTypa Ha
noBepxHi Couia cranoBuTh 5780 K. CoHIle € po3KapeHoIo IJIa3MOBOIO
KyJielo, AKa 3aBASKY 0e31mepepBHOMY IIepebiry TepMoAIepHUX peakIlii
y tioro Haapax 36epirae BUCOKY TeMIIEpaTypPy, He3BaKal0UU Ha IMOTYK-
He BUNPOMIiHIOBAHHSA 3 IIOBEPXHi.

CeithicTs Coura (Ls ) BU3HaAUA€E MOTYKHICTH 10T0 BUIIPOMiHIOBaH-
HsA, TOOTO KiJbKicTh eHeprii, 1m0 BunpoMinioe mosepxusa CoHIA ¥ BCix
HampAMKaxX 3a OAMHUIIO yacy. [[asa BusHaueHHA cBiTHOCTI COHITA Tpe-
0a BUMIipATH COHSAUHY CTAJIy ¢ — €Hepriio, sKy orpumye 1 m? moBepxHi
3emui 3a 1 cex 3a ymoBH, 110 CoHIle poadraiiioBaHe B 3eHiTi. [[1a BusHa-
yeHHsA cBiTHOCTI COHIIA HEOOXiJHO BeIMUNHY COHAUYHOI CTaJIOl ITIOMHO-
JKUTH Ha Moy chepu 3 pagiycom R:

Ls=4nR? q~4-10% Br, (1.2)
e R=1,5-10'" m — Bigcrans Bix 3emai go CoHiid.

Buyrpimaa 6ymoBa, armocdepa. Conme —
BeJIMUe3Ha PO3’KapeHa IJja3sMoBa KyJsd, IO MAae
CKJAAHy OYyIOBY CBOIX B0BHIIIHIX i BHYTpilIHix
mapiB. ¥ pesysabraTi hi3sMUHUX TPOILECIB, IO ITPO-
TikaooTh y Haapax CoHIsA, 6e3mepepBHO BUAIISIETD-
cs eHepris, sKa mepemaeThbcsa 30BHIMIHIM MIapam
i posmoginsgeTscsa Ha Bce OijapIny mjoiny. Buacui-
IIOK IIHOTO 3 HAOJNMIKEeHHAM [0 MOBEPXHi TeMIiiepa-
Typa COHAYHOI NMJa3MHU IIOCTYIIOBO 3HUMKYETHCSH.
3aJie’KHO Bi TeMmepaTypu Ta XapakKTepy HpoIlie-
ciB, III0 BUBHAUAIOTHLCS I[i€i0 TeMIiiepaTypoio, CoH-
Ile YMOBHO PO3IiJA0Th Ha TaKi obJjacTi 3 pisHuM



Tema. CoHLe AK 30pA

GisMyHUM CTaHOM PEUOBMHU Ta PO3MOJiJIOM eHeprii: A1po, 30HA pa-
miarmii, KOHBeKTHUBHA 30Ha, poTochepa (puc. 1.3).

ITenTpannpHa obslacTh — SAPO, BOHO 3aiMAa€E BiTHOCHO HEBEJIUKUL
00’eM, aJie 3aBOAKM BeJUKIiH I'yCTHHI, gKa 301JbIITYyETHCA 4O IEHTPA,
TaM 30cepel:KeHa 3HauHa yacTuHa Macu CoHmsa. BeanuesHuii TuCcK Ta
HaJBUCOKA TeMIlepaTypa 3a0e3meuyioTh IPOTiKaHHA TePMOSIePHUX pe-
aKIiii, AKi € ocHoBHEUM mAzKepesoM exeprii Coumsda. Pagiyc aapa craHo-
BUTH npudbausuo 1/3R.

¥V 30Hi mpomenucToi piBHOBaru, abo 30Hi pagiaiii, 1110 oTOUy€E AAPO
Ha Bigcraui 70 2/3R, eHeprid NOMINPIOETHCA MIJIAXOM IIOCJIiZOBHOTO
IOTJIMHAHHA 1 HACTYIIHOTO IIEPeBUNIPOMiHIOBAHHA PEYOBUHOIO KBAHTIB
eJIEKTPOMAarHiTHOI eHeprii.

Y KOHBEeKTHBHIil 30Hi (BiJf BepXHBLOTO ITapy 30HU pafiatii maii:ke 10
camoi Buammoi Meski CoHIA — (oTocdepi) eHepria nepegaeThCs BiKe He
BUIIPOMiHIOBaHHAM, a 3a JOIOMOTOI0 KOHBEKIIil, TOOTO IIJIAXOM Tepe-
MillTyBaHHS PEUOBUHU, KOJU YTBOPIOIOTHCA CBOEPiAHI OKpeMi KOMipKH,
AKi TPOXU BiApisHAIOTHCA OHA BiJl OMHOI TeMIIEPaTypPOIO Ta I'yCTUHOIO.

ATtmocgeporo BBarkaroThbcsa 30BHiMTHI mapu CoHIA, 1[0 YMOBHO
momisieHi Ha Tpu obosioHKu. Halirmubinuit map armocdepu CoHIA,
110 CKJamaeThedA 3 rasiB, — ¢pomocgepa (Big rper. sphera photos —
Kyada cBitia), 200—300 KM 3aBTOBIIKHU, CIIPUIAMAETHCSI HAMU AK II0-
BepxHsa Couig (puc. 1.4). I'ycruna rasiB y ¢potocdepi B MisiblioHT pa-
3iB MeHIIIa 3a I'yCTUHY HOBiTps O0ijis moBepxHi 3eMJIi, a TeMmeparypa
doTochepu 3meHITYyeThCA 3 BucoTo0. Cepenuiit map gorochepu, Bu-
IPOMiHIOBaHHS SAKOTO MU CIIpUiiMaeMo0, Mae TeMmmepaTtypy 5780 K.

Y COHAYHUN TeJIeCKOII MOYKHA CIIOCTepiraTy CTpPyKTypy doroche-
pU, y AKi# KOHBEKI[iliHI KOMipKHW MAlOTh BUTJIAL CBITJINX 1 TEMHUX 3€-
per — rpanya (puc. 1.5). Hag orocdeporo poaramioBana xpomocpepa
(Bix rper. chromos sphera — KoJbOpoBa cdepa), e aToMaMu Pi3HUX
PEeYOBUH YTBOPIOIOTHCA TeMHi JiHiII moramuanua y cuekTpi CoHIa
(puc. 1.6). 3arambHa ToBIIMHA XpoMocdepu ctaHOBUThH 10—15 Tuc. K™,
a Temneparypa B ii BepxHix mrapax carae 100000 K.

Hapg xpomocdepoio posmiteruii 3oBHimHi# map armochepu CoH-
A — COHAYHA KOPOHA, TeMIlepaTypa AKOl cArae KiJbKoX MiJbHOHIB
rpangyciB. PeuoBuHa KOPOHM, IKA HMOCTiMHO BUTIKAE y MiKIIJIaHEeTHUN
TIPOCTiP, HABUBAETHCA COHAUHUM BIMPOM.

Ax1ro mopiBaaTH cBiTHiCTE COHIIA 3 fI0I0 MacOI0, TO MU OTPUMAEMO,
1o 1 KI COHAYHOI peUYOBUHU TeHepye MisepHy moTy:KHicTh ~0,001 Br,
y TOU Yac K cepefHSA MOTYKHICTh BUIPOMiIHIOBAHHSA JIIOACHKOTO Tijia
nmopiBHIoe mpubau3Ho 100 Bt, To0TO B THCAYY pasiB O0isbIlle Big IOTYK-
HOCTi TaKoi camoi Macu coHsA4YHOI peuoBuHU. [IpaBga, CoHie cBiTUTH
OPOTATOM MiJIBAPAiB POKiB, BUIPOMiHIOIOUM Maliyke OOHY U Ty camy
eHepriio, HagiiHo obirpiBatoun 3emurio Ta immi tisa ConauHOI cucTeMu.

Puc. 1.6. Cnektp CoHusA. TemHi NiHii NOrMMHAHHA YTBOPIOKTLCA Y XpoMocdepi

Puc. 1.4. ®otocdepa —
Le Hanrnméwmnn wap atMochepmn
CoHUA, AKMIA BUNPOMIHIOE CBITNO.

Puc. 1.5. ®oTtochepHa rpaHynauis.
[paHynn matoTb giameTp
1000 KM — Lie NPOAB KOHBEKLiT

COHAYHMI BiTep —
6e3nepepBHUI NOTIK Ma3Mu
COHAYHOI aTMOCdepu, Lo
nowwuptoetbea Big CoHuA

y NpUGAN3HO padianbHuix
HanpsamMax. lofoBHUMY
CKNTaAOBMMUN KOMMOHEHTaMU
COHAYHOrO BITPY € NPOTOHU
Ta €NEKTPOHN, OfHAK
NPOCTEXYTbCA TaKOX
QA-YaCTUHKMN, BUCOKOIOHI30BaHi
aTOMM KMCHIO, 3ai3a Ta iH.
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Appo — ueHTpanbHi obnacTi
CoHu#A, fe NpoTikalTb TepMo-
AQEPHI peakuil

3oHa pagiauii — 30Ha, ge
eHepriﬂ NePEHOCUTbCA LWIAXOM
nepeBUNPOMIHIOBaHHA OKpPeMUX
KBaHTIB

KoHBeKTMBHa 30Ha — 30Ha, fie
3[INCHIOETbCA Nepedaya eHeprii
LIAXOM MepemillyBaHHA —
6inbLU rapAvi KOMipKK
CNAVBaIOTb Yropy, a XONOoAHi
OMyCKalTbCA JOHU3Y

Puc. 1.7. 3oBHilwHA
COHAYHA aKTUBHICTb

Puc. 1.8. lMig3emHnn
[eTEKTOP HENTPUHO
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30PI

ITapamerpu CoHus

Cepenusa BigcTaub 10 3eMiri 1,510 m

Pagiyc 109 R,

Cepenniii giamerp 1,39:-10°m™m

Maca 1,99-10% M (330000 M,)
CepenHsa rycTUHA 1,4 r/cm®
gé)gziggsgfﬂ BiIBHOTO HagiHHSA 274 m/c?
Temneparypa Aaapa 1,4-107K
TemmnepaTypa KOPOHU 1,5-106K
Temneparypa goTochepu 5780K

CeiTHiCTB 4-102Br
Ximiunuii ckJIam; 3a Macoio, % H, — 71, He — 27

Peecrpania congunnx meiirpuno. I[HopMalrito mpo BHyTpilrHIO 0y-
noBy COHIA OTPUMYIOTH YHACTITOK TeOPETUUYHUX po3paxyHKiB. 1i Bu-
CHOBKH BUEHi IIepeBipAIOTh 3a JOIIOMOTOI0 METOIa, AKUI OB’ A3aHU
3i crmocTepesKeHHAM COHAUHUX HeNTpuHO. OTiKE, COHAYHULL HellmPUHO
€ BUJOM BUIIPOMIiHIOBAHHSA, AKUH MPUXOIUTH A0 36MHOI'0O CIIocTepira-
ya 3 Hanraubimux Haap CoHIld i Hece B cobi imdopmarliro mpo mpoiie-
cu, 110 TaM BimOyBalOThLCH.

HeiiTpuuo — «HeBJIOBUMa» YaCTHUHKA, AKa Oepe Oe3mocepemHio
y4acTh y TEPMOSAJEPHUX pearIiliAx. 30KpeMa HeHTPUHO YTBOPIOIOTh-
cdA B IPOIleCi TepMOANEPHUX IIEPETBOPEHb BOAHIO Ha refiil, AKi, 3rigHO
3 CyJYacHUMU YSABJICHHAMU, CIYKATD IyKepeaMu BHYTPIITHBO30PEBOl
eHeprii. Evepria nux yacTUHOK i BeJIMunHa IXHBOTO IIOTOKY 3aJIesKaTh
BiJ TeMmepaTypHu i XxapaKTepy sAlepHUX peakiiii. Kpim nporo counauni
HEUTPUHO, IO BOJOIIIOTh BEJIUUE3HOI0 MPOHNKAIOUO0 3JaTHICTIO, IIPO-
XOAATH Uepes3 BCI0 COHAYHY TOBIIY MMPAKTUYHO 6e3IePeITKoIHO i Jocs-
raiorb 3emsi. ToMy COHAYHI HEUTPUHO AalOTH iHGOPMAIIil0 IPO CTaH
COHIIA IPAaKTUUYHO B MOMEHT CIIOCTEPesKeHHs.

fAxOu HaM BHAJIOCA «3JIOBUTU» COHAUYHI HEHTPUHO, MU B IIEBHOMY
ceHci «mobauuiu 0», 1m0 BigOyBaeThea B meHTpi Conmsa. Ase cmocrte-
piratu ix MOKHA TiIBbKU HempaMuM HLIAxoM (puc. 1.7), smyuryoun
B3AaEMOIIATH 3 IHIMMMU YaCTUHKAMH i PEECTPYIOUN Pe3yJabTaTH IOHi0-
HUX B3a€MOJili.

ITinxomaIoo AAepHOo0 peaKIlielo MOoKe CIYKUTHU B3a€EMOIid Hell-
TPHUHO 3 AIPOM OJHOT'0 3 i30TOIIiB XJIOPY 3 aTOMHOIO Baro 37. BioBuB-
Y COHAYHI HEHTPUHO, TaKe SAPO IIePeTBOPIOETHCA HA SAPO i30TOIy
aprouy-37, AKUH € pPagioOaKTUBHUM, a OT)Ke, uepe3 MeBHi HpOMiKKHu
yacy MOKHA BUMipIOBATH, CKIJIBKY HOTO HAKOTIMYUJIIOCS.

Aure imnri kocMiuHi BUTPOMIiHIOBAaHHS TaKOMK MOMKYTH BUKJIUKATH
ANEePHY PeakIliio IepeTBOpeHH:A XJopy Ha aproH. II[o6 mo3byTucsa Ta-
KUX TIEPEIKOo]], BUMipIOBaHHA Tpebda IPOBOAUTHU TJIUO0KO IIiJ 3eMJIeo,
Ky/Au 3BUUYaHI KOCMiUHI YaCTUHKY MPOHUKHYTHU HE MOYKYTh.



Tema. CoHLe AK 30pA

Inea Takoro «merexkTopa» IJsd peecTpallii COHAYHUX HEUTPUHO
oyJia sanpononoBaHa B. [TouTexopso i 3xiticuena P. [lesicom. HeiiTpu-
HO-TeJIeCKOIIOM CJY KMJia BeJinue3Ha IncTepHa, HamoBHeHa 600 ToH-
HaMM IepXJopeTmieHy. Anaparypa 0yja BCTAHOBJIE€HA B MOKUHYTOMY
pynauky B mrarti IliBgenna laxkora, CIITIA (puc. 1.8). CornsuHi Heii-
TPUHO CIIOCTEePiragy IpPoTATOM TPUBAJIOTO Yacy KiJibKoMma cepiamu. Bu-
ABUJIOCS, 110 YMCJIO 3aPEECTPOBAHNX aKTiB B3aeMo/il HabaraTo MeHIIIe
mmepeadaveHoro Teopieio.

JlJist TossiCHEHHSA IHOTO AeAKi BUEHI MPUNYCTUJIN, 10 COHAYHUMN
TePMOSAIEPHUNA PeaKTop IIPAIlioE B «iMIyJbCHOMY pexuMi». ToOTo
B Hagpax CoHIIS TepMosAepHa peakIlid uac Bif yacy HPUNUHAETHCH,

Puc. 2.1. CoHauHa nnama —

i Toni CoHIle CBITUTDH 3a PaXyHOK 3allaciB eHeprii, HAKOIIMYEeHUX B I10- Le o6nactb dpotochepu, e
IepefHbOMY ITUKJIi. 3HWXKYETBCA TEMMepaTypa,

ajXe CUibHe MarHiTHe rnone

g KoHTponbHi 3anuTaHHA y NNAMI 3ynnHAE KOHBEKLito

1. Yu € Conie neurpaiabHuM cBiTuiaom y CoHAuHiNM cucTemi?

2.Yu mae Conre armochepy?

3. Crinbku uacy icuye Conile?

4.IIpo 110 cBiguuTh HaABHICTH Ipanya y porocdepi CoHIia?

5.1ITo ¢popmye peuyoBrMHA KOPOHM, BUTIKAIOUM y MisKIIJIaHETHE cepe-
moBuiIie?

6.IIlo BaM BilOMO PO PEryJaApHICTHL COHAYHUX cIalaxiB?

7. Yu BimbyBaeThCA 0OMiH PEUOBUHOIO MiK XpoMochepoio i KOpOHO0?

8.IlosacHiTh, yoMy maaAMHu Ha AuUCKY Big COHIIA 37al0THLCA YOPHOTO
KOJIbOPY, ajJi»Ke TeMIlepaTypa B Hux carae 4500 K?

9. CoHIle He MOXKe BUOYXHYTH AK TepMoaaepHa 6omba. [loBemiTs abo
CIIPOCTYITE Ile TBEPAKEHHA.

10. 3anponoHyiiTe CBili MeTOM peecTpallii COHAYHNX HEUTPUHO.

6 MpoABN COHAYHOI aKTUBHOCTI Ta IXHiIN BNANB Ha 3emnio

ITposieu conssunoi akTUBHOCTiI. COHAYHA aK-
THUBHICTh BU3HAYAETHCA KiJBKiCTIO maaM Ta ix-
HBOIO 3araJibHOIO ILIoINe. JlocmigKkeHHsa TmoKa-
3aJu, III0 TeMIepaTypa BCepearnHi MIAMUN SOCUTDH
BucoKa i carae 4500 K, ayie nmiasama 3maeTbesa TeM-
HOIO Ha (PoHi 6ibIT rapsauoi poTocdepu 3 TeMIrepa-
Typoio 5780 K (puc. 2.1, 2.2). Burukae nurauHsA:
1110 BHUIKYE TeMIepaTypy Bcepenuti maavu? Ilnsa-
mu Ha COHIII MOKYTH iCHYBaTH IPOTATOM KiJIBKOX
MicAIiB, TOMYy BUHUKJIA TilIOTE34a, 1110 AKUNUCH TIPO-
Iec TaJibMy€ KOHBEKIIiIO IIJIa3MHU B COHAUHIN mIami
Ta MiATPUMY€E Pi3HUII0 TeMIlepaTyp. 3apas JgoBe-
IEeHO, IIT0 TAKUM «i30JIATOPOM» € CUJIbHEe MarHiTHe
moJie, AKe B3aEMOJi€ 3 eJIEKTPUUHO 3apAIKeHUMU
JacTHHKaMHU HJ.Ia3MI/I i rasbMye KOHBEKIIiTHI mpo- Puic. 2.2. MnAmm 3'eaHaHi Mix coboto MonapHo, AK NotoCK
Iiecu BCcepenuHl IIJIAMU. B MarHiTi, KOXHa NiAMa Ma€e CBOIO MarHiTHy NOAAPHICTb

MarHitHe none
1 noBepxHeto CoHuA

Maruite none
ranbMye KOHBeKLjlo
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30PI

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

Puc. 2.4. 3miHa COHAYHOT aKTUBHOCTI BU3HAYAETLCA KiNbKICTIO MAAM Ta IXHbOI MJoLelo

IIle omua 3aragka akTuBHOCTi COHIIST 3axoBaHa B il mepiogu4HO-
CTi — IUKJI 3MiHU KiJIbKOCTI IIJIAM IIOBTOPIOETHCA IIPUOJIM3HO Uepes
KoskHi 11 pokiB (puc. 2.4, 2.5).

Yucao Boasda. IIpodecop actrporomii Ta gupertop Ilropixcrrol
o6cepBaTopii P. Boabsd nporarom niBcTosiTTs crocrepiras CoHile 3 me-
TOI0O BUBUEHHSA CTATUCTUKU COHAYHUX ILIAM. Bix 3’sicyBaB cepemHio
nepioguuHicTh IXHBOI HaMObiabIIOl KinbKOCTI HA COHIII Ta HAsSIBHICTH
3B’ABKY MisK I[i€l0 TIePiOAUYHICTIO i KOIUBAHHAMY MAarHiTHOTO IOJIS
3eMuti. YueHHnil yBiB B aCTPOHOMIUHY HNPaAKTUKY YMCJa, III0 XapaKTe-
pU3YIOTh aKTUBHICTh MaAMOyTBOopeHHs Ha CoHIli, — uwucyaa Boabda.

Yucao Boabda — oamu 3 iHIeKCiB COHIUYHOI aKTUBHOCTI, AKUHA
OIMCy€e MOTY:KHIiCTh mpoIiecy miaMoyTBopenHs Ha Conri. Ileit ingexc
OMUCYIOTH 32 (DOPMYJIOIO:

Puc. 2.5. COHAYHa aKTUBHICTb W = Ek(10g + f), (2.6)

BU3HAYAETbCA KiNbKIiCTIO NsSM Ta
IXHbOIO 3arafsibHO MJIOLWED

e & — KiJbKicTh rpyn ILIAM HA COHAYHOMY AUCKY; f — 3arajib-
Ha KiJBbKiCTh HMJSM B yCixX rpynax: k — OJU3BKUH 10 OOUHUITL KOQiIri-
€HT, AKUU 3aJI€KUTH BiJl YMOB CIIOCTepPeKeHHA. I3 IIUKJIOM COHAYHOL
aKTUBHOCTI unmcjo Bosb(a 3MmiHOETHCA.

@ Ana gonutnnBux

Ilnamu moemgHaHi Misk co00I0 MATHITHUMM CHUJIOBUMM JiHiAMK
MOAi0HO [0 IIOJIIOCIB MArHITy — KOJKHA IIJIAMA Ma€ CBOIO IOJAPHICTE.
Tak camo0, IK HEMOKJIMBO PO3IIIUTH IIiBHIUHUI Ta IMiBIeHHUN MO-
JIFOCW MAaTHITy, TaK i COHAYHI MJIAMM iCHYIOTHh TLILKYW mapaMu, SKi
MaloTh PisHi MarHiTHiI moaapHOCcTi. SIKIITO0 BpaxyBaTU MOJISAPHICTH
ILJIAM, TO IIUKJ COHAYHOI aKTUBHOCTI TPUBAE MPUOIU3HO 22 POKMH.

Brnaue comaunoi aktuBHocTi Ha 3evurro. Hocaimxyouu CoHIile
3a mormomMoroio cynyTHukis Ta AMC, acTpOHOMY BUABUJIN HOTO CUJIb-
He KOPNYCKYAAPHE BUNPOMIHIO6AHHA — IIOTiK eJIeMeHTaAPHUX YaCTHU-
HOK (IPOTOHIB, HEUTPOHIB, eseKTpoHiB). Hanpukaan, mixg gwac xpo-
MochepHUX crasaxiB, AKi BUOyXamTh I0OJIN3Y IJIAM, BUAIIAETHCA
TaKa BeJINUe3Ha eHepris, AKYy MOYKHA MOPiBHATU 3 BUIPOMiHIOBaH-

Mpoty6epaHui — yTBOpU HAM Bciei poTochepu Conia (puc. 2.7). He ciig mayratu criajiaxu
B COHAYUHIlI KOPOHI, 3 nporybepaniamu. Ilpory6epauui (Bix sat. protubero — 34yBaroch)
I EPA{ I RO () iCHYIOTBL IIOCTifiHO — IIe HIiJbHI XOJOAHI XMapu BOIHIO, AKi mix-

HaBKOJINWHbOIo cepeaosuila
niABULLEHOIO ryCTUHOIO Ta
3HUKEHOK TeMnepaTyporo

HiMalTbhCA B KOPOHY i PyXaroThCA B3AOBK MAarHiTHUX CUJIOBUX JIi-
Hill. 3aBOAKU IPOTYyOEepPaHIAM BifOyBaeThCcsa OOMiH PEUOBUHOIO MiK
xpomocheporo i KOPOHOIO.
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Tema. CoHLe AK 30pA

Crnayiax BUHUKA€E MisK JBOMA IJITMaMU 3 TPOTUJIEKHOIO TTOJISIPHiC-
TI0, KOJIW IPOTATOM KiJIBKOX F'OAUWH TeMIlepaTypa B IIilfi 30HiI 3pocTae
mo 5 - 10°% K i Buginsaersca emepria 1021-102° Ik, o maiixe cymic-
He 3i cBiTHicTio CoHIlg v BuauMili vacTuHi crektpa. Ilig yac cajgaxy
eHepridg BUMIPOMiHIOETHCS B OCHOBHOMY B HEBUAMMIill YaCTUHI CIIeKTpa
(pazmio-, yabTpadiosieToBoMy Ta peHTTeHiBCbKOMY fiamnasonax). Takox
Y MiXKILTaHETHUU ITPOCTIP BUKUAAIOTHCA IMOTOKM 3aPAMKEHUX YaCTU-
HOK, AKi jetaTs 3i mBuakictio 10 20000 kM/c. Yepes KiabKa rogun
micasa crmajaxXy KOPUYCKYJIAPHI MOTOKU MOMKYTH AOJIETITH 10 SeMJIi
¥ BUKJUKATU 30ypPeHHs i1 MarHiTHOTrO II0JisI Ta CBiTiHHS ioHOC(hepu,
110 IIPOSABISETHCA y BUTJISAAL iHTEHCUBHUX IIOJAPHUX CAUB.

G KoHTponbHi 3annTaHHA

1. fIxe sBUIIle aCTPOHOMU HA3UBAIOTH COHAYHOIO aKTUBHICTIO?
2. Ha3BiTh KiTbKa aKTUBHUX YTBOPEeHDb Ha moBepxHi COHILA.
3.IIposaBom aKmx mpoieciB Ha COHIIL € TIOJAPHI cAliBa B aTMocdepi
Semri?
4. Yu BIJIMBa€e COHAYHA aKTUBHICTh Ha KJIiMaT 3eMJri?
5.IlosicHiTE, YUM BiApisHAIOTHCA MiXK C000I0 MiHIMyM i MakKcuMyM
axkTuBHOCTi COHIIA.
6. IITo BaM BiJoMO IIPO PEryJISIPHICTH COHAUYHUX CIIaJaxiB?
7. ITosicHiTh, UM CXO0Ki Boza, IIT0 KUIIUTD, Ta COHSYHI IPaHyIu.
8.IIlo Take akTuBHA 30HA Ha moBepxHi CoHIla?
9. {Ik coHsguHa aKTUBHICTH BIiuBae Ha Jiroauuy? I[losacHITE.
10.OnuIriTh MexaHi3M BILIMBY COHSYHOTO cHaJIaXy Ha aTMocdepy
i maruitochepy 3emi.
11.3akinuiTs peueHHs: «J[o 3HMIKEHHS TeMIIEPATYPU B COHAYHUX TLIA-
Max y HOPiBHAHHI 3 TEMIIEPaTypPOI0 0TOUyI0UOoi hoTochepu mpusBo-
IUTh...»

@ Tema pna guckycii

SKi ekoJsoriuHO YMCTI AyKepesa eHeprii MoKHA 3aIPOIIOHYBATU JJISI
BUKODPHUCTAHHS B HaceJeHOMY HMYHKTI, /e po3TallloBaHa Balla mKojaa?

G 3aBAaHHA A4NA CNOCTepPEKEHHA
ITinpaxyiiTe 3arajpHy KiJIbKiCTh COHAYHUX IIJIAM Ta HaMaJIIOUTE
ixHe posTaiyBaHHA Ha Aucky CoHIls. 3BepHITEL yBary, 1o miIsaMu da-
cTO 3’ABAAIOThCA TTapaMu. UYepes KibKa AHIB ITOBTOPITH CIIOCTEPEIKEH-
Hd, i Bu momiTuTe obepranus COHIIA HABKOJIO OCi — MMM 3MiCTHUIN-
csi. KinpKicTh miaM 3a Ieil 4ac TeK MOKe 3MiHUTHUCSH.

¥Yeara! Ilixg uac cmocrepe:keHb He MOKHA TUBUTUCA Ha Auck CoH-
151 IK He030POeHUM OKOM, TaK 1 B TeJlecKom 6e3 CIelliaJbHOTO CBiT/IO0-
dixpTpal

@ MpakTnyHi po6oTn

+ « BusHauenns uuces Boabda 3a crocTepesKeHHAMU V MIKiJIbHIHA
TEJIECKOII»
- « Busnauenusa cuextpa CoHIA»

Puc. 2.7. XpomocdepHuin
cnanax Ha CoHui
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Puc. 1.1. 3a gonomoroio cyyacHux
TeNneckonis aCTPOHOMU BUABUAN
B KOCMOCi COTHi BENMYe3Hnx
ra3onunoBux TyMaHHOCTEN,

[e 3apa3 BifgbyBaEeTbcA
YTBOPEHHA MONOANX CBITiB

Puc. 1.2. TymaHHicTb y cy3ip’i
OpioH MOXHa nobaunTn
He036po€eHUM OKOM. BiactaHb
[0 Hei 6nm3bko 1000 cB. pokiB

Puc. 1.3. TymaHHicTb y 30pAHOMY
cKyn4yeHHi MNneagn, 3 Akoi
YTBOPIOIOTbCA HOBI 30pi
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30PI

Tema. YTBOpeHHsA Ta eBonwouia 3ip

0 EBontouin 3ip. MpoTto3opi. bini kKapnukn. HenTpoHHi 30pi

Esouromisa zip. IIporozopi. ACTPOHOME CTBOPUJIN TEOPil0 €BOJIOIiT
3ip 3aBOAKU TOMY, IO B KOCMOCi MOKHA CIIOCTEpiraTu Mijbapau 3ip pis-
HOro BiKy. BcecBiT — 11e cBoepigHUil KOCMiuHMI NapK, y AKOMY 30pi
HapOIKYIOThCs, IIEBHUH Yac CBiTATD, a IOTiM I'MHYyTh. BaxkKo mobaun-
TH 30PI0 0 il HApPOKEeHHA, TOKU BOHA He IIOYHE CBITUTHUCA Y BUAMMIN
YacTHUHI cmeKTpa. 30pi 3aposKyI0ThCs Pa30M i3 IIaHeTaMu 3 PO3pPimKe-
HUX Ta30NMWJIOBUX XMap, Ki YTBOPIOIOTHCS MicJisd BUOYXY cTapux 3ip.

3a OTIOMOT0!0 CyYaCHUX TeJECKOIiB aCTPOHOMU BUSBUJIN B KOCMO-
ci COTHI TaKMX BeJIMUE3HUX Ia30NMJIOBUX TYMaHHOCTe, e 3apa3 Bix0y-
BaeTHhCA YTBOPEHHA MOJIoAMX cBiTiB (puc. 1.1). Hampukaan, Taki cBoe-
pimHi «sdcaa» HOBOHAPOMKEHUX 3ip MOKHa mobauuTu B cy3ip’i Opion
(puc. 1.2) ta sopanomy ckymuenHi I[lmeagu (puc. 1.3).

HoJia 30pi Ta TpUBAJICTE 11 JKUTTA 3ajJeKaTh BiJl IOYATKOBOI Macu
3apoakxa 30pi — mporo3opi. AKIo BoHa OyJia B KibKa pasiB 6iabImI010,
Hixk Maca CoHIIS, TO Iig yac rpaBiTaI[ifiHOTO CTHCHEHHS YTBOPIOIOThH-
cdA rapadi s3opi cmexkrpanbuux KjaaciB O ta B. IIpoTo3opi 3 TaKomO 1I0-
YaTKOBOIO Macor, Ik Maca CoHIA, HiJg yac rpaBiTalliliHOTO CTHCHEH-
Hs HarpiBaroTbhea o Temmneparypu 6000 K.

IIpoTo30pi 3 Macoo y KijJibKa pasiB MEHIIIOI0, HiK COHAYHA, MO-
JKYTH IIEPETBOPUTUCA TiTbKY HA UePBOHUX KapaukiB. Hafimenma maca,
AKa HeoOXigHa AJd MOYaTKy TepMOSAePHUX PeaKIlill y Hajgpax 30pi,
mopiBuaioe maiixke 0,08 macu Conrisg. O6’eKTH MEHINIOI Macu HiKOJIU He
IepPeTBOPATHCA Ha 30Pi — BOHU OYAYyTh BUITPOMIiHIOBATH €HEPTIIO Tib-
KU B iH()pauepBOHill yacTuHi crieKTpa. Taki KocmiuHi Tisia Mu cmocte-
piraemo HaBiTh y CoHAUHil cucTeMi — Ie miaaHetu-riranTu IOmiTep,
CarypH, Hentysn. MokJa1BO, I1I0 B Mi’K30pPAHOMY IIPOCTOPi KiTbKicThb
TaKUX XOJOAHUX iH(GpauepBoHUX TiJ (iX Ile HA3WBAIOTh KOPUYHE8l Kap-
JUuKU) MoxKe OyTu HabaraTo OiJIbIIIOI0, HijK BUAUMUX 3ip.

Bini kapauku. Helirponni 3opi. Bini kapanku — 30pi HU3BKOIL
cBiTHOCTi 38 MacaMu, TOpiBHAHUMY i3 Macoio COHIIA, Ta BUCOKO e(deK-
TUBHUMU TemIlepaTypamu. HasBa «0iji KapJamkum» 1OB’s3aHa 3 KO-
JBOPOM TIEPINUX BiKPUTUX TPeICTaBHUKIB 1boro Kjaacy — Cipiyca
B i 40 Epinana B (puc. 1.4).

CyuacHi TeopeTHuuHi po3paxyHKHU MOKAa3yIOTh, 10 HEHTPOHHI 30pi
i mysabcapu — 1ie ofHi i Ti cami 00’eKTH. BHacaimoK cTHCKYBaHHS Heli-
TPOHHOI 30Pi Mae BUKOHYBATHUCS 3aKOH 30eperkeHHI MOMEHTY iMIIyJIbCY.
ITeit 3aK0H YacTO IeMOHCTPYIOTH Ha JILOAY PirypucTu, Koau Tpeba BUKJIN-
KaTu MBUAKE 00epTaHHA CBOTO Tijsia HaBKOJO oci. CrlopTcMeHU cmouar-
Ky ITOYMHAIOTh ITOBLJILHO 00€PTATHUCA HABKOJIO OCi 3 BUTATHYTUMH B Pi3-
Hi cTopoHU pyKamu. I1oTiM TOCTYIOBO PYKU HMiABOAATH A0 Tyay0a, Ipu
IIbOMY KYTOBA IMIBUIKICTL 00epTaHHsa Pisko 3pocTae. Take came 3pocTaH-
HA KYTOBOI IITBUIAKOCTI CIIOCTEPIiraeThCcA IPU 3MEHIIIeHHI pamiyca 30pi.
Hanpurnazn, sapas CoHile o6epTaeThbcsa HaBKOJIO CBOEI oci 3 mepiogom



Tema. YTBOpEHHA Ta eBontoLin 3ip

npubausuo 28 xi6. Axo6u pamiyc Conna smeHmuBesa g0 10 KM, To #oro
nepion obepranusa mopiBHIOBaB 0u 1 c. Ilpu rpaBiTaiifinomMy CTUCHEH-
Hi HACTiJIBKY 3POCTa€ HAMPYKEHICTh MAarHiTHOTrO mOJiA 30Pi, 1110 BOHA
«BUITYCKAa€» BUIIPOMIiHIOBAHHSA TiJIbKU Uepe3 MarHiTHiI moJiocu y BU-
TSNl CBOEPITHUX «IIPOKEKTOPiB», AKi OMMCYIOTH Y KOCMOCi Belnues-
HUU KOoHYC. MOMXKJINBO, 1110 B ['aakTUIll iCHYIOTh MiJIBHOHM HEATPOHHUX
3ip, aje 3apeecTpOBAHO MMoHAa 2,5 THUC. Y BUIJIAAL myJabscapis (puc. 1.5),
amke OLMBITICTD TAKUX «IIPOKEKTOPiB» He cIpsSMoBaHA Ha 3eMJIIO.

@ KoHTponbHi 3annTaHHA

1. fIxa sopa momsoxaiia: Hosa uu npomo3sopsa?

2. Ky xapaKTepuCTUKY 30pPi MigKpecioe TepMil «0iauii KapauK» —
HUBBKY CBiTHICTh UM HU3BKY TEeMIIepaTypy?

4. OnuIIiTh IPoIlec YTBOPEHHS IPOTO30Pi.

Puc. 1.4. binun kKapnmk

5. qOMy HeﬁTDOHHa 30pﬂ Mae TaRy HaSBy? C|p|yc B nopyu 3 30peto
6. ITosicHiTh, YOMY IPOTO30PA IPUINHAE CTUCHEHHS. Cipiyc A (Cipiyc B — Touka
7.3a paXyHOK AKOI eHeprii cBiTATLCA 0ii KapJIuKM, AKITO BCepeaun- y NiBOMY HVXKHBOMY KBajpari)

Hi iX He BimOyBaIOThCA AAePHI pearIii?

KiHueBa cTagia esoniounii CoHusa. YopHi pipn.
YopHi gipm 30pAHNX Mac B NoABINHNX cUCTeMaXx.
HagmacuBHa YyopHa gipa B ueHTpi lanakTnkmn

Kinnesa cramgia esosroril Coning. TeopeTuuHi po3spaxyHKU MOKa-
3yI0Th, 1110 Taki 30pi, AK CoHIle, HIKOJIM HEe CTAHYTh YOPHUMU AipaMu,
OCKiJIbKM BOHUY MAalOTh HEJJOCTATHIO Macy AJIA I'pPaBiTaI[iifHOTO CTUCHEH-
HS 00 KPUTUYHOTO pajgiyca (puc. 2.1).

¥ crani rpasirtamiiinoi piBaoBaru Couiie moxxe csitutu 1010 po-
KiB, aJe MU He MOYXeMO TOUYHO BU3HAUUTH HOr'0 BiK, TOOTO CKIJIBKH
yacy IIpouIIo Bifg fioro yrBopenHs. lllonpaBaa, 3a J0IOMOTO0 pamgio- Puc. 1.5. OguH i3
aKTUBHOTO PO3IAaNy BaXKKWX XiMIiUHWX €JIEMEHTIiB MOKHA BUBHAUUTU 3apeecTPOBaHMX Nynbcapis
npuban3Huii Bik 3emai — 4,5 Mmupa pokis, aye CoHIle MOTJIO YTBOPUTH-
cs pamimre, Hixk chopMyBaamcs ILIaHeTH. JIKIO Bce-TaKu 30Pi I mia-

HeTu GOPMYIOThCA OAHOUACHO, TO COHIle MOKe CBITUTU B Maii0yTHHO-
MYy IITe 5 MJPI POKiB.

Ilicasa Toro sIK y sApi Bech riporeH ImepeTBOPUTHCS Ha T'eJriil, mo-
pymuthbca piBHOBara B Haapax CoHIIA, 1 BOHO MOMKe IePEeTBOPUTHUCH
Yy 3MiHHY nyJabCcyiouy 30pio0 — ye@eidy. Ilorim uepe3 HecTabinbHiCTD
pamiyc CoHIla mmouyHe 30ibIITyBaTHCh, a TeMIliepaTypa goroc-
depu suusuThea 10 4000 K — ConIile mepeTBOPUTLCA HA Uep-

lMnaHeTapHa TyMaHHiCTb

. . . . YepBOHWiA riraHT Binuit kapnnk
BoHoro riramra. Ha Hebocxmuiai 3emii Oyae cBiTUTHCS BeJie- \
TEHCbKA UePBOHA KYJd, KYTOBUH JiaMeTp SAKOI 30iIbIINTLCI .
B 10 pasiB y nmopiBuaHHI i3 cyuyacuum CoHIeMm i Oyze cara- e o o 0o B iy

Ly

1 5°. BrakurHoro He6a Ha 3eMJii He cTaHe, TOMY II[O CBiT-

HicTh MaiibyTHBLOTO COHIIA 3pOCTe B JeCATKU pasiB, a Temie- | SoS A R R
paTtypa Ha moBepxHi HaImol maaHetu oOyae 6inbir Hixk 1000 K. \

Bukuniaars okeaHu, i 3eMJIdA MepeTBOPUTLCS Ha CTPAIIHY Ta-
pAYY IYCTEJN0, YUMOCh CX0XKY Ha cyuacHy BeHepy. Puc. 2.1. Cxema eBontouii CoHua

CyyacHuit vac (4,57 mnpg pokis)
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Puc. 2.2. Topn3oHT nogii YopHOI fipwn

YopHa gipa — 06’ekT, maca M
AKOro CTUCHYTa BCepefiiHi Noro
cdepu LBapuwmnbga

lpaBiTauiiHuin pagiyc,

Cdepa (papiyc)
LBapuywmnnbaa — pagiyc
chepuyHoro Tina, Npu AKOMy
MNOro gpyra KoCMiYHa LWBUAKICTb
[OPIBHIOE LUBMAKOCTI CBiTNa

30PI

Y Couauniii cucremi Taka Temmeparypa, AKa 3apas Ha
3emuti, Oye TIIBKHU HA OKOJMIUIIAX — Ha cymyTHuKax Cartyp-
Ha i YpaHa. ¥ crazii uepBonoro rirauta Conie 6yme cBiTu-
Tu npubausHo 100 MJIH POKiB, Iic/s 4oTo BepxXHA 000J0HKA
BimipBeThCA Bif Anpa i mouHe PO3IIMPIOBATUCH Y MijK30ps-
HUH IPOCTip y BUIJIALL IIJIaHeTapHOI TymMaHHOCTi. IIpu pos-
ITUPEeHHI HalleBHO BUMIAPYIOTHCA BCi IJIaHETH 3€eMHOI I'PYyIIH,
i ma micii CoOHIIA 3aIUMIUTHCA OiINA KapJauK — MajieHbKe
rapsue A1po, Y SKOMY KOJHCh IPOTiKaIu TepMOSAAepHi pe-
ak1ii. Pagiyc 6isoro xapauka 0yae He Oiabmiuii, HidK y 3eM-
ai, ane rycruna caratume 10'° xr/m3. Biauii kapiuk He Mae mKepes
eHeprii, ToMmy TeMIIepaTypa f#oro IoBepXHi MOCTYIOBO 3HUBUTHCH, i OC-
TaHHS cTamid eBoJomii Hamoro COHIA — XOJOAHUM OiIUH KapJuK.

Yopui gipu. YopHI aipu yTBOPIOIOTHCA HA OCTAHHIN cTamii eBOJIO-
il 3ip i8 macoro 6iabmI Hizk 3M. Taka TuBHA Ha3Ba MOB’A3aHa 3 THUM,
110 3 YOPHOI Aipu HA30BHI He MOXKe BUPBATUCA aHi BUIIPOMiHIOBaH-
Hs, aHi eJleMeHTapHAa YacTUHKA. MeKy IIPoCTOPY, 3a AKY He BUXOAUTH
CBiTJI0, HABUBAIOTDH 20pU30HMOM nodii YopHOi mipu (puc. 2.2). Paxiyc
YOPHOI Iipu 3ajIeKUTH Bif il Mmacu i MosKe OyTH Bim KiJIbKOX CAHTU-
MeTpiB abo MeTpiB 10 MiIbAPIiB KiomMeTpiB.

Hia Toro, 11100 TAMKIHHA He AAJI0 3MOTH BUITPOMiHIOBAaHHIO BUPBA-
THUCA 32 TOPUBOHT IO, Maca M, 1110 CTBOPIOE IIe II0JIe, MAE CTUCHYTHU-
cs mo o6’emy 3 pamiycoM, SKMIT MeHIIIUH Big rpaBiTalfifimoro pazgiyca.

T'paBirarmifinuii pagiyc o64uCII0I0TH 3a (DOPMYJIOI0:

_ 2MG (1.8)

ne G — rpasiramifina craJja, ¢ — IMIBUAKiCTEL cBiTJIA.

IIpu ctucHeHHi 00’€KTa y KyJI0 3 pajiycoM piBHUM pamaiycy
IIsapuimuiasga abo0 MEHIINI 3a HbOIO, BiOyBaeThCs HE3BOPOTHUIA
rpasiTanifinuii Kojamc, To0TO 00’€KT IIePeTBOPIOETHCA HA YOPHY Aipy
(puc. 2.3, 2.4). Chepa IlIBapmmuabaa € MeXKei0 YOPHOI Aipu, IO BU-
HUKAaE il Yac CTUCHEHHA chepruuHoi Macu, SKa He 00epTaeTheA.

ITonpu Te, 110 GeamocepeaHBO CIOCTEPiraTH YOPHY Aipy HEMOXK-
JINBO, il HaABHICTHL MOKe OYyTH BCTAaHOBJIEHO Uepes3 B3a€MOJil0 3 iH-
III0I0 PEYOBUHOIO, CBiT/IOM ab0 iHIMUM eJeKTPOMATHITHUM BUIPO-
MiHIOBAHHAM. 13 30PAHUX PYXiB MOKe OyTU 0OUMCIEHO
Macy Ta IIOJIOKEeHHS HeBUAMMOT'0 KOMIIOHeHTa. Bbyjo Binx-
KPHUTO KiJIbKa MOABIMHUX 30PAHUX CHUCTEM, B AKUX OJHA
i3 3ip HeBUAUMaA, ajle Ma€ icHyBaTH, TOMY IIIO BOHA 3MY-
IIIy€ CBOEI0 I'paBiTAIillHOIO CUJIOIO iHINMY, BUAUMY, 30PIO
obepraTucs HABKOJIO iXHBOTO CIIiLJIBHOTO IleHTpa Mac. Ta-
KM YMHOM, IIi HeBUAMMIi 30pi € IMOBIipHUMU KaHIUIaTAa-
MU B YOpHi Aipu. AcTpoHOMU ifeHTU()IKYBaJIU YNCICHHUX
KaHAWAATIB y YOPHIi Aipu 30pAHUX MacC y IMOABIHHUX CUCTe-
Max, BUBYAIOUHM PYX IXHiX KOMIIAHBHUOHIB TaKUM YMHOM.

Y 2019 p. orpuMaHo Iepiile IpsaMe 300parKeHHs Yop-
"ol mipu. Takoik iX crocTepiraroTb HEIPAMUMU METOAAMU

Puic. 2.3. Komn'totepHa mogenb cdepu LWeBapywunbga 3a BUKPUBJIEHHSIM CBiTJIa B KOJIi IXHBOI rpaBirTarii.
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Tema. YTBOpEHHA Ta eBontoLin 3ip

YopHi mipu 30paHNX Mac y moaBiiiHuUX cucremMax. Yopui
Iipu 30pAHUX MAac CIIOCTEePirarThCA Y CKJIALl TICHUX ITOABiH-
HUX cUCTeM. PeuoBMHA 30pi-CYIyTHUKA IepeTiKae Ha YOPHY
nipy mo cmipadti. Ilpu 11boMy YTBOPIOETHCA aKPEIifHUH TUCK,
AKWU BUIIPOMIHIOE B PEHTTE€HiBCBKOMY 1 raMMa-Aiana3oHax.
Ilepira vopua mipa 6yaa Bizkpura 1967 p. B cysip’i JleGens.
Ho 2004 p. peHTreHiBcbKuii Kocmiuauii teseckon RXTE Bi-
porigHo BusaBUB 15 YOpPHUX Aip B MOABIHHUX 30PAHUX CHUCTE-
Max B Hamriii amaxkTuii.

Macu BeseTeHCHhKMX YOPHUX AP V AIpax rajakTUK BU-
3HAYAIOThH 3a MIBUAKOCTAMU PyxXy 3ip. Cramom Ha 2004 p. Tax
BMBHAUEHO MAaCH IEeHTPAJbHUX YOPHUX Aip ¥ 30 rarakTukax, 30KpeMa
i B Hamri#t. TakoK YOpHI Aipy MOXKYTH OYTH BUSABJIEHI 3aBIAKY SIBUIILY
rpaBiTaIfifHOrO JIiH3yBaHHA (IIPU TPOXOMKEHHI YOPHOI Iipu MiK 3BU-
JaMHOIO 30peIo i cmocTepiraueM BigOyBaeThCs BidyaJsibHe 30iJIbIITeHHSA
ACKPAaBOCTi 30Pi, OCKIJIBKM T'paBiTaItiiiHe I10ojie YOPHOI Aipu BUKPUB-
Jasie cBiTyoBi mpomeHi). Ile sBuUIle TAKOXK HAa3UBAIOTh KibitaMu AMH-
mITamiHa.

VsaBiTh cobi, 1110 KocMiuHUiT Kopabesab HaOJIMIKAETHLCA IO YOP-
HOI mipw. Moro mBuaKicTh Mae MOCTYIIOBO 3pocTaTy OO INBUIKOCTI
cBiTsia. AJjie 3TiTHO 3 TEOPi€l0 BiIHOCHOCTI IMBUAKICTL MaTepPiaJIbHOTO
Tijla, Maca CIOKOI0 AKOTO BiApidHAETHCA BiJ HYJIA, HIKOJIU HE TOCAT-
He MBUAKOCTI cBiTiia. ToOTO 3a 3¢ MHUM TOAUHHUKOM ySIBHUI KOCMiU-
HUN Kopabesb HIKOJIU He JOJeTUTh J0 MeXKi YOpHOI Aipu, TOMY III0 Uac
IJIsI KOCMOHAaBTiB Ha 00pTy Kopabis Oylae cmoBiabHIOBATHCA. SIKITO
KOCMOHAaBTH OYAYyTH IiATPUMYBaTU 3B’ A30K i3 3eMJIer0 3a JOIIOMOT'00
panxio, To CIOBIIbHEHHSA Yacy MPOSABUTHCA ¥ TOMY, 1110 CUTHAJIHU 3 KO-
pabasa OyayTh HAAXOAUTH Bce pifrie i piamre. 3 iHIoro 60Ky, KOCMO-
HaBTU HA KOCMiYHOMY KOpPalJIi cmocTepiraTuMyTh 30BCiM iHITUN TIIUH
yacy — CUTHAJM BiJ 3eMJIsTH OyAyTh HAAXOAUTHU BCe UaCTillle i yacTi-
mie. To6TO KOCMOHABTHY Ha KOpalOJi, SKUi majgae y YOpHY Aipy, MOT-
Jau 6 mobaunTu AajieKe MaiOyTHE HAIIIOTO CBiTY, ajie BOHU He 3MOMKYTh
mepegaTy HaM iH(opMAaIlito Ipo Hallle MaliOyTHE, aKe CUTHAJ Yyepes
MeXKy YOPHOI Aipu HiKOJIM He JocsaTrHe 3eMJIi.

[isHanTecAa npo rinoTeTUYHi aHTUNOAN YOPHUX Aip.

HanpmacuBHa yopHa aipa B meHTpi 'amakTurm.
IMeuTp lamakTuKM MiCTUTH KOMOAKTHHUHN 06’€KT i3
Iy:Ke BeJIMKOI0 Macoo (01u3bK0 4,3 MaH M), po3Tairo-
BaHUM y HAIPAMKY cysip’a Crpinbis. Ieit 06’ekT Mae
Has3By Crpinens A* (aura. Sagittarius A*, puc. 2.4),
GiJBIIiCTh BUEHMX BBAYKA€ MOTO HAJMACUBHOIO YLOPHOIO
diporo (puc. 2.5).

Y 2002 p. mikHapogHa mocJaigHUIIbKA rpyna IH-
crutyty Makca Ilnanka ma uoii 3 Patinepom Illene-
JieM TIOBifjoMHMJa PO Pe3yJbTATU CIOCTEPEKEeHHS
pPyxy 30pi S2 maBkoy0 06’ekra Crpinens A* 3a mecATb

Puc. 2.4. NpocTip-yac BcepepmHi
coepu LBapuwmnbga:

1. 3BMYariHMI NpOCTip

330BHi KPOTOBUHM.

2. TyHenb Mi>k obnacTaMu NpocTopy.
3. lUnax npomeHa cBitna
3BUYANHMM NPOCTOPOM.

4. lLinAax npomeHs cBiTna

yepes KPOTOBUHY.

5. Bxig y KpoTOBUHY

Akpewnia — nagiHHA peyoBnHU
Ha rpasiTytoye Tifno i3
HaBKOJIMLUHbOIO CepefoBuLLa

Puc. 2.5. HagmacrBHa yopHa gipa Ctpineub A*
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Puc. 2.6. WinbHi xmapwu
KOCMIYHOro Nusy HaBKONO
aapa fanaktmkm

Puc. 2.7. 3opi B mexax = 0,5”
Bifl LleHTpy lanaktnkm

Puc. 2.8. Xmapwu rapayoro
rasy B LeHTpi lanaktmkm

116

30PI

pokiB. Bouu goBoguau, 1o Crpinernb A* — 06’€KT BeJIMUE3HOI Macu.
3 aHaJIi3y eJeMeHTiB opbiTu O0yJio BU3HAUEHO, III0 Maca 00’eKTa cra-
HOBUTH 2,6 = 0,2 muH mac CoHna. Ila maca micturbess B 00’emi gia-
meTpoM He 6iyabi Hixk 120 a. o. ITogansIii cuocTepexeHHS BCTAHOBH-
Ju OiJBIII TOUHe 3HAaUeHHs Macu — 3,7 maH Mac CoHIlA, pagiycoM He
6isbin Hisk 45 a. o. g nopiBuanua: IlnyroH Bigmaneunuii Big Couia
Ha 39,53 a. o. I1i criocTepeskeHHs JO3BOJUIN IPUIYCTUTH, III0 00’ €KT
Crpinenps A* moB’sA3aHUI 3 YOPHOIO AipoOIo.

Ho kinma 1960-x pokiB He icHyBajo e(peKTUBHUX iHCTPYMEHTIB
151 BUBUEHHS IeHTPaJbHUX obJiacTeil ['alakKTUKM, OCKIIBKYU MIiJIbHI
xMapu KocMiuHOro nmuay (puc. 2.6), AKi 3akpuUBaioTh BiJ criocTepiraya
rajJlaKkTUuHe AP0, MTOBHICTIO MOTJIMHAIOTH BUAUME BUIIPOMiHIOBAHHA,
10 #e Bix HBOTO, i 3HAYHO YCKJIAIHIOIOTL POOOTY B pagiogiamasoxi.

3 IOsABOIO iH(hpauePBOHUX JETEKTOPiB BUCOKOI PO3AiJbHOI 34aTHO-
CTi 3’sIBUJIACh MOMKJIUBICTDH CIIOCTEPiraTym OKpeMi 30pi B IEHTPAJIbHUX
obsmactax lanaktuku (puc. 2.7). BuBueHHs IXHiX CIeKTPaJIbHUX Xa-
PaKTEePUCTUK BUABUJIO, IO OiJBIIICTD i3 HUX HAJEKUTH A0 MOJIOIUX
3ip BikOM KiJibKa MijIbOHIB pOKiB. Beynepeu moramagam, aKi IpuiHATI
pawiie, 0yJ10 BCTAHOBJIEHO, IITO0 B OKOJIUIAX HAaAMAaCUBHOI YOPHOI Aipu
aKTHUBHO IiJle TPOIleC 30PeyTBOPEHHS.

HedaKi mocimTHUKY BBAXKAIOTh, 110 J2KEPEeJIOM I'ady JJisd IOT0 IIPOo-
Iecy € ABa IJIacKi akperriiiai rasosi Kinbisa (puc. 2.8), BUABJICHI B IeH-
mpi lanakTukm B 1980-x pp. IIpoTe BHYTPilIHIiN giamMeTp MuUX Kijemb
3aHA[TO BEJUKUM, 1100 IMOACHUTH IIPOIlEC 30PeyTBOPEHHA B Oe3Ioce-
penHiii 6M3bKOCTI Bim YopHOI Aipu. 30pi, III0 PO3TAIIOBYIOTLCSI B pa-
miyei 10 ok Bix wopnoi aipu (Tak 3BaHi S-30pi), MaioTh JOBIILHUN Ha-
OPAMOK PyXy OpOiTaJIbHUX MOMEHTIB, IO CYIIEPEUUTh aKPEeIiiHOMY
CIleHapilo iX BUHNKHEHHA. BBarKkaeTbcd, 110 Ie rapAYi aapa 4ePBOHUX
riranTis, AKi yrBOpuUaNCA Yy BignaseHux parionax ['aJaKTUKM, a MOTiM
MirpyBaju B IIeHTPaJbHY 30HY, A€ IXHi 30BHIITHI 000/JI0HKY Oy 3ip-
BaHi IPUNJINBHUMU CUJIAaMU YOPHOI Aipu.

@ KoHTponbHi 3annTaHHA

1. Axy masBy gaau 00’eKry B menTpi I'amakTurm?

2. §SIKi crmocTepe)keHHS MPUITYCKAIOTh, 1110 00’ KT CTpinens A* mos’a-
3aHUH 3 YOPHOIO Aiporo?

3. IIlo ABIAIOTL cO00I0 YOPHi mipu?

4. 1110 € HEMOKJIUBUM: KOCMIUHUU KOpabesb MiJIeTiB 10 YOpHOI Aipu;
KocMiuHmMiT Kopabesb BimmeriB Bim Hei? IlosAcHITH CBOIO AYMKY.

5.Ha migxoni mo cepu IIBapmimunabaa 4opHOI gipu rpaBiraiiiina
cuJja 3pocTae i Ha caMmili cpepi cTae HeckiHuenHO0. II0ACHITD, 110
BimOyBaTUMeThCA 3 TiJIOM, AKe IOTPAILIAE B YOPHY Aipy.

@ MpakTnyHi po6oTn

- «BusHauenna mapameTpiB 3ip 3a miarpamor I'epmimnmpyHra-—
Paccena».

» «MomenoBaHHSA eBOJIIOIINHUX MIIAXiB (TPeKiB) 3ip B 3aseskHOCTI
BiJl 3HAUEHDb ITOYATKOBUX (Pi3MUHUX XapaKTEePUCTUK».



FAJIAKTUYHA
| MO3ATANNTAKTUYHA
ACTPOHOMIA

Tema. Hawa NRnaktnka

Monounun WLnax. bByaosa MNanakTukn.
3opsAHi cKynueHHA Ta acouiauii. TymaHHOCTI.
Micue CoHAaYHOI cuctemm B ManakTuui

Mogounwnit [llnax. Bymora Iamaktuxu. anakTuka — rpasirta-
I[ifiHO OB’ A3aHa cucTeMa 3ip i 30pAHNX CKYNUYeHb, MiJK30PAHOTO0 rasy,
muay i TemHOI MaTepii. Yci 06’eKTH B CKJIaAi TraJlakTUK 0epyTh y4acTh
B 0o0epTaHHi HaBKOJIO CIIiJIBHOTO IIeHTpa Mac. [alakTUKKU — HaJA3BU-
yaiiHo maseki o6’ekTu. BimcTanb g0 HAWOAMKYINX i3 HUX BUMIiPIOETH-
cA B MeramapceKax, a 0 JaJeKUX — B OOUHUIIAX YEePBOHOTO 3MiIlleH-
Ha. Came uepes BiffajieHiCTh HEO30POEHUM OKOM PO3Pi3HUTU Ha HEOi
MOJKHA JIUIIE TPU 3 HUX: TyMaHHicTh AHapomenu (BugHo B IliBHiuHINK
miBryJti), Beruky i Many Marennanosi Xmapu (Bugao B IliBgenHi# miB-
KyJii). BupisauTu okpemi 30pi B 300pakeHHAX iHIIUX rajJaKTUK He Baa-
Bajoca ak mo0 mouarky XX cr. [fo mouarky 1990-x pp. HamiwyBamocsa
He Oinbiire 30 raJTakTUK, B SKUX BAAJOCA ITO0AUYNTY OKpeMi 30pi (Bei 1mi
raJlJak TUKM Hajexxatsb 1o Micmesoi rpynu). Ilicia 3amycKky KocMiuHO-
ro Tejeckona «I'ab6s» i BBemeHHs B Airo 10-MeTpoBUX HAa3eMHUX TeJjie-
CKOMiB KiJIbKiCTh TQJIaKTUK, B IKWUX BIAJIOCS PO3PI3HUTHU OKPeEMi 30pi,
3HauHo 3pocya. Hamra N'anakTuka BxoauTh A0 MicieBoi rpynu rajakx-
Tk (puc. 1.1).

3a mexxkamu CoHAUYHOI cHCTeMH, Ha BigcraHi OigabmII HiMX
100000 a. o., mouMHAETHCA 30HA TAXKIHHSA iHIMUX 3ip. HeosbpoeHUM
OKOM Ha Hebi MmoskHa mobauutu 6am3bko 6000 3ip, AKi YyTBOPIOOTH
88 cysip’is. Hacupasai 3ip mabararo 6iybiiie, ajie Big gJajJeKux CBiTHI
HaIXOIUTh TaK MaJIo CBiTJIa, IO IX MOXKHA CIIOCTEepiraTu TiJIbKU B Te-
Jeckorn. BesnKi cKynmueHHA 3ip, IO YyTPUMYIOTHCA CUJIOIO TAMKIHHA,
Ha3WBAIOTh FaJIAKTUKAMH.

V¥V BceecsiTti mepe0yBaioTs MiIbaApAU FaJaKTUK, cepel AKUX € 1 Hara
lamakTuka, Axky HasupaoTh MoJsounuii, abo Yymansxkuii I1lasax; mo
Hel BxoauTh Hama CoumauHa cucrema. Ha mHiumomy Hebi mMu Gaummo
ii Ak cpibasacrty cmyry (puc. 1.2). Hamra N'anmakTuka — 1ie BesimuesHa
cucrema, y AKifl o0epraroThcAa HABKOJIO IeHTpa (puc. 1.3) Mminbapau
3ip. 'apaui 3opi poamiIeni y BUrIsami gucka si cripaibHUMHN pyKaBa-
mu. ['aakTUKM po3TaInoBaHi B CKYTUEeHHAX 1 (JOPMYIOTH KOMipUacTy
cTpykTypy BeecsiTy. Haiibinbin BigganeHi kocmiuni 06’eKTH, AKi 111e
MOKHaA MO0AUMTH ¥ Cy4YacHi TejlecKonu, — KBasapu. BoHU poaTalio-
BaHi Bix Hac Ha Bigcrami 10 Mmupa cB. pOKiB.

Puc. 1.1. Hanbnmxui go Yymaubkoro
Lnaxy ranaktmku

FanakTnka — BeneTeHcbka
30pAHa CMCTEMA, AKa CKNAJA€ETbCA
npu6nun3sHo i3 200 mnpga 3ip, 4o
AKMX Hanexuntb i CoHLe

MonouHuii Wnax (a6o Hawa
[anakTnka) — ranaktuka, y AKin
po3rtawoBaHa CoHAYHaA cucTeMa
i BCi oKpemi 30pi, BUANMI
He036pPOEHM OKOM. Y Hapogi

il We Ha3mBatoTb YymaLbKum
LLnaxom

Puc. 1.2. MonoyuHwui,
abo Yymaupbkmi, LWnax
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Puc. 1.3. UeHTp
Yymaubkoro LLUnaxy. 3Himok
3 Teneckona «Cnituep»

B iHppauepBOHOMY CMeKTpi

Puc. 1.4. Komn'totepHa mogenb
36nmkeHHA Yymaubkoro LUnaxy
Ta ranakTukum AHgpomean

Puc. 1.5. Tazonunosa TyMaHHiCTb
Tpudia y cysip’i Crpinbua
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Hy:ke BajKKO BUBHAUYUTHU BiK, Koau chopmyBaBcsa HymarnbKui
Ilnax, ame Hapasi Bik HalgaBHimwux 3ip y I'amakTuili oiiHeThCA
y 13,6 mapa pokis, 1o npubamu3Ho AOpiBHIOE Biky BcecriTy. 3a cy-
YacHUMU yABJeHHAMU, YymanbKkuil [Ilax yTBOPUBCA BHACTIIOK 3iTK-
HeHHA i 3JIUTTA HEeBeJIUKUX raJIakTuK. CBiTueHHAM IIHOTO0 € IepIIi 30pi
3 HU3BKOIO MeTaJjieBicTio (BiJHOIIIEHHS BMiCTy eJIeMeHTiB, BayKuMX 3a
reJiii, 10 BMiCTy rijporeHy B 30pi, AKe € HU3bKuM: < —1.0), 110 yTBO-
puiuca Ha HalpaHimomy erari icHyBaHHA BceecBiTy. Taki 3opi BueHi
3HAXOJATh Yy TAJTaKTUUHOMY 2a/10 — «oKoauili» Yymarnbkoro Ilnaxy,
III0 TATHETHCS 3a MeXKi 1oT0 BUAMMOI YaCTUHU.

3a IOIIOMOT0OI0 KOMII'IOTEPHOT0 MomeaioBaHHS (axiBmi 3 I'ap-
Bapa-CMiTCOHIBCHKOTr0O acTpPO(isMUHOTO IEHTPY AiHIIIN BUCHOBKY, IO
Hamra ['agakTuka Ta radaktuka Auapomenu (puc. 1.4), ki HabIMKa-
IOThCS OfHA 0 OAHOI 3i mBHUAKicTIO 6/113bK0 500 THC. KM/T0M, BpeI-
Ti-pemT 00’egHa0ThCa. Ile cTaHeThesa TPUOIM3HO 3a 2 MJIP] POKIB.

ITapamerpu Hamoi 'amakTuku

[TonoXxeHHa Llentp
Anck Conya

10
L 5 "
1_ ..'

28 000 cB. pokiB

_ Rynacri
CKynueHHs

100 000 cB. pokiB

KinskicTs 3ip 4 - 104
Maca 7+ 101" M
HiameTrp aucka 3 + 105 cB. p.

Bigcraus Big Conma mo mentpa |~ 30 000 cB. pokis

TamakTuuHMii pik 2,5 + 108 p (250 muH p)

TajakTUKy yacTo 300pasKyIOTh SIK 30PAHY CHUCTEMY V BUIVIALL Be-
JIeTeHCHhKOT'0 MJIMHIIA, Y TKOMY 30Pi pyXaroThcsA B OOHIiN mromuHi. Ha-
cupaBgai N'anakTuka mae cepuuny gpopmy 3 giamerpom maiizke 300000
CB. POKiB, ajie OiJbIIicTh 3ip BEJIMKOI CBITHOCTI PO3MIIyEThCA TIPU-
OJIM3HO B OHIM ILJIOIIMHI, TOMY iX BUJHO Ha HeOl SK TYMaHHy CBIiTIY
cMyTy, AKY B YKpaiui HasuBaors Yymanbkum [Hlaaxowm.

Haspa «I'anakTurka» mpuiinuia 3 [JlaBuboi I'perrii i B mepekJagi 03-
Hauae Mousounuii I1lnax. 3BepHiTh yBary, 1o Bci sckpasi 3opi (cysip’a
Opion, JIeb6iaw, Jlipa, Opei) poararmioBani y cmysi Mosousoro Ilnaxy.
¥V 1ifi mIomuHI po3TalioBaHa 3HaYHA YaCTHUHA Ia30IIUJIOBUX TYMAaHHO-
cTel, 3 AKUX YTBOPIOIOTHCA HOBI MOKOJIHHA 3ip i mIaner.

Vi i 06’exkTH QOPMYIOTh TaK 3BaHy NJA0CKY ckaadosy I'araxmu-
KU, 1o axoi BxoauTh i Couauna cucrema. Crapi 3opi maJsoi cBiTHOCTI,
AKI BXOOATDH Yy KYJSACTi CKYITUeHHSA, HAJIeXKaTh 10 CepuyHol CKLado-
6ol 'anaxmukxku. 3a XiMiYHIM CKJIaOM 30Pi KYJIACTUX CKYITYEeHb Mic-
TATH Y COTHIi pasiB MeHIIle BaXKKUX XiMiuHUX ejleMeHTiB, HiK CoHIIe,



Tema. Hawa lanaktunka

ajKe Iie 30pi IIepHIoro NOKOJiHHA, AKi chopMyBasncsa pasoM 3 yTBO-
peanam lamaxtuku 1e 10—15 Mapa pokis Tomy. 3apoaKeHHs MOJIO-
IVX 3ip i mIaHeTHUX cUCTEeM 3apas BifOyBaeThCA TIMBKU Yy MJIOMIWHI
TamakTKM, Ae ra30NMJI0BI TYMAHHOCTI YTBOPIOIOTHCA MicJIdA cliaja-
xy HoBux Ta HagHoBux 3ip.

3opaHi ckymueHHa Ta acoiiamnii. 3opi B 'asmakTuili yTBOpPoOoOTH
MeBHi cucTeMu, IKi TPUBAJUU Yac iCHYIOTH Y CHiJIbHOMY I'paBiTaiii-
HOMY moJii. BisbImicTs 3ip pyxXaeTbca y MOABIHHUX Ta KPATHUX CU-
cTeMax, y SKUX KOMIIOHEHTU 00epTaloThCsA HABKOJIO CIIJIBHOTO IeHTPAa
Mac moioHo 1m0 obepranHd miaaHeT CoHAYHOI cucTtemu. HatiunciaenHi-
1i cucremMu 00’ €THAHHA 3ip HAIIYYIOTH COTHI THCAY 00’ €KTiB — II€e 30-
pAHI cKymueHHS Ta aconianii. Kyascmi 30paHi cCKYnyeHHs CKIAAa0Th-
cd 3 MinblioHIB 3ip. Po3cifaHi 30pAHRi CKYnienHs MalOTh KijbKa TUCAY
00’ekriB. Hatigckpasinti 38 uux — Ilneanu (Croxxkapu) Ta Iiagum — Bug-
HO Heo30poeHUM okKoM y cy3ip’i Tenbisg. ¥V 3opaAHi acomiamii BXogaTs
BITHOCHO MOJIOJIi 30pi, AKi MalOTh CHiJIbHE ITOXOAKEHHA.

Tymanuocri. [ledKi TYyMaHHOCTI CBiTATHCS, TOMY II[0 IX BUCBITJIIO-
IOTh CycimHi 30pi; iHII 3aauIIa0THCA XMapaMu TeMHOT0 rady. OcKijib-
KU MiK30PSAHUN TUJI ITOTJINHAE CBITJIO, YU€HI MOMKYTh BUBHAUUTHU MicC-
1e po3TalllyBaHHA TaKol TYMAaHHOCTI, sKa 3aTyJisge O0iJbIl gajieKi 30pi.

ITicna cmanaxy sopi minaHeTu, AKi obeprasucsa HaBKOJIO Hel, CKO-
piIr 3a Bce BUITapPOBYIOTHCA ¥ IePETBOPIOIOTHCA Ha Ta30BY TYMaHHICTh,
3 AKOI B MailOyTHHOMY MOJKE YTBOPUTUCSA HOBE IOKOJIIHHA 3ip.

HeAKi rasoBi TyMaHHOCTI, IO OTOYYIOTH 30Pi, HABMBAIOTHCA ILJIA-
HeTapHUMU. BOHU CBiTATHCA 3aBAAKY €HEPTil BUITPOMiHIOBAHHS I[€HT-
panbHOI 30pi — Axpa mranerapHoi TymanHocTi. HuHI BusaBIeHO moHAM
1500 ramakTUYHUX TJIaHETAPHUX TYMaHHOCTEH, X 3HAWeHO i B Hal-
OMIMIKUNX TajlakKTUKaX, HanpukJjaan y MaremianoBux Xmapax.

Hdeaxi TyMaHHOCTIi, 3a AKMMH JIETKO CIIOCTepiraTu

TyMaHHOCTi — NPOTAXHI
3ryLEeHHA rasy 1 MiXk30pAHOro
nuny B Fanaktuui, Aki
BUAB/IAOTb CE€6€e MOrNVHAHHAM
(TemHi TymaHHOCTi) abo
BUNPOMIHIOBaHHAM (CBiTNi
Andy3Hi, eMiCiiHi TyMaHHOCTI).
TemHi 11 cBITNI TYMaHHOCTI
BifPI3HAOTbCA NIMLLE BUTALOM,
MeToAaMM iX BUABEHHA

i cnocTepeXkeHb, 0COGNMBICTIO
BMNPOMIHIOBaHHA

Cysip’a Hassa Bun IMiBkyns Cmoci6 cmocrepe:xeHHA
Bopouriit NGC7293 IInamerapua ITiBgenHa Y 6iHOKJIB
Kinse NG3372 IIunoBa IliBmenna VY 6GiHOKJIB
Jlipa M57 IInanerapua ITiBHiuHA ¥ reneckon
Opion M42 Hudysna IliBgenna Heos36poeuum oxom
Crpinens M20 Hudysua IliBgenna VY Teneckon
JImcmukra M27 IInanerapua IliBriuna ¥ reseckon

Micue Couaunoil cucrevu B I'amaktuili. CoHIle po3TaIlioBaHe mo-
o6snsy maomuuay IanakTuku Ha Bigcrani 25000 cs. pokis Bif il aapa
(puc. 1.6). BexTop mBuakocti CoHIlA BifHOCHO HANOJIMIKUMX 3ip cpA-
MoBaHU 10 cysip’sa I'epryiiec. Pasom 3 ycima cyciguimu 3opsamu CoH-
me obepTaeThca HaBKOJO Anpa [amakTuku 3i mBuakicTio 230 KM/c.
ITepion oGepranusa CoHIST HABKOJIO sApa HA3WBAETHCA TAJIAKTHYHUM
porom, axuii gopiBuioe 250000000 3eMHUX poKiB. AHaAJi3 IIBUIKO-
cTi obepTaHHsA 3ip CBiAUMTH MPO CYTTEBY BiAMiHY MiK IIOBeZiHKOIO
00’eKTiB y cepuuHiii Ta mIoCcKii craagosux 'amakTuru. AKIimo 3opi

CoHavyHa cuctema — e CoHue
Ta BCi 00'€KTH, L0 rpaBsiTauiiHo
noB’sA3aHi 3 HUM
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IJIOCKOI CKJIaIOBOI 00epTaroThecA HaBKOJIO HMeHTPY l'alakTuryu mobau-
3y OAHi€l IJIOIMUHU, TO 30pi chepUUHOI CKJIAN0BOI 00’ eNHAHI V Beau-
Ye3Hi KyJIACTi CKyIUeHHS, III0 00epTaloThCs HaBKOJIO IeHTPY II0 BU-
TATHYTUX opbOiTax y pisHuUX miaomnimHax. I[o Toro x mepion obepranusd
UX CKyIIueHb II0OKAa3ye, I110 3HauHa Maca ['ajakTuKu posnofiseHa came
y cpepuuHiit ckaamoBiii. Ile MOKyTh OyTH 06’ €KTH MaJIol Macu, IKi He
BUIIPOMiHIOIOTH €HEPTil0 Y BUAMMINA YacTUHi cneKkTpa, abo 4yopHi mgipmu
MaJol Macu.

G KoHTponbHi 3anutaHHA

Puc. 2.1. CtpykTypa cripanbHux
pykasis Yymaupbkoro LLnaxy.

Anpo

lanakTukm TemHa 30Ha

9é§&3

Pykas KeHTaBpa

Puc. 2.2 CnipanbHi pykasu
Hawoi ManakTnkm
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1. 3Bigku moxoauTts HasBa «Mosounnii Ilaax»?

2. fIki 06’exTHU (OPMYIOTH IIJIOCKY CKJIamoBy lamakTurm?

3. CKiIbKYU BUIIB 30pAHUX CKYIUeHb BaM Bimomo? YuMm BoHU Bigpis-
HAOTHCA?

4. ki 060’eKTU CKJIamaOTh ['alakTuKy?

5. CKinbKu yacy KocMiuHUI Kopabdesb Oyae mepeTuHatu [alakTUKY,
pyXarouuch 3 MEepPIIo0 KOCMIYHOIO IBUAKICTIO? OUMCTiTh.

6. CxapakTepusyiTe ocobuBoCTi obepranua 'amakTUKA.

6 Miacncremn NanakTnkn Ta ii cnipanbHa CTPYKTYypa

Opnuiero 3 TaeMHUIb ['aJaKTUKY € TaK 3BaHi cHipaJbHi pyKaBu
(puc. 2.1), aAKi 3apomKyI0ThCA gech 0iaa il menTpa. CoHIle po3Tario-
BY€eTbCsA Ha mepudepii oqHOro 3 TAKUX PYKAaBiB, 110 3aKPYUEHUH Y IIJIO-
IUHI raJIaKTUYHOTO AVCKA. ACTPOHOMU BBaYKaIOTh, IO CIipaJbHi Py-
KaBU BUHHUKAIOTh AK CHipaJbHiI XBUJi I'YCTUHU, AK1 CTBOPIOIOTHCA ITiJ
Yyac CTUCKYBaHHA XMap MisK30pPAHOI0 ra3dy Ha IOYaTKOBOMY eTarri ¢op-
MYyBaHHJ 3ip. ¥ CBOIO Uepry, Ipu BUHUKHEHHI 3ip y MiK30pAHUX XMa-
pax rasy Ta MUy BUHUKAIOTh yIapHi XBUWJIi, II0 IPU3BOIUTH IO YTBO-
penHsa mosonux 3ip. Koo macuBHi 30pi cnamaxyors sk Hagmosi, To
TeX YTBOPIOIOTHCS HOBI TYMaHHOCTi, ¥ HOBi yJapHi XBUJIi IOIITUPIO-
IOThCA ¥ MisK3opsaHoMy mpoctopi. To6To hopMyBaHHsA OnHiel rpymnu 3ip
3a0e31Ieuye CTBOPEHHA MeXaHi3My AJA YTBOPEHHS HOBOT'O ITOKOJiHHSA
3ip. Ilei mporec iHKOJIM HA3UBAIOTH POPMYBAHHAM 3ip 3a 00NOMOZOH0
camopo3mHoxcenns. Takuii mepelbir moxaiit Mmoske (opMyBaTH CHipaIbHL
XBWJII TYCTUHU He TiJIbKU B Hamriit ['amakTuili, a @ B iHIIIUX CIIipaJib-
HUX TaJIaKTUKaX.

Kosxen cmipanbHuii pyKaB Omucye Jorapudmiuny cripasib i3 Ha-
xuJjoM npubsausao 12°. Bramaerncs, m1o B Hamrii ['agakTuli icHyOTh
YOTHPHU OCHOBHI CIIipajbHi pyKaBu, IKi 0epyTh CBill mouaTOK y rajak-
TuyHOMY ITeHTpi (puc. 2.2). Ko:kHOMY 3 HUX HaJaHa BjacHa Ha3Ba: Py-
kaB Jlebens, PykaB KenraBspa, Pyxkas Crpinbisa, Pykas Ilepces. Ta-
KOJK icHYe Ile oquH HeBeJuKull pykaB — Pykas OpioHa, caMe B HBOMY
1 posrammoBana CoHAYHA cUCTEMA.

CrmipaabsHi pykaBM BUHUKAIOTH y JeIKUX TaJIaKTUKaxX AK AUBHI
XBWJIiL TYCTUHU, A6 (DOPMYIOTHCA HOBI MOKOJIHHS 3ip.



Tema. Hawa lanaktunka

IToza MexxaMu OCHOBHUX CIIipaJIbHUX PYKaBiB posTallioBaHe 30B-
umimue Kinbie, abo Kinbie €nunopora. BoHo ckiazaeThes i3 rasy Ta
3ip, 110 OyJiM 3amMO3WUEHi BiJi iIHIMUX TaJIaKTUK MiJIbAPAU POKiB TOMY.

Kinvye €0unopoza — NpPOTAKHUN KilbllenoniOHMIT JTAHITIOT i3 3ip,
Tpuui obepHeHuil HaBKoJ0 Hymanbkoro Ilaaxy (puc. 2.3). IIpumyc-
Ka€eThCs, M0 CTPYKTYpa chopMyBaiacss BHACJIIOK BUPUBAHHSA YaCTU-
HU 3ip i3 ramakTuku-cynyrHuka Bemukuii Ilec mpuniuBEUMU cuia-
MU B X041 ii moBrorpuBasoro noranHanaa YymanskuM [lnaxom. Bara
Kinbma €aunopora craHoBuTh 100 MJIH COHSYHUX Mac, 3aBAOBKKU
BoHoO carae 200 Tuc. cB. POKiB.

@ [isHanTeca npo pi3Hi TMNN ranakTuk.

9 KoHTponbHi 3annTaHHA

1. Yu mae l'asmakTuka 700pe pO3BUHEHY CHipaJbHYy CTPYKTYPY?

2. Te 3apom:KyIOThCA cIipajbHi pykaBu ['ajakTurm?

3. fIxuit mporec HasuBaOTL GOPMYBAHHAM 3ip 3a HOIIOMOIOI0 CaMO-
PO3MHOKEeHHS?

4. BHacaifok aKuX mogiit copmMyBaiacsa CTPyKTypa Kiabita €auHo-
pora?

5. ToBeniTh, 1o 'aakTuKa Mae CHipaJbHy CTPYKTYPY.

6. HamamroiiTe cxemy OymoBu I'amakTuKM.

Puc. 2.3. Kinbue

€arHopora — NPOTAXKHUN
KinbLEenogioHnin naHuor

i3 3ip, TPUUi 06epHeHNI
HaBkono Yymaubkoro LLnaxy
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FanakTnkm — i30/1b0BaHi 30pAHi
CUCTEMMU, WO MICTATb, Kpim 3ip,
ras i nun. Yci o6'ektn B cknagi
ranaktuk 6epyTb yyactb B
o6epTaHHi HABKOJO CMilbHOro
LieHTpa mMac

Puc. 1.1. aneki ranaktuku.
B yeHTpi — Kinbue ANHWTaNHa

Puc. 1.3. JliH3onogibHa ranaktunka
PGC 83677 B cy3ip'i Koma bepeHL,
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Tema. NANakTukKu i BececBiT

Knacndikauia ranakrtumk.
Tvunu, cknag i CTpyKTypa ranaktumk

TanaxkTuku — HaasBuUUYailiHO maJjieKi o6’exkTu. Bimcraums mo Haii-
OJIMKUMX 13 HUX BUMiPIOETHCS B Meramapcekax, a A0 JaJeKUX — B OIU-
HUISIX YepBOHOTOo 3MimneHHsa. Came yepes BigmaieHiCTh HEO30POEHUM
OKOM DPO3pi3HUTU Ha HeOi MOKHA JINIIe TPU 3 HUX: TYMaHHIiCTh AHIPO-
menu (Bumuo B IliBHiuni# miBKyJi), Beauky i Many MarennamnoBi Xma-
pu (Bunuo B IliBgenniit miBkysri). Bupisuutu okpemi 30pi B 300paskeH-
HAX IHIINX TaJlakTUK He BIaBaJiocd aK A0 nmoyaTtky XX cT. [lo moyaTtky
1990-x poxkiB HasmiuyBajocsa He Oiabire 30 rajlakTUK, B AKUX BAAJIOCS
nmobaunuTy OKpeMi 30pi (Bci i ramakTuky Hase:xaTh A0 MicieBoi rpy-
nu). I[Ticasa samycKy KocmiuHOro Temeckomna «['a60a» i BBeZjleHHA B Jif0
10-MeTpoBUX HA3eMHUX TEJECKOIIiB KiJIbKiCTh raJlakKTUK, B SKUX BIAa-
JIocs POBPIBHUTHU OKpPeMi 30pi, 3HauHO 3pocia (puc. 1.1). Harma amak-
TuKa ¥ ramaktuka M31 (B cysip’i Argpomenu) BxoaaThk g0 MicmesBoi
rpynu rajgaktuk (puc. 1.2, 1.3).

3a Mop@OJOTIUHNMU O3HAKAMU TaJaKTUKU IIOIiJIA0Th Ha YOTU-
pu TUIN:

- eqinTuuHi E;

- cuipanbHi S (puc. 1.4);

» minzonoxioHi SO;

- HempaBuibHi Ir (puc. 1.5).

Maca ramakTuk Bapirmoerbcs Big 107 go 10'2 mac Conngs, ais mo-
piBHAHHA — Maca Hamrol ['aJakTUKYM CTaHOBUTE 6u3bKo 2 + 101! mac
Conna. iamerp ramaktuk — Big 5 go 250 xinomapcex (16—800 Tuc.
cB. poKiB). [aa mopiBHAHHA — giamerp HaIoi ['amakTuku 6JIU3BKO
100 Tuc. cB. poKiB, a HaxarirauTchka ramaxtuka IC 1101 mae giamerp
npuban3HO 6 MJIH CB. POKiB.

Puc. 1.2. TanakTnka M31 B ynbTpadionetoBomy cBitni MarennaHosoi Xmapu



Tema. lAnakTukn i BececsiT

Hai6inpimi ckynmuyeHHA TrajJlaKTUK CIOCTEpi-
raloTbcA B cysip’sax [liBu Ta BoJsoccsa Beponixku
(puc. 1.6). ¥V mbomMy HampsaMKY acTPOHOMU Bif-
Kpuau cBoepigHy Beaurxy Cminy, ne Ha Bixcrani
500 MJIH CB. POKiB BUSIBJIAETHCA 3HAUHE 30iJIbIIIEH-
HA K1JIBKOCTI raJlakKTUK y MOPiBHAHHI 3 iHITUMU Ha-
npaMramMu. OKpeMi raJakKTUKKU B3aEMOIIIOTH Mik
co0o010, HaBiTh BimOyBarOThCa IXHi 3iTKHEHHS, KOJIU
ofHa TaJIaKTUKA MOTJINHAE iHIITy, — cIocTepiraeThes
CBOEPIAHUN TraJlaKTUYHUN «KaHibamism» (puc. 1.7).
Ha ocranrbOMYy, UeTBEPTOMY, CTYIIEeHi iepapxiuHOi
CTPYKTYPHU CKYITUEHHA FaJIaKTUK Mali’Ke He B3AEMO-
Iil0Th MiK co6o0I0.

Beauxka Crina. Ille ogHiero XxapakTepHOIO PUCOIO
po3momiay raJakTUK y IIPOCTOPi € Te, 1110 BOHU PO3-
mimeni y BeecBiTi y Besimkomy maciiTabi He xaoTuy-
HO, a YTBOPIOIOTH Ay Ke NUBHI CTPYKTYpH, SKi Hara-
IVIOTHh BeJInUe3Hi ciTKu 3 BOJIOKOH. I1i BOJIOKHA OTOUYIOTh TiraHTCHKI,
BiTHOCHO TOPOXKHi obJsiacTi — moposkHedi. [leaki mopokHeUui MaOTh
miamerp 300 MJiH CB. POKiB — Ha ChOTOHI ITe HaMOiabII BigoMi yTBO-
peuns y Bcecsiti. HaliiMOoBipHIIIIUM IOSCHEHHAM Ili€el BOJIOKHHUCTOI
CTPYKTYypH BcecBiTy € Te, 110 raJaKTUKM y IIPOCTOPi po3TaIioBaHi Ha
MOBEPXHi Beanue3HUX OyJIbOAIIIOK, a TOPOKHEUi € IXHbOIO BHYTPIIII-
HBOIO 00J1acTIO. 3 MOBEePXHi 3eMJi HaM TiIbKU 3Ja€ThCH, IO raaK-
TUKU PO3TAIIIOBAHI MOAiOHO OO HAMMCTA, AKe HaHM3aHe Ha BOJOKHAX,
amyKe MU iX 0aumMo Ha 00igKax BeJMUYEe3HUX KOCMIUHUX OyJIbOAIIIOK
(puc. 1.8).

Haifi6inpmium i3 TakMX KOCMIUYHHX BOJIOKOH Y CTPYKTYPI rajak-
TaK i € Benuka Crina 3aBgoB:kKu 600 MJIH cB. POKiB i 3aBIIUPIIIKK
200 muH cB. pokiB. IIpocTopoBa momensb BececBiTy Haramye miMaToK
neM3u, SKUHA y IIJIOMY Ma€ OOHOPIZHY CTPYKTYPY, aje oKpeMi 00’ eK-
TU MalTh HOopoKHUHU (puc. 1.9).

@ 3akoH MNa66na. NMpocropoBuin po3noain ranakTuk

3akon I'adc6ma. ¥ 1929 p. amepukaucbkuit actpoaoMm E. I'ab6s
IOCJig KyBaB CIIEKTPU TaJaKTHUK i 3BEepPHYB yBary Ha Te, IO Ji-
Hil HOrJTMHAHHA y BCiX CIIEKTpax 3MillleHi B uepBOHU# 6iK. 3rigHO
3 epexkToMm [ommiepa, e CBiAUMTH PO Te, 1O BCi raJaKTUKM Bif
Hac BigmanamoTbcsa. KpiM Toro, 3a JOIIOMOT0I0 BeJINUYNHU 3MillleHHS
CIIeKTPAJIbHUX JIIHINT MOXKHA BUSHAUUTH MIBUIKICTH, 3 AKOIO rajakK-
TUKH BigandamThcA. BuaBuiocd, 10 MIBUAKICTE BijlaJIeHHS TaJlak-
TUK 30iJbIITYETHCA MPAMO IIPOIOPIiHiHO BifcTaHi 40 IUX raJaKTUK
(saxou I'a66.1a):

V=Hr, (1.10)

ge V — mMBUAKICTh PyXy rajJjakTUKHU; ' — BifgcTaHb a0 Hei; H —
crasia ['ab6sa. 3a ocranHiMu BumipoBanHamMu H ~ 70 xm/(c + Muk).

Puc. 1.4. CnipanbHa ranaktunka
NGC 24, po3TawoBaHa

B cy3ip'i CkynbnTop. Bigkputa
1785 p. B. lepwenem

Puc. 1.5. HenpaBunbHa
ranaktnka NGC 1427A

Puc. 1.6. Cysip’a Bonocca BepoHikun
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TanakTuuni aapa MaioTh O3HAKM aKTuUBHOCTI (puc. 1.11), akimo:

* CIIEKTP eJIEKTPOMATHITHOTO BUIPOMiHIOBaHHA 00’€KTa HabaraTo
MUPIINHN BiJ CIIeKTpa 3BUYAWHUX TaJIAKTUK i MOXKe cATaTH Bifx
pazmio- 1o JKOPCTKOTO raMMa-BUIPOMiHIOBAHHS;

* CIIOCTEPIraeThCA «3MiHHICTh» AiKepesia BUIPOMiHIOBaHHS. K mpa-
BUJIO, Iie BimOyBaeThcs i3 mepiomom Bix 10 XBUIMH Y PEHTreHiB-
cbKoMYy miamas3oHi 7o 10 pokiB B omTHYHOMY I pamiomiamasoHax;

* € 0COOJIMBOCTI CIIeKTpPa BUIIPOMiHIOBAHHA, 38 AKUMH MOJKHA Iiii-
T BUCHOBKY TIPO PYyX rapAdYOro rasy 3 BeJMWKOI MIBUIAKICTIO;

* € BUAUMIi Mop@osoriuui ocobuBOCTi, 30KpeMa BUKUAN U «Trapadi

Puc. 1.8. BonokHucra IJIAMU» ;

CTpyKTypa Beecsity € 0COBJIMBOCTI CIIEKTPa BUIIPOMIHIOBAHHSA Ta HOTO IOJIApU3anii, 3a

AKUMU MOJKHA MiNTU BUCHOBKY HIPO HAABHICTH MAarHiTHOTO ITOJIA

Ta OTO CTPYKTYPY.

IIpocropoBuii pozmoain ranaxktTuk. [IposaBu nepesriveHux ocobJiu-

Ay - Boc'{"eﬁ IYIODRYTB OyTu pisHi, I‘aJTaI{TI/IKI/I MOHCyTI')“BI/IHBJIHTI/I He BCi n(?-

AKTVIBHMX raNakTyIK, KBa3apis, peJiiueHi o3HaKM, a JIAIlE AeAKi 3 HuX. TpaguIiiHO raJlakTUKU TOi-

pagioranakTik JIAIOTH HA YOTUPHU KJIACU: cellhepmoscvKi, padioakmuehi, rayepmuou

Ta kea3sapu (puc. 1.12).

AKTHUBHI Apa raJakTUK € Ba)KJIUBUM HAIIPAMKOM CIIOCTEPEIKHUX

i TeopeTUUYHUX acTPOPiBUUYHUX HOCTiMKeHb. [locmigikeHH 1iei obaac-

Ti BKJIIOYAIOTh BUKOPUCTAHHSA CIIOCTEPEKHUX OTJIAMIB IJIA IOIIYKY aK-

TUBHUX SIeP FAJAKTUK Yy MITPOKOMY JiarasoHi CBiTHOCTEH 1 yepBOHUX

3MiITleHb, IIEPEBIPKY MOAe el KOCMiIUHOI €BOJIIOILi] i pOCTY YOPHUX Aip,

BUBUYEeHHA (hi3UKM aKpellil Ha YOPHIi Aipu i eJIeKTPOMArHiTHOTO BUIIPO-

MiHIOBaHHS aKTUBHUX AJEP FaJaKTUK, BUBUEHHA BJIACTUBOCTEN Ke-

TiB (puc. 1.13) i BUKUiB peUYOBUHU 3 aKTUBHUX ANEDP raJaKTUK, a Ta-

KOK BUBUEHHSA BIJIMBY aKpeIril Ha YOPHY Aipy i KBa3apHOI aKTUBHOCTI

Ha €BOJIOI[iI0 TAJIAKTUKA.

[xeTn — penATUBICTCHKI
CTPYMeHi niasmu, Lo

Puc. 1.9. NpocToposa
mogenb Beecsity @ KoHTponbHi 3anuTaHHA

1. {Ki Tunu rajsakTuK BaM Bigomi?

2. HasBiTh HalbaMKUi 10 HAC raJakTUKMU. Y AKiM niBryJi Heba ix
MOKHAa crocTepiratu?

3. HasBiTh yueHOro, AKuii BCTAHOBUB, II[0 raJaKTUKU PO30iraioThes.

4. JTo cKJIany sSKOI Ipynu rajakTUK BXOAUTH Hala [amakTura?

5. Yum eninTuuHi i1 HeIpaBUJIbHI raJakTUKU BiApisHAIOTHCA BifJ cIri-
pansHUX? o AKOTO THMHOY HaJMEeKUTh Hara [amakTura?

6. ITosicHiITE, UM MOXKYTh BigOyBaTHCs 3iTKHEHHS raJIaKTHUK.

7.Chopmyaroiite i moscHITL 3aKkoH ['ad6Ja. K 3a JOIIOMOrom0 3aK0-
Hy 'ab01a MOKHA BUMIPATH BifCTaHb 40 raJaKTHUK?

8.3 AKO0I0 XapaKTepPUCTUKOIO raJIaKTHK II0B’A3aHe SABUILE UEePBOHO-
ro 3MiIlleHH JiHi# y IXHiIX cueKTpax?

Puc. 1.11. TanakTuka IC 3639 9.TanaxkTuku posbiraroThcsa (uepBoHe 3MileHHsa). Yu posbirarorses

3 HEACHUM aKTUBHIM ANPOM TAKOK 30Pi B MerKax OgHiel rimakTuKm?
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Tema. YTBOpeHHsA Ta eBoaAOLisA
BcecBiTy

Kocmonoria. Mepwi mogeni 6ypoeun Bececsity
Ta IXHi napagokcu. PiBHAHHA OpigmaHa

Kocmoaoria. Ilepuri mogesri 6ymoBu BeecBity Ta 1xHi mapamokcu.
g mobymoBu mozesi BececBiTy HeoO0XiHO qaTy BiAIOBiAbh Ha TaKe 3a-
nuTauHa: «Yu mae BeecBiT aKych MesKy y mpocTopi? » . Heckinuenuumit
i 6esmekHU y mpocTopi Ta yaci BececsiT mpuBepTae mo cebe yBary Tum,
110 He Ma€ KpaiB i MiCTUTh HECKiHUEHHY KiJBbKiCTh 3ip Ta rajlakTUk.
AJe B TakoMy BiuHOMY Ta 6e3aMexHOMY BcecBiTi BUHHKAIOTE cylepey-
HOCTi, AKi B aCTPOHOMIii Ha3MBaIOTh KOCMOJIOTIYHNMH MapagoKCaMM.

IcuyroTs Tpu HalOiABII BiZoMi KocMoJIOriuHi mapagokcu: poTome-
TPUYHUI, TPaBiTaiiHUN Ta «TemJa0BOi cMepTi» Beecniry.

doTtomeTpuuHUII Tapamokc 0yB chopmyaboBaHUM 1744 p. 1mIBeii-
nmapcbKuM actporomoM K. ITle3o Ta momoBHEeHU HiMEIbKUM aCTPOHO-
moMm I. Onsbepcom 1826 p. KopoTKo cyTh I[bOro mapagoKca MOMKHA BU-
pasuTH B TaKOMY 3amuTaHHi: «fKmIo BececBiT HeCKiHUeHHUIT, TO YOMY
BHOUYI TeMHO? » . 31a€ThCs, 110 HA Ile 3alTUTaHHSA BiIOBiCTU Ay’Ke IIPo-
CTO, A Ke 3MIiHY OHA i HOUi BUBYAIOTH ¥ IOYATKOBIiH IKOJIi. AJte Tpeda
naMm’sATaTh: HaJ HiYHOIO II0OBEPXHEI0 3eMJIi CBiTUTE 0esJiu 3ip Oe3amerx-
HOTO BeecBiTy, AKi BUIPOMiHIOIOTH HECKiHUEHHY KiJIbKicTh eHeprii,
TOMY OCBiTJIeHHs Bif 3ip i raJakTuk mMae OyTH He MEHIIINM 3a OCBiT-
JeHHsd, ke cTBopioe Conre. IIpoTe 3 BIacHOro OoCBiay Mu 6a4m1MoO, IO
BHOUi HeO0 HabaraTo TeMHiIlle, Hi’K yoeHb. MaTeMaTUKH 3aIIPOIIOHYBa-
JI TaKky Mozesb BeecBiTy, B AKif MOKHA cupocTyBaT (DOTOMETPUUHUHA
napanokc. Bececeim moxce 6ymu 6e3mexncnum, ane ckinuennum. B ox-
HOBUMIipHOMY IIPOCTOPi TaKMii 6e3MeKHII CKiHUeHHUHA CBIiT — IIe 3BU-
yaline KoJio abo Oyab-AKa iHIna saMKHyTa Kpuba (puc. 1.1). 3aMKHY-
TUU JBOBUMIiPHUU TPOCTIp — TOBEPXHA cdepu, TKa He MaE MexKi, aje
ILJIOIIa ITOBEePXHi chepu € CKiHUeHHOI0 BesmuuHoIo (puc. 1.2).

Mu kuBeMO y TPUBUMipHOMY IIPOCTOPi, i BaXKKO yssBUTHU c0Oi Ta-
KuUM 3aMKHyTuii BececBiT, AKuil He Mae Mexi, ajle Mae CKiHUeHHUN
o6’eM i, oToke, oOMesKeHy KiabKicTh 3ip i ramaxtux. ¥ Takomy Bce-
CBiTi HeMae€ IeHTPY, BCi TOUKM B HOMY PiBHOIIPABHI 1 y BCix HAIIpsAM-
Kax mpocTip ogHopigamii. Ha mpakTuili BaXKKO mepeBipuTu, y SKOMY
IPOCTOPi MEMIKalTh AKich icTOTH, i Ai3HATHCS, YN € IIPOCTIP CKiH-
YeHHUM. SIKIIO IIPOCTip 3aMKHYTHUH, TO MaHIPiBHUK, IIOJOPOIKYIO-
Y1 B OJHOMY HAIPAMKY, MOYKe 3IiMCHUTH HAaBKOJIOCBITHIO ITOJOPOK
i moBepHYTHCS B TOUKY cTapTy. B icTopii 3emHol yusinizauii mepury
TaKy IIOAOPOK 3aificHuB Maresiad, SsKUHA JOBiB, 1110 IIOBEPXHSA 3eM-
JIi € BaMKHYTUM ABOBUMipHUM mpocTopoM. ¥ TpuBuMipHOMY Bceecsi-
Ti KOCMOHaBTU HiKOJIM He 3MOKYTh 3aBEPIIIUTH TaKy HABKOJIOCBITHIO
TIOIOPOsK, TOMY ITePEeBipKYy MOKHA 3pOOUTH TiILKU 3a JOIOMOTOIO TEO-
peTuYHUX MipKyBaHb.

Kocmonoria (Kkocmoc i rped.
Aoyos — BYEHHA) — po3gin
ACTPOHOMII, B AKOMY BUBYAIOTb
BcecBiT sik wine

KocmonoriuHi napagokcu —
CynepeyHoCTi, AKi BUHUKaOTb
y BiuHOMY Ta 6e3mexxHoMy
BcecsiTi

Pnc. 1.1 Mogenb ogHOBUMIPHOTO
npoctopy Bcecsity
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Puc. 1.2. Mogenb ABOBUMIPHOTO
npoctopy Bcecsity

Puc. 1.3. HbloToHiBCbKa Teopis
TAXIHHA HenpuaaTHa Ana
PO3paxyHKy CUSIbHUX MOAIB TAXKIHHA
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I'paBiTaniitauii mapagokc — KOCMOJIOTiUHA ITpobieMa, AKa BUHU-
Kae i3 KaacuuHoi Teopii TAXKIHHA 1 AKy MokHA c(hOPMYJIIOBATHA TaKUM
YMHOM: «¥ HecKiHueHHOMY BcecBiTi 3 eBKJIiOBOIO reomeTpieio i He-
HYJIBOBOIO CePEIHBOI0 TYCTUHOIO PEYOBUHU I'PaBiTAiiHUN TOTEHITiaa
ycionu HaOyBae HeCKiHUeHHUX 3HAUEHb».

Ha panwnit MmoMeHT 1ie#t mapaJloKCc He BUHUKAaE, ocKinbKku HrrioTo-
HiBCBKY TEOpPil0 BCECBITHBLOTO TSXKIHHS, K 3’sSCyBaJIOCS HA IIOYATKY
XX cr., HEe MOKHA 3aCTOCOBYBATH JJIA ONNUCY CUJIbHUX IPaBiTaIiTHUX
moJtiB TaKiHHA (puc. 1.3) i, 30Kpema, po3mOAiay HECKiHUEHHOI Kijb-
KOCTi peuoBUHU y 0€3MEKHOMY IPOCTOPi. ¥ IIMX BHUIIAAKax Tpeba BU-
KOPHCTOBYBATH TEOPilo BigHOCHOCTI AHIITaiHa.

IIapagoxc TemmaoBoi cmepri. TermroBa cMepTs — TEPMiH, ITIO OHU-
Ccy€ KiHIeBUI cTaH O0yIb-sIKOI 3aMKHYTOI TepMOAMHAMIUHOI cucTeMu
(puc. 1.4). IIpu 11boMy HiAKOTO HAIIpPaBJIEHOTO OOMiHY eHeprieio cmo-
crepiraTucs He OyJe, OCKiIbKY BCi BUAY eHeprii mepeiyTh B TEILIOBY.
TepmoamHamMika po3risamae CUCTEMY, IO IIepedyBae B CTaHI TEIJIOBOL
CMepTi AK CUCTEeMYy, B IKill TepMOAMHaAMIUHA €HTPOIIiA MaKCuMaJabHA.

BucHoBOK mpo TemnmoBy cmepTh BeecBiTy OyB chopmMymboBaHUI
P. Knaysiycom 1865 p. Ha OCHOBI APyroro 3aKoHy TePMOAUHAMIKI.
3a UM 3aKOHOM, OyIb-AKa (pismuHa cucTeMma, M0 He OOMiHIOEThCS
eHepriero 3 inmumu cucremamu (1 BeecBiTy B 1istomy Takuii ooMiH,
OUYeBHUIHO, BUKJIIOUEHNIT), IIparte 40 Hail0iabII BiporiZHOTO piBHOBAMK -
HOTO CTaHy — 0 TaK 3BAHOI'O CTAaHY 3 MaKCUMyMOM eHTportrii. Tarkuit
cTaH Bifmosimas O0u TerLioBiit cmepTi Beecsity.

IIle mo cTBOpeHHA cy4yacHOI KocMoJioTil Oyau 3po0JeHi uucJIeHHL
cupobu CIPOCTYBAaTH BUCHOBOK ITPO TEILJIOBY cMepTh BcecsiTy. Haii-
6inbIml Bimoma 3 HUX (QaykTyarifina rimoresa JI. Boabinmana (1872),
BigmoBimHO 10 AKO0i BeecBiT oaBiuHo mepebyBae B piBHOBA)KHOMY i30-
TepPMiYHOMY CTaHi, aje 3a 3aKOHOM BUIIAAKY TO B OJHOMY, TO B iHIITOMY
pioro micii imKoJu BimOyBaiOThCA BiAXHMJIEHHS BiJ I{bOI'0 CTAHY; BOHU
BimOyBaroThLCA THUM piglne, yuM OiJIbIIYy 00JIaCTh 3aXOILIIOIOTH i UMM
3HAUHIMINM € CTYIIiHb BiXWJIEHHA.

Pigaauna @pigvana. PocilicbKkuii maTemMaTuk i reoisux O. @piz-
MaH IIpaIoBas y ranxysi ¢pisuku armocdepu i peaTuBicTCHKOI KOCMO-
jgorii. ¥ 1923 p. BiH orpumaB po3B’sA3KM I'paBiTaliiHNX PiBHAHD
A. AtiHmraiiza, 3 SKUX BUILJINBAJIO iCHYBAaHHS HECTAI[IOHAPHUX MO-
nmeseii BeecBiTy, mio Bigpisusaucs Big cramionapuoro BcececsiTy Aiin-
mraiaa. OcobsmBocTi posmupenHsa BeecBiTy 3a @pigmaHom BusHaue-
Hi KPUTUYHOIO I'YCTHUHOIO.

Py = SH?/(81G), (1.5)
ne H — craja I'a66sa, G — rpasiramiiina craJa.

SAxio cepegus ryctuHa marepii y BeecBiTi MeHIIa Bix KpuTuuHOI,
TO HOr0 PO3MINPEHHA TPUBATUMe HeoOMesKeHO — BcecBiT BiAKpuTHii.
SKII0 K cepenHsa rycTuHAa OiabIlla 3a KPUTUUHY, TO IIiCJIsS TOCATHEH-
HA IIEBHOTO MaKCUMAaJIBHOTO pajaiyca BcecBiT mouHe cTuCKyBaTUCA —
Bcecsit samrryTHuii. Ha cyuacHOMy eTami pos30iraHHsa rajJakTHK IIin-
TBEpAKY€E posmupenHa BeecBiTy. OgHak 1e He OCTaTOYHIII BUCHOBOK,
am:ke icHye mpoOJsiema mpuxoBaHol macu. Huska edekTiB (30Kpema
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ITO30PSHUM CUHTE3 I'eJlilo i peslikToBe BUIIPOMiHIOBAHHSA), IO IIepen-
b6aueni @pigmanom B mojesi BeecBiTy, momoBHeHi i migTBepasKeni gi-
BUYHMMMU TiloTe3aMy iHIIIKX BUEHUX IIPO BUCOKY Temmeparypy Bce-
CBiTY Ha paHHiX eTamax.

@ Teopia Benukoro Bubyxy. OcHoBHi etanu eBomouii Bce-
cBiTy. PenikroBe BunpomiHioBaHHA. CnoctepexHi AaHi
npo npucKkopeHe po3wupeHHsa Bcesity. TemHa maTepin Puc. 1.4. Tennosa cmepTb —

Ta TeMHa eHepria AK cknaposi Bcecsity TEPMIH, “640 OnNCye KiHUesn
CTaH OyAb-AKOI 3aMKHYTOI

. . . TePMOANHAMIYHOT CUCTEMN
Teopia Beaunkoro Bubyxy. OcHoBHi eTanu eBouaroiii Beecsiry.

AcTpoHOMIiUHI HOCTig:KeHHs, 10 TPoBOAUINCh ¥ XX CT., TOIIOMOT-
JIX acTPOHOMAM 30arHyTH PO3JiTaHHSA rajJakKTHUK, SKe CBiAYUTH IpPo
Te, 110 caM BcecBiT He 3aIUINaEThCA CTAJIUM Y Yaci — BiH 3MiHIO€ ¢BO1
mapamerpu. IKII0O BificTalHb MisK rajakTuKaMu 3apas 30iJbInyeThbCd,
TO paHillle BOHU PO3TAIIIOBYBaJNCH OJIMKUe OJHA OO OLHOI. 3a JOII0-
moroio crajoi I'a60ia MosKHa ImigpaxyBaTH, KOJIU BCi TaJlaKTUKHU IO
HOYATKY PO3IINPEHHs MOTJIN IIepedyBaTu B OOHIiN TouIli. MomMeHTOM

X Benukuii Buéyx — tepmix,
mouaTKy posinupeHHs BececBiTy € Beankuii Bubyx, AKuii moB’ s3anuii

3a [IONOMOro AKOro 06’egHaHo

i3 Bikom T Bcecsity: T'= 1/H. CyYacHi yAB/EHHA NPO MOYaTKOBI
Ha mepinuii morssig 3maeTbes, 10 AJaA T00yI0BU Teopii eBosrorii cTagii po3BuUTKY Bcecsity, Wwo
BcecsiTy BeqinKe 3HaUeHHS Ma€ BUSHAUEHHS Miciisa Benrukoro Bubdyxy MOACHIOIOTb 11070 eBOIIOLI0

i BMacTMBOCTiI.

(puc. 2.1). Axk6u Benukuii Bubyx 6yB mpoliecoM, SKUii Haragye BU- . :
B OCHOBY Cy4YacCHOI aCTPOHOMIY-

O0yx 6om0u, TO MOKHa OyJ0 0 BusHauuTu Micie 1iei moxii. Hacmpas- " .

X . . . HOI KapTUHW CBITY WOAO €BOJO-
Ii posmmupenHsa BcecBiTy BKJIOUYae He TiIBKU PO3JiTaHHA caMUX Tra- wyii BecaiTy noknaseHo Moaent
JaKTUK BiTHOCHO KOCMiYHOT'O IPOCTOPY, a I 3MiHy mapaMeTpiB caMmoro rapaJoro Bcecsity
Bcecsity. IHmuMu caoBamMu, raJakTUKU He JIETATH BiTHOCHO PEIITH

penikToBoro ¢oHy
TemHi Bikun

MepLi 30pi
®opMyBaHHA ranakTuK,
niaHer Ta iH.

Po3BuTOK ranakTtmnk

CKyI'NeHHH ranaktmk

Puc. 2.1. Komn'toTepHa mogenb po3sutky Beecaity Big Benvkoro Bubyxy fo Hawworo yacy
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Puc. 2.2. PeniktoBe BUNpOMIHIo-
BaHHA — KBaHTW CBiTNa, WO YTBO-
punuca 15 mapg pokis Tomy.
BoHu Bigginunuca Big enemen-
TapHUX YaCTUHOK i NoYann camo-
CTiHe nowwrpeHHaA y BcecaiTi

FTATAKTUYHA | NO3ATATAKTUYHA ACTPOHOMIA

Bceecrity, Tomy 1o cam BeecBiT Tex posmupioerbesa. Takum YuHOM,
KOHKPeTHOTO MicIs, ae craBcsa Benukuit Bubyx, y Beecsiri me icHye,
Tak caMo, K HeMae€ IeHTPAa, BiJ SKOro BiamaasioTbCsa raJlaKTUKH.

3a cyuacHUMU JaHuMU, craja ['ad6bsa H ~ 70 km/(c - MuK), To6TO
Beaukuit Bubyx mir Bigoyrucs npubansuo 15 Mmuapa pokiB Tomy. AKITo
BpaxyBaTH, 10 Bik HaImoi ['aJakTuKu He MOsKe OyTHu OiJbIINUHA 3a BiK
HaAUCTaAPIiIIUX KYJIACTUX 30PAHUX CKYIUEHb, IO iCHYIOTH YK€ TTOHAT
13 mupz PoKiB, TO 1110 MU(MPPY MOKHA TaKOMK BBasKATU 34 HUMKHIO MEKY
BiKy Hamoro Bcecsity.

Ocuorni eranu esourroiil BeecsiTy. BeecBiT Ha mouaTKy icHyBaHHA
MaB HaCTiJIbKM MaJIeHbKi po3Mipu, 10 ToAi He OyJI0 aHi raJakTUK, aHi
3ip 1 HaBiTH ITIe He iCHyBaM ejleMeHTapHi yacTuHKu. ['yecTuHa i Tem-
mepaTypa HOBOHapom:keHoro BeecBiTy mocsaranu Takux aHTACTUUHUX
3HAYeHb, III0 BUE€HI HABiTh HE MOXKYTb BUSHAUUTU, ¥ AKOMY CTaHi Ipu
npomy mepeOyBasia maTepid. I{elt mouaTKoBUiT MOMEHT HApPOKEeHHSA
BceecBiTy HasuBaoTh cMHTYIAPHiCTIO (Bix jgaT. edunuil ). Ilotim rycTu-
Ha i Temmeparypa BeecBiTy mouanu 3HUIKYBATUCH, CTAJIN YTBOPIOBATH-
cd eJIeMeHTapHI YaCTUHKHU, aTOMHU i raJJaKTUKM. ¥ CI0 icTOpito HAIIOTO
BceecBiTy MoMKHA POSAIINTH Ha YOTUPU ePU — AOPOHHA, JeNMOHHA,

BUNPOMIHIOBAHHA TA pe4o6UHU (IUB. TAOJIUIIIO).

Epa Bik Bcecsiry, Temnepa- | I'ycTuna,
Bceecsity POKiB oy Typa, K Kr/m?
1,5-10%° CyuacHa emoxa 2,7 S10a2E
1,2-101° BunukHeHHS KUTTA HA 3eMi
101 ®opmyBanHa COHAYHOI CHCTEMM
6-10° YTBOpEHHA IepIInXx 3ip
PeqoBHHL 5-10° YrBopenHa Hamol [alakTuKT 10726
10° Ksaszapnu
3-108 ITossBa XMap BOAHIO TA T'eJIiio
108 YTBOPIOIOTHLCA aTOMHU TiIpOTeHy Ta refito 10713
3.10° (I)OupMyBaHHH PeuOBHHH. Bceecsir crae 3 10-10
HEeATPAJIbHUM i TEeMHUM
Bumnpowi- 300 ¢ Kinens epu BUIIpoMiHIOBaHHA 10
HIOBaHHSA 10 c YTBOPIOIOTLECA AApa geliTepiro Ta reJiio 104 101
JlemTonHA 10-c E:IIeRTPOHI/I i IOSHTPOHY B CTaHi TeIa0BO1 1010
piBHOBAru 3 BUMIPOMiHIOBAHHAM
107 ¢ Posniner.lfm eJICKTPOMAarHiTHOL Ta ciIabKol 101
B3aEMO/Iil
AzponHa 10%¢ YTBOpeHHs HeNTPOHIB i MPOTOHIB 1027
1032 ¢ BigginerHsa cuiabHOI B3aeMoOMil
104 ¢ Bigginenssa cui rpasiTarrii 1032 109
Cusrymsp- Yci uotupu Q)SI'H,I[aMeHTa.'JIBHi cuiu 00’ exHaHL
HieTs 0 B equHy. Po3mipu BeecBiTy HabIMKyIOTHCA
10 HYJIS
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‘ ) Ina gonutnueux

I3 imocodpcbKOi TOUKYM 30Py, MisK eIeMeHTapHUMU YaCTUHKA-
MU Ta eJIeKTPOMAarHiTHUMU XBUJIAMUN HEMA€E CYTTEBOI PiBHUILL, amsKe
BCe cyIlle B IPUPO/i € MaTepieio. Aie 3 GisWUHOI TOUKU 30Py IPUH-
IUIIOBA PiBHUIA MisK IITUMHU BHUAAMMW MaTepii moadArae B TOMY, IO
IMBUAKICTH €JIEMEHTAPHUX YAaCTUHOK (eJIEKTPOHIB, IIPOTOHIB, HEM-
TPOHiB), 3 AKWX YTBOPEHi 30pi, IMJaHeTH i, HAPeIITi, Mu 3 BaMH,
HiKOJIM He MOKe HOCATTHU IIIBUAKOCTI CBiTJIa, y TOI Yac AK KBaH-
T eJIeKTPOMarHiTHUX XBUJb HiKOJW HEe MOKYTh MaTHU IIBUAKICTH
MEHIITYy, HiK IIIBUAKICTH CBiTJIA.

PeaikToBe (ponoBe BunmpominoBanHsa (puc. 2.2, 2.4). Ti kBaHTH
eJIEKTPOMATrHiTHOTO BUIIPOMiHIOBAHHSA, IO BigipBajsucsa Bing ejreMeH-
TaPHUX YaCTUHOK B €Py BUIPOMIHIOBAHHSA, JOXOIATH A0 3eMJIi 3Bigy-
ciJIb 1 BiAmOBiZaIOTH €JIEKTPOMATHITHOMY BUIIPOMiHIOBAHHIO YOPHOTO
Tiza 3 remneparyporo 2,7 K (puc. 2.3).

Ha mouaTky icHyBaHHsS KBaHTH MaJlu BeJIMKY €Hepriio, TOMYy
BUIIPOMIiHIOBAaHHS Bif0yBaiocsd Y BUCOKOUACTOTHINM YaCTUHI CIIEeK-
Tpa eJJeKTPOMATrHIiTHUX XBUJb y TaMMa-aianasoni. I8 wvacom ramma-
KBaHTY BTPAYaJid €HePriio, TOMY JOBKUHA €JIeKTPOMATHITHUX XBUJIb
36imbmryBanacs, i uepes 10° pokis micas Bemuxoro Bubyxy makcu-
MYM BUIIPOMiHIOBAHHS IIPUMIALAB yiKe HA BUAUMY YAaCTHUHY CHEK-
Tpa — TOAL Mos00uil Bececsim cupaBAi MaB BUIJIAL sSCKPABOI BOI'HsI-
HOI KyJi Ta 6yB momiOouuit 1o BuOyxy samepuoi 6om6u. Yepes 10 M
POKiB MaKCMMyM BHUIIPOMiHIOBAHHSA BiyKe PO3TaIllOBYBaBCs B iH(pa-
YepBOHill YaCTUHI CIIeKTpa, a uepes 14 MJIpa POKiB cepemgHs TeMIiepa-
Typa BeecBiTy smeninnaacs go 2,7 K, Tomy 3apas MakKCUMyM BHUIIPO-
MiHIOBaHHS mTepebyBae B padiodiana3orni Ha xeuni 3a6008xcku 1 mm.
IHTeHCUBHICTDL i YacTOTa TAKOT0 BUNPOMIHIOBAHHS He 3aJie’KaTh BiJ

h
N

ﬁg\ 15 Minb;;}liB
& (cooropHi)

) i

, MinbApau

F
KBazapu

T atomu

Puc. 2.4. Anizotponia
PenikToBOro BUNPOMiHIOBaHHA
3a AaHumun cynytHnuka WMAP

Puc. 2.3. Ynm pani Big 3emni po3mi-
LLYETbCA KOCMIYHUIA O6'EKT, TUM MO-
NOAWNM MU Moro 6auynmo, agKe CBiT-
N0 Bif HbOTO fOCAra€ NOBEPXHi 3emni
yepes minbApan pokis. Ha mexi Bu-
AMMOI YacTuHW BcecBiTy 3 BigcCTaHi
10 Mnpga CB. POKiB HAAXOAUTb BMMPO-
MiHIOBaHHSA, AKe YTBOPMWIIOCA 3a YaciB
Benukoro Bubyxy. Ha BiagctaHi 5 mnpg
CB. POKiB MW 6a4MMO KBa3apW, 3 AKNX
nisHiwe GopMmyTbCA ranakTukm
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PenikroBe BUNpOMiHIOBaHHA —
BUMPOMiHIOBaHHA BcecaiTy, Ake
OOMIHY€E B Ailana3oHi AOBXUH
XBWb Bif MiliMETPIB 4O MeTpa

C B
A+ B + C < 180°

Puc. 2.5.Y Bigkputomy BcecBiTi
crpaBeanvBa HeeBKNigoBa
reomeTpif, Konn cyma KyTiB
y TPUKYTHUKY MeHwa Big 180°

A+ B+ C = 270° > 180°

Puc. 2.6. ina 3akpuToro Bcecsity
€ MPaBUIbHOIO HeeBKNiA0Ba
reomMeTpif, Kom cyma KyTiB

y TPUKYTHUKKY Ginbla 3a 180°
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HaIpAMKY, i IIe cCBiquuTh Ipo Te, IO cepedHA TeMmuepaTypa Bcecsi-
Ty TOBCIOAM onHakKoBa. IliKaBo, 110 mepen0aymB iCHyYBaHHA rapsayo-
ro pamaporo BcecsitTy mie 75 pokiB Tomy yponaskeHelb micra Omecu
%, Tamos (CIITA), ae 3apeecTpyBaJiu IIi PEJIiKTOBI eIeKTPOMaruiT-
Hi xBmai Tiasku B 1965 p.

CroocrepeskHi maHi mpo nmpuckopeHe po3mupenns Beecsity. Temua
MaTepia Ta reMHa eHepria Ak ckaanori Beecriry. 'paBiTariiina Bsaemo-
JIis peYOBUHU B MaOYTHHOMY MOJKe 3MEHIIUTHU IIBUIKICTh POSIINPEH-
Ha Beecity. BuaBnsaerbed, SKIO cepengHsa rycTuHa BeecBiTy Mmae Kpu-
TuuHe 3HaYeHHA 5+ 10727 xr/m2, a crama I'a66aa H ~ 70 km/(c + Muk),
POBIINPEeHHS MOKe BimbyBaTuca BiuHo. Po3paXyHKU ITOKa3yIOTh, IO
ManOyTHS 40JIs HalIoro BeecBiTy 3a1eXUTh BiJl 3HAUEHHSA CIIPABKHBOL
cepelHBbOI I'YCTUHU IIIOJO0 KPUTUUYHOLI I'yCTUHU po. MOXYTH OyTU TpU
ciieHapii MaiiOyTHHOI'O PO3BUTKY ITOMili:

1) p < po; 2) p > pos 3) P = Po-

Posrimanbpmo 11i MoAesIi MOKJINBOI €BOJIIOIII HAIIIOTO CBiTY:

1. fAxmo cepenua ryctuHa BeecBity p < py, TO raJakTuKu OyAyTH
posJiiTaTucs BiuHO, i B MaiiOyTHROMY TeMIlepaTypa (DOHOBOTO BUIIPOMi-
HIOBAHHSA IIOCTYIIOBO 0y/le 3BHMIKYBAaTUCh, HAOJIUIKYIOUNCH 10 a0COJIIOT-
HOTO HYJIA, & MAKCUMYM BUIIPOMiHIOBAHHSA 3 YacoM Oye 3MilllyBaTHUCh
Y CAaHTHMETPOBUM i METPOBUM Aialma30HU eJeKTPOMATHITHUX XBUJIb
(puc. 2.5). Taxkuii BcecBiT Ha3MBAIOTH BIKPUTUM, BiH He Ma€ MeXKi y IIpo-
cTOpi 1 MOJKe iCHyBaTu BiUHO, IIOCTYIIOBO IMEePETBOPIOIOUICH HA HIIIlO.

2. SIK1o B KocMoOCi BUSIBUThCA 3HAUHA MIPUXOBaHa Maca i cepeqHs
ryctuHa 0yze p > p,, TOAi posmupeHHA BcecBiTy uepes medaxwuii uac
npunuHUTHCA. Takuii BececBiT Ha3WBaOTH 3aKPUTUM — BiH He Mae
Mesxi y mpocTopi, ane mae nouamox i kineuvb y yaci (puc. 2.6).

3a KiTbKa MiJIbAPAiB POKiB po30iraHHsA ralakTUK MOJKe 3YIIMHU-
THCS, a IOTiM MIOYHETHCA CTUCHEeHHA BeecBiTy, TOMYy 110 rpaBiTamiii-
Ha CUJjia 3MYCHUTh raJaKTUKU 30IMKYBaTHUCh. 30MMKEeHHA TaJaKTUK
mpusBene OO0 TPariuHUX HACTIAKIB AJISI JKUBUX OPTaHi3MiB, OCKiIbKU
eHeprisa (pOHOBOTO BUIIPOMiHIOBaHHA i TemmuepaTypa BececBiTy OyayTh
3pocratu (puc. 2.7). He60 mouHe cBiTUTHCA CIIOYATKY YePBOHUM KO-
JBOPOM, a ImoTim craHe cuHiM. TemMmepaTrypa 3pocTe HACTiIBKU, IITO
BCi JKMBi icTOTH 3armHYTH, IOTIM BHUKHYTH 30Di, IJIaHETHU, €JIEMEH-
TapHi YacTUHKM, 1 BececBiT 3HOBY ITEPETBOPUTHCSA HA PEUOBUHY 3 HAJ-
3BUYANHO BEJIMKOIO I'yCTUHOIO.

3. IcHye TaKo0K iMOBipHiCTBH TOTO, IO cepenHaA r'ycTHHA BcecBiTy
IOPiBHIOE KPUTUUHIN I'yCTUHI p = p,. ¥ IIOMY BUIIAJKY 0€3MeKHUU
Ta HeCKiHueHHUN BcecBiT Mae HyJIbOBY KPUBUBHY, 1 IJIs HBOTO CIpa-
BemiuBa reomerpia EBkaiga (puc. 2.8).

TamakTuku OyayTs posiiTaTucs BiuHO, TeMIepaTypa BeecBiTy Oynme
BiuHO HAOJIMIKyBaTHUCS 40 abGCOJIOTHOTO HYyJd... Ileii cieHapiii eBoso-
mii mikaBui 1mie i TUM, IO IIPW HbOMY 3arajbHa eHeprid Bcecsity 3a-
JINIIAETHCS PiBHOIO HYyJI0: EK + Em = 0.

To0To AKIIO BBAYKATU MOTEHIIAJBHY €HEPTil0 TAMKIHHA HEeraTuB-
HOIO, a KiHeTUUYHY eHeprilo pyxXy — II03UTHBHOIO, TO BcecBiT Mir Bu-
HUKHYTHU 3 HiUOTO y (PidsMUHOMY BaKyyMi AK HUBOBU)KHe 30ypeHH,
TOMY 3 YaCOM BiH TeK MOKe IIepPeTBOPUTUCS Ha HiIllo.



Tema. YTBOpeHHA Ta eBonoLin Bcecsity

i

Puc. 2.7. EBontouist 3akputoro BcecBiTy. Taknii CBIT 36inbLUYETbCA 4O NEBHUX MaKCUMaNbHUX
pO3MipiB, NiCNA YOro ranakTMKy NOYHYTb 36MXKyBaTUCh. [ToyaToK i KiHeub Takoro Bcecsi-
TY MaloTb HECKIHYEHHO BeNKY TemnepaTypy i rycTuHy 60°

CyuacHi crocTepeskeHHs IMiATBEPIKYIOTh iCHyBaHHA y BeecBiTi
MIPUXOBaHOI MacH (TaK 3BaHa TeMHa MaTepis), sKa 30cepeasKeHa B Ti-
Jiax, 10 BUITPOMiHIOIOTH HEBHAYHY €HEPTi0 y BUTJIAL eJIeKTPOMATHIT-
HUX XBUJb — YOPHIi Aipu, nyjabcapu, HeATpUHHE BUIPOMiHIOBaHHA,
rpaBiTariiiai xBuii Ta iH. AcTpoHOMH, SKi 3alfiMai0OThCsa IpobaeMaMu
KOCMOJIOTi1, 3aIIPOIIOHYBAJM TilloTe3y IOA0 iCHYBaHHA HOBOTO KJacy
eJeMeHTaPHUX YaCTUHOK, AKUM JaJu TaKy YMOBHY Ha3By — CiabKo
Bzaemopgiroui MacuBui Hactuuku (CBMY). Taxkuit BececBiT Haragye
Ka3KoBy nTuIio eHikc, sKa IepioguuIHO 3TropsAe€e, a IMOTIiM i3 IIoIIeay
BiIPOIIKYETHCA MOJIOLOIO.

60° 60¢

A+ B+ C = 180°

Pnc. 2.8. Y reomeTpii EBkniga
napanenbHi NpAMi He

nepeTrHaloTbCA, @ CyMa KyTiB

. ) n y TPUKYTHUKY JopiBHIoe 180°
nAa gonuTanBuX

OcranHi JoCTigKeHHSA PyXy 3ip y raJakTUKaX IIiATBEPIKYIOTh
rimoTesy IIpo iCHyBaHHA KJIACy eJIeMEeHTaPHUX YaCTUHOK i3 IIpuxoBa-
HOIO MacoI0, AKi oTpuMaJiu Ha3By memHa mamepis. Kpim Toro BuAB-
JIEHO, IIT0 B Mi}KTaJIAaKTUYHOMY IIPOCTOPI iCHYIOTh CUJIBbHI MOJIs HEBI-
IOMOI IPUPOAYU, AKi aCTPOHOMY HA3BAJIU meMHOoW eHepzicio. HoBiTHi
rimoTesu IPUITyCKaIOTh, IO B HAIII YaC 34 JOIIOMOTOIO T€JIEeCKOIIiB MU
cmocTepiraemo Tiasku 5 % wmartepii Beecity, a 95 % mnpunamae Ha
3arajiKoOBi IIOJIS MeMHOL eHepezil Ta meMHOL mamepil, AKa He BUIIPO-
MiHIOE eJIEKTPOMAaTrHIiTHI XBWJIi.

@ KoHTponbHi 3annTaHHA

1. fAxa gona saxpuroro BececsiTy?

2. OnuitriTh Mogesb rapsauoro BeecsiTy.

3.VY uomy mojArae cyTHicTh Teopii BececBiTy, AKUIT POSIIUPIOETHC?

4. IIpo 110 cBigunThH peikToBe BUIpoMiHoOBanHA BeecBiTy?

5.TamaxkTuka nmepedyBae Ha Bigcrami 100 maH nK. O0UnCIiTh, CKiIb-
KU POKiB JIeTUTH CBiTJIO Big Hel mo 3emuri.

6.3 AKOIO ITBUIKICTIO BiggaaseThCcA Biff HAC rajJlaKTHUKA, SKa po3Ta-
moByeThea Ha Bigcrani 10° ¢s. pokis Bix 3emuri?

Tema pna guckycii

CrpoOyiiTe mOsICHUTY (DOTOMETPUYHUN HMapagoKc 0e3MeKHOTo i He-
ckinuenHoro BeecBity (mapamokc Onbbepca): «fkimo BeecBiT Heckin-
YeHHUH, TO YOMY BHOUYI TeMHO? ».
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Puc. 1. Pagioteneckonu,
3a JOMOMOTO0 AKUX MOXKHA
npuMMaTn pagiocurHanu Big
no3a3emMHuX Uusinisayin

Puc. 2. Big 3emni nowunptoeTbca
CBOEpIAHA IHTeNeKTyanbHa XBUNA,
AKY BUMPOMIHIOIOTb

3eMHi pagiocTaHuii

Puc. 3. «[MioHep-10» nponitae nos3
tOniTep (xymoXXHe 306paxkeHHsA)

132

FTATAKTUYHA | NO3ATATAKTUYHA ACTPOHOMIA

Tema. MoxnuBicTb iCHyBaHHA
nosasemMHOro Xurta y Bcecsiri.
IHWi BcecBiTN

IcropuuHmii orIAx NONIYKiB mo3a3eMHOro KuTTA. KOHTaKTH MiX
MuBigisamisgsMu mepim 3a Bce 03Ha4YaOTh oOMiH iH(popMmaliiero. AKIimo
y BceecgirTi icHyroTs iHIIi muBisiszaiii i BOHU MaiOTh HeBHUI 00CAT iH-
dopmarrii momo cBoei yacTuumu ['amakTUKM, TO 00MiH iHGoOpMAaIiielo MixK
HUMU MOKe IIPUBECTHU J0 3araJibHOT0 3pOCTaHHA iH(opMaIiii, Tomy Ta-
KW mpoIliec, 3TiAHO 3 Teopiero GiosoriuHoi eBoJIOIil, MOKHA BBasKa-
TU TPOTPECUBHUM.

KonrakTu 3 iHImMIUMU 1uBigisaniaMmu MOKYTh OyTH TPHOX THUIIIB:

1. Oomin in(opmalriero 3a JOMOMOIOI0 eJIeKTPOMATHITHUX XBUJIb a00
iHIITOTO BUIIPOMIiHIOBAHHS, K€ MOXKe OyTu Hociem indopmarrii

(puc. 1).

2.00MmiH iHpopMaIliero 3a [OMOMOT0I0 aBTOMATUYHUX CUCTEM, KEpPYy-
BaTU SKUMU OyAyTh KOMII' IOT€PHU i poboTH.
3. 3ycTpiu :KUBUX TPEACTABHUKIB iHOIJIAHETHUX ITUBiIi3aIliii.

Ha manomy erami po3BUTKY 3€eMHOI ITMBiIi3aIii Mu MoKeMo 37itic-
HUTH KOHTAKTU II€PIIOT0 TUIY — CY4YacHi pagioTeIecKOnHr CIPOMONK-
Hi nmepemaBaTu Ta npuiMatu iH@opmaIllio Bif muBisisaiii Hamoro iH-
TeJeKTyasbHOro piBaa 3 Bigcrami 1000 cB. poris. Ha rTakiii Bigcrami
iCHYIOTH MiJIbIIOHY 3ip, TOMY BiAIITyKaTX BiAIOBiAHUI 00’ €KT JJIsI CIIO-
CTepe)KeHHS qysKe CKJIATHO.

¥V 1967 p. Buepile 3apeecTpyBaid IepPiogUYHI CUTHAIMU, AKi HaA-
XOAUJU 3 MisKB0PSAHOTO MPOCTOPY, IX HasBaJu MyJabcapaMu. AHaiis
CUTHAJIIB IIOKAasas, 1[0 MyJbcapyu HiIKOTO BiAHOIIIEHHA O iHOILJIaHEeT-
HUX IIUBiJIi3aIiil He MaioTh, aIKe MePioUYHI CUTHAIN BUIPOMiHIOIOTH
HeUTpoHHI 30pi. Big 3emJi mommmnproeThcsa CBOEPifHA iHTeIeKTya bHa
XBWJIA, AKY BUIIPOMiHIOIOTH 3eMHi pagiocraniiii (puc. 2). AKIimo Bpaxy-
BaTH, M0 IIePIIi pagiocTaHIlii moyaam rmepegaBaT iHgopmailliro y Koc-
moc 100 pokiB ToMYy, TO Ii «PO3YMHi» CUTHAJIY IIOIMINPUINCA TiIIbKK Ha
Bigzcraus 100 cB. pokis Bix Semuri. fAkimo Ha Takiii Bigcrami posrario-
BYEThCA IIUBLIIi3AIlis HAIIIOTO iHTEJIEKTYaJIbHOTO PiBHS, IITO0 OTPUMAaJIa
HAaIIli CUrHaJIN, TO BiAMOBiAb Aifife M0 Hac He paHimnie Hixk uepesd 200 po-
KiB. ToOTO BCTAaHOBJICHHS KOHTAKTIB MiK IIMBLII3aIiIMU 3a JOIIOMOI'OIO
eJIEKTPOMATHITHUX XBUJIb MOKe BifOyBaTuCs HOCUTH TPUBAJUI Uac.

Hanarom:xeHHs KOHTAKTiB APYTOT0 TUITY 3a TOIOMOI'0I0 aBTOMATHUU-
HUX CHCTEM Te)X BuMAarae TpuBaJioro uacy. Hanpukianm, KocMiuHi ama-
patu «ITiomep-10», «ITiomep-11» (puc. 3) i «Bosamxep-1», «Boamxep-2»
yepe3 MiJIbIOHU POKiB BUUAYTH 3a MexKi CoHAUHOI cucTteMu i OYAyTH
caMocTiiiHO obepraTuca HaBKOJO neHTpa lamaktuku. He Burroue-
Ha MOJKJIMBICTB, IIIO IIi amapaTH CTaHYTh CYIyTHUKaMU AKOICh 30Di.
Aximo AMC He 3ropATs 60Jig0M B aTMoc(epi miIaneT, To iHOIJIaHe T -
HU 3MOJKYTh ITPOYNTATH iH(OPMAIliio, SKYy HecyTh IIi armapaTtu (puc. 4).



Tema. MoxnuBicTb iCHyBaHHA NO3a3eMHOro Xutta y BcecsiTi. [HWIi BcecBiTH

YV XX cr. 0yao 3anouarkoBano npoexkt SETI (aura. Search of
Extra Terrestrial Intelligence — monyKu 1mo3aseMHOT0 po3ymy). Ilei
IIPOEKT mepeadavaB BiIIPaBUTH B KOCMOC PeTeJIbHO 3aIlnudpoBaHe mo-
BilOMJIEHHSA IJ1d NPeACTaBHUKIB iHIMIUX MuBiidariii. Bunukae samnu-
TAHHS: IJIs 4YOT'0 MU BeJeMO HONIIYKHM iHOIJIaHeTHUX IuBiaiszaminn? Yu
MOJKe KOHTAKT i3 II03a3eMHUM PO3YMOM HPUHECTU HaM AKYCh J01aT-
KOBY iH(opMaIlifo i JOITOMOTITH JIIOJCTBY BUXKUTHU B IIboMy cBiTi? Cmpa-
Ba B TOMY, IIIO Hallla IIUBijisaIisa sapas mepebyBae y CBOEPigHil iso-
JaAMii, Tomy 110 3eMiid 3a 6araThbMa ImapaMeTpaMu € TaKOK 3aKPUTOI0
cucTeMom0. 3TiTHO i3 3aKOHAMU €BOJIIOIIl CKJIaJHUX CHUCTEM, Y 3aKpU-
Tifi cucTeMi 3pocrae 6esaaz i BHUITYETHCA iH(popMAaIlis, TOMY 3aKpHUTa
cucTeMa IIpupedeHa Ha cMepTh. IIpuKIazoM Takol cBOEPigHOI merpa-
Ialrii 3aKpUTOI cuCTeMHU € 3BUYAHI TEIJIOBI IIporecu — B 130JIbOBaHIN
K0JI0Oi BUPiBHIOIOTHCS TeMIlepaTypa i rycTuHa.

ITixkaBo, 1110 1€l 3aKOH 3pOCTaHHA 0e3Jay B 3aKPUTill cucTeMi i€
i B JIIOACHhKOMY CYCIIiJILCTBi, TiTBKHM B I[bOMY BUMOAAKY MipHJIOM CJIY-
JKUTH He TeMIlepaTypa, a ingopmarisa. Jlroguaa € icToTOI0 CyCIIiJILHOIO,
i BoHA MOJKe 3aJUINATUCh JIOAUHOIO, TiTbKU CIIJIKYIOUNCH 3 iHIINMU
JIIOIbMU.

BunukaioTs i 3acTepeskeHHA ITOJ0 MOMKJINBUX HACTIAKIB KOHTaK-
TiB i3 MuBisizaieo, sKa mepedyBae Ha BUIOMY CTYIIeHi PO3BUTKY.
Axio uyska nMuBisgisaria 3a iHTeseKTOM HabaraTo BUIIEpeaUJia 3eM-
JISTH, TO BOHA B)Ke MOKe 3[ifiCHIOBATH MisK30psaHi mepenboru. To6TO
KOHTAKTH TPETHOT'O TUITY MOXKYTh BiO0yTucsa i Ha 3emuti, SKIIO A0 HAC
IPUJIETATHh YyXKi KoCMiuHi Kopabuai. ¥ 1iboMy BUOAaJKy BUHUKHE TO-
JIOBHA mpo0bJieMa: YU 3aX0UyTh PO3YMHIi iCTOTHU 3 iHINIMX CBiTiB CHiIKY-
BaTHCSA 3 HAMM, aJPKe MijK HaMU i HUMU MOXKe OyTHU iHTeJeKTyasibHa
«mpipsa». KoHTaKTH MisK MUBiIi3aigsMy MOMKYTh IPU3BECTH OO KOH-
GIIKTIB — CBOEPIAHUX «30PAHUX BOEH», i MM MaeMO OyTH T'OTOBi IO
mporo (puc. 5).

JIronuua y Beecsiri. 3arajibHi XapaKTepUCTUKHU JKUBUX iCTOT MOYK-
Ha ommcaTH 3a JAOIIOMOIOI0 AJeAKUX TEPMiHiB Teopil CKIagIHUX CHUCTEM,
IIOBEIiIHKY Ta €BOJIOIiI0 SIKUX BUBYAE HAYKaA CUHepzemukxa. Yci :KuBi
icTOTHM 3a IOTIOMOTOIO TeHiB CTBOPIOIOTH BeJIMUe3HME 06’eM iHdopmarrii,
sAKa 30epiraeThed i mepegaeTbea Hamaakam (puc. 6). O6car ingopma-
mii, aKkuit 30epirae TiAbKM OJHA KJIITHHA JKUBOT'O OPraHi3My, OIliHIO-
erbeAa B 1022-1022 GiT. s MOPIiBHAHHA HAragaemo, 1o oocar imgop-
Malrii, aKy 30epirarTs cyuacHi KOMII ' IOTePHI JUCKH, Y MiJIbAPAU pPas3iB
MEHIITUH.

BioJioriuna eBoJIoIis JKMBUX OPralisMiB BifOyBaeThCs y HAIIPAM-
Ky 30inbieHHsa obcary imdgopmailrlii, AKUHA mepesacTbCa HAIlagKaM.
Hanpukaan, saranbHa maca ycix skuBux icror 100 MmiaH pokisB Tomy
OyJia He MeHIIA, Hi’K Maca CyJYacHUX KMBUX iCTOT, ajie 00CAT HOBOI iH-
dopmariii, AKOI0 BOJIOJi€ Hallla IMUBiIisaIliag, y Miabapau pasiB 0iab-
muii, HiK iHdopmarris, 1o sbepirasaca y BeJIeTeHCHKUX TijlaX AUHO-
3aBpiB.

Tiranrcekuit cTpuboK y 30iabIileHHI TOTOKY iH(popMarrii Big0yBca
100 Tuc. pokiB ToMy 3 IMOABOIO po3yMHOI Jionuum — Homo sapiens.
Biosioru goBogsaTk, 110 ToAi Ha 3eMJIi mapaJieJbHO iCHYBaJIU ABa BUAN

Puc. 4. NepLa cnpoba BcTaHOBY-

TV KOHTaKT gpyroro tuny. Ha 3onoTin
nnacTuHUi BUKapbyBaHi ¢irypu nio-
aen i koopguHaty 3emni B fanaktu-
ui. Jo Hanbnuxkuoi 3opi AMC «[Mio-
Hep» (CLLUA) 6yne netiti 105 pokiB.

Puc. 5. KoHTakTi MiX yuBinisadiamun
MOXYTb NPM3BECTU AO KOHOIKTIB —
CBOEPIAHNX «30PAHUX BillHY», | M
Maemo 6yTu roToBi O LbOro.

Puc. 6. JTanutor [IHK, 3a gonomoroto
AKOro 3anucyeTbea i 36epiraeTbea
iHpopMaLis Npo K1BWIA OpraHiam
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CMHQPTETMKa — HaykKa, Wo
BMBYAE 3aKOHM Ta €BOJIOLLiIO
CKnagHux cncrtem

MuBun opraHism — cknagHa
BigKpuTa cmcTema 3 XimiuyHux

i 6ionoriuHMx cnonyk, Aka Mae
BVCOKY CTYMiHb YNOPA#KOBaHOCTI
Ta 36epirae BefiuesHNi

o6cAr iHpopmaLii npo cebe

i HABKONMLWHIN CBIT

FTATAKTUYHA | NO3ATATAKTUYHA ACTPOHOMIA

POBYMHUX JIOfeli — KPOMAaHbHOHIII Ta HeaHIepTaJbIli. X0ua HeaHIep-
TaJablli Oyan (GpisvUHO CUJIBHI Ta MOTYTHI, aje Iijg yac JIbOLOBUKOBOTO
mepiosy BOHU 3armHyJIM. BUXKUIM KPOMaHBHOHII, AKiI HaBUMINCA HE
TiabKY foOyBaTHU Ta 30epiraTu BOTOHB, a I IepefiaBaTu CBOI 3HAHHSA Ha-
mragKaMm, To0To mepemaBaTy iH(OpPMAaIlilo 3 MUHYJIONO B MaiiOyTHE He
TiJIbKH 3a JOIIOMOroi0 reHiB. Maiike Bci TBapuHU AJ1s 00MiHY iH(popMa-
I[i€f0 KOPUCTYIOThCS 3BYKaMHU, ajie TiIIbKU PO3yMHA JIOAMNHA IJid 30epe-
JKeHHd iH(opMaIrii moyaJia 3aCTOCOBYBaTU Pi3HOMAaHITHI 3HaKU i cuM-
BOJIM, AKi 3 YaCOM IEePETBOPUJINCA HA MHUCEMHICTB.

3aBOAKY KOMII'IOTepaM Ha CyJacHOMY eTalli PO3BUTKY HAIIOl mMu-
Bigisarii Te:k cmocTepiraeTbcsa 3HauUHe 30iJIbIIIEHHS IMOTOKY iH(popMa-
1ii, AK0I0 BoJIoAi€e JroACcTBO. 3a gonomorow AMC Mu mouanu 36upaTu
iH(dopMaIlifo Ha JaJleKuX MJIaHeTaxX Ta HPUCTYIUJIU A0 Oe3mocepesHix
MOINYKiB mo3a3eMHUX (DOPM JKUTTH.

Anrponauit npuanun. JKUTTa € ogHi€I0 3 BeIMKUX TAEMHUILb
BcecsiTy. Mu 6aunmo Ha 3emJi pisHoMaHiTHI »KuBi opraHiamu, aje
HiYOTO He 3HAEMO HPO iHII (GOPMU KUTTA HA UYIKUX IJIaHETax. yci
JKUBi iCTOTU HAPOIKYIOTH AiTell, a MOTIiM paHO UM IIi3HO BMUPAIOTh,
TOOTO IIePEeTBOPIOIOTHCA HA HEXKMBY MaTepiro. Aje Ha 3eMJIi 11e HiXTo
He cIIocTepirap 0esmocepenHe 3apOMKeHHA KUBUX 0i0JOTiuHMX KJIi-
TUH i3 HeKMBUX XIMIiUHMX CIIONYK. I3 I[OT0 MPUBOLY aHTIilicEKUil 6io-
jgor @. Kpik BuciaoBuBCcA Tak: «Mu He 6aUnMO ILIAXY BiJl IepBicHOTO
OyJIBHOHY [0 MIPUPOTHOTO J000pYy. MoKHA AifiTM BUCHOBKY, IO TO-
XOMKEHHS JKUTTS — AUBO, ajie Ile CBiIUYUTD JIUIIIe ITPO Hallle He3HaH-
HA». ACTPOHOMIUHI cIIOCTEepeKeHHsI IIOKAa3yI0Th, 1[0 IIapaMeTpu opoi-
1 3eMJIi, ii Maca, pagiyc i ximiusuit ckJIam HaOiAbII CIPUATINBI A1
icayBaHHA KUTTA. 15 {bOT0 TaKOK MOTPiOHE crabisbue CoHile, gKe
IPOTATOM KiJIbKOX MiJIBAPAiB POKIB Maiiike He 3MiHIOBAJIO CBOEI CBIiT-
HocTi. HaBiTh posmupenHsa BececBiTy Tek cupuse iCHyBaHHIO JKUTTHA,
amKe v asi cTUCHEHHS cMepTeJbHe KOPOTKOXBUJILOBE (DOHOBE BUIIPO-
MiHIOBaHHSA MOTJIO 0 3HUIIUTH BCe KUBe. BUHUKAae
TaKe BpPasKeHHs, II[0 BCe CYIIle B KOCMOCi icHye aia
TOTO, 11100 Ha 3eMJIi :Kuam posyMHi Jogu. Takum
YMHOM, OyJa copMyiboBaHa (piocodcbKa OCHO-
Ba KocMmoJiorii — aumponnuil npurnyun (Bix rpei.
antropos — noauHa): «Mwu criocrepiraemo Beecsit
TaKUM, SKUM MU HOT0 0aUYMMO, TOMY III0 MU iCHY-
emo». TobTO, MOXKe, Jech Y KOCMOCI iCHYIOTh CBiTH
3 iHITMMU TapamMeTpamMu, ajie TaM HeMa€e PO3YMHUX
icroT, AKi Moryiu 6 ommMcaTu CBO€E OYTTHA i mepegaTu
110 iH(opmMaIrio 3 MUHYJIOTO B MaiOyTHE.

IIporuo3u eBoJIOLii JIOACHKOI IUBimdi3amii.
Yac icuyBaHHS OKpeMoi ImBijizarmii Te:X BIJIN-
Ba€ Ha BUBHAUEHHS 3arajbHOI KiJIbKOCTi ITUBiJi-
sarini y Namaxtuni. Hanpukaan, y CepenuboBiu-
4i, KOJIU cepeHs TPUBATICTD :KUTTA JIOAUHY OyJia

Puc. 7. OnTMMiCcTMYHa OUiHKa TPUBANOCTi iCHYBaHHA 20—30 pokiB, KinbKicTs HaceJeHHS 3eMJi He Ile-

Hawoi ymeinisauii — 100 000 pokis
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Tema. MoxnuBicTb iCHyBaHHA NO3a3eMHOro Xutta y BcecsiTi. [HWIi BcecBiTH

XX cT., KOJIM 3HAUHO 3Pic cepeaHill BiK JItofell, HaceJleHHA 3eMJIi car-
HyJ0 3a 7 muph. CKinbKHU yacy MOsKe iCHyBaTH OKpeMma ImBijgisairis,
MU He 3HAEMO, aj»Ke CIIOCTepiraeMo TiJIbKM 3a PO3BUTKOM JIIOACTBA.
IcHyIOTH KiTbKa HAYyKOBUX OI[IHOK TPUBAJIOCTI KUTTA MuBiaisamii. 3a
TaK 3BaHOI IMECUMiCTUYHOIO TOYKOIO 30Dy, CepeIHsA TPUBAJICTh iCHY-
BaHHA OKpeMoi izosmboBaHol nuBinisarii e mepesurrye 10000 poxis.
BigmoBigHo mo Iiel mkaJ u 3eMHAa ITUBiIisaia HaOIMIKYETHCSI IO CMep-
Ti, afyKe JIOACTBO 3iTKHYJIOCS 3 MM PAOOM IPOOJIEM, AKi MOMXKYTH
TIPU3BECTHU 0 KaTacTpoiuHMX HACIIIAKIB.

Vueni, axi maTh iHITy, He TaKy O0e3HAMiiHYy TOYKY 30Dy, BBa-
JKaloTh, 110 BCi Ii mpobeMu B MaOyTHHROMY MOKYTh OyTU BUPillIeHi,
TOMY OIITUMICTHYHA OI[iHKA TPUBAJIOCTi iCHYBaHHSA HAIIOI I[uBiJisa-
mii — 100000 poxis (puc. 7). Tob6To 3a Iieo IMTKAaJJIO0 HaIla ITUBiJTi-
3aIid TiJTBKW HapOIKYEThCA, i B MaliOyTHbOMY Hac UYeKa€ PO3KBIT,
OCBOEHHSA MiK30PAHOTO IIPOCTOPY Ta 3yCTPiUi 3 iHOMJIaHETHUMU ITUBi-
Jizamigamu.

OCHOBHI NpuUYUHU, AKI MOHYMb 8UKJIUKAMU 3azubelb HAULOL
uusinisauyii:

1. Exosoriuna Karactpoda, sKa MOKe BUHUKHYTH BHACJIII0K 3a0py/I-
HEHHSA HABKOJIUIITHBOTO CEPEJIOBUINA TPOMUCIOBUMU BifgxomaMu
HAIUX TiAITPUEMCTB.

2.3miHa KiaimaTty Ha 3eMJii uepes 30iabIIIeHHsS KiJIBKOCTi ByIJIeKIC-
JIOTO Ta3y B aTMocdepi, 30iIbITeHHa TapHUKOBOTO eeKTy Ta mif-
BUIIEeHHA TeMIePaTypu.

3. 30iyblIIeHHS 030HOBUX Aip B aTMoc(depi MosKe BUKJIUKATH IIiBU-
IIeHHA YaCTKU yabTpadioseroBoro BunpominoBanusa CoHIlA, IKe
JocArae MOBepPXHi 3eMJIi, BHACTITOK YOT0 MOKYThb 3aTUHYTH (JI0-
pa i dpayna Ha1oi nmiaaHetu (OKPIM KMBUX OpPraHisMiB y BOji Ta
mig moBepxHeio 3eMJIi).

4. KaractpodiuHe 3iTKHEHHS 3 acTepoigoM abo KOMEeTOI0 MOsKe IIPH-
3BECTH [0 Pi3KOT0 3HMIKEHHA TeMIIepaTypu Ta BUHUKHEHHSA HOBO-
ro JIbOJOBUKOBOTO mepiony (puc. 8).

5. IuBinizarisa MoKe MOKIHUUTH KUTTHA ca-
MOTyOCTBOM uepe3 aToMHy Biiiny. Ilomii
OCTaHHIX POKiB IIOKa3yIOTh, IO TaKa 3a-
rposa icHye, TOKM aTOMHa 30pOs IOIITH-
PIOETHCA cepeJ IepsKaB, AKi He CIIPOMOK-
Hi 11 HAJIEKHUM YMHOM KOHTPOJIOBATH.

6.IuTesexkTyasabHa merpamalis JIIOICTBA.

Ines icHyBamHa immux ceitiB. IMoBip-
HicTh icHyBaHHA KUTTA Ha iHmmux tizax Co-
HSYHOI CHCTEMHU JOCUTh HU3bKA, TOMY IIOIIY-
KU IT03a3eMHUX IWBiIi3aIiii 3apas3 BeAyThCs
mobsin3y inmwux 3ip. HelromaBHO BUABJIEHO
OOHAJ THUCAYY TeMHUMX CYNYTHUKIB 3ip, 10
CBiIUUTH TPO iCHYBaHHA IHIINX MJIAHETHUX

AHTpPOMHMI NPUHLMN —
HayKOBUI NPUHLUMM, AKAN
CTBEPAXKYE, WO iCHYBaHHA
XKUTTA CYTTEBO 3aeXXNUTb Bif,
Ham3arasbHilmx BNacTUBOCTEN
Bcecsity

BiakpuTta cucrtema o6MiHIOETbCA
3 HaBKOJIULLHIM CepefoBuLLEM
eHeprieto Ta iHpopmaLliero

CUCTeM, Jle MOKYTh OyTH [oci HeBimoMi nu- Puc. 8. KaTtacTpodiuHe 3iTKHEHHA 3 acTepoigom abo
Bimizarrii. KOMETOI MOXe Npu3BecTy 1o 3armbeni uusinizauii
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PiBuauna [peiika — maremaTuuHa (opmMysa, 3a JOIIOMOTOI0 AKOL

MynbTuBcecsit, 6aratocBit — .. . .o . .
MOXKHA BUSHAUMTHU YMCJIO uBimisanii B Hamrii anakTuni Yymanbrui

rinoTeTMYHa MHOXIMHA BCiX

MOMMBMX MapanenbHIX Ilnax, 3 AKUMU Y JIOJCTBA € IIIAHC BCTYIUTHU B KOHTaKT. PiBHAHHS 3a-
BcecBiTiB (BK/IOUYHO 3 TUM, CTOCOBYETBHCS B TAKUX Taly3sxX, AK KCeH00iosorisg, acTpocoriodioo-
B IKOMY iCHYEMO M) Iid Ta IOIIYyK II03a3eMHOTO PO3yMY.

PiBHsauHga OyJio 3amrponoHOBaHe pamioacTpoHoMoM @D. I[peiikom
(CIITA) ak cmpoba OIiHUTU KiJbKiCcTh MO3a3eMHUX ITUBijisaliii y Ha-
mrizi amakTumi, AKi MOKYTh BCTYIIUTU 3 HAMU B KOHTAKT. ['0JI0OBHE
OpU3HAUEeHHSA PiBHAHHSA: JaTHU BUEHUM 3MOTY KiJbKiCHO OI[iHMTHU IIa-
paMeTpu, 1110 BUSHAYAIOTH KiJIbKiCTh IM03a3eMHUX ItuBimisarmiii. Takox
BOHO TiCHO mOB’sA3aHe i3 mapamoxcom Pepmi.

PiBuauna [[pelika BUriaAmae TaKUM YMHOM:

N=R-f~n-k-d'q-L,

ne:

« N — KijgbKicTb mosaseMHUX IfuBijisariii B mamrin IN'amaxkTuiri;

« R — mBuAKicTh yTBOpeHHA 3ip y asaxkTuili, ycepegueHa mpoTs-

o f — uacTKa 3ip, 110 MAIOTh IIJIAHETHi CUCTEeMH;

°n — cepenHdA KiIbKiCTh IJIAaHET, IO BXOAATDH OO0 IJIAHETHUX CHUC-
TeM Ta €KOJIOTIUHO HPUIATHI 10 KUTT;

K — uyacTKa ILJIaHeT, Ha AKUX JiJiICHO BUHUKJIO JKUTTSI;

» d — yacTKa IJIaHeT, Ha AKUX ITicJA BUHNKHEHHA JKUTTA PO3BUHY-
JUCH WOTO PO3yMHi (hopmu;

° ¢ — YacTKa IJIaHeT, Ha AKUX PO3YMHE JKUTTSA JOCATJIO (hasu, 10
3abe3meuye MOJKJUBICTH 3B’S3KY 3 iHIIMMU cBiTamu, ItuBijgisa-
isgMu;

- L — cepemHs TPUBAJICTH iCHYBaHHS TAaKMUX II03a3eMHUX (KocMiu-
HUX) MuBiTisamii.

MyasTuececrir. T'inoTesu 11010 icCHyBaHHA MYJIbTUBCECBITY BU-
cJyoBJoBaau (paxiBIri 3 KocMoJiorii Ta acTporoMii, gisuku, ¢gisocodu.
Axi mpunyiienHaa BucyBae cydyacHa Hayka?

YaBiTh, 1m0 3eMHAa IMBiJjgisallia posBUHYyJacs Ha-
CTiJIBKH, IITO MU MOJKEMO cItocTepiratu BececBiT Bim Kparo
o Kpaio. AJle BiH — yCcbOro JIMIIEe KPAIJisi B KOCMiuHOMY
OKeaHi, i 3a MeKaMu HAIIIOTO OJIA 30PY iCHYIOTH iHIII ra-
JaKTUKU, 30Pi, IIJIaHeTn, BigaleHi Bil Hac Ha YMCJIeHHI
MiJbAPAY CBiTIOBUX POKiB. I xoua Hatr BeecBiT Beanues-
HUM, pPa3oM i3 HUM iCHY€ Ile Hed/IiueHHAa KiJTbKicThb iHIIImx
BceecniTiB. BoHU pocTATHYJIMCS HA BEJIMUE3HUX TePeHAX
npoctopy-dacy. I xoua 11i BececBiTu posIimupom0OThCA HEMI-
HyYe i mBUIKO, IPOCTip-yac, AKUN 1X BMIIIy€e, PO3IIU-
PIOETHCA ITie IMBUAIIE, PO3BOAAYM 1X JAJIi OJMH Bil OqHO-
0, TapaHTYIOUH, IIT0 BOHU HiKOJU He 3yCcTpiHyThesa. Came
Tak (opMyJIoe HayKa imeio MyJbTuBcecBiTy (puc. 9).

Ane AKINO Ile IPUNYIeHHS BUABUTHCA ITPABIUBUM,
TO BOHO Oy/le He IIPOCTO YiTKOIO rilmoTes300, a IiaTBepasKe-
HOIO MOCJIIJOBHICTIO (pyHIZaMeHTaJIbHUX 3aKOHIB CBiTO-

Puc. 9. Komn'totepHa mogenb ofHiel
3 rinoTes LWOAO MYNbTUBCECBITY OynoBu.
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Ines myabTuBCecBiTY BUHUKAE 3 (hisuKM, HEOOXimHOI OJId omucy
BcecBiTy, AKUI MU HUHI cIlocTepiraeMo i B AKOMYy MemIKaeMo. Uum
Iaji Mu 3a3UPaEMO B KOCMOC, TUM JaJIi Mu 6aunmo B yaci. Binbmr Bin-
JaJieHi raJlakTUKU MU 0a4rMMO MOJIOAUMMU, TOMY MEHIIT PO3BUHEHUMH.
VYV ixHiX 30pax MeHIIe BaKKUX €JeMEeHTiB, 1X BUAUMUNA PO3Mip MeH-
U, OCKLJIBKY BOHU 3a3HAJIN MEHIIIe 3JIUTTiB, TaM OiJIbIlle CIIipaJbHUX
i MeHIIIe eMTiNTUUHNX TaJaKTHUK. TOX SKIIO MU iligeMo A0 MeXK Ha-
1101 31aTHOCTI 6aunTH, BUABUMO HaimepIii 3opi BeecBity, a 3a HumMm —
IapuHy TbMHU, V AKill eIMHUM CBiTJIOM Oynae 3aJHIIKOBE CBiTiHHsS Be-
JuKoro Bubyxy.

Bucysarouu igeio MyJabTHUBCECBITY, HAYKOBIIL IIPOIIOHYIOTH 3p00u-
TU KPOK IIle AaJii, YABUTH, IO IIPOCTip, Ae BimOyBcsa Benukuii Bu-
0yX, HECKiHUEHHO PO3INUPIOETHCA. ¥ HBOMY IIOCTiHHO HAPOIKYETh-
cda 3 BUOyXiB i BigmaisieTbcsa ofHe BiJ OMHOrO He3UMCJIeHHA KiIbKicThb
BcecsiTis.

Take ysABJIeHHsS cBiTOOymoBU 37a€Thcsad (PaHTACTUYHUM, ajie BOHO
MOJKe CTATHU IEePIINM MeTapisuuHUM ABUIIEM, III0 BUTiKa€ i3 3aKOHIB
¢isuxu. I[IpuiinaBIin fioro, JIOAWHA BIEepIle 3po3yMie oOMeKeHicTh
TOTO, YOT'O MOJKe HaBUMUTHU ii CBiT, B AKOMY BOHA KuBe. IcHye HeoOXiz-
Ha HaM iH{opMallid, aje MU HiKOJIU He 3MOKeMo ii orpumartu, 1100
TigHATHU igeio Ko piBHA HayKoBoro dakty. Ilo Tux mip ydueHi 3maTHi
JIWIIe IPUITYCKATH, ajie aHi MiATBepAUTH, aHi CIPOCTyBaTH TO (haKT,
1o Hair BeecBiT — suie apiOHA YacTHMHKA I'PAaHIiO3HOTO MYJIbTHUBCE-
CBiTY, HEMOKJIBO.

@ KoHTponbHi 3annTaHHA

1. Aki MoKyTh OyTH THOUN KOHTAKTIB 3 iHIIMMY muBiIisamisammu?
2. kM YMHOM MOXKHA OI[iHNUTHU KIJIbKiCTh IT03a3eMHMNX ITUBiIi3aIfii
B Hamriy amakTuii?
3.V aKuii crocib JII0ACTBO HAMAraeThCAa YCTAHOBUTU KOHTAKTHU 3 I10-
3aseMHUMHU ITuBingizamigamu?
4. YuMm 3arposkye 3yCcTpiu 3 1mo3a3seMHUMHU IuBiIizamiamu?
5.¥Y yoMmy moasArae CyTHiCTh aHTPOIIHOTO IPUHITUAIIY ?
6. ChopmymioiiTe IPUUNHI, AKI MOKYTh BUKJNKATHU 3aru0eJb HaIrol
nuBigizarii.
7.1I1o Take BigkpuTa cucrema?
8. fIki mecumicTuuHi i AKiI oNTUMIiCTHUYHI TPOTHO3U iCHYBaHHSA HAIIOI
nuBiaizanii?
9. Yu BHCOKA iMOBipHICTE JKUTTA Ha iHIINX IIJIaHeTaX?
10. dk obumcatoeTheA piBHAHHA J[peiika?
11.dKi MOKyTh OyTM TUIIM KOHTAKTIB 3 iHIIMMU MUBiIisamiamu?
12.Yum 3arposkye 3yCcTpiu 3 MosaseMHUMU IuBiTizamismm?
13.111o Take aHTPOITHUI TPUHITUTI?
14.11To Take Bizkpura cucrema?
15. ki mecumicTuuni i aKi onTHUMiCTUYHI IPOTHO3Y iCHYBaHHS HAIIIOL
nuBigisaii?
16. ki Mok auBi nprunHM 3arubei JaChKO0I MuBimrizamii?

Puc. 10. MocnanHa METI —
pagionocnaHHs, 3pobrieHe

1974 p. 3 Teneckona Apeci6o
(MyepTo-PiKo) y HanpaAmKy cysip'a
30PAHOro CKynyeHHA lepkynec ana
NoBiJOMNIEHHA NpeACcTaBHMKaM
no3a3emMHUX LK1BiNi3aLinn ronoBHUX
faHux npo CoHAYHY cucTemy,
3emsto Ta il MeLlKaHLUiB — ntogen.
BBarkatoTb, O pagionocnaHHA
Haginge fo iMoBipHOro

afpecarta 3a 25 Tuc. pokis
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a)

NMpuknagn po3B’a3aHHA 3agauy

3ops Bera posrammoBama Ha BiacraHi 26,4 c¢B. poKy Bim 3Semui.
Ckinpku pokiB Jjerisia 6 mo Hei pakera 3 TOCTiHHOIO IMBUIKICTIO
30 km/c?

Hamo: Poszg’a3anHs:
D=26,4 cB. pory ¢D .
¢=300000 xMm/c t:?=264 000 poxis.
V=380 x™m/c

IIBuakicty pakeru B 10000 pasziB mewnia,
Hi’K IIBUIKICTH CBiTJIa, TOMYy KOCMOHABTU OYyIyTh
aeritu 1o Beru y 10000 pasiB mosire.

t=? |

OmiBaui Bamia TiHb y ABa pasuw MeHIIa, HijK BaIl 3pict. BusHaure Bu-
cotry CoHIIA Haja TOPU30HTOM.

Poszg’asannsa:

Bucora Couisa 7 BUMiIpIOETBCA KYTOM MisK ILJIOIIHOIO
TOPUBOHTY Ta HAIPAMKOM Ha CBiTHUI0. 3 MPAMOKYTHOTO TPHU-
KYTHUKA, Ae KaTeramu € L (moB:xkuHa TiHi) Ta H (Bamr 3pict),
3HAXOIUMO

h=arctg(H/L)=arctg2=63°26".

Acrepoin AMyp pyxaetbedA mo enincy 3 excieuaTpucutrerom 0,43. Uu
MOJKe IIeil acTepoif 3iTKHyTHCs i3 3emJeio, AKIIO Horo Iepiox obdep-
TaHHsa HaBKoJ0 CoHIA gopiBHIoe 2,66 poKy?

Hano: Poszg’asanna:
T=2,66 poxy

0.43 Acrepoin Moike 3ycTpiTuca i3 3emiieio, AKIIO
e=0,

BiH meperHeTbcA 3 opOiToo 3emyi, TOOTO AKIIO Bifm-
craHb y mepurerii r,,, =< 1 a. o.

T,

min ~ *

3a I0IMOMOro TPeThOro 3aKkoHy Kemepa BU3HAYAEMO BEJIMKY MiBBiCh
opbiT; acrepoina:
2/3
a=a(%/T)",
Ie a,=1 a. o.— Benauka miBBichk opbitm 3emuri; T,=1 pik — mepiox
obepranaa 3emui HaBKoJsio CoHITA.

a, :712/3 :Tz/3 21,92 a. o.



MpuKnagy po3B'A3aHHA 3agay

6) OpbiTa 3emni Opéira a=c + Iy
acTtepoipa c=ea:
b
rmin=a (1 - e);
CoHue Twin=1,09 a. o.
Q 1
Timin ¢ a Bionosios. Acrepoin Amyp He Iie-
petHe opbiTy 3emuti, TOMy He MO-
JKe BiTKHyTHCA i3 3emuero.
Puc. N.1.
4. Ha saxkifi BucoTri Hag moBepxHero 3eMJii Mae o0epTaTHCS reocTallioHap-

HUHN CYIYTHUK, AKWUH BUCUTH HaJ ONHIi€I0 TOUKOIO 3eMJi?

Posé’sasanns:

a) 3a I0IIOMOroI0 TPeThoTo 3aKOoHy Kemepa BusHAa-
YaeEMO BeJIMKY IiBBich OpOiTH CymyTHUKA:
2/3

a=a(5/T)",
Ie a,=380000 km — BesmKa miBBichk opbitu Micama; T,=1 moba — mepiof
obepTaHHA CyIyTHUKA HaBKoJo 3emii; T,=27,3 mobu — mepiox obepTaHHA
Micsams HaBKoJgI0 3eMJIi.

H=?

a,=41900 xm.
0) H=a-R,=35500 xwMm.

Bidnosiob. TeocralioHapHi CyIyTHUKM 00epPTAIOTHCS i3 3aX0qy HA CXifJ y ILIO-
muHi ekBaTopa Ha BucoTi 35500 KMm.

5. Yy MOXKYTh KOCMOHABTHU 3 MoBepxHi MicAlsgs Heo30pOEHUM OKOM IIO-
bauntu Yopue mope?

Hano: Posé’sasannsa:
D=1000 &M Busnauaemo KyT, mig axum iz Micaisg BUIHO
L=380000 xm | Yopue mope. 3 IPAMOKYTHOIO TPUKYTHUKA, y SAKO-
My KaTeraMu € Bigcrtanb mo Micamnsa i giamerp Hop-
HOI'0 MOps#, BU3HAYAEMO KYT:

a=arctg(D/L)~9' .

a="7?

Bionosgidv. $xio B YkpaiHi geub, To 3 Micamna Yopue mope MokHA moba-
4yuTH, 60 HOTO KyTOBUH AiamMeTp OGinbIIuii Bifi po3aiibHOI 31aT-
HOCTi OKa.

6. Ha moBepxHi AK0i myiaHeTH 3eMHOI I'pynu Bara KOCMOHABTiB Oynae Haii-
MeHII00?
Pos6’azanna:

P=mg; g=GM/R?,
me G — rpasirtamiiina crama; M — maca miaHetu, R — pagiyc miaameru. Haii-
MeHIIIa Bara Oy/e Ha IIOBepXHi Tiel miaHeTu, me MeHIe IPUCKOPEHHS BiJIbHOTO
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nagiaaa. 3 popmyau g=GM /R? BusHauaemo, 1o Ha Mepkypii g=3,78 m/c?, Ha
Benepi g=8,6 m/c?, na Mapci g=3,72 m/c?, na 3emui g=9,78 m/c?.

Bionosidv. Bara 6yne HailimeHnoro Ha Mapci — y 2,6 pasy MeHINOo, HijK Ha
3emui.

7. Kousm, B3BUMKY um BJIITKY, V¥ BiKHO Balmoi KBapTHPM OUiBAHI IOTpAILIAE
OinbIitie coHAUHOI eHeprii? Posrmaubre Bunmaaku: A. BikHO BUXOAUTH Ha
niBgensb; b. BikHO BuxoguTh Ha cxin.

Posé’sasanns:

A. KinbKicTb COHAYHOI eHeprii, AKYy OTPUMY€E OJWHUILSI MOBEPXHi 3a omu-

HUII0 Yacy, MOKHA OOUMCJIUTH 3a JOIOMOTOI0 Takoi dopmysm:
E=qcosi,

Jle ¢ — COHAYHA CcTaja; | — KYT NaAiHHSA COHAYHUX IIPOMEHiB.

Crina poaralmroBaHa IIEPIEHAUKYJISAPHO IO TOPHU3OHTY, TOMY B3UMKY KYT
HamiHHS COHAYHUX IIpoMeHiB Oyae meHmuM. OTiKe, K Iie He IUBHO, BBUMKY V Bi-
KHO Baioi kBaptupu Bix CoHIE HAaAXOAUTH OijbIlle eHeprii, HiK yIiTKy.

B. fIkimo BiKHO BUXOAUTH HA CXiJ, TO COHSYHI IPOMeHi omiBAHI HiKOJII
He OCBITJIIOIOTH Bally KimMHATY.

8. Busuaure paziyc 3opi Bera, sxa Bumnpowminioe y 55 pasiB 6inbIlie eHeprii,
"ik Conre. Temmeparypa moBepxHi cramosuth 11000 K. Axuit Burasag ma-
Ja 6 1 30ps Ha Hamromy Hebi, Ax0u BoHa cBiTmia Ha micii Conia?

Posze’sazannas:
Pagiyc 30opi BusHauaioTh 3a JOIIOMOTOI0 (hOPMY-
au (13.11):

Hano:
L=55
T=11000 K

R=?

2
R_Z 7
R, T

ge R, =695202 xm — pagiyc Cornnga; T, =6000°C — remmeparypa IOBepxHi

CoHIsa.
2
T_@z\/fzz; R=R,~1400000 kMm

Bidnosgidv. 3opsa Bera mae pazmiyc y 2 pasu Oinbinuii, Hisk y CoHIlZ, TOMY Ha
HarmoMy Hebi BoHa MaJja 6 BUTJIAM CHHBOTO AMCKA 3 KYTOBUM [i-
ametrpom 1°. fIk6u Bera cBituna 3amicts CoHIISI, TO 3eMJIA OTPU-
myBasna 6 y 55 pasiB Ginbliie eHeprii, HixK Temep, i Temmeparypa
Ha ii moBepxHi Oysa 6 Bumoo 3a 1000°C. TakuM YuMHOM, YMOBU
Ha HaAIIi# miaHeTi cTanu 0 HeOPUAATHUMU IJA Oyab-AKUX (opM
JKUTTS.

Ha canTi «|HTepaKTI/IBHe HaB4YaHHA».




OOAATKU

FPELLbKUIA ANOABIT

A, a aab@a I, 1 iora P, p po
B, B Oera K, x Kammna >,¢ 0 cirma
r,y raMmMma A, A aaMO0Ia T, t Tay
A, & IeabTa M, 1 MIO Y, v imcuaon
E, € €IICUJIOH N, v HIO D, ¢ i
s € ns3era g, & Kci X, x xi
H, n era 0, o OMiKpPOH Y, v mci
0,0 Tera I, © i Q, o omera
OAMNHULI BUMIPIOBAHHSA BIACTAHEN
Ha 3emui Y rocmoci

1 meTtp~1/40000000 moB:xmHA MepHUIiaHA

1a.0.~1,496 - 10'' m

1 agriaiviceka mmiaa=1609 m

1 mapcexk~206265 a. 0.~ ~ 3 + 106 m

1 mopcbka MuiaA=1852 m

1 cB. pik~9,46 - 10 ™

1 BepcTra=>500 caxkuie=1066 m

1 carkeub=3 apmuau=2,13 m

1 pyr=12 groiimi~30,48 cm

ACTPOHOMIYHI 3HAKU | CUMBOJIA

CumBoIH 3HaKU
Semisa S) Osen ¥
Comnre © Tesennb g
Micans D)) Bausaara IT
Meprypiit 9 Pak x5
Benepa Q Jles &
Mapc o IiBa (/7
FOmnirep % Tepesu L
CarypH b Cropmion m
Ypau 65 Crpinrens Pa
Henryn Yy Koszopir Yo
ILryTon L Bogoumiii oo
3opsa % Pubnu *

141



142

NOLATKM

IToznauku
T'pagyc nyru 1°=60’
Minyra nyru 1'=60"
CexyHIa oyru 1”
Toguwua vacy 1"=60"
XBuinHa yacy 1"=60°
CekyHIa uacy 1
Hob6a 14=24"
Pix *=36575"48m46°
Cxunenusa )
IIpsame cxom:xeHHA o
T'eorpadiuna mupora ¢
T'eorpagiuna moBrora A

AEAKI ®I3N4YHI TA ACTPOHOMIYHI BENTUYUHU

I'pasiTamiiina crana

6,67-107 H-m2%/kr?

IIIBuakicTs cBiTIA Y BakyyMi

c=2,997925-10% m/c

Crana Ilnanka

6,63-107% Ik -c

Maca mpotona

1,673-107%" xr=1836m,

Maca meiiTpoHa

1,675-107%" kr

Maca emexTpona

9,11-10°%! xr

Crana ABoragpo

6,02-10% moap

VHiBepcasbHa razoBa craja

8,31 Jlxx/moub K

Crana Boapnmana

1,38-107% Ixx/K

Crana Credpama-Boabnmana

5,67-10°% Br/m?- K*

1 TpomiuHM pik (cer)

31556925,9747=3,16-10"

1 acTpoHOMIUHA OSUHUILA

a.0.=149 600000 k™

1 cBiToIOBUII PiK

1cB. p.=9,46-10% ™

1 mapcex

1 ox=3,09-10" m

Hiamerp 'anaxTuru

200000 cs. p.

Bigcraus go radaxkturu M 31 (Argpomesna)

2,3 MJH ¢B. p.~10%2 M

Crasa I'ab6J1a

70 ¥Mm/c Mk




AO0BIAKOBI AAHI NMPO 3EMJIIO

NOLATKM

ITapameTp Beanuuna
ExBaropianpHuit pagiyc, KM 6 378,140
ITonapuuit pagiyc, KM 6 356,755
CepenHiii pagiyc, KM 6 371,004
IToBepxHa Semii, Km? 5,0949-108
Cyxoxima, % 29,2
Bogua mosepxHsi, % 70,8
Maca 3emui, Kr 5,973-10%*
Maca Boxu y Bcix ii opmax, KT 1,43-10%
Maca armocdepu 3emiri, Kr 5,158-1018
JIiHifiHA IMIBUAKiICTh TOYKHW €KBaTOpa, M/C 465,12
CepenHs MIBUAKICTD PyXy 3eMJIi mo opbiTi, KM/c 29,765
IIprckopeHHA cuan TaxKiHHEA Ha SeMui (Ha mmupori 457, m/c? 9,806

CNEKTPAJIbHA KNACUOIKALIA 3IP

CRERID R Koaip Temneparypa, K Tunogsi 30pi
KJac
(0) Braxkuranit 20 000 Haoc (¢ Kopmn)
B Binuit, 6nakuTHUR 15 000 BennakTpuc (y Opiona)
A Binmit 10 000 Cupiyc
F WKosTuii, 6iamit 8 000 Aunpraip (o0 Opaa)
G KosTuit 6 000 CoHIe
K Hoﬁgzzzi;nﬁ 4 500 Anbnebapan (o Tinpmsa)
M Homapqueﬁnﬁ, 3 000 Berenbreiize (a0 Opiona)
YepBOHUIT
TEPMIH XXUTTA 3IP
CnexTpaasHuii TepMiH KUTTA CnekTpaasHuit TepMiH KUTTA
KJIac (poxkiB) KJIac (pokiB)
(0) <108 G 10'°
B 107 K 101!
A 108 M > 10
F 10°
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NOLATKM

HANACKPABILLI 30PI

Ne Hasga Tl m Bigcranp @ CiTHicTh Ter;;f;)a- Paniyc
o/o nk L=E/E_ K R/R,
1 | Cipiyc o Bex. Ilca -1,46 2,7 22 11000 1,3
2 | Kamonyc | o Kina -0,75 55,0 20000 7500 85,0
3 | ApxTyp o Boutommaca -0,05 11,1 113 5000 14,0
4 | Pirean o Kerraspa -0,01 1,3 1,4 5800 1,2
5 | Bera o Jlipmu +0,03 8,1 55 11000 2,0
6 | Kamema o Bizanuoro +0,08 13,7 151 5600 13,0
7 | Pirens B Opiona +0,13 250,0 50000 12000 52,0
8 | IIpormion o Mai. Ilca +0,37 3,5 7,6 7000 2,0
9 f:;fé"’ a. Opiona +0,47 | 150,0 | 13000 3000 | 426,0
10 | AxepHap o Epimana +0,51 40,0 870 15000 4,0
11 |Tagmap B KeuraBpa +0,63 150,0 10000 20000 8,0
12 | Anpraip o Opza +0,76 5,1 11,3 9000 1,4
13 ‘;‘;I;’I‘e‘ja' o Tebrs +0,86 | 20,0 160 4500 | 21,0
14 | Aurapec o Cropmiona +0,91 130,0 6300 3000 300,0
15 | Coika o HdiBu +0,91 80,0 2400 25000 2,6
16 | ITomnyxc p Bausuar +1,14 11,0 3T 5000 4,5
17 | POMATET | Mipn. Puon | +1,19 | 7,7 17 10000 | 1,4
rayr
18 | Ieneb o Jlebena +1,25 500,0 70000 10000 90,0
19 | Peryn o JleBa +1,35 27,0 200 13000 2,8
20 | Kactop o Busuar +1,58 16,0 50 11000 2




NOLATKM

ACTPOBJIEMU
JaBHi reoJIOTiYHi CTPYKTYpPH, AKi MOB’A3aHi 3 MaJiHHAM BeJIUKHX METEOPUTIB
Hiam., .
HasBa Anpeca et Bik
Canbepi .
(St Kaumagma, Ourapio 200 1,8 mupn p.
BpenedopT .
(Tl TEhi) IliBg. Adpura 200 2 MJIpH p.
ITonuraiicrra IIiBu. Cubip, Pocia 100
BoBTucnka c. Boprumka, YepkacbKka 00.I. 31 65 = 1,2 muH p.
c. Obosoun, CeMeHiBCBKUN P-H,
060JI0HBCBKA 20 169 = 7 muH p.
ITonraBchbka 006.I.
. c. Beceni Tepuu, KipoBorpazacbska
TepHiBChKa b1 15 280 = 10 maH p.
Inninennbka M. Lmminmni, Bimaunska o6J1. 6,5 400 = 30 muH p.
Binnmisceka c. Binmmniska, sKutomupcbKa 00.1. 5,5 165 = 6 muaH p.
PormucrpiBeska | c. PormucTpiBka, Uepkacbka 00J. 2,2 130 = 10 muH p.
3eJieHOTalIChKa Zéfenenun LLEs, I oo e 0,8 60 MmaH p.
BeeHorafehKA c. 3enenuii I'ait, KipoBorpaacoka 0.7 60 MutH p.
00.1.
ACTPOHOMIYHI OBCEPBATOPII YKPAIHU | CBITY
Hassa Micto Kpaina i
3aCHYBaHHS
T'osmoBHA acTpoHOMiuHA O0OCcepBaTOPiA
HAHY Kuis Ykpaina 1944
http://www.mao.kiev.ua
KuiBcbka acTporomiuHa obcepBaTopis . ..
http://www.observ.univ.kiev.ua o Yxpaina L
Kpumceka ac'rpoq)lsgqna obcepBaTopisa Hayammii Tt 1908
http://www. crao.crimea.ua
JIpbBiBCBbKa acTpoHOMiuHa obcepBaTOpPisa . .
http://astro.franko.lviv.ua cLEn vAE e S
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NOLATKM

Hassa

Micto

Kpaina

Pix
3aCHYBaHHSA

MuwuxrosiaiBcbKa acTpoHOMIUHA
obcepBaTopisa
http://www.mao.nikolaev.ua

Muxoaais

VYipaina

1821

Opxecbka acTpoHOMiuHa obcepBaTOpPisa
http://www.astro-observatory.
odessa.ua

Opneca

Vkpaina

1871

ITonTaBchbKa rpaBiMeTpryHa
obcepBaTopisa
pgo@poltava.ukrtel.net

ITonTaBa

Yrkpaina

1926

Y:xropoacbKka sabopaTopisa KOCMiUHIX
IOCJILI;KEeHb
http://www.univ.uzhgorod.ua

Y:xropon

VYkpaina

1957

XapkiBchKa acTpoHOMiUHa o0cepBaTOpisa
I3 2002 p. ImcTuryT acTpoHOMIl
http://astron.kharkov.ua

XapxkiB

VYipaina

1806

XapKiBCbKUI iHCTUTYT pamioacTpoOHOMIT
http://www.nbuv.gov.ua/institutions/
rai

XapkiB

Vkpaina

1985

ITapusska acTpoHoMiuHa obcepBaToOpis
http://www.obspm.fr

ITapmx

DpaHIia

1671

I'punsinpka acTtpoHoMiuHa obcepBaTOpisa
http://www.nmm.ac.uk

Jlougon

Anrmaia

1675

BinbHIOCEKA acTpoHOMiIUHA 0OCcepBaTOpisA
http://www.astro.ff.vu.lt

BinnHIOC

JIuTBa

1753

KpakiBcbka acTpoHoMiuHa ob6cepBaTOpis
http://www.oa.uj.edu.pl

Kpakis

ITosbmia

1795

ITynkoBchKa acTpoHOMIUHA
obcepBaTopisa
http://www.gao.spb.ru

C.-IleTepOypr

Pocia

1839

Onap:kelioBCcbKa acTpPOHOMiuHa obcepBa-
TOpiA

http://www.expats.cz/
ondreiovobservatory

IIpara

Yexisa

1898

MayuT-Bincon obcepBaTopis
http://www.mtwilson.edu

Kanmigopria

CIITA

1904

Actpodisuuna obcepBaTopis y BikTopii
http://www.nrc-cnre.gc.ca

Bpur.
Konymb6ia

Kanana

1910

AbGacTymMaHCbKa acCTPOHOMIiUHA
o0cepBaTopia
http://www.genao.org

Abacrymani

T'pysia

1932




NOLATKM

Hassa Micto Kpaina i
3aCHYBaHHS
BropokaHchKa acTpoHOMIUHA
obcepBaTopia Bropokan Bipmenisa 1946
http://www.aras.am/bao.html
CoermianbpHa acTpodisuuna obcepBaTopisa Misn. Kaskas Pocis 1966
http://www.sao.ru
ActpoHoMmiuna obcepBaTopia Mayna-Kea .
http://www.ifa.hawaii.edu/mko L8530 Gnve 1Y
AmepuKaHChKa aCTPOHOMiUHA
obcepBaTopis Jlac-Kammasec Yui 1976
http://www.lco.cl
IllemaxmnHCHKA acTPOHOMIUHA Asepbaii-
obcepBaTopia ITemaxa ;EaH 1960
http://www.shao.az A
HayxkoBuit iHCTHTYT KOCMiYHOTO
Tesieckona «I['abosr» CIITA 2010
http://www.stsci.edu/hst/
Hy:xe Benukwnit Teneckon (VLT) Ilycrensa Ara- Tpi 1998
http://www.eso.org/vlt Kama
. Jla-ITaasMma,
O6cepBaTop1ﬁ'P0Re nme-noc-Myuauoc ——— lenamis 1985
http://www. ias.es
OCTPOBU
Apeciocbpka aCTPOHOMIYHA obcepBaTopisa Apeci6o Toi 1963
http://www. naic.edu
O6cepBaropia Jlinaumo ge YaiimanTop IIycrena Ara- .
Yuri 1997
http://www. almaobservatory.org KaMa
JOBIAKOBI OAHI NMPO MICALUDb
ITapameTp Beauuuna

MimimanpHaa BifgcTaHb Big 3eMuri, KM 356 410
MaxcumanbpHa BifgcTaHb Big 3emui, KM 406 740
Cepenusa BifgcTaHp Big 3emii, KM 384 400
CepenHili eKCIIeHTPUCUTET OpOiTH 0,0549
CepenHili HaXWJI IJIOIUHYA OPOITH IO eKJIiITUKHI 5°08'43"
Ilepion oGepranHs mo opbiTi, mi0 27,32
Cepennsa nepioguunicTs sminu a3 Micans, aio 29,53
Cepepniit KyToBuii pagiyc Micsaisa 15'33"
Maca, Kr 7,35-10%
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NOLATKM

ITapameTp Bexuunna

Cepenus ryctuHa, Kr/m® 3340
TIprCKOpEeHHA CUIN TAMKIHHSA, M/c2 1,62
Ipyra KocMiuHa MIBUAKICTH, KM/C 2,38
MaxkcumasibHa TeMIiiepaTypa BAeHb, “C +13
MimimanpHa TemmepaTypa BHOUi, C -170
OcsiTyenicTs Big mosHoro MicAla Ha 3eMHill TOBEPXHi, JK 0,25
OcBiTeHicTh Big moBHOI 3eMJIi HA MicAYHIN TOBEepPXHi, JK 16

Cepenusa BigoOpa:kyBajibHa 3MaTHICTE Bif yciel MicauHOl

. 12,44
noBepxHi, % ’
Bigo6paskyBajabHa 3TaTHICTH MAaTePUKOBUX obJacTeit, % 13,44
BigobpaskyBaabHa 34aTHICTE MOPCBKUX o0acTeit, % 7,3
3arasbHa mioiia nosepxui Micamsa, Km? 3,8:107
ILiomia mopis Ha Beiit moBepxHi, % 16,9
ILnoima mopiB Ha BuguMomy 0011i, % 31,2
Ilnoma moBepxHi, AKYy MOYKHA CIOCTEPiraTH B pPe3yJbTaTi 59

Jioparii, %

XPOHONOrIA KOCMIYHUX NOAIN

Jlara

ITomia

15000000000 p. g0 H. e.

3apomkenas BeecBity — Benukuii Bubyx.

5000000000 p. mo H. e.

3apom:xenna CoOHAYHOI CCTEMMU.

4500000000 p. mo =. e.

YTBOpEeHHA 3eMJIi.

3500000000 p. mo H. e.

ITouaToK apxelichbKOi epu B IITKAJi Ie0JOTiYHOTO
JIiTOUYMCIIEHHS.

1900000000 p. mo H. e.

Ha 3emui 3’saBuincs mepiii BogopocTi.

500000000 p. mo H. e.

ITouaToK maIe030ichLKOIl epyr — 3’ ABUJINCH MEePIIli CIIopoBi
POCTIMHMA.

400000000 p. o H. e.

Ha 3emuri Bunukau mepimi pubmu.

230000000 p. mo H. e.

ITouaToK Me3030MChKOI epu — 3’ ABUJINCH XBOMHI
DOCJIUHMU.




NOLATKM

Hara

Ilomisa

200000000 p. mo =. e.

IlouaToK I0PCHKOTO IIePiofy — BUHUKJIU IIEPIIi IJIa3yHN
i mraxm.

67000000 p. go H. e.

ITouaToKk KaliHO30MCHKOI epu — 3’ ABUJINCH KBITKOBIL
POCJIMHMU i ccaBIIi.

65000000 p. 1o =H. e.

Karactpodiute 3iTKHeHHA 3eMJIi 3 acTepoifoM, KOJIHU
3aTMHYJIU OUHO3aBPU.

4000000 p. mo H. e.

3’ABUINCH aBCTPAJIOMITEKN — JIIOAUHOIIOAi0OHI MaBIIH,
OpapoAnYi JTIOAUHUA.

2000000 p. mo H. e.

ITouaToK aHTPOIIOTEHHOTO MePioay — BUHHUKJIU PO3YMHI
JIIOIU.

200000 p. mo H. e.

3’ABUINCH HEAHAePTaJbIll — IIiABUM JIOAUHN PO3YyMHOI.

40000 p. mo H. e.

3’ ABUJINCHL KPOMAHBHMOHIII — MOJKJINBI IpeaKu
€BpOIIeOigHOI pacu.

5509 p. mo H. e.

1 BepecHA ITOYATOK €PU JiTOUUCJIEHHS BiJi «CTBOPEHHS
CBiTY» 3a KajmeHmapeMm BizaHTii.

5508 p. mo H. e.

1 Oepes3Hs IIOYATOK JIITOUMCIIEHHS BiJl «CTBOPEHHS CBiTY»
3a raseHgapem Pyci.

4713 p. 10 H. e.

1 BepecHA IMOYATOK Bi/UIiKy JIITOUMCIIEHHA I0JiaHCHKOTO
mepiony.

4200 p. mo H. e.

Y €runti cTBOpeHO COHAUYHUN KaJeHIap, [0 I'PYHTYBaBCs
Ha TPOIIIYHOMY POIIi.

3761 p. mo H. e.

7 YKOBTHS TIOYATOK JIITOUYMCJIEHHA BiJl «CTBOPEHHA CBiTY»
3a €BPEMCHbKUM KaJIeHJapeM.

2100 p. mo H. e.

ITepimi sragky Ipo METEOPUTU B JaBHBOETUIETCHKOMY
namipyci.

2000 p. mo H. e.

30ynoBano CTOYHXEHIK — JaBHIO aCTPOHOMIUHY
obcepBaTopiro B AHIUIII.

600 p. mo H. e. Y BaBuioHi CTBOPMIN COHAYHUN TOAUHHUK.
555 0H. e ITiharop ymepiiie Bu3HaUMB ITapaMeTPU 3€MHOI KYJIi 1 BBiB
P- A0 H-. €. CJIOBO «KOCMOC» [IJIs IMO3HAUeHHs BcecBiTy.
433 p. 1o 1. e MeToH 00UMCANB MUKJ AJIS BiIJIIKy TPOIIIYHOTO POKY Ta
p- e CHUHOIMYHOTO MiCAId.
€BIOKC yIeplile CTBOPUB KapTy 30PAHOTO Heba, Ha AKil
350 p. mo H. e. . . .
€ eKJinTHKa i 3oaiaK.
Apicrorenb chopMyII0BaB OYLOBY IeOleHTPUUYHOI CCTEMU
330 p. mo H. e. .
cBiTy.
250 p. 110 H. e Apximen cTBOPUB acTpapiym — TOAWHHUK, IO BiTBOPIOE
p- T BuguMuil Ha Hebl pyx CoHIA i miaHer.
Eparocden ynepire BUMipsaB gyry MepujiaHa s
D B 5 T O parocgen ymep PAB AYTY MePUJ i

BU3HAUEHHSA pajgiyca 3eMJi.
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Hara ITomia

299 0. e Apucrapx CaMOChbKHI BUCYHYB i/Ief0 PO T'eIiOIeHTPUUHY

SR CHCTeMy CBITY.
125 0 H. e Tinmapx ckJiaB KaTajor 3ip i mo3HAYUB IX ACKPaBiCTH

P. RO H. €. 30PAHMMU BeJINUYNHAMMU.
46 0. e Pumceruii imneparop ¥Oniii Ilesap yBiB KaseHgap, AKWI

p. 1O H. €. Ha MOT0 YeCTh Ha3BaJM I0JiaHCHKUM.
Knasgiti IlTonemelr Hanucas KHUTry «Beanka

140 p. H. e.

MaTeMaTuuHa 1mobymoBa actpoHomii» (Mericre).

Hiowniciti Manuit 3aripoBaguB JIiTOUNCIEHHS Bifl BTileHHA

525 p.
P (mapomxenns) Icyca Xpucra.
622 16 TUIIHS TOYATOK icJlaMChbKOl epu JiTOUMCIeHHA — epa
p- rizxpa.
988 p Kusasp BoaoguMup 3anpoBaguB I0OJIiaHChKUN KaJleHIap Ha
’ Pyci.
1054 Cnanax HagaoBoi B cy3ip’i Tesblis, Ipo AKY € 3ragku
p-. B jgiTonucax Kuiscskoi Pyeci.
1091 p ITepmri sragku mpo moJiT 6oifa B JiTonucax KuiBchbKoi
’ Pyeci.
1330 Binbam Okkam chopMyJioBaB IPUHITAI, SKUH BigoMuii
p- Ak «BpurBa OkKama».
HaapyxoBaHo mepIiny KHUTY 3 aCTPOHOMIiI YKpaiHCHKOTO
1483 p. acTpoHoMa uaciB cepenuboBiuusa Opia Iporo6uua (Korep-
MaKa).
1543 Muxomnaii Konepauk copmMmyaoBaB 3acanu
p- TeJIIOIeHTPUYHOI CUCTEMHU CBiTY.
1546 Tixo Bpare moBiB, 1110 KOMETU PO3TANIOBYIOTHCA JaJsi, HidK
b. Micansb.
1582 3amnpoBamxeno I'puropiancbkuit KajgeHgap (HOBUI CTUIID)
p- y IeAKHUX KpaiHax €Bpomu.
1600 I:xopnano BpyHo OyB cnajieHniT Ha BOTHUIII 1HKBi3MITil
= 3a i1e10 KUTTS y KOCMOCI.
1609 T'anineo I'amineit mpoBiB mepiri crocTepe:keHHa Micsia Ta
p- IJIaHET 3a JJOTIOMOTOIO TeJIECKOTA.
1609 Horauu Kemrep copMy IioBaB 3aKOHU PYyXy IIaHET —
p- 1-i1 Ta 2-11 3akouu Kemepa.
1644 Pene JlekapT BUCYHYB IIepIITy TimoTe3y IIPO YTBOPEHHA
p- CoHAYHOI cHCTEMN.
1647 p. fAu I'eBesiii cKJIaB mepiny AeTaJdbHy KapTy Micsirs.
1659 p. Bigkpuro kinbme CatypHa.




NOLATKM

Hdara IMopisa

1676 p. Pene Promep 3a ,II.OHOMO%"OIO cynytHuKiB IOmiTepa Bmepiie
BU3HAYMWB IIBUAKICTH CBiTJIA.

1687 p. IcaaI.{ HpsroToHu chopmynioBaB 3aKOH BCECBITHBOTO
TAXKIHHA.

1728 p. H:xeiimc Bpanneit B"‘ITISH:aT:II/IB I_'LIBI/I',E[KiCTB cBiTJIa 3a
Iormomororo abepaii cBitsa Bif 3ip.

1740 p. Enmong Fannel?l nfepeu6aqHB HOBepUHeHHH y 1758 p.
KOMeTH, AKY IIi3Hillle Ha3BaJIu Ha MOTO YEeCTh.

1761 p. E[Y.[I/IX&fIJIO JlomoHOCOB BimkpuB atrmochepy Benepu mig uac
ii mpoxoxasxeHHda 1o gucky CoHIA.

1766 . I;IOI‘E:HH Timiyc BigKpuB 3aK0H IIJI.aI.{eTHI/IX BizmcTameit,
AKuY HazBasau mpasusiom Boxe-Timiyca.

1772 p. ITerep Ilannac y Cubipy 3HAMIIIOB METEOPUT MaCOIO
6amu3pk0 500 Kr.

1781 p. Binbawm Iepitens Bigkpus YpaH.

1782 p. H:xon T'yapaiik BI/¥(‘:JYHyB OPUITYIIeHHS, 10 30Ps AJITOJIb
(P IIpeces) € TOABiTIHOIO 30PAHOIO CUCTEMOIO.

1783 p. Binbawm Iepirens BigkpuB pyx CoHIIA B HAIIPAMKY Cy3ip’sa
Tepxryec.

1801 p. Hoxysenne ITiammi BinkpuB nepiuii acrepoin — Ilepepy.

1814 p. HNoszed @PaYHPOQ)ep BUABUB YUCJIEHHI JiHII moTJIMHAHHA
y cuekTpi CoHIA.

1826 p. Tenpix Onbbepc chopmyrioBaB (OTOMETPUUHUI
napamokc — mapamokc Oubbepca.

1839 p. Bacuib Cpr‘Be B IlynKoBCBKi o6cepB.aTopi'1' OHUM i3
nmepminx BUMipaB napasakc Beru (o Jlipnm).

1842 p. Xpucrian ,[[onn.nep JIIOBiB i(.ZI{yBaHHﬁ.e(beKTy 3MiHUI
JOBXKWHU XBUJII B aKYCTHUIII ¥ ONTHIIL].

1846 p. HNoranu Tamre Bigkpup miarery HenTyH Ha 0CHOBI
obuncyaess Agamca ta JleBepbe.

1848 p. Binsam Tomcon (stopa KenbBin) yBiB a0CONMIOTHY KAy
TEeMIIEpaTyp.

1851 p. Kan 'CDYKO 3a ,lIOl'I'OMOI‘OIO MaATHUKA JOBiB o0epTaHHA
3emJIi HaBKOJIO OcCi.

1852 p. Pynonsd Boab(d yBiB iHZEKC COHAYHOI aKTUBHOCT1, AKUN
Ha3MWBaIOTh YncjIoM Boubda.

1859 p. Hopwman Ilorcon yBiB Koe(illieHT il BUSHAUEHHA
30paAHUX BeauunH — «dopmysaa [lorcoHar.

1860 p. Ixetime MaKcBeJLsI CTBOPUB TEOPil0 €JIEKTPOMATHITHOTO

II0JIA.
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Hara IMomisa
1864 Enyapn Poin noBiB HasgABHICTh HMMKHBOI MeXKi IJist opbiTu
p- MIPUPOAHOTO CYIYTHUKA IJIaHeTH — «Meska Porma».
1865 T'. PixTep BUCYHYB TimoTe3y Ipo 3aHECEHHA Ha 3eMJI0
p- SKHUTTA 3 KOCMOCY — IIaHCIepMid.
1865 Pynonsd Kiaysiyc cpopmysrroBaB mapagoKc TeIJIOBOI
p- cmepri Beecsiry.
1871 Il>xoH Peseii ommy0iKyBaB mpaillio Ipo MOJIAPU3aIliio
p- CBiTJIa Ta IIOSCHUB OJAKUTHUMN KOJIip HebAa.
Aca@d Xoman Bigrpus Poboc i [lefimoc — CymyTHUKHT
1877 p. Mapca
1881 p. I>xoBauHi Criamapesri BigkpuB Ha Mapci «KaHaam».
1884 T'punBinbKu# MepugiaH 3a MisKHAPOIHOIO YT'OI0I0
p- MIPUHHATO 38 ITOYATKOBUI.
1900 Maxkc IlinaHK BiIKPUB €HEepTrio KBaHTa Ta 3aKOH
p- BUIIPOMiHIOBAaHHSA YOPHOTO TiJa.
1902 Kocrantun IlionkoBcbKUiT BUBIB hopMysTy AJIA
p- BU3HAUEHHS IIIBUAKOCTI paKeTH.
1908 p. VuaB Tyrarycekuii mereoput (Cubip, Pocis).
Teupi Paccen modoyaysas miarpamy «CoeKTp—cCBiTHiICTH
1913 p. v
1917 Annbept ARHINITATH 3TiTHO i3 3aTaJIbHOIO TEOPi€IO
p- BiTHOCHOCTI mOOyAyBaB CTATUUYHY MOJeJb BececsiTy.
1919 T'yro 3esirep copmyaoBaB rpaBiTaiiiinuii mapamgoKc
p- HecKiHueHHOTrO BceecBiTy.
1919 p. CrBopeno Miskunapoguuit Actrponomiunuii Coro3 (MAC).
1922 Onexcauap @Ppigman moOyayBaB HECTATUYHY MOIEIb
p- Beecsiry.
1995 3ampoBaaikeHo BececBiTHIN yac a5 00UMCICHHS
p- aCTPOHOMIUHUX e)eMepus.
1995 I:xopmx Xeits BiTKpuB 22-piuHy IIepioguuHicTh
p- akTuBHOCTi CoHILA.
1929 IOpiit KorapaTiok ony0aiKyBaB KHUT'Y «3aBOIOBaHHSA
p- MIXIITAaHETHUX IIPOCTOPIB».
1929 p. Ensin I'ab6Js1 BigKpuB pos30iraHHsa ralakTUK.
1930 p. Kaaiig Tom60 Binkpus IlayToH.
1931 Kapn Aucbkuit BifKpUB pagioBUIPOMiHIOBAHHA
p- Mouiounoro Ilnaxy.
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Hara Ilomisa
1932 JleB Jlannmay TeopeTHYHO AOBIB MOMKJIMBICTH iCHYBaHHA
p- HEUTPOHHUX 3ip.
1034 ®pank [laiicoH 3aIpPONIOHYBAB AJA eHepro3bepesKeHHA
p- cTtBopuTu chpepy HaBK0JI0 COHILA.
1946 p. H:xopmx 'amoB 3amporonyBaB rapavyy Moaeab BeecBiTy.
1950 VY Ilapu:xki sacaoBana MixxkHapongua Penepariisa
p- AcCTpoHaBTUKH.
1950 A= OopTt BUCyHYB rimoTedy PO iCHYBaHHA «XMapw
p- KoMmeT» 3a opbitoro IlayTona.
1957 ITouaTok Kocmiunoi epu: B CPCP cTBOpeHO mepInmii
p- Y CBIiTi IITYYHUI CYIIyTHUK 3eMJIi.
CrBopeno HACA (Hamionanpae Kocmiume AreHTcTBO,
1958 p. CIIIA)
1958 p. Ban Annen BuABUB pamialmifidi mosicu HaBKOJIO 3eMJIi.
1959 AMC «Jlyna-1» (CPCP) crana mepImom mITyIHOIO
p- mraneToro COHSYHOI CUCTEMU.
1959 AMC «Jlyna-3» (CPCP) yuepiiie y cBiTi coTorpadysaia
p- 3BOpOTHUM O0iK Micars.
1961 IOpiit 'arapia (CPCP) ynepime y cBiTi 006eTiB 3eMio Ha
p- KocMiuHOMY Kopalii «BocTok».
1963 CrBopeno CETI (SETI) — opranisarito a1 DOIIyKiB
p- sKUTTA y BeecsiTi.
1963 Binxkpuri kBazapu — mosaraJlaKTUYHIi AiKepesa
p- PamioBUIPOMIiHIOBAHHS.
1965 Apmuo Ilensiac i Po6epr Biscon Bigkpuiu peaikToBe
p- BUIPOMiHIOBAHHA.
1966 AMC «Jlyuna-9» (CPCP) saiticHuia mepIny y ¢BiTi M’ aKy
p- IocajaKy Ha ImoBepxHio Micaris.
1967 p. AMC «Benepa-4» (CPCP) nocsarsa armochepu Benepu.
1967 p. Bigkpuri mynbcapu (HeTpOHHI 30pi).
1969 Ha Micsamp 3po0uB ImocagKy HiJIOTOBAHUNM KOCMIiUHUI
p- Kopabesnb «Amosaon-11» (CIITA).
1969 B Ascrpauii BuaB meteopuT MapuecoH, y AKOMY 3HAUIILIN
p- sajmumku THE.
1970 AMC «Jlyna-16» (CPCP) B aBTOMaTUYHOMY PEIKUMi
p- JocTaBUJia Ha 3eMJio IPYHT i3 Micara.
1970 p AMC «Benepa-7» (CPCP) 3pobuya M’aAKy mOCagKy Ha

moBepxHI0 BeHepu.
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Hara IMomisa

1972 Crapt AMC «Iliouep-10» (CIITA) — mepiuii moJit 3a
p- mesxi COHAYHOI CHCTEeMM.

1972 p. 3ampoBaKeHo MikHapoagumit aromHEu uac — TAI.

1974 Ilepmma cipoba BimiciaTu mOBiZOMIIEHHSA iHOIIJTAaHETSHAM
p- panioreneckonom Apecioo (CIITA).

1975 AMC «Benepa-9, -10» (CPCP) orpumasiu TeseBidiiine
P- 300pasKeHHA IoBepxHi Benepu.

1975 p. CrBopeno €BpomelichKe KocMiuHe areHTCTBO — ESA.

1976 AMC «Bixkinar-1, -2» (CIITA) nepenanau TeneBisitHi
p- 300paskeHHa moBepxHi Mapca.

1977 Crapr anapartiB «Boamxep» (CIITA), aki moseTaTs 10 3ip
p- i3 mmocJIaHHSAM [0 iHOIJIaHEeTsH.

1977 Bigkpuro Kinbile YpaHa g uac 3aTeMHEHHS JIAHETOO
p- cJy1abKol 30pi.

1981 ¥V CIITA smonHTOBaHO pamioinTepdepomerp «Jly:Ke Beqnka
p- aHTeHa» 3 27 aHTEH miameTpom 25 M.

1984 Bigkpuro xinbie HenTyHa mig yac MOKPUTTA IIJIAHETOIO
b cJIabKmX 3ip.

1985 Y XapKoBi CTBOPEHO PagioacTPOHOMIUHUM iHCTUTYT
p- (PI HAHY).

1986 AMC «Bera-1, -2» (CPCP) ymnepiite 0yJio ogep:KaHo
p- 300paskeHHA Aapa KoMmeTu [ames.

1987 Cnanax HagmoBoiI B cyciguiii ramakTuii Mareimanosa
p- Xwmapa, AKy 0yJI0 BUAHO HEO30POEHUM OKOM.

1991 p. 3acHoBaHa YKpalHChKa aCTPOHOMIUHA acoIliaisd.

1992 p. CrBopeno HamionasibHe KOCMiuHe areHTCTBO Y KpaiHMU.

CrBoperno YPAH — VkpaiHceKuii pagioiaTepdepoMeTp

1993 p. HAHY

1993 p. CrBopeno Coro3 HaykoBux ToBapucts Pocii — CHTP.

1993 3MOHTOBAHOIO HAMOIJIBIIINN Y CBiTi TeJIeCKOII-peIeKToD
p- i3 miamerpom a3epkasia 10 m (I'aBaiii, CIIIA).

1994 p. ITaginasa ma Omoitep xomeru Illymeiikepis-Jlesi.

1995 BuBenmeHno Ha opOiTy mepIinii yKpPaiHCbKUH IIITYUHUAH
p- cynyTHUK 3emui «Ciux.

2012 AMC «Bosmxep-1» mpoJieTiB resiomaysy — MeXY
b Mi’K30pSHOI Ta COHAYHOI IJIa3MHU.

13333 p. ITiBHiuHMI MOJIIOC CBITY BHACJIIIOK MIpellecii ONMHUTHCS

mo6au3y 3opi Bera B cysip’i Jlipa.




AATUA HOBOI'O MICALA (2019—2057 pp.)

NOLATKM

Pix Miestws ¢ ppqp v VO VI VID VIT IX | X XI | XII
2020 (2039 25 (23| 25 | 23 | 23 | 21| 21 | 19 | 18 | 17 | 16 | 15
20212040 13 |12 14 |12 |12 |10 10 | 8 | 7 | 6 | 5 | 4
2022(2041| 2 | 1| 3 | 2 [1,81/ 20| 29 | 27 | 26 | 25 | 24 | 23
202312042 21 (20| 21 |20 | 20 |18 | 18 | 16 |15 14 | 13 | 12
2024/2043| 10 |9 |10 | 9 | 9 | 7| 7 | 5 | 4| 3 |2,31
20252044 29 |28 29 | 28 | 28 26 | 26 | 24 | 23 22 | 21 | 20
2026 (2045| 19 |17 | 19 | 17 | 17 | 15| 15 | 13 | 12| 11 |10 | 9
20272046 8 (6 | 7 | 6 | 6 | 4 | 4 | 2 | 1 1,30 29 28
2028 (2047| 26 | 25| 26 | 25 | 25 | 23| 23 | 21 | 20 | 19 | 18 | 17
2029 /2048 15 (14| 15 |14 | 14 |12 12 |10 | 9 8 | 7 | 6
20302049 4 | 3| 4 | 3 | 3 | 2 |1,81| 28 |27 | 26 | 25 | 24
2031/2050| 23 (22| 23 |21 |21 |19 | 19 | 17 |16 | 15 | 14 | 13
203212051 11 (10| 11 |10 |10 | 8 | 8 | 6 | 5 4 | 3 | 3
2033 (20521,381| — (1,31 29 | 29 | 27| 27 | 25 | 24 | 23 | 22 | 22
2034 (2053 20 |19 | 20 | 18 | 18 | 16 | 16 | 14 | 13 | 12 | 11 | 11
20352054 10 '8 | 9 |7 | 7 |5 | 5 | 38 | 2 1,31 29 29
2036 (2055 28 |26 | 28 | 26 | 26 |24 | 23 | 22 | 21 | 20 | 19 | 18
20372056 17 (15| 17 |16 | 15 |13 | 13 | 11 |10 9 | 8 | 7

201920382057 6 |4 | 6 | 5 | 4 | 3 | 2 |1,31|29 | 28 | 27 | 26
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FEOrPA®IYHI KOOPAUHATU MICT YKPAIHU

PizHuna misk MicumeBUM

Ne Micro Illupora D) Ta KHIBCBKMM YacoOM
rpagycu TOXUHUI B3UMKY BIITRY
1 Binaumsa 49° 14" | 28° 30’ | 1 roxg 54 xB | —0 roxg 06 xB | —1 rox 06 xB
2 | Tainpo 48° 30’ | 35° 05’ | 2 rom 20 xB | +0 rox 20 xB | —0 rog 40 xB
3 | MoHeIbK 47° 59" | 37° 45" | 2 rog 31 xB | +0 roxg 31 xB | —0 rog 29 xB
4 | JKuromup 50° 16" | 28° 40" | 1 rox 55 xB | —0 rox 05 xB | —1 rox 05 xB
5 | 3amopimkika 47° 58" | 35° 15" | 2 roxg 21 xB | +0 roxg 21 xB | —0 roxg 39 xB
6 ﬁiﬁ;cq)pam 48° 56’ | 24° 45’ | 1 rog 39 xB | —0 rox 21 xB | —1 rox 21 xB
7 | Kuis 50° 27" | 30° 30" | 2 rox 02 xB | +0 rog 02 xB | —0 rox 58 xB
g IDOMIBHMNL" | 4go 30! 32° 15' 2 1oz 09 xm | +0 roz 09 x| —0 rox 51 xa
9 | JIyrancek 48° 35" | 39° 15" | 2 rog 37 xB | +0 roxg 37 xB | —0 rox 23 xB
10 | JIyupk 50° 45" | 25° 15" | 1 roxg 41 xB | —0 rox 19 xB | —1 rox 19 xB
11 | JIsBiB 49° 51’ | 24° 02" | 1 roxg 36 xB | —0 rox 24 xB | —1 rox 24 XB
12 | MuxoJais 46° 58" | 32° 00’ | 2 roxg 08 xB | +0 rox 08 xB | —0 rox 52 xB
13 | Ogxeca 46° 28" | 30° 45" | 2 rog 03 xB | +0 roxg 03 xB | —0 roxg 57 xB
14 |ITonTaBa 49° 36" | 34° 34’ | 2 roxg 18 xB | +0 roxg 18 xB | —0 rox 42 xB
15 | PiBHe 50° 35" | 26° 00" | 1 rox 44 xB | —0 rox 16 xB | —1 roxm 16 xB
16 | Cimpepomoap | 44° 58 | 34° 06’ | 2 roxg 16 xB | +0 roxm 16 xB | —0 rox 44 xB
17 |Cymn 50° 53" | 34° 45" | 2 rox 19 xB | +0 rog 19 xB | —0 rox 41 xB
18 | TepHoOmiab 49° 34" | 25° 30" | 1 rog 42 xB | —0 rox 18 xB | —1 rox 18 xB
19 | Yxropon 48° 38" | 22° 15" | 1 roxg 29 xB | =0 rog 31 xB | —1 rog 31 xB
20 | Xapkis 50° 00’ | 36° 13’ | 2 rox 25 xB | +0 rox 25 xB | —0 roxm 35 xB
21 | Xepcon 46° 38" | 32° 30’ | 2 roxg 10 xB | +0 rox 10 xB | —0 rog 50 xB
22 ff;:‘f;’m“m" 49° 24' | 27° 00’ | 1 rox 48 xB | —0 rox 12 xB | —1 rox 12 xB
23 | Yepkacu 49° 27" | 32° 00’ | 2 roxg 08 xB | +0 rox 08 xB | —0 roxm 52 xB
24 | Yepuisiri 48° 17" | 25° 57" | 1 rox 44 xB | —0 rox 16 xB | —1 roxg 16 xB
25 | Yepwuiris 51° 29" | 31° 18 | 2 roxg 05 xB | +0 rog 05 xB | —0 rox 55 xB




3ATEMHEHHA MICALUA, AKI MO>KHA NMOBAYUTU
B YKPAIHI (2019—2062 pp.)

NOLATKM

Hara Yac Paza Hdara Yac ®daza
21.01.19 7-10 TIOBHE 08.11.41 6-30 0.17
17.07.19 00-31 0.65 12.02.55 0-42 TIOBHE
19.08.35 4-08 0.10 17.06.57 5.25 0.76
12.02.36 00-13 IIOBHE 11.12.57 2-52 0.92
07.08.36 5-50 TIOBHE 06.06.58 22-12 TIOBHE
06.06.39 21-54 0.84 30.11.58 5-14 TIOBHE
30.11.39 18-55 0.94 05.04.61 0-54 IIOBHE
18.11.40 21-02 IIOBHE 25.03.62 5-34 IIOBHE
16.05.41 3-42 0.05 18.09.62 21-29 IIOBHE

3ATEMHEHHA COHLUA, AKI MOXHA CNOCTEPITATA

B YKPAIHI (2020—2187 pp.)

Hdara Yac makc. Paza Kuie| Bun Micue nmoBHOI (hazu
21.06.2020 8-51 0.04 K Aszia
10.06.2021 14-14 0.13 K ApxrTuka
25.10.2022 12-35 0.62 9 —
29.03.2025 14-38 0.01 q =
12.08.2026 21-03 0.86 IT Aszis
02.08.2027 12-33 0.37 II Adpura
21.06.2039 21-22 0.92 K €spomna
11.06.2048 17-00 0.90 K €Bporma
14.11.2050 16-20 0.70 9 =
12.09.2053 11-45 0.40 II Agia
05.11.2059 9-58 0.50 K Adpura
30.04.2060 13-49 0.57 IT Asgia
20.04.2061 5-35 0.97 II Opneca, Kpum
06.07.2187 10-44 0.98 II XapkiB, Yepkacu

II — nosHe 3aTemHeHHs, K — KinbnenonioHe 3aTeMHeHHA, Y — YacTKOBe 3aTeMHEH-
Ha. MakcumaabHa (pa3a 3aTeMHEHHS IIOJaHa 3a KUIBCBKUM YacOM.
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HOK», 2006.— 96 c.: ii.
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HOK», 2005.— 80 c.: ii.
.uk.wikipedia.org — caiiT MepesKMBOI eHIITUKJIOImemil
.https://www.eso.org — caiitT €Bpomneiicbkoi IliBmenuoi obceparopii (ESO).
. https://spacegid.com — ocsiTHiii pecypc.

.https://www.nasa.gov/ — caiiT HarioHaabHOTO yIIPABJIiHHA 3 aePOHABTUKH i JOCITi-
IxeHHA KocMmiunoro mpoctopy (HACA)

Be3KOLWTOBHI Nporpamun anAa [ocnigKeHHs
Ta OTpMMaHHA iHpopmauii npo BcecBiT

» Stellarium — mporpama AJjid meperaAany 30pAHOTr0 Heba, BipTyaJbHUI IIJIaHeTapii.

 Celestia — cumyassTOp KOCMOCY, 110 TO3BOJISAE TTOOPOKYyBaTH BeecBiToM y TPHOX BHU-
Mipax.

« Celestia Origin — 3micToBHUII 30ipHUK YHIKAJIbHUX aAM0HIB (JOJATKiB) M/ KOCMiu-
Horo cumyasitopa Celestia.

» SpaceEngine — KoCcMiuHUII cUMYyJIATOP-IIJIaHEeTapii, 10 JO3BOJAE AOCIiIKYyBaTH
BceecsiT y Tprox BuMipax.

» Aladin — iHTepaKTUBHUI HeOECHUI aTJac, 1[0 JO3BOJISE KOPUCTYBAUY PO3AUBIATICH
Ta DOCHiIKyBaTH OIIM(pPOBaHi aCTPOHOMIUHI CBITIMHU.

*» WorldWide Telescope — mporpama, II10 AoIIoMAarae IaHyBaJbHUKAM aCTPOHOMII 10-
ciaim:xyBatu BcecsirT.

» SkyChart — aTyiac kocMiuHIX 00’€KTiB, 110 JO3BOJISE OTPUMYBATH KapTU HeOA IILIsA-
XOM BUKOPUCTAHHS Pi3HIUX KaTaJOTiB.
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MNigpy4YyHNK BUPI3HAE HasABHICTb TaKUX MaTepianis:

° TekcTn Ta inocTpauii gna moTuBalil HaBYanbHOI AiANbHOCTI

* [opaTtkoBi pyOpurKn ana Kpaworo po3ymMiHHA HanbinbL
Ba)K/IMBOro MaTtepiany

* ToOKpPOKOBi ONMCY BMKOHAHHA NPaKTUYHUX POGIT
° BigomocTi Npo [OCArHEHHA CBITOBOI Ta BITYM3HAHOI aCTPOHOMIT
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BUOABHMLITBO

N 978-617-09-5239-4

IHTepHeT-niATPUMKa
interactive.ranok.com.ua

SB‘ ‘

977861707°952394






