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Ha 3emui Y kocmoci

1 meTp~1/40000000 moB:xuHA
MepugiaHa

1a.0.~1,496 - 10" ™

1 agriaivicexa Mmuiasga=1609 m

1 mapcek~206 265 a. o.=
~3-+10%m

1 mopceka Mmuasa=1852 m

1 ¢B. pik~9,46 - 10° m

1 Bepcra=>500 caxkuiB=1066 ™

1 cakenb=3 apmuHu=2,13 M

1 pyr=12 groiimi~ 30,48 cm
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CumBoJn 3HaKu ITo3Hauku
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Carypn b |Cxopmion | M, Pik 1¢=3655"48"46°
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Henryn ¥ | Kosopir Yo : IIpsame cxomsxeHHs o
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T'pasirtamiiina craJa 6,67-107 ' H-™m?/Kr?
IIBuaKicTs cBiTJIa ¥y BaKyyMi ¢=2,997925-10% m/c
Craua Ilnaaka 6,63-10°% Mok - ¢
Maca nmporoHa 1,673-10% xr=1836m,
Maca HeiiTpoHna 1,675-10727 kxr
Maca esleKTpoHA 9,11-103 kr
Crana ABoragpo 6,02-10% moun
YHiBepcasbHA ra30Ba craja 8,31 :x/moan K
Crana Boabmmana 1,38:1072 Iix/K
Crana Crepana-Boabmmana 5,67-10°8 Br/m?- K*
1 TponiunU piK (cex) 31556925,9747=3,16-10"
1 acTpoHOMiUHA OTMHUILS a. 0.=149 600000 k™
1 cBiTsI0BUIT piK 1cB. p.=9,46-10% M
1 mapcex 1 ox=3,09-10 m
Hiametp 'anaxkturwm 200000 cs. p.
3ﬁ;1§:;eic;)ranawrnxn M31 2,3 muH cB. p.~10% M
Crana I'a66sa 70 xm/c: Mok
NOBIAKOB PQ

ITapameTp Beanuuna
ExBaropianbuuii pagiyc, KM 6 378,140
ITonspuuii pagiyc, KM 6 356,755
Cepenuiii pagiyc, KM 6 371,004
IToepxua 3emuri, Km?2 5,0949-108
Cyxoxain, % 29,2
Bogna mosepxHs, % 70,8
Maca Semui, Kr 5,973-10%
Maca Boau y Beix il popmax, KT 1,43-10%!
Maca armocdepu 3emiii, KI 5,158-1018
JlimifiHa IMIBUAKICTH TOUKY €KBaTOPa, M/C 465,12
CepenHsa MIBUAKICTL PyXy 3eMuri 1mo opbiTi, KM/c 29,765
ITpuckopeHHs cuan TAXKIHHA Ha 3eMJIi 9,806

(ma mumpori 45°), m/c?
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IIlanoBHe y4YHiBCTBO!

Bu nmounHaeTe BUBUEHHS OfHiel 3 HAaBHIINMNX 1 I[iKaBUX HAYK — ac-
TPOHOMii, AKA JOCTII}KYy€E IPUPOIY, IMOXOIKEHHS Ta €BOJIOIII0 K OKpe-
MuxX HeOeCHUX TiJ, Tak i BececBiTy B misomy. ¥V HigpyuYHUKY BHU:

 3MiICHUTE CBOEPiAHI KOCMiIUHI MaHAPY KPi3hb IpocCTip i uac;
* PO3TJIAHETE iCTOPiI0 3apOAKeHHA HAYKHW aCTPOHOMII Ta €BOJIIOIiI0 YAB-

JIeHb JIIOOUHU IIPo BeecBiT;

- HABUMTECh PO3MisdHaBaTHU cy3ip’s Ha HiuHOMY Hebi i 3a JOMIOMOTOIO

HeOeCcHUX CBiTHJI Opi€HTYBAaTHUCh HA MiCIIEBOCTi Ta BUMipIOBaTHU Uac;

* BUBUNTE OCHOBHI 3aKOHU «HebOecHOI MexXaHiKu», aJ:Ke BCi KocMiuHi

Tijla, CYOYTHUKU Ta KOCMiuHi KopabJi pyxamoTbed 3TiAHO i3 3aKOHOM

BCECBITHBOTO TAMKIHHA, AKUI BU BUBUYAJIU B Kypci Gisukuy;

* IO3BHANOMUTECHh 3 BUJATHUMHU YKPAIHCBKMMM BUEHUMMU, AKi 3poduan

BaroMuiy BHECOK B OCOBOEHHSA KOCMOCY.

B acrpodisuurmx posminax Bu misHaeTech, AKi (isuuHi ymoBU ic-
HYIOTh Ha moBepxHi miaamer COHAYHOI cUCTEMHU, YOMY HABKOJIO IJaHET
iCHYIOTH K1JIBIIA, AK HAPOAKYIOTHCSA HOBI 30pi I IePEeTBOPIOIOTHCA HA TN
IJIaHEeTHI cucTeMu.

Bu gismaerecs, 1110 cyuacHa aCTPOHOMiA BUKOPUCTOBYE IJIS CIIOCTEPEKEHD
HaWgOoCKOHAIINTY TexHiKy. CocTepeKeHHA BeIyTh Y PIBHUX MiamasoHax eJieK-
TPOMATrHITHOTO BUIMIPOMiHIOBAHHS: pagioianasoHi, iHppauepBoOHOMY, BUI-
MOMY, yAbTpadioseToBOMY, PEHTTeHiBCbKOMY 1 y ramMMa-npoMeHax. Cyuac-
Hi mpuiiMaui BUNPOMiHIOBaHHS IepefarTh iH(popMallio 0e3mocepeIHbo Ha
KOMII'IoTepu. 3aBAAKYN HOBITHIM TEXHOJIOTifAM HAYKOBIIL OTPUMYIOTH Hal3BU-
YyalHO AKiCHI 300paskeHHs KOCMiuHMX TiJj, Biggamenux Bix 3emuti Ha Bifcra-
Hi y KiJIbKa COTEHb CBiTJIOBUX POKiB; 3/laTHI HAOYHO BiTBOPIOBATH IIPOIECH,
Aki BigOyBasuca y BeecBiTi mMisnbiioHu poKiB ToMy a00 BizOyBaTUMyThCA Y He-
OTJIITHOMY MaiOyTHBOMY.

IIpamroroun 3a marepiasaMy miAPyYHUKA, BU OTPUMAETE MOYKJIUBICTH
caMoOCTiliHO mepeBipATHM HaOyTi 3HAHHA Ta 3aKPiIJaOBATH IPaAKTHUYHI
HaBUUYKU. KpiMm Toro, pyopuka «I[Jis TOOUTIUBUX» MMO3HANOMUTL Bac i3
mikaBuUMU (PpaKTaMU, AKi CTOCYIOTHCA MEeBHOI TeMU W HmigBUIITATh iHTepec
10 BUBUEHHS IIPEeIMeTa.

ITocunanHa Ha eJeKTPOHHI MaTepiajam pPo3MiIlleHO Ha CTOpiHKAaXxX mij-
PYYHUEKA 3i cIlerniajbHOI TO3HAYKOIO i.

YMOBHI IIO3HAUECHHSA

G KouTposbHi 3anuTanusa l ) s TonuTanBuUX
@ Tema paa guckycii BucuoBku
G 3aBHaHHs IS CIIOCTEPEIKEHHSA Hisnaiica Ginbmre

3sepmaemo ocobrusy yeazy, uio nid 1ac ACMPOHOMILHUX CNOCMePeHeHb
He moxcHa dusumuca Ha CORue aHi 8 meaeckon, Ani He030POEHUM OKOM.
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Bctyn

NMpeamet actpoHomii. Ii po3BMTOK i 3HaUEHHA B XKNTTi CycninbcTBa.
KopoTkuin ornag 06’ekTiB gocnigKeHHA B aCTPOHOMIi

Actpornomia — dyHITaMeHTaIbHA HAayKa, IKa BUBYA€E 00’€KkTU Beecsni-
Ty Ta Beecrit B minomy. AcTpoHOMidA (rper. a.GTpov — 30pd i vopog — 3a-
KOH) — HayKa, II[0 BUBUA€ OYA0BY, PYX, IOXOMIKEHHS Ta PO3BUTOK Hebec-
HUX TiJ, iX cucteM i ychoro BececBiTy. BoHa BUHMKIIA KiJTbKa TUCAYOJIITH
TOMY, KOJIU B JIIOACTBA 3’ ABuUJjacdA morpeda y BUMiplOBaHHI yacy, BU3Ha-
YeHHi CyXOmiIbHUX Ta MOPCHKUX MIIAXiB, Y IepeadaueHHi Ce30HHUX ABUIIL
(mo1ris, mocyx, cHironaznis). BigTosai sHaHHS IPO KOCMOC HAaOYJIM IOCTiHHO-
'O PO3BUTKY ¥ CIIOHYKAJU JIOJNHY Ha IOIIYK, OCKIJIbKY KOKHE HOBE Bif-
KPUTTA IIOPOIKYBAJIO 1 HOBiI MUTaHHSI.

BaxksguBuMu 3aBJaHHAMU acCTPOHOMII cTaiM MOSACHEHHS i TPOTrHO3Y-
BaHHA ACTPOHOMIUHUX SABUII, TAKUX SIK COHAYHI I MicAYHiI 3aTeMHeHHA,
mosiBa KOMET, MMPOXOYKEeHHA MMOB3 3eMJII0 aCTEPOiliB Ta BEIUKUX METeop-
HUX TiJ.

11106 kpaiie nmisHaTH €BOJIOIiI0 3eMJIi, aCTPOHOMIiA 3aliMaeThbCsA BU-
BUEHHAM (PisMYHUX IIPOIIeciB, 1110 Big0OyBaOThCA B Haapax Ta aTMochepax
BimoMux HaM miaaHer. J[lociimkenHsa HeOeCHUX TiJ TO3BOJISE BiTIOBiCcTH Ha
OuTaHHAa 1moAo critikocti CoHAYHOI cucTeMu, BiporigHoCTi Hebe3meKu 3iT-
KHEHHS HAIOl IIJIaHeTH 3 KOCMiYHUMHU TiJlaMu.

AXTyarbHUMU Y HAII Yac JIAINAITHCA IP00JieMr BiIKPUTTA HOBUX
006’ekTiB COHAUYHOI cucTeMu, OOCIiAKeHHs IIPOIleciB, AKi BigOyBamThCs
Ha CoHIli, TOMY II10 Bij IX Imi3HAHHA 3aJIe;KUTh iICHYBAHHS YChOT'O JKMBOTO
Ha 3emJui. BuBueHHA eBOJIIONI] JajieKuX 3ip Ta mopiBHAHHA iX i3 CoHIleM
IOIIOMATaloTh YYEeHNM BU3HAUUTHU €TaIld MOr0 PO3BUTKY.

Cepen HaMOJIMIKUYMX IEPCIEKTUB Yy Tay3i acTpoHOMII mpiopureTHu-
MU 06’eKTaMu AJIA AOocaimKeHb obopani Micsamns, Conre Ta Mape. 3okpema
nporpama HACA nnanye HeBIOB3i 3miHICHUTHU IIEPINY B CBiTi eKcHeguIliio
3 acTpoHaBTaMu Ha UepBOHY IIaHeTy. IHIIIA MisKHapogHA KOCMiuHA IIPO-
rpaMa IIOB’s3aHa 3 OCBOEHHAM CYIYTHUKA 3eMJi I 3BeJeHHAM Ha HLOMY
CTaHIIil AJI aCTPOHOMIUHMX CIIOCTepeskeHb. 1le BinKpue mepes yueHUMU
HOBi MOJKJIMBOCTI JOCJIiAKEeHHA KOCMiUHOT'O IIPOCTOPY.

l'anysi acrponomii. 3B’430K acTpoHOMIl 3 iHIIMMHU HaykaMu. ACTpo-
HOMiUHIi MeToau MaloTh HAA3BUUYANHO BeJIMKe 3HAUEHHS He TiJIbKH B KOC-
MOHAaBTHIII, a 1 Ay HaBiramii y moperiaBcTsi Ta aBiamii. Ilpu ckiaamammi
reorpadgivHux i TomorpadgivHUX KapT, KaJeHJapiB JJis HAPOIHOTO T'OCIIO-
IapcTBa, BUPaxXyBaHHI HACTAHHS MOPChKUX IIPUILJINBIB i BiANJINBIB, BU3HA-
YeHHI CUJIV TSAXKIHHS B PIBHMX TOYKAX 3€MHOI ITOBEPXHi 3 METOIO BUSABJIEH-
HA TOKJAIiB KOPUCHUX KOIAJUH TAKOXK BUKOPHCTOBYIOTH aCTPOHOMIUHI
mami. ToOTO 3HAUEHHS aCTPOHOMII B JKUTTi CyYacHOTO CyCHiJIbCTBA HEMOMK-
JIUBO IIEPEOIiHUTH.
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Bctyn

AcTpoHOMis criopiHeHA 3 IHIMUMU IPUPOAHUUYNMU HayKaMmu — (isu-
KOI0, XiMiero, MaTeMaTuKOI0, OioJorieto, (ismocodiero, Tomy 110 Ha 3emi
1 y KocMOcCi AifoTh OOHI ¥ Ti caMi 3aKOHU IIPUPOIU.

CyuacHa acTpOHOMiA — HaJA3BUUYANHO PO3raJiy;KeHa HayKa, PO3BUTOK
AKO1 0e3IocepeHbO OB’ A3aHUH 3 HAYKOBO-TeXHIUHUM IIPOTPECOM JIIOCTBA.
AcTpoHOMisa mopinsgeThea Ha oKpeMi migposaiau (abo HAIPAMH), Y AKUX BU-
KOPHCTOBYIOTHCS BJIACTHUBI JIMIIIEe IM METOIM Ta 3aCO0U TOCJIiIKeHb.

AcTpomerpis — posain acTpoHOMIT, 1110 BUBYAE MOJOMKEHHA i PyX
HebecHHUX TiJ Ta IX cHCTEM.

Hebecna mexaHika — pPO3/iJ acTPOHOMIi, IIT0 BUBYAE 3aKOHU PYyXY
HeOecHUX TiJ.

Actpodisuka — posmaia acTporomii, 1110 BuBUae hisuuHi ABUIIA i Xi-
MiuHi mIporecu, AKi BimOyBaroThCs B HeOECHHUX TijlaxX, IX cucTeMax Ta
B KOCMiYHOMY IIPOCTOPI.

Kocmouoriss — posain actpoHoMmii, 1110 BUBYa€ MOXOAKEHHA, 0y 10-
BY Ta e€BOJIIOIiI0 BececBiTy K € IMHOTO I1iJIOTO.

IcTopis po3BuTkKy acrponomii. IlceBmonaykoBicTs acTpoJiorii Ta ii 3aB-
0auenb. POBBUTOK aCTPOHOMIUHOI HAYKHU IIPOMIIIOB JOBTUH IIJIAX Bif Bipy-
BaHb y HebecHi HaA3BUYANHI cUJIM MO 3aIlyCKy B KOCMOC JIIOJeil i aBTOMa-
TUYHUX CTAHIIN /I MTOCIiAMKEeHHA He TLIbKU HAaBKOJ03EMHOTO IIPOCTOPY,
a 1 immux niaaner COHAYHOI CUCTEMH.

HixTo He 3Hae, Koz JIFOAWHA BIEPIle MOMiTHIIA, IO 3a BUCOTOIO 3ip
HaJ TOPMU30HTOM MOKHA BHU3HAUYATH HiUHUWI Yyac Ta 3MiHYy IIip pory. AJe
Yac, KOJHW 30PSAHI CKYITUeHHs JIIOAU CTAJN Ha3WBATU Cy3ip’aMu, gaau im
iMeHa i ToUaJi CTEKUTU 34 IX PYXOM, IIePEeTBOPUB CIOTIANAHHS «Hebec-
HUX BOTHUII IIPeIKiB» HA HAWBaKJIUBIITY ONPaKTUUYHY HAyKy, ITIO 3JaTHA
mependavnTH, KOJU Kpallle 3a BCe CiATu Ta 30MpaTu BPOKall, UeKaTu ce-
30HY [OIIiB I PO3JIUBY PiUOK, K 0€3MOMUIKOBO 3HANTHU IMOTPIOHUH MIIIX
Yy HeBifjoMili MicI[eBOCTi.

MabyTb, came TOAi I BUHUKJIM MEPIITi acTpoHOMiuHi o6cepBaTopii. Ilpu-
KJIaJIOM MOJKe CJIYT'yBaTHU 3araJiKoBe CIOPYAKEHHA 3 TiraHTChKUX KaM fd-
HUX ILJIUT i Tpy0o ob6Tecanux 0puia — Croyuxenmx. [looskeHHA 1oro Ka-
MiHHS MO’KHA IIOB’SI3aTH 3 PiBHOMAHITHMMU aCTPOHOMIUHMMU SBUIIAMU,
110 JAa€ IIPUBiJ BBa)KaTH Ie AMBO IIPaJaBHbBOI ap-
XiTeKTypHU IepIo0 BeJINUYE3HOI0 aCTPOHOMIUHOIO
obcepBaTopi€io.

Barato TucavoJiTes Myaperli pisHux Kpaid Ha-
Marajucs 3po3yMiTu i onucaTu 6yI0BY KOCMiUHO-
ro ImpocTopy (10 pedi, faBHBOTPEIIbKE CJIOBO «KOC-
MOC» O3HAYAE «IIOPAMOK yCiX peueil, 10 OTOUYIOTh
Hacy»). [laBHi MmucauTeni, 3okpema Apucrapx Ca-

MOCBKUI (310_230 Pp. mo H.e.), BBaXaJu, IIIO CTOyHXeHA)K. Bik crnopyau
B 11eHTpi BeecsiTy poarammoBane CoHIie. Haniuye 5-6 TuC. pokiB
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IIpore 3 wacom 1i reHianbHi 3goragku OyJIu
3a0yTi — 1 HA JOBTi CTOJIITTA B acCTPOHOMII mpo-
BiJIHOIO cTaJia TaK 3BaHA 2€0UeHMPULHA cUucmema
ceimy, 1110 BU3HaUaja meHTpoM BeecBiTy Semutio.
Haii6inpioro po3BUTKY I Teopis HadyJia B MO-
Horpadii «Aabmarect» («Bemuka mobGymoBa»)

: L —F1 et el P v o -
ARG Lo o 35 "-'-"/”“""" & aJeKCaHAPiChKOTO aCTPOHOMA, reorpada u mMa-
=Ll S e o b 5L :

3 & ; rematuka Kiaasnia IItomemes (6s1. 100-170).

N 3 3 3 .
gl e, P LS s

IntocTpauia 3 KHuru Anb-bipyHi,
[e nokasaHi pi3Hi ¢a3m Micaua

¥V I tuc. H.e. HaWBU3HAYHIIII acCTPOHOMIiUHI
BiZKpUTTA 3pobuau apadbebki actponomu. ¥ Bar-
mani, Kaipi, micrax Cipii Ta Cepenuboi Asii Oyu
3BelleHi oOcepBaTopii, cKJIameHi mepiri TabamIti

pyxy Micanga i mimaneT, BUHANWAEeHI aCTPOHOMIUHI TpUJIaAU /s BUSHAYEH-
HSI BUCOTHY HeOeCHUX CBITUJ HaJ JIiHi€l0 ropu3oHTy (KBaApaHTU) i CIOCTe-
pesKeHb (CeKCTaHTHU).

Omap Xaiiam (1048-1131) BucyHyB HaA3BUUANHO CMiJINBe IPUNIYIIEH-
HS IPO iMOBipHICTH HAaCeJIEHOCTI AaJleKUX CBiTiB I HECKiHUEHHICTH HAIIO-
ro Bcecsity. Aab-Bipyni (973—-1048) y nmpamax 3 acTpOHOMIi ommucaB Ti-
more3y po pyx 3emyi HaBKoJsio CoHIa. BiH cTBepAKyBaB Ipo OJHAKOBY

M. KonepHuk

Boruauy npupoxay CoHIig # 3ip, Ha BiazMiHy Big TeMHUX
TiJl — IJaHeT; 3a3HauaB, 110 30Pi MalTL HabaraTo OiIb-
11i po3mipu B mopiBHAHHI i3 3emnero. Takoxx Anb-Bipymi
onucaB pisHi pasu Micsa.

Mipso Yayroek (1394—-1449) y Camapkanai 3ampo-
BAAWB 10 BUKOPUCTAHHS COPOKAMETPOBUII CEKCTAHT, 3a
JIOTIOMOTI'0I0 AKOT0 Mir obuucsoBaTu pyx CoHIla 3 Heba-
YEeHOI0 [0 TOTO Yacy TOUHiCTIO.

Teopis reomeuTpuuHoi 6ymoBu BeecBiTy mpoicHyBa-
aa go XVI cr., Kosu BigOyBCcA MEePITNiT PEBOJIIOIi THU
mepeBopoT y cBitoraani. IlonbebKkuii actponom Muko-
nat Konepauk (1473-1543) y npamni «IIpo obeprau-

HA HeOEeCHUX TiJI» IPEACTABUB BJIACHY 2e/i0UeHMPULHY CUCMeMy C8Imy.
3a #oro Teopiclo, IeHTpaJbHe Miciie Hae:KuTh COHII0, a 3eMJd Ta iHIri
IJIaHeTu 00epTalThCA HABKOJIO HBOTO II0 KOJIOBUX (He eIinTuuHuX) opoi-

I. Faninen

tax. Ile BiZKpuTTa majsio KJaou A0 midHaHHSA Bcecsity,
ajie 111e noBTO BueHHdA IITONIEMesa He IMOCTymaJsocsa Mic-
IeM HOBi# Teopii.

OcraTouHO 3aTBepAuB BueHHA KomepH1UKa, OTPUMAaB-
mu 0es3lmepedHi JOKa3u Moro mpaBAUBOCTI, iTadilicbKUi
disuk, mexauik i acrpoumom Iamimeo Taminmeit (1564
1642). Hum 6yna BusiBiieHa 3miHa (a3 Benepu, 1110 cBig-
gujo mpo ii obepramusa came HaBKoJio COHIIA, a He 3eMJIi.
Taxoxx INamiseit 3a 1OIIOMOT00 HANIIPOCTIIIIOTO TEJIECKO-
na mobaumB Ha Micari ropu it KpaTepu, BiIKPUB YOTHU-
pu cynytHuKu FOmitepa.
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Cyuacuuk Tamxinea Moraunu Kemrep (1571-1630)
ycJIaBJIEHUI TUM, IO, 3AIACHIOIOUM CIIOCTEPEKEHHA 3a
pyxom Mapca, BUBHAUMWB TPU 3aKOHU PyXy IaaHer. Ile
CTaJI0O 3HAYHUM IIPOPUBOM Y PO3BUTKY YSABJIEHbD IIPO Oy-
noBy COHAYHOI CCTEMU.

Amnrniiceknuii suenuii X VIII ct. Icaak HeroToH Bif-
KPUB OCHOBHI 3aKOHHM MeXaHiKM Ta 3aKOH BCECBiTHBLO-
ro Tsa:KiHHA. BiH 10BiB yHiBepcalbHICTD CUIM TAXKIHHA
(rpagsirarrii), 1110 Kepye PyXoM 3ip i raJakTHUK.

Haiipuparuimuit yuenuii XX cr. Anpbept AifiH-
mraiiu (1879-1955) cTaB 0CHOBOIIOIOKHUKOM 3araJIbHOI
Teopii BiTHOCHOCTI, 3aBAAKY AKill iHTEHCUBHOT'O PO3BUT-
Ky HaOyB po3iJl cyyacHOI acTpoHOMIii, 1110 BUBUAE ITOXO-
IoKeHHs, OyIOBY ¥ eBOJIOIiI0 BececBiTy AK €1MHOTO ITi-
JIOTO, — KOCMOJIOTid.

Bctyn

Actpoaoria (rperm. acTtpov — 3ipKa, A0yog — BUEHHs) — IapaHay-
KOBa crucTeMa 3HaHb, COMPAIOUYNCh HA AKY, HIOMTO MOYKJIMBO 3a PO3Ta-

IIyBaHHAM He0eCHHUX TLJI ImependadyaTi MamiOyTHE.

AcTpoHOMIiIO iHOMI CIOPigHIOIOTH 3 aCTPOJIOTIEIO,
OCKiIbKU BOHM MAaWTh cxX0XKi HaszBu. HacmpaBai Mmixk
MUMH IIOHATTAMU iCHY€ CyTTEBA BiIMiHHiCTL. ACTPOHO-
Mif cIMpaeThbCcA HA HAYKOBI METOOM HOCTiKEeHHS: CIIO-
cTepesKeHHsA, BUMiPIOBaHHS BeJUYUH, CIEKTPAaJbHUN
aHaJi3, IMepeBipKy AOCTOBipHOCTI BimomocTeii y Jj1abo-
paropiax. [jga nporHo3dyBaHHA OyAb-AKUX KOCMIUHUX
ABUIIT a00 IXHBOTO aHaJIi3y 3aCTOCOBYIOTh 3aKOHU (PisuKu
Ta MEeXaHiKM, IPOBOAATh MaTeMATHUUYHI OOUMCIIOBAHHS.

Axio aia acrposiora HeGecHi Tisa HagiaeHi ocobau-
BUMHU XapPaKTePUCTUKAMI, 3yMOBJIEHNMU IXHLOIO CYTHI-

|. HbloTOH

CTIO, TO ACTPOHOM PO3TJIAnae HebecHi Tija AK (pisuuHi 06’€KTU 3 peaJbHU-
MU, TOBEIEHUMU ILJIAXOM JOKJIATHOTO NOCJIiIKeHHA BIaCTUBOCTAMU.

BigminHOCTi Misk acTpoHOMIi€IO Ta aCTPOJIOTiEI0

AcTtpoHOoMis

Actposoris

Ogimifima Hayka

ITapanaykoBa cucreMa 3HaHb

Hocaimxye 6e3mocepefHbO KOCMiU-
Hi 06’eKTHU i1 6ymoBy BeecriTy

BuBuae 3ajexHicTh XapakTepy
i JKUTTEBOTO ILIAXY JIOAWHU Bif
BILJINBY HeOeCHUX TiJ

Bynbs-saxe mososkeHHA migKpiniie-
He HaYKOBUMU JOKa3aMH Ta JOCJIi-
JOKEeHHAMN

BigcyTHi HayKOBi 1OKa3m TBEP-
IPKEHb
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Bctyn

SHauYeHHS aCTPOHOMII /151 (JOPMYBaHHS CBITOIVIAMY Ta KYJIbTYPH JIIO-
auHu. O0’€KTH TOCTIIKEeHHSI Ta MPOCTOPOBO-YACOBiI MacmITabu B acTpo-
HoMili. ¥V OyAb-AKi yacu acTpoHOMis 3milfiCHIOBAJIa BeJUKUI BIJINB Ha
OPaKTUUYHY TiAJbHICTDL JIIOAUHU, ajie TOJOBHe ii 3HaueHHA IoJaATrae y (op-
MyBaHHI HAYKOBOTO CBiTOTJIANY.

HaiirosoBHimum cTuMyJsioM A1 PO3BUTKY aCTPOHOMII cTaso 6arkanuA
JIIOJIeH OCATHYTH CYTHICTH peueil, YCBiIOMUTHI CIPABIKHE IIOJIOMKEHHA 3eM-
Jai y BeecsiTi, misHaTH TaEMHUYI 3aKOHU KocMocy. IIpoTarom ychroro cBoro
icHyBaHHS IIA HayKa 3aJ0BOJIbHSJIA TOTPeOU JIIOACTBA B IMIOACHEHHI ITOX0-
MUKEeHHA U PO3BUTKY HABKOJUIITHBLOTO CBiTY, MOMIyRY icTuHU. Bigirpamoun
BeJINUE3HY CBiTOTJISAAHY POJIb, AaCTPOHOMIiA 3aBXK/AU MOcigasa yijbHe MicIe
B IYXOBHOMY KUTTi 0COOMCTOCTI I CyCIiJIbCTBA.

B acTponoMii KOKeH 00’€KT iCHY€e y BJACHUX IIPOCTOPI ¥ yaci, 110 cTBO-
PIOIOTH Hioro criertudiky. ¥ 3araabHOMY PO3yMiHHI mpocTip — 1e opma cra-
JiocTi, 30epekeHHs 00’ eKTa Ta Horo sMicTy, a yac — (popMa PO3BUTKY 00’ €K-
Ta, BHYTPilTHA Mipa OyTTA Ta camo3HuIenHa. [IpocTip i yac JOMOBHIOIOTH
OJlHEe OJHOIO, i UMM CKJIALHIIINKA 00’€KT, TUM CKJIAAHIIINMU € IIi (POPMH.

ITisHaHHS 0cO0JIMBOCTEN MPOCTOPY i YaCy € iCTOPUUHUM ITPOIIECOM, IITO0
BizOyBaeThCsa Ha OCHOBI IPaKTUYHOI AiAJBHOCTI JI0oAeli, IXHBOIO JOCBiAY.

' ) Ona ponutnneBmnx

ActpoHoMiuHi mocaimkeHHA B YKpaiHi MaioTh HaBHI TpamguMIrii.
3a uaciB K01 1001 ocepefKaMu TaKUX JOCIiIMKEHb Oy MOHACTI-
pi. Came B maBHIX JiTommcax MoOKHA 3HAWTU CBiZOIITBA IIPO CIOCTEpPe-
JKeHHs KocMiuHux sasuil. Tak, y JlaBperriiBcbkomy jgiTommci 1064 p.
Brepire 0yJio 3ad)iKcoBaHoO COHAUHE 3aTeMHeHHs. CTapOBUHHI TEKCTH Ta-
KOJK PO3MOBial0Th IPO MOAiOHI MpuUpoaHi ABuUINa, 1o craaucsa 1091 p.,
1115 p. ITikaBo, 110 TaKi BiJoMOCTi BUABUINCA I[IHHUMU He JIUIIIE B ra-
Jy3i acTpoHOMIil, a ¥ icTopii, OCKiIBLKM JO3BOJISIOTH 3 BEINKOI TOUHI-
CTIO BCTAHOBJIIOBATHY ATy BU3HAYHOI MO/il, 3 AKOIO JIITONMCI[I HEOAMiH-
HO TIOB’s3yBajJl HaCTaHHA 3aTEeMHEHHS.

G KoHTponbHi 3anuTaHHA

1.IITo BuBuae acrpouomia? Illo symoBmJio ii opMyBaHHA AK HAYKU?

2.3 AKUX PO3MIiTiB CKIamaeTbcsa acTpoHoMisa? CTucio cxapaKkTepuayiiTe
KOXKHUM i3 HUX.

3.PoskaxiTh Ipo OCHOBHI mepiogu Po3BUTKY acTpoHOMii. OnuuritTes ro-
JIOBHIi BiZMIiHHOCTI Mi’X acTpPOHOMIi€O Ta acTpPOJIOTi€O.

4. A mocaimxeHHS aCTPOHOMIUHUX SBUI BILIMHYJIO Ha PO3BUTOK JIIOX-
CTBa B JaBHUHY? fIKe 3HaUEHHS Ma€ aCTPOHOMIis B JKHUTTi Cy4acHOTO
cycmiabeTa?
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Tema 1. Heb6ecHa cdepa.

Pyx cBiTn Ha HebecHin cdepi

Heb6ecHi cBiTna n He6ecHa
cpepa. Cysip’a. 30pAHi BennunHun

Heb6ecHi cBitTuaa i medecua chepa. OcHoBHI
TOYKH, JIiHIl Ta miaomuHu HebecHol chepu. Ilix
Yac CIIOCTEPEe’KeHb 3a 30PAMM HaM 3JAEThCHA, IO
BCi HeOecHi cBiTMJIa po3TaIllOBAaHI HA HOeAKill ysaB-
Hilt chepuuHiit moBepxHi Heba i OAHAKOBO Biagae-
Hi Bix cmocrepiraua. Hacmpasai BoHU posTaliioBa-
Hi Ha pisHuxX Bigcranax Bix 3emui (puc. 1.1). Tomy
YABHY ITIOBEPXHIO HEOOCX MY IOYaJI HA3WBATHU He-
o6ecHoro cpeporo (puc. 1.2). [Touarta HebecHa cghe-
pa mae 3MOTY BUSHAQUUTU KYTOBi BificTaHi MixK J1O-
BiIbHUMU HeOECHUMU CBiTHIaMMU.

IIpsamoBucHoO JiHi€ero (ZZ') Ha3uBaIOTh IIPHA-
My, AKa IPOXOJUTH Uepes IeHTp HebecHol chepu.
Ii manpaMok sajmaeTbca cuiIoO0 TAXKIHHA Semii
B TOUIIi CIIOCTEPEKEHHS i BUBHAUAETHCSI 3a JTOIIO-
MOT'0I0 BUCKAa-TATapIsd, IMiABIiIIIeHOTO0 Ha HUTII.
3eHiT (Z) — BepXHsd TOYKA MEPETHUHY MPAMOBUC-
HOI JIiHil 3 HeOecHOIO cepoio, a Hagup (Z') — Tou-
Ka HebecHOI cdepu, mpoTuiaerkHa 3eHiry. Ilmomu-
HY, AKa IPOXOIUTH Uepes IeHTp HebecHOI chepu Ta
€ IIePUEeHINKYJIAPHOIO 10 MPAMOBUCHOI JiHil, Ha3M-
BAIOTh ILJIOUIUHOI) MAaTEeMATUIHOTO (CIIPABKHBOTO)
TOPHU3O0HTY.

Benuke kKoo HebecHOI cepu, AKe IPOXOIUTH
yepes 3eHiT, CBiTHMI0 ¥ Hagup, HA3WBAIOTh KOJIOM
BHCOTH, 200 BepTUKAJIbHUM KoJioM (ZMZ').

Bics cBity (PyPs) — 11 mpama, 1110 TPOXOAUTH
yepes IeHTP HebecHOI cdhepu mapasesbHO oci o0ep-
manna Semsi i iepeTuHae HebOecHY cepy y JBOX
JiaMeTpaJibHO MTPOTUJIECKHUX TOUKAX.

Touka mepeTuHy oci cBiTy 3 HebecHoOIO che-
poio, mobsin3y saKoi poaramioBana [losspHa 30p4,
HasuBaeTbca IliBHiuHUM moarocom cBity (Py),
3 IPOTUJIEKHOT0 00Ky poaraiopauuii IliBmenunii
moaroc cBity (Pg).
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Puc. 1.1. 3opi B cysip’i OpioH

Puc. 1.2. HebecHa cdepa

O — ueHTp HebecHoi cdepu (micue
po3TallyBaHHA crocTepiraya);

Q — BepxHsa TouKa HebecHoro
ekBaTopa; Q' — HWXKHA TOUKa
HebecHoro ekBatopa; M — cBiTuno

He6ecHa cpepa — chepuryHa
NoBepXHA JOBIILHOrO pagiyca

3 LLeHTPOM Y AOBINbHIN TouLi
NpoCTOpYy, Ha AKil po3TallyBaHHA
HebecHWX Tin 306paxakoTb

y Takomy BUrAgi, AK iX BUAHO

3 L€l TOYKN Yy MEBHUIN MOMEHT
yacy

Cysip’a — pinAHKM HebecHOT
cdhepu, Ha AKi NogineHi okpemi
rpynu 3ip AnAa 3py4YHoCTi
OPi€EHTYBaHHA
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Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi

ALigd adig

Puc. 1. 3. Eknintuka

Touky HebecHoro ekBaTtopa,
yepes Aky CoHLe nig yac
CBOrO PyXy MO eKAinTuLli
nepexoguTb 3 iBaeHHOT
niBKysi He6a B MMiBHIYHY,
Ha3nBalTb MOYKOI
8€CHAHO20 PiBHOOEHHH.
Touka HebecHoro
ekBaTopa, yepes aKy CoHue
nepexogunTb 3 [iBHIYHOT
niBKysi HebecHoi chepu

y MiBaeHHy, — mouka
OCiHHbO20 PiBHOOEHHS

HebOecHuii ekBaTop — BeJIMKe KOJIO, AKe IPOXOIUTH
yepes MeHTp HebecHOoI cdepu i mepneHAUKYIAPHE 0 oci
cBiTy. Bin ginuTe HeGecHy chepy Ha IliBHiUHYy HmiBKYIIO
3 BepiuHOO B [IiBHiuHOMY moJTIoci cBiTy Ta IliBmenny —
3 BepiuHoio B I[liBgenHOMY 1OJIIOCI CBiTY.

Koo cxunens ceituiaa (PyMPg)— me Benuke K00
HebOecHOI cepu, IO IPOXOIUTHL Uepesd IIOJIIOCU CBiTy
11 came cBiTHIIO.

Benuke Koo mebecHol chepu, AKe IPOXOIUTEL Ue-
pes TOUKU 3eHiTa, Haaupa Ta MOJIIOCHU CBiTYy, HA3WBAIOTh
HeOecHUM MepugianoM. Bin mepermHaeThCcsa 3 MaTeMa-
TUYHUM TOPU3OHTOM y JBOX AiaMeTpPaJbHO ITPOTHUJIENK-
HUX TouKaxX. Touka mepeTuHy MaTeMaTUIHOTO TOPU30H-
Ty ¥ HebecHOro Mepuiiana, Hanoau:Kua go IliBHiuHOTO
moJIIoca CBiTy, Ha3uBaeThcA TOUKOIO miBHOUI (N). Touka
ePeTUHY MaTeMaTUYHOTO TOPUSOHTY i HeGECHOTO Mepu-
miama, HamOmukua o IliBgeHHOrO IOJIOCA CBiTY, Hasu-
BaeThcA TOUKOIO miBaHA (S). IIpama, 110 moegHye TOU-
KW TiBHOYI U ITiBAHA, HA3WBAETHCSA MOJIYIEHHOIO JiHi€I0
(NS). Bona JexuTh Ha ILJIONIMHI MaTeMaTUYHOTO TOPU-
30HTY.

MaremaTruuHUI TOPUBOHT 3 HeGECHUM €KBAaTOPOM Ta-
KOJK MepPeTWHAIOThCA Y ABOX AiaMeTpPaJbHO MPOTUIEHK-
HuX TouKax — Toulli cxoay (E) & Toumni saxomy (W).
SKIro crocTepirau cToiTh B 1eHTPi HebecHOI chepu 00-
JIUYYSAM 0 TOUKH IIiBHOUi, IpaBOPYY Biff HHOTO Oyae pos-
TalroBaHa TOUYKAa CXOY, a JiBOPYyY — TOUKA 3aXOny.

Bupgumwnii pivnuii miaax CoHIA cepej 3ip Ha3WBAIOTh €KJINTHKOIO
(puc. 1.3). ¥ miomuHi eKJIINTUKY JeKUTh opbiTa 3eMJii, ToOTO Ii IIax
HaBKoJio Cound. EkrinTuKa meperuHae HeOecHUT eKBaTOP B TOUKAaX Bec-
uaroro (Y, 6aussko 21 Gepesusa) i ociHHBOrO (£, 6aU3bKO 23 BepecH:A)

PiBHOIEHHH.

AcTpoHOMi4YHa oAVHU-

ua (a. 0.) — cepepHs Big-
CTaHb MiX LieHTpamun 3emni
Ta CoHus.

1a.0.= 150" 10° KM

CeiTnoBun pik (cB. pik) —
BifICTaHb, AKY NPOXOAUTb
CBIiT/IOBUN NPOMIiHb 3a

1 piK, pyxatouuncb 3i
weunakictio 300 000 Km/c.

1 cB. pik = 10" Km

10

Cysip’a. Bigcrani B KocMivyHOMY IIPOCTOPi Taki Be-
JWKi, 110 BUMipIOBaTHU iX y 3BUYaHUX OJId HAC Kijome-
Tpax HEe3Py4YHO, TOMY ACTPOHOMU BUOPAIU OAUHUIAMU
BUMipIOBAaHHA ACMPOHOMIYHY 00UHUYIO Ta C8IMA0BUIL
PIK.

3a mexxamu CoHsuHOI cucTeMu, Ha BimcTaHi moHaz
100000 a. 0., TOYMHAETLCA 30HA TAKIHHSA iHIIUX 3ip.
Heos6poeuum okom Ha HeOi Mo:KHA M06aUYUTH OJIMBBKO
3000 sip, aki yreopoooTs 88 cysip’iB. Hacupasni 3ip Ha-
boararo OinbIlle, aje Bif JaJeKWX CBIiTMII HAAXOIUTH TaK
MaJIo CBiTJIa, 110 IX MOKHA CIIOCTEpPiraTu TiJIbKU B TeJje-
cKoIl. BeslmKi cKymueHHA 3ip, IO YTPUMYIOTHCA CHUJIOIO
TAXKiHHS, HA3WBAIOTH FaJJaKTUKAMU.
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

Hesaki Bimowmi cysip’sa micTaTh goope momiTHi diry-
Pu, CKJIaJeHi ACKPaBUMU 30PAMHU, IKi JErKO BITi3HATHU.
Hamnpuraan, Bearuka Begmenuiis (KoHTyp Kobima), Opi-
oH (¢dirypa MmucauBIis), JIeB (KOHTYp JesKadyoro Jjesa),
Cxoprmion. Iuri cysip’a He MaloTh TaKUX BUSHAUEHUX
KOHTYpPiB 1 MicTaATh MeHII sickpaBi 3opi. Posmoxmin 3ip
MiXK cy3ip’saMu HOBiJIbHUM, i Pi3HI KYJIBTYPHU BUIIIAIOTH
Ha HeOi pisHi cysip’a. OgHak AeKiaTbKa HaAWIIOMIiTHIIIIIX
KOHTYPiB, CKJIAAEHNX SCKPABUMU 30PAMU, BUIIIAIOTH-
cd OiIBIITICTIO KYJIBTYP, X04a 3a3BUYail BOHU OTPUMYIOTH
pisui massu. Takum € cysip’sa Opion (puc. 1.4). Puc. 1.4. Cysip’a OpioH

Ona ponutnuneunx

31e6iabIioro yKpaiHChKi Has3Bu cy3ip’iB € mepeKagaMu I'PEIbKUX
abo JaTUHCHKUX Ha3B. AJle I0J0 OKPEeMUX Cy3ip’iB BiKMBAIOTHCS 1 HAa-
ponnui HasBu. Tak, Benuka Begmenuiiss — 1me Benuruit Bis, Mama Ben-
menuna — Manuii Bis, Kaccionea — Bopona, a6o Ilacika, [leabhin —
Kpununsa, nosac Opiona — Kocapi, Open — [liBumHa 3 BifpamMu, a 30pAHe
crymuensda Ilneagu — Croxxkapu, Yymanbprui Ilnax.

3opaAHI BeauuyuHu, YIIepiie YMOBHY IIKAJy 30PSIHUX BEJIMYUH BBiB
IJIsT BUSHAUEHHS SCKPaBOCTi 3ip rpenbkuit acrporHom I'inmmapx y II cr. mo
H. e. Toxi acTpoHOMU BBaKaJyu, 110 30Pi PO3MiIeHi Ha OMHAKOBINA BifgcTa-
Hi Big Semi, ToMy SCKpaBicTh 3a/IeKUTEL Bif podaMipiB nmux cBiTuia. 3apas
MU 3HAEMO, II0 30Pi HABITH B OJHOMY CY3ip’i po3TaIIOBYIOTHCA HA PiBHUX
BifcTaHaX, TOMY BUAMMA 30PSIHA BeJINUNHA BU3HAYAE TiIbKU NeAKY KiJlb-
KicTb eHeprii, AKy pPeecTpye HaIlle OKO 3a MEeBHUI ITPOMisKOK Uacy.
Tinomapx poszgisius yci Buaumi 30pi 3a sickpasicTio Ha 6 cBOepigHMX
KJiaciB — 6 3opaAHMX BesqmumH. Halisickpasinri — 30pi mepioi Besauum-
HU, OigbIn caabKi — apyroi, a HalicaabIiri, AKi JegBe BUAHO HAa HiYHOMY
HeOi, — mroctoi. ¥ XIX cr. auriaificeruit actpoaom H. ITorcon (1829-1891)
JOMOBHUB BU3HAUEHHS 30PSHOI BEJIMUMHU IIe OJHi€I0 YMOBOIO: 30DPi mep-
1101 30psAHOI BesmunHU MaoTh 0yTu y 100 pasiB sckpasinri 3a 3opi mroctol
BeJIMYMHU. BUAUMY 30pAHY BeJIMUUHY IT03HAYAIOTH JIiTeporo m. s 0yab-
AKUX 30PIHUX BeJIUUYUH M,, M, OyIe cIpaBeauBe TaKe CIIiBBiAHOIIEHHS
ix AckpaBocTi E; Ta E,:
£ _100tlme-m) (1.5)
E2
Buguma 30pdaHa BeJuunHAa M BU3HAYAE KiJbKiCTh CBiTJIA, IITO ITOTPAII-
Jsde Bim 3opi mo mamroro oka. Haiicimabrri 30pi, aKi e MosKHA IT00AYUTH
He0o30pOEHUM OKOM, MaloTh m = +6m. PiBHauusa (1.5) Ha3uBawOTh POpPMY-
oo ITorcona. AckpasicTs E (hakTHUHO BU3HAYAE OCBiTJIEHICTD, SKY CTBO-
POIOTH 30pi Ha moBepxHi 3emui, ToMy BennuunHy E Mo)KHa BUMipooBaTH

11
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Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi

JKCAMU — ONUHUIAMU OCBiTJIEHOCTI, sIKi 3aCTOCOBY-
I0Th y Kypci ¢isuku. 3riguo 3 popmysoio (1.5), AKII0
Pi3HHUIA 30PAHNX BEJUUYUH ABOX CBiTMJI JOPiBHIOE OqU-
HUIIi, TO BigHOIIIeHHA OJUCKY Oyne ~ 2,512.

s BUBHAUEHHSA BUAMMUX 30PSHUX BEJIUUYUH He-
0ecHHUX CBiTUJI aCTPOHOMU B3fAJHU 3a CTAHAAPT TaK 3Ba-
Huit IligHiuHUll noaApHUL psad — 1e cyKymHicTb 96 3ip,
posTamoBaHUX HaBKOJIO IliBHiUWHOTO moJifoca CBiTy.
Puc. 1.6. MonspHa 30ps Haitisckpasimia cepen aux — Iloasapua 3opa (puc. 1.6)

Mae€ 30pAHY BeJIMUYUHY m = +2m.

Y 6iHOKJBb BUIAHO 30pi M0 +8m, Yy MIKiIbHUN TeJeCKON BUIHO CBiTHMJIA
no +11m, a 3a TOIOMOI'0I0 HAMOIIBIITNX TEJIECKOIIiB CyYacCHUMU METOJIaMu
MOJKHAa 3apeecTpyBaTu cjaadKi rasakTuku no +28m. [lyske ackpasi Hebec-
Hi cBiTMJIa MaIOTh Big’eMHY 30pAHY Beanunny. Hampukias, HalisscKpaBiia
3opda Hamroro Heba Cipiyc Mae BuguMy 30pAHY Beaunuuny m = —1,6m, niasa
Halisickpasimoi miranetu Bernepu m = —4,5m, a naa Coung m = —26,7m.

Haiisickpagiuri 3opi

Hassa Cysip’a Bigcrans (cB. p.) | 3opsdHa BeJInuuHaA
Cipiyc Beaukwuii ITec 8,6 - 1,47
o Kenraspa Keurasp 4,3 -0,27
ApKTYp Bouomac 36,7 - 0,04
Bera Jlipa 25 + 0,03
Kamneana Biszununii 42,2 + 0,08
Piresn Opion 870 + 0,12
IIpomion Maunuii ITec 11,4 + 0,38
Berenbreiize Opion 530 + 0,50
AnbTaip Open 16,8 + 0,75
Anbpnebapan Tenensn 65 + 0,85
Amnrapec Cropmion 610 +1,09
TTomnyke Bausaara 33,7 + 1,15
Heneb Jlebinn 1550 + 1,25
Peryn JleB 69 + 1,35

G [isHaTeca Nnpo noxoA»eHHA Ha3B 3ip i cucTemy iX NO3HaYeHHA.

G KoHTponbHi 3anuTaHHA
1. IJo posywmiroTs mig HebGecHOIO ceporo? [latiTe BUBHAUEHHSA OCHOBHUX

TOYOK, JIiHi#i i miaomue HebecHOI chepu.
2. IIpurazgaiite i chopMyar0iiTe PiBHUITIO MiK 30pAMHU Ta IIJIaHETAMMU.
3.PoskaxiTe, AK cysip’da orpuMmasu Ha3zBu. HasBiTh HaWBigomimIi cy-
3ip’a. fIK Bu BBaskaeTe, HABIIO JIOAM MOYaaW 00 €IHYBATU 30PAHI
CKYIIUeHHA B cy3ip’a?
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

4. O6uMCaiTh TOUHE 3HAYEeHHs BeJUUNHHU (0 TPEeThOro 3HaKa) 1 CB. POKY

B KijlomeTpax.

5.3a AKMM OIPUHIIAIIOM CKJAaJeHa INKaja 30pAHuX BejunuuH [nmapxa?

1o posymitoTs g 30pAHOI0 BEIUUYNHOIO?

@ Bu3HaueHHA BigcTaHen A0 HebGecHMX Tin.
Heb6ecHi KoopauHaTh

BusHaueHHd BigcTaHeil MeTOIOM ropM30HTAJIBHOIO Mapajakca. Pamio-
Jokarinuuii meron. BusHauenHs Bigcramein no Tia CoHAYHOI cucTeMu 3a-
CHOBAHO Ha BUMipIOBaHHI IX rOPU3OHTAJBHUX Tapanakcie. Kyt p, mig akum
3i cBiTMJIa BUOHUN panxiyc 3emuti, IepHeHANKYJIAPHUN 0 IPOMEHs 30Dy,
HA3WBAIOTh TOPM3OHTAJIBHUM napaaakcoMm (puc. 2. 1). Yum 6inbIioro € Big-
CTaHb /IO CBiTHJIA, TUM MEHIIUM € KyT p. [IpunycrTumo, 110 moTpibHO BUMi-

paru Biacraus L Bix menTpa 3emuti O mo cituiaa S. 3a
6asuc 6epyThb pagiyc 3emi Ry i BumMipioors KyT LASO =
P — TOPU3OHTAJbHUN ITapajakKc CBiTHJIa, TOMY II[O OHA
CTOpOHA MPSIMOKYTHOT'O TPUKYTHUKA — KateT AS € ro-
PUB3OHTOM AJIS TOUYKU A. 3 IPAMOKYTHOIO TPUKYTHUKA
OAS BuszHauaemo rinorenysy OS:

R

sinp

OS=L=

(2.2)

Onsa Toro 1106 BUBHAYUTY TOPU3OHTAJILHUM mapa-
JakKc ceiTuiaa S, moTpi6HO ABOM cIIocTepirauaMm ogHOUYAC-
HO 3 TOYOK A i B BuMipaTu HeGeCHi KOOpAUHATU I[HO-
ro cBituiaa. I1i KoopauHATU, AKi BUMipIOIOTH OLHOYACHO
3 IBOX TOUYOK — A i B, Tpoxu BigpisuaTumyThcsa. Ha oc-
HOBI I1iel pi3HUII KOOpAMHAT BU3HAYAIOTH BEJIUUYUTHY I'0O-
PUBOHTAJBLHOTO ITapajakca.

Yuwm paii Bixg Semii crmocrepiraeTbesa CBiTHIO0, TUM
MeHIIle Oyae 3HaUeHHA IIapajakca. Hampukjian, Haii-
OLJIBIINKI TOPU3OHTAJIBHUN Imapaakc mae Micailb, KOJIu
BiH mepeOyBae HaOamKue mo Semui: p = 1°01".

T'opusoHTanbHUI Mapajiakc mjaHeT HabaraTo MeH-
IINi, 1 BiH He 3aJIUIIAE€THCA CTAJINM, aasKe BigcTaHi Mix
3emJielo Ta JIaHeTaMU 3MiHIOIOThCs. Cepes IIaHeT Hal-
binmpInuii mapanaxkc mae Benepa — 31", a HaliMeHIITHI
napasakc 0,21” — HenryH.

3opi posTarmroBaHi B MiIbiioHY pasiB maui, HiK CoH-
me, TOMYy TOPU30HTAJbHI mapajakcH 3ip BiAmoBigHO
B MiJIbIOHM Pa3iB MEHIIIi.

Hna BusHaueHHs BifcraHeil no Tin CoHAYHOI cuc-
TeMU KOPHUCTYIOThCA HANOIiJIBIII TOUHMM METOILOM BU-
MiproBaHHA — padionokauiilHum. Bumipasimu uac t,

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

S Csituno

Puc. 2.1. Topu3oHTanbHMm
napanakc p cBitina
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Tema 1. He6ecHa cdepa. Pyx cBiTun Ha HebecHin cdepi

HeoOXimHuI AJd TOTO, IT00 PALioOIOKAIIMHUNT iM-

YsaBHa HeGecHa cpepa . . .
IIyJbC AOCAT HeOecHOro Tija, BigOuBcA ¥ moBep-

[OBINIbHOrO pajiyca gonomarae

BM3HAUNTIN KOOPAVHATH HYBCsA Ha 3eMJII0, 00UMCIIOIOTh BiicTalb L 10 IbO-
HebecHVX CBiTWN ro Tija 3a (opmMyII0I0

He6ecHi KoopanHaTn — uncna, L= ci, (2.3)
3a JOMOMOTOI0 AKMX 3a3HaualoTb 2

NMonoXKeHHA 06’eKTa Ha HebecHIN Je ¢ — IBUAKicTh cBiTia ~ 3-10% m/c.

chepi 3a IOIIOMOroI0 pajmiojioKallii BU3HaUeHi Haii-

O0inbIn TouHi 3HaueHHda BixcraHel o Tia Comsu-
HOI cucTeMHu, YyTOUHEHi BifcTaHi MiK Marepu-
KaMu 3eMJIi.

Hebecui xoopaunatu. B acTporomii moso:xeHnus ciTua Ha Hebi BuU3HA-
YaloTh 3a BiJHOIIIEHHAM A0 TOYOK i Kis HebGecHoi chepu. Ii HebGecHi Koop-
IUHATU MOAi0HI 10 reorpadiunHmx, SKi BUKOPUCTOBYIOTH AJIS OPi€eHTYBAHHS
Ha nmoBepxHi 3emui. HebecHi KoopauHATH BiIlpaxoBYIOTh AyTraMi BEJIUKUX
Kig abo IeHTpaJIbHUMU KyTaMU, III0 OXOILIIOIOTH IIi TYTH.

Ha nebecwuiii i semHili chepax MoKHA IIPOBECTH AeAKi KoJia, 3a IOMO-
MOT0I0 AKMX BU3HAUAIOThCA HebecHi KoopauuaTtu cBitua (2.4a). Ha sem-
Hi#l cdepi icHyOTH ABiI 0c0o6MBI TOUKM — reorpadiuHi mosirocu, e Bich
obepTaHHs 3eMJIi ITepeTruHAaE moBepxHIo miaanetu (N, S — sigmoBiguo ITis-
"Hiuaui ta [liBnennnii moatocu). Ilromneua 3eMHOT0O eKBaTOpa, AKa AiJIUTh
Hamry aaHety Ha [liBriuny Ta [liBgeHHyY miBKYyJIi, TPOXOAUTH Yepes MEeHTP
3eMJIi meprneHAUuKYJIAPHO 10 ii oci obepTanus.

MNiBHiYHMI nontoc cBiTY

MiBHiIYHMI nontoc cBiTy

P, He6ecHa cdepa

IpuHBILbKUN
mepuaiaH
KniscbKuni
mepuaiaH

EkBaTOp

Heb6ecHun
eKBaTop

S

MNiBgeHHMI nontoc cBiTy
MNisaeHHMI nontoc cBiTy

a 6

Puc. 2.4. OCHOBHI TOYKM i NiHii cMCTEMU KOOpAUHAT: a — 3eMHoi (reorpadiuHoi), 6 — HebecHol
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Tema 1. HebecHa cdepa. Pyx cBiTun Ha HeGecHin cdepi

Mepuniaru Ha 3emuti TPOXoAATH Yyepes reorpadiuni
IIOJIFOCHU Ta TOYKHU cIIocTeperkeHHA. IlouaTkoBuii (Hyab0-
BUI) MepUAiaH TPOXOAUTH MO0y MiCIIeBHAXOKEeHH A
KosuITHbol I'puHBIiNBKOI 06cepBaTOpii.

SIKIIMO IPOIOBKUTHU Bichk 0ObepTaHHA 3eMJi B KocMocC,
TO Ha HebecHil cepi MU OTPUMAEMO [IBi TOUKH IEepeTH-
Hy (puc. 2.46): IliBuiunuii mostoc P, (y cydyacHy emoxy
6isa IMomsapuoi sopi) i IliBgennuii mostoc (y cysip’i Ok-
TauT). [I10o1InHa 3¢ MHOTO eKBaTOPAa IIEPETUHAETHCA 3 He-

b6ecHOIO c(hepoio, i B mepepisi Mmu orpuMaemMo HeGeCHUHA Puc. 2.5. EksaTopianbHa
eKBaTop. AJle icHye ofHA CyTTe€Ba BiAMiHHICTH MiXK IIO- cnctema HebecHUx
JrocaMu ¥ eKBaTOPOM Ha 3eMHill KyJIi Ta IMoJIrocaMu CBi- KoopAuHar:

0 — CXWUNEeHHA CBiTUNa;
o — MpPAME CXOMPKEHHS.

Ty i HeOecHUM eKBaTopoM. I'eorpadiuni mosrocu peaabHO
icHYIOTH IK TOUKH Ha IIOBepxHi 3eMJi, 1e Bick obepTaH-
HA 3eMJi IepeTUHAEThCA 3 MOBEPXHEI0 IJIaHeTH, 1 [0 HUX MOKHA J0JIeTi-
TH Y4 J0iXaTU TaK caMo, AK i 1o ekBaTopa. IlosociB cBiTYy K peasibHUX
TOUOK Yy KOCMiUYHOMY IIPOCTOPi HeMae, aasKe pamiyc HebecHOI chepu € He-
BU3HAUYEHUM, TOMY MU MOXKeMO ITO3HAUUTHU TiJIbKU HAIPAMOK, ¥ AKOMY
BOHMU CIIOCTEPiraroThCs.

ExBarTopianpHa cucTteMa He0eCHUX KOOPIAUHAT i KAPTU 30PAHOTO Heda.
ITix vac yryIaganua 30pAHUX KATAJOTIB Ta 30PSIHUX KapT 38 OCHOBHE KOJIO
HebecHOI c(epu 6epyTh KoJio HebecHOTO ekBaTopa (puc. 2.5). Taky cucre-
My KOODPIWHAT Ha3WBAIOTh eKBATOPiaJIbHOI0. B ii OCHOBI Jie;KUTH HEOeCHU I
eKBaToOp — IIPOEKI[isI 3eMHOTO eKBaTopa Ha HebecHY cdepy.

OCcHOBHUMMY IJIONIMHAMH B Iill cMCTeMi KOOPAWHAT € ILJIOIIUHY Hebec-
HOT'0 eKBaTOopa Ta KoJa CXujaeHb. [/ BU3HaUeHHS eKBaTOpiaJIbHUX Hebec-
HUX KOOPAUHAT cBiTmiIa M IPOBOAATH KOJIO CXUJIEHHS Uepes MOJIIOCH CBiTYy
Py i Pg, ake mepeTuHae HebecHU ekBaTop y Toulii C (puc. 2.6). Ilepmia ko-
opAuHAaTa 0L Ma€ Ha3BY npsame cxodxcenns (npame niOHecenHs) i BigmiuyeTb-
¢TI0 n1y3i HebGecHOTO eKBaTopa Bil mouku 6ecHAH020
pisnodenns ' mpoTu XO4y TOAMHHUKOBOI CTPiIKH, Py Kono
Ao guButucA 3 IliBHiUHOTO ITOJIFOCA, TA BUMIipIO- CXMNeHHA
eThcA ToguHamMu. J[[pyra KoopamHara & — CXUJEeHHS
BU3HAYAEThCA Ayroio Koja cxuiaedb CM Bim ekBaTo-
pa oo TaHOro CBiTHJIA i BUMiPIOETHCA I'PagycaMu.

Ha miBmiu Big ekBaTopa CcXWJIeHHA OoAaTHE,
Ha ImiBIeHL — Bim’emHe. Meiki BuU3HAaueHHA eKBa-
TopianbHUX KoopauHAT Taki: 0 rox < o < 24 rog;
-90° < 8 < +90°

Kapra 3opsnoro He6a y popmi IpAaAMOKYTHUKA
€ IIeBHOIO NpoeKyieio HebecHOoL chepu HA NAOULUHY,
Ha aKill no3HayeHi ekgamopiabHi Koopdunamu a,
0 (puc. 2.7). I1i KoopamHaTU He 3aJIeKaTh Bil Miciia

He6ecHun
eKBaTop

CIIOCTePEeKeHHA HAa 3eMJIi, TOMYy KapTOoiO 30PAHOTO Puc. 2.6. EkBaTopianbHa cuctema
Heba MOJKHA KOPUCTYBATUCH Y OyAb-AKiN KpaiHi. HeGecHNX KoopAnHaT
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Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi
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Puc. 2.7. KapTa 30psaHoro Heba ekBaTopianbHOI 30HW. [JaTh, KONK Wi cy3ip’a KylbMiHYIOTb Y BeYipHil
yac, no3HayeHi BHM3Yy KapTu. BigwykarnTe ix nicna 3axogy CoHUA B NiBAEHHIN YacTWHI Hebocxmny

@ KoHTponbHi 3anutaHHA

1. Ax Mo)KHa BM3HAUNTHU BiCTaHb M0 CBiTHMJIA, 3HAIOUN HOT0 TOPU3O0H-
TaJbHUH mapajiakc?

2.V yomy moJsrae pagioJOKaIifiHMI MeTOoJ BU3HAUYEHHS BicTaHel mo
HebecHUX Tia?

3.0numnIiTe eKBaTopiaJbHy CHUCTEeMY KoopauHaT. SIKi KoopaAuHaTH BUKO-
PUCTOBYIOTH y Iiii cucTemi?

4. dAx moxxua Ha IliBHiuHOMY moJfoci 3eMJIi BU3HAUNTH HAIPSAMOK Ha
HiBIeHb?

5.3a I0IIOMOroo PyXoMOi KapTu 30psAHOro Heba BuU3HAUTE Cy3ip’sd, IO
HIKOJIM He 3aXOLATh AJIA CIocTepirava, AKuUi mepebyBae Ha TepuUTOpil
Yrpainu.

6. Yomy B acTpoHOMii BUKOPHCTOBYIOTH Pi3Hi CHCTEMU KOOPAMHAT?

@ Tema gna guckycii

Yu MOKHa KOPUCTYBATHCSA HAIIIOK KapTOI0 30PSIHOr0 Heba Ha IIOBepPX-
Hi inmux mianer Couaunoi cucremu? Ilix yac MiMniaaHeTHUX HOJIBOTIB?
Ha nianerax, AKi o6epTaoThcAa HABKOJO iHIINX 3ip?

3aBAaHHA ANA CNOCTepPeXKeHHA

3uaiigiTe IlonApHy 30pI0 Ta BU3HAUTE HAIPAMOK MepHAiaHa 3 IiBHO-
yi Ha miBJeHb BiZHOCHO BaIoro oyanuky. HamasroiiTe cxeMy po3TallyBaH-
Hs BaIlloro OyAMHKY IOAO0 MepHuAiaHa Ta BHU3HAUTEe KYT MijK MepumiaHoM
i Oyab-IKOIO CTiHOIO BAIIIOTO OYAMHKY.

G [lisHanTecA Npo OpieHTYBaHHA Ha MiCLLeBOCTi.
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

6 Tunun KaneHnpapis. ACTPOHOMIA Ta BUSHAYE€HHA Yacy

Tunu kagermapis. ¥ cydyacHOMY KajeHAapi ycix €BpOIeHChKUX Kpain
3a OCHOBY OepeThcs 1 TPOHiUHME PiK, ajie IPU CTBOPEHHI ileaIbHOTO KaJIeH-
Iapsa BUHUKAE YCKJAAHEeHHS, aJike TPOIIiUHUH PiK He Mae I1ijioro uucia mio.

HoBruii uac B €BpOIIi KOPUCTYBaIUCA 0NIAHCOKUM KaJleHdapem, KA
o0yB sampoBamxennuii e Omiem Ilesapem y 46 p. 10 H. e. ¥V IIbOMY KaJeH-
Iapi TpuBaJIiCTh TPOIIIUHOTO POKY OyJja B3sTa 3a 365 1i6 6 rox 00 xB 00 c,
a IJis Toro, 100 pik MasB Iije umcso mi6, OyJio MPUNHATO, 110 KOYKHI Tpu
POKM TOCHiJIIbL TpUBATUMYTH 10 365 1i0, a uerBepTUil pik — 366 1i6 (BU-
COKOCHUI pPiK). AJie B cepefHbOMY KOKHUN KaJeHIapHUll PiK OYB JOBIIHHI
3a Tponiunmii Ha 11 xB 14 ¢ (365 xi6 6 roxg 00 xB 00 ¢ — 365 1i6 5 rox
48 xB 46 c). ToO6TO KoM TPOIIUHUI PiK yiKe peasibHO 3aKiHUyBaBCd, PiK
3a IoJriaHCHKUM KaJsieHnapeM TpuBas e 11 xB 14 ¢. Tomy 3a woTupu poKnu
moxmbKa HaKoImYyBaJacsd, i KaJeHaap Bimcrasas ysxe Ha 44 xB 56 ¢, a 3a

AlisHanTecA NPo BUKOPNCTAHHA Pi3HNX  [@]3

[ ) Ona ponutnueunx

400 pokiB — maiiyke Ha 3 m00OH.

I'puzopiancvrkuil Kanendap, IO Ii€ B HAII Yac,
BUIIPABUB 1[I0 HETOUHICTE. Y HbOMY BUJIYUUIU TPU
mobu 3 KoskHUX 400 poKiB, TOOTO TPU BUCOKOCHI
poku 3pobuau mpoctumu. Ha puc. 3.1 moxasaHo,
AKi poKu OyJIu BUCOKOCHUMH 3a I0JiaHCBKUM Ka-
JeHIapeM, a KPy:KeuKoM o0BedeHi Ti, aKi cramu
IPOCTUMHU 3a rpuUuropiancbKum. Jlerko momituru,
10 IIe Ti POKM, AKi 3aKiHUYIOTHCA [BOMA HYJIAMU
i yMcI0 COTeHb AKUX He MiJIUThCA HAa YOTHUPU 06e3
ocraui. I'puropiaHchbKuil KajgeHmap TeX He € ime-
aJbHUM, ajie IOXMOKY Ha OOHY M00y BiH mae mpu-
6yin3HO uepe3 33 CTONITTS.

TUNIB KaneHAapiB Ta NiTOUNCNEHHA -
y KpaiHax cBiTy. I =

TponiyHuM pik — NPoMi>KOK
Yyacy Mi>k ABOMa Noc/ifgoBHUMMN
NPOXOAPKEHHAMM LIEHTPA ANC-
ka CoHLA Yepes cepefHio TOUKY
BECHAHOrO PiBHOAEHHSA

MpocTi pokn matotb 365 fib.

BucokocHMI pik Ma€ 366 fib.
Lito fonaTkoBy 106y BBOAATD
29 noTtoro

3a rpuropiaHcbKUM KaneHpga-
pem pik BBaXKAaETbCA BUCOKOC-
HUM, SIKLLO BiH AiNWUTbCS Ha 4 6e3
OCTavi, KpiM TUX POKIB, AKi 3aKiH-
YyloTbCA Ha ABa Hyni i YACNO Cco-
TeHb AKUX He [iNUTbCA Ha 4

HoBy pedopmy KaseHmaps 0yJio 3aiiic-
HeHo B 1582 p. 3a mpomosuiiiero Ilanum

Pumcwskoro I'puropis XIII. [[ia Toro, 1106

BUIIPABUTH HAKONHMYEHY HA TOW Yac IO-
MUJKY, OTOJIOCHJIN, 110 1582 p. TpuBaTU-

Me Tiabku 355 mib.

2000, 2004, ... 2096,
Tpu gobu
1002104, ... 2196, | Bizcra-
2200,2204, ... 2296, | PIEE
3a I0JIlaH-
2300,02304, ... 2396, |corum ka-
2400, 2104, ... B

HosBuii kameHnap 6yB Ha3BaHUM I'PUTO-
piaEcbKuUM (a00 HOBUM CTHJIEM) Ha YECThb
ITanm PumcbKoOro i mocTymoBo OyB yBene-
HUH y Bcix Kpainmax €Bpomnu Ta AMepuKH.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 3.1. BUCOKOCHi poKM 3a tofiaHCbKM

KaneHgapem. Kpyxeukom o6sepeHi
POKM, AKi 3@ rPUrOpiaHCbKNM
KaneHjapem He € BUCOKOCHUMM
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Puc. 3.2. CtapoBrHHMI
COHAYHUI TOAVNHHK

Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi

Temnep pi3HUIA MiXK I0JiaHCHBKUM i I'PUTOPiaHCBKUM KaJeHAAPAMU 0~
caryia B:xke 13 mi6 i mie s0epesxeTsesas B XXI cr. ¥V MUBIIBHOMY JKUTTI
Yxpainu HOBUI CTHUIb OyB 3ampoBamKenuil ypagom [lenTpansHoi Pagu
B 1918 p.

Actponomia Ta BuzHaueHHs yacy. Jac € ¢pisocodcbKoo0, GhismuHOIO
Ta COIiaJbHOIO KAaTeropiero, TOMy 3ajavya TOYHOTO BUMipIOBAHHSA Yacy
€ OJIHi€I0 3 HAWBaKJIUBIIIIUX MPOOJIEM CydacHOI HAYKU.
3 HaIIOro AOCBiAy BimoMmo, IO Yac «Teue» PiBHOMipHO,
OOmiOHO O BOAM B THUXIH piumi. 3a UM IPUHIIUIIOM
B JaBHUHY OyJM CKOHCTPYHOBAaHI BOASHI Ta micouHi ro-
IUHHUKU. 3 YacoM OyB CTBOPEHUII MeXaHiUHWMN TOIUH-
HUK, il AKOTO OCHOBaHa Ha MPUHIIUIII IEPiOAUYHUX KO-
JUBaHb MasITHUKA, II[0 JOBro MOKe 30epiraTu crajum
mnepiona ¢cBoix KoawmBaHb. IIpuHIUI Ail HAATOUHIIINX Cy-
YAaCHUX eJIeKTPOHHUX IMOAMHHUKIB 0a3yeThbCs Ha BUKO-
PHUCTaHHI KOJWBaHb B €JIEKTPOMAarHiTHOMY ITOJIi Kpuc-
TajaiB a00 HABITh OKPEMUX MOJIEKYJI.

Xoua roAMHHUKUN IIPOTATOM BiKiB 3MiHIOBajIu BU-
riap (puc. 3.2, 3.3) i 36imblryBasgach TOUYHICTh BUMIipIO-
BaHb, JeAKi OMUHUIIL I BUBHAUEHHA YaCy 3aJUMIININCA OJHUMU I TUMU
caMuMHu — PiK i moba, ToMy IO BOHHU IOB’sI3aHi 3 pyXoM 3eMJii HaBKOJIO
Conriiga ta ii obepTaHHAM HaBKOJIO CBOEI oci.

Jns BUBHAUEeHHSA KYTOBOI IIBUAKOCTI o0epTaHHsa 3eMJii opieHTHpaMu
MOXKYTb CIIy:KUTH HebecHi cBiTuna — CoHIle, 30pi Ta in. Tomy i BuKopucro-
BYIOTh Bl CICTeMH BiIJIiKy Uacy — 30PAHUN Uac i COHAYHUN Yac. S30pAHUN
Yyac nmepeBaykHO BUKOPUCTOBYIOTh ACTPOHOMMU, & B IMOBCAKIEHHOMY KUTTI
JIIOOU 3aCTOCOBYIOTH TiJIBKU COHAUYHMY uac. ITpoMisKOK yacy, 110 JopiBHIOE
OIHOMY Iepiony obepTanHsa 3eMJIi HaBKOJIO BJIACHOI 0Ci, HA3UBAIOTH J000I0.
3aJjiekHO Bizl crtoco0y BUBHAUYEHHS IIHOTO IIEePioy B aCTPOHOMil BUKOPHUCTO-
BYIOTH O3HAUEHHSA: CIIPABIKHA COHIYHA T00a.

CousuHMNE yac y IeBHOMY MicIii, abo MmiciesBuii uac,
MOKHa BUBHAUUTHU 3a HOIOMOTOI0 COHSAYHOTO T'OJUH-
HUKa — 3BUYANHOI MaJWYKM, TiHb BiJl AKOI JTOIIOMOKE
NPUOJN3HO BUMIipATH MicieBuii yac. MicieBuil mosy-
IeHb — 12 rogmHa 3a MiclleBUM 4acoOM — HACTa€ O Tii
Iopi, KoJu TpuBae BepxXHa KyabMiHaiisa CoHmsa, — Toxai
TiHb BiJl MAJIMYKY HAXKOPOTIIIA.

Y MOBCAKAEHHOMY JKHUTTI KOPUCTYBaTUCh MicIie-
BUM YacOM He3PYYHO, aJKe B KOMKHIN TOUIli HA ITOBEPX-
Hi Semui BiH pisHHii, i MU, mepeiKIKaOUM BiJl OZHOIO
MicId 4o iHITToT0, MyCHJIX O IOCTiHHO IIePEeBOSUTH CTPIJI-

Puic. 3.3. MepLunii KU FOAMHHUWKA Ha Kijgbka xBuauH. Ila npobjema ycy-
ATOMHWI FTOANHHUK BA€ETHCA, AKIIIO KOPHUCTYBaATUCh IIOACHUM YacOM, AKUNI
18
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Tema 1. He6ecHa cdepa. Pyx cBiTun Ha HebecHill cdepi

Puc. 3.4. ToanHHi noacn. 3emna nogineHa Ha 24 NoACK, y KOXHOMY 3 AKMX BCi FTOAMHHUKN NMOKa3yloTb Of-
HakoBWI Yac. MNepeikaxaoun 3 0AHOro NOACY B iHWNN, MaHAPIBHUKN NepeBoAATb CTPINKN FOAUHHUKIB

Ha uine 4ncno rogunH

sanpoBaguau Hanpukinimi XIX cr. 3eMJro mogiInam Mme-
pumiamamu Ha 24 rOAUHHIL HOSICH i JOMOBMJINCH, IIIO BCi
TOAVMHHUKHN B OLHOMY II0SICi OyAYyTh MOKa3yBaTH OJHA-
KOBUH Yac, AKUHA JOPIBHIOE MiCIIEBOMY YacCy CepeaHbO-
ro mepuniaHa (puc. 3.4).

MauapiBHUKY IIepeBOAATHh TOOUHHUKY Ha OOHY I'O-
IUHY TIIBKHU Y BUIIAIKY, KOJY BOHHU II€PETUHAIOTL MEKY
BigmoBigHoOro mosgcy. Hynp0BUI MOAC MPOXOAUTH Yepes

CnpaBXXHA COHAYHA
Ao6a — MpomiXKoK yacy
MiX JBOMa MOCNifOBHMMY
OJIHOMMEHHVMI
(BepxHiMU abo HUXKHIMI)
KyNbMiHaLiAMM LeHTpa
COHAYHOrO AncKa

I'puaBinbKMii Mepugiau, ToMy roIUHHUKN y Benukiii Bpuranii mokasy-
0Th MicueBuil yac I'puHBinbKOTrO Mepuaiana. lleit yac Ha3WBaIOTH BCeEC-
BiTHIM yacoM i 3aCTOCOBYIOTh B ACTPOHOMII /11 BU3HAUEHHSI MOMEHTIB pis-

HUX KOCMIiUHMX IIOJili.

KoHTponbHi 3annTaHHA

1. dki icuyroTs Tunu KaseHgapiB? YuM BoHU Bigpis-
HAIOTbCA?

2. HasBiTb ogmHUIl BUMipoBaHHA yacy. YoMy IpOTATOM
0araTb0X POKiB BOHM 3aJHUINAIOTHLCI He3MiHHMMI?

3.Y uomy moJdArae BiAMiHHICTD I0JiaHCHKOTO KaJeH-
Iaps Bif rpuropiaHCHKOTO?

4. YoMy HEMOIKJMBO CKJACTU abCOJIIOTHO TOUHUH
KaseHzgap?

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

MicueBun yac
BM3HAYAETbCA 3a
[IOMOMOFO COHAYHOTO
rOAVNHHMKA. KoXKHuI
MepuAiaH Ma€ CBil
MiCLIeBUI YacC

MoAacHuI Yac JopiBHIOE
MicLleBOMy Yacy
cepefHbOro mepugiaHa
BiAMOBIAHOroO NoAcy

19
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Tema 1. HebecHa cdepa. Pyx cBiTun Ha HebecHil chepi

@ Buaunmun pyx CoHusda. Bugumi pyxun Micaya Ta nnaHer

Buguvuii pyx Conmg. 3mina mip pory Ha 3emiuai. OKkpim mo6oBoro
pyxy CoHIla mo HeOy, MU TAKOK CIIOCTEPiraeMo Horo piuHUM PyX Y3A0BK
eKJinTuKH. 11 miomuHa 36iraeThes 3 mIoMMHO0 opbiT Bemuri. Pyxaro-
Ynch pas3oM i3 3emJiero 1mo opoOiTi, Mu IPOTATOM POKY croctepiraemo Con-
e Ha TJIi OJHOT0 3 ABAHAAIIATH Ccy3ip’iB, po3TaioBanuxX Ha JiHil eKJIiITH-
ku. I1i cysip’a HasuBaioTh 3omiakansHuMu. Hampukiaan, y uepBHi CoHIle
pyxaeTbes 1o cy3ip’to Bausuar, y sepecui — [iBu, y rpyaai — CTpiab-
A Ta iH.

Aximo crexxutu 3a CoHIIEM IIPOTSATOM POKY, TO BUABUTHCH, IO HOT0
PYyX Io eKJjginTuii He € piBHOMipHUM (4.1).

ITouaTok Bimmiry cmocrepeskyBanoro pyxy CoHIlA mpuiiajgae Ha IeHb
BeCHSAHOIO piBHOAeHHA — 21 GepesHs, Koyu Hatre CBiTmiio mepedyBae B TOU-
i BecHAHOTO piBHOAEeHHA V. Ilepemimnyioumnch mo exyginTuili, 22 4epBHA
CoHIle IPOXOAUTh TOUKY JITHBOI'O COHIECTOAHHA — $9, KOJIU TPUBAIICTH
cBiTsoBoro auga B IliBHiunii miBkyi € MakcumaabHOO. IToTiM, 22 Bepec-
Hs1, CoHIle epeTnHAae TOUKY OCIiHHBOTO piBHOAeHHA “x. TouKy 3MMOBOTO
cournecroAauua V3 CoHIle IPpOXOAUTh 22 TPYAHS, KOJIU TPUBAIICTDL CBiTJIO-
BOT'O IHA € MiHiMaJIbHOIO.

SomiakanapHi cy3ip’d it yac nepedyBanHs y Hux CoHus

YV — Osgen: 21 6epe3ua — 19 kBiTHa. <= — Tepesau: 22 BepecHA —
22 KOoBTHA. % — Temens: 20 xBitua — 20 rtpasusa. Il — CkopmioH:
23 xxoBTHaA — 21 sgucromanma. 'L — Bamsuara: 21 TpaBaa — 20 uepBHA.
¢ — Crpimens: 22 gucronaga — 20 rpyaus. & — Pax: 21 uepBHSI —
22 gunusa. V5 — Kosopir: 21 rpyaaa — 19 ciuua. §| — Jles: 23 nunua —
21 cepmua. % — Bogouiit: 20 ciuaa — 18 arororo. [ — IliBa: 22 cepn-
s — 21 BepecHsa. 00 — Pubu: 19 mrororo — 20 GepesHd.

- Timeup "> = . v e * 3 < Kosopir
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Puc. 4.1. Pyx CoHua no eknintuui
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Tema 1. He6ecHa cdepa. Pyx cBiTun Ha HebecHill cdepi

@ Ona ponutnneunx

IIporsarom mepioxy 3 21 6epesns g0 22 BepecHsa CoHIe T0JIA€ II0JIO-
BHUHY CBOI'0 PiYHOI0 ILIAXY, To0TO 180° eKainmTmunoro xoia 3a 186 ai6.
Ha npyry mosoBuny npumnazae 179 ni6. TooTo HaBecHI Ta BIITKY pyx
CoHIlAa Big0OyBaeThCA MOBiJIbHIINIE, HiK BOCEHU I Y3UMKY.

HatimBuamuit pyx zammoro CBiTmja CIOCTepiraeThbCcs IIPOTATOM
1-5 ciuma (1,017 ma g00y), a HaAHOBLIbHIiIINN — mpoTarom 1—5 jami-
ua (0,95 ma 1o0y).

Bicw obGepranns 3emii HaxujaeHa OO IIJIOIITUHU
opbitu mix xyrom 66,5°, i e IpU3BOAUTL 4O 3MiHHI
mip poky Ha 3emJi (puc. 4.2). SIk6u Bich obepTanHs
3eMIi OyJa mepueHANKYJIAPHOIO [0 MJIOIUHYT Op0i-
TH, TO 3MiHAa Hip POKY He BigOyBajacs 0, ag:xe CoH-
1Ie IPOTATOM POKY ocBiT/rroBaso 6 piBHOMipHO ITiB-
miuny Tta IliBgenHny miBkyJi mamoi nuaneru. [Hi,
Koy CoHIle OJJTHAKOBO OCBiT/IIO€ ABi miBKyJIi 3em-
Ji, HacTaloTh TiIbKMU OBiui Ha pik — HaBecHi 20—
21 Gepesnsa i Bocenu 22—23 BepecHdA, KOJIU Ha BCix
MaTepUKax OJHAKOBA TPUBAJIICTD JHA — 12 romguH.

B immri micamni TpuBasicts aHs Oisnbina a6o Puc. 4.2. KyT MixK naowmnHamm ek-
MeHIIa 3a 12 roguH i 3aj1eXuTh Big reorpadiunol BaTOpa Ta eKninTMkM 23,5% a KyT
IIIAPOTH MicIif criocTepeskeHHsa. HalioBmiuii 1eHb MIX TITIOLMHOIO EKNIMTIKIA Ta MO~

e o s . nocoMm CBITy 66,5°. Lle € npnun-
y IliBHiuHiA I'IlB.RyJIl Ha(.:'rae 2 1—22 qepl?Hﬁ - noj HOIO 3MiHM Mip POKY Ha 3emni
YaTOK aCTPOHOMIYHOTO JiiTa, a y IliBgenHiit niBryTi
B Ileii IeHb IOYNHAETLCA aCTPOHOMiuHA 3uMa. Yepes miBpoky 21-22 rpya-

HA, HaBOakwu, y IliBHiuHi# miBKyJi HacTae acTpoHOMiuHa 3uMma, a B IIiB-
neHHiil —iirto (puc. 4.3).

BecHsaHe piBHO, ]
21 6epe3Hs

iHHE piBHOAEHHA
23 BepecHA

Puc. 4.3. OcBiTneHHA 3emsii COHAYHUMYM NPOMEHAMUN B3UMKY i BRITKY. Hanbinblue
eHeprii Big CoHUA OTPUMYE TpoMiyHa 30Ha, Aie ONiBAHI COHAYHI NPOMEHI MOXYTb
nagatv nepneHAnKynApHoO Jo ropusoHTy. lnpoTa Tponikis +23,5°
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Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi

KoHdirypauiamn nnaHer
Ha3MBalOTb XapaKTepPHi
B3aEMHi MOJIOXEHHA
MaaHeT BigHOCHO 3emji

i CoHuA

MpoTucroAHHa —
nnaHeTy BUAHO i3 3emni
Liny Hiv y npoTunexHomy
Bif CoHUA HanpAMKY
EnoHrauis — Buguma

3 NoBepXHi 3emni KyToBa
BifICTaHb MiX MJlaHETO

i CoHuem

Ha mwupori 50° (Kuis, JIbBiB, XapkiB) TpuBaicTb
HaligoBmIoro nuA 22 yepBHA — 16 roxg 20 xB — y aBa
pasu 6iJIbIlIa 3a TPUBAJIICTH HAMKOPOTIIIOTO AHA 22 TPyA-
HA — 8 rox.

Bugumi pyxu Micama ta niaaner. Kondirypaii
nuaner. MicAarp — IPUPOAHUN CYOYTHUK 3eMJIi i Hali-
oam:kue mo Hei HebecHe Tiyso. BiH pyxaeTbcsa HaBKOJIO
HAIIIOl IIJIaHeTHU IO eJINTUYHilN opbiTi y Toi camuii GiK,
y axKuil 3emysa o6epTaeThCcss HABKOJIO CBOET OCi.

Hanpamox pyxy Micama — i3 saxony Ha cxin. Ilos-
HU 06epT 1o opb6iTi HABKOJIO IIJIaHEeTH (CUAEePUYHUN Mi-
canb) Micans saificuioe 3a 27,3 nobu. IlikaBo, 1110 came
3a Iel yac BiH 3hilicHIOE OOUH 00epT HaBKOJIO CBOI oci.
Omxe, i3 3eMJi Mu 3aBKIU OAUMMO JIUIIIE OOHY ITiBKY-

a1 Micans, ocBiT/IeHHA AKOI MOCTiNHO 3MiHIOETBHCS, IIPOXOAAUN ITOBHUH

UKJI Qas.

dazu Micamns, Tod6To 3MiHa HOT0 30BHIIIIHLOTO BUTJISAAY, HACTAIOTh
YHAaCJIiZOK TOro, 110 MicAIlb CBiTUTHCA BiAOUTHUMU COHAYHUMU IIPOMEHS-
mu. ObGeprarounch HABKOJIO HAIOI MJIAHETU, BiH 3aiiMa€ PidHI IOJIOMKEH-
Hsa BigHocHo 3emui Ta CoHIlg, TOMy MU 0a4MMO Pi3HI YacTHUHU HOTO AeH-

HOI ImiBKYy.JIi.

111,06 3posymiTu, womy mu 6auumo (asu MicAlsa, mounemo 3 HoBoro Mi-
CAIls, AKUY 13 moBepXHi 3eMJIi MaiiyKe HIKOJIU He BUAHUMN, aJKe I0 Hac II0-
BepHeHa Iioro HiuHa miBKyJd (puc. 4.4). Ilepia uBepTh HACTA€E 3a TUIKIEHD,

Puc. 4. 4. 3miHa ¢a3 Micaus
. HoBuin Micaup (HoBak).

. NoBHUI Micaub (NoBHA).
. Cnapgatounn Micaup.

. OCTaHHA uBepTb.

. Cnapgatounn Micaupb

0O NOYUVTWN =

22

. 3pocTatoumnii cepn (MoONoauK).
. Mepwa uBepTb; 4. 3pocTatounin Micaub.

y 1ei yac 10 3eMJIi MoBepHeHi I0JI0BUHA ITeH-
HOTO Ta MHOJIOBMHA HiuHOro 00Ky Micsars.
IloBus mactae y Toil MmoMeHT, Koau Micamnsb
po3TaIlioBaHUi 3 MPOTHUJIEIKHOTO OOKY Bif
Conra. Ocranusa uBepts (abo crapuit Micsans)
CIIOCTepiraeThcA y HiBAeHHO-CXiAHi yacTuHi
Hebocxuy nepen cBiTankom. Bixg oxmHoro mo-
JIOAUKA [0 HACTYIIHOTO IPOXOoauTh 29,5 3em-
Hux ni6. Ileit mepiox micauamx das Ha3uBa-
IOTh CUHOOUYHUM MicAUeM.

Koudirypamia naamer. Yci mirameru
CBITATHCA BiOUTUM COHAYHUM HPOMiHHSM,
TOMY Kpallle BUJHO Ty ILJIaHEeTy, AKa posTa-
IIoBaHa OJIMKYe 40 3eMJIi, 3a YMOBH, AKIIIO
IIo HAC TToBepHeHa ii meuHa, ocBiTiena CoHIleM
niBkyJia. Ha puc. 4.5 300paskeHO IPOTUCTO-
auasa Mapca (M,), To6To Taky KoHQirypartio,
Koz 3eMJid Oyze mepeOyBaTy Ha OTHiN mps-
mi# misk Mapcom i CoHlleM. ¥ mpPOTHUCTOAH-
Hi AcKpaBicTh IIaHeTH HaWOiabIIa, TOMY IO
Io 3eMJIi ITOBepHEeHa Bcs il JeHHa MiBKYJIS.
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

BepxHe cnonyueHHa

Opb6itu nBOX maner, MepKypis i Be-
Hepu, poaraimoBaHi O0amkue g0 CoHIld,
Hi’K 3eMJisi, TOMY B IIPOTUCTOAHHI BOHU
He OyBaoTh. ¥ IIOJOXKeHHi, Koau Bene-
pa uu MepKypiit nepebyBaOTh HANOIMIK-
ye ngo 3emui, ix He BUAHO, TOMY IIO J0

. . Op6ita 3emni

Hac NOBEPHEHa HiYHA MiBKYJA IUIAHeTH Opéira
(puc. 4.5). Taka KoH(piryparia HasuBa- Mapca
€ThCA HIKHIM cnosryuyeHHAM i3 CoHIleM.
Y BepXHBOMY CIIOJIYUEHHI IIJIAHETY TeXK
He BUIHO, aIKe MiK Helo i 3eMJieio pos-
TaIloBy€eThCs scKkpaBe CoHIle.

Haiikpamii yMOBM VI CIIOCTEPEIKEH . cnonysenta M,
Hs Benepu i Mepkypia OyBamoTb y KOH- Mporncroanka
(dirypamiax, AKi Ha3WBarOTLCA eJIOHra- Puc. 4.5. Kondirypauii Benepu i Mapca. Mpo-
migmu. CxigHa eyioHramisga — e MOMEHT TMcToAHHA Mapca: nnaHeTa nepebyBae Haii-
HOJIOKEHHA, KOJIU IJIAHETY BUIHO Ji- 6nvkye go 3emni, il BUAHO BCIO HiY y Mpo-

Bopyu Big Conia BBeuepi (B;). 3axigHa TUNEKHOMY BIA CorusA HanpAMKY. Benepy
HalKpalle BUAHO BBEYEpI Y CXifHY enoHra-

eJIOHT ALl Benepu croctepiraerbes Bpat- Lito RiBopYY Bi CoruiA (B,) Ta BpaHL i yac
01, KO/ IJIAHETY BUAHO IIPaBOPYY BLA 3axigHoi enoHrauii npasopyu sig CoHus (B,)
CoHIia y cxigHilt vacTuHi HEOOCXMITY (B)).

CunmepuuHuii i cuHOMMUHMI TIepiox ooepranHs miaaner. CudepuyHuil ne-
pion obepraHHA BM3HAYAE PyX Tija BimHOCHO 3ip. Ile mpomikok uacy, ympo-
JIOBXK AKOTO IIJIaHEeTa, PyXalouuch 0 opoiTi, poOuTh MOBHUI 00ePT HABKOJIO
Conna (puc. 4.6). Cunoduyruil nepios obepTaHHsa BU3HAYAE PYX TiJ BigHOC-
Ho 3emuti i Conrd. Ile mpoMizKoK uacy, yIIpPogOBIK AKO-
T'0 CIIOCTEPIiraloThCA OJHI U Ti cami mocJrifoBHI KoHDITy-
patii miaHeT (IPOTUCTOAHHSA, CIIOJYUYEeHHS, €JIOHTAIlil).

' ] Ana ponutnuBunx

3 ycix acTpOHOMIYHUX SABWUII], HATIEBHE, HAWOi/Ib-
1Ty yBary JifoJei npuBeprae 3areMHeHHa CoHIlA, AKe
HacTae y TOM MOMEHT, KOJI TiHb Big Micsamnsa mocsarae
moBepxHi 3emiai. Xoua Micans uepes KoxkHi 29,5 mo6u
nepebyBae misk ConieMm i 3emuiero (hasa — moBuit Mi-
cAIb), aje 3aTeMHeHHA BinOyBaoThbCs HabaraTo pism-
mie, agske ILIOIIMHA opbOitu Micama HaxmiaeHa IO

Puc. 4.6. lUnsix, wo Bignosinae
cpepryHomy nepiogy obep-

exginTury mix kyrom 5°. Ha op6iTi icHyioTs ABi TOUKH, TaHHA Mapca Haskono CoHus,
y axux MicAllb mepeTuHAa€E MJIOIUHY eKJIINTUKNA, — 306paxKeHo MyHKTUPOM CHHBO-
BOHU HA3WBAIOTHCA GY3LAMU MiCALHOL OpOimu. 3aTeM- ro KOnbopy, CMHOANYHOMY —
HeHusa Micsrsa a6o CoHITA MOXKYTb BifOyTuCA TipbKu ~ MYHKTMPOM HEPBOHOTO KONbOPY.
B TOMY BUIAAKY, Koau Micsaip mepebyBae mo0amsy MonoxeHHa C—3,—M, Ta

C—3,—M, — gBa nocnigos-

BysJia opbOiTu. Bysnu micauynoi opbiTu 3MiniyrooThCs
HUX MPOTUCTOAHHA Mapca
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Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi

y KOCMiUHOMY HPOCTOPi, TOMY 3aTeMHEHHS Bi0OyBalOThCA B PidHI Imopu
poxry. Ilepiox moBTOpeHHA 3aTeMHEHb, a00 capoc, 3HAJM IIe ETUIEeTChKi
skepii 4000 pokis Tomy. CyuacHi o0umcIeHHA HAIOTh TaKe 3HAUEHHS ca-
pocy: I',,, = 6585,33 no6u = 18 pokis 11 1i6 8 rox. IIporarom oguOrO
capocy B Pi3HMX MicCIIgX Ha MOBepXHi 3eMJIi BimOyBaoThca 43 3aTeMHEH-
Hsa Couna ta 25—29 zaremuenb MicAllsd, IPUUOMY COHAYHI I MicaUHi 3a-
TeMHEHHSA 3aBXKIU Bi0OyBAIOTHCS ITapaMu 3 iHTePBAJIOM 2 TUKHi.

G KoHTponbHi 3anuTaHHA

1.Yum MoKHA HOACHUTHU HepiBHOMipHicTb BumzmMmoro pyxy CoHIlsg mo
eKJIinTuIi?

2.3a gxux yMoB Ha 3eMJIi He BizOyBaJsocsa 0 3MiHU IIip POKy?

3. IIlo posymitoTh mig Koubirypamiamu niaaner? OnuIriTh ix.

4. TatiTe BU3HAUEHHA CUHOJUUYHOMY i CUAEPUUYHOMY IepiogamMm obepTaH-
HA IJIaHeTH. ¥ YOMY IIOJATAI0Th 1X BigMiHHOCTI?

5. ko0 Mae OyTHM TPUBAJIICTH CUAEPUYHOTO Ta CHHOJWYHOTO IIepioaiB
o0epTaHH ILJIAHETH Y BUIIAAKY iX piBHOCTI?

6. Yomy 3 moBepxHi 3eMJIi 3aB:KAM BUAHA JIHUIE OgHA MiBKyaa Micamsa?
OnuniiTe 0Cco0JMBOCTI PYyXy CYINYTHMKA HAIIOI IIJIaHETH Ta IIOCJIiLOB-
HicTb (as.

3akoHu Kennepa.
BusHauyeHHA macu i po3mipiB He6ecHuXx Tin

3axonu Kennepa. Voranu Kemep BusHaums, mo Mapc pyxaeTbcs
HaBKoJ0 COHIIA IO ejimcy, a moTiM OyJIo JOBEeIeHO, IO M iHII IIaHeTn
TeXXK MalOTh eJIITUYHI opbiTu.
Ilepmuit 3axkon Kenmepa. Bei mianetu ob6epramorbesa HaBKoao CoH-
A mo eainmcax, a CoHIle po3TallioBalie B O4HOMY 3 (DOKYCiB IIUX eJilciB
(puc. 5.1).
TosmoBHMI HacimoOK mepioro 3akouy Kemepa: Bif-
cTaHb Mix miaaHeToio Ta COHIlEM He 3aJUIIAETHLCA CTa-
JIOI0 i BMIHIOETBCA B MeKaX:

B rmax <rz rmin (5'2)

Touka A opbiTu, me mjaaHeTa HabJIMKAETHCA HA HA-

MmeHIy BifcTanb g0 COHIISI, HA3UBAETHCS IMEPUTETiEM

> | (Bix rpet. peri — mobuusy, gelios — CoHiie), a HaliBigIa-
Jaewimry Bix meuTpa CoHIlg TouKy B opbiTu mianeTu Has-

Puc. 5.1. TinaHetn Basix adeniem (Big rpem. apo — gmaui) (puc. 5.3). Cyma

o6epTa I0TbCA HAaBKONO

BimcTaHel y mepureJii Ta adesrii 1opiBHIOE BEJIUKi# oci

CoHua no enincax. .

AF, = I, — Yy nepurenii; AB emninca:

BF, = I, — B adenii Timax T Tin = 20 (5.4)
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

CrymiHb BUTATHYTOCTI eJilica XapaKTepu3yeThbCs
eKCI[EHTPUCHUTETOM ¢ — BiTHONIeHHAM BifcTaHi MixK (o-
KycaMu 2¢ 0 JOBXKUHU BeJUKOI oci 2a, ToOTO

e=—, 0<e<1 (5.5)

Opb6ita 3emai Mae MaJeHbKHII €KCIEHTPUCHUTET
e = 0,017 i mafi:ke He BigpisudeTbca Big KoJia, TOMY
Bimcranp Mixk 3emiero i CoHIleM 3MiHIOETBCS B He-
BEJIMKUX MeKaX Bix r,;, = 0,983 a. o. B mepuresii go
Imax = 1,017 a. o. B agenii.

OpGiTa Mapca mae 0ibIINil €KCIEHTPUCUTET, a came
0,093, Tomy BigcTaumb Mixk 3emJero i Mapcom mmig yac
IIPOTUCTOAHHSA MOKe OyTu pisuoro — Bixg 100 MaH KM 10
56 maH KM. 3HauHui exkcrerarpucuret (e = 0,8...0,99)
MaioTh OpOiTM GaraTrboxX acTepoimiB
i KomeT, a JedAKi 3 HUX MepeTUHAaIOTh
opbiTy 3emuii Ta iHMINX IIJIaHET, TOMY
iHKOJIM Bim0yBarOThCA KOCMiUHI KaTa-
cTtpodu Imig yac 3iTKHEHHA ITUX TiJ.

CynyTHUKHY IJIaHET TeXK PyXatTh-
cd 10 eMiOTUYHUX opbiTax, MPUIOMY
y oKyci Ko:KHOI opbiTu posmiIleHuii
IEeHTP BiAmoBigHOI miIaHeTH.

147,5 MAH KM

3emna B nepurenii

3-4 ciyHA HabnMKaeTbCs
A0 CoHUA Ha HanMeHLwy
BiAcTaHb — 147 MJIH KM

3emns B adenii

3-4 nunHA BigAaNAeTbCA
Bifl COHUA Ha HanbinbLuy
BiacTaHb — 153 MJIH KM

Hait6inbwy wBmnakictb
3emMnA Ma€ B3UMKY:

V.. = 30,38 Km/C

HameHwy wBuAKicTb
3emna Mae BITKY:
Voin = 29,36 KM/C

lepuzeniti

152,2 MIH KM

JApyruii 3axon Kensepa. Paniyc-BekTop nianeTu 3a 0LHAKOBI IPOMiXK-

KM Yacy OIIMCY€ PiBHi MJIOIIT.

TonoBHU Hacaigok apyroro sakouny Kemiepa mojysrae B TOMY, IO IIiJ
yac pyxy IJIaHeTHU 10 OpOiTi 3 yacoM 3MiHIOEThCA HE TiMIBKU BifICTaHb ILJIa-

Hetu Big CoHIA, a # JiHiiHA Ta KyTOBAa ii IIBUIKOCTI.

Haii6inpiry mBuAKicTS, IIaHeTa Ma€ B MepUresii, KoJau BigcTaHb 10
CoHIlg € HAlIMEHIII0I0, a HaliMeHINy HMIBUAKICTE — B adeJril, KoJau BigcTaHb

€ HaM0iJIbIIoI0.

Hpyruii sakou Kemsepa GakTuyHO BU-
3Hauae Bimomuii GisuuHUI 3aKOH 30eperKeH-
HA eHeprii: cymMa KiHeTUYHOI Ta MOTeHIiaJbHOL
eHeprii B 3aMKHEHIN CUCTEMi € BeJIMUMHOIO CTa-
joro. KimeTnuHna eHepris BU3HAUAETHCS IIIBUL-
KicTiO IJIaHeTH, a IIOTeHIiaJIbHa — BiJCTaHHIO
Mixk miaHeroro Ta CoHIleM, TOMY IIPU HAOJIM-
'keuHi 10 COHIA MIBUAKICTD IIJIAHETU 3POCTAE
(puc. 5.6).

Ax6u 3emua obepranacsa HaBKoao CoHILA
3 TOCTiMHOIO MIBHUAKICTIO, TO KiJbKiCTh MHIB
y muX miBpiuusax Oysa 6 ogHaxoBoio. Aje, 3rigHo
3 Ipyrum 3akoHoM Kemepa, BSUMKY IIBUIKiCTh

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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Puc. 5.3. Adeniin i nepurenin 3emni

Puc. 5.6. Mpn HabnmkeHHi o CoHuA
WBWAKICTb MAAHEeTW 3pOCTaE, a Npu
BiAJaneHHi — 3meHLWyeTbcA. AKLO

BigpiskKm vacy t, - t, =t, - t; =ts - t5,

To nnowi S, =S, =S¢
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Tema 1. He6ecHa cepa. Pyx cBiTvn Ha HebecHin chepi

3emuti 6isibImTa, a BIITKY — MeHIa, ToMy JjitTo B [liBHiuHi# miBKyJIi TpUBaE
Tpoxu Oisibilie, Hik 3uma, a y IliBaeHHil miBKyJIi, HaBOaKKU, 3UMa TPOXU
IOBIIIA 3a JiTO.

Tperiii 3akon Kennepa. KBagparu cugepuyHux nepioniB obepranHsa
miraHeT HaBK0JI0 COHIA BiTHOCATHCA AK KyOU BeJIMKHUX ITiBOCEH iXHiX opoiT.

T’ _a
S (5.7
Tz2 ag

me T, tra Ty — cumepuuHi mepiogu obepTanHs OyAb-IKUX IIJIaHET;

a, Ta a, — BeJUKi miBoci opOiT IUX IIJIaHeT.

SKI110 BU3HAUNTHN BEJIUKY ITiBBiCh OPOiITM AKOICH IJIAHETU YU acTepo-
ima, To, srimHO 3 Tperim 3akoHOM Kermepa, MoKHa 00UMCIUTHU IIePios 00ep-
TAHHA [BOTO Tijla, HE YEKAIUM, TOKHU
BOHO 3pO0UTH MOBHUI 00epT HABKOJIO
Comuiia.

Tperiii 3akon Kemepa BuKopucro-
BYEThCA TaKOX i B KOCMOHABTHIII,
AKINO Tpeba BUBHAUUTU IIepion obep-
TaHHA HABKOJO 3eMJIi CYNyTHUKIB,
KOCMiuHIX KopabJiB abo o0uumcaIuTU

Puc. 5.8. 3aKOH BCECBITHLOTO TAXIHHA “dac II0JbOTY MIMNKILJIAHETHHX CTaHI1N

Puc. 5.10. Cuna TaXiHHA, AKa
A€ Ha KOCMiYHWMiA Kopabenb, . ) -
3aMeXnTb th Bi}:l,CTaHi R + H mix 3€MJ11, 6GPYTB B1ICTaHb R + H oo I_leHTpa 36MJI1, a He

Kopabnem i LeHTpom 3emni o moBepxHi (puc. 5.10).
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Ha iHmri niaanetn COHAYHOI cucTeMu.
3aKoH BcecBiTHBROTO Tsskinasa. Benmkuit anraiicekuii pisuk i maTema-
TuK Icaak HbplOTOH MOBiB, 1110 (hidsuuHOI0 OCHOBOIO 3aK0HIB Kemepa € qyH-
ITaMEeHTAJbHUN 3aKOH BCECBITHBOTO TSAMKIHHS, AKUN HE TiIBKU 3YMOBJIIOE
pyx nnanetr y CoHAauHil cucTteMmi, a i Bu3Hauae B3aeMozito 3ip y ['amaxTu-
mi. ¥ 1687 p. I. HetoToH chopmyiioBaB el 3aKOH TaK: 0y0b-aki 0ea mina
3 macamu M i m npumazyromuvpca i3 CuL0l0, 66AULUHA AKOL NPONOPyiilHa
0obymky ixHix mac ma obepHeHO nponopuiilHa Keadpamy 6i0cmaHi Mminx
Humu (puc. 5.8).

Mm
R’

e G — rpasiraiifiga craja; R — BigcTaHb MiK
IIUMHU TiJIaMU.

Cuaix 3BepHyTH yBary, mo ¢opmya (5.9) ciipasen-
JVBa TLIBKU OJIA IBOX MaTepiaJibHUX TOYOK. SIKIITO
Tij0 Mae chepuuHy (PopMy i ryCTHHA BCEepPeIMHI PO3IIO-
IijeHa CUMeTPUYHO BiTHOCHO II€HTPAa, TO Macy TaKoTo
Tija MOYKHA BBAsKaTU 38 MaTepiaibHYy TOUKY, KA PO3-
MiIyeTbesa B meHTpi cepu. Hanpuraanm, AKINO Koc-
MiuyHUT Kopabesib 00epTaeThca HaBKOJIO 3eMJIi, TO I
BU3HAYEHHS CUJIU, 3 AKOI0 KOpabesb IPUTATYETHC 10

F=G (5.9)
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

. ) Ona gonutnnBux

Bugarauil HiMenbKuil cBAIeHUK i acTponoM Morauu Kemrep, axuit
BIZKPUB KJIOUOBi 3aKOHU PyXy ILJIAHET, YeCHO IIPOMIIIOB IIIJIAX OCAAHHS.

IIporarom ycworo xxkuttsa Kemiep BipuB, mo CouauHna cucrema —
BUTBID MHCTEIITBa, CIIOBHEHUI MiCTUUYHUX SABUIN. BiH He BBa:KaB cede
aCTPOHOMOM 3a MOKJIMKAHHSIM, a HaBONAKW 3aXOIJIIOBABCA TEOJIOTiE€I0
i MpiaB cratu cBaAmenuKkoMm. CBiit iHTepec no Teopii KonmepHuka crouat-
Ky IOSICHIOBAB HEOOXiTHICTIO MOCTIAWTH PisHI ZYMKH II[OL0 CBiTOOYIO-
BU IIepes TUM, AK OiNTHU BJIaCHUX BUCHOBKIB.

3peIITo NPUPOAHA AONUTJIUBICTD W 3aXOMJIEHHS ACTPOHOMIiEIO
crnonykanu Kerepa 40 PeBOJIOIIMHNX BiIKPUTTIB — CJIABHO3BICHUX
3aKOHIB.

B emitagii 3 mpuBoay cMepTi BUAATHOTO BUEHOTO OYJIO HAIIMCAHO:
«fI BUKopucTOoByBaB AJid BUMipioBaHb HeOeca. Temep s Maio BUMipATH
Tiri 3emuri. ITompu Te, mo ayiia Mmoda Ha Hebi, TiHbB MOTO TiJia JEKUTH
TYT».

@ KoHTponbHi 3annTaHHA

Imummmw:‘-mgﬁ FLBATANTIAL 12 ST

RIEULARL G

1. Chopmysrofite nepmuil 3axod Kemepa. 1o pO3- | s s o oo fagors ico sy

TEMMLRGAS, 1T VLD, dbrrd

TalroBaHe y POoKyci opOiT mianer? A cymyTHUKIB?

2. TatiTe BU3HAUEeHHA Iepuretito ta adesaio. Aroi
IMBUAKOCTI HaOyBae IJlaHeTa, MPOXOAAYN IIi TOU-
Ku opOiTu?

3.Y uomy moJiArae HacJiOK Apyroro 3akouy Kere-
pa? ¥V akii miBKkysi 3emii Temsa mopa POKY TPHU-
BaJIiIa 3a XOJOIHY?

4. Yomy Tperiti 3akon Kemnepa € ogauM i3 HaliBasK-
JIUBIIIUX AJIA PO3BUTKY KOCMOHABTUKU?

5.V ckinbku pasis adesrifina BigcTaHb OibIia mepu-
reJifiHol BifcTaHi, SKIIO eKCIleHTpHCceTeT opbiTu
mopisuioe 0,57

6. Yu 3MiHIOETHCA MIBUAKICTD IIJIAHETH, 110 PYXa€Th-
cd II0 eJinTUYHUIH op6iTi? KoaoBiit op6iTi? Kyb6ok Kennepa

@ Tema pna guckycii

Ak samiEuUTHCA KaiMarT 3eMJi, SIKIMO €eKCIeHTPUCUTET 3eMHOI opoiTu
oyzme mopiBHioBatu 0,5, a BeJMKAa IIiBBiCh 3aJUIIUTHLCA TAKOIO, AK 3apas?
Baskaru, 1110 KyT HaXWJIy oci 06epTaHHS OO0 IJIOIIUHYU €KJIINTUKU 3aJI-
murbea 66,5°.

G 3aBAaHHA ANA CNOCTepPeXKeHHA
BuszauTe 3a 1omoMoroio acCTPOHOMIUHOTO KaJIeHAaps, aKka miranera Co-
HSYHOI CCTeMH PO3TaIIOBY€eThCA Halibamixue 10 3emiri 10 Gepe3Hs oTou-
HOTO POKY. ¥ AKOMY cy3ip’i il MoKHa T00aYNTH CHOTOAHI BHOYI?
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Tema 1. He6ecHa cdepa. Pyx cBiTun Ha HebecHin cdepi

6 BusHaueHHA Macu i po3mipiB He6ecHMX Tin

HaiiBaskauBiImoo xapaKTepuCTUKOI HeOecHOro Tijia € fioro Maca, sIKy
MOJKHA O0YMCIUTH MIJISIXOM BUMiPIOBaHHSA CUJIU TS KiHHA HA 1OTO TOBEPX-
Hi (rpaBiMeTpuuHU cmoci0). 3aKOH BCECBITHBOTO TSKIiHHS IT03BOJIAE 00-

YUCJIUTU Macy 3eMJi Ta iHmmx Hebec-

HUX TiJ.
P .
_p— Ha Ttino macoio m, ske posTariosa-

He m0o0Ju3y moBepxHi 3emJi, aie cuiaa

TaxKiHEA F = mg, e § — IPUCKOpPEH-

HA BigbHOrO maminuA. SIKIMO Tijgo pyxa-

Puc. 6.1. Bu3HaueHHs po3mipiB HeGeCcHUX Tin €THCS JIVIIe Mif Ni€f0 CUJIN TSKIHHS, TO

3aCTOCOBYIOTH 3aKOH BCECBITHBOTO Ts-

KinHa. [IpuckopeHHs BiJIbHOTO MANiHHA, CIPAMOBaHEe 0 IEHTPY 3eMJIi,
00UYnCaI0I0TEH 3a GOPMYJIOIO:

g:GR%2 (6.2)

®
Or:xe, 3HAIOUM, 1[0 IPUCKOPEHHA BijabHOro mamimasa g= 9,81 m/c?,
G=6,673+-10"' H-™m?/kr? u pagiyc 3emiai Ry,= 6370 KM, MmoxKHa 3a (op-
mysom0 6.3 obumcautu macy 3emuti (6.4).

M:ﬁil
G

M =5,97-10% kr

G DizHaiiTecs, AK MOXKHa 06unCANTN Macy He6ecHMX Tin 3a TpeTim
y3aranbHeHUM 3akoHom Kennepa.

106 BusHaUMTH JiHIHUNE posMip HeOeCHOTO Tiia, MOTPio-

HO BUMIipATHU KYT, i AKMM MU 0aunMMO HOro panmiyc, i 3HATH BifcTaHb IO
Hboro. Ha puc. 6.1 criocrepirau i3 nieatpy T 3emii Mo:ke 6aUUTH JIUIITE JIi-
HiftHU# pazgiyc R Tina oig KyTom p.

Bigcrams Big menTpa 3emiIi 10 IeHTPa HeOeCcHOro Tijia MO3HAYMMO JIi-
Tepoio D. Toxi: R = D - sin(p).

fAximo D BupasuTu B pagiycax 3emii, To # R Mu 3HaiigeMo B paniy-
cax 3emuai. Axmio D BupasuTu B Kijomerpax, TO
R Buiine B KijomeTrpax.

Hampukmnan, Bigcranb 1o Micana D nopiBHIOe
60 semuuM pamiycam, a pazgiyc Micans mu 6aun-
Mo nig kyrom 16'. s Micama R = 60 - sin(16') =
0,27 paxgiyca 3emuri.

IlirBogsAum migcyMKU, MOXKHA CKasaTH, IO
pe3yabTaTu HaBeJeHUX OOUMCJIIOBAHBb JOBOAATH
BiJICyTHICTH, NPUHIIMIIOBUX BiIMiHHOCTEN MixK
3emiiero i HeOeCHUMH TiJgaMu.
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Tema 1. He6ecHa cdepa. Pyx cBiTn Ha HebGecHin chepi

Ona ponutnneunx

B acrpodisuili oqmHUTEIO AJis BUPAYKEeHHA U MOPiBHAHHA Mac 3ip
Ta iHIIINX aCTPOHOMIYHUX 00’€KTiB (30KpeMa, raJakTuk) € maca CoHIlA.
Bona nosuauaeTtbes ueped M, i mopiBuioe maci Connga: M, = (1,98847 =
+ 0,00007)+ 10%° Kr.

CousauHa Maca ImepeBHUINye Macy 3emJi maiyke B 332 946 pasis.
Binssko 99,86% macu Comaunoi cucreMu mpuiazae came Ha Coxile,
a sarajgbHa Maca ycix miaaHer ctaHoBuTh jauiie 0,0013 M ,,mpuuomy
0isbIIa YacTHMHA CyMapHOI MacH IiaHeT HamexuTh IOmiTepy (foro Mmaca
y 1047,56 pasiB MeHIIIa 32 COHAYHY).

Maca 6inbItocTi okpemux 3ip y Beecsirti ckaazgae Big 0,08 mo 50 M,
a Maca YOPHUX Iip i IMiJMX raJakKTUK MOJKe CATaTU MiJIbAOHIB i MiIbap-
IiB Mac HAIIIOTO CBiTHMJIA.

H KoHTponbHi 3annTaHHA

1. fAxuit 3aKoH gormomarae oouucauTy Macy HebecHoro tisa? HasBiTh fioro
dopmyay.

2. flkuMuy faHUMU HEOOXiIHO CKOpHCTATHUCH, 11100 BUSHAUNTH PO3Mip He-
G6ecHoro Tisa? Y yomy 1oT0o MOYKHA BUPA3UTU?

B BvikoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMaTVU4YHOIO NMepeBipKoo
Ha caiTi «IHTepaKTUBHE HaBYaHHA».

Bucuosku. Cysip’s — minanku, Ha AKi momisena HebecHa chepa A
3PYYHOCTI Opi€eHTYBaHHsA Ha 30psaHOMY Hebi. [ BuMmiproBaHHA Bimcra-
Hell Yy KOCMiYHOMY TPOCTOPi BUKOPUCTOBYIOTH ACTPOHOMIUHI OZWHUAIL Ta
CBITJIOBi pOKH.

Ha xaprax 30pAHOTO He0a BUKOPUCTOBYIOTH €KBATOPiaJbHY CHUCTE-
MYy KOOPAWHAT, y SIKill IIOJIOKEeHHA 3ip BU3HAUAIOTH 3a JOIIOMOTO0 IPs-
MOTO CXO/KEeHHSA Ta CXUJIEHHS.

IInommua eKJIinTHUKM, IO AKiN BigOyBaeTbea pyx CoHIlA, 30iraeTn-
cdA 3 IJIOIMUHOI0 OpOiTy 3eMiri. Y340BK JIiHIT eKJIINTHKE po3TalnoBami
12 somiakanpHUX Cy3ip’iB, 3a AKMMU BI3HAYAIOTEH KJIIOUYOBI mepiogu mpo-
xomxeHHa 3eMuri HaBKoJio COHIlsT — IHI PiBHOAEHHS TA COHIIECTOSHHS.

Micsaip — OpUPOAHUN CYNYyTHUK 3€MJli, pyXaeThCsd HABKOJIO HAa-
1101 TIJIAHEeTH II0 eJiNTUYHIN opbiTi y HAaMPAMKY i3 3axoqy Ha cxif (Tax
camo, AK i 3emusa). CumepuuHuit MicAlb — MOBHUMA 006epT MicAra mo op-
0iti HaBKOJIO miaameru 3a 27,3 moou. Ilepiox micauHUX (pas3 CTAHOBUTH
29,5 seMHUX 7Ai0 i Ha3MBAETHCSI CUHOAUYHUM MicCsAIlEeM.

3axkonu Kemiepa 103BOIAIOTH 3 BEIUKOIO TOUHICTIO BU3HaAUATH (hOP-
My opbitu i mBuAKicTh pyxy miaHer COHAYHOI cucTeMHu Ta mepioam ix
obepramua HaBKos0 CoHIig. I1i 3aKOHM BUKOPUCTOBYIOTH i AJs 3amyc-
Ky IITYYHUX CYNIYTHUKIB, MiJKHAPOAHUX KOCMIiUYHMX CTaHIIi!i, KOCMiu-
HUX KOpabJiiB Ta iH.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua



Mukoaa IlaBnoBuu BapaGamor (1894—

1971) — BumaTHUN yKpaiHCHKUII aCTPOHOM, aKa-

memik AH YPCP. Hapoausca B XapKoBi B poau-

Hi mpodecopa opraabmosiorii. ¥ 1912 p. sakinuus

XapkiBcbKy rimuasiro Nel i BeTynuB Ha IepIIui

Kypc Qismko-maremaTuyHoro haryabrery HOpiis-

cokoro (HuHi Taprycbkoro, EcToHis) yHiBepcure-

Ty. 31914 1o 1919 p. maitbyTHilI yUueHIIT HABUABCHA

Ha (pisuxo-maTeMaTunuyHOMY (ParyabTeTi XapKiB-

CBKOT'O YHiBEPCUTETY, a MicJisd 3aKiHUeHHA OyB 3a-

aunineHui Ha Kadeapi acrpornomii. IIpodecopcbke

3BaHHsa Mukosa IlaBaoBuu orpumar 1934 p.,

a Ie 3a [Ba POKHU HOMY OYB IIPHUCBOEHUN BUEHUI

CTYyHiHb AOKTOpa (hiBMKO-MaTeMaTWUYHUX HAYK

0e3 3axmcTy aucepTallii (3a CyKymHicTIO po0iT).

IIporsarom 6araTbox poKiB HAYKOBOI AisJIBHO-

cTi BueHM craB aBTopoM 0sin3bpK0 600 mpyxoBa-

HuX mpank. [{ikaso, 1110 mepIri JociIiiKeHHA 11010

CIIOCTepesKeHb COHAUHUX ILIAM, Bernepu it Mapca MukoJja ony0/iKkyBas Iie

B 15 pokiB. HaykoBa npand migmiTka Toxai OyJsia mpuiitHATa PPaHITy3bKUM
JKYPHAJIOM «ACTPOHOMIsA».

Cepen BimoMux HOCATHEHb aKaJeMiKa — Baromi BiIKPUTTS IIIOAO BU-
BueHHA miaaHeT CousauHol cucremu. Bapabaiiros BuBuaB mopepxHio Mapca,
BIIKPUB «TOJIAPHI ITaTKW» ¥ KPUCTAJIM JIbOY B aTrmochepi Benepu, gocuri-
mxyBaB CarypH i FOmiTep, a Takok coHaUHY KOopoHy. [lo peui, came Muko-
na IlaBioBuu coisbHO 3 KOHCTPYKTOPOM it onTukoM M. I'. IloHOMaproBUM
CKOHCTPYIOBaB IMePIIUHA PagAHCHKHUN CIIEKTPOTEJTiOCKOI (IPUCTPil AJIs Bi-
3yaJIbHOTO cIocTepe:keHHss COHII).

I xoua 3apy0OiskHi BUueHi po3pol0IAAN aHAJOTIUHI HayKOBi mpobiemu,
pesyJIbTaTh XapKiBChbKUX aCTPOHOMIB YaCTO BUSABJIAINUCS O1JIBIIT TOUHUMIH.

Vi mi gocrimxenusa craau (pyHIaAMEeHTOM HayKO-
BOI IITKOJIM TIJIAHETOJIOTi], sIKa ¥ IMMOHWHI yCITil-
HO PO3BUBAETHLCA Ta BijoMa [aJieKo 3a MerKaMu
Yipaiuu.

Muxosa IlaBimoBuu 6araTo 3aiiMaBCs BUKJIA-
IaIbKOI0 OiAJbHICTIO, CTAB 3aCHOBHUKOM XapKiB-
CBKOT'O TIJIaHEeTapilo i OOJHUM i3 aBTOPiB IepIIOro
«ATrsacy 3BopoTHBOTO 60Ky Micsrsa».

ITam’aTe npo akazeMika yBiuHeHa y HasBa-
HUX #oro iMm’am Kpatepy Ha Mapci i masiol miane-
T Ne2883 — Bapabar. A Bix 1992 p. HAH Vkpa-
inm 3ampoBanmia npemito imerni M. II. BapabarmoBa
3a Imparii B raaysi pisumKku miaaHer, 3ip i raJakTuk.
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3opAHUN WAAX KPi3b TepPHii

Cecunuisa I'enena Ileiin-I'amomkina (1900—
1979) — Bimoma aMepuUKaHCbKA aCTPOHOMEKA
i mepmia KiHKa, AKa OTPUMAaJia 3BaHHA IIpode-
COPKU I ouosrroBajia Kagenpy B I'apBapacbkoMy
YHiBepCHUTeTi.

Hapomunacs y Benukiii Bpurasnii B poguxi
icTopuka, BuKJagaua Y HiBepCUTETCHKOTO KO-
aemky npu OxcdopacbKkoMy yHiBepcureTi. 3a- S
XOIIJIEHHS aCTPOHOMIi€0 y MiBUMHM BUHHUKJIO |«

y 19 pokiB, KoJi1 BOHA BiABimaja JIEKIIil0 IIPO-

decopa acrtpouomii Exgiarrona. ¥ 1923 p. Cecuitis 3 BifsHaKO0I0 3aKiHumM-
aa KemOpum:x, aje BUABUJIOCS, IO Y HHOMY B Ti Uacu JKiHKaM He BUIaBa-
JIA TUIIJIOMH.

IIparayum npooBKyBaTH aCTPOHOMIUHY OCBiTY I HAYKOBY AiAJBHICTB,
Cecutia mepeixagaa go CIITA i BiamTyBaJjiacsa Ha podOTy B 00cepBaTOPiio
T'apBapacbKoro yHiBepcurery.

Y 1925 p. TaraHoBUTAa BUeHA HAIKcaJIa KHUTY, 10 MaJja 0 IIPUT0JIOM-
IIUTH HayKOBe cycHiibcTBO. ¥ HiMl Cecuirisa Ilefin moBoamia: 30pi cKaama-
IOThCA He 3 MeTaJiB (AK BBasKaJIOCs HA TOH yac), a 3 BOAHIO i reJrito. IIpo-
Te 3AUBYBATHU I[i€I0 IIparero CBiT He cyauiocda. [locBiguenuii acTpodisuk
T'erpi Hoppic Pacces saneBHUB AiBUMHY, IO ii BIAKPUTTA cylepedaTs ic-
HYIOUYUM TeOpiaAM, i BiIMOBUB IIpeICTaBIATA KHUTY 3araiy. Ilikaso, mio 3a
YOTHUPU POKM BiH BUAAB BJIACHY IIpaIlio, V AKili MosKHA 0yJIO BIIiI3HATH CMi-
auBi imel Cecuiii, ¥ yBiAIIIOB B iCTOPiI0 AK 3aCHOBHUK OJHI€] 3 MEePIIUX Te-
opiii eBourrorrii 3ip. Kumura Cecuiii Ileiin sromom yce K Taku Oyjia HaIpy-
KOBaHAa, ajie HeBeJINKUM HAaKJIaJ0M, i 3a Hel BueHa OoTpuMaJia HayKOBUN
cTymniub Big komemxy Penkaigda.

Cecuiisa mpomoB:KMIa PO3POOIATH IIPOOIeMaTuKy 3ip-rirauTiB. I[na
IPyroi KHUTY BOHA OIpAaIioBajia CTIIbKM JaHUX, M0 ii mpamsd crajga (hax-
TUYHO €HIIUKJIONEeTiel0 3 acTpodisuku. UuMaao HaCTYIIHUX HAYKOBUX JI0-
CATHEHb B ranysi eBourorii BececBiTy HayKoBUISA 3po0uIa pasoM i3 4oJjio-
Bikom — Cepriem l'anmomkiaum. Iloapyskika orpumasio 6araTo moYecHUX
Haropoz.

Ha uects Cecunuii I'esernn Ileiin-Tanomkinoi HasBaHUM BigKpPUTUHA
1974 p. acrepoin «2039 Ileiin-T'amommKin» .
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Tema 2. MeTtogmn Ta 3acobm
ACTPOHOMIYHUNX [OCNIA)KEHDb

BunpomiHioBaHHA HebeCcHMX Tin.
MeToamn acCTPOHOMIYHUMX AOCAIAXKEHD

Bumnpominoranua sedecHux Tija. Y il TeMi MU PO3TIAHEMO OCHOBHI
METOAU, 3a JOIIOMOI0I0 AKNX aCTPOHOMMU 30MparTh iH(popMaIlliro mIpo momii
B JTaJIeKoMy KocMoci. BuaBiasaeThes, 10 OCHOBHUM A KEPeJsioM Takoi iHdop-
MaIllii € eJJeKTPOMArHiTHI XBMJIL Ta eJleMeHTapPHI YaCTUHKU, AKi BUIIPOMi-
HIOIOTh KOCMIiUHi TijIa, a TAKOK rpaBiTamiiidi i eJJeKTPOMAartHiTHi moJs, 3a
IOIOMOTIOI0 AKUX IIi Tijia MisK cO00I0 B3a€MOIiIOTh.

}"max

A FipporeH

Kanbuin

\

MarHii

Harpin
FipporeH

EHepria

400 500 600 700

HoBXuHa xBuni A, HM

Puc. 1.1. CnekTp BunpomiHioBaHHsA 30pi 3 Temnepatypoto T = 5800 K. 3anaaunHu Ha rpadiky Bia-
noBigalTb TEMHUM NiHIAM NOMMIMHAHHA, AKI YTBOPIOIOTb OKPeMi XiMiYHi enemeHTn

CoHIle Ta 30pi BUITPOMiHIOIOTH €JIeKTPOMAarHiTHI XBuUJIi pisHOMaHiTHOI
noB:kuHU. [Inanern Ta iIXHi CynIyTHUKY BiIOMBAIOTH COHSAYHE CBIiTJIO I cami
BUIIPOMIHIOIOTH iH(p)pauepBoHi mpoMeHi i pamioxsuii. Po3pimkeni raso-
Bi TYMAQHHOCTi BUITPOMiHIOIOTh €JI€KTPOMArHiTHI XBUJIi YiTKO BU3HAUYEHOI
IOBXKUHU.

BunpominioBanHsa HeOeCHUX TiJI, II10 He JOXOIUThH IO ITOBEPXHi 3eMmri,
IOCTIIMKYETHCA 3a JOIIOMOTOIO MITYUYHUX CYIYTHUKIB, HAYKOBUX OPOiTAID-
HUX CTAHIIIN, SKi 00epTaroThCcsa HABKOJIO HAIIOI IIJIaHeTH, a TaK0OK 3a IOII0-
MOTOI0 aBTOMATUYHUX MiKIIJIAHETHUX CTAHI[IN, CIPAMOBAHUX IO IIJIaHET
Coussunoi cucreMu. BunnpomiHOBaHHA, AKe IIPOXOANUTH KPi3h 3eMHY aTMO-
cdepy, BUeHi ZOCIiIKyIOTh 6e3II0ocepeqHbO 3 ITOBePXHi 3eMIi.

AK BimoMo 3 Kypcy (ismKHM, aTOMU MOKYTh BUIIPOMiHIOBATU a00 II0-
TJINHATU €HEepriio eJIeKTPOMArHiTHUX XBUJIb Pi3HOI YacTOTWM — BiJx IIbOTO
3aJIe’KaTh ACKPaBicTh i KoJip Toro um immoro tima. [{na obuucieHHS iH-
TEHCUBHOCTi BUIIPOMiHIOBAaHHA BBOJAUTBHCA IMOHATTA TAK 3BAHOTO YOPHOTO
Tijla, AKe MOXKe ifleaJTbHO TMOTJIMHATH 1 BUIIPOMiHIOBATH €JIeKTPOMATHIT-
Hi KOJIMBaHHS B AialasoHi BCiX JOBKUH XBUJb (0e3IIePePBHUN CIIEKTP).

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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Tema 2. MeTogu Ta 3aco61 aCTPOHOMIYHUX [OCHiIAXKEHD

30pi BUIIPOMIiHIOIOTh €JIeKTPOMATrHiTHI XBUJIi pis-
HOI JOBXKUHU A, ajie B 3aJIe}KHOCTI BiJ TeMIepaTypu mo-
BepXHi HaNOiAbIEe eHepTil MpUIlafae Ha IeBHY YaCTUHY
CHEKTPA A, (puc. 1.1). Ilum mosACHIOIOTHCA PiBHOMAHIT-
Hi KOJIbOpU 3ip — Bijg uepBOHOrO A0 cuHBbOrO (puc. 1.2,
1.3). BukopucToByOUM 3aKOHN BUIPOMiHIOBAHHS UOP-
HOrO Tija, aKi Bigzkpuau ¢pisuku Ha 3eMJyi, acTpOHOMU
BUMIPIOIOTH TeMIEPaTypy AaJIeKUX KOCMIUHMX CBiTHJI
(puc. 1.4). 3a remneparypu T = 300 K uopue Tiso Bu-
IIPOMiHIOE eHepriio mepeBaskHO B iH(pauepBOHiH yacTu-
Hi CIIEKTpa, AKa He CIPUNMAaEeThCA HEO30POEHUM OKOM.

3a HU3BKHUX TeMIepaTyp TakKe Tijo y cTaHi Tep-
MOAMHaMIUHOI piBHOBaru mMae€ COpaBIi YOPHUN KOJip.

Ana ponutnueunx

Y npupogi abcooTHO YOPHUX TiJa He icHYye, Ha-
BiTh YOpHA casKka MOTJIMHAE He 6iabmt HiK 99 % enek-
TPOMATHITHUX XBUJIb. 3 iHITIOr0 GOKY, AKOU aOCOTIOT-
HO YOPHE TiJI0 TiJIbKY IOTJIMHAJIO eJIeKTPOMAaTHiTHI
XBWJIi, TO 3 YaCOM TeMIlepaTypa TaKoTo Tijia cTaja
0 HeCKiHUYeHHO BeJuKOoi0. ToMy YOpHEe Tijio BHUIIPO-
MiHIOE eHeprilo, IPUUYOMY HOTJIMHAHHSA i BUIIPOMi-
HIOBAaHHS MOJKYTh Bij0yBaTHCs B Pi3HMX YaCTOTaX.
OpHak npu AedKill TeMIepaTypi BCTAHOBIIOETHCA PiB-
HOBara Mi’K BUITPOMiHIOBAaHOIO Ta IOTJIMHEHOIO eHep-
riamu. 3aJie’XHO BiJl piBHOBaKHOI TeMIIepaTypu KOJIip
a0COJIIOTHO YOPHOTO Tijia He 000B’A3K0OBO Oyme 4op-
HUM — HaAOPUKJAM, ca’ka B eYi IPU BUCOKIil TeMIe-
paTtypi Mae yepBoHUI ab0 HaBiTH OiIWHA KOJIIp.

T =12000 K T = 5800 K T = 3000 K
Amax = 250 HM Amax = 500 HM Amax = 1000 HM

™

EHepria

/\
| .

T T )
0 500 1000 1500
[oBXuHa xBuni A, HM

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 1.3. Monogi 30pi. Pi3Hi
KOSIbopW 3ip MOACHIOITHCSA
eNeKTPOMarHiTHUM BUNPOMi-
HIOBAHHAM PIi3HOI OBXUHN

YopHe Tino nornvHae Bcto
eHeprilo, AKa Naga€ Ha 1oro
NOBEPXHIO, i BCIO eHeprito
nepeBUNPOMIHIOE B HAaBKO-
NMLWHIN NPOCTip, ane B iH-
Wi YacTMHI cnekTpa

AcTpodismka B1BYaAE
6yn0oBY KOCMiUYHMX Tif,
di3nYHi yMOBU Ha NOBEPXHI
1 BCepeauHi Tin, XiMivyHmn
CKnag, okepena eHeprii

Ta iH.

Puc. 1.4. Po3nogin eHeprii y cnekTpi BUnpomi-
HIOBaHHA 3ip. Konip 3ip BM3Hayae Temnepary-
py noBepxHi T: CMHI 30pi MaloTb TemnepaTtypy
12000 K, yepBoHi — 3000 K. Mpwn 36inbLueHHi
TemrnepaTypu Ha MOBEpPXHi 30pi 3MEHLYETbCA
LOBXWHa XBUNi A,,,,, AKa BiANOBIigae Makcumy-
My eHeprii BUNPOMiHIOBaHHA
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Tema 2. MeToguy Ta 3acob6y aCTPOHOMIYHUX [OCHiIAXKEHD

Metoau acTpOHOMIUHUX Hocaimkens. Mixk Gpisukoio
Ta acTpodisuKoi0 € 6araTo CHiJIbHOTO — IIi HAYKU BU-
BUYAIOTh 3aKOHU CBiTYy, y AKOMY MU KUBEMO. AJie MixK
HUMU iCHy€e OJHAa CcyTTeBa pPisHUNA — (PiSUKU MAOTh
MOJKJIMBICTH IIEPEBIiPUTHU CBOI TEOPETUUHI PO3PAXYHKU
3a JTOIOMOTOIO0 BiITTOBIIHUX €KCIEPUMEHTIB, y TOH uUac
AK aCTPOHOMHU B OiJIBIIIOCTiI BUIIAAKiIB TaKOi MOYKJINBO-
CTi He MalOTh, aJ)Ke BUBYAIOTh IIPUPOJY NAJIEKUX KOC-
MiUyHUX 00’€KTiB 3a IXHiM BUIIPOMiHIOBAHHAM.

AcTpodisuuHi eKkcliepruMeHTH B KOCMOCI Bce K TaKu

Puc. 1.5. HapoaxeHHsa HOBOT BimOyBaroThcA — iX 3iMICHIOE caMa IIPUPOJa, a AaCTPOHO-

30pi

MH CIIOCTEPiraloTh 3a TUMU IIpollecaMu, AKi Big0yBaoTh-

cA B fajexkux ceitax (puc. 1.5), i aHamisyoTs oTpuMaHi
pesyabTatu. Mu crocTepiraemMo CBOEPifHI sBUINA B uaci Ta 6aumMo Take
Iajgexe MuHyJie BececBiTy, KOJIu I1Te He icHyBaJia He TiJIbKU HaIlla ITUBijIiza-
Iis1, ayse HaBiTh He O0yJso Cousaunoi cucremu. Tob6To acTpodisuuni MmeToau
BUBUEHHS JAJIEKOr0 KOCMOCY (paKTUUHO He BipisHAIOTHCA Bij eKCIepUMeH-
TiB, AKi MPOBOAATH PisuKU Ha moBepxHi 3emri. [[o Toro k 3a JOIIOMOTOIO
aBTOMATHUYHUX MiKILIaHeTHuX cTrauiliii (AMC) acTpoHOMHU NIPOBOAATH
CIIPaB)KHI ()iBUUYHI eKCIIEPUMEHTH SIK Ha IIOBEPXHi IHIMMX KOCMiUHUX TiJ,
Tak i B MIJKIIJIAHETHOMY TIPOCTOPi. ACTPOHOMIUHI CIIOCTEPEsKEeHHA 3AiICHIO-
IOThCS K y aCTPOHOMIUHHMX 00CcepBaTOPiAX 3a HOIIOMOTrOI0 PidsHOMAHITHUX
TeJIECKOMiB, TaK i HE030POEHUM OKOM.

Crocrepesxennsa Heo30poenum okom. OKO JIOAUHYA € YHIKAJILHUM OP-
raHOM UYTTs, 3a JOIOMOTOI0 SKOro Mu oTpumyemo moHaxa 90 % indopma-
il Tpo HABKOJUIITHIN cBiT. OUTUYHI XapaKTepUCTUKY OKa BU3Ha-
YaThCA PO3AiJIBLHOIO 3MAaTHICTIO Ta YyTJINBiCTIO.

Posdiavua 30amuicms oka, abo zocmpoma 30py, — Iie CIpPO-
MOKHICTBh PO3Pi3HATH 00’€KTHU IIeBHUX KYTOBUX PO3MipiB. Ycra-
HOBJIEHO, I[0 PO3iJibHA 3JaTHICTh OKa JIIOAWHU He mepeBuirye 1’
(ogua minyTa ayru, puc. 1.6). Ile o3nauae, 1110 Mmu MoKeMo Gayum-
TH OKPEMO [IBi 30pi, AKIIO KyT MiKk HUMH a > 1', a Aakmio a < 1/,
TO I1i 30Pi BIMBAIOTHCS B OJHE CBiTUJIO, TOMY PO3Pi3HUTH IX He-
MOKJIUBO.

Mu pospisuasaemo gucku Micarsg i CoHIA, agxke KyT, OiJ SKUM
BHUHO AiaMeTp IUX CBiTHUJI (KyTOBUU mAiaMeTp), JOPiBHIOE 0JIU3E-
kKo 30’, y Toit yac AK KyTOBi AiameTpu muaHer i 3ip menrmi 3a 1/,
TOMY IIi CBiTMJIa HEO30POEHUM OKOM BHUAHO SIK SICKPaBi TOUKWH.

YyTAnUBiCTh OKa BU3HAYAETHCA MMOPOTOM CHPUAHATTS

Puc. 1.6. Mu pospisHaemo  oxpeMuX KBaHTIB cBiT/a. HaiiGiiblny 4y TaIUBiCTE OKO Mae

anck Micaua, ockinbkum
NOro KyToBWI AiameTp
30', y Tol yac Ak KpaTepu
Heo36POEHNM OKOM

Y *KOBTO-3€JIeHill YaCTUHi CIeKTpa, i M1 MOKeMO pearyBa-
T Ha 7—10 KBaHTiB, AKi IOTPAIJIAIOTEL Ha CiTKiBKY 3a 0,2—
0,3 c. B acTpoHOMii UyT/INBiCTh OKA MOKHA BU3HAUUTHU 34

He BUAHO, afpKe iX KyToguii  JOTIOMOTOIO TaK 3BAHUX BUAVMUX 30PSHUX BEJUYUH, K1
niameTp MeHwWwwi Big 1 XapaKTepusyIoTh ACKPaBicTh HeOECHUX CBIiTMII.

34
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Tema 2. MeTogu Ta 3aco61 aCTPOHOMIYHUX [OCHiIAXKEHD

i ) Ina gponutnueux

YyTauBicTh OKa TaKOK 3aJIEKUTh BiJ miameTrpa 3i-
HUIl — y TEMPABIi 3iHUIII PO3MINPIOIOTHCA, & BIEHD 3BY-
KyioTbes. Ilepen acTPOHOMIUHMMY CIIOCTEPEKeHHAMU
Tpeba 5 XB IIOCUIITA B TEMPABi, TOAI UYTJIUBICTH OKa
301BIITUTHCS.

G KoHTponbHi 3annTaHHA i 3aBAaHHA

1. YuM mOsACHIOETHCA PIBHOMAHITHUEN KOJIip 3ip?

2. 3a I0IIoMOoro AKMX 3aK0HIB aCTPOHOMU BUMipIOIOTH
TeMIOepaTypy AaJeKuX KOCMIUHUX CBiTHI?

3. Yu MOKJINBO HPOBEAEHHS acTPOhisuUHNX eKCIIepu-
MeHTiB?

4. ITigroryiiTe cTHCJE IIOBiLOMJEHHSA IIPO METOAU
acTpo(PiBMUHUX AOCTiIKEeHb.

5. YuM BU3HAUYAETHCA UYTIAUBICTH OKa?

Cgitno Big 30pi

06’eKkTuB

Okynap

Puc. 2.1. Cxema niH3oBoro
Teneckona (pedpakropa)

MpuHuymn pii i 6yaoBa oNnTUYHOrO Ta pagioteneckona,

AeTeKTOpiB HEMTPUHO Ta rpasBiTalinHnX
xBusb. Mpunmayi BUNpomMiHIOBaHHA

ITpuaIMD Oii omTUYHOrO Tejeckona. Ha :xaan, 0imb-
IIiCTh KOCMiUHUX 00’€KTiB MU He MOXKeMO cIIocTepiratu
Heo30pOEHUM OKOM, OCKIJIBKM HOT0 MOMKJINBOCTI 0OMe-
skeni. Teneckomnu (rpelr. tele — manaexo, skopos — Gauwn-
TH) TO3BOJISIOTH HaM IMo0auuTH JajieKi HeOecHi cBiTmIa
abo 3apeecTpyBaTH iX 3a JOIOMOI'OI0 iHINKWX MpUIMaUiB
eJIEKTPOMAarHiTHOTO BUIIPOMiHIOBaHHA — (poToamapara,
Bieokamepu. 3a KOHCTPYKI[I€I0 TeJIeCKOIN MOYKHA ITOIi-
JIUTH Ha TPU I'Pynu: peppakTopu, ado JiH30Bi TeJIecKOoIIu
(puc 2.1.) (;ar. refractus — 3ajgomiieHHsA); pedhJIeKTOPH,
abo msepkaabHi Teseckonu (puc. 2.2), (mat. reflectio —
BimOmBaio) Ta A3epKaJIbHO-JIiH30Bi TEJIECKOIU.

ITpunyctTumo, 1110 Ha HECKiHUEHHOCTI PO3TaIlIOBYETh-
csa HebecHe CBiTHJIO, Ke IJIs He030POEHOT0 OKa BUIHO
mig KyToM o,. [[BoomyKJia JiH3a, AKYy Ha3UBAIOTh 00’ €K-
THUBOM, Oyaye 300parkeHHs cBiTmIa ¥ GOKAIbHIN IIJI0IIH-
Hi Ha BixcraHi F Bifg 06’ekTuBa (puc. 2.1). ¥ doranbHin
IJIOMIMHI YCTAHOBJIIOIOTH (DOTOILJIACTUHY, BilleokaMepy
abo iHmumi npuiimau 3o0paskeHHsA. [[J1s BidyaJbHUX CIIO-
cTepeskeHb BUKOPUCTOBYIOTh KOPOTKOGOKYCHY JIiH3Y —
JIYIy, AKY Ha3UBAIOTDb OKYJAAPOM.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Pedpakrop — Teneckon,
y AKOMY ANA CTBOPEHHA
306paKeHHA BUKOPUCTO-
BYIOTb NiH3U

Pednekrop — Teneckon,
y AKOMY A CTBOPEHHSA
306parkeHHs BUKOPYCTO-
BYIOTb A3€pKasio

Mnocke
A3epKanbue

MNapa6oniuHe A3epkano

Puc. 2.2. Cxema g3epkKanbHoro
Teneckona (pednektopa)
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Tema 2. MeToguy Ta 3acob6y aCTPOHOMIYHUX [OCHiIAXKEHD

30iJIBIIIeHHA TeJIeCKOIIa BU3HAYAETHCI TaK:
no _F, (2.3)
o, f

e 0, — KYT 30py Ha BUXO/JIi OKYJIApa; o, — KYT 30Dy, IIiJg AKUM CBiTU-
JI0O BUIHO Heo30poeHUM oKoM; F, f — (oKycHi Bigcrani Bigmosigmo 06’ek-
THUBA 1 OKYJISIpA.

PosminbHa 3maTHiCTh TeJecKoma 3aJeKUTh Big miamerpa o6’e€KTuBa,
TOMY IIPU OJHAKOBOMY 30iJIbIlTeHHi OiIbIlI YiTKe 300pakeHHs Ta€ TeJIeCKOI
i3 OisbInuM giameTpom 06’€KTHBA.

Kpim Toro Teseckomn 30iJbIlye BUANMY JCKPaBicTh CBiTHMI, siKa Oynae
y cTimbKU pasiB GisnbIlia 3a Ty, IO COPpUAIMaeThCsad HEO30POEHUM OKOM,
y CKiJbKHM ILjI0IIA 00’eKTHBA OijbIlla Bix miomri s3iHuili oxka. 3amam’saraii-
Te, III0 B TeJeCKOIl He MOKHA AuBUTHCHL HAa CoHIle, TOMY IO f0ro scKpa-
BicTh Oy/Zle TAKOIO BEJIUKOIO, IO B MOKeTe BTPATUTH 3ip.

-« 3pocTaHHA eHeprii
36inblIEeHHA JOBXUHW XBUi >
0,0001 oM 0,01 Hm 10 UM 1000 HMm 0,01 cm Tcm m 100 m
| | ] | |
y-NMPOMeHi PeHtreniBebKi | YO- || IHppauepBoOHi Papioxsuni
npoMeHi npo- npoMeHi
MeHi

e cBiTNoO

400 Hm 500 Hm 600 Hm 700 Hm

Puc. 2.4. lLikana enekTpoMarHiTHUX XBUIb

Pangioreneckonu. [[na peecrpariii eJleKTPOMarHiTHOTO BUNIPOMiHIO-
BaHHA B pajgiogiamasoHi (mos:xmHa xBuiai Big 1 mwm i 6inbime — puc. 2.4)
CTBOPEHI pajiioTesecKonm, iKi TpUNMAarOTh PAJAiOXBUJIL 3a TOTIOMOTOIO CIIe-
MiaJbHUX aHTEH i IepefaroTh iX A0 mpuiiMaua. ¥ pagionpuiiMaui KocMmiu-
Hi CMTHAJM OUPaIlbOBYIOTHCS i PEECTPYIOTHCA CIEIiaJbHUMMU IPUJIATA-
Mu. IcHYIOTH IBa THUIIN pajioTeJecKOomniB — pedJeKTopHiI Ta pamiorparu.
ITpunnun nii pedgIeKTOPHOTO pagioTesiecKoIla TaKUi caMUuil, K TeJIeCKO-
na-peduiekropa (puc. 2.2), TiIbKU a3epKaJjo IJsd 30UpPaHHS eJIeKTpoMar-
HITHUX XBUJIb BUTOTOBJISAETHCA 3 MeTasy. JdacTo Iie A3epKayio Mae (GopMy
napaboJsoina obepranus. Yum OiIbIINE AiamMeTp Takoil mapabosiuHol «Ta-
pinxm», TUM OLJbBIIi po3milbHA 3JaTHICTEL i UYyTIAMBICTE pamioTesaecKoIia.
Hai6inemuit 8 Yrpaini pagioreneckon PT-70 mae giamerp 70 m.

IJa cnocTepeskeHHA Ha KOPOTKUX XBUJAX MOIINPEHi 13epKajIbHi mapa-
00JIiuHI aHTEeHN, BCTAHOBJIEHI HA TIOBOPOTHUX IIPUCTPOAX, IO CAYIKATH JJIA
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Tema 2. MeTogu Ta 3aco61 aCTPOHOMIYHUX [OCHiIAXKEHD

HaBeJleHHA Pa/lioTeJIeCKOIIiB Ha JYKepeso pa-
IiOBUIIPOMiHIOBAaHHS. 3a MIPUHIIUIIOM Ail Taki
pamioTeIeCKONN aHAJNIOTIYHI ONTUYHUM TeJie-
cxomaM-pedpaxkTopaM. HacTo BUKOPHUCTOBY-
IOThCA KOMOiHAaIil pAny O3epKaJbHUX aHTEH,
II10 CIIOJIYYeHi KabeJIbHUMH JiHiAMU B €TUHY
cucrteMy — «I'patu». [ cumocTepeskeHHs Ha
IOBTUX XBUJISAX BUKOPUCTOBYIOTH I'PaTH, IO
CKJIQIAIOTHCA 3 BEJIMKOI KiJIBKOCTI eJieMeHTap-
HUX BUIPOMiHIOBa4iB, — Odino.sis (puc.2.5).

JerexTopu HeliTpuno. YacTUHKY HEUTPU-
HO YTBOPIOIOTHCA BHACJIIIOK AeAKWX BUJIB pa-
Ii0aKTUBHOTO PO3MaLy, AJePHUX PeakKIliil, mogi0OHUX M0 TUX, IO BigOyBa-
foTbesa Ha COHITl, Y1 BHACJIIOK 3iTKHEHHA KOCMiUYHUX ITPOMEHiB 3 aTOMaMMU.
Yepes ay:xe cJabKy B3a€EMOJiI0 3 PEUOBMHOIO HEHTPUHO HANAE YHIKAJIBHY
MOJKJIMBICTB CIIOCTepiraTu 3a mpoltecaMu, AKi HeIOCTYIHI I/ JOCTIIKeHb
yepes ONTUYHI TeJeCKOIIU.

IIBuaKicTs pyXy HEHTPUHO € OJU3BKOIO 0 IIBUAKOCTI cBiTsia. Bouu
BiflirpatoTh BEJINKY POJIb Y IIEPETBOPEHHSAX eJIeMeHTapHUX yacTuHOK. Maca
HEeNUTPUHO BKpall MaJjia y HOPiBHAHHI 3 iHITMU eJiIeMeHTapHUMU YaCTUHKA-
MU, ajie BOHA € BayKJNBOIO JJIA MOSACHEHHA B KOCMOJIOTiI (heHOMEeHY IPUX0-
BaHOI Macu, OCKiJIbKM, HE3BaKAOUMW HAa Ii Majie 3HAUEHH, KOHIIEHTpAaIlid
HelTpuHO y BeecBiTi JocuTh BUCOKA, 100 iCTOTHO BIJIMHYTH Ha CepPeqHIO
T'YCTUHY PEUOBUHU.

IlepeBa:xHa KiTbKiCcTh HEATPUHHUX JETEKTOPiB, METOIO SKUX € BUBUEH-
Hs HENTPUHO, PO3TAIIIOBYIOTh I'NIMO0KO IIij 3eMJieio, 11100 3amo0irTu BILIUBY
Ha HUX OyAb-TKOT0 KOCMiUHOT'O BUIIPOMiHIOBaHHSA Ta iHITUX AKepes IPUPO/ -
HOro paaiarifinoro ory. Yepes ciabKy B3a€MOAiI0 HEHTPUHO 3 iIHIITUMU eJie-
MEHTapHUMHU YaCTUHKAMU, PO3SMip HETPUHHOTO leTeKTopa Mae OyTu maysKe
BEJIMKUM Ta 3JaTHUM YJIOBUTH 3HAUHY KiJIbKiCTh HEUTPUHHUX YACTUHOK.

Puc. 2.5. Pagioteneckon YTP-2
(YkpaiHcbkuii T-nofibHuiA pagioteneckon)

Opnwuiero 3 HaliBigoMimux obcepBaToOpiii, IO cHeIiaai3yeThCcsa Ha BUSIB-
JIeHHI HelTpuHO, € o0cepBaTopia Cymnep-Kamiokanmge B Amonii.

HisHanTeca npo o6cepBaropito Cynep-Kamio- [=];
KaHfie, Npo NOABY i BALOCKOHaNeHHA pagioTe-
neckona.

=

i
[=]¢:
JerexTop rpapiramiiianx xsBuas. HoBiTHBOIO ra-
JTY33I0 CIIOCTEPEKHOI acTpoHOMIl € zpagimauiiino-xeu-
Ab08G ACMPOHOMIisA, 1110 BUKOPUCTOBYE rpaBiTamiiiui
XBUJIL (HauApiOHIIII BUKPUBJIIEHHSA IPOCTOPY-dyacy, me-
penbaueHi saraJapHOIO Teopiero BigHOCHOCTI AMHIITAT-
HA) JJIA CIIOCTePerKeHb Ta 300py AAaHUX PO HEUTPOHHI
30pi # yopHi aipu, npo Budbyxu HagHoBuUX, a TAKOMK IJIs
IOCTiPKeHHS iHITUX MPOIIECiB y KOCMOCI.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

HenTpuHHa acTpoHOMia —
rasy3b aCTPOHOMii, WO Cno-
CTepira€e aCTPOHOMIYHi
006'eKTN B criewianbHUX 06-
cepBaTopisx 3a LOMOMOroio
HENTPUHHUX LeTeKTopiB
HeiiTpiHO — cTabinb-

Ha, eNeKTPUYHO HeTpanb-
Ha enemMeHTapHa YacTuHKa,
Maca AKoi 61113bKa Jo Hyns

HeliTpuHHMI AeTeKTOp —
KOMMIEKC, MPU3HAYEHUI
A1 BUBYEHHA HENTPUHO
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Tema 2. MeToguy Ta 3acob6y aCTPOHOMIYHUX [OCHiIAXKEHD

lpaBitayjiiHa xBuna — Besnocepenusa peecrpallis rpaBiTamiiHUX XBUJIb

36ypeHHSA rpasiTaLinHOro € IOCUTDH CKJIAJHOIO uepes caabKicTh rpaBiTaliifinoi B3ae-
nons, «6puxi» MPocTopy- Mozii MixK 3opamu (BoHa Maiixke Ha 40 mopAakiB caabira
4acy, o NoLWmnpoTbCA eJIeKTPOMAarHiTHO1), TOMY I'paBiTaIiiini XBuIi copuunHsa-

£l ISAISLY EeAhte IOTh AysKe MaJje BUKPUBJIEeHHS IpocTopy. Ilpuiazom g

iX peecTpallii € mTeTeKTOP IpaBiTAI[ilHUX XBUJIb.
JeTekTop rpaBiTamiiHNX XBUJIb (TPaBiTAI[iMHUNA TEJECKON) — IIPU-
CcTpili, mpu3HaueHU AJiA peecTpallii rpaBiTamiiiHux XBuJIb. 3TiAHO i3 3a-
TaJIbHOIO TeOopieo BiTHOCHOCTi, IpaBiTamiiiHi XBuUJi, AKi yTBOPIOIOTHCS
BHACJIIIOK KOCMiIUHHMX MHPOIIECiB, BUKJINKAIOTh HAA3BUUANHO CJIA0Ky Iepi-
OMYHY 3MiHY BificTaHell MijK MPOOHMMU YaCTUHKAMU.

G DisHaliTeca Npo HanowpeHiwi TMNY AeTeKTopiB rpasiTalintHNX
XBUAb.

IIpuiimaui BunnpominioBauud. EJeKTpoHHI npuianu I peecTparlii Bu-
OPOMiHIOBAaHHS KOCMIUHMX CBiTMJI 3HAYUHO 30iJIBINTYIOTh PO3IiILHY 3IaTHICTh
i uyT/auBicTh TeseckotmiB. [[o HUX HageXaTh (DOTOIIOMHOXKYBAUi Ta eJeK-
TPOHHO-OIITUYHI ITIePeTBOPIOBaYi, Mid AKUX I'PYHTYETHCA HA SBUIIL 30BHiIII-
HBOTO (poToederTy. Hampukinmi XX cT. 11 oTpuMaHHA 300paKeHHs Iova-
JIX 3aCTOCOBYBATH IPUJIanu 3apsamoBoro 3B’ sa3Ky (1133),
Y AKUX BUKOPUCTOBYETHCA SIBUIIE BHYTPIIIIHBOTO (POTO-
ederTy. BoHU CcKJIafaloThcA 3 IysKe MaJIEHbKUX KPeM-
Hi€eBUX eJieMeHTiB (miKceJsiB), 1110 po3TallloBaHi Ha HeBe-
aukin norri. Marpuii 1133 BUKOPUCTOBYIOTH HE TiIBKU
B acTpoHOMii, a 1 y JomarrHix Teaekamepax i poroarmapa-
TaxX — TaK 3BaHi MU(pPOBIi cucTeMu IJId OTPUMAaHHA 300pa-
skeHHdA (puc. 2.6). [I33 3HauHO 30i/bINTYIOTh Uy TJIUBIiCTH
OpUMaYiB eJJeKTPOMArHiTHOrO BUIPOMiHIOBAHHS i JalOTh 3MOT'Y PEECTPY-
BaTH KOCMiuHi 00’€KTH B IeCATKU pasiB caadiri, HisK mpu ¢ororpadyBaHHi.

Puc. 2.6. Matpuusa N33

. ) Ana ponuTnnsBunx

ITpuaIUT iHTeP(hEepPeHITii eIeKTPOMarHiTHUX XBUJIb J03BOJIAE 00’ €1~
HaTH pPamioTeJIeCKOIIN, IKi po3TaIllloBaHi Ha BifcTaHi JeCATKIB THCAY Ki-
JIOMETPIiB, IO 30iJbIITye ix po3ainbuy 3gaTHicTh 10 0,0001” — 1€ B coT-
Hi pasiB mepeBepIye MOKJINBICTD ONTUYHUX TEJIECKOIiB.

@ KoHTponbHi 3anuTaHHA

1. PoskakiTh IIpo IpusHAUYEHHS TeJEeCKOIIiB.

2.Yum BifpisHAIOTHCA A3ePKAJbHUN TA JIIH30BUH TeJeCKoIn?

3. Axuit npuHIIUII POoOOTH pagioTesieckomna?

4. 1110 BuBUae HelTPUHHA acTPOHOMisA?

5. AKy PYyHKIIiI0 BUKOHYE HEHTPUHHUI AeTeKTop? AeTeKTop rpasiTalriii-
HUX XBUJb?
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Tema 2. MeTogu Ta 3aco61 aCTPOHOMIYHUX [OCHiIAXKEHD

Tema gna guckycii

ITpunycrumo, 110 y KocMoci 0yAyeTbcsa MidKHapogHa KOCMiuHAa CTaH-
1idA, Ha AKift YKkpaina Oyme MaTu KocMiuHM 6J10K. SIKi acTpoHOMiuHI mpu-
Jaay BU MOTJIA O 3alIPOIIOHYBATH AJIs IIPOBEAeHH AOCaAiaKeHb BeecsiTy?

3aBAlaHHA ANA CNOCTEePEeKeHHA

ITocmocTepiraiite 3a HiuHumM HeOOM UYepes3 CaMOPOOHHUI TeJe-
crom-pedparkTop. MMoro MoxHa BUTOTOBUTH 3a AOIMOMOTOIO JIiH3M IJIsI

oKyaapiB. [[yisg o6’eKTHBa MOKHA BUKOPUCTATU JIIH3Y
3 OKyJApiB +1 miomTpis, a AK OKyJIApP — 00’ eKTUB (o-
Toamapara abo iHmnry JiHsy aaa okyJaapis +10 miomTpiii.

MoauBiTbcA, AKMM 6aUNTb KOCMOC
Teneckon «Fa66n».

CyuacHi Ha3eMHi i KocmiuHi Teneckonu.
AcTpoHOMIiuHi 06cepBaTOpii

Puc. 3.1 Teneckon BTA Ha
MNiBHiYuHOMY KaBKasi

3acToCyBaHHSI B TeJECKOMOOYIyBaHHI IOCATHEHbh TEXHIKH i TEXHO-
goriii. IIporarom XX cT. IpOorpecuBHi JOCTiAKeHHA B rajysi acTpoHomil
CTUKAJINCA 13 CepHO3HUM OOMEKeHHAM PO3MipiB TeJecKoIriB. 3azBuuaii
I3epKaJia IJid TeJIeCKOIIiB BUTOTOBJISAJNY TOBCTUMU, 1100 YHUKHYTHU Aedop-
MaIiii BigoOpasKeHHs Ha iIXHil TOBepXHi, ajie IIi A3epKaja OyJIn IysKe Bark-
kumu. CaMe TOMYy TeJIeCKONM TPUBAJIUN Yac OyJaW BeJIUKUMU, BAKKUMU

i moporuMu TPUCTPOAMMU.

CyuacHi TeXHOJIOTiuHi JOCATHEHHS B TEJIECKOIIO0Y-
IYBaHHI TO3BOJHUJIN 3HAUHOIO MipOI0 YCYHYTH IIi Hemo-
JiKu. AKTUBHA OIITUKA, KOMII I0TepPHE YIpPaBJIiHHSI (Oop-
MO0 I3€PKaJI TeJeCKOIIa TO3BOJISAIOTH BUKOPUCTOBYBATHI
TOHKI, JIerKi, a TaKkoK «THYYKi» abo cerMeHTOBaHi a3ep-
KaJua (puc. 3.1, 3.2). Tako:X TOHKi A3epkaja IIBUIIIE
OXOJIOIKYIOThCS B TeMPsBi I 3a0e3meuyoTh OiJIbII UiT-
Ki 300pasKeHHs.

BucokomBuakicHi KoM’ :oTepu J03BOJJIUINA ACTPOHO-
MaM OyayBaTy HOBi MiraHTChbKi TeJIeCKONN 3 YHIKAJbHIM
nusaiHoM. €BpomnelicbKa IliBmernHa obcepBaTopisa mody-
IyBaJjia BUCOKO y ropax Aupx, Ha IliBHOUiI Ynmii Teneckon
Very Large Telescope (VLT) (puc. 3.3). Bin cknagaersca
3 YOTUPBHOX TEJECKOMIiB-BeK 3 KOMII I0T€POM, 1110 KOHTPO-
JII0O€ PYX as3epKaJ giamerpom 8,2 M i gwumre 17,5 cm 3aB-
TOBIIKY. KOXKEeH i3 YOTUPHOX TEJIECKOIIiB MOKe IPAaIlio-
BaTHU CAMOCTiHiHO a00 IIOEJHYBATH CBOE CBITJIO 3 iHIIIMH,
1100 IpaIoBaTH IK €INHUN BeJIeTEHChbKUHA TeJIeCKOI.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 3.2 CermeHTOBaHe
[3epKasio HOBITHbOTO
Teneckona «[xenmc Ye66»

Pwnc. 3.3 Teneckon Very
Large Telescope B AHpax
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Tema 2. MeToguy Ta 3acob6y aCTPOHOMIYHUX [OCHiIAXKEHD

Puc. 3.4. KocmiyHuin
Teneckon «[a66s»

Itanificeki Ta aMepuKaHCHLKI acTPOHOMHU ITOOYIyBAa-
au B mraTti Apusona (CIIIA) Large Binocular Telescope
(Benukuit BiHOKYyJIApPHUT TeJIE€CKOIl), AKUUA TPUMAE Iapy
IsepkaJ miamerpom 8,4 M Ha OAHOMY KpPillJIeHHi.

Teneckon Gran Telescopio, po3TalioBaHUI Ha Bep-
muHi Byakana Ilik ma KaHapcbKuX ocTpoBax, TPUMAE
cerMeHTOBaHe a3epkajio giamerpom 10,4 m.

CyuacHi KoMII’foTepu 3AiACHUJIU PEBOJIIONiNHUHA
Iporpec B KOHCTPYIOBaHHI I YIIPaBJIiHHI TejieCKOIaMuU.
Maiizke Bci BeJIMKi TeJIeCKOIIU KePYIOTHCA aCTPOHOMAMM

i TexHiKaM1 3 KOHTPOJBbHOI KiMHATH, a AeAKi HaBiTh MOKYTh BUKOPUCTO-
ByBaTHCA aCTPOHOMAaMU, AKi mepe0yBaioTh 3a TUCAYL KiloMmeTpiB Big o6cep-
Bartopii. JleAKi TesilecKOII TOBHICTIO aBTOMAaTU30BaHi i 3aTHI 3ificHIOBATH
cIIOCTepeKeHHs B3araJjii 6es mocrifinoro Haraaay. lle Hagamo MOKINBICTH
IPOBOAUTHU MAacCIIITa0HI CIIOCTEPEKeHHA 04pasy 3a MiJIbHOHAMEU KOCMIUHIX

Puc. 3.5. Teneckon «Cnituep»

00’eKTiB i Ha XBUIaAX pisdHOI HoB:KUHU. [HGOpPMAaILiio, 1110
30MpAarOTh CyyacHi TeJIeCKOIM, aCTPOHOMU aHAJi3yBaTu-
MYTh IIle BIPOAOBK KiJIbKOX HACTYIIHUX AECATUJITH.

I3 mouaTkoM KocMiuHOI epu HacTae HOBUI eTall BU-
BUeHHA BcecBiTy 3a JOIIOMOTOIO INTYYHUX CYIYTHUKIB
3emri (IIIC3) ta AMC. Kocmiuni MmeTogu MamOTh CYTTE-
By IIepeBary mnepej; Ha3eMHUMU CIIOCTEPEIKEHHAMU, TOMY
III0 3HAUHA YaCTWHA eJeKTPOMAarHiTHOTO BUIPOMIiHIO-
BaHHA 3ip i mIaHeT 3aTpuMyeThcA B 3eMHi# aTmocdepi.
3 ogHOTO OOKY, Ile MOTVIMHAHHA PATYE JKUBi1 opraHisamu

Bil cMepTeJIbHOTO BUIIPOMiHIOBAHHA B yJIbTpadiosieToOBi#i Ta pPeHTTeHiB-
ChKill yacTMHAaX CIIEKTpPAa, ajie 3 iHIIIOT0 — BOHO 00MeXKye MOTiK iHdopma-

mii Big cBiTHII.

KimHaTa LeHTpy kepyBaHHA HACA 3a micieto Teneckona «[a66n»
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Tema 2. MeTogu Ta 3aco61 aCTPOHOMIYHUX [OCHiIAXKEHD

Kocwmiunuii Tesieckon «I'ab6s» (puc. 3.4) —
aMepPUKaHChKUH ONITUYHUN TeJIECKOII, PO3TAIII0-
BaHUI Ha HaBKOJI03eMHi# opbiTi 3 1990 p. Bin
€ cuinpauUM mpoekToM NASA i €BpormeiicbKoro
KocMmiunoro areHrcrBa (EKA). Temeckon mas-
BaHO Ha yecTh ExBina I'a66sa. Ile yHikaabHa
bararoI1risiboBa opOiTasbHA oOcepBaTOPiA, Ha-
OiybIlia cepen 3amylieHux y Kocmoc y XX crT.
TeJsiecKoII € TIepIIuM amapaToM i3 cepii «Benu-
Ki obcepBaTopii», 3a #10r0 HOIIOMOrOI0 3aificHe-
HO 6araTo BasKJIUBUX CIOCTEPEKEHb.

Puic. 3.6. O6cepBatopisi [KeMiHi

Tumri BumaTHI KocMiuHi Tesmeckomnu i3 cepii «Bemuki o6cepBaTopii»:

«Komnron», «Hargpa», «Coitiep» (puc. 3.5).

V¥ mamr uac pyHKIioHy€e 6araTo obcepBaTopiii, AKi peecTpyooTh Ta aHa-
Ji8yIOTh BUIIPOMiHIOBAaHHS BCiX miamasoHiB — BiJ pamioxXBMJIL A0 ramMMa-

npomeniB. Ha#i6inbiri cepen Hux:

- OocepBaropia [:xkemini (Bausuioku) (puc. 3.6), Mmae nBa BoCbMUMe-
TPOBi TeJleCKONIM y PisHUX MicAX, Ha 'aBadax Ta B Ywniri. Iadpauep-
BoHU Teseckor IliBgernuii Bansuok (Gemini South) po3raioBaHui
Ha BucoTi 2740 m B Augax (Huai), a #ioro 6par IliBHiunuii Bausuiok
(Gemini North) — Ha BepIinuHi 3acHyJoro Byakany Mayua-Kea, I'aBai.

ITory:xHi 06cepBaTOpPii HANEIKUTH ciMOM KpaiHam.

- CpkchKa o0cepBaTOpisas — acTpoHOMiuHa obcepBaTopia y UuKasbKo-
My yHiBepcuTeri. ¥ 1iii o6cepBaToOpii BCTAHOBJIEHO TeJIeCKOI-pedpar-
TOp i3 miameTrpom rosoBHOI JdiH3u 102 cm (40 groiimMiB), BUTOTOBJIEHUI
Easinom Kiaapkowm; 1e 6yB HalOiIbIIINIT TEJIECKOII Y CBiTi 10 CTBOPEH-

HA MayuTt-BijlcoHOBCEKOTO pedieKTopa.

- Mayur-Biscon — actponomiuHna o6cepBaTopis Ha ropi Bisbcon, Ha miB-

Hiunui 3axin Bixg Jloc-Armxeneca, KamigopHis.

Benukuii BHeCcOK y BuBUeHHSA BcecBiTy 3po0uin TakKoK yKpaiHCBbKi
Bueni: M. Il. Bapa6amios, FO. M. Kougpariok, M. K. durens Tta 6ara-

To iHmux (puc. 3.7). 3a IXHBOIO y4acTio OyJau
CTBOPEHi IepIni KocMiuHi amapaTu, AKi mouaau
IOCJIIIXKyBaTU He TiTbKU HAaBKOJIOBEMHUU MIPO-
CcTip, a # iHmoIi mianeTu. ABTOMATUYHI MiKIIa-
HeTHi cTaHIii cepii «JIyHa», « Mapc», «Berepa»
mnepemaan Ha 3eMJII0 300pasKeHH iHIITNX TJIaHeT
i3 TaKOI0 PO3AIMBHOIO 3IAaTHICTIO, AKA B THCAYL
pasiB mepeBUINyEe MOYKJIMBOCTI HA3EMHUX TeJe-
CKOTIiB.

JIrogcTBO Briepire mo6aumI0 HABiTh MaHopa-
MU UyKHUX CBIiTiB i3 AMBOBMIKHUMU II€H3aKaMU.
Ha nmux AMC 0OyJsia BcTaHOBJIeHA amapaTrypa OJis
IIpoBeieHHA OesocepeaHix GisuuyHUX, XiMiYHIX
Ta 6i0JIOTIYHUX €KCIIEPUMEHTIB.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

e VT AL, 4
;:-,—-!;M:‘

Puc. 3.7. MNepwmnn yKpaiHCbKUN
cynyTHUK «Ciy-1»
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Tema 2. MeToguy Ta 3acob6y aCTPOHOMIYHUX [OCHiIAXKEHD

. ) [Ana gonutnuemnx

ITepmty B YKpaiHi acTpoHOMiuHY oGcepBaTOpito
sacHoBauo 1821 p. agmipasmom A. I'peiicom. OGcep-
BaTopito O6yso 36ymoBano y MukoJsiaesi. Borma mama
IpU3HAUYEHHs 00CIyroByBaT YOPHOMOPCHKUHA ()JIOT.
Hpyroio B YKpaiui 6ynaa obcepBaTopis KuiBchbKoro
YHiBepcuTeTy, OyAiBHUIITBO AKOI OyJIO 3aBepIIIEHO
1845 p. ITorim 6yso BimkpuTo obcepBaTopii B Omeci
(1871) Ta Xapkogi (1888), y 1900 p. cTtBopeHO 06cep-
BaTOpifo JIbBiBCHKOTO yHiBepCcUTETY.

lfonosHa obcepBatopia
HAH Ykpainu, Knis

KoHTponbHi 3anuTaHHA

1. fIki KocmiuHi TesecKonu Bu 3HaAETE?

2. flka obcepBaToOpis BBaYKa€ThCs HallcTapiIloo B ¢BiTi?

3. CropucraiiTecsa JOOATKOBUMU AKepesiaMmu iHGopmarii. 3HAUAITH Bi-
momocTi mpo ramma-resieckon @epwmi. 1o € 06’ekTaMu criocTepeskeHb
Tesieckona Pepmi?

G DisHaTeca 6inblwe npo ¢pnarmaH eBponemmcbKoi acCTPOHOMiI.

BukoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMaTU4YHOIO NMepeBipKolo
Ha caiTi «l[HTepaKTMBHE HaBYaHHA».

BucHoBku. AcTpoHOMisS 3 ONTHYHOI HAyKM MepeTBOpujacA Ha
BCEeXBUJLOBY, OCKiJIbKM OCHOBHUMU MAsKepesiaMu iH(popmailiii mpo Bcee-
CBiT HUHI € eJIeKTPOMATHITHI XBUJIi Ta eJleMeHTapHI YaCcCTUHKY (HENTPU-
HO), IO X BUIPOMiHIOIOTH KOCMiUHi Tija, a TaK0K IrpaBiTaIiliHi 1 eJeK-
TPOMATHITHI IT0JIA, 32 JOIIOMOTOI0 IKUX ITi Tija BBA€MOIIIOTH.

HetiTpuso € cTabinbHOIO, €JIEKTPUYHO HEUTPATBHOIO €JIeMEeHTaPHO0
YaCTUHKOI0, Maca KO0l 0Jiu3bKa M0 HYJIdA. 3aCTOCYBaHHS IIiJi Yac acTpPoO-
HOMIUHUX JOCTiIKeHb HEUTPUHHUX AeTeKTOPiB (IPUCTPOIB — YJIOBJIIO-
BauiB HEHTPUHO) HAJAE YHiIKAJIbHY MOXKJIMUBICTD 3AiMCHIOBATH KOCMiu-
Hi cHOCTeperKeHHs, 110 OyJii HEMOJKJIVBI 3 ONTUYHUMU TeJEeCKOIaMU.

3a IPUHIIUIIOM KOHCTPYIOBAHHS TEJIECKOIU MOMiJIAITh HA TPU I'PY-
nu: pe)pakTopu, pedIeKTOPH Ta A3epKaJabHO-IiH30Bi. [a peecTparrii
eJIEKTPOMAaTrHiTHOTO BUIIPOMiHIOBAaHHSA B pajlioAiamasoHi cTBOpeHi pamio-
resieckonu. CyyacHi TexHOJOrIT 1100 KOHCTPYIOBAaHHS TEJECKOIIiB Ha-
Iar0Th HOBI MOJKJIMBOCTI y IIEPCIEKTUBI MOCIiAKEeHHA KOCMiYHOTO ITPO-
CTOPY, OTPUMAaHHA HOBUX BimomocTteli mpo 6ymoBy BcecsiTy i mporiecu,
110 BizOyBaOTHCSI B HHOMY.
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Tema 3.
Hawa nnaHeTHa cucrema

3emns i Micauyb. NnaHeTn 3emHoI rpynu:
Mepkypin, BeHepa, Mapc i noro cynyTHukKun

3emua. Harra mimaHeTa — TpeTs 3a IOPAIKOM ILjIa-
Hera CoHAYHOI cucTemMu. Boma mae opmy chepoiga
(xyai, cmabko criocHyTOI 6isisa moatocis, puc. 1. 1). Bick
obepraHHsa 3eMJi HaxXmMjaeHA Imif Kyrom 66,5 mo mio-
muHY ii opb6iTH (IO IJIOIUHU eKJIINTUKM). 3eMJId Py-
XAa€eThCs IO CBOill opbiTi HaBKOoJ0 COHIA i3 cepeqHBOIO
mBuAKicTIo 61m3bko 30 kM/c. Kpim Toro, obeprarouncs Puc. 1.1. Burnag
HaBKOJIO BJIaCHOI 0oci, BOHa poOUTH OguH 00epT 3a mo0y. 3emni 3 KOCMoCy
3eMmJis oToUeHa aTMOC(epoio, AKa IIPOCTATAETHCI B KOC-
moc 6isb1r Hisk HA 1000 KM, 1110 CTBOPIOE Ha ii MOBEPXHI CIPUATINBI yMOBHU
I iCHyBaHHSA KUTTA (TeMIlepaTypy, CKJan aTrMochepu, BeJInUe3Hy Kilb-

KicTb BOoAM).

Ximiunuii ckjag atmocdepu € He-
oguHopimauM. Ha#binbIimoo cKJIamzo-
BOI0 aTMoc(epu 6insa moBepxHi 3em-
Jai (3a 06’emom 78 %) € asot N,, AKuii
Biirpae Ba)KJIMBY POJIb y KUTTi poc-
aua. Kucenp O, € HeoOxiguuM ee-
MEHTOM JJId JUXaHHS BCiX sKMBUX ic-
ToT i ckyazae 21 % o06’emy armochepu Tepmocdepa
(puc. 1.2).

Bomsauna mapa H,0 B atmocoepi 3a-
TpuMye iH(ppadepBOHEe BUIIPOMiHIO-
BaHHA 3eMJIi Ta CTBOPIOE TAPHUKOBUN
e(exT, yHACIiZOK YOTO TeMIepaTtypa [
IIOBEPXHi migBuIyeTbea. xkou He 6yJIo Ninia Kapmana
B aTMocdepi BoAAHOIL mapu, TO Ha HA- Mesochepa
IIi¥l ImIaHeTi HacTas O JTbOJOBUKOBUM
mepiox — TemIlepaTypa HaBiTH Ha €K-
BaTopi moruia 6 suusuTucA g0 —25 C.

IToroma (BiTpu, MUKJOHU Ta aH-
TUIIUKJIOHN) (POPMYETHCA B HUMMKHIX
mapax armocdepu, fKa HAa3UBAETB- [ & __ ,1.- »
cAa mponocgeporo, e mepenava eHeprii =~

leeee KM

Ek3ocdepa

Crpatocdepa

-y
—

BimOyBaeThcAa He TiJIBKU BUIIPOMiHIO- Rl '
BaHHAM, a I 3a JOIIOMOI'0I0 KOHBEKIIii. Puc. 1.2. Bygosa atMochepy 3emi
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Tema 3. Hawa nnaHeTHa cuctema

LWatn Ha ¢oHi wapis
atmochepu 3emni
(Tponocdepa mae
rnomapaHuese 3abapBrieHHs)

MarsuiTHe moJjie 3eMJIi CTBOPIOE HABKOJIO IIJIAHETH
Ha Bucori mouag 500 KM noscu padiayii. EnemenrapHi
YAaCTUHKH, AKi PYyXalThCA Y MiKIJIAHETHOMY ITPOCTOPI
3 BeJINUYE3HOIO IITBUAKICTIO i MAalOTh €JIEKTPUUYHUI 3apA/,
B3AEMOJIIOTH i3 MATHITHUM moJieM 3eMJIi 1 TOMY He J0JIi-
TalTh A0 aTMochepu. TaKuM YMHOM, MarHiTHe IoJie 3a-
XUIITAE KUTTSA Ha 3eMJIi BiJl cMepTeJIbHUX IMOTOKIB KoC-
MiUHUX YaCTUHOK.

Bymosa 3emuai. Hamry miamery MosXHa YMOBHO IIO-
mianTu Ha KinbKa miapiB. IlenTpanbHa yacTuHa 3eMi
YTBOPIOE MeTajieBe A0po. 30BHIIIIHA YacTHUHA Aapa Iepe-
OyBae B pO3ILIaBIeHOMY cTaHi nmpu temunepaTrypi 7000°C,
a BHYTPillIHS — TBepjaa. Buiie po3TallloByeThCSI CHJIi-
KaTHa 000J0HKAa, abo manmis. Ha manTii «mtaBae» kopa,
TOBIIMHA IKOI HeogHAKOBa — Bix 5—7 KM mijg oxkeanamu,
IO KiJIBKOX MeCcATKIB KiJIoMeTpiB mij ripcbKUMu paiioHa-
MU KOHTHHEHTiB. YHACIiZOK KOHBEKIIil B MaHTil 3eMHa
Kopa poaaianmiaaca Ha OKPeMi ILIUTH, AKi IOBiJIBHO 3Mi-
IIYIOThCA.

ITapamerpu 3emuri

KyT Haxmiy ekBaTopa [0 IJIOI[NHA
opbiTu;

23,4

Cepenusa Bigcraub no CoHIlA

149,6 maH KM

1 — BHYTpILLHE AAPO;

1 a. o.
Ilepion ob6epranus HaBkogo Couma |365,26 semHUX 1i0
Ilepionm obepTanHa HABKOJO OCi 23,93 rox
HiameTp mo eKBaTOPY 12756 k™
Maca 5,97-10%* kxr

2 — 30BHILUHE A4PO;

CepenHsa rycTuHA

5,510 xr/m?®

3 — MmaHTifA; 4— Kopa.

TemnepaTypa moBepxXHi

Bixg —83 C mo +52°C

Micans. Micanps — eIuHUN TPUPOIHUNA cynmyTHUK 3emJi. Ile kocmiu-
He Tijgo KyJaemoni6uoi popmu. Uepes Many CUIY TAMKIHHA I BUCOKY TeM-
nepatypy Ha Micari BigcyTHa armocdepa. CirifiB :KUTTA HAa HBOMY TaKOMK
TOKU 10 He BUSABJIEHO.

He nuBnaauuch Ha Te, 110 MicAIlp po3MmileHUI MaiKe Ha Takii ca-
mifi Bimcrani Big CoHIls, AK 3eMJd, i OOUHUIA MOT0 TOBEPXHI OTPUMYE
TaKy caMy KiJabKicTh eHeprii, 1o i oguHUIA IMOoBepxHi 3emui, Qisuuni
YMOBU HA WX KOCMIYHUX TijlaX CYTTEBO BigpisdHAOTHCA. ['ostoBHA TIpM-
YyyHAa TAKMX BiAMiHHOCTel IIOB’si3aHa 3 THM, IO cuJja Ts:xKiHHA Ha Micsa-
1Ii MeHI1ITa Bij 3eMHOI y 6 pasiB, TOMy BiH He MOKe BTpUMAaTHu 0iJid MOoBEePX-
Hi oKpeMi MoJsieKkyJiu rasiB. IIporarom minbapAiB pokiB moroga Ha Micai
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Tema 3. Hawa nnaHeTHa cucrtema

oNHAKOBAa: ABa TUKHIi cBiTuTh CoHIle i TOBepXHA Harpi-
BaeTbca 1o remueparypu +130 °C, a morim, miciasa gso-
TUKHEBOI HOUi, ITOBEPXHSA OXOJOKYEThCA 1 TeMIiepa-
Typa Ha CBiTAaHKY 3HMKyeThea 10 —170 °C. 3a BucOKOIL
IEeHHO1 TeMIlepaTypu MOJIEKYJIU ra3iB MOKUIAI0Th c(e-
py TsakimHa MicAna, ToMy TaM HEMOXKJIMBE iCHYBaHHSA
rycToi aTmocgepu.

Ha Micsarmi zaBiTh yaeHb TeMHe He00, AK y MisKILIa-
HETHOMY IIPOCTOpi, TaM He OyBae aHi BiTpiB, aHi mOIIiB.
3MiHM Tmip POKY He BifOyBaeThCs, TOMY IO Bich 0b6ep-
TaHHA MicAna maiike MepHeHIUKYJAAPHA 0 TJIOMIN-
Hu opbiTu. Ha moBepxui Micsals HaBiTh HE030pPOEHUM
OKOM BUJHO TEMHIIIi IiIJIAHKY, 10 Oy Ha3BaHi MOPAMU
(puc. 1.3), Ta cBituinri, AKi acTpoHOMU Ha3BaJIU Mame-
purkamu. Y MOpAX HEMAaE aHi Kpaluii BOJIOTH, y BAaKyyMi
BOJIa MUTTEBO 3aKUIIAE i BUIIAPOBYEThCA ab0 3aMepsae.
Boga y TBepmoMmy craHi MorJa 30epertucs miJ ImoBepx-
Heo Ha MIMOuHI KiJTbKOX JeCATKiB MeTpiB, /e IIPOTATOM
Iobu TeMIeparypa He 3MiHioeTheA 1 gopisaoe —30 °C.
IIix yac coocrepeskeHb y TeJIECKON BUIHO, IITO Ha CBiT-
JIUX MaTepuKaXxX IIepeBakaloTh KpaTepu — KPYIJIi ropu
JiaMeTpoM OO0 KiJIbKOX COTeHb KiJIoMeTpiB, AKi MamTh
BaJIM 3aBBUIIKU KijgbKa KijsomeTpiB (puc. 1.4). Binb-
OIiCTh KpaTepiB MalOTh METEOPUTHE IMOXOMKEHHI, X0ua
IeAKi 3 HUX MOTJIM YTBOPUTUCS MiJ] YaCc BUBEPIKEHHS
BYJIKAHIB, 3 IKMX BUTiKaJa pO3IMJaBJieHa JlaBa Ta 3a-
MOBHIOBaJIa OiJBIIT HUBBKI AIIAHKU, — TaK BUHUKJIU
Mops. BuBep:keHHA BYJIKaHIB MPUIIMHUJIOCA TYKe IaB-

Puc. 1.3. Mopsa Ha Micaui
yTBOPWUANCA NicnA
BMBEPXKEHHA BYyNKaHiB. BoHM
MaloTb TEMHILINIA KONip, agxe
3a XiMiYHUM CKNlagom Tam
GinbLue 3ani3a, a Ha CBITAILWMX
ninsiHKax GinbLie aniomiHiio

Pnc. 1.4. Kpatepu Ha Micaui
3apa3 yTBoptoloTbCA nicnaA
nagiHHA MeTeopuUTiB,

xoua 3 Mipg poKiB ToMy
TaMm [iAnun BynKaHu

HO, OCKiJIbKM BiK HalcTapillluX TBEPAUX CKeJIb Ha MaTepukax — 4,4 Mapn
POKiB, y TOIf Uac AK jJaBa B MOPSAX 3acTUTIJIa 0JIU3bKO 3 MJPJ POKiB TOMY.

IMapamerpu Micaus

3opdaHa BeanunHa (MakcuMmaJbHa) [—12,7

384,4 MiH KM

Cepenusa BigcTaHb 4O SeMJIi . .
. A A 60,3 pagiycu 3emuri

Ilepiox obepranHsa HaBKoJO 3emii | 27,32 3eMHUX Ii0

Ilepiox obepTaHHS HABKOJO OCi 27,32 zemuuX 1i6

HiameTp mo eKkBaTOpPy 3475 KM

Maca (3emua = 1) 0,012
Cepenus rycTuHa 3,34:10% kr/m?
Cuna TsKiHHS Ha eKBaTOPi 0,17

(Bemua = 1)

1 — Appo;
2 — BHYTPIWHA MaHTIA;
3 — 30BHiWHA MaHTIA;

TemmnepaTypa moBepxHi

Big +130°C mo —170°C

4 — Kopa.
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Tema 3. Hawa nnaHeTHa cuctema

YV nunui 1969 p. ma noBepxHio Micsamsa s3mificHUB
MocaaKy IMiJIOTOBAaHUM KOCMIiUHMU Kopabesb «AIroJi-
aouH-11», i acrpornaBT Heiin ApmcTpoHT 3po0uB mep-
Ui KPOK MO ITOBEPXHI 1HIIIOTO CBiTY — TakK IoYaBCs
HOBUH eTall y AOCJiAKeHHi KocMocy. ¥YChOTo Ha II0-
BepxHi Micans modysasio 12 acTpoHAaBTIB, AKi IpuBes-
J1 Ha 3eMJTIO 3pa3Ku MicssyHoro I'pyHTyY. [ocmimkenna
moKasaJiu, 10 moBepxHa Micara Maiike IiJIKOBUTO
BKPHUTa TOHKUM IIIapoM IHUJY Ta yJaMKaMu KamiHHs. [lelt map mHasBaiu
peroiitTom (3 rperi. po3dpobaeHuil Kaminy ). TOBIIMHA PETOJITY 3MiHIOETH-
cs Bim miciis mo MicId i CTAaHOBUTL y cepeIHBOMY KiJbKa MeTpiB. AHauris
peroyiTy mpuHic HecHoaiBaHi pes3yJbTaTH: PO3Mipu WX YaCTUHOK — Bif
MiKpOMETpPiB [0 MeTPiB; 3a XiMiUHMNM CKJIaJOM MiKPOYaCTUHKU HATIOJIOBU-
HY CKJIaJal0ThCs 3 0KCcUdi6 culiyio i € PaKTUUYHO MaJIeHbKUMU CKJISHUMUI
KyJbKaMu, III0 YTBOPUJINCH ITIiCJIA MAaSiHHA MiKPOMETEOPUTiB.

OcranHiM yacoMm y moyapHuX objgactax Micsaiga KocMmiuHi cTaHIil BU-
SABUJIV 3alIaCy BOJAHOTO JbhOAYy. [[:KepesoM BUHMKHEHHA W HAKOTUUYEHHS
MiCAYHUX TOJAPHUX JbOAiB MOKYTH OyTH KOMETH, 1110 BIAJH B IIi 06JIacTi.

\ Ana ponutnneBmnx

ITaginHa MeTeOPUTiB € OCHOBHUM (paKTOPOM, AKUN 3MiHIOE 30BHIIII-
Hilt Burysan moBepxHi MicAma i mpusBOAUTE M0 CBOEPiAHOI eposil mi-
CAYHOTO I'PYHTyY. Hampukiaaa, MmeTeopur i3 macoio 1 Kr, SsKuii JeTuTh 3i
mBuKicTI0 10 KM/Cc, Mae TaKy KiHETUUYHY €HepTiio, 10 IPU 3iTKHEHH]
3 moBepxHeo MicAma MoKe yTBOPUTH KpaTtep i3 miamerpom 1 M i pos-
KHuIaTy Ha KiJbKa IecATKiB MeTpiB KaMmiHIi Ta muia. Ha Micamp mocTii-
HO IMaJaloTh THCAYi METEOPUTIB PidHOI MacH, AKi 6e3yIUHHO 3MiHIOIOTH
30BHIMIHINA Buraaz woro nmoBepxHi. IllompaBnga, Bea1uki Kparepu 3 gia-
MEeTPOM KiJIbKA COTE€Hb KiJIOMETPiB YTBOPUJIUCH AYKE OABHO, Ile 4 MJID
POKiB TOMY, KOJIU amaJio 6ijabiiie MeTeopuTiB. IIpoTarom MiabapaiB po-
KiB KocMiuHi «0oMOapAyBaHHA» TaK PO3APOOUIN BEPXHill IITap MiCAYHO-
T'0 I'PYHTY, IIIO BiH IIEPETBOPUBCS Ha «IIHUJI».

LisHanTeca 6inbwe npo 3emnio i Micaub.

Ilnanern 3emuoi rpynu. [Inanetu CoHAYHOI cucTeMu 3a po3MipaMu
i OymoBoro momisA0Th Ha ABi rpynu (puc. 1.5) — naaxHemu 3emHoi epynu
(Mepxkypiii, Berepa, 3emas, Mapc) Ta naanemu-zizanmu (FOnirep, CatypH,
VYpau, Henryn).

IIlnanetu 3eMHOI IpynIu MaiOTh TBEPAY IIOBEPXHIO Ta 3HAYHY I'yCTUHY,
TOMY IO CKJIAJAIOTHCA MEPEBAKHO 3 BAXKKUX XiMiuHUX esemeHTiB. Ilma-
HeTH-TiraHTu yTBopuaucs 3aebiabirnoro 3 I'igporeny ta I'eito, Tomy ixHsa
cepeHsA T'yCTUHA HEBEJUKA, a MijK aTMoc(heporo i ToBepXHE HEMAE UiT-
Kol Mei.
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Tema 3. Hawa nnaHeTHa cucrtema

Mepxypiit € HaliMEHIIO i3 IJIAHET 3eMHOL [§IFFHETERIHSTNe
rpynu, AKY PiIKO KOMY BUIIaJaJi0 CIOCTepira-
T Heo30pOEHUM OKOM, TOMY IO BOHA PO3TAIIIO-
BaHa 6su3bK0 10 CoHIllsg. MepKypiil Ay:Ke TOBiJab- B esrr: o]

HO 00epTaETHCA HABKOJIO CBOEL OCi B TOMY CaMOMY .
HanpAMKY aK i 3emuda. Consuna noba Ha ILIaHeTi
BIBiui moBIIa, HixK mepion ii o0epTaHHS HaBKOJIO
Comnra. Omxke, IPOTATOM MaiiyKe TPHOX MiCAIIB TaM 4

cBiTuTh CoHIle i cTibKU K TpuBae Hiu. CBiTIMHHI Catypn  Heny
noBepxHi MepKypisd, aki 6ysu 3pobseni 2008 p. 3a

nomomoroo AMC «Meccenmsxep» 3 Bigcrani 27 Tue.  Prc. 1.5. ﬂOp.iBHﬂani po3mipu nnawer
KM, BPasKalOTh CXOXKICTIO HOTO pesbedy 3 IOBEpX- 3EMHOI TRyNW Ta NNAHET-TIraHTIB
Hero Micamsa — Taxka caMa BeJamue3Ha KiJbKicTb
KpaTepiB, III0 CBiAUYUTDH PO OTHAKOBY IIPUPOIY IIUX KOC-
miunux Tin (puc. 1.6). o peui, onuH i3 BeJIMKKUX Kpare-
piB Ha Mepkypii HasBaHuii Ha yecTh Tapaca IlleBuenka.

Ha nmosepxui Meprypisa Oysiu BUABJIEHI TAKOMK BeJIN-
ye3Hi piBHUHU, AKi 3aII0OBHEHi 3aCTUTJIO 0a3aIbTOBOIO
nasoio. e cBimuuTsh, 10 MiIaneTa OyJia KOJIUCH PO3irpi-
Ta, BHACJI/IOK YOT0 B TOU 4Yac Bif0yBaiacs iHTEHCUBHA  Pyc. 1.6. MosepxHs Mepkypis

7

. ‘ & <
Mepkypiit BeHepa 3emna Mapc

YpaH

i/

BYJIKAQHIUHA JiAJTbHICTb. 3i CBITNIVH, 3pO6neHUxX
ITapamerpu Mepkypisa «MecceHaxxepom»
3opsAHa BeauunHa (MaKcuMaJbHa) |—2,2
Cepenusa Bigcrans 1o CoHnA 57,9 MK KM
PO BIA Ao HOrT 0,387 a. o.
ITepion oGepTaHHS HABKOJO .
piod p 88 szemHUxX 1i6
CoHIa
ITepiox obepTaHHS HABKOJO OCi 58,6 zemHUX 1i0
HiameTp mo ekBaTOpy 4880 ¥m
Maca (3emua = 1) 0,055
CepenHd I'yCTHUHA 5,4:10% xr/m? ; - "gpofﬂ
. . . . — MaHTIs;
TemnepaTypa moBepxHi Big —170°C mo +430C| 5 _ Kopa;
Cua Ts:xKiHHA Ha eKBaTopi 4 — noBepxHs.
0,38
(Bemna = 1)
G HisHanTeca 6inbuwe npo MepKypiii.
Benepa — matirapauimnia nyianera CoHAYHOI cucTteMu. ¥ Hel, dK

iy Mepkypida, Hemae mpupogHUX cynyTHUKiB. Ili1anera npuBeprae yBa-
peBuiiye 6amcK 3ip meprioi 3opaHoi BesnunHM. 3a AcKpasicTio Bemepa
nocigae Tpere Mmiciie B CouauHiit cucremi micas Conna i Micansa. Yrpa-
iHCbKaA HapogHa HasBa Iiel miaaneru — Beuipus, abo Bpanimusa, sops,
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Tema 3. Hawa nnaHeTHa cuctema

Puc. 1.7. Benepa
npoxoautb nos3 CoHue

Pnc. 1.8. Xmapwn Ha
BeHepi, Aki BUAHO 3a
[0NOMOrolo Teneckona
nig yac cnocrepekeHb

aJi’Ke BOHA IIEPIo0 3’ ABJSETHCSI HA BeUipHbOMY He6O-
CXWJIi I OCTAaHHBOIO TaCcHe Ha CBiTaHKY.

TpuBanuit uac BeHepy HaswBajiu MJIaHETOIO 3ara-
IOK, TOMY HIO I'yCTi XMapH IIPUXOBYIOTH II ITOBEPXHIO
(puc. 1.7, 1.8). TinbKu HeIIOZABHO PalioCIIOCTEePeIKeH-
HS BUABUJIN, 1110 BeHepa MOBiLJILHO 00ePTAETHCSI HABKO-
JIO CBO€EI OCi Y 3BOPOTHOMY HAIIPSAMKY (IIOPiBHSHO 3 00ep-
TAaHHAM 3eMJIi).

Armocdepa Benepu ckiamaeThCcsa B OCHOBHOMY 3 BYT-
JIeTI0, AKWH CTBOPIOE HA IJIAHETI MOTYKHUN TapHUKOBUH
eexT. B atmocpepi yacTo MOKHA cIIocTepiraTu coaJia-
XU 0JIMCKaBOK. XMapu BeHepu MalOTh MIapOBY CTPYKTY-
Py, OKPiM BOASHOI Tapu y HUX YTBOPIOIOTHCS KPAILJINHA
cipuaHOi KMCJIOTH, ajie IO ITOBEPXHi Ii KUCIAOTHI morri
He J0JIiTal0Th, OCKIJIBKH ITiJi XMapaMu TeMIlepaTypa pis-
Ko migBuimyerbes (Ha moBepxHi +480 ‘C), i kpamai Bu-
napoByioThcsa. OCHOBHUI IIap XMap PO3TAIlOBYETHCS
Ha sHauHiit BucoTi (50—T70 KM), 1110 MOACHIOETHCS BEJIN-
KuM aTMOc()epHUM THUCKOM, AKUU 011 TOBEPXHI JocATae
90 arm. Xmapu Ha Benepi, ckopiiie, HaragyioTh CJIa0Ky

imMmay, B AKilfl BUAHO IIpeqMeTH Ha BiactaHi 1o 1 KMm.

IIapamerpu Benepu

1 — Aappo;
2 — MaHTis;
3 — Kopa;

4 — noBepxHs.

3opsaHa BequumHA (MaKCUMaJIbHA) —-4,7
. 108,2 MmaH KM
Cepenusa Bigctanb g0 CoHIls
0,723 a. o.

IIepion obepranus HaBKoJ0 COHIA

224,7 zeMHUX 1i0

Ilepiox obepTaHHS HABKOJIO OCi
(3BOpOTHE OOEPTAHHS)

243 3eMHi goou

IiameTp mo eKBaTOpy 12104 g™
Maca (3emuia = 1) 0,815
CepenHsa rycTuHa 5,2:10% gkr/m?
Temmeparypa IIOBepPXHi 480 °C

Cuna tsxinaa Ha ekBatopi (Semua = 1)|0,9

G LisHaliTeca 6inbwe npo BeHepy.

Mapc — uerBepTa 3a Biggikom mianera CoHsuHOl cucremu. BoHa AB-
Jisie cO00I0 BEeJIMUYE3HY IIyCTeJI0, 0iJbIlla YacTUHa AKOI BKPUTA YEPBOHY-
BatuM mickom. Ilig yac mporucrosub Mapc 3a SICKPaBiCTIO ITOCTYIIAETHCA
TinbKu Benepi. Xoua maca ta pagiyc Mapca mewnri, Hixk 3emi, ajge Tpu-
BaJricTh no6u (24,6 rox.) i smina mip poky (Bick obepTaHHA HaXWJEHA IIif
KyToM 65° 10 miaommuHu op6iTH) HAraAyoTh HAIy ILUIaHeTy. IlpaBaa, Tpu-
BaJIicTh ce30HiB Ha Mapci maii:ke y 2 pasu JOBIIa, HixK Ha 3emui. HaBiTh

48

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua



Tema 3. Hawa nnaHeTHa cucrtema

y HeBeJuKi Tesieckonu Ha Mapci BumHO 6iji mosisapHi 1m1a-
nku (puc. 1.9), AKi cBiguaTh OIpo HagBHICTH BOAU B aT-
mocdepi miraneTn.

Mapc npuBepHYB 0CO0IUBY yBary Jofei mmicasa Toro,
Ak y 1877 p. iranificekuit acrpouom [l. Criamapesri
BiIKPUB «KaHau». TOHEHBbKI, JienBe MOMiTHI JiHil, aKi
3’eHYBaJM TeMHi AiaaHKY moBepxHi Mapca, HaragyBa-
JIU JIIOJICTBY 3POIIyBaJIbHi cucremu Ha 3emJi. Ilicas mo-
crigm:xenHna Mapca s3a momomororo AMC O6yjo BcTaHOB-
JIeHO, II0 «KaHaJN» € CBOEPiITHOIO0 OIITUYHOIO 1JIf03i€to,
AKY CTBOPIOIOTH OKPeMi HiJIAHKYU MapciaHCHKOTO JIAH/- Puc. 1.9. Mapc
ma@dTy — ropu, JOJIWHU, KpaTepu.

ITapamerpu Mapca

3opdAHa BeanuymHa (MakcumasbHa) | —2,0
C . C 228,0 MJIH KM
epenHs Bigcraub 1o CoHIs 1,524 a. o.
Ilepiox obepTaHHsS HABKOJIO s P —
CoHia
ITepion oGepTaHHS HABKOJO OCi 24,62 rox
HiameTp mo ekBaTOpPy 6794 kM
Maca (3emua = 1) 0,107
CepenHsa rycTuHA 3,9-10% kr/m® 1T— ARPO;
TeMmmepaTypa MOBEPXHi Bixg —130 °C mo +15°C ; _ ':2::;"
Cuia TAKIHHA Ha eKBaTOPi 0.38 4— nose'pXHﬂ_
(Bemusa = 1) ’

I3 6s1uspKoOi BigcTani Mapc 6inbline cxosxkuii Ha Micans,
Hi’K Ha 3eMJI0, OCKiabKU 6e3Jiu KPyramx KpaTepiB cBifg-
yaTh PO iHTEHCUBHE MeTeopUTHe 60MOapAyBAHHS B MUHY-
aomy. Pan kparepiB Ha Mapci HasBai Ha YeCTh YKPATHCBKUX
actponomiB: BapabarmioBa, 'epacumoBuua, Cimeiikina, CTpy-
Be, DeceHKOBA.

. ) Ana ponutnuBunx i}
Henmoc
Mapc mae gBa mpuponHi cynmyTHUKU — Poboc i [eit-
MoC, AKi i3 3emuii MOKHa MOGAUUTH JIUINIE B TEJIECKOIIN.
3o0paskeHHs 000X CYNIyTHUKIB Oyau 3adikcoBaHi Kocmiu-
HUMHU CTaHIiAMU. BoHU BuaBuIKUCA 0e3hopMHUMI Opuja-
Mu poamipamu 27x21x29 km (Poboc) Ta 15x12x8 km ([eit-
Moc) i HaragyooTh acTepoinu. [loBepXHA CYIyTHUKIB BKpUTAa
KpaTtepamu giamerpoMm Bix 50 m go 10 kM, gKi cBiguaTs Ipo
MEeTeOPUTHI yapu, aJKe B HaApax MaJIUX TiJl ByJKaHiuHA
IisIBHICTh € HEMOXKJINBOIO.
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Tema 3. Hawa nnaHeTHa cuctema

[isHanTeca 6inbwe npo Mapc.

G KoHTponbHi 3anutaHHA

1. IITo cminbHOTrO y maHeT 3eMHOI rpynu? YoMy 114 rpyna HasBaHa came
Tak?

2.Yomy Boga Ha moBepxHi MicAma He MosKe icHyBaTu B pigxomMy craHi?

3. Homy MepKypiii He MOKe YTPUMYBATH CTaJly armochepy?

4. fIka naaHeTa 00epTaeTHCA HABKOJO OCi Y IPOTUIEKHOMY B OPiBHAH-
Hi i3 3eMiiero HAIPAMKY?

5. Ha AKux miaHeTax 3eMHOI Ipymnu Bif0yBaeThCcs 3MiHA Tip POKYy?

6. Benepa posmimyerbea gaui Big Conis, Hisk MepKypiii, ajie uomy TeM-
mepaTrypa Ha il moBepxHi BuIa, HiK Ha Meprypii?

3a BAOAHHA OANA CNOCTepPeXeHHA

1. HapucyiiTe mosoxxeHHs1 BeHepu BiIHOCHO FOPM30HTY Ta BiJHOCHO 3ip
i crmocrepirafiTe, AK 3MiHIOETHCSA Ile IIOJIOKEHHS HMPOTATOM KiJIbKOX
THKHIB. 3p00iTh BUCHOBOK, K 3MiHIOETLCSA SCKPAaBiCTh IJIaHETU 3a
Imen gac.

2.Ilix yac nporucrossub Mapca BusHAUTEe MOMEHTH, KOJIM IIJIaHeTa 3yIIn-
HAETHCA 1 ITOUYMHAE PYyXATUCA BiJHOCHO 3ip Y 3BOPOTHOMY HAIPAMKY —
3i cxomy Ha 3axin.

MnaneTn-riranTu: Onitep, CatypH, YpaH,
HenTtyH Ta ixHi cynyTHUKN.

Ilnanmeru-riranTy Ha BiAMiHY BiJ IJIaHET 3eMHOI I'PY-
1 He MAlOTh TBEPAOI II0OBEePXHi, aJKe 3a XiMiYHUM CKJIa-
mom (99 % Tigporemy i I'exiro) i rycrunomo (=1 r/cm?)
BOHU HaAraaymoTh 30pi, a IXHA BeJIMKa Maca CIIPUYUHSIE
HarpiBaHHA Afep A0 Temmneparypu mouanx +10 000 °C.
Kpim Toro, miameTu-riraiTy JOCUTH IIIBUIKO 00€PTAIOTh-
cA HaBKOJIO OCi Ta MalOTh BEJIUKY KiJIBKiCTh CYITyTHUKIB.

HOmiTep BusBUBCcA HabOiabIIO0 miaaneToo CoHSY-
HOl cucremu (puc. 2.1). HaBkoso miei nianeru obepra-
€ThCS YMCJIEHHA POAVHA CYHYTHUKIB, YOTUPU 3 AKUX —
Io, €Bpomna, 'amimen Ta Kamnicro (Tak 3BaHi 'aminzeesi
CYONYyTHUKMN) — Hahbimbimi, aki
MOJKHA MNOPIiBHATHM 3a pPO3Mi-
pom i3 Micsamnewm (puc. 2.2). Maca
Onirepa maiizxke B 2,5 pasa me-
pPeBHIyEe CyMapHy Macy peIl-
T™a 1JIaHeT i B 318 pasiB GiabIa
3a macy 3emui. OCHOBHUMU KOM-
Puc. 2.2. CynyThukm tOniTepa: lo, EBpona, MaHimen, Kannicto MoHeHTaMu aTmochepu IOmiTepa
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Tema 3. Hawa nnaHeTHa cucrtema

€ BomeHb — 74 % ra reaiit — 20 %, a y xma-
pax moMiueHa TPUCYTHICTh MeTaHy, aMiaKy Ta
BOAsAHOI mapu. BepxHill map cBiTaux xmap, e
arMochepHU TUCK cArae 1 aT™m, CKIATAETHCA
3 KpuctaaukisB amiary. Illap xmap 3 gomimmka-
MU CipKH, IO PO3TAIIIOBAHUY HUMKYE, Ma€ yep-
BOHUU KoJip (puc. 2.3). HaltHm:kue poarario-
BaHi XMapu 3 BOAAHOI ITapu, AKi yTBOPIOIOTHCA
Ha riauOuHi 80 KM Big BepxXHiX CBiTIIMX XMap.
Temmeparypa i aTMmocepHUil TUCK i3 rINOMHOIO
IIOCTYTOBO 3pocTaTh. HellogaBHo 3’ ABUJINCA
rimoTes3u IOJI0 MOJKJIMBOCTI iCHYBaHHA KUTTA
y xmapax IOmiTepa, amike ioro armocdepa Mmae
BCi KOMITOHEHTH, AKi Oyau HeoOXimHi AJdA mos-
BU KUTTA Ha 3emuri. [leaki mapu xmap Temi
Ta BiTHOCHO KOMGMDOPTHI AJisd icCHYyBaHHS HaBIiTH
3eMHUX MiKpPOOpPTraHi3MiB.

Ha rmu6uui 20 000 KM BofeHb IIePeX0AUTh
y MeTaJIiYHU# cTaH, i oro pisuuHi BIacTUBO-

Puc. 2.3. «<Bennka YepsoHa Mnamay,

AKa PO3TallOBaHa B MiBAEHHIN

niskyni lOnitepa i 3a po3mipamu
Malixe BABiUi Ginbla, HiXK 3emns,

€ BEJIETEHCbKUM BUXOPEM

B aTMocdepi, y AKOMy BiTep Ame
3 yparaHHoto wewugkictio go 100 m/c

CTi HAraAyoTh PO3ILIaBJIeHUN MeTaj, AKUHA Jo0pe IIPOBOAUTh €JIeKTPUY-
Huit crpym. Takuii arperaTuuii ctad BogHmo (ryctuHa 4 r/cm® Ipu TUCKOBI
106 ar™m) Ha 3emJi He icHye. 3aBAAKU €JIeKTPUUYHOMY CTPYMOBi, 10 re-
HepyeThCA y Ii MeTaseBiit 000JIOHIIi, BUHUKAE TTOTYKHE MarHiTHe IoJIe,
Tomy HaBKoJ0 IOmiTepa yTBOpioloThcA pagiaitiiiui mosacu, axi B 104 pasu
iHTencuBHin Big semuux. IOmiTep € mOTY:XKHUM AKepeioM BUIPOMiHIO-
BaHHdA. ¥ 1eHTpi FOmiTepa icHye TBepae AP0, moAi0He 3a XIiMiUHUM CKJIa-
JIOM 710 IIJIaHEeT 3eMHOI I'PyIu, SKe MOKe CKJIAJaTUCA 3i CKeJIbHUX IOPi.

ITapamerpu IOmiTepa

3opdAHa BeauunHa (MakcumasibHa) |—2,7

Cepenusa Bigcranb g0 CoHIs

778,6 MJIH KM

(Bemna = 1)

5,204 a. o.
Ilepiox obepranusa HaBKo0 CoHma | 11,87 3eMHOTO POKY
Ilepion oGepTaHHS HABKOJO OCi 9,92 rog,
HiameTp mo ekBaTOpPy 142980 k™
Maca (3emua = 1) 318
CepenHs rycTHHA 1,9-10% xr/m®
TemmepaTypa moBepxHi -133 °C
Cuna Ts:KiHHA Ha eKBaTopi 2.2

1 — TBEpAe AApPo;

2 — MeTaneBuin BOJEHb;
3 — pigKkun BoaeHb;

4 — rasonopfibHi
BOAEHb Ta refin

ﬂ AisHanTeca 6inbwe npo Onitep.
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Tema 3. Hawa nnaHeTHa cuctema

Puc. 2.4. CatypH

Puc. 2.5. Kinbua CatypHa

KocmiuHuin kopabenb HACA «KacciHi»
3[iMCHIOE 3aHypeHHA MK CaTypHOM
Ta NOro BHYTPILUHIMK KinbuamN

CarypH — apyra 3a po3Mipom ILIaHeTa-TiraHuT, OTO-
YyeHa rapHUMHU Kinbnamu (puc. 2.4). CeiTaunn, ki spo-
0uB KocMiuHUUA anapatr «Boamxep-2», IPOIeMOHCTPY-
BaJiM, IO CUCTEMY KiJIeIlb YTBOPIOIOTh TUCAYI TOHKUX
Kinens (puc. 2.5). KoKHe 3 HUX CKJIAJA€ThCS 3 UNCJIEH-
HUX yJaaMKiB jgbony. ToBimHa Kijsellp CTAHOBUTH He
Gisbrre 2 KM.

CaTypH He Ma€e TOTO PO3MaiTTs KOJIbOPiB, AKUUA MU
crocrepiraemo B armoc@epi IOmiTepa, ame cTpyKTypa
aTMocdepy IuX IJIAHET AysKe cX0sKa. +lLoBTyBaTOTO KO-
JbOPY BepxHim mapam atrmochepu CarypHa HamamoTh
cHirosi xmapu 3 amiaky. Ha rau6uui 300 kM Big BepxHix
mapiB XxMap po3TaIIoOBYIOTHCS XMapu BOAU, V AKUX IIPU
OiIBUINEHH] TeMIIepaTypPU CHII' TePeTBOPIOETHCA B MIOIII.
Cepenusa rycruHa CaTypHa MeHIIIa, HiK BOAU, IO CBiA-
YUTH IIPO HEBEJUKY KiJBKiCTh BAXKKUX XiMIUHUX eJjie-
MeHTiB y aapi miauneru. CatypH, Ak i FOmitep, mae mar-
HiTHe IoJie, pagiaIiiiHi IMosAcCU Ta € JKepeaoM
BUIIPOMiHIOBaHHS.

¥ CarypHa BUABJIEHO 6araTo CyoyTHUKIB mi-
ametpoM Bix 34 no 5150 kM. IToBepxHi BeIUKUX
CYIIyTHUKIB BKpPHUTi 6ararbMa KpaTepaMu pis-
HUX po3mipiB. Ha#iGisbimum cynyTHUKOM ILjia-
Hetu € TuraH, AKUNA MOXKHA CIIOCTepiraTtu Ha-
BiTH y TeJIECKOII IIKiJIbHOTO TUITy. BiH MaixKe
y miBTopa pasu Oinbinuii 3a MicAlb, oToUueHUI
IIiJIbHOI0 a30THOI0 aTMoc(deporo. Ilix uac Buca-
I)KeHHA Ha MOoro MOBEPXHIO KOCMIUHOI cTaHIil
«Kaccini» O0ysiz BusBJIeHi o3epa i piuku pigko-
To a30Ty U MeTaHy.

ITapamerpu CatypHa

3opsaHa BeJuynHA (MaKCUMaJIbHA) 0,7

1434 MmaE KM

Cepenua Biacranb g0 CoHIs

1 — Kam’AHe A8po;

9,56 a. o.
. 29,67
IIepion obGepranHus HaBK0JJ0 COHIA et
Ilepion obepTaHHsT HABKOJIO OCi 10,66 ropx
HiameTp mo eKBaTOpy 120536 k™
Maca (3emua = 1) 95,2

2 — MeTaneBui BOAeHb

Cepennsa rycTuHa

0,7-10% kr/m®

3 Kpanenibkamu refnito;
3 — KOMIpPKY 3 LUPKyIto-

TemnepaTypa moBepxXHi

-170°C

oYM BOOHEM Ta reniem

Cuna ta:xinHA Ha ekBaTopi (Semua = 1)

1,1
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Tema 3. Hawa nnaHeTHa cucrtema

l Ona ponutnneunx

CaTypH BUIIPOMiHIOE ¥ KOCMOC OiJIbIlle €Heprii, Hijk OTPpHUMY€E Bif
Conma. ActpoHomMu HegaBHO BuABuUIu gedinut [emito B armocdepi Ca-
TypHA B HOPiBHAHHI 3 aTMocheporo I0miTepa i 3arrpononyBajy mMiKkaBy Ii-
moTe3y IIPO MOKJIUBe AKepeio roro exeprii. Ha Caryphi 'esiii He mTOB-
HiCTIO POBUMHAETHCA y BOAHI, AK Ile cImocTepiraerbesa Ha IOmiTepi, me
BUIII TUCK i TeMmiiepaTypa. ¥ BogHeBii armocdepi Carypua ['eniit yTBO-
PIOE KpamJii, AKi KOHAEHCYIThCA B aTMocdepi AK CBOEPiAHUI TyMaH
i moTiM BUIIAaOTh Y BUTJIALL gonty. Taki rejrieBi omaau y BepXHix Ima-
pax atmocdepu MOKYTh OyTU AKEepesoM BHYTPINITHBOI eHeprii, TomMy 110
OinpIn ryctuit [esiii (y mOpiBHAHHI 3 BOOHEM) OIIyCKAETHCA OJIMUIKUE O
meuTpy. Takum ymHOM, TOTEHITIAJbHA €HEePrisa Kpameib ['esIito mepeTBo-
PIOETHCA B KiHETUUHY €HEPTiio, 110 IPU3BOAUTD A0 IIiJBUIIEHHA TEMIIe-
patypu B Hagpax. I3 uacom resrieBi DoIri MpUINHATECA, TOMY TeMIepa-
Typa Ha CaTypHi 3HUBUTHCA.

a AisHanTeca 6inbwe npo CaTypH.

YpaH — TpeTsd 3a pO3MipOM ILIaHeTa-TiraHT — Mae 3eJeHyBaTo-0Ja-
KUTHUHN KOJIip, Tomy 1o 1/7 fioro armochepu ckJaanae meraH (puc. 2.6).
Biu 100pe morsimHae YepBOHi MpoMeHi it BigouBae GJa-
KuTHi Ta 3ejeHi. Bick obepranHa YpaHa HaxXujaeHa
mig KyToMm ycwboro jawuiile 8’ mo miuomueau opditu. Ic-
HY€ OJlHA 0CODJIMBICTD, KA BUALJISIE YpaH 3 yCix 1mja-
HeT COHAYHOI cCHCTEeMU: TOTO eKBaTOP HAXUJIEHUI 10
IoIuHY opoitu mig kyTom 98°. Takuil BeIUKUA KyT
HaXWJIy IPU3BOAUTH 0 YHiKaabHOI y CoHAUHIl cucTe-
Mi 3MiHU IIip POKY — IOJAPHiI KOJa PO3TAIIIOBYIOTH-
cA MaiiKe Ha eKBaTopi, a TPOmiKu — 0ijs moJriocis. Puc. 2.6. YpaH

IlapameTrpu ¥Ypana

3opsAHa BeauumHa (MaKCcCUMaJIbHA) 5,5

2870 MJIH KM

Cepenusa Bigcranb g0 CoHIs

19,18 a. o.
Ilepiox obepranus HaBKoJ0 COHILA S grenmorss
POKY 3
ITepion oGepTaHHS HABKOJO OCi 17,24 ron
HiameTp mo eKkBaTOpPy 51120 kM
Maca (3emusa = 1) 14,5 1 — Kam'aHe AApo;

2 — MaHTifA i3 3aMep3nmx
Cepenusa rycTuHa 1,3:10% xr/m3 P
BOAM, METaHy Ta amiaky;

TemnepaTypa moBepxHi -217°C 3 — aTmMocdepa 3 BogHIo,
Cuia Tsoxkinng Ha ekBatopi (S3emng =1) 0,9 renilo Ta MeTaHy
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Tema 3. Hawa nnaHeTHa cuctema

OciHHe
piBHOAEHHA

’ 3umoBe COHUECTOAHHA .

CoHue

. B MiBHiYHIN niBkyni
BecHaHe

piBHOAEHHA -

Puc. 2.7. Bicb 06epTaHHA YpaHa NnexuTb
MaiKe y MnowmuHi op6iTn, ToMy Tam TPOMiKm
36iraloTbcaA 3 nonApHUM Konom. TprBanictb
Ce30HiB Ha YpaHi 21 3emHui pik. OcboBe
obepTaHHA YpaHa, AK i BeHepn, BigbyBaeTbcA
Y HanpAMKy, NPOTUNEXHOMY HanpAMKY
obepTaHHA iHWKMX nnaHeT COHAYHOT cnuctemm

JliTHE coHUeCTOAHHA
B MiBHiYHIN niBKyNi

ITe osnauae, mo CoHIe OCBiT-
JIIOE€ ONUH i3 IIOJIIOCIB ILJIAHETH Mali-
JKe 42 3eMHi PpOKH, y TOH 4ac AK Ha
iHIIIOMY ITOJIFOCi CTiJIBKM 3K TpUBAae
nosaspua Hiu (puc. 2.7). IIlonpas-
Ia, CIIeKu TaM He OyBae, aj:ke ¥ paH
orpumye Big Comisg mabaraTto MeH-
mie exeprii, Hisk Semasa. ¥ 1977 p.
Oyau Bimxkputi Kinbig Ypaumy. Ilna-
Hera oToueHa 11 BYy3bKUMU KiJbIlsd-
MU, AKi po3TalloBaHi B MJIOIIUHI eKBaTOopa
Ha Bizcraui 6am3pko 50 THC. KM Bif IeH-
Tpa miaderu. ToBIIHHA Kijelb He IepeBuU-
mrye 1 kM. Taxkox Ypas oToueHUH BEeJINKOIO
KIJIBKICTIO CYyITyTHUKIB.

G HisHaiTeca 6inblwe npo YpaH.

Hentyn — HalimeHIIUW# cepen IlaHeT-TirauTiB. BiH poarammoBaHmTii

Ha MexKi Consiunol cucremu. IlyaHeTra Mae BHYTPIIlIHE AKepeso eHeprii,
OCK1JIBKM BUIIPOMiHIOE Y KOCMOC TeIljia MaiiiKe BTPUUL

OinbImte, Hisk oTpuMmye foro Bix Coumsa (puc. 2.8).

Binx gacy cBoro BigkpuTrTa y 1846 p. Henryu 3po-
6uB noBHHNI 00epT HaBKO0J0 CoHIlg TibKku y 2011 p. Pe-
aJIBHOIO € TiloTesa IIPo BOASHI XMapu 3 PO3UMHOM aMia-
Ky, T'YCTHHA AKUX MOKe IepeBUIyBaTU I'YCTUHY PigKOIl
BOAU B KinbKa pasis (puc. 2.9). IIIBuakicTs BiTpiB y XMa-
pax carae ¢gantactTuuHoi Beauunnu — 600 m/c. Homy

BUHUKAIOTh CUJIbHI BiTpU HA TaKill XOJIOAHIN mraHeTi —

Puc. 2.8. HentyH

IIe IIe OJHa HeposrajaHa TAEMHUIA IIJIaHEeTH.

ITapamerpu Henryna

3opsaHa BeauunHa (MaKCHMaJIbHA) 7,8
Cepe ineTa o Co 4491 MaIH KM
HA B TaHb HITA
L A0 ORI 30,0 a. o.

164,6 3semHOTrO

1 — Kam'AHe A8po;

2 — nyxKa cymiuw

i3 3amep3nux Bogu,
amiaKy 1 MeTaHy;

3 — atmocdepa 3 BOgHI0,
renito n metaHy

Ilepion obepranus HaBKoJ0o CoHILS

DOKY

Ilepiox obepTaHHS HABKOJIO OCi 16,11 ropg
HiameTp mo ekBaTOpy 49528 k™
Maca (3emua = 1) 17,2

Cepenusa rycTuHa

1,8-10% xr/m?

TemnepaTypa moBepxHi

-214°C

Cuna Ts:XiHHA Ha eKBaTOpi
(Bemna = 1)

1,1
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Tema 3. Hawa nnaHeTHa cucrtema

HaBrkono HenTyHna obepraroThcsa BiciM cymyTHUKIB, HanbGiabIImi
3 Hux — TpuroH, AKUN KPYKJIAE€ HABKOJO IJIAHETH y 3BOPOTHOMY Ha-
npamMKy. Ha cBiTauaax, orpumanux 1989 p. kocmiunum Kopadisem «Bos-
IoKep-2», MOJKHA IT00aYnTH, 1110 IJIAHETY OIIePi3yioTh TPU 3aMKHEHi i1 ofHe
He3aMKHeHe Kinbiisg. Bouu posramioBani Ha Bigcrani Big 1,7 mo 2,5 pagi-
ycu HenryHa.

G HisHanTeca Ginbwe npo HentyH.

Haii6inpuri cynyranku miaanet COHAYHOI cumcTeMu

Maamera Cymymmm | MUTP S B monopm, ©
2 lanumen 5268 1,49 193 - 140
R Turan 5150 1,35 190 - 179
2 Kannicro 4806 1,08 1830 - 140
2 Io 3640 0,892 3550 - 130
S) Micanp 3475 0,735 3340 Big — 170 go +130
2L €Bpomna 3130 0,485 3040 — 140
v Tpuron 2700 0,215 2100 — 235

Vmoeni nosnavenus naanem: 2L — HOmnirep; h —
Carypa; ©® — Bemua; ¥ — Henrynu

@ KoHTponbHi 3anntaHHA

1. ki ocobauBocTi y miaHeT-riranTis?
2. Yomy IOmiTep MoKHa BBasKaTH AysKe CXOXKHM Ha

30pi0?

. BUKJIU rejiesi in TypHi? .
3 HJ;O RJIMKAE reJjie X HOLT'I a Ca yp ‘0 Puc. 2.9. Ha HenTyHi
4. Yum oOyMoBIeHa 3MiHa mip POKY Ha YpaHi? BUABCHMI BENETEH KM
5. OnuImiTh MTOBEPXHi MJIaHeT-rirauTis. BUXOP i3 liaMeTPOM noHag
6.Y yoMy OJATAIOTH OCOOJIUBOCTI IIJIaHET-TiraHTiB? 1000 KM, AIKWi1 Ma€ Ha3By

«Benunka YopHa Mnama»
3aBAaHHA ONA CNOCTepPeKeHHA
1.3a momoMoroi acTPOHOMIUHOTO KaJeHAaps BigmrykaiiTe Ha HeOi
IOmirTep Ta CarypH i BusHauTe, y SKOMYy cy3ip’i cmocrepiramoThes IIi

IJIAHEeTH.
2. dKi nnaHeTH-TiraHTU BUAHO CHOT'OIHI V BeuipHii uac?

[isHaliTecs, AK 3a Jonomorolo rno6yca MoXHa nokasaTu
po3mipu nnaHet COHAYHOI CMCTeMU Ta BifCTaHi MiXK HUMN.
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Tema 3. Hawa nnaHeTHa cuctema

KapnukoBi nnaHetn. NMosac Konnepa, xmapa OoprTa.
Mani tina COHAYHOI cucTemn — acTepoigu, Komertu,
meTeopoigu

Kapaukosi naanerun. Takx Ha3MBaOTh JOCUTh BeJuKi Tia CoHAYHOL
CUCTeMU, HaCTiJIbKM BeJUKi, IO BJacHA I'paBiTallisg Hajgaja iM piBHOBaMK-
HOI opMu, HAOIMKEHOI N0 KyJsicTol. AJle Ha BigMiHy Big pemiTu miaaHer,
Maca KapJMKOBUX 3HAUHO MEHIa, TOMY iM He BIAJI0Cs
«PO3UYUCTUTU» OKOJIUIIL cBOei opOiTy Bix iHIMUX momio-
HUX TiJI.

VYuepite 1eit HoBuii Kjaac Tija COHAYHOI cucTeMy BU-
gHaunan y cepuui 2006 p. aa Acambiei MiskHapoaHO-
ro Acrporomiunoro Coiosy (MAC) y IIpasi. Tako:x Toxi
O0yso sMmiHeHo craryc IlnyToHa, AKUI 4O IILOTO BBasKa-
au ges’sToro miaaneToro CoOHAYHOI cucTeMu: BigTomi BiH
CTaB MEePIIOI0 MJIAHETOI-KapPJIUKOM.

Y 1930 p. B JloBesacobkiii obcepBaropii (CIITA)
Puc. 3.1. NnyToH Knaiin Tom6o BifKpuUB HeBimoMy IIaHeTYy, Io obepra-

€ThCSI HABKOJIO OCi B 3BOPOTHOMY HampaMKYy. BoHa or-
pumasia HasBy Ilayrou (pue. 3.1). ¥ 1978 p. acTpoHOMU 3BEPHYJIHU yBary
Ha Te, 1110 Ha cBiTauHi II1yTOHA BUIHO HEBEJIUKUIT BUCTYI HA HOTO AUCKO-
Bi. IIpomoB:KyIOUM cIIoCcTEpeKeHHA, yueHi BuaBuau y Il1yToHa CynmyTHUK,
AKUU OTpUMAaB Ha3By XapoH. [ledKi acTpOHOMM BBaKalOTh XapOH CYITyTHH!-
KoM, iumri HaguBaooTh [LryTon i XapoH moABifiHOIO IIaHETOO (a4Ke Y HUX
nepioau obepTaHHA HABKOJO OCi I BiTHOCHO OMH OHOTO € OqHAaKoBi). ITi-

suime y Iloyrona Oysiu BusaBJeHi 111e 4 CYyTyTHUKN.
Amnasnisyroun opbitu komet, v 1951 p. acrponom . Koiinep mepen-
O6aumB icuyBaHHA 3a HenTyHOM mosAcCy acTepoifiB, AKWI Ha3BaJ U MOSICOM
Koiinepa. AcTpoHoMiuHi crocTepeskeHHA
Hamaka 3a JOIIOMOTOI0 Cy4YaCHHUX TeJIeCKOIIB MmiJ-
TBepAuaAn 110 rimoredy y 1990 p., Kouu 3a
Xiiaka IInyronom mouasu BifKpuBaTH HOBi 00’ €K-

MnyToH - lppa laymea TH. 3 HAYKOBOI TOUYKU 30PY CTaJIO OUEBU/I-

HUM, 110 [l1yTOH 6iNbIlle CXOKUNA HA HUX,

Y Hik Ha permty naaner CoHAYHOI cucre-
Markéharke Llepepa MH, IPAYOMY OAUH i3 BUABJIEHNX 00 €KTiB

(Epupa) e HaBiTh Ginpirum 3a [LnyToH.
Huni go nepesiky HanOinpmmux i Hall-
BiTOMIIIIX KapJUKOBUX IJIAHET BiTHOCATH

Puc. 3.2. Hainbinblui Kapnukosi Epuny, Llepepy, Ilnyron, 'aymea, Make-
nnaHeTn y NopiBHAHHI i3 3emneto Make (puc. 3.2).

JisHaliTeca 6inbwe, yomy lMnyToH 6yno BunyveHo 3 nepeniky
KnacnyHux nnaHetr COHAYHOI cucremu.
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Tema 3. Hawa nnaHeTHa cucrtema

Xmapa Oopra. I'imorerrnuna xmapa Oopra — cge-
puuYHaA XMapa KpUKaHUX O00’€KTiB, AKa € mAKepejoM
mosromepiogmuHux KometT. IlepegbauyBaHa BigcTaHb OO
3oBHimHiX Mexx xmapu Oopra Big CoHIIA CTAHOBUTH Bif
50000 a. o. (= 1 cB. pik) xo 100000 a. o. (1,87 cB. po-
KiB). BBaskaeTncs, 110 06’€KTHU, AKi CKJIAZalOTh XMa-
Py, chopmyBanuca 6ina Couma i Oyyiu poscisHi majgexo
B KOCMOC TrpaBiTamiiEuMu epeKTaMu IJIAHET-TiraHTiB Ha
pauHbOMY erani po3BUTKY COHAUYHOI CCTEMMH.

Maui rina Cougunoi cucremu. Ilo pisaHuM opbiTam

Pnc. 3.3. Uepepa

"HaBKoJao CoHIld,

OKPiM KapJMKOBHUX IIJIaHET, 00epPTaE€ThCA Ie YMMAaJIo APiOHMX 00’€KTiB,
110 He € cynyTHuKamMu. Bouu HasBaui mamaumu tizamu CoHAYHOI cucTe-
mu. Ilo bOro TUIy KOCMiUYHMX TiJ HajeXaThb 00’eKkTHu nosicy Koiimepa, ac-
Tepoinu (MaJji maaHeTu), KOMeTH, MeTeopoiau (abo MeTOPUTHI Tijna), Koc-

MiUYHMHA T i ras.

Acrepoinn. Ilepmmuii actepoin (Bix rper. asteroid —
30pemnoAiOHM) BigKPUB iTanifickKuit acTrponom J[Ky-
germmne Iliammi. ¥V ciumi 1801 p. Bim mobauumB ciabKy
30pI0, AKA HACTYIIHOTO BeUOpPa TPOXM IlepeMicTuiacs.
Hogiit miameri ganu HasBy Ilepepa (puc. 3.3). 3a Helo
Tovajd yBaKHO CIIOCTEPiraTyu — BOHA BUABUJIACS HeBe-
JIMKOIO, HaBiTh MeHIOo0, HisK Micsans. ke :x OyJs0 3au-
BYBaHHSA aCTPOHOMIB, KOJIM 3a KiJibKa POKiB HegaIeKo
Bix Ilepepu BuABUIM ITle OOHY MaJy IJIaHETy — ii Has-
Basu [Tamnagoro. Ii o6uaBa Kocmiuni 06’ eKTH, 1110 06€EP-
ranucsa HaBkoJsio CoHIa Ha Bixcraxi 2,8 a. 0., HazBaau
MaAAUMU naaHemamu, abo acmepoidamu. Ilorim Gyan
Bigkputi FOHoHa i Becra. 3-mmomisk ycix BigxpuTux Ha
TO yac Manux 1iaHer giametrp Ilepepu BusBuUBCS Hali-
6inmpmum (61u3bK0 960 KM), TOXK 3romoM ii BigHecsau K0
KJacy ILIaHeT-KapJauKiB.

Puc. 3.4. Actepoig-433 «Epoc»
Ma€ BUMNAL BENETEHCbKOro
cigna 3aBOoOBXKM 33 KM.
KocmiyHni anapat NEAR,
3gincHmswm y 2001 p.
nocajKky Ha NnoBepxHIo
acTepoifa B YNOroBuHi
no6nun3y LeHTpa, BUABUB,

L0 MOrO Cipa NOBEPXHA
BKpYTa LLAPOM Peronity

i cxoxa Ha noepxHio Micaua

Ha Bepecens 2017 p. OyJsio 3apeecTpoBaHo 0u3bKO 1 MJIH acTepoi-
niB (puc. 3.4). HaiimeHrni 3 HMX MaioTh AiaMeTp JUINE KiJIbKa AECATKIB
MeTpiB. ¥ TeJeCKOnM AUCKU IIUX TiJ PO3PIBHUTU HEMOIKJINBO — BOHU Ma-
IOTh BUTJIAL CBiT/INX TouoK. CymMapHa Maca BCiX acTepoifiB He MepeBUIIye

0,1 macu Micams.

BusBienum acrepoizaM HagaiOTh HOPATKOBUI HO-
Mep i Ha3By, Ky HPOIIOHYE aBTOP BiAKpUTTA (TaK, 3a
"HoMepoM 1790 3apeecTpoBaHuil actTepoin YKpaiua). Ha-
CTO HOBi KOCMiUHi Tijla HA3WBAIOTh HA YECTh KpaiH, MicT
Ta BUAATHUX 0COOMCTOCTel. YKpPaiHChbKi acCTPOHOMU Ta-
KOJK YCJIAaBHJIM HAIy KpaiHy Ta BUAATHUX CIIiBBiTUM3-
HuKiB: HaBKOJI0 COoHIISI oOepTatoThea acTepoinu Kuis,
ITonraBa, Kob6sap, Kameusap, CkoBopoaa, [[oB:KeHKO,
Hap6yT Ta iH.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 3.5. KomeTa YyptomoBa-
[epacumeHko

57

MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua



Tema 3. Hawa nnaHeTHa cuctema

| Ona ponutnneBmnx

Puc. 3.6 KomeTta lannesn

Puc. 3.7. KomeTa lenna-bonna

Puc. 3.8. Aopo komeTn
[annes Ha BigCTaHi Kinbkox
TUCAY KinomeTpis
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OpbiT; 1BOX BimOMMX YHMCJIEHHHX I'PYI acTepoi-
niB — I'pexwu #1 TpodaHIi — yHiKaJbHI THMM, IO PO3Ta-
IIIOBaHi y BEPIINHAX PiBHOOIYHUX TPUKYTHUKIB, CTOPO-
HU AKUX TOPiBHIOIOTH BigcraHi Big IOmitepa no Conris.
Ilepion obepranua Mux acTepoimiB HaBKoJa0 CoHILT 30i-
raetbcA 3 mepiomom obepranua IOmitepa.

Kowmern oTpuMaau cBOIO Ha3BY BiJ rpeii. cometos —
XBocTaTa uM Bojoxara (3ops). Lle BigHOCHO HeBeJIUKi He-
OecHi Tija, 1110 MalOTh TYMaHHUHN BUTJIAL i 00epTaioThCs
HaBK0J0 COHIA II0 IIOLOBMKEHUX eJIITUUYHIX opbiTax.
Came ToMy ix MOKHA TOOAUUTH JIUIIIE Y CTUCJI IIepioau
30nmKenus i3 CoHmem.

Kowmeru € 3ammimmkamMu KocMigyHOI peYOBUHU, 3 AKOI
YTBOPUJINCS ILJIAHETHU. 3a TPaguIlielo KOMEeTi JaroTh Has-
BY HA UeCTb TUX aCTPOHOMIB, sKi mepiri mobauniam ii HA
HeO6i (puc. 3.5, 3.6, 3.7). 3a oliHKaMu BUeHHUX, HaA JOa-
aerux «oxkoaunAax» CoHauHol cucremu B xMmapi Oopra
CKOHIIeHTpoBaHo 6u3bKko 1012-10'% komer, axi obepra-
10Thbesa HaBKoJo CoHmga Ha Bigcramax 3—160 Ttuc. a. o.

HaiizramenuTinioro komeroro € komera amnes. [u-
pexTop I'puuBinbkoi odbcepBaropii E. Nanneit ynepiie Bu-
3HAUYUB OPOiTYy KOMeTHU, AKY O0yJio Buguo y 1682 p. laa
IFOT0 BiH BUBYUB CTAPOJaBHi JiTOomMCcH i 3BepHYB yBa-
I'y Ha Te, II[0 OgHA 3 KoMeT 3’ ABJsjgacsa Ha Hebi 3 1o-
crittnuM mepiomom 76 pokiB. 3a HOIIOMOT0OI0 TPETHOTO
saxkony Kemepa I'ajnieil BUsHAUYUB BeJUKY IIiBBiCh Op-
6itTu o = 17,94 a. o. Ta mepexbauus ii moaBy y 1758 p.
Ocranniii pas xomery I'aniesa crnocrepiraau y 1986 p.,
a HacTymHui ii mpuait go 3emui ouikyerbea y 2062 p.

T'onoBHa ckaamoBa Komeru — ii aapo (puc. 3.8). Bia-
TOBiTHO 0 rimoTe3u BiOMOTO aMepUKaHCHLKOTO JTOCJIiJ-
HuKa Komer D. JI. Vimnmnaa, KoMeTHe SAIPO SABJsIE COO0O
KpUiKaHy OpHMJIy, IO CKJIAJAEThCA i3 cyMiIri 3amMepasol
BOJY 1 3aMOPOKEHUNX TasdiB i3 BKpaNJeHHAM TYTIOIJaB-
KMX KaM’ SHUCTUX Ta MeTaJeBUX YaCTUHOK. ¥ Mipy Ha-
osmxeHHa KoMeTu g0 COHIA JIif Aapa KOMeTH IIOUMHAE
BUTIAapoByBaTuCsa. HaBKOJIO AApa YTBOPIOETHCSA IPOTIKHA
rasoBa 000JI0HKA, III0 CBITUThLCSA, — KoMa. Pasom i3 aapom
BOHU YTBOPIOIOTH TOJIOBY KomeTu. [logasnbimne 301uKeHHA
KoMmeTu i3 COHIlEM IIPUBOAUTE 0 TOTO, 1[0 ii rojoBa Haody-
Ba€ oBaJIbHOI (hOPMU, IOTIM TIOJOBIKYETHCS, a 3 Hel yTBO-
PIOETHCS XBicCT, 1110 CKJIAJAETHCA 3 MUY i rasy.
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Tema 3. Hawa nnaHeTHa cucrtema

HoB)KmHaA XBOCTa KOMETH iHOZIL
MIPOCTATAETHCS Ha MiJbiioHU abo CcoT-
Hi MinbliOHIB KijJloMeTpiB, mpuUOMYy
HaAIIPAMOK XBOCTa B pes3yJabTaTi Aii co-
HSAYHOTO BiTPY 3MiHIOETHCS TAKUM YU~
HOM, III0 BiH Bechb Yac BiAXMJISAETHCS
y nmporune:kauii Big Conmnga 6ik. 3ga-
eTbed, 110 xBicT 10 COHIIA HEe HPUTH-
TYETBhCA, & HABIAKHU, BiIIITOBXYETHCA.
3a3Buuail XBiCT KOMETH HIPUTATYETH-

Puc. 3.9. MNagiHHA ynamkis KomeTn
LLlymenkepis-Jlesi Ha tOniTep

ca po CoHIg, ajie JJId YaCTUHOK i3 miamerpom MeHIn Hixx 107° M cusia Bin-

IIITOBXYBAaHHSA CTA€ 0iJbIIIOI0 3a CUJIY IPUTATAHHS.

3IiiCHUBIIN KiJIbKa COTeHb 00epTiB HaBKoJ0 COHIIA, SAPO KOMETHU
3PEITOI0 BTPAUae CBOIO Macy i pyHHYEThCSA, aje il PeIITKY IPOLOBMKYIOTh
pPyX 1o opbiTi Ta mepeTBOPIOIOTHCA HA MemeopHi nomoku. Komu 3emia ne-

petuHae opbiTy TaKOro METEOPHOTo MMOTOKY, cIIocTepira-
€TBCA «30PAHUN O0I» . [MHYTH KOMETH TaKOK Y BUIIAM-
Ky nmorpamasaaasa Ha CoHile abo 3iTKHEeHHS i3 IIJIaHETOIO
(puc. 3.9).

Mereopoinu. 3rigHo 3 BusHaueHHAM MiskHapomHOl
MeTeOpHOI opraHisaIii MeTeopoigu 3a PO3MipOM 3HAUHO
MeHIITi, Hi’K acTepoigu, aje HabaraTo OiJbIIIi 3a aToM.
Ixua HasBa y mepekJaji 3 TpeIbKol 03HAUAE: «TOIi, IO
nepebyBae y moBiTpi». MeTeopoigu yTBOPIOIOTHCA BHA-
CIimoK po3many KoMeT abo mMoApiOHeHHA MaJuX IJIAHET
micasa 3iTKHEeHH.

ITorpanmuBmiu Ha KOCMiUHIiN IMIBUAKOCTI B 3eMHY aT-
mocdepy, i Api6HI TBepai YaCTUHKU CIIaJIaxylOTh, JIX-

Merteopoig — HeBenvike
HebecHe TiNo, Lo pyxa-
€TbCA B Mi>KM1aHETHOMY
npocrtopi

MeTteop — Bugnmuin
cnig Big meteopoiga,

Lo YBiLWOB B aTMOCcdhepy
3emni

MeTeoput — meTeopoig,
Lo BMaB Ha MOBEPXHIO
3emni

mIaoun AckpaBuii ciain. Kocmiurauil nuia HiKoau He HOJiTae OO0 MOBEpPXHi
3emti, amike BiH 3ropse i BunapoByeThca B armocdepi Ha BucoTi Big 120
o 60—80 kM. Ile cBiT/iOBE ABUINE, BUKJMKaHEe iI0Hi30BaHUM IOBIiTPAM Ha
IIJIAXY MOJbOTY METEOPHOI YACTUHKYM, Ha3WBAIOTh METEeOpoM, abo majgaro-
9010 30pero. CamMa YacTWHKA B IIbOMY BUIIAAKY HAa3WBAETHCS METEOPHUM

Titom. Macu TaKuxX TiJl BUMipIOIOTHCS AECATUMU IOJIS-
MU rpaMa, iHoai — KijgbKoMma rpaMaMu. Bech mouriT me-
TEOPHOTO Tijla MOXKe TPUBATU BiJl JeCATUX HOJIEN CEKYH-
IV 00 KiJIbKOX CEeKYH]I.

YucaeHHi MeTeopu, AKi CIIPAMOBYIOTHCSA 0 3eMJIi
B IIEBHY TOPY POKY, YTBOPIOIOTH METEOPHi IMTOTOKU, abo
«3opsaHi gporri». HafiBigomimmum i3 Hux € moTtik «Ilep-
ceigu», AKUI B YKpaiHi MOKHA CIIOCTEPiraTH y CepmHi.

MeTeopuTH MOMKYTh OOCATTH ITOBepxHi 3em.i,
OCKismbKU MaioTh Oinbmy macy (puc. 3.10). Koau me-
TEOPUTHE TijJ0 3 BEJIMKOIO IIBUAKICTIO JIETUTH B aT-
mocdepi, To yepes oIip MOBiTPA BOHO HArpiBaeThCA 10

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 3.10. MeTeopur,
3HaNgeHUN B AHTapKTULi
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Tema 3. Hawa nnaHeTHa cuctema

Bonig — cBiTnoBe ABuLe,
AKe CYynpPOBOMXKYE NONIT
METEOPUTHOrO Tina

B atMmocdepi

CoHAYHUIA BiTep
CKJlafa€eTbCA 3 enemeHTap-
HUX YaCTUHOK Ta OKpemmx
anep nerknux XiMivHux
efleMeHTIB, AKi neTATb

Big CoHuA

Puc. 3.11. Apn3oHCbKun
KpaTep (CLLUA)

yTBopuBca 10 000 pokis
TOMY. Moro ndiametp — 1,2 KM,
rnnbuHa 200 m. Ynamkum
MeTeopuTa 3HaXoAATb Ha
BigcTaHi 30 Km Big KpaTepa

Puc. 3. 12. InniHeubKnin
METEOPUTHUI KpaTep

ﬂ [isHanTecA, AK BeNn4Ye3Hi MeTeopuTn 3MiHIOBaNM XNTTA

Ha 3emiii.

@ KoHTponbHi 3anutaHHA

remmueparypu Buine 10 000 °C i mounHae cBiTUTHUCDH, SK
possKapeHa KyJsd, AKy HasWBaAIlOThL OoJimom (Bim rperir.
bolid — cuuc). Ilig yac moaboTy 00Jif1a 3 HAI3BYKOBOIO
MIBUJKICTIO B aTMoc(epi BUHUKAE yIapHa XBUJIA, dKa
CTBOPIOE TOTY KHi 3BYKOBi KOJWBaHHS, TOMY JIIOAUHA
Yye CUJIbHUU T'yPKIiT.

MeteopuTHe TijI0 — 11e (DparMeHT acTepoina, AKUi,
obepratounch HaBK0JI0 COHIlA, 3iTKHYBCS 3 HAIIIOIO I1JIa-
HeToio. ToOTO MeTeoOpUTH MAIOTh aCTEePOigHe TOXOAKeH-
HA. [[IBUAKiCTH, 3 AKOI0 METEOPUT BJIiITAE B 3eMHY aT-
mocdepy, 3aJIeKUTh BiJ] HAIPAMKY HOT0 PyXY BiZJHOCHO
BeKTOpa mBuAKocTi 3emui. Haiibinbiry meBugKicTs BX0-
mxeHHsa B atrmochepy (50-70 km/c) mawTh Ti MeTeo-
puTHi Tina, AKi JeTATH HazycTpiu pyxy 3eMJi, Kojau
mBUAKOCTI Ooaima Ta Semuti gomarorhea. IIIBuagKicTs Me-
TEOPUTHOTO Tija IIiJl yac BXO)KeHHS B aTMoc(hepy 3eM-
Ji He Mo)Ke OyTu MmeHmioio 3a 11,2 Km/c, agsKe HaBITH
KOJIM acTepoifHe TiJo «HAa3QOoTaHAE» HAIY IJIAHETY, TO
yepes3 3eMHe TAKIHHA MOro MIBUAKICTH TOUMHAE 3pOCTa-
T. HuHi 3a paxXyHOK METEOPUTHOI PEUOBUHHU Maca 3eM-
Jai soinpmyerbesa Ha 500 000 T Ha piK.

Ha 3emiai acTpoHoMu Ta reosioru BUABUIN 0ijb-
IIIe COTHI METEeOPUTHUX KpaTepiB pisHOro miamerpa
(puc. 3.11), aki HasuBaoTh acTpodaemamu (Bix rpeir.
astra blema — 30pAHI paHuU), aje GLIBITICTL KpPaTepiB
He 30eperJiacs, aJKe IPOTSATOM BiKiB aTMocdepHi mpo-
Iecu 3HUIIMYBAJU CJiAM KOCMIUHMX KaTakJismiB. Be-
JIUKY KiJIBIIEBY CTPYKTYPY METEOPUTHOTO MOXOAKEeHHS
miamerpoM 7 KM BUSABMJMN B YKpaiHi B LiriHenbKoOMYy
paiioHi (puc. 3.12) Bimuunskoi obsacti. 'eosoriuni mo-
CiI;KeHHS OKa3yIoTh, 1[0 TOYaTKOBa Maca MeTeopuTa
nepesuiysaia 10! kr.

1. PosraymauTe IOHATTA «KapJuKOBa IIaHeTa» . SIKi KapauKoBi miaameTn

BU 3aHeTe?

2.Po3kaxiTp, AKi KocMiuHi 00’€KTH HA3UBAIOTh MAJIUMHA TiJIAMUA.
3. 0numIiTe CKJIaL KOMETH Ta 0COOJIUBOCTI ii pyxy HaBKoJ0 COHILA.
4. fIxkuM YynmHOM KOMETH IIOB’sA3aHi 3 MeTeopaMu i acTepoigamu?

5. Yuwm BigpisHsaeThcAa MeTeop Big meTteopura?

6. Yu icaye Hebesneka 3iTKkHeHHa 3eMJii 3 acTepoigzom? Yomy?

7. fIxa npupoma MOXOMKeHHA «30PAHUX TOIIiB» ?
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Tema 3. Hawa nnaHeTHa cucrtema

8. 3uainigiTe B mepe:ki Iarepruer indopmariiro mpo Komery Illymeiike-
piB-JleBi Ta maginua ii ¢pparmentiB ma IOmitep. Iligroryiite crucie
TOBiTOMJIEHHS.

@ Tema pna guckycii

Ska Bamra gyMKa IOJO0 NPAKTUUYHOTO BUKOPUCTAHHSA aCTEPOiAiB AK
JKepesia KOPUCHUX KOTaJIUH?

DocnipxeHHA Tin COHAYHOI cucTemMmu 3a JONOMOrolo
KocmiyHmx anapariB. linotesu i Teopii popmyBaHHA
COHAYHOI cucTemn

KocmoHaBTUKa —
IToaBy KOCMOHABTUKY 3yMOBWJIN HOBi 3alIUTH JITO- Li€ KOMMJIEKCHa HayKOBO-
CTBA 100 HOCIifsKeHHA KocMocy. OTske, rooBHIHMu  TeXHI4Ha ranyse, Wwo
3aBOAHHAMU OJA ITiel rajgysi acTpoHOMIii cTajam BuBe- 3aUMAETbCA ROCTIPKEHHAM
R . X Ta BUKOPUCTAHHAM
JeHHS mquHorp CYIEYTHI/IKE} 3demui Ha Ii opbiTy, MOMIT oo npocTopy 3a
JIOAWHYU B KOCMIUHHKI IPOCTip, BUCAJKa JIOAWHYA HA TI0-  fonoMOrol aBToMaTUUHUX
BepxHIO MicAIldg, OCBOEHHSA IIJIAHET, PO3TAIIIOBAHUX B ME- i MiNIOTOBAHUX KOCMIYHUX
sxax CoHAYHOI cucTeMu Ta 3a Il Me)KaMu, a TAKOK 34ilic-  anaparis
HeHHsS eKCIeAUIliil no gandexux 3ip. Huui nmepedbyBanHs
JIIOAUHU B KOCMOCI BiKe He € JUBUHOIO, IIPOTe JIIOACTBO 3POOMJIO JINIIE Kilb-
Ka MepIInx KPoKiB TPUBAJIOTO Ta 3aXOILIIOIYOTrO IIIAXY, AKUN HAJIEKUTh
IOM0JIATY KOCMOHABTHIII.
3HAUHNI BHECOK Y CTBOPEHHS HAYKOBUX OCHOB KOCMOHABTUKH, ITiJIOTO-
BaHUX KOCMIiUHMX KOPabJIiB Ta aBTOMAaTUYHUX MiMKIJIAHETHUX CTAHIIINA 3pO-
6usu yKpaiHncbKi BueHi. 3okpema, 0. Kouapariok (O. Illapreii) y 1918 p.
obuncauB TpaekTopilo moaboTy Ha Micans. IlisHime
BOHAa OyJia 3aCTOCOBaHA aMEPUKAHCBKUMU YUEHUMU i
Yyac HiITOTOBKU KOCMIUHUX eKCIeAUIliil « AIIOJITIOH .
ITouaTok KocMiuHOI epu OyJI0 MOKJIAJEHO 4 YKOBTHSI
1957 p., kouu BigOyBcs samyck IIIC3 mmig xepiBHUIITBOM
C. Kopousbosa (puc. 4.1). Ileit BusaTHuii KOHCTPYKTOP
IepIInX y CBiTi KocMiuHMX KOpaOJiB i MiKILIaHeTHUX
CTaHIIM HapoAuBCs, BUPIC i oTpuMas ocBiTy 3a daxom Puc. 4. 1. Ceprin Koponbos
aBinifiHoro KoHcTpyKTOopa B YKpaiui (KuiBcbKuii moJri- MiA 4ac KepyBaHH
TexHiuHUI iHCcTUTYT). KOPOJIBOB 0UOJIIOBAaB CTBOPEHHSA nonkoToM KoCMItHOro
AMC, axri mepiri B icTopii kocmoHaBTUKY Aocaryau Mi- kopabns BocTork>
cansd, Bemepu Ta Mapca. Ajie HafiO1IBIIINM JOCATHEHHAM
Ha TOM Yac CTaB IEePIIHUH IiJIOTOBAHUH IOJIT KOCMiUHO-
ro kopabas «BocTok», Ha sxomy 12 kBiTHa 1961 poxy
aboTumK-KocMoHaBT 0. I'arapiu 3pificHuB KOCMiUHY I10-
moposk (puc. 4.2). Bigrozi 1o gaTy mo BCboMy CBIiTY Bif-
HauamTh AK BcecBiTHi#I meHb KOCMOHaBTUKM, a Kopo-
JIbOBA HA3BUBAIOTH 0ATHKOM KOCMOHABTHUKH. Puic. 4. 2. 1Opin FarapiH
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Tema 3. Hawa nnaHeTHa cuctema

IITe oxHieto icTOpUYHOIO IMOAI€I0 HA MINIAXY HiTKOPEHHS JIIOAMHOIO KOC-
MiYHOT'O IPOCTOPY CTaJja CJIaBHO3BiCHA MicAduHa eKCHeOUIlisd aMepUKaH-
CbKUX acTpoHaBTiB ApmcTponra, Kosmninsa i1 Onppina, mo TpuBajga 16—
24 numaa 1969 p.

IIporsarom XX cT. y PO3BUTOK AOCJIiKEeHHS KOCMiUYHOTO IIPOCTOPY
3HAYHUH BHECOK 3p0o0UIM KocMOoHaBTU-yKpaiHii: B. Jlaxos, I'. Beperosuii,
B. #Komaob6os, JI. Kusuwm, A. Jlesuenko, II. ITomosuu, I'. Illonin, A. Apie-
b6apcokuii, F0. Kageniok (mmepminii KOCMOHaBT He3aJeKHOI YKpaium).

3IificHUB IIOJLOTH Y CKJIAAl eKimasKiB KocMiuHTX
KopabiaiB «Boctok-4» (1962 p.), «Coros-14» (1974 p.,
0yB KoMaHIuUpPoM Kopabuasa). ITig wac ekcrmemumirii

Ha «BocTok-4» HpPOBiB mepIili eKCIIepuMeHTH

3 PafiosB’ 3Ky

3IificHUB IOJLOTHU V CKJIAAL eKimaKiB KocMiuHnX
KopabisiB «Cor3-32» (1979 p.), «Coroz T-9» (1983 p.),
«Coro3 TM-6» (1988 p.). Ilix uac ekcoemuirii
IpaIioBaB Ha opbiTadbHUX cTaHIiAX «CamoT-6»

Ta «Caaror-7»

3IilicCHUB IIOJLOTH y CKJIAAl eKimasKiB KocMiuHTX
kopabiiB «Coro3 T-3» (1980 p.), «Coroz T-10»
(1984 p.), «Coros T-15» (1986 p.). Ilig uac Tpernoi
eKcHequIlii mpaloBaB Ha OpOiTAJIbHUX CTAHIIIAX
«Camror-7» Ta «Mup»

Y
JleoHin Knsum

|

AHaTonin
ApuebapcbKkui

3IifiCHUB IOJIT y CKJIAAl eKimasKy KOCMiuHOTro
Kopabsa «Mup» (1991 p.). ITixg yac ekcnemuirii
3aiticuuB 6 BUXOJiB ¥ BiIKPUTHUII KOCMOC

3IifiCHUB IIOJIIT y CKJIAAl eKillaKy aMepuKaHChbKOT'0
martyaa «Komamb6isa» (1997 p.). Ilig yuac ekcmexuirii
IIPOBiB pAJ 06i0JOTIUYHMX €KCIIEPUMEHTIB I[0/[0 BILJIUBY
X CTaHy HeBaroMoOCTi Ha POCJIUHU

lOpin KapeHtok

Opb6iTtanbHi cTaHIlil BiIKPUIN JIOACTBY HOBi MOMKJIMBOCTI ¥ JOCJIiAKEeH-
Hi KocMmiuHOTO mIpocTopy. BoHu crasu cTamioHapHUMHU HayKOBUMU 6a3sa-
MU, OCHAII[eHUMHU JIaD0PaTOPiAMY IJIsl IPOBEJEHHA PiBHUX €eKCIIePUMEHTIB,
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Tema 3. Hawa nnaHeTHa cucrtema

criocTepeskeHb i gocainiB. CTBopeHHA Ha opbiTaNbHIN
craHIil KoM(popTabeJJbHUX YMOB IJIs IPOXKUBAHHSA I0-
3BOJIMJIO JIIOAWHI IepedyBaTy B KOCMOCI TPUBAJIMH yac —
BiJ KiJIBKOX IHIB IO KiJIBKOX MiCSAIliB.

Yuepiiie 3anyck riraaTChbKUX OpOiTAIbHUX CTaH-
Mith — pagsaHcbKoi «CaaoT» Ta amepuKkaHcbKoi «CKaii-
ae0» Bigbysmocsa B 1970-ti pp. OgHUM i3 roJIOBHUX 3a-
BIaHb, AKi cTaBMJIU Iepe] cO00I0 KOHCTPYKTOPHU ITUX
CTaHIIill, OyJIO HOCHiAUTU, AK BILJIMBAE Ha OPTAHi3M JIIO-
IVHU TpUBaJje IepedyBanHA B KOCMOCI.

Puc. 4. 3. Op6iTanbHa
KOCMiYHa cTaHuia «Mup»

Y 1986 p. Ha HaBKOJIO3eMHY OpOiTy Oyjsa BuBemeHa cTaHilisa «Mup»
(puc. 4.3.). IIporsarom pokiB icHyBaHHA Ha Hill 0yJi0O IIPOBEAEHO YMMAJO

HaAyYKOBUX IIpOorpaM.

ITounuatoum 3 1998 p. KocMiuHMIT TPOCTIP AKTUBHO AOCIiIMKYIOTH yUue-
Hi piBHUX JepskaB, npamoun Ha MiskHapoaHith kocmiuHii cranii (MKC)

(puc. 4.4.). IT1o mimoToBany opbiTaJbHY CTAHIIIIO
BUKOPUCTOBYIOTh AK 0araToIliibOBUNA KOCMIiUHUI
mocaiguunbkuii Komiiekec. MKC — coinpHmni
MiKHaApPOOHUN IIPOEKT, y AKOMY O0epyTh y4acThb
14 pep:xaB — CIIIA, Pocia, Anonia, Kamaxa ta
KpaiHu, 10 BXOAATEL 10 EBPOIEHChKOr0 KOCMiUHO-
ro areaTcTBa. OCHOBHOIO METOIO CTBOPEHHS CTAH-
IMii cTajla MOKJIUBICTH MPOBEAEeHHA €KCIIePUMEH-
TiB, AKi TOTPeOYIOTh HAABHOCTI YHIKAaJIbHUX YMOB
KOCMIYHOIO II0JIbOTY. ['OJIOBHUMU TaJIy3sAMU JOCJIi-
mxenb Ha MKC e Giosorisa, ¢isuka, acTpoHOMisd,
KOCMOJIOTisI Ta METeopOJIoris.

Puc. 4. 4. MixHapogHa
KocMiyHa cTaHuia (MKC)

MeTor0, IKy cTaBUTH mepeln co00I0 MiKHapogHa KOCMOHaBTUKA,
€ ocBOeHHA HanbOamkumuM yacom Mapcy. Tox HuHI po3dpobadeTbesa Bif-
noBigHa mporpama. Ilig yac MisKIJIaHETHUX MOJBOTIB KOCMIiUHUY amapaT
(KA) 6yze seritu 1o eJincy, y poryci askoro nepedbysae Conie. HaiBuriza-
HiIlla TPaeKTOPiA 3 HAWMEHIITIOI0 BUTPATOIO €HePrii IrpoadraTuMe 1o eain-

Ccy, AKUH € JOTUYHUM A0 opbiT Semui it Mapca. Touku
CTapTy Ta OPUJIBOTY JIeXKATh Ha ONHIA mpAMili mo pis-
Hi 6oxu Big Couia (puc. 4.5). Takuii moyiT B ogun 0iK
TpuBaTuMe moHasn 8 micaiiB. KocmoHaBTam, siKi B He-
ITajJleKoMy MarOyTHBOMY BigBimairoTs Mapc, Tpeba Bpa-
XyBaTHu, IO Opa3y IIOBEPHYTHUCA Ha 3eMJII0 BOHU He
3MOKyTh. CIIpaBa B TOMY, II[0 HAIIA IIJIAHETA PYXa€Th-
cs mo opbiTi mBuaIe, Hisk Mapc, i uepes 8 micaAIiB
ioro BumnepeauTh. 1A MOBepHEHHS KOCMOHaBTaM [10O-
BeleThbcA yekaTu Ha Mapci e 8 micaris, moku 3em-
JId 3HOBY 3aliMe BUTiIHe MOJOXKeHHdA. To0To 3arajbHa
TPUBAJIiCTh eKcenuiii Ha Mapc craHOBUTHUME OJIU3b-
KO IIBOX POKiB.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

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

Eranu pocrimsxenna CoHauyHol cucremMu
3a JOMOMOTO0I0 KOCMIiUHMX amapariB

Pik Iomis

1957 3alyCcK MITYYHOTO CYIyTHUKA 3eMJIi, MOYaTOK KOCMIiuHOI epu.
3’saBuUIaCA MOMKJIMBICTh CTBOPEHHA KOCMIiUHUX JjabopaTopii
Bigkpurra pagiamitinux mosicis Barn-Annerna. Mukoaa Kosupes

1958 |Bimsmauae B micauHoMy KpaTepi «Alb(OHC» 03HAKMW BYJIKaHiU-
HOI giAJabHOCTIL
Pagionoxkaria Coumga (CIITA). Craumia «JIyHa-2» He BusBmiIa

1959 |y Micama maruaiTaoro moJsa. Orpumano mepiiri gororpadii 3Bo-
porHoTOo 60Ky Micamsa

1961 |Ilepimit MOJIT JIIOAWHY B KOCMOC
Pagmionoxkamia Mepkypisa, Benepu, Mapca, Onairepa (CPCP

1961— i CIITA). YrouHeHi BesnumHA a. 0. i Iepiog obepranua Benepu

1064 HaBKoJ0 COHIIA, BU3HAYEHI Imepiosl ocboBOTo obepranus BeHe-
pu (BUsSBUBCA 3BOPOTHUM), TeMIlepaTypa i (isuuHi xapakrepu-
CTUKU IIOBEPXHi IJIaHeT

1965 BigkpurTa pesikToBoro BumpominoBanHA. Ileprri dororpadii
moBepxHi Mapca («Mapinep-4»)

1967 Hocaimxenna atmochepu Bernepu 3 amapary, I0 CIIyCKaeTbCA
(«Benepa-4»)
Bucagka «Amosmona-11» ma Micans. [lepmuit Buxin JroguHm

1969 .
Ha noBepxHI0 Micama (CIITA)

1971 |Ilepmra m’aka mocagka Ha Mapce («Mapc-3»)

1974 CeHcamitianii BucHOBOK CTiBena XOKiHTa IIpO MOYKJINBICTh «BH-
HapOBYBAaHHA» YOPHUX Tip

1975 Ilepma ¢goronmanopama noBepxHi Benepu («Benepa-9», «Bemne-
pa-10»)

1975 dororpadii Poboca, [leiimoca i moBepxHi Mapca («Bikiar-1»,
«BiKiHT-2%)
Bigxpurra xinens Ypana. 3anyck «Bosamxepa-2», SKuil mepe-

1977 | maB 6e3niHHy iH(pOpPMAaILito IIpo 30BHiNIHI gaHi miaaHeT IOmitepa,
Carypua (1981), Ypana, Henryua (1989)

1978 |Bigkpurra Xapona, cynyrauka Ilayrona (k. ¥. Kpicti, CIITA)

1979 |Busasieno kigbma y FOmiTepa

1986 Hocaimxenna komeru ['amgnes AMC «Bera» i «I[skoTTO». ¥ Ypa-
Ha BusABJeHO 10 HOBUX CYIyTHUKIB

1990 |3Banyck xocmiuHOro Tesmeckoma «I'ab0J»

1995 ABTomaTuuHM KocMiuHUHA anapat «['amimeo» mocar IOmiTepa
i Bmepiiie B3sB IIpodu aTMochepu
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Tema 3. Hawa nnaHeTHa cucrtema

Pir Ilomia

ITouaToK PyHKIIiIOHYBaHHSA IIePIIol 6araToHAIiOHAJIbHOL
1998 |kocmiunOi crauii. Haiibinbinmuit Ha CLOTOMHIIIHIN JeHb
IITYYHUI 06 €KT, IOOYLOBAHUI B KOCMOCL

ITepia mocagka ma acrepoin. Acrepoin Epoc, Kocmiunmii ama-

AL patr NEAR Shoemaker

2003 ITocanxka ma Mapc. Mapcoxin mociiiskyBaB CTPYKTYpPY I'DYHTY
IaHeTu

2004 ABTromaTuuHU KocMiuHUi amapat «Kaccini» mocar opbitu

CarypHa

2005 |Ilepmra m’aka nocaaka Ha Turan. Kocmiunuii amapar «Kaccimi»

Ilepmra ycminraa mocagka B mosiapHoMy perioni Mapca. Amapat

2007 . .
3HANIIIOB BOAY B I'DYHTI ILJTaHETH

2009 3amnyck micii Kepler. Ilepmiuii kocMiuHIii TeJIeCKOIl, IpU3Ha-
YeHUH AJId IOIIYKY eK30IJIaHeT, IONiOHUX J0 SeMJIi

2014 Ilepruit mTyunuii 30HI AJIA IJIAHOBOL i M’ AKOI MocagKy Ha
Komery. 3ouz Poserra, Komera UypromoBa-I'epacuMeHKO

2014 Mixknnanernuit Kocmiuauit 301 «HOBiI ropu3oHTHU» HOCAT

opb6itu ILryrona

2015 |Bmepime y KocMoci 0yJio BUPOIIeHO iKYy (cajar)

2019 |Ilepma M sgKa mocagka Ha 3BOPOTHiN cTopoHi Micamsa

l'imores3u i Teopii popmyBanna CousauHoi cucremu. 3 HaWaBHi-
MuX Teopii moxomkenHa CoHAYHOI cucTeMu Bimomo BueHHA Pene [lekap-
ta. Mloro KocMoroniuna rimoresa — Teopis BEUXOPiB — IPOTATOM IEBHOTO
yacy KOHKypPyBaJia 3 TeOPielo BCeCBiTHLOIO TAXKiHHA. Bin BBakas, 110 CoH-
e, AK i iHII 30pi, oTOUEeHE e(ipHOIO PEUOBMHOIO, AKA PO3IOBCIOMMKYETH-
cs Ha BeJIMKi BifcTaHi y BCcix manpaMmrax. Obeprarounck, CoHIle cIpuYm-
Hsie 00epTaIbHUN PYyX IPUJIErINX o0JiacTell iel peuoBuHM, IIOTIiM BOHH, 3i
cBOTO OOKY, IepealoTh HOT0 HACTYIHUM 00JIacTSIM, TaK 1110, HapeIlTi, BCA
Maca IPUXOAUTH B 00epTaHHA. ¥ IboMY ehipHOMY BUXOPi MUYaTh HABKOJIO
Conmna miaaneru. [Ipore [lekapt He 3Mir cpopmMyaoBaTH 3aKOHU IIJIaHET-
HUX PYXiB, TOMY HOTO rinmore3a He OTPUMAaJa MOAAJIbIIOTO PO3BUTKY. Tinab-
Ku 3 apyroi noagoBuHu XVIII cT. IpomoHyIOTHCA €BOJIOIiMHI KOCMOTOHIU-
Hi rimore3u TakuMu BueHUMHU, AK Broddou, Kaur, Jlammac, Pormr, Meiiep,
Jloubep, BikepToH.

3apas 3araJbHONIPUUHATOIO € TiroTesa, 110 opmyBanaa CoHAYHOI cuc-
TeMH IIoYaJjocsa 0Ju3bK0 4,6 MJIpPA POKiB TOMY 3 rpaBiTalliiiHOTO CTHCKY-
BaHHSA HEBEJIMKOI YaCTWHU TiraHTChKOI MijK30pAHOI ra3ommnioBOI XMapwu.
IIa mouaTkoBa xMapa, IMOBipHO, cArajia 3a po3MipaMu KiJIbKOX CBiTJIO-
BUX POKIiB i Oysa mpapoguueM s KiTbKOX 3ip.
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Tema 3. Hawa nnaHeTHa cuctema

¥ mpolieci cTUCKYBaHHS PO3Mipu ra3onMJIOBOI XMapyu 3MEHIITYBaJINCS
i uepes 3aKoH 30epesKeHHSI MOMEHTY iMIyJIbCY 3pocTaJjia IIBUAKICTL 00ep-
TanuA xmapu. l{leHTp, Me 3i0paJsiacsa 6isbIlla yacTUHA Macu, CTaBaB yce ra-
pAYINIIM y IOPiBHAHHI 3 HABKOJUIITHIM AuckoM. Yepes o0epTaHHSI XMapu
MIBUAKOCTI i1 cTHCKYBaHHS ImapaJiebHO i MePIeHIuKYJIIPHO IT0 oci obep-
TaHHSA BiApisHAIMCA, IO IIPU3BEJO A0 YIMIJIbHEHHA XMapu, ()OPpMyBaHHA
XapaKTEepPHOTr0 IPOTOILJIAaHETHOTO AucKa aiamerpom 6u3bko 200 a. o. i ra-
pAdYoi, MIiTBHOI TPOTO30Pi B IEHTPI.

[isHanTeca 6inbue npo rinoresu i Teopii popmyBaHHA COHAYHOT
caactemu.

@ KoHTponbHi 3annTaHHA i 3aBAaHHA

1. Kosu BigOyBCs MePIIN MOJIT JIOAUHYA Y BiIKpuTHil Kocmoc?

2. fIkuit BHeCOK 3po0uiau yKpalHChbKi BUeHi Y PO3BUTOK KOCMOHABTUKM?

3.CkinpKku MiHiMaJIbHO Mae TpuBaTH HoJiT Ha Mapc?

4. Koau i ax yrBopuyiaca CoHSIUHA cucTeMa 3TiJHO 3 3araJbHOIPUAHA-
TOIO Teopiero?

5.CropucraiiTecsa JOOATKOBUMU AKepesiaMmu iHgopMmarii. 3HAUAITH Bi-
ImoMocTi mpo rimoresy dopmyBanua Couaunoi cucremu B. deceHKoBa
i migroryiiTe CTHCIY IOIIOBiAb.

BukoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMAaTU4YHOIO NMepeBipKolo
Ha caiTi «l[HTepaKTMBHE HaBYaHHA».

BucnoBku. IlmaneTn 3eMHOI rpyny MalOTh MOPiBHAHO HEBEJIUKI PO3-
mipu (ixHA 3araimbHa mMaca He mepeBuinye 0,5% wmacu Bcix miaaner Co-
HSYHOI cucTeMu) i ABJIAIOTH CO00I0 TBEP/i Tijla 3 BUCOKOIO CEPEIHBOIO
TYCTHUHOIO.

VYeci mmaneTn 3eMHOI TPy MalOTh CXOXKY OYIOBY Ta CKJIAJZAIOTHCS
3 Anpa, MaHTii, TBepgoi Kopu. [a ixHiX MOBEPXOHB € XapaKTePHUMU
KpaTepu, rOpu, BYJKaHU.

Ilnameru-riraaTy 3a XiMiYHUM CKJIaJO0M HAraJayoOTh 30pi, He MAlOTh
TBEPJOl ITOBEPXHi, TOMY Ha HUX HEMOKJINBO MOCAAUTU KOCMIUHUUA KO-
pabens. Ilig xomomHUMHU XMapaMy BOHU MAIOTh rapAYi Haapa, TeMIiepa-
Typa AKUX CATa€ JeCcATKIB THUCAY I'palycCiB.

AcTepoigu, KOMETH, MEeTeOpPOoiln € 3aJUINIKAMU Tiel BeJuuesHol
XMapu KOCMiUHOI peuoBUHU, 3 K01 yTBopuauca CoHIle i BequKi miaa-
HeTHU.

OcHOBHUM IT0sC acTepoifiB pos3TalnoByeTbea Misk Mapcom Ta FOmi-
TepoM, ajie 3a opbiToro HenTyHa icHYIOTH I1le MiJIBIHOHU IIJIaHETOIIOMi0-
Hux TiJa (mosc Koiinmepa) Ta minbiioHn KomMeTHuUX saep (xmapa Oopra).

ITounnaroum 3 1957 p., JIOACTBO IIOUAJIO aKTUBHO JOCJIiIKyBaTH
CoHsAUYHY cucTeMy 3a JHOIIOMOTrOI0 KOCMiUuHMX amapariB. Barato ykpaiH-
ChKHWX YUEHUX B3AJM YUACTh Y POSBUTKY CBiTOBOI KOCMOHABTUKMU.
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Tema 4.
CoHue — Hanb6nmxua 30pA

DisnuHi xapakrepuctukm CoHuys.
Byposa CoHUA Ta pkepena Noro eHeprii

Conne — omHa 3 MigbApAiB 3ip Hamioi amakTu-
KU, IeHTpagbHe cBiTuao B COHSUHIN cucTeMi, BiK gKO-
ro 6JiM3bKO 5 MJpA PokiB. Boxo mae 3emuri Temio i cBiT-
J0, IO HMiATPpUMYE KUTTS Ha Hamrii miaaHeri. CoHile
(puc. 1.1) poaramioByeThbcsa Ha OJU3BKill Bigcrami Big
3emii — ycboro 150 MaH KM, TOMy MU 6auMMO HOTO
y dopwmi aucka. BuBuennsa CoHIlA Mae OyKe BasKJINBe
MIPaKTUYHE 3HAUEHHA JJIA PO3BUTKY 3€MHOI IIUBijIi3alrii.

Temnepatypa CoHIIA BUMipPIOETHCA 3a JOIIOMOTOIO
3aKOHIB BUIIPOMiHIOBAHHA «YOpHOTO Tijma». CoHIle BU-

Puc. 1.1. CoHue

OIPOMiHIOE eJeKTPOMATrHiTHI XBUJi pidHOI AOBXKUHU, AKi HAIIIUM OKOM
CIpUNMaTLCS AK 0ijse cBiTio. Hacupasai 6isie ¢BiTJIO CKIIamaeThbes 3 IiJI0-
T'0 CIIeKTPAa eJIEKTPOMATHITHUX XBUJIb BiJl YepBOHOTO 10 (hioJIeTOBOTO KOJIBO-
Py, ane CoHIle BUIPOMiHIOE HalibiibIlle eHeprii y KOBTO-3€JIeHil YacTuHi
CIIEKTPa, TOMY acTpoHoMH’ HasuBaioTh CoHIle *KOBTOIO 30pero. Temmepary-

pa Ha moBepxHi CoHIs craHOoBUTE 5780 K.

Ceitricts Connga (Ls) BU3HAUYa€e MOTYKHICTh HOTO
BUIPOMiHIOBAHHS, TOOTO KiJIbKicTh eHeprii, 1Mo BUIpPO-
Minioe moBepxHs COHIIA y BCiX HANIPAMKAX 34 OSUHUITIO
yacy. /lya BusHauenHa cBiTHocTi CoHIA Tpeba BUMips-
TH COHAYHY CTAJIy ¢ — eHepriio, aKy orpumye 1 m? mo-
BepxHi 3emui 3a 1 cek 3a ymoBu, 110 CoHIle po3TaIosa-
He B 3eHiTi. [[yia BusHauenusa cBiTHocTi COHIIST HEOOXiTHO
BEJINUUHY COHAYHOI CTAJIOI IIOMHOMKUTH Ha ILJIONTy cde-
pu 3 pazgiycom R:

Ls=4nR*.¢~4-10%® Br, (1.2)

e R=1,5-10" m — Bincrans Big 3emui go CoHIA.

Bymosa Conua. CoHIle — BeJnue3Ha po3’KapeHa
IJaa3MoBa KyJd, III0 Ma€ CKJIAIHY OyJZOBY CBOiX 30B-
HIiIHIX 1 BHyTpimHix mapiB. ¥ pesyJbraTi (ismuHmx

CoHAYHa cTana g —
eHeprif, AKy oTpumye 1 m?
nosepxHi 3emni 3a 1 cek,
AKLLO COHAYHI MpoMme-

Hi NafjaTb NepreHgnKy-
NAPHO A0 MOBEPXHI. 3a Cy-
YaCHUMM AaHVIMU, Ha MeXi
BEPXHiX LWapiB aTMoCche-
pv 3emni BennymHa co-
HAYHOI CTanoi JOPIBHIOE

g = 1,4 KB1/m?

Appo — ueHTpanbHi
o6nacti CoHus, fe npo-
TiKalTb TepMOAfepHi
peakuii

OPOIleciB, IO IPOTiKaoThL B Haapax CoHIIS, 6e3llepepBHO BUIIISIETHLCA
eHeprifa, sKa meperacThbCA 30BHIIIIHIM ITapaMm i po3smomisiseTbcsa Ha Bce
Oinpmry 1mronty. BHacaimoK mboro 3 HaOMMKEHHAM OO IIOBEPXHi TeMIile-
paTrypa COHAYHOI IIJIa3MH IIOCTYIOBO 3HUMKYEThCS. SaJEeKHO Big TeMile-
paTypu Ta XapakKTepy IIPOIeCciB, [0 BU3HAUYAIOTHCSA III€I0 TeMIIEPaTypPoIo,
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Tema 4. CoHue — Han6amK4ya 3ops

CoHIle YMOBHO PO3AiJSIOTh Ha TaKi objacTi 3 pisHUM (Pi3UUYHUM CTAHOM
PEUYOBUHU Ta PO3IOMiJIOM eHeprii: AApo, 30HaA pamialii, KOHBEKTUBHA 30HA

Ta (poTocdepa.

BryTtpimnasa 6ymoBa Conus

Cepenns Bigcraus 10 3emui 1,510 m

Panxiyc 109 R,

Cepenniii giamerp 1,39:-10°™m

Maca 1,99:10% m (330000 M)

CepenHsa rycTuHa

1,4 r/cm®

ITpuckopeHHs BiILHOTO HamiHHA

. 274 m/c?
Ha eKBaTopi
Temmneparypa Aaapa 1,4-107K
TemmepaTypa KOPOHU 1,5-106K
Temmnepatypa doTochepu 5780K
CaiTHicTb 4+ 10%Br

XimiuHHH CKJIaL 32 Macoro, %

H, — 71, He — 27

ITeunTpanbHa obsacThb (20po) 3aiiMmae BiIHOCHO HeBe-

3oHa pagiauii — h N -

30Ha, fie eHepris JIUKUi 06’eM, ajie 3aBAAKU BEJUKill rycTuHi, SKa 30i/1b-
NepeHOCUTLCSA LLISAXOM IIYETHCA O IEHTPY, TaM 30CepeAsKeHa 3HaAUHA YacTUHA
NepeBUNPOMIHIOBaHHs macu Couia. BeauuesHuil TUCK Ta HaJBUCOKAa TeMIepa-

OKpeMUnx KBaHTIB

Typa 3a6e3IeUyI0Th IPOTIKAaHHSA TEPMOANEPHUX PeaKIriii,

KoHBekTuBHa 30Ha — AKi € ocHOBHUM [:KepeaoM eHeprii Conns. Pazxiye aapa

30Ha, [1e 3AiNCHI0ETbCS
nepegaya eHeprii WAAXom
nepemillyBaHHA —

cTaHOBUTH Npubausao 1/3R.
V¥ soni mpomenucToi piBHOBaru, abo 30Hi padiauil,

6inblu rapAui KOMIpKI 10 OTOUY€E SAAPO Ha BigcrtaHi mo 2/3R, eHepria moru-
CNMBaloTb Yropy, PIOETHCA MIJIAXOM IIOCIiZOBHOI'O IIOTVIMHAHHSA i HACTyI-
a XONofiHi onycKatTbCaA HOTO ePEeBUIIPOMiIHIOBAHHSA PEUOBUWHOIO KBAHTIB eJIeK-
AOHU3Y TPOMATHITHOI eHeprii.
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Tema 4. CoHue — Hanbnmkua 3ops

Y ronsexkmuaHiil 30Hi (Bix BEpXHBOTO IIIAPY 30HU pa-
miamii, maiiske o camoi Bugumoi mexki Coumsa — ¢oro-
cepu) eHeprida mepesacThe BiKe He BUITPOMiHIOBAHHAM,
a 3a JOIOMOI0OI0 KOHBEKIIil, TOOTO IJIAXOM IepeMimry-
BaHHA PEUYOBUHU, KOJIM YTBOPIOIOTHCA CBOEPiAHI OKpeMi
KOMipKU, AKi TPOXU BiApPi3HAIOTHCA OOHA BiJl OTHOI TeM-
epaTypoio Ta T'YCTUHOIO.

Amumocgeporo BBaskaioTbcsa 30BHiNIHI mapu CoHIld,
III0 YMOBHO HOAiJieHi Ha Tpu obosouKu. Hanirnuobinii
miap atrmocdepu CoHILA, IO CKJIATAETHCA 3 ras3iB, —
¢gorocdepa (Big rpen. sphera photos — Kynada cBitia),
200—-300 KM 3aBTOBIIIKU, COPUNMAETHCA HAMHU AK IO-
BepxHsa Couiga (puc. 1.3). I'yeruna rasis y gporocde-

Puc. 1.3. ®oTtocdepa —
HanrnnéLWNi Wwap
atmocohepun CoHuA, AKUI
BUMPOMIHIOE CBIT/IO

pi B MisibiioHM pasiB MeHINA 3a I'yCTHUHY MOBIiTpA 0ijs
moBepxHi 3emuti, a Temueparypa orochepu 3MEHIITY-
€'I:I>CH 3 BucoTro. Cepenuiii Umap dorochepu, BUIIPO- Bt :
MiHIOBaHHSA SKOTO MU CIIPUIIMAaEMO, Ma€ TeMIlepary- Tyl 4 ok :Q | o
py 5780 K. LAtk v I

Y COHSUYHUI TeJEeCKONI MOKHAa CIOCTepiraTu CTPYK- R '
Typy GoTrochepu, y AKili KOHBEKI[iiHI KOMipKU MaiOTh
BUTJIAL CBiT/IMX i TeMHUX 3epeH — rpanyJ (puc. 1.4).
Han gorocdeporo poarartoBana xpomocdepa (Bix rpeir.
chromos sphera — roabopoBa cdepa), e aToMaMu pis-
HUX PEYOBUH YTBOPIOIOTHCA TEMHi JIiHII morimHaHHA
y cuexTtpi Coumga (puc. 1.5). 3arajbpHa TOBIIUHA XPO-
mocdepu cranoBuTh 10—15 Tuc. KM, a Temieparypa y ii
BepxHix mapax carae 100 000 K.

Puc. 1.4. Tpanynu y doTtocdepi
MatoTb giametp 1000 kKm —
Le NpoAB KOHBeKLil

Puc. 1.5. CnekTp CoHusA. TemHi NiHii NOrMMHaHHA YyTBOPIOOTLCA Y XpoMocdepi

Han xpomocdeporo poamiternii 30BHimHIN 1m1ap armochepu CoHIta —
COHSIYHA KOPOHA, TeMIlepaTypa AKOl cArae KiJTbKoX MiJbHOHIB rpamycis.
PeuoBuHa KOpoHU, AKa MOCTiHO BUTiKAE€ y MiMKILJTaHETHUM HPOCTip, Ha-
3UBAETHCSA COHAYHUM BiTpPOM.

SAxmro mopiBHATH cBiTHicTs COHIIA 3 #TOTO MAacoi0, TO MU OTPUMAEMO,
110 1 KI' COHAYHOI PeUOBMHU I'eHepye MisepHy moTyKHicTs ~0,001 Br, y Toit
yac K CepemHs MOTYKHICTh BUIPOMiHIOBAHHS JIIOJICHKOIO Tijla JOPiBHIOE
npubausuao 100 Br, To6TO B THCcAUYY pasiB 6ijibIlle Big IOTYKHOCTI Takoi ca-
MOi Macu COHAYHOI peuoBuHU. [IpaBma, CoHIle CBITUTHL IPOTATOM MiJbap-
IiB POKiB, BUIIPOMiHIOIOUM MaiyKe OOHY I Ty caMy eHeprio, HamiiHo 00i-
rpiBatoum 3emurio Ta iumri Tisa CoHAYHOI cucTeMu.
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Tema 4. CoHue — Hanbnmxuya 30psa

@ KoHTponbHi 3anutaHHA

1.II1o Take consuHa cTtajga?

2.1ITo posymiroTs mif cBiTHiCTIO couIsa? YoMy BOHA AOPiBHIOE?

3. Onumniite BHyTpimuio 0ymosy CoHILA.

4. Ha saxki soru ymoBHO mogiieni Hagpa Counna? ki mpomecu Bigdysa-
IOThCS B KOJKHiN i3 HUX?

6 PeecTpauis COHAYHNX HENTPUHO

CoHAYHUN HEUTPUHO € BUJOM BUIPOMIiHIOBAHHS, SKUHA IPUXOIUTDH 10
3eMHOT0 crocTepiraua 3 Hauraubmux Hagp CoHIA i Hece B cobi iHpopMa-
Iif0 PO IIPOIlecH, IO TaM BiZ0OyBalOTHCA.

HefiTpuHo — «HEBJIOBEMAa» YACTHUHKA, Ka Oepe 0e3IocepesHI0 yUacTh
Y TepMOAIEePHUX pPeakriligx. 30KpeMa, HeHTPUHO yTBOPIOIOTHCS B IIPOILe-
ci TepMoOsmepPHUX IIEPETBOPEHDb BOAHIO B Tefiil, AKi, 3TifHO 3 Cy4YacHUMU
YABJIEHHAMU, CJIYKATh AKepeslaMi BHYTPiNTHB031pKOBOIL
eneprii. Emeprisg mux 4acTUHOK i BeJIMYnHA iXHBOTO II0-
TOKY 3aJie’KaTh BiJl TeMIepaTypu i xapakTepy AJepHUX
peakiii. Kpim 115010 COHAYHI HEHUTPUHO, IITO0 BOJOAIIOTH
BEJIMYE3HOIO TPOHMNKAIYO0IO 3[aTHICTIO, ITPOXOAATDH Uepes
BCIO COHAYHY TOBIITY IPAKTUYHO OE3MePeIKomHo i focara-
oTh 3emuti. ToMy cCOHAYHI HEHTPUHO JAIOTh iH(GOpMAaILito
npo craH CoOHIIA MPAKTUYHO B MOMEHT CIIOCTEDPEKEHHA.

SxOu Hmam Bmasocsa «3JIOBUTU» COHAYHI HEHTPUHO,
MH B IEeBHOMY CeHCi «mobauuau 6», 110 BigOyBaeThCs
B ieuTpi CoHIis. Aje crioctepiratu ix MOKHA TiJIBKU He-
IpAMEUM ILIAX0M (puc. 2.1), 3MyIITyOun B3aEMOTIATH 3 iHIITUMU YaCTUH-
KaMH 1 peecTpyoun pe3yJbTaTu IMOLI0OHNX B3a€MOIIlA.

IligxomaIomo aaepHOI0 PeaKIiel0 MOKe CIY:KUTHU B3aEMOIiA HeuTpu-
HO 3 SIIPOM OJHOTO 3 i30TOITiB XJOPY 3 aTOMHOIO Barowo 37. BioBusIiiu co-
HAYHI HeATPUHO, TaKe AIPO IIePEeTBOPIOETLCS B SAAPO i30TOmy aprouy-37,
AKUU € PafioaKTUBHUM, a OT:Ke, UYepe3 IeBHi ITPOMiKKHU JYacy MOKHA BU-
MipIoBaT¥, CKiJIBKY HOTO0 HAKOIMYUJIIOCH.

AJte iHIIII KOCMiUHI BUIPOMiHIOBAHHS TaKOXK MOKYTh BUKJINKATU SAep-
HY PeakKlI[ifo mepeTBOpeHHA XJ0py B aproH. 11106 mo30yTuca Takux mepe-
KO/, BUMipIOBaHH:A Tpeba MIPOBOAUTHU IJIMOOKO ITiJ 3eM-
Jer0, Kyou 3BUUYAWHI KOCMiUHI YaCTMHKU TPOHUKHYTU
HE MOXKYTh.

Inesa Takoro «merexkTopa» AJA PeecTpallil COHTUHUX
HeliTpuHO OyJia 3anpormoHoBaHa B. ITonTekopso i 3mifi-
cuena P. Jlesicom. HefiTpuHO Teneckomom ciry:kuia Be-
JUYe3Ha IMcTepHa, HamoBHeHa 600 ToHHAMU IIepPXJIOp-
eTuyieHy. Amaparypa Oyjia BCTAaHOBJI€HA B MOKUHYTOMY

Puc. 2.1. 3oBHiWwHA
COHAAYHA aKTUBHICTb

Puc. 2.2. MinzemHuit pyauury B mrrati IliBnernna Ilakora, CIIIA (puc. 2.2).
JIeTEeKTOp HENTPUHO CoHAYHI HEUTPUHO CHOCTEPIraJu MPOTATOM TPUBAJIOTO
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yacy KiJbKoma cepismu. BusBuiiocs, 110 4ucJio 3apee-
CTPOBAHUX aKTiB B3aeMojii HabaraTo MeHIIle mepexoda-

YEHOTO Teopiero.

Il1a mosACHEeHHA IbOTO NeAKi BUEHI MPUITyCTHUIH,
110 COHSAYHUN TePMOAIEPHUI pPeaKkTop IIpaIlioe B «im-
nyJabcHOMY pekumi». Tob6ro B magpax CoHII TepMoO-
AIepHa peakllis uac BiJ yacy IPpUIHUHAETLCS, i Toxi CoH-
Ie CBiTHUTBL 3a PaxXyHOK 3amaciB eHeprii, HAKOMUUYEHUX

B IIOIIEPEIHBOMY ITUKJII.

KoHTponbHi 3annTaHHsA

1.IITo Take COHAYHUI HEHUTPUHO?

2. 5Ix MoKHA 3apeecTpPyBaTu COHAUYHUN HEUTPUHO?

Tema 4. CoHue — Hanbnmxkya 30psA

Puc. 3.1. CoHAayHa nnama —
ue obnactb potochepu, ae
3HUXKYETbCA TeMMNepaTypa,
afpKe CUnbHe MarHiTHe none
y NAAMi 3yMNyHAE KOHBEKLio

6 MpoaBun COHAYHOI aKTMBHOCTI Ta IXHIN BNAMB Ha 3emnio

CoHsuHA aKTUBHICTh BU3HAUYAETHCA KiJIBKICTIO ILIAM Ta IXHLOIO 3a-
raJIbHOIO TLIoINeto. JlociriisKeHHsa MoKasaJiu, 1o TeMIlepaTypa BecepeanHi

IIJIAMU JOCUTH BUCOKa i carae 4500 K,
aJie TLJIsIMAa 3[Aa€THhCSA TEMHOIO Ha (OoHi
6inbIr Tapsauoi porTocdepu 3 Temie-
parypom 5780 K (puc. 3.1, 3.2). Bu-
HUKAaE MUTAHHA: 10 SHUKYE TeMIIe-
patrypy Bcepenuui maamu? Ilnavu Ha
CoHIIi MOKYTh iCHyBaTHU NIPOTATOM
KiZIbKOX MicAIliB, TOMYy BUHHKJIA Ti-
moresa, M0 AKWUNCH IPOIeC TaJbMye
KOHBEKI[il0 IJa3MU B COHAUYHIN maami
Ta OiATPUMY€E PiBHUITI0O TeMIepaTyp.
3apas IoBeIeHO, IO TAKUM «i30J1d-
TOPOM» € CUJIbHE MarHiTHe IoJje, SKe
B3a€EMOJIIi€ 3 €JIEKTPUYHO 3aPAKEeHU-
MM YaCTUHKaMM ILJIaBMH i TalbMy€

MarhitHe none
Hap nosepxHeio CoHuA

MarHitHe none
ranbmye KOHBeKLjlo

Puc. 3.2. Mnamu 3’egHaHi Mixk coboto
nonapHo, AK NOJIIOCK B MarHiTi, KOXHa
naAMa Ma€ CBOK MarHiTHy MosApHICTb

KOHBEKIIifiHi mpollecu BcepeanHi MISIMMU.
IIle oxua 3aragka aktuBHOCTI COHIIA 3aX0BaHA B il epioAMYHOCTI —
IUKJ 3MiHU KiJIBKOCTI IIJIAM IIOBTOPIOETHCS NPUOIN3HO uepesd KoxkHi 11 po-

KiB (puc. 3.3).

1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

Puc. 3.3. 3mMiHa COHAYHOI aKTMBHOCTI BU3HAYAETbCA KiNbKICTIO NIAM Ta IXHbO MOLLED
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Tema 4. CoHue — Hanbnmxuya 30psa

. ) Ona gponutnnBmnx

Ilnavu moegHani MisK cOO00X0 MAarHiTHHMM CHUJIOBUMMU JIIHIAMM IIO-
Ii0HO IO IIOJIIOCIB MATHITY — KOMKHA IJIAMa Ma€ CBOIO HMOJIAPHicTh. Tak
caMo, TK HeMOJKJINBO PO3MIINTH IIiBHIUHWI Ta IIiBAEHHUI IIOJIIOCH Mar-
HITY, TaK i COHAYHI MIAMHK iCHYIOTH TiJIbKUW IIapaMH, AKi MaOTh pisHi
MaTrHITHI TOJIAPHOCTI. SIKIO BpaxyBaTH MOJAPHICTH IJISAM, TO IIUKJI CO-
HSAYHOI aKTUBHOCTI TPUBA€E MPUOJIU3HO 22 POKH.

Puc. 3.4. CoHue i 3emns

Mpoty6epaHui —
WiNbHI XMapwy BOAHIO, AKi
NigHIMaTbCA B KOPOHY
B3[0BX MarHiTHUX NiHin

Puc. 3.5. XpomochepHurn
cnanax Ha CoHui

G DisHanTeca 6inbwe npo CoHue Ta NPOABU NOro aKTUBHOCTI.

KoHTponbHi 3anuTaHHA

BnuB coHAuHOI akTUBHOCTI HAa 3emutio (puc. 3.4).
Hocaimxkyoun CoHIle 3a JOIIOMOIOI0 CYOYTHHUKIB Ta
AMC, acTpoHOMU BUSIBUJIU HOT'O CUJIbHE KOPIIYCKYJIAP-
He BUOPOMIHIOBAHHSA — IIOTiK €JIeMeHTapHUX YaCTU-
HOK (IIPOTOHIiB, HEUTPOHIiB, ejleKTPoHiB). Hanpuk.jan,
mig gac xpoMoc(epHuX cuajgaxiB, AKi BUOyxXaiTh II0-
0IM3y NMaAM, BULIJIAETHCA TaKa BeJWYes3Ha eHeprisd,
AKY MOYKHA MOPiBHATHU 3 BUIPOMiHIOBAaHHAM Bciel (o-
Tocepu Couiia. He caix mayraTtu crianaxu 3 mpoTyoe-
paunamu. IIporyoepanui (Big jiat. protubero — sgyBa-
IOCh) iCHYIOTHh HMOCTifiHO — IIe IIiJIbHi XOJIOZHI XMapu
BOIHIO, AKi mimHiMarOThCA B KOPOHY i pyXarmoTbCd
B3OBK MArHiTHUX CUJIOBUX JiHili. 3aBOAKU IPOTyOe-
pPaHIAM BigOyBaeThCsAa OOMiH peYOBMHAMU MiK XPOMO-
ceporo i KOPOHOIO.

Crajiax BUHMKA€E MiK JBOMA ILIIMaMU 3 IPOTUJIEIHK-
HOIO TIOJISAPHICTIO, KOJM MPOTATOM KiJbKOX T'OAUH TEeM-
meparypa B IIiii 30Hi 3poctae g0 5+ 106 K i Buginserbcs
erepria 1021-1025 [I:x, mio maiiyke cymicHe 3i cBiTHI-
ctio CoHIA y BUAUMIil yacTuHi ciektpa. Ilig uac crasa-
Xy eHeprifd BUIPOMiHIOETHCSA B OCHOBHOMY B HEBUAUMIiA
YacTUHIi crieKTpa (pamio-, yabTpadiosieToBoMy Ta peHTTe-
HiBchbKOMY amiamasdoni). Ilig yac cnamaxiB y mMisKImiaHer-
HUH IIPOCTiP TAKOMK BUKUTAIOTHCA IIOTOKM 3aPAMKEHUX
YaCTUHOK, fAKi JeTaTh 3i mBuakicrio o 20 000 xMm/c
(puc. 3.5). Yepes Kigbka roguH miciad crmajaxy Kop-
OYCKYJAPHI IIOTOKH MOKYTH HOJIETiTH 40 3eMJIi i1 BuU-
KJINKATH 30ypeHHs il MarHiTHOTO II0Jis Ta CBiTiHHA io-
HOCc(hepu, M0 MPOABIAETHCA Yy BUTJIAML iIHTEHCUBHUX
TOJIIPHUX CSAUB.

1. fIke ABUIIle HA3UBAIOTH COHAYHOIO aKTUBHICTIO? 3 AKOI0 MUKJIIYHICTIO
BOHA BimOyBaeThCs?
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Tema 4. CoHue — Hanbnmxya 30psA

2.Hassits npomecu Ha CoOHIIi, IKi MOMKYTH CYTTEBO
BIIJIMBATU Ha CTAH 3eMHOI aTMoc(epu.

3.IITo € mxepeaom eneprii Corra?

4. 00uncaiTh, AKY COHAYHY €Hepriio 3Mir Ou morJInHy-
T 3a 1 ron max BaImIoro OYAMHKY OIIiBIHI.

G 3aBAaHHA ANA CNOCTepeXKeHHs

¥Bara! Ilig uac crmocrepeskeHb He MOYKHA JUBUTUCS
Ha auck CoHIlSI AK HE030POEHUM OKOM, TaK 1 B TeJIEeCKOII
0e3 creniaJabHOro cBiTIo(dintbTpal

ITigpaxyiiTe 3arajibHy KiJbKiCTh COHAYHUX IIJIAM
Ta HaMaJoliTe IXHe poaraliryBaHHA Ha nucky CoHIIA.
3BepHiTH yBary, M0 MJIAMHI YacTO 3’ ABJSIOTHCA Iapa-
mu. Yepes KijbKa JHIB IIOBTOPiTH CIOCTEPEIKEHHS, 1 BU
nomiTuTe obepranusa COHITA HABKOJIO OCI — MJISIMM 3Mi-
crunuca. KinpkicTb maaM 3a Ieil yac Te)X MOsKe 3Mi-
HUTHUCH.

BukoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMaTU4YHOIO NepeBipKoo

Ha canTi «l[HTepaKTUBHE HaBYaHHA».

XpomocdepHui

cnanax — TMMyYacoBe
3HaYHe MOCUNIEHHS
ACKPABOCTi 0OMeKeHOT
AinsHKM xpomochepu
CoHug, BMOYXOBUI BUKML,
peyvoBUHM i eHeprii, AKa
HaKomMuyeHa B MarHiTHOMy
Mosi COHAYHUX MAAM.

MarHitHa 6ypa —
30ypeHHA MarHiTHoro
nona 3emni nig BNMBOM
cnanaxy Ha CoHui.

Y uen yac BUHMKaTb
HenonafKky B pagio3s’A3Ky
Ta eNIEKTPOHHUX
npunagax, noripLyerbca
CaMonouyTTA NOJEN.

BucHoBku. 3aJie;KHO BiJ TeMIIepaTypu Ta XapaKTepy IpOIleciB, IM0
BU3HAYAIOThCA I[i€I0 TeMuepaTypoio, CoHIle yMOBHO PO3IiIAIOTH Ha TaKi
obOstacTi 3 pisHUM (PiBMYHUM CTAHOM PEUOBMHU Ta PO3IIOAiJIOM eHeprii:

AIPO, 30HA pamgiallii, KOHBEKTMBHA 30HA Ta aTMocdepa.

CoHAYHUN HEUTPUHO € BUAOM BUIIPOMiHIOBAHHSA, AKUN IPUXOIUTH
10 3eMHOTO0 crocTepiraua 3 Hauraubmux Haap CoHis i Hece B cobi iH-
dopmMmariiro Ipo mporecu, 1Mo TaM BigOyBaioTbcA. Il peecTpailii Heli-

TPUHO BUKOPUCTOBYIOTHCA Mi3eMHi JabopaTopii.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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Tema 5. 3opi. EBonwouia 3ip
0 3opi Ta ix Knacudikauis

30ps — Iie BeJMYesdHa KYJsd Irapsadyoro ragy, ska YyTPUMYEThC AK OJHE
IIiJie 3aBASKY BJIACHIN CHJII TAMKIHHA I PO3irpiBaeThca AIEPHOIO eHEPTiElo.
Ila 3ip BIacTuBe BeJIMKe Pi3HOMAHITTSA, IPOTE cepell HUX MOMKHA BU1JIN-
TU OKPeMi I'pyIu, 110 MalTh CIIiJIbHI BJIaCTUBOCTI.

HuBnaumucek Ha HE60, MU 6auMMO, 1110 30Pi PidHi 3a Koabopom. Ocobiu-
BO IIe IIOMiTHO miJ uac po3riaafaHHA cieKTpiB. OCHOBHI BiAMiHHOCTI cIIeK-
TPiB 3ip MOJATAIOTH B K1JIBKOCTi 1 iHTEHCUBHOCTI CIIOCTEPEKYBAHUX CIIEK-
TpaJbHUX JiHil, a TaK0K y PO3MOIiIi eHeprii B 6e3repepBHOMY CIEKTPi.
Iz ypaxyBaHHAM BUIiB CIIEKTPAJbHUX JiHIN Ta IX iHTEHCUBHOCTI OOy 10~
BaHAa cHeKTpajbHa Kaacudikaiisa sip.

BigminHOCTI B cIeKTpax 3ip BUBHAUYAIOTHCA IIepeayciM BimMiHHOCTAMY
TeMIIepaTyp. 3a TeMIIepaTypoIo 30pi po3ainman Ha 7 CIEeKTPaJIbHUX KJia-
ciB (puc. 1.1), aAKi mosHaumu JiTepamu jJaTuHCbKOi abetku: O, B, A, F,
G, K, M.

HaiiBumnry TemmepaTypy Ha IIOBEPXHi MalOTh CHHI 30pi CIIeKTPaJIbHO-
ro kJjaacy O, AKi BUIIPOMiHIOIOTh HalibiibIlie eHeprii y cuHili yacTuHI ciek-
mpa (puc. 1.2). Koxuuil cnekTpasbEu#l Kjaac nogingersca Ha 10 migkia-
ciB: AO, Al... A9.

3asBuuall y CIeKTPi KOXKHOI 30pi € TeMHi JIiHil moranHaHHA, IKi yTBO-
poOTHCS B PO3pimsKeHit arMocdepi 30pi Ta B armocdepi 3emai it moka-
3VIOTh XiMiuHUEA cKJIam 1mux armocdep. Bussuiiocs, 1Mo Bci 30pi MaoTh
MaiKe OJHAKOBUI XiMIiUHUI CKJaJ, TOMY IO OCHOBHI XiMiuHi ereMeHTH
y Beecsiti — T'igporen ta I'esiii, a ocHOBHA BiIMiHHICTEL PiBHUX CIIEKTPAJIb-
HUX KJIaciB 00yMoOBJIeHa TeMIIepaTypoo 30pauHux gorocdep.

BuwmiproBanusa Bincraneil no 3ip. 3opi posraimoBaHi B MiJIbHOHY Pa3iB
nmauti, Hisk CoHIle, TOMY TOPU30HTAJBHI Mapajiakcu 3ip BiAIOBiAHO B Mijib-
MOHU pasiB MeHIIi, i BUMIipATH TaKi MaJIi KyTu IIle HIKOMY He BJjaBaJiocsd.
Il BuMiproBaHHSA BificTaHe# 10 3ip acTpoHOMUY 3MYINeHI BU3HAYATU PiUHi

Puc. 1.1. Konbopu 3ip
BM3HaYalTb 7 OCHOBHUX
cneKkTpanbHUX KNacis.
Harrapauiwi 3opi —
CVHi 30pi — HanexaTtb
[0 CMEeKTPaNbHOro Knacy
O, HanxonogHiwi —
YepBOHi 30pi — A0
cnekTpanbHoro Knacy M.
CoHue mae Temnepatypy
doTochepun 5780 K, xxoBTrin
Konip i HaneXxuTb Jo
cnekTpanbHoro Knacy G
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Tema 5. 3opi. EBontouia 3ip

Puc. 1.2
IHTEHCMBHICTD
BMMNPOMiHIOBaHHA
KOCMIYHMX

Tin i3 pisHoto
Temnepatypoto. fapaui
30pi BUNPOMIHIOIOTb
6inbLe eHeprii

Y CUHIN YaCTuHI
cneKTpa, XoNnoaHi —
y uepBoHin. [naHeTn
BUMPOMIHIOIOTb
eHeprilo nepeBaxHO
B iHppauepBoOHiIl
YacTWHI cnekTpa

mapaJjiakcu, AKi moB’sizaHi 3 opbiTambuuM pyxom 3emui HaBKoa0 COHILA
(puc. 1.3). ¥ Tourni C posramioBane Conrie; A, B — moJyioskeHHA 3eMJIi Ha
opbiri 3 inTepBasom 6 micamnis; BC = 1 a. o.— Bigcraus Big Semui go Com-
151 (BesimKa IiBBich 3eMHOI opbiT;); S — 30ps, A0 AKOI Tpeba BU3HAUUTHU
Bigcraub; /BSC = p — piuHuMi mapajiakc 30pi.

Bigcranp 1o HaOaIMKINUX 3ip

ops Bigcranp
Cs. p. K
IIpoxcuma 4,2 1,3
Bapuapgaa 5,9 1,8
Boasd 359 7,5 2,4
Cipiyc 8,8 2,6
Pocc 154 9,5 2,9
¢ Epimana 11,0 3,3
IIporion 11,4 3,5
Agpraip 16,5 5,1
Bera 26,5 8,1
ApKTYyp 36,0 11,0
Kameimna 45,0 13,8

Puc. 1.3. PiyHnn napanakc
Bincraup Bif 3eMiIi [0 30pi BUBHAUAETHCA 3 IPAMO-  BW3HAYa€ KyT, M AKum byrno

6 BUAHO Big 30pi BeNMKY

KyTHOTO TpuKyTHUKa CBS: o Bla 3¢
nieBicb 3emHoi opbiTK (1 a. 0.)

BC la.o.
r=— =— (1.4) B NEPMEHAUKYNIAPHOMY 4O
sin p sin p MPOMEHSA 30pY HaMPAMKY
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Tema 5. 3opi. EBontouia 3ip

Bixgcrams mo 3ip BUMipIOIOTh Y CBiTJIOBUX POKAaX, ajie B aCTPOHOMII IIe
BUKOPUCTOBYIOTH OAMHUITIO MapceK (IIK) — BigcTaHb, AJId AKOI piuHMii mIa-
panakc p = 1” (mapcek — CKOPOYEHHSA BiJ| mapajakc-CeKyHa).

la. o.

1 oxk= =206265 a. 0.~3,08-10" kM (1.5)

3 1"

sin

CmiBBimZHOIIIEHHA MiK ITapCeKOM Ta CBiTJIOBUM poKoM Take: 1 K ~ 3,26 cB.
POKYy.

Axnro piuHME mapajakc BUMIPIOETBCA KYTOBUMU CEKYHIAMM, TO Bin-
CTaHb [0 3ip y mapcexkax MOXKHA BUPA3SUTH TAKOI (DOPMYJIOI0:

r~1/p" ok (1.6)
AoGconroTHi 30pAHi BeauumHM i cBiTHicTh 30pi. Xoua Comie

€ HaAWsCKpaBilliuM CBiTMJIOM Ha HaIIoMy HeOi, e He O3HauUae€, IO BOHO
BUIIPOMIiHIOE OijibIlle eHeprii, Hixk iHmIi 3opi. 3 Kypey disuku Bigomo, 1110

OCBITJIEHICTB, AKY CTBOPIOIOTH IKepeJia eHeprii, saJe-

A6conioTHa 30psAHa JKUTh BiJl BifcTaHi 0 HUX, TOMY HeBeJIMKa JaMIIOUKa

BenuuuHa M Br3Havae
ACKPABICTb, AKY Mana

6 30pA Ha CTaHAAPTHIN
BiacTaHi 10 nK

CBiTHiCTb 30pi

y BaIriii kKiMHaTiI MosKe 3maBaTUCA Habarato AcKpasi-
11010, HilK MaJeKuil mpokeKTop. Jid BUBHaAUeHH c8im-
Hocmi, a00 3araJibHOI IMOTYKHOCTi BUIIPOMiHIOBAHHS,
aCTPOHOMU BBOJATDH MOHATTS aOCOJIIOTHOI 30PSHOI BEJIU-

BU3HAYAE MOTYXHICTb yuHu M. 30pAHYy BeIUUUHy, AKYy Maja 0 30pa Ha CTaH-
BUMPOMIHIOBaHHA 30pi IapTHil BigcraHi r, = 10 1K, Ha3UBAIOTH aGCOJIIOTHOO
3a oANHMLIO CBITHOCTI 30PAHOI0 BEIMINHOIO.

6epeTbcs MOTYXHICTb IIpubnusuo Ha Takiii Biacrani (11 ok, abo 36 cB. po-
BMMPOMiHioBaHHA CoHLiA KiB) Bim Hac posramoBaHa 30pA APKTYp, II[0 MAa€ BUIU-
4-10% Bt

My 30pAHY BEJIMUYMNHY, TKa MaiiKe HOPiBHIOE aGCOJIIOT-

Hii. Conre Ha Bigcrani 10 nx majso 60 BUIVISL LOCUTH
caabKol 30pi 1’ ATOI 30PSAHOI BEJIMUYMHU, TOOTO aOCOJIIOTHA 30PAHA BEJIMUN-
ua Counga ~ + 5™,

SAxrmio Bigoma BifmcTaHb 40 30pi r B mapcekax Ta il BupmMa 30psAHAa Be-
JUYWHA M, TO abCOJIOTHY 30PpAHY Beauuuny M MOKHA BU3HAUYUTH 34 I0-
TIOMOT'0I0 TaKol (DOPMYJIn:

M=m+5-5lgr 1.7

CeiTHicTh 30pi BusHauae KiabKicTh eHeprii, 1mo
BUIPOMIHIOE 30DPA 3a OAUHUITIO YaCy, TOOTO HMOTYK-
HiCTh BUIIPOMiHIOBaHHS 30pi. 3a OAMHUINIO CBiTHOCTI
B acTPOHOMii 6epyTh MOTYKHIiCTh BUIIPOMiHIOBaHHSA
Comngsa 4:10%¢ Br. fIxio Bigzoma ab6CcooTHA 30psAHA Be-
auuuHa 30pi M, To Ii CBiTHiICTH BU3HAYAETHCA 3a JO-
TIIOMOTOI0 TaKol (hopMyIn:

flckpasa 30ps MiaeHHOT L= E =10%46-M)
niskyni RS Kopmu E (1.8)
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Tema 5. 3opi. EBontouin 3ip

CeirnicTs L neakux 3ip

3opsa L 3opa L
CoHIre 1 Kamenna 150
Heneb 90000 ApxTyp 102
Piresn 70000 Bera 54
Berenbreiize 25000 Cipiyc 23
ITonapua 17600 AunbTaip 10

Paniyc zip. [Insa BusHaUueHHA pajiyca 30pi He MOKHA BUKOPUCTATH I'e0-
MEeTPUUYHUHA MeTOJ, aJKe 30Pi po3TaIllOBYIOTHC HACTLIBKY JaJIeKO Big 3em-
JIi, III0 HABiTH Y BEJMKI TEJIeCKOIIX OO0 HeJAaBHLOT'O Yacy HEeMOIKJIUBO 0yJO
BUMIpATH iXHi KyTOBi po3dmipu — yci 30pi MarTh BUTJIA OJHAKOBUX CBiT-

JINX TOYOK.

g BUBHAUEHHA pajiyca 3ip acCTpOHOMY BUKOPUCTOBYIOThH 3aK0oH Cre-

dauma-Boapimana:
Q =0- T4 >

(1.9)

Ie @ — eHepris, 110 BUIPOMIiHIOE OTUHUILSA ITOBEPXHi 30pi 3a ofuHU-
mro uacy; o — crajna Crepana-Boabsnmana; T — abcoaoTHA TeMIepaTypa

IMOBEPXHi 30pi.

Emneprisa, aky BunpomiHioe BcA 30psA 3 pamiycom R, BU3HAUYAETHCA 3a-

TraJIbHOIO IIJIOIIElo i1 IToBepxHi, TOOTO:
E=4nR’*-Q=4nR* .c-T* (1.10)

3 inmoro 60Ky, Take caMe CIIiBBIJHOIIIEHHS MU MO-
JKeMO 3aIlucaTHy OJdA eHeprii, aky Bumpominioe CoHIe:

E,=4nR% 6Ty (1.11)

Omxe, 3 piBaAHb (1.10), (1.11) MokHA BU3HAUUTHI
HeBimomMui pazaiyc 30pi, Akmio Bigomi R, i Temmepary-
pa T, Conrsa:

R 5 To
-
Ro T

ne L — cBitHicTb 30pi B oguHUIAX cBiTHOCTI COHILA.

(1.12)

Busasnserbes, 1m0 icHYIOTh 30pi, AKI MalOTh paniyc
y coTHi pasiB Oinmbiuii 3a pagiyc Coniig, i 3opi, 1o ma-
IOTH Pajfiiyc MEeHIIUHA, HijK pagiyc 3emi.

CoHrie 3a QisuuyHUMY IapaMeTpaMu HaJIeKUTh 0 ce-
penHix 3ip — BOHO Mae€ cepenHIo TeMIIePaTypPy, CePeIHIO
cBiTHiCTB i T. iH. 3a CTATHCTUKOIO, cepell BEINKOI KiJlb-
KOCTi pisHOMAHITHMX TiJ HaiiOiJbIlle TAKKUX, AK1 MaOThH
cepenHi mapaMeTpH.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

bini kKapnukun — 30pi,
O MatoTb pagiyc

y COTHi pas3iB MeHLWWni
Bifl COHAYHOIO i ryCTUHY
B MifIbAOHM pasiB GinbLuy
3a LWiNbHICTb BOAU

YepBoHi Kapnukm —
30pi 3 Macolo, MEHLLOIO,
HiX COHAYHa, ane
6inbLuoto, HiX y IOniTepa.
Temnepatypa i CBITHICTb
LMX 3ip 3aMLWaTbcaA
CTanMmMn NpoOTArom
[ecATKIB MinbApAiB POKiB
YepBoHi riraHTu — 30pi,
O MaloTb Temneparypy
3000—4000 K i pagiyc

y BeCATKM pasiB GinbLunii,
Hi>K COHAYHMN. Maca unx
3ip He HabaraTo 6inblua
3a macy CoHus. Taki 30pi
He nepebyBaloTb y CTaHi
piBHOBaru
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Tema 5. 3opi. EBontouia 3ip

Pnc. 1.13. fiarpama CneKTpanbHi Knacu
lepuwnpyHra—-Paccena. F

Mo oci abcunc no3HaueHa
TemnepaTtypa 3ip, o oci
OpAVHAaT — CBITHICTb.
CoHue Mae Temnepatypy
5780 K i cBiTHicTb 1.
XonopHiuwi 30pi Ha
Jiarpami po3TaluoBaHi Antapec
npaBopyy (4epBOHOro
Konbopy), a 6inbLu

rapadvi — nisopyu
(cuHbOrO Konbopy). 3opi,
IO BUMPOMIHIOIOTb Ginblue
eHeprii, po3TaloBaHi BuLye
CoHu#, a 30pi-Kapnukm —
HuKye. binbwicTb 3ip, .
HO AKNX HaNeXNTb - YEPBOHI KAPJIMKM
i CoHue, po3TalloBaHi
y BY3bKill CMy3i, AKY
Ha31BalTb rOJIOBHOIO 25000 10000 5000
nocnigosHicTio 3ip Temneparypa T, K

HALTTAHTU

YEPBOHI
Anbpe6apaH riranty

rONOBHA
nocCnaoBHICTb

CitHictb L/L,

AcTpoHOMU BHPIiIININ HmepeBipuTH, UM 60araTo B KOCMOCI TaKux 3ip,
Ak mamre Conie. 3 miero meroio E. I'epumnpysrr i I'. Pacces sanpononysa-
JU niarpamy, Ha SKif MOJKHA IIO3HAUUTHU Miclle KOKHOI 30pi, AKIIO Bimo-
Mi ii Temmeparypa i cBitTHicTh. Ii HazBaHO miarpamoro cmeKTp—CBiTHICTD,
abo giarpamoro I'epummnpynra—Paccenxa. Borna mae Burasan rpadgika, Ha
AKOMY II0 OcCi abCIiiC Bif3HAUAIOTH CIEKTPAILHII KJjac, ado TeMIepaTypy
30pi, a mo oci opauHAT — cBiTHicTB (puc. 1.13).

Axio CoHlle — cepeqHs 30pdA, TO Ha AiarpamMi Mae OyTH CKYIUYEeHHS TO-
YOK IM00JaM3y TOTOo Miciis, Ake 3aiimae Coure. ToO6To GiabIIicTh 3ip MalOTh
OyTH KOBTOI'O KOJILOPY 3 TAKOIO caMOI0 cBiTHicTIO, AK 1 Conre. ke & Oyi0
3IMBYBAHHA aCTPOHOMIB, KOJI BUABUJIOCH, III0 B KOCMOCi He 3HAMIILIN KO-
HOI 30pi, AKYy MokHa BBaskaTu Koiieo Counsa. BinpnricTs 3ip Ha giarpami
posTaIIoBaHi y By3bKill cMy3i, SKy Ha3UBaIOTh T'OJOBHOI0 MOCJIiJOBHICTIO.
Hiamerpu 3ip roJOBHOI IOCJIiTOBHOCTI Bipi3HAIOTHCA
Yy KiZbKa pasiB, a ixHsa cBiTHiCTH 3rigHO i3 3axoHOoM CTe-
¢ana—BoJjbliMaHa BU3HAYAETHCA TEMIIEPATYPOIO IIOBEPX-
Hi. [To miei cmyru vHasme:xkatsb Conre i Cipiyc. CyrTeBa
PisHUIISI B TeMIIepaTypi Ha IOBEpPXHi 3ip pidHUX CIeK-
TPAJbHUX KJACIB IMOACHIOETHCSA PiSHOIO MAcOIO IIUX CBi-
THJI: YAM OiJIbIlIa Maca 30pi, TMM OijbIa il CBiTHICTE.
HanpuxkJiiazg, 30pi roJoBHOI IOCJIiJOBHOCTL CIIEKTPAaJIb-
Hux KJaciB O Tta B y KinbKa pasis macusHinri 3a Conire,
a uepBoHi Kapauku (puc. 1.14) MaiTL Macy B IeCATKU
Puc. 1.14. YepBoHWN Kapnuk pasiB MeHIIy, Hi’K COHAYHA.
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Tema 5. 3opi. EBontouin 3ip

OxpeMo Bif royioBHOI ITOCJIiZOBHOCTI Ha miarpami UepBoHuii
posTaIIoByIOThCA 0iji Kapauku (JIiBopyd yHH3Y) Ta yep- riraHT
BOHI HajaTiranTu (IpaBopydY yBepXYy), AKi MawmOTh IIpU-
0JIN3HO OJHAKOBY Macy, ajie 3HauHO BiAPi3HAIOTHCA 3a
poamipamu (puc. 1.15). TiraHTU crieKTpaJIbHOTO KJa-
cy M maioTh MaiiyKe TaKy camMy macy, AK 0iii xapiu-
Ku (puc. 1.16) cieKTpaabHOTO KJjacy B, TOMy CYTTEBO

BiIpisHAETHCA cepenHA rycTuHa nux 3ip. Hanpukrmaanm, Puc. 1.15. MopigHsanbHi
paziyc uepBoHoro riranTa Berenbreiize y 400 pasis po3mipu CoHuA
OinmbIniuii, Hisk paxiyc CoHIs, ajle Maca Mux 3ip maiixe i UepBOHOrO riraHTa

O0HAKOBAa, TOMY UePBOHI IralHTu CIIeKTPaJIbHOTO KJIacy
M wmaroTh cepenHIO T'YCTUHY B MiJIbHOHU pas3iB MEHINTY, HijK I'yCTUHA 3eM-
HOI aTMocdepu. TumoBUM mpefcTaBHUKOM 01JInX KapJaukiB € cynyTHUK Ci-
piyca, pazmiyc akoro maiiske Takuii, Sk paaiyc 3emii, a ryctuHa Mae (am-
racTuuHy BeauuuHy 31 - 0,6 r/cm3, TOOTO HAIIEPCTOK PEUOBUHU 0iJIOT0
Kapauka BaskuB 6u Ha 3emi 10 000 H. Ile 6iapiry rycTuHy MalOTh Hew-
TPOHHI 30pi Ta YOPHI mipwH.

T'onoBHa 3aragka miarpamu cnekmp—cimuicmy MOJIATAE B TOMY, IO
B KOCMOCi acTpOHOMHU IIle He 3HAUNMIIM Xoua O ABi OmJHAKOBIi 30pi, AKi mMa-
IOTh OMHAKOBI (hismuHI mMapamMmeTpu — Macy, TeMIIeEpaTypy, CBIiTHICTb, pasi-
yc. Hanmpurian, 6araTo 3ip HaIeXaTh 0 CIIEKTPAJIbHOTO
kaacy G (Kamenna, oo Kenraspa Ta in.), ajge Hemae 3ip,
AK1 Oy 6 TouHo Taki, Ak Coume. HamesHo, mporsarom
eBOJIIOIi] 30Pi BMiHIOIOTH CBOI (DisMYHI mapamMeTpu, TOMY
MaJIOMOBipHO, IITO MU 3MOKEeMO BiIIITyKaTu B KOCMO-
ci e omHY 30pI0, KA 3apOAMJIACA OJHOYACHO 3 HAIIUM
Coniem, MalOUYX TOTOKHI ITOYATKOBI mapaMmeTrpu. ¥ mia-
rpami cnekmp—ceéimnicmsb 3aX0BaHA TAEMHUILA €BOJIIO-
il 3ip: meAKi 30pi TiTbKM-HO HAPOAUJINCS, iHIIII MalOTh
cepenHiii Bik, i, KpiM Toro, 6araTo 3ip 3aKiHUYIOTH CBOE
icHyBaHHS IPaHIiO3HUMHU CIIaJaxaMmu.

ﬂ [isHaTeca 6inble npo 30pi-HagriraHTU.

@ KoHTponbHi 3annTaHHA
1. 3a AKUM IPUHIIUIIOM IPOBOIATEL CIIEKTPaJbHY KJacudikaiiio 3ip?

2. fIka 3ayesKHIiCTD icHY€e MisK cBiTHiCTIO 30pi Ta ii a0COIIOTHOIO 30PAHOIO0
BEeJIMUNHOIO?

3.7VY ckinbKu pasiB BiAPi3HAIOTHCA CBIiTHOCTI ABOX 3ip, OJHAKOBUX 3a KO-
JBOPOM, SAKIIO pajiyc omHiel 3 Hux Oinbpimuii y 20 pasis?

3aBAaHHA AN cnocTepexeHHs

Busnaure pagiyc ogHiel 3 ickpaBuXx 3ip, Ky BUIHO BBeUepi y BaIll 1eHb
HapomKeHHA. AKuil Buraan maja 6 1A 30ps Ha HalIomMy Hebi, AkOu BoHA
cBitmia Ha micmai CoHma?
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Tema 5. 3opi. EBontouia 3ip

3BuuanHi 3o0pi. NoaBinHi 30pi. VisnuHO-3MiHHI 30pi.
MnaHeTHI cncTtemn iHWIMX 3ip

IIporAroM CcBOTO TPUBAJOTO
JKUTTS KOYKHA 30pA MOKe AK 30i/1b-
IIyBaTH, TaK i 3MeHIITyBaTH BCi cBOi1
OCHOBHiI mapamerpu — TeMmIiepa-
TYypy, CBiTHicTH Ta pasmiyc. 3opi Ha
TOJIOBHIM mocaimoBHOCTI mepedy-
BaIOTh y CTaHi rpaBiTamiiiHol piBHO-
Barw, KOJU 30BHIITHI IIapu 3a paxy-
HOK I'paBiTariii THCHYTH IO IeHTpa,
y TOM yac AK THUCK HArpiTmx rasiB
i€ B IPOTUJIEKHOMY HAIPAMKY —
Bim meuTpa (puc. 2.1).

3o0p4 B cTaHi rpaBiTaIiitHoi piB-
HOBaru He 3MiHIOE CBOIX ITapaMeTpiB,
ajZsKe iHTEHCUBHE BUIIPOMiHIOBAHHSA
eHeprii 3 IMOBEePXHi KOMIIEHCYEThCS
IKepeJsioM eHeprii B Hagpax — Tep-

3opsAHe cKynueHHs, 3adikcoBaHe Teneckonom «fab6m» MOSALEPHUME peakniaMu. Tarwii

IPOIleC TPUBAE MOTU, JOKU IOJOBU-

Ha I'igporeny B Axpi He mepeTBOpUTHCA Ha ['eiit, i Toxl iHTEeHCUBHICTD TEP-
MOSAJEPHUX PeakIliili MoXKe 3MEHIIUTUCA. TPUBAJIICTh TAKOI CcTaIlioHapPHOI
¢asu B JKUTTi 30pi, KOJIU il mapaMeTpu JOBTUH Yac 3aJUMIAIOTHCSA CTAJINMU,
3aJIeKUTD Bin ii macu. Po3dpaxyHKU ITOKas3yIOTh, IO Taki 3opi, ax CoHIle,
y cTaHi piBHOBaru CBiTATh He MeHINe, HiK 10 mapa pokis. Binbin macus-
Hi 30pi cekTpanbHUX KJaaciB O, B, y HaagpaxX AKUX TePMOAIEPHI peakIrii
IPOTiKaIOTh iHTeHCUBHIIIe, Y piBHOBa3i cBiTATH 100 MJIH POKiB, a HaIOB-
1mIe «MepexTAThb» MaJleHbKi UepBOHI KapJuKM — ixHill BiK MOKe IepeBep-
mysatu 10! pokis.

Puc. 2.1. 3opAa B cTaHi
piBHOBAru: 30BHiLHi cLUn
rpaeiTayii BpiBHOBaXkeHi
CUnamm ra3oBoro TUCKY
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Iloagiiini 30pi — cucTeMu, IKi CKIAZAIOTHCA 3 IBOX
3ip, 1110 ONUCYIOTh 3aMKHEHi opOiTH HAaBKOJO CILJILHOT'O
IIeHTpa Mac TiJ Ti€ro B3Ba€MHOTO Ts:KiHHA. [HKOoIM Tpam-
JISIIOTBCS CCTEMH 3 TPHOX i OijibIlle 3ip; y TaKOMYy BUIIAM-
Ky CHUCTEeMY Ha3WBAIOTh KPATHOIO 30Per0.

Inoni 6yBae, 1110 ABi (pismuHO He OB’ sI3aHi MiXK co-
000 30Pi BUIAIKOBO IIPOEKTYIOTHCA HA HEOOCXMJIL II0-
psan. Taki 3opi HasuBarOTL ONTHYHO MOABIHHMMHU — Ha
IPOTUBATY «CIIPaBXKHIM», pisuuHo moaBiritHM. Kiaacuy-
HUM OPUKJIAIOM TaKux 3ip € Aaskop i Mimap y cysip’i
Benukoi Begmeguiii. O6uasi 3opi moaBifiHoi cucremu
00epTamThCsa M0 eJINTHUYHNX OopOiTaxX HABKOJO CILiJIb-
HOTO TEHTPY Mac nux 3ip. Ko BifgcTanp MiK KoM-
HOHEHTaMU Ay Ke BeJinKa, opOiTaabHUU IIepion MosKe
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Tema 5. 3opi. EBontouin 3ip

BUMipioBaTuCA poKamu, iHoAi cromitramu. s
TiCHUX cucTeM ix opOiTajlbHUI Imepioa Moxke cTa-
HOBUTHU JHUIIE KiJbKa roguH. IKIo Jo0CUTHL MacuB-
Hi 30pi obepratoThea Ha 0IM3bKill BigcTami ogHa Bif
OIHO1, TO e MPU3BOAUTH O TOTO, I10 3PEIITO0 ABi
30pi sitioThea B ogHY (puc. 2.2).

3MiHHI 30pi — 30pi, Yy AKUX cIlOCTEPirarmThb
3MiHU GJMCKY X04ua 0 B OJHOMY CIIEKTPAJIbHOMY
Iiamasoxi.

3minHi 30pi Tuny Aaronp (Bimoma monBiii-
Ha 30pa P Ilepcea) — doromerpuuHi monsiiini,
B AKHX y MPOMisKKax MiK 3aTeMHEHHIMU OJIMCK
€ ctasimM a0 K 3MiHIOETHCA B MaJINX MeyKaX. SMiH-
Hi 30pi HasWBaOTH (Pi3UUHO-3MIHHUMHU, AKIIO 3Mi-
HU OJIICKY 3yMOBJICHI IpollecaMu, II0 Big0yBaiOTh-
cd B caMiit 3opi abo Ha ii moBepxHi, i onTUYHUME
Y BUIIAAKY, AKIIO OJMCK 30pi 3MiHIOETHCA BHACJIi-
IOK mii 30BHIIIHIX IMOMO Hel IPUYUH, HATTPUKJIAL
Oig yac mepiogMUYHMX 3aTeMHEHb iHIIIOIO0 30pelo.

Ilepmri geB’aTh 3MiHHUX 3ip Y KOXKHOMY i3 Cy-
3ip’iB MO3HAUAIOTE JiTepaMu JJaTUHCHKOTO ajdaBi-
Ty Big R 10 Z i mogaioTh Ha3By Cy3ip’d, HAIpPUKJIaI
T Tenbusa. 3opi, BiAKpuTi misHilne, mo3HAYAIOTh
IBoMa JiiTepamMu Toro camoro ajadasity (Bim RR
I0o ®@Z). 3a TaKOO CXeMOI0 Mo3HauawTh 334 30pi
B KOoKHOMY cy3ip’i. Hacrymui BigkpuTi aminui 30pi
MO3HAYAIOTE JIiTepoio V i momaroTh HOMED Ta Ha3BY
cysip’a, nHanpukJiaan V335 Jlebens (puc. 2.4).

3a ocobamBOCTAMU 3MiH OJMCKY i mpuuymHa-
MM, III0 3YMOBJIIOIOTH iX, 3MiHHI 30pi MOAIIAIOTH
HAa IIiCTh T'OJIOBHUX KJIACIB: ePYIITUBHI; MyJIbCYIOUi;
3MiHHI 30pi, 1110 00epTaloThCA; cIadaxyroui i HO-
BOIIOAiOHi; TicHi moaBiiiHi 3aTeMHIOBAHi cUCTEeMU;
JI:KepeJia CUJIBHOTO 3MiHHOT'O PEHTTE€HIBCHKOTO BU-
MIPOMiHIOBaHHA. ¥ KOYKHOMY 3 ITMX KJIACIiB € 00’ €K-
T Pi3HOI IPUPOaM, IO HAJIEXKATDH OO0 PiBHUX TUIIIB
3miHHOCTI 61ucKy. BogHouac ofHi # Ti cami 06’€k-
T MOXKYTb 3MiHIOBATU OJMCK MabKe 3 yCiX MOIK-
JUBUX TPpUYMH ab0 3 Oyab-AKUX iXHiX KoMOiHa-
mi#t, 10 Jae migcTaBu AJd BigHECEeHHA 1X onpasy
o KinbKOX KJaciB. OKpiM TOro, € yHiKaJabHi 00’ €K-
TH, 10 He BKJAJAIOThCA y 3a3HAUYEeHI paMKu KJja-
cupikarii.

Okpemi Tuu 3MiHHUX 3ip HasMBAOTH 34 30-
pero-uporoTunom. 3MiHHI 30pi Tuny & Iledes

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 2.2. MNopaginHi 30pi. B3aemHe
TAXKIHHA Ta Nofanblue 31UTTS

Liedeign — Benukmin Knac
NybCYYUNX 3MIHHUX 3ip, 3MiHK
65IMCKY AKNX 3yMOBJIIOIOTb

IXHE po3TallyBaHHA y CMy3i
HecTabinbHOCTI Ha giarpami
lepuwnpyHra-Paccena

Puc. 2.3. Uedeina
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Tema 5. 3opi. EBontouia 3ip
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Puc. 2.4. Po3TalyBaHHA feAakux TMNiB 3MiHHKX 3ip Ha giarpami lfepuwnpyHra-Paccena

HasuBaloThbcd medeinamu (puc. 2.3), sopi Tuny RR Jlipu — aipugamu, 30pi
Tunny W [liBu — Biprimigamu. TpuBanuii yac yci i rpynu o6’eqHyBaIn
mig massoro 1edeingu. IIpoTe i panimie ix moAiIAaN Ha JOBrOIePiOAMYHIL
(abo knacuuni medeigu, mpororun — 3op4a O Iledes) i KoporkomepioguuHi
(upototun — 3opsa RR Jlipu). BumijieHHa OKpeMUX TUIIB — Jipun i Bip-
TiHig — cympoBOI:KyBajocs 3MiHAMU B HAYKOBUX YSIBJIEHHSX IIIOLO Mac-
miTabiB raTakTUKY 1 raJakTUYHOIO CBITY B IijioMy.

3araJbHOIPUNHATOIO TEOPi€lo, IO IMOACHIOE 3MiHM, AKi BimOyBarOTh-
cd B 1iedpeigax, € Teopia mysbcallii. Bigmosigao o 1iei Teopil medeigm —
Ie IIyJIbCYIOUi IiraHTChKi ras3oBi KyJii, AKi B MOMEHT MaKCUMyMYy OJIHCKY
MaloOTh HaiMeHIIUH 00’eM i HalBuiny Temneparypy. Ilotim BigmbyBaeThcsa
poBIIMPEHHA 30Pi, MPUUOMY il TeMIlepaTypa 3SHUIKYETHCA. [[OCATHYBIIN
HaMO1JIbIIIOro PO3IINPEH S, 30BHIIIIHI IIIapy Iig Ji€lo CHUJI IPUTATaHHSA I10-
YMHAIOTH MTaJlaTh BHU3, «IIPOCKAKYIOThH» Yepe3 CEPeHE MOJIOKEeHHA PiBHO-
Baru i 3HOBY CTUCKAaIOThCA. [[MKJI MOUMHAETHCA CIIOUYATKY.

Ilepion mynbcariiit megein 3a1e:XKuUTh Bif Macu Ta pajgiyca 30pi, Hampu-
rJaan 6 Iedesa nyabcye 3 mepiogom 5,4 modu.
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Tema 5. 3opi. EBontouin 3ip

Bumu uedein

Medeinm 3opi Tunry BL Bosoraca 3 aHOMaJIbHUMU IJIST CBOEL
aHOMAaJIbHi CBiTHOCTI IepiogamMu mmyJibcaiii
Hegeinu nos- 3opi 3 nmepiogaMu myiabcalliii moHas OgHY 400
romepioguyHi P P y y y
Hedeign Ilyabscyroui aminHi 30pi 3 mepiogamMu mmyabcalrii
KapJIMKOBi 1-6 rox
Hedeingnu Ilynbcytoui smiHHI 30pi BHCOKOI cBiTHOCTI, IKi MaiOTh
KJIACUYHI cTabinbHI KPpUBi GJIUCKY
Medeinu . . .
3opi Tunny RR Jlipu, saminu 6aucky sKuX mepedyBaioTh
KOPOTKO- . .
. . B Mexkax Bix 12 no 35 ni6

nepioguyHi
Medeinm . . . i . .

.. Ilynbcyroui 3miHHI 30pi, AKiI MarOTh CTiNIKi KpUBi
chepuarol oJaucKy 3 nepiogamu myJabcarii sig 1 go 30 ni6
CKJIaI0BO1 y P y

IInamerni cucremu immux 3ip. Haii6inem Bifgo-
MYy Ha ChOTOJHi INIAHETHY cHCTeMY (He BPaxoBYIOUH
Cousguny cuctemy) mae 3opa HD 10180 (puc. 2.5).
Haskouio Hel obepraioThbCs ciM IIaHeT, 30ps Bigmase-
Ha Bix Hac Ha BigcraHb 127 cB. POKiB i po3TaImoByeTh-
cay cysip’i IliBgennoi I'igpu. [locToBipHO BigoMo mIpo
I’ ATh ILJIaHET, a IJIA TOBeIeHHS IIPUCYTHOCTI IITe JBOX
ILJIaHeT IOTPi0OHI JOJATKOBI cIlocTepeKeHHA.

Hamma nnanerHa cucrema — Iie Y4OTUPU KaM’ SHU-
cTi mraneTu (ogHA 3 HUX 3eMJId) Y BHYTPilIHIA yacTu-
Hi CoHAYHOI cucTeMHU i YOTUPYU Ta30Bi MJIAHETH Yy 30B-
HIITHIA.

A Ak BiZKpHBAIOThH HOBi mIaHeTu abo miamerHi cucremu? fIK Bimomo,
3a MmesxamMu COHAYHOI CUCTEMM BiJKPUTO BiKe UMMAJIO eK30ILIaHeT (TaKumil
TepPMiH B}KMBAIOTh MO0 IJIAHET, IKi He HajeyXaTh Mo ckjaany CoHAYHOI
cucremu). I1i mraneTu obepraloThCcAa HABKOJIO 3ip, AKi posTalmoBaHi Big Hac
Ha pisHil BigcTaHi.

Ilepmy exsomanery OyJsio Bimkputo B iKeHeBchbKiii oGcepBaTopil
y 1995 p. ¥V mam uac actpoHomamu Bigxputo moHan 800 eksomaaner. Ic-
HYIOTh TaKi METOAY MIOIIYKY eK30ILIaHEeT: aCTPOMETPUYHUI, METOM IIepe-
ximHOI hoTOMeTPii, CIeKTpOMeTpHUHe BUSHAUCHHS padialbHOl IITBUIKOCTI
30pi, rpaBiraififine MiKpoJiH3yBaHHS.

TosmoBHMI HATIPAMOK HOIIYKY €K30IIJIaHEeT — IIe IONIYK IIJIaHEeT 3eM-
Horo tumny. Ha Bupimenud miei sagaui cupaMoBaHi pisHi KocMiuHI mpoek-
tu. Cepen Bimzomux mo:kHa HasBaTu nmpoekTu KEPLER (NASA) — Kocmiu-
Huii reneckon IlImingra, 3maTuumit oqHouacHo BifcaigkoByBatu 100 Tuc. 3ip;

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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Puc. 2.5. XypoxHe
YABNEHHA NAaHeTHOI
cuctemut HD 10 180
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Tema 5. 3opi. EBontouia 3ip

Puc. 2.6. Komn'totepHa mogenb COHAYHOI cnctemu

CORQT (ESA) cuemiamizoBaruit 30-cM KOCMiUHUN TEJIECKOII, 3AaTHUH Bif-
KpUBaTHU IjaHeTHu 3eMHoro tumny. CydyacHi acTpoHOMHU BBaXKalTh, 110 Bij-
KPUTTA TOAIOHUX A0 3eMJIi IIJIaHeT € aKTyaJbHUM HAayKOBUM IIHUTAHHAM,
BUDPIIIeHHA SKOT'0 MOKe OYTH JOCATHYTO B HeJAJIEKOMY MaiiOyTHBOMY.

G [isHanTecAa npo iHonnaHeTHy cuctemy lnise 581.

G KOHTpOnbHi 3anuTaHHsA
1. Bixg yoro saje:xkuTh mmepion rpasitartifinoi piBHoBaru 3opi?
2. §{Iki OyBaroTh TUII 3MiHHUX 3ip?
3. 1o AKOro KJacy 3MiHHUX 3ip HaJexaTb 1edeign?
4. 3uangiTe B Mmepeski InTepHeT iH(pOpPMAIIit0 TPO OAWH i3 METO/IB IOIITY-
Ky eksomuaHet. IligroTyiiTe cTucie MOBiJOMIEHH.

@ Tema gna auckycii

fK Ha Bally IyMRYy, uu 3MOsKe Bu:KuUTH B COHAUHIN cucTeMi Hara mu-
Bimisaris, sximo CoHIile B MaliOyTHHROMY II€EPETBOPUTHLCS Ha YePBOHOIO Ii-
ranra?

6 EBoniouia 3ip. bini kKapnukn. HenTpoHHi 30pi. YopHi aipn

AcTpoHOMU CTBOPUJIN TEOPii0 €BOJIIOIII 3ip 3aBAAKY TOMY, II[0 B KOCMO-
ci MOJKHa crocTepiraTy MiJbApAuU 3ip pidHOro Biky. BeecBiT — 1€ cBoepia-
HUH KOCMIiUHUH TapK, ¥ AKOMY 30Pi HAPOIKYIOThCHA, IIEBHUN Yac CBiTATS,
a IIOTiM rmHYTh. BajkKo mobauuTy 30pi0 O0 ii HapoIKeHHs, IIOKKU BOHA He
MOYHEe CBITUTHUCA ¥ BUAUMIN YacTHHI cIIeKTpa. 30pi 3apOoIKyIOTHCSI Pa3oM
i3 myraHeTaMu 3 PO3PIAKEHUX IasOoNMUJIOBUX XMap, AKi YTBOPIOIOTHCS Iic-
Jsg BUOYXY cTapux 3ip. 3a JOMOMOTOIO CyYyaCHUX TeJECKOIIiB acCTPOHOMU
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Tema 5. 3opi. EBontouin 3ip

BUSIBUJIU B KOCMOCI COTHI TaKUX BeIMUYE3HUX Tas30Iu-
JIOBUX TYMaHHOCTEMH, e 3apas BimOyBaeThCsA YyTBOPEHHSA
MoJoaux csitis (puc. 3.1). Hampukiazn, Taki cBoepin-
Hi «fAcja» HOBOHAPOIKEHUX 3ip MOKHA ITO0AYUTH B CYy-
3ip’i OpioH (puc. 3.2) Ta sopAaHOMY cKymuenHi Ilmeagu
(puc. 3.3).

Honst 30pi Ta TpUBAJICTD Ii JKUTTA 3aJIeKaTh BiJ 10~
YaTKOBOI Macu 3apojaKa 30pi — mpoTo3opi. Ko BoHa
OyJa B KijbKa pasiB 0inbInoio, Hisk maca CoHIsS, TO min
yac rpaBiTaI[iiHOTO CTUCKYBAaHHA YTBOPIOIOTHCA Taps-
ui 3opi cuekTpasbuux KJjaaciB O ta B. IIporosopi 3 Ta-
KOIO IIOYaTKOBOIO Macow, AK Maca CoHIA, mig yac rpa-
BiTaI[iTHOTO CTMCHEHHSA HArpiBalOThCA A0 TeMIlepaTypu
6000 K. IIporosopi 3 Macoio y KiTbKa pasiB MeHIIIOIO,
Hi’K COHSYHA, MOKYTh IIEPETBOPUTUCA TiJIBKU HA Uep-
BOHUX KapiaukiB. HalimeHmia maca, ska HeoOXigHa s
TMOYaTKy TePMOSAAEPHUX PeakIliii y Haapax 30pi, Jopis-
Hioe maiixke 0,08 macu CoHms. O0’eKTH MEHIIIOI Macu
HIiKOJIM He IepeTBOPATHCA HA 30pi — BOHU OyAyTh BU-
TIPOMiHIOBATH €HEPTiI0 TiIbKY B iH()pauepBOHiil UacTuHI
cuexkTpa. Taki KocmiuHi Tina Mu cmocrepiraemMo HaBiTH
y Cousiuniit cuctemi — 1e mianeru-rirautu FOmoitep, Ca-
TypH, Henitryua. MoKJmBO, 1110 B MiK30pAHOMY ITPOCTOPI
KiJBbKiCTh TaKUX XOJOAHUX iH(ppPauepBoHUX Tia (ix IIe
Ha3WBAIOTh «KOPUYHEBI KapJIUKU») MOKe OyTu Habara-
TO OiJIBIITOI0, HijK BUAUMUX 3ip.

Hogri Ta Haguogi 30pi. 30pi 3 Macoi y KijbKa pasiB
0iJIBITIO0, Hi}K COHAYHA, 3aKiHUYIOTH CBOE KUTTSA I'PAH/Ii-
o3uuM BubOyxoMm. ¥ 1054 p. KuTaiicbKi acCTPOHOMU CIIOCTE-
piranu HaA3BUYANHO SICKPABY HOBY 30PI0, AKY 0YJIO BUIHO
BIEHDb IIPOTATOM KiJTbKOX THKHIiB. I[f0 He3aBUUaiiHy 30pI0
nomiTuau Tako:k Jitomnucii B KuiBcskiit Pyci, amxe 1e
0yB pik cmepri Apociaa Myzaporo. Braskasocs, 1110 mosBa
HOBOI 30pi BinryBasa «Boke 3HAMEHHA» Ha CYMHY IIOJi10.
Croromui Ha ToOMy MicIli, Ae cmajaxHyJia IId TaEMHUYA
30ps, BUAHO TymMaHHicTs Kpab (puc. 3.4). 3opi cueKkTpasib-
Hux KJjaciB O ta B, AKi TpoTATOM KiJbKOX JAHIB 30iabITy-
IOTH CBOIO ACKPABIiCTBh Y COTHI MiJIbIIOHIB pasiB, Has3mBa-
1ot HoBumu. Iakonu HoBa BumpomiHIoe Maiiike CTiIBKMT
°K eHeprii, CKiJIbKY BUILIAIOTH Pa3oM yci 30pi B rajakTu-
i — Taki 3opi maroThk Has3By Hamguosi. Tymanuicts Kpab
y cysip’i Tinbiga e sanuikom takoi HammoBoi, mio cma-
aaxuyaa B 1054 p. Biprime, akimo spaxyBaTu, M0 Ty-
maHHicTb Kpab posminiyerses Ha Bigcrani 6500 cB. pokis
Bim 3emuti, To cmasiax HammoBoi crascs 1ie 7500 p. Tomy.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 3.2. TymaHHicTb y cy3ip'i
OpioH MoKHa no6auntu
HaBiTb HEO3O6POEHNM

OKOM. BiacTtaHb o Hel
6n13bko 1000 cB. pokKiB

Puc. 3.3. TymaHHicTb

Y 30PAHOMY CKyMNYeHHi
[Mneagw, 3 Akoil
YTBOPIOIOTbCA HOBI 30pi

Puc. 3.4. TymaHHicTb Kpab,
AKa yTBOpMNaca nicna
cnanaxy HagHosoi y 1054 p.
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Tema 5. 3opi. EBontouia 3ip

HoBa 3opa — 30pA knacy
BVOYXOBUX 3MiHHUX, GIMCK

OcranHili cnajgax HagHoBoi acTpoHOMU CIIOCTe-
piramu B 1987 p. y cyciguiii ramaktuii — Beaukiii

AKOI PANTOBO 36iNbLIYETHCA Marennanosiii Xmapi. Bubyxnyia riraatcbka sops
Ha 7-20" CIeKTPaJbHOTO KJiacy B, sKa KiJbKa THKHIB cBiTHIIa
HapHoBa — 30ps, CBIiTHICTb sAcKpagile Bix ycix sip y ramaktui (puc. 3.5). Ilpu-
AKOIIHECMOAIBAROISPOCTac 0amsuo 3a 20 rox mepex cuagaxom HamuoBoi 0y0 3ape-

i 3a pekinbKa [i6 gocarae
(102-10") L,

Puc. 3.5. Cnanax HagHoBoi

y CycigHin ranaktuui Benuka } ; :
MarennaHosa Xmapa (1987 p.) HOCTi 3 Macamu, nopiBHAHUMH i3 Macoro CoH1lA, Ta BU-

cokuMu edekTuBHUMU TeMmieparypamu. HasBa «06iji
KapJuKW» OB’ A3aHa 3 KOJTBOPOM IEPIIUX BIIKPUTUX MPEICTABHUKIB IIHO-
ro kaacy — Cipiyca B i 40 Epigana B.

€CTPOBAHO yAAPHY XBUJIIO HEHTPUHHOTO IMTOTOKY, SKUH
TpuBaB 13 ¢ i 3a MOTYyKHiCTIO OYB Y JeCATKU THUCAY pa-
3iB GinbINIMi, HiK eHeprisg B ONTUYHOMY HiamasoHi.

Takum unzoM, y 1987 p. acTpoHOMU BIIEPIIIE OTPHU-
MaJIu iH(GopMalIliio Ipo JajJeKy KOCMIUHY MOIiio, dKa
BimbOynacsa maiike 200 tuc. pokis Tomy. Ilicaa cranaxy
30pi Bci maHeTHu, SKi obepTanucs HaBKOJIO Hel, BUIIA-
pyBaJIMCA i IEPETBOPUINCS HA TA30IUIOBY TYMAHHICTB,
3 AKO1 B Mait0yTHHOMY MOYKe YTBOPUTHUCS HOBE ITOKOJIiH-
Hsa 3ip. To6To y BeecBiTti cnocTepiraersbes cBoepigumii
KpPYyroo0ir peuoBUWHU: «30pi — cmajax 3ip — TyMaH-
HiCTh — 1 3BHOBY HapOIKeHH MoJIoAuX 3ip» (puc. 3.6).

Bini kapauku. Bini kapankym — 30pi HU3BKOI CBiT-

l ' Ona ponutnueBmnx
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ITicna cmanaxy Hosoi ado HagHoBOI 3aIuIlIaeThCa AP0, Y SKOMY
BizicyTHE mixepetio eHeprii. Taka 30ps MOCTYIIOBO 3MEHIITY€ CBifl pamiyc
i CBiTUTH TiTbKY 3aBAAKM I'PABiTAI[iNHOMY CTHUCKYBAaHHIO — IOTEHILi-
aJIbHA €Hepris 30pi mepeTBOPIOETHCA Ha Temio. IIpu cTuckyBaHHI Maca
BaJIUIIAETHCA CTAJ0I0, TOMY 301JBIIYETHCS I'YCTHUHA, i 30PSA IIEPETBOPIO-
€ThCA Ha 01JI0TO KapJuKa.

SKmro mouaTKoBa Maca 30pi OyJja B KiJibKa pasiB 0iabIoio, HijK CO-
HSAYHA, TO OiIMI KapJIUK MOKe IIePeTBOPUTHUCH HA HEMTPOHHY 30PI0, pa-
Iiyc sTKoi He IepeBUIIYE KiTbKOX MeCATKIB KiloMeTpiB, a I'yCTHUHA CATae
dauTactuunoi sBesmunau 10'° r/cvd. Tlepiiry HEATPOHHY 30PI0 BUIIALKO-
BO Bigxkpuau B KemOpum:xcbkomy yHiBepcuTeTi B 1967 p. 3a momomororo
HEBEJIMKOI aHTeHU aCTPOHOMM 3aPEeECTPYBAJIU PAJiOCUTHAJN, SKUU I10-
BTOPIOBABCS 3 MOCTiMHUM mepiogoM 1 ¢. YHOUI B TOMYy HaPAMKY, 3Bif-
KU HAOXOAUJIU iMIYJIbCH, He O0yJI0 BULHO JKOAHOI 30pi, TOMY aCTPOHOMU
HaBiTh BUCYHYJIU TilIOTE3Y PO PAAiOCUTHAJ IITYUYHOTO ITOXOMAKEeHHS Bi
mos3adeMHOI nuBimgisarii. IToTim cnocTepeskeHHS TOKa3aau, 10 TaKi Ime-
pioauuHi cUTHAIW HAAXOAATH HAa 3€MJIIO Bill COTEHD iHINMNX HEBUIUMUX
IKepes, aki 0yJio HasBaHO myabcapamu. OnuH i3 mysabcapiB 0ya0 BUAB-
JIEHO HaBiThH y IeHTPi 3HaMeHuTol TyMaHHocTi Kpab.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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Tema 5. 3opi. EBontouin 3ip

Binuin kapnuk —

MnaHeTapHa 30PA HU3bKOI CBITHOCTI
5 TYMaHHICTb 3 Macoto, MOPIBHSAHO

LlepBOHI/II/I Binuii 3 macoto CoHus,

ManeHbka riraHT ey —— OfHaK 3 pagiycom

30pA o a7 y =100 pasiB MeHLnMm
- _ — > —> ® Big papiyca CoHuiA
v * i 3 BUCOKOIK edEeKTVBHOK

TEMMepPaTypoto

HenTpoHHa
30pA

YepBoHUN
HagriraHT HanHosa /

3ops-
Ha xMapa

3 nporo- - | ; \ -

Mynbcap — ranaktmyHmMin
06’€eKT, mpKepeno

YiTKOro nepiognyHoro
YopHa gipa iMMNyIbCHOrO
BMNPOMiHIOBaHHA

30pAMU

Puc. 3.6. EBontouin 3ip

HeiiTpouni 3opi. CyuacHi TeopeTuuHi po3paxyH-
KU MMOKa3yIOTh, IO MyJibcapu i HEUTPOHHI 30pi — 11e
onHi # Ti cami 06’ekTu. BHACHiIOK CTUCKYBaHHA Hel-
TPOHHOI 30Pi Mae BUKOHYBaTHCA 3aKOH 30epesKeHHdA
MOMeHTY immyabcy. Ileil 3aKOH 4acTo JEeMOHCTPYIOTH
Ha Jboay Qirypuctu, Koau Tpeda BUKJIUKATH IIIBUIKE
obepTaHHA CBOTO Tijia HaBKOJIO oci. CIlIopTCMeHHU CIIO-
YaTKy MMOYMHAIOTHh MOBiJILHO 00epTaTucsa HaBKOJIO OCi
3 BUTATHYTUMU B Pi3Hi cTopoHm pykamu. IloTim mo-
CTYIIOBO PYKU TiTBOAATH IO TyJiy0a, IPU IIbOMY KYTO-
Ba IMIBUAKiCTh oO0epTaHHs pisKo 3pocTae. Take caMe 3pocTaHHSA KYTOBOIL
IIBUAKOCTI CIIOCTEpiraeThes IIpU 3MeHIITeHHiI pagiyca 3opi. Hampukian,
3apas CoHIile 00epTaeThCs HABKOJIO CBO€l oci 3 mepiomomM IpuOJIN3HO
28 mi6. fAAko6u paxmiyc Conmga sameninuBes 1o 10 kM, To
oro mepion obepranusa mopiBHioBaB 6u 1 c. Ilpu rpa- F
BiTal[ilHOMY CTHCKYBaHHI HACTiJILKM 3POCTAE HAIIPY-
JKeHIiCTh MarHiTHOIO II0JIS 30Pi, IO BOHA «BUITYCKAE»
BUNPOMIiHIOBAHHA TiJIbKW Yepe3 MarHiTHI mmojrwocu
Y BUTJIALL CBOEPIAHUX «IIPOKEKTOPiIB», AKi ONIUCYIOTH
y KocMoci BenmuesHuit kouyc (puc. 3.7). Mosxauso,
mio B N'amakTuIli icHyOTh MiJIBHOHN HEMTPOHHUX 3ip,
ajie 3apeecTPOBAHO TiJIBKU KiJIbKa COTE€Hb Yy BUTJISAIL

Puc. 3.7. XynoxHe
306paXkeHHA nynbcapa

nyJybcapiB (puc. 3.8), amsxke OiJBIIICT, TAKUX «IPO- Puc. 3.8. OnuH i3
JKeKTOPiB» He CIIPAMOBaHI Ha 3eMJIio. 3apeeCTPOBaHMX NyNbcapis
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Tema 5. 3opi. EBontouia 3ip

( Ana ponutnuBux

YaBiTh cobi, 1110 KOCMiUHNI KOopabesb HAOJIMIKAETHCA OO YOPHOIL
mipu. Moro mBuakicts mae IOCTYIIOBO 3POCTATH OO IMBUIKOCTI CBiT-
Ja. AJe 3TigHO 3 TEOPi€lo BiIHOCHOCTI MIBUAKICTh MaTepiaJlbHOIO TiJja,
Maca CIOKOIO SKOT0 BilPiBHAETHCA BiJl HYJIS, HiKOJIM HE MTOCATHE B~
KocTi cBitTyia. ToOTO 3a 3eMHMM TOAMHHUKOM YABHUN KOCMIUHUI KO-
pabesb HIKOJIM He TOJETUTH A0 MEXKi YOPHOI AipHu, TOMY IO Yac IJd
KOCMOHABTiB Ha 00PTYy KopabJjis OyIe CIIOBiIbHIOBATHCS. SIKIITO KOCMO-
HaBTHU OyAYTH MiATPUMYBATH 3B’ A30K i3 3eMJeio 3a TOIOMOT00 pazmio,
TO CHOBiJIbHEHHSA Yacy IPOSBUTHCSA Y TOMY, II[0 CUTHAJIU 3 KOPabJIsa 0y-
IyTh HaOXOOUTU Bce pifrie i pigmre. 3 iHIIOro 60Ky, KOCMOHABTU Ha
KOCMiuHOMY KOpPAaoOJIi crrocTepiraTuMyTh 30BCiM iHIIIWN IIJIMH Yacy —
CUTHAJIX BiJ 3eMJIAH OyAyTh HAAXOAUTH Bce yacTimie i uacrimme. To6-
TO KOCMOHABTU Ha KopabJji, AKUl Imagae y YOpHY Aipy, Morjau 6 moba-
YUTH JaJieKe MaiOyTHE HAIIOTO CBiTY, ajle BOHU He 3MOXKYTh IIepeaaTu
HaM iHdopMaIlifo Ipo Hallle MaiOyTHE, aJ;ke CUTHAJ Yepe3 MeKy J0op-
HOI Jipu HiKOJIM He ZOCATHE 3eMJIi.

Yopwi gipu. Ii kocmiuni 06’€KTH yTBOPIOIOTHCA Ha OC-
TaHHiI cTaail eBoJrOIil 3ip i3 Macoro, OiabmIoo HixK 3M.
Taxa guBHA HasBa IIOB’A3aHAa 3 THUM, IO IIi Tijla MamOTh

YopHa gipa He BUNycKae
3 NONA TAXKIHHA Hi
eNeMeHTapHUX YaCTUHOK,

Hi enleKTpOMarHiTHI OyTu HeBUAUMIi, OCKIJIbKY He BUIYCKAIOTHh 3a CBOI MeXi
xBuni. Pagiyc YopHoi cBiTsa. 3 iHmoro 60Ky, Taki 06’€KTH BTATYIOTH BCe 3 Ha-
Jipw 3anexutb Big i BKOJIMIITHBOTO IIpocTopy (puc. 3.9). AKIimo kocmiunmit Ko-
Macy, i Moxe 6yTu BiA pabesib TOTPANUTh HA MEXKY «YOPHOI Aipm», TO BUPBATHUCA

KiNIbKOX CAaHTUMETPIB
abo mMeTpiB Ao MinbApAiB
Kinometpis

3 i1 IoJIsa TAMKIHHA BiH He 3MOJXKe, ajJi’Ke Apyra KocMiuHa
IMIBUAKICTD 6isisA i1 mOBepXHi JOPiBHIOE MIIBUAKOCTI CBiT/IA
300 000 km/c (puc. 3.10).

B [isHaiTeca Ginblie Npo BiAKPUTTA HAZHOBOI HiMELIbKUM
actpoHomom XVI ct1. Tuxo bpare.

Puc. 3.9. XypoxHe 306paxeHHA YOpHOI Aipu Puc. 3.10. XynoxHe 306parkeHHA KOCMIYHOrO
Kopabns, Wo HabnmxaeTbca Ao YOPHOI Aipu
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Tema 5. 3opi. EBontouin 3ip

G KoHTponbHi 3anntaHHA

1. Ak BigOyBaeThCA eBOJIIOIis 3ip?

2.Yuwm Bigpisusaerbcsa Hosa 3ops Big HagmoBoi?

3. IIlo moxxe cipuumuuTu BuOyx HoBux i HagHoBuUX 3ip?

4. IITo Take 6inunit KAPJIUK i YOMY BiH OTPUMAaB TaKy Ha3BYy?

5.k ynmamroBani HeliTpoHHi 30pi?

6. SIxkuit 06’eKT HA3WBAIOTH YOPHOIO Aipoio? SIKi BiacTMBOCTI Mae wopHa
mipa?

P BukoHalTe TecTOBi 3aBjaHHA i3 aBTOMaTU4YHOIO NepeBipKoIio
Ha caiTi «IHTepaKTUBHE HaBYaHHA».

BucHoBku. Y KocMOCi ITOCTifiHO BifOyBarOThCA HAPOAIKEHHSI MOJIOSIX
3ip i3 rasonmMI0OBUX TYMaHHOCTEHN Ta BUOYXU CTAPUX, KOJIM YTBOPIOIOTH-
cs HOoBi TymanHocTi. CrrocTepiraeTbesi CBOEPiAHII KPYroooir peuoBMHMU:
30pi — cmaJiax 3ip — TyMaHHICTH — i 3HOBY HapOIKEHHS MOJOIUX 3ip.
YopHa Aipa He BUNYCKA€E 3 MOJA TAKIHHA aHi eJeMeHTapHI YacTUHKU,
aHi eJJeKTPOMATHITHI XBUJIi.

disuuHi XxapakTepuUCTUKU 3ip: CBiTHiCTHL, TEMIepaTypa, pajaiyc, ryc-
TUHA — CYTTEBO Pi3HATHCA MiXK co00r0. Mixk muMum xapaKTepUCTHUKA-
MU iCHY€e B3a€EMO3B’sI30K, SKUH BigoOpaskae eBOJIOMiAHUNA IMIIAX 30pi.
ComHIle 3a cBOIMH mapaMeTpaMU HAJIEKUTh OO KOBTUX 3ip, AKi mepedy-
BalOTh Y CTaHi piBHOBAru i He 3MiHIOIOTH CBOIX PO3MipiB IIPOTATOM Mi-
JBAPIIB POKiB.

3ops B cTaHi rpasiTaliiiinol piBHOBaru He 3MiHIOE CBOIX IIapaMeTpiB,
ajJyKe iHTeHCWBHE BUITPOMiHIOBAaHHS €HePrii 3 TOBEePXHi KOMIIEHCYETHCA
I;KepeJsioM eHeprii B HaJpaxX — TePMOAJEPHUMU PeaKIiaMI.
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Kaum IBanoBuu Yypromor (1937—2016) —
npodecop, uaeH-KopecmoHazenT HAH Vxpai-
HU, BiloMUH y CBiTi mocaigHUK (PisUKH KOMET
i kocmoroHii CoHsIYHOI cucTeMu, BIIKpUBa4 JBOX

KOMET.
Hapoausca y Mukosaesi. ¥ 1949 p. ponu-
Ha xJiomnIsa mepeixasna no Kuesa, me micis 1mko-
JIU BiH HABUYaBCS CIOUYATKY y 3aJi3HUYHOMY TEX-
HiKyMi, a 3rogom y KuiBchkoMy yHiBepcuTeTi
im. T. T'. llleBuenka Ha (isuuHOMYy (haKyJIbTETI.
Orpumasiiu 1960 p. yHiBEpCUTETCHKY OCBITY
3a (paxoM (hiBUK-acTPOHOM, MOJIOAWIT HAayKOBEIlb
mparioBaB Ha crauiii B 0yxTi Tikci, e mocrig:KyBaB IOJAPHI cAlBa, 3eM-
Hi cTpyMu Ta ioHOChepy. 3rogom HypioMOB po3po0JIAB Ha KUIBCbKOMY 3a-
BOZi «ApceHas» acTpOHABITaIlifiHY amapaTypy AJid KocMiuHuX paker. Ilic-
JIs 3aKiHUYeHHS acHipaHTypH CTaB HAaYKOBUM CIIiBpoOiTHHKOM KuiBChKOTO
yHiBepcurery, a 3 1998 p. — mpodecopom. 3 2004 p. ouosroBaB KuiBcbKuit

IJIaHeTapii.

HayxkoBa cnagmuua Kauma IBanmoBmua Hajndiuye moman 800 mpansb,
ajle HauBiOMIMIUM HOTO MOCATHEHHAM CTAaJIO BiIKpuTTA KoMeT. Ileprry
BueHui BigkpuB 1969 p. pasom 3 acmipanTkoo CsiTsianor I'epacumeHKo.

Ileit kocmiunMit 06’eKT TaK i HasBaau — «Komera UypromosBa-I'epacumen-
Ko». ¥ 1986 p. Kaum IBarnoBuu pasom i3 Bajmentunom CoJ0LOBHUKOBUM
(3 AcTpodisuunoro iHctutryTy imMm. @ecenkoBa, KasaxcraH) BiIKpuB Ipy-
Ty, JOBTOIIEPiOANUYHY KOMETY, AKa orpuMasia HasBy «Komera YypiomoBa-
CoJIOIOBHUKOBA» .

Kaum Yypromos i Ceitsnana I'epacumeHKO
2 6epesnsa 2004 p. OyJju MpUCYTHI Ha KOCMOIPO-
mi Kypy v ®@pannysskiii I'siani mig uac samycky
€BPOIIENCHKOTO MisKIIJIaHeTHOTO 30HAa «PozerTar,
axuil BupymaB g0 «Komeru Uypiomosa-I'epacu-
MeHKo». [lens 12 nmucromaga 2014 p. cTtaB uepro-
BuM Tpiymdom niasa Kiauma IBanosuua: «Poserras
3aBepIInja CBOIO Micito — ii cmyckoBuil amapar
«®Diyi» 3milicHUB BOAJY MOCAAKY Ha KOMETY, II00
posmouaTwu ii JociigsKeHHA.
Imiie omauM mocsarHeHHAM mIpodecopa Uypro-
MOBa CcTajio HagaHHa MisKHapOIHUM acTPOHOMIU-
HHUM COIO30M HAIliOHAJbHUX iMEH-CMMBOJIiB MaJIUM IIJlTaHETaM Ha YecThb
T. IlleBuenka («2427 Ko63ap»), I. @®panka («2428 Kamensap»), I'. CkoBo-
poxnu («2431 CrkoBopona»), KHY im. T. IlleBuenka («4868 Kuymesisa»).
A 1984 p. im’a camoro K. I. UypromoBa 0yJio BIIIaHOBAHO y Ha3Bi MaJjiol
mwianetu 2627,




.

~ Top»ecTBO HayKm i CBiT/IO Bipn

Onena Ipaniena Kazumupuak-Ilosoncska (1902—
1992) — Bimoma i1 mysKe IIaHOBaHA B HAYKOBOMY CBiTi
yKpaiHCchbKa acCTPOHOMEKA.

Hapoagunaca maiibyTHsS HayKoBuIlA Ha BoauHi
y IIIAXEeTHIA poauHi MmicreBux aBopdAH IlogoHCBKUX.

Y muTuHCTBI Ta IOHAITBI HiBUMHA HaBYaJacad B KiTbKOX
Kimoumx rimuasigsx — y Bapmasi, Iletepoypsi, Hos-
ropoxa-Cisepcbkomy i JIymbKy. YyZ0BO PO3MOBIIAIA He
JIAIIIe PiJHOI0 YKPaiHChKOIO, a I J00pe 3HaJIa POCIHiChKY,
MMOJILCHKY, aHTJIINCHKY U HIMEI[bKY MOBM.

Y 1922 p. Osena 6aucKyue cKJajga icnutu Ha (isu-
Ko-MaTeMaTnyHUU (parkyabTeT JIbBiBCbKOTO yHiBEpCUTE-

Ty dna Kasumupa, Ha Bigginenusa acrpouomii. 3 1934 p.

IrpaIioBajia B aCTPOHOMIUHi o6cepBaTopii mpu BapiiaBchKoMy yHiBEpCHUTE-
Ti, Ze 3axXmcTuaa gucepraltio «IIpo miaameTn i MEeHTPUUYHUNA PYyX ILIAHET»
i 3mo0ya HAyKOBUI CTYIIiHDb JOKTOpa (hiocodii.

ITicna Opyroi cBiToBOI BifiHM, IPOTATOM AKOI yUeHa 3a3Hajla UMMAaJIO
rops i MoHeBipsAHDb, BOHA Pa3oM i3 MaTip’to Ta cuHOM Iepeixasia 10 Xepco-
Ha, Je BUKJaJajia aCTPOHOMIIO B IIeJarorivyHoOMy iHCTHUTYTi. ¥ TOM caMmuii
yac OyieHa IBaHiBHA 3HOBY roTyBaJIacs A0 3aXUCTY KaHIUAATCHKOI, OCKLIb-
KM i I0JIBCBKOT0 IpodecopchbKoro aumiaoMmy y Pagsaacsxomy Corosi He Bu-
spaau. ¥ 1950 p. BueHa 3axmcTuJIa UCEPTAIlil0 Ha 3400yTTA HAYKOBOTO
cTymeHA KaHauaara (pismKo-MaTeMaTUUYHNX HayK.

Ousena IBaniBHa mparoBana B OecbKOMY HeIarorivHOMYy iHCTUTYTI,
motim y Jleninrpaacekomy (Huni CankT-IlerepOypr). OcHoBHI HayKOBi po-
6oru Kasumupuak-IlooHCEKOI MpHUCBAUYeHI BUBUEHHIO PYXY KOPOTKOIIE-
piogMuyHMX KOMET, 30KpeMa eBOJIIoIil iXHiX opbit. BueHna mociimxysaia
pyxu 35 KOPOTKOMIEPiOAUUYHUX KOMET, JOBEJA, IO BILJIUB BEJIMKUX IIJIa-
HEeT € OCHOBHUM UMHHUKOM, AKHUH i€ Ha TpaHcpopMaIlirzo KoMeTHuX opoiT.

OcranHi pokn xxkurta Onena Isa-

HiBHA ONpUNHAJIA UYepHeue MOCTPU-
JKeHHs, YhTaja JeKIlii i nucaga KHU-
i 3 60T0CJIOB’ . Y CBOIX IIpallsgxX BOHA
Ipar"yJia MoJgapyBaTH JIOJCTBY CBiT-
JIO BipH, TOPKECTBO KYJbTYPHU U Ha-
yku. O. I. ITo1oHCHKa OyJs1a moxoBaHa
Ha TepuTopii ITyaKoBCcbKOI obcepBa-
Topii (CaukT-IleTepOypr).

Y 1978 p. im’am Onenn Kasumup-
yak-IlosoHCHKOI Ha3BaHA MaJja ILa-
Heta «2006 IlosoHCHKA», B XepcoHi
Ha 4ecTh BUJATHOI aCTPOHOMKU Ha3-
BaHa BYJIUILA.




Tema 6. Hawa NnakTnka

MonouHun WWnax. byposa NanakTnku.
3opsAHi cKynueHHA Ta acouiauii. TymaHHOCTI.
Micue CoHAYHOT cuctemm B NanakTuui

Puc. 1.1. MonouHuni,

a6o Yymaubkuin Lnsx,

[10 AKOrO BXOAUTb Halla
CoHAYHa cnctema.

Ha HiuHOMy Hebi My 6aunmo
noro AK cpibnacty cmyry

FanakTnka — BeneteH-
CbKa 30psAHa cuctema, Aka
CKNaJa€eTbCA NPUGIN3HO
i3 200 mnpg 3ip, BO AKNX
Hanexuntb i CoHue

Monounun Wnax (a6o
Hawa lanaktuka 4m npo-
cTto [anakTuKka 3 Benu-

KOI NliTepun) — ranaktuka,
y fAKi po3TawosaHa Co-
HAYHA cncTema i BCi OKpe-
Mi 30pi, BUAVMI Heo36po-
€HVM OKOM. Y Hapogi ii we
Ha3nBalTb YymaLbKum
LLinaxom

Puc. 1.2. UeHTp
Yymaubkoro LLUnaxy. 3HimoK
3 Teneckona «CniTuep»
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Moaounnii Illnax. Bymosa Tamaktuku. 3opaxi
ckymueHHs Ta acomiaimii. Tymannocri. 3a mexxamu Co-
HAYHOI cucTeMu, Ha Bimcraui 6inbin ik 100000 a. o.,
MMOYMHAETHCA 30HA TAKiHHA iHmux 3ip. HeosdbpoeHUM
OKOM Ha Hebi MoKkHaA mobaumTu 6amsbko 6000 3ip, aAki
yTBOPIOIOTH Ha Hebi 88 cysip’iB. Hacupasai 3ip mabara-
TO OiJIbIIle, ajie Bi JajJleKMUX CBIiTUJI HAAXOAUTL TaK MAaJIo
cBiTJsIa, IO 1X MOJKHA CIIOCTEPiraTu TiJIbKHM B TEJIECKOII.
Benuki ckymueHHs 3ip, 110 YTPUMYIOTHCS CHUJIOIO TSAMKIH-
H$, Ha3UBAIOTh TAJIAKTUKAMU.

¥ BcecgiTi nepedyBaioTh MiJIbApAU TAJaKTUK, CEPe
AKUX € i Hama [NanakTuka, AKy HasuBaioTh MoJyouHMi,
a60 Yymanpkwuii [1lnax, 7o sxoi BxoauTh Haita CoHIYHA
cucrema. Ha miumomy mHebi Mmu 6aummo ii AK cpibascry
cmyry (puc. 1.1). Hama I'amakTuka — 1ie BeJimuesHa cH-
creMa, y AKill o0epTraroThcA HaBKOJIO eHTpa (puc. 1.2)
Migbapau 3ip. [apaui 3opi posmimeni y surasami guc-
Ka 3i cmipasbHUMEM pyKaBamMu. ['aJaKTUKHW PO3TalIIoBa-
Hi B CKynuUeHHAX i (OPMYIOTh KOMipUaCTy CTPYKTYPY
BceecBiry. Haii6inbinn BigganeHi kocmiuui 06’exTu, AKi
e MOKHa M00AaYUTH y CydYacHi TesJiecKomu, — KBa3a-
pu. Bouu poararoBaHi Bix Hac Ha Bifgcrami 10 mapx cB.
POKiB.

Ily:Ke Ba)KKO BUSHAUUTHU BiK, KOJU c(POPMYBaBCA
Yymanbruii [lnax, ame Hapasi Bik HalgaBHIIIUX 3ip
y TanaxTuii ominmoerseda y 13,6 mapa pokis, 1o mpu-
0s1m3HO HOPiBHIOE BiKy BeecBiTy. 3a cyyacHUMU ysBJIEH-
HAamu, Yymanpkuii IIlaax yTBOpuBCA BHACIIZOK 3iTK-
HEHHS 1 3JUTTA HeBeJUKUX TaJaKTuk. CBigueHHAM
IIBLOTO € TIePIIi 30pPi 3 AyKe HU3bKOIO0 METANiUYHICTIO, IO
YTBOPUWJINCA Ha HaWpaHiIoMy erarni icHyBanHA Bcecsi-
Ty. Taki 30pi BUeHi 3HAXOMATH Y TAJIAKTUYHOMY 2AJ10 —
«okoauiti» Yymanekoro Ilnaxy, 1110 TATHETHCS 3a MeKi
#ioro BUAMMOI YaCTUHU.

3a TOIIOMOT0I0 KOMII'IOTEPDHOTO0 MOJeJIIOBaHHA (ha-
xiBii 3 'apBapa-CMiTCOHIBCHKOTO acTpOo(disuuHOro IIeH-
TPy MiMIIM BUCHOBKY, II0 Halma ['aJaKTuKa Ta rajak-
Tuka Augpomenu (puc. 1.3), AKi HAGIMKAIOTHCSI OHA 10
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onHOl 3i mBUAKicTIO 6i3BK0 500 THC. KM/TO/,
BpeIITi-peInT 00’ equaoTbes. Lle crameTbes mpu-
OJIMBHO 3a 2 MJIPJ POKiB.

3opi B lasmaxkTuili yTBOPoOIOTH MEeBHI cuc-
TeMH, IKi TPUBAJWHN Yac iCHYIOTH y CHLILHOMY
rpasitamnifinomy moJri. BinpnricTs 3ip pyxaeTsea
Yy HOABIMHMX Ta KPATHUX CUCTEMAX, ¥ AKUX KOM-
TIOHEHTU 00ePTAIThCA HABKOJIO CHiJILHOTO IIEH-
Tpa Mac moai0HO Ko obepranusa miaanetr COHAYHOL
cucremu. HalumciienHimi cucreMu 06’ eqHaHHA
3ip HaJNiYyIOTh COTHI THCAY 00’€KTiB — II€e 30-
paHi ckymueHHs Ta aconianii. Kyascmi 30psni
CKYNnueHHsA CKJIATAIOTHCA 3 MinbloHIB 3ip. Pos-

Tema 6. Hawa lNanaktuka

Pnc. 1.3. Komn'totepHa mogenb
36nmxeHHA Yymaubkoro Lnaxy
Ta ranakTvku AHgpomeam

ciani 30paHi cCKYnuyeHHsA MalOTh KiibKa TucAY 00’eKTiB. Haliackpasimri
3 Hux — Ilneanu (Cro:xapu) ta I'iamu — BuAHO HE030POEHUM OKOM y Cy-
3ip’i Tinbia. ¥ s3opsaHi acormialii BXoaAATh BiTHOCHO MOJIOAi 30pi, AKi Ma-

IOTh CIIiJIbHE IMOXOIKeHHI.

IIapamerpu Hamoi 'agsakTukmn

[MonoxeHHs LleHTp

287000 cB. pokiB l

Anck Conyn . 1 000 cB. pokis
- Tano

Kynacri
CKyMUeHHA

100 000 ¢, pokiE————————*

KinpkicTs 3ip 4 - 101
Maca 710" M
HiameTp aucka 3 + 105 cB. p.

Bincrans Couia go meHTpa ~ 30 000 cB. pokiB

TanakTuunmii pik 2,5 - 108 p (=250 maH p)

TamakTuKy uyacTo 300paKyOTh AK 30pd-
HY CHUCTEeMY Yy BUTJIAII BeJeTeHChKOT'0 MJIMHILSA,
y IKOMY 30pi pyxaioThCcs B OOHil miormuHi. Ha-
crupaszai 'amakTuka mae cepuuny popmy 3 gia-
metpoMm Mmaitzxe 300000 cB. pokiB, aje OiabIIiCTh
3ip BeJMKOI CBITHOCTI po3MimIyOThCA MPUOIN3-
HO B OAHIi#l ILJIOI[MHI, TOMY iX BUAHO Ha Hebi AK
TYyMaHHY CBIiTJIYy cMyTy, AKY B YKpaiHi HasuBa-
o1t Yymansrum [lnaxom.

Hassa «l'amaxkTuka» mpuiimiaa 3 I[aBHBOI
T'perii i B meperaazni osaauae Monounwnit lmax.
3BepHIiTH yBary, 1o Bci sgckpaBi 3opi (cysip’sa

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 1.4. TazonunoBa TyMaHHICTb
Tpudin y cysip’i Crpinbusa

93

MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua



Tema 6. Hawa MNanakTtuka

TymaHHOCTi — NpOTAXHi
3ryLieHHA rasy 1 Mixk30-
pAHoro nuny B fanaktuui,
AKi BUABNAOTL cebe no-
TIVHAHHAM (TEMHIi TyMaH-
HOCTi) a60 BMMPOMIiHI0-
BaHHAM (cBiTni Andy3Hi,
eMICiliHi TyMaHHOCTI).
TeMHi 1 CBiTNI TyMaHHOCTI
BifPI3HAOTbCA NULLE BU-
rNAROM, METOAAMU iX BU-
ABNEHHA | CnoCTepexeHb,
0CO6NMBICTIO BUMPOMIHIO-
BaHHA

Opion, JIebingp, JIipa, Opex) posTarioBani y cmysi Mo-
aounoro Ilnaxy. ¥V miit mioluHi pos3TamioBana 3HaYHA
YyacTUHAa Ta3oNUJIOBUX TyMaHHOCTell, 3 AKUX YTBOPIO-
I0ThCA HOBi MOKOJIIHHA 3ip 1 mIaHeT.

¥Yci i 06’ekTy GopMyIOTE TaK 3BaHY NJOCKY CKJAA-
0dosy I'anaxmukxu, 1o Axkoi Bxoauthb i CoHAYHA cucTeMa
(puc. 1.4). Crapi 30pi maJioi cBiTHOCTI, AKi BXOIATH Y KY-
JIACTi CKYIUeHHSA, HAJEXKATh A0 chepuirol ckaadosoi I'a-
AaKmuku. 3a XiMiYHUM CKJIQZOM 30Pi KYJIACTUX CKYII-
YeHb MIiCTATH ¥ COTHI pasiB MeHINe BaXKKUX XiMiuHMX
ejieMeHTiB, Hixk CoHIle, aJ:Ke Iie 30Pi IepIrnoro MoKoJIiH-
HA, 9Ki chopMyBaica pa3oM 3 YTBOPeHHAM ['alaKTUKU
mie 10—15 mupa pokiB Tomy. 3apoasKeHHA MOJOAUX 3ip
i mIaHeTHUX cucTeM 3apas BimOyBaeThCA TiJIBKU Y ILJIO-

muHi [ajlakTuKM, ge ra3onujIoBi TYMAHHOCTI YTBOPIOIOThCA ITicJIs cIiaja-
xy HoBux ta HamHoBux 3ip.

TymanHsocTti. [leaki TymanHOCTi CBiTATHCA, TOMY IIIO IX BUCBITJIIOIOTH
cycimHi 30pi; iHIII 3anunIaOTHCA XMapaMu TeMHOro rasy. OCKiibKy MidK-
30PAHUNA MUJ MOTJIMHAE CBiTJIO, YU€HI MOXKYTh BU3HAUUTHU MicIle PO3Ta-
IIyBaHHS TaKOI TYMaHHOCTI, IKa 3aTyJise 0iabIn gaueki sopi. Ilicaa coa-
Jaxy 30pi Bci miaHeTH, siKi obepTasrcsa HABKOJIO Hel, BUIIAPOBYIOTLCA
¥ IIepeTBOPIOIOTHLCS HA Ia30BYy TYMaHHICTh, 3 SKOI B MAliOyTHHOMY MOJKe
YTBOPUTHUCA HOBe NOKOJIiHHA 3ip. To6To y BeecBiTi criocrepiraerses cBo-
€epimuuii KPyroobir pedoBUHU: 30pi — crajax 3ip — TyMaHHiCTL — Ha-
POJKeHHSA HOBUX 3ip.

IleAKi rasoBi TYyMaHHOCTI, III0 OTOUYYIOTH 30Pi, HA3MBAIOTHCA IJIaHETaP-
HUMHU. BOHU CBiTATHCA 3aBASKU €HePril BUITPOMiHIOBAHHS I[eHTPAJIbHOL
30pi — axapa maHetapHoi TymanHocTi. HuHi Busasiaeno mouan 1500 ramak-
TUYHUX IIJIaHETAPHUX TYMAaHHOCTEH, 1X 3HAWEHO i B HANOJIMIKINX Tajlak-
TUKAaX, HAIPpUKJa] y MarejianoBux xmapax.

Hesaki TymaHHOCTI, 32 AKMMH JIETKO CIIOCTEpiratu

Cysip’a Hassa Bug IMisxkyna | Cmoci6 cmocTepeskeHHa
Bogoaiit | NGC7293 | ninaumerapua | IliBmerna Y GiHOKJIb
Kinp NG3372 IHJI0BA IliBmenna Y 6iHOKJIB
Jlipa M57 nyanetapHa | IliBHiuHa ¥V Teneckon
Opion M42 mudysaa | I[liBgenna | Heosz0poeHuM OKOM
Crpinenp M20 IudysHa IliBmenna VYV Teneckon
Jlucumsa M27 miranerapua | [liBrHiuHa ¥V Teseckon

CoHAYHa cuctema —
CoHue Ta BCi 06'eKTH,
L0 rpaBsiTaLinHo
NoB’A3aHi 3 HUM
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Micue Cousunoi cucremu B I'amaktuni. CoHIle pos-
TallroBaHe MMOOJM3Y ILIOIMMHY ['aJaKTUKM Ha BigcraHi
25000 cB. pokiB Big ii aapa (puc. 1.5). BekTop 1mBumg-
KocTi CoHITA BiZIHOCHO HAMOMMIKUUX 3ip CIIPAMOBAHUI
Io cysip’a I'eprysec. Pasom 3 ycima cycigHiMu 3opsaMu
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Tema 6. Hawa lNanaktuka

Comniie obepTaeThbCsa HABKOJIO Aapa ['aJaKTUKY 31 IIIBU-
kictio 230 km/c. Ilepiox obepranus CoOHIIA HABKOJO
Apa HA3WBAETHCA TAJAKTUYHUM POKOM, TKUHA ITOPiB-
Hioe 250 000 000 semMHUX pOKiB. AHaJi3 IMBUAKOCTL
obepraHHdA 3ip CBiIUUTH IPO CYTTEBY BiAMiHYy MiK 1O-
BEIiHKOIO 00’€KTiB y c(pepuuHiii Ta IJIOCKil CKJIaZ0BUX
TanakTuru. AKIMO 30pi MIOCKOI CKJIaI0BOI 00€PTAIOTE-
csA HaBKOJIO eHTpy 'asakTuKu mo0au3y ofgHiel miiormu-

HU, TO 30Pi cheprUHOI CKJIATOBOI 00’ eTHAHI Y BeIUUe3Hi Puc. 1.5 Micue
KyJIHCTi CKYyIIYeHHdA, 110 O6epTaIOTI>CH HABKOJIO IIEHTPY po3TallyBaHHA CoHaYHOT
M0 BUTATHYTUX opbiTax y pisHmX muormuHax. Ilo Toro cuctemm B fanaktuui

JK Tepiof o0epTaHHs X CKYITUeHb IIOKA3ye, 1110 3HAUHA

maca l'anakTuku posmnopisena came y chepuuHini ckiamosiii. Ile MmoxkyTh
OyTu 00’eKTH MaJjol MacH, sIKi He BUIIPOMIiHIOIOTH €Hepriio y BUAUMIil ua-
CTHHIi cIIeKTpa, abo YopHi mAipu Majoi Macu.

6 AisHaiTeca Ginblie Npo Noxog»KeHHs Ha3BW Hawoi ManakTukn.

G KoHTponbHi 3annTaHHA

1. Onumrite ocHOBHI mapamerpu Harmoi ['arakTuKM.

2. Yomy, Ha Balll IOTJIAM, cIIocTepirauy, Axkuii nmepedysae Ha Semui, Hy-
mansKuil laax BUAHUYN ITepepuBUYaCTUM i KJI0UIaCTUM ?

3.IITo Take 30psaHi CKymueHHA?

4. fxe micme Coumaunoi cucremu y Harrii [NamaxTumi?

5.Yum BigpisHATHCA 30pi II0CKOI cKIagoBoi l'amakTuku Bifg 3ip coe-
pUYHOI CKJIam0BOi?

6. 3HaliaiTer Ha KapTi 3opsAHOro Hebda cysip’s, Kpisk aki npoxoauts Uy-
manbkui lnax.

@ Mipgcncremn NanakTnkn Ta ii cnipanbHa CTPyKTypa.

Opuiero 3 TaeMHUNG ['ajaKTUKU € Tak 3BaHi cmipajsHi pyKaBu
(puc. 2.1), aki 3apomKyIOThCA Aech 014 i1 meHTpy. CoHIle PO3TAIIIOBYETH-
cs Ha nepudepil oJHOro 3 TaKUX PYKaBiB, 110 3aKpyude-
HUH y IJIOIIMHI raJJaKTUYHOTO AHCKa. ACTPOHOMH BBAa-
2KaloTh, IO CIIipaJbHi PyKaBU BUHUKAIOTH AK CIipaJbHi
XBUJIL TYCTUHU, AKi CTBOPIOIOTHCA IIiJ] YaC CTUCKYBAaHHA
XMap Mi’K30PSHOTO rady Ha MOYaTKOBOMY eTalli (opMy-
BaHHA 3ip. ¥ CBOIO Uepry, 0pu BUHUKHEHH] 3ip y MisK30-
PAHUX XMapax rasy Ta IuUJIy BUHHUKAIOTh yIapHi XBUJIi,
1110 TIPU3BOUTE MO YTBOPeHHA Mojoaux 3ip. Koau ma-
CUBHI 30pi cnaysaxyioTh Ak HagHOBI, TO TeXX YTBOPIOIOThH-

cs HOBiI TYMaHHOCTI, ¥ HOBi yZapHi XBUJIi IOIIUPIOIOTH- Puc. 2.1. CipanbHi
cs y MisksopsaHoMYy mIpocTopi. To6To hopMmyBaHHS ofHiel pyKaBu ranaktviku M8o
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Tema 6. Hawa MNanakTtuka

Anpo
ranaktmkun

TemHa 30Ha

o
@"g\e@
N

PykaB KeHTaBpa

Puc. 2.2 CnipanbHi pykasu
Hawoi [anakTnkm

rpynu 3ip 3abesneuye CTBOPeHHA MeXaHidMy IJid yTBO-
PEeHHA HOBOTO MOKOJIiHHA 3ip. Ileii mporec iHKoJIM HAa3U-
BAIOTh YOPMYBAHHAM 3ip 30 DONOMO2Z0I0 CAMOPO3MHONCEH-
Hsa. Taxkuii mepebir momii Mmoyke pOpMyBaTH CIIipanabHi
XBWJII TYCTUHU He TiJibKU B Harrii [amakrui, a # B iH-
IIUX CIIipaJbHUX FaJaKTHUKaX.

Kosken cmipanbHU# pyKaB onmucye jgorapuGMiday
coipanb i3 Haxmaom npubansHo 12°. Beakaerbesa, 110
B Hamriti ['amaKTuIli iCHyIOTh YOTUPU OCHOBHI CITipajbHi
PyKaBu, AKi 0epyTh CBiif TOUYATOK Yy raJIJAKTUUYHOMY IT€H-
Tpi (puc. 2.2). KosxkHoMy 3 HUX HajJaHa BJIaCHA Ha3Ba:

Pykas Jlebens, Pyxkas Keuraspa, Pyxkas Crpinbiisa, Pykas Ilepces. Taxkoxx
icuye 11e oauH HeBeJUKHuil pykaB — Pykas OpioHa, came B HbOMY I PO3-
rarmoBaHa CoHsAYHA cuUcTeMaA.

Puc. 2.3. Kinbue

€anHopora — MPOTAXHUN
KinbuenoaibHuin naHuor

i3 3ip, Tpnui obepHeHMn
HaBkoso Yymaubkoro Lnaxy

CuipaspHi pykaBu BUHUKAIOTh Y JeAKUX TaJIaKTHU-
KaxX AK IWBHI XBUWJi I'yCTUHU, Ae (GOPMYIOThCA HOBI IT10-
KOJIiHHA 3ip.

ITosa mexxaMu OCHOBHUX CITipaJIbHUX PYKaBiB po3Ta-
mioBaHe 3oBHinrHe Kinbiie, ado Kinbsie €Equnopora. Bono
CKJIaJaeThcsA i3 rasy Ta 3ip, 1o OyJu 3amo3udeHi Bifg iH-
MIUX TAJAKTUK MiJIbAPAU POKIiB TOMY.

Kinbe €aquHopora — OPOTSKHUN KiJbllemonioHmit
JIAQHITIOT i3 3ip, Tpuui obepHEHU HABKOJIO UyMaIrbKo-
ro lllnaxy (puc. 2.3). IIpunyckaerbcs, 10 CTPYKTypa
chopmyBasacsa BHACTIIOK BUPUBAHHS YaCTUHU 3ip i3 ra-
JaKTUKU-cynyTHuKa Benukuii Ilec mpuniuBHEUMU cHUIa-

IInaxom. Bara Kinbis €ausopora cranoBuTh 100 MJIH COHAYHUX MAac, 3aB-
moB:KKU BoHO carae 200 Tuc. ¢B. poKis.

@ KoHTponbHi 3anuTaHHA
1. Ie sapomKyOThCA cliripaiabHi pykasu I'adsakTurum?

2.Ha3sBiTh ocHOBHI pyKaBu 'alakTUKK. ¥ SKOMY 3 HUX PO3TAIIIOBYETHCS
ConsuHa cucrema?

3. fixkuit mporiec (popMyBaHHS 3ip Ha3UBAETHCA CAMOPO3MHOMKEHHAM ?

4. dx chopmyBasaca crpykrypa Kinbma €agumopora?

@ HapmacmuBHa YopHa Oipa B ueHTpi NanakTnkn

IlenTp raJakTUKU MiCTUTh KOMOAKTHHUI 00’ €KT i3 AysKe BeJINKOI0 Ma-
coto (6smsbko 4,3 murH M), posrammoBanuii y HaupAMKY cy3ip’s Ctpinas-
. Ieit 06’exT mae Ha3By Crpinens A* (anra. Sagittarius A¥*, puc. 2.4),
OiBITiCTH, BUEHUX BBAYKAIOTHh HOTO HAIMACUBHOIO ¥OPHOH0 dipoto (puc. 2.5).
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Tema 6. Hawa lNanaktuka

Puc. 2.5. Komn'loTepHa mogenb yop-
HOI Aipy B LeHTpi fanakTnku

Puc. 2.4. HagpmacmsHa yopHa pipa Crpineup A*

Y 2002 p. miskHapoaHAa AocaigHuIIbKA rpyna IucTu-
TyTy Makca Ilnanka Ha doii 3 Paitmepom lllenenem mo-
BioMmJIa IIPO Pe3yJIbTATH CIIOCTEPEIKEeHH PyxXy 30pi S2
HaBKoJI0 00’exkTa Crpinens A* 3a mecartb pokiB. Boxnu mo-
Boguau, mo Crpinzenb A* — 006’€KT BeJIMUe3HOI MacHu.
3 aHaJidy eseMeHTiB opbiTu OyJa0 BU3HAYEHO, IIT0 Maca
06’exTa cramoBuTh 2,6 = 0,2 man mac Connga. Ia maca
MicTuThCA B 06’eMi giameTpom He 6inbT Hisk 17 cBiTaTO-
Bux roguH (120 a. o.). ITomanpIri cnocTepeskeHHA BCTa-
HOBUJIM OiJbII TOUHE 3HAUEHHA Macu — 3,7 MJIH MAac
Coniis, pagiycoMm He OigbIn HixK 6,25 cBiT/IOBUX roguH
(45 a. o.). lna nopiBuauuA: IlayToH BigmameHuit Big
Counsa Ha 5,51 cBiTmoBux roaumH. Ili crmocrepeskeHHA
JIO3BOJIUJIN IPUIIYCTUTH, 1110 00’ eKT CTpinens A* moB’ -
3aHUY 3 YOPHOIO Iiporo.

Ho xiama 1960-x pp. He icHyBaJio epeKTUBHUX iH-
CTPYMEHTIB JJIsT BUBUEHHS IeHTPaJbHUX obaacreii I'a-
JAKTUKW, OCKIiJIbKU IiJIbHI XMapu KOCMiUHOTO ITHUJIY
(puc. 2.6), ki 3aKpuBaIOTh BiJ cmocTepiraua raJakTuy-
He AP0, MOBHICTIO MOTJINHAIOTH BUAUME BUIIPOMiHIOBaH-
Hd, IO e BiJg HBOTO, i 3BHAYHO YCKJIAAHIOIOTH POOOTY
B pagiomiamasoni.

Puc. 2.6. WinbHi xmapwn
KOCMIYHOrO Nuy HaBKOO
aapa fanakTnku

Puc. 2.7. 3opi B mexax = 0,5”
Bifl LleHTpy lanakTnkm

YopHa gipa He BUMNycKae

3 II0ABOIO iH(ppauepPBOHUX IETEKTOPiB BUCOKOI po3-
IinbHOI 3maTHOCTI 3’ABUJIACh MOJKJIMUBICTL cIocTepira-
TH OKpeMi 30pi B IeHTpaJbHUX obOJacTAX I'adakTuku
(puc. 2.7). BuBueHH# IXHiX CIEKTPaIbHUX XapaKTepHC-
TUK BUABUJO, 1[0 OLJIBIIICTD i3 HUX HAJIEXKATb O MOJIO-
IUX 3ip BiKoM KiJbKa MinbiioHiB pokis. Becymepeu 1mo-
rIsamaM, AKi IpuiHAaTI paHiiie, O0yJio BCTaHOBJIEHO, IO
B OKOJIMIIAX HAAMACUBHOI YOPHOI Aipu aKTUBHO e IPo-
Imec 30peyTBOpPeHH . JledAKi HOCHIITHUKY BBaKaIOTh, IIIO
IKepesioM Tasdy IJis IIOT0 IIPOIecy € JBa ILJIOCKi aKpe-
mifini rasoBi kinbiga (puc. 2.8), BuaBaeHi B meHTpi I'a-
aaktuku B 1980-x pp. IIpore BHyTpimIHiN niameTp mux

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

3 MONA TAXKIHHA aHi
efleMeHTapHNX YaCTUHOK,
aHi eNnekTpPOMarHiTHi
xBuii. Pagiyc YopHoi aipu
3aneXxnTb Bif i1 macu,

i MOXe OyTu Bifl KiNlbKOX
CaHTMMeTpiB abo MeTpiB
0O MinbApJiB KinomeTpis
AKpeuia — nagiHHA
PEeyYoBMHM Ha rpasiTytoue
TiNO i3 HABKONMLIHBOrO
cepefoBuLLa
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Tema 6. Hawa MNanakTtuka

KiJlellb 3aHa/ITO BEJIUKUI, 11100 IMMOACHUTU ITPOIlEC 30pPe-
YTBOPEHHS B OesIocepenHii 6,1u3bKOCTI Bi opHOI mipu.
3o0pi, 110 po3TaIloBYIOThLCA B pamiyci 10 mK Big wopHoi
nipu (Tax 3BaHi «S-3ipKu»), MalOTh TOBiIbHUN HAIIPS-
MOK PYXy OpOiTalbHUX MOMEHTIB, 110 CYIIEPEeUUTh aKpe-
MifiHOMY clleHapilo X BUHUKHeHHA. BBarKaeTnhCd, 1110 I1e
rapAui sapa 4epBOHUX TiraHTiB, AKi yTBOPUJIUCA y Bif-
IaneHUX parioHax l'ajlakTUKU, a IOTiM MirpyBaJiu B IIeH-
Punc. 2.8. Xmapw rapayoro TpaJIbHY 30HY, /e iXHi 30BHINIHI 000JIOHKY OyJiu 3ipBaHi
rasy B UeHTpi fanakTuku NPUILIMBHUMY CHJIAMU YOPHOI AipH.

G [isHanTecA Npo rinoTeTU4YHi aHTUNOAN YOPHMX Aip.

@ KoHTponbHi 3anutaHHA

1. Axy HasBy manu 06’ekTy B 1eHTpi amakTurm?

2.3aBIAKN YOMY CTaJIO MOKJIMBUM CIIOCTEPiraTu 30pi B MEeHTPaIbHIX 00-
nactax amaktTuku?

3. fIki cmocTepeskeHHA MPUIYCKAIOTh, 1110 00’ eKT CTpitens A* moB’s3a-
HUI 3 YOPHOIO Aiporo?

4.IITo ABAAIOTH CO00I0 YOPHIi Aipu?

BukoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMAaTU4YHOIO NMepeBipKoIo
Ha calTi «I[HTepaKTMBHEe HaBUYaHHSA».

BucuoBku. Hamra N'anaktuka (Moaounnit I[Ilnsax) — BesnuesHa cu-
cTeMa, y AKiil obepraroThesa HaBkoJ0 meHTpa 400 mupa 3ip. Hatiuucien-
HiIri cucteMu 06’ efHAHHS 3ip HAMIYYIOTH COTHI THCAY 00’€KTiB — IIe 30-
paHi cKynuenHd Ta acoriaiii. CoHIle posTaIlioBaHe Mo0JIu3y ILJIOIIUHNI
TamakTuxu Ha Bifgcrami 25 000 cB. pokiB Bix ii sapa.

CripasibHi pyKaBu BUHHUKAIOTh ¥ IeIKUX TaJlakTUKaX K JUBHI XBU-
Ji rycTuHU, ge (QOpMYOThCA HOBI MOKOJIiHHA 3ip. BBasKkaeTbed, 110 y Ha-
mitt 'ajmakTuIli iCHYIOTh YOTUPY OCHOBHI CcipasibHiI pyKaBu, AKi 0epyTh
CBill MOYATOK y TAJIAKTUYHOMY IT€HTPI.

ITeuTp 'amakTKU MiCTUTH KOMIIAKTHUI 00’€KT i3 AyKe BEJIUKOIO
MAaco0, Po3TallloBaHUll y HAaIPAMKY cy3ip’s Crpinbiia. Ileit 06’eKT Mmae
Has3By Crpinens A* i BBaskaeTbcA HaAMACUBHOIO YOPHOIO IipoIo.
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Tema 7.
bynosa i eBonounia BcecBiTy

@ CBiT ranakTuk. AKTUBHI Agpa ranaktmk

TanakTuky — Hag3BUUYANHO maJieki 06’ekTu. Bixg-
CTaHb [0 HAWOJIMIKUNX i3 HUX BUMipIOETHCS B Meramapce-
KaX, a 10 JTaJeKUX — B OOUHUISIX YePBOHOT'O 3MIIeHH.
Came uepes BigmaaeHicTh HEO30POEHUM OKOM PO3PisHU-
T Ha HeOl MOJKHA JIUIe TPU 3 HUX: TyYMaHHICTH AH-
apomvenu (Bumuo B IliBHiuHi# miBkysi), Beaukry i Many
Marennaunosi Xmapu (Bugso B IliBnenwit miBkyai). Bu-
PisHHTH OKpeMi 30pi B 300pasKeHHAX iHINMNX TaJaKTHUK
He BIABAJIOCA ayK A0 IMouaTKy XX CT.
Ho mouatky 1990-x pp. HasiuyBajo-
ca He 6inpime 30 raJakTUK, B AKUX
BIaJjiocs mobaumTu okpemi 3opi (Bci
i raJakTUKY HasexaThb 10 MicmesBol
rpynu). Ilicaa samycKy KOCMiuHOTO
Teseckona «I['ab6Jyi» i BBegeHHS B Mii0
10-MeTpoBUX HA3eMHUX TEJECKOIiB
KiZTBbKiCTh TraJIaKTUK, B AKX BAAJIOCHA
PO3Pi3HUTH OKpPEeMi 30pi, 3HAUHO 3pPOC-
aa (puc. 1.1). Hama N'amakTuka i ra-
aaktuka M31 (B cysip’i Angpomenn)
BXOOATH 10 MicIeBoi rpymnu ralakTuK
(puc. 1.2, 1.3).

FanakTnkm — i3051boBaHi
30pAHI cncTemu, Wo
MICTATb, KpiM 3ip, ra3

i mun. Yci 06’ektn B cKnagi
ranaktTuk 6epyTb yyactb

B 06epTaHHi HaBKo/O
CMiNbHOro LieHTPa Mac

Puc. 1.1. aneki ranakTuku.
B ueHTpi — Kinbue AlHWTalHa

Puc. 1.2. TanakTka M31 B ynbTpadionetoBomy cBitni MarennaHosoi Xmapu

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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Tema 7. bypoBa i eBontouia BcecBity

3a MopdoJIOTiYUHNMY O3HAKaMU ra-
JIAKTUKHU IOAIJIAITH, HA YOTUPHU TUIIHA:
o eqinTuuni E;
- cmipaabhi S (puc. 1.4);
» Jginsomoxi6oHi SO;
- HempaBuJabHi Ir (puc. 1.5).

Andpomeda » Maca rajakTuK BapiloeThbCs Bif
107 go 10'2 mac CoHmsdA, aas mOpPiB-
Yymaunxuii lMlasx .
HAHHA — Maca Hamoi lamakTuxkm
P \ cTaHOBUTH 0an3bKo 2 - 10! mac Con-
Maaa b

nd. Iliamerp ramakTuk — Big 5 mo

o b .
TPt Mazeaaranoei Xmapu 250 KLIomapcex (16_800 THC. CB. PO-

KiB). lyia mopiBHAHHA — miamMeTrp Ha-
moi I'amakturu 6ausbko 100 Twuc.
Puc. 1.3. Hanbnwkui go Yymaupkoro CB. POKiB, a HaATiraHTChbKa raJaKkTU-
Winaxy ranakvkn ka IC 1101 mae miamerp nmpuOIN3HO
6 MJTH CB. POKIiB.

Haii6inpIni cKymueHHA raJTakTHUK cIlocTepiraoTheda y cy3ip’ax JliBu Ta
Bousiocca Bepouiku (puc. 1.6). ¥V nipboMy HaIpsAMKY acCTPOHOMHY BiIKpUIN
cBoepinay Beauky Cminy, ne Ha Bigmcrani 500 MJH CB. POKiB BUABJIAETHCA
3HaUHe 30i/IbIIIeHHA KiJTbKOCTI TraJJaKTUK Y TOPiBHAHHI 3 iHIIUMY HATIPAM-
kamu. OKpeMi raJjakTUKKM B3a€EMOJIIOTh MisK c00010, HaBiTh BigOyBaOTHCA
ixHi 3iTKHEHHS, KOJU OJJHA FaJIaKTUKA MMOTJIMHAE iHIITy, — CIIOCTEPiraeTh-
csd CBOEPIAHUM rajJakTUYHUN «KaHiOamism» (puc. 1.7). Ha ocranubomy,
YeTBEPTOMY, CTYIEHi iepapxXiuHol CTPYKTYpPU CKYIMUYEeHHS TaJlaKTUK Maii-

JKe He B3aEMOIIiIoThL Mi co0o0Io.
Beauka Crina. Ille oguielo xapakTepHOIO PHCOIO POIMOAINY TaIaKTUK
y IIPOCTOPi € Te, 1110 BOHU po3MmilieHi y BeecBiTi y Beaukomy maciirtabi He
Xa0TUYHO, & YTBOPIOIOTH AY:Ke AUBHI CTPYKTYPH, AKi HaragyoOTh BeJINUe3Hi

Puc. 1.4. CnipanbHa ranaktuka NGC 24,

po3TawoBaHa B cy3ip'i CKynbnTop. Puc. 1.5. HenpaBunbHa
Bigkputa 1785 p. B. lepwenem ranaktnka NGC 1427A
100
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Tema 7. bypoBa i eBontouia BcecBity

ciTku 3 BostoKoOH. I1i BOJIOKHA OTOUYIOTH TiraHTCHKi, Bi-
HOCHO IIOPOKHi o6JiacTi — moposkHedi. [esaxi moposkHe-
ui maroTh giameTp 300 MJIH CB. POKiB — Ha ChLOTOIHI IIe
HaibOiabIn Bigomi yrBopennsa y Bececsirti. HaitimoBipHi-
IITAM TTOSICHeHHSAM ITiel BOJTOKHUCTOI CTPYKTypu BeecBiTy
€ Te, II10 TAJIAKTUKM Y IIPOCTOPi PO3TAIIIOBAHI Ha TOBEPX-
Hi Besimue3HUX OyJILOAIIOK, a ITIOPOKHEUi € IXHBOIO BHY-
TPINIHBOIO 06JIaCTIO. 3 TTOBEePXHi 3eMJi HaM TiJbKHU 371a-
€ThCs, 10 TAJIAKTUKY PO3TAIIIOBaHi MOAi0HO 10 HAMUCTA,
AKe HaHM3aHe Ha BOJIOKHAX, ke MU IX 60auynmo Ha 00is-
KaX BeJIMUe3HuX KOoCcMiuHux OyanOalnok (puc. 1.8).

Haii6inpium i3 TaKMX KOCMiYHUX BOJIOKOH Y CTPYK-
Typi ranakTuk i € Beauka Crina 3aBgoB:kKu 600 MuTH CB.
pokiB i saBmupmiku 200 M ¢B. pokis. IIpocTopoBa Mo-
Ieab BcecBiTy Haragye mIMaTOK IIeM3U, SKUU Y I1JIOMY
Ma€ OTHOPiAHY CTPYKTYPY, ajie OKpeMi 00’eKTU MAaiTh
nopo:xunuu (puc. 1.9).

Y 1929 p. amepukancbkuit actpouom E. I'a66a mo-
CIiI:KyBaB CIEKTPHU TaJIaKTUK i 3BepPHYB yBary Ha Te, II10
JiHil TOTJIMHAHHA y BCiX CIEeKTpaxX 3MiIlleHi B UepBOHUH
0ik. 3rigHo 3 epexrom [lonmiepa, e CBiAUYUTH IIPO Te,
1110 BCi raJlakKTUKHU Bifg Hac Bigmansiorbesa. Kpim Toro, 3a
JIOTIOMOTOI0 BEJIMUYMHY 3MIill[eHHA CIEKTPAJbHUX JiHINA
MOJKHA BUBHAUUTHU INBUIKICTH, 3 SKOIO IaJIaKTUKMU Bif-
IanATbcA. Buasuiocs, 110 MIBUAKICTE BigmaaeHHs Ta-
JIAKTUK 30i/bINyeThCA IPAMO IPOIIOPIIiHiHO BigcTaHi 10
MuX rajJakTuk (3axkou I'adc6a):

V=Hr, (1.10)
ne V — mMBUAKICTL PyXy raJjakTUKW; I — BiJcTaHb

mo Hei; H — crajma 'a667a. 3a ocTaHHIMM BUMiprOBaH-
Hamu H ~ 70 km/(c + Mux).

TanakTuuHi gapa MaoOTbh O3HAKM AKTHUBHOCTI
(puc. 1.11), armro:

* CIIEKTP €JIEKTPOMATHITHOIO BUIIPOMiHIOBAHHS 00’ €K-
Ta HabaraTo IMUPIIUN BijJ cOeKTpa 3BUYAWHUX Tra-
JAKTUK 1 MOXKe csAraTH BiJl pagio- 70 »KOPCTKOTO raM-
Ma-BUIIPOMiHIOBaHHS;

e CIIOCTEePiraeTbcsl «3MiHHICTB» JKepesa BUIPOMi-
HIOBaHHs. SIK IIpaBumiio, e BimOyBaeThCca i3 mepio-
noM Bix 10 XBUJINH Y PEHTIeHiBCbKOMY JiallasoHi g0
10 pokiB B onTryHOMY ¥ pajgiomiamasoHax;

* € 0COOJIMBOCTI CIIEKTPa BUIIPOMiHIOBAHHS, 38 AKIMU
MOJKHA 3PO0UTH BHCHOBOK IIPO PYX rapsdoro rasy
3 BeJINKOIO IIBUAKICTIO;

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

Puc. 1.6. Cy3ip'a
Bonocca BepoHiku

Po36iraHHA ranakTmk —
baKT 36iNIbLIEHHSA 3 YacoM
BiiCTaHEN MiX ranakTnka-
Mu. Po36iraHHA ranaktmk
3yMOB/IeHe PO3LUNPEHHAM
[LOCTYNHOro AnA crnocre-
pexeHb Bcecsity

AKTUBHI Aagpa ranak-
TUK — Afpa ranaktuk,

B AKMX CMOCTepiranTbCa
npouecu, Wo He MOXHa
MOACHUTN BAACTUBOCTAMMU
3ip Ta razonuaoBUX KOMI-
JIEKCIB, 3 AKMX Ui ranaktu-
K1 CKnapaloTbca

Puc. 1.7. 3ycTpiu
[IBOX ranakTuk

Puc. 1.8. BonokHucrta
CcTpyKTypa Bcecsity
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Tema 7. bypoBa i eBontouia BcecBity

Puc. 1.9. MNpoctoposa mofenb Beecsity Puc. 1.11. TanakTnka IC 3639
3 HEACHVIM aKTVMBHUM A4POM

* € BUAMMIi MOP(OJIOTiUHI 0COOJIMBOCTI, 30KpeMa BUKUIN 1 «TapsAyi IJIAMU» ;
* € 0COOJIMBOCTI CIIeKTPa BUIPOMIHIOBAHHSA Ta HOr0 IMOJIIpU3allii, 3a axu-

MU MOKHA 3pOOMTH BUCHOBOK PO HAABHICTH MATHITHOTO IIOJISA Ta MOTO

CTPYKTYPY.

IIposaBu mepesiueHUX 0COOJMBOCTEH MOKYTHL OyTH PisHi, raJakTHUKU
MOJKYTh BUABJATH He BCi mepejiueHi o3HaKM, a Juille Aesdki 3 Hux. Tpa-
OUITITHO TraJJakKTUKY MOIiJISIOT, Ha YOTUPHU KJacu: cei(pepToBChKi, pamio-
aKTUBHI, JanepTuau ta KBasapu (puc. 1.12).

AKTUBHI Aapa raJakTHUK € BasKJIUBUM HAIIPAMKOM
LKeTn — penaTuBicTChbKi CIOCTEPE)KHUX i TEOPEeTUUYHUX ACTPOPiBMUHMX HOCJIi-
CTPYMeHi Masmy, Wo moxkeHb. ocaimkenua 1miei obaacTi BKIOYAIOTH BUKO-
BUPVBAIOTLCA 3 LEHTPIB PHUCTAHHSA CIOCTEPEeXKHUX OIVIALIB AJA MOIIYKY aKTUB-
(A8€ep) aKTMBHYUX ranakTuk, . . . .
KBa3apiB, pamioranakTIK gnx anep I‘aJIE‘lKTI/II-C y mupf):fcomy /:uanausom C]'BlTH(').CTeI/I
i yepBOHUX 3MiIlleHb, IIEPEeBiPKY Moe el KOCMi4HOI eBo-
JmoIii i pocTy YopHUX Oip, BUBUEHHS (DiBUMKM aKperrii Ha
YOPHI Iipu i eJIeKTPOMAarHiTHOTO BUIIPOMIHIOBAHHS aKTUBHUX SAepP raJak-
TUK, BUBUEHHS BJIACTUBOCTel m:keTiB (puc. 1.13) i BUKUIiB peUOBUHY 3 aK-
TUBHUX A7epP FaJIaKTUK, a TAaKOXK BUBUEHHS BILINBY aKpeIlil Ha YOPHY Aipy

i KBazapHOi AaKTUBHOCTI Ha €BOJIIOIiI0 TAJIaKTUKHA.

P

."

CelidbepToBCbKa PapioakTnsHa

ranaktnka

.
R

Jlaueptng

Puc. 1.13. AKT1BHa riraHTCbKa eninTnyHa

ranaktnka M 87. 3 ueHTpy ranakTuku Bu-
Puc. 1.12. Knacn akTMBHUX ranakTuk PUBAETbCA PENATUBICTCHKMI CTPYMiHb
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Tema 7. bypnoBa i eBontouia Bcecsity

ﬂ AisHanTeca 6inble npo pi3Hi BUAN ranakTumk.

G KoHTponbHi 3annTaHHA

1. YumMm eninTuumi i HenpaBUJIbHI FaJIaKTUKX BiApi3HAIOTHCS Bif CIripaJib-
Hux? o akoro tTuny HajmeXuTh Hama [amakTura?

2. 5dIKi cTPYKTYypHU MaiOTh raJaKTUKN?

3.ChopmyaioiiTe i mosicHITH 3aKoH ['ab6sia. SIK 3a MOIIOMOTOI0 3aKOHY
T'a66sa MOKHA BUMipATHU BicTaHb M0 TAJTaKTUK?

4. Yu MOXKYTb Bifi0yBaTuCA 3iTKHEHHA TaJIaKTUK ?

5. JIJist Yoro AOCJIiIKYIOTh aKTUBHI Aapa raJakTuk?

6 CnocrepexHi 0OCHOBU KOoCcmonorii
Kocmonoria (kocmoc
Hnsa mobymoBu Mopesni BcececBiTy HeobOximHO maTu i rpew. Aoyos — _
BiTIOBiAL Ha Take samuTamHA: «Uu Mae Beecnit sikych | BYEHHA) — posain
19 . o . o aACTPOHOMII, B AKOMY
MexKy y mpocTopi?». Heckinuennuii i 6e3aMeXHUIA y IIPO- ) :
’ i : BVBYalOTb BcecBiT AK uine
cTopi Ta uaci Bececsit mpuBepTae 10 cebe yBary Tum, Iro

e . . . . . KocmonoriuHi
He Mae€ KpalB 1 MICTUTH HECK1HUEHHY KIJIBKICTH 31p Ta

. napagokcm —
rajakTuk. Aje B TakoMy BiuHOMY Ta 6GeamesxHoMy Bce- cynepeyHocTi, Aki
CBiTi BHMHMKAIOTh CYIIEPEYHOCTi, AKi B aCTPOHOMIii Hasu- BUHVIKAIOTb Y BIYHOMY Ta
BalOTh KOCMOJIOTIYHUMH MAPATOKCAMMU. 6e3mexxHoMy BcecaiTi

Icuytors Tpu Hali6GiAbII BiZoMi KocMoJioTiuHi mapa-
IOoKcH: (h)OTOMETPUUHUM, IpaBiTAlifHUII Ta «TEIJOBOI
cmepri» Beecsity.

doToMeTpuUHNI mapagokc 0yB chopmMyaboBa-
Hu# 1744 p. mBetinapcbkum actpoHomom K. IIleso
Ta OOMOBHEeHUII HiMenbKuUM acTpoHoMoMm I. Oanbep-
com 1826 p. KopoTKo cyTh IIbOTO mTapajsokca MOKHA
BUPA3UTH B TaKOMY 3anuTaHHi: «fKmio BeecBiT He-
CKiHUeHHNII, TO YOMY BHOUi TeMHO?». 34a€ThCs, IO
Ha IIe 3aIIUTAaHHA BiIIIOBiCTH AYiKe IPOCTO, aJKe 3Mi-
HY OHA i HOYi BUBUAIOTH y MOYATKOBiH 1mKoii. Aue
Tpeba mam’ATaTH: HaJA HIiUHOIO IIOBEPXHE 3eMJIi
cBiTuTH Gesiiu 3ip 6GesmeskHOr0 BeecsiTy, siki BuIIpO-
MiHIOIOTh HECKiHUEeHHY KiJIbKicTh eHeprii, Tomy ocBiT-
JIeHHA Binx 3ip i ramakTukK mMae OyTH He MEHIIUM 34
ocBiTieHHs, ke crBopioe Conile. IIpore 3 BiIacHoro
IOCBimy Mu 6aummo, 110 BHOYI He0O HabaraTo TeMHi-
mie, Hik yaeHb. MaTeMaTHKM 3aIIPOIIOHYBAJIU TaKy
mozmenb BeecBiTy, B sAKiit MoKHa crpoctyBaTu (hoTo-
MeTpUUHUM napanokc. Bececgim mooce 6ymu Oe3medrc-
HuM, anle CKiHYeHHuM. B ogHOBUMipHOMY TpOCTOPi
TaKuii GesMesKHUM CKIHUeHHUI CBIT — Ile 8BUYANHE  pyc 21 Mogenb ofHOBMMIPHONO
Ko0Ji0 abo Oyab-AKa iHima saMKHyTa Kpusa (puc. 2.1). npoctopy Beecsity
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Tema 7. bypnoBa i eBontouia Bececsity

Puc. 2.2. Mogenb ABOBUMIPHOTO
npoctopy Bcecsity

3aMKHYTU MBOBUMIPHUIN TPOCTIP — NTOBEPXHSI
cepu, AKa He MaE MeXKi, aje IJI0IIa ITOBEPXHI che-
DU € CKiHUEHHOIO BeJIMYUHOIO (puc. 2.2).
Mu XmBeMO y TPUBUMipHOMY IIPOCTOPIi, i BaMK-
KO yaBuTHU cobi Takuii 3aMKHyTU# BeecBiT, akuii He
Mae MeXki, aje Mae CKiHueHHU 00’eM i, oT:Ke, 00-
MeKeHy KiJbKicThb 3ip i ramakTuk. ¥ Takomy Bce-
CBiTi HEMae IEeHTPY, BCi TOUKU B HbOMY PiBHOIIpaB-
Hi I y Bcix HampaMKax npocTip oxuopigauii. Ha
OPaKTHUI[l BaKKO IIEPEeBipUTH, ¥ AKOMY IIPOCTOPi
MeIITKaIoTh AKich icToTH, i AidHATHCA, UM € TIPOCTiP
cKiHueHHUM. SIKIIMO mIpoCcTip BaMKHYTHUI, TO MaH-
IPiBHUK, TOAOPOIKYIOUM B OHOMY HAIPAMKY, MOXKE
3MIAICHUTYU HABKOJIOCBITHIO IIOJOPOJK 1 MTOBEPHYTUCA
B TOUKY cTapTy. B icTopii 3emnoi yusginizayii mepiry
TaKy IIOAOPOK 3AaificHuB MareiaH, AKU HOBiB, 110
MOBEPXHA 3eMJIi € 3aMKHYTUM JBOBUMIPHUM IIPO-
crtopoM. ¥ TpuBuMipHOMYy BceecBiTi KOcMOHABTU Hi-
KOJIV He 3MOJKYTh 3aBEPIINTU TaKy HABKOJIOCBiTHIO
MIOZOPOJK, TOMY IEPEBIPKY MOYKHA 3POOUTH TiJIbKU
3a TOTIOMOTO00 TEOPETUUHUX MipKyBaHb.
I'paBiramiiianii mapagokc — KOCMOJIOTiuHa
npobjeMa, TKa BUHUKAE i3 KJIacUYHOI Teopii Ta-
JKiHHA 1 AKYy MOKHA c(hOpMYTIOBATU TAKUM UHU-
HOM: «¥ HecKiHueHHOMY BcecBiTi 3 eBKJIiZIOBOIO

TeoMeTpielo i HeHYJIbOBOIO CepPeHBOI0 I'YCTUHOI PEeUYOBUHY I'paBiTamiiHmi
IOTeHIia] ycioau Ha0yBae HECKIHUeHHUX 3HAUCHD».

Ha pmanwnii MmoMeHT 1e#l mapagoKc He BUHUKAaE, OCKiibKu HbioTOHIB-
CbKY TEOPiI0 BCECBITHHOTO TSAKIHHSA, AK 3’sACyBaJIOCSI HA MOYATKy XX CT.,
He MOKHa 3aCTOCOBYBATH MIJIA OIKUCY CUJIbHUX I'PaBiTAIifHUX MTOJIB TdA-
Kinuda (puc. 2.3) i, 30KpeMa, Po3MOAiNy HECKiHUEHHOI KiJTbKOCTi peuoBu-
HU y 6e3MeXHOMY IIPOCTOPi. ¥ X BUNAAKaX Tpeba BUKOPUCTOBYBATHU Te-
opifo BimHOCHOCTI AWHIIITAalHA.

Puc. 2.3. HbloToHiBCbKa
Teopia TAXKIHHA HenpuaaTHa
ONA PO3paxyHKy CUSIbHUX
NnoniB TAXiHHA

104

IMapagokc TemmoBoi cmepTi. TemioBa cMepTs —
TepMiH, IO OIMCY€ KiHIIeBUN cTaH OyAb-AKOi
3aMKHYTOI TepMmonuHamiunoi cucremu (puc. 2.4).
IIpu mpomy HiAKOTO HATIPABJIEHOTO OOMiHY €HEPTi€I0
crocrepiratuca He Oyae, OCKiJIbKY BCi BUAU eHep-
rii mepeigyTh B TemaoBy. TepMoguHAMiKa PO3TJIA-
Jlae CUCTeMY, 110 ITepeOyBae B CTaHi TEIJIOBOI cMep-
Ti AK cucTeMy, B AKili TepMOAVMHAMIUHA €HTPOIIiA
MaKCcuUMaJIbHA.

BucHOBOK mpo TemaoBy cMepTh BcecBiTy OyB
chopmyaboBanuii P. Knaysiycom 1865 p. Ha ocHOBI
IPYTroro 3aKOHY TePMOAWHAMIKM. 3a UM 3aKOHOM,
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Tema 7. bypoBa i eBontouia BcecBity

Oynb-ska (isuuHa cucTeMa, Io He 00Mi-
HIOETHCS €HepTri€l 3 iHMUMHU cucTeMa-
mu (naa BeecBiTy B 1isiomy TakuWit 06-
MiH, OUe€BUIHO, BUKJIIOUEHU), IIpartue
JIo HaO1JIBIIT BipoOTiJHOTO PiBHOBAYKHOTO
CTaHy — JO0 TaK 3BAaHOTO CTaHy 3 MaKCH-
mymoM eHTporii. Takuii cTraH BigmmoBigaB
6u TemyioBiit cmepti BeecBiTy.

IIe mo cTBOpeHHA cCyuacHOI KOCMOJIO-

rii OyJsu 3pobJIeHi YnCIeHHi cITpodu CIpo- Puc. 2.4. Tennosa cMepTb — Tepwin,
CTyBaT! BHUCHOBOK TIPO TEIJIOBY CMEPTH 4O ONNCYE KIHLeBUI CTaH Gyab-AKOi
Bcecsiry. Haii6inem Bijoma 3 HUX Pryx- 3aMKHYTOI TEPMOANHAMIYHOT crcTemMu
Tyamiiaa rimoresa JI. Boabsiimana (1872),
BigmoBigHO mo sikoi BececBiT oxBiuHO IepebyBae B piBHOBaKHOMY i3oTep-
MiYHOMY CTaHi, aje 3a 3aKOHOM BUIIaJIKy TO B OJHOMY, TO B iHIIIOMY HOT0
MicIi iHKoJM BigOyBaroThCcA BigXMJIEHHS BiJ I[HOT'0 CTAHy; BOHHU BinOyBa-
IOTBCS TUM Pifle, YUM OiJIBIITYy 00J1aCTh 3aXOIJIIOIOTH 1 UMM 3HAYHIIIIUM
€ CTYIIiHb BiIXWJI€HHA.

G KOHTpONbHi 3annTaHHA

1. IIlo BuBUae HayKa KOCMOJIOTisA?

2.Y yomy cyTh GOTOMETPUYHOTO KOCMOJIOTIUHOTO mapamoxca?

3.IloscHiTh, Yy YOMY IIOJArae mapamgoKc «TeIJIOBOi cMepTi»? YuM MOK-
Ha HOoT0 CIIPOCTyBaTH?

4.TlosicHiTE (pOTOMETPUUHUI HapagoKc 0e3MeXHOro i HeCKiHueHHOTo
Bcecity (mapagoxc Oanbepca): «fArimo BcecBiT HecKiHUeHHUM, TO
YoMy BHOUi TEMHO?».

IcTopisa po3BuTKY yaBneHb npo BcecsiT.
MoxopxeHHA 1 eBonouia BcecBity

AcTpoHOMiuHi HOCTiAMKeHHA, 110 IPOBOAUINCE ¥ XX CT., JOIIOMOTI-
JIW acTpOHOMAaM 30arHyTH PO3JIiTaHHA rajJakKTHUK, SKe CBiIUUThH IIPO Te,
1o caM BceecBiT He 3anUMIaeThCA CTAINM y Yaci — BiH 3MiHIOE cBOI mmapa-
MeTpHu. SIKIMO BificTaHb MisK rajlakTUKaMu 3apas 301JIbIITYETHCA, TO PaHi-
II1e BOHH PO3TAIIIOBYBAaJINUCH OJIMIKUe OAHA A0 OAHOI. 3a JOIIOMOTOI0 CTAJIOI
T'abbsa MoskHA migpaxyBaTH, KOJH BCi raJJaKTUKU OO IIOYATKY POSIIIU-
peHHA MoOTJIu TTepebyBaTu B OfHi#M Toutli. MOMEHTOM IMOYaTKY PO3IIUPEH-
Ha Bceecity € Bemukuit Bubyx, axuit no’sa3anuii i3 Bikom T Bcecsity:
T=1/H.

Ha mepiuii moryasan 3maeTbesi, IO OJsd IOOYZOBU Teopil eBouroIrii
BcecBiTy BesuKe 3HaUeHHS Ma€e BU3HaueHHA Miciia Beamkoro Bubyxy
(puc. 3.1). fAx6u Benukuii Bubyx 6yB mpoiiecom, AKUI Haraaye BUOYX
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Tema 7. bypoBa i eBontouia BcecBity

BunpomiHioBaHHA
PenikToBoro GpoHy

TemHi Bikn
MNepwwi 30pi

DopMmyBaHHA ranakTuk,
nnaHeT Ta iH.

Po3BUTOK ranaktmk

CKynyeHHA ranakTnk

Puc. 3.1. Komn'toTepHa mopaenb po3Butky BcecBity Big Benvkoro Bnbyxy fo Haloro yacy

Benukun Bubyx —
TEPMiH, 3a JOMOMOro
AKOro 06’eHaHO CyyacHi
YABJIEHHA MPO MOYaTKOBI
cTagii po3BuTKYy Bcecsity,
LLIO NMOACHITb NOro
€BOJIOL0 | BMACTUBOCTI

60MOM1, TO MOXKHA OyJio 6 BUBHAUUTHU Miclie 1iel momii.
Hacnopasai posmiuperasa BececBiTy BKIIOUuae He TiIbKU
PO3JiTaHHsA caMUX FaJaKTHUK BiTHOCHO KOCMiUYHOIO IIPO-
CTOPY, a i 3MiHy mapameTpiB camoro Bececsity. IHIIIIIMMI
cJIOBaMU, TaJaKTUKU He JeTATH BiTHOCHO peritu Bcece-
CcBiTYy, TOMYy 110 caM BcecBiT TeK posimmuproeTbesa. Ta-
KM YHOM, KOHKPETHOI'O MicIis, e craBcsa BeamKuii
Bubyx, y BcecBiTi He icHye, Tak camo, AK HeMae IeHT-
PY, Big SKOro BigmgaaaoThCA TaJaKTUKU.

3a cyuacHuMu gjanumu, crajga 'aboaa H ~ 70 km/(c - Muk), To6To Be-
aukuiit Bubyx mir Bigbyrucsa npubdausuo 15 mupa pokis Tomy. AKIio Bpa-
XyBaTH, 1110 Bik Hamroi lasakTuku He MosKe OyTu OibIIMil 3a BiK Hail-
CTApiMuX KYJSCTUX 30PAHUX CKYIIUeHb, IO iCHYIOTH ysKe moHaa 13 mMupna
POKiB, TO 1110 PPy MOKHA TAKOYK BBAKaTH 38 HUIKHIO MEXKY BiKYy HaIlo-

ro BeecsiTy.

T'osoBHi epu B icTopii Beecrity. BeecBiT Ha mouaTKy icHyBaHHS MaB Ha-
CTLIBKY MaJIeHbKi po3Mipu, 110 ToAi He OyJI0 aHi raJlakTUK, adi 3ip i HaBiTH

B ocHoBy cyvacHoi
ACTPOHOMIYHOI KapTUHM
CBITY LIOAO eBONoLil
BcecBiTy noknageHo
mopesnb rapsa4oro
BcecBity
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e He iCHyBaJIu eJileMeHTapHi yacTuHKU. ['ycTuHa i TeM-
mepaTypa HOBOHapPOIKeHOro BececBiTy mocsaranm Takmx
(aHTACTUUYHUX 3HAUEHB, 1[0 BUEHI HABITH HE MOXKYTH BU-
3HAYUTH, Y AKOMY CTaHi IpU IIbOMY IIepedyBaJja MaTepis.
ITeit mouaTkOBUIT MOMEHT HapoOKeHHA BcecBiTy Ha3u-
BalOTh CHHTYJAPHIicTIO (Bix jaT. eduHnuil ). Ilotim rycru-
Ha i Temmeparypa BcecBiTy mouasnu 3HUIKYBATUCH, CTAJIN
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Tema 7. bypoBa i eBontouia BcecBity

YTBOPIOBATHUCS €JI€eMEeHTapHI YaCTUHKM, aTOMHU i raJlakTUKU. Y CIO icTOpiro
Hamoro BececBiTy MOKHA PO3AiINTYU HA YOTUPU €pPU — AOPOHHA, JIENIMOH-
HaA, BUNPOMIHIOBAHHA T peyosUuHU (AUB. TabJIUIIIO).

Epa | Bik Bcecsi- Temmnepa- | I'yctuna,
. . dazu eBoaroIii 3
Bcecity | Ty, pOKiB Typa, K KI'/M
1,5-10'° |Cyuacna emoxa 2,7 510727
1,2-10° |BuHHUKHEHHS >KUTTS Ha SeMJIi
101 dopmysBanHsa COHAYHOI cucTeMu
6-10° YTBOpeHHA MEPIUX 3ip
5-10° YrBopenua Hamol I'amakTuxu 10726
PeuoBu- .
HI 10 KBazapu
3-108 ITossBa XMap BOAHIO Ta IeJiiio
. YrBoprooThcA aTromu Iizporeny e
10 . 10
ta 'esito
dopmyBaHHA peuoBUHN. BeecBiT
3-10° DS B FEDs 3 10-10
CTae HENTPAJIbHUM i TEMHUM
Bumpo- 300 c Kinenps epu BUnpomiHioBaHHSA 10
MiHIO- VYrBOpiotoThea sapa IelTepito Ta p, -
10 c . 10 10
BaHHA Teniro
EnexTponu i mo3suTpoHu B cTaHi
JleniToH- i . : 0
Ha 107%c TEIJIOBOI PiBHOBAru 3 BUIIPOMi- 10
HIOBAHHAM
107 ¢ Pospinenns eqeKTpOMarHiTHOI Ta 1015
caabKoi BzaeMomii
Anmporna| 10c¢ |VrBOopeHHsA HEATPOHIB i mpoTOHiB 10%°
1032 ¢ |BigmgineHHs CHIBHOI B3a€MOZIL
10 % ¢ | BiggiseHHsa cui rpasBitamii 1032 109
VYci yvorupu pyHIaMeHTaIbHI
Cuury- 0 cuiau o0’enHaHi B equHy. Po3mi-
JSAPHICTD pu BcecBiTy HaOIMKYIOTBCA 0
HYJIS

( ] Ona gponutnuBunx

I3 dimocodchKkol TOUKU 30Py, MidK ejleMeHTapHUMU YaCTUHKAMU Ta
€JIeKTPOMAarHiTHUMY XBUJISAMU HEMAa€ CyTTEBOI PiBHUIL, aJKe BCe CyIlle
B IPUPOJi € MaTepieio. Aje 3 Gis8MUHOI TOUKU 30Py IPUHIIUIIOBA Pi3HU-
A MiK UMY BUJaMU MaTepil IoJIATrae B TOMY, III0 IIIBUAKICTD eJIeMeH-
TapHUX YACTHUHOK (eJeKTPOHiB, IPOTOHIB, HEUTPOHIB), 3 AKUX YTBOPEHI
30pi, IIJIaHeTH i, HAPeIlTi, M 3 BaMH, HIKOJIU He MOKe JOCATTU IITBU-
KOCTi CBiTJIa, y TOM Yac K KBAHTU €JIEKTPOMATHITHUX XBUJIb HiKOJIU He
MOJKYTb MaTH IITBUAKICTH MEHIITY, Hi’K IMIBUAKICTH CBiTJIA.
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Tema 7. bypoBa i eBontouia BcecBity

PexikToBe hoHOBE BUIIPOMiHIOBAHHA
(puc. 3.2, 3.4). Ti kBaHTHU eJeKTPOMAarHiT-
HOT'O BUIPOMiHIOBaHHS, IO BimipBajaucs
BiJl eJleMeHTapHUX YaCTUHOK B €Py BUIIPO-
MiHIOBaHHSA, JOXOAATH OO0 SeMJIi 3Bigyciab
i BigmoBimarTh €JIEKTPOMATHITHOMY BHU-
MIPOMiHIOBAaHHIO YOPHOTO TiJjia 3 TeMIlepa-
Typoto 2,7 K (puc. 3.3).

Ha mouaTKy icHyBaHHSA KBaHTU MaJu
BEJUKY €Hepriro, ToMy BUIIPOMiHIOBaH-

Puc. 3.2. PenikToBe BUNPOMIHIOBaHHA — KBaH- g g BinGyBasIocd y BUCOKOYACTOTHIH ua-

TV CBiTNa, WO yTBOPUIMCA 15 Mapa poKiB TOMy.
BoHwu Bigginunnca Big enemeHTapHUX YaCTUHOK
i noyanu camocTinHe nownpeHHa y BeecsiTi

108

CTUHI CIIEKTPa eJIEKTPOMAaTrHITHUX XBUJIb
y ramMma-giana3oni. I3 wacom ramma-
KBAHTU BTPAYaJii €HEPriio, TOMY JOBXKU-
Ha eJIeKTPOMAarHiTHUX XBWJIL 30iablnyBajacs, i uepes 10° pokis micia
Benukoro Bubyxy MakcuMyM BUIIPOMiHIOBaHHS IIPUIIAJAB yKe Ha BU-
IUMY YacTUHY CIIEKTpa — TOMAi Mos00uili Bcecgim crmpaBai MaB BUTJISAL
sACKpaBoi BOrHsHOI KyJji Ta OyB momiOHUi m10 BUOYyXy AmAepHOI 6o0MOuU.
Yepes 10 MyIH pOKiB MaKCUMyM BUIPOMiHIOBAHHS BiKE€ PO3TAIIOBYBaB-
cd B iH(pauepBOHill YacTHUHI cIeKTpa, a uepe3 14 MJupxa pokiB cepenms

15 minbapgis
(cborogHi)

\ 30pa

rajlakTuka

10 minbappis

R npotoranakTuka
A
A

<&

Benukuii Bubyx KBasapu

aTomu

Puc. 3.3. Yum pani Big 3emni po3milLyeTbcsa KOCMIYHUI 06'€KT, TIM MONOALMM MU NOro 6auu-
MO, afie CBIT/IO Bif HbOro AOCAra€e NoBepxHi 3emsi uepes mMinbApan pokis. Ha mexi Bugmnmoi
YyacTuHK BcecsiTy 3 BigcTaHi 10 MApA CB. POKiB HaAXOAMTb BUMPOMIHIOBAHHSA, AKe YTBOPUIOCA
3a yvaciB Benukoro Bubyxy. Ha BigctaHi 5 mnpg cB. pokiB M1 6auymmo KBasapu, 3 AKUX MisHiwe
bopmyloTbCA ranakTnkm
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Tema 7. bypnoBa i eBontouia Bcecsity

Temieparypa BececBiTy smenmuiaacs oo 2,7 K,
TOMY 3apa3 MaKCHMyM BUIIPOMiHIOBaHHA IIe-
pebyBae B padiodiana3oni Ha x8uJgi 3a8008Xic-
ku 1 mm. IHTeHCUBHICTD i UacTOTa TAKOTO BU-
IPOMIHIOBAHHS He 3aJIeKaTh BiJ HANIPAMKY,
i 1e ¢BigUUTH PO Te, IO CEPeNHA TeMIepa-
Typa BcecBiTy moBciogu omuHakoBa. Ilikaso,
110 HmepeadaumnB iCHYBAHHS rapAvoro PaHHbO-
ro Beecsity mie 60 p. ToMy ypoasKeHes MicTa

Puc. 3.4. AHi3oTponisa penikToBoro
BMNPOMIHIOBaHHA 3a AaHUMMU

cynytHnka WMAP

Opecu I'. Tamos (CIITA), ane 3apeecTpyBaau
i peJiKTOBI €eJIeKTPOMAarHiTHI XBUJIi TiJIBKHT
B 1965 p.

Maiioyrue BceecBity. I'paBiTaniiina B3ae-
MO/Iifi PeUYOBUHU B MAaliOyTHHOMY MOJKE€ 3MEH-

PenikToBe BUNpPOMiHIOBaHHA —
BMNPOMIiHIOBaHHA BcecBiTy, Ake fo-
MiHY€ B Aiana3oHi JOBXWNH XBUb Bif
MinimeTpiB 4o mMeTpa

MIUTU MIBUAKICTL po3mupenHa Beecity. Bu-

ABIAECTHCA, AKIO CEPEAHA I'ycTUHA BcecBiTy Mae KpUTHUYHE 3HAYEHHS
51072 kr/m?, a crana I'a6bsa H ~ 70 km/(c * MIIK), POSIIUPEHHA MOXKeE

BimOyBaTucsa BiuHo. Po3dpaxyHKU MOKa3yIOTh, 1110 MaliOyTHA
JToJiA HaIIoro BececBiTy 3aIeKUTH BiJl 3HAUEHHS CIIPaBIKHBO1
cepeIHbOl I'YCTUHU ITOA0 KPUTUYHOI I'YyCTUHU pPy. MOXKYyTH
OyTu TpU cieHapii MatOyTHHOTO PO3BUTKY IOJii:

1) p < po;

2) p > po;

3) P = Po-

Poaraauabpmo 11i Mozeai MOXKJIMBOI €BOJIIOIil HAIIIOTO
cBiTYy:

1. ko cepenua ryctuna BeecBity p < p,, TO rajak-
TUKU OyAyTh PO3JiTaTHCs BiuHO, i B MaliOyTHHOMY TeMIIepa-
Typa ()OHOBOTO BUITPOMiHIOBAHHS IIOCTYIIOBO Oy/Ie 3HUKYBa-
TUCh, HAOJIMIKYIOUNCH A0 aOCOJIIOTHOTO HYJSA, a MAaKCUMYM
BUIIPOMiHIOBaHHS 3 YacoM Oyne 3MillyBaTHUCh Y CAHTUME-
TPOBUII i MEeTPOBUM Mialla30HU €JeKTPOMATHITHUX XBUJIb
(puc. 3.5). Takuit BcecBiT Ha3WBAIOTH BITKPUTHM, BiH He Mae
MeXKi y mrpocTopi i MOJKe icCHyBaTu BiUHO, IIOCTYIIOBO IIEpe-
TBOPIOIOYUCH Ha HiIIlO.

2. SIK1mo B KocMoOCi BUABUTHCSA 3HAYHA ITPUXOBaHa Maca
i cepemua ryctuHa 6yzne p > p,, Toli posmuperHa Beecity
yepes AeAKUN yac IpuIuHUTLCA. Takuit BececBiT Ha3uBaoTh
3aKPUTHUM — BiH He Ma€ MeXKi y mpocTopi, aje Mae nouamok
i kineuwv y uaci (puc. 3.6).

Yepes Kimbka MiTbApAiB POKiB pos30iramHsa raJjgak-
TUK MOJKE 3YIUHUTHUCH, a4 IOTIiM IIOYHETHCA CTUCKYBAHHS
BceecriTy, Tomy 1110 rpaBiTaliiina cujia 3MyCUTh TAJIAKTUKU
30JIMKYyBaTUCh. S0JIMKEeHHSA raJakTUK IIPU3BeIe 0 Tparid-
HUX HACHiAKiB IOJd KUBUX OPTaHi3MiB, OCKIJIBKU eHepris

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

A

C B
A+ B+ C <180°

Puc. 3.5.Y Bigkputomy
BcecsiTi cnpaBeanvea
HeeBKNigoBa reomeTpis,
KONW Cyma KyTiB y Tpu-
KYTHUKY MeHLwa Big 180°

A

A+ B + C = 270° > 180°

Puc. 3.6. Ina 3akputoro
BcecsiTy € npasunbHoI0O
HeeBK/igoBa reomeTpis,
KON CyMa KyTiB Yy Tpu-
KYTHUKY 6inbLia 3a 180°
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Tema 7. bypnoBa i eBontouia Bececsity

¢oHOBOTO BUIIPOMiHIOBaHHSA i TemIeparypa BcecBiTy OynyTh 3pocraTtu
(puc. 3.7). Hebo mouHe CBiTUTUCA CHIOUYATKY YePBOHUM KOJHOPOM, a HO-
TiMm craHe cuHiM. Temmeparypa 3pocTe HACTiJIbKH, IO BCi KUBi icTo-
TH 3aTUHYTh, IIOTIiM BHUKHYTH 30pi, IIJITaHETU, eJJeMeHTapHI YaCTUHKMH,
i BcecBiT 3HOBY epeTBOPUTHCA HA PEUOBUHY 3 HAJA3BUYANHO BEJIMKOIO
T'YCTHUHOIO.

Puc. 3.7. EBontouia 3akputoro Beecsity. Takuii CBIT 36inblUy€eTbCA O NEBHUX MAKCMMaNbHUX PO3-
MipiB, MicnA YOro ranakTuKy NOYHYTb 361MKyBaTUCh. [ToYaToK i KiHeLb Takoro BcecBity matoTb
HeCKIHYEHHO BeJIMKY TemnepaTypy i ryCTuHy

3. Icuye Takosx iMOBipHiCcTH TOTO, 110 cepefHs rycTuHAa BceecsiTy mo-
PiBHIOE KPUTHUYHIN I'yCTUHI p = p,. ¥ [BOMY BUIIAAKY 0€3MeXHUI Ta He-
ckinuenHu# BeecBiT Mae Hy/TbOBY KPUBU3HY, i VI HHOTO CIIPABEJINBA T'€0-
merpia EBxiiga (puc. 3.8).

TamakTuru OyayTs posjiTarucsa BiuHO, TeMIeparTy-
pa BcecBiTy Oyzme BiuHO HaOJIMKYyBaTHUCA O aOCOJIOTHO-
ro HyJsd... el crieHapiil eBoJroii IikaBuil mie # TUM,

cd piBHOIO Hyaio: EX + Eu = 0.

To0TO AKIIO BBAyKATU MOTEHI[IaJbHY €HePrilo TAMXKiH-
HA HETaTUBHOIO, & KIHETUYHY €HEePriio PyXy — MO3UTUB-
HOI0, TO BcecBiT Mir BUHMKHYTHU 3 HiUOoTo y (hisUUHOMY
BaKyyMi K IMBOBUIKHE 30yPEeHHSA, TOMY 3 YaCOM BiH T
MOJKe IIepeTBOPUTHUCA Ha HiIllo.

CyuacHi cmocTepesKeHHS MiATBEPAKYIOTH iCHY-
BaHHA y BcecBiTi mpuxoBaHoi Macu (Tak 3BaHa TeMHa

1

i

i 110 IPKM HBOMY 3araJjibHa eHepris BcecsiTy saauiiaeTn-
A

MaTepisa), AKa 30cepeqyKeHa B Tijlax, IO BUIIPOMIiHIO-

A+ B + C = 180°

IOTH HE3HAUHY €HEepriio y BUIJIAAL eJIeKTPOMAaTrHIiTHUX
XBWJIb — YOPHI Aipu, myJibcapy, HeUTPUHHE BUIIPOMIi-
HIOBAHHSA, rpaBiTamiiini xBuii Tta in. ActpoHomu, sSKi

Puc. 3.8. Y reomeTpii EBkniga
napanenbHi NpAMi He

nepeTMHalTbCA, a Cyma KyTiB
y TPUKYTHUKY JopiBHIo€ 180°

110

3afiMaloThCsa MpobieMaMy KOCMOJIOTI1, 3aIpOMOHYyBaJIn
rimoresy 1100 iCHYBaHHSA HOBOTO KJIacy eJleMeHTapHUX
YaCTUHOK, AKUM JaJIu TaKy yMOBHY HasBy — Ciabko
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Tema 7. bypoBa i eBontouia BcecBity

Bzaemopitoui Macusui Hactuaku (CBMY). Takwuit BececBiT Haragye kas-
KOBy nrtuiio PeHikc, AKa IepiogWUYHO 3TOps€, a MOTIM i3 momesy Bimpo-
IOKYETHBCA MOJIOJOIO0.

( ) Ona ponutnneunx

OcraHHi mocIimKeHHA PYyXy 3ip y ralakTHUKax IiATBEPIKYIOTH I'i-
IIOTe3y IPO iCHYBaHHA KJACy e€JIeMeHTapHUX YaCTUHOK i3 IPUXOBaHOIO
MAacoio, SKi oTpuMaau Ha3By memHa mamepis. Kpim Toro BUsSBIIEHO, 1110
B MisKraJaKTUYHOMY IIPOCTOPi iCHYIOTh CUJIBbHI MOJIS HEBIJOMOI IPUPOAH,
K1 acCTPOHOMU Ha3BaJIU MeMHOW eHepziero. HoBiTHI rimoresu nmpumycka-
IOTh, IIIO B HAIl Yac 3a JOIIOMOIOI0 TEJIECKOIIiB MU CIIOCTEPiraeMo Tiib-
Ku 5 % marepii BeecBity, a 95 % mpumamae Ha 3aragKoBi OJIA MeMHOL
eHepeii Ta memMHoL mamepii, AKa He BUIIPOMiHIOE eJIEKTPOMATrHITHI XBUJIi.

G [isHanTeca 6inblwe npo Teopito Bennkoro Bubyxy.

G KoHTpoOnbHi 3anuTaHHA

1. fAka moss sakputoro BeecBiTy?

2. OnuiriTe Momens rapsayoro Beecsity.

3.Y uomy moJsrae cyTHicTh Teopii BececBiTy, AKMi pos3IuproeThes?

4. IIpo 110 cBifUUTHL pesikTOBEe BUNpOMiHIOBaHHA BeecBiTy?

5.TanakTuka nepebyBae Ha Bimcrani 100 man k. OGUUCIiTh, CKIIBKHU
POKiB JIeTUTh CBiTJIO Big Hei mo 3emuri.

6.3 AKO0I0 MIBUAKICTIO BiAgaasdeThCsA BiJ Hac rajakTUKAa, AKa PO3TAIIIO-
ByeThcs Ha Bizcrani 10° ¢B. pokis Big Semuri?

BuikoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMaTVU4YHOIO NepeBipKoo
Ha cailTi «I[HTepaKTUBHE HaBYaHHA».

BucnoBku. BeecBiT Mae ckaagHy KOMipUacTy CTPYKTYDPY, Y AKil Bif-
OyBaeThCA I'paBiTalliiiHa B3aEMOiA BCiX KOCMIiUHHMX Tijl. 30pi yTBOPIOIOTH
BeJIMYE3Hi CKYIIUeHHd, IKi HaJiuyioTh COTHI THUCAY 1 MiIbiOHT 00’ €KTiB.
Y cminmbHOMY ITOJII TSAMKIHHA rajJJaKTUK PO3TAINOBYIOTHCS COTHI MiJIbap-
IiB 3ip, AKi 00epTarThCsA HABKOJIO CIIiJIBHOTO IIEHTPY. [aJIaKTUKU TexX
YTBOPIOIOTH OKPEMi CKYITUeHHA, YTBOPIOIOTH CTPYKTYPH, 1110 HaraayoTh
BeJIWUE3Hi CITKU 3 BOJIOKOH.

Kocmoutoriuni mapagokcu — CyIepevHOCTi, IKi BUHNKAIOTh ¥ BiUHO-
My Ta 6e3amerxkuHomMy BceecBiTi. IcHYyIOTH Tpu HaAlOGiJbII BigoMi KocMOJIO-
riyHi nmapagokcu: ()OTOMETPUUYHUM, IpaBiTalliiiHuil Ta «Teljaa CMEPTH»
BcecsiTy.

EBoutoniisi BeecBiTy mouasiacsa 3 Besmukoro Bubyxy Haa3BUUaWHO
mrisbaoi MaTepii 13—20 MIpA POKiB TOMY, KOJU CTAJIOCS 3aragKoBe Po3-
IMIUPEHHA KOCMiYHOT'O IPOCTOPY.
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Tema 8. Kutta y Bcecsiri

0 JlioguHa y BcecBiTi. AHTpONHMI NpUHLMN

JIronuua y BeecriTi. 3arasbHi XapaKTepUCTUKYU YKUBUX iCTOT MOKHA
onmcaTH 3a JOIOMOTOI0 JeAKIX TePMiHiB Teopii CKIagHNX CHUCTEM, ITIOBEIiH-

Puc. 1.1. Tanutor OHK,

3a JOMOMOTOI0 AKOrO
3anucyeTbcs i 36epiraeTbea
iHbopmaLia npo

XVBUI OpraHi3m

Ky Ta eBOJOI[iI0 SKUX BUBUAE HAYKA CUHepzemuKa. yci
KHUB1 iCTOTU 3a JOIIOMOTOIO I'e€HiB CTBOPIOIOTH BEJIMUE3-
HUH 00’eM iH(popMailrii, axka 36epiraeTbesa i mepesaeTbes
"Hamagkam (puc. 1.1). O6car indopmarii, axuii 30epi-
rae TJIbKY OHA KJIITMHA JKUBOTO OPTaHi3My, OI[iHIOETH-
ca B 1022-102% 6ir. ia mopiBHAHHS HAragaemo, 1o o00-
car irmgopmariii, AKy 30epiraiTh cydacHi KoMII I0TepHi
JUCKU, V MiJIbAPAW pPas3iB MEHIIIUA.

Biosoriuma eBoJomnia KuBUX opramismis Bim0Oy-
BA€ThCsA Yy HAIPAMKY 30iabIlleHHs 00cAry iHdgopmairii,
AKUN mepenaeTbea HamaakaMm. Hanpukriaazn, sarajgbHaA
maca ycix xxusux icror 100 miaH pokiB Tomy OyJia He
MeHIIIa, Hi’K Maca CyJYacHUX KUBUX iCTOT, ajie 06CAT HO-
BoOl iH(opmairii, AK00 BOJOLi€ HaIlla ITUBiIisaIlisa, y mi-
JbApPAYU pasiB OiabInmii, HidK iHopMmaIria, o 3éepiraua-
cs y BeJIETEHChKUX TiJIaX ZUHO3aBPiB.

TiranTcekuit ¢cTpuOOK y 301IbIIIeHH] ITIOTOKY iH(OpP-
marrii Bizoyscsa 100 Tuc. pokiB TOMY 3 II0sIBOIO PO3YMHOIL
monuau — Homo sapiens. Biojoru noBogATs, 110 TOAL
Ha 3eMJIi mapaJieJibHO iCHYBaJIU ABa BUAU PO3YMHUX JIO-

Ieli — KPOMaHBIIOHIII Ta HeaHAepPTaJbIli. X0oua HeaHAepTaIbIl Oy iu (ismy-
HO CHUJIbHI Ta MOTYTHIi, aJjie IIij] 4ac JIbOJOBUKOBOIO IIePiogy BOHU 3arvHYJIN.
Buxkniau KpomMaHbHOHIN, AKi HABUMJINCA He TiIbKHK HJoOyBaTu Ta 30epira-
TU BOTOHb, a I IIepeaaBaTH CBOI 3HAHHS HAIlaJKaM, TOOTO IIepegaBaTH iH-
dopmaliiro 3 MUHYJOTO B Mali0yTHE He TiJILKU 3a AOIOMOroio reHiB. Maii-
JKe BCi TBapuHU I o0OMiHY iH(popMaIli€eio KOPUCTYIOTLCSA 3BYKaMU, aJie

CuHepreTuka — Hayka,
LU0 BMBYAE 3aKOHM Ta
€BOJIIOLIil0 CKNaAHUX
cicTem

MwuBwnii opraHiam —
CKNnafHa BigKpuTa cucrtema
3 XiMiYHMX i GionoriyHmx
CroNyK, sika Ma€ BUCOKY
CTYNiHb YNOPALKOBAHOCTI
Ta 36epirae BenuyesHumn
06'em iHbopmaLlii npo
cebe i HaBKONNLLHIN CBIT
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TiILKY PO3YMHA JIIOAWHA O 30epe:keHHs iHdopmarrii
moyaJia 3aCTOCOBYBATU Pi3HOMAHITHI 3HAKMW i cCMMBOJIH,
SAKi 3 YacOM IIePeTBOPUINCS Ha IHUCEMHICTh.

3aBIAKM KOMII'IOTepaM Ha Cy4YacHOMY eTalli poa-
BUTKY HAIIOl ITMBiJidaIrii Tex clocrTepiraeTbcs 3HaAUHE
30iIbIlIIeHHA IIOTOKY iH(opmaIlrii, SK00 BOJIOMi€ JIOA-
ctBo. 3a gomomoroio AMC mu mouaau 36upartu iHdop-
MAallilo Ha JaJleKuX IJIaHeTaxX Ta IPUCTYIIUIN 40 6esIro-
CepefHiX IOMIyKiB mo3aseMHUX (POPM KUTTA.

Awnrponauii npuniun. JKuTTd € ogHie0 3 BeIUKUX
TaeMHUIIL BeecBiTy. Mu 6aunmo Ha 3eMJIi pisHoMaHiTHI
"KUBi opraHisaMu, aje HiYoTro He 3HAEMO IIPO iHIIIi (hopMu
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Tema 8. KutTa y BcecsiTi

JKUTTS HA UYXKUX ITaHeTax. ¥ ci JKUBi icTOTH HAPOIKY-
IOTh JIiTell, a IOTiM paHO YU HiBHO'BMI/IpaIOTb, T06T(') me- HayKOBU MYHLMI, AKUA
PEeTBOPIOIOTHCA Ha HEKUBY MaTepiio. Aje Ha 3eMui 1re TBepkye WolichyBatkA
HiXTO He cmocTepiras 6e3nocepeiHE BaPOIIKEHHSA XKUBUX 1T 3HAUHO 3a/EKUT
0ioJIOTiUHNX KJIITHUH i3 HEXKMBUX XiMIiUHUX CHOJYK. I3 Bif HaM3arasbHiwmx
IILOI'0 IPUBOAY aHIIiichbKuii 6ioaor @. Kpik BucIoBUB-  BlAcTnBoCTel Beecsity
ca Tak: «Mu He 6aUMMO IIJIAXY BiJl IePBiCHOTO OyJIbIO- BigkpuTa cuctema
HY 0 IPpUPOAHOTO n060py. MorkHa AiiT BUCHOBKY, IO 06MiH'0€TbCﬂ‘
HOXOIKeHHS KUTTAI — IHUBO, aJle Ile CBiquuTh jguIe mpo > HABKOJINLWHIM ;
HAaIlle He3HAHHA» . ACTPOHOMIUHI cIlocTepekeHHA MOKa- A e
3YIOTh, 1110 HapaMeTpu opbitu 3emJi, ii maca, pafgiyc i xi- 72 Hbopwaieio
MiUHUHA CKJIaJ HAWOiJbIN COPUATIANBI OJA icHyBaHHS
KUTTA. [[J1A [OT0 TaKOK MOTpiOHe cTabdisbue CoHIlE, TKE MPOTATOM KiJIb-
KOX MiJIbAP/iB POKiB MaiiiKe He 3MiHIOBaJIO cBO€EI cBiTHOCTI. HaBiTh poamiu-
peuHs BececBiTy Texx cupusie icHyBaHHIO JKUTTS, afsKe ¥ ¢asi cTUCKYBaHHS
cMepTebHe KOPOTKOXBUJIbOBE (DOHOBE BUIIPOMiHIOBAHHSA MOTJIO O 3HUIIH-
TH Bce ;KuBe. BUHUKae Take BpaskKeHHs, 1[0 BCe CYIlle B KOCMOCI icHye s
TOTO, 1100 Ha 3eMJIi KU1 Po3yMHi Joau. TakuM YuHOM, 0yJia chopMyIbO-
BaHa (isocodchKa 0OCHOBA KOCMOJOTII — anmponHuil npuryun (Bix rpeir.
antropos — nwoauHa): «Mwu criocrepiraemo BeecBiT TakuM, AKUM MU HOTO
6aumMo, TOMY IO MU icHyeMoO». To6To, MOsKe, Tech Y KOCMOC1 iCHYIOTh CBi-
TU 3 iHIIUMU IIapaMeTpaMu, ajie TaM HeMaeE PO3yMHUX iCTOT, AKi MOTJInM
6 omtmcaTu cBOe OYTTs i IepeaaTH 10 iH(GOPMAIilo 3 MUHYJIOTO B MaliOyTHE.
IIporuosu eBouroriii adroachKol muBidisamii. Yac icuyBanua oKpemoil
MUBiiisaIrii Tek BILIMBAE Ha BU3HAUEHHS 3arajibHOI KiJIbKOCTI IuBiIisa-
it y Famaxktuii. Hanpukiaan, y CepegHboBiuYi, KOJIU cepeaHsa TPUBAIICTD
KuTTa gioguHu Oysaa 20—30 poKiB, KilbKicTh HacelleHHA 3eMJi He Iepe-
puiryBaJia 100 mure oci6, i Tinpku Hanpukinmi XX cT., KOJu 3HAYHO 3pic
cepenHill BiK JIomeil, HaceJaeHHs 3eMJIi carayao 3a 6 mapn. CKinbku uacy
MOJKe iCHyBaTu OoKpeMa ITMBijisallisg, My He 3HAEMO, aJl’Ke CIIOCTepiraemMo
TiILKY 32 PO3BUTKOM JIIOACTBA. [CHYIOTH KiJIbKAa HAYKOBUX OI[IHOK TPUBAa-
JIOCTI JKUTTA muBiaizarii. 3a Tak 3BaHOIO
MeCUMiCTUYHOI0O TOUKOIO 30Dy CepemHs
TPUBAJICTh iCHYBaHHA OKPeMOi i30JboBa-
Hol musBinisamii me mepesuirye 10 000 po-
KiB. BigmoBimHo mo 1iel mikaJam seMHa I[U-
Blrizalis HAOJIMKYETHCA IO CMEPTi, am:Ke
JIOJICTBO 3iTKHYJIOCH 3 IiJINM PAIOM IIPO-
6sieM, AKi MOMKYTb IPU3BECTH OO KarTa-
cTpo(hivyHMX HACTIIKIiB.
YueHni, Aki MaioTh iHITYy, He TakKy
0e3HaIiliHY TOUKY 30Dy, BBAXKAIOTD, IO
BCci mi mpobjemMu B MabOyTHBOMY MO-

SKYTh OyTH BHUDiIleHi, TOMy ONTUMiCTHY- Puc. 1.2. ONTUMICTMYHA OLIHKA TPUBANOCTI
Ha OIliHKa TPUBAJIOCTiI iCHYBaHHS HAIIOI  icHyBaHHA Hawoi umsinisawii — 100 000 pokis

AHTpONHMI NPUHUMN —
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Tema 8. KutTta y BeecsiTi

Puc. 1.3. KatacTpodiuHe 3iTKHEHHA 3 acTepoigoM abo KOMeTOK MOXe NpU3BecTn Ao 3armbeni
ymBinisauii

nusiaisamnii — 100 000 pokiB (puc. 1.2). ToOTo 3a Ii€ro MIKAJI0I HAIIIa
nuBigisamia TiTbKK HAPOIIKYETHCA, i B MANOYTHHROMY Hac 4eKae PO3KBiT,
OCBOE€HHS Mi’K30PAHOTO IIPOCTOPY Ta 3YyCTPiUi 3 iHOMJIaHETHUMU ITUBi-
Jizamisgmu.

OCHOBHI NPUYUHU, AKI MONYMb UKIUKAMU 3a2ubesb HAULOL
yusinisauii:

1. Exosoriuna xaractpoda, IKa MO:Ke BUHUKHYTU BHACJIiIOK 3a0pyn-
HEeHHsA HAaBKOJIUIITHBOTO CePeJOBUINa MPOMUCJIOBUMHU BigxomaMu Ha-
MIUX TiAITPUEMCTB.

2.3miHa KiaimaTty Ha 3emJi uepes 30iJbIIeHHA KiJIbKOCTiI BYIJIEKKUCJIOTO
rasy B armocdepi, 30iIbIIeHHA TapPHUKOBOro e()eKTy Ta IiJBUIIeHHA
TeMIIepaTypHu.

3. 30inpIIeHHA 030HOBUX Aip B aTMoc(epi MOKe BUKJINKATH MiBUITEH-
HA YacTKu yJabTpadiosieToBoro BunpominioBauua CoHIIA, SKe M0CH-
rae ImoBepPxXHi 3eMJIi, BHACJIJOK YOro MOKYTh 3aruHyTH (pyropa i day-
Ha Haol maaHeTu (OKPiM KMBUX OpraHidMiB y BOAi Ta mIiJ MOBEepXHEO
3emui).

4. KaracTpodiuHe 3iTKHEHHSA 3 acTepoimoM ab0 KOMETO MOJKe IPU3Be-
CTU I0 Pi3KOTr0 3HUIKEHHS TeMIepaTypu Ta BUHUKHEHHS HOBOTO JIhO-
IOBUKOBOrO mepiony (puc. 1.3).

5. [{uBinizamisa MoKe MOKIiHUNTY JKUTTS CAMOT'yOCTBOM Uepe3 aTOMHY Biti-
my. Iloxii ocTaHHiX POKiB IIOKa3yIOTh, IIIO TaKa 3arposa iCHye, MOKU
JIeXKHUM YMHOM KOHTPOJIIOBATHU.

6. IuTenexkTyasibHa AerpagaIid JIOACTBA.
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Tema 8. XKntTa y BeecsiTi

g KoHTponbHi 3anuTaHHsA

1.V yomy moJiArae CyTHICTb aHTPOIIHOTO IPUHITUITY ?

2. ChopmyaoiiTe IPUUNHA, AKi MOXKYTb BUKJINKATH 3arubeib HAIIOL I11-
Bisisairii.

3.IIIo Take BigkpuTa cucrema?

4. ki necumicTuuHi i AK1 ONITUMiCTUYHI IPOTHO3YM iCHYBaHHS HAIIIOI U~
Bimizamii?

0 IMOBipHICTb XKUTTA Ha iHWMX NNaHeTax.
®opmyna [ipenka

ImoBipHicTE icHyBaHHA KUTTA Ha iHIIKUX TijlaXx COHAYHOI cUCTEMH J10-
CUTH HU3bKA, TOMY IIOITYKY M03a3eMHUX IUBiIisariil 3apas BeIyTbCA I10-
6su3y inmux 3ip. HegaBHO BUABIEHO IMOHAA THUCAYY TeMHUX CYIYTHUKIB
3ip, IO CBiAYMTH PO iCHYBAHHA iHINUX ILJIAHETHUX CHUCTEM, 1€ MOXKYTh
OyTu moci HeBimomi muBignisarii (puc. 2.1).

PiBuauua Ipeiika — maremaTtwmuHa (GopMyJa, 3a JOIIOMOTOI0 AKOIL
MOKHA BUSHAUUTU YMCJIO IuBimizaniit B Hamriti NamaxkTuii Yymansxui
IInax, 3 AKUMU y JIIOACTBA € IIIAHC BCTYIIUTU B KOHTAKT. PiBHAHHA 3acTO-
COBYETBLCS B TAKUX Taly3aX, K KCceHobiosorid, acTpocoriobiosoris Ta mo-
IITYK II03a3€MHOT'0 PO3YyMY.

PiBuanusa 6yno sanpononoBane pagioacrponomom P. IIpeiikom (CIITA)
AK cupoba OMiHUTU KiJbKicTh IM0o3adeMHUX IuBidisarnii y mamrii Iamak-
TUIi, AKi MOMKYTb BCTYIIUTUA 3 HAMU B KOHTAKT. ['0JI0OBHE MpU3HAUEHHS

. Xi b

Puc. 2.1. BuaBneHo noHag TMcAYy TeMHMX CynyTHUKIB 3ip, WO CBiAYNTb NPO
iCHYBaHHA iHLWIMX NAAHETHUX CUCTEM, e MOXYTb OyTW AoCi HeBigoMi LmBinizauii
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Tema 8. XutTa y BeecsiTi

PiBHAHHSA: TaTH BUEHUM 3MOTY KiJIbKiCHO OI[IHUTHU IIapaMeTpu, IO BU3HAa-
YaoTh KiJbKiCTh mo3aseMHUX HuBiaizarmiii. TakoX BOHO TicHO moB’s3aHe
i3 mapamoxkcom Pepmi.
PiBuauua [[pelika BUTJIALAaE TAKUM UYMHOM:
N=R-f'n-k-d-q-L,
ne:
« N — KiapKicTb mosaseMHUX IuBimizariii B mamrin INamaxkTui;
« R — mBuakicTs yTBOopeHHsa 3ip y I'amaxTuili, ycepegHeHa mpoTATOM
ycboro uacy Ii icayBanHs (01u3bko 10 3ip Ha pik);
- f — uacTKa 3ip, 110 MalOTh IJIAaHETHI CUCTEMU;
°n — cepeqHA KIJIbKiCTh ILJIAHET, IO BXOAATH 0 IIJIaHeTHUX CHUCTEM Ta
€KOJIOTIUHO IPUAATHI 0 MKUTTS;
« k — uacTKa ILIaHeT, Ha SKUX AiliCHO BUHUKJIO JKUTTS;
» d — yacTKa IJIaHeT, Ha AKUX ITiCJId BUHUKHEHHS KUTTSI PO3BUHYJINCH
ioro po3ymHi hopmu;
e ¢ — YaCTKAa IUJIaHET, Ha AKUX PO3YMHeE KUTTA A0cATIO0 hasu, 110 3a6es-
meuye MOXKJIMBICTD 3B’ sIBKY 3 IHIIMMU CBiTamMu, IuBidisamiamn;
« L — cepenHsA TPUBAJICTh iCHYBaHHS TAKUX MM03a3eMHUX (KOCMiUHUX)
nuBigizaini.

KoHTponbHi 3anuTaHHA

1. Yu BucoKa iMOBipHICTH *KUTTS Ha iHINUX TIaHeTax?
2. fIx obuucaoeTbesa piBHAHHEA [peiika?

MowykK XNTTAa 3a meXXammn 3emni.
MuTaHHA icCHYBaHHA iHWMX BcecBiTiB. MynbTuBCECBIT

KonrakTu Mik musinisamismu mepim 3a Bce 03HAYAlOThL OOMiH iH-
dopmMmartiero. ko y BeecsiTi icHyroTs immi muBinisamii i BoHM MamoTh
meBHuii obcar ingopmariii momgo csBo-
ei vactunu IamakTukm, To oOMiH iH-
dopmartiero MisK HUMHW MOXKE IPUBECTHU
IO 3araJbHOTO 3pPOCTaHHsA iH(opMaIlrii,
TOMY TaKHW# IPOIleC, 3TiTHO 3 TEOopi€ro
GioJoriuHoil eBOJIIOIil, MOKHA BBaKaTHU
IPOTPECUBHUM.

KonTakTu 3 iHmuMy nusigisamiamm
MOJKYTb OyTH TPHOX THUIiB:

1. O6min iH(popMaIllieo 3a JOIIOMO-
roi0 eJeKTPOMATHITHUX XBUJIb a00 iH-

Puc. 3.1. PagioTteneckonu, 3a JONOMOrot0 .
AKX MOXHa NPUIMaTI pagiocurHani IIIOTO BUIIPOMIiHIOBAHHS, AKe MOKe OyTu

Bif] NO3a3eMHUX LMBINi3auin HocieMm iHdopwmarii (puc. 3.1).
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Tema 8. KutTa y BcecsiTi

2. O6wmiH iH(opMalliero 3a JOIIOMOTOI0 aB-
TOMaTUYHUX CUCTEM, KEPYBATU AKUMU OYIyTh
KOMII'foTepu i poboTu.

3. 3ycTpiu KUBUX IIPEACTABHUKIB iHO-
IJIAHEeTHUX ITUBijIisaIii.

Ha ganomy erami po3BUTKY 3€MHOI -
Bismizarii My MoKeMO 3IMCHUTU KOHTAKTU
IepIIoro TUNY — CyYacHi pazioTesecKoIu,

HSA ITyKe CKJAIHO.

Y 1967 p. Buepiiie 3apeecTPyBaI IIePiOAUYHI CUTHAIN, AKi HaIXOIU-
JIX 3 Mi}KBOPSAHOTO ITPOCTOPY, IX Ha3BaJau mMyjdabcapamMu. AHAJIi3 CUTHAJIIB
TIOKasaB, IO IIyJIbcapy HiAKOTO BiIHOIIEHHA M0 iHOMJIAHETHUX IUBiIi3a-
il He MalOTh, alKe MePiOAUYHI CUTHAJIY BUIIPOMiHIOIOTh HEHTPOHHI 30pi.
Big 3emii momuproeTheAa CBOEPifHA iHTe/IeKTyalbHa XBUJIA, IKY BUIIPO-
MiHIOIOTH 3eMHi pamiocranii (puc. 3.2). fAKimo BpaxyBaTu, IO HMepPIIi pa-
miocraHItii mouaau mepemaBaTu iHpopmaiiio y kocmoc 100 pokiB Tomy, TO
i «PO3YMHi» CUTHAJIU MOMINPUJINCA TiTbKHU Ha Bigzcraus 100 ¢B. poKiB Bifg
3emuti. Ko Ha TaKili BigcTaHi pos3TalioByeThCA ITMUBiTidaliia HaIoro iv-
TeJeKTYaJbHOTO PiBHA, IO OTPUMAaJa HaIlli CUTHAJIU, TO BiAIOBiAb milime
Io Hac He panimre Hixk uepesd 200 p. ToOTO BCcTaHOBICHHSA KOHTAKTIB MisK
IUBiIi3aIissMu 3a JOTIOMOTOIO €JIEKTPOMATHITHUX XBUJIb MOKe BinOyBaTu-
cd JOCUTH TPUBAJIHUU Yac.

HanaromxeHHs KOHTAKTiB APYTroro TUIIY 3a JOIIOMOIOI0 aBTOMAaTHY-
HUX CHCTEM TEe)X BUMarae TpuBaJjoro uacy. Hampukiaan, KocMiuHi anapatu
«ITionep-10», «Iliomep-11» (puc. 3.3) i «Boamkep-1», «Boamgxep-2» uepes
MiJBbHOHU POKiB BuiiAyTh 3a Mexxi CoHAUYHOI cucTeMu i OyAyTH caMOCTii-
HO obepraTucsa HaBKoJIO eHTPpY 'amakTuku. He BUK/II0OUeHA MOKJINBICTD,
IO ITi amapaTy CTaHyTh CYIYTHUKAMHU AK0ich 30pi. Aximo AMC He 3ropsaTh
6osritom B aTmMocdepi mIaHeTH, TO iHOMJIaHETAHU 3MOMKYTh ITPOYNTATHI iH-
dopmariro, AKy HECyTbh IIi amapaTu.

¥ XX cr. 6ysi0 3amouaTkoBaHo npoektT SETT
(amra. Search of Extra Terrestrial Intelligence —
TIOTITYKU TT03a3eMHOT0 po3ymy). Ileit mpoekT mepes-
fauaB BifIpaBUTH B KOCMOC PETEJHHO 3aIludpo-
BaHe MOBiJOMJIEHHS OJIS IIPEACTABHUKIB iHIIHX
nusBigisamniyi. Bunukae sanuTaHHA: I YOTO MU
BeIeMO IIOIIYKY 1HOILIaHeTHUX IuBinisamniin? Yum
MOJKe KOHTAKT i3 IT03a3eMHUM PO3yMOM IIpHHEC-
T HaM AKYChb OOTATKOBY iH(opMarliio i momo-

Puc. 3.2. Big 3emni nowmpioetbea

; . CBOEpPifHa iHTeNneKTyanbHa XBuUns,
CIIDPOMOKH1 IIepefaBaTh Ta IIpHUMaTHU 1H- AKY BUNPOMIHIOOTb 3eMHi pagiocTaHuii

dopmalriro Big muBisisarii HaMIIoro iHTEJNEK-
TyajabHOoro piBHA 3 BimcraHi 1000 cB. pokiB. Ha Taxkiii BimcraHi icHyIOTh
MiJIbHOHU 3ip, TOMY BiAITyKaTw BiAIIOBiZHUNI 00’€KT AJIS CIIOCTEPEIKEeH-

MOJKe JIIOJCTBY BUIKUTHU B I[boMYy cBiTi? Cmpasa Puc. 3.3. «TlioHep-10»
B TOMY, IIIO HAIlla ITWBiJIizaiisa 3apas mepebyBae nponitae noss lOnitep
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Tema 8. XutTa y BeecsiTi

Yy CBOEPimHIiN isoisaIii, Tomy 110 3eMJisa 3a 6araTbMa mapaMeTpaMH € Ta-
KOJK 3aKPHUTOI0 CHCTEMOI0. 3TiJHO i3 3aKOHAMMU €BOJIIOIil CKJIaAHUX CHUC-
TeM Yy 3aKPUTiH cucTeMi 3pocTae 0esjal i BHUITYEThCA iHpopMaIlisg, ToMmy
3aKpuUTa cucTeMa IpupedYeHa Ha cMepTh. I[IpuKIagoM Takol CBOEPiAHOI me-
rpajarlrii 3aKpuTOi CUCTeMH € 3BUUANHI TEIJIOBi mpollecu — B i30Jb0OBaHil
K0J10i BUPiBHIOIOTHCS TeMIlepaTypa i rycTuHa.

ITixaBo, 110 1eil 3aKOH 3pocTaHHA 0e3aay B 3aKPUTIN cucTeMi [ie
i B JIIOACBKOMY CYCHiJIBCTBi, TiIBKYW B IIOMY BUIIAAKY MipHJIOM CJIYKUTH
He TeMIlepaTypa, a indopwmarnida. JIroquHa € icToTOIO CycHiJibHOIO, i BOHA
MOJKe 3aJIUINAaTUCh JIOINHOIO, TIIBKU CIiJIKYIOUNCH 3 IHIIUMH JIIOABMU.

BunukamoTh i 3acTepesKeHHs IIOA0 MOKJINBUX HACTIIKIB KOHTaKTiB
i3 muBinisarmiero, axka mepebyBae Ha BUINOMY CTYIIEHI PO3BUTKY. SIKIIT0
uysKa IUBiIizamia 3a iHTeseKTOM HabaraTo BUIIEpeaNnJa 3eMJISAH, TO BOHA
ByKe MOJKe 3IilICHIOBATU Mi’K30pAHI mepeboTu. ToOTO KOHTAKTH TPETHOTO
TUITY MOXKYTb Biff0yTHCs i Ha 3emJuri, AKIIO O HAC IPU-
JIeTATHh UysKi KocMiuHI Kopabii. ¥ 1boMy BUIIAAKY BHU-
HUKHE I'0JIOBHA ITpo0JieMa: UM 3aX0UyTh PO3YMHI icToT!
3 iHIMUX CBiTiB cmiJiIKyBaTucA 3 HaAMU, aJKe MiK HaMU

MynbTuBCecBiT,
6araTocBiT —
rinoTeTMYHa MHOKMHA BCiX

MOXIIMBMX MapanenbHux i HUMU MOsKe OyTH iHTeJeKTyaJbHa «IIpipBa». KouTak-
BcecsiTiB (BK/IOUHO 3 TVM, TU MiK IMUBLIIBAMiAME MOMKYTDH IIPU3BECTHU A0 KOH(MIIIK-
B AKOMY ICHYEMO MK). TiB — CBOEPIJHUX «30PAHUX BiliH», i MU MaeMo OyTHU I0-

TOBi O IIBLOTO.

MynasTugscecsir. I'imoTesu 111010 icCHyBaHHS MYJbTUBCECBITY BUCJIOBJIIO-
MyIeHHsA BUCYBA€E cyyacHa Hayka?

VasiTe, 1110 3eMHA ITUBiJIizalia po3BUHYJIACA HACTLIBKM, IO MU MO-
sKemo cruocrepiratu BeecBiT Bify Kparo o Kparo. Ajie BiH — yCbhOTo JInlie
KpaIlisgd B KOCMiYHOMY OKeaHi, i 3a MesKaMM HAIIIOTO TOJIA 30PY iCHYIOTH
iHIII raJakTUKU, 30pi, MJIaHeTH, BigmajeHi Big Hac Ha YMCJICHHI Miabap-
nu cBiTioBuX pokiB. I xoua Hamt BcecBiT BesimuesHuii, pasom i3 HuUM ic-
Hy€ Ille HeaJiueHHAa KiJbKicTh iHIIIMX
BcecsiTiB. BoHu mpocTarayaucsa Ha Be-
JUYE3HUX IIPOCTOPAX HPOCTOPY-dacy.
I xoua 1i BececBiTu posmuprooThca He-
MUHYyYe i IBUAKO, ITPOCTip-Yac, AKUMI
iX BMIiIIIy€, POSIIUPIOETHCA IIIe IIBUJ-
I1e, Po3BOAAYM IX AaJIi OAWH Bim OgHO-
ro, rapaHTyIOuH, 1110 BOHU HiKOJIU HE 3y~
cTpinyTheda. Came Tak popMyJrioe HayKa
imeio mysbTHBCecBiTY (puc. 3.4).

AJle AKIIO Ile IPUOYIIIeHHS BU-
SABUTHCA NPaBIWBUM, TO BOHO Oyle He
IPOCTO YiTKOIO TilmoTe3010, a MiATBEp-
Puic. 3.4. Komn'ioTepHa Mogerb ofHiel AKEHOIO II0CIiTOBHICTIO (PyH/ AMEHTab-
3 rinoTes WOAO0 MyNIbTUBCECBITY HUX 3aKOHiIB CBiTOOYIOBMU.
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Tema 8. XKutTa y BeecsiTi

Inea mynbTuBCcecBiTY BUHUKAE 3 isuKu, He-
00xinmoi mas onucy BeecBiTy, skuit Mu HUHI cIIo-
cTepiraemo i B AKOMYy MeIlrKaemMo. Yum gaji Mu 3a-
3WPaeMo B KOCMOC, TUM JaJii MU 6aYUMO B daci.
Binbim Bigganeni ramakTuku Mu 0aYMMO MOJIOIM-
MU, TOMY MEHIIIe PO3BUHEHUMHU. ¥ IXHiIX 30pAX
MEHIIIe Ba’KKUX €JIEMEHTiB, iX BUIUMUUA PO3Mip
MEeHINIUH, OCKiJIbKY BOHU 3a3HAJI MEHIIe 3JIUT-
TiB, TaM OiJIbIIIe CIipAJBbHUX i MEHIIIEe eJiMNTUUHUX
rarakTuk. ToXK AKIO MU AiJeMO A0 MeXK HaIlloi
3IaTHOCTI 6aunTu, BUABUMO Halinepri 30pi BeecBiTy, a 3a HUM — 1apuHy
TbMU, y AKill € TMHUM CBiTJIOM Oy/e 3aJIuIlTKoBe cBiTiHHA Besukoro Bubyxy.

BucyBaroun imeio MyabTHUBCECBiTY, HAYKOBIIi IIPOIOHYIOTH 3POOUTH
KPOK IIle JaJii, yaBUTHU, IO IPOCTip, Ae Big0yBcsa Benukuit Bubyx, HeCcKiH-
YEHHO POSIIUPIOETHCA. ¥ HbOMY IMOCTiMHO HAPOIKYEThCA 3 BUOYXiB i Bif-
JaJAeThCA OOUH BiJ oZHOIo He3uncJeHHA KijbKicTs BeecBiTiB.

Take yaBJIeHHS CBiTOOYAO0BY 34a€ThCsA (hDaHTACTUUHUM, ajJie BOHO MOJKe
cTaTu mepimuM MeTad)isuUHUM ABUINEM, IO BUTiKa€ i3 3aKOHIB (piduKU.
IIpuiinaBIIN #Or0, JIIOAMHA BIIEPIIe 3PO3yMie 0OMeKeHiCcTh TOro, 4oro
MOJKe HaBUUTH ii cBiT, B AKOMY BOHA »KuBe. IcHye HeoOximHa Ham iH)OP-
Mallis, aje MU HiKOJIHM He 3MOKeMo ii oTpuMaTu, 11100 OigHATY ifero 10 pis-
HA HayKOBOro paxTy. Ilo Tux Irip y4yeHi 3gaTHi Jullie npumyckaTu, aje aHi
MiATBEPAUTH, aHi CIpPOCTyBaTU TO (akKT, 110 Hal BeecBiT — awuine api6-
Ha YaCTHWHKA I'PAaHIi0O3HOTO MYJbTUBCECBITY, HEMOXKJIMBO.

G KoHTponbHi 3annTaHHA

1. Axi MOoKyTh OyTH TUIIM KOHTAKTIB 3 iHIIMMU IuBindisamiamu?

2. kM YyMHOM MOSKHA OI[IHNTHU KiJbKiCTh II03a3eMHUX I[UBiIi3aiil B HA-
i TamakTmii?

3.V AKuM cmocib J0ACTBO HAMAra€eTbCsA YCTAHOBUTH KOHTAKTH 3 I103a-
3eMHUMU MuBinisamiamu?

4. YuMm 3arposkye 3yCcTpiu 3 1mosaseMHUMHU uBigizamiamm?

MntTa € ofHi€o 3 BENMKMX
TaeEMHuUb Bcecsity

BuikoHaliTe TeCTOBi 3aBAaHHSA i3 aBTOMaTVN4YHOIO NepeBipKoo
Ha canTi «IHTepaKTUBHE HaBYaHHA».

BucuoBku. JKurTts — 1e ckJaagHa BifKpuTa cuctemMa XiMiuHUNX i 6io-
JIOTIYHHUX CIIOJIYK i3 BUCOKKM CTYIIeHEeM YIIOPALKOBAHOCT, SKa 36epirae
BeJuue3HU 00’em indopmairii npo cebe i HAaBKOJUIIHIN cBiT. 3emJis 3a
faraTbMa ImapaMeTpaM¥ € 3aKPUTOI0 CHCTEMOI0, TOMY Ipo0aeMa BUKHU-
BaHHSA JIIOJICTBA OB’ si3aHa 3 OCBOEHHAM KOCMOCY.

lanakTuku i oOMiH iH(GOpPMAIli€el0 MisK HUMY MOMKYTb IPUBECTU [0
3araJbHOr0 3pOCTaHHA iH(MOpMAaIlii, TOMy TaKuii mpoIec, 3TiTHO 3 Teo-
piero Oiosoriunoi eBosTIONil, MOXKHA BBasKaTu IIporpecuBHEuUM. KoHTaKkTH
3 iHIIIUMY IUBiIiBaAiAMY MOMKYTh OYyTH TPHOX THUIIiB.
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NMpuknagn po3B’a3aHHA 3agau4

3opsa Bera posramroBana Ha Bimcrani 26,4 cB. pory Big Semuri. CKinb-
KM POKiB Jierizia 6 mo Hel pakera 3 mocTifiHoio mBuakKictio 30 Km/c?

Hano: Poss’szannsa:
D=26,4 cB. pOKYy ¢D .
¢=300000 xMm/c t :7:264 000 poxis.
V=30 xm™m/c

5 | IIBuakicts pakeru B 10000 pasiB memnrna,
t="

HiK IIBUAKICTH CBiTJIa, TOMYy KOCMOHABTU OYIYTh
aeritu mo Beru y 10000 pasiB mosie.

OmiBxHi BaImmia TiHb y ABa pasy MeHIIA, HidK Bail 3pict. Busnaure Bu-
cotry CoHIIsI Haja TOPU30HTOM.

Posé’ssannusa:

Bucora Couig i BUMIPIOETBCA KYTOM MiXK IIJIOIIHMHOIO
TOPUBOHTY Ta HANIPAMKOM Ha CBiTMIO. 3 IPAMOKYTHOTO TPU-
KYTHUKA, Je KaTeramu € L (moB:xkuHa TiHi) Ta H (Bamr 3picrt),
3HAXOIUMO

h=arctg(H/L)=arctg2=63°26".

Acrepoin AMyp pyxaerbca mo eiimcy 3 ekciuentpucurerom 0,43. Um
MOJKe IIell acTepoin 3iTKHyTHCS i3 3eMJjero, SKIO Horo mepiox obep-
TanHsg HaBKoJI0 CoHIA mopiBHIOE 2,66 POKy?

HaHo: Pose’aszannsa:
T=2,66 pory
e=0,43

Acrepoin Moske 3ycTpiTHca i3 3emiero, AKIITO
BiH mepeTHeTbCcA 3 opOiTo0 3emJji, TOOTO AKIIO Bif-

T ? craHb y mepwurenii r,;,=< 1 a. o.

min

3a momomoroo TpeThoro 3akoHy Kemsiepa Bu3HauaeMo BeJIUKY HiBBich
opbiT; actepoina:

2/3
a=a,(T/T,)",

me a,=1 a. o.— BesuKa miBBich opbiTm 3emui; T,=1 pik — mepiox

obepranua 3emyi HaBKoJs0 CoHILA.

a :712/3 :T2/3 =1,92 a. o.
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Mpviknagn po3B’a3aHHA 3agay

0) Op6ita 3emni Op6ira a=c +t Iy
acTtepoipa c=ea;

rmm=a (1 — e);
=1,09 a. o.

CoHue T min

Tinin ¢ a Bionosgiov. Actepoin Amyp He Iie-

peTHe opbiTy 3emii, TOMYy He MO-
JKe BiTKHyTHCA i3 3emiero.

Puc. MN.1.

4. Ha akifi BucoTi Haa moBepxHeo 3emJi Mae obepTaTucsA reocrarioHap-
HUHN CYNYTHUK, AKWUH BUCUTH HaJ ONHIi€I0 TOUKOIO 3eMJi?

Posé’sasanns:
a) 3a IO0TIOMOroI0 TPeThOoTO 3aKOoHY Kemsepa BusHAa-

YaeEMO BeJIMKY IiBBich OpOiTH CymyTHUKA:
2/3
a=a(5/T)",
Ie a,=380000 kM — BesmKa miBBich opbiTu Micansa; T,=1 moba — mepiof
obepTaHHA cynmyTHUKa HaBKoJso 3emui; T,=27,3 mobu — mepiox obepraHHA
Micsams HaBKoJI0 3eMJIi.

H=?

a,=41900 xwm.
0) H=a-R,=35500 xwMm.

Bidnosgiob. TeocrarioHapHi CyIyTHHKN 00epTAIOTLCA i3 3aX04y HA CXif y ILJIO-
muHi ekBaTopa Ha BucoTi 35500 KMm.

5. Yu MOXKYTh KOCMOHABTU 3 mOoBepxHi Micsaia He030pOEHMM OKOM IIO-
bauntu Yopue mope?

Hano: Posé’sasanns:
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 Yop-
HOI'0O MOps#, BU3HAYAEMO KYT:

a=arctg(D/L)~9’ .

a="7?

Biodnosgidv. ko B Ykpaiui gennb, To 3 Micama Yopae mope Mo:kHa moba-
yuTH, 60 #Oro KyTOBUM miameTp Oinbiniuii Bif posmijabHOI 37aT-
HOCTi OKa.
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Mpuknaan po3s’A3aHHA 3afjay

6. Ha moBepxHi AKo0I It1aHeTy 3eMHOI Pyl Bara KOCMOHABTIB Oyze Haii-
MEHIII010?
Pose’sazanna:
P=mg; g=GM/R?,
nme G — rpasiramiiiga crama; M — maca miaaHetu, R — pazgiyc minaneru. Haii-
MeHIIIa Bara Oyle Ha IIOBEePXHi Tiel miameTu, Ae MeHIe IIPUCKOPEeHHS BiJIbHOTO
nagiaaa. 3 opmynau g=GM/R? BusHauaemo, mo Ha Mepkypii g=3,78 m/c?,
Ha Benepi g=8,6 m/c?, ma Mapci g=3,72 m/c?, ua 3emui g=9,78 m/c?.
Bionosidv. Bara 6yzge maiimenmioro Ha Mapeci — y 2,6 pasy MeHIIIO0, Hix
Ha 3eMJi.

7. Kosu, B3MMKY UM BJIITKY, V BiKHO BaIlloi KBapTHUPHU OIIiBAHI moTpa-
misie Oinbliie coHAYHOI eHeprii? Posrisausre Bumagku: A. BikHo BUXO-

IUTHh Ha IiBAeHb; B. BikHo BuUxXoauTh Ha cxin.

Pose’szanna:

A. KinbKicTb COHSYHOI eHeprii, AKY OTPUMY€E OAMHMUILSA IIOBEPXHi 3a

ONWHUIIIO Yacy, MOKHA OOYMCJIUTHU 3a AOIIOMOTOI0 TaKoi opmysm:
E=gqcosi,
Jle ¢ — COHAYHA cTajla; | — KYT MaJiHHSA COHAYHUX IPOMEHiB.

CriHna posrallioBaHa IMEPIEHIUKYJIAPHO N0 TOPU30HTY, TOMY B3UMKY KYT
MagiHHS COHAYHUX IpoMeHiB Oyme menimuMm. OT)Ke, AK Ile HE OUBHO, B3UMKY
y BikHO Baroi kBaptupu Bix COHIII HAAXOAUTh OLJIbINE eHeprii, HijK YIiTKy.

B. Ax1io BiKHO BUXOAUTH Ha CXiJ, TO COHAYHI ITPOMEHi OIIiBAHI HiKO-
JU He OCBITJIOIOTH BAIlly KiMHATY.

8. Busnaure paziyc 3opi Bera, axa Bunpowminioe y 55 pasiB 6isbIre eneprii,
His)k Conme. Temmepatypa nmoBepxHi ctaHoButs 11000 K. fxwuit Burnaz
Maja 0 1A 30psa Ha HaloMmy Hebi, Ax0u BoHa cBiTmia Ha micii CoHra?

Hano: Poszg’asanna:
L=55 Pazxiyc 3opi BusHauarmTh 3a JOIOMOT00 (OPMY-
T=11000 K | am (13.11):
2
R=? gid :T_%Jf,
R, T

ne Ry =695202 kM — pagiyc Conngsa; T, =6000°C — remmneparypa IoBepx-

Hi CoHIA.
T2
T—‘Dz\/L ~2; R=R,~1400000 xMm

Bionosidv. 3opsa Bera mae paxiyc y 2 pasu 6inbinmit, Hisk y CoHIIA, TOMY
Ha HammoMy Hebi BoHa MaJja 0 BUIJIAJ CHHBOTO AUCKA 3 KYTO-
BuM miamerpom 1°. Axk6u Bera csitmna damicts Coniiss, To 3eM-
Js1 oTpuMyBaJia 6 y 55 pasis 6inbiie eHeprii, Hixk Temep, i Tem-
meparypa Ha ii moBepxHi Oysma 6 Burroio 3a 1000°C. Tarkum
YMHOM, YMOBY Ha HAIi# ImiaHeTi cTaau 6 HENMPUAATHUMU AJIS
Oyab-AKUX (OPM KUTTS.
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NMpakTnuHa po6oTa

Po6oTa 3 pyxomo10 KapTolo 30pAHOro Heba

1. IToBepHiTH mIACTMACOBUM KPYr Ha KapTi TAKUM YWHOM, II[O0M JaTa CIIO-
CTeperKeHHA Ha 30BHIITHBOMY KOJIi KapTu 30irajacs roguHOI0 CIIOCTEpe-
JKeHHS Ha 30BHIITHLOMY KoJIi Kpyra. Toai B mpo3opoMy oTBopi Kpyra Oyzae
BU/IHO TiJIBKM Ti 30pi, AKi B IIei MOMEHT PO3TaIllOBaHi HaJl TOPU3OHTOM.

2. 3opieHTyliTEe KapTy HaJ I'OJIOBOIO BiJHOCHO CTOPiH TOPM30HTY. ¥ IEHTPi
TIPO30POTO OTBOPY OyAe BUAHO Ti 30pi, IIT0 po3TaIlioBaHi m0o0aM3y 3eHiTa,
a 6ijig Kparo Ti cBiTMJIA,AKi CBiTATH KOJIO TOPU30HTY, TOOTO CXOAATH, ab0
3aX0OATh.

3. KynbmiHatiia 3opi HacTae B TOM 4yac, KOJHU CBITHJIO IIEPETUHAE TLIOITUHY
MepuaiaHa — Ha KapTi e mpAMa JiHid, 10 TPOXOAUTH BiATOUKY ITiBHO-
4i Ha TOPUBOHTI Ueped MiBHIUHUY MOJIOC CBITY IO TOUKU IIiBAHA HA IIiB-
IEeHHOMY Tropu30HTi. BHacmigok obepTaHHa 3eMJi HaBKOJO OCi, MJIOIMHA
MepHIiaHa MOCTiHHO 3MiITyeThCA, TOMY IPOTATOM 00U KOKHE CBiTHJIO
IBiui ImepeTnHae MepuaiaH, TOMY PO3Pi3HAIOTH ABI KyjabMiHaIii. ¥ mo-
MEeHT BepXHbOI KyJIbMiHAIil 30psA po3TamioBaHa HaWBUIIle HaJ TOPUSOH-
TOM, & B HUJKHIA KyJbMiHAaIil — HallHUIKUe.

4. Beuka Begmenuiia oniBHOUI cBiTUTH m06/IM3y 3eHiTY. BUuKOopucToByioun
PyXOMy KapTy 30pAHOTr0 Heb0a, BU3HAUTE B AKOMYMiCAIll TPOBOAATHCA CIIO-
CTepesKeHHd.

5. 3a momomororm pyxomoi KapTu 30pAHOr0 He0a BUBHAUUTHU, YU MOYKHA
B YKpaiHi B ciuHi omiBHOui mob6aunTu 3opio Bera. BumipsaiiTe ekBaTopi-
aJIbHI KOOPAUWHATH ITi€l 30pi.

123

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua



124

dopatkn

HAMNACKPABILLUI 30PI

o ' Bin- C.BiT- Temie- P.a-
HasBa Cysip’a m CTaHb HicTH | parypa | miyc
n/n nk |L=E/E. K | R/R.
1 | Cipiyc o Bea. Ilec | —1,46 2,7 22 11000 1,3
2 |Kamonyc | o Kinb -0,75| 55,0 | 20000 | 7500 | 85,0
3 |Apkryp |« Bomomac | -0,05 11,1 | 113 5000 | 14,0
4 | Pirean o Kearasp | —0,01 1,3 1,4 5800 1,2
5 |Bera o Jidpa  |+0,03| 8,1 55 11000 | 2,0
6 |Kameana o Bismmumit | +0,08 | 13,7 | 151 5600 | 13,0
7 |Pirens  |p Opiox +0,13| 250,0 | 50000 | 12000 | 52,0
8 |IIpomion |o Mau. Ilec | +0,37 3,5 7,6 7000 2,0
9 f:;fé“’ o Opion +0,47| 150,0 | 13000 | 3000 |426,0
10 |Axepmap o Epizam | +0,51 40,0 | 870 15000 | 4,0
11 Tagap |B Kemrasp |+0,63 150,0 10000 | 20000 | 8,0
12 | Anpraip | o Oper +0,76| 5,1 | 11,3 9000 | 1,4
13 ‘;‘;ﬂe"’a' o Terens | +0,86| 20,0 | 160 4500 | 21,0
14 |Amrapec |o Cropmiom | +0,91| 130,0 | 6300 3000 | 300,0
15 Cmixa |o [isa +0,91| 80,0 | 2400 | 25000 | 2,6
16 |Ilomnykc |B Bausaara | +1,14 | 11,0 37 5000 4,5
17 I‘?;‘;fam" ¢ gpi%z;. +1,19| 7,7 17 10000 | 1,4
18 Ieme6 |o Jlebime | +1,25  500,0 | 70000 | 10000 | 90,0
19 Peryn |o Jes +1,35, 27,0 | 200 13000 | 2,8
20 |Kacrop |o Bamsusra |+1,58| 16,0 50 11000 2
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Donatku

3ATEMHEHHA MICAUA, AKI MOXXHA NMOBAYUTU B YKPAIHI

(2019—2062 pp.)

Hdara Yac daza Hdara Yac ®daza
21.01.19 7-10 IIOBHE 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 IIOBHE 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 TIOBHE

3ATEMI.-.IEHHF| COHUA, AKI MOXKHA CNOCTEPITATA

B YKPAIHI (2020—2187 pp.)

Bl S0 RETHE: f[g:llfl?: Bz nonlrll(t;l:;asn
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 9. =
12.08.2026 21-03 0.86 IL. Agia
02.08.2027 12-33 0.37 II. Adpuka
21.06.2039 21-22 0.92 K. €Bpona
11.06.2048 17-00 0.90 K. €Bporma
14.11.2050 16-20 0.70 4. =
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 II. Aszia
20.04.2061 5-35 0.97 IL. Opeca, Kpum
06.07.2187 10-44 0.98 1I. XapkiB, Yepkacu

II — mosHe 3aTeMHeHHsA, K — KijgblenoniOoue saremMHeHHs, Y — yacTt-

KOBe 3aTeMHeHHsa. Yac MaKCcUMaJIbHOIL (1)&31/1 3aTeMHEHHdA IIOJaHO 3a KUIB-

CBbKHM 4YacCcOM.
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Dopatkn

ACTPOBJIEMUA

JlaBHi reoJsioriui CTpyKTypH, AKi MOB’A3aHI
3 MaJiHHAM BeJMKHX METEOPHUTIB

Hassa Anpeca M o Bix
KM
Canbepi .
(St Kanaga, OuTapio 200 |1,8 mupxa p.
BpenedopT
(Vredefort ITiBn. Adpukra 200 |2 muapg p.
Ring)
ITonuraiiceka |IIiBH. Cubip, Pocia 100
Bosrucbka G DD R L 31 |65 = 1,2 muH p.
00.1.
OGosonbehKa | O omornms, Cememiegm 20 169 = 7 muH p.
p-H, ITonTaBcbka 061.
TepHiBCbKA ® Esossil g, [51p0ae: 15 280 = 10 muH p.
rpajachbKa 00JI.
Inninenska M. Lmminmi, Bimgunbka o0JI. 6,5 [400 = 30 muH p.
Binnniscbra zéflﬂntKa’ ST 5,5 |165 = 6 maH p.
PormuctpiB- | c¢. PormuctpiBka, Uepkacbka
2,2 130 = 10 muH p.
CbKa 006.1.
3esreHorai- c. 3enenutii 'aii, KipoBorpaz- 0,8 |60 wm p.
CbKa CcbKa 00JI.
3ejieHoraii- c. 3enenuii I'ait, KipoBorpan- 0,7 |60 mmx p.
CbKa cbKa 00JI.

ACTPOHOMIYHI OBCEPBATOPII YKPAIHU | CBITY

Hassa Micto Kpaina Pnc
3aCHYBaHHS

TosmoBHA acTpoHOMiUHA
obcepBaTopis HAHY Kuis YKpaina 1944
http://www.mao.kiev.ua
Kuiscbka acTpoHomiuma
obcepBaTopisa Kuis YKpaina 1845
http://www.observ.univ.kiev.ua
Kpumcrka actpodismuna
oOcepBaTopia Hayunuii | Ykpaina 1908
http://www. crao.crimea.ua

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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DopaTtkn

Hazsa

MicTo

Kpaina

Pir
3aCHYBaHHSA

JIbBiBCbKaA acTPOHOMiUHA
oOcepBaTopisa
http://astro.franko.lviv.ua

JIbBiB

VYkpaina

1769

MuxkoJiaiBcbKa acTpoHOMiUHA 00-
cepBaTopis
http://www.mao.nikolaev.ua

MuxoJais

Ykpaina

1821

OpmecbKa acTpOHOMIiUHA
obcepBaTopisa
http://www.astro-observatory.
odessa.ua

Opneca

VYKpaina

1871

ITonTaBchbka rpaBimMeTpuuHa 06-
cepBaTopisa
pgo@poltava.ukrtel.net

ITonTaBa

Yrpaina

1926

YxropozacbKka JiabopaTopisa
KOCMIUHUX JOCJIiIKeHb
http://www.univ.uzhgorod.ua

Yaxropon

Ykpaina

1957

XapkiBcbKa acTpoHOMiuHa o6cep-
BaTOpiA

Iz 2002 p. IscTuTyT acTpoHOMIii
http://astron.kharkov.ua

XapkiB

Ykpaina

1806

XapKiBCbKUM iHCTUTYT
pazxioacTpoHOMIl
http://www.nbuv.gov.ua/
institutions/rai

XapkiB

YKpaina

1985

ITapusbka acTpoHOMiUHA
obcepBaTopis
http://www.obspm.fr

ITapux

DpanIia

1671

I'punBinbKa acTpoHOMiIUHA
obcepBaTopis
http://www.nmm.ac.uk

Jlormon

Anrmaia

1675

BinpHIOCHEKA acTpoHOMiIUHA
obcepBaTopis
http://www.astro.ff.vu.lt

BinnHIOC

JIuTBa

1753

KpakiBcbka acTpoHOMiuHA
obcepBaTopisa
http://www.oa.uj.edu.pl

Kpakis

ITonbmia

1795

IIynkoBCchbKa acTpOHOMIUHA
obcepBaTopia
http://www.gao.spb.ru

C.-IleTep-
oypr

Pocia

1839
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DopaTtkun

org

Hassa Micto Kpaina 1L
3aCHYBaHHS
OHAp:KelloBChKA acCTPOHOMIUHA
obcepBaTopisa .
http://www.expats.cz/ {01320 s 1t
ondreiovobservatory
Mayut-Bincon o6cepBaTopisa . .
http://www.mtwilson.edu e i s sl
Actpodisuuna obcepBaTopisa
. Bpur.
y BikTopii Rl Kauana 1910
http://www.nrc-cnrc.gc.ca
AbGacTymMaHChKa aCTPOHOMIYHA
obcepBaTopisa Abacrymani | I'pysis 1932
http://www.genao.org
BropokaHcbka acTpoHOMiUHA .

. Bipme-
obcepBaTopisa Bropoxan . 1946
http://www.aras.am/bao.html HiA
CrermianbpHa acTpogdisuuHa obcep- .

) ITiBH. .

BaTOpiA Kapkas Pocia 1966
http://www.sao.ru
AcTtponomiuna obcepBaTopisa
Maywna-Kea TaBaiii CIITA 1970
http://www.ifa.hawaii.edu/mko
AMepuKaHChKa aCTPOHOMIYHA 00-

. Jlac- .
cepBaTopis KaMmamec Yuai 1976
http://www.lco.cl
IITemaxuHCHKA acTPOHOMIUHA St
obcepBaTopisa IITemaxa 1960
http://www.shao.az foEad
HaykoBuit iHCTUTYT KOCMiU4HOTO
Tesieckona «I'ab0Jra» CIITA 2010
http://www.stsci.edu/hst/
Hysxe Benukuit Teneckon (VLT) Ilycrena .
http://www.eso.org/vlt Arakama T 1t
Oo6cepsaTopis Poke-me-moc-My- Jla-ITansma,
yayoc Kanapceki | Icnanmia 1985
http://www. ias.es OCTPOBU
ApecibcbKka acTpoHOMiUHA 00Cep-
BaTOpiAa Apecibo Yuri 1963
http://www. naic.edu
O6cepBaTopisa Jlmaumgo ne Yaii-
HaHTOP Ilycrensa .
http://www. almaobservatory. Araxkama bl LRI
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A0BIAKOBI AAHI NMPO MICALb

Donatku

ITapameTp Beauuuna
Minimanbua BigcTaHb Big 3eMuri, KM 356 410
MaxkcumanbHa BifgcTaHb Big 3eMuri, KM 406 740
Cepenusa BimcTaHp Big 3eMuri, KM 384 400
CepenHili eKCIIEHTPUCUTET OPOiTH 0,0549
CepenHili HaXWJI IJIOITUHYA OPOIiTH 4O eKJIiITUKHT 5°08'43"
ITepiox obepTanHs mo opbiTi, 1i6 27,32
Cepenusa nepioguuricTs 3Mminu ¢as Micaisa, nid 29,53
CepenHiiit KyToBUii pagiyc Micamsa 15'33"
Maca, Kr 7,3510%
CepenHs rycTuHa, Kr/m® 3340
IIpuckopeHHs cuau TAXKIHEST, M/C? 1,62
Hpyra KocMiuyHA MBUIKICTH, KM/C 2,38
MaxkcuMaibHa TeMIIepaTypa BAeHb, C +13
MinimanbsHa TeMiepaTrypa BHoUl, C -170
OCBiTJIe}fiCTb Big moBHOro Micsaia Ha 3eMHIin 0,25
TMOBEPXHi, JK
OCBiTJIegiCTL BiZ moBHOI 3eMJIi Ha MicsauHiN 16
IIOBEPXHi, JIK
CepenHsa BimoOpaskyBaJibHA 3JaTHICTH Bif yciel 12.44
MicAauHOI moBepxHi, % ’
Bingo6paskyBasbHa 3JaTHICTE MATEPUKOBUX
obaacreit, % 13,44
Bigo6paskyBasbHa 3MaTHICT, MOPCBKUX obJiacTeit, % 7,3
3arajbHa moma mosepxHi Micama, Km? 3,8:107
ILnoma mopiB Ha Bciit moBepxHi, % 16,9
Ilnoma MmopiB Ha BugMMoOMYy 60ILi, % 31,2
ILromnia moBepxHi, AKY MOKHA CIIOCTepiraTu 59

B pesyJabTaTi gibparii, %
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Dopatkn

CNEKTPAJIbHA KJIACUOIKALIA 3IP

CruekTpaxbHUi Tt Temmneparypa, T toinst it
KJac K
(0] BunakurHuii 20 000 Haoc (€ Kopmn)
B Binwmii, } 15 000 BeJIJIa}TpHc
OJIaKUTHUI (y Opiona)
A Binwuit 10 000 Cupiyc
F sKosTuii, 6innmii 8 000 Aunbraip (o Opaa)
G HKosTuit 6 000 CoHIle
K KosTuii, } 4 500 AJIL,Z['e6apaH
moMapaHYeBUHA (o0 Tinbirs)
M Homapanqelinn, 3000 BeTeJII:'I‘eI/I-Se
YePBOHUI (oo Opiona)

TEPMIH XXUTTA 3IP

CrneKkTpaJbHHUI KJIac

Tepmin sxkuTTA (POKiB)

(0]

meH1e 106

107

108

10°

1010

1011

2| )" Q" |k | @

mouazg 10!
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Donatku

XPOHOJOrIA KOCMIMHUX NOAIN

Hara

ITomia

15000000000 p. oo H. e.

3apomkeHHs BececBiTy — Besukuii Bubyx.

5000000000 p. mo H. e. |3apomxenasa COHAYHOI cuCTEMH.

4500000000 p. mo H. e. | YTBOpeHHs 3eM.JIi.

3500000000 p. 10 . e. HoanQK apxeficbKol epy B IIKai
Te0JIOTiIUHOTO JIiTOUMCIeHHS.

1900000000 p. mo H. e. |Ha 3emui 3’aABuJINCH HePIIi BOJOPOCTi.

500000000 p. mo =. e.

ITouaToK maJ/ie030MChKOI epu — 3’ ABUJINCH
IEePIIi CIIOPOBi POCIMHMA.

400000000 p. mo H. e.

Ha 3emuri BunuKIu mepiii pubu.

230000000 p. mo H. e.

ITouaToK Me3030MChKOI epu — 3’ ABUJINCH
XBOWHI POCJIVMHU.

200000000 p. mo =. e.

ITouaToK I0OPCHKOTO ImePiofy — BUHUKJINA
IepiIi IJasyHu i OTaxu.

67000000 p. mo H. e.

ITouaToK KaiiHO30MCHKOI epru — 3’ ABUJINCH
KBITKOBi POCJMHMU i ccaBIIi.

65000000 p. g0 H. e.

Karactpodiune siTkHeHHA 3eMJIi
3 acTepoioM, KOJU 3aTUHYJIU TUHO3aBPH.

4000000 p. mo H. e.

3’ ABUINCH aBCTPAJIOMITEKN —
JIOIUHOIONIOHI MaBIM, IPAPOAUYi JIIOAUHMN.

2000000 p. mo H. e.

ITouaTOK aHTPOIIOTEHHOTO Tepioxy —
BUHUKJIN PO3YMHI JIOAU.

200000 p. 1o H. e.

3’ABMJINCH HeaHAepPTaJbIll — MigBUI
JIOAWHU PO3YMHOI.

40000 p. mo H. e.

3’ABUINCH KPOMAHBHNOHIII — MOKJIUBIL
OpeJKU €BPOIEOiHOI pacu.

5509 p. mo H. e.

1 BepecHsA IIOYATOK €PU JIITOUMCICHHS BiJ
«CTBOPEHHS CBiTY» 3a KajeHAapeMm Bizanrii.

5508 p. mo H. e.

1 Gepes3Hs IOYATOK JIITOUMCIIEHHS Bif
«CTBOPEHHS CBiTYy» 3a KajeHumapem Pyci.

4713 p. mo H. e.

1 BepecHA mOYATOK BiJIiKY JIITOUYMCIEHHA
I0JIIAHCHKOT'O TIePiofay.

4200 p. mo H. e.

Y €runti cTBOpeHO COHAYHUN KaJeHaap, III0
I'PYHTYBaBCsS HA TPOITIYHOMY POIIi.

3761 p. mo H. e.

7 KOBTHSA IIOYATOK JiTOYMCJIEHHS Bis
«CTBOPEHHS CBiTY» 3a €BPEHCHKUM
KaJeHJapeM.

2100 p. mo H. e.

Ilepmri 3ragKu PO METEOPUTH
B JAaBHBOETUIIETCLKOMY IIAIIipyci.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
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DopaTtkun

Hara Ilomisa

36ymoBano CTOYHTeHI:K — JaBHSA

2000 p. mo H. e. . .
acTpoHOMiuHa obcepBaTopiA B AHTIi.

600 p. 1o H. e. Y BaBuJoHI CTBOPUJIN COHAYHUN TOAUHHUK.
ITiparop ymepiite BUSHAUNB MapaMeTpHu

555 p. mo H. e. 3eMHOI KyJIi i BBiB CJIOBO KOCMOC AJISA
no3HaueHHA BcecBity.

433 p. 10 m. e. MeTO.H 00UMCIIUB IIUKJ I Bi,uJIiKy‘
TPOIMIIYHOTI'0 POKY TA CHHOAWUUYHOTO MiCSIIA.

350 p. 10 1. e. €BIoOKC ynepine CTBODHE KapTy 30pAHOTO
Heba, Ha AKill € eKJiOTHKA i 30qiaK.

330 p. 10 1. e. Apicrorennb C(I)"OpMy.IIIOBaB §y,1:[03y
reoIeHTPUYHOI CHUCTEMHU CBiTy.
Apximen cTBOPUB acTpapiym — TOIUHHUK,

250 p. 1o H. e. 110 BigTBOpIoe BuagmMuii Ha Hebi pyx CoHila
i maaHer.

240 p. 10 1. e. Epatochen ymepire B‘I/IMipﬂB AYTY Mepugiana
JLJIs1 BUBHAUEHHSA pagiyca 3eMJi.

D5 5 50 s B Api.c'rapx CamMocbKUii BHcyHyB imero mpo
TeJiOIeHTPUYHY CHUCTEMY CBiTYy.
Tinmapx ckJjaB KaTaJor 3ip i mosHaumB ix

125 p. mo H. e. .
SICKPAaBiCTh 30PSIHUMU BEJIUUYUHAMU.
Pumceruii imneparop ¥Omniii Ilesap yBiB

46 p. 10 H. e. KaJIeH[ap, AKUHN Ha OoTo YecTh HasBaau
FOJIIaHCHKUM.
Knasgiii IlTomomet HancaB KHUTY «Benruka

140 p. H. e. MaTeMaTHYHa II00yZ0Ba acTPOHOMII»
(Mericre).

525 p. I['iOHi(?iI'?'I Manuii 3anpoBaguB JiTOUNCIEHHS
Bin BTisieHHA (Hapom:kenHsA) Icyca Xpucra.

622 p. 1§ JUMIHSA TIOUYaTOK iCJIE‘lMCBKO'l' epu
JIiTOUMCJIEHHA — epa TimKpa.

988 p. Kusas3p BomoguMmup 3anpoBaguB 0JIiaHChKUI
KaJIeHaap.

1054 p. Coamax Ha,III'{OBO'l' B cysipji Tem:ua, r‘Ipo AKY
€ sragku B giTonucax Kuiscskoi Pyci.
Ilepmri sragku mpo moJit 6oaifga B JiTonmmcax

1091 p. .. . .
Kuiscskoi Pyci.

1330 p. BiJII:UHIV{ ORRaiVI copMyJIrOBaB MPUHITUII,
Axui Bigomuit Ak «BpurBa OKKama».
HagpykoBaso mepIy KHUTY 3 aCTPOHOMIT

1483 p. yKpaiacbkoro aBropa IOpia [[poro6uua
(Korepmaxka).
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DopaTtkn

Hara ITomia

1543 p. Mngonal‘/’l ROl'Iep“HI/IK C(l)OpMy:IIIOBaB 3acanu
reJIioIeHTPUYHOI CUCTEMHU CBiTY.

1546 p. Tixo Bpare moBiB, 1110 KOMeTU
POBTAIIIOBYIOTHCA AaJi, HixK MicAnb.

1582 p. 3amnposamxeHo I'puropiaHcbKuii KajJdeHmap
(HOBUII CTUJIB) Y MeAKUX KpaiHax €Bponu.

1600 p. ,.H}RO.p/IaH.? prHo OyB cIrajieHU# Ha .BOI‘HI/IH_[i
iHKBi3UIIil 34 i/1e10 JKUTTA y KOCMOCI.
Taineo Tamisedt mpoBiB mepIiri

1609 p. crocrepeskenna Micamnsa Ta ILIasgeTr 3a
JOTIOMOT'0I0 TeJeCKOoIIa.

1609 p. Horanu Kemrep chopMy/Ii0BaB 3aKOHHU PYXY
miaaHeT — 1-i Ta 2-# 3akoHu Kemiepa.

1644 p. Pene JlexapT BUCYHYB HePIITy riltoTe3y Ipo
yTBopeHHA COHAYHOI CUCTEMU.

1647 p. SAu I'eBesifi cKJIaB IepITy AeTAJIbHY KapTy
Micamsa.

1659 p. Bigkpuro kinbie CaTypHa.
Pene Promep 3a 4OMOMOTr0OI0 CyIyTHUKIB

1676 p. IOmiTepa Bmepille BU3HAUNB IMIBUAKICTh
cBiTJIA.

1687 p. IcaaI-C.HBIOTOH C(l)(?pMy.IIIOB&B 3aKO0H
BCECBITHBOI'O TSKiHHJ.
I>xetimc Bpaaseitr BUsHAUMB IIBUIKICTD

1728 p. cBiTJIa 3a mommomororo abeparrii cBiTiia Bif
3ip.
Enmonn Ianneit mepenbauuB IOBEPHEHHA

1740 p. y 1758 p. komeTu, AKy Ii3HiIlIe Ha3BaJ 1 Ha
MOT0 UecCTh.
Muxatiiao JIJoMmoHOCOB BifKpuB aTMochepPy

1761 p. Benepu mig uac ii IpoXoI:KeHHs IO TUCKY
CoHIIA.
Horann Tiniyc BifKpUB 3aKOH IJIAHETHUX

1766 p. BificTaHel, AKMWI Ha3BaJau IrpaBuiom Boxe-
Timiyca.

1772 p. ITerp IMTannmac y Cubipy 3HANIIIOB METEOPUT
macoio 6am3bK0 500 Kr.

1781 p. Binbawm epitess BigkpuB Y paH.
I»xon I'yapaiix BUCYHYB IPUITYIIIEeHHS,

1782 p. 10 30pa Anaroxns (f IIpecesa) € moaBiliHOO

30PAHOIO CHUCTEMOIO.
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Dopatkn

Hara

Ilomisa

1783 p.

Binbawm I'epiiens Bizkpus pyx CoHIsa
B HaIPAMKY cy3ip’a 'epkyec.

1801 p.

Hxysenmie Iliami BigKpuB mepIrmuii
acrtepoix — Ilepepy.

1814 p.

HNosed PpayHrodep BUABUB YHCIEHHI JiHii
noryinHaHHA v cneKTpi CoHIl.

1826 p.

T'eupix Oapbepc chopmyTrOBaB
doToMeTpUUHUIT TTApAJOKC — IMIapPamoKC
Ounbepca.

1839 p.

Bacuiws Ctpyse B IlyakoBCchbKiil o6cepBaTopii
ONHUM i3 mepHmIinx BUMipAB mapaJjakc Beru
(o JTipm)

1842 p.

Xpucrian lonmnyiep H0BiB icHyBaHHA e(EKTY
3MiHU JTOBXKWHU XBUJII B aKYCTHUITL i OIITHIILI.

1846 p.

HWorauu Iamre Bigkpus mianery HenTys Ha
oCcHOBi o0umcyieHb Agamca Ta JleBephe.

1848 p.

Binsam Tomcon (iopx Kenbsin) yBiB
a0COJIIOTHY IITKAJy TeMIIepaTyp.

1851 p.

/Kam ®yKo 3a JOIIOMOT0I0 MaATHUKA LOBiB
o0epTaHHs 3eMJIi HaBKOJIO OCi.

1852 p.

Pynonsd Boab( yBiB iHZEKC COHATHOL
aKTHUBHOCTI, AKNI HA3WBAIOTh YHCJIOM
Boabpa.

1859 p.

Hopwman Ilorcon yBiB KoeditieuT mgirs
BU3HAUEHHSA 30PAHUX BeJIUUYUH — (POPMYIY
ITorcoHa.

1860 p.

Hxetimc MakcBeJIT CTBOPUB TEOPit0
€JIEKTPOMATHITHOTO IOJI.

1864 p.

Enyapn Poin noBiB HaABHICTh HUMKHBOI
MesKi 11 opOiTH IPUPOAHOTO CYIYyTHUKA
mIaHeTu — Meska Poira.

1865 p.

I'. PixTep BuCyHYB rinoresy Ipo 3aHeCeHH:A
Ha 3eMJI0 KUTTA 3 KOCMOCY — ITaHCIIEpMid.

1865 p.

Pynoned Knaysiyc chopmysrroBas mapasoxc
«TemyioBoi cmepTi BeecBiTy».

1871 p.

I:xoH Peseii omy0JiKyBaB mpailio mpo
TIOJISIPU3AILil0 CBiT/Ia Ta IIOSCHUB OJaKUTHUMI
KoJIip Heba.

1877 p.

Acad Xomna Bigkpus @oboc i [Jemoc —
cynyTHUKHU Mapca.

1881 p.

H:xoBauui Criamapesni Bimkpus Ha Mapci
«KaHAJII» .
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DopaTtkn

Hara

ITomia

I'puHBinbKHiT Mepuaialn 3a MidKHaAPOIHOIO

L 10 YTOZO0I0 MIPUHHATO 38 IMOYATKOBUH.

1900 p. Maxkc Ilnask B’.iI[I{pI/IB eHeprio RBagTa Ta
3aKOH BUIIPOMiHIOBaHHS YOPHOTO TiJja.

1902 p. Kocraurua IlionKoBChKUHA 1'31/13113 dopmyy
JUIs BUSHAYEHHA IIBUIKOCTi pPaKeTH.

1908 p. VYnaB Tynarycbkuii mereoput (Cubip, Pocis).

1913 p. I‘e‘Hpi‘ Paccgn no0yayBaB mgiarpaMy CIIeKTP—
CBiTHICTB Bip.
Anpbept AmTaiiH 3TiJHO i3 3arajJbHOI0

1917 p. Teopi€ro BiAHOCHOCTI TOOYAyBaB CTATUUHY
mojnesib BeecBiTy.

1919 p. I'yro 3eirep copmyaoBaB rpaBiTaiiaui
mapagoKc HecKiHueHHOTO BeecBiTy.

1919 p. CrBopeno MiskHapoauuii ACTPOHOMIiUHII
Corosz (MAC).

1922 p. Ounekcangp @pigman moOyayBaB HECTATUUHY
mojesib BeecBiTy.

1925 p. 3amnposaa;xeHo BececBiTHil uac s
00YMCIIeHHSI ACTPOHOMIUHMX edeMepu.

1925 p. Ixopmx Xeitn Binkpus 22-piuny
nepiogmuHicTh akTuUBHOCTI COHILA.

1929 p. IOpiit KorgpaTiok omy0/IiKyBaB KHUTY
«3aBOIOBAHHA MiKILJTAHETHUX ITPOCTOPIB».

1929 p. Ensin 'a60s1 BigKpuB po3biranua rajakTuk.

1930 p. Kaaiig Tom6o Bigxpus IlayToH.

1931 p. Kapa fAuceruit Bigkpus
pamiopunpominoBanHs Mojgounoro Ilaaxy.

1932 p. .‘TIeB Jlargay TfOpeTI/I‘-IHO gOBiB MOJKJIUBICTH
icHyBaHHS HEHTPOHHUX 3ip.
PDpank [laiicoH 3anporoOHyBaB AJIA

1934 p. eHepro30epekeHHs CTBOPUTHU c()epy HABKOJIO
CoHIIA.

1946 p. Ixopmx 'aMoB 3amTpoIIoHyBaB rapAavdy
Mojesib BeecBiTy.

1950 p. V¥V Ilapu:ki sacuoBana MiskHapomgHa
Deneparia ACTPOHABTUKMU.

1950 p. Au OopTt BuCyHYB rimoTe3y npo iCHyBaHHSA
«XMapu KoMeT» 3a opbitoio IliyToHa.

1957 p. ITouaTtox kocmiunoi epu: 8 CPCP cTBOpeHo

TEePIINH y CBiTi IMTYyYHUN CYOYTHUK 3€MJIi.
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DopaTtkun

Hara Ilomisa

1958 p. CrBopeno HACA (Hauionansue Kocmiune
ArentcTtBo, CIITA).
Ban Annen BusaABUB pajgiamiiini mosicu

SR HABKOJIO 3eMJIi.

1959 p. AMC «JIyna-1» (CPCP) crana mepImoo
MITYYHOIO maHeTolo COHAYHOI CUCTEMH.

1959 p. AMC «Jlyna-3» (CPCP) yuepite y cBiTi
cororpadysasa 3BOPOoTHUHM 6iK Micsii.
IOpiit I'arapia (CPCP) ymepiite y cBiTi

1961 p. 00JIeTiB 3eMJII0 Ha KOCMiYHOMY Kopab.Ii
«BocToK ».

1963 p. CrBopeno CETI (SETI) — opranisarmito auasa
IOMIYKiB KUTTsA v BeecBiTi.

1963 p. Bigkpuri RBa.BapI/I = l'I.OSaI‘aJIaKTI/ITIHi
JIoKepeJsia paJioBUIIPOMiIHIOBAHHS.

1965 p. ApH.o ITeusiac i P0.6epT Biscon Bigxpuinu
peJiKTOBe BUMIPOMiHIOBAaHHS.
AMC «JIyuna-9» (CPCP) 3xilicumnia mepiry

1966 p. y CBiTi M’AKYy IIOCAAKy HA IIOBEPXHIO
Micams.

1967 p. AMC «Benepa-4» (CPCP) nocaria
aTMmochepu Benepu.

1967 p. Bigkputi mysnbcapu (HeHTpoHHI 30pi).
Ha Micsampb 3po0uB mocagky IiJIOTOBAHUHA

1969 p. KocMiuHMNII Kopabenb «AmnosaoH-11»
(CIIIA).

1969 p. B ABgcrpauii BmaB meTeopuT MapuecoH,
y aromy 3Havmu 3ayuinku [[HK.
AMC «JIyna-16» (CPCP) B aBTOMaTUYHOMY

1970 p. pexuMi gocTaBuia Ha 3eMJIO I'PYHT i3
Micams.

1970 p. AMC «Benepa-7» (CPCP) 3pobusia Mm’aKy
mocaJKy Ha IIOBepxHI0 BeHepu.

1972 p Crapt AMC «ITionep-10» (CIITA) — mepriuii

) moJtit 3a Mexaxi CoHAYHOI cucTeMu.

3anpoBa;KeH0 MiKHAPOIHNI aTOMHUMI

1972 p. uyac — TAI
Ilepia cpoba BimiciaaTu moBiZOMIEHHSA

1974 p. iHOmJIaHeTsTHAM pagioTesgeckomom Apecibo
(CIITA).

1975 p. AMC «Bernepa-9, 10» (CPCP) orpumasu
TeJieBidiliHe 300paskeHHA MoBepxHi Benepn.
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DopaTtkn

Hara

ITomia

1975 p.

CTBopeHo €BpormelicbKe KOCcMiuHe
areaTcTBo — ESA.

1976 p.

AMC «Bixkinr-1,2» (CIIIA) nepenaam
TeJIeBiBiliHi 300pasKeHHA moBepxHi Mapca.

1977 p.

Crapr anapartiB «Boam:xep» (CIITA),
AKi ITOJIeTATH 10 3ip i3 ImMocIaHHAM [0
iHOIITAHeTAH.

1977 p.

Bigkputo Kinbie YpaHa mig yac 3aTeMHEHHSA
IIJIAHETO0 cJaa0KO01 30pi.

1981 p.

¥ CIITA 3smonTOBaHO pagioiHTephepomMeTp
«[y:xe BeuKa anTeHa» 3 27 aHTeH
miameTrpom 25 M.

1984 p.

Bigkpuro Kinbiie HenTyHa mig vac moKpUTTA
IJIAHETOIO CJIA0KUX 3ip.

1985 p.

Y XapKoBi cTBOPEHO pamgioacTPOHOMIUHMMI
ircruryT (PI HAHY).

1986 p.

AMC «Bera-1,2» (CPCP) yuepiie 0y.j10o
oZlep:KaHO 300pasKeHHsa AApa KOMeTH
Tanmes.

1987 p.

Cunanax HagHoBOI B cycimuiil ramakTuiri
Marennanopa XMmapa, Ky 0yJio BUIHO
He030pPOEHUM OKOM.

1991 p.

3acHoBaHa YKpalHChKa acTPOHOMIUHA
acoriarid.

1992 p.

CrBopeno HarionasibHe KOCMiuHE aT€HTCTBO
Yrpainu.

1993 p.

CrBopeno YPAH — Vkpaincbkuii
paxmioiaTepdepomerp HAHY.

1993 p.

CrBopeno Coio3 HAYKOBUX TOBAPHCTB
Pocii — CHTP.

1993 p.

3MOHTOBAHOTO HAWOIMIBIINI ¥ CBiTi
TeJIeCKOI-Ped)IeKTOD i3 AiaMeTpoM asepKaja
10 m (TaBaiii, CIITA).

1994 p.

ITaginua ma IOmitep kometu Illymeiikepa-
Jlesi.

1995 p.

BuBenmeHno Ha opOiTy mepInuit yKpaiHCbKUNA
MITYIHUN cynyTHUK 3emuri «Ciu».

2012 p.

AMC «Bosanm:xep-1» IposeTuTsb
rejiomnaysy — MeXXy MidK30pAHOI Ta
COHAYHOI I1JIa3MHU.

13333 p.

ITiBHiuHMI TOJIIOC CBiTY BHACJIIZOK mperiecii
OIMMMHUTHCA M00aM3y 30pi Bera B cysip’i
Jipa.

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae

MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua

137



NMpeaMeTHNN NOKaXXUNK

A
AGcosioTHa 30pAHA BeJIWdYWHA 76
AKTUBHI Anpa ramakTuxk .. 101
AnrponHuil npuHINO . 112, 113
ACTePOIn ... 57
AcTpobmeM™ ... 60
ACTPOJIOTIS ... 7
Acrpomerpia .. 5
ActpoHOoMiuHA OmWHWILA .. ... ... .. . 10
ACTPOHOMIS ... 4
Acrpodisuka ... 5, 33
Ademit 24, 25
b
Bomim ... 60
B
Bemuxkuit Bubyx . 105, 106
Bemepa ... 47, 48
Buguma 30opsaHa BeaWuwHA . 11
BunpominioBanusa He0eCHUX CUTI . 32
BucokocHwmit pik ... (17
Bigkpura cucrema ... 113
Bicw eBiTy 9
Bceecsirniit wac . .19
BcecBiTHBOTO TAMKIHHA 3aKOH . 26
r
TFa66sa sakom ... 101
TamakTtuxkum ... - 10, 92, 99
— Benuxa Crina ... ... 100, 101
— TaJaKTUYHUN PiK ... 95
— posbiraHusa rajJakTuk . 101, 109
— cIoipaJbHi pyKaB®d . ... . 95, 96
— TUNW TaJakTUK ... ... .. 100
Tamgineesi cymyTuugm ... ... 6, 50
TenmiomenTpuuna cucrteMa CBiTY .. . 6
Teomenrpuuna cucrema CBiTY . . ... . 6

Tepmmmpynra—Paccesna piarpama
(cmeKTp — CBIiTHIiCTB)

138

I'paBirTaniiino-xBuab0Ba

aCTPOHOMIS . .. ... .. ... 37
TosmoBHa mociimoBHicTs 3ip .. 78
TonosHi epu B icropii

BeecBiTy .. . 106, 107

A,
HereKkTOop rpaBiTamiiiux XBUJIb . 38
ToweTd 102
HoGa ... 18
Hpeiika piBHAHHEA . . 115, 116
E
ExBaropianbua cucrema Koopamuar . 15
Exsomnanera ... .83, 84
Exminrtuxa .10, 20
EJIeKTPOHHO-ONITUYHU I

[epeTBOPIOBAY ... . 38
Exkcuenrpucmrer .25
Enomramia ... 23

3
SeMIIA 43
— armocdepa ... .43
— OYmOBA ... 44
— MAarsiTHe mose .. ... .44
SeHIT 9
SODL 74
— Oinmu#t KapJauk . ... 77, 86
— BMiHHA 30DA ... .81
— Hagmosa ... 85, 86
— HEUTPOHHA ... ... ... 86, 87
— Hosa ... 85, 86
— TPOTOBODS ... 85
— TOABINHA 30DA ... .80
— medeimga ... 81
— UepBOHUM Tira"T . ... ... 77
— UYepPBOHUU KapauK . .. ... ... ... ... . 77
30pAHA BeNWYUHA ... 11
30pAHi CKYMYeHHA ... ... .93
— RYJAACTL ... 93
— poscismi ... 93

MpaBo Ans 6e3onnaTtHOro po3MmilleHHs Migpy4HMKa B Mepexi [HTepHeT mae
MinicTepcTBO OCBITY i Haykn Ykpainu http://mon.gov.ua/ Ta IHCTUTYT MofepHi3aLii 3amicTy ocsiTu https://imzo.gov.ua



MpeameTHUIN NOKa)KUnK

K (0]

Ramengap ... 17, 18 OopTa XMapa ... .57
— TPUTOPIaHCBKUW . . ... ... ... . 17
— IOJaHCBKHH ... 17 II
KBasapwm ... .. ... 102 [lapanakc rOpU3OHTANBHUE . 13
Kemsepa sakoHM . ... ... .. .. .. 24-26 Iapcex ... 76
Koo sucoru Tepuremitc 25

(BEPTHKAIEEE KOMO) ........ooovioee 9 Ilepion oGepramus muaHeTr . .. ... ... . 23
KOO CXBAEHE ......ooovooovirrieinne 10 — CHAepMuUHME ... .23
Romera .. .. ... 58, 59 .

. — CHHOOWYHUW .. ... .23
Kombwyp{mu TIAHET o a2, 23 IliBgerEn# moaroc CBiTY ... 9
KOCMOHOPPI e .5, 103 IliBHiunmii mosmoc cBiTy . ... 9
Kocwmousoriuui mapagoxkeu . . 103 L. . .

Kocmomasruka 61-63 IliBmiunuii moxApHU paAx ... 12
. Tlmamermr ... 46
Rynbmimanisa .18 — riragra 50
— 3eMHOI TPYIM ... 46
M — KapIUKM ... .56
MarwmitHa OYyPA .. 73 IlnaHerapHa TYMaHHICTH . .. ... . 94
Maui rina Comsiunoi cucremm . 57 IlnomurHaa MaTeMaTUYHOTO
Mape ... 48, 49 (cIIpaB:KHBOTO) TOPUBOHTY ... ... ... 9
Me:xa Porma ... 133 Ilnama comauna ... .71
Meprypidt ... 47 Tlwyrom .. ... 56, 97
Meteop ... 59 Tlomroc eBiTY ... 9
MeTeopuT 59 ITosc Kodimepa ... . 56
Mereopoim ... 59 Tloscm pamiamii ... .44
MeTeopHi MOTOKX ... ... 59 TloscHmiA wac ... .19
MeteopuTHe TLNO ... .60 IIpoextr SETI ... ... ... . 117, 118
Micmesw#t wac ... .19 IIpoctwmiz pik ... 17
Micanb ... 44-46 IlporucrosvEa ... 22
Momoauit BeeciT ... 108 IIporyGepantti ... 72
Mopgeni BeecBity ... 109, 110 Ilpame cxomskeHHA ... 15
Monounuit Ilmax ... . 92, 93, 98 Ilyaecap ... 87
MyabTuBCcecBiT ... ... 118, 119
P
H Papionoxamnifinuii merof,
Hagup ... 9 BUIPOMIHIOBAHHA ... 13
HebGecua mexanira ... 5 Pagiyc sopi ... (i
HeGecua cdepa . . ... 9 Peromit . . ... 46
Hebecui xoopaumarty ... .. 14 PenikToBe BUIIpOMiHIOBaHHS . . 108
He6ecuuii ekBaTop .. ... ... .. 10, 14 PospinpHa 3paTHICTE OKa ... ... .. 34
He6ecuuit mepumian .. ... . 10
HetiTpouuuit merexTop . ... . ... ... .. 37 C
He#itpuno ... 37 CaTypH ... 52
Henrywm ... 54, 55 CsirmoBuil pik ... .10
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CsitmicTs 30pi ... 76
Csitmicte CoHrgsa ... ... ... 67
Cugepuunuii mepiom ... ... 23
Cunoguuuuii mepiom ... ... .. .. ... 23
Cunrynsapuicts ... 106
Cumepreruxa ... ... . 112
Conme ... 67
— AKTWBHICTB ... ... 71
— armocdepa ... .69
— OymoBa ... 67-69
— CBTHICTB ... ... 67
— TeMmmepaTypa ... 67
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CoHAYHUTT HEUTPUHO . . . ... . . . 70
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BID 74
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Cysip’a . 9
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Cxmmenua ... 15

T

Temeckom ... 35
— DpajioTeNecKom ... .. 35, 36
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— PeQPaKTOD ... .35
Temua marepia ... . 110
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7. https://www.eso.org — caiiT €Bpornericbkoi IliBgenHoi ob6cepBaTopii
(ESO).

8. https://spacegid.com — ocsiTHiit pecypc.

9. https://www.nasa.gov/ — caiiT HamioHaibHOro yupaBjaiHHA 3 aepo-
HaBTUKHU i JociigsxeHHA KocMiunoro npoctopy (HACA)

Be3KOWTOBHI Nporpamm gnAa AOCNiA)KeHHS
Ta OTpMMaHHA iHpopmauil npo BcecBir

» Stellarium — mporpama AJisd Ieperaany 30psaHoro Heba, BipTyaJabHUNA
IJIaHeTapin.

» Celestia — cumysATOp KOCMOCY, III0 JO3BOJISAE IOLOPOXKYyBaTH Beecsi-
TOM y TPbOX BHUMipax.

» Celestia Origin — amicToBHUII 30ipHUK YHIKaIbLHUX aAmgoHIB (momat-
KiB) mas1 Kocmiumoro cumysiaTopa Celestia.

» SpaceEngine — KocMiuHUH CUMYJIATOP-ILJIaHETAPiH, 1110 JO3BOJISIE J0-
caimsxyBaTu BececBiT y TphoX BUMipax.

« Aladin — iHmTepaKTUBHUN HeOeCHUH aTjac, 10 J03BOJIIE KOPUCTYBaAUY
PO3AUBIIATUCH Ta JOCTiAKyBaTH OU(pPOBaHi aCTPOHOMIUHI CBITIMHUA.

» WorldWide Telescope — mporpama, IIf0 AOIIOMAarae IaHyBaJbHUKAM
actpoHoMil mocimskyBatu BeecBit.

« SkyChart — arysac KocMmiuaux 00’€KTiB, II[0 HO3BOJISIE OTPUMYBATU
KapTu Heba IJIAXOM BUKOPUCTAHHSA Pi3HUX KaTaJoTiB.
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3micT

Berym . . . . . . . . e e e e e e e e e

IIpenmer acrporomii. Ii posBUTOK i 3HAUeHHA B *KUTTL
cycminbeTBa. KopoTKuit orisg 06’€KTiB JOCTiKeHHS
BACTPOHOMII . . . v v v v v i vt e e e e e e e e

Tema 1. He6ecna chepa. Pyx cBitun Ha HeOecHii cdepi . .

HebecHi cBiTuaa it mebecua cepa. Cysip’s.
SOPAHL BEIUUMHI « « + v v v o o v o o o o v v &

Busnauenns BigcTameil 1o HeOeCHUX TiJ.
HebecHi koopauHaT;t . . . « v v v v . . ..

Tunm xkanengapiB. ACTpoHOMiA Ta BUBHAYEHHA Uacy . .

Bugumunit pyx Counsda. Bugumi pyxu Micamna ra miianer

3akonu Kermiepa.
Busnauennsa macu i posmipiB HebecHUX TiJi . .

Busnauenns macu i posmipis HebecHUX Tia . .
dyHAATOP BiTUM3HAHOI IIJIaHETOJOTil . . . .

30pAaHU MIIAX KPisk TepHil . . . . . . . . ..

Tema 2. MeToau Ta 3aco0M AaCTPOHOMIUHUX JOCIiIKEeHb

BunpominioBanHSA HEOECHUX TiJT . . . . . . « . . .

Metoam acTpoHOMIUYHMX AOCTIIKEHbB . . . .

IIpuanun aii i 6y[oBa ONTUYHOTO Ta paioTeJIecKoIa,

JIeTeKTOPiB HEUTPUHO Ta rpaBiTAliiHUX XBUJIb.

ITpuitimaui BUmIpomMiHIOBaHHA . . . . . . . . . .
CyuacHi HasdeMHi i KocMiuHi Teseckonu: . . . .

AcTtpoHomiuni obcepBaTopii. . . . . . .. ..

Tema 3. Hama nianerHa cucreMa . . . . . . . . .

Semas i Micans. [lnametu semMHOl rpymnu:
Meprypiii, Benepa, Mapc i #ioro cynyTHUKHT .

IInameru-rirautu: Ooirep, CarypH, YpaH,
HenTyH Ta iXHi CYOYTHUKH.. . . « « « « « . . .

Kapaukosi niaameru. ITosc Koiinepa, xmapa Oopra. Maui Tina
CoHsuyHOI cucTeMu — acTepoigu, KOMEeTH, MEeTeopoiam . . . .

Hocaimxennsa Tia CoHAYHOI crCTeMU 3a JOIOMOTOI0 KOCMiUYHUX
amapariB. I'imotesu i Teopii popmyBanua CoHAYHOI cucTeMH .

Tema 4. Coune — HalbGaAMMKIA 30PpA . . . . . . . .

®izuuni xapakrepuctuku CoHIIA.
Bynosa Conia Ta mxepesia fioro eHeprii. . .
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13
17
20

24
28
30
31

32
32
32

35
39
39

43

43

50

56

61
67

67
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MpeameTHUIN NOKa)KUnK

PeecTpailis COHAUHUX HEATPUHO « « « « v v ¢ o v o o o o«

IIposiBu COHSIUHOI aKTHUBHOCTI Ta IXHill BIJINB Ha 3eMJIIO

Tema 5. 3opi. EBoaromig 3ip. . . . . . . . . .. ... ...

3opi Ta ix Kracudikamia . . . . . . .

3Buuaiini 3opi. [loaBitiui 3opi. Piduuno-3MiHHI 30pi.

IlmaneTHi cucremMu iHmMUX 3ip. . . . .

Esoaronia 3ip. Bimi kapauku. Heitporwui 3opi. YopHi gipn

VKpaiuenp, akuii nepesepmmus ['ajggeas . . . . . . . . ..

Top:kecTBO HAYKU i cBiTJIO Bipuw . . .

. .

Tema 6. Hamma F'amakT™ukga. . . . . . . . .« v v v v v v o

Moaounuii lllnax. Bygosa N'anakTurmn.
3opdAHi cKymueHHs Ta acoriarmii. TymanHocTi.
Micme Cousunoi cucremu B 'asmakTuiti

Ilincucremu 'amakTuky Ta ii cmipajbHA CTPYKTYpA.

HangmacuBHa uopHa mipa B meHTpi 'amakTuru.

Tema 7. Bymora i eBoarontia Beecsity. . . . . . .

CBiT ramakTuk. AKTUBHI Aapa raJlakTUK

CnoocrepesxkHi OCHOBY KOCMOJIOTIl . . . . . .

IcTopisa po3BUTKY ysaBJIeHL Ipo BeecsirT.

IToxomxeHHa i1 eBosoiaA BeecBiTy .

Tema 8. ;Kurra y Beecsiri. . . . . ... ..

Jlroqmuaa y BececsiTi. AHTpOTTHUI TPUHITAT

IMOBipHiCTE KUTTA HA IHIIKUX IJTAHETAX.
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Micaup

A

Pix I II III IV V | VI VII VII) IX X | XI  XII
2020(2039| 25 |23 | 256 |23 |23 /21| 21 | 19 |18 17 |16 | 15
2021|2040| 13 |12 | 14 |12 | 12 | 10 | 10 8 7 6 5 4
2022|2041 2 1 3 2 1,31 29| 29 | 27 | 26 | 25 | 24 | 23
2023|2042 21 (20| 21 1 20| 20 | 18 | 18 | 16 | 15 | 14 | 13 | 12
2024|2043 10 | 9 | 10 | 9 9 7 7 5 4 3 2 1,31
2025|2044 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
2027|2046 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
2030(2049| 4 3 4 3 3 2 11,31 28 | 27 | 26 | 256 | 24
2031|2050 23 (22| 23 | 21|21 19| 19 | 17 | 16 | 15 | 14 | 13
2032|2051 11 (10| 11 | 10| 10 | 8 8 6 5 4 3 3
203320521, 31| — (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 3 2 11,31 29 | 29
2036 2055 28 |26 | 28 | 26 | 26 | 24 | 23 | 22 |21 | 20 | 19 | 18
2037|2056, 17 |15 | 17 |16 | 15 |13 | 13 | 11 |10 | 9 8 7

2019/2038|2057| 6 4 6 5 4 3 2 11,31 29 | 28 | 27 | 26




e TekcTu Ta inocTpauii ans MoTuBaLii HaB4asbHOI AiiNIbHOCTI

e JlogaTKoBi pybpuKkM ons Kpaworo po3yMiHHA HanbinbLL
BaXXJINBOIro Marepiany

e YacTtuHa HaB4YanbHOI iIHpOpPMaLLii y BUMNSAI ONOPHUX
Tabnuup i cxem

e [1OKPOKOBi ONUCKU BUKOHAHHSA NPaKTUYHUX POOIT

¢ |HpOopMaLia NPO NpakTUYHe 3aCTOCYBAHHS aCTPOHOMIT

e BigoMocCTi Npo OOCSArHEHHS CBITOBOI Ta BITYN3HSAHOI
aCTPOHOMIl

e TemaTunyHe y3arasibHeHHs maTepiany
o [lpuknaan po3s’si3aHHS TUNOBUX 3a4aY

e 3aBAaHHA OJ19 caMOMNEPEBIPKN Ta aCTPOHOMIYHMX
CrnocTepexeHb

e 3[INCHUTU IHTEPAKTUBHE OHJIANH-TECTYBAHHS 32 KOXHOIO
TEMOIO;

e 03HANOMUTUCSH 3 4OOATKOBMMU MaTepianamMuy 3a TemMamm
YPOKIiB
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