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NEPEOMOBA

[{s KkHHMra NPONMOHYETHCS aMaTopaM ACTPOHOMIi, YUHSIM CTapIloi MIKOJU
1 BUATEIIAM, SIKI BUKJIQJAIOTh 1€ MpPEIMET, Ta MIJITOTOBJIEHA 3 ypaXyBaHHSIM
HABUYAJIbHOI MPOTrpaMu acTPOHOMIi, po3pobieHoi HailioHanbHOIO akajeMiero
HayK YKpaiHH.

VY mpornoHoBaHii kHU31 «OCHOBU €JIEMEHTAPHOI aCTPOHOMID (7ali B TEKCTI
ckopoueHOo — OCHOBH) TOCIHIJIOBHICTh BHUKJIAJaHHS MaTepiany AemiOo BiAXOAUTH
BIJ] 3araJIbHONPUMHATOL B MIAPYYHHKaX 3 acTpoHomii. Lle moB’s3aHo 3 TUM, 1110
HAKOTIMUEHHS CIIOCTEPE)KHOTO Ta TEOPETHUYHOTO Marepialy B aCTPOHOMIl
y MUHYJIOMY CTOJITTI Ta OCOOJIMBO B OCTaHHI POKHM JaJIO i 3MOry BHUWTH Ha
MPUHIIUIIOBO HOBUM PIBEHb JOCIIKEHHS Ta PO3BUTKY. ACTpOHOMIsSI mepecrana
OyTH TepIl 3a BCE CIIOCTEPEKHOI HAYKOI0. 3’ SBHIIMCS JIOCTaTHI 00’ €KTHBHI
MiACTaBU JUIsl y3arajlbHEHHS 3HaHb IPO KOCMIYHI 00’€KTH, IO BUMAarae
1 BIZMOBITHOTO HOBOTO TIAXOAY JO BHKJIQJaHHS MpeaMeTa. 3 1HIIOro OOKYy,
aBTOPH MOCTaBWIIN TIE€pe]l COO0I0 METY MPEICTABUTH MaTepiajl TAKUM YHHOM, 1100
BiH He OyB pyTHHHUM, a OyB MikaBUM i uyurtada. [1lo0 micis 3acBoeHHS
MaTepialy 4YMTad OBOJIOAIB Oa30BMMH 3HAaHHSAMHU TpO (PI3WYHI BIIACTUBOCTI
ACTPOHOMIYHHMX OO’ €KTIB, iX yCTpiil, MPOCTOPOBE PO3TAIIYBaHHS, MOXOHKEHHS 1
€BOJIIOI[II0. BHITyCKHMK 3araJlbHOOCBITHROTO HABYAJILHOIO 3aKJIajly MICIA
OBOJIO/IIHHSI MAaTepiaJioM KHUTHM B paMKaX pIBHA CTaHJAPTy IOBUHEH BMITH
MOSICHIOBATH BIJIOM1 aCTPOHOMIYHI SIBHINA, 3HATH Micie droauHu B Kocmoci,
OpIEHTYBAaTUCSl B 3arajibHIi HAyKOBIA acTpOHOMIYHIN 1HQOpMAaIlii, BiTIOKPEM-
JIOBAaTH HAYKOBY KApTHUHY CBITY BIJl HEHAYKOBOI, PO3PI3HATH acCTPOHOMIIO
1 acTpoJIorito, 3HaTU MICLE MpeaIMeTa B MDKIUCLMILTIHAPHINA MPoOiIeMi MOUIYKY
XKUTTS y BeecBiTi TOIIO.

Kuaura cknagaetscst 31 «Berynmy», mnepen sxum  HaBeneHo «llepemik
CKOPOYEHBY, sIKI (QIrYpYIOTh B TEKCTI, IIECTH YacTHH, «[liIcyMKOBOro po3aury»
1 pI3BHOMAHITHUX JOAATKIB (KIIOYOBI BHU3HAUEHHS, IMOKAXYUKH TEPMIHIB Ta
ACTPOHOMIYHHMX OO’ €KTIB, BIATOBIAI JIO TECTIB Ta CIHCOK PEKOMEHIO0BAHOI
miteparypu). Buknagenns OCHOB 3BEACHO /O IIECTH TEeM, KOXKHA 3 SKHX
BIJIMIOBIAA€ MEBHIM yacTuH1. [lepin 181 yacTHHM Mo aH1 OJMKYE 10 TPATUIIIIHOTO
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3MICTY, YOTUPH HACTYITH1 HAIlMCaHI B CTWJII, KU BIJMOBIAAE€ CY4aCHOMY CTaHy
PO3BUTKY aCTPOHOMII.

B nepmiii 4yacTuHl TmipeacTaBiieHI ©0a30B1  MOHATTS CIOCTEPEKHOI
aCTPOHOMII, 10 CTOCYIOThCSl PO3TAIllyBaHHS CBITUJI Ha HEOECHIA cdepl, OCHOB
iX KiHeMaTHKH, SKi 30KpeMa BHM3HA4alOTh TakKl MOHSTTS, SK 4ac 1 KaJleHjaap,
MPUHITUIIIB MOPIBHIHHS BUMPOMIHIOBAHHS aCTPOHOMIYHUX JIXKEPEN, SIKI MOXKYTh
3aCTOCOBYBATHUCS JI0 KOCMIYHUX O0’€KTIB pi3HOI mpupoau. Jpyra yactuHa
PUCBAYEHA ACTPOHOMIYHHMM 3ac00aM 1 METOJaM CIOCTEPEKEHb OCHOBHUX
XapaKTePUCTUK KOCMIYHUX 00’€KTiB. BIacTMBOCTI KOCMIYHUX T1JI, BKJIFOYAIOUH
00’extt COHSTYHOI CUCTEMH, 1X KIIacH(iKallisl PO3TIIAIal0ThCS B TPETIN YaCTHHI.

B derBepTiii yacTUHI PO3IJSAAIOTHCA 30pSHI CUCTEMHM 3 TMO3MINM 1X
y3araJIlbHeHUX BJIACTUBOCTEH, a HE SIK PaHIIIe: HA OCHOBI TUIBKU CIIOCTEPEKHUX
TaHuX. Y CTpid MeTaralakTUKU TpeCTaBieHo B 1 sATii yactuHi «KocMorpadisy».
bineme 100 pokiB TOMy Tl TaKOK HA3BOIO PO3yMiTAcid «BCS» ACTPOHOMIS.
Y XX cTopiydi Bij I[bOTO TE€PMiHA MPAKTHUYHO MOBHICTIO BUIMILIN. 3 MOYaTKOM
XXI cropiuust 3HOBY, MEPII 3a BCE, B 3aKOPJOHHIN HAYKOBIH JIITEpaTypi 3’ IBUBCS
el TepMiH, ajie B HbOTO MOYaIM BKJIAJaTH HOBHUM 3MICT — TPUBUMIPHUM yCTpIid
cBity. lle 3amouarkyBanHs OyJi0 TIATPUMAHO, OCKUIBKM BOHO BiloOpaxkae
Cy4aCHHM BEKTOP PO3BHUTKY acTpOHOMIuHOI Haykud. OCTaHHS TeMa IMPHCBSIYCHA
OCHOBAM IMOXO/[KEHHSI KOCMIYHUX 00’ €KTIB PI3HOTO CTYIICHS 1€papXii, 3araliIbHOMY
CIIeHapil0 PO3BUTKY BcecBity Ta mpoOnemi icHyBaHHS B HboMy JKUTTS —
BCEOXOIUTIOIOUNN TEPMiH, MiJl SKUM PO3YMIIOTHCA BCl (OpMHU HOTO 1CHYBAHHS.
[Ipu 1bOMyY PO3TISIHYTI MUTAHHS CYTTEBO PO3LIMPEHI y MOPIBHIHHI 3 TUM, SK 1€
OyJ10 B paHillle BUKJIQICHUX MKUTbHUX MAPYIHUKAX.

dotorpadii KOCMIYHUX 00’ €KTIB HABOASATHCA 3 PI3HUX JIKEPEN: KOMIYHUX
miciit (KT im. Xab66ma, KA «Kaccini — Ioiirency, KA «Knementuna», AMC
«Hogi 060pii», AMC «Csitanok», AMC «Meccenmxep» Ta 1H.) 1 TEIECKOMIB
HazeMHUX oOcepBaropiit (€Bpomneiickkoi [liBnennoi odcepratopii (ESO), Keka
(Kek) Ta in.), sKi €, sik IpaBUII0, Y BUIbBHOMY JOCTYII B [HTepHET-MEpExKi.

[Ticnst KOKHOTO PO3JLTY HABOJSATHCA TECTH 1 3alTUTAHHS, K1 TOTTOMOXKYTh
3'sICyBaTH PiBEHb OBOJIOJIIHHS MaTepiaJioM.

B KiHIIl KHATHM HaBOAWUTHCA JOBIAKOBUH MaTepial 3 KIHOUYOBUMU
BU3HAUYCHHSAMH aCTPOHOMIYHMX O0’€KTIB, BIAMOBIASIMH Ha TECTH JI0 KOXHOTO
pO3AUTY Ta TMOKAXKYMKA TEPMIHIB Ta aCTPOHOMIUHMX 00’ekTiB. [lepmomy
NOCUJIaHHIO (Ha BIAMOBIIHY CTOPIHKY) B lloKakumKy TEpMiHIB BIATOBIJAE, SIK
MPaBWJIO, BU3HAYECHHSI HABEJEHOTO TEPMiHA, SIKE JIA€ThCs ab0 Oe3MocepeHhO
B TEKCT1, a00 y 3a3HaueHid BHUHOCHI. B Ilokaxxumky acTpOHOMIYHMX OO’€KTIB
HABOJIATHCSL CTOPIHKHU, 1€ BOHM 3YCTPIUAIOTHCA B TEKCTI a00 BuHOCHI. CrHCOK
PEKOMEHIOBAHOI JIITEPATYPH, SKa SIK BUKOPUCTOBYBaJIacs Mpu HarnvcaHHl OCHOB,
TaK 1 JIOpeYHa Ui MOJAIBIIOTO MOTTUOJIEHOr0 O3HAHOMIIEHHS 3 aCTPOHOMIELO,
3aBepIIy€ KHUTY.
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[IpencraBineni OCHOBH € TEPIIOI0 CXOAMHKOIO B OBOJIOJIHHI aCTPOHO-
MIYHUMU 3HAHHSAMU. TUM dnTayam, 110 3aX04yTh BUOPATU aCTPOHOMIIO SIK CBOIO
MalOyTHIO CHEIaJIbHICTh, CJIJ 3BEPHYTHCS 10 KJIACHUYHUX YHIBEPCUTETIB, J1€
BUKJIQJIAIOTbCSI ~ ACTPOHOMIYHI ~ KypCH, JUIsi  OTPUMAHHS  CIEHIaJbHOCTI
«actpoHoMisiy. B VkpaiHi 110 cHeliaJIbHICTh MOXXHA OTPUMATH HAa (PI3UYHUX
dakynpreTax XapkiBchkoro, KuiBcbkoro Ta JIBBIBCHKOTO —HAaIlllOHATBHUX
yHIBepcUTETIB, ki HocaTh iMeHa B. H. Kapasina, Tapaca IlleBuenka i1 IBana
®dpaHka, BIIMOBIIHO, Ta HAa (DaKyJbTETI MaTeMaTUKH, (DI3UKU Ta 1HOOpPMAIIHUX
TexHoJor1i O1eChKOro HaIllOHAJILHOTO YHiBepcuteTy 1. 1. MeunnkoRa.

AmMaropaM acTpOHOMIi, SIKI XOTUIM O TMOIrJIMOWTH CBOI 3HaHHS, ale 0e3
3aCTOCYBaHHS 3alBOr0 MaTeMaTHMYHOIO amapary, MOXKHa pPEKOMEHyBaTH
niapyuuk B. A. 3axoxas «Bctyn no actpodizuku ta actponomii» (2017 p.).
S0 K 11e 3ayBaXKEHHS ISl UMTa4a HE € TIEPEIIKOI0I0, € AOIIIHHUM ITiIBUIITUTH
CBIl aCTPOHOMIYHHUYN pPiBEHBb, OMAHYBABIIN MIAPYYHUK «3arajbHa acTPOHOMISD)
kosekTuBy aBTopiB C. M. Annapiecekoro, C. I'. Ky3smenkoBa, B. A. 3axoxas ta
I. A. Kimumuiunaa (2019 p.), pekoMeHI0BaHUH TIEPII 3a BCE ISl CTYJCHTIB BUIITUX
HaBYAJIbHUX 3aKJIaJiB aCTPOHOMIYHMX BIJJIUIEHb KJIACHYHUX YHIBEPCUTETIB
1 G13UKO-MAaTeMAaTUYHUX BIIJIIJIEHb MEIarorTYyHUX YHIBEPCUTETIB.

ABTOpY BHCIIOBIIIOIOTh BEJIHUKY TOASKY PpEIEH3EHTaM PYKOIHCY:
npodecopam Ceprito ['eopriioBuuy Ky3zemenkoBy Ta Bacwnto ['puroposuuy
[IleBueHKy 3a KOPUCHI 3ayBa)K€HHS Ta MOPAJU MO0 BUKJIAJACHOTO MaTepiay,
Hanii BomogumupiBHi ATOHIHIN 32 JOMOMOTY Y MATOTOBIN KHUTH J0 BHUJIAHHS,
npairiBHukaM BujgaBauiTBa XapKiBCbKOIO YHIBEPCUTETY 3a iX Mpalo
3 MATOTOBKY OpHUTiHAJI-MaKeTa MOCiOHUKaA.

Aemopu



NEPENIK YMOBHUX CKOPOYEHbDb

AMC — aBTOMaTHYHA MDKIDIAHETHA CTAHIIS

JI'P — miarpama I'epumnpynra—Paccena

[Y- — indpauepBoHMii

KA — kocmiunwmit anapar

KC — kynsacti (30psiH1) CKymYeHHS

KT — xocMiuHuMii Teneckor

KTX — xocMiunuit Teneckon imeHi Xab61a

MAH — Mana akaznemisi Hayk

MAC — MDKHapOJHUM aCTPOHOMIYHUHN COI03

MI" — MicueBa rpyna (rajJakThK)

MHC — MicueBe HaaCKyITueHHs (TaIaKTHK)

MW — anrn.: Milky Way: Monounwnit HInsx

H3C — Hama 30psiHa cuctema

[IT"CIT — no3arajakTHYHUHN caTeNITapHUMN MOsIC

111 — mo3a3emHI IUBLII3AMI]

PC — po3cisiHi (30psiH1) CKyITYEHHS

SETI — anru.: Search for Extraterrestrial Intelligence: Ilomryk mozazemHoro
posymy

TIIC — TicHI MOABIHHI CUCTEMHU

YO- — yabTpadioneToBuii

IC3 — mTyyHuit CymyTHUK 3eMJTi



BCTYN

1. AcTpoHOMIfA IK HayKa npo Bcecsir

Acmponomiss (BiA Tp.. OOTPOV — CBITWIO Ta VOUOG — 3aKOH) —
(¢yHIaMeHTalIbHA Hayka 1mpo BcecBiT, M0 BUBYAE pO3TallyBaHHS, pyX, OyIOBY,
MOXO/PKEHHSI Ta PO3BUTOK HEOECHHUX TUT 1 YTBOPEHUX HUMH CHUCTEM. ACTPOHOMIS
CKJIaJIa€ ySIBJIICHHS MPO HAyKOBY KapTHUHY MaKpO- 1 MEracBiTy, (popMye CBITOTIISI,
KU € CYTTEBOIO CIEIU(DIYHOIO CKIATOBOIO MPUPOJHUUO-HAYKOBOTO IMi3HAHHS
CBITY. AcmpoHomiunull c8imoensi0 OKPECIe€ METOJAM BUBYEHHS MaKpOCBITY,
(dbopMye ysIBIEHHS PO MOro OyA0BY, MOXOIKEHHS Ta PO3BUTOK.

Ilpeomem, 3ao0aui ma 3acobou acmpouomii. llpeomemom 00CniOHCeHHs
acCTpOHOMII € 11 00’ €KTH: 30pi, Cy030pi, TUTAHETH, ACTEPOIIU Ta KOMETH, pEYOBHHA,
10 MI>K HUMHU, CUCTEMH, SIK1 CKJIQJIEH] 3 HUX: MOOJAMHOKI Ta KpaTHI 30pi i1 cy030pi,
IUTAHETHI CHUCTEMH, 30psSHI CKYIMUYEHHS, TajJakKTUKU Ta 1X CKYIMUYEHHS PI3HOTO
CTyTIEHSl i€papxii, MIKIUIAHETHE, MDK30pSHE Ta MDKTAIAKTHUYHE CEpeIOBUIIIE.
Krnacudikaria ¥ y3araqbHEHHS CIIOCTEPEKHOTO Marepially 3 ypaxyBaHHSM TOTO,
IO JaHl BIJJI3EPKAIIIOIOTh HE TUIBKU iX IMPOCTOPOBE MOJIOKEHHA Ta PyX IHMX
00'ekTiB, a ¥ iX BIK, JalOTh 3MOTY OJIep>KaTH YsBJIEHHs Ipo OynoBy BcecBity Ha
PI3HUX eTarnax foro eBOJIOLII.

ACTpOHOMISI BUBYA€E CBIT HA OCHOBI aHaNi3y CBITJIOBOIO BUIIPOMIHIOBAHHS,
B PI3HUX /I1alMa30HAX €JIEKTPOMArHITHUX XBWJIb 1 PyXy aCTPOHOMIYHUX OO’ €KTIB
y PI3HI MOMEHTH 4acy. Po3B’s3yl0TbCSl mpu OCHOGHI 3a0aui TiJ 4ac BUBYEHHS
HeOEeCHUX 00’ €KTIB: 1X

1) BUIUMHX TI0JI0KEHB Ta PYXIB;

2) OyoBU i acTpo(i3MUHUX BIIACTUBOCTEH;

3) MOXOJIKEHHS Ta €BOJIIOIII.

PesynbraTty po3B’si3aHHs ITUX 3a7ad OTPUMYIOTh BiIOBIIHAMH METOJaMU
3a JIOITIOMOTOI0 CTIOCTEPEKHUX 3aC001B 1 TCOPETUYHOIO aHAJII3Y.

l'onosnum cnocmepedxxcnum 3aco60M € TEIECKOI, M0 A€ MOKIUBICTb
IpUIMaTH KOCMIYHE BUITPOMIHIOBAHHS B PI3HUX Jl1alla30HaX €JIeKTPOMarHiTHUX
XBUJIb B1Jl HAUKOPOTIINX (FraMMa- Ta PEHTT€HIBCHKUX) /IO JOBTHUX, 110 HAJIEKATh
pamiomiana3ony (puc. 1.1). Ocnosrumu cnocmepedxicHumu memooamu € TUCTaH-
IHI Ta TIpsMi (IK mpaBuiio, B Mexax COHSYHOI CHUCTEMH) acCTPOHOMIYHI
JOCIIJKEHHS.
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Puc. 1.1. 4,5 cm 30posa mpyba, nobydosaHa I. [anineem y 1609 p. (a), nepwuli 3,3 cm
03epkanbHuli meneckon, cmeopeHuli . HotomoHom y 1668 p. (6), ma cy4yacHi:
5 m Manomapcekuli meneckon (8), Halibinbwuli y ceimi Benukuli KaHapcokuli 10,4 m
meneckon (2), 2,4 m KocmivyHuli meneckon imeHi Xa66sa (0)
ma Ayxce senukuli macus (Very Large Array — VLA) 27 padiomeneckonis
3 diamempom KoxcHo20 03epKaaa 25 m (x#c) — Heto-Mekcuko, CLLA

36’30k acmponomii 3 iHwuUMU Haykamu. ACTPOHOMIYHI JOCIIKCHHS
IPOBOJATHCS Yy B3a€EMO/IIi 3 MaTEMATUKOIO, IPUPOJHUYUMHU Ta TYMaHITapHUMHU
HaykamMu. OOpoOKa CroCTepeKHUX TaHUX MPOBOAUTHCSA BUKIFOUHO MaTeMaTHy-
HUMH MeToJlaMH. be3 (13MuHOi TPAKTOBKUA Ta MaTEMATUYHOI'O OOIPYHTYBaHHS
Oy.ib-sIK1 aCTPOHOMIYHI TE€OPI1i HE BBAKAIOTHCS HAYKOBUMU.
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TicHa B3aeMoJisg aCTPOHOMIi ICHY€E 3 MPUPOJHUYUMU HAYKaMH: XIMIEIO Ta
Olojioriero. 3arajibHa IUTAHETOJIOTISI — CMMO103 Temodi3uku Ta (I3UKU IUIAHET 3
HayKaMH MPpo 3eMJTI0: Te0(h13UKOI0, T'EOJIOTIEI0, METEOPOJIOTIER0, KITIMATOJIOTIER,
OKEaHOJIoTi€r0 TOImo. [T0X0MKEHHS TUIaHEeT 1 TUIAHETHUX CHUCTEM PO3TIISIA€ThCs
e ¥ y BIANOBIAHUX MiAPO3JAUIAX aCTPOHOMIi: acTpodi3uIll, 30psHINA acTpOHOMIT
Ta kKocMoroHii. [Ipobiema noxomxeHHs xurta Ha 3emii Ta B KocMoci — dyHna-
MEHTaJbHa MPOoOJIeMa MUKIUCIUIUTIHAPHUX JOCHIDKeHb. OJHHMM 3 HalpsMIB TYT
€ acTpoOl10JIOTisA, METOJIaMH SIKOT PO3B’S3YIOThCA TaKi 3a/1adi, sSIK BAHUKHEHHS Ta
ICHYBaHHS JKUTTS Yy BIAMIHHMX BIiJT 3€MHUX KOCMIYHHUX YMOBax. JlaTyBaHHsA
ICTOPUYHUX XPOHIK YacTO BiJTHOBIIIOETHCS 32 BCTAHOBJICHHSM HACTAHHS BiJIIO-
BITHUX AaCTPOHOMIYHHUX SIBHIN, 1 HaBMakd, 3a 3adiKCOBAaHUMHU ICTOPUUHUMH
MO/T1SIMU BCTAHOBJTFOBAIMCS JIJATH ACTPOHOMIYHUX MO/TIH.

Kopomxkuii napuc oyoosu Memazanakmuxku'. JlroguHa xuBe Ha 3emti —
psinoBiil mianeti CoHsuHoi cucteMu (puc. 1.2). BHYTpilIHIO YacTUHY CHUCTEMU
CKJIaJIal0Th TUIAHETH, K1 32 CBOIMU (DI3MYHUMU BJIACTHBOCTSIMHU CXO3K1 Ha 3eMITIO.
3a MexxaMH OCepeKy IUX IUIAHET, SIKI BIAHOCSTH JI0 3eMHO20 Muny, po3Tallio-
BaHUM [ 0106HUIL nosic acmepoidis (CKIIAIOB1 SIKOTO I1I€ 3BYThCS MAJIUMHU TiJTaMH).

* TonoeHwit
eV

goﬂ.lc,ac:rwomm

Puc. 1.2. CoHaYyHa cucmema

B 30Hi Bix 5 1o 30 acTpOHOMIYHMX oz[HHHub2 00epTaroThCd HABKOJIO
Conus naanemu-ciecanmu: HOmnitep 1 CarypH € IIaHeTamMu 3 TNPUOIU3HO
COHSYHUM XIMIYHUM CKJIaJjoM; YpaH 1 HenTyH — 3 iCTOTHUM BMICTOM BOJIH,
amiaky Ta MeTtany kpiMm ['igporeny 1 ['emito. Bei 111 mumaneTn mMaroTh KUTBIIS Ta
3HAYHI 3a KUIBKICTIO CHCTEMH CYITYTHHKIB. Y Iii 30HI 00€pPTarOThCS HABKOJIO
CoHI1g 1 acTepoiHI TJIa, K1 3BYTh KEHMABPAMU.

! Metaranaktvka — crnocTeperkyBaHa YacTuMHa BeecsiTy.
2 . . . . 11
ACTPOHOMIYHA OAMHUUA — cepeHA BiacTaHb Big 3emni go CoHua: 1 a.0. =1.496-10 " m.
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3a opbitoro Henryna (30 a.o. Bim Conig)
NOYMHAEThCS nosic Kounepa — cucrema JbOJITHUX
acTepoiniB, 3a MeXaMHU AKOTO PO3TAIllOBaHA XMaApa
Oopma, MO TOYMHAETHCS HA BIJACTaHI OJU3BKO
1000 a.o. Big Conug (puc. 1.3). Ile cucrema sigep
KOMET, WICHH SKOI eMI30JUYHO 3 SBISIOTHCSA
no6mn3y Corrg. OgikyeTbes, Mo kpail COHSYHOT
CUCTEMM PO3TAIIOBAaHWA Ha BIJICTaHI OJU3BKO
100 THC. 2.0., 1[0 CTAHOBUTH TPETHHY IMapceKa’, —
e YBepTh BijcTadi Big CoHIS 10 HAOIMKYOT 301

Puc. 1.3. [MosAc Kolinepa [Ipokcuma.
ma xmapa Oopma CoHsluHAa cCHUCTEMAa HAJIEKUTh JO BEJIHMKOL
30pAHOI cucTeMu — [amakTwku, ska Ha HeOl

cnoctepiraetbes y Burisial Uymanpkoro (i Momounoro) Illnsxy (puc. 1.4).
Hama mnnanetHa cucrema OOepTa€TbCs HABKOJIO TAJIAKTUYHOIO LEHTPY (IO
nepeOyBae Ha BiJICTaHI § KIK) Maibke y ii muomuHi. ["amakTuka 3 miaMeTpoM
30 KOK Mae CKJIaJHy CTPYKTypy. 30pSHUH JUCK OTOYYIOTh MAaCHBHI KYJISCTI
30psIHI CKYMYEHHS, SIKI MPOCTATal0ThCs BIJ LIEHTPY |ajJakTHKK Ha BIJICTaHb A0
125 knk. YoTupHAALATh BIAOMUX TAJIAKTUK-CYITyTHUKIB PO3TAIIIOBAHI BiJl LIEHTPY
lamaktuku He nam 254 knk. Lo cucreMy Ha3uBawTh cimeticmeom, ado
nioepynoro I anaxmuxu.

Hama I'anaxraea

a

Puc. 1.4. MonoyHuli LLinsx Ha 3emHomy Hebi (a) ma micye 8 Hbomy CoHaYHoOI cucmemu (6).
lMepneHOuKynapHo 00 20puU30HMY 8UOHO 300iaKasbHe c8imso

HaiiommkuruM 10 Halloi mArpynu € cimetcmseo AHopomeou, sike CX0Xe Ha
Hally croipaidbHy ['ajakTMKy 3 OTOYYHOUMMHM ii TrajlaKTHKaMH-CaTeIITaMH.
[enTpanpHa rajakTHKa bOTO ciMeticTBa — TyMaHHICTh AHAPOMENN, MAaCHBHIIIIA

3 . o 16
MapceK (CKopo4YeHOo — NK) — CTaHZAPTHA BiACTaHb B aCTPOHOMII, 32 AKY NPUMMAETLCA 3HA4YeHHs 1 nK = 3,09-107 m =
= 3,26 cB. poKy (3a 1 ceimaosuli pik NPUAMAETLCA BiACTaHb, HA AKY MOLUMPHETLCA CBIT/10, PYXakuuchb 3i WBUAKICTIO
8 . 7 ) ,
¢ = 2,998:10° m/c BNpoAoBX POKy, Wo mictutb 3,16:10° c). O6rpyHTOBaHICTb HaBEAEHOro 3HauYyeHHsA Ta 3B’A3KM
3 iHWWMW OANHULAMM BUMIPIOBAHHA Aal0TbCA B po3a,. 8.
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3a Hally, a MArpyna B HUJIOMY MPUOJIM3HO Taka caMo 3a Macolo, K 1 CIMEHCTBO
[Manaktuku. O6uaBa 111 ciMeiicTBa cKiIanatTh Micyegy epyny, sika 3aiiMae IpoCTIp
po3mipom 6m3bko 1,5 Mk (puc. 1.5).

ITopsin 3 MicueBoro € ¥ 1HII
TPyl TalaKTHK, SKIi BXOAATH [0
MiclieBoro HaJCKyMm4eHHS, 110 HAYYE -
oubme 30 THCAy rajmakThK. Llg . %, Mouomui
CTPYKTypa TaJaKTHUK BXOJUThH JI0 CKJIay
einepckynuenns JlaHiakes, 3a MeXKaMu
SIKOTO ICHYIOTH ¥ IHIIN Taki ) MOTYXHI
00’eqHaHHA TaJakTUK. MDK HUAMH
nepeOyBalOTh 00JIaCTI 3 3aHIKEHOIO
MIPOCTOPOBOIO HIUIBHICTIO TAJTaKTHK, IO
3BYTbCSl  gotdamu. |rinepckynmueHHs, 1 BOWUAM YTBOPIOKOTb KOMIpYACHLY
cmpykmypy Memaeanakmuku (puc. 1.6). 3aramom >xe MerarajgakTuka €
«ITyCTOIO» — TPOCTIp MyCTOT — BOMIIB (3 AlaMeTpaMy B JEKiJbKa Meramnapcek)
MIPEBAIIOE HAJ[ YIOPAIKOBAHUMH 00’ €THAHHIMH TajlaKTUK: CEPEIHsI IPOCTOPOBA
ryctTuHa MerarajakTuki y MUIBHOH pa3iB MEHIIAa 3a CEpPelHI0 TYCTUHY
lNanaxktuku.

Puc. 1.5. Micuyesa 2pyna 2anaKmuk

TTiEHiYHa KOPOHA HCK
I'epxynec HCK

I.Iea'ralshp HCK
CKymsIrop HCK ;

31— Bonocca

" BepoHiKH HCK

Pubu Kut uex 3 -
IlepcaPubaacx - Beamemma HCK

Jles Hek

Puc. 1.6. Komipuacma cmpyKkmypa oKony Micyeeo2o HaOCKyn4eHHsA

MeraranakTika B HUIOMy A00pe nociimkeHa B obnacti o 1500 Mk, ne
HapaxOBYEThCS KUIbKACOT MUIBSIPJIIB TaJakTHK. 3arajioM paalyc MeraranakTuku
cranoButh ~ 10°° M i Brimoyae ~ 10% nykioniB (mpoTowis i HejiTpowis). I3 wmiei
PedoBHHH cKiamaeThest ~ 10°'-10% 3ip, 1o opiBHIOE KiTBKOCTI MOJIEKYJ Y Kpari
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BOJIM 3 MOIMEPEUHUKOM = 2-4 MM (kparuis!). Skiio B maciiradl 3a 1 MM IpuiHSITH
po3Mipu MiciieBoi rpymnu, To giameTp MeTarajlakTUKd CTaHOBUTHME OJIM3BKO
5 metpiB. Yu Benmka MerarajgakThka, 1110 JOCTYITHA JJISl CIIOCTEPEKEHb?

Sk Bke 3ramyBaiiocsi BHIE, BCECBIT BHUBYAETHCA INUISXOM PpeeCTparii
CJICKTPOMArHiTHOIO BUIPOMIHIOBAHHS Y PI3HUX Jlalla30HAaX XBWJIb 1 TPOBEICHHS
BUMIpPIB pyXy KOCMIYHUX 00’ €KTiB. JIOCBI/, OJiep>KaHUi Ha OCHOBI CIIOCTEPEKECHbD,
NoKa3aB, L0 3aKOHU (i3uku y BcecBiTI 0JHAKOBO MPOSABISAIOTECA Yy BCIX 1l
perioHax, BKJIIOYa0uu 3eMHI YMOBH. [IposiB THX caMuX 3aKOHIB CIIOCTEPIra€ThCS
y HaWBIIJANICHINIUX KyTOYKax BcecBiTy, 3BiAKM CBITJIO MPOXOJWTH 3a 4ac,
CyMipHHUii 3 Moro BikoMm (Oim3bko 14 miipa pokiB). A 1ie 03HA4ae, IO 111 3aKOHU
OJTHAKOBO [IsSTM Yy BCl YacHh ICHYBaHHA BcecBiTy, OCKUJIBKHM UMM Jaii
PO3TAIIOBAaHWM KOCMIYHMM OO0’€KT, THM BIH MoOJoAmui. Taka BIaCTHBICTH
BiToOpaxkae npocmoposo-uacogy cmpykmypy Bceceimy. MoxHa crioiiBaTUcs, 110
1 3aKOHU €BOJIIOLIIT JKUBOI MIPUPOJIM 3arayibHi JUisl Bchoro BeecBiTy. SIKmio 1e Taxk,
TO MU Y HhOMY HE TIOOAUHOKH. AJie Ha ChOTOJIHI 3aJTUIIAETHCS HE BIIOMUM, HaBITh
NPUHLIUIIOBO, — SIKOIO MOK€ OYTH pI3HOMaHITHICTH ()OpM KUTTS y BeecBiTi.



YactTnHa 1

CNOCTEPEXHA TA NPAKTUYHA ACTPOHOMIA

OCHOBOIO aCTPOHOMIYHUX JOCIIKECHb € CIOCTEPEIKCHHS HEOECHHX
00’€KkTiB. YTIpPOJOBXK ICHYBaHHS AaCTPOHOMIi 3MIHIOBAIMCA SK TMPEaMET
JOCIIHKEHB, TaK 1 3aCO0H, K1 MOCTIMHO PO3MIUPIOIOTHCS M YIOCKOHATIOKOTHCS.
VYsiBIeHHs PO acTPOHOMIYHI 00’ €KTH OYIyIOThCS HA OCHOBI aHaJIi3y CBITJA, SIKE
CIPUMMAEThCSI 3EMHUM CIIOCTEpiradyeM, 1 BUBYEHHS 1X pyXy Ha HebecHiu cqhepi —
ySIBHIM cpepuyHii MOBEPXHI JOBUILHOTO pajiyca 3 IEHTPOM MICHE3HAXOKEHHS
cnocrepiraua (puc. 2.1). BuBuenns pyxy HeOec- Z
Ha HeOeCHIM cdepi B MeBHUI MOMEHT dacy. OTxe,
€ HEOOXIJIHICTh B YCTAHOBJIEHHI TIEBHUX aCTPOHO-
MIYHMX KOOpAuHAT Ha HeOecHil cdepi, BHUOIp
SAKHUX TIOB’A3YETHCS 31 3pYUHICTIO AJIS [TOIAJIBILIOTO
aHam3y KOCMIYHMX OO’€KTIB, 1[0 CIOCTe-

pIraroThCsl.

BusHaueHHsT KOOpIMHAT CBITWJA B Pi3HI Z
MOMEHTH 4acy CTBOPIO€ 0a3y i BUBYCHHS Horo  Puc. 2.1. HebecHa cgpepa sk
nepecyBaHHs Ha HeOecHi cdepi, a oOUMUCICHHS yABHA Chepu4Ha NosepXHS,
BIZICTaHI 70 HBOTO Ja€ 3MOTy BCTaHOBHUTH Ha AKY NpoekmMytomeca

MPOCTOPOBUI PyX acTPOHOMIYHOTro 00’ekTa. Ha HebecHi ceimuna

OCHOBI TMOJAJIBLIOTO BCTAHOBJIEHHS 3aKOHOMIPHOCTEM TMOJOXKEHb 1 PyXy
KOCMIYHUX O00’€KTIB OYJy€ThbCA 1X MPOCTOPOBUN PO3MOJLT TA BCTAHOBIOETHCS
ICTUHHUH 1X PyX Y KOCMIYHOMY ITPOCTOPI.

Sk BXKe 3raayBajJioch, OCHOBHMM 3acO00M B acCTPOHOMIYHHUX CIIOCTe-
PEKEHHSAX € TEeJIECKONU, KOHCTPYKINI SKUX CIeHIaIbHO pPO3pOOISIOTECS Ta
MOJIEPHI3YIOTBCS. IX MOEIHAHHS 3 BiAMOBIIHUMY TPUiiMayaMyl €JIeKTPOMArHITHIX
XBWJIb, PO3pOOKa HOBUX METOMAIB JOCTIIKEHb Ta MOJajbIlle BIPOBAHKEHHS
B TEJIECKOMIYHI CIIOCTEPEKEHHsI 3a0€3Ieuy€e CTBOPEHHS KIHIIEBOTO «IIPOIYKTY»:
MEBHUX ACTPOHOMIYHUX ©0a3 JaHux 1 KataioriB. OnucaHWii TyT MpoOIEC
npuTaMaHHu npaxkmuunii acmponomii. Came BOHa 3a0e3meuye MOAATBIINI
JTOCTITHUIILKUM TIPOIIEC, SKUH TTOJISITaeE B aHaTI31, y3araJlbHeHH1 Ta BCTAaHOBJICHH1
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3aKOHIB 1 3aKOHOMIPHOCTEH, 3a SIKMMH PO3BUBAETHCS BCECBIT 1 MPOSBIAETHCS SIK
B IIJIOMY, TaK 1 B HWOTO CKJIQJIOBUX — Yy BHIJISAL BIIMOBIAHUX ACTPOHOMIYHUX
BJIACTUBOCTEM.

2. ACTpOHOMIYHI ABMLLA Ta IX CNOCTEPEXKEHHA

Y O6e3xMapHuii neHb Ha HeOecHiM cdepi MoxHa Oaumtu CoHIile, 1HOII
Micsnp, pigmie Ha cxoAdl mepen cxoiaoMm abo Ha 3axoji BiApasy MICIsi 3aX01y
Conns — Benepy ta Mepkypiil. ¥ 0e3xMapHy Hid Ha HEO1 CIIOCTEPIraroThCs
30pi, TUIAHETH, B 3aliexHOCTI BiJ (a3u Micslb, 1HKOJIM KOMETH Ta METEOPH.
Heo30poeHrM OKOM B rapHy MOrojy MOXHa OauuTd 3 OJHIET TOYKU 3€MHOI
MOBEpPXHI OJIM3bKO TPHOX THUCSY 3ip, MnaHetu Mepkypii, Benepy, Mapc,
FOmitep 1 CatypH.

ITix gac ¢ikcarrii acTpOHOMIYHOTO SBHIIAa HEOOX1THO BKA3aTH:
1) micue3HaxoKeHHs Moro Ha HeOecHiH cdepi;
2) 4ac, KOJ1 BOHO Bi10y0Cs;
3) OCBITJIEHICTb, SIKY BOHO CTBOPHJIO B MICLI1 CTIOCTEPEKECHHS.
VY nepuiomy (sSIKicCHOMY) HaOJMKEHHI JOCTaTHHO BKa3aTH ITOJIOKEHHS acCTpo-
HOMIYHOTO SIBUILA Y BIIIOBITHOMY Cy3Ip i.

Cy3ip’a ma nazeu HebdecHUX ceimu.
st opienTarii cepen HEOSCHMX CBITHI IIIe
B JIaBHUHY SICKpaBi 30pi mo4vaiu 00’ €IHyBaTH
B TpYIH, SKI OJEpKalld Ha3BU cC)3ip is:
Jlebens, lLledes, Kaccionei, Ilepces, Jlipu

—‘——\‘.

edeit :
Hedet xacciones
Fat - i !
SN T LN
\ N N " ITepceii

: - u
.2 Kanemna, ‘- |

Bera /7| TIOmPER 2op e tormo (puc. 2.2). 3opi B cy3ip'i, IK MPaBHIIO,
“ ) ¥ ’Mama Bizmraisi . . . . 4

Tpwion § L v HE TMOB’s3aHI MiX co0o0w0 (¢i3uuHo . Bouu

s nepedyBalOTh HA PI3HUX BiAcTaHsAX Bij CoHIls

A 2 8
. ~

i ix oO0’emHye Juiie Te, 10 BOHU
OKPECITIOIOTh  BIIMOBIAHUN  acOIllaTHBHUI
BizepyHoK. Huni HebGo po3aiieHo Ha 88
cy3ip’iB. [lo3nauenHs 3ip, mio nepedyBaroTh y
Mexax Cy3ip’iB, 4acTO MPUB’SA3YIOTh 0 iX
Ha3B. 30pl TpPUCBOIOIOTH abo  OyKBYy
rperpkoro andasity (HaWsICKpaBilly MO3Ha-
YaloTh 0, MEHII SCKpaBy — P i T. 1.°), a6o
mudpy, 3ajdeKHO BiI il po3TalIyBaHHS

Minap, o= ‘ b
+" Bemxa Benmemm

Puc. 2.2. Cy3ip’a HasKoso lNonapHoi
30pi. HasedeHi nonoxeHHsA
ACKPAsuUX 3ip ma noKasaHo
CMPINKOK HAMNPAMOK pyxXy
HebecHoI cgpepu

*BUK/IOYEHHAM MOXe CNyryBaTM MpUKNaZ 3 ACKPaBMMMU KOMMOHEHTaMM Hanbaumkyoro go CoHuA po3cisHOro
CKyN4eHHA y cy3ip’i Benunkoi Begmeguui, HalackpaBsilli 30pi AKoro i popmytoTb BiAMNoOBiAHMI Bi3epyHOK B LA 06nacTi
HebecHoi chepm.

>Take NO3HaYeHHs 3anponoHyeas |. baltep (1572—-1625) Ha noyaTky XVII cT.
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B Cy3ip’1 (YMCII0 3pOCTae y MOPSAAKY MOSBU 31p MICHS X CXOAY HaJ TOPU30HTOM,
M1 9aC CIIOCTEPEKEHHs iX i3 3¢MHOr0 ekBatopa’).

Ha3Bu cy3ip’iB HaBOJATHCS a00 OJHIEIO 13 JIEP)KAaBHUX MOB, a00 JATHHOIO.
B ocranHbOMYy BHINAJKy ICHYIOTH OQIIIAHI CKOPOYEHHS Ha3B Cy3ip’iB.
Haiisickpagimi 30pi, SIK MpaBWiIo, 1€ B JaBHUHY OJIEpKaJld BJIACHI, MEPEBAXKHO
apaOcbki iMeHa. Hanpuknan, Haitsickpasimia 3opsi Heba Cipiyc Bigoma Ie 1 siK
o Benmnkoro Ilca, abo o Canis Major, abo o CMa; HalsCKpaBilly 30pI0
MiBHIYHOTO HeOa — ApKTyp mo3HauyaroTh 1ie Sk o Bononaca = a Bootes = o Boo;
OUTBIIICTH 3Ip HE MAalOTh BJIACHUX IMEH, 1HA3WBAaIOTh 1X 3a HAJICKHICTIO [0
neBHoOro cy3ip’s, Hanpukiaa, 61 Jledbens = 61 Cygnus = 61 Cyg i1 1. 1. KpaThi
30p1 MO3HAYAIOTHCS a00 MUIAXOM BBOJY HAJPSJIKOBOI LU(PHU 0 TpelbKoi OyKBU
(z' Ori, ©° Ori, ...), 60 BETMKUMH JTiTepaMU JATUHCHKOro and)aBiTy B KiHIl Ha3BH
30pi (o CMa A, aCMaB, 61 Cyg A, 61 Cyg B, ...). Octansi no3HayeHHs
BBEJICHI 1 JUIsl CyO30pSTHUX KOMIIOHEHTIB: TOOTO 13 MO3HAYEHHS HEMA€ 3MOTHU
BU3HAYUTH, AKY IIPUPOTY Ma€ KOMIOHEHT cuctemu (Hanpukiam, Gl 229 A — 3ops,
Gl 229 B — cy03ops, B 1iil cuctemi HaBeACHI HOMepHW 3a KartajoroM [mize —
Gliese). Ex3ormmaHeTd IMO3HAYalOThCS MAIMMHM  JIATUHCHKUMH  JIITEpaMH,
nounHaroun 3 b (Hanpuxiang: Gl 876 b, Gl 876 ¢, Gl 876 d, Take mo3HaueHHS
O3Hauae€, B 3arajlbHOMY BHUTIAJIKY, IO Yy TIOOJAWHOKOTO 30PSHOTO YH CyO30pSHOTO
KOMITOHEHTA € TP €K30IUIaHEeTH, 1 T. 11.).

Ogsen Puou 21.03 Bogoniit
21.04 '

Tineus
21.05

Bmusuata .. Crpinen
21.06 -

Puc. 2.3. 300iakanbHi cy3ip’s, 8 AKux nepebysae CoHye y 8i0rnosioHUx damax.
TpuHaduame cy3ip’s — 3mieHoceyb, 8 aAkomy CoHue nepebysae 30.11+17.12,
He 8i0HOCAM®b 00 300iaKAMNbHUX

Cy3ip’s 1HKOJU PO3JAUISIOTH 3a HAJIEXKHICTIO JIO MIBHIYHOI YU MiBJEHHOI

MIBKYJIb a00 3a HAJIEKHICTIO 10 €KBATOpiaibHOI 00sacTi (MaeThest Mpo paioH,
7 . . gee 8

IO TPUWIATAE 10 HebecHozo exkeamopa'). 12 300iakanvHux cy3ip’i6" HOCSTH

® NosHaueHHs 3anponoHoBaHe [l. ®nemctmaom (1646—1719), a Hymepauisa ocTaToyHO Mpu3HadyeHa XK. flanaHaom
(1732—-1807): Ha noyaTKy Ta B KiHUi XVIII cT., BignosiaHo.
’ HeBecHwit ekBaTOp — BeMKE KOO Ha HeBecHil cdepi, piBHoBigaaneHe Ha 90° Big, NOMIOCIB CBITY.
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Ha3BH, K MPaBWIO, XUBHUX 1cTOT: Puom, OBen, Tinenp, bnususara, Pak, Jles,
JliBa, Tepesu, Cxoprion, Ctpitens, Kosopir, Bogomiit’ (puc. 2.3).
Cnocmepescenna Hebecnux ceimun. IlnaHeTn cHocTepiraroThes
B MEKax 30JlaKaJIbHUX CY31p’iB 1 BOPOJOBXK POKY 3MIHIOIOTH CBO€ IMOJIOKEHHS
Ha HeOecHiU cdepi (puc. 2.4). [lnmanera 3HaxoauThes y 3 'conanni 3 CoHUEM,
Micsiiiem ab0 MIaHETOr0, KOJIM BOHA CIIOCTEPITAETHCA B OTHOMY Cy3ip’i. B sicHy
Ta 0€3MICSIYHY HiY, Kpallle 3a MEXaMH HaceJIeHOTO IMyHKTY, MOXXHa 0a4nTH, 5K
nepeTuHae HeEOO CBITIAa cMyra CKJIagHOi OyJOBH, HEOIHAKOBOi IIUPUHU
isickpaBocti — Monounuit [lnax (puc. 1.4a). Ils Bumuma cmyra, 0
3M1MMAEThCA HAJ TOPU30HTOM, 3MMKAETHCA Il HUM Yy IMOBHE KOJIO, IO
MpoXoauTh depe3 cysip’s: Oxnopir, Manuit Ilec, Opion, Tenens, BizHuumii,
ITepceit, Kupad, Kaccioness, Auapomena, Ledei, Amipka, Jlebiap, Jlucuuka,
Jlipa, Ctpina, Open, Ilut, Crpineun, 3mieHocenpb, I[liBnenna KopoHa,
Cxopmion, Kocunens, BoBk, IliBnennuii TpukytHuk, LlenraBp, Lupkyins,
[liBnennuit Xpect, Myxa, Kinb, Bitpuna 1 Kopma. Mane kono Ha HeOecHIU
chepi'’, mo npoxoauts uepes cepeauny Momounoro IIInsxy i HaxmieHe 10
HeOECHOTO eKBaTOpa I KyToM 62°,6, BU3HAYa€ TajJakTHYHUN €KBaTOp.

BMOMMMIT MI4X IIaHeTH
H‘ 5

1 - ;
/£ r

opbira

4 e
3emni o CoBues

5

opbita ruraHeTH

6
Puc. 2.4. Pyx nnaHem cepe0 3ip (a) ma nosicHeHHs ocobausocmeli makozo pyxy (6)

3a J0oCcTaTHBOI MPO30POCTI aTMOC(epH, Kpalle BChOro y 0€3MicsiuyHy HIY
Yl B TropaxXx, B MeXaxX 30/JlaKallbHUX Cy3ip’iB MOXKHa CIIOCTepiratu
KIIMHOMONIOHE 300iaKanvHe c8imjo, SIK€ PO3TAIlIOBAaHE B3IOBXK eKIiNMUuKu.
Kiua mpoctsraersest Ha Bigcranb 60+-80° mo obuasa 6oku Bixm CoHms Ta Gins
TOpU30HTY MOXe gocsraru mupuan 20+-30° (puc. 1.4a).

Haiisickpagiii 30pi rpymytoThest Ha HeO1 He 10 MonouHoro lnsaxy, a 1o
BEJIMKOIO KOJIa, HaXHMJIEHOTO JI0 TaJaKTHYHOrO €KBaTropa Ha KyT Onm3ko 20°,
SKUW HA3UBAKOTh nosicom I'ynoa (puc. 2.5). HaliOuibia KOHIIEHTpAIlis HUX 31p
30CepeKeHa y mosCi 3aBIUpIIKy mpudausHo 20+30°,

8Ll,i cy3ip’s, uepes sAKi NPoXoAnTb eKNINTUKa — BEIMKE KOJI0 Ha HebecHil cdepi, No akomy pyxaeTkcs CoHLEe BNPOAOBXK POKY.
°Po3TawoBaHe Mixk cysip’amu Tepesis i CkopnioHa cy3ip'a 3mieHocua (TpUHaauaTe cepen, 304iakanbHMUX) acTPOIOMM A0
30/iaKa/IbHNX HE 3apaxoByHOTb.

10 Lle kono pisHOBiganeHe sig, sesnkoro Ha 1°.
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Puc. 2.5. lNosic N'ynda He 36icaembcA 3 nonoxceHHAM MosoyHozo LLnsxy:
lio2o 06’°ekmu KoHUeHMpyromoscs 00 AiHii, HageodeHOoi H08MUM KO/1b0POM

3a MiABUILEHO KOHIEHTPAIIIEI IPyM 31p Ha HEOeCHIN cdepl BUAUISIOTH
30paHi cKkynyenHs. Heo30poeHOMY OKy JOCTymHa OOMeXeHa iX KUIbKICTb.
[IpuknamoM MOXYTh CIyTyBaTh po3sciani ckynuenns Croxapu (y cy3ip’i
Tenbis — puc. 2.6a) 1 Benuka Benmenuis (BiAMOBIAHO Y Ha3BaHOMY Cy3ip’i).
Croxkapu y KOCMIYHOMY TPOCTOpI MepeOyBaroTh 1CTOTHO JaJii CKYIMUEHHS 31,
K€ acOIIOEThCs 3 IIIuM cy3ip’siMm Benukoi Benmenuii. Tomy i muionty Ha
HeOecHit cdept Croxkapu 3aiiMarOTh MEHIY. YK€ B HEBEJIMKUM TEIECKOIM
MO)KHa CITIOCTEpIiraTH Ie W Kyusicmi cKynuewHs 3ip, 30psSHA TYCTHHA Yy SIKHX
OuIbIIA 32 TY, IO CIOCTEPITAETHCS B PO3CIIHUX CKYMYEHHX (puc. 2.60).

. : _ : . R -
Puc. 2.6. Cmoxcapu (lnesdu) — o0He 3 HaUbAUXCYUX 30PAHUX CKYMN4YeHb (a),
Kynsacme ckyn4yeHHa M 80 (6)

KynsacTi ckymueHHs (sIki O1IbII KOMIIAKTHI 3a PO3CISHI) HE JOCTYMHI IS
CIIOCTEPEIKEHHSI HEO30pOEHMM OKOM $IK Yy IIBHIYHIM, Tak 1 B MIBACHHIN
MIBKYJISIX HEOEeCHOI cdepu. Y MiBAEHHIN MIBKYJ1 HE030pOEHOMY OKY JAOCTYIIHI
JUISL CIIOCTEPEKEHHS Bl TrajakTuku: Benuka 1 Mana MaremnanoBl Xmapu
(puc. 2.7). Heo30poeHOMy OKy y MiBHIYHIA MiBKYJI Ha MEXI YyTJIMBOCTI
y cy3ip’i AHIpoMmenu AOCTylHA [Jisi CIIOCTEPEKEHHS IEHTpalibHa YacTUHA
BEJICTCHCHKOT TATaKTUKU — TymaHHICTE AHIpomenu (puc. 2.8).
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KpatHi 30pi1 ¥ cy030pi, po3CisiHI Ta KyJISCTI 30psH1 CKYMTYEHHS, TAAKTUKH €
30pSHUMHU cucTeMaMH. EmizonnuHo Ha HEO1 3’sBIs0ThCA Madll Tita COHSYHOT
CHCTEeMH, [0 SIKUX Hanexatb komemu (puc.2.9), 6Goniou ma memeopu'
(puc. 2.10).

Puc. 2.7. Benuka (cnpasa) i Mana (3niea) Puc. 2.8. leHmparnbHa o0baacme
MazennaHosi Xmapu TymaHHocmi AHOpomeou

Puc. 2.9. Komema lelina—bonna — 00Ha 3 Halibinbw sus4YeHUX MAsAUX Mis

a 6
Puc. 2.10. bonid (a) ma memeop (6) Ha HiYHOMY Hebi

Bigomo 6im3bko 660 koMmeT, nemto Ouibine 70 3 SKUX CIOCTEpITaIucs IBa
i Ounbire pasiB. [lnomuHM X opOIT HE KOHIICHTPYIOTHCS 10 TEBHOI IUIOMIUHU

11 . . . . o . .. . .

He cnig, nnytatn meteopm 3 meteoputamu. [lo MeTeopuTiB BiAHOCATb Ti Masi KOCMiYHI Tifla, AKi A0CAraloTb NOBEPXHi
3emni. MeTeopu He NagaloTb Ha 3eMHY MOBEPXHIO, BOHM abo 3ropstoTb Y atmocdepi, abo, nponiTatoun Ha BenuKil
BiZICTaHIi Bif NoBepxHi 3emni, 3HOBY NOBEPTAOTLCA B KOCMIYHMI MPOCTIp.
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y IPOCTOPi, TOMY MOXKYTb CIOCTEpIraTucsi B OyAb-IKOMY MicIli HeOeCHOi
chepu. SckpaBicTh KOMET 3alIeKUTh BiJI iX Macd, XIMIYHOTO CKJIaay Ta
BignaneHocti Bijg 3emii Ta Connsg. Ha HeO1 HE030po€HHMM OKOM BOHHM MOXKYTh
CIIOCTEPIraTUcCs MPOTITOM JIEKIIbKOX JECITKIB HOUeH, Audy3H1 xgocmu Komem
MOXYTh CATAaTH JIEKIJIbKOX JECATKIB I'PaITyCiB.

boniou ta memeopu — HENOBrOTPUBANIL CBITJIOBI SIBUIA y 3€MHIM
atMocdepi. IX cBiueHHsS MOB’sA3aHE i3 B3a€MOI€I0 Ta30BOi OOOJIOHKH 3eMii 3
KOCMIYHOIO PEYOBHHOIO (P13HOT MacH Ta XIMIYHOTO CKJIaAdy), sika MPUJIETLIa, SIK
MIPaBUIIO, 3 MDKIJIAHETHOTO CEPEeOBHINA 31 MBHUAKICTIO MeHIne 70 kM/c. bomian
MarTh OUIBIII KYTOBI PO3MIPH, HIXK Y METEOPIB, iX PYX CYHPOBOJIKYETHCS
3BYKOBMMHM SIBUIIAMH. Y BHIAJKy JTOCSTHEHHS OOJIJOM 3€MHOi IOBEpPXHI
3aITUIIAETHCS Memeopumn.

IImyuni nedecni mina. Jlo HUX BIJHOCATH IUTY4YHI CYNMYTHHKH 3€MJIl
(IIC3) 1 xocMmivHl CTaHIi, 5Kl CIOCTEPITalOThCS TOPSA 3 KOCMIYHUMU
00’extamu (puc. 2.11).

Bonu o0epratoThCs Ha  HABKOJIO-
3eMHHX opOiTax Buile 100 km, YoMy BiIIO-
Biae mepiosy oOepTaHHs Ouibie < 90
XBWIMH. B 3a1€KHOCTI BiJl BUCOTH OPOITH iX
KyTOBE TIEPEMILIEHHS pi3HE: YUM BOHA
BUILIE, TUM 3MIIICHHS Ha HeOecHIN cdepi
MeHIIe. MeHImoMy TIepeMIIeHHI0  Ha
HeOecHi cdepi TaKoX BIAMOBIA€ OLTBIINN
nepiog obepranns [IC3. HynboBomy

KyTOBOMY 3MIIIIEHHIO BIAMOBIJIa€ KOJIOBA Puc. 2.11. MixHapoOHa KOCMiYHa
op0OiTa 3 MepiogoM OOepTaHHs, IO JOPIB- CMaHyia Ha Hebocxuni
HIOE I1epioay obepTaHHs 3eMili HaBKOJIO OCi. (makud sHimok ompumytome

8 pe3ysibmami 008204a4CHOI

Taki cynyTHuUKH mnepeOyBalOTh Ha Tak
exkcrio3uyii)

3BAHUX 2e0CMAYIOHAPHUX 0pOimax, SKUM
BIJINOBI/Ia€ BiJICTaHb Bija MoBepxHi 3emil Omu3bko 36 500 km. Sckpasicts HIC3
3aJICKUTH BT X po3MipiB (IpU3HAYEHHS) 1 TIEpioAy OOepTaHHS HABKOJIO BIACHOI
oci. SIk mpaBWJIO, BOHU TMEPIOJUYHO ab0 anepiouyHO 3MIHFOIOTH CBIA OJHUCK
3aBJIIKM 0O€PTaHHIO HABKOJIO BJIACHOI OCI.

3. HebecHa cdepa Ta cuctemun KOOpAUHAT B aCTPOHOMiIT

Jlist  po3B’si3aHHS MEPEBaKHOI OUTBIIOCTI aCTPOHOMIYHMX 3a7a4  HE
JOCTaTHHO BKa3aTH Cy3Ip’s, B SKOMY CIOCTEpIrajioCh acCTPOHOMIUHE SIBUIIIE.
Tomy, B 3aeKHOCTI Bijl c(hOpMyILOBaHOI 3a/1adi, BBOAATHCS NIEBHI aCTPOHOMIYHI
KOOpJIMHATH Ha HeOecHiN cdepi, 1100 BKa3aTH MICIE3HAXOHKEHHS KOCMIYHOTO



22 OcHosuU enemeHmMapHoi acmpoHomii

o0'ekTa 3 HEOOX1MHOI TOYHICTIO. Bcl acmponomiuni xoopounamu MoOXHa
PO3AUTUTH YMOBHO Ha JIBl YaCTUHU: MPSAMOKYTHI Ta chepruHi. B HUX yKa3yroThCs:
a) BUOpaHa IUIONIMHA Y TIPOCTOPI;
0) MOJIFOCH Ta iX TOJO0XKEHHS;
B) KOOPAMHATH, JUISI SIKUX HaBOJSATHCS
— TOYKH BIJJTIKY,
— BUOIp HANIPSIMKY iX 3MiHH,
— PO3MIPHICTB;
') 0COOIMBI TOYKH Ta KYTH.
T'opuzonmansna cucmema Koopounam BBOJIUTHCS JJIi BHU3HAYEHHS
MIOJIOKEHHS CBITHJI Ha HEOECHIM cdepi B MOMEHT iX crioctepexeHHs (puc. 3.1a).

Z
g
| pl
o -
3 L
= Bice. ceiry
5 p
E #
=
. = /
) | Cnoctepirag M @ Bics.~ SmJﬁ_
_ JeHiT S - - TN
AcTpoHOMHHMIT T opuzouT
TOPH30HT
Bummmamit 1
TOPH30HT o« - JeMITA
—_ -
Hamup Exeatop
& T
a 6

Puc. 3.1. lopuzoHmansbHa cucmema KoopouHam (a) ma ii 38’30k
3 ACMpPoOHOMIiYHO wupomoro (6)

Bubpanoro € miommuHa, 10TU4YHA 10 cPepH, 3a Ky npuimMaeTbes hopma 3emiti.
ITepeTun 3 HeOecHOIO cheporo

® [UJIONIMHU (BEJIUKE KOJIO) 3BEThCA aCMpOHOMiuHUM (MATEMATUYHHM)
20pPU30HMOM,

® MPSMOBHUCHOI JiHII 3 TOYKH CIOCTEpirada BBEPX 3BETHCS 3eHIMOM,
BHU3 — HAOUPOM; 1X TIOJO0KEHHS 301ratoThes 3 TOJIF0CAMU CUCTEMU KOOPAUHAT.

Koopaunaramu cBiTuiia € a3uMyT A Ta KyTOBa BUCOTa /1 HaJl TOPU30HTOM.
Oco0nMBUMHU € TOYKHM MIBAHS, 3aX0Jy, MIBHOYUI Ta CXOHYy, SIKI € MEPETUHOM
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HaIpsMKIB Ha MIBACHb, 3aX1J, MIBHIY 1 CX1J y IJIOIMHWHI TOpH30oHTY. JIiHIi, sKi
YTBOPHWJIMCS BiJl IEPETUHY IUIOUIMHMU, 110 BKIIOYAE IMOJOKEHHS CrocTepiraya,
Ta TOYOK

* MiBJIHS Ta MIBHOY1 — 3BETHCS HEOECHUM MepUOiaHOM,

* MICII€3HAXO/KEHH HEOECHOTO CBITUJIA — BEPIMUKATIOM.

Bimniku BeayThCcs: MO a3umymy — BIJ TOYKM TMIBJIHS 3a TOJUHHHUKOBOIO
CTPUIKOIO; KYmo8a 8ucoma — BiJi TJIOIIMHU TOPU3OHTY JI0 TOJIFOCIB (3€HITY Ta
Haaupy). KoopauHati BH3HAYalOThCS B Tpagycax: asumyT — Big 0° mo 360°%;
KyToBa Bucota — Big 0° 1o +90° B cTopony 3eHity, Big 0° 1o —90° 10 Hamupy.

BusHaueHHs moJyio)keHb HEOECHUX CBITHIJ B IIIH CHUCTEMI1 KOOPJMHAT A€
3MOTY BCTAaHOBHUTH MICII€3HAXO/PKEHHSI aCTPOHOMIYHOTO siBHUIa (00'ekTa)
B MOMEHT, KOJIX BOHO BIJIOYJIOCA. AJIE 1€ MOJO0KEHHS O€3MepEPBHO 3MIHIOETHCS
BHACJIIJOK T0OOBOTO 00epTaHHs HEOEeCHOI chepH, 10 € CYTTEBUM ii HEOIIKOM.
ToOTO B 1l cUCTEMI KOOPJMHAT TOJIOXKEHHSI CBITWJI 3ajieXkaTh BIJI 4acy iX
BU3HAYECHHA. [[71 yHUKHEHHS 1OTO HEAOJNIKY HEOOXiMHO BUOpaTH TaKy
CHUCTEMY KOOpJWHAT, MO0 YIpOAOBK A000BOro obdepTaHHs HeOecHoi chepwu
KOOPJIMHATH CBITUJ Oynu HE3MiHHUMH. lle MOXIMBO, SIKIIIO KOMIIEHCYBaTH
OChOBE OOEpTaHHS 3eMJIL.

Exeamopianvna cucmema koopounam. IIpoJOBXEHHS 3€MHOI OCl Ta
IUIOIIMHU €KBaTropa 3emyii [0 TepeTuHy iX 3 HebecHow cdeporo Beme [0
YCTAaHOBJICHHS PYXOMOi CHCTEMH KOOpPAMHAT, SIKIIO TMepioj ii oOepTaHHs
MPUMHATH TaKWUM, IO JOPIBHIOE 3eMHIN 1001. Y 11boMy pa3i HeOecHa cdepa i
00'eKTH, 110 PO3TAILIOBAaHI HA HiH, OyAyTh
o0epTaTucsi 3 OJHAKOBOIO KYTOBOIO Iomoc ceiry 2
IIBHAKICTIO. 19 BIIaCTHBICTH 1 JICKHTH
B OCHOBI  OOpaHHS  eK8amopiaibHOL i
cucmemu koopouram (puc. 3.2). AN

B miif cucremi KOOpJMHAT 3€MHA N ,,\ \k?},(/ S
BICh MapaJielibHa JIiHii, Ky 3BYTb 8iCClO oo .
ceimy (PP"), a niHito, sika € pe3y/IpTaToM
nepeThHy NEPIICHIUKYIISPHOI TUIOIIIMHA Fasiaron
70 IIi€i OCl CBITYy Ta IPOXOJUTH HYepe3 HebecHik 7' Tomoc ceity
IEHTP 3eMJli, 3BYThb HeOeCHUM eKéa-
mopom. 11nomnmHa, o NpoXoanuTh Yepe3
HBOTO Ta LEHTp 3emill, 1 € BUOPaAHOIO
IUIOILMHOK. [ligHiunum i niedeHHum
noarcamu cgimy 3BYyTh TOUKH TEPETHHY
0C1 CBITY 3 HEOECHOIO C(eporo.

3ayBaXKEHHSI: 8i0n08iOHO 00 puc. 3.10, 6UKOHYEMbCS HACMYNHA Meopemd
Npo NomoCU ceimy: ix Kymoee 3Ha4eHHs HA0 20PU30HMOM OOPIGHIOE ACTPOHOMIYHIL
wupomi ¢ Micys CHOCMepedCeHHs 3i 3Hakamu «+» uu «—» O RNiGHIYHOI ma
NiBOEHHOI NiBKY b, BIONOBIOHO.

Mepuniax

Puc. 3.2. EkeamopianbHa
cucmema KoopouHam
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Piunuii pyx Conysa B Takiii cuctemi KOOpAMHAT BiJIMOBIIAE 11101000BI1H 3MiHI
MOJIOKEHHSI Ha BETUKOMY Koyl HeOecHoi chepu (y HampsSMKy, 3BOPOTHOMY [0
J000BOTO PyXy) Ta OKPECIIOE JIIHIIO, IO 3BEThCS eKinmuKkor. 3 BECHU JI0 OCEH1
CoHiie nepeOyBae B MiBHIYHINA IIBKYJ, 3 OCEHI JO0 BECHU — B MiBJAeHHINA. JlaTw,
B IKMX BIJOyBaeTbcsa miepexiyy CoHISl 3 MIBACHHOI B MIBHIYHY MIBKYJIIO Ta
HABITaKW, HA3MBAIOTh OHAMU BECIHHbO2O U OCIHHbO20 pisHoOeHb. Ha 3emii B mi
JaTH TIPOTSDKHICTD JTHS W HOY1 OJlHaKoBa. Haxwi myiomuH HeOeCHOTo eKBaTopa Ta
EKIINTUKHE JOPIBHIOE KyTy ¢ = 23°26'. BiH HOpiBHIOE KyTy MiX OCSMH 3€MHOIO
OCBbOBOT'0 OOEpTaHHS Ta HOPMAILIIO JI0 MIOWUHU eKLInmuKu, B sIKiii 00epTaeThCs
3emutst HaBKOJIO COHIIAL

B Takiif cucTeMi NMPUHHATI 1Bi KOOPIAMHATH: npsame niOHecenHs o’ Ta
cxunenus o. BIImiK HOpsSMOro TMIJHECEHHS Wae B TOYKM BECIHHBOTO
PIBHOJIEHHS B HANPSIMKY, MPOTUJIC)KHOMY OOEpPTaHHIO TOJWHHUKOBOI CTPIIKH,
SIKIIO JUBUTHCS 3 MIBHIYHOTO IOJFOCA, CXUJICHHS — Y HaMPSIMKY BiJ TUIOIIMHA
HEOECHOro eKBaTopa A0 MOJIIOCiB. PO3MIpHOCTAMHM o € YacoBa Ta TpaJycHa
MIpH: 32 MEPILIOI0 3 HUX BEJIMKE KOJIO B3JI0OBX HEOECHOrO €KBaTOopa po30uTe Ha
24 ronunu (h), KoxxHa 3 SIKUX JOpiBHIOE 60 YacOBUM MiHyTaMm (m), siIKi MIiCTSTh
mo 60 cexyHna (s); 3a IpPyrorm — KOJIO IPSIMHX IIiJHECEHb BiAmosimae 360°,
rpaayc sikoro mictuth 60', a 1' = 60". ToOTO CHIBBIAHOIICHHSIMA MIK YaCOBOIO
i rpamgycHoro Mipamu €: 1" = 360°/24" = 15° ta, Bigmosinwo, 1° = 15', 1™ = 15",
CxuiIeHHsT 3MIHIOETECS BimHOCHO HeGecHOro eksaropa Big 0° mo +90° y Gik
MIBHIYHOTO («+») Ta MIBACHHOTO («—») MOJIOCIB, BIIMOBIIHO.

BiaMiHHICTh KyTOBUX HIBUAKOCTENH OoOepTaHHS HEOECHHX TUI 1 HEOECHOI
cepr 3BeTbCS @nacHum pyxom HebecHux Tin. HaifGimbim 3 HHMX BIACTHUBI
TiaM COHSYHOI chCcTeMHU. 30pl MarOTh ICTOTHO MEHIIl BiIacHI pyxu. B ekBa-
TOpiaJIbHIM CHCTEM1 KOOPAMHAT TOJOKEHHS CBITHJI HE 3aJIeKUTh BIJ 4acy
CIIOCTEPEKEHHsI, a 3MIHIOEThCA JIMIIE B pe3yibTaTi iX BIacHUX pyxiB. Lls
BJIACTUBICThH TMOKJIaJICHA B OCHOBY BHU3HAUCHHS KOOPJUHAT 31p 1 Cy03ip ¥ 1HIIMX
00’ekTiB Ha HeOecHI cdepi. Y BIAMOBIAHOCTI 10 II€1 CUCTEMU KOOPIWHAT
Cy3ip’s 1HKOJIM PO3JIUISIOTH 32 HAICKHICTIO O MIBHIYHOI YM MIBACHHOI MIBKYJIb
a00 3a HAJIEXKHICTIO JI0 €KBaTOpiajdbHOI 001acTi (paiioH, 0 MPUIIATa€E 10 HbOTO:
O <+45°%).

Exninmuuna cucmema koopounam. B 11l cuctemi KOOpAWHAT
BUOPAHOIO TUIOIIMHOIO € SKITIINTHKA, a KOOPJAMHATAMU € eKAinmuuni 0ogcoma A
i wupoma B, sKki BHU3HA4YAIOTBCA B TpaaycHii wmipi: [A] = 0° + 360°

1 OKpiMm NMpAMOro RifHECEHHA Y AKOCTI APYroi KOOPAMHATU MOXe BMKOPUCTOBYBATUCA FOAMHHUI KyT t CBITUAA, WO €
Zyroto HebecHOro ekBaTopa Big, BepXHbOT TOYKM HeBeCHOro eKBaTopa A0 KO/a CXMIEHHA CBITU/IA (TaKa cMcTema Ha3MBaETbCA
NnepLLOo eKBaTopia/ibHO cucTemoto). OcobIMBICTIO TaKOT CUCTEMM € T€, L0 B Hill KOOPAMHATUA HEPYXOMMUX 3ip € 3MIHHUMM:
iX TOOMHHWIA KYT 3MIHIOETBCA 3 YaCOM 3a paxyHOK obepTaHHA 3emi. Tomy Ans KoopAmHAT HebecHUx 06'eKTiB 3pyuHilue
BMKOPUCTOBYBATM APYry EKBATOPiaNbHY CUCTEMY, A€ KOOPAMHATU HeBeCHMX 06'EKTIB He 3MIHIOTLCA 33 paxyHOK 4060BOro
pYyXy (£pyroto KoopaMHATOLO € NpAME NiAHECEHHA a), AKa Binbl AeTaNbHO PO3rNAAAETLCA Y AAHOMY PO34ini.

3 BnacHi pyxu 6inbWw AOKNALHO PO3rAa4at0TbCA B po3a,. 8.
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[B] = 0° + £90° (+ 90° — BigmOBiZae MBHIYHOMY EKIINTHYHOMY IIOJIOCY) —
puc. 3.3. Sk 1 B exkBaTopiajbHill CUCTEMI KOOpPJAMUHAT, BIJJIIK EKIINTUYHOT
JTOBTOTH BEACTHCS 3 TOYKH BECHSHOTO PIBHOACHHSA 1 B TOMY JXK HaIPSMKY,
TOOTO MPOTU TOJAMHHUKOBOI CTPIJIKU BIIHOCHO MIBHIYHOIO MOJIIOCA EKIINTHUKH;
IIUPOTH — BiJ EKJIINTHYHOI TUIOMMHU B OiK momtociB. Cy3ip’s, depe3 fKi
npoxoauTh piuHui msx CoHus (EKIINTHKA), 3BYTh 30/1aKaJbHUMH —
IWB. po31. 2 Ta puc. 2.3.

I'anakmuuni cucmemu Koopounam 3pyqHi sl YCTAHOBJICHHS Micle-
3HAXO/HDKEHHA CBITWI B rajaktam Momouynauid Hlmsgx 1 3a 11 Mexamu.
OCHOBHHMMM 3 HUX € JIBi: CpepUYHA Ta MPSIMOKYTHA.

Cdepuuna cucrema koopauHar (puc. 3.4). B niBaeHH1N miBKyJ 3eMJl 31p
CIIOCTEpIraeThbesl OUIbIe, HIXK Y MIBHIUHINA. [[uM mosicHIoeThCA Te, 110 00unciIeHa
TUTONINHA, JI0 K01 TYPTYIOThCs (piBHOBIAAIeH1) 00’ ekt Monmounoro [nsxy Ha
HeOecHil cdepi, BIAMOBITAE MajJoMy KOy, BIAJAJICHOMY BiJl HAMOIMKYOTO 0
HBOTO Betnkoro Ha 1°. Came oOMexeHa [IUM BEJIMKHAM KOJIOM ILIOLIHMHA | BUOpaHa
K 2anakmuuHa cgepuyna cucmema koopouxam. Ii KOOpUHATAMH € TaJaKTHYHi
noBrora / ta mupora b, SKi MalOTh TpayCHY pPO3MIPHICTb Ta 3MIHIOIOTHCA
BMmexax: [ = 0+ 360° (B HampsMKy IPOTH TOJWHHHUKOBOI CTPIIKH, SKIIO
JIMBUTHCA 3 MiBHIUHOro momoca) i b = 0° + £90° («+» — y OiK MIBHIYHOTO
nomoca). Bimtik koopaunar Bubpanuii: / = 0° — Ha mentp i b = 0° — Ha [UIONIKHY
[Namaktukn. KyT MK TUIOIMMHAME TaJaKTHYHOTO Ta HEOSCHHMM €KBaTOpaMHU
CTAHOBHTH 62°.6.

[NiBHiMHMI TOIIOC CBITY
["anmaxkTiraHmit

[TieHiMHMIT TOmoC
~— [ anakTusa

Ilen

IanakxTien

Puc. 3.3. EkninmuyHa Puc. 3.4. lTanakmu4yHa cucmema
cucmema KoopouHam KoopOuHam Ha cehepi

[IpsmokyTHa cucrema koopauHat (puc. 3.5). BuOpana miommHa Taka
cama, 110 1 B cpeprUHiil CUCTeM1 KOOPAUHAT, B SKIH JIeXKaTh JIB1 KOOpAUHATH X
1 Y. Bonu nampasneni: X — Ha nedTp ["anaktuku (TodTO 11 rajjakTuyHa JOBroTa
craHoBuTh [ = 0°), Y — 306iraerscs 3 HanpsaMkoM pyxy COHIT HaBKOJIO IEHTpa
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Puc. 3.5. FanakmuyHa npaMoKymHa cucmema KoopouHam:
a —y npocmopi, 6 — Ha NAoWUHI

lNamaktuku. Koopamnata Z copsiMoBaHa Ha TMiBHIYHHMM moitoc [amakTuku:
b = 0° =+ +90°. Po3mipHOCTi B Takiii cHCTEMi KOOpDAMHAT €, K IPaBHJIO,
kutonapceku: [X] = [Y] = [Z] = k1K, 1110 ga€ 3MOTy, 30KpeMa, 3a iX 3HaUCHHSIMHU
00YMCIIIOBATH BIJICTAHI1 10 HUX 3a y3a2aibHeHot meopemoro llighazopa:

d=NX+7+7". (3.1)

4. Bupnmuii pyx HebecHux ceitun

Axmo auBUTHCS Ha TMiBACHb (y MIBHIYHIA MiBKYIi), HEOECHI CBITHIA
CXOJATh Ha CXIJHIA YacTHUHI TOPU30HTY, PYXalOThCA 3a TOAMHHUKOBOIO
CTPIIIKOIO 3ITiBa HAIIPABO' ', KYIbMIHYIOMb' ~ B mouyi nigoHs, MigifiMaIOunCh HaJ
TOPU30HTOM, 1 OMYCKAIOThCSA O TOPU30HTY B 3aXiJHIA Horo dactudi. Takuit
pyX MijJ 4ac CIOCTEPEKEHHS 3 36MHOI MTOBEPXHI MPUTAMAHHUI BCIM CBITHJIAM.
Pyx xocmiuyHux Tu1 COHSIYHOI CUCTEMH Ma€ CBOI EBHI OCOOJIMBOCTI.

Piunuii pyx Conysa OKpeciioe eKIINTHKaA, sika He 30iraeThecs 3 HeOECHUM
€KBAaTOPOM, a IepeTHHae ioro mjg Kyrom € =23°26'. Ilnanetn CoHAYHOI
CUCTEMHU pyxaroTbcsi HaBKoJO COHIA B IUIONIMHAX, ONM3bKUX A0 EKIINTUKU
(puc. 4.1 a). lle noOpe BuAHO Ha 300pakeHHI, 3a()IKCOBAHOMY 3 KOCMIYHOTO
anapara «Kinementuna» (puc. 4.1 0).

[I{ono6oBo CoHIle y CBOEMY PYCl 3MIITY€ETHCS MO €KIIITUI TPUOIU3HO Ha
1° (360°/365.25) y cxignomy Hampsmky. HaiiBuine CoHIle Haa TOPH30HTOM
i AiiMaeThCs B MOMEHT KyJIbMIHALT y Micyesuii nonyoens'® B IeHb 1imHb020

Yy NiBAEHHIW NiBKyi, BiANOBIAHO, — CNpaBa HaNiBo, AKLWO CTOATU 06/ IMYYAM A0 NiBHIYHOT CTOPOHWN FOPU3OHTY.

1 KynbmiHali€o cBiTMNa HAa3MBaKOTb NEPETUH MOro NiHii BEIMKOro Kona, Wo NpoxXoAnTb Yepes TOYKM NiBAHA i NiBHOYI
Ta nepneHAMKyNspHa Ao NiHii ropnsoHTy. KynbmiHauin BiabyBaeTbca ABidi 3a Ao6y. Mpy uboMy BU3HaYaloTb BEPXHIO
Ta HUXKHIO KyJIbMiHaLLl, nepLua 3 AKMX BignoBigae nepebyBaHHIO CBiTUNA HAA rOPU30OHTOM, ApYyra — Mig ropU3OHTOM.

' MomenT yacy 415 BignoBiZHOI TOYKM Ha 3eMHIN NOBEPXHI, Wo Bignosigae nepetnHy CoHuem HebecHoro mepugiaHa,
KONM CMOCTepiraeTbCs MOro BepxHs KyabMiHauis. Micuesiii niBHoui Bignosigae Yac, konn CoHue nepebyBae B HUXKHIN
KyNbMiHaLii, TO6TO HalHWKYe Mig rOPU3OHTOM.
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Puc. 4.1. Cxema CoHaYHOI cucmemu (a) ma nonoxeHHA Mepkypia, Mapca, CamypHa
(3niea Hanpaso) 8ioHocHO COHUA Ha0 memMHow YacmuHoto Micauys,
32i0HO 3 306paxceHHAM, o0epxaHum 3 KA «KnemeHmuHa» (6)

COﬁuecmO}ZHHﬂ,. AKOMY BiI[HOBiI[al€7 o SO
HaWKOPOTIIIA HIY YNPOJOBK POKY
(puc. 4.2). lani Conie, pyXar4yuch
10 €KJIINTHII, TepeTHHAE HeOeCHUM
€KBaTOp Y HEHb OCIHHbO20 DPIBHO-
OeHHsl, SKOMY BIJIIOBIIa€ OTHAKOBA
TPUBAIICT, AHSA Ta Houl. Hamami
CoHIlE  CIIOCTEPITAETHCS  HIKYE
BChOT'0 HaJl TOPU30HTOM YIIPOJOBXK Puc. 4.2. Pyx CoHuA Had 2opu3oHmMom
POKY B MICIIEBUH INOJIyAC€Hb y JICHBb 80€Hb y pi3Hi MOpU POKY
3umMo8020  conyecmosinusa — (21-

22 rpyaHs), KOJIW TPUBANICTh OHS HaiiMeHma. B momamemiomy pyci Coniie
3HOBY MIOJACHHO KYJIBMIHY€ BC€ BHINE 1 BHUIIE OIMIBAHI, & B JEHb BECHAHO20
pieHoOeHHs 3HOBY TiepeTuHae HeOecHMM ekBaTop. B 1eit nenp CoHIlE TOYHO
CXOOUTh Y mouyi cxody18 Ta 3aXOJUTh 3a TOPU3OHT TOYHO Y MOUYl 3ax0()y19.
Yum Omkde 10 jita, TuM cxiji CoHI OlIbIe TPOCYBAETHCS 10 MIBHIYHOTO
CXOJly, a 3axijJ — J0 MIBHIYHOTO 3aX0Jly, IOCATAI0YN MAaKCUMAJIbHOTO 3HAYEHHS
B JIeHb JITHHOro coHiectossHHs. Jlami CoHlle NoYMHAe mMepecyBaTUCS
y 3BOPOTHOMY HANpPsIMKYy Ta B JICHb OCIHHBOTO PIBHOJICHHS BOHO 3HOBY TOYHO
CXOJIUTh y TOYIll CXOAY ¥ 3aXOAUTh y TOUIll 3aX0ay. MakcUMalIbHE 3MIIEHHS
Touku cxoxy CoOHIIA 0 MBASHHOTO CXOJy Ta MOro 3axoay JI0 MIBICHHOTO
3aX0J1y BiJIOYBA€THCS B JICHh 3MMOBOT'O COHIIECTOSIHHS.

JliHis ropH3OHTY

Y3 POKY B piK gaTa LbOro AHA 3MiHIOETbCA (BignoBsigae 21-22 yepBHs) Yepes Te, WO KiNbKICTb MOBHUX OCbOBUX
06epTiB 3emMAi He 36iraeTbca 3 TPUBANICTIO POKY (PiK, AK Bi4OMO, CKnadaeTbea 3 365.25 ai6).

¥ Touka cXo/ly po3TalluoBaHa 3/1ia Ha 90° Big, TOUKM NIBAHA B MiCLli NepeTuHy HebeCHOro eKsaTopa 3 MaTeMaTUYHUM
rOPU30OHTOM (AKMM € BenuKe Kono HebecHoi chepmn, yTBOpeHe Bif NepeTuHy NAOWMHU, NepneHaANKYNfapHOT 40 NiHil
BMCKQ, WO 36iraeTbCs 3 HANPAMKOM CUAMN TANKIHHA).

¥ Touka 3axo4y posTawoBaHa cnpaBa Ha 90° Big TOYKM niBAHA B MicLi nepeTMHy HebecHoro eksaTopa
3 MaTeMaTU4YHUM FOPU3OHTOM.



28 OcHosu enemMeHMapHoOIi acCMpPoHOMIi

Bucoma Conysn B MiCIIeB1 MOJTY/THI 3MIHIOETHCS BIPOJOBXK POKY Uepe3 Te,
110 HeOECHUI eKBaTop HaXWJICHWM 10 eKINTUKU Ha KyT €. Lle Beme mo 3miHu
cxmaeHHs . COHI BIPOJOBXK POKY. B MicleBHil MONyieHb y AEHb JITHBOTO
COHIIECTOSIHHA, KoM TmpsimMe migHeceHHss CoHmg o= 6h, CXWJIEHHS €
MaKCHMaIbHUM O = & = +23°26', aHalOriyHo, 4epe3 MmBpPOKY, B JE€Hb 3MMOBOTO
COHIIECTOSIHHSI — O = 18h, 5 =-23°26' =—¢, T0OTO cXxwiIeHHs — MiHimManbHe. 1le
BIUITMBAE Ha 3HadeHHs BUCOTH COHISI HaJ TOPH3OHTOM, SIKE BOHO TNpPUHAMAE B
MICIIEBI TIOJTY/IHI BIIPOJIOBK poKy. B mH1 piBHOAeHb CoHIlE mepeOyBae TOUHO Ha
HeOECHOMY €KBaTOPi, CXUJICHHS SIKOro, 3a BU3HaueHHaM, € & = 0°, a Ha HeOecHii
cdepi, 3riIHO 3 TEOPEMOIO TIPO TOIOCH CBITY, BOHO PO3TaIllOBaHE BiJl 3€HITY Ha
KyTOBIHM BiJICTaH1 z, PIBHIM IIMPOTI 3eMHOr0 crioctepirada ¢. B mHi miTHROrO Ta
3MMOBOT'O COHIICCTOSIHb 3€HITHA BiJIcTaHh COHIII € MEHIO (z — &) 1 OUIBIIOI0
(z+e) Ha 3HaueHHs Kkyra 23°26', BigmoBigHo. To6TO B J€HB JITHHOIO
COHLIECTOSIHHA Y MICLIEBUH OTyieHb COHIIEe MiIIMMAEThCs Ha HAOUIBIY KyTOBY
BIJICTaHb HaJl TOPU30HTOM, @ B IEHb 3MIMOBOT'O COHIIECTOSTHHS — Ha HAWHWKYY, 1110
COPUYMHSE Y 111 IaTH HAWIOBIIY Ta HAWKOPOTIINY TPHBAJIOCTI JHS 1 HOYl. Y HHI
BECHSHOTO 1 OCIHHBOTO PIBHOJICHHS — BOHH PiBHI. BUIbIl TOYHI BUMIPIOBAHHSI
noJjoxkeHb 1eHTpa COHLS MOKa3yloTh, IO BiH BIAHOCHO EKIIINTHUKH YIPOIOBK
MICAILI OTHCYe e f eiIc 3 BeMKOKo miBBiccio 6”,4356°", sikuit BimoGpakye pyx
3emili HaBKOJIO IIEHTpa Mac B cucteMi 3eMitsi—Micsiilpb.
Pyx Micaya 311MCHIOETHCS
-~ —_— TaKOX 13 3aX0/y Ha CXiJI IO BEJIMKOMY
© , A & \ 4« xomy HebecHOi  chepH,  SAKHif

/ T — HA3WBAETHCA  MICSIYHUM  IIIISTXOM.

¢> 5 o 1&; «— Micss poOuTh TOBHUIT 00epT Ha
\ ;' HebecHill cdepi 3a 27.32 nobu>,

\‘:,6 5 T8 m07060B0  MEpecyBalounch  IIpH-

R W ommsuo mHa 13° (360°27.32). Ilno-

[IMHA MICSYHOTO NUISIXY HAaXWUJIEHA JI0
€ G00000 s

CKIINTUKH i KyToM [=
OCKUTBKHM KyTOBa IIBHJIKICTH Micsiis
no HebecHiil chepi OUTbINA 32 KyTOBY

Puc. 4.3. Pyx Micausa ei0HocHO 3emni mBHUIKICT CoHL, Cl'ZI?CT CPIra€ThbCA
i npomeHie CoHUs ma 8idrnogioHa 3MiHA MicauHux ¢haz—, 1O BIJIO-
tiomy 3miHa micayHux ¢a3 OpaxaroTh B3a€MHE TMOJIOKEHHS IMX

CBITWJI BITHOCHO 3emuti (puc. 4.3).

20 . . .
CXnneHHs — Ma€eTbCA Ha yBasi Apyra KoopaMHaTa eKBaTopiasbHOI cUCTEMM.
21 . . .
Lle 3HaYeHHs Ha3MBalOTb FOPU3OHTA/IbHUM Napanakcom 3emHoi opbiT BigHOCHO HapmueHTpa cucTemn 3emns —
MicAaub.
22 . . e e . .
27,32 pobu — nepion obeptaHHs Micaua HaBKoM0 3emAi BiAHOCHO 3ip HAa3UMBAETLCA CUOEPUYHUM MiCAUuem.
23 . . . v .
®aszu Micaus — pisHi popmun BUAMMOI MOro YaCTUHM NOBEPXHI BNPOAOBK rE0LEHTPUYHOTO PyXYy.
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Monoouxy BinnoBizae mojaoxeHHs «1», ko Micsiib 1 CoHile nepedyBaroTh
Ha HeOecHiM cdepl TOYHO B OJHOMY HaIpsAMKY. Bunepemkaroun COHSYHE
nepeMilieHHs] o HeOecHI cdepl, MICIYHUN TUCK BCE OUIBIIE OCBITIIOETHCS
cnpaBa (L€ SBHILE TaK CIIOCTEPIraeTbCs B MIBHIUHIA MIBKYJIl Yy BEYIPHI 4YacH).
Ilepwa ueepmv Micsilis JOCATAEThCS, KOJMU KyToBa BiAcTaHb Mik CoHileM
i Micstiem mopiBaroe 90° (mmpaBa IOJOBHHA MICSYHOTO JWCKA CIOCTEPITAETHCS
OCBITJICHOIO — TIOJIOKEHHS «3»). [losnuti Micays criocTepiraeThbCsi OMIBHOYI — 3a
MICIIEBHM YacoM, SIKOMY BifmnoBifae monoxeHHss COHIA B HMKHIN KyJIbMIHAIII,
KoM KyroBa Bimcranp Mk ConmeMm 1 Micsiem jocsrae 180°. B el uac
CIIOCTEPIraeThcs MOBHE OCBITIIEHHS! COHIIEM MICSIYHOTO JTUCKA — TOJOXKEHHS «S».
Ocmannsi weepmov MIicCSI JOCSITA€ThCS, KOJU KyTOBa BiJICTaHb Mik CoHileM
i Micsiiem csirae 270° (y miBHIYHIN MiBKYJI CIHOCTEPIra€ThCs OCBITICHHS JTiBOT
MOJIOBUHU JIUCKA) — mojoxkeHHa «7». Lga ¢aza Micsans cnocrepiraeTbes
3 OMIBHOYI JI0 TOJNyAHS (3a MicueBuM uacoM). [Ipomikok dYacy MK JBOMA
MTOCITITOBHUMH OJTHAKOBUMH (hazaMu MIicCsIls Ha3UBaIOTh CUHOOUYHUM MICAYUEM,
SIKMI CTaHOBUTH 29,53 moou.

3amemnenna Conusn ma Micaya. OxpiM 3MiHH MICSIYHUX (a3, TTOB’sI3aHUX
3 pyxoM Micsls HaBKOJIO 3eMJli, IIOPIYHO CIIOCTEPITarOThCsl IIe W A0 I SITH
COHSIYHHUX 1 JIO TPbOX MicsauHux 3amemnens: Nokputts Conis MicsieM 1 Micsiis
3emiiet0, BIAMOBIHO, KOJIM 1X IIEHTPU 3HAXOJAThCS Ha OJHIA TpsMiid.
CriocTepeKeHHS COHAYHUX 3amMeMHeHb 3aJISKNTD Bl MICIIE3HAXOKEHHS 36MHOTO
CIOCTEpiraya, OCKUIbKM MAaKCHUMAJIbHMM [JlaMeTp KOHyca MICAYHOI TIHI HE
nepedutbirye 270 km (puc. 4.4).

3emna

Puc. 4.4. Cxema COHAYHO20 3dMEeMHEHHSH

SAxio crnocrepirad nepedyBae BcepeanHi Takoi 270 KITOMETPOBOI CMYTH,
BiH 3MOK€ 0aYUTU NTOBHE COHSYHE 3aTE€MHEHHS YIIPOJIOBXK Bl 2 10 12 XBUIIMH.
llosne kinvyese 3amemmnenHs COHLS CIOCTEPITaeTbcsl y TOMY pasi, KOJIU
TIHBOBHI KOHYC B1J1 MicCsIsl 3aKIHUYEThCA MIXK HUM 1 3emiieto. Y 1bOMY pasl,
ko 3emutsi, Micsip 1 Contie nepeOyBaroTh B OKOJI TiHi1, 10 TPOXOIUTh Yepe3
ix meHTpu, Ha Ta1 nucka COHIS cocTepiraeThbesi Micsilb MEHIIIOTO KYTOBOTO
niaMmeTpa 3a constyHui. [lepeOyBaHHS y MIBTIHI TPU3BOIUTD IO CIIOCTEPEKEHHS
YACMKOBO20 COHAYHO20 3ameMHeHHs. 3a MEeKaMu KOHyca MiBTiHI 3aTEMHEHHS
HE CIIOCTEPIraeThes.
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Konu Micsup notparuisie B KOHyC 3eMHO1 TiH1 (puc. 4.5), coctepiraerbest
MICSIYHE 3aTE€MHEHHsI Ha BCbOMY HI14HOMY OoI11l 3emMii. Micsilb Ma€ Npu bOMY
Oypo-4epBOHUN KOJIIp, BHACIIJIOK PO3CISHHS COHSYHOTO CBITJIa B 3EMHIM
atMoc(epi (pO3CIIOIOThCS TEPEeBAXXHO OJAKUTHI TPOMEHI, a MPOXOJATh
yepBoHi). [ToBHaA (ha3a 3aTeMHEHHS TPOJAOBKYETHCS JI0 IBOX T'OJIUH.

[HocmiaoBHICTE COHAYHHX 1 MICIYHUX 3aTEM-
HEHb Mailke MOBHICTIO TIOBTOPIOETHCS UEpe3 KOXKHI1
{ 18 pokis, 11 116 1 8 roaun. el mepion HA3UBAETHCS
N capocom,  YUPOIOBX  SKOIO  CIIOCTEPIra€Thes
\\ /| 70 3atemHeHb, 3 sAkux 41 coHsuHe 129 MicAYHHX.

X | B oaniit 1 Ti#i camiif TOYIll 3€MHOI IMOBEPXHI TTOBHE
: COHSYHE 3aTEeMHEHHS CIIOCTEPITaETbCI B CEpe-
 Tims HbOMY OJiuH pa3 3a 200—300 pokiB.
Micaus ¥ Tlieiss Kondghicypauyii  nanamem —  CUTyaTHBHE
A | PO3MIIIEHHS X BIIHOCHO 3eMJli Ha HeOecH1H cdepi
\ \ B pe3ynbrari pyxy HaBkoino Conig. Piununii
{ : HanpsiMok pyxy Conus 1 Micsus (3 3axoly Ha
cXix) HasuBaeTbes npamum’. TLIAHETH TaKOX
OUIBIIIY YaCTUHY Yacy NEePeMIllykOThCS Y PIMOMY
HAmpsIMKy. 3a CBOIM BHJIMNMHM pPYXOM IUIaHETH
ATk Ha HuorcHi (Mepkypiil 1 Benepa) ta gepxni
(pemta, 3a BUKTIOYeHHAM 3emii)”. HIDKHI IUTaHETH —CIIOCTEPIraroThes
B IIPOMEHSX BEUIPHHOI Ta PAHKOBOI 30p1 B MekaxX HAMOUTBIIOTO BIAJAJICHHS Bijl
CoHn1s, sSike Ha3UBAIOTh CX1HOIO Ta 3aXiHOIO enoHeayicro. TOOTO 3HAXOASITHCS
Big Conus He mami: Mepkypiii — 18-28°, Benepa — 45-48°. BepxHi mianeru
MOXKYTh CIIOCTEpIraThUCs MpoTsAroM yciei Houi. I[lomoxeHnHss Ha HeOl TIJIAaHETH,
KOJIX BOHA mepelOyBae B npoTuiexkHoMmy g0 CoHig cy3ip’i (y 30iakaibHOMY
psal), HA3WMBAIOTh NPOTUCTOSHHAM. KBaapaTyporo 30BHINIHBOI IUIAHETH
1 Micsiiie Ha3UBaKOTh MOJIOKEHHS, SKOMY BIIMNOBIJAE€ iX KyTOBa BIJICTaHb Bij
Conns 90°. Ilepemiueni koHpirypariii, 10 yTBOPIOOTH i3 3€MIICI0 BHYTPIIIIHI
1 30BHIIITHI JTAHETH, HaBeIeH1 Ha puc. 4.6.

Co:_-{_ue

-

3emna (&

i
4

Puc. 4.5. Cxema micayHoe2o
30dMeMHEeHHA

Puc. 4.6. KoHpieypauii sBHympiwHbso0i (BeHepa) i
308HiIWHbLOI (Mapc) nnaHem. [TOKa3aHi NONOHEHHSA
naaHem: y npomucmosHHi (M;), keadpamypax
(cxioHa — My, 3axioHa —M,), enoHeauii (cxioHa — V,,
3axi0Ha — V) ma crionyyeHHAx (M3, HUXHE =V,
8epxHe —V/3,)

24 . . . . .
380pomHUM pyxom HebecHUX min Ha3nBaloTb iX nepemileHHA 31 cXoAay Ha 3axiAa.
3rigHo i3 Cy4aCHUM PO3MNOALINIOM, IX PO3PI3HIOOTb AK BHYTPILIHI T 30BHILLHI NO BiAHOWEHH0 40 Op6ITVI 3emni.
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Buoumuir pyx Conuysn cepeo 3ip. Kpim niepioguadoro pyxy CoHIIS 110
EKJINTHIl, € 1 CUCTeMAaTHMYHE HOro 3MIIIeHHS cepen 3ip (IOCTymHUX IS
CIIOCTEPEKEHb HE030pOEHOMY OKY) MPUOIM3HO Y HanpsaMKky 30pi Beru. [po 1e
CBiAYaTh: 1) HaliMeHIIl 3MIILEHHS 31p B OKOII zA
Beru Tta Cipiyca Ta HailOliplIi — B MOACI Ha
HeOecHIM cdepi, 10 po3TalloBaHUMU MPUOIU3HO
Ha 90° Bimg s3ramaHux 3ip, Ta 2) MPOMEHEBI

IIBUJKOCTI 31p 3 PI3HUM 3HAKOM, OUIBIIICTb y Y Cipiyc
- . ,
HaIPsIMKY, 6JII/I3BK(?M-y 1o Beru, € Big EMHHMH, X """-""’17‘7%?/Conne
y HampsMky Ha Cipiyc — momatHumu . Taka / allentaepa
CUTYyalliss 1HTepnperyeThcsi pyxoM COHSYHOT v ¥ #Bera
CUCTEMH Yy TPOCTOPi BIIHOCHO SICKpaBUX 3ip
npuOIM3HO y HampsaMmKy Ha Bery (puc. 4.7). Puc. 4.7. Pyx CoHus
3mineHHs 3ip Ha HeOecHil cdepi Ta X pyX Mo 8i0HOCHO ACKPABUX 3ip

MpPOMEHI0O  30py Oynu  BUSBIICHI  MICTA
3aCTOCYBAHHS TEJICCKONIB B ACTPOHOMIl, BiOkpuTTs edexmy JJonnaepa”
1 pO3pOOKY HU3KH CIEHIAIBHUX aCTPOMETPUIHUX 1 aCTPOPI3UNYHUX METO/IIB.
BusiBunocsi, 1mo BeKTOpU PyXy Ta 3HAYEHHS IMIBUJIKOCTEH 30pSHUX
CHUCTEM HACTUIbKHU PI3HI, 0 0€3 JOJATKOBUX CIELIaIbHUX JTOCIIIKEHh HEMAE
3MOTH BCTAaHOBUTH ICTUHHY cmpykmypy Memaeanraxmuxu.
Jnsa po3B’sa3aHHS Takoi 3ajadl po3poO0JieHl CHEIIaIbHI CIOCTEePEKHI
aCTPOHOMIYHI METOJM, TEeOopii Ta MOJIeNl, 3a JONOMOIOI SIKUX OYyIy€eThCS
CTPYKTYpHa 1 KiIHEMaTU4YHa KapTuHa Meracsiry.

5. Yac i KaneHpap

OnHi 1 TI caMi aCTPOHOMIYHI MOJii, SIK MPaBUIIO, CIIOCTEPIrarOThCs 3
PI3HUX TOYOK 3€MHOI MOBEpXHiI ab0 3 KOCMIYHUX 00cepBatopiil. DikcyBaHHS
IUX TIOJIA, SIK MPaBWJIO, BIANMOBIAAE Yacy, MPHUHHATOMY B TIHA JepXkaBi, Je
nepedyBae criocrepirad. ToOTo B pi3HUX oOcepBaTopisix yac dikcarlii mosii
npunucyerbes pizHuil. 1100 yHUKHYTH 1€l HEBIANMOBIAHOCTI, 3 1 CiuHA
1925 poky cBITOBa CHIIBHOTA MPUMIILIA 0 3r0JIM BCTAHOBUTM 8Cec8imHiil uac,
3HAQYEHHS SKOTO O HE 3aJIe’Kalio BiJl MICISI CIIOCTEPEKEHHSI TI€T UM 1HINOI MOII.
ToOTO Oyab-sika aCTPOHOMIYHA TO/Iisl, 1110 BiAOYBAETHCS, Ma€ OyTH MpUBEJICHA
70 TIEBHOTO YHIBEpCaIBLHOTO 3HAa4CHHs d4acy. [IpoBemeHHS Takoi mporexypu
3alIeKUTh BiJ JIOBIOTH, Ha SIKi TepeOyBae cmocrtepirad. 3 iHIIoOro OOKy,
B 1884 pori 26 nepkaB NMpUNIIINA O 3TOJU BBECTH MOSACHULL YAC, 34 SIKOTO
3eMHa KyJsl MojijeHa Ha 24 4acoBl MOSCH Y3J0BXK, SIK IPaBUJIO, MEBHHUX

26 . . ™ . . . o

3MmilLeHHA 3ip Ha HebecHil chepi Ta NpomeHeBi WBMAKOCTI 6inbl AOKAAAHO PO3rNAAAIOTLCA B PO34, 8.
27 . . . . . .

Edekt Jonnnepa — 3MiHa iCTUHHOI AOBXKMHU XBUAI (4 YACTOTK) BUNPOMIHIOBAHHA PYXOMOrO AsKepena BigHOCHO
«HEpYXOMOro» cnocrepiraya.



32 OcHosu enemMeHMapHoOIi acCMpPoHOMIi

MEpHUiaHiB, Y MeXaxX SKUX NPUUHIATHN BIANOBITHHUN (depircasnuul) dac. lle
HEOOX1THO YpaxOBYBaTH JJIsl BU3HAUYECHHS ICTUHHOTO 4acy, KOJIM BijOyacs Ta
YH 1HIIIA aCTPOHOMIYHA MOIisl YA YCTAaHOBJIEHHS XPOHOJIOT11 MO T1H.

3azanvni éuznauenns. OCHOBHUMH XapaKTEPUCTUKAMU CY4YaCHOI J114OU
gacy € no6a Ta pik. [IpoTsDKHICTH Micslsl — MPOMIXKHA OJIMHUIIS 4acy, sika
BBOJIUTHCS IUISIXOM MPUUHSTTS (JIOMOBJIEHOCT1) B HBOMY MEBHOI KIJTBKOCTI J10.
B ocHOBI 8usHauenHss 000U NEKUTH MPOTSKHICTH OCLOBOIO0 OOEpTaHHS 3emili,
POKY — TIPOTSDKHICTB i1 00epTanHs HaBKOJIO COHIIA.

[TpoTsKHICTH OCHOBOTO OOEpTaHHS 3eMJIl BHU3HAYAIOTh BITHOCHO 3ip
1 BimHOCHO CoHIls. B meprioMy BUmaaKy 1€ BiJIMOBIAAE 3HAUCHHIO 30psHOL 000U —
tis, ¥ IPYTOMY — COHAUHIU 0001 t;5. 32 aCTPOHOMIYHUMU CIIOCTEPEKEHHSIMU 30psiHA
n00a KOPOTIIE COHAYHOT Ha Afgy = ty5 — tss = 3 XB 55.909 ¢ (puc. 5.1).

-

™~ Puc. 5.1. Yomy 30psaHa 0oba He 0opieHOE
v /%“' COHAYHIU: nonoxeHHa 1 ma 2 —
\ sionosidarome 30pAHIl 006i,
7 ®I 1 ma 3 — coHayHil. Macuimab He
/ : dompumaHuli

VY MOBCAKICHHOCTI KOPUCTYIOTHCSA
COHSIYHOIO 00010, SIKA € TPOMIKKOM
) yacy MDK JIBOMa  OJHOMMEHHHUMH,
P MOCIIIOBHUMM KyJibMiHaIIsIMU COHIIA 1
Ha mnoyatok 2000 poky craHOBWIIA
tis = 24 rox 00 xB 0,002 c. 3a nowamox
0oou  TPUAMAETBCA  MOr0  HIDKHS
KynbMiHaiisg. OCKUIBKM Ha  PI3HUX
JIOBrorax 3eminl 100a HOYMHAECTHCA B
= PI3HMI Yac, TO Take HOro OOYMCIICHHS
3BETHCS MICYEBUM COHAYHUM YACOM.

Pixk Takox OOYMCIIOETHCS ABOMA
croco0amu: sIK Mepioj OpOITAILHOTO pyXy 3emiii HaBkojio COHIIS BITHOCHO 3ip —
T 1 TpuBaicTio yacy pyxy COHIS O €KIINTHII MK MOCIIJOBHUMH NIEPETUHAMMU
TOYKU BECHSHOTO piBHOJAEHHA — 7, B mepmioMy pa3i Takuil pik Ha3HBaIOTh
CUOepUYHUM, B TPYTOMY — MPONIYHUM a0O COHAUHUM POKOM 1 BUKOPUCTOBYIOTH
JUTSL TITOYMCIICHHS. 3a BiACYTHOCTI npeyecii™ 3eMHOI oci (puc. 5.2) 3HAYSHHS LUX
«POKIB» OyJu O OJTHAKOBI.

{  Ilmomyeeta *
optiTII IeM.T1

Puc. 5.2. lNpeuyecia 3emHoI oci

28 . . . . . . . .

Mpeuecia (3emMHa) — 3MiHa HanNpPAMKY y MPOCTOPi MOMEHTY iMMNyabcy 3emni yepes BiACYTHICTb y Hel «cTporo»
chepunyHoi GopmM, HAsBHOCTI HaxMy oci 0bepTaHHA A0 NAOLWMHN 0p6iTaNbHOrO pyXy Ta BMAUBY rpaBiTaliHUX CUA 3
60Ky iHWMX cBiTMUA. Binbw AoKNagHO — AMB. po3a,. 28.
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HasBHicTb ke mpernecii Besie 10 3MIIIEHHS TOYKHA BECHIHOTO PIBHOJEHHS
y HampsIMKy HazycTpid piyHOMY pyXy COHIISI O €KIINTHI, B pe3yJIbTaTl YOTO
TPOIIYHUIA piK € KOPOTLIUM 3a 30pAHUI BIK Ha
AT, = T, — T, = 20 xB 24 ¢ = 0,0l417d, 3a iX aOCOJIOTHUX 3HAYEHbB:
T, = 365,2564", T, = 365,2422° (d = t;5 = 24-60-60° = 86400 ¢ — IPOTSIKHICTD
COoHSYHOI A00uM). 3 ypaxyBaHHSIM BHM3HAYEHHS 30pSHUX 1 COHSYHUX 10
BUKOHY€ETBHCSI PIBHICTB:

(7, +19) (10 - Arg ) =T, -1, (5.1)

TOOTO 3a OJAWH TPOMIYHUN PIK «HAOIrae» Iie OAWH 30PSHUI JeHb. 3HAYCHHS
AT, nae MOXIIMBICTh OOUYMUCIUTH 3MIIIEHHS TOYKU BECHSHOT'O PIBHOACHHS IO
EKJITITHUIIL 32 PIK:

ATy 360.60-60" = 50,27 (5.2)

t

1 1a€ 3MOTy OOUUCIUTH nosHuu yuxi (ado mepion) 3emHoi npeyecii, M AKAM
PO3YMIETHCSI NPOTSHKHICTH OJTHOTO 00€pTaHHs OcCi 3eMJil y MPOCTOP1 BIHOCHO
31p:
T, = L ~ 25780 pokiB. (5.3)
P T .

Ss

3ayBaxxeHHs: Ockinvku 3emnsi naskono Conys pyxacmocs He no Kouy, a
no enincy, Mae Haxui oci 00epmaHHs 00 eKIINMUKY, HABEOeHi 3HAYEHHS COHAYHOL
000U € cepeOHbOPIUHUMU | 8NPOO0BIC POKY Oewjo 3minioiombscs. llpomsowcuicms
COHAYHO20 POKY MAKOJIC XOUd U NOGLIbHO, ale 3 POKAMU Oeujo 3MIHIOEMbCS Yepes
30ypenHs opoimanvHo2o pyxy 3emii HauOIUNCUUMU 00 Hel nIaHemamu.

Bceceimnuiii ma nomounuii uac. lllkana yacy ocHoBaHa Ha 0OepTaHHI
3emsi HaABKOJIO CBOEI OCi, a OTXKe, OOYMCICHHS 4Yacy 3aJIeKUTh BIJ
MICLIE3HAXOKEHHS, SIKE XapaKTepu3ye 3eMHa reorpadiuyHa 10Brora A. 3a HyJb-
MyHKT 4acy OpUitMaeThes HymboBMil Mepuaian (A = 0"), Ha IKOMY PO3TAIlIOBaHA
I'punBinpka oOcepBatopiss B Aurmi. MicueBuid dYac TyT 30Ira€Thes
3 gcecgimuim yacom Ty. Micyesuii consunuii uac cnoctepiraya, ikuii nepeOyBae
Ha 2eocpaghiuniti dosecomi A — T), OB’ sI3aHUI 31 BCECBITHIM YaCOM OYEBHUIHUM
CI1BB1THOIIICHHSIM:

T,=T,+4, (5.4)

MarO4u Ha YBaSi, 10 pO3MipHOCTi HAOBI'OTHU Ta 4YaCy € OJHAKOBUMM: 4acoBl
TrOaAWHHU, XBUJIMHU, CCKYHIU.
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[IpuUHIIUIIOBO TaKUil caMUil 3B’ SI30K 1ICHYE 3 NOACHUM YACOM:

IL=T+N, (5.5)

ne N, — HoMep mosicy. 24 mosich Ha 3€MHIA KyJll BCTAaHOBJIEHI, K MPaBUIIO,
gepes 1" — OJHY TOAWHY 10 TeorpadiuHiii TOBroTi, 3 iHTepBanom *+ 7.5° Bif
KOXKHOT 3 HMX Ha 3axiJ 1 CXiJl, 3 ypaxyBaHHSIM JIep>KaBHUX KOPJIOHIB KpaiH
(puc. 5.3). Y kpaiH 3 BEIMKOIO MPOTSHKHICTIO JO MOBrOTI 1CHYIOTH JEKiIbKa
MOSICIB.

y
.
1P
)52
J
T
1

o -
o Kuje ”ng
Toc Ar g

g T ofdo
Mvoaif “"I]Z:g:’
N

£
oA
T

+14 +16 +18 +20 +22 +24 0+1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11 +12

Puc. 5.3. Yacosi nosAcu Ha 3emMHil Kyni

VYKpaiHa HaJleXuTh 10 APYroro mosicy, LEHTPY SKOTO BiAMNOBiIae reorpadiyHa
noBrora Kuea A = 30° = oh (tobTo N, = 2). Maiike BCs KOHTHHEHTaJIbHA
3axigna €Bpoma kuBe B nepmioMmy mnosict (N, = 1), skuil 3BeThCA
cepeonvoesponeticbkum. bputanceki octpoBu Ta [lopTyranmist po3ramoBaHi
B HYJIbOBOMY YacoBoMy mosici — NV, = 0. B neskux kpainax, 1 B YKpaiHi B TOMy
YUCJI, 3 OCTaHHLOI HEAUI OEpEe3Hs MO OCTaHHIO HEIIII0 KOBTHS BBOIUTHCS
JITHIN 4Yac:

T, =T, +1" (5.6)

3mina oamu He 30Ira€Thecsl 3 HyJbOBUM MepuaiaHoMm. [louaTox BIITIKY
HOBOi J100M (1 HOBOTO pOKY) BiOYBa€ThbCsl TMiJI 4ac MEPETUHY MepujiiaHa
3 oBroTofo A = 180° = 12" mix yac pyxy depes HbOTO B HANPAMKY 3i CXOIy Ha
3axiJ; M Y9ac PyXy Y 3BOPOTHOMY HAMpSAMKY — JlaTa 3MIHIOEThCS Ha BYO-
pamHoo. g mexa (iHIS 3MIHM J1aTH) OPOXOAUTH BiJI MIBHIYHOIO MOJIIOCA,
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OTMHAE CX1JIHY YacTUHY A3ii (uepe3 bepuHroBy nmpoToky), 3 3axoay AJIEyTChKI
OCTpPOBH (TakK, 1110 BOHU 3aJIMIIAIOTHCSA Y BUOPAILIHIM 1aTi), HUJKYE €KBaTOpa — 31
cxony Menanesito Ta HoBy 3enanaito il gani NpoXoAUTh Y3/I0BXK BUILIEHOTO
Mepuaiana mo Tuxomy okeaHy J10 TIBIGHHOTO MOJTIOCA.

Kanenoapi, nimouucnenns ma i1onianceki oamu. Ilim xajaeHmapeMm
PO3YMIIOTh CUCTEMY JIIUOM TPUBAIUX MPOMIDKKIB Yacy, 10 0a3y€eThCsl Ha TIEBHUX
nepioANYHUX pyxax cBiTwi. Ilepioan moBTOproBaHOCTI mosnokeHb COHI cepen
31p BU3HAYA€ TaKUW MPOMIDKOK 4acy, K pik. OCHOBY ApoOJieHHs HOro Ha Micsii
1 HeIUT ICTOPUYHO BITBOPIOIOTH BCTAHOBJICHI 3aKOHOMIPHOCTI IMTOBTOPIOBAHOCTI
¢da3 Micsans. e npomMibKKU yacy MK MOJIOAUKOM, NEPUIOI0 YBEPTIO, TOBHOIO Ta
OCTaHHBOIO YBEpTIO. KOpHCTYyBaHHS TOHATTSAMH «IOPH POKY» € HACIIIKOM
BCTAQHOBJICHHS ITOBTOPIOBAHOCTI JHIB BECHSHOTO Ta OCIHHBOTO PIBHOACHD
1JIITHROTO Ta 3UMOBOTO COHIECTOSIHB. JlaTw IMX TepepaxoBaHUX SIBHIIL
HABOJIATBCS B (ACIPOHOMIYHUX Kanenoapsax” . B nobymosux xe xanendapsx TaKi
MOHATTS, SK BIANOBIAHMNA MICAIb YU THXKIIEHb, BXXE HE MPUB’SI3YyIOTHCS J0
HacTaHHA MicsiyHUX (a3. [loyaroxk HacTaHHS Mip POKY TaKOkK OOMEKYEThCS
HaBEICHHSIM BIAIIOBIIHUX MICAIIIB, 10 HAJIEXKATH JO HUX.

[1epooCHOBOIO Cy4acHOTo OYB 101iaHCLKULL KaneHoap, BBEAEHUN 3 1 ciuHs
45 p. no H.e. B PuMCBKIi iMnepi'l'3 O Came B IOMY KaJIeHIapeBi Oyio B3sTO 3a
OCHOBY TIOHATTS 0/IIAHCHKO20 POKY TPHUBAIICTIO 365,25 no0u, HaAOIMKIOro 10
TPUBAJIOCTI TPOMIYHOTO POKY. TpH POKM B IOMY KaJIEHAAPEBI TPUBAIMA TIO
365 n10, yeTBepTHl BBOAMUBCS SIK 6ucokocHuti — 366 ni6. CrodaTky Takui
KaJIeHJ1ap I[JIKOM YJIaIlTOBYBaB KOPUCTYBauiB. AJie 3r0JIOM MoYalia MPOSIBIIATUCS
BIIMIHHICTh MIXK TPUBAIICTIO OJIAHCHKOIO Ta TPOIMIYHOIO POKY, SIKA CTAHOBUTH
BCHOTO 365,25 — 365,2422 = 0.0078 mo6wm. [{pomy 3HAUEHHIO BIAMOBIIAE TE, 11O
gepes koxkHi 1/0.0078 = 128 pokiB nata 3cyBa€eThCs Ha O/IHY, OLIBIIT paHHIO J00Y.
[{e mpusBeno a0 toro, mo B XVI CT. 7aTa BECHIHOTO PIBHOJICHHS 3MICTHAJIACS HA
10 116: 3 21 Ha 11 Gepe3ns. Bunukiia HeoOXiHICTh pedopMH KajaeHAaps, 0 i
OyJi0 3po0JIeHO 3a paxyHOK: MO-Teple, 3CyBY JaTh HA MOMEHT BBEJCHHS — Ha
11 116 Bmepen; mo-apyre, BUIYYEHHS NMEBHUX POKIB 3 KAaTEropii BUCOKOCHUX.
Bbyno 3amponoHoBaHO HE BBaKaTWd BHCOKOCHMMH Taki CTOJITHI POKH, YHUCIIO
COTEHb B SIKUX HE AUIUTHCA 0e3 octaul Ha 4 (Hanpukmama: 1700, 1800, 1900, 2100
1T. 1), TOOTO TPUBAIICTh B HUX POKY CTaHOBUTH 365 mi6. llporo BusiBUiOCS
nocTatHiM, o0 nmoxuobka B 1 100y Habirana 3a = 3300 pokiB (BpaxOBYIOUH, IO
TPUBATICTD 2pUCOPIAHCLKO20 POK) CTaHOBUTH 365,2425 ni0, BIAPIZHSAIOUYUCH BIf

2 ACTPOHOMIYHMI KaneHAap CKAAZAETbCA, AK MPABMAO, Ha MOTOYHUW PIiK i € AOBIGHUKOM, KM MICTUTb AaHi npo
NONOMKEHHA Ta pyX TiN COHAYHOI cMCTEMM | KOCMiIYHUX 06’€eKTiB 3a il mexkamun. B HbomMy HaBOAATLCA TaKOX BigomocTi
npo 3aremHeHHA CoHuA Ta MicAyA, NOABM KOMET i MeTeOpPHMUX MOTOKIB Ta YMOB iX CMOCTEpPEXKEHHA, Pi3Hi A0BIAKOBI
maTepiann. HaBogAaTbes i CTaTTi WoA0 nogil, asul, GpaKTiB, Nam’ATHUX iICTOPUYHUX NOAINA, PIYHULI AKMX NpUNagatoTb
Ha piK BUAAHHA KaneHaaps.

30 Len kKaneHaap bye BBegeHui 3a npasaiHHA KOnia Lesaps (100—44 pp. Ao H.e.) 3a po3pobKkoto acTpoHomMa CosireHa
AnekcaHgpincbkoro (I cT. go H.e.).
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Tporiunoro za 0,0003 106u). Takuil KaTeHIap OJePKaB HA3BY IPHUIOPIAHCHKOTO"
1 BUKOPUCTOBYEThCS JIOTETIEP.

Cuctemoro 40 Yyacy € JimoyucieHHs, CKIaJOBUMH SIKOTO € AECATHIITTS,
CTOJITTS, TUCSYONITTS, €pa — MPOMDKOK 4Yacy BijJf TIEBHOTO PETIAMEHTOBAHOTO
MOYaTKy BIAJIKY poOKiB. JIITOUMCICHHS 3a CY4YacCHOI IIKAJIOK BEICThCS BiJ
MOYaTKy Hawioi epu, B SIKIM Ha MOYATOK WOT0O YCTAHOBJICHHS HE OYyJI0 HYJILOBOTO
poxy . Iloxii, mo BinOyBamucs pamime, (GiKCYIOTBCS 4acoM 00 Hawioi epu
3 MOYaTKy MEpHIOro PpokKy 1 Jami B MuHyJe. [loCiiIOBHICT 1CTOPUYHUX
(1 acTpOHOMIYHHMX y TOMY YHCII1) TIOJIIN 3BYTh XPOHONOCIEIO.

JIyis BU3HAYEHHS AT TMOJIN, sIKI BiAOyBaiMcs B OCTaHHI ~ 2,5 MIIH JHIB,
3aIPOIIOHOBAHO ° BBECTH TaK 3BaHi romiancexi damu (JD) K acTPOHOMidHHI
croci0 iX 0OYMCIIeHHs, BUOPABIIY 32 MTOYATOK YMCIICHHS TPUHBIIBKUAN MOJTYACHb
1 ciumst 4713 p. 10 H.e. 3a I0TIAHCHKUM KAJICHIAPEM |, BBAXKAIOUH HOT0 HYJIbOBHM
aHem: JD 0,0 (ducio micist KoMu Mo3Havae IpoOOBY YaCTKy J00M 3 BIIJIIKOM BiJl
noyiHs1, To0TO 12 roamn). Hukde HaBoauThes Tabum. 5.1 11 drcia romiaHChKIX
IHIB, IO MHMHYJIW BiA moyarky ix uucienHs — JD 0,0 ma momynmens 1 ciuns
HABEJICHUX POKIB.

Tabnuys 5.1
CuiBBilHOIIEHHS AT KJIIAHCHKOI0 Ta TPUTOPIaHCHKOI0 KaJIeH1apiB
i 3HAYEHH KJIIaHCHKHUX JHIB

KOniaHCbKUIM KaneHaap lpUropiaHCbKNI KaneHaap
[aTa | JD JaTa | JD
o Hawoi epu
1.01. 4713 12" 0,0
11.10. 607 —«— 1 500 000,0
1.01. 500 -—«— 1538 799,0
1.01. 1" —«— 1721058,0
Hawa epa

1.01. 0 12" 1721 058,0
-« - 1 —«— 1721424,0
1.01. 500 -—«— 1903 683,0
1.01. 1000 —«— 2 086 308,0

1.01. 1600 —«— 2 305 458,0 11.01. 1600 12" 2 305 458,0

1.01. 1900 —«-— 2415 021,0

—«— 2000 —«-— 2451 545,0

—«— 2020 —«- 2 458 850,0

31.08. 2132 —«— 2 500 000,0

*_-1.01. 1 non.e.=1.01. OmH.e.

Sx BugHO 3 HaBeneHoi Tabmuil, 31 ceprusa 2132 poKy CIIOBHUTHCS TOYHO 2,5 MIH 110 Bif
JTHS 3aITOYaTKYBAaHHSI FOJTIAaHCHKUX JIaT.

Konsepmep oam epucopiancbkoco i 101iaHcbk020 KanieHOapeil OH-TIaliH:
http://eraecolatini.bsu.by/htm-different/date-converter.htm

31 Pedopma uboro KaneHgapsa 6yna nposegeHa nanoto Mpuropiem Xlll 3a pospobkoto Slyigxi Ninio (1520-1576).

*2 Bansbko 2000 poKiB y maTemaTtuui 6yna BigcyTHA Lumdpa «0». 3a nepLunii pik AiToumcneHHa NnpunHATo Pizdso Xpucmoee.
K. K. Ckanirep (1540-1609) 3anponoHyBaB i TaKy CUCTEMY UYMCNEHHS, i il Ha3BY: Ha YecTb cBoro 6aTbKa tonia.

*3a rpuropiaHcbKMm KaneHgapem obpaHa gata signosigae 24 nuctonaga 4714 p. Ao H.e.
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6. BunpomiHiOBaHHA KOCMiYHUX 06’ eKTiB
p

AcCTpoHOMIYHA HayKa JOCATJIa TAKOTO PIBHS PO3BUTKY, IO BBAXKAETHCS
BCEXBWILOBOIO. TOOTO 3’sIBUJIACS MOXKIIMBICTH CIIOCTEpITaTd aCTPOHOMIYHI
00’€KTH y BChOMY JIiala30H1 €JIEKTPOMArHiTHUX XBWb. Ha moBepxHi 3emui X
MOJJIMBOCTI ~ CIIOCTEPE)KHOI  aCTPOHOMIT  OOMEXKEHI TEPEeBAXHO BHJIUMUM
Jlara3oHOM XBWIb 4epe3 BHUOIPKOBY MPOIMYCKHY CIPOMOXHICTb 3€MHOI
atMocepu. TyT OCHOBHOIO MIPOIO aHali3y OCBITJIIEHOCTI, III0 CTBOPIOIOTH
aCTPOHOMIYHI 00’ €KTH, € 1X 30psHa eruyuHa — HECUCTEMHA OJIMHUILIS BBEJICHA 1€
B JaBHHWHI TPEIBKAM acTpOHOMOM [immapxoMm. Y Haml 4ac 30psiHa BeIMYMHA
oTpumalia (GpI3UYHY IHTEPIPETAIIO 1 € OAHIECI0 3 HAMBAXKITUBIIINX XapaKTEPUCTHK
BUIIPOMIHIOBAHHS aCTPOHOMIYHUX OO’€KTIB, SIKI € caMl JKEpelaMH €HEprii uu
BIJIOMBAIOTH CBITJIO, OTPYMAHE 3 IHITUX KOCMIUYHUX JIKEPEIL.

3opana eenuuuna (uu Oauck) m € Mipor (I3MYHOT XaPaAKTEPUCTUKUA —
OCBITJICHOCTI FE, SIKy CTBOPIOE MIEBHE aCTPOHOMIUHE JDKEPETIO B MICIIE3HAXO/HKCHHI
cnoctepirava. Illkamy, 3a KOO CITKIBKAa OKa CIIpUIMa€e MEBHE OCBITICHHA E sk
BIAMOBIAHY HOMY 30psSiHY BEIUUMHY 7, BIIOOpaXKa€e ncuxo@izuyHuu 3aKow
Bebepa—Dexnepa, 3a sskuM BOHM TIOB’s13aH1 3a JJorapu(MivHUM 3aKOHOM

m=m,—2.51gE, (6.1)

ne mo=—14,18™ — nynb-nynkm WKaNH 30pSHUX BeNHIuH, BBeneHnii MAC™®
K (POTOMETPUYHHUI CTAHJAPT; 3HAYEHHs OuId Jlorapudma Ha3UBAIOTh Koei-
yienmom Iloecona, AKUi1 1OTrO 3aIPOIIOHYBAB.

Takuit 3B’s30k (6.1) HAWOULIBII aJEeKBAaTHO BIMOOpakae BBEICHI
Iimmapxom 3opsiHi Beauuuau Bix 1 1o 6", cepen skux HaisicKpasilin 30pi Oyin
MO3HAYCHI TEPIIOK BEIMYMHOI, a MEXI YYTIMBOCTI OKa BIJMOBIAA€E IIOCTa
30psiHa BeNMYMHA. 3rigHO 3 (Qopmynor (6.1), pi3HuLg B OIHCKY IBOX 3ip
Amy; = m, — m; BIANOB1AA€ BIIHOIIEHHIO iX OCBITJIEHOCTEH

E1 04(m —m) Am

ZL=10™ ) =2, 5128,

E, (6.2)
Bigrak pisaumi  Ommcky  Am=6"—1"=5" Bigmosigae  BigHOIIEHHS
E,_ /E,_¢ = 10%*° = 100, a mua Am = 1" ne BIgHOIIEHHS CTAHOBUTH
ElE = 10%=2,512.

> 3opAa, wWo nepebyBae B 3€HiTi 3 TaKO 30PAHOI BE/IMYMHOKD Ha TOPW3OHTAsbHIA 3eMHili MOBEPXHi, CTBOpPIOE
ocBiT/eHicTb 1 ntokc. Cnig 3a3HaumTK, Wo Micaub y NOBHI B TponiKax (4e BiH MoXKe cnoctepiratucs B 3eHiTi) mae came
TaKy 30pAHY BEJIUYUHY.

* MAC - MixcHapodHuli acmpoHomivyHull coto3, 3acHoBaHWM B AunHi 1919 p. B bptocceni (Benbrisi) Ta € roNOBHUM
KOOPAMHATOPOM AifA/IbHOCTI aCTPOHOMIYHOI CNiNbHOTU BCbOTO CBITY.
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3ayBaOXEHHS: mpeba 3a3Hauumu, wo He CIi0 NiIymamu Ompumane
snHauenns 2,512 3 mooynem koeghiyienma Iloecona |-2,5| — ye npocmo 30ie.

Abconromna 3opana eenuuuna. KpiMm TOpIBHSHHS OJHMCKY 31p MiX
co00I0 YW 3 IHIIMMH O0’€KTaMH, 32 3HAUYCHHSIMHU 30PSHOI BEJIUYMHU HEMAE
3MOTH 3pOOMTHM BHUCHOBOK IIOAO 3HAa4YEHb iX (I3MUHHUX XapakTepucTuk. lle
OB’ SI3aHO 3 TUM, 1110 OCBITJICHICTh, IKYy MOXHa po3paxyBaTu 3 ¢opmyiu (6.1),
MOXYTb CTBOPIOBATU 00’ €KTH, Kl PO3TALIOBAHI HA PI3HUX BIJICTAHIX Ta MAIOTh
pi3HI padlycw W TeMmmeparypu iXx MOBEPXOHb, IO 3BYThCH IS 31p — ¢homo-
cpepamu’’. 11106 MiHIMI3yBaTH TaKy HEOJHO3HAYHICTb, OnH3bKO 100 POKiB
TOMy OyJIO 3alpONOHOBAHO aHANII3yBaTH BC1 30pl 3 OJHIET YMOBHOI BiJCTaHI,
o0 crhocTepekyBaHe BHUIIPOMIHIOBAHHS BiJ HHUX 3aJIeKali0 TIIBKH Bia iX
pO3MIpIB 1 TemmnepaTypu. 3a Taky BIJACTaHb 3PY4YHO BHUSBHIIOCS MPUNUHATU
3HaueHHd d = 10 nk. bauck Takux 31p Ha3BAIM AOCONIOMHON 30PSHON0
senuuunoro — M, a iX 3B 430K 31 CIIOCTEPEKHOI (BUIMMOIO) BEJIMUMHOKO M SIK
dbyHKIIIFO BifgcTaHl d

M=m+5-5lgd. (6.3)

3ayBaKEHHS: OCKIIbKU ACMPOHOMISL € 8CEXBUTLOBOIO, OCMEKM)GAHHS
gedemvcss 6 pisHux  dianazonax  xeunv. (QueeuoHo, WO  IHMEHCUBHICb
BUNPOMIHIOBAHHA 00 €KmMi6 3anedcums 8i0 ix npupoou. Moowce mak cmamucs, wo y
BUOUMOMY OIANA30HI 0XHCEPeso BUNPOMIHIOBAHHS MAE OOCMAMHIO ITHMEHCUBHICIb, A
CKAA006010 8 THWUX OIana3oHax X6Ulb MOJICHA 63A2ali 3HEXM)Y8amu, 8 Mou 4ac SK
Modice Oymu Ul iHwa cumyayis, Koau KOCMIYHUL 00 €Km HAUOLIbUe BUNPOMIHIOE came
3a Mmedxcamu OnmuuHo2o0 oianazouy. I 0ns KoocHoco 3 yux 00’€kmie MOdiCHA
ooyucIumu ix 30psaHy GeNUYUHY [ 8ION0BIOHY im abcontomuy. Cni6BIOHOWEHHS JiC
MIJC HUMU Mamume came mMakutli yYHieepcanvHuii 38’530k — (6.3). Tobmo, o
MOYH020 3aANUCY CHIBBIOHOUIEHb, HEeOOXIOHO we U yKazyeamu 0iana3on Xxeuiv A4,
AKOMY 8i0nogioaioms 30pAHI eequdunu — GoHu (M i m) 3aexcou maromes Oymu
8 0OHOMY Olana3oHi.

Icnye we 1 npobrema MidC30PAHOZO NOSNUHAHHA, KOAU Uepe3 HbO2Oo
KOCMIYHULL 00°cKkm Mmae Oibuly 30pSAHY GelUYUHY, HIJNC HACNpasoi (mobomo 6iH
BUSTIA0AE MEHW, IHMeHCUBHUM). ¥ maxomy pasi 6 npagy wacmury gopmyau (6.3) cnio
000amu CK1A008Y MINHC30PAHO20 NOSTUHAHHA 31 3HAKOM MIHYC — A, KA 8paxo8ye yio
HeION0GIOHICMb.:

M, =m,, +5-51gd - A(d), (6.4)

oe 3anuc A(d) sax yukyia d niokpecaroe 3anedcHicms NO2AUHAHHA IO GIOCMAHI 00
00 ’exma.

37 o o . . . . . . . .
doTochepa — HalHWKUMIM Wwap B aTmocdepi 3ip i cyb3ip, Bif AKOro CnocTepiraeTbCA BUMPOMIHIOBAHHA i Je
dopmMyeTbCa HenepepBHUA cNeKTp (binbll AOKNaAHO PO3rAsHYTO B po3a. 11, 13 1a 14).
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BBoguthkest mie ¥ abconromna 6onomempuuna eeruuuna M,, sika He
3aJIEKUTh B1J] J1alla30HYy XBUJIb CIIOCTEPEHKEHHS 00’ €KTA, a € XapaKTEPUCTUKOIO
B3arajii Koro CyMapHOMY MOTOKY BUIIPOMIHIOBaHHS y BCbOMY Jliania30H1 XBUJIb:

M,=M,,+BC,,, (6.5)

ne BCy) 3BETbCSA 0010MempuyHoi0 NONpPasKoio, siKa 3aJICKUTh Bl Jlara3oHy
JTOBXWH XBWJIb, B SKOMY BH3HaueHa 3opsHa. Came I XapaKTepHCTHKa
aJIeKBATHO BIATOBIZIA€ aHAJIOTY (P13MYHOT BETUYUHU — CEBIMHOCHIL.

Ceéimnicmp — (actpo) (pizuyHa BEIUUYMHA, 10 XapAKTEPU3YE KIJIbKICThH
BUMPOMIHEHOI €HEprii MEeBHOTO 00’€KTa B OJUHHUIO 4Hacy. Taka BeauyuHaA €
n00yTKOM IUIONIl 00’€KTa S Ta eHeprii, 10 BUIPOMIHIOETHCS 3 OJUHHUII HOTO
MTOBHOT TOBEPXHI B OJJUHUIIIO YaCy W:

L =Sw. (6.6)

BigHomeHHs1 CBITHOCTEH JBOX 00’€KTIB MOB’SI3aHE 3 iX aOCONMIOTHUMU 30PSIHUMHU
BEJIMYMHAMH TaKUM CaMUM YMHOM, SIK 1 30psiHI BEJIMUYMHU 3 OCBITICHOCTAMH (6.2),
TOOTO:

LZ

L _ 100,4(Mb27Mb1)’ 6.7)

ne mig a0COMIOTHUMHU BEIMYMHAMHM CIIIJTT PO3YMITH iX OOJIOMETpUYHI 3HAYCHHS.
Ha mnpakTtuiil Beiauke 3HAYCHHS Ma€ TOPIBHSHHS CBITHOCTI 00’€KTa (SIKUM
MOXYTh OyTH fIK 30p1, TaK 1 iX CyMapHi 3HAUEHHS CBITHOCTEH IS TaJlaKTHK Ta
i) 31 ciTHICTIO CoHIS (L), IO BiIOBI/Ia€ HACTYITHOMY 3aITHCY:

L

L :100,4(MbO—Mb), (6.8)
©
€ Mb® = 4,75m

Bunpominweanna min, w0 nepebdysearomov y mepMOOUHAMIYHIN
pienosasi’®. Taka piBHOBara, 30KkpeMa, MoXe OyTH 3a0e3leucHa B YMOBAX, KOJH
3a INIEBHOI T'yCTMHU PEYOBUHM p, JOBXHMHHU BUIBHOIO IpoOiry ¢oroHa l, Ta
Henpo3opocmi’’ K, ONMUYHA MO8WA ACTPOHOMIYHOTO 00’€KTa T, SIK Oe3po3MipHa
Mipa ToclabJieHHs CBITJIa 32 PaxXyHOK TOTJIMHAHHS Ta PO3CIFOBAHHS BIAIOBIAA€E
YMOBI:

3 TepmoanHamiyHa piBHOBara — cTaH ¢i3MYHOT cUCTEMM, KNI JOCATAETLCA B YMOBaX il i30/1bOBAHOCTI Bif OTOYYHOUOro
cepenoBsuLLa Ta HE3MIHHOCTI 06’eMy, KOIM 3aULWAIOTLCA HESMIHHUMM OCHOBHI TEPMOAMHAMIYHI XapaKTePUCTUKK, A0
AKUX HaneXKaTb, 30Kpema, TemnepaTtypa Ta TUCK.

3 Henpo3opicTb aCTPOHOMIYHUX 06’EKTIB — MOKA3HWK MNOMNMHAHHA @, BiAHECEHWI A0 OAMHULI TYCTUH p: K=a / p.
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t=pl,k>1. (6.9)
TepmoauHaMigyHa piBHOBara B TaKili CHCTEMI JOCATAETHCSA 32 PaXyHOK PO3CIIO-
BaHHA (POTOHIB HA YACTUHKAX PEYOBHHM, B PE3yJabTaTl YOro EHEPris, M0
MOTpaIuIsie B MEBHUM eJIeMEHTapHUI 00’€M Ha NUIIXY pyXy (POTOHA, JOPIBHIOE
€Heprii, 110 BUWIUIA 3 HbOIO, TA MOXKE XapaKTEpU3yBaTHCsS BIJIIMOBIIHOW il
TEMIIepaTyporo.

Came Takiii Mojeli BIANOBIAAE aAOCOMOMHO YOpHe miN0, B SIKOMY
BHACJIIJIOK B3a€MOJIli CBITJIa 31 CTIHKAMU 3aMKHYTOI MOPOKHUHU MIXK HUMH
J0CSITa€ThCsl TEpMOIMHAMIYHA piBHOBara (puc. 6.1).

Y  mpupoai  piBHOBara JIOCSTA€EThCA  MIXK
eHeprisiMu  (OTOHIB Ta YACTHHOK, 3 SKUMHU BOHH
B3aEMOJIIIOTh B 3aMKHYTOMY IpPOCTOpi, Ta BIANOBIJIAE
3akoHy Ilnanka njisi THTEHCUBHOCTI BHIIPOMIHIOBAHHS 3
ONIMHMIIl TOBEPXHI y BCIX HaNpsAMKax B IHTEpBail
JIOBXKHMH XBUJIb Big A 10 A+AA4 (puc. 6.2):

Puc. 6.1. Modens 27hc? AL
a6contomHo E(A,T)AL= FE he ’ (6.10)
YOopHO20 Mina exXp ( kT j -1

Jle ¢ — MBHUAKICTH CBITHA, /1 1 kK — ctam Ilmanka ta boinpMana BigmosigHo, 1 —
eghexmusna memnepamypa 3a mKkajaow KenbpiHa.

800+

600

400 1

2001

300 000 1500 7000 A (nm)

Puc. 6.2. 3aKkoH lnaHKa

CyMapHOMY BUITPOMIHIOBaHHIO, SIKE B1IOYBAEThCs 3a 3akoHOM [lnanka (6.10), Ha
BCbOMY IHTEpBaJI JIOBXKUH XBUJIb BiJ A = 0 10 HECKIHUEHHOCT1 BIATMOBIJIA€ 3AKOH
Cmegana—bonvymana, 3rifHO 3 SKUM TyCTHHA MOTYXHOCTI BHUIIPOMIHIOBAHHSI
3aJIEKUTH TUIBKH B1J] TEMIIEpaTypu

E(T)=oT,, (6.11)



YacmuHa 1. CnocmepexcHa ma npaKmu4yHa acmpoHoOMiaA 41

ne ¢ — ctana Crepana—bonsimana, a 7' = T,y — Ha3UBaIOTh y LIbOMY BUIAAKY
e(hEeKTUBHOIO TEMIEPATYPOIO.

VY npupoal icHye 6arato KOCMIYHHUX TUJI, SIKI BUIIPOMIHIOIOTh 33 3aKOHOM
YOPHOMINBHO20 uNpoMminoeants. Takiil cuTyamii BignmoBimawoTh ymoBu (6.9)
B MOJICKYJIIPHUX XMapax, B SIKUX BHHHUKAIOTh 30pi; MPOTOIUIAHETHHUX IHMCKAX,
B IKUX YTBOPIOIOTHCS IUJIAHETH; PaJiorajlakTUKax, BHUIPOMIHIOBAHHS SKHX
BUHUKAE B CEPEAOBUIIl TATAKTUYHUX JUCKIB 3 BUCOKOI ONTUYHOIO TOBIIOKO Ta
1H. 30KpemMa BUIIPOMIHIOBAHHS, 1110 W€ 3 HaJp 31p, TAKOXK Ma€ MPUPOYy YOPHOTO
TiJa, OCKIJILKA MOTO ONTHYHA TOBIIA T >> 1. YV oMy pasi 30pi sk chepuaHoOMy
Tiny 3 pagiycoM R i miomiero moBepxHi S = 4R’ 3rizHO 3 Bupazamu (6.6) Ta
(6.10), B1ATIOBIIA€ CBITHICTD

L =4nR’cT,, (6.12)

abo 3 ypaxyBaHHsAM cBiTHOCcTI CoHIIA, 31 3HAYEHHSIMH HOTO paaiyca W
edexrnBHOI TemmepaTypu R, Ter,, CBITHICTD 3ip B COHSYHUX OAMHHUILIX €:

L)L, =(R/R,) (T, )T,.) - (6.13)

Pisnanna memnepamypHozo o6Oanancy B acTpPOHOMII BHU3HAYaA€E
TEMJI000MIH MK JDKEPEJIOM BHUIIPOMIHIOBAHHS Ta (MMaCUBHUM) 00’ €KTOM, IIIO
HarpiBaeThCsl B pe3ysbTaTi Aii Jpkepesna (CBITHIA), 1O JA€ 3MOTY BH3HAYUTH
roro temnepatypy (puc. 6.3).

Y  3aralbHOMY BUNAJAKy pIBHSHHSA  TeMIEpaTypHOTO  OajaHCy
YPIBHOBAXY€ CBITHICTb MACUBHOTO 00’€KkTa L,, MOOYTKY HOIro OCBITJIEHOCTI
mwxepenom Ey, (d), axa 3anexuth Bia BiacTaHi d MDK HUMH, Ha TUIONLY Ti€l
YAaCTUHHM O00'€KTa, IO OCBITUIIOETHCS, Ta 4YacTKH OCBITIIEHOCTI, SKa HHUM
nornuHaeTrbes (1 — A):

L, =8,,E (d)(1-A), (6.14)

ne A — anbbedo macUBHOTO 00’€KTa (BIAHOIIEHHS TMOTOKY BUIIPOMIHIOBaHHS
BIIOMTOTO YW PO3CISHOTO HWOTO MOBEPXHEI0 B yCIX HAMpsSMKax, JO TOTO, IO
HAJIAIIIOB 330BHI).

Sxmo mnacuBHHM O00’€KT € cepuuHUM (HAMpPUKIAA, IUIAHETa)
3 pajiycoM R 1 epexkTrBHOIO Temieparyporo 71,, MOro CBITHICTh BU3HAYAETHCS
dbopmyor (6.12).

OCBITJICHICTD, 1110 CTBOPIOE JIKEPEIIO, €:

L
E — oic
o 4nd2 > (6'15)
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e
L,. =4nR; ol , . (6.16)

YpiBHOBa)keHa TeMIlepaTypa MacUBHOr0 00’€KTa, 3riAHO 3 Gopmysiamu (6.14) —
(6.16), nopiBHIOBaTHME

2
) nod

-4z 1" (RJ/ (1-4)7"
~ T e ome

y | (6.17)

e SIK anbOeI0 CII MPUUHITH HOTO chepuyHe 3HAYECHHS, OCKUIBKH B HABEICHOMY
MPUKIIAI JIAHETY CIIPUHUMAIOTh SIK CHEpUIHHIN 00’ €KT.

Tecmu

1.1. AcTpoHOMIA BUBYAE

1.1.1. HebecHi 1 aTMmOCPepHi ABULLA;

1.1.2. KOCMiyHi 06’eKTK pi3HOI CKNagHOCTI Ta npouecu, Wo BiabyBarTbCA B Xo4i iX
YTBOPEHHSA 1 €BONIOLLT;

1.1.3. 30pAHe HebO Ta MEeTeOopPO/IOriYHI ABMLLA, L0 CNOCTEPiratoTbCs;

1.1.4. BNAKB HEBECHUX TiN Ha AONI0 NOANHMU;

1.1.5. cy3ip’a, CoHue, Micaub, n1aHeTH Ta iX pyx BNPOAOBIK POKY.

1.2. Y BNAIMBAOTb METEOPOOTiYHI ABULLA HA aCTPOHOMIYHI?
1.2.1. Hi, He BnAMBalOTb.
1.2.2. YacTKOBO BN/INBAIOTD.
1.2.3. BnaunsatoTb.
1.2.4. 3anexuTb Big, pi3HOBMAY METEOpPOI0riYHOro ABULLA.
1.2.5. 3anexuTb Big, pisHOBMAY aCTPOHOMIYHOTIO ABULLA.

1.3. Yn BNAnBatOTb METEOPOIOTiYHI ABMLLA HA aCTPOHOMIYHI CNOCTEPENKEHHA?

1.3.1. Tak.

1.3.2. 3anexuTb BiAg, Aiana3oHy XBWAb Ta MOPU POKY NPOBEeAEHHA ACTPOHOMIYHMX
cnocTepeXeHob.

1.3.3. He BNAnBatOTb 30BCiM.

1.3.4. 3anexuTb Big, MicLLe3HaXo04KEeHHA 3eMHOro cnocTepiraya.

1.4.5. 3anexunTb Big CTaHy 340P0OB’A Ta CAMONOYYTTA CNoCTepiraya.

1.4. 3miHa nip poky BiabyBaeTbCA y 3B’A3KY

1.4.1. 3 TMM, WO 3emnna, pyxatuucb NO EenNinTUYHIA renioueHTpuYHIn opbiti, To
HabaunKaeTbecA, To BigaanaeTbcs Big COHUSA;

1.4.2. 3 Hacnigkamu rpasiTauinHoi Aii Micaua Ha piYHMIA pyx 3emni;



YacmuHa 1. CnocmepexcHa ma npaKmu4yHa acmpoHoOMiaA 43

1.4.3. 3 TMM, WO Opi€EHTaLiA 3eMHOI Oci 36epiraeTbCA y NPOCTOpPi, YNPOAOBXK PiYHOro
opbitanbHOro pyxy 3emni;

1.4.4. 3 TMm, LWLO BNPOAOBXK POKY 3MIHIOETLCA CBITHICTb COHUA 3 TAaKUM e nepiogom;

1.4.5. 3i 3miHOO po3TallyBaHHA cy3ip’iB, Yepes AkKi pyxaeTbca COHLLE BNPOAOBXK POKY.

1.5. MicAa4yHi 3aTeMHeHHA € HacaiagKkom

1.5.1. 3miHun ¢a3 Micaus;

1.5.2. opbitanbHoro pyxy Micaua no eninTuyHi opbiTi HaBKoNO 3emni;

1.5.3. ocsitneHocTti CoHuem MicAaua 3 pi3HMUX CTOPIH;

1.5.4. pi3HOro micue3HaxoaKeHHA 3eMHOro CNocTepiraya MiCA4YHOI NOBEPXHI;

1.5.5. micue3HaxoaKeHHsA 3eMHOro cnocrepiraya nobamsy nixii, WO NpoxoauTb Yepes
ueHTpn CoHuAa, 3emni Ta Micaua.

1.6. CoHsYHi 3aTeMHeHHA BiabyBatoTbCA y pasi, Koaun

1.6.1. CoHue cnocTepiraeTbca 3 Pi3HUX CTOPIH;

1.6.2. Micaupb nepebyBa€ y NoBHi;

1.6.3. ueHTpun CoHuAa, Micaus i 3emni po3TalwoBaHi Ha 04HIM NiHii y BKa3aHilh nocnigos-
HOCTI;

1.6.4. 3emna NOKPUBAE COHAYHUM AUCK;

1.6.5. CoHue nepebyBae mixk Micauem i 3emneto.

1.7. YnpopnosK poKy CoHLe cXxoauTb i 3aX04uUTb Ha4, FOPU3OHTOM
1.7.1. B TOYKax cxo4y Ta 3axoay;
1.7.2. Ha niBgeHHOMY cxOg4i Ta NiBHIYHOMY 3ax0A;;
1.7.3. Ha niBHIYHOMY CX0Ai Ta NiBAEHHOMY 3aX0A4;;
1.7.4. Ha niBgeHHOMY cxoA4i Ta NiBAEHHOMY 3aX0A4i;
1.7.5. B OKOANi TOYOK CX0A4y Ta 3axo4y, Ae TOYHE NOMOXKEHHA 3aN1eXNUTb Big NOPU POKY.

1.8. Ynpoaosx Ao6u CoHue Ta Micaub 3MiHIOIOTb CBOE NOJIOXKEHHA cepe/, 3ip Ha HebecHiln
codepi, BiANOBiAHO, HA KYyTOBE 3HAYEHHA

1.8.1.5°i 15%;

1.8.2.1°i 13%

1.8.3.1°i 9%

1.8.4.13°%i 1%

1.8.5.0°i 0°, TO6TO He 3MiHIOIOTb.

1.9. MoyaTok Bianiky HOBOI 406U (i 3MiHa AaTK) HacTae oniBHOMI
1.9.1. Ha rpuHBILbKOMY MepuaiaHi;
1.9.2. 3a micLEeBUM Yacom;
1.9.3. 32 noACHMM 4Yacom;
1.9.4. Ha goOBroTi 3eMHOro mepuaiaHa 180°;
1.9.5. HyNbOBOro YacoBOro NoAcy.

1.10. Kpim abcontoTHOI 30psiHOT BEIMUYMHM Ta BiacTaHi 6anck Micaua 3anexuTsb We v Big,
1.10.1. nopwu poky;
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1.10.2. micue3HaxoaeHHA 3eMHOro CnocTepiraya;
1.10.3. iroro ¢asu;

1.10.4. KyTa 3HaxXo4KeHHA Had rOPU30OHTOM;

1.10.5. 304iaKkanbHOro cysip’s, B AKOMY BiH 3HaXo0AUTbLCA.

Al

7.

KoHmponbHi numaHHsA

Ski OCHOBHI 3a/1aui PO3B’SI3YIOThCS B ACTPOHOMIi?

[Ilo Take acTpoHOMIYHUI 00’ €KT?

V ckinbku pasiB ['anaktuka Oiable 32 po3Mipu COHAYHOI CUCTEMU?

UuM BiIPI3HAIOTHCSA aCTPOHOMIYHI SBHUIIA BiJl METEOPOJIOTTUYHUX ?

Uu € cioctepexxHuil pyx Ha HeOecHiM cdepl ICTUHHUM?

SAx micsun1 (pa3u 1oB’si3aHi 3 3areMHeHHsIMU CoHIls Ta Micsis?

3 4uM TOB'I3aHa HEOOXIAHICTh CTBOPEHHS PI3HUX CHUCTEM KOOPJIWHAT

B ACTPOHOMIi?

8.

Yum BiZIpi3HIETHCS Apyra eKBaTopiaibHa CUCTEMa KOOPAWHAT BiJ] MEPIIOi

1 YOMY BOHA YacCTillle BUKOPUCTOBYETHCS 711 BU3HAUCHHSI MTOJIOKEHb HEOECHHUX Ti?

9.

SIKi OCHOBHI CHCTEMHU JIITOUUCICHHS 1CHYBaJIN/ICHYIOTH 1 110 0OYMOBHIIO

HEOOX1/IHICTh CTBOPEHHS TPUTOPIAHCHKOTO KasleHaaps?
10. Yu noctaTHRO MajbIiB PyK, 1100 MEpeNiYyUuTH BCl PyXH, B SIKUX Oepe
y4acTb 3eMHUI criocTepiray?
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METOAOU ACTPOHOMIYHUX AOCNIAOXKEHD

OcHOBHUMU CnOCMeEpPe*CHUMU Memodamuy B aCTPOHOMII € TUCTaHIlINHI, 10
SIKUX BIJHOCSTB:

®  NO3UYIliHI CHOCMEPEeNHCeHH s, 110 aI0Th 3MOTY BU3HAYaTH KOOPAUHATH
HEOECHUX T1JI Ha IEBHUII MOMEHT 4acy;

® naHOpaMHe OemeKmy8aHHs BUIPOMIHIOBAHHS B PI3HUX Jlarma3zoHax
XBWJIb JJ1 TOOYIOBH 300paXeHb KOCMIYHUX 00’ €KTiB;

o omomempuuni’, cnexmpogomomempuuni' Ta  nosspuUMempuuHi
CIIOCTEPEKEHHSI, 1110 JA0Th 3MOTY BHUBYATH acTpO(I3UYHI BJIACTUBOCTI €JIEKTPO-
MAarHiTHOTO BUIPOMIHIOBaHHSI.

[lin gac mpoBeJeHHS] aCTPOHOMIYHUX CIIOCTEPEKEHh KOCMIUYHUX 00’ €KTIB
y TIEPIITy Yepry BU3HAUYAIOTHCS iX TOJIOKEHHS Ha HEeOECHI cdepl M y mpocTopi,
napaMeTpu BUIAUMOTO Ta ICTUHHOTO PyXy B CHUCTEMI OUIBIIOI i€papXii; OCHOBHI
acTpodi3nyHl MapaMeTpu, 0 SKUX HaJeXaThb iX Maca, po3MIpH, TEMIIEpaTypa,
CJIEMEHTHUM YW XIMIYHMM ckiag 1 Bik. CrocoOM TpOBEIEHHS TEOPETUYHUX
JOCTIPKEHb YW TEBHUX 3aXOJIB 3 OpraHizalli CHOCTEpeXeHb 3 3aTy4YEeHHSIM
BIJIMOBIJHUX aCTPOHOMIUHUX 3aCO0IB Il OTPUMAHHS BUILE3TaJaHUX M 1HIIUX
apameTpiB 3BYThCSI MEMOOAMU ACMPOHOMIYHUX OOCTIONCEHD.

7. ACTpOHOMIYHi 3ac0bM cnocTepeXKeHb

Teneckon — TOJOBHHMM CIIOCTEPEKHHM 3aci0, SKUM pa3oM 3 TICBHUM
npuiiMadeM eIeKTPOMArHiTHUX XBWJIb JIa€ 3MOTy TMpPUMUMAaTH KOCMIYHE
BUIIPOMIHIOBAHHS B PI3HUX Jlala3oHax: BiJ HAWKOPOTIIOro (raMma- 1 peHTre-

HIBCBKOTO BHUIPOMIHIOBAHHS) JI0 HAQJIOBIHX, IO HaJEXKaTh pajaiojianazoHy
(puc. 1.1B-x).

4O¢OT0METpiﬂ — MEeTOZ, B AKOMY BeAyTbCA KiNIbKiCHI BUMIPIOBAaHHA €HEPreTUYHUX XapaKTEPUCTUK NOAA BUMPOMIHKOBAHHA.
Hanpuknag, BU3Ha4atoTbCA 30PAHI BEZIMUYMHM B NEBHUX [OBXKUHAX XBU/Ib TOLLO.

41CI‘IEKTp0¢0TOMETpiF| — MeToA, B AKOMY BMMIpIOBaHHA CMNEKTPiB MOrIMHAHHA YXM BUMNPOMIHIOBAHHA MPOBOAMTLHCA
LUNAXOM OTPUMaHHA 3a/1eXKHOCTI iHTEHCMBHOCTI AXKepena Bif, AOBXUHU XBUAI.

42I'IonﬂpvuweTpiﬂ — MeTo4, B AKOMY BMMIPHOETbCA CTYMiHb MOAAPU3aLii BUNPOMIHIOBAHHA CBIiT/Ia Ta KyTa 3aBOpPOTY
NAOLMHM NOAAPM3aLLi CBITAA Mig Yac NPOXOAXKEHHA KOro Yepes ONTUYHO-aKTUBHI PEYOBUHM.
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Egexmusnicms acmponomiynux incmpymenmie 3aJexKuTh BI:
e SKOCTI Ta pO3MIPIB MPUNMATIBLHUX J3EPKaJ;
e YYTJIMBOCTI MPUKMAaYiB BUIIPOMIHIOBAHHS;
o micys ducroxayii®.

Ipunyunu po6omu meneckonig. 3a BU3BHaYCHHSIM, TEJIECKOII € MPUIIAIOM,
3aCTOCYBaHHSl SIKOTO Ja€ 3MOTYy CIOCTepiraTd BifJajieHi OO0 €KTH IUITXOM
peecTpallii  eJIEKTPOMArHiTHOro  BUIIPOMIiHIOBaHHA. HwuHi s peecrtpartii
JOCTYIIHUA BECh [lala30H EJNEKTPOMArHiTHUX XBWJIb, SIKAW BIUIMBA€ Ha
KOHCTPYKTHBHI OCOOJIMBOCTI OYJIOBH TeJIECKOMIB. TOMY, MPUHIIMIIOBO, PO3Pi3-
HSIIOTh YOTUPHU GUOU MENECKONIE:

— ramma-, — PCHTICHIBCHKI, — OITHYHI, — pamio-.

[Mamma-TeneckonaMu  TOCTIIKYETHCS  BUIMPOMIHIOBAHHS ~ KOCMIYHHX
06’exTiB 3 nomkunOo0 XxBum A < 0,01 uM (1 HM = 107 M), peHTreHiBChKi
teneckonu — 0,01 am < A < 10 HM, ontruH1 Teneckonu — 10 aMm < A < 0,0001 M
(Bxsrogaroun Y ®- it Y- mianazonmn), pagioreneckonu — A > 0,0001 m.

Xoya 3a 0y/10BOIO TEIECKONU MOXKYTh CYTTEBO BIAPI3HATUCS MIK COOOIO,
OPUHIMIIOBO BCl BOHU MalOTh YOTUPHU OCHOBHI CKIAOO0BI:

1) Momynb CIpUMHATTS BUIPOMIHIOBAHHS,

2) cucTeMa Iepeiadi eIeKTPOMArHiTHUX XBHIIb,

3) HayKOBOMETPHUYHHUM OJIOK,

4) 070K HAKOMMYEHHS Ta PEECTpallii KBAHTIB €JIEKTPOMArHITHOI EHEprii.

[Tepmuit Moy OOMEXKEHUN anepmyporo — N1II0YUM OTBOPOM TellecKoma
D, 110 BU3Hay4ae loro podbovy Moy MoBEepxHi, 4epe3 sIKy TPOHUKAIOTh KBAHTH
€JIEKTPOMArHITHOTO TOJISI B TEJIECKOI, Ta PO30ilbHY 30aMHICMb — TPAHUYHUM
KyT MDK TOYKaMU HEOECHOi c(epu, MEHILE SKOTO BOHU CIPUUMAIOTHCS SK
HEPO3AUTHHI:

A
ppaa:&tB’ (71)

ne & ~ 1 — 6e3po3MipHa BEJIIMYMHA, KA 3aJI€KUTh BiJI T€OMETPUYHOI (popMu
aneptypu (g kpyrioro otBopy & = 1,22, niast npssMOKYyTHOTO — § = 1 TOII0);
A — IOBXXHMHA €JICKTPOMArHITHOI XBWJI1, HAa SIKIM BEAYThCS CTIOCTEPEKEHHHI.

B onTuuHux Tenmeckomax MEpIIMM MOIYJIEM € CKJISTHUM 00’€KTHB (Taki
TEJIECKOIHU 3BYThCA peghpakmopamu — puc. 7.1) abo yBiruyte azepkaio (ix 3ByTb
pechnekmopamu puc. 7.2) 3 neBHUM npodiieM: chepu; napadoiau uu rinepOoIH.
OcrtanHiM YacoM ONTUYHI PEedICKTOPU € CKIadeHuMu 3 IIeCTH 1 OLIbIIe
cerMeHTiB. Taki KOHCTpPYKUIi 3BYTbCS CKIAQACHUMU A3epKasiamu (puc. 7.3).
KoHcTpykiii, 10 CKIanaroThCs 3 BOX J3€pKall, 3BYTbCA IHmMepghepomempamu

43 ‘v . . . .

[na HasemHux obcepBaTopili: BUCOTA HafA piBHEM MOpA, 6M3bKICTb HaceneHUX NYHKTIB, «AKiCTb» aTmocdepw, yepes
AKY BeAyTbCA cnocTepexeHHA. [na opbitanbHux obcepBaTopiit: BMCOTa i Haxun opbiTM A0 3eMHOro ekeartopa,
6113bKiCTb A0 NAOLWMHM eKAINTUKK. [INA KOCMiYHUX 06CcepBaTopili: MiCLLe3HAaXOAKEHHA Y KOCMIYHOMY NPOCTOPI.
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(puc. 7.4). Y Takux cucTeMax 3aMiCTh JIIF0UYOTO OTBOPY BBOJIUTHCSA TOHATTS OA3U
inmepghepomempa D; — IniHIAHA BIACTaHh MK IIEHTpaMU JIBOX JI3€pKaj, SKa
1 BU3HAUa€ po3/IUIbHY 3/1aTHICTh IHTEpdEepoMeTpa.

oo doKaEHA IUIOMMHE D_E'ﬁf_r_ﬁf Oxynsap
Oxyiap f —
T onoeHA | |
DlT[‘H'-IHa EICE | __________—TJF--- .
............ A — e
F f ! " !
d 6

Puc. 7.1. lMpuHyunogi onmu4Hi cxemu pegpakmopis 3 onyKsor (a)
i ygizHymoto (6) niH3amu 8 aKocmi oKynapa

Puc. 7.2. lpuHyunosi onmu4Hi cxemu napaboniyHux pegaekmopis 3 naackum
(a — cucmema HetomoHa) i onyknum (6 —y pasi 3acmocysaHHsA 2inepbosniyHo20
npoginto cucmema 38emoCsl KACE2PEHOB0H) BMOPUHHUM 03EPKAAAMU

Puc. 7.3. KocmiyHuli meneckon imeHi
Lcelimca Beba 3i cKnadeHUm
(18-enemeHmHUM) 20/108HUM 03€pKaAIOM

Puc. 7.4. lNpuHyunosa cxema onmu4yHo20
30pAHO20 iIHMepgepomempa y npouyeci
crocmepexceHHA noosiliHoi 30pi 3 Kymo8or
8i0CMAHHIO MiX KOMIMOHEeHmMamu ¢i:

Mi — nosopomHi 03epkasa, 8i0 AKUX c8imsa0
nompannafe Ha o6’ekmus O, w0 6ydye
OKpemy iHmepgepeHyiliHy KapmuHy 8io
KOXtHO20 Oxcepena (KommnoHeHma rnooeiliHoi
cucmemu). Kymoesa 8i0cmaHb Mixc
KOMMoOHeHmamu cucmemu ¢ 8ionosioae
3MIWEHHIo Mixt iHmepgepeHyitiHumu
KapmuHamu
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B pamioreneckomax mnepmuid Moayidb — II€ CyIIJbHA MeTajieBa Tapa-
OosoimHa aHTeHa (puc. 7.5a) 4yM CyKYIHICTh aHTEH, SIKl 3alOBHIOIOTH TEBHY
IJIONTY B MEXKax BIIMOBIAHOI reoMeTpruyHoi ¢popmu (puc. 7.50). B ocranHbOMY
BUIMAJKy CHUCTEMa aHTEH MpaIloe B pexkuMi paaiointepdpepomerpa. Po3aiibHa
3/1aTHICTh TaKUX 1HCTPYMEHTIB XapaKTE€PU3YEThCA MAKCUMAaJIbHOIO BIJACTaHHIO
MDK Kpasmu QIirypu pajaiorelieckona (BoHa MoOxke OyTH PI3HOI B PIZHUX
HAMPSAMKAX: HAIPHKIIAZ, 3 ITiBAHS HA MiBHIY T 3i cXomy Ha 3axin’).

Puc. 7.5. Padiomeneckon (a— Apecibo 3 diamempom napabosoioa 300 m)
i padioiHmepgepomemp (6 — cybminimemposuli iHmepgepomemp ALMA,
66 aHmeH 3 diamempom 7 i 12 m)

Sx mepmmii MOIysb B PEHTTCHIBCHKUX TEJIECKOMAaX 3aCTOCOBYIOTH JA3epKalia,
BUTOTOBJICHI 3 KEPaMIKM YW METaI4HOl (POJBIM, a 1HOJII BUKOPUCTOBYIOTh
MOKPHUTTS 3 AypyMy um Ipumiro. 'amma-Teneckonu TeX BKIIOYAIOTh MapaOoidHl
m3epkasia 3 amneprypamu Outbiie 10 MeTpiB, 1m00 BUABISATH HACHIAKH BXOTY
B aTMocdepy sKoMora O1IbIIe TaMMa-KBaHTIB (0e31MocepeTHh0 BOHU HE TOXO/ISTh
710 36MHO1 MTOBEPXHI, OTJIMHAIOYUCH aTMOC(EpOI0).

VY neprioMy MOAYJ TUIBKH CIPUMMAETHCS KOCMIYHE BUIPOMIHIOBAHHS,
a Jlaji BOHO TEPEHAIPaBIISIETHCS B CUCTEMY Iepe/iadi eeKTPOMArHITHUX XBUJIb.
B ontruHuX 1 MO3a0NTHYHUX TEJIECKONaX KBAaHTH CBITJIA PyXalOThCS 33 3aKOHAMU
r€OMETPUYHOI OoNTUKU (puc. 7.1-7.2). B 3aeKHOCTI BiJ TOro, sika KOH(Iryparfis
X0y TIPOMEHIB BUKOPHUCTOBYETHCS B JPYTOMY MOJYJI, PO3PI3HAIOTh ONTUYHI YU
MO3a0NTHUYHI cXxemu TeneckomiB (puc. 7.1-7.2, 7.4). Tak, B pamioTenecKornax,
CKJIQJIOBUMU SIKUX € HENapaOoJIoifHI aHTE€HH, OACPKaHUN 3 KOCMIYHOTO 00’€KTa
CUTHAJI PYXA€EThCS B3MIOBXK pioepHoi ninii (€ISKTPUUIHOTO MPOBIIHUKA, 110 STKOMY
NePEAEThCS EHEPTIs).

VY pasi noTparuisiHHI CUTHAJTY B HAYKOBO-METPUYHUM OJIOK, B 3a71€KHOCTI
BiJ 3ajadi, sSKa CTaBUTHCSA JUIi PO3B’S3aHHS, BIH MOXE IJICHIIOBATUCS
i BUMIiproBaTucs; OyayBaTH MaHOpPaMHE 300pa)KeHHS; PO3KIANATHUCS B CHEKTP

44 . e [ v - . .o s v

MpuKkNagom Takoro pagioiHtepdepomeTpa € HanbinbwKit B YKpaiHi Ta cBiTi YTP-2, AKMIN NpaLoe Ha A0BXKMHAX
€/1eKTPOMarHiTHUX XBUAb Bif, OAHOro A0 AecATKIB MeTpiB. Moro aHTeHHe none mae T-noAibHy Gpopmy 3 posmipamu
1860 m Ha 900 m y HanpsaMmKax niBAeHb-MiBHIY Ta CXif-3axig, BignosigHo.
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Yy aHATI3yBaTHUCS Ha CTYMiHb Horo mossipusaiiii. O4eBUaHO, M0 caMme B IIIH
CKJIQJIOBI ONTUYHOIO Tejeckona po3TaiioBaHi GOTOMETpH, crekTporpadu Tta
NOJISIpUMETPU. 30KpeMa OCHOBHUMU CKJIaJIOBUMHU CNIEKTporpadiB € NpU3MHU 4u
audpakiiiiHl IpaTku, y pa3i MOTpaluIsiHHSA CBITJIA Ha $KI BOHM MHOTO
po3KJIafalTh y cHekTp (puc. 7.6) — OIMH 13 HAMBaXJIUBIIIUX MPEIMETIB
JTOCIJIKEeHb, 1110 TPOBOJATHCS B aCTPOPI3HIIL.

Konimatop Tpyama
Mxepeno N
= \
epBOHI :
MpoMeHi madpaxuifi;m rpatsa Jgepma
dionerori ' J'I
s HetexTop ."’/
Potorpadiunaa
- TTaCTMHKA
a 6

Puc. 7.6. OnmuyHi cxemu npusmosux (a) i dugpakyiliHux (6) cnekmpoepagpie

Jlaiti pe3yIbTaTH JOCTiKEHb CBITIA HAKOIIMUYIOTBCS, i3yaulizyiombcs’ Ta
PEECTPYIOTHCS B OCTAaHHBOMY 4YeTBEepTOMY OJoill. B ontuuHOMY Ta mpuierioMmy
70 HBOTO [iala3oHi XBWJIb 3apa3 CHUTHAIM PEECTPYIOTH MEEePOOMIIbHUMU
omonpuiinauamu — TPWIATAMHA  3apsAAoBOro 3B°s3Ky: I133-MaTpurpMm’
(puc. 7.7), po6oTa SIKUX 6a3yeThCs Ha SBUILI 8HYmMpiuiHb020 omoedexmy” . Taxi
NpUIaJ YyTIUBI B IIMPOKOMY Jiara3oHi crektpa: i Y ®- no [Y-mianazony, a ix
keanmosuii 6uxio™ nepesurye 50 %.

B

Puc. 7.7. l133-mampuyi pi3Hux murnis i po3mipis. [Ipasopy4 rnoka3aHo
tpazmeHm cknadeHoi l33-mampuyi

\ 3
Q“

> Bisyanizauia — npeactaBneHHA po3noAiny ACKPaBOCTi AOC/iAXKYBaHOro 06’eKkTa, He3a1eXHo Bif, Toro, B AKi obnacTi
€NeKTPOMarHiTHOro cnekTpa BiH BUNPOMIHIOE, Y 3py4HOMY 418 30PpOBOro CNPUWHATTA 1 aHaNi3y BUrAaai.

*® Taki npwWaagy CbOroaHi 3HAWWM 3HaYHe (AKLWO He OCHOBHE) 3aCTOCYBAHHA K AR HAYKOBWUX AOCANIAMKEHb, TaK i
B NOBYTOBUX NPUCTPOSX, NepLl 33 Bce y poToanapartax, Lo AAE 3MOTYy BUHOCUTM, 30Kpema, OTPUMaHe 306pakeHHA Ha
MOHITOp Komn'loTepa.

v BHyTpiWHIi poToedekT — aBuLLe Aii BUNPOMIHIOBAaHHA Ha NEBHI HAMNIBNPOBIAHWMKA UM AIENEKTPUKM, B Pe3yabTaTi Yoro
BiAOYBaETbCA B HMUX NEPEPO3MOAiN eIEKTPOHIB 338 eHePreTUUHNUMM PIBHAMM, L0 NPOABAAETLCA Y 3MiHi KOHLLEHTpaLji HOCIiB
3apsay. B pesynbraTi BigbyBaeTbCA 3POCTaHHA €N1eKTPONPOBIAHOCTI, 3MEHLLEHHS OMOpY 1 BUHUKHEHHS GpOTONPOBIAHOCTI.

*® KsaHTOBMWI BUXi4 — BiAHOLWEHHA KiNbKOCTI Bi/IbHUX E€NEKTPOHIB, WO CTaaM HOCiAMM 3apagy B pesyabTati Aaii
BHYTpiWHbOro potoedeKTy, Ao BCix GOTOHIB, AKi AicTatoTbca GoTonpMiiMmaya.
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B panioteneckonax 3aCTOCOBYIOTHCS UyTJIMBI MPUUMaIbHI MIPUCTPOI, K1
3BYThCA padiomempamu. B 3aleXHOCTI BiJ Jlana3oHy JOBXHWH XBWIb, Ha
AKOMY MPAIIO€ KOHKPETHUHN PaloTeNIeCKOMN, BUTOTOBISIOTHCS €IEKTPOMAarHiTHI
XBWJIl, SIKI TEPETUHAIOTh OJMHUYHY IUIONIY IIOBEPXHI pajioTeliecKkona 3a
OJIMHUITIO Yacy.

3azanvhi xapakmepucmuku meneckonie. JliamMetrp aneptypu Teiaeckomna —
HaBaXJIMBINIA XapaKTEPUCTHUKA, OCKUIBKM CaM€ BOHA BH3HAYA€ PO3AUIHHY
3MAQTHICTh Ta TPAHUYHUM TIOTIK YK KUIBKICTh KBaHTIB BUIIPOMIHIOBAHHS,
JOOCTYIHUX JUIsl CLIOCTEPEXXEHHS. [ panuuny 30psAHy 6enuduHy my, TOCTYIHY IJIs
ONITUYHOTO TeJIECKOMa 3 anepTyporo D (B MeTpax), BU3HAYAE HOTO NPOHUKHA CUNA:

m =17"+5lgD. (7.2)

Kymosomy posmipy 00’ekta o (B pajlaHax — op,;) Ha HeOecHil cdepi
BIJIMOBIAa€ ¥oOro JiHIMHUN po3Mip [ y (QokanpHIA IUIOMMHI TeJIeCKOoIa
3 OKYCHOIO BiJIcTaHHIO 00'ekTHBa F (puc. 7.8):

Puc. 7.8. [Nobydosa onmu4Ho20 306paieHHA

3 po3mipamu | 8 poKanbHil naowuHi meneckona
acmpoHomiuHo2o 06’ekma S;S, 3 Kymosum
po3mipom a

a o "
pan zFapaﬂ _F a _F (0] ,
57,3° 206265"

[=2Ftg

(7.3)

JIe 3HaK «~» BIJNOBIJa€ HAOIMKEHHIO Yy pa3l MajuxX KyTiB, a BEPXHI 1HAECKCH
«"» 1 «"» — po3MIpHOCTI KyTiB B rpajycax i CEKyHIax AyTd BiIIOBiIHO.

BignomenHns xyta o 10 JiHIHHOTO Bifpi3ka [ (SK MpaBWiIo, B MiJIMeTpax)
3BETHCS MACUmabom 300pariceHHs.:

b= (7.4)

(04
T

@dokycHa BIJICTaHb MOXKE BH3HAYaTHCAd JIBOMa crocobamu. SIKmio
B ONTUYHIA CHCTEeM1 BIJCYTHI 1HIII BTOPHUHHI J3€pKajla ad0 € TUIbKHU IUIacKe
MOBOPOTHE J3epKaiio (sk B cucreMi HpioToHa — puc. 7.2a), To QoKycHa BiACTaHb
F = f,, BianoBijgae Oe3nocepeHhO 3HAYEHHIO (POKyca TOJIOBHOTO J3epKajia
TeJecKona. 3a HasiBHOCTI BTOPUHHOTO HEIJIAaCKOro Ji3epkana (puc. 7.20, 7.9), ske
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Mae (POKyC fr, BBOOUTHCS TOHATTS eKBIBANEHMHOI (POKYCHOI 8i0cmaHi, 3a SKY
NPUAMAETHCS 3HAUCHHSI

LS 75
AN (73)

1
F

Jie 3HaK f, BIATMOBIAAE: «+» — OMYKIOMY, a «—» — YBITHYTOMY Ja3epKaiy, d —
B1JICTaHb M1)X TOJIOBHUM 1 BTOPUHHUM J3€pPKaJIaMHU.

Puc. 7.9. [puHyUNo8a onmMu4YHa cxema 1 =<

- f5
napabosiyHo2o pegseKkmopa 3 ygicHymum l' llfl
8MOPUHHUM 03EepPKas0M eninmu4Ho20 L - |" }
npoginto (cucmema pezopi) [T N . —

. 49 .
s TeneckomiB 3 oxyaapom” (puc. 7.1) 3 PoKycHOIO BIACTaHHIO f
BBEJICHE TIOHATTSI KYM06020 30i1blterHs TEICCKOTIYHOT CHCTEMU

: (7.6)

3a AKOTO OO’€KT, IO CIIOCTEpIraeThcsi Ha HeOecHI cdepl mijg KyToMm o,
B TEJIECKOIIl CTIOCTEPITAETHCS i KyTOM

B=Ta. (7.7)

Ocoonueocmi meneckoniyHux cnocmepeiiceHb. B Ha3eMHHX yMOBax
TEJIECKOIl BCTAHOBJIOETbCA HA MOHMYGAHHI, SIKE MA€ JIBl B3a€EMHO IEPIIECH-
IUKYJSIpHI OCl, OJHA 3 SIKUX, SK TPABHUIO, HaIpaBjieHa Ha TOJIOC CBITY
(puc. 7.10a). Taki mpucTpoi 3ByThCA exsamopianbHumu monmysanuamu. lle nae
3MOTY 3aCTOCOBYBAaTU 2OOUHHUKOBUL MeXaHizm JJsi KOMIIEHCAlli OChOBOTO
obepTaHHs 3eMJll, 1110 CTBOPIOE YMOBHU JJI TOTO, 100 TPUBAJIUN Yac TPUMATH
KOCMIYH1 00’ €KTH B TIOJI1 30DY.

Jns Benukux (TOOTO M BaXKUX OJHOYACHO) TEJIECKOIB 3HANIILIO
3aCTOCYBAHHS A3UMYMAlbHe MOHMYGAHH, B IKOMY OITUYHA BICh HallpaBJcHA B
3eHIT (puc. 7.100). ¥ 11boMy MOHTYBaHHI KOMIICHCAIIS OCBOBOTO PyXy 3emuri
PO3pPaxoOBY€ETHCS KOMIT IOTEPOM 3a CIELIAIbHUM aJTOPUTMOM, a BiJl HBOTO
NOJAaIOThCA KOMAaHIM Ha HaNpaBisioul JABUTYHH PyXy Teleckomna, ski U

49 . . . . .
Taki Teneckonu 3acTocoBylOTbCcA abo ANA 8i3yasbHUX crocmepexceHs, abo K rign Teneckonis 3 6inbwumn
anepTypamu.
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BUKOHYIOTh (DYHKIIIi TOAUHHUKOBOTO MeXxaH13My. Taki yCTaHOBKHU NMpUTaMaHHI
ONTHYHHUM TeJIeCKOIMaM Ta TapabojoiTHMM aHTeHaM pajio- Ta TamMa-
TEJECKOIB. € 1e ¥ Hepyxomi MoHmMY6aHHs, KOTU BICh TEIECKOIa CIpsIMOBaHA
B 3eHIT. Taki MOHTYBaHHS 37eOUTHIN 3HAWIUIA 3aCTOCYBAaHHS B HAJABEIMKHUX
pajioTeniecKonax, HalpuKIIas y Tereckomna Apecido (puc. 7.5a).

Puc. 7.10. EkeamopianbHe (a — HimeubKe Ha npamili KoaoHi) U azumymarnsHe (6)
MOHMYBAHHA Mesaeckonis. 3a2a1bHUMU OCHOBHUMU CKaAa008UMU €: 1 — ocHosa
(abo KonoHa); 4 — mpyba meneckona; 5 — yeps’auHi napu ocel
(3a80aKU AKUM nepedaembCa pyx meanecKory 8io ynpasasovux 08uyHis).

B eksamopianbHOMy MOHMYBAHHA We €: 2 — N0/IAPHA 8icb (HanNpassaeHa Ha 8icb caimy);
3 —8icb nidHeceHb, 6 — 200UHHUKOBUU MexaHi3Mm; 7 — Kpyau 8i0siKy Kymie nogopomy ocel;
8 — npomusaza. B az3umymasnbHoMy MOHMYB8AHHI meaeckona
9 —eepmukanbHa ma 10 — 20pU30HMAnbHA oci nogopomy

PeHTreHiBChbKI TEJNECKONM Ha 3€MHIM MOBEpPXHI BIJICYTHI, OCKUIbKH
atMoc(epa 3aTpuMy€e pEHTIeHIBChbKI mpomeHi. HazemH1 ramma-teneckonu e,
xouya U arMoc(eporo 3aTpUMYIOThCSA TaMMa-KBaHTH. B 1boMy BUTIAIKy
TeJIeCKonaMu (PiKCyIOTbCS BUCOKOEHEPTiiiHI JIABUHU YACTHUHOK, MOPOJKEHHX
Bl 3ITKHCHHS raMMa-KBaHTIB 3 sJIpaMH aTOMIB XIMIYHHX €JIEMCHTIB, SIKi
NPUCYTHI y BEPXHIX IIapax 3eMHOI aTMOc(hepy Ta BUIPOMIHIOIOTH 2aibMiHe
BUNPOMIHIOBAHHS™ . JI7I1 HUX 3aCTOCOBYIOTHCS, SIK 1 71 BETUKHX ONTHYHHX 1
paloTEeIeCKOMIB, a3UMyTajbHI MOHTYBaHHs (puc. 7.11).

[1i yac cnocTepekeHp y TelecKoll 3 anepTyporo Outbiie 10-15 cm nounHae
OpOSIBIISITUCS.  Nli1  HEOJHOpPITHOCTEM B 3eMHiM armocdepi. B  pesynbrari
CIIOCTEPITa€eThCsl X PyX 3 YaCTOTOK JICKUIbKA JECATKIB repil B Mexax ~ 1"
(a 1HKOJIH 1 OLIbIIe) HEOECHOI chepu. Take sSBHIIE HE J1a€ MOKIMBOCTI B 36MHHUX
YMOBaX MOCATTH Oughpaxyitinoi Meoici PO3IINBHOI 3aTHOCTI  BEIMKHX

50. . . . . . .
Take eneKkTpomMarHiTHe BUNPOMIHIOBAHHA € HACNIAKOM PO3CitoBaHHA abo rasibMyBaHHA B €1€KTPOMArHiTHomy noni
3apAaKEeHUX YaCTUHOK.
51 .
TaKa Mexa JOPiBHIOE KYTOBOMY 3HAUYEHHI0, 0bumMcneHomy 3a popmynoto (7.1).



YacmuHa 2. Memoou acmpoHOMIYHUX 00CAIOHEHb 53

TeneckoriB. 3 iHIOro OOKy, AlaMeTp a3epKal
Ha3eMHHX TEJIECKOINB OOMEKEHUH 3HAaYCHHSIM
OMM3BLKO 8 M, MIIHICTIO CKJIa, 3 SIKOTO BOHH
BUTOTOBJISIFOTHCA. TeJIECKOMU 3 OUIBIIINUMUA [1ia-
METpaM{ TOJIOBHOTO J3epKajia € CKJIaJCHUMHU.
3aCcTOCOBYETBCS CHCTEMa TaK 3BaHOI aoan-
MUBHOI onmuKxu, siKa Ja€ 3MOTy HE TUIbKU
BUTOTOBJISITH TEJIECKONU 3 OUIBIIMMHM J3€pKa-  Puc. 7.11. Beaukull ammocgepHuli

Jlamu, a ¥ ypaBisiTU HAIMU B TIOTOYHOMY 4aci 3 yepeHKoscbKul 17 M 2amma-
JacTOTOI0 PyXy aTrMOC(epHUX HEOTHOPII- meneckon MAGIC.
HOCTEH, 10 MOXE ICTOTHO TIOKPAIlUTH Ha pomoepadpii 3agpikcosaro

PO3iNBbHY 3JaTHICTh BENMKMX TeNecKOMiB.  [POYEC Miocmpoiosarta gokyca
OueBHIHO, IO TAKOI IPOOIEMHU 3 po3aiIbHOK —CK10008UX enemenmie meneckona
3]ATHICTIO HEMA€ B KOCMIUHUX MeNeckonax. 0 donomozoro cucmemu siasepie
BurotroBieHHs CyHUTbHUX A3EpKall JJIi KOCMIUHUX TEJIECKOMIB HUHI OOMEKEHO
CIPOMOXKHICTIO KOCMIYHUX 3ac0o0iB BHBOJUTH Ha 3€MHY OpOITY BaHTaxX
3 IeBHUMU rabaputamu. ToMy BEJTHMKI KOCMIYHI TEJIECKONH, IO IJIAHYIOTHCS J0
3aIIycKy Ha OpOITY, OYAYIOTh CKIAdeHUMI .

B KOoCMIYHMX yMOBax TEJIECKOI OPIEHTYIOTH y MPOCTOP1 32 TpbOMa OCSIMH,
3aB/SIKM 3aCTOCYBAHHIO CHUCTEMHU CTaOLTI3allli, 10 CKJIaJa€ThCs, BIAMOBIIHO,
3 TphOX TIPOCKOIMIB. Y pasi 3alycKy Teleckona Ha opOiTy B KOMIUIEKT
oOJlafHaHHS BXOJWTh IIE TPH 3alacHl TIPOCKOMHM, Ha SKI B TpOILECi
(GYHKITIFOBaHHSI TEJIECKOMa 3aMiHSAIOTh Ti, M0 BUXOIATH 13 Jyaxy. HasBHICTB
CIPAaBHUX CaM€ TPhOX TIPOCKOMIB (13 MIECTH) 0OMEXYe Yac MOBHOLIHHOI po0oTH
KOCMIUHUX TeneckoriB. st Y- KocMIYHMX TeecKommB Yac iX (yHKI[IFOBaHHS
OOMEXeHUI 1€ ¥ HasBHICTIO piAkoro [emiro, SKuUM 3aCTOCOBYETHCSA IS
OXOJIOJKEHHS MpHUIMayiB BUNPOMIHIOBaHHA. SIK MpaBWiio, 1€ 4Yac CTaHOBUTH
OJIM3BKO I’ SITH POKIB.

8. BU3HaueHHA pyXy Ta reOMeTPUUYHUX BiacTaHen

BusHaueHHs1 KOOpAMHAT CBITWJI Ha HeOecHI cdepi BOPOIOBK POKY YU
OUIbIlIE J1a€ MOXJIMBICTh BUSIBUTH BIAXWJICHHS BiJl iX BIANPABHUX BU3HAYEHUX
3HaueHb. [{e 03Hauae, 1110 CBITHIIO 3MIHIOE MICIIE 3HAXOKEHHSI Ha HeOecH1 cdepl
H pyxaeTbcd MO HiM. 3MIHY NO3MIII HEOECHOro CBITWIA Ta KOr0 IIBHJKICTH
y3I0BXK IPOMEHS 30py MOKHA BCTAaHOBUTH 3a jgomnomororo edekty [ommiepa.
OpHoyacHe TIPOBEACHHS TAaKUX BHU3HAUEHb JICKUTH B OCHOBI OOYHMCIIECHb
MIPOCTOPOBUX PYXIB HEOECHUX CBITWJI, SIKIIO € 3MOTa II€ 1 YCTAHOBUTH BIiJICTaHb
10 HUX.

52 . o . . o . . o
30Kpema 40 TaKUX NPOEKTIB HaNEXKMTb 3anN1aHOBaHMIA 40 3anycKy Ha 2021 pik KocmiyHWiA Teneckon imeHi [xkelimca
Be66a, skt byae cknagatnca 3 18 WecTUKYTHUX eNeMeHTIB 3arasibHO anepTypoto 6,5 m (puc. 7.3).
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3 iHmoro OOKy, BHW3HAYEHHS IIBHJIKOCTEH PYXIB PI3HUX KOCMIUYHUX
00’€KTIB, CUCTeMaTHU3alllsl TAKUX JOCIIHKEHb Jlajla 3MOT'Y YCTAaHOBUTH 3aKOHH, 3a
SIKUMW BOHU BiJIOYBarOThCS. SIK BHSIBUIIOCA, TaKi JOCITIHKEHHS, KPIM BCTaHOB-
JICHHSI 3aKOHOMIPHOCTEH pyXiB HEOECHHX CBITWII, HAJAIOTh MOXJIMBOCTI Ie U
O0YHCITIOBATA HPOKUH CIEKTP 1X acTpodi3WIHUX MapaMeTpiB, BKIIIOUAIOYH X
MacH, a JUIsl BEJICTEHCHKUX 30PSHUX CHCTEM — ITIE ¥ HasIBHICTh memnoi'mamepii'53.

Bnacui pyxu ceimun — mnepumuidi KpOK y BH3HAYEHHI ICTHHHOI iX
HMIBUAKOCTI. BU3HaueHHA KOOpAMHAT, SIK MPABUIIO, B €KBATOPIAJIbHIN CUCTEMI O,
d; B pI3HUM 4Yac #; Ja€ 3MOTy OOUYMCIIMTH 61aCHI PYXU CBIMUL 3a NPAMUM
CXOONCEHHSAM 1, I CXUNEeHHAM (5. 3a TBOMA criocTepexeHHs MU (i = 1, 2) BOHH
BU3HAYAIOTHCS HACTYITHAUM YHHOM:

M, =2 8.1)
“ot—t, '

81_82
t—t,

M = (8.2)

3aranpHU BJIACHUW pyX CBiTWIA Ha HeOecHId cdepl OOYHCITIOEThCA 3a
Teopemoro [lidaropa B chepudniii cucTeMi KOOPIUHAT:

p:\/(p:; cos8)2+(ug)2, (8.3)

7ie TIo3Hauka «'"» BKa3ye Ha Te, M0 3HAYCHHS CKJIAJOBUX OOYHCIIEHI B KyTOBHX
CeKyHAaX (SKIIO ¢; OOYMCIICHI B YaCOBUX CEKYHJAX, TO [, CJiJ IMTOMHOXXUTH Ha
15 = 360°/24"); HasBHICTH COSO BKa3ye Ha BPaxXyBaHHs 3aKOHY 3MiHH MacIITady /i,
i 9ac MOro OOYMCIICHHS B 3aJIGKHOCTI Bij cxujieHHs cBitwia (puc. 8.1). Sk
NPaBUJIO, PO3MIPHICTh BIACHUX PYXIB BUPAXKAETHCS B KyTOBUX CEKYHAAX HA PiK.
Piunuii napanaxc. BnacHuil pyx CBITHJ BU3HAYa€ThCS 3 3eMill, sKa
obepraethcst HaBkoJ0 CoHiis (puc. 8.2).
ToOTo mig yac BH3HAYEHHS BJIACHOTO PYXy CBITWJA (CEepeaHiil) paaiyc 3eMHOI
HABKOJIOCOHSAYHOI OPOITH @ CIIOCTEPIra€ThCS MiJ KyTOM Tyqy

a )
Ezsmnpaa BT s (8.4)

ne d — BIACTaHb JO CBITWJIA, M YPaXOBYEThCS T€, IO CHUHYC MajluX KYTiB
3 JOCTATHBOIO TOYHICTIO JOPIBHIOE caMOMy KyTy (B paniaHax). Llell KyT (mpqy)

> TemHa maTepis — cybCcTaHLiA, AKa He B3aEMOZIE 3 €/IEKTPOMArHiTHUM BUNPOMiHIOBAHHAM (TOBTO BOHa €
KHEBMAMMOIO», @ NPOABAAETLCA NMLIE 3aBAAKM TPaBiTaLinHIN B3aemogii abo 3 oTouytounmm ii 06’ekTamu,
abo 3 poToHamu cBiTha.
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3BEThCA PIYHUM NAPANAKcOM. SIKIIO PpIYHUM TapallakCc BU3HAYAETHCSA
B CeKyHJax JAYTy 7", 3B’ 130K M1 paJllaHHOIO 1 KyTOBOIO MipaMH €:

n' = 206265”%, (8.5)

ne 206265 — KIIbKICTh KYTOBUX CEKYHJ B pajiaHi. SKIo X BIICTaHb @ MPU-
MA€ThCS 33 acmponomiuny odunuyo (a =1 a.o. = 1,496-10"" M =~ 150 miH kM),
a BIJICTaHb JI0 CBITHJIa BUPAKAETHCS B Iapcekax (JIUB. po3a. 6), To:

"

T =

1
= (8.6)

ockuibku 1 a.0. = 1/206265 nk. Binrak napanakcy n" = 1" BiAnOBIa€ BIJCTaHb
| nk.

30kpemMa B TakoMy BHUIAJKy (QopMyna, IO MOB’s3y€ 3B’SI30K BUIUMOI
3 a0COTIOTHOIO 30pSHUMHU BennunHamu (6.3), HaOyBae dhopmu

M =m+5-5lgd =m+5+5lgn’, (8.7)

KA 4aCTO 3aCTOCOBYETHCS B ACTPOHOMII.

—
— Hebecna™
cthepa
T
P23 £
d
He 3emna) Conrte
Puc. 8.1. YpaxysaHHA 3MiHU 6/10CHO20 pPyXy Puc. 8.2. 3miHa nonoxceHHA 3emni i pyxy
c8imus 3a1eXHO 8i0 iX CXUNEHHA 30pi 8MPO00BHC POKY

YHpogoBx pOKy CBITHJIO, IO CHOCTEPIraeThesi 3 3€Mill, OMNHUCYE Ha
HeOecHIN cdepl MPOEKIio NUISIXYy 3eMHOI OpOiTH (B 3arajibHOMY IUIaHl 1€
eminc — puc. 8.3a). 3 TOYKH 30py MAaTEMAaTHUKH — 1€ 2APMOHIUHUU npoyec, STKAK
OMHCYETHCS (PYHKIISIMA CHHYCa Ta KOCHHycCa. B eKIINTUYHUX KOOpIWHATAX
OINKC I[LOTO PYXy BHIJISAAE HAWMOUIBII MpocTHM. BigHOCHO TieHTpa erirca Ha
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HeOecHIM cdepl 3 KoopaMHATaAaMU Ay 1 Py TMPOEKIis pyxy 3€MHOI OopOiTh
3QJIEKUThH B1JI MOTOYHUX KOOPAMHAT A 1 B, sIKI 3MIHIOIOTBCA BHOPOJOBXK Hacy f,
CKJIaJOBUX BJIACHOTO PyXy [ 1 Mg, BiAcTaHl 1O CBiTWIA d Ta 3€MHOIO
cuziepuyHoro poky — 7T (puc. 8.30):

a . 2n
A=A, = pkt+;sm7t, (8.8)

N

: 2
B-B, = uBt+§smBo cosTTtt. (8.9)

N

Puc. 8.3. BioobpaxeHHa piYHO20 WAXy HAB8KO/0COHAYHO20 pyXy 3emni Ha HebecHil cepi
(a) ma HacnidoK 3miHU ekninmu4YHUX KoopOuHam 6au3bkux 0o CoHuA 3ip (6)
AIK 8i0N0BIOHO20 2aPMOHIYHO20 npoyecy

OTxe, SKIIO CBITWIO BidaneHe Bif 3eMJll HE HAJATO JAJIEKO, BIPOJOBK
BU3HAYCHHS WOT0 CKIINTUYHUX KOOPJAWHAT BHUHUKAIOTH YMOBH [IJIsl yCTaHOB-
JICHHS HE TIJIbKU MOT0 BJIACHOTO PyXY, a 1 HOro piuHOro Mapajiakcy.

Ilpomenesi wmeuoxocmi ceimun. 1le mipa 3MiHM iX BIJICTaHI BIJIHOCHO
crocTepiraya, sika BU3HAYa€eThCs Ha OCHOBI edekTy Jlommiepa, 3riIHO 3 SKUM
JOBKMHA 3MIIIEHOI JIIHII B CHEKTPl CBITUJIA A, K€ PYXA€ThCA 31 HMIBUIKICTIO
V: <<c¢ (¢ — MBHIKICTh CBITJIa B BaKyyMi), MOB’si3aHa 3 TIEIO X JIHIEIO Ay
B HEPYXOMOMY JDKEpEIi BITHOCHO CIIOCTepiradya HaCTYITHUM BHUPA30M:

v
X:KO(H?FJ. (8.10)
Bigrak npoMeHeBa MIBUAKICTh CBITHIIA €:
A=A AA
Vo= be=—""c,
f " x (8.11)

ne AN — 3MIIIEeHHS CIIEKTPaIbHOI JiHII.
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IIpocmoposi wieuokocmi ceimur OOINCTIOIOTHCS
3a HAIBHOCTI 1X CKIIQJIOBUX: MAHCCHYIAIbHOI Ta
npomenesoi (puc. 8.4), siki BUPAKarOThCSI B 0JTHAKOBHX
OJIMHUIIX BUMIPIB, SIK IPABUIJIO B KM/C. SIK BUJTHO 3 pHC.
8.4 Ta HaBEJICHUX BHUILE 3ayBaKEHb I10JI0 MAJTUX KYTIB
napajiakcy (a oOTXKe, 1 BIACHUX pyXIB CBITHI),
TaHreHI1aJIbHA BUKICTH JOPIBHIOE:

V. = digu ~pd a.0,/pix = 4, 74ud xw/c=4,74 xwlc,
7T
(8.12)

Ac

474 — KiJIBKICTh KIJIOMETPIB B a.0. 149600000

KiJIbKiCTh CEKYH]l B TPOMIYHOMY pOIIi 31556926

Bigrak mpocTopoBa IIBHUIKICTH CBITHJIA OOYHC-
JIOETHCA 3a (HOPMYJIOHO:

¥ =(4,740d)’ + V7 e,

[Tpomenes

O 3emna

Puc. 8.4. 38’a30K
npocmoposoi 3
MaH2eHUianb6HoW
ma rnpomeHesoo
weuokocmamu
U enacHuUmu pyxamu

(8.13)

Biocmani 0o xocmiunux min y ConAuHill cucmemi BU3HAYAIOTHCS 3a
20PU3OHMANbHUM TIAPATAKCOM CBITWI — KYyTOM, MiJ IKUM BHJHO pajiyc 3emii
(0a3a) 3 KOCMIYHOIO TiJa, SIK€ CIIOCTEpIra€ThCsl HA 3E€MHOMY TOPHU30HTI

(puc. 8.5).

Pamiyc 3emiti MOYXKE OoyTu
OOYHCIIEHU 13  HAa3eMHHUX  BUMIpPIB
JTOBXHMHM (MepHuiaHa YM €KBaTopa), IO _~—

Bignosimae kyry 1° (mus. po3a. 10). Bumip  Cpiruno
napajiakcy 3MIIACHIOETHCS UISIXOM
CIIOCTEPEKEHHSI  CBITWJIA 3  PI3HUX
obcepBaTopii, SIKOMOTa OLTBIII
BIIJAJIEHNX MK C00010, abo OIHIEIO
o0cepBaTOpi€r0 B PI3HI YacH JIOOH.

3a acTpOHOMIYHUMH CIIOCTEPEKEH-

HSIMU, TOPU3OHTAIBHUN Napanakce Micsis

Puc. 8.5. MpuHyun ob4ucneHHs

20pu3oHMAr1bHOCO napanakcy ceimunn.

€ HaWOUIBIIMM 1 3MIHIOETHCA BIIPOJIOBXK

[ToKa3aHo: p — 20pU30HMAbHUL

micaug Bix 57,1 no 60',4. Lle Biamosinae napanakc ceimuaa ma tio2o 8iocmare d
fioro pyXxy mno emmncy 3 anocecwm’ 00 ueHmpa 3emni, sika mae padiyc R,

54 v o . . o . . . .
Anorei — TO4Ka HaBKO/103eMHOI Op6ITVI Tina, HamsigpaneHiwa sig ueHTpa 3emni.
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405 000 xm, nepueeGMSS 363 000 kM 1 cepemniit Biactani g0 Micsms 384 000 k.
Busznauenuit ropuzonTanbHuii napaiakc CoHIS € p"O = §8",794, mo BiOHoBigae
BiacTadl 10 CoHus 1,496-108 KM = 1 a.0. AHQJOI4YHO BM3HAYAIOTHCA WM 1HII
napasiakcu  00’ekTiB  COHSIYHOI CHCTEMHM Ta BIICTaHI 10 HHUX, JUIS SKHX
3aCTOCOBYETHCS OITMCAHUN METO/.

Biacrani, oOuucneHi 3a JaHUMHM PIYHUX 1 TOPU3OHTAJIBHHUX MapaIakcCiB,
HA3WBAIOTh 2eomempuynumy. B Takux Meromax BH3HA4YEHHs BiACTaHEH 3acTo-
COBYIOTBHCS JIMIIIE BIATOBIHI T€OMETPUYHI BU3SHAYEHHS KyTiB Ha HeOecH1! cdepi
Ta 1H(popMallisd TIpo 6a308y ainito (uu 0azy), aCTPOHOMIYHY OJIMHMINIO Ta paiiyc

3emii 'y pa3l BU3HAYEHHS PIYHUX
Iepepasmit 1 TOPU3OHTATBHUX napasakciB
Pagionoxauiitsa BIJITOBIJTHO.

. .\IlCﬂlIb . dHTEH .
Bin 7 [IpyHIMMOBO I1HIIMM € BH3HA-
i YeHHs BIJCTaHI 3a pe3yJibTaTaMU
pamionokanii Micsis, Conusg, Mep-
Kypisi, Benepu, Mapca 1 IOmirtepa.
Puc. 8.6. MpuHyun padionokayi 3HaOYM MIBUAKICTH CBITJIA ¢ 1 BU3HA-
KOCMiYHUX 06’ekmie YUBIIM IPOMDKOK 4acy Af mpo-

XOJUKEHHSI CUTHaJy Ha Tpaci BIJ
3emii 10 HEOECHOro 00’€KTa 1 y 3BOPOTHOMY HampsiMKy (puc. 8.6), MOxxHa
OOYHCIIUTHU BIJICTaHb A0 HUX

d=—. (8.14)

Ile cyTh pamiofOKaIliiHOTO METOJy BHU3HAYEHHS BiJICTaH1 OJIM3BbKUX 10 3emili
Tu1 COHSYHOI cucTeMu. TakuM METOOOM OO0UYHCIIOITHCA Bimctadl go LHIC3 —
MITYYHUX CYHNYTHHKIB 3eMJi. Y IIbOMY pa3i MOXKe 3aCTOCOBYBATHUCA K padio-,
TaK 1./1a3epHa J10KAYIAL.

9. YcTaHOB/I@HHA 3aKOHIB Op6iTanbHOro pyxy

[lepeBaxHa OUIBIIICT, KOCMIYHUX 00’ €KTIB O€pe ydyacTh B OpOITATIbBHOMY
pyCl 30pSIHUX CHUCTEM 4YM iX 00’€/IHaHb OLIbII BUCOKOI iepapxii. ToMy Takuit
pPyX KOCMIYHUX OO’€KTIB € KIIOYOBUM B acTpoHOMii. OpbimanvHuti pyx
B1IOYBA€ETHCA I JIIEI0 8CECEIMHbO20 MSJICIHHA, 3TIIHO 3 SIKUM MaTrepiajibHi
TOUKH® 3 Macow M 1 m NMPUTATYIOTBCS MK OO0 3 CHIOK F,, 0GEpHEHO
MPOTOPIIIHOIO0 KBAIpATy BIJICTaH1 7 MI’)K HUMH:

55 - o . . v .
Mepwuren — TO4Ka HABKO03EMHOI Op6ITM Tina, HaMbAnKYa A0 UeHTpa 3emni.

56 . . . . . . .
MartepianbHi TO4Ka — TiNO, po3mipammn AKOro MOXKHa 3HEXTYBATU B KOHTEKCTI KOHKPEeTHOI 3a4aui.
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F=G—, 9.1)

ne G — rpasiTailifina cTtajia.

Haiinpocriiia cuctema abo CKiIalaeThesi, a00 MOXKe OyTH 3BeJIeHa caMme JI0
JIBOX KOMIIOHEHTIB, PyX SKHX OIIMCY€EThCS PO3B’SI3KOM 3adaui 080X mil,
YaCTKOBUM HACIIIKOM SIKOTO € TpU 3akoHu Kennepa, BIIKpUTI 3a CIIOCTEPE)KHUMU
JTaHUMU. 3HaUeHHs OpOITAThbHUX IIBUAKOCTEH BU3HAYAIOTh CTIMKICTh MOJBIMHUX
cucteM 1 ¢GopMy eTINTHYHUX OpOIT, 3a SKUMH PyXarOThCS iX KOMITIOHEHTH
BITHOCHO LIEHTpa MacH. 3arajloM po3B’si3KaMM 3a/ayl [BOX TUI MOXKHA
CKOpUCTATHCS 1 JUIs aHami3y PyXy CHUCTEM OUIbII BUCOKOI KPaTHOCTI, KOJIU
30BHIIIIHIM BIUIMBOM Ha HUX MO>KHA 3HEXTYBAaTH.

Pyx menw macuenozo nio Oicto OiLlbul MACUBHO20 KOMNOHEHMA
BIJIMTOBIAE YMOBI: m << M.

3akonu Kensiepa. MoOMEHT iMIyJbCY Tijla 3 Macow m, SKE€ PyXaeThCs 31
MIBUAKICTIO O B TIOJII JT1i OUTBIIT MAaCHBHOTO TUTA (TaKy CUITY 3BYTh IIEHTPAIBHOIO),
Ha BIJICTaHi1 7 30€pIraeThCs, 110 JA€ MiACTaBy 3aMUCATH 171 HHOTO YMOBY:

J = mor = const. (9.2)

Y 3aragpHOMY BHIUIAZI MOMEHT IMITyJIbCY € BEIMYMHOK BEKTOPHOIO,
HAPAaBJICHOI OJHOYACHO TMEPIECHAUKYISIpHO BekTopam o 1 7. YmoBa (9.2)
BIZIMOBIAAE 30€pEXKEHHIO JTOOYTKY v = const, IO IHTEPIPETYEThCA 5K PyX
B ojiHIN TwIomtuHI. Il cutyarris BiAnoBigae pyxy IO KOy UM €JIIICy, B SIKOMY,
HaIpUKiIaa, 31 30UIBIICHHSAM BIJCTaH1 Bij Horo (okyca J0 Tila 3MEHIIYEThCS
HOro MBUAKICTH UM HaBIMAKWA. TaKy BIIACTUBICTH BIEpIIE 31 CIOCTEPEKECHb 3a
TTaHeTaMu BigkpuB Keriep, miciis 9oro BOHA 3BEThCS nepULUM 3AKOHOM 1 HOCUTD
Horo im’sl.

Paniyc-BekTop r 3a 4ac At «3amitaey Mija 4ac pyxy
YJaCTHHY ILIOIII eJIiTica, SIKa BIIMOBIIHO J0 €JIeMEHTapHO1
CKJIQJIOBOI € IUIOIICI0 TPUKYTHHKA AS 3 BHCOTOIO 7 Ta
ocHOBolO »'At: AS = roAy2 (puc. 9.1). Bupaxatouu
00y TOK 7v 3 BUpasy (9.2), 0AepKUMO 3B’ S30K:

J
AS = —At. (9.3)  Puc. 9.1. 1id yac pyxy

2m . - L
no eninmuyHiti opbimi
30 pPIiBHI NMPOMIXCKU Yacy
paodiyc-eeKmop onucye
00HaKosi naowji

BBoasiun MOHATTS cekmopanbHa wieuOKicmy SIK 3MIHY
IJIONII «3aMITaHHS» 3a OJMHUIN0 4acy vxs = AS/At,
otpumyemo 3 (9.3) ii 3HaueHHS:

AS J
L,y = — =——=const, 94
YAt 2m ©-4)
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3r1IHO 3 BUpaszoM (9.2), TOOTO 3a piBHI IPOMINKKH Yacy PajlyCc-BEKTOP OIMKCYE
0JIHAKOBI IJIOIIII, 1110 BiATIOBIAE Opyeomy 3akony Kennepa, 3HaIcHOMY HUM 32
pe3yabTaTaMu CIIocTepekeHb Mapca.

Pyx y momi TeHTpaJibHOT CHWIM, SIKa PO3IIISIIAETHCS, BiOYBA€EThHCS
3 TIPUCKOPEHHSIM W, TII0 J1a€ 3MOTY 3aITUCaTi KOTO 3B 530K 3 Pa/ilyCOM-BEKTOPOM 7
1 IIBUJIKICTIO, SIKA Y HAOMM>KEHHI KOJIOBO1 OpOITH TOPIBHIOE v = 27/ T

(9.5)

JIst ABOX TUJI, IO PYXaKOTHCS B TIOJII IIEHTPAIBHOTO OUIBIII MAaCUBHOTO 00’ €KTa,
BIJTHOIIICHHSI CHWJ, 3 SIKUMHM BIH MPUTITYE MEHII MAcCHBHI, 3 ypaXyBaHHSIM
3HAYCHHS MpUCKOpeHHs (9.5) €:

mw _ mnT;

- 9.6
mw,  mnT7 ©-6)

[ligcTaBnsiroun CrOAM TakKe X BiAHOIICHHsS, oOumcieHe 3a ¢opmyiow (9.1),
OJIEPKUMO TICHs TOPIBHAHHA 3 (9.6) BUpa3:

mr; _ mrT;
= , 9.7)
mr?  mnI; (
1 gai
7 g abo 7 ) (9.8)

110 BIATIOBiTa€ mpemvomy 3axony Kennepa, 3HaliIcCHOMY 31 CLIOCTEPEIKEHb.

Kocmiuni mBuakocTti. [lig yac pyXy y HEHTpadbHO-CUMETPUYHOMY IOJ1
TSOKIHHSI POJIb JIOLIEGHTPOBOI CWJIM BUKOHY€ Cuia rpasitamiiiHa. L{s1 ymoBa
BU3HAYa€ MIHIMAJIbHY KOJOBY MIBUAKICTh TUIA ©; 3 MAacOK m B TOJI TSOKIHHSA
00’ekTa 3 Macoro M:

my,  mM : GM
r =G R 3BIOIKM U, = — (9.9)

I{e 3HauEHHS HA3UBAIOTh NEPULOIO KOCMIYHOI WBUOKICIIO.

JInst TTofoaHHA TMOMS TSDKIHHS, IO CTBOPIOE OO’€KT 3 Macoro M, TiioM
3 MacoI0 /1, SIKe BiguyBae 3 HOro GOKy NMPUCKOPEHHS w,, = GM/r* Ha BixcTaHi r
1Mae BIAMOBIAHY TOTEHIAIBHY €HEprito (mw,r), IOCTaTHbO, MO0 MOro
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IIBUJKICTh JIOpIBHIOBaJIa 0, (200 Oyna OUTBINOI0 3a HEl), 0 BU3HAYAETHCA
KIHETUYHOIO €HEPTIEIO:

mus mM . GM
—2=mw,r=G—, 3BimKH U, =,[2—. (9.10)
2 r r

[le 3HaYeHHS HA3UBAIOTH OPY20I0 KOCMIYHOIO WUOKICMIO, KA BCHOTO B 2
OulbllIa 3a mepury KocMmiduHy. J[pyra KocMmiuHa — 1€ Tak 3BaHa apadoJiyHa
IIBUJKICTh, 32 SKOIO MOJBIMHA cucTeMa po3nagaerbes. CTaiioHapHi opOiTH
MOABIMHUX CHCTEM MOXYTh ICHYBAaTH 32 YMOBH, III0 KOMIIOHEHTH 3 MacamMu m
PyXaroThCs 31 MIBUAKOCTAMH B MeXax v; < 0 < v MO eIINTAUYHUX OpOIiTax
(puc. 9.2).

Puc. 9.2. Pyxy no eninmuyHili opb6imi eionosgioarome
ekcyeHmpucumemu 8 mexax 0 < e < 1. 3Ha4YeHHsA
ekcueHmpucumemy gionogioarome opbimam:

e = 0—-Konosili ma e = 1 - napaboniyHiti (3a aKoi
KOMMOHeHm nepecmae 6ymu cKknadosor cucmemu)

Pyx komnonenmie 3 00ginohumu macamu. 3a i€l yMOBH yPaxOBY€ETHCH,
110 KOMITOHEHT 3 Macoio M TaKoX Mae MPUCKOPEHHs wy, = Gm/r* 3 60Ky Tina
3 Macoro m. Y TakoMy pa3i HeoOX1THO 3MICTUTH MOYaTOK BIJIJIIKY KOOPAUHAT JI0
[IEHTpa MAac CHUCTEMH, MAalOuyd Ha YyBa3l 3HAYEHHS IOBHOTO MPUCKOPEHHS
w=w,, + wy. Lle Bene no Toro, o B popmynax (9.8) — (9.10) 3amicts Mmacu M
3 SIBJISIETHCS cyMa Mac (m + M).

binbll 3araqbHU pyX MO ENINTHYHIA OpOITI YypaxOBYEThCA HUISIXOM
3aMIHH pajilyca-BEKTOpa Ha BEJUKY MIBBICH enirnca — a. 3okpema dopmyna (9.8)
Ma€ BUTJIA, B IKOMY KOHCTaHTa Ha0yBa€ MEBHOTO 3HAUCHHS:

(M+m)T* 47 011
a’ G (.11)

Hagenena gopmyna BianoBiae mpemvomy y3azaibHeHomy 3axkony Kennepa.

B ommcannx ymoBax ypaxoOBye€ThCS, IO PyX KOXHOTO KOMIIOHEHTA
BIJIOYBA€ETHCS 1O CBOIM €NMNTUYHIN opOiTi. CXeMa Takoro pyxy HpeCTaBIseEThCS
JIBOMa eJirncaMu 3 BETUKUMU (ay 1 a,) Ta mMamumu (by 1 b,) miBocaMH, sKi
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pO3TaIlloBaHi B OJHIM IUIONMIMHI Ta MarOTh CHUIBHMM (POKyC, 110 BIATOBIIAE
LHEHTPY Mac cucteMu (puc. 9.3a, 0).

Puc. 9.3. Moxnusi opbimu KomnoHeHmMi8 8i0HOCHO CrisIbHO20 UeHMpPa Mac

Excyenmpucumemu 1ux einciB oTHAKOBI:

[ [
e =y1- 2 =6, =[l- 3 =e (9.12)
M m

[Ilo 1mikaBO, TakOMy » EKCLUEHTPUCUTETY BIAMOBIJA€ BIJHOCHA EIINTHYHA
opOiTa, B SIKIM LEHTP BIUIIKY 3CYHYTUM 10 OJHOro (OLIbII MACHBHOIO)
3 KOMITOHEHTIB (puc. 9.3B):

(9.13)

JIe BEJIMKA Ta Majia MiBOCI BITHOCHOT OPOITH NOPIBHIOKOTh @ = dy + Ay b = by +
b,, BIIIOBIIHO.

Pyx mo eminTu4Hiii opOITI € HEPIBHOMIPHUM, Ha BIIMIHY BiJ KOJIOBOTO
pyXy. B 11boMy pasi BBOAWUTHCS TaK 3BaHA NOMOYHA UEUOKICMb KOMIIOHCHTA,
SKUW Ma€e BIAMOBIJIHY Macy Ta InepeOyBae Ha IMEBHINA BIJCTaHI BiJ IIEHTpPa Mac
cucteMu. BigTak MIBUIKICTH KOMIIOHEHTa 3 Macol m — VU, 110 NepedyBae Ha
BIJICTaHI1 7, BIJ LIEHTpPA MAacC 1 PyXaeTbCd IO ENINTHUYHINA OpOITI 3 BEIUKOIO
MIBBICCIO d,, JTOPIBHIOE:

2 1
v, =,|G(M +m) —— (9.14)

3BiKA, 10 pedi, BUAHO BIAMIHY (GOPMYJ JIsi KOCMIYHHMX IIBHUAKOCTEH
(9.9) 1 (9.10) y 3B’s13Ky 3 ypaxyBaHHSIM CyMHu mac (m + M) 1y KOJIOBUX OPOIT:
y pasi r, = a,. CaiJ TakoX 3a3HAYUTH, II0 PANTOBE 3MEHILIECHHS CyMH Mac
(m+M) yaBiul MpuU3BeEI€ 10 3MEHILICHHS 3HAYEHHS KOJIOBOI IIBUIKOCTI Yy \2 TUIA
TI€ET camoi BIJICTaHI BiJ IIEHTpa, IO MpuTArae. Biarak icHyroouda KoJioBa
MIBUJKICTh CTaHE JPYrol0 KOCMIYHOIO (MapaloiiiyHO), a 1€ MpU3BEIe [0
pO3Maay CUCTEMHU.
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[1ix yac pyxy mo eqinTU4YHI OpOITI MAKCUMAIIBHA U, TA MIHIMATBHA U,y
IIBUKOCTI JOCSTAIOTHCSA, KOJU KOMIIOHEHT TepeOyBa€e B nepuyeHmpi r, 9u
anoyenmpi — r, BIATIOBITHO, 3HAYCHHSI SIKUX 3aJIeXKaTh BiJl EKCIICHTPUCHUTETY é:

r,=a,(l1-e), (9.15)
r,=a,(l+e). (9.16)

B Takiit cuctemi ABOX Ti1 BUKOHYETBCS NpABUIo 8adxcesis sl KOMIIOHEHTIB
BIJTHOCHO I1eHTpa Mac (puc. 9.3a)

Mr,, =mr,, (9.17)

IIe 7y 1 7, — HOTOYHI BiICTaH1 KOMIIOHEHTIB 3 MacaMu M 1 m.
I3 gopmynu (9.14) BumgHO, MO CXOXKE MPABUIO BUKOHYETHCSA 1 A
MIBUKOCTEN KOMIIOHEHTIB, SIKI PyXalThCs KOJIOBUMU OpOITaMHU:

vt SO, (9.18)

JUig cucteM 3 JAOBUIBHUM EKCLIEHTPUCUTETOM 1 OyAb-SIKHX Mac BUKOHYETHCS
PIBHICTb, KOJIM BOHH Nepe0yBalOTh Y MEPULICHTP1 1 allOIEeHTPI

ro_ =ro.., (9.19)

SIK 11 BUAHO TIICHIS MiICTaHOBKH BU3Ha4YeHb (9.15)-(9.16) B popmyny (9.14). 3 mux
K€ IMJICTAHOBOK BHUIHO, IO B TIEPUIICHTPAaX 1 amoICHTPAaX BHKOHYIOTHCS
MPOTOPLIIHICTh MBHAKOCTI KOMIIOHEHTIB Ha opbiti v oc ¢ % i 3aBkan — s

- - -12 .
KOJIOBUX OpOIT 3 pamiycom 7: v oc r . CamMe Takhid 3aKOH TOB’SI3YIOTh
3 KenJiepiscbKUMU UEUOKOCHIAMU.

10. Mpami BuU3Ha4YeHHA mac i po3mipis

Maca KOCMIYHUX O0’€KTIB — KIIOYOBA XapaKTEPUCTHKA B aCTPOHOMII,
3HAHHS PO Ky BU3HAYAE€ HAJICKHICTH JO BIAMOBIIHUX 30PSHUX CHCTEM, KJIaciB
KOCMIYHHUX T1JI, @ TAKOK BU3HAUYAE iX TMPUPOAY ¥ €BOJItOLII0. Po3Mipu KOCMIYHUX
00’€KTIB, HapsTy 3 1HPOPMAIIIEIO TIPO X MacCy, Jal0Th MOXKIIMBICTh BU3HAUUTH 1X
TYCTHHY YM KOHIICHTpAIlilo, IO JUIsl KOCMIYHMX TUI JIa€ 3MOT'Y BIJTHECTH iX [0
TIEBHOTO KJIaCcy a00 BCTAHOBHUTHU NpHUpoLy. OTKe, BUSHAYCHHS IIUX XapPAKTEPUCTHK
HAQ/I3BUYANHO BKJIMBE B aCTPOHOMII.
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Busnauennsa zeomempuunux pozmipie kocmiunux 06’exmie. Paniyc 3emii
Re YCTaHOBIIIOETHCS Yepe3 BiACTaHb, sSKa Biamosigae 1° myrm i MepuaiaHa 4u
ekBaropa. BuzHaueHHs MPOTH CrIOCTEpiraya 3a TEOPEMOIO MPO BUCOTY TOJIFOCA
CBITY HaJl TOPM30HTOM (IHB. po3.. 4) y3I0BXK MepHiaHa Mmokasaiu, Imo 1° xyru
B3JI0BXK MepHIiaHa B cepennboMy nopiBaioe /,° = 111,2 km. Bepyun 10 yBary, 1o
JIOBKMHA 3€MHOTO MeEpHiaHa IOPiBHIOE 2mRg 3 ypaxyBaHHSM 3HA4YeHHS [,
cepeHin paaiyc 3emill MO)KHA 00YMCITUTH HACTYITHUM YHHOM:

R !, 360 6371
= = KM.
. (10.1)

l10 =111,2 xm

3 puc. 10.1 BugHO, K MOXHA BUKOPHUCTATH 3HAYEHHS pajiyca 3emMJi K
0a30BYy JIHIIO JJIs1 OOYMCIEHHS JIHIMHUX pajiyciB 7 Micsi, CoHI 1 TIaHeT
CoHsA4YHOI cucTeMU. 3a BU3HAUECHHSIM TOPU3OHTAJIBLHOTO Mapajakca CBITHIA p
O0OUYHUCITIOEThCS BiICTaHb 10 HbOTO d. lle mae 3mory 3a KyTOBUMHU poO3Mipamu
KOCMIYHOTO T1JIa p BU3HAYUTH WOTO JIIHIAHI pO3MIpH 7.

Puc. 10.1. lNMpuHyumnm sumipy po3mipie
CoHuAa i nnaHem CoHAYHOI cucmemu.
lMoka3aHi: p — 20pu30HMansHUl
napanakc ceimuna

i lo2zo 8iocmaHs d 0o yeHmpa 3emni,
AKa mae padiyc Rg p — Kymoesuli po3mip
KOCMIi4YHO20 mina

Kocmiune
TLIO

J711 BU3HAYeHHS KyTOBUX PO3MIpiB 31p, 3HaueHHs Akux < 0,01", HeoOxinHa
PO3MLIbHA 31aTHICT, 3T1AHO 3 GopMyIoro (7.1), COTUX YacTOK KyTOBOi CEKYH/IH,
SKIW BIJMOBIJAIOTH TEJIECKOMHU 3 arepTyporo Outbie 5 M. B HazeMHHX ymoBax
pealli3yBaTu TaKy pO3JUIbHY 3/IaTHICTh CKJIaTHO. ['0JOBHE A3€pKaio TeIecKomna
Oynye B ioro (hokajbHIN IUIOMIMHI 300paKeHHSI 3aBJASKH TMaJal04OMy Ha HBOTO
XBWJIbOBOMY (poHTY Bia KocMmiuHOro o0’ekta (puc. 10.2). 3emMHa atmocdepa
TypOynentHa. [lpoxonsun kpi3b TypOyJIEHTHI KOMIPDKM Ha BXIJHIN amneprypi
TEJIECKOMNa, XBWIbOBUM (POHT J1ePOPMYEThCSI 1 300pakeHHS y TEJIECKOIIl
CIOTBOPIOETHCA.  TypOyJieHTHI KOMIpKHM Bechb dYac caml JAeQopMyroThes
1 mepeMinIyroTbesa. Ane Ha mpomikkax dacy ~ 0,01 ¢ 3eMHy atMocdepy MoOkHA
BBaYKaTH 3aMOPOKEHOI0. SIKII0 OTpUMYBaTH 300paKEHHS 3 €KCIIO3UINE0 Y KIJIbKa
COTHUX YaCTOK CEKYHJIM, TO CBITJIOBI MPOMEHI, 110 MPOXOJISATh KPi3b PI3HI KOMIPKH,
OyayTh iHTepdepyBaTtu. OCKUIbKA MakcUMajlbHa 0a3a Takoro «iHTeppepomMeTpar
JOPIBHIOE JlaMETpy TOJIOBHOTO J3€pKajia, TO TOBHE 300pakeHHS y (OKycl
TEJECKONa CKIAJaTUMEThCSl 3 BEJHMKOI KUIBKOCTI JAU(PPAKIINHO OOMEKEHHX
300pakeHb 00'€KTa — TaK 3BaHUX CHEKTiB (Bl aHril. Speckle — msiMka, msgTouka).
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Pyx atMmocdepuux HeogHOpiIHOCTEHN 3 YacToToro Omu3bko 30 ['11 Beme 1o
3aMHUBaHHA CHEKJIOBOI KapTUHU, B PE3YJIbTaTI 4Oro OyayeThCs 300pakeHHS Ha
3eMHIM HeOecHIM cdepi 3 aiamerpoMm Oim3bko 1”7 a6o GinpmmM . Binrak ne
300paXeHHSI HE € ICTMHHHMM, a € HaCIlJKOM pPyXy aTMOC(EpHUX HEOIHO-
PIIHOCTEN caMe B IIMX MeXax, 10 U OOMEXY€E pO3JlIbHY 3JJaTHICTh TEJIECKOIIIB
TaKOK BEITUYHHOIO.

ir‘#*ii‘lj:

Puc. 10.2. Bu2nad cnromeopeHo20 306paxceHHA
KocmiyHo20 06'ekma Oieto 3emHoi ammocgepu
y (boKanbHIl naAowuHi meseckona 3anexums
8i0 lio2o eKcro3uuyii: 3a 0os20i —mae
po3snaus4yacmy ¢hopmy 8 MeHax nesHo2o
Kymoego20 po3mipy a (AKiCHO HasedeHul

8 /1iBOMY K8AOPAMUKY — @); 30 KOPOMKOI,

~ 0,01 ¢, — 8 mux xce mexax o po3busaemocs
HQ resHy KinbKiCmb MakK 386AHUX CMEKI8, pO3MIp
KOXHO020 3 AKUX nepebysae Ha OuppakyilHil
mexci po30inbHoi 30amHocmi meneckona,

A/D (aKicHo HasedeHuli 8 npasomy

Keadpamuky — a) Joera excriosuuis  KopoTka
6es dimeTpY 3 U TPOM

VYcepenHeHHsT PO3MOJUTY SICKPABOCTI CHEKIIB JAa€ 3MOTY BIJHOBUTH
300paKeHHsI ICTOTHO MaJMX 3a KyTOBUMHU pO3MIpaMHU KOCMIYHHMX OO’ €KTIB.
PeanbHe 3ampoBa/KEHHST OINMMCAHOI METOAMKH ACTPOHOMIYHHMX CIOCTEPEKEHB
OIEpXAHO B METOHl CIeKI-iHTephepoMeTpil, MO HAZan0 MOMKIHBICTE
BUMIPIOBATH PO3MIpU 3Ip-TIraHTIB 1 HAJTITAHTIB Ta KyTOBI BIJICTaHI MIX
KOMITOHEHTaMH CIIEKTPaIbHO-TIOIBIMHUX 31p Ha TEJIECKOIAaX 3 alepTyporo OLIbIIe
5 M, PO3IUIBHOI 3MATHOCTI SIKAX JOCTaTHBO JJIsi TAaKMX BU3HAYEHb. AJIE€ TaKHX
MOKJIMBOCTEW HEJIOCTATHHO JJIsi BU3HAYEHHS PaJiyCiB HaBITh HAWOIMAKYUX O
Conrtis 3BruaiiHux 3ip, sikux y BcecBiTi OutbiicTh. Po3B’s13aHHS Takoi mpooieMu
IIYKA€ThCS Y BUHECEHHI 32 MEXI 3€MHOI aTMoc(epu TEJIECKOIMIB 3 BEJIMKUMU
arnepTypaMu Ta 3aCTOCYBaHHI JUIsl CIIOCTEPEKEHHS 30pAHUX 1HTEP(EPOMETPIB.

57 . . o . o . .
KyToBi MeKi, B AKX PO3MMBAETbCA TOYKOBMIM ACTPOHOMIYHMI O6’€EKT (HanpuKnag 30pA), € Mipot AKoCMi

306paxceHHA, Wo byayeTbCA BHACNILAOK NPOXOAKEHHA XBUIbOBOrO GPOHTY Yepes 3eMHy aTmocdepy.

> Cnekn-iHTeppepomeTpis — MeTo4 NPOCTOPOBOI iHTepdepeHL|i, Wo FPYHTYETLCA Ha aHani3i 3epHUCTOI (cneknoBoi)
CTPYKTYpY 306paxkeHb KOCMiYHMX OO’EKTIB Yy HA3eMHWMX Teneckonax. Taka CTPyKTypa 306paxkeHb YTBOPIOETHLCA
BHaC/iAOK BMBOPY EKCNO3WLi, MEeHLIMX 3a XapaKTepHUil Yac nepemillyBaHHA 3emHoi aTmochepu (™ 107 c), Ta
BUKOPWUCTAHHA CUCTEM TENECKOMiB 3 BENIMKNUMUK anepTypamu (D > 2 M) i HagBenuKkoo GpoKyCcHo BigcTaHHwo (™ 10° Mm).
MeToz, aae 3mory A0BECTU PO3AiNbHY 34aTHICTb Teaeckona Ao Moro audpakuinHoi mexi (= A/D, ae A — noBxunHa xeuni,
Ha fKil Be4yTbCA CNOCTEPEIKEHHS).
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3opsanuii inmepghepomemp NpuMae BUTIPOMIHIOBAHHS KOCMIYHUX 00’ €KTIB
OJTHOYACHO JIBOMAa TEJECKONaMHU Ta HaJa€ MOXKJIMBICTh aHAJi3yBaTH MWOTO
mudpakiiiHo-iHTepdepomeTpuuHe 300paxkenHs (puc. 10.3).

Puc. 10.3. AugpakuyitiHo-iHmepgepomempuyHe
306paxceHHs, Ake bydye 30paHuUl iHMepgepomemp,
MPUHYUNOB8A CXeMa AKO20 npedcmassieHa Ha puc. 7.4a,
a po3rmo0din iHmeHcusHocmi 306paxceHHA Ha puc 7.46.

B 3anexcHocmi 8i0 6a3u iHmepgepomempa KoHmpacm
CMye pi3HUl: 8iH MaKcumanoHuli 3a HatimeHwou 6a3u D,
KOs1U €8iMs10 € KO2EPeHMHUM, ma 3HUKAE 34 1eeHo20
3Ha4yeHHA D, Koau ceimsao empavyae KozepeHmHy
gsiacMugicme Yepes me, Wo 0xepeso MNoYUHAE
cnpulimamuca aK Hemoy4Kosul 06’ekm

Po3niibHa 31aTHICTB 30psHUX 1HTEphEPOMETPIB BU3HAYAETHCA MOro 0a3010,
TOOTO BIJICTAHHIO MDK IIEHTpaMu MpUKAMalOuMX J3epkan TeneckomiB. baza
30psiHOrO 1HTep(epomeTpa Moke OyTH HabaraTo OUIBILION 3a anepTypy HaBITh
BEJTHKOT'O TeJIeckomna’ . ToMy 1X pO3JiibHa 3AaTHICTb BiIKPUBAE MEPCIICKTUBH TS
BU3HAYEHHS HAJTO MAJIUX KyTOBUX JIIaMETPIB 31p 1 HaBITh ek30Iu1aneT. [Ipunim
foro 1ii OCHOBaHMH Ha YCTaHOBJIEHHI 0a3u iHTepdepomMeTpa, 3a SKOI
BHIIPOMIHIOBAHHS Biji 30pi BTpauae xocepenmmuicms’. TOOGTO IS BH3HAUYCHHS
KyTOBHX JlaMETpIiB 31p HEOOX1JHI 30psHI 1HTEPPEpOMETpH 31 3MIHHOIO 0a3010.
Konu BijcTanh MDK J3epKajaMd HEBEJIMKA, BUIPOMIHIOBAHHS BiJl 30pi, IO
MOTpAIUIsiE HAa TEJECKOIH, CIPUIUMAEThCS SIK B MOYKOBO20 KO2EPEHMHO20
d:)fcepejza6l. 3BEJICHHS TAKOrO BHUIIPOMIHIOBAHHS JIOKYIM TPU3BOJUTH JI0
YTBOpPEHHS 1HTEepEPEHIIHHOI KapTUHU. 3O0UTbIICHHS 0a3u Bee O 3MEHIIICHHS
KOHTpAcTy iHTepdepeHitii, 1, AKmo 6a3u iHTepdepomMeTpa AOCTaTHBO, TO Y pasi
JOCSITHEHHS TIEPIIOr0 MIHIMyMY Y JIU(pakIiiHii KapTHHI Bif JUCKY 30p1 SK
JDKepesia BUIIPOMIHIOBaHHs (3rafaiite nudpakiiiiHy KapTHHY BiJ KpyTjoro
OTBOpY), 1HTepdepeHLiiHa KapTUHA 3HUKA€ BHACIIJIOK TOTrO, IO BHIIPO-
MIHIOBAaHHSI BTpaya€ BIJIACTUBICTL KorepeHTHocTi (puc. 10.3). Taka 06a3za
1 BIZIMOBIIA€ y IEpepPaxyHKy KyTOBOMY JIIaMETPy 30pl.

Busznauennn mac kocmiynux min 0a3ylOThCS Ha y3arajlbHEHOMY
Tpethomy 3akoH1 Kemmepa (9.11). 3rigno 3 dopmynoro (9.11) npaBa yactruHa
TyT OJHAKOBAa ISl BCIX MOJBIMHUX cHCTeM. ba3oBMMU BHU3HAYEHHSIMU € Macu

59Ha171p,osu.|y 6asoBy niHito — 437 m mae Navy Precision Optical Interferometer (NPOI): BiicbkoBO-MOPCbKUI TOYHUI
ONTUYHWIA iHTepdepomeTp, nsedi akoro no 250 m posmiweHi y surnsagi 6yken «Y» (CLUA, BilicbkoBO-mMOpCbKa
obcepBatopis).

60 KorepeHTHICTb CBiTNa — B3aEMHA Y3rOAMKEHICTb Y YacCi CBIT/IOBMX KOJIMBAHb Y PI3HMX TOYKax MPOCTOpYy, fAKa
XapaKTepusye ix 34aTHICTb A0 iHTepdepeHU;i.

61Ll,o TOYKOBMX AXKepen BigHOCATb 06’EKTM 3 KYTOBMMUM PO3MipaMK, AKi € 32 MeXKaMu PO3Ai/iIbHOT 34aTHOCTI TeNeckonis
uyn iHTepdepomeTpiB, AKMMMU iX cnocTepiratoTe. TaKi OKepena € KorepeHTHUMM.
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3emisi Ta Conms. Maca CoHIIE € OCHOBHOIO OJMHHIICIO BHMIpYy Mac 3ip
1 30pSIHUX CUCTEM.

BuzHnaueHHs ropu30oHTANIBHOTO Tapaiakcy opOity 3emii (n”g = 6",4356)
3a croctepekeHHs MU pyxy CoHils Ha HeOecHii cdepl (muB. po3a. 3) nae 3MOTyY
OOYHMCIIUTH TIOJIOKEHHS IIEHTPa Mac CUCTeMH 3eMiisi—-Micsilb BiIHOCHO IIEHTpPa
3emuni. Takuii mapanakc BiAMOBIJA€E BIJCTaHI IIEHTpAa Mac CUCTEMH Bij IIEHTpa
3emai 4668 km = 0,732 Rg.

Maca 3emmni moxke Oytu obOumciieHa, sikmio Bimomui i1 pamiyc (10.1)
i 3HAYCHHS HPUCKOPEHHS BIILHOrO MamiHHA, ge = 9,81 M/c’, sike Moxe OyTH
oOuucieHe 13 1ad00paTOPHUX BUMIPIOBAHb 1 SIKE 3@ BUSHAUYCHHSIM €:

GM,
8= gz (10.2)

3BiacH
M, = g®GRé =5,976-10* k. (10.3)

BusHaueHHs1 TOpU30HTATIBLHOTO Mapaiakca MicsIs 1 3aCTOCYBaHHS MpaBUIIa
Baxens (9.17) nns KOMIIOHEHTIB cUCTEMH 3eMisi—MIcslp 3 ypaxXyBaHHSM
3HAUEHHS MacH 3eMJIi Aa€ 3MOry OOYMCIIUTH BIIHOIIEHHS Mac 3emuti 10 Micsiis —
1:81,30 Ta macy Micsiust — M = 7,351-10° kr. Tperiii y3araabHEHHH 3aKOH
Kemepa nae 3mory BuzHauutu Macy CoHlis. 3acTocoByrouu piBHSHHS (9.11) mst
cuctemu CoHIle—3emiis, MOXKHA 3HANTHU Macy IT1€T CUCTEMU:

2 3
My +M, =35 % (10.4)

JIns BU3HA4YeHHs 1i€i Macu MOTPIOHO 3HATH mepioja obepTaHHs 3emull
HaBkoJi0 COHIIA 1 BENHKY MiBBICH 3¢eMHOI opOiTH. [lificTaBisroun 3HAaYCHHS 1TUX

BemmunH y (10.4), otpumyemo My + Mg ~2-10"° kr. Bpaxosyroun (10.3),
otpumyeMo Mo =2 -10"" xr i My /Mg ~333000.

Macu iHmmx muaner COHSYHOI CHCTEMHM BH3HAYaIOTh, 3aCTOCOBYIOUH
TpeTiii y3aranpHeHui 3akoH Kemepa [0 cucTemMu MiaHeTa-CynmyTHHK.
OckinbKM Maca CyNyTHHKa, 3a3BHYail, Habararo MeHIla 3a Macy IUIAHETH, TO
el MeTo/1 MPaKTUYHO HaJae iHGOopMaIliio PO Macy MIIAHETH.

CymMa mac 3ip y NOABIMHUX CUCTEMAX, SIK 1 JIs1 IJIAHET, 3HAXOUTHCS TAKOXK
3a TpetiM 3akoHoM Kemepa (9.11). IIlo0 3HaiiTH Macy KOXXHOI 13 KOMIIOHEHT,
IIYKAETbCS BIAHOIIEHHS ix Mac. BoHO Moxe OyTu OTpuMaHO 3a acTpOMET-
PUYHAMHU CTIOCTEPEKEHHIMH, KOJM KOMIIOHEHTH 1CTOTHO PO3IUICHI Y IPOCTOPI.
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B iboMy pasi iCHye€ MOXIJIMBICTh 3a CHOCTEPEKEHHSIMHU BIJIHOCHO OIOPHHUX 3Ip
BU3HAUUTH BIJICTAHI B1J] KOMIIOHEHTIB JI0 iX IIEHTpa Mac 1 CHiBBITHOIICHHS IUX
BificTaHelt 3 dhopmynu (9.17). AHanoriuHe BIJHOIIEHHS Mac KOMITIOHEHTIB MOXE
OyTH OOYHMCIICHO 1 32 CIIEKTPOCKOIIYHUMHU JTOCHIKCHHSIMHA OpOIT TIOJBIMHUX 3ip:
(9.18) um (9.19). Skmo paId TaKoi CHUCTEMH TIPOBEICHI aCTPOMETPHYHI
CIIOCTEPEKEHHSI, 3 SIKUX 3a TpeTiM 3akoHoM Keruiepa BuszHadeni cymu mac (9.11),
TO BU3HAUEHHS MaC KOMIIOHEHTIB 3BOJUTHCS JO CUCTEMH JIBOX PIBHSHB 3 JBOMA
HEBIJIOMUMHU

2 3
M +m :4La—2,

4 G T

M (10.5)
m Ty ’
PO3B’sI3aHHS AKOI €
2 3

M=Arae (10.6)

m=="r—7 - (10.7)

Hapenenuit anroputM OOYUCICHHS € HpAMUM MemoOOM BU3HAYEHHS MAc
KOMIIOHEHTIB Y TOJIBIHHUX CHUCTEMaX.

11. BusHauyeHHA acTpoPisUHUX XapaKTepPUCTUK

Cepen Benukoro 3araiy acTpoQi3UYHUX XapaKTEPUCTHK KOCMIYHHUX
00’€KTIB BUIUISIFOTh iX TeMIepaTypy, eIeMEHTHUN (UM XIMIYHUHN) CKJIaJ Ta BIK.
[To-mepmre, pasom 3 Macow Ta po3MipaMH, BOHH € OCHOBHHUMH XapakTe-
PUCTHKaMH, SIKI € He3aJIeKHUMH MDK coOoro. [lo-gpyre, HasBHICTH pO3MIpIB
1 TeMIeparypu Ja€ 3MOry OOYHCIIOBAaTH TaKy BaKIMBY XapaKTEPUCTUKY, SIK
CBITHICTb; XIMIYHHMI CKJIa/l BIUIUBAE HA JISSKI HIOAHCH II0JI0 MEX, B MEPIITY Yepry,
Macu OCHOBHHMX KJIACiB KOCMIYHMX TUI; BIK — JIa€ 3MOTY pPO3IIAJaTH KOCMIYH1
00’€KTM B KOCMOTIOHIYHOMY AaCHEKTi, TOOTO 3aBISKHU LI XapaKTePUCTHILl €
MO>KJIMBICTH PO3TJISIATH 1X HA TIEBHOMY €Tarll €BOJIOIIIITHOTO PO3BHUTKY.

Busnauenna memnepamyp. SIKio € miaCcTaBU BBaKATH, IO KOCMIYHUI
00’exT mepebyBae B TEpPMOIMHAMIYHINA PIBHOBa31 a00 OJM3bKIM 10 HEl, TO I
OMUCY WOTO CIIOCTEPEKHOTO BHUIPOMIHIOBAHHS MOXYTh OyTH BHUKOPHCTaHI
BJIACTUBOCT1 a0COJIFOTHO YOPHOro Tija. J[0 Takux KOCMIYHMX 00’€KTIB MOXYTh
HaJIeXaTh: 30pl Ta CyO30pl, iX OOOJOHKM Ta MAWCKH, MIK30pPSHI XMapH.
VY nepeniueHux OO’€KTIB MOJI€ BUIIPOMIHIOBAHHS iX 3OBHIMIHIX IIapiB (y 3ip
1Ccy03ip 1l mIapu 3BYTbCS aTrMoc(epaMu) ICTOTHO BIAPIZHSETHCS BIJ MOJIS, IO
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dbopMyeTbCST B YMOBax TEPMOAMHAMIYHOI PIBHOBAru: IHTEHCHUBHICTH BHIIPO-
MIHIOBaHHSI TYT 3aJ€KUTh 1 BiJl TJIMOMHHU, 1 Bl MOro HAamNpsSMKY MNOLUIUPEHHS.
[IpoTe moriMHaHHS BUIPOMIHIOBAHHS €JIEMEHTApHUM 00 €MOM y TaKHX Iapax
CyTTeBO TiepepobmsieTbes. lleit mpomec mpsiMmye A0 BCTAaHOBICHHS TEPMO-
JMHAMIYHOI PIBHOBArd, KOJM KUIBKICTh €HEprii, M0 TMOCTYNa€ Yy BUIUICHUN
eJIEMEHTapHUN 00’€M, OPIBHIOE €HEPrii, 10 BUIPOMIHIOEThCA HUM. OrnucaHi
YMOBH, TIO-TIEPIIIE, BAKOHYIOTHCS TUM Kpallle, YAM TJIKOIIIe PO3TaIlIOBaHI BUIICHI
JUIsL aHajIi3y eJeMeHTapHi 00’eMu, a To-Ipyre, TEpMOJMHaMIYHA pIBHOBara
B KO)KHOMY 3 HHMX BIANOBIAA€ TEBHIM TeMmmepaTrypl, sKa € PI3HOI Ui PI3HUX
mrapiB. Taki ysIBJICHHS BIANOBIIAIOTE YMOBAM JOKAIbHOI MEPMOOUHAMIYHOT
pisHosaeu, SKi TICBHUM YHUHOM JIalOThb MOJKJIMBICTH 3aCTOCOBYBATH (DI3UUHY
MOJIelh aOCOJIFOTHO YOPHOTO TiMa JJIsl PO3paxyHKIB MOENEH BEpXHIX IMapiB
KOCMIYHUX OO0’€KTIB 1, 30KpeMa, MOXKYyTh OyTH BHKOPHUCTaHI JUIsI OOYMCIICHHS
TemriepaTyp ¢orocdep 31ip 1 cyo3ip.

Y Takomy pa3li po3NOAUT €HEprii y HENEepepBHOMY CIIEKTpPl BHUIIPO-
MIHIOBaHHS 3ip 1 cy03ip omnucyerbest dhopmynoro Ilnanka (6.10), sika moB’s3ye,
B JAHOMY BUINAJKY, MOTIK BHUIPOMIHIOBaHHS (hoTocheporo Ha MEBHIM JOBKUHI
XxBWIl 3 1i Temneparyporo. MakcumyM ¢yHkuli Ilnanka onucyerscsi sakonom
3miuenns Bina, Skuii BCTAHOBIIIOE 3aJICKHICTh TOBKUHH XBWII, HA SIKIA (PYHKITIS
[Tnanka Mae MakcuMyM, Bijl €PEKTHBHOI TEMIIEpaTypH YOPHOTO Tija:

-3
xmax:z,9(;-10 | (11.1)
eof

1€ PO3MIPHICTS [A] =

3rilHO 3 IIUM 3aKOHOM, MAaKCUMyM YOPHOTUIBHOI'O BHUIIPOMIHIOBAHHS
3MINIY€ETHCS B JANEKY YW KOPOTKOXBHJIBOBY OOJIACTI CIIEKTPa B 3aJICKHOCTI BiJ
3MEHIIICHHS 94X 30UIbIIIeHHs €()EeKTUBHOI TeMIepaTypy BIAMOBIAHO (puc. 6.2).
Big Toro, B sKkiil 00ylacTi CHEKTpa CIOCTEPIra€ThCd MAKCUMYM BHIIPOMI-
HIOBaHHS KOCMIYHOTO T1J1a, 3aJIEKHUTh HOTO KOJIIP.

Sk BKe BIAMIYATIOCS, CyMapHE BUITPOMIHIOBAHHS aOCOJIIOTHO YOPHOTO Tijia
(a00 1Oro MoTyXHICTh BUIPOMIHIOBAHHS 3 OJIMHUIII ILJIOIII MTOBEPXHI) JIJI1 BCHOTO
Jam30Hy JIOBXKHH XBWIb XapakTepusye 3akoH Credana—bombimana, skuid
onucyethest hopmyroro (6.11). et 3akoH Mae Benuke 3HAUCHHS 11 OOYMCIICHHS
TEeMIEpaTyp KocMIuHMX T, 30kpema Hamoro Conms. [lpsmMumu Bumipamu
MOKHA BU3HAYUTH TOBHY KUIBKICTH MPOMEHEBOI COHSYHOI €Heprii (31 BChOTO
IHTEpBay MOBXKHUH XBWIb), 10 HAJAXOIWUTh HA OJUHUINO IUIOMI (TIEPIEH-
TUKYJISIpHY 110 HanpsiMy Ha CoHIE) HaJl 3eMHOI0 aTMOC(HEPOIO 32 OJIMHUIIIO Yacy.
[{s1 BenmMurHA 3BETHCSI COHAYHON CMAiloo 1 BUZHAYAE TIOTYXKHICTh OJAMHMII TUTOIT
TMOBEPXHi BUMPOMiHIOBaHHs, sike Mae CoHie Ha Bincrani 1 a.0.: Q= 1366 Br/m™.
OCKiTbKY COHSIYHA SHEPTisl HIKYIU He 3HUKAE Ha NUIIXy 10 COHIIS, TOMHOKHBIIIN

III0 BEJIMYMHY Ha TUTONIY TOBEpPXHI cepH, paaiyc SKoi JOPIBHIOE BiJICTaHl 10
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CoHIls, OTPUMYIOTh HOTO CBITHICTh — (DI3UYHY BEJIMYMHY, 110 XapaKTEPHU3YeE
KUTbKICTh BUIIPOMIHEHOT €HEprii 31 BCI€T MOBEPXHI 3a OJIMHUIIIO YacCy:

Ly=4nd’Q| ~ =3,84-10" Br. (11.2)

3a Bu3HaUCHHM (6.12), CBITHICTh TaKOXK € JOOYTKOM oIl moBepxHi CoHIls
Ha BEJIMYUHY €HEPTii, 1110 BUIPOMIHIOETHCS HUM 3 OJMHMUIII TUIOIII, Ky 1 BU3HA-
yae Buie3raganuii 3akon Credana—bonbimana:

L, =4nR cT, (11.3)

oo"
bepyun no yBarm 3HadyeHHsi cBitHocTi Conms (11.2), #oro pamiyca
8 . . .

R, = 6,96-10° M, skuii Moxke OyTH OOUYMCICHUNH 3 MOro CcepeaHbOro
ropu3oHTaIbHOrO mapanakca (p, =38,8"), rta cramy Credana—bonbumana

- 2 14
6 =75,67-10"° Br/m*-K", o6uncmioetses edextuBHa Temmeparypa CoHLS:

L
T, = 4| —%— = 5800 K. 11.4
efO ¢ 4717Ré6 ( )

BusHaueHHs CBiTHOCTI Mae Ie i (OTOMETpUYHE TpPAKTyBaHHs. lif
BIJIMOBIa€ aOCOIFOTHA 00JIOMETPUYHA 30PSHA BEINUMHA — 1€ 30psSHA BEIUYHNHA
(mmB. po3a. 6), SKy Mae 30ps 4u cy030ps 3 BijactaHl 10 nk. SKIo CBITHICTB 30pi
BUPaKCHA B COHSYHHUX OAWHHUISX L/L o> TO UL BCTAaHOBJICHHA 3B’A3KYy 3 11
a0COJIIOTHOIO OOJIOMETPUYHOIO 30PSTHOI0 BEIMYMHOKO (6.8) HEoOX1THO 3HATH
TUIBKU a0COJIIOTHY OoJioMeTpuuHy BeauuuHy COHIIS, sika 100pe MOCHIKEHA B
actpoHomii (Mp, = 4,75 ™). Iicns ginenns ceitHOCTI 3ip (6.12) Ha Bupas (11.3)
BUIUIMBAE: SIKIIIO OOUYMCIIOBATH iX CBITHICTh 1 PajlyCl B COHSIYHUX OJUHUIISX
(L/L, 1 R/R BINNOBIAHO), MOXXHA BM3HAYHUTH C(CKTUBHY TEMIIEpPATypy 30pi,
3Haroun epekTuBHy Temnepatypy Conis (11.4):

(11.5)

Takuii MeToN BU3HAYCHHS TeMIEpaTyp 31p AyXe MOMIMPEHUM B acTpodi3uIll
1 HIH1 BUKOPUCTOBYETHCS TaKOXK JIJIT BUSHAUCHHS TeMIIEpaTyp cyO03ip.
Busnauenna Qizuunux xapaxmepucmux KoCMIYHUX 00°ckmie 3a
ananizom cnekmpanvhHux ainin. JIiHIT B criekTpax 31p 1 cy03ip HECyThb 1H)Op-
MaIlilo mpo iX KIHEMaTuKy 1 (13u4Hi BIacTUBOCTI. B po3a. 8 BkaszyBanocs, sk 3a
3MILLIEHHSIMU CIIEKTPAJIbHUX JIIHIA BU3HAYAIOTHCS MPOMEHEBI IIBUJIKOCTI, MOXYTb
BCTaHOBJTIOBATHCS BIJHOIIICHHS] MaC KOMIIOHEHTIB Y TIOJIBINHUX CHCTEMaX.
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Temmnepatypa 3ip CyTTEBO BHU3Ha-
yae I1X CHEKTp 1 HasBHICTb B HHX
BIJIMIOBIAHUX JIHIN BUIPOMIHIOBAaHHS Ta 410 434 486 656
MOTJIMHAHHSA. BUITPOMIHIOBaHHS, IO HIRIR} | |4
BUXOJUTh 3 sijipa 30pl, MOTJIMHAETHCA 1 AT T )
MIEPEBUIIPOMIHIOETECS  PEYOBHUHOIO X L H [ | e
naap. [TosepxHio 3ip i cy03ip Bu3HaUae T IR [

ix Qorocdepa. Hemepeppuuii po3moin 300 400 500 600 700(ema)
eHeprii B crekTpl Gorocdepu xapakTe-

pu3yerbes QyHKiiero [lnanka 3 neBHorO

e(DEKTUBHOIO TEMIIEPATYPOKO 1  JIOB- Puc. 11.1. TeMHi niHii Ha HenepepsHomy
)KUHOK XBWJII MaKCHMyMy BHIIPOMi- _cnekmpi (a), sidnosioaiome
HIOBAaHHS, KA BH3HAYAETHCS 3aKOHOM e’anoefa_HUM IAIAM noenURarHA
sMimenss  BiHa, SKOMY BiIIOBIAE 8 po3nodini eHepeii 8 cnekmpax 3ip (6)
dopmyna (11.1).

["a3oBuit map, 1o posramoBanuii HaJl porocdeporo, € armocheporo. Ko
BUIIPOMIHIOBAHHSI, IO BHUXOAUTH 3 (oTochepu, pos3irpiBac TMEBHI CKIIAJ0BI
atMoc(epy HACTUIbKH, 10 LI€l €Heprii JOCTaTHbO IS BIAPUBY E€JIEKTPOHIB, TO
TaKa ra3oBa CKJIaJI0Ba 10HI3YEThCS, a Y CIIEKTP1 aTMOChEPH CIIOCTEPITatOThCS JiHIi
gunpomintoéants. B pe3ynabTaTi MOTJMHAHHS CBITJIA NEBHUMM €IeMEHTaMU YU
MOJIEKyJlaMH B aTMmoc(epi, Ha HENepepBHOMY CIEKTPI KOCMIUYHUX TI1 OyIyTh
CIIOCTEpIraTUCsl TMEBHI TeMH1 Jiwii (noenunanus — puc. 11.1). ns koxHOTO
XIMIYHOT'O €JIEMEHTa Ta MOJIEKYJIH ICHY€ MEBHUM HAOIp CIEKTPAIbHUX JiHIN, K1
MOXYTh OYTH JOCTYIHHMHU JUIS CIOCTEPEHKEHb 3a MEBHHX (I3MYHHX yMOB
B atMoc(epi. L BIacTUBICTh JIEKUTh B OCHOBI BHU3HAUEHHS XIMIYHOTO CKJIATY
atMocepu 3ip 1 cyO3ip Ta iX crexkmpanvroi Kiacugixayii. 3riIHO 3 €O
Kjacu(ikaIliero, HasIBHOCTI MEBHOIO HAOOPY CHEKTPAJIbHUX JIHINA TOTIMHAHHS
BIJINOBIJIA€ BIJIMOBIIHUM 1HTEpBan Temrepatypu (puc. 11.2), KoxXHOMY 3 SIKHX
Bi/ITOBI A€ OXHO3HAYHUIT capsapdcukuil’ cnekmpanshuil kiac™

CyyacHa TOCIIJIOBHICTb TaKOTO OJHOBHMIPHOTO PSIAy CIEKTPaTbHUX
KJIaCiB Ma€ HACTYITHUHN BUTJISI;

W-0-B-A-F-G-K-M-L-T-Y, (11.6)

BIJIMOBIJTHO JI0 YIMOPSIAKYBaHHS 3a TeMIlepaTypaMu, sIKI 3MEHIIYIOThCS 371Ba
HampaBo. B Tab6in. 11.1 npeacraBiieHl XapaKTepUCTUKU CIIEKTPIB Ta KOJBOPIB 31p
1.cy03ip, 3a SIKUMU BOHHM BIJHOCSTHCS JIO TMIEBHOTO CIEKTPATBHOTO KJacy, SIKOMY
BIJINOBI/Iae 1HTEpBaI €(EKTUBHUX TeMIieparyp iX ¢orocdep. 3a 1HTEHCUBHICTIO

62 . . . . « a . ..
Lle, B nepLuy Yepry, TemnepaTypa, TUCK i rycTvHa atmocdepu 3ip Ta cy63ip, AKi 3anexKartb Big, IX 3arasbHUX Mac i paaiycis.
63 [ . o . .o P
Mepwwii ii BapiaHT ByB 3anponoHoBaHUI ana 3ip y FapBapAChKil obcepBaTopii, TOMy BOHa i AicTana Taky HasBy.
64 .
Y aHIIOMOBHUX AxKepenax iX 3ByTb CNeKTPasbHUMMU TUMAMM.
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BUTIPOMIHIOBAHHS YU CTYIICHEM IOTJIMHAHHS BU3HAYAIOTHCS II1€ M KOHIIEHTpAIlii
XIMIYHUX €JIEMEHTIB UM MOJICKYJI, 3aB/ISKH SIKUM YTBOPIOIOTHCS 111 JTiHIi B CLIEKTPI.

Crniexrpu 21p

Bo 30.000
o4 15,400
'6:'*0 9520 B
5:&5 8.200 5

= FO 7.200

=

- FS 6440 R
E(.o 6.030 *
§ B
ﬁxo ' 5250 &,
B xs 4350

O o 3850

035 040

%0
Xenm -
Puc. 11.2. HenepepsHi criekmpu 3 AiHIAMU o2aAUHAHHA 3ip
Pi3HUX CIeKMpasnbHUX KAACI8 | ehpekmusHUX memnepamyp

[HTeHCHBHICTH 1 TIPOUIb CIEKTPaIbHUX JIHIA 3aJ€KUTh B 1l JTOBXKHUHU
XBWII, TeMnepaTtypu arMochepd Ta MBUAKOCTI 1i TypOyJIEHTHUX PyXiB, HIBU/I-
KOCTI OCbOBOT'O OOEpTaHHs, KOHIICHTpAllli PEYOBUHU B T'a3l, HASIBHOCTI €JIEKTPUY-
HUX Ta MarHiTHUX TOMNiB. J[OBXMHA XBWJII CHEKTPalbHOI JIHIT KOHKPETHOTO
XIMIYHOTO €JIEMEHTa 4YM CIIOJIYKA MOJKE BIAPIHATHCS BiJl J1a00paTOpPHOI Mix
BIUTMBOM 30BHIIITHHOTO TPaBITALIITHOTO TOJISl T 3araJIbHOTO PYXY.

Pyx aromiB B atmMocdepi 3ip € HeynopsaKoBaHuM. BigHOCHO crioctepirada
BOHM PYXalOThCsl B PI3HMX HAmpsiIMKax: JI0 Ta Bl HbOro, BOIK 1 MiJ KyTOM
(puc. 11.3a). Ile Bede, 3rigHo 3 edekTtom [ommiepa, A0 PO3MIUPEHHS
CHEKTPAJIbHOI JIIHIi, 3arajibHa IIMPHUHA SIKOI BIANOBINAE IHTEPBAY IIBUKOCTEH,
AK1 MalOTh aTOMH, a BUCOTa — iX KUIbKOCTI. [Ipodins criekTpanbHOI JiHIT onucye
PO3MOIUT aTOMIB 3a MPOEKI[ISIMHU IIBUAKOCTEN aTOMIB V, Ha MPOMIHB 30pY, SIKHIi
y pa3i pIBHOMMOBIPHMX X HaIPsIMKIB BIATIOBIIa€ TaK 3BaHiN gyukyii [ aycca, sika
Mae J13BOHONOI0HY hopmy (puc. 11.3 6, B).

>t~ [IN(V2 110
t = ‘;

*:H,__" ::"

-1 Il =

"\ t

ITpomiys sopy (3 ;

oo crioctepra4yd’ -] T ", -1
a o

Puc. 11.3. Bekmopu xaomu4HUX pyxie YacmuHOK 2a3y (a) ma po3nodinu:
npoekyil ix npocmoposux weudkocmeli Ha NAOWUHY, NepneHOUKYAAPHY MPOMEHIO 30py
cnocmepizaya (6), i eHepaii Yux YaCMUHOK, W0 NPOoABASEMbCA y 8U2aa0i [JonnaepiecbKko2o
npoginto iHMeHcusHOCMI cneKkmpasibHOI AiHii (8). |, — ueHmMpasnbHa iHMeHcUu8HIcCMeb
8UNPOMIHIOBAHHA AIHIT
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Tabnuysa 11.1

XapakTepuCTHKHU rapBapAChbKOro psily CeKTPaJbHUX KJACiB

EdekTnsHa
Knac XapaKTepucTUKa cnekrpa, Koaip 30pi Temnepartypa, Tunosi 30pi
K
BunpomiHioBaHHA y niHiax He |l, He I, N I, | 60 000- 3opi Tnny
W N 111-V, O llI-VI, CII-IV. 100 000 Bonbdpa—Palie
Konip sickpaBo-ronyoumn. y Bitpuna, n Kunio
Cnabki ninii HenTpanbHoro H, He, 35 000- A OpioHa
) ioHi3oBaHoro He, 6araTtokpaTtHo 80 000 ¢ Mepcen
ioHi3oBaHux Si, C, N. Konip 61aKUTHUNA. L OpioHa
Ninii nornnHanHa He, H (nocuntotoTbea Ao € OpioHa
B Knacy A). Cnabki ninii H ta K Ca ll. 12 000- o disu
Konip 6naknuTHO-6inni. 30 000 y Mepcen
Ninii H (6anbmepiBcbKa cepisi) IHTEHCUBHI, a Benukoro lNca
A Ninit H ta K Ca |l nocuntototbca go Knacy F, | 8 000-11 000 | a Jlipun
3’ABNAOTbCA CNAbKI NiHiT meTanis. Yy BansHaT
Konip 6inunn.
Ninii H i K Ca Il Ta niHii meTanis 6 bAnsHar
nocuntototbea. JiHii H cnabwatote. 6 Manoro Nca
c 3’'asnaerbea niHia Ca l A422,7 Hm i 6 500-7 500 B Kaccionei
NOCUIIOETLCA CMyTra G, AKA YTBOPHOETLCA a Mepcesn
niHiamun Fe, Ca ta Ti Ha A0BXUHI xBuni 431 o Kopmu
HM. Konip »oBTyBaTUN.
NiHiTH i K Ca Il iHTeHcumBHiI. JliHia Ca | CoHue
G A22,7 HMm Ta niHii meTanis. NiHii H 5 000-6 000 a Bo3Hu4oro
cnabuwatotb Ao Knacy K. 3'aBnarTtbca cmyrm B lepkyneca
CH 1a CN. Konip *koBTUM. B NispeHHoOI Figpwn
NiHii meTanis Ta cmyra G iHTEHCUBHI, CMyra o Bononaca
K H mano nomitHa. 3 nigknacy K5 ctatotb 4 000-5 000 € Meraca
BUANMMMU CMYTU NOrANHAHHA TiO. B BansHaT
Konip yepBoHyBaTUM. a TenbyA
IHTeHcuBHI cmyru TiO, VO Ta iHWKMX o OpioHa
M moneKyn. NomiTtHi ninii metanis, cmyra G 2 000-3 500 o CKopnioHa
cnabwae. MoMmiTHI NiHii BUNPOMiIHIOBaHHA o Kuta
meTanis. Konip 4epBOHMN. n bAnsHAaT
Cmyru TiO Ta VO BigcyTHi. NomitHa cunbHa | 1 500-2 000 Kelu-1,
L cmyra Cr 1a Cs, wupoki cmyrn K i Na. Konip GD165B
TEMHO-4YEePBOHUN.
T IHTEHCMBHI CMYTY MOFNMHAHHA BOAM, 1 000-1 500 Gliese 229B
meTaHy Ta H, Konip KopuyHioBaTUn.
Cmyru nornnHaHHA: NHs, H,0, CH,. <700 CFBDSJ005910.90-
v Konip TemHO-KOpU4HIOBaTU. 011401.3,

ULASJ003402.77-
005206.7
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kim0 po3uIMpeHHs JIiHIT OB’ A3aHe TUIBKU 3 TEIJIOBUM PYXOM aTOMIB,
10 BUIPOMIHIOIOTH, TO 33 AHAJI30M I KOHTYpY MOXHAa BHU3HAYUTH TeMIIe-
patypy armocdepu 3ip 1 cy03ip. 3 TakOw KIHETUYHOI TEMIIEpaTyporo
OB’ I3YIOTh MTPOEKIIII0 HA MPOMIHB 30Py HAMOUIBIT WMOBIPHOI IMIBUAKOCTI PyXy
atomiB. I3 puc. 11.3 6 BugHO, 1110 MAKCUMyMY 1HTEHCHUBHOCTI JIiHI{ BIMOBIIAE
npomeHeBa mBUAKICTE V. = 0. 3rigHo 3 BiactuBOCTAMH (QyHKIIT ['aycca,
CepeaHId MIBUAKOCTI PyXy aTOMIB BIIMOBIIA€ 3HAYEHHS IHTEHCHUBHOCTI, IIO
CTaHOBUTH = 37 % BiJ MakcuMasibHOTO 3HaueHHs (/,). Lle Bi/moBigae 3Ha4CHHIO
BIJIHOCHOI 1HTEHCHBHOCTI JIiHIi, Ky BOHa Ma€ Ha CEpPEIUHI BIJICTaHI MIX
HEHTPOM 1 KpaeM JiHii (puc. 11.3 B), 10 HA3UBAETHCA OONNIEPIBCLKOIO
wupuHoto cnekmpanvhoi ninii — Aip. ToOTO 1el 3CyB MO JOBXHHI XBUJIb
BIJIMOBIIa€ 3HAYCHHIO HANO1IBIIT HMOBIPHUX IMBUIKOCTCH YaCTHHOK.

3a KIHETUYHOIO TEOpPIEI0 Ta3iB, 3a iX TEMIEPaTypy BIAMOBITAIBHOIO €
MIBUJKICTh PYXYy YaCTUHOK, 3 SIKUX CKJIamaeTbes ra3. EHepreTnunuii 6amaHc Mix
KIHETUYHOIO €HEPri€0 YaCTMHOK 3 MAacOK m 1 TEIUIOBOK €Hepriero cucteMu k7'
(k— crana bonbimana, 7' — Temmieparypa ra3y) Ja€ 3MOTYy MOB’sS3aTH HAHOUIBIII
WMOBIpHY HIBUKICTb aTOMIB 0™ 3 TEMIIEPATypOIO CUCTEMU

P ik (11.7)
m

1 JOMIUIEPIBCHKOIO IIMPUHOIO CHEKTpadbHO1 JiHIi. BukopucraBmu 3B’sA30K
(8.10), B sskoMy 3a MPOMEHEBY IMpUHUHATA WMOBIPHA IMIBUIKICTh, MOXKHA 3a
3HAYEHHSM JIOTIIIEPIBChKOI IIMPHUHU CIIEKTPAIBHOI JTiHIT

M=, =tepete 2T (11.8)
C C m

OJICpKAHUM 31 CIIOCTEPEKHUX JAHUX CHEKTPaJIbHUX JIHINA, OOYMCIIOBaTH
KIHETUYHY TEMIIepaTypy aTMOC(HEPHOTO rasy:

2
mc

22

T AN (11.9)

Edexr [onmiepa nmposBiseThCs 1 BHACTIIOK 1HIINX PYXiB, SKi BIACTHUBI
KOCMIYHUM TijJaM. Tak, OChOBE OOEpTaHHS KOCMIYHOTO Tijda Beae MO
PO3ILIUPEHHS CHEKTpalibHUX JIiHIM. KpaliHi ekBaTtopiaibHi 001acTi chepUIHOTrOo
JoKepera BHACHIOK OChOBOTO OOEpTaHHS PyXalOThCs BIJHOCHO 30BHIINIHBOTO
criocTepiraya B NpOTWICKHMX HampsiMkax. Ile Beae Ao Toro, mio KiHil JiHIi
3MINIYIOCS BIJ LIEHTpa JiHII y MPOTHJIEXKHI CTOPOHM, 1 3TITHO 3 €PEeKToM
Jlommepa 8iOHOCHe po3wiupents Ninil> TPOMOpLifiHe MPOEKI{i MIBHAKOCTI

*To6T0 BiAHOLIEHHA WMPUHM NiHii 40 TT LOBXKMHUN XBUI.
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0ochOoBOT0 00epTaHHs Ha HeOecHY cdepy. Lleit edekt Beae 10 po3mmUpeHHs yCixX
JIHIM Yy CHEKTpl; KOXKHA IMUpPUHA JIHIT TPUOJM3HO MPOMOPIIIAHA JIOBXKHHI
XBUJII; 1HTETpajbHA SICKPABICTH JIIHIM HE 3aJI€KUTh BiJ] IIBHUJIKOCTI OCHOBOIO
o0epranHa KocMiuHoro Tuta. Ha puc. 11.4 HaBenaeHO mpuKIan pO3LIUPEHHS
CHEKTpaJbHUX JiHIA y AjpTaipa 1 Bernm 3a paxyHOK pI3HHUX IIBUAKOCTEH
0ChOBOT0 o0epTaHHA V. Lle moB’si3aH0 3 TUM, 110 Bich oOepTaHHs AJbTaipa
criocrepiraeTbes Maike mig kyrom 90°, a Beru — = 0°. Tomy minis Marsito
y Bern wMaibke He 3MIHWIACS Tl BIUIMBOM 1i OCbOBOTO pyXy, TOMl SK
y AnbTaipa BOHa 3a3HaJIa ICTOTHOTO PO3IITUPEHHS.

” 268 134 67 0 Vos , KM/c
K, 7% 0 T T T O TEm T
10 f W "
Puc. 11.4. 3anexHicmb 8i0HOWEHHA 20F Ambraip \‘ l' I
eHepeili sunpomiHioeaHHA Beau ma 30F . 2
Anemaipa e niHii noenuHaHHA Mg Il F I‘ r -
(Ao = 448,1 HM) Ta HenepepBHOro CneKkTpa 50 | 1l =
Bif, AOBXMHa XBUAi A — Ay Ta LWBMAKOCTI 6o l——1 1 Y .
0CboBOro obepTaHHA Vg £ 32 1L & 1 2 3 %5

Inmeepanvha sckpasicms CIEKTPAIbHUX JIHIA a00 1X THOWHA, AKIIO 1€
JIHIT TOTJIMHAHHS, 10 HAJIeXKaTh TIEBHIN PEUOBHHI, 3aJIeKaTh BiJI 1i KOHIICHTpAII],
CEpEeIHbO1 TEIIOBOI IIBUIKOCTI aTOMIB 1 JOBKHHM XBHJI1 CHEKTPAIbHOT JiHIi. Jlis
PI3HUX KOHIICHTpAIlli PEYOBUHM 3HAWICHI TEBHI 3aJIEKHOCTI MIK HHMH, SIKI
JieKaTh Y OCHOBI BU3HAYEHHS €JIEMEHTHOTO Ta XIMIYHOTO CKJIaay arMocdep 3ip.

Miporo KOHIIEHTpallli XIMIYHUX €JIEMEHTIB € Memali4HiCmyb: BIIHOIICHHS
KUIBKOCTI YaCTUHOK II€BHOIO XIMIYHOIO eneMeHTa Ng alo ycCiX elneMeHTIB
Baxkue 3a ['emiii 10 KUIbKOCTI 4acTUHOK ['igporeHy Ny 1O BiAHONICHHIO J0
BIJIMOBITHOTO COHSYHOTO PO3MOLTY XIMIYHUX €JIEMEHTIB

[Nhﬂﬂ:ﬂg{%ij—g(éiJ. (11.10)

H NH

Ils BenMWuYMHA TaKOXX BUKOPHUCTOBYETHCS IJIs BH3HAYCHHS €JIEMEHTHOTO Ta
XIMIYHOT'O CKJIaJlIB aTMOchepu 31p.

Busnauennsa 6iky xocmiynux 00’ekmig. Bik KocMiuHUX 00’€KTIB B acTpo-
HOMIi BU3HAYA€THCS MPSIMUMH METOJIaMHM 1 MOCEpPEJHIMH, IO CIUPAIOThCS Ha
YSIBJICHHSI TIPO €BOJTIOLIII0 KOCMIYHHX TUT Ta TX CHCTEM.

Jlo mpsAMUX BITHOCSITE Memoo0 0epHOi KOCMOXPOHOJI02i, 3aCHOBAaHUM Ha
MOPIBHSHHI Y TIEBHOMY 3pa3Ky MOYaTKOBO1 KUTBKOCTI aTOMiB N, 3 1X KIJIBKICTIO,
10 3aJUIINIIACS B HBOMY J0 TENEePIlIHboro uacy N, (vac — t):

0,6931/7y,

N =Ne“=Ne : (11.11)
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ne ¢ — crajia paJioaKTUBHOTO PO3May, T, — MEPiojl MBPO3MaLy PagioOaKTUBHOTO
Spa, TKAA BU3HAYAETHCS CKCIICPUMEHTATBHO 3 TAOOPATOPHUX TOCTIKEHb.

Meton 3acToCOBYIOTH Il BHM3HAuU€HHS BiKy mnopiag 3emul, Micsus
1 METEOpHUTIB, TOOTO THX 00’ €KTIB, MIHEPAIU SIKUX JOCTYITHI ISl JTaOOpaTOPHUX
nociimkensb. [lpumyckaeTscsi, 10 TIEBHA MOpOAA TICHS ii YTBOpeHHs Oyia
3aMKHYTOIO CHCTEMOIO, B SIKiii TICBHI 130TOMH IEPETBOPIOIOTHCS IIiJ Yac pajio-
AKTUBHOTO PO3MAy Y BH3HAUEHI IHII 130TOMU. YTBOPEHHS MOPOAU MOXKE OyTH
MOB’sI3aHe 3 BUUICHHSM ii 3 po3miaBy (y pasl BYJIKAHIYHOTO IMOXOHKEHHS a0o
ICJIsl IEPBUHHOTO PO3IrpiBY 3a yac (OpMyBaHHsS HEOECHOTO TiJIa) UM 130JIALIIEI0
miciig KOCMIYHOI KatacTpodu. TUNOBUM MPUKIIAOM MOKE CIYTyBaTH YTBOPEHHS
i3otory Ilmom6ymy ““°Pb i3 pamioaxruBHOro isoromy Ypamy U, 3 ypaxy-
BaHHSAM ICHYBAHHS TPUPOJHOTO i30Tomy ~'Pb, sIKMil He Mae pajiOaKTUBHOIO
MOXO/DKEHHsI. PO3MISaloThess TakoXK TMEPETBOPEHHSI TMEPBUHHUX — XIMIYHHMX
CJICMEHTIB Y TIOX1H1 130TOIH: U - 27pp, ¥ Rb— ¥'Sr, * K— *Ar ta inmi.

OO06uucreH1 3a MM METOJIOM JIITA JIJIS 3aJTI3HUX METECOPUTIB JIa0Th OIlIHKU
He Otk 3a 4,6 MJIPA POKIB, JIJIsI KaM’ STHUX METEOPHUTIB — B Mexkax Bia 0,5 1o
S Miupa pokiB, ayg 3emMHux nopig — 4,54 + 0,02 mupa pokiB, ISt MICAYHUX
3pa3kiB — BiJ 2 10 4,53 mapa pokiB. Taki gaHl MOXYTh CIIyIyBaTH NEBHUMU
ormiHkamu 15 BiKy yciel ConsuHoi cucrtemu, 4,6 = 0,1 mupJ pokiB, 1 HIKHBOIO
Mexero s Biky CoHIIS.

Bix Conrrs Ta 3ip 0AepKyIOTh 13 TEOPETUYHUX €BOIOIIIMHUX HOTo Mozesnei
BHYTPIIIHBOI OYZI0BHU (II€ € BXKE TIOCEPETHIM METOJIOM), CIIUPAIOYKCH HA YSIBICHHS
HIOJI0 iX TMOXOKEHHS 1 SACpHY NPUPOIY 30pAHOI €HepreTHku. Bik 30psHOi
CUCTEeMHU OOMEXKEHHMI 4acoM MOBHOTO ii po3mnaay. 3a TEOpi€ro 30PsSHOI JUHAMIKU
30psiHI  CKYITYEHHS BTpadaloTh B CEPEAHHOMY OIWH 30PSHO-CYO30psSHUMN
KOMIIOHEHT 3a MUIbMOH pOKiB. BiATak 3a miipaxyHKaMu KUJIbKOCTI KOMIIOHEHTIB Y
TaKWX 30PSHUX CUCTEMax MOKHA OI[IHUTHU Yac iX MMOBHOTO PO3MATY.

Orminka BIKy Hamioi ¥ IHIIMX TATaKTHK MOXKe OyTH OTpHMaHa i3 po3pa-
XYHKIB HEOOX1JHOTO 4acy JJIsl HAKOMWYECHHSI Y HUX BMICTY BaXKKUX €JIEMEHTIB Z
(ycix enmeMeHTIB, Bakuux 3a [emiii), M0 CIOCTEPITaloThbCcd Y HAWUMOJIOAIIOTO
KOCMIYHOTO TiJa iX HacejaeHHs a0o y CoHIll Ha MOMEHT Horo yTBopeHHs. Mogerni
Hamoi ["ajakTUKK 1ar0Th HEOOX1THUIM BMICT IJIs1 Z MICIIA 11 yTBOPEHHS HE OLIbIIe
7 miapa pokiB. B TakoMmy pasi 3a BEpXHIO OLIHKY, 3 ypaxyBaHHSAM BIKy COHI
(5 mupa p.), coig npuitHATH Bik ["amaktuku 12 Muipa pokiB.

Tecmu

2.1. Aina yoro 6yayoTb HA3eMHI ONTUYHI TeNECKOoNi 3 BEIMKMMM AiaMmeTpamm A3epKan?
2.1.1. W06 po3rneaitn 6inbl aeTanbHO CTPYKTYPY KOCMIYHUX 06’EKTIB.
2.1.2. o6 3adikcyBaTn HanbinbL BiaaaneHi ob6’ektn BeecsiTy.
2.1.3. LLLo6 oTpumaTn AKomora 6inbLui 33 NiHIMHUMK po3Mipamm 306parkeHHA Y GOKabHIlN
NNOLLMHI.
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2.1.4. Wob pocAarHyTH Halbinbluy po3AifbHY 34aTHICTb Ta NPOHUKHY CUAY.
2.1.5. o6 sutpaTnTM AKOMOra binbLue rpoLuen.

2.2. Y1 morKHa nobyayBaTh Teneckon 3 npuiimadyem BUMNPOMIHIOBAHHA, AKOMY AOCTYNHUN
BECb Aiana30H e/IeKTPOMArHiTHOro BUNPOMiHIOBAHHA?

2.2.1. MoKHa, AKLWO € ANA UbOoro A0CTAaTHE QiHAHCYBAHHA.

2.2.2. He moxHa.

2.2.3. Mo’KHa, 415 TOYKOBUX KOCMiIYHUX 06’ EKTIB.

2.2.4. MOXHa, AKLLO0 cnocTepeXKHi 06’eKTM MatoTb JOCTATHI KyTOBI po3mipu.

2.2.5. MoxnuBo, ue byae 3pobneHo B AaneKkomy manbyTHbomy.

2.3. Y1 MOXKyTb Napasiakcu MaTu Bia €MHi 3HAYEHHA?
2.3.1. MoXyTb.
2.3.2. He MOXyTb.
2.3.3. Y 3aranbHOMY BUTAAA4I MOXYTb MAaTU KOMMNJIEKCHI 3HAYEHHA.
2.3.4. MoxyTb, AKLWO0 06’eKTN NepebyBatoTb Ha HAATO BE/IMKMX BiACTaHSAX.
2.4.5. MoxyTb, AKLWO Ue 06’ekTn CoHAYHOI cuctemu.

2.4. Y1 MOXKyTb BNACHi pyxy Ta NPOMEHEBI LWBUAKOCTI MaTH Big €EMHi 3HaUYeHHA?

2.4.1. He MOXyTb.

2.4.2. BnacHi pyxu MOXyTb, NPOMEHEBI WBUAKOCTIi — HE MOXYTb.

2.4.3. [lpomeHeBI WBUAKOCTI MOXKYTb, BAACHI PYXN — HE MOXYTb.

2.4.4. MOXyTb.

2.4.5. MoXyTb nwie B TOMy pasi, AKLWO obymcneHa 3a iXx AaHMMKM NPOCTOPOBA LUBUAKICTb
MAE NO3UTMBHE 3HAYEHHHA.

2.5. Y4 MmOoXKHa nuvwe 3a AaHMMKM NOKPUTTA acTepoigom noAaBiMHOT 30pi BU3HAYUTM Macy,
pPO3Mipu Ta cepeHi ryCTUHM KOMNOHeHTIB? O6paHy BigNOBiAb NPOKOMEHTYBATH.

2.5.1. Hi.

2.5.2. Tak, AKWo Moro opbita nepebyBae Nob1n3y 3eMHOI.

2.5.3. MoKHa nuwe macw.

2.5.4. MoXHa nuwe po3mipu.

2.5.5. Tak.

2.6. 3 yMm noB'A3aHa HETOYHICTb Yy MNO4YaTKOBOMY (OPMYNIOBAHHI TPETbLOr0 3aKOHY
Kennepa? Y skomy BUNaaKy iMm MOXKHa KopuctyBaTucs (obrpyHrtyimnte)?

2.6.1. Macn KOMNOHEHTIB OAHAKOBI;

2.6.2. Macn KOMMOHEHTIB HACTINIKM Mani, WO HUMW MOXKHA 3HEXTYBaTW;

2.6.3. Maca ogHOro 3 KOMMOHEHTIB CYTTEBO NEPEBULLYE iHLLUI;

2.6.4. KOMNOHEHTM pyXatoTbCA NO KON0BMUX OpbiTax BiAHOCHO LEHTPa Mac;

2.6.5. Cyma mac KOMMOHEHTIB HAATO BE/MKA.

2.7. 3a AKOi YyMOBM, KOJIN Maca NOABINHOI CUCTEMM 30CepesKeHA B O4HOMY 3 KOMMOHEHTIB,
AKUIM y Npoueci eBOOLITI 3MEHLIYETbCA B Maci, iHWNIN KOMNOHEHT nepectaHe 6yTn Moro
cynyTHMKoM? Lle cTaHeTbca (06rpyHTYMTE), KON

2.7.1. Maca icToTHO 6inblIOro KOMMNOHEHTA 3MEHLWKUTLCA BABIYI;
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2.7.2. Maca 6inblioro KOMMNOHEHTA 3PIBHAETLCA 3 MEHLIUM;
2.7.3. CynyTHuWK BMge Ha rinepbonivny opbiTy;

2.7.4. CynyTHMK BUNAPYETLCA;

2.7.5. TaKnit po3BUTOK NOAIN HEMOXKINBUN.

2.8. Bigomo, wo Micaub Biaganaetbca Big 3emni 3i wemakictio 6ansbko 3,8 cm/pik. Yum
3MiHIOETbCA (OBr'PYHTYIMTE) NPU LUbOMY BiACTaHb MiX LEHTPAaMM Mac cuctemu 3emns—
Micaub i 3emni?

2.8.1. Hi.

2.8.2. 3MIHIOETBLCA TINBbKK BiACTaHb MiXK LLeHTpamn mac cuctemm 3emna—Micaup i Micaua.

2.8.3. He 3miHIOETbCA, TOMY LLO BiACTaHb MiX 3emneto Ta Micauem € cymoro BiacTaHel!
Bif IX LEHTPIB 40 LEeHTPa MacC LLiEl CUCTEMMU.

2.8.4. Tak, ToMy WWo maca 3emni 6inblwa macu Micaus.

2.8.5. Tak.

2.9. AKkwo 6 3i cnoctepexeHb 6yn0 BiAMIYEHO, LLO 33 HE3MIHHMM KYTOBMM AiaMeTpom
CoHus no4vanocs 36inblUEHHS «COHAYHOI cTanoi». Lle ceigunno 6 npo (obrpyHTyiiTe)

2.9.1. 3miHy 1oro niHinHoro paaiyca;

2.9.2. 3meHLWeHHsA 1Moro epeKTUBHOI TeMnepaTypu;

2.9.3. 36inblUeHHs oro epeKTUBHOI TEMNEpPaTypu;

2.9.4. 3meHwWweHHA BiacTaHi Big 3emni go CoHug;

2.9.5. 3meHweHHsA ceiTHocTi CoHuA.

2.10. flke 3Ha4YeHHs Mma€e meTanivHictb CoHuAa? ObrpyHTyMTE.
2.10.1. O.
2.10.2. -1.
2.10.3. 2.
2.10.4. 0,02.
2.10.5. 1.

KoHmponbHi numaHHsA

Sxumu 3aco0aMu 1 METOAAMH TOCHIIKYIOTHCSI KOCMIYHI TL1a?
Ski OCHOBHI1 TUIIU TEJIECKOMIB?
Sxi OCHOBHI CKJIaJI0B1 OYyJI0OBH BCIX TEIECKOMIB?
[Ilo Bu3HauUa€e pO3AUIbHY 3[aTHICTh TeecKona?
5. Y doMmy BIAMIHHICTh OOUMCTICHHS BiJCTaHEH 10 00’ €kTiB COHSYHOI CUCTEMHU
Ta 1HIIUX 31p?
6. VY yomy mossrae OCHOBHA CKJIQJHICTh BU3HAYEHHS PO3MIPIB KOCMIUYHUX
00’ €KTIB MPSIMUMH CIIOCTEPEKEHHIMU?
7.  SIki OCHOBHI 3aKOHU OpPOITATHLHOTO PyXy?
8. Ska (izwyHa XapaKTepUCTUKA € BU3HAYAITBHOIO VISl CIEKTPATIBHOTO KJIacy
30pi?
9. Sxi ¢i3uuHI IPOLECH MPU3BOIATH 10 PO3IIUPEHHS CIEKTPATBbHUX JiHIN?
10. VYV yomy npuHUMIIOBA Pi3HMII BU3HAUEHHA BiKy 3emiii Ta CoHus?

e



YactuHa 3

KOCMIYHI TINA

Comnrie, Micsp, 30pl Ta IJIAHETH, IO CIIOCTEPIral0ThCcs Ha HEOOCXW,
METEOpH, 1HIIN CBITUJIA, 1110 JIOCTYIIHI JIsl CIIOCTEPEIKEHD TIIBKU B TEJIECKOIL, — BCE
1Ie KOCMIYHI Ti7a. 3a CBOEIO MPUPOJIOI0 BOHH MOXKYTh OYTH ICTOTHO PI3HUMH.
3 inmoro Ooky, CoHIle — IIe Take >X KOCMIYHE TIJ10, SK 1 BiggajieHl 30pi,
1 pI3HATBCA 33 CHOPUUHATTSAM JIMIIE TOMY, IO TIepeOyBalOTh Ha HE3PIBHIHHHUX
BIICTaHAX BiA 3emii. 30pi, SKI 3aHECEHI [0 AaCTPOHOMIYHHMX KaTaJloriB,
HApaxOBYIOTh BKE JCKUIbKa MUIbSPIIB. Behoro s ix HamiuyioTh y BceecBiTi, 3a
BU3HAUYCHHAMHM (PaxiBIB, OJM3BKO ~ 10*', a mMoxmBo, i Gibmie. [lnaner Tex
0araTo: HE BUKJIFOYAETHCSA, IO iX MOXKE OyTH Ha JIBa MOPSAKUA OLIbIIE, HIK 3Ip.
ToOTO BXX€ KUIBKICTb TUIBKM TAKUX KOCMIYHUX T1J1 MOKHA MTOPIBHIOBATHU 3 YHCIIOM
ABorazpo —~ 10%.

Yu MoKHA 1aTH J1a]] TaKid BETUKINA KUTBKOCTI 00’ €KTIB, HA MIPAXyHOK SKOi
HEIOCTATHBO TPHBAJIOCTI 4acy JIFOCHKOr0 KUTTS ? OUEBH/IHO, 1110 B TAKOMY pasi
KOCMIYHI TUIa CJiJI TIEBHUM YWHOM KJIacu(iKyBaTH 3a iX KIIOYOBHUMH Xapak-
TEPUCTUKAaMH, a 11 O a0 3MOTr'y CKJIACTH YSIBJICHHS MPO BIJAMOBIIHI KJIACH IMX
00'exTiB. A 3 1HIIIOr0 O0KY, 1100 HA OCHOB1 HaBeCHOI Kitacudikaliii MoxHa O0yJ10
NEBHUM YHMHOM TJIyMauuTH (I3UYHI BJIACTUBOCTI KOCMIYHMX TUI, HIO BXKeE
TPAIUISIOTHCS UM BIIKPUBAIOTHCS Y BeecBITl.

12. PisHOMaHITHiICTb KOCMIYHUX Tin y BeecBiTi Ta iXx Knacudikauin

VYxe B COHSIUHIA CHUCTEMI MPOSIBIISETHCS TEBHE PI3HOMAHITTS KOCMIYHHUX
T1J1, SIKI MarOTh Pi3H1 BiaacTUBOCTI: COHIIE — 30ps; TUIAHETH — 3€MHOI TPYINU Ta
riranty; mam Ttia. 3a mexxamMu COHSYHOI CHCTEMM BCl KOCMIYHI Tija, SKI
JIOCTYIHI JIsi CIIOCTEPEXEHHS HEO030pPOCHOMY OKY, € BHKIIOYHO 30psAMH. IX
(G13UyHl  XapaKTEpUCTUKH, K1 3100yTI HAa OCHOBI METOJIB aCTPOHOMIYHMX
TOCIIDKEHD (AUB. po3. 8), BIAPIZHAIOTHCS B IMIMPOKUX MEXKAX, IO BIIA3CPKATIOE

66. . 7 2 .

TpuBanictb poky Hapaxosye 3,16-10° ceKyHa. Yac Kutta AoamHu cTaHoBuTb ~ 10° pokiB. TobTo foaMHa KuBe
10°-10" CekyHA. AKwo 6 nguHa, HapoAMBLLMCH, AULLE Te | pobua, WO paxyBana TiIbKW 30pi, TO, Wob nigpaxysatu ix
NOBHY KiNbKicTb y BcecsiTi, noBMHHa byna 6 3a cekyHAy nigpaxoBysaTu 10" = 100 MAPA, 3ip, LLLO, O4EBUAHO, HEMOXJ/IUBO.
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iX BeNMKY KUIbKICTh. lle moTpeOye y3araibHEHHS Ta MPOBEJACHHS BIAMOBIIHOI
kiacudikariii.

Piznomanimmas 3ip i naanem. 30pi BIAPI3HAIOTH OJHA BiJ] OJHOI 3a iX
MacaMu, po3MipaMH, TeMrepaTypor horocdepH, XiMiYHHM CKIagoM, Bikom®,
CBITHICTIO, CEPEIHBOID TYCTHHOIO 1 T. JA. 3a CIHOCTEPEKHUMH JaHUMH 31p
y BcecBiTi, BOHU BIIPI3HAIOTHCSA MiK COOOIO:

® 3a Macoro —y 3 THC. pasiB (HaiimacuBHiIua: 265 M );

® 3a po3Mipamu —y 7 THC. pasis (HaiiOubi: 6mu3eko 1000 R );

® 3a Temrneparyporo — y 35 pasi (MakcumanbHi: 80 —100 tuc. K);

® 3a CBITHICTIO — y 8 MJIpJ pa3iB (MakcuManbHa: 8 MiH L )

® TOIIIO.

[Topsig 31 3BUYAHUMH 30PSIMH CIIOCTEPITAIOTHCS 3MIiHHI, Majoi Ta BEIUKOl
CBITHOCTI, Pi3HI1 kapauxu (vep8oni, 6ini, KopuuHesi TOIO) W 1HIIII.

3a mexxamu COHSYHOI CUCTEMHM BIAKPUTI ex3zonianemu (Mpedike «eK30-»
BIJI TpeIl.: €EE® — M03a, 30BH1). BOHU BIIPI3HAIOTHCA 32 MAcOI Ta PO3MIPaMH.
Cepen Hux € cxoxi Ha aHeTd COHSYHOI CHUCTEMH, a € ¥ BIAMIHHI BiJ HHX.
Hamnpukian, € niaHeTu-riraiTy, nepiojid opOITaIbHOTO PyXY SIKMX CTAHOBJISTH
BCbOTO 1-2 m0oOW, a HE POKU — NECATKH pOKiB, Ak y CoHsuHIN cucTtemi. Taki
eK30IUIaHETH OTPUMANId HAa3BYy «2apsui tonimepu» 4epe3 Te, U0 BOHU HAITO
OJIM3bKO PO3TAIIOBAHI 0 CBOIX 31p 1 MalOTh BEIUKY TeMmmeparypy (OIu3bKO
1000° C i Ginbmry).

Biakputi KocMiYHI TiIa 1 3a MEXaMH OINTHYHOTO Jiama3oHy. B iH]pa-
yepBoHomy (IY-) miama3zoHi CrOCTEPIratoThCsi XOJOAHI KapiIUKU 3 TEMIIEPATYPOIO
MEHIIIE 30PsIHUX 1 3 MacaMu Bl CyMIpHHX 3 Macoro FOmitepa 10 COTUX 4acTOK BiJl
coHAYHOI. B pamioniana3zoHi BIOKPUTI ny1bcapu, K1 BITHOCATb 10 HEUMPOHHUX
3ip. BOHM MarTh CEpeaHI0 TYCTHHY, IOPIBHSHY 3 SIICPHOI0 PEUOBHHOIO
(~3-10" kr/M’). 3a xapakTepHUMHU 3MiHAMH OKPEMHX KOCMIUHHX [DKEpel, SIKi
BUIIPOMIHIOIOTH ¥ [U- Ta peHTreHiBCbKOMY Jiara3oHi, MPUHIILIN 10 BUCHOBKY, 1110
BCEpEIMH1 iX MepeOyBarOTh YOpHi Oipu, TpaBITAlllHE TSHKIHHS SIKUX HACTLIBKU
BEJIMKE, III0 HABITh KBAHTH CBITJIa HE MOXKYTh 3JIMIIUTH iX OKOJIH.

XIMIYHUN CKJIaJ] 31p OINHIOITH 3a BMICTOM Ba)XUWX 3a siapa ['emniro ximid-
HUX €JIEMEHTIB — B acTpoQi3ulll iX 3ByTh MeTaslaMu. buibiiicts 3ip MonoyHoro
[Insaxy MarOTh XIMIYHUHN CKJIa/1, CXOXKUHU 3 COHSIUHUM. Bik 3ip, 10 Hajexarhb
Monounomy IlInsxy, menmmuii 3a 10 Mapz pokis. B Ge3nocepenabomy Horo okodi
CIIOCTEPITaIOTHCS 30p1 OUTBII cTapi — Ha 2—3 MJIPJ POKIB, 3 YaCTKOBUM BMICTOM
metaniB y 10-100 pa3iB MeHIe 3a COHSYHMM ckiaf. Bimomi i Taki 30pi, B AKHX
1Ieil BMICT € 1ie MeHIuM. B iHmux ramaktukax BcecBiTy cnocTepiratoThesi 30pi

¢ Lli nepeniveHi nepLwi N’ATb XapaKTEPUCTUK € HE3ANEKHMUMMY, i IX BIAHOCATb A0 OCHOBHUX.
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3 ICTOTHUMHU BIIMIHHOCTSIMH 32 XIMIYHHUM CKJIQJIOM, aji€ B CEpeIHHOMY BMICT
y HUX METaJIiB HE MEPEBUIIYE COHSUHUM.

3a migpaxyHKaMu BiIOMO, IO KUTBKICTh 31p Hamioi ['amaktuku ~ 400 Mip,
a YMCJIO TaJlaKTUK y BcecBiTi Takoro k mopsiaky. 1o Toro * KUIbKICTh IUIAHET
y LIUX 31p MOXKE CYTTEBO MEPEBUILLYBATH 3arajibHy KUIbKICTb 3Ip.

Jiazpama I'epuymunpynza—Paccena — 11e 3aJIeKHICTh MK CBITHICTIO 31p Ta
iX TeMIepaTyporo (UM CHEeKTpaJlbHUM KiiacoMm). Bona Bigmzepkamoe: (HoTo-
METPHUYHY KJIacH(DikaIlito 31p y CHCTeMl KOOPJAWHAT: a0COTIOTHA 30psiHA BEIMUMHA
— KOJIIp 4M YaCTKOBO acTpo(i3uyHy, KOJIH O OCSAX HABENEHI JIaHi iX CBITHOCTI Ta
edeKkTHUBHA TeMIiepaTypa (U4u CrieKTpalibHUul Kitac) — puc. 12.1. Bci Taki miarpamu
I'epummpynra—Paccena (JI['P) sikicHo momioni Mixk coboro. Ha HUX BUAUIAIOTHCS
8 knacie cgimuocmi

0 — rinepriranTu; IV — cyOriranTy;

I — maariranTu; V — roJioBHa MOCIIIOBHICTE;

II — sickpaBi riranry; VI — cyOkapnuku;

[T — riranTy; VII - 6111 kapiukwu.
s miarpama, 3 OgHOTO OOKY, B
BIJITIOB1/Ia€ JIBOBUMIPHIM KJIacH- 25000 10000 5000 3000
dikarii .BOp}IHI/IX CHEKTpIB (1€ g 10600_ Haarirasmu
pa3oM 31 CHEKTPAIbHUM THIIOM i g o A0 TR
30pi BKasyeTbcs ii KIac CBiT- g - UepBoni:riranmh ;
HocTi, Hampuknan, s CoHI: 13 | | Tonosma ~Conne |
G2V), 3 iHmoro, — Beae J0 B N
MEeBHOI Kiacudikaii 3ip 3a iX E I 0'01-_' . ;. bini xapma A ]
posmipamu. TloxigHi «rirasHTiBY, “loB A F G K OMYE
«KAPIHKIB»  BiIJI3E€PKATIOIOTH Comapmuini
MOPIBHSAHI PO3MIpH 31p, a HE iX Puc. 12.1. Aiazpama MepywnpyHaa—Paccena

Macu. Hanmpukian, 30pi-riraHtu

ity RR Jlipu marote macu 0,8 M, B Toit yac sk 3Budaiita 30ps CoHIle (3 Macoro
1 M) HanexuTh 10 TONOBHOI MOCTIZOBHOCTI. BKa3aHi 30pi MEHII 3a Macoro, ane
OuTbIIl 32 po3mipamu 3a CoHIle.

Acmpogizuuna knacugbikayia kocmiunux min. BuokpeMieHHS BiIO-
BITHOTO KJIaCy KOCMIYHHUX TUI (DOPMYETHCS HA TaKUX HOro (hisMyHUX 0COOIIH-
BOCTSIX, SIKI MPUTaAMaHHI TUIBKKA iM 1 BICYTHI B 1HIIMX 00’ekTax. Biarak 3o0pi
BUJUIAIOTh B OKPEMHI KJIaC Yepe3 HAsABHICTh B 1X HaJApaxX HU3KHU JIOBrOTPUBAIMX
AJIEPHUX PEAKI[il, B pe3yJabTaTl SKUX CHUHTE3YIOTbCs aToMu I'ijiporeHy B siipa

68 1. .
IX Wwe 3ByTb NOCNIAOBHOCTAMM.
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Teniro®. HasBHiCTh (BisMUHHMX yMOB Uisi mepebiry TAKMX peakiiii moB’s3aHa 3
MIEBHUM 1HTEPBAJIOM Mac KOCMIYHHUX OO0’ €KTIB, SIKI CTBOPIOIOTh B iX IIEHTpaIbHUX
o0nacTax NEeBHUM THCK 1 TemmepaTrypy. [lnaHeTH BHOKpPEMITIOIOTBHCS uepe3
JOCTaTHICTb Mach JUIsl CTBOPEHHS YMOB TMPOXOJUKEHHS — 2pagimayiuHoi
Oupepenyiayii’”’ Hamp KOCMIUHOTO Tilla, B Pe3yJIbTAT] YOrO BHIUISETHCA PO, SKE
Ma€ TYCTHHY, OUIbIIY 3a cepelHio. Sk BHAHO, 1 MiJ 9ac BHUOKPEMJICHHS 3ip 1
IUTAHET KJIIOYOBY pOJb BiAIrpa€ Maca KOCMIYHOTO Tuta. Jlpyra OCHOBHa
XapaKkTepUCTUKA — XIMIYHUM CKJIaJ, KOPUTYE 3HAYCHHS I1HTepBaly mac. Tak,
BUSIBUJIOCA, 10 MiHIMaJIbHA Maca IUIAHET PI3HOTO XIMIYHOTO CKJIAAy 3aJIeKUTh
came BiJ HBOTO: Memalesi, CUlKamui Ta JIbOOSHI NiaHemu MalTh HACTYITHI
sHaueHHs: 107 M®, 10°1° M®, IO’HMG BIAMOBIIHO. BUAUIAIOTE 1€ BOIHEBO-
reJIieBl MIaHETH, MiHIMAIbHY Macy SIKUX MOB’SI3YIOTh 3 X MOMIJIUBICTIO yTPUMATH
B cBoemy mom TsokiHHSA [imporen 1 Demiil, skl € JeTIOUMMH XIMIYHAMU
eneMenTaMu. B TakoMy pasi ix MiHiMaTbHa Maca HacTymHa: 107 M o

30pl 3 COHSYHMM XIMIYHMM CKJaJOM MOTPAaIUISIOTh B 1HTEpBajl Mac
0,08 — 150 M. Mexa 0,08 M Biarnosinae yMoBaMm, 3a SKHX BUHHUKAE IIPOTOH-
MPOTOHHUHN LUK siAepHUX peakiiil. s mac, Oubmux 3a 150 M . 30pSIHUI
BiTep’' HACTUIBKM BEIMKHIl, IO 30ps «BUIIAPOBYETHCA» i HE MOXKE iCHYBATH.
3HI)KEHHSI YaCTKM METaliB y XIMIYHOMY CKJIaJl 31p BeAe A0 30UIbIICHHS iX
MaKCUMaJIbHOI MacH.

HocmipKkeHHsT moKasan, 1o 1 3a mac, MeHmuX 3a 0,08 M MOXyTh HTH
HenoBroTpuBaii (He Ouabie 600 MIIH POKIB, B 3aJIEKHOCTI BIJ MacH) sJIEpHI
peaxuii 3a yuacti [igporeny, Jlitito Ta Heiirepito’”. Jlami Taki kocMiuHi Tina
BUXO/SITh Ha €BOJIIOLIMHY CTaill0 BIYHOTO OCTHUTraHHs. MiHIManbHIA Maci, 3a
SIKOKO IIIe MOXKe «3aropitucs» Jlenrepiii, Bianosinae snavenns 0,012 M 3a
MEHIIIUX Mac B IEHTPl KOCMIYHUX TIT HE BUHUKAIOTh YMOBH JJIsi YKOJHUX
snaepHuX peakiiid. KocmiuHi Tila 3 TakKMMH MacamMu BXK€ CIIIJT BIAHECTH 0
manet. HasBaicTh iHTepBay mac 0,012—0,08 M o flana MIJICTaBY JJIsI BBEJCHHS
e OJHOTO, TPEThOTO KJIACY KOCMIYHMX Til. IX HasBamu cy63zopamu (abo
KopuuHeBUMHU Kapimkamu). Ha JII'P BoHu po3TamoByrOThCS B MpaBid HIDKHIN
YaCTHHI, IPOJIOBXKYIOUU TOJIOBHY MOCIIIIOBHICTH 31p HU3bKOi CBITHOCTI.

69 Lis HM3Ka cknapaeTtbea 3 10 AagepHUX peakuin i 3BeTbCs MPOMOH—TPOMOHHUM UUK/IOM.

7 Mepepo3noain rycTMHWM KOHrMOMepaTy NJaHeTHOI peyoBMHW BMNPOAOBXK pagiyca nif Aieo camorpasiTauii (To6Tto
CBOEI rpasiTa,ii).

t 30pAHUIA, IK | COHAYHUI, BiTEP — NPOLLEC BUTIKAHHS M1a3MOBOT PEYOBMHM i3 30pi B MiXK30pAHUI NPOCTIp.

& LIa HM3Ka CKNafaeTbea 3 3 AAepPHUX peakLii i 3BeTbCA 3pi3aHUM (CKOPOYEHUM) MTPOMOH—POMOHHUM UUK/IOM.
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Orxe, Ha inTepBani mac (107°—107"")+150 M o BUAULIFOTBCS TPU KIacw
KOCMIYHMX TUJI: TJTAaHETH, cy030pi Ta 30pi (puc. 12.2).

AcTepoigHi Tina
MeTeopoinmn | [Inanen I Cyb3opi | 3opi | 1,{,1;‘5’“3
109101 0.012 0.08 150+600? M/Mg

Puc. 12.2. llIkana mac KOCMIiYHUX mina. 3HAK MUMAHHA «?» 8i0HOcUMbCa 00 Yucmo
B800HeB0-2ei€8UX 3ip, MOKCUMA/IbHA MACA AKUX We He 00CMAMHbO 8U3HAYEHA

MeH1muM MacaM BIAMOBIIAIOTH acmepoiou, a Maii mina 3 J1laMEeTpoOM, MEHIIINM 3a
30 M, BIAHOCATD 110 Memeopoidie (a0o MiHi-acTepoiniB). Cepen miIaHeT BUILISIOTH
IIe KapJUKOBI TUTAHETH, SIK1, SIK 1 3BUYAHI IJIAHETH, MAIOTh S/Ipa, ajie MeKa Mk
MM BIATQTY>KEHHSAM 1 3BUYAHUMHM ITUIAHETaMH TOKU 110 (I3UYHO HE
OOIpyHTOBaHa.

13. 3opi Ta CoHue

30pi BOPOAOBK OUIBIIOCTI Yacy CBOTO ICHYBaHHS MepeOyBalOTh B yMOBax
ab0 MOBHO1, a00 YaCTKOBOI eidpocmamuunoi pigHosacu, 0OYMOBIICHOT JIIEI0 CUIIH
SK1 YTBOPIOIOTBhCSI Y€pe3 HAsBHICTh BJIACHOTO JpKepena eHeprii. Came depes 1ie
BOHHM MarOTh chepruHy (Gopmy, SIKIII0O OCbOBUM OOEpTaHHIM ado MI€I0 TMPUTLIUB-
HUX CHJI 32 YMOBHU HAsIBHOCTI MACUBHOTO 30p1-KOMIIOHEHTA (B TTOABIIHIN cUCTEMI)
MOJKHA 3HEXTyBaTH. [lepeHeceHHs eHeprii 3ip 13 eHTpaIbHUX 00acTel Ha30BHI,
BUIIPOMIHIOBAHHsSI Ta BUHECEHHS PEYOBMHHM 3a MKl 30p1 (3opsauuil eimep),
3araJloM BHYTpILIHS OyJ0Ba 31p YHNPOJAOBXK iX ICHYBaHHS B 3aJI&KHOCTI Bif iX
MacH, €JIEMEHTHOIO CKJIady 1 BIKYy € pi3HUMH. BcCl 1l YMHHUKHA 3yMOBIIOIOTH
PI3BHOMAaHITHICTh 31p, Akl nomupeHi y Bcecsiti, cepen sikux Conie € ix
MPEJICTABHUKOM.

Bnacni oxcepena enepeii. Tinbku y 31p B LIEHTpaIbHINA 001acTi € yMOBU
JUTs TIepeOiry HU3KH (1110 3BYThCS YUKIOM) AOePHUX peaKyili, B PE3YJIbTaTl SKUX
13 sgep ['iaporeny (ToOTO MPOTOHIB — p) CUHTE3YEThCA [eniii-4 3 BUAUICHHSM
cyMmapHoi eHeprii AE 3a cxeMolo:

4p — ‘He+2e" +2v, + AE | (13.1)

+ o
1€ e — MO3UTPOH, V, — CIIEKTPOHHE HEUTPUHO.
[{iero BHU3HAYAJIBHOIO BJIACTUBICTIO 30p1 BIAPI3HIIOTHCA BiA 1HIIMX

KocMiuHMX TulL [li7 3rajaHuMu ymMoBaMH PO3YMIIOTh JOCTATHIO TEMIIEPATypPy
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Ta MIUIBHICTh PEUYOBHHHU B IIEHTPl KOCMIYHOTO Tija, SKi 3ajeXaTh BiJ HOro
MacH, OCKUIbKM caMe BOHa 1 3a0e3Medye iX HUISIXOM Jiii THCKY, SIKMil CTBOPIOE
Cuna 8cec8immHb020 MANCIHHA Ha Horo 1neHTp. Macu kocmiunoro tuia 0,08 M o
JOCTaTHBLO, 00 B oro meHTpi Oyna gocarayra temneparypa 3,2 muH K, 3a
AKOT TIPOXOJIUTh TaK 3BaHUN MPOTOH-NIPOTOHHUN (p—p) IUKI AIEPHUX PEAKIIN
(B oMy paszi AE = 26,7 MeB crae edekTUBHUM), 110 1 BU3HAYAE MIHIMAJIbHY
Macy 30pi.

Enepris, 1o BUHUKA€E B Pe3yJbTaTl SACPHUX PEAKIlI, 3aBISIKH TIEPEHOCY
y BEpXHI MIapu 30pi, MEPEIIKOKA€ il CTUCKAHHIO. Bi KIIBKOCTI BOAHEBOTO
SJIEPHOTO MMAJIMBa Ta TEMITy HOTO BUTOPSHHS 3aJI€KUTh 4Yac, YIPOJIOBXK SKOTO
BUKOHY€TbCS OallaHC pIBHOBarW 30pi, KOJIM BOHA TiepeOyBae Ha TOJOBHIMN
nociigoBHocTi JII'P. Came mosokeHHs 30pi Ha Iiil MOCTIJOBHOCTI BKa3ye Ha
Te, MO B Hazapax 3ip «roputhy» ['igporen. Temm ropinas ['igporeny 3poctae 3i
30UIBIICHHAM MacH 3ip. 31 3pocTaHHsM MacH 3ip M > 1 M eHepreTuiHo
BUT1JIHIIIIM € TiepeOir 1HIoro, gyereyeso-azomuozo (CNO) yuxkny snaepHUX
peakuiii (AE =25 MeB). Buropsuusa [iaporeHy Beae A0 BUHUKHEHHS
TeIIEBOTO siApa Ta 3yNUHKU sifiepHUX peakiiid. [loganbpia eBosrolis 3ip
3aJICKUTH B1JI 1X MacH.

Axmo 30ps mnepedyBae Ha 1HIMX nociaiioBHOCTAX JI'P  (riraHTtis,
SICKpaBUX TITaHTIB, HAJl- UM TIMEPTriraHTiB), B 3aJ€KHOCTI BIJl TOYaTKOBOI MacH
30p1l B HaJpax CTBOPIOIOTHCS YMOBHU JISl SIIEPHOTO TOPIHHS OUIBII BaXKUX
XIMIYHHMX €JIEMEHTIB, SIKE B MPOIIECI 1X CHHTE3Y CYIPOBOKYETHCS BUIUICHHSIM
eHeprii. ['panuns 1 XiMidHUX elleMeHTIB y [lepioanyuHiii cuctemi eeMeHTIB
MeHeneeBa, siki yTBOPIOIOTHCS B HaJipax 3ip, oOMexxeHa 1o ropusonTaii: [V-m
psinom, 4-ro niepiony Ta no Beptukani VIII-to rpymnoto, ne 3HaxoaaTbest Depym,
KobGanbt, Hikon (puc. 13.1). JInsg XIMIYHHX €JIEMEHTIB, 110 PO3TAIIOBaH1 HIKYE
1€ MeX1, HEOOXI1HA JOJAaTKOBA CHEPTis 330BHI, OO 3a0€3MEUUTH YMOBHU IS
1X CUHTE3Y.

Yac saepHOro ropiHHS XIMIYHHUX €JIEMEHTIB Mae OOEpHEHY 3aJIeKHICTh
BiA ix macu. HaiimacusHimi 3opi l'amakruku (150 M) nepeOysarotb Ha
TOJIOBHIA TOCTIOBHOCTI OMM3bKO 2 MIIH pOKiB. Y 3ip HaWMEHIINX Mac
(<0,26 M) 4epe3 Te, 10 BOHU NOGHICHIIO KOH6eKMU6HI (PCIOBHHA IX HAIp
MEepPEeMIITy€eThCsl  BIJ IIEHTpPa MO 30BHINIHIX MIapiB), 3amaciB [igporeny
noctatHb0 Ha TOpiHHSA A0 300 TpuiBHOHIB POKIB. € 3aJeXKHICTH 1 MIOA0
YTBOPEHHS 1HIIMX S/Iep XIMIYHUX €JIEMEHTIB: OUIbII MACUBHOMY aTOMHOMY
SIPY BIJIMOBIA€ MEHIIIUM Yac MOTO CUHTE3Y.
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Puc. 13.1. lepiodu4yHa cucmema ximiyHuUx esemeHmie MeHOeneesa

Ilepenecenns enepeii 6 Haopax 3ip i 30panuil gimep. B 30psax € 1Ba MeXaHI3MHU
MIEPEHECEHHS €HEepPrii, sSka YTBOPIOETHCA B PE3YJbTaTl SACPHUX pEAKIil Ta
MepeslacTbCsl HA30BHI UEPE3 30H)Y NEPeHeCeHHs MenjoBoi enepeii: TUISTXOM
Koneekyii (TOOTO TepeMilllyBaHHS) Ta eunpominiosarHs. B pa3l KOHBEKIIil
HarpitTa pedyoBHHA OUIbII TNIMOOKMX IApIB B MOJI TSKIHHS 30p1 MEPEHOCUTH
TEIJIOTY B OLIbII 30BHI mapu. [IOBHICTIO KOHBEKTUBHOMY KOCMIYHOMY TLTY
BI/IMOBIJIA€ TIEPEMIIIIYBaHHS PEYOBUHM MOTO HAJp BiJ LIEHTpPA O HANOUIBII
30BHIIIHIX IIAPIB.

[TepeHOCHUKOM BUIPOMIHIOBAHHS € (POTOH, KU OTPUMYE €HEPTIIO Bif
AJIEPHOTO JIKeperna Ta pyXaeTbes 3 IEHTpa Ha3oBHI. Ha cBoeMy HUIsiXy BIH
MOTJIMHAETHCS, IEPEBUIIPOMIHIOETHCS, PO3CIFOETHCS PI3HUMM YaCTUHKAMH, SIK1
NPUCYTHI B Hajpax 30pi, M0 3aBaka€ HMOMY HIBUAKO IEPEHECTH EHEPTilo,
JOCSITHYTH 30BHIIIHIX MIApiB Ta MOKMHYTHU 30pro. Llei nuiax 3aiimae necsTku,
aTO M COTHIO THCSY pokiB. [[oBruili yac mepeOyBaHHa (OTOHA B HaJpax 3ip
CIIPUYUHSIE T€, 110 3BETHhCS JOCSTHEHHSIM TEPMOJIMHAMIYHOI PIBHOBArM MIX
EHEPTi€lo, 10 TMOTPAIUIA€ Yy BUAUICHUN eJIeMeHTapHHI 00’€M HaJp 1 BUXOIUTh
3 HBOTO.

3 iHmoro 00Ky, ()OTOH Ma€ IMITYJIbC 1 TiJ Yac pyXy HA30BHI B3aEMOJIIE 3

30psiHOI0  peuoBUHOW. [Ipu 1bomy BiOyBaeThesi Tepenaya HOro KIHETUYHOI
eHeprii i0HaM pPEYOBHHHM, 4Yepe3 III0 BOHU TMOKHUIAIOTh BEpXHI Imapu. Ko
MIBUIKICTh YACTUHOK 30PSHOI PEUYOBUHU MEPEBUIIYE 3HAYECHHS IPYTroi KOCMIYHOI
IIBUKOCTI, BOHA MOKUJAE MeX1 30pi. Takuii mpoiiec 3BEThCSI 30PSHUM BITPOM.
[Ipyuomy umm OimbIi Maca 30pl Ta YacTKa B ii CKJIa/l BaKKUX XIMIYHUX
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CJICMEHTIB, TUM OUIbIII 1HTCHCUBHUM € 30pSHUM BITEp. Y HaWMaCHUBHIIIUX 3ip
3 COHSIYHUM €JIEMEHTHUM CKJIAJIOM POJIb 30pSIHOTO BITPY HAA3BUYAWHO BEJIMKA.
Hanpukian, 3opi 3 macamu B 100 M Ha TOJIOBHIi MOCIIOBHOCTI BTPAvarOTh
TOJIOBHHY CBO€ET MacH, a 30pi 3 macamu M =150 M  — BCro, 10 i BHU3HAYa€e
MaKCHUMAaJIbHY Macy 31p 3 COHIYHUM €JIEMEHTHUM CKJIaJIOM.

Buympiwinsa 6yooea 3ip i ix ammocgep. SIkimo 30ps Mae BHYTPIIIHI
JoKEperna eHeprii, TO BHINEBKAa3aHYy 30HY SICPHUX peakiiii 3BYyThb ii s0pom
(puc. 13.2).

JOHZ [MepeHocy y
eHepIL H ORI I'LOHE-{'HE. 30HAa

= |

Koueertnena 30Ha

5

30Ha mepeHoCy
EMIPOMIHIOB AHHA

Puc. 13.2. BHympiwHsa 6ydosa 3ip: a — 20/108HOI Noca1i0o8HOCMI,
6 — cybeieaHmis, 8 — 2cicaHMi8

Taxi 30pi po3TamoBytoThCs Ha Tkax mocaigosaocteit JAI'P: 0, I-111, V Ta
VI (puc. 12.1). SAapo otodye miap nepeHocy eHeprii Ha30BHI. B 3anexHOCTI Bij
actpo(izuuHux 00CTaBWH, BIH MOXE JUIMTHCS HA 30HU, B SIKMX €HEPris mepe-
HOCHUTBCSI IIUISIXOM BUIPOMIHIOBAaHHS 4 KOHBekIii€r. dotocdepa — BepxHii
map 30pi (B sIKOMy Maike BIJICYTHIN T'paiEHT TeMIIEpaTypH), CIOCTEPEKEHHS
SIKOT'O caM€ 1 OKpecitoe 30pro. Lleit ke map € 1 HUKHIM 30psHOi aTMocdepu.
Han HuUM postammoByeThCcsi Apyruil map 30psiHOI aTMocepu — xpomocgepa,
B AKIi TIOMITHUM € TIO3UTHUBHUN TPAIIEHT TEMIIEpaTypu, a HaHOUIBIIOMY
BIJIIOBIIa€ TPETIM Mmap — kopoHa. B 1mpomy 1mapi TeMieparypa MOXKe
TepeBHIYBATH 3Ha4YeHHS Y doTocdepi Ha mopsmku, csararoun ~ 10° K. Came
TYT €Hepria (OoTOHIB HalBHUINA, IO 1 Ja€ MACTaBU I (POPMYyBaHHS B KOPOHI
30pSIHOTO BITpY.

3opi, siki nepedyBaroTh Ha iHIMX ruikax J[I'P, MaroTh aesiki 0COOIMBOCTI.
Hamnpuknan, nwa mnochigoBHocTi IV, sika BiAmoBijae cyOriraHtam, sjpo Mae
remieBuil ckian. Haag HUM pO3TaIIOBYEThCS TaK 3BAHE «UiApOBe 0xceperoy,
B SIKOMY TIPOJIOBXKYIOThCS SiACpHI peakiii 3 meperBopenns [iaporeny B ['emiit —
(13.1). Ham i#ne map (30HA) MEPEHOCY €HEprii Ha30BHI, KUK OTOUYY€E 30psHA
atmocdepa. Ha cranii cyOriranris, a mie Outbiie — riranTiB (mociigoBHicTh I11)
30pl MarOTh Yy JECATKUA pPa3iB OUIbII NPOTSHKHY atMocdepy, HiK Ha TOJOBHIM
MOCJIITIOBHOCTI. B COTHI 1 THCAY1 pa3iB OLIBIN MPOTSHKHY aTMochepy MaroTh 30pi,
110 TIepeOyBaroTh Ha Tikax mocaigoBHocTer 0+I1. B rmmbokux mapax armochepu
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mux 31p (Hax SAPOM) EHEPris IEPEHOCUTHCS IUISXOM BHUIIPOMIHIOBAHHS,
a B 30BHILLHIM, OUTBLI NPOTSHKHINA 001aCTI — NUIIXOM KOHBEKILIII.
bini xapnauku (mocnigoBHicte VII Ha JII'P) He MatoTh BiacHUX JKepel

€HEprii, y HUX BIACYTHE SO, HEMAE Ipaji€eHTa TEMIIEpaTypH y3J0BXK pajiyca,
a atMocdepa € 0 JHOIIAPOBOIO.

Enemenmnuuii cknad 3ip BIUIMBaE Ha iX JKepena €Heprii, mepenavy
eHeprii Ha30BHi, TEMI 30PSHOIO BITPY, 3HAYEHHS OCHOBHMX XapaKTEPUCTUK.
B 3anme)xHOCTI BiJi HasgBHOCTI B CKJaJl 31p BaXXKUX XIMIYHHMX EJIEMEHTIB iX
PO3IUIAIOTh HA TpU ocHosHi Hacenenns: 1, 11 ta III. YMicT (4acTky) XiMidHUX
eJIeMEeHTIB Mo3HavaroTh: X — ['iaporeny, Y — I'enito, Z — 3arajioM BCIX IHIIHX,
TakK, 1[0 BUKOHYETHCS PIBHICTB:

X+Y+Z=1. (13.2)

Jlo HaceneHb BiTHOCSTH 30Di:
I —3ygactkoro Z = 0,01 (X=0,71+0,72),
II-37~0,001 (X~=0,73),
I-372=0X=0,75, Y=0,25).

Taka TrTpamamis BIJANOBIAA€E EBOJIOIIMHUX TIpoIllecaM, IO BIAOYBaIUC
y BcecBiTi; CIOCTEpEe)KHUM JIaHUM MO0 €JIEMEHTHOTO CKJIaay 3ip, SKi
HaJIeXaTh O 30PSHUX CHCTEM 1 iX CKIAIOBUX PIZHOTO BIKY; OCOOJMBOCTSIM
BHYTPIIIHKOI OYJ0BH i1 OCOOIMBOCTSIM 30PSTHOT €BOJTIOIII].

Ak 3’scyBasiocs, UMM MeEHIIE Z, TUM OUIbII MaKCHMaJlbHI MacH
(s Z= 0,02 — 150 M, st Z = 0 we menure 500 M) 3ip 1 Temmeparypa ix
dotochep (mpu Z = 0,02 — = 60 tuc. K, ms Z = 0 moxe cararu 110 tuc. K)
1 Tem1 3opsiHOTO BITPY (7151 Z = 0,02 BiH OUTbIINN HA TOPSAIKH Bif 3ip 3 Z = 0).
Hnst Z = 0 eHeproBUIUICHHS Bi0OyBA€THCA BUKIIOYHO 33 PAXyHOK SIACPHHUX
peakiiit p—p uukiny. EHepris B 11bOMy BUITAJIKy TIEPEHOCHUTHCS HA30BHI IUISIXOM
BUIIPOMIHIOBAHHS, Yepe3 OUIbII MPO30pi Ha/Ipa TaKKX 3ip.

Conuye — HaiisickpaBiluii HeOecHUM 00’ €KT, 0 PO3TAIIOBaHUM Bia 3emill
Ha BijacTaHi Onu3bko 150 MaH kM. lle Benuye3He KOCMIYHE TUIO y AlaMeTpi
cranoBuTh 109 miametrpiB 3emimi (2Rg) Ta Oubine 3a ii Macy (Mg) y 329 tHcC.
pa3iB 1 € HaliMacuBHIIIKUM y COHSIUHIA CHCTEMi, TOMy BOHO TiepeOyBae B ii
neHTpi (puc. 1.2). CoHIlle HaJICKUTh A0 HACEICHHS | 3 €IeMEHTHUM CKIIaJIOM:
X=0,71,Y=0,27,Z=0,02.

Ile mokm 1m0 e€amHa 30ps, SAKYy MOXKHA JOCHITKYBaTH 3 BEIUKOIO
PO3IUIBHOIO 3aTHICTIO, 3aBASKU sIKil Ha moBepxH1 CoHls (B Horo gotocdepi)
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CIIOCTEPITAlOThCA JeTall, HEAOCTYIHI JJs JOCHI[PKEHHS B IHIIAX 3Ip.
B ontnunomy mgianazoni Ha aucky CoHIl crmocTepiraroThesi (pakenu, TEeMHI
IJISIMM Ta BOJIOKHA, Tpanyismis (puc. 13.3).

Puc. 13.3. ®omocehepa CoHusA (a): 8 ekeamopianbHili obaacmi (3niea) cnocmepizcaemeocs
MeMHQa COHAYHA MAAMA, HAO AKO ACKPABe yMeBOPEHHS 36eMbCA COHAYHUM (haKenom;
gesIuKe memMHe 80/10KHO, W0 MOYUHAEMbCA Nobau3y yeHmpa ma rnpocms2aemscs
Hanpaso, Ui MeHwi (Had ¢pakenom i 8HU3y) gidnosidarome npomybepaHysam, AKi 8 npogini €
nemsasamu, W0 Crocmepi2caemosCcs 8 MaKomy 8u2a:0i, 3a38u4ali, HQ COHAYHOMY /iMbi
(v xpomocepepi) — (8). binbwuli Mmacuimab 306paxceHHs (6) 0ae moxcausicme
criocmepizcamu cmpyKkmypy COHAYHOI NAAMU Ma 2paHyAAyito, W0 il omoyye

ConsuHi (axenn — OUIbII SICKpaBl YTBOPEHHS, MO BIIHOIIEHHIO 0 3arajibHOro
OTOYEHHS, CKJIAJaloThcs 3 (akelbHUX rpanys giametpoM s0 30 TUC. KM 1,
3arajioM, MOXYTh 3aliMaTl 3HA4YHY IUIONTY NOBepxHi. COHAUHI nasmu — TEMHI
obOisacti, Temneparypa sikux Huxude Ha ~ 1500 K Big oTOUYyrOUOi MUISTHKH
dbotochepu. MarniTHe niosnie wisiM moxe csratu 0,45 Tn. Tewmni eonoxkna Ha
COHSYHOMY JHUCKY BIANOBINAIOTE npomydepanysm, SKi CHOCTEPIraloThCs
y BUrJIsAA1 meTenh Ha JiMO01 CoHIsl (TPOTSIKHICTIO BiJ ACGCATKIB THCSY 10
KUTbKOX MUJIBMOHIB KUIOMETPIB) 1 TEPUTOPIATBLHO PO3TAIIOBAHI BXKE Y BHUIIUX
mapax — CoHAuHiu xpomocghepi. 3 JIOCTATHBOIO PO3AUIBHOIO 3AaTHICTIO
doTochepa Mae IUIIMUCTY CTPYKTYPY, IO 3BEThCS COHAUHOMW 2PAHYIAYIEID
(puc. 13.30). Taka cTpyKTypa € HACIIAKOM KOHBEKTUBHUX PYXIB y HaWBHILIHX
mapax cpituia. i yrBopeHHs MaroTh po3Mmip 01au3bko 1000 kM 1 30epiraroThest
BOpoaoBxk 8—20 xB.
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VY xpomocdepi, OUTBIIT BUCOKUX IIapax, KpiM mpoTyOepaniiiB (puc. 13.3B)
criocrepiratotbesi 1ie crikynu U Quokynu. Cowusuni cnixyau (puc. 13.4a) —
OCHOBHUHM €JIEMEHT TOHKOi CTPYKTypH Xpomochepu, IO CIOCTEpIraloThbes
y BUTJISAI JIOCTaTHRO TOHKMX CTOBMYMKIB IutazMu jgiamerpom 500-1200 M
1 npoTspkHICTIO BT 10 10 20 THC. KM 1 SIKI pyXarThCs 31 MIBUIKICTIO OJU3BKO
20 xkm/c 1o BucoT 5—10 Tc. KM Haa BUAUMOIO noBepxHero Cons. Yac iX KUTTS
5-10 xB 1 3arajibHa KUIBKICTh csira€ OJIM3KO MIIbHMOHA, 10 TMOKPUBAE MPUOIU3HO
1 % moBepxHi Conust. Conauni gpnoxynu (au xpomochepHi hakenn) — BOJTOKHHUCTI
1 OUIbII siICKpaBi 3a OTOYEeHHs yTBOpeHHs (puc. 13.46). BoHU rypTyrOThCs 10
oOnactel 3 CUIbHUMH MarHiTHUMU MOJISIMH, YaCTO OTOYYIOTh COHSIYHI IUISIMU Ta €
npojoBxkeHHsIM (y xpomocdepi) coHsunux ¢akemis. Ille Buine, B cousaumiii
KOPOHI, CTIOCTEPIratoThesl et ¥ apku ta aipu (puc. 13.5). Koponanvui nemni i
apku — 11¢ TITAaHTCBKI (B COTHI TUCSY KUIOMETPIB) HUTKOMOI0OHI BUKUIH TUTa3MHU.
Koponanvui dipu — obnacti 3 3anmxeHoro (mpudau3Ho B 100 paziB) ryCTHHOO Ta
Temmeparyporo (8-10° K), B Toif uac sk s ioHi3awil JiHii XiMIYHIX eIeMEHTIB,
0 CIIOCTEPIraloThcsi B KOPOHi, HeoOximHa Temmeparypa (1,5-6,3)-10° K.
[Tpodine 3aranbHOi GOpMU COHSYHOI KOPOHU Kopenmtoe 3 11-piuHumM yuxiom
COHAYHOI akmusHocmi: B 1i MAaKCUMyMi KOHTYP KOPOHU Ma€ OLIBII HEHTPATbHY
cuMeTpito, a B ¢otocdepi 30UIbIICHY KUIBKICTh JIeTajiel; B MIHIMyMi — sIKICHA
CUMETPIsl CIOCTEPITaeThCs TUIBKA BIAHOCHO oci oOepranHHsi COHIT Ta Maibke
BIJICYyTHI JieTani B porocdepi (puc. 13.6).

Puc. 13.4. ®pazmeHm xpomocgpepu CoHYs (a) — cnikyau ma ceimsi 80A0KHUCMI
ymeopeHHA — ¢hrokynu (6)

Puc. 13.5. KopoHanbHi nemni (yu apku) — (a) ma dipu — (6)
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KibKicTh COHSIUHUX TUISIM TaKOK 3pocTa€e 3 HaOmmkeHHsIM COHIIS 0 MAaKCUMYyMY
aKTUBHOCTI. Mipor0 3MiHM KUIBKOCTI IUISIM Ha COHSIYHIN TMOBEPXHI € TaK 3BaHI
yucia Bonvgha, MakcuMymy SIKUX BOHH JIOCSITAIOTh B POKHM MAaKCHUMYMIB COHSYHOT
akTUBHOCTI (puc. 13.7).

Puc. 13.6. 3anexcHicmb ¢popmu COHAYHOI
KOPOHU ma HassHocmi 0emasnel y
chomocepepi 8i0 ¢pazu akmusHocmi:

8 Mmakcumymi (a, 8) i miHimymi (6, 2)
akmusHocmi CoHUA

1700 1740 1780 1820 1860 1900 1940 1980 2020

Puc. 13.7. lpagik cnocmepexcHOoi 3MiHU COHAYHOI aKMU8HOCMI

VYci onmcani sBUIA MOKH IO JOCTYITHI JJI1 BUBYEHHS TUIbKKM Ha COHIII.
Hemae cymHiBIB, 110 MOAiOHI SBHIIA TPUTAMaHHI W 1HIIUM 30psM, ale IIe He
JOCTYTHI yepe3 Opak BIAMOBIIHUX aCTPOHOMIYHUX 3ac001B. ToMy HOCTIKEHHS
CoHI € HAA3BUYAWHO BAXKJIMBUM [IJII BUBUCHHS SIBUII, II0 BiJI0YBaOTHCS
B arMocdepax 3ip.

CoHile — 30ps, 0 Ma€e TEPMOSIAECPHE JHKEPENIO €HEprii, sika BUAUISIEThCS
MEePEBAXXHO BHACIIIOK (p—p)-yukay SAECPHUX PEaKiliil, KU TPOXOAUTH 3a
TeMmIepaTypu Onm3bko 16 MiuH kenbBiHiB i rycrumam 1,6-10° kr/m’. Taka
eHeprisi, BuxoAs4u 3 Hajp COHIIs, CYIIPOBOKYETHCS CIIaJaHHsIM TeMIEpaTypu
Tak, mo Ha moBepxHi (y ¢otocdepi) BoHa crtaHOBUTH Onu3bko 5 800 K.
Cepenns ryctuHa CoHIIS A€o ObIna 3a TYCTHHY BOJIH

M
R, =7-=1400 Kr/M’, (13.3)
3

ne constani M = 32910° Mg = 2-10” xr — maca ta R_ = 109 Rg = 7-10° m -
pajiyc, o IHTEPIPETYETHCS HOT0 BOAHEBO-TEIIEBUM €IEMEHTHUM CKJIAJIOM.
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CoHn1ie — 30ps TOJIOBHOT TOCIIJOBHOCTI, dKOBTHH KapJIUK CHEKTPAIBHOTO
kiacy G2V. 30pi COHSIYHMX Mac BUIPOMIHIOIOTH CBITJIO 32 PaXyHOK SIIEPHOTO
ropiaHs ['igporeny BrnpomoBxk 10 mipa pokiB. Binrak, 3 ypaxyBaHHSIM BIKY
CoHrs, BOHO mepeOyBaTUME Ha CTajlii TOJIOBHOI MOCHIJOBHOCTI IIE 5 MIpA
POKIB.

14. Cy630pi Ta nnaHeTn

Knacudikamiss kocmigaux Tt (po3a. 12) craiga MOMXIMBOIO TUTBKH TICIS
BU3HAYCHHS BIAMOBIAHUX (PI3MUHUX OCOOIMBOCTEH 3ip, CyO3ip 1 MJIAHET, SKUM
IIpUTaMaHH1 IIeBHI JIUIIE iM (Pi3HMYHI BIACTHUBOCTI 1 B HE3aJIC)KHOCTI BIJI TOTO, JIC
BOHU MOXYTb Tparisitucsa y BeecBiti. Tomy, konu Biakpuiu B cepeansi 1990-x
POKiB mepmii mpejicTaBHUKM Ccy63ip” i ek3omnaHer ', yXe Hi B KOro He
BUKJIMKAJO CYMHIBIB IIOJAO MPaBWIBHOCTI BHU3HAYEHOI KiIacudikalii Ta
peanbHii NOMMPEHOCTI TAKMX KOCMIYHUX T171 Yy BcecBiri.

Cy63opi. B xocmivHux Tinax 3 macor MmeHme 0,08 M neHTpanbHi
temriepatypu Menmni 3a 3,2 muiH K. Taki TemmepaTypu YHEMOKIUBIIOIOTH
BKJIIOYEHHSI TIOBHOTI'O MPOTOH-MPOTOHHOTO IMKIY SAEPHUX peakIlii, aie
B Mekax temmeparyp 3—3,2 miaH K Moke HeqoBroTpuBaio «ropiti» [igporeH,
IO BIAMOBIAA€ By3bKOMY iHTepBany Mac kocmidxux Tt 0,07-0,08 M .
Temnepatypu Bin 2,5 go 3,2 man K pocratHbo ang ropinss JliTio, 1o
BimoBizae Mmacam kocmigyaux Tt 0,06-0,08 M o 3a temnieparypu 0,4-3,2 MH
K wmoxe «ropitu» Jeitepiit. Taki yMOBU € B KOCMIYHHMX TUIaX 3 MAacoro
0.012-0.08 M .. [TeperniveHi sinepHi peakiii AiFoTh He0Bro, He Oubie 600 MiH
POKIB 4epe3 Maly WMOBIPHICTH SAEPHOTO MEPETBOPEHHS Ta HE3HAYHUN BMICT
penikroBoro Jleiitepito i Jlitito”. Temneparyp Hauap, MeHmHX 3a 3.2 miH K,
HEJI0CTATHBO ISl TOJI0JIaHHS KYJIOHIBCHKOTO 0ap’epa siIepHOi peakxiiii TOpiHHS
['emiro-3, B pe3ynbTari siKOoi yTBOprOoe€Thes [emiit-4 3 aBoma siapamMu aroma
[iaporeHy — ocTaHHsS peakilisi NPOTOH-NPOTOHHOro HukKiay. Came TOMy Il
00’€KTH 111e HE MOKYTh BBAKATHUCS 30PSMH.

3a po3mipamu cy030p1 MEHIII 3a 30pi Ta MOPIBHSIHI 3 TAKOKO IJIAHETOIO,
sk FOmitep (puc. 14.1).

> [nize 229 B — nepuwa BigxkpuTa (1994 p.) cy630ps K KOMMOHEHT NOABINHOT cuctemu ize 229.

51 Neraca b — nepuwa BigKkpuTa (1995 p.) eksonnaHeTa y 30pi 51 MNeraca.

7> PenikToBuil [Oevitepiit (isoTon Fiaporeny) Ta JiTik — XiMiuHi enemeHTH, siKi yTBOPUAMCA Nif Yac NEPBMHHONO HYKIEOCUHTE3Y
(6nmn3bKo 14 Mnppa, pokiB TOMY), 3aUWIMAKCA A0 CbOrOAEeHHA Yy BCecBiTi Ta BXOAATb Y CKNaZ, MiXK30psAHOI pe4oBUHU, 3 AKOI
YTBOPIOKOTLCA 30pi Ta cyb30pi.
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Cy030pi MarOTh 30pSHUIN €JIEMEHT-
HUI CKJIaJ, a iX BHYTPILIHS CTPYKTypa
Ma€e TpU TOJOBHI CKJIaJ0Bi: sf0po (7€
€JIEKTPOHM PEYOBMHU TIOBHICTIO BU-
POJIKEH1, a aTOMHU — iOHiSOBaHi)76; 30HA
YACKOBO20 BUPOONCEHHS eleKMPOHIB U
lonizayii peuosuru Ta arMocdepa, sika €
KJIACUYHUM OOJIBIIMaHIBCHKUM T'a30M, II10

Puc. 14.1. MopieHAanbHi po3mipu cy63ip  TIepeOdyBae B XiMiuHill pi6H06a3i77. Jliist

i3 CoHyem ma HOnimepom BOJHEBO-TEIIIEBOI  CyMIllll  ammocghep

Cy03ip 3 COHSIYHUM €JIEMEHTHUM CKJIaJIOM

XapaKTepHUMH MoJjieKysiamu € okcugl kapoony (CO), meran (CHy), amiak (NHj3),

Boga (H,0O), monexymnspauii a3ot (N,). llepenbOavaerscsi BAHUKHEHHS B TaKHUX

YMOBaX CKJIQJIHUX OPraHIYHUX 1 HEOPTaHIYHUX MOJICKYJ Ta paJMKalliB, TaKUX SIK
(dbopManbieriz, ClIUPTH, BYTJIEIIEBOBMICHI MOJIEKYJIH TOIIIO.

Komu temmeparypa ¢ortochepuux mapiB csrae omuzko 2000 K, Taxi
ximMiyHi eneMmeHTd, sk depym ta Cumimiit (K1 CIOCTEPITatOThCsS 3a CIIEKTPO-
CKOIYHUMU CIIOCTEPEKEHHSAMHU), ICHYIOTh B ra3onofaioHoMy craHi. B mporeci
BiKOBOT'O OCTHTaHHS 11i Fa3U KOHIEHCYIOThCS B aTMOc(epi, yTBOPIOKOYH XMapH. Ix
€Mi30/IMYHE PO3CIIOBAHHA YU NEpeMillleHHs B arMocdepl Bene J0 KOPOTKOIo
4acoBOI'0 30UIBIIEHHS SICKPABOCTI Cy030p1 (Uepe3 OroJIOBaHHS HMKYMX, OUTBIIT
HarpiTUX IIapiB), IO MIATBEP/IKYETHCS CHOCTEPEKHUMHU JaHUMH. [IpoBojsum
aHAJIOT1I0 MK PyXOM IMOTOKIB 1 XMap 3 MpoliecaMu B IOMITePIaHChKIM atMOcdepi,
MIPUXOJIMMO JI0O BUCHOBKY MPO MOKJIMBY HAsIBHICTh B aTMocdepax cy03ip BITPIB 1
yparaniB. Takox criocrepiranucs (3a ganumu KT Xa006ma ta Cmitiiepa) HUCX1HI
MOTOKM TapsiuMX IIIIMHOK 1 Kparejib PIAKOTo 3aji3a ¥ 1HIIMX YaCTHUHOK, IO €
(akTU4YHO BIAMOBIAHUM jomeM. Tobto atmocdepu cyO3ip MOXKYTh Xapakre-
pHU3yBaTHCS MIEBHOIO CBOEPITHOIO METEOPOJIOTIELO.

Ilnanemu. Po3nineHHs TUTAHET HAa KJIacu TIOB’SIBYEThCS 3 HASBHICTIO
TEIUIOBUX 30H HABKOJIO 31p (UM Cy03ip), B SIKMX Yy 3aJE€KHOCTI BiJl J1ala3oHy
TeMIIepaTyp BUHUKAIOTh YMOBH JUISl yTBOPEHHS KOHOeHcamy'®, i3 4aCTOYOK SIKOTO
B TOJJIBIIOMY HLIIXOM Koazyisayii (pOPMYIOThCS IUIAHETH IIEBHOTO XiMi4HOTO
ckinany. ['paBitarmiitHa gudepeHIiialis 4acTO40K KOCMIYHOI PEUYOBHMHH B IIOJI
TSDKIHHS 30p1 Ta [Iisl TEIJIOBOIO BUIIPOMIHIOBAHHS LIEHTPAIBHOTO Tia (30p1 4H
cy030pi) MPU3BOAATH O TOTO, MIO 3 HAOMMKEHHSM JI0 HBOTO TPYMYIOTHCA
YaCTOYKU 3 yC€ OUIBIION TEeMIEPAaTypor BUIApOBYBaHHS. Biarak y HanlOImx-

e TEeOopPeTWYHi AaHi Npo Te, Wo B it obnacTi lNgporeH NnposABAse AKOCTI meTanis (BHACNIAOK iOHi3aL,i 3'ABAAOTLCA Bi/bHI
€NEKTPOHM): BiH CTA€ €NEKTPUYHUM NPOBIAHNKOM. TOMY B TaKUX YMOBaX BiH € MemasiyHUM 800HeM.

77 Ximiuna piBHOBara — cTaH XiMi4HOI cMcTeMW, B AKIM MPoOXogATb MPAMI Ta 3BOPOTHI XiMmiYHi peaKuii 3 piBHUMMU
LWBUAKOCTAMM.

78 KoHzeHcaT — NpoAyKT nepexoay PeY0oBUHM Mif Yac OXOJIOAMKEHHSA 3 ra3onoaibHoi dopmu B piaKy.

7 Koarynsuisa — npouec 3aMnaHHA (B NpOTON/IAHETHIM XMapi) ApiOHMX YacToYOoK B Binbli B pe3ynbTaTi 34enneHHs.
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YOMY OKOJIl BUHMKAIOTh YMOBHU JJisi (DOpMyBaHHS IJIAHET 3 OUTBII TYTOIUIABKUX
YaCTOYOK 3 OUIBIIOW TYCTHMHOK, a 3 BIJJIAJICHHSM BIJ LEHTPAJIbHOIO Tija
YTBOPIOIOTHCSA TUIAHETH 3 YCE MEHITIOI0 TEMIIEPATyPOIO IJIABJICHHS Ta T'YCTHHOIO.
BiamoBigHO 10 XIMIYHOTO CKJIaAy KOCMIYHOI peYOBUHU (3 AKO1 (OPMYIOTHCS 1
30pi B TOMY YHCIi) BUHUKAIOTh YMOBH 1jisi hopmyBaHHsT MeTtaneBux (Fe/Ni),
cuinikatHux (un kam’siHux — Si), apoAsHux (3 H,O — Ic) 1 BogHeBo-remieBux
(H/He) mmaneT, mo ¥ BIANOBIMAE pO3AUICHHIO iX Ha Takl kiacu. KoyxHa
IUTaHeTa 3 BIAMOBIAHOTO KJacy MAa€ XapaKTepHY CEpelHI0 TyCTHHY, sKa
BpPaxoBY€ iX HEOJHOPIAHICTh 1 HASBHICTh B HUX HAWOLIbII WMOBIPHUX CIIOJYK
1 MiHepadiB. BiaTak O4IKyIOTh, IO METAJEBl IUIAHETH MICTATh NEPEBAXKHO
®epymM 1 Hikour; cunikatHi — @epyM 1 CHITIKaTHI CHOIYKH; JIbOJSHI — CUJIIKATHI
CHOJIyKH 1 Bomy (uu 1i JIa); y BOJHEBO-TEIIEBUX TeEpeBaxaroTh [iaporeH
1 ['emiii. BomHeBo-remi€eBl MiaHeTH MarOTh OyTH TiraHTaMH, OCKUIbKM 1HAKIIIE
BOHM HE 3MOXYTh YTPHUMYBaTH OCHOBHI CBOi JIETIOUl XIMIYHI €JIEMEHTH.
BpaxoByioun miaHetd COHSYHOI CHCTEMH, CepeliHi IYCTHHH (B I/CM’) TIaHeT
BIJIMOBITHUX KJIACiB HACTYIIHI:

B =748 R =3+5 B =1+2, fy =1.

BianoBilHO 110 WX CEpEeaHIX I'yCTUH (5p1) 1 3Ha4YeHb MIHIMAJILHUX Mac

mnaner (M ., 1), Aki HaBeneHi B po3d. 12, MOXHa HPOBECTH OIIHKY iX

MIHIMAJbHHX JI1aMETPIB:

— (14.1)

=800 km, D

min_ Si

=500 xm, D

e D_. .. e =300 kM, D =70 000 xMm.
OuyeBuHO, 1110 HABEJICHI OI[IHKU CTOCYIOTHCS 1 KAPIUKOBHX TIJIAHET.

Cnin  3a3Ha4UMTH, MO0 HAISKHICTh IUIAHET JO BIAMOBIHOIO KJacy
€ YMOBHOIO B TOMY CEHCI, IO SIKIO Yy TUIAHETH YTBOPWJIOCA SJIpO, TO MOro
IyCTUHA, SIK CIIIJ 4YeKaTu, Mae Oulbllie 3HAUYEHHS 3a cepenHe. B Takomy pasi,
HAMOBIPHO, 10 B METAJIEBUX IUIAHET PO OUIbII CTUCHYTE, Y CHJIIKATHUX IUIAHET
PO METAJIEBE, Y JILOJSTHUX — CHJIIKaTHE. Y BOJAHEBO-TEIIEBUX IUIAHET SAPO MOXKE
OyTH CHJIIKATHO-METAJIEBUM, HABKOJIO SIKOTO pO3TAIllOBaHA TeJi€eBa OOOJIOHKA.
Buxonsum 3 1poro, miaHeTH MOXYTh MaTH MPOMIXKHI KJIacH, Taki K METaJIeBO-
CUJTIKaTHI, CHJIIKATHO-METAJICBl, JBOJSHO-CHIIKATHI ToImio. I[IpuHIMIIOBO, IO

y IUIaHET CJ1J1 BUAUIUTH HE OLIbIIE YOTUPHOX OCHOBHMX IAPIB: Z0p0O, MAHMIlO Ta

min_H/He

80 . . . .
Pe3synbTath obuncneHb HaBeAeHi AK cepefHi 3HAYEHHA ANA XapaKTEPHMX FYCTUH i 3 OAHIED 3Hauywow undpoto,
OCKIiJIbKM MiHIManbHi Macy NaaHeT BiANOBIAHOIo XiMiYHOro CKAaAy BifOMi 3 TOUHICTIO 40 NOPALKY.
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KOpy, HaJl SIKOKO PpO3TAIOBYEThCS iX ammocghepa (puc. 14.2). SAnpo moxe
nepe0yBaTy SK y PO3IUIABICHOMY, TaK 1 B TBEPIOMY CTaHi. B meprioMy BUMaaKy
y IJIAaHETH 3a YMOBHM JIOCTaTHHO IIBHJKOTO OCHOBOTO OOEpTaHHS BHHHUKAE
MarHiTHe moje. MaHTis y IUTaHeT 3 PI3HUM XIMIYHUM CKJIQJOM — pi3HA.
V cunikaTHHUX 1 METAIIYHHUX IUIAHET, B 3aJ€KHOCTI BiJ iX MacH, BIAJAJIEHOCTI Bl
IEHTPAIBHOTO CBITWJIA Ta BIKY, MaHTIsl TAKOXK OUIKYETHCS SIK Y TBEPJOMY, TakK 1 B
piAKOMY CTaHl 3 XIMIYHMM CKJIaJ0M, OJM3bKHUM [0 iX BIANOBIAHOTO THITY.
VY nboasiHux 6e3aTMoc(epHUX MIIaHET HasIBHICTH Ta TOBILMHA KOPH 3aJI€KUTh BiJl
TEpMOANHAMIKM Hajp. HasBHICTH MOTY>KHOI aTMOocepu y TakuxX IJIAaHET MOXKE
OPU3BECTH K JIO0 PIAKOI, TaK 1 JO HASBHOCTI TBEPAOI KOpH, fKa MOXke OyTu
NPOAOBKEHHSIM MAaHTIi 1 MPAKTUYHO HE PO3AUIATUCSA 3 TEX TBEPJOID MAHTIELO.
VY BOAHEBO-TENMIEBUX INIAHET 3 MAaHTIEID OTOTOXKHIOETHCS IMAp METAIIYHOTO
BOJHIO, ITJI SIKHM PO3TalllOBaHE TBEPAC UM PIJAKE CHUIIIKaTHO-METAJIEBE SPO.
OcCKiTbKM METaJIIYHUM BOJIEHh Y TAaKUX TUIAHET mepedyBae B PIIKOMY CTaHl, HaJl
SAKUM TIOYMHAETbCA IIap TMOTYXHOi arMocdepu, a A BUHUKHEHHS KOpU
BIJIMOBIAHI YMOBM HE BUHHMKAIOTh. Taki YMOBU MOXYTh CKJIACTUCS Ha IMI3HIX
CTaJIIIX €BOJIOL1, KOJH SK SIPO, TaK 1 BEPXHI IIAPU CYTTEBO OCTUTHYTh.

Tazoea atmocdepa I'azoea atmochepa

e

P, Pinraiii

a 6 B
Puc. 14.2. BHympiwHs 6ydosa naaHem: a — CUMiKaMHuUX;
6 — 1b00AHUX 2ieaHMiB; 8 — BOOHEBO-2eiesUX

3arajioMm aTMoc(epu IUIAHET B 3aJI€KHOCTI BiJl BIJIHECEHHS IUIAHET J0
BIJIMOBITHOTO THUITY ¥ BIJAAJICHOCTI BIJl IIEHTPAIBLHOTO CBITHJIA MOJUISIOTH Ha
YOTUPHU OCHOBHI Kiacu: romiteponoaioHi (7. ~ 150 K) 3 amiaunuMu xmapamu;
«oasHy (T ~ 250 K) 3 mepeBaroro B XMapax KOHJICHCOBAHOI BOJIH;
oe3xmapoBi (T 2 350 K) 1 Bucokoremmnepatypai (7 2= 900 K). OueBumno,
aMiauHU# KJjlac atMocdep BIJNOBIAAE BOJAHEBO-TEIIEBUM IUIAHETaM, OCKUIBKU
MOJIEKYJIM METaHy, aMmiaky, BOJIHIO, a30Ty W BOJM HaWOUIbII XapaKTEpHI came
JUTsI HU3BKOTEMITEpaTypHOi 30HM HABKOJIO 30pi. BucokoTemriepaTypHHil Kiac
OUIKYETHCSI XapaKTEPHUM ISl HAHOUIbII OJU3bKUX A0 3ip 1 cy03ip CUIIIKaTHO-
MeTajeBux IUiaHeT. Boma Ta Byriekucnaui ras, WMOBIPHO, XapakTEpHI s
atMocdep, Temnepatypa skux ~200-300 K.

B Consuniit cucteMi IIaHETH 3€MHOI TPYNH OUIbIIE BUSBISIOTH ceOe K
cuiikatHo-metanesi, KOmitep 1 CaTypH — BOAHEBO-TENI€BI IUIaHETH, YpaH
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1 HentyH — npoasiHO-cumikaTHi TiranTu. B 30H1 ['ooBHOTO MOSICY T1 acTepoiy,
10 HajeXxaTh J0 KapJIUKOBUX IUIAHET, € cuiikatHuMu. Y mosci Koiimepa,
HMOBIPHO, 70 KapJMKOBUX IUIAHET HAJEeKaTh 00’ €KTH TEPEBAXKHO 3 JILOISTHUM
cknagoM. Cepes MpeICTABHUKIB KEHTABPIB KAPJIMKOBUX IUIAHET HEMAE.

15. Beauki nnaHetn COHAYHOI cUMCTeMM Ta iIX CYNYTHUKNU

Jlo BeNMMKUX HajeXaTh IJIAHETH, IO PO3TalloBaHi HaOmmxkye 10 CoHIls
Ta CXOX1 32 (PI3UYHUMH BJIACTUBOCTSAMH Ha 3€MJIIO, a TAKOX Ti, 10 HA TTOPSIIOK
1 OUTbIIIEe TIepeOUTBIIYIOTH ii 32 Macoto. OCTaHHI BIAHOCSTH JIO TJIAHET-TIraHTIB.
VYci Boun obepraroThes HaBKOI0 CoOHIlA, a €Kl 3 HUX MalOTh CBOi «IJIAHETHI
CUCTEMI» 31 3HAYHOK KUIBKICTIO CYIYTHHKIB Ta KUIEUb PI3HOIO XIMIYHOTO
CKIIamy.

Benepa — maiibmmxye m0 3emil KOCMIYHE TUIO 3 arMocdeporo
(puc. 15.1a), sxa nepioguIHO HAOIMKYETHCS HA BiJICTaHb OJM3BbKO 40 MITH KM.
[{s ruta"eTa cxoska Ha 3eMIIIO 3a PO3MipaMH 1 3arajikHOI0 Macor. Maca MeHIa
BiJ 3eMHOI Ha 19 %, paniyc — Ha 5 %. Maca ii atMmocepu Ha ABa MOPSIKH
nepedunpiiye Macy 3eMHOi. Tomy armocdepa Benepu y 52 pasu Ouibln rycra,
a TUCK Ha TOBEPXHI MepeBUllye 3eMHHU y 93 pasu. Birpm nmyTh Ha piBHI
XMapoBOT0 MOKPUBY 31 mBUAKICTIO 100 M/c.

Puc. 15.1. BeHepa (a) ma ii Opyaa 3a sucomoto (6au3zbko 5 kKm) eopa Maam (6),
W0 € WUMOBUM 8Y/IKAHOM 3 OiaMempom 8 COMHIO Kiromempis

Byrnekucnuii ra3 € 0CHOBHOIO CKJIa/I0BOIO BeHepiaHChKOi atMochepu. Kpim
Toro BoHa MicTuTh Hitporen, Apron, Cynbdyp, Bomy, cipuaHy Ta (TOPHCTO-
BOJIHEBY KHCJIOTY. 3 BeHepu HeMae MOKIIMBOCTI CIIOCTEPITaTh 3a 30PSTHUM HEOOM
yepe3 HasiBHICTh CYIUILHOTO XMapoOBOT0 MOKPUBY. BiH YMHUTH CI/IJ'IBHI/II71 BIUIMB Ha
METEOPOJIOTi0 IUIAHETH, CYTTEBO 3ATPUMYE Meniogy padiayiio’, yTBOPIOIOHUH
napHukosuill eghexm, 3aBISKA SKOMY TEMIIEpaTypd BJICHb 1 BHOYI INPAKTUIHO

81 BeHepa npnbansHo B 1,4 pa3u 6aunkya 3a 3emto 4o CoHusa. Tomy BOHa OTpUMYyE binblue Tennotn y 1,42 = 2 pasu.
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onnakoBi, +480° C. Ha ioBepxHi € ropH, CIIiii ByJIKaHIYHOI JisSIbHOCTI, HEBEIMKA
KUTBKICTh KpaTepiB yJapHOTo MOXO/pKeHHA. bazanbToBoro naBoro Bkputo 90 %
noBepxHi. HalOuIbIl BETUKOIO TIPCHKOK CHCTEMOK € Topd MakcBena, sKi
MaroTh BUCOTY Haj okojamu 6—7 kM (10—11 kM Hax cepeqHIM piBHEM IUIaHETHOI
noBepxHi) Ta po3mipamu 850—1000 x 700 kM — Benukoro y3Buis 3emis [mrrap.
3anuiikaMy HaWBUILOTO BYJIKaHA € ropa MaaT, 1o 311iMaeThCs HaJ| MOBEPXHEIO
Ha BUCOTY Maiike 5 KM (= 8,5 KM BIJHOCHO CEpPEIHBOIrO IJIAHETHOTO PIBHS) —
puc. 15.10.

Mapc pa3 y 17 pokiB, y Nepioa Haubiibuio2o npomucmostis, HabIu-
KAETHCSI HAa BIJICTaHb OJM3BbKO 55 MIIH KM 10 3emii (puc. 15.2a). Bin y 9 pasis
3a macoro 1y 1,9 paziB 3a po3mipamu MeHIui 3a 3emito. Maca atMocdepu
mwiaHety y 220 pas3iB MeHIIa 3a 3eMHY, TOMy THCK y 160 pa3iB MeHIIUH, HIXK
y TIOBEPXHI 3eMJIl.

%Q*« |
it RalY

a
Puc. 15.2. Mapc (a) ma lozo Halibinbwa 3a sucomoro 26 KM ma po3mipom
611u3k0 540 km 2opa Onimn (6) 8ynKAHIYHO20 NOXOOHEHHSA

Atmochepa y Mapca, sk 1 y Benepu, nepeBakHO CKJIAIa€ThCA 3 BYTJIe-
Kucioro razy (95 %), 4acTkoBUM CKJIaJ] y MOPIBHSIHHI 3 36MHUM: BOJSHOI Mapu
npuOIM3HO CTUIBKK K, a3ory MeHme y 30 pasziB. Mapc po3ramoBaHuit
y 1,5 pasu gani Bin Conus, Hix 3emist. Tomy Bin orpumye B 1,57 =2,25 pasu
MEHILIE COHSYHOI €Heprii. 3 ypaxyBaHHSIM pPO3piIXKeHOI atMocdepu, sika He
MOKE CyTTEBO 3aTPUMYyBAaTH TEILIO, TEMIIEpaTypa BACHb Ha MOBepxHI Mapca He
nepesuinye 0° C, a BHOUI 3HmKyeThes 10 —120° C. Ha ekBaTopi Temmeparypa
Moxe gocsrati +30° C, a Ha morrocax 1HKOIH 3HIKYEThCs 10 —143° C. Tuck y
noBepxHi B 160 pa3iB MeHIIE 3€MHOTO Ta ICTOTHO 3alie’KUTh BIJ MICIIE-
3HaXO/PKEHHS Ha MOBepXHI Mapca 1 mopu poky. B3uMKy 3aBxkau Ha BIAMO-
BIJIHIM TMIBKYJII Ha IMOJIOCI BUHHUKAE TOJSpHA IIANKa, IO CKJIAJAEThCA 13
3aMep3JI0i BOJIU Ta BYTJIEKUCIIOTO Ta3y.

[ToBepxHs Mapca BKpHTa KpaTepamu, € TOPH BYJKaHIYHOTO IMOXOKCHHSI,
HaWOLIbIIA 3 SKUX CIIOCTEPIraeThCsl HABITh 3 MOBEPxHI 3emii: ropa OmiMmo Mae
BUCOTY OJIM3BKO 26 KM 1 miametp =~ 540 kM (puc. 15.20). XiMiuHu# cKiaj rpyHTy
HEOJHOPITHUKM 110 ToBepxHI. OCHOBHOIO CKJIaJ0BOI0 € KpemHezeMm (2025 %),
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SAKUM MICTUTh JOMIIIOK TipariB ¢epyMy, IO Haga€ TPYHTY UYEpPBOHYyBaTe
3abapBieHHs. Mapc, Ha BigMmiHy Bin BeHepu, Mae 1Ba actepoinomnosioHi
cynmytHukun — ®oboc 1 [leitmoc, 3 cepeadimu miamerpamu D = 22 1 13 kM
BIJIMOBITHO (puc. 15.3).

Puc. 15.3. ®oboc (a) ma Aetimoc (6)

Mepkypii — naionmxde kocmiuHe Tuto g0 CoHIg 1 HallMeHIe cepen
naamem 3eMHOl epynu82 (puc. 15.4a). 3a Macorw 1 po3MipaMHl BIH MEHIIUN BiJl
3emu y 18 1 2,6 pa3iB BianoBiiHO. ATMocdepa Mepkypist HAATO po3plIKeHa —
il rycruna memie 3emuoi y 100 kBampinsiionis pasis (< 107" kr/m’), a THck
y HoBepxHi — MeHme y 50 Tpribitonis pasis (< 2:107* atm).

Puc. 15.4. Mepkypili (a) ma lioco ppazmeHm 3 kpamepom (6), de liozo
nepemuHae eckapn: ycmyn 3a8008xKu 160 KM 3 nepenadom saucomu 1 kKm

Cxknan atMmocepu Mepkypiss € BOJIHEBO-renieBUM. YacTKOBHII BMICT
MOpiBHSIHO 3 3eMHUM: Heony — B 2—-3 pa3u MeHIe, AProHy i BYTJIEKHCIIOTO
razy — Ha nopsijok. Bienp mmanera, 1o posramioBaHa y 2,6 pasu OIux4e 10

82 o .U . oo o o
[o nnaHeT 3emHOl rpynu HanexaTb MepKypiit, BeHepa, 3emns i Mapc — HaWbinbll cxoxi 3a GisUUHMMM
XapaKTepPUCTUKaMM i BHYTPIWHbO ByA0BOIO.
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Conng, HiX 3emis, nporpiBaerbes 10 +430° C, BHOUYI OXOIOIKYETHCH IO
temmneparypu —180° C.,

[ToBepxHst Mepkypis cxo’ka Ha MICSIUHY, BOHA OUIBII KpaTepoBaHa, aje
BEJIMKI KpaTepu TpaIUIsloThes piame. HailOuibliumii KpaTep po3TalloBaHUN
B piBHUHI Crieku (1525 x 1315 kM). OcoOIMBICTIO MEPKYPIAHCHKOTO JaHAIAPTy
€ HasBHICTh OaraTOYMCEJbHUX 3yOUacTHX BIJKOCIB (€CKapmiB), JIOBXKUHA SIKUX
JIOXOJUTH 0 COTEHb KioMeTpiB (puc. 15.40).

3emna (puc. 15.5a) sk 1iaHera Mae a30THO-KHCHEBY atmocdepy (N, —
78 %, O, — 21 %) 3 pomimkamu nepeBaxxHo Aprony, Boau (~0.5 %) Tta
Byriekucinoro raszy (0,03 %). Y mnoBepxHi ryctuHa aTtMocdepu CTaHOBHUTH
1,225 kr/™’, 1i ek — 1 atm. CepenHs TeMmepaTypa BIEHb CTaHOBHTH +25° C,
BHOYI MiHIMaJIbHa TeMIteparypa omyckaetbes 10 —33° C. Takuii TemreparypHuii
pexxum 3a0e3neuye icHyBaHHsS Olocdepu, B KM Melkae OJnu3ko 8,7 MIIH BUJIIB
UBHUX 1CTOT.

Puc. 15.5. 3emns (a) ma Halisuwa ii 2opa (8,848 km) Esepecm (6)

[ToBepxHst 3emull pO3AUIAETECA HA KOHTHMHEHTAJIIbHY YacTUHY (Ha SKY
npunagae 29 %) ta CsitoBuii okean — rigpocdepy (71 %). Cknanosa, 110
3MIAMA€TbCd Ha MOBepxHE0 CBITOBOIO OKEaHy, CKIAJAEThCA 3 KOHTHHEHTIB
1 OCTPOBIB, Ha AKHX ICHYIOTh PIBHUHH, TopH (puc. 15.56) Ta X MacuBH, piukH Ta
03epa, a 1HKOJM 1 MOps. SIK KOHTUHEHTAJIbHA YaCTHHA, TaK 1 rijipocdepa 3aceneHi
KUBUMU opraHizMamu. [lojisgpHi mIankyd B MIBHIYHIM YacTHH1 pO3TAIllOBaHI Ha
Teputopii CBITOBOTrO OKeaHy — APKTHKA, a B MIBJICHHIH MiBKYJi — AHTapKTHKa, HA
TEPUTOPIi OKPEMOTO KOHTUHEHTY.

B KOHTHHEHTaJIBbHIM KOpl BUIAUISIOTH TPU IIapH, 5Kl CKJIAJAIOThCA
3 TIPCBKUX TOPiJ, rpaHiTiB83 i 6asaneriB®, OCHOBHHMH CKIQIOBHMH SKHX
€ miokcusl cuiiiio. CBITOBUM OKEaH CKIIAJA€ThbCs 3 IIapy BOJM, MiJ SKUM

8 [paHIT — MarmaTu4yHa ripcbKa NOpoJa BY/NKaHIYHOIO MNOXOAMKEHHS, WO cPopmyBanacsa Ha rMmnbuHi 3—4 km nig gieto
nutochepHoro TUCKY > 1 kbap.

# BasanbT — marmatuuHa ripcbka MopoAa BY/IKAHIYHOTO NOXOAMKEHHA, AKA GOPMYETbCA MPW 3aCTUraHHI laBu Ha
NoBEepXHi NAaHeTw.
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po3TaloBaHa OKeaHIYHA KOpa, OCHOBHOIO CKJIQJIOBOIO SKOi € OazambT. Ilifg
KOpOIO pO3TaIllOBaHa MAaHTIs, sIka OOBOJIIKAE 30BHIIIHE PIJIKE SIPO — JHKEPETIO
MarHiTHoro mnoisig 3emuti. BHyTpilHe 3eMHe SApo € TBEpAUM. SIpo B IIOMY
CKJIQJIA€ETHCA 3 3aJ113a Ta HIKEIO.

Micauyv — wnaitommxue no 3emui (puc. 15.6a) xocmiyHe TUIO Ta 1l
MPUPOJHUN CYNMYTHHK, BijaJieHUH BiJl Hel y cepenaboMy Ha 384 000 km. Lle
oe3zarmocdepHuil 00’€KT, MEHIIIMI 3eMill 32 po3MipaMu 1 Macoro, BIJIMOBIAHO,
y 3,7 1 81,3 paziB. Ha moBepxHi Micslig crocTepiraloTbCsi KpaTepu yAapHOTO
(puc. 15.60) 1 BynkaniuHOTO mOXO/KeHHS. KpatepiB cyTrTeBO Ounblie Ha
MICSYHUX MaTEPUKOBHUX 00JIACTSX, K1 CBITIIII 3a MOPCHKI paiioHu. B mepion
MICSYHOr0 JHS HOro moBepxHs mporpiBaerses mo +120° C, BHOYi 19 001aCcTh
HOBEPXHI 0X0I0mKyeThest 10 —160° C.

Puc. 15.6. Micays (a) ma lioco kpamep BaH-0e-Mpaagha diamempom 243 km (6)

Micsup BigOuBae Bchoro 12 % cBiTia, 1o najae Ha Hboro. BepxHiit map
Micsisi TOKpUTUN peconimom — MUIKAM MaTeplajioM, IO YTBOPHUBCS IICIS
31ITKHEHHSI METE€OPHOI PEYOBUHM 3 MICSYHUMU T1PChKUMU nopoaamMu. OCHOBHUMU
eneMeHTaMu Takoi cymimi € Cwmimid, Amomidiv, Kamemin, Marnii, dtop.
ToBmMHA PEroIiTOBOrO IIapy CATA€ B JECATKIB CAHTUMETPIB JO JECSATKIB
METPIB.

Cepennsi ryctuHa Mepkypis, Benepu 1 3emii cTaHOBUTH OJIM3BKO
5-10° kr/M’, y Mapca — tpoxu Merime 3a 4-10° kr/m’, y Micsrs — 3,3-10° kr/a’
[le mosICHIOETBCSI HASIBHICTIO CUJIIKATIB 1 METAJNIEBUX SIAEP Y MEPENIUCHUX TLIax
Ta iX Micue3HaxokeHHsAM y CoHsIuHIN cucteMi. B 3aj1€XKHOCTI BiJ] BiIHOIIICHHS
Macu sjapa KOCMIYHOIO TiJla JIO 3arajibHOi Macu, Micsllb MOKE BBa)KaTHCS
OmmKkye M0 CUIIIKaTHUX TuUl, MepKypiii — 10 MeTalneBO-CUIIKaTHUX, BeHepa,
3emutst 1 Mapc — 710 cusliKaTHO-METalIeBUX.

FOnimep mae npuOIM3HO TaKUi caMuid XIMIYHUN ckian, sk y Conus (iHoAi
IpU LIbOMY BJKHUBAIOTh TEPMIH «COHSUHUINY). lle Haitbublna 1uiaHera, cepenHs
IyCTHHA SKOi Omm3bka 10 comstaroi (1,33:10° kr/a’). HOmitep menure CoHust 3a
Macoro (M;) y 1000 pazsiB, a 3a pamgiycom (R)) — y 10 pasziB (puc. 15.7a).
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BiamosigHo BiH Oumbinie 3emii y 318 paziB 3a macoro 1 B 11 paziB 3a giameTpom.
VY cknaa atmocdepu, kpiMm BoJHIO (= 82 % 3a 00’€MHHUM YacCTKOBUM BMICTOM) 1
reinito (= 18 %), BXOuTh METaH 1 amiak (MEHIIE B1JICOTKA). 30BHIIIHI aTMochepa
Mae temreparypy oimsko —130° C, BoHa po3zijeHa B3I0BXK IIMPOT Ha BUTITHYTI
CMYTH, IO MNPU3BOAUTH 10 Oyp 1 mmropmiB. IIIBUAKICTH BITPIB MOXE CSATaTH
170 m/c 1 Ounbiie. Sk pe3ysbTaT B3aEMOJINA MK MEXKaMHU CMYT PO3TIISIAIOTh
HasIBHICTh Benukoi uepsornoi nisimu (Ha puc. 15.7a cpaBa HIDKYE €KBaTopa Ta Ha
puc. 15.76). BBaxkaetbcs, 110 razoBa aTMocdepa IJIaBHO NEPEXOJUTh B PLAKUN
BOJHEBHI OKEaH 3 TeMIeparyporo, 6mm3pkoro g0 6 000° C, e CTBOPIOIOTHCS
YMOBH [iJIsi HOro TJIo0anbHOro KumiHHSA. Il OKeaHOM O4IKYy€eThCA IIap
METaJIeBOro BOAHIO 3aBTOBIIKK 30—50 THC. KM, THCK SIKOT'O CTAaHOBUTH JEKIIbKA
MUTBHOHIB atMochep. OGepTaHHs 1[HOTO IIapy, B SKOMY MPOTOHU 1 €JIEKTPOHU
nepedyBaloTh OKpEMO, TOPOXKY€ TIraHTChKE MarHiTHe noje. B 1eHTpi mianetu
nependavaeThCsl HasBHICTh KaMm’ STHOTO siapa 3 aiameTpoMm 15-30 Tuc. kM, 110
nepedyBae mia BenukuMm TUCKOM (30-100 mun arm). Temmeparypa siapa
ommspka 10 30 000° C i ckaamaeThes 3 OiIbIT BaxKKKX 3a I'eniil emeMeHTiB.

a
Puc. 15.7. tOnimep (a) ma lozo Benuka yepsoHa rasma (6)

VY IO0mitepa BiioMO 79 CymyTHUKIB 1 KIJIblIE, IO CKJIAIAETHCS 3 APIOHUX
KaMeHiB 1 ra3zy. Yotupu HaiOuibin 6e3armocdepHi cynyTHuku FOmitepa Oynu
BikpuTi e [amineem: o (D = 3631 km), €Bpona (D = 3122 km), ['animen
(D = 5268 kM) i Kamicto® (D ~ 4820 kM) — puc. 15.8. Buxoasun 3 cepeuboi
ryctunu lo 1 €Bponu, BIAMOBITHO 3,6:10° kr/M’ i 3-10° kr/™M’, MOKHA BBaxaTH,
[0 BOHU OJIMDKYE 10 XIMIYHOTO cKiaamxy Micsus (3,3-103 Kr/M3). lanimen
1 KaymicTto cknagaroThCs BIPOTIAHO 3 PEYOBUHHU, IO € CYMIIIIIO JbOAY
i KaM’SIHEX TIOpin, — iX cepemHs rycTHHAa MeHma 3a 2 r/cm’. Sk i y IuiaHer
3eMHOI TpymnH, Il CYNyTHHUKHA MAalOTh TBEPAY KOPY 1 IIEHTpajbHE SIpO.
18 BHYTpIIIHIX CYNYTHHKIB (10 AKHX HaJIeXaTh 1 rajijeeBi) MarwTh IpsMe

85 . . .
MepeniyeHi cynyTHUKKN 3BYTbCA 2as1ineegumu.
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oOepTaHHs, 61 30BHINIHINA CYITyTHUK — OOEPHEHE 1O BITHOIICHHIO O OCHOBOTO
pyxy Omirepa.

Puc. 15.8. lo (a), Espona (6), FaHimeO (8) i Kanicmo (2)

Camypn nHan6bmmxde cxoxa Ha HOmitep 3a (pi3MuHMMHM TapaMeTpamu
minaHeta. Bin gemo menmuit 3a posmipamu (0,84 R;) 1 macow (0,3 M),
MICTKICTIO Tefito (Malixke B 2 pa3u 3a 00’€EMHUM CKJIQJOM) 1 CEpPEeIHBOIO
ryctuHoio — 0,69-10° kr/m’ (puc. 15.9).

a 6
Puc. 15.9. CamypH 3 nonapHum catieom Ha nontroci (a) ma lozo lNeaHmcokuli 2ekcoeeH (6)

binemn HU3BKA cepenHs TYCTHHA TUIAHETH CBIMYUTH TPO T€, 10 OCHOBHUM
eneMeHToM xiMiyHoro ckiaay Carypha € ['igporen (93 % 3a 00’€eMHHM 4acTKoO-
BUM BMicToM). OcHOBHOIO nomimkoro € I'emiit (7 %), a Takok B HE3HAYHOMY
BMICTI BO/a, METaH, amiak 1 I 3 XIMIYHAM CKJIAJ0M, OJM3BKUM JI0 «TIPCHKHX
opiJi». 3apeecTpoBaHi IMIBUJKOCTI TMOBITPSHUX ITOTOKIB CTaHOBIATH 500 m/c.
CarypHiaHChKi aTMOc(hepHi BITPH IMYTh IEPEBAXHO Yy HAIPSMKY OCHOBOTO
oGepranHs miaHeTH. Ilepiogmuno (mpuOmm3HO pa3 Ha 30 poxiB™’) 3’sBisteThCS
Benuxuti 6inutl osan, cX0XUl Ha MpupoAy romitepiancbkoi Bemmkoi YepBoHoi
[Tnsmu. TloctiiHO 1cHye QeHoMmeH [iecanmcbkuil 2exkcazoH — arMmochepHe
YTBOPEHHS JiaMeTpoM 25 THC. KM Y BHIJISl MPABWIBHOTO IIIECTUKYTHHUKA

8 Hanbankunii pa3 nosBa Takoro ¢eHomeHy y 2020 poui.
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HABKOJIO TMiBHIYHOro momoca (puc. 15.96), mpupoma SKOro 3alMIIAEThCA
HE3’SICOBAHOIO.

Ax 1 y HOmnirepa, mig armocdeporo CarypHa, Ha TIMOWHI OJU3BKO
30 THC. KM THCK JOcsira€ 3HAY€HHS OJM3bKO 3 MJIH aTM, J€ OYIKYEThCSA
ICHyBaHHsI 1Iapy METaJIIYHOrO0 BOJIHIO, @ B LIEHTPl — 3ali30-KaM’ SHOTO sijpa
3 Macoro J10 20 3eMHHUX Mac 3 JOMIIIIKaMHU JIbOY.

Kinbie, sike crocTepiraeTbCs HaBITh 3 3eMIi, Mae aiamMeTp OJU3bKO
250 000 kM 1 ToBmMHY MeHIe 1 kM. BOHO cKIamaeThes mepeBakHO 3 YaCTHHOK
po3Mmipamu ~ 1 cm, 3pigka 3 MOHOMTIB 1-2 M, € ¥ Tima g0 1-2 km. 3a
MIHEPAJIOTTYHUM CKJIAJIOM — II€ JIiJT a00 KaMeHi, MOKpUTI JboaoM. CaTypH Mmae
82 CYIyTHHUKH, cepell sIKUX HalyHIKaapHIIIMM € Tutan (D = 5152 kM), mo Mae
a30THy atmocdepy (98,6 %), THCK $KOi Ha IOBEpXHI CTaHOBUTH 1,6 aTm,
a remneparypa —179 °C (puc. 15.10a). Ha Tutani € MeraHOBI 03€pa, PIKH
(puc. 15.100) Tta, ¥KmMoBipHO 1, MOps. BHyTpimHsa Horo OynoBa mojaiOHA [0
MICSYHOI Ta TaIUICEBUX CYMYTHUKIB. BHYTpIIHI 24 CYNyTHUKUA MarOTh MPSIMUN
opOitanbHuil pyX. [HI 58 CyMyTHHKIB BITHOCSTH JIO TaK 3BaHUX HEPETYJSPHHUX
CYNMyTHHUKIB, SIKI JIEMOHCTPYIOTh 3BOPOTHMM pyX abO0 TUIOIIMHU iXHIX OpOIT
MIOMITHO BIJIPI3HAIOTHCS BiJl €KBATOPI1AJILHOT IUTOIIMHA TUTAHETH.

a 0
Puc. 15.10. TumaH (a) — mynemucrneKkmpasibHe 3006paXeHHs,
demasi AK020 He 8UOHO y suOUMOMY 0iana3oHi Yepes NoMmyxcHy ammocgepy;
ma ¢hpazmeHm nosepxHi, 3agikcosaHuli 3 nioxmapHoi ob6aacmi padapHum cnocobom (6),
Ha AKomy 3a¢hiKkcosaHO memaHosi piyku U ozepa (memHi ma cuHi obaacmi)

Ypan (puc. 15.11) BUIUIAIOTH Y OKPEMY KATETOPIIO «IbOOSAHUX 2I2AHMIB
yepe3 Te, 10 JO0 HOro CKIaay BXOAWTH BHCOKOTEMIIEpaTypHa MOudiKailis
mpoxy. Moro maca i pamiyc craHoBmsate 14,5 Mg i 4,0 Re. OcHoOBy iforo
atMocdepu CKIIaaloTh BOJACHB 1 TeJiH, a TAKOX BIIKPUTI CIIIJIN METaHy, aMiaKy
Ta IHIIUX BYTJIEBOAHIB. ATMOc(hepa Mae CKIaAHy IapyBaTy CTPYKTYpy Xmap,
e BOJAa CKJIaJa€ HIDKHIA map, a wMeTaH BepxHid. IlIBuakicTe BITpIB
B atmocdepl pgocsrae 240 w/c. IlepenbavaroTh HasIBHICTb IIOBEPXHI, IO
CKJIQJIA€ETHCA 3 JIbOAY 1 cKelb. B Hagpax Ypana MeTaniuHuil BOJEHb BIJICYTHIN.
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VYpan Mae cuctemy Kijielb 1 27 CymyTHUKIB. 18 BHYTpIIIHIX CYITyTHUKIB MatOTh
npsiMme 00epTaHHs HABKOJIO IJIAHETH. 30BHILIHI 9 CyyTHUKIB, 32 BUKIIOUEHHIM
Mapraputu, pyxarThCs Y 3BOPOTHOMY HampsiMky. HalOiap1ni giamMmeTpu MaroTh
Mipanna (D = 472 km), Apiens (D = 1158 kM), Ymopiens (D = 1169 km),
Turania (D = 1548 kM) 1 O6epon (D = 1523 kM) — puc. 15.12. BHyTpimHg ix
OynoBa aHajoriyHa Micsiro 1 rajiyieeBUM cynmyTHrUKaM fOmitepa.

Puc. 15.11. YpaH, yepeoda Ackpasux
XMAapUHOK ma (o020 Kinbuye

Puc. 15.12. MipaHda (a), Apiens (6), TumaHia (8) ma ObepoH (2)

Henmyn, six 1 YpaH, HaJICKUTb J0 JbOSHUX T1raHTIB, MAa€ Macy Ta pajiyc,
Oomu3bki 10 Ypana: 17,2 Mg 1 3,9 Rg BimnosinHo. BepxHi mapu arMmocdepu
IJIAHETH CKJIaaroThes 3 BOAHIO (80 %) 1 remito (19 %) 3 mominrkamu MeTaHy 1 11ie
HE 3’SICOBAHOr0 JI0 KiHI KOMIIOHEHTa, 10 Hajae atmocdepi Henrtyna cuniit
BIATIHOK (puc. 15.13a).

a 6
Puc. 15.13. HenmyH (a) ma (oeo cynymHuk TpumoH (6)
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B armoctepi Henryma, temmeparypa sikoro csrae —218°C, cmocre-
piraloThbcs IITOPMH, HMIBUAKICTh BITPY B HHUX JOCATA€ HAJ3BYKOBUX 3HAYEHb —
600 M/c. buipmiicTe BITPIB JMYTh y NPOTHIECKHOMY HANpPSAMKY OOEpTaHHS
miaHeTn. B atmocdepi cnocrepiraerbes Benuxka memna nasma, TIPUPOAa SKOI
a"anoriyaa Benukiit yepBoniit wsimi FOmiTtepa. Atmocdepa Henryna 3a macoro
cTaHoBUTh Omm3bko 10-20 % Bim ¥Moro 3aranbHOiI Macu (CTUIBKM K 3aiMae ii
INIMOMHA BIJ CIIOCTEPEXKHOTO pajiyca). MaHTis CKIalaeThCsl 3 BOAM, aMIaKy
1 METaHOBOTO JIbOAY. TyT Temmeparypa 3MIHIOETbCSI B Mekax OJM3bKO
2 0005 000° C, a MmakcuMaibHHi THCK gocsrae 100 Tuc. atM, e pe4oBHHA HaIp
nepedyBae y BUIJISAI rapsyoi, TycToi piavHu. ['nmuOine po3ramoBaHe Kam’sSHO-
JBOJIIHE S7PO, J€ OdviKyBaHUU THCK aocsrae 700 Tuc.atMm, a Temmeparypa —
omm3pko 5 600°C. B Takux yMOBax MeTaH IEPETBOPIOETHCS HA ajIMa3Hi KPHCTAJIH,
110 TIAJaI0Th Ha 3aJ1130-HIKEJIEBE CUIIIKATHE SPO.

HentyH Mae KigblIEBY CHCTEMY, SIKy CKIAIalOTh JbOJSHI YaCTHUHKH,
MOKPUTI CHUJIIKaTaMH a0o0 BYTJIEIIEBUM MaTeplajioM, IO HaAalTh KUIBISM
YEPBOHUM BIATIHOK. Y TUIAHETH BIAKPUTO 13 CyNyTHUKIB, HAHOIIBIITAM 3 SIKUX €
Tputon (puc. 15.130), saxuii agemo wMeHmuid 3a Micsip (oro aiaMeTp
cTaHOBUThL Osu3bko 2707 kM) 1 Mae MeHIny cepeaHto ryctuny 2,07 r/cm?®. Lle
MOJK€ CBITYUTH MPO 3HAYHY YACTKY JIbOJY B OTO HaApax.

16. Kapaukosi nnaHeTtu Ta mani tina COHAYHOI cuctemm

3a kiacu@ikaiiero KOCMIYHMX Tl (po3n. 12), miaHeTu po3AusiioTh 3a
HASBHICTIO Y HUX si/Ipa 3 OLIBIIOI T'yCTUHOO 32 CEPEIHIO, TPUINHOI YTBOPECHHS
SKOTO € JIOCTaTHA Maca Ta YMOBH JUIS TPOXOJDKEHHS IPOIECY TpaBiTaIliiiHOI
mudepeHIianii Ha crafii iX YTBOpeHHA — npomonaanem. OCKUIBKA MEXI
Jiarnma3oHy TUIAHETHUX Mac PI3HATHCS MPUOIM3HO HA IIICTh MOPSJIKIB, @ HANMEHIII
MacHBHI BeJUKI IUIaHeTH, Hampukiaa, B CoOHSYHIM cucTeMl, BCE Ie BIIpi3-
HSIIOTBCSL B MIHIMQJIbHUX MAac IUIAHET MNPUOJIM3HO Ha TPU MOPAIKUA, TO LE
CJIYTYBaJIO MPUBOJIOM JJIsl BUAUICHHS KAPIUKOBUX NIAHem B OKPEMHUI IiJIKIIaC.

['mubokoro ¢i3u4HOTO OOTPYHTYBAHHS MEXI, 110 PO3AUISE BEIUKI Ta
KapJIMKOBI1 TUTAHETH, III€ HE ICHYE. SIK 1 HE ICHy€ CyTTEBOT MPUHITUIIOBO1 P13HUIT
32 CTPYKTYpOIO, XIMIYHUM CKJIQJJOM Ta MEXaHI3MOM YTBOPEHHS MIX KapJiv-
KOBUMH IJIAHETAMU Ta THX CYMYTHHUKIB BEJIMKHUX TJIAHET, SIK1 IPOUIILIN CTaIII0
rpaBiTaniiHoi AudepeHmianii ¥ MOTPalviaioTh B Jiana3oH IUIAHETHUX Mac.
OcTaHHI X He 3aBXIM NPHUPAXOBYIOTh 10 KAPIMKOBUX IUIAHET , Xoua 3a

¥3a pesontouieto NeHepanbHoi acambnei MixHapoAHOro acTpoHomiuyHoro cotosy (Mpara, 2006 p.), 40 NAaHET cnif
BilHOCUTK KOCMIYHIi Tina, sKi obepTatoTbcss HaBKono CoOHUA; MalTb AOCTaTHIO Macy Aas Toro, wob camorpasitauis
nepeBuLLYyBana TBEPAOTI/IbHI CUAM | TiNO MO0 NMPUIAHATM FigPOCTaTUYHY BpiBHOBarKeHy (6aM3bKy 40 cdepuryHoi)
dopMy; OUMLLYIOTb OKOIM CBOET 0pbiTK (TOBTO NopAA 3 NNAHETOK HEMAE iHLWIMX NOPIBHAHMX 3 Heto Tin). Kap/iMKoBi X
NaaHeTu BiAPi3HAOTLCA Bif, BE/IMKUX TUM, O HE OYMLLYHOTb OKOJ/IM CBOET Op6iTU Ta HE € CYNMYTHUKOM BE/IMKMX M/IaHET.
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CTPYKTYpOIO Ta (pI3MYHUMH BJIACTUBOCTSIMUA BOHU HIUUM HE BIJPI3HAIOTHCS BIJ
KapJMKOBUX IJIAHET, SIK1 PyXalThCs IO TeTONEeHTpUIHUX opOiTax. OTxke, xoua
B COHSYHIM CHCTEMI HE MEHIIEe COTHI KOCMIYHHMX 00’€KTIB MPOMWIIIN CTaIllo
rpaBiTaiiiiHoi AudepeHiiaiii, cepel HuX «oQiliiiHo» MOKU 110 BIHOCATH JI0
KapJIUKOBUX IIJIAHET JIMIIIE I ATh, SIKI PO3TAIIOBaHI B aCTEPOiTHUX IMOsACaX.

KocmiuHi Ti1a 3 Macoro, MEHIIIOK 3a MACH KapJMKOBUX IUIAHET, BIIHOCATH
710 MayuX Ti1 COHSAYHOT CUCTEMU: aCTepPOiar, KOMETH Ta METEOPOIIH.

Kapnukoei nnanemu. 3a paHuMH TPSIMHUX KOCMIYHHMX JOCIIKEHbD,
y ['ooBHOMY Tm0sici acTepoimiB JBa KOCMIYHI Tijla MPOMIIIN TpaBITALIHY
mudepentamnito: Ilepepa (puc. 16.1a) tTa Becra (puc. 16.16).

Puc. 16.1. Uepepa (a) ma Becma (6)

Iepepa 6Gimpma 3a Macoo (My = 9,4-10° xr) Ta cepenniii miamerp
(Dy = 952 k™) Bix Bectn (Mg = 2,6-10%° kr, Dg = 525 kM), ToMy i opma Grmkde
no chepuunoi, Hik y Bectu (puc. 16.16). Came uepes 1ie Becty He BKIIOUMIHN B
Nepesik KapJuKOBUX IulaHeT. € ¥ 1Ie OOuH acTepoil, SKUM OJNM3bKUI 3a
bi3uunumu  ganumu 10 Bectu, — acrepoin Ilammama (Mp = 2,1 10%° KT,
Dy = 512 xm), popMa SIKOTO BIAXUIIAETHCA Bl CPEPUIHOI MaMKe HA CTUIBKH, SIK
1y Lepepu (MeH1e, Hixk Ha 9 %). Ane, ockutbku [lannana me He oCHiKyBatacs
KOCMIYHHUMH 3ac00aMH, HE BIIOMO, € Y HEl sIpo 9M Hi. 3a CepeIHbOIO0 TYCTHHOIO
Becra (pg = 3,5-10° kr/nr’) i Mammana (pr = 3-10° Kr/M’) CKIamai0ThCs 3 KaM STHEX
nopin, a y llepepy oOUIKyeTbCS TUIBKM SAPO 3 TaKUX MIHEpaliB, MaHTIS K
HMOBIPHO € TLOITHOMO (py = 2,2-10° KT/Ar).

B mnosici Kolinepa nmoku 1o TUIBKM YOTUPU KOCMIYHI TUIa BIIHOCSTH 0
KapiaukoBux Tutanet: Ilmyton (puc. 16.2a), Xaymea, Makemake Tta Epumy. Bci
BOHU OUIbIII 3a Macor Ta jaiamerpom Bif Llepepu. HaiiOuibiry macy mae Epuna
(Mg = 1,7-10% kr), Hait6inbimmii posmip y Iltyrona (Dr, = 2372 km). Cepenti
ryctunn IlnyTona (pr, = 1,9-10° kr/a’) i Makemake (pyy = 2-10° kr/m’) Gnmkae
BI/IMOBINAIOTH JTBOMSHOMY CKIamy, y Xaymea (pxy ~ 3-10° KI‘/MS) Taka X, K y
Hammagu. Cepexnst rycruHa y Epmmu (pp=2,5-10° kr/m’) Mae mepeximue
3HAYEeHHsI, SIKE XapaKTepHe IS JbOASHUX 1 Kam sHuX mopin. [I’ste kocmiune
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TIJI0, K€ Ma€ THUIIOBI XapPAKTEPUCTUKU [UTSI KapJIHKOBHX TIUIAHET, CYIYTHHUK

21 3 3
[Inyrona — Xapon (Mx = 1,5-107 xr, Dx=1212km, px=1,7-10" kr/m’) —
puc. 16.26. Ane «popMaabHO» HOro A0 HUX HE BIIHOCATH YE€pe3 Te, IO BIH €
CYITyTHHKOM TITAHETH.

Puc. 16.2. MaymoH (a) ma XapoH (6)

Acmepoiou TYpTYIOTBCS O TpPbOX OCHOBHMX 30H: [ OJOBHOro moscy,
obnacti mixk opbitamu FOmitepa Ta Henryna Ta nosicy Koitnepa. I"onoBHMit nosic
po3tamioBanuii Mixk opOitamu Mapca 1 FOmitepa, nosic Koiinepa — 3a op0iToro
Henryna. ActepoifHi Tuta TparusitoTbes 1 Ommxde 3a opOity Mapca, a Ti, 1110
NEPEeTUHAIOTh OpOITY HAIIOi IUIAHETH, HA3UBAIOTh acmepoioamu, wo 301u-
aorcytomucs 3 3emnero. BoHM HanexaTh 0 acTepOiliB, 10 MEPETHHAIOTH OPOITH
TiaHeT 3eMHOi rpynu. OCTaHHIX PO3AUISIOT, Ha TPU OCHOBHI Tpymu 3a iX
OpOITAIBHIMH BIIACTHBOCTAMH: AMypa, AmomtoHa™ Ta Atona, (puc. 16.3).
KeHTaBpamu Ha3MBalOTh acTepoiau, IO po3TamioBaHl MK opOitamu FOmiTepa
1 Henrryha.

I 1862 |Apollo

Puc. 16.3. l'enioueHmpuyHa opbima acmepoioa AnonnoH (a) ma 306paxceHHsA
npedcmasHUKa anossnoHie Imokasa, Akuli mae po3mipu 535 x 294 x 209 m (6)

88 . . . o v
Mepwum TakMm BUABMBCA acTepoig, AnonsnoH (1932 p.), nicna Yoro Bci OCTaHHI NpeAcTaBHWKU TaKoro Tuny
ofiep:Kanv BiANOBIAHY 40 HbOTO Ha3BY.
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I3 740 000 acrtepoiniB, BusiBneHux y lomoBHoMy mosici, 97 % 3oce-
pemxeHi B mexax 2,2—3,7 a.o. Big CoHips. 3arajibHa ix Maca OLIHIOEThCS B 4 %
B1J1 Macu Micsig. 3a XIMIYHUM CKJIaJIoM 1€ cuiikaTHi (75 %), ByIJielieBOBMICHI
(15 %), meramiyni # iH. Hactymui 3a HaBemeni Bumie llepepy, Becty Ta
[Manmamy menmn po3mipu MaroTh actepoin 10 Tiries (D = 430 kwm), aBima
(D = 330 xm) 1 FOnona (D = 230 km). 3arajioM BUKOHY€THCS MPABUIIO: YUM
JiaMeTp acTepoinma MeHIMM — TuM iX Oinpline. Biarak, 3a migpaxyHKamMu
BEJIMKHUX aCTEepPOIIB Ta MPOBEACHUMHU CTATUCTUYHUMHU OLIIHKAMHM iX K1JIbKOCTI N
3 JllaMeTpaMu, 110 nepeBulye 3HadueHHs D, HactynHi: D > 100 km — N = 200;
D>10kMm—N~10Ttuc.; D>1xm— N~ 750 tuc.; D> 100 M — N ~ 25 MIIH.

[Tonynsuis anosutoHiB Hamiuye Onu3bko 8 000 actepoiniB 3 po3Mmipamu
Bix 400 M 1o 39 kM. CuimikatHi 1 BYTJIEIEBl acTpoiay, sk 1y ['omoBHOMY T05CI,
CKJIaJIAfOTh OUTBIIICTh allOJUIOHOBOT MOMYJIALIi: 10 CHIIKATHUX HaJIeKUTh 36 %,
1o ByriaeneBux — 27 %.

KinpkicTh KeHTaBpiB, BIIOMHUX Ha TemepimHiki 4dac, 6nuszko 500, y 91
3 IKUX agenitl® MepeBHIIye BEIUKY miBBich opbiti Hemryna (to6to 30,1 a.0.).
[3 aHanizy OAMCKY KEHTaBpIB iX PO3MIPHU OLIHIOIOTH MEHIIMMH 3a 250 KM, 110
Mae HalOUIbIIMKA 3 HUX 3a po3mipamu Xapikno. Buxoasum 3 ix anbbeno,
GIBUYHNX  XapaKTEPUCTHK CYMyTHUKIB TUTAHET-TITAHTIB, 1X IIOJOKCHHS
y CoHsuHii CHCTEeMI, XapakTepHa iX IyCTHHA OUiKyeThes ~ 2-10° kr/m’.

VYV mnosici Koitnepa po3auisioTh SK MIHIMYM JBa IIapud acTEPOiJiB:
nepmmii, B Mexxkax 30—44 a.o., ae po3ramoBana it opoita [lnyrona, Ta qpyrui,
poscisiHuit nosic Koitnepa, oomexxenuit BifactanHio 100 a.e. B mosci Koitnepa
B [IUIOMY HaWOUIbIII JlaMeTpW KpiM 3rajJjaHuX BHIINE KapJIMKOBHX IIJIAHET
MarTh 2007 ORy (D = 1540 kM), KBaBap (D = 1100 km), Opk (D =950 km),
2002 AWy9; (D =940 km), Bapyna (D =870 km), Ikcion (D < 820 km),
2002 UX,s (D =700 kM) ta inmi. HaBemeHi po3mipu Ta OdYiKyBaHa CepemHs
rycTuHa actepoinie mosicy Koiimepa ~ 1:10° kr/M’ HamaroTh apryMeHTH
BBa)KaTH, IO 1I€ HE PSAIOBI BEJIMKI acTEPOilHd, a TaKOX JbOASHI KapJIMKOBI
TJTAHETH.

Beboro Bizkputo Oibiie 1000 06’extiB nosicy Kotiniepa. [lependayaerbes,
1o 1e om3bko 70 000 B miit obsacti 3 miamerpom Outbiine 100 KM HE BUSIBJICHO.
[le 6mu3pko y 10 000 00’ekTiB (HHMHI iX BiIOMO OJM3BKO COTHI) OYIKYIOTHCS
opOITH 31 3HAYHUM CKCICHTPHUCHUTETOM, B SIKUX adeiiil csArae JIeKUIbKa COTCHb
ACTPOHOMIYHHMX OJWHUIL. Taki O00’€KTH BIIHOCATH JO PO3CITHOTO TIOSICY
Koitnepa. TumoBum mpeAcTaBHUKOM I[hOTO TOsiCy BBaxaroTh CenHy 3 ademiem
a ~ 1000 a.0. (M = (8-70)-10* kr, D =~ 1000 km, p = 2-10° kr/m’), sika disHuHIME
BJIACTUBOCTSIMM MOK€ OyTH BIJHECEHA [0 KapJIMKOBUX JIbOASHHUX ILJIAHET.
Haii6inpmr Bimomi o0’ektu 3 ademiem Outbime 100 a.o. — me 2000 CRyps

89 - o . . - .
Adenilt — HanbinbLW BigLaNeHa TOYKA Ha refioLeHTPUYHIN opbiTi Big, CoHuA.



108 OcHosu enemMeHMapHoOIi acCMpPoHOMIi

(a=220a.0., D = 250 xm), 2012 VPyy5 (a =260 a.o., D=600 xm), 2000 SQs7,
(a=970 a.o., D= 100 km).

Memeopoiou — 1e TBepii (ajge HE JBOASHOrO CKJIaay) MiHIacTepOiau
3 miametpoM Mmenmie 30 M. HuHi BBaXaroTh, 110 BOHM YTBOPIOIOTH MPOMIKHY
MOMYJIALII0 MK acTepoilaMyd Ta KOCMIYHUM TUioM. Takuil 00’€KT, BIITalOUn
B 3eMHY atMoc(hepy 31 mBuAKiCTIO =~ 10—70 KM/C, CUIBHO HarpiBa€eThCcs Ta
3ropsie, MOPODKYIOUM Take sBWINE, SK MeTeop. Komm sckpaBicTh MeTeopa
nepepuilye —4" (sKy mae Benepa) um Horo KyToBi po3MipH € 3HAYHMMH, TaKe
SABUIIE HOCUTHh Ha3By Oomima. Ili sBHINA CynmpoOBOIKYIOTHCS SCKpPaBUMU
ciigamu (xBoctamu) B atMocdepi. Pyx 6oitijia Takoxk MOKe CyIpOBOKYBATHCS
3BYKOM.

B r
Puc. 16.4. Halibinbwi 3HatideHi memeopumu: loba (2,7x2,7x0,9 m, 66 m) — 3ani30-
Hikenesul (a); FaceHOo (30,8 m) — 3ani3o-Hikenesuli (6); AnbeHOe (3 m) — syanucmuli (8);
JlisaH (> 2 m) — 08a 3ani30-HiKenesi ppaemeHmu (2 — 3HatideHi Ha Mapci KA K’ropiocimi)

MeTteopoinu, 1O 3IMITOBXYIOTbCA 3 3€MHOI0 TOBEPXHEI0, HA3UBAIOTh
Meteoputamu (puc. 16.4). [lepemirienns ix B 3eMHii aTMOcdhepl CIOCTEPIraeThCs
K MeTeop 4M O0ojia. SIKII0 METeOpUT Ma€ 3Ha4yHI Macy Ta IIBHUJKICTb, MICIS
MaJiHAS Ha 3€MHY ITOBEPXHIO YTBOPIOETHCS Kpamep — KOJOBE TOTIHOICHHS
(puc. 16.5a). Taki kpaTepu Ha3UBAIOTh YAAPHUMH, 1 BOHU TPAIUISIOTHCS M Ha
iHmmx Tuiax CoHsuHO1 cuctemu (puc. 16.50) sk pe3ysabTaT NaJiHHS HA HUX
METEOPOI/IiB 1 aCTEPOI/IIB.

Puc. 16.5. Kpamepu yoapHo20 noxo0xceHHA: Ha 3emni — Api3oHcbKul (a),
3 diamempom 6auszko 1220 m; ma Ha Mimaci (6), diamemp skozo (6:1u3ko 135 Km)
cmaHosuMb malixe mpemuHy diamempa ybo20o cynymHuka CamypHa
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Komemu — xocmiuHi Tina, SIKI MEPIOJUYHO YK ANEPIOTUYHO BIPOIOBK
JEKITLKOX HOYEH 1 Ouibllie 3 SBISIFOTRCS HAa HEOOCXWJI Y BHIJISIAI TOJIOBHOT
SICKPaBO1 YaCTHUHU (110 3BETHCSI KOMOI0) Ta MEHIII SICKpaBOro xBocta (puc. 2.9). 3a
MPUPOIOI0 1I€, TO-CYTi, HEBEJMKI acTepOild Ta METEOpOifdu, SIKI € KOH2NO-
mepamamu - 3amep3nux Bogau (H,O) Ta Byrnekucnoro razy (CO,), 3 goMilikamu
merany (CHy), amiaky (NH3), B siki BMOpPOXEHI KaM SHUCTI MIHEpaJd 31
cnomykamu Cuinito, Harpito, ®epymy, Hikomy ToI0, XapakTepHUX JUis
MEeTEOpHOi peuoBUHH. «T1710» KOMETH 3BEThCS s0poM, B SIKOMY 30CEpeKeHa
Maike Bcs 11 Maca. BOHO cklagaeThcs 3 HAATO JIPUacTOro marepiaiy, e Mopu
3aiiMarOTh JECATKHU BIJIICOTKIB Bl 3araJibHOTO 06’€My91. Taxke T110, HIJUIITAIOYN B
okonmu CoHIlsl, HarpiBaeThes. JIeTioUl CrONyKHM MOYMHAIOTH BUIIAPOBYBATHCS Ta
CBITUTHCS, YTBOPIOIOYH TYMaHHY OOOJIOHKY — KOMY. THCK COHSYHOTO BHITPO-
MIHIOBAHHS CHPSIMOBYE CIOJYKH, LI0 NEepeOyBalOTh Yy 3O0BHIIIHIA 4YacTHHI
000JIOHKH, Y IPOTWJICKHUM 01K BiJl HanpsiMKy Ha Conie (puc. 16.6). Tak BUHUKa€e
KOMeTHH XBICcT. OCKUIBKH JI0 CKJIay MaTepiaiy, 110 BUITAPOBYETHCS, BXOAUTH SIK
ra3, Tak 1 MWI, XBICT PO3AUISETHCS HA JBI CKJIAJIOBI, IHJIOBA CKJIAJI0OBa SIKOTO
BUTMHAETKLCS 1 JIEIIO BiJCTa€ BijJ razoBoro xsocra. Komip mumoBoi ckiafoBoi €
’KOBTYBaTUM 4epe3 Te, 110 MWIMHKU PO3CIIOI0Th COHSUHE CBITJO. ['a30Buit XBICT
CBITUTb TOJyOyBaTUM KOJIBOPOM, SIKUH TOSIC-
HIOETHCS 10HI3AIIEF0 KOMETHOTO Ta3y (CBITIHHS
HE TIEPBUHHUX MOJIEKYJ, a TPOAYKTIB iX AHCO-
1ialli 1 HaCTYIHOT 10Hi13al11l1), 1110 BUTIAPOBYETHCS
3 sapa Y D-poMeHsIMU Ta TTOTOKOM YaCTHUHOK,
K1 TeHEepy€e COHsYHA KopoHa. KomeTu pyxaroTh-
Csl TI0 BUTATHYTHX OpOiTax, cepea SKUX BHUJII-
JISIFIOTh KOPOTKOMEPioauyHi 3 nepiogom P < 200
pokiB (Bchoro BigoMo Oublie 400 TakUX KOMET)

Puc. 16.6. Pyx komemu
no aumsAzHymit
HABKOMOCOHAYHIl opbimi,

1 JOBromnepiouyHi, BiAMOBIIHO, 3 P > 200 poKiB. & Npoyeci AK020 3’A6A9€MbCA
Taknx xkomer OutbmIiCcTh — Jemo Mediire 6000. po3dsoeHuli xgicm, AKUl
[Tepionam P < 200 pokiB BIAMOBIAAOTH adenii  eidxungemoca dieto COHAYHO20
KOMET B OKOJIaX OpOIT IUIaHET-TIraHTiB. bib- ceimnaa i coHAYHO20 8impy

IIICTh HAWKOPOTKOMEPIOAUYHIIIINX KOMET MalOTh
nepioaun 3+10 pokiB, 110 BiANMOBIAAE iX adenito B okomal opOitu FOmitepa. Came 3
[IMX paiiOHIB BOHU MPWIITaIOTh B OkoJin COHIIA, SIKE iX HarpiBae€, 1 BOHU CTAlOTh
JOCSKHAMU JIJIs CTIOCTEPEKEHHSI.

JloBromepiogu4Hi KOMETH TIPWIITAlOTh 3 Tak 3BaHOi xmapu OopTa,
BHYTPIIIHIN Kpal K01, IK HUHI BBAXKaIOTh, PO3TAIlIOBAaHUHN Ha BIJCTaH1 OJU3HKO
2000 a.o. Big Conuga. B obnacti Big 2 1o 50 +~100 Tuc. a.0. B xmapi Oopra

90 . . . . .
KoHrnomepar — HeBnopsaKkoBaHe 3'eiHaHHA Pi3HUX maTepianis, miHepanis ToLLO.
91 . . . o .o
3a AaHUMUM KOCMIYHUX AOCNiaXeHb, B Aapi KomeTn Temnens nopu 3aiimatoTb 80 % Big ioro ob’emy.
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OUIKYETHCS JCKUIbKAa TPWIBHOHIB siEp KOMET, OUIbIuX 3a 1.3 KM B J1aMmeTpi,
3 3arajJbHOI0 MacO0 OJIN3BKO 5 Mg

Tecmu

3.1. flka 3 OCHOBHMX XapPaKTEPUCTUK KOCMIYHMX Tin € BM3HAYaNbHOW, a iHWA -
YTOYHIOBA/IbHOKO?

3.1.1. Maca 1 eneMeHTHUI (4n XimiuHMI) cKnaa.

3.1.2. Maca Tta TemnepaTtypa.

3.1.3. Bik i enemeHTHUM (4n XimiyHMN) cKnag,

3.1.4. Pagiyc i maca.

3.1.5. TemnepaTtypa Ta pagiyc.

3.2. Yum BigpisHaeTbca CoHue Bia 3ip? MpaBuabHY BiaNoBiAb 06FpPyHTYMTE.
3.2.1. binbWKXMK NIHIKHUMN PO3MipamK.
3.2.2. MeHwoto macoto.
3.2.3. Hiyum.
3.2.4. Konbopom.
3.2.5. HaasHicTio naam.

3.3. 30pi Bigpi3HAOTLCA BiA iIHWKMX KOCMIYHUX TiN
3.3.1. 3a XiMiYHMM CKNaaom;
3.3.2. 3a po3mipamu;
3.3.3. Tum, W0 3 IX NOBEPXOHb BUMAPOBYETLCA PEYOBUHA;
3.3.4. HaaBHicTIO B iX HaApax p—p LUMKNY A0EPHUX peaKL,ii;
3.4.5. Hiynm.

3.4. Cy630pi € NPOMIXKHMUM KNACOM KOCMIYHUX TiNl MiXK 30pAMM | NN1aHETaMMK, TOMY L0

3.4.1. 30pi, NnepeTBOPIOOYMCH ¥ NNAHETU, NPOX0AATb CTaaito cyb3ip;

3.4.2. 3a MacaMu BOHM MeHLI MacKBHi 3a 30pi Ta BinblL MAaCUBHI, HiXK NaHETy;

3.4.3. Ix eneMeHTHUI cKNaf Mae NpUBAU3HO CepefHE 3HAYeHHA MiX 30pAMM Ta MAa-
HeTamMu;

3.4.4. 1x po3mipu 6inbLui 33 AiaMeTpu NAAHET | MeHLLE 30PAHUX;

3.4.5. Y BoAHEBO-reNieBMx NAaHET Yy NPOLECI €BOMOLIT MOXKEe «3aropaTUCA» p—pP LWUKA
A0EePHUX peaKLiit.

3.5. MnaHeTn BUAINAIOTLCA cepea, iIHWMX KOCMIYHUX TiN 33 HAABHICTIO

3.5.1. B'ix Haapax HEMOBHOIO P—pP UMKNY AAEPHUX PeaKLil;

3.5.2. Cuniuito Ta BOAK Y XIMIYHOMY CKANa4j;

3.5.3. Atmocoepu;

3.5.4. Aapa 3i WwinbHicTio, 6inbLIOK 33 cepeaHE 3HAaUYEHHA, Ta NPOLECOM rpaBiTaLiMHOI
AndepeHuiauii;

3.5.5. YMo0B anA icHyBaHHA XUTTA.

3.6. o Benunkmx nnaHeT COHAYHOI CUCTEMM HaNeXKaTb
3.6.1. Mepkypii, BeHepa, 3emns, MaHimeg, KOnitep, CaTypH, YpaH, HenTyH;
3.6.2. Mepkypiin, BeHepa, 3emns, Mapc, tOnitep, CatypH, YpaH, HenTyh;
3.6.3. lOnitep, CatypH, YpaH, HenTyH;
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3.6.4. BeHepa, 3emnsa, KOnitep, CatypH;
3.6.5. Mepkypiin, BeHepa, 3emns, Mapc, tOnitep, CatypH, YpaH, HenTtyH, MNayToH.

3.7. AAKe 3 KOCMIYHUX Ti/1 HE HANEXUTb A0 CYyNyTHUKIB NAaHeT?
3.7.1. NnyToH;
3.7.2. ®oboc;
3.7.3. Hepeiga;
3.7.4.MaH;
3.7.5. ObepoH.

3.8. 32 AKUMU Pi3UYHMMMN O3HAKaMM BUOKPEMAIOIOTb Kap/IMKOBI NAaHeTH?
3.8.1. Y KapAMKOBUX NNAHET BIACYTHE AAPO.
3.8.2. Taki nnhaHeTn po3TawoBsaHi Big, CoHus Habaunxkye.
3.8.3. Taki nnaHeTn HamsigaaneHiwi Big CoHuA.
3.8.4. Y TakMx NnaHeT BiaCyTHi aTmocdepa Ta CyNnyTHUKM.
3.8.5. Taki ¢i3nyHi 03HAKM OAHO3HAYHO e HE BU3HAYEHI.

3.9. KeHTaBpwu, actepoiau FonosHoro noAcy Ta MNoscy Konepa — 06’ektn ogHiei npupoan,
TOMY LLO BOHM

3.9.1. ObepTatoTbca HaBkoN0 COHUA MixK OpbiTaMKn BEIMKMX NNAHET;

3.9.2. CKnapatTbCA 3 CUAIKATHUX Nopig;

3.9.3. He € cynyTHMKaMM BENNKUX | KAPNNKOBUX NNAHET;

3.9.4. He matoTb AQpa;

3.9.5. He matoTb CynyTHUKIB.

3.10. Y pa3si HabanxkeHHA A0 CoHUA KOMETU CNOCTEPIratoTbCa 3 KXBOCTaMMU», TOMY L0

3.10.1. BoHu € nepeaBiCHUKaMM He3rod Ha 3emMni;

3.10.2. PeyoBMHaA, iKa BMMAPOBYETLCA 3 HWUX 3aBAAKM COHAYHIN papgiauii, niagaetoca Aaii
TUCKY, 3aBAAKM YOMY LWAeNd, WO TArHETbCA Bif Hel, CNPAMOBAHNIM 3aBXK AW Y NPOTUNEKHUIN BiK
Bia CoHus;

3.10.3. Ix BUNapoByBaHHA PEUYOBMHM 3a3HAE rPaBiTaLiiHOI Aii BEAVKMX NAAHET;

3.10.4. BoHuM 3axonntooTb MUAOBY PEYOBUHY 3 M1a3MOKO COHAYHOrO BITPY, AKa B NOAa/b-
LwoMy nposBase cebe AK KOMETHUI XBICT;

3.10.5. Nnnosa Ta rasoBa CKNaA0BI, WO BMNAPOBYKOTLCA 3 X NOBEPXOHb, B3AEMOAIIOTb
MiK COB0L0, YyTBOPIOKOUM AXKET Y HAaNPAMI, NpoTuaexKHomy Big CoHuA.

KoHmponabHi numaHHsA

1. Yowmy B Hampax CoHils Temneparypa Oiiblia, Hix B ii potochepi?

2. Ywuwm BiApi3HSIOTHCS Bi3UYHI YMOBHU Ha MoBepxHi MicsIis BiJ 3eMHUX?

3. o cninpHoro y Benepu 1 3emmi ta Micsmg 1 Mepkypist 1 4UM BOHH
BiJIPI3HAIOTHCS?

4. Yum moxe FOmitep B mpoleci €BOIOLIT CTaTH 30per0?

5. Jlo skux TumiB BiHOCATHCA riaHeTd COHAYHOT CHCTEMU?

6. Ywu BiapizHst0ThCS Maji Tijia COHSIYHOI CUCTEMU BiJl KAPJIMKOBUX IJIAHET?

7. 1o cniyIbHOTO y KOMET, JIbOJASTHUX IUIAHET 1 «rapsSuuX IOMTepiB»?

8.  Slka BHyTpimHs Oy 0Ba cy03ip 1 BOAHEBO-TENI€BUX MJIaHET?

9. Uu MOXyTh IUIAHETH MaTH TAKUH EIEMEHTHUH CKIIaJ, K 30pi 4u Cy030pi?

10. Ywum Biapi3HAIOTHCS OOJIIIH BiJ METEOPOiTiB?
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30PAHI TA MNJTIAHETHI CUICTEMMU

VY BcecBiTi CIOCTEPIraeThCsl BEIMUYE3HA PI3HOMAHITHICTH CTPYKTYpP PI3HO1
ckiaaHocTi. KocMivHi 00’ €KTH MPOSBISIOTH PI3HUI PIBEHDb 1€PAPXIUHOTO YCTPOIO.
SIKIIIO OCHOBHHUMH CKJIQJJOBUMH TaKHUX CHCTEM € KOCMIYHI TUIA, TO TaKl 00’ €KTU
BIZTHOCSTB JIO 30PSTHUX 1 TUTAHETHUX CHUCTEM.

17. Knacuoikauisa 30paHUX cuctem

KocMmiuyni Tiia BXOASATH A0 PI3HUX OO €/IHAHB: 30pSHUX, CYO30pSHUX,
IUIAaHETHHUX 1 KoMOiHOBaHUX. YacrTimie 3a Bce CUCTEMH € KOMOIHOBAaHUMU, TOOTO
70 1X CKJaay BXOHATh KOCMIUHI Tijia pi3HUX KiaciB. PiBHsMu 00’emHaHb 3ip,
cyO3ip 1 MmiaHeT € KpatHi 30pi (Cy030pi), 30psHI CKYIMYEHHsS M acowiarlii Ta
TaJIaKTUKW. ['aJlaKTUKM BKJIFOYAIOTh CHUCTEMH BCIX pIiBHIB iepapxii. B 3opsHi
acorriarlii BXOJATh KpaTHI 30pi Ta CyO30pi 1 iX CKymueHHs. 30psHI CKYIMYEHHS
CKJIQJIAt0ThCS 3 CUCTEM 31p 1 cy03ip. [ImaneTn o0epTaroThCs HABKOJIO TTOOJUHOKUX
Ta KpaTHUX 31p 1 cyO3ip. [IpoTo3opi, NPOTOIIAHETHI AUCKH Ta MPOTOIUIAHETH €
YJICHAMHU 30pSHUX CHUCTEM, IO MepeOyBalOTh Ha PAHHBOMY €Tami PO3BUTKY.
[Mamaktuku 00’€THYIOTBCS B CIMEWCTBA, TPYMH, CKYIMUEHHS PI3HOI CKJIAJHOCTI,
YTBOPIOKOYM Y MeTarajakTuill BeTUKOMAaCIITaOHy KOMIPYacTy CTPYKTYpY.

KosxHe 13 nmepeniyeHnx yTBOPEHb PI3HOTO PIBHS 1€papXii XapaKTepU3yeThCs
CKJIaZIOM KOCMIUHHMX Till i Ia30MUIOBOIO CKJIAJ0BOI0. IX OCHOBHUMH XapakTe-
pUCTHKaMU €: Maca (4M 3arajbHa KUIBKICTB 31p 1 cyO3ip), po3Mmip (TiHIMHUN 4un
KyTOBUI AiaMeTp a0o pajilyc), eIEMEHTHUI YK/Ta XIMIYHUHN CKJIa]] (METaIIYHICTD),
BIK, MICIICTIOJIOKEHHS (KOOPJMHATH Ta BIUTANICHICTh, K NpaBwio, Bij CoHIs).
["a3onmiioBy CKIJIQZOBY 1€ XapakKTepPU3YIOTh TEMIIEPATypOI0, KOHILIEHTPAIIEI0 Ta
BIZICYTHICTIO YM CTYIIEHEM 10H13a1lii.

3opani cucmemu. Ilin 30pssHUMU CHCTEMaMU PO3YMIIOTh TPU iX PiBHI
iepapxii sk HaCTiMOK KiTbKOCTI 3ip i cy63ip (N'), MO BXOAATH 10 IX CKIATY:

e xpatHi 30pi Ta cy630pi (N* < 20);
® 30psHI CKyIMUeHHs ¥ acoraiii (N = 20—106);
e rajgaxtuxu (N~ 10°-10").
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Kpamui sopi. Ix MPEJICTaBHUKAMU € TIOJIBIMHI Ta CHUCTEMM OUIBIIOT
KPaTHOCTI, a TAKOX, SIK OKPEMUI BUMAI0K, TOOAMHOKI (SIK HAMOUIBII IPOCTI) 30p1
i cy03opi. IloaBiiiHi 30p1 B 3aJI€KHOCTI BiJl BIIJJAJICHOCTI KOMIIOHEHTIB MIX
coooro Tta mo CoHms, opieHTarii ix opOIT A0 cmocTepirada KiIacHu(iKyIOTh
HACTyIHUM 4uHOM (puc. 17.1):

® ONTUYHO-TOBINHI, ® aCTPOMETPUYHI-TIOABINHI;
® Bi3yaJbHO-TIOABIMHI; ® 3aTCMHIOBAHO-IIO/BIMHI;
® CIICKTPaIbHO-TIOABINHI; ® TICHI IOIBIIHI.

Puc. 17.1. lo0deiliHi 30pi: a — onmuYyHO-n008IliHi (KOMMOHeHMU po3Mawo8aHI Ha Pi3HUX
s8iocmaHsAx 8i0 cnocmepizaya); 6 — 8i3yanbHO-N008iliHi (KoMnoHeHMU i3u4yHO Noe’a3aHi
30 pe3ysbmamamu CriocmepeeHs); 8 — CNeKMpasbHO-no08ilHi (Koau KOMnoHeHMu
PyXaromecs 3a MPOMeHeM 30py 8 Pi3HUX HANPAMKAX — AiHii cnekmpa KoMnoHeHmMa A
3cysaromecs 8 CUHK 06a1acmb cnekmpa, B — e uepgoHy; y sunadky siocymHocmi pyxy
30 ripomeHeMm 30py 3cy8 AiHill 8idcymHill); e — acmpomempuyHi Noode8iliHi (Mpama AiHia — pyx
bapuueHmpa); 0 — 3aMmemMH0B8AHO-M008IliHI (8HU3Y — KpuBa BAUCKY, MiHIMyMy 30pAHIl
gesIUuYUHI m 8i0nosioae NoOKpUMmMsA 00HO20 KOMIMOHeHMA iHWUM (HasedeHa KoHgi2ypauia
38epxy), d — nepiod opbimanbHo2o 0bepmaHHA); e — micHi no0d8iliHi (L; — nepwa moyka
JlaepaHxca, cuHi BUKUOU (0xcemu) ymeoproromscs y 8i00aaneH020 KOMMOHeHMa
8 pe3ysbmami 0ii MazHimHo20 o)

BusHauanpHIME BIACTHBOCTSIMU TaKMX CHUCTEM € HACTYMHI. OnmuuHo-noo8iliHi
CIIOCTEPIraloThCS TOPS JIUIIE Yepe3 Te, 10 MPOEKTYIOThCS Ha HeOecHY cdepy,
a'y MpoCTOpl MOXYTh mepeOyBaTH Ha ICTOTHO PIi3HUX BiacTaHsx. Jlo sizyanvHo-
NOOGIUHUX HAJIeKaTh T1 CUCTEMH, B SIKUX 32 JAHUMH BI3yaJIbHHX UM TEJIECKOIIIY-
HUX CIIOCTEPEKEHb MOYKHA OAYUTH PO3JUIHHO J1BA KOMIIOHEHTHU. Y CHEKMpAIbHO-
NOOGIIHUX CUCTEM KOMIIOHEHTH BHUSBIISIOTH 32 CIHEKTPOCKOMIYHUMHU CITOCTE-
PEKEHHSMH, 32 JOMTOMOTOI0 SIKMX Ha CIIEKTPOTpaMi CIIOCTEPIraloThCS MEePIoIuIHI
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3MIIIEHHSI CHEKTPAIbHUX JIHINA, SK TpaBUiIo, 000X KOMIIOHEHTIB ~. CHCTeMH,
KOMIIOHEHTH SIKMX B MIPOLECI CHOUIBHOTO PYXY MEPIOJMYHO 3aTEMHIOIOTh OJIUH
OJIHOr0, Yepe3 IO MEepIOJUMYHO 3MIHIOEThCS 1X CyMapHHUI OJUCK, Ha3WBAIOTHCS
3amemHI08aH0-n008IHUMY. KOMIIOHEHTH MiCHUX-NOOGIUHUX CUCTEM PpO3Ta-
IIIOBaHI HACTUTBKU OJM3BKO MK COOOI0, IO MOXJIMBO TEPETIKAHHS 30PSHOI
PEUYOBHHU 3 OJHOTO KOMIIOHEHTAa Ha 1HIIUNA. 30pl 3 MEPIOAUYHOI0 3MIHOIO B iX
BJIACHOMY PYCl BIIHOCSTH 10 acmpomempuyno-nodsiunux. [IpudanHOI0 Takux
KOJIMBaHb € HAasBHICTb B CHUCTEMI HeBUOUMO20 CYNYMHUKA, 3aBISKU SIKOMY
1 criocTepiraerbest Takuil pyX. [Ipuposa Takoro cynyTHrUKa MOxke OyTH 1 30psHOIO,
1 Cy030psiHOI0, 1 TUIaHeTHOI0. OTXKeE, 38 BUHATKOM ONTHUYHO-TIOJIBIMHUX, BCI 111 30Pi
YTBOPIOIOTH (PI3WYHI CHCTEMH, TOOTO BOHHU OOEpPTAIOTHCS HABKOJO CILIBHOIO
IeHTpa Mac. SIKImo K cepel IUX KOMIIOHCHTIB € TUIAHETH, TO TaKi CHCTEMH
BIJTHOCATB I11€ ¥ JI0 IJIAHETHUX.

3opani ckynuennsa i acoyiayii MarOTh CYMIPHY MDK COOOIO KUIBKICTbH
KOMIIOHEHTIB, aJleé BIAPI3HIOTBCS MDK CO00I0 X MPOCTOPOBOIO MILJIBHICTIO:
B 30pSIHUX acoliamisix BoHa HuUxk4a. Cepel UX 30pSHUX CUCTEM PO3PI3HSAIOTH
(puc. 17.2):

® PO3CisiHI 30psAHI CKYTYEHHS; ® KYJISICTI 30PSIHI CKYITYEHHS;

® 30psHI acoIriaii; ® 30PsHI HaJACOITiaIlii.
Taka rpanarisi 30pssHAX CHCTEM TOB’si3aHa 3 KUIBKICTIO 31p 1 Cy03ip, SIKi BXOISATH
70 1X CKJIay, iX IMMPOCTOPOBOIO MILIBHICTIO Ta MICIIC3HAXOKCHHAM B raJlaKTHKAX.
SIx mpaBwWIIO, Taki 30psiHI CHUCTEMHU € MOOJMHOKMMH. BUKIIOUEHHAM € cuctema
y1hllepces (puc. 17.26), mo ckiagaerbes 3 ABOX (PI3UYHO-TIOB’SI3AHUX MIXK
co00I0 PpO3CIIHUX 30pSHUX CKym4yeHb. [lonBiiHMX (1 OLIBIIOI KPaTHOCTI)
KYJISICTAX 30PSTHUX CKYITUEHbB 1 30PSHUX acollialliid He CIIOCTePIraeThCsl.

Lanakmuxy — 11ie HaMOUIBII TPaHAIO3HI 30psiHI cuctemu. Jlo ix ckimamy
BXOJISTh 30pSHI CHUCTEeMH MEHIOi iepapxii. B 3amexnocti Bim ix ¢gopmu Ta
30pSIHUX HAcCeJIEeHb, BUAUISIOTh YOTUPHU OCHOBHI TUIH rajaKTHK:

® CIIINTHYHI; ® CITipaJibHi;
® JI1H30II0110HI; ® HEIMPaBUIIBHI.
e ix po3AUIAIOTH 32 IEBHUMHU O3HAKAMU:
® aKTHBHI; ® B3a€MO/III0YI; ® KOMIIAKTHI.

OCHOBHI THUIIM TalaKTHK IIIKOPSIOTECS KAMEPMOHHIU Kiacugikayii
Xa0b6ma, mpencrasineniii Ha puc. 17.3. IlocmigoBHOCTI y3I0BXK KOXHOI 31
CKJIAJIOBUX TUIOK «KaMEPTOHA» BIIJI3EPKATIOIOTH TIEBHI 3MIHHM B aCTPOQI3MUHUX
XapaKTepucTUKax TanmakTuk. [lim 9ac akTUBHUX (a3 EBONIOINIi TaJaKTHK,
B 3aJIS)KHOCTI Bijf iX Mac 1 KyTa CIOCTEPEKEHHS 10 TaJaKTU4YHOI TUIOUIWHH,

92 . . . . . . .

Y TaK 3BaHMX CMEKTPaNbHO-MNOABIHUX 3 KOAHUM CMEKTPOM» MepioAMYHi 3MILLLEHHA CNOCTepPiraloTbCA TiIbKM B CNEKTpI
6inbl ACKPaBOi 30pi, KONM Pi3HNLSA B 30PAHNX BEMUYMHAX KOMMOHEHTIB 6inblia 3a 4-6". 3a TaKMX YMOB BUABAAIOTD Y
3ip i ManioMacuBHI CynyTHUKK, cepes, AKMX € He TiIbKK 30pi, a i cyb3opi, | eksonnaHeTw.
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BOHU TPOSBIAIOTH ceOe sIK KBazapu, pamio-, [Y-, celihepTOBCHKI TalaKTHKH,
JaepTUIU TOIIO.

Puc. 17.2. 3opsaHi ckyn4yeHHA U acoyiayii: a —po3cisHe 30paHe ckynyeHHA NGC 299;
6 — po3ciaHe nodeiliHe ckynyeHHA 3ip y i h lepces; 8 — Kynacme ckynyeHHA M 80;
2 —30pAHa acoyiayia Tpaneuyia OpioHa

-/

Sb Sc

SBa

Puc. 17.3. KamepmoHHa Kaacuikayisa 2anakmuk
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B3aemo1ir04i rajlakTUKU BIATBOPIOIOTH JIii MPUILUIMBHUX CUJI MK HUMU SIK
HACHIAOK CYMIPHOCTI iX PO3MIpPIB 1 B3aEMHOI'0 po3TalryBaHHA. ["aakTuku, 1o
MICTATh MEHIE MiJbsApAa 3ip, BiIHOCATH 10 KAPIAMKOBUX. IX HOIINAIOTH Ha
TpyId, A0 SKUX HaJeXaTh Maibke BCl MaJOMAacCHBHI aHAJIOTH TaJaKTHK, IO
BXOJATH 10 Xa00IIBChKOI KaMEPTOHHOI KJTacu(IKallli, Ta KapauKosi KOMNAKMHI
i yriempa-komnaxkmui KapJuKOBI TATaKTHKH.

Bincrtans Bix CoHIM 10 BITAJICHUX TAIAKTHK d BU3HAYACTHLCS I10 3MIIIEHHIO
iX CHeKTpadbHUX JiHIM. Y BIiAMOBIAHOCTI 10 edekty Jlommepa, 3MIICHHS
CHEKTPAIBHUX JIHIHN JPKepena, 10 PyXa€eThCsl BIIIHOCHO CIIOCTEpiraya, rmoB's3aHo 3
MIPOMEHEBOIO MIBUJIKICTIO VT JKepena (GopMyIioro:

A=) AV
=Z=—=—

A A c

: (17.1)

ne A'1 A — NOBXHMHU XBHWJIb 3MIIIEHOI JIHIT Ta JiHII BiI HEPYXOMOIO JHKEpena
BIJIITOB1IHO,

¢ — BHUAKICTH CBITJIA,

z —yepeore (z > 0) abo cune (z < 0) 3miwenns cnekmpanbHux aiHil.

Jlnst ramaktuk JlemeTp BUSBUB 3aKOHOMIPHICTD, IO iX MPOMEHEBA MIBUIKICTH
30UTBIIYETHCS TPOMOPIINAHO BIACTaHI A0 HUX: V,ocd, Ky B MOJAIBIIOMY
Xa00u1 y3arajabHUB Y BUTIISAL

V.=H,d, (17.2)
ne Hy, — crama Xa00:a.

Bupas (17.2) ceoromni 3BeThes 3axkonom Xabona—/Iemempa. O0’eqHYIOUN BUPA3U
(17.1) 1 (17.2), oTpuMyeMO 3B’SI30K BIJACTaHI A0 TaJaKTUK 3 iX YEPBOHUM
3MIIIEHHIM:

d=—-2z. (17.4)

18. MooauHOKI Ta KpaTHi 30pi 1 cyb3opi

[lix kpamuicmio k 3ip i cy63ip pO3YyMIIOTH iX KUIBKICTh B 30pSAHI CUCTEMI.
VY pazi k=2, 3, 4, ... iX 3ByTh IOABIWHUMH, TOTPIAHUMH, KBAIPYTOJbHUMH (U1
YOTUPUKPATHUMHU) 1 T.A. 30psamu. Jlo k=1 BigHOCATP MOOJMHOKI 30pi H
cy03opi. B Takux cucremMax He pPO3PI3HAIOTH MPUPOAY KOMIIOHEHTIB, IO
HaJICXKATh JI0 3ip M Cy03ip, B TOMY CEHCI, 10 iX KOMIOHEHTH MMO3HAYAIOThCS
OJIHAKOBO — BEJIMKUMHM JIATUHChKUMU JiTepamu A, B, C 1 T.x.
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IHoogiiini 30pi. 111 cucreMu TPaIuUISIFOTBCSA y BCIX MOXJIMBHUX OpPIEHTAIIISX
HaxwiIy opOIiT A0 croctepirada (1o BigoOpaxkae iX kiacugikallio) Ta KoMoOi-
HaI[IIX KOMITOHEHTIB: 30psl — 30ps, 30psi — cy030ps, cy030opst — cy030psi. Beboro
BiIoMO Oym3bKo 125 THC. Takux cucteM, 10 60 % 3 SKUX CIIOCTEPIralOThCs SK
BI3yaIbHO-TIOABINHI, Ouibme 35 % — 1e 3aTeMHIOBaHO-TOBIMHI, 6 % —
CHEKTpaIbHO-TI0/1BIMHI Ta 1 % — TicHI mo/BiliHI cucTeMu. [1oBiiHI 30pi BUSIBIICHI
1 B okom CoHris, 1 B moii ["anakTuku (Ha HaWpI3HIIIMX BIJCTaHsX), 1 B 30PSHUX
CKYITYCHHSIX Ta acoIlallisix.

Bisyanvno-nodsitini (puc. 17.10) 30pi MarOTh HalPI3HOMAHITHIII KYTOBI
po3MipH, a iX IUIOUMHU OpOIT OJIM3BKI A0 «IOBEpXHI» HebecHol cdepu.
BiamiueHo, 1o 31 30UIbIICHHSIM iX BEJIMKHUX IMIBOCEW OpOIT 30UIBLIYIOTHCS iX
CKCIICHTPUCUTETU. TaKi CUCTEeMH MOXKYTh MaTH PO3MIPH, CYMIpHI 3 BIICTAHSIMH
MK 30psiMu Toia [Mamaktuku. Macu KOMIIOHEHTIB IIMX CHUCTEM, SIK MPaBUIIO,
pi3Hi. Bimomi cuctemMu 1 3 CyMipHUMH Macamu.

Acmpomempuuno-noositini — 1€ OKPEeMHUN BUIIAJIOK Bi3yalbHO-TIOABIMHUX
31p, KOJIM CIIOCTEPIraeThesl TIAbKU OJMH BUJIMMHUM KOMIIOHEHT, TOMY IO 1HIIUN
Ma€ CyTTe€BO MeHIUi Oonuck (puc. 17.1t). ¥V npomy BUNaAKy 3a acTpOMETpUY-
HUMHU CIOCTEPEKEHHSMM BJIACHUM pyX 30pl Ma€ CHUHYCOIiNANbHO-NOAI0OHY
dbopmy, 110 BitoOpakae HOTO BIIXHWICHHS Bij OapuiieHTpa, TOOTO IEHTpa Mac.
OCKUTBKH B TAKOMY PYCl BUKOHYETHCS MPABUIIO BaXEJsl BIIHOCHO IIEHTpa Mac,
TO II€ JIa€ 3MOTY 3aIlMCaTy PIBHICTh

Ma,(t) = M ,a, (1), (18.1)

1€ a; 1 a; — BICTaHl KOMITIOHEHTIB 1 12 Bij OapHIleHTpa Ha MOMEHT 4acy f.
BusiBnenHs nepioguyHoi 3MiHM B TAKOMY PYCl MOXE€ CBIIUYUTH MPO HASABHICTH Y
cuctemi HeBuaumoro cymytHuka. Came tak ®. beccenb y 1834 pori BiaKpuB
HEeBUAMMUN CynyTHUK y 30pi Cipiyc, KUl B MOJAJbIIOMY BHUSBUBCS OLIUM
KapJIMKOM, 1110 3T0JI0M OTpuMaB Ha3By Cupiyc B.

Cnexkmpanvno-nodsiuni (puc. 17.1B) 30p1 XapakTepU3yrOThCs MEPIOaNY-
HOIO 3MIHOIO TIPOMEHEBUX IMIBUIKOCTEH KOMIOHEHTIB 1 1 2 3 X aMIuiiTynor K,
i K,, sKi obepHeHO MpomopriiiHi iXx Macam>. B TakoMy pa3i BHKOHYETHCS
CHIBBITHOIIECHHS:

M _K (18.2)

—_

2

VY pasi, KoM OAWH 31 CHEKTPIB KOMIIOHEHTIB HE CHOCTEpIraeThes (dUepe3
cnabkuil OJMCK), TO CIOCTEPIralOThCSA TUIBKU TMEPIOAUYHI 3MIHH MPOMEHEBOI

3 OueBnAHO, WO A4 BiNblIOi MacK KOMMNOHEHTA BiAXUAEHHA | aMNiTyAa NPOMEHEBOT LWBMAKOCTI € MEHLLIMMMU.
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MIBUIKOCTI BUJAMMOI 30pi, L0 € apryMEHTOM Ha KOPHUCTh ICHYBaHHS HEBU-
JTUMOTO CYITyTHHKA B CHCTEMI.

3amemniosano-noositini (puc. 17.11) BUAUISIIOTH B OKPEMHI Kiac 4epes
CIIOCTEPEIKEHHSI TPAH3UTY OLIBII XOJIOJHOTO KOMITOHEHTa 3 paaiycoM R; 10
TMCKY OLTIBIIT Tapsia0T0 KOMIIOHEHTA 3 PalycoM R, 1 TONANBIIOMY aHAI3y KpUoi
Grucky’” Takoi cuctemu. TOmi, KOJM HA HPOMEHI 30py Ha JMCKY SICKPAaBOIO
KOMIIOHEHTa TepeOyBalOTh OOMJIBa KOMITOHEHTH, SICKPABICTh 3MEHIIYETHCS Ha
BEJIMYMHY, MPOMNOPIINAHY BIJHOIICHHSIM IUIONI AMCKIB 3ip — O [(TR))/(mR,)]
(e 6 = &(AT) — KOHTpACT MIXK 300pKEHHSIMH 31p, KU 3aJI€KUTh BiJl PI3HUIN 1X
e(pEeKTUBHUX TeMIIEpaTyp, SIKUW 3HaxoauThes B Mexax 0 < o < 1). Ha xpusiit
OJIMCKY 1I€ BIAMOBIIa€ 3MEHILICHHIO 30PSHOT BEJIMUUHU

2

|Am| =2,51g| 1-8 % : (18.3)

2

TicHi no0dsitini — 11¢ TaKl CUCTEMH, KOJIM 1X KOMIIOHEHTH PO3TalllOBaHl Ha
BIJICTAHAX MDK CO000, CyMIPHHX 3 BIAJAJICHICTIO IJIAHET 3€MHO1 T'PYNH BIJ
Conns (puc. 17.1e). Konmm Taki 30pi-KOMIIOHEHTH NepeOyBarOTh Ha CTali
T'OJIOBHOI MOCJIITOBHOCTI, TO iX MOBEPXHi, B 3aJICKHOCTI BIJ X PO3/1JIEHHS, a00
MaTb QopMy Kyinb (puc. 18.1a), abo Butarnyti (puc. 18.10), BHacmigok
B3Aa€MHOI J11 IPUIUTMBHUX CHJI. SIKIIIO OJMH 13 KOMITIOHEHTIB € 30PEI0-TIraHTOM,
TO Hioro dhopma obMexeHa noposxchunoro Powa’ (puc. 18.18). B Taxiit cuTyariii
pPEYOBHHA 30pi-TIraHTa IMICJIsI TTOBHOTO 3allOBHEHHS ITI€l TOPOKHUHU TTOYMHAE
nepeTikaTu 4Yepe3 Tak 3BaHy nepuly mouky Jlaepawoyca (L) Ha 1HIIUN
KOMITIOHEHT. [HIIIMM KOMIIOHEHTOM MOXYThb OyTH 30pi, 110 MepedyBaloTh Ha
pI3HUX e€Tamax €BOJIONIl, BKIIOYAIOUM 30pSHI 3aUIIKU. SKI0 1 JpyrHid
KOMIIOHEHT mepeOyBae Ha cTajii riranta (puc. 18.1r), To B3aeMHE TIepeTIKaHHS
PEYOBMHU MOXXE MPU3BECTH JI0 NOSIBU CHUIBHOI 000JOHKHU. Taki cucreMu
HA3WBAIOTh CHMO10TUYHUMH.

Busznauenna mac i eionouienv paoiycié 3ip 3a CHOCHIEPEHCEHHAMU
CHEeKMPAbHO-NO0GIIHUX 3ip. SIKIO crcTeMa OJTHOYACHO CIIOCTEPITaeThes 1 5K
BI3yaJIbHO-TIO/IBIIiHA, 1 SIK CIEKTPAJIbHO-TIO/BIMHA, TO 3TIHO 3 Yy3araJbHEHUM
tpetiMm 3akoHoM Kemepa (9.11) 1 dopmynoro (18.2) Bu3HayaroThCs cyma Ta
BIJTHOIIICHHSI MAaC KOMIIOHEHTIB. 3 TOUKH 30py MaTemaTuku Bupaszu (9.11) 1(18.2)
€ CHCTEMOIO JBOX PIBHSHb 3 JBOMa HEBIOMUMH. PO3B’s3yl0umM IO CHCTEMY,
OJICP’)KUMO BHPA3H JJIS Mac

94 o . . o . .
KpuBa 611CcKy 30pAHOT CUCTEMM — LI 3a/IEXKHICTb iHTErpasibHOi 30PAHOI BEIMYMHM Big, Yacy.
95 . . . o . . .
MopoxHMHa Powa — 06nacTb HaBKOJ/IO 30pi, 30BHILWHIM KPAaEM AKOI € MOBEPXHA PIBHOrO MOTEHL|any, AKa MiCTUTb
nepLy TouKy JlarpaH:ka (puc. 18.1).
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_4nd’ K,
'GP’ K +K,’ (18.4)
_4nd’ K,
> GP K 4K, (18.5)

BigHomenHs paaiyciB BXoauTh y ¢opmyiny (18.3), mo onucye roloBHUN
MIHIMyM KpuBOi OJucKy. P03B’s3yroum 1ie pIBHSHHS BIJHOCHO BIiJIHOIIEHHSI
pajilyciB KOMIIOHEHTIB CUCTEMHU, OTPUMAEMO

g/&:J&%m“M—Q.

(18.6)

Pevopmma,
-0 NICPCTINEE

B r

Puc. 18.1. KoHgbieypauii KomrnoHeHmi8 nodegiliHux cucmem: a — WUPOKUX;
6 — 651U3bKUX, 0€ MOYUHAOMb MPOABAAMUCA Oil NPUNAUBHUX CUs; MICHUX,
3 30r108HEHHAM 00HUM (8) i oboma (2) KomnoHeHMamu nNoporcHUH Powa

Hompiuni ma oinewoi kpamuocmi 30pi.
Knacudikariiss monBiiiHux 3ip y MEBHOMY CEHCI
MOIIMPIOETBCS 1 HA 30pl OUIBIIOI KPaTHOCTI.
BizyanbHO KpaTHI 30pi1 TPaIUISIOTHCS YacTile 3a
Bce. IX KOMIOHEHTaMU MOXYTh OYTH BCi pi3HO-
BUJIM TIOOJMHOKUX YW MOABIMHUX 3ip. Tomy,
KOJIM OJIMH 13 KOMIIOHEHTIB PO3TalllOBaHUMN

¥,

Amda IlenTtaepa A i B
a

41.200.000.00000

ITpoxcumMa

N\
39.900.000.000.000 xav
Comrre

ICTOTHO BIJJaJI€HO BIlJ I1HIIANX KOMIIOHEHTIB
cucremu (puc. 18.2), iX AOCIIKYIOTh TaKUMHU
CaMHMH METOJAaMHU, SIK 1 MMOOJUHOKI YU MOABIMHI
30p1 (HaMmpUKIa], KOJIM CUCTEMA MA€ HEBUIAUMUUN
CYNyTHHUK a00 € CIEeKTPaIbHO-TIOABINHOIO 30pEIO
YU BITHOCHUTHCS 10 TICHUX IOJBIMHUX).

Puc. 18.2. Halibnuxc4a
0o CoHyAa nompiliHa 30pAHa
cucmema Anegpa LleHmaspa,

W0 CKNadaemscs 3

KomrnoHeHmie A ma B

i MMpokcumu
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31 30UTBIIEHHSIM KPAaTHOCTI KUTBKICTh TAKUX CUCTEM 3HAYHO 3MEHIIYEThCS.
SIK 1 y HOJABIMHUX CUCTEM, MACH KOMIIOHEHTIB y KPaTHUX CHCTEMaX, SIK MPaBUIIO,
pi3Hl. Takoxk, K 1 y NOABIMHUX 3Ip, KOMIOHEHTAaMHU B HUX € 1 30pi, 1 cyO30pi.
TparmsiroTeest 1 Taki, ¢ KOMIIOHCHTAMHU € BUKJIIOYHO cy030pi. Taki cucreMu
BUBYAIOTHCS MeToiaMu [Y-acTpoHOMI1, OCKUTBKH Y BUAMMOMY JIiara30H1 BOHU HE
JOCTYIIHI IS JJOCTIKCHHS.

19. NnaHeTHIi cuctemu

SIKII0 y MOOIMHOKKX UM KPAaTHUX 31p € I 1 TUTAHeTHI KOMIIOHEHTH (X04a 0
OJIMH), TO Taka CHUCTEMa € OJIHOYACHO II¢ ¥ TUIAaHETHOI cucTemoro. [lmaHerHi
CUCTEMHU TPAIUIIFOTHCS ¥ BCIX KJIACIB TOOJAMHOKUX 1 KPaTHUX 31p, KOMIIOHEHTaMU
SKUX € 30pl Ta cyO3opi. Jlo TIaHEeTHMX CHCTEM BIIHOCATBCA ¥ Ti, IO
nepeOyBaroTh Ha MOYATKOBIM CTaii €BOJIIOIII, TOOTO MICTSATh NPOMONIAHEMHULL
Ouck’™ (MOXIIMBO, PasoM 3 EK30ILUIAHeTaMH), BiATaK nepebyBaloTh Ha CTajii
dbopMyBaHHS.

Ocnoeni munu nnanemnux cucmem. Ko mnaHeTd MarOTh OpOiTaibHI
PYXH HABKOJIO OKpeMHX 31p (UM CyO3ip), Taki IJIAHETHI CUCTEMH BITHOCSTH O
S- muny (puc. 19.1a). BusBineHi 1m1aHETHI CHCTEMH, B SIKUX IUIAHETH 00EPTAIOTHCS
HABKOJIO TICHMX 3ip (UM cy03ip), BigHOCATH 10 P-tumy (puc. 19.16). IlepeBakHa
YyacTKa IUIAHETHUX CHUCTEM BIJHOCUTHCS 10 S-Tumy. BoHu € ckiagoBumu
NOOAMHOKUX 1 KpaTtHuUX 3ip Ta cyO3ip. [lpuknagom IulaHeTHOI CHCTEMHU
3 LIEHTpaJIbHOO 30peto € CoHsiuHa cucteMa. B Haniil rutanetHiid cucreMi CoHlle —
30psi, HABKOJIO SIKO1 00epTaroThCsl 8§ BeMMKUX IUiaHeT. [maneTHa cuctema S-TUIy
notpiiiHoi cucremun Asnbda lleHraBpa nHanexwuts IIpokcumi — majgexomy
KOMIIOHEHTY, 1110 00epTaeTbcs HaBKOIO AB-kommnoHeHTiB 3 mepiomom 550 Twc.
pokiB. Ex3orianera 3 Macoro, OUTBINOKO 3a 3¢MHY B 1,3 pa3u, BiajgajeHa Bij
[Ipokcumu y 20 pasziB, O6mmxde, HK 3emis Bin CoHIsl, Ta Mae OpOITAIbHUN
niepiof 6mu3bko 11,2 mio.

Puc. 19.1. Opb6imanbHi pyxu KOMNoHeHmig y naaHemHyux cucmemax S- (a) i P- (6) munis

96 . . . .o
[unck HaBkono 30pi abo cyb63opi, AKi nepebyBatoTb Ha paHHIN cTagii esontouii. AnA NAaHeTHUX cucTem — ue
nepBMHHA CTaaia ix eBosoL;ii.
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[Inanetny cucremy S-Tuny Mae oauH 3 HaWOmmwkuux a0 CoHus A-
KOMIIOHEHT moABiiHOI 30p1 ['pymOpimxka 34 (Gru 34), mepioag sKoro 3
KoMIoHEeHTOM B ctanoButh 2,6 pokiB. Ex3omnanera x — Gru 34 Aa, 3eMHOro
THUITY, 3 Macoto 3Mg, 00epTaeThCcsi HABKOJIO CBOET 30pi 3 mepiogoM 11,4 mid.

Knacnynum mpukiazoM IiaHeTHOI cucteMu P-tumy € mopsiiina 2MASS
J0249-0557, xoMnoHeHTaMu SIKOi € cy030pi 3 macamu 48 M, 1 44 M, (M, — maca
IOmnitepa), mo Bimmaneni Big Conisg Ha 49 mk. [x 30BHIIIHIII KOMIIOHEHT-
ek3orutaneTa Mae mMacy 11,6 M. 1g mmaHeTHa cucteMa € Mepiioro, JOCTHKEHO0
1H(GPaAYEPBOHOIO aCTPOMETPIEI0. AHAJIOTIYHUMHU € CHUCTEMH, SIKi Oyl BIAKPHUTI
KOCMIYHUM TeneckonoMm iMeHi Keruiepa, B cknaai skux € ek3oraHetu: Kepler
16b, Kepler 34b, Kepler 35b, Kepler 38b, Kepler 7b, ¢, Kepler 64b Tomio. Bci
€K30IUIaHETH, 110 BXOAATh 0 CKJIaay IUIAHETHUX CUCTeM P-Tuily, € razoBUMH
BOJIHEBO-TE€JIIEBUMH TIFAHTAMU.

Pisnomanimmsa naanemuux cucmem. Cepel BIAKPUTHX ITUTAHETHUX
CUCTEM Yy KOXHOI 3 4-5 CIOCTEepIraeThCs BiA JABOX JO CEMH EK30ILUIaHET.
B 3anmesxHOCTI Bim BIACTaHI IUX ITUIAHET BIA CBOEI IIEHTPAIBHOI 30pi IMPOSIB-
JISIFOTBCSL 1X BIJAMOBIAHI BIAcTUBOCTI. LleHTpambHUMHM CBITWJIAMHU Yy BUSBICHUX
IUTAHETHUX CHUCTEM € Cy030pl Ta 30pi, K nepeOyBaroTh MaiKe Ha BCIX eTamax
eBosrortii (T TGJ'IBL[H97, T'OJIOBHOI TTOCJTIJTOBHOCTI, CyOTIraHTIB Ta TIraHTIB 1 HaBITh
nynbcapiB). [IMaHETH-KOMITIOHEHTH Y BIAKPUTHUX IDIAHETHUX CHCTEMaX TaKOX
nepeOyBalOTh Ha PI3HUX €Tanax €BOJIOLIL: SK MIHIMyM, MPUHIIUIIOBO, HA JBOX.
VY crapux MIaHeTHUX CHCTEMax IUIAHETH € CPOPMOBAHUMHU KOCMIYHMMH TIJTAMH,
y MOJIOAMX, 3a HasSBHOCTI HABKOJO 30pl MPOTOIUIAHETHOTO JHUCKY, — CIiJ
OUIKyBaTH, II0 BOHM € III€ MPOTOIUIaHETaMH. Taki MPOTOIUIAHETH BHSIBJICHI
Bokonax Conng, y 3ip Emncunon Epimana (puc. 19.2), bera JXuommcis,
@domanerayr Ta I1HIMX. BimoMo OuIbllle THCSAYl NPOTOIJIAHETHUX JIMCKIB,
HEHTPAJILHUMHU CBITHJIAMHU SIKHX € SIK 30p1, TaK 1 Cy030pi, B OKOJIaX SIKMX BHSIBJICHI
Y IPOTOILJIAHETH.

[InaHeTu-riraHTH, pPyXaruuCh HABKOJIO 30pl B pE3yJbTaTl MOTYXHOTO
BUTIAPOBYBaHHS ii atMocdepr Ta il 30pSHOTO CBITJIOBOTO THCKY, TOBHHHI
MOBOJUTHCS SIK BEIMKAa «KOMETa». Taki IUTaHEeTH BITHOCATH 0 «TrapsIux
foritepiy. Came Taki BJIACTUBOCTI TepeAadayaroTh JUIsl TEpIIoi  BIIKPUTOL
ex3orutanetu: 51 Ileraca b, sxiit nanu im’s bennedont. Bona Mae macy mosnoBuHy
IOMITEPOBOi, 00EPTAETHCS HABKOJIO 30p1 HA Takii caMiid BijicTaHl, sk 1 [Ipokcuma
b, 3 nepiogom 4,2 106M.

B okomax CoHus BUSIBICHAa TakOoXX BOJHEBO-TeNll€Ba IUIaHeTa 0e3
nentpanbHoro ceituia: WISE 0855-0714, temnepatypa sxoi € 6ausbko 240 K.
Taki KOCMIYHI TiJIa Ha3BAIH «HIAHEMAMU-CUPOMAMU.

97 . .
OcTaHHA CcTagia eBOAOLIT NPOTO3ip 3 Macamu meHwwe 2 M.
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Buyrpmsa obnacts
Consanof cucTeMm

Brayrpmma obnacts

Encunon Epigasa Encunon

® Epinana b
Buyrpmsst

IOAC aCTEPOINEB

Puc. 19.2. lnaHemHa cucmema EncusnoH EpidaHa nopigHAHO 3 COHAYHOIO CUCMEeMOto

Cucmemu 3 naanemamu, wi0 pO3MaAuiO8ani 6 «30Hi dcumms». 30Ha
Jrcummsi HaBKOJIO 31p — MPOCTIp (KUJIbIlE), B MEeXKaX SIKOro BOJa Ha IJIaHeTax (SK
MPaBWIO, CWJIIKATHOTO YW JIOJASHOTO THUITY) mepedyBae B PIAKOMY CTaHi.
BayTpinHs Mexa Takoro Kuiblis (7;,) BUBHAYAETHCS TOJIOKEHHSAM TUIAHETH, JI€
Bech 3anac Boau (H,O) moxe OyTu BUmapyBaHUM Mij JI€EI0 BUIPOMIHIOBAHHS
LEHTPAJIbHOI 30pi. 30BHIIIHSA MeXa (7,,,) BU3HAYAETLCS BIJICTAHHIO BiJl 30pi, HA
AKIH MaKCUMaJIbHUN TMApHUKOBUN €(PEKT HE 3[JaTHUN YTPUMATH BYTJIEKHUCIUN
ra3z (CO,) Bix KOHAEHcAIlll, 110 MPU3BOIUTH JI0 3JIeAeHIHHA. BigmaneHicTs Bif
HEHTPAJIBHOTO CBITUJIA 30HU KUTTS Ta HIUPHUHA KIJIbIS BU3HAYAIOTHCS:

® 30psSIHUM MOTOKOM BUIIPOMIHIOBaHHS (KMl 3aJ1€XKUTh, MEPII 32 BCE, Bl
CBITHOCTI CBITHJIA Ta €KCIIEHTPUCUTETY IIAHETH );

® ajIL0e10 IIAHETH,

® KOHIICHTpAIlI€I0 MAPHUKOBHX I'a3iB;

® DO3MOJIIOM €HEprii y BUMPOMIHIOBAHHI 30pi Ta «BIKOH IMPO30POCTI»
B aTMOc(epi IIaHeTH.

Sk TOKa3ylOTh PO3paxXyHKH, 3aXMapeHICTh aTMochepu IUiaHeTH (y Biji-
cotkax — %) B pe3yibTaTi Jii nepepaxoBaHuX (HakTOpiB MPU3BOAUTH JO HAC-
TYIOHUX MEX 30HU XUTTS B COHSAYHIN cucTeMi:
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rin=0.84-0.95 a.0., r,, = 1,67 a.0. (0 %);

rin=0.68-0.76 a.0., 7., = 1,95 a.0. (50 %);

rin=0.46-0.51 a.0., 7., =2,4a.0. (100 %).

«O0be3600nenHI0» naanemu, 3a i epexTnBHOI TemueparypH Te, = 373 K (100° C)
st 50 %-ro xMapoBoro MOKpHUTT, BiamoBigae Biacranb Bix Conrg 0,73 a.o. Sk
BHJIHO, TTOJIOKCHHS 3eMill 3aiiMa€e MicIe B «30HI KHATTS» COHSIYHOI CHUCTEMH,
ONU3bKE JI0 CEPETHHOTO 3HAYCHHSI.

Jlo mepeniky eK30IUIaHeT, IO PO3TalllOBaHI B 30HI JKUTTS, BIIHOCSTH
HactynHi: ['mize 667 Cc, HD 85512 b, I'mize 581 d, g; I'mize 163 ¢, Kepler-22 b,
Kepler-186 f Tomo. Ilmanetna cucrema TRAPPIST-1, skxa po3ramoBana Bij
CoHust Ha Bifctani 11,9 mk, Bif3HAYaeTbCcs TUM, 110 HANOLIbIIA KIJIBKICTH
IUTaHET — TPU 3 ceMU (BCl 3€MHOr0 THUIly) MepeOyBalOThb B 30HI KUTTS.
[{enTpasibHE CBITHIIO X III€T CHCTEMHU MA€ MIHIMAJIBLHO TPAHUYHY Macy JJisl 31p —
0,08 M.

O6’ckmu SETI. SETI (aOpesiarypa, auri.. Search for Extraterrestrial
Intelligence) — MUDKIMCUMILTIHAPHUA HampsiM JOCTIIPKEHb, CIPSIMOBAaHUN Ha
MOIIYK TMO3a3€MHUX IUBUII3AMIN. Y I[MX JOCHIPKEHHSX acTpOHOMIs 3aiimae
BU3HavYasibHEe Miciie. Came 3a JaHUMH aCTPOHOMIYHUX JTOCIIPKEHb BU3HAYAIOTHCS
micisi 'y BcecBiti, mpugaTHi 11 MMOBIPHOTO ICHYBaHHSI JKUTTS: BIITMOBIIHI
IUTaHeTH B OKoJl 3ip. s aHamoriyHux 3eMHUM (opMaM KHUTTA JIbOJSHI 4Yd
CWJIIKaTH1 IIJIAHETH, SKI TepeOyBaroTh B 30HI JKUTTS, MOBUHHI IIIe W MaTH
JOCTaTHIN BIK AJIs1 3apOJKEHHSI Ha HUX YKUBUX OpraHi3MiB. SIKIIO criMpaTHCs Ha
«3EMHUH JOCBI» 3apOKEHHSI Ta PO3BUTKY KUBUX OpraHi3MiB, 10 00’ekTiB SETI
CJIiJ1 BIZIHECTU 36MHOIIOI0HI TJIAHETH, 10 BXOSThH /10 CKIIAY IJIAHETHUX CUCTEM
3ip, BIK SKHX MEHIIE KUIBKOX MUIBAPAIB POKiB. TyT #aeThcs HE MpO 3yCHIUIA,
COpsSIMOBaHI Ha TIOMIYK caMe M03a3eMHUX IMHMBUII3AINMA, a PO OUTBII MIUPOKUAN
BUOIp 31p-KaHIUAATIB, Y SKUX BUSABJICHO TUIAHETH 3€MHOTO THIY, 1€ O BXXE MOIJIA
3apOJIUTHUCS JKMBI OpraHi3MHu Ha OUIKOBI1M OCHOBI. [HIII (hOpMU KUTTS HAYIII IIIE HE
B1JIOMI.

B oxom Conus (6mmwxue 10 nk) y O6mu3pko 40 3ip pi3HOI KpaTHOCTI
BimkpuTo Ginbire 70 ex3omaner . Cepes HUX 10 cynep (YU BEITHKHX) 3eMelb
Hajexatbh Onu3bko 60 % muaHeT, 70 BojHeBo-renieBux — ~ 20 %, pemra —
apoasHI rirantu. Cepes cynep 3emMenb BIOMI Taki, BIK IMEHTPAIbHUX 31p SKUX
nepesunrye ¢ =2 mipa  pokiB  (I'p). Taki ex3ominaHeTd BKpad IiKaBsi
y nociipkeHasx npooigemu SETI. e HacTymHI eK301UIaHeTH:

*Ha nouatok 2019 POKy crocTepeskHi gaHi 6ynn HacTynHi: y 38 cuctem KpaTHUX 3ip Byno BiAKPUTO 72 eK3oniaHeTu.
Tob6To 3 ypaxyBaHHAM BeNUKUX NnaHeT COHAYHOI cucTemu: B oKosax CoHuA 3 pagiycom 10 nk Bigomo 80 nnaHeT, wo
HanexaTb 39 niaHeTHMM cucTemam. e macu gBox KocmiyHux o6’ekTtiB SIMP 0136+0933 ta ULAS 1335 B mexKax
NOXMBOK BU3HAUYEHHSA iX MaC MOXYTb HaseXaTu AK 40 NAaHET-CUPIT, Tak i Ao cyb3ip.
99,El,o cynep (44 BENMKMX) 3eMenb BiAHOCATb NAAHETU 3 Pajiycammn MeHLle ABOX 3eMHUX. B TakomMy pasi npu TMNoBux
ryCTUHaxX ANA NAAHET 3eMHOI FTPYNW CAig O4iKyBaTU MAcK TaKMX NAAHET MeHwe 2Mg.
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Kanreiin b, I'mize 581 d, g — =8 1p;

ITpoxcuma Llenraspa b —t=61Ip;
Tay Kuta e, £ (?) —t=6Tp;
I'nmize 667 Cc —t=2Tp.

3a mexxamu 10-tu mapcekoBoro otoueHHs 10 SETI-kanammaTiB BiZHOCSATH
mie i exzortadery HD 85512 b. 3 ypaxysanusm Biky 3emii (4,5 ['p), nepemniueni
CK30IUIAaHETH € TMOTEHIIATPHUMH KaHIWJaTaMU, Ha TMOBEPXHI SKUX MOXE 3apo-
JMTUCS JKUTTS, SKIIO TEH IMPOIEeC 3aJICKUTh TUTBKU Bi BIAMOBIIHUX acTPOHO-
MIYHUX BJIACTUBOCTEM 31p 1 IJIAHET.

20. 3opAHi CKynueHHA 1 acouyiauii

30psiHI CUCTEMH, SIK1 CIIUTBHO YTBOPIOKOTHCS Ta BKIFOYAIOTh BiJI JIECATKIB JI0
MIJIbHOHA 30pPSIHO-CYO30pSHUX KOMITOHEHTIB, BIIHOCSTH JI0 30PSHUX arperaris.
3alie’HO BIJ MEXaHI3My YTBOPEHHS, 3arajibHOi KUIBKOCTI KOMIOHEHTIB (N),
po3MmipiB (&, MK), IX IPOCTOPOBOI KOHIEHTPAI[i KOMIOHEHTIB (71, K °), 30psiHi
arperartu noJuUIAIOTh Ha:

e 3opsHi ckymuennst (N ~ 10-10°, & ~ 1-10%; n S1-10°):

e e poscisui (N ~ 10-10°, max 10*; @ ~ 1-10, n S1-10°),
e e xymsicti (N~ 10-10°, @ ~ 10-10°, n S1-10%);

e 30psHi acomianuii (N ~ 10—< 10%, @ ~ 10-10°, n ~ 10 °=107);

e 30psiHi Hagacomiarii (N ~ 10°—< 10°, & = 500, n ~ 10°-107).

3opani ckynuenns. 3a TIIBUINECHOIO TIOBEPXHEBOIO KOHIICHTPAIIIEID HA
HeOecHIN cdepl BUAULIOTH PO3CISHI Ta KyJsICTI cKymdeHHs. [leski poscisHi
CKYITYEHHSI JOCTYIHI ISl CIOCTEpPEKEHb HEO30pPOEHOMY OKYy, KYJACTI —
BUKJIFOYHO 3a JIONIOMOTOI0 TeJIeCKora.

Poscisni 30psHi ckynuenHs (PC), sik nmpaBuiio, HApaxoBYIOTh BiJ] JCCSTKIB
JI0 TUCSYI 31p 1 cy03ip, MarOYM HenpaBuiibHI (popmu, oOMexeH1 po3mipamu Bix 1,5
1o 20 nx (puc. 17.2a, 6). Lle BianoBinae iX cepeaHiil MPOCTOPOBIA KOHIIEHTpALIi
KOMIIOHEHTIB y MeXaX 71, < 1-80 1K °. EneMeHTHHil CKyIaji KOMIIOHEHTIB CXOKHii
3 COHSIYHUM 1 HE BIJPIZHSAETHCS MK CcO0Or0 Oumbie, Hik y 5 pasiB. 80 %
PO3CISIHUX CKYITYEHb MAIOTh BIK fpe S 10® pokis.

Jlo cknagy PC BXomsaTh 30pi TOJOBHOI MOCTiAoBHOCTI Ta Tumy T Tenbiid,
cyO30pi, riraHTd Ta HAATITAHTH, MOABIMHI Ta 3MiHHI 30pi. B crpykrypi PC
BUJIUIAETHCS SIIPO Ta PO3PIIKEHA KOPOHA, K1 HAPaXOBYIOTh MPUOIU3HO OHAKOBY
KUTBKICTh KOMIIOHEHTIB. Y pi3HuX PC KopoHa OibIa 3a sIpo Bix IBOX JI0 ACCATH
paziB. Y monoaux PC cmocrepiraeTeCsi ra3oBa CKJIaJ0Ba, Ky IOB’SI3YIOTh 3
3aJTUIIKaAMH PEYOBUHHU, 3 KOi YTBOPHIIUCS CTIOCTEPEKHI KOMITIOHEHTH.

PC xonnentpyrotbes a0 miomuan Monoudoro Imsxy 1 moctymHi yis
criocTepekeHb y Mexkax 2,5 knk Bifg Coni, A€ iX Hamuyerbes Ouibine 1,1 Tuc.
3 ypaxyBaHHSIM CIOCTEPEXKHOI CeNIeKIli OYIKyeThbCs, 0 MoBHE uucio PC
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B Monounomy Illmsaxy csrae ~ 10—15 tuc. Haitbmmkue no Conns PC 3aiimae
Maibke Iie cysip’s Ha HebecHiii chepi (17°). Ile ckymuenns y Bemukiii
Benmenur, mo Hamiuye 6au3bko 100 KOMITIOHEHTIB 1 Jocsrae po3mipiB 7 MK
y niametpi (puc. 20.1). Horo Bik omintoerbes B 400 miH pokis. Haiicrapime PC
po3tamioBaHe B cy3ip’i Lledes na Biacrani 2,2 knk Bijg Conisi: NGC 188, itoro
BiK 10 mupx pokiB. BoHo Hamiuye nmpuOian3Ho 120 KOMIIOHEHTIB y Mexax 6 IK.
Hemio nami (2,3 knk) cnocrepiraetbes noasiiiae PC: y 1 h Ilepces (puc. 17.206).
B 000x #oro ckiaoBux HATYYOTH 0J13bK0 350 KOMIIOHEHTIB.

Anpxaiy_s4e/lLIAP Hybxe
Puc. 20.1. CKynuyeHHsA 3ip y cy3ip’i Benukoi Antes
Beomeduui. Kpim 3ip [lybxe ma Anbkaio eci 30pi Merp.
Cy3ip’a Hanexab Po3CiAHOMY CKyn4eHHr. Y 30pi Sesnn Mepax
Miuap € onmu4yHuUl KOMNOHeHM — AnbKop

Kynscri 30psani ckymyuenss (KC) matots popmy chepu 3 miamerpamu Bin
15 no 200 nx (puc. 17.2B). BoHn Ha/MuyrOTh Bij 3-10* o 5-10° KOMITOHEHTIB,
y CKJIaJll SIKUX CIIOCTEPIraloThCsl CyOKapiuKy, 30pI-TIraHTH, 3MIHHI Ta MOJBIHHI
30pi, OUTI KapiuKu. 30p1-KOMIIOHEHTH HaJexaThb A0 HaceieHHs II, ToOTo y HuMX
CIIOCTEPIra€TbCA CYTTEBUM JEPIIUT BAXKKUX XIMIYHHUX €JIEMEHTIB TOPIBHSIHO
3 coHstyHUM ckiazioM. Lle gae miacraBy amst ouinku Biky KC — > 10 muipa pokis.
Komnonentn KC MaroTh KOHIIEHTpallito A0 oro 1eHTtpa i, sik 1 y PC, B HuUX
BUJUISIOTH SJIPO Ta KOPOHY, BIIHOIIICHHS PO3MIPIB SIKUX Y PI3HUX CKYITYE€Hb TEX
Take — B 1BOX 10 necatu. Cepennst KoHieHTpalls kommnoHeHTiB KC Biamosimae
3HauenHo 0,4 HK_3, a B IEHTPAJIbHUX 00JIACTX sijipa — 10-10° nx .

["a3oBa ckilaoBa Maike BIACYTHS 4epe3 HU3bKY MapaloiivyHy IIBUJKICTh
(10 — 30 kwm/c), moctaTHiO JyIsl 1i BUMITAHHS Ta JIi MPUIUIMBHUX CHJI TiJ 4Yac
nepeTuHy Iioman MosouHoro [nsxy B mpolieci pyXxy HaBKOJIO HOTo IEHTpa.
OpOitu ranakroueHTpuuHoro pyxy KC cuiibHO BUTATHYTI Ta He3aMKHEHI. BoHu
MalTh CchEepuuHy KOHIIEHTpamiro g0 IeHTpa Momnounoro Illmsaxy, sxuit
posramoBanuii B cy3ip’i Ctputeiia. B wamnii [Namaktumi BisiBaeno 157 KC.
3aranpHa X KUTbKICTh 04iKyeTbes Big 200 go 600.

Haitommkue KC posramoBane B cy3ip’i CkopmioHa: M 4, sxe Halidye

1,5 10° kommnonenTis. Moro Bixcrans Big COHIS — 2,1 knk, a 3a alametpa 23 nK
KyTOBMM JiaMeTp BIJNOBiIa€ 3HAUYCHHIO p = 26', M0 € OJHUM 3 HaNOUIBIINX
cepen 30psiHUX cucteMm Takoro tumy. HadimacuHimmm KC € M 22 (cy3ip’s
Crpinbus) — 7-10° M o+ BIICTaHb JI0 HBOTO 3 KIIK, & KyTOBHii fiameTp — p = 24",
Haiictapimum (13 mapa pokiB) € KC Owmera llentaBpa, sike po3TaiioBaHe Bif
Conug Ha BiICTaH1 5 KIIK 1 Mae KyTOBUHM JiaMeTp p = 36', 110 € HaWOIbIINM
cepel BIIOMHX KYJISICTUX 30PSHUX CKYITYCHb.
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3opani acouiauii 1 nadacouiauii. O61aCTI B TATAKTUIHOMY IIOJI, €
KpIM «3BHYAWHMUX» 31p MI3HIX CIIEKTPaIbHUX KJIACIB € 11e il mosoai OB-3o0pi un
turmy T Tenwlig, Ta B 3aJI€XHOCTI BIJ 1X KUIBKOCTI BITHOCSTH JO 30PSHUX
acoriaiit (puc. 17.2r) un nagacomiaiiii (puc. 20.2a).

KoHr1ieHTpaltlist Iux MOJIOJIUX 31p HAJITO HU3bKA — 1 ~ 10°-107° nx , TOMY
iX IPUCYTHICTh ICTOTHO HE 30UIbIIIY€E CEPEHIO TYCTHHY MaTepli B 11 00acTI.
3 TakuMH 00JIACTSIMU OB’ I3YIOTHCSI 30HU 30PEYyTBOPEHHS, 1HJUKATOPAMU SIKUX
1 € HasBHICT, OB-3ip Ta Ty T Tenbisa. Came NpUCYTHICTh B TaKUX 00JIACTAX
Takux 3ip 1 Bu3Hayae ix Ha3By: OB- um T-acomiamii. OO6macti, B SKHX
OJIHOYACHO 30cepeKeH1 30pi B Mexkax O—A2-cneKkTpaabHUX KJIaciB 1 BIAOMBHI
ra3onujioBl TYMaHHOCTi, SIKI 11X OTOYYIOTh, BIIHOCATH J10 R-acoriariii
(Bim aHri.: reflection —Bi1OVIBaHHS).

Puc. 20.2. OB-Hadacouyiayis 30 3onomoi Pubu e 2anakmuui
Benuka MazennaHosa Xmapa (a) ma R- acouiauii — mymaHHicme Cepuye (6)

[IpornsimaeTbcsi 3arajgbHa 3aKOHOMIPHICTh INOAO CTPYKTYPH 30pPSHHX
acorjaiii: BIAMIYaIOThCS B iX IEHTpPaJIbHMX O00JACTSAX HASBHICTH IMOJBIHHHUX
1 KpaTHUX 31p YU 30PSHUX CKYITUYEHBb.

T-30psHI _acoriailli — HAUMOJIOAMII 30pSHI CHUCTEMH, CKJIaa SKUX
BIJIPI3HSAETHCS BIJ] IHIIMX caM€ HASBHICTIO B HUX BIJ OAHOTO JI0 JEKUIBKOX
necstkiB 3ip tuny T Tenbis, Mmomoaux FG-kapiukiB, B SIKUX 1€ HE 3aBEPILIUBCS
MpolleC TpaBITAIIfHOTO CTUCHEHHS. Po3Mipu Takux acoliaiiii oOMexeHi
KUTIbKOMa JIECATKaMHU MapCeK.

OB-30psiHI acotiaitii — 11e o6macti 3 po3Mipamu B Mexkax 40—200 nk, B K1
BXOJSITb Tapsiyl 30pi-riraHTH Ta Haarirantu O-B-crnekTpalbHUX KJIACIB.
IcHyBaHHs Takux 3ip oOMexene Bikom 10°-107 pokiB, sikuil i K1ageThes
y BIIMOBITHICTh JO Yacy XHUTTS Takux 30psgHuX cucreM. B OB-acomiarisx
MOXYyTh OyTH 1 30pi Tumny T Tenbia. Tomal Taki 30psSHI CUCTEMH € OJHOYACHO
i T-acoriarisiMu (0OepHEHE HEPABUIIBHO).

R-30psHi acoiiaitii yrpuMytoTh 30pi O—A2-CrieKTpaabHUX KJIaciB TOJIOBHOT
nociigoBHocTi (prc. 20.26). Ix Macu Ta Jii 30psHOTrO BiTpy HEIOCTATHBO, 100
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No30yTHCSI PEUOBMHM Ta30BOi TYMaHHOCTI, 3 $IKOi BOHHU YTBOPWUJIUCS, IO
1 € BU3HAYAJIBHOIO PHCOIO0, 32 SIKOIO iX BUAUISIOTH CEpe]l IHIIMX THUIIIB 30PSHUX
acoularii.

3opsHi Hajgacouiaiii — obnacti 3 po3mipamu = 500 0K, MO MICTSTh
JECATKU 30pSIHUX acolliailiil. 3a HasBHICTIO Ta30BOi CKJIaJ0BOI, BOHU MOXYTh

MaTH 3arajibHy Macy, CyMIpHY 3 HaWOUIBIIMMHU MOJEKYJSIPHUMH XMapamu —
10°-10° M.

3opsina cuctema Tpaneris Opiona (puc. 17.2r) — npuknag OB-acomiarii
3 miamerpom 130 mk, posrtamoBaHoi Ha BiactaHi 460 nk Big CoHis.
B acomiamito BXoauTh 15 sACKpaBUX KOMIIOHEHTIB, y IIEHTp1 pO3TallloBaHa
kpatHa 3o0psHa cuctemMa. NGC 2244 — Bimoma OB-acorariss TuM, 1Mo A0 ii
CKJIaZy BXOAUTh «rapsiya 3opsa [lmackerra», 3 macoro 90 M o> AKY paHie
BBa)KaJlM HallMacHBHINIOW 3o0pero. Ll acormialist posramioBaHa Ha BiJCTaHI
1,5 knk Big Conusg ¥ Mae po3mipu 160 x 110 nk, 10 CKIagy sIKOi BXOJUTH
17 OB-sackpaBux 3ip. Cepen T-acomiarmiii Bimomumu € Ckoprion T1 ta Opion
T2. Ilepma 3 HUX BigoMa THUM, IO O il CKJIaAy BXOJUTh 30PS-HAJTITAHT
AHTapec, AiaMeTp SKOro HACTUIBKHA BEJIMKHW, IO MIr OU BMICTUTH OpOITY
Mapca. Ils acomiaris, miamerpom 33 nk, BigganeHa Biag Conus Ha 210 nx 1
Biroyae 33 sckpaBux 3ip tumy T Tembms. Benwka acomiamiss Opion T2
posramoBaHa Ha BiactaHi 400 nk Big CoHI Ta BKIO4Yae Biomy 30pt0 T
Opiona. Bona mae miamerp 30 mk, Tyt 3o0cepemkeno 450 sckpaBux 3ip.
ITpuxnagom R-acomianii € tymannicts Cepie (IC 1805), mo posramoBaHa Ha
BiJIcTaHl 2,3 Knk 1 Mae KyToBi po3mipu 20'<20' (cy3ip’ss Kacciomnei) — puc.
20.26. Mo 11 ckimamy BXOOuTh JEKUIbKa SICKpaBUX 31p, maca sikux y 50 pasiB
NIEPEBUIIYE COHSIUHY.

21. NanakTuKkm

Hait6inpmr rpaHgio3HIMHU 30pPSHUMH CHCTEMaMHM € TallaKTUKU. BoHu
BKJIFOYAIOTh BCi MEHIINI 3a i€papXi€lo 30psSHI CUCTEMH. IX MacH Ta KiJbKiCTh
KOMIIOHEHTiB MOXYTb Bifpi3HATHCS Ha 6 mopsakie (Bim 10° mo 10"),
a po3Mipu — Ha 2 — 3 mopsaku: Big 1 go 250 kmk, a MakCUMajibHE 3HAYCHHS
Moxe csaratu 600 knk. ["alakTUKKW MICTSATH BCE PI3HOMAHITTS KOCMIYHHUX
00’€KTIB: 30pi, Cy030pl, MUIAHETH Ta KOCMIYHY PEUOBHHY B PI3HUX MpOsBaX
y BUIJISL Ta3y Ta NUy. B ranakTukax nposiBIsSE€ThCA il e U TEMHOI MaTepii,
MPUPOJA AKOI 1€ HE 3'sICOBAaHA.

Knacugixauia zanaxmuxk ciipaeThCs Ha X 30BHIIIHI 03HAKH, SIKI MOXKHA
CIIoCTepiraTd B TEJIECKOIN. BuIIAOTh 4oTHpW OCHOBHI Tumm (puc. 21.1):
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emnTtuudi (E), miazononioui (SO, SOB), cmipanehi (S, SB) Ta HenpaBuibHI
(Ir, aum Irr — Big. anri.: irregular), ne nirepa «By» 03Hauae HasIBHICTh EPEMUYKH
B rajakTukax (Bija aHri.: bar).

r il e

Puc. 21.1. Fanakmuku pi3HUX Munig: eainmuyHi 3 pi3HUM cmucHeHHAmM — EO (M 89 —a)
i E7 (NGC 3384 - 6); cnipanbHi 3 nepemuykoro SB (NGC 1300 - 8),
6e3 nepemuyku S (NGC 4414 — 2), niH3onodibHa BepemeHo (NGC 5866 —0)
i HenpasunvHa NGC 1427 (e)

Xab0m posrairyBaB iX Yy MOCIHIIOBHICTh, 32 SKOK 3MIHIOBAJIACS YIIOPS/I-
KoBaHa (opMa, IO Harajaye KaMepTOH. 3BIIKM BOHA W OJep)Kaja Ha3By:
KaMepTOHHa Kiacudikailis. BUris Takoi mociaiIoBHOCTI HaBeIeHui Ha puc. 17.3.
B nopanbiiioMy BUSIBUIIOCS], IO B3/I0BK BUOY0BAHOI HOCI1OBHOCTI 3MIHIOKOTHCS
W JIesKl XapaKTePUCTUKU TajakTUK, Takl K MIBUJKICTb OOEpPTaHHsS, HASIBHICTh
ra3dy, 4acTkoBo maca. Hamezeniii xmacudikaiiii miamopsAKOBY€EThCS OUIBIIICTD
raJlakTUK, Maca SKUX OUTbIIE 32 MUTBSPI 31p.

BiaKkpuTTS HEBENUKHUX TAlAKTUK TMPHU3BEIO JO BBEIACHHS TMOHSITTS
KapJIUKOBHUX TaJlaKTHK, 5Kl 3 KIJTbKICTIO KOMIIOHEHTIB MEHIIIE MUIbSIpJIa 1 MatOTh
aHAJIOTW TaJaKTUK KaMepTOHHOI kiacudikarii. 3a 1mi€o Kiacudikaiiero
BUJIUISIIOTH 1€ Kapauxosi cghepoioanvui earakmuxu (dSph: d — anrn.: dwarf —
KapIINK); TATaKTHKH 3 KiTbKicTo 3ip Menme 10° Ta 3a posmipamu menme 50 1k
BiIHOCATH 10 yiabTpakomMnakTHux (UCD); HaliMeHIIl 3 MUX 30PSHUX CHUCTEM,
B SIKMX HAI4yIOTh MeHie 10 3ip, BiZHOCATh 0 ralakTUK-X0OOITiB.

Bununarore e axkmueni carakmuky 3a HagBHICTIO TJI00AJILHUX 00J1acTei
CIaJIaXx0BOr'0 30pEYTBOPEHHS, IPOSBOM MOTYKHOTO BUITPOMIHIOBAHHS Y BCbOMY
Jlana3oHl XBWIb (0 HUX HajeXaTh KBa3apu), paJlOBUIPOMIHIOBaHHS (Takxi
rajJlakTUKA 3BYTh pajiorajJakTUKaMu), HAJATO SCKpaBUX siaep (Taki 00’ €KTH
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ozepxanu Ha3By cehdepToBCcbkux Ta N-rajakTuk). OKpeMo TaKOK BUJLISAIOTH
NPUIUTMBHUX CHJI. B Takmx 00’€KTax CIOCTEPITaroThCS MEPEMHYKH, «XBOCTH,
crieni(19HU MPOSB CBITIIOL Ta MOTJIMHAKYOI MaTepii.

Acmpogizuuni enacmueocmi ocrnosnux munie zanakmuk. HanOiibm
MOIIMPEHUMH € HACTYITHI TUIU TaJaKTHK: CHipaibHi, €NINTUYHI, JIIH30MOI10H1 Ta
HEMPaBUIIBHI.

CripanbHi TajJakTUKA. Macu TakuX rajakTHK [epedyBaloTh y Mexax

M~10-10" M_ (max - 10° M), posmipu — & = 1-250 «ux.
HaiimacuBHimoro cepen cripanbHux SBb-tumy e ramaktuka NGC 6872, sxa
mae macy 10> M o 1 OLIIBILIC 32 pO3MipaMu HAIIOT ['amakTHKY B 5 pasis.

J1o CTpyKTypH CHipaIbHAX TATAKTUK BXOJATh:
® 0andoc (B aHrI.: bulge — OMyKIIICTB),
® Juck (3 pykaBamu, HacesneHHs ),
® 2as0 (ouikyeThes — HaceneHHs II).
Tpetuna cripajibHUX TaJIaKTUK HE Ma€ MEPEMUYKU — S, X pyKaBU MOYMHAIOTHCS
31X Aapa; y HIIKUX — €, 3 SIKO1 MOLIMPIOIOTHCS JIBa UM YOTUPH pyKaBu. CripalibHi
TaJIaKTUKW PO3AUIAIOTh HA miaTUnM (a, b, ¢, d) — puc. 21.1, B3noBx sikux (Big a
1o d) cnipanvruii 6i3epyHOK «PO3KPYUIYETHCS, 30UTBITYETHCS 9aCcTKa Ta3y B AUCKY
rasaktuku (Bix 4 10 25 % 1 OiibIie) Ta 3MEHIIYEThCSI OpOiTalIbHA MBUIKICTE 31p
y ragaktudHid twronuHal 3 300 10 175 kM/c 1 MeHmre. Taki MIBUIKOCTI MarOTh
CKJIQJIOBl TaJlaKTUKH, IO PYXarOThCS 4Yepe3 PYKaBH, HE3AJIEKHO B TaJaKTo-
1eHTpuyHOi BijicTaHl. Llel (akT IHTepHpeTyeThCs SK MPOSB HASIBHOCTI TEMHOI
Marepii.
EnintryHi rajaktuku. Macu 1MX TajJakTUK MepedyBarOTh y MeEkax

M~10-10" M o> PO3Mipr — J = 1-205 knk. HaliMacuBHILII cepest eMinTHIHIX
BITHOCATH A0 cD-ramaktuk (Bin aHri.: central Dominant galaxy — neHTpalibHa
JIOMiHYIOYa TaJaKTUKa, OCKITBKM BOHHM YacTO TPAIUISIOTHCS B IIEHTPAX BEIMKHX
TaJIaKTUYHUX CKyMueHb). HaliMacuBHIIIO 1 HAHOUIBIIIOI Cepell HUX € TajlakTUKa
A1413: pantyc nudy3HOi 000JIOHKM B Hii OLIIHIOETHCA B 2 MIk (!).

ITominenns wa miaknacu Bim EO mo E7 moB’s3aHe 31 CIIOCTEPEKHHM
3HAUYCHHSIM CTUCHEHHS I[HMX TaJaKTUK, $KE BHU3HAYAETHCSA JIECITHUKPATHUM
BIJIHOCHUM BIIHOIICHHSIM PI3HUIIl CHOCTEPESKHUX BEJIUKOI — a 1 Mayioi — b
niBoceit E-ranaktuku: 10(a — b)/a (3a0KpyTJICHUM [0 LJIOTO 3HAYCHHS).

Taxki rajakTUKA CKIIAJal0ThCS 31 CTAPOT0 HACEICHHS YEPBOHUX Ta YKOBTHUX
TiraHTIB 1 KapJiuKiB, SIKI Halexarb 10 HaceneHHs II. Y Hux maibke BIICYTHIN
MDK30PSIHUH Ta3 1 W, BIICYTHE 30peymeopeHHts Ta He BiIMiUeHa HasIBHICTD spa.

JliH30moa10H1 TaJIJaKTHKA — MalOTh BJIACTHBOCTI SK EINNTHYHUX, TaK
1 CripaIbHUX TaJlaKTUK. Y YBEPTI TAJAKTHK CIOCTEPITAEThCS NOJIAPHE Kilbye
(puc. 21.2). Taki ralakTUKM MarwTh OammK, Oapu (ToAl iX BIAHOCITH [0
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SBO- tumy), AMCK y HUX MO30aBJICHUN PYKaBiB. 32 HACEJIECHHAM 31p BOHU CXOXI
Ha E-ramakTuky, ane MamTh MAaCUBHUN 30pSHUN MUCK, SIK Y CHIpabHUX
TaJlaKTHK, 1 HU3bKUI memn 30peymeopenHs..

. 10 .
HenpasunbHi ragakruk. Macu nux ramaktuk M < 107 M, posmipu —

& = 1-10 knk, ra3oBa ckjiagoBa CTaHOBUTH — 2—50 %. BoHU po3pi3HAIOTHCS 32
TphOMa IMIJITUIIAMH, SIKI CTOCYIOThCS iX (opMU (CTPYKTypH) Ta KIJIBKOCTI
KoMInoHeHTiB: Irr I — MawTe xnouuacmy cmpykmypy, £GKy TOB A3yIOTh
3 rpaHUYHUM BUMaAKOM S- Ta SB-ramaktuk; Irr II — cxoxi Ha E-ranakTukw.

I'anakmuku 3 nomyxcnuum eunpominioéannam. Ha neBHuX ertamax
€BOJIIOIIIT TaJaKTUK 3 IEHTPATBHOK HAOMACUBHOK YOPHOMW Oipolo, HABKOJIO HEl
BUHUKAE MOTYKHUU eazonunosuil mop. Y Tpoleci NOTJIMHAHHS PEYOBUHU TaKOTO
TOPY YOPHOIO JIIPO0 HABKOJO HEl (POpPMY€TbCs akpeyitiHuti Ouck, SIKUA CTae
JDKEPEJIOM HAJITO TOTY>KHOTO BUIIPOMIHIOBAHHS, CBITHICTh SIKOTO B JIECSITKHU 1
COTHI pa3iB OUIbIIA 32 3arajibHy CBITHICTh TaKOi TAJIAKTHKHY, SIK HAIlla. Y3I0BXK OCl
oOepTaHHs TalaKTHUKH TaKOX YTBOPIOETbCS Odicem — BY3bKUU KOHYC 13
3apsPKEHUX E€JIEMEHTapHUX YAaCTUHOK, IO TOMIMPIOIOTHECA 3 000X TOJIOCIB
3 PENISITUBICTCHKUMHU IIBUJIKOCTSMU. Takuil 00’ €KT TIYMAUUTHLCS SIK aKTHUBHE SIAPO
raJlakTUKU. B 3aJ1e)KHOCTI BiJl TOrO, sSIKa CBITHICTh TAKOTO aKTHMBHOTIO sifjpa Ta i
SKUM KYTOM BOHO CIIOCTEPITa€ThCs BITHOCHO HOPMai JI0 TaJTAKTUYHOI IJIOIIMHH,
PO3PI3HAIOTH TakKli OO0’€KTH, $IK: KBazapH, CeH(EepTOBCHKI TalaKTHKH, Pailo-
raJlakTUKU Ta Oaazapu (puc. 21.3), a Takox N-TaJaKTHKH.

*_ Biazap

Kgazap/Ceiipept-1

PamioranakTaka
Ceiipepr-2

Hanuag:lmaa
YOpHA A1pa

AXperniEag
JHCK

Top 2 razy Ta many

Puc. 21.2. /liH30n00ibHa 2anaKMUKa Puc. 21.3. Knacugikauis ocHosHUX murnis
NGC 4650 A 3 nondapHUM Kinbyem GKMUBHUX 2a/10KMUK

Kpasapy — Haii6iNeI MOTYXHi pkepena 3i cithicTio Lo ~ 10°-10% Br,
B SIKUX CIIOCTEPEKECHHIO aKTUBHHUX sifiep (AS) «He 3aBaxaroTh» Hi JHKETH, Hi JHCK.

PamioramakTukm — mpkepena 31 CBITHICTIO Lp ~ 10'-1072 Lq, ASl axux
CIIOCTEPIrat0ThCs YEPE3 MOTYKHUN ra30MUIIOBUH 1Iap.
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CeiiepTOBChKI TaJakKTUKU — PO3AUISAIOTH HA JIBa THUIIM, SIKI € aHajoraMu
Syl — xBazapiB 1 Sy2 — paflorajJakTHK, ajle MEHILOI CBITHOCTI: Lgy ~ 10°-107 L.

Biazapu — mxepena, mo GopMyroTh HKeT y Mexkax 20° Bix mpoMeHs 30py.

N-ragakTuku — SCKpaBl sApa TITAaHTCHKUX CNINTUYHUX TaJTaKTUK 31
cBiTHicTIO Ly ~ 107°—10° Ly,

22. O6’eaHaHHA ranaKTUK y pPi3Hi PiBHi iEpapXiYHUX CTPYKTYP

CriocTepira€TbCsi 00 '€OHAHHA 2aNAKMUK Y NiO2PYAU, 2PYAU, CKYNYEHHS,
HaocKkynueHHsi Ta einepckynuenns. HaackymueHHS Ta TINEPCKYyMYCHHS
dbopMyIOTh KOMIpYAcCTy CTPYKTYpy BcecBiTy; o0iacti 3 ICTOTHO HHKYOIO
KOHIICHTPAI[I€I0 TaJaKTUK MK HHMH 3BYThCSA 6oudamu (BIA aHTI.. void —
mycToTa). SIK 1 y 30psIHUX CHUCTEMaxX, MEHIIIN 3a PIBHAMU 00’ €IHAHHS TajJaKTHK
BXOJATH JI0 CKJIaay OUIBII MOTYXKHUX 1€pApXIYHUX CTPYKTYp. Bl nmepepaxoBani
lepapxXiuHl CTPYKTYpU CKJIQJatOTbCsl 3 OaplOHHOI PEYOBMHU Ta 3aHYpEHI
y Qi3uuHuil BakyyMm, 0€3 ypaxyBaHHS pOJIi MOro HE Ma€ 3MOTH 3pPO3yMITH
PI3HOMAHITTS acTpO(PI3UYHUX BIACTUBOCTEH MAKPOCBITY.

Kocmiuna mamepin. 3a cydacHUMHU YSBJICHHSMU KOCMIYHa MaTepis
MPOSIBISIETBCS. B YOTUPHOX BUHAX: ¢hizuunomy eaxyymi (V), memnoi (D) Ta
bapionnoi (B) mamepii i sunpominiosanns (R), Tak, mo ix 3arajibHa Ir'yCTHHA
JOPIBHIOE KPUTHUUHIHN TYyCcTHHI BeecBiTy:

P. =Py TPp t P+ Pr» (221)

3Hg _26 KI'
ep,. = =1-107"—
A= Pe 8nG

30
M

Hy =70 xM/(c-Mrk) — ctana Xab60ma.

G — rpaBirtailiiina craia,

To6To BcecBiT HEe «TTOPOXKHINY). 3a JAHUMH CIIOCTEPEIKEHB, € MeMHA Mamepis,
AKa TPOSBISETHCS TpaBITAIMHO Ta HE B3aEMOJIE 3 BHUIPOMIHIOBAHHSIM;
«3BUYaliHA Marepis», 3 SKOI CKJIANA€ThCS BCE PI3SHOMAHITTA KOCMIYHUX
00’€KTIB, BIAHOCUTHCS 10 OapionHoi mamepii; mpocTip BcecBiTy Takox
3aMOBHIOKOTh BUNPOMIHIO8AHHS, 110 € 3anuikoM Benukoro BuOyxy Ta Toro,
K€ BUIPOMIHIOIOTH KOCMIYHI OO’€KTH BHOPOJIOBXK €BOJIOLIT; Ta hizuuHuii
8aKyym — OCOOJMBUW CTaH MaTepii, SKAWA TPOSBISAETHCS TOSBOIO Ta
3HUKHCHHSIM (QHITUIAINE0) BIPTyaIbHUX YacCTHUHOK, SKI HApOIHKYIOThCS
napamMu: YacTUHKA-aHTUYACTHMHKA. PIiBHSHHSA cTaHy (I3UYHOTO BaKyyMy
HACTYIHE: Py = — pyc’, IO MPOSBHIOCS B PE3YJbTATi BIIKPUTTS TeMHOI eHeprii
HANPUKIHI[I MHHYJIOTO CTOpIYYs, SKa TPAKTYEThCS 3aKOHOM BcecBITHHOTO
BiJIIIITOBXYBaHHS:
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fy = TmpvR, (22.2)

ne iHgekc «E» mo3Havae mependadeny EilHmTeitHOM cuiy, m — Maca, Ha SIKy
BOHA Ji€ Ha BijacTaHl R.

3a TaHMMU aCTPOHOMIYHHUX CIIOCTEPEKEHb, BHECOK KOXHOI 31 CKIaJOBUX
Matepii y BIAHOIIEHHSX O KPUTUYHOI T'YCTUHU €:

pv/p. =0,73; p,/p, =0,23; pB/pC =0,04; pR/pC ~107, (22.3)

Biarak yacTtka 3Bu4aitHoi matepii y BcecBiti ctaHOBUTE BCboro 4 %.

I'pynu canakmuxk — TpaBITALIMHO-TIOB’s13aH1 00 €THAHHS 30PSHUX
CHUCTEM, B SIKUX CIIOCTEPITalOThCs IECATKH TajJaKTUK. THIIOBI Macu Tpym
ranaktuk ~ 10> M o (MaKcuMaibHi — < 10° M )» Po3mipr — <2 Mrk.

['pynu BKIIOYAIOTH OJHY YM ABI MIATPYIH, 1O KOXKHOI 3 SIKMX HaJIekKaTh
OOMIHYIOUA 2ANAKMUKA 3 2aNaKmuKamu-camenimamu, 1O PyXalTbCsi 3a
3aKOHAMU TSOKIHHS HBIOTOHIBCBHKOT (i3uwku. Ilim HOMIHYIOYOI TajgaKTHKOIO
pPO3YMIEThCS Taka Maca, sika ICTOTHO Oublia Ha iHII. B HUX HE BUKOHYETHCS
3aKkoH XaOOma—Jlemerpa, ame mie 3a ix Mexkamu. B Takomy pasi AOLLUIBHO
NOpiBHATHU cuiy BeecBiTHROTO TSKIHHSA 3 EliHwmetiniscokoro cunoro (22.2):

G ==—mp,R, (22.4)

ne M, — Maca rpynu rajakTHK.
3BiJICH BiJICTaHb, OUIBIIE 3a Ky MOYUHAE JTOMIHYBATH BIAIITOBXYBAHHSI, €:

(22.5)

[TincTaBnsitoun B Liel BUpa3 TUIIOBY Macy JJIsl TPYH TaJaKTUK 1 3HAYEHHS IS
I'yCTHUHHM BakyyMmy 3 (22.3), onepxkumo, mo R = R, = 1,5 Muk.

Axmo rpyma rajgakTHK CKIATAEThCS 3 JIBOX MIATPYH, TO B HIM I
€ 0071aCTh, B sIKii IepeOyBarOTh TAIAKTUKH, 10 HE HAJICKATh KOJIHIN 3 MATPYIL.
X BifHOCATH 10 TraNakTHK Tak 3BaHOI mepudepii wiei rpynu. 3a HasgBHOCTI
B TPYIIl TUTBKH OJTHIET TOMIHYIOUOT TaJlakKTUKHU Tiepudepis B Hill BIACYTHS.

Cepen HaOMMKYMX TPy TATAKTUK OUIBIIICTH MAIOTh MO JIB1 MIATPYIIH.
B nmapax noMmiHyroouux rajgakTMK a00 OOHABI HaJIeXaTh J0 CHIpadbHUX, a0o0
xouya 0 ofHA 3 HMX, 1HIIA — emnTuyHoro tumy. [lap 3 000X emnmTUYHUX
JOMIHYIOYHMX TaJJaKTUK HE BUSBIICHO.
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CKkynuennsa — TPaBITALIMHO-TIOB’s13aH1 OO0 €/IHAHHSA TAJAKTHK 3 Xapak-
TepauMu Macamu ~ 10" M, 1 posmipamu S 20 Mnk (puc. 22.1). B ix
IEHTPATBHUX 00JIaCTAX 3a3BHUYall PO3TAIIOBAHA TTAHTCHKA €JIINTHYHA TATAaKTHKA.
CKyIT4eHHS TAJTAKTUK MOKHA PO3JIUTMTH Ha JIBA BUAM: PETYIISAPHI i 1pperysipHi.

Pecynapui cxynuenns eanaxmux HaOIMXKaAIOThCS 110 cepuuHoi (popmu,
B CKJIaJl SKHMX IePEBaKalOTh CIINTHYHI Ta JIIH30MOAIOHI raJaKTHKH, 13 3araJbHOIO
KUIBKICTIO JCKLIbKAa JCCATKIB THCSY. Y HHX YITKO BUIUISIETHCS IICHTpalbHA
00JacTh, /e ¥ CHOCTEPIraeThCs TITaHTChKa CIINTHYHA TajJaKTuKa. Ippecyisphi
CKYNYeHHs 2anakmuxk He MaioTh TeBHoi (opmu. B ix ckmaml mepeBaxaroTh
CHipaJibHI TaJIAKTHKH, a 34 3arajlbHOI0 KUIBKICTIO TaJaKTHMK BOHM MEHIN 3a
peryssipHi.

OnHuM 13 HaMBIAOMIIIUX € CKYMYEHHs rajiakTuk Bonoccs Beponiku, sike
posramoBane Ha Biacrani 90 Mnk. Horo miamerp nopisrioe 17 Mk, B Mexax
skoro croctepiraerbest 0u3Kko 11000 ramakTuk, B TOMy 4ucii = 660 riraHTChbKUX
1 Haarirantcekux. [lomiaytore E- ta SO-ramaktuku. B 1ieHTpl CcKymueHHs
nepeOyBaroTh Bl Haarirantchki ragaktuku NGC 4874 ta NGC 4889.

Hao- i czinepckynuenna — BiIOCOOJIEHI y TMPOCTOpl TpaBiTaIliiHO-
HETOB s13aH1 00’ €THAHHS TaJaKTHK, sIKI OepyTh y4acTh y po3iupeHHi BeecBiTy.
Jlo cknamy HajackymueHb BXonATh Onu3ko 100 rpym 1 CKym4eHb TallaKTHK.
XapaxkrepHi ix Macu € ~ 10" M o> PO3MIpH — JIeCSITKH Meranapcek. Bigkputi me
OUThII TPaHAI03HI BOJIOKHHUCTI 00’ €IHAHHS, JI0 CKIAMy SKUX BXOasaTh ~ 100
HAJCKyMTYeHb, BOHU OJIEPKAJId HA3BY TINEPCKYyMYEHb TaJaKTUK, Macu Ta
PO3MIPH SIKMX CSTAIOTh ~ 107 M o 1 < 100 Mok BIAIIOBIIHO.

Y meHTpax HaAICKYIYeHb, SIK TPABWIO, CIOCTEPITaIOTHCA TOTYXKHI
CKYITYEHHS TaJaKTHK 3 HAJMACHUBHHMH EIINTUYHUMHU TajakTukamu cD-tuiry.
CrpykTypa iX OLIbII YMOPSAKOBAaHA, HK Y TIMEPCKYyM4eHb. Y NESIKUX 3 HUX
dbopma HaOIMKEHa 10 TITAHTCHKOTO JUCKA 3 MPOSIBAMU OCHOBOTO OOEpTaHHSI.
V rinepckyn4eHb BiAMIYAIOTHCS «JIMCTOMOAI0HAY» UM HE BU3HAYEHa popma.

Komipuacma cmpykmypa po3nooiny HaumacuimaOHiuux o00’cOHaHb

canaxkmuk. HackymueHHs Ta FinepcKymYeHHs TajJakKTUK MOXKYTh YTBOPIOBATH I11€
OUTBIII TPaHAIO3HI CTPYKTYPH: KOMIUIEKCH, Maca SIKMX Ha IOPSIOK OuIbIla 3a
rinepckymuenns —~ 10" M o @ po3mipu = 100 Mrk. Ha e Oiibiomy maciurai
TaKl KOMILIEKCH BHOYJIOBYIOTh KOMIPKH 3 XapakTepHuM po3mipom ~ 100 Mk 1
TOBIIMHOIO CTIHOK 3-4 Mmnk — OJM3BKUX N0 [1aMEeTpiB BEIUKUAX TPyH YU
CKynueHb rajakThk. [lepeTMHM TakuX CTIHOK-peOep UM HUTKONOJIOHMX
JAHIIOXKKIB 3BYTh BY3JaMH, B SKHX PpO3TAlllOBAaHI SIK HAJACKYIMYEHHS, TaK
1 TIMEPCKYIMYEHHSI TaJJaKTUK. Y MPOCTOPI MIXK TAJTAKTUYHUMH HUTKaMH TaJaKTUKU
Ta iX 00’emHaHHA Maibke BiICYTHI. Taki CTpyKTypH 3ByTh Boiinamu a0o
cynepBoramu, cepenHid po3Mmip sikux nocsirae 40 ta 100 Mnk BiAMOBIIHO.
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['iraHTCHKMIT BOW — OIMH 3 HaWOUTBIIMX: Moro miamerp csarae 300400 Mk, 1o
BiznoBizae 6 % po3mipiB BeecBity.

3aramomM Taka BeJIMKOMACIITa0HA KapTHHA BUIJISJA€ SK TIraHTChKa
IIUTHHUKOBA CTPYKTYypa a0 TpUBUMIPHE «TTaBYTUHHA» (puc. 22.2).

Puc. 22.1. CKyn4yeHHA 2a710KMUK Puc. 22.2. ®pazmeHm mpusumipHO20
8 cy3ip’i fisu, Ake € ueHMpom KOCMIYHO20 «r1a8ymuHHA»: Cy4acHuUl
Micyeg020 HaOCKyn4YeHHA po3nodin 2anakmuK y Memazanakmuuyi,

o0epxaHuli 3a pe3ynsmamamu
PO3PAaxyHKi8 Ha cyriepKomn’romepi
3 YpaxyeaHHAM ICHYy8AGHHA meMHOoI mamepii
3 yeHmpom y Micuesomy HaOCKyn4eHHi

Ha me 6inpimmx macmtabax (> 200-300 Mnk) € miicTaBu BBaKaTH, IO
rajakTuku y BcecBiTi MaroTh piIBHOMIPHHUI PO3MOILT 3 TEBHUMH (ITYKTYaIlisIMH.
Sk BHOHO 3 HaBeJEHUX OO’€[HaHb, TAIAKTHKH (3 IX KUIBKICTIO N,)

1 CTYIIEHEM BIJJOKPEMJIEHOCTI, iX TpH PIBHI 1€papXii, ICTOTHO BIAPI3HSAIOTHCS MIX
co0010: TPYINHU, HAACKYITYEHHS Ta TINEPCKYMYEHHs, A€ KOXKEH i-i 3 HACTyMHHX
MICTUTB CTPYKTYpH (i — 1) Ha 1Ba mopsiaku Outbiiie nonepeanix — N; ~ 100N 4:

o rpymi (Nge=1,N, < 10%);

® HAJICKyIM4eHHS (Nyeo ~ 10 Ngg, N = 10%);

® rinepcKym4eHHs (Ve ~ 107 Nyeg, Ny < 106).
[linrpynu  Ta CKyMYeHHS TajakTUK € TMPOMDKHUMHU CKJIAJIOBUMH TPYII
1 HAJICKyITUYeHb BIAMOBIIHO. Pe3ynbTaT, onepkanuil 3a BupazoM (22.5), ciif
TPaKTyBaTh K Te, 0 3aKOoH XabOOma—Jlemerpa € mposiBOM [iii BCECBITHHOTO
3aKOHY BIIINITOBXYBAHHS HE JIUISI OKPEMUX TAJIAKTHK, a JJIs X TPYIL.

Tecmu

4.1. 3aranbHOO BNACTMBICTIO 30PAHMX CUCTEM Ta iX 06’€AHAHb € T, WO BOHMU
4.1.1. 13onboBaHi Mix coboto;
4.1.2. MaloTb KOMMOHEHTW, AKi 33 NPUPOAOIO MiANATrat0Tb KNacudikauii KOCMIYHUX Tin;
4.1.3. He B3aemogitoTb Mix cobolo;
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4.1.4. BnpoAoBXK YyCi€i eBONIOLII He pO3NaAatoTbCs | € AMHAMIYHO CTIMKMMK;

4.1.5. NipnaratoTb iepapxii, 32 AKOK MeHLW CKNaAHI BXOAATb A0 CKAaay binblu CKNagHuUX.
4.2. Yn 3anexunTb KpaTHICTb 3ip Bif 30pAHOro OTOYEHHSA, PO3CIAHOro B cucTemi b6inblioro
piBHA iepapxii, O CKNaay AKOro BOHM HanexaTtb?

4.2.1. He 3anexunTp.

4.2.2. 3aneXxunTb, OCKiNbKK Binbll BiaAaneHi KOMMNOHEHTU MiANAralOTb rpaBiTauinHIn Aaii
3 6OKY KOMNOHEHTIB binbworo pisHA iepapxii.

4.2.3. 3anenTb, AKLWO A0 iX CKNagy BXxoaaTb cyb630pi, AKi MatoTb BAAaCTUBICTb «BUNAPO-
BYBaTUCA» i3 cucTeMM 3 BinbLLO BipOrigHICTO.

4.2.4. 3anexuTb, AKLLO B «MNOAi» cucTemm BinblIOro piBHA iepapxii € 30pi BEAMKOI CBIT-
HOCTI.

4.2.5. 3aneXunTb, AKLWO B «MNONI» CUCTEMM BinblLOro piBHA iEpapxii BUOYXatoTb HAAHOBI
30pi, NPUCYTHICTb AKMX BN/IMBAE Ha iX CTIMKICTb.

4.3. [lo AKOro piBHA iepapxii 30pAHMUX cucTtem Hanexuntb COHAYHA cucTema’?
4.3.1. [lo noaBiNHNX CUCTEM, «APYTMM KOMMNOHEHTOM» AKOI € N1IAHETHA CUCTEMA.
4.3.2. lo nooanHoKux 3ip (CoHLe — KpaTHicTb 1) 3 N1aHETHO CUCTEMOIO.
4.3.3. o n0OOAVHOKHKX 3ip.
4.3.4. [1o nNaHEeTHUX CUCTEM.
4.4.5. He HaneXXuTb A0 XKOAHOro piBHA iepapxii. Lle yHiKanbHa cuctema.

4.4, Y1 MOXKHa BBaXKaTW MNIAHETHOK CUCTEMY, LEHTPa/IbHOK 30pet0 AKOi € Hambinblu
BiA4aNIEHMA KOMMNOHEHT MNOTPiMHOI 30pi? YW BNAMHE Ha BIANOBIAb CUTyaUia, Koawu
Yy BigAaneHoro KOMNoHeHTa CNOCTEPIraeETbCA NPOTONNAHETHUN AUCK?

4.4.1. MoxHa. Lle 30pAa 3 KpaTHiCcTIO 3 3 NJIaHeTHOK cuctemoto. MNpoTonnaHeTHUM
AMCK — MOYATKOBA CTaAifA eBONOLII NIaHETHOI CUCTEMMN.

4.4.2. He MO’KHa, OCKiNlbKM NaHeTU (41 NpoTonNaHeTHU AUCK) 06epTatoTbCs TiIbKK
HaBKOJ10 O4HOIrO KOMMOHEHTA.

4.4.3. Ue noggiriHa 30pA 3 N1aHETHOK CUCTEMOIO.

4.4.4. He MO’KHa BBa*KaTW NIAHETHOK CUCTEMOIO Ty, B AKiM 3aMiCTb N1AHETHUX KOMMNO-
HEHTIB € NPOTON/IAHETHUN OUCK.

4.4.5. MoHa TinbKun B TOMY pasi, KoM B NPOTONNaHETHOMY AMCKY chOopMyBanaca xoya 6
OAHa NNaHeTa YM NPoTONAAHeTa.

4.5. 30pAHi CKynyeHHA BiAPI3HAIOTLCA Big 30pAHMX acouiaLii TUM, WO
4.5.1. NpocTopoBa WiIbHICTb iX KOMMNOHEHTIB iCTOTHO 6iNbLUA;
4.5.2. B Hux Binblue 3ip BUCOKOI CBITHOCTI;

4.5.3. Hiunm He Bigpi3HAOTLCA;
4.5.4.1x macu cuctemaTMyHO 6inbLui;
4.5.5. CnoctepeXHa NoBepxXHeBa LWLi/IbHICTb IX KOMMNOHEHTU MEHLLA.

4.6. TONOBHMUMM KOMMNOHEHTAMM 30PAHMX acoLiaLliii, B 3a1eXHOCTi Bif iX Knacy, €
4.6.1. 30pi rONOBHOI NOCNIAOBHOCTI;
4.6.2. bini KapAMKM Ta HEUTPOHHI 30pi;
4.6.3. 3opi Tvny T Tenbua ta OB-30pi;
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4.6.4. 30pi 3 macamu meHwe 0,8 COHAYHUX;
4.6.5. OB-30pi.
4.7. OCHOBHMMM CKNaA0BUMM KAMEPTOHHOI KNnacudikauii ralakTUK € iX HaCTyNHi TUNu:
4.7.1. S- Ta SOB-.
4.7.2.50-,S-Ta E-.
4.7.3. Ir-, SOB- Ta SB-.
4.7.4.SB-T1a lr-.
4.7.5. E-, SO-, SOB-, S-, SB-Ta Ir-.

4.8. AKNIA TUN OXONJIOE BECb iIHTEPBA/ Aiana30HYy Mac ranakTuK?
4.8.1. E.
4.8.2.50.
4.8.3.5S.
4.8.4.SB.
4.8.5.1r.

4.9. 1o KNHOHOBUX CTPYKTYPHUX 06’€AHaHb ranakTUK HasleXKaTb HACTYMHI:
4.9.1. Migrpynu, rpynu Ta HAACKYNYEHHSA;
4.9.2. ['pynn, CKYN4YeHHA Ta rinepcKkynyeHHs;
4.9.3. CKyn4yeHHA, HaACKYNYeHHA Ta rinepcKynyeHHs;
4.9.4. l'pynun, HAACKYNYEHHA Ta riNepCcKyn4YeHHs;
4.9.5. Migrpynu, CKyn4eHHA Ta HaACKYNYEHHA.

4.10. Y1 MmorKHa BOMAM BigHECTM A0 OCHOBHUX 06’€AHAHb raNakTUK?
4.10.1. Mo»KHa.
4.10.2. YacTKOBO MOXHa.
4.10.3. Tak, B ix MerKax NpPoCNigKOBYOTbCA NEBHi CTPYKTYpW 06’€eaHaHb ranaKTumK.
4.10.4. Hi, B ix Me)ax He NPOCNiAKOBYOTbCA }KOAHI CTPYKTYpW 06’€aHaHb raNaKkTuK.
4.10.5. MoxHa BigHeCT\ nuLue Ti, AKi BiAHOCATb A0 CynepBonaiB.

KoHmponabHi numaHHsA

1. Mo Take iepapxis KpaTHUX 31p?

2. Ywu BiAPI3HAIOTHCS BUBHAYEHHS 30PSHUX 1 TUIAHETHUX CUCTEM?

3. Ilo Take «30Ha XUTTA» Ta sK1 3 TIaHET COHAYHOI CUCTEMH MOTPAILISAIOThH
B Hel? UM € kKaHauAaT! B IHIIMX IUIAHETHUX CUCTEMAax, 10 NOTPAIWIIN B 10 30HY?

4. IIlo oOMexy€e MakCUMAaJIbHY KiJIbKICTh KOMIIOHEHTIB Y 30PSIHUX CUCTeMax?

5. UuM BiIPI3HAIOTHCS 30PSAHI CKYMUEHHS BiJ] 30pSIHUX acoIlialliid Ta 10 Y HUX
CHUIBHOTO?

6. B saxi cTpykTypu 00’ € THYIOTHCS TaAKTHKHU ?

7. Slki 00’eKkTH pO3TalIOBaHI MDK CIIPaJIbHUMHU TUIKAMH 1 B LIEHTpaJIbHIN
001acTi raJlakTHK?

8. 3a paxyHOK 4Oro eNINTUYHI TaJakTUKA MawTbh (opMmy, IO
CIIOCTEPITa€eThC?

9. SIki OCHOBHI O3HAaKM XapaKTEPHI JIJIs1 HENPABUIbHUX FATAKTUK?

10. Ak miapo3aAUISIOTh KapJIUKOBI FaTaKTUKN?



YactnHa 5

KOCMOTIPA®IA

CucreMaTnyHl BU3HAYEHHS BIJCTAHEW J10 KOCMIYHUX OO0 €KTIB Pi3HOI
IPUPOIN Ta CKIATHOCTI MPU3BEIN 10 YIOPSAKYBAaHHS OJIEpKAHUX 3HAHB, IO
CTBOPWJIO yMOBHM Juisi 1oOyJqoBM TpUBHUMIpHOI KapTuHu Bceecpity. Lle 1 €
OCHOBHOIO 3aJladyero Kocmoepagii. BiIiiKk KapTUHU CBITY 3pYyYHO BECTH BiJ
COHSYHOI CUCTEMH, JIe KUBE CIIOCTEpirad, 1 ajli B KOCMOC, PO3BHBAIOYH 1CIO
CTBOPEHHS ysIBJICHB PO MicIle JIIoAUHHU Y BeecBiTi.

23. CoHAYHA cucTema Ta ii OKonm

Bceranosnenns: 6ynoBu COHAYHOI CUCTEMHM Ta BU3HAYEHHSI MICISI U PYyXY
B Hill 3emuti OyJio mepIvM po3B’si3aHHAM 3ajadl Ipo Micile JoauHu y Beecsiri,
OCKIJIbKY B JIaBH1 YacH Ta HaBITh M y cepeaHboBIYYl BCecBIT 0OMexXyBaBcs came
COHSYHOIO CHCTEMOI. 3 YacoM Mexi BcecBiTy po3mmproBaiucs i3 yCBIJOM-
JeHHSM CKiaaHocTI OynoBu Momnounoro Illnsixy, a mam il mpupoau BUSBIEHUX
mymaHHocmell, OfH1 3 SIKUX, SIK 3'ACyBajioCh, BXOAATh JO 11 CKJIaay, a 1HII
BHUSIBUJINCS TaJICKMMU cBiTamu. 1le mOBruii 1 CKJIaJHUN IUISX IM3HAHHS ICTUHHOIO
Bcecpity. Ha mowarox XXI cropiudsi CKIaiMcs BIAMOBITHI YMOBH, 3a SKHX
3’SBUJIACST MOXJIMBICTH JUISl y3arajlbHEHHS OTPMMAaHUX 3HaHb MpPO OyIOBY
Bcecrity: Big CoHSIUHOI cucTeMHu Ta MIcIiA 11 B ["ajmakTuiil 10 Micie3HAXOHKCHHS
HAMOTYXKHIIMX 00 €HaHb TaJaKTHUK 1 OTOYYIOUMX iX CTPYKTYp, B SKHX
nepeOyBae Hai Mosmounuii Insx.

Consauna cucmema SIK aCTPOHOMIYHHMM 00 €KT HAWHIKYOTO CTYTICHS
lepapxii Moke OyTH cXapakKTepu3oBaHa 3 TMO3MIlI CydacHOi Kiacudikailii
KOCMIYHUX TUI Ta 30pSHUX CHCTeM. LleHTpambHUM CBITWIIOM ii € 30psi TOJIOBHOI
TOCITiIOBHOCTI, 110 HATEXHTh 10 HaceseHHs I, — Conre. Moro mnanerna CoHsuHa
CHUCTeMa BIJHOCUTBCS JI0 S-TUMY, a KOMIIOHEHTH TMPEACTABISIOTH JOCTAaTHHO
MOBHO TIEPENiK BU3HAUEHUX KJIaciB maHeT (puc. 1.2). BHyTpilH1 Tpu 3 4OTHPHOX
mwiadetr (Benepa, 3emist Ta Mapc) mMaroTh BCl TOKa3HMKH, 1100 BIIHECTH iX JI0
CWJIIKAaTHOTO KJacy 3 MeTajeBuM siapoM. HailOmmwkuy 10 30pi IJIaHeTry —
Mepkypiii MOXKHA BIJHECTH A0 MEPEXITHOTO Kiacy IUIAHET: MK CHJIIKATHUMH
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i meraneBumu. [lnaneru-rirantu (FOmitep, CatypH, Ypan 1 Hentyn) oomexeni
JIBOMA acTEepPOiTHUMHU TMOsICAMU, BHYTPIIIHIA 3 SKHUX MPEICTABICHUN MaluMU
TiIaMH, OJIM3BKUMM JIO CHJIIKATHOTO XIMIYHOTO cKkiamy, — [oJloBHUH T1OSsC;
30BHIIHIA (Tosic Koiinepa) — KOMIOHEHTaMM, IO CKJIAJarOThCsl MEPEBAYKHO
3 BOASIHOTO Jiboay. JIB1 BHyTpimiHi miaHeTu-rirantn  (FOmitep 1 CatypHh)
BIJIHOCSITH /IO BOJIHEBO-TEIIEBOTO KJIACy 3 XIMIYHUM CKJIQJOM, OJM3bKUM JI0
LEHTpaJIbHOI 30p1; JB1 30BHIIHI (Ypan 1 HentyH) — 10 JbOASHUX TIraHTIB.
KapnukoBi 1utaHeTu, ki MarOTh TEX fA1pa, NEMI0 MOBTOPIOIOTH KiacH(iKallito
BEJIMKUX IUIAHET 32 BHUKIIOUEHHSM METAJI€BOrO Ta BOIHEBO-TENIIEBOTO KIACIB.
Bonu npencraBiieHi SIK cepell acTEpOiTHUX MOsICIB, TaK 1 CYITyTHHUKIB BEIMKHX
wianeT. B nentpanbHiii yacTuHi CoHSYHOI cuCTeMH (MDK TeTiOlEHTPUYHUMHU
opOitamu IOmitepa Tta HenrtyHa), Je crnocTepiraloThCs TaK 3BaHl acTepoiau-
KEHTaBPH, KAPJIMKOBHX TUIAHET HE BUSBIICHO.

Hecary dactuHy 3a Macor0 COHSYHOI CHCTEMU CKIIANIAE€ MIHCNAAHEeMHUU
nujl, SIKAA TYPTYETHCS JI0 TUIOIIMHK SKITINTHKU Ta TIPOCTATAETHLCS JI0 BiICTaHI, SIK
ouikyeTbcs, — O0mu3pko 1000 a.o0., mposBoM sikoro € 3odiakanvHe im0, IO
JOCTYTIHE JIJIsl CIOCTEPEKEHD 3 3eMJI1 (puc. 1.4a). ITun Mae TUTIOBO METEOPUTHUI
XIMIUHUM CKJIaJ 1 po3NOAUIAeThCs HepiBHOMIpHO B CoHsuHil cucremi. 3i
3MEHIIICHHSIM BiJICTaHil BiJ 3eMiti B HanpsaMKy 10 COHIl Ta 301TbIIICHASIM, TaKOXK,
BiJl 3emuti 10 3 a.0. KOHIIEHTpAIlisl Horo 30UIbIIYEThCA Ha JBa mopsaku. Jlami mo
opOITH YpaHy KOHIIEHTpalllsl 3HOBY 3MEHIIIYETHCSI HA TPU MOPSIIKH.

3oBHIMIHID 4YacTUHY COHSYHOI CHCTEMHU 3aBEpIIyE € HEIOCTATHbO
BUBYCHa KomeTHa xmapa Oopra, WMOBIpHO OOMEXeHa YBEPTIO BIJICTaHI Bij
Conus go wHanbmmwkdoi 3opi  [lpokcuma, posramoBaHoi Ha  BiACTaH1
d =268 145 a.o. (puc. 23.1).

Obnacte nmnader CoHayHol cUCTEMH

3opa
S
§ E & E Mbx3sopsme S %ﬁ%ﬁgpﬂ
o S Xmapa Oopra
. cEQ e A w
@ 1 = T e I Ty I <

1 Ilosc 10 107 10° 10 10° a.o.

acTepoine ITosc Koimepa

Puc. 23.1. 3azanbHull suenad CoHAYHOI cucmemu

be3nocepeoni okonu Conaunoi cucmemu NMOYMHAIOTHCS 3 HAMOMKYUX JI0
Com1s 31p, cyO3ip 1 EK30IUIAHET, AKi € TOOJUHOKUMU YU YTBOPIOIOTH CUCTEMH, 1I€:
notpiiiHa 30psa — Ajbda IlentaBpa 3 Ilpokcumoro (d= 1,30-1,34 mk), 30ps
bapuapna (d = 1.83 nk), nmoagiitHa cy63ops — JIyman 16 (d = 2,02 1K), miiaHera-
cupota WISE 0855-0714 (d = 2,20 k).

[Torpiiina cucrema 3o0pi Anbda ILlenraBpa 3 IlpokcrMoro ckiagaeTbes
3 IBOX COHIIENOIOHUX 3ip, sIKI 00E€pTalOThCS HABKOJIO CIIIBLHOIO IIEHTpa Mac
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3 iepiogoM 79 pokiB, a [Ipokcrma — 4epBOHUIN KapiiMK, 00€pPTAE€THCS HABKOJIO IIi€i
cuctemMu 3 nepiogoM 550 THC. pOKIB, BEJIMKA MIBBICH OpOITH $IKOi 8,7 THUC. a.0.
(excuentpucuret — € = 0,5) — puc. 18.2. ¥ Hel xk BiIKpUTa €K30IUIAHETa 3 MaCOIO
Ha 30 % OLIBIIION0 32 3eMHY, sIKa 00epTaeThes Ha BiacTaHl y 20 paziB Ommk4e, HiXK
3emirs posramoBaHa Bijg COHI.

3ops baprapaa (cy3ip’s 3Mi€HOCIS) — YepBOHUN KapiuK. PaHime 3asBieHa
HAsIBHICTh Y HEi TJIAHETHOI CHCTEMH, 1110 CKJIAJIA€ThCs 3 TPbOX KOMIIOHEHTIB, HE
onepxkaiia miareepukeHHs. Kommonentamu cy63opi Jlyman 16 (cy3ip’s [TapyciB)
€ L- 1 T-xapnmuku, mepioy oOepTaHHS SKUX OYIKYEThCS y 45 PpOKIB.
WISE 0855-0714 — maca 00’ekta oniHtoeThesi B Mexkax 3—10 mac FOnitepa, sikii
BIJIMIOBIA€ HAJICKHICTh JI0 €K30muiaHeT. OCKUIbKU Yy Hel BIJICYTHE LIEHTPaJIbHE
CBITHJIO, TOMY 11 1 BITHECIIH 10 «TIIAHET-CUPIT» (po3TamioBana B cy3ip’i ['iapm).

B okomax 5 mk Big CoHIM CHOCTEPITalOThCS OJHAKOBA KUIBKICTH 3Ip
TOJIOBHOI MOCTIIOBHOCTI Ta cy03ip, mo 47, a Takox 4 Outnl Kapiauku. Y 30pi
Encunon Epinana (d = 3,32 nk), sk 1 B CoHSYHIM cHUCTEMI, BIAKPHUTO JBa
acTepoifHl TMMOsCH Ta JeKUIbKa TmpororuiaHer (puc. 19.2). B miii oGm;acTi
TPAIUISIOTHCS KPaTHI 30p1 B YCIX KOMOIHAI[ISIX KOMITIOHEHTIB, 110 MalOTh 30pSHY Ta
CyO30psiIHy PUPOTY.

B okomax 10 mk Big Conus, me Biakputo moHan 450 3ip 1 cy03ip, ABI
TPETUHU 3 SKUX — 30pi, EK30IUIAHETH BIAKpHUTI maiixke y 40 3ip, a 3araigpHa
KUIBKICTh IJIAHET pa3oM 3 BeNUKUMHU TiaHeTaMd COHSYHOI CHCTEMHU CATae
6am3bko 80. Otouye 110 0671acTh BKpail pospimkena (1 dacTHHKA Ha 3 cM’)
MicieBa Mixk30psiHa Xxmapa, po3mip sikoi carae 10 nik. Jlo 20 nk Big CoHig Bci
30p1 ¥ cy030pi BIAHOCATHCS JI0 TaK 3BAHOTO 2AIAKMUYHO20 NOJisl, TOOTO B II1H
00J1aCT1 BiICYTHI Oy 1b-5IK1 30PsIHI CKYTYEHHS.

[leHTp mepiIoro 13 30pssHUX CKYITYEHb NepedyBae Ha BiJicTaH1 25 MK, a Horo
miametrp orHoeThes B 7 mk (puc. 20.1). Ile naitOmmxde no CoHIs 30psiHE
CKyIUEHHSI, SIKE CIIPUMMAETHCS SIK Maibke Bce cy3ip’s — Benuka Begmenuris (nBi
fioro kpaifHi 30pi BizepyHKa cy3ip’s, Jyoxe Ta benerHari, He HaleXaTh I[bOMY
CKYMUYEHHIO, OCKUTbKUA TIepe0yBalOTh y MPOCTOPl B MIBTOPHU pa3u nami). B ioro
ckiazi Bigkputo Oouts 100 komroneHTiB. [IpubnusHo B 1Ba pasu aani (d = 47 1K)
pO3TAalllOBaHEe HACTYMHE 3a BIJIAJICHICTIO PO3CIsTHE 30psiHE CKymueHHs — [iaau
(cy3ip’st Tenbirs) 3 miamerpoMm 20 Tk, B CKjIaal sikoro BusiBieHo ~ 380 3ip.
Hacrtynue 3a Bimmanenictio (d = 135 mk) 30psiHe CKymUeHHS TaKoXK TiepedyBae
B cy3ip’1 Tembuis, nie [Inesam 3 miHiitHIM giametrpoMm 4 1k (puc. 2.6a). o ioro
CKJIaay BXoauTh 0m3bko 1000 KOMITIOHEHTIB, UBEPThH 3 SIKUX — Cy030pI.

Hosac I'yaoa. 3 po3IMPEHHSIM 30HU po3TaiioBaHuX 10 COHIS OTOYYHOYMX
fioro 3ip 1 cy03ip MOYMHAE TPOSBIIATH ceOe KOHIIEHTPAIlIS 31p-TIraHTIB, SICKPaBUX
TIraHTIB 1 HAATITAHTIB A0 Mosicy [yaa, HaXUaeHOTo 10 TAJIAKTUYHOI TUIONTUHYU Ha
KyT ~20° y HanpssMKy Ha 1eHTp [amaktuku. B mexkax 500 mk Big CoHI #oro
oTOuy€e A-KUIbLE, Y3J0BXK SIKOTO PO3TALLIOBaHI ONM3bKI 0 HBOrO OJU3BKO
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10 30psiHux acomiarii (puc. 23.2) Ta AeKUIbKa COTEHb 30PSIHUX CKymueHb. [{eHTp
Horo po3ramoBanuil y HanpsMky go [lnesa (puc. 2.5) Ha Biactani = 100 nk Bin
CoHus.

Puc. 23.2. lNosc lNynda. lpoekuis ACKpasux 3ip HA 2aAaKMUYHY rA0UWuHy (a):
gicb «—X =+X»; ma poamawysaHHA 00 Hei A-Kinbys (6): KynbKamu no3Ha4yeHi
30pAHi acoyiauiayii y 8idnosioHux cy3ip’ax

B A-kineinl Haitommkyoro 10 Conrrs € OB-acorriamist Ckopriona—llentaBpa,
70 CKJIaJy SIKOT BXOJIUTH ONMU3bKO S THC. 31p. BoHa po3ramosana Bijn CoHIls Ha
BijicTaHl B Mexkax 380470 nk. B 1i#i acoriaiii BIAKpUTI TPOTOIUIAHETHI AUCKHU Y
cy03ip 1 po3TallOBaHa BijoMa 30ps-HAjAriraHT AHTapec 3 macow 12 M
i pamiycom 880 R . Lle riraHTCBbKi pO3MIpH: SIKOH MOMICTUTH B LIEHTP TaKOi 30pi
Constiuny cucrteMy, opbita Mapca Ta ['oloBHUI TIOSIC acTEpOidiB OMMHUIUCS O
BCEPE/IMHI.

Haitommxunit 1o CoHLS 0OCepeoK akmueHo20 30peymeopeHHts nepedyBae
B 2ieaHmMCbKIll MONeKYIApHIU Xmapi, Ae po3TalioBaHa Benwka TyMaHHICTB
Opiona (d=400-500 k), miamerp sikoi gopiBHiOe 10 mk. B Hiil BHsABIEHI
MOJIOJII 30pi, Cy030p1 Ta MPOTOIUIAHETHUMN JUCK.

—t
10000 cerTnoBmx
POKIE
l‘e.lmmmmﬂi
LIEHTp

Puc. 23.3. lNpoekKuyia Ha naowuHy Fanakmuku 8 okosnax CoHyA: siozanyxceHHA OpioHa (a)
ma 3300 monodux 3ip (6)
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Biozanyscenna Opiona (1ue: Pykas uu [lInopa Opiona, MicuieBuii pykaB) —
Maike BIJOKpEMJIeHa OO0JIaCTh MIK TaJaKTUYHUMHU pykaBamu CTpulbllsl Ta
Ilepcess (BiACTaHb MK KpasMH SIKUX B paiioHl Micuie3HaxomkeHHsT CoHIls
CTaHOBUTHL OnM3bKO 4,6 KIK) 3 po3Mmipamu 3,3x1 knk (puc. 23.3a). Ilosc I'ynna
3anypennit y Bimramyxenns OpioHa, mepeOyBaroun MOOJU3y HOTO TEOMET-
PUYHOTO IIeHTpa. B 1iii 06sacTi po3raiioBaHi Taki Bigomi 30pi, sk [lomsipaa 3ops,
Pirens, JleneO; poscisHi ckymyueHHs 3 karaiory Mecwe: M 18, M 21, M 26 Tta
KyJsicTe ckymueHHss M 55; tymannocTi Jlaryna, Open, Omera Torio.

30BHINIHIO YacTUHY BigramykenHs, Ha Biactani pgam 1,5-2 KOk,
OKpECJIIOE CIUIIETOAI0HA CTPYKTYypa, sika Oyia BIJKpUTA MICISI MPOEKTYBAHHS
Ha TAJIAKTUYHY MJI0MKHY 0mr3bKo 3300 monoaux 3ip-riranTiB (puc. 23.30).

24. Hawa 30pAHa cuctema

Mosnounnii [Insix — mnpoekiiss Ha HeOecHy cdepy [amakTuku, 110
criocTepiraerbess 3 Micisg 3HaxomkeHHs B HiW Conmg. [lpumdomy cmoctepirad
nepedyBae OOy TATAKTUIHOTO €KBAaTOpa, TOMY IIs 30psiHa cuctema — [ anak-
TUKA, CIOPUHUMAETbCA y BUIJIAI CBOEPIAHOI 30psiHOI CMyrH. Take Micie-
3HaXOJ[KCHHSI CTIOCTepiraya BKpail He3py4He i BUBUYEHHS [ aakTuku (B TakOMy
pa3l TEpMIH MMILEThCS 3 BEJIMKOI JITEPH; BAKUBAIOTHCS TAKOX SIK MDKHApOIHA
Ha3Ba MosouHui NUIAX, Tak 1 HamioHanbHa — Yymanekuii [1isx). B mutommHi 1i
€KBaTOpa OUIbIN BiAJajeHI KOCMIYHI OO’€KTH, 1 OCOOJMBO MW, E€KPaHYIOTHCS
THUMH, 1110 PO3TAIIOBAH1 Ha OJIMXKYUX BiJCTAHSIX.

[TpuaIMIIOBO KOCMIYHI 00’ €KTH ["amakTuku MOXyTh OyTH BimHeceH1 abo 70
nuackoi ckiaooeoi, abo 1o cghepuunoi. lTlepin TypTyOThCS 10 TalaKTUYHOI
IUIOIIMHHU, APYT1 — 10 CPEpUYHOro po3noAury. € 1 TpeTl CKIaJ0Bl — ralaKTUKU-
cateniTi (TOOTO TalaKTUYHI CYMYTHUKHU), 1[0 00€PTAIOTHCS HaBKOJO ["aakThKy.
Lle okpeMi 30psiHI cUCTEMHU, K1 3 ["aTakTUKOIO YTBOPIOIOTH (Di3UYHY I'paBITALlIHY
cucteMmy. Take 00’emHaHHs, 3a BIAMOBIIHOI Kiacu(IKalli€, 1 € MiArPyIoro.
Hamma 30psna cucrema (H3C) — e 00’eqHanHs, yTBOpeHe 3 Haioi ['anaktuku Ta
HAJICKHUX JI0 HEl TaJlaKTUK-caTemiTiB. ToToXHI 1i1 Ha3Bu: miarpyna ['amakTuku an
Momounoro IImsixy Tomo. 3aramsna maca H3C — 7-10" M ,» @ 1l po3mipu
(miameTp) — = 510 KIIK.

T'anakmuka — riraHTChKa 30psiHAa CUCTEMA, 110 00’ eaHye ~ 400 Mapx 31p 1,
MOJKJIMBO, Ha TOPSJIOK MEHIIIe — CyO03ip Ta Ha JBa MOPSAKWA OUIbIIE — IJIAHET.
Mosnounuii 11X BIZHOCUTBCS A0 CHIPATIbHUX TaJaKTHK 3 MEPEMUYKOI0 THUITY
SBbc 3 1Boma criipanibHUME pykaBamMu (puc. 24.1); mMae AB1 OCHOBHI ITiJICUCTEMHU:
JIACK 1 TaJI0; Ta MPOMDKHY — OQJJIK 1 IEHTPaJIbHy 001acTh. JIMCK BITHOCHUTHCS J0
IUIACKOI CKJIAJI0BOi, Trajo — A0 cdepuuHoi, Oammk (awen.: bulge — 3myTTs) —
HEHTPAIbHUIN SICKPaBUIN KOMIIOHEHT, SIKUW BIAHOCSATH JI0 MPOMIXKHOT MIJICCTEMHU.
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Juck  Tanaktiku  mae  macy
6:10" M _, niamerp 30 knk i

@)
TOBUIMHY < 2 knk. B gucky

30CepeKEHA Maiike  Jecdra
yactuHa macu H3C. 98 % wmacu
IUCcKa TpuIagae Ha 30pl  Ta
cyO30pi, pemra — Ha Ta30MUJIOBY
cKiIaioBy. 30pi 1 cy030pi 30cepe-
e XKEHI B PO3CIIHUX CKYIMUEHHSX,

N oo T acoljanisax i Mi>k HUIMHM — B TaJlaK-
;g;’:ffgﬁpm 3OBHImMHI pyKaR THYHOMY Tmodi. Bik HalicTapiioro
) 3- Binrampxenxs Opiona HACENICHHs JMCKA HE IIEPEBHUIIYE
10 Mgp pokiB, 1 BOHO 30cCepel-
KEHO, TEePEBAXXHO, CaMe B TaJlaK-

Puc. 24.1. Komn’tomepHa modens [anaKkmuKu,
nobydosaHa 3a OQHUMU CrlocmepexeHb )
KocmiuHo2o meneckona imeHi Cnimuepa TnyHOMy — monmi. Tyt cmocre-

pIraroThCsl 3BUYANHI 30p1 CEPETHIX

1 MaJiux wmac, cyO30pi, TIraHTH, 30psSHI 3AJIMIIKA 3 EJIEMEHTHUM CKJIaJIOM,
CYMIpHUM 3 COHSTYHUM. Taki 00’€KTHU BIAHOCATH J0 HacesieHHs I.

["azonuioBa cka0Ba 30cepeIKeHa B XMapax, y MK30pSIHOMY IPOCTOPI,
B 000JIOHKax IUIaHETAPHUX TyMaHHOCTEW 1 HAaJHOBUX, KOKOHAX MOJIOJUX 3Ip
1 IPOTOIJIAaHETHUX JUCKaxX. YacTka Muily B HUX CTAaHOBUTH OJM3bKO 1 %.

Conue po3ranoBase MpUOIN3HO HA CEPEANHI MK LIEHTPOM 1 KpaeM JIMCKa,
Ha BijcTaHi BiJ neHtpa ['amaktuku Rge = 8 knk — y Bigramykenni OpioHa, 1ie
CIIOCTEPITa€eThCsl aKTMBHE 30PEYTBOPEHHS B 30psIHUX acoraiisx. Tomy
B otoueHHI COHIISI 3HaYHa YacTHHA 31p Mae OUTBIINI 32 COHSYHUN BMICT BOKKUX
XIMIYHUX eneMeHTiB. [lepeBakHO Halle CBITWIO OTOYYIOTH 30pi TOJIOBHOI
MOCI1AOBHOCTI 3 MacOl0, MEHIIIOIO 32 COHSTYHY.

banmk mexye 3 nuckoM B objacti Ommkue Rge ~ 1,25-3 knk. Bin mae
dopMy, OJIM3bKY IO €TINTUYHOI, 3 BiIHOIIEHHAM miBoceil — 0,4 (nuB. puc. 22.1),
TOBIMHA MOr0 Ha OCI MOJIIOCIB CTAaHOBUTH ~ 2 KNK. LleHTp Oanmxky nepeTnuHae
NEPEMUYKa, JOBKMHA SKOI OYIKYEThCS OJM3KO 8 KIIK 1 SIKa HaXWJIEHa MiJ KyTOM
~45° 10 mpoMeHs 30py Ha TalakTHuHuil HeHTp (puc. 24.1). 3 GIMKHBOTO Kparo
NepeMUYKd BUXOAUTH cripanpHuii pykaB I[lluta—IlenraBpa. PykaB Crpinbiis,
KU CIOCTEPIra€TbCA Y HANPSIMKY Ha TaJaKTUYHUN TEHTP, € PO3TalyKEHHSIM
pykaBa Ilepces 1 JlanmpHbOrO 3-KUJIOMapCEKOBOTO pyKaBa, sKi OEpyTh MOYATOK
y JIaJIeKOro Kparo NepeMUYKH.

VY HaBkonosAepHii o0sacTi ['anakTuky cnocTepiraeTbesi OHa 3 HAUMOJIOA-
IUX 30pSIHUX CHCTEM — ApOYHE 30psSHE CKYIUYEHHS, B SIKOMY BHUSBIICHO

HaiiMacuBHIIN 30pi [amakTuku. B ramakTudHOMY IEHTpl poO3TallloBaHa
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- 6 . :
HaJMacHBHa YopHa Jiipa 3 Macoro 4,3-10° M, y sikoi mependavaeTses HasIBHICTD
JEKUIBKOX THUCSAY CYMYTHHKIB — YOPHUX JIp, HaliMacuBHIIIA 3 SIKUX (IEKUIbKA
TUCSTY COHSYHUX Mac) ooepTaeThes 3 nepiogoM 100 pokis.

Cdepuyna mijicuctemMa CKIQIA€TbCSl 3 TPhOX YACTUH: BHYTPILIHBOTO,
MOJIOJZIOTO Ta 30BHIMIHBOIO TaJl0 — KOHIEHTPUYHI TaJIAKTOLIEHTPUYHI IIapu
BMexax S 9,9-19 ta 19-120 knk BigmoBigHO (puc. 24.2). Jlo craporo raio
HaJIEKaTh KYJIbOBI CKYIMUYEHHS 3 BEIMKUM PO3KHUIOM OpOITATBHUX IIBUIKOCTEU
1 HAUMEHIIIMM BMICTOM BaXKUX XIMIUHUX eJjeMeHTiB. llimcucremMa MOJIOOOTrO
rajio, iMOBIPHO, 00€pPTAETHCA Y 3BOPOTHOMY HAIPSIMKY JI0 3araJibHOro o0epTaHHs
lanakTiky. 3 30BHINIHIM Tallo (YM KOPOHOKO) TOB’SIBYETHCS IIAp, B SKOMY
CIIOCTEPIraloThCS KyJIbOBI CKYITUEHHS 1 HE3HAUHA KIIBKICTh CyOKapIuKiB, 1iedein 1
sminaux 3ip Ttumy RR Jlipu. Taki o6’ektu BimHOCATh, a0 HacenenHs Il
[lepenbauanocs TaM iCHyBaHHS Ta3y ¥ TEMHOI Marepii, MpUpoOJa SKOi HEBIOMA
1 joTenep.

[Nepudepis

30pPAHOI CUCTEMMU

~ 1 KI'II{ Jopmurit

\ TOECTIOI OHCK

._,_/ 6

Puc. 24.2. byoosa Hawoi 30psaHoi cucmemu (8 pi3HUx macwmabax):
a —eud rnaaszom; 6 — 360Ky

TI'anakmuxu-camenimu Monounozo Ilnaxy. Y TamakTtuill BIIKPUTO
15" ranakTHk-caTemiTiB, fKi CIOCTEpIraroThCsi HA TaNaKTOLEHTPHYHHX
BificTansx BiJ 13 no 254 knk (puc. 24.3). [IpunHiumnoBo, 1o BOHU HAJIEKATh J10
TPHOX MOACIB. Y MEPIIOMY, HAMOIMAKYIOMY MO3arajJakTUYHOMY CaTeNITApHOMY
nosici (III'CII I) nepeOyBatoTh B3aeMoitouil rajiaktuku 3 Uymarpkum [nsxowm;
y apyromy (III'CITII) — ranmaktuku MareiiaHoBOro TMOSICY; B TPEThOMY
(TI'CIT IIT) — 30BHIMmIHI TaJaKTUKH, PO3TalIoOBaHi jAaii ~ 90 Kmk BiA IEHTpa
lNamaktuku. Y nHaitommwkdomy [IICIT 1 nepebyBaroth 3 KapJIMKOBI TajlaKTHUKH,
a paKkTHU4HO, € iX «ylamkamMu». BoHu posramoBani y cy3ip’i Benukoro Ilca
(sxe € HanommxkuuM 10 COHSYHOI CHCTEMH, BIACTaHb O HBOTO d = 8 KIIK),
HiBu (d = 10 knk) Ta Ctpuibiis (d = 22 knk). Yepes 0yiM3bKe po3TallyBaHHS J10
IeHTpa ['alaKTUKU TPUILTMBHI CHJIM CYTTEBO 3MIHWIM iX (pOopMy, HACTIJIKOM

100 . . . . . .
3a pesynbTaTamMu aHanisy pyxy xmap BOAHIO B anakTuui 3anifgo3peHo iCHYBaHHA Le OAHIEl ranakKTUKKU-catenita

9 . . . .
3macoto ~10° M_ Ha BiacTaHi 6113bko 90 KNK BifA ranakTUYHOrO LEHTPa. 3 MOKM WO He 3'ACOBaHWX NPUYMH Hi
Yy BUAMMOMY, Hi B pagiogiana3oHax Big, Hel BUNpOMiHIOBaHHA He 3adikcoBaHe.
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YOro € YTBOPEHHS y3JI0BX 1X PyXY 30pSHHUX 1 Ta30BUX HNUICH(IB MPOTIKHICTIO
Bix 10 mo 300 knk. Bci BoHM mepeOyBarOTh y MekaxX MOJIOIOTO rajio, aje He

MaroTh MPSIMOTO BIAHOLIEHHS 10 HOTr0 YTBOPEHHH.
B HACTYITHOMY II'CITII

b Leg 11 (213) ..
L UMa 1 (108) ® nepedyBae 6 rajakTHK-CATENITIB,
\,\_ |.._||\|!‘|‘{65} -y .\Leol{zs-i) . . .
40°F  ora(r9) ‘QQH‘?":’-? 11(36) R sex (89) SIK1 PO3TAIllOBaHl B MEXax Bij 36
T - ]
I Neo, TSl ) SCir-Nor (90) o 87kmK, TOOTO 30B-
0°¢ MW (8) AN 4. ToCMab(13) I[. ’ Y
| SagDeg (15) SN e esrie o HIIHbOMY Taimo. Jlo ckimamy mux
° ~. ~. o .
-40°F S S T e caremTiB  BXOIATh  Benmka
- ~ - ""‘_‘_‘ ~, . .
eo'k =~ < _For(u0) T TN} N 1Mana MaremmanoBl Xwmapu
TR R R o (puc.2.7), a TaKoX TaJaKTUKH
™ C) o -~ - f . .o .
* 100 200 300 y cysip’sax Bemukoi Bemmeuir,

Puc. 24.3. Po3no0in eanakmuk-camesimis

- ) Ckynenropa, J[pakona ta Maioi
y eanakmu4Hiu cucmemi KOOdeH(Jm .

Benmvequri. VY opoctopi 111
TaJJaKTUKA TYPTYIOTbCS HABKOJIO TUIOIIWHHW, HAXWJICHOI JI0 TIUJIONIMHM Tajiak-
THYHOI'O JMCKA IIiJ KyToM = 70°. B 1iii ske 00J1acTi CIIoCTepiracThes TAKOXK razoBa
CKJIaJIOBa Yy BUIJISIII JIAHI[IOKKA BUCOKOIIBUIKICHUX TA30BUX XMap, SIKUM 3BEThCA
MaremianoBum notokom. [lepeniyeni o0’ektu GopmyroTs MarennaHoBUi MosIC,
1o Hanexkuth came [IT'CIT 1.

Bennka ta Mana MaremianoBi XmMapu — HalOUIbIII TaJJaKTUKU-CATEIITH,
10 pO3TallloBaH1 Bij 1ieHTpa ["amakTuku Ha BiacTaHsaX 49 1 56 KK BiAMOBIIHO.
BoHu yTBOpIOIOTH TpaBITAllIiHO-3B’sI3aHY TMOJBIAHY CHCTEMY, 3aHYpEHY
B 3arajibHy BOJHEBY 000JOHKY — MarennanoBuii MoTiK. [HI TalaKTUKA IIHOTO
MOSICY BITHOCSITHCA JIO KApJIUKOBUX CHEpOoiTaTbHUX TaaKTHK.

Ocranniyt III'CIT 1II ckmagaerbess 3 IUSTH  KapiWKOBUX —TaJaKTHK,
po3tamoBanux gam 90 knk. Bouu po3ramosani B cy3ip’sx [Tiu1, Kins, Cexkcranrta
Ta 181 B JIeBi, a y mpocTopi TYPTYIOThCS J0 TUIONIMHU, HAXUJICHOT JO €KBaTopa
Tamaktuky mig kyroM =~ 50°. HaltMacHBHIIIO cepel HUX € YyJIbTPaKOMITaKTHA

.. 7
rajaktrka B I1iu1 3 macoro 2-10° M o

OpOitn  ramaktuk [II'CITII 3aifiMatoTe HaWOUIBLIMIA  TTPOCTOPOBUIA
HaBKoJloraslakThyHuii 00’eM. Tpu ramaktuku y Cekcranti, Kini ta Benukiid
BenmMenuiii po3TaiiioBaHi B 30BHIIIHBOMY Tajio CEPEJl KOTO CKIAJOBUX: KYJSICTUX
CKyI4eHb, 31p HaceneHHs Il 1, MOXJIMBO, Ta30BOi CKJIAJ0BOi, B MEXax OJIU3KO
90-120 knk. Tpu inmn ramaktuky (oxHa B ITiui ta 181 y JleBi) mepeOyBaroTh Ha
nepudepii H3C, came B miii 065acTi OYIKYye€ThCS ICHYBaHHS T€MHOI MaTepii (710
90 % macu H3C), npupojia K01 3aIMIIa€ThCS HEB1IOMOIO.

25. MicueBa rpyna ranaktmk

Hara 3opsiHa cucTtemMa BXOAUTD JI0 TpaBITaIliitHO-3B’ s13aHO1 MiCIIeBOi Tpynu
ralakTk (MI') 1 € omHI€0 3 OCHOBHMX ii ckiagoBux. Jlo MI' Takox BXOISTh
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miarpyna AHApOMENW Ta OKpeMi KapJIMKOBI TaJIaKTHKH, 10 HE HallekKaTb J0
’KOJTHOT 3 JIBOX 3rajIaHuX miarpyi (puc. 1.5).

HMiamerp MI' cranoButh 1,5-2 Mk, 3aragpHa Maca — 1,410 Mo'
Bcebworo, kpiM 3amijio3peHux, JOCTOBIPHO BigomMo B Mexax MI' 54 ramakTuku.
HaiimacuBHimnumu ranaktukamu MIT € Monounuii llnasx (MW, gio auen. —
Milky Way) 1 Tymannicte Anzapomean (M31 — Ttymannicts 3a Ne 31
y 3arajbHOBIIOMOMY KaTanory Mecbe — puc. 1.5 ta 25.1), BiAcTaHb MIXK IKUMU
nopiBHIOE 760 KNK. YpaxyBaHHS TEMHOI marepii B HIArpyri AHIpOMenH Ta
H3C nokazano, mo macu ix ogHakoBi. ToMy ciij NpUIHATH, 110 LEHTP Macu
MI' poszramoBanuii nocepeauHi MK ramaktukaMu MW 1 M31. IlonBoene
3HAYEHHS BIJICTaHI MK ITUMU TATAKTUKAMU MOXHA NPUIHATH 3a cepy BILTUBY
[UX JIOMIHYIOUMX TaJlaKTUK B3JI0OBX JIiHII, Ha fKIM BOHU TNEepeOYyBaIOTh,
a TIOJIOBUHY — Yy TEPICHIUKYJIIPHOMY HampsMKy. Biarak ramakTuku, o
pO3TaIloBaH1 3a [IMMU BU3HAYEHUMH MEKaMU, HE HaleXaTh KOJHIN 3 MATPYIIL.
VYpaxoByroun BullleHaBeJeHl po3mipu MI, Takl TrajakTHMKU 3HAXOASATHCS
B OCHOBHOMY B ii niepudepiitHiii 00acTi, sika ofepskaia Ha3By nepudepii MI'.

IHiozpyna Anopomeou  BKIIO-
yae rajakTuky TymaHHICTE AHIpO-
Menu, 21 ramakTuky-catemr 1 2
3opsHi motoku. M 31 € naBoxci-
pabHOIO TAJaKTUKOI THUMY Sb, M0
crmocrepiraeTbcs  mig  kyrom  14°
3 BUAMMUME po3mipamu 3,2x1,0°, 110
BiAMOBimae i giamerpy 80 KIK.
Buauma maca 1iei ramaktukm y 1,5

pasu Oinbma 32 MW, a 1o 1i CKIARy  pyc. 25.1. TymarHicmb AHdpomedu (M 31).

BXOJIUTh OJIM3KO TPUIIbHOHA  3ip. 3nisa 8i0 ueHmMpa ma cnpasa i dewjo
Ockuibku k Macu marpyn MW i HuxMcYe - 2anaKkmuku-camenimu M 32
M31 oxHaKoBl, CHIJI 3a3HAYMTH, IO iM 110 8idnogioHo

BMICT TEeMHOi Marepli B o00jacTi
MIArpynu AHJIPOMEIU MEHIIE, HDXXK B
H3C. Po3mipu miarpynu Anjapomenu (OLIHEHA 3a BIJICTAHHIO HAWOUIBIN
BiasieHol rajmaktuku-catenita M31: And VI) — = 590 knk.
Crpykrypa TymanHocTi Anapomenu 1 Oygoa MW mpUHIUMIIOBO CXOXI
MK cobor. B crapomy chepuunomy Hacenensi Il crmocrtepiraroTbes 30pi, 3
nedIIMTOM BaXXKUX XIMIYHHUX €JIeMEHTIB, 1edeinu Ta 460 KyIsaCTUX CKyTYCHb.
Crpykrypa auckiB ramaktuku M31 1 MW Tta XiMiuHMH ckian 3ip, 110
B HUX BXOJISITh, TAKOX CXO0XI1. B cripalbHUX pyKax nepeBakaroTh 00’ €KTH, 1O
BIIHOCATHCS 10 [-ro 30pstTHOTO HaceneHHs: roiayO1 rapsiul TiraHTH, HAATITaHTH,
cotHi OB-acomiariiii 1 X KOMIUIEKCIB, BeJMKa KUIBKICTh 3MIHHUX 3Ip PI3HHUX
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THUITIB, 30HU 10HI130BaHOTO ['iporeHy. BMICT ra3omuiaoBoi CKJIAI0BOi y JUCKY
TAIAKTUKU MPpUONU3HO TakuM, sk y MW. V¥V 3opi-riranta PA-99-N2 metonom
IpaBITAlIiHOIO MIKPOJIH3YBaHHSI BIJKPUTO €K3OIJIaHETy 3 Macor 6 mac
IOmitepa. Ile nepira BusBineHa IIaHeTa 3a MeKaMH | aTaKTHKH.

[3 3oBHImHBOTO Kpato sapa M 31 BuUXomATh CHipajdbHI PYKaBH.
B nienTpanpHiii 001aCTl TAJIAKTUKWA TPUCYTHIM HEUTpaJbHUN Ta 10HI30BAHUM
[Naporen. ¥ camomMy meHTpi po3TalioBaHa HaJMacHMBHA YOpPHA Jipa 3 Macor
7,5-10 M, HaBkoOIO sKOI OOCPTAETHCS AWCK, LIO CKIANAETHCS 3 OLIBLI SIK
400 monoaux roiayOux 3ip 1 Ma€e CTPYKTypy, cxoxxky Ha CoHsiuHy cucteMy. Lo
30pSAHY CTPYKTYpYy OTOUy€ Maike KOMIUIAaHapHE KUIbIE 3 BHYTPIIIHIM
paaiycom 1,5 mk, sike CKIaaeThCs 31 CTApUX YEPBOHUX 3Ip.

lanakTUKK-caTeNiTH MIATPYNH AHAPOMETW MpEeACTaBICHI Maibke BciMma
tunamMu  kinacudikamii. Jlo iX ckimamy BxoasTh 1 crmipanbHa TrajakTHKa,
2 KOMITaKTHI 1 2 KapjMKOBI CNINTHYHI TAJIAKTUKH, 2 1pperyispHi Ta OuIblie
10 cpepoinaibHUX rajakTHK.

lNanaktuka B TpukytHuky (M33) — me HacTynHa 3a BEJIMYMHOKO Macu
(micast M31 1 MW) 3opsiHa cuctema B MI', siky 1HKOJNHM TPEACTaBISIOTH SIK
JOMIHYIOUY TaJlaKTUKy OKpeMOi MmiArpynu. BoHa HalleXWUTh A0 CHIpaIbHUX

. - 10 . . .
rajakTuk tunmy Sc. Maca ta po3mipu il € 2-10 Mo 1 6 KIIK BIAIIOBIJIHO.

PosramoBana BoHa Ha BiAcTaHl 225 KOk BiJ HeHTpa TyMaHHOCTI AHAPOMEIH
Ta CKJIQJA€ThCs 3 00’ €KTIB IMCKa M rajio, K Hala Ta rajjaktuka M31.

Hemnto menmoro 3a Macy M33 mae ranaktuka IC 10 (B Kacciomei) —
1,5-10" M o- BOHA € HEIPABHIILHOIO IaNaKTHKOIO THITy Ir 1 po3TaroBaHa Bij
M31 na Biacrtani = 250 KIk, a TakoX HanOamxk40r0 10 CoHL 1 equHo0 B MIT
TJIAKTUKOIO 3 BUOYXOMOAIOHUM 30pEyTBOPEHHSM.

Haitommkxae 1o M31 posramoBaHl KOMITAKTHI TaJaKTHKH-caTeiTH M32
1 M110 (puc. 25.1). Enintrnuna ramaktuka M32, maibke chepudHoi dopmu,
po3TalioBaHa y BHYTPIIIHBOMY Trajio Ha BiJICTaHI BChOTO 5,4 KIIK Bij IIEHTpa
M31. Ile omna 3 HeOaraThoxX TranmakTuK Tumy E—SO, y SKUX BHUSBICHO
3opsHONOIOHE siapo. ['amaktuky M 110 TakoX BITHOCATH JO EIINITHUYHOTO
tuny E6. Big M31 ns ramaktuka-caTeniT po3TallloBaHa Ha BIiJCTaHl 61 KIIK.
Jlesiki oTOUyrOYl KYJSICTI CKYNYEHHs, UMOBIpHO, Hanexarh ramaktuii M110,
ane M31. Sk 1 B M32, y M110 BusiBieHe 30psSHONOAIOHE SAPO, 3aHYpPEHE
B «CIIA0KUW 30pAHUNA TyMaH», HETUIOBHUH JUIsl €NINTHUYHUX TalakThK. [Hmn
TATAKTUKHU-CATEIIITH BITHOCSATHCA O KAPJIMKOBUX IPPETYISPHUX, CINIMTHYHUX
9 cepoinanbHUX. 3arajioM TalakTuku-carenith M31 3aiimaioTh mosic
3 TaJIaKTOIICHTPUYHUMHM BIICTaHSMH TIPUOIU3HO Bix 5 10 294 knk. HanGmmx-
yoro g0 M 31, sk yxe BiI3Hauajmocs, € TajlakTuka M32, nmam 3a Bce
posramoBaHa ranaktuka And VI. HalimacuBHimi ramaktuku-carenitu (M33
1IC 10) icrotHo BimmaneHi Big M31 (225-250 knk). Sk 1 y BelIMKHX Ta
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O0m3bkux 10 Momounoro Inaxy ramaktuk-carenitiB — BMX 1 MMX, Taxk i,
MOPIBHSIHO, Y TOMIPHUX TajakTUK Ta Omu3pkux 1m0 M31, M32 1 MI110,
BUSIBUITHCS CITILIBHI BIACTMBOCTI. 1X MacH i po3Mipu BUSBHIIHCS CyMipHHUMH,
€ O3HAKH CHIpaJIbHOT MpUpo U (B TEHEPilIHii yac a0o B MUHYJIOMY) 1 JIii Ha HUX
NPUIUVIMBHUX CWJ, BIANOBIAHO, 3 0oky MW 1 M31. CyTTeBo 111 apu rajakTHK
BIIPI3HAIOTHCS 3@ BMICTOM Ta30TUJIOBOI CKJIQJ0BOi 1 TEMIIOM CY4YaCHOIO
3opeyTBopeHHs. Came 3a 1mumu o3HakaMu BMX 1 MMX BigHOocuiud J0
ipperynsipanx, a M 321 M 110 — 10 KOMIIaKTHUX TajaKTHK.

["amakTuKKU-caTeniTi po3TamioBadi HaBKoOO TyMaHHOCTI AHIpoMenu He
0e3naaHo. biaeliicTh X 30cepe/keHa B OJIM3bKIN 10 eKBaTOpiaibHOT 00J1acTi,
0OMEKEHOI [IIAPOM 3 TalIaKTOLEHTPUIHOIO IUPOTOI0 + 30-40°, rypTyrodnch 10
IUTOLIMHN, HaxwieHoi 10 ekBaropa Ha =~ 30°. CdepoimaabHi KapIuKOBi
TATAKTUKHU BIIIAIOTh TIEpeBary IUIONIMHI, SKa PO3TAlllOBaHA MalXKe IEpIICH-
IHMKYJISIPHO 10 ekBaropa (83-85°) (puc. 1.5).

Sk 1 B Hammit [amaktwii, B okom M 31 Bigkputo 2 30psiHI MOTOKH
(ITiBniuno-3axiguuii 1 [liBAeHHO-3axiqHUMN), IO YTBOPWJIMCS BIJ pO3Mamy
raJlakTUK-CaTeIITIB y pe3yabTaTl Mii HA HUX NPHUIUIMBHUX CHJ B MEpIOJ iX
CYTT€BOTO 30JIM>KEHHS] B MUHYJIOMY 3 M31.

I'anakmuxu nepugepii Micyeeoi cpynu 1epeOyBalOTh 3a MEXKaMU
rpasiTauiiHoro BiuBy MW ta M 31, ToOTO nepeBaKHO y 30BHIIIHBOMY ILIapi
MI': npubnusuo Big 0,4 mo 1,5 Mnk Bij i IeHTpa Mac, y NEPIEHAUKYISIPHOMY
HaIMpsSMKY B1J JIiHIi, MPOBEJICHOI Yepe3 LEHTPU JOMIHYIOUYUX TaJaKTHK 1 Y30BXK
11 BIAIOBITHO.

JlocTOBIpHE YHCIIO TallaKTUK, 10 HacensitoTh Tiepudepiro ML,
3QJIMIIAETHCA HEBIIOMUM. BrieBHEHO 10 ii Ckilaay BIIHOCSITH 14 rajnakTHK:
1 cmipanbHy, 3 eninTuyHi KapaukoBi 1 10 HEMpaBUIbHUX, K1 3HAXOIATHCS BI
Cours B mexax 500-1040 xok. HaiiOamxyoro ¥ OQHIEID 3 HAWMACHUBHIIINX
(1,510 M o) € KapIMKOBa HENPAaBHUIIbHA ralakTuka bapHapna, mo mepeOysae
B cy3ip’i Crpuibus (puc. 25.2a). Kapnukona ranaktuka CexcTaHT A y miBTOpa

pa3u MEHIIa 3a Macoro — HaMBiaaaneHima Bijx Conus (puc. 25.20).

. : _.
Puc. 25.2. Ffanakmuku BapHapoa (a) ma CekcmaHm A (6)
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CmipanpHa ranaktuka 3 nepemudkoro B ['iapi (NGC 3109) e naiOuibII010
3a mMacoro (2,3:10° M o) B llepudepii. BoHa nepioanvHo B3a€MOJi€ 3 IINTHYHOO
KapJIMKOBOIO TaslakTHKOI0 B cy3ip’i Hacoca (PGC 29194), sika 3a macoro Ha /iBa
TIOPSIIKM MEHIIIA 3a Hel. BiacTaHi 10 X rajlakTHK Maibke ogHakoBi — 1,3 Mik.

Pellta ranakTHK — KapIIMKOBi (T06TO iX Macy Mewum 10° M o)- 3 HUX JIBI €
eJIINITUYHOTO TUIY, K1 po3TamoBaHl Yy cy3ip’ax Kura ta TykaHa Ha BIACTaHAX
755 1 980 Kk BiZMOBITHO; BICIM — HEMPABHIIbHI, I’ SITh 3 SKUX MICTATH 3aJIAIIKA
nepemuyok. HaiiBignanenimoro Bij nentpa MI™ € kapnukosa ranaktuka SagDIG,
mo mnepedyBae B cy3ip’i Crpinbig 1 po3rtamoBana Bifg CoHIlE Ha BIACTaHI
1040 knk.

YnopsiakyBaHHS B 0pOiTax pyxXy IUX rajlakThuk B MI' He BCTaHOBJIEHO.

26. MicueBe HaaCKyNYeHHA

MI € omniero 3 ~ 100 Tpyn rajmakTuk, siki GOpMyIOTh HACTYITHUMA PIBEHb
00’eqnanp ranaktuk — MicrieBe Haackymuerds (MHC). Ysasnenns mpo MHC
OyIyrOThCS ILISAXOM BHUBYEHHS IIMPOKOTO KOJAa BJIACTUBOCTEM TallaKTHK 1 iX
00’eHaHB PIZHOTO CTYMEHsS i€papxXii, sIKIi MOTPaIUIsiioTh B oOmacti cdep 31
30UIBIIEHHSAM iX paAiyciB 3 neHTpoMm B MI'. KiiroyoBUMM TakuMu 00JIacTSIMH B
okoii MI' € HalOnmx4l 10 HEl rpynu rajgakTuk, MicueBuit auct, MicueBuid
KoMIiekc, MicueBuii 00’€M, CKYMUY€HHs TalakTUK y cy3ip’i [iBu 1 jami
npocrip, sikuii 3aiimae MHC.

Oxoau Micueesoi zpynu zanakmuk. MI' 0To4yt0Th 0€3M0CEPETHBO T’ SIThH
rpyn ragaktuk: Maddes (Haitbamkya rpyma, BiACTaHb 10 sAkoi € d = 3,0 Mnk),
M 81 (d = 3,5 Mnk), Cxynbntopa (d = 3,9 Mnk), ['onuux IlciB (d = 4,3 Mnk)
1NGC 5128 (d = 4,6 Mnk) — puc. 26.1. Y nHaitbnuxyiit 1o MI' rpymi Bizomo
24 ranaktuku. [lepeBakHy OLIBIIICTD €T TPYNH CKIAAAIOTh 15 ipperyisipHux
rajakTHK, pO3MIpH SKUX MEHIIe 6 Knk. Po3Mmipu TphOX ETINTHUYHHUX 1 I ATH
cripalbHUX TalakTUK >3 knk. HaibimpmMu cepeq HUX € cCHipanbHI
ranaktuku [C 342 (=21 «knk), Maddeti 2 (& =5knk), Asinremno 1
(< = 3,4 xnk) Ta eminrtauaaa — Maddeit 1 (D = 3 knk).

lamaktuxkn rpynmu Maddes Ha HeOecHI cdepi TypTyOThCS B JBOX
obnactsx, ne aominyrounmu € IC 342 1 Maddeit 2. 3opsina cuctema IC 342
crioctepiraetbes mobnuzy aucka MW. Ha Maddeinr 1 1 Maddein 2 Ta ix
oToueHHs (3arasioM 10 rajakTUK) MOpPOEKTyeThbcs ['amakThka 1 eKpaHye ix
cBiTio. ToMy iX BIAKpMIM 32 1H(PpauepBOHUM BUIIPOMIHIOBAHHSM.

HaiiG1mp1n ipecTaBHULIBKOIO (32 KUTBKICTIO) € Tpyna B ['onunx [lcax, ne
HamiuyeTbesa 6mu3Kko S50 ranaktuk. binbie 75 % 3 HUX CTAaHOBJSTH 1pPETyIspHI
ranaktuku, 10 HamexaTh A0 cHipalbHUX (BKJIIOYAIOUM OJIHY 3 MEPEMUYKOIO),
1 — no enintuuynux. HaiiOuiplii 3a po3MipaMu TaJIaKTUKHU B LI rpymi €: TpU
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cripanpHi ramaktuku — NGC 4244 (I = 20 knk), 3 nepemuukoro NGC 4395
(=15 knk) 1 M 94 (J =12 knk) ta ogHa ipperyaspHa ramaktuka — NGC
4214 (< = 9 knk). Bci 111 raTakTHKU po3TalloBaHi HEaleKo OJIHA Bij OJHOI, 10
HUX 1 KOHIICHTPYIOTBCS 1HIINI WIEHW Tpynu. Maibke IMOJOBMHA 3 BIJOMHUX
raJIaKTUK MaroTh po3Mipu 1,5 Kk 1 MeHILe.
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Puc. 26.1. llpocmoposuli po3nodin HaliAckpasiwux 2anakmuk Micyesozo
Komnnekcy — obaacmi, ujo 8xo8ume 00 Halbauxc4ux n’amu 2pyn HA8KO0
Micuesoi epynu (3 yeHmpom 8 MosiovyHomy LLinsaxy), poamauwiosaHux 8 mexcax 6 MrK.

HasedeHuli macwimab 306paxceHHs (8i0HOCHO 5 maH ceimnosux pokie = 1,53 MnK)
ma Hanpsam Ha yeHmp Micyeeo2o HaOCKynYeHHs

3arasiom y Mexxax 6 Mmk Big nentpa MW 3ocepemkeHo 6 rpyn rajakTHK,
y CKJIa/il AKUX BiAKpUTO OubIie 200 KOMIIOHEHTIB, YBEPTh SKUX Mpumagac Ha MI'.
3 BigganieHHsM Bit MI' BIIKPUTTS KOMIAKTHHUX, KapJUKOBUX TaJlaKTHK, a TUM
OUTbIIIE TAJIAKTUK-XO00ITIB CTa€ OUIbLI CKIAQAHMM 4Yepe3 iX Maly IHTErpajbHy
CBITHICTb 1 HE3HAuYHy IIOBEPXHEBY UIUIbHICTh. TOMy CliJ] OYIKYBaTH, UIO
nepeBakHa OLTBITICTh TaJaKTHK B 11 00JIaCT] 3aTMIIAETHCS HEBIIOMOIO.
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IIaTh 13 MIECTH PO3TIASHYTUX TPy rajakTuk (kpim ['onuux IIciB) MarOTh
o JBa JIOMIHYrOYl ocepenku — 2 miarpynu. OaHa 13 JOMIHYIOUHUX TajJaKTHK
rpynu (abo obunsi, sk y MI', Ckynenropi Ta M 81) € cnipanpHoro. [Horo
JOMIHYIOYOI0 TQJIaKTUKOI € TIraHTChKa eminTuyHa — y rpymi Maddes,
niH30MoA10Ha (pa3oM 3 IHIMMMH CHIpaJbHUMH TanmakTukamu) — y rpym NGC
5128. MakcuManpHi po3Mipy JOMIHYIOUHX TallaKTHK, SK MPaBUJIO, MEHIII 3a
MW, miamerpu NGC 253 (y Ckynbnropi) 1 NGC 5128 nHa 5 % Oinbiie Hamioi
lNanaktuku. OTxe, TyMa"HICTh AHJIpOMETW 3a po3MipaMU € HaOUIBIIOK B
okonax 6 Mk, a Monounuit X y 11soMy peHTHHTY 3aiiMae 4eTBEPTE MICIIE.

«Micuegi» ocepeoxu. MI' 1 Tpu HaitOmk4di 10 Hel rpynu CKyJbOTOpa,
Maddes Ta M81 BXoasTh 10 BETUKOMACIITAOHOI CTPYKTYpU — TajJaKTHUYHOI
HUTKH 3 pagiycoM mpuOIu3HO 7 MIIK 1 TOBIIMHOIO, IO JOPIBHIOE JiaMeTpam,
PIBHUM pO3MipaM rpyn rajaktuk. KpiMm nepeniueHux, 70 Hei HalleKaTh TaKoxXK
me ¥ rpynu M94, llentaBpa A Ta nmeski iHmi. I{g cTpykrypa Mae Ha3By
MicueBuit uct. JIBaHaUATh HAWSICKPABIIIMX TTraHTChbKUX TajlakTUK LUX TPyl
(Ha3BaH1 «Paor0 TIraHTiB») yTBOPIOIOTH Kilblle paaiycom 3,75 Mnk, LEHTp
SIKOTO po3TalioBaHui mobsm3y Hamoi MI, a #loro mionmHa HaxwieHa 0
MicueBoro amcra Ha KyT 11°. B «Pamy riranrtiB» BXOISTh 2 ENINTHYHI Ta
10 cripanbHUX TATaKTHK, IO CKIIATy SIKOT HAJIE)KaTh TakKi BIJIOMI TAJIAKTUKH, K
M8 (puc. 26.2a), Hupkyns (puc. 26.26) LlentaBp A (puc. 26.3) Ta i1,

MicneBuii JTUCT BXOAWTH JO CKJIAMy CIUTIOMICHOT 00J1acTi, 0OMEXEeHOi
pagiycom 8 Mk, ska 3BeTbcsi MICIIEBUM KOMILIEKCOM, YJIEHAMH SKOTO €
om3ko 280 ramakTuk. Y CTpyKTypl MICIIEBOIO KOMILJIEKCY BKE IPOCIIiJI-
KOBYIOTBHCSl «BY3JIM», «BOJIOKHa» Ta «IYCTOTH», XapaKTEpHI [Jsi BEIUKO-
MacitabHoi OyzoBu BeecBiTy. Henaneko Bij okonu 11i€i oonacTi (d = 6,4 M)
po3raimioBaHa HeBenuka miArpyna MI101 3 OJHOWMEHHOIO TIraHTCHKOIO
CHIpaJIbHOI0 TaJaKTUKOI (SIKy 1me 3ByTh «BomoBepTth» — puc. 26.4a), mo
nepeOyBae B cysip’i Benukoi Beamenuui. [i miamerp i maca amcka 6Ginblie
Hamoi ["amaktuky B 1,7 pa3u 1 Ha OPSIOK BIMOBIIHO.

Buninstore mie OuibIn mpeacTaBHULBKHN — MicnieBuit 00’eM, sSKOMY

BiANOBIIa€ cepa paaiycom 11 MIik, e KUIbKICTb BIIKPUTHX TajakTHK csrae 870.
Opnier0 3 HAMSACKpaBIIUX Cepell HUX € TITaHTChKa CHipajibHa TajJaKTHKa
CombOpepo (d = 9 Mik), sika € JOMIHYIOUOIO B OAHOMMEHHIH miarpymi, abo M 104
(puc. 26.46). Xoua miaMeTp IIi€i TaJIaKTHKKA CTaHOBUTH Bchoro 30 % Bim MW,
Maca ii IEHTPaJIbHOI HAJAMAaCUBHOI YOPHOI JIpH JIOPIBHIOE 10° Mo' Ile omna
3 HAWOUTBIIIMX YOPHUX [P, BIAOMUX y IEHTpax TaJaKTUK. 3a pe3yjbTaTaMu
crioctepexeHb 75 % ramaktuk MiciieBoro o0’eMy € KapJIMKOBUMHU, B SIKUX TEMII
30pEYTBOPEHHS TaKUil CaMWid, SIK 1 B CIIPAIBHUX, BOJHOYAC SIK y CTINTHYHUX,
JH30M0/11I0HUX Ta chepoiiaaTbHUX BIH HU3BKU.
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a
Puc. 26.2. lanakmuku bode (M 81 — a) ma LupKynes (6)

a | 6 B
Puc. 26.3. ranakmuka LleHmasp A (NGC 5128) y sudumomy (a),
611u3bKoMy iHGbpayepsoHomy (6) i KomnozumHomy
(sudumomy + paodio + peHmMeaeHiecbKkomy) 0iarna3oHax xeuso (8)

a 6
Puc. 26.4. lanakmuku Booosepmes (a) ma Combpepo (6)

Ckynuenns canakmuk y cy3ip’i /liea € HaliOMKuuM, B SIKOMY BHSIBJICHI
MIPUHITUIIOBO 1HII BJIACTUBOCTI M O3HAKHU OUIBII BUCOKOTO CTYyIEHs iepapxii. Lle
BEJIMKE CKYMYCHHS TajaKTHK, sKe po3TamioBaHe Ha BijactaHi 16 Mmk Big CoHI
(puc. 26.5). Po3Mipu #0oro AOPIBHIOIOTH NMpUOIM3HO 5 MIIK, a IIUTBHICTh Maibke
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HAa TIOPAJOK TIEPEBUINyE€ WIUIBHICTh Yy Tpynax TajJaKTHK 1 CTaHOBUTH
~ 500 ranaktu/Mnk’. Y ckymdeHHi ramaktuk y JliBi HaidyeTbes OIM3BKO
200 rajakTUK BHCOKOI 1 CepeAHbhOi CBITHOCTI, 2/3 3 SKHX BITHOCATH [0
CHipajbHOrO TUMY. ENINTHYHI ralakTUKUA TPAIUSIIOThCA B IMIMPOKOMY Jlana3oHi
Mac 1 CBITHOCTEH: BiJl TIFAHTCBKUX JIO KapJIMKOBHUX; CIIOCTEPITarOThCS JIH30-
Mo/Ai0HI TaJIaKTUKU. B 1111 00y1acTi BXK€ HEJOCTYIHI JUIsl BUSIBIICHHS TaJIAKTUKU
tuny MareianoBrux Xmap 1, O4€BHIHO, MEHIII 332 HUX. TOMY B IIbOMY CKYITYEHHI
3arajibHa YUCEIbHICTh TAJIAKTUK OUiKyeThCst Omn3bKo 2 000.

Puc. 26.5. Komn’tomepHa
modenb Micyesozo
HAOCKYN4YeHHs 3 UeHMpPom

y cy3ip’i disu

CkyrmueHHsT TanakTuk y J[iBi TYpTYeTbCcs A0 TPbOX TPYI, IEHTPH SKHUX
pO3TaIllOBaHl BiJl HAaC Ha BIACTaHsAX mpuosm3Ho 16, 21 123 Mnk. Jlo ckiamy
HaMsSCKpaBIIINX WICHIB BEIUKOro cKymueHHs B [[iB1 HamexaTh 10 riraHTChbKUX
CHipajdbHUX 1 7 TIFAaHTCHKUX ENINTUYHMX TanakThuk. Came B ILEHTpPi IHOTO
CKyITYEeHHs TiepeOyBae BiJjoMa TraHTChKa EJINTUYHA pajioranaktuka JliBa A 4u
M 87 (d= 16,4 Mrik), niametp skoi csrae 37 knk, a moBHa maca — y 200 pasiB
outeiia 32 MW (puc. 26.6). HasBHICTh B 1i ILIEHTpI HaJIMacHUBHOI YOPHOI Jipu
(3,510’ M o) CTIPUYMHAJIA aKTHBHICT il sIApa, sIKEe MOPOIKYE PersmueicimcoKui
0dicem — CTPyMiHb €HEPreTUYHOI IUIa3MHU, KU MPOCTATHYBCS HE MEHIIE SIK Ha
1,5 Mnxk.

3azanvna cmpykmypa i yzazanvheni enacmusocmi MHC onepxaHi Ha
MacmTabax BHBUEHHS HABKOJOTAJIAKTMYHOIO OTOYCHHS Ommkue 45-50 Mmk.
Boru BusBmincAd HacTymHHMH. MiclieBe HAJCKyMYEeHHS — BIJOKPEMIICHE
HeperyJisipHe 00’ €IHaHHS TaJaKTUK 3 po3Mipamu Onu3bko 60 Mnk. B Hboro
BXOIATh Onm3bKo 30 THIC. TANaKTHK, SKI pa3oM 3 TEMHOKI MAaTepi€l0 MaroTh
macy ~ 10" M.

B it obmacti BiioMO 8 CKyITYeHBb TaJlaKTHK, 10 HAWOIMKYOTO 3 HHUX
BXOJIUTH rpyna rajaktuk M 101. HalOmmkyuM CKyIMUeHHSM TaJIaKTHK, B IKOMY



YacmuHa 5. Kocmoepadaia 153

BUSIBJICHO TIPUHIIMIIOBO 1HIN BJIACTUBOCTI W O3HAKHM OLIBII BHCOKOTO CTYTICHSA
lepapxii, HDK Y TAJTaKTUYHUX TPYI (JIUB. BUIIE), € BEUKE CKYITYEHHS TaJIaKTHK,
ske nepedyBae y cy3ip’i JliBu, BCepeanHi SKOTO MICTAThCS pajioragaktuka [[iBa
A, 3 gkow came i otoToxkHIoeThest HeHTp MHC. ¥V mpocropi 60 % ramaktuk
MHC 30cepemxeHo y BY3bKOMY JIMCKY, IO JIOPIBHIOE KWOTrO po3MipaM 1 Mae
TOBIIMHY 3 MIIK, a 98 % BCIX TaJIAKTUK HAIEKUTH |1 rajlakTHIHUM XMapam, 110
3aliMaroTh BChOro 5 % 06’emy MHC.

a 6
Puc. 26.6. liecaHmcobka eninmu4vHa cD-eanakmuka M 87: a — [iea A;
6 — ueHMp 2a1aKMUKU, 3 AKO20 BUPUBAEMbLCA PEAAMUBICMCLKUU CMPYMiHb,
Wo € 0xcepesnom padio8UNPOMIHIOBAHHA

MicueBuii JIUCT, 10 CKIIQQy sIKOro BXoauTh MI', po3raiioBaHuii Ha BiJICTaH1
17 Muxk Bixg nentpa MHC i maxuienuit no Horo rromuan Ha Kyt 8°. Kyt Mix
miniero, mo 3’eqaye MW 1 M 31, i MicueBuM mcroMm craHoButh 11°. Llg
CTPYKTYypa, 30Kkpema, sk 1 MicueBe HaJICKyImueHHs1, HE € TPaBITallliiHO-3B’ I3aHUMHU
GI3MYHIMHM  CUCTEMaMH, BOHU OepyTh ydYacTh Yy poO3IIMpeHHl BcecBity.
[IBuakicts MI" BigHOCHO 1leHTpa MICIIEBOTO JIMCTa CTAHOBUTH 66 KM/C, B TOM 4ac
SK 1151 CTPYKTYypa pyxaeTbcs y Hanpsamky Ha nentp MHC 31 mBuikictio 185 km/c.

27. MeTaranaktumka

BuBuenHs cTpyktypu MeTarajnakTukd — JOCTYyImHOI 4acTUHM BceecBiTy
JUTSL TOCTIJIKEHHSI, TIOB SI3YEThCSA 3 YCTAHOBIICHHSIM TPhOXBUMIPHOTO PO3MOILITY
HAJICKyITYEHb 1 TIMEPCKYMTYCHb raJaKTHK.

Okonu Micyeeozo Haockynuennsa. CKymueHHs ranaktuk y [Tyl
po3tamioBane Ommkue Bchoro a0 CoHmsg — Ha Biactani 19 Mmk (puc. 27.1).
B upomy x HanmpsIMKy J€Io Aajll po3TallloBaHE CKYIMUEHHs TalakTHK B Epigani —
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d =23 Mux. Lle Benmke cKyImaeHHs, mo Mae mMacy ~ 10'* M o Maibke B [1Ba pasu
Jaiii po3ramoBane HajackymueHHs ['inpu-LlentaBpa — d = 50 Mnk. BoHo Bkitovae
6 BEMKUX CKYITYeHb TFaJIAKTUK: YOTUPH pO3TaIioBaHi y cy3ip’i LlentaBpa ta nBa —
B ['impi. KpiM HuxX BiioMO 1€ ¥ JeKUIbKa CKyM4eHb TaJaKTHK, MEHIINX 3a
po3MipaMu B 00JIaCTI, 110 3aiiMae 11e HaJcKymueHHs (& =~ 45 Mmk).

Henonanix Bif 11p0ro HaacKymueHHs — y cy3ip’i Kocuniis, po3raioBanuii
Benukuii Attpakrop. MHC, sik 1 MI', 3a3HaioTh BIUIMBY BiJ NPUTSATaHHS iX
BenukuM ATTpakTopoM — TpaBITAIlIfHOIO aHOMAJIIEID, BUSIBICHOIO 3a aHAII30M
pyxy CoHISI BIZHOCHO PENTIKTOBOIO BHUIPOMIHIOBaHHS. Bemukuit ATTpakTop
ACOIIIOETHCSL 3 HAJCKYMUYCHHSIM TanakTuk Aoens 3627, mo po3TalioBaHe Ha
BircTadl 65 MIIK. Moro 3aranpHa mMaca OL[IHIOETHCS B 5-10" M o> 1110 Ha TOPSIJIOK
OlIbllle Macu BUJUMOI PEYOBHHM B Il oOxnacti Ta 1e Ouibine 3a macy MHC.
BBaxaroTp, 110 OCHOBHY YacTHHY Macu Bemnkoro ATTpakropa CKiaJae TEMHA

Marepisi.
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Puc. 27.1. llpocmoposuli po3nodin 2anaKkmuk ma apyr,
00 AKUX 8OHU 2ypmyromscA, y padiyci 30 MK

I'inepckynuenns Jlaniakes ma iio2co omouennsa. Jlaniakes (easaiicokoro:
«HEOCSDKHI Hebeca») — TINMepPCKyMUeHHs, HACTYIHE 3a CTYyMeHeM iepapxii
00’€THaHHSl TAJlAKTUK, 10 ckiaay skoro Bxoauth MHC (puc. 27.2). lle
riranTchka o61acTh 3 posmipamu 160 Mk i macoio ~ 107 M o Kpim MHC,
BOHO TakoX BKiItouae Benukuit AtTpaktop, HajckymueHHs ['impu-lIleHtaBpa,
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[TaBuua-Inmianus ta IliBneHHe HAJICKYMUYEHHs, 0 CKIAIy SIKOTO BIJHOCSTH
OaraTi Ha TaJaKTHUKU CKYMUYEHHA, SKI PO3TAIIOBYIOThCA B cy3ip’sax [liyi,
Epinana (siki 3ragyBanucs Buiie) ta 3o10toi Puou. HaackymueHHs rajakTuk
[TaBnua-Ingianms po3TamoBaHe Ha BijacTadl = 90 Mnk 1 Mae po3Mipu OJIM3BKO
30 Mnk. B HbhOMy BiJICYTHI 3HA4HI 3a KUIBKICTIO CKYMUYEHHS TalaKTUK,
B PE3YJIbTATI YOO BOHO MA€ BIJIHOCHO HU3bKY IIUIbHICTD.

[lepcea-Pub

O O

 Hlmax

Tamiaxes
Micuesunit goiln
a 6

Puc. 27.2. Cmpykmypa 2inepckynyeHHs JlaHiakes (a) ma lio2o Halibaux4i okonu (6)

B okoni Jlaniakei po3rtamoBaHi HaackynmueHHss Bomoccs Beponiku
(d=90 Mnk) 1 rinepckynuenns Ilepces-Pu6 (d = 77 Mnk), I'epkyneca
(d = 120-150 M), [llerni (d = 200 Mnk). Haackymuennst Bosioccs BepoHiku
Mae Maibke chepuuny popmy aiameTpom 0su3bk0 30 MIIK 1 MICTUTB OLIBII HIXK
3 tuc. ranaktuk. e HaACKymYeHHs po3TalioBaHe B IEHTP1 Tak 3BaHOi Benukoi
ctinn CfA2 — yeTBepTOi 3a BEJIMUYMHOKO TMOJ10HOI MJIACKOT BEIMKOMACIITA0HOT
CTPYKTYPH, HAMOIMKUMM Kpail siKoi po3TamoBanuil Big Mosjounoro I1Insaxy Ha
Bigcrani 60 Mnk. I[lg Crina npoctsraeTbcs 3aBIOBXKA Ha 150 Mk,
3aBIIMPIIKE — Ha 90 Mk 1 Mae ToBIIMHY 5 MIIK.

o naackymueHHs [lepces-Pub BXOIUThH JaHIIOKOK CKYIMUEHb TajJaKTHK
3aBAOBXKH 90 Mrk, mpocTararouruch Ha MBHIYHOMY HEOOCXWITI OLIBIN HIK Ha
40°. Ile HaACKYNYEHHS € OJHICI0 3 [BOX KOHIIEHTpALill TaJaKTHK, 10
postamoBaHe o oouasi croporr MHC 1 B30k mironiman MW. BoHo Takox
MEXYe€ 3 BOiaAoM Temnblis, skuii Mae po3mip 61au3pko 30 Miik.

INnepckymuenns Illerni cmocrepira€ThCs sIK MiABUINEHA KOHIIEHTpAIliS
raakTuk y cys3ip’i llentaBpa, mae oBanpHy (hOopMy 3 KYTOBUMH PO3MIpaMu
B JIeKiIbKa pa3iB Oinbine 3a miamerp Micsansa. JIiHIAHUNA po3Mip IHOTO
rinepckynyeHHsi Bianosizae 60 Mmnk, a maca — Outblie HIX y 4 pa3u Mae
Benmukuii Attpaktop. Bce x rinepckynmueHHsi ['epkyneca € HaiOUIbIIUM
B LIbOMY pErioHl, csaratouu B alamerpl 100 Mik.
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Bci mepeniveni rimepckymueHHS Ta HAACKyMYeHHS OKony JlaHiakes
BXOJISITH JIO CKJIay Ie OUTbIoi CTpyKTypH — KoMiuiekcy Pubu-Kura. Cepenus
BIICTaHb JI0 HHOTO OINIHIOETHCA B 250 MIK, a po3Mip KOMILIEKCY — OJIM3BKO
110 Mnk.

Komipuacma ma npocmopoeo-uyacosa cmpykmypa Memazanrakmuku.
Sx BigMmiuanocs Buiie (po3n. 26), Bxke B MiciieBoMy KOMIUIEKCT MPOCTi-
KOBYIOTBCSI 3a4aTKH «BY3IIB», «BOJIOKOH» 1 «IIyCTOT». BIibIll PO3BUHYTI TaKi
CTPYKTYpH Ta OUIBIII 3a MacIITaboM MpPOSIBISAIOTECS B Komrjiekci Puou-Kura.
Hanpuknan, no rinepckynuenssi [lepces-Pud 3 nBox kpaiB mpuMHKarOTh JBa
BoMu: Tenblist, po3MipH IKOTo cAraroTh 0u3bko 30 Mnk; Ta MicueBuit Boiif,
AKUA MEXye Takoxk 3 JlaHiakeero. MiclieBUil BOWJI Mae pO3Mipu HE MEHIIE
45 MOk 1 CKIAJa€eTbCsl 3 TPbOX OKPEMHX CEKTOPIB, PO3AUICHUX TOHKUMH
«autkamm». Llewt Boig oOmexxkenuit MicuieBuM JMcToMm (e mepelyBae Hamia
[NamakTuka) Ta posTamoBaHuii Big MicieBoi Tpynu Ha BIJCTaHI «BCHOTOY
23 Mnk. 3a mexamu KoMmiuiekcy Pubu-Kura komipuacta cTpykTypa mis
00’€THaHb TaJaKTUK PI3HOTO PIBHS € 3aKOHOMIPHOKO 1 CIIOCTEPIraeThCsl Ha
MaciTabax KUIBKacOT Meramapcek, 10 BIICTaHeW CyMIpHUX 3 po3MipaMu
BcecBity — ~ 4 'k, B Mekax SKHUX OYIKyeTbCsA icHyBaHHs Onm3bko 200 Tuc.
HAJICKyTY€Hb 1 TINEePCKYMUeHb, & B OKOJII OJU3bKO 1 MIIpJ CBITJIOBUX POKIB
(= 300 Mnik) naBkosio MHC — 6u3bko 100 (puc. 27.3).
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BuBuennsi Takoi CTpyKTypu MeTaragakTHKd CTUKA€ETHCS 3 TMEBHUMU
npoOjieMaMu, IO TIOB’Si3aHiI 31 CKIHYEHHUM 3HAYEeHHSIM IIIBUJIKOCTI CBITJIA
13 pe3ysbTaToM B3aeMOli (OTOHIB cBiTJIa (110 HECYTh 1HGOPMAIIID TIPO
ICTOTHO BIJIJIAJICH] BIJl 3€MHOI'0 CIOCTEpiraya KOCMIYHI 00’€KTH) 31 3HAYHOIO
Macol0 PEUOBHHH, SKY BOHHM 3yCTpidarOTh Ha CBOeMy NLIAXy. CKiHUYEHHE
3HAQYEHHS MIBUAKOCTI CBITJIa MPU3BOJUTH JI0 COPUUHATTA OYJOBU W €BOIIOLIT
BcecBiTy depe3 nmpusmy mMpoCTOPOBO-4aCcOBOi CTPYKTYpH MeTarajiakTUKHA: YUM
Jajai po3TalnoBaHU KOCMIYHUN 00’ €KT, TUM MOJIOAIIHNM € BCecBiT.

Tak, maiBigmaneHinn ckiaagoBi MHC po3ramoBani Ha BiACTaHi OJU3BKO
d = 45 Mk, abo y cBITJIOBHX pokax: = 3,26- d = 150 muiH pokiB. Came CTUIbKH
POKIB TOMY 11l 00’€KTH OYyJIM TaKMMH, SIKHMU BOHHU CIIOCTEPIratOThCS ChOTOJIHI.
HaiiBinnaneHimmM 00’e€kTaM, 110 poO3TalllOoBaHI Ha BijacTaHi Onu3bko 4 [Tk,
BIJITIOBI/Ia€ Yac, YMPOAOBXK SKOTO iX (POTOHM JOCATIM 3€MHOTO CIIocTepiradya,
nopiBHsHUN 3 BikoM Bcecpity. To0TO "
3eMHHUH CIIoCcTepiray 0auuTh iX TAKUMH,
AKUMH BOHM Oyiun Yy paHHbOMY
Bcecgiri.

Icaye # iHma npobiema. Yum
OUTbII paHHS CTajis po3BUTKY Merta-
TATAaKTUKA € JIOCTYITHOIO JUI PEe€ECT-
partii, TUM OUTBIINK NIJIIX MAKOTh TTOJI0-
naty (POTOHU, 10 HECYTh 1H(OPMAIIIIO
PO Hei, 1 TUM OUIbIIe KOCMIYHOI pedo-

Puc. 27.4. Peaynomamu 0ii epagimauyitiHux
/1iH3 HO CKyn4eHHA 2anakmuK Abell 2218.
i Lyau i 08anu — ye 0aneki 2a1aKMUKU,
BUHU TPAIUIETECA Ha 1X Tpaektoplii. st jinzoeani 06’eKmamu, Wo po3mawosaHi
pedoBHHaA TiepeOyBae y BUTIIAI CKYII- Mi%C HUMU | crocmepiza4em

YyeHb TaJIaKTHK a00 IHIIMX MAaCHBHHUX

00’exTiB. BOHM BUCTYNAIOTh Y POJII epasimayiiHux aix3, 10 BUKPUBIISIOTH PPOHT
XBUJIb, SIKI HECYTh 1H(OpPMAIiI0 MPO BIANOBIIHUMA 00’€KT (puc. 27.4). MacuBHUX
00’eKTIB Ha HULAXY (OTOHIB Oyne THUM Ouibllie, ynM «ruoOme» y Bceciti
nepedyBae iX «reHepaTop» BUIPOMIHIOBaHHSA. ToMy ICHye TE€BHAa Mexa ISt
CIIOCTePEKEHHS 3HAYHO BIJJAICHUX KOCMIYHHMX OO €KTIB, Jaili SKOI dYepes
CIIOTBOPEHHS CBITJIa BIJi KOCMIYHUX JIIH3 HE ICHYE€ MOXIIUBOCTI CKJIacTd
JIOCTOBIPHI1 YSIBJICHHS PO MOYATKOBUH 00’ €EKT.

28. IcTUHHUM pyX 3emAi Y KOCMIYHOMY NpPOCTOPI

BuzHaueHe ysBIEHHS PO HAIlle MICIE3HAXO/)KEHHS Y KOCMOCI JIa€ 3MOTY
MEPENIUUTH BCl pyXH, B IKMX Oepe y4yacTh 3eMHUH cnoctepirad. Takuil nepenik
CKJIQJAI0Th PyXH 3€MJIl B HACTYITHUX AUHAMIYHUX CHCTEMAX:

1. BnacHuii OCbOBUH PYX;

2. 3emus — Micsnp;

3. 3emunsa — CoHile;
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Conie — M3C;

Conne — I'anakTuka;

["anaktuka — TymanHicTh AHIpOMENH;

MI" — Hanckymuenns [{iBu — Benukuit ATTpaktop;
Kocmonoriune po30iraHHs TaJIaKTHK.

3azanwni 3ayearxcenns. B cucremi Tprox T «(3emist — Micsin) — CoHiie»
3emJis, pyXarouucCh MO €NINTUYHIA 0pOiTi HaBKoj0 COHIl, 3a3HAE MEPIOTUIHOTO
30ypeHHsI B pycCl yepe3 rpaBiTaiiiHy air0 Ha Hei Micsia. Ockunbku 3emis y 81,3
pa3iB MacuBHiIa 3a Micsip, Taka il Ha Hel HE € BU3HAYaIbHOW. TOOTO
OCHOBHHI pyX y cuctemax 2-3 € pyx 3emii HaBkojo CoHIIS.

VY cucremi «(Conne — M3C) — T'amaktukay mBUAKICTE COHIE HAaBKOJIO
nieaTpa M3C € 6mmm3bko 4 KM/C, HaBKOJIO TieHTpa ["amaktuku — 65m3bko 220 kM/c.
M3C pyxaeTbcsi HABKOJIO MEHTpa [ aJakTUKH 31 HMIBUIKICTIO TaKOX OJM3BKO
220xm/c. TobTO BU3HAYAILHUM PyXoM y cuctemax 4-5 € pyx CoHIl HaBKOJIO
ueHrpa ['anakTuku.

Uu € mepenik pyxiB y HaBeJIEHOMY CIUCKY MOBHUM? SIkOu B okoiii CoHIls
OyB 00’ekt, macuBHimMi 3a M3C, ioro MokxHa Oyno O BUSIBUTH Cy4aCHUMHU
acTpOHOMIYHMMHM 3aco0amu. B MI' MacuBHIIIMX ranaktuk 3a Yymarbkui Hnsax
1 Tymannicte Aanpomenu Hemae. B mexxax Haackymuenns JliBu (a6o MiciieBoro
HA/ICKYITYCHHS) il TpaBiTaIliiiHE TOJIe € BU3HAYAJIHLHIM, Ha 110 BKAa3y€ aCUMETPis
3akoHy Xabbma B oxosi MI'. 3a mexamu HanckymuenHs BusiBieHo Benmukuii
ATTpakTop 1 cKiIagoBa MBHUAKOCTI OapuiieHTpa MI'. Bigrak BU3HAuYanbHI PyXH,
3 BEJIMKOIO MMOBIPHICTIO, BUSIBJICHI HA CHOT'OJIHI BCI.

[Ilo cTocyeTbcst KOCMIYHUX 00’ €KTIB, 10 30ypIOIOTh BU3HAYAIBHI PYyXH, TO
B HaBEJCHOMY CHMCKY BOHHU 3rajiaHi jajieko He Bci. B CoHsuHiM cucTteMi Ha
3emito, kpiM Micss, YMHATH TpaBiTallliiHy 10 1€ ¥ OTOYYIoUl ii IUJIaHETH,
1 B meprry uepry FOmitep. IIpo 11e cBigunTh Te, M0 TUTAHETH MepeOyBarOTh MiXK
co00I0 B PE30HAHCHOMY pPYCi; TpaBiTamiiHy fito FOmiTepa BpaxoBYIOTh i Yac
00YHCIIEHb TIOMPABOK Yy pa3l BU3HAYEHHS MPOMEHEBUX IIBUIAKOCTEH 31p, Y AKHX
IIYKalOTh MMO3aCOHSIYHI TIaHeTH. SIKiIo icHye 1e cymyTHuK (cy03opsi) CoHis
B CoHsuHIN cucTeMi, TO, 0€3yMOBHO, Y TE€pPMIH, KOJIM BIH Oyjae B TEpurenii,
rpaBiTalliiiHa /i HOro Ha IJIaHETH MOXKe OyTH 3HauHOO. Taka Jist Moke OyTH II1e
Outpmior0, sKIIO icHye Hemesima 1 B Hel € maHeTHa cuctema. He MokHa
BUKJIFOYATH, 110 1 32 MexkamMu COHSYHOI CUCTEMU MOXYTh OyTH KOCMIUHI 00’ €KTH,
K1 CIIPOMO>KHI 30ypIOBaTH PyX y MepeTiueHNX BUIle 4-7 TMHAMIYHUX CHCTEMAaX.

[lepeniyeni AMHAMIYHI CUCTEMU MPOSBIISIIOTH ceOe Mi 4ac aCTPOHOMIYHUX
cnioctepekensb. [Ipoananizyemo ix.

1. Bnacnuii ocvosuii pyx 3emni. Yioro nposiBoM € 1060BHii pyx HeGeCHOT
chepu. ObepTranHsa 3emini y HAPSIMKY 13 3aX0Ay Ha CX1J 36eMHUM criocTepirad
crupuiiMae ik 100OBUH PyX CBITWJI 3a TOJAMHHUKOBOIO CTPUIKOKO 31 CXOIy Ha
3axiji, SIKIO JUBUTHUCS Ha MIBJAEHb Y MIBHIYHIA MIBKYJII.

XN s
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2. Cucmema 3emna — Micayb. B pe3ynbTaTi rpaBiTalliiHOl B3aeMOJIi1
Micsip KOXHIM 3eMHIM YaCTHHIN, 3TITHO 3 JIPYrUM 3akoHoM HbioToHa, Hamae
MIPUCKOPEHHSI, SIKE B CHITY P13HOI BiJl HOTO BIIJAJICHOCTI HEOTHAKOBO HAa HUX JIIE.
['paBiTamiitna cuia 3 00Ky Micdlg MeHIa y MoJrociB 3eMiil, a MPUCKOPEHHS,
CIPUYMHEHE MICSYHOIO T'PaBITALIEIO, 30UIBIIYETHCS 3 HAOMMKEHHSIM JI0 36MHOT'O
eKBaTropa. Y3J0BXK JiHiil, 0 3’€IHYy€ HeHTpu Micsid 1 3eMili, BOHO TE€X pI3HE:
HaWOLIbIIe B TOYIl, IO PO3TallloBaHA HalOmmwkue A0 Micsis, HaliMeHIe — Ha
npoTwiexkHoMmy 0ot 3emii. Lle 1 mpu3BoaUTh A0 YTBOPEHHS MPUILUIUBHUAX TOPOIB
(puc. 28.1 a). Taky ait0 Ha3UBAIOThH MPHUIUTMBHOIO CHJIOK. YTBOPEHHS Ha 3€MHIM
MOBEPXHI MPUIUITMBHUX TOPOIB MPOSIBIISIOTHCS Y BUTJISII MPHUILJIMBIB 1 BIJTUIUBIB.
Bucora npuriiBy B okeaHi He mepeBulrye <~ 1 M, Ha cyxomomni — 53 cm (mpote
B JICSIKMX 3aTOKAX MPUILTMBHA XBWIS CSrae KiIbKoX MeTpiB). KyToBa MIBUIKICTH
0CbOBOI'0 00epTaHHs 3emJli OUTbIla 32 KyTOBY MIBUAKICTh pyXy Micslisi HAaBKOJIO
3emii. ToMy 1HTEpBan 4acy MK JBOMAa CYMDKHUMH LMKJIAMH IPUIUIMBHOIO
SBUIIIA € OUTBIITUM 32 3eMHY J100Y 1 cTaHOBUTH 24 ro1. 50 XB.

“Tasorl: € 91\‘_@_4@ Mo T1°loLlwolle]

a i B r

Puc. 28.1. YmeopeHHsA npunaugie Ha 3emsi 8 3aa1exHOCMI 8i0 po3mauwly8aHHA ii 8i0HOCHO
Micsays i CoHua. lMoKka3zaHi Oii npunausis: a i 6 — minbKu Mica4HO20 i COHAYHO20 8i0rN08IOHO;
CYMIiCHO20 MiCAYHOR20 i COHAYHO20, WO 8idnosioae gpazam Micaua: 8 — MOMOOUKY i MTOBHOMY

Micauro, e — 1 i lll yeepmam. Hanpamok 0ii 3 6oky Micaua i COHYs 8Ka3aHO cmpinkamu

Micsanp Takox 3a3Hae NpUILIUBHOL 11i 3 Ooky 3emuti. Ockilbku Maca
3emmi y 81,3 paziB Ouiblla 3a MICSYHY, BIJIHOIIEHHS BETUYUH MPHUILITUBHOTO
MIPUCKOPEHHSI Ha MICAYHIA MOBEPXHI 10 3¢MHOi CTaHOBUTH ~ 20 paziB. Tomy
TEOpPETHYHA BUCOTA MPUIUVIMBY Ha Micslll MOXE cAraTd JEKITbKOX METpIB.
3aBAskM TpaBiTalliHIb A1l pagiyc Micsus y HanpsMKy 10 3emiil OuTbIIui 3a
cepennid Ha 1,23 kM. LlenTtp Mac Micsisl TakoXX 3MIIIEHUN BIJHOCHO HOTO
T€OMETPUYHOTO IIEHTPA Ha 3 KM Y 3eMHOMY HaIpsIMKY 1 Ha 1 KM JIiBOpYY, SKIIIO
IUBUTHUCS 3 3E€MIII.

3emast — MicsIb yTBOPIOIOTH TAKOK KEA3I3aMKHEHY cucmemy' ., B SKiif
30epiraeTbcsl X 3arajibHa eHepris. B Takiii cucremi 30epira€rbcsi MOMEHT
IMIIYJIbCY CUCTEMH, IO BeA€ A0 3B S3KY il OpOITAIbHOTO MOMEHTY 3 OCbOBHUMU

101 . . . . . e .
Cucrema 6yna 6 MNOBHICTIO 3aMKHEHOIO Yy pasi He3Hau4HOi rpasiTauinHoi Aii CoOHLA, AKOK HAcnpasai He 3aBXAu

MOXHa HeEXTyBaTW.
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MomeHTamu 3emuti 1 Micsiis. TepTs NpUIIuBHOT XBHIJII 00 JTHO Y MUIKHX MOPSX
CIPUYMHSIE CUCTEMATUYHE CIIOBUIbHEHHS ii 00epTaHHs MPUOJIM3HO 31 BUAKICTIO
0,000 02 c/pik. 306epexeHHsl €HEPrii TaKOl CUCTEMH Ma€ CIPUYMHATU BiJJAJICHHS
Micsiin Big 3emum. Takuit mpomec AOCTYmHUN [Aji1 BUMIpOBaHHSA. Micsiib
BIIQIIIETHCS BiT 3eMTi 31 IIBUAKICTIO OJIM3BKO 3 ¢cM/pik. CIOBUTEHEHHS OCHOBOTO
pyxy 3emJi Besie 10 30UTbIIEHHS Mepioy 3eMHOTO 00epTaHHS HaBKOJIO CBOET OCi
(30umpIIeHH 100M). Y Micsiis, sSIK y CYIMyTHHUKA 3 CYTTEBO MEHIIIOI MAacoio 3a
3€MHY, CIIOCTEpPIra€ThCs CHHXPOHHUWA PyX HABKOJIO 3eMill: MOro CUACPUYHUN
OpOITABHMI MEeP10,1 JOPIBHIOE MEP10ay OOEPTAHHS HABKOJIO OCI.

3. Cucmema (3emnn — Micaus) — Conye. Micsib B cepeHBOMY
Bignanenuit B 3emuni Ha 384 000 kM 1 Mae Macy, K yKe BKa3yBajocCs BHIIIE,
MeHIy 3a 3eMHy y 81,3 pasu. Lle o3Havae, mo meHTp Mac CUCTEMH 3eMIIS —
Micsup postamoBanuii Ha BiactaHi ~ 4700 kM Big meHTpa 3emui. Biarak
y opOitaibHOMY pyci HaBkojo CoHus 31 mBHAKICTIO 29,8 kM/c 3emist 3a3Hae
PETYISPHUX CHHYCOiNaTbHUX BIIXUJICHD 3 CHICPUIHUM MICSIHUM TEPI0IOM TI0
oci 3emiia — Micslib.

I'paBitamiitna mist Coni, sk 1 Micsis, BeAe 10 BUHUKHCHHS 3EMHHUX
npurnBiB  (puc. 28.1). Iligx wac wmomomuka 1 moBHOro Micsams (domy
BIJIMOBIAAIOTh TOJIOKEHHST Micsts 1 Horo ¢a3u 1 1 5 Ha puc. 4.4 BIAMOBIIHO)
COHAYHHUI 1 MICSYHUN TMPUIUTUB HACTYMAIOTh OxHOYacHO, Mii Micsausa 1 CoHigs
CKJIQJIAIOThCS 1 CIIOCTEpIraeThcsl HanOUbMi mpurummB (puc. 28.1B). Ilix gac
MIEPIoi 1 OCTAaHHKOI UBEpPTEH (BIAMOBITHO MONOXKEHHS 1 dazu Micsausg 3 1 7 Ha
puc.4.3) B MOMEHT MICAYHOTO TPUILUIUBY BHUHUKAE COHSYHUNA BIJIUIMB
(puc. 28.1 ). B el yac Ha 3eMHIid MOBEPXHI: Y MIAMICSAYHIN TOYILl rpaBiTaliiHa
nist Micsiist MakcumanbHa, a COHITS — MIHIMAQJIBHA; TOJI SIK Y TACOHSYHIN TOYII
aMIUTITy/1a COHAYHOTO MIPUILTUBY MaKCUMaJIbHa, @ MICSIMHOTO — MiHIMAJIbHA.

VY 3eMHIi KOpi cymapHUi e€peKT «TBEPAUX» MPHUILIUBIB CTaHOBUTH 0,78 M,
3 KOro yactka consiyHoro € 0,25 m. B oxeani npuruus Bia aii Micsus 1 CoHiis
Mae amrmunityay 1-2 m. IToGnu3y OeperiB BHUCOTa MPUILIUBIB MOKE OyTH 3HAYHO
outeloro. HaliOuibllla BUCOTa MPUILUIMBY CIiOCTEpiraeThesi B 3atoul danmi, 1m0
po3TaimioBaHa Ha ATiantuuHOMY y30epexoki Kanaau, — 18 m. T'azoBa obosoHka
3emJTi TaKOX BiT4UyBa€ il MPUIDIMBIB 1 BIATUIMBIB, IO TIPOSBIISETHCSA Y Bapiarisx
aTMoCc(hepHOTO THCKY.

B pesynbrati BigxuneHas ¢dopmu 3emii Bif chepuyuHoOi (IKa TOMY 1 3BE€ThCS
cghepoioom), HEPIBHOMIPHOTO PO3IMOAUTY PEUYOBHMHU HAAp OIJHAKOBOI T'YCTHHH,
HAsSIBHOCTI MaHTIi, 1110 HE € TBEPAUM TUIOM, IEpioj OOepTaHHs 1 OpieHTAIlis OCi
3emili He 3aMINAEThCs cTanor. Hecdepuunicts 3eMii COpUuWHSE Jil0 HA HEl
3 OOKY IHIIOrO0 KOCMIYHOrO Tuta S. Y mepuioMy HaOJMM>KEHHI ii MOKHA IpeJicTa-
BUTH TPhOMA BEKTOpaMHU CHJI TSDKIHHS (pHUC. 28.2 a): mepiiuil crpsMOBaHUN 13
neHTpa kym (Fp), sika BUAUICHA ycepeawHi 3eMHoro cdepoima, apyruit — i3
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[IEHTpa Mac €KBaTOPIaJIbHOTO BUCTYITY, IO PO3TAIIOBAaHUM OJIMXK4Ye 10 KOCMIY-
HOTO Tia (F4), 1 TpETIH — 13 OUIBII BiIJIaieHOTO eKkBaTopiasibHOro BUCTYMY (Fp).

-., Besmika
6 - L

' 'Be,umehiﬁ;a

Puc. 28.2. lNpeyecia pyxy 3emMHoi oci: a — ymeopeHHSA ii nio Oieto cun MAXIHHA 308HiIWHL020
mina (€ = 23°26'); 6 — npoAs ii y 3MiHi M0A0XEHHA Mi6HIYHO20 NOACA C8iMy.
lligHiYHUU NOAKOC 3MIUYEMBCA M0 KOAY NPOMU 200UHHUKOBOI CIMPIifKU Mak,

W0 puMcbKUM yugpam gionosioarome lio2o HacmynHi nosnoxceHHA: [ —5 000 p. 0o H.e.,
Il — noyamok H.e., Il —6 000 p. H.e., IV—13 000 p. H.e.

OCKUIbKM 32 3aKOHOM BCECBITHBOT'O TSDKIHHS Tepiia cuia () Ouibiia 3a apyry
(F»), pe3ynbTytoua cuia HaMaraTUMEThCS PO3BEPHYTH BICh OOEpPTaHHS 3€MHOTO
cdepoina y HampsIMKy Ha KOCMIYHE Ti10. B cuctemi, mo po3risimgaerses, 3emirs
cipuiimae airo 1 Bijy CoHlsg (OCKUTBKHM CHJIa BiJl HBOTO 3HAYHA Yepe3 BEJIUKY Macy
TOPIBHSIHO 3 3eMHOI0' ), i Big Micsust (depe3 #oro 6amsbkicTs 1o Semii). Le
MPU3BOJIUTH A0 TOTrO, IO BICh 3eMJIl (sIKa y MPOJOBXKEHHI 11 10 HeOecHO1 cdepu
YTBOPIOE TOJIOC CBITY Pn) OMUCYE 3 MepioioM 25 765 pokiB HABKOJO MOJIIOCIB
exminTuk [1y i I1s mami kpyru Ha HebGecHii cdepi pamiycom OIU3BKO & = 2326
(puc. 28.2 a). lle sBHIE HA3WBAIOTH MICSYHO-COHSYHOIO IIPELICCI€0. 3MIMICHHS
oci obepTaHHs 3emuli CIPUYUHSE JBA HACTIIKUA: 1)3MIHIOETHCS HAIPSIMOK Ha
nomoc cBity (puc. 28.2 6)'”; 2) Touka BECHSHOro PiBHOAEHHS 3MIIIyeThCS Ha
HEOECHOMY €KBaTopi IIOPIYHO Ha KyT 46,11" Ha3zycTpid piYHOMY TEpeCcyBaHHIO
Comis, TOOTO BOHA pyXaeThCs IO HEOECHOMY €KBaTOPY 31 CXOy Ha 3axiJ (3J1iBa
HaNpaBo y MIBHIYHIN MIBKYI 1 CIIpaBa HAIIBO — y MIBJICHHIH).

Jis mnaHeTHOi mpenecii 3Milllye TOYKY BECHSHOTO PIBHOJICHHS B OIK
TOYKH cxoy 31 mBuakicTio 0,114"/pik. Haxun exninruku 10 ekBaropa, &, uepes
MpEINeciio B TJIaHET B HAIll Yac MOPIYHO 3MEHITyeThes Ha Bennuuny 0,47".
OCKUIBbKY 1€ SIBUINE MEPIOAUYHE, TO Yepe3 JAEKUIbKA THCSY POKIB 3MEHIICHHS
3MIHUTBHCA MOBUIBHUM 301IbIIICHHSIM.

192 Maca CoHug 6inblie 3emMHOI B 1,99-1033 r: 5,98-1027 r= 3,33-105 pasis.

Ak BUAHO i3 puc. 28.26, 4 000 pokis TOMY NiBHIYHMI NONIOC CBITY po3TaloByBaBcsa No6an3y 30pi a [pakoHa (TybaH),
HUHI nepebyeae nob6ansy a Manoi Begmeauui (MonapHoi), y V tucadonitti byae y cysip’i Lledes, yepes 12 000 pokis
byae HanpasneHul Ha 3opto a Jlipu (Bery).

103
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Bnacnimok Toro, mo BekTopu mpeneciiHux cuia CoHmsg 1 Micsns
Ge3MepepBHO 3MIHIOIOTHCA ', 3eMHA BiCh 3/ifICHIOE KONHBAHHS 3 MEPiOIOM
18,6 pokiB, a BiCh IOJIIOCIB CBITY OINKCY€ Ha HEOECHIN cdepi emirncu 3 OCIMHU
18,42" 1 13,72". 1le siBUIlle HOCUTH HA3BY HYyTallli 3€MHOI OCI.

4. Conue ¢ Micuesiit 30paniii cucmemi. 32 OOYUCIICHHSIMU BJIACHUX PYXIB
3ip BMCOKOI CBITHOCTI 1 BIJICTaHeW /10 HUX BuUsiBWIOCSH, 1m0 O-, B—3opi105, SIK1
po3TallioBaHi B Mexax ~ | KOk Bij 1eHTpa nosicy ['ynga, oOepraroTbes pazoM
3 HUM HaBKOJIO Moro meHtpa mac. [lix mieto obmactio (3 paaiycom ~ 1 KIK) HUHI
po3yMitoTh M3C, HEHTpaTbHOI YacTHHOI B siKik € mosic ['ynma 3 paaiycom
omuzpko 500 mk. Tlosc ['ynnma po3muproeTbest 1 Mae mpsMe OOepTaHHs 10
BIJHOIIEHHIO JI0 ochoBOro obOepraHHs ['amaktuku. CoHule mepedyBae B Mexkax
nosicy ['ynna Ha Bifctani 6mau3bko 100 nk Big Horo nentpa (puc. 28.3). Y pyci
ConI BUSBWIM CKJIAJO0BY IMIBHAKOCTI, SIKa BKa3y€ Ha TpsIME MOTO OOepTaHHS
HaBkoJio 1ieHTpa M3C 31 mBuakicTiO 4 kM/c. Lle BiAmoBijae HOBHOMY OOEpTaHHIO
Comnrrs HaBkoso rientpa mac M3C y 230 MItH poKiB.

-400

-200} Puc. 28.3. KiHemamuKa pyxy
P Cop 082 06’exkmie nosacy 'ynda 8i0HOCHO
§ o 082yl ) O lio2o ueHmpa, NOKa3aHo20
MPUKYMHUKOM 3 KOOPOUHamMamu
200 X =0, Y=0;, cmpinoYyku nokasyroms

8eKmopu pyxy

4 Y (nK)
E)800 -400 -200 0 200 400 600

5. Pyx Conuysa no 2anakmoyeHmpuyHii opoimi 3111CHIOETLCS Ha BIJICTaH1
~ 8 knk BiJ 1eHTpa ["amakTuku. 3riHO 3 KPUBOIO OOepTaHHs [ alakTWku, BOHA
obepTaeTbcs Ha I BIACTaHI 31 MIBUAKICTIO Onm3bko 220 KM/C, IO BiAMOBIAAE
2aNaKMUyHoOMy poxylo6 ~ 220 muH pokiB (puc. 28.4).

Huni CoHile po3TamoByeThCsl HaJl TUIOMIMHOW0 [ alakTUKM Ha BiACTaHI
O0m3bpKo 15 1K B 01K MIBHIYHOTO TaJIaKTUYHOTO Tojitoca (puc. 28.5). OgikyeThcs,
III0 MakCUMaJbHE BIIJAJEHHS Bl TaJaKTHYHOI IUiomMHU ~ 90 mK HacTaHe
npuOIU3HO uepe3 45 MIIH pokiB, micias yoro CoHIlE TOYHE pyXaTHCS Y 3BOPOT-
HOMY HaIpsIMKY 1 111€ 4epe3 55 MITH POKIB NIEPETHE TAITAKTUYHY TUIOIIUHY.

3 ypaxyBaHHsIM criibHOTO nepemimieHHs B M3C 1 1o TajakTOIeHTPUYHIM
opOITI OLIBIN aJieKkBaTHIN TpaekTopli COHIIS BIAMOBIJIAE MTOJEMEEBA KOHCTPYKIIIS

104 . . . . ..
[opiBHIOOTb HYMtO, KoK CoHue | MicAlb po3TaloByOTLCA B NAOWMHI eKBaTopa 3emi, i 40CATaloTb MaKCUMyMy 33

HanbinbLWoi BigAaneHocCTi Bia, Hel.
105. . . .
Tob6T0 30pi cnekTpanbHUx Knacis O i B.

106 PRI Lo
TobT0 NOBHOMY 06epTaHHlO HaBKO/IO LLeHTpa ManaKTMKKM Ha NeBHiN BiACTaHI Big HbOrO.
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107 108 ;. 109 :
pyxy . Sk degpepenm " 1 eniyuxn~ BUCTYMAIOTh OPOITH: TaTaKTOIEHTPUYHA

1 BiTHOCHO 11eHTpa Mac M3C BiIIOBITHO.

Pyx Coaawcremi
/\-‘.'__" - -“.._ '/\
_+ T anaxTutrea rutommHz-- >

; + Lesrp
Tanaxmimat

Puc. 28.4. Pyx CoHyAa e Nanakmuyi Puc. 28.5. Pyx CoHyAa HagKoso
(cmpinoyka 8Ka3ye HANPAMOK pyxy) ueHmpa ranaKkmuku

6. Pyx canakmux ¢ Micuyegiii cpyni. B MI'T BuAUIAIOTh TpU OCEpPEAKU
rajiakTuk: ciMerictBa Monounoro [lnsxy 1 TymanHocTi AHApOMEIU Ta rajax-
tuku nepudepii. Hama [amaktrka ta TymaHHICTE AHIpOMEAU PyXarOThCS IO
CHJIbHO BUTSTHYTIHM €MINTUYHIA OpOITI Tak, 110 B HAIll Yac BOHU HaOIIKAIOTHCA
OJIHA JI0 OJHOI 3 MPOMEHEBOI0 IMBUIKICTIO Mpubau3Ho 120 km/c. Biacranp mix
UMM 30psiHUMH cucTeMamu (780 KIK) Ta HEBENMKAa TaHTEHIaIbHA CKJIAJ0Ba
y Bi1acHOMY pyci TyMaHHOCTI AHJIpOMENM CBIIYATH MO Te, 110 uepe3 4,5 Mip.
POKIB BOHM 3ITKHYTHCSI MK COOOFO, MICJISi YOTO TOYHETHCS YTBOPEHHSI HOBOL
TAJTAKTUKA ETITAIHOTO THITY.

[anaktuku mnepudepii He Hamexkarb >KOJHOMY CIMEWUCTBY, a JIMIIE
cnocrepiratothesi B Mexkax MI'. OCKUIbKM MacHu IUX TaJaKTUK Majl MOPIBHSHO
3 Macamu Yymarnpkoro I1Insxy 1 TymanHOCTI AHAPOMEIH, TO 3 TIEBHOK MMOBIp-
HICTIO MO>KHA TPUITYCTUTH, 110 BOHU MArOTh €MINTHYHI OpPOITH BiTHOCHO IIEHTpPA
mac MI'.

["amakThKu CIMEWCTB (CaTeNiTH) TEPUTOPIaIbHO BIIOKPEMJICHI 1 CIIOCTE-
piraroThbcs BIIOBIIHO B Mexkax rpasitaiiitHoi aii Yymanpkoro [lnsaxy 1 Tyman-
HOCTI AHApoMeau. 3arajibHa Maca HaIloi TaJaKTUYHOI CUCTEMHM OILIHIOETHCS B
1,2 TpuiiblioHM COHSIYHUX Mac. Macu caTemniTiB He nepeBUlrytoTh 2 % Bl Mac
Yymanekoro llmsaxy 1 TymanHocti Anzmpomenu. Tomy neHtp Mac MicueBoi
rpyNH PO3TAILIOBAHUIA MaiKe Ha JIIH1i, 1110 MPOXOIUTh Yepe3 iX LIEHTPH.

107+ _. . . . . .
3rigHo 3 AaBHbOIO cucTemoto cBiTy MTonemesn, pyx naaHet i CoHuA BigbyBaeTbcA HaBKoMO 3emni no gedepeHTax i

eniumknax. Taka cuctema CBiTy 3BETbCA FEOLEHTPUYHOLO.

los,ﬂ,edaepeHT — B reoLEeHTPUYHIN cucTemi MNTonemes HaBKOIOCOHAYHA 0pbiTa «cepeaHbOT NAHETUY.

EniuyKkn — B reoueHTPUYHIN cucTemi MTonemen KPyroBuit pyx «iCTUHHOT NAaHETUY, LEHTP AKOTO PYXaETbCA Y340BXK
nedepeHTy.

109
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7. Kocmonociune po3oizanna canakmukK OYMHAE TPOSBIITUCS 38 MEXKaMU
MI'. Ile rpanaio3Huil pyX, B IKOMy Oepe y4acTh Bech BCecBIT, 1 1eil pyx miamo-
pSAAKOBY€ThCS 3akoHy XaObOma—Jlemerpa. lleit 3akoH Bupa)kae 3aJeKHICTD,
a MpoMeHeBa IMIBUAKICTh BIIAJICHHS TajJaKTUK IPOIOpPIIAHA BiJICTaHI JI0 HHUX,
B sKId crana Xabbna € kxoedimienToM nponopiiHocTi. Ockinbku y Bceecsiti
TaJJAKTUKY YacCTillle CIOCTEPITAalOThCA B IPyIax, B MEXax SKUX YWICHH iX CIMEMCTB
PYXaroThCSl HABKOJIO CITUTBHOTO IIEHTpa Mac, CydacHe pO3yMiHHS 3aKOHY Xa00ia—
Jlemerpa mnonsirae B TOMY, 1110 BiH MOIIMPIOETHCS HA KOCMOJIOTIYHUN OMUC PYXY
rpyn TaJakTUK 1 OKPEMHUX 130JIbOBAaHUX Y MpOCTOpl rajmaktuk. HailOuibin Bimga-
JIeH1 TaJlakKTUKW 1 KBazapu, 1o mnepedyBaroTh Ha Biactansx 1000-1500 Mk,
CyMIpHUX 3 MeXamMu MerTarajakTiky, MaroTh MBUIKOCTI po3oiry ~ 0,3
MIBUIKOCTI CBITJIA.

8. Pyx Micueeoi epynu eionocno Micuesozo naockynuennsa i Benukozo
Ammpakmopa B110yBa€eTbCs B yMOBax Jii 3akoHy XaOOsa—Jlemerpa. B nokanb-
HOMY TIOJIl TIPOMEHEBUX IBUAKOCTECH ONM3BKUX TaJIakTUK 3a Mexkamu MIT crama
Xabbna B pi3HMX HampsiMkax pizHa: Ha siapo MHC — 81 km/(c-Mrk), Ha #oro
MOJIApHY BICh — 48 kM/(c'MIIK), Ha TIEPHEHAUKYJSP 10 IUIONIMHU, YTBOPEHOI
3 HaBeJIeHO1 opieHTalii, — 62 kM/(c-Mrik). /lumosibHa aHI30TPOIIsE PETIKTOBOTO
dony (puc. 28.6), 3rilHO 3 SIKOKW TeMIepaTypa BUIIPOMIHIOBaHHS BcecBiTy
y HarpsiMKy cy3ip’s Jlea Ha 0,004 K Buima, a y mpOTUIICKHOMY HAMPSIMKY
(cy3ip’ss Bomomisi) Ha CTIIBKM K HIDKYA BiJ CEPEIHBOTO 3HAUCHHS, Jaja 3MOTY
BUSBUTH BEKTOp MIBUAKOCTI pyxy UYymanpkoro HImsxy Ha 1mie OuIbLIuX
Maciiradax.

6
Puc. 28.6. Manu: a — MiKpoxeus1b08020 penikmoeo20o 8UrnpoMIiHIOBAHHA,
w0 ymeopunoca yepes 380 muc. poKie nicsna BUHUKHEHHA Bcecaimy,
ma 6 — 8idxusneHHsA lio2o Ha +0.004 K 8id cepedHboi memnepamypu 2,728 K
(2,724 K gidnogidae yepsoHomy, a 2,732 K — cuHbOMY Kos1bopam)

TakoMy MIIBUIICHHIO 1 3HKMKEHHIO TEMIIEpaTypyd BIIMOBIIAIOTH CHHE
14epBOHE 3MIIICHHS JOBXHH XBWJIb PEIIKTOBOro Jokepena. lLle sBwuiie,
BIJIMTOBIJTHO J10 3akoHy BiHa Ta 3rigHo 3 edekroM Jlommiepa, 1HTEPIPETYEThCS
pyxom YUymarpkoro [Insxy BIZHOCHO PENIKTOBOTO JKepena IO MPOMEHIO 30py
y HanpsAMKY cy3ip’s JleBa 31 mBuakictio 0im3pko 370 kM/c. 3 ypaxyBaHHSIM
BekTopa (y HampsMKy cy3ip’s Jledens) 1 mBuakocti pyxy Conis (220 km/c)
HABKOJIO TATaKTHYHOTO TIeHTpa Yymarpkuit [1Insx B mijoMy pyXaeTbesi BITHOCHO
penikToBOro (hoHy 31 MBHUIAKICTIO NpuOIM3HO 620 kM/c. Takuii pyx Mae CKIIJ0BI:
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y HampsIMKy Ha TIeHTp MIiCIIeBOro HaJICKyMUeHHS TallaKTUK 1 Bemnwkoro
ATttpaxropa (puc. 28.7).

Micuega rpvna rajakTHk

TyMaHBEICTE
, AHIpOMENH y

60 xm/cex 600 Kkn/cex® ;
Puc. 28.7. lepapxia pyxy 3a y4yacmio I.Iemﬁ* LT £y
Hawoi nanaHemu: Hagkosno CoHUA i MT '\ PO .,
ueHmpa Fanakmuxku ma nio dieto cunu . HaﬂC_K}“‘*EHH’l

. . ) Jieu

MAXIHHA cimelicmea TymaHHOCMI

AHOpomeOodu, HadckynyeHHsAa Lisu
i Benuko2zo Ammpakmopa

-

"] ;" Comue ¥
. ® Jf»
\ S

L —— S~ ~ Zeamax
- h—-h
Monoumg Ilnax OHAYHA CHCTeMa

bapunientp MiciieBoi rpynu pyXaeTbesi y HaNpsMKY Ha 1ieHTp MiciieBoro
HAJICKYyITUeHH (ke po3TamoBane Ha BiAcTadl 17 Mnk Big MI') 31 mBHUIKICTIO
omuspko 300 km/c. ['paBitamiiina mis Bemukoro Attpaktopa Ha Yymaribkuit
HInax 1 MI'T nipu3BoauTh 10 3MEHIIICHHS i1 3akoHY Xa00na—Jlemerpa y ioro
HanpsaMKy Ha 250 kM/c.

OTxe, SIK BUJHO 13 HABEICHOI' O MEPENiKy, X04a 1 MOXKHA 3POOUTH JJOCTATHBO
MOBHUI TMEpeNliKk BCIX pyXiB, B AKX Oepe ywacTb 3e€MHHM crioctepirad,
YpaxyBaHHA iX € JIOCTaTHbO CKJIAJHOK CKPYITYJIbO3HOKO IMPOLenyporo. [CHyroTh
1 Ipo0JieMH BU3HAYEHHSI MEBHUX MIBUAKOCTEW, 3 SIKUMU PYXalOThCS KOCMIYHI
00’ €KTH, SIK1 € CKJIIQJOBUMU CUCTEMH, OO SIKMX HaJIEKUTh Harre COoHIIE.

Tecmu

5.1. Yn yHikanbHa 3a CTPyKTypoto Hawa CoHAYHA cuctema?

5.1.1. Tak, Tomy LLO il CTPYKTYpA BiAPI3HAETLCA BiA, iIHLWNX NNAHETHUX CUCTEM.

5.1.2. Hi, ii cTpyKTypa noAibHa A0 iHWMX NN1AHETHUX CUCTEM.

5.1.3. Hawa nnaHeTHa cUcTema € yHiKaNbHORK, TOMY LLO TiZIbKK B Hil € NN1aHETA, Ha AKiN
ICHYE XUTTA.

5.1.4. Hawa nnaHeTHa CUCTemMa He € YHiKanbHOW. BoHa Ma€ TaKy X CTPYKTYpY, AK i Ti
NNAHETHI CUCTEMMU, [,e ICHYE KUTTA.

5.1.5. TinbKM y HaWin NNaHETHI CUCTEMI € 30HA KUTTA, HA BIAMIHY Bif, iHLINX.

5.2. OCHOBHMMM CKNaf0BMMM Hallol 30pAHOI CUCTEMMU E:
5.2.1. FanaktMka MonoyHnin LLinax i oTouytoui ii ranakTuKu-caTenitu;
5.2.2. FanaktMka MonouHnin Lnax i Mana Ta Beanka MarennaHosi Xmapu;
5.2.3. FanaktMkn MonouHui Lnax i TymaHHicTb AHQPOMEOM;
5.2.4. MoAac N'ynaa Ta nnacka cknagosa Manaktuku, ge postawosaHa CoOHAYHA CUCTEMA;
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5.2.5. Noac N'ynaga 1a pykasu Ctpinbua Ta lMepcea ManakTUKK, MK AKMMM pO3TallOBaHa
CoHavHa cuctema.

5.3. OcHOBHMMM cKNnagosummn MicueBoi rpynu rafiakTuK €:

5.3.1. Tanaktmkn Monodnum LLUnax, TymaHHicTb AHApoMmeaun Ta TPUKYTHUK;

5.3.2. lanakTtukn-catenitn MonoyHoro LLnaxy Ta ranaktmkn TymaHHICTb AHApomeam
i 1IC 10;

5.3.3. Nanaktnkn Monounumn Wnax, TymaHHicTb AHgpomeam Ta MNMepudepii;

5.3.4. Tanaktkm TymaHHicTb AHApomeaum, ii cynyTHUKK Ta Mepudepii;

5.4.5. Tanaktnkm B chepi 3 pagiycom 500 KiK.

5.4. Y1 cxOXi 32 CTPYKTYPHMMWU O3HaKamwu nigrpynu Mono4vHoro Lnaxy Ta TymaHHOCTI
AHapomegmn?

5.4.1. He cxoxi.

5.4.2. € neBHWUIA Nepenik CTPYKTYPHUX O3HaAK, AKi NPoABAAOTbCA B 060X Miarpynax.

5.4.3. JomiHytOMi ranakTUKN OAHAKOBI 32 TUMOM, Fa/IAKTUKU-CATENITU CYTTEBO PI3HATLCA.

5.4.4. lomiHyO4i ranakTUKKU CYTTEBO PI3HUX TUNIB, Y ralaKTUK-CATENITIB NPOABNAAIOTLCA
MaliXKe 04HAKOBi 3aKOHOMIPHOCTI.

5.4.5. CxOKi 33 HANEXHICTIO AOMIHYIHOUMX FaflakTUK 40 E-Tmny Ta NpMHLUMNOBO O4HAKOBMM
MiCLLe3HAXOAKEHHSAM HAaMACUBHILLMX raNaKTUK-CaTENITIB.

5.5. Yu € npuknagu B nigrpynax MonouHoro Wnaxy ta TymaHHoOCTIi AHgpomean, Konu
B MeXKax o4HUX BiNnbll MaCMBHUX raNaKkTUK NepebyBatoTb MEHLI MAaCUBHI?

5.5.1. Takoro B1MnagKy He moxe byTn B3arani.

5.5.2. 3a AaHUMM CyYaCHMX CNOCTEpPEXKEeHb TaKi BUNALKMN HE BUABJIEHI.

5.5.3. Takuit BUNaAOK MOXK/IMBUIM, KOIM MEHLL MACMBHA FalakTUKA YTBOPKETLCA B OUCKY
iHWOI 6iNbLL MacUBHOI ranakTUKKU. Ane 3ralaHuii BUNaAoK He CNOCTepiraeTbes.

5.5.4. €. B nigrpyni TymaHHoOCTIi AHgpomegu ue ranaktmka M 32, 8 MonoyHomy
LLnaxy — cxoxe, wo MNosac Nynga.

5.5.5. B nigrpyni MonouHoro Wnaxy ue Mana MarennaHosa Xmapa, B TyYMaHHOCTI
AHapomegm — ranaktmka M 33.

5.6. Y1 TOoTOXKHI 06’eKkTN: MicueBe HaaCKyNYeHHs Ta CKYNYeHHA ranakTuk B [isi?

5.6.1. Tak.

5.6.2. HaCcTKOBO TOTOXHi.

5.6.3. He TOTOXHi, OCKifibku MicueBe HaACKyNnyYeHHA € LEeHTPOM CKyN4YeHb ranakTuk
B [isi.

5.6.4. He TOTOHi, OCKINbKM CKyNYeHHA ranaktuk B [isi € ueHTpom MicueBoro HaacKyn-
YeHHA.

5.6.5. CninbHUM MiXK UMMM 06’€KTaMM € Nne Te, WO BOHU PO3TalOBaHi CUTYaTUBHO
B cy3ip’i Aisa.

5.7. 41 MmorKHa nepepaxyBaTu BCi pyxu, B AKMX Bepe yyacTb 3eMHUIM cnocTepiray?

5.7.1. B *kogHoMYy pas3si, iXx HecKiH4eHHo baraTo.

5.7.2. Hi, OCKiNlbKN MW He 3HAEMO HaBiTb NPUHLMNOBO CBOr0 MicLe3HaxoaKeHHA B MeTa-
ranakTmu,i.
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5.7.3. Tak, akwo 6 6yno Bigomo, Ae po3TalloBaHUi LEHTP BcecsiTy.
5.7.4. TaK, ix N’ATHaAUATb.
5.7.5. Tak, ix MeHLLe, HiXK KiNbKicTb NanbLiB Ha 060X pyKax.

5.8. LLlo € 3aranbHUM MixX rinepckynyeHHaAm JlaHiakes Ta Micuesum Bongom?

5.8.1. Hivoro.

5.8.2. TinbKkKM Te, WO BOHWM Ta rinepckynyeHHs MNepcea-Pub yTBOPHOOTL CRiNbHY Kyneno-
AiGHY cynepcTpyKTypy.

5.8.3. linepckynuyeHHa JlaHiakes BKAtoYae B cebe Micuesuii Bonga,.

5.8.4. B cepegmHi Micuesoro Boiaa po3TalioBaHe rinepckynyeHHs JlaHiakes.

5.8.5. Te, wo obumaBsa BKAOYAOTb Hawy [aNnaKTUKY.

5.9. MNposaB KOMipYacToi CTPYKTYypun BcecBiTy NOYNHAETLCA 33 MeXamMu

5.9.1. Micuesoi rpynu;

5.9.2. CkynyeHHA ranakTuk B [isi;

5.9.3. linepckynyeHHA JlaHiakes;

5.9.4. Benunkoro ATTpaKkTopa;

5.9.5. CynepcTpyKTypu, YTBOPEHOI i3 rinepckynyeHb JlaHiakea Ta Mepcea-Pub i Micue-
Boro Bonpga.

5.10. CumeTpUrYHa BIAHOCHO 3eMHOro CNOCTepiraya NPOCTOPOBO-4acoBa CTPYKTypa MeTara-
NAKTMKM NOMIATAE B TOMY, LLLO UMM

5.10.1. dani po3TalioBaHui 06’eKT, TUM Binblu paHHA CcTagia po3BUTKY BcecBiTy AOCTYNHA
ONA CNOCTePEerKEeHHS;

5.10.2. banxkye po3TawoBaHMM 06’€KT, TUM bBinbl paHHA cTagisa po3BUTKY BcecsiTy
AO0CTYNHA ANA COCTEPEXKEHHSA;

5.10.3. MeHwwuM Bik 06’eKTa, TUM Ha bBinbl paHHIN cTagii y po3BUTKY BcecBity BiH
nepebyBae;

5.10.4. binblwnii Bik 06’eKkTa, TUM Aaniy BcecsiTi BiH po3TalloBaHuUi;

5.10.5. Binbwa BiacTaHb A0 06’eKTa, TUM BinbLIKA MOTO BiK.

KoHmponbHi numaHHs

Jlo aKuX 30pSHUX CUCTEM HaexaTb oKoiau CoHIs?

2. Yu BIOpi3HAIOTHCA NOHATTA TanmakTuku Monounuid Illnax Bixg Hamoi
30pSIHOT CUCTEMU?

3. Mo cnoimeHoro y Tymannocti Anapomenu 1 [anakTukd 1 94uM BOHH
BIJIPI3HSAIOTHCSA?

4. 3a sSKUM MPUHIIMIIOM BU3HAYAETHCA HANCKHICT 10 MicuieBoi rpynu?

5. SIki CTpyKTypH CHOCTEpIraroThes 3a MexxaMu MiciieBoi rpymnu?

6. Jle posramoByeThcsi MicuieBHii BOI 1 YOMY BiH Ma€ Taky Ha3By?

7. Yu € OunblIi CTPYKTYPHI CKIIAJ0BI, HIXK TNEPCKYMYEHHS ralaKkTHK?

8. SIki iepapxiuHi 00’ €KTH CKIanal0Th MeTarajgakTuky?

9. 1o po3yMieThbes MMiJl IPOCTOPOBO-YACOBOIO CTPYKTYPOIO MeTaraiakTuku?

10. Yu € mexi Beecsity?
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EBONIOLIA OB’EKTIB BCECBITY

["anakTuky, iX OCHOBHI CKJIaJ0OBI — CKyMUYEHHS 31p Ta iX KOMIIOHEHTU
YTBOPIOIOTBCS ¥ €BOJIIOLIIOHYIOTh YNPOJIOBX Yacy ICHyBaHHS BcecBity 3a
NIEBHUMH 3aKOHAMH. 32 aCTPOHOMIYHHMH CTIOCTEPEKEHHIMH BOHH YTBOPIOIOTHCS
3 KOCMIYHOTO Ta30BOT'O CEPEIOBHINA, KOJIM BHHHKAIOTH BIIIMOBITHI JJIS I[HOTO
ymoBu. CrioyaTKy BUHUKAIOTH TIEBHI npomocucmemu (JOJaBAaHHS JO BIAMOBITHOI
Ha3BU aCTPOHOMIYHOTO 00’€kTa mpedikca «IpoTO-» O3HAYAE MHOrO MEPBICHY
dbopmy icHyBaHHs). BoHn HanexaTh, SIK MPaBWJIO, JO TEPIIOi CTasli €BOJFOLI]
BIJIMIOBITHOTO KJ1acy 00’€eKTiB. [lomanbimii iX po3BUTOK NPU3BOIUTH JI0 MEPEXOAY
Ha OCHOBHY CTaJif0 ICHYBaHHS, BIPOJOBX SKOi BOHHM TPOJOBKYIOTH «3HOBY»
eBoitoIlionyBat. KoskHOMY 3 KiaciB 00’€KTIB MpUTaMaHHI K 3arajibHi, TaK 1
cnenuQiuHi MEXaHI3MH YTBOPEHHSI Ta €BOJIOLINAHI TPOIICCH.

3aranbHUAN PO3BUTOK 00’ €KTIB BCECBITY 3al€KUTh BiJl YMOB, IO CKIIAIHACS
B HbOMY Ha MOMEHT YTBOPEHHS MEPBUHHOI KOCMIYHOI pedyoBHMHU. Taki ymMOBHU
«JIMKTYIOTHCS MPoIIecaMH, 1110 BiaOyBanucs y BececBiTi B yac BUHUKHEHHS SiIEp
XIMIYHMX €JIEMEHTIB, 1 iX IIIJIBHICTIO, HA MOMEHT Yacy, KOJIM BiJJOYBaBCS MPOIIEC
peKoMOiHaIli aTOMIB TEPBUHHOTO ['iJjporeHy — 3aBepIleHHS 00 €TIHAHHS
IPOTOHIB 1 €JIEKTPOHIB B aTOMU. Lle 6a3uCHI yMOBU NEPBUHHOTO KOCMOJIOTTYHOTO
po3BUTKYy BcecBiTy. Big Takux yMOB 3alIeUTh MOAATBIINA PO3BUTOK BceecBiTy:
BUHUKHEHHS TIEPIINX W MOJAIIBINE YTBOPEHHS BCI€l PI3HOMAHITHOCTI KOCMIYHHX
00’€KTIB, 10 CHOCTEPITalOThCS B HAIl Yac, aX 1O 3aBEPUICHHS iX ICHYBaHHS
(majexe MalOyTHE).

Ha Tmi 3arampHOro po3BuTKy 00’€kTiB BcecBiTy, BUHUKHEHHS OpraHIYHUX
MOJIEKYJI B MIXK30pSIHOMY CEpEIOBHII, ICHYBaHHS YMOB Ha IiaHetax COHSYHOI
CUCTEMH 1 BIIKPUTHUX €K30IUIAHETaX JUIsl PO3BUTKY MEBHUX (OPM KUTTS MTPU3BEIO
70 TIOCTAHOBKM HOT0 HAyKOBOTO IIONIYKYy. 3arajoM II¢ MDKIUCIUILTIHAPHA
npo0JieMa, B sIKi aCTPOHOMII BiIBEICHA POJIb BUBHAYEHHS «aJIPECy Y KOCMOCI, /i€
YMOBH JJI1 BUHUKHEHHSI Ta PO3BHUTKY >KMBHX (hOPM, 32 CydaCHUM PO3yMIHHSM,
MO>KYTh OyTH HaWOUTBIN COPUATIMBUME. BiaTak 3’ sBUIMCS TiACTaBU 10 00 €KTIB
BcecBity monaBatu il Ti, 1110 MOXKYTh HAJICKATH J0 «GKUBOT IIPUPOIID.
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29. Mpouec yTBOpPEeHHA KOCMiYHUX 06’€eKTiB

SKI0 KOCMIYHE Ta30Be CEpeIoBHINE MepeOyBae B CTAlllOHAPHOMY CTaHi,
3 HUM HIYOTO HE BilOyBaeThcs. BIIMB Ha HBHOrO MEBHUX 30BHINIHIX (haKTOPIB
(ix 3ByTb mpucepHuMu MexaHizMamu) MOXKE TEPEeBECTH TaKe CEepPEeIOBHUIIE
B HECTAI[IOHApDHUW CTaH, IICIAsS 4YOr0 B HBOMY BHUHHUKAIOTH (DIyKTyarlii
(pparmentHn), sIKI miA [Ai€:0 TpaBiTallll CHOPOMOXKHI MEPETBOPUTHUCS B IEBHI
IIPOTOCHUCTEMH. BUHMKHEHHS TIPOTOCHCTEM 3a TaKOK CXEMOK Ha3UBaIOTh
MexaHizsmMom camozpasimayii. IcHye ¥ IHIOMM MeXaHI3M: B Ta30MHJIOBOMY
Cepe/IOBUIINl MOro YacTUHKM MOXKYTh TOYATH 3JIMIATUCS B OUIBIINI CTPYKTYpPH,
YTBOPIOIOYH TaKOX MPOTOCUCTEMH, aje ACIo 1HIIoi npupoau. Lle nmputamanne
npoyecy xoaeynayii. Taki Tpoliecu MITal0ThCS BIAMOBIIHOMY MaTeMaTHYHOMY
OMHCY, IO JJa€ 3MOTY CKJIACTH YSIBJICHHS MPO iX HE TUIBKM SIKICHI, @ ¥ KUIbKICHI
BJIACTHBOCTI.

Ilpomoo6’ckm ak 2azoea Kyasa. Bniponosx BUIUICHHS (PparMeHTa Macu
M 3 KOCMIYHOTO CEpeIOBMINA Ha HHOTO Jl€ BCECBITHE TOKIHHA. BHacmimok
IILOTO BiH MEPETBOPIOETHCS HA chepy 3 paalycoM R 31 CTaTUM PO3MOALIOM i
TYCTHHH, 110 JOPIBHIOE 11 CEPETHHOMY 3HAUYCHHIO:

(29.1)

Taka cdepa 3moxe mepedyBaTH y CTAI[IOHAPHOMY CTaHi 32 YMOBH, KOJIHU JIisl Ha
MOr0 CKJIa0B1 MacH m 3a 3aKOHOM BCECBITHBHOTO TsKIHHS HprOTOHA

M,
F,=G R’f (29.2)

ypIBHOBa)XE€HA JI€I0 Ta30BOT0 THUCKY P, KWW BIANOBIJA€ PIBHIHHIO CTaHy
17IeaJIbHOTO Ta3y, 10 OMUCYEThCS hopmynoro Knanevpona

k
P=——pT, (29.3)

wmy,

ne k — crana bonbimana, [ — cepeiHs MOJIEKYJIsipHa Maca KOCMIYHOT peYOBUHH,
my — maca atoma ['imporeHa; p, T — TycTHHA Ta TeMIeparypa rasy BiAMOBIIHO.

Buninumo Ha moBepxHI Takoi cdepu eIeMEHTapHY MOBEPXHIO TUIOIICO
AS (VAS <<R), 3 bopMoro, Hanpukiiaa, kBajapara. [IpuitmeMo 1Horo 3a OCHOBY
NPaBUJILHOT TMIpaMid 3 BEPIIMHOIO B LEHTPl cepu Ta OO0YHUCINMO, 3 SKOIO
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CWJIOI0 BOHA IPUTATYETHCS 10 cpepu B LutomMy. bepyun 10 yBaru 3HaueHHs
CepeIHbOI T'YCTMHU p BUJIUICHOI MipaMiIyd Ta 3Ha4yeHHs ii o0’emy V, maca
PEYOBUHHU, 1110 MICTUTHCS B HIH, €:

1
m=plV = EPASR- (29.4)

Sk BIIOMO, IIEHTP Mac MipaMiJid pO3TalllOBaHWN Ha BIJIPI3KY MEPIECHAUKYISpa
(BHUCOTH), TIPOBEACHOTO uepe3 ii BepIiuHy, 1 JOpiBHIOE 3/4 HOTO BUCOTH (BiA
BEpIIMHM). 3 ypaxyBaHHAM yYMOBH IO €JIeMEHTapHe 3Ha4YeHHs Iom AS, 1e
BIJIMOBIZIa€ B HAIIIOMY BHUMAJKY, IO 3HAYEHHS BUCOTHU JopiBHIOE (3/4)R. BinTak
1151 BUOpaHa ejeMeHTapHa 00J1acTh IPUTITYETHCS 3 CHIIOIO

M 1 Gp MAS
by =G———= 2 pASR=—7>——. (29.5)
(3R/4)" 3 3/4 R
Axmo kyns nepedyBae B cmayioHapHomMy cmaui, TO CUJa, 110 MPOTUIIE 1H,
3a0€3MeuyeThbCsi Ta30BUM TUCKOM (29.3), 1110 /i€ Ha eleMeHTapHYy Monty AS:

k
F =% oTAS. (29.6)

g
wmy,

[TpupiBarotoun cunm (29.5) 1 (29.6), ogep>KUMO 3B’SI30K MK PaalyCcoM, Macor
1 TEeMIepaTyporo TaKoi MPOTOCUCTEMH:

4 Gum, M
R=———. 29.7
[Toganpmia miacTaHOBKAa LBOTO BUpa3zy B (GopMyny sl CEpeaHBOI TYCTHHU
(29.1) nae 3B’430K Macu, TEMIIEPATYpPH Ta T'YCTUHHU:

I j3/2 T3/2

M=M, =~ . 29.8
! [GumH p? (298)

Bupas 3Betbcst hopmynoro [ocunca, 3a IpI3BUIIEM BUYCHOTO, KU BHepie ii
onepxas. Lls popmymna mMae Ham3BUYAWHO BEIWKE 3HAYCHHS B acTpodiszmi Ta
KOCMOTOHii. 11 (bi3HYHHII 3MiCT MONATAE B TOMY, IO AKWO V MidC3OPAHOMY
cepedosuwyi BUHUKIA (IIyKmyayis 3 cepeOHiMU 3HAYeHHAMU memMnepamypu ma
eycmunu T i p, mo 8oHa e8ONOYIOHYE 00 CMIUKOI NPOMOCUCEMU 3 MACOIO
JDicunca (puc. 29.1).



YacmuHa 6. Esontoyis 06’ekmis Bcecgimy 171

% | v . .‘?‘
AN Qg u @

Camorpaeitauia Pparmentauis IIpotozops

Puc. 29.1. YmeopeHHs cppaemeHmie 3 macoto [xruHca (M) 8 3anexcHocmi
8i0 ix cepedHix 3HayeHb memnepamypu (T;) i 2ycmuHu (p;)

Mexanizmu ymeopennsa ma ¢popmyeanns npomocucmem. JIOUUTBHO
PO3PI3HIATH TPU OCHOBHI MEXaHI3MH, 32 SIKUMH TOYMHAIOTH YTBOPIOBATHUCS
NPOTOCUCTEMH Ta MPOXOIUTH iX Moaibina eoolis. Lle nporecu dparmenrariii,
camorpaBiTallli Ta KOaryJisiii.

Mix30psiHE Ta30BE CEPEIOBUIIIE ICHYE Yy BUIIISII MIKXMApPHOI Marepii Ta B
XMapax pI3HOTO po3Mipy. BoHM BiIpi3HSAIOTECS MK COOO0 3a KOHIICHTPAIIIEIO
YaCTUHOK (T00TO/a00 TyCTMHOIO) Ta TEMIEpaTyporo. 3aBIsSIKUM (QIIyKTyalisiM
TEMIIEpaTypd Ta TYCTMHH Yy IIbOMY CEpPEAOBHUII, 3TAHO 3 (opMyIamu
(29.7)-(29.8), BuHUKaIOTH (pparMEeHTH, Pi3HI 32 po3MipaMHu Ta macamu. Po3mipu
TakuX (PparMeHTIB MOXYTh CSTaTH JIECATKIB TapceKk 3 MacaMu Oulbliie
~10°-10" M.

Posnan Ha MeHIn ¢parMeHTH 0€3 30BHINTHBOTO BIUIMBY HE BiJJOYBA€THCS.
Takuii mogaNbIINA IPOIIEC TTOB’A3YETHCS 3 HASIBHICTIO TIEBHUX MEXaHI3MIB, K1
3BYThCSl TPUTEPHUMH, 3a SKUX TaKa CTIMKa CHUCTEMa, SIK MDK30psHa XMapa,
PO3IMATAEThCA HA MEHIII, 1 TeX CTiHKi, pparMeHTu. « CIIyCKOBHUI» MEXaHI13M, 3a
SAKUM 11€ BIJI0YBA€THCS, OB’ A3aHUM 3 JII€I0 YIapHOT XBWII, IKa BUHUKA€E B TOMY
pasi, KoJiu 1i MIBUAKICTh MOUIMPEHHS MEPEBUILYE WBUOKICIb 38VKY V UbOMY
cepedosuyi:

vkT
U, = <7>, (29.9)

1ie Y — TIOKa3HUK ajiadaTu, (m) — cepeHs Maca YaCTUHOK.

3a (GpOHTOM yJapHOT XBUJIl CTBOPIOETHCS] HAAJUIIIOK TUCKY, /il SKOTO YIIUIbHIOE
KOHIICHTpPAI[II0 YaCTUHOK XMapu B 4OTHpHU pa3u. L{pboro mocTaTHhO IS 3ammycKy
npouecy APOOIHHA MDK30PSHOI XMapH, MICIsS 4Oro KOXeH 3 (hparMeHTiB, IO
YTBOPHBCS, IOYMHAE CTUCKYBATHCSI ITiJT TI€10 BJKE CBOET BIACHOI caMOTpaBiTalii.

VY KOCMIYHOMY TIPOCTOP1 YOapHi X6uii BAHUKAIOTh:

® y CHipaJIbHUX PyKaBax TaJIaKTHK;

® 332 ppoHTOM 000JTOHOK HaTHOBHUX 31p, K1 POMIUPAIOTHCS,

® 11171 4ac 3ITKHEHHS MIXK30PSHUX (UM MIKTaJaKTUIHUX ) XMap;

® B CEepEOBUIII, 1110 KOJIATICYE.
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Bci  mepeniyeHi KOCMIYHI  pErioHM € O0OJIaCTSIMH ~ 30PE€YTBOPCHHS, JIE
3aKIHUY€EThCS MPOLIEC KACKAOHOI (hpazmenmayii, M IKOK PO3YMIEThCS Yepeaa
YTBOPEHHS IPOTOCUCTEM BT OUIBIIMX JO MEHIIMX:

MPOTOTATAKTUKA — TMPOTOCKYMYECHHS — TIPOTO30PS.

Camozpasimayia ma koazynayia. 11lnsx eBomomii yTBOpPEHUX MPOTO-
CHUCTEM JIMINE 3aBASKA IICHTPAIbHIA Jii CHJIM TpaBiTaiii 3BEThCS CaMO-
rpaBitaiiero. B Takomy pa3i mpoTocHCTEMa CTHCKA€ThCSA, a 11 YaCTUHKHU
PYXarThCsl B IIEHTPAIbHOMY T'PaBITAI[ITHOMY MOJIi B PEXUMI BUIHHOTO T IHHS
(puc. 29.2a). OCKiIbKA Takud pyX BIAOYBA€ThCS 3 TMPUCKOPEHHSIM, TO TICIIA
MEPEeBEPILICHHS MBUAKOCTI 3BYKY (29.9), BkazaHoro Ha puc. 29.20, CTBOPIOIOTHCS

YMOBHM JUIsl (pparMeHTaIlli 3 OUIbII BUCOKOTO PIBHA IMPOTOCUCTEM Ha MEHIII
(puc. 29.2B).

T
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Puc. 29.2. YmeopeHHA npomocucmem WAAXOM: a-8 — camozpasimauii; 8-e — koazynAauyii.
CmucHeHHA npomocucmemu Wwasxom camozpasimauii (a) sede 0o ii «cghepizauii» ma
noo0anbwo2o nepesuuieHHsa YacCmuUuHKaMu WeuodKocmi 38yKy U Ha nesHitli tio2o 2nubuHi (6),
W0 Ccrnpu4uHsAe it ppaemeHmayito (8). O6’€OHAHHA NUAUHOK 8 pe3ysabmami 3imKHeHb (2)
npu3sooumMs 00 CMUCHEHHSA 32ycmkKie nio dieto epasimayiliHoi 83aemodii (), nodanbuwozo
yWinbHeHHA Ma ymeopeHHs npomornaaHem (e)

HasiBHICTh BaKKUX XIMIYHMX €JIEMEHTIB (MacuBHIIIKX 3a ['emiif) B ra3oBux
JICKaX, SIKI MOKYTb 1CHYBaTH HAaBKOJIO 3ip 1 Cy031p BeJle 10 BUHUKHEHHS MHJIOBUX
JaCTUHOK. SIKMO X MIBHAKOCTI TiJ dYac 30JMKEHS CyMIpHI MK COOO0, TO
HACJIIIKOM X 31ITKHEHHS € HENPY>KHUM yAap, B pe3yJIbTaTi YOro BOHU 3JIUMAIOTHCS
(puc. 29.2r). IloBTOpeHHs Takoi CUTyaIlii BEIyTh 10 YTBOPEHHS OUIbIII MACUBHUX
NWIMHOK (puc. 29.211), 3 MOJANBIINM iX 3POCTaHHSIM JI0 BCE OLIBIIMX 1 OUTBIIMX
3rycTkiB (puc. 29.2e). Takuil mnporec 3BEThCS KoaryJsiiero. OO0epTaroduch
HABKOJIO LIEHTPAJIBHOIO CBITHIA (SIKE, K MPABUIIO, TAKOXK IMepeOyBae B Mpolieci
(¢opMyBaHHsI), YTBOPEHI 3rYCTKA OCIIalOTh [0 IUIOHIMHHU JIMCKA, B SIKOMY
OPOAOBKYIOTh 00 ’€IHYBAaTUCS y CBOEPIAHI CKYMUEHHS, SKI 3aXOIUIIOIOTh BCE
OUnbIllE PEUYOBMHM HA CBOEMY LUIAXY. B camoMy > CKym4eHHI 3TyCTKH



YacmuHa 6. Esontoyis 06’ekmis Bcecsimy 173

3IIITOBXYIOTECS Ta TEPEMINIYIOThCS, B PE3yibTaTl 4yOro BTpaTa HUMH CHEprii
MPU3BOAUTH J0 MOJAIBIIOI0 00’ €IHAHHS Y TaK 3BaHi niaHemezumai. 3 OUTbIINX
13 HUX (POPMYIOTHCS IPOTOILUIAHETH, 3 MEHILUX — MaJIl TijIa.

30. Big npoT006’€eKTiB A0 30PAHUX i NNAHETHUX CUCTEM

€ Tpu DpIBHI TNPOTOCUCTEM: MPOMOANAKMUKU, HNPOMOCKYNUEHHs Ta
npomo30pi, MOCHIIOBHICTh SIKUX BIATBOPIOE MPOLIEC KAaCKaIHOI (parMeHTarlii.
B mopanbmioMy BOHM €BONIOIIOHYIOTH, BIAMOBITHO, YTBOPIOIOUN TaaKTHKH,
30psiHI CKYITYEHHSI Ta KpaTHi 30pi i cy030pi Ta TUIAHETHI CUCTEMH.

Ilpomoo6’ekmu ax oxycunciecoki gppazmenmu. Came Halmepii MacHBHI
TaJIaKTUKHU, 1110 BUHUKIN Y BCECBITI, OB’ A3YIOThCS 3 YTBOPEHHSIM MOTEPETHUKIB
CY4YaCHUX 30PSIHUX CHCTEM — IMPOTOTaJakKTHK. ¥ paHHboMYy BcecBiTi Oynu vacw,
KOJIM Horo temriepatypa Oyjia BUCOKO, a TYCTHHA HHM3BKOIO, IO JIA€ TIi/ICTaBH
JUIE OOTPYHTYBaHHS 3B 513Ky MacH JIKWHCA 3 CyMIpHMMH iM BEJTMKHMH MacaMu
npoTorayiakTuk. Ilomanbire iX OXONOPKEHHS I 4Yac paialibHOTO CTHUCKAHHS
Be7ie 70 30UTBIIICHHS BUAKOCTI ra3y. [licis nepeBuIieHds 3Ha4YeHHSI TITBUAKOCTI
3ByKy B I[bOMYy Ta3i Ma€ BKJIOYMTHCS TIOBTOpHA (pparMeHTallis, SKa IHIIIIOE
BUHUKHEHHSI MPOTOCKYMYEHb 31p. B «MiHIaTIOp1» TpOIeC y MPOTOCKYIMYEHHSIX
SAKICHO TIOBTOPIOETBCA Ta CIPUYMHAE YTBOpEeHHs MpoTo3ip. ToOTo KkokHa 13
HACTYIHUX MMPOTOCHUCTEM BUHHUKAE 32 MEHIIINX TEMIIEPATYp, a OTXKE, BOHH 1 MAIOTh
MEHIII MacH.

MomeHT imnynbcy
3HauyHUM He3HauHwui
I[IpotoranakTuka, [IpoToranaxTiea, IlpororanaxTuxa,
MO MEMOED MO MEWIED IO MOBLIEHO
obepTaeTBCa obepracThCa obepTtaeTeca
CTHCEAETRCA 3 CTHCEAETRCA DEe3
YTEOPCHHAM YIBOPCHHA — —
LEHTPATEHOT 0 @ LeHTPansHOT O Karo
CTYCTEVY CTVCTEY
[NepETROPHETECA B MNEpETROPHETECA B HEﬂEmDﬂI—D_ETE-CH B
TOHEMIT THCE HeperyIapHy cepoin. mo
1 - - IIOBLUIEHO
= mo obepraeTsCa @ CTPYETYDY obepTaeThCa
dopmytoTbea dopmyroTbeA dopmytoTbea
CnipanbHi ranakTukm HenpaBuabHI ranakTnKu EninTWUYHI ranaktukm
a 6 B

Puc. 30.1. YmeopeHHs 2anaKMuUK pi3HUX munie 3asaexcHo 8i0 Ml npomoeanakmuk

BUHUKHEHHS] TaJakTHK pI3HUX THIIB, SIK TOKa3ylOTh KOCMOTOHIYHI
JOCTIDKEHHS, TIOB’SIBYEThCS 3 PI3HUM MOMEHTOM immynbey (MI) B mporo-
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ranaktukax (puc. 30.1). HasBhicte 3HauHoro MI y mnpoToramakTHK CTBOPIOE
YMOBH ISl BAHUKHEHHSI IBOX THITIB TATAKTHK. Y pa3i BUHUKHEHHS [IEHTPATLHOTO
3TYIICHHS YTBOPIOIOThCS CHipalibHl ramaktukd (puc. 30.1a), Hacmigkom
BIICYTHOCTI TakOro 3rymieHHs € (OpMYyBaHHS HEMPABWIBHUX TaJaKTHK
(puc. 30.16). Sxmo >x MI mpororamakTuk HE3HAYHWIA 1 BIFCYTHE IIEHTPAJIbHE
3TYIIEHHS, TO BUHUKAIOTh eminTuyHi ranaktuku (puc. 30.18). 1lomo BUHUKHEHHS
TH30MOAIOHUX TalaKTUK, TO iX HUHI PO3MVIANAIOTh SK MPOMDKHUN THI, IO
YTBOPIOETHCS 3 BXKE YTBOPEHHUX, IMOBIPHO CIIPAIIbHUX TAJIAKTUK, KOJIA 3HUKAIOTh
YMOBH JIJIs1 «30€PEKEHHSD» CIIPaIbHOTO BI3€pPYyHKA.

[TouatkoBuit MI BmMBae 1 Ha TemIil 30peyTBOpeHHs. Konu Hacmiakom
3HauHOro MI € yTBOpeHHsS JHCKa Ta CHIpAJIbHOTO Bi3€pyHKa, HASBHICTh
y pyKaBax TaJlaKTHK yAapHHX XBWIb Beae 10 =~ 10 %-To mepeTBOpeHHs rasy
B IIPOTO30p1, pelliTa Hae Ha MOJAjbINl 30peyTBOpPEHHsA. ToMy B CHipaJbHUX
TaJlaKTUKaX 1 TPUCYTHS Ta30MWIoBa CKJiazoBa. BimcyTHicte 3HayHoro MI
B TAKMX TaJlaKTUKaX, K eNNTH4Hi, Beae Maibke no 100 %-ro mepeTBOpeHHs
raszy B IpoTo30pi. ToOMy B TaKUX TajlaKTHKaXx 1 BIACYTHIN ra3 B HUHIIIHIO €TIOXY,
a BIJMIOBIJTHO, 1 BIZICYTHE 30pE€yTBOPEHHS.

Sk BUIUTMBAE 3 BUKJIAJICHOTO BUIIE, TaKl CKYIMUEHHS 31p, SIK KYJISICTi, IO
HaJIeXKaTh 10 CPEpUIHOI CKIAJ0BOI TANAKTHK, CIiJ MOB’S3yBaTH 3 paIiaIbHUM
CTHUCHECHHSIM TIPOTOTAJIAKTUKU, OCKUIBKK X pyX Ie W BIATBOPIOE HEYHOPSI-
KOBaHUI pyX TMEPBUHHOI TaJlaKTHUYHOI pPEYOBMHU. PO3CIsIHI K CKyMYEHHS
YTBOPIOIOTBCSA B IHIIMX YMOBaX, MiJ 4ac MPOXO/KEHHS MPOTOCKYIMYEHb Yepes
cripajibHI pykaBd. Taki MpOTOCHCTEMH 3a MacaMU MEHIIN, 1 B HUX HE BHUCTAYae
IpaBITalliHOI €Heprii Jjisg yTBOpeHHS iX cdepuunoi ¢opmu. Taki x 30psHi
CHUCTEMH, SK acoljaiii, MBHAYE IMOXOMATH BIJ HACIIAKIB B3aEMOIl MDK
MDK30pSHAMH XMapaMH, a 3HadHI 3a MacaMu CepeJl HUX, HAlleBHO, YTBOPHIINCS
3 2I2AHMCLKUX MOJIEKVIAPHUX XMap.

YTBOpEeHHS Ta MoAAIbIIA €BOIIOIS TPOTO3ip 3 pizHuMU MI Tex pizHa (pHc.
30.2). 3a BigHOCHO He3Haunoro MI — J; < 5-10" (M/M @)5/3 Kr*M’/C, BCSL pEYOBHHA
i1 9Yac TPaBITAIIMHOTO CTUCKAHHS CTATYETHCS B TIOOJAUHOKY 30PI0 UM CyO30pIO.
3a 3paunoro MI — J, > 10¥ (M/M @)5/3 Kr*M’/C, TIPOTO30PS IIPUIIMA€E TUMHYACOBO

dopmy Topa. OcCkibKM 1€ HECTiMKa razoBa (irypa, BOHA pPO3IULIETECS Ha

dbparMeHTH, 3 SKUX y TOJAIBIIOMY YTBOPIOETHCS KpaTHa 3ops. [Ipomikuuit
BapiaHT 3HaueHHs MI — J, < J < J, Bene A0 yTBOPEHHS LIEHTPAIBHOIO 3TYCTKY
(s1pa) 3 OTOUYIOUMM MOT0 TUCKOM. AKpeEllisd Ha IIEHTpaJIbHE SAPO Ta AUCK BEJE JI0
ix 3poctansns. LlentpansHe sapo hopMye 30pr0 4u Cy030pIo, @ B TUCKY MOXYTh
CTBOPIOBAaTHCS yMOBU JJIsi YTBOPEHHS MpOTOIUIaHET. JIUCKM  MOXYTh
YTBOPIOBATHUCS 1 HABKOJIO OKPEMHUX KOMIIOHEHTIB KPaTHUX 31p, SKIIO rpaBiTaIliiiHa
TSl IHIIMX KOMITOHEHTIB X HE pyHHYE.
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MoMeHT iMryascy  J=KrM-/c
J1 <5108 MMe) Y JicJ<J2 | 2> 104 (MMo)*?

_"L ’
<

y B v
- .

& o .
o
Q

Puc. 30.2. YmeopeHHA npomo3sip pi3HOi KpamHocmi 8 3a1eXHocmi
8i0 ix MOMeHmMYy imnynscy

Jleaki Knrouoei noodii 6 ymeopeHnni cucmem pizHoi iepapxii. J1o KI1040BUX
MOJI1M B €BOJIIOIIT 30PSTHUX CUCTEM BIAHOCSTH TaKl, SIKi € XapaKTEPHUMHU caMe IS
Hux. Hanpukuan, nig yac popMyBaHHS rajlakTHK 1€ MOKe OyTH Yac Mepexo.ry Bi
CTUCKAHHS TMPOTOTAJIAKTHKHU /10 ToYaTKy (popmyBaHHS ii chepruHOI CKIIa70BOi.
JUig cnipanbHUX Ta JIIH30MNOAIOHMX TaJIAKTUK € XapaKTepHUM HasBHICTh Y HUX
nucka. Sk moB’si3aHa iX 3arajibHa Maca 3 pajilyCoM JIUCKa, 10 (POPMYETHCS MICTS
YTBOPEHHSI CPEpUYHOI CKJIAJIOBOI IUX TajlakTUk? Yepe3 sKuid dYac micis
BU/JILJICHHS! IPOTOCKYIMUEHHSI TOYMHAETHCA (pparMeHTanliss Ha npoto3opi? 3a aKuit
gJac YTBOPIOIOThCS 30pi? Lle murmne feski CKIIaaoBl KIFOYOBHUX MOJIN, IS SKUX €
3MOTa MPOBECTH OIIHKU IUISTXOM €JIEMEHTAPHUX PO3PaAXYHKIB.

TpuBaiicte 0e3dparMeHTapHOl crajii  IMPOTOTAIAKTHK — I[€ Yac IX
ICHYBaHHS, BIIPOJIOBXK $IKOTO III€ HE 3 SBISIOTHCS B HUX HPOTOCKYIUYEHHS SIK
pe3ynbTaT nepsunHoi gpacmenmayii. O4EeBUAHO, IO 1€ € TOW Yac, 3a KU y
MPOLIEC] CTUCHEHHS MPOTOTalaKTUKUA 3 MPUCKOPEHHSAM JIOCSATAEThCs 11 KpasMu
IMIBAIKICTE 3BYKy. Lle d9ac fr OOYMCIIIOETBCS 3 PIBHSHHA, OIEPXKAHOIO Bl
MPUPIBHIOBAHHSI IIBUIKOCTI PIBHOIMPUCKOPEHOTO PYXY 3 HYJIHOBOIO IMOYATKOBOIO
MIBUAIKICTIO

M
v, =g1=Gogl, (30.1)

IIBUIKOCTI 3BYKY (29.9), oCcKinbKHM came Michs ii JOCSITHEHHS BUHUKAE yaapHa
XBUJIS, 32 MEKaMH SIKOT CTBOPIOIOTHCSI YMOBH JIJIA TTOYATKY (PparMeHTaIri:
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(= |25 (30.2)

Jie MPUUAHATO JI0 YBard MOKa3HUK afiadbatu y = 3/2 (3Ha4EeHHSI 17151 OTHOATOMHOTO
ra3y) Ta (m) — Cepe/lHsi Maca YaCTUHOK MPUPIBHIOEThCA Maci atoMa [igporeny
(m) = my. HeBaXKO BUKOHATH OINHKHA, HAMPUKIAI, IS MPOTOTATAKTHKU
3 Macoro M ~10" M ipaniycom R ~ 10% krk: tr ~ 10 MJIH pOKIB.

Maca aucka, 1mo GhopMyeTbesl B TajakTUKaxX, Pe3yabTaT ii JBOX CHT —
BCECBITHBHOTO TSDKIHHS (26.2) 1 BIAIICHTPORBOI:

F.o=m2L, (30.3)

€ m — Maca YacTUHKM (MOJEKYJIM) Ha 30BHIIIHBOMY Kparo IUCKa, U, —
IIBUJIKICTD 11 0OepTaHHS.
[TpupiBHIOIOUH iX, OJEPKUMO 3B’ SI30K M1k PO3MIPOM 1 MaCOIO JAMCKA TATAKTUKH
M
d
R,=G=L. (30.4)
Ud
st Macw aucka, HampuKIad, CYMIPHOTO 3 THM, IO Y HAmoi [ amakThku
11 . . .
M;~10 M@ 1 IMBHJAKICTIO B HbOMY 00’€kTiB v; ~ 200 KM/C, 0Iep>KUMO
3HaueHHs R; ~ 10 KIK.
TpuBanicTh 0e3parMeHTapHOl cTaAll MPOTOCKYIMUEHD 31p — OOUYHMCITIOETHCS

AQHAJIOTIYHO, SIK 1 JUIsl TMPOTOTAJIAKTUK, 3a ojaepxkaHow Qopmyioro (30.2).
[lincTaBmsitoun B HEl TUIIOBI 3HAYEHHSI, HAMPHUKIA, I KYJSICTUX CKYMYEHb
M~10° M o 1 paniyc R ~ 10 nk, ogepxxumo: ¢ ~ 100 Trc. pokis.

XapaKTepHU Yac MOBHOTO CTHCKAHHS MPOTO30pl MOXKE OyTH 3amucaHui
13 BigoMoi popMyiu, 1110 OB’ sI3y€ Yac BIILHOTO MaiHHA (aHT.: free fall) Tina ¢
3 BUCOTH /i TiJ J1€X0 MPUCKOPEHHS g 0€3 MOYaTKOBOI MIBUAKOCTI, JI€ SIK BUCOTY
ciij B3ATH R — pajilyc IPOTOCUCTEMHU:

gt’ 2R 2R’ -1/2
h=5— > t,= |7~ =,/ ~(2Gp) , 30.5
R

R 3

JIe p — CepeJiHsI T'YCTUHA MPOTO30p1, 3TiAHO 3 (29.1).

3 iHmoro Ooky, mifcrtaBisitoun y Bupas (30.5) dopmyny mis pajuiyca
npoto3opi (29.7), omepxkuUMO 3B’SI30K Yacy TOBHOTO CTHUCKAHHS 3 MAacol0
IIPOTO30pi Ta 1l TOYATKOBOIO TEMITEPATYPOIO:
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1/2
213 & 32 M

e 7

t

7 (30.6)

Bupasxaroun yac B pokax (1 pik = 3,16-10” ¢), a Macy B COHSYHHX OJMHHMIIX
(M, =199 10* kr), OTPEMAEMO OCTATOUHO:

M/M :
t, =3,6-106u3/2% POKIB. (30.7)

VYpaxoByroun 3HaueHHS 11 oOnacted 3opeyTtBopenHs: T ~ 10 K, u = 2,36,
OJIEPKUMO, IO MPOTO30Ps 3 COHAYHOI MacCOr cTHUCKaTumeThes 3a 400 Tuc.
POKIB.

31. EBontouin 3ip

Po31UIAI0TE  €BOJIIOIII0 TMOOJMHOKUX YW BIJOKpPEMJICHUX 3Ip Ta 3ip-
KOMIIOHEHTIB michux noositunux cucmem (TIIC). Ilix BinokpeMiIeHUMHU 30psiMU
PO3YMIIOTH Ti, IO BXOJATH y TOJBIMHI 94X OUIBIIOI KPAaTHOCTI 30pl, aje 1HIII
KOMITOHEHTH >KOJHUM YHMHOM HE BIUTMBAIOTH HA MPOIIECH, IO BiIOYBAIOTHCA B iX
HaJpax YyMmpoaoBXK ychoro 4dacy icHyBaHHS. Jlo kommoneHTiB TIIC BimHOCSTH
Taki, sIKI B3AEMHO BIUIMBAIOTh HA X1 PO3BUTKY MOJIM 1HIIOTO KOMITIOHEHTa Ha
NEBHUX CTAJisX €BOJIIOLII. 3pyYHO BMBYATH CIOYATKY €BOJIOLII0 MOOJAMHOKHX
3ip, a eBomtomiro kommnoHeHTIB TIIC po3risgatd sk NEBHE BIIXWICHHS Bif
YCTAHOBJIEHUX 3aKOHOMIPHOCTEHN PO3BUTKY 3BUYAWHUX 31P.

Ymeopenna ma knwuoei emanu pozeumxy 3ip. 1lo 3akiHUeHHIO CTali
IIPOTO30pi, KOJIM B ii HaJpax MOYMHAE TISTH OJWH 13 MUKJIIB SJACPHOTO TOPIHHS
INaporeny 3a cxemoro (13.1), 3akiHuyeTbcsi yTBOpeHHs 3ip. lle mepma
3 YOTUPHOX CTAIM €BOJIONII 31p. 3arajJom 30pi MOXKYTh IMPOXOJAUTH HACTYITHI
KJIFOYOB1 €BOJIIOIIHHI cTafdiil (puc. 31.1):

IPOTO30psi — TOJOBHA MOCIIJIOBHICTh — TIFAHT — 30pSIHUH 3aJIUIIOK.
Yac, ynpoaoBx sikoro roputh ['igporen 3a cxemoro (13.1), BianoBigae OCHOBHiM
CTajli €BOJIIOII 3ip 1 OTOTOXHIOETHCA 31 3HAXO/PKEHHSM I1X Ha TOJIOBHIM
nociigoBHocTi JII'P. Crazii riraHTiB BiAMOBIIA€ Yac, YIPOJIOBXK SIKOTO B MPOIIEC
BIZIMOBITHUX SIIGPHUX PEAKIid YTBOPIOIOTHCS OUTBIII MACHBHI SApa XIMIYHHX
enemeHTiB IlepiognuHoi cucremn MenpaeneeBa, oOMexeHI 1Mo ropu3oHTam 1V-m
psaoMm Ta mo Beptukaii VII-to rpymnoro (Fe, Co, Ni) — puc. 13.1. Taki 30pi Ha
JI'P wanexate mociigoBHOCTAM O-—III. 3opsiHl 3anumikd — KiHIIEBA CTajis
30pSIHOI €BOJTIOLIT, 10 SAKWUX BIHOCSTH O111 KapJIMKW, HEUTPOHHI 30pi Ta YOPHI
nipu. Ha II'P Tiapku 0111 Kapauku MaroTh ¢BOKO VII-My MOCIIIOBHICTb.
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['opusoHTameHa L
ruKa

CeIiTHICTE

Topiuua H B

T'onoeHa mapi Hax

e MOCMIOBHICTE EHPOIKEHHM
% E A0pOM
8 %\ Puc. 31.1. EsontouitiHa [P aK nposs
2 8 . %{%{Tig i MPOXOOH(EHHSA 30PAMU KA0Y08UX cmMaoili
320K e8o/1toyji

TemmepaTvpa

30pi 000B’SI3KOBO MPOXOASATh Iepii JBi crajli eBosroli. [lepeOyBanHs
31p Ha IHIIUX CTaAIsAX 3aJeKUTh BiJ iX MOYATKOBUX Mac. B 3aiexHOCTI BiA
TOT'0, YX 30p1 3aKIHYYIOTh CBOIO €BOJIIOIIIO CTAIIEI0 30PSHUX 3JUIIKIB (1 KA iX
MpUpoJa), YU iX HE MAOTh Ha 3aKIIOYHOMY €Talli PO3BUTKY, MPHUHIIMIIOBO
IHTepBal 30psHUX Mac posiaumti Ha Tpu 4dactuad: 0,08-8 M; 8-120 M ;
120-150 M. BuxirodeHHsIM € 30pi 3 HYJIbOBUM BMICTOM B@XKHX XIMIYHHX
CJIEMEHTIB, JUIsS SIKMX MOXHA J0JaTH IIe 30pi 3 Macamu > 260 M, komun 30pi
T'OJIOBHOI MOCJIIIOBHOCTI €BOIIOIIIOHYIOTH O€3110cepeIHhO B YOPHI JIPH.

3opi 3 nouamxosumu macamu <8 M , Sk yxe paHillle 3a3Havyajaocs,
HanManoMacHBHimi 3 mux 3ip (< 0,26 M) € MOBHICTIO KOHBCKTUBHHMH, LIO
CIIpUsi€ 3TOPSHHIO MPAKTUYHO BChOro ['igporeHy B 3opsiHoMy sjpi. Taki 30pi
MIEPETBOPIOIOTHCS Y 2ei€Bi Ol KapaAUKU.

Y 3ip 3 macamu 0,26 M < M < 0,5 M micis 3aKiHYCHHs TOPIHHS
['iaporeny remieBe A1po MOYMHAE CTUCKATHUCS, 000JIOHKA XK, HArpiTa 10 BEJIUKOI
TEMIIepaTypH, MOYMHAE PO3IMIHUPIOBATHCS. B pe3ynpTaTi 30ps 3MIMIyEThCS HA
JI'P B oOnacTh cyOrirantiB. ¥ Takux 31p YMOB Jiisl TOpiHHS ['enito He BUHUKAE 1
3roJI0OM BEpXHs 000JOHKA BIIAUISIETHCA, 3aJUIIAI0OYY YTBOPEHUN TaKUM YHMHOM
reJTieBUM OUTMIM KapJIuK 3 Macoro, JIEII0 MEHIIIOK B1JI TOYAaTKOBOI MacH 30pi.

Macu 3ip B iHTepBami 0,5 M o < M < 8 M o HOCTaTHBO, 188 (0]0)
y LEHTPAJIbHIN YacCTUHI TeNlI€BOrO sJpa, SIKE CTUCKAETHCS MICHS MPUIUHEHHS
MPOTOH-TIPOTOHHOIO 1HUKIY, «3aropiecsi» lemiit: sapo ['emiro-4 3axoruitoe
CIOYaTKy OJAHY, a MOTIM 1 II€ OJHY O-YaCTHHKY, B PE3yJbTaTi YOTO BHUHHUKAE
13otont KapOony-12. Takuii iporiec 3BeThest 3 a-peaxyisn. Jam sapo Kapbony-
12 mornuHae 1me OAHY O-4aCTUHKY, IO BeJE 0 YTBOPEHHs sapa OKCUTEHY.
Taki momii crpusitoTh (HOpMyBaHHIO KapOOHO-OKCUT€HOBOTO fAlpa 30pi
B 00J1acTi 31p-riraHTiB. TeMIl 30psSHOro BITPY Ha LI cTajili 30UIbIIyEThCA Ha
MOPSZI0K, TeMiieparypa ix porocdep 3poctae, a po3mip 3MeHuyetbes. Ha JII'P
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BOHHU 3MIIYIOTHCS BJIIBO, IOKM HE MOTPAIISIIOTH B 00JIaCTh HECTAOUIBHOCTI, B
SKIM 30ps TOYMHAE TMEPIOIMYHO 3MIHIOBATH CBIM paxaiyc (mynbcyBatH). Taki
30p1 oAep)KaIu Ha3By ue(l)e'l'zlllo. B mopanemiiii eBosroIlii i 30p1 CKUIAIOTh
30BHIITHIO 000JIOHKY, SIKY Ha3WBalOTh TUIAHETAPHOIO TYMAaHHICTIO. 3T0JIOM BOHA
po3citoeThes, 3anummatoun  BeepeauHi C-O Oumui Kapiuk, KWW TOTparvise
B JIIBY HUXHIO 0o0sacth JI['P.

3opi 3 nouamxosumu macamu 8 M <M < 120 M  11o4aTkoBa CBOIFOLLs
3ip 3 Macoro > 8 M miciist BUropsiHHs ['iAporeHy NpHHIKMIIOBO TaKa cama, sK Y 3ip
3 MEHIIMMH MacaMd. BiIMIHHICT B TOMY, IO BOHH TICIIS CXOIy 3 TOJIOBHOI
MOCTIZIOBHOCTI MaroTh OUThIN po3mipu Ta cBiTHOCTIL. lle BimmoBimae 7ix
nostoxkeHHro Ha JII'P BuIe mocigoBHOCTI TiranTiB (11e 30pi mocmimoBHocTew 11, I 1
0) — puc. 12.1. Yum Oupiie movyaTkoBa mMaca 31p, TUM OUTbIIIE BUHUKAE YMOB IS
3axXOIUICHHS SIpaMH XIMIYHUX €JIEMEHTIB 0-4aCTHHOK ax 10 sjep Hikomy, min
Yyac YTBOPEHHS SIKOTO IlI€ BUAUIAETHCS €Hepris. (st yTBOpeHHsI OUIbLI Ba)KKHX
a1ep HEeoOXiHO BHUTpATUTU €Hepriro. ToMy B Haapax 3ip «BUPOOHULITBO
XIMIYHMX €JIEMEHTIB 3aKiHuyeThcsi came Ha Hikomy. B Takomy cepenoBuii e
npoyec «Hao3oazayeHHs» s0ep Heumpounamu. JIOCATHEHHS SACpHOI TYCTHHH B
PE3yNbTaTI MOAATBIIOr0 CTUCHEHHS 30p1 NMPUBOJUTH JI0 3aKIHUEHHS npoyecy
HeumpoHizayii, K€ CYIPOBOJIKYEThCS CHAJIaxOM 1 CKHJIaHHAM OOO0JIoHKH. lleit
IIPOLIEC CIOCTEPITatoTh SIK SIBUILE HAJHOBOI 30pi. CaMe 3a Takoro mporiecy 13 3ip

3 moyaTkoBuMH Macamu 8 M <M < 20 M yTBOPIOIOTBCS HEHTPOHHI 30pi,

a 3 nouarkosumu Macamu 20 M < M < 100 M — wopHi mipu. Cpanax 3ip
3 moyarkoBuMK Macamu 100 M < M < 120 M BinOyBaetbcsi 6e3 30psHOrO
3aJUINIKY: SIAPO TIOBHICTIO PO3JITAETHCS pa3oM 3 000JoHKOK. EHepris, o
BUJUIAETRCS M7 9Yac TaKOro BUOYXy, WIE Ha YTBOPEHHS SACp XIMIYHHUX
eIeMeHTIB, BaX4ymx 3a Hikon. ['paHWYHMM XIMIYHAM €JIEMEHTOM, IO MOXKE
YTBOPUTHUCS B TAKMX YMOBaXx, ouikyeTbest Kamidophiit-254.

3opi 3 nauoinewumu macamu, 120 M , <M < 150 M , He poOXOIATh
ctaAiil riranrtiB. [loTyxHMI1 30pstHUI BiTep 3a 4yac nepeOyBaHHs 30pi Ha CTafll
TOJIOBHOI TOCIIIOBHOCTI «BHUIIAPOBYE» TMOBHICTIO ii peyoBMHY Oe€3 cTaili
HagHOBOI. TOOTO Taki 30pi 1 HE MPOXOJATH CTAJIII TIraHTIB, 1 HE MAIOTh 30PSHUX
3JIMIIIKIB. 3arajibHUI IIPoI1ieC €BOJIIOLIT 31p BijoOpaxkae puc. 31.2.

110 . . .
HasBa noxoauTb Bif NEPLIOro BiAKPUTOro NpeacTaBHMKa Takux 3ip — & Liedes.
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Hnaﬂetapﬂa TYMaHHICTB
bimmit kapmuk
-0

Yepe ouuit
ManeHsKa 30Ppf  ragT-«-
'a‘.‘

HeiitponHa zopa

Hanuoea

YopHa nipa

3 IPOTO30PAMM

YepeoHIit
HaarradT

Puc. 31.2. Y3azanbHeHa cxema ymeopeHHA U esostoyii 3ip 8 3anexcHocmi
8i0 ix moyamkosoi macu

Eeontouin Conya nounHanacs, siK 1 B ycix 3ip, craaiero npoto3opi. [licnus
anepHoro 3aropstHHs ['inporeny CoHIlle MOTpanuio Ha rOJIOBHY MOCIIJOBHICTh
JI'P ~5 mupa pokiB Tomy. OCKUTBKH Yac ropiHHs ['1jporeny y 3ip 3 COHIYHUMU
Macamu ~10 MJIpZ; pOKiB, Hallle CBITHJIO Oyje nepeOyBaTu Ie Ha I cTafil
€BOJIIOLIT ~5 MJIAp POKIB, YIPOJOBXK SIKUX, IK OUIKYEThCS, HOTO CBITHICTH Oy/ie
3poctatu. Yepe3 1ei dYac MiCAs HETPUBAJIOro mNepeOyBaHHS Ha CTail
CyOriranTiB, KoJii B LIEHTpi mepectane ropitu ['imporen, CoHIle nepenjie Ha
CTaJiIo TIraHTiB, A€ Oyae nepedyBaTu BOpoAoBX ~1 Mapa pokiB. Maca iioro Ha
ik craii eBosroli Oyae menoro juire Ha 0,1 % Bix cydacHOi MacH, po3Mipu
OUIKYIOTbCS CYMIPHHMH, ajleé MEHIIMMHU 3a PajlyC 3€MHOI TeIlOleHTPUYHOT
op6itu. B neit yac B Hagpax CoHus OyayTh MTH siiepHI nepeTBopeHHs [ 'eniro
Ha KapOoH 3 mogaibiuM yTBOpEHHIM 1e U sigep OKCUTeHy.

[licns cmaoii nranemapHoi mymanHocmi Hallla 30ps IEPETBOPUTHCA HA

KapOOHO-OKCHIeHOBMI OutMi Kapiuk 3 macoro 0,6 M. 3arambHa cxema
eBoJrorlii CoHIls roka3ana Ha puc. 31.3.

YacTiHa MONEKyNAPHOI XMapu [InanerapHa TYMaHHICT
/ IIpoTozopa :
UepeoHMil riradT bimuii

rcapmm
ﬁcz Q??'-?QQOOOO‘
10 2_

3 4.5 6

[Touarox repmomepﬂoi‘{ Hunimsiit gac
peaxui 4,57 mnpn poxie

Puc. 31.3. Cxema ymeopeHHA U esontoyii CoHUua

[Tomanpiia €BOJIOIIS IBOTO COHSYHOIO 3aJMINKY ITOB’S3aHA 3 BIYHUM
OCTUTAaHHSAM. 3MEHIICHHS MacH HAIlOro IEHTPAJIbHOTO CBITHIJIA TPHU3BEAE 10
3MIIEHHS. OpOIT IJIaHET, X BEJIMKI IMIBOCI CTaHyTh OUIhIIAMHU. Skmio 3emui
momnacTuTh He 3ropité B COHISE HA CTajli riraHta, TO B 3aJieKHOCTI Bij
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HIBUJKOCTI BTPAaTH COHSIYHOI OOOJIOHKM Ha CTajli IJIaHETapHOI TyMaHHOCTI
BEJIMKA IIBBICH 3€MHOI OpOITH Yepe3 6 MIpA POKIB OYIKYETHCA B MeE¥Kax
1,67-3 a.o. 3a Takux yMOB 3eMJI 3r0JIOM MEPETBOPUTHCS HA XOJIOJHY MEPTBY
TUTAHETY, 5K 1 BCl 1aHeTH COHSYHOT CHCTEMU.

Ocobausocmi ¢ esonrouii 3ip ¢ TIIC. Epomonis kommoneHTtiB TIIC Ha
MEePIITUX JIBOX CTaIIX €BOJIONII MPUHIIUIIOBO HE BIAPI3HIETHCS BiJ €BOJIOIT
3Bu4aitHuX 31p. OCOOMUBICTIO TaKMX KOMIIOHEHTIB € iX (opma: yuM Omrkue
BOHU PO3TAIllOBaHI M COO0OI, TUM OUIbIIE MPOSBISETHCS disl MPUILUIMBHOI
CUJIM — BOHHM «BUTATYIOTHCS» Y3JO0BX JIiHII, 10 MPOXOJUTh Yepe3 iX [EeHTPH Ta
OapUIICHTP.

BiaminHocT! B eBoOIil 3BMYaiiHuX 31p Yy komrnoHeHTiB TIIC HacTaroTh
4yepe3 HAsIBHICTD Y CUCTEMH eK8INOMEeHYIAIbHOI N08ePXHi — TIOBEPXHI OJTHAKOBOTO
rpaBITAIITHOTO MOTEHINIATy, [0 OTOYYE il BHYTPIIIHIO 001acTh, SIKy Ha3WBaIOTh
nopoxcuunoro Powa. 11a moBepxHs BKIIIOYAa€ BHYTPIlIHIO ToukKy Jlarpanxka L,
B SIKIM CHJIM MPUTSATAHHS 3 00Ky 000X KOMITOHEHTIB OJfHaKOBi. HasBHICTH Takoi
MOBEPXHI MPU3BOAUTH J0 TOTO, 110 KOJHU 30psl MEPEXOAUTh HA CTAJII0 TiraHTa, ii
pO3Mip 0OMEXYEThCS MEXero MopokHnHN Porma. B pe3ynbrari boro pedoBHHA
30pi-riraHTa TOYMHAE TEPeTIKaTU dYepe3 TOYKy L; Ha 1HIIMKA KOMIIOHEHT.
3MEHIIIEHHS MacHy 30pi-TiraHTa Beje 0 YIMOBUIBHEHHS HOTO €BOJIOIII, B TOM Yac
SIK 301TBIIICHHS MaCH 1HITIOTO KOMIIOHEHTA — JI0 IIPUCKOPESHHS €BOJIIOLIII.

B raknx cucremax pospizHstors TIIC 3 macamu Merue ta Ourbie 8 M,
BUJIUISIFOYM KOMITIOHEHTH, $IK1 3aKIHUYIOTh €BOJIIOIIIO CTaAisIMU OUTMX KapJUKIB
Ta HEUTPOHHMX 3ip 1 4opHHX Aip. [losiBa mepmmx 3 HUX CYMPOBOKYETHCS
YTBOPEHHSM IUTaHETAPHUX TYMAHHOCTEH, 1HIINX BOX — 8UOYXOM HAOHOBUX.

Hassuicte TIIC moB’s3yeThcsi 3 TakuMHM 00’ €KTaMu, SK HOBI 30pi,
HaJHOBI Ty la, Temei Ol Kapauku, 30pi Tuy Bonbda—Paiie, cumbiomuuni
30pI TOLO.

32. EBonouifa cyb3ip i nhaHer

Ha BinMiHy BiJ pOLIECIB, SIKI CYIPOBOKYIOTH €BOIIOLIIO 31p, crienudika
cyO3ip moB’sA3aHa TEpII 3a BCE 3 BIACYTHICTIO JDKEpEd €Heprii, IUIaHeT —
CYTTEBOIO BIMIHOIO X BHYTPIIIHBOT OyJOBH BiJ IHIIKX KJIAciB KOCMIYHUX T,
BEJIMKOIO PI3HOMAHITHICTIO 332 MacOI0 Ta XIMIYHUM CKJIaJIOM 1, 3arajoM, 3Ha4HO
OUIBILIOI0 TOIIMPEHICTIO PO3NOBCIOKEHOCTI Yy BceeciTi. Tomy y cy03ip
1 IUTAaHET CIOCTEPITAEThCA M OYIKYETHCS BEJIMKE PI3HOMAHITTS IMPOLECIB, SK1
IIpUTaMaHHI caMe ITUM 00’ EKTaM.

Ymeopenna cyo3ip i nnanem. Po3paxynku MiHiManbHOI Macu J[>kuHca
JUIsl 00’ €KTIB 3 TUMIOBMMHU 30PSHUM €JIEMEHTHHM CKJIaJO0M 1 TeMIepaTypamu,
NpUTaMaHHUMU oOnacmam 3opeymeopenns, omusbkum a0 10-30 K, naroTth
sHadyenHs 0,7-0,9 M; (M; — maca FOnitepa) BiANMOBIIHO. 3 IIbOTO BUILIUBAE, IO
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cy030pi Ta MacCUBHI BOJHEBO-TEIIEBI IUNIAHETH YTBOPIOKOTHCS, 5K 1 30P1, IMUISIXOM
camorpaiTailii. [lmaHeTn X 1HIIMX THUIIB YTBOPIOKOTHCS BUKIIOYHO MUIIXOM
KOaryJisiii.

TeopeTnyHo ICHYIOTH NUISXH 3MIHHM HAJIEKHOCTI TUTAHET 3 OJHOTO THUITY
Ha 1HmMA. Jlo Takux OO’€KTIB MOXe OYTHM BIIHECEHHUH KIaCc «rapsyux
IOMITEPIB» — BOJHEBO-TEIIEBUX IUIAHET, IO PO3TAIIOBAaHI HACTIIBLKH OJU3BKO
JI0 LIEHTPAJILHOTO CBIiTHIIA, IO TeMreparypa ix dotochepu csarae 1000+3000 K
(tumoBa 1t cyO3ip 1 Maibke carae MIHIMJIbHUX 3HA4€Hb IJs 31p Majoi
cBiTHOCTI). [lis1 30pstHOTO BITPY 3 OOKY IEHTPAJBHOTO CBITHJIA MAa€ BUMITaTH
BEpXHI Iapy TaKOi IUIAHETH, IO BEJE 0 HASIBHOCTI y HUX KOMETOIIOO1JHOTO
nuieidy («xBocTa») Ta 3MEHIIEHHS 1X MacH 1, SK HACIIJOK, O MOCTYMOBOTO
BUIAPOBYBaHHS. 3aJIMIIKOM TaKOl MJAHETH MOXKHA OYIKYBAaTH caMe SIAPO, SIKE
TOJ1 BX)K€ MO>XHA BIJTHECTH JI0 OKpEMOi TIaHeTH, UMOBIPHIIIIE 33 BCE CHUJIIKATHO-
METaJIIYHOTO CKJIaMdy.

[HIIMM NPUKIIaJOM MOXKYTh OyTH TaK0X OJIM3bKO PO3TAIllOBaH1 BOJIHEBO-
rejieBl IUIaHeTH B OKoul 3ip 3 Macoro 8—10 M. SIk Bizmomo, 30pi 3 Macamu
Olnbmie 3a 8 M 3aKiHYYIOTH CBOJIOLII0 BHOYXOM HaiHOBOI. 3 IHLIOrO OOKY,
30pi 3 macamu < 10 M_ mepeOyBaroTh Ha CTajil MPOTOIJIAHETHOIO IMCKa
JIOCTaTHHO Yacy, 00 B IX OKOJIaX BHUHMUKIM IutaHeTH. OTxe, micas cTafli
HAJHOBOI MOXKE€ BHUIIAPOBYBATHUCh BEPXHIM IMAp IJIAHETH BOJHEBO-TEIIIEBOTO
CKJIaTy Ta 3aJIMIIUTUCA JIUIIE i1 sSIAPO, HMOBIPHO METAJIEBOTO CKJIAdY, K€ MOXKE
BB)KATHUCS BXKE CAMOCTIMHOIO TJIAHETOIO.

Ocmuczanna cy6sip. licns npunuHEHHS SIEPHUX PEAKIINA y cy03ip THUCK
ra3oBoi IUIa3MHu, L0 TepedyBae B IEHTPAIbHUX O00JacTsAX iX HaJp, He
CIIPOMOYKHUN MPOTUCTOSITU TpaBiTaliitHOMy cTUcKaHHIO. [1i1 yac iX cTUCKaHHS
3MIHIOETBCSI PIBHSHHSI CTaHy I1X HaJp: €JIEKTPOHH 30JMKYIOTHCI MIXK COOO0IO
HACTUIbKH, 10 1€ BIJINOBiAa€ MOBOIO (DI3UKH CTAHY iX MOBHOTO YU YACTKOBOI'O
BUPO/DKCHHsS. THCK TaKOTO EJIEKTPOHHOTO Ta3y CIHPOMOXHUN HYaCTKOBO
KOMIIEHCYBATH TpaBiTalliiiHE CTUCKaHHS, B PE3yJbTaTi YOro Ii KOCMIYHI Tiia
IPOJIOBXKYIOTh TOBLILHO CTUCKAaTUCh (puc. 32.1a). OmHOYacHE 3HMIKEHHS iX
edeKTUBHOT TEeMIepaTypu Bele A0 MEePeMillleHHS CcyO03ip y MpaBiil HUKHIN
yactuHi JII'P y310Bx 11 rosioBHOI mociiioBHOCTI (puc. 32.10).

[Ipu 11bOMY 3MIHIOETHCS BHYTPIIIHS CTPYKTypa cy03ip. 3a pe3yiabTaraMmu
pO3paxyHKiB, CHOYaTKy B Ta30BUX HaJIpaX B CEPEAHIX IMapax TMOYHWHAE
3 ABJISITUCS TA30PIAKUIA KOHAEHCAT — CYCIHEH31s ra30BHX 1 PIAKUX YaCTHUHOK,
SAKUW B MOJANBIIOMY MEPEXOANUTh B PIAKY (a3y. 31 3HWKEHHSM TeMmIepaTypu
HaJp 1 3pOCTaHHSA 11 TYCTHHH BOJEHB, K y CEPEAHIX IIapax, Tak 1 MEHTPaTbHUX
00J1acTsIX, MEPEXOIUTh B METAJIYHUM CTaH. Y pas3l JOCATHEHHS BIKy CyO03ip,
cymipHoro 3 BikoM BcecBity, B mapax mij BEpXHIM Ta30BUM IIapoM (KU
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€ MJICTaBU BIJHECTH JO CYO30psSHMX aTtMocdep) BHUIUISAETHCS IIe ¥ ImIap
piakoro BojH0. ToOTO Taki 00’ €KTH MOXKYTh BBAXKATUCS C)YO30PAMU-OKEAHAMU.
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Puc. 32.1. 3meHweHHA padiycie cyb3ip (a) ma ix pyx Ha AP (6) e 3anexcHocmi
8i0 macu 8 rnpouyeci esontouii

3aranoMm, OCTUTaHHS Haap CyO03ip MNPU3BOAUTH 1O 3MEHIICHHS iX
e(eKTUBHOI TeMmepaTypu 1, SK HACIIJIOK, — JO0 3MIHM Ha OUIBII Ti3HI
criekTpanbH1 Kiacu. KiHieBor (a3o1o eBoJroLi Cy03ip € YopHi Kapauku.

Piznomanimms eeontoyiitnux npoyecie y naanem. Ctajiisi IpOTOIUIAHET
3aKIHYYETHCS (DOPMYBaHHSAM siapa y miiaHeT. OUeBHIHO, IO B 3aJIEKHOCTI BiJl
TUITy TUIAHET XIMIYHUW CKIaj siaep € pisHuM. Y MmetaneBux (Me-) maHer,
IMOBIpHO, (DOPMYETHCS SIAPO 3 HIKEJICBUM CKJIAJOM, OCKIJIBKM HOTO T'yCTHHA
Outblia 3a TycTuHy 3amiza Ha 13 %. CunikaTHi MJIaHeTH, HaWIMOBIpHIIIE,
MalTh METaJeBl Spa, JIbOJSHI Ta BOJHEBO-TEIEB] IUIAHETH — CUJIIKATHI YH
CUJIIKATHO-METAJIEeBI spa.

[lepmri coTHI MITBHOHIB POKIB IJIaHETA, IO YTBOpPWJIACS, WMOBIpHIILE, €
PO3IIABICHOIO, OCKIIBKA CaM€ TaKHil CTaH € HEOOXITHUM ISl MPOXOKEHHS
npoiiecy rpaBiTamiiHoi aumdepenaiii. JlocTaTHa TemioBa €HEpris TakKoi
IJIAHETH € HACTIAKOM 3JIMIaHHS TUlaHeTe3IMaliel, rpaBITAIlliHOrO CTUCKAHHS
(Ha cTaaii MPOTOIUIAHET), PaAlOaKTUBHOTO PO3Mady XIMIYHMX €JIEMEHTIB, SKi
BXOJIWJIM B IEPBUHHUHN CKJIaJ] IPOTOIUIAHET.

[ToTiM TOYMHAETHCA OXOJOJKEHHS IUIAHETH, B Pe3yJbTaTi YOTO
3aCTUTalOTh ii BEpXHI WapU — NoYrHae (OpPMYyBaATUCS KOpa HaJ OUIbII rapsyuM
apoM, SKUMW 1 3BYyThb MaHTI€l0. Uepe3 HEONHOPIAHUN XIMIYHUN CKJIaJ KOpHU
30UIbIICHHS il TOBIIMHH #ae HEpiBHOMIpHO. lle mMpuU3BOAWUTH 0 BIAMOBITHUX
MEXaHIYHUX HaNpYy>KeHb, SKI OXOIUIIOIOTh BCIO TOBIIMHY Kopw. Ilimirpis
rapsidor0 MaHTIEI0 TOHKUX IapiB KOPH, BUBUIBHEHHS €HEPrii BUHUKIHMX
HaAMpy>KeHb MPOBOKYIOTh pPO3JOMH B Kopi. HaciigkoM Iux MpoIeciB €
IUTAHETOTPYCU Ta MPOHUKHEHHS 4Yepe3 PO3JIOMH, Kl YTBOPHIHCS, PEYOBUHU
MaHTI1 Ha MOBEPXHIO KOPH, 1110 3BEThCS 8YIKAHIUHOI0 OislibHicmio. BUBEpKEHHS
BYJIKaHIB MOK€ OyTH CIIPUYMHEHE 1 30BHIIIHIMU TIporiecaMu. J[o HUX BIHOCSTH
NajiHHSA BEJIMKUX 3a pO3MIpaMHd 1 MacaMu METEOpOiliB, SIKI MOXYTh
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CIPUYMHUTH PO3JIOMHU B KOP1 Ta CIIPOBOKYBATU TAKOXK BYJIKAHIYHY NisUIbHICTb.
Ha nouatky eBosomii IUIAHETH BYJKaHIB OUIbIIE, HIK Y MOJAJbIIOMY,
OCKUIbKHM OyJIM OUIBII TOHKA KOpa Ta OUIbIlIa 4acTOTa MaiiHHS METEOPOiIiB.

Skimo B Aapl IIaHETH € CICKTPONPOBIIHA Piaka peYOBHHA (HAIIPHKIIAL
pO3IIaBIEHE 3alli30), TO 3a HASBHOCTI KOHBEKTHBHHUX ITOTOKIB T€HEPYETHCS
maenimue noje. IIOXOMKEHHS TaKUX TOTOKIB MOXE OYyTH TMOB’sf3aHE 5K 3
OCbOBUM 00EpTaHHSIM IUIAHETH, TaK 1 3 HASIBHICTIO MACUBHOT'O CYIYTHHKA, KU
€ TPUYUHOIO MPUITMBHUX CHJI. BIiATak O4IKye€ThCs, LIO0 3 OCTHUTAHHSM HaJp
IUTAHETH HAIPY>KEHICTh MarHiTHOTO TOJISl Ma€ 3MEHIITYBAaTHCS, a TO ¥ 3HUKHYTH
30BCIM. He BUKIIOUA€THCS, 10 JI1 ICHYBaHHS KUTTEIISIBHOCTI HA TUJIAHETI
HASBHICTh MAarHiTHOTO TIOJISI € BU3HAYHOIO, OCKUIBKH BOHO 3aXUIIA€ TUIAHETY
Bil Mdil 3aps/PKEHUX YacTHUHOK, SIKI MOXYTh BHHHKAaTH B aTmocdepi
[EHTPAIBHOTO CBITHJIA TA KOCMIYHUX MPOMEHIB.

[lim miero pamiamii, 10 BHUIPOMIHIOE IICHTpPaJIbHE CBITHJIO, BHIIA-
POBYIOThCS XIMIUHI CIIOJYKH, IO BXOJATH JI0 CKJAay KOPH. IHIIN XiMidHi
CIOJIYKH JIOJIy4alOThCS B TIPOLIECI BUBEP)KEHHSI BYJKAHIB 1 BUIApOBYBAHHS
PEYOBMHU KOMET, IO MOTPAIUIAIOTh Ha IMOBEPXHIO IUIAHETH IMJa dYac ix
3ITKHEHHSI 3 TIOBEPXHEIO0 KOpH. SIKIIO KIHETUYHA €HEpris BCIX IHMX YaCTHHOK
MEHIIIE 33 APYTY KOCMIUHY IIBUIKICTh TUIAHETHU, BOHU HE MOKUJAIOTH 1i OKOJIH,
a (GopMyIOTh 30BHIIIHIO OOOJIOHKY IJIaHETH — aTMocdepy. XIMIYHUNA CKIIaT
atMocdep MOXKE CyTTEBO 3MIHIOBATHCS BIPOJAOBK €BOJIIOIIT IJIaHETH. SKIIO Ha
IUTAaHET! CTBOPIOIOTHCS YMOBH ISl TIOSIBU Ta 1ICHYBAHHS KUTTS, XIMIYHUMA CKJIa]]
atMoc(epu «I11e BIIUyBa€» Ta MOXE CYTTEBO 3MIHMTHCSA W BIIPIZHATHCS Bij
TaKMX CaMHX IJIaHET, Ha SIKUX BOHO BIJICYTHE.

Ha nepion ochoBOTO OO€pTaHHsI IJIaHET BIUIMBAE 3HAYCHHS BEJIMKO1
miBOC1 OpOITaTbHOTO PYXy Ta HAsIBHICTH Y IUIAHETHU BEJIMKOTO CYMyTHHKA. YnMm
OmKYe TIaHeTa mepedyBae BiJl CBITHIIA, TUM ICTOTHIMIA [ PE30HAHCIB, IO
BUHUKAIOTh MI)K OCHOBUM 1 OpOITAIbHUM pyXaMH. ['paHUYHUM MPOSIBOM
BILJIUBY PE30HAHCHO1 B3aEMO/IIT € TOCATHEHHS OJHAKOBOI'O 3HAYEHHSI OCHOBOTO 1
OpOITAILHOTO TEPIOJIB, IO BIAMOBIIAE€ BUMAIKY, KOJM IUIAHETA IOBEPHYTa
oJHi€r0 MiBc(hEporo 10 cBoro cpiTuia. Cxoxa cuTyallls BUHUKAE 1 B CUCTEMI
TUTaHETa—CYITyTHUK, KOJIM OCTaHHIA TMOBEPHYTHH TAKOX JI0 IUIAHETH OJTHIEIO
nmiBceporo. B Takiii cuctemi € IikaBa OCOOJMBICTH: YMPOJOBXK E€BOJIOIIT
3MIHIOETBCSl 1X B3a€MHa BIJICTAHb, II0 32 HAaSBHOCTI MAaCHBHOI'O CYIyTHHUKA
BILJIMBAE II€ ¥ Ha Tepiol OCLOBOTO pyXy. Koiu Takuii CymyTHHUK BIIAAISIETHCS
BiJl TUIAHETH, 1i MepiojJ 3pocTae JAOTH, JIOKM OChOBUH MeEpioJ; OOepTaHHS
IJIAHETU HE 3PIBHAETHCSA 3 OpOITAILHUM MepiojgoM. Jlami BiACTaHb MK HUMH
3HOBY MMOYHE 3MEHIIIYBATUCS, 1 OCbOBUI MEPI0J] TAKOXK.

[cHyIOTh ¥ 1HIII OPOLECH Ta OCOOJIMBOCTI, SIKI MPOSBIAIOTHCSA B MPOLIEC
€BOJIIOLT TIJIaHET.
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33. 3aranbHui1 po3BUTOK Bcecsity

VaBneHHS TpO MOXOKEHHS 00’€KTiB MeTrarajgakTuku 1oOy/I0BaHI Ha
OCHOB1 (pI3MYHMX YSBIEHb Ta ACTPOHOMIYHUX JIaHUX PO BCE PI3HOMAHITTS
KOCMI4HUX 00’ €KTiB. BOHU 1al0Th 3MOTy BIITBOPIOBATH BIJIMOBIAHI €BOJIOIIHHI
mporiecu, sKi BiaOyBaiucs y BcecBiTi B MUHYJIOMYy Ta JIalOTh MOJKJIUBICTH
IPOTHO3YBATHU MOJI1, 110 MOXKYTh BIAOYTHCA B MailOyTHbOMY.

Kocmonozciunuit 6a3uc. B ocHOBI cy4yacHUX Teopill yTBopeHHsi BcecBity
JeXKUTh [HGAAYItiHA MoOenb TBUAKOTO PO3IIMPEHHS MPOCTOpy micis Bemukoro
BuOyxy. Cy4acHa (i3uKa Ja€ 3MOTy OIMCYBaTH MOBEAIHKY BeecBiTy, mounHao4u
3 TIaHKiBChKUX memnepamyp Ty ~ 107 K, eyemunu py, ~ 10°° koM’ i wacy
ta ~ 107 ¢ — 3HadyeHHs ozeprKaHi METOIOM aHaTi3y posmipHocmeii' ', UISIXOM
CIIBBIIHOIICHb MK (PyHIaMEHTATBHUMH (B13UYHUMHU cTAIMMHK. Harpukian;

2

T, :%zm” K], (33.1)
m KT
Prx = 3HH z1096F s (332)
IIn

ne my, — IUTaHKIBChbKA Maca 1 /i, — MJIaHKIBChbKa JJOBKHUHA.

Posmmpennsi BeecBiTy Befie 10 3HMXKEHHS MOr0 TYCTHHHM 3a 3aKOHAMU,
AKI MOXYThb OyTH Y3TrO/KEHI 3 PI3HHUMH CIIOCTEPEKHUMHU aCTPOHOMIYHUMU
TaHUMH. B OCHOB1 pO3yMiHHSI YTBOPEHHSI €JI€MEHTAPHUX YaCTUHOK JIC)KHUThH JIBA
BiZOMi CHIBBIZHOIICHHS, IO MOB’S3YIOTH eHeprito E 3 macow (E= mc)
1 Temniepatypoto (E = kT). [lpupiBHIOtouHn iX, oAepKUMO GOpMYITy sl Macu
€JIEMEHTapHOI YaCTUHKH, SIKA YTBOPIOETHCS, B 3aJI€XKHOCTI Bl TOro, sika Oyia
Temriepatypa Beeciry:

m< = (33.3)

YacTHHKH HapOHKYIOTHCS TapaMHM B PE3yJIbTaTi 3ITKHEHHS JBOX Y-KBaHTIB:
«YacCTUHKa-aHTUYACTUHKA» (particle — BIJ auen., 3 3apsAjioM «+/—»), TaKOXK SIK
1 aHITUTIOIOTH TI1JT Yac 1X 31TKHEHHS, 1110 JIa€ M1JCTaBU MPEJICTABUTH 1 Mpoliec
y BUTJISIIL

Y+ vy & particle” + particle”, (33.4)

. . + — +
JI€ TI1JT YaCTUHKAMH pO3yMIIOThCs napu: (p , p ), (e , ') Too.

111 . . v . N . . . . . . . . .
MeTog aHanisy posmipHocTei (y ¢isnui) — BUBYAE YNCNOBI HE3MIHHI BENIMUYMHM (iHBapiaHTU) NEBHOT PO3MIPHOCTI, AKi

MOXKYTb BYTW OTPMMaHi B pe3yibTaTi KOMBiHALT (MHOXEHHA Ta AifeHHA) He3aneKHUX GisUYHMX CTanmnX.
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Ti mapu 4aCTHHOK, 1110 HE BCTUIJIM aHITUTIOBATH, «3TUIIIUCS» Y BeecBiTi
1 BiAIrpajii BaXXJIMBY POJib, KOJIM HOr0 TYCTHHA 3HU3WIIACA JIO AJEPHUX 3HAUECHD,
a temneparypa 10 T ~ (1-2)-10” K. Taki ymoBH icHyBamu Bchoro 6musbko 1000 ¢
micJig Toro, siK Bik BeecBiTy nocarnyB Biky 1 c. 3a 1ei yac ycTuriia mpouTH HU3Ka
peakIiiii simepHOro CHUHTE3Y, B PE3YJIbTATI YOrO YTBOPHIIOCS 32 MAacOI0 OJIM3BKO
75 % sinep I'iaporeny, 25 % — saep I'eniro-4, He Outbie =~ 0,01 % 3araapHOT Macu
NpUMagago Ha jeitepiii ‘D (IPOTOH + HEHTPOH), IHIIMX ENEMEHTIB — Iue
Habarato meHme. Bnponosx HactynmHux 380 THC. POKIB KOMAHI SiApa XIMIYHUX
CJIEMEHTIB HE BUHUWKaIM, a BcecBiT octur mo temmeparypu 7 =~ 3000 K, mio
CTBOPWJIO YMOBH JJIsl 3aBEPIUEHHS npoyecy pexombOinayii atomiB ['imporeny:
TOOTO siipa 00’€IHANKCS 3 €NEKTPOHAMHU. 3a TaKUX YMOB (DOTOHM TMEpecTaroTh
aKTHBHO B3a€EMOMISITU 3 peuoBuHOIO. lle gae iM 3Mory BUIBHO TepecyBaTHCS
y IpocTopl ¥ mposiBUTU cebe depe3 13,8 mupa pokiB (CydacHE 3HAYEHHS BIKY
BcecBity) y BUrisiai penikmogoz2o onosozo eunpominioéanus. Take BUIPOMI-
HIOBaHHsI B MPOLIEC] pO3IMIUPEeHHsT BcecBiTy «ocTHrae» Tak, 10 B HAIly €MoXy
1oro 3HaYeHHs BiMOBIAA€ Temmneparypi Bcboro 2,7 K.

Ilepwi 06’ekmu. 1louaTok pexoMOiHawii aroMiB ['1IporeHy OTOTOX-
HIOEThCA 3 KIHIIEM Yy BcecBiTI epu BHUIPOMIHIOBAHHS 1 HACTaHHSIM €pH
peyoBuHu. Came B 1el mepioa dYacy, KOJU CEpelHs TyCTMHA PEYOBHUHU
BcecBiTy 3Hu3mIacs 10 3HaueHHs ~ 107 Kr/M°, BUAUTHIINCS Teplii GpparMeHTH,
CIIPOMOXKHI CTHCKAaTHCS Tij €0 rpasitaiii. Ile mae 3mory 3actocyBatu A0
TakuX (PI3UYHUX YMOB, 110 ckianucs, ¢popmyny Jbxunca. Jnga temneparypu
1 TYCTUHM PEUYOBMHM YaciB MEPBUHHOI peKOMOIHAIlil 11€ BIAMOBIIA€ 3HAYEHHIO
M, ~10° M o- Lle HejocTaTHs Maca sl yTBOPEHHS NCPBUHHUX TalIaKTUK, aJie
JTOCTATHS JUIsl BAHUKHEHHS 31p 3 YMCTO BOJIHEBO-TeNieBUM ckiiagoM. Came Taki
30p1 ¥ BBaXAOThCA MEPIIMMHU 00’€KTamu, siKi yTBopuiucs y Bceciti. 3a
IIPOBEJACHUMU JOCTIHKCHHIMA MaKCHMallbHI MAacH TaKuX 31p MOXYTh CSATaTH
500 M o> & MOXKJIUBO, i OlnbIIIe.

BoHeBo-rermiesi 30pi, Maca sIKUX IOTparuiie B inrepsan 140-260 M, micst
BUTOPSIHHS BOJHIO BHOYXalOTh SIK HAJHOBI 0€3 YTBOPEHHS 30pPSHOTO 3aJIHIIKY,
a 30p1 3 MEHIIIMMH 1 OUTHIIIMMHU MacaMH 3a BKa3aHWI 1HTEPBAJI TIEPETBOPIOIOTHCS B
YOpH1 Jipy O€3 TMOMITHOIO PO3CISIHHS sIIep BAXKKUX XIMIYHHUX €JIEMEHTIB Y
MDK30PSIHUM TPOCTIp. YTBOPEHHS nepuiux 3ip Tependadae «3adpyTHEHHS
NEPBUHHOTO PETIKTOBOrO ra3zy BaXXKMMH XIMIYHUMH €JIEMEHTaMH B pPe3yJbTarl
BUOYXIB HaJHOBHUX 31p. Takuil mpolec CyNpOBOJKYETHCS MEPEAAYE0 3HAYHOI
€Heprii HaBKOJIMITHLOMY MDK30pSHOMY ra3y 1 HarpiBaHHIO HOTro 10 TeMIepaTypu
~ 10" K. e BukmKae peionizayito (TOGTO MOBTOPHY iOHI3ALIii0) MiK30PSHOIO
CEpeIOBUILIA 1 MIPUIMHEHHSI MIEPBUHHOTO 30peyTBOpEHHs. B mporeci octuranus
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TaKOTO Ta3y BMHHUKAIOTH YMOBHU Ul YTBOpPEHHs (pparMeHTiB 3 Macamu J[KuHCa,
CYMIpHUMH 3 Macamu TpoToramsaktuk. OTxe, came Michs JEKUIBKOX COTCHb
MIJIBHOHIB POKIB MICJIs YTBOPEHHS TEPIIUX 31p BUHUKIM YMOBHU JIJISi YTBOPEHHS
MEePIINX TAIAKTHK.

Ymeopennsa u esonwuin kocmiynux 00°ckmie Ynpoooexyc iCHy8aHH:
Bceceimy. 30aradyeHHs MDK30PSHOTO rasy 1 MOro HarpiBaHHs TE€PBUHHHUMU
HAJHOBUMH 30PSIMU BIJIOYBAETHCS B PEXKUMI PO3IIUPEHHS cucTeMu. ['paBitaiiiiiHa
eHeprisi pparMeHTiB, 1110 BUHUKAIOTh Y TAKOMY CEPEOBHILIl, MEHILA 34 TEILIOBY,
TOMY BOHU € HECTIMKMMH 1 HE MOXYTb OyTH BUXITHUMH IpoTocuctemami. [lin
9Yac OXOJIO/DKEHHS TaKOi MPOTOCUCTEMH CTBOPIOIOTHCS YMOBH ISl TIOCHITOBHOTO
YTBOPEHHSI (PparMeHTIB 1 iX CTPYKTYp 3 Macamyl B THUIOBHX I CKYITYCHb
TaJIAaKTUK JI0 TAJTAKTUYHUX 1 CKYITYEHb 31p.

[lepiie MacoBe BUHUKHEHHS TAJIAKTUK MPOCITIAKOBYEThHCS, MOYMHAIOUHN 3
BiKy Bcecity — 0mu3pko 400-500 muiH pokiB. lleit mporec mpooBKyBaBcs
HacTynHi 4,5-5 miipa pokiB. Y mepiii 1—2 MIpa poKiB BUHUKIM B TallaKTHKax
HACEJICHHS 31p, 110 HaJekaTh X cCHepUUHUM CKIaAO0BUM. Y Hailii ["aakTuii B
IIel Yac BUHUKIIO Taj0 3 KYJSICTUMH CKYITYEHHSMH 31p, IO BXOIATH JO HOTO
CKJIaLy.

[Tomanpiia eBomtoriist ["aakTuky MOB’si3aHa 3 BUHUKHEHHSIM Y HET JHUCKA.
Makcumym 30peyTBopeHHs 1 B ['anaktuili, i y BcecBiTi npumnagae Ha oro BIK —
4 mapna pokiB. Konu Bik cTaB y JBa pa3u OUIBIIMM, ToOdYajia YTBOPIOBATHUCS
ConsiyHa cuctema. IMOBipHillIE BOHAa € HACHIAKOM YTBOPEHHS 1 MOJAJIBIIOIN
Ounamiunoi esomoyii’ "’ PO3CISTHOTO 30PSHOTO CKYIMYEHHS, $IKE€ BUHUKIO 3
MOJIEKYJISIPHOI XMapu, 110 3aHypwiacs B pykaB Crpunbud. [loxkuHyBimIM 11€i
pyKaB, 3a JEKITbKa MUIBAPIIB POKIB II€ 30pSAHE CKYIMUEHHS PO3MaIOCs,
MOTOBHUBIIIY T0JIEe AXCKA ["aJakTUKK 30psIMU Ta Cy030psIMH.

VY OuapIIoCTi BIK TaJakTUK € CyMipHHUM 3 Hamor [amaktukor. Aje
CIIOCTEPITatOThCS 1 GBI MOJIOA1 30PSiHI CUCTEMH, 110 MICTATH 30Pi 3 OIBIINM
BMICTOM MeTaniB, HiXK HacejeHHs II. Jlo Takumx cuctemM BigHOCHTHCS MiciieBa
30psiHa CUCTEMA, sIKa Ma€ BCl O3HAKW TallakTHK. BoHa yTBOpumiacs Ta mouana
dopmyBatuca Bchoro 500 MiH pokiB Tomy. Ii Maca Ha NOpAAOK Oinblna
HaMaCHUBHIIIMX KYJSACTUX CKym4eHb. M3C MICTUTh 30psiHI CUCTEMU MEHIIOTO
CTyTEHS iepapXii: acorriaiii, 30psH1 CKyIM4YeHHS Ta KpaTH1 30pi ¥ cy630pi. Bona
Ma€e OChOBe nudepeHIiabHe oO0epTaHHs. BBakaeTbcs, 110 BOHA BHHHUKIIA
B pe3y/ibTaTl B3a€EMOJIi MDKTaJaKTUYHOI XMapu (sSika oOIycTuiacs Ha
[MaakTuKy) 3 Tra3onuioBOIO CKJIaJ0BOIO AucKka. OTxke, SKIIO TaKe SBHILE
€ TUTIOBUM, TO Cy4YaCHE YTBOPEHHS KapJIMKOBUX BHYTPIIIHIX TalaKTHK CII1J
OUIKYBaTH CaMe 3a TAKUM MEXaHI3MOM.

112 . . . . . . . o
JnHamiyHa eBoAOLIA — PO3BUTOK CUCTEM Nig, AI€E0 CUAM TpaBsiTauii. 30pAHI CKyNnYeHHA B MPOLLECi TaKoi eBoAtOL,ii

BTPayatoTb CBOI KOMMOHEHTH, WO BeAe A0 MOBHOrO iX po3naay.
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Te, mo po3mipu MiciieBoi Ipymnu € HACIIAKOM il 3aKOHIB BCECBITHBOTO
TSOKIHHS Ta BIIIITOBXYBaHHS (JMB. pO3/. 22), MOKHAa BBAXKATH apTryMEHTOM Ha
KOPHCTh TOTO, 1110 BOHA yTBOPWJIACA B €MOXYy peKoMOiHarii aTomiB ['iaporeny
1 EBOJIIOLIIOHYE 3 THUX YaciB SIK BIJIOKpEMJIEHA CTpPYKTypa. € aHalorivyHi
BIJINOBI/IHI PO3paxyHKW W IMIOJAO IHIIMX TPYN TajJakTUK HAa KOPUCTh TaKOIo
PO3BUTKY MOIIH.

BenukomacmtabHa CTpyKTypa pO3NOJLTY TallakTUK —(QopMyBasiacs
y BIJMOBITHOCTI /IO X PO3BUTKY B MEPBUHHUX HEOTHOPITHOCTSIX, SKI BUSBIIEHI
y GIyKTyallisx peaikToBOro BUMpomiHtoBaHHs (puc. 33.1).

Puc. 33.1. Penikmose surnpomiHoeaHHs (lioeo hpazmeHm HasedeHuli
y nigili sepxHili naHeni) pyxaroyuce Kpizb mamepiro Bcecgimy (2onybi xaunacmi niHii)
8iOXUSIAEMbCA 30 PAXYHOK Oii epasimayiliHo20 niH3y8AHHA. Ypaxy8aHHSA Ubo2o echekmy
(3a pe3ynbmamamu criocmepexceHHsA mak 38aHoi B-moou noasapusayii pesikmosozo
8UNPOMIHIOBAHHSA) OG€E 3MO2Yy 30 NEBHOK MPO2PAMOI0 Po3paxysamu Kapmy Bcecgimy
Ha Haw Yac (naHens y npasomy HUXCHoomy 6oui) i sicmasumu ii 3i cnocmepexcHuUMU
0aHUMU W,000 peasibHo20 Po3rodiny 2aaaKMUK

Takwmii mporiec 3rooM i copMyBaB KOMIpUYacTy CTPYKTYpy MerarajgakTHKU
(puc. 33.2).

Puc. 33.2. Po3nodin 1 600 000 eanakmuk Ha HebecHili cchepi 3a daHumu 14-02a40y.
Bnaue nuny Mono4yHoeo LLnsaxy eidobpa3usca y suensadi memHoi 0ia20HaAbHOI nosaocu
ma ro Kpar 306paxeHHA
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34. XutTa y BcecsiTi

VY mpoiieci NOCTAaHOBKM HAYKOBOI 3a/1adi MPO MOIIYK KXUTTS 32 MEXaMu
3emi1i He0OX1JHO BU3HAYUTHUCS 3 THUM, IO-TIEPIIE, M0 TaKe KUTTS, a MO-JIpyTe,
3 METOJIaMH, IKUMU 1€l MOIIYK MOKHA 3A1HCHIOBATH.

[Toku 1110 KpiM 3€MHOI 1HII (POPMH KHUTTA HE BIOMI, X04a, MOXKIIUBO,
nech y BcecBiTi BOHM i1 iICHYIOTh. TOMYy HaykoBa MOCTAHOBKA 3ajadi MOJISITae
B TOMY, IO CJIiJI MOKU IO OOMEXHUTUCS Ti€0 (HOPMOIO KUTTS, sIKa ICHY€E Ha
3emuti, OCKIIBKH 1€ «HAayKoBHM (akT». g icHyBaHHS Takoi GopMH >KUTTS
€ BIAMOBIAHI (Di3WYHI YMOBH, B MEXKax SKHX BOHA MOXE ICHyBaTH. Taki X
YMOBH CIIiJ] ITyKaTH 3a MekamMu 3eMii. [cHyBaHHSI 1CTOTHO 1HITUX (OPM KUTTS
CJIiJ1 BIAHECTH 10 00J1aCTi HAYKOBOI (PaHTaCTHKH.

[Iomo MeToAiB Ta HAMpPSMIB MOUIYKY, TO B HAIl YaC MPUHIIUIIOBO € JIBA:
npsiMi — SIKUMH BEAYTbCS TOIIYKH >KUTTA 3a JOMNOMOIOIK MDKIUIAHETHHUX
cTaHIIM Ha IHmMMX IUraHeTaX COHAYHOI CUCTEMM, Ta AUCTAHIIINHI — K1
IIPOBOAATHCS Ha 0a3l aCTPOHOMIYHHUX JIOCTIIKEHb 3a il MeXaMHU.

Il]o maxe scummsa? 3eMH1 KUBI OPTraHi3MHU CKJIAJIAIOTHCS 3 BYTJICTICBUX
3’€THaHb 1 BOJIM, SIKI 3BYThCSl OpraHIYHUMHU CIIOTyKamMu. BoHU MOXyTh OyTH
OJHOYACHO M OKHCHIOBaYaMHM, 1 BIJJHOBHHUKAMH, 1 KHUCJIIOTaMHM, ¥ OCHOBAaMH,
BCTYIIATH B PeakIlli MpUEIHAHHS, BiAIICIUICHHS 1 oOMiHy. B 3eMHHMX yMoBax
eHepriero Juisi (PyHKIIIOBAHHS >KUTTS € COHAYHE BUIIPOMIHIOBAHHS Ta KUCEHb.
[Tix ix {iero Ta 3a X y4acTIO Y OpPTaHiYHMX CIIOJYK CTBOPIOIOTHCS YMOBH IS
dboTocuHTE3y U ydacTi B 00OOPOTHUX MPOLIEcax «OKUCICHHS <> B1JHOBJICHHS
3 kucHeM. Ockinbku KapOon moxke Opatu ydactb y (OpMyBaHHI XIMIUHHX
3B’SI3KIB 3 IHIIMMH aTOMaMH, XIMisl TaKWX OPTaHIYHUX CIIOIYK JOCTAaTHHO
pI3HOMAaHITHA Ta Ja€ MOXKJIUBICTH BHOYIOBYBaTH CKJIagHl OaratodyHK-
[[IOHATBHI MOJIEKYJIH, iX CBOEPINHI pAar W (YHKIIIOHAIbHI TPyMNH, HEOOXIAHI
JUIsl Tepediry peaxiiii oOMiHy pEeYOBHUH 1 BIATBOPEHHS. 3a TaKUX 3arajibHUX
YMOB JI0 «(QYHKIIIFOBAaHHS JKUTTS» MOXKHA MPEACTABUTH M 1HII HE BYIJICIEBI
dbopMHU, B SKHX OCHOBOIO JKHUTTS 3a3HA4aloTh Takl XIMIYHI €JIIEMEHTH, SIK
Cumiuiit, ®ocdop, Hirporen. Okcuren mir 6m Oytu 3amiHeHUN XIJIOPOM YU
CynsdypoM. Sk anpTepHaTHBA BOIU po3risimacThes amoHiak (NH;), miaBukoBa
(HF) un cuaunpaa (HCN) kucnoru. Ane B Oyap-SKOMY pasi CJIiJi MaTH Ha yBasi
1€ 1 YMOBU 30BHIIITHLOTO CEPEIOBHUIIIA.

OuyeBuaHO, MO PI3HI (POPMH IKUTTA EBOJIOLIOHYIOTh: BiJ OLIBII
MPUMITUBHUX 10 OUIBII CKJIaAHUX. [CHyBaHHS 3€MHOI ITMBLII3allll IMPHUITyCKAE
NOAIOHUN PO3BUTOK YKUTTS 1 B IHIIUX CBITax. bijblie TOro, OCKIIBKY KUTTS Ha
3emuli pO3BUBAJIOCS HA THTEPBaJl Yyacy, MEHIIOMY, HIXK BIK 31p, Y SIKUX BIAKPHUTI
3eMHOMO/II0H1 TUTAHETH, HE CJiJ BUKJIIOYATH M 1CHYBaHHS OUIBII PO3BUHEHHX
uBLII3aIii y BeecBiTi.

Kummsa ¢ Conauninn cucmemi (3a mexxamu 3emuti). HuHi BBaxkaroThes
HaWOUIBII WMOBIPHUMHU T03a3€MHUMHM KaHAugaTamMu, Ae € abo OyJo >KUTTS
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B MuHyJoMy: Mapc 1 cynytHuku FOmitepa ta CarypHa — €Bpomna ta Tutan
BIIMOB1IHO. Bubip Mapca 1 €Bponu moB’si3aHUM 3 HasBHICTIO PIKOi BOJU SK
pPO3UMHHMKA B KIITHUHAX 3€MHUX opraHi3miB. BusBunocs, mo Ha Mapci
B palloHaxX TMOJSIPHUX JHOMSHUX IIAMOK MOXYTh THMYAacOBO CTBOPIOBATHCS
YMOBH JJIsl ICHYBaHHS BOJW B pimkoMy cTaHl. He BukmtouaeTscs 1 Ha Mapci,
1 Ha €Bpori HAABHICThH PIIKOI BOJAM B MPUIIOBEPXHEBUX TEPMAIBHUX JIKEPEIax.
Ha €Bponi mkepeno Teruia TMOB’SI3YEThCA 3 MOXKIMBICTIO 1CHYBaHHS
BYJIKAHIYHOT aKTUBHOCTI Ha JHI MPOTHO30BAHOIO OKEaHy Ta HarpiBaHHS
BHACJIIIOK IPUILIMBHOI i1 Ha Hel FOmiTepa.

3a nanumu kocMmiuHoro 30Hay «Kaccini» (2008 p.), Ha noBepxHi Tutana
Oynu BUSIBIICHI PIAKI O3€pa 13 €TaHy Ta METaHy, 1 el CYIyTHUK MOXE MAaTH
MIMOBEPXHEBUN OKEaH, IO CKIATAEThCA 3 PIAKOI Boau W amoHiaky. He
BUKJIIOYAETHCSl HASIBHICTh TAaKOTO CaMOTO OKeaHy B MPUIIOJSpHIA 00macTi
cynytauka CarypHa — Enienana.

AptoMarnyHi MDKIDIaHeTHI cTaHiii (AMC) «BikiHr-1/2», sxi gocsriu
noBepxHi Mapca (1976 p.), B3suid poOu IPyHTY Ha HASBHICTb B HbOMY KHUTTS.
Byna BusiBieHa meBHa XiMiYHA aKTHUBHICTH (SIKOIO BBaXKAJIM MPEICTABHUKHU I[HOTO
MPOEKTY 3a IO3WTUBHY), OJHAK SIBHUX OJHO3HAUHUX CHIIIB KUTTEIISILHOCTI
«MapClaHChKUX» MIKPOOPTaHi3MiB BHUSIBUTH HE BAagocs. JlochmimkeHHs, IO
npoBoauucs: AMC «®enikc» (2008 p.), y Miclil MOCAJKH BHUSBWIA XJIOPHY
KHACJIOTY — BHKJIIOYHO CWJIBHUW OKHCHIOBAaY, HAsBHICTH SIKOTO CYIEPEUYUTH
HAsIBHOCTI JKWUTTS, B TOM 4Yac SK PIBEHb COJOHOCTI MapCiaHCHKOTO IPYHTY
BUSIBUBCSI BCE K JIOIYCTUMUM JIJIsl HOTO PO3BUTKY. B mpobax, B3sITHX y MOpojax,
BIK SIKMX CTaHOBUTH 3,5 Mipna pokiB, MapcoxoaoM «K’ropiociti» (2012 p.)
BUSIBJICHO OpPraHIYHI MOJICKYJIM, IO BKa3ye Ha Te€, 10 B MHHYJIOMY OyiH
CIPUATINB] YMOBH IS JKUATTSL.

3a JaHUMH METEOPUTHUX JIOCIIIKEeHb, 3HANACHI CTPYKTYPH, CXOXKI Ha
3eMH1 OKaM SIHUIOCTI, sIKi B MUHYJIoMY Oyiu xuBuMu dhopmamu (puc. 34.1). Jlo
HUX HaJIekKaThb TPU METEOPHUTH, SAKI BBAKAIOTHCA MPHUOYIbisaMu 3 Mapca. Bonu
MICTATh MIKPOCKOMIYHI CTPYKTYpPH, Kl HaraayrooTh cKaMm’ sHIIl OakTepii, 110
3ByThCsl Oloopmamu. Bee 3k OHO3HAYHOTO MiJTBEPIKEHHS IIOAO IM03a3EM-
HOTO TOXO/KEHHS IIUX CTPYKTYp He OoTpumaHo. OTxe, SKIIO MUTaHHS II0J0
ICHyBaHHs 1HIIMX (QOpPM KUTTA HA IHIIMX IUIaHEeTax (BKIIOYAKOYM 1 BEJIMKI
CYMYTHHKH) 3aJUIIAETHCS BIAKPUTUM, TO TI03a3eMHUX muBLIi3amii B COHIIHIN
CHUCTEMI TOYHO HE icHye. SIkmo O BOHM Oyim, TO YMPOAOBX IOCTIIKCHHS
iaHeT COHSYHOT CUCTEMU iX OM 00OB’SI3KOBO BUSIBHIIM.

Howyk nozazemnozo ycummsa (3a Mexxamu COHSYHOI cuctemu). Ines
I10JI0 BUKOPUCTAHHS PaJiloaCTPOHOMIT JJIs 3B’S3KY 3 IHIIMMH IUBLII3AIISMH,
SIK1 TAKOTO CaMOTO TEXHOJIOTIYHOTO PiBHS, SK 1 Hamia, HajuexuTh J[x. KokkoHi
ta ®. Mopiccony (1959 p.). Byno 3anpornoHOBaHO CKOPUCTATUCS ISl 1IBOTO
noBXKHUHOW XBuiIl 21 cM (wactora 1440 MI'm), Ha sAKId BUIPOMIHIOIOTH
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HeWTpanbHl atomMu [igporeHy — HAWMOIIMPEHINIOTO XIMIYHOTO €JIEMEHTY
y BceecBiTi, mpo 1110, SiK niepeadavanocs, «OBUHHI 3HATH» BCl BUCOKOPO3BUHEHI
nuBLIZalii. 3a IX po3paxyHKaMHM BXK€ ICHYIOYMX B TOM Yac pajaioacTpo-
HOMIYHHMX 3aC001B OYJIO JIOCTaTHBHO JJII BCTAHOBJICHHS KOHTAKTy MIX IUBIJII-
3aIlisiMH, SIKIIIO BOHU niepedyBatoTh B okojiax CoHIIsl.

[Tepmy cnpoOy 3ampONOHOBAaHUM METOJOM TIOIMIYKY T03a3eMHHUX
nuBimizamit  (IL) s3nxificauB @. Hpeiik (1960 p.), sikuii BuOpaB y SIKOCTI
coHrenoaiOHux 3ip-kanaunarie — Tay Kura ta Encunon Epinana (puc. 34.2).
Onne 3 mepmmx paaionocuiianh 3 3emil Oyno 3miiicHeHo B 1974 pomi
3 rirantcbkoro 300-m mapabosnoima obcepBatopii Apecibo (puc. 7.5a) BOiK
KYJISICTOTO 30psIHOTO CKymueHHs M 13.

Puc. 34.1. imosipHi cmpykmypu 6akmepiti,  Puc. 34.2. ®penk [pelik i padiomeneckon,
suseneHi 8 memeopumi ALH 84001 Ha aKkomy bynu nposedeHi nepwi cnpobu
MowyKy no3asemHux yusiniaayid

[TepmumMy MDK30pSIHUMH TIOCTaHHSMU, BIANPABICHUMH 3 KOCMIYHUMU
CTAHI[ISIMH, $KI, BWUBYAIOYM INIAaHETH-TITraHTH COHAYHOI CHCTEMH, 3T0IA0M
nokunymu ii mexi, Oynu AMC «Ilionep-10» ta «Bosmxepu-1/2y», 3anyienumu
3 3emni y 1972 ta 1977 pp. BianoBigHo. Ha ix GopTy po3TamioBaHo MOCIaHHS
3eMJISIH TIPEJCTAaBHUKAM 1HIIMX LMBUTI3aliM (SKIIO BOHM IX KOJU-HEOYIb
«IEPEXOIUIATHY). Y mociaHHsax (puc. 34.3) BKa3aHO MICIIE3HAXOKEHHS 3eMili,
300paxenHs mojaet Ha Goni AMC («Ilionep-10»), BignmpaBIeHO BiJIE€OTUCK 31
clmaiiiaMu Ta 3BykKamHu 3eMHOro OyTTs («Bosimkepu-1/2»). Huni BoHM Bxe
noKuHYIU Mexi COHSIYHOI CHCTEMU ¥ TTepe0yBaroTh Y MIXK30PSHOMY MPOCTOPI:
«ITionep-10» pyxaerbcst B 01k 30pi Ajibaedapan (OKOJIM SIKOi JOCATHE Yepe3
2 MutH pokiB); «Bosimxep-1» — pyxaetbes B 01k cy3ip’s XKupada 1 uepes 40 Tuc.
POKIB MpOJETUTh Ha BiacTaHi 15 TpiH kM (1,6 cB. pokiB) Bix 30pi AC+79 3888;
«Bosikep-2» — tex uepe3 40 TUC. POKIB MPOJETUTh MPUOTAZHO HA TiM caMiid
Bigcrani (1,7 cB. pokiB) moB3 3opto Pocc 248, mo posramoBaHa B cy3ip’i
Anppomenn.
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Puc. 34.3. lepwi (He padio-) nocaaHHA 8 Kocmoc eionpasnaeHi Ha AMC
«lioHep-10» —a ma «Boadxcepu-1/2» — 6

3a mepme 60-piyus MOUIYKY CHUTHAIIB IITYYHOTO MOXOKEHHS Oy
JTOCHIDKEHO THUCSYl 31p y pajgiomiama3zoHi Ha yactorax 1200-3000 M,
3 BAKOPUCTaHHSM HAAUYyTIMBUX pamionpuiimMadiB. lle mecsaTkm HayKoOBHX
MporpaM y paMKax 3arajibHoi Mikrainy3eBoi npoosemu SETI (Bix anrn.: Search
for Extraterrestrial Intelligence — mnomyk I111). Emizonuuno 3asBisiiocs: mpo
BHUIIAJKA BUSBJICHHS CHUTHAJIB HIOMTO I103a3€MHOI'0 MOXOKEHHS, a OCTaHHIM
4acoM 1 B OKOJII BUSBJICHHX €K30IUIAaHET. AJieé OJIHO3HAYHOTO IMiATBEPIKEHHS
IITYYHOCTI CUTHaNIB Hemae. He BUSBIEHO CUTHAIIB PO3YMHOTO M0O3a3€MHOI0
MOXO/UKEHHS 1  cheliaJibHO CTBOpeHUM Yy 1984 poui HexkoMepiiiHuM
[ncturyrom SETI (CIIA).

Tecmu

6.1. AKNIA rONIOBHWUI NPOLEC NIEKNTb B OCHOBI YTBOPEHHA NPOTOCUCTEM NEBHOIO PiBHA?
6.1.1. M'paBiTauinHOI PpparmeHTaLil.
6.1.2. KackagHoi pparmeHTaLiji.
6.1.3. NMnasmoBoi pparmeHTaLii.
6.1.4. TigpoanHaMiYHOT PpparmeHTaLlii.
6.1.5. MarHiTHo-rigpoaHamiyHOi PpparmeHTaL;i.

6.2. LLlo Take maca [Kku1Hca? Lle maca peyoBuHM,

6.2.1. Wo Buainaerbca B npoueci dparmeHTauii cuctemn Binbll BMCOKOro piBHA 3a
NEeBHOro 3Ha4YeHHA HaNpPy*KeHOCTi MarHiTHOro NoaA Ta TemnepaTtypu;

6.2.2. CTilKa Ao Aii TennoBoi eHeprii, AKa BUAINAETbCA Nig, Yac CTUCHEHHA pparmeHTy;

6.2.3. Alka obymoB/ieHa NEBHOK TeMMNepaTyporo Ta FYCTUHOK 3a YMOBM, LLO rpasiTa-
LiMHa eHepria GparmMeHTy, AKa BULINAETLCA, NEPEBULLYE TENIOBY EHEPTItO:

6.2.4. AAka obymoBaeHa NEBHOK TeMMepaTypolo Ta NYCTUHOK 33 YMOBM, LLO TEMNI0Ba
eHepria ¢pparmeHTy NepeBuLLYE rpaBiTaLliiHy eHeprito;

6.2.5. AAka obymoBaeHa NEeBHOK TemnepaTypolo Ta NyCTUHOK 33 YMOBM, LLO TEeNa0Ba
eHepria ¢parmeHTy ypiBHOBAXKYE rpaBiTaLinHy eHeprito.
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6.3. UM 3aBKAM Maca NPOTOCUCTEMM, WO BUAIAMAACA B Npoueci parmeHTauii, 4OPIBHIOE
Maci CUCTEMU HYNbOBOTO BiKy?

6.3.1. 3asxKAamn.

6.3.2. Hi, ue 3aneXxuTb Bif ix XimiYHOro cknaay.

6.3.3. TaK, OCKiNIbKM Le He 3aNeXnTb Big NePBUHHOIO 3HAYEHHA MOMEHTY IMMY/bCY NPOTO-
CUCTEMM.

6.3.4. Maca npotocuctem 3aBKAam bisblia 3a macy cuctem.

6.4.5. Maca cuctem 3aBKam Hinblua 3a macy NPOTOCUCTEM.

6.4. fIKi MaKCMMaNbHO MOXMBI KNIOYOBI CTaji eBoAtoLii NpoxoamnTb 30pa? Ix
6.4.1. Tpu:
® r0/1I0BHA NOC/NIAOBHICTb,
® riraHTN,
* 6ini KapanKku;
6.4.2. Tpu:
® NpoTo30pH,
® r0/1I0BHA NOC/NIAOBHICTb,
® 30PAHI 3a/ULLKK;
6.4.3. Yotnpwm:
® NpOTO30pA,
® r0/1I0BHA NOC/NIAOBHICTb,
® riraHTN,
® 30pAHI 3a/IULWLKKU;
6.4.4. Yotnpwu:
® NpoTOo30pH,
® r0/1I0BHA NOC/NIAOBHICTb,
® riraHTy,
® YOPHI Aipw;
6.4.5. M'ATb:
® NpOTO30pA,
® r0O/I0BHA MNOCANIAOBHICTb,
e cybriraHTy,
® riraHTH,
® 30pAHI 3a/IULLKN.

6.5. AKi ocHOBHI cTaAjii npoxoaAnTb cyb3ops B cBOIl eBoAtoL,i? Le:
6.5.1. ® pparmeHT Hy/IbOBOTO BIKY,
* AaepHa ¢asa,
® KOPUYHEBUIM Kap/InK;
6.5.2. * npoTto3opsA,
* aaepHa ¢asa,
® CTaAia ronoBHOI NOCNIAOBHOCTI;
6.5.3. * agepHa Pasa,
® CTaAifa ro/I0OBHOI NOCNIAOBHOCTI,
® 30PAHMN 3a/INLLIOK;
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6.5.4. e npoTo30psA,
e AnepHa ¢asa,
® CTaAia roN0BHOI NOCNIAOBHOCTI,
® YOPHWUI KapP/INK;

6.5.5. e cTanis ronoBHOI NOCNiIAOBHOCTI,
® CUHI KapauK.

6.6. AKi OCHOBHI CTaAji NpoxoAnTb NNaHeTa B CBOiN eBoatoLii? Lle:

6.6.1. ® GparmeHT HY/IbOBOTO BiKY,

e $a3un CTUCKaAHHA Ta rpasiTalinHOl gndepeHuiaLi,

® OCTUraHHA;
6.6.2. ® $pa3a Koarynauii 3 n1aHeTe3nManen,

® NPOTON/IAHETa;

® $a3a CTUCKAHHSA,

* rpaBiTaLinHOI AndepeHuiaLii Ta po3wapyBaHHA Ha OCHOBHI CK/1a40Bi;
6.6.3. ® npoTonnaHeTa,

e daza popmyBaHHA A4,

e daza popmyBaHHA MaHTIi, KOPM Ta aTMocdepu;
6.6.4. * nnaHeTe3nMmanb,

® NPOTON/IAHET],

e ¢a3a rpasiTauinHoi audepeHuiauii,

* GOpMyBaHHA MATEPUKIB;
6.6.5. ® $pa3a cTMCKaHHA Ta po3irpisy,

® BUAINIEHHA A4P3,

® OCTUTFaHHA.

6.7. DopmyBaHHA BaPiOHHOI PEYOBUHM BKIOYAE HACTYMHY NOCNiIA0BHICTb NPOLLECIB:
6.7.1. bapioreHe3nc, yTBOPEHHS e/leMeHTapPHUX YaCTMHOK, peKomMbiHalia 3 noAsBoto
nepBuHHMX atomis lNaporeHy Ta lenito;
6.7.2. YTBOPEHHA NPOTOHIB i €N1eKTPOHIB, NMPOXOAXKEHHA NEPBUHHUX AAEPHUX PeaKLii,
b6apioreHesunc Ta yTBopeHHA aTomis lNgporeHy, entepito Ta lenito;
6.7.3. ® YTBOpPEHHA HEMTPUHO, NPOTOHIB i EN1EKTPOHIB,
® GapioreHeswuc,
e yTBOpeHHSA aaep lenito, AenTepito Ta JliTito 3 Noganblo iX peKombiHauie
0,0 YTBOPEHHA BiANOBIAHUX aTOMIB;
6.7.4. * yTBOPEHHSA KBapPKiB i bapioreHesuc,
® NPOXOAMKEHHA NEPBUHHUX ALEPHUX PeaKLin,
* pekombiHauifn 3 NoaBol NepBUHHMX aTomiB llgporeHy, lenito, JliTito Ta bepunito,
6.7.5. e yTBOpeHHA BO30HIB i KBAPKIB,
* GapioreHesuc,
® YTBOPEHHA /1€ MEHTAPHUX YACTUHOK,
® NPOXOAMKEHHA NEPBUHHUX ALEPHUX PeaKLin,
® peKOMbiHaLiA 3 NOABOI NEPBUHHUX XiMIYHUX €N1EeMEHTIB.
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6.8. o nepeniky 3agay, AKi pO3B’A3ylOTbCA B aCTPOHOMIi y 3B’A3KYy 3 BMpILUEHHAM
npobnemu *}untta y BececsiTi, BXoAATb HaCTyMNHi:
6.8.1. ® nowyk opraHiyHux cnonyk y CoOHAYHIN cucTemi,
® MOLUYK Ta BUBYEHHA 3eMNeN0AIOHMNX NAHET B 30HI XKUTTS,
® BUBYEHHSA Ta y3arasbHeHHA Pi3NYHUX YMOB Ha NAAHETAX, € MOXKIUBE XKUTTA,
® MOLUYK N033a3eMHUX LUMBINi3aLin;
6.8.2. ® BuBYeHHA HJ/10 Ta 3B'A30K 3 HUMMK,
® NOLWYK NaaHeTy 3ip,
* 3B'A30K 3 N0O33a3eMHMMU UMBINi3aLiamu;
6.8.3. ® NOWYK eK30NnnaHerT,
® NMOwWYK *unTra B COHAYHIN cuctemi,
® NMOLYK MA3epHOro BUNPOMIHIOBAHHA Y 3ip 3 eK30MN1aHeTamu;
6.8.4. ® NOWYK Ma3epHOro BUNPOMIHIOBAHHS Ta BUBYEHHSA MOro NpUpoau,
® MOLWYK Y 3ip i cyb3ip nnaHer,
® MOLYK NPOTONJIAHETHUX OMUCKIB,
® MOLIYK N033a3eMHUX LMBINi3aL,ii;
6.8.5. ® nowyK naaHeT 3a mexXamu COHAYHOI CUCTEMM,
® MOLUYK XMWTTA Ha NNaHeTax i cynyTHMKax B COHAYHIN cucTemi 3a gonomoroto AMC,
® 3B'A30K 3 N03a3eMHMMM UmBiINi3aLismm Ta H/O.

6.9. CyyacHa acTpoHOMiYHA 6a3a BKAKOYAE HACTYMHIi Ha3eMHi Ta KOCMiYHi 3acobwu
DOCNiAMKEeHHA:
6.9.1. ®* ONTMYHI Ta PaAi0aCTPOHOMIYHI iIHTEpdEpOMETPHU,
® NPUMMaYi BUNPOMIHIOBAHHA Y BCbOMY Aiana30Hi eNeKTPOMarHiTHUX XBU/b,
e AMC ana BUBYEHHA KOCMiIYHUX Tin COHAYHOT CUCTEMMU;
6.9.2. e Teneckonu 3 aneptypoto 40 40 m,
® YO- i |4-BMCOKOUYTAUBI A€TEKTOPU BUNPOMIHIOBAHHSA,
® ONTWUYHI Ta PaLiOaCTPOHOMIYHI iIHTepdepomeTpy;
6.9.3. ® onTnyHi Ta YO- i I4-Teneckonu 3 anepTtypoto 4o 2540 m,
® Cy4yaCHi AETEeKTOpM BUMPOMIHIOBAHHA, WO MNPaLOOTb B Aiana3oHi Big peHTre-
HIBCbKOro A0 paAioAiana3oHy,
e TeNecKonu, Lo BCcTaHoBNEHI Ha AMC;
6.9.4. e Teneckonu 3 anepTypoto 40 15 m,
® NEeTEeKTOPM BUMNPOMIHIOBAHHA, LLO NpaLooTb Big ramma- ao 14-gianasoHy,
® KOCMi4Hi 3aco6u, Wo BMBYaOTb COHAYHY cUCTEMY;
6.9.5. e cyyacHi Ha3eMHi Ta KOCMIYHI Teleckonu 3 anepTypotro 4o 12 m,
® pagioTeneckonu Ta pagioiHteppepomeTpu 3 6a3oto 4o 1000 m,
® KOCMiYHi 3acobu BnuBYeHHs COHAYHOI cucTeMu Ta BeecBiTy B Lisiomy.

6.10. Cy4yacHi acTpOHOMIYHI AOCNIAXEHHA CNPAMOBAHI Ha:
6.10.1. ® nOWYyK eKk3onaaHerT,
e BnBYeHHA HJ10,
® BCTQHOB/NEHHA 3aKOHOMIPHOCTEN €BOJIIOLIMHMX NPOLECiB, WO BigbyBatoTbCA
y BcecsirTi,
® Ta iHLWI;
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6.10.2. ® nowyk XunTTAa y BcecsiTi,
® OyAiBHMLTBO Cy4aCHUX TeiecKoniB Ta iHTepdepomeTpis,
® BMBYEHHA Cy4aCHOI aCTPOOrii,
® Ta iHLWI;
6.10.3. ® y3arasbHeHHs 3HaHb NPO i3NYHi BNACTUBOCTI Ta NPoLLECH, WO BiadyBatoTbCA
B 3€MHUX | KOCMIYHUX YMOBaX,
® MOLWYK Ta BUBYEHHA HOBUX 3aKOHIB NpMpoam,
® BUBYEHHS NOXOAXKEHHSA 1 €BONIOLIMHNX NpoLeciB y BececsiTi,
® Ta iHLWI;
6.10.4. ® BCTaHOB/NIEHHA HOBUX 3aKOHIB, AKIi NPUTAaMaHHI KOCMIYHUM YMOBaM,
® BUBYEHHS €BOJIIOLIMHMX NPOLECiB, WO BiadyBatoTbCA ¥ BeecsiTi,
® BuBYeHHA npupogn HAO,
® Ta iHWI;
6.10.5. ¢ y3aranbHEeHHA aCTPOHOMIYHUX 3HAHDb,
* noxoaxeHHA BcecsiTy,
® BCTAHOBNEHHA CTPYKTYpU BcecBiTy 3a mexkamum XabbniBcbKoro paaiyca,

® Ta iHLUi.
KoHmponabHi numaHHsA
1. VY yomy nosnisirae ¢izuune 3Ha4eHHs popmynu JxuHca?
2. Axi $i3uyHI YMOBU MarOTh BUHUKHYTH JJIsI (GOPMYBaHHS MPOTOCUCTEM
3a MEXaHI3MOM caMmorpasiTalli?
3. Y dYoMmy CXOXICTh Ta KJIIOYOBA BIJMIHHICTH OCHOBHUX TMIPOIIECIB

YTBOPEHHS MPOTOCUTEM: caMorpaBiTalii Ta koarysiii? Ski 00’ exkTu GopMyIOThCS 3a
UMM CIICHAPisIMH?

4. Axuii eram eBOJIOINT 3aKiHYMBCA Yepe3 IMIBTOPU XBWJIMHHM TIICTsS
BUHUKHEHHS BeecBiTy?

5. Homy mnepeuHHI 30pi 3 macamu < 140 M_ 1 >260 M wmaiixe He
BIUTMHYJIM Ha XIMIYHHUMA cKjaj HaceiaeHHs 11?7

6. SAxa ponb peloHizailii B yTBOPEHHI MEPIINX MTPOTOraTaKTUK?

7. Aka ¢izuyHa XapakTepuUCTHKA 30p1 BH3HAYa€ OCHOBHI eTamu i
€BOJTIOLI1i?

8. SIxi ocHOBHI eTanu (OpMyBaHHS Ta €BOJIOLIT Cy03ip?

9. Sk BITMBa€E €BOJIONIS 31p 1 Cy03ip Ha €BOJIIOINIO iX TUIAHETHUX CUCTEM?

10. Hasenits ocHOBHI eTamnu eBoJroIli COHAYHOT CUCTEMHU.
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35. Ponb acTpoHOMiIi B y3arasibHEeHHi 3HaHb NPO Npupoay

Cnig BUIIIUTU ITSITh OCHOBHUX HAIpPsIMIB CY4YacHOI aCTPOHOMIYHOI
nisuibHOCTI. Lle

e (hyHIaMEHTaIbHI JOCIIKSHHS,

® KocMorpadiuHi JOCTIKEHHS;

® BIIPOBAKEHHS ACTPOHOMIUHUX PO3POOOK;

® CTBOPEHHS HOBHUX 3aC001B JUIsl aCTPOHOMIYHUX JTOCITIIKEHb;

® OCBITHHO-IIPOCBITHHIIbKA JISTIbHICTD.

Cman ynoamenmanbHux acmpoHOMIYHUX 00CTi0MceHb. 31 BCTYIIOM B
JII0 BEIMKUX HA36MHUX Ta CIEIIaTI30BaHUX KOCMIUYHUX TEJIECKOMIB, OaHyBaHHS
BCHOTO E€JICKTPOMArHiTHOTO Jiala3oHy 3a JOIIOMOTOI0 CIEIAIbHO PO3POOTICHIX
BHUCOKOUYTJMBUX TPUMMAYIB BUIPOMIHIOBAHHS, JTOCATHEHHs Oe3MpereaeHTHOI
TOYHOCTI TO3UIIHHUX CIIOCTEPEKEHb B aCTPOHOMIi BiI0OYBA€ThCS YeproBa
peBomontist. OiepKaHo MPUHITUIIOBO HOBI acTpO(I3U4UHI PEe3yJIbTaTH, OB’ sA3aH1 3
3aCTOCYBaHHSIM Cy4YaCHHUX pe3yibTaTiB JociipkeHb (izuku. [1loOymaoBano momeni
BHYTPIIIHBOI OYZ0BU NEPIIUX 31p, CyO31p 1 €K30IIaHET.

Han3eryaitHO Benvke 3HAYCHHSI Ma€ BIAKPUTTS 32 JaHUMH acTPOHOMIYHHUX
CIIOCTEPEIKEHh HAJHOBUX la- TWIy — TeMHOi €Heprii, SIKy ChOTOJHI TPaKTYIOTh
3aKOHOM BCECBITHBOTO BIJIIITOBXYBaHHA. 3'ACYBaHHS 1i MPUPOIN CTOCYETHCS
KomneTeHmii 1 ¢i3ukiB, 1 acTpodi3ukiB. BrumB i Ha momanblIvii PO3BUTOK
BcecBity — oHa 3 PyHIaMEHTATbHIX HAYKOBUX 3a/1a4 MIOTOYHOTO CTOPIYYSI.

Mexnci cyuacnoi kocmozpaghii 3anexarth BiJ 3aC001B, SKUMH BUBYAETHCS
ctpykrypa BcecBity. CoHfuHa cucTeMa BHUBYAETHCS K TPATULIAHUMHU
METOJIaMH CIIOCTEPEKHOT aCTPOHOMII — 32 JJOMOMOTOK HAa3€MHUX 1 KOCMIYHHUX
TEJECKOIB, TaK 1 3a gonomororo AMC. MiXK30psiHI MOJBOTH PO3TJIAIAI0THCS
e K JajJeKorsiAHa TepcrieKkTrBa. BuBueHHs kocMocy 3a Mexxkamu COHSYHOT
CHUCTEMHU JOCTYITHO JIMIIE TUCTAHIIIIHO.

bararo icuye Oumux misim 1mojo0 cTpyktypu Harioi 3opsHoOi cuctemu, 10
akoi Hanmexxkutb Monounnii [llngax. He Bigoma AOCTOBIPHO KUIBKICTB
CynyTHHUKIB 1 mapamerpiB ix opOir. Ile crocyeTbcs ¥ BuUBYeHHS MiciieBoi
rpyny. 3a MeKaMH ii BUHMKAE 1HIIA mpoodsiemMa 1moA0 AOCIIIKEHb KapIUKOBUX
TATAKTUK, YUCJIO SKUX PI3KO 3MEHIIYEThCS UYepe3 CIIOCTEPEKHY CEJEKIIITo,
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CIPUYMHEHY SK 1X HU3bKOI MOBEPXHEBOIO SICKPABICTIO, TaK 1 HEAOCTATHIMU
MaHUMH II0JI0 BIJICTAaHl IO HUX. BUBUEHHS MacUBHUX rajakTHK, iX 00’ €IHAHb
PI3HOTO CTYIEHA l1€papXii Jajgo 3Mory mnoOyayBaTH iX BeJIMKOMACIITaOHUMN
pO3MOALTL, 3a SKUM B paaiyci 1 MIIpJ CBITJIOBUX POKIB JOCTATHBHO YIIEBHEHO
MPOSIBISIETBCSL  KOMIpYacTa CTPYKTypa, M0 BIIOOpaxaeThCs B MOOyAOBaHIN
TPHLOXBUMIPHIN BIAMOBIAHIN «Mari». HalOinbIn BigmaneHi TalakTUKH BIAJIOCS
3adikCyBaTH KOCMIYHUM TelieckornoM imeHi Xao6na (KTX), konu Bik Beecsity
ctaHoBUB 400 MJIH pOKiB.

BynyroThes Taki Manu 1 a1 OUTBIN BIATAJICHUX TATAKTUYHHUX CTPYKTYD.
Ane Ha BENUMKHUX BIJCTaHSX BHUHUKAIOTh IMeBHI mpobiemu. Ilo-nepiue,
rajakTUK{ 3 YePBOHUMHU 3MIIICHHSIMU OLIbIIIE IBAHAIISTH TTOKHU 1110 HEJIOCSKHI
st BusBieHHS. [lo-mpyre, CBITIIO, IO TPOXOAWTH 3 HAWBIITAICHIMIAX
KyTOukiB BcecBiTy, 3a3Hae rpaBiTamiitHoi Aii 3 00Ky 00’€KTiB, 110 3HAXOAATHCS
OmmKk4e 3a HbOTo. BHACIIIOK 1IHOT0 300pakeHHS NIEBHUX AUISHOK HeOa CHIIBHO
CIIOTBOPIOIOTHCS, a 3arajoM Taka i BeAe J0 TOro, 10 OO0 €KTH, HAJITO
BIIJIAJICH1 BiJ CIIOCTepiraya, MOXYThb OYTH 30BCIM HEIOCTYITHUMH JIJIs
crocTepekeHHs. Lle BIAMOBIAHO CTOCYETHCS W TPaHUYHOI 30PSIHOI BEITUYMHU
00’€ekTiB (III0 3BETHCS MPOHUKHOK 3JAaTHICTIO), OLIbIIE 3a SIKy «IPUPOIA»
oOMexye ix crocTepexkeHHs. JlocsArHyTa NpOHUKHA 3JIaTHICTh CY4YaCHUX
HAa3¢MHHUX TEJIECKOIIB 3 anepTyporo 8—10 m moxomuts mo 28-30", KTX — 31,5™
3a excrio3uini 11,3 mi0.

3HauenHns 6npoeaoIceHHA ACMPOHOMIUHUX PO3POOOK. ICHYIOTH TIEBHI
HalpsMU B JISUIBHOCTI JIIOJMHH, SIKI 3aJieKaTh BiJ PIBHSA aCTPOHOMIYHHUX
nociikeHb. Ilepin 3a Bce 1€ BU3HAYEHHS 4acy Ta OpIEHTAllisl B MPOCTOPI.
BusHaueHHs HAATOYHMX 3HAYe€Hb Yacy 3a AaTOMHUMH €TajJOHaMH dYacy
NOPIBHIOIOTHCS 31 CHOCTEPEKEHHSIMU PyXYy OCbOBOro ooepranHs 3emuil. [ns
OpI€HTAIlll y MPOCTOPl 3a 30pSAMH CKJIAJAAIOTHCS BHUCOKOTOYHI KaTaJOTH 3ip.
[lomanpie BUKOpUCTaHHS iX 3a0e3nedyye BIAMOBIAHY TMO3UIINHY TOYHICTh
OpI€HTAIll] Ta pyXy 36MHOT'O YA KOCMIYHOTO 00’ €KTa.

Monitopunr CoHIE BEAETHCA aCTPOHOMAMU 3 METOIO TMOIMEPEKEHHS
JIOJICTBA TIPO TMPOSIBU MOTO aKTUBHOCTI. ICHYe 11e it acmepoiona nebesnexa,
371aTHa ICTOTHO 3MIHMTH PO3MOJLT (OPM JKHUTTS, BKJIIOYAIOYU 3HUIIECHHS
mojcTBa. KoHTposib 32 BUSIBICHHSIM MOTEHIIWHO HEOE3NMEYHUX aCTepOi/liB
MOKJIaJACHUN HA  acCTPOHOMIUHI  oOcepBaTopii, MmO I1X BIJKPUBAIOTH,
CIIOCTEPITatOTh 1 IOCTIIKYIOTb.

TicHuéi 3B’SI30K ICHy€ MIK acCTPOHOMIEI, KOCMOHABTHUKOIO Ta
KOCMIYHUMH JoCHipkeHHsaMu. [lepm 3a Bce, ciaig mMaTd Ha yBasi, IO BCi
KOCMIUHI amapatu OpIEHTYIOTbCA 3a 3opsMu. [lo-apyre, 3HayHa YacTuHA
KOCMIYHUX JOCJI/DKEHb — 11€ aCTPOHOMIYHI mporpamu. JlOoCHipKeHHsT 3€MHO1
MOBEPXHI, SIK 1 KOCMIYHUX 00’€KTIB, BEAYyThCS Yepe3 TOBILY aTMoc(epu (TUIbKU
B PI3HHMX HaIpsIMKaXx).
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Cyuacne acmponomiyne O00J1A0HAHHA MmMa NEPCHEKMUBU U020
onoenenna. HailOuipil  (QYHKIIOHYIOUI ONTUYHI HAa3eMHI TEJIECKONU €
ckianenumu. lle Benukuit Kanapcwkuit teneckomn, teneckornu Kek 11 Kek I,
[liBneHHO-AQpUKaHCHKUN BEIMKUW TejlecKon 1 Horo aHajgor Xo00i—Eoepii
TEJIECKOII. 3arajibHa anepTrypa UuxX TejaeckoniB — omm3bko 10 M (puc. 35.1).

Puc. 35.1. Halbinowi y ceimi: Benukuli KaHapcobKuli meaeckon — a; mesaeckonu
Kex [ i Kex I — 6, Mis0eHHO-ApppukaHcbKull 8eauKkull meaeckon — e
meneckon Xob66i—Ebepni — 2

ITepebyBatoth y cramii OymiBHunTBa ['irantchkuii MaremnaniB 24,5-m
teneckon, TpuamsaTuMeTpoBuil Temeckon 1 ExcrpemanbHo Benukuii Teneckorn
3 anepTyporo 39,3 M (puc. 35.2). Benukuii apceHan CydacHUX TEJIECKOIIIB
mpamioe 1 B IHIIMX Jiana3oHaX XBWIb: pajio-, MUIIMETPOBOMY Ta IHIIHX,
BKJIFOYAIOYM KOCMIUHI 00cepBaToOpii.

sy
1] s

Puc. 35.2. Teneckonu, 8ee0eHHA 8 eKCrayamauiro AKUX 3anaaHosaHo y 2020-mux pp.:
a — lieaHmcoeKul Mazennatis, 6 — Tpudyasmumemposud,
8 — EkcmpemarneHo Beaukuli meneckonu



200 OcHosu enemMeHMapHoOIi acCMpPoHOMIi

Taki Tereckonu — JOCTaTHRO KOIITOBHI, BUCOKOTEXHOJIOTTYHI Ta (PYHKITIO-
HaJbHO CKJIQJHI MNpUCTpoi. MexaHiuHI CKJIaJ0B1 TEJIECKOIIB CSTal0Th COTEHb
TOHH, JIJIsl BATOTOBJICHHS iX 3aCTOCOBYIOTHCSI HAWIIEPEIOBIII TEXHIUHI 3aC00M Ta
HAyKOBO-TEXHIYHI JOCSTHEHHs. ONTUYHI CKJIQJIOBI — B3arajl € YyHIKaIbHUMHU:
TOYHICTh BHUTOTOBJICHHS iX IOBEPXOHBb CSTA€ JECATKIB YaCTOK JOBKWHH XBHJIL.
Jliist 3a0e3neyeHHs poOOTH TaKMX YHIKAJIbHUX IHCTPYMEHTIB PO3POOJIAIOTHCS I
BUTOTOBJISIIOTHCS  CHCIIAJIbHI  BUCOKOUYTIMBI  MpHIiMadl  BUIIPOMIHIOBAHHS,
KOMIT FOTEpHI 3aco0M OOpoOKM onep:kaHoi 1H(OpMaIli, BIAMOBIAHA OOYMCITIO-
BaJbHA TEXHIKa Ta 1i MporpaMHe 3a0e3rneueHHs. BUroToBIEHHS HAWOUIBIINX
HA3eMHHUX 1 KOCMIYHHMX TEJIECKOIIIB BiJI0OYBA€EThCS, K MPaBUIIO, 3a 1HIUBITYalb-
HAMU TIpoeKTaMu. ToMy JjIsi JOCSTHEHHS METH PO3pOOJISIOThCS CcrerudiaHi
OpUTIHAJIbHI KOHCTPYKTUBHI PpIIIEHHS, SIKI B TOAAJIBIIOMY MOXYTh OyTH
BUKOpPUCTaHl B IHIIMX cdepax AisUIbHOCTI. BigTak Taka MISAJIBHICTh CIPUSIE
PO3BUTKY 1 3aTraJIbHOTEXHIYHOTO MPOTPECY.

Puc. 35.3. Anapam (xapkiecbKo20) naaHemapito — 0OCHOBHA CKAA008a NnaaHemapiie
AK yeHmpie npocsimHuybKoi 0ianbHocmi

Iliocomosxka acmponomiunux Kaopie [ npoceimuHuubka poodoma.
BusiBieHHs iHTepecy 70 aCTPOHOMIl MOYMHAETHCS 31 MIKUTbHUX Ta MO3AIIKUIBHUX
TYPTKIB, Y4acTi B aCTPOHOMIYHHUX OJiMIiaziax Ta poOoTi B Mauiii akamemii HayK
(MAH). HlkimeHa mnporpamMa HaJae 3HAHHS W y3arajbHIOE  YSIBICHHS
3 eJIeMEHTapHoi acTpoHoMli. e mepmmii piBeHb ONaHyBaHHS ACTPOHOMIYHUMU
3HaHHSIMHU.

Jlpyruii piBeHb — YHIBEpCUTETChbKa ocBiTa. B YkpaiHi ¢axiBlii 3 acTpoHOMIT
TOTYIOTbCSI Ha BIANOBIAHMX Kadenapax, fK NpaBuio, (I3UUHUX (PaKyIbTETIB
KJIACMYHUX YHIBepcUTETIB YKpaiHu. Ha mux kadeapax oTpuMyroTh mpodeciitny
aCTPOHOMIYHY OCBITY Ha JBOX pIBHSIX: OakajmaBpa i MaricTpa. 3a HasBHICTIO
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JUIIOMa MaricTpa BUITYCKHUK Ma€ MpaBO BCTYNAaTH B acCHIpaHTypy HE JIUIIE Ha
TepeHax YKpaiHu, a 1 3a ii MexaMmu, JIe OTOJIONIYIOThCS Ha 1€ BIJIMOBIIHI HAOOPH.

Tpertiil piBeHb — acHIpaHTYpa, SIKa € y BCIX KJIACUYHUX YHIBEPCUTETAX Ta
y BIONOBITHUX 3akianax HarionanpHOl akamemii Hayk VYkpainu. [licms
HABUYaHHS Ta 3aXUCTy AWCEPTAIli OJEPKYEThCS IUIIOM KaHauaaTa (i3uKo-
MaTeMaTHYHHUX HAyK 3a OJHIEI0 31 CIemianbHOCTeH acTpoHomii. YeTBepTuii
PIBEHb — 3aXMCT JOKTOPCHKOI AMCEpTallii Ha BUCHHUM CTYIIHb JOKTOpa (Pi3UKo-
MareMaTHyHuX Hayk. daxiBil B Taidy3l acTpOHOMIi MPAIlOIOTh B HAYKOBHUX
yCTaHOBAaX, B OCBITI, 3aliMalOThCS IPOCBITHUIILKOO JISTIbHICTIO.

[lenTpaMy NOpOCBITHUIIBKOI poOOTHM € maHerapii (puc. 35.3). [us
[IMPOKOTO KOJIa amaTopiB MPOBOAATHCA JIEKIII y PI3HUX AyAUTOPISIX: JIoMax
BUCHMX, KIy0ax, B IIKOJAaX, HA BHUPOOHHWIITBI TOmIO. TeneBi3iitHI Ta
pazionepeayi — BaXIMBA CKIIAJ0Ba MPOCBITHUIITBA. BOHU BKITIOUAIOTH SK acTpo-
HOMIYHY, TaK 1KOCMIYHY TEMaTHKH, SIKI TICHO TOB'S3aHI 1 JOMOBHIOIOTH OJIHA
OJHY.



K/1t040BI BUSHAYEHHA

1. Bctyn

ACTPOHOMIAA — HaYKa, WO BMBYAE KOCMiYHiI 06’EKTM HA OCHOBI BMBYEHHSA iX PyXy M aHani3y ix
CBIT/IOBOrO BUMPOMIHIOBAHHSA.

Teneckon — ronoBHUI CNOCTEPEXKHMI 3acCib B aCTPOHOMI.

BcecBiT — CBIT, LLLO BK/IFOYAE BCIO MPOCTOPOBO-YACOBY CTPYKTYPY MaTepii, AKa BUHMKA NicnA
Benunkoro Bnbyxy.

MeTaranakTuka — 061acTb BcecBiTy, 4OCTYNHA A1A MOro CNOCTEPEXKEHHA Ta BUBYEHHS.
AcCTpoHOMIYHa oAMHMUA — cepeaHA BiacTaHb Big 3emni go CoHyA: 1 a.0. = 1,496-10" cm.
MapceK — BiacTaHb, 3 AKoi 1 a.0. cnocTepiraetbca nig kytom 1'': 1 nK = 3,09-10" cm.
CBiTnOBMIA piK — BiACTaHb, WO A0NA€E CBITNO, WBUAKICTL AKoro carae 300 000 Km/c, 3a 1 pik:
1 cB. pik = 9,46-10" cm = 1/3,26 nk.

YACTUHA 1
2. ACmpoHOMIYHIi A8UWa Ma ix cnocmepexceHHA

ACTpOHOMIUHI cnocTepeXXeHHA — OCHOBa A1 NPOBeAEHHA aCTPOHOMIYHUX A0CNIAKEHD.
Cysip’a — cuTyaTMBHA NpOEeKLis, AK NPaBWIO, ACKPABMX 3ip HAa MEBHY AiNAHKY HebecHoi
chepm.

MontocK cBiTYy — TOUKM NEePeTUHY NPOAOBKEHHA 3eMHOI OCi 3 HebecHoto chepoto.
Heb6ecHuii ekBaTop — BenMKe KO0 Ha HebecHil cdepi, pisHoBigaaneHe Ha 90° Big nontocis
CBIiTY: NPOEKLiA 3eMHOro ekBaTopa Ha HebecHy chepy.

EkninTUKa — BenMKe Koo Ha HebecHin cdepi, BNPOAOBK AKOrO CNOCTEPIraeTbCA PIYHUIN pPyX
CoHus.

3oAiaKanbHi cy3ip’a — cy3ip’s, WO NPOEKTYOTbCA HA EKNINTUKY.

3’eaHaHHA — CNOCTepPEeXKeHHA NeBHUX CBITUA B ogHOMY Cy3ip’i.

3. HebecHa cpepa ma cucmemu KoopOuHam e acmpoHoOMii

ACTPOHOMIYHi KOOPAMHATU — MNOJIOXKEHHA CBiTMNA Ha HebecHin cdepi, WO 3a/a€TbCA
ABOMa KyTamu (41 Ayramu) BigHOCHO NEeBHO 33[aHOr0 BE/IMKOro KOJ1a Ta TOYOK BigiKy.
ACTPOHOMIYHUW FOPU3OHT — BE/IMKE KOJO, WO € NepeTUHOM 3 HebecHot chepoto AOTUYHOIT
NAOLWMHWN A0 3eMHOI NOBEPXHI B TOYUL 3HAaXOAXKEHHA cnocTepiraya.

HebecHui mepupgiaH — Be/iMKe KO0 Ha HebecHil chepi, yTBOpeHe NePeTUMHOM NAOLWMHN,
LLLO NPOXOAMTb Yepes3 TOUYKM NiIBHOYI, NiBAHA Ta NOJIOXKEHHA cnocTepiraya.

ACTPOHOMIYHA WKMPOTA — KYT MiXK MONKOCOM CBIiTY Ta aCTPOHOMIYHUM FOPU3OHTOM.

Y AHi BeCiHHbOro Ta OCiHHbOro piBHOAEeHb — CoHUE CXOAMUTb Ta 3aXOAUTb 33 FOPU3OHT
TOYHO B TOYKAX CXo4y i 3axoay.
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4. Budumuli pyx HebecHux ceimun

KynbmiHauia cBitmna — HanBuLLE NOJIOXKEHHSA CBiTMNA HAZ FOPU3OHTOM, AKE AOCATaETbCA
nig, 4ac 4o60BOro Moro pyxy B MOMeEHT NepeTuHy 3 HebecHMM MepugiaHoM.

HaiipoBlwKni aeHb — TPannAEeTbCA B AE€Hb NiTHBOrO COHLLECTOAHHS.

HaiipoBLa Hiy — TpannAeTbCA B 4€Hb 3MMOBOIO COHLECTOAHHSA.

®a3u Micaua — pi3Hi dopmn BUANMOIT YaCTUHM MOTro NOBEPXHi BNIPOAOBXK reoOLeHTPUYHOro
pyxy.

CoHAYHe 3aTeMHeHHA — NOKpuTTA MicAuem coHAYHOro Aaucka, koau CoHue, Micaub
i 3emMnA po3TaWoOBYOTLCA HA OAHIN NiHil.

MicAyHe 3aTeMHeHHA — noTpanaaHHA MicAaua B 3emHy TiHb, Koan CoHue, 3emna Ta Micaub
nepebyBatOTb Ha OAHIN NiHil.

MPOTUCTOAHHA NNIAHETU — MOJIOXKEHHA BEPXHbOI NJIAaHEeTU, WO AOCAraETbCA B MOMEHT il
nepeTuHy NpoaosKeHHA niHii CoHue — 3emna.

Edekt [onnnepa — 3MiHa iCTUHHOI AOBXWHWU XBUJi (YM YACTOTU) BUNPOMIHIOBAHHSA
PYXOMOrO A)Kepena BigHOCHO «KHEPYXOMOro» cnocrepiraya.

5. Yac i kaneHdap

Doba — ycepeagHeHe 3HaYEeHHA TPMBANOCTI Yacy MiXK ABOMA Ky/bMiHauismn CoHus.

3emMHa npeuecia — 3MiHa HanpAMKy oOci obepTaHHA 3emni y nNpoCTopi BHACNIAOK
npunaueHoi aji CoHua Ta Micauya.

3miHa aatv BiabyBa€eTbCA Nig Yac NnepeTMHy 3eMHOro mepuaiaHa 3 gosroTtoto A = 180°: 3i
CXOAy Ha 3axif; y pa3i 3BOPOTHOrO HaNPAMKY — AaTa 3MIHIOETbCA Ha BYOPALLHIO.

KaneHgap — cuctema niubm TpmBanmMx NPOMIXKKIB 4acy, wo 6a3yeTbcA Ha MNEBHMUX
nepioguyHUX pyxax cBiTu.

KOniaHCbKMMA piK — MmicTUTb 365,25 ai6: TpK poku no 365 i oanH BUCOKOCHUI — 366 Aib.
Hawa epa — nitouncneHHs, wo BeaetTbca Big Pizdsa Xpucmosozo, B sIKOMY BiafiK
NMOYNHAETLCA 3 1-10 (a2 HE HY/IbOBOIO) POKY.

JNliTouncneHHA — NPOMIXKOK Yacy Big, NeBHOro pernaMeHTOBAaHOro NOYaTKy BigJ/liKy POKiB.
XpoHonoria — NocNniA0BHICTb NEBHUX r€0N0TIYHMX, aCTPOHOMIYHUX M ICTOPUYHUX NOAIN.

6. BunpomiHo8aHHA KOCMiYHUX 06’ekmie

3opAHa Be/MUMHA — HECUCTeMHa OAMHWUUA MIPU OCBITNIEHOCTI, AKY CTBOPIOE MNEBHe
ACTPOHOMIYHE AXKepeno B MiCLe3HAX04KeHHi cnocTepiraya.

Mi)XHapoaHMA aCTPOHOMIYHUIA COKO3 — FOJIOBHMIN KOOPANHATOP AiANbHOCTI aCTPOHOMIYHOT
CNiNbHOTM BCbOTO CBIiTY, 3aCHOBaHWUI B innHi 1919 p. B bptocceni (benbria).

Ab6contoTHa 30pAHA BeIMYUHA — 30PAHA BE/IMYMHA, AKY MAE CBITM0 Ha BigcTaHi 10 nk.
Mixk3opsiHe NOrNMHAHHA — 36iNblUEHHS 30PAHOT BEIMYMHU BHACNIAOK NOM/IMHAHHA CBIiT/a
PEYOBMHOLO, WO PO3TALIOBAHA MiXK CBITUIOM i CrOCTEpirayem.

bonomeTpuyHa 30pAHaA Be/IMUMHA — 30pAHA BeAMYMHA, AKY 6 Mano cBiTMNO nig uyac
CNoCTepeXeHb MOro B YCbOMY Aiana30Hi eNeKTPOMarHiTHUX XBU/b.

CBiTHiCTb — KiNbKiCTb BUAiNEHOI eHeprii CBiTMAA 3i BCiEl MOro NnoBepXxHi B O4MHULLIO Yacy.
TepmoguHamiyHa piBHOBara — cTaH i3MYHOI CUCTEMM, AKMA OOCAraeTbCA B ymoBax i
i30/1b0OBAHOCTI Bif, OTOYYHOYOro CepefoBMLA Ta HE3MIHHOCTI 06’eMy, KOAW 3anMLLIAOTLCA
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HE3MIHHMMW OCHOBHI TEPMOAMHAMIYHI XapaKTEPUCTUKU, OO0 AKUX HanexaTb, 30Kpema,
TemnepaTtypa Ta TUCK.

A6coNIOTHO YOpHe TiNo — disnyHa cucTema, AKa NOrNUHAE 3a Byab-AKOI TemnepaTypu Bce
e/leKTPOMarHiTHe BWMNPOMIHIOBAHHA, AKe Ha Hel Naja€, AOoCArae TepMOAUMHAMIYHOI
PiBHOBArn 3 OTOYYHOYOK CTIHKOK (4M cepenoBULLEM, HAaNPUKNAA, AK Y Hagpax 3ip), wo
NpU3BOAUTL A0 BCTAHOBNEHHA MEBHOI TemnepaTypu, AKAa BW3HAYAE NEBHWUIN PO3MNOAIN
rYCTUHM MOTYXHOCTI NO0Aa/IbLLOr0 BUNPOMIHIOBAHHA Ha LWKaNi e/IeKTPOMArHiTHUX XBU/b.
EdeKkTmBHa Temnepatypa — BiANOBIAA€E BUKAKYHO 3HAYEHHIO TemnepaTtypu Tifa, WO
BMMNPOMIHIOE IK aBCONOTHO YOpPHeE TiNo.

Anbbepo — BigHOLWEHHA MOTOKY BiAOMTOro YW pPO3CiAHOrO noBepxHeto 06’eKkTa y BCiX
HaNpPAMKax 40 TOro, WO HaAiNLWOB 330BHi.

YACTUHA 2
7. AcmpoHomiyHi 3acobu cnocmepexceHb

Mo3unuiiiHi cnocTepeXXeHHA — BU3HAYaloTb KOOPAMHATU CBITUA Ha MEBHMIA MOMEHT Yacy.
MaHopamHe pgeTeKTyBaHHA — N06yA0Ba 306paKeHb KOCMiYHUX 06’ €EKTIB B Pi3HMX
Aiana3soHax XBWU/b.

doTomeTpUUHI cnocTepeXKeHHA — NPoBeAEHHS BUMiIPIOBaHb EHEPreTUYHUX XapaKTePUCTUK
No/siA BUMNPOMIHIOBAHHA.

CneKkTpopOTOMETPUUHI CNOCTEPEIKEHHA — NPOBEAEHHA BUMIPIOBAaHb CMEKTPIB MNOM/IMHAHHSA
YN BUNPOMIHIOBAHHA, LIAAXOM OAEP)KAaHHA 3a/eKHOCTI iIHTEHCMBHOCTI AxKepena Big,
DOBXWUHU XBUNI.

MonapumeTpuuHi cnocTepe)keHHA — MNPOBEAEHHA BUMIPIHOBaHb CTyNeHA nonspusaLii
CBiT/1a Ta KyTa 3aBOPOTY NJIOWMHN NONAPU3aALLi CBiT/NIa B MPOLECi MPOXOAXKeHHA Moro yepes
ONTUYHO-AKTUBHI PEYOBUHMN.

AnepTypa — Aitounii OTBip TeNeckona, Wo BM3Ha4Yya€e Moro poboyy naolLy NoBepxHi, yepes
AKY NPOHMKAIOTb KBAHTU €/IEKTPOMArHITHOrO NOAA.

Po3ainbHa 34aTHICTb — rPAHUYHKUIA KYT MiXK TOYKammM HebecHOi chepu, MeHLe AKOro BOHM
CNPUNMAIOTLCA IK HEPO3Ai/bHI.

8. Bu3Ha4yeHHA pyxy ma 2ceomempuyHux siocmaredii

TemHa matepia — cybcTaHUif, AKa HEe B3aEMOJIE 3 €/1eKTPOMArHiTHUM BUNPOMIHIOBAHHAM
(TobTO BOHa € «HEBUAMMOIO», @ NPOABAAETLCA NMLIE 3aBASKMU rPaBiTaLiiHiN B3aemogaii abo
3 oTo4yuYMMM Ti 06’eKTamu, abo 3 poToHamu cBiTna).

BnacHuii pyx — 3miHa KOOPAWHAT CBITUA YNPOAOBXK POKY.

PiuHMiA napanakc — KyT, Nig4 AKMM CMNOCTEpPIraeTbCA YycepeaHeHUM pagdiyc 3eMHOoil
HAaBKONOCOHAYHOI 0pbiTK 3i cBiTMAA.

NMpomeHeBa WBUAKICTb — 3MiHa BiACTaHI 40 CBiTWU/1IAa BNPOAOBK CEKYHAMN.

Anoreu — TO4YKa HaBKO/103eMHOI 0pbiTK Tina, HaMBiaAaneHiwa Big, ueHTpa 3emni.

Mepureit — TouKa HaBKOJ1I03EMHOT Op6ITH Tina, HaMbAMXKYA A0 LEeHTpa 3eMAi.
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9. YcTaHOBNEHHA 3aKOHiIB opbiTanbHOro pyxy

OpbitanbHuUit pyx cBiTUA BiAOYBaETLCA Nif, Ai€0 BCECBITHLOIO TAMKIHHS.

MNepwui 3akoH Kennepa: nnaHeTta (SK iCTOTHO MeEHLI MacCMBHE Ti/fI0) PyXaeTbCa Mo enincy,
B 04HOMY 3 $OKYCiB IKOro po3stawwoBaHe CoHue (4M iHwWe 6inbl MacuBHe Tino).

Opyrnii 3akoH Kennepa: pagiyc-BeKTOp NAaHeTU 3a PiBHI MNPOMIXKKM 4Yacy Onucye
pPiBHOBENMUKI NAOLL,.

TpeTihi 3akoH Kennepa: KBagpaTu nepiogis ob6epTaHHA nnaHeT HaBkono CoHus
BIAHOCATLCA AK Kybn BeNnKMx nisocen ix opbir.

Mepwa KocMiyHa WBMAKICTb — MiHIMaNbHO AOCTaTHA WBMAKICTL ANA PyXy NO KONOBIM
opbiTi HaBKOO iHWOrO (LLEHTPANbHOIr0) KOCMIYHOrO TiNa.

Apyra KOCMiYHa WBMUAKICTb — MIiHIMAanbHO [AOCTAaTHA WBWUAKICTb ANA NOAO0JMAHHA
rPaBiTALIMHOrO TAXKIHHA LEeHTPaNbHOrOo TiNa.

EkcueHTpucuteT opbiTH — UNC10Ba XapPaKTEPUCTMKA, LLLO XapaKTePU3YE il BUTATHYTICTb.

10. lMpami susHavyeHHa mac i padiycie

Maca — Mmipa rpasiTauiliHoi B3aemogji (B K/JaCU4YHIM MexaHiui) um eHeprii cnoKkoto
(B pensaTuBICTCbKI MmexaHiu,).

Cnekna B POKyci Teneckona — agudpakuiiHe 306pa*KeHHs CBiTWUNA, AKe € pe3y/ibTaTOM
Moro nobyaoBM ONTUYHOK CUCTEMOLO: NiH3a (HEOAHOPIAHICTL B 3eMHit aTmocdepi) —
cMcTema A3epKan Teneckona.

3opAHUN iHTepdepoMeTp — ONTUYHMIA NPUNaL, AKUIA AAE 3MOTY BM3HAYaTM BiACTaHi MiX
TICHUMW 30PAHUMM NAPaMM, KYTOBI pO3MipK 3ip Ta BUBYATU PO3NOAIN IHTEHCMBHOCTI CBITNA
no ix NnoBepxHi, 6a3youncb Ha BNIAaCTUBOCTAX iHTepdepeHLi.

KorepeHTHIcTb €BiTNa — B3aEMHA Y3roAKeHiCTb Y Yaci CBITJIOBUX KOJIMBAHb Y Pi3HUX TOYKAX
NPOCTOPY, AKa XapaKTEPU3YE IX MOXKAMBICTb 40 iIHTepdepeHLi;i.

Fopu3OoHTaNbHUM NapanakKkc — KyT, Nig AKMM BUAHO 3 KOCMIYHOrO TiNa paaiyc 3emni.

NpAame BU3HAYEHHA MaC OCHOBAaHeE BUKJKOYHO HA CMOCTEPEXEHHI PyXy KOMMOHEHTIB
NOABIMHUX CUCTEM.

11. BusHa4yeHHA acmpogi3udyHUX XapaKmepucmuk

Woao TepmiHonorii — A0UINBHO BiAPI3HATU TEPMIHN €NEeMEHTHUN Ta XiMIYHWIA CKNag, Aae
y Nepwomy BMNaaKy MAETbCA NPO HAABHICTb MEBHOrO XiMIYHOrO e/1eMeHTy YK 1oro aaep
(AKy Hagpax 3ip), a y APYromy — He Ti/IbKM CaMUX e/IEMEHTIB, a U Monekyn (fKk B
aTmocdepax KOCMIYHUX TiN1 YN MiXK3OPSHUX XONOAHUX XMapax).

JlokanbHa TepMmoAMHaMIYHaA piBHOBAra — CTaH CUCTEMM, B AKIN 3a/INLWLIAIOTLCSA HE3MIHHUMM
B YaCi MaKpOCKOMiIYHi TepMOAMHAMIYHI BEIMYMHU (A0 AKUX HanerKaTb TemnepaTtypa, TUCK
TOoWwo) B 0bMerkeHoMy 06’ emi.

3akoH CredaHa—bonbumaHa — BWU3HAYAE 3a/IEXKHICTb TYCTUHWU MOTYKHOCTI BUMNPOMI-
HIOBaAHHA abCONOTHO YOPHOrO Tina Big MOro TemnepaTypu.

3aKOH 3MilWeHHA BiHa — BCTAHOB/IIOE 3aNEXHICTb MiXX [OOBMUHOK XBUJi €NeKTpo-
MarHiTHOro BMNPOMIHIOBAHHA, Ha AKIA MOTIK BUMPOMIHIOBAHHA abCONOTHO YOPHOro TiNa
nNeBHOI TemnepaTypu LOCATAE CBOr0O MaKCUMYMY.
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CoHAYHA cTana — BM3HAYA€E OCBiTAEHICTb 3emni CoHuemM 3a mexXamu 3emMHOi aTtmocdepu,
AKY 3a3BUYall BUPAXKALOTb B EHEPTreTUYHMUX OANHULAX (@ He B /IFOKCAX).

CnekTp 3ip — CKNAJAETLCA 3 ABOX CKIAAO0BMX: HENEPEPBHOro PO3noAiny eHeprii B CNeKTpi
doTocdepu Ta NiHiM NornMHaAHHA abo BUNPOMIHIOBaHHS.

YACTUHA 3
12. PisHomaHimHicmb KocmiyHUX min 'y Bcecgimi ma ix Knacugikayin

KinbKictb KOCMiUHMX Tin y BcecBiTi O4iKyeTbCA O4HOrO NOpPSAAKY 3 4Ynciom ABoragpo —
~ 1071

KocmiuHi Tina pisHATbCA 33 KAOYOBMMU XapaKTEPUCTMKAMW Bif, AECATKIB A0 MiNbAPAIB
pasis!

Knacu cBiTHocTi Ha AP — Biga3epKantotoTb NOPIBHAHI PO3MIPU KOCMIYHUMX TiN, a He iX
Macu.

30pi — BMAINAIOTb B OKPEMMIN KAaC 4yepes HafABHICTb B iX HaApax NPOTOH—MPOTOHHOro
LUMKNY ALEPHUX PEeaKLiN.

MnaHetTn — BUAINAIOTL B OKPEMMUM KNac 4vepes AOCTATHIO Macy ANA CTBOPEHHA YMOB
NPOXOAKEHHA TrpaBiTauinHoi AgudepeHuiauii — nepeposnoAiny rycTMHU KOHraomMmepaTy
NAaHETHOI pe4YOBUHM B340BX paaiyca nig Aieto camorpasiTauii.

Cy630pi — NPOMIKHUI KNAC KOCMIYHUX TiN MiXK 30psAIMM Ta NJIAaHETAMM.

13. 3o0pi ma CoHye

CoepuuHa dpopma 3ip — obymoBneHa piBHOBArow Aji cun rpasiTauii Ta rasoBoro TUCKY
i BUNPOMIHIOBAHHSA, AKi € HAC/IIAKOM HAaABHOCTI BJIaCHOIO AXepena eHepril.
Pi3HOmMaHiTHiCTb 3ip — o06ymoOBNEHa Ppi3HMMW Macamum W eNIeMEeHTHUM CKNagoMm,
MeXaHi3Mamm nNepeHocy eHeprii B iX Haagpax, TEMNOM 30PAHOrO BITPY.

CoHue — T1MnoBa 30pa ronosBHoI nocnigosHocTi AlP.

doTocdepa — 30BHILIHINM AP 30pi, AKMIN OKPEC/IIOE Ti BUANMMUIN AUCK

14. Cy63o0pi Ui nnaHemu

Cy630pi — He MICTATb YMOB Y LLEeHTPanbHUX obnactax ans nepebiry NPOTOH-MNPOTOHHOMO
LUMKNY ALEPHUX PEeaKLN.

Atmocdepu cyb3ip — MICTATb XMapK Ta MOXKYTb XapaKTepu3yBaTUCA NEBHOKO CBOEPIAHO
METEeOPO/IOTiElD.

MnaHetn — dopmytoTbCA Y BiANOBIAHUX 30HAX NPOTONNAHETHUX AMCKIB, HA XIMIYHUI CKNag,
AKMX BMN/IMBAE pajiafibHa AndepeHLialia peyoBMHMU, WO i BU3HAYAE YTBOPEHHA MEBHOTO iX
KNacy 3 XapaKTepPHOIO rYCTUHOIO.

Ffopu Ha nnaHeTax — MOXKYTb C/YryBaTM MNapamMeTpoOM BIAXWIEHHA Bi4 rigpocTaTUYHOI
piBHOBarn (WO XxapakTepusyeTbcs cepuyHoO GOpMOID) Ta BM3HAYATM MiHIMaNbHY
NAaHeTHY Macy, BPaxoBYyHOUM, WO iX BUCOTA B LLbOMY BUMAAKY MAaKCMMa/bHA.
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ATmocdepn nNaHeT: HaABHICTb 3a/IeKUTb Big, NJIAHETHOI Macu Ta Big BiACTaHI [o
LEHTPaNbHOro TiNa; XiMiYHUIM CKNag, € NOXiAHOK pe3ynbTaTy pagiafbHOI AndepeHuiauii
NPOTON/IAHETHOrO AUCKa.

MnaHetn COHAYHOI cucTeMM — Bif,0OPaXKatoTb 3arasibHi BNAaCTUBOCTI Knacudikauii i nnaHer,
i ix aTmocoep.

15. Benuki nnaHemu CoHAYHOI cucmemu

Benuki nnaHetn — Ti, WO po3TawoBaHi Hanbamxkye go CoHuA Ta CXOXi 33 ¢QisMUYHMMM
BN1ACTMBOCTAMM Ha 3em/to, a TaKOX Ti, WO Ha nopagokK i binbwe nepebinblwytoTb ii 3a
Macolo.

MnaHetn 3emHoi rpynu: MepKypii, BeHepa, 3emns i Mapc — HaMbinblw Ccxoxi 3a
bI3MYHUMM XapaKTEPUCTUKAMM | BHYTPILWHbOK OyA0BOK Ta BiAHOCATLCA A0 CUAIKAaTHOro
T™™Mny.

MNnaHetu-rirantn: tOnitep, CatypH YpaH i HenTyH — nepwi ABi BigHOCATbLCA A0 BOAHEBO-
reni€eBoro TMny, OCTaHHI — 40 NbOAAHMUX FraHTIB.

BenuKi cynyTHUKM NNaHeT — MaloTb A4PA, AK i Y BEJIMKUX NNAHET.

16. Kapnukosi nnaHemu ma mani mina

KapaukoBi nnaHeTn — matoTb fgpa, Ha TPU-N'ATb NOPSAAKIB 6inbll MacMBHI 32 MiHIManbHi
MaCK Ta He BIAHOCATLCA A0 BE/IMKUX NAaHeT.

Mani Tina — actepoign, kometn Ta meteopoian COHAYHOI cucTEMMN.

Actepoign — HeBenuKi 3a po3mipamn Ta macoto HebecHi Tina CoOHAYHOI cucTemmn pi3HOro
XiMmiYHOro cKnagy.

Merteopoigu — miHi-acTepoigm 3 poamipamu meHwe 30 m.

KomeTtu — HeBennKi 1boasAHO-KaM’ siHi Tina.

fonoBHMIA nosAc acTepoigiB — 30cepedyKeHHA HEBENUKUX TBEPAUX KaM AHUCTUX Tin
y COHAYHIN cncTemi mixk opbiTamun Mapca i FOnitepa.

KeHTaBpu — 30cepefrkeHHA MeHLWMX 3a Kap/JIMKOBI NAaHeTW, AK MpaBuMao, CUAIKATHO-
nboAsHUX Tin y COHAYHINM cucTemi mixk opbiTamum HOniTepa Ta HentyHa.

MNosc Konepa — 30cepeKeHHA HEBE/IMKMUX TBEPANX CUNIKATHO-NbOAAHMX TA NbOAAHUX TiN
y CoHsuHIN cuctemi 3a opbiToro HenTyHa.

Xmapa Oopra — 30cepegKeHHA manux Tin y COHAYHIN cncTemi 3a mexkamm noscy Konnepa.

YACTUHA 4
17. Knacudgpikayin 3o0paHUx cucmem

30pAHi cucTemn — rpaBiTaliiMHO 3B’A3aHi 30pi Ta iHLWI KOCMIYHI CMCTEMM PI3HOrO CTyMeEHs
iEpapxii.

30pAHi CKyNYeHHA — 30PAHI CUCTEMM, KOMMNOHEHTU AKMUX MAlOTb CMiJibHE MOXOAMKEHHSA 3
06MeXKEHNUM YaCOM iCHYBaHHS.

3opAHi (Hapg)acouiauii — 30pAHi cucTeMu, AKi YTBOPKOKOTLCA B MICUAX Y¥Ke ICHYHUMX
30cepenyKeHb 3ip, MatoTb CMiJibHE MOXOAKEHHA 3 06MeXeHMM YacOM iCHYBaAHHS.
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3akoH Xab6na—/lemeTtpa — KOCMOOTYHUI edEeKT, WO ONUCYE PO3LIMPEHHA BCECBITHLOIO
NPOCTOPY, HAaCNiAKOM AAKOrO € cnocTepexXyBaHe po3biraHHA (rpyn) ranakTuk.

18. MooduHoKi ma KpamHi 30pi Ui cyb630pi

KpatHi 30pi — 30pAHi cuctemm 3 OOMEXKEHMM YUCAOM KOMMOHEHTIB CMiIbHOrO
NOXOAXKEHHSA, cepes AKMX € 30pi Yn cyb3opi.

Knacuoikauia KpaTHUX 3ip — 3aneXunTb, AK NPaBUO, Bij BigLaneHoCTi 40 HUX Ta OpieEHTALT
opb6IT i KOMMOHEHTIB A0 CNOCTepiraya, a TaKOXK Big, NiHIMHOI BiACTAHI MiXK KOMNOHEHTaMM
NOPIBHAHO 3 PO3MipaMn CAaMUX KOMIMOHEHTIB.

MoporkHuHa Powa — 061acTb HAaBKOO 30pi, 30BHILLUHIM KPaEM SIKOT € NOBEPXHA PIBHOrO
rPaBiTaLiMHOrO MOTEHLiaNy, AKa MICTUTb NepLly TOYKY JlarpaHKa.

Touku JlarpaHXKa — N'ATb NOMIOXKEHb HAaA/Erkoro Tina B CUCTEMi ABOX MACUBHUX Tin, Ae
BOHO BiAHOCHO HMX 3a/IMLLAETLCA HEPYXOMUM. lNepLlia TouyKa JlarpaHka po3TalloBaHa Ha
NIHIT MiXK UMMM ABOMA MAaCUBHUMMU TiSlaMM.

19. MNnaHeTHi cuctemm

MnaHeTHa cuctema — OKpPeMMM BMNAZOK MOOAMHOKOI YM KPATHOI 30pi, A0 CKAady AKOl
BXOAMTb Xo4a 6 ogHa nnaHeTa.

MpoTonnaHeTHMIA AUCK — HapaHilWa eBO/OLiMHA CTaAiA NAaHEeTHOI CUCTEMM.

FapAauyi onitepu — KopoTkonepiognyHi (1-2 Aobu) BogHEBO-renieBi NNaHETH.

Kpuxki nnaHetn — pi3HOBMA, rapsaymx tonitepis 3i WinbHicTO HMK4Ye 0,5 r/cm® (rapaunit
CaTypH) 3a paxyHOK CU/IbHOrO PO3irpiBy LEeHTPasbHUM CBITM/IOM, WO BeAe A0 36iNblueHHSs
X po3mipis.

MnaHeTa-cupoTa — pPi3HOBMA, €K30MNAHEeT, SIKMW CNoCTepiraeTbcA 6e3 LEeHTPasbHOro
cBiTUANA.

SETI-KaHamnpatn — 3emnenoaibHi nnaHeTy, Wo nepebyBatoTb B «30HI KUTTA» Ta MalTb
AOCTaTHIM BiK ANS He TiNbKU 3apPOAXKEHHA Ha iX MOBEPXHi KUTTA, @ N AOCATHEHHA MOro
pPO3yMHOi popmu.

20. 3opsaHi ckynyeHHA U acoyiayii

Po3cifiHi 30pAHI CKynueHHA — 30pAHI CUCTEMU HENpPaBU/IbHOI GOPMU, IKi YTBOPIOOTHCA B
noni (gMCKy) ranakTuk.

KynsacTi 30pAHi cKynueHHA — 30pAHi cuctemn chepunyHoi Gopmu, AKi yTBOPIOKOTLCA B raso
ranaKkTuK.

OB-acouiauii — npoTAXXHi 061acTi B 06/1aCTAX 30pEYTBOPEHHSA, B AKMX CNOCTEPIratoTbCs 30pi
cnekTpanbHUx Knacis O Ta B.

T-acouiauii — npoTaXHi 06/1acTi B 061acTAX 30PEYTBOPEHHS, B AKMX CNOCTEPIraloTbCA 30pi
Tmny T TenbuA.

R-acouiauii — obnacTi, B AKMX CnocTepiraloTbCcA 30pi CnekTpanbHUX Knacis Big O go A2
3 BiAOMBHMMM ra30BMMU TYMAHHOCTAMM.
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21. Nlanakmuku

FaNaKTUKKM — HaliMACUBHILLI 30PAHI CUCTEMM, B AKMUX NPOABAAETLCA AiA TEMHOI MaTepii.
Kap/aMKoBi raIakTUKKU — 30PpAHI CUCTEMM 3 KiNIbKICTIO MEeHLIEe MibApAa 3ip.

AKTUBHI FafiakTUKMU — 30pPAHI CUCTEMM 3 HACTINIbKM MOTYXKHOK CBITHICTIO, WO He MOMXKe
IHTEepnpeTyBaTUCA 33 PAXYHOK 30PAHUX AXKepen eHepril.

cD-ranakTmMKkmM — HaMmmacuKBHiILLi Ta HaMbiNbLLI 33 PpO3MipammM eNinTUYHI FaIaKTUKN.
LoMiHylOoUi raNakTUKKN — HaNBIiNbLLi 33 MacOO raflakTUKKM, AKi cnocTepiratoTbCA B rpynax i
CKYMYEHHAX raNaKkTuK.

HapmacuBHiI YOpHi Aipu — caAratoTb mac 10°-10" M i TpannaoTbCA B LeHTpax MacuBHUX
ranakTuK.

22. O6’eOHaHHA 2a1AKMUK y pi3Hi pieHi iEpapxiyHUX cmpykmyp

bapioHHa maTepia — cknagaeTbca 3 6apioHiB (MPOTOHIB, HEATPOHIB) | ENEKTPOHIB.
®i3nyHMNIA BaKyym — NPOCTIip, LLLO MICTUTb BipTYya/ibHi YaCTUHKM (AKi 3'ABNAIOTLCA Napamn Ta
BiZlpa3y aHiriNtoTb) | HE MICTUTb peasibHUX eNeMEHTAPHUX YaCTUHOK.

EMHLWTEeHIBCbKA CM1A — TPAKTYETbCA 3aKOHOM BCecBiTHbOrO BiALITOBXYBaHHS.

PerynapHi i1 ipperynapHi CKynuyeHHA ranakTMK — MalTb Ta HE MaloTb O03HaKu
yNopsiAKOBAHOI CTPYKTYPW BigNoBiagHO.

HapckynueHHA ranakTMK — MaloTb O3HAKM YNoOpsAAKOBAHOI «AMCKONOAIOHOI» CTPYKTYpM
(AK y ANCKOBUX ranakTuK) Ta NposBy Aii 3akoHy Xabbna—/lemeTpa.

linepcKynueHHA ranakTUK — MaloTb «IUCTONOAIOHY» abo He BU3HauyeHy (ipperynapHy)
dopmy.

Komipuacta crtpyktypa BcecBity — BesmMkomacwTabHa HeOAHOPIAHICTb NPOCTOPOBOrO
pPO3NoAiNy ranaktuk i ix o06’eaHaHb pi3HOro cTyneHA iepapxii, 6inbwa YacTUHA AKUX
30cepenyKeHa B NepeTuHKax KOMIpPOoK, MiXK SKMMM PO3TallOBaHi BENNKI NOpOXKHedi (Bonan).
MpocTtopoBo-yacoBa CTPyKTypa BcecBity — cnoTBopeHe CNpUMHATTA BeMKOMaclTabHol
6ynoBuM MeTaranakTMKM 4yepes CKiHYEHHICTb LWBMAKOCTI CBiTAQ, Koau b6inbl BiaganeHi
KOCMiYHi 06’€KTM cnocTepiratoTbca Ha Binbl paHHIN (HiXK Yy noaanbwomy) ctTaaii eBostouii.

YACTUHA 5
23. CoHAYHA cucmema ma ii oKonu

Kocmorpadia — nigpo3ain 30pAHOI acTPOHOMII, WO BWMBYAE TPUBUMMIPHY CTPYKTYpY
MeTaranaktmku Ta BececsiTy B Linomy.

CoHAYHA cucTema — MNaaHeTHa cucTema, fAKka BKAtoYae CoHue — LeHTpanbHy 30pH0 i BCi
KOCMiYHi 06’€KTH, AKi MOro OTOYYHOTb.

AcTepoigHMK NOAC — 30HA B MJIAHETHIM CUCTEMI, A€ pPO3TalIOBYHOTLCA POi acTepoisnis,
MeTeopoiaiB, MOXYTb OYTU B HAABHOCTI Kap/IMKOBI NAaHEeTH, afe BiACYTHI BENINKI NnaHeTw.
MixKnnaHeTHUN NUA — MiKpomeTeopu 3 po3mipamu meHwe 0,2 MKM, WO TypPTYOTbCA A0
NAOLWMHKN OPBIT BENUKUX NNAHET NIAHETHOI CUCTEMM.

3opiakanbHe CBiITN0 — NposB Ha HebecHin cdepi HAABHOCTI MiXKNNAHETHOrO nNwUAy
B COHAYHINM cucTeMmi.
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Mpokcuma — Hanbaumkua 30pa ao CoHus (1,83 nk), AKa € Hambinbw BigganeHUM
KOMMNOHEHTOM MOTPiNHOI cnctemun Anbda LieHTpaBpa.

Mpokcuma b — HalbanKya eksonnaHeta Ao COHUA, € KOMMNOHEHTOM MJIAHETHOI CUCTEMM
3 LLeHTpaabHOtO 30peto MNpoKeuma.

FanaktMuyHe none — obnacTti B AUCKY [anakTuMKK, Ae 3ocepeakeHi 30pi, cybopi Ta ix
CUCTEMMU, AKI HE BXOAATb B *KOAHI 30PAHI CKYNYeHHA.

Mosc N'ynpga — NposB 30cepeyKeHHA ACKPaBUX 3ip (3 30pAHOI0 BEIMYMHOIO AcKpaBiwe 4™),
NAOLWMHA IN'YPTYBAHHA AKMX He 36iraeTbCA 3 ra/lakTMYHOO NIOLMHOMO.

Bigrany)xeHHAa OpioHa — 10Ka/IbHA NepeMmnyKa MiXK ranakTM4HMMKM pyKaBamu CTpinbua Ta
Mepcesn, B cepeanHi Akoro po3sTtawosBaHe CoHLe.

24. Hawa 30paHa cucmema

Fanaktuka (Monounum LLUnax) — 3opAHa cMctema HalBULLOrO CTyneHaA iepapxii, A0 cknaay
AKOI Hanexutb CoHAYHA cnctema.

Hawa 3opaHa cuctema — aNaKTMKa 1 OTOUYIOYI iT FaNaKTUKK-caTeNiTH.

Banp)K — 34yTTA LeHTpanbHoi 06nacTi FanakTUKN.

Mepemunuka FanakTMKM — uUeHTpanbHa BUTArHyTa 06nacTb B cepeAnHi Ganaxy, 3 sKoi
6epyTb NOYaATOK raNakTUYHI cripanbHi pyKasu.

HasKonospgepHa obnactb MANAaKTUKU — BKAKOYAE HAAMACUBHY YOPHY Aipy, OTouytoui ii
MEHLI MaCMBHi YOPHI Aipu-caTeniTi Ta 3BMUaiHi 30pi, Lo 06epTaoTbCA HABKOJIO Hel.

DucK MNanakTMkm — 061acTb, AKa BU3HAYAE il NNacKy CKNaaoBsy.

Fano NanakTUKKM — CTpyKTypa chepuyHOi CKNa[oBOi, fIKa Biga3epKaNtoe 3arasibHi eTanu
raNakTUYHOI eBOIIOLIT.

Mo3aranakTuU4Hi caTeniTapHi NOACUM — TpULWAPOBA CTPYKTYypa MPOCTOPOBOro pPo3noAiny
ranakTUK-caTeniTis.

Fanaktuka y Beankomy MNci — HalibamKua o CoHAYHOI cuctemmn (8 KNK) Ta HaMbaMKYa Ao
ueHTpa MNanaktuku (10 KNK) ranakTuKa-caTenir.

25. Micyeea 2pyna 2anaKkmuk

Micuesa rpyna — BigoKpemneHa npoctopoBa obnactb giametpom 1,5-2 MnK, oCHOBHUMMU
CKNagoBMMKM fKOi € ranaktmkm MonoyHun LWnax i TymaHHicTe AHgpomean 3 ix
OTOYYIOUYNUMU FalaKTUKaMU-caTeniTamu.

Niarpyna MonouHoro Wnaxy — Hawa 3opAHa cuctema.

Miarpyna TymaHHOCTi AHppomegu — OJHOMMEHHA TranakTUKa 3 i ranakTMkamu-
catenitamu. Le we 1 Hanbamxk4ya oo Hawoi 30psaHoi cuctemm nigrpyna ranakTuk.
Nepudepia MicueBoi rpynu — npoctopoBa 06/1acTb, WO BKAKOYAE FaflakKTUKK, WO He
HanexaTb 40 XOAHOI 3 ABOX Niarpyn.

26. Micyeee HaOCKyn4YeHHsA

MicueBe HagCKynueHHA — AnckonoAibHa 061acTb, LLEHTP AKOT PO3TALLOBAHMIN B HANPAMKY
cy3ip’a [isn i go cknagy AKkoi BxoaaTb 6amM3bko 100 rpyn ranakTuK, 3oKkpema MicueBa

rpyna.
Ipyna ranaktuk Maddesa — HanbamKua go Micuesoi rpynu (3,0 Mnk).
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MicueBuit anct — obnacTb pagiycom 611M3bKo 7 MK i TOBLWMHOM, CYMipHOK 3 AiaMeTpom
TUNOBOI TPYNM TraNakTUK, WO BKAOYAE MicueBy rpyny i € cknagosot Micuesoro
HaACKyNYeHHA.

«Papa riraHTiB» — 12 HaMACKPABIWMX FirAaHTCbKUX FaflakTUK rpyn, WO BXOAATb A0 CKAady
MicueBoro nucra.

MicueBuit Komnaekc — obnactb pagiycom 6amM3bko 8 MK, Wo BKAoYae MicueBuit nCT,
B ME)KaxX AKOro MOYMHalTb MPOCNIAKOBYBATUCA «BY3/IN», «BOJIOKHA» Ta «MNOPOXKHEYI»,
XapaKTepHi gna BennkomacwTabHoi 6yaosu BeecsiTy.

CKynueHHA ranaktuk B [liBi — CTPYKTypa, WO CKNA[AETLCA 3 TPbOX rAaNaKTUYHUX rPyn Ta €
LueHTpom MicueBoro HaACKyn4YeHHs.

27. Memazanakmuka

MeTtaranaktmka — 4OCTYyNHa ANA A0CNIAXKeHHA YacTuHa BeecsiTy.

CKynueHHA ranaktuk y Mivi — Hanbamxkye o MicueBoro HaaCKyN4YeHHA; BiACTaHb A0 HbOIo
Big CoHuAa — 19 MnK.

Benukuit ATTpakTOp — HaAMacMBHA rpasiTauiinHa aHomanisa, 90 % AKOi CTAaHOBUTb TEMHaA
maTepis.

linepckynueHHAa JlaHiakea — HalimacuBHiWe 06’€gHaHHS ranakTUK, OO0 CKAady AKOro
BXxoAuTb MicueBe HaaCKynyeHHA Ta Wwe 6aM3bko 100 TaKMX caMmx CTPYKTYpP, BKAKOYAKOYUM i
Bennkni ATTpakTop.

FinepckynueHHa Mepcea-Pub — HabanKue oo rinepckynyeHHA flaHiakea — 77 MnK.
MicueBuii Boiig, — HabamKumMn go Micuesoi rpynn (23 MnK), 30cepemkeHun Mix
rinepckynyeHHAMM JlaHiakea Ta [lepces-Pub i obmexeHunt MicueBum nmctom, Aae
po3TawoBaHa Hawa [anakTukKa.

CTpyKTypa Haibinbw BigaaneHnx KoCcMmiyHMX 06’€KTiB — iCTOTHO CNOTBOpPEHa BHACNIAOK
pyxXy ¢$OTOHIB, WO BOHW BUMPOMIHIOOTb, Y TrpaBiTaULiMHOMY MNOAI MeHW BiagaNeHUX
06’ekKTiB.

28. IcmiHHuli pyx 3emani y KocmiyHomMmy npocmopi

Mepenik pyxiB, B AKMX 6epe y4yaCTb 3eMHMKA CNOCTepiray — He MNEepPeBULLYE KiNbKOCTI
NanbLiB Ha pyKax.

OcboBuid pyx 3emni — BU3HAYAE 3MiHY AHA Ta HOUI.

Pyx 3emni Ta Micaua — B3aemHO 36yprO€TbCA BHACAIAOK Aii NPUNANBHOI CUAN.

Micaub BiaaanAaerbca Big 3emni, WO CNPUYUHAE NOBINbHE 36iNblUEHHA NPOTAMHOCTI
3eMHoT go6Mu.

PiuHuit pyx 3emni HaBKon0o COHUA — BU3HAYAE NPOTAMKHICTb 3€MHOTMO POKY.

Haxun 3eMHOI OCi A0 NNOWMHMN eKNINTUKKN — 36epiraeTbCA BNPOAOBK POKY Yy NPOCTOPI, L0
Bede A0 3MIHW KyTa, Nig AKMM Naga€e Ha NoBepxHi 3emni coHayHe ceitno. Came uA
BNACTMBICTb BU3HAYAE HAABHICTb Nip POKY Ta iX NOBTOPIOBAHICTb 3 POKY B pPIiK.

CoHuUe BNPOAOBXK ra/lIakTUYHOIO POKy — Hepe yyacTb O4HOYACHO B ABOX pPyXax: HABKOMO
ueHTpis noacy N'ynaa i FanakTuku.

Hawa lManaktuka i TymaHHicTb AHgQpPOMeaUn — B3aEMHO 36/IMKYIOTbCA, WO, AK OYiKYETbCA,
npusseae Ao ix 06’eAHaHHA B O4HY raNakTUKy eninTUYHOro Tuny.
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MicueBa rpyna — o4HOYaCHO 11 06epTaETbCs HABKONO LeHTpa MicueBoro HafacKynyeHHs, 1
6epe y4yacTb Y KOCMONOFIYHOMY PO36iraHHi (rpyn) ranakTuk.

YACTUHA 6
29. lMpoyec ymeopeHHA KocmiyHux 06’ekmie

MpoTocuctemun — neplua cTagis eBoNHOLii NEBHMUX BUSHAYEHUX KOCMIYHMX 06’ EKTIB.
MexaHi3m camorpasitauyii — npouec CTUCKaHHA NPOTOCUCTEMM 33 PaXyHOK nepebinblieHHA
ra3oBOro TUCKY rPaBiTaLiMHOO CMOLO.

Mpouec Koarynauii — mexaHiam 31MNaHHA Manux (ra3o) NMAOBUX CTPYKTYP Y BinbLui.

Maca [»kuMHca — MmiHiManbHa Maca ra3oBOro KOCMiYHoro ob’ekTa, 3ara/ibHUiM ra3oBuUiA TUCK
AKOro ypiBHOBAXXeHWI rpaBiTaLinHOK CUNOLO.

LUBnAKicTb 3BYKY — LWBWAKICTb MOLMPEHHA 3BYKOBMX (MO340BXKHIX) XBWUAb Yy MEBHOMY
cepenosuL,.

KackagHa ¢parmeHTauisa — nocnifoBHICTb YTBOPEHHA BCE MEHLU MAaCMBHUX NPOTOCUCTEM
3 BiNbLIMX WAAXOM CamorpasiTaLii.

30. Bid npomoob6’ekmis o 30pAHUX i NAAGHEMHUX cucmem

YTBOPEHHA TaflakTUK Pi3HUX TUNIB — 3aN€XMWTb Big, NOYATKOBMX MOMEHTY iMNynbCy Ta
pO3MoAiny Macu y34,0BXK pajiyca NpoToCUCTEMMN.

3opeyTBOpPEHHA — NpoLec YyTBOPEHHA NPOTOo3ip, NoAasblla eBOAOUIA AKMX 3aKIHYYETLCA
dopmMyBaHHAM 3ip pPi3HOI MacK Ta KPaTHOCTI.

Temn 30peyTBOpPeHHA — LWBUAKICTb, 3 AKOK YTBOPIOOTLCA 30pi (Ta cyb30pi) B 30pAaHUX
CUCTEeMax Pi3HOro BiKy.

MoneKkynapHi Xmapu — ocepefKkn MiXK30pAHOro cepefoBuLLA Pi3HOI MAacK Ta 3 HU3bKOIO
Temnepatypoto, ae lNgporeH nepebyBae B MONEKYASSPHOMY CTaHi, Hanbinbw npuaaTHi ans
npouecy 30peyTBOPEHHA.

YTBOPEHHA KPATHUX 3ip i NAQHETHUX CUCTEM — 3a/1EeXUTb BiZ MOYATKOBOrO MOMEHTY
imnNynbcy NpoTOo3ip.

NepBUHHA PpparmeHTaLifa — NpoLLeC YTBOPEHHA NPOTOCKYNYEHb 3 NPOTOraaKTUK.
HaABHiCTb AMCKA B ranakTMKax — 3a/e€XWUTb Big TeMMNy 30PEYTBOPEHHA Yy BUXigHIN
NPOTOraNakTULi: AKWO ra3 MOBHICTIO BTPAYAETbCA Ha YTBOPEHHA 3ip, B NO4aNblIOMYy He
BMHWKAIOTb YMOBM a1 GOPMYyBAHHA B TaKi cUCTEMI ANUCKA.

Yac cTUCKaHHA NPOTO30pi — 3a71eXKMTb BUK/IKOYHO BiZ, il NOYAaTKOBOI MacK Ta TeMNepaTypu.

31. Esonwoyin 3ip

EBontouia 3ip — 3a/eXUTb Bif iX MOYATKOBMX MacC i HaNIEKHOCTI A0 TiCHMX MNOABIMHUX
CUCTEM.

EBonouif BifOKpeMNEeHUX i TICHUX NOABIMHUX 3ip — NOYMHAIOTb CYTTEBO PO3PI3HATK nicaA
HaCTaHHA CTaAji riraHTiB Y KOMMNOHEHTIB CUCTEM.

3opi — npupoaHa «dpabpuKa» yTBOPEHHA XiMIYHUX €€ MEHTIB.
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flaepHe ropiHHA B Hagpax 3ip — BigOyBa€eTbcA Mig 4ac nepebyBaHHA 3ip Ha cTagiax
rON0OBHOI NOCNIAOBHOCTI, cybriraHTiB i riraHTiB giarpamu MNepuwnpyHra—Paccena.
YTBOpEHHA aaep XiMmiYHUX eNleMeHTiB — 3a/1eXKUTb BiJ, NOYaTKOBOI Macu 30pi.

YTBOpEeHHA BaXKKux agep — Big Kynpymy o KanidopHito B MepioanyHin cnctemi XimivHux
enemeHTiB MeHaeneesa BiabyBaeTbcA Nig Yac BUOyxXy 3ip Ha cTagii HaAHOBUX.

YTBOpPEHHA BiaNOBiAHUX 30PAHUX 3a/IULLIKIB — 3a/1€XKMTb BiJ, NOYATKOBMX Mac 3ip.

CoHue — nepebyBa€ Ha CcTagii r0N0BHOI NOCAIAOBHOCTI.

Kap6oHoBO-0oKcuMreHoBuMid 6innii Kapauk — KiHueBa cTagia esonwouii CoHuA.

MoporKHuHa Powa — BHyTPiWHA 06/1acTb, 0bMeXKeHa eKBINOTeHLia/IbHOK NOBEPXHELD, AKA
€ PIBHOAIMHOO rpaBiTaLiMHUX CUA TICHUX NOABIMHMUX KOMMOHEHTIB.

CMM6IOTHYHI 30pi — KOPOTKOTpMBANWIM eTan B €eBOJIOLii TiICHMX KOPOTKONepioguyHuX
NOABIMHUX 3ip 3 MOMIPHMMM Macamu, OAMH i3 KOMMOHEHTIB AKUX nepebyBae Ha cTaaii
riraHTa.

32. Eeonroyia cy63ip i nnaHem

Cy630pi — yTBOPIOIOTLCA, AK | 30pi, LWWAAXOM CamorpasiTaLlil.

MnaHeTn — yTBOPIOOTLCA WAAXOM KOarynauii.

MacusHi rigporeHo-reni€si N1IaHeTU — MOXKYTb YTBOPHOBATUCA LLIAXOM CaMOrpaBiTaLlii.
KopoTKouacHa ctagia eBoatwou,ii cyb3ip — agepHe ropiHHa Oeltepito, Nlitito, FigporeHy, ske
3a/1eXKUTb Bif, NOYATKOBOI 3arasibHOI Macu.

OCHOBHMUIA CTaH cy63ip — CTUCKaHHA NiAg Aieto camorpasiTaLii M oCTUraHHA Haap.
Cy630pi-oKeaHu — NneBHa CTaAin eBOOLLi, KON NOBEPXHIO BKPUBAE PiAKMIN BOAEHD.
YopHui KapanK — KiHLEeBa cTagia eBoatouii cybsip.

MpotonnaHeTn — No4yaTKOBa CTaAia €BONOLii NAaHET, AKa 3aBeplyeTbcA GOPMYyBaAHHAM
LeHTpaNbHOro fgpa, ryCTuHa sikoro 6inblua 3a cepeiHE 3HAYEHHS.

BynKaHi4YHa AiANbHICTb — BUBEPXKEHHA PEYOBMHM MAHTIMHOIO Wapy Ha TBEPAY NMOBEPXHIO
KOpW NaaHerT.

MarHiTHe none naaHeTn — reHepyeTbCcA po3naasieHum Pepymom B ii Aapi.

MnaHeTHi atmocdepu — XiMmiYHUI CKNad 3MIHIOETbCA BNPOAOBX €BOJIOLIMHUX NPOLECIB,
Lo BiabOyBatOTbCA B BEPXHIX LWAPAX N/IAHETM.

33. 3azanbHuii po3sumok Bcecgimy

Kocmonoriunmit 6asuc ana KOCMOroHii — BU3Ha4a€eTbcA HAbopom Pi3UUHNX XapaKTEPUCTUK
i YMOB, AKi CTa/In HacAiAKOM npouecis, WO BiadyBannca y paHHbomy BcecBiTi, Konu e He
YTBOPUANCA KOCMIYHI TiNla Ta 30PAHI CUCTEMMU.

Metoa aHanisy posmipHocteit (y ©¢isuuUi) — BMBYAE YUCNOBI HE3MIHHI BEANYUHU
(iHBapiaHTM) NEeBHOI PO3MIPHOCTI, AKI MOXYTb OYTM OTpMMaHi B pe3ynbTaTi KombiHauil
(MHOeHHA Ta AineHHA) He3anexXHUX Gi3sUYHUX BESIUUMH.

AHirinauia — peakuyia 3HMKHEHHA YACTMHOK i QHTMYACTUHOK B Pe3yabTaTi iIX 3iTKHEeHHA i
nepeTBOPEHHA Ha YNCTY eNeKTPOMArHiTHY eHeprito.

PekombiHauia (B Kocmonorii) — enoxa B eBoJtoLii BcecBiTy, BNPOAOBXK AKOI €N1eKTPOHM Ta
npoToHn popmysanu atomu ligporeHy.
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PeniktoBe BUNPOMIHIOBAaHHA — TeNn0Be BWUMNPOMIHIOBAHHA, AKE BUHWUKIO B €noxy
nepBMHHOI pekombiHauii lFigporeHy.

Mepwi 30pi — KOCMiYHI 06’EKTH, WO YTBOPUAUCA NEPLUMMU NiCAsS NEePBUHHOT peKkombiHauil
Figporeny.

MepLwi ranakTUKK — nepLli 30pAHi CUCTEMMU, AKI YTBOPUAUCA NiCNA peioHi3auii NnepBUHHOro
MiX30pPAHOro rasy.

OnHamiuHa eBoaOLiA — PO3BUTOK i3MYHMX CUCTEM Nig A€ CMAWM rpasiTauii. 30psHi
CKyN4YeHHA B NpoLeci TaKol eBO/ItOL,iT BTPAYatoTb CBOI KOMNOHEHTH, WO BeAe 4,0 NOBHOrO iX
po3nagy.

BennkomacwitabHa CTPYKTypa PO3NOAiNYy ranakTMK — HaCNigoK €BOAtoLUii NepBUHHUX
HEeoO4HOPIAHOCTEN, WO CAPUYMHMUAKM GAYKTyauii B penikToBOMy BUMPOMIHIOBAHHI, fKi
OOCTYNHI ANA cnocTepeXeHs.

34. Mummasa y Bceceimi

3emHi popmu Xutta — cbopmyBannca B NeBHUX Oi3UYHMX YMOBAX, iX iCHYBaHHA —
HayKOBWUI daKT.

3eMHi MBI OpraHi3aMmu — CK/1aZatoTbCA 3 OPraHiYHMX CNoNyK Ha 6a3i KapbHOBMX CMOAYK,
ONA AKUX PO3YMHHMKOM € BOAaA.

EHepria ana QyHKUiOHYBaHHA XUTTA — 3a6e3ne4yyeTbCA COHAYHUM BUMPOMIHIOBAHHAM i
KUCHEeM, Nia aieto AKnx BiabyBaeTbca GOTOCUHTES | 0OOPOTHI Npouecu.

Mo3asemHe XWUTTA — 33 ICTOTHO iHWIX Bi4 3€MHMX YMOB 30BHIWIHbOrNO CcepenosMLLa,
po3rnspatotbeca anbtepHaTnen: KapboHy — Cuniuin, ®ocdop i HitporeH; OKkcureny — Xnop i
Cynboyp; BOAI — aMOHiaK, MeTaH, eTaH Ta N1IaBUKOBA M CUHWU/IbHA KUCNOTH.

3aranbHa B/ACTUBICTb YXUTTA — €BOIOLIA Big MeHW MNPUMITUBHUX A0 Binbli CKAagHUX
dopm.

TpuBanictb XUTTA Ha 3emni — meHwe Biky CoHUA, BiATaK Yy 3eMn1enodibHUX eK3onnaHer,
AKIi po3TaloBaHi B 30HAX MKWUTTA Ta 006epTaloTbCs HABKOJIO 3ip, BiK AKUX MNepeBULLYE
COHAYHUMN, HE CNiJ BUKAKYATHM iICHYBAHHA 6iNbll PO3BUHEHUX LMBINI3aLLiA 32 3EMHY.
Haitbinbw WmoBipHi KaHauMpatM B COHAYHIN cuctemi — nnaHeta Mapc; CynyTHUKMK
OniTepa — €spona Tta CatypHa — TuTtaH | EHyenaa.

No3a3zemHi yusinisauyii — B COHAYHIM cnCTeMI BiACYTHI; 3a il MeXXaMu — He BUABNEHI.

35. Ponb acmpoHomii 8 y3a2anbHeHHi 3HAHb NpPo npupoody

dyHaaMeHTaNbHi  AOCNIAMEHHA — HAyKoBa AiANbHICTb, CNPAMOBAHA Ha BWBYEHHA
K/TFOYOBUX ABULL, NPUPOAMW.

KocmorpadiuHi gocnig)XeHHA — acCTPOHOMIYHA AiANbHICTb, CMPSAMOBAHA HAa BCTAHOBJ/IEHHA
TPUBMMIPHOI KaPTUHM CBITY.

ACTpOHOMIUYHi PpO3pPOBKM — HayKoBi HanpautoBaHHA aCTPOHOMIYHUX OOCANIOMKEHD,
CNPAMOBAHI Ha NPaKTUYHE BUKOPUCTAHHA B MOBCAKAEHHIN AiANbHOCTI.

ACTpOHOMIiYHi 3acobu — ob6nagHaHHA, WO 3abe3neyye nNpPoBeAEHHA aCTPOHOMIYHMUX
cnocTepexeHb.

OCBiTHbO-NPOCBITHULbKA AIANbHICTD — 3axo4M, WO CMAPsSMOBaAHI Ha OAep)KaHHA
ACTPOHOMIYHOI OCBITM Ta NONYNAPMU3ALLIKO ACTPOHOMIYHMX 3HAHb.



NMOKAXYUK TEPMIHIB

ABCONOTHO YOpHe TiNo
AfanTuBHA ONTMKA
AzumyTt
AKpeuinHnit ancK
Anbbepno
Anoren
AnoueHTp
AnnNonoHu
AcTepoigm
AcTtepoigHa Hebe3neka
AcTpoHoMmiyHa (i)
— KOOpAMHaTH
— wuMpoTa
—  0AMHMUA
ACTPOHOMIYHUI
— TOPMU3OHT
— cBiTOrNAA,
AcTpoHOMiIA
— TpW OCHOBHI 3ajaui
— NpaKTU4Ha
— npeamet SOCNIAXEHHA
Adenin

basosa niHia
bapuuyeHTp
bini Kapanku
— Treniesi
— C-0O-
Bbnasapwu
bonign
bonomeTtpuyHa nonpaska

Benuka YepsoHa MNnama
Benuke npotuctoaHHa Mapca
Benunkuit 6innn osan
Beptukan

Bubyx HagHOBMX

BunpomiHtoBaHHA
— YOpPHOTINbHE
Bucota CoHuya
Bisyani3auia
Bicb cBiTy
BnacHi pyxu
— MO NPAMOMY CXOOXKEHHIO
— 1O CXUJIEHHIO
BHYTpilWHIN poToedeKT
Bonau
Bcecsit
— iHnAauinHa mogenb
— MPOCTOPOBO-YACOBA CTPYKTYpa
BcecBIiTHE TAXKIHHA
BcecBiTHIN yac

fa3onmMaoBuin TOp
anaKkTnKK
— QaKTMBHI
= iH$pavepBOHi
= nayeptmam
= pagjo-
= cepepTOBCHKiI
— B3aEMOAitoui
— rasonunosa
— rano
= BHYTPILLHE
= 30BHILUHE
= monoge
= cTape
— TiNepcKyn4yeHHs
—  AOMIiHYOUiI
—  eninTuYHiI
— 3 NepemMunyYKoo
— KamMepTOoHHa Knacudikau,in
— KapJ/IMKOBI
= KOMMAKTHI
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= chepoiganpHi
= YIbTPAKOMNAKTHI
= x066iTK
K/no4yyacTta
NiH30BUAHI
HenpaBWAbHI
niarpynum
caTenitm
cimencTea
CKYMYEeHHA
= ipperynapHi
= perynapHi
cnipanbHi
CTPYKTYpa
= Bbangx
= 6ap
rano
= AWNCK

= cnipanbHUN y30p
cD-
N-

l[anakTn4He none
FaNaKTUYHUI piK
[anaKTU4YHI cKNagosi

naacka

cbepunyHa

LeHTp
caTeniTapHi noAacu
=nepLmni
=Apyrvn

=TpeTin

[anineesi cynyTHUKM
[anibMiBHE BUMNPOMIHIOBAHHA
FapMOHiIYHMI Npouec

lapavi oniTepu

FiraHTCbKMM reKkcaroH
FraHTCbKi MONEKYNAPHI XMapu
lNapocTaTMyHa piBHOBara
FOAMHHUKOBUIA MeXaHi3M

F0N0BHUM cnoCcTeperKHUI 3acib

F0NI0BHMI NOAC acTepoisis
FOPU30OHT aCTPOHOMIYHUM
(maTemaTUyHKUIA)
lpaBiTauiMHa gudepeHuiauin
lpaBiTauiMHI NiH3K

daTtn
— TPUrOpPiaHCHKI
—  HONIIAHCbKI
DedepeHT
xetn
AnHamiyHa eBontouia
Avckn
— HaBKOJ1030pPAHI
—  NpPOTONJAaHeTHiI
[iarpama lNepuywnpyHra—Paccena
[Hi piBHOAEHHA
— BeCHAHe
— OCIHHE
[Hi coHuecToAHHA
— 3umose
— NiTHE
JdosroTa
— TaNaKTU4YHa
— reorpagiyHa
—  eKANinTu4Ha

ExkBiBaneHTHa GOKyCHa BiACTaHb
EkBinoTeHLUiaNbHa NOBEPXHA
Ek3onnaHeTn
EkninTnka
— MNJOWMHa
—  noacu
EkcueHTpucutet
EnoHnrauin
Eniunkn
Epu
— BUMNPOMIHIOBAHHA
— PEeYOBUHU
EdekT Jonnnepa
EdeKTUBHICTb aCTPOHOMIYHMX
IHCTPYMEHTIB

"Ku1BIi opraHiamm 3emHi

3agayva ABOX Tin
3aKoH
— Bebepa—PexHepa
(ncnxodiznuHmin)
— 3MileHHa BiHa
— [lnaHKa
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— CredaHa—-bonbymaHa
— Xabbna—/lemeTpa
3aKkoHun Kennepa
—  nepwwun
—  Apyrui
—  TpeTin
= y3araJibHeHum
3aTeMHeHHA
—  MiCaYHI
— COHAYHI
= MOBHeE Ki/NbLeBe
= YacTKoBe
3eHiT
3MiLLLEeHHA CNEeKTPaNbHUX NiHIN
— CWHE
— YepBOHe
3o4iaKkanbHe CBIT/I0
30Ha XKMUTTA
3opeyTBOpPEHHA
— QAKTUBHEe
— obnacTi
—  Temn
3opi
— atmocdepu

— 30Ha NepeHeceHHA TenaoBoi

eHeprii
— OCHOBHIi HaceneHHsA
— MNOBHICTHO KOHBEKTUBHI
— nopABinHi
— NOOAMHOKI
—  MOTPIiNHI
—  YOTUPUKpaTHI
— Aagpo
30pAHa BeAnYnHa
— abcontoTHa
= 6onomepuyHa
—  HY/b NYHKT
— TrpaHuYHa
3opaHui
— BiTep
— 3a/IMLIOK
3opAHi
— acouiauii
= OB-
= R-

=T-
— iHTepdepomeTpH
— Hapgacouiauii
— CKYN4YeHHA
= KYNACTI
= pO3CiaHi
3’eAHaHHA

IHTeppepomeTpu
— bas3a

KaneHnpapi

— ACTPOHOMIYHI

— nobyToBi

—  HONliaHCbKMM
KapboHO-HITpOreHoBUI LMKA
Kapaunku

—  6ini

— KOpMWYHeBI

— YepBOHiI
Keasapu
KBa3izamKHyTa cuctema
KBaHTOBUI BUXiA
KeHTaspu
Knacu cBiTHOCTI

—  6ini Kapankm

— TiraHTM

— rinepriraHTn

— TrON0BHa NOCNIAOBHICTb

— cybriraHTn

— cybKapauku

— ACKpaBsi riraHTu
Koarynauia
KorepeHTHicTb
KoedoiuieHT MorcoHa
KomeTn

KOMa
XBOCTU

A4p0

KoHrnomepar
KoHgeHcaTt
KoHdirypauii nnaxer
KoopauHatun

BUOpPaHi NAOWMWHN
ocobnuBi
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KyTH
TOYKM
nontocu
NPAMOKYTHI
PO3MIpPHICTb
chepuyHi
TOUKM BIgNIKY

KopoHa (30psiHa)
KocmiuHa maTepin

BUAMU
= 6apioHHa

= BUNPOMIHIOBAHHA
= TeMHa

= Qi3NYHUI BaKyym

KocmiyHi wemnaKocTi

nepua
Apyra

Kocmorpadia

KpaTtep

KpaTHi 30pi

aCTPOMETPUYHO-NOABINHI
Bi3ya/NIbHO-NOABIMHi
3aTeMHIOBaHO-MNOABINHI
ONTUYHO-NOABINHI
CNEeKTPanbHO-NOABIMHI
TiCHi NnoABiNHiI

KpaTHicTb 3ip i cyb3ip
KpuBa 61uncKy
KynbmiHauis

HUXHA

KyToBa BucoTa

JiHii

BUNPOMIHIOBAHHA
NOrIMHAHHA

JliTouncneHHsa

JloKauia

Mani Tina

NasepHa
paaio-

Maca [)kunHca
MepexTiHHA 3ip
MeTaranaktunka

KOMipyacTa CTPYKTypa

— CTPYKTypa
MeTaniyHmt BoaeHb
MeTaniyHicTtb
MeTeopu

MeTeoput
MeTeopoiau

MeTog, aHanisy

MeToam aCTPOHOMIYHUX AOCNIAXKEHDb
MeTopq, AgaepHOT KOCMOXPOHONOTIT

MexaHi3m camorpasiTauii
MiXK30pAHe NOrIMHAHHA
MixKnnaHeTHMN Nun

Mipa aKocTi 306parkeHHA

Micue aucnokauii (obcepsaTtopii)

MicueBnin nonyaeHb
MicueBnin COHAYHWUI Yac
Micaub

—  CUAEPUYHUN

—  CUHOAUNYHUM
MicauHi ¢pa3un

—  MONOAMK

— OCTaHHA YBEpPTb

— nepla 4BepTb

— noBHMIK Micaub
MoneKkynapHa xmapa

— TriraHTCbKa
MoHTyBaHHA Teneckonis
— a3MMmyTasibHe
— eKBaTopia/ibHe
— Hepyxome
Haauvp
HagHosi
— Tumny la,
Hawa epa
HebecHa cdepa
HebecHuit
— €eKBaTop
— mepuaiaH

Hesnaumi cynyTHMKK
HenTpoHHi 30pi
Henpo3opicTb

«0O6e3BOAHEHHA» NNAHETU
O6’eaHaHHA ranakTuk
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— rinepcKkyn4yeHHsA
—  rpynu
— HAACKYMYeHHA
— nigrpynu
—  CKYN4YeHHA
O6’ekTn SETI
OnTn4yHa ToBLWA
OpbitanbHuM pyx
OcHOBHI cnocTepekHi meToam

MaHOopaMHe aeTeKTyBaHHA
MNapanakc
— reoMeTpuUdHUin
— TOPM30HTANbHUM
—  piYHUMA
MapHWKOBUI edeKT

MNepeHOC 30pAHOI eHeprii Waaxom

— KOHBeKLUii

— BUMNPOMIHIOBAaHHA
MNepuueHTp
Mepiren
MNepwa TouKa JlarpaHKa
MNepuwi 30pi
MNnaHeTesmmani
MNnaHetn

— aTtmocdepa

— BEepXHi

— BOAHEBO-Treniesi

— BY/IKAHIYHA AiANbHICTb

— TriraHTn

— 3eMHoI rpynu

— 3eMHOro Tuny

— KapJ/IMKOBI

— Kopa

—  NbOASAHI

— NbOASAHI riraHTn

— MarHiTHe none

—  MaHTIA

— MmeTanesi

—  HWXKHI

—  CWAIKaTHI

— CUpOTH

— aapo
MnaHeTHi cnctemm

— P-Tuny

—  S-tuny
MNaHKIBCbKiI BEANYNHN
— TYCTUHA
— Temnepatypa
— vac
MNontocu cBiTy
—  NiBHIYHMN
= [aNaKTUKn
— niBAGHHWM
MonapumeTpia
MonsapHe Kinbue (y ranakTuk)
NopoxHnHa Powa
MNosac Konepa
—  pO3CifiHUM
MoscHMI Yac
lNpasuno Baxkensa
Mpeuyecia 3eMHOI OCi
— TOBHMUWN UNKN
MPOTOH—MNPOTOHHUIN LUUKA
— yciyeHun
NpoTonnaHeTn
MNpoTocucrtemu
— MPOTOrasNiakTUKM
— npoTo3o0pi
— MPOTOCKYMYEHHA
MpOoTAXKHICTb
— pobwu
= 30pAHOI
= NOYATOK
= COHAYHOI
— micausa
— POKRYy
= CMAEPUNYHOrO
= CUHOAWYHOTO
= Tponi4yHOro

— «HapasbarayeHHs» aaep

HEUTPOHaMM
— HeWTpOoHi3au,ii
— Koarynauji
— peKombiHauii
=NepPBUHHUN
Mpsame NigHeceHHs

npﬂMMﬁ mMmeToa BU3HAYEHHA MacC

Mpamuin pyx
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Mynbcapm — KOPOHaNbHI
PagiomeTpu = apKku
Peronit = aipun
PeioHi3zauia =netni
PeniktoBe poHOBE BUNPOMiHIOBAHHA — nAamm
PeniktoBUM — npoTybepaHui
—  [Jentepin —  CNiKyu
— NiTin — CTana
PenatusicTcbKui axket — TEeMHi BO/IOKHa
PeyoBunHa — ¢dakenu
— bapioHHa — ¢dnokyam
Pik — Xpomocdepa
—  BWCOKOCHMUM Cneknum
—  TPUropiaHCbKNA Cnekn-iHTepdpepomeTpin
—  tONiaHCbKUM CnekTpanbHa Knacuoikauis
— cBiTNhOBUM CneKkTpanbHa niHiA
Pyx — BiAHOCHE po3WMpPEHHSA
— BJIACHUM — AonnnepiBCcbKa WWPUHA
—  BUMOAUMUMN — iHTerpanbHa ACKPaBiCTb
= CoHuA CnekTpanbHUI Knac
— 3BOPOTHUM — rapBapACbKui
—  nNpamMmui CnekTpodoTomeTpia
—  piYHUM CnocTepeXHi meToau
— OCHOBHi
CBiTHiCTb —  NO3WUL,iNHI
Cuna —  ¢doTOMETPUYHI
— BCEeCBITHbOIO TAXIHHA —  CNeKTpoPOoTOMETPUYHI
— EMHWTENHIBCbKA —  MONAPUMETPUYHI
CumbioTUYHI 30pi — Bi3yanbHi

Cuctemun KoopguHat
— eKBaTopianbHa
— eKNinTu4Ha
— TaNaAKTU4YHA
= NPAMOKYTHA
= chepunyHa
rOPU30HTasIbHA
CKynyeHHA
—  KYJACTI
— po3ciaHi
CoHLEeCTOAHHA
— NiTHE
— 3umoBe
CoHsyHa (i)
— rpaHynauis
— KOpOHa

Cragia nnaHeTapHOI TYMAHHOCTI
CrauioHapHa opbiTa
CTauioHapHM cTaH

Cyb630pi
— aTtmocdepa
— 30HA YaCTKOBOTO BUPOAKEHHA
€NeKTPOHIB M ioHi3auil
PEeYOoBUHM
— OKeaHMu
— Aagpo
Cysip’a
— 304iaKaNbHi
Cynepsoinau
Cynep (4n Benuki) semni
CxuneHHsa
Coepoin,
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TBepaoTinbHi poTonpmnmaui
Teneckon(n)
— anepTtypa
—  Buamn
=ramma
= PEHTreHiBCbKi
= ONTUYHI
= pagio-
—  KOCMIYHI
— KyToBe 36inbleHHA
— KYTOBMW pPO3MiIp
— MacwTab 306parkeHHA
— MOHTYBAHHA
= aNnbT-a3MMyTaNbHiI
= eKBaToOpiaNbHi
— OKynap
— OCHOBHI CKNagoBi
— TMPOHWKHA cuna
—  pednekTopu
— pedpaKkTopu
— po3ainbHa 34aTHICTb
= AndpakUinHa mexa
— CKNajaeHi
TemHa maTepia
Temnepatypa
— edeKTMBHa
TemnepaTypHuit 6anaHc
— PIiBHAHHA
Teopema
— MpO NOJCKU CBITY
— MNidaropa (y3aranbHeHa)
TennoBsa pagiauin
TepmoauHamiyHa piBHOBara
— JIOKaJibHa
Touku
— niBgHA
— niBHOMI
—  cxoay
— 3axoay
TouKoBe KOrepeHTHe axxepesno
TpurepHi mexaHiamu
TymaHHOCTI

YaapHi xsuni

digepHa niHiA
dopmun KuUTTA
— HanpAMM NOLIYKY
— B COHAYHIN cuctemi
dopmyna
—  [XKuHca
— KnaneipoHa
doTocoepa
®dparmeHTayin
— KacCKagHa
— NepBUHHA

dyHKuisa Maycca

XimiyHa piBHOBara
XpoHonoria

LLMKN COHAYHOI aKTUBHOCTI
LIMKn afaepHUX peaKuin

Yucna Bonbda
YopHi gipun

— HaAMACUBHI
YopHi Kapanku

«LWapose gxepeno»
LBmakictb
—  3BYKY
— KennepisCbKa
— MOTOYHa
— npomeHeBa
— MpocCTopoBa
— CeKTopianbHa
— TaHreHuianbHa
Wwnporta
— aCTPOHOMIYHA
— TaNaKTU4YHa
— eKNiNTUYHa



NMOKAXYUK ACTPOHOMIYHUX OB’EKTIB

AnbTaip

Anbda LleHTaBpa
AHppomepga

AHTapec

Apienb

ApPKTYp

ApouyHe 30pAHe CKyNYeHHA

beHeTHaww
beta *usonucus
baunsnarta

BapyHa

Bera

Benunkuii (a)
- Begmegunua
— MarennaHoBa Xmapa
- [lec

BeHepa

Becrta

BigranyxeHHa OpioHa

BisHMunmn

BiTpuna

BoBk

Boponin

Bonocca BepoHiku

BcecsiT

[anakTuKa

— MonouHuit Lnsax, Yymaubkui
Wnax

- A1413

— bapHapaa

— BoposepTb
lanaKTuKa B

- Tigpi

— [Aisi

—  Kwuri

— Hacoci

— CekctaHTA

— Crpinbui

— TykaHi

—  TPUKYTHUKY
laHimep,
Fapa
FinepcKynyeHHA

— [lepkyneca

— JlaHiaken

— [epcea-Pub

— LWenni
F0N0BHUM NOSAIC acTepoiais
loHyi Mcun

[asiga
Oenmoc
NeHeb
Lisa
JpaKoH
Lybxe

EHuenapn
Epnaa
EpigaH
— EncumnoH

€spona
HKupad

3emna
3mieHocelb
3o4iaKkanbHe CBIT/I0
3onota Pnba
3opA
— bapHapaa
— Bonbda—Palie
— [lnackeTTa



TMoKaxc4uKk acmpoHoMiYyHuUx ob6’ekmis
p

IKCioH
lo

Kannicto

Kacciones

KeaBap

Kinb

KomeTa Temnena
KomnneKkc Pnbun-Kura
Kosopir

Kopma

KocuHeub

NaHiaKkesn (rinepckynyeHHsn)
Nebigp

61 lebeas (61 Cyg)

Jles

Nipa

RR Nipn

Jlncnuka

JlymaH 16

Makemake
MarennaHis nNoTiK
Mana (vi1)
- Begmeauua
— MarennaHoBa Xmapa
- [lec
Mapraputa
Madoden
Mapc
MepKypin
MipaHaa
Micuesuit (a,e)
- Bowg
— rpyna
— 30pAHa cucTema
— HAACKYNYeHHA
— HapackynyeHHa (HaackynuyeHHs
Komnnekc Micuesun anct
— 006’em
— pYKaB

Ha,EI,CKYI'I‘—IeHHH raNakTnK

Abenb 3627
Benuknin ATTpakTop
Bonocca BepoHiku
lNapun-LeHTaBpa
MaBuya-lHAaHUA

Hawa 30pAaHa cuctema

HenTyH
HenTyH

ObepoH
OseH

OpgHopir

Bennka temHa naama,

Omera LleHTaBpa

Open
OpioH

Opk

T2

Mannaga

MNapycu

51 Meracab

Mepcen

xih

MisaeHHa (1i)

Miy
MNneagn
MNnyToH

KopoHa
TPUKYTHUK
XpecTt

NMonapHa 30pAa

Mosc

l'ynga
= A-Kinbue
Kolinepa

MNpokcruma

Pak
Pnéu
Pirenb

b
LleHTaBpa
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CatypH
— Benukut 6innia osan
— TiraHTCbKW rekcaroH
CeKcTaHT
Cipiyc
Cipiyc B
CkopnioH
- T1
CkynbnTtop
CoHue
CoHAYHa cuctema
CriHa
CroxKapwu
Crtpina
Crpineuyb

Tay Kuta

Tepesu

TuTaH

TuTaHia

Teneup

T Tenbuys

Tpanewuia OpioHa

TpuToH

TymaHHoOCTI
- AHpgpomeau
- Jlaryma
-  Omera

- Open
- Cepue

Ymbpieno
YpaH

®oboc
domanbrayt

Xapukno
XapoH
Xaymea
Xmapa OopTa

LleHTaBsp
Lepepa
Leden
Unpkynb

LWnopa (pykaB) OpioHa
Wnt
tOHOHa

Onitep
— Besnuka YepsoHa lNnama

Awipka



BIANOBIAI HA TECTU

Tema MpaBUAbHUI BapiaHT BignNoBiAi Ha TecT
1* 112121131143 (155/16.3|1.75|1.8.2/194| 1.10.3
2 2.1412.2.2|123.2(244/1254(26.3|2.7.1|285|29.3]| 2.10.1
3 31.1(3.23(334|34.2|354|36.2(3.71|3.85|3.94| 3.10.2
4 415/14.22143.2|44.1|451(463|4.7548.1(49.4| 4104
5 51.2(521|533|54.2|554|564|5.75|5.8.2|5.9.3| 510.1
6** 6.1.1/6.2.3/6.34/643|654|66.26.75|6.8.1/6.9.1| 6.10.3

* —Bctyn Ta YactuHa 1.
** —YactuHa 6 Ta Miacymkosuii posgin.
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