@ CnocrepexHi OCHOBW KocMmonoril
Kocmonoria (kocmoc
Nna nodbyxosu moaeni Beecpity HeobxigHo gatm i rpey. Aoyos —
RiMORiAL Ha Take sammranma: «Uu mac Beecpit akyen  BUeHHA) — po3ain
Me:-n:.?r y npmf'ropi? . Heckinyenuuit i Geame:xHHUBA v 1IpoO- mnitlg:e:m Mo
CTOpi Ta “Jal:",.l ]?‘:cetl;m-r anBepT.at: J0 ceﬁelysar"y THM, 0
He MA€ Kpale 1 MICTHTE HeCKIHYeHHY KilbKiCcTE 3ip Ta

. napapoxkcn —
raraxTuk. Ane B TakoMmy BigHoMy Ta GeamesxkHomMy Bee- cynepeuHocri, ski
CBITI BHHHHAKTHL CYIEPEYHOCTL, AK1 B acTpoHoMil HasH- BHHHKAOTE Y BIUHOMY Ta
BAIOTH KOCMOJOTIYHHMH NapaJoKCaAMH, BeamexHomy Beecaiti

Icayvwore Tpn HaibiAbI BigoMi HocMoJOriuHI napa-
AoKcH: (hoTOMEeTpHYHMH, IrpaBiTaliiHIl Ta «TEnnoBol
cmepris» Beeerity.

QoromerpuuHnii mapaxoke 6ye chopmMynboBa-
Hui 1744 p. meelinapeskum acrponomoMm HE. Ileso
Ta AONOBHEeHUN HiMenskuM actpoHomom [. Onsbep-
com 1826 p. KopoTko ¢yTh IILOro mapajjokca MoXHa
BHpPA3uTH B TaKoMY sanurtanHi: «fkmo Beecsir He-
CRiHYeHHNH, TO YOMY BHOYL TeMHO? ». 30ACTRCA, IO
HA e 3anUTaHHA BiAIOBICTH AYIKe IIPOCTO, a/i3e 3Mi-
HY JAHSA 1 HOYiI BHBYAKOTH V NOYATKOBIH mroai. Ane
Tpeba maMm’'ATATH: HAJA HIYHOI MOBEepXHeEn 3emii
ceiTHTE Geaniy 3ip GeamexHoro Beeceiry, aki BHIIpO-
MiHI0I0TE HECKiHUEeHHY KinbKicTh eHeprii, ToMy oceiT-
JIEHHHA Big 3ip 1 ranakTHK Mae OYTH He MeHIIHM 3a
ocBiTnenusa, ake creopwoe Conmne. IIpore 3 BI1acHoro
aoceiny mu DadmuMo, nio BHo4i HeDo HabaraTo TemHl-
me, HiXK yaeHs. MaTeMATHKH 3aTPONOHYBAJIH TaKy
Mozens BeecBiTy, B AKIH MOM(HA CHPOCTYBATH (POTO-
METPUYHHI napajioke. Beecsim monce Oymu Geamenc-
Hum, aie cxinvennum. B ofHOBHMIpHOMY NpocTOpi
Takui fGeaMerxHHM CKiHYeHHUH cBIT — le 3BHyailiHe

¥ Puc. 2.1 Mogenr 0gHOBMMIpHOro
KoJo abo 6yab-AKa iHIA 3aMKHVTA KpHBa (puc. 2.1). npocTopy Beecaity

3aMKHYTHIl IBOBHMIPDHHH NpOCTIip — NOBEPXHSA
chepn, AKA He Mac Mexl, age ILJI0La nopepxHi cde-
PH € cKIHYeHHOW BenmunHow (puc. 2.2).

Mu KHBEMO V TDHBHMIPHOMY LIpPOCTODL, 1 Bas-
KO VABHTH cofi Takuit saMxayTHH Beeesir, akui He
Mae Memi, ane Mae crRindyeHEHI 00’eMm 1, oTie, 0O-
MelKeHy KinbKiersk 3ip i ramaktak. ¥ raxomy Bee-
CRITI HEMAE IEHTPY, BC1 TOUKH B HROMY PIBHOIIPAR-
Hi 11 v BClX HanpaMEax npocrip ogHopigamni. Ha
MPAKTHII] Ba’KKO MepeBipuTH, V AKOMY npocTopi
MEIIKAKTE AKICE 1CTOTH, 1 Ai3HATHCHA, Y1 € OPOCTIP
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ckiHueHHNM. fIKINO NMpocTip 3AMKHVTHI, TO MaH-
IPiBHHE, TTOA0POKYIOUH B OJJHOMY HATIDAMEKY, MOYKE
BAIHCHHTHY HABKOJIOCBITHIO MOJOPOIK 1 TOBEPHYTHCSH
B TOUKY cTapTy. B icTopil semMHuol yuaiaiaayil mepury
TaRy Oogopo: saidncEns MarejonaH, AKHHA A0B1B, IO
NopepxHA 3eMri € 3aMKHVTHM IBOBUMIpHEM Tpo-
cTopoM. ¥ TPHBHMipHOMY BeecBiTi KOCMOHABTH Hi-
KOJIH HEe 3MOKYThH 3aBEPUINTH TAKY HABKOJIOCBITHIO
MOJ0POsK, TOMY NEPEBIPKY MOKHA 3pODHTH TIIBKH
3a ZOIIOMOTO0I0 TEOPCTHYHIX MipKVBaHb.

I'papiTanifimnii mapagokc — KOCMOJIOTIYHA

npobaema, sSIKa BHHUKAE 13 KIacHYIHOI Teopil Ts-

KIHHA 1 AKY MOAHA cDOpMVJIKEBATH TaKHM 9H-

HOM: «¥ HeCKiHuYeHHOMY DBcecBiTi 3 eBRALIOBOIO
reoMeTpieio i HeHYAbBOBOK CEPEHEBEOK M'VCTHHOK PEYOBMHH rpasitanilinmii
HOTeHIiaN Ve Habypae HeCKIHYEHHUN SHAYECHDBS .

Ha nanui momeHT el Hapajonc He BHHHEKAE, ocKlnbxy Hoioronis-
CBKY TeOpli0 BCECBITHLOIO THKIHHA, AK 3 ACYBAJOCH HA HOYATKY XX CT.,
Heé MOJKHA JACTOCOBYBATH IAA ONNCY CHIABHHX PABITATINHNX TONiB TA-
skinaa (pue. 2.3) i, sokpema, po3noAiny HecKiHEIeHHOI KiTBKOCTIL pedoBH-
HH y DesMe;KHOMY npocTopi. ¥ HX BHENAAKaxX Tpeba BHKOPHCTOBYBATH Te-
opio BIMHOCHOCTI AWHIMTATHA.

IMapamorc Tenaosol cMepri. TenIosa cMeDTE —
TepMiH, 0 OonHcve KiHOepHi craH OyAb-grROI
saMEHYTOL TepMoauHamiunol cucremu (puc. 2.4).
IIpn npoMy HiAKOTO HanpasaeHoro obminy enepricmo
CIocTepiraTHCH He O0yie, OCKIIBKH ECi BEHON eHep-
rii mepe#iAyTe B TennoBy. TepMoaHHaMiKa po3rias-
mae cHeTeMy, 1o nepebyBae B CTAHI TENIOBOI cMep-
Tl K CHCTEMY, B AKIH TEPMOIHHAMIYHA €HTPOILA
MaKCHMAJEBHA.

TEOPIA TIKIHHS HENpPUAATHA BucHOBOKR NMpo Tennosy cMepTs BeecsiTy 6vE
ANS PO3PAXYHKY CUIBHUX chopmyabosanui P. Knayaiycom 1865 p. Ha ocHoBil
NoONIB TAMIHHA OPYTOro 3aKoHy TepMoAMHAMIKK. 34 UM 3aK0HOM,

Puc, 2.2. Mopene geosmmipHoro
npocropy Beeceity

Puec. 2.3. HoloToHiBCOKA

IcTopin po3BUTKY yABNeHb Npo BcecsirT.
MoxopXeHHA B esonwouin Bececeity

AcTpoHoMiuHl ocTiiKeHHs, 0 TPOBOARIHCE ¥ XX €T., JOTOMOTr-
JX ACTPOHOMAaM 30arHVTH PO3JIITAHHSA IAJIAKTHK, AKe CBIAYHMTE NpPO Te,
mo caM BeecBiT He sanHmIaeTLCA CTANWM ¥ Yaci — BiH aMinioe cBol mapa-
MeTpH. HKIo BIACTAHE MiA raTaKTHKAMHA 3apas3 301ILINVETRCA, TO paHi-
e BOHH PO3TANIOBYBANHCE OMIHAYe OJHA A0 OLHOI, 3a AOIIOMOT0I0 CTaM0L
'abbna moxkHA niipaxyBaTH, KOJHM BCl FaJaKTHKH J0 NOYATKY PO3LIH-
peHHA MOTIH nepebyeaTh B ofpii Touni, MoMenTOM MOYaTKy PO3MIHAPEH-
Ha Beeceity € Beaukui BuGyx, axuil nos’asasnii i3 eikom T Beeceiry:
r=1/H.

Ha nepmuilt mornaja agaeTbhed, Mo Aad nodygoer Teopil esoawnil
BcecBiTy BesinKke sHaveHHA Mac BusHauenHs micua Benwkoro Bubyxy
(puc. 3.1). Aron Benukuit Budyx OyB nponecoMm, KU HaArajaye eaoyx
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BunpomivoaanHs
peniKTosaro Gomy

Temmi Bl
Mepuwi 3opi

o PMYBAHHA FNaKTrK;
NMNNadeT Ta M.

POIBWTOK ranakTHK

{:ﬁl"',-'l'l'-lt'_'H-HI ranakTHKk

Puc. 3.1. Komn'lotepna mogens posawTky Beecsity sig Benwkoro enbyxy ao waworo vacy

Gombu, To MoxHA Oya0 6 BHSHAUYHTH Micle Iiel momil.
Bem'lﬂl'ﬁ Bubyx — Hacnpasai posmupensEa BeecBiTy BKIIO9YaE He TIIBKH
P A R N PO3JITAHHA CAMHX IaJIAKTHK BiflHOCHO KOCMIYHOTO IIPO-
Akoro of'eAHaHo cyyacHi - 3 ; SRS
VARSI P o TG CTOPV, 8 ¥ 3MIHY HapaMeTplB ma:vmr'n Beecsiry. Inmavu
cragii pozautky Beeceiry, CJOBAMH, l'aJJAKTHKH He JIETATH BiAHOCHO pemTH Bee-
IO MOACHIDIOTH HOrD cBiTY, ToMy mo caM BeecriT Tex posmupmoeThea. Ta-
eBOMOLIo | BNacTUROCT KHIM YHHOM, KOHKDETHOIO Miclifd, Ie cTaBcda Beanknn
Butyx, v BeecriTi He icHYE, Tak caMo0, AK HEMAaE IEHT-
PV, BiJ AKOr0 BLAAAAAKTECA FAJAKTHKH.
3a cyuyacHHMH JaHUMH, ctana ['abbaa H = 70 km/(c - Mnk), TobTo Be-
aukud Bubyx mir Bigbyrnea nprbansso 15 mapg pokis romy. Axmo Bpa-
XVBaTH, 10 BIK HAamMol ['alakTHKHA He Mo:ke 0yTH OLIBIIMN 3a BIK Hal-
CTAPIINHX KYJIHCTHX 30PAHAX CKYITYEHBb, [0 ICHVIOTH V3&e moHang 13 mapa
POK1E, TO IO OH(PY MOKHA TAKOK BBAKATH 34 HHIKHIO MEKY BIKV HAIO-
ro BeecsiTty.
I'onosni epu B icTopii BeecsiTy. BeeceiT Ha nogaTKy ICHYBaHHA MaB Ha-
CTIMBKH MaJeHbK1 po3MipH, 1o ToAl He 6y710 aHl raJakTHE, aHI 3ip 1 HaBiTH
IIe He ICHYBAJIA eJleMeHTapHl YacTUHKH. ['veTHHA 1 TeM-

B ocHoBy cyuacHoi MEPATVDA HOBOHADOLEeHOT0 BeecBiTy HOCATAIN TAKHX
ACTPOHOMI4HOT KapTHHA (paHTACTHYHHX 3HAYEHB, 10 BYEH] HABITEH HE MOKYThL BH-
CRIEY DN SRCTIRLE BHAYHTH, Y AKOMY CTaHI IPpH IIEOMY nepebyBana MaTepid.

Bceceity noknageHo
Mofens rapavora
Bcecsity

Ileit mouaTKOBHIT MOMEHT HapojxeHHA BececBiTy HasH-
BAIOTH CHHTYJAAPHIcTIO (BiA JaT. edunui ). [loTim rycTH-
Ha i Temnepatypa BeecBiTy nouand SHEMKYBATHCL, CTATH
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Ovab-ara (i3UYHA cHCTeMA, 1o He o0mi-
HIOETECA €Hepri€l 3 iHmuMH cCHCTeMAa-
mu (ans BeecsiTy B minzomy Takui ob-
MiH, OY4EBHAHO, BHKJIOHeHHI1), nparae
A0 HAUOLIBII BIPOriAHOTO PIBHOBAMKHOTO
CTAHY — [0 TAK 3BAHOIC CTAHY 3 MAKCH-
MyMoM eHTpomrii. Takwit cTad BiAMOBiAAB
0u TerioBii cmepTti BeeeriTy.

[Ile 0 CTROPEHEA CYIACHOT KOCMOJO-
rii Oyam apodieHi yHcAeHH] CIPobH CcIIpo-

Puc. 2.4. Tennosa CMepTh — TEPMIH,
CTYBATH BHCHOBOK TIPO TEIIOBY CMEPTE 140 ONUACYE KIHIEBME CTaH Byj1b-AKOT
BQEGWTF- Hantinem gigoma 3 HAX thayk- IAMKHYTO! TEPMOLHMHAMIMHOI CUCTEMIA

Tyauiliga rinoresa JI, Boneumana (1872),
BiamoBiAHO A0 AKol BeecBiT 0ABidHO nepedyBae B PIBHOBAKHOMY 130Tep-
MIYHOMY CTAHI, AJIe 33 3AKOHOM BHOAJAKY TO B OJHOMY, TO B iIHIIOMY HOro
Micni iHKoan BinOyBawTHLCA BiAXHUNEHHA BiA MbOro cTany; BOHA Binbysa-
OTHCA THM piginme, yum Hinbury odracTh 3aX0NIKIIOTE 1 HUM 3HAYHITIAM
€ CTYVIiHE BiaXmneHHA.

VTBOPIOBATHCH €JeMEeHTAPHI YACTHHKH, aTOMH i rajakTHKH. ¥cio icropiio

HAammroIro BUECBiTy MO HA pDBﬂ.iJII‘.[TH Ha 9OTHDI €pPpH — uﬂportna, SAEFLITIOM -
Hd, EURPOMINIOEAHHA TA pevosunu (AUB. TabIHOC).
Epa Bik Beecni- P — Temmepa- | T'yernna,
BcececBiry Ty, poxis Typa, K Kr/m*
1.5-10" |CyyacHa enoxa BT ' 5-10-%
1,2-10"" |BHHMKHEHHSH MHTTHA HA SemJl '
10 Dopuyeanaa CoEauHol cHCTEMH
6-10° YTBOpEHHA Nepuux 3ip |
P, 5-109 Vreopenna gamol FamakTarn 1026
i 10° Kpasapu |
3-108 ITogea XMap BOAHIO Ta TeTio
10¢ YTrropomoThea aToMmu Ligporeny 10-12
ra leniro
3-10° fDO]JM}'IiaHHH PeTOEMEN. BeeceiT 3 1010
CTAE HEeATPANBHHUM i TEMHHAM ;
Bunpo- 300 ¢ Kigeupb epy BHOIPOMIHIOBAHHA 10 [
1:;::?;{ 10 ¢ ?’:‘J];siulgmm'rhca sapa [eiirepio Ta 104 ‘ 1016
_ E/lexTpoHH i NO3ATPOHHU B cTAaHI '
Jlenron- i VR : 10
i 10 %c TEIJIOEO] PIEHOBATHM 3 BHOPOMI- 10
H OB H HA M
10-7 ¢ P{:Bnimf}:lﬁﬂ eners'fp{)marﬂi'rﬂni Ta 1015 ‘
cnabKrol BaaeMoaii |
Anporaa 10 ' ¢ VYrBopeHHA HeliTpoHiB 1 nporonis 10°7 |
10°% ¢ BingaireHHEA CHALHOI B3aeMomil |
104¥ ¢ Bingainenus cun rpasiranii 1032 [ 1095
Vel uorHpHr QyHIaAMEeHTANLHL |
Cuury- 0 cunan ob’envani B enumuy. Poami-
AAPHICTE pH BeecBiTY HAOGIMRYVIOTRECA A0
HYJIA !
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Peaixrope (poHOBE BHIPOMIHIOBANHA
(pre. 3.2, 3.4). Ti KxBRaHTH eNeKTPOMATHIT-
HOr0 BHIOPOMIHIOBAHHSA, L0 BigipBanucs
Bifl eIEMEHTAPHHMX YACTHHOK B €pY BHIIPO-
MIiHIOBAHHA, JOXOAATH 40 3eMJ1 3Bigvcins
i1 BIANMOBIAAKTE ENEKTPOMATHITHOMY BH-
HPDMiIIIDBﬂl'IlI]D "IﬂlJI]DI'D‘ Ti.l'[ﬂ 3 TEM]IL’]JB"
rypow 2,7 K (puc. 3.3).

Ha MoOYaTrY ic:uy:uauun HBAHTH MaJIH

BEAHUKY EHeprimo, ToOMY BHIPOMIHIOBAH-

Puc. 3.2. Peniktose BUNPOMIHIOBEHHA — KBaH-  pg pigfyBarocs v BHCOKOYACTOTHIH wa-
TH CBITNA, WO YTEBOPWAKCA 15 MNP POKIB TOMY.
BoHu BiARINMANCA BIA ENEMEHTaPHUX HaCTHOK
i MOYaNK CaMOCTIHHE NoWWpeHHA y Beeceiri

CTHHI CHEeKTpA eJIeKTPOMATHITHUX XBHIIb
v ramma-miamazoni. I3 wacom ramma-
KBAHTH BTPAYAIH €HEPriio, TOMY JOBXH-
HA @IeKTPOMATHITHMX XBHJAL 30insmysaracsa, i wepes 10° pokir micna
Benanxoro Bubyvxy MaKCHMyM BHOPOMIHIOBAHHA OPHNOANAB YK€ HA BH-
AUMY YACTHHY CTEeKTpa — ToAi Mosoduir Beecgim cnpasai MaB BUTJIAMN
ACKpPaBol BOrHAHOL KyJjl Ta Oye momibuui no Bubvxy azepmol domOm.
Yepes 10 MnH poKiB MAKCIIMYM BHUMPOMIHIWOBAHHA BIKe PO3TAIIIOBYVBAR-
cqa B indpadepBoHil yacTuHl cnexkrpa, a yepes 14 maps pokis cepeausn

b !
§ MiInbApLE
(coranul)

.~ 3opA
~ ranaKTHea
10 minsApaie
" MPpOTOranaKkTUka

Puc. 3.3. Yum gani sig 3emni po3millyETHCA KOCMIMHAA OB EKT, THM MONOAWMM M HOTo Baum-
MO, afpKe CBITRC Big HLOro gocArae noeepxHi Iemni yepes MinbApAW pokie. Ha mexi sugumeol
vactuHm BeecsiTy 3 sigctani 10 Mnpa C€B. pOKIB HAAXOAWTH BUNPOMIHIOBAHMA, AKe YTEOPWNOCA
3a vacie Benuxoro Bnbyxy. Ha sigcrani 5 mnpg €B. pokie mn 034MMO KBa3apH, 3 AKKX NMi3Hiwe
hOPMYIOTECA FANAKTAKA
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Temneparypa BeecsiTy amenmunaca go 2,7 K,
TOMY 38pAa3 MAKCHMYM BHIPOMIHIOBAHHS IIe-
pebyBac B padiodianasoni na xeuai saedoesic-
Ku 1 mm. laTeHCcHBHICTE 1 4ACTOTA TAKOrO BH-
NPOMIHIOBAHHA He 3ANEXKATH Bl HAIDAMKY,
i me ¢BigUYUTEL PO Te, HI0 CepejHs TeMuepa-

Typa BeecsiTy noscioan ogsarosa. Ilikaso, Puc. 3.4. AnisoTponia peniktoeoro
110 nepeadaYMB ICHYBAHHSA TAPAY0r0 PAHHBO- BUNPOMIHIOBAHHA 3@ [aHWMK
ro Beecpity mwe 60 p. Tomy vpomxenens: Micta cynyTHrka WIMAP

Opecn I'. I'amos (CIIIA), ane 3apeecTpyBanu

i peniKTOBL eIeKTPOMArHITHI XBHJIL TiNbKH PenikroBe BUNpPOMIHIOBaHHA —
B 1965 p. BMNpomiHioBaHHA Beecaity, Ake fo-

Maubyrue Beecsiry. I'pasiraniiina saae-
MOIifl peYOBHMHN B MAHOVTHLOMY MOXKe 3MeH-

MiHYE B OianazoHi AoBMMH XBUNE Bij
MiniMeTpis g0 MeTpa

LWIKATH WMBHAKICTE posinunpenuad Beecsiry. Bu-

ABIAETHCH, SAKINO CepefHs ryeTuHa BeecBiTy Mae KPUTHUYHE 3HAUYEHHS
5107 xr/m?, a crana N'a66aa H = 70 km/(c - Mnk), poslIHpeHHA MOXKe

BibyBaTHcA BivHO. PO3paxyHKH MOKASYIOTH, 10 MaitbyTHA
nonsa mHamoro BeeeBiTy 3aeknTE Bil SHAYEHHA COPABKHLOT
cepeiHBOl 'VCTHHH LIOA0 KPHTHYHOL I'YCTHHHU py. MomKyTh
OvTH TpH creHADI] MAlOVTHELOTO POSBUTKY TTOifh:

1) p < pg;

2) p > po;

3) p = po-

PoarasasMo 111 MOTeai MOMIMBOL €BOMIOII] HATIHIOTO
CBITY!:

1. ko cepeansa rveruda BeecsiTy p < py, TO rajgak-
THEHM DVAVTH posaitarucd BidHO, i B MAKOYTHEOMY TeMIIepa-
Typa (POHOBOI'O BHIPOMIHIOBAHHSA IIOCTYIOBO OVie SHIKYBA-
THCH, HADMMAKVIOUNCEH 70 abCcoTIOTHOrO HYJIS, 4 MAKCHMYM
BHIPOMIHIOBAHHSA 3 yacoMm Oyae sMIIIVBATHCE ¥V CAHTHME-
TPOBUH 1 MeTpoBUH MianasoHH eMeKTPOMATHITHUX XBHJIb
(puc. 3.5). Takuii Beecplir Ha3HBAIOTE BIAKPHTHM, BiH He Mae
Mme:xi v mpoctopi i Mmoxe icHYBaTH BiUYHO, NOCTYIIOBO II€pe-
TBOPHYHCH HA HiLIO.

2. flxkmo B KocMOCl BUABUTLCA SHAYHA NPHXOBAHA Maca
i cepegua rycrusa dDyge p > py, Toal posmmpenasa BeecBiTy
yepes IeAKHH yac npunuEATECH. Takuil BeecBiT Ha3HBAIOTH
3AKPHUTHM — BiH HE MAE MEeMKi1 V IpPOCTOPi, a/le Mae ROYUAMOoK
i Kineyb y waci (puc. 3.6).

Yepes kineka MinsapaiB pokis posbiramra ranak-
THK MO€ 3VIMHHTHCH, & HOTiM IOYHETHCHA CTHCKYBAHHSA
BeecBiTy, TOMY 10 rpasiTanitina cuna aMyCcHTE TAJAKTHKH
30JIMKYBATHCE, S0IMIKEHHS FAIAKTHEK IIDH3BeLe J0 Tparid-
HHUX HACTIIKIB M8 KHUBUX OPraHiaMmis, oCKIiTBEKH eHepria

A+ B+C < 180°

Puc. 3.5. ¥ sigrpuromy
BeecgiTi cnpageanMea
HeeBKNIAOBA reoMeTRIA,
KON Cyma KyTiB ¥ Tpw-
KYyTHUKY MeHLWa Bia 180°

A+ B+ ¢ = 270" > 1807

Puc. 3.6. InA 3akpuToro
BcecBiTy € NpaBnnbHOW
HEEBKNIOBa reoMeTRiA,
KOMW Cyma KyTiB y Tpn-
KyTHMKy Dinslua 3a 180°
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(hoHOBOrO BHIPOMIHIOBAHHA 1 Temueparypa BeecsiTy OyayTe spocraTu
(puc. 3.7). Hebo mouHe CBITHTHCA CMTOYATRY YEPBOHMM KOJBOPOM, 4 MO~
TiMm craHe cuHiM. TeMneparypa spocTe HACTiINBKH, IO BCl 3KHBI icTO-
TH 3arHHYTH, [OTIM 3HHKHVTE 30pl, JIAHETH, eJIEMEHTAPHI YACTHHKH,
i BeeeBiT 3HOBY NepeTBOPHTHCH HA PEYOBHHY 3 HAASBHYANHO BEeJIHKOI
I'VCTHHOIO.

Puc. 3.7. Esoniouin 3akputoro BeecsiTy. Takui cBIT 36iNbUYETHCA A0 NEBHMX MAKCUMANBHUX PO3-
mipia, NICNA YOro FranaKTUKKM NOYHYTL 30nuayBaTuce. Movatok i Kivelb Takoro Beecsity MaTs
HECKIHYEHHO BENMKY TEMNepaTypy i rycTiHy

3. IcHye Takoxk iMOBipHiICTE TOrO, 110 cepeaHsa rycruHa Beecrity mo-
PIBHIOE KPUTHYHIH I'YCTHHI p = p,. ¥ LBOMY BHHaAKY Oe3Me:KHHI Ta He-
cKinueHHNH BeecBiT Mae HYTBLOBY KPHEH3HY, 1 1A HBOTO CIPABEIIHEBA Te0-
meTpin Esxaiga (puec. 3.8).

FanakTukn OyayTs pO3AiTATHCH BIYHO, TEMIIEPATY-
pa BeecsiTy ODyae BluHO BabMHRyBaTHCA N0 abcomMOTHO-
ro Hyad... el cueHaplil eponoUll NIKaBpHil e I THM,
0 IPH HREOMYV 3aranbHAa eHepria BeecBiTy sanHIraeTs-
cA piBHOWO Hymo: Ex + En = 0.

TofTo AKIO BBAKATH MOTEHIIATBHY eHePri TaXiH-
Hi HEMaTHBHOIO, & KIHETUYHY eHepriio pyxy — MNO3HTHB-
HOI, TO BeecBiT Mir BHHHKHEYTH 3 Hidoro y gismaaomMy
BAKVYMI AK IHBOBHAHE 30YpeHHA, TOMY 3 YACOM BlH Tex
MOJKe MepPeTBOPHTHCH HA HIMO.

CyuacHl conocTepe:keHHA NIATBEPIAVIOTE ICHY-
BaHHA ¥ BececBiTli TpHX0BaHOI MacH (Tak 3BaHa TeMHAa
MAaTepif), AKA 30CepeyKeHa B TiTaxX, IO BUNPOMIiHIO-
IOTh HE3HAYHY €Heprii vy BHIVIAAL e/IeKTPOMArHITHHAX
XBHNMb — YOPHI Xipy, IVILCADPH, HENTPHHHE BUIIPOMI-
. 0 L Cak i H:{iBaHHH. rpaBiTaniliHl XBHJ Ta iH':FACTDDHOMH. AKL
napanensHi npami He a'anmam'rt.cﬁ n;?oﬁnemam[p: KOocMo0Til, 3anpomoHyBaTH
fepeTMHaIoTCR, a cyma kytis  DLIOTESY LOJ0 ICHYBAHHA HOBOIO KJIACY eJleMEeHTAPHUIX
y TPWKYTHWKY gopieHioe 180° YACTHHOK, AKHM JAJTH TAKY YMOBHY Haszpy — (Cnabro

A+ B+ C=18DF

Bzaemoaiwgl Macuerl Yacturku (CBMY). Takui BeecsiT Haraagye Kaz-
KOBY nTHUIO PeHIKC, AKA NEePIOAHYHO 3ropsAe, a MOTLIM 13 NOoNeIy BiApO-
JUKVETHCS MOJONOI0.
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CMOCTEPEXHI OCHOBM KOCMOAOTII. ICTOPIA PO3BUTKY YABNEHL NPO
BCECBIT. NOXOAXEHHA X EBONIOLIA BCECBITY

€ Ak su3HauuTK BiK Beecsity?

© YcTaHoBH BiINOBiHICTH Mi’K KOCMOJIOTIYHMMH Napa/jloKCaMM Ta iX CYyTTIO.

A Y HecCkiHYeHHOMY BcecBiTi 3
eBKNiA0BOK reoMeTpIELD |
HEeHY/IbOBOIO CepefHbOK MNYCTUHOKD
PEYOBUHM rPasiTaLinHMK NOTEHUian
ycioamn HabyBa€e HeCKiHYeHHUX
3Ha4yeHb

1 | ®oTomeTpUYHMM NapagoKe

b byab-aka ¢isnyHa cuctema, WO He
0BMIHIOETLCA EHEPTIED 3 iIHWUMM
cUCTeMaMu nparHe Ao CTaHy 3
MaKCMMyMOM eHTponii

2 | MpasiTauiiHMi4 napagoKc

B AKWO BcecBiT HECKIHYEHMI, TO 4Oro

3 | MapaaoKc Tenn10BOi CMEpPTI .
PaA P BHOYi TEMHO?

e AK TW BBa)Kaew, y AKOMy cTaHi nepebysas BcecBiT y momeHT Benukoro
BUOYXY?

@) LLlo Ha3MBaIOTb CUHIYNAPHICTIO?

© Wo Take penikToBe BUNPOMIiHIOBAHHSA?

@ Lo po3ymitoTb nig, 3aKpUTOO Ta BiAKpPUTOK mogenamu BeecsiTy?
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