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Hean:

m Pasbepete Kbae Bb3HUKBAT pas3fiMYHUTE €fIEMEHTU Ha
nepuoanvHaTa Tabnuua.

m Pas3bepete ycrnosuaTta 3a obutaBaHe, Heobxoanmu 3a
Pa3BUTUETO Ha XKUBOTA.

= YnpasnsBate MUHUMaNHUTE HACOKU 3a XXUBOT N3BbH
3emdaTa.




O6pa3syBaHe Ha N1IAaHETHU CUCTEMMU

Mo Bpeme Ha dopMMpaHETO Ha 3Be3da HelHaTa nnaHeTapHa cucTema
CbLLIO € CbCTaBeHa OT OCTaHKM OT MaTtepuar, 6nvso oo 3Be3gaTa.

CI'IeKTpOCKOI'Il/IﬂTa ce M3rorsi3Ba 3a n3yd4aBaHe Ha CbCTaBa Ha 3Be3aTa U

CbWO TakKa Ce€ MWu3noJjisBa 3a WU3yHYaBaHE Ha atMoceparta Ha
€K30MraHeTunTe.
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OenHocT 1: O6pa3yBaHe Ha NnaHeTapHaTta
cucTema oT ras u npax

[pynata e pasgernieHa Ha gBe. MoMuyeTta (ras) m momyeta (npax) Harp.
(AKO nma cbLLECTBEHA pasfniMka B Oposa Ha yyacTHMUUTE OT edHa u gpyra
rpyna, ce rnpenopbyBa rpynara, npeacrasnsasawa rasa, ga ovae Hau-
ronamara, TbM KaTto B MNiflaHeTapHa cuctemMa B npouec Ha dopmMupaHe
mMacarta Ha rasa e 100 nbTn no-rofigdMa OT MacaTta OT npaxa). |

,D,OKaTO yHyaCTHnunTE Cirnywar WnCTopudtTa, Te I/I3B'prIJBaT ANHaMNYHA
OEVNCTBMSI HA TOBA, KOETO YyBaT, HalpuMmep.




OewnHocT 1: O6pa3yBaHe Ha nNnaHeTapHaTa
cucTema oT ras u npax

Texer Ha ucTopusita: U3nbjHeHNE HA YYACTHUIIMTE!

mano egHo Bpeme Bcuukm ca cmeceHn B obnak. Mimanoseye

obJsiak OT MHOro ras u yyYaCTHUUM, NpeacTtasngasalum ras. B

Masiko rno-mMarsko rnpax. obriaka BCUYKM y4aCTHULM ce abpXKaT 3a
pPbLENpPOM3BOSTHO, 0Opa3syBalKkm ce KaTo
Mpexa.

ToraBa ra3bT 3anoyHa  Te 3anoysaT Aa ce pasgens.

na ce cbbupa B LieHTbpa Y4yacTHUUUTE, NpeacTaBnsBallym rasa ce

Ha obnaka 1 OKOJio Hero CTpynBaT B LIeHTbPa, a Tesu,

npax. npeacTaBnsABaLLM Npaxa AbpXKalnkuy ce 3a
pbLiEe OKOMO LEeHTbpa.




OewnHocT 1: O6pa3yBaHe Ha nNnaHeTapHaTa
cucTema oT ras u npax

TexcT Ha HCTOpHUATA . MN3nbiaHeHne HA YYaCTHHUIIUTE .

Imalle MHOro ABm>xXeHue, Te 3anoyBaT ga ce BbPTAT, ABWXKaT, Onbekar,
ra3oBu YacTmuu npmernevyeH Bubpupat,nogckadart. Hakou ce «n3ctpensaTt» B

ras 1 npaxoBu YacTULU pes3ynTtaT Ha TOSIKoBa MHOro ABWXEHWE, a Apyru

NpUBIieYEH npax. "cnacasat"”, xBawlaT, nperpbLiaT Te3n YacTuum
ypes naeHTUdMLMpaHe (ras ¢ rasu npax ¢
npax).

In the center a dense Te3n B LeHTbpa (ra3OBeTe'} ce HaTpynBaT U

opaque core formed OKOINO TAX y4aCTHULMTE, KOUTO NpeacTaBnsBaT
surrounded by a disk of npax B HEWO KaTo KPbr, Ce XBallaT 3a
dust and gas. pbka.lloacHeHune: He LennaT ras e B LIeHTbpa,

MMa pa3cesiH ra3 U3BbH Kpbra.




OewnHocT 1: O6pa3yBaHe Ha nNnaHeTapHaTa

TexkeT HA MCTOPUSATA :
ToBa g4p0o € e4HOTOKOETO
Han-HakKpas we gosene Ao
CnbHUETO Unu
poauTenckarta 3Be3ga
Han3BbHCITbHYEBA CUCTEMA.

CUCTEeMa OT ra3 M rnpax

N3nbiaHeHre HA YYACTHUIIUTE :
CnbHUETO unu poguTerckaTa 3Bes3aa
3anoysaT fa CBETAT Taka, Ye nbunute My
TpsibBa ga n3nusaT HaBbH BbB BCUYKU
NOCOKW.YTOYHEHUe: B MoOMeHTa, KoraTto
CIMTBHLETO UnNu poauTernckara 3sesaa
3arnoyBa fa CBeTU, «Pa3CessHUAT" ras
3arnoysa Ja ce oTaarnedyana.

Hskon manku nnaHeTu
bssxaobpasyBaHu OT
obegnHeHneTo Ha Bce Mno-
ronemMm u No-rofieMm rnpaxosu
3bpHa, cnea ToBa ckanm u
Taka HaTaTbK, JOKaTo ce
NOSIBAT NSIAHETUTE OT 3EMEH

Y4yacTHuumTe, npeacraBnaBaLln npaxa,
KOUTO doopmMupa nnaHeTUTe OT 3eMHaTa
rpyna rpynupamnTe 3aeaHo.lloacHeHue: He
LEeNUAT npax ocTtaBa 3a 3eMHU NfaHeTw,
TpsAbBa Aa umMa Marsiko rnpax B Hai-
oTaanevyeHuTe peruoHu.
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OewnHocT 1: O6pa3yBaHe Ha nNnaHeTapHaTa
cucTema oT ras u npax

TexkeT HA UCTOPHUSATA : N3nbJIHEeHHE HA YYACTHUIMTE !

[ uraHTCcKuTe nnaHetn, OcTaHanuTte, TMraHTCKUTE NNaHeTu, 3ano4saT

obpasyBaHu naney OT [da uaBaT3aefHO: MHOro ra3 u Marnko npax.

TonnuHata Ha CnbHueto [losscHeHue: HamanaBaHeTo Ha

U UeHTpanHarta 3Bes3ga, Temnepartyparta nopagu no-rofaamoTo

KbETO rasbT MOXe [Oa ce pascTosiHue oT CnbHUETO Unn 3BesgaTta-

cbbepe 6e3npensaTcTBEHO. Malika e npuymMHaTa 3a OCHOBHUTE PasfivKu
MeXOy BbTPELLUHUTE CKaNUCTUMNIaHETUTE K
BbHLUHUTE TMraHTu.




AenHocT 2: EMUCHOHEH CIIEKTHP

CHEKTPOCKOINATA HH IIO3BOAABA A2 IIOAYIHM HHQOPMAIIHA 32
XUMIYHHUSA CBCTAB Ha EK3OMAAHETHUTE M TEXHHUTE aTMOCHEpH.
MokeM A2 BH3yaAHM3HUpaME CIEKTbPa HA CACKTPHUYECKA KPYIIIKA C
nmomornTa Ha DVD (Bmxaame AmHWHTE HA TA30BETE, KOHUTO CE

CBABPKAT B HEA)




XHMHYECKH ACIIEKTH HA €BOJIOIUATA
HAa 3Be31UTE

Elements which were produced in the first minutes after the Big Bang
Elements which were forged in the interior of stars

Elements appearing in supernova explosions

Man-made elements in the laboratory




[enHocT 3. Knacudgukauma Ha nepmognyHarta cmcrtema

[locTaBeTe BbB BCSKa KIIeTKa (CUHA, XbJiTa 1 YepBeHa)

| IIpscTeH: | Cepenes ¢ nokpurTHe: 'T'a3 B KeTCKH 6aJI0H: ' Teu 32 UHCTeHe:
3aaTo Au Titanium Ti Helium He Nickel Ni

Byruaka 3a Boga H20O: | Crap Turas 3a rorBeHe: YepeH MOJIUB: Csipa 3a ceJjickoTO
Hydrogen H Aluminum Al Graphite C cromancTio: Sulfur S

Ocrpuiika 3a MoJuBH: | PBiKIMB cTap NMpoOH: TepmoMeTnp: KuOpurenu kie4yku:
' Zinc Zn lron Fe  Gallium Ga ' Phosphorus P

EnemeHTn, reHepmpanu B NbpBUTE MUHYTK crieq fonemuns B3puB (CUHBO)

EnemeHTn, n3koBaHu BbTpe B 3BE3QUTE ()K'bJ'ITO)




[enHocT 3. Knacudgukauna Ha nepmogmnyHarta cmcrtema

Cepenea ¢ noxkputue: | ['az B percku 0aon:

Titanium Ti Helium He
Cmaprtdon daTepus: ABromoOmiHu cBemu:  Eja.menen npooanuk:  HogHa THHKTYpA:
Lithium Li Platinum Pt Copper Cu lodine |

Hydrogen H Aluminum Al Graphite C cromaHcTBo. Sulfur S
Menau:
Silver Ag

PoixauB cTap nUpoH: Knuopurenu kjiedku:
lron Fe | ' Phosphorus P

EnemenTtn ot I'ojieMusiT B3puB (CHHBO)

EjnemMeHTH B 3Be31UTE (3KBJITO)




[NenHocT 4: [leua Ha 3Be3auUTE

CbcTaB HaA YOBELLUKOTO TANO:

boratn enemeHTU: KMCNopod, Bbrepon, , asorT,
Kanuumn, pocdop, Kanum, capa, Xensizo, HaTpun, Xrnop u
MarHesunu.

-Elements which were produced in the first minutes after the Big Bang

M M KpoeneMeHTM : ¢nyo p y Elements which were forged in the interior of stars
o Elements appearing in supernova explosions
C I/Il'l M uM M y Ba H an“ M y Man-made elements in the laboratory
MarHesum,
Xpom u

Essential elements: lithium,

EE
Eﬂﬂ

Bcuukn n3obunHn enemeHTu (¢ nsknioyeHne Ha H) ca
Npon3BeaeHn B 3Be3ONTE.

Hue cme geua Ha 3Be3guTtellll




CnbHUeTO He e 3Be34a OT N'bPBO NMNOKOJIeHUe

3Be3anTe oT MbPBOTO NOKONEHME XuBeenn 6bpP30, ymmupanu Mnaam
N He ca ouenenu Ao gHec. Camo npu Bogopoa, Xenuin n Moxe ou
NUTUI ce BMmXOaT NUHUN.

CI‘IeKT'bp OT NMbPBO MNMOKOJ1IEHNE
(BneyatneHne Ha XyOgoXHUKa).




CnbHUEeTO He e 3Be34a OT NbPBO NOKOrieHue

3Be3auTe C Nno-croXHW eneMmeHTn o3HavaBar, Ye NMbPBOHAYAJTHUAT UM
obrnak e 3ano4Han oT OCTaHKMUTE OT EKCMNo3nsi Ha CBPBbXHOBA.

3500 4000 4500 2000 5500 6000 6500

Cnektbp OT BTOpO nokoneHne.SMSS J031300.36-670839.3 c
NMHWN 3a BOOOPOA U BbINepoa




CnbHUeTO He e 3Be3a4a OT NbPBO NOKOSIeHue

B CnbHYeBaTa cuctema ca OTKpUTU MHOIO efieEMEHTU, KOUTO
Bb3HMKBAT cneq ekcnnosust Ha cBpbxHoBa. CnegoBaTenHo
CnbHUETO BEPOATHO € 0bpasyBaHO OT MbpBOHAaYareH obnak,
KOMTO CbOTBETCTBA Ha OCTAHKUTE OT Han-Marnko ABe eKCnmno3um Ha
CBPBbXHOBW, TOECT TOBA € 3Be34a OT TPETO MNOKONEHne.
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CnekTbp Ha CNbHUETO C pasfinyHu
crneKkTpanHu JIMHUn




Aennoct 5: Aununre Ha
PDpayaxodep Ha CAbHIIETO

CrexrppbT Ha CABHIIETO € HEIPEKBCHAT, C TBMHU AMHIM,
HApedYeHU AnHUU Ha Ppayaxodep, KOUTO ChbOTBETCTBAT Ha
XUMHIYHHATE EACMEHTH, ChABPIKAIIIN CE B aTMOCepaTa My.

Te morat Aa ce BUAAT C HEBBOPDHKEHO OKO B OTPAKEHUETO HA
cABHYIEBATA cBeTAHHA Bppxy DVD. HabAroaasar ce MrOrO AMHMHT

Ha e, TpumaersT Ha Mg (B 3eA€HO), AYOAETHT Ha Na (B :KBATO)

wavelength (nm)
560 580 600

-
G’ (hydrogen) F (hydrogen) b (magnesium) E (iron) i C (hydrogen) B (oxygen)




Aennoct 5: Aununre Ha
Dpayaxodep Ha CAbHIIETO

3a aa BuanTe AmHENITE Ha PpayHxodep, TpAOBA Ad CTE OOBPHATH
c autre kbM CabHIIETO, KaT0 DVD AHCKDBT € XOpu3OHTAAEH, AQ
AOOAMKHUTE AUIIETO CA HA OKOAO b cm ot DVD Amcka m A2
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B ToBa moAoxenme
TAEAATE IIBETOBETE HA
OTPAKEHUETO HA
CABHITETO B OAU30OCT
A0 pB0a Ha DVD

AHNCKaA AO TAAOTO BH.



Aennoct 5: Aununre Ha
Dpayaxodep Ha CAbHIIETO
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30Ha Ha obnuTaemocT

30HaTa Ha obuTaemMocT e obnacTTa okono 3Be3aa, B KOATO
NOTOKBLT OT paanauunst Bbpxy NOBbPXHOCTTA Ha cKkanucTta

nnaHeTa 61 No3BONMN HANMMYNETO Ha TeYHa BOOaA
(HaNWM4YMeTo Ha Te4YHa Boda npeanonara XXmMeoT, basupaH Ha Bbrnepon).

OBMKHOBEHO Ce cpella B Terna ¢ Maca Mexay 7
aTMocdpepHO HandaraHe, no-ronamo ot 6,1 mbar,
CbOTBETCTBALLO Ha TpouHaTa To4Ka Ha BogaTa npu




30Ha Ha obnTaemMmocCT

30HaTa Ha obuTaemMocCT AKO macaTta e
no-ronsima, ToraBa HemHaTta TemMneparypa n ApKoCt ce yBelnndaBaTt U
criegoBaTenHo 3oHaTta Ha 0bnTaemMocCT e Bce Mo-oTaaneyeHa.
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[pyru ychosusa 3a obnutaemoct

HO He
JOCTaTbyHO, 3a Aa MOXe efdHa nnaHeta ga npueme

*unBoT.[lpumep: BeHepa n Mapc.
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3a
Oa MOoXe HenHaTa rpasuTauus aa 3agbpXXu atMmocdepara.
ToBa e ocHoBHaTa npuynHa Mapc ga He e obutTaem B MOMEHTA, Tl KaTo
e 3aryoun no-ronsimarta 4acT oT HeroatMmocdepaTa n uanarta

NMOBBbPXHOCTHA BOAA, KOSATO € nMmana npes nbpeuTe cu Munmapau
FOOUHMN.



IHewnHocT 6: TeyHa Boaa Ha Mapc?

Ha Mapc atmocdepHoTo HansaraHe e cnabo (0,7% oT 3eMHOTO). Bbnpekn
TOBa HUCKO HangaraHe, Bogarta obpasyBa obnaum Ha NonocuTe Ha nnaHeTaTa.
Ho 3awo Mapc HamMma Te4yHa Boaa Ha MOBBLPXHOCTTA CU?

Cnarame BbTpe B CNpUHLIOBKaTa ropella Boga, bnuska oo KuneHe

AKo apbnNHEM DyTanoTo, BbTPELLUHOTO HansiraHe craga v Bogara 3anoysa
Oa Kunu, NnpeBpblUa ce B napa 1 NocTeneHHo ns4yesa. 3a ga
cUMyrnmpame MapcmaHCcKoTO HandaraHe, Tpsabsa ga umame MHOro absra
CNpUHLOBKA N Aa nsabpname dytanoto o 9 m.



ITapaukoB edekr

MHOCT 7/

A

[TocraBuxme ThbMHA HPBCT B 2 HpaSHI/I ITAACTMACOBHA 6YTI/IAKI/I 1

B TpCTa, paspﬂsaHa HaAAABKHO HA ABC. [TocTaBuxme TepMOMCpr

B Talrara Ha BCAKaA 6YTI/IAK21. PaspﬁsaHaTa 6YTI/IAK21 CI/IMYAI/Ipa

I'bPBATA I11AA OYTHAKA CHUMYAHPA IIAAHETA

bJ

o]
AN

C O6A21HI/I, a B IIOCACAHATA ITOCTABUXMC HAKOAKO KaIIKHM BOAQ4, 34

A2 CHMyAHpaMe aTMOCEPA C BOAHHU IIAPH.

IAAHETA 0e3 00AAITH
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AentHoct 7: IlapaukoB edekr

[TocTaBsAMe OyTHAKHTE Ha CABHIIE U U3MEPBAME TEMIIEPATYPATA B TAX
Ha BCEKH 5 MHHYTH. 3aIICBaME U3MEPBAHUATA, 32 AA OIIPEACANM KaK
BAHSAC TAPHUKOBUAT e(beKT.
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doTocuHTesa: NMpousBoacTBO Ha KUcAopoa

doTocmHTE3aTa € NPOLUECHT, NpuU
KOMTO pacTeHUATa U HAKOU BakTepumn
n3nons3BaT clibHYeBaTa CBETMNHA, 3a
Oa npouseexaar rnoKo3a,
Bbrrnexuapartu u Kkucriopop ot e
BbrrnepogeH AnoKecna u Boaa. .

CARBON

MonekynuTte, Hape4yeHu B DiOXIDE
dOTOCUHTE3NPALLN MUTMEHTH,
npeobpasyBaT CBETNIMHHATA EHEPIrUs

B XUMNYHECKa EHEPIUNA.



PoTOCHMHTE3a: 3all0 nIMcTaTa ca 3efieHun?

[lorbnHaTaTa cBeTNIHa MOXe Oa ce KU3nosi3ea oT paCTeHUNETOo B
pPa3riindyHn XMMNYHN peakunn,

Green and yellow colours are| transmitted

EnHa oT rpynute dooTOCUHTE3NpaLLM . \
NMUrMEHTN ca xnopodunute, KOUTO | :

obunkKkHOBEHO nmat Asa Buaa
abcopbunsi BbB BUAMMUS CMIEKTHLP,

: Chlorophyll
Apyr B ' /;(' / : solution
s I : absorbs the
: T . extremes of the
White Light s _  visible spectrum




doTocumHTe3sa: NMpounssoacTBo Ha KUCNOpPOA

[TurmeHTUTE Ce ocBEeTABAT U NPEXBBLPIIAT CBOUTE
eNeKkTPoOHU, KOUTO ce Bb30yXXaaT OT cBeTNMHaTa. Boagara
e JJOHOpP Ha eneKkTPoHU, KOUTO NnpeckayaT oT edHa
MOJSIEKysia B Apyra n KpauHUAT pesynrar e
NpPOnU3BOACTBOTO Ha KNCNOPO4, KOrato BOAHUTE MOMNEKYNn
ce pasnagart. ToBa e cBeTnMHHaTa pasa Ha |
dooTOCHHTE3aTAa.

B TbMHaTa asa ce npoussexgart BbrnexuapaTtm unm
3axapu. CBeTnmHaTa He € Heobxoamnma 3a Tasu 4YacT Ha
npoueca.




IOewnHocT 8: lNpon3BoacTBO Ha KUcnopon
ype3 poTOCUHTE3A

3nons3BanTe aBa Nnpo3padyHn CTbKNeHn bypkaHa n noctaBeTe
CWH 1 YepBeH LenodaH B Kpas Ha bypkaHa.




HewnHocT 8: NNpon3BoacTBO Ha KUcnopoAa
ype3 hOoTOCUHTE3A

C nomolyTa Ha nepdopaTtop HapexeTe Wwandu ot egHakBm IMCTOBE
(Hanpumep cnaHak, kaTo nsdsreate xunknte). Noctasete 10 anck
BbB BCEKM DypKaH. s




HewnHocT 8: NNpon3BoacTBO Ha KUcnopoAa
ype3 poTOoCUHTE3A

MpuroTBeTe pasTBOp Ha HaTpueB BukapboHaT oT 2 g/ 1 NMTBLP BoAA.
[MocTaBeTe 20 ml OT HEro BbB BCsika DyTunka.iMnperHmpante NUCTHUTE
ONCKoBe ¢ bukapboHaTHMAT pa3TBop. [locTaBeTe ANCKOBETE B
CNpUHLUOBKa 3a egHoKkpaTHa ynoTtpeba ot 10 ml n usternerte
bukapboHaTHUSA pa3TBOp, AOKATO ANCKOBETE Ce cycrneHaupar.




HewnHocrT 8: Mpon3BoAacTBO Ha Kucnopopn
ype3 poTOoCUHTE3A

OTCcTpaHeTe KOMKOTO € Bb3MOXHO NOoBeYEe Bb3ayxa, KOUTO €
BMNSA3bM, OCTaBANKM caMO AUCKOBE, CyCneHaAnpaHu B
bukapboHar.

3arnevyaTanTe Kpasi Ha cnpuHLUOBKaTa C MPbLCT N N3CMYy4YeTe
NbTHO, ONUTBAWKKX Ce Ja HanpaBuTe BakyyM, Taka 4ye BbB
BbTPELUHNTE NPOCTPAHCTBA Ha pacTuUTenHaTa TbKaH
Bb34yXbT a ce 3aMeHN C pa3TBop Ha bukapboHaT, KOUTO
e 6bae OOCTbMEH U3TOYHUK HA Bbrnepoa, bnmso oo
POTOCUHTETUYHUTE CTPYKTYPU Ha nucTara .




HewnHocrT 8: Mpon3BoAacTBO Ha Kucnopopn
ype3 poTOoCUHTE3A

[TocTaBeTe OUCKOBETE C NUCTa BbB BCEKN OypKaH. [Nokpuinte
BCEKWN OT DypKaHUTE C YepBeEHA N CUHSA LenodaHeHa xapTus.

[TocTaBeTe oTaerniHa eniekTpnuyecka KpyLuka (He no-marsko ot
70 W) Bbpxy BCeKM DypKaH (C xapTuaTa, KOATO 9 nokpuea). U
OBETEe CBETNMHU Ha eHaKBO Pa3CTOsHUE. |

[No-po0pu cBeToAMoAN, 3aLLOTO APYrUTE U3NbYBaT eHeprus
KaTo TOMMMHa.




HewnHocT 8: NNpon3BoacTBO Ha KUcnopoAa
ype3 poTOoCUHTE3A

[1pn BKNOYBaHe Ha namnara u
3anoyea 3annucBaHe Ha BPeMETO
3a nannyeaHe Ha ONCKOBETE.

ToBa e KocBeHa MsApKa 3a
CKOpPOCTTa Ha OOTOCUHTE3aTa.




HewnHocT 8: NNpon3BoacTBO Ha KUcrnopoAa
ype3 poToCUHTE3A

3yakanTte OKomno 5 MUHYTU U
ONCKOBETe 3arnoysar fa ce
nagurat (B 3aBUCUMOCT OT
WHTEH3UTETA Ha CBETNINHATA U
Pa3CTOSIHUETO UM).




HewnHocT 8: MponsBoacTBO Ha Kucnopopn
ype3 poToCUHTE3A

[lnckoBeTe 3ano4yBaT ga nnaesaT, Tb KATO ocBODOXaaBaT

Kucnopon nog doopmarta Ha MexypyeTta, KOMTo nomarat npu
nnaBaHeTo.

BpemeHaTta ca pasnuyHu B 3aBMCUMOCT OT LiBETA Ha
CBEeTNMHAaTa: no-6bpP30 € 3a CUHATa CBeTNNMHA (ToBa €
BUCOKOEHEPTUNHUAT KOMMNOHEHT Ha €NTEKTPOMAarHUTHOTO
n3nb4BaHe, TOU € Han-ePEeKTMBEH B npoLeca)




OenHocT 9: XKMBOT B eKCTPEeMHM
ycrnoBus

OpoxanTte (reOnYKnTE) TpaHcdopMmupaT 3axapTa
(rnoko3arta) B eTUNOB arkoxon Unn eTaHon n BbrrepoaeH
AVNOoKCcuA.

depMeHTaumaTa e nNpoLec ¢ HACKa eHeprnHa edeKTUBHOCT,
[,0KaTO OULIAHETO € MHOFO No-peHTabuneH 1 No-CKopoLLEH
OT eBOMNIOLIMOHHA rNeaHa To4Ka.




OeunHocT 9: XKuBoT B eKCTpeMHU
yCcnoBus

AKO ce HabrnogaBa HanMYMeTo Ha BbIMEPOOEH OMOKCUA,

e 3HaeM, Yye e nmano epmeHTaumsa U criegoBaTenHo
Bb3MOXXHOCTTA 3a XXMBOT e bmuna TecTBaHa.

BbB BCUYKU CliyHan Ha Hallunda eKCnepuMeHT 3alrodBaMe
OT KYJITYpa, B KOATO NMa BOaA.




OeunHocT 9: XKuBoT B eKCTpeMHU
yCcnoBus

Llle nanonssame:

- 1 cyneHa nwxuua mas (3a npurotesHe Ha xn4a0). Toea e
XUB MUKPOOPraHmM3bM, KOUTO NECHO ce nonyvasa,

- 1 yawa Tonna soda (Manko Hag rnosioBMH Yalla Me>|<,u,y 22°
n2r°C),

- 1 cyneHa nbXxuua 3axap, KOATO MUKPOOPraHn3MmTe Mmorat
Oa KOHCyMupar.

CbluaTa npoueaypa B KOHTPOSTHUA eKCNepUMEHT U ApyruTe
eKkcrnepuMeHTU, pa3paboTeHn NPy EKCTPEMHU YCNOBUS.




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

KoHTporneH ekcnepuMeHT:

B yawa pa3tBopeTe Masita n 3axapTta B
Tonna Boga. lNonyyeHarta cmec 6BLP30 ce
nocTaBsi B XepMEeTUYHa HaWNOHOBA
TopbuMYKa, KaTo ce OTCTpaHsiBa LEenuaT
Bb3OdyX BbTPE U ce 3aTBapsi.

Ba)kHo e goa He ocTaBa Bb3yX BbTpeE B
HannoHoBaTa TopoOun4Ka.




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

KoHTponeH onut

Cnen 15-20 muHyTK BmxgaTe MexypyetaTta BbrnepoaeH aMokcu B
nogyrtara Topba

HannuneTto Ha mexypyeTa BbrnepoaeH ANOKCUA NoKasBa, Ye
MUKPOOPraHU3MUTE ca XXMBMW.




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

[lpouenypa Ha ,ankanHa niaHera“
(Hanp. HenTtyH unu TutaH 1 aBete C

aMOHSK): MNMoBTopeTe eKCnepuMeHTa C HaTpueB
bukapboHaT nnn aMmoHsIK

Ph ankanHu ckanm:

HaTtpunes bukapboHaT nnun coga 3a xns6: Ph 8,4
[lomawieH amoHsik: Ph 11

Titan, Credit NASA

AKO UMa mexypyeTa,
nma XMBOT




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

[lpouenypa Ha ,coneHa nnaHera”
(Hanpumep Mapc nnu NaHnmen).

[ToBTOpETE ekcnepumMmeHTa 3a pasTBapsHe
Ha HaTpueB xnopug (rotBapcka corsl) BbB

BoAaTa.

Ganimede, Credit
NASA

AKO Ma MexypyeTa,
nma Xmeor life




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

[lpouenypa Ha ,KucenuHHa
nnaHeta“(Hanp. BeHepa, KOATO nma
BaneXm OT CspHa KncenuHa):

[loBTOpETE pa3TBapAHETO HA OLUET UMK
NIMMOHOB COK BbB BoAaTa 3a KynTuBUpPaHe.

Ph kncenunHHmn ckanwu:
OueTt: Ph 2.9
JlnmoHoB cok: Ph 2.3

Venus, Credit NASA
AKO nma
MeEXypueTa,
nMa XNBOT




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

[Tpouenypa Ha ,flegeHa nnaHerta”

(Hanp. Europa nnu Trappist-1 h)

[TlocTaBeTe TOopbaTa B CbA, MbJIEH C Nea unu
n3nonssante ppunsep

Trappist 1h Artist’s impression

AKO HAMa mexypyeTa,
HAMa XNBOT




OeunHocT 9: XKuBoT B eKCTpeMHU
ycroBus

[lpouenypa Ha «nnaHeta ¢ UV»
(Hanpumep Mapc)

HanpaBeTe eKCrnepmMMeHT, HO C
HanmnoHoBUAT NNKK nog UV cBeTnuHa




OewnHocT 10: TbpceHe Ha BTOpa 3emH

3emsTa € egMHCTBEHAaTa U3BEeCTHa MnnaHeTa Cc XuBoT. Heka
NOTbPCUM eK30MnnaHeTa ¢ nogobHu ycnosus.
Ho Kou napameTpun ca BaxXHU?

 Pagnyc n maca Ha ek3onnaHertaTa

e Obntaema 30Ha

e Maca Ha 3Be3gaTta JOMaKUH




Paanyc u maca (eKsonnaHera)

TpabBa ga ce B3emar npegsua paguycbT U MacaTa Ha
nraHeTaTa, 3a Aa ce OUeHU agekBaTHaTa NibTHOCT.

U3non3Banku Kputepuute Ha mucuaTta Kennep:

 [lnaHeTnTE C pasmep Ha 3emsaTa TpssbBa ga umar
pagnyc no-MmanbK oT 2 pagunyca Ha 3emdaTta. R<2Re

*10 3eMHUM Mmacu ce cumTaT 3a ropHa rpaHumia 3a
cynep3emMHu nnaHetn M<10Me



30Ha 33 obutaBaHe

3Be3anTe OT rnaBHaTa nocrnegoBaTenHOCT MMaT npsika Bpb3ka
mexay bnsacwka n Temneparypara. KonkoTo no-Bncoka e
NOBbPXHOCTHATa TeMmnepatypa, TofIkoBa Mno-gpKa e 3sesgara u
TONKOBa No-aaredy e obutaemara 30Ha.

CnexkrpaJjieH Temmneparypa K Oouraema 3ona AU
KJIac

o6V 41000 450-900

BV 15400 ' 20-40

A5V 8200 2.6-5.2

FSV 6400 1.3-2.5

G5V 5800 0.7-1.4

K5V 4400 0.3-0.5

M5V 3200 0.07-0.15




Maca Ha 3Be31aTa J10MAKHH

EBonoumaTa U XXMBOTHLT Ha €AQHa 3Be34a 3aBMCKU OT HeMHaTa Maca.
EHeprusarta, KoaT1o eqHa 3Be3ga MoXe Aa nosy4vm OoT cUHTe3a Ha
BOLOpOL, € nponopunoHanHa Ha HeHata maca. A BpemMeTo Ha
rmaBHarta nocriegoBaTesIHOCT Ce nosiyyaBa, KaTo ce pasgesiv Ha
CcBeTUMOCTTa Ha 3Be3aaTta. /13non3sanku CAbHUETO KaTo OPUEHTUP,
XMBOTBT Ha eiHa 3Be3da B rMaBHaTa nocrnegoBaTeriHoCT €

tx/ts= (M*/Ms)/(L*/Ls)

3a rnaBHaTa rnocriegoBaTenHoOCT CBETUMOCTTA € nponopunoHasiHa Ha

macata cropeg L o M35

tx/ts= (M*/Ms)/(M=35/Ms35)=(Mx/Ms)~2
tx/ts=(Ms/M )25



Maca Ha 3Be31aTra JOMaKuH

KaTo xuBota Ha CnbHueTo tS=101° roguHu,
NpoAbLITKUTENHOCTTA Ha XXMUBOTa Ha edHa 3Be3da e:

t+~1010.(Ms/Mx)25 roaunu

Heka nsuncnvm ropHaTa rpaHuLa 3a MacaTta Ha 3Besgara,
Taka Ye BpeMeTo Ha NPecTol B [MaBHaTa nocneoBaTenHocT

na e Han-manko 3 x 109 roanHun, 3a oa gagem Bpeme 3a
pa3BMUTME Ha XKMBOTA.

M* = (10-10x t)-04 Ms
M* = (10-19x 3 000 000 000)-04 Ms
M* =< 1.6 Ms



B TbpceHe Ha BTOpa 3emA

Exoplanet Mass Radius Distance to star |Star Mass Star Spectral
Name in masses of in masses of the | Type/surface

Earth I Earth radi Sun temperature

Beta Pic b 4100 18.5
HD 209458 b pakeKee 15.10
HR8799 b 2226 14.20
Kepler-452 [iIGLeiW 1.59

Kepler-78 b s 1.20
2.19 unknown
Tau Cet c 3.11 unknown
TOI 163 b 387 16.34
Trappist-1 b (0K 1.09

TW Hya d
4 unknown

HD 10613 b VA0 2.39
Kepler-138c §Kel 1.20
Kepler-62f &y 1.41

Proxima
Centaurib  yeje 1.10

HD 10613 b WAy 2.39




B TbpceHe Ha BTOpa 3emA

Exoplanet \ETS Distance Star Mass Star Spectral
Radius )
Name in masses of in Earth radii to star in masses of the |Type/surface
Earth Sun temperature

Beta Pic b 173 A6V
HD 209458 b [pekIces 1510 . 1.10 GOV
HR8799 b 2226 1420 . 1.56 A5V

S Gl EglsyA ] unknown 1.59 . 1.04 G2V
Kepler-78 b K] 1.20 . 0.81 G

2.19 unknown . 0.29 M35V
Tau Cetc 3.11 unknown . 0.78 G8.5V
TOI1163b 384 1634 . 1.43 F
Trappist-1 b [0k 1.09 . 0.08 M8

TW Hya d
(yet unconfirmed) 4 unknown 0.7

HD 10613 b  [E322e 239

Kepler-138c el 1.20

Kepler-62f 2.80 141

Proxima
Centauri b 1.30 1.10

HD 10613 b  [32ce) 239




N3Boan:

3anos3HaTu cTe ce ¢ NoHATUETO obuTaema 30Ha.
BbBegeHo e NoHATUETO acTpobuonorus.

[Toka3BaTe Kak € Bb3MOXXHO Ja ce reHepupa
KMCropoa 1 ga ce nonyyu BbrnepoaeH Anokcua.

Kak ga Hamepum BTOpa 3eMs.




bnaropgapa Bu mHoro 3a
BalleTo BHMMaHue!
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