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3apa4ym pouHaNbHOro 3tana
Me)XpernoHasibHOro XMMmM4eckoro TypHupa

3apava 1. lOnutepuaHcKuu
ampmxabnb

MNpencrtaBbTe, 4TO Bbl NleTUTe Ha
KOCMUYecKoM anpwkabne B aTMocdepe
IOnuTepa. lNpeanonoxuTe, Kak MOXeT
- . ObITb YCTPOEH ANPMXKAaGSb, U HA KakoW
S e e o4 .. e~ BLICOTE OH MOXET MepemellaThcH

me “ S, MW (y4TuTe [paBneHve OKpyxkaiowei Bac
—- - e
. e atmocdpepsl). N3 kaknx marepuasnos OH

MOXeT ObITb caenaH?
NMoMuMO BoOMpoca YCTPOMCTBa Camoro neTaTesnlbHOro annapata BO3HMKaeT BOMpoC O
MonydeHUn 3Heprum OnAa nepemelleHva. Kaknm o6pasoM MOXHO MONYyYUTb SHEpruo
(Hanpumep, Tenno), WUCNonb3ysa OKpyXawwme anpmxabnb rasbl? [lomHUTE, 4TO
KMUCNopoda y Bac Maso, U OH MnpegHasHayeH, B MepBylo odepenb, OANnA abixaHuA. Mpu
PeleHnM 3adadn MOXKHO MPennonioXuTb, YTO Yy Bac eCTb C COOOW aneKkTpuyeckmne
aKKyMYNATOPbI, @ Tak)Xe HeobxoanMble maTtepuarnbl (B pa3yMHbIX KOIMYECTBaXx).

3apayva 2. ConHe4yHble 6aTapeu B
KOCMOCe

LLinpoko W3BECTHO, 4YTO KOCMMUYECcKue
CNYTHUKWN U opbMTanbHble cTaHuWUM
NCNonb3ylT OMA MNOJlyYeHnA aneKkTpuyecTBa
npenmmyLecTBeHHO COJIHeYHble 6GaTapewn.
Kakune BeliecTBa U Mmatepmanbl UCMOMb3YOTCA
ONA reHepauumn 31eKTpuyecTBa B COJSTHEYHbIX
6aTapenx, N noyemy?

He Tak paBHO Oblna nokasaHa MepCneKTUBHOCTb WCMONb30BaHMA OpPraHNYeckmx
NPon3BOAHbIX doynnepeHa B COMHEYHbIX aneMeHTax. MOXXHO Nnn Mcnonb3oBaTb Takue
3NeMeHTbl OnAa noapepXxaHmAa paboTbl KOCMUYECKMX annapatoB? Bo3moXHO nu
npoTeKaHne Kaknx-nmbo XMMMYEeCKNX B3aMMOOENCTBUN B TaKNUX dNIEMEHTaX B YCOBUAX
KOCMOCa, 1 ecnn aa, TO Kakmnx?
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3apava 3. HesemHaA marvyeckas
KucnoTa

Tak HasblBaemaA MarmyeckaA Kucnota — caman
CUNbHAA KUCNOTa U3 HbIHE N3BECTHbIX. [pn 9TOM MbI
paccmaTpuBaemM ee KWUCNOTHble CBOWCTBA B BUAE
BOOHbIX pacTBOPOB, NOCKOJIbKY OCHOBHAA YacCTb XWOKOCTU Ha nnaHete 3emnA — BoAa.
Ho Ha apyrux kocMmnyeckmnx obbekTax, Hanpumep, Ha TutaHe, cnyTHUKe CaTypHa, YyacTb
03ep COCTOUT U3 XUAKOro MeTaHa M 3TaHa, M MNO3TOMY Ha Hem norndyHee 6ypnet
paccmaTpuBaTb pacTBOPbI B XXUAKUX yrnesogopogax. byoet nn Takon xe cunbHou aTa
MarmyeckaA Kucnota B TakoM pactBope? Kakue BewectBa OyayT MpoOABNAATb
KWUCNOTHbIE CBOMCTBA B NOAO6GHbLIX cpeaax?

Kpome TOro, y4eHble nonarailT, 4TO Ha TwuTaHe TakXe MOXeT CywecTBoBaTb
NnoAnOBEPXHOCTHbLIN OKeaH U3 XnOKoro ammmaka. CoxpaHATCA M CBOMCTBA Marny4eckom
KUCNOTbl B pacTBopax >XWUOKOro ammuaka? Ecnu HeT — nonpobyrTte npeanoxuTb
KNUCNoTy, KoTopanA 6bina 6bl B HEM Hanbonee CUbHON.

Q

3apava 4. BogopoaHaAa ¢cBA3b

N3BecTHO, 4TO B KOCMOCE MOryT CyllecTBOBaTb o 0L,
TBepable Tena, obpasoBaHHble, OTYacTW, Gnarogaps %:.‘" ot
BOOOPOAHbIM CBA3AM (Hanpumep, KomeTbl). OgHako f;zi"'%”f??
0B6HapPY>XUTb 3TUX CBA3M B KOCMOCE LOBOJSIbHO TPYOHO. -
BmecTo 3Toro Mbl npegnaraeMm HeCcKOfnbKO gpyryio |8 o 3481,
3apadvy. B wkonbHOM XMnM NpO BOAOPOLAHYH CBA3b & ¥ b
rOBOPUTCA, YTO OHa Ha NOpAJOoK cnabee KOBaneHTHON, g.gzg .g 'gg‘
OOHaKo 39TO 3HaHMe paéeTcA “B roToBOM BuUAe”. - - 5

MpeanoxuTe cxemy Kak MOXHO 60siee NMpOoCTOro, Ho  /1ecopxenwe: Zhang etal. / Science, 2013
npu 3TOM HarfaAQHOro, OMbiTa, MO3BOJMAKLWEro
HanpAMYIO U3MepPUTb €€ SHEpPruio.

3apayda 5. KpuntoHUT AnA
pacTeHun

N3BecTHO, 4TO 4YyTb SN HEe eOUHCTBEHHOW
cnaboctbio CynepmeHa, ypoykeHua panekom
nnaHeTol KpunTOH, ABNAeTCA KPUNTOHUT. U3
MHO>XeCTBa pPa3HOBUOHOCTEN 3TOr0 BelLlecTBa
BHMMaHME nNpUBNEKaeT 30/I0TOM KPUMNTOHUT,
Bbl3blBAalOWNN HECNOCOOHOCTb KNETOK
BOCMPMHUMATb COJSIHEYHbIN cBeT. [Mpepnoxurte
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XMMmmn4eckmne coegmnHeHnA, KOTOpble MOXHO WNCNOJ/Ib30BaTb KaK aHanorn 30J10TOro
KPpUNTOHNTA ONA pPacTUTEsIbHbIX KNEeTOK, HO KOTOpbie Obl npn 3TOM He y6|/|Ban|/| camMmun
KNeTKN.

3apada 6. Xumua 3a npegenamm 3emsu
B aCTpoOHOMMNYECKUX WwnccriegoBaHNAX B MocnegHee BpeMA

Hanbonee nonynApHbl KomeTa YypiomoBa-IepacmMeHKo wn
lMnyToH. B Kakne peakummn Ha aTux o6bekTax MoryT BCTynaTb
opraHuyeckme coeunHeHnA? PaccMoTpuTe He MeHee Tpex
KOHKPEeTHbIX peakuun pasinyHoro Ttuna. Kak MOXHO
06Hapy>XUTb WX MNpoTeKaHue (yaaneHHO WNn HaxodAcb
HenocpencTBEHHO Ha 06bekTe)? [INA KOMETbl paccMoTpuTe
pasHuUy MeXay XOAOM peakuuii, NPoXoAAWMX B nepuresimm
n agpenum ee opbuThl.

3apa4ya 7. Xumua u nyrtewecTtBuA
BO BpeMeHMU

Kocmuyeckune nytewecTBMA 4acTo
accoummpyrTCcA CO BCEBO3MOXHbIMMU
BPEMEHHbIMM napajokcamu, Hanpumep,
nytewecTtsmAMM BO BpemeHW. [lpegctasbTe,
YTO Bbl, NPOSIETEB CKBO3b KPOTOBYK HOPY W
BEPHYBLIMCb Ha 3emno, nonann B MNpOLLoe
(Hanpumep, CpegHeBekoBbe unu [pesHuii Pum). Kakne coBpeMeHHble 3HaHMA NO XMMUK
BaMm Obl npuvrogusMcb B MNepBYKD o4vepenb, 4TOObl obecneunTb cebe KOMAOPTHOE
cylwecTsoBaHue?

3apava 8. PaguoakTuBHble 6aTapenku
OOHMM N3 UCTOYHMKOB ANIEKTPO3HEPrmn B KOCMOCe

ABnAwTcA PUT3IM — paonmounsoTonHble
TepMoaneKTpuyeckne reHepatopbl. VIX OCHOBHbIM
OOCTOVHCTBOM ABMAETCA ANIMTENIbHOCTb aBTOHOMHOW
paboTbl, KOTOpaA O4YeHb BaXHa ANA KOCMUYECKUX
MUCCUN, OCOBEHHO ON1A TeX, YTO NPOXOAAT BOanu OT
ConHua. Hanpuwmep, OENCTBYKOWWMM BELWECTBOM B
PUT3le New Horizons asnAaetcAa nnyToHuMn. OgHako
Ha 3emMne ecTb 60MbLIOE KONMYECTBO PaanoaKTUBHbIX
OTX0[O0B, MNOCTENEHHO pacnajalwwmxca wu
NCNyCcKarLWmMX 3Hepruto.
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Mo>KHO N ux mcnonb3oBaTb OnAa marotosneHna PUTIMoB? Ecnu ga, TO npennoxure
YCTPOMCTBO WUCTOYHMKA ToKa AsAa 6ecrnmnoTHOro M nuUIoTUPYEMOro KOCMUYECKOro
annaparta, OyHKLNOHNPYIOLLEro Ha OCHOBE PaAMoaKTUBHbLIX OTXO40B. Kakue matepuarnbl
Bbl 6ygeTe umcnonb3oBaTb O/1A €ro Koprnyca, U Kak Bbl 6ynete npeobpas3oBbiBaTb
MU3y4deHme Tonsmea B ANeKTpuyecTBO? PaccmoTpute TpeboBaHUA K TaKOMY 3IEMEHTY,
€CIn npepnonaraeTcA yctaHaBNMBaTh €ro Ha NUIOTUPYEMbIX annapaTax.

3apayva 9. JlyHoxoaHble rOHKU
Ha cHuUMKe amMepukaHCKWWN acTpOHaBT U3
akcneamummn AnonnoHa-17 cobupaeTtcA B NyTb Ha
NyHoxoge No NOBEPXHOCTW Hawero
€CTEeCTBEHHOro cnytTHmka. HemHoro
nodaHTasMposas, MOXHO rnpencTaBuTb cebe
NYHOXOAOHbIE FTOHKW, KOTOopble 6yayT NpoxXoauTb B
MecTax 6ynywmx noceneHnn niogen. OgHako npwu
co3faHuUM WNH ONA TakKUX CKOPOCTHBIX
NIYHOXOA0B BO3HUKHET MHOXEeCTBO Mpobrem.
Hanpumep, noBepxHOCTb JIyHbl MOXeT
nporpeBatbcA [0 +122°C wn oxnaxpatbcA A0
-169°C. Kpome TOro, Henb3A ynyckatb U3 Buay u
KOCMUYECKOe M3NnyyeHne, cBO6OAHO MpOHMKalolee K MNOBEepXHOCTU BBUAY OTCYTCTBUA
aTmocdepbl.
MpeonoXxute NOAMMEPHbLIA 31aCTOMEPHbIA MaTepuan, KOTOpblM MOXHO 6yneTt
NPUMEHATb B KOHCTPYKUMW LUWMH Takux NyHoxodoB. [logymanTe, Ha Kakux peakumax
MOXeT ObITb OCHOBaH NPON3BOACTBEHHbIN MPOLLECC ero rnosy4eHunn.

3apaya 10. BuosHeprua B

KOCMUYeCKUX yCs1oBUAX

B nocnepHee BpemA NpoBOAUTCA MHOXECTBO
nccnenoBaHMm No M3YYEHUIO BO3MOXXHOCTU
CyuwecTBOBaHNA >XW3HW B KOCMUYECKOM
npocTtpaHcTee. OOHUM K3 rnaBHbIX BOMNPOCOB
ABNAETCA MexaHu3M nosnydeHnA sHepruun. OnA
3TOro, B YaCTHOCTW, NPOBOAATCA MUCMNbITAHNA MO
POCTY pasfinyHbIX 6akTepu B KOCMOCE.
Mpepnonoxure, Kakne MUKPOOPraHU3Mbl N Ha
Kakmx obbekTax CONHEYHOW CUCTEMbI MOryT
noflyyaTb 3HEpPruo OsAa CBOEro CylwecTBoBaHUA? OnvwmnTte GUOXUMUYECKUA MEXaHU3M
npouecca nony4eHnA IHeprum 3TMMU opraHn3Mamm B BbIOPaHHbIX BaMKU YCNOBUAX.
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3apaua 11. BcnomHuTb BCce
B dunbme «BcnomHUTbL BCe» MO MOTUBaM
paccka3da dununna [Quka ApeBHue
MapcuaHe uUCNonb3oBanuM 3arajo4Hble
MalWWHbl OfAa co3gaHuA aTMmocdepbl Ha
Mapce, npurogHon panAa AbixaHnAa. OHuK
[006blBanin HEKY0 MapCUaHCKyo nopoay, u3s
KOTOPOM MyTeM 3arafoyHbiX NnpespalleHui,
nponcxogAwmMx B MaluHe, BblOENAINCH
asoT N KUcnopon B NpaBusibHOM 0O6BHEMHOMU
COOTHOLUEHUM.
Mpeononoxute, 4TO0 3TO Morna ObITb 3a nopoda, W Kakume Mnpouecchbl AOJSIKHbI
npPoucxXoouTb B Takon MawumHe. OTMETMM, 4YTO MUHepan AO/MKEeH ObiTb peanbHbIM
XUMUYECKMM COeANHEHNEM UM CMECHIO, KOTOpasa TEOPETUYECKM MOXXET CyLLEeCTBOBaTb
B MapCUaHCKNX YCNOBUAX N HE MPOTUBOPEYNT CBONCTBAM XMMUYECKUX A/IEMEHTOB.
Kpome TOro, He Tak paBHO Ha Mapce O6binv ob6HapyXeHbl cneabl >XWAKOW BOAbl.
MpennonoxXxuTe yCTPOMCTBO OPYroro MexaHnama, KOTopbiv No3Bonun 6bl n3BnekaTtb ee
M3 MOYBbI N OYULLATHL C MUHUMAJSTbHBIMW 3aTpaTamn SHEPruu.

3apava 12.
KapTocenibHbIU CKOTY
CobbITnA, onucaHHble B ubMme
«MapcuMaHMH», HarnAaAgHoO
nokasanu, 4TO ecnu y Bac ecCTb
CKOTY, BOOA M KapTowka (a Takxe
PUTOT " CUCTEeMbl
XXN3HeobecneyeHnsd), TO B LENOM
BCE HE Tak YX NJOX0, Aaxe ecnm
Bbl ocTanucb Ha Mapce B
oamnHo4vecTBe. HO npeanonoXum, 4To M3 3TOro NepevHa y Bac €CTb BCE — OrpPOMHbIe
3anacbl BOAbl, KApPTOLWKN N Pas3fNYHbIX MHCTPYMEHTOB, HO HET CKOTYa. A BaM OH OYeHb
HYy>KEH, Hanpumep, 4TOObl 3aknenTb AOblpy B ckadaHape WM MNOYUHUTb KPbIo
mMapcoxoga. Vcnonb3yAa BawmM 3HAHUA XMMUW U CMeEKasnky, NpensioXxunTte, Kak MOXHO
caenatb MakCMMasnbHO NPOYHBIN N KNENKUI CKOTY U3 KapTOLIKW 1 APYrMxX MaTepuanos,
KOTOpble MOXHO HalTu wunu nonyy4ntb Ha Mapce. OueHuTe TakXe XapakKTepucTUKK
Takoro ckoTtya (MPOYHOCTb NSIEHKU, aAre3na K CKienBaemMon NoBepXHOCTU U Tak ganee).
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3apayva 13. NMpuyecka Amupanbl
Kak H¥ cTpaHHO, CNoBO "KOCMEeTMKa" nponcxoanT

OT TOroO >Xe KOPHA, 4TO M "kocmoc". [leno B Tom,
4YTO OpeBHerpevyeckoe cfioBo "0 KOOPOG" umeeT
3Ha4vyeHMe "MNoOpAQAOK", 4YTO MOXeT ObITb
NPUMEHEHO KakK K YynopALOYeHUID BCero
MUPO34aHuA, Tak U K NPUBEOEHMIO B MOPALOK
BHELLUHEro BMaa 4yesioBeka.

Moxkanyn, Kaxablh 4YesioBeK, CMOTPEBLIUN
«3Be3aHble BOWHbI», MOMHUT O HEOObIYHbIX
npuyeckax rfaBHON repovHU MepBbiX 3MNN3000B
KWUHoanonen — Koponesbl AMuaansl. Takue paHTacTUYeCcKme KOHCTPYKUMN — BKYMe C
cuTyaumAamK, B KOTOpbIe nonagana Koponesa — TpebyloT haHTaCcTUYeCKUX Xe MeTo0B
yKnagku Bosoc.

MpepnoXxunte cocTaB KOCMETUKW, MO3BONAKOWEN Koponese Amupgane octaBaTbCA C
HenpeB30NOEHHON YKaaKonm Ha /mobbix niaHeTax v gaxe B kocmoce. PeleHne O0/mKHO
npeacTaBnATb COO0M napy BewecTB (MM CMeCcen BeLeCcTB) — MpOo3payHbIv COCTaB aA
yKNagkn n pacTBopuTeslb OJ1A €ee CHATUA, KOTOPbIA He OO/HKEH Npu 3TOM pPacTBOPATb
BOJIOCbI UJTN KOXY.

Hapo oTMeTuTb, 4TO UCMNOIb30BAaTbL COCTaBbl COBPEMEHHbIX NTAKOB OJ1A YKNaOoKnN Hemnb3A,
Tak Kak a71A KOPOIEBCKOM NPUYECKN OHM HeAOCTaToO4YHO adpdpeKTmBHSI. [oackaxem, 4To
ee CNny>aHKu ncnonb3oBanu ona vkcauum npmyeckn YO-namny.

3apava 14. Kocmuyeckan
6eH30KONIOHKa

OanbHne nonetbl 3a npepenbl CosiHEYHOWM
cucTembl TpebyloT 60/bWOro KonmnyecTea
TonnuBa. OpHako B3neTHaAa Macca
KOCMMNYeCKOro kopabna CUbHO OrpaHuyeHa,
NoaToOMy ANA AalibHUX KOCMUYECKUX
nyTewecTBUIA NPaKTUYECKN HEBO3MOXHO
B3ATb BCE HEOOXOOMMOe roproyee ¢ 3emnu.
MpennonoxuTte, Kak Takue aKcneauumnm
MOryT MCMONb30BaTh MOPOAbl KOCMUYECKUX
06BbEKTOB, MMMO KOTOPLIX OHW NMponeTatoT, AfA NonyvYeHua Tonnmea. Y4TuTe, 4YTo Bawa
KOMaHaa [osiKHa MOoMy4YnMTb He TOJIbKO roptodee, HO U OKUCIUTENb ONA Noadep>XaHusa
ropeHna Tonnuea. [pennoxute cnocob nonydeHUsa Kak >XWUOKOW, Tak W TBepaon
TOMJINBHOW CMecH.
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3apava 15. YacTuuensneHka
MpuHUMN OencTBnA OObIMHOM  (DOTOMIEHKU

OCHOBAaH Ha XMMMWYECKUX peakuuax,
NPOUCXOOAWNX B aKTUBHOM C/i0€ MIEHKW.
CeeT B3auMmMopencTByeT C BeLWECTBOM,
BbI3blBaA OnNpefefieHHble npeBpalweHud, a
doTorpad obHapy>XvMBaeT 3TW npeBpaLleHmA
N 3aKpennAaeT Nosly4eHHOe n3obpaxeHue.

B rnybokom kocmoce cBeTa Mano, HO eCTb
KOCMUYECKOEe M3NyYyeHne — ObICTpble YacTuupbl (3N1EKTPOHbI, MPOTOHbI, aHTUNPOTOHbLI U
apyrue). OHM ToXe MOryT B3aMMoOencTBOBaTb C BELWECTBOM: K NMpUMepy, ecnu Takas
yactTuua nonageT B MPOTAXEHHYK OPraHM4Yeckyto MOSEKyny, 9TO MOXET MPUBECTU K
paspbiBy XMMNUYECKUX CBA3EWN, TO €CTb K XMMUYECKON peakLumu.

Mpeonoxute coctaB «4acTUUENIeHKU», KoTopaA morna 6bl omkcupoBaTb O6bEKTHI,
BbICBEYEHHbIE TAKNM U3NyYeHneM. Kak ee NpoABNATb N KaK 3akpenfaTb nobpaxeHue?
Ha 4TOo 6yoyT noxoxwu cpoTtorpadpumn, coenaHHole ¢ ee nomowpko? MoryT nm 3Ttm
n306paxkeHnA ObITb LBETHLIMU, 1 €Cnn Aa, TO Kak 3Toro nobutbca?

3apaya 16. Kocmuyeckan
Hed)TenepepaboTKa

OT1nunumne ycnosuin Ha 3emne n B KOCMOCe
Nnopor MOXHO BbIrOOHO WCMOAb30BaTh.
Hanpumep, oTcyTcTBME rpaBuTaumMm B
KOCMOCE CHUXaeT KOHBEeKLUUI
XXUOKOCTEN, 4TO NO3BONAET pacTUTb
6onee OOHOPOOHbIE KpuUCTanbl 6enkos,
KOTOpble NMOTOM WCNOMb3YKT ANA
pacwndpoBKN UX KPpUCTaNIN4Yeckomn
CTPYKTYpbl.

KakoBbl OCHOBHbIE OTINYNA KOCMUYECKUX YCITIOBUM OT 3EMHbIX, KOTOPbIE MOryT BAUATb
Ha NpPOTeKaHne XMMNUYECKUX NPOLLECCOB?

Mpeonoxute, Kak MOXHO Obl10 Obl YNPOCTUTb MpouecC pasfgeneHuA HepTn un
CONYTCTBYIOWMX ra3oB B YC/NOBUAX KOCMOCa MO CPaBHEHUIO C MeTohamu,
ncnonb3yembiMn Ha 3emne? Vcnonb3ynte B CBOEM pELEeHUN OTNIMYMA B YCNOBUAX Ha
3emMne n B KOCMOCe, apryMeHTUpynTe, NoYeMy B 3E€MHbIX YCMOBUAX MNPensIOXKEHHbIN
MeTo[ peann3oBaTb 3aTPYAHUTENBHO (MU HEBO3MOXKHO).




