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1. YTo Takoe aBTOMaAaTHYECKHE MEKILIAHETHbIE CTAaHIIUHN?

1.1. 13 yero cocrosaitT ABTOMAaTH4YeCKHe
MeKILIaHeTHLIE CTaHIMN

Asmomamuueckast MeNCNAGHEMHAs. CMAHUUSL — MO OECNUNOMHBIL KOCMUYECKULl annapam,
KOmOopbwlil 3anyckaiom ¢ 3eMau 05 UCCAe008AHUS MENCNAAHEMHO20 NPOCMPAHCIEA U PA3AUUHBIX
men Conneunoli cucmemol: Connya, naanem u ux CnYmMHUKO8, KOMem U acmepoudos, MelCnaAamen-
HOUL nvlau u 2asa. /s mozo umoovl OKON03eMHbII CNYMHUK CIMAA A8MOMAMUYECKOl MeXCnAaHen -
HOIl cmaryueti, emy mpedyemcsi pazeums 6mopyro Kocmuueckyro ckopocmo — 11 xm/c uau oxkono 40
000 km/u — Onst nPeodoNeHUSE CUNBL NPUMSAHCEHUSL BEMAU U 8bIX00A HA OKONOCOAHEUHYIO OpOUmy.
Hrvimu croeamu, medxcnaanemuulii nonem — smo nonem no opoume eokpye Connuya.

HeckonbkuM KOCMHUYECKHM ammaparam yaaloch Pa3BUTh TPETbIO KOCMHYECKYIO CKOPOCTb
(~16,6 km/c), KOTOpas MO3BOJIMJIA UM TIpeonosyieTb cuiny nputspkeHus: Connia. Takoi moseT yxe
ABJIACTCA MEXK3BE3AHBIM, HCCMOTPSA Ha TO, YTO IIYTb 40 COCEAHUX 3BE3/] 3alMeT OECATKU ThICAY JIET.

ABTOMAaTHYECKUE MEXKIUIAHETHBIE CTAHIIMU €1Ie MHOI/IA HAa3bIBAIOT 30HIaMH, IIOTOMY 4TO OHU
3aHUMAIOTCSI HAyYHBIMH MCCIIEIOBAaHUSIMH, TO €CTh 30HAMPYIOT IIPY TIOMOIIM Pa3INYHBIX TPUOOPOB
MEKIIJTAHETHOE IIPOCTPAHCTBO U BCTPEYHBIE KOCMUYECKHE TEJIA.

Hexkotopbie aBToMaTH4eCcKye MeKIUIAaHETHbIE CTAHIIUU OTIPABJISIOT B My TEIIECTBUE [J151 UCCIIe-
JOBaHMS HECKOJIBKUX 1iesiel (HarmpuMep, aCTepOUIOB U KOMET) C TIPOJIETHBIX MM OOJIETHBIX TpaeK-
TOPHIA, ¥ TOT/Ia CTAHIIMY WJIU 30H/IbI OCTAIOTCSI HA OKOJIOCOJTHEYHOU opOuTe. [I71s1 Ipyrux ke anmapa-
TOB BBIOMPAIOT OMpe/ie/ieHHbIe 11eJTd, HAIpUMep: BBIXOJ Ha opouTy BOKpyT JIyHb wii BeHeps! wim
1ocasIky Ha Mapc, B TakoM cilydae Mx MeXIUIaHeTHOe IyTeliecTBrue BOKpyr CosHIa 3aBepliaercs y
eIV UCCIIEIOBAHMSI, ¥ OHU COBEPINAIOT MAaHEBP TOPMOKEHUS /17151 UI3MEHEHUs1 OPOUTHI.
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Kocmuuecknii anmapar — 310 CIOXHasi MHOTO(YHKIIOHAIbHAST CUCTEMa, KOTOopash JOJDKHA
paboTaTh B CypOBBIX YCJIOBHSIX JaJIeKO OT 3eMJIH, TOITOMY BCe KOCMHUECKHE alMapaThl JOJITO U CTa-
paresbHO pa3padaThIBAIOT, MHOTOKPATHO UCTIBITHIBAS TIEPE]] CTAPTOM.

pamu, Ja3epamu.

JlJ1s1 MaHeBpUPOBAHUSI B KOCMOCE 30H/Ibl OCHAIIAIOTCSI PAKETHBIMU JIBUTATEJIbHBIMU YCTAHOB-
KaMH, a Uil U3y4eHUs KOCMOCca — HayYHbBIMU MPUOOPaMU: TEIECKOIaMH, CIIEKTPOMETpaMu, pajia-

Bo BpeMs MHCCHH nepea KOCMUHICCKHM anmapaTroM CTOUT HECKOJBKO 3a1a4:

1. ObecneunBaTh ceOs QJICKTPUYCCTBOM IIpU IOMOIIU CUCTEMA IJICKTPOIIUTAHUA. Omna coxpa-
HACT pa6oqy10 TEMIIEPATYPY 3a CUCT CUCTEMbI o0ecrieyeHns TEMI0BOIO peiKuma.

KOMILJIEKCA.

2. YMeTh OIIPEACTIATb CBOC IOJIOKEHUE B ITPOCTPAHCTBE, UCTIOJIb3YA CUCTEMY OPUCHTAIIUU.
3. HepeaaBaTb JaHHBIC U TTOTYYaTh YITPABJIAIONINE KOMaHAbl TTOCPEICTBOM 60pTOBOFO panuno-

Hay‘IHbIC HpI/I60pr Ha3bIBAIOT MOJIE3HON Hany3KOfI, a BCE BCIIOMOT'aTCJIbHBIE CPEACTBA — CIIY-
JKEOHBIMHU CHCTEMAMU WU HJ'IaTq)OpMOfI KOCMUMYECKOIO arrapara.

Ocmponanpasienan Ve
aAHMENNKA
Coaneunan

Gamepes

Faeadne
damuurt

3
,LTB!J.(‘G?HZ-’EU. CUCMEMbBL

opueRmayu

L Vavmpaguotemossiii
Mapuesan deuzamesnas
Yemanoara

cnexmpomemp
Kamepa eviconoeo
demexmop

paspewenua

/' 2
Hetimporibite

Komnonoska asemomamuueckoii medxcnaanemnon cmanuyuu Ha npumepe NASA Lunar
Reconnaissance Orbiter (amepuxanckuti cnymnuk Ha opoume okpye Jlymot).

MapieBas ABUTraTeJbHasi yCTAHOBKA — HEOOXOAMMA TSI I3MEHEHHUsI CKOPOCTH TI0JIeTa U
COBEpIIIEHUs] OPOUTATBHBIX MAaHEBPOB: JIOCTHKEHHSI BTOPOM KOCMHYECKON CKOPOCTH, TOPMOKECHUS
TSI BBIXOJIA HA TIesieByIo (padouyio) opouTy, u3MeHeHust (popMbl OPOUTHI M €€ HAKJIOHEHHS.

JIBUraTeJM CHCTeMbI OPHEHTAUH — VCTIONb3YIOTCS TS YIIPABJIEHHS OpPUEHTAIIel aBTOMa-
THYECKOW MEXIUIAHETHOW CTaHIIUH, TO €CTh U3MEHEHHS TIOJIOKEHUSI KOCMUYECKOTO anmnapara OTHO-

CHUTEJIPHO LIEHTpa ero Macchl. [1pu nomMolu cucreMpl OpUeHTAlMU MEHSETCS HalpaBJieHUe «B3IJIsga»
TEJIECKOTIOB ¥ (pOTOKaMep, HalPpaBJIEHHOCTh PAJIMOAHTEHHBI, YTOJI OCBEIIEHHS COJTHEUHBIX OaTapei.
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3Be3Hble JaTYUKN — (POTOKaMEPBI /1J1s1 ONpeIeIeHN s MTOJIOKEHNSI KOCMUUYECKOTr0 arnapara
OTHOCHUTEJIBHO LIEHTPa €ro Macc IPU MOMOLIMA OPUEHTAIMH 110 3Be31aM. Onpeiessis, Ha KaKue 3BE3/1bl
Y CO3BE3/IMs HAIIPABJIEHBI 3BE3AHbIC JATYMKH, KOCMUUECKUI amnapaTr MOHUMAeT, KyJa CMOTPST €ro
KaMephl, HallpaBJieHa aHTEHHA U pa3BEpHYTHI COTHEYHbIE OaTapeu.

CosiHeuHbIe JATYHKH — (POTOITIEMEHTHI, KOTOPHIE MO3BOJISIIOT OIPEIEIUTDb HAllpaBJIeHUEe Ha
CorHIle ¥ OCBEIIEHHOCTh COTHEUHBIX OaTapei.

CouHeuHbIe GaTapen — CPeICTBO MOMYYEHHS EKTPUUECKOM SHEPTUH IS JIEKTPOITUTAHU S
BCEX CITY’KEOHBIH CHCTEM U HOJIE3HOM Harpy3KU.

OCTpOHaHpaBJIeHHaH AHTECHHA 6OPTOBOI‘O PaANOKOMILIEKCA — UCIOJIb3YETCA OJIA IIEpe-
Jadyun OOJIBIINX 0OBEMOB HAYYHBIX JAHHBIX C KOCMHUYECCKOI'O arrapara Ha Ha3€MHBIC paarOCTaHLIUN
" pagnuOTEIICCKOIIbI.

<

MasionanpasBJ/ieHHbIe QHTEHHbI — UCTIONB3YIOTCS IS TIepeJadn CirykeOHON HHPOpMALUK O
«KU3HEIESATEIBHOCT» KOCMUYECKOTO armapara Ha OJIM3KOM PAaCcCTOSIHUM OT 3eMJIM WITH IS CBSI3H
C JpYT'MMHU KOCMUYECKUMM arraparamy NOOIU30CTH.

MaranToMeTp — Hay4HbIil IPUOOP 1S ONpe/iesieHns] HallpaBJIeHUs U HalPsKeHHOCTH Mar-
HUTHOTO MOJISL.

OnTnueckue HAy4YHbIC IIpHﬁOpr — TCJICCKOIIbI U CIICKTPOMETPHI I U3YyYCHU A aTMOC(pepH
HJIN TTIOBEPXHOCTU KOCMHUYIECKUX TEJI.

HaBI/IFaHI/IOHHbIe KaMepbl — TCJICCKOIIbI 1 (bOTOKaMCpLI, KOTOPBIC ITOMOI'al0T OCMATPUBATb
HN3y49aeMO€ KOCMHUYCCKOE TEJIO, BLI6I/IpaTb HeJik AJid HAYYHBIX KaMEp U CIICKTPOMETPOB.

JIazepHblil BBICOTOMEP — CpEJCTBO AJIs U3yueHUs pesibeda.

Panmap — npu6op, 30HIUPYIONIMI MOBEPXHOCTh KOCMUYECKUX TeJ MPH MOMOIIM OOydeHusI
PaJMOBOJIHAMU U PETUCTPALIMU OTPAKEHHBIX BOJIH.

HeliTpOHHBIN AeTEKTOP — NPHOOD, YIABIMBAIOIINIA TsDKeJIble JIEMEHTApHBIe YacTHIIbI Oe3
JIEKTPUUYECKOTO 3apsija — HEUTPOHBI, BBIIETAIOIINE C TOBEPXHOCTU KOCMUYECKUX TeJl, YTO MO3BOJISIET
OIPE/IeNIATh COAEpkKaHue BOIOPO/ia B IPYHTE.
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1.2. Kak y3HaTh COCTaB JPYrux IUVIAHET: CIIEKTPOCKONHUS

Hpaxmuwec:cu 8CE, UMo Ml 3HAEM O XUMUUECKOM CMPOEHUU KOCMOCA, BK/UOUAA 3emaro u Hac
camux, mvl 3HAEM 6ﬂ6120061pﬂ CNEeKNMpoOCKonuu. H3./Zy"l€Hl/t€, ompdasiCeHue U noeaouleHue 31emenmap-
HbIX Uacmuly, nepeHocuuUKoes ceema — (ﬁomonoe — 6a3080¢e c8oLicmMeo HAOAIOOAeMOT] mamepuu, onazo-
Oap}z KOmopomy Mol MOIHCEM U3YUAMb HE MOTbKO me 06pa3ubz, unio nonaau 6 Hawu pyKu, Ho u mie,
UmMo HAXOOSMCSL 3G MUAAUOHBL KUujaomenpoes u Ml/t./l./ll/tclpabl C6€mMoeBblx 1em.

J17151 Hac ABJIAETCS MPUBBIYHBIM JIEJIOM TO, YTO Pa3HbIE IPEAMEThI OKPYKAIOLIEr0 MUPa UMEIOT
pasHble 11BeTa. MHOrue, BeposATHO, 3aMeyalli, YTO TOPEHUE Pa3IMYHbIX MAaTEPUAJIOB MOXKET COIPO-
BOK/IATbCSl TUIAMEHEM PA3jIMYHOrO LIBETA: TaK JIECHOM KOCTEpP — OpaHKEBBbIM, ra3oBasi KOH(pOpKa
KyXOHHOM TIIUTHI TOPUT TOMyOBIM, a €CJIM B KOCTEp OPOCUTH IIJIACTUKOBBIN CTAKAHUMK WJIM KYCOK
MEHOIJIACTa, TO MOKHO YBUJIETh U 3eJieHoe TuiaMsl. Takue, ka3anoch Obl, POCTHIE BEIIH, TTIO3BOJISIOT
u3yyarb BeeneHHyro.

HOBCpXHOCTb ,ILEU'[CKOfI IJIAHETHI UJIK JII0O0ro npeaMeTa y HaC Ha CTOJIE UMEET LBET, 3aBUCA-
H_[I/Iﬁ OT XUMHUYCCKOI'O COCTaBa BEUICCTB, IOKPLIBAOIINX WJIIN COCTABIIAIOIINX 9Ty MNOBEPXHOCTD. To
7K€ KaCaeTCA ropAero Orud njin FOpﬂL[ICfI 3BE3/bl, TOJIBKO 30C€Ch OIBET 3aBUCUT OT TOI'0O, KAKMEC XUMMU-
YCCKUE IJICMCHTHI UCITYCKAIOT (bOTOHI)I CB€Ta.

P A3HHWId B BUIUMBIX [IBETAX, KOTOPHIC BOCIIPUHUMAIOT HAIIIU IT1a34d, 3aBUCUT OT IJIMHbI BOJIHBI
0€3MaCCOBBIX q)YH)_IaMCHTaJ'IbHI)IX QJIEMEHTAPHBIX YaCTUILl — q)OTOHOB, Yyel MOTOK MBI U BOCITPUHU-
MaEM KaK CBET. KOpOTKaH BOJIHA JA€T CUHUH OBET, MJIMHHaA — KpaCHbeI. Korna CBET COOCPIKUT
q)OTOHI)I BCE€X BUJMMBLIX OJIMH BOJIH, HAIIIN I'JIa3a BUOAT OeJbIit LBET, 4 €CJIM €r0 pa3ae/inThb Ha COCTaB-
JiAone NBeTa, TO Mbl YBUIUM CIIEKTP CBECTA.

EcrecTBeHHBII CHEKTP COJMHEYHOIO CBETa — pajyry BuUjel, HaBepHOe, Kaxblil. KoHeuHo,
pajyra — XOpoIIMi IpUMep, HO He CaMblil yI0OHBIH criocod m3ydenus cnekrpa Connua. s mckyc-
CTBEHHOTO HAOJIIOICHN S CIIEKTPpa UCHIONIb3YIOT CTEKJITHHYIO TIPU3MY U CTIelMaJIbHbIN TPUOOp — CIIeK-
TpoMeTp. B 3aBHCHMMOCTH OT XMIMUYECKOTO COCTaBa MUCTOYHMKA CBETA €ro CHeKTp OyJeT OTINYaThes,
Y Ha ONpeJIeJIEeHNH 3TOI Pa3HULIbl OCHOBAH NPUHLIMI CLIEKTPOMETPUM.
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VueHble COCTABMIIM TIOJIHYIO KaPTOTEKY CHIEKTPOB U3BECTHBIX XUMUUYECKUX BEIIECTB U TETeph
UM JIOCTaTOYHO CPaBHUTb, HAIIPUMED, CIIEKTP AAJIEKOH 3BE3/1bl C UMEIOIIECS Ha 3emile KapTOTEKOM,
YTOOBI Y3HATh, KAKKE BEIECTBA 3BE3/Ibl MCITYCKAIOT CBET, J0OpaBIIHiics 10 Hac. Eciu B coctaB 3Tou
3Be3/Ibl OyAET BXOAUTH KAKOW-IMOO HEM3BECTHBIN HAyKe XMMUYECKHUI JIEMEHT — ero Takke omnpejie-
JISIT, TIOCKOJIBKY OH OylIeT OTJIMYarhcsi OTO BCeX M3BECTHBIX. MiMeHHO Tak B 1868 romy Ha ConHile
OOHAPYKWIIM TeJIMiA, KOTOPBIH B TO BpeMs elrle He ObLT M3BECTeH Ha 3eMie.

Caer MOXeT 100MpaThCsl JO HAIIMX IJIa3 WK 0 CHEKTPOCKOMa IByMsl ClIoco0aMu: HEerocpeI-
CTBEHHO OT UCTOUHUKA WJIM OTPaKEHHBIM.

Wcrounvku uznyuenus csera — 310 CouHIle, 3B€3/1bl, OTKPHITHIN OT'OHb, JIAMIIOUKA, pacKaJieH-
HBIH JI0 BHICOKOW TeMIIepaTypbl MPeaMET U T. M. [[/1s1 ICTOYHHUKOB CBETa XapaKTepeH CHEKTP UCITyC-
KaHUs — Ta camasi pajyra.

OTpakeHHbIII CBET MBI BHIUM, Harpumep, OT JIyHbI, OT TIOBEPXHOCTH 3eMJIH, OT KaMHeH
Y TIOYTH BCEX MPEIMETOB, KOTOPBIE HAC OKPYKAT. [[JIs1 OTpaskeHHOro CBeTa ONMpeessioT CHEeKTp
TIOTJIONIEHUS], TO €CTh CHavYasla YIUTHIBAETCS CIEKTP TMA/IaloIIero Ha MOBEPXHOCTh CBETa, HAIIPHUMep
ot CorHira, a 3aTeM CIIeKTPOMET] OIpe/iesisieT, Ha KaKUX JIJTMHAX BOJH CBET ObLT TOTJIOIIEH MOBEPX-
HOCTBIO, a Ha KaKuX oTpasmics. Takxke CIeKTp MOMIOMEHUsT TIOMOraeT N3y4yarh COCTaB Ta30B B aTMO-
cepax apyrux rianet. CeKTp MorJIomeHr st OTPakKeHHOTO CBeTa Oy/IeT cofiepKaTh TEMHbIC YIaCTKH,
KOTOpbIE BO3HUKJIM M3-32 PaccestHusI ¥ oronieHus potoHoB. To ke Kacaercst u3yueHus armocdep
APYTUX TUIAHET, — TPOXOAsS CKBO3b ra30BYI0 OOOJTOUKY, CBET 3BE3[Ibl pAacCEMBAETCSl HA IEMEHTaX
Y XMMUYECKUX COCIMHEHUSIX, COCTABIIAIONINX €€, YTO OTPAXKaeTCsl B CIIEKTPE U MO3BOJISIET MOHSTh
XUMHYECKUI COCTaB aTMOC(EPHI.

YesoBeueckui 11a3 criocodeH pearupoBarh Ha HEOOJIBIIYI0 00JIaCTh CIIEKTpa 3JIeKTPOMarHuT-
HbIX u3nydenuid. Ecim muinHa BostHbI (pOTOHA OyeT Kopoye, YeM Ta, KOTopasi COOTBETCTBYeT (hroJie-
TOBOMY CBETY, TO MBI UX YK€ HE YBUIUM, 3TO Oy/IeT YabTpachHOIeTOBbIN CBET, €CJIM BOJIHY YKOpaUH-
BaTh ellle, TO HAYHEeTCs PEHTIeH, a MOTOM — raMMa-u3JyuyeHre — caMasi KOPOTKOBOJIHOBAsI U caMast
BBICOKO3HepruyHasi ¢opma cBeta. Takke B 0OpaTHYIO CTOPOHY: €CJIM JUIMHA BOJHBI (POTOHA OyneT
JJIMHHEEe KPACHOTO CBETa, TO Mbl HE YBUAUM M UX — 3TO OyJeT MH(pPAKPACHBIN CBET, 32 HUM JICKHUT
MUK POBOJIHOBOE U3JTyYEeHHE, a TIOTOM YKe paauoBosiHbl. COBpeMeHHbIe MPUOOPhI PACIIUPSIIOT BO3-
MOXHOCTH HAIIIMX I71a3 U TIO3BOJISIOT M3yYaTh KOCMOC B Te€X [UTMHAX BOJIH, KOTOPbIC HUKOIJIA PaHee He
OBUIU JIOCTYITHBI aCTPOHOMaM. JIJ1s1 9THX 1ieJiel UCTIONB3YITCS YIbTPadroNeTOBble U MH(pPAKPACHBIE
Kamepbl, TEJIECKOIIbI M CIIEKTPOMETPBI.
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1.3. Kak uccaeayroT miaaHeTsbl ¢ MOMOIIbIO CBETA

Umo HYIHCHO On5t 0eMANbHOZ0 UCCACO0BAHUSL OPY20UL NAAHEMbL, ACMEPOUId UM KOMembl?

Jas Hauana — 3anycmume nobaudiCe KOCMUMECKULI annapam u 060pyooe8ams €20 npudopamu,
umoObl OHU PACCKA3AAU KAK MONCHO Oonvuie 0 npeomeme UYUEHUS, UCXO0SI U3 O2PAHUMEHULE HA
00BeM, MAcCCcy U KOAUUECMEa OOCMYNHOU SHepeUU Y 3mo20 30H0A. SHAUUMENbHbIE 00BeM UHPOp-
mavyuu 06 okpyxcarouiem mupe u CorHeuHoll cucmeme 4en08ex noayuaent npu NOMOU ONMUUECKUX
cpeocma: ceoux 2143, MeaecKkonos, CNeKmMpoMempos.

Bokpyr ComHiia Bpariaercsi MHOXKEeCTBO KOCMUUYECKHX Tesl, KOTOpble O4YeHb CHJIBHO OTIMYa-
I0TCs IPYT OT Jpyra. ['a30Bble rTUTaHTHl HE UMEIOT TBEPIOW MMOBEPXHOCTH, & KAMEHHBIE TJIAHETHl UMEIOT
arMocdepy pa3HOM TUIOTHOCTH: OT HUYTOXKHOM JIO CBEPXIIOTHOW. ACTEpPOH/IbI OBIBAIOT KaMEHHBIE,
a OBIBAIOT JKeJIe3HbIE, a KOMETHl CUJIbHO MEHSIIOT CBOIO aKTUBHOCTh B 3aBUCHMOCTHU OT PACCTOSTHUS
o ConHna.

JIns n3ydeHns: 0ObEKTOB C pa3HBIMHU CBOMCTBAMM IMOTPEOYIOTCS pa3Hble MPUOOpHL. B TO ke
BpeMs1 yUeHbIe Yrke HAKOIMIM HEMaJTbIiA OITBIT PUMEHEHsI MHOTHX TUIIOB UCCIIEJOBATEIbCKUX METO-
JIOB, CMOIJIU TIOHSITh, YTO JaeT MAKCMMYM T0JIe3HOM MH(OPMAIIMK ITPYU MUHHUMaIbHOU Macce. [Tompo-
OyeM pacCMOTPETh TAKOH «KEHTJIIBMEHCKHMIA HAOOp» pOOOTU3UPOBAHHOIO MCCIIEN0BATENST KOCMOCA.

CpeMKa B BHANMOM JHaNa30He

['ma3za mpomosskaoT ObITH HAIIIMM TJIABHBIM UCCIIEI0BATEILCKUM IPHOOPOM, TIO3TOMY Ha 3emiie
aCTPOHOMBI BKJIA/IIBAIOT MUJUIMOHBI 0JUIAPOB B TUTAHTCKUE TEJIECKOIIbI, a ISl KOCMOCa CO3AAI0TCs
crienuaibHbple poTokamepbl. HayuHylo kamepy crapaloTcs Aesiath JBOMHOM, TO €CTh 3aIlyCKaThb [1Be
KaMepbl: IIMPOKOYTOJIbHYIO (KOPOTKO(OKYCHYI0) U JUIMHHO(pOKYCHY10. [llnpokoyronpHasi Mo3BosIeT
OXBaThIBaTh B3IJIS1IOM 3HAYMTEIIHBIE IPOCTPAHCTBA, HO BCE OOBEKTHI B €€ CheMKe — MeJIKue. JITnH-
HO(pOKyCHast — HA00OPOT, ABNSIETCS «AATbHOOOMHBIM OPYAMEM» U MO3BOJISIET CO 3HAYMTEIIBHOTO pac-
CTOSIHUSI PaCCMATPUBaTh HEOOJbIIINE YIACTKA MECTHOCTH C MEJIKMMH TIOAPOOHOCTSIMH. DTOT TPUH-
LIMII COXPaHSETCsl Kak B KOCMOCe, TaK M Ha MOBepXHOCTH TuiaHeT. Hanpumep, y mapcoxona Curiosity
JIBE IIBETHBIE KaMephl Ha «TOJIOBE»-MauTe: OJJHA C I POKOYTOJIbHBIM OOBbEKTHBOM C (DOKYCHBIM pac-
crosiHMeM 34 MM, BTopas — Oosee qymmHHO(oKycHas: 100 MM.

O
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B. Eropos (Zelenyikot). «Jlenait kocmoc!»

JIns1 OopOMTATIbHBIX MOAYJIEH COOTHOIIEHHUE MEXKIY «IJIMHHBIM» U «IIMPOKUM» OOBIYHO
HAMHOTO CyIIecTBeHHee. BMecTo MTMHHO(DOKYCHOTO OOBEKTHBA CTABST IMOTHOIIGHHBIN 3€PKATbHBIN
TEJIECKOII.

Cawmpblil ynajeHHBIN 0T 3emMin OOJBIION TeJlecKon ceiuac padortaeTt Ha opoute Mapca. Kamepa
HiRise, ycraHoneHHas Ha criyTHuKe Mars Reconnaissance Orbiter, 060opygoBaHa ONTHUKOM C TJIaB-
HbIM 3epKajioM quamerpoM S0 cm. Kamepa caumaet ¢ BoicoThl 250—-300 KnyioMeTpoB B (peHOMEHATb-
HOM paspelnieHny — 1o 26 cMm. Pa3pelieHneM ONTHKY Ha3bIBAIOT TIOKA3aTe/lb HAMMEHBIIIETO pa3Mepa
Pa3IMUUMBIX JeTallell CHUMAaeMbIX OOBEKTOB.

HiRise no3Bosnsier yueHsiM u3yuyatb Mapc u ciaequThb 3a nepeMenienueM Mapcoxogos. Ha ero
CHMMKaX BUJIHBI J1a)K€ CAMU MAPCOXO/bI U CJIE/Ibl, KOTOPbIE OHU OCTABJISIIOT HA MBUILHOM MOBEPXHOCTHU
TIJIAaHETHI.

[TomumO HayuHBIX KaMep HA KOCMUYECKUE anmnapaThl YaCTO CTABAT HABUTAlIMOHHbIE. OHU TO3-
BOJISIIOT JIy4llle OPUEHTUPOBATHCS «HA MECTHOCTU» OfeparopaM amnrapatoB U BHIOMPATh LIENU IS
Hay4HBIX Kamep. HaBuUTralmoHHbIe WK «MHXEHEepPHbIe» Kamepbl OXBATHIBAIOT ellle Oojiee IMUPOKHe
Yyl 0030pa (Aaxe MO MPUHIMITY «PHIOHIA T71a3» — CaMblidl IIMPOKOYTOJIbHBIA OOBEKTUB, KOTOPHIN
MO3BOJISIET YBUIETh MOUTH MOJHYIO Tosycepy rnepen coOoil) U MOryT Takke CO3[aBaThCsl CIapeH-
HBIMU, HO YK€ 7151 TIOBBIILIEHUSI HAIEKHOCTH WU JJis1 cTepeochbeMKU. CheMKa B CTEPE0 UMUTUPYET
B3IJISI/] IBYMSI IJIa3aMU C PA3HBIX YIJIOB, KOTOPBIN MMO3BOJISIET YBUIETh TPEXMEPHYIO (popMYy.

PasHuia Mex 1y HaydHbIMM M HABUTAIIMOHHBIMU KaMEPaMH 3aKJII0YAETCsl He TOJIbKO B IIMPOTE
yria o030opa. HayuHble KaMepsl OCHAIAIOTCS €Il M CMEHHBIMU LIBETHBIMU (PHIIBTPAMHU, [TO3BOJISIO-
MMM aHAJIM3UPOBATh Pa3IMYHbIE CTIEKTPAJIbHbIE XapaKTEPUCTUKY MOBEPXHOCTH UCCIIEyeMBbIX 00b-
eKTOB. OOBIYHO (PUIIBTPBI PACIIONAraloTCsl B CHELMAIbHOM KoJiece, KOTOpOe MO3BOJISAET MEHATh UX
MeX1y 0ObEKTUBOM U (DOTOMATPHLIEH KaMephl.
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B. Eropos (Zelenyikot). «Jlenait kocmoc!»

[No ymomuaHuio Hay4YHblE KaMepbl CHUMAIOT B TTAHX POMAaTHYECKOM AMANa30He — YEPHO-0eIoM
pexkume, B KOTOpoM (hoToMaTpulia IPUHUMAET BECh BUJUMBII CBET U Jakeé HEMHOTO HEBUAMMOTO
— OmmxHero nHgpakpacHoro. Takasi chbeMKa MO3BOJSIET MOMYYUTh CAMOE BBICOKOE pa3pelieHre U
YBUZIETb MeJIbYaiIlue AeTaIH, TT03TOMY OOJIBIIMHCTBO CHUMKOB U3 KOCMOCA YepHO-OeJIbie.

Ha ¢ortokamepe co cMeHHBIME (DHIIBTPaMU IIBETHbIE W300PaKEHUsT MOKHO TMOTYYUTh MHO-
TOKPaTHOW ChEMKOH C YepeJOBAaHHMEM LIBETHBIX (PHIBTPOB M MyTeM OObEAWHEHUS] ITUX CHUMKOB.
Takue KamMepbl HA3bIBAIOT MYJIBTUCTIEKTPAIbHBIMI. EAMHUYHBIN Kajp, clieTaHHbI Yepe3 OJUH IIBEeT-
HOU (pUIIBTP, TOXe OyIeT YepHO-OesbiM, TIOITOMY CHUMKHU TpeOyeTcsi 00beIMHATD 1o Tpu. [Ipruem
BOBCE HE 00s3aTEJIbHO TMOTYUYEHHBIN [BET Ha M300paXkeHUu OyJeT TaKuM, KAKMM €ro YBHJIETH Obl
HaIlM rasa. [Jis 4enoBedeckoro 3peHus MUp COCTOUT U3 COYETAHUI KPAcHOTO, 3eJIEHOTO U CHHETO
1BeToB. U «HacTOAImuil» 1BET M300pakeHUsI MOKHO TIOYYUTh ITPUA IOMOIIM KPACHOTO, 3€JIEHOTO 1
CHHETro (pUJIbTPOB.

@

B 006b1yHBIX 1IMPOBBIX hoTOAMMaparax U cMapT(OHaX MPUHLIUI MOTYyYEHUsT IBETHBIX Kajl-
POB TOYHO TAaKOW k€ — yepe3 TpexuBeTHbIN (priibTp. PasHuna mexay kamepoir NASA u kamepout B
TesiepoHe B TOM, YTO Ha OBITOBBIX KaMepaX pa3HOLIBETHHIMU (PHIIbTPAMU MPUKPHIBAIOTCS OT/IEIbHBIE
NUKCeU (pOTOMATPUILIBI — TaKasi cxeMa HasblBaeTcsi «(puibTp baitepa» — MoIToMy HaM JOCTaTOYHO
OJIHOTO Kajpa, 4ToObl yBUAETh 1BeTHOE (poTo. Ilpu chemke uepe3 «puiabtp Baitepa» 3a cBeneHue
nH(pOpPMaIMK NOTYYEHHO!N Yepe3 TPEXLBETHbIN (PUIIBTP B OJUH IIBETHOM KaJp OTBEYAlOT aBTOMATH-
YeCKUe aIropuTMbl 00padOTKM AaHHBIX. Vcnonb3oBaHue Koseca (pHIIbTPOB MO3BOJISIET PACIIUPSATD
BO3MOHOCTH KaMepBbl 3a CUET PETUCTPALIMU CBETA B LIBETOBBIX IMANa30HaX, KOTOPHIE HE BUAAT HaIllU
r1a3a, 1 00padaThiBaTh KaXIbli KaJp BPYUYHYIO, HE JOBEpsisl aJIrOPUTMaM WJIM UCIIONb3Ysl pPa3Hble
anroputmbl. Ha Mapcoxone Curiosity ycraHoBieH «puibTp Baiiepa», XOTs COXpaHEHO U OTAeIbHOE
KOJIECO C (PUIIBTPAMHU.

Kamepsl ¢ «punbtpom Bailepa» NpuHATO Ha3bBaTh LIBETHBIMH, & C BOZMOXHOCTBIO BhIOOpa
L[BETOBOTO (PUJIbTPA — MYJIbTUCIEKTPaIbHbIMU. Eciu (puabTpoB HECKOJIBKO AECATKOB, TO MPUOOP
Ha3bIBAIOT TMIIEPCIIEKTPOMETPOM WJIM TMIIEPCIIEKTPATIbHON KaMEPOU.

Ecnu kazpsl caenansl uepes Tpu (puIIbTpa, HO He Yepes3 KPACHBIN/3eIeHbIA/CUHUIA, a, HAaTIpUMep,
CUHM, KPAaCHBIN ¥ ONVKHUIA UH(PPAKPACHBIH, TO MPU CIOKEHUM KAJPOB IIBET M300paXeHUs TMOIy-
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B. Eropos (Zelenyikot). «Jlenait kocmoc!»

YUTCA «JIOKHBIM», XOTSA q)I/I3I/I‘IeCKI/Ie MPUHOMIIBI €T0 IOJTYUYCHHA BIIOJIHC SCTCCTBCHHBI. HpOCMaT-
pyBad UBCTHbBIC CHUMKHU Ha O(l)I/I]_lI/IaJIbeIX calTax KOCMHYECKHX areHTCTB, CTOUT O6paHlaTb BHUMa-
HUE HaA MOAIUCH, I'I€ YKa3aHO, KAKME MMCHHO IBETHBIC (bI/IHLprI HCIIOJIb30BaHbl HAa CHUMKE. I/IHOF)Ia
JIIOAN HE YUTAIOT MOSICHEHU I 1104, (l)OTO N HE 3HAKOMBI C IMTPOLECCOM ITOJTYyUYCHUA BETHBIX CHUMKOB,
nosToMy B VIHTepHETe 10 CMX MOp MOKHO HAWTH «pa3o0iadeHus» Mpo CKpbIBaeMblid 1iBeT Mapca
i JlyHsl v ipo «XynokHUKOB NASA», KOTOpbIE «pacKpalIvBalOT» CHUMKU U3 KOCMOCA.

NudpakpacHas cbemMkKa

WNupakpacHblil CBET HAIIM IJ1a3a HE BUJAT, a KO)Ka BOCIIPUHUMAET ero Kak Teruio, Xxots K-
AMana3oH MO HIMPUHE HE MEHbIlE Auara3oHa BUAMMOro cBera. COKpHITYIO OT I1a3 MH(OpMaLUIo
TMIO3BOJISIIOT TOOBITH MH(paKpacHbie Kamepsl. [laxke camble OOBIKHOBEHHBIE (DOTOMATPHUIIBI MOTYT YBH-
neTh OMMKHUI MH(PPAKPACHBIH CBET (B KAYeCTBE SKCTIEPUMEHTA MOKHO MOIMPOOOBATh CHATh OTOHEK
TEJICBU3MOHHOTO TyJIbTa Ha cMapTdoH). s perucrpanuu cpeqHei oonactu MHGPaKpacHOTO JTua-
[a30HA HA KOCMUYECKYIO TEXHUKY CTaBSIT OT/EJIbHbIE KaMephl C JPYIrMM THUIIOM JIaTYMKOB. A Jajlb-
HUI MH(PAKPACHBIN AMANA30H EKTPOMArHUTHOTO U3Ty4eHUs TpeOyeT OXJIakKICHUs JaTIYUKOB JI0
rTyOOKOro MHUHYCA.

3a cyer Oosiee BHICOKOIM MPOHUKAIOIIEH CIOCOOHOCTH MH(MPaKpacHOro cBeTa Mmpudopam yra-
eTcsl 3arisbIBaTh INy0Xke KaK B JAaJTbHUNA KOCMOC, CKBO3b I'a30MblJIEBbIE TYMAHHOCTH, TaK U B TPYHT
IUIAHET Y MPOYMX TBEPIBIX Tel.

Tak npu nomomu 3081a Venus Express, ierasmero Bokpyr Benepsl B 2005-2015 rr, yueHsle
HaOJTIO/1aJIM 32 IBUKEHUEM IOJISIPHBIX Tall(hyHOB Ha CpeIHUX BhIcOTax B atMocepe Benepsl. B Bunu-
MOM CBETE OHU CKPbITHI OT IJ1a3 Oosiee BhIcOKMMHU oOakamu. 3081 New Horizons 3apeructpupoBal
TEIJIOBOE U3JTy4YeHHE OT ByJKaHOB cityTHUKA IOnutepa Mo. CbheMka Kak B puiibMe «XUIIHUK» TIPU-
MeHAIach Ha Mapcoxogax Spirit u Opportunity.

Barisn opOutanbHoii cranimu Mars Express Ha nomoca Mapca rnokasain pasHHILy paciipese-
JIEHUS1 YTJIEKUCIIOTHOTO U BOAISIHOTO JIb/Ia 110 MOBEPXHOCTH JIEJSHBIX 1IaNoK. B mH(ppakpacHoM cBete
BOJSTHOM JIe/1 BHIJISIAEN TOTyObIM, & YITIEKUCJIOTHBIN — PO30BBIM, XOTS HAILIMM IJ1a3aM 00a THIA JIbAa
KaxyTcs OesbIMu.

Jl7151 mosmyyeHust MakcuMyMa UHGopMaly HH(paKkpacHble KaMepbl OCHAIAIOT OOJIBIIMM Ha0O-
POM (pUIBTPOB, JIMOO MOJHOLIEHHBIM CIIEKTPOMETPOM, KOTOPBIH MO3BOJISET PACKJIAbIBATh HA CIIEKTP
BECh OTpaXXeHHBIH OT noBepxHocTu cBeT. Hanpumep, y New Horizons umeetcs ungpakpacHslii (poto-
naTyuk pasmepoM Bcero 0,065 meranumkcesnei, 3aT0 OHU pasziesieHbl Ha 256 CrIeKTpaIbHBIX JIMHUM.
Kaxpmas nMHUsA MpomycKaeT U3JIydyeHre TOJbKO B CBOEM Y3KOM JMalla3oHe, U JAaT4MK padoTaeT B
peKUMe CKaHepa, TO €CTh KaMepOoil C HUM «IIPOBOJSAT» M0 U3y4aeMOMY OOBEKTY.
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Kak yxe ynoMuHanoch, MH(pPaKpaCHBIN CBET — 3TO TEIUIO, IOITOMY ChEMKa B 9TOM JIHaria30He
OTKPBIBAET €llie OJHY BO3MOKHOCTb MCCJIC/IOBAHUSI TBEPABIX KocMuYeckux tei. Eciu Habmonars 3a
MOBEPXHOCTBIO JITUTEJBHOE BPEMS B MPOIECCe HarpeBa OT COJHEYHBIX JIydel B JTHEBHOE BpEMS U
OCTbIBAHUA B HOYHOEC, TO MOXHO YBUIETb, YTO KAKHUEC-TO IJICMCHTLI IMMOBEPXHOCTHU HAI'pPEBAIOTCA U
OCTBIBAIOT OBICTPO, & KaKMe-TO — JIONTr0. DTU HAONIOICHUS] HA3bIBAIOTCS MCCIIEIOBAHUEM TETIOBOM
uHepuy. OHU NO3BOJISIOT ONpPEAENATh (PU3NUYECKUE XapaKTepUCTUKU T'PyHTA: PbIXJIbIM, KaK Ipa-
BUJIO, JIETKO HAOMPAEeT U JIETKO OTIAeT TEeIlIo, a IVIOTHBIINA — JJOJIr0 HarpeBaeTCsl U JIONTO AEPXKUT TETLIO.
Takxe AO0JI'O HArp€BarTCA U JOJTO OCTBIBAIOT I'PYHTBI C BBICOKHMM COACPKAHWEM BOIbBI, a BOHHHOﬁ
Jie], HA0OOPOT — MPENATCTBYET HArPeBYy.

NutepecHoe HabmoneHre ObLIO ClielaHO COBETCKHUM 30HI0M «P0oboc-2». CHumas Mapc B Ter-
JIOBOM pEkMMeE, OH 3aMETWJI JUIMHHYIO TOJIOCYy, KOTopasi MpoTsAHyIack 1o riaHere. B 90-e romprl
B Ipecce BBICKA3bIBAIMCH MUCTHUECKHE JTOMBICIIBI 00 MHOIUIAHETHOM CaMoJIeTe, OCTaBUBIIIEM KOH-
JEHCAIIMOHHBIA (Takue OeJble MOJIOCH B HEOE OT 3€eMHBIX CaMOJIETOB MHOIJIA OIIMOOYHO HA3LIBAIOT
«AHBEPCUOHHBIMI») cJief] B atMocepe Mapca, HO peaslbHOCTh OKa3aslach MHTEpecHee, XOTh U MPo-
3anyHee. TeroBas kamepa «Pobdoca-2» cMoriaa 3apuKCUPOBaTh MOJIOCY OCTHIBIIETO IPYHTA, TPO-
TSHYBIIYIOCS 32 TIPOXOJISIIEH TeHblo ciyTHUKa Mapca — ®oboca.

BeBator u ommOku. Hanpumep, uccnenys kpatep eitna co cmyrHuka Mars Odyssey, yde-
HbIE OTpeIeIMIIA MECTHOCTb C BBHICOKOW TETUIOBOWM MHEPIIMEN HErojasaeKy OT CEBIIero Mapcoxoia
Curiosity. Tam oXuJaJIi HAUTH MJIOTHYIO CKAJIbHYIO MTOPOAY, a HALUIM [JIMHUCTBIE TIOPOIbI C OTHO-
CHUTEJIBHO BBICOKMM COJIepKaHueM Boibl — 10 6 %. [Toay4ymiiock, YTO TPUUHUHOM BBICOKOW TETIOBOM
MHepIyH OblIa BOJIA, a HE KaMEHb.

YabTpaduoaeroBas cheMka

C nomorpio yipTpaguoiera u3yvaioT ra3oByio cocTaBisionlyio COTHEUHOU CUCTeMBI, J1a U
Bcell BeenenHoi BooOIie. YibTpadroIeToBbIN CIIEKTPOMETP CTOMT Ha Testeckorie Hubble (cambiii
OO0JIBIIION KOCMUYECKUH TEeJIECKOII, HA3BAHHBIN B YeCTh acTpoHOMa DiBrHA Xab0s1a), ¢ ero MoMOIIbI0
y/IaBaJIOCh TIOJTyYUTh TPEJICTaBIeHUE O pacnpeieieHuu Boasl B atMocdepe FOmurepa u 0OHapyKUTh
BBIOPOCHI U3 TIOJIJIGIHOTO OKeaHa ero CIyTHUKa — EBpOITHI.
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B ynbrpacuonere u3yvanuce nouTu Bce aTMOcephl IJIaHET, 1aXke Te, KOTOPbIX MPAaKTUYECKU
HeT. Mousblid yasTpadguoneToBblil criekTpomerp 30H1a MAVEN no3Bonui yBuieTh OKpyXKaromye
Mapc Bogopod U KHMCJIOPOJ Ha 3HAUUTEJIBHOM YAAJI€HHH OT NMOBEpXHOCTU. C ero MmoMoIlblo Jaxe
cefluac MOXHO HAOJIIONaTh, KaK MPOAOJIKAETCs yJIeTyuuBaHUe ra3oB u3 arMocdepsl Mapca, 1 yem
Jlerye ras, TeM MHTEHCUBHEE 3TOT MTPOLIECC.

Bonopon u kucnopon B atmocdepe Mapca nonyvarorcs: myteM (pOTOXMMAYECKON AUCCOLMA-
11K (pas/iesieHust) MOJIEKYJT BOJIBI Ha COCTABJISIIONIHE MO ISICTBUEM COTHEYHOTO U3JTy4eHHMs], a BOAA
Ha Mapce ucnapsiercs u3 rpyHra. B pesynsrare MAVEN 1o3Bosns OTBETUTE HA BOIIPOC «IIOYEMY
ceituac Mapc cyxoif, XOTsI KOrJJa-To TaM ObLTH OKeaH, 03epa U peKu?»

3oua Mariner-10, nponeras mumo Benepsl Ha mytd K Mepkypuio, B yibTpaduonere cmor
BBISIBUTH TIOMPOOHOCTH BEHEPUAHCKUX OOJIAKOB, YBUAETh V-00pa3HyI0 CTPYKTYpy TYpOYJEHTHBIX
MOTOKOB ¥ OIPEIENIUTh CKOPOCTh BETPOB.

CymectByer u 6oJiee CIIOXKHBINA crioco0 UccaenoBaHus atMocdepsl — Ha TipocBeT. [l aToro
uccrelyeMblii OOBbEKT pa3MelaeTcsi Mexkay MCTOUHHKOM CBETa M CIIEKTPOMETPOM KOCMHUYECKOTO
armapara. Tak MOKHO OIpe/ieNTUTh COCTaB aTMOC(epbl, OIIEHUB Pa3HUILy CIIEKTpa UCTOYHUKA CBETa
710 ¥ Toclie iepeK peITrsi atMocdepoil. Takum 00pa3zoM, yaaeTcst onpenesnTh He TOJIbKO COIepKaHue
razoB B armMocdepe, HO U MPUMEPHBIA COCTaB M pa3Mep YaCTHUI] MbUIM, €CJT OHA TOXE TOIJIONIaeT
VI pacCerBaeT YacTb CBETA.

CTOUT OTMETUTD, UTO MO YACTU CIEKTPOCKONMIECKUX MEKIUIAHETHBIX MCClenoBaHui Poccust
3aHUMaeT He nocieanee mecto. [lpu yyactuu MHcturyta kocMuveckux uccnenosanuii PAH cozna-
BaJjics eBporneickuii uHgpakpacHelii ciekrpomMerp OMEGA nns cranuun Mars Express; Ha Tom
e ammapare CTOUT pe3y/IbTaT COBMECTHOM PadOThl POCCHIMCKUX, OSTBIMIACKUX U (DPaHITy3CKUX yde-
HBIX — UH(]pakpacHblii U yiaprpaduonetoBbiii criekTpomerp SPICAM; coBMECTHO C UTaIbsIHIIAMU
crieranuctel UKW PAH paspa6oramu npudop PFS. Cxoxwuit Habop mpruOopoB ObLT yCTAaHOBJIEH Ha
anmapate Venus Express, KOTOpbIi 3aKOHYMJI CBOIO MuccHio B KoHile 2014 roga. Cerogus y Mapca
pabotaer Tsoxensiii 30H1 ExoMars Trace Gas Orbiter EBponelickoro KoOCMMYeCKOro areHTcTBa, Ha
KOTOPOM HaxXOASTCS HECKOJIBKO POCCHICKMX CHEKTPOMETPOB /ISl U3yUYeHHsT aTMOC(ephbl 1 MOBEpX-
HocTH «KpacHoi T1aHeTh».
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Cger oOecrieurBaeT HAC 3HAYMTETBHBIM 00BbeMOM HMHpopmanu o COJTHEYHOU CUCTeMe —
HY)XHO TOJIBKO YMETh CMOTPETh U BHIETh, HO €CTh U JIPyTHe CPEJCTBA, CBSI3aHHBIC YKe C sIIepHOM
U paanoU3UKOIl.
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1.4. Kak n3y4arT 1jiaHeThbl ¢ MIOMOINbIO PAJAN0 U paJJAaliu

Kocmuueckas paduauusi — 3mo nomoku (pomoHos u Opyzux 3NemMeHmapHulx 4acmul, ¢ O4eHb
8bICOKOIL SHEp2ueli, KOMOPbIMU HANOAHEHO BCE MENHCIBEIOH0E U MEHCNNAHEMHOe NRPOCIMPAHCMBO. Dmo
Pe3yAbmam U3NyueHus: 36e30, 8blOPOCO8 2a30NbLAEBLIX OUCKO8 BOKPY2 UEPHBIX Oblp, HEUMPOHHLIX
36€30 U NYALCAPO8, 83PbIBOE C8EPXHOBbIX. Kocmuueckoli paouayueii Ha3vb18aOM 2aMMA-AY4U U Ine-
MEHMAapHbvle yacmulybl: RPOMOHbL (0Pa AmomMos 6000p0o0a,), HEUMPOHbL, AnbPa- U Dema-Ay4u, peHn-
2€H, msidicenvle 3apsidceHHvle yacmuybl. Ilpaxmuuecku a06ol kamakauzm 60 Bcenennoli siensiemcst
UCIMOYHUKOM KOCMUUeckol paduauyuu. OHa siensiemcst npoonemoii 0nst KOCMOHABMOS U INeKMPOHUKLL,
HO 01151 YUeHbIX paouauust — NOOAPOK, NO38ONSIOUWULL Y3HAMb MHO20 NOOPOOHOCMEL 0 KOCMOCE.

I'amma-cnekTpockonust

INamma-y4n — 3TO BHICOKOSHEPruYHbIe (POTOHBI, UX UICTOYHUKOM siBJisieTcst COMHIIE U 1aieKue
B3pBIBHBIE COOBITHS B TAJIAKTUKE M 32 €€ IMpe/ieiaMH, HO TaMMa-CIIeKTPOCKOHS B TUIAHETOJIOTUH
M3y4aeT He Te JIyYH, KOTOpble BHIOPACHIBAIOTCS M3 3BE3]1 U YEPHBIX JIBIP, & T€, KOTOPBIMHU «(POHST»
IUTAHETHI U Ipyrue 6e3aTMocepHbie WK caadoaTMochepHble KOCMUYECKHe Tea.

[TnaHeTsl ¥ acTepoubpl HAYMHAIOT U3TyYaTh B raMMa-auara3oHe Mo Bo3AeicTBreM Oombap-
JMPOBKU 00JIee MACCHBHBIX YaCTHI]: BRICOKOIHEPreTUYHBIX MTPOTOHOB, ajibha-,0eTa- JTyded U Hell-
TPOHOB. B pe3ynbTare B3aMMOICHCTBHS 3apsKEHHBIX YaCTHII C TPYHTOM Ha TIOBEPXHOCTH HEOECHBIX
TeJ1 00pa3yloTcs raMMa-ydu. Y, Kak Mbl TOMHUM, KQKIbl XUMAYECKUH JIEMEHT U3JTy4aeT B CBOEM
CIIEKTPaJIbHOM JuariazoHe. To ecTb HamM TOCTaTOYHO MPOBECTH FAMMA-CIIEKTPOMETPOM HaJ| MIOBEPX-
HOCTBIO, YTOOBI TIOHATH W3 Yero OHa COCTOMT. HO Tak MBI IOJyYMM TOJIBKO €€ XUMUIEeCKHUI COCTaB,
a BOT €CJIM K HeMy J00aBUTh MH(MOPMAIIUIO, HAIIPUMED C MH(PPAKPACHBIX CIIEKTPOMETPOB U C KAMep
BU/IMMOTO JIMAra30Ha, TO MOXHO TMOTYYUTh Oosiee HAMTISIIHYIO KapTUHY, BKITIOYAIOIIYIO T€0IOoTHYe-
CKUM COCTaB MOBEPXHOCTH.

Tak, ¢ TOMOIIBI0 raMMa-CIIEKTPOMETPHH yUeHbIe Y3HAIM 00 OTHOCUTEIHO BHICOKMX KOHIICH-
TpalUsIX TOPUEBBIX, KeJIe3HBIX M TUTAHOBBIX pyd Ha JIyHe. PajmnoakTMBHBIE TTOPOIBI TOKE XOPOIIO
rcKath 3TM MeToioM. C ITOMOIIBI0 TaMMa-CrieKTpoMeTpa Ha armapare Mars Odyssey ynanock oOHa-
pyxuth Ha Mapce J1Ba paiioHa ¢ aHOMaJIbHO BBICOKMM COfIEp’KaHHEeM TOPHEBBIX M, BEPOSITHO, YPAHO-
BHIX py/. BriojiHe BO3MOKHO, U4TO TaM KOTAa-TO MPOMCXOAMIIM TIPOIecchl (Kak Ha 3emiie, B Adpuke)
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C O6pa30BaHI/IeM €CTECTBEHHOI'O aTOMHOI'O p€aKTOpPA. SN0 06H&,H€)KI/IBaIOHIaH HaxoaKa O3Ha4acT, 4YTo
ATOMHBLIC JICKTPOCTAHIHNU 6yIIy1_HI/IX MAapCHUAaHCKHUX ITOCCJIICHIEB MOI'YT pa60TaT b Ha MECTHOM CBIPbEC.

HeﬁTpOHHbIe AE€TEKTOPbDI

Kocmuueckre yacTuiibl, Bpe3aouecs B IpyHT 0e3aTMOC(hepHbIX Tesl, BHIOMBAIOT HE TOJBKO
(oToHBI, HO 1 G0JIee KPYIHBIE JIEMEHTAPHbIE YaCTUIIbI, B TOM YKCIIe HEUTPOHBI. BHIOUTHIE HEUTPOHBI
OBUKYTCSL Ue€pe3 IPYHT C BBICOKOUW CKOPOCTBIO U NP CTOJIKHOBEHUSIX C KaX/bIM aTOMOM BOIOpOAA
TepSAI0T MHOTO 3Hepruu. COOTBETCTBEHHO, U3MEPSisl SHEPTHUIO BBUIETAIOIIMX C IOBEPXHOCTU HEUTPO-
HOB MOHO OIPEAEINTh, HAXOAUTCS JIM O[] HEW BOAOPO/L.

Bomopon — o4eHb JieTyunii a3, KOTOpbIN He 3aJepXKUBAeTCsl B IPYHTe B CBOOOIHOM (hopme,
0COOEHHO TaM, rie aTMoc(hepHOE aBJIEHUE CTPEMUTCS K Hy 0. YTOOBI COXpaHHUTH BOIOPOJL B TPYHTE,
ero HyKHO CBsI3aTh Ha XUMUYECKOM yPOBHE, U JIyUIIIM CPEACTBOM JUISI 3TOTO OCTaeTcsi Bofa. Takum
00pa3oM, mpoJieTasi Haji IOBEPXHOCTBIO U COOMpast JAHHBIE O CKOPOCTSX BBUIETAIOIINX HEHTPOHOB,
MOJKHO OIIpE/IeSIUTh IIPUMEPHOE COfIepKaHue BOIbI B rpyHTe. Pazymeercsi, 4eM HIKe Mbl IIPOJIETHM,
TeM TouHee OyayT JaHHbIE.

HeiirpoHHbIe crieKTpoMeTphl Ha OPOUTAIBHBIX arlaparax IMoKa JAlT MOrPEIHOCTh B COTHIO
KwiomeTpoB. Eciu Mcnonb30Bath CrielMaibHBIA OrPaHUYMUTEN b, HA3bIBAEMBI «KOJITMMATOP», TO
MOYHO TTOBBICUTh TOYHOCTb IO JIECSATKOB KMJIOMeTpoB. Eliie /17151 3T0r0 Merosia orpaHnyeHa riryonHa
30HAMpOBaHKsA. Bce HEUTPOHBI BBUIETAIOT C ITyOMHBI HE HYKe 1 MeTpa, MO3TOMY O 3aracax BOJIbI
B OoJiee TIIyOOKHX CJIOSIX OCTAeTCsl TOJILKO JOTaIbIBaThCsl U TIOJIAraThCsl Ha JIPYTrue METOJIbl UCCIIEIO-

®-0-~o.
O 3
O.O,.

C noMoIipio poCCHICKUX HEUTpOHHBIX AeTekTopoB LEND 1 HEND, ObuH 1oTy4eHs! JaHHbIe
0 pacrpeaeeHuy BOI0POAa/BOIbI B TPUIIOBEPXHOCTHBIX ciosix JIyHsl 1 Mapca. U ecniu Mmapcuanckue
JAHHBIE YK€ JABaK/1bl IOATBEPAUIIKCH, TO JTyHHBIE €Ile KAyT CBOEH MPOBEPKHU.

Ha Mapce B npumnossipHblii peroH BBICAIWIICSA MOCAaAO4YHbI Momyib Phoenix, u Tam, raoe

HEND npornosupoBai 10 70 % Bombl B TPyHTE, MPSMO TOJ, MbUIIO HAIIEJICS TIACT BOASTHOTO JIb/A.
B xparepe I'eitna, roe padoraer mapcoxon Curiosity, HEND o6eman 5 %, a 1o JaHHBIM Mapcoxoja

21



B. Eropos (Zelenyikot). «Jlenait kocmoc!»

coziepXkaHue BOoIpl B rpyHTe KoneOnercst oT 3 % 10 5 %, u MuIlbh U3peka MonaganTcs «0a3nuCh»
ax B 6 %.

IMoce Takoro ycriexa HEND ero poccuiickoro «0pata» DAN «ycaguiu» mpsiMo Ha MapcOXof,
Y OH Teriepb COOMpaeT JaHHbIe He ¢ BBICOTHI 300 KMIIOMETPOB, KaK MpPe/IIeCTBEHHUK, a TOPa3/I0 HIXe
— ¢ nomymerpa. [IpaBaa, riryoruHa 30HIMPOBaHMS TTO-TIPEKHEMY HE TPEBBIIIIAET OJHOTO METpa, 3aTO
MIPOCTPAHCTBEHHOE Pa3pelIeHUE YBEIMUMIOCh C JECSITKOB KUJIOMETPOB 0 CAHTUMETPOB.

BripoueMm, HecMOTpsl Ha ycieXy HEUTPOHHBIX JETEKTOPOB, OKOHUYATEIBHOIO JOBEPUS K HUM
eme HeT. Jlequuku Ha JIyHe % IyT CBOEro nepBOOTKpbIBaTeIsl, 8 KOCMUUYECKUE areHTCTBA, KaK U 4acT-
Hble KOMIIAaHWH, Bce OOJIbIle BHUMAHMs OOpaIlaloT Ha ee Mojoca. XOTs KOHIEHTpalvsl Bard Ha
JlyHe, o AaHHBIM CITyTHUKOB, He IpeBbilIaeT 4 %.

Pagunosokamusa

30HAMpPOBaHKE TUIAHET B PaIMOJMara3oHe Havyaau MPOBOIUTH ellle ¢ 3eMin. MHoro uHdop-
MalMy cMor coOpaTh M3BECTHbIN paguoteneckornt Apecudo B Ilyapro-Puko, ubs mapadommueckas
aHTeHHa AuameTrpoM B 300 MeTpOB MOsBIIsIACh BO MHOXKECTBE roMBYACKUX (puiibMoB. Emie B 80-
€ rofpl OH OOHAPYXKUJI Ha MOJIocax ropsyero MepKypusi CTpaHHbIA OTONIECK, UICTOYHUKOM KOTOPOTO
MOT CTaTh BOJSHOM Jiefl. YUeHbIe JOJITO He MOTJIM TIOBEPUTh B TO, UTO Ha camoi Omm3kor kK CoHITy
TUIAaHETe MOTYT CYIIeCTBOBATh JIEAHUKH. [IpHuiiuioch & aath pe3ysbTatoB 30H4a Messenger, KOTOPHIit
IIPYU IOMOLIY HEMTPOHHOI'O JETEKTOPA U JIA3EPHOMW JIOKAIIMKA CMOT NOATBEPAUTH (PaKT HAIMUus JIbAa
Ha 1noiiocax Mepkypusi.

€

=

Brevatnsionye KapTUHBI MOKa3al paauoTeneckon Apecu6o Bo Bpems cynepiynust 2013 r.
Ha Jlyne ¢ ero nomoliipio yianoch pasrisieTh NOCIeACTBUS KaTaCTPO(PUUECKUX JJABOBBIX MIOTOKOB U
«HaBOJIHEHWI1». EC/IM COBMECTUTB 3TW CHUMKHM C KapTaMu paclipe/ie/IeHrs] MUHEPAJIOB, IOITyUYEHHbIX
C OpOMTAJIBHBIX CIIEKTPOMETPOB, TO MOKHO COCTABUTh MOPOOHYIO TE0JIOTMIECKYI0 KapTy MECTHOCTU
1, BO3MOXHO, PEKOHCTPYMPOBATh IBOJIOLMIO ITOBepXHOCTU JIyHbI. K HEll HEOTHOKpAaTHO OTHPABIAIN
pajapbl Ha CIyTHUKAX, HO UX HEPTUH ObLIO HEJIOCTATOYHO, YTOOB! IPOHUKHYTh TIIyOOKO B TPYHT.

PaIlI/IOBOJIHbI MO3BOJIAIOT HE TOJIBKO 3aryIAAbIBaTh MMOA NMOBCPXHOCTH IJIAHET U CITYTHUKOB, HO
Y TIOKa3bIBAIOT BHICOKYIO 3(D(heKTUBHOCTh Ha OONMAuYHBIX TulaHeTax. Tpu pamapa jerayio Kk Berepe.
«Benepa-15» u «Benepa-16» nposenu kaprorpagupoBaHue ceBepHoro nomoca B 80-e roapl, a
notom, B 90-e, Magellan coctaBui1 OYTH MOJTHYIO €r0 KapTy.
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Anmnapat Cassini Ha opoute CaTypHa UCTIOIb30BaJ CBOI paJapHblii MHCTPYMEHT, YTOOBI IpO-
HUKHYTb CKBO3b IUIOTHYIO aTMocepy ero cnyTHuka TutaHa. B xoie MHOTOYMCIIEHHBIX MPOJIETOB
KocMuueckas craHiys Cassini MOCTENEHHO PUOTKPhIBaJIa BEYHYIO MeJIeHy aTMOC(hEphl ¥ OTKpbIBaja
HayKe 3TOT MOMCTUHE YJUBUTEJIbHBIA MUP, B YEM-TO HEBEPOSITHO MOXOXKUI Ha 3€MHOM, a B 4YeM-TO
Pa3UTEIbHO OT Hero OTIMyaloIuiicss. MHOrOKpaTHast pajlapHasi CheMKa I03BOJIMIIA He IPOCTO KapTo-
rpacupoath TutaH, HO 1 HaOMIOAATH TUHAMHUYECKHE MPOLeCcChl Ha HeM. Tak, TAMHCTBEHHO MOSIBUB-
IIMIACS, @ TIOTOM MCUYE3HYBILIUI OCTPOB, COWIM MPU3HAKOM MPOUCXOIAIIMX CE30HHBIX M3MEHEHUIt
Ha caMoM KpyIHoM ciiyTHUKe CatypHa. Bo3aMoxHO, 3T0 ObL1 JieAssHOH aiicOepr, 0OpyILMBILIMIACS B
METaHOBOE MOpE.

Jlpyrue auana3zoHsl paJMoOBOJIH U Ipyrasi KOHCTPYKIIMS pajapa Mo3BoJsioT 3a0UpaThCsi ropasio
ryoxe. Ha opbute Mapca paGoTaioT ABa KOCMUYECKMX anmapara, 000pya0BaHHbIE paJjapaMu, YbH
BOJIHBI IIPOHUKAIOT B KOPY IJIaHETHI Ha 1-3 KulomeTpa.

NccnenoBanue eBporneiickoro kocmuueckoro anmapara Mars Express 1Mo3Boiuio MosyyuThb
MH(pOpMAIIMIO O MOIIHOCTA U CTPYKTYpe MOJSIPHBIX JIBIOB M OLEHUTH 3arachl BOAbI Ha MOJIOCAX
Mapca. Ero e ckaHupoBaHHe O3BOJIMIO OOHAPYKUTh APEBHUE aCTEPOUIHBIE KpaTepsl, MOrpedeH-
HBIC 110[] COTHAMU METPOB ByJIKaHI/I‘{eCKOﬁ JIaBbl 1 OCaJOYHBIMH HAKOIIJICHUAMU MAPCUAHCKOI'O OKE-
aHa B CEBEPHOM IOJyIIIapUH IUIaHEThI. PaHee yueHble HEOTHOKPAaTHO OTMEYaIv BUAMMYIO pa3HHUILy B
KOJINYECTBE METEOPUTHBIX KPATEPOB B I0KHOM U CEBEPHOM nonyiapusax Mapca, u Mars Express nos-
BOJIWJI pasrajiath 3Ty 3araaky. A eciau Obl Ha «KpacHoil TuiaHeTe» CyIecTBOBaIM MapCUaHe, 3apbiB-
myecs: OT BaKyyMa, 3aCyXd ¥ MOpo3a B MOIMAapCHaHCKuUi ropoi-yoesxuine, To Mars Express Harmesn
OBl ero.

Pagap npusesnu gaxe Ha nosepxHocTh Jlynbl. Kuraiickuin syHoxon Yutu («Hedpurobiii
3as1]») ycresl POMTH BCET0 COTHIO METPOB, HO ke BO BPEMsI TAKOI'O KOPOTKOI'O ITyTH MY yZ1aJI0Ch
MOJIyYUTh MHTEPECHENIIINE MPOUIIN JIyHHOHN MOBEPXHOCTU HA TITyOMHY OKOJIO YETHIPEXCOT METPOB.
B Oynyiem takas uHpopmarus OyaeT ;KU3HEHHO He0OX0AMMa JIJTs1 CTPOUTEIILCTBA JIYHHOM CTAHLIUH,
0a3bl WU NOCEIEHUS.

Aabga-ayyeBas u peHTreHOo(hI0ypecieHTHAsI CEeKTPOCKOMMSI

Korna aeno noxoaut 1o uccaegoBaHusl KOCMUUYECKMX TEJT TOCAA0UYHBIMU allapaTtaMy, MpaKkTH-
YEeCKH HEBO3MOKHO OOOMTHUCH €3 TpOoraTesibHbIX — B IPSIMOM CMBICJIE — MOMEHTOB aJib(ha-Ty4eBon
PEHTIEHO(IIOYPECLEHTHOM CIIEKTPOCKOITUM.
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[Tpubops Tuma APXS (Alpha Particle X-Ray Spectrometer) ycraHaBiIMBajuch Ha BCe Map-
coxonsl NASA. APXS umeercsa Ha nocagouHoMm anmapare Philae Ha snpe xomersl 67P/Yypio-
MoBa-I'epacrmenko. Ha coBeTckux yHOX0Aax ObUT yCTaHOBJIEH MOX0xkuid puoop — PUPMA. [pun-
U paOOThl METOA HATOMHUHAET TaMMa-CIIEKTPOCKOIHIO, 38 TEM UCKJIIOYEHHUEM, YTO JaTYMK MMEeT
CBOI COOCTBEHHBII MCTOYHUK 3apsDKEHHBIX YaCTHIl (KaKOW-HUOYAb PaJviOaKTUBHBIA MaTepual),
npesx/ie Beero anbga-srydeil. 3apsskeHHBIMHU YacTUIlaMK O0oMOapanpyeTcs ucclieayeMblid oopaserl, B
XOJ€ NPOLIECCOB MOMIOIIEHU alb(a-4yacTul] sIpaMyA aTOMOB BBIIEJIAETCA PEHTTEHOBCKOE U3ITyde-
HEe. 1 KaK/I0ro XMMHUYECKOTo JIEeMEeHTa CIIeKTp M3JTyueHus: OyJeT CBOM, YTO MO3BOJISET Onpee-
JISITh XMMHUYECKHUI COCTaB 00pasIa.

D10 JajeKo He WCYepIbIBAINUI 0030p oOopymoBaHus i uccienoBanus ColHEYHOM
cucteMbl. Kak mpaBuiio, Ha MEXKIJTAHETHBIE AMNapaThl CTABATCS U acTpoU3nUecKue mpuoopbl Ajs
perucTpauy SHEPruvHbIX YaCTHIl, MEKIUIAHETHON pajauallvu, IJIa3Mbl U MbUTH. MeKIlaHeTHbIe
riepesieThl MO3BOJISIOT U3yYaTh ellle U KOCMUYECKOe MPOCTPAHCTBO, B3auMOocBs3u ColHIIa, IUTAHET U
ME:K3BE3/IHOW CpeJibl, HO 3TO yXKe JIpyrasi UCTOpHUSI.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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