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BBenenue

Hacrosimue  pekoMeHmauuu 1O  OpPraHM3alMd M MPOBEACHUIO  IIKOJBHOTO U
MYHHUIIMTAIBHOTO ATANOB BCEPOCCUICKON OJMMITMAJIBI IIKOJBLHUKOB (anee — onumnuana, BcOILI)
[0 aCTPOHOMHH COCTaBJIEHBI B COOTBeTCTBUM ¢ [lopsakomM mpoBeAeHHs BCEPOCCUMCKON
OJIMMITUA/Ibl IIKOJIbHUKOB, YTBEPXKIECHHBIM IpHUKa3zoM MuHucTtepcTBa mnpocpemieHus PD ot 27
HOsA0ps 2020 . Ne 678 «OO0 yrBepkaeHun llopsaka MpoBeAECHUST BCEPOCCHMCKON OIUMITHAIIBI
IIKOJIbHUKOBY, C U3MEHEHUSIMU, BHECEHHBIMU MpuKazamMu MunHucrepcTsa npocserieHuss PO ot 16
aBrycra 2021 r. Ne565 u ot 14 despans 2022 1. Ne73.

Onumnuana no acTpOHOMHUH MPOBOJUTCS B LENSX BBISABICHUS U Pa3BUTHUS Y 00yYarOIIUXCs
TBOPUYECKUX CIIOCOOHOCTEW W MHTEpeca K HayYHOU (HAYyYHO-HCCIIEIOBATEIbCKON) NESTEIbHOCTH,
Mporarai/ibl Hay4YHbIX 3HAHUM.

3ajayu OJIMMIIHNA/IbL:

— BBISBJICHHEC TATAHTIUBBIX IIKOJLHUKOB B 001aCTH aCTPOHOMHH U CMEKHBIX HAyK;
— NOMyJsSIpU3alysl aCTPOHOMMUYECKHUX 3HAHUI CpeAM ILIKOJIBHUKOB U MOJIOJEKH, IMOAHSTHE
YPOBHS aCTPOHOMUYECKON IrPaMOTHOCTH.

Onummnuana npoBoaUTCs Ha Tepputopun Poccuiickoit @enepanuu.

PabGouuM S36IKOM MPOBEACHUS OJIMMITUAIBI SIBISIETCSI PYCCKHH SI3BIK.

Yyactue B OJMMIIMAAE WHIUBUAYAIbHOE, OJUMIMAAHBIE 33JaHUS  BBIIOJHAIOTCA
Y4aCTHUKOM CaMOCTOSTENBHO, 0€3 TOMOIIH MOCTOPOHHUX JUII.

Cpoku OKOHYAHMS HTAOB OJIMMIIMAJbI: IIKOJBRHOTO STama OJUMIMAALI — HE MO3JHEe
01 HOSIOps; MYHUIIMTIAIBHOTO ATAITa OJIMMITHABI — HE TTO3HEE 25 AeKadpsl.

[IxonbpHBIN TAl OJUMITHAIBI IPOBOJIUTCS T10 33JJaHUSAM, pa3padoTaHHBIM s 5-11 Kitaccos,
MYHUIUINAIBHBIN — 1151 7-11 kimaccoB. Kak MIKOIBHBIN, TaK 1 MyHULUIIAIBHBIN 3Tal MPOBOASTCS B
OJIMH ayJUTOPHBIN Typ. YUAaCTHUK KaKJOTO 3Tana OJMMIINAIbl BHIOIHSAET OJIMMIIMAIHbBIE 3a/1aHHUS,
pa3zpaboTaHHbIe AJIs KJlacca, IPOrpaMMy KOTOPOIO OH OCBAaUBAET, MJIU JJIsl O0JIee CTaplIuX KJIacCoB.
B cnyuae npoxokaeHHsl y4aCTHUKOB, BHIIIOJHUBIIMX 3aJIaHUs, pa3padoTaHHbIe Il OoJiee CTapLInX
KJIACCOB IO OTHOUIEHHIO K TEM, MPOrpaMMbl KOTOPBIX OHM OCBauMBAaIOT, Ha CIEIYIOIIMNA 3Tan
OJIUMIMA/bI, YKa3aHHbIE YYaCTHUKM M Ha CJIEAYIOIIMX dTalax OJMMINAAbl BBIIOIHSIOT
ONMMITUAZHBIE 3aJaHUs, pa3paboTaHHBIE I Klacca, KOTOPHIM OHU BBIOpAIM Ha MPEIBIIYIIEM
JTare OJIMMITUAIBL.

Metoauyeckie pEKOMEHJALMK BKIIOYAIOT: METOJUYECKHE IMOAXOJbl K COCTABIICHHUIO
OJIUMIUAJHBIX 33JaHUKA MIKOJIBHOTO W MYHHUUUIAIBLHOTO JTaloOB OJMMIIMA/bI; TMPUHIHUIIBI
(GbOpMUPOBAaHUS KOMILIEKTOB ONUMIHUAJHBIX 3a/laHui; HE0OXOIMMOe MaTepUaIbHO-TEXHUYECKOe
oOecrieueHre [UIsl BBIMOJHEHUS OJIMMIIMAIHBIX 3aJaHUM; IepeueHb CIPaBOYHBIX MaTepUasoB,

CpE€ACTB CBS3HU U BJ'IGKTpOHHO-BBI‘IHCHHTGHBHOﬁ TEXHUKH, PA3pCHICHHBIX K HCIIOJB30BAHUIO BO
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BpeMsl IPOBEJCHUS OTUMINA/IbI; KPUTEPUH U METOJAUKY OLEHUBAHUS BHITOJHEHHBIX OJMMITNAIHBIX
3a7JaHUN.

JlonomHUTENRHYIO0 WH()OPMAIIHIO 110 MPEACTABICHHBIM METOINYECKUM MaTepuaiaM MOKHO
HOJYYWTh 110 OJJIEKTPOHHOW IouTe, OOpaTHBINMCH 10 anapecy. ougolnikov@gmail.com B
HEHTPAIBHYIO TPEIMETHO-MeTOANYecKyro komuccuro (mamee — IIIIMK) Bcepoccuiickoit

OJIMMITUAIbl IIKOJIbHUKOB 11O aCTPOHOMMUHU.

1. lIpuHuunbl GOopMUPOBAHUS KOMILJIEKTOB OJJUMITMAAHBIX 3aaHUH U MeTOAUYeCKHe
MOAXO0AbI K COCTABJICHUIO 32/IaHUI IIKOJbHOI'0 3TANA OJIUMIINA/IbI

1.1. lIpyHUNBI HOPMHUPOBAHUS KOMILJIEKTOB OJIUMIIUATHBIX 3aJaHUI

B xOoMIUIeKT 0IMMIMAAHBIX 33IaHUI [IKOJBHOIO 3Tara OJUMIIMA/IbI IO KaXKJ10W BO3PACTHOM
rpynmne (KJIaccy) BXOIST:

— OJaHK 3aJaHMIL;

— OJIaHK OTBETOB;

— KPUTEPHUH U METOJUKA OIEHUBAHUS BBITIOJHEHHBIX OJTMMITUAIHBIX 3aJaHUMN.

[Ipu cocraBnenun 3amaHuii, OJIAHKOB OTBETOB, KPUTEPUEB M METOJMKH OILICHUBAHUS
BBIMIOJTHEHHBIX OJIMMITMAAHBIX 3aJlaHui HEOOXOIHMMO COONI0IaTh €OUHBIA CTHIb O(OpMIICHUS.
PexoMenayemblie TEXHHUECKHE TTapaMeTpbl 0(hopMIIeHUsT MaTepUasoB:

— pa3mep Oymaru (popmar nucta) — A4;

— pa3mep MoJei CTpaHull: MpaBoe — 1 ¢cM, BEpXHEE U HIKHEE — 2 MM, JIEBOE — 3 CM;

— pa3mep KOJOHTUTYJIOB — 1,25 cwM;

— OTCTYI MepBoy cTpoku ab3amna — 1,25 cMm;

— pa3Mep MeXCTPOYHOro MHTepBaia — 1,5;

— pa3mep mpudra — Keriab He MeHee 12;

— tun mpudTa — Times New Roman;

— BBIPAaBHHMBAHUE — 10 TUPUHE;

— HyMepanus CTPaHMIl: CTPAHHIIBI JOHKHBI OBITH MPOHYMEPOBAaHBI apaOCKUMH IudpaMu B
[EHTpe HIDKHEH dYacTh Jucta 0e3 TOYKH C COOMIOJEHHMEM CKBO3HOM HyMepaluud KO BCEMY
JIOKYMEHTY;

— TUTYJABHBIA JTUCT JIOJDKEH OBITh BKIIOYEH B OOIIYI0 HyMEpaIUIO CTPAHUIl OJIaHKa OTBETOB,
HOMED CTPAHULIbI HA TUTYJILHOM JIUCTE HE CTABUTCH,

— PUCYHKH M M300pakKeHUsI TOJDKHBI OBITh XOPOIIETo pa3pelieHus (KauecTBa) U B 1IBETE, €CIH

JaHHOC YCJIOBHUEC ABJIACTCA IPUHIHUIINATIBHBIM U H€O6XO)II/IMI)IM JJIA BBIIIOJTHCHU S SaHaHHﬁ;
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— TaOJMIBI U CXEMBI JIOJDKHBI OBITh YE€TKO OOO3HAYEHBI, CTPYMNIHPOBAHBI U PAMOHAILHO
pa3MeIleHbl OTHOCUTEIbHO MAPaMETPOB CTPAHMIIBI.

[Tpu pa3paboTke 01aHKOB OTBETOB HEOOXOAUMO YUUTHIBATH CIIEIYIOIEE:

— MepBbIHA JUCT OJaHKa OTBETOB — TUTYJbHBIM. Ha TUTYIbHOM JHCTE TOJKHA COAEPKATHCS
crnenyromas nHGopManus: ykazaHUe 3Tana OJIMMIUaAb! (IIKOJIBHBIA, MyHUIIUIIATHHBIN); TEKYIUN
y4eOHBIN TOM; TOJIe, OTBEACHHOE IMOJA KOA/MU(p y4acTHUKA; CTPOKH JUIsl 3aIOJTHCHUS JTaHHBIX
yuactHukoM (D.1.0., kiacc, noiHoe HauMEeHOBaHuE 00pa30BaTEIbLHOM OpraHU3aIim);

— BTOpPOW M MOCIEAYIOIIUE JIUCTHI COIEPKAT IMOJIE, OTBEACHHOE MO/ KOA/MH(p YyIaCTHHUKA;
yKazaHhe HOMepa 3aJlaHusl; MOoJjie JUIs BBIOJHEHMs 3a/1aHdsl YYaCTHUKOM (pa3MHOBAHHBIN JIUCT,
Tabyuua, cxema, pUCYHOK, U T.J.); MAaKCUMAaJIbHBIA Oaii, KOTOPBIA MOXKET MOJYyYUTh YYAaCTHHK 32
€ro BBHITNIOJTHEHHE; TOJIE AJI BBICTABICHUS (PAKTUYECKH HaOpaHHBIX OAJUIOB; MOJE JJs MOAMUCH

YIEHOB JKIOPH.

1.2. MeToau4eckne moAX0bl K COCTABJICHHIO 32JaHUI IIKOJbHOI0 3TaNa 0JIMMIINA/bI

Ha mxonbHOM »JTane oOauMIIKAAbl Y4aCTHUKAM IPEIAraroTCs KOMILUIEKTBI 3aJaHuM,
pa3paboTaHHBIE  MYHULMNAIBHOW  MPEAMETHO-METOAMYECKON  Komuccuend.  OnrumaibHOe
KosindecTBO 3ajnaHuii: 4-6. Ilpu TecroBoMm (opmate 3amanuil (3pPEeKTUBHOM INpU NPOBEICHUU
JTana ¢ UCMHOJb30BaHUEM HH()OPMAIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOIHH) KOJIUYECTBO
3a/laHuil MOKET OBbITh YBEIHUYEHO.

VYdacTHUKaM M3 KaKIOW MapajuieNd JOJDKEH OBITh MPEAJIONKEH CBOM KOMIUICKT 3aJaHHU,
IIPY DTOM HEKOTOPBIEC 33JJaHUs MOTYT BXOJUTH B KOMIUIEKTBI HECKOJIBKMX BO3PACTHBIX Mapalljiesieu
(kaK B WAEGHTHYHOW, Tak M B ominyawomeics (opmynupoBke). KoMiekTsl 3aiaHuil 1OJKHBI
00JaiaTh TeMaTHYECKOM MOJHOTOM, TO €CTh COOTBETCTBOBATh PA3JIMYHBIM BOIPOCAM TEMATHUYECKON
nporpammsel onumnuasl (Ipunoxenue 1).

3amaHusl TOJKHBI UMETh TEOPETUUYECKUH XapakTep, TO €CThb He TpeOOoBaTh AJS pPELICHUs
UCTOJIb30BaHUSl KaKUX-TMOO acCTpOHOMUYECKMX NPUOOPOB U 3IIEKTPOHHO-BBIYMCIUTEIbHBIX
CPEICTB, 32 MCKJIIOYEHHEM HENpOrpaMMHUPYEMOT0 KaJbKYJSITOpa, U BBINOJHATHCA O€3 BbIXOJa
Ha yJIuIy.

KoMIuiekT 3agaHuii JOJDKEH COAEpXKaTh 3aJaHHs Pa3IMYHOM CIOKHOCTH. BONBIIMHCTBO
3aJJaHUi MIKOJBHOTO dTana JO0JDKHBI MPEACTaBIATh KaTeroputo 1 — Haunbonee MpoCThIe 3alaHUs,
JOCTYIHbBIE OOJBIIMHCTBY YYAaCTHMKOB 3Tamna. PelieHne 3THX 3aJaHUIl TOJKHBI MIPe1ycMaTpuBaTh
OJIHOKpaTHO€ MNPHUMEHEHHE KaKOoro-iubo acTPOHOMHUYECKOTO MM (PU3MYECKOro 3aKOoHa C €ro
BO3MOXXHBIM INPUJIOKEHHUEM K MaTeMaTHYE€CKUM BblUMcIeHUSAM. OJHO — /1Ba 3aJaHUs KOMIUIEKTA
OTHOCATCS K KaTeropuu 2, B paMKax KOTOPOro (akTHUECKH 3aJar0TCSd HECKOJIBKO BOIPOCOB,

HaXOXIACHUEC IMOCICAOBATCIIBHBIX OTBCTOB HA KOTOPBLIC MPUBOJIUT B KOHCYHOM HUTOIC K PEIICHUIO
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Bcero 3ajanusi. COOTHOILIEHHE KOJMYECTBA 3aJaHU KaTeropuu 1 u 2 MOKET U3MEHATHCS B Pa3HBIX
BO3PACTHBIX MAapaLIEsIX C Y4€TOM CHEIU(PUKA KOHKPETHOW CHUTYallMM W YPOBHS TMOITOTOBKHU
YYaCTHUKOB.

B KOMIUIEKT OJIMMITMAIHBIX 3aaHUH TI0 KaKI0H BO3PACTHOM Tpymie (KJI1accy) BXOJINT:

— OJaHK 3aJaHMIL;
— OJIaHK pEelICHHIA U OTBETOB,
— KPUTEPUH U METOJMKA OLECHUBAHMS BHIMOJHEHHBIX OJIMMITUAAHBIX 3aJJaHUH.

biianku O0TBETOB HE JOHKHBI COJIEPKATh CBEACHUM, KOTOPhIE MOTYT PACKPBITh COJIEpKAHUE
3aJaHUN.

HeoOxomuMmble crnipaBoYHBIC CBEACHHS I pElICHUs 3alaHus (3Ha4eHHsS (PU3MYECKHX W
ACTPOHOMHYECKUX MOCTOSHHBIX, (DU3MUECKUE XapPAKTEPUCTUKHU TUIAHET U T. I1.), KOTOPBIC 3aBEIOMO
HE SBJISIIOTCA OOIIEM3BECTHBIMU, MPUBOJATCS B TEKCTE YCIOBUS WM, €CJIM 3TO MPETyCMOTPEHO
COOTBETCTBYIOIIEH MPEIMETHO-METOUIECKON KOMUCCHEH, BEIHOCSATCS HA JIUCTHI CO CIIPABOYHBIMU
JAHHBIMU, KOTOPbIE BBIIAIOTCA YYAaCTHHKAM OJIMMITMAbI BMECTE C yCIOBHUSAMH 3anaHuil. [lomHbrii
CIIMCOK CIIPABOYHBIX MATEPHAIIOB (KOTOPBI MOXKET OBITh MOJHOCTBHIO WM YaCTUYHO HCIIOJIb30BaH
MPEIMETHO-METOIMICCKUMHU  KOMHUCCHSIMHU) COICpKUTCS B [IpuiokeHUun 2 K HACTOSIIHM
PEKOMEHIAITHSIM.

B Ilpunoxxenun 3 NMpUBOAATCS MPUMEPHI OJMMITMAIHBIX 33JIaHUN Pa3IMYHON TEMATHKU U
CJIOKHOCTH, KOTOpBIE B IICJIOM XapaKTEPU3YIOT BO3MOXKHBI YpPOBEHBb CIIOKHOCTH KOMIUJICKTOB
IIKOJIEHOTO dTana BCEPOCCUUCKON OJIMMITHA/IBI IO aCTPOHOMUU. [[Jst Ka)K0ro 3aaHus YKa3bIBAETCs
MYHKT METOJIMYECKOM MPOrpaMMbl, KOTOPBIM 3TO 3aJjaHKe 3aTparuBaeT, €ro Kareropus CJI0KHOCTU U
MpUMEpHasi PEKOMEH1allKsl, HA KaKOM 3Tale U B KaKOW BO3PaCTHOW Mapajied MOXKHO HUCIIOIb30BAaTh
3amanie Takoro ypoBHsS. Camu 3aaHusi HEMOCPEACTBEHHO He MO2ym  3auUMCHIB08AMbCA

0e3 uzmeHeHuil Ipy MOArOTOBKE KOMILJIEKTOB 3aaHUi.

1.3. MuHMMAaIbHBINA YPOBEHb TPEOOBAHUI K 32JaHUAM IIKOJBLHOIO 3TaNa

3ajaHusl LIKOJIBHOTO 3Tara OCHOBBIBAIOTCS Ha TEMAaTHYECKOM Iporpamme, COCTaBICHHON
[IIMK BcOII no acrtponomun (Ilpunoxenune 1). B Hell oTpaxkaercs CHUCOK TeM Kypca
ACTPOHOMMH, KOTOPbIE MOTYT OBbITh OTPa)KEHBI B 33/1aHUSAX TOTO MJIM MHOT'O Kj1acca 00ydeHusl.

YpOBeHb CIOXKHOCTU 33JaHUN JOJHKEH OBITh OINpEAETeH TakuM 00pa3oM, YTOOBI yJaCTHHUK
CMOI' BBIIOJIHHUTh HMX 3a BpEMs, OTBEJECHHOE OPraHW3aTOpOM Il JAHHOTO JTala OJIMMIIMAIbI.
PexomeHI0BaHHAs UTUTENBHOCTD MIKOJILHOTO 3Tamna 45 mMuHyT (8 kiacc u momoxe), 1-1,5 gaca (9

kiacc) u 1,5-2 gaca (10-11 xmaccsr).



3amaHus MIKOJBHOTO ATara OJUMIIHAILI MOTYT OBITH pa3paboTaHbl Kak OTAEIBHO s
KaXKI0ro Kiacca (mapajuienin), Tak U I BO3PACTHBIX TPYII, 00hEIUHSIOMNX HECKOJIbKO KJIACCOB

(mapasneneii), HapuMep:

a) mepBas BO3pacTHas TIpymnna — oOydaromwuecs 5-6 KiaccoB 00111e00pa30BaTENIbHBIX
OpraHu3aIuii;

0) BTOpas BO3pacTHas Tpymmna — oOydJarommecs 7-8 KiIaccoB 00IIe00pa3oBaTEIbHBIX
OpraHu3aLui;

B) TPEThsl BO3pacTHas rpymia — odyyaromiecs 9 kiacca 061eo0pa3zoBaTesIbHbIX OpraHu3aIuii;

r) yerBépras BoO3pacTHas rpynma — oOyuatommecs 10 kmacca o0meo0pa3oBaTeIbHbIX
OpraHu3aLui;

n) derBépras BO3pacTHas rpymnma — oOydwaromuecs 11 kimacca o001eo0pa3oBaTeIbHBIX
OpraHu3aIuu.

K onumnuagaeiM 3a1aHUSM TPEIbIBISIIOTCS CIEAYIONUE 00II1e TpeOOBaHUS:

— COOTBETCTBUE YPOBHS CIIOKHOCTH 3a/IaHUH 3asBIIEHHOM BO3PACTHOM TPYIIIE;

— TeMaTH4eCKOe pa3HOOOpasue 3aJaHui;

— KOPPEKTHOCTH (POPMYITHUPOBOK 3aJIaHUH;

— yKa3zaHHe MaKCHMaJbHOIO Oailjia 3a KaX/10€ 33J1aHHE U 3a Typ B 1IEJIOM;

— COOTBETCTBHUE 33J]aHUI KPUTEPHUSIM U METOJIMKE OI[CHUBAHMUS;

— HaJM4ue 3aJaHuil, BBIBISIONIMX CKIIOHHOCTh K HAYYHOU JESTEIbHOCTH U BHICOKUN YPOBEHb
WHTEJUICKTYaJIbHOT'O Pa3BUTHS yYACTHUKOB;

— HQJIWYWE 3aJaHUM, BBIABISIONIMX  CKJIOHHOCTh K  MOJYYEHUIO  CIEUUAIbHOCTH,
JUISI TIOCTYIUICHUST Ha KOTOPYIO(-bI€) MOTYT OBITh MOTEHIIMATBHO BOCTPEOOBAHBI PE3yJbTATHI
OJIUMITHA/IBI;

— HEIOMyCTUMO HAJIMYWE 3a/IaHHi, MPOTUBOPEUAIUX MPABOBBIM, STUUECKHM, 3CTETUUECKHUM,
PENUTUO3HBIM HOPMaM, JIEMOHCTPUPYIOLIUX aMOPAJIbHbIE, IPOTUBOIIPABHBIE MOJEIN MOBEACHUS U
T.IL.;

— HEJONMYCTHMMO HallM4yHhe 3a/laHui, MPEeJACTaBICHHBIX B HEU3MEHHOM BHJE, AYOIUPYIOLINX
3a/laHus MPOIUIBIX JIET, B TOM YHCIIE JIJIs IPYTroro ypoBHs 00pa3oBaHUs.

[Ipu pazpaboTke KpuUTEepueB W METOJIUKHU BBIMOTHEHHBIX OJIMMITMAIHBIX 3aJaHUN Ba)KHO
PYKOBOJICTBOBATHCS CIIEAYIOIUMH TPEOOBAHUSIMHU:

— MOoJHOTa (JOCTaTOYHAs JeTaau3alys) ONMUCAHWUS KPUTEPHUEB W METOJIWKH OICHWBAHHS

BBITIOJTHEHHBIX OJIUMITHATHBIX 3a/IaHU U HAYUCIICHUS OAJIIOB;

— IOHATHOCTb, MOJHOLICHHOCTh U OJJTHO3HAYHOCTh NNPUBCACHHBIX KPUTCPUCB OLICHUBAHM .



2. llpuHuunbl (POPMUPOBAHNUS KOMILJIEKTOB OJTUMIHMATHBIX 3aJaHUIl 1 METOAHYECKHE
MOAX0AbI K COCTABJIEHUIO 32IaHUI MYHHIIUTIAJIBLHOTO 3TAaNa OJIMMITHA/bI

OcHoBHBIE TPUHIUIB  (OPMHUPOBAHHSI KOMIUICKTOB  OJNMMITMATHBIX  3aJaHUA U
METOJMYECKHE TOAXOABl K COCTABJICHHIO 3aJlaHUid MYHUIMIAIBHOTO dTara  OJUMITHAIBI
COOTBETCTBYIOT aHAJOTUYHBIM MPUHIIUIIAM M TIOJIX0JIaM IIKOJIBHOTO 3Tara, MPUBEAEHHBIM B 1I. 1.
Otauyne 3akioyaercs B 00Jee MHUPOKOM TEMAaTHYECKOM OXBaTe Kypca aCTPOHOMMH ISl KaXkI0T0
KJ1acca 00y4deHus1, OOJIBIICH CIIOKHOCTH 3aaHui M OOJIBINCH NTUTEIHBHOCTH Typa.

KommiekT 3amaHuii JTOJDKEH COJEpKaTh 3aJaHus pa3idyHOM ciokHOCTU. [IpumepHo
MOJIOBUHA 33JlaHUl MYHUIMIAIBHOTO JTana JODKHBI MPEACTABISATh KaTeroputo 1, npyras
MOJIOBMHA 33JJaHU OTHOCSTCS K Kateropuu 2. COOTHOILIEHUE KOJIUYECTBA 3a/laHuil KaTeropuu 1 u 2
MOKET HM3MEHSATHCS B PA3HBIX BO3PACTHBIX NApaIENsIX C Yy4ETOM CHEMU(PUKH KOHKPETHOM
CUTYallMu ¥ YPOBHS MOATOTOBKH Y4aCTHUKOB.

YpOBEHb CIOXKHOCTU 33JaHUN JODKEH OBITH OINMpEAesieH TaKuM 0Opa3oM, YTOOBbI yYaCTHHUK
CMOT' BBITMIOJHUTH HMX 3a BpEMsl, OTBEJACHHOE OPraHW3aTOPOM JJisi JAHHOTO dTarma OJUMITHAIBI.
PexomeHnioBaHHast JUIMTENFHOCTh MYHUIIMIIAILHOTO 3Tara coctasisier 1-1.5 yaca ans 7-8 ximaccoB u 2-
3 gaca mig 9-11 ximaccos.

3aiaHuss MYHUITUTIATBHOTO dTana OJIMMITHAIBI MOTYT OBITh Pa3pabOTaHbl KaK OTACIBHO IS
KaXKI0ro Kiacca (mapajuienin), Tak U JJs BO3PACTHBIX TPYI, 00bEIUHSAIOMINX HECKOJIBKO KJIaCCOB
(mapaneneii), HapuUMep:

a) TmepBas BO3pacTHas Tpynmna — oOydaroniuecss 7-8 KiaccoB 00I1e00pa3oBaTeIbHBIX
OpraHu3aIui;

B) BTOpasi BO3pacTHas Tpymna — ooyuaromuecs 9 kiacca 001eoopa3oBaTeIbHBIX OpraHU3aIlHii;

I) TpeTbss BoO3pacTHas rpynma — oOydarommecs 10 kmacca 00meo0pa3oBaTeIbHBIX
OpraHu3alui;

) TpeTbsd BO3pacTHas rpynma — oOydarommecs 11  kimacca 001eo0pa3oBaTebHBIX
OpraHu3aIuu.

B Tlpunoxxenun 4 npuBOIATCS NpUMEPHI OJMMIIMAIAHBIX 3aaHUM pa3IMuHON TEMaTHKH M
CIIOKHOCTH, KOTOpBIE B ILIEJIOM XapaKTEPU3YIOT BO3MOXKHBI YpPOBEHb CIIOKHOCTHM KOMIUIEKTOB
MyHurunanpHoro srana BcOUI mo acrpoHomuu. [l Kakooro 3aJaHusl yKa3blBAETCSl ITyHKT
METOJIMYECKON IPOrpaMMmbl, KOTOPBIA 3TO 3aJaHHUE 3aTParuBaeT, €ro KaTeropusl CI0KHOCTH H
IIPUMEpHasi PEKOMEHIALMsA, HA KAKOM JTale U B KAKOW BO3PAaCTHOW MapalIeId MOXKHO HUCIIOJIb30BATh
3ajaHue Takoro ypoBHA. Camu 3aJaHus HENOCPEICTBEHHO He MO2YHl 3AUMCHIB06aMbCA

0e3 uzmeHnenuil py MOArOTOBKE KOMIUIEKTOB 3aJJaHUMN.



3. Heo0xoaqumoe MaTepHAILHO-TEXHHYECKOe o0ecredyeHUe /Jisi BbINOJHEHUS
OJIMMIIHATHEIX 3aJaHUH IKOJbLHOro 3Tana BcOIIl

Jis  TpoBeJCHHS BCEX MEPONPHUATHH ONMMIIMAILI  HEOo0XOJuMa COOTBETCTBYIOIIAS
MatepHaibHas 0a3a, KOTopasi BKIIF0YaeT B ce0sl SIEMEHTBI JUIsl IPOBEICHUS Typa.

[[IkonpHBIA 3Tam HE TMPEAyCMATPUBACT BBIMOJTHCHHE KAaKUX-THOO TMPAKTUYSCKUX U
HaOJIIOMATENBHBIX 3a7ad4 10 aCTPOHOMHH, €ro IPOBEICHHE He mpedyem CIICIUAIBHOTO
o0opymoBaHusi (TENECKONOB M JAPYTUX ACTPOHOMUYECKUX MPUOOPOB), MOITOMY MaTepualbHBIC
TpeOOBaHUs /ISl MX TPOBEICHHS HE BBIXOJAT 32 PAMKH OPraHHM3aldd CTaHIAAPTHOTO ayJAUTOPHOTO
pexxuma. KakaoMy ydacTHUKY OJUMIIHNAABI JOJDKHBI OBITH MPENOCTABIICHBI JIMCTHI opmaTta A4
JUTS BBITIOJIHEHHSI OJIMMITMAJIHBIX 3alaHuil. B cioydae mnpoBeneHUs d3Tama ¢ HCIOJIb30BaHHEM
WH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTUH YYaCTHHKAM JIOJDKEH OBITH MPEIOCTaBIICH
JOCTYT K OHJIAWH-TUIATGOpPME, Ha KOTOPOH MPOBOIAMTCS TaIl.

YYacTHUKH MOTYT HCIIOJIb30BaTh CBOM MUCHMEHHBIC TIPUHAJICKHOCTH (BKIIOYAs ITUPKYIIb,
TPAHCHOPTHP, JIMHEHKY | T. I1.) U HENPOTPAMMHUPYEMbI HHXCHEPHBIN KalbKyIsTop. B wacTHOCTH,
KaJbKYJIATOPHI, JOMYCTHMBIE JUIS HWCIONb30BaHUs Ha EI'D, paspemarorcs I MCIOJIB30BAaHUS
Ha JIIOOBIX 3Tanax OJIMMIKA/bl. PEeKOMEHyeTCsl UMETh B ayJMTOPUU HECKOJBKO 3alacHBIX PydeK

YCPHOI'o IBETA.

4. Heo0xogumoe MaTepuaJIbHO-TEXHMYeCKOe o0ecrevyeHue [Jisi  BbINOJHEHHUS
OJIMMITMAJAHBIX 3aJaHNH MYHUIMNIAIbHOIO0 3Tana BcOL

JUis TmpoBeleHHsT BCEX MEPONPUATHI OJMMIIMA[ALl HEOOXOAMMa COOTBETCTBYIOIIAS
MaTepHaibHas 6a3a, KOTopas BKJIIOYaeT B ce0sl DJIEMEHTHI [T IPOBEACHUS Typa.

MatepuanbHoe oOecrneueHHe MYHUIMIIAIbHOTO H3Tala AaHaJOTMYHO HIKOJIHOMY JTamy.
JaHHBI 3Tam Takke He TNpeAycMaTpUBaeT BBIIOJHEHHE KAKUX-THOO MPaKTUYECKHX H
HAOJIOIaTENIbHBIX 33/71a4 10 AaCTPOHOMHUH, €ro IpPOBEJACHUE He mpedyem CIEUUATBLHOTO
00opy0BaHUs (TEJIECKONOB M APYTrHMX AaCTPOHOMHYECKUX MPUOOPOB), MOITOMY MaTepHalbHbIe
TpeOOBaHUS AJI UX MPOBEJECHUSI HE BBIXOJAT 32 PAaMKU OpraHM3al[MM CTaHJApTHOTO ayAMTOPHOIO
pexxuma. Kakaomy ydacTHHKY OJMMIIMAIbl JOJDKHBI OBITH MpPENOCTaBlIE€HBbl JUCThI Gopmara A4
JUIS BBITIOJIHEHUs OJMMIIMAAHBIX 3aJaHuii. B ciydae mnpoBeneHHst 3Tama ¢ HCIOIb30BAHMEM
UH(POPMALIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUI yYaCTHHKAaM JIOJDKEH OBbITh IPEeJOCTaBIIeH
JIOCTYTI K OHJIaH-TIaThopMe, Ha KOTOPOM MTPOBOUTCS ITAIl.

Y4acTHUKM MOTYT MCIIOJIb30BaTh CBOM IMMCHbMEHHBIE MPUHAUIEKHOCTU (BKIIIOUas LIUPKYIb,
TPAHCIIOPTUP, JIUHEUKY U T. II.) U1 HEIPOrpaMMUPYEMBII HHKEHEPHBIN KalbKyasTop. B wactHOCTH,
KaJIbKYJIATOPBI, AONYCTUMBIE JUId MCHOJb30BaHUSA Ha EI'D, paspemarorcs uisi MCHOJIB30BAaHUS
Ha JIIOOBIX 3Tanax ojJuMNuaabl. PekoMeHayeTcs UMeTh B ayJJUTOPUU HECKOJIBKO 3aMacHBIX pydyeK

YCPHOTO IBCTA.



S. IlepeyeHp CHPAaBOYHBIX MAaTEpPHAJOB, CPeICTB CBA3M MW  JJIEKTPOHHO-
BBIYMCJINTEIbHONH TEXHHMKH, pa3pelleHHbIX K HCHNOJIb30BAHHIO BO BpeMs IPOBeICHHSA
OJIMMITMA/IbI

IIpy BBINOJHEHUU 33JaHUM LIKOJBHOTO M MYHHUIMIAIBHOTO 3TaloB  OJIMMIIMAJIBI
JIONyCKAETCSl  MCIOJb30BaHME  TOJBKO  CIPAaBOYHBIX  MaTepHalioB,  IPEAOCTABICHHbBIX
OpraHu3aTopamM, HpPEJyCMOTPEHHBIX B 3aJaHUAX M KpUTEpUsAX oOlleHuBaHMs. lcnoib3zoBaHue
JTIOOBIX CpPEICTB CBS3M HA OJHMMIIMAAE KATETOPUYECKH 3alpeliaeTcs. YYacTHUKH MOTYT

HCIIOJIb30BAaTh COOCTBEHHBIE HEIIPOrpaMMHUPYEMBIC KaJIbKYJIATOPLI.

6. Kputepun u MeTOAMKA OLIEHMBAHUSA BHINOJTHEHHBIX OJTUMIINAIHBIX 3aJaHUI

JUisi TPOBEpPKH pELICHWH YYaCTHUKOB (OPMHUPYETCS JKIOpH, COCTOAIIee W3 4YHCcia
NeJaroru4ecKux, Hay4HO-TIEJarOTUYECKUX pPabOTHUKOB, PYKOBOJSIIMNX pabOTHHUKOB
00pa3oBaTeNbHBIX  OpPraHU3aIMif, AaCHUPAHTOB, MOOEAWTENEeH MEXKIYHAPOAHBIX  OJHMMITHAJ
IIKOJIbHUKOB M MOOEeANUTENed M IPU3EPOB 3aKIIOUUTEIBHOIO 3Tana BCEPOCCUHCKON OJMMITUAIbI
IIKOJIbHUKOB 10  acTpOHOMHUHM M (pu3MKe, a TakkKe CIEHUAINCTOB,  O0JIaJaroNINX
npoecCHOHANBPHBIMA 3HAHUSMHU, HABBIKAMU U ONBITOM B OOJNACTH acTPOHOMHUHM U (U3HKH.
UKCIeHHOCTD KIOpU MIKOJIBHOTO M MYHUIIMIAIBHOIO ATAlOB OJIMMIIMAJbI COCTABIIET HE MEHEee 5
YeJI0BEK.

s obOecniedyeHrss 0OBEKTUBHOM M €IMHOOOPA3HON MPOBEPKH PEIIEHUE KaXKIOTO 3a/aHus
JIOJIKHO IIPOBEPATHCSA OJHUM U TEM K€ UJIEHOM XKIOPH y BCEX YYAaCTHUKOB B JaHHOW BO3PACTHOM
napajulesy, a MpH JOCTATOYHOM KOJIMYECTBE YIEHOB YKIOPH — HE3aBHCHUMO JIBYMS WIEHAMU >KIOpU
C TOCJEIYIOIeH KOPPEKIIHEH CYIIeCTBEHHOTO Pa3IuiMs B UX OLEHKAX OJHOU U TOH ke paboThl.

Pemenune Kkaxaoro 3alaHusi OLIEHMBAETCS B COOTBETCTBUM C PEKOMEHIAIUSIMM,
pa3paboTaHHBIMU TPEAMETHO-METOINYECKON KOMHCCHEW. AJbTEpHAaTUBHBIE CIIOCOOBI pELICHMS,
HE YYTEHHBIE COCTABUTEJISIMU 33JlaHUN, TAK)KE OIICHUBAIOTCS B IMOJHOW MEpe MpPHU YCIOBHHM HX
KOPPEKTHOCTH. BO MHOrMX 3alaHMsIX 53Tanbl PEHIeHUS MOXHO BBINOJIHATH B IPOU3BOJIBHOM
MOPSAJIKE; ITO HE BIMSET HA OLIEHKY 32 BBINOJIHEHNUE KaXKI0T0 ATara U 3a 3aJJaHUE B LIEJIOM.

[Ipy yacTMYHOM BBINIOJHEHUM 3a/aHUS OLIEHKA 3aBUCUT OT CTENEHH W MPaBUIBHOCTU
BBINIOJIHEHMS] KAXKJOTO 3Tana PEIIeHHs, TP 3TOM YAaCTUYHOE BBINOJHEHUE 3Talla OUEHUBAECMICA
NPONOPUUOHATIBLHOU YACTHIO OAJIIOB 3a ATOT ATam. [Ipu nmpoBepke perieHrs HeoOX0AUMO OTMEYaTh
CTETEHb BBIITOJIHEHUS €0 3TAIllOB U BHICTABJICHHBIE 3a KaX/IbIil 3Tall KoJnyecTBa 0aioB.

Ecan TOT wiM WMHOM 3Tam pelieHHs] MOYKHO BBIIIOJHUTH OTAEIBHO OT OCTaJIbHBIX, OH
OlleHMBaeTcs He3aBucuMoO. Ecnu ommbka, cienaHHas Ha TPEABIIYIIAX OSTamax, He Hapyllaer
JIOTHKY BBITIOJIHEHUS MOCIEAYIOLIETO U HE MPUBOAUT K a0CYPAHBIM pe3yibTaTaM, TO MOCIEIYIOMNI
ATal IpH YCIOBHH MPABUIBHOTO BBIMOJIHEHUS OLIEHUBAETCS MOJHOCTHIO.

Kropu He yuyuTBhIBAET PEIICHUS WU YacTH PEIICHUH 3a/laHuid, U3J0KEHHbIE B YEPHOBUKE,
Jake MPU HaJUYUU CCHUIKM HA YEPHOBHMK B YHCTOBOM pemieHuH. OO0 3TOM HEOOXOAMMO OTIEIbHO

MpEeAYNPEANTh YYACTHUKOB IIEpE]] HA4aJIOM OJIMMITHAIBI.
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Kroopy 1OMKHO TPHUAEPKUBATHCS TMPUHIUINA COPAa3MEPHOCTH: TaK, €CIH B PEUICHUH
JoTyIeHa rpybast acTpoHOMHYECKas Wi (pu3ndeckas ommbka ¢ aOCypIHBIM BBIBOJIOM (HampuMep,
CKOpOCTB 0OJIbIIIE CKOPOCTH CBETA, Macca 3BE3/Ibl, CYIIECTBEHHO MEHbIIasi peaIbHOM MacChl 3eMITU
U T.].), Bce pemieHue oreHuBaercss B 0 0auioB, Torja Kak HE3HAYMTENbHAs MaTeMaTHUYECKas
omnOKa JOKHA CHIXKATh UTOTOBYIO OIICHKY He OoJiee, yeM Ha 2 Oauia.

Cucrema U METOAMKA OIICHUBAHUS OJIMMITMAIHBIX 3aJaHUIl JOJHKHA MO3BOJSATH 0OBEKTUBHO
BBISIBUTH peabHBI YPOBEHD MOATOTOBKH YYaCTHUKOB OJIMMITHA]IBI.

C yuerom »3TOro, mnpu pa3pabOTKe METOAMKH OLIEHHWBAaHUS OJIMMIIMAJHBIX 3aJaHuil
IPEIMETHO-METOIMYECKUM KOMHUCCUSIM PEKOMEHIYETCSI:

— [0 BCeM 3a/IaHusM HauMceHue 0alsioB MPOU3BOAUTD LIEIbIMU, a HE APOOHBIMH YUCIIAMU;

— pa3Mep MaKCHUMAaJIbHBIX 0aJlIOB 3a 33J]JaHUsl YCTAHOBUTH OJMHAKOBBIM, JINOO MEHSIOIINMCS B
3aBHCHUMOCTH OT YPOBHS CIIOKHOCTU 33/IaHUS, 32 3aJaHHsI OJJHOTO YPOBHS CIIO)KHOCTH HAYUCIATh
OJIMHAKOBBLI MaKCUMaJIbLHBIN Oall;

Huxe npeacrapnena npuMepHasi cxema OlEHUBAHUS PeLIeHH 1o 8-0allIbHOM cucTeme:

0 GamnoB: pelieHre OTCYTCTBYET, MO0 aOCONIOTHO HEKOPPEKTHO, IMOO B HEM JOIYyIIEeHA
rpy0ast actpoHOMUYecKast WiH (pu3ndeckas ommnoka;

1 Gayut: mpaBWIIBHO yrajgaH OMHAPHBINA OTBET («I1a-HeT») 6€3 000CHOBAHMS;

1-2 OGanna: mMOMBITKA pEIICHUs HE MpHHECHa CYHIIECTBEHHBIX MPOABIKEHUN, OJIHAKO
NPUBEJICHBI COZIEPKATEIbHBIE ACTPOHOMUYECKHE W (PU3UIECKUE COOOPaXKEeHHUs, KOTOPhIE MOYKHO
MCIIOJIb30BaTh IIPU PEILICHUY JIaHHOTO 331aHMUS;

2-3 Oamna: MpaBWIBHO YrajgaH CJIOXHBIM OTBeT Oe3 OOOCHOBaHMS WJIM C HEBEPHBIM
000CHOBAHHEM;

3-6 6ayTOB: 3aaHNE YACTHYHO PEIICHO;

5-7 OanoB: 3aJjaHKe PEIIEHO MOJTHOCTHIO C HEKOTOPHIMU HEJI0UETaMU;

8 6aIoB: 3a/1laHUE PELICHO MOJTHOCTHIO.

BricTaBneHne npeMuanbHBIX OayioB CBEpX MAaKCUMaJIbHOM OLEHKM 3a 3aJlaHue He
JIOTTYCKaeTCsl.

B TectoBbIX 3amaHusax, 3()QEKTUBHBIX MPU MPOBEICHUU ONUMIIMAILI C HCIOJIb30BAHUEM
WH(OPMaIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTUH, OIleHKa orpeaenseTcs popMalbHO Ha OCHOBE
OTBETA yYaCTHHUKA IO aJITOPUTMY, 3a/1aBa€MOMY ISl KayKJI0TO 3a/1aHus.

OrneHKa BBIMOTHEHUS YYACTHHUKOM JIOOOTO 3a/laHUS He MOKeT ObITh OTPHUATEJILHOI.
MuHuManbHas OIleHKa, BRICTABIISIEMas 32 BBITIOTHEHUE OTACIBbHO B3ATOrO 3a1aHus, — 0 6asiiioB.

NtoroBast orieHKa 3a BBITIOJIHEHHUE 33JJaHUN OMIPEIEIACTCS MyTEM CIIOKEHUSI CYMMBI OQJIJIOB,
HaOpaHHBIX YYACTHUKOM 32 BBITIOJIHEHHUE 33JIaHUN C TTOCIICIYIONUM npuBeneHneM K 100-6ammpHoi
cucTeMme (MakcHMalbHas OIleHKa 10 UTOoraM BhIoNHeHUs 3ananuii 100 6amioB, HarpuMep, OleHKa
3a 7tan He 6ojee 50 OayioB, TOoraa oneHka ymMHOXkaeTcs Ha 2, S0 x 2 = 100). B ciyyae npoOHOTO

HUTOI'OBOI'o pE€3yjbTaTa OH OKPYIJIACTCA 10 COTHIX.
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Ipuiaoxkenne 1

MeToanyeckasi NporpaMmMa oJIMMIHUA/bI

O01mme NPUHIIMIIBI COCTABJIEHUS POTrPaMMbI

Meroauueckas mporpaMma, OINpeleNsomas TeMbl Kypca acTPOHOMHUH, KOTOpPbIE MOI'YT
OBITH 3aTPOHYTHI B 33JaHUSAX TOTO HJIM MHOTO 3Tama OJMMIIMAABI B TOMW WJIM MHOW BO3pPAcTHOU
napayienu, obuta nepepadorana LIIMK B 2019 roay u Bcrynuina B aeiicteue ¢ 2019/20 yyeGHOTrO
roja.

OCHOBHBIM NPUHLMIIOM TIOCTPOCHUS MPOrpaMMbl SBISETCS IOCIENOBATENbHOE U
HETPEPhIBHOE MPOXOXKICHUE IIKOJHLHUKOM €€ Pa3JielioB B paMKax IMOJATOTOBKH, BHE 3aBHCUMOCTHU
OT €ro pe3yJbTaTOB Ha BCEPOCCHUUCKON ONMMITMANE B TOM WJIU WHOM y4deOHOM romy. Kaxmprit
nepexo K MOCIEAYIoUIeMy JTaly MpelycMaTpuBaeT Iiy0oKoe OCBOCHUE OJHOTO WM JIBYX HOBBIX
pas3ziesnoB, BBICTPOCHHBIX B COOTBETCTBMM C JIOTMKOM H3ydeHHUs Kypca acTpPOHOMHMM Ha Tpex
UKJIaX — HAa4YaJIbHOM, 0a30BOM M YIIIYOJCHHOM, ¢ MUHHUMM3ALMEH YacTOTHl CMEHBI TeM. Takum
00pa3oM, TOArOTOBKA OyIeT HAMIy4YIIUM 00pa3oM CIIOCOOCTBOBATh HE TOJIBKO MPAKTHKE PELIICHUN
OJIMMITMAJHBIX 33JJaHUH, HO U O0IIEMYy aCTPOHOMHUYECKOMY 00pa30BaHUIO LIKOJIbHHKA.

Vmest HeNpepbIBHYIO CTPYKTYPY HPOXOXKIEHHS pa3/eioB U ypPOBHEH, €CTECTBEHHYIO
JUIL U3y4EHHsI  TIpeIMeTa, NporpaMMa  XapaKTepU3yeTCsl «IMarOHAIBHBIM»  COOTBETCTBHEM
c onpeneneHHbIMU dTaniaMu BcOIl, ommcanHbIM B cienyromeM paszjene. B cBs3u ¢ 3Tum, Ha
pPaHHUX JTanax OJIMMIIMAJbl HE BCTPEUAOTCS TPYJHBIE BOIPOCHl MO3JHUX ATAIMOB OJMMIIHAJIBI
npeasaymux ser oOydenus. I[lpu mepexone oOydaromierocss B CIEAYOIIMH KJAacC BOIPOCHI
CMEINAIOTCS B PaHHIOI0 CTOPOHY Ha OJMH 3Tall.

OnpeneneHHble BOIPOCH! IaHHOTO MepeyuHsl TpeOyIoT YriyOJeHHONW MOArOTOBKY 1O (pusnke
U MaTeMmaTuke. B 3TOM ciydyae COOTBETCTBYIOIIME acClEKThl CMEKHBIX JUCIMIIMH yKa3bIBalOTCS
B KOHIIE pa3Jena.

B xoMIuTeKT 3aaHuii, peraraeMpIX Y9acCTHUKaM Ha TOM MJIM HHOM JTarle, MOTYT BXOJHUTh
KaK 3a/JIaHusl TEKYIIeTr0 YPOBHS, COOTBETCTBYIOIIME YKa3aHHBIM pa3lielaM IpOrpaMMbl, TaKk W
CBSI3aHHBIE C paHee M3YYEHHBIMU pasfenamMu. Bo3MOXHO Takke BKIIOUEHHE 3aJaHMH,

OXBaTbIBAIOIIHNX HCCKOJBKO TAKHUX TCM.
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Tabnuya

YpoBHu (puMckue nu(pbi) 1 pa3aensbl (apadckue nMPPbI) TEMATHYECKOT0 CIIHCKA BONIPOCOB,

COOTBeTCTBYIOIIME pa3HbIM 3TannaMm BcOIl

B Pa3HbIX BO3PACTHBIX NMapaieasix

Oﬂu?wn;z};()bz LIxonvusiii Mynuyunanohnwiii Pecuonanvuuiii 3axniouumensbHulil
5-6 kmaccer 1 (1,2
7 knacc I (3) 1 (4)
8 kiacc 1 (4) IV (5)
9 kiacc IV (5) V (6,7) VI(8,9) VII (10, 11)
10 kmacc V (6, 7) VI (8,9) VII (10, 11) VI (12), IX (13)
11 kmacc VI (8,9) VII (10, 11) VI (12) X (14, 15)
ObocHosanue pacnpeodeneniis
[IpuBenenHass «AMaroHaNbHAas» CTPYKTypa pACIpEACICHUs TO3BOJIIET COXPAHUTh

MMOCJICAOBATCIIBHOCTE OCBCHICHUA TEM YYACTHHUKOM BHE 3aBUCHUMOCTH OT PE3YyJIbTATOB €TI0

BBICTYIJICHUS Ha OJIMMIIMAAC B TOM HJIM MHOM y‘le6HOM roany. 9TO BaXHO JJIA ITPOXOKACHUA BCECX

9TalioB, B TOM YHCIIC 3aKIOYUTCIBHOIO. Ha PEruoHajJibHOM M 3aKIIIOYHUTCIBHOM 3Talax

paccMaTpuBarOTCI TEMBI HC HHIKC 0azoBoro HUKJIa, IMpU 3TOM 3aJaHHsd, CBA3AHHBIC C TEMaMU

yriiybneHHoro nukia (paszaens! 13-15), mpuBoAsTCsS TOIBKO Ha 3aKiIrounTeNbHOM dTane B 10 u 11

KJj1accax.

TEMATHUYECKH CITMCOK BOITPOCOB

YPOBEHB I (5-6 kiaacchl, HIKOJIbHBIN 3TAIN)

Paznen 1. Knaccnueckasi acTpoHOMUS (HAYAJIbHBIA ITUKJT)

§ 1.1. 36e30n0e Hebo

OObekThI, HaOMIOaeMble Ha JHEBHOM U HouHOM HeOe: Comnie, JlyHa, 3Be3/bl, MJIaHETHI,

WCKYCCTBEHHBIE CITYTHUKH 3€MJIA, METEOPbI, KOMETHI, MJEUYHbIN MyTh, TYMAHHOCTH, TaJIAKTHKH.

CO3BCSI[I/I${, HanOoee SAPKUC 3BC3AbI U XapAKTCPHLIC 00BEKTHI HeOa BCMHI/I, XapaKTCPHBIC YCIOBUA

ux Buaumoctu B Poccum m gpyrux crpaHax mupa. OpuentupoBanue no IlonspHoii 3Be3ze.

Hekotopsie sipkue 3Be31bl U Apyrue O00BEKTHI, BUAuMbIE 3 CeBepHOro u FOHOTO TONymIapus

3emin.
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§ 1.2. 3emns, ee ceoticmaa u 0sudicerue

Tpu 6azoBbIX (akra o0 3emie: mapoodpasHas popma, BpallleHHe BOKPYT CBOEH OCH M BOKPYT
Connna. ®opma u pasmepbl 3emiau. CmMeHa BpeMEH ToJla, PABHOICHCTBUS U COJHIICCTOSIHUS.
OCHOBHBIE €UHHUIBI BPEMEHU: COJIHEUHBIE CYTKH M Tponudeckuil roj. Buaumeiii nmyte ComnHua

oo He6y, 30 aKaJIbHBIC CO3BC3 M.

§ 1.3. Jlyna, ee ceoticmea u osudicenue
JlBwxenue Jlyasl Bokpyr 3emuin u oceBoe Bpamenue Jlyael. Cmena ¢a3 JlyHbl.
Cunoguueckuid wmecsii. OCHOBHBIE THUIIBI COJHEUHBIX M JIYHHBIX 3aTMEHUN, YCIIOBUS HX

HACTYIUICHUA.

Paznen 2. Crpoenne BeesieHHo# (HaYaabHBIN ITUKJI)

$ 2.1. Connye u nnianemsi

['eonienTpuueckast U renuoneHTpudeckas cucrembl Mupa. Ctpoenrne COJHEUHON CHCTEMBI:
ConHIle; TUIAHETHl M WX CIIYTHUKH; KapJIMKOBBIC TUTAHETHI; aCTEPOUIbI, KOMETHI U APYTUE Majbie
tena. ActpoHomudeckas eauuuna. Paccrosaue ot ConHila, cTpoeHUe U (Ka4eCTBEHHO) (PU3HUECKUE
XapaKTepUCTUKU IutaHeT. HaOnrogeHuwe miuaHeT, WX BUAMMOE OTIMYME OT 3Be3l. KpymHeiimue
CIyTHUKM TUIaHeT. MckyccTBeHHBIE OOBEKTHI KOCMOCA: CITYTHUKH, 30H[bI, ABTOMATHYECKHE

MEXKILTaHEeTHBIC cTaHuu. McciieqoBanme OJIMKHETO KOCMOca.

$ 2.2. 36e30v61 u paccmoaAnus 00 HUX

XapakTepHble pacCTOSAHUS 10 OMMKaWIIUX 3Be3]] B cpaBHEHMM ¢ MacuiTabamu ColnHEeuHOU
CUCTEMbI, MPUHLUIBI H3MEpeHUs paccTosiHus. CKOpOCTh CBETa, CBETOBOM TOJ|, €ro CBS3b
C aCTPOHOMHMYECKOW eAVHMIEH. XapaKTepUCTHKM 3BE3J: Macca, paauyc, TeMIeparypa.
IIpencraBineHne O ABOMHBIX 3BE3JaX M OK30IUIAHETaX. 3BE3JHBIE CKOIUIEHUS, MX OCHOBHBIE

CBOWCTBA.

$ 2.3. Obvexmul 0anekozo Kocmoca

Karanor Mecche, ero campbie U3BECTHBIE O0OBEKThI. TyMaHHOCTH. ["aakTUKU, X OCHOBHBIE
cBO¥CTBa M TUTBL. [IpecTaBieHne 0 pacCTOSHUAX JIO TATAKTHK U MacmTabax BceeneHHOM.

CmedicHble 6onpocsyl puzuxu

[TonsTrs Maccsl U WOTHOCTH. OOBEM U MIOTHOCTH IIapoodpaszHoro tena. [Ipsmonuneiinoe

pacnpoCTpaHCHUC CBCTA, ITIOHATUC O IMPECIIOMIICHUUN CBCTA.
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YPOBEHSB 11 (7 knace, mKoJAbHBII 3TaM)

Pa3nea 3. Hebecnasi cepa (HayaabHbINH HUKI, YacTh 1)

§ 3.1. l'eoepaghuueckue koopounamol

I'panycHas u yacoBas Mmepa yria. lllupora m mosnrora Ha moBepxHoctd 3emuu. [losroca,
9KBaTOp, Mapajjienu U Mepuauanbl. ['eorpaduueckoe MosiokeHHE KOHTUHEHTOB M KPYIHEHMIIMX
cTpaH mupa (kadecTBeHHO). durypa 3emiid. DKBaTOpUAIbHBIA W MOJIAPHBIA paauycel. [lnuHa

OKPY’KHOCTH 3KBATOpa, MCpUAaHaA.

§ 3.2. I'opuzonmanvHvle KOOpOUHAmMvl Ha HebeCHOl chepe

[Tonsarue nebecHoit cheppl. OCHOBHBIE TOUKM Ha HEOEeCHOU cdepe: 3eHUT, HaTUP, TOTFOCHI
mupa. CTOpOHBI TOPU30HTA, HEOCCHBIH MepuauaH. VM3MeHeHne BHUaa 3BE3JHOrO0 Heba B TEUCHUE
CyTOK M B TeueHue roxaa. llogsumxHas kapra 3Be3nHOro Heb6a. CyTouHOe ABM)KEHHE HEOECHBIX
CBETUJI, BOCXOJ, 3aX0/1, KyJlbMuHauus. BeicoTa 1 actpoHOMuYeckuid a3umyt ceetuiia. [lontoc mupa,
€ro BBICOTA HaJA TOPU30OHTOM. WCTHMHHBIA W MaTeMarudyeckuil ropu3oHT. IIpencraBnenue

00 atMocdepHoii pedpakIuy, ee BeIHINHA Y TOPH30HTA.

CmedicHble 80NPOCHL MamemMamuKy
I'panycHas m ywacoBas mepa yrina. [lonstue cdepsl, 6onpmme u mMamsie Kpyru. @opmyia
JUISL JUTMHBL  OKPYXXKHOCTH. TeopeMa o0 paBEHCTBE YIJIOB CO B3aUMHO TEPICHAUKYISIPHBIMHU

CTOpOHAaMHU.

YPOBEHSD III (7 kiacc, MyHMIUNIAJIBHBIHA 3TAI; 8 KJIACC, IIKOJbHBIM 3TAN)

Pasnen 4. HeOecnasi cepa (HauaabHbII IUKI, YACTh 2)

§ 4.1. Yenosvie usmepenus na nebe

VYTnoBbIe paccTOSHUS MEXy HEOECHBIMUA 00BEKTaMU. YTJIOBBIE pa3Mepbl 00bEKTa, UX CBS3b

C JINHEHHBIMU pa3MepaMH (IIPU U3BECTHOM PACCTOSIHUM, MAJIbIE YTJIbI).

§ 4.2. [lapannakc u ceomempuieckue cnocoowl usmepeHull paccmosHul

Omnpenenenue paamyca 3eMiIM M3 aCTPOHOMHYECKHUX HAOMIOAEHUH. 3aBUCUMOCTh
paccTosHUS 10 BUAMMOIO TOPU30HTA U €r0 MOJIOKEHHSI OT BBICOTHI HabmoieHus: Ha 3emite. OO0miee
MOHATHE Tapajulakca. ['eoMeTpuyecKuil MeToj ONpeNeNeHUs] PacCTOSHUS /10 aCTPOHOMHYECKHX
00BEeKTOB. ['OpM30HTANBHBIM M ToAMYHBIA mapamiakc. [lapcek, ero cBsi3b ¢ aCTPOHOMHUYECKON
€IMHULIEH M CBETOBBIM T'0/I0M. XapaKTepHble 3HAUEHHsI CYTOYHOTO Mapajiuiakca OJIM3KUX 00BEKTOB
(Comnma, JIyHbI, HCKYCCTBEHHBIX CITYyTHUKOB 3€MJIM) U TOJUYHOTO Tapajuiakca ONKalImmx 3Be3.

Bnusinue cyrouHoro napaiiakca OJU3KUX CBETUJ Ha UX BBICOTY HAJl TOPU30HTOM.
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§ 4.3. DxeamopuanvHvle KOOpOUHamvl Ha HebecHoU cghepe

Bonbe n mansle Kpyru HeOecHOM cepbl, MPUHLIUIBI TOCTPOCHHUS CUCTEM CHEPUUECKUX
koopauHat. CKIIOHEHHE W 4YacOBOM yroJi. BICOTHI CBETHII B BEpXHEH UM HIXKHEW KyJIbMUHALUM IS
10001 TOUKM 3eMIld, He3aXOsIIMe U HEeBOCXOJAIINE CBETUIA. YTOJI MEXKIY JTUHUSIMH HEOECHOrO
9KBATOPa U TOPU3OHTOM B TOUKE UX MEPECEUCHUs B 3aBUCHUMOCTH OT IIMPOTHI MecTa. BripaxkeHus
JUIS YTJIOBOTO PACCTOSHUS MEXIY IBYMs TOYKaMU HeOa sl 3JIEMEHTapHBIX cirydaeB (Omu3Kue
TOYKH, TOYKH HA TOPU30HTE HIIM SKBATOPE, HA OJHOM a3UMYTe, MEpUIUAHE WIIH KPYTe CKIOHEHUS).

Crepeorpaduueckas mpoeKIus.

§ 4.4. DxeamopuanvHvlie KOOPOUHAMbL U 8PEMS

[Ipsimoe BocxoxkIeHUEe CBETWIIA U 3Be3HOe Bpems. COOTHOIMIEHUE 3BE3/IHBIX U COITHEYHBIX
CyTOoK. MecTHOe coliHeuHOoe Bpems. BceMupHoe Bpewmsi, MOSICHOE M JIEKpeTHOe Bpemsi. YacoBbie
nosica W 30HBI, TPaXIAHCKOE (aAMHUHHCTPATHUBHOE) BpeMs, JHUHUS MepeMeHbl naT. Ce30HHBIH

nepeBoj yacoB. FOnmuaHnckue aHH.

§ 4.5. Buoumoe osuoicenue ConHya u sxiunmudeckue KoopouHamol

DKJIMNTHUKA, €€ TI0JIOKEHUE B SKBATOPUAIIbHOMN cucTeMe KoopauHar. [lonroca s3KkIunTuku, ux
noJjio’keHne Ha Hebe. 'ennonenTpuyeckas cucrtema koopauHaT B CosnHeuHoU cucteme. Tpornuku u
noJisipHble Kpyru Ha 3emie. M3meHenue ckioHeHuss CojHIA B TEUEHHE IO/, MOJISIPHBIM JEHb,
noJyisipHast Houb. KilmMmaruueckue U acTpOHOMHUYECKHE Mosica 3eMiid. [ 'enmoneHTpuueckas cucrema

koopauHat B COJIHEUHOHN CUCTEME.

§ 4.6. OcHosbl nemoucuucieHus u usmepenus 6pemMeHu
Kanennapusie roa, Mecsil 1 CyTKH, KX COOTHOUIEHUE C TPOMUYECKUM I'OJI0M, CHHOANYECKUM
MECALIEeM U COJHEYHbIMU cyTKamu. CHCTeMBbl pa3IMuHBIX KajeHjapel. BucokocHslil rof,

I0JINAHCKUH U TPUTOPUAHCKUH KajeHaapb. COTHEYHBIC YaChI.

Cmeodrcnbie 6onpocvl Mmamemamuxu
Pannannas u yacoBas mepa yria. YTiaoBou pasmep Tena. [IpsAMOyronbHeI TpEyroJbHUK.
Teopema Iludaropa. Dnementsl TpuroHomerpun. CTaHmapTHAs 3aMKUCh YMCiIa. MareMaTudecKue

onepanuu co creneHsaMmu. [1oap30BaHNe HEMPOrPaMMHUPYEMBIM HHKEHEPHBIM KAJIbKYJISATOPOM.
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YPOBEHD 1V (8 kiacc, MyHHIMIAJbHBIN 3TaI; 9 KJIacC, IIKOJIbHBIN 3TAaI)

Pasnen 5. Kunematuka CoJiHeUHO# cHCTeMbI (HAYAJIbHBIH IIHKJI)

$ 5.1. Kunemamuxa nianem ¢ Conneunou cucmeme (npubaudicerue Kpyeoswix opoun)

Ynupomennas 3anuch 1l 3akona Kerepa st kpyroBoid opOUTHI (Kak SMIUPHUECKHUI (aKT).
VYrioBas u nMHEWHas CKOPOCTh IIaHeThl OTHOCUTENbHO ComHia. CHHOAMYECKUM U CUICPUYECKUNA
nepuoj] TUIAaHEeThl. BHyTpeHHWE M BHEIIHWE TUIaHeThl. KoHQUrypanuu u ycloBHS BHIUMOCTH

IJIAHCT.

§ 5.2. Manvie mena Conneynoti cucmemvl (npudbIUNCeHUE KPY208bIX 0POUM)
JIBM>KCHHE KapJIMKOBBIX W MAaJbIX IUIaHET (B MPEANOJIOKCHHE KPYrOBOM OpOWTEHI).
[IpencraBineHne O ABMKEHWHM KOMET M METEOPHBIX MMOTOKax. Buermnme obmactu ColHEYHOH

cuctemsl. [losic Koitnepa, o61ako Oopra.

$ 3.3. Heuosicenue Jlynol u cnymuuxog niarnem (npubaudicerue Kpy2oswvix opoum)

CuHonmueckuid W cuaepudeckuii mepuonbl JIyHbI, WX cBsi3b. CONHEYHBIE W JIYHHBIC
3aTMeHHs. Bennunna (hasbl, TPOA0IDKUTEIBHOCTD, CTAIUN 3aTMEHUS. XapaKTePHbIC PACCTOSHUS U
nepuoAbl OOpalleHus] CIyTHUKOB IaHeT. OmnpenerneHrne CKOPOCTH CBETa Ha OCHOBE aHalu3a

JABVKCHUSA CITYTHUKOB IIJIAHCT.

Cmeoncrble B80NpOCbL MamemamuxKu

HO,Z[O6I/IC TPECYIrOJIbHUKOB. Bo3seneHue B CTCIICHb, KBAAPATHBIC U KY6I/I"ICCI(I/I6 KOpHH.

Cmedicnbie 60npocyl huzuku
[TonsTHE Meproa ABMKEHUS IO OKPYKHOCTH, YTTIOBOM CKOPOCTH PaBHOMEPHOTO KPYTrOBOTO

JABWKCHUA. HpHMOHHHeﬁHOC pacipoCTpaHCHUC CBCTA.

YPOBEHD V (9 kaace, MynununanbHslii 3tan; 10 kiacce, IKoJAbHBII TAM)

Pa3nen 6. HeOecnasi MexaHuKa (Ha4aJIbHBIH IIUKJT)

$ 6.1. 3axon 6cemupnoco macomenus, 0sudicerue No Kpy2060i opoume

3aKOH BCEMHPHOTO TITOTEHMs. YCKOpPEHHME CBOOOJHOTO TMAaJeHUsi U CHJIa TAKECTH
Ha pa3Nn4HbIX HeOecHbIX Tenax. KpyroBas (mepBasi kocMuYeckas) M yrjoBas ckopocTh. Bec u
HeBecoMOCTh. CBA3b aTMOC(EPHOTO JTaBICHUS HA MOBEPXHOCTHU IJIAHETHI U CUJIBI TSKECTH, OLIEHKA

Macchl aTMOC(hepHI.
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§ 6.2. Mexanuka naanem ¢ Conneunotl cucmeme (npubIudiceHue Kpy2oewlx opoum)

Ilepuon oOpamenusi, Beipaxenue III 3axona Kemmepa B 0000mmeHHON (HOopMyIHpPOBKE
JUIS KPYTOBBIX opOuT. JIMHe#Hass CKOpOCTh IUIaHETBHl OTHOCUTENbHO 3emiu. IlerneoOpasHoe
JBI)KCHUE IIJIAHET, TeOLICHTPUYECKasl YIriioBas CKOPOCTh IJIAHEThI HAa HeOE B MOMEHT OCHOBHBIX

KOHpUrypammii.

§ 6.3. Jlsudcenue uckyccmeemHvlx cnymuuxog u Jlymei 6oxkpye 3emau (npubnudiceHue
Kpy2osoti opoumol). /leudicenue cnymHukog nianem

[TpunuBel, UX MEPHOAUIHOCTh. VICKYCCTBEHHBIC CITYTHUKU 3eMJIM Ha HHU3KHX OpOHMTaxX, MX
BUIUMOE JIBIKeHHE Ha HeOe. TopMoxkeHrne CIyTHUKOB B aTMocdepax IuiaHeT. ['eocTanimoHapHbIe

CIIyTHUKH.

Cmeoncrble B80NpPOCbL MamemamuxKu

Cro)XeHHE U BBIUNTAaHHUE BCKTOPOB.

Cumedicrble 6onpocol uzuxu

3aKOH BCEMHUPHOTO TArOTEeHHMs, 3akoHbl HproToHa. Cuiia Tskectd, Bec Tena. BenumuunHa
YCKOpPEHHUS CBOOOJHOTO TAJACHHS, IEHTPOCTPEMUTEIBLHOTO YCKOpeHus. MHepuuanbHble U
HEWHEpIUaJIbHbIE CHUCTEMBbI OTcYeTa. 3akoHbl HproTona. IlepBas kocMuueckas (Kpyronas)

CKOPOCTbh.

Pazgen 7. AcrpoHoMHYeCKasi ONTHKA (HAYAIbHbBIA IMKJI)

§ 7.1. Cxemvl u npunyunsl pabomul meniecKkonos

JIuH3pl W 3epKana, MPOCTEHIIHe ONTUYECKUE CXEMBI TEJIEeCKOMOB - pedpakTOpoB U
pedextopo. [locTpoenue nzobpaxkeHuit, GoKycHOe paccTosiHue. YTIOBOE yBETHYEHHE, MacIITad
U300paKeHMsI, paspemarmas CrHocoOHOCTh TeNleCKona. BBIXOIHOW 3pavyok, pPaBHO3PAYKOBOE
yBenuuenue. [IpencraBneHne 00 OrpaHWYEHWM pa3pemiaroliedl  CIIOCOOHOCTH — TEIIeCKOIa
(kauecTBEHHO), aTMoc(epHOe OrpaHHYeHHE pa3pelaroleil cnocoOHocTu. Bun pa3nuyHbIx
HeOecHbIX 00bEKTOB B Teneckor. [IpencraBnenue o npueMHukax uanydenus (rnas, [13C-marpuma

u T. 1.). Hekoropble BUIbI MOHTUPOBOK (albT-a3uMyTajibHasl, SKBaTOpHaIbHAs).

Cmedicnuvle onpocwl pusuxu
3aKOHbBI F€OMETPUUYECKOW ONTHUKH. OTpakeHHE M IPEIOMIICHHE CBETa Ha TpaHULE ABYX

cpen. [lnmockue u chepuueckue 3epkana, MuH3bl. [locTpoeHne n300paskeHUH.
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YPOBEHb VI (9 kaace, peruoHajibHbIi 3Tanm; 10 kiacc, MyHHIMIAJbHBIN 3Tal;
11 kiace, MIKOJIbHBIN 3TAI)

Pasnen 8. 3Be3gnast acrpoHomus (0a30BbIi ITUKJT)

§ 8.1. Dnepeus uznyuenus

[ToHSATHS MOIIHOCTH W3JIYy4E€HUS (CBETUMOCTH), SHEPreTHYECKOro IO0TOKa W3Iy4YeHHUs,
TUIOTHOCTH MOTOKA M3JIYYCHUS, OCBEIICHHOCTH, SIPKOCTH. Y ObIBaHHE MNIOTHOCTH MOTOKA U3ITy4EHUS

00paTHO MPONOPIMOHATILHO KBAApaTy paccTOsSHUS (0e3 yuera MOTJIOUIeHHUs).

§ 8.2. lllxana 36e30mbix 6enu4uH
Bumumas 3BesgHas BennunHa. ®Dopmyna Ilorcona. Buaumele 3Be3/IHbIE BEJIWYHHBI
HauOoliee SIPKUX 3Be31 M TuiaHeT. [loBepXHOCTHas SIPKOCTh, €€ HE3aBHUCHUMOCTb OT PAaCCTOSHMS,

3BC3/JHas BCIINYHHA CI)OHa HOYHOTO HeOa.

§ 8.3. 3asucumocmo 36e30H01 eUUUHBL OM PACCMOAHUS

3aBUCUMOCTD 3BE3HOW BEITUYHMHBI OT PACCTOSHUS 10 00BEKTa B OTCYTCTBUE IMOTIIOMICHHUS.
Monyne paccrosiaus. M3MeHeHne BUIUMON SPKOCTU TUIAHET MpPU UX JIBUKEHHH BOKpyr ConHia
(6e3 yuera (ha3bl, cirydail KpyroBbIX OpOUT). AOCOMIOTHAS 3BE3HAS BEJIMYMHA 3BE3/IbI, a0COMIOTHAS

3BC3Has BCJIIMYHMHA TCJII CoJIHEYHOH CUCTEMBI.

S 8.4. Dnekmpomaznummnule 60.11bl
JInviHa BOJNHBI, MEPUOJ M YAaCTOTA, CKOPOCTh PACIPOCTPAHEHHS B BaKyyMe€ U B Cpele,
MoKaszaTesib MpeoMiIeHHs. J(Mama3oHsl 3JeKTPOMAarHUTHRIX BOJH. BUAMMBINA CBET, IJTUHBI BOJIH H

uBera. [Ipo3padHocTs 3eMHOM aTMOoc]ephl i pa3IuYHBIX JUANa30HOB AJIEKTPOMArHUTHBIX BOJIH.

§ 8.5. Usnyuenue abconromuo yepHozo meia
3akon Credana-bonpimana. D¢ dexTrBHas TemnepaTypa U paguyc 3Be3nbl. CBETUMOCTH

3BE3/bI U OCBEIIEHHOCTEL OT HEE, CBI3hb C A0COIIOTHOM U BUANMOMN 3BE3JHON BEITUUYNHOMN.

$ 8.6. Connye
Crpoenue u xummndeckuii cocras. [loBepxHocTs ConHIa, NATHA, UX TEMIEpPATypa U BpeMs

#u3HU. [{ukiel comHeunon aktuBHOCTH. Bpamenne Connna. CosHeuHast HOCTOSTHHAS.

§ 8.7. Jlsudicenue 36e30
Oddext Homnepa. JlyueBas u TpaHcBepcaibHasi CKOPOCTh 3Be37bl. COOCTBEHHOE JIBMIKEHUE

¥ TTapajjIakc 3BE3 bl
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§ 8.8. /lsoiinvie u 3ammernHvie nepemenmvie 36e30bl

JIBI>KeHHE JBYX TEJ COIOCTaBUMOM MacChl JJIsl ciaydas KpyroBbelx opoOut. Llentp macc.
O6o06mmennsii 111 3akon Kemepa anss KpyroBoro JIBHIKCHHUS. 3aTMEHHBIC MEPEMEHHBIC 3BE3[IBI,
[JIaBHBIN ¥ BTOPUYHBIM MUHUMYM, UX TJyOMHA U JUIUTEIHHOCTb.

$ 8.9. Ilnanemul u sx30n1anemoi

Cdepuueckoe u reomerpuueckoe anbdeno. 3oHa obOuTaemocTu. KadecTBEHHOE TOHSTHE
0 mapHUKOBOM 3¢ dekre. [IBrkeHHE 3K30IUIaHET BOKPYI 3BE3J A Ciaydas KPYTOBBIX OpOMT.

TpaH3I/ITI)I OK30IIaHET, UX BPEMCHHBIC U (bOTOMCTpI/I‘{CCKI/Ie CBOﬁCTBa, YCJII0BUA Ha6J'II-OI[€HI/I5[.

§ 8.10. 36e30mnbie ckonnenus
XapakTepUCTUKHU U HAOJII0JaeMble CBOMCTBA PACCESIHHBIX M IIAPOBBIX 3BE3AHBIX CKOIICHUIN
U BXOJUIMX B HUX 3Be3/. PacroniokeHue ckomieHUi Ha HeOe. MeToa rpynmoBoro napajiakca

OIIPCACIICHUS paCCTOHHI/Iﬁ JI0 CKOILJICHUM.

§ 8.11. Ocnoswvi eanakmuueckoi acmpoHoOMUU

[IpencraBnenue o ctpoeHuu Haien ['anaktuku. Ipmxenune Connna B ['anaktuke.

Cmedrcrbie 60npocvl Mamemamuku
Jlorapudmuueckoe wucuucienue. I[lmomans moBepxHOCTH cdeprl. TenecHBId  yrod.
[Tpubmmkennble Beruucienus. [IpaBuna okpyrienus, yncio 3Havamux nudp. CTeneHHas 3anuch u

HpI/I6J'H/I)KeHHBIe BBIYHCIICHHS C OOJBIIMMU U MAJILIMU YUCIaMH. AHAIU3 l"pa(bI/IKOB.

Cmedicnbie 60npocyl huzuku

OO1iee TOHSTHE SHEPTUH, MOIIHOCTH, IMOTOKA JHEPTHH, IUJIOTHOCTH TOTOKA JHEPTHH,
SAPKOCTH, OCBemleHHOCTH. [loHsTHEe 00 >NMEeKTPOMAarHUTHBIX BOJHAX, JUIMHA BOJIHBI, MEPHOJ H
4acToTa, CKOPOCTh pACHpPOCTPaHEHUs, UANa30HBl dSJCKTPOMArHUTHBIX BOJH. [loHsTHE 00

abcoioTHO yepHOM Tesie. Bumsl Termonepenaun. Dddexrt Homnepa. [lonsrue neHTpa mMacc.

Pa3znen 9. ActpoHomuyeckasi onTuKa (02a30BbIN IUKJT)
§ 9.1. Ocpanuuenue paspewiaroueti CHoCOOHOCMU MeNECKONA.
[lonsitue o nudpakumu. JupakiHOHHOE OrpaHUYEHHE pa3pelIaeil CrocoOHOCTH

TCIICCKOIIA.

20



§ 9.2. Ceemocuna u nporuyarowas cnocooHOCmMs meieckona
OTHOCHTETBHOE OTBEPCTHE TEJIECKOIa, €ro MPOHUIAIONIAsl CITIOCOOHOCTh. BumuMmerii 6meck
TOYEUHBIX M TPOTSKEHHBIX HCTOYHUKOB TIpu HaOmojgeHud B Teneckor. [IpencraBienue

00 OorpaHMYEHHUSAX Ha MIPOHHUIIAFOIIYIO CIIOCOOHOCTD Teeckorna ((hoH HOUHOTO Heba).

$ 9.3. OcHosHbIe npueMHUKY U3TYYeHUs.

CBolicTBa U CTpPOEHHE YEJIOBEUECKOTo Ia3a. /lHeBHOE U HOUHOE 3peHue. PaBHO3paukoBoe
yBenudeHue Tteneckona. Poroammapatel. Juadparma, Bpems skcnosunuu. [13C-maTpwuiisl,
CTpOEHHE U MPUHLUIBI paboThl. OTHOIIEHHE CUTHAN/IIyM. AGeppaluu onTHKU. BuHbeTupoBanue,

I1yOMHA PE3KOCTH.

Cmedicrble 6onpocsl uzuku
[Tonstue 06 uuTepdepennmu u audpakuuu. llpenensl NPUMEHUMOCTH T€OMETPUYECKON
ontuku. [Tonsatue o mudpakuun cBera. CBOWMCTBA U CTPOCHHE YEIOBEUECKOTo Tia3a. Abeppanuu

OIITHUKH.

YPOBEHDb VII (9 kaace, 3akaouuteabHblii 3Tanm; 10 kiaace, permoHAJbHBIN 3Tal;
11 kiacc, MyHUIIUNIATbHBIH 3Tam)

Paznen 10. HeGecnas mexanuka (0a30BbIi IIHKJI)

$ 10.1. 3axonwr Kennepa, osusicenue no saiuncy

DJUIHATIC, €ro XapaKTepUCTHKU — Oonbllias W Majias OCH, SKCUEHTpUcHUTeT. Tpu 3aKoHa
Kemepa st ciydast 60nbIioi 1eHTpaibHOW Macchl. [loTeHImanbHas SHEPrus B3auUMOJICHCTBUS
TOYEeUHbIX Macc. Mmynbc ¥ MOMEHT ummyibca. [IepulleHTp U amoueHTp, CKOPOCTh JIBHXKECHHS
B ATHX Toukax. [lapaGonuueckas (BTopas KOCMHUYECKasi) CKOPOCTh. DKCIEHTPUCUTET U CKOPOCTH

B IIEpULICHTpPE MapadoIbl U TUIepOOIIbI.

$ 10.2. Hebecnas mexanuxa 6 Conneunou cucmeme

XapakTepuCTUKU OPOUT IIIAHET, KAPIMKOBBIX TIAHET U acTepouA0B. KoMeThl, UX IBUKEHHE
B ConHeuHol cucteMe. ['eolieHTprUeckas U TeluoleHTpUYeckas CKOpocTh. MeTeopHble MOTOKH,
paguanTel.  MexmnaHeTHele — mepenerel 1o Tpaektopum  [lanpepa-I'omana.  Benmkwne
MPOTUBOCTOSIHUST Mapca. da3za MPOW3BOJBLHOTO OCBEHNICHHOIO Iapa, PaBEHCTBO JUHEHHOW W
wiomanauoil ¢aspl. M3MeHeHHe BUAMMON SPKOCTH IUIAHET W KOMET MO XOAYy HX JIBIXKEHHS
JUTSE cIydasi dAJUTMNTHYECKUX OopOuT C yueroMm (as3pl. [IBMKEHHE CHYTHUKOB IUIaHET. Tperhs

KOCMHUYECCKAaA CKOPOCTh, 'paBUTAllMOHHAA CBA3AHHOCTb CHUCTCMBI.
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§ 10.3. Cucmema Connye — 3emnsn — Jlyna
Xapakrepuctuku opoutsl JIyHbl, mepureit u amoreil. CoimHEYHBIE M JIyHHBIE 3aTMEHUS
JUIS CiTydasi TIPOU3BOJIBHBIX paccTossHuil 10 Connna u Jlynsl. KonblieoOpa3HO-TIOTHBIE 3aTMEHUS

Comnna. [Tokpertus JIyHOM 3Be31 U IIaHET, YCIOBUS UX HabmoaeHuid. Jlnbpanun JIyHbI.

§ 10.4. 3a0aua 08yx men u 36e30Hasi OUHAMUKA

Pacnipoctpanenue 3akoHoB Keruiepa Ha cirydail mpousBodbHBIX Macc. O0600menHbrin 111
3akoH Kemepa s smmntudeckoro ABwxeHus. llpuBenennass macca. JloriepoBCKui MeTon
OTKpPBITHSl M aHalu3a JBOMHBIX CHCTEM M DK30IUIAaHET. OJEMEHThl OpOUT JBONMHBIX 3BE3] U
9K30IUTaHET (DJIEMEHTApHBIC Cilydan). BocCCTaHOBIIEHHE XapaKTEPUCTUK OPOHUT JBOWHBIX 3BE3J
U3 HaOmoieHui (3NIeMeHTapHbIe ciiydaun). J[BrkeHue 3Be3f B MOJIe HEHTPATbHO-CHMMETPUYHBIX

Macc (3BE3HBIX CKOIUICHUH, IEHTPOB T'aJlaKTHK ).

Cmedrcrbie 60npocvl Mamemamuky
DIUIMIC, CBSI3b PA3JIMYHBIX XapakTepuCTHK duunica. Ilnomans smmunca. Ilonstue o
napabone u rumnepbosie. Teopembl CHHYCOB M KOCHHYCOB. CIOKE€HHE M BBIYMTAHHE BEKTOPOB.

CDOpMy.]'ILI HpI/I6J'II/I)KeHHOI‘O BBIYHCJIICHHA IJIA MAJIbIX I1apaMETPOB.

CmedicHbie 60npocyl huzuku
Wmnynbc, MOMEHT UHEPITUH, MOMEHT UMITYJIbca. [loTeHIanbHast SHEPTHs B3aUMOICHCTBUS
TOYEYHBIX MAacC. 3aKOHBI COXPAaHEHHUs DJHEPTUH, UMITyJbCa U MOMEHTa UMMyJbca AN ciaydas

ToueuHbIX Macc. Kocmuueckue ckopoctu. [[BukeHune B mosie chepruuecKu-CUMMETPUIHON MacChI.

Pa3nes 11. HeGecnas cepa (0a30BbIH HUK)
§ 11.1. Ypasnenue spemenu
Hctunnoe u cpennee Connue. McTuHHOE M cpefHee COJNHEYHOE BpeEMsl, ypaBHEHUE

BPEMEHH, €r0 XapaKTepHbIE 3HAUEHUsI Ha IPOTSHKEHUH rojia. AHaIeMMa.

§ 11.2. Abeppayus céema u nonpasKku K KOOpOUHAMAM CEemul

TonoueHTpuyecKkne M reOUEHTPUYECKHE KOOPAUHATHL. 3MeHeHue BHIMMBIX MOJIOKEHUI
CBETWJI BCJIENCTBHE IBIKeHUs 3emun. [lapammaktudeckuit u aOeppallMOHHBIN AJUIATICH 3BE3]T
Ha Pa3HbIX JKJIMITHYECKUX MUpoTax. [lonpaBku K reMoneHTpUYECKUM KOOPAUHATAM U JIy4E€BbIM

CKOPOCTSAM 3BE3 .
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§ 11.3. Ilpeyeccus ocu spawenus 3emnu
[IpenBapenue paBHOJACHCTBUM, 3BE3AHBIA (CHIEPUUYECKUN) M TPOMUUYECKHM TON, HX
COOTHOIIEHUE. V3MEHEHHE 3KBATOPUAIBHBIX M JKIUNTHYECKUX KOOPAMHAT 3BE3J BCIEICTBUE

npeneccuu. Hyranust (kauecTBEHHO).

Cmedicrble 60npocsbl MamemamuKu
PaGora ¢ rpadukamm wu Tabmuuamu. JluHeWHas anmpoKCUMAaIus, OIpeNeIeHue
K03 (UIMEHTOB JHMHEHHOW 3aBucUMOCTH. OIEHKAa MOTPEIIHOCTeH MPSIMBIX M KOCBEHHBIX

I/ISMepeHHﬁ. Ilonsarue o CpCAHCKBAAPAaTHICCKOM OTKJIOHCHHUH.

CmedicHble 6onpocsl puzuxu
MoOMEeHT cuiabl, MOMEHT HUMIyJIbCa, HUMITYJIbC MOMEHTa cuiibl. OCHOBHOE YpaBHEHUE

JWUHAMHKH BPalaTCIIbHOI'O ABUKCHUA.

YPOBEHD VIII (10 kaace, 3akia0uuTebHbIN 3Tanm; 11 kiace, peruoHaJdbHbIH 3Tam)

Pa3znen 12. DiieMeHTBI acTPOQU3HKH (0a30BbIii YPOBEHbD)

§ 12.1. Keanmosas npupooa ceema

KBanToBo-Mexanuueckass Mojenb aroma. [loHsTHe 00 DSHEPreTHYECKUX  YPOBHAX
2JIeKTpOHOB. KBaHTOBEBIE U BOJIHOBBIC CBOMCTBA cBeTa. DOTOHBI, (HOTOA(D(EKT. DHEPrUs U UMITYITBC

KBAaHTOB, CBSI3b C YaCTOTON U ANMMHOU BosHbI. [laBnenue cBera. Dddekr [loitnTrHra-Podeprcona.

§ 12.2. Ocnosbi cnekmpanbHo2o aHanusa
Crnektp wsnmydeHusi. [loHSTHE CHEKTPANTBHOH JIMHWM W3IYYCHHS W TIOTJIOIICHUS,
JUHEHYaTelii U HeNpepbIBHBINA crekTp. CHekTp aroma BOAOPOJa W BOAOPOIONOAOOHBIX HOHOB.

Bunst 3ananus cnektpa (kak QyHKIIMHA YacTOThI WIIH JITHHBI BOJIHBI).

§ 12.3. Cnexmp uznyyenus 36e30

XapakTepHbI BUJ CIIEKTpa U3Ty4eHUs aOCOIIOTHO YEPHOro Tesa. 3aKoH cMmelleHus BuHa.
®oromerpuyeckue  cucrembl  UBVRI, mnokaszarenu  nBera. llBeroBas  temmeparypa.
bonomerpuueckas 3Be3aHasi BeIW4HMHA, OojoMeTpuueckas mnompaBka. [loTeMHeHHE TUCKOB 3BE3]

K Kparo.

§ 12.4. Knaccugpurayus 36e30
CnexTpasibHBIE KJIACChl 3B€3/], HX CBs3b C d(dexkTuBHON Temmeparypoi. Kiacchr

CBETHUMOCTH 3BE3]] (CBerFI/IFaHTBI, T'UI'aHTHI, KapHHKPI). I[I/Ial"paMMBI «CIICKTP-CBETUMOCTb» U
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«uet-cBetuMocThby  (I'epummnpynra-Paccena), rnaBHas mnocnenoBarenbHOCTh. COOTHOIIEHHE

«Macca-CBECTUMOCTB» IJIA 3BC3 ] rJIaBHOM nOoCICA0BATCIbHOCTH.

§ 12.5. Aoepnas puzuxa u mexanuzmvl 3Hep20BbLOEICHUS 36€30

JluHamuueckas, TeIioBasi U s[epHas HIKalbl, UX XapakTepHble BpeMeHa. CBs3b Macchl U
9HEepruu mokos. JedekT Macchl, JHEPT s CBSA3HM U 3aBUCHMOCTh YICIBHOW SHEPTUH CBSI3U OT YHCIIa
HyKJI0HOB. CHHTE3 W pacmajl, BbIJCICHHE YHEPTruU (Ka4eCTBEHHO). 3aKOHBI COXPAHEHMS 3apsjia U
SHEPruu B AJEpHbIX peaknusx. CBoICTBa JJIEMEHTApPHBIX YacTHUIl. YCIOBHUS MPOTEKAHUS

TEPMOSICPHBIX peaKkuii B HeJlpax 3BE31, MPOTOH-MPOTOHHBIN UK. HelTpuno.

§ 12.6. Deontoyusi HOpMAIbHLIX 36€30

3Be3nmooOpazoBanne, ero obOmactm B ['amaktmke. Macca JDxunHca. Turmbl 3BE3THOTO
HacejeHUs B ranmakTtukax. Craaust TJaBHOW mocheaoBaTenbHOCTH. CTaaus KpacHOTO THIaHTa,
CUHTE3 TSKEIIbIX JJIEMEHTOB B sjpe. PaBHOBecHe M MIEPEHOC SHEPTHH B 3BE3/IaX. DBOJIONUOHHBIC
TPEKH MaJOMAaCCUBHBIX M MACCHUBHBIX 3Be3ll Ha mauarpamme [ eprmmpynra-Paccema, Bum 3Toi
JUarpaMMbl JUIS 3BE3JHBIX CKOIUICHHM, OIPEACICHHE HX BO3pacTa IO IOJOXKCHHIO «TOYKH

IIOBOpPOTan». 3Be3)1HbIe acconuanmu.

§ 12.7. Ilynvcupyrowue nepemenmsvie 36e30bl
Hedenapl, uX XapaKTEPUCTUKH. 3aBHCUMOCTb «IEPUOA-CBETUMOCTH», OIpeIeIcHHE
paccrosinuii. I[lpencraBienne o mojoce HecTabUIbHOCTH Ha auarpamme [ epummpyHra-Paccena.

3Be3ab! Tuna RR Jlupel, qoaronepuoanyeckyue nepeMeHHbIe 3BE3/IbI.

§ 12.8. Ilo30nue cmaouu s6omoyuu 36e30

benble kapinuku, HEHUTpPOHHBIE 3Be3labl, 4YepHble ObIpbl. Ilpemensr Yannppacekapa,
OnnenreiiMepa-BonkoBa. ['paBuranmonssiii paauyc. Hosble 3Be3nbl. CBEpXHOBBIE 3BE3/bl, HX
KJIacCU(pUKallMsg M OCHOBHBbIE cBoMcTBa. [lnaHeTapHble TyMaHHOCTM M OCTAaTKH BCIIBILIEK

CBCPXHOBBIX. Hy.]'IbCapLI.

§ 12.9. Meoiczsesonas cpeoa
[lnoTHOCTH, TEMIIEpaTypa W XHUMHUYECKHH COCTaB MeX3Be3AHOW cpeapl. [IbuieBbie
obnaka. O6nactu H I u H II. Monekynspusie o6naka. JIlunusa 21 cm. I'azoBble u nuddys3Hbie

TYMAaHHOCTH.
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§ 12.10. I'anaxmuku u 0OCHOBbL KOCMOIO2UU
Knaccudukanus u HaOmoaTenbHble CBOWCTBA ralakTUK. MecTHas Tpynmna ralakTuk. TUIbI
3Be3HOro HaceneHus. CBEpXMACCHUBHbBIE YEPHBIE ABIPbl B FalaKTHUKaX, aKTUBHBIE sijipa T'aJlaKTUK,

KBa3apbl. 3akoH Xa00ia, KpacHOE CMEIlIeHHUE.

Cmedrcrbie 60npocvl Mamemamuku

[IpomsBonnass  ¢ynkumu. MccnenoBanne  (GyHKUMH HAa  OCHOBE  IPOM3BOJHONM,
F€OMETPUUYECKHI CMBICT TPOU3BOAHOM.

CmedrcHble 6onpocel usuku

KBaHToBbIE W BONHOBBIE CBOMCTBa cBeTa. MOTOHBI. DHEPrus M HMMIYIbC (POTOHOB.
Bremnuit poroaddexr. [lanenne cBera. KBaHTOBO-MexaHWueckass Mojenb atoma. llocTynaTer
bopa. Crauuonapueie coctosiHusi aroma. [loHaThe 00 SHEPreTHYEecKHX YpPOBHSAX JIIEKTPOHOB
B aToMe. Buapl criektpoB. Criektpanbhbiii aHanu3. CriekTp aroma BOAOPOJa U BOJOPOIOTOT00HBIX
noHOB. CBsi3p Macchl M dHeprud. JleekT maccel, SHEPrusi CBS3M W yJENbHas SHEPTHs CBS3H.
3aKkoHBI cOXpaHeHHs B snepHoi ¢(usmke. CuHTe3 W pacman saep. TepMosiiepHbIE PEaKIIHH.
OcHOBHBIE CBOMCTBA 3JEMEHTAPHBIX YaCTHUI[ (JIEKTPOH, MPOTOH, HEHUTPOH, (HOTOH, HEHUTPUHO).

CBolicTBa uaeansHoro rasa. Ilonsrue o TEMIICPATYPE, AABJICHUHN I'a3a, KOHOCHTPAIlUX YaCTHULI.

YPOBEHD IX (10 kiaacc, 3aKJII0YATEIbHBIN 3TAI)

Pasnen 13. HeGecnas cepa (yriay0s1eHHbIH YPOBEHB)

§ 13.1. Cymounvie nymu ceemun (0owui cuyuati)

OcHoBBI cepuueckoi TPUTOHOMETPUH. [TapamnakTuaeckuit TPEYroJIbHUK.
[Tpeobpa3zoBanus rOpU30HTANBHBIX, SKBATOPHUAIBHBIX U SKIUINTHYECKUX KOOpAMWHAT. Bhruncienue
YIJIOBOTO PACCTOSHUS MEXAY TOUKaMU HeOeCHOM cdepsl sl MPOU3BOJIBHOTO Cilydasi. ASUMYTHI U

YJaCOBBIC YTJIbI BOCXOAA 1 3aXx04a CBCTUJI U IPOU3BOJIBHOT'O CKIIOHCHUS U IUPOTHI.

§ 13.2. Cucmema Connye-3emnsa-JIyna (oowuii ciyuati)

Bpamenue MHUM @ y370B M JIMHMM  QlCHJ  JIYHHOW  OpOWTHI, TPONUYECKHH,
AQHOMAQJIMCTHYECKUI U JpaKkOHWYEeCKUH Mecsalbl. HakiioH JTyHHOH OpOUTHI K SKIUMNTHUKE, YCIOBHS
JUISl HACTYIUIEHUS! COJTHEYHBIX M JIYHHBIX 3aTMEHMH pa3IM4YHbIX TUNOB. L[MKIIBI 3aT™MEHUH, capoc.
Cepun nokpeituii JIyHoM 3Be3n m 1uia”eT. [lpepenbHas SKIMOTHYECKas IIMPOTAa U PACCTOSHHE

OT y3Jia JIs1 HaCTYIUUICHUSA 3aTMEHUM Pa3JIMYHBIX TUIIOB, ITOKPBITUA 3BC3/Ibl UJIU IIJIAHCTHI.
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§ 13.3. [euorcenue oauzxux men 6 nHebe 3emau (0owuil cayuati)
Bunumerii myts JIyHBI 1 UCKYCCTBEHHBIX CIYTHUKOB B HeOe 3emiu. TpuaHrynanus OJU3KUX
00BEKTOB (CITyTHUKOB, METEOPOB). YueT HechepuyHocTu 3emiun. OCHOBBI COBPEMEHHBIX CHUCTEM

CHYTHHKOBOﬁ HaBUI'allH.

§ 13.4. I'anakmuueckas cucmema KoopouHam

OcHOBHBIE TOYKH U OOJNBIIME KPYTd, MPEeoOpa3oBaHUS B JPYrHe CHCTEMbI HEOECHBIX
koopauHat. [lomokeHue meHTpa [alaKTUKM W TalaKTHYECKUX TIOIOCOB B HeOe 3emuln.
XapakTepHbIe TOJOXKCHHUS DPA3JIMYHBIX THUIIOB HEOECHBIX OOBEKTOB B TaJIAKTUYECKOH CHUCTEME

KOOp/INHAT.

Cmedicrble B80NpOCbL MamemamuxKu
OcHoBbl chepuieckoil TPUTOHOMETPHUH, CPEPUUYECKUE TEOPEMBbl CHHYCOB U KOCHHYCOB.
[Tnomane mapoBoro ciosi, ydactka cdepsl. JIMHEHHAs anmpoKCUMAIWs, OIpPEICICHHE e¢

K03 (P PHUIIHEHTOB.

YPOBEHD X (11 ki1ace, 3aKJII04UTEIbHBIN 3TAI)

Pa3nea 14. HeGecnas mexanuka (yriry0J1eHHBIH IIUKT)

§ 14.1. Dnemenmoi opoum

[IpocTpaHCTBEHHOE TMOJIOKEHUE OPOUTHI, KEIUIEPOBBI 3JEMEHTHI, OCHOBHBIE TOYKHU U
HanpaBiIeHUs. OJIEMEHTbl MapaboJMYecKO M TUnepOOTUYecKO OpOUTHI. DKCIEHTPUCUTET,
NPULICIBHBIA TTapaMeTp W yrod MEXAY acHMIITOTaMHu TurepOoibsl. OpOWTHI NBOMHBIX 3BE31 U

HK30TUIaHET B MPOEKIIUU Ha HeOecHYIo cdepy (00mmmii ciydaid).

§ 14.2. Jlgudicenue 6 none mssicecmu 08yx u b6onee mei

Touku Jlarpanxka. [lpunuBnoe yckopenue. Chepa Xwina, nonocts Poma. Ilpencrasnenue
00 ycroitunBocTu cucteM. Mi3MeHeHrne opOUT MaJbIX IUTAaHET U KOMET MpH COIMXKEHUHU ¢ O0IbIINMU
IUTaHeTaMH, aKTUBHbIE U ITACCUBHBIE TPaBUTALIMOHHBIE MaHEBPBL. BpicoTa MpUIMBOB (3J1€MEHTapHas
teopust). IlpunuBHOE pa3pylieHHe CIOYTHUKOB (3JeMmeHTapHas Teopus). IlpuiauBHOoe TpeHHe

(KagecTBEHHOE TPEICTABIICHHUE).

§ 14.3. [leudsrcenue cucmem ¢ nepemeHHOl Maccoll u dHepeuel
Ypasuenus L{uonkosckoro n Memiepckoro. Teopema o Bupualie uis TpaBUTAIIOHHO-CBS3aHHBIX
crucTeM. [IBrKeHUE CITyTHUKOB B aTMOCdepax TUIaHEeT, JBHKEHHIE Tl OKOJIO 3BE3]] C CHIIBHBIM 3BE3THBIM

BETPOM. DBOJIIOIMS TECHBIX JBOMHBIX cUCTeM. [IOHSTHE O rpaBUTAlIMOHHBIX BOJTHAX.
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Cmedrcnbie 60npocvl Mamemamukuy
[Tapabona u rumep6oia, MX TEOMETPHUUECKHE CBOWCTBA M XapakTepUCTUKH. lloHsTHE

POM3BOIHON (DYHKIINH, €€ TEOMETPUUYECKHIA U (PU3UUECKUN CMBICIT.

Paznen 15. Actpodusnka u kocmoJiorus (Yriry0JeHHbIH IIHKJI)

§ 15.1. opmyna Ilhanka

CnexTpasibHasi MOIIHOCTh M3Jy4y€HUs eIuHMIbl moBepxHocTH. dDopmyna Ilnanka,
npubmkenus Penes-/[xunca m Buna, obnacTe MX NPUMEHMMOCTH. SIpKOCTHas Temrieparypa.

3akon Kupxroda.

§ 15.2. I'uopocmamuueckoe pasnosecue 36e30
B3aumonelictBue u3nydeHHs ¢ 3apsaaMu. [ MOpocTaTHUECKOe paBHOBECHE 3BE3I, MpEAei

CBCTHUMOCTH 3Z[I[I/IHFTOH8,.

§ 15.3. Ocnoswl cnekmpockonuu
Wutepdepennus u audpakuus. Jlucnepcusi cBeTa, CHEKTpalbHbIe NPHOOPHI (MIpHU3Ma,
mudpakiuonHas pemerka). CriekrpanbHoe paspenieHre. CIeKTphl pa3IudHbIX aCTPOHOMUYECKUX

00BbeKTOB. Binsnne TEMIICPATYPBI CPCAbl HA NIUPUHY CHeKTpaﬂbHOﬁ JIMHHH.

§ 15.4. Ileperoc uznyuenus 6 cpeoe

[Ipemomitenne cBera U atMochepHast pepakiusl sl TPOU3BOJILHOTO MOJIOKEHUS 00BEKTa.
CnekTpanbHas 3aBUCUMOCTb IIPEJIOMIIEHUS, «3€JIE€HBINA JIyd». BiusHue npenomiieHus Ha SPKOCTHBIE
XapaKTEepUCTUKU 00BeKTOB. OnTrueckas TonmuHa. [lormomnienne u paccesiuue cBeta B arMochepax
3emiu U TUTaHET, 3akoH byrepa. OTpakeHue cBeTa pa3NuYHBIMU TOBEPXHOCTSAMH, 3akoH JlambepTa.
Mex3Be3IHOEe TOIJIOIIEHUE CBETa, €ro 3aBUCHUMOCTL OT JUIMHBI BOJHBL M30BITOK IIBETa,
TPEXIIBETHbIE JUarpamMMbl, 3Be€3/IHas BEIMUYMHA OOBEKTa Ha 3aJaHHOM PACCTOSHUH MPU HATUYUU

noryomneHus. Mero poToMeTpudIecKoro napajuiakca onpeelieHus pPacCTOSIHAN 10 3BE3]1.

§ 15.5. Bcesonnosas acmpornomus
[IpueMHHMKHU H3Ty4eHHUS B TaMMa-, PEHTT€HOBCKOMW, yIbTpaduoneToBoi, nHppaKpacHOH H

pagroacTpoHOMHU. SIHCKHH. YTIIOBOE pa3pelleHne paanoTeNIeCKOIIOB U paJHOHHTEP(HEpOMETPOB.

§ 15.6. Quzuxka ammocgep nianem
TernoBoit GanaHC MIaHeT ¥ MApHUKOBBINA AP dexT. O30HOBBIN 10 B aTMOchepe 3eMiu, ero
onTtuieckue cpoiictBa. Cepedpucteie obmaka. Ctpoenue atmocdep miaHeT COTHEYHOW CHUCTEMBI,

MNpEaACTaBJICHUA 00 aTMOC(I)Can OK3O0IIJIaHET.
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$ 15.7. Macnemusm 6o Bcenennoti
JuronpHOe MarHuTHOE TMojie. MarHmTtHoe II0jJ€ TOKOBOTO Cj0s. MarHuTHOE JaBjiCHUE.

MarnauTocdepbl HeOeCHBIX Tel. DHEPrusi MAarHUTHOTO TIOJISL U €T0 Mepexo/] B Ipyrue OpMbI SHEPTUH.

$ 15.8. I'anakmuxa u eanaxmuku
Crpoenre u MOpGOJIOTHS TaTaKTHK Pa3IMYHBIX THIOB. KpuUBBIC BpallleHUs, TEMHAs
matepus. DyYHKIIUU  CBETUMOCTH  3BE3J, HadalbHas  (QYHKOHS  Macc, OTHOIICHHE

«macca/cBetumoctb». CootHomenus Tamm-dumepa u @adep-J>kekcona.

§ 15.9. Ocnosvt meopuu omuocumenbHOCMuU

[TpuHIUT OTHOCUTENBHOCTH, MIPUHLIUI WHBAPUAHTHOCTH CKOPOCTH cBeTa. IIpeoOpazoBanus
JlopeHua, penaTUBUCTCKOE CllokeHHe ckopocTei. CokpalleHue [UIMHBl U 3aMeIJICHHE BPEMEHH.
Oddexr «cBeroBoro sxox». PemstuBucrckuit »ddext ommepa. ['paBuTanimoHHOE KpacHOE

CMCIICHUC (B ca0BIX HOJ'U{X). HpCI[CTaBJICHI/IC O I'paBUTAlMOHHOM JIMH3UPOBAHUHU.

$ 15.10. Kocmonoeus

Kpynnomacmirabnas crpykrypa Bcenennoi. Ilpommoe u  Oynymee BceeneHHOI.
Pacmupenue Bcenennoit. MacmtabHbiii pakrop. Mojaens 0JHOPOIHON H30TpOnHON BceneHHOM.
VYpaBuenue ®@pupmMana (KaueCTBEHHOE MOHUMAHHUE), SBONIONUS MACIITAOHOTO (hakTopa B pamKax
HBIOTOHOBCKOW (u3uku. Kputnyeckas minotHocTh Bceenennoil. bapmonHoe BemiecTBo, TeMHas

MaTepus U TEMHasl SHeprus. PenukToBoe u3inydeHue, ero CBoucTBa.

CumedicHble 6onpocvl mamemamuku
WuterpupoBanue mpoctedmmx (QyHKIMA M ero reomerpuueckuit cmeicia. llpunoxenue

muddepeHIMATBHBIX YpaBHEHUH B 331a4ax 10 pU3UKE U aCTPOHOMUHU.

CmedicHbie 60npocyl huzuku

Bonnossle cBoiicTBa cBera. IlonsTe o0 mHTepdepeHuu, audpakuuy, TUCIIEPCUN CBETa.
MaruutHoe none. MarautHas uaaykuus. Cuna Amnepa. Cuna Jlopenna. JIBmkeHne 3apsiKeHHbBIX
YacTULl B MAarHuTHOM Iosie. OCHOBBI CIIELIMAIBHOM TEOPUM OTHOCUTENBHOCTH. IlocTynaTsl
OiinmreiiHa. IIpeoOpazoBanus JlopeHuma. PensITUBUCTCKMII 3aKOH  CIOXKEHUS CKOPOCTEM.

PensaruBucrckoe COKpalCHUC IJIMHBI U 3aMCIJICHUC BPCMCHU.
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IIpunoxenne 2

CnpaBoyHast nHpopManus, pa3pelieHHasi K HCNO0Jb30BaHNI0 Ha BcOIll

Ocnognvle huzuueckue u acmpoHoMuyecKue nOCMoOAHHbIE
['paBuTanmonHas nocrosiuHas G = 6.672-10 1 v xr t-c?
CxopocTs cBeTa B BakyyMe C = 2.998-108 m/c

[Mocrosiuuas Bonbimana K = 1.38:102 m2-kr-¢ 2 K1
YHuBepcanpHas razopas noctosiaHas # = 8.31 m%kr-¢c 2K 1-monp?
[Toctostanas Credana-bonbivana o= 5.67- 108 kr-¢3-K*
[ocrosanas [Tnanka h = 6.626:1073* kr-m?c ™

Macca ipotona My = 1.67-1072" kr

Macca snektpona Me = 9.11-1073L kr

DeMeHTapHEIH 3aps e = 1.602-1071° Kn

Actponomuueckas eaununa 1 a.e. = 1.496-1011 m

ITapcek 1 mk =206265 a.e. = 3.086-1016 m

[Tocrosianas Xa66ma H = 72 (xm/c)/Mnxk

Jlannvie 0 Connye

Paguyc 697 000 km

Macca 1.989-10% kr

CaetumocTs 3.88:10% Br

Crnexrpanbhbliii kiacc G2

Bunumas 3Be3nHadg BenuunHa —26.78™

AbcomoTHas 0oOMeTprUecKas 3Be3/1Has Beanuuna +4.72™
IMTokasatens nsera (B-V) + 0.67™

O¢ddexTuBnas Temneparypa S800K

Cpennuii ropu30HTANBHBINA apauiakc 8.794"

HTerpanbHbIif HOTOK SHEPTHH Ha paccTosHuu 3emmn 1360 Br/m?
[ToToK PHeprum B BUAMMBIX JIydax Ha paccTosauu 3emu 600 Br/m?
Jlannvle o 3emne

Okcuentpucurer opouts 0.0167

Tporuueckwuii rog 365.24219 cyrox

Cpenusist opoutaibHasi CKOpOCTh 29.8 kM/c

[Tepuon Bpamienus 23 yaca 56 MunyT 04 cekyHIbI

Haxson skBaropa k sximnTuke Ha 3moxy 2000 roma: 23° 26’ 21.45”
OKBaTopHaJIbHBINA paanyc 6378.14 km

[Tonstpueit paguyc 6356.77 km
Macca 5.974-10% kr

Cpenuss mioTHOCTh 5.52 1-cM
O0BemubIi coctaB atMocdepst: N2 (78%), O2 (21%), Ar (~1%)

3
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Hannwie o Jlyne

Cpennee paccrosiaue ot 3emuin 384400 km

MunumansHoe pacctossHue oT 3emin 356410 km

MakcumanibHoe pacctosinue oT 3emiu 406700 km

Cpennuii sxcrieHTprucuteT opoutsl 0.055

Hakiion miockoctr opouThl K skimntuke 5°09’

Cunepuueckuii (3Be31HbIN) iepuo oopanienus 27.321662 cyTok

Cunonnueckuii mepuon oopamenus 29.530589 cyrox

Pagnyc 1738 km

[Tepuon npeneccun y310B OpOUTHI 18.6 eT
Macca 7.348:-10% kr umu 1/81.3 mMaccs 3eman

Cpenssis minoTHOCTh 3.34 rcM™

3

BusyansHoe reomerpuueckoe ansoeno 0.12

Buaumast 3Be3/1Hast BeIMIrMHa B OJIHOIyHHE —12.7™

Buaumast 3Be3/1Hast BeIMYKMHA B [IEpBOii/mocieaneii yersepta —10.5™

Duszuueckue xXapakmepucmuku Co/lIHuya u njianem

IInanera Macca Pannyc [InotHocty| Ilepuon Haknon |I'eo-| Bun.
BpalllcHUs. [PKBaToOpa K|METp. | 3B€3aHaAA
BOKPYT OCH [[UIOCKOCTH| ajib- [BEIWINHA™
opoutsl | 6emo
KT MacCcChI KM |paduyChbl 1"'CM73 rpaaycol
3emn 3eman
Commme  [1.989-10%°] 332946 |697000| 109.3 | 1.41 | 25380cyr | 7.25 - | —26.8
Mepxkypnii | 3.302:102%{0.05271(2439.7| 0.3825 | 5.42 | 58.646¢cyr | 0.00 |0.10| -0.1
Benepa  |4.869-10%4|0.81476(6051.8| 0.9488 | 5.20 243.019 | 177.36 |0.65| —4.4
cyT**
Bems 5.974-10%4|1.00000(6378.1| 1.0000 | 5.52 | 23.934uac | 23.45 |0.37 -
Mapc 6.419-10%3(0.10745|3397.2| 0.5326 | 3.93 | 24.6234uac | 25.19 [0.15| -2.0
fOrutep |1.899-10%7| 317.94 [71492| 11.209 | 1.33 | 9.924uac | 3.13 |052| -2.7
Carypr  |5.685-10%°| 95.181 | 60268 | 9.4494 | 0.69 | 10.656uac | 26.73 |0.47| 0.4
Vpan 8.683-10%°| 14.535 | 25559 | 4.0073 | 1.32 |[17.24 gac**| 97.86 |0.51| 5.7
Henryn  [1.024-10%°| 17.135 |24746| 3.8799 | 1.64 16.11uvac | 28.31 |041| 7.8

* JJIA HanOOJIbIIIEeH 9JIOHTallM¥ BHYTPCHHUX IIJIAHCT U CPCAHCTO MPOTUBOCTOSHHUA BHCIIHUX TIIAHCT

** oOpaTHOE BpalIeHNE
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Xapaxkmepucmuku opoum nianem

IImanera bosbiias nmonyoch Okcuenr- | HakmoH k [Tepuon CHHOOUYECKHHT
PUCHUTET | IUIOCKOCTH | oOOpamieHus MepHOJT
SKIIUITUKI

MJIH. KM a.e. Ipagychl CYT.
Mepkypuit 57.9 0.3871 0.2056 7.004 87.97 cyr. 115.9
Benepa 108.2 0.7233 0.0068 3.394 224.70 cyr. 583.9
Bemitst 149.6 1.0000 0.0167 0.000 365.26 cyr. —
Mapc 227.9 1.5237 0.0934 1.850 686.98 cyT. 780.0
FOnurep 778.3 5.2028 0.0483 1.308 11.862 ner 398.9
CarypH 1429.4 9.5388 0.0560 2.488 29.458 ner 378.1
Ypan 2871.0 19.1914 0.0461 0.774 84.01 ner 369.7
Hernryn 4504.3 30.0611 0.0097 1.774 164.79 ner 367.5
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Xapakmepucmuku HEKOmopbslx CnRYmHUKOG njianem

CnyTHHK Macca | Paguyc | IlmotHocts | Pamuyc Ilepuon | I'eomer- Bunnmas
opouthel | oOpaieHust | pud. 3Be3HAas
ampOeno | BenmuuynHa*
KT KM r/em® KM CYT. m
3emus
TTyna 7.348~1022| 1738 | 3.34 384400 | 27.32166 | 0.12 | ~12.7
Mapc
Doboc 1.08-10% | ~10 2.0 9380 0.31910 0.06 11.3
Jleiimoc 1.8-10% ~6 1.7 23460 1.26244 0.07 12.4
IOnurep
Mo 8.94-10% | 1815 3.55 421800 1.769138 0.61 5.0
EBpona 4.8-10% 1569 3.01 671100 3.551181 0.64 5.3
["anumen 1.48-102 | 2631 1.94 1070400 | 7.154553 0.42 4.6
Kammcro | 1.08-10%2 | 2400 1.86 1882800 | 16.68902 0.20 5.7
Carypn
Tedus 7.55-10% 530 1.21 294660 1.887802 0.9 10.2
JTroHa 1.05-10%* | 560 1.43 377400 | 2.736915 0.7 10.4
Pest 2.49-10% 765 1.33 527040 4.517500 0.7 9.7
Turan 1.35-10%% | 2575 1.88 1221850 | 15.94542 0.21 8.2
Smer 1.88-10% 730 1.21 3560800 | 79.33018 0.2 ~11.0
Ypaun
Mupanaa 6.33-10° | 235.8 1.15 129900 1.413479 0.27 16.3
ApHdJIH 1.7-10% | 578.9 1.56 190900 2.520379 0.34 14.2
Vm6puone | 1.27-10% | 584.7 1.52 266000 4144177 0.18 14.8
Tutanus 3.49-10% | 788.9 1.70 436300 8.705872 0.27 13.7
O6epoH 3.03:10% | 761.4 1.64 583500 13.46324 0.24 13.9
Henrtyn
Tputon 2.14-10% | 1350 2.07 354800 | 5.87685** 0.7 13.5

* AJIA ITOJTHOJTIYHU A WM CPEAHETO MPOTUBOCTOAHUA BHCIIHUX IIJIAHET

** oOpaTHOE HalpaBJIeHUE BpaIlleHUs

Dopmynvl nPUOIUNCEHHO20 BLIYUCTEHUA

sin X = tgX = X;

sin(a + X) = sin o + XCos «;

cos(x + X) = cosa — Xsin «;

tg(a + x) = tgax +

@+x)" =1+nx;

cosla’

(X <<'1, yrJibl BBIpQXKAIOTCS B paiaHax).
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IIpunoxenune 3

IIpumepb! 0IMMNINAHBIX 32JaHUI IIKOJBLHOTO0 3Tana BecOIll

1. (5-7 knaccel, §2.2 nporpammel, kateropus 1)

YciaoBue. ACTpOHOMHUYECKHE PACCTOSHHS YacTO BBIPAXKAIOT Yepe3 BpPeMs, 3a KOTOPOE HX
npoxoaut cBeT. Tak, Harpumep, paccrosiuue ot ConHia 10 3eMiau — | acCTpOHOMUYECKYIO €IUHUILY
— cBeT mpeojosieBaeT 3a 499 cekyHJ, Tak YTO 3TO paccTosiHue paBHO 499 CBETOBBIM CEKYHJaM.
Paccrosinue ot 3emim g0 Omvkaiieit n3BectHoi 3Be3 bl [Ipokcumer LlenTaBpa, cocraBmser 4,243
ceetoBoro roja win 1,301 mapceka. CKOJIBKO ThICSIY aCTPOHOMHUUYECKUX €AUHUIL B tapceke? OTBer
OKPYTJIUTE 10 OJMMKAMIIETO 1IeJIOTO.

Pemenune. B ognom napceke 4.243/1.301 = 3/26 csetoBoro roga. 1 rox = 365.25-86400 =

3.16-10" c. Torma 1 mapcex = 3.26-3.16- 10 / 499 ~ 206 ThICSY ACTPOHOMUYECKHX €IMHHII.

2. (8-9 kaaccewl, §4.5 nporpammsl, kaTeropusi 1)

Ycaoue. XXutenbs MockBbl pemini TEMIBIM JETHUM BEYEPOM OCMOTPETh 3ax01 ConHLa U3
OKHa CBOEH KBapTHUpbl. B KBapTUpe €cTh OKHA, BHIXOASIINE HA CEBEP, U OKHA, BHIXOJAIINE HA IOT.
13 xakoro okHa OyzeT BUJIEH 3aKaT?

Pemenne. bynem cunTaTh, YTO MOCKBHY JKMBET HAa BBICOKOM JTa)K€, BBIIIE JIEPEBHEB U
cocennux AoMoB. Perenue. CosHIle 3aX0IUT TOYHO HA 3arajie TOJbKO B JIHM PaBHOACHCTBUH (0e3
yuéra pedppakiun). JletoM BOCXOABI U 3aXO0[bl MPOUCXOAAT OyMkKe K ceBepy (B HPUIOIAPHBIX
mupoTtax ObIBalOT Oenble HOuM, Korjna CosHIile BOOOIIE HE 3aXOUT), a 3UMOM — OJMKe K IOTY.

HOBTOMy CMOTPETH HA 3aX0J JICTOM Ha/10 U3 CEBEPHOI'0 OKHa

3. (5-7 kmaccewl, §1.3 nporpammel, kaTeropus 1)

Ycaosue. Typuct, myreniectBysl 1Mo 3KBaTopy 3eMJd, MOXKET 00oiTH 3emito 3a 3 roja.
CKonbKO BpeMeHHM MOTpeOoBaIOCh Obl €My, 4TOOBI TAKUMHU K€ TeMIaMH J00paThCs OT 3eMJIH 10
Jlynb1? {nametp 3emiu paseH 12 800 kM, pacctosHue ot 3emiu 10 JIynsr — 384 400 kM.

Pemenne. /nuna sxBaTopa 3eMiau paBHa JuamMeTpy 3eMiH, TOMHOKEHHOMY Ha YHCIIO MH, U
coctasisieT 3.14*12 800 = 40200 kM. Paccrosuue ot 3emiau 10 JIynsl mpumepHo B 9.5 pa3 Gosnble.

3HauuT, U myTeuecTsre OyneT AnuHHee B 9.5 pa3 u npoanutcs 28.7 jer.

4. (5-7 knaccsl, §2.1. nporpammsl, kKaTeropus 1)
Yeaosue. ITycts mMacca mnaHeTs coctapiser 6.33-10%° kr, pamuyc — 60 000 kvm. Onennte

eé mnotHOCTh. OTBET BHIPA3NTE B KI/M°.
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Pemenne. OO0BbEM mapa ¢ pammycoM R Bemcnsercs mo dopmyne V = (4/3) nRE,
[110THOCTB MTAaHETHl paBHA Macce, NeIEHHOM Ha 00BbéM: p = M/V. O6bEM mapa pasen 9.05%10%m3,

Pa3fenus Ha HETO YKAa3aHHYIO B YCIOBUM Maccy, TIOJIydaeM MIOTHOCTh: 700 kr/ve,

4. (5-7 xaacenl, §2.1. nporpamMmbl, kKaTteropus 1)

Ycaoue. B asrycte 2014 roma c mnomoiplo KocmMuueckoro anmapara «Pozertay
ACTPOHOMBI CTAJIM CBUACTEISIMH MHTEHCUBHOTO BBIOpOca kKomeTol 67P/UypromoBa — ['epaciMeHKO
BOJSIHOTO mapa. OmpenenanTe, CKOJIbKO CTaKaHOB BOJIbI BBITyCKalla KOMETa €KeCEeKYHIHO, €CIH, 0
CJIOBaM HcCcCleloBaTeNiel, C TAKUMHU TeMIIaMH BbIOpoca BOJISHOTO mapa komera 3a 100 aneii Oblia
Obl criocoOHa 3amoJIHUTh OaccelH onuMmmmiickoro pasmepa. OO0BEM OJHOTO CTakaHa CieIyeT
cuntath 3a 150 mi. Pazmepsl 6acceiina: S0 M x 26 M X 2 M.

Pemenne. O6BéM Gacceiina coctasnsger 50 x 26 x 2 = 2600 m° . JIutp BoabI paBeH 00bEMY
Ky0a co croponoii 0.1 m, uro cocrapnsier 0.001 M2, O6beM Gacceiina — 2 600 000 1. Pazmenum 310
3HaueHue Ha o00bEéM crakana (0.15 ;) m momyyum, 94Tro B OonuH OacceliH ymemaercs 17.33 muH
crakaHoB. Beck Oacceiin 3amonHseTcst Bogou 3a 100 qHeit, 3naumT, 3a cyTku pacxomyercs 173 000

CTaKaHOB, 3a 4acC — 7222 CTaKaHa, 4TO MPpUMEPHO PABHO ABYM CTaKaHAM B CCKYHIY

5. (8-9 kaaccewl, §2.3 nporpammsl, kKaTeropusi 1)

YcaoBue. ['anaktuka umeer auamerp 30 kunomapcek (KNK) U tonmuHy okosio d = 600
napcek (nk). Ecnu B Hamedl ['amakTuke BembIXMBarOT 5 cBepxXHOBBIX 3a 100 jeT, To Kak 4acTo
MOKHO OKHJaTh B3pbIB CBEPXHOBOW Ha paccTossHMM 10 100 nk ot Hameld CoJIHEYHON CHUCTEMBI?
[TpumeuaHue: cuuTaTh, YTO MJIOTHOCTh HAacelIeHUs 3BE3] B ['anakTike Be3/ie OJMHAKOBA.

Pemenne. /I ynoGcTBa pacy€rsl mpoBeA€M B Kuiomnapcekax. ['amakTtuka umeer gpopmy
IWIMHApPa ¢ ocHoBaHUEM paguycoM R = 15 kmnk u BeicoToit 600 mk. O0bEM LMIMHIpPA paBeH
IUIONIAN €r0 OCHOBAHHSA, YMHOKEHHOH Ha BbicoTy: V = mR?d = 424 xnk’. O6BEM COTHEUHOI
OKpPECTHOCTH COOTBETCTBYeT 00bEMY mapa panuycom 100 nk umm 0.1 knk, kotopslit pasen 0.0042
knk2. Takum oOpasom, jumb ofaHa u3 100000 cBepxHOBBIX Haimied [‘aJakTHKU BCIIBIXHET B

okpectHOCTIX ConHIIa. ITO MOXKET MPOU30MTH pa3 B 2 MIIH JIET.
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Mpuioxenne 4

IIpumepb! 0JIMMNINAHBIX 32JaHUIH MYHMIHNAJABHOTO 3Tana BcOIII

1. (7-9 kaaccel, §3.2. nporpaMmmbl, KaTeropusi 1)

YcaoBue. B HekoropoM myHkte 3Be31a Bera (o = 18h 37m, 6 = +38°47') npoXoauT TOYHO
gyepe3 3eHUT. Kakyro 3Be3qy daiie MOXXHO BUAETh W3 3TOro myHKTa: AHtapec (oo = 16h 29m,

=—-26°26") nimu Cupuyc (o = 6h 45m, & = —6°43")?

Pemenue. [llupora sToro mynkra 38°47' (ceBepnas). [lockonbky Cupuyc Ha HeOECHOM chepe
pacrioyio’)keH ceBepHee, yeM AHTapec (Oirke K HEOECHOMY DKBaTOpY), TO OH IPOBOAUT Hal
ropu3oHTOM Oonbiie BpemMeHH. Kpome Toro, Cupuyc — 3uMHsIs 3Be3da, a AHTapec — JETHSS, H
HaOmonate Cupuyc yna€rcs Hoblie emeé W MOTOMY, YTO 3UMOM BECh €ro CYTOUYHBIA IMyTh HaJ

TOPHU3OHTOM IIPUXOIUTCS HA TEMHOE BpEMA CYTOK.

2. (9-10 kmaccsl, §7.1 nporpamMmebl, KaTeropus 2)

YcaoBue. Pasperienne marpuilbl Kamepbl MOOMIBHOTO Tenedona cocrasiaser 16 Mo (16
MWIJIMOHOB IHKCeNeil), pa3Mep CBETOYYBCTBHTEIBHOrO ceHcopa — 5.5 X 4.1 mMm. PokycHoe
paccTosiHUEe Kamepsl cocraBisgeT 4 MM, auamerp oovektuBa — 1.9 M. Ompenenure, CKOJNBKO
nuKcened 3aiimMeér u3oOpaxenue JlyHbI Ha CcHUMKE MoOWibHOrO Ttenedona. Cuurtaiite, YTO
CBETOYYBCTBHUTEIbHBIE JJIEMEHTHI (ITUKCENIM) HMMEIOT KBAaApaTHYI0 (GOpMY U PaCHOJIOKESHBI
BIJIOTHYIO IPYT K Apyry. YioBoil nuamerp JIynsl pasen 0.5°.

Pemenne. Ilpexne Bcero, onpenenum JUHEHHBIH pazMep u3oOpaxeHus JIyHbl Ha MmaTpuie
tenedona. CuuraeM, 4TO MaTpHIla HAXOJUTCS B (POKaIbHON IUIOCKOCTH KaMephl. YTJIOBOH pa3Mep
JIyHBI creqyeT mpenBapUTENbHO MEPEeBeCTH U3 rpaaycoB B pamuansl, & = 0.5° = 0.5 (n/180) ~
8.73-107° pamman. quamerp uzobpaxenus Jynst pasen d = f tand ~ 4 mm - 8,73-1073 pamguan ~
0.035 mm. COOTBETCTBEHHO, IIOMAL H300paxkenus coctaput S = nd?/4 = 9.6 - 107* mm?. Teneps
OTpeNieIUM IUIOIIAJb OJAHOTO CBETOUYBCTBUTEJIBHOTO 3J€MEHTa MaTpulbl (mukcens). s sToro
pa3JenyuM TUIOIIaas KaMephl Ha oflee duicino mukceneir. S = 5.5 - 4.1/ 16-10° ~1.41 - 107% mm?.
Haxowner, pa3aenuM miommaap n3o0paxenus JIyHbI Ha TUIONMIA/b MAKCEIS U TIOJYYUM OTBET: S/S =

9.6:107* Mmm? / 1.41-107°% mm? ~ 680 nmkcernei.

3. (11 kiaace, §10.1 nporpammsbl, KaTeropus 2)

YceaoBue. Opbuta KOCMHUYECKOrO amnmapara B MEpUreianu kKacaercsi opOutel Benepwl, a B
adpenuu — opobutsl Mapca. [locne cOmMKeHUs] ¢ OJHOW M3 3TUX IUIAHET B PE3yNIbTaTe aKTHBHOI'O
IPaBUTAIMOHHOTO MaHEBpa MepHoj OOpalleHHus KOCMUYECKOro armapaTa YMEHBIIMJCS B 2 pasa.

Omnpenenure: 1) COnmkeHrne ¢ Kakoil IUTaHETOM HpHBENo K yMeHblIeHHto nepuoga? 2) Kakum
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Oynmetr HOBBIM mepuop oOpamieHusi? 3) byner nm kKocMudYecKuil ammapar, JBUTAsCh 1O HOBOM
opbure, nepecekats opouty 3emnu? Paanyc opoursl Beneps! pasen 0.72 a. e., Mapca —1.52 a. e.
Pemenne. Ompenennm cHavana HOBBIA nepuon KA. Bemnuumna OomnbIioi momxyocu
u3HavaabHON opouTel paBHa (0.72 + 1.52) / 2 = 1.12 a.e. U3 III 3akona Kermutepa momydaem, 4To
nepuo1 oOpalleHus mo Takoil opoute cocrasiser 1.123/2 = 1.18 roga. Torma HoBbIi mepuox KA
paBer 0.59 roma. Bombimas mosyoch HOBO# opOutel paBHa 0.592/3 = 0.70 a.e. Ecim KA
3aTOPMO3WIICSA OKOJO Mapca, TO €ro MEPUreIMHHOE PACCTOSIHUE YMEHBIIWIOCh. MUHHUMaIbHO
BO3MOYKHast opouta ¢ adeareMm y Mapca OyaeT UMETh OOJBIIYIO MOIyoCh, paBHyio 1.52 /2 = 0.76
a.e. OTo OosbIe, yeM OoJbIas MOIyoch HOBOW opOuThl. 3Haumt, KA 3aropmosuics y BeHepsi.
BugHo, uro Ooiblnas MOMyoCh HOBOM OpOUTHI MEHbIIE paanyca OpOUTHl BeHepwl. 3Hauwmr,
MIEPUTEIINIA CTapoil OpOUTHI cTan adenueM HOBOU. HoBasi opOuTa MenmuKOM JICXKHUT BHYTPU OPOHUTHI

Benepsl, To ectb KA He Oyner nepecekaTh 3¢MHYIO OpOUTY.

4. (10-11 kaaccsl, §8.1. nporpammbl, KaTeropus 2)
YcaoBue. Kocmuueckuit anmapar «Benepa-Dkcnpecc» ObUT  OCHAlIEH COJHEYHBIMU

OatapesmMu IUIOMAABI0 5.7 M2

. Otu Oarapeu BwIpabarbiBaniu Ha opbute Beneper 1.1 kBT
anekTpodHeprun. Amnmapat «Hoble ['opuzonTbl», nereBmmii k Ilnyrony, umen Ha OopTy
M30TONHBIN NCTOYHUK MOIIHOCTHIO0 200 BT. Kakyto miomans 0mKHb ObLTH ObI IMETh COTHEUHBIC
Oarapen Ha «HoBbix ['opu3oHTax», yTOOBI BhIpAaOAaTHIBATh CTOJBKO XKE 3JIEKTPOIHEPTUU BOIU3U
[TnyToHa, 4TO U M30TOMHBIN UCTOYHHUK? BeTpewa ¢ [lmyroHoMm mpousonuia Ha paccTosHuu 32 a. e.
14 urons 2015 rona. Paguyc opourtsr Benepst — 0.72 a.e.

Pemenne. Ilycts L — cBetumocts Connua. Toraa Ha paccrostHuM r oT CoiHIIA Ha €UHUILY
MOBEPXHOCTHU 3a CeKyHay momnamaet L / 4nr2 myuuctoit snepruu. [lycTh s — miomanb COTHEYHBIX
Oarapeil. Torna monHas BeipabaTeiBaeMast uMu MourHocTh OyneT P = LK / 4nr2 s, rne K — KIIJ
conmHeuHbIx O6arapeil. [lmyron naxomgutces B 32 / 0.72 = 44 pa3za nanbiie BeHepsl. 3HauuT, miomiaib

Garapeif momkHa ObITH paBHa 5.7 (200 / 1100) 442 = 2000 m2. D10 HeMHOrMM Gonee TIIONIAIH

XOKKEWHOW MJIOIAIKH.
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