Hoporoii gpyr!

Ilpexxne yem HayaTh pemare 3anaHus PermoHanbHOro »Jtama  Bceepoccuiickon
oJmMnuazasl no actponomuu 2019 rosna, 03HaKOMBTECH C IPABUIIAMHU €T0 TIPOBEACHUSI.

Bam OytyT BpydeHbI JTUCTHI C YCIOBUIMU 33IaHUM OJIUMITHAIBI. Y O€AIUTECH, YTO
3TO OYIyT 3aJaHus JJis TOrO Kjacca, B KOTOpoM Bbl yuuTech. 3ajaHusi BBIJAIOTCS Ha
JIBYX JIUCTaX, MPOBEPbTE HAIUYHUE BCEX HEOOXOIUMBIX JIUCTOB C 3aJaHUSMH.
KonuuectBo 3amanmii — 6, Ha ux pemenue Bam Oyner orBeaeHo 4 wyaca. Bpewms
OTCUYUTBHIBAETCA OT MOMEHTA BbIAAYM JIMCTOB C 33 IAHUSIMHU.

Kpome s3toro, Bam noimxHBI BbIAATh 3 JIMCTAa CO CIPAaBOYHOW MH(pOpManuew,
pPa3pelIEeHHONW K MCIIOJIb30BAHUIO HA osmMmmuazae. [lomHuTe, 4T0 3TO — €IMHCTBEHHBIN
HWCTOYHHMK, KOTOpPbIM BBl MOXeETe MoJIb30BaThbCsl II0 XOAY pCELICHUs 3aJaHuu,
UCIIOJIb30BAHUE JIFOOBIX JPYTUX HCTOYHUKOB — HApYIICHUE MPaBHJI OJMMIIHAMbI, 32
KoTopoe Bbl MO)eTe ObITh MCKIIIOUEHBI M3 COCTaBa €€ Y4YacTHUKOB. BbI Takxke He
MOXETE  IOJb30BAThCA  IMEPEHOCHBIMH  KOMIIBIOTEpPAMH, MHPOrpaMMUPYEMBIMU
KaJIbKYJISITOpaMU UM MOOWJIBHBIMU TejiepoHamMHu (B JHOOBIX (YHKIHSAX) BO BpeMs
omumnuaasl. HacrostenbHO pexkoMeHayeM BaM OTKIIOYWTH HMX [0 OKOHYaHUS
OJIMMITHABI.

IIpu >3ToM Bbl uMeeTe TMPaBO MOJIB30BAThCS  HEMPOrPAMMUPYEMBIM
KaJIbKYJIATOPOM, JIFOOBIMU KaHIEISIPCKUMU MPUHAJICKHOCTAMA (KaK CBOUMH, TaK U
BBIJJAHHBIMA OPTKOMHUTETOM OJUMIIAAJIbI). Bbl MoxkeTe B at000€ BpeMsl NpUHUMATH
MPOAYKTHI IMUTAHUS, HO IIPU 3TOM CTApPaWTECh HE OTBJIEKATh, HE MEIIATh U YBAXaTb
TpyA Bammux apysen, HaXoammuxcs psSaoM.

Ecnu y Bac BO3HHMK BOIIPOC MO YCJIOBUAM 33JaHUM WIHM IIpaBUIaM MPOBEICHUS
OJINMIIHUAJbI, HE 3a/laBaliTE€ €ro BCIyX, a MpocTo nmogHumure pyky. K Bam monmoiiger
COTPYJHHMK OPTKOMMTETa, a MpHU HAJAOOHOCTH OH NPUIJIACUT YJIEHA >KIOPH, KOTOPHIM
oTBeTUT Ha Bam Bompoc.

Bbl MOeTe BpEeMEHHO MOKMHYTh ayJUTOPHUIO, NMPU 3TOM BBl JOJKHBI OTAATH
CBOIO pabouyro TeTpaab COTPYAHHKY OPIKOMHUTETa, HaxojsdiieMmycs B ayauTopuu. OH
BepHeT ee¢ Bam, korma Bbel BepHeTechb B ayIuTOpHUIO W TMPOJODKHTE paboTy.
OnHOBpEMEHHBIN BBIXOJ W3 ayJUTOPUM JIBYX WIH 00Jie€ YYACTHUKOB OJMMIIHUAIbI HE

JIOITYCKAETCS.



Bo Bpemsi onuMnuaasl Bce 3anucu (B TOM 4Mclie YEpHOBBIE) Bhl MoXxeTe nenaTh
TOJIBKO B TeTpaab (WM OJIOK JUCTOB), BbIIaHHYI0 Bam oprkomurerom. Jlenats 3anucu
Ha Kakyloo-mubo apyryro Oymary 3ampeniaetcs. Ha o6noxkke TeTpaau (Wid nepBoM
aucte OJI0Ka) HAMUIIUTE CBOIO (haMUIIUIO, UMS U OTYECTBO, KJIACC W HOMEP IIKOJIBI,
palioH, TopoJ WJIM WHOM HACENEHHbIM IyHKT, Tl€ HaxoauTcda Bama mkoma. Ota
nHopMaius JOJDKHA OBITh TOJIBKO Ha OOJIOXKKE, MHUCaTh €€ BHYTPU TETpaaud He
pasperaercs.

[lepByto cTpanuily TeTpaau (WJId MEPBBIA JUCT OJIOKA) OCTaBbTE YHUCTOM — OHA
noHaao0uTcst 1y paboTsl xtopu. Haumnaiite paboTy cO BTOpOI CTpaHUIBI TETPAIH.
s obecrieueHrss 0OBEKTHBHOCTH TPOBEpKH Bareit paboThl HauWHAWTE penieHue
KaXJI0W 3a71a4 Ha HOBOM cTpaHule. OcTaBbTe HECKOJIBKO MOCIEIHUX CTPAHUI] TETPAIH
JUISL YEPHOBBIX 3aIIUCEH, TOAINCAB UX CIOBOM «UEpHOBUK.

Eciu BeimanHOM BaMm TeTpaau HEOOCTAaTOYHO IS 3alMCEi, MOJHUMUTE PYKY.
Bawm BbIIaAyT eiie ogHy TeTpab.

[Ipu peleHnu 3aay MOMHUTE, YTO JKIOpU 0OpalllaeT BHUMAaHHE, MPEXKIE BCETO,
HE Ha OTBET, & Ha CTPYKTYpPY pElICHHs], 0OOCHOBAHHOCTb U CBSI3aHHOCTH 3aKOHOB M
(dakToB, kotopeie Bl wucnonb3yere. CrapaiiTech nucaTh MOJHBIE W MOJIPOOHBIC
pelieHus, Ho He A00aBJISINTE B HUX JIMIIHIOW UH(GOPMAIIUIO, HE OTHOCSIIIYIOCS K TeMe
3amaHus. 3amicy U PUCYHKH JIeJIaliTe aKKypaTHO, 9TOOBI Bamr X0 MpICu OBLIO JIETKO
noHATh. [lolyyuB OTBET, mocTapaiiTech MPOBEPUTH €ro U3BECTHBIMU BaM cniocobamu,
9TOOBI HCKITFOYUTH BO3MOKHOCTD CITyYalHBIX OITHOOK.

IIpu pemennn 3agaun 6 Bbl MoxkeTe nenarb U3MEpPEHUS] U IOCTPOCHUS Ha
MPWIOKEHHBIX K YCIOBUIO 3amaHus rpadukax. Eciam Bbel cumrtaere, 4tro OHH
HEO0OXOMMBI JKIOPH JUTsl IPAaBUIILHOTO OlIEHUBaHUs Barero pernieHust — caite JucCT ¢
ycioBueM 3a1aHus Ne6 BMeCTe ¢ pEHIEHUSMMU.

Ecnu Bbl 3akOHUMIM peEUIeHUsT paHblI€ CpOKa, HE CHEUTE MOKUAATh
aynuroputo. Mcrnonb3yiiTe ocraBiieecss Bpemsi, 4TOOBI €Ile pa3 MIPOCMOTPETh U
npoBepuTh Bce Bamu pemenus. HaBepHsika, B HUX OyJIeT TO, UTO MOKHO YJIYYIIIUTbh,
UJeaabHbIX pabOT HA OJIMMITHAJIC TPAKTUYECKU HE ObIBACT.

Ot Bcelt aymm xenaem Bam ycnexa Ha onnMnuaze!
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Jluer 1

1. B HeKOoTOpOM IyHKT€ A B JI€Hb BECEHHEro paBHOJAEHCTBHS CoOJIHIIE B BEpXHEU
KyJbMMUHALMMA PACIOJIarajJoch BABOE BbIIIE, YeM B IIyHKTe B Takke B BepxHeu
KyJIbMUHAIMK, @ €r0 3aXO0J JUIWICS B IIOJTOpPA pa3a MeHbIle, yeM B nyHkTe B. Haittu

IIUPOTHI 000UX MyHKTOB. Pedpakimeil nmpenedpeys.

2. /e mainble miiaHeTsl OOpaIaroTCs 0 KPYTrOBBIM OPOUTAM B TOM K€ HaIlpaBJICHUH,
yT10 ¥ 3emiid. X cMHOauMYecKrue NepuoJibl OJUHAKOBBI, a PAANYyChl OPOUT OTIMYAIOTCS

BueTBepo. Halitu 3Tu panuycel opour.

3. KpynHblii HEMOABWXHBIA PATUOTEIECKON YCTAHOBJIEH B IIEHTPE OOpaTHOTO
nonyapust JIynsl (cenenorpadguueckue koopauHarsl 180° gonrotel, 0° mupotsl). Ock
TEJECKONla HallpaBj€HAa B 3€HUT, M TEJIECKON MOXET PErucTpUpPOBaTh OOBEKTHI,
yAaJIeHHbIE OT OCH He Ooiiee, yueM Ha 2 rpaayca. Kakas yactb HeOecHOU cdepsl Oyner
JOCTYITHA HAOIIOJEHUSIM C 3TUM TEJIECKOTIOM, €CIIM MPOBOAUTH HAOJIOICHNS B T€UECHUE
100 ner? Ilpm pemieHWH CcuUUTaTh, YTO aMIUIMTyAa JubOpauuii JIyHBl Mo mmpoTe

MOCTOAHHA U paBHa 6°40".

4. Meteop HaOmrogancss Ha IMOBEPXHOCTH 3e€MJM B OOIIMPHOW 0O0JacTH pagnycom
1000 kM, 1 B 1ByX HamOoJiee yAaJIeHHbIX APYT OT Apyra TOYKax 3TOi 00JacTH OH UMET
omeck 0™. KakoBa Obuta MakcHMaibHas 3BE3[HAs BEIMYMHA METEOpa, BHIAMMAS C
nosepxHoctu 3emun? JlnuHOW myTH Mereopa, penbedoM 3emin, aTMmochepHou

pedpakieii 1 MOTrJIOMIEHHEM CBETa MPeHeOpeyb.

5. Mumo CoiiHIIa Ha HEOOJBIIOM PACCTOSIHUM IpOJIETENa JApyras 3Be3/la C MEHbIIEH
Maccoil. B mepuoa MakCHUMalbHOTO COJMOKEHHS] TeJMOLEHTPUYECKOE COOCTBEHHOE
nBxeHue 3Be3nbl coctaBuwiio 1000” B rox, a jnuHa BosHb JuHUKM Hoo (6563
aHrcTpemMa) B €€ CHeKTpe 3a oauH roj yeenuuwiack Ha 0.010 anrctpem. Haitgute

MHUHHUMAJIBHOC PACCTOAHUC MCIKOAY COHHHGM )41 3B€3,Z[01>i.

3amanue 6 — Ha JUcTe 2




3aganusa PermoHaJdLHOro 3Tana oauMnuaabl o acrpouomuun 2019 roga — 10 kiaace

Jlucr 2

6. JIBoifHasi cucTeMa COCTOWUT W3 OJMHAKOBBIX KOMIOHEHT, momoOHbx Comniy. Ha
rpaduke MpuBEIEHA 3aBUCUMOCTH YTJIOBOTO PACCTOSHUS MEXKIYy HHUMH (B YTJIOBBIX
CeKyHJ1ax) B HeOe 3eMiu OT BpeMeHHU. OnpenenuTe SKCIEHTPUCUTET OpOUTHI, HAKJIOH

IIJIOCKOCTH Op6I/ITI)I K JIY4y 3pCHUA U PACCTOAHUC 10 CUCTCMBI.
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Bpewms, rogp!



CIIPABOYHBIE JAHHBIE

OcHoBHbIe pu3nUYecKre 1 ACTPOHOMUYECKHE MOCTOSTHHbIE
['paBuTALHOHHAS OCTOSIHHAS G = 6.674-107" M kr ¢
CkopocTb cBeTa B BakyyMme C = 2.998:10° m/c

ocrostaaas Bonsrvana k = 1.38:10 % m*kr-c > K '
VYHuBepcanpHas ra3osas nocrosiHHas # = 8.31 m>kr-c K ' -Moms™
[Tocrostnnas Credana-bonpimana 6 = 5.67- 10 k¢ > K™
Macca nporona m, = 1.67-107 xr

Macca snextpona me = 9.1 110" kr

ActpoHoMudeckas equanma 1 a.e. = 1.496-10' m

IMapcek 1 mk = 206265 a.e. = 3.086:10'° m

[Tocrosinnas Xa66m1a H = 68 (xm/c)/Mik

1

Jlannbie o CoHue

Pannyc 695 500 km

Macca 1.989:10%° xr

CaernmocTs 3.828:10%° Bt

Crnekrpanbhblii k1ace G2

Buaumas 3Be3aHas BenuuuHa —26.78™

A6comoTHas 6ooMeTprYECKas 3Be3Has Benuunna +4.72™
ITokasatens nsera (B-V) +0.67"

D¢ dexruBHas remmneparypa S800K

CpenHuii rOpU30HTAIBHBINA Napayiakc 8.794"

Ckopocts asmxkenus B ["anaktuke 230 km/c

HNHTerpanbHblii MOTOK YHEPTUM HA paccTossHUM 3emun 1360 Br/m’

Jdannblie 0 3emie

Okcuentpucuret opoutst 0.017

Tponuyeckuii rox 365.24219 cyTtok

Cpennsist opOuTanbHast CKOpocThb 29.8 km/c

[Tepuon Bpamenus 23 yaca 56 Munyt 04 cexyH bl

Hakunon skBatopa k sknunrtuke Ha 3noxy 2000 roga: 23° 26’ 21.45"
DKBaTOpHaANIbHBIN paauyc 6378.14 km

[Tonspuelit paguyc 6356.77 km

Macca 5.974-10° kr

CpenHsist II0THOCTH 5.52 rem

O6beMHbI cocTaB atmochepsl: N, (78%), O, (21%), Ar (~1%).

Jdannbie o Jlyne

Cpennee paccrosinue ot 3emiaun 384400 km

MunumanbsHoe pacctosHue ot 3emin 356410 km

MakcumansHoe pacctosinue ot 3emiu 406700 km
Okcuentpucurer opoutst 0.055

Haxon mmockoctr opoutsl k skmuntuke 5°09’

Cunepuueckuit (3Be31HbIH) iepuoa ooparienus 27.321662 cyTok
Cunoauyeckuii nepuoa oopamenus 29.530589 cyrtox

Pannyc 1738 km

Macca 7.348-10% xr wm 1/81.3 maccs 3emim

Cpennsis mnotHocTs 3.34 rem

Cdepuueckoe annbdeno 0.07

Buaumas 3B€31Has BEIMYMHA B OMHOIyHHE —12.7™

Bunumas 3Be3/1Hast BETMUMHA B IEPBOM U MOCIEAHEN YETBEPTH —10™
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OU3NYECKHUE XAPAKTEPUCTHUKH COJIHIA U IIJTAHET

[Imanera Macca Pannyc IInot- [Iepuon Haxinon | I'eo- | Bun.

HOCTh | BpAlllEHUS | 9KBaTOpa | METp. [3BE3.-
BOKpYT OCH K amb- | Hasg

riockocty| Oeno | Benu-

OpOUTHI ypHa*

KT MaccChl KM | paguychl rcM rpaxychl
3emun 3emun

Connne 1.989-10° | 332946 |695500| 108.97 | 1.41 25.380 cyt 7.25 - |-26.8
Mepkypuii | 3.302:10” | 0.05271 |2439.7 | 0.3825 | 5.42 58.646 cyT 0.00 0.10 | -0.1
Benepa 4.869-10** [ 0.81476 | 6051.8 | 0.9488 | 520 [243.019 cyr**| 177.36 | 0.65 | —4.4

3emis 5.974-10** | 1.00000 | 6378.1 | 1.0000 | 5.52 23.934 gac 2345 | 037 | -

Mapc 6.419-10% | 0.10745 | 3397.2 | 0.5326 | 3.93 24.623 yac 25.19 | 0.15 | 2.0
OnuTep 1.899-10%7 | 317.94 | 71492 | 11.209 | 1.33 9.924 gac 3.13 0.52 | 2.7
CatypH 5.685-10%° | 95.181 | 60268 | 9.4494 | 0.69 10.656 uac 2533 [ 047 | 04
VYpan 8.683-10% | 14.535 | 25559 | 4.0073 1.32 | 17.24 yac** 97.86 | 0.51 | 5.7
Hentyn 1.024:10%° | 17.135 | 24746 | 3.8799 | 1.64 | 16.11 uac 2831 | 041 | 7.8

* — 111 HanOOJBIIIEH AIOHTAIIK BHYTPEHHUX ITAHET M CPETHETO MPOTHBOCTOSIHUS BHEIITHHUX TUIAHET.
** — oOpaTHOE BpaleHHeE.

XAPAKTEPUCTUKU OPBUT IIVIAHET

[Inanera | bonbmasg nomyock | OxcueHt- | Hakion k Ilepuon CHuHOINYECKUI
PUCHUTET |TUIOCKOCTH | OOpalleHus 1(S0)5 (Vi
SKIIMIITHKH

MIIH.KM a.c. rpagychbl CyT
Mepkypwuit 57.9 0.3871 0.2056 7.004 87.97 cyT 115.9
Benepa 108.2 0.7233 0.0068 3.394 224.70 cyt 583.9
3emirs 149.6 1.0000 0.0167 0.000 365.26 cyT —
Mapc 2279 1.5237 0.0934 1.850 686.98 cyt 780.0
FOnurep 778.3 5.2028 0.0483 1.308 11.862 et 398.9
CarypH 1429.4 9.5388 0.0560 2.488 29.458 ner 378.1
VYpan 2871.0 | 19.1914 0.0461 0.774 84.01 ner 369.7
Hentyn 4504.3 | 30.0611 0.0097 1.774 164.79 ner 367.5
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XAPAKTEPUCTHUKHN HEKOTOPBIX CITYTHUKOB IIJIAHET

CnytHuk | Macca | Paguyc | IInotHocts | Pammyc Ilepuon |T'eomer-| Bunumas
OpOUTHI | OOpameHusi | pud. 3BE3HAs
anpbeno| BeauuuHa*
KT KM r/em’ KM CyT m
3ems
Jlyna |7.348-10%| 1738 | 3.34 | 384400 | 27.32166 | 0.12 | -12.7
Mapc
doGoc 1.08-10'°| ~10 2.0 9380 031910 | 0.06 11.3
Tleiimoc | 1.8:10° | ~6 1.7 23460 | 1.26244 | 0.07 12.4
IOnurep
o 8.94-10*| 1815 3.55 421800 | 1.769138 | 0.61 5.0
EBporna 4.8:10% | 1569 3.01 671100 | 3.551181 | 0.64 53
Tanmmen | 1.48:-10% | 2631 1.94 1070400 | 7.154553 | 0.42 4.6
Kammcro | 1.08:10% | 2400 1.86 1882800 | 16.68902 | 0.20 5.7
Carypn
Tedus 75510 | 530 1.21 294660 | 1.887802 | 0.9 10.2
Jlnona 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
Sner 1.88-10*' | 730 1.21 3560800 | 79.33018 | 0.2 ~11.0
Ypaun
Mupanzna | 6.33:10" | 235.8 1.15 129900 | 1.413479 | 0.27 16.3
Apidiib 1.7-10*" | 578.9 1.56 190900 | 2.520379 | 0.34 14.2
YM6prons | 1.27-10% | 584.7 1.52 266000 | 4.144177 | 0.18 14.8
Turaaus | 3.49-10°' | 788.9 1.70 436300 | 8.705872 | 0.27 13.7
OGepor | 3.03-10*' | 761.4 1.64 583500 | 13.46324 | 0.24 13.9
Henryn
Tputon | 2.14-10%| 1350 | 2.07 | 354800 | 5.87685** | 0.76 |  13.5

* — TS TIOJTHOJIYHUSI MJTA CPETHETO MPOTUBOCTOSHKSI BHEIITHHUX IITAHET.
** — 00paTHOE HAIIPABJICHUE BPAIIICHUS.

®OPMYVYJIbI NIPUBJIMNKEHHOI'O BBIYNCJIEHUA

sin X = tgX = X;
sin(a + X) = sin@ + Xcos «;

cos(a + X) ~ cosa — Xsin;

X
tg(a+x)~tga+——>—;
cos”

1+x)" ~1+nx;

(X << 1, yrnbl BeIpaXaroTcs B paJraHax).
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