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Jlopoaue /Ipysvsa!

Bamemy BHUMaHMIO B JJAaHHOM peJin3e IpeacTaB/ieHbl 10 opurnHaabHbIX 3a-
Jad JIByX ypoBHeii ciioxknocT — «HoBuaok» (yposetb A), «3HATOK» (ypOBEHb
B). 3ayaau cocraiienst B coorBercTBul ¢ Ilepewnem 6onpocos, pexomendye-
Mo Llenmparvroti npedmemmnoti memoduveckoti xomuccuet: Beepoccutickot
Oarumnuadv, WKOALBHUKOE MO GCMPOHOMUL OAA NOD20MOBKU 00Y4AI0OUULCA
10-11 waaccos k peweruto 3a0ay ee PasAudHbIE IMaAnos.

ITpu mcnosb30BaHMM MaTepuaJOB pejin3a CChLIKA Ha

JOKYMEHT obOsi3aTesbHa!

Ccvinka: «YcnoBus u pemieHusi KOHKYpPCHbIX 3amad OMOA wum. D.A.
Bpeauxmna-2022 cpeam obygarommxca 10-11  kjgaccoB. Typ Ne  2». -
https://sites.google.com /site/samrasolimp/

Cocmasumeann: — Puaunnos IOpuii Ilemposuw, HayIHBIT PYKOBOIN-
Teib mKoJIbI, MeToaucT CPIIO/, k..-M.H., 1o1eHT Kadeapbl obieit u Teo-
perudeckoit ¢pusnkn CaMapcKoro HaIlMOHAJIBHOTO UCCJIEI0BATE/IBCKOTO YHU-
BepcuTera nM. akajgemuka C.I1. Kopoesa.

Bepcmka 6 cucmeme BTEX — Oununnos FO.I1., Berozepckas JI.H.

ITamsarka ygyactauka OMOA um. ®.A. Bpeanxuna-2022 I

1. Oduyuasvrulii catim Acmpourkoast:

https://sites.google.com /site/samrasolimp/

2. Oduyuaavrasn epynna 6 VK:
vk.com /bredikhinolimp

3. Cpoxu nodawu pewenuls 3adaw OMOA um. P.A. BpeduruHa-
2022 mypa Ne 2 Ha nposepky:
115.02.2022-31.03.2022!!!]

4. daexmpornwviti auwuk OMOA um. @P.A. Bpeduxura-2022:
samrasolimp@mail.ru

5. Pyxosodcmeo 3apezucmpuposarroz20 ywacmHuxa OMOA um.
®.A. Bpeduxuna-2022:

https://sites.google.com /site/samrasolimp/maindocs

nJjin
\ https://vk.com/bredikhinolimp /
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Hoporue dpy3bs!
IIpexkae yem npuUCTYIIUTh K PEIIEHUIO 33729 U 0(POPMJIEHUTO

otdeta ydyactHuka OMOA um. ®.A. Bpeanxuna-2022,
BHUMAaTEJbHO 03HAKOMBTECHh C «PyKoBomCcTBOM
3aperucrpupoBanHoro ydactouka OMOA nm @.A.
Bpennxuna-2022»! D1eKTpOHHBIN ajJipec MOCJIeJHero yKa3aH B

ITamsiTke ydacTHUKA.

Yposeub «HoBuvok» (ypoBenb A)

3adaua Ne 1. « Memod 200uuro20 napassraxca e pabomaem?!»

B HekoTOpBIT MOMEHT BpeMeHN SKINNTHIecKne 1orora u rmmpora CosHIa
ObLIN paBHBI L, (B COOTBETCTBEHHO.

1. B kakoii Touke HeO0CBO A (17T 3eMHOTO HADJIIOIATEIs1) B 9TOT MOMEHT HAXO-
10k HebecHoe Tesio (He npuHaiexkatiee CoTHEUHOl crcTemMe), 9T00bI 0 HEro
HEBO3MOKHO OBLIO OIIPEIE/INTE TeJTHONEHTPUIECKOe PACCTOSHIE METOIOM TOMIMI-
HOI'O TapaJsiiakca ¢ HCIOJb30BAHUEM TEKYIero 3HAUYeHUs MOCIeHEero rmapaMer-
pa? (2 basmra)

2. Yemy mpu 5TOM OBLIN PaBHBI €0 IKJINITHIECKIIE KOOPANHATHI? B Kakoit KoH-
urypannn HaXoM/I0Ch 3TO TEJIO OTHOCUTE/IbHO 3eMHOro HabsogaTess n CosrH-
a. Kak gacto nmopropsiercst Takas "HeBo3MOKHOCTD'" 7 COOCTBEHHBIM JIBUYKEHIEM
Testa npenebpetn. (2 basa)

3adavwa N 2. «T'eocmavuonaprsili cnymHux u e2o sudumocms 6 2. Ca-
mape »

HaiiTe pasBepHyTbIe OTBETHI Ha ITOCTABJIEHHBIE HIZKE BOIIPOCHL:

1. Kakast opbuta nckyccrsennoro cinyranka 3emin (MC3) naswiBaetTcst reo-
cramuonapHoii? B kakux cdepax 1eaTeIbHOCTH BOCTPeOOBAHBI I'e0CTalllOHAPHbBIE
NC37 (2 6amnra)

2. Beraucsmre pajmyc takoit opoutsl. (2 H6asia)

3. Hemy paBHa CKOpPOCTb U IeHTpocTpemuTebHoe yekopenne VIC3 na nanHoi
opbute? (2 Hasa)

4. Ha kaknx reorpadudecknx mupotax jganubiii 1C3 HeBO3MOXKHO YBUICTH B
npuaIue? (2 6asa)

5. Kakast 4acThb IOBEPXHOCTH 3eMJIN PACIIOJIOXKEHA B 30HE MOKPBITHS PaIHOCUT-
HAJIOM OOJIBIION IpyIbl reoctannonapubix NC3, paBHOMEPHO pacipejie/leHHbIX
o opbure? (2 asa)

6. Onpejgenure ckionenne FOnurepa, ecim B HEKOTOPBII MOMEHT T'€OCTAIlNO0-
HAPHBII CITYTHUK HCIBITAJ TPAH3UT I10 JIMCKY ITOCJEIHEero, n Ipu 9TOM 00a Ha-
omomasmcs B Mepunane 3 1. Camapsi? (2 6asa)



Tt
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Puc. 1. Komraxk u3 nByx dororpaduit Comnra (ncrounuk — https://vk.com/club28313198).

3adawa Ne 3. «Koanaoc dsyx pomoepaguii Coanuas

Ha puc. 1 npencraBien koutaxk n3 JByx ¢otorpaduit CosiHia, caegaHHbIX
C IIOMOIIBIO OJHOI'O U TOrO »Ke 00OPYI0BaHUSI B MOMEHTBI, KOI'JIa €0 YIJIOBOI
JraMeTp HPUHUMAeT MUHUMAJIbHOE U MaKCHUMAaJIbHOE 3HAaUYeHUsI B TeUYeHHe BCero
roja.

1. Omnpenesinrte BO3MOYKHBIE JIAThI I'0jla, B KOTOPbIE ObLIN CJEJaHbl JAHHbIE
dbororpacdun? (2 Gasia)

2. JInmb ¢ ncnosib3oBaHueM JanHoit (hororpadun onpeiennTe SKCIEeHTPUCHTET
3eMHO{T opbuTh? (3 Hasiia)

3. Bo CcKo/IbKO pa3 OT/IMYalOTCsI 3HAUEHMS COJIHEUHON IIOCTOSIHHOI B 9TH JIHU
JJIst 3eMHOTO HabJoaresist (0e3 yuera moriomenns csera arMocdepoii)? (2 6as-
J1a)

4. Bo CKOJIBKO pa3 OTJINYAIOTCsT 3HaUeHusT NpuanBHOil cuiibl CostHIa, JIeiicTBy-
forreit Ha 3eMTi0, B 9TH JHU JIjist 3eMHOr0 Habsonaresst? (3 6asa)
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3adawa N 4. «Bpemena 2o0da u nosca oceeuweHHOCMU IK3ONAGHEM DL

[IpeanoioxKuM, 910 BOKPYT HEKOTOPOI 3BE3/bI JIBUZKETCS IK3OTLIAHETA TI0 91
JMITUYECKOIT opbuTe ¢ OOJIBIIOI OJIyoChlO @), U 9KCHEHTPUCUTETOM &,. [laiiTe
pa3BepPHYThIe OTBETHI HA MOCTABJIEHHbBIE HUYKE BOIIPOCHI:

1. Kakue ycaoBus HEOOXOMMO BBITOJTHUTH, YTOOBI HA TTOBEPXHOCTH IK30TLIa~
HETBI MOXKHO ObLIO HAOJIONATH PEry/IAPHYI0 CMeHy BpeMeH roja?l (2 Gasiia)

2. TlpeosiozkuM, 9To IJI0CKOCTD 9KBATOPA 9K30ILJIAHETHI COCTABJIAET YroJl & ¢
IJIOCKOCTBIO ee opOuThl. OmpejesinTe HHTEPBAJIBI AOMYCTUMBIX 3HadeHnii (11/13)
JUTST TLIAHETOICHTPUUIECKON MMUPOTHI  9K30TLIAHETHI, COOTBETCTBYIOIIHE:

a) 0bJIACTSIM TIOBEPXHOCTH ILJIAHETBI, IJIe MOZKHO HAOJ/IOIATh [EHTPAJIbHOE CBE-
TUJIO B 3eHUTE (HA30BEM Ty 00JIACTH MPOnuueckum noscom); (2 6amia)

0) 0bJs1acTsIM OBEPXHOCTH IJIAHETHI, TJe MOYKHO HaOJIOIATE MOJISPHbIE JIHH I
HOUN (HA30BEM 3TY 06JIACTB NOAAPHLIM noacom); (2 baJia)

B) 06JIACTSIM TIOBEPXHOCTH ILJIAHETHI, IVIe MEHTPAJIbHOE CBETUJIO BCETJIA SIBJIsI-
eTCsT BOCXOJISIIIIIM U 3aXO/IAIINUM 1 He ObIBaeT B 3eHHUTE (HA30BEM 5Ty 00JIACTD
ymepervim noacom). (1 dawr)

3. Kak namenstiorest /13 1151 JaHHBIX TIOSICOB IIPU YBeJIMIEHNN yIuia & B MHTEP-
Basie 0+-90°7 [Ipn kakoMm 3HadeHnn yriia & CylecTBOBAHIE YMEPEHHOIO MOsICa Y 7Ke
HEBO3MOXKHO (HacTymaeT ero Beipokjienne)? [Ipu kakux suadeHustx & BO3MOKHO
cyliecTBoBaHue obJjiacTeil Ha MMOBEPXHOCTH IIJIAHETHI, TJIe B T€UCHUE ee 3BE3THOr0
roJ1a BO3MOYKHO HaOJTI0/IeHNE TIEHTPAJIBLHOIO CBETU/IA B 3€HUTE, & TAKZKE BOZMOYKHbI
TOJISTPHBIE JTHN 1 HOYN (HA30BEM 9Ty 001aCTh 2ubpudnvim noscom)? (3 basia)

4. Tlpn Kakux 3HaYCHUAX & BCs MOBEPXHOCTDH MPUHAICIKHUT JIMIIL OJTHOMY W3
YKa3aHHbIX BBIIIE T0sICOB? (2 Oasia)

5. Kak 3aBucnT 1pojIo/zKUTEIbHOCTE BPEMEH I'0jla OT BeJUUUH a, 1 £,7 (2
baJta)

Yposenb «3HaTOK» (ypoBeHb B)

3adawa Ne 5. « Budumocmsb 36e30b. 8 NOACYMOK»

B nekoropoii Touke (¢ = 52°10", A = 51°02') roxubix crenubix paitonos Ca-
MapcKoii obracTn HabJIIOMaeTCsa 3Be3/1a POBHO MOJIOBUHY 3BE3/IHBIX CYTOK HAJI T'O-
pu30oHTOM. Hemy paBHO ee CKJIOHEHHe, ec/ii Yol pedppakIui y FOPU30HTa B JIaH-
HOM MecTe coctapisier 0z = 34.6'7 Hackobko MuHyT ObLI0 ObI KOpOUe ee BpeMst
npeObIBaHUS HaJl TOPU3OHTOM, ecJii OBl y 3eMju He ObL1o aTMocdepnr! Onpejie-
qure gary nokpbiTusg COJHIEM JaHHOI 3Be3/Ibl (JJIs1 3eMHOTO HAOJIONATes1) B
2022 rojy, ecyn MOCJIeHSIS HAXOAUTCS Ha SKaunTuKe? VI3BecTHO, 9TO BO BpeMsi
nmokpbITHst ckaoHeHne CoJHIa mraBHo Bo3pacTaso. (11 6ammos)

3adawa Ne 6. «Bzaasd na Maeunwti IIyms co cmoporwly
B manpaBieHUAX KaKIX CO3BE3/Uil JOJIZKEH MpedbIBaTh HAOIOAATE/b, ITOOLI
or mor Bujerb Mieunbiit myts (MII) mos HaubosbimM TeecHbIM yryIoM (1pu
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buKCcHpoBaHHOM paccTosHum J10 ero mnerTpa)? C Kakoro paccrostaus Haira [aiak-
THKa OyJIeT ele BUIHA HEBOOPYKEHHBIM IJIa30M KaK HETOUeUHbINH 00bekT? Kakoe
KOJIMIECTBO JieT cBeT 1pu 3tom njer ot MIT o nabmongarensa? Kakast Oymner Bu-
nnMast 3Be3gHast Beananna MIT ¢ Takoro paccrosinus? Hemy Oyier paBHa 1OBepX-
HocTHasi sipkocTh MIT (B 3B. BeJMUMHAX HA KB. yIVI. CEK.) IIPU €ro HaOJIIOIeHIN
o1 HanOOJILIIUM TeJiecHbIM yrioMm? Inamerp jaucka Famaxktukn D = 56.7 KIK,
a abcosioTHas 3Be3jHad Beqnunna — Mg = —21™. Pasperalonyio criocoOHOCTb
TeJIOBEYUCCKOrO 1vias3a MpuHATh paHoil 1. (12 6asios)

3adava N 7. «Houv npomusocmoanus acmepouda»

Hexoropsiit acrepons nabsomaercss ¢ 3eMId B HOUb €r0 IPOTUBOCTOSHISI B
CBOEM IEPUTETUHN B TJIOCKOCTH SKJIUNTUKNA. Fro BuanMas 3Be3/iHast BeJIMIIHa, 10
JIAHHBIM BU3YaJbHOI doromeTpun my = 12™. B 3Ty HOYb METOJIOM PaJiloJI0Ka-
nun OBLTO orpeiesieHo BpeMst (17 = 13 mMun 47.8 ¢) Gy K JaHust paIHONMITYIbCA 110
nyt "3emis-acTeponi-3emsia”, Ipu 9TOM IapalIaKTHIecKoe CMeIeHne y acTe-
ponjia He Hab/IOAaI0Ch. OmpeienTe:

1. CkopocThb acTeponjia B MePUresini ¢Boeii oponThI.

2. lemmonieHTpHUYIecKOe paccTosiHue JI0 TIePUre/insi acTepouia.

3. BoJbIyto MoIyoch W 9KCIEHTPUCUTET €ro OPOUTHI.

4. Tlpeanonaraercs, 9To B JAJEKOM MPOILIOM JIAHHBINH acTEePOUJT SIBJIAJICS KO-
POTKOTIEPUOAMIECKOIT KoMeToil. K KakoMy ceMelicTBY KOMET ee CJIeyeT OTHECTN
(mpeamostarast, 1o opbuTta ocraBasack HemsMmenHoit)? Kak gacro acrepous mpo-
XOJUT CBOI TepUTeHii?

5. Onennre pajnyc JAHHOTO acTepomjia, eI u3BecTHa ornexka (Ag = 0.04)
ero reoMeTpUYIecKoro ajibbej0 B BUJINMOM CBeTe.

Opbuty 3emn ciiejiyer cauTarhb Kpyrosoii. (14 6asuios)

3adaua Ne 8. «IIpodoasicumenvHocmsb OHA HA IKZONAGHEME

Hekoropast sK30111aHETa 0OpAIAeTCSt BOKPYT MEHTPAIBHOMN 3BE3/IbI C IIEPUOIOM
obparenus 1" o kpyrosoit opoute. Cama 9K30ILJIaHETa BPAIAETCS BOKPYT OCH C
nepuojoM P, cocrapisiornieil yroa £ ¢ NpaBOBUHTOBOI HOPMAJIbIO K ILJIOCKOCTH
opbutnl. OupeenTe MpoJIOKIUTEIbHOCTD JIHSI B TOUYKE ITOBEPXHOCTH ILJIAHETHI,
Ha upoTe . Pagmyc opOUTHI MIaHeThHl MHOTO OOJIBbITIE Pa3MepOB 3BE3/IbI 1 I1J1a~
neTsl. (14 6asos)

3adawa N 9. «U3menenue noseprrnocmuot aprocmu Coaruas

Onpenenmre:

1. KakoBa Buanmas 3Be3jnast Beamanaa CostHIa (B ONTHYECKOM JTHANIa30He ),
HaOJII0IAeMOr0 B 3eHUTE (J11sT HAOTIOATE 5T, HAXOSIIIErocst Ha MOBEPXHOCTH 3€M-
JIi, B TPOIWKAX), €CJII N3BECTHA COOTBETCTBYIOIIAs COJTHEUHAs TTOCTOSHHAST (CM.
CIIpaBOYHBIE JIAHHBIE) 3a TIpejieaMu aTMocdepbl 3emiin?

2. Ha cKoJIbKO IIPOLIEHTOB M3MeHsIIach Obl BU3yaJibHas IOBEPXHOCTHA SIPKOCTh
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CoJtHITa Ha TOPU3OHTE OTHOCHUTEIHLHO €ro MOJIOYKeHHs B 3eHUTe B CIy (DeHOMEHA
pecdpakiun cBeta (6e3 yuera aTMOChEPHOrO MOTJIONEeH s ) !

3. Bo ckouibko pas n3mensijiach Obl BU3yaJsibHasl IIOBEPXHOCTHAST STPKOCTb COJTH-
1a HA TOPU30HTE (OTHOCHUTE/BLHO €r0 MOJIOYKEHUST B 3€HUTE) B PE3YJIbTATE MO0
mennsi ceta armocdepoit 3emin (6e3 yuaera armocdepHoii pedpaxiim)?

4. Bo cKOJIbKO pa3 m3MeHsIeTCsl BU3yaJibHasl MOBepXHOCTHast ipkocTh CoJTHITa Ha,
ropu30HTE (OTHOCUTEIBHO €ro MOJIOKEHNs B 3eHUTE) B Pe3yJIbTaTe aTMoChepHOit
pedpakiuy cBeTa W ero MorjomeHus armocdepoit 3emym? Hemy Oyjer pasHa
BU3yaJsibHas 3Be3/Hast Besimanta CoJiHIa Ha TOPH30HTE?!

[Ipu perennn 3a/1a4m MOI'yT OKa3aThCsI TOJIE3HBIMI CJICIYIOIINE SMITTPUIECKIE

dopMyITBL:

1. Bennemma Jjis1 onpejieieHust Benauibl pedpakinu 6 (B yrIOBBIX MUHY-
Tax) B 3aBHCHMOCTU OT BHJIMMOIT BBICOTHI cBeTH A h, (B Ipajiycax):

he 7.31°
0h = ctg F—i—m . (1)

2. Cmapdcona 1tst onpeieeHnst Bemanupl pedpaxiun 6h (B yIVIOBBIX M-
HyTaxX) B 3aBHCHMOCTH OT MCTHHHOf BBICOTBI cBeTHsIA Ao (B rpajycax):

h 10.3°
(Shz 1020tg 1—g+m . (2)
0 .

3. Kacmena-Snea njisi onpejiesiennst MHTeHCUBHOCTH (Z,;5) cBeTa OT Hebec-
HOI'O MCTOYHUKA Y MOBEPXHOCTU 3€MJIN, PEIUCTPUPYEMOI0o HADJIIOIaTeIeM:

Zvis - ZO PM(Z)) riae (3)

1
- 4
cos z + 0.50572 (96.07995 — z)—1.6364 (4)

351echb Ly — UHTEHCHBHOCTHL CBETA TOTO YK€ MCTOYHWKA Ha BepXHeil rpaHuiie
armocdepsr; P — koaddurment npospadroctn arMocdepbl (B HAIEM CJIy-
qae cyeyer npunsath P = 0.75), M(z) — 603dywHnas macca — OTHOIIEHNE
OMTUIECKOH TOIIUHBI ATMOCKhEPDI, TIPOXOIUMOI JTyIaMi CBeTa 0T UCTOUHI-
K& [PU ero 3eHUTHOM PACCTOSTHUN 2 (B Tpajycax), K ONTUYIECKON TOJIIIHE,
IIPOXOJIUMOI TIPH TOJIOYKEHNI HCTOUHNKA B 3eHuTe (2 = 0°), onpejessaemast
dbopmyioii (4). (14 6asios)

3adava Ne 10. « Doxycuposra no dasexomy dorapros

OJtHoit U3 TJIaBHBIX TTPOOJIEM B JTIOOUTEIHCKOM acTpodoTorpadun, BbITOTHSIC-
MOIT B ITpejie/iaX MeraroJjica, aBasgeTcs Tounas (hoKyCupoBKa 00beKTHBa (poToAaTI-
napata. I13-3a 3HaunTeIbHOI 3aCBETKHI HeDA JTazke CaMble STPKIE 3BE3/IbI BBIT/ISIISIT
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OJ1eKJIbIMI, 1 (DOKYCHPOBKA 10 HUM JlaxKe B pexknme LiveView He Bcerja sABJseT-
cs1 3dexkTuBHOM. Bo3HIKAaET BOIPOC: a MOYKHO JI CPOKYCHPOBATHCA Ha OECKO-
HEIHOCTDH C UCIIOJIB30BAHUEM MCKYCCTBEHHBIX HCTOTHIKOB OCBEIEeHIs, HalpIMeD,
o JjiajekoMy oHapio HOIHOro ocsemieHusi? Cunuraercsi, 9TO HU300parkeHue Ha
mMaTpuiie mudpoBoro doroanmapaTa SBASETCI PE3KUM, €CJIN BMECTO UJICaJIbHOIO
(TouedHOr0) M300paXKEHUT TOUETHOTO UCTOTHIUKA CBETa HA MATPUIIE MOJTYIaeTCsI
n300paykeHne B Bujie MATHA JuaMeTpoM He Oosiee d. [TosTomy, eciin 0ObEKTHUB Ha-
XOJUTCSA Ha POKYCHOM PACCTOSTHUH OT MATPHIILI, TO PE3KUMU CUUTAIOTCS HE TOJIhb-
KO OECKOHEYHO yJIaJIeHHbIE MTPEJIMEThI, HO W BCE MPEIMEThI, HAXOAAIINeCs JaJIbIile
HEKOTOPOIo paccTosiHust a. IIpeinonoxKmm, 91o nmeeTcs 0ObeKTHB ¢ epeMEeHHbIM
dboxycubim paccrostaueM f = 70 -+ 300 MM 1 MaKCHMAaJIbHBIM OTHOCUTEIbHBIM OT-
BEPCTUEM Xax = 4.0+5.6 (31€Ch Xmax = D/ f, tiie D — nuanverp 06beKTuBa, npu
9TOM KarKJasl 'PAHNIa MHTEPBAJIA Ymax COMTOCTABICHA COOTBETCTBYIOIICH MpaHuIe
f). Oupepnenure:

1. Benmmunny d, mosarast uTo jijist GopMUpOBaHUsi TOYECTHOTO 0Opa3a OJIMHOIHOT
3BE3/IbI HEOOXOMMO OCBEIICHIE He MeHee TpeX MUKceseil, a s (hopMUPOBAHII
IPOTSIZKEHHOTO 00pa3a — KaK MUHUMYM, deTbipex rnukcesieil (Teopema Koreabrn-
koBa). CrenaiiTe puCyHOK, MOSICHSAIONINIT 0Opa30BaHue TsITHA.

2. Onpenesinte MUHUMAJIBHOE PACCTOSTHIE @ (TS [ U fimax) 10 oHADS, 110
KOTOPOMY YK€ MOKHO (POKYyCHPOBaThCs "Ha OECKOHEUIHOCTH'" JIsT ChbeMKI 3Be3/I.

3. OnpejenTe yrjioBble pasMepbl 10T 3peHus (poToalapara ¢ JaHHBIM 00b-
eKTUBOM, B CJIy4Iae fmin U fmax, €CJAN Pa3Mepbl MATPUIbI COCTAB/SIOT 22.3 X
14.9 mwm.

4. MunnMaabHO BO3MOXKHOE 3HAYCHUE JI/IsT BUJIUMOI 3BE3THON BEJIMINHDBI PO-
Haps (I fiin U fax), 10 KOTOPOMY yKe MOYKHO (hOKYCHPOBATHCs "Ha GECKO-
HEIHOCTB ' !

B pacuerax ciejyer cuuTarh OOBLEKTHUB TOHKOM JUMH30M. Bee mukcenmnm mat-
PUIIBI UCIIOJIB3yeMOoro boToalapara UMeloT (GpopMy KBaJipaTa cO CTOpOHOH 4.3
MKM. QoHAPDH YJIMTHOIO OCBEIIEeHUs PEeJICTaBIsIeT cOO0it M30TPOIHBI NCTOUHUK
ceta ¢ BXOnHOI MormHocThio Py = 150 Bt u KILJI — n = 33.3% (B BHgIMOM
ceere). (15 6ason)
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Yposeub «HoBuuok» (ypoBenb A)
3adava Ne 1. «Memod 200uuro20 napassaxca He pabomaem?!»

Pewenue. 1. Pacemorpum puc. 2. 3jech
S — Comnne, E — 3emus, T — nebecHoe Telio,

C KOTOPOro HabJIIoJlaeTcs OOJIbINas TMOTyOCh
(g JUTUIITHIECKON opouThl 3emtn. Bocmoib-

3yemcst (hopmyitoii curycos st ASET:

sinV  sinw sin W Puc. 2. K onpejeienuio TeKymero ro-

= = = as— (5)
r P ) sin ? JUYHOI'O ITapaJiIaKca.

3JIeCh T — TeKylllee 3HAUYEeHIE TOAUIHOTO MapaJiakca, W — yroy Mey/ 1y HalpaBJie-
austvu Ha COJTHITE U Ha JTAHHOE TeJI0 TIPU HAOJTIOIeHIN 13 1eHTpa 3eMn ((hba3oBbIil
YTOJI TIoCJIe/iHeit ). 3aMeTnm, 9To pH MPUOJIIZKEHIN 3eMJIN K TOJIOKeHno Fy 1o-
JINYHBIN TapaJiiake m cTpemMuTces K Hy 0. K 3nadennto 180° crpemures yro W.
[Tpu sT0M B TipaBoii dacTu (5) HAOJIIOIACTCST HEOPEIEIEHHOCTD THIIA, 8, n3-3a, Je-
I'0 HEBO3MOKHO OIPEJICTUTH TeTHONEHTPUYECKOe PACCTOSHIE JIO TeJjia 7. SHAUUT
B 9TOT MOMEHT JIAHHOE TEJIO JIOJIZKHO PaCIojiaraTbcs B IPOTUBOIIOJIOKHON TOUKE,
KOOPJMHATHI KOTOPOit (—fBa; £m + 180°)L,

2. ITlockosbky CostHIle HAXOIUTCS Ha SKJIUITHKE, TO ero mupota (B = 0°,

TOra SKJIUNTUYCCKIE KOOPANHATDHI TeJIa B IIPOTUBOCOTHEYHON TOYKE (2 6aﬂﬂa)1
6T = OO; ET = E@ + 180°. (6)

Ou4eBuIHO, YTO JIJIst 3EMHOI'0 HADJTIO/IATEIA JIAHHOE TEJI0 PACIIO/IATraIoCh B KOH-
dburypanun nporuBocrostaust. [[0cKoIbKY cOOCTBEHHBIM JIBUZKEHUEM TeJjia MOYKHO
mpeHedbpetb, TO Takasi KOHMUrypars Oy1eT MOBTOPATHCA TOTHO Yepe3 Cueputie-
ckuit iepuoy obparerust 3emsn Bokpyr Costtiia (3Be3Hbil o1 Semn, 365.2564
cyT). (2 Gaa)

Omeem: B niporuBocoHedHON Touke; 0°; £ + 180°; mpoTuBOCTOSAHNE; Yepes3
3BE3/IHDIN T'0J] 3eMJIN.

3adaua Ne 2. «I'eocmauuoHapHuiti cnymuur u e2o sudumocms 6 2. Ca-
mape »

Pewenue. 1. I'eocmavyuornaproti opoumoti IC3 nHazbiBaeTcst KpyroBasi op-
OuTa CIyTHHUKA, PACIOJIOKEHHAs B IJIOCKOCTH 3€MHOTO 9KBATOpPA, MEpHoj| obpa-
IMIEHNs TI0 KOTOPOI paBeH 3Be3/IHbIM cyTKaM 3emin. CriegoBaTe/IbHO, TeOCTalllno-
HAPHBII CITYTHUK PACIIOJIOYKEH HaJ OJIHOI 1 TOil 2Ke TOUKOI MOBEPXHOCTH 3EMJIN.
['eocrannonapunie 1C3 BocTpeboBanbl B obeciiedeHnn TeiepOHHO CIIy THUKOBOI
CBSI3H, JIJIs1 oDecIieueHus Tejie- 1 paJInoBeIanns Ha3eMHbIX CTAHIIII, CITy THUKOBOI
BOEHHOI pasBejike U B Apyrux cdepax. (2 Hasia)

131ech m manee MBI ICKTIONAEM U3 PACCMOTPEHHIS 3aCOTHETHYIO TOUKY, TOCKOILKY U3 Hee (PU3MTIECKH HeBO3-
MOKHO HAOIONATh oHOoBpeMeHHO COJTHIEe U 3eMITI0, MTO3TOMY CaMO MOHSITAE «TOJUYHOTO Mapasiiakcay 3JeCh
y2Ke He IPUMEHHMO!
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Puc. 3. K onpesiesienuto a) HorpaHuIHON IMUPOTHI IPSIMO BUUMOCTH reoctaruonapuoro MC3,
6) Boicorsl ganHoro MC3 nas ropusonTom B 1. Camape.

2. OnpegeanM paJnyc reocTalloHapPHONR opOUTHI. [y 9TOro BOCIOJIb3YeMCst
2-bIM 3akKoHOM HproToHa:

'U2 Gmm@ 9 Gm@ 2TR
m—=——— V" = ———, HHa4de v = P—,
&3]

R R

371ech Ps = 86164 ¢ — IpojIo/LKUTEILHOCTD 3Be3/HbIX CyTOK. V3 mocsenmnnx pe-
3yJILTATOB CJIEyeT, ITo (2 Oasia)

4 R* GMy, 5| GMy P2
= =1\ ——— = 42165. .
P2 7 = R = 65.7 KM (7)

3. CKOpOCTh U MEHTPOCTPEMUTEIbHOE YCKOPEHHe CIyTHIKa (2 Oauia):

2
v = ;—j = 3.075 km/C, Ay = % =0.224 M/CQ. (8)

4. Paccmorpum prc. 3.a). O4eBH/HO, 9TO B TOUKe B MOBEPXHOCTH 3EMJ/IN CITie
BHJICH TCOCTAIMOHAPHBII Iy THIK S Ha ropusonTe. 13 npsimoyrosbioro ASaBC
CJIC/TYET, TITO

Ry Re
cospp = —, = p = arccos [ — | = 81.3°.
R R
Cire1oBaTe/IbHO MANA30HDbI MNPOTHI B IPE/IeJaX KOTOPLIX HE BHJICH TEOCTAIINO-
HADHBIN CIyTHHUK eCTh (2 Gasia)

(—90°, —81.3°) U (81.3°,90°]. (9)

5. Ilpu ncnosb3oBannn OOJIBIIOrO KoumdecTBa reocranunonapubix MC3 pajimo-
CUI'HAJIOM ITOKPBIBAIOTCSA BCE TOUKH IOBEPXHOCTH 3eMJIM, 38 UCKJIIOUYEHHEeM JIBYX
OKOJIOTIOJISIPHBIX CUTMEHTOB (Takux Kak BN D, cum. puc. 3.a). Ciie1oBaTeIbHO HC-
KOMasl J10J1s1 30HbI TTOKPBITHS ITPEJICTABISIETCSA B BU/IE:

S@ - QSC QSC

— 28 e
77 S@ S@?
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371eCh S, — IO b MOBEPXHOCTH OJIHOTO OKOJIOTOJIIPOr0 CerMeHTa, Sg — ILJI0-
Ma/Ib TOBEPXHOCTH 3eM/IN. J[aHHbie BEIMUNHDBI TPEJICTABIAIOTCA B BU/IE:

Se =41 R2, S. =27 R (1 — cos(90° — ¢p)).
B utore nosist i) npejcrasisiercst Tak (2 6asiia)

n=singp=0.989 wm 98.9%. (10)

6. [TockoJIbKY CIIyTHUK TpaH3UTHpOBaJI 10 AucKy FOmmrepa, To MOXKHO 1m0J1a-
raThb, 9YTO CKJOoHeHus reoctanmonaproro MC3 n FOmurepa ObLIN 0IMHAKOBBIMU.
Pacemorpum puc. 3.6). 3nech B Touke O — pacriosiozken Habmogare b B . Cama-
pe, B T. Sa — reocrarmonapubiii 1C3. Pacecmorpum AOC Sa, Bocioab3yeMest 1J1st
HEro TeopeMoil CUHYCOB:

sin ZSa  sin(90° + h)
Re R '

C npyroit cTOpoHBI, CyMMa yIJIOB B TpeyroJyibHuKe pasaa 180°, T.e.

(11)

£Sa+90° 4+ h+ ¢, = 180°, = £Sa =90°— (¢.+h). (12)

3 Boipazkennii (11) u (12) caemyer, aTo

cos(p. + h) = % cosh, wan

cos . cosh —sin ¢, sinh = xcosh, 1€ x:?@ =
cos pe — sing, tgh =, = tgh = —L" T — ctgp, — —— = 0.5594,
S11 P SIN Y,
= h=29.2° (13)

[Tockobky B ykazanubiii MmomenT MC3 u FOmurep pacnosiaraanck B Mepujuane,
K TOI'y OT 3€HUTa, TO UX BBICOTY MOYKHO 3ammcarh Tak (2 Oasia)

h=90°—w.+6;, = d0;=h+p.—90°=-7.6° (14)

Omeem: K 3ajate npejcrapieH Beipaxkenusmu (7)-(10), (14).

3adava N 3. «Koanasc dsyx ¢pomoepaduti Coarua»
Pewenue. 1. Kak m3BecTno, yrjioBoil uamMeTp HeOECHOTO Teja MOXKHO TIPE/I-
CTABUTDb BbIpaKeHNEM BH/JIA:

R 2R
D" =2arcsin | — | ~ — k 15
A A ) ( )
37ech R — pajnyc HebecHOro reja, A — ero reoleHTPUIECKoe paccrosHue, k —
Ko puIMeHT nepeBojia eJINHNL n3MepeHus yria. V3 mocjegHero BbIparKeHus

cJIelyeT, UTO yIJIOBOM JrmaMeTp HeOeCHOro Tejia o0paTHO mporopinonasen A.
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CuietoBaTeibio, HanbosbIuit yriaosoit quamerp Cosnna ObLT 3adUKCHPOBaH,
KOI'JTa, 3eMJIsi HAXO/IUJIaCh B CBOEM TepUre/ini, T.e. 2-5 duBaps. HanMmenbrmii yr-
sopoit juamerp Cosnna 3aduKcHpoBaH, Korja 3eMJ/Is HaXo/[uIach B adenn op-
ouThl, T.e. 1-5 uross. (2 Haia)

2. Kak usBecTHO, m300pazkenne HeOecHOro Teja (opMupyercs B (hOKaJIbHOM
IJIOCKOCTH OObEKTHUBA 1 €r0 JINHEIHBIN pasMep MOXKHO 3allicaTh Tak

2 2

D
d:2f-tg7%2f-7:f-D". (16)
U3 Beipaxkennit (15) u (16) ciemyer oTHOIIEHHE:

dmax o f ) Dﬂlax . AInax . a@(l +5®) o 1+5@

= = = = = 17
dmin f ’ Dgﬁn Amim a@(l - 5@) 1 - 8@’ ( )

3J1€Ch YUYTEHO, YTO PACCTOsSIHEE JI0 Hepuresns u adesnsd 3eMIl eCTh

Apax = aEB(l + 569)7 Apin = a@(l - 5@)-
s (17) caenyer, ato
r—1

Eq = ) 18
o= I (19

C ucnonnzoBanuem dororpadun CostHIla U3MepsieM ero JHHeHHble THaMeTphI:
inin=179 MM, dyax—185 Mmm. (Bammu 3HadeHnst MOTYT OTJIHYATHCSA OT yKA3aHHBIX
pu ucnoJib3oBannn pororpadun B nHoM Maciitabe). B pesysibrare (3 Oasuia)

r = 1.033520, u e5 = 0.0165.

3. Kak u3BecTHO, COAHEUHASA NOCTMOAHHAS — ITO OCBEIIEHHOCTh, CO3/IaBae-
Mast COJTHIIEM Y TOBEPXHOCTH 3eMJIN BO BCEM JIMAIIa30He 3JIEKTPOMArHITHBIX BOJIH
6e3 ydera arMocdepHoro rmororieansd. OCBeleHHOCTh, KaK N3BECTHO, TTOIIMHSI-
eTcst 3aKOHY OOPATHBIX KBAPATOB (2 OaJsuia):

e A121r1in 7 wmn AI2max 7
fok  (Buax)?  (1te\’ 5

4. ITpuausnas epasumayuonras cuaa — (Fy) 91o cua, geficTByomast co
CTOPOHBI HEOJIHOPOIHOIO I'paBuTalinoHHoro 1moJjg CoJiHIa Ha IPOTS?KEHHOe TeJsIo
Bemsmn. Kak m3BectHo, cria Fy MOIMUHSETCS 3aKOHY 00paTHBIX Ky0oB (3 Oasuia):

1 1
Fy max ~ A3 F min ~ Ea =
Fi max Aax \* L+ee)’ _ s 1.1040 (20)
Ft,min Amim 1— Ep
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Omeem: ¢=0.0165; x 3aade npencrapisercs Beipazkenusmu (19), (20).
3adawa Ne 4. «Bpemena 200a u mosica 0C8EULLHHOCTNU IK3ONAGHEMDBLY

Pewerue. 1. UToObI Ha MOBEPXHOCTU IK30ILJIAHETHI ObLIA PeryJisipHasi CMeHa
BpEMEH r'ojia, HeoOXO MO

1. Ilepuomnueckoe pUHUTHOE JIBUKEHUE IJIAHETHI BOKPYT IEHTPAJILHON 3Be3-
JIBL;

2. CyIecTBeHHO OTJIMYAIONIUICS OT HyJIsl YroJl HAKJIOHA MEXKJIy IJIOCKOCTHIO
9KBATOPA IK3OIJIAHETHI U ILJIOCKOCTBIO €€ OPOUTHI;

3. CoxpaHeHne B TedeHne JINTEJLHOTO MPOMEKYTKA BPeMEHU (CyIeCTBEHHO
OOJIBIIErO CHJIEPIYECKOTO MepHoJia OOPAITeHNsT [IIAHEThI BOKPYT 3BE3JIbI) OPUEH-
TAIUN B TIPOCTPAHCTBE OCH €€ CYTOIHOrO BpaleHus. (2 Oasuia)

2. Ecam miockocTh KBaTOpa IJIaHeThl 00pas3yeT yroJ £ ¢ MJI0CKOCTBIO €€ Op-
OUTBI, TO CKJIOHEHNE NMEHTPAJBHON 3Be3/IbI B TeUeHNe rojia Oy/1eT M3MEHSIThCs B
peJieax:

HpI/I 9TOM BbICOTa 3B€3/IbI B BerHeﬁ KYJIbMUHaIIUN Ha IMIAPOTE @ MOZKHO 3alliCaTb

TaK
Pmax = 90° — ¢ + 0. (22)

a. Ecin 3Be3ia HaxoguTes B 3eHUTE, TO hmax = 90°, ciieioBaTeibHO 0 = 0O,
SHaAYWUT JId 3HAYEHU ¢, TPUHAICYKAITIX OTPE3KY,

—{<p<¢ (23)

3Be3Jla B TeueHue roja obsizaresibHo Oyaer B 3enute. CrieloBaTe/bHO, HHTEPBAJI
(23) ompejenger mponuveckut NOAC 0C6eULeNHOCTU SK30TIAHETH. (2 OaJia)

0. YTo0Obl Ha IOBEPXHOCTU SK3O0ILIAHETHLI HAOJIIOIAJICS IIOJIAPHBIN JIeHb HeoO-
XOJUMO, 9TOOBI B HUKHEHl KyJbMUHAIMN [EHTPaJbHOE CBETHUJIO OBLIO HE HUKe
rOPU30HTA, T.€.

hoin = 0 + 04 — 90° > 0, ¢ > 90° — 6,. (24)
C yuerom (21), nepaBenctso (24) MOKHO MepenucaThb Tak
w>90°—¢& U ¢ < -90°+¢&.
[TockoIbKY MMpoTa 3aKII0UEHA B HHTEPBAJIC
—90° < < 90°, (25)
TOT/Ia UMEEM CJICIYIOTTIE OTPE3KN IS IMIPOTHI, TJIe HAOJIOIACTCS TTOIAPHBI J1eHD

@ €[=90°,—90° + & U [90° — £,90°.
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st mabrrojiennst MoJIAPHON HOYM HEOOXOMMO, ITOOBI B BEepXHEH KyJIbMUHAINN
3Be3/1a ObLIa HUYKE TOPU30HTA, T.€.

Bonin = 90° — 0 + 8, <0, ©>90°+6, wm o> 90° — ¢,

C yuerom (25) umeeM cJejiytoline MOJyUHTEPBAJIbI MIIUPOT, Tje HAOJII0IaeTCst
1OJIApHAsd HOYb:

e €[—90°,-90°+ &) U (90° —&,90°). (26)

Jlmanason mmpot, rje MOKeT HaOJIIOIATHCS TOJISIPHBIE JI€Hb 1 HOUb TAKZKe OIpe-
nesstercs noynaTepsaiamu (26). [Tomyunrepsassr (26) onpenessiior cesephviil u
W0AHCHDITL NOAAPBIE NOACG 0c6eusennocmu. (2 baiia)

B. Toryia nHTEpBAJIBI MIUPOT, COOTBETCTBYIOIINE CEGEPHOMY U H0HCHOMY YMe-
PEHNBLM NOACAM 0c8eueHHOCTAU, ecTh (1 OasLr)

P (007 +E—€) U (£,90°—€). (27
3. 3ameTum, 9TO ¢ yBeJndeHneM yriaa £ MIUPUHA TPOIIMIECKOr0 1 MOJISIPHBIX
I05ICOB PACTET, a YMEPEeHHbIX yMeHbinaercs. Ilpu & = 45° nacrynaer moHoe Bbl-
POXKJIEHIE YMEPEHHDIX I0SCOB U OCTAIOTCS JIMIIL TPOIMYECKU 1 HOJISIPHDIE [0sICa.,
[Ipu panbueiitmem ysennaennu € (mpu £ > 45°) npoucxoput "mepexpoitie”
JIAHHBIX OSICOB U Ha MMOBEPXHOCTHU ILJIAHETHI (DOPMUPYETCst HOBBI 2ubpudnvitl no-
AC, TJe BO3MOKHO Habojenne CoJTHIIA B 3€HUTE, & TaKyKe MOJISPHBIE JTHI U HOUYH
B TeUYeHNe CHAEPUIECKOro Iepuoja oOpalleHust IIaHeThl BOKPYT IeHTPaJbHO
3Be31bl. Jlnanason mmpot i rubpugaHoro mnosica (ipu £ > 45°) ectb (3 Gasia):

pe[=6—90"+¢&) U (90° -, ¢l (28)

4. U3 (27) upu £ = 0°/ u3 (28) npu £ = 90° (T. e. KOIJa IJIOCKOCTH 9KBa-

TOpa HepIEeHINKYJISPHa [LJIOCKOCTH OPOUTHI IJIAHETH 1 9K30ILIAHETa BPAIlaeTCs

"1erka Ha O60Ky") OYEBUIHO, UTO BCsI MOBEPXHOCTH ILTAHETHI TPUHAIEZKUT JIAIID
yMepeHHOMY /THOpuHOMY mosicy. (2 Hasiia)

5. Cormacno tperbemy 3akomny Keruiepa, cujepudecknii nepuoj (7)) obparie-

HIST 9K30IIAHETHI TPOTIOPITMOHAIEH OOJIBIIOf TT0JIyOCH OPOUTHI B CTEIEHH «3 /25,

T.€.
T, ~ ag/ 2,

Ci1e/10BaTe/IbHO ¢ POCTOM @) YBEJIMUHBAETCS IPOI0JKNTELHOCTD (1)), a cite-
JIOBATEJILHO U IIPOJIOJIZKUTEILHOCTE BpeMeH rofa. C pocToM €, yBeJNUNBaCTCH
SJINITUIHOCTD OPOUTHI 9K30ILIAHEThI I KaK CJIeJICTBHE, HePABHOMEDPHOCTL IIPO-
JIOJIZKUTEJIbHOCTH BpeMeH rojia. Bpewmst rojia, KOTOpoe COOTBETCTBYET MOMEHTY
IIPOXOZKIEHUs 9K3O0ILIAHETOIl IIepuiieHTpa OPOUTHI OyIeT CaMbIM KOPOTKUM, & Bpe-
MsI TOJIa, COOTBETCTBYIOIEe IIPOXOXKIEHIIO alloleHTPa OPOUTHI — CAMbBIM IIPOJI0JI-
kuresibHbIM. OcTaJIbHbIE BPEMEHa rojia OyIyT UMETh TPOMEXKYTOTHbIe 3HAUCHIS

IPOJIOJZKUTETLHOCTH. (2 OaJiia)
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Puc. 4. K onpejiesiennio a) B3aMMHOIO PacCIOIOKeHUs OOJIBIIIX KPYTroOB U CYyTOYHOIT TapaJiie/in
3Be3J1bl, 6) PACIOJIOKEHNs 3BE3/IbI [I0 OTHOIIEHUIO K TOYKE BECHBIL.

Yposenb «3HaTOK» (ypoBeHb B)

3adava Ne 5. « Budumocmsb 38e30bt 8 NOACYMOK»

Pewenrue. 1. OdeBujiHo, ecin ObI He OBLIO ABJICHUA PedpPaKIUT, TO HCKOMAasi
3Be3J1a HAXOIIach ObI TOTHO Ha HebecHOM skBarope (HD, em. puc. 4.a). Kak us-
BECTHO, sABJIeHNEe pedpaKIny IPUIIOHUMAaET Bee cBeTuIa y ropusonTa. CriejoBa-
TEJBHO caMasl HIDKHsIA TOUKa cyTouanoil napastesm 38e3/6! (CII3) momkna 66Th
o1 Maremarudeckum ropuzontom (MI') wa Besmuumy 0z (eMm. puc. 4.a, Touka B).
C Jipyroit cTOPOHBI, JlaHHAs TOYKA JOJIYKHA JIEXKATh Ha OJHOM KPyre CKJIOHEHMsI
¢ Toukoit 3amaga (W), B ciydae 3akara 3Be3jbl, 9T00bl jinHa ayru CI13 6buia
pasua Touro 180°. I3 npsimoyrossHoro tpeyroibauka ABCW ciejyer, aTo

5 5
o s = = 438, (29)
sin ¢ sin ¢

[0.] =

[Ipu 3amucu mocsieHero pesy/abrara yITeHO, UTO CYTOUYHAsl MapaJijie/b 3Be3JIbl
pacIoJIozKeHa B I0yKHOI 4acTH HeDEeCHOi cdepbl, CJIe/I0BATEIbHO CKJIOHEHNE 3BE3-
JIBI JIOJIZKHO OBITH OTPHIATEILHBIM. (3 OaJiia)

2. Ecim 661 y 3emstn He ObL10 aTmocdepsl, To Ha ydactke AB cyTounoii ma-
paJLien 38e3/1a Obljia Obl He BujiHA. TaKoil »Ke y4acToK 3Be3/1a IIPOX0/IMJIa ObI 1101
FOPU3OHTOM 1 TIepeji cBouM BocxojoM. CriejioBaresibHO, BpeMst IpeObIBaHUST Hal
FOPU30HTOM YMEHBIIIIOCHh Obl Ha BeudanHy (4 Oasuia):

2AB 20
ot = = - = 7.52 muH. (30)
W COS 0y Wq COS 0y COS

3. CoryracHO yCJIOBHIO 3aJ1aH, BO BpeMsl MOKPBITUsT CKjIoHeHre CoJHIA T1IaB-
HO BO3pacTaso, ciegoBarebio CoJiHIE JBUTAIOCH B HAIPABJICHNN SKBATOPA B
MOMEHT MOKPBITHSI, 3HAYUT TOKPBITHE MTPOU3O0IILIO HE3aI0JIT0 JIO JIHSI BECEHHEro
pasrosiercTBusi. Onpeennm pasHocTb (Al = ST) SKIUNTHYECKUX JOJTOT 3Be3-
7l (S) u Toukn Becennero pasaojercTsus (T°), em. puc. 4.6). 13 npsimoyrosbaoro
tpeyrosibauka AT NS B utore nmeem

Al = ‘,5*‘ —110.1".
S11 £

y‘H/ITbIBaH, 9TO B OKPECTHOCTHU TOYKU BE€CHbLI CKOPOCTDL IIepEMEIlecHNA COJIHH& 110
SKJIMIITHKE OJIM3Ka K Cpe,ZLHefI CKOpPOCTH €ro ABHzKeHNdA, B UTOI'é¢ HaXOIUM IIPO-
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MEYKYTOK BPEMEHHU, 38 KOTOPBI MPon30nL10 mokpbitue CoJiHIeM 3Be3/Ibl JI0 JIHs
BeCEHHEro paBHOJIEHCTBUS:

Al

t=—=1.86 cyr,

Wo
351ech we, = 2w/ T, T — Tpormaeckuii 1o, Takum 06pa3oM, MOKPHITHE TPOH30-
1o 3a 1.86 cyT. (mm 3a 1 cyr 20 gac 42 MuH) J0 JHSI BECEHHETO PABHOIEHCTBHUSI
(B 2022 romy oo cocrosiiock 20 mapra B 19 wac 33 munr nmo Camapckomy Jie-
KpeTHOMY BpeMmeHn), T.e. 18 mapra B 22 yac 51 mun mo Camapckomy Bpement. (4
basia).

Omeem: K 3aj1a4e mpejicTaBisiercs BoipazkeHusivu (29)-(30); 18 mapra. (11 6as-

JIOB).

3adaua Ne 6. «B3aasd na Maeunwt Ilyms co cmoponvty

Pewenue. 1. Kak uzBecrno, 'amaxkTnka «Mied-
0

uelit [IyTh» oTHOCHTCA K CHUpAJbLHOMY THUILY

rajakTuk ¢ dapom. OCHOBHOI cocCTaBJIATOINIEH
[arakTKN gBIgeTCs raJJaKTHIECKUit JTUCK, TLI0C-
Kasl ojicucremMa. VIMeHHO ero yBUIUT CO CTOPO- Pic. 5. K olpe/e/ICHIIo Te/IeCHoro yi-
HbI HaOJII0/IaTe/Ib. 1a.
CortacHo ONpeIeICHIIO, TMEeAECHBIM Y2A0M

Ha3bIBACTCA KOJIMYECTBEHHAs Mepa YacTU POCTPAHCTBA, 3aK/JII0YCHHOIO BHYTPHU
KOHYCa, BEPIIHHON KOTOPOro siBjsiercst Touka (O), rjie HaxomuTest HabJIIIaTe b
(eMm. puc. 5), a 0Opa3YIOIIUMI SIBJISTIOTCSI [IPSIMbIe, COSJIMHSTIONINE BEPIITHHY C [epH-
bepuitHbIMI TOUKAMU JTAHHOIN TIIOMIAIKN BEJTMIMHBI S, PACIIOJIOKEHHON Ha pac-

CTOAHUU T°°

Q) = —5 COS qv.
r

[Iprr 9TOM yrosi v — 9TO yrosr MeKJy MPSMOii, COCJMHSIONIECH BEPIUHY U HEHTD
IJIOIIA/IKNA 1 HOPMAJILIO K 9TOM ILJIOIIAIKE.

OueBnjiHO, 9TO HA (DUKCHPOBAHHOM DACCTOSIHUE OT JMCKa |'ajakTHKH Tesec-
HBII YTOJI JOCTHraeT MAKCHMAJBLHOTO 3HAYUCHUSI, €CJIM Yyroa « pased my.o. [lo-
cJIe/iHee 3HAYMCHNE JOCTUTACTCA Ha OCH BpalleHns [AJakTHKH, B HAIPaBJICHUN
raJakTHIecKnx 1oJtocoB. CeBepHbIil mo/oc [amakTHKI HAXOMUTCS B CO3BE3JINN
Bosocsr Beponuku, a toxKublil mo/oc — B co3se3anu CKysbiTopa. MMenuo B Ha-
MIPABJICHISX JAHHBIX CO3BE3/IHI OZKEH MPeOBIBATH HADIIONATE/H, ITOOBI OH MOT
nabsmonars Mueansiit myts (MII) o manbosbmmm Tesecnbim yriaom. (4 6asma)

2. JlaJiee onpejiesinM paccTOAHIE, Ha KOTOPOM JIMaMeTp JincKa ['ajmakTuku Oy-
JeT BujeH 1o yrioM [, = 1 (2 baua):

3, Dg 3438/

3438 - 7¢Tp

= 194.9 M. (31)



Perieranst 3aqagd OMOA num. @.A. Bpeauxuaa-2022: typ Ne 2, 10-11 kjaccer 19

VKazanmnoe paccTosgnue cseT mpeosoeeT 3a 3.26 x 194.9 x 10% = 635.5 mun ser.
(2 6asra)
3. OupenesinM BIIMYIO 3Be3/iHYI0 Besnduny Mieunoro IlyTn:

m=M—5+5lgr =15.4" (32)

OueBnjiHo, uro lajakTuka He OyjerT BHJHA HEBOOPYKEHHBIM IJIA30M C TAKOIO
paccrosiaus. (2 Oasia)

4. OmupejiesinM OBepXHOCTHYO stpkocTh MIL, mpu ero wabstoennn mo Hau-
OOJIBIITIM TeJIECHBIM YTJIOM:

EMW BMW
B = = =m-—25lg| —— | =
T kw238 T T g(EMW)
2 - 3438')?
m—2.51g (2 3438)7 = 24.0™ /xB. yri1. cek., (33)
k32

saech k = 4.255 - 101 xB. yri1. cek/cpal — K03 dUIMenT nepesojia, eJmHuLL 13-
MepeHHs TeJIeCHOTOo yriia (2 basa).

Omeem: K 3ajatde npejcTasicH Boipazkernamu (31)—(32); B mampaseHusix
coses it Bosiocer Beponnkn u Ckyisibiropa; 635.5 ma stet. (12 6asios).

3adava Ne 7. «Houb npomusocmoarus acmepouda»

Pewerue. 1. CoracHo yCJIOBHIO 3aJ1adi, Y acTePOUa B HOYb ITPOTHBOCTO-
SHIA He HabJII0JIA/I0Ch MapAJIAKTHIECKOI0 CMEIIeHIs, IIPU 9TOM CaM aCTePOU/I
pacrojiarajicsd B IJIOCKOCTH SKJIMITUKU. Takas CUTyallus BO3MOXKHA, €CJIU acTe-
pouni orHocuTeIbHO COJTHITA JIBUTAJICS C TaKOM »Ke CKOPOCThIo uTo 1 3emJsd. Cie-
JI0BATE/IbHO, I'eINOleHTpIYecKas cKopocThb (V) acreponjia B lepuresinn ecrsb (2
basia)

V,=Vy = G;m@ — 29.79 KM /c. (34)
¥

2. 3Hast BpeMsi OJIyzKIaHusT CUTHAJA 110 1myTh "' 3eMiisi-acTepon-3emiist" , MO¥K-
HO OTIPEJICJINTH I'eOIEHTPUIECKOe PACCTOSTHIE JI0 ACTEePOIA:

c-T

A, = = 0.83 a.e., (35)
TOTJIa MOZKHO OIPEJIEJTUTh IeJINONEHTPUIECKOe PACCTOSHIE JI0 TIePUTe/IHsl aCTepo-
nja (2 basma):

qo = Ay + ag = 1.83 a.e. (36)

3. Oupeennm SKCIEHTPUCUTET OPOUTHI acTepousa. /st 9Toro 3aluiiem cKo-
pOCTh acTeporia B nepuresmn (2 6asia):

Gm@ <1+5a> Gﬂﬁ@ ag
‘/;]:

e (I4+e,) =Va/— (1 +e,), =

Qq 4a da
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_
Qg

Ea —1=0.83. (37)

BoJtbinast moryoch opouThl MOXKHO OIpEIe/INTh n3 (HhopMyJibl (2 Gasia):

(13—:) = 10.76 a.c. (38)

4. OupesesiuM CUJCPUIECKIT TIepUo/| oOpalleHnsl acTeporia OTHOCHTETHHO

Qo = aa(l - 5@)7 = Qg =

CoJtHIla ¢ UCIIOJIB3YeM TpeThero 3akona Keruiepa:

T2 3 . 3/2
T_c; _ Z_g, = T,=T; Z— — 35.3 Jer. (39)
& & b

CJie1oBaTEIbHO, CBOM MEPUTE/IH acTePOU, T TTPOXOJNT Kazkjibie 35.3 roga (2 OaJ-
a).

B acTtpoHOMIN TPUHSITO KJIACCU(MUIIPOBATH KOPOTKOIEPUOINIECKIE KOMEThI
Ha HEeCKOJIbKO cemeiicTB. HazBaHme KaxK0ro ceMeiicTBa Opeie/sieTcsl Ha3BaHneM
KJIACCHYIECKON TIaHeThl (MK Tosica JIeJdHbIX Tel — nosica Koiinepa), K opoure
KOTOPOI OJINKe BCErO PaCIoJIoyKeH ades il opOUTHI TaHHONH KOMETbI. 1'pajiuiim-
OHHO BbLIEJsIIOT ceMelicTBa FOmmrepa, Carypra, Ypana, Henryna n Koiinepa.
CutetoBaTeIbHO HEOOXO/INMO OIPEJICUTD MOJI0KeHIe aesist U COOCTABUTDH €I0
¢ OOJIBITION MOJIYOCHI0 OPOUTHI KJIACCUICCKOT TIJIAHETHI WU CO CPEJIHUM PaJInyCOM
nosica Koiirepa (50 a.e.):

Qo = aa(1+2,) = 19.69 a.c. (40)

CoriocTaByisisi TIOCJIEIHUN PE3YJIBTAT ¢ 3HAYEHUSIMU OOJIBIINX TOJIyOCeil II/IaHeT-
TUTAHTOB (CM. CIIPABOYHBIE JAHHBIE B TPUJIOKEHUN A), TPUXOAUM K 3aKJII0Ue-
HUIO, UTO JIAHHBI acTepoun, Oyaydn KOMETOil, MpuHaIesKal ceMeiicTBy Y paHa
(2 6asmna).

5. CorjiacHO OIPEJIC/ICHUIO, 2e0MempPuUdeckum aavbedo (Ag) HasbIBaeTCs
be3pasMeprasd puznmvIecKas BeJTUINHA, paBHas OTHOIIEHUIO OCBEIEHHOCTH, CO3/1a~
BaeMoil HebecHBIM TeJioM (haza KOTOPOro paBHA €JIMHUIIE) Y TIOBEPXHOCTH 3eMJIH,
K OCBEIIEHHOCTH, KOTOPYIO CO3/1aJ1 Obl IJIOCKWI 1JIeaJIbHbII 3epKaJIbHbBIN JTaMOep-
topckuit juck (LD) Toro ke pasmepa, 910 U JaHHOE TEJIO, PACIOIOKEHHBIH Ha
MecTe JIAHHOTO TeJsjia U HepIeHIUKYIAPHBINA Y4y 3peHUs U COTHEYHBIM JIydaM.

)

Aq = —.
“" FEup

(41)

OcBereHHOCTD, co3maBaeMast LD B Touke, Tjie HaxXoguTCsl HAOJIIOIATE/b OIIPee-
JIAEeTC KakK

AW AW S,A2 AW S, LS. MS., 1%,
At-AS At-ASS, A2 At-AQS, A2 Az 1A2 A2

Erp=



Perieranst 3aqagd OMOA num. @.A. Bpeauxuaa-2022: typ Ne 2, 10-11 kjaccer 21

B nociegrem Boipazkenun AW — sHeprust 9JeKTPOMArHUTHBIX BOJIH, EPEHOCH-
MBIX 4epes miomaaky AS za spemsa At; AQ = AS/A2 - renecnbiit yron, 1op
KOTOPBIM BHHA pabodast MOBEPXHOCTH PUEMHIKaA (B TOYKE, IJIe HAXOUTCS Ha-
OJTr0/IaTe b) CBeTa, ¢ MO3UINH JJAMOEPTOBCKOIO JIICKa IIOMan S,. 3/1eCh TaKKe
ICIIOJIB30BAHO OIIPE/IeIeHNe SIPKOCTH MOBEPXHOCTH IIPU HYJIeBOM (ha30BOM YIJie
(o =0%):
I AW B AW
CAt-AQ- S, - cosy @:0_ At-AQ- S,

u 3akoH Jlambepra s SIpKOCTH OJJHOMMEHHOT'O JIUCKA:

rie M — nosepxnocthnag cBeruMocTh LD. B ciydae mieanbHoro 3epkasia nMeem
M = E., S, = 7R%,, Rrp — paauyc LD, E — ocBeleHHOCTb, co3/aBaeMast
Comnrem y nosepxuoctu LD. TTocieIHIOI0 BETMIMHY MOXKHO CBA3ATH C COJTHETHOM
o \4
IIOCTOAHHON B ONTUYCCKOM JIUAIIA30HE — fé) = 600 Br/m%, mocpecTBoM 3aKoHA
00paTHBIX KBaIPATOB:
2
4o (v)
Eo={(—] f o -
da
B urore ocBeneHHOCTh, co3/laBaeMasi acCTePOUJIOM Y MOBEPXHOCTU 3EMJIH, €CTh

m%D Qg
A2\ q,

[Tockonbky pajmyc acteponga paBen pajanycy LD, To n3 mociennero pesyiabraTa

2
E = Ag o

craeyert, ITo (2 Oasa).

Ya fo

ma - Aa& a ™)
o\ Ag f@v

107 020mv=me) — 30 gy, (42)

Omeem: K 3ajate npejcraisiercs Buipazkenusamu (34)-(40), (42); cemeiictBo
Ypamna. (14 6asios).

3adava Ne 8. «IIpodoasicumenvHocmsb OHA HA IKIONAGHEME

Pewenue. 1. Pacemorpum puc. 6.a), COOTBETCTBYIONINN YCJIOBHSIM 3a,1axM.
OmnpejieTuM BEKTOPBI YTIVIOBBIX CKOPOCTEl BpalllaTe/IbHbIX JIBUKEHUN 9K30ILIaHe-
ter (DII): Jp — BeKTOp YIII0BOIT CKOpOCTH OCEBOrO (CyTo4uHOTO) BparieHus DI,
Wr — BEKTOP YIVIOBOI CKOPOCTH ee OPOMTAJBHOIO JIBUKEHUSI BOKPYT IEHTPAIb-
HOM 3Be3/bl. VX opueHTalsd B TPOCTPAHCTBE 3a/1aeTCA MPABUIOM OypaBdnKa, ¢
IIPaBOBUHTOBON Hape3Koii. [IpsiMast, B/10J1b KOTOPOiT HAIIpaBJIeH BEKTOP Wp Oy1emM
Ha3bIBATh 0cbto epauwteHus 11, Jlannas npsimasi mepecekaeT TeJo ILIaHETHI B
JIBYX TOYKaX, HA3BIBAEMBIX TMOAOCAMU IK3ONAAGHEMDBL. TOT TOIOC, HA KOTO-
PBIli OPUEHTUPOBAH BEKTOP Wp OyjeM Ha3biBaTh cesepHuim noatocom I, a
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OKJIMIITHKa

Puc. 6. K onpesiesiennio a) opueHTaIMu BEKTOPOB yIJIOBBIX CKOPOCTEil Wp U Wr; 6) OCHOBHBIX
KpPYyroB HebecHOl cdepbl K30ILIaHEeThI.

eMy MPOTUBOIOJIOXKHBIN — M0HCHBIM NOAOCOM. [17T0CKOCTD, MTepreHInKY/IsipHas
ocu Bpamienust DI, mpoxomgias depes ee nentp (tocka C), mepecekaer Tejo
9K30ILIAHETHI 110 OOJIBIIOMY KPYTy HazbiBaeMoMy akeamopom 1. lanee Bcio
TEPMIHOJIOTHIO JIIsT HebecHO cdepbl 3eMHOro HeOOCBOj A OyaeM MPUMEHATH 110
aHaJIorun Jurd Hebocsoma DI.

2. OnpejiesiuM yIjIoByl0 CKOPOCTH Wg, ¢ KOTOPOIl IEHTPaIbHOE CBETUJIO JIBU-
YKeTCsl OTHOCUTE/IbHO Touek rmoBepxaocTr D11, JIjist 9Toro, mpexK e Bcero, Crpoerii-
pyeM BEeKTOD Wp Ha HallpaBJIeHNe BEKTOPa Wp. 3aMEeTUM JaJjiee, 9TO eC/In BUIIMOE
JIBUZKEHNE IEHTPATbHOTO CBETUIa COBIIAJIACT C HAIIPABJICHIEM OCEBOTI'O BPAICHIS
I, To nckomast yryioBasi CKOPOCTb JIOJI2KHA OIPEJIEISIThCsT PA3HOCTBIO JAHHBIX
BeJIanH (2 Oasua):

£ = 2T 2@ 27w £ = S PT
= - COS — — — — — COS -
w8 TP T W EOns, S P T T — Pcos¢

B wacrtHom ciygae P < T, BblpakeHune Jijisi CHHOANYECKOTO mepuofa (S) reH-

(43)

TPpaJIbHOI'O CBETUWJIa MOXKHO YIIPDOCTHUTDL U 3alliCaTb TaK

PT P
5= T(—(P/T)cosé) P ?COSS

ODKJIMIITUKA, IEHTPAJIHLHOIO CBETH/Ia OYJeT COCTaBJISTH Takke yroy & ¢ IJIOCKO-

crbio Hebecroro sKkBaTopa I (em. puc. 6.0). ITockoIbKy 9K30IIaHETA TBUAKETCST
10 KPYTOBOIl TPAEKTOPUU OTHOCUTEJIHLHO IEHTPAJLHOIO CBETU/IA, TO IKJIUITHIC-
CKasl J0JIroTa MOCAeIHero Oyaer MeHSIThLCS PABHOMEPHO C TeUeHHEeM BPEMEHH U
MOXKeT OBbITH IpejicTaBiena B Buje: (., = 1S = wrt, riae t — BpeMsi, IpoIie/iiee
OT MOMEHTa MPOXOXKJCHHUs TEHTPAJbHBIM CBETUJIOM TOUKK Bechbl (1) 10 jaH-
HOI'O MOMEHTa BpeMeHN (TeKyIero ero mojioenns, B Touke S). Bocmosb3yemes
TeopeMoil CHYCcOB 1Jisi cchepudeckoro Tpeyroibanka AgTSD:

sin€sinl, = sind, sin90°, = J, = arcsin[sin € sinwy ¢}, (44)

31eCh 5* — CKJIOHEHMNE HEHTPaJIbHOI'O CBETUJIa B SKBaTOpI/IaJIbHOfI CUCTeME KOOpD-
JAMHAaT. ()‘{eBI/I,ZLHO7 4qTO B TedeHMe I'Oda CKJIOHEHHE 3BE€3/1bl MEHACTCA B IIpedecjiax
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(2 6asna):
—§ <0, <& mpu 0° <€ <907,

(45)
—(180° — €) < 0, < (180° — &), mpn 90° < £ < 180°

3. [IpeanonoxKum, 9T0 IpeIpPIHATA MOMbITKA HAOJIIOICHNST TIEHTPAJIBLHOTO CBE-
Tiiia ¢ moepxuocT DI B TOUKe ¢ maneToneHTpaecKoil mupoToii . s nan-
HOI TIO3WITNN TIEHTpaJIbHAS 3BE3/1a MOXKET ObIThH

a) nesarodauyeti 1 TOTIA POJOJIKUTEILHOCTD (TIOJISIPHOTO) JiHsA OyneT 6oJIbIie
IPOJIOJIKUTEILHOCTH CHHOINIECKOTO TIEPHOJA S. YCJI0BUE HACTYILICHHS [TOJIAPHO-
O JIHsA, OUCBUJIHO, OIPEIE/ISCTCS HeOTPUIATEIBHON BBICOTO CBETHIA B HIZKHE!
KyJTbMITHATIIH:

hmin = @] + [0.] —90° >0, = |6 >90° — |p|, mpu signd, = signy. (46)

a.l) B ciyuae ceseprozo noaywapus nmeem signd, = signp = +1, Torma
HepaBeHCTBO (46) mpejcTaBsieTcst Tak

0x = 90° — ¢, = sind, > cosp, = sin{sinwypt > cosp, = sinwrt > C(-)S?
S111

T T

——aresin || <t < (7 —aresin | 2| |, mpu & #0°,180°  (47)

2m sin & 27 sin &

HOCHGZLHI/Iﬁ HHTEpBaJI OIIpeJc/iZAeTCAd MOMEHTaMI HAaCTYIIJIEHWA M OKOHYaHUA I10-
JIAPHOT'O JH:I. CJIG,ZLOB&TGJIBHO, MIPOAOJIZKUTE/IbHOCTDL ITOJIAPHOT'O OHA COCTaBJIAECT

(2 6asra)

T cOS
Ty = — (7T — 2 arcsin [ _ SO]) , mpu & # 0°,180°. (48)
27 sin &
a.2) B ciayuae roorcto2o noaywapus nmeeM sign d, = sign p = —1, Torya Hepa-

BercTBO (46) npecrapisierces Tak (mpu € # 0°, 180°):

—0, > 90° + ¢, = sind, < —cosp, = sinwyrt < —CC,)SSO.
sin &
T T
— | ™+ arcsin C(,)S L <t < — |27 — arcsin C(-)SQO : (49)
2m sin & 27 sin &

[Tpu 5TOM IIPOIOKITETHHOCTD TOJISTPHOTO JIHST OIIPEIEIsIeTCsT TAKYKe BhIParKeH!-
em (48). (1 dasn)

B ciaygae £ = 0°,180°, 0, = 0° u ycioBue (46) gocTuraercss TOJBKO Ha IMO-
JIIOCaX, TIPU 9TOM IPOJIOJIKUTENIBHOCT JIHSI 3JIeCh yzKe HUYeM He OrpaHudeHa,
OCKOJIBKY TIEHTPaIbHOE CBETUJIO BCErJla HAXOAUTCs HA TOPU30HTE, T.e. Ty = OC.
(2 basua)
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6) socrodaueti u 3axodauiet, CeOBATEIbHO BBICOTA 3BE3/Ibl B HUKHEN KYJIb-
MUHAIMK Oy/IeT MEHBIINE HyJIsd, & B BEpXHell — He MEHbBIIe HYJIs:

hoin = |@] + |0 —90° < 0 U hyax = (90° — |0]) — |8,] >0, nm
[0 + 10| <90° U || + 9] <90°, = ||+ |6.] < 90°. (50)

4. PaccMOTpUM CyTOUHOE JIBIZKEHHE MATEPUHCKON 3Be3JIbI 110 HEOOCBOMLY (CM.
puc. 7) Bosib cyrounoii napaienn R,C,S,Cy, ais HabmomaTesist, HaXo/IdIerocs
(J71s1 OTIIPEJIEJIEHHOCTH) B CEBEPHOM TeorpadpUIecKoM TOJIYIIapu, Ha MHPOTe ¢
(p > 0). 3Be3ga BOCXOAUT HaJl TOPU3OHTOM B TOUKe R, MOJHUMAETCS BBIIIE U
KyJbMuHupyeT B ToukKe C,, 3aTeM OIIYyCKAaeTCs U 3aXOJUT 3a I'OPU30HT B TOUKE
S,.

aJstee ee cyTouHoe
JIBIZKEHIE 110 HeOOCBO-
Iy TIPOJIOJIZKAETCs 110
nyre S, Cq Ry, cKpbI-

TOIl OT IJia3 HabJIIo-
JtaTesIst, HaXo/Isero-
ca B Touke O — 11eH-
Tpe HebecHoIt chephl.
T.o., Ham HeoOxo- N

MO OIIPeJIE/INTh YTJI0-
By1o Mepy £ nyru R, Cy S,
3 pucynka BuIHO, JTy-
'V MOYKHO IIPEJICTaBUTh
B BHJIE:

¢ =360°—283, (51)

rje 3 — yroJ mpsiMo-
YTOJLHOTO TPEYTOJTh-

nnka AAR,B. HOCHG,IL—P

HUIT MOXZKHO OIIpe/ie-

Na

ne. 7. K OIIpeJIeJIECHUIO 9aCTUu JIyI'u CYTO‘IHOI'/JI ITapaJijieJin 3B€3/1bl,

COOTBeTCTByIOH_Ieﬁ €€ BUAUMOMY JIBUZKCHUIO Ha/l TOPU3OHTOM.
JINTH cJejytonieit (hopmyJioit:

AB OB ctgZBAO
R.B r ’
3neck 1 = R, B = BC\,, — pajuyc cyTOYHOI NapaJsie i 3Be3/ibl, KOTOPBII MOYKHO
jerko onpeaents u3 AOC, B:

cos 3 = (52)

r = R cos 4., (53)

37ech R — pajmyc nebecHoit cepsbl, d, — cKaoneHune 3se3/1bl. OB MOKHO BbIpa3UTh
13 TOI'O »Ke TPeyroJIbHIKa

OB = R sin 0,.
‘Camapcxas ofacrias acTponoMIIecKas mKona — 2022



Perieranst 3aqagd OMOA num. @.A. Bpeauxuaa-2022: typ Ne 2, 10-11 kjaccer 25

U3 puc. 7 verpyano Bujgerh, uro ZBAO = £ A;0S = 90° — ¢. B urore cos 3
MOKHO IIPEJICTAaBUTH B BHUJIE:

cos B =tg 0. - tg p, upn |4 < 90° — ¢|. (54)

CiieoBaTesIbHO, NTOT'OBOE BbIpayKeHue J1Jisl JUIMHbBI YU BUIAUMON YaCTU CYyTOUHOI
TapasIIesIi 3Be3/Ibl (B CeBEPHOM TIOJIYIIAPUN) MOYKHO 3aIICATH TaK:

¢ = 360° — 2 arccos(tgd, - tg ). (55)

TOF,ZL& [IPOAOJIZKUTEJIbHOCTL AHA B JaHHOM CJIydac:

14 1

Tg=—=2_5 (1 — —arccos(tg o, - tg gp)) : (56)
wge /0

rie S onpejensercs BoipazkenneM (43).OTMeTHM, UTO TOJYUEHHBI pe3y/IbTaT

IIPUMEHIM JIJIsT F0yKHBIX mrpoT D11, (3 Gasuia)

B) B ciyuae mesocxodawets 38e3/pl, JieHb HEBO3MOXKEH B IPUHIIUIE, 3HAUUT
74 = 0 mpu |p| + |0.] > 90° u signd, = —signp. (1 6amn). [ogsemem uror (1
bas):

((48), upu [0.] + |@| > 90°, sign d, = sign ;& # 0°,180°%; )
oo  mpué =0°,180°%d, = 0°, ¢ = £90°;

Td = { . > . (57)
(56), mpu |p| +[0.] <907,

0, pit || + |0, > 90°, sign d, = —sign ¢

/
Omeem: K 3ajate IpeCcTaBiIeH cucteMoii pesynbraTos (57). (14 6ammos).

3adava N 9. «U3menenue noseprrnocmuot aprocmu Coarua»
Pewenue. 1. Cornacuo dpopmyste [Torcona nmeem

f(ViS) f(o)
m{?) —m) = —251g | £&& ;= mP =m0 4 2.51g = =
v v f(()) v v f(ws)

© ©
—26.74™ — 2.51g(0.75) = —26.74™ + 0.31™ = —26.43™. (58)

[Ipu 3ammcn mocseHero pesyabraTa ObLIO YITEHO, 9TO COJTHETHAS MTOCTOSHHAS B
ONITHYECKOM JIHAIIA30HE féo) 3a TIpejiesiaMi 3eMHOIT aTMOCGhEPBI CBS3aHA € COTHEY-
HOI MOCTOSHHOI fgls) B TOM K€ JIMANa30He Y MOBEPXHOCTH 3eMJIH TTOCPEICTBOM
dopmyitst (3) Kacrena-fura npu z = 0°. (2 baswa)

2. B ciyuae, korga Costmie HAXOANTCS B 3€HUTE, TO 3eMHOMY HaOJIONATEITIO
OHO BHJUTCsI KPYIJIBIM [JUCKOM C yIVIOBBIM jauamerpom D) = 32'. Pacemorpum cu-
TyaIo, Korja 3eMuoil Habsmomaress sujnt Cosrie Ha ropusonTe. Ecim B HeKo-
TOPBIH MOMEHT BpeMmenn HuzKisAs Touka A’ Buanmoro ancka CostHIA KOCHY/IACH
rOpHU30HTA, TO ee BujmuMas Beicota hy = 0° (cm. puc. 8). Ilpm sTom, cormacuo
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AtMocdepa
29.3'

HaoOmronarens

Puc. 8. K onpenenennio cxkatust BuauMoro jaucka CoJiHIIa y TOPU30HTA, B CUIY aTMOCKhEpPHOT
pedpakinm.

dhopmyite (1), yroa pedpakimn ganuoii Toukn ecth 0hg = 34.5". CremoBaresbho,
BbIcOTa HIZKHell Toukn (A) ncrurnoro nucka CostHila ecThb

ha=ha —6ha = —34.5. (59)
Bricora Bepxueit Toukn (B) ncrunnoro mucka CostHila eCTh
hg = hg + Dg =—-25.

C ucnosib3oBanne GopMyJibl (2) MOXKHO BBIYUCIUTH YTOJI pedbpaKIu JIijIst TAHHOM
touku 0hp = 29.3'. Cienosare/bno, BbIcOTa BepxHeil Touku B’ BUIMMOro aucka

Comnra ecro
hg = hgp +0hg = 26.8'. (60)

CurejoBaTeIbHO, Y TOPU30HTA BUIMMbIH jinck COJTHIIA MPEJICTABISIETCA CILTIOCHY-

TBIM BJIOJIb OTBECHOI JIMHUI SJIUIICOM C O0JIbINIOi ocklo afy, = DY = 32" u mauoii

oceio — b, = 26.8.

[Tonarast, uro B Hanpasjenun Hab/oaaTe st CoJlHIle UCIIyCKaeT BCerga OgHy U
TV K€ IMOPIUIO 9HEPIUU 38 OJUH U TOT Ke IIPOMEZKYTOK BPpeMEHU, CJICI0BATC/ILHO,
IOBEPXHOCTHAs APKOCTHL COoJTHIIA OY/1eT UBMEHSATHCS B CIJIY YMEHDBIIIEHHST [1JIOIA I
ero BUJIMMOT0 jicKa. st poTsa2KeHHOro 00beKTa No8ePpIrHOCMHOT APKOCTNHIO
(B) Ha3bpIBaeTCA OCBEMICHHOCTDL (MJIM COOTBETCTBYIONIAS €ff BUMMA 3Be3/THAS
BeﬂMqMHa), co3aBaeMas eIUHUICH YIJIOBOM IIJIOMIAIN (B HallleM cjydae — OJIHON
KBaJ[PaTHO YIJIOBOM ceKyH;:LOI‘/’I) BIIMMOI ITIOBEPXHOCTH JAHHOI'O 00bEeKTa:

E
Q?

B= (61)
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371ech F/ — mHTerpajibHast OCBEIEeHHOCTh, CO3/IaBaeMast JJaHHbIM HeOECHBIM TE/IOM B
TOYKe, TJle HAXOJAUTCs HAOTIoIaTe b; ) — TeiecHbIi yroJt (yrioBast mIoNab) Mol
KOTOPBIM HabJroaeTcst 00bekT. B ciaydae, korga CosiHile MpejcTaBiseTcs Kpyr-
JIBIM JIUCKOM U 9JIIUIICOM, COOTBETCTBYIOIINE TEJECHDBIC YIJIbl IPEJICTAB/ISIOTCS B
BIJIE: W
w D s

0 =~ Qg = 2 -1 (62)
CiieioBaTeIbHO, M3MeHeHne (OTHOCUTETHHOE) BU3YATbHOM MOBEPXHOCTHOMN SIPKO-
ctun CoJTHIIa HA TOPU30HTE OTHOCUTEIBHO €ro MOJOKEHIA B 3¢HUTE B CHIY (PEHO-

MeHa pedpakimn ceeta (6e3 yuera arMochepHOro TMOrIoNeHus1) ecTh (4 Oasa):

B _ p2) st b,
=2 o0s= (1 - o 100% — (1 _ @)-100% —16.3%. (63)

3. B mannoM citydae MBI mosiaraeM, 9to pasmep gucka CosHIa B 3eHUTE U
H& TOPH30HTE OJMHAKOBBII, & OCBEIEHHOCTH JIOJZKHA OIPEIETATHCA POPMYJIOi
Kacrena-fura (4 6amra):

E@D = fOpMO) - pH) = 0 pMe0)

Torna
B@)
BH)
4. B nannom ciiydae HeoOXOAMMO yuecTb 0ba dakTopa. OUeBHIHO, YTO MOIJI0-

— pMO)=MO”) — 40995. (64)

menne ceeta B armocdepe 6osee 3HAUNMBIH hakTop, moaToMy (4 Hasiia)

B» gl M) -M(00%) _ Do pM(0°)—M(90°)
— 20 pME)-M@0) _ 2o pMO)-MO) _ 34333 (g5)
B~ ]

[Ipu sToMm BuauMas 3Be3/Has Besmanta CoJHIla Ha TOPU30HTE OyIeT

mH) = ml?) —251g [PM(OO)M(QOOq = —14.9™. (66)

v

nmenno nosromy CoJtHIle y TOPU30HTA JIUITH Ha 2.5™ dpde notHoil JIyHbI, HAaOTI0-

naeMoit B 3enuTe (¢ ydaerom norjomnienus ceera). Cmorpers u gororpadupobarh

qauck CoJiHIa Ha 3aKaTe yyKe MOYKHO 03 CleluabHbIX 3alllUTHBIX CPEJICTB.
Omeem: K 3ajade npejcraieH Beipazkerusivu (58), (63)-(66). (14 H6amos).

3adava N 10. « Doxycuposra no dasexomy dorapros

Pewenrue. 1. CornacHo ycJI0BUIO 3a/1a4, 111 POPMUPOBAHIA 00pa3a TovYed-
HOI'O MCTOYHMKA CBeTa Ha Marpuiie doroaliapara HEOOXOUMO He MeHee Tpex
nukcesieit. [Ipn aToM 0oH He JIOJIZKEH NPEBPATUTbCsST B 00pa3 MPOTSZKEHHOI'O HC-
TOYHUKA, CJIeJIOBATE/ILHO IISITHO He JIOJYKHO IOKpbIBaTh 4 ImuKcesd. dToObl 4-
bIil IMKCeJIb He cpaboTajl, HeoOXOIMMO, 9YTOObI ero OCBellaJsl UCTOYHNK He OoJiee
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Puc. 9. K onpezenennio pasmepos msiTHa B (DOKATBHON MJIOCKOCTH 00beKTHBa (Ha MaTpuile
doroanmapara).

YeM HaIlOJIOBUHY. 3HAUNT MAKCUMAJILHO JIOIMYCTUMBIH pasMep IsiTHa COCTaB/ISIET
3.5 mukcesisi. Torpa anamerp nsaTHa coctapjsieT d = 3.5 - sg = 15.05 MKM, 1€
Sop = 4.3 MKM — pa3mep OJ[HOrO nuKcesst. (3 H6asiia)

2. [loctpoum puc. 9, cOOTBETCTBYIOMINN YCJIOBUIO 3aJiadi. 3J1eCh B TOUYKe S
(Ha PACCTOSTHUN @) HAXOJUTCsI TOYEUHbII NCTOYHUK CBETA; B TOUKe S’ HAXOJUTCS
n300parkeHne JaHHOTO NCTOYHUKA. B 3ajHeil poKaJbHON MIOCKOCTH 00bHEKTUBA
dopmupyercst nsiTHO, amerp Kotoporo AB = d. Bocnosb3yemcst 1mogodmnem Tpe-

yrosmpankoB ACOS" u AAFS" B
o)
oc  0S' D b B
T i i tak v a0 c
AF  AF d b_f |
o
Bocnosbzyemcest popMysIoit 71t TOHKOT JIITH-
3bI: A
1 1 1 b
- + T = = a= 7][ y f
a b f b—f Puc. 10. K omnpe/iesieHUIO ONITHYECKOI CxXe-

n" n
. MbI "0O0bekTuB-hoToKamepa'.
U3 aByx mocieIHIX BbIpayKeHUit CJejyer, ¢ p

qTo

DX .
— =X 67
B urore nosyuaaem (4 6asmia)
Hust fi =70 mmu y1 =1:4.0, a; = 81.4 M, (68)
Hnst fo =300 MM 11 Yo = 1:5.6, as = 1068 m. (69)

3. Pacemorpum ontndeckyio cxemy "obbekrus-dporokamepa (em. puc. 10).
3nech | 1| — 00bekT dhoTood30pa, OnpeIe/Idonuil MAKCUMATBLHYIO YIVIOBYIO BBICO-
Ty h, KOTOPYIO ellle MOXKeT 3aredyaTieTb MaTpuria ; — 00BbEKTHB, B POKYyCe
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KOTOPOTO PACIoJIoXKeHa MaTpuiia (B cydae Hab/oaeHust HebecHoro resa). Oue-
BIJIHO, 9TO MaKCHMaJibHas yriioBas BbicoTa h = 2a, npudem u3z AOAC ciepyer,

4TO
AB/2 14 14

tg o = = —, = « = arctg [—] : (70)
f 2f 2f

3jech n jajee lpay = 22.3 MM, lpin = 14.9 MM — JinHelHbIe pasMepbl MaTPHUIIbI

KaMepbl. B mTore yrioBas BbICOTa KaJIpa €CTh

gmin gmin
hi = 2 arct = 12.15°, ho = 2arct = 2.85°. 71
: § {2 f1] i ° {2 f2] (7)

AHaJIOrmIHO paccyKaasi, MOYKHO PacCUNTaTh yIVIOBYIO IIUPUHY Kajpa L u yrjo-
BYIO JI/INHY D auaronajm Kajpa:

gmax gmax
Li=2 t = 18.10°, Lo =2 t = 4.26°. 72
1 arcg[2f1] . Lo arcg[ZfJ (72)
62' 52
Dyioy = 2arctg | V- min " b | _ o1 gge 5190}, (73)
2 frioy

[Toceusist Besmauta onpedensem yzno60t QuaMemp noAL 3PEHUA KAMEPYL ¢ 0aH-
nom 00sekmueom. (4 dasia)

4. OmpeiesnM OCBEIEHHOCTD, CO3/aBaeMyto (hoHAPEM Ha PACCTOSTHUE T° OT 10~
CJIeJTHETrO:

- nh
A r?’
C ncnosnb3osanueM dhopmyiel Ilorcona ompenes M MIHIMAIBHYIO 3BE3IHYIO Be-

E

JUIUHY JIJTs JJAHHOTO (pOHAPST:

E P,
My = Mm@ — 2.5 lg| — | = m® — 2.5 lg _ o : (74)
v f5®) v Ax fzSG) a2

®
3J1€Ch mq(} ) = 96.74m - BIMag 3Be3/Has Begumdnna CoJsIHIla B ONTHYECKOM

®
Jualia3oHe, fé ) = 600 Bt/ M? — COJIHEUHAas! MOCTOSIHHASL B TOM K€ JHAIa30He.
uciennplii pacyer, BbIIOJIHEHHbIH JIJI IOy YeHHbIX BbIIIE 3HATCHUI a(q 2}, JaeT
CJICJIYTOIINe 3HAYEHIsT BUMMON 3Be3/HOM BeImanHbl (4 OaJsiia):

mmin{l,g} = {_1174111’ —615m} (75)

Omsem: nuametp ndaTHa d = 15.05 MKM; K 3aj1a9e MpeJ/ICTaBISETCS BhIPasKeH!-

svu (68)-(69), (71)-(75). (15 basioB).
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A.1. OcHoBHBIe (pu3UMUecKre 1 aCTPOHOMMIYECKINE ITOCTOSH-
HbIE

o ['pasumavuonnas nocmoannas — G = 6.674- 1071 m? xr~!. 72

o Ckopocmsv ceema 6 eaxyyme — ¢ = 2.998 - 10° m/c

o Viusepcarvras 2azosas nocmosnnas — R = 8.31 kr-m?- ¢ 2K~ monp !
o [Tocmosnmnas Cmegana-Bosvumana — o = 5.67-1078 kr-c 3K~

o [Tocmosannas Asozadpo — Ny = 6.022 - 10? momp !
e Macca npomona — m, = 1.67 - 10727 kr

o Macca snexmpona — m, = 9.11- 1073 kr

o Acmponomunecxas edunuuya — 1 a.e. = 1.496 - 101 m

o [lapcex — 1 nk = 206265 a.e. = 3.086 - 10'% m

e ITocmosnnas Xabbaa — H = 72 kv-c™ Mg~ !

A.2. Jlagabie o CoJstHIEe

e Paduyc — 6.955 - 10° xm

o Macca — 1.989 - 1030 xr

o Ceemumocms — 3.827 - 10%° Br

o Cnexmpanrvnviti xaace — G2

e Budumas 36e3dnasn sesuduna — —26.74™

o Abcomomnan boromempueckas 36e30nan sesuduna — +4.83™
e [loxazamenv uyeema (B-V)— +0.67"

o Idperxmusnan memnepamypa — H778 K

e Cpednuti 2opusonmanvhviti napassaxce — 8.794”

o Coaneunan nocmosannan (60 ecem cnexmpe)
na paccmosmuy, emau — 1361 Br/m2

o Coaneunas nocmoannas (6 sudumom ceeme)
na pacemosnuu 3emau — 600 Br/m?

A.3. /lapaBIE O 3eMJie

Ircuenmpucumem opobumv, — 0.017

Tponuveckuti 200 — 365.24219 cyr

Cpednas opoumanvras ckopocmov — 29.8 KM /¢

Iepuod epawenus — 23 daca 56 munyT 04 ceKyH/IbI

Haxnon axeamopa x sxaunmuxe wa anoxy 2000.0 — 23° 26" 21.45"
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Cpednuti no obsemy paduyc — 6371.0 kM

Cpednuti axeamopuarvrvii paduyc — 6378.14 KM

Jauna semmozo mepuduara — 20004.276 kK

Hoaaprwti paduyc — 6356.77 KM
Macca — 5.974 - 10?4 kr

Cpednsas naommnocmo — 5.52 T-cM ™~
e Obsemmuiii cocmas ammocgepo, — Ny (78%), Og (21%), Ar (~ 1%)

3

A.4. Tanubie o JIyne

o (Cpednee paccmoanue om 3emau — 384400 Km

o Munumanvroe paccmoarue om Semau — 356410 Km

o Maxcumanvroe paccmosrue om Semau — 406700 kM

o Ixcuenmpucumem opoumo, — 0.055

e Haxnon naockocmu opoumoe k sxsunmuke — 5°09’

o Cudepumneckuti (36e301witi) nepuod obpawenus — 27.321662 cy
o Cunoduveckuti nepuod obpawsenus — 29.530589 cyr

e Paduyc — 1738 km

e Macca — 7.348 - 10%? xr uin 1/81.3 maccnt 3emn

o Cpednas naommuocmo — 3.34 r-cm ™3

e Busyasvrnoe 2eomempuueckoe arvbedo — 0.12

e Budumas 36e3dnan eesununa 6 noanosyrue —12.7"

A.5. ®opmyabl TPUOJIMXKEHHOTO BBIYUCJIEHMUS

sinr =~ tgr ~ x;
sin(z £ o) & sina + x cosa;
cos(z £ o) & cosa F x sinq;

tg(r +a) mtga +

008204;
(I+2)"~=1+nuw;

3Jlech T <K 1, Bce yIJIbl BbIpayKaloTcsl B PajuaHax.
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A.6. XapaKTepucTUKN OPOUT IIJIAHET
[Inanera | Bosbinas momyock | Dkc- Hakuon x | Ilepmon Cunou-
IeH- ILJIOCKOCTH | obpariie- JeCcKuil
TPUCH- | SKJIAITHU- HUSA [IepHOJ,
Ter KU
MJIH. | a.e. rpajychbl cyT
KM
Mepkypuii| 57.9 0.3871 0.2056 | 7.004 87.97 cyr 115.9
Benepa 108.2 | 0.7233 0.0068 | 3.394 224.70 cyT | 583.9
Semurst 149.6 | 1.0000 0.0167 | 0.000 365.26 cyT | —
Mapc 227.9 | 1.5237 0.0934 | 1.850 686.98 cyt | 780.0
Omurep | 778.3 | 5.2028 0.0483 | 1.308 11.862 jer | 398.9
Carypu 1429.4 | 9.5388 0.0560 | 2.488 29.458 ner | 378.1
Ypaun 2871.0 | 19.1914 0.0461 | 0.774 84.01 yser | 369.7
Henryn 4504.3 | 30.0611 0.0097 | 1.774 164.79 ner | 367.5
A.7. ®usnueckue XapaKTeEPUCTUKN COJIH]J;& n I1JIaHeT
ILnanmera Macca Pannyc ILmor- | Ilepuos Haxon Teo- Bu.
HOCTb BpalieHud IKBaTOpa MeT- 3BE3/I-
BOKPYI OCH | K  IIJIOC- | pHd. Had
KOCTH anpbe- | BeJu-
OpOUTHI JI0 amHa*
KI MacCChI KM pajan- 1"'CM_d I'pa/1yChbl
Semin YCBI
Sem-
T
Coutarie 1.989-103%0 332946 | 695500{ 108.97 | 1.41 25.380 cyT 7.25 - —26.8™
Mepxypuit | 3.302-10%3 | 0.05271 | 2439.7| 0.3825| 5.42 58.646 cyT 0.00 0.10 —0.1
Berepa 1.869 - 10°F | 0.81476 | 6051.8 | 0.9488] 5.20 | 243.019 cyr' | 177.36 0.65 | —4.4™
Semirs 5.974 - 10%* | 1.00000 | 6378.1| 1.0000 | 5.52 23.934 gac 23.45 0.37 -
Mapc 6.419-10% | 0.10745 | 3397.2| 0.5326 | 3.93 24.623 1ac 25.19 0.15 —-2.0m
FOmurep 1.899 - 1027 | 317.94 71492 | 11.209| 1.33 9.924 vac 3.13 0.52 —2.7m
CarypH 5.685-10%6 | 95.181 60268 | 9.4494 | 0.69 10.656 uac 25.33 0.47 0.4™
Ypan 8.683-10%° | 14.535 25559 | 4.0073 | 1.32 17.24 qact 97.86 0.51 5.7
Henryn 1.024-10%° | 17.135 24746 | 3.8799| 1.64 16.11 gac 28.31 0.41 7.8™

* myist HanboutbIeit souranun Mepkypust u Berepst u cpe/inero mpoTUBOCTOSHIS BHEITHUX IIJIAHET;

t — oBpaTnoe Bpaieniue.
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A.8. XapaKTepucTuKN HEKOTOPBHIX CIIyTHUKOB IJIaHeT

Cuyrauk | Macca Paguyc | ILnor-| Pajuyc ITepuon Teo- Bu,
HOCTH | OPOUTHI obpare- | MeT- 3BE3/I-
HUA pud. Had
AJIb- BeEJIU-
0el10 gpna*
KI' KM r-cM 9| KM cyT
3emuis
Jlyna 7.348-10% | 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
Jeiimoc | 1.8-101 | ~ 6 1.7 23460 1.26244 | 0.07 | 124
FOnurep
o 8.94-10%% | 1815 3.55 | 421800 1.769138 | 0.61 | 5.0
Espora | 4.8-10%2 | 1569 3.01 | 671100 3.551181 | 0.64 | 5.3
Pannmvesn | 1.48-10% | 2631 1.94 | 1070400 | 7.154553 | 0.42 | 4.6
Kaumcro | 1.08 - 1023 | 2400 1.86 | 1882800 | 16.68902 | 0.20 | 5.7
CarypH
Tedust 7.55-10% [ 530 1.21 [ 294660 1.887802 [ 0.9 10.2
Juona 1.05 - 10%' | 560 1.43 | 377400 2.736915 | 0.7 10.4
Pesi 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
dAner 1.88-10%" | 730 1.21 | 3560800 | 79.33018 | 0.20 | ~ 11.0
Ypau
Mupanga | 6.33-109 [ 235.8 | 1.15 | 129900 1.413479 | 0.27 | 16.3
Apmwas | 1.7-10%1 | 578.9 | 1.56 | 190900 2.520379 | 0.34 | 14.2
VM6puasn| 1.27 - 1021 | 584.7 | 1.52 | 266000 4.144177 | 0.18 | 14.8
Turanna | 3.49-10%' | 788.9 | 1.70 | 436300 8.705872 | 0.27 | 13.7
OGepon | 3.03-10%' | 761.4 | 1.64 | 583500 13.46324 | 0.24 | 13.9
Henrtyn
Tpuron | 2.14-10%? | 1350 2.07 | 354800 5.87685T | 0.7 13.5

T — obparmoe Bpammenmue.

*— JLJI TIOJTHOJIYHU S NJI CPpe/THEro IIPOTUBOCTOAHNUSA BHEHIHUX IIJIAHET,
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A.9. Iunarpamma BmamMoOro roamvyHoro asukeHusi CoJiHIA
110 3IKJINOTHUKE 1 IpaduK J1Jid ypaBHEeHUS BpeMeHN

16.09 JleB

3MeeHocel]

Pr10BI
16.02 Boposneii 12.03

Puc. A.1. Iunarpamma BrIIMOTO TOAMIHOTO JBHKeHNA COJHIIA O SKJIUITHKE.

Mecsan | SuB. |(DeB. | Mapr | Arp. |Ma1>’1 |I/I}OHB|H}OHB | ABr. |CeHT. | OKT. |H0$16.| Jlexk. |
Hara| 1 1631 15 2 17 1 16 1 16 31 15 30 15 30 14 29 13 28 13 28 12 27 12 27
+16 T
+12 // 3-\‘\

YA AN \ 17T,
S R 1 <
/ 2_-7T« I~ el S

jas} +4 ! = BN /’ N /
= /,/ Pie \ ,\ .\~ // |
2“ O - \,\ // \\\ \. /(7
= -4 N 7 =T N ~ —=T

8 : - “eeN N
NN \\ S 4 /

-12 AN

-16 ~

Puc. A.2. 'paduk ypaBaenusi Bpemenu: 1 — ypaBHeHHE BpeMeHH, 2 — ypaBHEHUE EHTPA, 3 —
ypaBHEHUE OT HAaKJIOHA SKJIUITUKH.
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A.10. Teorpaduyeckue KoopmHaThl 1 HOMepa (/N) 4acoBbIX
II0SICOB HEKOTOPBLIX I'OPOJI0B

Topos [Mupora | Hdoarora | N || ['opos Iupora | Hoarora | N
Camapa +53°12" | 50°06 3 Mockga +55°45" | 37°37 2

A.11. HekoTopnble XxapaKTepUCTUKN 3Be3 /]

Bosnomerpuueckne mnompaskn A M,

AM,
Cuexkrp | AM, Cuekrp | I'n. mocieno- | 'mranTer | CBepXruranThbl
BaTEJIbHOCTH
BO -2.70 | Fb5 - 0.04 - 0.08 -0.12
B5 - 1.58 | F8 - 0.05 - 0.17 - 0.28
A0 -0.72 | GO - 0.06 - 0.25 - 0.42
A5 -0.31 | G2 - 0.07 - 0.31 - 0.52
FO -0.09 | G5 - 0.10 - 0.39 - 0.65
F2 - 0.04 | G8 - 0.10 - 0.47 - 0.80
KO -0.11 - 0.54 -0.93
K2 - 0.15 -0.72 - 1.20
K3 - 0.31 - 0.89 - 1.35
K4 - 0.55 - 1.11 - 1.56
K5 - 0.85 -1.35 - 1.86
MO -1.43 - 1.55 -2.2
M1 - 1.70 -1.72 - 26
M2 -2.03 -1.95 -3.0
M3 - 2.35 —2.26 -3.6
M4 - 2.7 —2.72 -3.8
M5 -3.1 - 34 -4.0
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Puc. A.3. dnarpamma leprmmpynra-Paccena.
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