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11.1. CunTaeM cBepXHOBbBIE

11.B. baxnanos
CraTncruka HaOIIOAEHU CBEPXHOBBIX IVIACUT, 9TO B TeueHne 18 mecsies B 2023-2024 romax
ObLI0 OTKPBITO 3156 cBepxHOBBIX THHa la uw 869 cBepxuoBbix Tuna II. B To ke Bpems
TEOPETUIECKOEe MOJEJINPOBAHNE IOKA3bIBAeT, 4YTO 24% BCIBINIEK CBEPXHOBBIX OTHOCATCS
kK tuny la, a 57% scubimek — x Tuny 1. MoxKHO cumrarh, 9T0 B IpejesiaX OJHOIO THIIA
CBEPXHOBBIX UX aOCOJIIOTHAA 3Be3/IHasd BeJIMINHA B MaKCUMyMe OJiecKa OJMHAKOBA, CBEPXHOBBIE
pacrpeiesieHbl B TPOCTPAHCTBE PABHOMEPHO U U30TPOITHO.

Bocrionp3oBaBmmch 9TUMU JIAHHBIME, OIIPeJeInTe, KaKne CBepXHOBble spde. Ha cKobKO
3BE3/IHBIX BeJUYUH abCOTIOTHAS 3BE3/HAsl BeJIMYMHA CBEPXHOBBIX mojTuia la B mMakcumyme
OJiecka OTJIMYaeTCd OT aHAJIOTMIHON BEJTUIUHBI JIJIsi CBEPXHOBLIX Tuma 117

Pemenne. 3navenus p; = 24% u py = 57% pator Ham uHGOPMAIMIO O PACHPEEIeHUN
CBEPXHOBBIX 110 THUIIAM B €IMHHUIE 00beMa. DTO YCJI0BUE MOKHO CHOPMYJTHPOBATDH CJIE/LYIONIAM
00pa30oM: YHCJIO CBEPXHOBBIX i-T'O THIIa B HEKOTOpoM obbeMe Bceenennoit V) paBHO

N; = pi -ng - Vo,

rae Ny — KOHIIEHTPAaIUs BCEX CBEPXHOBBIX B €IMHUIIE 00beMa.

st nabsoaresis Ha 3eMJie, CINTAIOIIEr0 CBEPXHOBbIE Ha HeOe, JIOCTYIHBIH i HAOJ IO IeHMI
obbeM nmeeT (popMmy Irapa u paBeH V = %WRS, rie R — mpejesnbHOEe pacCTOsiHEe, Ha KOTOPOM
OH CIOCOOEH OTKPBITh CBEPXHOBYIO JAHHOI'O THIIA B ee MakcuMyMe Ojiecka. Torja oTHoIeHMe
YUCJIa OTKPBITHIX CBEPXHOBBIX PAa3HBIX TUIIOB PABHO

Nl _pl'nOll:z:l3 (1)
Ny P2 - Mo RQ

PazyMHO 1IpeosiozKuTh, 9To IpejieibHas OCBEIIEHHOCTh, CO3/laBacMasi CBEPXHOBOI, KOTOPYIO
CIIOCOOEH 3aperucTpupoBaTh HAOJIIOAATENb HAa BeMJIe, HE 3aBUCUT OT THUIIA CBEPXHOBOW.
3amnumeM CBA3b MEXK/y LPeJIeJIbHON OCBEIEHHOCTbHIO E, cBerumocThio CcBepxHOBOII L
U IIpeJIeIbHBIM paccTodHueM R

L
47 R?
U TIpUpaBHAEM OCBEIICHHOCTH, CO3JaBaeMble HamboJee yIaJeHHBIMU CBEPXHOBBIMHU KazKJOTO
TUTIA:

L, Ly

4tR?  AmR3
Orcioa moJyvaeM, 9TO OTHONICHHE CBETHMOCTEIl CBEPXHOBBIX PA3HBIX TUIIOB OyJIeT PABHO
KBaJIpaTy OTHOINIECHUS IIPEJETbHBIX DPACCTOAHMI, € KOTOPBIX 9TH CBEPXHOBBIE MOTYT OBITDH

00HAPYKEHBI
2
Ly Ry
L, Ry)
OTHollleHre PACCTOSTHUIT MBI MOYKEM MOJIYIUTh U3 Bbipaykenus (1), Toraa

Ly _ (& . 1’2)2/3 (2)
Lo Ny py '

TOF,H& HNCKOMasd Pa3sHOCTDb abCOTIOTHBIX 3BE€3/HbIX BEJIMYNH PaBHA!

Ly 5 N1 po
AM =M, — My=-25lg—=—1lg| —-—=].
! 2 ng 3g(N2 p1>
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OcraJjioch IIPOBECTU BbIMUCJICHUA:

AM = —21g (225957 o _im,
3 869 0.24

Taxum obpazom, cBepxHOBBIe THIa la spye cBepxuoBbix Tuna Il nmpumepno wa 1™.6.

Kpurepuu orieHuBaHusl.

K1.
K2.
K3.

K4.
K5.

dABHO WM HEABHO C,ZLG.H&HHI)HZ BBIBOJI O TOM, YTO IIpelde/IbHasd OCBEIIECHHOCTDb (BI/I,Z[I/IMaﬂ

3Be3/[HAsI BEJMIMHA) IIPU HAOJIIOJEHNN CBEPXHOBBIX HE 3aBUCUT OT UX TUIA .. ........ 2
[Monyuenne dopmynbr (1) wmam  ee BepHOro amajgora (Hampumep, B  BHJe
LU0 10) 8 (0703 1121073 121§ 2350 1§ 4
[Mostyaerne HOpMyIIb (2) UM €€ BEPHOTO AHAOTA . .« v vttt eee et eaeee e e 4
BuiBost 0 TOM, 9TO CBEPXHOBBIE THIA [a APTE ..o 2
[TpaBusbHbI ducaeHHbIT oTBeT (jomycTuMbl 3HadeHns |AM| =176+ 0™.1) ........ 4
MakcuMaJjbHas OIleHKa: 16

XXXIII Beepocceniickasg oiuMnuaia mo acTpOHOMUN cTp. 3 u3 12



11 knacc PeruonanpbubIii 3Tarm — aeHb 1 24 despasra 2026 1.

11.2. 3aBuUCHUT OT TOYKU 3PEHUS

A.B.Beceaosa
SeMiisiHe TIPOBOIAT HAOJIO/EHUsT acTepoua. LI3BecTHO, 4WTO €ro OpOWTABbHBIN HEPHUO/T
cocTaBysieT 8 JieT, SKcreHTpucuTeT opouTsl pasen 0.4, a ee HakjIoH coctapiser 40°. Acrepon;r
HaOo1aeTcd B adeun OpoUThI, PACIIOJIOKEHHOM CHMMETPUYHO OTHOCUTEHLHO JIMHUU Y3JI0B
(mpsimoii, siBJISIONIETiCS TIepecedeHreM IIocKocTeit opbut 3emym u acreporia). Kakoit Moxker
ObITh HaOJIIOaeMast (TeOleHTPUYecKast) SKINITHYeCKast IMUPOTa aCTEePOUIa B 9TOT MOMEHT?

Pentenne. IlockobKy Touka adesnd CUMMETPUYIHA OTHOCUTE/JBHO JIMHUU Y3JI0B, 3TO
O3HaYaeT, 4TO B adennn acTepou] HaXOIUTCs He TOJbKO HaJbiie Bcero or CoJHIA,
HO 1 JaJibIIIe BCEI'O OT IIJIOCKOCTHU 9KJIMIITHUKH. HyCTb JJId OIIPEAEJICHHOCTU aCTEPOn I HaXOJUTCA
Ha/l IIJIOCKOCTBIO SKJIUIITUKHN, B IIPDOTUBHOM CJIyda€ MbI IIOJIYIUM CI/IMMeTpI/ILIHIﬂﬁ C TOYHOCTBIO
JI0 3HaKa HabOpP OTBETOB.

Onpenemnm OOJIBIIYIO MOJIYOCh OPOUTHI, & 3aTeM IoiiMeM, BHE WJIM BHYTPU 3€MHOI OpOUTHI
HaXOJIUTCSI TTPOeKInd adesnsl Ha IJIOCKOCTH SKJIMIITUKIA:

(Tromp1))? = (ala.e])* = a =4da.e.
Paccrosiane or CosHIla 10 IpoeKnm TOUYKKN adesnsd Ha II0CKOCTb SKJINITUKH COCTABUT
R, =r4cosi=a(l+e)cosi=4-(1+0.4)cos40° =4.3 a.e.

CnenoBarebHO, Tpoekinst adeqns HAXOJAUTCAd BHe opbuThl 3emym. B Takom ciaydae
(cM. deprexk) MaKCHMaJbHOE ¥ MUHUMAJIbHOE 3HAYEHUS SKJIUITHYECKONH IMUPOTHl GyIyT
COOTBETCTBOBATH MAKCUMAJIbHOMY W MHHUMAJIbHOMY yJIaJeHUI0 HAOJIIOMATE/IT OT aCTePOHIA.

Opbura Semr

Puc. 1: Heprex K pemrenuro 3agadum 2.

MaxkcumasibHOE 3HAYEHHE SKAUNTHYCCKON IMUPOTHI HaifeM TakuM 00pa30M: OIpPeIeIuM
paCCTOsTHIE OT 3eMJIU JI0 aCTEPOU/Ia 10 TeopeMe KOCHHYCOB, 3aTeM 110 TeOpPeMe CUHYCOB OIeHUM
IIAPOTY.

Tmin = \/ri—i-a?e—2ra-a@cosi=\/5.62+12—2-5.6~1-cos40° =49 a.e,

In(180° — Bmax In ¢ )
sin( B ):smz o sin o =

Ta Tmin T'min

-sini = Spax = 47°.
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AH&J’[OI‘I/I‘{HO olpeJae/JiuM MUHUMaJIbHOE 3HAQYCHUE IKJINITUYECKON HINPOTHI:

P = 12+ 03 — 2o ag cos(180° — i) = V5.6 + 12— 2 5.6 1- cos 140° = 6.da.c.,

Sin Bmin sin 4 . T'o .
= =  Sinfpn=—-8N7 = Bunn = 34°.

TOZ Tmax Tmax

Takum obOpaszom, mpu pacrojioKeHun adesmsd HaJ IJIOCKOCTHIO SKJIUINTUKHU TUATIA30H
HaOJIFO/IaeMbIX SKJIUITUIECKUX IMUPOT cocTaBuT [34°;47°], a ¢ yuerom paciosiokenust adenns
II0/T, TUIOCKOCTBIO SKJIMIITHKH JMAIla30H mpuMer iy [—47°; —34°] U [34°;47°].

Kpurepuu orieHuBaHus.

K1.
K2.
K3.
K4.
K5.
K6.

K.
KS.

Borancitenue pajimyca opOUTBI, MOJTYIEHUE BEPHOTO OTBETA . . .vvvveeneeae e, 2
Beproe nonnmanune Hakiona opouTsl (yroui ¢ meHTpoM B COHIE) . ....ovvvnou..... 1
Bepubiii pacuer (mimm BepHasi opmysia) st paccrosaus ot CoJiHIa JI0 acTeponia
B AT . . oo 1
Beproe nonnmanmne n ykazanne KOH(MUTYPAIHil, TP KOTOPBIX JOCTATAIOTCS HAMMEHbBITIas
1 HauGOJIbINAsT IMUPOTHI (TI0 MOJLYIIIO UJIH MIPOCTO TIOJOKUTETBHBIE) ...\t 2
[eomerpuveckue TOCTpOeHUsT ¥/WaM BepHBIE (DOPMYJIBI JJisl TIOJIy9IeHUs] TPAHUIHBIX
BHAUEHUM TITHPOTBL .« ettt vttt ettt e e e ettt et e e e e e e e e e ettt e e e 5
Pactder BepHbIX 3HAYEHIN MAKCUMAJIBHON 1 MUHUMAJIBHON MUPOT (TI0 MOJLYITIO UJIH ITPOCTO
OJIOPKUTENIbHBIX ), JIOMYCTUMA TOTPEITHOCTD £1° ..o 1+1
YKazaHue MHTepBaJsa I MIAPOT BMECTO OT/IEJIbHBIX TPDAHUYHBIX 3HAYEHWH ... ....... 1
BepHblit yuer oTpuiiaTebHBIX MUPOT (SBHOE YKa3aHHE COOTBETCTBYIOIIETO WHTEPBAJIA
B KATECTBE TACTI OTBETA) ...t tetetet et et ettt e et et et e e et et e e e 2
MakcuMmaJjibHasd OLlEHKA: 16
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11.3. Ycwixaromniuii Hentyn

1. A. Tapaxanos
NsBectno, uro Henryn nziydaer B e uHUILY BpeMeHH B 2.5 pa3a 60JIbIlle SHEPTUU, YeM 0Ty IaeT
or Comama. OnennTe, Ha KaKy0 BeJIMYUHY U3MeHsieTcs pajuyc Henryna 3a ojgua ero 060poT
BOKPYT CoJTHIIA, €C/Ii U3BECTHO, YTO BUJ| 3aBUCUMOCTH IJIOTHOCTU OT PaJIUyca Y HEro Ipu 9TOM
ne usMensiercs. Paguyc Henryna pasen 25 Toic. kM, mMacca — 1.0 - 10%° kr. MoxHO cunTars,
uro Henryn sBisiercss abCOJIFOTHO YEepHBIM TeJOM, a pajauyc ero opoutbl BOKpyr CostHIa
pasen 30 a.e.

Pemtenne. Ilockonpky Henryn siBiisiercst mianeroit (a He 3Be3710ii n He OYypPbIM KapJIHKOM),
TO MCTOYHUKOM JIOTIOJTHUTEIHHONU SHEPIUH TEePMOSIEPHBINl CHHTE3 B HEM CJIY:KUTH HE MOXKET.
Boisiestenne sneprun 3a cuer paJMoaKTUBHOIO PACIIAIA TAXKEJIBIX dAJIep Y IJIAHET IIPEHeOPEKIMO
MaJjio, M €JIMHCTBEHHBIM WCTOYHMKOM JIONIOJTHUTEIbHON SHEPIUM MOXKET SBJIATHCS TOJIBKO
nocrenennoe cxkarue Henryna, KOTopoe U MPUBOJIUT K U3MEHEHUIO €0 PAJINYCa.

HOTGHHI/IaJ'H)HaH QHEPIrusd P CaMOI'PaBUTUDPYIOHICI'O I'a30BOI'O IIapa MO2KET OBITD BbIpazK€Ha KaK

CI>:—%R , (3)

rie M — macca mapa, R — ero pajuyc, » — KO3(DDUIUEHT, 3aBUCAIINN OT pacHpe/ie/IeHIsd
IJIOTHOCTH BHYTPH IIapa, BO BCEX «ECTECTBEHHBIX» CIydasix » =5 1.

[TockombKy cxKaThe MPOMCXOJUT MeJJIEHHO, TO B KayKJbIii MOMeHT BpeMmeHm i Henryna

BBINOJIHsIETCsl BUpuajibaoe coorHomenne 2U + ® = 0 (tyr U — BHyTpeHHsst sHeprus Henryna)

nlU = —%, OTKY/Ia CJIeyeT, YTO TOJIbKO IOJIOBUHA BBIJEJSIONIENCS DU CXKATUU SHEPIUuu

OyZeT pacxoJloBaThCd Ha M3JIydYeHHue, a BTOpas IMOJOBUHA — Ha HarpeB Henryna, MOCKOIBKY
dd

¥ M3MEHEHUs SHEPTUil CBsi3aHbl Tak ke, dU = — .

HO.HyLH/IM 3aBUCUMOCTL HU3MEHCHHA PpaJuyCa OT HN3MCHCHUA HOTeHHI/IaHbHOﬁ QHEepIruu,
npouddepentmpoas cooTHoteHwe (3):

GM?

dd = » 72 dR

WK, CYuTasi 06a U3MEHEHUs TIOJIOKUTETbHBIMUA BeJIMIMHAME (XOTsI U TIOTEHIIUATIbHAS SHEPIHs,
U PaJINyC YMEHBINAIOTCH),
GM?>
R2

AP = 3 AR.

3aMeTuM, ITO TOT YKe PE3YIbTAT MOXKHO IOy YUTh U IIyTeM BBITUTAHUS JIPYT U3 JPYyTa 3HAUCHU T
MOTeHITHAIbHON dHeprun it R 1 R — AR, a 3arem orOpacbiBaHUs MaJIbIX UJI€HOB, HO TakK
s derTrBHEE.

[To ycmoButo sueprus AFE, nonyuaemast Henrryrom ot CostHIla 3a OuH €ro 060poT BOKPYT
Connna, 6ymer ceszana ¢ AP kak

AP
9Ta 2Ke SHepFI/IH, HOCKOHBKY HeHTyH 110 yCHOBI/IIO a6COJHOTHO ‘{epHoe TeJIO, MOZKET 6bITb

BbIpazKE€Ha KaK

L
AE =" .7R*>. P,
4mr?
rie Lo — ceerumoctsh Counna, r — paauyc opoutsl Henryna, P — opOuTaibHbIN 1epuo/t

Henryna. Torma
B R?2A® B 3LoRAP
 xGM? 4Ar2:GM?

AR
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Jts  BBIYMCIEHHMIT — OCTAJIOCh — OIPEJEJIUTh  HEKOTOPbIE  HEJOCTAIONINE  HapaMeTPhl.
Kosdpdunmenr s mMokHO TpUHATHL paBHLIM 1, a opOutajbublii nepuoy Henryna Jjmbo
peroMunTh (165 set), mbo Beraucsmts u3 111 saxona Kemsepa xak P = 30%2 jer, wro
cocrapaser P =5.2-107 c.

OxkonuaresbHO BbranciseM (Bce Besmauabr B CU)

3.3.9-10% . (25-10°)*- 5.2 - 10°
4.(30-1.5-101)2-6.7- 1011 - 107

AR = ~ 0.044 m =~ 4 cMm.

Nroro 3a oaun obopor Bokpyr Comnna paanyc Henryna ymeHbImaeTcs mpuMepHO Ha 4 CM.

Kpurepun oneHuBaHUs.

K1. YrBep:xaeHnne o TpaBUTAITMOHHOM CKATHU KAK UCTOYHUKE JHEPTHUM . . ..o ovvennn. ... 3
Ecnu ygacTHUK €ro UCroib3yeT, HO HUKAK HEe (DOPMYJIUDYET . ...vnreneenne ... 2
K2. Boipaxenne (3), sBHO 3allMCAHHOE WJIA HESBHO MCHOTBIYEMOE .. ..oveverenenenennn. .. 1
K3. Cpazb A® u AR, 10/Iy9eHHAST JTFOOBIM CIIOCODOM ..\t \ve ettt ettt 2
K4. Boipaxkenne (min BeraucaeHne) SHEPIHI AF ... 2
K5. Yder BUPHAJILHOTO COOTHOIIEHUS, JOCTATOUEH PEBYIBTAT . . .vvveeieeeeaeeennnn. 2

IIpu ero orcyrcrBum Bce OCTaJIbHbIE YaCTU PEINIEHUS OIEHUBAIOTCH IOJHBIM 0aJlJIoM
(MTOrOBBII OTBET IPU ITOM JIOJIPKEH YMEHBIIUTHCSA B 2 Pas3a).

K6. Onenka KOIPOUIIEHTA 3¢ = 1 ..o e 2
Eciu y9acTHUK HCIIOMB3yeT 3HAYMECHUE [T OJJHOPOJHOIO mmapa » = 3/5 ........ 1

K7. Bnanune wim Beraucienne opouTaabHOTO meproga Henryna ... 2

K8. IIpaBuibHbI UTONOBBI OTBET (JOCTATOYHA TOPSIKOBasi TOYHOCTh, 1 + 10 cm) ....... 2

MakcuMmaJjibHas OIleHKAa: 16

Ecmm B pemenun gBHO yKas3aHo, 9TO pajuyc HenTyHa ysesuuusaemcs, TO 3a BCe PeIIeHHE
BbICcTaBJdercda He OoJiee 4 OaJLIIOB.
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11.4. He 3Ta 3noxa

B.B.I'puzopves
Besna 3asuitga (n [esbr) na snoxy J2000.0 wmeer sKBaTOpHAJbHBIE KOODMHATHI
a = 11"50m44° § = +1°45'43". Ee cobersennoe npmkenne p = 0”.7886/roj ¢ MOSUIHOHHBIM
yruiom v = 110° (IO3UIUOHHBIA yroJl OTCYATBHIBAETCA OT Hanpas/ieHuss Ha CeBepHbIil
MOJIIOC MUPa B CTOPOHY YBEJWYEHUsI MPSMOrO BoCXOxKjeHwus ). Ompejenre 3KBATOPUATLHBIE
kKoopimHaThl 3aBuitsasbl s snoxu J2050.0. Hyrarueit npenebpets.

Pemnenne. Koopaunater 3aBuiigBbl OyJIyT W3MEHSATHCA BCJIEJICTBHE JBYX [PUYINH:
COOCTBEHHOTO JIBMXKEeHHUsT (KpacHas CTpeJKa Ha DPHUCYHKe HUXKe), a TaKyKe IMPEelecCun OCH
BpallleHusi 3eMJIi, TO €CTh CMeIeHUsI TOYKH BeCeHHero (M OCEHHEero) PaBHOJEHCTBUS BJIOJIb
SKJIUIITUKY (TEMHO-CHHSISI CTPEJIKA, JIMHBI CTPEJIOK He B MacInTabe), Hy TaIieil 10 yCIOBUIO MbI
npenebperaem. CuHell IpepbIBUCTOl JIMHIEH n300pazkeHa rpaHuiia MexK/ 1y co3pe3ausmu /lesa
u JIeB, TOHKUM IIyHKTUPOM IOKa3aHa dKBaTopHa/bHad ceTKa Ha 31oxy J2000.0: mo Bepruka/m
OTJIOKEHO CKJIOHEHWE, 10 TOPU30HTAIN — HPSIMOe BOCXOXKJIeHUe (yBeJIMIMBAIONIEeCs CIPaBa
HAJIEBO).

P . | 3705 L, .
T e . o
\ . . . P
.\ . e o ‘
: I .‘ . \ o,
. \ .
~_ . . o .
. ‘
o 76 ¢ ‘ t *
o ) . \. | o o -t
: ‘,“"‘ . Te . . . .
G ~
o . ® . . v P
8
§ . s . } . .
.
. - ® ’ ‘ .
. ) . . -
. ce . . 3
® _ o -
. f . . .
L e

T
|
|

12h 00m 11h 40m 11h 20m

Puc. 2: K pemennio 3a1a4n 4.

3Be3/1a HaXOMUTCS MPAKTUIeCKN TOYHO B TOUKE OCEHHETO PABHOIEHCTBUST — TOYKE TIepPeceeHust
HeGECHOTO SKBATOPA ¥ IKJIUNTUKE (IITPUX-TyHKTUPHAS 3eJIeHasl JIMHMsI), KOTOpas JIBUKETCS
BJIOJTb SKJIMIITUKHA €O cKopoctbio ( = 50”.23/rom 3a cueT mpereccnut OCH BPAIEHUS 3eMJIH
(mpoucxomut ¢ mepuojoM okosio 25800 Jier, OTKyja BeJnduHy ( MOYKHO TOJIyYUTb KakK yroJl,
pasublii 1/25800 mose yria 360°) B cropony cosse3nus JIbBa. Ilostomy Gygaem caurars, 910
KOOPJIMHATBI BCEX OJIM3JIEXKAIUX 3Be3]1 Oy/IyT U3MEHATHCA COTJIACHO 9TOMY K€ 3aKOHY.

Cragajia BBIYUCIUM KOMIIOHEHTBI COOCTBEHHOTO JIBHKEHUsI. KKOCHHYCOM CKJIOHEHUsI B JAHHOM
cJlydae MOXKHO MpeHebpedb, T.K. CKJIOHEeHHE 3Be3/Ibl MaJIo (& KOCHHYC OU€Hb OJIM30K K €JIMHUIIE),
a coOCTBEHHOE JIBUKEHNEe OyIeT MEHATH JIUIIb JIOJN YIJIOBON CeKYHJIbI:

fo = psiny = 0".741/ronx
ps = pcosy = —0".270/rox
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Teneps 3aiimemcs nperieccueii. OHa U3MEHsIET KOOPJAUHATHI 3BE3 B OOPATHYIO CTOPOHY, U€M,
dakTuaecku, obecrednBaeT JIOMOJHUTE/IFHOEe COOCTBEHHOE [BUKEHUE 3aBUMSIBBI ITPUMEPHO
B Ty 2Ke CTOPOHY, Ky/Jla HAIPABJIEHO M HUCTUHHOE (IIOCKOJIbKY IepeMeIleHre TOYKH OCEHHEro
PaBHOJIEHCTBUSI POUCXOJUT B CTOPOHY, OODPATHYIO COOCTBEHHOMY JIBUZKEHUIO 3BE3JIbI).
CKOpoCTh M3MeHeHUsI KOOPJMHAT 3Be3/Ibl BCJIEJCTBHE IPEIECCUN BBIUNUCIIETCS TaK:

fio. = Ccose = 46".085/rox
fis = —Csine = —19”.980/rox

Brech € = 23°26'22" — HakJI0H HeOECHOrO dKBaTopa K 3KkaunTuke Ha 3moxy J2000.0, KoTopbrit
yKa3aH B CHPABOYHBIX JIAHHBIX.

Ocrajioch JMIb BBIYUCIATH HOBBIE KoopamHaThl (o,d’) 3Be3mepl depe3 t = 50 jer mocie
BBejienus smoxu J2000.0, He 3a0bIB, 9TO COOCTBEHHOE JIBUKEHHUE TIO MPIMOMY BOCXOXKJIEHUIO
MBI BBIpaKaJIl B CEKYH/IaX JIYTM U COOTBETCTBYIOIINE BEJMYMHBI HAJIO IE€PEBECTH B CEKYH/IbI
BPEMEHMU:

o = o+ (jlo + o)t
0 =0+ (fis + ps)t

o/ = 11150 44% 4 (46".085 + 0".741) - 50 x (£)*" = 11750m44* 4 156°

§ =1°45'43" + (—19".980 — 0”.270) - 50 = 1°45'43” — 1012".5

o = 11750445 4+ 2m36° = 11"53m20°
0 = 1°45/43" — 16/52".5 = +1°28'51"

Kpurepuu onneHuBaHUS.

K1. Ilonmmanue HEOOXOJUMOCTH YUETA TPEIIECCHI . .. vt v vttt e ettt e e et e e e e e e 2
K2. Boruncienue (v 3Hanue) 3HadeHusl TTIOCTOAHHOMN Tiperieccuu ¢ (JIOMyCTUMa TIOrPEITHOCTD
F07.2/T0M) oottt 2
K3. ITlpaBuibable abcostoTHbIe 3HAYEHUs (Jjisi COOTBETCTBYIOIIEH BEJUYUHBI [PABUIBHO
yKa3aHO He MeHee 2 3HAYAIIUX IHMDD) Loy sy oy LIS « v vvenevnenenanaenen. 1+14+1+1
K4. I[IpaBUIbHBIE BHAKI [l U5y [loy 5 -+« « v v eeee e e e e 1+141+1
K5. IlpaBuibroe uroroBoe 3uadenne o (JOMyCTHMa MOTPEITHOCTD £5%) ....o..o.oiii.... 2
K6. IlpaBunbHoe uroroBoe 3nadenue ¢ (momycruma morpertaocts £57) oo o o 2
MakcuMmaJjibHas OIleHKA: 16

Ecin yd9acTHUK B BBIDAXKEHUAX IS [lo, (b5, [las fls MEHSIET MECTAMH CUHYCHI M KOCHUHYCHI,
To B Kpurtepun K3 3a kaxiyio ommbodHyio mapy BbICTaBjsgercs 1 Oas1 BMecTO 2, GasIb
o kpurepusam Kb n K6 He BbicTaB/Is10TCA.
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11.5. CoeKTpaJabHbIil BaJbC

M.B.Kocmuna
Bam jamo m3o0pakeHWe Tas3oBOTO JHCKa, OKPYZKAIOMIEr0 CBEPXMACCHUBHYIO YEPHYIO JIBIPY
B IleHTpe TaJaKTHKW, a TaKyKe JIBa CIIEeKTPa, MOJIYUYEeHHBIX I O0JacTeil, OTMeYeHHBIX
OKPY’KHOCTAME Ha n300pazkenuu. [lonasiias Ha CIIEKTPbI JTMHES u3Jrydenus — 5710 junus [OI]
¢ JrabopaTopHoit JuHoi BostHE 5007 A, B JIByX OoTMedeHHbIX obsactax (Nel u Ne2) ee mymna
BOJIHbI JOCTHUI'a€T MMHHMAaJIBHOI'O N MaKCHUMAaJILHOI'O 3HAYEHU JJId BCEro AJUCKa. I/I3BeCTHO
TaKyKe, YTO YTOJI MEXKJy IIOCKOCTBIO JINCKa M JIy9OM 3peHns Oan30K K 0°.

BHasi, 9TO YIJIOBbIE pas3Mephbl IPHUBEJIEHHOTO M300parkeHusi Ha Hebe cocrapisiior 5’ x 5”7
OTIpEeJIe/INTEe MaCcCy YepHOW IbIpbl, BbIpasuB ee B Maccax Cosara. llekyaspHyo cKopocThb
raJJakKTUKU MOYKHO CUHTATh HYJIEBOII.

—
//

/
MWV
J v

)

Il
T

T T

5020 5040 5060

JIUTMHA BOJIHBI, A

5000

Puc. 3: zobpaxkenue K 3ajade 5.

Pemmenue. [lockobKy 9aCTHITBI INCKA JBUXKYTCS BOKPYT YePHOII JIBIPBI ¢ KPYT'OBOI CKOPOCTHIO

, GM
v = TR
TO Macca IeHTPAJIbHON YepHOM JbIPbI OyIeT paBHA
V2R
M= —.
G
Tak kak Tpebyerca mafitm maccy B Mmaccax Commma — Ma, TO ymoOHee BOCHOJIB30BATHCH
(OF]

€CTECTBEHHBIMU I 3TOI 3aJaun eanHunamu mnsMepenus: Mo, a.e., rox. B stux eamnumnax
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G = 47? a.e.? ron? Mgl (B wem mecyiokHO yOemurhbes, 3amnucaB 111 sakon Kemiepa
Jtst cucteMbl « Costarie-3emitst» ) n

M[Mg) = # -v*[a.e./ron] - Rla.e.].

Ham nyxHO HailTH pajmyc jucka [ M CKOPOCTH BpallleHUsd €ro YacTHUIl HAa 3TOM PaJIyce .
CKOpPOCTH OTIPEeIe/ UM TI0 CIIEKTPY B JIEBOW YacTh PUCYHKA. 110 yC/IoBUIO JIIMHBI BOJTH JTUHUT Aq
U Ay COOTBETCTBYIOT SKCTPEMAJIbLHBIM OTKJIOHEHUSAM JIy4eBOl CKOPOCTU OT CPEJIHErO 3HAYECHUA
U JIyd 3pEHUs JIEKUT B IUIOCKOCTH JUCKA. DTO O3HAYAET, UTO MBI HAOJIOJAEM OIMH Kpaii
JINCKA, TIPUOJINYKAIONIUICA K HAM C KPYTOBOW CKOPOCTBIO, a JIPYTOil — YJIAJISIONIANACH C TAKOi
JKe CKOPOCTBIO (M TIPU 9TOM BECh JIUCK KaK IeJI0e TaK¥Ke JIBUKETCsI OTHOCUTEIBbHO Hac). Torma
KPYTOBO#l CKOpOCTH fircKa Oy/IeT COOTBETCTBOBATH CMEIEHNE OJHOW U3 JuHuil, HanpuMep Az,
OTHOCHTEJLHO CpeJiHell JymHbI BOJTHBI (A1 + A2)/2.

=it )/2 - d—
(A1 + A2)/2 A+ Ao

Ecim IIPOU3BECTU aHAJIOTUIHYIO BBIKJIQJAKY JJIA AZl, OJIy9uTCd, €eCTeCTBEHHO, TaKOM
2K€ 110 MO YyJIIO, HO OTpI/ILLaTeJIbeIﬁ pe3yJibTaT.

v=cAzy =c

ITo criekTpy Haxomum A; = 5030 Au A\ = 5047 A. CKOpOCTh CBeTa B €JIMHAUIAX a.e./TOJ paBHA

3-10° km/c

=2
T30 KM/C

=6.3-10" a.e./rox
(mockosbKy 3emiist ¢ opbuTaIbHON CKOpocThio 30 KM/ C MIPOXOIUT 3a Tof 27 a.e.). Borancisem
KPYTOBYIO CKOPOCTD JIJIST JINCKA:

5047 — 5030

=63-10" ———
v 5047 + 5030

~ 106 a.e./rox.

VroBoit paauyc Aucka HaiiaeM 1o paBoit yactu pucyHka. OupeaenanM Macirad n300parKeHus.
Cropona kBajpara paBHa 83 MM, 3HAYUT B oJHOM Muummerpe 5/83 =~ 0”.06. Paccrosuue
MEXKJTy 00/IaCTAMHU, JIJIsT KOTOPBIX TOJIYYeHbI CIIEKTPBI, HA CHUMKE paBHO 11 MM, cjie/ioBaTe/ IbHO
YIJIOBOE PacCTOsTHIE MeXK 1y HuMu Ha HebGe pasHo (0”.66. yriioBoii pajauyc 1ncKa paBeH IOJIOBHHE
PACCTOSTHIS MEXKJLy €ro JUaMeTPAJILHO IPOTUBOIOJIOKHBIMU Toukamu, T.e. 0”.33.

st Toro, 4ToOBI MOJYYUTh PAJAUYC B JIMHEHHBIX €IUHUIAX, HY?KHO 3HATH PACCTOSHUE
JIO TaJlaKTUKU. Kro MOXKHO TOJyYnTh, 3HAs KpacHoe cmernieHne z. Tak Kak 10 yCJIOBUIO
MEKYJISIPHAsi CKOPOCTh TaJIaKTUKHU HYJIeBas, TO CKOPOCTHb IEHTpa JTUCKa OOYCJIOBJIEHA TOJHKO
KOCMOJIOTHYIECKUM PACITUPEHUEM, & COOTBETCTBYIONIEE €if KPACHOE CMEIEHUe IOIIUHsICTCS
3aKoHy Xabbura:

cz = Hr,

rjge ¢ — CKOpocTh cBeta B KM/c, H &~ 70 km/c/Mnk — mnocrosaaas Xab6ia, r — HCKOMOe
paccrosiine B MIIK.

Tax Kak JIMHUU B CIEKTPE PACIOJIOKEHBI CUMMETPUIHO, TO CPEIHsS JJINHA BOJHBI OyIeT
COOTBETCTBOBATH IOJIOYKEHUIO JIMHAN B IIEHTPe JncKa. KpacHoe cMeleHne 3Toii cpeiHeii u Oyaer
O6HH/IM KOCMOJIOTUYIECKHUM KpPaCHBIM CMEIIeHUEM IaJJaKTHUKH. Cpe;LHee apI/I(bMeTI/ILIeCKOe JJINH
BOJIH JiMHEA B crekrpe pasro A = 5038.5 A, a naboparopras mimHa BoaHbl A = 5007 A.
CaenoBaTeibHO, KpacHOE CMEIEHNE TaJaKTUKH

A—AXo  5038.5 — 5007

= ~ 0.0063.
Ao 5007

z
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Orcrofa HaXOMUM PAcCTOsIHUE JI0 Hee:

cz  3-10°-0.0063
T = — =

7 0 ~ 27 Mk = 27 - 10° ux.

Kax ussecrno, 1 a.e. ¢ paccroguus B 1 nk BujaHa oz yriaoMm B 1”7, ciegosarensno, 07.33,
BUJIIMBIM C paccTosgHus B 1 1K, coorsercrsyior 0.33 a.e., a ¢ paccroguus B 27 - 10° nk —

0.33 -

27-10% = 8.9-10° a.e. DTo U eCTh UCKOMBII PAIIYC JIUCKA.

OxoHYaTeILHO HaXO/JUM MacCCy qepHoﬁ JAbIPbI:

1 2 1 6 2 9

OTrmeTnM TakzKe, YTO BCE IPOMEXKYTOUHbIE BBIMUC/IEHUS] MOXKHO BBITIOJTHATD U B JTII000# JAPyToit
cucreme eunut (B Tom unciie B CI), a 3arem nepesectu B Maccbl COJTHIIA, MTOTOBBII PE3yJIbTaT

OT 9TOro, eCTeCTBEHHO, HE ITIOMCHAECTCA.

Kpurepuu onieHuBaHUS.

K1.
K2.
K3.
K4.

K5.

K6.

K7.
KS8.

Bruipaxkenue it Macchl 9epHOU JIBIPBI Y€pPe3 KPYTOBYIO CKOPOCTD JIUCKA ... .......... 2
Omnpesiesierrie \; 1 Ao 110 CIIEKTPY HA PUCYHKE . .ot vntteete et aieeaee e e 1+1
Borauciienne CKOPOCTH BPAITEHMST JIACKA « « o vvv v e ettt e ettt e ee e e e e e e e 4
OrnpesesieHne yriioBOrO PAIRYCa JIUCKA IO PUCYHKY . vvvteetteenieeenineeanns 2

Ecim BMecTo pajamyca omnpejiesieH U Jajiblile HCIOJIb3YETCs JIMAMETP, TO OIEHKa 3a 3TOT
nyHKT — 1 Gasu.
[Tonnmanme TOro, YTO KpacHOe CMeIlleHne TaJaKTUKN PABHO CMENIEHUIO I CPETHETO

APUPDMETHTECKOTO A1 TL A9+ vttt ettt et ettt et e et et e et e e e e e e et e 2
Brraunciieane pacCTOAHAS JO TATAKTIKIL ... .ovvtt ettt it et at et e a e 3
Berancienue (7o0bIM CII0COOOM) JIMHEHHOTO PAIMIYCA JIHCKA . .. .oveeeeeeeeaennnn .. 2
BorancireEne Macehl YE€PHOM JIBIPBL .. ...ttt ittt et et e e e e 3

Ecan orBer mst Mmacchl gaH He B Maccax CoOJIHITA, TO OIEHKA CHMXKaeTcsT Ha 1 6aiT.
MakcuMaJjibHas OIleHKAa: 20
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11.6. KonnenTpar ajisg BoJjioc

A.B.Beceaosa
[ITaposoe ckomaenue cocrout 10 Koaudectsy Ha 60% u3 38e3n macent 0.8 My, n ma 40% us 3Be31
maccel 1 M, Bee 3Be3/1bI HAXOAATCS Ha [JIaBHO# TOC/I€/10BaTE/ILHOCTH. 3aKOH PACIPE/Ie/IeHUsT
KOHIIEHTPAIMK OOBEKTOB OT PACCTOAHUSA 3a1aeTcst (hopMyJIoii

no
n(r) = 3

N3BecTHO, YTO TOJHBIA pajinyC CKOILICHUsI COCTaBJideT 12 MK, a YMUC/I0 3Be3J B CKOILICHUU
paBrO 10°, B 1060} YaCTH CKOIIJICHUS COOTHOIIEHHE YHCIIa 3B€3/] IBYX THIIOB OIIMHAKOBO.

A. Oupenenure ng, cantas eJIUHATICH PaccTOsiHUs 1 TTAPCEK.

B. C kaxkoro MakcuMma/ibHOIO PACCTOSTHIS MOYKHO YBHJIETh TAKOE CKOILJIEHUE HEBOOPY KEHHBIM
IJIa30M, eCJI HabJ/II0JaeTcsa OHO B co3Be3aun Bostoc Bepornukn?

C. IlpencraBum, 9To HAOJIOJEHNE CKOILUIEHNS HA MaKCUMAaJIbHOM PACCTOSHUU, IPU KOTOPOM
OHO JIOCTYITHO I HAOJIIOJEHUI HEBOOPYXKEHHBIM IJIa30M, ITPOBOJUTCH Ha TeJIeCKOIe
¢ guamerpoM obbekTuBa D = 15 c¢m u dokycubim paccrosuuem F' = 1.8 m. Cko/bKO
nuKceseit OyieT 3aHnMaTh N300paKeHne CKOIIeHUd B (POKAJILHOM IJIOCKOCTH OObEKTUBA,
TeJieckorna, ecan B Heil yeranosieHa [[13C-marpuria ¢ mukceasymu pazmepa 4 MKM X 4 MKM?

Peurenne.

A. Banumiem BbIpayKCHHE JIJIS [OJHOIO KOJIMYECTBA 3BE3/] B CKOILICHHUN:
R R
2 o o
N= [dnr®-n(r)dr =4r [ — -r°dr =4mnoR.
T
0 0

MoxkHO TakKe 3aMEeTHTh, UTO €CJIM PAcCMOTPETh cdepuveckue cjaon (PUKCHPOBAHHOI
TOJIIIUHBI, TO UX O0BEMBI OY/IyT MPOMOPIIMOHAIBHBI KB/IPATy pajdyca. ITO O3HATAET,
YTO B KayKJIOM TAKOM CJIOE€ KOJIMIEeCTBO 3Be3/1 Oy/IeT OJIHUM U TEM Ke, OTKY/Ia CJIe/lyeT TOT
e pesysbrar (HO (POPMAJIBLHO TI0JIyYeHHbBIH 6e3 UCIOIb30BaHNsA UHTEIPUPOBAHNUA ).

Orcroia HaXOIUM Ng:

N 10°

— = — . .12 71_
4R 4m - 121k 0.6 107

No

B. OmpenennmM cBeTUMOCTH CKOILIEHHSI KakK IEJI0T0, JJIsi 9TOI'0 OIEHUM CBETUMOCTH KasKIOi
3Be3/ibl. Ha r1ytaBHOI 10C/I€10BaTEIbHOCTH CBETUMOCTb 3BE3Jbl CBs3aHa C €€ MacCou
ITPOIIOPIINOHAJIEHOCTHIO

L oc M2, (1)

CBeTI/IMOCTb 3BE€3bI COJIHEYHOII MaCChl PaBHa CBETHUMOCTHU COJIHI_[a7 CBETUMOCTDL 3BE€3/bI
¢ maccoit 0.8 Mgcocrapur ~ 0.41 Ly . Torma momHas cBETUMOCTH COCTaBUT

L=10°-(0.6-0.41+0.4-1)~6.5-10* Lg.

OmnpejieisieM abCOTIOTHYIO OOJIOMETPUUIECKYIO BEJIMYNHY CKOILJICHUS:

L

M =M, —25lg —= 4.7-251g (6.5-10*) = —7".3.
©

JlaJjiee orpegeiuM, ¢ KAKOI'0 PACCTOSAHUS CKOILIeHrne Oy/IeT BUJIHO Ha, IIpejesie BUIUMOCTH

HEBOOPYZ>KEHHbIM I'JIa30M:

m=M—5+5lgr = r=10%2m"M+5) — 10-26+7:3+5) — 4 6. 10° nk.
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H_[apOBoe CKOIIJICHHUE OKa3bIBacTCd paCHOJ’[O}KeHHbIM B HaIllleil FaﬂaKTI/IKe, HpI/I‘IeM
Hegaaeko or CoJHIa M0 rajakTudecKuM MacinTabam. Ilpm sTom oHO HabJ0IaeTCS
B Hal‘[paJB.HeHI/H/I7 HpaKTI/ILIeCKI/I HepHeHI[I/IKy.HHpHOM ,ZLI/ICKy FaﬂaKTI/IKI/L 9TOo O3Ha“IaeT7
YTO MEXK3BE3JHOE IOIJIONIEHNE CBeTa CPABHUTEILHO MAJIO. 3aMEeTHM TaKyKe, UTO JIazKe
B IUIOTHBIX CKOILIEHHSAX 3BE3Jbl HE IEPEKPBIBAIOT APYr Jpyra: PACCTOAHHUSA MEXKLy
3Be3/IaMH MHOTO OOJIBIIIE PAa3sMEPOB CAMHUX 3Be3/I, IMOITOMY Mbl HUMEIN IIPABO IIPOCTO
CKJIa/IbIBATh CBETUMOCTH 3BE3]] JIPYT C APYTOM.

C. Ompesesm  yriioBoil pasMep CKOIUIEHUsI C IIOJyYEeHHOIO B IIPEJIBIIYIIEM ITYHKTE

PacCCTOAHUS:
D 2-12
a=—="2-=52-10"3,
r 4600
MOJTy YeHHOE 3HAUEHNE BHIPAyKEHO B pajinanax. 1oria JuaMeTp n300paxkenns B (pOKaJILHO

IIJIOCKOCTU COCTaBUT

d=aF =52-107%- 1800 mm = 9.4 mMm.

wd?

[Lnomane nzobpazkeHusi coctaBur S = ~ 69 2. Ilmomap KaskaIoro HMHKCeJIs

4
[13C-marpunsr pasaa Sy = (4 - 10_3)2 = 1.6 - 107° M2, Tor/Ia KOJIMIECTBO 3aHNMAEMBIX
nzobpazkenneM tmkceneit cocrasur S/Sy = 4.3 - 10°. TTosyuurcs BechbMa 10ApobGHOE
nzo0pazkeHue, MPHU STOM pasMep JAU@PaKIMOHHOTO KPYKKa OKAXKETCS MIPUMEPHO
COBIIQJIAIONIAM C PA3MEPOM MTUKCEJIS.

Kpurepuu orieHuBaHusl.

KL I yHKT A e 5
BepHoe BbIpazkeHue (¢ HHTErPAJIOM WM CYMMOii) JJis OIEHKHU MOJTHOIO KOJIMIeCTBa
63571 31 K 3
BePHOE BBITHCIIEHIIE 70 vttt ettt e e e e e e e e e e e e e e e e e 2

K2, TLyHKT B oo 6

Ompejiesienne cBeTUMOCTH 3Be3/1b1 ¢ Maccoii 0.8 M, B 3aBucumoctu (1) momyckarorest

[IOKA3aTeJId CTEIIEHU OT 3 JIO 4 BKIIIOUHUTEIIBHO ..ottt et e e eieeeennnnnn. 2
Ecnu cBerumMocTh 3Be3/bl mOCTyIupyeTcs 6e3 oObsCHeHuil, HO 3HAYEHNE BEPHO,
BBICTaBJIsIeTCst 1 Hasu.

Ornpejieierre BEpHOIO 3HAYEHHS TOJTHON CBETUMOCTHU CKOILIEHUS .. ..vo'vvn.... . 1

Bepnoe obocHoBanHOE OIpeie/leHne pPACCTOSHUS JO 3BE3JbI, B TOM YHCJIE

C BO3MOXKHOW ITPOMEXKYTOUIHOI OIEHKOl abCOJIIOTHON 3BE3IHON  BEJIUYINHBI,

C TTPEHEOPEIKEHUEM TTOTTIOTIEHTEM .« « ottt ettt ettt e e et e e e e e 3
Eciau yvacTHuK yuurbiBaer mnorioimienue ¢ kKodbdurnmentom (1 + 3)™ /KK,
BBICTaBJIsieTcd 2 Oajuta, TIOCKOJbKY HAIpaBJIEHHE B  yCJOBUU  3aJ1a49d
CBUJIETEJILCTBYET O HAOJIIOJICHUH TIEPIIEHINKYJISPHO TIJIOCKOCTH JincKa [arakTuku.

K. IIyHKT € .o e 5
Ompenenenne (siBHOe nam (HOPMYJIBHOE) YIJIOBOTO DpasMepa CKOIIEHHUsS HCXOJIsT
U3 TOJTyIeHHOTO PAHEE SHATEHUS PACCTOTHIIT . ..t eotte ettt et e e aeaee e 1
Bephas ornenka pasmepa uzobpazkeHusi B (bOKaIbHON 110cKOoCTH (hopmyra wim
SIBHBIFT PACTET) + .+ ot ettt ettt et e e e et e e e ettt e e e e e e 2
[lepesos 3navenus B mukceun (HopMysia WIN SIBHBIA PACTET) ....o.vnenene.e ... 1
[TosmyueHne BEPHOIO OTBETA B IKCEIITX ottt vt ettt e e eee e eeeeeeeaieeens 1

MakcuMaJjibHas OIleHKAa: 16
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11.7. Boapopoansrit ¢poHApPH

M.B.Kocmuna
Cpentsist ILJIOTHOCTH BOJIOPOJIA (B JIIOOBIX BI/I,ZL&X) B MEXKILIAHETHOUN CpeJle COCTaBJISIET
2.1072 KI‘/Mg. Nssectro, uro 1 «M® HeBO3OYKIEHHOTO  aTOMapHOTO  BOJOPOJIA
C KOHIIeHTpammeir 1 aTOM/CM3 uzjydaer Bcero 3 doroHa B cekyHay. OIEHUTE MOIIHOCTD
n3jiydeHnusd BCEro MeKIIJIaHEeTHOI'O H6B036y}K,ZLeHHOI‘O aATOMapHOI'O BOAOPO/JIa, HAXOIAHIIECTIOCA
B npejenax pajguyca 40 a.e. or Cosuna. Cuuraiite, 9TO MaccoBas 10/ HEBO30YKJICHHOI'O
aTOMapPHOTO BOJOpOja cocTabiadger 10™* oT obmmeil Macchl BOIOPOIA.

Pemenune. Cuavana HaiijieM KOJMYECTBO aTOMOB HEBO30YKJIEHHOIO aTOMAapPHOTO BOJIOPOJA
B IIIape C yKa3aHHbIM pajimycoM. Ero obbem

4
V= ?” (40 1.5-10")3 = 9. 10% u®,

MIO9TOMY COJIeprKaIlasicsd B 9TOM O0beMe IMOJHAasd Macca BOJOPOJA MEXKILIAHETHON CpeJIb
coctasager 1.8 - 10'® xr, a Macca HeBO30YKICHHOrO aToMapHOro Bojopoaa M = 1.8 - 10 kr.

Temeps paccMoTpuM 1 KM®  HeBO3OYZKICHHOTO aTOMApHOTO BOJOPOJAA C KOHICHTpAITHedt

1 arom/cm®. B nem cogiepskutes 10 aToMOB, M yMHOXKUB 3TO YMC/IO HA MACCy OJHOTO aToMa
(KOTOPYIO C JJOCTATOYHOI TOUHOCTBIO MOYKHO CYMTATh pasHoit 1.7 10727 kr), a 3aTeM pas/ie/us
Ha 3, MBI HOIy4uM Maccy M, HCIyCKAIOMIyIo OquH (DOTOH B CEKYHILY:

1015

My=17-10"%". =6-10"" kr.

Taxkum o6pa30M, B MHTEPECYIOoIEeM HaC HIape BCEro 6y,ILeT HCIIYCKaTbCA

M 1.8-101
N=—=

M, 0B 3 - 10% doronos B cexyHIy.

Kaxk u3BecTHO, HEBO30YKIEHHBI aTOM BOJOPO/a (Y KOTOPOrO 3JIEKTPOH HAXOJUTCS Ha TEePBOi
opbuTaIM) MOXKET M3JlydarTb TOJBKO PaJIMOU3JIydeHre Ha JInHe BOJIHbI A = 21 cm. DHeprus
o/iHOr0 (POTOHA C TaKOW JJIMHON BOJIHBI PaBHA

3-108

m—m =0.95- 10_24 ,ZL)K

g:hz/:h§:6.63-10_34-

Taxum obpasoM, obIas nciyckaeMasi B €JMHUILY BpeMeHU dHeprust OyieT paBHa

P=N.-£=3-10%.0.95-10"2* = 3. 10% Br.

Kpurepuu orieHnBaHus.

K1. Brorunciienne obbemMa, 3aK/II09eHHOrNO B Ipeeaax 40 a.€. ..., 3
K2. Brorunciienne komdectBa (POTOHOB, U3/IYIAEMBIX 3TUM OOBEMOM .. ..vvveeeeenn. .. 3
K3. VYkazanue Ha TO, 9YTO HEHTPAJIbHBIN BOJOPOJI U3JIydaeT B JUHUM 21 CM ............... 3
K4. Brorunciienne SHEPTUA OJTHOTO (DOTOHA, .« oo uvvv e ettt ettt ettt e e e e e 4
K5, VITOTOBBIIT OTBET . .ottt et e e e 3

MakcuMmaJjibHas OIleHKAa: 16

BoraunciaurenbHas ommbKa, JOMyIIeHHAs B JIFOOOM M3 IIYHKTOB, CHUXKaeT OaJjil 3a Hero Ha 1,
HO HE CHUXKAET OIEHKY 3a IOCIEYIONINe IMYHKTBI. Y YaCTHUK MOYXKET He BBIYUC/IATH SBHO
IIPOMEKYTOUYHBIE PE3YJIbTaThl U HMCIOJH30BATD B IOCJEIYIONIEM PEIIEHUH COOTBETCTBYIOIIHE
dopMyIbHBIE BhIPAXKEHUS.

[Ipu omubke B opMmysax i BBIYHCICHUS Ha HEKOTOPOM 3Talle 3TOT 3Tall IOJHOCTHIO
He 3aCUUTBHIBAETCs, HO BCE TOCTEYIONINEe OIEHNBAIOTCS ITOTHOCTBIO.

XXXIII Beepocceniickasg oiuMnuaia mo acTpOHOMUN ctp.4 u3 13



11 knacc PeruonanpHblii 3Tarm — AeHb 2 25 despasra 2026 1.

11.8. E1me ogHa ToYka 3peHUus

A.B.Beceaosa

AcTrepon 1 IBUKETCS B IIJIOCKOCTH SKJIUINTAKA TI0 SJUITAITHIECKOH opOuTe ¢ OOJIBIION MOTyOChIO
a = 3 a.e. m sKcrenTpucurerom e = (.4.

A.

B.

C.

Kak /11 TeInoneHTpruaecKoro HabJIio1aTe s 3aBUCUT MITHOBEHHOE COOCTBEHHOE JIBUKEHIE
acTeponia OT PACCTOSHUS JIO acTeponia’

B kakux mpezenax sl TeJIHONEHTPUUIECKOTO HAOJ0JaTe/Isi MEHAeTCa COOCTBEHHOE
JIBUZKeHVe (BbIPA’KEHHOE B YIVIOBBIX CEKYH/IAX B CEKYH/Iy BpeMeHu)?

IIpencraBuM, 9TO HEMOABMMKHBIN oTHOcHTe bHO CoJHIIA HaOJIIOZATEIb HOJII0E BPEMSI
HaXO/IUTC BOIM3M Tiepuresius opouTsl acreponjia. Kakoe cobcTBeHHOe jIBUXKEHUE OyJieT
JIJIST HETO UMETh aCTEPOU B TOT MOMEHT, KOI/a IPOIeT POBHO Y€TBEPTH JJIUHBI OPOUTHI
oT teputieHTpa’

Peurenne.

A.

CobcTBeHHOE JIBUZKEHUE CBI3aHO ¢ KOMIIOHEHTON CKOPOCTH O0'bEKTa, TEePIIeH UK YISAPHOI
JIy9y 3peHus. DTy KOMIIOHEHTY MbI MOKeM onpeents u3 11 3akona Kemtepa (Ha camom
JleJie M3 3aKOHA COXPAHEHUs] MOMEHTA UMITYJIbCA):

vrsina = /GMga(l — €2),

3J1eCh ¥ — CKOPOCTH acTepoujia Ha paccrosuauu r or CoJHIEa, (v — yroJl MEeXKJIy Pajinyc-
BEKTOPOM 7~ I BEKTOPOM cKopocTu vU. [Ipm 3ToM vsin o — 3T0 U ecTh mepreHuKy/IsspHast
Jydy 3peHust (1 TeJIMONEHTPUIECKOr0 HaDJII0IaTe Ist) KOMIIOHEHTa CKOPOCTH 1) .

CobcrBeHHOE IBUKEHHE TOKA3bIBAeT YTJIOBOI ¢IBUT 00beKTa Ha Hebe 3a € IMHUILY BpeMEeHN
At, Tora BbIparKeHue Jijisi COOCTBEHHOI'O JIBUKEHUs IIPUMET BH/I

v At \/GMga(l — e?)At

2

ft [pan] = .

WNroro, MraoBeHHOe COOCTBEHHOE JBUXKEHHE OOpATHO IPOIMOPIUOHAJBHO KBaJIpaTy
paccrogaust or CoIHIA 10 acTepoun/a.

N3 mnosydennoii Bbie (HOPMYJIbl CJIEIYeT, UTO TPAHUIHBbIE 3HAYEHUA COOCTBEHHOT'O
JIBUZKEHUsT JIOCTUTAIOTCS B IepUre/uu u adeuu. Beraucamm ux.

GM@ 1+
fr  Up @ 1-e 8 "
i = 9.7-107° pax/c = 0".02/c

4

GMgo | l-e
Moy Vo a 1+e -8 "
L2 _FY @ —18-10 =0".004/c.
At ra allte) baz/c ¢

AcTrepon HAXOUTCS B 9€TBEPTH OPOUTHI OT MIEPUIIEHTPA, TO €CTh B BEPIIMHE MAJIOH OCH.
B sroM ciryuae KacaresbHasl K 3JUTHICY (U, CJIEOBATELHO, BEKTOP CKOPOCTH ) HAIIPABJIEH
napaJiIeIbHO O0JIbINOi ocu 3jauica. Hy>KHO HAfiTH CKOPOCTH B 9TOI TOUKE U OIPEIeTNTh
ee MPOEKINIO Ha NMEPHEHIUKYIIP K Y9y 3peHusl HaOJII0/1aTe .

Paccrosinne ot dokyca 10 BepHIMHBI MaJIOil OCH PABHO B TOYHOCTH OOJIBIION MOJIyOCH
ayumrca. [{onyio cKopocTh onpeJie/iInM U3 UHTErpaJjia SHEPruit:

2 1 GM
v=4|GMy[=—-=)= © —=17-10" m/c.
T a a
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Puc. 1: K pemennio 3a1a4n 8.

MozkHO cpa3dy HCIOJIb30BaTh I'OTOBBIM (PaKT O COBIAJICHUU CKOPOCTH B BEPIIMHE MaJsIoi
OCH CO CKOPOCTBHIO Ha KPYT'OBOI OpOUTE pajmyca d.

Benuunna majioii mostyocu cBsg3aHa ¢ OOJIBITION IMOTyOChIO U SKCIIEHTPUCUTETOM (hOPMYJIOit
b= av/1 — €2, Torma paccTosiHre OT TEPUIEHTPA 10 BEPIIUHBI MAJION MOJTYyOCH COCTABUT

s=vVa2+b2=av2—e2=6.1-10" m.

V1o MeKTy paJiyCc-BeKTOPOM 7”1 BEKTOPOM CKOPOCTH U OTIEHUM U3 3aKOHA COXPAHEHMUST
MOMEHTA UMILYJIbCA:

VGMua(l—e?)  /GMya(l —€?)
ur B GMg
\/ a
a

Vros Mexy JydoM 3penus nHabuojaress pasen § = o — 3, rje yroJi 3 onpejessercs
u3 Tpeyrojbauka «CoJiHie — HaOJI0IaTe/ b — aCTePOUI»

=Vv1—-e2 a=066°.

sina =

r? 4 5% —r?

5 a?+a*(2—e?)—a*(1—e)? 1+4+e—¢?
cos 3 = = — 7
2rs 2a2v/2 — €2 V2 —e?

PaccaursiBaem yrom 0: 0 = 66° — 24° = 42°. Torjga MrHOBEHHOE COOCTBEHHOE JIBUKCHUE
acTepouaa Jjisi HabJIfo[aTe/ g COCTaBUT

[~ 24°.

in 6
= % ~4-107"/c.
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Kpurepuu orieHnBaHus.

K. Ty HKT A 6
YKazanme Ha CBA3b COOCTBEHHOIO JIBUYKEHHS C KOMIIOHEHTOH CKOPOCTH,
HepHeH UK Y/ISAPHOi JTydy 3peHus ((POPMYJIbHOE WM CJIOBECHOE) .. .....o.e.e ... 2
QPusnyeckn BepHas MOJIE/b CBA3U COOCTBEHHOI'O JIBIKEHUS C TTapaMeTpaMu OPOUTHI
n Couria, B ToMm uamcie depes 11 3akon Kermtepa win mHTErpas mwiomaiei ... ... 3
[TostyueHne UTOrOBOrO BEPHOTO COOTHOMICHUsT f1 o< 1/1% ... ... . ... .. .. . ..., 1

K2, IIyHKT B . 4
dABHoe miu dopmysbHOE yKa3aHHe Ha TOYKH OPOUTHI, B KOTOPBIX JOCTUTAIOTCS
FPAHUYHBIE 3HAYCHUSA COOCTBEHHOTO JIBUIKEHUIS ..o evvittt et et e e e e, 2
Boeranciienne BepHBIX HWTOTOBBIX 3HAYEHUN B YKA3aHHBIX B YCJIOBUH €IUHUIAX
1786300 05 5 1% - A 1+1

K. TLyHKT O o 6
YKazaHue Ha TO, 9TO 00BEKT HAXOJUTCS B BEPIIUHE Majioii ocu (rpadudeckoe uim
G81 (075163 (01< 1
Bephasi obocHOBaHHasi OIEHKA DACCTOSHUS 0 Habsomaress (B a.e. WM WHBIX
OCMBICJIEHHBIX €JMHUIAX, U YKe BepHAst QOPMYTBHAS 3AIUCH) ... o.ovenenn ... 2
Bepublit pacuer yIrioBbIX XapaKTEPUCTHK, HEOOXOJIUMBIX [IJIsi IIPOEIUPOBAHUS
CKOPOCTH HA KAPTUHHYIO TLIOCKOCTD .ttt vttt ettt et ee e et et e e 2

Bepnasi uroroBasi OIeHKa COOCTBEHHOIO JIBUYKEHHsI (C YUYETOM IOIPEIIHOCTEMH

3aCUYATHIBAIOTCA OTBETHI B HMHTEepBajie OoT 3.5 jo 4.5 MWJUIMCEKYHJI JYyTU B TOJ

[IPU BEPHOM XOJIE PEIITEHIIST) . .t e ettt et et ettt e ettt e e et ee e 1
MakcuMaJjbHas OIleHKa: 16
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11.9. C HosbiM rogom!

1. A. Tapaxanros
N3z06pazkennblii Ha HOBOromHeil oTKpbITKe Jex Mopos mnposomut Habmogexus B 00700™
HNCTUHHOTO cOoJiHEeYHOrO Bpemenn 1 suBaps 2026 roja. Oupeesmre MpuMepHbBIE THUPOTY MECTa
HAOJIIOJIEHUS U KOOPMHATHI (TIPFMOE BOCXOXKJIEHUE U CKJIOHEHHE) HABJII0IaeMOoro 00beKTa, eCiim
U3BECTHO, YTO HabJfoeHns BeayTcess B Poccnu. B kKakoMm co3Be3nn HaxoauTcst HabJIIOIaeMBblii
00beKT?

Puc. 2: Pucynox k 3ajaue 9.

Pemenue. Ilpexae Bcero obpartuM BHUMaHWE Ha MOHTUPOBKY Tejeckorna. OHa OYeBUIHO
HECUMMETPUYHA OTHOCUTEJILHO BEPTUKAJIBHON OCH, a 9TO O3HAYAET, 9YTO OHA dKBATOPHUAJIbHAL:
OJTHA M3 OCell TO3BOJIEeT BpalllaTh TeJeCKON BOKPYT OCH MHUpa, BTOpasg — HABOJUTH €ro
Ha O0'bEKTBI, HAXOJIAIINECS HA PA3HBIX CKJIOHEHUSX.

asiee yareMm, 94To B TAKOM CJIydae OJHA U3 0Cell TejIeCKoma (HapucoBaHHAsI KDACHBIM Ha PUCYHKE
HIZKE) — 9TO OChb MUPA, ¥ B HAIIPABJICHUH, 3a/IaHHOM KPaCHOil cTpeskoii, Haxomurces CeBepHBbIit
HoJTIOC MEpa (MMOCKOJIbKY HaOJIIO/IeHNs, TI0 YCJI0BUIO, TIpoBojsTest B Poccun — T.e. B CeBepHOM
nostymapun). AsumyT noJiroca pasen 180°; a rejieckorn HaBejieH Ha 0ObeKT ¢ azumyTom 0°) T.e.
HaXOAANNICA B BepXHel KyJIbMUHAIIAN.

OTCIO,ZLa. MOZKHO CIeJ/IaTb JIBa BazKHBIX BBIBOJA. Bo—nepBng MBI MOZKEM .HI/I6O HeImocpeacTBeHHO
M3MEpHUTh CKJIOHEHHe § 00beKTa Ha KapTHHKE (9TO yrosl Mexk/y 3eJeHOil JimHuell, 3ajatormei
HarpaBjieHue Ha OOBEKT, U CUHEil JMHUel, 3a/1a01eli noJI0KeHne HeOeCHOr0 IKBATOPa), Jubo
U3MEPUTH OTJEIBHO IMIMPOTY HAOJIONEHUS (¢ U BBICOTY B BepxHeil KyJabMUHAIUU hpk, MOCJE
Yero BBIYUC/IUTH CKJOHEHUE, BOCIOJIB30BABIINCH cooTHOIeHneM hpx = 90° — ¢ + 6. Bo-
BTOPBIX, B 9TOI CUTYAIMH MIPSIMOE BOCXOXKJIEHIE 00bEKTa (v COBIAIAET CO 3BE3/IHBIM BPEMEHEM
S, TIOCKOJIBKY dYacoBOil yros HabmojaeMoro odbekTa paeH (°. s HaxoxKIeHUsS YTJIOB
MOXKHO CJIeJIATH JIOTIOJHUTE/IbHbIE ITOCTPOEHUs] Ha KapTUHKE, aHAJOIMYHble M300pParKEHHBIM
BBIIIIE, & 3aT€M BOCIOJIbL30BATHLCI HECKOJLKUMHU PA3JIMYHBIMEA BapuanTamu jehicrBuil. Ecin
B HAJIMYUU UMEETCS TPAHCIIOPTHDP — IPOCTO U3MEPUTh HYKHbIe YIVIbl. Kcam Tpancmoprupa
HET — TOCTPOHUTD IPSMOYTOJIbHBIE TPEYTOJBHUKH, BKIIOUYAIOIE TpebyeMble YIJIbl (HAIpuMep,
TPeyroJbHUK CO CTOPOHOM, TPOBEJIEHHON KPACHON INITPUXOBOW JIMHUEN), a 3aTeM W3MepPHUThH
UX CTOPOHBI JIMHEHKON M IO TOJIydYeHHOMY TaKUM 00pa3soM CUHYCY, KOCHHYCY WJIA TaHTEHCY
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Puc. 3: Pucynok k permenuio 3aa4m 9.

yria Haiitu yros. TodHocTh B JIToOOM ciydae Oy/IeT He 09eHb BBICOKOI, OHAKO C IIOIPEITHOCTHIO
3° <+ 5° pe3ysbpTaT NOJYyIATH HECTOXKHO.

B pesynbrare Gyjer HaiijieHO cleylolee:

e Bricora mosroca Mupa HaJi TOPU30HTOM (YTrOJI MeXKy KPACHON M OpAHZKEeBON JIMHUSIMM)
cocrapysier 58°, u OH paBeH mmpore (ceBepHOil) Mecta HaburoeHus. Takum 0OpasoM,
¢ = +58° (BosmozxkHno, Jlen Mopos ycrpowicst ¢ Teneckonom B roctsax y CHerypodkn
B Kocrpowme).

e YT0JI MEXKIy HAIIPABJIEHHEM Ha OOBEKT U HEOECHBIM 9KBATOPOM (MEXK/Iy 3€JICHOl U CHHEel
JIMHUAME) cocTaBisieT 14°, Takum o6pa3oM, CKJIOHeHHe o6beKTa paBHO 0 = +14° (oHO
HOJIOZKUTEJIBHOE, TIOCKOJIBKY 0ObEeKT HAXOIUTCS HAJT 9KBATOPOM ).

Tenepb onpeacanuMcda C IIPAMBIM  BOCXO2KJICHHEM. HOCKOﬂbe Ha6J’[IOlLeHI/IH IIPOBOAATCHA
B ICTUHHYIO COJIHEYHYIO MOJIHOYb, TO 3BE3IHOE BPEMsS W MPIMOE BOCXOXKJEHNE HaOJII0IaeMOro
00bEKTa OTIHYAIOTCH OT IpsMoro Bocxoxkaennsa Cosmna aq pasno Ha 127, Onenuts mpsmoe
Bocxoxkjienne Cosaila 1 gHBaps MOXKHO, CUHMTas, YTO B JIeHb BECEHHEI'O PABHOJIEHCTBHUSA OHO
pasuo 0", a masee B Tedenme rojga paBHOMEPHO yBeamdmBaeTcs. Torna KayKIblil Mecsl] OHO
cTanoBHUTCH 6oJbIIe Ha 2", B JeHL 3uMHero cosHIecTosHAS paBHO 18", a 3a ocTaBmIyiocs TpeTh
MecsATa JIOCTUTAeT 3HaueHns oo = 18740™. MoxkHO Takske BCHOMHITB, uto Opuapux Beccesnb
npejyiaraj B KadecTBe HadaJa rojia NCIOIb30BaTh MOMEHT, KOT/Ia IIPsiMoe BocxoxK teHne CoJtHIa
OKa3bIBAETCs B TOYHOCTH paBHBbIM 18740™, mosyumsmmiicss Tak HasbiBaeMblil «Beccenes Hoprrit
r'0/l» OTCTOUT OT OOBIYHOTO 110 BCEMUPHOMY BpeMeHH He HoJjiee UeM Ha ITOJIOBUHY CyTOK. B jrrobom
cJlydae MbI IIPUXOJIUM K BBIBOJLY, UTO IIPSIMO€ BOCXOK/IeHUE HAOJIF0IaeMOT0 00beKTa IIPUMEPHO
a = 6"40™.

Ocraoch OTBETUTH HA BOIPOC MPO CO3Be3jHe. TyT MOXKHO OPHEHTHPOBATHCA HA TO, UTO
B HOBOI'OJHIOIO HOYb B UCTUHHYIO MOJTHOYL IMPAKTUYECKU B BepXHEH KYJIbMUHAINN HAXOJUTCH
Cupuyc, n uckKaTh CO3BE3/IUE, HAXOJSIIECECT CUMMETPUYIHO OTHOCHUTEIBHO HETro OT IKBATOPA.
9TO BJH/I3H€HBI, XO0Td HH3Kagd TOYHOCTL OIIpeaes/ICHHA CKJIOHCHH:A B IIPpUHOUIIE IIO3BOJIAET
[PEJIOIOKIUT elle oJuH BapuaHT: EuHopor (a mpu 6ojiee 3aMeTHOI OMUOKe OIpeIesieHunst
[PSIMOTO BOCXOzKIeHus erie u OpuoH).
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Kpurepuu orieHnBaHus.

K1. fBHbI win HeABHBIN BBIBO 00 SKBATOPUAIBHON MOHTHUPOBKE . .........ouuuuennn.... 2
K2. BriBoj o HaO/0/ieHIT 00beKTa B BEPXHEN KYIBMUHAIIAM o oo ovvvveeeeeeaneeeannn. 3
K3. OrmpejiesieHue mupoThl JIIOOBIM CIIOCODOM . ...ttt ettt et et e e e e e 3

Ba/uibl 110 9TOMy KPUTEPUIO HE BBICTABJISIIOTCH, €CJIM yKa3aHa I0yKHasl/OTpuriaTe/bHast
IMUIPOTa WA YTBEPKIAETCsI, ITO BO3MOXKHBI JiBa orBeTa — it Cepeproro u HOzkHOTO

HOJIyIIapPUA.
K4. Oupejesienne CKIOHEHUST JTIOOBIM CIIOCOOOM . ..\ttt vttt e e et e e e e e e 3
K5. Ompenenenne nmpsaMoro BOCXOKACHUST JTFOOBIM CIIOCOOOM . ... vvuutteeneeennnnnns 3

OTBeT JIOJIKEH JIesKaTh B pejetax or 6730™ 1o 6750, nnaue GaJIbl 10 STOMY KPHUTEPHIO
HE€ BBICTABJIAIOTCH.
K6. CosBesiiie BIMBHEIIBI . .. ..o 2
Ecnu B kagecTBe oTBeTa yKazanbl Eaunopor min Opuon — 1 6aJur.
MakcuMmaJjibHasI OLleHKA: 16

YucsieHHble 3HAYEHNUS IS MTIPOTHI U CKJIOHEHUS MOTYT OTJIMYAThCA Ha 3° B JIOOYIO CTOPOHY.
[Tpu norpemntaocTu 60ee 3° (HO He Gostee 6°) OIEHKA 38 COOTBETCTBYIOIINI KPUTEPUIT CHUKALTCS
na 1 6asu1. [Ipu norpemnoctu 6ostee 6° orenka 3a kKpurepuii paBHa 0 6a/I0B.
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11.10. CBepxHoBas 3aJa4a

M.B.Kocmuna
Y  HCTOYHUKA TOBTOPHBLIX OBICTPBIX PAJJIUOBCILIECKOB OOHAPYKEHO PEKOP/HO ObICTpOe
yMeHbIteHne Mepbl juctepcun DM. Cuuraercsi, 9T0 9TO CBS3aHO € paCIIUPEHNEM OCTATKa
BCIIBIIIKN CBerHOBOﬂ u, TéM CaMbIM, YMEHbIICHUEM IIJIOTHOCTHU 3TOI'O OCTaTKa.

MoxkHO cunuTaTh, YTO OCTATOK CBEPXHOBOW ITOJHOCTHIO MOHM30BAH M HAXOIUTCS Ha, CTAIUN
CcBODOTHOTO paciupenusd. Torjga n3MeHeHrne co BpeMeHeM MepPhl JIUCIIEPCUU U3-3a PACITUPEHUA
oCTaTKa MOXKHO BBIPA3UTh TaK:

M \? E, -1 t -2
DM = 260 3 S
e/ e (1OM@) (1044 ,Z[)K) . (100 JIeT) /

rjie M — macca Boibpoca, Fy — sHeprusi B3pbiBa, a t — BpeMs, IIPOIIEIIIee ¢ MOMEHTA BCIIBIIIKH.

I/IBMepeHI/IH MEpPbI JUCIIEPCUN JJId 9TOI'0 UCTOYHUKa IIPpUBEACHBI Ha PUCYHKE.

A. Ompenenure 110 rpaduKy CKOPOCTb U3MEHEHUS MePbI JTUCIIEPCUN.

B. Ormpenenure Bo3pacT ocTaTka CBEPXHOBOI B I'0JIaX.

C. Ompesenure CKOPOCTb paCIIUpeHus O0OJIOYKU CBEPXHOBOM, cUWTasl €€ IOCTOSTHHOI.
[Ipmvuure Ey = 2 - 10 Ix.

D. Ompesnenure pajguyc octaTka B JaHHBIH MOMEHT B ITapCEKax.

Ha rpaduke npusejieHbl JlaHHBIE, OTHOCSIINECST TOJBKO K OCTATKY BCIIBIIIKNA CBEPXHOBOI, BCE
apyrue ¢paKTOpbl, BHOCAIINE BKJIa I B HaO/f01aemMoe 3Hadenrne DM, BbIaTeHbI.

Ha pucynke mokazana 9BOJIIONNS MePbl JUCIIEPCUN TTPUMEPHO 3a 3 Tojla HADIIOIEHN, HaunHas
OT HEKOTOPOr'0 MOMEHTa B HejlaBHeM mpomnuioM. [lo ocu abcruce OT/IOXKEHBI HelpepbIBHBIE
oTcueThl BpeMenu B cyTkax. [lo ocu opaunar — mepa guctepcuun DM. T'opuzonrasibias :KupHasd
JINHASI OTMeYaeT CpejiHee 3HAYEHNE Mepbl JIMCIIEPCUU Ha TOKA3aHHOM IPOMeKyTKe. Takike
Ha rpadukKe MpOBeJeHa IMYHKTUPHAs JUHUS, COOTBETCTBYIONIAA HAWUTYJINell JTUHEHOW Moien
JIJI OIIpeJiesieHnsl CKOpocTn yMenbIieHust DM Ha j1aHHOM TTPOMEKYTKe BpEMEHH.

°

640 ® 2

® .

630 . ]
o) “e-~
= ° Y
3] ~.
z

~.. e
= 620 >
A ¢ ‘\\.
~._ e
610 ]
o "~
LI
600 - e

0 100 200 300 400 500 600 700 800 900 1000 1100
Bpewms, cyTkn

Puc. 4: Pucynok k 3ajaue 10.
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/s cnpasku. Mepa muciepcun DM — 310 XapakTepucTuka cpejibl, Yepe3 KOTOPYIO IPOXO/IAT
U3JIyueHre, OIPEJIe/IAoNasi pa3Hoe BpeMsl IPUX0J/ia CUTHAJOB K HAOJIOJATEeTI0 Ha Pa3HBIX
gacToTax. Mepa gucriepcnn paBHa IOJTHOMY YHCIY SJEKTPOHOB Ha Jiyde 3PEHUusl B CTOJIOE
cedenneM 1 cM? u u3MepseTcss B aCTPOHOMUM B e[MHUNAX 1K/ oM’

DM [ux/cnm’] = (ne) 7,

rae (ne) — CpeJHsis KOHIEHTDPAIMs 3JeKTPOHOB Ha Jiyde 3peHHsl U I — PACCTOsSHUEe
JI0 UCTOYHUKA.

Penienne.

A. Tlo rpaduky wusmMepseM CKOPOCTh W3MEHEHHs] Mepbl JHCIEePCHH, KOTOpasi COCTABUT
—12.4 nx/cm® B rog.

B. Mepa aucrniepcun 3aBUCUT TOJIBKO OT BPEMEHU, TaK KaK OCTAJIbHbIC BEJIUNIUHBI B (hopMyJie
KOHCTAHTBI. JTa 3aBUCUMOCTH HejuHeiHas. Ho y Hac ecTb MrHOBEHHAs CKOPOCTH
n3menennss DM u 3nadeHune ee camoil B HacTodmuit MoMmeHT. MrHOBeHHAasT CKOPOCTb —
sto npousBojHasg DM 1o Bpemenu. Torma MoxkHO mipoaud depeHImpoBaTh 3aBUCUMOCTD
DM ot Bpemenn:

dDM _ ., __2:DM
dt t

Takum obpazom, BO3pacT OCTaTKa HAXOIUM TaK:

2.-DM | 2-620

_ = =1 .
dDMJdt| ~ 124 00 der

-

C. Dueprus B3pbiBa Fy naer Ha pasron 000JI0YKH Macchl M 110 CKOPOCTH v:

M2
B, =22
2

[TosryuuB Bo3pacT ocTaTKa, MOXKHO HANTH KOMOWHAITHIO

M\’ B, \ ' \ .
(10M®) (1044 ﬂm) = 620 ux/cm” /260 nk/cm” = 2.4.

Macca BbIOpOCA HAM HEM3BECTHA, IIOITOMY €e HYXKHO BBIPA3UTh W3 TOJyIeHHON
KOMOWHAIINN Yepe3 SHEPTUio:
1/2
Ey
- (2.4- , (3)

1044 JIx

E 1/2
M =210 kr (2.4 . —0) = 3.1-10°\/Eo[ ] xr.

1044 JIx

Haiinem ckopocTh:

=3-10° m/c =
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D. Ocrajock ompeneuTs paanyc:

R =wvt=6-10% a.e./rox - 100 = 6 - 10* a.e. ~ 0.3 nx.

Kpurepuu orieHnBaHus.

K1. Ilyakr A: usmepenune ckopoctu udMenenns DM 1o rpaduky ................ooo.... 3
ECJH/I IIOI'PEITHOCTD OIIpeie/IieHn A CKOPOCTH 6OJH)H_I€ 04 HK/CIV13 B I'O/f, OIl€eHKa 3a 3TOT IIYHKT
cHUXKaeTcst Ha 1 6asL.

K2, TLyHKT B o 5
HuddepenmupoBanre DM 110 BPEMEHI . ...ttt 3
BBIMHCIIEHNE BOBPACTA OCTATKEA, . . ottt eotte ettt et et et e et e e aee s 2

Eciu orser st Bo3pacra JaH He B rojax, OleHKa CHuxKaercs 70 1 Gauta
[PU TPABUIBHOM YHCJIEHHOM 3HAYCHUMN.
K. TIyHKT € .o 9
dBHOE yTBepKeHUE O TOM, UTO SHEPrus Fy dBIgeTCS KUHETUYECKO# sHeprueit
060JIOUKH, WM HESBHOE WCIIOJb30BAHUE ITOIO YTBEPKJEHUs (HAIPUMED, B BUJIE

DOPMYITIBI (2)) oottt 2
[Tonyuenne BbIpaykeHHsl, CBs3bIBAIOIIEro Maccy obomoukn u  FEy ((3) wm
DS £ (o) 4 5= 10) ') R 4
BBIYUCTIEHNE CKOPOCTH ...ttt t it ettt e e et e et e e e 3
K4. IIyHKT D: BBIUUCTEHEE PASIIYCA . ..ttt ettt ettt e e et e e et e e et e e e 3

ECJH/I OTBET JUJId DpPaJinyCa JaH HE B IIapCE€KaX, ONCEHKa CHH2KaeTCA 10 1 6aJI,Ha
IIpu IIpaBUJIBHOM YUCJICHHOM 3HAY€HUU.
MakcuMmaJjibHada OIleHKAa: 20
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