Bcepoccuiickas 01MMIIAA1a HIKOJIbHUKOB 10 ACTPOHOMUM
3akarounreabHblii 3Tan — 2023 roa
Pemrenus 3a1aHnii 1 KPUTEPUH OLICHUBAHMS
IlepBblii (TeopeTH4YeCKU) TYp

9 kJacc

9.1. Ceunanue ¢ Benepoii

YcaoBue. bimxkaiimee HuxHee coequHeHue Benepbl ¢ CoJjiHLIEM MO SKIMITHUYECKOW JIOJITOTE
npousoiiner 13 amrycra 2023 roma B 114lOm mo BcemupHomy BpemeHu. M3BecTHO, 4TO
koopauHaTel ConHIa B 3TOT MOMEHT cocTaBsaT oo = 09u31.5m, & = +14°40', a Benepa mpoiizer B
7°40" roxxHee SKIUNTUKH. OmnpeaenuTe KOOPAUHATH TOYKH Ha MOBEPXHOCTH 3€MIIM, U3 KOTOPOH
Benepa Oyzer myuiie Bcero BugHa B 3TOT MOMeHT. CuutaTh, 4To BeHepa BHIHA, €ClIU LIEHTp UCKa
CounHIa pacroio’KeH He BbIIlIE TOPU30HTA, & KPUTEPUEM KauyecTBa BUJMMOCTU IPU 3TUX YCIIOBUAX
ABIIAETCS BbIcOTa BeHepbl Haa ropu3oHTOM. ATMochepHoii pedpakiueil 1 ypaBHEHHEM BpEeMEHU
npeHeopeyb.

Pemenne. [lo ycrnoButo 3a1aun, Hauy4Iine yciaoBus JUisl HaOtoneHus: Beneprl HacTymaroT, eciu
neHtp CoJHIIa pacriojiaraeTcst He Bblllle TOPU30HTa, a BeHepa npu 3ToM HaXOAUTCS Ha HauOOJIbIIEeH
BEICOTE. YTJI0BOE paccrosinue Mexy ComaiieM U Benepoit B 3Tor MoMeHT Ham u3BecTHO (7°40"), u
OHO HeBenuko. [Toaromy s Hamnyumux ycinoBuil CosHIE AOHKHO pacroiaraThCsi Ha TOPU30HTE,
a BeHepa — B TOUHOCTH HaJl HUM.

B MoMeHT coeannenus sxknuntuyeckue 1oiarorsl Connua u Beneps! coBnagarot. JIunus «CounHue —
Benepa» neprieHAUKYIspHA SKIMITHKE, a TOUKa nepecedeHust ¢ Hell — CoiHIe — HaxXOauTcs Ha
ropusonte. Koiab CKOpo 3Ta jXe JIMHHS TEpIEeHIUKY/spHA TOPU3OHTY, MBI JeJlaéM BBIBOZ, YTO
TOPU30HT ¥ OJKIUNTHKA B JIAHHBIH MOMEHT COBIANAIOT. DTO MOXKET MMETh MECTO TOJBKO Ha
nojsipHoM kpyre. [lockonbky BeHepa HaxoauTcsi rojKHEE SKIMITHKH, CUTyallds MMEeT MEeCTO Ha
I0)KHOM TIOJISIPHOM KpyTe, IUpoTa paBHa —66.6°. MbI HalIM OHY U3 KOOPAWHAT TOUYKH 3€MITH.

B 3eHuTE B ATOT MOMEHT HaXOJUTCS FOKHBIN TIONIOC DKIIUIITHKH, MPSIMOE BOCXOXKIIEHHE KOTOPOTO
paBHO 64. Takoe ke 3HaUeHHWE MMeEET 3Be3JHOE BpeMs B MOMeHT HaOmroneHus. [IpeneOperas
ypaBHEHHEM BPEMEHH, OIPEEIIMM 3BE3IHOE BPeMsi B COJIHEYHYIO MOJHOYH 13 aBrycra. Jrta mara
MPE/IIECTBYEeT OCEHHEMY PaBHOIEHCTBMIO Ha 41 aeHb, 1 COJHIy B CBOEM BHUIMMOM JIBHKEHUU
ocraiock npeononetsb 40° nau 2440M 10 TOUKHM OCEHHETO PaBHOJIEHCTBUS, KOT1a 3B€31HOE BPEMsI B
noJHOYb OyzaeT paBHO 04u. Tak kKak MO yCIOBHIO 3a7aydl MBI IpeHeOperaeM ypaBHEHHEM BPEMEHH,
MBIl MOXeM cuMTaTh JBWKeHHe CojHIa 1O NPSIMOMY BOCXOXKJIEHHIO PaBHOMEPHBIM.
CrnenoBaTenbHO, ceiiyac 3Be3HOE Bpems B MOiHOYb coctaBisier 21u20m. Eciam ke Tekyiiee
3BE3/IHOE BPeMsl PaBHO 64, Mbl MOXEM ONPEAETUTh COTHEYHOE BPEMSI:

T = 69— 214920m (+244) = 8u40Mm.
ITpu sTom Beemuproe Bpemst UT paBro 11410m. Takum oOpa3om, T0JIroTa MecTa ecTh

A=T-UT =-2430m = -37.5°.



Hckomasi Todka HaXOAWTCS B FOKHOM 30HE ATJIAHTHUYECKOTO OKeaHa, KoopAuHathl A = —37.5°
¢ = —66.6°. B aTror MomenT CoiiHIIE TaM BOCXOJIUT HaJl TOpU30HTOM, BeHepa B3omuia A0 HETO U
HaXOOWTCS HaJ HAM Ha HeOe.

CucreMa oneHUBAHMS.

1 sran — 2 OGamna. BeiBog 0 TOM, YTO B HMCKOMOH TOYKE SKIMNTHKA [IOJDKHA COBIAIaTh C
ropu30oHTOM. MoeT OBITh ceNaH cioBamu Win rpadudecku. OCHOBOIONATAIONINM JOHKEH OBITh
dakt, yto Benepa pacnonaraercs B TouHoctu Haj ConnueM, a ConHie — Ha ropusoHrte. [lanHoe
YKa3aHHE SIBJISICTCS HEOOXOAMMBIM, HO HE JIOCTATOYHBIM JUIsSl 3a4eTa JaHHOro dTama. K mpumepy,
€CJIM U3 HEro JIeJIaeTcsl BBIBOJI, uTO BeHepa pacrosiaraercs B TOYHOCTH B HANpaBiICHUH K I0KHOMY
MOJIFOCY MHUpPa, U CUTYyaluss HaOIOJaeTcsl B MOJSPHBIN MONIeHs Ha mupote —/5°40', To 3tam He
3aCUUTHIBACTCS MOTHOCTHIO (0 6ayioB).

Ecnu BbIBOA O COBHAJEHWU OHKIUOTHUKA U TOPU30HTA Jenaercs 0e3 00OCHOBaHUS — ITal
3acuuThiBaeTcss |1 Oamnom. Ecnmu oH He nemaercs BOBCE, HO MPHUCYTCTBYET B HESBHOM BHJIE B
JalbHEUIIIeM pelIeHHH — STal He 3acUUThiBaeTcs. B 000uX cilydasx MOCIeqyIoNue dTarbl
OLICHUBAIOTCS B IMOJHOM Mepe.

2 sran — 2 OGamia. OnpeaeneHUe MUPOTHl MECTa. 3aCUUTHIBAETCSA TOJIBKO B CIydyae MPaBUIIBHOIO
orBera ((hopmynupoBka «HOXKHBIM MOJSAPHBIA KpPyr» WMIU MHPOTH OT —66.5° mo —67°). Eciu
y4acTHUK myTaeT FO>KHBIN MOJSPHBIIA KPYT C CEBEPHBIM, 3TAll HE 3aCUUTHIBACTCS MOJHOCTHIO, PU
TOM €My MOXET OBITh 3aCUMTaH MEPBBIA 3Tal B CIydae MPaBHJILHOTO BBIMOJIHEHUS (TOPHU3OHT
COBIIAIACT C IKIIMIITUKOM).

3 oram — 6 OGamnoB. OmpeneneHHe MOJTOTHI MECTa, TOYHOCTH 5°. DTam MOXET BBIIOIHATHCS
pasHbIMM CHOCO0aMH, IMPU HCHOJIb30BAaHUU IOJXO0JA, OMHWCAHHOTO BbIIIE (YETHIPE MOAITAIA:
TEKYyIIlee 3BE3/IHOE BpPEeMs — 3BE3[JHOE BPEMsS B COJHEUYHYIO MOJHOYB (WM MOJJIEHb) — COJTHEUHOE
BpeMs B ITYHKTE HAONIOJIEHHS) — JOJITOTAa MECTa OLIEHUBAIOTCS IOCIIEA0BaTeNbHO B 2-2-1-1 Gat.
[Ipu ncnonb30BaHUM UHOW CXEMBI pacueTa MOXKHO IMPOBECTH AHAJIOTHIO C MPEACTaBICHHOU BBIIIE U
TaKXe BBICTPOUTH CHUCTEMY OIlEHHWBaHHs. B ciiygae ommOKM Ha TOM HWJIM WHOM TOJdTarie OH HE
3aCYMTHIBAETCS TIOJHOCTHIO BHE 3aBUCHUMOCTM OT TpUuYuHBL. Ecnu mpu 3ToM omubka wumena
(dakTHueckuil xapakrep (MCHOJIb30BaHUE HEBEPHOM (OPMYNbI CBSI3U 3BE3JHOTO M COJHEYHOI'O
BPEMEHH, COJTHEYHOTO BPEMEHU M JOJITOTHl, B TOM YHCJIE HEBEPHBIE 3HAKW) — JIOMOJIHHUTEIHHO
BbhIYMTaeTCs 1 Gasut u3 oOIelt OLIEHKH 3a dTall, €CJIM OHa TpeBbImaet 0.

Kommenmapuii: nipu BBIUKMCICHUM TEKYLIETO MpsMOro BocXokaeHUs ColHIIa YYaCTHUKU MOTYT
YYECTh HAKJIOH €r0 BHIUMOrO IMyTH IO JKJIMITHKE K 3KBaTopy. B 3TOM ciyuyae oHM mosydar
214930m BMecTo 214920M, 9TO B KOHEYHOM UTOTE YMEHBIIUT JAONTOTY Ha 2.5°, oHa cocraBuT —40°. B
JAHHOM CITy4yae, 3TO JieJlaTh He 00s3aTeNIbHO, TaK KaK 3TO OJUH U3 (PaKTOPOB ypaBHEHUS BPEMEHH,
KOTOPBIM IO YCJOBHIO 33Jayll MOXKHO NpeHeOpeub. Ho 3TO He MOXkeT ObIThb OCHOBAaHUEM IS
CHIDKEHHUS OLIEHKH, TaK KaK B PeaJbHOCTHU MOJTyyaeTcsi 00siee TOUHBIA OTBET.

Tunuunas owubka npu 6vINOIHeHUU 3mana: TOACTAHOBKA HEBEPHOTO 3HAYEHUS 3BE3JIHOTO
BpPEMEHHU B MOJHOYH (B TOM YHCIIE, B Pe3yJbTaTe HEBEPHOTO BBIIOIHEHHUS MPEABIIYIIUX 3TaroB),
ykaspiBaeTcss Bpems 0, 12 ninm 18 gacoB BmecTo 6 yacoB. Ecnm ocTanbHblE pacdyeTsl BEpHBIE, U
OTBET OTJINYAETCA OT BEPHOro Ha 6 MM 12 yacoB — HE 3aCUMTHIBACTCS MEPBBIN MOA3TAIl, a TAKKE
BeruMTaeTcs 1 Oami, Tak Kak omuOKa sBisieTcs: ¢akTraeckoi. OIEHKa 3a 3Tan He MPEeBOCXOUT 3
6aIoB.



9.2. CeMelicTBO XHUJIbIbI

Ycaosue. Okono opoutsl KOnuTepa HaXoAUTCs TPpyIINa aCTEPOUI0B, 00pa3yIOIINX TaK HA3bIBAEMOE
ceMeNCTBO XWIbJbl. DTH acTepOU]bl IpUMeEyYaTeNIbHbl TEM, 4TO B JHOOOH MOMEHT BpEMEHHU
00pa3ylOT NMpPaBUWIBHBIN TPEYTONBHUK, BEPIIMHBI KOTOPOTO JieKaT BOMM3K opOuTsl FOmuTepa (cM.
PUCYHOK). DTOT TpEyrojbHHK IIOBOPAYMBAETCSI B IPOCTPAHCTBE CHHXPOHHO C OpOUTAJIbHBIM
neuwxeHnreM lOmnurtepa tak, uro lOmurep Bcerna paBHOyIan€H OT JABYX OMmKalliuX K HeEMy
BepwnH. Onpezaenure OOJBUIYIO MOJIYOCh (C TOUHOCTBIO Jyulle 1%) U 3KCLEHTPUCUTET OPOUTHI
acTepouioB u3 cemeiictBa Xuibpapl. Opoury HOnutepa cuuTaiite KpyroBOH, «TOJIIIWHOW JTMHHID
TPEyroJibHUKa NpeHeOperure.
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Pemienue. [lo pucyHky MOXKET MOKa3aTbCs, YTO AacCTEPOMIbl JBUTAOTCS BIOJb CTOPOH
TpeyrojipHuka. Pa3zymeercsi, 3TOro He MOXET ObITb, KaXXIbli acTepou] ceMelcTBa XWIIbJbl
JBUKETCS IO SJUIMINTHYECKONH opOuTe. Bpalmaromuiicss TpeyroJlbHUK — BCEro JIMIIb HWILIHO3US,
BbI3BaHHAs CUHXpPOHM3aLuell opOuTanbHbIXx nepuonoB FOmurepa u acrepounoB. Takoe siBIeHHE
Ha3bIBAETCSI OpPOUTATIBHBIM PE30HAHCOM.

Buauasne Mbl ompenenuM OSKCHEHTPUCUTET OpPOUTHI acTepouJioB. Tak KakK «TOJIIHUHON»
TPEYroJIbHUKA MBI 110 YCIIOBUIO 3a/1aHUs IpeHeOperaeM, To HauOoJIbllIee pacCTOSHUE acTepousia OT
ConHLa ecTh OTPE30K MEXIY LEHTPOM U BEPLIMHOM TPEYroJbHUKA, a HAUMEHBLIEE — MEXAY
LIEHTPOM U CTOpPOHOM. Kak n3BeCTHO, LIEHTP PABHOCTOPOHHETO TPEYrOJIbHUKA JEJIUT €r0 MEUaHy B
cootHomeHuu 2:1. Orcrona:

e=(q-p)/(q+p)=13.

W3 ycnoBus ciemyeT, 4To paccTosiHue Mexly acteponiamu 1 CosHIeM B adenuu ux opouT OJIM3KO
K paauycy opoutsr FOmmrepa, To ecth (o = 5.203 a.e. MbI MO’keM BHaUae MPEANOI0KUTh BHAYATIE,
YTO TOYKHM adenus HaxomsTcs npsmo Ha op6ure IOmurepa. Torna U3 CBOWCTB PaBHOCTOPOHHETO
TPEyroJbHUKA HAXOJMM HX MEPUTEITMHHOE PACCTOSIHUE B ATOM MPHONIMKeHHH: Po = Qo/2 = 2.602
a.e., OoJbIIas mMoJyoch ecth ao = 3(o/4 = 3.902 a.e. OqHAKO, 3TO HE SBJISICTCS TOYHBIM PEIICHHEM.
JlecTBUTENBHO, B TOM Cllydae OpOUTANIbHBIN EPHO] aCTEPOUIOB (B r0J1aX) COCTaBUII ObI
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3/2
T, = 3/2:(3%) :qg/Z-szTJ .3f ~T, -0.65.

OtHomieHue niepuooB  obOparnenuss actepounoB  (To) um  FOnurepa (T)) okasbiBaercs
UpPPALMOHAIBHBIM YHUCIOM. MBI ke HaOJroaeM PE30HAHC, NP KOTOPOM MOJIOKEHHs adenes
acTEPOUIOB KOHIICHTPUPYIOTCSA K TPEM PaBHOYIAICHHBIM MOJIOKEHUSIM BOJIM3KU opouThl IOnuTepa.
DTO MOXET ObITh, €CIIU TIEPHOJT 0OpaIeHHUs acTepOuIOB ecTh N/3 mepuooB obpaieHus OnuTepa,
rze N — 1esioe Yucio. 3Has IPUMEPHBINA IEPUO]T aCTEPOUI0B To, MBI JeJIaeM BbIBOJ, uTo N=2. Toraa
MbI HAXOIUM TOYHYIO OOJIBIIYIO TIOJIYOCh OPOUT aCTEPOUIOB:

2/3 2/3 2/3
a= [ZTJJ =T23. [zj =0, (Zj =397 ae.
3 3 3

MOXHO MPOBECTU PACCYKICHUS U B OOpAaTHOM MOPSIKE: U3 YCIOBUS PE30HAHCA MBI 3HAEM, YTO
epuoi oOpalieHust acTepouaoB 1 ecTh 13-N/3, OTCIOAa MBI HAXOJHM OOJBIIYIO IOJYOCh HX

OpOUTHI:
T, \23 N N
a= Ty :T2/3' o — N .
[ 3 ) : (3) b @

3Hast SKCIICHTPUCUTET, Mbl HAXOIUM a(peTHifHOEe PacCTOSTHUE aCTEPOHIOB:

g=a(l+e)= A:,:l = gggnm ~0.641g,n*"°.

IIpu 5TOM MBI 3HaeM, 4TO BEJIMYMHA (] JOJDKHA OBITH OJM3Ka K (o, YTO MPUBOAMT HAC K N=2 H
a=397a.e.

CucremMa ouleHUBaHUS.
Oran 1 — 4 6Gamwra. OmpeneneHue dSKCIeHTpucutera opoutsl. Tak Kak 1O YCJIOBHUIO 3aJaud

TPEYrOJbHUK CYHMTACTCS TMPAaBUIBHBIM, @ €ro TOJIIMHA HE YYHUTHIBAETCS, TO AIKCIIEHTPUCHTET
JIOJDKEH OKa3aThCsl paBHbIM 1/3.

Ortan 2 — 4 6anna. OnpeneneHue nepuoaa oopaiieHust acTepou0B, KOTOPOE JOHKHO OBITh PaBHO B
TOoYHOCTHU 2/3 0T opbOuTanBEHOrO TIeproaa FOmuTepa.

Ortan 3 — 2 6amna. OnpeneneHue 00bIION MOTYyoCH OpOUTHI ACTEPOUIOB, TOYHOCTH 1%.

Bosmoorcnoe nemounoe pewenue: pennonoxeHue, 4to agenuii opoUT acTepoOUI0B JIEKHUT TOUHO
Ha opbute lOmutepa, uro naer 3HaueHue OonblIoi moxyocu 3.90 a.e., UYTO BBIXOAMT 3a paMKHU
TpeOyeMoii TouHocTH. B 3TOM ciyyae 3a 2 u 3 3Tamsl BMecTe BbICTaBisieTcs He Oonee 2 Oanos,
CyMMapHasi olleHKa — He 6oJiee 6 6aioB.



9.3. Tpuanryassuus 0yayiero

YciaoBue. B xome actpomerpuueckoid muccuu Oynymiero (depes 200 ¢ HeOONBIIMM JIET)
KOOPJMHATHI IIEHTpa cBepxMaccuBHOW uepHO Awipel (CMYJ]) B menTpe Hamei [amakTuku
OJHOBPEMEHHO H3MEPSIOTCS HMH(PaKpaCHBIMU TEJECKONAaMH C OKOJIO3€MHOH OpOUTBI U C
noBepxHoctu Ilnyrona (ero koopauHatel B HeOe 3eMiau B 3TOT MOMeHT o = 184, & = -17°,
reJMOIICHTpUYUECKoe paccTosiHue 32 a.e.). O0oumM TeneckonaMu ObLIO CICTaHO IO OJHOMY
M3MEPEHUI0 C TOYHOCThIO 10 1 HanHocekyHmsl ayru (107°"). C kakoil TOYHOCTBIO MOYKHO
onpeaenuTh pacctosinue 10 nenrpa CMYJI B ienTpe ["'aylakTUKK Ha OCHOBE 3THX U3MEPEHMIT?

Pemenne. I'ennonentpuueckoe paccrosinue IlyToHa cymecTBeHHO 00JIbIIe relHOLeHTPUYECKOrO
paccrosHus 3eman. Mbl OyaeM M3 €CTECTBEHHBIX COOOpaKEHHWIl MpearnoiaraTh, 4TO W3MEPEHHUs
IIPOU3BOAMINCE BOIM3U NpoTUBOCTOsIHUA [lmyToHa M Haxoxduierocs Ha HeOe HemoJaleKy LeHTpa
raJlakTUKH, U TOI'/Ia PACCTOSIHUE MEXAY TOUKaMHu u3MepeHuid cocrasiser 31 a.e. [Ipu sTom, oTBeT
Ha 3a/1a4y CYIIECTBEHHO HE M3MEHUTCS, €CIU Mbl OyJleM CUMTATh €r0 paBHBIM CpPEIHEH BEIMYHMHE
(32 a.e.).

®daxTop, KOTOpBIM HYXHO NPUHATH BO BHUMaHME — OTHOCHUTEIBHOE pacroiiokeHue IlmyroHa u
neHrpa [‘anaktuku B HeOe 3eMiu BO BpeMs sKcrepuMeHTa. OHM HAaXOJATCS HEHNOJANIeKy JIpYyr OT
npyra. Eciu 3Hath TOuHblE KOoOopAauHaThl ucTouHuka Crpenen A, cesizanHoro ¢ CMYJL (17445m,
—29°), TO yIJIOBOE pAacCTOSIHME MEXAy HUMHU Y IOJIydaeTcs paBHbIM 13°, OHO NpakTHYECKH He
U3MEHSIETCS, €CIIM Mbl Y4TEM IpereccuonHoe cmetenue 3a 200 et (12°).

3emnia d TnytoH

Sgr A*
VYron, noa kotopeiM U3 eHTpa ["anaktuku Oyner BuaHa TuHUS «3emis — [myTon», paBeH

ﬂ:ds:ny.

DTOT MapauIaKTHYECKUH yron ecth pasHuia koopauHat CMY/JI, u3mepennbix ¢ 3emiu u [InyToHa.
DTO COOTHOIIIEHWE €CTh OCHOBA JUIs OMPEACTICHHs PacCTOSHUSA 10 ucTtouHuka Sgr A*. Ilycts
Tenephb B pe3yJibTaTe U3MEPEHUN yroJl T ObUT U3MepeH ¢ ommnoKoii An. Torja UTOroBOe pacCTOsSTHHE
OyzeT u3mepeHo ¢ ommoKoi Al:

_dsiny  dsiny  _dsiny

I+ Al ~
w+Anr m(l+Axlx)

(1-Axl ).

OTCIOI[a MBI [TOJIYYa€M BBIPAXKCHUC UL MOAYJIA MOTPCIIHOCTU U3MEPCHUA PACCTOSAHUA:

dsiny|Az|  1?A7|

7’ dsiny

Alj=

ITo ycnoBHIo 3a/aun, 06e 06CepBaTOPHH NMEIOT OMMOKY M3MepeHni koopauHat 107" wmm 5-1071°
pazuaH. [T09TOMy pe3yIbTHPYIOLIYIO OMIKOKY MPaBUIbHEH CYMTAaTh GOJIbIIEH B \2 pasa (XOTs s



OLICHKM MOXXHO CYMTaTh €€ TaKoW ke wih B 2 pa3a Oombiueit). Paccrosaue | ectp 8.5 knk mmm
1.8:10° a.e. B utore, MbI oJTy4aeM OLEHKY TorpemHocty paccrosaus Al ~ 2000 a.e.

CucreMa oneHUBAHMS.

Ortan 1 — 4 6aya. Yuet akTopa pacronokeHus JHHUN «3emiist — [I1yToH» BO BpeMsl H3MEpEeHHIA.
Koopnunatel meHtpa ['amakTuku B YCIOBHM 3a7adud B SIBHOM BHUJE HE 3aJIaHbl, MOSTOMY OT
YYaCTHUKOB HE TMpEANojaraeTcsi BBICOKOM TOYHOCTH, HEOOXOIMM TpEeXJEe BCEro caM Y4er.
YYacTHUKH MOTYT MPEANOIOXKHUTh, YTO IEHTpP [aJakTUKH COBMAJAeT MO IMOJOXKEHHIO C TOYKON
3UMHETO COJHIIECTOSHUS, YTO JacT yroia y 6.5° — BJIBO€ MeEHbIIE HUCTUHHOTO U B HMTOT€ BJABOE
OO0JIBIIYIO OLIEHKY MOTPEIIHOCTH ompeaeneHus pacctosuus. [logo6Hoe OTKIOHEHUE AOMYCTUMO U
olleHHuBaeTcs MonHOCThI0. [Ipu ommbke yria y 6osee 2 pa3 oleHka CHrbkaeTcst Ha 1 Gam, Gonee 3
pa3 — Ha 2 Gayua, 6osee 4 pa3 — Ha 3 Oaya.

Ecnu yuyacTHHK omyckaeT AaHHBIM (akTop BoOOIIe — O3Tal HE 3aCUUTBIBACTCS IOJHOCTBIO.
OcTanpHble 3Tamnbl IPU yCIOBUM MPABUIbHBIX BBIYMCIECHUH (IIOTPEMIHOCTh paccTosiHus okojo 500
a.e.) OLICHUBAIOTCS B ITOJIHOW Mepe.

Otan 2 — 2 6amia. COOTHOLICHHE MEXKIY PACCTOSHUEM 10 UCTOYHUKA, MapaJUIaKTUYECKUM YTIIOM U
paccrostHueM Mexay 3emieit u [Liryronom.

Oran 3 — 2 Gamna. CBsi3b MEXIy IOTPEHIHOCTBIO OIPENENICHUS] MapauIaKTUIeCKOTO yriia |
MOTPEITHOCTBIO PACCTOSHUS. MOXKET BBIBOIUTHCS C MOMOILIBIO (YOPMYI ISl MajbIX HapameTpoB,
KaK CJIeJIaHO BBIIIE, WM reoMeTpudecku. IlorpemHocTs onpeneneHns mapaulakTHIECKOTo yriia
MOYET OBITh IPUHATA PaBHO# 1, V2 1 2 MOrPEIIHOCTSM OHOTO H3MEPEHHS C OJHOI 06CepBATOPHH,
BCE 9TH BapUaHThI CYUTAIOTCS] BEPHBIMHU.

Ortan 4 — 2 Gawia. 3HayeHUE MOTPEITHOCTH OINpPEACIICHUs] pacCTOsSHHA. PaccrosHue 10 IieHTpa
anakTUKK MOXET OBITh MPHUHATO paBHBIM OT 8§ 1m0 9 kmk. TouyHocTh (0e3 ydera OMIMOOK,
onucaHHbIX BhIie) — 10%. [Ipu ommbkax 10 20% oleHka cHuUkaeTcs Ha 1 Gai.



9.4. Yiaeraionias 38e3/1a

YcaoBue. B 2014 rony 6si1a otkpseita 38e31a WISE 0720-0846. Ota 3Be3ia nHTEpECHa TEM, YTO B
MPOIIIOM OHA AOCTaTOYHO Oyin3Ko moxsierena k ComHednoit cucreme. Onpeaenure:
1. MuHUManbHOE TEIHUOIEHTPUYECKOE PACCTOSHUE, Ha KOTOpoe cOJmXamach 3Be3la C
CouHIIeM.
2. CKOJBKO JIET Ha3aJ1 3TO MPOU30ILIO0?
3. KakoBa ObL1a pu 3TOM €€ 3Be3/1Hasi BeTU4nHa?
4, Yemy ObUTH paBHBI €€ TIOJHOE COOCTBEHHOE NIBIDKCHHE WU PaJualibHas CKOPOCTh B ATOT
MOMEHT?
5. Ecnu monararte, 4To AaHHas 3Be37a MOPOJMIIa BO3MYIICHHE B KOMeTHOM oOsiake Ooprta, TO
gyepe3 KaKol MUHUMAIBHBIN MPOMEKYTOK BPEMEHH CIIEAYeT OXKHUIATh MPUTOK KOMET B
OKPECTHOCTSIX 3eMJIn?

COBpeMeHHBIe XapaKTECPUCTHUKU 3BE3/IbI:

Bunnmas 3Be3nHas BelinurHa m 18.3
JlydeBasi CKOPOCTH VR +82.4 xml/c
[Tapamnakc T 0.147"
CoOCTBEHHOE IBMIKEHUE BJIOJIb OKBATOPA | Lo —0.0403"/ron
Co6cTBeHHOE IBHKEHHUE K TIOIIOCY us +0.1148"/ron

Pemrenne. PaccMOTpuM pPHCYHOK, COOTBETCTBYIOIIMH ycinoBuiO 3amaud. Touka C — Touka
MaKkcUMaJibHOro cOmmkeHus 3Be3libl ¢ CosiHleM. BekTop NmpocTpaHCTBEHHOH CKOPOCTH 3BE37bl
MO>HO IIPEJCTaBUTh B BUJE:

ConHue

2 2
V=1/Vg +V1,

rje VR — Jy4deBas U VT — TpaHCBEpcallbHasi CKOPOCTh 3Be3bl. Onpenenum V1 ¢ MCHOJIb30BaHUEM
W3BECTHON (OPMYIIBI:

Ll 2 2 n
vT(m/c)=4.74-/“‘(éf‘;a)=4.74. Ve +”g,()/2"a) =3.92 xu/ c.
T T

B wurore, Mbl moslyyaeMm MOJHYIO MPOCTPAHCTBEHHYIO CKOPOCTHb 3B€3lbl OTHOcUTenbHO CoHIa:
v = 82.5 km/C, OHa MPAKTUYECKU HE OTIIMYACTCS OT JYICBOIA.

Ilyctb ro — MHUHMMalbHOE paccTosiHue Mexay 3Be3nol u ComHiuem, 0 — yroia Mexny
HaIpaBJIeHUSIMH Ha OJFpKaiIiee U TEKyIIee MOJ0KEeHHe 3Be3/1bl. Tora:



r

To V.
r

=-1=0.0475.

cos@ = —
v

OTCIOI[a MBI ITOJIy49a€M BBIPAKCHHUEC NJI1 MUHMMAJIBHOT'O PACCTOSHUA lo:

v
L=r-T= )i:o.323 nK,
a TaK¥XKe 3B€3I[HOﬁ BCJIIMYUHBI B 3TOT MOMCHT:
r V.
m,=m-5Ig-2=m-5Ig -~ =11.7.
r v

queBaﬂ CKOPOCTB 3BC3bI TOT'1a ObLIa paBHa HYJIIO, a COOCTBEHHOE JBHXKCHUC

v(xulc)  pu

= = =53.9"/ 200,
Ho 4.74-r(nx) cos’@ <

4TO B 5 pa3 IpeBbIIaeT COBPEMEHHOE COOCTBEHHOE JBMXKeHME 3Be3lbl bapHapma. Omnpenenum
BpEMs, IIPOLLIEAIIEE ¢ ITOIO MOMEHTA!

_rsing _r-vg

Vv v2

t =2.54-10" ¢ =8.05-10" rem.

[Tpenmnonoxum, 4TO0 B MOMEHT Hanbobmiero commkenus ¢ ComHIIeM 3Be3/1a BbI3Bajla BO3MYIIICHUE
B oOnake OopTa, B pe3y/ibTaTe KOTOPOro 3HAYMTEIBHOE YUCIO KOMETHBIX sJep HalpaBWINCh K
Connuy. VX nBHYXKEHHE MOXHO INPEACTaBUTH ceOe Kak OpOMUTaIbHOE C OJU3KUM MEpUTEIIUeM U
adenuem Ha paccrostHuM o (0.323 nk mm 66600 a.e.). Torna 6ombiias moaIyock UX OPOUT COCTABUT
ro/2, a BpeMs JIOCTH)KEHHS IEPUTEIIUS — MOJIOBUHA OPOUTAIILHOTO MEPUOIA:

l r 3/2
T= 2(;} =3.04-10° zem.

Mo:xHO YUC€CTh, YTO YKC IIPOILIO BpEMs t ¢ aTOTO MOMCHTA, XOTA OHO CYHIECTBEHHO MCHBIIIC, U €TI0
YUer HeoOsa3aTeIeH. Torma BpEMsA, OCTaBLICCCA OO MPUJIETAa KOMET K COJ'IHIIy, COCTaBUT

T-1t=2.96-10° nier.
CucreMa oleHUBAHU A

Oran 1 — 1 Gans. BelpaskeHue min 4uciaeHHOE 3HaUYeHUE JJis TPaHCBEPCaIbHOW CKOPOCTHU 3BE3/Ibl B
TEeKyIIUii MOMEHT. BrICcTaBisieTcss TOMBKO TMpH MNPABUIBHOM BBIPAXEHUH JJIS  TOJIHOTO
coOcTBeHHOTO JaBMKeHUs (Teopema [Tudaropa 6e3 pakropa COS & B COOCTBEHHOM JIBHKEHHUH TI0 CL).
[Ipu HeBepHBIX opMynax UM YncIeHHOH omnoke 0onee 10% 3ToT Oasu1 He BhICTABISAETCS.

Oran 2 — 2 6awra. OnpeaeneHue MUHAMAIBHOTO paccTossHUS Mex 1y COHIIEM U 3Be3/10i. MoxeT
OBITh BBIYMCIICHO uepe3 TOJIHYI0 CKOpPOCTh 3Be3[bl WM 4epe3 kKocuHyc yrima 0. Tpebyemas
To4HOCTH — 10% 0e3 ydyeTa omnOoK Ha Apyrux sTanax (mpu omuodke 10 20% oleHKa yMeHbIIaeTCs
Ha 1 Gamn).



Otan 3 — 1 Gamn. OmnpenenceHue 3BE3IHOM BEIUYUHBI 3BE3/bI B 3TOT MOMeEHT, ToyHocTh 0.1™ Ge3
yueTa OIMOOK Ha IPYruX 3Tanax.

Ortan 4 — 2 Gamwra. OnpenerneHHe BpPEMEHH, IMPOMICAIIET0 ¢ MOMEHTa COJIMDKEHHS 3BE3Ibl C
Conanem, TouHocts 10% 06e3 yuera ommOOK Ha APYrux dTamax, npu ommodOke a0 20% oueHka
CHIXaeTcs Ha | Gam.

Ortamn 5 — 2 6ayna. Onpeenenne 1y4eBoi CKopocTH (HyseBasi, 1 6amt) u COOCTBEHHOTO JBHKEHUS
3Be37IbI B TOT MOMEHT BpemeHH (1 6amt, Tounocts 10%).

Otan 6 — 2 6ayuta. HaxoxeHne BpeMeHH J0 BEPOSTHOTO IMPUiIeTa KOMETHBIX siep, TOYHOCTh 10%.
Ecnu y4acTHMK oOnMMOHManbl 3alUCHIBAET B KAyecTBE ATOTO BPEMEHM IOJNYNEPHUOA y3KOH
AIUTUNITUYECKON OpOUTBHI M HE JeNlaeT HUKAKUX KOMMEHTapHEB 110 MOBOAY YK€ MPOILEAIIETO C
MOMEHTa IpoJieTa BpeMEHH — 3a 3Tam BbIcTaBisiercs 1 6amr. Eciaum mpu 3ToM ykasbIBaeTcs, 4To
BpeMs, IPOILE/IIEe C IPOJIeTa 3B€3 /bl U BO3MYIICHUs 00saka OopTa 3HAUUTEIHHO MEHbIIIE WU 3TO
BpEMSI BBIYUTAETCS — BEICTABIIIOTCS 2 Oajuia MpH yCIOBUH BEPHOTO OTBETA.




9.5. I'opsigee Oyaviiee

Yeaosue. CoriacHo Mojenu, ucnoibdyemoit B cratbe K.P. Schroder, R.C. Smith (2008), uepes
12.17 mapn aet mocae cBoero odpazoBanusi CONHIIE TOCTUTHET HAUOOJBIIETO pa3Mepa B TEUCHHUE
cBoeii sBomonun. Pagnmyc Connna Oyner B 256 pa3 0oibllie HBIHEIIHETO, CBETHMOCTh CTaHET B
2730 pa3 Oombllie HBIHEIIHEH, a Macca yMeHbmUTcS Ha 33.2%. CumraiiTe, 4TO TOTEpPsS MAacCChI
CoyHIIEM TPOUCXOAWT MEMJIECHHO B TEUEHHWE BCEW CTaJMM KPACHOIO THUTAaHTa, a (U3HYECKHE
cBoricTBa Ipyrux teja COTHEYHON CHCTEMBI IPH POCTE TEMIEPATYPhl HE MEHSFOTCS.

Omnpenenure AJi1 MOMEHTa BPEMEHH, OITMCAHHOTO BbIIIIE:

1. Kakue mnanets! ComHeYHOU cUCTeMbl OyayT noriorieHsl CoHieM?

2. Haiimute cpeaHior TemmepaTrypy HOBEPXHOCTH CaMOW TOpsiYei TUIAaHETHI, KOTopas He Oynuer
norsomeHa CoaHueM.

3. Kakue kpynnsie Tena ColHEYHONW CUCTEMBl OKa)KYTCSl B 30HE KHU3HHU (CpeqHsisl TemrepaTypa OT
250 no 300K 6e3 yuera napaukoBoro 3¢ ¢dekra B armochepe)?

Pemenne. Ecnu Macca LIEHTpaiIbHOIO Tejda MEHSIETCS MEIUIEHHO, TO KPYrOBble OpOUTHI OCTAIOTCS
takoBbIMH. IlycTs HauanbHast macca ConHua paBHa Mo, Macca B ctaauu KpacHoro ruranra — M.
AHAJIOTUYHO OIPENeNIUM CTapble U HOBBIE paanychl opoutsl Ro u R, mepuosasr obpamenwus to u t.
3anuiem Beipaxkenune 06o6menHoro |11 3akona Kemnepa:

[ToMuMoO 3TOTO, B CHUCTEME HE MOSBIISICTCS HEPAAUAIBHBIX CHUJI, U TOITOMY JEUCTBYET 3aKOH
COXPaHEHUS MOMEHTA UMIyJbca (Vo U V — OpOUTAIIbHBIE CKOPOCTH):

2 2
a, a

aV, =av; —>=—.

t t

0

Bo3Bonst BTopoe ypaBHEHHE B KBaJpaT W A€M €ro Ha MepBoe ypaBHEHHe, moiydaem aoMo = aM.
Takum obpa3om, ecnu HoBast Macca Comria coctasisier (1 — 0.332) Mo = 0.668 Mo, To paanycs
opOuT Bcex Ten (Kpome Tex, uto OyayTt moryiomieHbl ComuiieM) yBenudatcs B 1.497 pas. Hossrid
pamnyc ConHua cocTaBUT 256 €ro HBIHEIIHUX PaanycoB, 4To ecTb 179.2 mun kM wim 1.20 a.e.
CornHIlE TIOTJIOTUT TeNa, HaXOJIIIMECS Ha MEHBIINX PACCTOSIHUAX, TO €CTh T€, KOTOpHIE ceifuac
yAaJeHsl OT Hero MeHee, 4eM Ha 1.20/1.497 = 0.80 a.e. Dto Mepkypwuii u Benepa.

UroObl OTBETUTh Ha JApPYyrue BOMPOCHI, 3allMIIEM YpaBHEHHE TEIJIOBOro OalaHca A Teia Ha
paccrostHuu a ot ComHia:

J-(1=A)-ar?
A7a®

=Adxzor’T*; T*= J '(1_'?) _J '(1_’2‘) M
167ca 167oa; (M,

3neck J — ceetumocts ComHIa Ha cTaauu KpacHoro ruranta (1.06-10% Br), A — anps6eno Tena. Tax
kak Mepkypuii n BeHepa okaxyrcs mnoryomeHHbIME CoJHIEM, caMOil Tropsuyedl IUIaHEeTOW
oKaxkeTcsi 3emuis. Mapc XOTh M HMEET MEHbIlee anb0eno, Ho Oymer xomoaHeidl. OHa Oymer
pacrionaratecsi Ha paccrosHu a = 1.497 a.e. ot ConHua, u ee cpeHssl TeMIepaTrypa COCTaBHUT
1470 K. KoHe4HO, MpeAroIoKeHHEe O COXpaHCHWH (HU3MYECKHX CBOWCTB 3€MITU BBITISJIUT
HEpa3yMHBIM, TEM HE MEHEE — O3TO BIIOJHE aJECKBaTHas OLIEHKa TeMIepaTypsl 3e€MJIM B 3THUX

10



ycnoBusx. [lotepss armocdeps! ¥ BOAbI YMEHBIIUT ajab0e0 HAllleH IIaHeThl M YCHIUT €€ Harpes,

HO MCYE3HET ¥ MApHUKOBBIA d(PPeKT.

PaccmoTpum Temepb BONPOC O «30HE KU3HW». EcCu MBI 3HaeM CPEIHIOI TeMIepaTypy Tena, TO

COOTBCTCTBYIOIICC PACCTOSIHUC OT COJIHI.[a B BUJIC KPACHOT'O r'uranTa ¢CThb

Paccunraem I'paHUIbI «30H XHU3HW» JJIs1 CBCTJIBIX MU TEMHBIX TCJI C XapaKTCPHBIMU anb6ez[0 0.6 m

0.2 COOTBETCTBEHHO:

1 (J-(1-A).
a= 2 ]
4T o

=a—.
MO

Ouens ceriibie (A=0.9) Caemibie (A=0.6)
T=300K| a=14.3ae.,a0=9.6a.e. | a=28.6a.e.,,a0=19.1a.e.
T=250K| a=20.6a.e,a =13.8a.c. | a=41.2a.e,a =275a.c.
Cpennue (A=0.4) Temusie (A=0.2)
T=300K| a=35.1ae.,a=234a.c. | a=405a.e.,a0=27.1a.c.
T=250K| a=50.5a.e.,a0=33.7a.e. | a=58.3a.e.,a0=39.0 a.e.

MBI MOXXEM He (I)I/IKCI/IpOBaTL OIIpCACIICHHBIC 3HAYCHUA aJ'IL6e,I[O, a IOJIYYUThb 06H_IYIO (bOpMy'J'Iy JJI
BHYTpCHHCﬁ M BHEITHEH I'PaHHUIIbI «30HbI JKU3HU)):

a, =453ae-1-A; a, =302ae-/1-A;
a,=652ae-/1-A; a,=43.6ae~1-A.

MpbI BUUM, 4TO JUIsl CAaMBIX CBETJIBIX TEJ 30HA KU3HU 3aTparuBaeT opouty CaTypHa, AJisi CBETIBIX
TeJ 30Ha JKU3HH OKa3bIBaeTCsl MeX Iy opouTamu Ypana u HenryHa, 17151 TEMHBIX Tell OHAa BKJIIOYAET
opoutsl Heniryna u [lmyTona. M3 Gonbmux Tem, BKIIOYCHHBIX B CIIPABOYHBIC JAHHBIC, KPUTEPUSIM
«3OHBI XH3HW» OTBeYaeT TOJbKO camM HenTyH c anbbeno 0.4 U — Ha TemJION TpaHUIE 30HBI —
cnytauk CatypHa Tedus ¢ ansb6eno 0.9. B kadecTBe Ipyrux Tei, KOTOPbIE MOTYT MOMACTh B «30HY
KHU3HU» MOXHO, HO HE 00s13aTeNIbHO, YKa3aTh XapoH (cnyTHUK [lnyToHa ¢ Oonee HU3KUM anbbeno)
U P APYTUX TPAHCHENTYHOBBIX TEIL.

CucreMa oeHUBAHMSA.

Oran 1 — 3 Ganna. Beruncnenue gakropa yBenuueHus: paanycoB opOUT Tes1 COMHEUHOW CHCTEMBI.
DTanm 3aCUMTHIBAETCA TONBKO MPU TIPABHIBHOM COOTHONIEHMH a~M™, mpm mpyrom xapakrepe
3aBUCUMOCTH 3TH 3 0ajla He BBICTABJISIOTCS, IMOCIEIYIOLINE ATallbl OLIEHUBAIOTCS, UCXONAS M3
MPaBWIBHOCTH MX BBIMONHEHUA. [Ipu ucronb3oBaHMM 3TOW 3aBHCUMOCTH 0O€3 BBIBOJA 3a 3Tall
BbIcTaBisieTcs 1 G6am.

Oran 2 — 2 Gauta. Yka3zaHue HEOECHBIX TeJ, KOoTopble OynyT mornomieHsl COlHIEM, NMPH 3TOM
JOJIZKHBI ObLITH PACCMOTPECHEBI BCE TCJIa, OITMCAHHBIC B CIIPABOYHBLIX TaHHBIX. Econ YKa3aHbI BCE TCJa
(mpu TpaBUIBHOM BBIMOJNHEHMM 3Tana | — Mepkypuil 1 BeHepa) u He yka3aHbl JIMIIHHE —
BBICTABIIAIOTCS 2 Oaiia, eciM yKa3aHa TOJbKO HMX 4acTh — | Oami. Ecnm ykasanbl kakue-nu0o
JMIIHUE TeJa (HampuMep, 3emis) — OLleHKa yMeHbIaeTcst Ha 1 6aiut 3a Kax1oe JIMIIHee yKa3zaHHe,
IIpH 5TOM OILICHKA 3a 3TaIl HC MOXCET OBLITh MEHBIIIE HYJIA.

prueqaﬁue. B CJIyda€ HEBCPHOI'O BBIMIOJIHCHHUA IIEPBOr0 dTalla CIHUCOK TCJ, KOTOPBIC TOJIXKHBI
OBITh YKa3aHbl, MOXCET H3MCHUTBLCA. HaHpHMep, npu MNpeaArnoJOXKCHUNU IOCTOSAHCTBA Op6I/IT
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HCGGCHBIX TE€JI B CIIHMCOK IIOTJIOIICHHBIX IIJIAHET MJOJIXKHA GBITI: n06aBneHa 3CMHH, a OTBET
«Mepkypuii 1 BeHepa» mpu 5TOM OLIEHHBAETCS TOJIBbKO 1 Gaymom.

Ortan 3 — 2 6amna. [IpaBunbHOE COOTHOIIEHUE AJIsl CPEeIHEN TeMIIepaTypbl HOBEPXHOCTH HEOECHOTO
TeNa C Y4eToM ero anpbeno (MO0 — MpaBHIIBHOE BBIPAKEHHUE JUISI TPAHUI] «30HBI JKU3HU» B
3aBUCHUMOCTH OT anb0eno). Ecnu yyacTHUK He Y4YUTBIBaeT ajabOeno — JTal MOJHOCTHIO HE
3aCUMTBIBAETCS BHE 3aBUCHMOCTH OT PE3YJIbTaTOB CIEAYIOIIUX 3TAlOB (OH OLIEHUBAIOTCS).

Oran 4 — 1 Gamn. OmpeneneHue CpeaHEW TeMIEpaTypbl caMoOi Tropsdyeld IJIaHeThl — 3eMIIH,
toyHocTh 200 K. YyacTHHK MOXKET yKa3aTh, 4TO Topsdas 3emiisl pacTepser aTrMocdepy, 4To
CKa)XeTCsl Ha ee anpbeno. DTO HE COOTBETCTBYET YCIOBHIO 3aJadyd, B KOTOPOM YKa3aHO Ha
MOCTOSIHCTBO CBOMCTB IUIaHETHI. TeM He MeHee, Jaxe MPEIIOooKEHUE O HYJIEBOM albdeno
yBeMUUT Temreparypy 3emau no 1650 K, 4ro He BBIXOAWT 32 pamMKu TpeOyeMOil TOYHOCTH,
MO3TOMY dTall MOXET ObITh 3acuMTaH. JTam MOXET OBbIThb 3a4YTeH, €CJIU YYacTHUK IO
HEBHUMATEJIBHOCTH HalaeT temieparypy JIyHnsl BMecto 3emnu (okoso 1600 K), ecnu oH crnenaer
3TO 6€3 OInOOoK.

HpuMeanue. Ecau B PpE3yJIbTaTC HEBEPHOI'O BBIIIOJIHCHUA IIEPBOTO 3TAlla camMou FOpSI‘I@fI IUIaHEeTOM
OKa3bIBaCTCsA HE 3CMJI$I, OTall TaKKC OLUCHUBACTCA, 1 B 9TOM CJIy4dac Tpe6yeTcg TOYHEIA aHAIIN3 JUIA
TOMU IJIaHCThI, KOTOpPas 6yz[eT caMou ropﬁqeﬁ B pCHICHUH y4aCTHHUKA.

Otan 5 — 2 Gamna. YkazaHue HEOECHBIX TEN, KOTOPbIE OKaXyTCs B «30HE >ku3HU». Heobxomumo
pPacCMOTPEHHE BCEX TeJl, YKa3aHHBIX B CHPABOYHBIX JAHHBIX, TPU ITOM YYACTHUK MOXKET
paccMaTtpuBaTh U JApyrue HeOecHble Tena (Hampumep, APYrue CHOYTHUKH IUIAHET). YKa3aHue
Hentyna u Tepunm onenuBaercss mo 1 Oamay, Hmpu 3TOM YYaCTHUK MOXKET CKa3aTh, 4YTO
PAacCMOTpPEHHE BO3MOYKHOCTH JKHM3HM Ha Ta30BOM THTaHTE HE HMEET CMbIcia (3TO HE MEHSET
OIICHKY). YUYaCTHHK MOXET TaKXKe yKa3aTh, 4To Tedus pacrionoxeHa Ha IpaHu WIH 9yTh 32 TPAHBIO
30HBI )KM3HH, YTO TAK)KE CUUTAETCS TTPABUIIbLHBIM.

IIpu HeBepHOM BBINIOJHEHUM MPEIBLIYLINX 3TAlOB CIMCOK Tel MOXET MeHATbcs. [Ipu HeBepHOM
YKa3aHHUHU TeJ, BXOASIINX B CIIPaBOYHbIE JaHHBIE, OLIEHKA YMEHbIaeTcs Ha | Oat 3a Kaxaoe Telo,
HO TIPU 3TOM OHA HE MOXKET OBITh MEHblIe Hyls. PaccMoTpeHue Ten, He BXOJAIIMX B CIPAaBOYHbIE
JaHHbIE, HE U3MEHSET OLEHKY, TOJIbKO €CJIM B OTBET HE IMONAJIM 3aBEIOMO HE MOAXOMASIIUE IS
«30HBI )XKM3HW» Tena (Ha opourte FOnurepa nim eme o6mke Kk ConHILy).

Ilpumeuanue. PacueT TemmepaTypHBIX YCIOBHM JJIsi IBYX XapaKTepHbIX 3HaueHuil anbbeno (0.2,

0.4, 0.6, 0.9 WM KaKUX-TO MHBIX) HE SBISIETCS 0OS3aTEIBHBIM, TO JIMIIb OAWH M3 BO3MOKHBIX
CHO0COO0B COKPATUTh 00BEM BBIYMCICHUN. YUaCTHUKHU BIIPAaBe UCIIOIB30BATh IPYTHE MOAXOIBI.
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9.6. /lanexasi radakKTHKA

YcaosBue. JIUCK AaJIEKON CIIMPATIBbHOM FaJaKTUKU PACIIONIOKEH «IUIAIIMSDY 110 OTHOLICHUIO K JIy4y
3peHus. XapakTepHasi BEJIMYMHA MMOBEPXHOCTHOW SPKOCTH JHCKa CUpainbHOW ramaktuku 20™ c
KBaJ[PaTHOM ceKyHbl. ONpeennTe XapakTepHoe KOIMUeCTBO 3Be3/ B 1 mKk® aucka. MexK3Be3IHbIM
IIOTJIOIEHUEM CBETa NIPeHeOpeyb.

Pemenne. Ilycth paccrosiHue a0 ramakTuku paBHO D. Bripaxkas ero B mapcekax, HaXxoAuM
a0COJIOTHYIO 3BE3/IHYIO BEJIMUMHY 3BE3]l, HAXOAIINXCS B OTHOW KBapaTHON CEKyH/Ie Ha Hebe:

M =m+5-5IgD = 25 - 5IgD.

Bynem cumraTh, 4TO XapakTepHas 3Be3/a AMCKa — 3TO 3Be3a co cBeTuMocThio J = kJo, rae Jo —
cBeTUMOCTD 3Be3bl Tria ComnHia ¢ Mo~ 5, a koaddunueHt K s ciupaibHON raJakKTUKA MOYKHO
B35Th paBHbIM OT 0.4 10 1.0 (kakmoe 3HaUYeHHE B ’TOM MHTEPBAJIC MOKET CUUTATHCS IPABUIILHBIM).
Takux 3Be3/1 B OJJHOI KBaIpaTHON CEKYH/]IE TaJlaKTUKH OyJeT

N = 1070.4 (25-5IgD —5-2.5Igk) — 1070.4 (20 —5IgD - 2.51gk) — 102|gD/108k — D2/108k

C paccrosiaust D o yriom B 1” OyneT BuAHA 4acTh ralakTHKU pazmepoM X = D/206265. ITnomans
y4acTKa pa3MepoM B OJIHY KBaJIpaTHYIO CEKYHIy OyIeT paBHA

S = x? =D?/206265? nx?.

Otcrofa MOBEpXHOCTHAs IUIOTHOCTH 3Be3n OymeT paBHa N = N/S =~ 400/k. Byaem cuutarth, 4TO
TOJIIIMHA JHCKa TanakThku paBHa 300 mK, 4TO XapakTEepHO Ui CHUPAIbHBIX rajakTuk. Torna
KOHIICHTPALIMS 3BE3/1 COCTABJISIET mopsiaka 1-1.5 Ha KyOudeckuil mapcek, eci MpeanoaokuTh K = 1,
1 0K0JI0 3 Ha KyOuueckwuii mapcek mpu K = 0.4.

CucreMa oneHUBAHMS.

Oran 1 — 2 Gamna. BeipaskeHue U1s1 «CyMMapHOI» aOCONIOTHOM 3Be3/THON BEIMUYMHBI BCEX 3BE3]]
rajlakTUKH, pacrojoXXeHHO! B | KBaJgpaTHOW ceKyH/e Heoa.

Ortan 2 — 3 Gamna. Beipaxkenue 11 KOJWYECTBA 3BE3]] TAIAKTUKH, MOMANAONIMX B JAaHHYIO
YIJIOBYIO IJIOMIA/Ib. YYAaCTHUKU MOTYT MPUHUMATh CPEIHIOI0 CBETUMOCTDH 3Be3[Ibl, paBHY0 oT (.4
10 1.0 ceetumoctu CoJHIIA, YTO SBJISIETCS MPABHIIHHBIM.

Oran 3 — 3 Oamna. BelpaxkeHue i TPOCTPAHCTBEHHBIX pa3MeEpoOB 00JIACTH TaIAKTHUKH,
MOTMaIalolleil B IaHHYIO YTIIOBYIO 00J1acTh Heba.

Otan 4 — 2 Gamna. OnpejeneHue KOHIEHTPALMK 3BE3]l B TallakTUKE. YYaCTHHKU MOTYT OpaTh
TOJNIIHUHY AUCKa TalakTuku oT 250 no 400 nk.
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