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BA3OBBIN TYP
9.1. HEBECHAA NoCtbA ;

YcaoBue. Spkas komera pacnonaraerca B 1.20 a.e. ot ConHua. Y Hee MOABWICSA TOHKHM MPSAMON
ra3oBblii XBOCT, HallpaBJICHHbI B mpocTpaHcTBe TouHO oT Connua. Haiinure MakcumanbHO
BO3MOXHYIO YTJIOBYIO JUIMHY XBOCTa 3TOH KomeTel B HeOe 3emiu. Opbuty 3emin cuuTath
KpYT'OBOH.

Pemenue. M300pa3um Ha pucyHke nojoxxkenue CoiHIa, 3eMind U siipa KOMEThI B IJIOCKOCTH,
MPOXOJAIEH uepe3 3TU TpH 00beKTa (OHAa MOXKET HE COBIAIATh C IMJIOCKOCTAMU OpOUTHI 3eMITH WU
KOMETHI).

[onoBa
KOMETbI

3emnd

ConHue

0O0603HaYUM TeJIMOIEHTPUUYECKIE PACCTOSIHUS 3€MJTU U KOMETHI KaK 7 U d, IpUHUMAas BO BHUMAaHUE,
4TO0 d>r. XBOCT KOMETHI HampasieH B mpocTtpaHcTBe oT ConHIla, 1 B HeOe 3eMiln OH HE MOXKET
3aMTH Jabllie HANpaBJICHHS, MOKA3aHHOTO Ha PHCYHKE CTpeikod. O003HAYMM MaKCHMAJIbHYIO
YIJIOBYIO JUIMHY XBOCTa KOMETHI yepe3 y. M3 pucyHKa Mbl BUAMM, YTO OH OyJeT paBeH JIOHTalluu
e ipu HaOIOIeHUH ¢ KOMeThl. OHA JOCTUTAaeT MakcuMyMa, eciu yroy «CoiHie-3eMiIs-siapo
KOMETBI» TPSMOH, U HANpaBlIEHUE OT KOMETHI K 3eMJie KacaeTcs OKPYXKHOCTH C paIlycoM 7,
cozepxarieil 3emito (emie pas3 Mmog4epKHeM, 4TO 3TO HE 00s3aTeIbHO opOuTa 3eMilH, TaK Kak IMpo
MJIOCKOCTH OPOUTHI KOMETHI B YCIOBUM HUYETO HE CKa3aHo). B urore, MakcumanbHas JUIMHA XBOCTa
KOMETHI B HeOe 3eMJIi COCTaBUT
y = arcsin (r/d) = 56°.

CucremMa oneHMBaHus1, MakcuMyM — 10 6asioB:

1 stan — 6 GamwioB: ['paduueckoe mim TEKCTOBOE yKa3zaHWE, B KAKOM cliydae OyIeT JOCTHTaThCs
MaKcHUMallbHas yTIiioBas JJIMHA XBOCTa KOMETHl B HeOe 3eMin — ee yaajneHue Ha Hebe Ha 90° ot
Comama (kBamparypa KomeTel). [lpm wHOM (QOpMyIHpOBKE YCIOBUS OHA JOJDKHA OBITh
SKBHUBAJICHTHA MIPUBEICHHOM BBIIIE. YYACTHUK OJUMIIHAIBI MOXKET pacCMaTPUBATh KAPTUHY TOJIBKO




B IUIOCKOCTH JKJIMIITUKH, Ha3blBasi OKPYKHOCTb, JIyra KOTOpOM NMpHUBEAECHA Ha PUCYHKE, OpOUTOM
3emiu. DTO HE CKa3bIBAETCs HA OLICHKE IIPU yCIOBUHU BEPHOT'O BBIIIOJIHEHUS.

2 sran — 4 Gajuta: omnpeseNeHre YUCICHHOro 3HaYeHus yrina y. TpeOyemas Ttounocts — 2°. Ilpu
NpaBUILHOHN (hopmysie U omubke 10 4° BeicTaBisiercs 3 6auia, nmpu omuodke 10 6° — 2 6amna. [pu
HEBEPHOW TIOCTAHOBKE YCJIOBUS Ha Yroi Yy (HEBEpHO BBIIIOJHEHHOM IIEPBOM JTare) OICHKa 3a
BTOPOIl 3Tam OIpeensieTcsl TOYHOCTBIO BBIYUCICHUH, HCXOAd W3 (HOPMYIbI, MHOITy4YEHHOM
YYaCTHHUKOM, HO HE MpeBbIIIaeT 2 6aioB.

BeposiTHast ommOKa y4acTHUKA — MPABUIBLHOE MPEACTABICHUE MOJIOKEHUS KOMETHI (TIEPBBIN ATam),
HO BMecTO arcsin gaetcs ¢popmyna c arccos (otBer 34°), arctg (40°), arcctg (50°). B aTom cirydae
BTOPOM 3Tam 3aCUnThIBacTCs He Ooiee, yem B 1 Gaint.

Bo3MoskHas Tpy0Oasi ommOKka y4acTHHKAa — IMOCTPOCHHE, MPH KOTOPOM JJIMHA XBOCTA KOMETHI,
yaanenHo ot ConHia Ooisiee, yem Ha 1 a.e., MoxeT mpeBbicuTh 90°. Ecnm momoOHBIN OTBET
MOJTyJaeTcss KaK CJICJICTBHE HENPAaBHIBLHOTO TIOCTPOCHHUS — OIEHKAa 3a pemieHue cocrasiseT 0
0aJIoB.



BA3OBBIN TYP
9.2. PASAMMUTb HEPASAUMYUMOE

YcaoBue. B Bame pacnopsbkeHue nomnal Ha3eMHBIM TEJIECKON €O CIEeUUalbHbIM IpUOOpOM,
MO3BOJISAIOIIMM pa3pelaTh BUAUMBIE TUCKU JAJIEKUX 3BE3Jl, €CJIM UX YIJIOBOW JMAaMETp HE MEHbIIe
0.02". Kakumu MOTyT OBITH 3((EKTUBHBIE TEMIEpPATyphl 3BE3[, AMCKH KOTOPBIX BBl cMmoxere
pa3nuunTh? ATMOC(EpHBIE IOMEXH U MEX3BE3JHOE MOIJIONIEHUE HE YUNUTHIBATh.

Pemenue. IlycTe HekoTOpas 3Be3na MMeEET MPOCTPAHCTBEHHBIM pammyc R. UtoOel Ber cMorim
pa3NUYUTh ee JHMCK, OHA JIOJDKHA OBITh yJajieHa OT 3eMJIM Ha pacCTOsHUE d, HE TNPEBBIIIAONIEe
2R/3. 3mech & — mperen paspelleHHs MprOopa, BHIPaXCHHbIH B pagmaHax (oxomo 1077). Ecin
a¢dexTrBHAs TeMIepaTypa 3Be3/bl 1, TO €e CBEeTUMOCTh OYJIeT paBHA
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3necy Ry, To u By — paauyc, spdextrBHas Temneparypa u cBeTuMocTbh CosiHia. CooTHOLIeHHE
IJIOTHOCTEW NOTOKA SHEPTUH Ha 3emiie OT 3ToM 3Be37bl U 0T CoJIHLIA COCTaBUT
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3nech dy — paccrosaue ot 3emuu q0 Conria. Teneps oOpaTiM BHUMaHHE, YTO 32 UCKIIOYEHUEM
nByx 3Be3x (Cupuyca u Kanormyca), KoTopsle OyayT pacCMOTpPEHbI OT/AEIBHO, BCE JTAIeKHe 3BE3/IbI
Ha 3eMHOM HeOe He npesocxogar B Onecke 0. C yuyerom toro, uto Connie B HeOe 3eMIM UMEET
oneck —26.8", coornowmenue J/.Jy ve Boime 1/K, rue
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3nech & — yrmoBoii xuamerp CouHia, paBrbli 9.3-107 pagman. B urore, oTHOLIEHHE B IpaBoii
yacTu ypaBHeHHs (4) okasbiBaercsa paBHbIM 0.18. TemmepaTypa 3Be3l, Y KOTOPBIX MOYKHO
pa3JIMYUTh AUCKHU, HE NPEBBICUT T 0-0.18"* = 3800 K. Crcox 3Be371 ¢ YIJIOBBIM JMaMETpoM Oosee
0.02" B HeOe 3eMiM OrpaHMYMBACTCS JIUIIL HEMHOTOYMCICHHBIMH KpAacHbIMH THTAaHTaMH H
CBEpXTMTaHTaMU, CaMblii M3BECTHBIM M3 KOTOPHIX — berenbreiize — mepBas janekas 3Be3na, AJs
KOTOpOM yAaoch MOCTPOUTH U300paKEHUE.

Bosspamasce k Cupuycy u Kanomycy, orMeTum, 4to 00€ 3TH 3BE3/bl FOpsUYHe, C TEMIIEPATypoit
noBepxHoctu 6osee 7500 K. Nmeilt onu yriosoit nuametp 0.02”, ux BuanMas 3Be37HAsi BEIUYHUHA
Obl1a Obl He ciabee —3™, 4TO 3aBEIOMO HE COOTBETCTBYET JEHCTBHTEIBHOCTH. JlaXke y 3Be3
COJIHEYHOT'O THIIA JHUCK YIAI0Ch Obl Pa3iuuuTh NMpu Oiiecke spue —1.8™, Takux 3Be3j1 HA HOYHOM
Hebe 3eMiiH HerT.

CucremMa oneHMBaHus1, MakcuMyM — 10 GasioB:



Brie mpuBeneH TOJBKO OJIMH METOJ| PEIICHUS. YUYAaCTHHUKH MOTYT ACHCTBOBATH IMO-APYyTOMY,
HampuMep, cpa3y HCIONb30BaTh TOT (DAKT, YTO TMOBEPXHOCTHAS SIPKOCTh 3BE3JIbI OMpEIeNsieTCs
TOJIbKO €€ TeMIepaTrypoi, Oyaydd NpPONOPIHOHATLHON €€ YEeTBEPTOW CTETNEHH, ITO BIIOJHE
nomyctumo. Jlajee OHM MOIYT ONPENEIATh IOBEPXHOCTHBIE SPKOCTH 3Be3Abl 0™ ¢ yIIIOBBIM
nuamerpom 0.02” u cpaBHUTH ee ¢ TOBEpXHOCTHOM sipkocThio Comuna. [Ipu wcnonb3oBaHUM
METO/1a, ONIMCAHHOTO BBIIIE, PEIICHUE Pa3/IeseTCs Ha ATalbl:

| stanm — 4 Oamja: yCTAaHOBJIEHHE CBS3M MEXKAY BHAMMOH SPKOCTBIO 3BE3IbI, €€ YIJIOBBIM
JMaMeTpoOM U TemnepaTypoit (dopmyna (2) B pelIeHHMH WIM 3KBUBAJICHTHas 3amuch). M3 3ammcu
y4JacTHHKA JOJDKHA CJIeIOBAaTh MPOMOPIHOHAIBLHOCTE KBAJAPaTy YIJIOBOTO paauyca (JuaMeTpa) H
YEeTBEPTOM CTENEHU TEMIIepaTyphl. 3alUCh MOXKET HE JINAThCs B IBHOM BHJIE, HO OBITh (haKTUYECKU
BKJIIOUYCHHOM B BBIKJIQJKH YYaCTHHKA. TaK jke OLIEHUBACTCS MPsAMasi CBSI3b MOBEPXHOCTHOH SIPKOCTH
U YETBEPTOW CTerneHu TemmepaTypbl. [Ipy KauyecTBEeHHO HEBEPHOW 3aBUCUMOCTH (HENpaBHIIbHBIC
MIOKa3aTeIy CTETIEHH) 3Tall HE 3aCYUTHIBACTCS.

BeposiTHast omm0ka B pelieHu yYacTHUKA: OIIMOOYHbIE YHCIIEHHbIE KOO(PPHUIHUEHTHI 2 HITH
4, BBI3BaHHBIC MYTAaHWIECH MEXKAY YIJIIOBBIM MM BHUAMMBIM paguycoM M aumamerpoM. OmueHka 3a
9Tal yMEHbIIaeTcs Ha 2 aJuia, OCTaJbHbIC OLEHUBAIOTCS B TIOJIHOM Mepe.

2 sran — 3 Gajuia: MpUBICYCHUE TOMOJHUTEIHHOW MH(DOPMAIIMA O MAaKCUMAaJIbHOU SIPKOCTH 3BE3]I
HouHOro HebOa. OIEHMBAETCs IOJIHOCTBHIO, €CIM NpHHUMaroTcs 3Hauenus ot —0.7" (Oneck
Kanomnyca) mo 0.5™ (MakcuManbHbI Ojeck bBerenbreiise — M3BECTHON YYacCTHHKAM 3BE3JBI C
OONBIIUM  YTJIOBBIM auameTpom). [lpu jganbHEHIIMX MPaBWIBHBIX BBIYMCICHUSX OTO JacT
rpannyHbie utoroBsie Temmepatypsl 4400 u 3300 K coorBercTBeHHO. Takum 00pa3om, BKIIOYCHHE
B CIHCOK 3BE€3]l — KaHIUAATOB Ha paspenieHue aucka KaHoryca He MPUBOIUT K yMEHBIIEHUIO
onenku. Eciu B 3TOM KadectBe Oepercs Gineck Cupuyca (okomo —1.5™, urorosas temmeparypa
5300 K), onienka cHmxaercs Ha | Oami, Tak Kak y4acTHHKaM JIOJDKHO OBITh M3BECTHO, 4To Cupuyc
o kpaiiHelr Mepe ropsuee CoJIHIIA, a XOJIOAHBIX 3BE€3[] C OOJBIIMMHU YIJIOBBIMU JMAMETpPaMH U
TaKkol OONBIION BUAMMOHN SPKOCTHIO Ha HOYHOM HeOe HeT. Ecnm nmaHHas 3Be3Has BETUYHMHA
Oepercsa B unrepBane or 0.5™ o 1.0™ — ouenka Taxxke cHKaercs Ha 1 Oamwi, npu OOIBLIMX
OTKJIOHEHMSIX — 3Tall HE 3aCUUTBHIBAETCS, HO JaJbHEHIINE 3Tallbl B 3TOM CJIy4yae OLICHHBAIOTCS B
IOJIHOM Mepe, UCXO/IS U3 TPABUIIBHOCTH UX BBIITOJIHEHUSI.

3 oran — 3 Gajuta: BRIYHCICHHE MAKCUMAIBHOUN 2P PeKTHBHON TemnepaTypbl. TouHocTh (03 yuera
ommO0OK Ha mpenpiaymumx 3tanax) coctaisger S00K, npu ommbkax 1o 1000K onenka cHmkaercs
Ha 1 6am, mpu ommoOkax 10 1500K — Ha 2 6ama.




. BA3OBBIN TYP
9.3. MUTAKOLLIUU TANA3 MEAY3bI !

YcaoBue. B MecTHy0 monHOYb Ha 16 CeHTAOps Ha SKBaTope 3eMIIM acTPOHOM OTMETHII, YTO
3aTMEHHas IepeMeHHasl 3Be3Aa AJIrojb JIOCTUIJIA CBOErO IJIaBHOrO MHHMMyMa. CKOJBKO ele
[JIaBHBIX MUHUMYMOB AJITOJISl CMOKET Ha0JIt0/1aTh ATOT aCTPOHOM HEBOOPY KEHHBIM IJIa30M B 3TOM
IIyHKTE B IOCHeAylomue Tpu Heaenu? B kakue qHM (0 MECTHOMY BPEMEHH) OHU MpPOU30HayT?
Koopmaunatet Anrois paBabl o = 3408Mm, & = +41.0°, nepuox — 2.867 cyrok. Cuuratsh, uto JlyHa HE
MellaeT HaOIoAeHusAM, a noroja Beerjna 0e3obmaynas. CuntaTh MMHUMYM 3B€3/1bl MTHOBEHHBIM
COOBITHEM.

Pemenue. /{151 Hauana BBISICHUM, CKOJIBKO €116 MUHUMYMOB AJITOJIsi MPOU30MIET 32 OCTABILIHUECS
Tpu Heaenu. [ aToro 21 neHp pa3aenuM Ha Ieproj ANToJs U OTOPOCHM OCTaTOK. MBI Tosrydaem
yucno 7. JlaTel ¥ BpeMsl MOCIEIyIONMX MUHIMYMOB 3aHECEM B TaONHIly (CM. HUXKE, f — BpeMs OT
MOMEHTA MIePBOTO HAOIIOACHUS).

[IpensitcTBOBaTH  HAOMIOACHWIO MOXET JBa ¢akTopa. Bo-mepBeix, aHEM HaOMIOACHUS
HEBOOPY>KEHHBIM TJ1a30M HEBO3MOXHBI. BO-BTOPBIX, HEOOXOAUMO, YTOOBI AJNTOJIb HAXOAMIICS Hal
ropu3oHTOM. llockonbky HaOMIOAEHUS HPOBOAATCA Ha AKBartope, Bocxoa CojHIA MPOUCXOAUT
puMepHo B 6 4acoB, a 3axoq — B 18 yacoB no mecTHoMy BpeMeHHU. Hao Takxke y4yecTb, 4TO Kak
MHUHHMYM B CBETJIbIE TPAKIAHCKHE CYMEPKH HAOIIOJCHHS TaKXKe MPOBECTH He yaactcs. [Ipumem,
4yTo JUId Havyana HaOmogeHuit CoiHLE JOJDKHO OIYCTUTBHCS IMOJI FOPH30OHT Ha 6°, ypaBHEHHEM
BpeMEHM MpeHeOpexxeM. B  nanpHeillieM Mbl CMOXEM IIOHATh, HACKOJIBKO OSTH  Halld
MIPEIIIOI0KEHUS BIMAIOT Ha PE3yJIbTAaT.

Habmronenus npoxonsT BOIM3W JHS PaBHOJCHCTBUS, cliefoBareinbHO, CONIHIIE HAXOAUTCS OKOJIO
HebecHoro skBaropa. [y Toro, 4roObl omycTuThecs Ha 6° mox ropusoHTt, ConHiy TpeOyercs: 24
MuHyThl. Torma HaOmrogeHus Bo3MOXKHBEI ¢ 18424m no 05436M 1Mo MECTHOMY BpeMeHH. Takum
00pa3oM, MOXEM cJlieJlaTh BBIBOJ, YTO MHUHUMYMBI CO BTOPOTO MO MSTHIA MPOUZOUIYT JTHEM.
Kaptuna He MeHsieTcsi, ecniu B KauecTBE MHTEpBasia HAOMIOJEHUI MBI BbIOEpEM HABUTAIIMOHHBIC
cymepku (norpyxenue CoiHIa 1o ropu3oHT Ha 12°).

Ne t, cyT Hara Bpewms, [Tonoxxenue Comnuia [Tonoxxenue Anross
4ac:MHH

1 2.867 18.09 20:49 [Tox ropuzonTom (-43°) ITox ropuzonTOM
2 5.734 21.09 17:37 Han ropuszontom Ilox ropuzoHTOM
3 8.601 24.09 14:25 Han ropuzontom ITox ropuzoHTOM
4 11.468 27.09 11:14 Han ropuzontom [Tox ropuzoHTOM
5 14.335 30.09 08:02 Han ropusonrom Hapn ropuzontrom
6 17.202 3.10 04:51 [Tox ropuzontom (-15°) Han ropusontom
7 20.069 6.10 01:39 [Tox ropuzonTom (-61°) Han ropuszontom

OnpenenyM MoNOXKEHUE AJNroisl OTHOCUTEIBHO TOPU30HTA B IEPBbIM, IIECTOW U CEeAbMOM
MUHUMYMBI. [10CKOJIBKY HaM HY>KHO OIPEJENIUTb 3TO MOJIOKEHUE JTOBOJIBHO IMPUOIU3ZUTENBHO, TO
pa3yMHO MPEANOI0KHUTh, YTO BCE HAOJIOACHUS MPOUCXOAAT B JI€Hb OCEHHETr0 PAaBHOACHCTBUSL.
Ecnn Mbl nmosydum mnosiokeHue Anrosis ONM3KUM K TOPU3OHTY, TO DPE3yjbTaT MOKHO Oyner
YTOUYHUTB.

B ACHb OCCHHETO PAaBHOACHCTBUSA 3BC3IHOC BPCMA paBHO COJIHCHHOMY. I/I3BeCTHO, 4YTO 3BC€3JHOC

BpEMsI PABHO INPSIMOMY BOCXOXJEHHIO 3BE€3]l, HAXOIAIIMXCS B BEpXHEH KyjabMuHauuu. [lepBbiit
MUHUMYM mpousoiger B 20:49, a 3HauMT, HaX TOPU3OHTOM OKaXyTCS 3BE3Ibl C IPSAMBIM
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BocxoxkaeHueM oT 14u49m o 2u49m. Tlocnenusis BennurHa ONU3Ka K MPSAMOMY BOCXOKIEHHUIO
Adnrosns, mo3TomMy TpeOyeTcst yTOUHEHHE.

CoObITHe mpoucxoauT BeuepoM 18 ceHTs0ps, T. €. IpuMepHo 3a 4 THS 1O paBHOJEHCTBUA. B sTOT
JeHb mpsimoe BocxokiaeHue ConHua npuMepHo Ha 4mx4 = 16 MUHYT MEHbIIE, a 3HAYUT B
yKa3zaHHOE BpeMsl KYJIbMHHUPYIOT 3BE3/1bl C MPSAMBIM BOCXOXKJEHHEM Ha 16 MuUHYT MeHblue. Takum
oOpa3om, B 20:49 OyneT NpoMCXOAUTH BEPXHsS KyJIbMHMHALIUSA 3BE3] C HPSIMBIM BOCXOXJIECHHUEM
20u33m. YacoBoil yron Anrons coctaBuT —6435M, T. €. ANroip 3aBEJOMO OKAa3bIBAETCS IOJ
ropu3oHTOM. HU ypaBHEeHHE BpeMeHH, He NPEBOCXOAdIIee 10 MOAY 0 16 MUHYT, HU aTMochepHas
pedpakuus y TOpU30HTA, paBHAsl BO BpEMEHHON Mepe 2 MUHYTaM, 3TOT BBIBOJ HE U3MEHSIT.

Bo Bpewms miectoro u cepMoro MUHUMyMa AJIrofib OyJIeT pacioiaratbCs BHICOKO HaJl TOPU30HTOM,
TaK Kak 3BE3/IHOE BpeMs OYyJEeT OTIMYaThCS OT €ro MPsSMOTO BOCXOKICHHUS MEHee, 4YeM Ha 2 yaca,
OTJIMYME JaThl OT MOMEHTAa OCEHHEro paBHOACHCTBUS 3/1€Ch He urpaet pouu. Mrak, HabmonaTens
HUMECT BO3MOKHOCTDH Ha6J'IIOIlaTL TOJILKO JBa I''TaBHBIX MUHUMYMa 3a OCTABUHIUCCA 3 HEAC/IN, OHU
MpOu30MAYT yTpoM 3 1 6 OKTAOPSI.

Cnenyer OTMETUThH, YTO BO BpeMsl ISATOr0O MHHMMyMa AJIrojib Takke OyleT HaXOAUTbCs Hal
ropu3oHToM. Ho Bmecte ¢ HuM Haj ropu3oHToM Oyaer HaxomuThess Comnue. Hu omun u3
ONHMCAaHHBIX MUHHUMYMOB HE MPHUXOJUTCS HA CyMEpPKH, MOITOMY OTBET B 3a/laHUU HE 3aBHCHUT OT
TOYHOT'O BbIOOpa MOMEHTA OKOHYaHHUs CBETJIBIX cymepek. [lorpyxenne ConHIA 1Mol TOPU30HT HA
15° BO Bpemsi IIECTOr0O MHHUMYyMa COOTBETCTBYET AaCTPOHOMHUYECKHMM CyMEpKaMm, KOrja Ha
00JIBIIION BBICOTE HAJl TOPU30HTOM BHJIHBI JJaXKe caOble 3BE3/IbI.

Cucrema oueHuBaHus, MakcuMyM — 10 6asos:

1 sram — 2 Gaya: ompejelicHHe MOMEHTOB MHHUMYMOB Oiiecka Aurosns. Jjis MUHHUMYyMOB 2-5
TpeOyeTCsl TOYHOCTh, JOCTAaTOYHASI JJIsi YETKOrO JAIbHEHINEro yKa3aHWs, YTO ITH MHHHMYMBI
MOMAaJyT Ha JHEBHOE BpeMs. s MuHMMyMa 7 Takke JOCTaTOYHO TOYHOCTH OKOJO 1 uaca yis
(OpMYJIHPOBKH TMPABWIIBHOTO BBIBOJA IO 3TOMY MUHUMYMY. s MuHHMyMOB | W 6 HyXHa
TOYHOCTH MOpsiAKa 15 MUHYT, Tak Kak Ipu OOJBIINX OMMOKAX 3TO MOXET MPUBECTH K HEBEPHOMY
uToroBomy otBery. [lpu OonpmMx ommuOKax OIEHKAa yYMEHbIIaeTcss Ha | Oamn 3a KaKIOeld U3
HEBEPHO OIPE/ICICHHBIX MHUHUMYMOB (OJIHAKO, OIIEHKA 3a BECh 3Tall HE MOXET ObITh MeHbIe 0
OamioB). B cimyuae, ecnd KOJIHYECTBO MOCIEAYIONIMX MHUHHMYMOB OTJIMYaeTCs OT 7, JTal He
3aCUMTHIBACTCS IOJHOCTBIO, HO TIOCJIEAYIOUIME OIEHUBAIOTCSA, HWCXOAS W3 TOYHOCTH UX
BBITIOJTHEHMSL.

2 sran — 2 Ganna: aHanu3 (akTopa JHS M HOYM [ HabmoaeHuit Anrosis. J{ist Toro, 4roOsl dTamn
OBLT 3aCYUTaH, JJOJDKHO OBITh PaBHIIBLHO C(HOPMYITMPOBAHO M UCTIOIB30BAHO YCIOBHUE HACTYIUICHHS
. Yuer ¢akropa cyMmepek oOs3areneH, MpHU 3TOM J000€ OrpaHHYEHHE INepuoja CyMepeKk B
uHTepBaje norpyxxkenus Conuua ot 6 10 12 rpagycoB cuuTaeTcs mpaBiIbHBIM. [Ipu 3TOM dakTop
CYMEpEeK MOXKET OrOoBapMBaThCS KaK Ha 3TOM dTare, TaK U MPU aHAJIM3€ OKOHYATEIbHBIX OTBETOB,
9TO TOXE BepHO. [IpM WHBIX HMHTEepBaJaX WM HWTHOPHPOBAaHMM 3(ddexTa CyMepeK OIeHKa
cHIKaeTcs Ha 1 Gam.

3 sranm — 2 OGamna: aHanu3 (GaxkTopa HaXOXKICHUS AJITOIS HaJ TOPU30HTOM. AHAIOTUYHO
MpebIAyIIeMy dTamny, Heo0xoaumMa (HhopMyIHpOBKa yCIOBUS (MOAY/Ib YaCOBOTO yIila WM Pa3HULIBI
3BE3/IHOIO BPEMEHU U MPSIMOTO BOCXOXAEHUSI Anrosst He MeHee 6 yacoB). OqHAKO, €CIIM YaCOBOM
yToJ ToJy4daeTcsi OJMu3KuM 1Mo Moayito kK 6 dacam (oT 5S430m mo 6430m), HEOOXOAUM TOYHBIN
aHAJIU3 C y4eTOM JIaThl MUHUMYMa. [IpH ero oTCyTCTBUU OlleHKa CHUXkaeTcs Ha 1 Gai.

Yyer ¢akTopoB pedpakiid U ypaBHEHHS BPEMEHH HeE SBIseTCS o00s3arenbHbIM. Ero
HaJM4Yve He BIUSET Ha OIEHKY, €CITH OH BBIMOJHEH MTPABUIIBHO.
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4 osran — 2 Oamia: YKa3aHue KOJIUYCCTBAa MHUHUMYMOB, KOTOPBIC YyHACTCA Sa(I)I/IKCI/IpOBaTL.
3acuUuTHIBACTCS TOJIBKO Ipu T1MpaBUJIBbHOM OTBETC W IPABUIIBHO HaﬁHGHHLIX Ha6JIIOIIa€MLIX
MHUHUMYMax.

5 stan — 2 Gania: ykazaHUe 1aT MUHUMYMOB (IO OJHOMY 0aJuTy 3a KaXKIblif). DTam 3aCYUTHIBAETCS,
€CJIM yKa3aHbl 00¢ 1aThl HAOII0JaeMbIX MHHUMYMOB, IIPH 3TOM OILICHKA HE CHU)KAETCS, €CJIM BMECTE
C OTUMH MPABUIBHBIMH JaTaMU YKa3aHbl JIpyrue, He OT(PUIBTPOBAHHBIE HA MPEIBIIYIIUX dTamax
petieHust (B 3TOM Cllydae CHIDKEHHUE OIEHKH MJIET Ha MPEABIYIINX dTarnax).




BA3OBBIN TYP
9.4. BbDKUTb B KATACTPOOE

YcaoBue. 3Be31a — KpacHbI TUTAHT 00JIa/1a€T CUCTEMOM U3 OYEHb OOJIBIIOr0 KOJIMYECTBA IJIAHET,
JBIKYIINXCS MO0 OpOUTaM C OJMHAKOBBIMH SKCIEHTPHUCHUTETaMU. B oquH MOMEHT 3Be3na ObICTpO
cOpacbIBaeT 000JI0UKY, YHOCSIIYIO pPOBHO TIOJIOBUHY Macchl ruranra. Tem He meHee, 70% riaHeT B
UTOTE OCTAJINCh B CHCTeMe 3Be3fpl. OmpenenuTe SKCHEHTPHCHUTET OpOMT IUIaHeT 1o cOpoca
o0osouku. CyuTaTh, 4TO 000JI0UYKA PACCEUBACTCS OYEHb OBICTPO, €€ B3aUMOJICHCTBUE C TUIAHETAMU
C MOMEHTa cOpoca, a Tak)Ke B3aWMOJICHCTBHE IUIAaHET MEX1y co0oi He yuuThiBaTh. Bee muaHeTs
HECPaBHUMO MEHBbIIIE 3BE3/bI 10 Macce.

Pemenne. PaccMoTpyuM mutaneTy Ha OpOHMTE C SKCLIEHTPUCUTETOM € BOKPYT KPaCHOTO TMraHTa:

A
a1 b
ae a
o)
P
B

Kaxk HN3BCCTHO, CKOPOCTD INIAHETBI HA HCKOTOPOM PACCTOAHUM 7 OT 3BE3Abl paBHA

(1)

rae M — macca 3Be3/1bl, a — 0oJibIas mosyoch opOuThI. [lociie 6picTporo coOpoca MOJTOBUHBI MACCHI
3Be3/Ibl IUIAHETa OCTAHETCS HAa OpOUTE OKOJO 3BE3JbI, €CIIU €€ CKOPOCTh OyAeT MEHbIIEH, 4eM
BTOpasi KOCMHUYECKasi CKOPOCTh OTHOCHUTEIILHO Tesia ¢ Maccou (M/2) Ha pacCTOSTHUU 7

y= /GM(E_lj< 2G(M/2) @)
roa r

W3 3TOr0 MEI moJiydyaeM yCJIOBHE COXpPAaHCHUS IJIAHETHI B CUCTEMC 3BC3/bI: r>a, TO €CTh IJIAHETa B
MOMEHT cOpoca JOJDKHA HaXOIUThCS OT 3BE3/ibl Ha OOJIBLIEM PACCTOSHUU, YeM OOJbllasi MOoIyoCh
CBOEH OpOUTHI.

[IpoBenem Ha »uHIICE €r0 OONBIIYIO M MAIyI0 OCH. Majasi OCh TIepeceKaeT JUINAIC B TOYKaX A U
B. Kak cnemyer w3 CBOMCTB QJUIMIICA, MMEHHO B JTHX TOYKAaX PACCTOSHHE OT IIGHTPa 3BE3[IbI
(dokyca smmmrica, Touku S) paBHO a. IHBIMU clOBaMH, €CJIM B MOMEHT cOpoca 000JIOUKH TIaHeTa
OKaKETCSI B JIEBOH MOJIOBUHE CBOCH OPOUTHI — OHA MIOKUHET CUCTEMY, €CIIH B TIPABOM — OCTAHETCS B



Hell. Bpemena HaXxO0IEeHHS TJIAHEThI B 3TUX MOJIOBUHAX OTJIMYAETCA, B COOTBETCTBUU C Il 3akoHOM
Kemnepa, oHM OTHOCATCS TakK ke, KaK IUIOMIAIN cepoil U Oeoif yacTeil Amumca Ha pUCYHKeE.

I[J'II/IHa MaJIon MMOJIyOCH 3JUIHIICA €CTh

b=aVl-¢". 3)

[Tnomaae Beero smmmrmca Sy ecTh mab, miomans Tpeyroisauka SOA Ha pucyHke, St, paBHa abe/2.
Omnpenenum, Kakasi 4aCTh IUIOIIAAN JUIMATICA IPUXOJUTCS HA ero Oenlyro o0acTh Ha pUCYHKE. JTa
00J1acTh COCTOUT U3 MPaBOM MOJOBUHBI JUIUIICA U ABYX TPEYTOJIBHUKOB C TUIOMIAIBIO ST KaXKIBIN:

_(8,/2)+28, _ab-((7r/2)+e)_l+£

P .
S, mab 2

4)

HonyquHaﬂ BCJIMYMHA C€CTh BCPOATHOCTH INNIAHCTBI B MOMCHT C6pOC3. O6OJIO‘IKI/I OCTaTbCa Ha
AJUTMIITUYECKOW opOuTe OKOJ0 3Be3aHOro ocrarka. OHa Ham 3amaHa B yciaoBuu W paHa (.7.
OTcroz1a MBI OJTy4aeM 3KCLEHTPUCUTET TIAHETHBIX OPOUT B cUCTeMe A0 cOpoca 000I0UKH:

e=n(P-1/2)=0.63. (5)

Cucrema ouenuBaHusi, MmakcumyMm — 10 OamioB (O4epeAHOCTh STANOB B PELICHUH y4YaCTHUKA
MOXET OTIUYATHCS):

1 stan — 3 Gania: ykazaHue, U3 KaKOW 4acTh OpOUTHI TUTAHETA MOXKET yJIETETh U3 CUCTEMBI 3BE3]IbI
npu notepe 50% ee mMacchl, a B KAaKOM Clly4ae OHAa OCTaHETCA B cHUCTeMe. BBIBOJ MOXKET ObITh
yKa3aH KaK W3BECTHBIM 0e3 MaTeMaTWYeCKUX BBIKJIAIOK. DTall OIEHUBACTCS TOJBKO B CiIydae
BBIBOJIA O PaBHBIX YACTSX JJUIUIICA, MHAYE 3a dTal BbicTaBisercs () 6ayuios.

2 oTam — 5 0GannoB: CBSI3b BEPOSTHOCTU COXPAHEHUS IJIAHEThl B CUCTEME M HM3HAYaJIbHOTO
9KCIEHTPUCUTETA OPOUTHI.

[Tpu HETOUHOH CBS3M UJICHY KIOPH HYXKHO MPOBEPUTH CBSA3b YUACTHUKA HA OCMBICIIEHHOCTb.
Ecnu BeposITHOCTB, B COOTBETCTBHHM C pEIIEHUEM ydacTHUKA, paBHa 0.5 npu e=0, nanee Bo3pacTaer
C OKCIICHTPUCUTETOM, HO HE MPEBBIIIACT €AUHUILY PU e<1, TO 3Ta HETOYHAs CBA3b OLIEHUBACTCS /10
2 0aJyuIoB ¢ COXpaHEHHMEM OLIEHKH 3a MOocleAyomuil aTan. Eciau npu 3ToM oTiIndKe BEpOSITHOCTH OT
BepHOU He mpeBbimaeT 0.1 Ha Bcem uMHTEpBajie 3kcueHTpucuTeToB OoT 0 A0 1, oleHKa 3a 3Tam
yBenuuuBaeTcs 10 3 6amnos. [Ipy HapymeHHH OHOTO U3 IBYX yKa3zaHHBIX kputepues (P(0)=0.5 u
P<1) makcumanbHasi OIICHKA 3a 3Tam cocTaBiisieT 1 6ai, mpu HapyImIeHUH 0OOMX KPUTEPHUEB dTall
HE 3aCYUTHIBACTCSI.

BepositHas ommbka mpu pelIeHUH: yKa3aHHE, 4TO BeposATHOCTh paBHa 50%, Tak Kak
COOTBETCTBYIOIME JTyTH 3JUIMIICA OJUHAKOBBIE. BBIBOA MPOTUBOPEUUT YCIOBHIO U JIUILAET CMbICIIA
BTOPOW U TPETHUH ITANbl PEHICHHS. 3aCUUTAH MOXKET OBITh TOJIBKO MIEPBBIM 3TAIl PEIICHUS.

3 oram — 2 Gajuia: BBIYMCIICHHE SKCIIEHTpHUCHTETa opouT rmaHeT. OmmOKM Ha BTOPOM JTare HE
BIMSIIOT HAa OLEHKY 3a 3 3Tam, ecid B uTore 2 srama ObUia moiy4yeHa HeaOcyppaHas cBsizb P(e).
Tpebdyemas Tounocts — 0.05 (otBeT 0.6 IPH MPABWILHBIX BBIKJIAIKAX CUUTACTCS BEPHBIM).

BeposiTHOe HeBepHOE pelIeHHWE YYacCTHHKA: CBS3b COXpPAaHCHHs OOJBIIMHCTBA IUIAHET C
BO3MOXHBIMH PE30HAHCAMH U OAHOBPCMCHHOM HAXOKACHUU IJIAHCT B6HI/ISI/I aIiOLCHTPOB Op6I/IT B
MOMEHT cOpoca 000y0ukd. Takoe pelieHre HECOCTOSATEILHO BBHIY OYCHb OOJBIIOTO YHCTIA
IUIaHCT, YTO YKa3aHO B YCJIOBUHU. Bue 3aBucuMocCTH OT pelICHrd OLICHKAa HC MOXKCT IIPCBLIIIATH 2
6asos.



. BA3OBBIN TYP
9.5. TANAKTUYECKUU TAPAH

YcaoBue. IllapoBoe 3Be3gHOe ckomieHHe coctouT U3 500 THICAY OJUHAKOBBIX 3BE3J CO
CBETUMOCTBIO, BTPOE MEHBIIIEH CONHEYHOM. B HeOe 3eMiin OHO MMEET 3Be3HYI0 Beanuuny 6.0™ u
yrinoBoit quametp 30'. Uepes HEKOTOpOE BpeMs IIAPOBOE CKOIIJICHUE MPOJIETUT CKBO3b IUCK HaIei
lanaktuku nox yriaom 20° Kk ero miockocTd. OIEHUTE, CKOJIBKO 3BE3]l COJTHEYHOIO THIIA B
pe3ynbTare Ha KaKoe-TO BpeMsi OKaKyTCsl BHYTPU CKOILJICHHS, €CJIM Celuac OHU PAcIOIOXKEHBI B
JIMCKE OJHOPOIHO, a Oyeck coceqHeil Takoit 3Be3anl (oo LlenrtaBpa) B Hamem HeGe pasen 0.
Tommmua pgucka coctaBiasger 300 1K, ABMXKEHHMEM 3Be3J JUCKA, HUX TIPABUTAMOHHBIM
B3aMMO/JICHICTBUEM CO CKOTNIEHUEM M MEK3BE3HBIM TOTJIONICHUEM CBETa MpeHeOpeyb.

Pemenue. Illaposoe ckomnenue coctoutr u3z 500 000 3Be3n, kKaxkaas U3 KOTOPBIX CBETUT BTPOE
cnabee Connua. OTcro/1a Mbl MOKEM OIPEEIUTh A0COTIOTHYIO 3BE3/IHYIO BEJIMYMHY CKOIUICHUS:

500000

M. =M,-25lg ~8.3. (1)

3necy M, — abcomoTHast 3Be31Has BennunHa ConHia. Ham n3BecTHa BUAMMAs 3BE3HAs BEIMUYMHA
CKOIUJICHUS B HEOE mic, IPU ITOM MBI IIPEHEOperaeM MeK3Be3/IHbIM MOIJIOIEHnEM cBeTa. Toraa Ml
MOXEM HaWTHU PACCTOSHUE 10 CKOIUICHUS L:

M
1gL:1+%; L ~ 7000 nx. )

3Has yIJIOBOM MaMeTp CKOIUIEHHUs B HeOe O U BbIpa)kas €ro B pajuaHax, Mbl ONpeAeIsieM paauyc
ckomenus R = L&/2 = 30 nxk. Ilpu nponere ckBo3b TUCK ['alakTHKHM CKOIUIEHUE BBIPEKET B HEM
¢burypy, mo o06beMy paBHYIO IIIMHAPY C paarycoM R U BeIcOTON H/sin o = 900 1k (CM. pUCYHOK):

R

CkonneHwne

[vck H

OO0pveM dYacTH JAMCKa, KOTOPBIM NOMNaAeT BHYTPh CKOIUICHHS 3a BpEeMs €ro IpoJjeTa, PaBeH
V=nR*H/sina,=2.5-10° nx’. Ham HY>KHO ONPEACNINTh, CKOJIbKO 3B€3]] COJIHEUHOIO THUIIA IMOMNAJIET B
3Ty obnacth. s 3TOrO OmpenenuM XapaKTEpHOE PACCTOSIHHE MEXKIY 3Be3aMH B JHUCKE Kak
paccrosinue mexay ComuueM u o Llenraspa:

lgd:1+mA%M°; d ~1.1nx. 3)
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MBI MOJTYYHITA HECKOJIBKO 3aHIKEHHYIO OIIEHKY paccTostHuS 10 o LleHTaBpa, mpeArnoaokKuB, 4To ee
abcooTHas 3Be3[HAsl BEJIMYMHA COBIAJAET C COJHEYHOH. MOXKHO WCIIONIb30BaTh M peallbHOE
paccTosinue 110 3Toi 3Be3nl (1.3 nk). Cuuras, 4To OJHA 3BE3/7]a CONCPIKUTCS B AUCKE B 00beMe d 3
OILIEHUM, CKOJIbKO 3BE3]] IOMAJIET B CKOTICHHE:

N~ Vid* ~(1-2)-10°. 4)

Cucrema oueHuBaHusi, MakcumyMm — 10 GamioB (ouepeaHOCTh ATANOB B PEIICHUU Y4YaCTHUKA
MOXET OTJINYATHCH):

1 sram — 2 Oamja: OmpeAesieHHE pAcCTOSHHUS OO0 CKOIUIEHUS. MOJKET BBINOJIHATHCS dYepes
BbIUMCIICHHE aOCONIOTHOM 3BE3JHON BEJNMYHMHBI CKOIUIGHHS, KakK CJeJlaHO Bhllle JUOO dYepes
BBIUMCIICHUE BHUIUMOM 3BE3JHOM BEIUYMHBI OJHOW 3BE3[bl CKOIUICHMA B HeOe 3emuu. ITtam
npeanoaracT npuMeHenne QGopmynbl [lorcoHa u CBs3M pacCTOSHUA, BUIUMON M aOCOITIOTHOM
3BE3/IHOM BEJIMYMHBI. YYACTHUK MOXKET IBITAThCS YUYECTh NMOKPACHEHHE 3BE3]l CKOIUICHUS Malon
Macchl, YTO HE3HAYMUTEIbHO CKa3blBa€TCSI HA HMX BHU3YyallbHOM 3Be3/HOI BenuuuHe. Tpebyemas
toyHocTh — 1000 nk, npu omubdke 10 2000 nk ornenka ymenbinaeTcs Ha 1 6an. Ecau momydenHoe
paccrosinue He sBisieTcs abcypaHbIM (momnagaet B uatepBai oT 1000 mo 30000 nk) — ommbka He
BJIMSIET Ha OILICHWBAHUE MOCIEAYIOIIMX 3TANOB, MHAYEe OHU OLIEHUBAIOTCS TOJIBKO HAIIOJIOBUHY.

BepositHas ommbka: onmyckanue (akropa 1/3, CBA3aHHOTO C HU3KOM CBETHMOCTHIO 3BE3[l
CKOILJICHHS, C MUTOroBoM ommnOKoi mopsaka 1.7 pa3. Ouenka 3a stanm He npessimaer 1 6amr (0
0aJTOB, €CJIH JIETAI0TCS UHBIC OIITUOKH ).

2 ostan — 2 Gamna: Onpenenenue paauyca (mubo auamerpa) ckoruieHus. Tpedyemas TOUHOCTh — 5
nk (ans auamerpa — 10 mk). MoKeT BBIMOJHATHCA YHCIEHHO OO0 B aHATUTHYECKOM BUAC JUIS
MOJICTAHOBKHY B ()OPMYJIBI JUISI TTOCTICIYFOIIUX ITATIOB.

3 sranm — 2 Gamra: omnpezaelieHne oObema (UTYphl, KOTOPYIO BBIYEPTUT CKOIUICHHE TPH IMPOJIETE
CKBO3b JUCK [amaktuku. Takke MOXKET BBIMOJHATHCS YHCICHHO JTHOO AHAIUTHYECKH, TpPHU
YHCIICHHOM METO/Ie TpeGyeMasi TOYHOCTb H0CTaTOuHa Ha ypoBHE 30% (~10° mK’).

BepositHas ommbOka: omnyckanue odd¢ekra sino — HaAKIOHA MYTH CKOIUICHHS K
TaJIaKTUYECKOMY JHCKY, YTO MPUBOAUT K TPEXKPATHOMY 3aHMKCHHIO 00beMa. B 3ToM ciyuae Bech
TPETHil ATall HE 3aCUNUTHIBACTCS, HO TOCIICIYIOIINE OIICHUBAIOTCS B TIOJIHOM Mepe.

4 stan — 2 Gajuia: onpeelIeHUE PACCTOsTHUS 10 OrbKaiiel 3Be3/bl COTHEYHOro Tuma. Tpedyemas
TouyHOCTh — 0.3 mK. YyacTHMKM MOryT cuMmrtarh 3Be3qy o LleHtaBpa anasorom CoiHia, MOTryT
WCTIOJIB30BAaTh CBOM 3HAHUS 00 €€ XapaKTepUCTHUKAX WM JaXe HCIOIb30BaTh €€ (PaKTHUECKOoe
paccTosiHUE, YTO TAK)XKe CUUTACTCS MPABUIbHBIM.

5 sTanm — 2 Gajuia: OLEHKA KOJIMYECTBA 3B€31, KOTOPbIE MMOMaayT BHYTPh CKOIUIEHHs. BBUIY pe3koi
3aBHCUMOCTH OT PACCTOSHHUS MEXAY 3BE3aMHU d, UTOT MOXKET OBITh OIPENENeH ¢ TOYHOCTBIO JI0
¢bakropa 2.

OmmOKkM Ha Ka)kJIOM 3Tale He BIUSIOT HAa MOCIEAYIOLIME ATAlbI, €CIU MOJy4YeHHbIE 3HAUYCHUS He
OKa3bIBAIOTCS 3aBEJOMO HEXapAKTEPHBIMHU JIJISl IIAPOBBIX CKOTUICHUM MM MHOYKECTBA 3BE3]] B TUCKE
T"amakTuku.
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BA3OBBIN TYP
9/10.6. MAPA®OH MECCDBE ;

YcaoBue. «Mapaponom Mecchey Ha3bIBacTCS BU3YAIbHOE HAONIOJACHUE B TEJIECKON BCEX
00BEKTOB KaTanora Meccbe U3 OAHON TOYKH 3eMIIM B Te€UeHHE OHON Houu. Onpenenure, Ha Kakon
caMOil CEBEpHOM MUPOTE 3eMJIM MOXKHO TPOBECTH O3TOT MapadoH B HOYb BECEHHETO
paBHOJIeHCTBUSI. CunTaTh, 4TO JMI0OON OOBEKT Karajora Mecchbe MOXKHO YBHUAETh, eciu CoiHile
OITyCTHJIOCH TIOJT TOPU3OHT XOTsI ObI Ha 12 TpaaycoB, BHE 3aBUCHMOCTH OT XapaKTEPUCTHK 00BEKTa,
€CJIM TOJIbKO OH HaxoJauTcs HajJ ropuzoHToM. [lornomenue cBeta u arMochepHyo pepakiuio He
YUYHUTHIBATD.

Bam BbIana 3Be3qHas kapta ¢ oObekTamMH Kartanora Mecche, yKa3aHHBIMH CHMBOJIAMH,
OTMMCAHHBIMH B JIEBOM HWXHEM YTy puUCyHKa. OK0JI0 00BEKTOB yKa3aHbl X HOMEpA IO KaTaJlory
Meccne. [IpuBenena takxke koopAauHaTHas cetka Ha 3noxy 2000 rona. CuuTaiite, yTo HaOIIOACHUS
MPOBOJSATCS B TY XK€ AIOXY.

Pemenne. IlepBoe orpanmueHue Ha IIMPOTY HAOMIOACHUS BCeX OOBEKTOB Karajora Mecche, O
KOTOPOM MOXXHO IOJIyMaTh, CBSI3aHO C IOSIBJIEHUEM HaJ TFOPU30HTOM IOXKHBIX OOBEKTOB 3TOrO
karanora. CaMblii 10’)KHBIH OOBEKT — paccessHHOE CKOoIuleHue M7 — uMeeT CKIOHEHHE OKOJI0 —35° u
BOCXOJUT Ha MMpoTax a0 +55°. OnHako ecTh U apyrue, 0ojiee CHIbHbIE OTPAHUYCHUS HA IUPOTY
MECTa, CBSI3aHHbIE C PACIIOIOKEHHEM 00BEKTOB Ha HeOe oTHOcUTeNbHO CoHLIA.

HaGmronenus mnpoucxomsT BONMM3M BECEHHETO PABHOJICHCTBHS, Korjma KkoopauHatel ComnHIa
cocraBnsitor (0g, 0°). Beuepom, ciemom 3a ComHieM, 3axoaaT obiaacTu HeOa ¢ OOIBIIUM MPSIMBIM
BOCXOXKJICHUEM, TPHYEM B CEBEPHOM IIONYIIAPUU OOBEKTHl FOKHOTO HEOECHOTO IONyIIapus
JIENIal0T 3TO paHblle, a 00BEKTHl CEBEPHOr0 HEOECHOro Moiymapus — moske. B mpaBoit yactu
KapThl Mbl BUJUM, YTO OOBEKTOB KaTajora Mecchbe I0JKHEE HKBATOpa TaM HET, rajaktuka M77
HaxXOJUTCs Ha 3KBaTope moutu Ha 34 BoctouHee ConHIa, oHa OyAeT IOCTaTOYHO XOPOLIO BHUIHA
BEUEPOM B CEBEPHBIX YMEPEHHBIX IHMpoTax. bimke Bcero xk CoJHIly pacmojiaraeTcsi rajakTUKa
M74, HO U ee dNOHTALUA CYLIECTBEHHO Oosblie 12°, a ceBepHOE CKIOHEHHE JaeT BO3MOXKHOCTb
HaO0JII01aThCS B CEBEPHBIX ITUPOTAX.

Wnas cutyanus ckiaablBaeTcs Ha IpeapaccBeTHOM HeOe. B kartamore Meccbe ecThb OOBEKTHI €
MPSIMBIM  BOCXOXKICHHEM 21-229 W 10)KHBIM CKJIOHEHHEM. B ceBepHOM mosymiapuud 3emMiid OHH
MOTYT BOCXOJIUTh B YTPEHHUE CYMEpPKU U YK€ He ObITh BUAMMBIMU. CJOXKHEE BCEro Ha paccBeTe
HaOmogaTe 1mapoBoe ckomienne M30 B co3esnmuu Kosepora, UMEHHO WM M OIpEACISICTCS
BO3MOKHOCTh COBEpIIUTH MOJHBIA '"Mapadhon Meccbe" B ceBepHbIX MMUpoTax. Ham HyXHO
OTIpEeACIUTh IUPOTY (p, HA KOTOPOH B MOMEHT Bocxoja ckoruieHus CollHIle OKa)KeTcsl Ha TiTyOuHe
h=12° nox ropu30HTOM.

MoHO pemuTh 337a4y aHAIMTHYECKUM criocoooMm. [1o kapTe onpenensieM KOOpAUHATHI CKOIIIIEHUS
M30: a=21940mMm, 6=-23°. Pazuunua npsmeix BocxoxaeHni CoiHIIa U CKOIUIeHUs ecTh 2420M min
35°. CkomieHre HaxoIUTCsl He 04eHb Janeko oT CojHIa, U MOKHO paccCMaTpUBaTh 4YacTh HEOECHOM
chephl Kak IMITOCKOCTb.
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[OpU30OHT

ConHue

VYron Mmex Iy HeOeCHBIM 3KBAaTOpOM U HarpasieHueM oT CONHIIA K CKOIJICHUIO PaBEeH
13 _ 350
y =arctan—=33".
Ao (1)

VYrioBoe paccTosiHiEe MKy cKotuieHrneM U COJIHIIEM €CTh
d=+Aa*+8* =42°. 2)

OTCIOIIa MBI ITOJIYy4aeM HIMPOTY MECTA KaK YIoJl MCXKY SKBATOPOM U HAIIPABJICHHUEM Ha 3CHUT:

Q= arccosg —y =40°.

3)

VYuureiBas NpakKTUYECKUN XapakTep 3aaud U HETOUYHOCTDb OINPEAEIEHUSI KOOPIAUHAT CKOIUIEHMS I10
KapTe, 3a/1ayy MOXKHO pelnTh U rpadudecku. s aToro nmometum Ha kapte nonoxenue CoiHila,
HapUCyeM OKPYKHOCTh paanycoM /1 u neHtpoM B CoiHie. DTO HECIO0XKHO ceNlaTh, TaK Kak Ha
KapTe MPOBEACHBI KOOPAUHATHBIC JTUHHUHU:

————er gt | T - g 4

ConHue

l'opu30HT B 3TOM cily4yae €CTh JIMHUSA, Kacarolasicsi 3TOW OKpy»KHOCTU. Hac mHTEpecyer ciydait,
KOrJa TOPU30HT MpoxoauT uepe3 ckoruieHrne M30. [locTpouB naHHYIO JIMHHUIO, Mbl MOKEM HalTH
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LIMPOTY KaK yroyl MeXJy Hel M BEpTHKAJbHOM JIMHUEH KapThl (HampaBieHHMeM Ha noiroc). [lpu
aKKypaTHBIX IIOCTPOCHMSIX MBI ITOJIy4aeM TO )K€ 3Ha4eHHE HIMPOTHI ¢ = +40°.

B neflictBuTenbHOCTH, HAOMIOAATh IIAPOBOE CKOIUIEHHWE Yy TOPU30HTA BO BPEMsI HABUTAIlMOHHBIX
CyMepeK BechMa 3aTPyAHUTEIBHO, MOATOMY CUUTAETCS, YTO MOJHBIN "Mapadon Meccbe" MOXHO

COBEPIIUTD FOXKHEE MUPOTHI +35°.

Cucrema ouenumBaHusi, makcumyMm — 10 OamioB (O4epeAHOCTh STAlOB B PELICHUH y4YaCTHUKA
MOJKET OTJINYATHCS):

1 stan — 4 Gamia: GopMyJIUpOBKa MPENENbHOTO YCIOBUS JUIsl IIUPOTHI, IPU KOTOPOM "MapadoH
Meccpe" MOkeT ObITh COBEpPILEH MOIHOCTHIO. [IpaBUiIbHBINA OTBET MOXKET OBITH CBA3aH TOJBKO C
mapoBbIM ckorieHneM M30.

Bo3moskHast ommOKka y4YacTHHKA: TMOWCK IMPENSIbHOW MIMPOTHI, HUCXOAS W3 KOOPIHMHAT
CaMoro KKHOro o0beKkTa Karajgora Meccbe, 1 3auch oTBeTa (p=155° ¢ BO3MOXKHOH MOTPEIIHOCTHIO
B HECKOJIKO IpaaycoB. Eciu 3ToT BbIBOJ (hOpMynUpyeTcss Kak 4acTHOE YCIOBHE C JalbHEHIINM
IIPOJOJKEHUEM pPEILEHHs], TO OLIEHKa ONpeAeNseTcs MPaBUIBHOCTBIO 3TOro pemieHus. Eciau ke
JAHHBIM OTBET CYMTAETCS OKOHYATEJbHBIM, OIIEHKA 3a BCIO 3aJady HE NMPEBOCXOAMUT 2 OayuioB U
CHMJKAeTcs B ClIydae OIIMOOK B IOUCKE F0XKHOTO OOBEKTA M BHIYMCIIEHUH IIUPOTHI.

Bo3moskHast ommOka ydacTHHKA: yKa3aHHME€ HMHOTO OOBEKTa, ONpPENESIONIEro BEpPXHIOK
rpaHMIly LIMPOTHOIO MHTEpBaja. B 3ToM ciydae stanm oueHuBaercs B 2 Oaiia, MOCIEAYIOLIME
OLICHHMBAIOTCSI B TOM Cllydae, €CJIM METOAMKA OLIEHKH IIMPOTHI COOTBETCTBYET ONMCAHHBIM BBIIIIE,
HO IUISI MHOTO OOBEKTA.

2 sran — 6 OGajuioB: ompeaesieHne MUPOThl. YWCICHHBIM W TpadUyuecKHil Croco0 SBISIOTCS
OJIMHAKOBO BEPHBIMH U OLIEHUBAIOTCS MOJHOCTHIO. [IpH yclioBuu mpaBUILHOTO METO/a Tpedyemas
TOYHOCTh ONpENIETECHUs IMUPOThI — 4°, nanee OIEeHKa CHWXaeTcs Ha 1 Oamm 3a kKaxaplie 2°
JIOTIOTHUTEIHHON TOTPEITHOCTH (TIPU 3TOM, OYEBHIHO, OIICHKA 3a 3Tall HE MOXeT ObITh MeHbIie ()
0a/utoB). YYacTHUKM MOTYT HE TOJBb30BATHCSA IUIOCKAM MPHUOIMKEHHEM W HUATH METOJOM
cheprueckoil TPUTOHOMETPHUH, YTO 3HAYUTEIbHO YCJIOXKHSET BbIKIAAKU. J[laHHBIA cmocob
3aCUMTHIBACTCS, €CIIM MPOM3BEACH IMPAaBWIBHO W JaeT mpaBmibHBIA OTBEeT (38°) ¢ Tpebyemoin
TOYHOCTHIO.

[Ipy uCHONB30BaHWM KAYECTBEHHO HEBEPHOW METOJIWKH OMPEACNCHUS MIUPOThI WIH
HEBEPHOI0 3aJIaHuUs YCIIOBHS JIJIs €€ [TOMCKa, BHE 3aBUCUMOCTH OT OTBETA, ATAIl HE 3aCYUTHIBACTCSI.
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BA3OBBIN TYP
10.1. BO BCE HEBO

YcaoBue. B HeOe 3emiin mosiBUIAch sSipKas KOMETa ¢ TOHKUM TPSIMBIM Ta30BBIM XBOCTOM JITHHOH B
120°. Ee sapo pacnonaranock Ha HeOe B 30° ot Conuna. Onpeaenute MaKCUMalIbHOE BO3MOXKHOE
MIPOCTPAHCTBEHHOE PAcCTOSIHUE OT 3eMild 10 sAapa KomeTbl. Opouty 3emiu cYuTaTh KPYroBoOii, a
XBOCT KOMETHI — HAITPABJICHHBIM B MPOCTPAHCTBE TOUHO OT CoJHIIA.

Pemenue. [IpsiMoii Ta30BBIM XBOCT KOMETHI HANpPaBJICH Ha HEOE B CTOPOHY, NMPOTHBOMIOIOKHYIO
Conniry.

[lonoBa
KOMeTbl

ConHue

[lycTh Y — nnuHa XBocTa KOMETHI B HeOe 3emild, [3 — yIiIoBO€ pacCTOSIHUE MEXKIY SAPOM KOMETHI U
ConnueM. O003HAYMM T€TUOLICHTPUUECKHIA YTOJl MEXIy HaIlpaBICHUSAMU Ha 3eMITI0 U KOMETY Kak
o. Torma, kakum OBl JJIMHHBIM HE OBLI XBOCT, Ha HeOe 3eMJIM OH HE MOXKET 3alTH Jalblle
HalpaBJieHUs, TOKA3aHHOTO Ha PHUCYHKE CTpenkou. [l ero BuaMMoOW JJIWHBI B HeOe 3emMiu
CIIpaBeUIMBO HEPABEHCTBO:

¥ <Ymax = 180° — o — B. (1)

Benmuuwabl yrinoB  u y HaM u3BecTHBI, OHM paBHBI 30° u 120° coorBercTBeHHO. OTCIOA MBI
nMeeM:

o < 180° —y — B =30°. )

O0603HaYuM paanyc 3eMHOW OpOUTHI Kak 7. V3 pucyHKa Mbl BUIUM, YTO PACCTOSIHHE OT 3€MJIU JI0
sa1pa KOMeThl d Tipu (pukcupoBaHHOM yriie 3 OyAeT TeM OosbimM, yeM Oodbiie yrou o. Mckomoe
MaKCHMAaJIbHOE PAacCTOSHUE OyAeT JOCTUTHYTO, KOoraa yroi a coctaBur poBHo 30°. Torma u3
TEOPEMBI CUHYCOB B TPEYTroJibHUKE "3eMIIs-sAp0o KOMEThI-COHIE" MbI MOJy4aeM BBIPAKECHHE IS
paccTosHUA 10 Apa KOMETBL:

sinoc 1

d<r =0.58 a.e.

sin(o + ) _r2cosB 3)

[locnenHee HEPaBEHCTBO MOJIYYEHO C YYETOM TOro, 4To o.<[3. Ero M0OXXHO MOJy4UTh U HANPSAMYIO,
YUHTBIBasi, YTO B CIy4yae MAKCUMAJIBHOIO yIJIa O TPEYrojbHHUK "3emis-iapo KomeTbl-ComHie"
OKa3bIBAETCs PaBHOOEIPEHHBIM.

Cucrema oueHuBaHusi, MakcuMyM — 10 6amuioB (O4YepeAHOCTh 3TANOB B PEIICHUM YYaCTHUKA
MOXET OTINYATHCH):

1 stam — 6 GawioB: popMUpOBaHUE YCIIOBUS Ha yTOJ O, KOTOPBIM MOXET OBITh OMpENeieH Kak
TeJIMOIEHTPUYECKHUI YTOJl MEX]ly HAlpaBJIeHHEM Ha 3eMIII0O U KOMETY, TaK U Kak reOlleHTPUYECKHIA
YTOoJI MCKAY HAIIPaBJICHUEM Ha KOHC XBOCTA KOMCTLI U TPOTUBOCOJITHCYHYIO TOUKY Heoa.
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2 sran — 4 Gajuia: onpeselieHue MAaKCUMAaJIBHOTO PACCTOSHUS OT 3eMJIM JI0 sApa KOMEThl. JTall
MOJKET OBITh BBINOJIHEH KaK PEHICHHEM PAaBHOOEIPEHHOTO TPEYroJIbHUKA, TaKk W Oojiee OOmmMM
peleHeM TeopeMbl CUHYCOB B obOmieM Buae ains yriaoB o (B Comnue) u ot (B komere).
TpeGyemast Tounocth oTBeTa — (.02 a.e (oTBeT 0.6 a.e. MmoxeT ObITh 3acuutan). [Ipu ommbkax g0
0.05 a.e. onienka cHmkaercs Ha 2 6amia, npu ommodkax 70 0.1 a.e. — Ha 3 Ganna.

KommeHTapuii: 1Ba 3Tama B pPELIEHUHM YYaCTHUKA MOTYT OBITh HEpa3[elIbHbIMU, €CIU OH
(dbopMyIHpyeT ycIoBHE Ha PAacCTOSHUE d, MUHYS 3allMCh HEPAaBEHCTBA JUIS yIja O B SIBHOM BUJE.
Takue penieHus OLEHUBAIOTCS B IIOJHOM Mepe.
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BA3OBBIN TYP
10.2. TNA3 30MBMU

YcaoBue. Ha 3emiie NOSBUICS UYENOBEK C HCKIIOYUTENBHO OCTPHIM 3peHHEM. UTOOBI 3aMETUThH
3Be3y Ha HeOe, eMy JJOCTaTOYHO 3a()MKCHUPOBATH KAXIBIM IJ1a30M B CPEIHEM 10 OJHOMY (OTOHY
OT 3Be3/bl 32 TakT (ukcanun uzoOpaxkenus (0.04 cexyHnnsl). Jmamerp 3paduka riiaza Mmpu 3TOM
paBeH 8 MM, CIEKTpaJIbHBIC CBOICTBA 3pEHMS TaKue ke, Kak y 0ObIMHOro yenoBeka. Kakum Oyner
MPOHHUIAIONIAsT CIIOCOOHOCTh 3pPEHMS TAKOrO YEJNOBEKAa B 3BE3JIHBIX BEIMYMHAX? YCIOBUS I
HaOIoIeHu# uaeagbHble, aTMochepHble Y3PPEKThl He YUNUTHIBATD.

Pemenne. Ilycte A — juIMHA BOJHBI HaWdydylllell BUAMMOCTH YEJIOBEYECKOTO 3pPEHHUS, KOTOPYIO
Oyzaem cuutaTh paBHOi 5500 aHrcTpeM. DHEprus KBaHTa ¢ TAaKOW JJTMHOM BOJHBI €CTh

E=hv=hc/\=3.610" Ix. (1)

Ornpeaenum TIOTHOCTh MOTOKA SHEPTHH OT 3BE3/Ibl, IPU KOTOPOM B 3padyoOK 3aJaHHOTO AuameTpa d
3a 3a/laHHOE BpeMs ¢ OyJIeT MoMnaiaTh Takas YHEPrusl:

= 4E2 = Li”: 1.8-107" Br/m’. (2)

wd’t  md At

Hy>XHO OTMETUTBH, YTO 3Ta BEIMYMHA XapAKTEPU3YET HE IOJHOE KOJIMUYECTBO SHEPIUH, UIyIIEE OT

3BE3/1bl, a TOJILKO YHEPIUIO B ONTHYECKOM JIMANla30HE CHEKTPa, APYrux (POTOHOB Iia3 HE 3aMeyaer.

[loaTomy npu mepecuere B 3BE3HBIE BEJIMUYMHBI HA OCHOBE CPABHEHMSI C U3BECTHBIM MCTOYHHKOM

HE00XO0MMO ONEPUPOBATH C INIOTHOCTBIO IIOTOKA SHEPIMH B BUAMMOM auanasoHe. s ConHia 31o

BemmunHa Jo=600 Br/M’. 3Has BusyanbHyio 3Be3qHyl0 BenumumHy CONHIA m1g, HAXOMUM
MIPOHMIIAIONTYIO CITIOCOOHOCTH "Tia3za 3omMOu":

m=m,—2.51g(J/J,)=12. 3)

Cucrema ouenuBaHusi, MmakcumyMm — 10 OamioB (O4epeHOCTh STAlOB B PELICHUH y4YaCTHUKA
MOXET OTIUYATHCS):

1 oran — 3 Gayia: onpeaeseHIe SHEPTUU OJTHOTO KBAaHTA B BUIMMOM 00JIACTH CIIEKTpa. DTaIl MOXKET
BBIMIOJHATHCS YMCICHHO WJIM BKIIIOYATHCS B QHAIUTUYECKOM BHJIE B TOCIEAYIOUINE (OPMYIIBL.
YYacTHUK OJMMITHAABI MOXKET B3ATh HECKOJHKO WHOE 3HAYCHHE JIJIMHBI BOJHBI, 3aCUUTHIBACTCS
m060e 3Hauenre or 3500 go 7000 A, uro nmaer sdppekr He Gonee 0.5™ B mTOrOBOM OTBETE OE3
BJIMSIHUS Ha OUEHKY. [Ipy mosiBIIeHUM TUIIHUX YUCIEHHBIX Ko duuuenTos (2m, 1/27 u 1.1.) 1 ipu
apudMeTHnIecKor ommoKe B 2 paza u OoJiee OlleHKa CHIKaeTcs Ha 1 Gait, rpu ommobke B 4 pa3a u
0oJiee olleHKa YMEHbIIaeTcs Ha 2 Oaia 6e3 BIUSHUS Ha TOCTIeAYIONINE ST

2 stan — 3 Gajuia: onpeneseHe TNIOTHOCTH MOTOKA YHEPTHH OT MPEAEFHO 3aMeTHOM 3Be3bl. [Ipu
omuOke B (opmysie (B YaCTHOCTH, €CIIM JHUAaMETp 3padyka IyTaeTCs C €ro paguycoM) OIleHKa
yMeHbIaeTcs: Ha 2 Oaina 0e3 BIMSHHS Ha TOCICAYIONINE dTambl. AHAJOTUYHO MPEABIAYIIEMY
aTamny, npu apudmeTudeckoit ommuodke B 2 pa3a u 0oyiee OlleHKa CHUXKAETCs Ha 1 Gal, pu ommoOke
Ha TIOPSZOK U OoJiee OlleHKa yMEHbIIAeTCs Ha 2 6aruia 0e3 BIHSHES Ha TTOCIEAYIONINE ITAIbI.

3 oran — 4 Gaia: onpejelicHUe MpeIelibHON 3Be3/1HOM BeauunHbl. TpeGyemast TounocTs — 1™ 6e3
ydeTa omMOOK Ha MpepayInux dtanax. Eciu B kadyecTBe HcTOYHMKA cpaBHeHUs Oepercst ComHIe ¢
0O0JIOMETPUYECKON BEIWYMHOW IUIOTHOCTH TOTOKa SHEPTUH — OTO YBEIUYUBACT MPOHUIAIOILYIO
criocobHocts mpumepHo Ha 1M (mo 13™ mpu BepHBIX pacueTax), 3TO CuMTaeTcs (PU3UUECKOM
OLIMOKOH, OIICHKA yMEHbIIIaeTcs Ha 2 Oasia.
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BA3OBBIN TYP
10.3. MATEAAAHOB MOHCTP

YcaoBue. 3Be3na R136al B paccesinnom 3Be3nHOM ckoriennd R136 B bBonbmiom MarennanoBom
oOjake sIBISiETCS camMOW MAaCCHMBHOM M3 HU3BECTHBIX B HACTOSIIEe BpeMs 3Be3], €€ Mmacca
omenuBaercs B 315 macc ComHna. AOcoimoTHass OoJOMeTpHUYecKass 3BE3[HAs BEIUYHHA ITOU
3Be3/bl paBHa —12.62". 3Be3na ABASETCA UCTOYHMKOM CUIIBHEMIIIETO 3BE3HOIO BETPA C TEMIIOM B
5.1-107 macc Conuna B roa. Kak u Bo CKOJIbKO pa3 3Ta 3Be3/1a ObICTpee TepsieT BOAOPOI — B BUJE
3BE3/IHOTO BETpa WM B TEPMOSAEPHBIX PEAKIUSAX CHUHTE3a TeJIMsl, KOTOPhIE SBJSIOTCS OCHOBHBIM
HMCTOYHUKOM u3NydyaeMoil »Hepruu? CyuTarh, YTO XMMHUYECKUH COCTaB 3BE3[bl U €€ BETpa
aQHAJIOTMYEH COJIHEUHOMY, saApo renus-4 Ha 0.7% jerdye yeTblpex MPOTOHOB.

Pemenne. CpaBauBas aOCOIFOTHEIC O0IOMeTpUUYecKre 3Be3HbIe BemuuHbl R136al u ConmHia, Mbl
HaxoJIMM BeJIMUMHY cBeTuMocTH R136al:

L=1L,-10"%""™ =86.10°- L, =3.3-10" Br. (1)

3neck Ly — cBetuMmocTh ComHia, m U my — adcoatoTHRIE 3Be3AHble Beanunubl R136al u ComHia.
Takoe sHeproBbifieNieHne 00ECTIEUNBACTCS MOTEPEN MacCchl B €IUHUILY BPEMEHH L/¢*. Vuaurbisas,
YTO B XOJ€ CHHTE3a Telus TepsieTcss yacTh macchl Boaopona n=0.007, ompeaenum, CKOJIBKO
BOZIOPO/JIa JIOJDKHA COKUTATh 3a CEKYH/Y 3Be€3/1a, 4TOOBI 00E€CIICUYUTh TAKOE YHEPTOBBIJICIICHHUE:!

M, = Lz =5.2-10" kr/c.
ne

2)

VYuyureiBas, ytTo mMacca COJIHIIA COCTaBJISIET 2.0-10% K[, a B TOJAE OKOJIO 3.16-107 CEKYH/I, MBI
MoJIyyaeM, 4YTO TOTEps BOJOpPOJAa B TEPMOSIEPHBIX peakiusx B Heapax R136al cocraBiser
8.2:10° macc CosnHIa B TOJI.

Ilo ycnoBuio 3a1aun, XMMUYECKH cocTaB 3Be3AHOrO Berpa R136al Mbl cuMTaeM COJIHEYHBIM, TO
ecTb cojaepxkamum okoiio 70% Boaopoaa. Torma moTepst BOAOpoAa B 3BE3THOM BETpE €CTh 3.6 107
Macc ConHua B rof. B utore Mpl nomy4aem, 4To Ba MEXaHU3Ma IIOTEPU BOAOPOJA 3BE3A0M UMEIOT
CPaBHMMBbIN MOPSAJOK BEIMUYUHBI, Mpeo0iagaeT NmoTepsl B TEPMOSAEPHbIX peakuusx. OTHOIIEHHE
TEMIIa MPOLIECCOB €CTh

M,

~2.3. 3)

w

OTO OTHOLIEHHE OTpa)kaeTcss TeM (PaKTOM, YTO K KOHIy TEPMOSIEPHOIO TOPEHHUs BOAOPOJa,
KoTopelii HacTynuT y R136al B TeueHue Bcero Juilb ABYX MUJUIMOHOB JIET, 3Ta 3BE3/a MOTEPSET
9qyTh OOJIBIIIE TPETH CBOEH MacCHhl.

Cucrema ouenuBaHusi, MmakcumyMm — 10 0amioB (O4epeAHOCTh STAlOB B PELICHUH y4YaCTHUKA
MOXET OTIUYATHCS):

Ortan 1 — 3 Gajia: onpeneneHne cBeTUMOCTH 3Be31bl R136al, ucxoas u3 ee abCOMOTHOM 3BE3HOM
BEJIMUMHBI. DTal MOXET ObITh BHIMOJIHEH YMCICHHO WM aHATUTHYECKH. Tak Kak B YCIOBHHU 3a/1aHa
abcomroTHas OoJOMETpUYecKasl BEIMYMHA 3BE3]bI, & B CIPABOYHBIX JAHHBIX — aOCOIOTHAs
0onomMerpuueckas BennuuHa ConHIA, TO Tpu Hcnonb3oBaHuu ColHIIA KaKk 0O0BEKTa CpaBHEHUS
9Tal BBIMOJHAETCS NPSMBIM UCTIONb30BaHUEeM (opmyisl [lorcoHa 6e3 mpuBieYeHUs] KaKUX-JIHO0
YHCIICHHBIX KOY()(OUITMEHTOB, HECMOTPS HAa OYEBHIHYIO Pa3HOCTh A((EKTUBHBIX TEMIICPATYP 3BE3/I.
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Tpebyemast TouHOCTh BhIUUCIHCHUNA — 10%, Tak Kak 3BE3[HBIC BEIWYMHBI U3BECTHBI JTOCTATOYHO
xopoino. Ecnu sTan BhINONHSETCS YUCIEHHO, TO Mpu apudmernyeckux ommubkax 10 20% oreHka
ymenbmraercs Ha 1 6amt, mo 30% - Ha 2 Gamia, npu 0OJBIIUX apuIMETHUECKUX WIH (PU3HUECKUX
OmMOKax 3Tal He 3aCUUTHIBACTCSI, HO MOCIICIYIOIINE OIICHUBAIOTCS B IIOJIHOM Mepe.

Ortan 2 — 4 Gannia: onpeaeneHUe TemMra noTepu Bojopoaa B 38e3ae R136al 3a cuet TepMosiaepHbIX
peakuuii. BenmmunHa MOXeT BbIpakaThecs B Kr/c, Maccax CoJiHIIa B T'OJI, @ TaKKe OBITh 3aIMcaHa B
AQHAIUTUYECKOM BHUJC JJIsS YHCJICHHOM MOJICTAHOBKM Ha 3aKJIIOYUTENBHOM JTame perienus. [lpu
YHUCIICHHOM pelieHuu TpeboBanue mo TouHoct — 10% 6e3 yueTa ommOOK Ha MPEABIAYIIEM dTare,
npu ommoOkax 10 20% olieHka ymeHbIaercs Ha 1 6an.

BepositHas ommbOka yyacTHHMKa: onmyckaHue (akropa 1 B ¢opmyine (2), 4TO yBEIUYUBAECT
TEeMIT cropaHus Bojopoaa B 150 pa3. DT1o cuuraercs rpyooii pu3mdeckoi ommOKoi, BeCh dTam He
3aCUMUTHIBAETCS, MOCIEAYIONINE, IPU YCIOBUH MPABUILHOTO BBINOJHEHHUSI, OLIEHUBAIOTCS B MOJHOM
Mepe.

Ortan 3 — 2 Gawia: ompeaesieHHe TeMIla MoTepu Boaoposa B 3Be3ne R136al 3a cuer 3Be3mMHOTO
BeTrpa. Bennunna mMoxeT BbIUHCIATHCS B Maccax CoiiHLAa B TOJ (M TOorja 3Tam CBOAUTCS K OJHOM
3JIEeMEHTapHON Omepaluu), Kr/c, a Takke ObITh 3amucaHa B aHAJIUTUYECKOM BHUIE AJISl YMCIIEHHOM
MOACTAaHOBKM HA 3aKJIIOUUTENIbHOM JTarne peuieHus. [Ipu 4uciIeHHOM pelleHHd U TEePEeBOJIE B
JpyTrHUe eIWHUIBl TpeOoBaHMUEe MO TOYHOCTH — 15% 0e3 yueTa ommOOK Ha MpeablIyIleM 3Tare, Mpu
ommoOkax 110 30% oueHka yMmeHbInaeTcs Ha 1 6am.

BepositHas ommbka ydactHuka: onmyckanue (akropa 0.7, CBSI3aHHOTO € J0JIel BOJOpoOja B
3BE3/IHOM BETpE, U MEpeoleHKa MOoTepb Bojopoaa npumepHo Ha 40%. B 3ToM ciyuae olLieHKa
yMeHbIlaeTcsl Ha 2 6ayia 6e3 BIUSHUS Ha MOcienyromue Tanbl. Heckonbko OTIMYHas BETUYHMHA
BKui1aga Bogopozaa (ot 0.6 go 0.8), COOTBETCTBYIOMIAs YKA3aHHOM BBIIIE JOMTYCTUMOMN MOTPEIIHOCTH,
HE SBJISICTCSI OCHOBAHHUEM JIsl U3MEHEHUSI OLICHKHU.

Ortan 4 — 1 Gamn: GopMyIUpOBKa OKOHYATEIHLHOTO OTBeTa. BBUIY ONMHM30CTH BETWYMHBI 000MX
(GakTOpPOB caMO yKa3aHHE, KaKOW M3 HUX OOJbllle, HA OICHKY HE BIMSCT, OICHKA OMpeaessieTcs
TOJILKO KOJMYECTBEHHBIM COOTHOIIEHHUEM. B ciydae YHCIEHHOTO BBIMOJHCHUS TMPEIBIIYIIUX
ATANoOB TMOCJICAHUNA JTall CBOJWTCS K BBIYUCICHHIO OTHOIICHUS YXE HANICHHBIX YHCICHHBIX
BEJIMYMH, U JOJDKCH MPOU3BOJIUTHCSA C TOYHOCTHIO He Xyxke 10% (0e3 ydera cienmaHHBIX paHee
OIIMOO0K), B IPOTUBHOM CJIy4ae OH HE 3aCUUTHIBACTCS.

B ciydae aHamUTHYECKOTO BBIOJIHGHUS MPEABIAYIINX O3TallOB IMOCICTHUH  ATar
3aKIII0YAeTCsl K 3alMCH UTOTOBOW ()OPMYJIBI M MOJCTAHOBKHA B HEE BCEX YHCJICHHBIX NaHHBIX. B
cllyuae HETOYHOTO OTBETa OLEHKAa HM3MEHSETCS B 3aBUCHMOCTH OT TOTO, Tne OblUla JOMyIIeHa
omunOka. Ecnum oHa cBs3aHa C BBIOJHCHHEM TIPEABUIYIIAX OTArnoB (HETOYHBIE (POPMYIIBI),
CHIDKAETCS OIICHKAa 3a COOTBETCTBYIOIIWE JTAIlbl COTJIACHO HAIMMCaHHOMY Bbimie. [Ipu omuOke B
(UHATLHOM YHCJICHHOM pacueTe MPEIbIIyIIUe 3Tanbl OLEHUBAIOTCS IOJIHOCTHIO, TIOCICIHUI HE
3aCUMTHIBAETCS MpU norpenrHoctu oonee 10%.
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BA3OBBIN TYP
10.4. 3ANOXA MEHAETCSH, NNAHETA OCTAETCH

.

YcnoBue. Ilmanera oOpamjaeTcss MO JIUTUNITUYECKOM OpOUTE ¢ OOJBIION TOJNYOChIO @) M
JKCLIEHTPUCUTETOM e BOKPYT 3BE3/Ibl — KPAaCHOTO TUraHta. B oauH MOMEHT 3Be3nga ObICTpO
cOpacbiBaeT O00OJIOYKY, YHOCSAIIYI0O pOBHO IIOJIOBUHY MacCchl THraHta. TemM He MeHee,
AKCIICHTPUCHUTET OPOMTHI TIJIAHETHI OcTajcs 0e3 u3mMeHeHun. Cuuras mporecc copoca 000TO0UKH U
€€ yXoJa U3 CHCTEMbl MTHOBEHHBIM, OINpPEAETUTE PACCTOSHUE OT IUIAHETHI JO 3BE3Ibl 7/ B ITOT
MOMEHT M HOBYIO OOJIBIIIYIO TOJYyOCh OpOUTHI ap. OOe BENMYMHBI BBIPa3UTh KakK (YHKIIMH
9KCHEeHTpHcUTeTa e. llpm Kakux SKCLUEHTPUCHUTETaX OpOMTHI TaKoe BOOOIIE BO3MOXKHO?
B3anmopeiictBue 000JI0YKH C TUIAHETOM C MOMEHTa cOpoca HE yYHMTHIBATh, TUIAHETA HECPABHUMO
MEHbIIIE 3B€3/IbI IO Macce.

Pemenne. Xopouio M3BECTHO, YTO IPM MTHOBEHHOW IOTEPE IOJIOBUHBI MACChl LIEHTPAIbHBIM
TEJIOM €ro CIyTHMK C KPyroBOW OpOMTBHI Hepeiaer Ha napaboiIMyecKyl0 U IOKHUHET CUCTEMY,
CBSI3aHHYIO C ILIEHTPaJbHbIM TenoM. OIHAKO, eciau OpOWTa SJUIMNTHYECKas, a CIYTHHK B 3TOT
MOMEHT HaXOJMUTCS Ha PAcCTOSHUU OOJbLlIE CPEAHEro, TO OH OCTaHeTCs B cucteme. B 3amaue
HEOO0XO/MMO PACCMOTPETh YCIIOBHE, NMPH KOTOPOM SKCLUEHTPHUCUTETHI CTapoil M HOBOH OpOMT
OJIMHAKOBBI U PaBHBHI e.

MnaHeTa

C6pOC 000JI0UKH 3BC3bl IMPOU3O0MICII, KOTJa IUIAHCTA pacliojiarajiaCb Ha pacCTOSAHUHU 7 OT HCEC.
MomeHT HUMITYJIbCa CAWHHIBI MAaCChl IIJIAHCTHI (I/IJ’II/I YABOCHHAd ILIOIIaAb 3allITPUXOBAHHOI'O
TPEYTOJIbHUKA, KOTOpBIfI OIMUCBIBACT PANYC-BCKTOP IVIAHCTHI 3a CAUHUYIHOC BperI) C€CThb

L=v-rsina, (1)
IJ€ O — YroJl MEeXAY paauyc-BEKTOPOM M CKOPOCTBIO IUIaHeThl. B coorBercTBUUM co Il 3akoHOM
Kemnepa (unm ¢ 3aKkOHOM COXpaHEHHMsS MOMEHTa MMITyJbCa) 9Ta BEIMYMHA HE MEHSETCS B XOHE

JABMOKCHUSA I1JIAHCTHI. Mgl MOXKEM OMpCAC/INTL €€ IJId NCPULCHTpA, KOrJa 3HAYCHHUA CKOPOCTU U
paanyca HaM U3BECTHBI, a YTOJI MCKAY UX BCKTOpaMU HpHMOﬁZ

L= ‘/GM I*e 4(-e)=-[GMa-(1-&

Onyckas pasmMepHbIil MHOXUTENb GM, Mbl TOJTydaeM KBaJApaTHBIA KOPEHb U3 IIIOLIaAM djuinmca. B
MOMEHT cOpoca 00O0JIOUKH XapaKTEPUCTUKH JIBIXKEHUS IUIaHETHI (v, r, Sin O) W BenW4yuHa L He

2)
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n3Mensiercs. Ecim o YCJIOBUIO 3aJaud HC MCHACTCA W OKCUHCHTPUCUTET — 3TO O3HA4YACT, YTO
IIPOU3BEACHUC Ma Toxe nocrosHHo. Koib CKOpO Macca 3BE€3JIbl YMEHbIINIIACh BABOEC (M2:M1/2),
MBI ITOJTy4aeM

ay; = 2a 1. (3)

Bonbiiast moayoch OpOUTHI IUIAHETH! IOJIKHA yJIBOUTHCS. Ternepp, U3 3aKOHA COXPAaHEHHs SHEPrUU
MBI MOKEM TIOJTyYUTh U3BECTHYIO (POPMYITy JUIS CKOPOCTH JIBHKCHHUS TUIAHETHI HA PACCTOSIHUM 7'

V= GM(E —~ lj. 4)

roa
Komnb ckopo M>=M,/2, Mmbl nMeeM:

2 1 12 1)1 1 1 1

ey s g (5)
roa 2\r a,) r 2a, r 4a
B urore nomyuaem:
11 1., % _2a (6)
roa A4aq 3 3

WuTepecHo, yTo uMTOrOBHIE COOTHOIICHUS (3) M (6) BOOOIIE HE 3aBUCAT OT KCICHTPUCHUTETA e,
npeanonarasi TOJIBKO €ro MOCTOSHCTBO B MOMEHT cOpoca oOosouku. Tem He MeHee, olMCaHHas
KapTUHA MOKET MMETh MECTO HE MpHU JIOBIX 3KCUEHTpucutTeTax. Jjis TOro, 4troObl IUIaHETa
JOCTHUIIIA paccTosAHus 4a1/3 Ha cBoel epBOHAYaIbHON OpOUTE, JOIKHO BBIMOJIHATHCS YCIOBHE:

1/3<e<1. (7)

EcTecTBEeHHO, SKCIIEHTPUCUTET MEHbIIE €AUHUIIBI, TaK KaK [0 YCIOBUIO OpOUTa >juIMnTHYEcKas. B
rpaHngHOM citydae (e=1/3) cOpoc 00OJOYKH JOJDKEH 3acTaTh IUIAHETY B aIlOIEHTPE, KOTOPBIMA
Jlanee CTaHeT MEepULIEHTPOM HOBOM opOuThl. Ilpu GoabiuX sKkcLHeHTpUcHTeTaxX 00JbIIasi OCb HOBOM
OpOMTHl TOBEpPHETCS MO OTHOIIEHWIO K OOJBIION OCH CTapod OpOWTHI, MpUYEM IpuU
skcueHTpucurere okoio 0.45 yron moBopota coctaBuT 90° (CM. MOJIEbHBIE PUCYHKH).

Cucrema oueHuBaHusi, MmakcumyMm — 10 GamioB (ouepeaHOCTh ATAlOB B PEIICHUW YYaCTHUKA
MOKET OTJINYATHCS):
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1 stam — 3 Gamia: BEIBOJ O COOTHOUICHWH HOBOW M CTapoil O0NbIION moiryocu. ONTHMabHbIA, HO
HE €MHCTBEHHBII COCO0 — MPSMO aHaIM3 3aKOHA COXPaHEHHS MOMEHTA MMIYJIbCA MM BTOPOI
3akoH Kerutepa. DTam olieHHBaeTCs NOJTHOCTBIO, €CIIM UCTIONb3yeMasi METOANKA YHUBEpCaJIbHA U HE
3aBUCHT OT OKCIEHTpHcUTeTa. EciM y4acTHMK OrpaHMYHMBaeTCS CIy4aeM  arolLeHTpa
MepBOHAYAIBHOW OpOUTHI (e=1/3) 6e3 KOPPEKTHOTrO pacHpOCTPAHEHUSI Ha JPYTUE CIIydau, dTall B
cllyyae MpPaBWIIFHOTO OTBETa OLEHHMBaeTcsa B | Oamn. B ciyyae HEBEpHOTO COOTHOILCHHS, HE
SKBUBAJICHTHOTO a,=2da;, 3Tall HE 3aCUMTHIBaeTCs. ECIM COOTHOIIEHWE 3amucaHo Kak (YHKIUsS
IKCIIGHTPUCHUTETa € W COOTBETCTBYET INPAaBHIBHOMY TOJBKO MPU HEKOTOPBIX (PUKCHPOBAHHBIX
3Ha4YeHUsAX e Mexay 1/3 u 1 (Hampumep, ipu ToM ke e=1/3), 3a atamn BeicTaBisgercs 1 Gam.

2 otan — 4 Gajuia: BBIBOJ O PACCTOSIHUU IUIAHETHI OT 3BE3/Ibl ¥ B MOMEHT U3MEHEHUs ee Macchl. [Ipu
3TOM HUCIOJIBb3YIOTCS 3aKOHBI COXPAaHEHHsI UMITYJIbCa M SHEPTUH, COOTBETCTBYIoLIME (hopMyibl (2) u
(4) MOryT BBIBOAWTBHCS, @ MOTYT OpaTbCsi KaK HM3BECTHBbIE. AHAJIOIMYHO MpEeAbLAYLIEMY 3Tary,
MOJIHAsl OLIEHKAa CTAaBUTCS TOJIKO B Cllyyae NMPaBWJIBHOTO BbIBOJA #=4a;/3 BHE 3aBUCHUMOCTU OT
HKCHEHTPHUCUTETA, YTO JOJHKHO OBITh YETKO MOKa3aHO. ECiM yyacTHHUK OrpaHMYMBAETCS CIydaeM
arioleHTpa MepBOHaYalnbHOM opOuTHI (e=1/3) 0e3 KOPpPEeKTHOro paclpoCTpPaHEHHUs Ha Jpyrue
CllydaW, dTalml B Cily4ae NpPaBWIBHOTO OTBeTa oleHuBaercs B | Oamr. B ciiydae HeBepHOTo
COOTHOILIEHUs, HE OHKBUBAJIEGHTHOro r=4a;/3 wumu r=2ay/3, sran He 3acuuThiBaerci. Ecmu
COOTHOIIIEHHUE 3aMMCaHO KaK (YHKIHUS IKCICHTPUCUTETA € U COOTBETCTBYET MPABMIBHOMY TOJIBKO
MIPU HEKOTOPBIX (PUKCUPOBAHHBIX 3HAUCHUAX e Mexay 1/3 u 1 (Hampumep, npu Tom xe e=1/3), 3a
3Tamn BbICTaBiseTcs 1 O6am.

3 otanm — 3 Ga/uia: yKa3aHUE BO3MOXKHBIX 3HAUEHUN SKCLIEHTPUCHUTETA. Y Ka3aHUE BEPXHEH IpaHULlbl
(e<1) He sBisgeTcs 00sA3aTENbHBIM, TaK Kak OHO (PaKTHYECKH 3amucaHo B ycioBuu. llosBrnenue
MeEHBIIICH BerHCI\/JI rpaHuibl, BHC 3aBUCUMOCTU OT NPHUYNH, aBTOMATUYCCKHN YMCHBIIAIOT OLICHKY Ha
1 Gann. OmubkH, caenaHHbIe Ha MPEAbTYIINX Tanax, IPUBOIAIINE K HEBEPHOMY MUHUMAJIbHOMY
SHAYCHHUIO SKCHCHTPUCUTETA, YMCHBIIAKOT OLCHKY 3a 3TOT 3TaIl CUIC Ha 1 63)1)'[, €CJIX TOJIBKO OTBECT
HE T0JIy4aeTcsl 3aB€0MO a0CypIHBIM (HEBO3MOKHOCTb CUTYaLlMH WM, HA00OPOT, €€ BO3MO>KHOCTh
JJIsL JIFOOBIX OKCHCHTPUCUTCTAX, TOTAA 3TAIl HC SvaHTBIBaCTCH). Ecau 3nauenue OKCHCHTPUCUTCTA
1/3 yka3pIBaeTcsl Kak €AMHCTBEHHOE, OLIEHKA 3a ATaIl COCTAaBIsIeT 1 Oa.

Bo3MOKHOE HENMOJHOE pelIeHUEe Y4YacTHUKA: 3Has TOJBbKO (OPMYNbl Ui CKOPOCTH Tela B
NEPULICHTPE U AaloleHTPe, YYACTHUK MOXKET PEIIUTh 3a/ady JUIsl YacTHOTO Cllydasl aroleHTpa
M3HA4YaJbHON OpOUTHI, MOJYUYUB 3HAYEHUE e=1/3 U BepHbIE OTBETHI AJISA dz U 7' TOJNBKO Ul 3TOrO
ciydasi. Cam 1o ceGe 3TOT BBIBOJ JAeT TOJNBKO 1Mo 1 Oammy 3a Kax/blid U3 3TANOB penieHus (CyMmma
— 3 Oamna).

Jlanee y4aCTHUK MOXKET IPEACTaBIATb, YTO ONMCAHHBIA UM CiIy4dald SBISETCA
MOTPaHUYHBIM, KapTHHA 3aBEOMO HE BBIMOJIHAETCS AJI MEHBIIUX 3KCLEHTPUCUTETOB (KpPyroBbIE
OpOUTBHI CTAHOBATCS MApaOOJMUYECKUMH, CJIa00 BBITSAHYTbIE — CHJIBHO BBITSHYTBIMH), HO
BBINOJIHAIOTCS AJ1s1 OOJIBIIMX 3KCLIEHTPUCUTETOB. DTO MOXKHO OOBSACHUTH JIOTHYECKU — IIPEJICTABUTH
IUTAHETY Ha BBITAHYTOH opOute. Torma cOpoc 00070YKM BOJIM3M TEPHUIICHTPA CAelaeT opOuTy
rUnepOOIMYEeCcKO, TO €CTh YBEJIWYHUT OJKCIEHTPUCUTET, a BOJW3M amoleHTpa — HA00O0pOT,
YMEHBUINT 3KCIeHTpucuteT. IloaToMy Ha opOute 00s3aTenbHO TOHKHA OBITH TOYKA, B KOTOPOU
HKCLEHTPUCUTET OCTAHETCS MPEXHUM. OTH PACCYKIECHUS IPU HAJIMYUU IPABUIBHOTO BBIBOJA
e>1/3 MoryT OBITH OCHOBAHHEM JIJIsl TIOJIHOM OIIEHKH B 3 Oaiia 3a TpeTuit atam ¢ cymmon 1+1+3=5
O0amoB. Ecmu ke skcreHTpucuTeT 1/3 yKaspiBaeTcs Kak €IUHCTBEHHO BO3MOJKHBIM, 3a 3 3Tal
BbICTaBIsieTCs |1 Gann, cymma 3a Bce pelieHue He npesbiinaet 1+1+1=3 6amnos.

JlanpHeiimee yBennYeHnEe OLIEHKN BO3MOXHO TOJIBKO MPH yKa3aHUH, YTO 3HAUCHUS 7 U d) HE
W3MEHSATCS AJIs IPyTUX 3Ha4eHUH SKCLEHTpUcHTeTa €>1/3 1 3aBUCAT OT cTeleHH 000CHOBAaHHOCTHU
STHX BBIBOJIOB.
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BA3OBBIN TYP
10.5. TAAHETA NEPEA CKONMAEHUEM

YcaoBue. B nepseie nuu anpens 2020 roga rutanera Benepa mpoia no 3Be3JHOMY CKOIUIEHHUIO
[Inesnpl. OneHuTe 3BE3AHYI0 BEIMYMHY CaMbIX SIPKUX 3B€3Jl CKOIUIEHUS, MOKPBITHS KOTOPBIX
Benepoii npousonum Ha 3emiie. Cuutath opOUTHl BeHepbl 1 3eMin KpyroBbIMH, U YTO B 3TO BpPEMs
Benepa Haxoaunach B HauOoJsblIed BOCTOYHOM 3JIOHTalMM, MpOXoAs Ha HeOe uepe3 LEHTP
ckoruieHus. Cuutats [lnesnpl B HeOe 3eMiu KPYyrom ¢ yriloBbIM JuaMeTpoM 1.5°, IpUHATh, 4TO €ro
3BE3/1bl pacIpe/iesieHbl Ha He0e BHYTPHU 3TOr0 Kpyra ogHopoaHO. CUuTaTh TakXke, 4TO KOJUYECTBO

12
3B€3]] CKOILICHUS, IMEIOIIUX CBETUMOCTH OoJiee J, MpomopiroHaibHo J .

Pemenne. OnpenenuMm BHavalle paccTosiHUE MExXIy Benepoit u 3emieil. TO HECIOXKHO CHENAaTh,
NpUHSB, 9T0 BeHepa HaxonuTcst B HanOOJIbIIeH BOCTOYHOW SJIOHTAIMY TIPU KPYTOBBIX OpOUTAX:

[=ya; —a’> =0.69 a.e.~105 man km. (1)

3emMns
BeHepa /
3emns
* Y

3nech a u ay — paguycel opout Beneps! u 3emnn. Onpenenum Ternepb MaKCUMATbHBIN yTOJI MEXITY
HaIlpaBJICHUEM Ha 3B€3[y U JIMHHUEH, COCOUHSIONIMM LEHTpbl 3eMiauM U BeHepsl, pu KOTOpOM
BO3MOXXHO HACTYIICHHE TIOKPBITUS XOTs OBl re-HUOyAb Ha 3emiie:

_Irt+hn

y = =1.2-10"* pag =24.8".

)
OOpatuM BHMMaHHE, 4YTO 3TOT Yroj HPHUMEPHO BABOe OoJiblle BUAMMOro paauyca Benepsl. B

utore, obnactp Ilmesnm, B KOTOpOH 3Be3abl MOTYT OBITH TIOKPHITEI BeHepoil, o0pa3yror
MPSIMOYTOJIBHUK CO CTOpOHAMU d (YTIIOBOM TUaMETp CKOILJICHUS) U 2Y.
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v

| BeHepa

A
>

Mnesaabl

OHpeI[eJ'H/IM, KaKy'IO qacTb BHﬂHMOﬁ I1omaaun HHCH,I[ 3aHUMACT 3TOT HpﬂMOerHBHI/IK:
8
= 0012~ —. 3)

Takum oOpazom, ecnmu B Ilnesgax ectb N=85 3Be3q sipue 3BE3AHOW BEIMYWHBI /71, TO MOXHO
OXUJaTh, YTO KaKas-TO W3 HHUX OyJeT MOKphiTa BeHepoil. Ham HyXHO ompenenuTs 3Ty caMyro
BeJIMUMHY m. Yurtem, uto B [lnesgax ectb No=10 3Be3d, BUAMMBIX HEBOOPYKEHHBIM TJIa30M, TO
€CTh 3BE3]l Sipu€ 3BE3AHON BEIMUYUHBI My=6. Torga KOIWYECTBO 3Be3[ spye BEIWYHHBI m OyAeT

paBHO
1/2

N _ NO J(m) — NO (1 0—0.4(m—m0))—1/2 — NO 3 100.2()71—)710)‘ (4)
J(my)

OTcroga MbI OLIEHUBAEM 3BE3/IHYIO BEJIMUMHY CaMOU sIpKO MOKpbIBaeMoil BeHepoil 3Be3 Ibl:
m=mgy+ 5 1g(N/Ny) = 10.5. (5)

Hama npuGnmkeHHast olleHKa OKa3bIBaeTCsl OJM3Ka K IeUCcTBUTENbHOCTH. Beuepom 3 ampens 2020

roja, okosio 20 yacoB mo MOCKOBCKoMy BpeMeHu Benepa moxpsuia 3Be3gy GSC 1800:1620 c

oneckoM 9.7". TIpoH30LUI0 TAKXKE HECKOIBLKO MOKPHITUIA 3B€371 ¢ Ol1eckoM uyTh ciaadee 10™.

Cucrema oueHuBaHusi, MakcumyMm — 10 GamioB (ouepeaHOCTh ATAlOB B PEIICHUU YYaCTHUKA
MOYKET OTJINYATHCS):

1 sran — 1 Gami: ompeneneHUE PacCTOSHUS MEXIy 3emiell 1 BeHepoil B BOCTOUHOW 3JIOHTAIUH.
BricTaBisieTcst TOIBKO TIPH MpaBIIBHOM MeToie (popMyiie) u TouHocTu He Xyxke 0.02 a.e.

2 stan — 4 Gaija: BbIYMCICHUE IIUPUHBI M10JIOCHI HA HEOE, B KOTOPYIO JTOJDKHBI IONAcCTh 3BE3/bl
ckormenus Ilmesapl, 4YTOOBI MpOW3OIIIO TMOKpbITHE. Tpebyemas ToyHOCTH — 5%, mpu
apudmernueckor omuodke 10 10% orenka ymensbimaercs Ha 1 6amn, mpu ommoke 10 20% oreHka
yMEHbIIaeTcs Ha 2 Oasa.

BeposiTHast ommOka mnpu peleHUH: pa3Mep MOJIOChl CUYMTAETCSl PAaBHBIM BUAMMOMY
nuaMeTpy BeHepsl, 4To yMeHbIIAeT ee mpUMEpHO B 2 pasza. B cimyuae sToit ¢pusnyeckoit ommoOku
OLIEHKA 3a BTOPOM 3Tall COCTaBIsAET 1 0ajul TOIBKO B Cilydae OTCYTCTBHUS MHBIX OLIMOOK, MHAYE 3Tl
HE 3aCYUTHIBAETCS, HO TIOCIIEAYIOLINE OLIEHUBAIOTCS B IIOJTHOU MEpeE.
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BepositHast ommOka mpu pemieHnH: ormyckanue (pakropa 2 MpH pacdyere MHPUHBI MTOJIOCHI
(yrnoBoit nuamerp Benepbl myTaeTcs ¢ paauycoMm). AHAJIOTHMYHO, OIIGHKa 3a BTOPOM JTall
cocrapisieT | 6amT TOJIBKO B ClIydae OTCYTCTBUSI MHBIX OMIMOOK, MHAYE 3TAIl HE 3aCUUTHIBACTCS, HO
MOCIEYIOIINe OIEHUBAIOTCS B ONHOM Mepe. Ecinu o0e yka3aHHbIe OMIMOKY HAKIIAbIBAIOTCS APYT
Ha npyra (3 dexT mopsiaka 4 pas) — 3Tan HE 3aCYUTHIBACTCSI.

3 osran — 3 Gamna: BeIYUCIEHHE Aoid muiomanu [lnesn Ha HeOe, KOTOpas MOXET OBITh MOKPHITA
Benepoil. Tpebyemass TouHOCTh (0e3 ydera ommMOOK Ha mpenplaymux stanax) — 10%. Ilpu
ommoOkax 110 20% oreHka ymeHbmaeTcs Ha 1 6ar, ganee — Ha 2 Oaa.

BeposiTHas ommoOKa npu pelieHny y4acTHHUKA: IMyTaHUIA Pagnyca U AUaMeTpa CKOTUICHHUS C
UTOroBOM OomKOKOH B 2 miu 4 paza. MakcumanbHasl OLIEHKa 3a 3Tar cocTasiser 1 6am.

4 stan — 2 Gajuia: BEIYMCIICHUE 3BE3JHOM BEIMYMHBI TIOKPBIBaEMOM 3Be3/1bl. TpedyeMasi TOUHOCTh —
1.5", mpu oxpyriennn 10 nenbix orBethl 10™ u 11™ 3acuMTHIBAIOTCS KakK MPaBWIIbHBIE, €CIH HE
clelaHo OmMOOK Ha MPEeNbIIyIIuX dTamax. YYacTHUK MOXKET yKas3aTb, 4To w3 N 3Be3/ spue
HallleHHO! BEJIMYUHBI 71 HEKOTOPbIE MOT'YT OKa3aTbcs sipye, a MOJIOBMHA U3 HUX — B 4 pasza WM Ha
1.5™ Gosee ApKUMH, YeM HalJeHHAss TpaHWIA@. XOTA JaHHbIE PACCYKICHUS HE SIBIAIOTCS
abCOJIIOTHO KOPPEKTHBIMU C TOUKH 3PEHUS TEOPHH BEPOSITHOCTH, OHU OLIEHUBAIOTCS MOJIHOCTBIO, U
otBeTh 9-10™, mosTyYeHHbIE TAKMM 00Pa30M, 3aCUUTHIBAIOTCS.

BeposTHBIN XOA pelleHus: y4aCTHUK MOXKET HO-ApyroMmy "KaauOpoBaTh"' KOJIMYECTBO
U3BECTHBIX €My SIPKHX 3Be3i B [liesjax: Hampumep, CUMTaTh, 4yro TaM 6 3Be3n spuye 6 (c
UTOrOBBIM OTBETOM IPH MPABUIBHBIX BbIYUCIEHUSX 11.7", OlleHMBAETCS MOJIHOCTHIO) WIIK YTO TaM
1 3Be3na sapue 3" (¢ uroroBeiM oTBeTOM 12.6", CHWKeHMe Ha 1 Gaiul, TaKk Kak CTATUCTUYECKHE
OLIEHKHU HEeJb3s AeaTh Ha 0a3e OJJHOM 3Be3/bl).
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BA3OBBIN TYP
11.1. BUODAEEMCKAA KOMETA

Ycaosue. Ilepen HoBbIM rogoM (10 TpuUropHaHCKOMY KaJleHIApro) Ha HeOe MOsSBUIIACH sipKast
KOMETa C TOHKUM IPSIMBIM T'a30BbIM XBOCTOM JUIMHOW B 120°. B HEKOTOPOM MyHKTE 3eMJI KOMETa
(ronoBa M XBOCT) XOpPOULIO BHJHA LIETUKOM, IMPUYEM B TE€UEHHE BCEW HOYM (IIPU MHOTPYKEHUU
Conana moa ropu3oHT Oosiee 12°). Ompenenute BO3MOXKHBIE 3HAYEHUS MIUPOTHI ATOTO ITyHKTA.
Pedpakuueit u moriomeHuemM cBeta B atMmochepe mpeHeOpeyb. CUHMTaTh, YTO Ta30BBIA XBOCT
KOMETHI HallpaBJjeH B MPOCTpaHCTBE TOYHO OT COJIHIIA, a YTIIOBBIE Pa3MePhI TOJI0OBBI KOMETHI MaJIbl.

Pemenue. [IpsiMoii Ta30BBIM XBOCT KOMETHI HAMNpPAaBJIICH Ha HEOE B CTOPOHY, MPOTHBOMOJIOXKHYIO
Connily. MoXHO TakXke cKa3aTh, UTO Ha HeOe XBOCT HAINpPaBlIeH B CTOPOHY MPOTHBOCOJHEYHOU
touku. Ho, kak Obl HE OBUIM PACIIONIOKEHBI APYT OTHOCUTENbHO apyra ConHie, 3emis U KOMeTa,
IpsIMOM TOHKHUK XBOCT HE MOKET MPOWTH 3a MPOTUBOCOIHEYHYIO TOYKY (MBI HE paccMaTpuBaeM
9K30THUYECKUH cTydail 3eMsIi BHYTPU XBOCTa KOMETHI, TaK KaK roJIoBa KOMETHI He OblIa ObI BUIHA B
3TOM CJIy4ae HOYbIO).

[lonoBa
KOMETHI

3emns

ConHue

W3 pucyHka Mbl BUIUM, YTO KaKUM JUIMHHBIM HE ObUT OBl XBOCT, €r0 YTJIOBOM pa3Mep B HEOE 3eMIIn
Y He MoxeT ObITh Ooubiie 180°—f, rae B — yriaoBoe paccrosiHue sapa komeTsl oT CosHa. YrioBas
JUTMHA XBOCTA MPUOIMKACTCS K ’TOMY MaKCUMYyMY, €CIH KOMETa pachojaraeTcs psjaoM ¢ 3eMIeil.
Konb ckopo nmnumHa xBocta npocturia 120°, MOXHO caenaTh BBIBOA, YTO TOJIOBA KOMETHI
pacnonaranach Ha HeOe He fanee 60° ot ComnHIa.

ToHkui Ta30BBI XBOCT OyneT BHJIEH B HeOe Kak ayra OonbInoro kpyra HeOecHOU cdepsl,
cojiepariiasi roJIoBy KOMEThbI U MPOTUBOCOJHEYHYIO TOUKY (2 3Ha4yuT, U camo Conuie). OueBuHO,
YTO B TeueHHe Bcell Houu, korga CoHIle pacmojiaraercs Moj TOPU30HTOM, MPOTHUBOCOJIHEYHAS
TOYKA HAXOAMTCS BbIlIe ropu3oHTa. IloaTomMy mst Toro, 4roObl Bcs KoMeTa Obula BHJIHA, HaM
JIOCTaTOYHO MOTPeOOBaTh, UTOOBI HaJ TOPU3OHTOM HAXOIWIOCH €€ AP0, TaK Kak Jyra OOJbLIOro
Kpyra miuHOM MeHee 180° Oyner uwenMKoM HaJX TOPU3OHTOM, €CJIHM BBIIIE TOPU30HTA
pacronararTcs o0a ee KOHIIA.

Konpb ckopo xomera Habmomanach B TEYEHHWE BCEH HOUM, BHE HABUTALMOHHBIX CyMEpEK, MOYKHO
clenaTh JBa BBIBOAA: BO-MEPBBIX, caMa HOYb HacTynuiaa, To ecTh COJHIE OMyCTUIOCh IMOJ
TOpPHU30HT XOTs OBl Ha 12°, a BO-BTOpBIX, COJIHIIE B TEUYCHHE HOYM HE OITyCTHIIOCH TiyOke 60° mon
TOPU30HT, MHAYe TOJIOBA KOMETHI TOXKE 00s3aTeNbHO OBl 3allia 3a TOopu3oHT. MTak, HIDKHSIA
KynbMuHaius CoJHIA HACTYTWIA Ha BBICOTE /1, exarei B uHTepBaie ot —60° 1o —12°.

B ycnoBum ckazaHo, 4To KoMeTa HaOmojanach mepen HOBBIM rogoM, TO €CTh BCKOpE IOCIHE
3MMHETO COJIHIECTOSIHUA. byneM cuutath, uto ckioHeHue ConHma & O0buto paBHO —23°. Bricora
CBETWJIA B HUKHEH KyJIbMHUHAIIMH COCTABJISCT

h=-180°+|@+3|, (1)
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H3 49€ro CICaAyCT
30°<| @ +5|<78°. )

Ham HeoOxomuMo paccMmoTpeTh aBa ciydas. B mepBom ("tockHOM") ciiydae Mbl TOJydaem
HEPaBEHCTBO
—78° < +6<-30°, 3)

M3 KOTOPOTO BBITEKAET, YTO IIHPOTa (¢ MOXKET MPUHUMATh 3HadeHUs or —78°-0=-55° no
—30°-06=-7°. Bo BTOopoMm ("ceBepHOoM") cIyuae Mbl HMEEM

30° <@+ 8<78°, 4)

U3 Yero IMoJiyyaeMm, 4To IUpOTa rnomnajgaer B uaTepBai oT 30°—8=+53° no 78°-6=+101°. 3nauenue
IIMPOTHI OTPaHUUYEHO BearmuuHaMu £90°, Mo3TOMy CEBEPHBINA MHTEPBA, I/I€ BBHITIOIHIETCS yCIOBHE
3a7]a4, COOTBETCTBYET IIHUpOTaM OT +53° mo +90°.

CMBICIT MOJIyYEHHBIX 3HAUEHUN MOHATEH: I0JKHEe MIMPOTHl —55° HOYb (B YKa3aHHOM B YCJIOBUU
CMBICJI€) HE HACTYIAET, OT MHUPOTHI —55° 10 MMPOTHI —7° YCIOBHUE 3a/la4d MOXKET BBITIOJHATHCS.
Hanee cnenyet 60-rpagychslii uHTEpBai oT —7° 10 +53°, rne CoHIE OMyCKaeTCs B MOJHOYb OYEHb
riry0oko moj ropu3oHT. CepequHOl 3TOro HHTEpBasa ABJseTCs MHUpoTa +23°, Ha KOTOPOH HIDKHSS
kyabmuHanust ConHia npoucxoauT B Hagupe. CeBepHee MUPOTHI +53° KOMETa B TE€UEHUE JOJITOM
CeBEepHON (WM akKe HETPEPBIBHOW MOJSPHON) HOYM MOKET HaXOJIUTHCA HaJl ropu3oHTOM. UTak,
OTBETOM Ha 3a/1auy ABJIAIOTCA JBAa MHTEpBaja WUpoT: oT —55° 1o —7° n ot +53° no +90°.

Cucrema ouenuBaHusi, MmakcumyMm — 10 0amioB (O4epeAHOCTh STAlOB B PELICHUH y4YaCTHUKA
MOXET OTIUYATHCS):

1 stan — 4 Gamia: BbIBOA O MaKCHMajlbHOM BO3MOXKHOM yJajeHHM siipa koMmeTbl oT ConHua u
ONPEACIICHUN BEJIIMYMHBI 3TOTO YJIAJICHHUsA. YYAaCTHUKHM OJIMMIIMAABI JOJKHBI HCIOJIB30BAaTh TOT
(GakT, YTO TOHKHI MpPsIMON Tra30BBI XBOCT KOMETHI HANpaBJICH B IMPOCTPAHCTBE W Ha Hebe
npotuBononoxkHo ConHiyy. HeobGxomumo Takke 0OOCHOBaTb, YTO JJIsl BBINOJIHEHUS YCIOBHUS
3amaHus (KOMeTa ILEIMKOM HaJl TOPU30HTOM) JOCTaTOYHO JIMIIb YOEOWTHCS B TOM, YTO BBIIIE
TOpPU30HTA pacrosaraercs ee a1po. be3 3Toro 060cHOBaHUs B SIBHOM BHJIE€ OLIEHKA YMEHBIIIAETCS Ha
1 6ain.

2 sran — 2 Oamna: GopMyJIMPOBKA YCJIOBUS BUAMMOCTH KOMETBI, IPUYEM B T€UEHHE BCEU HOYM.
JloynkHa BKITIOUATh B ce0s ABa (hakTa: HACTYIUICHHE HOYM M BOBMOYKHOCTH KOMETBI HAXOUTHCS Ha
TOPU30HTOM BCE 3TO BpeMsl. YKazaHHe KaXJI0r0 U3 YCIOBHH olleHuBaeTcs mo 1 Gamry. Dram MOXKeT
OBITH OLICHEH B CITy4ae HAIMYHUS 3TUX (POPMYITHPOBOK JTasKe TPH HEBBITIOJIHEHHOM MIEPBOM JTarle.

3 oran — 4 OGajia: HAXOXKICHHE WHTEPBAJIOB IMUPOT C YYETOM YKa3aHHBIX JBYX OTpaHUYeHUil (2
Oamta 3a (akTop HAcTyIuleHMs Houn W 2 Oamra 3a ¢dakrop BbicoThl CoNHIIA B HIDKHEH
KynbMuHaImu Bbiie —60°). B cilydae HEKOPpPEKTHOTO oOIyckaHus (akTtopa MOAYJS WIA
paccMOTpeHHs HUKHEH KyJIbMUHALIMU C UCIIONIBb30BaHUEM (hOPMYJIbl, IPUMEHUMON TOJIBKO B OJTHOM
TOJTYIIIAPHH, 32 ITAl BBICTABIISIETCS HE Oosee 2 6ayuioB, mo 1 3a yder kaxkaoro (axkropa.

OH_II/I6KI/I, CACJIIAHHBIC Ha TICPBOM ITallC PCUICHUS, HC BJIUAKOT HAa OLUCHKY 3a MOCJICAYIOUINC
ATaIlbl, €CIIM ATa OMMOKA HE JIMINACT YKa3aHHbIC JACHCTBHS CMBICIA. BKIIIOUeHHE WM MCKITIOYCHHE
TpaHUYHBIX 3HA4YCHUU MrPOT B UHTCPBAJIbI B OTBCTC HA OLICHKY HC BJIMACT.

IIpuMeprl HENMOTHOTO peLEeHUs 3a8a4u:
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1) yyaCTHHUK HE YUYHUTBHIBACT MpPH PEIICHUH TOT (AKT, YTO HOYB JOJDKHA HACTYIHUTh, U TIOIyYaeT B
OTBETE MHTEpBajbl WUPOT OoT —90° no —7° m ot +53° mo +90°. XoTs B 3TOM cllydae HEBEPHO
yKa3aHa TOJIBKO OJHAa TpaHHUIa OJHOTO M3 HHTEPBAJIOB, B PEIICHUU IOJHOCTBHIO OLICHMBAETCS
TOJIBKO TIEPBBIM 3TAl B CIydae €ro BHITIOJHCHMS, @ TAaK)Ke BbICTaBsgeTcs 1 6ami 3a BTopoit aTan u 3
6asuta 3a Tpetuit stan. O6Imas oleHKa — He BbIie 7 6aJioB.

2) y4acTHHMK paccMaTpuBaeT 00a OrpaHMYEHHs, HO MCIOJb3yeT (POPMyYJly AJIS BBICOTHI B HUXKHEH
kyapmuHarmu i = —180° + (¢ + 8) 6e3 3Haka moxyns. B urore, oH momydaer oTBET ¢ > 53°, Tepss
MHTEpBaJl IIHUPOT B I0KHOM MoJymiapuu. Tperuil sTam olieHuBaercs He Ooisiee 2 0aymwioB, oOIias
OLIEHKAa — He BbIlIe 7 GAJUIOB, IPU YCIOBUM TOYHOT'O BBINOJHEHHS MEPBBIX ABYX 3TanoB. Ecinu npu
9TOM JI€JIae€TCs HEKOPPEKTHBIM BBIBOJ O CUTYallUH B FOKHOM IMOJyLIApUU (HAmpuMep, Npsmas
aHanorus ¢ <—53°), olleHKa yMeHbIIIaeTcs Ha 2 Oaa.

3) y4acTHMK 3aIMCBIBAECT TOJIBKO YCIIOBHE HACTYIJICHUS HOYM KaK €MHCTBEHHOE JJISl HAOIIOACHUS
KOMETBI, MOJy4asi B UTOT€ OrpaHUYEHHE Ha WHUPOTY ¢ > —55°. B 3TOM ciydae mepBblid dTam HE
3aCYMTHIBACTCS MOJHOCTHIO, 32 BTOPOM 3Tam BhICTaBiseTcss 1 Oami, 3a TpeTwil stam — 2 Gaia.
MaxkcumarnpHast OIleHKa COcTaBisieT 3 Oasia.

[Ipumep anbTepHATHBHOTO MPABWJIBHOTO PEIICHHS: YYaCTHUK B SIBHOM WJIM HESBHOM BHUJC
MIpeaIoiaraeT, YTo KOMeTa HaXOAMTCA TOYHO K CEBEpy WM TOYHO K tory Ha HeOe or CoiHia.
Torma, BBIIOJHUB TIEPBBIA JTall PEIICHUS W TPEANOJIOKHB, UYTO JJIOHTAIMS SApa KOMETHI
MakcumaibHa (60°), OH MOKET 3anucaTh 3HAYCHUSI CKIIOHCHHUS siipa KOMEThl M OKOHYAaHHUSI XBOCTA
(+37° m +23° B mepBom ciyyae u —83° m +23° Bo BTOpoM ciyuae). Jlamee 3amuchIBaroTCA
BBIPXXCHHUS JJI BBICOT B BEPXHEH M HWKHEH KYJIbMUHAIIMU U PACCMOTPEB BCE BO3MOKHBIC CITydan
Ha MOMCHT COJIHCYHOH MOJYHOUYH, BO BpEeMsi KOTOPOH TI0JOBa KOMETHI OKaXETCS B HUKHEU
KyJbMHUHAIIMHA, & OKOHYAHHWE XBOCTAa — B BEPXHEH KyJIbMHHAIWW. B WTOre, MOXXHO TPUHTH K
npaBUIbHOMY OTBeTy. [lomoOHOE pelieHHe, MPU YCIOBUU €ro MOJHOTHI U TOYHOCTH, CUUTACTCS
MIPaBWIBHBIM.
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BA3OBBIN TYP
11.2. HATPUEBAA 3BE3AA

YcaoBue. BonbInoil Ha3eMHBIN TENECKON HOBOTO TOKOJICHHUSI OCHAIIEH JIa3epoM, pabOTaroIIUM B
CHEKTPAJIbHOM JMHMM HaTpuss ¢ AauHOoM BosiHbI 5890 anmrctpem. OcBemias ciloil HaTpus B
atMocdepe 3emun Ha BeIcoTe 100 KM, Jasep cosmaer "HCKyccTBeHHYH0 3Be3ny". Ee cBer
aHaJM3UpyeTCs CUCTEMOM alanTHBHOM ONTHKU TeNecKona JUll HCHpaBIeHUs aTMOC(hEpHbIX
HUCKa)XEHUN Haj MecToM HaOmogeHuil. Omnpenenurte, Kakas MOIIHOCTb Y3KOHAIpPaBJIEHHOTO
Ja3epHOro Jy4ya HeoOXoaAuMa JiIsl co37aHus B HeOe Ha BbIcoTe 45° HaJl TOPU30HTOM UCKYCCTBEHHOM
3B€3/(bl C BHU3YaIbHOW 3BE3MHON BENMUYMHON 6. BepTHKAIBHYIO ONTHYECKYIO TOJIIMHY CIIOS
HaTpusi B atMocdepe 3emMiid B CIEKTpadbHON JWHUM cuuTaTh paBHOW 0.010, m3myueHue aTomoB
HaTpusi u3oTporHo. IloryomenneM M paccesHHEM CBeTa B 0ojiee HHU3KUX CIOSX aTMochepsl
npeHeOpeub (B peajbHOCTH TMpoOJieMa pacCessHUS B HIDKHUX CIOSAX pEIIaeTcss HEOOIbIINM
CMEILEHHEM JIa3epa OTHOCUTEIBHO TEJIECKOIIA).

Pemienne. Cnoil Hatpus pacronaraercss JAOCTaTOYHO BBICOKO B aTMmocdepe, HO 3Ta BBICOTA
CYIIECTBEHHO MEHbINE paauyca 3emiu. Jlyd nmazepa obpasyer yron A=45° ¢ TOPU3OHTOM, U MBI
BIIOJIHE MOJKEM paccMaTpuBaTh aTMocepy Kak IUJIOCKO-TapauiebHyl0, CYUTas, 4YTO Jy4
NepeceKaeT cjIoW HaTpus MoA TeM ke yriaom 45°. B peanpHOCTH, yueT cdepuuHOCTH 3emMiu
HU3MEHUT 3TOT yIroJ Bcero Ha 1°.

[lycth d — TonmmuHa ciost HaTpus (OHA COCTABIISIET HECKOJIBKO KMJIOMETPOB). 3a CUET HAKIIOHA JIy4a
Ja3epa OH MPOHAET CKBO3b 3TOT CJIOW MyTh d/sink. Takum ke 00pa3oM yBEIHUYUTCS ONTHYCCKAS
TOJILLIMHA CJI0sI HATPUS JUIs Jiyda Jia3epa [0 CPABHEHUIO C BEPTUKAIBHON ONTHYECKOM TOJIIIMHOU Tp:

T =T10/sinh =0.014. (1)
IIycts Jy — nckomMas MOIIHOCTH Jiazepa. Ero jyd y3kuid M LETUMKOM MNPOWJIET 4Yepe3 IUIOLIAKY,
COOTBETCTBYIOIIYIO H300paK€HHI0 "MCKYCCTBEHHOW 3Be31bl" Ha HeOe. MOIIMHOCTh W3ITydYeHHS,

3aACPIKAHHOI'O CJIOCM HATpHA, COCTABUT!

J= Jo (1 — eft) = J()T = JoTo/Sil’l h. (2)
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Ora BeIMYMHA eCTh (PaKTUICCKU CBETUMOCThH "HATPUEBOU 3Be3nbl". MBI HAOIIOIaeM ATy 3BE31Y C
paccrosinusa H=Hy/sinh=141 kM, Hy — BbicoTa cios Hatpus. [Ipu yuere cepuyHocTH 3eMIU MBI
Obl monmyuynnu BenuduHy 140 KM, NPaKTUYECKH HEOTIMYMMYIO OT TOJBKO YTO HAWJECHHOM.
KonndecTBo CBETOBOW 3HEPTrUHM, MPOXOIAINECE Yepe3 CAWHUILY IUIONIATd B CIWHHIYY BPEMECHHU
BOJIH3U Teneckona, Oy1eT paBHO:

_ J _ JoTy
dr(H,/sinh)’ 4rH;

sin A. 3)

Crnenyer oOpaTuth 0ocob00oe BHUMaHHE Ha MEPBYIO CTENICHb MHOXKHTENS (sin /) B aToi popmyrne. B
cilydae (PM3MYECKOTO HCTOYHHMKA CBeTa B aTMochepe MbI Ob mMemn (sin’h). Jlist ompemeaeHus
3BE3/IHOM BEJIIMYMHBI MBI CPaBHHBAE€M HCKYCCTBEHHYIO 3BE3]ly C APYTUM HCTOYHHKOM CBETa CO
3BE3/IHOM BEJTMUUHOMN 719 ¥ MOIIHOCTBIO NPUXOASIIEH SHEPrUH Yepe3 eIMHUYHYIO MI0maab So:

m—mgy=-2.51g (S/S). (4)

B kauectBe 00BEKTa CpaBHEHHS JOTMYHO BbIOpaTh COJHIIE ¢ BU3YyaJbHOW 3BE3AHON BEIMUYMHOM
—26.8", KOMMYECTBO TMOCTYNAIOIIEH DHEPTMUM OT KOTOPOro Ha 3emiie u3BecTHO. Ho 3mech
HE00X0AMMO OOpaTUTh BHUMaHWE Ha BaxHbIM ¢akr. Jlazep M cioil HaTpusi He SBIAIOTCA
aOCOJIIOTHO YEpPHBIMHM TEJIaMH, M LEJIMKOM M3JIy4aloT Ha JJIMHE BOJHBI Jla3epa M HaTpus,
MOTAJIAIOIIYI0 B BHJIMMYIO OOJIACTH CHEKTPA, ONPENEeSIONIyI0 BU3YyabHYIO 3BE3/IHYIO BEJINYHHY,
yKa3zaHHy!0 B ycioBuM. M3nydenue ConHua nomajgaeT B BUAMMBIA JMANa3oH JIMIIb YaCTHYHO.
[TosTOoMy 117151 KOPPEKTHOT'O CpaBHEHHSI MbI O€peM 3HaueHHUEe IJIOTHOCTH MOTOKa 3Hepruu ot CoHIa
So B BUAMMOM aHana3oHe crekpa (600 Br/m?). Tereph Mbl MOXKEM ONPEIEINTh MOLIHOCTD J1a3epa:

T,8Inh  T,sink (5)

Jo

Cucrema oueHuBaHusi, MakcumyMm — 10 GamioB (ouepeaHOCTh ATAlOB B PEIICHUU YYaCTHUKA
MOYKET OTJINYATHCS):

1 sran — 3 Gamna. Yuer (akropa ONTUYECKOH TOJIIUHBI, TO €CTh TOTO, YTO HE BCS PHEPIHUs Jlazepa
Oyzer paccenBaThCs cioeM HaTpusi B aTMocdepe. [10THOCThIO BHITIOTHEHHBIM 3Tall CYUTACTCS TIPU
MIPaBIJIBHOM BBIPQXKEHHH CBETHUMOCTH '"HaTpueBoW 3Be3abl" B armocdepe — dopmyna (2) wiu
SKBUBAJIEHTHOE €1 BBIPAYKECHHE.

Y4acTHUK OMTUMIINA/IBI MOKET UCIIOJIb30BATh T€OMETPHUIO CPeprudecKoil 3eMu MpH pacyeTe
yIia MeXxay JIydoM Jla3epa U clloeM HaTpus. B aTom ciayuae yron meHsieTcst Bcero Ha 1°, uto gaer
3¢dexT B manmpbHEHIIMX BbIYMCICHUSAX mopsaaka 2%. DTo He BIMSET HA OLEHKY B Ciydae
MPABWJIBHOTO BBIMIOJIHEHHUS, OJHAKO €CJIH 3TO BbI3bIBaeT OoTKIoHeHHe B 10% wu Oonee — 3TO
CBUJICTEIILCTBYET 00 ommOKe, OlleHKa CHIKaeTcs Ha 1 Gai.

Y4YacTHUK OJTUMIIAAIBI MOXKET TAKXKe MbITaThCS YYECTh CaMOIOTJIOIEHUE U3TyUeHHs B CIIOE
HaTpusi. MareMaTWyecKd 5TO SKBUBAJIEHTHO COXpaHEHHIO o0miero Buaa ¢opmynsl (2) 06e3
npubnmxennid. OAHAKO BBUIY OYEHb MAJOH ONTHYECKOM TONIIMHBI CJIOS pa3HULA OyJer
HHUYTOXKHOM: CJIydae Mbl MOJIyYUM CBETUMOCTh HaTpueBoit 3Be31bl B 0.139.J, BmecTo 0.14.J), To ecThb
s dexT cocraBisier MeHee 1%. Yder caMOmoryonieHns He BIUsEeT Ha OLEHKY, eciu ero 3ddekr
oka3bIBaeTcsi MeHee 3% OT CBETHMMOCTH HATPUEBOM 3BE3[bl, MPH OOJbIIEM OTKJIOHEHHH OLEHKa
cHIKaercs Ha 1 Gan.

BeposiTHble OLIMOKY MpU BBIMOJIHEHUH dTana:

1) Ilpomyck ¢akropa sin A, TO €cTh pacyeT CBETMMOCTH HAaTPUEBOM 3BE3/bl B 3€HUTE BMECTO
BBICOTEI 45°. [IpH OTCYTCTBHHM MHBIX OMIMOOK 3TO MPHBOAUT K (akTopy sin’s BMecTo sink B
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UTOTOBOHM (OpMyJie pelIeHUs] W yBEITMYEHUIO MTOTOBOW MOIIHOCTH ja3epa B 1.4 paza. B stom
Clly4ae OIIeHKa 3a 3Tal yMeHbIaeTcs Ha 1 6am.

2) DddeKT MoIHOCTHIO MPOMYIIEH, CBETUMOCTh HATPUEBOM 3BE3/IbI CUMTACTCS PABHOW MOIIHOCTH
na3epa. B aToM ciyyae sTan mOJHOCTBIO HE 3aCYUTHIBACTCS, OCTANIbHBIE 3TaMbl, KpoMe (PUHATBLHOTO,
OLICHMBAIOTCS B MOJHOM Mepe.

Oran 2 — 3 6amta. CBsA3b IUVIOTHOCTU MOTOKA YHEPTHUM OT HATPUEBOM 3BE3/bI C €€ CBETUMOCTBIO.
OCHOBHBIM MOMEHTOM SBJIsieTCSI OOpaTHas MPONMOPLUOHAIBHOCTE BTOPOM (a2 HE YETBEPTOi)
CTETIEHU PACCTOSHHSA, TaK KakK JIyd Y3KOHAIPABICHHBIM W IIETUKOM IIOMAJAeT B HCCIEAYyEMYIO
obnacte atMocdepsl. [Ipy HHBIX MOKa3aTeNAX CTENEHH ITAIl HE 3aCUUTHIBACTCS.

BeposiTHast ommOKa npy BHITIOJIHEHUH dTara: MPOMycK (GakTopa yBEINYCHUS! PACCTOSHUS 10
HaTpUEBOW 3Be3/lbl M3-3a €€ BBICOTHI HaJ TOPU3OHTOM B 45°. DTO NPUBOAUT K HCUE3HOBEHUIO
axTopa sin’s B mepBoM pasercTBe GOPMyYIHI (3), a B €e BTOPOM PABEHCTBE Sin/i MEPEXOIHT H3
YUCIUTENs. B 3HAMEHaTeldb. B uTOore 3TO MPUBOAMT K ABYKPAaTHOMY 3aHMKEHHIO HTOTOBOM
MOIITHOCTH J1a3epa, OLICHKA 3a 3Tal yMeHblIaeTcs Ha 1 Gaii.

VY4acTHUK OJIMMIINAAbI MOXKET JOMYyCTUTh OUIMOKM Ha IIEPBOM M BTOPOM 3Tamax, CBSI3aHHbIC
C pAacroyio)KEHHEeM HaTpueBOM 3Be3nbl. OQPdexTsl OyIyT YaCTMYHO KOMIEHCHPOBATHCS, U3
WTOTOBOTO BBIpaXKEHUS TporaeT (hakTop (sin/), a MOIIIHOCTH Ja3epa OyeT 3aHmwkeHa B 1.4 paza. B
3TOM Cllydae COXpaHseTcs YMEHbIICHHE OICHKH Ha | 0aul 3a mepBbli ATam W yMEHbLICHHE Ha |
Oayu 3a BTOpO# 3Tan (MTOroBbIi YPPEeKT — yMeHbIIIeHHE Ha 2 6ala, TAaKKEe YMEHBIIUTCS OIICHKA 3a
MIOCJICTHUM 3Tal peLIeHMUs).

IIpu pacuere paccTOsHUS [JO 3Be3[bl YYACTHUK MOMET IOJb30BAThCA MOJAEIBIO
cepuueckoil 3emiid, HO B 3TOM CIIy4ae PAacCTOSHUE YMEHbIIAeTCs BCEro Ha | KM W UTOTOBBIN
3¢ (deKT B MOTOKE HPHEPruu OT HCTOUYHUKA HAa 3emiie cocTaBisieT MeHee 2%. JTO He BIMSET Ha
OLIEHKY TpW NPaBUIBHOM BBIIIOJHEHHH, HO yMeHbIIaeT ee Ha 1 Oamni, eciau 3¢ddekr okaszpiBaeTcs
6oab1muM 15%.

Ortan 3 — 2 Gamwra. CpaBHEHHE HATPUEBOM 3BE3Mbl C JAPYTMM HMCTOYHHUKOM CBETAa, MPUMEHCHHE
¢dopmynsl [Torcona. Ecnu B kauecTBe ncrounuka 6epetcst ConHile ¢ 00IOMETPUYECKON BETUIMHON
IJIOTHOCTHU MOTOKA SHEPTUU — 3TO YBEIMUYMBAET UTOTOBYIO MOIIIHOCTH Jia3epa B 2.5 pasa, 3a JaHHBIH
3Tamn BBICTaBJISAETCS TONbKO 1 Ga.

Oran 4 — 2 OGamna. dopmynupoBka oTBeTa. BbICTaBiseTcss NpU NPaBUIBHO BBITOJHEHHBIX
MPEBIAYIINX 3Tanax u oTBere. [Ipu oTBETE, OTIIMYHOM OT MPABMIIBHOTO 0OJiee, YeM B TIOJITOpa pasa
(B 4aCTHOCTH, M3-3a OIMCAHHBIX BbIIIE MPUYMH), OLIEHKA 3a 3Tal yMeHblIaercs fo0 1 6amia, npu
ommuuu Oojiee 4eM B 3 pas3a — 3Tall He 3aCUUTHIBAETCHL.
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BA3OBBIN TYP
11.3. HAHAAO AOATOro nytu ;

YcaoBue. I[Iporo3sesna (Oymymias 3Be37a, B HEApaxX KOTOPOM €Ille HE HayaduCh TEPMOSIEPHBIC
peakiun) uMeeT maccy, paBHyto Macce COJHIIA, COMHEYHBIH XMMHUYECKHH COCTaB U aOCOIIOTHYIO
3ge3aayto BenmunHy 0. Orenure, 3a Kakoe BpeMs 3Ta MPOTO3BE3/1a COXKMETCS J0 COTHEYHBIX
pasmepoB. CuuTaTh, YTO BO BpEMsl CXKATHs MPOTO3BE3/la HE BpaIllaeTCA, HE TepseT maccy u
COXpaHsEeT MOCTOSTHHYT0 3 hekTuBHYI0 TemnepaTypy noepxHoct B 3500 K.

Pemenue. OnpenenuM HayaldbHBIE 3HAYEHUS CBETUMOCTH M pPaJMyca MPOTO3BE3Mbl M3 3aKOHA
CTeq)aHa—EonbuMaHa:
L = L,107%"™) ~80L; R, =R,(T,/T)’ L, /L, =~25R,. (1)

3necw Ry, Lo u Ty — paauyc, cBeTUMOCTh U Temneparypa ConHia, 7' — TeMineparypa MoBEepXHOCTU
MpoTO3Be3/1bl. B Heapax mpoTo3BE3/bl €llle He HAaYaJIUCh TEPMOSIIEPHbIE PEaKlMK, U OHA CBETHUT 3a
CYET CBOETO MOCTENEHHOr0 CkaThs. [ paBUTAallMOHHAs SHEPTHUS POTO3BE3 bl PaBHA

GM*?
E;=-y R (2)

rie M m R — macca U TeKyIIMi paauyc mpoTo3Be3abl. KoddduiueHt y OIM30K K eaUHUIE, B
JanbHenIeM Mbl ero omyckaeM. C Te4eHHeM BPEeMEHH PaJlyC YMEHbBILIAETCS, B COOTBETCTBUU C
9THUM YMEHBIIACTCS ¥ TPaBUTAIMOHHAS dHEeprusi. OCBOOOKIAIOIIASICS SHEPTUS UIET, BO-TIEPBBIX, HA
HarpeB HeIp MPOTO3BE3/bl, @ BO-BTOPHIX, HA U3Ty4YeHHE. JIOTHYHO NPEANOIOKUTE (M 3TO Ha CAMOM
nene OIM3KO K MCTHUHE), YTO Ha 00€ LEeNIM SHEPrusl pacXoayeTcs B paBHbIX KosndecTBax. IlycTh B
TEUYEHUE KAKOTO-TO KOPOTKOTO MHTEpBaJia BpeMEeHU Af panuyc 3Be37bl M3MEHWICs Ha AR (oOpatum
BHMMaHue, 4To AR<0). Torja u3 BCero BBIIIECKA3aHHOTO MBI MOYKEM 3aIlUCaTh:

_ GM*  GM’
R+AR R

=2-470R*T*At. (3)

G

3necb 6 — mnocrosiHHas Ctedana-bonbimana. [IpeoOpazyeM 3TO BbIpaKEHHE, YUUTBIBAs, YTO
M3MEHEHHE PaJinyca Majo [0 CPaBHEHHUIO C CAMUM PaJinyCOM:

2
_GMAR _ g oR?T*AL. 4)

3 =

Heo0xonuMo OTMETHTH, YTO C TEUEHHEM BPEMEHHU PAJAMyC U CBETHMMOCTb HPOTO3BE3Ibl OyIeT
YMEHbBIIATBCSA, U CKaTHe OyAeT MPOA0KAThCS Bce MelieHHed. [locnenHee BhIpaKeHUE MOXKHO
MepenucaTh CIeIyIIM 00pa3oM:

()

AR 1 80T At
T A 3|~ 2
R 3R GM

WUrax, Bemmumua (1/R’) MeHsercss NMHEHHO CO BpeMEHEM, TO €CTh PAAMyC IPOTO3BE3IBI
YMEHBIIAETCS IIPOTIOPIHOHANBHO /. B HauaIbHbIii MOMEHT BPEMEHH PAHYC IIPOTO3BE3IbI PABEH
R, a B KOHIIE paccMaTpuBaeMoro Ipolecca OH PaBeH COJHEYHOMY paauycy Ro. B urore, msl

mojryda€M MCKOMO€ 3HaAYCHUC BPCMCHU
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2 2 20T 4
At = GM4 13— 13 ~ GM3 o= GM” (1, =4-10" nem. (6)
8noT"\ 3R, 3R, 24noR, T 6R,L,\ T

O6paTI/IM BHUMAHHC, 4YTO 3TO BPCMA NPAKTHUYCCKHA HC 3aBUCUT OT HAYAJIbHBIX yCJ'IOBHfI, TaK KakK Ha
pPaHHHUX 3Talax CXaTue MpPOTO3BE3AbI IPOUCXOAUT 3HAYUTCIBHO 6BICTpee, 4YCM B KOHIIC. B 3aJa4c B
YHOPOUICHHOM BHIAC OblIa oIMcaHa craaus Xasmuy  cKaTHs IMPOTO3BE3AbI IEPCA HaA4YaJIOM
TCPMOALACPHOTO CHUHTE3a B €€ HEApaAX.

Cucrema ouenuBaHusi, MmakcumyMm — 10 0OamioB (O4epeAHOCTh STANOB B PELICHUH y4YaCTHUKA
MOXET OTIUYATHCS):

1 sran — 2 Gajia: OleHKAa M3HAYAIBHOTO pajauyca MpoTo3Be3nnl. Ecnu mocnenyroiiee perieHne
MIPOU3BOJUTCS MPABUIBHBIM METOJOM, MPH KOTOPOM HTOT (DaKTHUECKU HE 3aBUCUT OT ITOTO
paamyca, TO JJsi TIOJTHOTO OICHHBAHMS JTOCTATOYHO TIOKa3aTh, YTO ATOT PATUYC CYIIECTBEHHO
npeBocxoauT panuyc Conuua. Ecnu ydacTHUK MO XOAy pelIeHHss 0OOCHOBBIBAET, YTO MCKOMOE
BpeMsl CKaTHS TPAKTUYSCKH HE 3aBUCHT OT HAYaJlbHOTO pajadyca TPOTO3BE3Ibl, €CIH OH
CYIIECTBEHHO OOJbIIE COJHEYHOTO, a B 3TOM CiIy4yae 3TO OYEBHIHO TaK — JIaHHOTO BHIBOJA
JIOCTATOYHO JUIsl BBICTABJICHHSI 2 0AJUTOB 3a TIEPBBIi ATaIl.

Ecnu xe mocnemyromiasi OleHKa CYIIECTBEHHO 3aBUCHUT OT HM3HAYAJIBLHOTO pajuyca WIH
CBETUMOCTH MPOTO3BE3/IbI (UTO caMo MO cebe OMMUOOYHO W MPUBEIACT K YMEHBIICHHUIO 0aUIOB Ha
MOCIEAYIOIMUX 3Tanax), To HeoOXOoAMMas TOYHOCTh OLIGHKH paauyca coctaBisieT 20%, a mpu
JBYKPATHOHN OIIMOKE B 3TOM CITydae 3TaIl He 3aCYUTHIBACTCS.

BepositHas ommOka ydacTHUKA: HeBepHoe MpuMeHeHne 3akoHa Ctedana-bonbimana,
HaIpuMep, C YIETOM TOJIBKO (akTopa pasmMepa MpoTO3BE3 bl WIH (GakTopa TeMrepaTypsl. Ecim mpu
3TOM JenaeTcs omuoka, 6onee yeMm B 2 pa3a — 3Tal He 3aCUUTHIBACTCS MOJHOCTHIO, MPU MEHBIINX
omuOKax 3a Hero BeICTaBisieTcst 1 Oasl.

2 stan — 8 0a/IOB: OCHOBHAS YacTh PEIICHHUs, OnpeeieHne Tpedyemoro BpeMenn. O1eHKa 3a yTan
OTIpeeIAETCSs UCTOIb3yEMbIM METOIOM.

BeposiTHbIE BapHaHThl HETOUHBIX METOI0B OLIEHUBAHUS:
1) Pacyer BpeMeHU T'paBUTAIIMOHHOW peaKCallMd — MaJeHUs MPOTO3BE3/bl CaMOW Ha ceOs IO
JEHCTBUEM TOJIBKO CUJI TPaBUTALMU. Bpems paBHO MOJIOBHHE NEPUOA IBUKEHUS 110 BBIPOXKIEHHOU
JJUIMNITUYECKOW OpOUTE ¢ TOYKOM amoIeHTpa, COOTBETCTBYIOIICH HAYaJIbHOMY pPaanyCy
npoto3Bessl. Bpemst cocraBmser (=(m’R/8GM)"?=2.5 cyTok. Yuer KOHEYHOr0 HTOTOBOTO
panndyca MEHSET OTBET HE3HAUMTENbHO. DTOT a0CypIHBIA OTBET MOIXOA oleHUBaercs 1 Gamiom
TOJILKO B cCllyyae MPaBWJIBHOTO BBHITIOJHEHHs, MPU JIOOBIX OMIMOKax 3a 3Tam BbicTaBiseTcs 0
0asoB.
2) IIpubnmkeHne MOCTOSHHOW CBETUMOCTH MPOTO3BE3[bI, PABHOW HadadbHOMY 3HadueHH0. Eciu
P 3TOM HCHOJb3yEeTCsl MPaBWJIbHOE 3HAUYEHHWE TPaBUTAILMIOHHOM HSHEPrUH, COOTBETCTBYIOIIEE
(HUHAIBHOMY pammycCy, TO BpeMs moiydaercs paBHEIM (=(GM?/RoL1)=4-10° ner. B stoM ciydae
OLIEHKa 3a 3Taln He npesbiiaeT 3 0amwioB. Eciin e B 3HaMeHaTeb NOJCTaBISIETCS IEPBOHAYATIBHOE
3HaYeHHE pajiyca, 9T0 (H3MUIECKH HEBEPHO, TO BpeMs cocTaBisier okoxo 1.5-10% e, onenka 3a
9Tamn He mpeBbimaeT 2 6auioB. OTBET MOXKET OBITh YMEHBIICH B 2 pa3a ¢ yYeTOM MOTEePh YHEPTHU
Ha pa3orpeB HEOp, B JAHHOM BapHaHTE ATO HE BIUSAET Ha OLEHKY.
3) [pubmmkeHne MOCTOSHHONW CBETUMOCTH TPOTO3BE3[IbI, COOTBETCTBYIOIICH MPOMEKYTOYHOMY
3HaueHuIo paauyca Ry=R;/2. CBetumocth coctaBnsieT Ly=L;/4. Eciu To ke 3HaueHue paauyca
noAcTaBIsAeTCs B GOPMYITy IS SHEPIHH, TO MbI momydaeM Bpems (=(GM*/RuLy)=1.2-10" rer,
WTOTOBas OLIEHKA 3a 3Tall He mpeBocxoauT 3 Oamos. [Ipu moactanoBke B popmyiy A7l SHEPTHH
KOHEYHOTo pammyca momydaeM 1=(GM?/RoLy)=1.5-10° ner, omenka 3a stam He mpeBocxoaut 4
OamnoB. Yuer ¢akTopa 2 B SHEPTUU 3a CUET pa3orpeBa Hellp B 3TOM cliyyae Ha OLEHKY HE BIUSET.
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4) IlpubnukeHue NOCTOSHHOW CBETHUMOCTH MPOTO3BE3[bl, COOTBETCTBYIOLIEH OKOHYATEIbHOMY
3HaueHuto paaumyca Ry. Cetumocth cocrtaBnsieT Lp=Lo(7/T; 0)1/4. Ecin TO e 3HadyeHHe
MOJICTABIISICTCS B (DOPMYITY JUIsl SHEPTHH, TO MBI oy4daeMm Bpems t=(GM Z/R()LF)=2.5~ 10® ner, uro
B 6 pa3 IpeBbIlIaeT HCTUHHOE 3HaueHrne. MakcumanbHas OLICHKA 32 3Tall B 3TOM CJIy4ae COCTABIISIET
5 OamioB, €ciiM K€ y4TEHbl MOTEPU 3HEPTUU Ha pa3orpeB HEIpP, U BpeMs €IIe BIBOE MEHbIIE,
OLICHKa 3a 3Tall COoCTaBisaeT 6 6aioB.

5) Ilpu BepHOM MOJXOJE, OMHCAHHOM BBIIIE, OLEHKA COCTABISET 7 OamioB, ecnu ¢akrtop 2 OT
MOTEePh PHEPTHH HA PA30TPEB HEJP HE YUTEH, U BPEMS OKA3bIBACTCSI BABOE OOJIBILIKM.

6) B BbIpakeHHH s BpeMeHH He yumthiBaercs ¢akrop (7/Tp)*, xapakrepusyiommii, uto
npoTto3Be3na xonogHee CoJlHLA, U CBETUMOCTh C €UHULIBI TUIOIIAAU ¥ Hee B 7-8 pa3 MEHbIE. JTO
MPUBOJUT K TaKOMY >K€ YMEHBIICHHIO BEIMYMHBI BpeMEHU. B 3TOM ciyyae oneHka 3a JTamn
yMeHbInaercs Ha 3 6amna, wiu 10 0 6annoB, ecau U3Ha4YaIbHO OHA OblIa MeHee 3 0asuioB.

7) Ilpn mosiBNEHUM HMHBIX HETOYHBIX METOJOB OLICHMBAETCSd UX OOOCHOBAHHOCTb M KOHEUHBIN
pe3yabpTaT. OLleHKa COOTBETCTBYET TAaKOMY M3 HETOUYHBIX METOAOB, OMMCAHHBIX BBIIIE, KOTOPBIH,
MIPHU OTCYTCTBHH apu(METHUECKUX OIIMOOK, JaeT SKBUBAJCHTHBIN 10 TOYHOCTH UTOT. [Ipn mobom
METOJE, €CIM KMCKOMOE BpEMsl B CYIIECTBEHHOM CTENEHM 3aBUCUT OT HAYaJIbHOIO pa3zMepa
MIPOTO3BE3/1bl, OLIEHKA 32 BTOPO 3Tal HE MOXKET MPEBBIIIATH 4 OAIIOB.

Y4acTHUK MOXET 337aBaTh KOA(PPHUIMEHT Y B BEIPAXKSHUH s SHEpTUH (hopmyna 2), OTIUYHBIA OT
€IUHUIIBI. DTO HE BIUSIET HA OIEHKY (XOTS M U3MEHSIET OTBET), eciii Kodpduiment 3amaercs ot 0.6
(paBHOMepHOe pacmpenenenue MmioTHocTH) A0 1.0 (Ommke K peanbHOCTH JJsl MPOTO3BE3 C
LEHTPAJIbHBIM YBEJIMUYEHHEM IUIOTHOCTH). [Ipy BbIXOJI€ M3 3TOr0 MHTEpBaJa OLEHKA YMEHbIIAETCS
Ha 1 Oam.
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BA3OBBIN TYP
11.4. TANAKTUYECKOE LUOY

YcaoBue. B AMCKOBOM rajakTHKE BCIBIXHYJIAa CBEpPXHOBas 3Be3na Tuna la. B aToil ramaktuke
MHOTO 3B€3]l ¢ OOMTaeMbIMU IUIAHETHBIMU cucTeMaMH. Ha kakom-To 3Tame mociie MakcuMyma
CBEPXHOBas B TeueHHe oTpe3ka Bpemenu B 100 cyTok ocinabia poBHO Ha 1™, a KOJIMYECTBO JKUTEIIEH
raJlakTUKH, KOTOpble OYIyT CHOCOOHBI YBHJIETh €€ HEBOOPYKEHHBIM IJ1a30M Ha TEKyIIeH CTaluM,
COKpaTHJIOCh B TosiTopa pasza. Haliaure abcomoTHY O 3BE€3IHYIO BEIMUMHY CBEPXHOBOW B Havyalle U
KoHIle JaHHoro 100-1HeBHOrO MHTEpBana. ['anakTika uMeeT paaunyc aucka 20 KIK, TOJIIUHY AUCKA
300 mKk, CBepXHOBAsl pacrojaraercs B MIIOCKOCTU CUMMETPHUU JIMCKAa HEMOJAJIEKy OT €ro IEHTpA.
OOuTaemble IUIaHETHl PAaBHOMEPHO 3aMOJHIIOT O0BbEM JMCKA TaJIaKTUKU, IUIOTHOCTh HAaceJIeHUs
TaKXe OJHOPOJIHA U HE MEHSETCS co BpeMeHeM. CBOMCTBA 3pEHHS JKUTEINEH TaTaKTUKHA OJMHAKOBBI
U WUISHTUYHBI JIOASAM Ha 3emuie. JIMCK TrajlakTUKW 3amlojHEeH MbUIbIo, co3faromed 3¢ddekt
HOTJIONIEHHS CBETA POBHO B 2™ Ha KUJIOMAPCEK, OJIMHAKOBBIIM BO BCEM JIUCKE.

Pemenne. Mbl cpasy MOXeM OOpaTHUTh BHHMAaHHE, YTO YHCIO MOTEHIUMANBHBIX HabIogaTenei
cBepxHOBOM 3a 100 CyTOK yMEHBITUIOCH HE CTOJIb 3HAYUTENBHO. JIeHCTBUTEIBHO, ISl OOBEKTOB C
HE OYCHb OONBIIMM pPATUyCcOM BHIUMOCTH, Ha KOTOPOM TIOTJIONICHHE CBETa HE WIrpaeT
ompeesowel ponu, ociabierne ncrounnka Ha 1™ (B8 10%! pas) o3mauaer yMmeHbIIeHHE TOrO
CaMoro pajuyca BUJUMOCTH B 102~ 1.6 pa3. Ecnu pacnpenenenue HabmogaTene 0IHOPOIHO, TO
ux umcno ymenpmmres B 10°° ~ 4 pasa. Mbl MOXeM IIPEAINONIOKHT, 9TO PagHyC BHIUMOCTH
00JIbIlIEe TOJMIIMHBI AUCKA TaJaKTUKU, U TOT/Ia YUCIIO HabIoqaTesiel MponopLUuOHaIbHO KBapary, a
He KyOy paauyca Buaumoctd. Ho M B 5TOM cilyyae ociabiieHHe MCTOYHHMKA Ha 1" mpuBener K
YMEHBIIIEHUIO YUCiIa HaOIIoaaTeNneii B 10 =~ 2.5 pasza. Mtak, B ONMMCAHHON B YCJIOBHHM KapTHUHE
CYIIECTBEHHYIO POJIb UTPAET MOIJIOMIEHUE CBETAa, YTO €CTECTBEHHO JJI CTOJIb SIPKUX M BUAMMBIX C
00JIBIIOTO PACCTOSIHUSI UCTOYHUKOB, KaK CBEPXHOBBIE 3BE3/IbI.

CBepxHOBas pacrojiaracTcss B TUIOCKOCTH CUMMETPUU JTUCKAa. MBI MOXEM yKaszaTh, YTO Paguyc
BUJMMOCTH CYLIECTBEHHO OOJbIIEe MOJOBHHBI TONIMHBI Aucka (150 mK), Tak Kak Ha TakoM
Maciutabe morjomeHue ceera cocrtaBisier Bcero 0.3™ m He ckasanoch OBl CTOJAb CHIBHO HA
W3MEHEHUU YUCICHHOCTH HabmonaTeneil. B nanpHeiieM Mbl cMOkeM yOeIUThCs B IPABHIBHOCTH
3TOrO BHIBOJA. MTak, MHOXecTBO HaOmromarteneil (pakTH4ecku oOpa3yroT JUCK TOW e TOJIIHHEI,
YTO U caMa TrajakTHKa, a UX YUcIo N MPOMOPHHOHANBHO 7, TAE 7 — PACCTOSHUE, C KOTOPOTO
CBEpXHOBas OyJIeT BUHA HA TIPeiesie BOZMOXXHOCTEH YeT0OBEYECKOTO 3PEHHUS.

[lanakTuka ‘ *» ’

[Tycte M| u M, — aGcomoTHBIE 3BE3IHBIC BEIMYMHBI CBEpXHOBOM B Havasie U KoHie 100-1HeBHOTO
WHTEpBaJia, ONMMCAHHOTO B YCIOBUU 33JIa4H, a 7| U 7, — COOTBETCTBYIOIIIKE TIPEICIbHBIC PACCTOSIHHUSI,
C KOTOPBIX CBEPXHOBAasi MOXET ObITh BUJHA HEBOOPYXKCHHBIM Tia3oM. O003HAUMB MpEACIbHYIO
3BE3HYIO BETMYHMHY JJI HEBOOPYKEHHOTO TJ1a3a KaK /71, 3alHIlIeM:

m=M1—5+51gr1+E'r1,
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m=M,—5+5lgr+Er. (1)

3/1eCh PacCTOSIHKS 7| M I, BBIPAXKAETCS B Mapcekax, a BenumdyuHa mornomienust E pasaa 0.002"/nk.
W3 ycnoBus 3ajaun HaM TaKk)ke U3BECTHO, YTO

M1 - M2 = —1,
Ni/N> = (ri/r)* =K =1.5. )

Borutrem u3 nepBoro BeipaskeHus B (1) BTopoe U yuTreM COOTHOIICHHS (2):
My —M,+51g(ri/r)+E-(ri—r)=—1+251gK+E-(ri—r)=0. 3)
Ortciona Mbl TOSTy4aeM pa3HOCTh PAJIyCOB BUIUMOCTH:

1’1—7’2:%~300nk. 4)

N3 ¢gopmynsr (4) 1 BTOpOro cCooTHOUIEHUS B (2) MBI moiydaeM caMu paccrosHus: r1=1500 mk,
r~1200 k. MBI BUAMM, YTO ATO CYIIECTBEHHO OOJIbIIE MOy TOJIIHWHBI JUCKA, HO MEHBIIIE pagnyca
TaJIakKTUKH, YTO OMPABIbIBAET YMPOIIEHHYIO T€OMETPUIO 00JaCTH BUIUMOCTHU (PUCYHOK) U BTOPOE
cootHomeHnue ¢opmynsl (2). Ham ocraercs ompenenuTh aOCONIOTHBIC 3BE3/IHBIE BEITUYMHBI
CBEPXHOBO B 3TH MOMEHTHI:

Mi=m+5-5lgr —Er =-8,
My=m+5-51lgrn—-Enrn~=-71. (5)

31ech MBI B3SUIH MIPeIEIbHYIO 3BE3/IHYI0 BEJIMYUHY JUIsl HEBOOPY>KEHHOTO Iia3a m=>6.

Bo3Bpamasicb K Hayany pelleHus, OTMETHM, YTO €cCid Obl MbI MPEANOJIOKWIHM, YTO 00JacTh
BHIMMOCTU CBEPXHOBOI MEHBIIE MOYTONIMHBI qucka Lanaktuku, u K=(r1/r,)’, ko3bduuuenT B
dbopmyne (4) BMecto 2.5 coctamisin Obl 5/3, pa3Hulla pacCTOsHHM 71—, Obuta Okl paBHa 350 MK, a
camu paccrosHuss — 2750 u 2400 nk. DTO CyIIeCTBEHHO OOJbIIE TONIIMHBI JUCKA, YTO MPUBOAUT
Hac K MPOTUBOPEUHIO CO CAETAHHBIM MIPEAIOTI0KEHUEM.

Cucrema oneHUBaHUs1, MakcuMyM — 10 GastoB.

OneHka 3a Bce peIIEHUE Ompenensercs NpPaBUIBHOCTBIO HCIOJIb3yeMoro meroaa. llpu
BBITIOJIHEHUH, AaHAJIOTMYHOM OMMCAaHHOMY BBILIE, PELICHUE Pa3esieTCsl Ha HECKOIbKO 3TAIOB:

1 stam — 4 Gamna: 0OOCHOBAaHHBIN BBIBOJ, YTO YMCIO HAOIIOMAIOIIMX CBEPXHOBYIO LMBHIU3ALNN
MPOIMOPLHMOHAILHO BTOPOW CTENEHU MpPENeIbHOro paccTosiHUS 10 Hee. llpenmnosnoskeHue MOIKHO
GBITB HC TOJIbKO CHACJIaHO, HO W IMPOBCPCHO HA OCHOBC IOJYYCHHBIX B IMOCICAYIOIIUX 3STalax
MpeieJbHbIX PACCTOSHUSAX BUAMMOCTH CBepXHOBOW. Eciu 3T0 mpenmnoniokeHue He Jienaercs U He
OGOCHOBLIB&CTCH B IBHOM BHJC, HO (baKTI/I‘-ICCKI/I HCIOJIB3YCTCA B PCIICHHUU, 3TAIl OUCHUBACTCA B 3
Oayia, MOCJIeTyIONIME ATAIbl OLICHUBAIOTCS B TIOJHOM Mepe. [Ipu ykazanuu nHOU CBsI3U (Harpumep,
MPONOPIMOHATIBHOCT KyOy pacCcTOsIHUA), 3TAll HE 3aCYUTHIBACTCS, OCTAJIbHBIC TAIbl OLCHUBAIOTCS
B moJiHOM Mepe (cM. nanee). [lonpoOHbie 00BsiICHEHNS, IPUBEACHHBIC BBIIIC B HA4aJle PEIICHUsS, HE
ABJIAKOTCA O6$I33TCHLHBIMI/I.

2 sran — 4 Ganja: onpeneieHue MpeebHBIX PACCTOSIHUN BHIMMOCTH CBEPXHOBOH B JIBa MOMEHTA
BPEMEHU B YHUCIEHHBIM MM (POPMYJBHOM BHJAE. OTall MOXKET BBINOJHATHCS HECKOJIbKO WHBIM
CHOCOOOM: YYaCTHHUK MOJKET MOJYUYUTh OTHOLIECHHE PACCTOSHUHN M3 yCIOBHS YHCia HAOIIOAaeMbIX
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nuBmIM3anuit (r1/r,=1.25), nanee ykasarb, 4TO MPU OTCYTCTBHH MOTJIOIIECHHUSI MOJYJIM PACCTOSTHUN
ormMyanuch Obl mpumepHo Ha 0.4", cremoBarenbHo, octaBmmecs 0.6"  ompenensroTcs
MOTJIONIEHUEM, W3 Yero TojydaeM pa3HocTh pacctosauid B 0.6/0.002=300 nk. Takoil momxon
MOJTHOCTBIO SKBHMBAJCHTEH ONHCAHHOMY BbIlIE. TpedyeMas TOYHOCTb OIpPENENICHUs] HUTOIOBBIX
paccrosinuit (He pasHunbl Mexay Humu!) cocraBiser 100 mk, mpu morpemnoctd g0 300 1k,
BBI3BaHHOH TOJIBKO apu(pMETHUECKUMHU OLIMOKaMu, OIIEHKA 3a ATall CHUXKaeTcs Ha 1 Oam.

Ecnu y4acTHUK cUMTaeT KOJUYECTBO [IUBUIIM3ALMI PONOPLHOHAIBHBIM KyOy MpeneabHOro
paccTosiHus ((paKkTUYECKH, HE BBINOIHUB MPEABIAYIIUN STam pelieHus), To B dopmyne (4)
kod(pdunmeHT 2.5 MeHseTcs Ha 5/3, MEHSETCS W IMOKa3aTeidh CTEIEHH BO BTOPOM COOTHOIICHHH
¢dopmynsl (2). BennunHa pa3HOCTH paccTOSHUM oka3biBaeTcsi paBHOM 350 mK, caMHM pacCTOSIHUSA
paBHbl 2750 u 2400 mK, YTO CyIIECTBEHHO OOJIbIIEC TONIIMHBI AucKa [ amaktuku. B stom cimywae
9Tall 3aCYUTHIBAETCS MOJHOCTBIO IPU YCIOBUU MPABUIIBHBIX BBIYMCICHUN C TEMH K€ TPEOOBaHUSIMU
[0 TOYHOCTH, YTO oONMCaHbl Bbimie. OAHAKO, MPU STOM YYACTHUK HE IOJydaeT Oamibl 3a
NPEbIAYLIUNA ATAIl PELICHUs.

BepositHast ommbka npu pemieHun: koddguient E cuutaercst paBHbBIM 2"/MK, TO €CTh
3aBbiaercs B 1000 pa3. B 3Tom ciyyae paccTostHuEe 10 CBEpXHOBOM OKa3bIBaeTcs mopsnaka | Mk, a
€€ CBETUMOCTH (CM. CJIENYIOIIMNA STall PEIIeHHs]) — OYEHb CJIaboil. AOCYpAHOCTh TaKOro OTBETa
JIOJDKHA OBITh OYEBMIHOM s Y4YacTHUKOB. EciM ydacTHMK omepupyeT M Jajiee C TaKUMHU
OTBETaMM, HE YyKa3blBasg Ha MX HEECTECTBEHHOCTb, BTOPOM W TPETUH 3Tam peuleHHs He
3aCYMTHIBAIOTCA MOJHOCTHIO. Ecim abcypIHOCTh OTBETa yKa3bIBaeTCs, HO HE UCIPABISAETCS, BTOPOH
U TPETUH 3Tallbl 3aCUUTHIBAIOTCS HAIOJIOBUHY .

BeposiTHOE 10OMOJMHEHHE K PEIIEHUIO: YYAaCTHUK MOXKET IOIBITaThCSl YYECTh IBHIKEHHE
3B€3]] M IUIAaHET B TaJIAKTUKE 3a TO BpeMs, [IOKa CBET OT CBEPXHOBOI JOCTUTHET uX. BBuay Toro,
YTO CKOPOCTb JIBWKEHMS 3BE€3]l 3HAYUTEIHHO MEHBIIE CKOPOCTH PACIHpPOCTPAHEHUs CBETA, ITO HE
JIOJKHO CKa3bIBAaThCS Ha 00ILEM KOJIMYecTBE HaOmroaaresneil cBepxHoBoil. OLieHKa 3a pelleHue He
MEHSETCs, €C/IM YYaCTHUK MOJy4yaeT B UTOre TaKOM BBIBOJ WM YY€T ABMXKEHHSI HE U3MEHSET €ro
YHCICHHBbIM OoTBeT. OJHAKO, €CIU Y4YeT IBUKECHUS MPUBOAUT K 3HAYUMOMY OTJIMYHMIO OTBETA,
OLIEHKA 3a 3Tal yMeHbllaeTcs Ha 1 Oamr mpu UTOoroBoM 3¢ QeKTe i MpeneiabHOr0 pacCTOSHUSA
ooiee 10%, Ha 2 6amna — 6oaee 30% u Ha 3 Gamna — 6onee 50%.

3 sran — 2 Gamna: onpeeneHne abCOMIOTHON 3BE3/THON BEJIMYMHBI CBEPXHOBOW B Hayalle M KOHIIE
100-n1HeBHOTO MHTEpBajia. YYAaCTHUK MOXKET ONpenenuTh mo Gopmyne (5) TOJbKO OIHY U3
BEITUYHH, YKa3aB, YTO JPyTasi OTIIMYASTCS Ha CIUHUILY. DTall 3aCUUTHIBACTCS, €CIIM HalJIeHa TOJIBKO
OJlIHA W3 BEJIMYMH, MPU yCIOBUU BEPHOI'O pacuera W yKa3aHMs, Kakas W3 JIBYX BEJIMYUH HalijieHa.
TpeGyemast TounocTh — 1™, ipu ommOKe 10 2™ 3a sram BeicTaBisercs 1 Gasu.

[Ipy TPEINONOKEHNH N~r°, ONHCAHHOM BBIIIC, AGCOTIOTHBIC 3BE3JHBIC BEIHUHHBI
coctaBisaioT okoiao —12™ u —11™. Tak Kak 9TH BEIWYMHBI BIIOJHE BO3MOXKHBI JUI CBEPXHOBBIX Ha
OTIPE/ICIICHHOW CTAJINH, TAN TPH YCIOBHH TOYHOTO BBIMTOJIHCHUS TAK)KE 3aCUUTHIBACTCS C TEMH JKE
TpeGOBAHMSAMH II0 TOYHOCTH. B HTOTE, MOMHOCTBIO MPABUIBHOE PELICHHE B MPEAIONOKCHAH N~
(pakTHUeCcKHu, MPEAMONTOKCHUH OOJIBIION TOJIIMHBI JMCKA TaJaKTUKH) OICGHHWBaeTCs B 6 0auioB
(0+4+2).

YY4acTHHK MOXET TPEINOJIOKUTh WHYIO MPEACTbHYI 3BE3JHYI0 BEIUYHHY JUIS
4eI0BEYECKOro riasa, or 5™ g0 7. CoOTBETCTBYIOMIUM 00pa3oM U3MEHUTCS M OTBET B 3aja4e. DTO
HE SBJISETCS OIMMOKON M HA OIICHKY HE BITUSCT.

BepositHast ommOka npu pelieHuu: HEBEpHAasl 3aBUCUMOCTH 3BE3/IHOM BEJIIMYMHBI OT PACCTOSHHUSA
IIPU HAJIMYHUM NOTJIOoUIeHUs (OIHOKH He B KO3 PUIMEHTaX, a B CaMOM XapakTepe 3aBUCUMOCTH). B
3TOM CJIy4ae 3aCUUTHIBAETCS TOJIKO MEPBBIN ATAl pelieHus (IpU YCIOBUU €r0 BBHIIIOJHEHUS).
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BA3OBBIN TYP
11.5. BCINbIWWKUAU 3A CKONAEHUEM

YceaoBue. Slpkas ObIcTpasi 3Be3/ia MPOJIETAET MAJICKO MO3aH MIAPOBOTO 3BE3HOTO CKOILICHUS C
Maccoit 300 Teicsiy mace Connua u auamerpom 30 nik. [Tpu HaGmroneHny B HEOOBINON TEIECKON Ha
3emiie CKOIUJIEHWE MMEET OJHOPOJHYIO MOBEPXHOCTHYIO SIPKOCTh. BuInMasi TpaeKTOpHs 3BE3]IbI
MPOXOJUT 3a IIEHTPOM CKOIUIeHHs. Bo Bpems mpoinera y 3Be37bl MOTYT HAONIONAThCS BCIIBIIIKH
BUJIMMOM SAPKOCTH 3a CYET CHJIBHOTO TPAaBUTAIMOHHOTO MUKPOJIMH3WPOBAHUS HA 3Be3fax
CKOIUICHHUs. Bcmbllka MpOMCXOMUT, €CIH TEOLEHTPUYECKUN YTrod Y MEXIy HampaBlICHUSMU Ha
JAJIEKYI0 3BE3/ly-UCTOUYHUK U 3BE3y-TUH3Y CTAHOBUTCS MEHBIIIUM WJIM PAaBHBIM 27/ (paiuan), rae
7 — MUHHMQJIBHOE PACCTOSHUE MEXIY OTPE3KOM «3eMjisi — JayieKash 3Be3la» W JIMH30H, rg —
rPaBUTALMOHHBIA pauyc JMH3BI (CM. pUCYHOK). [Ipu kakom paccTossHUM OT 3€MJIH 10 CKOILJICHUS Y
JTATICKOM 3BE3/IbI 32 BPEMSI IIPOJIETa BEPOSATHO OKHUIATh XOTsI ObI OJTHY BCIIBIIIKY?

Cyurarh, YTO CKOIUIEHHE HAXOOUTCS B HeOe 3eMiIM Ha DKIUINTHKE, OBIDKEHHE IAIEKOM
3BE3/IbI MPOMCXOIUT BAOIL SKIUNTHUKHA. COOCTBEHHBIM JBMIKEHHEM CKOIUICHHS M €ro 3Be3
npeHedpeyb.

.

[anekas 3Be3na

3Be3na-nuH3a 3emnd

CkonneHue

Pemenmne. [1lapoBoe CKOIIEHHE COCTOUT U3 N 3B€3/] CO CPEIHE Maccoil m, ero cyMMapHasi Macca
paBHa M=Nm. Bokpyr kaxmoil u3 3Be3 Ha HeOe eCTb HEKOTOpas 00JacTh, NMPU IOMAJAHUU B
KOTOPYHK0 3BE3AbI-MCTOYHMKA IPOM30MAET €ro BHIWMMAas BCIBIKA 33 CYET CUJIBHOIO
MUKPOJIMH3UpOBaHus. ONpeaesuM yriioBoi pa3Mep 3TOi 00JIacTH.

A

[IycTe » — HOpPOCTPAHCTBEHHOE PACCTOSIHUE MEXIY Jy4OM M JIMH30M, NPU KOTOPOM MOXKET
IIPOM30MTH BCHBILIKA. YTOJI, 33JaHHBII B YCIOBUHU 3aJaud (B peajgbHOCTH, 3TO YIroJj MPEJIOMICHUS
CBETa Ha 3TOM PACCTOSHUU), COCTABIISIET
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2r.  4Gm
y=—%= : (1)

2
r cr

O0603HaunUM paccTosHUE 10 CKOoIieHus dyepe3 L. I1o ycrnoBHIO MUKPOJIMH3UPOBAHHUS, YOI MEXKIY
HalpaBJICHUEM Ha JIMH3Y U 3BE3ly JIOJKEH CPaBHATHCS C ¥, TO €CTh

4GmL 4GmL
rely=——=; r’ == (2)
OOpatuM BHHMaHHE, YTO AJI THUIMMYHOW 3Be3Abl (Bo3bMeM K mpumepy ColnHIle) HA TUIUYHOM
pacCTOSTHUM 10 IIAPOBOTO CKOIUICHUS B § KIK BEIWYMHA 7 cOocTaBisieT nopsiaka 10 a.e., dto
cymiecTBeHHO Ooubine paauyca ConHlla M mpeBblmaeT paauyc opoutsl 3emnu. [laxe ecnu
MIPEATNONI0XKHUTH, UTO 3BE€3/1a CKOIICHUsI MaJloMaccuBHa (Hampumep, ¢ Maccoi 0.1 maccsl Comnuiia), a
CKOIUICHHE OJIM3Koe (paccTosiHUE 3 KIIK), BEJMYMHA 7 BCE PaBHO COCTABUT OKOJo 2 a.e. [loaTomy
3BC3/Ibl CKOINJICHHA, 3a MCKIIOUCHUEM HCMHOI'OYMCIICHHBIX TMTAHTOB, HC SKPAHUPYIOT JIYyUU IIPpHU
JTUH3UpOBaHMU. JlMaMeTp BUAMMOro MSATHA Ha HeOe, B KOTOPOE JOJDKEH IOMacTh HMCTOYHUK,
COCTaBIISICT
_2r 4 |Gm

dLEL' 3)

3a Bpems CBOEro MpoJieTa 3Be3/la MpeoioyieeT Ha Hebe yrioBoi nuameTp ckoruienus D/L, tae D —
€r0 MPOCTPAHCTBEHHBIN AraMeTp. B ycioBum 3a1aum cka3zaHo, YTO CKOTUICHHE HMEET OTHOPOIHYIO
MMOBEPXHOCTHYIO SPKOCTh, TO €CTh MBI MOKEM CUHTATh, YTO 3BE3/IbI pacIpeie]ICHbl PABHOMEPHO IO
BUIMIMOM IIJIONIAIU CKOTUICHUs. Toraa nx KOHIIGHTPAus Ha SAMHUIYY BUIMMOM IJIOIIAIH €CTh

_4NL’
zD*

n

4)

UroObl MpOM30ILIO JIMH3MPOBAaHWE, 3BE3/a-JIMH3a JOJDKHA OKazaThCsl Ha Hebe BHYTPH
MPSIMOYTOJIBHUKA ¢ JJWHOM (D/L) n mupuHOM d, 3aKpalleHHOTO0 CEphbIM IIBETOM Ha puUcyHKe. Tak
KaKk 3Be3/la MABWXKETCA MO0 HeOy BIOJb OKIUNTHKH, a [BWKECHUEM 3BE3]l CKOIUICHUS MBI
npeHedperaeM, napauiakTHIecKoe CMEIICHNE 3BE3]T M CKOTUICHUS 32 CYET OPOUTAIbHOTO IBUKCHHUS
3eMiId HEe MEHSET KapTUHBI. Yucao BCIBIIIIEK €CTh YHUCIO 3BC3]] CKOIUICHUA, KOTOPBIC MOMNaAyT B
ATOT MPSIMOYTOJIFHUK HA HEOE — MPOM3BEICHUE TOBEPXHOCTHOW KOHIIEHTPAIMH 3BE3]l Ha TUIOMIAIb
NPSAMOYTOJIbHUKA!

N, = nDd _ 4NdL _ 16N m 5)
L D D

OOpatuM BHHMMaHHE, YTO YHMCIO Np BO3pacTaeT C pACCTOSHHEM JI0 CKOIUIGHHS, TO €CTh
JUH3UPOBAHUE JIeTYe 3aMETUTh Ha 3Be3/lax Oojiee nanekux ckorieHuid. [lo ycioBuio 3amaun Ham
HAaJ0 HAlTH paccTOsHUE, IPU KOTOPOM YMCIO Ny TOCTUTHET XOTs Obl equHUIlbL. PaccrosHue mo
CKOILJICHUS B 3TOM CJIy4ae
i’ D? 7ic*D*m m
= - = -~ 8KnKk | — | (6)
256GmN 256GM m,

M

3nech my — macca Comuia. IHTEpecHO, YTO MUHIMAJIbHOE PACCTOSIHUE [0 CKOTUICHHS TIOJTYYHIIOCH
MOPsIAKA PACCTOSIHUA 0 LIEHTPA ['alakKTUKK ¥ TUIIMYHOT'O PACCTOSIHUA J10 €€ IIAPOBBIX CKOIUICHUH.
K Tomy ke, 3T0 paccTosiHMEe yMHOXaeTcs Ha (akTop (m/mg), U €ClId yYECTh, YTO CPEIHSSA Macca
3BC3]] B IAPOBOM CKOIUICHHU CYIHICCTBCHHO MCHBIIC MACChbI COJIHI_Ia (MaCCI/IBHLIe 3BC3/Ibl YIKC
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MIPO3BOJIIOLIMOHUPOBAJIN, @ UX OCTaTKH — O€Jble KApJIMKH, HEUTPOHHBIE 3BE3/bl U YEPHBIC ABIPHI —
YYacTBYIOT B MHUKPOJIMH3MPOBAHUHU, HO HMMEIOT MEHBILIME MAacChl), TO YCIOBHIO 3aJladyd MOTYT
yJIOBIIETBOPATH U Oosiee OnM3KHE CKOMIeHus. Tak, eciay MPEAroNokKUTh CPEAHIOI Maccy paBHOM
0.3mp, MBI TIOJly4a€M MHUHUMAJIBHOE PACCTOSHUE 0 CKOIUIEHHS OKOJIO 2.5 KIIK, YTO MPaKTHYECKU
COBIIAJAET C PACCTOSIHUEM JI0 OJIIKAMIIETo MIapoOBOTr0O CKOIUICHUs B Hamel ["anakTuke, M4.

Hy»xH0 noHnMaTs, 4T0O IPOJIET OJHOM 3BE3/IbI 32 CKOILUICHHEM MOJKET 3aHATh COTHM ThICAY JIET. Tem
HE MeHee, 0OJbllIoe KOJIMYECTBO 3Be37 (JOHA UM BO3MOXKHOCTH OJHOBPEMEHHO CIEAUTh 32 BCEM
CKOIUIEHHEM JIaeT LIaHChl HAa OOHapy>KEHHE COOBITHII MUKpOJMH3UpoBaHMs. Kak Mbl BUAUM U3
peleHus], 3TH COOBITHSL MOTYT OBbITh ellle 0osee BEepOATHBIMU HAa MHOI'OYMCICHHBIX TEJIaX MaJIbIX
Macc — KOPUYHEBBIX KapiIMKax M Jaxke IUlaHeTax. BeposTHOCTh HaOMIoAeHUs elle BO3pacTaeT Ipu
3HAYUTENIbHBIX COOCTBEHHBIX JBM)KEHHUSX 3BE3]] CKOIUICHHUS, KOTOPbIE Mbl 3[1€Chb HE YUMUTBHIBAIH, A
It OJTM3KUX CKOTUICHHH A(PPEKT MOXKET aTh U TOAWYHBIN Mapauiakc, BHI3BAHHBIA OpOUTATEHBIM
JIBUKECHUEM 3EMIIH.

Cucrema ouenuBaHusi, MmakcumyMm — 10 OamioB (O4epeAHOCTh STANOB B PELICHUH y4YacTHUKA
MOXET OTIUYATHCS):

Oran 1 — 3 Oamia: onpeneaeHue MUHUMAIBHOTO YIJIOBOTO WM IMPOCTPAHCTBEHHOI'O PacCTOSHUS
MEXIY JIy4OM 3BE3[bl U JIMH30M, MPH KOTOPOM NPOUCXOJHUT BCIBIIIKA MUKPOJMH3UPOBaHUsA. Tak
KaK B BBIPQ)XECHHUE ISl 7 BXOJIUT MCKOMOE PACCTOSHHE JI0 JIMH3BI, TO CIIENATh 3TO MOXKHO B BHUJIE
dbopmynbl (popmyna (2)). [IpuHIMIHATBHO Ba)KHO, YTO MPOCTPAHCTBEHHOE paccTosiHUE ()
MPONOPIMOHATIFHO KBAJPATHOMY KOPHIO M3 MAacChl JIMH3BI M PACCTOSHHS JIO HEe, a YIJIOBOE
paccrosinue (d/2) — KBaagpaTHOMY KOPHIO M3 MacChl JIMH3bI, I€JIEHHOI Ha paccTosiHue 10 Hee. [Ipu
KayeCTBEHHO WHBIX BHUJAaX 3aBUCHMOCTH JTall IOJHOCTBIO HE 3acumThiBaeTcs. Ecim momydena
Ka4eCTBEHHO BEPHAs 3aBUCUMOCTD C OIIMOOYHBIM KOI((PHUIMEHTOM — OLIEHKA 3a ITaIl YMEHbBIIACTCSI
Ha 1 Gamn, mpu omubke B kod(pdunuenre 6onee 4 pa3 oleHKa yMmeHblnaercs Ha 2 Oamna, 0e3
BJIMSIHUSI HA OLICHKU HAa TOCJIEAYIOIINX Tarax.

Y4acTHUK MOJKET MOIBITaThCSl YYECTh CaMO NPEIOMIICHUE JIy4el B TOJ€ JIMH3bI, KOTOPOE
yBennuuBaeT paguyc . Crenarb 3T0 B TOYHOCTH MOJKHO, 3HAsl PACCTOSTHHUE JI0 3BE3/bI-NCTOYHHKA.
OTO NPHUBOAMT K MOSBJICHUIO JOMOJHUTEIBHOIO YUCIOBOro ko3 ¢uimenta B hopmyne (2). Eciu
3TOT KO3 PUITMEHT cocTaBisieT OoT 1 0 2 — OIEHKa 3a 3Tall ¥ 3a BCE 3aJlanne He u3MmeHnsercs. [1pu
MHBIX KOX(UIMEHTaX OLIEHKa 3a 3Tal yMeHbllaercs Ha 1 6ai, a npu kosdduimente menee 1/2
nunu 6onee 4 — Ha 2 Gaia, 6e3 BIUSHUS HA OIEHKH Ha MOCICAYIOIMNX dTanax.

AHAJIOTUYHO, YYaCTHUK MOKET MPEATNOJIOKUTh, YTO 3BE34a-UCTOUHUK UMEET 3HAUNTEIIbHbIC
YTIJIOBBIE pa3sMephl, U 3TO YBEIMYMBAET BEPOSTHOCTH JIMH3MPOBaHUA. IIpy 3TOM 3Be31a HAXOAUTCS
Jlanbllle CKOIUICHUS, €€ pacCTOSIHME W pa3Mepbl Heu3BecTHHl. Kak M B ciyyae mpesromiieHUs,
nosiBjenue koddduimenta ot 1 10 2 He U3MEHSET OLEHKY, NpU OOJBIINX OTKIOHEHUSIX CHCTEMa
OLICHUBAHMS aHAJIIOTUYHA NPEABIAYIIEMY CIy4alo.

Otan 2 — 5 GayyioB: CBA3b BEPOSITHOTO YHMCIA COOBITUH JIMH3MPOBAHUS C XapaKTEPUCTHKAMHU
CKOIUICHMS U paccTossHUs 10 Hero. Kak u B mpenslaylieM 3Tarne, NPUHIUINAIBHBIM MOMEHTOM
SBIISICTCS MTPABUIIbHAS 3aBHCUMOCTB 3TOTO YHUCIIA OT XapaKTepucTuk ckomienus (M wmu N, m, D, L).
IIpu ommbke B XapakTepe 3aBUCUMOCTH 3Tall HE 3aCUMTHIBACTCA IOJIHOCTBIO, €CIIM K€ 3Ta OLIMOKa
BbI3BaHA HENPABUIBHBIM BBIMOJIHEHUEM MPEIBbIAYLIEr0 3Tana — 3Tal OICHUBAETCS HE BhIIIEC 2
6ayutoB. [lpu HeBepHOM YHMCIEHHOM KOX(D(HUIMEHTE OIEHKa CHWXaeTcs Ha 1 Oai, ecim 3TO He
CTaJIO CJICZCTBUEM UYHMCIICHHBIX OIIMOOK Ha mpeblayiieM stamne. [Ipu ommbkax B Ko dumenTax
Oosee 4 pa3 oreHKa CHIKaeTcs Ha 2 6ayua, 6osee 16 pa3 — Ha 3 Gana.

Y4YacTHUK MOXXET BBIIOJHATH 3Tal, ONEPHUPYs YIJIOBBIMU XapaKTEPUCTUKAMH (BUAWMBIN
pa3Mmep CKOIUIEHUs, BUAUMBIN IyTh 3B€3/lbl HA HEOE) M MPOCTPAHCTBEHHBIMU, IIEPECUNTHIBAS X HA
paccrosiHue 10 ckoruieHus. O6a 1moaxoja SKBUBAJICHTHBI U OLICHUBAIOTCS OJJMHAKOBO.
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Oran 3 — 2 6ayma: GopMyJIUPOBKA YCIOBHS JUTSl PACCTOSIHUS IO CKOTUICHHS. DTall 3aCYUTHIBACTCS
TOJBKO B TOM CJIy4ae, €CJIM CICJaH BBIBOJ O TOM, YTO YCJOBHE 3aJaHHs BBITIOJIHICTCS IS
paccTosiHUM, OOJIBIIUX WM PaBHBIX HEKOTOpOMY Ly, W €ro 3HA4YCHHWE HAXOAUTCA Kak
MuHHMaIbHOE. [Ipr OTCYTCTBHM 3TOr0 BBIBOJA 00a 0allia He BHICTABIISIOTCS.

Y4YacTHUK MOXXET HaWTH pPACCTOSHUE, UCXOIS M3 KAaKOTO-TO ONPEACTICHHOTO 3HAYCHUS
CpeIHel Macchl 3Be3/bl m JUOO0 3almcaTh YHUBEpCaIbHOE cooTHouieHue (6). B mepBom ciydae
3Tan OIEHUBAETCS TOJTHOCTHIO, eciu 3HaueHue m Oepercs ot 0.1 go 1 maccel ConHila. YdacTHUK
MOJKET TPEAIOJIOKUTh HEKOTOPOE PACIIPEICIICHIE 3BE3]] 10 MaccaM, 4TO 3HAYUTEIBHO YCIOKHHT
BBIKJIQAKH. Takue pemeHusi OleHNUBAIOTCS TMOJHOCTBIO, €CITH PacTpeie]IeHHe MacC MPUMEHUMO IS
IIAPOBBIX CKOIUICHHM, B pacueTax He JEJIAl0TCS MaTeMaTHYECKUE ONIMOKH, @ UTOT COOTBETCTBYET
cooTHoweHuto (6) st maceel m oT 0.1 no 1 maccel ConnHua. Eciu B xadecTBe pacnpezesieHus
B3sTa HavyanbHasg PpyHkuus macc 3Be3q (pynkuus Conmurepa), TO HNpU MPABHIBHBIX BBIKIAJKaX
OIICHKAa YMCHBIIACTCA Ha 1 6aJ'IJ'I, TaK KaK Takou moaAXoJ HCIPUMCHUM K HIAPOBbBIM CKOILICHUSM.

Bo3moxHast ommOka y4yacTHMKA MpU PELICHUM: MPEAINOJIO0KEHUE, YTO JUIsl HaOII0ACHUS
JIMH3UPOBAHUS BCE 30HBI OT OTAEIBbHBIX 3BE3] MOKPHIBAIOT BCE CKOIUIEHUE Ha HeOe. DaKkTUyecKH,
9TO YCJOBHE, NPU KOTOPOM BCIBIIIKA IHPOUCXOAAT Yy 3BE31bl NMPAKTUYECKHU IOCTOSAHHO. IIpm
[IPaBUJIBHBIX pacyeTax 3TO MPHUBOAUT K MUHUMAIbHOMY 3HAYCHHUIO PACCTOSHUSA Ly=D*¢*/16GM =
=3I'nK, BHE 3aBHCHUMOCTH OT CpEeJHEW Macchl 3Be3bl. B 3TOM ciyuyae mepBblil 3Tan penieHus
OLICHMBAETCSA IOJIHOCTBIO IIPU YCIOBUM €r0 IPAaBWIBHOIO BBIIIOJIHEHHSA, BTOPOM J3Tall He
OLICHHMBAETCS, 3a TPETUH 3TaIl BHICTABIIAETCA MaKCUMyM | Oaini.

42



. BA3OBBIN TYP
11.6. OKUMAKOLWAUCA KAPAUK !

YcaoBue. 3se3na HD 49798 Beirisiaur B Telaeckon Kak OAMHOYHAS, HO €€ Jy4yeBas CKOpPOCTb
konebsiercst ¢ nepuopom 7op=1.55 nHA, NaHHBIE M3MEpPEHHMH JIydeBOM CKOpOCTH IOKa3aHbl Ha
pucynke 1. Psamom c¢ onTuueckoil 3Be3od  Obl1  OOHApyXe€H PEHTICHOBCKMM MCTOYHUK
RX J0648.0-4418, okazaBmmiics 6e1bIM KapaukoM. VICTOYHUK NPOSBISAET ObICTPYIO NEPEMEHHOCTh
C NEPUOJOM CBOEro OceBoro BpaimeHus 13.2 CeKyHIbpl, HO €ro MaKCHUMyMbl pPErMCTPUpPYIOTCS
HEPaBHOMEPHO, € 3aJIep>KKOM T, 3aBUCUMOCTb KOTOPOM OT OpOUTaIbHOM (a3bl TakKe MOKa3aHa Ha
pucynke 1. Eme mo3xe BBISICHHIIOCH, YTO 3TOT OEJIbI KapiIuK C)KUMAETCS U 33 CUET 3TOT0 YCKOPSET
OCEBOE BpAILIEHUE, €r0 MEePUOJ] YMEHBIIIACTCS Ha 25107 CEKYHIIbI B CEKyHIY. DTOT OOBEKT CTajl
MIEPBBIM O€JIBIM KapJIMKOM, Y KOTOPOT'O ObLI 3aMEYEH MPOLIECC CHKATHSL.

(1) Cumras, 4ro JIyd 3pEHHS JIGKUT B TUIOCKOCTH KPYTOBBIX OPOHUT JBOWHON CHCTEMBI,
OTIpeIeIUTE MACChl ONITUYECKOM 3BE3/Ibl M OEJIOr0 KapInKa.

(2) Ilpenebperas U3MEHEHUEM MOMEHTA BpaIlleHHsI 0€JI0ro KapiuKa 3a CYeT aKKpeluu Tas3a
C ONTHYECKOM 3BE€3/lbl U CUUTas, YTO OH CKUMAETCS IPU MOCTOSHHOM Macce, OLIEHUTE, 3a KaKoe
BpeMsl paanyc 0esoro kapauka ymMeHbluTcs Ha 1 kM. Cuurarh pacnpeieneHue IOTHOCTH BHYTpU
0es0ro Kapiuka oJHOpoJHbIM. [IpiiinBHOE B3aMMOIEHCTBHE C ONITUYECKOH 3B€3/101 HE YUUTHIBATS.
Ha pucynke 2 mnpuBeneHa CBsi3b XapaKTEPHBIX 3HAUEHUH Macc U pajnycoB O€bIX KapJIMKOB
(BeIMYMHBI 33JJaHbl B IECATUYHBIX JOrapudpmMax OTHOLIEHUSI MacC U PaJNyCOB K COJTHEUHBIM).

o8 09 0 Ol 02 03 0-4 05 06 o7 08 09

IS0 -

Ilyyesas ckopocTb, V, kM/C (TOYKK)

]
S

o
Bpems 3agepxku, T, CEKyHAbBI (MMHNSA)

-150 1 1 1 1 | 1 1 | l 1 l

0 o2 04 06 08
OpbuTtansHas dasa, t/T,
Pucynoxk 1.
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Pucynok 2.

Pemienne. Ilo rpaduky MBI MOXEM ONpPEICTUTH TNpEACIbHBIC 3HAYCHUS JYYEBOH CKOPOCTHU
omntuyeckoil 3Be3npl: vi=+130 km/c, v-=—110 km/c. OHM He COBHaAalOT MO MOJIYJIIO,
CJIEIOBATENLHO, IIEHTP TSKECTH CUCTEMBI JBUKETCS OTHOCUTEIBHO HAOTIOATENs CO CKOPOCTHIO

u=(vi+v2)/2=10 xm/c. (1)

IS0 =

100

50

JlydeBas ckopocTb, V, KM/C (TO4KW)
Bpemsa 3agepxku, 1, CeKyHAbI (NMNHAS)

1
4] 02 o4 06 08

OpGuTtanbHas casa, /T,

Tak Kak Jiyd 3peHHs JISKHUT B IUIOCKOCTH OPOUT 3BE3[], OPOUTAIBbHAS CKOPOCTh ONITUYECKON 3BE3/IbI
ecTh
v =vi—u = u—v_= 120 km/c. (2)

OpOuTel B CHUCTEME KpYTOBbIe, MEPHOJ HaM HU3BECTEH. Torma Mbl MOKEM OINPEACIUTh Paanyc
OpOUTHI ONITUYECKON 3BE3/IBI:
v, T
a, =12-0.017a.c. 3)
27
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l Habntopatenb

B MoMmeHT, moka3aHHBI Ha PUCYHKE, KOTJa ONTHYECKas 3Be3Jla OKa3bIBaeTcsi OJNMKE BCEro K
HaOMIOaTeN0, U ee Jy4eBask CKOPOCTb CPAaBHHUBAETCS C # U Jajiee BO3PACTaeT, PEHTTEHOBCKUM
WCTOYHHK, HAlPOTHUB, OKa3bIBACTCS JAJbBIIEC BCETO, U CHTHAJ OT HEro NMPHUXOIHUT C MaKCUMAaJIbHOM
3anepxkoid. [lo rpaduky MBI BUANUM, 9TO TpaduK 33JCPKKH — CHHYCOMJA C aMIUTUTYA0H Tp=9.5
cekyHa. OTCro/1a MBI ITOJIy4aeM paguyc OpOUTHI PEHTTEHOBCKOTO HCTOYHHUKA!

a, =cty=0.019 a.e. 4)

Beoipaxkas opouransabsiii nepuon 7y B rogax (0.00424 roga), Mbl noxy4yaem BEJIMUHUHY CyMMbI Macc
3Be311 B Maccax Connua u3 I 3akona Kemepa:

(4, +a,)’ _

M=m +m,= =

2.6. (5)

YtoObl OMpenenuTh MacChl T€Nl MO OTAEIbHOCTH, BCIIOMHUM, YTO M3 OINpPEAENCHUs IEHTpa Macc
aymi=amy. Torma

2
Ay a2,1(a1 +a,)

m,,=M

5

(6)

a,+a, T’

Macca onrtuueckoil 3Be3Abl moiiydaercss paBHod 1.4 maccel CosnHua, mMacca PEHTTEHOBCKOIO
ucrtoynuka — 1.2 maccel Connna. B medictBurenbHocTH, 00€ Beanunabl Ha 0.1 maccel ComHia
OoJibiie (MBI HE YYUTHIBAIN HEOOJBIIION HAKIIOH OPOUTHI K JIy4uy 3pEHUS).

Teneps, 3Hass Maccy 0enoro Kapiawka, Mbl MOXKEM HAWTH €ro XapakKTepHBIN pajuyc, MOJIb3YsCh
3aBHCUMOCTBIO, NPUBEIACHHON Ha rpaduke. OroBopumcs, 4yTo Macca Oeloro Kapiuvka Onm3Ka K
IPEJENIbHON, MOITOMY IOTPEIIHOCTH B €€ ONPEAEICHUHM MOTYT CYLIECTBEHHO CKa3aTbCsi M Ha
BenuuuHe paaumyca. OnHako, paxuyc Ha rpaduke 3amaH B JorapuMuU4eckoM wacuitabe, u
TOYHOCTH JIaHHBIX 33Jla4X B INPUHIUIIE JOCTATOYHO JUIsl OLEHKH ero BeiauuuHsl. [Ipu macce B 1.2
Mmaccol ComnHia paguyc 6enoro kapiauka R coctasisieT 4000 k.
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[lycth ® — yacTtoTa BpallleHusi 0enoro Kapjiuka B TEKyLIMI MOMEHT BpeMeHHu. Uepe3 Kakoe-To
Bpemsi At oHa craHeT paBHOW +A®. IIpu 3TOoM mepuon BpamieHuss P yMEHBIIUTCS W CTaHET
paBHbIM P—AP. Tak kak npou3Be[CHHE YaCTOTHI U MEpPHOJa €CTh MOCTOSHHAS BeIuuuHa (27), TO
JUISL MaJIbIX U3MEHEHUH CIIpaBeJINBO:

o+Aw P—AP
=- : (7)
w P

Otcroga Aw/w=AP/P. MoMeHT uHepIuu OeNnoro Kapjiuka B HaualdbHBIH MOMEHT €CThb I=km2R2.
Benuunna k paBHa 0.4, XOTs Ui pelIeHUs JaHHOW 3aa4y¥l 9TO HE MPHUHIMIUAIBHO, BAXXHO JHUIIb
coxpanenue koddduimenta k Bo BpemeHu. Uepes BpeMst At paanyc YMEHbIIIAETCS Ha BETMUUHY AR.
[To 3akoHYy COXpaHEHHs] MOMEHTA UMITYJIbCa

km,(R - AR)* (@ + A®) = km, R’ @ — 2km,RAR @ + km,R*Aw = km, R’ o. (8)
OTcrona
AR = RA_") = RE‘ 9)
20 2P

3a Bpems Af mepuojJ U3MEHUTCS Ha BenuuuHy AP=P'Atf, rne P' — 0e3pa3MepHOe H3MEHEHHE
Mepuojia, 3aaHHOE B YCIIOBUM 3aJlauyd. Ternepb Mbl MOKEM HAaWTH BpeMsi Af, COOTBETCTBYIOIIEE
3aJlaHHOMY U3MEHEHUIO paanyca AR:

—£:2PAR~3.10%~105 nem. (10)

At =
P PR

3a Bpems HaOmoaeHui (okoso 20 yieT) paguyc 6eoro Kapimka yMEHbIIWICS mpuMepHo Ha 20 cMm,
TEM He MeHee 3TOT AP PEeKT ObUT (PaKTHUECKU 3aMEUCH PEHTICHOBCKUMH TEJIECKOIaMHU!
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Cucrema ouenumBaHusi, makcumyMm — 10 OamioB (O4epeAHOCTh 3TAlOB B PELICHUH y4YaCTHUKA
MOJKET OTJINYATHCH):

1 stan — 2 Gamna: ompeelneHue paanyca opOUTH ONTHYECKOW 3Be3dbl. TpedyeMas TOUHOCTH —
0.002 a.e., mpu ommbke no 0.004 a.e. onmenka yMmeHbliaeTcsa Ha | Oajyi, gajee — JTam HE
3aCUUTHIBACTCS.

BepositHas ommOka mpu penieHuH: oImyckaHue (pakTopa CKOPOCTH IIEHTPa MAacC CHCTEMEI.
MatemaTHuecKd 3TO MOKET BbI3BaTh OLIMOKY B OpOMTaNbHON CKOpocTH mopsnka 10 km/c u B
pamuyce opoutsl nopsiaka 0.001 a.e., yto momyctumo. [lo3TOMy OIleHKa HE CHIIKAETCS, €CIU
Y4aCTHUK OTOBapUBAET, YTO CKOPOCThH IIEHTPA MAacC MOKET CYIIECTBOBaTh, HO B JJAHHOM CiIydae
Mana. Ecnm ke 2 ekt HuKaKk He paccCMaTpUBaeTCsl — OIICHKA CHIDKaeTcs Ha 1 Gayur 6e3 BIHsSHHS Ha
MOCIIEYIOIIIKE ITAIbI.

2 oran — 1 Gamn: onpezaeneHue paguyca OpOUTHl PEHTTEHOBCKOTO UCTOYHHKA. TpebyeMast TOUHOCTb
— 0.001 a.e. B yacTHOCTH, y4aCTHMKM MOTYT CUMTaThb BEJIWYHMHY To paBHOM 10 cekyHaam, 4To
npuBeAeT k paauycy 0.02 a.e., 5TO HE U3MEHSIET OLICHKY.

BeposiTHast ommOKa npu peleHny: HeBepHas HHTeprperanus 3¢ dexra 3ana3zapiBanus. Jtan
HE 3aCUMTHIBACTCSA, TOCIEAYIONINE OLEHUBAIOTCS, €CJIN CIICJIaHHAs B HACTOSIIMI MOMEHT OIINOKa
HE JesaeT ux abcypAHbIMHU. B yacTHOCTH, Tam He 3aCYUTHIBACTCS, €CIIM HA €r0 Pe3yJIbTaT KaKuM-
1160 00pa3oM BIMSIET cama BEIMYMHA ITepHUoa PEHTIEHOBCKOTo ncToYHMKA (13.2 cexyHapl).

BepositHast ommbOka npy BBITOJHEHUU [-2 3TamoB: MONBITKA Y4Y€Ta OCEBOTO WJIM OpOUTaIBHOIO
JBWKEHUS 3eMiu. B nelcTBUTENBLHOCTH, 3TH 3PPEKTHl HE MOTYT BbI3bIBATh EPUOAUYHOCTH B 1.55
nust. OceBoe BpallleHHe 3eMIIM MMEET MEPUOJ TOrO XKe MOpsiKa, HO JAeT IOIpPaBKy B CKOPOCTHU
meHee 0.5 kM/c, a Bo BpeMeHHM 3amazfbiBaHusi — 0.02 CeKyHIbl, YTO CYIIECTBEHHO MEHbIIIE
MOTPEUTHOCTEW M3MEpeHHs 3TUX BenuunH. OpOuTanbHOE JBIKEHHE 3€MIIM HA TaKUX BPEMEHHBIX
MaciuTabax JaeT MONpaBKy TOJBKO K CKOPOCTH JIBUKEHUS LIEHTPA MACC U, HE B HA BEJIMYMHBI
V1, 71, 2. Ecii Ha TOM mim MHOM 3Tane 3TH 3((EKThl YUUTHIBAIOTCS M BBI3BIBAIOT OTKJIOHEHUS,
OosnbiIMe TpeOyeMoil TOUHOCTH — COOTBETCTBYIOIIMN 3TAll HE 3aCYUTHIBACTCS.

3 oran — 2 Ganna: onpesesieHne CyMMapHOil MacChl CUCTEMbI. MOXET BBIMOIHITHCS B 00IIEM BHJIE
0e3 4YMCIEHHOIO pe3yJsibTaTa, MpPU €ro 3amucu Tpedyemas TOYHOCTh (0e3 yudera OIIMOOK Ha
npeabpIIymux 3tanax) cocrapinser 10%, npu omubdke 1o 30% olieHka ymeHbInaercs Ha 1 6an.

BeposiTHast ommOka rmpu BbIIOJIHEHUH 1-3 3TamnoB: BHIYMCIEHUE 00IEl Macchl JINOO Macchl OJJTHOIO
u3 ten no 11l 3akony Kemnepa u3 mepuona u paamyca opOUTHl Kakoro-mubo ogHoro tena. Ecnm
Oepercs TOJIBKO ONTUYECKas 3Be3Ja, TO Macca nosydutcs okono 0.3 macc ConHIa, €ciau TOJIBKO
PEHTTeHOBCKUH HCTOYHMK — Okono 0.4 macc Comxna ((pakTHUECKH, TONYYarOTCs 3HAYCHHS
¢GyHKIMHA Macc BMECTO caMux Macc). Eciu 3Tu BenuuuHbl (GUIypUpYIOT KaK CaMH Macchl KaKOro-
6o Tema MO0 WX cymMMa, TO M3 1-2 3TamoB 3acYMTHIBACTCS TOJBKO TOT, TAC MACNAJHChH
BBIYUCIICHUS PAIUYCOB OpOUT, 32 TPETH 3Tal BBICTABISAETCA MaKCUMyM 1 6aul (Ipu KOPPEKTHBIX
BblunciaeHusx). Ilocmenyromuii, 4eTBepThIi 3Tam 3aCUUTHIBAETCS TOJIBKO B TOM Ciydae, €cliu
IIOJIy4E€HHAsl BEJIMYMHA TPAKTYETCSI KaK CYMMa Macc, M Jajblle UIET KOPPEKTHOE BEIYUCIEHUE MACC
10 OTAEIBHOCTH.
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4 stan — 2 Ganna: BeIYMCIEHHE Macc Kaxaoro u3 Ten (mo 1 6ammy). Tpebyemas TouHocTh (0e3
ydeTa oImmOoK Ha npeapiaynmx ranax) — 10%.

BeposiTHas ommOka yyacTHHKA: HEBEPHOE 3aJaHNE YCIOBUS IIEHTPa Macc C MepPecTaHOBKON
WHJIEKCOB. B pesynbrate, B KadecTBE MacChl ONTHYECKOW 3Be3apl OyneT HaiizeHa Macca
PEHTI€HOBCKOTO MCTOYHHMKA M HA000POT. 1 Oait 3a 3Tamn He BHICTABIISETCS.

5 sran — 3 Gajuta: BBIYMCIICHHE BPEMEHH, 32 KOTOPOE paanyc 0eIoro Kapiimka yMEHbIIUTCS Ha 1 KM.
Heo6xoauMo o6paTuTs BHUIMaHUE, YTO HE3HAUNTEIbHAS TOTPEITHOCTh OMPEIeNICHHSI MacChl OEII0r0
Kapyinka OyZeT CYLIECTBEHHO BJIMATh Ha €ro paguyc. OTO HE U3MEHSET OLICHKY 3a BBIIIOJHEHUE 5
JTama, €clIM Macca He HpeBblmraeT npexen Yangpacekapa (B HPOTUBHOM CIIydae — CM.
KOMMEHTapui).

OCHOBHBIM MOMEHTOM JTara sIBISIETCS MPaBUIbHAS CBS3b MHTEPBAja BPEMEHH, paguyca U
€ro M3MEHEHMs, a TaKXkKe BeJIMYMHBI u3MeHeHus nepuoja (oOumii Bun dopmynst (10)). Ilpu
KayeCTBEHHO MHOM XapaKTepe CBS3HM STall HE 3aCUUTHIBACTCS MOJHOCTHIO, BHE 3aBHCHUMOCTU OT
pesynbrara. [Ipu ommbke B yncieHHbIX ko3¢ duirenTax (Harmpumep, omyuieH ¢akTop 2) oleHKa
ymenpraercss Ha 1 6amr. Ecnm ydacTHUK moiy4aer ucmonb3yeT cootHomeHne AP/P=AR/R 6e3
000CHOBaHMH 4epe3 3aKOH COXPaHEHUs] MOMEHTa MMITyJIbCa, OLICHKa YMEHbIIaeTcs Ha 2 Oaia mpu
OTCYTCTBUM KO3(duimenTa 2 wim HempaBUIbLHOM Kod(duuuente U Ha 1 Oania npu npaBUILHOM
COOTHOIIICHHH.

KomMmeHTapuii: TOYHOCTM JaHHBIX PHUCYHKa B IPHUHLMIIE JOCTAaTOYHO, YTOOBI IOJyYMBLIAACA
BEJIMYMHA MAacChl OEoro KapiMKa IPH KOPPEKTHBIX BBIYMCICHHUAX 3aBEAOMO ObLIa MEHbIIE
npenena Yannapacekapa. Tem He MeHee, yYaCTHUK B Pe3yJbTaTe€ HETOUHBIX BBIYMCICHHUN MOXKET
MOJYyYuTh U OoJiblliee 3HaueHue. B 3Tom ciydae 1-4 3Tambl 3aCUMTHIBAIOTCS B COOTBETCTBHH C
OTIMCAaHHBIMH BBIIIE KPUTEPHUSIMHU, O€3 JOMOTHUTENBHBIX ITpadHbIX caHkuuid. [locnemyromuid, 5
9Tan B 3TOM CJIy4ae MOXKET ObITh 3acuuTaH 2 OajylaMH, TOJBKO €CIM YYacTHUK B SIBHOM BHJIE
OrOBapHMBAET, YTO MOJTYYHJI 3aBBILIEHHOE 3HAYEHUE MACChl B pE3yJIbTaTe HETOUHOCTU BBIYMCICHUN
Y IPUHMMAET aJIeKBaTHOE 3HaueHue paauyca Oenoro kapmuka (ot 1000 mo 6000 km). bes siBHOTO
yKa3aHUs Ha (aKkT HETOYHOCTU BBIYMCICHUH M (PU3MYECKOTO HECOOTBETCTBHUS MACCHl U MPHUPOIBI
KOMIIAKTHOMH 3B€3/bl 5 3TaIl HE 3aCYUTHIBACTCS.

Aptop 3ananuii: O.C. YroibHUKOB,
3a uckmouenuem: 9-3 (Muratomuii rna3z Menysel) — E.H. ®anees
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