[TIPAKTUYECKUN TYP
11.7. TEMHbIWU WWAP I: TANTAKTUMECKUW LUBETOK

(O.C. YaonbHuUKo8)

7. YcaoBue. 3Be3/7a IBUKETCS B FaTaKTUKE C MACCUBHBIM CEPUUYECKUM rajo U3 TEMHON MaTepuu
¢ Mmaccoit M u paguycom Ry. [L10THOCTE Tano nmocTossHHA BHYTPH 3TOM cdepbl. MI3BecTHO, 4TO YacTh
TPACKTOPUH 3BE3/bl, PACIOIOKEHHAs BHE Iajo, NMPEACTaBIIeT cOOOW Ayry 3iuImrca ¢ OONbIIOi
MOJIyOChbl0, PaBHOM paguycy raigo Ry. Bes TpaexkTopust 3Be3/bl 3aMKHYTa M MPEJACTABISAET COOOU
«IIBETOK» C HEYETHBIM 4uCIOM JienecTkoB N>1. Ha pucyHke B MacmtaOe moka3aHa TpaeKTOpUS
3Be31bl A ciydas N=3. Onpenennre MakCUMaJbHO BO3MOYKHOE PACCTOSHUE 3BE3[bl OT LIEHTPA
rajio B 3aBUCUMOCTH OT HeueTHoro yucia N. Kakum npu 3ToM OyJeT nepuos NpoxoxAeHUs Bcel
3aMKHYTON TpPaeKTOpHUH B 3aBUcUMOCTH OT N? JlelicTBHE Ha 3BE31y MHBIX TEJl, KpOME rajo, He
YUUTHIBATh.

7. Pemenue. Tak Kak pUCYHOK BBIIIOJIHEH B MaclITa0e, Mbl [0 HEMY Cpa3y MOKEM PELIUThH 3a/1ady
Uit yactHoro ciydasgs N=3. Ilo pucyHKy MBI BHJIUM, YTO MAaKCHUMAJIbHOE PAaCCTOSIHUE MEXKIY
LIEHTPOM Trajo W 3Be370oi R3 = 3Ry/2. YuuTeiBas, 4ro OOjbINas MOIYyOCh ydacTKa OpPOHUTHI 1O
YCIOBHIO 3aJlaud paBHA R, MBI MMEEM 3Hau€HHE SKCLUEHTPUCHUTETa 3TOro yyactka: es=1/2. Otu
JAHHBIE JJI1 YaCTHOTO Cily4Yas, KaKk M HEKOTOpble APYTHe, Mbl MOXEM HCIIOJIb30BaTh B KadeCTBE
MIPOBEPKH OOIIMX COOTHOLICHUH JJISl IPOU3BOIBHOTO M.

VY4acToK TpaeKTOpUHM OpOMUTHI BHE Tajio SBISETCS SJUIMIICOM, M 3Be3[a JIBMXKETCS IO HEMY B
COOTBETCTBUM C 3aKkoHamu Kermepa, Tak Kak rajgo AEHCTBYeT Ha 3Be3y KaK TOUY€YHas macca,
pacnojyokeHHass B LeHTpe. Kak Toibko 3Be3na BIE€TaeT B Tajo, cuUTyauus usmeHsiercs. Ha
pacCTOSTHUU ¥ OT LEHTpPA rajo Ha 3BE3/y JCUCTBYET MPUTSKEHUE TOJIBKO TOW YAaCTH Trajo, KOTopas
HAXOJAUTCS K IIEHTpY OimKe, 4eM 3Be3/a, paBHOJCIHCTBYIOIMIAsA OT MPUTSHKEHHUS BHEIIHUX 4YacTen
paBHa HyI10. B ntore, yCkopeHUe CHIIbI IPUTSHKEHUS HA PACCTOSIHUU 7 €CTh

4nG pr' _ GM r
377 R R,

g(r)=-

311ech p — IJIOTHOCTh TEMHOM MAaTe€pUH B Iajio, 3HAK «—» 03HA4aeT IPOTUBOIOIOKHOE HAIIPABIICHUE
YCKOPEHHUS 110 OTHOLLEHHUIO K paJuyC-BEKTOPY. B 1osie Takoi CUibl, IMHEWHO yBEIUYUBAIOLIEHCS C
paccTosiHUEM OT IIEHTPA, TEJIO COBEPINAET I'ApMOHUYECKHE KoleOaHMs BAOJIb KaXIOW M3 Oceil.
Taxkum 00pa3oM, TpaeKTOpus 3BE3/bl BHYTPHU rajio OyJeT TakkKe AJUIMIICOM, HO TENephb IEHTpP Iajo
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y’Ke OKakeTcsl B LIEHTpe, a He B (okyce ammnca. [IycTs och x HampaBiieHa BOJIb OONBIION OCH
3TOro 3Juinnca. Toraa ABUKEHHUE 3B€3/1bl BHYTPH rajlo MOKHO ONUCATh YPABHEHUSMMU:

X =a coS wi,
y = b sin ot.

3,[[6()]':» ® — yIjIioBasa CKOPOCTH BpallICHUS BOKPYT I'aJiI0 Ha paCCTOAHUA Ro:

GM
R

CKopoCTH ABMKEHHS BIIOJIb KOKIOU U3 OCEH €CTh

Ve = —a-m-sin of,
vy= b-m-cos ot.

[Iycth B MOMEHT BXxoOJa B Tajo KOOPIHWHATHI
3B€37bl X M )y TOJIOKUTENbHBI, a OCTPBIM yroi
MEXIy TPAeKTOpPUEH U paTnyC-BEKTOPOM PaBEH Y.
JlaHHas Touyka yjajeHa Ha pacCTOAHHE Ry OT
neHrpa raino. Ilo ycnosuro 3amaun, BenmuuuHa Ry
paBHa OOJBIION TOJIYOCH OpPOUTHI 3BE3NIBI BHE
rano. [ToaToMy MOyl CKOPOCTH paBEH BETUUMHE
KpyTroBOM CKOpOCTH Ha JaHHOM pPAacCTOSHUM,
V():O)'R().

Y

X

[Tone TsKecTH rajgo NEeHTpaIbHOE, U JUI ABM)KEHHS 3BE3/bl IPUMEHUM 3aKOH COXPAHEHUSI MOMEHTa
umnyiabca. ConocTaBUM TOYKY BXOJa 3B€3[bl B rajJlo C MOMEHTOM €€ IEepPECeYCHHs Majod OcH
(wf=m/2), xorga paccTosiHHE A0 LIEHTpa pPaBHO b, a MOIyJb CKOPOCTH — a-®, IPUYEM CKOPOCTh
NEpIEeHIUKYIIsSIpHA paauyc-BekTopy. Torna

a-b-m:mzvoRosiny; a-b=R;siny.

[ToMumo 3TOTO, N17151 3BE3/IHI MPUMEHHUM 3aKOH COXpaHEHHUs SHEpruu. B qaHHOM KapTHHE HaM MpoIIe
MPUHSTH 32 HOJb MOTeHIManbHOl sHeprun (Ep=0) nentp ramo. Torma, ucxoas U3 3amuCcaHHOTO
BBIIIIE YPABHEHHUS ISl TPABUTALIMOHHOTO YCKOPEHMUsI, MOTEHIIMAIbHAS YHEPTUS €UHUIIBI MacChl Ha
PacCcTOSIHUU ¥ OT LIEHTpa OyIeT paBHa

E(ry GM s Ve r_2
m 2R]

BHOBb cpaBHUB TOUKY BXO/a 3BE3/Ibl B T'aJI0 U €€ MOJI0KEHUE Ha MAJIOM OCH, UMEEM:

(@o) _(avw) v v Ri=0"_ v () b
2 2R; 2 2 R 2 R;
Otcroga Mbl IOJTy4YaeMm:
a’+b*=2R;.

3aKOHBI COXPAaHEHUS MOMEHTAa MMITYJIbCa U DHEPIUU Jaju HaM JBa YPAaBHEHHs C HEU3BECTHBIMU
BEJIMYMHAMU @ U b. MBI MOXEM pelInTh 3Ty CHUCTEMY, BbIpAa3UB BEIUYUHY b uUepe3 a B 3aKOHE
COXpaHEHUs MOMEHTAa UMITyjbca. Toraa
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R sin?

2

a +0—2’Y
a

=2R}; a*-2R}a’+R;sin’y =0.

2
Pemas sto YPAaBHCHHUC KaK KBaAPAaTHOC OTHOCUTCIILHO @ , IOJIy4acM:

a=R1tcosy.

Bonpmas momyock smiaunca a Oosbie, 4eM Ry, ¥ K HEW OTHOCHUTCS PEIICHHE CO 3HAKOM «».
Pemienne co 3HAKOM «—» COOTBETCTBYeT Majoi mnoiyocu b. Temepb MbI MOXEM ONpEACIHTH
KOOPJMHATHI TOYKHM BXOJA 3BE€3[bl B rajo. JTO IMPOILE BCEro CIeiaTh, HaWs1 COOTBETCTBYIOIIUI
napameTp ot. i 3TOl TOYKH PacCTOSTHUE JI0 LIEHTPA U CKOPOCTh PaBHbI

R} =a’ cos’ot+ b’ sin’wt,
ve =0’R; =a’w’sin’ot+b’w’ cos’ wt.

2
Pa3zienus BTOpOe ypaBHEHHE HA (O M BBIYMTAS U3 HETO MEPBOE, UMEEM:
(a* —b*)-(sin*wt—-cos’wt)=0.

MBI 3HaeM, 4TO @ He paBHO b, a KOOPJMHATHI BXO/Ia 3BE3/IbI B TAJI0 MBI BEIOPAJIH TTOJOKUTEIbHBIMA
(cM. pucyHoOK). B utore, uckomasi Touka COOTBETCTBYET ®f = T/4, U €€ KOOPAUHATHI

a2 Ry\2-(1+cosy) y _b\/E_RO 2-(1—cosy)
2 SR

X,
© 2 L) 2

B xoxme IIpOoJICTa CKBO3b I'aJIO 3BC34a MMOBEPHETCA OTHOCUTCIILHO €Iro ICHTPA Ha YTOJI

0 = 2arctan ¢ = 2arctan m.
Yo 1—cosy
[Ipeobpazyem nannyto hopmyiy:
1 2 1

=1+tan’(0/2) = 0=m—y.

A AN = 5
cos’(0/2) l1—cosy sin’(y/2)
MBI MOXKEM TakKe ONPEIEIUTh BpeMsl IPOXOXKACHUS 3B€3/10M BHYTpPEHHEHN nyru TpaekTtopuu. OHO
COOTBETCTBYET MHTEPBAIY BEIUYHHBI ®f OT 1/4 10 37/4, TO €CTh YETBEPTH MEPHOJIa KOJEOaHUH C
YacTOTOU . DTO BPEMs COCTABUT

T,_n R _m|R
T'IN=_=_'_=_ _
4 2 v, 2\GMm

3necy Ty = 2m/® — nepuoa oOpaimeHust BOKPYT TaJio 10 KPyroBoi opoure ¢ paamycom Ry (BIOIb
€ro TpaHHIe), OH K€ — MEPUOJ] ABWKEHUS T10 JII000H TPaeKTOPHH, MOTHOCTHIO JIeXKalled BHYTPH
rajo.

PaccMoTpuM Temneps 4acTb TPAGKTOPUU 3BE3/bI BHE TalI0. DTO TAKXKE JUIMIIC, HO 3/1€Ch LIEHTP Tajo
OKasbIBaeTcs B ero (pokyce. Y aToro simrca 0obinas moiayoch paBHa Ry. Ecnu Ob1 Bes macca raso
ObuIa cocpeloTOYeHA B LIEHTPE, 3Be3/a MPOAOIDKIIA OBl IBHKEHHE IO 3TOMY 3Jumiicy, u mno III
3akoHy Kerutepa opOuTanbHbIi niepro ObLT Obl paBeH 7). ITO MO3BOJSET HAM OINPEACIUTh, KAaKOe
Bpemst 3Be3fa Oyner HaxomuTbes BHe rano. [lo II 3akony Kemsepa, 3To Bpems ecThb MOJIOBHHA
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Op6I/ITaJ'II)HOF0 nepuoaa ImIroC €me oaHa €ro 4aCTb, COOTBCTCTBYIOIIAAd OTHOIICHHIO IJIOMIaAU
3aKpalICHHOI'O TPCYT'OJIbHUKA HAa PUCYHKEC K INIOIIAAH BCCTO JJIJIUIICA:

TOUT

T

0

1 L5 1+ Rje\l-¢&*

Ty 2 i 2
2.8 2 gRN1-e
Touka Bxojia B rajo HaxOJIUTCS HA €ro Majol OcH,
paccTosiHUE OT IIEHTpa PaBHO BEJIMYMHE OOJBIION
nonyocu. CKOpocTb 3B€3Abl B 3TOT MOMEHT
napajuiesibHa OoybIIo ocu ammunca. Ecim  Obr
3Be37]a NPOAOJDKUIA Obl JBUKEHHE IO JSTOMY
AIUIAIICY, TIEpe]] BBUIETOM 3a cdepy pamuycoMm Ry
MOBEpHYIACh OBl HA YTOJ

¢ =2n-2y=20.

B wrore, mpomer BHYTpM Tajll0 IOBEPHET
AIUTUITUYECKYIO0 OpOUTY 3BE3/bl BHE TaJI0 HA YTOJl

B=¢p-0=0=mn—y.

Tak kak TOYKa BXOJa HAXOJUTCSI HA MaJIOM OcHU
3JUTHIICA, JUIS yTJIa Y CIIPaBEIJIUBO PABEHCTBO

Y = arccos e,

TJIe ¢ — SKCLIICHTPUCHUTET BHEITHEH YacT OpOUTHI 3Be3/bl. B viTOoTe, Yyromi moBopoTa OpOUTHI €CTh
B = — arccos e = arccos (—e).

JlaHHBIM yTOJ JIEKUT B HMHTEpBaje OT T/2 M0 7. UTOOBI BCSA TPAaGKTOpHS 3BE3bI OKa3anach
3aMKHYTOH U uMena N «JIemnecTKoBy, 3a N MPOoJETOB BHYTPH rajio OpOUTA J0JKHA MOBEPHYTHCS Ha
yTOJI 21T, TIIe 1 — IeJI0e YUCII0, He MeHbIee N/4, He mpeBocxosiee N/2 u B3auMHO TTPOCToe ¢ NV:

N-B=N-(n—arccos e) = 2nm.
OTcro/1a MBI TTOJTy4aeM BBIPKEHHE IS SKCIIEHTPUCUTETA:

B 3amaue Hac uHTEpecyeT MakKCUMalIbHO BO3MOXKHOE PACCTOSIHUE OT LEHTpa rayio 10 3Be3nbl. s
¢bukcupoBaHHOH OO0NBIION TOIyocH OpOUTHI (R)) OHO OyIeT MOCTUTHYTO MpPH MaKCHMalbHOM
9KCLEHTPUCUTETE, TO €CTh BBIPAKEHHE MO KOCHHYCOM JIOJDKHO OBITh MUHUMAaJIbHO BO3MOXHBIM. B
ciydae HeuetHoro N 3To mocturaetcs npu n = (N — 1)/2, odeBuIHO, 9TO 1ebie unciaa N u n OyayT
B3aMMHO MPOCTHI. DKCLEHTPUCUTET U MAKCUMAJILHOE PACCTOSIHUE 3B€3/Ibl OT LIEHTPA rajlo COCTaBAT:

e=cos—; d=R,(+e)=R,- 1+cos£)=2Rocoszi.
N N 2N

3a 3T0 Bpems 3Be3na N pa3 MpouJeT mo Ayre BHYTpHU rajgo U N pa3 BBIMAET 3a €ro Mpeaebl.
[TonHp1 IEprO 3TOTO ABUKEHUS COCTABUT
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1 1 cos(n/N)}_N R

3n
T.=N-(T+T =N-T,-|—+—+ ‘| =—+2cos(n/N) |
N (T + Tour) 0 [4 > GM |:2 (m )}

s

B cinygae N =3 mb1 umeeMm e = 0.5 u d = 3R(/2, B 4eM MBI YOSTHIIUCH TI0 PUCYHKY. YTOJ Y JUISI 9TOTO
ciyuas paseH /3, yrubl O u B coctaBmustor 27t/3. Ilepuon 73 ectb 2.727 Ty. Jlanee npeacTaBieHBI
TPaeKTOpUH 3Be3/bl Ui ciydyaeB N = 5 u N = 7. O6paTuM BHUMaHHE, 4yTO B ciaydae N = 7 3T0 He
€IMHCTBEHHAsI BO3MOXKHAsI (PUTypa ¢ TAKMM YHCIIOM JIeecTKOB (B oTiamuue oT N =3 u N = 5, rze
OHa MOXET OBITh TOJILKO OJIHA), HO UMEHHO TaKOW BHJ JaeT MaKCUMaJIbHBIA SKCIICHTPUCUTET U
MaKCUMaJbHOE yAaJICHUE 3BE3/Ibl OT IIEHTpPA Tajlo, YTo TpeboBaiochk B ycioBuu 3anayu. [Ipu N =7
U n =2 3Be371a OyJeT yAaIAThCS OT IIEHTpa Ha paccTosiHUE Beero B 1.22 Ry.

N=5n=2 N=7,n=3
e=10.809, d=1.809 Ry, Ts = 5.038 T e=0.901,d=1.901 Ry, Ty =7.258 T

7. Cucrema ouenuBanus. OLEHKa 3a penieHre o0pa3yercs U3 JIBYX OCHOBHBIX COCTaBIISIFOIIMX:
Ka4yecTBO pelIeHUs U KauecTBo oTBeTa. OmubKa, clenaHHas Ha KakoM-TM00 3Tane pemeHus (4acTb
1) He BIUSET Ha OLEHKU 3a JAPYTue ATalbl PELIECHUS, HO MOXKET CKa3aThCsl Ha OLIEHKE 3a 4acTh 2,
€CII OHa MPHUBOJUT K OMIMOKE B OTBEeTe. MaKCHMaibHas OIEHKA 332 BCE PEIICHHE COoCTaBisieT 15
0asuIoB.

Yacte 1 — kavecTBo peumienusi (9 0amioB). OneHka COCTaBISETCA, UCXOIS U3 MPABWIHHOTO
aHaJIM3a Ha COOTBETCTBYIOIIEM dTane pemeHusa. Ommoka, caenanHas Ha TOM WM MHOM JTare, He
BITUSICT HA OI[CHUBAHUE JIPYTUX ATAIOB, HO MOXET CKa3aThCs HA OICHKE 32 BTOPYIO 9acTh (Ka4eCTBO
OTBETA).

Ortan 1 — 1 6ann. BoccraHOBIEHHE 3aBUCHMOCTH I'PaBUTALIMOHHOM CHJIBI OT PAacCTOSHUS OT LIEHTpa
BHYTPH Tajo.

Oran 2 — 2 Gayuia. AHAU3 JBUKCHHS 3BE3]IbI BHYTPH Tajo, COCTABICHHUC YPaBHCHHS IS YIJia
MOBOpPOTa 3BE3/bl B IMpoliecce MpoJjieTa BHYTpU rano. B kadecTBe apryMeHTa MOXET OBITh
IKCIIEHTPUCHUTET BHEMIHEH YacTH OpPOWTHI JHOO yroJI MEXIY CKOPOCTHIO M PaINyC-BEKTOPOM B
MOMEHT BXO/1a 3BE3/IbI B Tal0.

Otan 3 — 2 6amna. AHauu3 ABWIKCHUS 3BC3/1bI BHYTPH I'aJIO, OIIPEACIICHUC BPEMCHU ITPOJICTAa CKBO3b
rajo.
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Otan 4 — 1 6amn. AHaau3 ABWIKCHUS 3BC3/IbI BHC I'aJI0, COCTABJICHUC YPABHCHUA HJIA YIJIda IOBOPOTa
3BE31bI B IPOLICCCE ITPOJICTA IO BHEIITHECH AYTreS SJUIMIICA. B xauectBe ApryMCHTa JIOTUYHEC BCETO
HCIIOJIb30BATh SKCUCHTPUCUTECT, XOTS BO3MOKHBI U IPYT'C BApUAHTHI.

Ortan 5 — 1 Gami. AHanu3 IBUWKEHHS 3BE3JlbI BHE Tallo, ONpEeeIeHHe BPEMEHH HAaXOXKIACHHS Ha
BHEULIHEHN JyTeE.

Oran 6 — 2 Gamta. PopMUpOBAHME YCIIOBUS Ul JIB)KEHUS MO 3aMKHYTOW TpaekTopuu ¢ N
JerecTKaMHi, TpPUYEM C MAKCHUMAaJbHbIM  3KCIEHTPUCUTETOM (JIMOO  amoLEeHTPUYECKUM
paccTosiHuEM ).

Kommenmapuii: 1u1s1 KonudecTBa JIENECTKOB, PAaBHOrO 3 WM 5, CYLIECTBYET TOJIBKO OJHA
3aMKHyTast TpaekTopus. [Ipu GonblieM HeueTHOM N TakUX TPAeKTOPUH HECKOJIBKO, U 3aJaHue
MIpearoiaraeT BbIOOP MpPaBWIBHOTO BapuaHTa. EciM yyacTHHK OJIMMIMAIbl pacCMAaTPUBAET BCE
BapuaHTHl 0e3 BbIOOpA, OLIEHKA 3a JAHHBINA 3Tall HE U3MEHSETCs, HO 3TO CKa3bIBAECTCS HA OIICHKE 3a
KauecTBO oTBeTa. Eciu BbIOOp [enaeTcs, HO HE B IMOJIb3Y TPACKTOPHUH € MaKCHUMaJbHBIM
paccTosiHuEeM, OLIeHKa 3a 3Tall yMeHbIaeTcst Ha 1 6a.

Yactp 2.1. KayecTBO 0TBeTa — MaKCHMAaJIbHOE paccTosinue (3 0ana).

0 6anoB:

a) OTBeT OTCYTCTBYET JIMOO HE COOTBETCTBYET PACCTOSHUIO IO Pa3MEPHOCTH;

6) OTBeT coAepkKUT Kakue-Inbo mapameTpsl, kpome Ro u N.

B) OTBeT normyckaet (Mpy ONpeAeTIeHHBIX HeYeTHBIX N>1) BennuuHbl d, MeHbIINe Ry Wi OoJbIne
2Ry, 4TO HANPSIMYIO IPOTUBOPEUYUT yCIOBHIO.

1 Gamn:
Jus moObix N BedWuMHA TMOMaNaeT B HWHTEpPBAN OT Ry 10 2R), HO HE SBISETCS MOHOTOHHO
Bo3pacTarotieit ¢ poctom N. K 3ToMy ke cilydaro OTHOCUTCS HE3aBUCHUMOCTb BETMYUHBI d OT N.

2 Oaja:
Jns moObix N BenWYWHA TOMANaeT B HHTEpBAI OT Ry A0 2Ry U SBISAETCS MOHOTOHHO
BO3pacTarIiei ¢ poctoM N, HO hopmyJia He SBISAECTCS SKBUBAJIGHTHON MIPABUIHHOM.

3 Gana:
[TomHocThIO BepHas Gpopmyna d(R, N).

Yacrs 2.2. KayecTBO oTBeTa — nmepuoj (3 0asuia).

0 6aoB:

a) OTBeT OTCYTCTBYET JIMOO HE COOTBETCTBYET BPEMEHHU 10 Pa3MEPHOCTH;

6) OTBeT COIEPXKHUT Kakue-mubo mapameTpsl, kpome Ry, M u N. K 3ToMy cilyyaio He OTHOCHTCS
BapHaHT, €CIIM OTBET COJAEPKUT BEIMYMHY KPYTOBOW CKOPOCTH Vo, U 3Ta BEIMUYMHA ONpEAEIcHa B
SIBHOM BH/JIE U€pe3 3aJJaHHbIE B YCIOBUU ITapaMETPBHI.

B) OTBeT 10MyCKaeT MpH MOJICTAHOBKE HEUETHOro N>1 HyJieBble WM OTPULIATEIbHBIE IEPHOIBI.

r) Bennumnna nepronia B 0OTBETE MOXKET yOBIBAaTh C pOCTOM M.

1 bamn:

OTBer 3amucaH, MMEET Pa3MEPHOCTb BPEMEHM U SBISETCA IOJIOKUTEIBHOW BEJIMYMHOM, HE
yObIBaromeii ¢ N (IIpu 3TOM OTBET HE yIOBJIETBOPSET KPUTEPHUSAM BBICTABICHHS 2 UK 3 OaIJIOB).
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Kommenmapuui: naHHOE CBOMCTBO BBINOJIHACTCS, AK€ €CJIM YYACTHHUK IPOILYCTUT MHOXKUTENIb N B
BBIPa)KEHUHM I BDEMEHH, HE C/I€IaB HHBIX OIIUOOK.

2 Ganna:

OTBeT 3amucaH, UMEET Pa3MEPHOCTh BPEMEHH, Bo3pacTaeT ¢ N cTporo OwicTpee, ueM N B IEpBOi
crenenu. [Ipu stom otHomenue (7/(N-Ty)) He BBIXOAUT 3a mpenensl ot 0.75 no 1.25 Hu mpu Kakux
N (B peanibHOCTH OHO Bo3pactaeT oT 0.91 mpu N =3 no 1.07 mpu N — o). [Ipu 3TOM OTBET HE
9KBHBAJICHTEH BEPHOMY.

3 bayuia:
B TouHOCTH BepHBI OTBET [Is1 TI0OOT0 HeueTHOro NV > 1.

Bo3MokHOe 4YacTM4YHOe pelleHHe 3aJaHUsI: YYaCTHUK HE MPOBOJIUT OOILEro aHamu3a WId
MPOBOJIUT €r0 HEBEPHO Ui MPOHM3BOJIBHOTO N, HO JenaeT rpaduueckuil aHammus ciaydas N = 3,
MIPUBEJCHHOTO B YCIOBHU. B 3TOM cilydae eMy MOATalHO BBICTABIISIOTCS:

a) 1 Gann 3a mpaBunbHBI OTBET d = 3R(/2, mpu ycnoBuu oueHku 0 3a yacte 2.1 pemenus. B
MIPOTHBHOM CITy4yae JaHHBIA 0yl He BHICTABIISCTCS.

6) 1 Gamn 3a aHaMM3 BPEMEHM HAXOXJIECHUS HAa BHYTPEHHEM y4YacTKE TPAaeKTOPUH, €CIH MOIy4eH
npaBuiIbHBIN OTBeT (70/4), U TpH ycioOBUH, 4TO 3a 3Tanm 3 yactu | oOmiero pemeHus crout 0
0aJIoB;

B) 1 Oamur 3a aHanM3 BpPEMEHW HAXOXKJICHHS HAa BHEITHEM YYacTKE TPACKTOPHH, €CIH TOIYy4eH
MIPaBUIIBHBIN OTBET, U MPH YCIOBHM, UTO 3a 3Tan 5 yactu 1 obiero pemienus crout 0 6asos;

r) 1 6ann 3a BepHYIO OLIEHKY BPEMEHHU MPOX0J1a BCEW TPaeKTOpPUH, IpU yciIoBUHU olleHKH ) 3a 4acThb
2.2. peuieHus.

Ecnu yyacTHUK mbITaeTcs Hayraja MOJYYUTh IIPU 3TOM COOTHOIIEHUs st N > 3 6e3 000CHOBaHUH —
OHHU OIICHMBAIOTCS, UCXO/Isl U3 KPUTEPUEB OLICHUBAHMSI KauecTBa OTBETOB (dactu 2.1 u 2.2).
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[TIPAKTUYECKUN TYP
11.8. TEMHbIWU LUAP II: 3BE3OHOE NONE

(O.C. YaonbHuUKo8)

8. YcaoBue. Hekoropas rurantckas rajakTuka HIapooOpasHoW (opMbl IUIOTHO 3aroJIHEHA
3BE3/1aMH, AHAJIOTMYHBIMU 1O cBouM cBoiictBaM ConHily. KoHueHTpauus 3Be3l Ha €AUHUILY
o0beMa 0/IMHAKOBA BO BCEH rajlakTUKe. ACTPOHOMBI, )KUBYIIME HEMOJAIEKY OT LIEHTpa TaJlaKTUKH,
M3MEPSIIOT IJIOTHOCTH 3BE3/1 HAa €MHUIY YIJIOBOM IUIOIAAM Heba, UX mpubop paboTaeT B BUIUMON
00IaCTH CIIEKTPa U MMEET IIPOHUIIAIOINYI0 cr1ocoGHocTh 19.0™. B X0/1€ HAOMI0OAEH I OHY 3aMEYaroT
nrapoodpasHoe o01ako Mex3Be3AHOM mbutn. Ha rpaduke nokasaHa 3aBHCHMOCTb H3MEPEHHOU
IUIOTHOCTHU 3BE€3A Ha CAWHHILY BPIZ[HMOﬁ IIomaiaun BOOJIb HeKOTOpOI\/JI JIMHUH H€6a, HpOXOI[HHIeﬁ
yepe3 LEHTp MbuieBoro obmaka. Ompenenute ¢(u3ndeckuil nuamerp oOjaka M ONTHYECKYIO
TOJIIUWHY BAOJb €T0 AUaMETpa, CHUTAaA PaCupCACICHUC IIbIJIM BHYTPHU HET0O OAHOPOJAHBIM. CLII/ITaTI),
YTO MbUIb OJIMHAKOBO MOIJIOIIAET CBET JIFOOBIX JJIMH BOJIH. MeX3Be3IHbIM HOIJIOIIEHHEM CBETa BHE
o0Jjaka ¥ BO3MOYKHBIM B3aUMHBIM SKPaHHUPOBAHUEM 3BE3] IPEHEOPEYb.
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[NonoxeHne 0THOCUTENbHO LUeHTpa TyMaHHOCTU d, rpagycol

Yucno 3Bes Ha eanHNLLy YroBOii NAoWaam, oTH.eq.

8. Pemenne. HabOmonenus BeayTcs B BUAMMOM 00IaCTH CIIEKTpa, aOCOJIIOTHAS 3BE3/IHAS BEIMUYMHA
Comnnna amns 3toit obnactu paBHa M = +4.8. DT0 3HaUEHUE MOXKHO B3STh KaK U3BECTHOE, 2 MOYKHO
MOJTy4YuTh, 3Has Oyeck ComHia Ha 3emie. Mbl MOKEM ONpPEACIUTh MaKCUMAJIbHOE PACCTOSTHUE, C
kotoporo ConHie OyaeT uUMeTh 3Be3AHYyI0 BenwuuHy m = 19.0, 9ro mMO3BONUT €My OBITh

3a()UKCUPOBAHHBIM MTPUOOPOM.

IgR, = 1+# =3.84; R,=6.9 K.

3TO 1O0CTATOYHO OOJIBIIIOE PACCTOSHUE, HO BCE YK€ MEHBIIEE painyca KPYIHBIX TadakTuk. [loatomy
MBI MOKEM CUHUTATh, YTO BCE 0003peBaeMoe MprUOOPOM MPOCTPAHCTBO 3aMOJIHEHO 3BE3/1aMHU.

Eme ogHo BakHOE CBOWCTBO, KOTOPOE CYLIECTBEHHO OOJIerdaeT pEIIeHHE — YIIIOBBIE pa3Mephl
TYMaHHOCTH B HeO€ MaJibl. DTO 3HAYUT, YTO €€ MPOCTPAHCTBEHHBIC Pa3MeEPhl CYIIIECTBEHHO MEHBIIIE
paccTOsIHUSA 10 Hee, U Mbl MOXKEM CUUTaTh, YTO BCE MOTJIOMICHUE MPOUCXOAUT Ha KAKOM-TO OJTHOM
paccTossiHuU R oT HaOmroAaTens.

[IycTe B HEKOTOPOM HAIIPpAaBICHUM HAa PACCTOSHUM R| MPOUCXOIUT MOIVIOLIEHHUE C ONTHYECKON
TomuuHOU T. Torga Bce 3Be3/1bl, pacloyoKeHHbIE 103311 TYMaHHOCTH, Ha PACCTOSIHUHU 7, OCTIa0OHYT
B ¢ ' pa3s. VX 3Be3/IHAs BEJIMYMHA CTAHET PABHOM
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Ha6riogarens ™ .P!\il

3Be3abl BUAHbI -

m=M-5+51gr-251ge " =M-5+51gr+2.5t/Inl0.

MakcumanbHOe pacCTOSHUE 0 BUIMMOM 3Be3/bl R OyIeT COOTBETCTBOBATh €€ BUANMOMY OJICCKY
19™:
19=M-5+51gR+25t/In10=M-5+51gR,.

OTCIO,I[a MBI IIOJTYy4YaceM BBIPAXKCHUC IJIsI MAKCUMAJIBHOT'O PACCTOSAHHSA, COOTBETCTBYIOILCTO 9TOM

OIITUYECKOU TOJIIIIUHE:
R 251

S5lg—=- ;
gRO In10

R=Re™".

DTO COOTHOIICHHE BBIMONHSIETCSA, TOKa paccTosHue R octaerca Oonbiie, yeM R;. Kak Tombko
MOTJIOIIEHUE JOCTUTHET BeNUUUHBI T; = —2In(R1/Rp), TYMAaHHOCTh HAYHET CKPBHIBATH BCE 3BE3[IBI
103311 Hee, TaK KaK UX BHUAMMBIA Oneck craner cnabee 19™. B uTore, MakcuMaibHOE PACCTOSHHE
710 HAOJIFOJIaeMBIX 3BE3JI CTAHET PaBHBIM R| U JAJbIIE MPAKTUYCCKU HE OYJIET MEHSITHCS C POCTOM
ONTUYECKON TOJIIINHEI.

Ecnun makcumanpHOE paccTossHue 10 HaOMI0MaeMbIX 3BE3]] paBHO R, TO WX YHCIO Ha HeOe B

TEJIECHOM YyrJIe {) paBHO
n-Q-R’ R’
=———=N,—.
3 R
3nmech n — KOHILIGHTpALUs 3Be3]] B eIUHUIE 00beMa, Ny — HabmojaeMasi TUIOTHOCTh 3Be3/ Ha Hebe
BHE TyYMaHHOCTH. Ternepb Mbl MOXEM 3aMUCaTh BBIPAKEHUE IS TUIOTHOCTH HaOII0JaeMbIX 3BE3]] B
3aBUCHMOCTH OT ONTUYECKON TOJIIIMHBI Ha ITyTH JIy4a:

N

N=Nye"?, 1<-2In(R /R,));
N=N,(R /R, t>-2In(R/R,).

Ha rpajguke Mbl BHAMM XapakTEpHBI H3JIOM Ha yrioBoM pacctosHuM 3 = 0.2° oT ueHTpa
TYMaHHOCTH. bimke K 1eHTpy TyMaHHOCTH BeIMYMHA N MPAKTUYECKH MOCTOSHHA. Y YUTHIBAS, UYTO
OCh OpAMHAT MUMEET JIoTapupMuUdecKuii MacmTad, Mbl U3MepsieM 1o Tpaduky Benmmuuny lg (N/Ny),
KoTopas paBHa —1.91. Takum oOpa3zom, HaOdrOmaeMas IUIOTHOCTh 3BE3] MeEpea LEHTPOM
TyMaHHOCTH €cTh 0.012 OT 3TOi1 7k BETMYMHBI BHE TYMaHHOCTH. PaccTosiHue 10 TYMaHHOCTH €CTh

R,=R,A/0.012=0.23-R, = 1.6 krx.

VYrinosoil quametrp TymMaHHocTH 2p paBeH 0.8° wim 0.014 paguan. IIpocTpaHCTBEHHBIN IHaMeETp
MBJIEBOM TYMAHHOCTHU PaBeH 22 IIK.
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Ham ocraeTcss HallTH ONTHYECKYIO TOJIIMHY TyMaHHOCTH IO
mraMetpy. [t aToro obparuMcst K TOUKe U3JI0Ma 3aBUCUMOCTH
Ha rpaduke. OHA COOTBETCTBYET ONTUYECKOM TOJIIIIHE

1, =-2In(R,/R,)=2.95.

OTa onTHYeckas TOJIWHA COOTBCTCTBYCT IIYTHU Jiyda dl Ha
PACCTOSIHMU B ITIOJIOBHHY pagnycCa OT ICHTPAa TYMaHHOCTHU:

d,=2/(dy/2)* —(d,/4)* =dyI-(1/4) =d[3/2.

HpI/I MOCTOSSHHOM IIJIOTHOCTH ITBUTH ONTHYECKAs TOJIIHHA IpornopuuoHajibHa JJIIMHE ITYTH CKBO3b
TYMAHHOCTb. B HUTOI'C, MbI IIOJTy4acM

ro=%=3.4.

8. Cucrema oueHnBaHus.

1 stan — 2 Gamna. OnpeneneHne MaKCUMAaJIbHOTO PACCTOSHUS /10 HAOMIOJAaeMbIX 3B€3/], TOYHOCTH
10%. Ilpu BBINOJTHEHUH YYACTHUKH MOTYT B3ATh OOJIOMETPHUYECKYIO A0OCONIOTHYIO 3BE3IAHYIO
BenuuuHy COJIHIIA, YTO YBEJIMYUT BCE JIMHEHHbIE MacITaObl, paccMaTpuBaeMble B 3ajade, Ha 5%.
OTO0 Ha OLICHKY HE BIIMSET.

2 oran — 3 Gamwia. CBA3b ONTUYECKOW TONIIMHBI HA MyTH Jyda W MPENeIbHOTO PACCTOSHUS 0
Ha0JII01aeMBIX 3BE3J1 ISl Clyyasi, KorJja TYMaHHOCTh HE CKPBIBAET BCE 3BE3/IbI 3a COOOH.
Beposmnas owubka: nponyck kodddurmenta 1/2 nepen onTuyeckoi TONMUHON. JJaHHBINA STan He
3aCUMTHIBACTCS, ITAIBI 3 U 4 OIEHUBAIOTCS B IMOJTHOM Mepe, ATamnbl 5 U 6 — U3 MakcumMyma B 2 6aia
3a JTall.

3 sran — 2 Gamna. [IpaBunbHbI ydeT (akTopa MOTHOTO MCUYE3HOBEHUS 3BE3] 1M033a 1 TYMAaHHOCTH
MpU  ONPEACICHHON ONTHYECKOW TOJIIIUHE, HE3aBUCUMOCTh MPEAEIBbHOIO pACCTOSAHUS OT
JAJIbHEUIIIETO YBEJINYEHHS] ONTUYECKOW TOJIIIUHBI.

4 sran — 2 Gamna. BeipaskeHue JUIsi KOJIMYECTBA 3BE3]l HA €AMHHUILY IUIOMAJAH B 3aBUCUMOCTH OT
ONTUYECKON TOJIIMHBL. 3alMCh Yepe3 TEJNECHbI Yroil M KOHLUEHTPAUUIO 3BE3J] HE SBISAETCA
00s13aTeNbHOM, JOCTATOYHO BBIPAKEHUS uepes N.

Beposmnas owubxa: OTHOIIEHHE pPACCTOSIHHWI OepeTcss He B 3-d, a KaKoM-TuOO MHOU CTeneHu
(manpumep, 2-#). JlaHHBIN 3Tan HE 3aCUUTHIBACTCS, OCTABIINECS OICHUBAIOTCS M3 MaKCUMyMma B 2
Oasna 3a Jrar.

5 sran — 3 Gamna. OmnpeneneHue AuameTpa TyMaHHOCTH, ToUHOCTh 10%. IIpu ommbke B 2 pasa,
BBI3BAHHOM MyTaHUIIEH paauyca U IuaMeTpa, OIleHKa YMeHbIaeTcs Ha 2 Oamna (MmakcumyMm 1 Oamn
3a 3Tar).

6 sran — 3 Gamna. OnpeneneHue ONTHYECKON TOJIIMHBI TYMAaHHOCTH O JHaMeTpy, TouHocTh 0.1.
Ecnu B kauecTBe OTBETa yKa3bIBae€TCsl BEJIMUMHA, COOTBETCTBYIOIIAs XOP/I€ U U3JI0MY 3aBUCUMOCTHU
Ha pHCYHKE (ee MpaBUIbHOE 3HAYCHHE OKOJIO 3) — OIleHKa yMEeHbIIaeTcs Ha 2 Oayta (MakcumyMm 1
OaJut 3a sTam).

MakcumanbHas OIleHKa 3a BCe pelieHne — 15 6anos.
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