Bceepoceniickas 0 1MMIIMAAa IKOJBbHUKOB 110 ACTPOHOMUU
3akaounTeabHbIN dTan — 2023 roa
Bropoii (mpakTuyecknii) Typ

IMPAKTUYECKUMN TYP
9.7. OCEHHWUN COJNTHEYHbIN OEHDb (a.A. Aemaesa)

Ycaosue. [lepen Bamu pororpadus, cnenannas 10 oxtss0pst B Mockse (¢ = 55° c.mr., A = 38° B.11.).
1) Ouenute Beicoty CoJIHIIa B MOMEHT, KOTa aenaim (GoTorpaduro.

2) Yto BBl MOKETE CKa3aTh PO MOMEHT ChbEMKH (10 MOCKOBCKOMY BpEMEHH)?

3) Ouennre BBICOTY 3lIaHHSI HA PYroil CTOPOHE YJIHIBI, KOTOPOE OTOPAChIBAET TEHb, CUUTASI €TI0
KPBIIY IIOCKOH.

4) Onpenenute NPpUMEPHOE HANIPABJICHUE YIIULbI, TPOXOIAIIEH MEXY 3/1aHUSMU.

PaccTtosiHne Mexay 3TUMHU 31aHUSAMH — 14 M, BepTHKaJIbHBINA pa3mMep OKHa 1 M, OKOHHOE CTEKJIO
PacIIoIOKEHO BEPTUKAIBHO M BAONb ynuipl. CuuTaiite, 4T0 B MOMEHT CheMkH Jiyun ComHIa
HanpaBJIeHbI EPIEHAUKYIISIPHO 3TOH ynuLe.

Pemenune. BHayane oOpatumM BHUMaHME, YTO OTPaK€HHE PEIIETKU Ha 3eMJIC Pa3/IBauBacTCs, Tak
KakKk pcuicTKa OT6paCBIBaeT TCHb JId MPAMOIro COJIHCYHOr'o CBCTA, MAYLIECITO K OKHY MW OJId
OTPa’KEHHOI'O COJTHEUHOIO cBeTa OT OKHA. CaMO OKHO PacHoJIOkKEHO BEPTUKAIBHO, U yroil A paBeH
BbicoTe CoJIHIIa HaJl TOPU30HTOM (CM. pUCYHOK nanee). Kpaii msiTHa oTpaXXE€HHOIO CBETa Ha 3eMile
(dbopMupyeTcss BEpXHUM KpaeM ydacTKa CTeKJIa OKHa, He IMONaJIaloIIero B TeHb PaMbl UM KO3BIPbKA,
YTO HY)KHO yYeCTh NMPH NOCTPOCHHWH, MHAYE MBI MOKEM MOJYYHTh OIMMUOKY 110 4° B OOJBIIYIO
cropony. OTcroaa Mbl rtosrydaeMm BbicoTy CoJHIIAa HaJ TOpU30HTOM: /1 = 28°,



Mpb1 BuauM, 4to ¢GoTto ObuT0 caenaHo 10 OKTAOps, 4TO AOCTATOYHO OJIM3KO KO JHIO OCEHHETO
PaBHOJCHCTBUS, KOTOPOE MPUXOJUTCA OOBIYHO Ha 22-23 ceHTAO0ps. Mbl MOXKEM CUUTATh BUAMMBIH
myTh COJHITA TI0 SKJIUIITUKE OTPE3KOM MPSIMON JTUHUH, 00pa3ylomiel ¢ 3KkBaTopom yroi € = 23.4°. C
22 centsa6ps no 10 oxts10pst mpomwio 18 gHeit, ConHIle CMECTUIIOCH MO SKJIMITUKE HA YIoJ OKOJIO
18°, yxozs K rory ot HebecHoro skBaTopa. Torna ckinonenne CoJHIIa paBHO:

0= —18°sing=-7°.

MpbI MOJyYHSId TPAaBUIBHBIA OTBET B paMKax JOCTYIHOM TOYHOCTH, B PEATbHOCTH CKIOHCHHE
ConHlla B MOMEHT CBHEMKH cOCTaBisio —6.7°. OTcioma MOXKHO 3aMETHUTh, YTO MaKCHMaJbHas
BbicoTa COJHIA HAJ TOPU30HTOM PABHA /imax = 90° — ¢ + 6 = 28°. C y4eToM MOTPEIIHOCTeH, TaKue
KaK HEPOBHOCThH I0JIa, TOYHOCTh M3MEPEHUIl, TOUHOCTh CKJIOHEHHS, MOKHO CKa3aTh, YTO BHICOTA
ConHIIa TPUMEPHO COOTBETCTBYET BEpPXHEH KyJIbMHHAlMKU. OTO, TMpaBAa, HE JMJaeT HaM
BO3MOXXHOCTH TOYHO YKa3aThb BPEMsI Cb€MKH, TaK Kak BOJM3M KyJbMUHAIMK BbicoTa CoyiHLIA B
TEYCHHE UIUTEIHHOTO BPEMEHHM MPUMEPHO TMOCTOSsIHHA. [103TOMY MBI MOXeM cka3aTh, 4TO (PoTo
chaemano BOMM3M conmHeuyHoro monyaHs (12930M 1O MOCKOBCKOMY BpEMEHH), a yJIHIa
OpUEHTUPOBAHA MPUMEPHO C BOCTOKA Ha 3amajl.

Ham ocranoch OIPCACIIUTL BBICOTY 3HaHUA, OT6paCBIBaIOIJ_ICFO TeHb. Ilo KpaCHbIM JIMHUSAM Ha

PUCYHKE MBI BHJMM, YTO BBICOTa TE€HH Ha 3JaHUM H NMPUMEpPHO paBHA BEPTUKAJIHLHOMY pa3Mepy
okHa: 1 M. B utore, BbicoTa 31aHMs €CTh paBHa

S=H+Ltgh=1m+ 14m - tg 28° =8.5m.




CucremMa oneHUBaHHA.

1 sran — 4 Gamna. Onpenenenre BbicoThl CONHIIA HAJ TOPU30HTOM B MOMEHT ChEMKHU, TOUHOCTD 2°.
[Ipu Gonpieit ommbke cHuMaeTcs 1 6amr 3a kaxabld 1° morpemrHocTH Oonee 2°, oneHKa 3a dTan
TP ATOM HE MOXKET OBITh MEHBIIIC HYJIS.

Beposimnas owubka yuacmuuka: CBSI3b Kpas CBETJIIOTO OJIMKA Ha JIOPOTe C BEPXHUM KpPacM OKHA.
Ommbxka cocTaBisieT 4°, ¥ B 3TOM CiIydae OIleHKa yMEHbIaeTcst Ha 2 Oasua.

2 sran — 2 OGamna. Onpenenenue ckiaoHeHus CoNHIA B IeHb CheMKH, ToyHOCTh 1°. Ilpu Oonbrei
omuOKe cHuMaeTcs 1 6amr 3a Kaxaelid 1° morpentHocTy Oojiee 1°, omeHKa 3a 3Tam MpPH 3TOM HE
MOJKET OBITh MEHBIIIE HYJIS.

3 oram — 2 Gamna. Beraucnenue BoicoThl CofiHIIa B BepXHEW KyJbMHUHAIMKU 10 OKTAOPS, TOYHOCTH
1°. Ilpu »TOM pe3yJbTaT MOXKET OTINYAThCA OT MPHUBEACHHOTO BBIIIE B PEIICHUM, €CIU dTam 2
BBIITIOJIHCH YYAaCTHUKOM C IMOTPCIIHOCTBIO.

4 stan — 4 6ayia (2+2). BeiBoabl 0 BpeMeHU ChEeMKH U HarpaBlieHUH yauipl. O0a BEIBOAA CIEAYIOT
u3 toro, yro CoHile pacnonaraercs BOIU3W BepXHEW KylbMuHAIMH. [Ipyu 3TOM BpeMs U a3uMyT
YJIAIBI HEJIB3S OTPEJICIIUTh C BBICOKOW TOYHOCTBIO, TaK Kak BbicoTa COJIHIIA B 3TO BpEeMs MCHSICTCS
MeuieHHO. [loaToMy, ecnu pe3ynbTaT OTINYAETCs OT COJTHEUHOTO MOy IHS ISl BpeMEHU U «3amaj-
BOCTOK» JUIsl a3UMYyTa M TIPY STOM TPECTABIICH C YPE3MEPHOI TOYHOCTHIO (1 MUHYTa JUIsl BpEMCHH
u 1° ang a3umyTa), TO 3a OLIEHKA 3a 3Tam He MOXKeT ObITh BbIie 2 6amioB (1+1). Ecnu manHOe
OTJIMYME BBI3BAHO OIIMOKAMH Ha 3TOM K€ ITAIle — OH HE 3aCUMTHIBACTCS.

Bosmooicnwiii HegepHolll X00 peutenus: BbicoTa CONHIIA B MOMEHT ChEeMKHU W/iiu BhicoTa COINHIIA B
BEpXHEW KyJIbMHUHAIIMM BBIYMCISAIOTCA C OIIMOKOM M B WUTOre 3HAYUMO HE COBMANAIOT JPYT C
npyrom. B aToM citydae 3a atamnsl 1-3 cHUKArOTCs 0aJuibl, UCXO/Is U3 UTOTOBOM MOTperHocTH. Ecim
IIPU 3TOM H3MEpPEHHas BBICOTA OKakeTcs OOJbIlle, TO 3ajjadya He JOJDKHA MMeTh pemieHus. Ecnu
YYaCTHUK TP 3TOM JIeJaeT BBIBOJ, YTO NMPUYMHA B OIIMOKAX M3MEpPEHUS U (POPMYITUPYET OTBETHI
JUISL TIOTYTHSL — 3Tall 4 3aCYUTHIBACTCA MOMHOCTHIO. [Ipu hopMynupoBKe «perieHnst HeT» OleHKa 3a
4 sTan He npeBbIIIaeT 2 6aIIOB.

B ClIydac, €CJiu HU3MCPCHHAA BbLICOTA COJIHI_Ia OKa3hbIBA€TCA MCHBIIC HOHyI[eHHOI;'I — Y4YaCTHHUK
JOJKEH TPOU3BECTU COOTBETCTBYIOLIEE ONpeAeSieHUe BPEMEHH U a3MMyTa, KadyeCTBO KOTOPOIO U
onpeJeNsieT OLICHKY 3a 4 JTaIl.

5 sran — 3 Gamwra. OmpeneneHue BBICOTHI MPOTUBOMOJIIOKHOTO 31aHHs, TOYHOCTH 0.5M, mpu
OonpIIX OIMMOKaxX OICHKAa yMeHbImaeTcss Ha 1 Oamnr Ha kaxkasie 0.5M JOMOTHUTEIHHOU
MOTPELIHOCTH.




ITPAKTUYECKIUN TYP
9.8. PA3SOBAA OUATPAMMA (B.5. viaramses)

YcaoBue. C HekoTOporo oobekTa CoJIHEYHON CUCTEMBI A, IBUTAIOIIETrOocsl IO KPyroBoil opOure,
MPOBOJATCS HabmofeHus apyroro oowvekra ConHeyHOM cucteMmbl B, Taxke IBUraromerocs mno
KpyroBoii opOute B ToW ke Iuiockoctu. Ilepen Bamm mumarpamma «dasza — Bumumasi yrioBas
cKopocTh» o0bekTa B mpu HabmoneHnn ¢ oobekra A. I1on0XUTENbHBINA 3HAK YIVIOBOH CKOPOCTH
COOTBETCTBYET IBM)KECHHIO 0O0bekTa B cpeam 3Be3n B ogHOM HampasieHud ¢ CoJHIIEM, €IHHHIA
U3MEPEHUsl YIIIO0BOM CKOPOCTH — Ipaaychl 3a 3eMHble CyTKU. O0a 00beKTa UMEIOT C(hepUUYECKyIO
dbopmy, apdexramu ux armochep npeHedpeds. Onpenenure paanycsl opoUT 00beKTOB A U B.
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Pemenne. Ha nquarpamme Mbl BUAMM, 9TO y 00beKTa B CyIIECTBYIOT Ba pa3HbIX MOJOKEHHUS, TPU
KoTopoMm ero ¢asza paBHa emuHHIE. M3 3TOrO Ciienyer, 4ro 0OBEeKT B sBIsSeTCS BHEIIHUM TIO
OTHOIICHUIO K O00BEKTY A. B 3TUX JBYX MONOXKEHHSIX OO0BEKT B MMeeT yrioByl CKOpPOCTbH,
OTJIMYAIOIIYIOCS 10 3HAKy, TO €CTh B OJHOM Clly4ae OOBEKT IBMIKETCS CPEA 3BE3[ MPSIMBIM
JBUKEHHEM, a B APYroM — MONSATHBIM. [Ipy 3TOM MakcuManbHasi yriaoBasi CKOPOCTb MPHU MPSMOM
ABHUXKCHUN 6OJ'II>HIC MaKCHUMaJILHOU YFJ'IOBOI\/JI CKOpPOCTH IPU MNOIIATHOM ABHKCHHUH. 910 YKa3bIBACT
Ha TO, YTO OOBEKTHI BpamatTcs BOKpyT CollHIIa B OTHOM HaIlPaBJICHUU.

B onpenenenusiii MomeHT (paza oobekTa B mocturaer muaumyma, pasaoro Fy = 0.924. Muaumym
(a3pl 03HAYaeT MAKCUMYM yIJia Y C BEpUIMHON B 00bekTe B, 00pa3oBaHHOro HarpaBICHUSIMU Ha
ComnHile 1 00bEKT A. DTOT K€ yIroj €CTh MaKCUMaJlbHas 3JIOHranus o0beKTa A Mpu HaOJIOIEHUH C
oowsekTa B. Hapucyem cootBercTBylolee monoxkeHue oobekta B Ha opbOute. ®@a3a oobekta B B
3TOM Clly4ae paBHa
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Otcroga Mbl IOIy4YaeM

- 1-(2F, -1)* =0.530 =K.

Iy

OOpatuMcs Tenepb K JaHHBIM 00 YIJIOBBIX CKOpOCTAX. B MoMeHT Haumenblieil ¢a3bl o0bekTa B
€ro BHMJMMAas YIJIOBas CKOpPOCTb HampaBiieHa B Ty € CTOpoHy, uro U CojHUEe, U HMEEeT
MOJIOKUTENbHBIN 3HaK Ha rpaduke. OHa MOJNIOXKUTENbHA M B MOMEHT 1, COOTBETCTBYIOIIMH
coenquHeHuto 1uiaHetsl B ¢ ConmHuem npu HaOmoJeHuu ¢ miuaHeTsl A. Ee uyucieHHoe 3HaueHue
coctasiseT +0.13°/cyT, 1 OHa BbIpaXkaeTcs uepe3 MPOCTPAHCTBEHHbIE CKOPOCTH KaK
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[lo ycnoBuio 3amauu, OpOUTHI IUIAHET KPYTOBbIE, IMOATOMY Mbl MOXXEM IOACTAaBUTH CHOJIA

BBIPa)KEHUS JUIsI KPYTOBBIX CKOPOCTEH:
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3nece M — macca ConHia, 7y — paanyc OopOUTHI 3eMIId, My — yTI0Bas CKOPOCTh OPOUTAIBHOTO
nskeHus 3emin (0.986°/cytku). OTcrofa Mbl IoJIyyaeM 3HaYeHHE pajyca opOuTsl oobekTa B:
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Pannyc opOutel Tena B paBen 5.2 a.e., paguyc opoutsl Tena A paBeH Krg = 2.75 a.e. OueBHIHO,
IpOBOAUIIMCH Ha6JIIOI[eHI/I$I IOHI/ITepa C acTepouaa rijiaBHoro mnosca.

K tomy ’xe BbIBOAY MBI MOIVIM NIPUMTH HAa OCHOBE aHAJIW3a OTPULATENILHON YIJIOBOM CKOpPOCTH

o0bekTa B B mpoTrBOCTOSIHUHM (TTOJIOXKEHHUE 2)
3/2 _1/2
Ve =V, 7 K -1
w,="—"=0| > ——,
- K -1
rB rA rB

2/3

WA B MOMEHT KBaJipatypsl (nonoxenue M)

v, COS v 7
_ Vs 7/:73_@0

M 0 s
2 2
rp —r, ) g
2/3
r @,
Bo] T =52,
T Dy

HOCHGI[HCG COOTHOILILICHHUEC MOYXHO JICTKO HOHy‘-II/ITL, y‘-II/ITI:IBaSI, 4YyTO B 9TOT MOMCHT O6’B€KT A
HaxOJUTCS B HAUOOJIBIIICH JTOHTAIMK TTPU HAOIIOACHUH ¢ 00bekTa B, TO ecTh ABMXKETCS 110 HEOY C
OJIMHAKOBOU YIJIOBO# ckopocThio ¢ CosHIIeM. A 3Ta yriioBasi CKOPOCTh paBHA YIIIOBOW CKOPOCTH
BpaiieHus oobekta B mo opoute. [loirydaercs, 9To MbI MOTJIM TOJTHOCTBIO PEIIUTH 3a/1a4y, CHIB C
rpaduka JaHHbIE BCETO OJHON TOYKH — M.

Cucrema oueHuBaHusi. [Ipy npoBepke pelieHus: KIOpU HY)KHO OOpaTUTh BHUMAHHUE, YTO OHO
MOXET OBITh BBIITOJHEHO MHOXECTBOM CIIOCOOO0B. BplIIie npeioskeH JUib OAUH U3 HUX, IPUYEM H
JUIE HEero, Kak Mbl BHUIUM, PaguyC OpOUTBHI OJHOTO M3 OOBEKTOB MOXKET OBITH ONpEAeeH MO
YIJIOBOM CKOPOCTH B OJHOM M3 TPEX DPa3IMYHBIX MOJIOKEHWH. bomee TOro, y4acTHHKH MOTYT
BOOOIllE HE NMPUHUMATh BO BHUMaHME JaHHblEe O (haze oOvekTa B m Hailtu pammycel opOuT 1o
JAHHBIM 00 YTJIOBOM CKOPOCTH B JIBYX mnosioxkeHusx (1 u 2, mu6o 1 u M, mu6o 2 u M). Bce st
CHOCOOBI MPeNrnoaraT onpeaeieHne u3 rpaduka IByX mnapaMeTpoB — JIMOO (a3bl M YIIIOBOU
ckopocTH B Touke M, nr0OO YrjoBOM CKOPOCTH B JBYX TOYKaxX. OJTO OMpEIEseT pa3iciiCHHE
peleHust Ha OJIMH BBOJHBIN M JBa OCHOBHBIX 3Tama, a Takke (pUHANbHBIA BeIBOA. [Ipu 3TOM, camu
3Tambl MOTYT BBIVIAAETH MO-pasHOMY. Jlajee MPHBEICHO ONMMCAaHWE 3TAaloB IPH HCIIOIb30BAHUH
crioco0a pelieHusi, MPUBEICHHOTO BBIIIIE.

1 sran — 1 6am1. O6ocHOBaHME, YTO OOBEKTHI JBIXKYTCS M0 OpOMTaM B OJHOM HampasieHuu. OH
MOXET OBITh ClIeJlaH Ha OCHOBE MOJYJIeW MPSMOW M TOIMATHOW YIJIOBOM CKOPOCTH B MOMEHTHI,
Korga (aza obOpamiaercss B €IUHMIY. YUYAaCTHHK MOXET HE JenaTh 3TOT BBIBOZ, HO TOTJa €My
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HE0OX0UMO paccMaTpuBaTh Cily4dail IPOTUBONOJOXHBIX HAIpPAaBICHUN BpaLICHUs IO XOAY
JabHEHIIEero peleHus, JoKa3blBas, YTO €ro He MOXKET ObITh B JIaHHBIX yCJIOBUAX. Eciau yyacTHUK
Cpa3y paccMaTpuBaeT TOJIbKO COHAIIPaBJICHHOE BpallleHUE ABYX TeJl, HE 000CHOBBIBAs TaKOil BbIOOP
— JaHHbIN 1 Oas1 He BBICTABIISETCS, MOCIIEAYIOLINE OLIEHUBAIOTCS B ITOJTHOU Mepe.

2 sran — 5 GawioB. OmnpeneneHne COOTHOLIEHHsI pajnycoB OpOUT ABYX OpOMUT ra/rg. Eciam 310
JieNlaeTcs Ha OCHOBE JIaHHBIX O (ha3e, JODKHA OBITh UCTONb30BaHa abcuucca Touku M. TpeOyemas
ToyHOCTh BbIcOKas (0.005), Tak Kak JaHHOE COOTHOLIEHHWE OY€Hb IUIABHO 3aBUCHUT OT U3MEPEHHOTO
3Ha4YeHus (a3bl, ¥ JaXKe eCliu B3ATh (a3y, paBHyo 0.92 (kpaiif quarpaMMsl), 4TO 3aBEJOMO HEBEPHO,
TO UTOroBasi HorpemHocTs uyTh npeBblcuT 0.01. Ecin yyacTHHK onpenenser 0OpaTHYIO BEIUUUHY
ra/re, paBayro 1.887, To TpeOyemas Tounocth coctarisier 0.01. Ilpu mpeBbIIeHUH MOTPEITHOCTH
OLIEHKA yMEHbIIaeTcst Ha 1 0aii 3a KXyl KpaTHOCTb MPEBBILICHUS CBEPX €IUHMIIbI. YYaCTHUK
MOJKET BOOOIIE HE OINPENENATh 3Ty BEIMYUHY YUCIECHHO, a MOJCTABIIATH €€ BBHIPAKCHHE B O0IIEM
BUJ€ B JaJbHEilIue BbIYMCICHHUA. B 3TOM cilyyae oOLeHKa OIpeessercss NpaBUIbHOCTBIO
BBIPKCHUSI.

Beposmuas owubka yyacmuuka: MUHUMYM (a3bl CBSI3BIBAETCS C B3aMMHBIM TIOJIO)KEHUEM TUIAHET,
MIPU KOTOPOM pa3HHUIIa UX OpOUTAIbHBIX 10JroT paBHa 90°. Torga cooTHOIIEHUE PaguyCcoOB OpOUT
nonydaercs paBHbiM (0.625. Ounenka 3a d3tam coctaBiasier | Oamn mpw  YCIOBHH BEPHOTO
BBIYMCIICHUS, TOCJIEYIOIINE Talbl OLIEHUBAIOTCS B IIOJIHOM Mepe.

3 stan — 5 Gamnos. [locTpoeHnue BeIpakeHUs A paanyca OpOWTHI OJHOTO M3 TEJ HAa OCHOBE
JTaHHBIX 00 yryioBoi ckopocTu. OleHka onpenensercss IpaBUIbHOCTBIO UCIOIb3YyeMOM (pOpMYIIBL.
[Ipy BO3HMKHOBEHHH Ka4e€CTBEHHBIX HEJ0YETOB (IIyTaHMIA B 3HAaKaX U T.lI.) OLIEHKA 3a BECh ATall HE
MOJKET IpeBbImaTh 1 6aa.

4 stan — 4 6amna (2 + 2). Beruncnenue paanycoB opout o0oux e, ToUHOCTh cocTasisieT 0.05 a.e.
st tenia A m 0.1 a.e. s Tena B. Eciiv morpemHocTh He MPEBBIIAET ABYKPATHYIO OT 3aIaHHOM, 3a
COOTBETCTBYIOIIUN NOJPTAMN BbICTaBisieTcs 1 Oa.




ITPAKTUYECKIUN TYP
10.7. DEHb 3AWLUNTHUKA OTEYHECTBA

(M.N. Boriobyeea)

YciaoBue. B Ta6J'II/II_[€ NPUBCACHLI 3HAYCHHUA IMPOAOJDKUTCIBHOCTU CBCTOBOI'O JHA B HCKOTOPOM
MyHKTE HAOJIONEHUs MO cpaBHEHHUIO ¢ 23 deBpans. Onpenenure MMPOTy MecTa HAOIOJACHHS C
TOYHOCTHIO 710 0.5°.

Jlata [TpoK0IKUTETHHOCTD Jlata [TpomoKUTETHHOCTD
JTHS JTHS
23 ¢eBpans X 05 mapra X +06:49:05
24 deBpans X +01:48:56 06 mapra X+07:12:27
25 ¢eBpas X +02:43:28 07 mapra X +07:35:06
26 ¢eBpans X +03:26:07 08 mapra X +07:57:09
27 deBpans X +04:02:39 09 mapra X +08:18:43
28 (eBpais X+ 04:35:20 10 mapra X +08:39:52
01 mapra X+ 05:05:19 11 mapra X +09:00:38
02 mapta X+ 05:33:17 12 mapta X +09:21:07
03 mapta X +05:59:44 13 mapra X +09:41:21
04 maprta X+ 06:24:54

Pemenne. Ilpoanamusupyem mnpencrtaBieHHble aAaHHble. OmnpenenuM, Kak H3MEHsUIaCh
MIPOJOJKUTEIIBHOCTE JHS 3a CYTKH, TO €CThb PACCYMTACM PAa3HULy MEXKIY NPOAOKUTEIBHOCTHIO
JHSI B BBIOPaHHYTO 1aTy M MPEIbIIyyo. Pe3ynpraTel 3aHecéM B TaOIUIy U IIOCTPOUM TpaduK:

JlaTa HN3meneHue Jara H3menenue
24 despans 1:48:56 05 mapra 0:24:11
25 ¢espans 0:54:32 06 mapra 0:23:22
26 deBpans 0:42:39 07 mapta 0:22:39
27 depans 0:36:32 08 mapra 0:22:03
28 ¢eppans 0:32:41 09 mapra 0:21:34
01 mapra 0:29:59 10 mapta 0:21:09
02 mapra 0:27:58 11 mapra 0:20:46
03 mapra 0:26:27 12 mapra 0:20:29
04 mapra 0:25:10 13 mapra 0:20:14

Ha rpaduke 3amMeTHO OYeHb pe3KOe YBEIMYEHHE MPOAODKUTEIBHOCTH JHS B Hayalle Iepuoja
HaOmoAeHN. YK€ Ha MHTYUTUBHOM YPOBHE MOXKHO TOHSTh, YTO B 3TH JHU IYHKT HAOJIOJCHUN
MPOIIIeN Yepe3 TPaHuIly MOJIIPHON HOYM U, CKOpee Bcero, 23 wim 24 (eBpaiist ObLI MEPBBIM THEM C
COJIHEYHBIM CBETOM. JIeHCTBHUTEIBHO, €CIM MPEAINOJIOKUTh, YTO XOTSA Obl B OAMH HPEIbLAYIIHNA
neHb, 22 ¢espans, CoaHIle BOCXOAWIO HaJ TOPU30HTOM, TO MO JIOTHKE JaHHBIX, Pa3HUIA JOJITOTHI
IHs Mexy 22 u 23 ¢eBpans qomkHa ObITh He MeHbIIe 3 yacoB. Eciau mpuHATE 3TO Ha Bepy, TO yKe
13 mapra, 3a HEAENO O BECEHHErO PaBHOACHCTBUS, JHOJTOTA JIHS OJHKHA TIPEBBICUTH 12.5 4acos,
YTO BBINVIAIUT cTpaHHO. Bapuant ¢ BocxogoM CosHIa B 3TOM IyHKTE €lle Ha J€Hb paHblie, 21
(deBpasss, MOXHO cpa3zy >K€ HCKIIOYUThH IOJHOCThIO. TakuM 00pa3oM, MBI YK€ 3HaeM Bpems
OKOHYaHUS TOJIIPHONH HOYM B 3TOM IYHKTE C TOYHOCTBIO 10 AHs (23 QeBpansd), yTO MO3BOJISAET
HAWTH IIUPOTY.
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Nata

CoObITHSI IPOUCXOAT 3a 25 THEW 10 BECEHHEro paBHOJEHCTBUs, U COJHIY OCTaJOCh MPONTH 1O
SKIUNTHKE AYTY [ okoso 24-25 rpagycoB (Oyaem cuutaTh ee paBHOU 24.5°). OTCI0a MBI TOJTy4aeM
€ro ckiioHeHue 23 deBpas:

=—/sin g=-9.7°.

B »T0 Bpemst CosiHIle CTAaHOBUTCSI BUAMMBIM B ITyHKTE C IIMPOTOM (p, TO €CTh €r0 BHICOTA B BEpXHEH
KyJbMHUHAIIMM CTAHOBHUTCA Oomblie, ueM h = — p — r = 51" = —0.85° (3mecy p — pedpakuus y
TOPU30HTA, ¥ — BUAUMBIN paauyc Connna). Otcrona

©=90°+35+p+7r~81.0°

B peanpHOCTH, 1aHHBIE OTHOCATCS K NMYHKTY C mKpoTor +80.8°, mepBblii COJHEUYHBIN JEHb Tam
JeMCTBUTENBFHO HAacTynui 23 (eBpasist ¥ MpoIuiIcs 25 MUHYT.

Cucrema oneHUBaHHUA.
1 stanm — 6 6amwioB. BeiBoa, 4TO mosiipHas HOYL B JAHHOM IYHKTE 3aBepuimiach 23 ¢eBpais ¢

TOYHOCTBIO 10 OOAHOI'O JHA. Or YYaCTHHUKOB JOCTATOYHO KAYC€CTBECHHOI'O JOKA3aTCJIbCTBA, XOTSA OHU
MOT'YT UCIIOJIb30BAThH U Ooitee CTPOruc BBIKJIAAKH.

2 sran — 3 Oamna. Ompenenenue ckioHeHuss CoyiHIIa BO BpeMsl OKOHYAHUS MOJISIPHOH HOYH,
To4yHOCTh 0.5°. VY4YacTHHMKM MOTYT ONpPEACNSTh CKIOHEHHS, CYUTasi €ro pPaBHOMEPHO
U3MEHSIOIIMMCSL TIepe]l BECEHHMM PpAaBHOJEHCTBHEM, a MOTYT MCIOJIb30BaTh M (OpPMYJIbI
cepuueckoil Tpuronomerpuu. [Ipu Gosblieid MOrpemIHOCTH OIEHKAa yMeHbImaeTcst Ha 1 Oamr 3a
kaxaple aumHue 0.5°, Ho 0e3 BIMsHUA Ha CIeIyIOIUI 3Tal peleHHs.

3 sram — 6 6amnoB. Onpenenenue MUPOTH MecTa, TOUHOCTH 0.5°. IIpu BRIYUCICHUSAX O0s3aTelICH
ydeT atMocdepHoit pedpakiuu (0e3 Hero oleHkKa yMmeHblaeTcss Ha 2 6amna). DakTop BUIUMOTO
pannyca ConHIIa MOXXHO HE YYHUTHIBaTh, €CIM yKa3aTh, YTO OH HE3HAYWTENIEH JUIS JaHHOTO
pemenus. [Ipu oTcyTCTBUM yKa3aHUS HA 3TOT (GaKTOp OLEHKA yMeHbIIaeTcs Ha 1 Gair.



ITPAKTUYECKIUN TYP
10.8. CKOPOCTHAA OANATPAMMA (5.5. vznamees)

YcaoBue. C HekoTOporo oobekTa CoslHEUHON cHCTEMBI A, IBUralOLIErocsl 0 KpyroBoi opoure,
pOBOJATCS HabmoAeHus apyroro oowvekra ConHeyHOM cuctembl B, Taxoke IBUraromerocs no
KpyroBoil opbure B Toi e Iiockoctu. llepen Bamu nuarpamMma «iydeBasi CKOPOCTb — BUAUMAS
yIioBasi CKOpOCTh» 00bekTa B mpu HabmogeHun ¢ oobvekta A. I1on0XKHUTENbHBIA 3HAK YIJIOBOM
CKOpPOCTH COOTBETCTBYET ABIKEHHIO 00bekTa B cpenm 3Be3n B ogHOM HampaBieHuu ¢ CoHIIEM,
€IMHULIA U3MEPEHUs YIJIOBOM CKOPOCTHM — Ipaaychl 3a 3eMHble CyTKH. O0a 00bekTa HMEIoT
chepuueckyto dopmy, sdpdexramu ux armocdep mnpenedOpeds. Ompenenure pamuycbl OpOUT
00BeKTOB A 1 B.

0.15

0.10 4

0.05 A

0.00

-0.05 ~

Yrnosasi CKOpOCTb, rpagychbl/CyTKn

-0.10 T T T T T T T T T T
12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12

JlyueBas ckopocTb, KM/C

Pemenue. Buauane oOpaTuM BHUMaHUE Ha OJUH Ba)KHBIN (DAKT: yIiIOBas CKOPOCTh 0OBEKTa A TpH
HabmoeHuu ¢ o0bekTa B paBHAa Mo BeNMUMHE M 3HAKY YIJIOBOM CKOpocTH oObekTa B mpu
HaOJI0/IeHUU ¢ 00bEeKTa A — 3TO €CTh YIJIOBasi CKOPOCTh BpAIllEHUs JIMHUHU, COJAEPKaIIeH OTpe30K
AB. To xe camoe MOXHO cKa3aTb O JlyueBoi ckopocTH. [loaTomy B 3amade OyneT ABa peuieHus, B
KOTOPBIX 00BEKTHI A 1 B MensttoTcss mectamu. [Ipeanonoxxum 1yist onpeneeHHOCTH, 4TO 00beKT B
HaxomuTcs manblire or ComHIa, 4eM 00BEKT A.

Eme onuH BaxHBIN (akT COCTOUT B TOM, YTO B MOMEHTBI, KOT'/Ia Jy4deBast CKOPOCTh paBHa HyJio (1
U 2 Ha PUCYHKE) — OYEBHUJHO, YTO 3TO MOMEHTBI COEAMHEHUS WM MPOTUBOCTOSHUSI OOBEKTOB C
ConHuleM — yIJIOBBIE CKOPOCTHM HMMEIOT pas3Hblil 3Hak. lIpu 3Tom yrioBas CKOpOCTb HPSIMOIO
JBYDKEHUS ) 110 MOZYJIIO OOJIbIIIE, YEM B CJIydae MOMATHOIO ABHKEHUS (2. DTO MOKET OBbITh B TOM
cilydae, eciu oba Tesa BpaiiaioTcs Bokpyr CoJiHIIa B OJJHOM HAIIPaBJICHUU. 3aIHILEM BbIPAXKEHUS
JUISl 3THX YTIIOBBIX CKOPOCTEM:

-1/2

V,+V 2
o = B A - |GM 2 4 )

vyt 7, ry+ 7,
vo—v o212

w, =007V oy T
g =71y g =7,

10



0.15 L

0.10 1

0.05

0.00

-0.05 A

YrrnoBasi CKOPOCTb, rpafycChbl/CyTKu

-0.10 T T T T T T T T T T
12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12

JlyyeBasi cKOpoCTb, KM/C

3necs M — macca ConHIIA, 7'A U g — PAAUYCBI OPOUT T, @ VA U Vg — UX OPOUTAILHBIE CKOPOCTH B
WHEpIUaIbHON cucTemMe koopauHat. M3 rpaduka mmeem: ®; = 0.129°cyrt, m; = —0.066°/cyT.
3anuineM BbIpaKEHHE JUISI OTHOILIEHHS JTHUX YIJIOBBIX CKOpOCTEil (0OpaTMM BHHUMAaHHE, YTO OHO
OTPHUILIATEIIHHO):

-1/2 -1/2 -1/2 -1/2,.1/2 1/2

k=% _Ts tr T pmr 1y (r,” +r, ) ry—F,
- - -1/2 -1/2 -1/2_-1/2,.1/2 1/2 4"
@, g +71, g~y g +714 rg ry(r T =)

B4

Bennunna K cocraBnser —1.95. PacknaapiBas MHOXUTENb (1 — Fa) KaK pa3HOCTh KBaJpaToOB,
HUMEEM:

1/2 172
r, +r")
_ B /2 , 1/2y _
K="24—23 " (r/"+r,/" )=

I"B+I"A I"A+I/'B

v, +rg+ 2.,

Beenem ans MMPOCTOTHL 0003HayeHHE:
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U 3aME€TUM, YTO I10 HalleMy npeanonoxenuo x> 1. Toraa nomydaem

B 1+x2+2x.

K = X(K-1)-2x+(K-1)=0.
1+x

B cooTBeTCcTBUY ¢ HAIIUM TPEAIIONIOKEHHEM, BEIOMpAeM OOJIBINI KOPEHb yPaBHEHHUS:

_ _1)2
:1+«/1 (K-1) _138

K -1

X

OTMeTM, BTOpOM KOpPEHb OKa3bIBA€TCS pPaBEH OOPAaTHOW BEIMYMHE OT TIEPBOTO, OTpakas
OTMEUEHHOE HaMU CBOWCTBO HEM3MEHHOCTH YIJIOBBIX CKOPOCTEH Mpu nepecTaHoBKe Tel A U B.

[epeiinem B cucteMy oTcueTa, B KOTOpOil 00beKT B HemoaBmkeH, a 00bEKT A JABHXKETCS 10 OpOHTe
C TOCTOSAHHOW YTIJIOBOM CKOPOCTBbIO, COOTBETCTBYIOIIEH PA3HOCTH YTIJIOBBIX CKOPOCTEM
opOutansHOro Bpamienus Tei: 2 = Qa — Qp. OueBUIHO, YIIIOBBIE CKOPOCTH BHAMMOTO JIBYKECHUS
Te] B HEOE B ATOU CHCTEME oTcueTa OyayT IPYTUMHU, U Mbl HE MOYKEM PACCMaTPUBATh UX B IIPSIMOM
COOTBETCTBUHU C 33/IaHHOM nuarpammoil. Ho BOT ydeBbie CKOPOCTH OCTaHYTCSI TEMH Ke.

OueBUIHO, YTO Jy4yeBas CKOPOCTh VR (MBI HE CTaBUM 3J]leCh MHIEKC A wiu B B cooTBeTCTBUU CO
CKa3aHHBIM BbIIIE) Oy/leT MakcHUMallbHa 0 MOJYJIO, €ClIM B 3TOM CHUCTEME OTcueTa Teno A
JBYDKETCSI TOYHO K Tely B MM TOYHO OT HEro, TO €CThb HAXOAMUTCS B HAWOOJbILICH 3IOHTAIUH.
3anuiieM BeIpaK€HUE sl MAaKCUMAaJIbHOM JTy4eBOM CKOPOCTH:

Ve =Q-r, =1, 3 T |= ;
r, 7 r, X

GM  |GM GM'(I_IJ

Bemuuuny vk MBI MOXEM omnpenenuTs u3 rpaduka, oHa pasHa 11 km/c (Tounoe 3nauenue — 11.05
KkM/c). OTCIoAa MBI OTIpeieNsieM 3HAaUeHUs paJlyCOB OPOUT TeI:

2 2 2
r,= oM (1—13) = rovg-(l—lj =275ae.; r,=rx =52ae.

2 3
Vi x Vi X

3nech Vo — OpOHMTalIbHAasE CKOPOCTb 3eMIld, Fp — pPaguyc opOUTHl 3emiu (acTpOHOMHYECKas
eaununa). OueBuHO, MpoBOAMIUCH HabmoaeHus FOnuTepa ¢ acrepouia riaaBHOTO nosica.

Cucrema ouneHuBanms. Bbimie npuBeeH OAMH U3 CNOCOOOB  peUICHMs  3aJaHMUA,
MPECTABISAIOMIMNCA Haubosee MNPOCThIM. YUYAaCTHUKM MOTYT HMCIIOJIb30BaTh JIPyrHe CHOCOOBI,
KOTOpBIE MOTYT OBbITh COINPSIKEHBI CO CIOXKHBIMU MAaTEMaTUYECKUMH BBIKJIAJKAMH, TEM HE MEHEE
HEOO0XOMMO YETKO MPOBEPSITh UX KOPPEKTHOCTh. BHE 3aBUCHUMOCTH OT crocoba, i peleHus U
OTIpe/IeNICHUs IBYX HEU3BECTHBIX BEIUUUH (7 U 7B) € rpadrka HEOOXOIUMO CHSTH JiBa apaMeTpa.
IIpu crocobe, omMcaHHOM BBIIIE, 3TO OTHOIIEHUE YIJIOBBIX CKOpPOCTEH B COEIMHEHUH U
MpOTUBOCTOSAHUK (K) M MakKCHUMaJbHBIA MOAYJNb yIJOBOH CKOpocTH (Vr). Bo3moxHO
HCIIOJIb30BAHNE BEJIMYMH YTJIOBBIX CKOPOCTEH (®; U (0, MO OTAEIBHOCTH, M TOIZA OTBET MOXHO
MIOJIy4YNUTh, JAXKE€ HE NPUBIEKAs JAHHBIX O JIyu4eBbIX CKOpocTsX. IIpu ucCnonap30BaHMM IyTH
peleHusl, OMCAaHHOTO BBILIE, CUCTEMA OLICHUBAHUS CIIEAYIOIIAs:

1 stan — 1 6am1. O6ocHOBaHME, YTO OOBEKTHI JBMKYTCS MO OopOUTaM B OgHOM HampasieHuH. OH
MOKET OBITh CIeNaH Ha OCHOBE MOAYJEW MPSIMOM M TMOMSATHOW YIJIOBOM CKOPOCTH B MOMEHTHI,
KOIJa JiyueBasi CKOPOCTb 0OpalaeTcs B HOJb. YYAaCTHUK MOXET HE JeJIaTh 3TOT BBIBOJ, HO TOI/a
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eMy HeoO0XOAMMO paccMaTpuBaTh Cilydail MpPOTHBOIIOJIOXKHBIX HalpaBICHUM BpallleHUs MO XOAY
JalbHEHIIEero peueHus, JoKa3blBas, YTO €ro He MOXKET OBbITh B IaHHBIX yCIOBUAX. Eciau yyacTHUK
Cpa3y paccMaTpuBaeT TOJIbKO COHAIIPaBICHHOE BpallleHUE ABYX TeJl, HE 000CHOBBIBAs TaKOil BBIOOP
— JIaHHBIN 1 Oas He BBICTABISETCS, MOCIEAYIOLINE OLIEHUBAIOTCS B ITOJHON Mepe.

2 stan — 5 6amioB. OmnpeneneHne U aHAIU3 OTHOLICHMS YIJIOBBIX CKOPOCTEH B COCIMHEHUU U
MIPOTUBOCTOSIHUU. JTal MpeANojiaraeT MpaBUIbHOE HKCIEPUMEHTANIbHOE OIPEAEICHUE 3STOU
BEJIMUMHBI (MakcHUMalbHas morpemHocts 0.05, tnanazoH NpaBUIBHBIX 3HaYeHHH oT —1.9 mo —2.0, 2
Oanna, npu norpemHocTsax A0 0.15 BeicTaBisiercst 1 6amn). [Ipu BeruricieHun 0OpaTHON BEIMYMHBI
MakcuMaibHas morpenrHocts coctasiseT 0.02, npu norpemHoctu a0 0.05 BeictaBnsiercs 1 6amn).
Kpome »TOro, y4acTHMK JODKEH MPAaBUIBHO CBSA3aTh 3Ty BEIMYMHY C paguycaMu OpOUT U HUX
oTHomeHueM (3 Gara).

3 ostan — 5 0amIoB. AHAJOTHYHO MPEABIIYIIEMY 3Tamy, J0/DKEH OBITh MPABHIBHO U3MEPEH APYTon
Ha0MroaaTeNbHBIN mapaMeTp (2 Oamra). B ciyyae MakcUManbHOM JTy4eBOM CKOPOCTH JOMYCTUMAs
norpemHocTh coctanisier 0.2 km/c (1 6amn mpu morpemHocty a0 0.4 xm/c). Jlanee momxHa OBITH
BOCCTaHOBJICHA BEPHAs CBSI3b ATOTO MapaMeTpa ¢ MICKOMBIMU BeTnuuHamu (3 Oasa).

4 stan — 4 Gaina (2+2). Onpeaenenue paguycoB opoUT o0oux Tell. MakCUMallbHAs TTOTPEITHOCTh
(6e3 yuera ommnbok Ha mpenpiaymmx tanax) — 0.1 a.e. mis Omvskaero u 0.2 a.e. 1S JambHETO Tena.
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ITPAKTUYECKUN TYP
11.7. D,BO“HA;' ITMHUA (O.C. YeonbHukos)

Yeaoue. C momompio criekTporpada BBICOKOTO pa3pelieHus HpPOU3BOISATCS HAOIIOACHUS
HEKOTOPOW TpaBUTALIMOHHO-CBS3aHHOM 3Be3JHOM cucTeMbl. OKa3anoch, YTO JIMHUS MOTJIOIIECHUS
Bosoposia Hou B ee crekTpe COCTOMT M3 JIBYX OJWHAKOBBIX MO (hopMe W TIryOWHE KOMIIOHEHT.
3aBUCHUMOCTh LIEHTPAJIbHOM JITMHBI BOJHBI TUX KOMIIOHEHT OT BPEMEHHM IMPHUBEJICHA HA PUCYHKAX.
JlnuHbl BOJH npuBeeHbl K 6apuuenTpy CoiaHeyHOH cucteMbl (3P QEeKT IBIKEHUS HaOmoaaTess B
ConHevHOM cucTeMe BBIUTEH). M3BECTHO, YTO CHCTEMa COCTOMT M3 CPEpPHUECKUX KOMIIOHEHT,
Macchbl KOTOPBIX CTPOrO OJMHAKOBBI, a OpPOHMTHI KpyroBble. JlyueBass CKOpPOCTh LIEHTpa Macc
CHUCTEMBl OTHOCUTEIbHO OapurieHTpa CONHEYHON CHCTEMBl TOCTOsiHHA. Mcxomss w3  »TOroO,
ONpEACINTE MHUHHUMAJIbHO BO3MOXKHYIO IOJHYIO MacCy CHUCTeMbl. UTO BBl MOXETE CKa3aTb O
BXOJAIUX B Hee 3Be3nax? [loBepXHOCTh KaXJOW 3Be3[bl OJAHOPOJHA, OCEBBIM BpalICHUEM,
MSATHAMHU, TIOTEMHEHUEM K Kpalo 3Be3[] IpeHeOpeyb.

6563.098

6563.097 - 1
6563.096 -
6563.095 -
6563.094 -
6563.093 -
6563.092 -

6563.091 1

6563.090 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

6563.200

JnnHa BonHbl, A

6563.000 -

6562.800 -

6562.600 -

6562.400 -

6562.200 -

6562.000 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Bpewms, cyTku

Pemenne. C nepBoro moBEepXHOCTHOTO B3TJIsIIa MOXKET MOKA3aThCs, YTO CHUCTEMa COCTOUT U3 JIBYX
OJIMHAKOBBIX 3B€37, KOTOPbIE KAKMM-TO 00pa3oM JIBUTAIOTCS BOKPYT o01iero neHrpa macc. OgHako
TakKas MpocTas KapTUHA Cpa3y BCTYIAET B MPOTHBOpeuYHe ¢ HalmromaTenbHbIMU (pakTamu. J{mmHa
BOJIHBI NepBOM JMHUU B TeueHue 180 nHeil HaOmroneHuil MeHsercs KpaiiHe cia0o, MPUMEPHO Ha
0.001 A, TO ecTb JayueBasi CKOPOCTh ITOW 3BE3/bl MPAKTUYECKU MOCTOSIHHA. A BOT BTOpas 3Be3/1a
yCIIeBaeT €€ CYLIECTBEHHO HW3MEHMTbh, OoJiee TOro, MPOXOAWUT LENbld IMKI ee KojieOaHus B
npeaenax mnopsnka 1A, to ectb B 1000 pa3 cuibHee, yeM W3MEHEHHS JJIMHBI BOJIHBI TIEPBOM
KOMITIOHEHTBI.
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[To ycnoBuio 3amaud, BCE KOMIIOHEHTHI, BXOJSAIINE B 3Ty CHCTEMY, MMEIOT PaBHBIE MAacCCHI.
[Tomyuaercs, 4TO LEHTP MacC CUCTEMBI TOJBKO M3 JAaHHBIX JBYX 3BE3]] 3a BpeMs HaOJIOJACHUI
ycren 3aMeTHO M3MEHHUTh JTy4eBYI0 CKOPOCTh OTHOCHUTENIBHO HAOMIOAaTeNsl, YTO MPOTHBOPEUUT
ycnoBHIO 3amadu. TakuM o0pazom, AByMs 3Be31aMu, CO3aloNIMMU JTuHIA Hol B criekTpe, cuctema
HE UCUEPIBIBACTCS.

JleficTBUTENTEHO, U3MEHEHWE JJIMHBI BOJIHBI 3BE3/Ibl 2 MOKHO MHTEPIPETUPOBATH KaK €€ BpallecHUE
BOKPYT OOIIEro IEHTpa Macc C €lIe OJHUM TEJIOM, KOTOpPOE€ MO0 KAKUM-TO MPUYMHAM JIMOO HE
M3JIyYaeT CBET, Tu00 He comepxuT Jmanio Ha B cBoeM criektpe. [lo ycmoButo 3aga4m, Macca 3Toro
Tena m Takas ke, Kak U y 38e31 1 u 2. Ha rpaduke Mbl BUAMM, YTO BO BPEMEHHOW TUamna3oH
HaOIIOJICHUH TIOMAaMK JBa MAaKCUMyMa ¥ MHUHUMYM JUJIMHBI BOJHBI, TIEpHOJ 7> COCTaBJISIET OKOJIO
170 cyrok mmu 0.465 roga. AMIUIMTYla U3MEHEHUS JJIMHBI BOJIHBI 1O OTHOIICHUIO K CpPEAHEMY
3HaueHuto AA, cocraBisier okoiio 0.44A. OTcroga Mbl HaXOIUM aMIUIUTYAY Jy4eBOH CKOPOCTH
3Be3/IbI 2 1 €€ KOMITaHhOHA (HA30BEM €T0 3Be370i 3) ¢ TaKOH K€ MacCOoM:

Vi, =cA/1/12:207<M/c.

2
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6562.400

6562.200 -

< >
< >

T>
6562.000 : . . . . . . .

0 20 40 60 80 100 120 140 160 180
Bpems, cyTku

MpI He 3HaeM, KaKk OpUEeHTHPOBaHA OpOUTa CUCTEMBI 2-3 OTHOCUTENbHO Halmronatens. O603HauuM
yroil MEXAy €€ IUIOCKOCThIO M Jy4OM 3peHusl Kak ip. Torma momHas CKOPOCTh KaXIOW W3
KOMIIOHEHT €CTh V, = Vi / €OS ip. 3Be31bl 2 M 3 ¢ Maccoil M kaxxjast IBHXKYTCS IO OJAMHAKOBOM
KpPYTOBOI OpOUTE HA PACCTOSIHUU @y APYT OT JIPyTa, paANyC UX OpOUT eCTh aa/2. Takum oOpazom,
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GM*  2Mv;,  v,,T

2 2.7 .
a, a,cos"i,  cosi,

Otcro1a MbI OJTy4aeM
3 30
_ 2v,I, 11107 ke
- 3. 3. .
nGcos’ i, cos’ i,

O10 ke BeIpaxkeHHe MOXHO noxyuuTs u3 Il 3akona Kemnepa, Tonbko Hy»KHO 00paTUTh BHUMAHUE,
YTO V12 — 9TO JIyuyeBas CKOPOCTb OJHON KOMIIOHEHTBI, a HE Pa3HHULA CKOPOCTEN ABYX KOMIIOHEHT
(pu mozacTaHOBKE ap = vi.1/27 MBI MOMyYUM OMIMOKY cpa3y B 8 pa3!). MUHMMaNbHO BO3MOXKHAsS
Macca Kaxaou u3 3Be31 2 U 3 COCTaBIISIET 4y Th OoJiee mojoBUHBI Macchl CoHIIa, TOTAa CyMMapHast
Macca 3Toi JBOWHOM cuctembl coctaBuia Ol 1.1 macc ConHita. MUHUMAaNbHOE PACCTOSHUE MEXKIY
KoMmoHeHTaMmu 2 U 3 (a;) coctaisieT mpumepHo 0.6 a.e.

Ho mbI He 10KHBI 3a0bIBaTh, UTO B CUCTEME €CTh €lle M0 KpaifHeil Mepe o/lHa KOMIIOHEHTa, 3Be3/1a
1, ¢ Takoi ke Maccoil, kak y KOMIOHEHT 2 u 3. [lo onTuyeckuM CBOMCTBaM OHa, MO-BUAUMOMY,
Moxo’ka Ha 3Be3ny 2. boisiee Toro, npenmnonoxxeHue, 4to oHa Toxke umeet mMaccy 0.55 macc CouHiia,
a cymmapHas macca paBHa 1.65 macc ComHia, ToXe MPOTHBOpeuuT HaOmoaeHusM. OOpartum
BHUMAaHHE, YTO JJIMHA BOJHBI JUHUM Ha B criekTpe 3Be3nbl | coBNmagaeT ¢ MaKCUMAJIbHOM JIMHOU
BOJIHBI ATOW JIMHUHM B CIEKTPE 3BE3IbI 2, KOTJa IMOCIETHSS ABWKETCS OT HAONMIoaTels B XOHe
BpaIllEHUsI B cCUCTEME cO 3Be3A0u 3. HbIMM cltoBamu, 3Be37a 1 MMEET 3HAUUTENbHYIO CKOPOCTh MO
OTHOILIEHHUIO K LIEHTPY Macc CUCTEMBI 2-3.

[To ycnoBuio 3amaum, cucTeMa TPaBUTAIIMOHHO CBs3aHA, OPOWTHI B HEH KpPYroBble, a BcE Tela
HUMEIOT OJIMHAKOBYIO Maccy. JIydeBas CKOpOCTh 3B€3/1bl | OTHOCUTENBHO IIEHTPa MacC CUCTEMBI 2-3
10 BEJIMUMHE COBIAACT C aMIUIUTYI0U JTy4eBoil ckopocTH 3Be31bl 2 — 20 km/c. CKopocTb 3Be31bI 1
MEHSETCSl MaJio, U Mbl MO’KEM CUMTAaTh, YTO OHA HE YYaCTBYET B OBICTPOM BpAICHHUHU C €Il KaKoii-
1100 MacCHUBHOM 3Be3/10i (BCIOMHUM, YTO MbI JOJDKHBI OIICHUTh MUHUMAJIBHYIO MacCy CHCTEMBI).
ManomMaccuBHBIX T€J B CUCTEME HET 1o ycioBuio 3ananus. [loatomy Oynem nanee paccmaTpuBaTh
CHUCTEMYy KakK TpoOWHYyl0. 3Be3nga | BOBoe MeHblIe Mo Macce, yeM cucrema 2-3. I[loatomy mimnHa
BOJIHBI, COOTBETCTBYIOIIAS JTy4YEBOM CKOPOCTH LIEHTPA MacC BCEH TPOMHOUN CUCTEMBI, €CTh:

+24 2A4
ﬂcz/ll 3 2= - 32'

I[JII/IHa BOJIHBI JIMHHUU B CIICKTPC 3BC3bI 1 AO0JIDKHAa COBCpIIATh CHUHYCOUIAAJILHBIC KOJIC6aHI/IH
OTHOCHUTENIHO Ac. MBI BUAMM JIUIIb UX MAJBIA Y4aCTOK, YTO CBSI3aHO C OOJIBIIMM TepHOAOM T
oOpaiieHus: 3Be3Abl | OTHOCUTENBHO IIeHTpa Macc cuctembl. OIEHUTH €ro Morjo ObITh
3aTPYyAHUTEIBHO, HO TIO CYACTHIO, B CEpPEeMHY MHTEpBaJla MONaJl MaKCUMYM JIJTMHBI BOJHEI A;. Ha
Kpasix WHTepBaja (CIBUT BpeMeHH *+7,/2) mjinHa BOJHBI yYMEHbIIAeTcs Ha BenuuuHy AA;. Torma
CTPaBEJTUBO COOTHOIIICHUE:

b= My = 2+ (= e Jeos P2 102,

1
7-T,) _2A4 ='T}
T 302

AAL =(A4 A )| 1-cos

Bennuuna AA; ouenp mana. Ee mpubnmxennas ouenka mo rpaduky mgaer 0.0007 A. Otcroma mMbl
MOJTy4aeM OLIEHKY OpOUTaIbHOTO MeproAa 3Be3bI 1:
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T, =xT, Ay ~ 20 zem.
3A4

AMIUIMTY1a U3MEHEHUS JTy4YE€BOW CKOPOCTH 3BE3/IbI |1 €CTh:

AHaJIOTUYHO JEHCTBUSM BBIIIE, OMUCHIBAEM JBHXKEHHE 3Be3llbl | ¢ Maccoil M, ynaJeHHOM OT
CUCTEMBI 3Be3]] 2-3 ¢ cyMMapHO# mMaccoil 2M Ha pacCTosiHME @). YUYUThIBaEM, 4To cama 3Be3aa |
JIBIDKETCS 110 KPYTY pagnycom 2a;/3:

2GM*  3Mv;, v, T, _ 47ra1.

2 - 2.7 .
a 2a,cos”i,  cosi, 3

31eck i; — yroia MexIy JIy4oM 3peHHsl M TNIOCKOCTBIO OpOUTHI 3Be3/1bI 1. OTCI01a TTOTy4YaeM OLCHKY
JUIL MacChl KOMITOHEHTBI:

3 3 30
_ O, 1, _ v;, T _ 4-107 ke
3. 3. 3. .
l6rGceos’i, 6rxGceos i cos”

B wurore, naxe npu opOuTax, pacrnoiOXKEHHBIX Ha JIyde 3pEHHs, Macca OJHON KOMIIOHEHTHI HE
Menbie 2 macc ConHua. Dto 0ojee CHIBHOE OrpaHMYEHHE, YeM Mbl MOJYYWIM NPH aHAu3e
JIBW)KEHUA cucTeMbl 2-3. O4YeBHUIIHO, YTO YyroJl HAKJIOHA A3TOM CHUCTEMBI I K JIydy 3peHUus

3HAYUTCIICH:
1/3

i, 2 arccos| — |=50".
4

OroBopuMcs, YTO OLEHKA 3TOr0 yIJIa HE BXOJWUT B 3aJaHHe. TeM He MeHee, OHa I03BOJIAET
MPAaBUJIBHO TOHATh KOHPHUTYpAIMIO 3TOH CHCTEMBI (PHCYHOK) JUISl CIIydas MHUHUMAJIBHOW OOIIen
Macchbl, KOTopasi, TakuM o0paszom, coctaBisieT 6 macc ConHua. J[06aBUM Takxke, YTO paccTOSIHUE
MEX/1y 3B€3/1aMU 2 U 3 MPU TAKOM HAKJIOHE COCTABJIAET OKOJIOo 1 a.e.

2
<C%~}: — O

—e¥
3

Hawm ocrtanock nmoHsTh, 4TO 32 3B€3/1bl BXOAAT B cucteMy. /[Be 3Be3/bl ¢ Maccoit 2 macchl CosiHLIa U
muHued Ho B ciekTpe — ckopee Bcero, 3B€3/1bl TJIaBHOM IMOCIIEA0BATEILHOCTH Kitacca A tuna Bernu.
VY Takux 3Be31 JUHHHM OadbMEPOBCKON Cepuu B CIEKTpe Haubosiee WHTEHCUBHBIC. [l TpeTbeit
3BE3/IbI €CTh JBE MPUHIIUITHAIBHBIE BO3MOXKHOCTHU: JINOO 3Ta 3BE3/1a TEMHAs, THOO OHA HE COACPKUT
muHuo Ho B cnektpe. B mepBoM cityyae BIOJHE €CTECTBEHHO MPEANOJIOKEHHE O KOMIIAKTHOM
00BEKTE, CKOpee BCEro — HEUTPOHHOH 3Be3/le. JTO TOYHO He Oemblii KapiHWK, TaKk Kak macca
MPEBBIIIACT MAKCUMYM JIsl TAKOTO THIIA 3BE3].

Ecnu ke tenmo 3 Bce ke SABIAETCS HOPMAJbHOM 3BE3/I0M, TO JUHUN 0aJbMEpPOBCKOW CEpUU y HEe
MOJKET He OBITh B JIByX MPOTUBOIOJIOKHBIX CIy4asx — JIMOO 3Be3/]a OUeHb ropsiyasi, U ee BOJ0PO.]
MOJIHOCThIO MOHM30BaH, JIMOO XOJIOJHAsA, W aTOMbl BOJOpOJia HAXOJATCS Ha MEPBOM
SHEPreTUYEeCKOM YpOBHE, He IMOrJIolas 0aJbMepOBCKHE KBaHTHI cBeTa. [lepBhiii cityuail Mbl cpasy
MOXEM OTOPOCHUTH — 3B€3]1bI C Maccoit 2 Macchl CoHITa HE MOTYT OBITh TOpsiuee Kiacca A (BapuaHT
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0eJIoro KapiMKa MBI YKe UCKITIOYIIN). BapuaHT ke XOJOIHOUW 3BE3/bl C TAKOW Maccoil ObUT OBl
BO3MOXXEH B BUJIE KPACHOTO TUraHTa ¢ OOJbIIMM paanycoM. OIHAKO TaKOH OOBEKT BPSJI JIM CMOT
OBl CyIIIECTBOBATH HA OPOUTE CO 3BE37I0M TIIABHOM MOCIIE0BATEIIEHOCTH CIIEKTPAILHOTO Kilacca A B
1 a.e. apyr ot npyra. Urak, HanOoJiee BEpOATHBINA KaHAUIAT Ha POJIb Tela 3 — HEUTPOHHAs 3BE3/1a.

CucreMa oleHUBAHMSA.

1 sTan — 2 Ganna. BeiBoj 0 Hanuuuu TpeThero Tena B cucteme. OH A0KeH ObITh 000CHOBAH OJTHUM
13 ByX (aKkTOpOB — OBICTPBIM BpAIICHWEM 3BE3IbI 2, B KOTOPOM HE y4acTByeT 3Be3fa 1, wim
JIBUKEHHEM IIeHTpa Macc 3Be37 1-2 OTHOCHTENbHO HaONIoAaTenss ¢ MEePeMEHHON ITy4eBOM
ckopocThio. Eciu Tpetbe Teno purypupyer B peiieHuu 3aaadu 0e3 XOoTs Obl OJTHOTO M3 ITUX JABYX
000CHOBaHUH — ATan oleHuBaeTcs 1 6aoM, ocTaibHbIE OLIEHUBAIOTCA B MOJIHOM Mepe.

3ameuanue: moboe penieHre 3a7a4u, B KOTOPO B CUCTEME €CTh TOJIBKO JIBE€ 3BE3/Ibl, OLICHUBACTCS
HE BBIIIE 2 0aJUIOB.

2 sran — 4 Gamta. OuLeHKa MUHUMAaJIbHOM Macchl OJJHOWM 3BE€3/lbl HA OCHOBE OBICTPOIO BpAICHUS
3Be3fbl 2. Tpedyemast TounocTs — 0.1 macca ComnHiia.

Beposmnas owubka yuacmuuxa: WCNOJIb30BaHHWE pajanyca OpOUTHI OJHOM 3BE3]bI BMECTO
paccrostaus mexay HumH B Il 3akone Kemnepa, uro B mTore maer 8-kpaTtHyro ommuOKy. Dtam
olileHUBaeTcs He Bble 1 6asia.

3ameuanue: TOMYyYEHHOE B OTOM JTale OrPaHUYCHHE MACChl 3BE3J CHU3Y HE O0Kasaloch
pemaromuM. Ee MOXHO Janee MCIoONb30BaTh JUIS OMPEICIICHUS YIJIa HAKJIOHA OPOUTHI K Jydy
3pEHHS, HO M 3TO HE SBJISICTCS HEOOXOIMMBIM B pellicHHH. TeM He MeHee, BBINIOJIHEHHE 3TOTO dTara
00s13aTenbHO, TaK Kak (akT, 4yTO JAaHHOE OTPaHMYEHUE MACChl OKa3aJoCch Oojiee MATKUAM, YeM
CIIeTyFOIIIee, HE SIBISICTCS OYCBHIHBIM.

3 stan — 5 OasuioB. OlleHKa MUHUMAJILHOW MacChl OHOM 3BE31bI HA OCHOBE IBW)KEHUS 3BE31bI 1.
Tpebyemast Tounocts — 0.4 maccel ConHIa.

3ameuanue no mounocmu: ©0a30BBIM IKCHEPUMEHTATBHBIM (DAKTOM, HCIIOIB3YEMbIM 37eCh,
SBJIICTCS KpalHEe Majioe M3MEHEHHUE JUTHHBI BOJHBI JIMHUW TIEPBOH 3Be31bl. O HAKO, 3Ta BEJIUYHHA
(A1) BXOAUT B UTOTOBOE BBIPAXKEHUE B CTENEHH (—1/2), 4TO MO3BOJISET OMPEACITUTh MACCy 3BE3bI
C TOYHOCTHIO He Xyxke 20%.

Bepoamnas owubka yuacmnuka: UCTIONb30BaHUE pajguyca OpOUTHI 3Be3/1bI 1 BMECTO pacCTOSHUS
1o ueHrpa cucremsl 2-3 B III 3akone Keruiepa, uro B urore aaer ommOKy B 3 ¢ JIMIIHUM pa3a. DTarl
OLIEHMBAETCS HE BHIIIE 2 0aJIJIOB.

Beposmuas owubka yuacmuuka: HETPABUIBHOE OIpPENEICHUE paaumyca OpOWTHI 3Be31bl 1 U ee
opbutansHO ckopocTH (Hampumep, ¢akrop 1/2 unu 1/3 Bmecto 2/3 B COOTBETCTBYIOLIMX
(dhopMyax). DtaIr OlleHUBACTCS HE BBIIIE 2 OAIIIOB.

4 stan — 1 6an. BeiBog 0 MUHMMaJIbHOW CyMMapHO# macce cucteMbl. OIleHUBaeTCsS TOJIBKO MPHU
MIPaBUIILHOM OTBETE C TOYHOCTHIO A0 20%.

Beposimnoe nesepnoe evinonnenue smanog 2-4: y4aCTHHMK OITycKaeT (DakTOpbl cOS i MPHU aHAIU3e
nBuokeHust Tes 2 u 1. [lonydyeHHble 3HaYEHUS] MacC MHTEPIPETUPYIOTCS HE KaK MMUHUMAJIbHBIE, a
KAk TO4YHbIE. B 3TOM cilydae pa3HOCTb Macc Ha 2 ¥ 3 3Tarax MOXET TPaKTOBAaThCs KaK NOTPELIHOCTD
M3MEpEeHuil Wi OMKOOK B BblUMCICHUSIX. Kak BO3MOXKHOE ClIEICTBUE, YHACTHUK MOXET BhIOpATh
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3HaueHue Maccel ogHou 3Be3abl 0.55 macc ConHua (2 3Tam), Tak Kak OHO MEHbIIE, a B YCJIOBHUH
TpeOyeTcss HalTH MHUHMMAaJIbHOE 3HA4YE€HHE CyMMapHOW Macchl. B 3TOoM ciywae ortambr 2
onieHuBaercs B 2 Oamna, atan 3 — B 3 Oayuia (Ipy YCJIOBUHM OTCYTCTBHUSI HHBIX OHIMOOK), 3Tam 4 HE
3aCYHTHIBACTCS.

5 sramn — 1 6aui. BeiBog o cBoiicTBax 3831 1 u 2.

6 stan — 2 Gamna. BeiBojg 0 cBoiicTBax 3Be3/bl 3. YKa3aHHE TOJIBKO KOMITAKTHOTO OOBEKTa B BHJIE
HEUTPOHHOMU 3Be3/bI OlleHuBaeTcs B 1 Oasut. Jlyis BToporo 6amia HeoOXO0AUMM KPUTHUUECKUN aHaIn3
BapHaHTOB OOBIUHBIX 3Be3/ 0e3 nuHuu Ho B ciekTpe.

Ilpumeuanue: ecnu B pe3ynbTaTe OIIMOOYHBIX BBIYUCIEHUH MacChl OJHOM KOMIIOHEHTHI
nojryyaercs 3HaueHue, MeHbluee 1.4 maccel ComnHila, Oenblii KapiauK B KayecTBE 3BE3/bl 3 TaKKe
CUMTAaeTCs IPAaBUIBHBIM OTBETOM Ha JAaHHOM JTane pemeHus. Ho 3T1o Taxke oueHuBaercs 1
6ayuoM, Uil BTOPOro HEOOXOIMM aHajM3 BapMaHTOB HOPMaJbHBIX 3Be3/. Eciu ke macca 0JHOTrO
Tesa mnojydaercs emie MeHbine (Hanpumep, 0.5-0.6 macc ConHIla B COOTBETCTBHH C 3TAroM 2), TO
YYaCTHUKH JIOJDKHBI PAacCMOTPETh BapUaHT KPACHBIX KapiIUKOB M, BOOOIIE TOBOpPS, MPUHUTH K
IIPOTUBOPEUHIO, TaK KaK JIMHUM BOJIOPOJIAa Y HUX TaKXkKe KpaiHe cialdble, 1 CTAHOBUTCS HEIMOHSATHA
npupona 3se3q 1 u 2.
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ITPAKTUYECKIUN TYP
11.8. I'IEPE.EI, HOCAD,KOﬂ (O.C. YeornbHukos)

YceaoBue. Kocmuueckuii ammapar TOTOBHTCS COBEPIIMTH IOCAAKy Ha TOBEPXHOCTH JAJCKOU
IJTAHETHI, MOX0XKEH 1Mo paguycy U Macce Ha 3eMJIi0. 3aBepIIUB TOPMOKEHHUE BUTATENIEM B BEPXHUX
CIIOSIX aTMOC(Qephl, ammapar BBIKIIOYHI €ro, pPacKpbll MapamfoT W OIMyCKAaeTcs CTPOro
BEPTUKAIBbHO. PaauonokaTtop HeENpepslBHO (HUKCHPYET JaHHBIE O BBICOTE arnmapara Hajl
MOBEpXHOCTHIO. [loNB3ysch TpPUBEACHHBIM TpPapUKOM, OIPEACIUTE TEMIepaTypy arMocheps
IUTAHETHI, CUYMTasi €€ MOCTOSHHOW. BiusHueM BeTpa Ha JBIOKEHHE ammapara npeHeOpeus. [Ipu
pEeIIeHNH 33]a4i CUNUTATh, YTO:

1) Cuna conpoTHBIEHHS BO3IyXa IMPOMOPLHMOHAIbHA IIJIOTHOCTH BO3AyXa M KBaApaTy
CKOpOCTH arapara;

2) AtMmocdepa IMETMKOM COCTOMT W3 a3oTa N, pachpeieiicHHe KOHICHTPAIUU MOJICKYJ
aTMocdepsl ¢ BBICOTON /1 — OonbIiMaHOBCKoe (1 ~ exp (—pugh/RT), u — MonsipHast Macca, g —
YCKOpEHHE CBOOOTHOrO mTajaeHus, ‘R — yHHBepcalbHas Tra3oBas IOCTOSHHAs, 1 —
TeMIeparypa).

30

25 A

20 A

15

BbicoTa, km

10

O T T T
0 600 1200 1800 2400

Bpewms, cek.

Pemenue. B ycioBuu 3aaHusi cKka3aHo, 4TO amnmapaT y>Ke 3aBepLINJI TOPMOKEHHE JABUTATENIEM U
cryckaercs Ha mapanore. [1o rpaduky Mbl BUAMM, YTO CKOPOCTH ammapara HeBeJMKa (JIake B
Hayalle HHTEepPBajla — HECKOJIBKO KUJIOMETPOB B MUHYTY) U HECOMOCTABUMO MEHBIIE KOCMUYECKOM.
ITo xoxy cnycka ckOpoCTh ele ymMeHbmaercs. [103Tomy Mbl MOKEM pemaTh 3a7a4y B PAaBHOBECHOU
MOJIeJIM — CYUTaTh, YTO B JIF0OOI MOMEHT BPEMEHH CHJIa COMPOTHBIICHUS BO3yXa (YCKOpEHUE a)
YPaBHOBEIIMBACT CUJIY MPUTsDKEHUs ammapara (yckopeHue g) K riaHere. [lo mepe cHkeHHs
anmapara IUIOTHOCTh aTMoc(epbl YBETUYMBAETCSA, CUJIa CONPOTHUBJICHHMS BO3AyXa pacTeT, U
paBHOBECHE IOCTUTAeTCAd NpPU MEHBUIEH CKOPOCTH. B KkauecTBe MOATBEPKACHUS 3TOW MOIEIHU
MOXXHO OOpaTUTh BHHMaHHE Ha TO, YTO pEalIbHbIE BEJIWYMHBI UTOTOBBIX YCKOPEHMI armapara
(g — a) HeCpaBHHMO MEHbIIIE TIO BEJIIMYMHE, YeM g, MMOITOMY MBI MOXKEM cuuTath g = a. Kpome
3TOT0, MBI MOKEM CUUTATh YCKOPEHHE CBOOOHOTO NaIeHUs g TIOCTOSHHBIM.

B cootBeTcTBHU C YCJIIOBUEM 3a/1a4, YCKOPCHUC CUJIbI COIIPOTHUBIICHUS €CTh
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a=K-n-v’=g=const.

31ech n — KOHIIGHTpAIMs MOJIEKYJl B BO3[yXe, V — CKOPOCTh CHIDKEHUS amnmaparta, K — HeKoTopas
MOCTOSIHHAS. DTO YCKOPEHHE MOCTOSTHHO, TaK KaK OHO YPaBHOBEIIMBAET YCKOpEHHE CBOOOIHOTO
nageHus. KoHIeHTpalus MOJEKyl MEHSETCS C BBICOTOM B COOTBETCTBHU C pacIpeliejeHHEM
BonpumMana. 3anuriem BeIpaykeHUE sl CKOPOCTH CHUKEHUS arlrapara:

_dh:\/ g g .t

= - e
dt K-n K -n,

y =

3nech ¢ — BpeMsi, 1y — KOHIIEHTPaLKsl MOJIEKYJI Y TTOBEPXHOCTH. MBI MOKEM IMPOJI0rapupmMUpOBaTh
JAHHOE BBIPAKEHUE:

K-n h
In|v O
g 2RT
MHOXHUTEIb TOA KOPHEM, YMHOXKAaeMbIi Ha CKOPOCTh — TIOCTOSIHHAs BelWYMHA. [Ipu

norapu(MHUpPOBaHNM OH JAaCT HEKOTOPOE TIIOCTOSIHHOE CllaraeMoe K JIorapu(My CKOpOCTH
(HarmpuMep, B MeTpax B CeKyHIy). B mpaBoii yacTu ypaBHEHHs Mbl BUIUM BBICOTY, YMHOKaeMYIO
Ha MOCTOSIHHBIN (DakTOp, B KOTOPBIA BXOAUT TeMIiiepaTypa. Takum oOpa3oM, AJs pelieHus 3a1a4un
HaM JJOCTaTOYHO ONPEAEIUTh CKOPOCTh CHMXKEHMsI anmnapaTa Ha HEKOTOPOM JMana3oHe BBICOT A U
MOCTPOUTH 3aBHCUMOCTH In v OT /4, KOTOpast TOJHKHA OKa3aThCs JIMHEHHOM:

Inv=Ch+ const

N3 kordpunmenta C MbI CMOXKEM ONPEIEIIUTH TEMIIEPATYPY.

30

25 - 58 m/c

20 A 33 m/c

15 1 19 m/c

BbicoTa, kM

10 11 m/c

6.4 m/c

0 T T T
0 600 1200 1800 2400

Bpewms, cek.

CkopocTu onpeensitoTes Mo JIMHUSAM, KacaTeIbHbIM K KpUBOH, IPUBEIEHHON B yclioBUU. Bo3pMeM
JUISL TIpUMEpa TSATh BBICOT OT 5 10 25 KM ¢ maroM 5 kM. Boerumcinss HaTypanbHbIE JIOTapupMBbI
CKOpPOCTEM, CTPOUM MX 3aBUCUMOCTB OT BBICOTBI:
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3aBUCUMOCTb JIeHCTBUTENBHO JIMHEWHAs, U ee KoapuiueHt C paBeH

C=""8 _011xn' =1.1-10 a7,
QRT

[Tnanera moxoxka Ha 3eMITI0, TOITOMY YCKOpEHHE CBOOOTHOTO Ma eHUsI g Mbl IPUHUMAEeM PaBHBIM
9.8 m/c *. MonsipHasi Macca MOJEKYIpHOro a3ota p pasHa 0.028 kr/monb. Tereph MBI MOXeM
OTIPENICIIUTh TEMIIEPATYPY:

T=*'8 _150K.
2RC

[Ipu cBoeil KaxyIIeicss MPOCTOTe, MOJOOHBIA METOJI HM3MEPEHHUs TEeMIEpaTyp HE TMOTepsI
aKTyaJIbHOCTH M UCIOJNB3YyeTCsl Jake Ha 3emiie, TouHee B ee Me3ochepe U HUKHEH Tepmocdepe.
Tam He ucnojp3yeTcsi MapaioT, a B KauecTBe MPOOHOro Tejla BBICTyMaeT Jierkas cdepa ¢
panuoMaskoM. MeTon BolIeNl B JMTEpATypy IO HA3BaHUEM «METOJ Majaromeil chepe» H
CUMTAETCS OJHUM M3 CaMbIX TOYHBIX JOKAJIbHBIX CIOCOOOB M3MEPEHUs TEMIEpaTypbl B BEpXHEH
atmocepe. Pazymeercs, paBHOBeCHas MOJIEh TaM YK€ HE MCIOIb3yeTCs.

CucreMa oneHUBaHMSA.

1 sram — 2 Gamna. YKa3aHue, YTO pelICHHE MOXHO BECTH B paBHOBeCHOW mopnenu. Ecnu 310
nenaeTcss 6e3 000CHOBAaHMS — 3a dTall BbICTaBIsAeTCS 1 Oaymn (IaapHEHIe dTanbl OLICHUBAIOTCS B
MOJIHOW MEpE), €CIU TOBOPUTCS O MalbIX CKOPOCTSAX WM YCKOPEHHH, CYHIECTBEHHO MEHbBIIEM
YCKOPEHHSI CBOOOTHOTO MAJCHUS — 3Tall 3aCUUTHIBACTCS IMOJTHOCTHIO.

YyacTHHK BIIpaBC HC ACJIATh 3TO IMPCAIIOJIOXKCHHUEC, 4 IPOU3BOANUTDL BBIYUCIICHUSA B O6IH€M BUIEC. 910
YCIHIOXKHACT pCHICHUC, HO K HEMY NPCABABIIAIOTCS TAKHUEC K Tpe6OBaHI/I${ 110 TOYHOCTH.

2 sran — 4 Oamna. BoccTaHoBieHuE CBSI3M CKOPOCTH JABMXKEHMs alnapara M BBICOTHI C y4ETOM
pactpezeieHus bosblMaHa. Y4acTHUK MOXKET MO-APYrOMY 3allMChIBaTh IOCTOSSHHBIE MHOXKUTENIN B
BBIPQKEHUM JJISI CKOPOCTH, OO0s3aTENbHBIM JOJDKEH ObITh 3KCIIOHEHLMANbHbI MHOXHTENb C
MpaBUIBHBIM BbIpakeHHeM. [Ipu orcyTctBuuM Tam kodd¢umnmenta 2 (M — KakK CIEACTBUE —
UTOrOBOIO 3aBBILIEHUs TEMIepaTypbl B 2 pas3a) 3a d3Tal BbICTaBiseTcss 1 0ami, ocTajbHbIE
OLIEHUBAIOTCS B NOJHON Mepe. [Ipu oTpunarensHoM K03 GUIEHTE Mepe]] BHICOTON B MOKa3aTee
SKCIOHEHTHI B BBIPAKEHUHU AJIsi CKOPOCTH (HE KOHLEHTPALMK) 3Tall HE 3aCUUTHIBAETCSL.
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3 sran — 4 Gamna. BoccraHOBIeHHME NaHHBIX O CKOPOCTH ammapara Ha pa3HbIX BbicoTax. [lis
JOCTIDKEHUSI HY>)KHOM TOYHOCTH MMEET CMBICI ONPEAETUTh CKOPOCTh XOTsI ObI HA TPEX — YEThIPEX
BbIcOTax. [Ipu MCMONB30BaHUM TOJIBKO JBYX BBICOT OLIEHKA yMeHbIaeTcs Ha 2 6amna. IIpu stom
MOCJIEAYIOIUHI 3TAIl OLIEHUBAETCS, UCXOS U3 UTOIOBOM TOYHOCTH TEMIIEPATYPHI.

4 sran — 5 GammoB. Ompenenenue TemrepaTypsl atMochepsl TuianeTsl, TodHOCTH 10K. Ilpm
MIPEBBILICHUH TOTPENIHOCTH OLIEHKAa yMeHbInaeTcs Ha 1 Oamn 3a xaxaple 10K momomHUTENnbHOM
MOrp€urHOCTH, IIpHU 3TOM OLICHKA 3a 3Tall HC MOXKCT OBLITh MEHBIIIE HYJIA.

Kommenmapuui: Y4acTHUK MOKET BBIIOJIHATh PELICHUE IO-IPYrOMY: MpH KEJIaHUM U BIIAJICHUU
COOTBETCTBYIOLUM alIapaTroM, OH MOKET MOIY4YUTh IPSMYIO CBSI3b BPEMEHH M BBICOTBI, UCXOJIS U3
CBOMCTB CONPOTUBIIEHUSI BO3/lyXa U MPEIIOJI0KEHUS O PABHOBECHUMU:

3/2 ugh Hghy
M-8 (t—1y) —e M _p T

2RT./Kn,

3nmech f) — HEKOTOpOe HayalbHOE BpeMs, /iy — BBICOTa B 3TOT MOMEHT. DTO COOTHOLICHHE B
MIPUHIIMIIE TIO3BOJIUT €My HE ONpEeNeNsITh U3 rpaduka CKOPOCTH B KOHKPETHBIX TOUKaX, a padoTaTh
IpsIMO C JUarpaMMoON «BpeMs — BbIcOTa». IIpu yCIOBUM NPAaBWIBHOIO BBIIOJHEHHUS 3TO
OLICHUBAETCS MOJHOCTBIO.
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