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YBAXXAEMbBIE YYACTHUKWU OJIMMNUAJDI! Tpexae, 4eM Bbl NPUCTYNWUTE K peLleHnio 3afay, obpaTuTe BHUMaHMe Ha
NpVBEAEHHbIA HUXe CNPaBOYHO-MHPOPMALMOHHbIA MaTepuan. OH OydeT Mone3HbIM s YCMELWHOro peLleHns TeX WK WHbIX 3apay u
MO3BO/UT BbIPabOTATb €AMHDIV NOAXOA NPY BbINONHEHNN PACYETOB:

1. Tpu BbIYNCAEHMAX UCNONb3YNTE CNeAYIOLIME 3HAYEHNA NOCTOAHHbIX BENYNH:
=~ 3,14
€, ~ 8,854+ 10712 (@ - M71)
R =~ 8,314 ([x- (Monb-K)™1)
g =~ 9,807 (M-c7?)

2. O6bem chepbl v Nowwaab ee NOBEPXHOCTH:
4
V= §TL’R3; S = 47R?

3. ToTeHUManbHas 3Heprus paBHOMEPHO 3apsKEHHOTO TOHKOTO CheprUyecKoro cnos:

q2

W, =
P 8me,R

Ecnv B yCNoBMM 33Jaun HeT CheuManbHbIX YKa3aHWii, NOMyYeHHble YMCAEHHbIE 3HAYEHWsI OTBETOB HEOOXOAMMO OKpPYrAsATh C
TOYHOCTbIO 10 TPEX 3HAKOB MOC/e 3ansToi. Ecan ycnosue 3agaun chopMynnpoBaHo B 06LLeM BMe W pacyeTbl BbINMOAHATL He TpebyeTcs,
OTBET JO/MKeH OblTb NpPeCcTaBAeH B BUAE KOHEUYHON GOpMY/bl.

YKEJIAIO YAUYU BCEM YYACTHUKAM BTOPOIO 3TAMNA PECNYBJIMKAHCKOM OJIMMNUA[IbI NO ®U3UKE!

MonekynspHas Gpu3nka, TepMoaMHammnKa, InekTpoctatvka | 3aganue N1 (IneKTpuueckuii MblIbHbINA My3bipb) ... 30 BAJIJIOB

B yCc/n0BUAIX HEBECOMOCTM HA MeXAYHapoaHON KocmMueckoi cTtaHumu (MKC) Obiio pelueHo npoBecT HeGO/bLLOi
¢m3nueckuit akcnepumeHT. U3 Kanam MbUIbHOTO pacTBopa maccoi m, = 15 (MI) ¢ nomoLbio CONOMUHKM CO BCTPOEHHBIM
HUMNeseM BbIZYIN MbLIbHBIA My3bipb. K03¢(MUMEHT NOBepXHOCTHOro HaTskeHus pacteopa ¢ = 40 (MH-m™1). 3atem
MbLIbHOMY MY3bIPI0 MTHOBEHHO COO0WMAN IneKTpuueckmnii 3apag ¢ = 69 (1K), nocne yero oTKpbLIM Knanan Hunnens u
AOXAANCL HACTYNIEHNS PABHOBECHOTO COCTOSIHMSA. OnpeaenuTe paauyc R nysbipsi B pAaBHOBECHOM COCTOSIHUM.

MbiTasiCb CONOCTaBUTb PacyeTHOE 3HAYEeHNe PaaNyCca MbIIbHOTO NY3bIPs C pea/ibHbIM, KOCMOHABTbI B MPOLiECCce NPAMBbIX
M3MepeHnii ero auameTpa NPoOsABUAM HeDONbILYI0 HEAKKYpaTHOCTb M My3bipb JONHYA. OueHUTe CKOpocTb VU pasiera

00pa30BaBIUMXCA MbUIbHBIX OpbI3T.

McKprBAeHHast NaeHKa MbIbHOTO PacTBOPa, M3 KOTOPOTO BblAy/N My3blpb, CO3AAET AONONHWUTENbHOE (M3DbITOUYHOE) JaBNEHME,
KOTOPOE MOXHO OMpefenuTb HeckoNbKUMM crnocobamu. BO3MOXHO, KTO-TO M3 pebsT BoCno/nb3yeTcs rotosoi ¢opmynoi Jlannaca,
MO3BO/ISIOLLEN ONPefennTb JABNEHUE UCKPUBIEHHOM NOBEPXHOCTH XMAKOCTU:

, 1 1
P'=o(tot—o
R "R,
B faHHOM BblpaxeHun Ry 1 Ry — pagnycbl KpUBM3HBI BYX B3aMMHO MeprneHMKYAspHbIX CeUYeHNd NMOBEPXHOCTU XMAKOCTH, a 3HaKM

ONpeaensioTcs B 3aBUCMMOCTH OT TOTO, BOTHYTAst NOBEPXHOCTD («-») Y XMAKOCTU UK Xe BbiNyknas («+»). Ans chpepryeckoin NOBEPXHOCTY

JaBJeHune, 00yCnoBAeHHOe ee KPUBM3HOW, COCTABASET
pr 20
R

Y MblJIbHOTO ny3bipa OB€ MOBEPXHOCTU — HAPYXXHAA N BHYTPEHHAA, NO3TOMY AOMNOJHMUTENbHOE OdBleHNe l/ICKpl/IB)'IGHHOVI NOBEPXHOCTKN

MbIIbHOTO NYy3bIpA 6y,£|,eT onpenendaTbCa BbIpaXXeHNem:

pr = 20 4 20
RBHeu.lH RBHyTp
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be3 COMHEHWI, TOJLLMHA CTEHOK MblJIbHOIO ny3bIpsA 0OCTATOYHO Majla NO CPABHEHWIO C €ro paanyCcom Aand Toro, 4TOObI BOCMO/1b30BAThCA

BecbMa ynoOHbIM npubamxennem: Rpyemu = R =~ R,. C yyeTom 3T0r0 M30bITOYHOE (ROMONHWTENbHOE) [ABNEHME, CO30ABAEMOE

BHYTD
Mbl/IbHOM MEHKON, OKa3blBaETCS PaBHbIM

Ecn KT0-TO 3abbin Hy WM Xe BOBCE HWUKOTAQ He Crblwan npo ¢opmyny Jlannaca, He 6ega. M30bITouHOe AaBNEHWE MOXHO
OnpefennTb BMOHE TPAAULIMOHHBIMI CNOCOOAMM, KOTOPbIMU O/KHbI BAAAETb YHACTHUKM OIMMNMaabl B 11 knacce. BoT oauH u3 Hux. B
YCNIOBWSIX HEBECOMOCTU Mbl/IbHbI My3blpb UMeeT chepuyeckyto popmy. YTo ecam cdepy ny3bipst NPeAcTaBUTb B BUAE ABYX OAMHAKOBbIX
nonycéep, Noay4eHHbIX C NOMOLLbIO CeYEHNS MIOCKOCTbIO, NPOXOASLLEN Yepe3 LieHTp cdepbl? My3blpb HAXOAUTCS B pPABHOBECHOM COCTOSIHUM,
3HAUMT CcUNa [aBAeHWs, CO3[ABAEMOr0 PaCcTHYTON WMCKPUB/IEHHOW MOBEPXHOCTbIO Nonycdepbl MAeHKW, KOMMEHCUPYeTCs CWoi ee

NOBEPXHOCTHOTO HATAXEHNA B ANAMETPA/IbHOM CeHEeHUN:

P'-mR?* = 0 2MRyyeyy + 0 * 2R yyyry = 40TR
pr 4o
"R

370 ObIN OMHAMUYECKMA noaxod. AHANOTNYHbIN pe3ynbtat MOXHO NOAYy4YUTb, UCNOJIb3yA 3HepFeTl/IHeCKl/Il7I nogxofd. MameHeHue

pafinyca noBepXHOCTH Ha GECKOHEUHO Manyio BennuuHy dR NpuBOAMT K 3n1eMeHTapHOMY (GECKOHEUHO ManoMy) M3MeHeHMIo obbema:
4 4
dv = §7T((R + dR)3 —R3) = §7T(3R2dR + 3R(dR)? + (dR)3) ~ 4mR?dR

Bnapeiowe puddepeHLMpoBaHeM NoayyaT aHanorvyHbIin pe3yabTaT oueBHaHbIM 00pasom:
dv ) )
aR - 4R = dV =4nR*dR

N3MeHUTCS He TONbKO 06beM, HO M NoLLaab NOBEPXHOCTH chepbl:
dS = 4n((R + dR)? — R?) = 4mw(2RdR + (dR)?) ~ 8mRdR
Bnagetowme auddepeHLMpoBaHEM Nerko NOATBEPAAT NPABUIbHOCTL 3TOMO pe3y/bTaTa:

a5 8mR dS = 8nRdR
_— = = =
dR T T

Cyuncb 3nemMeHTapHOe N3MeHeHKe 00bema Nny3bIpsi, CH/bl OBEPXHOCTHOTO HATSXKEHUS COBEPLUAT 31EMEHTAPHYI0 MeXaHUYecKyto paboTy:
dA = P'dV = P'4nR*dR

MOBEPXHOCTHbIV CNOM XMAKOCTH, KaK M3BECTHO, 061aaaeT 130bITOYHOM MO OTHOLLEHMIO K OCTa/IbHOMY 00beMy NOTeHLMANbHOM 3Heprviel, a
3HAYUT NPUMEHMMA TEOPEMA O NOTEHLMAIbHON SHEPTUN:

dA = —dEp = 0dS = 08mwRdR

BaXKHO He 3a0bITb, 4TO MblIbHbIN My3bIPb B OTAINUME, CKAXeEM, OT Ny3blpbka BO34yXa B BOAE, UIMeeT iBe MOBEPXHOCTY, MO3ITOMY B NoC/ejHee

COOTHOLLEHME TpebyeTCst BHECTH OUYEBMAHYI0 KOPPEKTUPOBKY:
dA = 160nRdR
ELLI,e HEMHOIo MaTeMaTuK, N Mbl I_IO}'ly“IaeM y)Ke XOpOUJO M3BECTHbIN HaM pe3yanaT:
P'4nR?*dR = 160mRdR

pr 40
R
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3HepFeTVILIeCKVIl7I noaxon, bonee FpOMO3,EI,Kl/Il7I, HO, KaK FTOBOpUTCA, 4YTO KOMY MO ayLie ... B nobom C/lydde y4aCTHMK onmmMmnmabl no
q)VI3l/IKe cpenn yvalnxca 11 knacca posixkeH O6)'Ia,EI,aTb AOCTATO4YHbIMW 3HAHUAMU U YMEHUAMU 019 OnpeaeneHnsa 0OonoJHNTEIbHOro
(VI36bITOLIHOFO) OaBNEHNA VICKpl/IB)'IEHHOVI NOBEPXHOCTN XNOKOCTN, AdXe eC/in Npo q)OpMy)'Iy Jlannaca oH HMYero n He cablwan. FnaBHoe,
6e3ycn0|3Ho, 4TOObI KOHEYHbI pe3ynbTaT OKa3a/icq (1)VI3VILIeCKl/I NpaBWibHbIM U He 3aBUCes OT Bbl6paHHOI7I TPAeKTOPUN OBMKEHUA K HEMY.
Onpe,qeneHue M30bITOYHOTO AadB/1IeHus MCKPMBIIEHHOﬁ NOBepPXHOCTH MbUIbHOW NJEHKN — 3aJauyKa He u3 NpPoCTbIX, U OHa NO NpaBy
NMPUHOCUT YYACTHUKY 9 6annos.. ,D,OI'IyCKaPO, 4YTO TeM N3 YH4ACTHMKOB, KTO 6y,D,eT HaXoguTb 130bITOYHOE naBJieHne, HauncneHne Takoro
Ko/imdyecTBa 6annoB Tem Y4aCTHMKAM, KTO 3d HA 3TOM 3Tane peweHnsa BOCNoNb3yeTcsa rOTOBOM q)OpMy}'IOVI, NOKAXXETCA HE3ACNYXKEHHbIM, HO,

KaK FOBOPUTCH, KTO KaK rOTOBMICA K COCTA3AHUIO ...

[osBneHne Yy Ny3bIpa 3/IEKTPNYECKOTO 3apad NpUBENET K TOMY, YTO CU/Ibl 3N1EKTPOCTATUYECKOTO OTTA/IKUBAHNA 6y,£lyT CTpemMunTbCA
pPacCTAHYTb ero, OKa3blBad Ha O60ﬂ0‘1Ky My3bIpa 3/IEKTPOCTATUHECKOE OaB/IEHNE. Mocne OTKpbITUA K1anaHa HUMNeas Bo3AyX MKC BbIxognT
M3 Urpbl, NOCKOJIbKY €ro AaBAe€HWe BHYTPU U CHAPYXXW Ny3bipAd CTAHOBUTCA OOMHAKOBbIM, WU Tenepb TO1bKO 130bITOYHOE [aBJjieHne,
C034aBaemMoe CuniaMmu  NOBEPXHOCTHOTO HATHKeHUA l/ICKpl/IBﬂeHHOVI NOBEPXHOCTH MbI/IbBHON MNIEHKW, B COCTOSIHUK YPaBHOBECUTb
INEKTPOCTATMHECKOE OaB/ieHNe. 3a ﬂpaBMﬂbelﬁ aHa/In3 U onpepeneHne ycioBusa paBHoBeCusi MblJIbHOTO ny3bipsa nociae COOGI.I.[,eHMfl
eMYy 3/1eKTpU4eckKoro 3apsaja J],OﬁaBIIHEM B KOMUJIKY Y4aCTHUKa eLle 3 6anna.

MycTb R - MCKOMBIi paauyc ny3bips. Kak y)Ke 0TMeuanoch, paBHOBECHOE COCTOSIHME CUCTEMbI NOC/E COOOLLEHMS 3NEKTPUYECKOTO

3apana 6y,£l,eT onpeneniTbCA COOTHOLEHNEM:
— p/
Py =P

HeobxoaMmo onpefennTb 31eKTpocTaTuyeckoe AaBeHNe, OKa3blBaeMOoe 3apsiAoM Ha 000/104KY Ny3bipst. OOLLEN3BECTHON (FOTOBOVA)
GopMy/bl HA 3TOT Clyyait HET, a NOTOMY ee NpUAETCS NOAYYUTb. [Is 3TOro, Ha MO B3rns[, yao0bHee BCero BOCMO/b30BaTbCS SHEPreTUiecknm
noaxoaoM. ECv 3neKTpUYecKmnii 3apsa, paBHOMEPHO pacnpeeneH no chepruyeckoit NOBEPXHOCTH, MOTEHLLMATbHYIO SHEPT M0 TaKOM CUCTEMDbI
MOXHO BbIYMNCANTL CAeayioLmm 06pasom:

q2

P = 8me, R

3apsif, MbIIbHOTO My3bIpst C TeYeHMEM BPEMEHW OCTAeTCs HeM3MEHHbIM, CTano ObiTb, MOTEHLMANbHAA 3HEPrus OnpeaenseTcs TONbKO
pagnycom chepuyeckoii NoBepxHOCTU. PeanonoXmM, Y4TO CUAbl 3NEKTPOCTATUYECKOTO OTTANKMBAHWS MPUBEN K YBEIMYEHMIO pagnyca

NOBEPXHOCTN Ha 0eCcKOHeYHO Manyto BeN4nHy dR, B pe3y/ibTaTe 4ero noteHunaibHaa sHeprmng n3MeHnnacb Ha

dw,

p

2001 1 2 dR 2
q( )zq ¢

~ 8me, \R+dR R/ 8mne,R(R+dR)  8me,R?
Te, KTO yBepeHHO BnafetoT anddepeHLMpPOBaHMEM, MOTYT NONYYNTb AHANOTWYHBIA pe3yabTaT nyTem MpocToro AnddepeHumpoBaHms

BbIPKEHWA [ NOTEHUMANbHON 3Heprum 3apskeHHoi cdepbl. COBEPLUEHHYIO NPU 3TOM KY/AOHOBCKOW CMIOM 31emeHTapHylo paboTy
onpeaenvm NpoBepeHHbIM Cnocobom:

dA, = P,,dV = P,,4wR?dR

C y4yeToMm NOCTOSHCTBA 3apsfa Cdepbl 415 BbluMCAeHWs paboTbl CUA 3NEKTPOCTATUHECKOTO MOl MOXHO Obl1o Obl BOCMONb30BATHCS
PyHOAMeHTaNbHBIM BblpaxeHnem dA = q - dg, HO Ham Befb HEOOXOAMMO 31eKTPOCTaTUYECKOe AAB/EHME HA NOBEPXHOCTb My3bIps, Tak
4YTO 3TOT BapWaHT Obi1 Obl N5 HAC HeyA00eH B NPUMEHEHN. INeMeHTapHOe N3MeHeHWe NOTEHLMAbHOW SHEPTUN HAWAEHO, 3NeMeHTapHast

paboTa onpepneneHa, nopa etle pa3 BCMOMHUTb NPO TEOPEMY O NOTEHLMANBbHOI SHEPrUM:

dAk = —dl/Vp
g2
P,4nR*dR = ————dR
an*Tt 8me, R?
g2
P,=—
- 32m2e, R4
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C nojiiyyeHmemM nocnegHero COOTHOLWEHWA  OWMIETAHT fABHO He  CrpaBW/ICA 6b|, Nno3TOMYy ycnewHoe onpeaeneHne BelNYuHbl
3/1eKTPOCTATMYECKOTO AAB/EHNSI PABHOMEPHO 3apsyKeHHOM cepbl MPUHOCUT YHACTHUKY AONOHUTENbHBIE 9 GannoB. Cobrpaem Bce
MPOMEXYTOYHbIE PE3Y/IbTATbl B OAHO Bblpa)XeHME, 1 OHO OKa3blBaA€TCA CIEAYIOWMM:

q? 40

32m?%e,R* R

3 q?

R= |———
128m?0¢,

Hy BOT Kak-To Tak ... 3a NnpaBU/IbHOE BbIpa)keHne [/ paauyca ny3bips Jaem YHYaCTHUKY ele 2 6anna 1 nepexofnm K pacyeTam:

3 692-10718
k= ~ 0,022 (M) = 22
128-3,142-40-1073-8,854-10712 0,022 (M) (Mm)

YT0 X, My3bIpb NOAYYMACS AOBONBLHO OOMBLIKM ... PAcYeTbl MYCTb U HE OYEHb CI0XHbIE, HO MX HEOOXO0MMO BbINOHUTL NPABUIbHO, U
Npu YCI0BUM, YTO C HUMMU BCE XOPOLLO, A00aBAseM K pe3ynbTaTy yyacTHuKa 1 6ann.

Teopvno KpaVIHe Ba)>XHO COMOCTaB/ATb C peaanoﬂ KapTMHOVI. KOCMOHaBTbI pewmnnn HenoCcpeacTBeHHO U3MEPUTb NaMeTp Ny3bipd,
HO YTO-TO NOLWWJIO He Tak, N Ny3blpb OMNHY, pa36pocaB 6pbl3fl/l MbIJIbHOIFO paCTBOpa BO BCe CTOPOHbI. OueHoYHble pacyeTbl He 0093bIBaloT
HaC CTPEMUTBCA K BbICOKOW CTENEHN TOYHOCTH. CTapl/IHa OKKaM COBETOBa/1 He MHOXUTb CyLLHOCTH 0e3 Ha,[[O6HOCTM. Tak u NnocTynum. Byﬂ,eM
CYNTATb, 4YTO B CWay LI.EHTpaﬂbHOVI CUMMMETPpUn ﬂOﬂHyBLLII/IVI ny3blpb pa3fieTMTca B Buae 00NbLWIOro  KoNMYecTsa OJNHAKOBbIX
MUKPOCKONUYECKMX Kanenek MblibHOro pactBsopa maccoin dm KaXXOad paBHOMEPHO MO BCEM HANPaBAEHNAM, NMPpK 3TOM CKOPOCTK Kanesiek
6yﬂ,yT O[MNHAKOBbI MO BEJINYNHE. BOCI'IOI'Ib3yeMCFI 3dKOHOM COXpPaHeHUst SHeprumn:

q? 4goR? = dm,;v? dm,v? dm, v? _ (dm; + dmy, + -+ + dm,)v? _ m,v?
8me,R 2 2 2 2 2
2 q*
v= |—|———— 4o R?
m, \8me,R

dopmyna nonyyeHa. ECIM pe3ynbTaT YHaCcTHMKA OKA3a/CA aHAOrMYHbIM, HaYMCAsieM emy ele 5 6annoB. Hago v Obino yunTbiBaTh
NOTEHLMA/IbHYIO SHEPrM NCKPUBAEHHOIN MOBEPXHOCTM XMAKOCTM? ECAIM CPABHUTL BENMUMHY 31eKTPOCTATUYECKO NOTEHLMANbHOM SHepriu
C BE/IMYMHON M3ObITOYHON NOTEHLMALHOW SHEPTUN UCKPUBIEHHOM NOBEPXHOCTM, TO OKAXKETCS, YTO 3TO aBCOMOTHO CONOCTaBNMble MEXY
co00/i BeMUMHbI OAHOTO Mopsaka. Pasnety kanenb, pasymeeTcs, OyaeT cnocoOCTBOBATb 3/1EKTPOCTATMYECKOE OTTANKMBAHWE, HO MO
CPaBHEHUIO C 3Heprueit Ny3bips, Kak 3apskeHHOro 00bekTa, ero NOTeHLMaNbHON NOBEPXHOCTHOW 3Heprueit npeHedperatb Heb3s. Takum
00pa3om, noc/e NOACTAHOBKM YNCAEHHDBIX AAHHbBIX OLEEHOYHOE 3HAUEeHNe CKOPOCTM OKa3blBAETCS C/IeMyIOWMM:

= = 69" 1077 4-3,14-40-1073-0,0222 9,865 ( -1
V= [15-10\8-314-8854- 1020022 > 0227 | ~ 9,865 (m

370 ObIN 3aKNI0UMTE/bHBIA 3Tan pelleHus, U 3a ero ycrewHoe NPOXoXAeHne Y4aCTHUKY ciefyeT oTAaTh nocaegHuii 1 6ann. Kcraty,
He 3Hal0, Kak BaM, a MHe NOJTy4eHHbIN pe3ynbTaT KOKeTCS BNOHe NPaBaonofo0OHbIM, a 3aia4a MHTEPECHON W aeKBATHOV .. )))

[laBaiiTe cobepem BOeMHO BCe KPUTEPUM HAUMCEHWS BaNN0B NO AAHHON 3aa4e Npu NPOBEpKe PeLleHNi Y4aCTHUKOB:

3TAN PEWLEHNA 3A0AYUYN KOJIMYECTBO bAJ1J1IOB
OnpepneneHne 130bITOYHOTO faB/IeHUs MCKpMBneHHOVI NMOBEPXHOCTK MbIJIBHON MAEHKN 9
OnpepneneHne ycnoBua paBHOBECKS MblIbHOTO My3blpa Nocne coobLeHmns €My 3N1EKTPMUYECKOrO 3apsia 3

Crp. 4
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OnpepeneHe BENMUMHBI 3EKTPOCTATUYECKOTO AABNIEHNs| PABHOMEPHO 3apsKeHHOMN Chepbl 9
MonyyeHue pacyeTHol (KOHeYHOM) GopMyJibl /151 paguyca ny3bipst 2
PacueT paguyca ny3bips 1
MonyueHue pacyeTHo (KOHeYHOM) GOpPMYJIbl /151 OLIEHKM CKOPOCTY pasnieTa Bpbi3r MblBHOMO pacTBopa 5
PacyeT OLEHOUHOTO 3HaUeHMs CKOPOCTM passeTa 1

Taknm o6pa30M, MaKCMManbHOE KOIMYecTBo 0anioB 3a pewieHne JAHHOW 3a8auM cocTtaBaset 30 0ann0B. YBaXKaemMble UneHbl

XKIopu O]'IVIMI'IVIa,[LbI! KonnuectBo 6anios 3a yCnewHoe NpoxoxxneHne Toro Wam MHOro 3tana peweHnd onpeneneHo cCopadmMepHo C10XHOCTN

3Tana u nepepacnpenenstb 6asbl B Ty UK MHYIO CTOPOHY Obino Obl HeLienecoobpasHo. Mepexoanm K cieaytoLuei 3aave ...

TepmoanHamuka | 3apanune N2 (Fa3oBbliii npouecc) ... 20 bAJIJIOB

CoCTosIHMe aproHa, B3ATOro B Konnyectee vV = 2,5 (M0JIb), U3MEHAETCA TaK, Kak NOKa3aHo Ha pucyHke. Kakosa paGorta,

CoBeplIeHHas ra3om B Xxoae npouecca, U Kakoe Ko/JiM4ecTBo TenjaoTbl ﬂOTpEﬁOBaJIOCb aag 3Toro COOﬁI.I.I,MTb ra3y? B HayanbHOM

cocrosHnmn aGconoTHas Temneparypa rasa T, = 276 (K). NonyyeHHble pesynbTaTbl OKpYranTe A0 LeNbIX 3HAYEHN.

AHaNM3 NpuBeAeHHON 3aBMCMMOCTH 6e3 Tpyia NO3BONSET YBUAETb, YTO Mbl HE UMEEM [ie/10 C M30MPOLECCOM. B 3TOW CBA3M XOpOLLO
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|
|
|
|
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|
|
|
|
|
|
e

>
Vo 2V, Vv

Obl HauaTb pelleHne C onpeaeneHns ypaBHeHWs npouecca. OH M300paxeH NpsMoi
NMHWEN, NPOLO/KeHNe KOTOPOii MPOXOAUT Yepe3 Hayano KOOpAWHAT, CTano ObiTb, 3TO

npsiMas NPONOPLMOHANBHOCTD, U ee ypaBHeHWe OyaeT CleayoLLnUM:

— = Const
v ons

nepBbIVl 3Tan peuleHns ycnewHo r|p017u1eH, N TEM Y4aCTHUKaM, KOTOpble noayvyar
YpaBHeHUe npouecca, MOXXHO CMe/10 faBaTb nepsBbie 5 6annos.

[ onpefeneHus KOAMYECTBA TEMNOTbl, COOOLIEHHON Ta3y, OYEBMAHO,
NOHafo0uUTCA NepBoe Hayano TepMOAMHAMUKMK:
Q=AU+ A
MbIC/Ib OTAIMYHAS, W 32 3TO B KOMMKY Y4aCTHUKA MOXKHO A06aB/sTb 2 6anna.

[ns onpeneneHns N3MeHeHnst BHYTPeHHew SHeprm JAHHOTO KOMYeCTBA aproHa
MoYTH BCE TOTOBO, OCTAETCH YTOYHWUTb HEKOTOpble AeTann. AproH, Kak u BCe npoune

WHEepTHble Tasbl, SBASETCA OAHOATOMHbIM, MoaTomy i = 3. Kak Obl HW 6bino, Ans

onpeneneHns koapduuyeHTa umcna creneHein cBoboabl MOEKY/Ibl Fa3a Ham MPULLIOCH 3a4eiCTBOBATb KOe-KaKne 3HaHUs U3 XUMNH, U

3TO 3aCN1y)KUBa€eT TOro, YT0 HAYMCIUTDb YYaCTHUKY elle 1 6ann. Hy N HaM I'IOHa,D,O6VITCﬂ BbIACHUTb Ha CKOJIbKO N3MeHWNACh TeMnepaTypa

rasa B Xofe npouecca. 3To MOXHO CAeNaTh C MOMOLLbIO YPaBHeHUs npoLiecca

Vi _JT 7T
v,V

vov?
T To
T, =—>VZ =242 = 4T,
2 V12 2 ]/02 o o
AT = 3T,

3a npaBunbHOe onpeaeneHne U3meHeHns abCONIOTHONM TeMnepaTypbl ra3a y4yacTHUKM 006bIBaloT ewe 2 6anna. Tenepb y HAC eCTb BCe,

4yTo HeO6XO,£I,l/IMO ANg HaXoXxJeHnsa NsMeHeHnq BHyTpEHHEVI SHEPrnn ra3a n camoe Bpems ee OTbICKaTb:

AU

Crp.5

im 3 9
= EHRAT = EVR . 3T0 = EVRTO
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3a npaBWIbHOE HAXOXXAEHWe U3MEHEHUs BHYTPEHHE 3HEPrMM ra3a Ha CuYeT yYacTHUKa ciepyer aobasutb 1 6ann. A BoT s Toro,
4T0ObI ONpefennTb paboTy rasa, NPUAETCS HANTU B3aMMOCBS3b MexXay AABNEHVEM ra3a v ero 06beMoM. IT0 abCOMOTHO TUMOBOW NOJXOL,

Y70 AA5 3TOro NoHazobmTcs? YpaBHeHMe MPOLIECCA U, KOHEUHO e, ypaBHeHe KnaneipoHa-MeHaeneesa - kak xe 6e3 Hero:

A

T
v = Const = T =V?-Const?

PV = vRT
HeMHOro 31eMeHTapHO MaTeMATWKK, U Mbl HAXOAMM TO, YTO XOTeNn:

PV = vRV? - Const?
_ = Const’
v ons

ITO He cambli ﬂpOCTOVI 3Tan peweHns, oa K ToMy Xxe elle 1 K/TIO4EBOW, NO3TOMY Y4aCTHUKM,
noiayymsiine njaHHOe COOTHOLIeHue, Nno npasy NOay4aloT B CBOKO KOMWJIKY o4yepenHbie 3

P> Gaana. Takum 00pa3om, JaBneHue ra3a B xofie JaHHOrO HaM MpoLiecca U3MeHsIeTCst NPSIMO

Ve 2V, \ 4 nponopuMoHaabHO ero O6beMy, M 3TO OTIYHbIE HOBOCTU, MOTOMY KaK pa60Ty, COBEpLUEHHYI0
dProHOM, MOXXHO OMnpenenTb Fpad)VIHeCKVII

. P, +2P,

3 3
2 (2V, = V) = SRV, = VR,

2 2

HanomH!0, BCAKMIA pas, Koraa Mbl CTA/IKUBAEMCS C KAKUMW-TO HETUMMYHBIMUM MpoLieccaMi, paboTa ra3a B Xofe KOTOpbIX He onpefensiercs
TEeMW WM MHBIMM 0OLLEN3BECTHBIMM (FOTOBLIMM) COOTHOLLEHUSIMMU, W PY 3TOM HET HI MANIEMLLETO XeNaHWs 3aHUMATbCS MHTErpUPOBaHHEM,
rpadmueckunin cnocod — eAMHCTBEHHAs BO3MOXXHOCTb OMpeaeneHns COBepLIEHHOI ra3oM paboTbl, XOTS, CNPABEAIMBOCTM PAiM 3aMeyy, UTo
cam no cebe JaHHbIN Npuem sBasieTcss rpaduyeckoit MHTepnpeTauneit onpeaeneHHoro uHTerpana. Mockonbky noayyeHue KOHe4How
¢dopmynbl pas onpeaeneHus paboTbl NOTPeGOBANO He TONbKO MOHMMaHWE (U3NKM MPOUCXOASALLET0, HO U YMEHUe BblUUCIATb
n/owaab TpaneLmm, 3a ycnewHoe NPoxoXxaeHne JAHHOTO 3Tana pelleHus ¢ J1erkoi Aywoi otaaem pebsTtam ewe 3 6anna.

W Tenepb OCTaeTCs ONpeaenuTb KONMYECTBO TeNIOTbI, COODLEHHON rasy:
, 9 3
Q=AU+A" = EVRTO +EVRTO = 6VRT,

JlobaBnsiem 3a KOHeuHyl0 Gpopmyny Ans KOMYecTBa TenaoTbl ewwe 1 6an B 00LLYI0 KONU/KY pe3yibTaTUBHOCTM YHaCTHHUKA.
Hy BoT, fieno caenaHo! 3aBepluaem peLleHie, BbINONHASN HeOOX0ANMbIEe pacyeTbi:
A'=15-25-8314-276 = 8604,99 ~ 8605 (/Ix)
Q=6-25-8314-276 = 34419,96 ~ 34420 (/1)

OcTaBlumecs 2 6an1a HAYUUCISEM MO OAHOMY 3a Ka)XKA0€ U3 ABYX YCMELHO NPOBEAEHHbIX BbIYUCAEHHIA. HacTaeT nopa cobpatb BOeAMHO

BCe KpUTEPWUM HAuMCNeHns BaNN0B NO LAHHO 3aia4e NPy NPOBepKe peLleHMit YHaCTHUKOB:

3TAI PEWUEHUA 3AAAUYNU KOJINYECTBO BbAJIZIOB
Onpepenexye ypaBHeHws npoLiecca 5
HeobxoaMMOCTb NPMMEeHeHWs! NePBOTo Hayana TepMOANHAMMNKN 2
Onpepnenerve koadduuyeHTa yncna cteneHein cBoOObI MOEKY/Tbl aproHa 1
Onpepeneryie n3meHeHns abCOMOTHOI TemnepaTypbl rasa 2
Onpenenexve U3MeHeHs BHYTPEHHEN SHepry aproHa 1
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YCTaHOB/IeHME B3aMMOCBS3N Mexy AaBeHremM 1 06beMOM rasa B Xofie npoLecca 3
Onpepeneryie paboTbl, COBEPLIEHHO ra30M 3
Onpegenexye KoAMYeCTBa TeNIOTbl, COODLLEHHOTO rasy 1
PacueT coBepLUEeHHOM ra3om paboTbl 1
PacueT KonmMyecTBa TeNNOTbl, COOOLLEHHON rasy 1

Taknm o6pa30M, MaKCMMaJIbHOe KOIMYecTBO 0a/1oB 3a peweHne JAHHOWM 3a8aum cocTaBaseT 20 0annoB. YBaKaemble UneHbl
Xiopu O]'IVIMI'IVIa,[LbI! KonunyectBo 6annos 3a yCnewHoe rnpoxoxaeHne Toro nam MHOro 3tand pewennd onpenesieHo Copa3mepHO C/I0XHOCTH

3Tana u nepepacnpenfensTb 6anbl B Ty UK WHYIO CTOPOHY Oblo Obl HeLlenecoobpasHo. Mepexoanm K nocnefHei 3aave ...

MexaHuka | 3apaHue N23 ([iByckaTHas ropka) ... 25 bAJIJIOB

MpeAnonoXum, YTo B HalEM PacniopsXKEHUH eCTb ABYCKATHas ropka, Npo¢u/ib KOTOPOI NPEeACTaB/AEH HAa PUCYHKe. Yron
HaK/I0Ha BEPXHET0 CKaTa Mo OTHOLWEHUIO K ropu3oHTy paBeH ¢ = 30°. Mepexoa MeXxay NJIOCKUMU NOBEPXHOCTAMM CKaTOB
peanu30BaH MOCPeACTBOM 3aKpYr/ieHUs B BUE yrn OKpYxHocTn paguyca © = 1 (M) ¢ ueHTpaibHbiM yriom §. ToHkoe
oaHopoaHoe Heaedopmupyemoe Konbuo pagycom R = 25 (CM) NomewanT Ha ropky Tak, YTo ero ni0CKOCTb COBNAJAET C
MIOCKOCTbIO PUCYHKA, N OCTOPOXKHO OTMYCKAIOT 63 HauabHON CKOPOCTU. B MCXOAHOM MON0XKEHWUM LIEHTP KOJIbLIA HAX0AMACS
Ha Bbicote h, = 60 (CM) no oTHOWEHMIO K Hayany 3aKpyrieHus. OnpeaennTe 3HauyeHue yrna G,,, NP KOTOPOM KO/bLO B
NpoLiecce CBOEro JBMXEHUSI CMOXET ABUraThcs Ge3 0TpbIBa OT NOBEPXHOCTU FOpKu? MoNyyeHHbI OTBET OKPYInTe A0 Le/oro
3HaueHus. CKaTbIBaHWE KO/IbLIA MPOUCXOAUT Oe3 NPOCKaNb3bIBAHMS U CKAUKOB.

3a/jaua MHTepecHa TeM, YTO aKLEHT B ee PeLUeHM CTaBUTCA Ha YMeHWe aHaNM3MpoBaTb BO3SMOXHbIE BapuaHTbl. OYeBWAHO, B
MPOLIeCce CKaTbIBaHWS KO/bLO Hen30exHO AOCTUTHET Havana 3akpyrieHus 6e3 kakoro-1mbo oTpbiBa MM CkaykoB. MepBas Nnpobnema MoxeT
BO3HWKHYTb B TOUKe B (CM. puc.). EC KacaTenbHas K OKpPY>XXHOCTM B 3TOI Touke OyaeT HakNOHEeHa K TOPU3OHTY MO YI10M, NPeBbILLAtoLLEM
(, KONECO OTOPBETCS OT FOPKM U YIAET B CBODOAHbIV NONET, & €CAN YTo HAKIOHA KacaTeNbHOM OKAXKETCS MeHbLUE Yria HAkN0HA BEPXHEro
cKata, Ko/bLo NpU Nepexofe Ha 3aKpyraeHne NoackoumnT. H1 Toro, HU ipyroro HabaaaTbest He JOKHO, 2 TOTOMY eAMHCTBEHHO BO3MOXHbI 7
BApWaHT - KacaTe/bHash K OKPYXXHOCTH B TOUKe
B fomkHA Nexatb B MAOCKOCTWM BepxHero
cKata, T. €. [Jo/mKHa OblTb HAK/JOHeHa K

FOPU30HTY NOJ, YINIOM .

Y70 Ke KacaeTcs nepexona Kobla B
npoLecce CBOETO [ABWKEHWA Ha HWKHUIA CKaT
(touka C), TO 3[ecb CuTyaLus cCregyrowas.
BeKTop CKOpPOCTM LieHTpa Macc Ko/bLa B TOUKe
C pomkeH OblTb napanneneH MaocKocT
HWKHErO CKaTa, KOTopas, KOHEUHO )Ke, JOMKHA
cogepxatb Npy  3TOM  KacaTe/bHyl0 K
OKpY>XHOCTY B Touke C. [ouemy Tak? A noTomy,
YTO €XEeNN HWXHWIA ckaT OyaeT cocTaBsTh C

BEpPTUKa/IbIO  yrof, MEHbLLINIA, YeMm BeKTop

Hyn1eBov ypoBeHsb E, e
L 2/_ e _)/f_ o f _________ ‘i/}_’_ o CKOPOCTY LieHTPa Macc Ko/bLa C BEPTUKANbIO,

TG KOMbUO, [OCTUTHYB TOUKM C, copsetcs B

cB00OOJHOE NafieHue, Hy a B cyvae Gonbluero

yrN1a c BePTHKAbIO KATALLEeCs KO/bLo NpY NEPBOM KAaCaHWM HUXKHErO CkaTa NOACKOUMT. HY TOTo, HW APYroro, HarmoMHIO, Mo YC/I0BMIO 33auM
Ha00aaThCA HEe JOKHO.

HakoHeL, KONbLLO pUCKYeT OTOPBATLCS OT FOPKM Ha 3Tane ABWXeHUs Mo 3aKpyrieHuio, v 3TOro ToXe HeoOXoanMo n3bexaTtb. Bece
3aBVCUT OT A/IUHbI lyr¥ 3aKPYINIeHNs, ONpeLensiemMoi BEMUYMHON LIEHTPaIbHOO yraa &, CTano ObiTb, Mbl U JO/KHbI ONPefeuTb Takoe ero

Crp.7
MOTUIEBCKAS TOPOACKASA ONIMMMUALA LLUKOJIbHNUKOB MO ®U3UKE | 11 KNACC



MOMCK 3HAHMI HE3ABMCUMO OT MX MPUMEHUMOCTY Gbll BAXHOI YEPTOI YenoBeka Ha MPOTSHKEHNM BEKOB, MPU3HAKOM €ro BbICLUErO MPOMCXOKAEHUS ...
Makc ¢oH Jlays | HobeneBckas npemus no ¢pusnke (1914)

®U3NYECKUE OTMMINAJDI | 11 KJTACC
MOTUJIEBCKASl TOPO/JICKASl OJIMMMNUAJA LKOJIbHUKOB | 2020-2021 YYEBHBIN rOJ,

3HaueHue, NP1 KOTOPOM OTPbIBA HE CTYUMUTHCS BIIOTb 40 ToUkM C. 3@ aHan3 KOHGUrypaumm ropkm ais obecneueHnst ABMKEHNS KObLA
6e3 oTpbiBa 1 CKaukoB pebsTa A06bIBAIOT NepBble 6 6a110B B KONUAKY JAHHOI 3a4a4M.

[na onpeaeneHHoCTn 6y,ueM CYMTATb, YTO Hy}'IeBOVI YPOBEHb OTCHETA rpaBVITaLI,VIOHHOVI NOTEHLMAIbHON SHEPrMn NpoxoauT vyepe3
LLEHTP KPMBU3HbI Nepexodd Mexay CKaTaMun ropku. |_|OCKO}'Ibe KO/IbLIO B [IAHHOW 3a/1a4e He MOXET CUMTATbCS MaTepmaanon TOYKOM, Mbl
00s13aHbl paccMaTpuBaTb ABMXKEHWNE €ro LLeHTpa Macca, KOTOprVI, O4€eBUAHO, CcoBNafaeT C LeHTpOM CMMMETPUN KOJibLid. C Y4€TOM 3TOrO B

Haya/IbHblA MOMEHT BPEMEHM NOJIHAA SHEPrua Tena 6yﬂ6T OnpeaendaTbCa BbIpaXXeHNEM:

Eyay = mg(h, + 1 cos(g))

3nopoBo! Tem, KTO OnpeAennn HavyaibHyl0 3Heprui0 Tena, AobaBnasem 2 Ganna. KonbLO OCTOPOXKHO OTMYCKAIOT, M OHO HAuMHAeT
JBUraTbCs B BEPTMKAbHOM MAOCKOCTM BHU3 MO BEPXHEMY CKaTy, MOCTEMEHHO PacKpy4MBasiChb MpW 3TOM. [10Ka HUYEro KpUTUYHOTO Man
HACTOPAXXMBAIOLLEr0 He NPOMNCXOAMT. BCce MHTepecHOe HauMHAeTCs Toraa, Koraa KobLo JOCTMraeT nepexofa Mexay ckatamu (Touka B) u
ero [BWXEHWEe CTAHOBUTCH KPWBOJMHENHbIM. [IAMHA [yrM MOXeT 0Ka3aTbCsl TakoW, YTO B HEKOTOPOW ee TOYKe KONbLO OTOPBETCH OT
MOBEPXHOCTM TOpKK, N Aa/bHElLLee ero ABMkeHne OyaeT npencTaBasTb coboii cBoO0AHOe NageHue. NpeanoaoknM, YTO 3TO MPOMCXOAUT B
Touke C. 3a[a4a O [BVXKEHUW Tena No HAKAOHHOW MOBEpPXHOCTU ABAsSeTC abCOMOTHO TUMOBOW 3aayeil Mo MexaHuke, fa M 3afada o
HaXOXAEHMN TOYKM OTpbIBa Tena OT Chepuyeckor HAKIOHHON MOBEPXHOCTM He MeHee TWUMOBAs, MO3TOMY B HalleM Cly4yae onucaHue
JBWXEHUS KONMbLA HEe A0MKHO BbI3BATb CEPbe3HbIX 3aTPYAHEHWIA Y YY4aCTHUKOB OAMMNMAb!, 0COBEHHO ecnn peyb maeT ob yyawmxcs 11
Knacca. [oBTOPIOCh: MOKA HMYero 3AaK0ro, HO 51 BMOJIHE A0MYCKAIo, 4TO He Bce pebsTa 06paTaT BHYMAHMe HA BpaLLaTeNbHO-NOCTyNaTeNbHOe
JBWXEHWE C BblTekaloLLeit 0TCloaa GrU3NYECKON «U3IOMUHKOW» ... )))

I'Ipe,ueanoe 3HayeHne (Sm 6y,D,EM onpeaendTb NCXoAs M3 TOro, YTO B TOYKe C mbl pa3pewnm KoJibLly Ha MFHOBEHWE OKA3aTbCA B
COCTOAHNN HEBECOMOCTN. nOTepFI KOHTAaKTa C NOBEPXHOCTbIO O3HAYAET, YTO Te/I0 NepecTaeT Ha Hee AaBUTb. MH,D,VIKaTOpOM 3TOro ABNAeTcd

ncye3HoBeHne HOpMaﬂbHOVI CW/Jibl peakunn NoBepXHOCTU N. ,[ll/IHaMI/IKa KOJiblid B TOYKE OTPbIBa O4EBNAHA:
- -
md, =mg

v

mo— L =mg cos(6p, + @) = vZ =g +R)cos(8, +¢)

3a ycnewHoe HaxoxaeHne CKOpPOCTY LieHTPa Macc KO/bLiA B MOMEHT €ro OTPbIBa HA CYeT yYacTHUKA Heo0X04MMO 3a4NCANTD
5 6annoB. Tenepb He NOMeLLA0 Obl NOAKMOUMTH 3aKOH COXPAHEHUS SHEPriK1, HO BO3MOXHO /11 3TO, Be/lb Ha KO/bLIO B NPOLIECCE [IBMXEHUS!
AeicTBYeT cuna Tpenns? C yero BAPYr Mbl KOCHYANCH TPeHUS?

OO6patuTe BHMMaHWe: B 3aaya CKa3aHo, YTO KOJbLO cKaTbiBaeTcs 6Ge3 Npockanb3biBaHWs, a 6e3 Haanuus TpeHws nogobHoe
HEBO3MOXHO. TpeHWe rpo3uT HapyLLEeHNeM 3aKOHA COXPAHEHWs 3HEPr1M, U NOTOMY HeoOXO4MMO BO YTO Obl TO HW CTAO NOMeLATb emMy
HapYLIMTb HaWW NAaHbl. OYeBMAHO, Mbl MMEeM [eo C TPeHWeM NOKOS, U MOCKO/bKY TOYKA ee NMPUIOKEHUS K KO/bLYy B 11000 MOMEHT
BpPeMEHM HeroABMXHA OTHOCUTENbHO MOBEPXHOCTW FOpkM (NPOCKab3blBaHWe OTCYTCTBYET), Cvna TPeHWs Mokosi paboTy coBepluaTh He
Oypet. YTo Kacaetcsi OCTafbHbIX CWA, TO CUAA TAFOTEHUs ABASIETCH KOHCEPBATWBHOW, HOPMaibHas Cuia peakumy NOBEepXHOCTU
nepneHaMKyNsipHa MrHOBEHHO CKOPOCTY KO/bLA, @ 3HAUMT paboTbl OHA TOXe He COBEPLUAET, Tak YTO NPENsTCTBUIA ANsi COXPAHEHMS MONHOW
MEXaHWNYECKOI 3Heprun konbLa HeT. Knacc! Mol caenanu 31o! TpeHue Ham He nomexa!l ... ))) AHanU3 BO3MOXXHOCTU NMPUMEHEHMUS! 3aKOHA
COXpPaHeHWsl NO/HOV MeXaHUYeCKoil SHepPrumn HeobXoaUMO 00s13aTe/IbHO OTMETUTD, L0OABMB 3a HEr0 YHacTHUKY 3 6anna. [leiicTByem!

muv?

2

mg(h, + rcos(p)) =2 + mg(r + R) cos(5,, + ¢)

A BOT 1 Ta CaMas «M3I0MUHKA», O KOTOPOIA 1 yIOMMHAN. KObLO-TO Belb KaTUTCA, M B PAMKAX 3aKOHA COXPAHEHUst SHEPTMN Mbl 00S3aHb
YUMTbIBATb KMHETMUYECKYIO SHEPrI0 He TO/IbKO ero MOCTyNaTeNbHOro, HO W BPALLATENbHOMO ABWKeHUs! BOT TyT MHOrMe Konnern moryt
3anpoTecToBaTh, 00BMHMB MeHS B BbIXOAE 3a Npefe/bl JO3BOAEHHOr0. M03B0I0 cebe C HUMM C HUMM He COrNacnTbes. PaKT TOro, YTo ecn
TOHKOE KO/bLO KaTUTCA 0e3 NPOCKA/Ib3bIBAHMS, BENNUYMHBI KMHETUYECKON HEPrUN ero MOCTYNaTeNbHOMo M BPALLATENbHOMO [BMKEHMs
PaBHbl, JOMMKeH B 0063aTebHOM NOPAAKe BKNAAbIBATLCA B yMbl PeOAT Npy 1X NOArOTOBKE K GU3MYECKMM 01MMNMaam. 310 06CTOATENLCTBO
00OBACHSET YABOEHME KUHETUYECKOI SHEPrM NOCTYNATENbHOMO ABVXEHMS KOMbLA. BaxHbIi 3Tan, 1 pedsaTa, NpuMeHUBLIME As pelleHus
33241 3aKOH COXPAHEHMs SHeprM u He No3abbiBlLIKME NPU 3TOM Y4eCTb KMHETMYECKYI0 SHEpruio BpalleHus, 3apabarbiBaioT eule 5
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6annos. HeO6XO,D,VIMOCTb yyeta KWHETMYeCKon IHEPTMKN BPpaLlleHNsa NMPUHLNTINA/IbHA, d €XeJIN KTO-TO N3 Y4aCTHUKOB 3TOr0 He CAed, He
NMPUHMMATb 3TO 00CTOSITENILCTBO BO BHUMAHMe npwv nNpoBepke pa60T Y4aCTHUKOB Ob1710 Obl OLUIMOOYHO C TOUKM 3peHnd q)l/l3l/IKl/I!

B KauecTBe JONONHUTE/IBHOTO KOMMEHTApWS K YABOEHMIO SHEPTM No3BoI0 cebe Hebo/bLIoe OTCTYNeHVe. ECTb 13BeCcTHas 3apada
00 ynpyrom CTONKHOBEHMM HEDOABLLIOTO TeNa, NETALLErO C HEKOTOPOW CKOPOCTbIO, C MACCUBHOW MIUTON, B CBOID OYepeb ABVXKYLLEACS eMy
HaBCTpeYy C HEKOTOPOW CKOPOCTbIO. 3aa4a U3BECTHAS, PaBHO KaK M M3BECTEH ee pe3ynbTaT. ITa 3a4ada MHOTUMM KOAEraMm BK/IOYAETCS
B NepeyeHb 0053aTeNbHbIX K pa30opy Npy NoAroToBke pedaT k oamMnmragam no ¢pusnke. CornaceH Ha Bce CTo, HO pacCMATPUBATh ee peLleHne
HALIeXWT He TONbKO U He CTO/IbKO B PaMKax KMHEMATUKM, ONMPasicb MPY 3TOM Ha UCMO/b30BaHNE COMHUTENbHOW MAaHUNYSLMK CUCTEMAMM
0TCYeTa, CKONbKO B pamkax 610ka 3314 Ha CTONKHOBEHMS Te, ONMPasich Ha GyHAaMeHTaNbHble 3aKOHbI COXPAHEHMS MMMYAbCa 1 SHEPTUN.
370 91 K TOMY, 4TO 33/ia4y 0 KaTsLlemcs 6e3 Npockanb3biBaHMs KosbLie (00pyye) cneayeT B 0653aTebHOM NOPSAKe PACCMATPUBATh He TONbKO
B paMKax KMHEMAaTMKW, HO M C 3HEPTeTUYECKON TOUKM 3peHnsi, Be3yCIOBHO YNOMMHAR CUTYALMIO C YABOEHMEM KMHETUYECKOHR SHEpruu.
O[1HaKO, BEPHEMCS K PELUEHNIO ... )))

CBA3blBaeM Mnoc/iefHee COOTHOLLEeHWe ¢ BbIp)KEHMEM, KOTOPOE [dn Ham BTOpOVI 3aKOH HblOTOHA, BbINOJHAEM HeO6XO,EI,l/IMbIe
npeo6pasoBava M B pe3ynbTaTe 3TOro rnojiydaem:

h, + 1 cos(p) = 2(r + R) cos(6,, + @)

h, + 7 cos(p)

cos(8,, + @) = 20 1 R)

Taknm 06pa30M, NCKOMbIN HaM yron 6y,D,eT onpeaenaTbCa BbipaXXeHNeM:
h, + r cos(¢)

6,, = acrcos 2+ B — @

MpucTynaem K pacyeTam:

5. = 0,6 + cos(30°) 30° ~ 24°
'm = acrcos 7125 =

Mpuyrnax 8 < &, KonbLo byaeT ABMraTbCs N0 06eMM ckaTam KpbILLK, a eCK OKAXKeTCs, 4To § > §,y,, OHO COPBETCS C MOBEPXHOCTM FOPKM
W panbHeilee [BWKeHWe Konblua OyaeT npenctaBnatb coboit cBoboaHOe nasfieHne. Tem, KTO yCMEIWHO CMpaBWiCA M C 3TUM 3Tanom
peluenus, f06aBAsIEM B KONW/IKY pe3y/bTaTUBHOCTY elwe 3 6anna.

MOCKO/bKY 3aKpyrieHue sBaseTcs 00si3aTeNbHbIM 31eMeHTOM KOHGUIypaLymn ropku, Mbl 0053aHbl HAIOXKMTb O4EBWAHOE YCI0BYE

6 > 0. [laBaiite NOCMOTPUM, BO YTO 3TO BbINbETCS:

hy + 1 cos(g)

acrcos 2(7" n R)

PaccmaTtpvBaeMble HamMm YIibl ABASKOTCS OCTPbIMKM, a KOCWHYC, Kak M3BECTHO, B MEpBOM KOOPAMHATHOW YeTBepTW sIBASETCH YObIBaloLLel

PYHKLMEN, N03TOMY Noc/efHee HePaBEHCTBO CTAHOBUTCS TaKMM:

h, + 7 cos(¢)

2+ R o)

CerogHs Ob110 4OBO/IBHO MHOTO MAaTEMATMKM, OCTAIOCh COBCEM HEMHOTO:

h, < (r + 2R)cos(¢p)

he
cos(p) > ——x

<aereos (7]
() acrcos T 2R
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MOMCK 3HAHMI HE3ABMCUMO OT MX MPUMEHUMOCTY Gbll BAXHOI YEPTOI YenoBeka Ha MPOTSHKEHNM BEKOB, MPU3HAKOM €ro BbICLUErO MPOMCXOKAEHUS ...
Makc ¢oH Jlays | HobeneBckas npemus no ¢pusnke (1914)

®U3NYECKUE OTMMINAJDI | 11 KJTACC
MOTUJIEBCKASl TOPO/JICKASl OJIMMMNUAJA LKOJIbHUKOB | 2020-2021 YYEBHBIN rOJ,

Bce xenatoume MOTYT BMeCTe CO MHOW y6e,D,VITbCFI, 4YTO NPUMEHUTE/IbHO K NCXOAHbIM AdHHbIM Hallen 3agayum 3T1o yCNoBWE BbINMOJIHAETCA:

) ~ 66,42°

acreos (1 +2-0,25

30° < 66,42°

A ecnv Obl HET? YTo 03Hauano Obl HEBbINONHEHME JAHHOTO YCI0BHMS? A 03Ha4aI0 Obl OHO TO, YTO B MPOLIECCE CKATHIBAHUSA KO/bLIO OTOPBETCS
OT MOBEPXHOCTYW FOpKM HENOCPeACTBEHHO B TOUKe B, yias B cBOOOAHOE NajeHWe, 1 TeM yYaCTHUKAM, KOTOpbie He 3a0yayT BbINOIHUTD
aHa/In3 No/lyYyeHHOoro oTBeTa, Aobae/isem nocneaHue 2 6anna ... )))

Hactana nopa cobpatb BoeAMHO BCe KpUTEPUI HAUMCEHNs BANN0B MO JaHHOI 3a/iaue NPy NPOBEPKe PeLLeHNit Y4aCTHUKOB:

3TAI PEWEHUA 3A0AUYU KOJIMYECTBO bAJIJIOB
AHaM3 KoHUrypaLum ropku Ans obecreyeHus Tpedyemoro ABMkeHMs 6
OnpefieneHe NepBOHAYaNIbHOMN SHEPruK KObLA 2
HaxoseH e BEMMUMHbI CKOPOCTU LIEHTPA MAcC KO/bLIA B MOMEHT OTpbIBa 5
AHa/M3 BO3MOXHOCTY NPUMEHEHWS 3aKOHA COXPAHEHMS! MOMHOIN MeXaHUYECKoi SHepriu 3
MpUMEHeHWe 3aKOHa COXPaHEH!s NOHOM MeXaHUYECKON SHeprim 5
royyeHue KOHEYHOM (pOpMY/bl U pacyeT npeenbHO BO3MOXHOTO YIia 3akpyraeHus 2
AHa13 NONYYEHHOTO pe3ynbTata 2

Takum 06pa3om, MaKcMMasbHOe KOMYecTBO GansioB 3a pelleHne JAHHOW 334 COCTaBAseT 25 6annoB. YBaXaemble UfeHbl
Xiopy onmnuaipl! Konmyectso 6annos 3a ycnelwHoe NpoXOXAEHVe TOro UaK MHOTO 3Tana peLueHns onpefeseHo COpa3mMepHO CI0XKHOCTM
3Tana v nepepacnpenensTb 6anbl B Ty AN UHYIO CTOPOHY Oblno Obl HeLenecoobpasHo.

Crp. 10
MOTUIEBCKAS TOPOACKASA ONIMMMUALA LLUKOJIbHNUKOB MO ®U3UKE | 11 KNACC





