OJIUMITMAJA HIKOJBbHUKOB «IIOKOPU BOPOBBEBBI I'OPbI!» ITO ®U3UKE.
2015/16 yueonsriii ron, 3SAJAHUE 3AOUYHOI'O TYPA. 10 u 11 knacchl.

Yacts ||I. «<ASOBPETEHHA KOHCTPYKTOPA KIIATIIAYITHUA ».
Bo3MoskHbIe pelieHUus] 1 KPUTEPUHU OLCHUBAHMS.

1. («Crapunnasi ayna») OnHaxael Knanaynuii Hamen y ceOs B KaOMHETE CTapUHHYIO
Ayny — JWH3Y OOJIBIIOrO JMaMeTpa, BCTaBICHHYH B ompaBy. OH B3sUl JIaMIIOYKY C
NPSIMOJIMHEHHOM CBETSIICHCS HUTHIO JUIMHOW L =5,4 MM, pa3MecTHII e TakK, 4TO cepeiiHa HUTH
OKa3aJlaCh Ha TJIABHOW ONTHYECKOW OCH JIMH3BI, 2 caMa HUTh ObljIa MEPICHIUKYIISIPHA STOW OCH.
KoHCcTpykTOp pasMecTuis SKpaH Tak, YTO Ha HEM HAOIIONAIoCh 4YeTKOe HM300pa)KeHHWE HUTH
JaMIIbl 1 OOHAPYKHIL, UTO pa3Mep u3oopaxenusi L, =1,8 MM. 3aTeM OH MOBEPHYI JIAMITy TaK, YTO

HUATh PpACMOJIOKUIIACh BJOJb TJIABHOM ONTHMYECKOW ocu JiMH3bL llepememas skpan
MHUKPOMETPUYECKUM BUHTOM, Kiamayuuii akkypaTHO W3MEpUJ UIMHY HOBOTO HM300pa)KeHUs
Hutu. Kakoil pedynbrar oH noayuun? IIpu Bcex M3MepeHUsIX PacCTOSHHE OT HUTH JI0 JIMH3bI
obL10 O0s1ee 60 cMm.

Pemenne:
N3ob6paxenue, Ha0M0AaeMO€e Ha dKpaHe — 3TO

JICUCTBUTENPHOE  HM300paXkeHHE,  KOTOpOe
MOXHO MOJIYYHUTb  TOJIBKO C IIOMONLIBIO
coOuparomel JIMH3bI, €CIH PACCTOSIHUE OT
00BeKTa 0 JHMH3BI Ooyblie ee (OKYCHOTO

paccTostHUSL (CM. PHCYHOK): a>F. U3
MMOCTPOCHUA IJId TaKoro ciy4dasa BHIHO, YTO

b
YBeJ'II/I‘{eHI/Ie l'IpI/I HOHepe‘IHOM paCHOHOX(eHI/II/I HUTU: k = —% = ——. C y‘IeTOM q)OpMYJ'ILI JIMH3bI
a
1 1 1 aF L, F
HaxoauM, 4TO — +—=—= b = - — = . OTMeTI/IM, YTO 3aJaHHBIC 3HAUCHU A L
a b F a-F L a-F

u L, coorBerctByror a=4F, mpudeM, Kak clenyeT M3 YCIOBHs, 3TO PAcCTOSIHUE OBLIO

3HauUUTENbHO Oousblie pazMepa HUTU. CrenoBaTeNbHO, MPH MPOJOJIBHOM PACHOJ0KEHUU HUTH
TOKe OblJIa Jajieka OT JIMH3BI U OT ee OJMMKHEro Gokyca. 3HAYUT, MOYKHO MOITYYUTh BBIPAXKEHUE
JUISl yBEJMUEHUS] HUTH HETIOCPEICTBEHHO U3 (POPMYJIbI JTMH3BI:

Goa-Lol,-h-p-B-DF_aF _ F Lz( F jL.
a-L-F a-F (a-L-F)@a-F) a—-F

Takum o6pazom,
LY, L
L,=|-=+| L=-"2=06mm
L L

MOXXHO OIIGHHUTh BO3MOXKHBIM p8.36pOC 3HaYEHHUI LZ’ B34B pC3yJbTAaT JIA MHUHHUMAJIBHOTO

JOMYCTUMOTO 3HaueHus a =60 cwm: L(Zmax) ~ 0,607 Mmm. fIcHO, YTO TOYHOCTH OIpeACTCHUSI

pa3Mepa npu OrMMCaHHOM criocooe I/I3MCpCHI/II71 HC ITIO3BOJINT 06Hapy)KI/ITL TAaKOC€ pa3Invuc.
2

L
OTBET: L, = Tl =0,6 MM.
KPUTEPUU OIEHUBAHUNSA:



EcTp npaBuibHOE IOCTPOCHUE UIIA BEPHBIE PACCYKICHUS 2

[Tonydyena ¢opmyna sl MONEPEYHOTO YBEIUYCHUS yepe3 | 3
¢dokycHOe paccTosiHHe (ONTHYECKYIO CHIY) JHUH3BI |
PACCTOsIHHE 10 UCTOYHHUKA

[Toyuena ¢opmyna st morepeyHoro ypenudenus uepe3 | 5 | Ecniu 6e3 ycioBust Manoctu

dbokycHOEe paccTossHHE (ONTHYECKYIO CHITY) JIMH3BI | pasMepa  MCTOYHMKA  WIIH

paccToAHUE JO0 UCTOYHUKA aHaau3a BO3MOKHOT'O
nyamnasoHa 3HadeHuii — 3
oas1a

[TonydeH npaBUIIbHBIN AHATUTUYECKUI OTBET 4 | Ecnmu  4YHCIEHHBIA  OTBET

[TonydeH npaBUIIbHBIA YACICHHBIA OTBET 1 | monmydyeH 6e3 aHAIMTHYECKOTO

— TMyTeM BBIYHCICHHUS JUIA
BBIOpaHHBIX «ITPUMEPHBIX)
apaMeTpoB, TO  CTaBUTCS
TOJNBKO 1 0aJIJI 32 YMCIIEHHBIH
OTBCT

MAKCHMAJIbHBIN BAJIIT 15

2. («<Hapymennass cumMmerpusi») B oaHom wu3 cBoux wu300pereHuii Kamayiuii
HCIIOJIb30Ball CUMMETPUYHBIN «IBOHHOM» KoJeOaTeabHbI KOHTYP, CXeMa KOTOPOTO BMECTE CO
CXEeMOH YCTpOMCTBa JUIsl 3amycka KoyiebaHWil MmokazaHa Ha _I:}i

1y 2 C |
pucynke. IIpy HCHONB30BAHWM KOHTYpa KIKOY CHadana g c

NEPEeBOJUTCS. B IOJIOKEHHE 1, a 3aTeM 3JIEKTPOHHOE L 4C L
YCTPOMCTBO TMEPEBOIUT KIIOY B IMOJOKEHHE 2 B MOMEHT, ‘

Koraa 3apsana WIECBOI'O» KOHACHCATOpa JOCTUT

MaKCUMAaJIbHOTO 3HaYeHus. HaliTu 3aK0H U3MEHEHHUs 3apsiia

Ha «IIpaBOM» KOHJIEHCATOpE IMOCJE€ 3TOr0 MOMEHTA BpeMeHHU. J[0 Hauana MCIOJb30BaHUS BCE
KOHJIeHCATOpbl  ObUIM  paspskeHbl. CONPOTHUBICHMSIMH BCEX DJIEMEHTOB CXEMbl Ha
paccMaTpUBaeMbIX MHTEpBalaXx BpPEMEHM MOYKHO IpeHeOpeub, OCTalbHbIE HX MapaMeTpsl
MIOKa3aHbl HA PUCYHKE.

Pemenue:

PaccmoTpuM cHauana mpoiiecchbl, IPOTEKAOIUE B CXEME MOCIE MEPEeBOa KIII04a B MOJIOKEHHE
1. B koHType, coaepXkallleM HCTOYHUK, <«IEBBbIH» KOHJIEHCATOP M KaTYyIIKYy, BO3HUKHYT
koneOaHus. Tak Kak CONPOTUBJIEHHS MPEHEOPEKMMO Majbl, TO 3TH KojeOaHus OyayT
ciabo3aTyxaroluMu  (TO eCThb MpPAaKTUYeCKH TrapMoHudeckuMmu). Konebanus 3apsna Ha
KOHJeHcaTope  OyayT  NpPOMCXOJUTH  BOKPYI  PAaBHOBECHOTO  3HaueHHs  (OYEBHJHO
cootBercTBYyonmero @, =C&). Tak Kak HayalbHBI TOK PaBEH HYNIO, TO AMIUINTYAa JTUX

Kosie0aHui paBHA BETMYMHE HaYaJIbHOTO OTKJIOHEHHUsI 3apsaa ( =0) oT paBHOBECHOI0, TO €CTh
, . TakuM oOpa3om, MakCHMalbHas BEIMYHMHA 3aps/ia Ha «JIEBOM» KOHJEHCATOPE B XOJE ITHX
K0J1e0aHui MPUMEPHO paBHa 2(,. B 3TOT MOMEHT TOK B KaTyIIKe paBeH HYJIO (OH paBeH HyIIIO

B MOMEHTBI, KOTJa 3apsi/l KOHJAEHCATOpa MPOXOAUT YEPE3 MAKCUMYM).

[Tocne mepeBoma kiroua B mojoxenue 2 (manee MomeHT t=0) HaumHarOTCS KoyieOaHUS B
«IBOMHOM» KOHType. HauanbHble yCIOBHUS [UIsl OTHUX KOJIEOAHHWI TaKOBBI: TOKH B KaTyIIKax
paBHBI HYIIO, «IPaBbI» U «CPEIHUN» KOHIEHCATOPHl HE 3apsDKEHBI, 3apsl <«JIEBOTO»




KOHACHCATOpa paBCH 2q0 . Cama cxema CUMMCTPUYHA IO OTHOMICHUIO K 3aMCHC «IIPaBO-JICBO»,

HO HayaJbHBIE YCJIOBUSA HapylIalOT 3Ty CUMMeTpHio. PaccMoTpum ABa Jpyrux mnpoiiecca
Kosie0aHuM AJs ApYrux, 60jaee CUMMETPUYHBIX HA4aJbHBIX YCIOBHIA:

A) «IIpaBblii» M <«JIEBBIH» KOHJACHCATOPHI 3apsDKEHBI OJMHAKOBO. B 3TOM ciydae ymoOHO
3aMEHUTh «CpeIHUN» KOoHJeHcaTop eMKocThio 4C Ha JABa mMapajjielIbHO COEAMHEHHBIX
KOHJIeHCaTopa ¢ eMKOCTIMH 1o 2C KaKIbIi (CM. PUCYHOK):

+ c_L+a +o C\l J_f cl +a

J_C e
?L T kBl EEea)

SIcHO, 4TO 3/1€ch «KpailHME» KOHJEHCATOPbl B CHIIY IOJHONM CHUMMETPUH OyIyT CHHXPOHHO

3apsDKaTh «CpPEIHUE», M HANpsOKeHHUs Ha «CPEJHUX» B JIIOOOH MOMEHT BpeMEeHH OyayT
OJIMHAKOBBI. JTO 3HAYUT, YTO TOKH IO COCAMHSAIONIMM UX MPOBOAAM Te€ub HE OYIYT, U MO3TOMY
UX MOXKHO YAaJIUTh 0€3 U3MEHEHUs TOKOB B JPYTUX 3JEMEHTaX cXeMbl. TakuM oOpa3oM, 3aKOH
KOJICOAHUs 3apsjia Ha «IPaBOM» KOHAEHCATOpE Uil TaKMX HAdaJIbHBIX YCIOBHH COBMAIaeT C
3aKOHOM KOJICOaHUII B OJHOM <«IIPaBOM» KOHTYPE, COCTABICHHOM U3 IOCIIEA0BATEIbHO
coeuHeHHbIX KoHAeHcaTopoB C u 2C u karymku uHAYKTUBHOCTH L. C ydeTom HampaBiieHUs
JBUKEHHUSI 3apsiioB  OyAeM  CYMTaTh, 4YTO TOJSPHOCTH BKJIKOYEHHUS KOHIEHCATOPOB

. dl
IMPOTHUBOIIOJIOXKHBI, U YPAaBHCHUC OanaHca HAIpsSPKCHUNU B KOHTYPE i—q—z-i- _0 rac
C 2 dt
dg,
I EE C YUCTOM 3aKOHa COXpPAaHCHHUA 3apiada A Iapbl COCAUMHCHHBIX O6KJ18.I[OK ABYX

KOHJICHCATOPOB (), +(, =CONSt = (], Inoxyd4aeM, 4YTO JUIi JIIOOOr0 MOMEHTa BPEMEHH
g, =0, — 0,, ¥ M0ITOMY ypaBHEeHHUE KonebaHuii 3apsaa konaeHcaropa C nmeeT BUA:
2
d°q, N 3 g, = o
1 - .
dt? 2CL 2CL
KaK BHUIHO, Sapﬂll I/IHTepecyIOHICFO HacC KOHI[CHC&TOpa COBepIHaeT FapMOHI/I‘leCKI/Ie KOH€6aHI/I$I C

YaCcTOTON @, =

Jo Gy
BOK 3HaueHUsI — (IIOJICTaHOBKAa 1) = +g(t) mpuBoguT PTO
oL pyr 3 ( q,(t) = 3 q(t) mp

ypaBHEHHE K CTAHIapTHOMY YPaBHEHMIO TapMOHMYecKux konebanuii "+ @.ig =0). C yuerom

HauanbHbIX ycnosuii (g, (0) = q,, 1(0) = 0) momydaem:

9 , 29
a? (t) :?°+ 30 cos(m,t).

B) ((HpaBBIfI» U <JICBBIM» KOHACHCATOPHBI 3aps’KCHBI IPOTUBOIIOJIOKHO. TCHCpB TOKH B BCTBAX C
9TUMH KOHACHCATOpAMHU IMPOTUBOIIOJIOXKKHBI, U IIO3TOMY B BETBU CO «CPCAHUM>» KOHIACHCATOPOM

iy J_/’ ! v | 1

—) —0o c ¢ +0o
15 3y




TOK BCErja paBeH HYIIO, U €ro MOXHO yOpaTh u3 cxembl. [locienoBaTenbHO COeTUHEHHBIE
KoHJleHcaTopbl C OKa3bIBaIOTCS B JAHHOM KOHTYpE AKBHUBAJICHTHBI OJIHOMY KOHJEHCATOPY

CMKOCTBIO E , 4 IBC NTOCJICAOBATCIIbHO COCIUMHCHHLBIC KAaTyIIKN L - OﬂHOfI C HHAYKTUBHOCTBIO

2L . B 3TOM KOHTYpe BO3HMKAIOT T'apMOHMUYECKHE KOJIEOAHUS C YaCTOTOM @ = —, a 3apal

JeL

«IIPaBOr0» KOHICHCATOPA U3MEHSICTCS 110 3aKOHY ql(B) (t) = —q, cos(wgt) .

Terneppb MOXXKHO 3aMETHTh, YTO HAdaJbHBIC YCIOBHS U KOJCOAHHH B HAIIEM Cllydae eCTh B
TOYHOCTH CyMMa HadaJIbHBIX yCJIOBUH /1 ciydaeB (A) u (B). 3nauur,

2
U () = 6P (1) + 9 (1) = % ¥ %cos(mt) — gy COS(@g1).

_ Qo B / 3 1
OTBET: q,,(t) _?{1+ 2C0s(wt) —3cos(wgt)}, rne q, =CE&, v, = 2oL’ 0y —H.

CL
KPUTEPUU ONEHUBAHMUS:
[IpaBunbHO omucaHbl KosiebaHHs B KOHType ¢ | 2
HUCTOYHUKOM

[IpaBusibHO HaWJEH HaYalbHBIM 3apsa]  <«JIEBOTO» 2
KOHJIEHCaTopa

[TpucyTcTByeT NOHMMAaHUE TOTO, YTO B «IBOMHOMY» | 2
KOHTYpE TPOMCXOIAT KOJeOaHWs C JABYMS pa3HBIMU
4acTOTAMU

HpaBI/IJ'ILHO IMPOU3BCACHO pPa3acCICHUC KoJIeOaHMHM Ha 4 Pemenue ¢ wucnoinb30BaHUEM

HOpMaJIbHbIE MOJIbI, BBIYHUCIIEHBI 00€ YaCTOThI cucteMsl U hepeHIualIbHbIX
[Tonydena mpaBWwiIbHas 3aBUCHMOCTh 3apsga oOT | 3 | ypaBHEHUH 3aCYUTHIBAETCS
BPEMEHHU ISl «CUMMETPUYHON» MOIbI TOJIBKO npu CTpOTrOM

[ToydyeHa mpaBuWiibHAs 3aBHCHMOCTH 3apsima OT | 3 | OOOCHOBaHWHM BCEX JEHCTBHM.
BPEMCHU JI «aHTI/ICI/IMMeTpI/I'-IHOI\/’I» MObI

ITony4eH npaBUIbHBIN AHATTUTUYECKUNA OTBET 4
MAKCUMAJIbHBIN BAJLTT 20
3. («Bomubiii akcesiepoMerp») OpHuM u3 nepBbiXx u300pereHuit Knamaynus Obun

JETEKTOp YCKOPEHHS paKeThl IMPH PAaBHOMEPHOM pa3rOHE B MEX3BE3HOM IIPOCTPAHCTBE.
JletexTop mpeacTaBiisiii coboi y3kyro TpyOKy mmuHou | =10 M, 3amoJHEHHYIO BOSHBIM MAapOM,
OTHOCHTEJIbHAs BIa)KHOCTh KOTOPOTO B OTCYTCTBUE yCKOpeHus paBHsnack @, = 99,00 %. TpyOka
pacronaraiach BIOJb OCH PAaKeThl U IOMEIIANIach B TEPMOCTAT, MOAJCPKHUBAIOLINI TOCTOSHHYIO
temneparypy coaepxxumoro Tpyoku T =360,00K. Bemuumna yckopeHus a, Mo 3ambICIy
Knanaynus, nomkHa Obl1a ONpeaensaThes 0 BHICOTE HAa0II01aeMOTr0 104 MUKPOCKOIIOM cToI0a
XuUIKoCTH h. MOXHO JI HCIOJIB30BaTh 3TOT JACTEKTOP Il H3MEPEHUST YCKOPCHUH B MAaNa30He
or 59 mo 209 ? A B amamazone ot 50g mo 2009 ? nsa Toro nmama3oHa, Aisi KOTOporo Ber

CUUTACTC HOCTCKTOP HNPUIOAHBIM, OIIPCACIHUTEC, KaK €ro CJICAYCT HIporpaaynpoBaTb, TO €CTb




nonyuynte (opmyny cBszu a(h). OTHomEHME TUIOTHOCTH HACBHIIICHHOTO BOJISHOTO Tapa K

MJIOTHOCTH HUJKOW BOJIBI IIPH TEMIIEPATYpPE TEPMOCTATA CUUTANTE PABHBIM & = Pn 3,84-107".
Ps

Pemenue:
[Ipexne Bcero 3ameTum, uTO TpyOa SBISIETCS «Yy3KOH» IO CPAaBHEHHUIO C €€ JUIMHOM, YTO
IO3BOJISIET HAM CUYUTATh €€ JOCTATOYHO IIMPOKOM JUIsl TOro, 4roObl NMpeHeOperaTb CUIaMu
HOBEPXHOCTHOT'O HATSKEHMSL.
BbolsicHuM, nipy KakOM YCKOPEHHH B «JI€TEKTOPE» MOSIBUTCS JKMUJIKasg BoJa. Macca Boibl B TpyOke
MOXeT OBITh ompezaereHa W3 ypaBHeHUs MenneneeBa-Kianeiipona i dYepe3 IUIOTHOCTb

Sl Sl
HACBILIEHHOI 0 mapa: M, -4 p° =@, # pH

=¢,0,S| (3mecy u = 0,018 kr/mMosb — MOJISIpHAs

Macca BOJBI, S — CeUeHHE pr6KI/I, R~ 8,31I[>1</M0HL-K — YHUBepcajbHas ra30Basi MOCTOsTHHAS,
P, — JaBJEHUE HACBHIIEHHOrO Mapa npu temmeparype T ). Iloka Bcs Boma HaxomuTcs B BHAE

napa, €€ YCKOPCHHC CO34acTCA PpPa3HOCTHIO ,Z[aBJICHI/Iﬁ y «3aJHEM (HOJ'I OTHOILICHHUK K

YCKOPEHHUIO) U «IIepelHe» CTeHKH TpyOokum: mya=(p,—P,)S=p,— P, =4, 'LlpH a. C

JPYroil CTOPOHBI, 3aIMCaB YPaBHEHUE JBMIKCHUE JUIS CJIOS Mapa TOJIIMUHOW OX Ha pacCTOSHHH
X OT «3agHEi) CTCHKH, HAMAEM, 9YTO
a d a
uapg,  dp_ pa
dx RT
BceromuuB, y kakoil (GyHKIMM MPOU3BOJHAS MPOMOPLHMOHATIbHA €l caMOil, MOXKHO 3amucaTrh

dpS =-dma=-

ax
p(x) = p, exp(— 'LI;_TJ . Torna ypaBHeHue A5l onIpeeNIeHHs AaBICHUS [); UMEET BUJL!

al al
p|1- exp( ‘F: j ¢o”p”

Hauamo KOHACHCAlIUH y «3agHEn» CTCHKHU COOTBCTCTBYCT pl = pH , TO €CTh

ual wual
1 eXp ¢ OTKy,Z[a U HaAaXoOUTCd MHHHUMAJIBHOC 3HAUYCHHUC y'CI(OpeHI/ISI, K
RT °RT’

KOTOPOMY UYYBCTBUTCIICH HpI/I60p. Eciu 3aMCTUTh, YTO JdaXC JJIA a:2009 BCIMYHMHA
2

al - .
’Lé—TzO,ll& TO €CTh JIOBOJILHO Maja, TO MOXHO, cuMtas l—e™ |, .~ 2—7 HalTH, YTO
2RT
MHHUMaJIFHOE YCKOpeHHe a,,, ~ (1— ¢0)— ~33,99. Takum oOpa3om, [y JHana3oHa

yckopenuit ot 59 o 20g akcenepoMmerp 3aBEOMO HENPHUTOACH, a Il auana3zona or 50g 1o
2009 B mpUHITUIIE MOXKET OBITH MCITOJIE30BaH.

HpI/I a>a y «3aJHEN» CTEHKHU MOSBIISIETCS CTOIOUK JKUJIKOM BOJBI BBICOTHI h. Tak kak

min
BOIM3U r'paHulbI pa3aciia (1)8.3 JAaBJICHUC I1apa paBHO pH , TO p1 pH + pBah " IIpU 3TOM U3

COOTHOIIICHUA, AaHaJIOTHYHOI'O IMOJIYYCHHOMY B OpeaAbIAYIIEM )I@I/ICTBI/II/I,

ua(l -

T )J CnenoBarenbHO, TETEph YpaBHEHUE JIJIS1 YCKOPEHUS

P, = Py exp[_



a(l-h
Pu + pBah — Pu €XP _MJ = ¢opn|a'
RT
. pa(l=h)Y| wpy(=h)  u*pgl® ,
3anuiiemM, yduThiBas 10, yto h << | : 1—exp| — ~ a-— a,
- P [ p( RT RT 2R7T?
HPy _ _ _ _ ,U_IZ
toraa (IMOCKOJIBKY =p,) (P —p)h+1A-9y)p.l = p, a. Hakownen, u3 srtoro
RT 2RT
COOTHOIIEHUS MTOJyYaeM ypaBHEHHUE IS «TPaIyHPOBKI» IpHOOpa:
a(hy~a,, |1+ ———|~3390 |1+ —|.
e(l-¢,)l 0,0384 mm

Kak BuaHO, naxke B Juana3oHe, B KOTOPOM 3TO BO3MOXHO, IPHOOp HE CIHMIIKOM YIOOCH IS
UCIIOJIb30BaHUsI, MO0 TPeOyeT TOYHBIX U3MepeHui oueHb Manbix h. Hanpumep, ams a = 2009

cootBercTBytoniee h~ 0,188 mm. Kpome Toro, mpu mnpuOIMKEHUM K BEpXHEH TIpaHUIC

Juaria3oHa TOYHOCTb HOJ'Iy‘IGHHOfI (1)OpMy.]'IbI nagacrt.

OTBET: gns muanazona ot 50g no 200Qg rpaayupoBKa IIKajdbl aKCelIepoOMeETpa JaeTcs

2RT h h
a(h) ~ (1— 1+ ~3399 |1+ ———|.
Beipaxkenuem a(h) = (1-4,) 4l { P ¢o)|:| g [ 0,0384W:|

H[!I/IMG‘IaHI/ICZ Mmuorue YH9aCTHHUKU HE HCIIOJIB30BAJIM PA3JIOKCHUC OSKCIIOHCHTBI, U BMECTO

3aBHCHMOCTH a(h) TOJTyYalin h(a). B »stom ciydae w3 bopmyItbI
P, + pgah—p, exp —Mj =d,p,la ¢ yuerom HPu _ p, " h<<l| mnomywaercs
RT RT
_Hla el
h(a) ~ e dol ~ S - (1—e R ) |~ 38w |1- 0 |, e 72— 2 ~050-10° 2,
ua 0,99z 1,66-10° m/c g

[lenTpanbHbIM cooOpa’keHHEM JUIsl 3adeTa pe3ysibTaTa ObLIM: MPaBWIBHOE HCIOJIb30BaHUE
MOJIy4eHHOU (hOpMYIIBI /1711 ONpeieleHHs] BO3MOKHOCTH HMCIIOJIb30BAHUSI MPUOOpa B yKa3aHHBIX
JMana3oHax M TPENCTaBICHUE «paayHpoBOoYHOM 3aBucuMoctu» a(h) - mampumep, Tabmuuei

WIN TPapUKOM.

KPUTEPUU OLUEHNBAHUA:

[TpaBuiIbHO OOBSICHEHA TPUUNHA KOH/IEHCAIUN 2
[TpaBuiIBbHO OMMCAaHO U3MEHEHUE JABJIEHUS BIOIb | 3
TpyOKHU

[TpaBMJIBHO HANJEHO MUHUMAJIBHOE YCKOpPEHHE, | 5

HCO6XO,I[I/IMOC I Hadajla KOHACHCAlu, CACIaH
BBIBOJI O JHAIla30HAX

[Tony4ena MIpaBUIIHHAS aHaimutudeckast | 4 | [lpu monyyenuu 3aBucumoctu h(a)

3aBucumMocth a(h) C OKCIOHEHTOW 0e3 JajbHEeHIIero
a"Haimza — 2 daJia

[Tomyuena  ymcieHHas  3aBucumocTs it | 1
«TpagyupoBKN» mpudopa

MAKCUMAJIbHBIN BAJIJT 15




4, («HediTpunnast Tara») Cpeau MHOrEX n3o0perennii Knmamaymus ObUT MPBITatONuii map
Ha HEHTPUHHOH TsAre (BHYTPH LIapa ObLJI YCTAaHOBJIEH KOMITAKTHBIA HalpaBJICHHBINA H3IIydaTelb
HEUTPUHO — HEUTPUHHBIA IIy4OK CO3/aBAJl PEAKTUBHYIO TATY M IIPM OTOM IPAKTUYECKH HE
B3aMMO/ICHICTBOBAII C OKPY’KAIOIIKUM BeliecTBOM). Pabora nBurarens Obuia 3arporpaMMHpOBaHa
TakKUM 00pa3oM, 4YTO IIap COBEpUIAT «IIPBDKKH» IO TOBEPXHOCTHM 3eMJIM Ha 3a/aHHOE
paccrosiHue L, OBUrasch CTPOro IO IOJHOM BETBU LUKIOWJBI, JIEXKAIlEd B BEPTUKAIBHOU
IUIOCKOCTH. B Teuenun nepBbix 7~0,2C ABWKEHHSA AP PA3TOHSAETCS, 3aT€M JBHUIaeTCs C

. . gL
ITOCTOSIHHOU 110 BCJIMYHMHE CKOPOCTHIO, CTPOr0 paBHOU U = g—, a B nocnegaue 7~0,2c¢ map
T

TOPMO3HUT. BO BpeMsi MpbIKKa CIEUUAIbHBIE MPHOOPHI (PUKCHPYIOT C BBICOKOM TOYHOCTBHIO
BBICOTY MIapa Hax «HaYaJIbHOU TOPHU30HTAJIBIO» h u BCJIMYHUHY CHJIBI TAT'U HeﬁTpHHHOFO
nsurarens F;. OpHaxawsl Kianaynuil 3KCiepuMEHTHpPOBa C IIApOM Ha IMOJMIOHE W 3aMETHII,
YTO BO BpEMsl OJIHOTO U3 MPBHDKKOB IIIap MPOILET Yepe3 HEMOABMKHO BUCSIIEE B BO3/1yXe 001aKo
asposoiisi. Knanaynuii mpeamnoaoxuil, 4To Mpu MPOXOXKIACHUU depe3 o0JaKko JEeUCTBYIOIIAs Ha
map cuia CONpPOTUBIICHUSA Obla OoJibllle, YeM B 4YUCTOM Bo3ayxe. M3 mamstu OGOpTOBOTO

zh
KOMIIBIOTEpa OH B35JI OAHHBIC 00 M3MEHEHHH BO BpCMs OTOI'0 IIPBIDKKA BCIMYHH XET n

F .
f =—T (cM. Tabaumiy, B KOTOpPOH t — BpeMs, OTCUMTHIBAEMOE OT Hayaja MPbDKKA, IOJHAs

JUINTEIILHOCTH KOTOPOro COCTaBIIsiIa mpuMepHo 13,68 ¢, m — Macca miapa).

t, C X, + 0,0010 f, £ 0,0020
1 0,3038 0,7982
2 0,5218 0,5723
3 0,6989 0,4904
4 0,8353 0,4652
5 0,9308 0,4688
6 0,9856 0,4891
7 0,9995 0,509
8 0,9726 0,4814
9 0,9049 0,4257
10 0,7963 0,3649
11 0,647 0,3463
12 0,4568 0,6202
13 0,2258 0,9542

Ha ocHOBaHMM ATHX JaHHBIX ONPEEINTE, KAKHE U3 YKa3aHHBIX MOMEHTOB BPEMEHHU OTHOCSTCS K
IPOXOXKJICHUIO I1apa uepe3 061ako. Bo ckonbko pa3 M3MeHMIach CHIla CONTPOTHBIICHUS B 00aKe
(110 CpaBHEHUIO C CUJION COMPOTUBIICHUS BHE HETO)?

[Mpumeuanue: [{ukionaa — 3To KpHUBasi, MO KOTOPOU JABMIKETCS TOUKA Ha 000]1¢ BEPTUKAIBLHOTO
KoJieca, KaTAIIerocs 0e3 MpoCcKaab3bIBaHUS TI0 TOPU30HTAITEHON TOBEPXHOCTH.

Pemrenne:



Heo6xonnMo OTMETUTH, UTO JaHHOE 3aJjaHNE HE SIBIISIETCS «3aadyei» B OOBIYHOM CMBICIIE — JUIs
€ro  BBIMOJIHEHUS, TOMHMO OOBIYHOTO peIIeHUS HEoO0XOAWMO TPOBEACHHE «MHHH-
UCCIJIEIOBAHMSI» C LIEJIbI0 Pa300paTbcs B BECbMAa HETUIIMYHOM CUTYal[MH, OIMCAaHHOM B YCIIOBHUU.
Hauvano storo mccienoBaHusi B NPUHIMIE MOXO0XE HA PEHICHUE «OOBIYHOW» OJIMMITHATHOU
3a[a4d, IPUYEM JIOBOJIBHO CIIOXKHOHN (XOTS (pOpManbHO M HE BBIXOAALICH 32 PAMKH IIKOJIBbHOM
porpamMMsbl MPOGUILHOTO YPOBHS).

<

— L ! -

_y

e i h

HauyneMm ¢ u3ydeHust XapakKTEpUCTHK LUKIOUbl. PaccMOTprM BEpTHKAIbHOE KOJIECO, KaTAUIEeCs
0e3 TMpOCKab3bIBAHUA IO TOPU3OHTAIBHON MOBEPXHOCTH, IIEHTP KOTOPOTO JABMXKETCS
PaBHOMEPHO U NPSAMOJMHEWHO CO CKOPOCTBIO V.. IIpH TakoM IBMXXEHHMH CKOPOCTh TOYKHM Ha
0o0o/e Kolleca CKIAAbIBACTCS M3 CKOPOCTH LIEHTPAa M CKOPOCTH BpallleHUS BOKPYr ILIEHTpa:

V =V 4V

4p» IPMYEM MOJIyJIb CKOPOCTH BpAIICHHs I TOYEK 000/1a Toxke paBeH V. [lostomy

ISl TOYKH, PaJnyC KOTOPOM OTKIOHEH OT BEPTHKAIM HAa Yrol ¢, BEKTOP CKOPOCTH
(HampaBIEHHBIN O KacaTelbHOW K IUKJIOHIE) COCTABISAET C TOPH3OHTANBIO yrol o =@/2, a
ero Momynb V=2V,CO0S(p/2). AHaIOTMYHO YCKOpPEHHE 3TOH TOYKM CKJIAJIBIBACTCS U3
YCKOPEHUsI [IeHTpa (PaBHOTO HYJI0) U YCKOPEHHUS BPALIATEIbHOTO IBIKCHUSL. [109TOMY BEKTOP
YCKOpeHHs HalpaBjeH K IIEHTpYy Kojeca M paBeH mo moaymo a=V. /R, rme R — pammyc

koneca. LleHTpocTpemuTenbHas (TO €CTh NMEPIEHAUKYISIpHAs BEKTOPY CKOPOCTH) KOMIIOHEHTA

2
V
9TOI0 YCKOPCHUA auc = aCOS(OC) = —OCO{%j MOXET OBITH 3aIMcaHa qepe3 pauyC KpHUBU3HBI
2

. \"
OUKJIOUABI B DOTOHM TOYKE: aw :R—. ComnocraBisis 3TH COOTHOIICHHUA, HAXOIAUM, YTO
K

R« =4R CO{%J =2R{/2[1+ cos(p)] (Takoit ke pe3yiabTaT MOKHO TOJYYUTh, €CIH OOPATUTH

BHUMaHHE Ha TMOJIOKCHHE MTHOBEHHOTO IIEHTpa BPAICHUS, KOTOPHIM SIBJISICTCS HIDKHSS TOUYKa
koneca). OTMETHM, YTO BBICOTA PACCMATPUBACMOM TOYKH IUKJIOMIbI HaJ TMOBEPXHOCTHIO
h =R[1+cos(p)], a mmMHa «apku» MUKIOWILI OYEBHIHO (TaK KaK Halle KOJIeco KaTUTcs 0e3

npockanb3biBanus) paBHa L =27R. CrnemoBarenbHO, paAnyc KPUBH3HBI IUKIOUIBI B TOUKE HA

[Lh .
BhIcoTe h Hajx moBepxHOocThIO R, =2+v/2Rh =2 |— . Kpome Toro, yron HakjIOHa KacaTelbHOH
T

K OUKIONAEC K TOPU3OHTY & :¢/2 B DOTOM TOUKE YAOBJICTBOPACT COOTHOIICHHUIO

1+cos
cos(a) = ,|————= ((p) 1/ 1/ . 3HAYUT, 3TH XaAPAKTEPUCTUKHU IHKJIOHIBI MOTYT OBITh

BBIpa)KEHBI Uepe3 MEePEeMEHHYIO X—T cienyommm obpazom: Ry :—\/_ cos(x) = Jx. [Tpu



BBIODAaHHOM HAIpaBlIeHUU OTcueTra yrioB SiN(«)=++/1-X («wiroc» - AIs HUCXOISIIETO

y4acTKa IUKIOUIBI, K(MUHYCY - JIJII BOCXOJISIIIIETO).
Teneps paccMOTpUM JIBIKEHHE IIIapa Mo IUKIouAe. Tak Kak BCIOY, KpOME YYaCTKOB pasroHa u
TOPMOKEHHUSI, BEJIMYMHA CKOPOCTH IIapa TOCTOSIHHA, TO YCKOPEHHE Iapa B TOYKax

paBHOMepHOFO ABUXKXCHHUA COCTOUT TOJIBKO M3 HeHTpOCTpeMI/ITeJIBHOﬁ KOMIIOHCHTBI, TO €CThb
u? g

HEPICHANKYIISPHO CKOPOCTH ¥ PABHO MO BEJIMYMHE 8 = — = ——=.
Ry 24/x

I[CﬁCTBPIGM CHJIBI TATW ABHUIATCIIA FT , CUJIbI TAXKCCTHU m@ 1 CHUJIbI B3aI/IMOIIeI\/’ICTBI/ISI mapa ¢

DTO YCKOPEHHUE CO3/IaeTCsl

BO31yXOM FB . EcrecTBeHHO Ha MEPBOM 3TAIIC HUCCIICAOBAHUA NPCAIIOIOKUTb, YTO IOCICOAHAA
CHJIa — 9TO CHJIA COTIPOTUBIICHHS BO3yXa, KOTOpast JOJDKHA OBITh HAIpaBieHa MPOTUB CKOPOCTH
mapa OTHOCUTENbHO Bo3ayxa: Fp = F.. Ilockombky BO BpeMs H3y4aeMOro HpbDKKa 00JaKo

aspo30Jid BHUCCIO HEIIOABHUIKHO, TO MOXHO CUHUTaThb, 4YTO BETCP OTCYTCTBOBaJl, U CKOPOCTb
OTHOCUTCIIbHO BO3YyXa COBIIaJajIa CO CKOPOCTBIO OTHOCHUTCIIBHO 3EMIIH, HaHpaBHeHHOﬁ 10

. = u
KacaTeJdbHOU K Lukiouze, To ectb F. = —F. —. Takum oOpa3om, kacaTenbHas K LUKIOWIE
u

KOMIIOHEHTa CHJIBI TATH JIOJDKHA YPAaBHOBEUIMBATh PABHOJCHUCTBYIOLIYIO KacaTelbHOM
KOMITOHEHTBI CHJIBI TSDKECTH U CHIIBI CONPOTUBIEHMS Bo3ayxa: . =F. —mgsin(a) (mockonbky
KacaTelbHas KOMIIOHEHTa YCKOpPEHMsI paBHa HYyI0). HopmanbHas (LIEeHTpOCTpEeMHUTENbHAs)
KOMIIOHEHTa CHIIBI TSATH BMECT€ C HOPMAIBHON KOMIIOHEHTOW CHIIBI TSDKECTH CO37aeT

IIEHTPOCTPEMHUTENbHOE ycKopeHue: F, =ma—mgcos(e) . CaenoBatensHo,

F’ = (F. —mgsin(a))® +(ma—mg cos(x))’.

C yderom TOrO, 4TO a=i, Cos(a):\/;, sin(a) = ++J/1— X, MOXHO CBSI3aTh BCIUYHUHY
2Jx
Fe Fr .
y=——c X u f=—. Ilockoneky Fy, MOXeT uUMeTb pa3HbIi 3HaK, TO MOJIy4aeM JBa
mg mg

BO3MOJKHBIX PCIICHU:

\/1+f2—x—4i— 1-X, npunooveme wapa
X

y= u
\/1+ f2— X—4i +~1-X, npuonyckanuu wapa
X
2 1
-1+ f°=x———4/1-X, npunooveme wapa
y = 4x

1 .
—\/1+ f? —X—4— +~1-X, npuonyckanuu wapa
X

Bo BTOpoM pelieHHH CHIIa CONMPOTHUBIICHUS TPH TOABEME OKA3bIBACTCS OTPHIIATSIBHON MPH
JF000M TIOBEICHUH CHJIBI TATH, YTO JICJIACT €r0 MEHEe PeaTuCTHUHBIM.

Bce mpuBeneHHble B Tabumuie 3HaueHus f(X) OTHOCSTCS MMEHHO K y4acTKy PaBHOMEPHOTO
JBIDKEHUsI (OHH OTCTOAT OT MOMEHTOB Hayaja M OKOHYaHHs NMpbDKKa Oosiee ueM Ha 7~ 0,2 c).
[TosToMy B pamKax MpeAOKEHHOHW MOJENH MO JaHHbIM Kiamaynusi MOKHO HalTH BEITHYHHY
CHJIBI CONIPOTHBIICHUS (BBIYMCIICHHS MPOU3BOIIINCE ¢ moMombio EXcel, coxpansunce uetbipe
3HaKa Ioce 3aIsATol, KaK ¥ B JaHHBIX Kitanaynus): Juis HepBOro pereHus



t, C

1

2

3

4

5

6

7

y

—0,1200

—0,1200

—0,1199

—0,1198

—0,1203

—-0,1201*

0,1201

(* mpu t=6¢ l+f2—x—4—

1
X

~-1,38-10"° <0, u nonyueHHas popMmyaa «He paboTaeTy, HO

IMOHATHO, UYTO B IIpcAciax OIIHMOOK I/I3MepeHI/Iﬁ 9Ty BCJIIMYUHY MOXHO CUUTATh HyJICM)

8 9 10 11 12 13
0,2117 0,3174 0,6026 0,8884 1,3539 | 1,6398
J171st BTOpOro pereHus:
t,C 1 2 3 4 5 6 7
y —1,5488 | —1,2630 | —0,9775 | —0,6919 | —0,4056 | —0,1201* | —0,0746
8 9 10 11 12 13
0,1196 0,2996 0,3000 0,3000 0,1201 | 0,1199

Kak BUIHO, MOTyd4eHHBIN pe3yIbTaT CBUACTEIBLCTBYET O (PaHTACTUIECKON CUTYyallud — B paMKax
paccMaTrpuBacMoOil MoJenu IMpH noabeMe mmapa B Jobom ciaydae F. <0, To ects cuia

«COIIPOTUBJICHUS»  BO3AYyXa ObLIa HalpaBJICHA BJAOJIb CKOPOCTH Iapa, TO €CTb B

JIEUCTBUTEIHOCTH «IOJTaIKuBaa» ero! Takoe MOBeJICHHE CHIIBI B3aMMOJICUCTBHS IIapa C
BO3JIyXOM HEBO3MOXHO JJIsl «OOBIYHBIX)» Ta30B M a3pP030JICi, TIOITOMY Y HAC €CTh JIBa BapUaHTa
JIEUCTBUI:

1)
JIOJDKHBI CUMTATh, YTO IIAp MPOXOJMI Yepe3 00JIaKo a’spo30Jii BO BpPEeMs IMOJAbEMa, TO €CTh K

CBsi3aTh OOHAPYKEHHYIO aHOMAJIMIO C HEU3BECTHBIMU CBOMCTBaAMH a’po30Jsi. Toraa mbl

9TOM 00JIACTH OTHOCSTCS MOMEHTHI BpeMeHH oT t =1 ¢ mo t =6 ¢ (g mepBoro penienus). B
3TOM CJlydae IpPEJIoJIOKEHUE KOHCTPYKTOpa OKa3aJloCh HEBEPHBIM B KOpPHE — BeAb B OOJake
CUJIa CONPOTUBIICHUS HE TOJIBKO HE YBEIUYMBACTCS, HO CTAHOBUTCS CUJION «IOJTAIKHBAHUS.
Uto KacaeTcsi BEJIMYMHBI CUJIbI CONPOTHUBJIEHHS, TO — OISTh K€ ISl TIEPBOTO PEIICHUS — €€

cpennee 3Hadenue B obnake pasHo | F. |,,~01200mg c MakcuManbHBIM OTKJIOHEHHEM HE

o
6onee AF. =0,0003mg, uto cocraBiser 0,25% oT cpenHero. B pamkax Takoil TOYHOCTH 3Ta
BCIIMYHWHA cCOBHagacT C MI/IHI/IMaJ'II)HOI\/JI BCJ'IPI'—IPIHOﬁ CHUJIbI COHpOTI/IBHeHI/Iﬂ B BO3IIYX€ (Ha

MaKCHUMaJIbHOH BBICOTE TMOJIETA), M NMpUMepHO B 13,67 pa3za MeHbIe MaKCHUMAIBHOW BETMYMHBI
CWJIBI CONPOTHUBIIEHUS B Bo3Ayxe. TO €CTh, €C/IM CUMTATh YTO CHJIa COIPOTUBIICHUS B BO3JyXe

F2.
ompefeneHa OPUMEPHO € TOH K€  TOYHOCTBIO,  TO l“(;—mA'”l ~1,0000 + 0,0005 ,
C
B
| FC max |

remi 13,67 £ 0,06 . Hy»HO OTMETHTB, YTO B 3TOM CIIy4ae MbI JIOJDKHBI CUHUTATh, YTO CHJIA

C
COIIPOTUBJICHUA B BO3AYXEC OUYCHbL CHJIBHO HU3MCHAJIACH C BLICOTOﬁ, 4qTO IIpU 3aJaHHBIX
Macirabax TPACKTOPUHU HC OYCHb PCAIMCTHYHO. B camom ACJIC, HaM M3BCCTHO BpPEMA OJHOIO
T ~13,68 c.

CIPBDKKAY JnuHa OJIHOW <«apKu»

gL _4L_, _ 7

4L
COOTHOIIEHHeM S =—, modtomy UT =T, |— =>L=
T T T 16

L

BBICOTA TIOJbEMa IIapa BO BpeMsl MpbDKKa Ny = — ~118 M — Bpsx M Ha Takoil BBICOTE
T

IHUKJIOUJbl CBSI3aHA C €€ IIUPUHOHU

gT 2 ~ 370 M. MakcuMaTbHas

IIJIOTHOCTh BO3AYyXa MCHSCTCA TaK CHIIBHO. HOBTOMy Takoi IyTb CUHUTAJICA AOITYCTUMBIM, HO
MaKCUuMaJibHasA OLCHKA IIPU TaAKOM IMOAXO0€ HE MPCBhIIIAIa 20 6amoB.



2) [TpunsATh, YTO CHJIa B3aUMOAECHCTBHS IIapa C BO3AYXOM HE CBOJUTCS K CHIIE
COIIPOTHUBIICHUS, U MOMPOOOBATH MOCTPOUTH OOJIee CIOKHYIO MOJIENb SIBJICHHUS, B KOTOPOW HE
HY)KHO TPEANoiaraTh Haau4ue Kakux-Tu00 (aHTacTUYeCKUX CBOKMCTB y a’posons. Cremnyer
OTMETHTb, YTO TOJIE JAJsl TOUCKA JOBOJIBHO OOIIMPHO — BEIb y HAC €CTh TOJBKO JIAHHBIE O
TPAEKTOPUH, a XapaKTEPUCTHKH Iapa (pa3Mepsl U Bec 11apa) HaM Heu3BeCTHHI. Hem3BecTHO Ham
Tak)Ke, BpalllaeTcsl JIM 1Iap BO BpeMs «IpbDkKa». [103ToMy MBI BHOJIHE MOXKEM MpeIoarath
HaJIM4Yue CUibl Apxumena Wid cuiibl Maruyca, CylecCTBEHHO BIUSIONIMX Ha JBUIKEHHE IIapa
(o dexT Marnyca — mosiBieHUE «IOMEPEUHOI» CHIIBI, JEHCTBYIOLIEH Ha Bpallarouieecs Teo,
o0TekaeMoe MOTOKOM KHAKOCTH WMJIM Ta3a: e€cil TeJl0 IMPHU BPalEHHUH «yBJEKaeT» 3a coOoi
KHUJIKOCTh WJIM Ta3, TO M3-3a CIOXKEHUs HAOEraroIero MmoToka ¢ MOTOKOM «IHPKYJISIIMOHHOT O
ABMIKCHUA CKOPOCTH — a BMCCTC C HEel u JaBJICHUA — XUAKOCTH WJIM ra3a pas3jMYHbI C PAa3HBIX
CTOPOH Tena). Brpouewm, cpazy MOXKHO 3aMETUTh, YTO, MOCKOJIbKY JIBHKEHHE IIapa MPOUCXOIUT
[0 IUIOCKOW KpPHMBOH, CIIEAyeT MpeanojaraTb BpalleHHE IIapa B TOH JX€ BEPTUKAIBHOM
IUIOCKOCTH, M Torga cwia Marnyca OyIer Jexarb B OJTOH JKe IUIOCKOCTH U OyneT
NEPIEeHIUKYIApHA CKOPOCTH Iapa. 3HAYUT, €€ MPUCYTCTBUE OyAeT BIUATH TOJBKO Ha
HOPMAJIbHYIO KOMIIOHEHTY HEOOXOJMMOMN CHIIBI TATH, M, KAK HETPYJHO YCTAHOBUTD, ISl CHIIBI
COMPOTHUBIICHUS BO3AyXa B MEPBbIC TPH CEKYHJBI MOAbEMa MPHU y4eTe TOJILKO ITON CHUIIBI BCE
paBHO OyJeT MOJY4aThCsl «IK30TUYECKOE)» HarpaBieHUE BIOJIb cKopocTu. [IpuBenem oaHy u3
BO3MOXHBIX CXEeM Takoro mnoxaxonaa. Ilycte «mombeMHas» (HampuMmep, apXMMeIoBa) CHIIA,
JEUCTBYIOIAs HA LIap, IPUMEPHO MOCTosiHHA: F, =« -mg = const . Enu map coxpaHseT CBOO

OpPUCHTALlUKO OTHOCHUTCIIbHO 36MJ’II/I, TO OH 6YI[GT BpallaTbCA OTHOCHUTCIIBHO O6TCKaIOI_HGFO €ro
IIOTOKa rasa C yTJ'IOBOﬁ CKOpPOCThBIO, paBHOﬁ er'IOBOﬁ CKOpPOCTH Bpall€HUS BCKTOpAa CKOPOCTH:
u

My _mu
R, 2LJx '

pa3HOCTH KBaJpaTOB CKOpOCTEH oOOTeKaHWs, W Uil mapa paguyca I cwia Marnyca

PasHocTe naBneHuii B OOTEKaroleM IIap MOTOKE IPONOPIHOHAIbHA

zriu?
LJx

mg, S ~ const, mpuyeMm 3Ta cuia OyAeT HampaBiieHa 10 HOPMald K TPACKTOPHUH.

Fy o< r? J(u+ a)r)2 —(u- a)r)z] =2r3um = MOATOMY MO>KHO MOJIOKATH

F B
24/x

Torz[a 11 KacaTelbHOH u HOpM&J’ILHOfI KOMIIOHEHT CHIJIbI TATHU MMOJIy4uM:

F, =F +(F,—-mg)sin(e), F, =ma-F, +(F,—mg)cos(x). N3 »>Tux COOTHOIIECHUH,

n

HaIlpumep, s «IepBOro» peuiCHus:

2
F2_ % _ (1_05)\/; —(l-a)J1-Xx, npunooveme wapa

fz_ﬁ_
2/

Temneps 3amavya COCTOMT B MOAOOpE TakKuX « M [, MPHU KOTOPBIX CHIIA COMPOTHBICHUSA ()

2
@a- a)\/; + (- a)v1l-X, npuonyckanuu wapa

OyZeT UMeTh «ECTECTBEHHOE» HalpaBlIeHUEe U MPUMEPHO MOCTOSIHHYIO BEJTMUUHY 751 OOJIbIeit
YacTH TOYEK TPAeKTOPHUHU (TOrJa 3TH TOUKU OYAYyT COOTBETCTBOBATH IBHIKECHHIO B BO3ayxe). B
JAHHOM Cilydae JUId Toja0opa TOXe HCIoNb3oBajack Tabimma EXxcel (yuuteiBas pas3dpoc
3HayeHuit nopsizaka 0,01, 371ech B BBIUMCIEHUSX COXPAHSIICS TOJIBKO OJMH «3aIlacHOW» MOPSIOK):
HaMMEHBIINKA OTHOCHUTEIBHBIN pa3dpoc mocturancs mpu o ~ 0,89 u £~ 0,87 (31u 3HaueHHS

COOTBETCTBYIOT OYEHb JIETKOMY U JJOBOJIBHO OOJIBIIOMY I10 pa3Mepam Iapy), Ipu KOTOPBIX



t, C 1 2 3 4 5 6 7

y 0,704 0,496 0,430 0,420 0,438 0,474 0,509
8 9 10 11 12 13

0,498 0,458 0,414 0,412 0,701 1,047

Kak Buano, 31ech co 2-ii mo 11-t0 cexynay mMoxHo npusste Y ~ 0,45+0,05, a na 1-i, 12-if u
13-t cexyHmax cujia CONPOTHUBIICHUS PE3KO BO3PACTAET, YTO MOXKHO CBSI3aTh C HaJIMYUEM
a’po3oiis BOMM3M moBepxXHOCTH 3emin. Cuiaa CONPOTHUBIEHUS B 3TOW MOJENIH BO3pacTaeT (B
BEpXHEM clioe obsiaka) kak MuUHUMYM 10 Y ~ 0,703 £0,002, To ectb B 1,6 + 0,2 pasa, npuuem B

0oJsiee HU3KUX CIIOAX as3p030J1d CuJia COIMPOTHUBIICHUA BO3PACTACT €IIC CUJIBHEC.

HCO6XO,I[I/IMO OTMETUTH, YTO 3Ta MOACIb MOXCT OBITh CIIC pa3BuTa: BO-IICPBBIX, MOXKHO
CUuTaTrhb, 4TO INOABEMHAA CHUJIa U CUJIA MarHyca TOXE NTOJKHBI BO3PAaCcTU B obnake aopo30Jiid, U
OTACIBHO HO,Z[6I/IpaTI) COOTBETCTBYIOIIME 3HAYUCHUA & U ﬂ (y>1<e IIOCJIE TOro, Kak caMu

MOMEHTBI TPOXOXACHUS Yepe3 OOJAaKO YCTAHOBIJICHBI), BO-BTOPBIX, MOXHO Y4YeCTh, 4TO, B
COOTBETCTBUM C 3aKOHAMH TUIPOJWHAMHUKH, IIPU JBW)KCHMM C YCKOPEHHEM BeEIWYMHA
«IIOBEMHOI» CHJIbI 3aBUCUT OT BEJIMYMHBI YCKOPEHUS. YUET 3TOr0 00CTOSATENIbCTBA HECKOJIBKO
CHU3UT PaCYETHOE 3HAYECHHE CUJIbI COIIPOTUBIICHUS B «BEPXHEW» 4aCTU TPAEKTOPHUH (TO €CTh C 6-
i 10 8-10 CEeKyH]ly) M0 OTHOIIEHHUIO K OCTAJIbHbIM MOMEHTAaM BPEMEHM — YTO €Il€ YMEHBLIUT
pa3dpoc 3HAUE€HUH ee BEIMYMHBI B BO3JyXe — W HEMHOTO YMEHBLIUT OLICHKY JJIsl BEJIUYHHBI
cwiibl Marnyca. Ho Takue «yTOUHEHHs» 3HAUUTENIBHO YCIOXKHAIOT M 0€3 TOro HEmpoCTyIo
MoJeNb (a TMIPOAMHAMHYECKUMH pacueT MOJABEMHON CHUJIbl NpPU HAJIMYUM YCKOPDEHHs Tela
3HAUUTENIBHO BBIXOJUT 3a PAMKH IIKOJIBHOM MpOrpamMMmbl), U TPU 3TOM HE MPUBOAIT K

KauCCTBCHHOMY U3MCHCHUIO PEC3YyJIbTaTa.

OTBET: MOMEHTBI, OTHOCSIIIMECS K MPOXO0KICHUIO MPBITAIOIIETO I1apa yepe3 00JaKko a’3po30s
t=1,12,13 c, B 3T MOMEHTHI CHJIa CONPOTUBJICHHS Cpeabl Bo3pacTaeT MUHUMYM B 1,6 £ 0,2

pasa.

IIpumeuanus:

1. Kak oTMmeuanocs Bblllle, OMMMCAHHOE PELIEHUE — HE €TUHCTBEHHOE «IIPaBUILHOEY. BaxHO
OBLJIO: TPOBECTH TPABHIBHBIA aHadM3 MOJENHM, B KOTOPOW B3aUMOJEHCTBHE Iapa C
HEMOJIBYKHBIM BO3JYXOM CBOJMTCS K CHJIE CONTPOTUBJICHHS, 1 OOHAPYKUTh €€ HEKOPPEKTHOCTH;
OOBSCHSIONTYIO

OImMcaThb IOBCIACHHUEC CHIIbI

MPEJIOKUTh  KOPPEKTUPOBKY  MOJIETH, «CTPAHHOE» TIOBEICHUE CHJIBI

B3aMMOJICHCTBUSL C BO3IYXOM; CONPOTHBIIEHUSI BO3JyXa B
CKOppEKTHpOBaHHOU Mojenu. Hanpumep, oqHUM M3 y4acTHMKOB Oblia NMPEAIOkKeHa €Ile OJHA
BO3MOXKHasi KOPPEKTUPOBKA, CYHIECTBEHHO OTJIMYAIOUIAsCsl OT ONHCAaHHOM B «aBTOPCKOM»
pemieHnn. OH NOPENIIONOXKUI, YTO BETEP OTCYTCTBOBAl TOJIBKO Ha HUCXOJALIEW dYacTu
TPAaeKTOPUH, T U BUCEIO 00JIAKO a’dpo30Jid, a BOCXOASINIAs BETBb TPACKTOPHUU OKa3ajloch B
00J1acTH TOTOKA BO37yXa, B KOTOPOM CKOPOCTb TEUEHHs BO3AyXa B KaXJOH Touke Oblia

HalipaBJICHa BBCPX BAOJIb KacaTellbHOM K OUKIOUIC, 11O KOTOpOﬁ JABUTAJICA IIIap, U paBHA 110

L
2u=2 g_. Torma B 3THX TOYKAax CKOPOCTh IIapa OTHOCHTEIHHO
p/s

BCJIMUYHUHE B TOYHOCTHU

BO3/yxa Obljla HAIpaBlIeHA BJIOJIb KacaTeNbHON BHU3 M paBHA U . CHila COMPOTUBICHUS JOKHA
3aBUCETh MMEHHO OT CKOPOCTHM OTHOCHUTEJIBHO BO3.lyXa, M Torja ¢ - mo 7-10 CeKyHAy OHa
uMeJia TIOCTOSSHHYIO BEIMYHMHY W HalpaBlieHHWe, B TOYHOCTH COOTBETCTBYIOIIYIO «IIEPBOMY»
pelieHuto, a ¢ 8-t mo 13-10 cexkyHay cuiia COPOTUBIIEHUS pOCia B COOTBETCTBUU C U3MEHEHUEM



IUIOTHOCTH a3po30is. KoHe4Ho, Takasg Monens sABISETCs AOMyCTMMOM. Bmecre ¢ Tem, MHOrMe
YYaCTHHUKH TIpeajiaraiu «Hepusnueckue» oObsCHEHHS HEOOBIYHOTO MOBEACHHS CHJIbI — TaKue,
KaK «ommbKka OOpTOBOrO KOMITBIOTEpa» WM «OolIHMOKa aBTOpa 3agaum». Pa3zymeercs, Takue
«MOJIENIN» HE CUUTAIUChH NPaBWIbHBIMU. [I0o mpaBwiaM npoBeneHHs OJMMIHNAABI K YCIOBHIO
HY>XHO OTHOCHUTBCS KaK 3aJJaHHON MH(pOpManuu, He moanexanien nepeaenke. KoneuHo, ganxeie
B Ta0nuie He ObLIM IOJYYEHbI B pe3yJbTaTe peajbHbIX U3MEPEHUil, a ObUIM MO OIpeaesIeHHON
cXeMe IOCTPOEHbI aBTOPOM 3a/1a4M, HO K HUM HY>KHO OBIJIO OTHECTHCh KaK K PealbHbIM JJaHHBIM
U nocraparbcs o0bsICHUTH MX. Ha camoMm fene, B TaHHOM ciiyyae Mbl OOHapy>KHUBaeM, 4TO MpU
OTPaHUYEHHBIX HKCIEPUMEHTAIBHBIX JaHHBIX (HaM ObUI U3BECTEH TOJBKO MOJYJb CHJIBI TSATH, U
HEM3BECTHO €€ HalpaBJICHUE) «IIOJHAas pacmupoBKa» CHTYyalldd BO3MOXKHA TOJBKO TpHU
OTHOCHUTEJIBHO TpPOCTOM (u3uke sBiaeHUs (ecnu Obl  «Xopoliee» TOBEACHUE CHJIIbI
COIIPOTHUBIJICHUSI ObUTO OBI MOJYYEHO B «IIPOCTOW» MOJAEIH), a B OOJee CIOXHBIX CUTYalHsx
BO3MOKHO MHOT'O BApMAaHTOB MOJIECIMPOBAHUS PEAIBHOIO SBJICHMUS.

2. XKropu oOpaTuino BHUMaHME, YTO Ja)ke MPH MPAaBUIBHOM 3alMCH ypaBHEHUH JBUXKEHUS
11apa Mpyu BBIYUCICHUU CHJIBI CONPOTUBIICHUS MHOTHE YUYACTHUKM JIomycKaiy omnOku. CaMbIMu
pacripocTpaHeHHbIMM U3 HuX Obuu 1Be: (1) IloTepst mim cMeHa 3Haka B BBIPaXKEHUM JUISL 3TOU

CUJIbl HAa IMOABEME MIapa — B 3TOM CJIy4dac «CTPAHHOCTH» B IMOBCACHHUU CUJIbI COIIPOTUBJICHUA

ocTaBajach He3ameueHHOH. (2) Hcmomb3oBanue anst omnucanus F. Ha momseme M 1pu

OIyCKaHMHU JIBYX «IIOJIOBUHOK» Pa3HbIX PEUICHUH (T.€. OJTHO BBIpaKEHHE Opajoch U3 «IIEPBOTO»
pelIeHus, BTOPOE — U3 «BTOPOT0») — 3TO HENPABUIIBHO, TaK KaK TaKas «CTHIKOBKa» BHOCHUT B
MIOBE/ICHNE CUJIbl COMPOTHUBJIEHUS] MTHOBEHHBI CKAuOK, HUKAK HE CBS3aHHBIN C IOBEIECHUEM
apyrux cuil. [IoHSATHO, YTO B peanbHOCTH WM3MEHEHHE CHJIbI CONPOTHUBIIEHUS MOXET OBITh
JIOBOJIBHO pe3KuM (Tpu BX0Jie B 00JIAKO C YETKOH I'paHuIleil), HO BCe paBHO HE MIHOBEHHBIM!
Cpa3y B HECKOJIbKMX pa0oTax 3TH OIIMOKM ObUIM COBEpLIEHbl OJHOBPEMEHHO — HaIlpUMED,

1 .
paccMaTpuBanock pemeHue y =+/1—-x — \/1+ f2—x— ™ JUISL BCEW TPAEKTOPHH, U1 KOTOPOTO
X

t, C 1 2 3 4 5 6 7
y 0,1200 0,1200 0,1199 0,1198 0,1203 0,1201* | —0,0746
8 9 10 11 12 13
0,1196 0,2996 0,3000 0,3000 0,1201 | 0,1199
3.

Ecnu B aT0i1 Tabnuue «He oOpaiiaTe» BHUMaHUE Ha 3HaYeHHE NpH t =7 ¢, TO BO3HUKAET OUYEHb
«XOpoIIee» TOBEIACHUE CHIIBI CONPOTHBICHHS — BO BCEX OCTAJBHBIX TOYKAaX OHA C BBICOKOU
TOYHOCTBIO UMEET BCETO JIBa Pa3HbIX 3HaUeHHs. TeM He MeHee — ATO peIIeHHE COJCPKHUT cpa3y
JIBE CEpPhE3HBIX OIIMOKH, U K TOMY € B HEM €CTh U TPEThb — «BBIKUIBIBAHHE» OJTHOTO W3
3HavyeHni. [ToaToMy Takoe perreHue (C OTBETOM, YTO IIAp MPOXOAMI Yepe3 00JIaKo a’po30iis B
momentsl t=9,10,11c, B koropple cmia conpoTuBieHus Bospactaer B 2,50+0,01 paza)

OLICHUBAJIOCH HE 0OoJiee ueM B 14 0ajuIoB.

KPUTEPUU OLIEHNBAHUA:

[TonydeHo BbIpakeHMe Ui yryla HakioHa Bektopa | 2 | Ecim  ucnone3yercs — 0e3
CKOPOCTH Inapa Kak (GpyHKIIMs BBICOTHI (MK X ) BbIBOZIA — 1 Das

[TonryueHo BelpakeHue Juisi paguyca KpuBu3Hbl | 2 | Ecniu  ucmomb3yercs  Ges
IUKJIOUIBI KaK (DYHKIIMS BHICOTHI (WIIH X ) BBIBOZA — 1 Das




3anucaHbl ypaBHEHMsI JABUKEHUS U TOJy4yeHa CBsI3b | 4

KacaTeJIbHOM M HOPMAJIbHOM KOMIIOHEHT CHJIBI TATU C

CUJIONM COMPOTHUBIICHUS U YCKOPEHUEM Il1apa

[lonydyeHo mpaBUIIBHOE BbIpaXXEHHE I Ccuibl | 4 | mpu HEIMPaBUILHOM
CONPOTHBIICHUS BO3ayXa uyepe3 X u f B «rpocToii» coenuHeHun  Gopmyn U3
MOJIEJIH, TIPOU3BEJICH BHIOODP pelIeHUs pasHbIX pelueHuii — 2 6aiia
[Ipou3BeneH  mpaBWiIbHBIA ~ pacdyeT  YHUCIEHHBIX | 4 | IpU  HENpaBUIBHOM  3HAaKe

3HAQYECHUI CUIIBI COIIPOTUBIICHHUS I BCEX TOYEK, KpOME
t = 6 ¢ A BBIOpAHHOTO peIICHUs

CHUJIBI COHpOTI/IBHeHI/ISI B 4aCTHu
TOYEK — 2 faJi1a

IIpousBeneH  mpaBUiIBHBIM ~ pacder  4uciaeHHoro | 1
3HAUEHUS CUJIbI COITPOTUBIIEHMS ISl t =6 ¢

OOHapy>KE€HO  «HEKOPPEKTHOE» TMOBEACHUE CHJIBI | 3
CONPOTUBIIEHUSI B <«IIPOCTOM» MOJENH, MPEI0KEHO
«(uszmueckoe» 0OBICHEHHE ITOTO MMOBEICHUS

[loctpoeHa Mojnenp oOmnucaHusl SBJICHUS B paMmkax | 2
MPEJIOKEHHOTO 0OBICHEHUS

[Tony4yeHsl npaBUiIbHBIE AJI1 pACCMAaTPUBAEMON MOJEIHN | 3
OTBETHl (MOMEHTHI BpPEMEHH U H3MEHEHHE CHIIbI
COINPOTHUBIICHUS C YKa3aHHUEM TOUHOCTH)
MAKCHMAJIbHBIN BAJIIT 25

HUTOI'O: makcumaibHas OllEHKa TBOPUECKOTO 3a7aHus: 75 0aJJ10B.

«OXUJAEMBIV» BUJ] TABJIMIBI KPATKX OTBETOB:

No 3amaun OTBET
1 0,6 (0,6 mm)
2 q (t)—q—0{1+2003(a) t) —3cos(wgt)}, rae q, =C&, v, =,|—, @ 1
np 3 A B ’ 0 7 A 2CL [ed:} \/a
3 JUIS 1UarazoHa yckopeHuit ot 59 mo 209 akcenepomeTp 3aBeIOMO HETPUTOCH, a
st quana3ona ot 509 mo 2009 — mpuroneH, mpuyem
ath)~1-g) 2" 1N | a39g- (14— "
ul e(l—¢,)l 0,0384 rm
4 t =1,12,13 ¢, Bo3pactaer Munumym B 1,6 = 0,2 pa3za.

OTMeTI/IM, 4YTO OKOHYATE/JIbHAdA OICHKA 3a 3a/la4y onpeaejasjacb HE TOJIbKO OTBETOM, HO

coJep;KaHHeM perieHus !




