® BOTAY MOLL, 2025/26, 3akntounTenbHbli 3Tan, 9 knacc

MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2025/26, 3aknoumTenbHbI 3Tan, 9 Knacc

Pa3BopoT cUCTEMBI

IIBe IIpuUCTaHM PACIIONIOKEeHbI Ha IPOTUBOIIONIOKHBIX Oeperax peky mmpuHoi 100 M HaImpoTUB APyT
npyra B Toukax A u B. CKOpoCTh TeueHUs peku paBHa 1 M/c. Ha ToM ke Gepery, rae HaXOOUTCS
MPUCTaHb B, HMOKe IO TEYEHUIO PaCIionokeHa npuctadb C'. OT NpucTaHu A OTIUIBIBAET BECe/IbHAS
JI0[IKa, KOTOPasi Jep>KUT Kypc MO, YITIOM « (Sin« = 3/5) K HalpaBJIeHUI0 CKOPOCTU TeUeHUS PeKu.
CKOpOCTB JIOAKM OTHOCUTEIBHO BOAbI BCE BpeMSI OCTAETCSI [TOCTOSIHHOM 10 MOAYJ/TIO M HAalTpaBAeHUIO.
OnHOBpEMEHHO C JIOAKOM OT MpUCTaHU B B CTOPOHY npucTtanu C' Bbie3XKaeT BeJOCUTIEAUCT U IBU-
SKeTCSI C TIOCTOSIHHO CKOPOCThIO. JloexaB o mpuctanu C, OH 6bICTPO pa3BopaunBaeTcs: Ha 180° u ¢
TIpeXXHel CKOPOCThIO eIeT 0OPaTHO B HAIIPaBJI€HUM IIPUCTAaHN B.

Ha puc. 1 moka3aHa (B HEM3BeCTHOM MaciiTabe) Tpaektopust K LM N JTOOKYU B CUCTeMe OTCUYETA Be-
JIOCUTIeMCTa OT MOMEHTA CcTapTa (Touka K ) 70 MOMEeHTA MpMUUYaaMBaHMs K MPOTMUBOIIOIOKHOMY bOe-
pery (Touka N). Ocu UCIOAb3yeMoli CUCTEMbI KOOPAMHAT YKECTKO CBSI3aHbI C PaMoli Bejiocuriefa (Ha
PUCYHKe He TToKa3aHbl). Pa3BopoT BenocurieaucTa Ha 180° cumMTaeTCs MTrHOBEHHBIM.

N l\
™~
N
\\
~_
N
‘\\\
T~
/ “* \
T~
\L A.{
\T 1\:
Puc. 1

1. Ompenenure CKOPOCTb BEJIOCUIIEANCTA, CKOPOCTh JIOAKY OTHOCUTEIBHO BOABI M PACCTOSIHME
Meskay npuctausimu B u C.

#3) Tpenue u HeitpoceTsb

Ha mepoxoBaToii HaKJIOHHOJ IIJIOCKOCTY € YIJIOM HaKJIOHA K TOPU3OHTY « (tg o = 1/2) ymepkuBaeT-
CsI MacCMBHAsI TPeyrojabHas MpuU3Ma Maccoit m = 1 KT, MMeIolasl B CeUeHUM MPSIMOYTONIbHbBIN Tpe-
YTOJIBHUK C OCTPBIM YIJIOM «v. [Ipr3Ma JeXXUT Ha TVIOCKOCTY Ha OOKOBOI TpaHM Tak, YTO Apyras eé
60KOBas rpaHb (0OpaléHHAast BBepX) FOpM30HTa/IbHA. Ha 3TOV TpaHm JIEKUT JIMUCT 6ymary, a Ha JINCTe
6yMaryu — 6pycok Maccoii m. BpyCcoK mpy MomoIiy HUTKM (HeBeCOMO 1 HepacCTsKUMMOIi) COeAMHEH C
OYeHb JIETKMM KOJIbLIOM, HaZleThIM Ha IVIaJKNI BePTUKAJIbHbIN 3aKpernae€HHbI CTepsKeHb (CM. pHC. 2).
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HuTb He HAaTSHYTA, HO ¥ He ITPOBMCAET, TaK UTO ABMKeHMe GpycKa M0 rOpu30HTaIN (B C/Tyyae OCBO-
O0KIeHMS CUCTEeMbI) B TeUeHVe HEKOTOPOTO BpeMEHM MCKITFOUEHO.

bl) B'T€CHCHME HEKUTOPUI'U BPEMEHHM HMCKJIHYE

KoaddunmeHnTs! TpeHus: mpusmbl 0 6ymary u 6pycka o 6ymary ogMHaKOBbBI M paBHBI 1. Koaddnu-
LIMEHT TPEHMS TPU3Mbl O HAKJIOHHYIO IVIOCKOCTh PaBeH jio. [Ipemmonaraercs, 4To 0 < p; < 1w
0 < p2 < 1. Cuctemy 0CBOOOKAAIOT.

1. TIpu KaKuX pi1 U po KIVH HAYHET ABUraThcs? V306pasuTe Ha TIOCKOCTH (i1, i2) 0671acThb, CO-
OTBETCTBYIOIIYIO HaliJeHHbIM 3HAUEHUSIM.

2. Huxke nipuBemeHO pellleHNe IMepBOro MyHKTa 3a4aun, pedjaoskeHHOe M3BEeCTHOM HelipoCeThIo.
BepHo i oHO? Ec/it 1a, €ro MOXKHO MCITOJIb30BaTh; €C/IM HET, YKaXKUTE MOIMYIeHHbIe OINOKMN.

BpycoK ymepskuBaeTcst HUTHIO M He MMeeT TOPU30HTaNIbHOT0 yeKopeHus. Cie1oBaTeIbHO, CUIa TPEHNUS MEKIY
OpycKoM M 6yMaroii ypaBHOBEIIMBAET rOPU30HTAIbHYIO PeaKIINI0 CO CTOPOHBI MPKU3Mbl. MakcuMMasbHas cuia
TPeHMsI MeXXTy 6PYCKOM ¥ Gymaroii paBHa

F1 max = pamg.

OTa ke 10 MOYJTIO CUJIA IEVICTBYET Ha MPMU3MY CO CTOPOHBI OyMary (B ITPOTUBOTIONIOKHYIO CTOPOHY) U HaIlpaB-
JIeHa TOPU3OHTAIbHO. Ha pu3My JIeiCTBYIOT: e€ Bec myg, Bec 6pycKa mg, HopMaabHasi peaKLys INIOCKOCTU Ny
U CUJIa TPEHMUS O TIOCKOCTDb Fh.

[TonHast HopMasbHasl peakiivsi HaKJIOHHOJ IJIOCKOCTU
Ny = 2mg cos a.
MakcumabHas cuiia TpeHUS IPU3MBbI O TVIOCKOCTh
F5 max = 2p2mg COS .

Cocrasisioniasi Cui, CTpeMsIIascsl CIBUMHYTh MIPU3MY BHI3 10 HAaKJIOHHOM IIJIOCKOCTU: 2mg Sin «. Topu30H-
TajbHasl CUJ1a TPEHMS CO CTOPOHBI GyMary Ia€T MPOEKIMIO Ha HAKTIOHHYIO IIOCKOCTb: [ || = F} cos a. B ipe-
JenbHOM ciyyae [} = puimg, I0O3TOMY

Fy | = pimgcosa.

VcioBue Hauasia CKOJIbsKeHUST TTPU3MbI:
2mg sina — pymg cos a > 2pamg cos a.

COKpaH.[aH Ha mg COS &, ImojriydaeM
2tga — py > 2us.

1
Iputga = 3 OKOHYAaTeJIbHO

1—m
1— 1 > 2p0, po < —5—-
Takum 06pa3om, Mpu3Ma HAYHET BbICKAIb3bIBATD IIPU
1-— M1
P2 <~ 0<m <L 0l
1—
Ha nnockocTy (11, i12) 3TO 06/1aCTh HYBKE TIPSIMOI 19 = 2’“ .
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B3 >ddexr Marnyca

B cITOpTMBHBIX UTPAX C MSIYOM IIMPOKO IMTPUMEHSIOTCSI KPYUEHDIE YAAPhI, TPU KOTOPBIX MSIUY CO00IIA-
eTCsI He TOTbKO MOCTYIaTebHasi CKOPOCThb, HO U BpallleH1e. B pe3ysibTraTe Msiu JBVKETCSI 10 CJIOXKHOI
TPAaeKTOPUY U TIPY OTIPeIeIEHHBIX YCIOBUSIX OTKJIOHSIETCSI B CTOPOHY OT BEPTUKAIBHO TIOCKOCTH,
cofiepskalleii BeKTOp HauaJIbHOM CKOPOCTM.

Taxkast TpaekTopust Msiua o6bsicHsieTcst ahdekToM MarHyca. BzaumopeiicTBMe BpaliaoIerocs: Msiua
C BO3yXOM KOJIMYECTBEHHO XapaKTepU3yeTcs OBYMS CUJIaMU: CUJION COTIPOTUBIIeHUs Fp (Hampas-
JIEHHOJ1 ITPOTUBOIIOJIOXHO CKOPOCTH IIeHTpa Msua) M Cuoii Marnyca Fyy, HalipaBJIeHHO IepIrieHau-
KYJISIPHO CKOPOCTY (CM. PUC. 3) U TaKKe IepHeHAKYISIPHO OCU BpallleHMs. B 3TO 3ajaue CUnMTaeTcs,
UYTO OCh BpallleHUs TMepIreHAUKY/ISIpHA HallpaBJIeHNI0 CKOPOCTU LIeHTpa Msyva.
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Puc. 3

B IIepBOM HpI/IﬁﬂM)KEHI/II/I MOJXHO CYNUTATDb, UTO 3TV CUJIbI 3a4al0TCA (l)OpMYJ'IaMI/IZ
FD = CD’UZ, FM = CM wuv,

rae Cp u Cyy — MOCTOSIHHBIE KOADPULIMEHTDI, v — CKOPOCTH LIeHTpa Ms4a, w — YIJI0Basi CKOPOCTh €T
BpaleHust (MpearoaaraeTcsl, UToO B IIpoliecce MoaETa OHA He M3MEHSIeTCS]).

AHanu3 IBUKEeHMS BPalllalolerocs Teja B [oJie TSHKECTU IPU HAIMYUK a3pOaUHAMUYECKUX CUJT 10-
CTaTOUHO ciokeH. [ToaToMy fajsee Mbl peHEOPEskKEM CUIION TSIKECTU M OTPAHMUMMCST PacCMOTpe-
HMEeM IIJIOCKOTO IBVKeHMS MsIUa Mo, efiCTBYEM TOJIBKO IBYX CUJI: TIOGOBOTO COMPOTUBIIEHUST Fp U
cunbl Marnyca Fy.

1. Ilycte Cp = 0, TO eCcTh cujia COMMPOTUBIIEHUS OTCYTCTBYeT. Mi3BeCcTHbI BeIMUMHbI Cyy, w U m.
Msu BpUIETAET U3 TOUKU A CO CKOPOCTBIO vy TOA, YIVIOM v = 30° K TOPU3O0HTAIbHON MPSIMOIA.
Haiigute paccrosine AB, rae B — TOuka MOBTOPHOTO TepeceueHrs] TPAaeKTOpUM C 3TOM Mmpsi-
MOJA.

2. B atom nyHkTe Cp # 0. M4 Maccoit m = 3 r BbUIeTaeT CO CKOPOCThIO vy = 15 M/C mof, yIJIoM
« = 30° K BepTUKaau. YIVIOBAsl CKOPOCTh BpalleHuss w = 100 pan/c. TpaeKTopust SBUKEHUS
MsSJa 32 IPOMEXKYTOK BpeMeHH ¢y = 0,5 ¢ IToKasaHa Ha puc. 4. OTOT rpaduK IOayUYeH METOLOM
YMCIIEHHOTO MOJeIMPOBaHMS ; KOmus rpaduka mpeacTaBjieHa Ha jaucTe 4, CM. puc. 7.
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3aBUCHMMOCTb MOJYJISI CKOPOCTM MSiUa OT BpeMeHM v(t) 3a TOT JXe IPOMEXYTOK IIpMBeleHa Ha

puc. 5. Ucnionb3ys rpaduku, onpenenute Kodgduiments: Cp 1 Cy ¢ MAKCUMaIbHO BO3MOK-
HOJ TOYHOCTBIO.
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Macca 3 r ¥ yka3aHHbIe KMHEeMaTKUecKye IapaMeTpbl TUIIMYHBI /1 Msiya B HACTOJIbHOM TeHHMCE IIPU KPy4€é-
HBIX yIapax CpefHeil CUJIbI.

Komnus rpaduka Tpaekropuu (puc. 7) ajst paboThbI:
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Puic. 7: TpacKTOPHA ABIDKCHHA Msa, K 3a5ave 4

HenuHeiiHble 3nemMeHTbI

PaccMOTpUM HeNMHeTHbIe 3JIEMeHThI Z1 U Zo, COIPOTUBIIEH e KOTOPBIX 3aBUCUT OT HAIIPSIKEHMS Ha
UX BBIBOJAX.

[Ipn yBenuueHUM HAIPSDKEHMS HA 3JIeMEeHTe Z; OT Hy/sl ero COnpoTuBaeHue cocrasiaser 100 Om
BIUIOTH 10 1,999 B. B y3kom unHTepBasie ot 1,999 B 1o 2,001 B oHo nmuHeliHO Bo3pacTaet 10 200 Om,
TocjIe Yero OCTaeTcs MOCTOSTHHBIM. COMPOTHUBIIEHNE 3/IeMeHTa Zo M3MeHseTCs IIPOTUBOIIONIOKHBIM
o6paszom: 10 1,999 B ono paBHo 200 Om, B mHTepBase ot 1,999 B no 2,001 B imHeHO yMeHbIIaeTCs
1o 100 Om 1 ganee He U3MEHSIETCS.

[Tpu aHanmmM3e 1enu caeAyeT YYUTbIBATh KOHEUHYIO IIMPUHY MepexoHoi obaacTu. OgHaKo mpu 1o-
CTPOEHUY UTOTOBBIX I'padMKoB 310 mupuHoit (0,002 B) MOKHO ITpeHe6peYb.

1. M306pa3uTte BOITBbT-aMIIEPHbIE XapaKTEPUCTUKN IEMEHTOB 7 U Z;. HalloMHMM, YTO BOJIBT-
aMIiepHoi xapakrepuctukon (BAX) Ha3bIiBaeTCs 3aBUCUMOCTD CMUJIbI TOKA, IIPOTEKAIOIIETrO0 Ye-
pe3 57eMeHT, OT HaIpsKeHMS Ha HEM (TOK OTK/IaJbIBA€TCS MO OCU OPAMHAT, HAIIPSDKEHNe —
1o ocy abeumcc). PaccMoTpuTe TOMBKO MOMOKUTETbHbIE 3HAUEHUST 9TUX BEeJIMUMH; HA rpadu-
Kax OTMeTbTe KOOPAVHATBI TOYEK MU3JI0Ma.

2. DJIeMEeHTbhI Z1 U Zy COeOVHWIIN [10Ce10BaTe/IbHO U MOAK/IIOUMIIN K peryimpyemMmomy MCTOUHN -
Ky HalIpsDDKeHNA. Hauunag ¢ HEKOTOPOro MOMEHTa HalIpsi>KeHMe Ha BbIBOJaX 3TOT'O CoeauHe-
HVS PABHOMEPHO YBEJIMUMBAETCA OT HYJISA M 4epe3 OOHY MUMHYTY JOCTUTAEeT 6 B. 3aTeM OoHO Tak
K€ paBHOMEPHO YMeHbIIAeTCAd M CHOBA CTAHOBUTCA PABHBIM HY/IIO K KOHIY BTOpOf/i MMHYTbBI
OIIbITA.

N306pasuTe rpaduk 3aBUCMMOCTM CUJIBI TOKA B Liery oT BpemeHu [(t). Ha rpaduke Heobxo-
VMO OTMETUTb KOOPAMHATHI TOUEK M3JI0OMA, a TaKKe JIOKAJbHBIX MAKCMMYMOB ¥ MUHMMYMOB
TOKA.
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B uepes npusmy

Ha puc. 6 mpuBeneHa ¢otorpadus aucTa ¢ TEKCTOM OJMMITMAAHOTO 3aIaHMs, Ha KOTOPOM JIEXKUT
Mpo3pavHasi Mp13mMa c ceueHnemM B popmMe paBHOCTOPOHHETO TPeyrojabHMKa. CHMMOK CIeJIaH ¢ 60J1b-
IIIOTO PACCTOSTHUS IIMHHOGMOKYCHBIM O6b€KTMBOM, OTITUUECKYIO OCh KOTOPOTO CTAapajancCh OPUEHTH -
pOBaTh MePIEHAMUKY/ISIPHO TIJIOCKOCTY JINCTA. YBeIMUeHHOe u300paskeHue 3Toi ¢otorpadum rnpu-
BeIleHO Ha JucTe 4, cM. puc. 8.

1. Vcmonb3ysi TMHeNKY, orpeaennTe 1o dororpadusiM rokasaTtesib [IpeJIOMIEeHNST MaTepuaa Ipu3-
MbI C HAWIy4llieit BO3MOKHOV TOYHOCTBIO.

{a puc. 6 npuBeneHa dotorpadus JMUCTa C TEKCTC
AAHOIO 3aJIaHHMs, Ha KOTOPOM JICXKHT \ |
JIMMIM) s 5mia ¢ cevucrimen 1 dhopme paBriocT —[p03pl

ILITHMKa. CITHMOK cJieJtalrl GOJILITION )OI{XIC
1ITHOMOKYCHBIM OO BCKTHBOM, OTITHY
Wy O Islpd_l[l‘!(.l', ()p”c]]]”})()[l.ﬂl]’ l[L})IILI -
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ATING O CCHICHITICM 1B (l)f)})ML‘ PaRITOCT

THLITHMKa., CIIHMMOIKK CJ/LIe/Tarl ¢ O0J1LITITor
HITTOMOKYCHBIM OOBCKTHROM, OITNTIIH 'HKyI”
O CTAPAJIMCH OPHUCHTHPORATE 11CPIICK He 3T
KOCTH JIMCTA. ¥YBCJIMYUCHITOC H300 parke

yoTorpaduu IpuUBe/cHO Ha JiucTe 4, cM, pHcC. 8.

VBenuuenHast hororpadust (puc. 8):

1a puc, 6 npuBcacHa dhoTorpadusi JIMUCTa C TEKCTC
agHOro zaJaHHsl, Ha KOTOPpOM JIe>kuT |

A3MAa © cevuciritmmeM B dbopmMe paBiiocT Tp03p‘
IBITMKa. CIIMMOK C/JZleJTail € 60OJTBLIIIOr
1HITHOMOKYCHBIM OO CKTHBOM, OIITHY YOHHC

'O CTAPAJIMCE OPHCHTHUPOBATE HICPIICIT_YY ~Cm(
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MKYITs

He 3T
KOCTH JIMCTA. YBCJIMYUCIIIIOC M *B()K)l‘)d.)l(c

yoTorpaduu IpyUBEEHO Ha JMcTe 4, CM. pUC. 8.
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AIMA C CCUICH MM B (bOpMEe pPaRIiiocT

TLITHUKa. CITHMMOK Cc/leJTarl € OOJTHLITIOonr
IHIITOMMOKYCIHBIM OOBCKTIHBOM, OITI'TITY
O CTApaJIMCh OPHCHTHPORATL 1ICPIICT

McTouHmk: MOCKOBCKas onuMnuaga WKoAbHUKOB No dusmke, 2025/26, 3aknountenbHbli 3Tan, 9 Knacc — yCnoBUS, peLleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.
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