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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

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

Pa3BopoT cucTeMbl

[IBe TpucTaHM pacIioyioXKeHbl Ha ITPOTUBOIIONIOKHBIX 6eperax peky mpuHoi 100 M HaImpoTUB ApPyT
npyra B Toukax A u B. CKOpoCTh TeueHus peku paBHa 1 m/c. Ha ToMm ke Gepery, Tme HaXOOUTCS
MpUCTaHb B, HIKe TI0 TeUeHU 0 pacrionokeHa rpuctadb C'. OT OpucTaHu A OTIUIbIBaeT BEce/ibHas
JI0[jKa, KOTOpasi AePKUT Kypc MoJ, YITIOM « (sina = 3/5) K HalpaB/leHMI0 CKOPOCTY TeUeHUsT peKM.
CKOpOCTb JIOJIKM OTHOCUTE/IbHO BO/IbI BCE BPEMSI OCTAETCS TTIOCTOSTHHOT TI0 MO/TY/TIO M HATIPaBJIEHUIO.
OIHOBpPEMEHHO C JIOLKOM OT IPUCTaHU B B CTOPOHY npuctaHnu C' Bble3XKaeT BeJIOCUTIEANCT U IBU-
SKeTCSI ¢ TIOCTOSTHHOM CKOPOCThI0. JloexaB 1o mpuctanu C, OH ObICTPO pa3BopaumBaeTcst Ha 180° u ¢
MpekHel CKOPOCThIO eleT 0O0paTHO B HAIIpaBIeHUM IPUCTaHU B.

Ha puc. 1 moka3saHa (B HEM3BeCTHOM MaciuTabe) Tpaekropusi K LM N JOOKM B CUCTEME OTCUETA Be-
JIOCUIIEMCTa OT MOMEHTA CcTapTa (Touka K ) 70 MOMEHTA IPUYaIMBaHMS K POTUBOIIOIOKHOMY bOe-
pery (Touka N). OCK UCIT0/Ib3yeMOJ CUCTEeMbI KOOPAMHAT >KECTKO CBSI3aHbI C paMOIi BejiocuIiena (Ha
PUCYHKe He TI0Ka3aHbl). Pa3BopoT Benocurienycra Ha 180° cuMTaeTCss MTHOBEHHBIM.
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Puc. 1

1. Onpepnenure CKOPOCTb BEJIOCUIIENNCTA, CKOPOCTb JIOLAKY OTHOCUTEIbHO BOAbI U PACCTOSIHUE
Mexay npucravamu B u C.

Mopckaska

IOyra LM BO3HMKAET 13-3a MTHOBEHHOTO Pa3BOPOTA CUCTEMBI OTCUETA BEJIOCUIIEAVICTA: B HEll JToaKa
IBYDKETCS IO OKPY>KHOCTY BOKPYT Bestocuriequcta. Uto Jaét pagmyc 3Tov JyTy AJ1sl MacITaba KIeTKu
" KaK pa36uTh BpeMs ABVOKEHMST Ha YYaCTKM [0 U ITOC/Ie pa3Bopora’?

V=5mM/; v=2M/c; Spc =166,7M.
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TpeHue u HeitpoceTb

Ha mepoxoBaToii HaKJIOHHOJ IIJIOCKOCTY € YIJIOM HaKJIOHA K TOPU3OHTY « (tg o = 1/2) ynepkuBaet-
CsI MaCCMBHAsI TPeyrojabHas MPU3Ma Maccoit m = 1 KT, UMeIoIasl B CeUeHUM MPSIMOYTOIbHbBIN Tpe-
YTOJIBHUK C OCTPBIM YIJIOM «v. [Ipr3Ma JIesKUT Ha IIOCKOCTY Ha G0KOBOI TpaHM Tak, UTO Apyras eé
60KOBas rpaHb (0OpaléHHAast BBepX) FOpM30HTaIbHA. Ha 3TOV TpaHm JIESKUT IUCT 6ymaru, a Ha JINCTe
6ymaru — 6pycoKk Maccoii m. Bpycok rpu moMoIy HUTKY (HeBeCOMO U HepacCTSDKUMOIT) COeAVHEH C
OYeHb JIETKMM KOJIbLIOM, HaZIeThIM Ha IVIAJKNI BePTUKAIbHbIN 3aKpen€HHbI CTepsKeHb (CM. pUC. 2).
HuTh He HaTSIHYTa, HO U He MPOBMCAET, TAK UTO JABIKEeHMe OpyCKa M0 ropu30HTaIN (B CJIyyae 0CBO-
605KIeHNsI CUCTeMbI) B TeueHe HeKOTOPOTO BpeMeHU UCKITIUeHO.

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

KoadduimeHTs! TpeHust pu3Mbl 0 6ymary u 6pycka o 6ymary onMHAKOBBI U paBHbI 1. Koaddu-
LMEeHT TPeHMsI IPU3Mbl O HAKJIOHHYIO IVIOCKOCTh PaBeH po. [Ipeanonaraercs, 4To 0 < p; < 1w
0 < p2 < 1. Cuctemy 0CBOOOKAAIOT.

1. Tlpu KaKMUX p1 U po KIMH HAUHET ABUTaThes? M306pasuTe Ha MIOCKOCTH (pi1, p2) 06/1ACTD, CO-
OTBETCTBYIOIIYIO HAliJeHHBIM 3HAUEHUSIM.

2. Huke nmpuBeneHo pellieHye epBoro MyHKTa 3a1aun, IpejioskeHHOe M3BeCTHOM HeifpoCeThIo.
BepHo i oHO? Ec/i 1a, €ro MOXKHO MCITOJIb30BaTh; €C/IM HET, YKAXKUTE MOIMYIeHHbIE OIMOKM.

Bpycok ynepkxuBaeTcs HUTbIO ¥ He MeeT FOPM30HTalbHOr0 yckopeHus. CriefoBaTeNnbHO, CUla TPEHUSI MeXITY
O6pycKOM U GymMaroi ypaBHOBEIIMBAET TOPU3OHTAIbHYIO PEAKIIVIO CO CTOPOHBI MPU3Mbl. MaKCMMasbHasI CiUjIa
TPEeHUsT MeXOY 6PyCKOM 1 6yMaroii paBHa

Fl,max = pimg.

ITa ke 10 MOIYJIIO CJIa IeJICTBYeT Ha MPM3MY CO CTOPOHbBI GyMary (B IIPOTUBOIIOIOKHYIO CTOPOHY) U HaIlpaB-
JiIeHa TOpU30HTaIbHO. Ha mpu3My feiicTBYIOT: e€ Bec mg, Bec 6pycKa mg, HopMaJibHasi peaKIys INIOCKOCTU No
U CWJia TPEHMS O TVIOCKOCTD Fh.

[TonHas HOpMasibHas1 peakLys HaKJIOHHO IVIOCKOCTU
Ny = 2mg cos a.
MakcumanbHas cuiia TpeHUS PU3MBbI O TVIOCKOCTh
F> max = 2p2mg oS .

Cocrassnsioniasi Cui, CTpeMsIascsl CIBUMHYTh IPU3MYy BHU3 110 HaKJIOHHOM IIJIOCKOCTU: 2mg sin «. Topu30H-
TaJIbHasl CUJjIa TPEHMSI CO CTOPOHBI 6yMaru JaéT MPOEeKINI0 Ha HAKIOHHYIO TJIOCKOCTh: Fy ) = Ficosa. Bmpe-
JeJIbHOM ciy4dae F) = p3mg, I03TOMY

Fy) = pimgcosa.

VYcioBue Hauasia CKOJIbKeHUS TIPU3MBbI:
2mg sina — pymg cos o > 2p2mg cos a.
Coxkpaias Ha mg oS c, TToyJaeM

2tg a0 — py > 2p9.
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1
IIpntga = 3 OKOHYAaTeJIbHO

1—
1—/11>2/.L2, Mo < 2” .
Takum 06pa3om, Ipyr3Ma HAYHET BHICKATb3bIBATh MIPU
L=
o < 5 0< <1, 0 ue < 1.
1—
Ha mutockocTy (i1, p12) 3TO 06/1aCTh HVKE MIPSIMOI 10 = 2” L

Mopckaska

JIuct 6ymary HeBecoM, ITO3TOMY CMUJTbI TPEHMS Ha ero CTOpoHaxX paBHbI. COCTaBbTe ypaBHEHMS BTO-
poro 3akoHa HbroToHa [1J1st 6pycKa ¥ JJ1s1 TPU3MbI C YYETOM TOTO, UTO IIPM3Ma P Havajie IBUKeHUST
YCKOPSIETCSI: UeMY TOTIa paBHA HOpMaJIbHasl peakiys HAaKJIOHHO MIOCKOCTH?

2tga — 2(1 —
ga—m _ 2 /”Ll); 2) pellleHye HejipoceTu HeBepHO:
2+ tga 4+

MCITOJIb30BaHa CTaTUYecKast peakiusi No = 2mg COS oy, TOTAA KaK JIJIs IBVDKYIIENCS CUCTEMbI HOP-
MaJibHasl peakiusi IJIOCKOCTY Apyras (IMHaMuJecKast).

1) KIMH HAUHET OBUTATBCS TIPU Lo <

B3 >ddekr Marnyca

B criopTMBHBIX UTPaAX C MSIUOM IIMPOKO MTPUMEHSIOTCSI KPYUEHDIE YAaphbl, TPU KOTOPBIX MSIUY CO00IIIa-
€TCS He TOJIBKO IMOCTYIIaTe/IbHasi CKOPOCTh, HO U BpallleHue. B pesynbTaTe M4 IBUXKETCS 10 CJI0KHO
TPAaeKTOPUM U TIPU ONPEeEeNEHHBIX YCIOBUSIX OTKIOHSIETCS B CTOPOHY OT BEPTUKAIbHOM IIJIOCKOCTH,
copepskalieil BeKTOp HauyaabHOM CKOPOCTH.

Takas TpaeKTOpust Msiua 00bsicHsIeTCs 3¢ dhekToM Marayca. BzauMogeiicTBue Bpaliaoierocs: MsJa
C BO34YXOM KOJIMUYECTBEHHO XapaKTepu3yeTcs ABYMS CUIaMU: CUJION CONPOTUBIeHus Fp (Hampas-
JIEHHO1 IIPOTUBOIIOJIOXKHO CKOPOCTU LIeHTpa Ms4a) U cuiioii Marnyca Fj;, HaripaBJeHHOM IepIrieHan-
KYJISIPHO CKOPOCTHU (CM. PUC. 3) U TaKKe IePIeHANKYISPHO OCU BpallleHus. B 3To 3aaue cunTaeTcs,
UTO OChb BpallleHUs TMepIreHAUKY/ISIPHA HallpaBJIeHI0 CKOPOCTU LIeHTpa Msya.
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N

Puc. 3

B niepBOM HpUGIVKEHMUM MOKHO CUMTATh, YTO ITU CUJIbI 33JaI0TCST OPMY/IaMM:
2
Fp = Cpho~, vy = Cyqwo,
rae Cp u Cy — MTOCTOSTHHbBIE KOI(DPUIIMEHTDI, v — CKOPOCTH IIEHTPa MsI4a, w — YIJIOBAsi CKOPOCTh €r0

BpalieHus (MpeaIoaraeTcs, 4YTo B Mpolecce MoIETa OHA He U3MEHSIeTCs).

AHanus ABYOKeHVS Bpalaollerocs Tesa B I10J1e TSKeCTU IIPY HAIMYUM a3pOoAVHAMUYeCKUX CUJT 10-
CTaTOYHO CIOKeH. [103ToMy Jjanee Mbl IPeHeOPEXKEM CUIION TSKECTU M OTpaHMUMMCS PacCMOTpe-
HIEeM IUIOCKOTO IBMsKEHMSI Msua TOJ, IeiiCTBMEM TOIbKO JIBYX CUJI: IOOOBOTO COMPOTUBIEHUS Fp U
cuiibl Marnyca Fyy.
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1. Ilycte Cp = 0, TO eCThb CuUia CONMPOTUBIIEHUS OTCYTCTBYeT. MI3BeCTHBI BeIMUMHBI Cyp, w U m.
Msu BbUIETAeT U3 TOUKU A CO CKOPOCTBIO vg MOJ, YIVIOM v = 30° K TOPU30HTAJIbHO TIPSIMOIA.
Haiigure paccrosiue AB, raoe B — TOUKa IOBTOPHOTO IepeceuyeHns] TPAeKTOPUM C ITOM Mpsi-
MOVA.

2. B atom niyHkTe Cp # 0. M4y Maccoit m = 3 r BbUIeTaeT CO CKOPOCTBIO vy = 15 M/C oA, yIJioM
a = 30° K BepTHUKaau. YIJIOBask CKOPOCTh BpaueHusa w = 100 pazn/c. TpaekTopus OBUKEHUSA
Msiua 3a TPOMEKYTOK BpeMeHMU ty = 0,5 ¢ IToKa3aHa Ha puc. 4. DTOT rpaduK MoydyeH MeTOI0M
YMCIEHHOTO MOJIe/TMPOBaHMS; KOTIMS rpaduka mpecTaBieHa Ha Jucte 4, CM. puc. 7.
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3aBMCUMOCTb MOAYJISI CKOPOCTY Msi4a OT BpeMeHM v(t) 3a TOT ke IPOMEeXYTOK IpMBeieHa Ha
puc. 5. Ucnonb3ys rpaduku, onpenenute Kodgduimentsl Cp 1 Cy ¢ MAKCUMaIbHO BO3MOK-
HOJ TOYHOCTBIO.
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Puc. 5

Macca 3 r ¥ yka3aHHbIe KMHEeMaTKUecKye IapaMeTpbl TUIIMYHBI /1 Msiua B HACTOJIbHOM TeHHMCE IIPU KPy4€é-

HBIX yJlapax CpelHei CUJIbI.

Korms rpaduka tpaekropuu (puc. 7) ajist paboThi:
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Puic. 7: TpacKTOPHA ABIDKCHHA Msa, K 3a5ave 4

Mopckaska

Cuna MarHyca nepreHauKyAsSpHa CKOPOCTU U He MEHSIeT €€ MOJyJb, a TOJIbKO TOBOPAYMBAET BEK-
TOp cKopocTu. Kak CBSI3aH paanyC KpUBU3HbBI TPaeKTOPUM € 3TOM cumnoii? s Cp MOCMOTPUTE, Kak
ObICTPO YOBIBAET CKOPOCTH Ha rpaduke v(t).

DAB=R= """ 9yOy~125-10"4kr, Cp~ 48104 kr/M.
Cvyw

HenuHeiiHble 3nemMeHTbI

PaccMOTpMM HeMHEeTHbIEe 3JIEMEHTbI Z1 U Zo, COTIPOTUBIIEHVE KOTOPBIX 3aBUCUT OT HAIIPSDKEHMS Ha
MX BbIBOJAX.

[Ipn yBenuueHUM HAIPSDKEHMS Ha 37IeMEeHTe Z; OT Hy/sl ero COonpoTtuBaeHue cocrapiaser 100 Om
BIUIOTH 10 1,999 B. B y3kom unTepBasie ot 1,999 B 1o 2,001 B oHo nmuHeliHO Bo3pacTaet 10 200 Om,
TocjIe Yero OCTaeTcs MOCTOSTHHBIM. COMPOTHUBIIEHNE 3/IeMeHTa Z5 U3MeHseTCs IPOTUBOIIONIOKHBIM
o6paszom: 10 1,999 B oHo paBHo 200 Om, B mHTepBase ot 1,999 B no 2,001 B imHeITHO yMeHbIIaeTCs
1o 100 Om 1 ganee He U3MEHSIETCS.

[Tpu aHanmM3e 1enu caeayeT YYUTbIBATh KOHEUHYIO IIMPUHY epexoHoi obaacTu. OgHaKko mpu mo-
CTPOEHUY UTOTOBBIX I'padmKoB 310 mupuHoit (0,002 B) MOXKHO ITpeHe6peYb.

1. M306pa3uTte BOMbT-aMII€pHbIE XapaKTePUCTUKM JIEMEHTOB 71 U Zs. HalloMHMM, YTO BOJIBT-
aMIiepHoi xapakrepuctukon (BAX) Ha3bIiBaeTCs 3aBUCUMOCTD CMUJIbI TOKA, IIPOTEKAIOIIEro ye-
pes3 57eMeHT, OT HaIpsKeHMS Ha HEM (TOK OTKJIaJbIBAeTCS MO OCU OPAMHAT, HAIIPSDKEHNe —
1o ocu abeuyce). PaccMoTpuTe TOMBKO MONIOKUTEIbHbIE 3HAUEHNST 3TUX BEJIMUMH; HA rpadu-
Kax OTMeTbTe KOOPAMHATHI TOUeK M3I0Ma.

2. DNeMEeHTHI Z1 U Zs COeOVHWIN TTOC/IeIOBATEIbHO U MTOAKITIOUMIN K PEryIMPyeMOMY MCTOUHM-
Ky HanpspbkeHus. HaumHasi ¢ HeKOTOpPOro MOMeHTa HallpspKeHMe Ha BbIBOJIaX 3TOTO COeMHe-
HISI pPABHOMEPHO YBEIMYMBAETCS OT HYJIS U Uepe3 OJHY MUHYTY AOCTUTAET 6 B. 3aTeM OHO Tak
ke paBHOMEPHO YMEHbIIIAeTCsl ¥ CHOBA CTAHOBMUTCSI PAaBHBIM HYJ/II0 K KOHITY BTOPOJ MUHYTbI
OTIBITA.

N306pa3uTe rpaduKk 3aBUCMMOCTM CUJIBI TOKA B Liery oT BpemeHu [(t). Ha rpaduke Heobxo-
IIVIMO OTMETUTb KOOPAMHATHI TOUEK M3JI0Ma, a TaKKe JIOKaJbHbIX MAKCMMYMOB ¥ MUHMMYMOB
TOKA.
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Moackaska

Tok uepe3 TocaeOBaTeIbHO COeIMHEHHbIE 3/IeMeHThl OAMHAKOB, @ HAMPSIKEHUS CKJIaIbIBAIOTCS.
[TocTporitTe BAX KaXkmoro ajnemMeHTa M BbISICHUTE, TPV KAKUX TOKaX CyMMa HampspkeHMi paBHa TeKy-
memy U (t); y BAX ecTb yuacTOK CKauKa, I03TOMY TOK ITPY HEKOTOPbIX HAMIPSIKEHMUSIX HEOJHO3HAUEeH.

) uepes npusmy

Ha puc. 6 mpuBenena ¢ortorpadus JmucTa ¢ TEKCTOM OJMMITMAIHOTO 3aaHNsI, HA KOTOPOM JIESKUT
Mpo3payvHasi Mpu3ma c ceueHnemM B (popme paBHOCTOPOHHETO TPeyroabHMKa. CHUMMOK CIeIaH C 6071b-
IIIOTO PACCTOSTHUS IIMHHOMOKYCHBIM 00BEKTUBOM, OMITUUYECKYI0 OCh KOTOPOTO CTapalICh OPUEHTU-
pPOBaTh MEPIEHAMUKY/ISIPHO TJIOCKOCTY JINCTA. YBeIMUEeHHOe 1M300paskeHne 3Toit GpoTorpadum mpu-
BelleHO Ha Jucre 4, cM. puc. 8.

1. Vicnonb3ys nuHeNiKy, onpeaennTe no pororpadusm mokasaTesib IpeoMIeHUS MaTepuaia mpu3-
MBI C HAWIyYllleil BO3MOXXHOM TOYHOCTBIO.

1a puc, 6 npuBeaeHa dororpadus TUCTa C TEKCTC
amgHoOro 3aJIaHHMs, Ha KOTOPOM JISXKHT
13Ma © CeUCHMCeM B (hopMe paRiiocT Tp03p‘

IBIHMKa. CIHHHMOK clcocJiall C 6oJIhLIIIOr )OI{IIC

IIIIYO(bOI(yCI!FvIM OO BCKTHBOM, OIITHY

O crTapaJiimch ()pMCII] I/ILJ()[‘({I s ![(,],')IIL'I )'dCCT(
2 AEEE ENRS A NS patsave i -.l-"

KY10 0

1731 O CCHICHITTICM B (lJ()[)ML‘ PaRITOCT

ILnrKa. CHHMMOK cj/lesiall € GosthLInor
HITOMOKYCHBIM OOBCKTHHEOM, OIITITY -HKY'HS
‘O CTAPAJIHMCH OPHCIITHPOBRATEL 1TCPIICIR He 9T
KOCTH JIMCTA. ¥BCJIMUCIIITIOC M300parke!

yoTorpauu IpUBC/CHO Ha JIMCTE 4, CM. pUC. 8.

VBenmueHHast poTorpadus (puc. 8):

1a puc, 6 npuseneHa Gororpadust JIMCTa C TEKCTC
aZHOro 3aZIaHUsl, Ha KOTOPOM JIS>KHT |

JIUMIl s3ma ¢ ceuctienm B dopmMme paBIHIOCT Tp03p;

IBITHMKa. CITMMOK czZeJjiall € O0JILIIIOr

1HITHOMPOKYCHBIM OOBCKTHBOM, OTITHY YOHHC

O CTaApaJIMCh OPHCIHITHAPOBATL IICPIICIT )dCCT(

lataleold SR g Falelel N vn vy www v wwworses v owes N e A~

A AL N SO KRS, 1 NC INAS A NS p s ava _:.\_,/.\-.r“'

ABMA C CCUCHHMCM B (POPMC PARITOCT KYIO 0
TLITHMKa. CIIrMMOK CcJ/leJTarl € OOJTLITIOnr
HHTITOMMOKYCIHBIM OOLCKTHBOM, OII'T'ITY |HKYJU

O CTAPAJIHMChL OPpHCLHITHPpOBATL I1ICPIICIK

cC 3T
KOCTH JIMCTA. YBCJIMUCIHIITOC M1 400pd>1<e

)OTOrpapru IMpUBCACHO Ha JHUCTE 4, CM. PUC. 8.

Mopckaska

JIy4 OT TeKcTa, MOMaBIINii B 0ObEKTUB, UIET CKBO3b MPU3MY BEPTUKAIbHO. 3aNUIINTE 3aKOH Ipe-
JIOMJIEHMSI HA HaKJIOHHOJ TpaHu (yroj Ipu BepiinHe 60°) U CBSKUTE pacCTOSTHME MEXIY CTPOKaMu
BHE IMPU3MbI ¥ PACCTOSTHME MEKAY UX M300pakeHUSIMM B TIPU3Me.
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n =~ 1,51.

McTouHuk: MockoBCKas onMMNMaaa LWKONAbHUKOB No ¢usmke, 2025/26, 3aknounTtenbHbli 31an, 9 knacc — yCioBus, pelleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.
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