Tperuii sTan pecrny6IMKaHCKON OJIMMIIMAILI 10 yueOHOMY npeamery «Dusnkay
2025/2026 yuebHbIit ro

PecnyOiukanckast puznyeckas 0JiUMIUAAA
2026 ropa

(111 3Tam)

TeopeTuueckuii Typ

11 kJacc.

Buumanue! IIpoumume 3mo 6 nepgyto ouepeon!

1. ITosTHBIM KOMILIEKT COCTOMUT M3 TPEX 3aJaHuil. Y CI0BHE 3alaHUS MOYKET COCTOSITh U3 HECKOJIBKUX
BOIIPOCOB MJIM YaCTEU C BOIIPOCAMM.

2. Kaxnoe 3aaHue BKIIOYAET ycJioBHE 3a1anus U Jluctel oTBeTOB. s
pelieHuss 3aJay  UCIMONb3yHTe paboume nucThl. YacTh U3 HHX
UCTIOJIB3YHTE B KadyecTBe UYEpHOBUKOB. [locime okoHYaHust pabOTHI
YEPHOBBIE JINCTHI TIEPEUCPKHHTE.

B 4ucToBBIX pabouWMx JHUCTaX NPHUBEIUTE PEIICHUS 3a]ad
(pMCYHKH, HCXOJHBIE ypaBHEHHS, MaTeMaTHYECKHUE MpeoOpa3oOBaHMS,
rpaduKu, OKOHYATENbHBIE pe3ynbTaThl). JKiopum Oyzmer NpoBepsATh
yucTOBBIC paboume nucThl. Kpome TOro, Kaxkmoe 3adaHHE BKIIOYAET

Jluctel oTBeTOB. B cooTBercTByOmUME rpadsr JIMCTOB OTBETOB 3aHEcHTE
OKOHYATelIbHbIe TpeOyeMble OTBETHI.

s moctpoeHust rpadMKoB, €ciii 3TO TpeOyeTcs Mo YCJIOBUIO 3a1auM, B Jlucrax OTBETOB
MIOJITOTOBJIEHBI COOTBETCTBYIOLME OaHKU. ['paduku cTpoiite Ha 3TUX OMaHKax. yOnupoBaTh UX B
pabouux nucTtax He Tpedyercs.

3. IIpu odopmieHnn pabOTHI Kaxa0e 3aJaHWE HAYMHAWTE C HOBOHM cTpaHUIBL. [Ipym HemocTaTtke
Oymaru oOparmiaiTech K opranuzaTopam!

4. IlognuceiBaTh pabovre JUCTHI 3aMPENIaeTCs.

5. PekoMeHayeTCs HCIONBb30BaHUE HHKEeHEpHOro KaimbKymstopa (Hampumep, CASIO fx-991EX
«CLASSWIZy).

6. B xone pa®oTbl BBl MOXETE HCIOJIb30BaTh PYUYKH YEPHOTO WMJIM CHHETO I[BETOB, KapaHJIAIIH,
YEepPTEKHbIE PUHAAIICKHOCTH.

7. Co BceMH BOIIpOCaMH, CBS3aHHBIMU C YCJOBHUAMHM 3aJjaHMi, oOpallaiiTech K OpraHu3aTopam
OJIUMIIHA/IBI.

[Taker 3agaHuil COAEPIKUT:
- TUTYJBHBINA JUCT (1 cTp.);
- ycioBust 3 Teoperndeckux 3ananuii ¢ Jlucramu orseroB (11 ctp.).
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3aganue 11-1. Pazmunka

1. «IlocmoTpu u o0bsichm» Ha Puc. 1 u3oOpakeH momyisipHbBIT
¢usnueckuil oneiT. BrIpe3aHHOe U3 IUIACTUKOBOW OYTBUIKM KOJBIO
MOCTaBUJIM Ha HIMPOKOE TOPJIBIIIKO NycToil OyThuiku. Ha Bepuuny

KOJIbIIa TOJIOXKHIN HEOONBINYI0 MOHETy (unu raiky) (cm. Puc. 1). -
Pe3kuM ropu30OHTANBHBIM yAapOM JUHEHWKH BBIOBEM TIACTHMKOBOE
KOJIBLIO M3-TI0] MOHETHI: TEPBBIM pa3 — Kak B ciiyyae a), a BTOpPOH pa3
— Kak B ciydae 0). OquHakoBbl 1M OyAyT pe3ysbTaThl OMbITa B 000UX
ciydasix? Eciam Her, TO 4TO, MO BalleMy MHEHHUIO, TMPOH30MIET C
MOHETOH Jajnee B KaxaoMm u3 ciydaeB? [lpoanammsupyiite Puc. 1, B
Jlucte OTBETOB KpaTKO OIMUIIMTE Balll BBIBOJBI U OOOCHYHTE MX C

(bU3UUECcKOi TOUKU 3pEeHUSI.

2. «Ilepememienue u nyTh 1 yactTuub» Yactuna (Puc. 2) nBmwkercs NpsMOIMHEHHO M paBHOYCKOPEHHO
(paBHOTIEpeMEeHHO). M3BeCTHO, UTO 3a HEKOTOPBIA MPOMEKYTOK BPEMEHU

5
t; yTh [, IPOWIEHHBIA YaCTHUICH, U MOIyNb €€ mepeMenieHust S = |§ | ,,,,,,,, e, Yo
ominyarorest B 7 = 3,00 paza. 3BecTHO Takke, YTO CKOPOCTh YaCTHUILIbI B Puc. 2

MOMEHT BPEMEHHU t; MEHbILIE IO MOYJII0O CKOPOCTH B HAYAJIbHBIII MOMEHT

Bpemenu (t = 0). Bo ckonbko pa3 17, OTJIMYAIOTCSA IMyTh, NPOWICHHBIA YacTUIICH, U MOIYJb €€
nepeMeneH s 3a MPOMEKYTOK BpeMeHu 2t;?

3. «3epkanbublii map» CseroBoil nyu AB (Puc. 3) or HemoaswxkHoro nasepa JI opueHTHpOBaH
«TOPU30HTAJIBHOY. 3epKalbHbIN map paguycoM R = 12 ¢cM nBuxkeTcs 7

NEPIIEHIMKYIIAPHO  CBETOBOMY Jniydy AB  («cBepxy BHH3») co [D

ckopocthio U = 1,5M/c. [lpu JaBUKEHMH 3EpKajJbHOTO IMAPA s
OTPaXKEHHBIN JIyd TTOBOPAYMBAETCS OTHOCUTEIBHO «HETIOABUKHOTO
najaromero gyda. Yemy paBHa yrioBas CKOPOCTh @  BpalleHHS
OTPaXEHHOTO Jlyda B MOMEHT, KOTJla MaJaloliuii CBeToBoi ayuy AB

HAXOIUTCs Ha paccTosHud h = 6,4 cM (cm. Puc. 3) ot mnamerpa CD
3epKaJbHOIO IIapa napauieIbHO eMy?
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Jlucer orBeroB. 3axanue 11-1. Pazmunka

1. «IlocmoTpH 1 00BSICHN»

a) Kpatkoe onucanue cytu onsita (UTo mpon3oiaeT ¢ MOHETO nanee?):

OT0 00BSICHAETCS TEM, UTO

6) Kparkoe onucanue cytu onbita (UTo nmpousoiier c MOHETOH aanee?):

9T0 00BACHACTCS TEM, YTO

2. «llepemerienue U NyTh U YaCTHLBI»

N, =

3. «3epKajbHbIii WIAP». YII0Bas CKOPOCTh

Qopmyna: w =

Pacuer: w =
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3apanme 11-2. 3Byk u I'yk

N3 mpocteix onbiToB (Puc. 1) cienyer, 4To MeXaHWYECKHE B3aUMOACHCTBUSA (M 3BYK B TOM YHUCIE)
nepenarTcsl B YOpyroil cpeae (MpocTpaHCTBE) OT TOUYKHU K
TOYKE HE MTHOBEHHO, a TIEPEHOCATCS YIPYTUMU BOJHAMU
C KOHEYHOH CKOpocThio ¢ (c < 00) 3a HEKOTOpPHIH
KOHEUHBIH MPOMEXKYTOK BPEMEHH.

WHTYUTHBHO MOHATHO, 4TO CKOpOCTh
pacnpoCTpaHeHUs! yNpyrux BOJH (3ByKa) B JaHHOH cpene
olpesensaeTcs TaKMUMH eé MEXaHUYECKUMU

XapaKTepUCTUKAMHU, KaK YIPYrocTb ¥ UHEPTHOCTb.
B pamkax naHHOro 3ajaHusi BaM HPEACTOMT Oojee MoApoOHO pa3o0paTh MPOLECC pacIpOCTPaHEHUS
YIOPYTUX BOJIH (3ByKa) Ha JOCTATOYHO MPOCTHIX MOJIENSIX.

” y F
PaccmoTpuM opHOponHslii  ynpyruit crepxens (Puc. 2) S () )>_"
Ha4yaJIbHOU JUIMHON [ W IJIOIIaabl0 MOTMEPEYHOTO CeueHus S, K

Puc. 2 l dl
CBOOOHOMY KOHITY KOTOPOTO MPHUIOKHIN Cuity F.

[Ton nmeficTBueM cwitbl F cTepeHb yamuHATCS (edopMUpyeTcs) Ha HEKOTopylo Benmauny dl (dl >
0), Ha3pIBaeMyIO aOCOIOTHOM aedopManmeit oopasna (cm. Puc. 2).
[lpu nedopmanuu CTEpKHSA B HEM BO3HHMKAET OOpaTHas cuyia ynpyroctu Fj, xotopas ctpemutcs

-

CKOMIIEHCHUPOBATH JICVCTBUE BHEIIHEW CHIIbL F .
CormacHo 3akony ['yka, mpoekmusi cwibl ynpyrocta  F,

Vo BO3HHUKIIAA B CTCPKHC, IPHU MaJIbIX
nepopmanusx (dl < 1) ectb

K, =—kdl=F, (1)
rae k — ko3 UIMEHT YIPYrOCTH CTEPIKHS.

Koadduuuent ynpyroctu k cTepKHsS 3aBUCUT KaK OT €r0 «I'€OMETPHM», TaK M OT yINPYTHX CBOMCTB
ero Marepuana

k=E§, ()

rae E — mooyaw FOnea (ynpyeocmu) Matepuana, u3 KOTOPOTO H3TOTOBJICH CTEPKEHb.
Monyns FOHra matepuana sBisieTcsl TaOIMYHBIM JaHHBIM M u3Mepserca B [E| = [la = H/m?,
JleficTBYSA CUJTBI TSDKECTH U CUJI TPEHMSI U COTPOTUBIICHUS B TAHHOMW 3a/1a4€ HE YUUTHIBATD.

Cnpagounvie OanHvle U napamempsvl paccmMampueaemou cucmemsl. MOJSIpHAs ra3oBas MOCTOSHHAs

R =831 =X

T
— . MOJIApHAs Macca BO3/yXa M = 29 —, ckopocTh 3ByKa B BO3JyXe MpHU TemIepaType
MOJIb* MOJIb

t° = 20°C paBHa ¢ = 343 (%), ypaBHeHue aquabatel: pVY = const, roe y = ZLZ , U1 IByXaTOMHOTO
raza (Bozayxa) y = 1,4, & —rpedeckas OyKBa «KCH». ’
Yactp 1. CxopocTh 3ByKa B yIPYIrOM CTep KHe
ITycts ynpyruii crepxeHb AB HaneTaeT no HOpMajiH co \
CKOPOCTBIO U Ha OYEHb JXECTKYIO (HemehopMupyemyto)
B

HermoaBWKHYI0 cTeHky (Puc. 3). IlnoTHOCTh MaTepuana

CTepXkHS p, ero Moaynb FOnra (yrnpyroctu) pasen E. (

(—
5
=
Il
()
—

Cpazy nocie MeXaHMYeCKOro KOHTaKTa CO CTEHKOW Mo

CTEpKHIO (OT CTEHKH) HAYMHAET OeKaTh MPOJIOJIbHAS BOITHA
Puc. 3

ckaTus (BO3MYILEHHSI) CO CKOPOCThIO 3ByKa ¢ (cm. Puc. 3).
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[Ipy >TOM K HEKOTOPOMY MOMEHTY BpE€MEHHM Je()OpMHpPOBAHHOM OKa3blBaeTcd JUIIb 4yacTe DB
CTEpKHsI, 10 KOTOPOHM yclena JOMTH BojHA ymnpyroro Bo3myuieHus (cMm. Puc. 3). bynem cuurarts, 4To
YJaCTHIIBI CTePKHA B 3TOU o0nactu (DB) yxe octaHoBWiIUCh (v = 0) mox AeHCTBHEM CHII YIPYTOCTH.

3aMeTHM, YTO B TOT )K€ MOMEHT BPEMEHH JPYrue YacTHIbI CTepXkHs (B ero «ianpHei» dactu AD)
«KaK HYU B 4eM He ObIBaJIO» MPOIOJDKAIOT ABMKEHHUE BIepe (K CTEHKE) ¢ MPEeKHEH CKopocThio U (cM. Puc.

3).
1.1 Meronom pasMepHOCTel monyuute (Gopmyiy s ckopocTH 3ByKa ¢ = ¢ (E, p) B ynpyrom crep:kHe
(c TouHOCTBIO 10 Oe3pa3mMepHoro kodpunuenta ¢), B 3aBUCUMOCTH ero moayis ynpyroctu (lOura) E u

IJIOTHOCTH p.

1.2 Haiigure CKOpOCTh 3BYKa C B YIPYIOM CTEp)KHE, PacCMOTPEB M3MEHEHHE WMITYJIbCA CTCPXKHS B
IpOIIeCCe €ro CTOJIKHOBEHHS ¢ Heae(popMupyemMol CTEHKOH. YCTaHOBUTE 3HaueHHE Oe3pa3MepHOro
koadurmenta €.

1.3 Haiinute cuny nasienusi F, crepxHs Ha HemepopMUpyeMyIO CTEHKY B Ipolecce yaapa (Bo BpeMms

A
KOHTAKTa CTEP>KHS CO CTEHO).

Yacrts 2. 3Byk 1 Jlanac

CkopocTb 3ByKa B razax BrHepBble Oblia paccuutana M. HeioroHOM

B ero 3HaMeHuTod paboTre «MaremaTuyeckue Hayana HaTypalbHON a) l
¢unocopun» (1687 r.). OmHako pe3ynabTaT MacTepa OKa3ajics CHIBHO
3aHKEHHBIM, W Oollee cTa JeT MNPUYMHA JAHHOW «HECTBIKOBKH S ) A Po )D B
0CTaBajIach HESACHOM. .. 6) Puc. §

Jlums B 1816 1. u3BecTHBIN (Ppaniy3ckuii MateMatuk [Ibep CumoH _, AW
ne Jlannac ucnpaBWil «HETOYHOCTHY» HBIOTOHA, KOTOpPBIM CUMTAN, 3BYK () F E}D
pacmpocTpaHsieTcsl «u3oTepMuueckr». Jlammac moctpous aanabaTHYIO Do + Ap

MOJI€Jb PACIpOCTPAHEHUS 3BYKAa M IOJIy4MJI OJecTsIlee COBMaIEHUE
TEOPHUH U MPAKTUKHU!
st moctpoenust mogenu Jlammaca HEOOXOUMO BBISICHUTB: Kakasi BETMYMHA UTPACT POJIb MOJYJIS
IOura E mist razoB?
PaccMoTpuM mpeanbHBIN a3 Moj AaBICHUEM P, B HEMOJIBMKHOW riajgkod Tpyoe AB nmuHOoW [ wm
IUIOIIA/IBIO MTONIEPEYHOr0 CEUEeHUsl S, 3anepThlil MOABMKHBIM TepMeTHUHbIM nopiHeM D (Puc. 5).

2.1  IlpunoxuM K MOIBMKHOMY TOPIIHIO cuily F, coxumaromnyro uneanbHbiid ra3 (Puc. 6). ITycts o
JICHCTBUEM STOM CHIIBI MOPIIEHb CMeCTHIICS BiieBO Ha Mayioe dl (dl «< 1), a maBieHue raza yBeJIUYIHIOCH
1o 3HaueHus (p, + dp), npuuem dp < p. Ucnons3ys (1) u (2), Beipazure moayns FOura E rasza BHYyTpH
TpyObI uepe3 Benmunnsl (dp,dV,V), tne dV = Sdl ectb nameHenne oobema rasa moj ACHCTBUEM CHJIBI, &
V = S| — HauanbpHBI 00BEM Ta3a.

2.2 TlpumeMm BO BHMMaHHE TOT (aKT, YTO MPHU PANPOCTPAHEHUU BOJH (B TOM YHCIE U 3BYKOBBIX)
OTCYTCBYET IEpeHOC BeliecTBa. MHBIMH CJIOBaMH Macca BBIIEIEHHOTO Oo0beMa Tra3a B IPOLECCE €ro
nedhopmanuu  (CKaTush WIM  PACTSHKEHHS) OCTAeTcsl MOCTOSHHOM (m = pV = const) mpu MambIX
u3MeHeHus1x oobema dV u mnotHoctH dp rasza. Vcnonb3ys paHee HOJy4YEeHHBIE Pe3yJIbTaThl, JOKAXKHUTE

’d
YHHUBEPCAIbHYIO (OpMYIy JJIi CKOPOCTH 3ByKa B razax (M XHJIKOCTSX) B BHIE C = ﬁ , rne dp —

U3MEHEHHE [aBJICHUS Ta3a NpU €ro YIUIOTHEHWH (pa3peXeHuu), a dp — COOTBETCTBYIOUIEE ATOMY
M3MEHEHHUE TIOTHOCTH Ta3a.
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2.3 CormacHo MMpCAIIOJIOXKCHUTIO Jlannaca Impouecc pacrHpoCTpaHCHUA 3BYKa B ra3c CJICAYyCeT CUHTATb

M
C
anuabarudeckuMm (pVY = const,y = CiM). [Monmyuure ¢popmyny Jlamnaca st CKOPOCTH 3ByKa Cj; B Ta3ax.
|4

2.4 Tlo ¢popmyne Jlanmaca BEIYMCINTE CKOPOCTH 3BYKa C; B BO3MyXe MpH Temmepatype t° = 20°C.

Jluct orBeToB. 3aganue 11-2. 3Byk u I'yk

Yactp 1. CxopocTh 3ByKa B YIPYIOM CTep KHe

1.1 Meron pa3mepHoctel (hopmyna): ¢ =

1.2 CTONKHOBEHHUE CO CTEHKOI:

1.3 Cuna naBnenus F; cTepKHs Ha CTEHY:

Eilz

Yacts 2. 3Byk u Jlamiac

2.1 J[okazarensctBo: E(dp,dV,V) =

/d
2.2 JlokazatenbctBo (C = ﬁ) X
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2.3 ®opwmyna Jlammaca 1 CKOPOCTH 3ByKa B ra3ax:

Ch =

2.4 YwucneHHOe 3HaYEHHE CKOPOCTH 3BYKa B ra3zax mno Jlamiacy (pacyer):
Ch =
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3ananue 11-3. 3apsikeHHbIH map

DJNEKTpPOCTaTUYECKOE  TIOJE, CO3JaBaéMOE€ BO  BCEM  IPOCTPAHCTBE
3apsSKEHHBIM MO0 00BEMY UAJNIEKTPUYECKUM IIapOM B BaKyyMe, SIBJISIETCS OJTHOM U3

551

OINIOPHBIX MoJienen HpHKHaHHOﬁ QJICKTPOAUHAMHKH.
-

PaccmorpuM  HampsbkeHHOCTB  E - 3IIEKTPOCTAaTMYECKOTO  ITOJIA

muanekTpudeckoro mapa (Puc.l) paamyca R, paBHOMEpPHO 3apsDKEHHOTO MO BCEMY

Puc. 1 . .. o
¢ oobeMy V ¢ mocrosHHOW O0O0BEMHOHN IUIOTHOCTBIO 3apsima p (p = const) B

HekoTopoi Touke A. Cucrema HaXOIUTCS B BaKyyMe.

o Aq
OGbeMHasl TUIOTHOCTE 3apsijia NPECTaBIsCT COOOH 3apal CAMHULEI 00beMa IMOICKTpHKA p = —
Kn
T.e. IMECT pa3MepHoCTh [p] = .
M

Eciu 3apsapl  pacmpeleieHbl MO0 TOBEPXHOCTH S (Hampumep, NIPOBOAHHMKA), TO TOBOPIT O
o Aq Kn
MMOBCPXHOCTHOH IIJIOTHOCTH 3apsaga g = E, KOTOpasa HMECT Pa3sMCPHOCTDH [O'] == HOBerHOCTHaﬂ
M

IUIOTHOCTD 3apsiia 0 TMPEACTaBIIsIeT cOO0M AMEKTpHUUECKUil 3apsia eAMHULBI TUIOIAAN PacCMaTpUBAEMOM
MIOBEPXHOCTH.

- —
B oriMume OT NPOBOJHMKOB, BHYTPHM KOTOpPHIX Tone paBHo Hymo (E =0), mnone

—

E Takoro mapa OTJIMYHO OT HYJIS BHYTpH 11apa, HarpuMmep B Touke A (cMm. Puc. 1).

B naHHOM 3asaHuM BaM MPEACTOUT OMMUCATh MOJIE 3apsHKEHHOrO apa B OKPYKAKOLIEM MPOCTPAHCTBE
U pacCMOTPETh HEKOTOPBIE €0 MPUIIOKEHHUSL.

Jns  ommcaHWsl  3JIEKTPOCTaTUUECKUX TOJNed  yAoOHO
UCIIONB30BaTh menecHbiii yron. TenecHsiit yroa ({) — dactb
MPOCTPAHCTBA, OrPAaHUYEHHAs JIy4aMH, BBIXOISAIIMMHU U3
Hekotopoi Touku O (Puc. 2).

EnuHuiieit nsmepenus TeIEeCHOro yriia sBISIETCS CTepaiuaH
(«cTepeo paauan»): [Q] = ctp. [To aHAIOIHH ¢ IUIOCKUM YIJIOM, B KAYECTBE MEPHI TEJIECHOTO yriia Oepercs
0e3pa3MepHOE OTHOIICHHWE IUIOMIAJM BBIPE3aHHOIO C(EpPUUECKOro CerMeHTa K KBajapaTy pajauyca

OTMHMCAHHOW OKPY>KHOCTHU. J1JIs1 MaJIBIX TE€JIECHBIX YTJIOB CIIpaBeyBa Gopmysa
AS) AScosa

MNy=-—F=—"7 )
Junonem Ha3pIBAETCS CUCTEMA U3 JIBYX DJIEKTPUYECKHX 3apsAI0B, OJMHAKOBBIX 110 _q +q
BEIMYMHE, HO pa3HBIX MO 3HaKy (+q;—¢q). 3apsapl HaxXoASATCS Ha MaJioM o I 'e)

bukcupoBanHoM paccrosauu [ (maedo aumoits, [ < R) apyr ot apyra (Puc. 3).
JIeHCTBUSAME CHIIBI TSDKECTH M CHJI TPEHHS M CONPOTHBIICHUS BO3IyXa B JaHHOMN
3ajaue NpeHeOpeyb.

Puc. 3

Cnpasounvle Oanmble U NAPAMEMpPbl PACCMAMPUBACMOL CUCTEMbL. DIIEKTPAUUECKas IMOCTOSHHAS
— 4
€0 = 8,85-10712 ®/m; o6bem mapa V = gnR3; m = 3,14.

Yacrs 1. [Tose mapa

=

HpI/I BBIYUCJICHUH HAIPAKCHHOCTU E QJICKTPOCTATUYCCKOI'0 IIOJIA «CJIOXKHBIX» 3apsKCHHBIX
CUCTEM JOCTATOYHO 4YaCTO MCIIOJB3YCTCA IPUHIUII CYICPIIOZUIUU ISJICKTPHYCCKUX moje Oojee
«HOPOCTBIX» CUCTEM, IOJII KOTOPBIX XOPOIIO U3BECTHHI.

o
1.1 Paccmorpum ToHKyt chepy (Puc. 4) Hekoroporo pamuyca R, paBHOMEpPHO

3apsDKEHHYIO C TIOBEPXHOCTHOW IUIOTHOCTBIO 0 (0 = const). JlokaxkuTe, 4TO Al TaKOH
IR

cheppl, paBHOMEPHO  3apsSHKEHHOM MO  TMOBEPXHOCTH,  HAMPSIKEHHOCTH E

- -
JJIEKTPOCTATUYECKOTO IOJISI BHYTPHU HEE (x < R) paBHa Hyt0 (E = 0) B 11000ii TOUKE. 4
Puc.
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1.2 Paccmotpum amsnekrpuueckuil map (Puc. 5) HekoToporo paamyca R, paBHOMEPHO 3apsKEHHBIH C
MOJIOKUTEIBHON  00BEeMHOM TUIOTHOCTBIO p (p = const > 0). Haiinure y A
3aBucuMocTh  E(x)  mpoeknuu  Ha  OCh Ox  HanpspKEHHOCTH '

AIIEKTPOCTATHYECKOTO MOJIsi B HEKOTOPOit Touke A (cM. Puc. 5) BHyTpH Takoro E(x)

-

mapa (x < R) , xak QyHkuuio paccrosHuss X = OA ot ero medrpa O.
YKaxuTe MakCUMaJIbHOE 3HaueHUe E, MOJy4eHHON 3aBUCHUMOCTH HA TaHHOM
unrepBane (x < R).

1.3 Haiinute 3aBucumocts E(x) mpoekumn Ha ock  Ox HampspKEHHOCTH Puc. 5

AJIEKTPOCTATUYECKOTO TOJISI BHE TaKOro mapa (x = R), paBHOMEPHO 3apsKEHHOTO MO BCEMY 00beMy, Kak
GYHKIMIO paccTOsHUS X OT ero mnentpa 0. YKaxuTe MakcUMallbHOEe 3HaueHue E,,;, TOIXy4eHHOI
3aBUCUMOCTH Ha JaHHOM HHTepBajie (X = R) u cpaBHUTE ero ¢ Ej.

1.4 JIna mocTpoeHus cymMMapHOTO TpaduKka TONydeHHBIX 3aBucuMmocTeil E(x) BBemem Oe3pa3mepHBIC
BEJIMYMHBL: 11 HampspkeHHoctH E* = E(x)/E, , nnsa paccrosHus x*° = x/R. Paccunraiite 3HaueHUs
E*(x*) n Baecure ux B Tabmuimy 1 (cm. Jluct orBeroB). [1o Toukam n3 Tabmuus! 1 Ha brnanke 1 (cm. Jlucr
OTBETOB) MOCTPOMTE rpaduK MOJydeHHOM 3aBUCUMOCTH E™(x™).

Yacts 2. IIpoJieTsl yepes map

Jlanee paccMOTpUM HEMOJBMKHBIA, PAaBHOMEPHO 3apsKEHHBIN MO 00beMy AMANIEKTpUYECKUHN Miap,
moJjie KOTOporo BbI omucanu B myHkTtax 1.2 — 1.4. Tlpennonoxum, 9To BHOIb

JUaMeTpa Iiapa MpoCBEpJIeH JOCTATOYHO TOHKH KaHall, 4epe3 KOTOPBIH MOTyT
CBOOOTHO MPOJIeTaTh HEOOIbINNE 3apsKEHHBIC 00bEeKTHI (Puc. 6).
2.1 Yactumy maccoii m, ¢ OTPUIATENBHBIM 3apsgaoM ¢ (M0 MOXYIIO),
O °

yAepKuBaroT B Touke A Ha ocu Ox Ha pacctosHuu R OT neHTpa mapa (cM. Puc.
5). B uekoropeiii MomeHT Bpemenu (t = 0) 9acTUIly OTIMYCKAlOT, W IO

=

JIEACTBUEM DJIEKTPOCTATUYECKOro 1oJst E 1apa OHa HayumHaeT ABUraThcs. Yepes
KAaKOW TPOMEXYTOK BpEMEHM t; 4YacTuULa OKaXEeTCs Ha IPOTHBOIIOJIOKHOM

Puc. 6
KOHIIE JUamMeTpa B Touke B?

2.2 Kakylo MakCHMaJbHYIO CKOPOCTh U; Pa30BBET YacTHIA MPH ABIKEHUH? B Kakoil TOUKE TPaeKTOpUHU
OHa OyzeT 1ocTurarbes?

2.3 C xakuM MaKCHMaJbHBIM YCKOpPEHHEM @, OyJeT ABHraThCsi YaCTHIA TPU
CBOEM JBM)KEHUHU? B KakMX TOUKaxX TPAGKTOPUU OHO OyJeT JOCTUTaThCs?

2.4 Jlarioib, COCTOSIIIMN U3 IBYX IMAPUKOB MAcCOM M KaKIbIH, YAEPKUBAIOT
B Touke A Ha ocu Ox Ha paccTossHUM R oT nentpa mapa (cm. Puc. 7). 3apsiabt

A

IIApUKOB paBHBI 10 MOAYJIO ¢. B HekoTopbIii MOMeHT BpeMmenu (t = 0) qunomns
=

o .7
OTIIYCKAarT, MU oA ACHUCTBHUEM JJICKTPOCTATHUYCCKOI'O II0JIA E mapa OH

Ha4yMHAET BTATUBATHCS B IIap. YKaXKUTE 3HAKU 3apsia KaKIOro M3 HIapUKOB
(bmwkHero k mapy u JanmbHero). Uepes Kakod NPOMEXKYTOK BpPEeMEHHM ¢, JUIONb OKaKeTcs Ha
IPOTHUBOIMOJIOKHOM KOHIIE THaMeTpa B ToUke B?

2.5 Kakyro MakCUMaJbHYIO CKOPOCTh U, Pa30BBET JTUIIOJb NPU ABKEHUU? B Kakoil Touke TpaeKTOpuH
OHa OyJeT nocTuraThesi?
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2.6 Kakoe MakcMMaJbHOE YCKOPEHHE O, PA30BBET JUIONB MPH ABIKEHUH? B Kakoil TOUKE TPaeKTOpUHU
OHO OyJIeT TOCTUTaThCs?

JIuct orBeToB. 3ananue 11-3. 3apsizkeHHBbIN Wap

Yacts 1. ITose mapa

- -
1.1 JloxazatenbctBo (E = 0): 1OCTATOYHO MPUBECTH B YUCTOBUKE (IIPOBEPSIETCS).

1.2 3aBHCHUMOCTH MPOCKIIUH TOJISI BHYTPH IIapa:
E(x) =
MaKCI/IMaHBHOG 3HAYCHUC I10JI4 BHYTpI/I mapa:

E0=

1.3 3aBUCHMOCTbH IPOEKIMHU TIOJISI BHE IIapa:
E(x) =

MaxkcuMasbHOe 3HaYeHHe I0JI BHE 11apa, ero cpaBHeHHe ¢ Ej:

Emax -

Tabmuma 1. 3aBucumocts E* = E(x)/E, (U1 3aM0oTHECHAS).

x* 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
E*
x* 1,0 11 1,2 1,3 1,4 15 1,6 1,7 1,8 19
E*
x" 2,0 2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9 3,0
E*
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1.4 bnauk 1. [Toctpoenue rpaduka 3aBucumoctun E* = E(x)/E, (mo 3anomaenHon Tabmure 1.):

E*

1
0,8
0,6
0,4
0,2

—

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3%

Yacts 2. [IpoJsieTsl yepe3 map

21 tl =

2.2 MaxkcumanabHas CKOPOCTb YaCTHUIIBI.

U1

Omna OyneT JOCTUraThCs B TOUKE:

2.3 MakcumanbHOE YCKOPEHHUE YaCTHULIBI:

a;

OHO OyJIeT TOCTUTATHCS B TOYKE:

11 xnacc. Teoperuueckuit Typ. Bapuanr 1.

11



Tpetuii aTan pecryOIuKaHCKON OJMMIMAABI 10 YdeOHOMY mpenaMeTry «Du3nkar

2025/2026 yuebHbIit ro

2.4 3Haku 3apsaa KaKJI0ro U3 IMIapuKoB:

[IpomexyTok BpemeHH ¢!

2.5 MaxkcumanbHas CKOpPOCTH YaCTHUIIbI.
U2 =

OHa Oy/ieT TOCTUTaThCs B TOUYKE:

2.6 MakcuManbHOE YCKOPEHHUE YaCTHIIBI:
a, =

OHo OyzeT 10CTUTaThCs B TOUKE:
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