MexperuoHajabHas OJIUMIIKAAA IIKOJIbHUKOB HA 0a3e BeAOMCTBEHHBIX
o0pa3oBaTeJbHbIX YupexaeHnuii (2023 r.)
®du3uka. 11 knace

Bapuanr 1
3a0aua 1. B Hacrosimiee BpeMs ILIMPOKO IPUMEHSIOTCS MeTaMaTepuaibl, I103BOJISIOLINE

Co3aaBaTtb CpeAbl C COBCPHICHHO HOBLIMU CBOfICTBaMH, B TOM 4YHCJIC C OTPpULATCIbHBIM
nokasarteneM mnpenomieHus. Ha puc. m300paxkeH XoJ JIydedl OT TOYEYHOro HCTOYHHKA S,
PACIIONIOKEHHOTO0 Ha BEpXHEW IMOBEPXHOCTH ILIOCKOIAPAIUICIIBHON IUIACTHHKU TOJIMHON d ¢
HOKazaTeneM IpeloMiIeHus N2>1, HaxoJsmielcss B cpene C rokasareneM mpenomiteHus Ni=1.
Teneps mpencTaBUM, YTO IUIACTHHKA H3TOTOBJIEHA M3 MeTamMaTrepuana ¢ OTPHIATEIbHBIM
nokasarenemM mnpenomieHus Nz = -1. M3o0paszure st 3Toro

ciydasl XOJ Jyuyed OT HMCTOYHMKa 4epe3 IulacTUHKy. ['ne B /S\ -
9TOM Cityyae OyleT HaXOAUThCs U300paKEHUE UCTOUHMKA S™7 / \\ ne
byner oHo neiictBuTenpHBIM WiM MHUMBIM? [Ipumedanue: '/ \T:
yriabl MaJeHUss 0 M OpPeIOMIIEHUs [3 OTCUMTBHIBAIOTCA OT :“/ \iﬂ -
‘ ‘
‘
‘

HOpMaJIH, CTperoYKaMu yKa3aHo MOJIOKUTEIBHOE
HampaBlieHue orcyera (cMm. pucyHok). [lyHKTHpOM mokazaHa
HOpPMaJlb K TOBEPXHOCTH.

Pemenue.

N300pa3um X011 JIydeid B IJIACTHHKE ¢ YI€TOM HAIIPABJICHUS OTCUETA YTJIOB NaJICHUS U
HpeJIOMJIeHI/DIZ
S N1=1

No=-1

Ortser: HOJ’Iy‘-II/IJ'II/I JIeICTBUTEIIFHOE I/1306pa)KCHI/Ie Ha pacCTOIHUU d, PaBHOM TOJIIIWHE
IIJIACTUHKH.



3aoaua 2. PaBHOMEPHO 3apsHKEHHYIO TT0 TIOBEPXHOCTH 0 3apsiaa J chepy paauyca R pazpenmnm
Mo JMAMETpPy Ha JIBE OJMHAKOBBIX YaCTH, KOTOpbIEC, M3-3a B3aUMOJICUCTBHS 3apsoB, CTAJU
OTTaJKuBaThcs. HaiimuTe cuity, KOTOpYH0 HEOOXOAUMO MPHIIOKHUTh K KaXKIOW MOJIOBUHE, YTOOBI
KOMIICHCHUPOBATh BHYTPEHHEE JaBJICHUE, KOTOPOE BO3HUKAET U3-3a B3aUMOACHCTBUSA 3apsiioB?

Penrenue.

[TonCunraem paboTy, KOTOPYIO HY>KHO BBIIIOJIHUTH, YTOOBI (MBICIICHHO) YMEHBIIUTH HA MAaYIO
BETMYMHY 00BeM cdepbl, U pe3yjbTaT, MPUMEHSS 3aKOH COXPAHCHHUS SHEPTHH, CPAaBHUM C
M3MEHEHUEM MTOTCHITUAIBHOM SHEPTHH CPEPHI.

Ecnu uckomoe nmaBieHue paBHO P, TO, 4TOOBI CkaTh cepy Ha ManeHbKui 00beM AV (co Bcex
CTOPOH PAaBHOMEPHO), HY>KHO BBIITOJHUTH PaboTy

AA = pAV = 4ap[R3 — (R — AR)3]/3 =~47xR?pAR,
20e AR — m3menenue paanyca cqeps.

[Tpu sTOM NMOTEHUMANIBHAS SHEPT U 3apsja Ha chepe U3MEHUTCSI Ha BETUUUHY

N q? .4
AU = kZR ( k—Z(R—AR))~k2R2AR'

Torpaa u3 paBenctBa AA = AU HaxoauMm, 4TO
p =kq?/8nR*.
Teneps Haiinem cuiy F.
[TycTth momycdepsl pa3onuTUCh HA CTOJIb MAJIOE paccTossHUE AX, UTO HU JIaBJICHHUE,

HHU pacClipCACICHUC 3apAJ0B Ha HUX HC NU3MCHUIIUCD.
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IIpu 5ToM 3a cueT B3aUMOJEICTBUS 3apa0B HpousseneHa pabota AA,= pAV; = prR?AX (CMm.
1 1

puc. a). Oty ke paboTy MOXHO HojcuuTarh o popmyne AA; = FAx, rne F — nckomas cuia

oTTaNKuBaHus noiycdep. Cieq0BaTeNbHO, C YI€TOM COOTHOIICHUS

F=nR*p = kq*/8R>.
Otser: F = kq?/8R?



3adaua 3. Beptoner k-52 «Ajdratop» TEIUIBIM JIETHUM JHEM -
MOTHIUMAETCS] BEpTUKAIBHO BBEPX cO cKopocThio 0,2 m/c. JlmameTp BUHTA '
Beproiiera 14,7 m. Cymmapnas momHocth aurareneit 3500 n.c. Kakosa
macca BeproseTa? YHuBepcanbHas ra3oBas MOCTOSIHHAS
R = 8,3 x-K'-momnp !, Temmneparypa Bozayxa 3° C.

Pemenue.
Benem o6o03nauenus: M - macca BepToJieTa, U — CKOPOCTh OAbEMa, V - CKOPOCTh MTOTOKA

BO3JyXa OT BUHTA, p — IUIOTHOCTh BO3yxa, O — auamerp BuHTA, Po— mose3Has MOIIHOCTh
JBUTATENIS B TOM Cllydae, KOIrla BEpTOJIET 3aBUcaeT Haj 3emield. OHa ke — MOIIHOCTh
BO3/YIIHOI0 ITOTOKA M0/ BUHTOM. byieM cuuTaTh, YTO BeCh BO3yX OTOpPAChIBAETCS BUHTOM
BHMU3.
[Tpu nogbeMe co CKOPOCThIO U U CUJIe TATHU JABUraTesieil F MOIIHOCTh yBEIMYMBAETCS Ha
BennunHy Fu. [lonHas MomHOCTb

P =Py + Fu. 1)

Cuna tsru F = Mg. Takas ke cuia qeiicTByeT co CTOpOHBI BUHTA Ha Bo3yX. Haiinem Po.
3anuiiem BTopoit 3akoH HproToHA B BUIE

FAt = mv, 2
re M — Macca Bo3/1yxa, 0TOpachkIBaeMOTro BUHTOM 3a Bpemsi At.

m = psvAt, 3
nd?
rie s = —-— - IOk HOIEPEYHOr0 CEYCHHs BO3YIIHOrO MoToKa. M3 (2) u (3) monyyaem:
- [Mg
v = . (@)

IInoTHOCTB BO3/1yXa MOXHO HalTH U3 ypaBHeHUs Menzeneesa - Kitaneiipona p = % ,B

KOTOPOM p — MoJIsipHast macca. (J[1st OlleHKr MOKHO MCTIOIh30BaTh 3HAUEHUE TS a30Ta,
KOTOPBIN COCTABIISIET OOJIBIIYIO YaCTh BO3/IyXa).

Mo1HOCTh BO3IYIIHOTO MOTOKA paBHAa KUHETUYECKOM YHEPTHUU MacChl M, eIeHON Ha
BpeMsI:

2

mv
Po = ©
U3 (2), (3) u (5) nonyyaem:
Py = % psv3. (6)
Takxum oOpazom, P = %psv3 + Mgu. (7)

U3 sToro ypaBHeHHUs ¢ yueToM (4) MOKHO B MPUHIUIE BBIYUCIUTE M. OHAKO HE TPYIHO
yOeIUThCS, UTO CKOPOCTh BO3AYIITHOTO MOTOKA (4) 10 BUHTOM CYIIIECTBEHHO OOJIBIIE CKOPOCTH
MoJbeMa BepTOJIETa, U MPH MAJIBIX CKOPOCTSIX, BTOpOe ciaaraeMoe B (7) Majo Mo CpaBHEHUIO C
NEePBBIM, 1 UM MO>KHO TIpeHeOpedb. TakuM 00pa3oM JIJIsl OLIEHKH MOJTy4aeM:

1
M= Ei/Pzndzp.

B dopmynax (2) u (3) npeanonaraercs, 4To Macca OTOPachIBAEMOTO BUHTOM BO3JIyXa H €r0 CKOPOCTh IMTOCTOSTHHBI
0 TIOTNIEPEYHOMY CeUeHHUI0. B JIeHCTBUTEIBHOCTH TO HE TaK, U Cuiia Taru 3aBUCUT 0T d cuitbHee. [1o3ToMy MbI
MOJy4YeHHAs: OpPMYJia JaeT HECKOJIBKO 3aHMKCHHOE 3HAYCHUE.

OrtBerT:



3aoaua 4. IapannenpbHbINA MyYOK CBETA MAJIOTO JUAaMETpa U MPOCTPAHCTBEHHON MPOTSHKEHHOCTH
|, ABUTraBIIMIiCS Mapa/uIeIbHO TIIABHOM ONTHYECKON OCH, MPOXOIMT Y€Pe3 TOHKYIO COOUPAIOIIYIO
JMH3Y, OTPa)KaeTcsi OT PACMOJOKEHHOrO BIUIOTHYIO K JIMH3€ IUIOCKOTO 3€pKajia M CHOBa
MPOXOAUT uepe3 JMH3Y. OTHOILIEHNUE PACCTOSIHUS MEXKIY ONTUYECKUM IIEHTPOM JIMH3bI U TOUKOU
NaJicHUs Ha Hee CBETOBOrO MydYka K (POKYCHOMY paccTosHUiO JuH3bI paBHO K. Koaddurument
OTPa)KEHHUS CBETa OT MOBEPXHOCTH 3€pKajla PaBEH €IMHHIIEC, OT MOBEPXHOCTEU JIMH3BI — HYJIIO;
ONTUYECKOE CTEKJIO, U3 KOTOPOTO M3rOTOBJICHA JIMH3A, MOTJIOAET YaCcTh SHEPTUU MPOXOISIIETO
Yyepe3 Hero CBETa, PaBHYIO 1. DHEPrus CBETOBOrO IyYKa JI0 MajeHus Ha quH3y paBHa W. Haiitu
BeIMUMHy cpenHeil cuibl Nep, JeiicTByrOlIeH Ha JIMH3Y MPH HPOXOXKACHUU Yepe3 Hee IMydKa
CBETa.

Pemenue.
OTpakeHHBIN OT 3epKajia U 3aT€M MPOIICAIINN BTOPUYHO Yepe3 JUH3Y MyYOK CBETa COCTABJISET

C TJIaBHOW ONTHYECKOW OChIO yroi O takoii, uro tg0 = kF/( F/2)= 2k, rae uepe3 F o6o3HaueHO
($hOKyCHOE pacCTOSTHUE JTUH3HI.

[Tpu mpoxoxaeHnu yepe3 JIMH3Y MpUpaleHue UMIYJbca (POTOHOB CBETOBOIO ITydyKa COCTAaBUT
BEIINYUHY:

Ap = p2—py,

riae p1 = WIc, p2 = (1 —n)WI/c, 3aech C— ckopocTh cBeTa. JlanbHelIee peieHne mpenoiaraet,
YTO JIMH3A C 3€PKAJIOM MIPEACTABIIAIOT €UHOE LEIIOE.

Monynb npupaiieHust UMIyjibca GOTOHOB PABEH:

Ap=\/pf+ p§+2plp2cose= W2 + > —;cosez
c

:V(\:/\/Z(l— 12 +2(1—n)cosd .

Cpennsisi cuia, ISUCTBYIOIIAs Ha (OTOHBI 32 BpeMs MPOXOXKICHUS cBeTa uepe3 juH3y T = I/C,

paBHa:
A W
Ncpq)or :Tp W \/ +T] +2( —n)COSO:
:W 2(:'.—'|’])-|—'|’]2+M:w 2(1—n)+n2+M.

J+tgZe | 1+ 4k2

Cwita, IefCTBYIOIAs HA JTUH3Y, PaBHA 10 BEJIMYMHE U MPOTUBOIIOJIOXKHA 10 HAIIPABJICHUIO CHJIE,
neicTByroeit Ha (OTOHBI:

Ncp =— Ncp dot -



w 211—
Ortser: Ncp =— 2(1 — T]) + T]Z + M . AHQJIOTHYHO MOXKET OBITH PaCCMOTPEH

! V1+ 4k2

CiIy4yail OTCYTCTBHSI HEMOCPEJCTBEHHOI'O0 KOHTAKTA MEX/y 3€PKAJIOM U JIMH30.

3aoaua 5. beckOHEUHBIN TPOBOASILNN N30JIMPOBAHHBIN IPOBOJI U30THYJIM TAaKUM 00pa3oMm, YTO
HOJYYHJICS IIOCKUN (paKTanbHbI 00BEKT, YaCTh KOTOPOro H300pakeHa Ha PUCYHKE.
@pakTanbHbIi 00BEKT ABIsETCA OeckoHeUuHbIM. OH OBUT TOCTPOSH HAa OCHOBAHUH KBAJIpaTa co
CTOPOHOI1 &, y KOTOPOTO 10 yIiiaM ObUTH C(OPMUPOBAHBI KBAIPaThl CO CTOPOHOIT B K pa3
MEHBIIIE, 3aTE€M B UX yriiaX ObLI c(hOPMHPOBAH €IIe OJMH YPOBCHb KBaJIPAaTOB CO CTOPOHOI B K

pa3 MeHbllIe, YeM y IpeAbIAyIInX U Tak panee 10 N —ro oo o 0o oo
ypoBHs (N — oueHb 00JIbIIIOE HATYPATBEHOE YUCIIO). DIJ _[D D‘ 5
[TepnieHAMKYIAPHO TIOCKOCTH 00BEKTa JeHCTBYET
MarHuTHOE I10JI€, MarHUTHas HHAYKIMs B koToporo B A i
Ka)KI0W TOUKE U3MEHseTCs 1o 3aKoHy: B = Bysin (wt), oo oo
rae By — ammumiryza, a w — yacrora. OHuU 3a7aHbl. B, ®
VY aenpHOE CONPOTUBICHUE €IUHULIbI AJIUHBI
IIPOBOJIHMKA paBHO p. Haliiure aMruTyny Toka B Lienu D‘—D ‘:'l:\':‘
naHHoro oobekTa. [Ipu kakux K 3amaua Oyier umethb = o
(')
¢dusndeckoe pernieHue? o . 5 | |D
DDD DDD oo o d

Pewenue.

1 Adﬁ

R At

A®

rae R — conporuBneHue, a — — CKOPOCTh U3MEHEHHSI MarHUTHOT'O MTOTOKA.

At
VYuuteiBas, 4TO MAarHUTHOE TOJIE IEMUCTBYET MO OCU MEPIEHANKYISPHON TIIOCKOCTH PUCYHKA JJISI

TOKOB TCKYIIUX ITO CTOPOHAM KBAaJIPATOB MOYKHO IOJYYUTH CXEMY, MPCACTABJICHHYIO HAa PUCYHKEC
2. OTMCTI/IM, 9TO KOorga B 6YI[CT HaIrpaBJICHa OT HAC, TO HAIIPaBJICHUC TOKOB M3MCHHUTLCA Ha

a- = O=0 O0=0
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Puc. 2. YacTh poBOAIIET0 OECKOHEYHOTO MPOBOASIIETO OOBEKTA.



®dopmanbHO B KBajaparax kaxaoro u3 yposuei (I, I, I, 1V, V u 1.1.) 6ynyT Teus cBou TOKH ||,
ln, i, liv, Iv 1 1.0, HO B BepmmHax (Hampumep, A, C, D u E) cxomsrcs Toxu pasHOro
HAIPAaBIICHUS, IOATOMY 3TO HEOOXOJMMO Y4YeCTh 3a c4eT BhiumTaHus. Ecimm mMbr mpumem | 3a
MOJIOKUTEIBHBIN TOK, TO logw. OyAET paBHO:

logy, =1, — 4l +4-3l; —4-3-3y +4-3:3-3ly —ooeeeteeeeee
Haiinem npaBusio Beraucienus TokoB i, In, ln, hv, Iv 1 T.1. PaccmoTpum, Hampumep, nepBoiid
YPOBEHB.
1 A® 1 A(SB(®)) a? A(B(t))  aB, A(sin(wt))
=R A~ "1y T A =_4ap' At 4p At

A(sm(a)t))

3a Bpems At paBHoe mepuony T: o 'l

= w. Takum ob6paszom ammumtyna | Oyner
a(DBO
paBHa: —-=. YuuThIBas, 4TO CTOPOHA KBaJIpaTa Ha KaXKJIOM CIIEAYIOIIEM YPOBHE YMEHbIIACTCS B

K pa3 3amuiiem:

Io6m.:11_4111+4'31111_4"3'3IIV+4'3'3'3IV_""""'+ ......
_wB,
= {a_4k+4 Sﬁ_4 3. 3ﬁ+4 3-3- 3F_.........+ ...... }
—awB"{l L +3L-3.3113.3.32 + }
T B ki k? Z

_awBo)1 1( 3 N (3)2 (3)3 N (3)5 (3)6 N
T p |4 k ko \k k k k
VYuThIBas, 9TO YUCIIO ypoBHEH N sBIIICTCS OUeHB GOJBIINM, TO:
2 3 5

D) -0 @) () -5
ko \k k k k T 143 3+k
K

Taxkum oOpa3oM, aMIIMTYy1a TOKa OyAeT paBHa:
awB, {1 1 } aa)Bo k-1
p 4p k+3

obu, = 4 3+k

3apsn Q, KOTOpBIN MpoTEUeT Mo 1enu 00beKTa 3a BpeMs 1/2 OyAeT paBeH:
anB, k—1

4p k+3
3aaua Oyaer uMeTh pusnueckoe pemieHne npu K>2

aT[Bo k

Otger: Q = ki3 3a11aqa OyneT uMeTh (u3nUecKoe penieHue npu K>2.



