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(3axsrouuTeIBLHBIN 3TAN)

TeopeTrnueckuii Typ

11 kJaacc.

Buumanmue! I[Ipournre B nepByio ouepenb.

1. ITomHBI KOMIUIEKT COCTOUT W3 3 3amanuid. /s Bamero ymoOcTBa
BOINPOCHI, Ha KOTOopble Bam HE0OXOJUMMO OTBETHTH, IMOMEIIEHBI B
pPaMKHU.

2. Ha otpenbHOM JHCTe MNpHUBEAEHBI (OPMYINIbI MPUOIMKEHHBIX
BBIYMCIICHUM, UCIOJIB3YWTE MX IPU PEUICHUHU 3a4ad, TaMm, e 3TO
HEe00X0aUMO.

3. PemieHus 3ajay BBIIOJHSANTE HA OTAEIBHBIX YHCTBIX pPaboOumx
muctax. CaMOCTOATENbHO pa3[eIuTe UX HAa YEPHOBUKHM U YHCTOBBIC
aucTbl. PekoMeHayeM cHauajna peliaTh B UYEPHOBHUKE, a 3aTEM
KpacuBo O(OpPMUTH pelIeHHEe Ha YUCTOBBIX JMCTax. Pemenue
KKIOro 3a/JaHus HAayuMHAWTE C HOBOIO YHUCTOBOro Jjucra. B
pELICHUH TNPUBEAUTE PUCYHKH (B HEKOTOPBIX 3aJaHHUs PUCYHKU
HEOOXOIUMBI, Ja)ke B TOM Cllydae, KOrja 3TO HE OTrOBOPEHO B
YCIIOBUH), UICXOJJHBIE YPABHEHHUS C KPATKUM OOOCHOBAaHUEM, PEIIEHUS ypaBHEHUH (KOMMEHTApUH K
MaTeMaTUYeCKUM BBIKJIaJKaM HE TpeOyloTcs), OKOHYaTeJabHble pe3yabTaThl. OKOHYATEIbHBIE
peleHns 00s13aTeIbHO 3aHECUTE B JIUCTHI OTBETOB. UMCTOBBIE JIMCTHI MPOHYMepyiiTe. YepHOBBIE
JIUCTHI TIOCTIE OKOHYAaHUs paboThl epeuepkHuTe. Yepnosuku nposepamucsa ne oyoym!

4.JIucTel OTBETOB COAEPIKAT OTACIBHBIE Pa3eiibl B COOTBETCTBUU C ITyHKTaMH IOJIYy4€HHbIX Bamn
3ananuil. Koneunsle ¢popMyibl U TpeOyeMble YUCIEHHbIE 3HAUEHUSI 3aHECUTE B COOTBETCTBYIOIIHE
BblJIesIeHHble Tost. Ecnm mo ycnoBuio 3amaHmii or Bac TpebOyercs moctpoeHue rpaguka,
UCIOJIb3YITEe MOArOoTOBIEHHbIE O1aHKu B JIMcTax oTBETOB, HE 3a0yAbTE MOANKUCATh U OLMPPOBATH
OCH KOOpJUHAT.

5. Bce Bamm palboOThl CKaHUPYIOTCS, MOATOMY MHIIUTE TOJBKO HA OJHOM CTOpOHE JIHCTA.
[ToanuceiBaTh pabouyue JUCTHI U JIUCTHI OTBETOB 3aIPELaeTCsl.

6. B xome pa®oThl MOXETe HMCHOJIb30BaTh PYYKH, KapaHIallld, YepTeXHbIE MPUHAAIEKHOCTH,
KaJIbKYJIATOP.

7. llocne oxoH4aHus pPaOOTHI CIOXKHUTE JIUCTHI B CIEIYIONIEM MOPSAIKE: JHCTHl OTBETOB;
IIPOHYMEPOBAHHbBIE YHCTOBBIE JIMCTHI; IEPEYEPKHYTHIE YEPHOBUKHU.

8. Co BceMHu BONpPOCAMHM, CBSI3aHHBIMH C YCIOBHSIMHM 3a/ay, oOpamiaiitecb K OpraHu3aropam
OJINMITUA]IBI.

IMaker copep:kut:

- TUTYJbHBI auct (1 cTp.);

- JIUCT MaTeMaTHYeCKUX Moacka3ok (1 crp.);

- ycaoBusi 3 TeopeTHuecKux 3aaanui (7 cTp.);

- JINCTHI OTBETOB (5 CTP.);

11 knacc. Teopernueckuii Typ. Bapuant 1. 1



3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

®opmyJibl NPUOIUKEHHBIX BbIYUCICHUH.

[Ipu pemmennu 3a1a4 Bam MOryT OHaI00UTLCS CIIEAYIOMINE NPUOIIHKEHHBIE (POPMYIIBI
1 (@+x) =1+yx

dopMyna cropaBemIBa TpU JIFOOBIX (LENBIX. APOOHBIX, TMOJIOKUTEIBHBIX, OTPHUIATEIILHBIX)
3HAYCHUAX CTEIICHU 7 .

sin X = X
2

X
2. COSX~1-——
2

apryMEHTHI TPUTOHOMETPUYECKUX (PYHKIIHMIA JOKHBI OBITh 3a/1aHBI B paJlaHax.

3 e ~1+x ,
KommenTapumu.

1. Bo Bcex popmynax BenwunHa X Oe3pa3MepHas U 3HAYUTEIHHO MeHbIIe 1: X <<1

2. JIns ucnonb3oBaHUS 3THX (POpMYyJ, MPEXkae BCEro HEOOXOAUMO NMPUBECTH Bally (popmyiy K
CTaHJapTHOMY BH]y, KOTOPBIE JTaHBI 3/1€Ch.

3. B xo1e mpulOmKeHHBIX TIpeoOpa3oBaHUi COOMIOAANTE MPABUIIO COOIOACHHUS TIOPSIKA MATOCTH:
ecnu BB OTOpachIBaeTe Malble BEIMUMHBI MOpSAAKAa X° ¥ BBIIE — OTOpAackBaiiTe MX cpasy B
IIPOMEXYTOUHBIX BBIKJIAJIKAX; €CIM Bbl COXPAHSETE BEJIWYUHBI OIPEAEIEHHOTO MOpSAIKa, TO
COXpaHsIITe UX BO BCEX MPEOOPa30BAHMSIX
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

3aganune 1. 'uranromanus

JlaHHOE 3aJ]aHKre COCTOUT M3 TPEX HE CBA3AHHBIX MEXY cOOO0M 3a/1a4 Ha OJIHY TEMY.
Bo Bcex 3aavax cinenyer npenedperaTs:

- B3auMoieiictBueM Tel ¢ CONHIIEM B JPYTUMH HEOCCHBIMU TEIIaMH;

- IBIb>KeHHEM 3emiin BOKpyT CoJiHIIa U ee BpallleHHue BOKPYT COOCTBEHHOM OCH;

- CONIPOTHUBJICHUEM BO3/TyXa.

Bam MoryT moHagoO0uThCs (2 MOTYT U HE TIOHAJO0UTCS) CICIYIOIINE XapaKTePUCTHKU 3EMITH:

panuyc R=16,4-10°n; Macca M =6,0-10"«k2; yckopeHHe CBOGOIHOTO MaieHHS Ha

M
noBepxHocTy 3emiu g =10—.
c

3anaua 1.1 [lagenne kamymka

Cdepuueckoe Tenmo paamyca R =200m nHaxomurcs Ha
paccrosaun h=100m ot moBepxHocTH 3emian (CM. pUC.) U
HAaYMHACT Ma/IaTh Ha 3eMJII0 0€3 Ha4albHON CKOPOCTH.

1.1.1 3a xakoe Bpemsi 7 Teno ynazxer Ha 3emiro? Ilomyuute Gopmyny U paccuuTaiiTe YUCICHHOE
3HauEHUE.

1.1.2 C xakodi CKOpPOCTBIO V OTHOCHTEIHHO 3eMJIM yIMajeT TeJI0 Ha IOBEPXHOCTH 3eMiu?
[omyunre hopmyny U pacCUUTalTe YNCICHHOE 3HAUCHHE.

Pemnre 3amauy B IByX ciaydasx:
a) IUIOTHOCTb MAJAI0LIEro Tejla paBHA CpeAHEN INIOTHOCTU 3eMIIH;
0) Macca Tena paBHa Macce 3emiTH (T.e. TeJIo — HeOObIasi HEUTPOHHAS 3BE3/I0YKA).

3agauya 1.2 Kocmuyeckuii kopa0d.b.
Kocmuyeckuii kopadib IBIKETCS IO KPYroBoil opOuTe BOKpYr 3emim Ha BbicoTe h Haj

MOBEPXHOCThIO 3€MJIM. KOTOpas 3HAUMUTEIbHO MEHblLIE paauyca 3emid. Pasmepbl kopaOis
3HAUYMTEJIbHO MEHBIIE pajinyca 3eMIIu.

1.2. Yemy paBeH mnepuoxa oOpamieHus crnyTHuka Bokpyr 3emuu [ ?  Ilomydute dopmyny u
paccuuTaiiTe YMCICHHOE 3HAaYCHHUE.

Pemure 3aady B IByX cilydyasix:
a) Macca KopalJsi 3HAUUTEITLHO MEHBIIIE MacChl 3eMITH;
6) Macca Kopabis paBHa Macce 3eMJIu.

3agaua 1.3 IrajioH yaca

Ha mnoBepxHocTH 3emiin mOCTpowJiM OallHIO, BBICOTa KOTOPOH
HEMHOTO TpeBbIaeT paanyc 3emum R . K Bepmmae OanmHu nmpUKperuim
MaTeMaTHYeCKUid MasTHUK UIMHBL R. Maccoli moxaBeca MOXKHO
npeHedpeyb, MOBEIICHHbBIN IPy3 MOXKHO CUMTAaTh MaTepUaIbHOW TOYKOM,
Macca KOTOpO# 3HaYUTEIbHO MEHBIIE MACChl 3EMIIH.

1.3 Yemy paBeH mnepuoa Maiblx KoiiebaHwii T dtoro MastHuka? I[lomyumre dopmyny u
paccuMTaiTe YNCIEHHOE 3HaYEHUE.
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

3aganue 2. MaruHuTHOE JTHHAMO

Teopust BOSHUKHOBEHHS U CYIIECTBOBAHUS MAarHUTHOTO TOJIS
3eMi 10 HACTOSIIEr0 BPEMEHHM OKOHYATeJIbHO HE pa3paboraHa. B
JTAHHOM 3a/IaHUM BaM MPEJCTOUT MPOAHATU3UPOBATH MPUMHUTHBHYIO
MOJIEJIb, Ha TIEPBBIN B3IJIAI, MO3BOJISIONIYIO ONUCAaTh BO3HUKHOBEHUE
MarHuTHOTO T0JIsA, Omarogaps 3GPeKTy MarHUTHOTO IMHAMO.

He BEBI3BIBACT COMHEHUIM, YTO MATCHUTHOE IIOJIC 3eMIIH
CyIlleCTBYeT Onarojapsi, BO-IIEPBHIX, HAUTUUHIO B SApe 3EMIIH XOPOIIIO
MIPOBOJIAILIETO CJIOS PACILIABJIEHHOT'O %KeJe3a, BO-BTOPBIX, BPALICHUIO 3€MJIU BOKPYT CBOEH OCH.

PaccmoTpuM crneayroniyro MoJenb: TOHKHN MWIMHAPUYECKUM CIIOM
MPOBOJSILErO BEIIECTBA BPAILIACTCSI BOKPYT CBOEH OCH C MOCTOSHHOM YIJIOBOM
CKOpocThi0 @ . OO003HAUMM BHYTpEHHHH paguyc storo cimos R, a ero
tommuny h, mpuuem h << R, yaenbHOE 3JeKTpUUECKOE COMPOTUBICHHUE 3TOTO
CIOS PaBHO L, JUIEKTPUYECKUMU U MAarHUTHBIMM CBOWCTBAMH  CJIOS

nperedperaeM ¢ = 4 =1. DTOT CJIOK HAXOAUTCS B HEMPOBOJISIICH Cpejie.

OcHoBHasl uaes TeHepaluy MarHUTHOro mouia ciuenyromas. Ilycts Ha

BHYTPEHHEH IIOBEPXHOCTU CJIOSI CIIy4alHO BO3HHMK JJIEKTPUYECKUH 3apsf, IOBEPXHOCTHAas
IUIOTHOCTb KOTOPOI'O paBHA + O, TOIZla Ha BHEIUHEH IOBEPXHOCTH IOSIBUTCS PaBHBIN 110 MOJYJIIO
NMEKTPUYECKUN 3apsA] C IOBEPXHOCTHOM IUIOTHOCTBIO — o . IIpuM BpameHunu cinost 3TH 3apssl
CO3JAaI0T MarHUTHOE I10JI€, KOTOPOE BO3JIEHUCTBYET Ha 3JIEKTPOHBI B IIPOBOJAIIEM CJIOE, YTO MOXKET
IPUBOAUTh K BO3HMKHOBEHHIO JJIEKTPUYECKOTO TOKA MEXAY BHYTPEHHEH M BHEIIHEH
IIOBEPXHOCTBIO PACCMAaTPUBAEMOr0O II0JIS, UTO, B CBOKO 0YEpEAb, MOKET MPUBOAUTH K YBEINUYECHUIO
IJIOTHOCTH 3apsAJI0B U KaK, CIEACTBUE, K YCHIICHUIO CAMOT'0 MarHUTHOT'O MOJIA.

Tloockasku

Ecim Ha OOKOBOWM TIOBEPXHOCTH ITMJIMHIApA
HAaXOAWTCS pPaBHOMEPHO PpAaCIpENeNeHHbIH 3apsim C
HOBerHOCTHOﬁ IUIOTHOCTBO O , TO 3THU 3ap$II[LI CO34ar0T
paI[I/IaJ'IBHOQ BHGKTpI/ILIeCKOG I10JIC y HOBerHOCTI/I
]_II/IJ'IPIHI[pa, HaprI)}(eHHOCTB KOTOpOFO paBHa

E-2 . )
o
BHyTpH IMIMHIpA SJIEKTPUYECKOE IMOJI€ OTCYTCTBYET. B JaHHOM 3alaHMM MOXKHO CUHMTATh, YTO MOJIYJIb
HANPSDKEHHOCTH AJICKTPUYECKOrO TOJsl B PACCMATPHBAGMOM TOHKOM CJIO€ TOCTOSHEH U ONPEACIseTCsI
dopmynoii (1)
Ecii 1o 06MOTKe [MJIMHAPUYECKOTO COJEHOMIA TPOTEKAET DJIEKTPUUECKHI TOK cuibl |, To 3TOT
TOK BHYTpPH IMJIMHJPA CO3JaeT OJHOPOAHOE MArHUTHOE TI0JIe, HAIIPABICHHOE BIOJb OCH LIWIIHHAPA, MOIYIIb
KOTOPOTO paBeH

B = ynl, (2
rge N - IUIOTHOCT, HAMOTKM (YMCIIO BHTKOB HA €IWHMIYY J[UIMHBI). BHE COJEHOMIA MarHMTHOE MOJIE
OTCYTCTBYET.

12 @ _6 F H
Dnekrpuueckas nocrosuHas &, = 8,85-107° — . MaruutHast mocrosiunas 4, =1,26-107 — .
M M
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

Yacte 1. [Hoge B cioe

JIy1st onMcaHus pacCMaTpUBAEMOrO SIBJICHHS BBEJEM JEKAPTOBYIO
CUCTEMY KOOPAMHAT BHYTPH CJIOS:
Ocpb X - paananbHO, NEPHEHAUKYISIPHO OOKOBBIM IIOBEPXHOCTSIM CJIOS;
Ocp Y - 110 KacaTeabHOM K BHYTPEHHEN TOBEPXHOCTH CIIO,

NEPIEHIUKYJIIPHO €ro OCH;
Ochb 7 - mapajuieabHO OCH CIIOS;
HA4aJI0 KOOPJAMHAT HAXOJIUTCSl HA BHYTPEHHEN OBEPXHOCTHU CJIOS.

1.1 B nucTe OTBETOB YKaXXUTE HAIPABJICHUS! BEKTOPOB: HANPSKEHHOCTH JIEKTpUYecKoro mous E

MHIYKIIMH MAarHATHOTO ToJst B, ckopocTy BukeHust V. B TOYKE, HAXOJSIIEHCS BHYTPH CJI0s Ha
OCH X.

1.2 Beipa3zuTe MOLyJIb MHIIYKIIMA MarHUTHOTO TI0JIE BHYTPHU ciiosi B uepes moBepXHOCTHYIO
IUIOTHOCTB 3apsiIOB O , YIIIOBYIO CKOPOCTh BpallleHus @ M paauyc ciost R.

1.3 B nucre oTBETOB YKaXXUTC HAIIpaBJICHUSA CUJI, HeﬁCTBYIOHIHX Ha 3JICKTPOH BHYTpPHU CJIOA: FE Cco
CTOPOHBI JICKTPUYICCKOT'O I10JIA, FB - CO CTOPOHBI MAaIrHMUTHOTI'O ITOJIA.

1.4 Vxaxwure, yemy paBHbl Moynu cun Fo u Fy .

Yacts 2. 3apsaabl 4 TOKH
B amoit vacmu maccoii 3nekmponom cinedyem npereopeys.

2.1 TlonmyuuTe ypaBHCHHE, ONHUCHIBAIOIICE W3MCHECHHE MOBEPXHOCTHOW IUIOTHOCTH 3apsioB C
Ao
TEYECHUEM BPEMCHH E’ BKJIFOYAIOIIEE TOJIBKO XapaKTEPUCTHKU IPOBOMAIICTO CIIOS H

(u3HYecKre ITOCTOSTHHBIE.

2.2 OmpenienuTe «KPpUTHYECKYI0» CKOPOCTh ABIKEHU ciost V' = @ R, mpu npeBbimernn KOTopoi
MarHUuTHOE I10JI€ BHYTPHU CJIOS1 MOXKET BO3pacTaTh ¢ TeUeHUEM BpeMeHH. PaccuunTaiite ee uncieHHoe
3HaYeHHUe.

ByneM cuuTath, 4TO pammyc ciosi paBed R =35-10°m (uro paBHO pammycy smpa 3emin),
yIenbHOEe  DIeKTpHueckoe  compoTuBienue crnos  p=14-10°0Om-m  (compotupnenue
PAacCIUIaBIEHHOTO XKeJle3a).

2.3 PaccumraiiTe JIUTENBHOCTh CYTOK Ha 3eMIie, €CIM CKOPOCTh JBM)KCHHS PacCMaTPHUBAEMOTO

CJIOSI TOCTUTHET KPUTUUECKOM BeTHUUHBI V .
2.4 TlycTh MOBEpXHOCTHAS TUIOTHOCTb 3apsI0B HAa IOBEPXHOCTSX CIIOS B HEKOTOPHIH MOMEHT paBHA

0, . OLleHuTE XapaKTepHOEe BPEMsl HCYE3HOBEHUS ATHX 3aps/iOB, €CIH YIIIOBas CKOPOCTh BPALICHHUs
CJIOS paBHA YTJIOBOM CKOPOCTH BpaIeHUsI 3EMIIH.
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

Yacts 3. Cnacaer 11 MoesIb Macca JJ1eKTPOHA?

B 370l wacth BaM HEOOXOAMMO MOIU(DHUIIMPOBATH PACCMATPUBAEMYIO MOJEIb C YIETOM
. -1 o
maccel snektpona M, =91-10xe (3apsn osnexktpona e=16-10-10 *Kn). Cuwuraiite, uTO

paccMaTpUBaEMblil CJIOM BPAILIAETCS C YIJIOBOM CKOPOCTHIO PABHOW YIJOBOM CKOPOCTH BpAalllCHUS
3emiu.

3.1 Ilokaxute, YTO MpH Y4eTe MAacChl AJIEKTPOHA, BO3MOXKHO CYIIECTBOBAHMS CTallMOHAPHBIX
3apsI0B Ha TMOBEpXHOCTSX cios. llomyunte ¢opmyriny A HOBEPXHOCTHOW IUIOTHOCTH STHX
3aps/I0B.

3.2 PaccunraiiTe MHAYKIMIO MAarHUTHOTO TOJISE BHYTPH CJI0S B 3TOM citydae. CpaBHUTE MOJTyYEHHOE
3HAQUEHHE CO CPEJHMM 3HAYCHHWEM UWHAYKIWM MAarHUTHOTO IIOJSl HAa ITOBEPXHOCTH 3EMIIH
B, = 40mk T

3.3 Cpenaiite BBIBOJA: OINKCHIBAET JIM PACCMOTPEHHAs MOJENh MEXaHU3M BO3HUKHOBEHUS
MArduTHOTO TOJII 3emun?
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

3amanue 3. Tayroxponusm u npunuun @epma

Ilpunyun ®epma (npunyun naumenvuwezo epemenu Depma) — nNOCMyIaAM 8 2eOMEMPUYECKOT
X'+y'=Z T, onmuke, CO2NACHO KOMOPOMY c8em  GvlOupaem  u3
— il y' MHOJCecmea nymeu mexcoy O08yMsi MOYKAMU MOM NYMmb,
M=z M=2a, KOMOopbwlil nompedyem HauMeHbULe20 8PeMeHU.
g ey Omom npunyun, cghopmynuposarnnwiii 8 I 6. I'eporom
Anexcanopuiickum Oisi ompadxiceHus. ceemd, 6 oouem uoe
ovin  chopmynuposan Ilvepom Depma 6 1662 200y 6
Kauecmee CamMoco 00we2o 3aKOHA — 2eoMempuyecKoll
ONMUKU.

Buxuneous

Honroe Bpemsa mnpuHuun Pepma cUUTAINCA MHUCTHYECKMM: «l'7ie y cBeTa TakoW MO3T,
KOTOpPBIN 3apaHee MOXKET pacCUMTaTh IIyTh KpaT4yaiIlero BpeMeHu ?»

KoneuHo, y cB€Ta MO3ra HeT, HO IOKaXHTe, 4TO OH ecTh y Bac!

B nanHOM 3amaHuyM BaM HEOOXOAMMO PEHIMTh HECKOJIBKO ONTUYECKHX 33[ad C MOMOIIBIO
npuHuuna Pepma. byneM cuumraTh, YTO 3aKOHBI OTPAKEHUS M IPEIOMIICHMs cBera Bam He
U3BECTHBI, HO BbI 3Haere u Bepute B npuHuun depma. 3aKOH NPSIMOIMHENHOTO PaclpoOCTPaHEHUS
CBETa MCII0JIb30BaTh Pa3pEILEHO.

Buumanue! Pememm, 6 KOmOopblX AGHO UCROIB3YIOMCA 3AKOHbBL OMPANHCEHUA U
npPENOMICHUA ceema He paccmampuearomcs u He oueuuealomc;l!

Bo Bcex 3agayax, CBSI3aHHBIX C 3epKajJlaMH M JIMH3aMH, UCIOJIb3YliTe MapaKcUaJIbHOe
npudInKeHne, T.e. CYNTANTE, YTO PACCMATPUBAKTCS JIyYd MAYT HA MAJIOM PACCTOSTHHHU OT
ONTUYECKOH OCH M MO MAJBIMH YIJIAMH K 3TOH OCH.

Yacts 1. MaTeMaTHueckoe BBeIeHHUE.

UroObl yNpoCTUTHh MaTEMaTHMUECKHWE BBIKIAJKH TpU pPELIeHUH (QU3NYECKUX 3azad,
UCIIOJIBb3YHTE CIIeIYIONe MaTeMaTudeckue (opMyJIbl.

1.1 Jlokaxkute, 4TO TIpU X << & CMpaBeIIuBa MPUOIKEHHAsT popMyIa
2

\/a2+x2za+;—. (1)

a
HebGonpuiyto ayry OKpYKHOCTH MOXKHO —HPUOIHIKEHHO y
3aMEHUTh y4acTKoM mapaboubl. ITycTh LEHTp OKPY)KHOCTH paauyca
RuOeXuT Ha ocu Y U OKPYXHOCTh Kacaercsi ocu X. Torma, //' \\
YPaBHEHHE CONPHUKACAIOLIENCS C OKPYKHOCTBIO B Ha4aJIe KOOPAUHAT 4 \
napaboJibl UMEET BUJ] .
2
x \ /
y= . (2) i
2R
e | et
Ha pucynke nokazaHa OKpy>XHOCTb €IWHUYHOIO pajuyca U s | ds s X

COIIpUKacaromasiIcsa ¢ Hel Hapa60na. 0.5

1.2 Tokaxkure Gpopmyiy (2) i ypaBHEHHUs COMTPUKACAIONIECHCST TTapaOoIThI.

Jaxe ecan Bl He cMmornu Jokazath 3T (opMyibl, Bel MMeere mpaBo HMCNONb30BaTh MX B
JajIbHEeHUIIeM.
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

Yacts 2. TayroxpoHnsm

TayToXxpoHH3M  O3Ha4aeT MOCTOSHCTBO
BpeMeHU. YacTHeIM ciydaem npuHnumna Pepma A A:/
ABIIETCS NPUHUMI  TAyTOXPOHU3MA. JTOT z@ »,4
OPUHLMO  yTBEPKAAET, 4YTO  JId  JE00OM \ =
ONTHUYECKOMN CUCTEMBI, dbopmupyromen
U300paxkeHne, BpeMsl MPOXOXKICHHS CBETa OT
TOYEYHOI0 UCTOYHHMKA A J10 ero u3oOpaxenus A’ \
BJIOJIb JTFOOOTO JTy4a OJAMHAKOBO. MIHBIMU cliOBaMu
— TOYKa M300paKeHHe ecTh Touka A’ Bpems JOCTHKEHHsI KOTOPOW OT MCTOYHUKA HE 3aBUCHT OT
TPACKTOPHH JIydya CBETA.

A Az

3agaua 2.1 Ha pucyHke moka3aHo BOTHYTOH cdepudeckoe
3epkano pagumyca R: O - mentp kpuBu3HHI 3epkana, C - ero
ontuueckuii ieHTp; OC - riiaBHas ONTHYECKasi OCh 3epKaa.

2.1 Wcnonb3yst MPUHIUI TAyTOXPOHU3MA, JOKAKUTE, 4TO Bce iyun A'A, mapauiesibHble TIIaBHON
ONTHYECKOM OCH TOCJIE OTPAXKEHUSI OT 3epKajla MepeceKyrcs B OAHOW Touke F , koropas

HasbiBaeTcs pokycom. Haiinute hokycHoe paccrosinue 3epkana f = |FC| .

33[{3‘13 2.2 Ha PHUCYHKC IIOKa3aHa IJIOCKOBBIITYKJIAA JIMH3A. hS

Pagnmyc cdepuueckoit MmoBepXHOCTH JHMH3BI paBeH R, A A

noKaszaresb MPeJOMIICHUS] MaTepuaia JuH3bI paBeH N. O - N

IEHTp KPHUBH3HBI  BBINYKJIOW moBepxHocTH, C - o r
onTtuieckuil 1eHTp JmH3bl, OC - riaBHas OoNTHYECKas OCh ¢c f \
JIMH3BL. R 1

2.2 Ucnionb3yst MPUHIUI TAyTOXPOHU3MA, JOKAKHUTE, 4TO Bce iy A'A, mapauiesibHble TIIaBHON
ONTUYECKON OCH TOcie MpeNoMJIeHUs B JIMH3€ OT IepeceKkyTcs B OAHOM Touke F , xoropas

Ha3biBaeTcs pokycom. Haitnute pokycHoe paccrosiHue unH3bl f = |FC| :

3agaya 2.3 Ha rnaBHOM ONTHYECKOM OCH BOTHYTOTO
ceprueckoro 3epkajia paguyca R HaXOJWUTCS TOYCUHBIH

HCTOYHUK cBeTa A Ha pacCTossHUM a = |AC| OT OIITHYCCKOTO

HOCHTpa 3CpKaJia. I/I306pa>1<eHI/Ie 9TOro MCTOYHHUKA HaXOAUTCA

B Touke B Ha paccrosHum b = |BC| OT ONTHYECKOTO IIeHTpa. A

2.3.1 Vcnonb3ysl MPUHIMIT TAYTOXPOHU3MA, JOKKUTE, YTO 3epKajo (GopMHUpYeT JIEeHCTBUTEIBHOES
n300pa’keHre TOYEUHOTO UCTOYHHUKA.

2.3.2 Tlonyuute «(popMyiy BOTHYTOTO 3epKaliay, CBSI3BIBAIOLIYIO PACCTOSHUS & U D 1 pokycHOe
paccrosinue 3epkana f .
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

3anaua 2.4 Kak u3BecTHO, U300paKeHUsI MOT'YT ObITh MHUMBIMH.

é&l

2.4.1 MopepHU3UPYHUTE TPUHIMII TayTOXPOHHU3MA TaK, 4TOOBI C €ro IMOMOIIBI0 MOXHO OBLIO
pacCUUTHIBATh TOJOXKEHHST MHHUMbIX u300pakenuid. ([IpuBemute CcBOWO  (HOPMYITHPOBKY,
JIOKA3aTEeNbCTBO HE TPEOyeTCs).

2.4.2 Tlokaxwure, «popMmysia BBIIYKIOrO 3€pKaja», CBA3bIBAIOIIAs PACCTOSHHE OT TOYEYHOI'O

, PaCCTOAHUC OT ONTHUYCCKOro HCHTpa A0

HCTOYHUKA JI0 ONTHUYECKOrO IEHTpa 3epKaia a = |AC

U300pakeH sl 3TOr0 UCTOYHKMKA Db = |CB| u (hokycHOe paccTosiHUE 3epKalia, MOKHO 3aBUCATh B TOM

&Ke BUJE, YTO U «(OpMyJly BOTHYTOIO 3€pKajia», MOJYyYEHHYIO B II. 2.3.2, eciiu nepeonpeaeanThb
BEJIMUMHBI, BXOAAIIHUE B 3Ty popMyiy (YKaKUTE, ITH BETUUHUHBI).

2.4.3 Hecmotpss Ha TO, 4TO yBakaemas «Bukumenus» HaszbIBaeT paccMaTpHUBaeMble MPHHLIUI
@epma moctynatoM (yTBEpXKIACHHEM, HE TpPeOYIOIIUM JI0Ka3aTeNbCTBa), JAalTe CIOBECHOE
obocHoBanue (He 6osiee 50 cI0B) MPUHIMIIA TAYTOXPOHU3MA.

Yacts 3. [Ipunuun Pepma

n, .B
3agaya 3.1 Touka A HaxoaUTCS B Cpelie ¢ MOKa3aTeleM IMPEIOMIICHUS /
n,, Touka B B cpeme ¢ mokasarenem mnpenomseHust N,. Jlyu cBeta
BBIXOJUT U3 TOYKM A U IOCie NPEIOMIIEHUS Ha IUIOCKOW I'paHUIle JBYX
Cpea MPOXOINT Yepe3 TOUKy B . / ,

3.1 Ucnions3yst nmpuaiun @epma moxyqante GopMyITy i 3aKOHA TIPETIOMIICHUS CBETA.

3agaua 3.2 PaccMOTpuM OTpa)k€HHE CBETa OT BHYTPEHHEH 3epKalbHOMN
MOBEPXHOCTH IMJIMHAPHYECKOW TpyOkm paamyca R B miockocTw,
NEPIEeHIUKYIAPHONM ocu TpyOKkHu (cM. puc). PaccMoTpuM Bce BO3ZMOXKHBIE
TpaekTopuu cBeroBoro nyua ACB. Touku A B,C Haxomsarcs Ha

BHYTpPEHHEH TOBepXHOCTH mmiauHApa. LleHTp ceyenms — Touka O.
[Tonoxenue Touku C 3amaercs yriom ¢. Yron LAOB - npsmoit.

3.2.1 Haiinute 3aBucuMocTh JuMHBI Tpaektopun ACBor yrma ¢ - L((p). IToctpoiite
CXE€MaTHUYEeCKUil rpa)uk 3TON 3aBUCUMOCTH JJIsl BCEX BO3MOXKHBIX 3HAUEHUH .
3.2.2 YKaxuTe, KAKUM 3HAUEHUSM yIJIa (9 COOTBETCTBYIOT MCTHHHBIE TPACKTOPHH JIyda. Y KaXHTe

9TH 3HAYEHUS Ha TOCTPOCHHOM rpaduke L((p) .

3agaua 3.3 BeIBoJIbI U3 MPOJIETTAHHON paOOTEHI.

3.3.1 VYrounute ¢dopmynupoBky mnpuHuuna depma, Tak, YTOOBI OHA ONHUCHIBAJIA BCE
paccMOTpEHHBIEC B JAHHOM 3aJIJaHHUH CITyYau JIBHKCHHUS JTyda CBETa.
3.3.2 Jlaiite ciioBecHOE 0O0CcHOBaHKe NpuHIHITA Depma B o01ieM cirydae (He 6omee 50 cioB).
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay

JINCTBI OTBETOB
3aganune 1. 'uranromanus

3agaua 1.1 Ilanenue kamymka

a) TNIOTHOCTH MaJAIOIIETo Tejla paBHA CPEAHEH MIOTHOCTH 3eMJIH;

2023-2024 y4eOublii TOA

1.1.1a Bpems nagenus (hopmysia ¥ YUCICHHOE 3HAYCHNUE)
T =
1.1.2a Cxopocts nanenus (popmyina U UUCIEHHOE 3HAYCHHUE)

V =

a) Macca MnaJaromero Tejia paBHa Macce 3emin

1.1.16 Bpewms manenus (hopmyra U YMCIEHHOE 3HAYCHUE)
T =
1.1.26 Cxopoctb nagenus (hopmyIia U YUCICHHOE 3HAYCHHE)

V =

3agaya 1.2 Kocmuyeckuii kopa0d.b.

1.2 Tlepuon oOparieHus CIIyTHHKA BOKPYT 3eMitd ((hopMyria U YMCIEHHOE 3HAYCHUE)

a) Macca KopalJisi 3HAUUTEITLHO MEHBIIIE MacChl 3eMITH;
6) Macca Kopabisl paBHa Macce 3eMJIu.

T=

3agauya 1.3 Irajion yaca

1.3 [epuon xonebanwmii

T =
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

JIuCTBI OTBETOB

3aganue 2. MaruutTuoe JMHAMO

1.1 HanpaBiieHus! BEKTOPOB: HANPSHKEHHOCTH 3JIEKTPUUECKOTO 1Mo E , MHIYKIIMKM MarHUTHOTO

nonst B, ckopocty nBukeHus VB TOUKE, HAXOSIICHCS BHYTPH CIIOS HA OCH X (PUCYHOK)

1.2 Monynb UHIYKIIMK MarHUTHOTO TIOJIS BHYTPH CIIOS

B —

1.3 HampaBnenus cui, JeMCTBYIOIIUX Ha AJIEKTPOH (PUCYHOK)

1.4 Monynu cun

F. = Fy =

2.1 VYpaBHeHHe, ONUCHIBAIOILEE W3MEHEHHE MOBEPXHOCTHOW IUIOTHOCTH 3aps/ioB C TEUEHUEM
BpEMEHU

2.2 «KpuTtHndeckas» CKOPOCTh JIBFIKCHUS CIIOS

*

V =wR=
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

2.3 JImuTensHOCTh CYTOK Ha 3emiie

T =

2.4 XapakTepHoe BpeMsi HICUE3HOBEHUS 3apsiioB

T =

3.1 [ToBepXHOCTHOI MIOTHOCTH 3THX 3apsI0B

O =

3.2 HayKus MarHATHOTO TIOJISl BHYTPH CIIOST

B =

3.3 OmnuceIBaeT a1 pacCMOTPEHHAS MOJIENIb MEXaHI3M BOSHUKHOBEHHSI MArHUTHOTO TIOJIS 3eMiTn?
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

JIucTel 0TBETOB
3aganme 3. Tayroxponusm u npuHiun Pepma

2.1 ®okycHOe pacCTOSTHHE 3epKaja

f:

2.2 ®OKyCHOE PacCTOSIHUE JIMH3BI.

f:

2.3.2 «®Dopmyna BOTHYTOTO 3epKaia

2.4.1 MoaepHU3UPOBAaHHBINA MTPUHIIUI TAYTOXPOHU3MA

2.5 O60cHOBaHUE NMPUHIIMIIA TAYTOXPOHU3MA
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3aKTI0YNTEIBHBIN 3TAIl PECITyOIMKAHCKON OJTUMITUA/IBI IO yaeOHOMY npeameTy «Du3nKay
2023-2024 y4eOublii TOA

3.2.1 3aBUCUMOCTb JUIMHBI TPAEKTOPHH OT yIiia ¢

L(p)=

Cxemaruueckuii rpauk 3aBUCUMOCTH

AONWHa TpaeKkTopumn

0 45 920 135 180 225 270 315 360
rpagychbl

3.2.2 KakuM 3Ha4eHUSM yIiia ¢ COOTBETCTBYIOT WCTHHHBIC TPACKTOPUHU JIydad. YKaKUTE ITHU
3HAYEHHS Ha MOCTPOCHHOM Tpaduke L((p).

3.3.1 ®opmynuposka npuHnuna dGepma

3.3.2 O6ocHoBanue npuHIUna Depma
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