Oaumnuana JlomonocoB — @usuka 2025 roa. Pemenns 3ananuii 1.1

1.1.1. 3apaua. bpycok Maccoil M MpUKPEIJIEH K OHOMY M3 KOHLIOB IPYKHUHBI, IpYroi KOHEL KOTOPOM
3aKperyieH Ha HEMOABM)KHOM CTOJIie, NMpUYEeM IMpYKHHA pacrojaraercsi BEepTHKAlbHO, a
Opycok — ropuzoHTaibHO (cM. pucyHok). C BbicoThl h=20cMm Ha Opycok mamaer u3
COCTOSTHUSI TIOKOSI MJIACTHJIMHOBBIA IIApUK MAaccoil M W mpuiMiaer K OpycKy, Mocie 4ero
OpycoK BMecCTE ¢ IIApUKOM HAYMHAIOT COBEPLIATh FAPMOHUYECKHE KONeOaHUs ¢ KPYroBOU
gacToTol ® = 5 pajn/c. Uepe3 kakoe BpeMs T MOCIe ynapa OpycoK B MEPBBIN pa3 MOJHUMETCS
Ha MaKCUMaJIbHYIO BBICOTY? Y CKOpeHHE CBOOOIHOTO MaJAeHUs TpUMHUTE paBHBIM ¢ = 10 M/,

1.1.1. Pemienune. COBMECTHMM HayajoO CHCTEMbl KOOpPJIWHAT C TIOJOKCHHEM paBHOBECHUsS Opycka c
OPUIMIIIINM K HEMY MJIACTUIMHOBBIM IIAPUKOM, KOOpAUHATHYI0 och OX HampaBuUM BEpPTHUKAIBHO BBEPX.

m
B nonoxxenun paBHOBecHs Opycka NMpYXKHMHA CKaTa BEIUUYUHY AX :—g, a B TOJIO)KEHUU PAaBHOBECHS
k

2mg .
Opycka ¢ IIApUKOM — C)KaTa Ha BEIUYUHY AX, =T. Takum oOpa3oM, B BBIOPaHHOW CHCTEME

m
HayallbHasg KOOpAMHATa OpycKa C HIAPUKOM X; = AX, —AX :Tg’ rae K — JKeCTKOCTh MPYXUHBI, § —

yCKOopeHue cBoOoAHOro maneHus. Ilo 3akoHY cCoXpaHEHHS YHEPTHH MOIYTh CKOPOCTH IIapUKa TMepe
yaapoM o O6pycok U, =./2gh. ITo 3akoHy coXpaHEHHs HMITyJIbca MOIYJb CKOPOCTH OpycKa C IIapHKOM

u o
cpa3sy Iocily COyAapeHust V, = ?O YpaBHeHHE CBOOOHBIX KOoJeOaHUi Opycka ¢ MIapUKOM Ha MPY>KUHE

- 2 mg
U HayanpHble YycinoBus uMe0T Bua: X+ o X=0, Xx(0)=Xx,=—,

k

0 i
: A
| /\ , X(0)=-v,=-, /%h . Pemenne storo ypasuenms X(t) = Acos(ot+@,),
ot

) t
@ [L2 2.2 . k
rae A=4/Xj +Vy/®©° — ammmuTyna xoiaeOaHui, ® = om KpyroBas
m

X A

4acrora, Qg = arctg[— mxi(()()) )) = arctg((;/—i] =arctg| o /%h — HavanbHas ¢a3a. Koopaunara Opycka c
0

IIaPUKOM IIPUHUMAET B IEPBbIH pa3 MakCUMaJIbHOE 3HAYEHUE IPU YCIOBUH, UTO OT+ @, = 2n. OTcoaa

rzi(Zn—(po)zl 2n—arctg| /2_h . OTBeT: rzl 2n—arctg| /Z—h :lnzl,lc.
() ) g ) g 20



1.1.2. 3apaua. JIBa ommHakoBbIX Opycka Maccod M =100T Kaxnabli, CKpEIUICHHBIC NPYKUHON
xectkocThio K =100 H/M, momecTwiin Ha HENOJBIIKHBIN TOPU3OHTAIBHBIN CTOJN TakK, YTO
OpycKHM OKa3aJuChb Jpyr IOJ JpPyroM, a IpyKMHA pacloJIOKHUIach BEPTUKAIBHO (CM.
pucyHok). C Kakoill MaKCHUMaJIbHOH BBICOTBI Nmax MOXXHO YPOHHTH Ha BEPXHHU OpyCOK
MJIACTHJIMHOBBIA IIApUK Maccol M, 4ToObl KojeOaHus Opycka ¢ MNPWIHIIIAM K HEMY
IUTACTUJIMHOM ObUTM rapMoHMuYeckumu? CunTaiite, 4To NpyKMHA NpU KojeOaHUsIX Opycka He
C)KMMAaeTcs IOJIHOCTBIO M BO BCEM Juamna3oHe JegopManuil NoJuuHseTcd 3akoHy Iyka.
Y cKopeH#e CBOGOIHOTO MaeH st MPUMATE PaBHEM ¢ = 10 m/c%.

1.1.2. Pemenne. Konebanusi BepxHero Opycka OyayT OCTaBaThbCs FapMOHMYECKHUMH 10 TE€X MOp, MOKa
HIDKHUH OpYCOK HE Ha4HET OTPBIBATHCS OT cToja. s onucaHus JBIKCHHS OPYCKOB COBMECTHM Hayalo
CHCTEMBl KOOpAMHAT C IIOJIO)KEHHMEM paBHOBECHs BEpXHEro Opycka ¢ NPWIHIIINM K HEMY
IUTACTWJIMHOBBIM IIIAPHKOM, KOOpAMHATHYI0O och OX HampaBUM BEpPTHKAIBHO BBepX. B monokeHnn

m
paBHOBECHUS] BEPXHETO OpycKa MpPYKUHA CKaTa BEIMUUHY AX :—g, a B IIOJIOXKEHUU PaBHOBECUS ITOT'O
k

2mg .
Opycka ¢ IIApUKOM — C)KaTa Ha BEIUYUHY AX, =T. Takum oOpa3oM, B BBHIOPaHHOW CHCTEME

mg

HavaJIbHAsl KOOpAWHATAa OpycKa C IMapHKOM X, = AX, —A¥ =——, e K — )KeCTKOCTh TPYKHHBI, § —

yCKOpeHne cBoOOMHOTO maaeHus. 1o 3aKoHy COXpaHEHHWsS YHEPTUU MOJYJIb CKOPOCTH IIapUKa Iepen
yaapoM o O6pycok U, =./2gh. ITo 3akoHy coXpaHEHHs MMITyJIbca MOIYJb CKOPOCTH OpycKa C IIapHKOM

u N
cpa3sy Iocilly COyIapeHus V, = ?O YpaBHeHHE CBOOOHBIX KOoJeOaHui OpycKa ¢ MIapUKOM Ha MPY>KUHE

mg gh

¥ HAYalbHBIC YCIOBHS MMEIOT BHI X+ w’X=0, X(0)= Xo = It X(0)=-v,=— o Pemrenue storo

K
ypaBHeHus X(t) = Acos(ot +@,), rme A:W/X§+V§/ ®? - aMmmmryza kounebaHHmH, ®=,— —

2m
X0 =arctg Yo | _ HavanbHasg (aza. HuwxHuit Opycox HauHeT
® X(0) ® X,
OTPBIBAaThCS OT CTOJIA, KOT/IA CUjla YIPYTOCTH PACTSHYTOW NPY’KWHBI, HAIIPABIECHHAs BBEPX, IPEBBICUT
CHITY TSDKECTH, ICHCTBYIOILYIO Ha OPYCOK, T.€. IIPU BBIIOJIHEHUH ycinoBua KAX>mg, rone AX=A—AX, —
pactsbkeHue npyxuHbl. C ydeToM 3alMCaHHBIX BBIIIE COOTHOUIEHUH 3TO YCIOBUE MPUHUMAET BUJ:

AngTg,I/IJII/I h28%. OTtBeT: h =8%=8 CM.

KpyroBsas 4acTrora, @, =arctg| —
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1.1.3. 3apauya. /IBa oxmHakoBbIX Opycka Maccoii M =100r KaxIplid, CKpEIUICHHbIE TPYXUHOH,
MOMECTUJIM Ha HEMOJBWKHBIA TOPU3OHTAIBHBIN CTOJ TaK, YTO OPYCKH OKa3aJUCh IPYr IMOJ
JpyroM, a MpyXMHA PacHOJOXKHIACh BEPTHKAIBHO (CM. pUCYHOK). UeMy paBHa »KECTKOCTb
NpY>XHHBI K, €ClIi MakCHMaJlbHasl BBICOTA, ¢ KOTOPOH MOXKHO YPOHHTH Ha BEPXHHUI OpyCOK
IUTACTHJIMHOBBIM IIApUK Maccoil M, Mpu KOTOpoil kojeOaHus OpycKa ¢ MPUWIMIIIIMM K HEMY
IUTACTHIIMHOM OyIyT TapMOHHYECKUMH, paBHA Nmax =8 cM? CuuraiiTe, 4TO MpPY)KHHA IPH
KoleOaHusX Opycka HE CXKUMAeTCsl TOJHOCThIO W BO BCEM JAMana3oHe nedopmanuii
MoAYMHSIETCS 3aKoHy ['yka. Y ckopeHnue cBOOOIHOTO MajeHus MpuMuTe paBHbIM g = 10 M/c?.

1.1.3. Pemenne. Konebanusi BepxHero Opycka OyayT OCTaBaThCs FapMOHMYECKHUMH 10 T€X MOp, MOKa
HIDKHUH OpYCOK HE Ha4HET OTPBIBATHCS OT cToja. s onrcaHus JBIKCHHS OPYCKOB COBMECTHM Hadalo
CHCTEMBl KOOpAMHAT C IIOJIO)KEHHMEM paBHOBECHs BEpXHEro Opycka ¢ NPWIHIIIAM K HEMY
IUTACTWJIMHOBBIM IIAPHKOM, KOOpAMHATHYI0O och OX HampaBUM BEpPTHKAIbHO BBepX. B monokeHnn

m
paBHOBECHUS] BEPXHETO OpycKa MpPYKUHA CKaTa BEIMUUHY AX :—g, a B IIOJIOXKEHUU PABHOBECUS 3TOT'O
k

2mg .
Opycka ¢ IIApUKOM — C)KaTa Ha BEIUUUHY AX, :T. Takum oOpa3oM, B BBIOpaHHOH cucTeMe

m
HayallbHasg KOOpAMHATa OpycKa C HIAPUKOM X; = AX, —AX :Tg’ rae K — JKeCTKOCTh MPYXUHBI, § —

yCKOpeHre cBOOOMHOTO maaeHus. [1o 3aKoHy COXpaHEHUsS YHEPTUU MOJYJIb CKOPOCTH IIapUKa Iepen
yaapoM o O6pycok U, =./2gh. ITo 3akoHy coXpaHEHUs HMITyJIbca MOIYJb CKOPOCTH OpycKa C IIapHKOM

u o
cpa3sy Mocily COyIapeHust V, = 70 YpaBHeHHE CBOOOHBIX KOoJeOaHUi OpycKa ¢ MIapUKOM Ha MPY>KUHE

o mg / h
¥ HadaJIbHBIC YCIOBHS MMEIOT BHI X+ X=0, X(0) = Xo = Tg , X(0)=—-vy=- 97 . Pemenue storo

k
ypaBHeHus X(t) = Acos(ot+@,), rme A=, X§+V§/ o’ - ammmuTyza KoneGaHu#, ©=,|— -

2m
X v
O =arctg] —% | — mavambHas ¢aza. Hwkuuit 6Gpycok HauyHET
®X(0) ® X

OTpBIBAThCSl OT CTOJIA, KOTJla CUjla YIPYTOCTH PAaCTSIHYTOM HpPYKHHBI, HallpaBJI€HHAs BBEPX, MPEBBICUT
CUITy TSDKECTH, ISHCTBYIOILYIO Ha OPYCOK, T.€. IIPU BBIIOJIHEHUH ycinoBus KAX>mg, rone AX=A—-AX, —

Kpyrosas 4acTora, @, =arctg| —

pacTspkeHue npyxkuHbl. C y4eToM 3allMCaHHBIX BBIIIE COOTHOIIEHUH ATO YCIOBHE NPUHHUMAET BUJ:

Az?’ng,mu hzs%. Orser: k =™ _100 Him.

max



Oaumnuaaa JlomonocoB — @usuka 2025 roa. Penienus 3aganui 2.2

2.2.1. 3agaya. C 0JHOATOMHBIM HJECATBLHBIM Ta30M MPOBOMSAT JBa AP
nukIniecknx mpormecca 1-2-3-1 u 1-3-4-1 (em. puc.). IIpu stom B 3 2 3
M30XOPHBIX TpoIeccax JaBlICHHE Ta3a M3MEHseTcs B 3 pasa, a B Po---= g

n300apHBIX Mporeccax o0beM u3MeHseTcs B 5 pa3. Omnpexpenurte \
OTHOIIeHHE K03 uImeHTa MoIe3HOro NEHCTBUSI TIEPBOTO IMKIA K 1 VL
KOX((UIIMEHTY TIOJIE3HOTO ACUCTBUS BTOPOTO ITUKJIA.

A

Pot---1

<

2.2.1. Pemenue. KII/l TemioBoii MamumHbl paBeH OTHOIICHHUIO PAOOTHI 3a MUK K KOJUYECTBY TEIIOTHI,
MOJIyYeHHOMY Ta30M B 3TOM IHKiIe. PaboTa 3a MUK paBHA IJIOMIAAHW, OTPAHUYEHHOW ITUKIOM Ha PV-
quarpaMme M OJMHAaKoOBa IS JBYX LUKIOB. B mepBoMm 1ukie ra3 moiydyaeT KOJIMYECTBO TEIUIOTHI B
npoueccax 1-2 u 2-3. Bo Bropom nukie — B npouecce 1-3. CnenoBatenbHo, nckomoe oTHoueHue KITJ]
IIUKJIOB PAaBHO:

% _ Q12(;' Qus . (1)

OmnpenenumM, wucnonb3dys ypaBHeHue KiamelipoHa — MeHjeneeBa, COOTHOILICHHUS — MEXIY
TeMrepaTypamu ra3a B COCTOSIHUSX 1, 2 u 3:

vR vR vR
3necs v — 4uciIo MOJIEH rasza.
quTBIBaH, qTo MOHHpHBIe TCILNIOEMKOCTU OJHOATOMHOI'O HACAJIBHOI'O Iras3a B I/ISOXOpHOM n

Tl:poVo T2=M=3T11 T3:3po_5vo:15-|-l.

3 5
1300apHOM IIpoLECcCaX PABHBI COOTBETCTBEHHO C, = > Ruc,= > R, BBIpQXKEHUS J1JIsI KOJTMYECTB TEIMIIOTHI

IMPUHHUMAIOT BUA:

3 3
Q, = EVR(T2 -T) = EVR(BTl -T,)=3vRT,,
5 5

Qe = VR(T, ~T,) =~ VR(IST, ~3T,) =30vRT,.

KonuuecTBo TEmIoThl, MOJY4EHHOE Ta30M BO BTOPOM LIMKJIE, B COOTBETCTBHH C IEPBBIM 3aKOHOM
TEPMOJIMHAMHKH, PABHO CYMME N3MEHEHHsI BHYTPEHHEW SHEPTUU U pabOoThI rasa:

3 1 3
Qs =AU + A:EVR(Ts -T) +E(5Vo ~Vo)(Py +3P,) :EVR(Ts =T,)+8pyV, =

_ 3 R.14T, +8/RT, = 20vRT,.
2

HOI[CTaB.H}I}I B COOTHOIIICHHUEC (1) MOJIYYCHHBIC BBIPpAXKCHUA JIA KOJIMYCCTB TCIJIOTHI, IMOJYy4YacM
nckomoe otHomenue KIT/:

ﬂ:le‘Fst _ﬁ

mo Qw29

OTBeT: Mo _ ﬁ

n 29



M)
2.2.2. 3agaua. (O® 2.2.) C OAHOATOMHBIM HICAIBHBIM Ta30M 4p0-___2 — 3
MPOBOST JBa MUKIMYECKUX mpomecca 1-2-3-1 u 1-3-4-1 (cm. puc.). B
M30XOPHBIX Mpolleccax JaBleHHE Ta3a H3MeHseTcs B 4 pasza, a B 4 ‘L
n300apHbIX mporeccax o0beM wu3MeHsercss B 3 pasza. Omnpexpenurte
OTHOIIEHHE KOI(D(UIIMEHTA IOJIE3HOTO ACWCTBHS BTOPOTO IHKIA K Pof---71— n
v ] |
KOA((UIIMEHTY TIOJIE3HOTO JACUCTBUS IIEPBOTO IHUKIIA. ! Y
1 1 ——
Vo 3Vo

2.2.2. Pemienue. KIIJl TerioBoit MamumHbl paBeH OTHOIICHHUIO PaOOTHI 3a MUK K KOJUYECTBY TEILJIOTHI,
MOJyYEeHHOMY B 3TOM IIHKJIe. PaboTa 3a MK paBHA IUIOMIAAM, OTPAaHUYEHHON UKIOM Ha pV-auarpamme
U OJIMHAKOBA JJIsl IByX IIMKJIOB. B mepBoM 1MKIIe ra3 mojgy4aeT KOJIMYECTBO TEIUIOTHI B Iporeccax 1-2 u
2-3. Bo BropoM 1ukiie — B mporecce 1-3. CnenoBarensHo, nckomoe otHouenne KIT/I iukinoB paBHoO:

m _ Qi +Qy ' (1)
U Qi
OnpenenumM, wucnonab3ys ypaBHeHue Kiameiipona — MeHzaeneeBa, COOTHOIICHUS MEXKIY
TEMIIEpAaTypaMu Ira3a B COCTOSIHMSX 1, 2 u 3:
T=Po g APV g g AP gor
vR vR 1%

3aecs v — 4uciIo MOJIEH rasa.
YuuThiBas, 4TO MOJSPHBIC TEIUIOEMKOCTH OJHOATOMHOTO HWJICAJIbHOTO Ta3a B H30XOPHOM M

3 5
n300apHOM IpolEeccax pPaBHBI COOTBETCTBEHHO C, =—R u C =—R, BbIpakeHHs A1 KOJIUYECTB
2 P2

TCIJIOTHI IPUHUMAKOT BU:

3 3 9
Q= EVR(Tz -T) = EVR(4T1 -T)= EVRTl d
Q,, = ng(TS -T,)= ng(lle — 4T,) = 20VRT,.

KonuuecTBo TEmIoThl, MOJY4EHHOE Ta30M BO BTOPOM LIMKJIE, B COOTBETCTBHH C IEPBBIM 3aKOHOM
TEPMOJIMHAMHKH, PABHO CYMME M3MEHEHHsI BHYTPEHHEW SHEPTUU U padOoThI rasa:

3 1 3
Qs =AU + A:EVR(Ts -T) +E(3VO =Vo)(p, +4p,) =EVR(T3 -T)+5pV, =

= ngTl +5vRT, = ﬁvRTl :
2 2

HOI[CTaB.H}I}I B COOTHOIIICHHUEC (1) MOJIYYCHHBIC BBIPpAXKXCHUA JIA KOJIMYCCTB TCILIOTHI, IMOJYy4YacM
nckomoe otHomenue KIT/:

ﬂ:le‘Fst _4_9

mo Qe 43

OTBeT: M _ ﬁ .

n, 43



A p

2.2.3. 3apaua. (O® 2.3.) C 01HOATOMHBIM HJICATbHBIM Ta30M TPOBOIST 5po .2 3
JIBa IUKJIMYecKuX mporecca 1-2-3-1 u 1-3-4-1 (cm. puc.). B n3oxopHbix
mporeccax JaBleHHE Ta3a H3MEHSeTcs B 5 pa3, a B H300apHBIX T L
nmporeccax o0beM wu3MeHseTcs B 4 pasa. Omnpenenure OTHOIICHHE )
K03 pHLIMEeHTa TOJE3HOr0 JEHCTBUS BTOPOrO IMKIA K KOAIPPHUIHMEHTY Pof---1—= 'n
TI0JIC3HOTO JACWCTBUS IEPBOTO IHKIIA. i Y

. Lo

Pemenue. KIIJ[ TermoBod MammHBI paBeH OTHOIICHHIO PaOOTHI 3a IUKI K KOJHWYECTBY TEIUIOTHI,
MOJyYEeHHOMY B 3TOM IIHKJIe. PaboTa 3a MK paBHA IUIOMIAAM, OTPAaHUYEHHON IUKJIOM Ha pV-auarpamme
U OJIMHAKOBA JJIsl IByX IIMKJIOB. B mepBoM 1MKIIe ra3 mojy4aeT KOJIMYECTBO TEIUIOTHI B Ipoleccax 1-2 u
2-3. Bo BropoM 1ukiie — B mporecce 1-3. CnenoBarensHo, nckomoe otHouenne KIT/I ukinoB paBHoO:

% _ le(; Qu ' (1)

OnpenenuM, wucnoib3dys ypaBHeHwe Kianeiipona — MeHzaeneeBa, COOTHOIIEHUS — MEXAY
TEMIIEpAaTypaMu Ira3a B COCTOSIHMSX 1, 2 u 3:

T1 _ povo , T2 _ 5poVo =5T1, T3 _ 5po '4Vo
vR vR vR
31ecs v — 4uciIo MOJIEH rasza.

yLII/ITI)IBaﬂ, 4YTO MOJAPHBIC TCINIOEMKOCTH OJHOATOMHOI'O HWACAJIBHOIO Trasa B H30XOPHOM H

= 20T,.

3 5
n300apHOM IpoLEeccax pPaBHBI COOTBETCTBEHHO C, =—R u C =—R, BbIpaxkeHHUs A1 KOJIUYECTB
2 P2

TETIOTHI IPHHUMAIOT BUI
3 3
Q, = EVR(T2 -T)= EVR(STl —-T,) =6vRT,,

5 5 75
Q,; =—VvR(T, -T,) =—vR(20T, -5T,) =—VvRT,.
2 2 2
KonuuecTBo TEmnoThl, MOJY4EHHOE Ta30M BO BTOPOM LIMKJIE, B COOTBETCTBHH C IEPBBIM 3aKOHOM
TEPMOJIMHAMHKH, PABHO CYMME M3MEHEHHsI BHYTPEHHEW SHEPTUU U padOoThI rasa:

3 1 3
Qs =AU+ A=§VR(T3 -T) +E(4Vo —Vo)(Py +5p,) = EVR(Ts —T)+9pV, =

= zVRTl +9vRT, =EVRT1.
2 2

[ToacraBmsisi B cooTHomeHre (1) moiydeHHbIE BBIPAXEHHUS IS KOJUYECTB TEIUIOTHI, MOJydaeM
nckomoe oraHomenue KIT/:

ﬂ:le‘Fst _8_7

m Qs 75’

OTBeT: Mo _ ﬂ .
n 15



Oaumnuaaa JlomonocoB — ®usuka 2025 roa. Pemenus 3aganuii 3.3

3.3.1.3agaua Mexay nByMs MmapauiebHBIMA METAJUTHYECKUMU TIJIaCTHHAMH, 3aMKHYTBIMU Ha PE3UCTOP
¢ conpotuBieHreM R = 0,4 OM 1 OTCTOSIIUMHE APYT OT JApyra Ha pacctostHue d, co3/1aH MoTOK
d MIPOBOAIICH KUIKOCTH, KOTOpas TeYET co ckopocThio V = 10 cM/c mapaienbHO
QB mnactuHaM. CucremMa HaXOAUTCS B OJTHOPOJIHOM MarHUTHOE 1oJjie ¢ uuaykuueit B = 1T,
HaIpaBJIEHHON MapalyIeIbHO MJIACTHHAM U IEPICHANKYISIPHO CKOPOCTH MoToKa. [Ipu sToM
tv Ha pe3uctope RBbIaEIsETCS MaKCUMallbHasi BO3MOYKHAs IIPU JAHHBIX YCIOBUAX MOIIHOCTb
R Pm = IMBT. Onpenenure paccrosaue d MeXIy MIaCTHHAMH.

Pemenne. Tak Kak 1o yCJIOBHIO 33[1a4M JIBHKYIIASICS MEXKY TUTACTHHAMU JKUAIKOCTD SIBIISIETCS
MIPOBOJISIIIIEH, TO Ha €€ YaCTUIIBI, HAXOISAIICICSI B MATHUTHOM TT0JIe C HHIYKIueH B, Oyner neiictBoBath
MarHMTHas COCTaBIIstomas cribl Jlopenna, pasHas o moayino F =qVB , rae g— 3aps yactuiibt
KHUJIKOCTH. JTa CHJIa HalpaBJieHa MEePIICHINKY/ISPHO IJIACTUHAM, YTO MMPUBOAMT K TOSIBICHHIO
KYJIOHOBCKOM COCTaBJISIFOIIEH CHITBI JIOpEHIIa U CO3/IaHUI0 PAa3HOCTH MOTEHIIMATIOB MEX/Y TIACTUHAMU

U =Fd/q=VBd . ITosromy cua Toka uepes pesucrop Royzmer pasua | =U / (R+r), rae r— BHyTpeHHEE
COTIPOTHBIICHUE UCTOYHHKA. BhIensronascs Ha pe3ucTope MOITHOCTh paBHa P = I°R. TIo YCJIOBHIO 3Ta
MOIIIHOCTh JIOJI’KHA OBITh MAaKCUMATBHOW, & TOTOMY JOJ’KHO BBITIOJHSTHCS YPABHEHUE

dP(R) . ,|(R+r) =2R(R+T) V?B%d?

—=U 2 =0. CnenoparensHo, R=r,P, =————, a notoMmy uckomoe
dR (R+T) 4R

Z—“PmR =40 cwMm.
VB

paccrosinue d =



3.3.2.3apauya Mexay AByMs apajuieIbHBIMU METALTHUYECKUMH IIJIACTUHAMMU, 3AMKHYTBIMU Ha PE3UCTOP
¢ conporuicareM R = 0,4 OM u OTCTOAIIKUMH APYT OT Apyra Ha paccrosaue d = 40 cmM,
d CO3JIaH MOTOK MPOBOJIAIIEH JKUKOCTH, KOTOpast Te4€T co ckopocThio V = 10cm/c
®BH napamtensHo macTuHaM. CHCTEMa HAXOAMTCS B OJHOPOIHOM MATHHTHOE IIOJIE C
tV|| maxyknmeit B, nanpasnennoii napamie bHO MIACTHHAM U MEPIICHINKYISPHO CKOPOCTH
R | noroka. ITpu 5ToM Ha pesnctope R BbIIe/SETCH MAKCHMAITbHAS BO3MOXKHAS IIPU JTAHHBIX
YCIOBUSAX MOIIHOCTE Py = 1MBT. Onpenenure Moaynb MHIYKIUH B.

Pemrenne. Tak Kak Mo yCIOBHIO 337]a9U JBUKYIIASICSI MEXKAY TUTACTUHAMU YKHJIKOCTD SIBIISICTCS
MIPOBOJIAIIEH, TO Ha €€ YaCTHIIbI, HAXOISIICHCS B MATHUTHOM TI0JI€ ¢ MHAYKIHeH B, Oyner neicTBoBaTh
MarHWTHas COCTaBIsitomas cuiibl Jlopennia, paBuas o moayinio F =qVB , rae — 3apsa yactuibt
YKUJKOCTH. JTa CHJIa HalpaBJIeHA MEePICHINKYIISIPHO TUIACTHHAM, YTO MIPHBOIUT K TOSIBIICHUIO
KYJIOHOBCKOM COCTaBJISIFOIIEH CHITBI JIOpEHIIa U CO3/IaHUI0 PAa3HOCTH MOTEHIIMATIOB MEX/Y TJIACTUHAMU

U =Fd /q=VBd . IToatomy cuia Toka uepe3 pe3uctop Roymer pasua | =U /(R +Tr), rue r— Buyrpennee
COTIPOTHBIICHUE UCTOYHHKA. BhIIeNsOnIascs Ha pe3ucTope MOITHOCTh paBHa P = I°R. TIo YCJIOBHIO 3Ta
MOIIIHOCTh JIOJI’KHA OBITh MAKCUMATBHOW, & TOTOMY JOJKHO BBITIOJHSTHCS YPABHEHUE

dP(R) _ (R+r)"—2R(R+T) _V?B%d?

- 7 =0. Cnenosarensho, R=r,P,
dR (R+r)

,anoromy B =1 Tm.



3.3.3.3agaua Mexnay IByMs apauieTbHBIMA METANTHYSCKUMU TIIACTUHAMHY, 3aMKHYTHIMH Ha PE3UCTOP
¢ conporuBicareM R = 0,4 OM 1 OTCTOAIIMMH APYT OT Apyra Ha paccrosaue d = 40 cM,
d CO3/IaH MOTOK MPOBOJAIICH KUAKOCTH, KOTOPasi TEYET CO CKOPOCTHIO VIapaljienbHO
QB rmactuHaM. CucTemMa HaXOAUTCS B OJTHOPOJTHOM MarHUTHOE 1oJjie ¢ nHayknuen B = 17T,
HAPaBICHHOW MapayIeNbHO IUIACTUHAM U NIEPIICHIUKYISIPHO CKOPOCTH MOTOKA. [Ipu aTOM
Ha pe3ucTope RBbIeIsIeTCsl MaKCUMallbHasl BO3MOYKHAS ITPH TaHHBIX YCIOBHSIX MOIIIHOCTD
Pm = 1MBT. Onpenenuite Moaysb CKOPOCTH IIOTOKA.

tv
R

Pemrenne. Tak Kak Mo yCIOBUIO 337]a91 JBUKYIIASICS MEXKAY TUTACTUHAMU YKHJIKOCTh SIBIISICTCS
MIPOBOJIAIIECH, TO Ha €€ YaCTHIIbI, HAXO/ISIICHCS B MATHUTHOM TI0JI€ ¢ MHAYKIHeH B, Oyner neiicTBoBaTh
MarHWTHas COCTaBIsitomas cuiibl Jlopenia, paBuas o moayinio F =qVB , rae g— 3apsa gyactuibt
YKUJKOCTH. JTa CHJIa HalpaBJIeHA MEePICHINKYIISIPHO TUIACTHHAM, YTO MIPHBOIUT K TOSIBIICHUIO
KYJIOHOBCKOM COCTaBJISIFOIIEH CHITBI JIOpEHIIa U CO3/IaHUI0 PAa3HOCTH MOTEHIIMATIOB MEX/Y TJIACTUHAMU

U =Fd /q=VBd . IToatomy cuia Toka uepe3 pe3uctop Roymer pasua | =U /(R +Tr), rue r— Buyrpennee
COTIPOTHBIICHUE UCTOYHHKA. BhIIeNsOnIascs Ha pe3ucTope MOITHOCTh paBHa P = I°R. TIo YCJIOBHIO 3Ta
MOIIIHOCTh JIOJI’KHA OBITh MAKCUMATBHOW, & TOTOMY JOJKHO BBITIOJHSTHCS YPABHEHUE

dP(R) _ (R+r)"—2R(R+T) _V?B%d?

- 7 =0. Cnenosarensho, R=r,P,
dR (R+r)

, amoromy V = 10 cm/C.



Oauvnuana JlomonocoB — @usuka 2025 roa. Pemenns 3aganuii 4.8

4.8.1. 3agaua. J/IBe TOHKHX COOMpPAIONIUX JIMH3bI PACTIONOXKEHBI TAaK, YTO MX TJIABHBIC ONTHYECKUE OCH
coBnagaioT. POBHO mocepenrHe MEXIy HUMHU NEPHEHANKYJISPHO ONTHYECKOM OCH JIMH3 MOMELIEH
TOHKHMH CTep)KeHb. PaccTosHue OT CcTepkHS A0 Kakaod JsmH3bl 0 =25 cm. JIuH3bl co3maror
NENCTBUTENbHBIC H300paKEHUsI CTEPKHS, MPUUEM TiepBasi IMH3a NaéT n300pakeHue 0e3 yBelIHueHUs, a
BTOpasg — ¢ yBenuuenueM ['=3. Ha kakoe paccTossHuE X HYXHO CMECTUTh CTEpPKE€Hb NapajuielIbHO
caMoMy cebe BJOJIb ONTHYECKOW OCH JIMH3, YTOOBI 00a M300paKeHUsT UMENU OJMHAKOBOE YBEIUYEHUE?
OTBeT nNpuBEIUTE B CAHTUMETpAX.

4.8.1. Pemenne. IloctpouM wn3o0pakeHUs CTEpPXKHS B JMH3aX (CM. pUCYHOK). UTOOBI M300paxeHUs
A HUMCJIN OAWMHAKOBOC YBCIIMYCHUC, CTCPIKCHb HYXHO CABHUHYTH
A d B d K mnepBoil suH3e (BneBo). IlycTe yBenuueHue Kaxaoro

h I n3o0pakeHus npu 3ToM crano paBHo K. Torma mis mepsoii

=T \_ﬂ 1 1 1 y
v JIMH3BI  TTOJTYYHM: + =—, a a1 BTOpOI:
v d-x Ki (d_ X) 'Cl

1 1 1 N o
+ =—, rae F1 u F2 — dpokycHOe paccrosiHue epBOi M BTOpOU JIMH3BL. Pemast cucremy
d+x Kd+Xx F

(/R -FA)d
Ai+h
cHavana naér m3oOpakeHue Oe3 yBenmnueHus, 1o d=2FA u F = d/2. ®oxycHoe paccTosiHHE BTOPOM

. 1 1 1 Id
JMH3bI HAaliIeM U3 paBeHCTBa —+— =—, T.e. F, =——. [loacTaBuB 3T BeIpaskeHUs B (popMyiy A
d I'd F r+1
(r'-1d

3Ar+1 3Ar+1

U3 IByX YPAaBHEHUH, ITOIyUUM: X = . Haiiném ¢oxycHble paccTosnus nuH3. T.K. mepBas JInH3a

X, OKOHYATCJIIbHO MMOJIY4YUM, YTO X =



4.8.2. 3agaua. J/IBe TOHKHX COOMpPAIONIMX JIMH3BI PACTIONOXKEHBI TAaK, YTO MX TJIABHBIC ONTHYECKUE OCH
coBnagaroT. POBHO mocepennHe MEXAy HMMH NEPHEHAMKYJISAPHO ONTHUYECKOM OCH JIMH3 IOMEILIEH
TOHKUH cTepxeHb. JIMH3bI cO3aI0T ACHCTBUTEIbHBIE N300paKEHUS CTEPKHSI, MPUUEM TepBast IMH3a JaET
n3o0paxkeHne Oe3 yBenuueHus1, a Bropas — ¢ yBenuueHueM ' = 3. KakoBbl paccrosiHus d oT cTepHS 110
Ka)KIOW JTMH3bI, €CITU, TIOCTIE TOT0, KaK CMECTAT CTEP)KEHb MapajuleIbHO caMOMy ceOe B/I0JIb ONTUYECKOM
OCH JIMH3 Ha PAacCTOSHUE X = 5 cM, yBeIMUYEHHsI 000MX M300paKeHUH CTAaHOBATCS OAMHAKOBBIMU? OTBET
IPUBEINUTE B CAHTUMETpPAX.

4.8.2. Pemenue. IloctponM n300pakeHUsI CTEpXKHS B JUH3aX (CM. PUCYHOK). UTOOBI M300pakeHUs
UMEJHM OIMHAKOBOE yBEIWYCHHUE, CTEP)KCHb HYXHO CIBHUHYTH

3
A d B d K mnepBoil suH3e (BieBo). IlycTp yBenuueHue Kaxaoro
Fy ) n300paxkeHus Ipu 3ToM crano pasHo K. Torma ais mepBoii
hw=""" A
| Nl JIMH3bl I1OJIy4YUM: 1 + 1 :i, a Uil BTOpOM:
L 2 d-x K (d_ X) Fl
1 1

1 . .
+ =—, 1ne F1 u F, — poxycHOe paccTosiHHE TTepBOM M BTOPOU JWH3BL. Permas cucremy
d+x Kld+x F

y (R-R)D . . .
U3 JIByX YPaBHEHMM, MOIyUYUM: X= “EiE Haiiném ¢oxycHble paccTosiuus InH3. T.K. iepBas JIMH3a
+
1 2

cHavasa 1aér uzobOpaxeHue Oe3 yBenuueHus, 10 d=2F u A =d/2. ®okycHOoe pacCTOsIHUE BTOPOI
1 1

JIMH3BI HAIEM U3 PaBEHCTBA H_'—_ =—,Te F,= Tl [MoncraBuB 3TH BBIpaXKEHUS B (HOPMYITY JUIS
+

rd F,
(C-1)d  @r+1)x

X, OJIy4uM, 9T0 X =-———. Orcroga d =————. Orser: d = @r+1)x =

. 25 cMm
Ar+1 (r-1 (r-1



4.8.3. 3agaua. J/IBe TOHKHX COOMpPAIONIMX JIMH3BI PACTIONOXKEHBI TAK, YTO MX TJIABHBIC ONTHYECKUE OCH
coBnagaroT. POBHO mocepennHe MEXAy HMMH NEPHEHAMKYJISAPHO ONTHUYECKOM OCH JIMH3 IOMEILIEH
TOHKHMH CTepKeHb. PaccTosHue OT CcTepkHS A0 Kakaod JsmH3bl 0 =25 cm. JIuH3bl co3maror
JeCTBUTENbHBIE N300paykeHHsI CTEPKHS, MPUUEM TepBast JInH3a AaéT u300pakeHne 0e3 yBeIHueHUs, a
BTOpasgs — ¢ HekotopbiM yBenumdyeHuem I'. KakoBo I, ecnu, mocie TOro, Kak CMECTAT CTEPKEHb
napajjieIb-HO caMoMy ce0e BJIOJIb ONTHYECKOW OCH JIMH3 Ha PAaCcCTOSHUE X = 5 cM, yBeIHuYeHHsI 000MX
M300paKeHUI CTAaHOBATCS OMMHAKOBBIMHU? OTBET MPUBEIUTE B CAHTUMETPaX.

4.8.3. Pemenue. IloctponM n300pakeHUs] CTEpXKHS B JUH3aX (CM. PUCYHOK). UTOOBI M300pakeHUs

B 4 UMEIIN OJJMHAKOBOE YBEJIMUYEHHE, CTEP)KEHb HYKHO CIBUHYTb
P At d d I K mnepBoil suH3e (BieBo). IlycTp yBenuueHue Kaxaoro
| -

< n3o0pakeHus: mpu 3toM ctano paBHo K. Torma mns mepsoit
hWV A \—ﬂ 1 1 1 .
JIMH3bI TIIOJYYHUM: + =—, a AJId BTOPOH.
, T X Kd=-® T F P

1 1 1 . .
+ =—, 1ne F1 u F» — poxycHOe paccTosiHHE TTepBOM M BTOPOM JMH3BL. Permas cucremy
d+x Kld+x F

y (R-R)D . . .
U3 JIByX YPaBHEHMM, MOIyUYUM: X= “EiE Haiiném ¢oxycHble paccTosiuus InH3. T.K. iepBas JIMH3a
+
1 2

cHavasa 1aér uzobOpaxeHue Oe3 yBenuueHus, 10 d=2F u A =d/2. ®okycHOoe pacCTOsIHUE BTOPOI
1 1

JIMH3bI HAlIeM U3 paBEHCTBA — +—— = —
d 1d F
('-1)d X+d x+d

X, OIYy4YuM, 4TO0 X =——. O1ctona ' =—. Or1Ber: [ =—— =
ar+1 d —3x d—3x

Id
,Te. F,= Tl [MoncraBuB 3TH BBIpaXKEHUS B (HOPMYITY JUIS

3.
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5.8.1. 3apaua. B BepTUKaAIbHO PacHoiOKEHHOM 3KpaHe | cienaHa y3kas TOpU30HTaIbHas
miesib, KOTOpas OCBEHIAaeTCs MOHOXPOMATHYECKUM
WCTOYHUKOM cBeTa ¢ JutmHOW BoJiHBI A = 0,5 mxm. Ha
paccrossun L =1 M oT skpaHa co HIENbI0 HAXOAUTCS
BEPTUKAJIBHBINA 3KpaH 2. Mexay sKpaHaMH MOMEILEHO
TOPU30HTAIBHOE TUIOCKOE 3€pKaJIo 3 TaK, KaK MOKa3aHO 2 H
Ha pucyHke. CBeT OT IIeNH MomnaaaeT Ha BTOPOM dKpaH h

HEIOCPEJICTBEHHO U IOCJE OTpaKeHHsI OT 3epkana. [Ipu 3
TOM Ha 3KpaHe HaOmogaercss N uHTephEepEeHIIMOHHBIX SOLLLSLL4454544474
nonoc. Illens Haxomutcst Ha pacctosHud h=1MM OT IUIOCKOCTH 3epkana. Beicota
BTOporo 3kpaHa paBHa H=5cm. Haittu umcno N wuHTEpdEpeHUMOHHBIX MOJIOC,

HaOJII0/IaeMBbIX Ha DKpPaHE.

1

5.8.1. Pemienue. PaccMoTpuM J1Ba JTyda, BBIXOJIIUE W3 OJHON TOYKH IICIH U
UIylIM€ B IUIOCKOCTH, MEPHEHAUKYISIPHOM IIENH, Kak AX
II0Ka3aHO Ha pHUCYHKe. BBeném cucremy KOOpIHHAT B
MJI0CKOCTU 3kpaHa 2. JIyu |1 momajgaer B TOUKY 3KpaHa C
KOOPAMHATON X HEMOCPEICTBEHHO OT IIeNd, a Jiyd 2
IIOIAJIAET B 3Ty K€ TOYKY I10CJIE OTPAXKEHUS OT 3€pKaja.
Ecnu B YKa3aHHOU TOYKE HaOrogaeTCs
UHTeP(PEPEHIIMOHHBI ~ MAaKCUMyM, TO  ONTHYECKas
pa3HOCTh X0/ Jiyuei 1 u 2 nomkHa ObITh KpaTHA LEJIOMY
YUCITy JJIMH BOJH M3JIy4eHUs UCTOYHUKA A. Bynem cumrtarh, 4TO onTHYecKash pa3HOCTb
X0/la Jydeld paBHA HMX TEOMETPUUYECKOW pPa3HOCTH Xxona (aOCOJIOTHBIA IOKA3aTeNb
MPEJIOMIICHUS CPEIbl MEXY SKpaHaMU paBeH enunuile). Toraa myTh, IPORAECHHBIN Ty4oM

2 2 o o
l or menum g0 SKpaHa, paBEH: Sl =\/ L +(X—h) . AHamoru4yHo, MyTh, MPOUJACHHBIN

2 2 o
IydoM 2, paBeH: O, =\/ L +(X+h) . T'eomerpuueckas pa3HOCTh XOJa JIy4yewu

SZ-S;/
AS =S, —§,. Tlocnennee paBEeHCTBO MOXKHO 3aIUCATh IO-APYTOMY: AS =ﬁ. ITo
2 1

ycnoButo 3amauu h << L. Ilonaras, 4ro HaOJrogaeMbie MOPSIKA HHTEPHEPCHIUU HE
CJIMIIKOM BEJIMKH, MOXKHO CUMTaTh, uTo U X << L. Torga mocienHee paBeHCTBO MOKHO
3amucaTh B BUJE:

S2-S2 (x+h)’—(x=h)" 2xh
2L 2L oL

[TycTh B TOUKE C KOOpAMHATOMN Xy HaOIOAETCs MHTEPHEPEHIIMOHHBIN MaKCUMyM

2x.h

AS

m-ro mopsiaka, Ttorma AS, = =MA . Tlycre makcumym (Mm+1)-ro mopsxa



2X
. _ 1 _
HAOJIOMACTCSI B TOYKE C KOOPAMHATOU Xpe1, TOTIIA AS.q = rln: = (m +1)/1. [Iupuna

MHTEP(QEPEHIIMOHHON TIOJIOCHl  paBHa AX=X_, —X.. Takum o0pasom, IOJIydaem:

AL
AX = E Nckomoe uncino uHTEpPEpEHIIMOHHBIX I0J0C, HAOJMI0JaeMbIX Ha SKpaHe
H
BBICOTOI H, paBHO 11€1011 4acTH OT OTHOIICHUS H , TO €CTh:
N | H [_|2Hh
AX AL |
N — 2Hh B 2-5.10%.10°°
OtBer: —iL 0.510°-1 N = 200.



5.8.2. 3amaya. B BepTuUKaTbHO PACMOIOKECHHOM 1

sKpaHe | crenaHa y3kas ropu3oHTalbHAS 1IeJIb, KOTOpast L
OCBEIIACTCSI MOHOXPOMATHYECKHUM MCTOYHHUKOM CBETa C

nuHOoM BosiHbI A = 0,5 MkM. Ha HekoTOpoM paccTossHUM H
L or skpaHa cO MEIbI0 HAXOAWTCS BEPTUKAIBHBIM [ ___. 2
sKpaH 2. Mexay dKpaHaM# TIOMEIIEHO TOPU30HTAIBHOE h 3

IIJIOCKOC 3CpKaJio 3 TaK, KaK ITIOKa3aHO Ha pUCYHKC. Cser T A
OT LIEJM ITONIAaJaeT Ha BTOPOM 3KPAH HENOCPEACTBEHHO

U T1ociae OoTpaxkeHus oT 3epkana. [lpm 3TOoM Ha dKpaHe  HaAOMIOJAIOTCS
uHTepdepenronnsie noiockl. [llens Haxomutes Ha paccTosHEKM h = 1 MM OT TUIOCKOCTH
3epkana. Beicota Broporo skpana paBHa H = 5 cm. Hucno nHTepPepeHIIMOHHBIX MOJ0C Ha
skpane N = 200. Haiitu paccrosiaue L Mexy skpaHamu mipu ycioBud, 4to h << L. OtBet
MOJIYYUTh B METPax.

5.8.2. Pemienue. PaccMOTpuM J1Ba JTyda, BBIXOJAIIME W3 OJHON TOYKH IICIH U
UIylMe B IUIOCKOCTH, NEPICHAUKYISPHOU IIENn, Kak AX
II0Ka3aHO Ha pUCYHKe. BBenéM cucreMy KOOpIMHAT B
IJIOCKOCTU 3KpaHa 2. Jlyy 1 momamaer B TOUKY SKpaHa C
KOOPAMHATON X HEMOCPEACTBEHHO OT INENH, a Jiyd 2
IIOIAJIAET B ATY K€ TOYKY IOCJE OTPAXKEHUS OT 3EpKaJIA.
Ecnu B YKa3aHHOU TOYKE HaOrogaeTCs
UHTEP(PEPEHIIMOHHBI ~ MakCUMyM, TO  ONTHYECKas
pa3HoCTh XoAa Jayyer 1 u 2 qoikHa ObITh KpaTHA LEIOMY
YUCITY JJIMH BOJH M3JIy4eHUs UCTOYHUKA A. ByneMm cumrtarh, 4TO onTHYecKash pa3HOCTb
X0/la Jydyeld paBHA HMX TEOMETPUUYECKOW pPa3HOCTH Xxona (aOCOJIOTHBIA ITOKA3aTeNb
MPEJIOMIICHUS CPEIbl MEXKY SKpaHaMU paBeH enunuile). Toraa myTh, IPORAECHHBIN Ty4oM

2 2 o o
l or menum g0 SKpaHa, paBeEH: Sl =\/ L +(X—h) . AHamoru4yHo, MyTh, MPOUJACHHBIN

2 2 o
IydoM 2, paBeH: O, =\/ L +(X+h) . T'eomerpuueckas pa3HOCTh XOJa JIy4yewu

SZ-S;/
AS =S, —§,. Tlocnennee paBeHCTBO MOXKHO 3aIUCATh IO-APYTOMY: AS =ﬁ. ITo
2 1

ycnoButo 3amaun h << L. ITlonaras, uro HaOdromaeMbie MOPSIKA WHTEPHEPECHIIUU HE
CJIMIIIKOM BEJIMKHU, MOXHO CUMTaTh, 4YTo U X << L. Torma mocnenHee paBeHCTBO MOKHO
3aIucaTh B BUJIE:
2 2
2 2 _ _
AS:SZ_Sl :(X+h) (X h) :2Xh
2L 2L L~

[TycTh B TOUKE C KOOpAUMHATOMN Xy HaOIOAETCs UHTEP(EPEHIIMOHHBIN MaKCUMyM

2x.h

=MA . Ilycrs maxcumym (m+1)-ro nopsaxa

_ 2Xy,40

o m+1" "
Ha6JIIO,Z[aCTC}I B TOYKE C KOOpAHMHATOHU Xm+1, TOTJA ASm+1 - |_+ _(m+1)ﬂ~. H_[I/IpI/IHa

M-TOoro mopsakKa, Toraa ASm =



UHTEpPEPEHIIMOHHON MMOJOCHl paBHa AX =X, ., —X,. Takum o00pa3oMm, IOJyIaeM:

AL
AXZE. Yucio uHTEp(EPEHIIMOHHBIX TOJ0C, HAOMIOAaeMbIX Ha SKpaHe BbicoToi H,
H H
paBHO II€JION YacTU OT OTHOIIEHUS Axc T N = Ax |- [To ycnosuto 3amauu N = 200.
Takum 0Opa3zoM, HCKOMOE paccTosiHue L Mexay SKpaHaMu paBHO:
2Hh
L=——.
AN

2Hh | _2:5-10°-10°
AN 0,5-10°- 200

Oteer: L=



5.83. 3amaya. B BepTUKaIbHO PACMOIOKEHHOM
sKpaHe | crenaHa y3kas TOpU30HTaIbHAS LIEIb, KOTOPas
OCBEIIAETCSI MOHOXPOMATHYECKUM HMCTOYHUKOM CBETA C
nuHoM BoiHBI A = 0,5 mxkM. Ha paccrossuuu L =1 m ot
BKpaHa CO ILIEJIbI0 HAaXOMUTCA BEPTHKAIBHBIM 3kpaH 2. | 2
Mexnay 3kpaHamMy NOMEIIEHO FOPU30HTAIBHOE IIJIOCKOE h
3epkayo 3 Tak, KaK [0Ka32HO Ha PUCYHKE. CBeT OT e by} Y-
NOMaJaeT Ha BTOPOW SKpPaH HEMOCPEICTBEHHO W IOCIIE

oTpaxkeHusi OT 3epkana. [lpu »TomM Ha sKpaHe HaOmOAAIOTCS HHTEPHEPEHIIMOHHBIC
noJockl. [l]enb HaXOAUTCS HA HEKOTOPOM PACCTOSHHUM N OT TIOCKOCTH 3epkajia. BeicoTa
BTOpOro skpaHa paBHa H =5 cm. Yucno unrepdepenuimonnsix nojoc Ha 3xpane N = 200.
Haiitu paccrostHre h oT mienu 10 MIOCKOCTH 3epKajia Ipu yciioBuH, uro h << L. OtBet
MOJIYYUTh B MUJUTUMETPAX.

5.8.3. Pemienne. PaccMoTpuM 11Ba JTyda, BBIXOJAIIME W3 OJHON TOYKH IICIH U
UIyLIME B IUIOCKOCTH, MEPHEHIUKYISIPHOM LIEIU, KaK
[I0Ka3aHO HAa PUCYHKEe. BBeném cucreMy KOOpAWHAT B ' X
IJIOCKOCTHU 3KpaHa 2. JIyd 1 momamaer B TOUKY 3KpaHa C
KOOPAMHATON X HEMOCPEICTBEHHO OT WIENH, a JIy4d 2
IIOIA/IAET B ATY K€ TOUKY IIOCIIE OTPAKEHUS OT 3€pKajia.
Ecnun B YKa3aHHOMN TOYKE HaOJIr01aeTCs
UHTEP(PEPEHIIMOHHBI ~ MAaKCUMyM, TO  ONTHYECKas
pa3HoOCTh Xxona Jyded 1 u 2 momxkHa OBITH KpaTHa
1EJIOMY YHWCIY JJWH BOJH HU3JIy4EHUsS HUCTOYHUKA A.
bynem cuuraTh, 4TO ONTHMYECKas Pa3HOCTb XOJA JIy4EHM paBHA HX I'E€OMETPUYECKOU
pa3HOCTH X012 (a0CONIOTHBIM TOKA3aTeNlb MPEIOMIICHHS CPEIbl MEXKy dKpaHaMU PaBeH
eaunuie). Torma mnyTh, NPOWJAEHHBIA JydyoM 1 OT 1MmIenIM A0 DSKpaHa, pPaBEH:

2 2 o o
S, = \/ L™+ (X - h) . AHaJOrM4HO, TMYTh, MNPOWACHHBIA  Jy4oM 2,  paBEH:

2
S, = \/ L* +(x+h)" . Ceomerpuueckas pasuocts xoma myueii AS =S, —S,. [ocreanee
s2-g
S,+S,

[lonaras, 4ro HaOIromaeMble MOPSAKM UHTEP(YEPEHLUM HE CIMIIKOM BEJIUKU, MOXKHO
cuuTaTh, 4T0 U X << L. Torga nocieanee paBeHCTBO MOYKHO 3aIIUCATh B BUJE:
2 2
2 2 _(x—
AS:SZ_Sl :(X+h) (X h) :2Xh
2L 2L L~

[TycTh B TOUKE C KOOpAUMHATON Xy HaOIOAETCs MHTEPHEPEHIIMOHHBI MaKCUMyM

2x.h

PaBCHCTBO MOJKHO 3aIIMCaTh IIO-APYroMy: AS . [To ycnoBuro 3amaun h << L .

=MA . Tlycre wmakcumym (m+1)-ro nopsaxa

_ 2Xy,40

o m+1" "
Ha6JIIO,Z[aCTC}I B TOYKE C KOOpAHMHATOHU Xm+1, TOTJA ASm+1 - |_+ _(m+1)ﬂ~. H_[I/IpI/IHa

M-ro TopsAAKa, TOraa AS,, =



UHTEpPEPEHIIMOHHON MMOJOCHl paBHa AX =X, ., —X,. Takum o00pa3oMm, TIOIy9IaeM:
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AXZE. Yucio uHTEp(EPEHIIMOHHBIX TOJ0C, HAOMIOAaeMbIX Ha SKpaHe BbicoToi H,
H H
paBHO II€JION YacTU OT OTHOIIEHUS Axc T N = Ax |- [To ycnosuto 3amauu N = 200.
Takum 00pa3zom, KCKOMOE paccTosiHUE N OT 1IesH J0 MIOCKOCTH 3epKaja paBHO:
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Otger: N= h= h=1wmm.

2H 2-5-107?



Kpurepuu ouenku

3agaun (Kaxaas 3aJa4ya oeHHBaeTCss MaKcuMaibHo B 20 6a/110B)

1. 3amaua BoBce He pemranach — () 6asI0B.

2.3amavya He pellieHa, HO CHeJaH MOSCHSIONUN PUCYHOK (eciu TpeOyercs), YaCTUIHO
chopmynupoBaHbl HEOOX0AUMBIE Pr3nUeckue 3akoHbl — 1 — 10 6as1oB.

3. 3agaua He perieHa, HO MPaBUIBHO chOpMyTUpOBaHBI (PU3MUYECKHE 3aKOHBI M IPABUIIBHO
3amrcaHbl OCHOBHBIC YPaBHEHUS, HEOOXOUMBIE JIJIs pemieHus 3aaauan — 11 — 15 6asios.

4. 3anaua perieHa, HO JOIYILEHbl He3HAUUTeNbHbIE TorpemHocTy — 16-19 6aniios.

5. 3ajada penieHa MmoJHOCTHIO U MOJIYYCeH MPaBHIIbHBINA 0TBET — 20 6aJ1/10B.



