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1. KoMnerenuyuu n HHAUKATOPbI HX JOCTHKCHHSI, INPOBEPHEMbIC NAHHbBIMU
OLCHOYHBIMHU MaTEepHaJIaMHU

Lenbto OCBOEHMSI TUCIMUIUIMHEI ABISICTCS (POPMUPOBAHUE CIIEAYIOIINUX KOMIIETECHIIUI:

OIIK-1 CnnocoGHOCTh MPUMEHSTH 0a30BbI€ 3HAHUS B 001aCTH (PU3UKO-MATEMAaTHIECKUX U
(n1n) ecTecTBEHHBIX HayK B cepe cBoeid MpodhecCHOHATLHOM e TeIbHOCTH.

INIK-1 CnocoOHOCTh MPOBOAWTH HAYYHBIE HCCIEIOBAaHHMS B BBHIOPAaHHON 001acTH C
HCIIOJIb30BAHUEM COBPEMEHHBIX SKCIEPUMEHTAJIbHBIX M TEOPETHUUYECKUX METOAOB, a TaKkKe
MH(POPMAIIMOHHBIX TEXHOJIOTHIA.

PesynpTaTamu OCBOEHUS AUCLUIUIMHBI SIBJISIOTCS CIEIYIOIINE UHAUKATOPHI TOCTHKEHUS
KOMIIETECHIIUH:

NOIIK 1.1 3Haer OCHOBHBIE 3aKOHBI, MOJIEIH M METO/bl MCCICAOBAHHS (HU3NIECKUX
MPOLIECCOB U SIBIICHUI

UIIK 1.1 Cobupaer M aHaIM3UpPyeT HAYYHO-TEXHUYECKYIO HH(MOpMALMIO IO TEeMe
HCCIeI0BaHMsl, 0000I1IaeT HayyHble JaHHbIE B COOTBETCTBHUHM C 3aJla4aMU UCCIIEIOBAHMS

2. OneHo4HbIe MaTepUaJibl TEKYIIEIr0 KOHTPOJSA U KPUTEPUH OLICHUBAHUSA

DneMeHTHI TEKYIEro KOHTPOJIA: KOHTPOJbHbIE Bonpock! U 3aaaun (MOIIK 1.1).
[To muctumnae «OnTHKa» MPEAyCMOTPEHBI OTBETHI Ha KOHTPOJIbHBIE BOINPOCHI M pEIIEHHE
3aa4 Mo KaxaoMmy paszaeny. [IpoBogutcs B ¢opmMe UHAMBUAYAIbHOTO coOOECelOBaHUS, B
IpoLecce KOTOPOro CTYIEHT AOKEH MPOJEMOHCTPUPOBATh YMEHHUE MOJIb30BAaTHCS OCHOBHBIMU
MOHATHUSAMH, 3aKOHAMU M MOJENsMU oO0mied (hU3MKH; MPUMEHATh 3aKOHBI oOmIei (Gu3uku npu
perieHuu 3aaa4 ooreit GpuzuKu

Tema 1. 'eomeTprueckas onTuka.

ChopmynupoBaTh rpaHUIbI IPUMEHUMOCTH F€OMETPUUECKOM ONTUKH.
Uto Takoe myyq?

B 4ém cocTouT 3aK0H OTpakeHus cBera?

B 4€m cocTOUT 3aK0OH MpeaoMIIeHUs cBeTa?

B uém coctout npunumn depma?

B gem 3akmrouaeTcst 3aK0H 0OPaTUMOCTH CBETOBBIX JTyUeii?

OcHoBHbIE IpaBUJIa TOCTPOSHUS N300paKEHUSI B COOMPAIOIINX JIMH3aX.
OcHoBHbIE MPaBUJIa TOCTPOSHUS U300paKEHUS B PACCEUBAIOIINX JIMH3AX.

XA B LD =

3amaua 1.
3amaHbl raaBHas ONTUYECKas OCh JIUH3bI NN, MOJI0KEHHE UCTOYHHUKA S U €ro H300paxeHus
S’. Haiiaute MocTpoCHUEM IMOJI0KEHUE ONTHYECKOTO IeHTpa JUH3bI C U ee OKYCOB.

3agaua 2.



JUia npenmera, HaxXOAALIErocs B TOYKE A, JUH3a JAET
yBenuueHue /7=2, a Korja ero rnoMmeuarT B TouKy B, yBennueHnue
I>=3. Kakum Oyzer yBenuueHHE U MpeaMeTa, OMEIIEHHOTO B

cepenuny orpeska AB? F B A

Kimouu:
3agaua 1.
Hcnonb3yeM cTtanaapTHbIE JIyUd JUId TOCTPOCHUS N300paxeHuil B tuH3ax. [lepBblil 1y

IPOXOHUT Yepe3 TOUKY IpeaMeTa S, EHTP JIMH3bI U TOUKY H300pakeHus S .

BTopoii my4 uaeT napajuieqbHO IIIaBHOW ONTHYECKON OCH M TTOCIIE JIMH3bI TPOXOIUAT
yepe3 Ghokyc F (1 uepe3 TOUKy u300pakeHus).

A

Tpetuii 1yd 3a TMH30M UAET NapaliesIbHO IJIaBHOM ONTUYECKON OCH Yepe3 TOUKY
n300pakeHUs, a TIepel JTMH30H MPOXOIUT Yepe3 GoKycC (M TOUKY MpeaMeTa).

3agaua 2.

ITycts F — dokycHOe paccTosiHue TUH3bI, 4 — pacCTOSHUE 10 TOUKU A, B — pacCTOsHUE
710 TOUKH B, f7 — paccTosiHue 10 n300paXkeHHsI IpeMEeTa, HaXO/SIIerocs B TOUKe A, f2 —
paccTosiHUE 10 U300pakeHUs IPeMEeTa, HaxosIIerocs B Touke B, f — paccTosiHue 10

M300paKeHUs TPEIMETA, HAXOISIIErocs B cepeuHe oTpeska AB (F = A+B ).




Bocnonbsiyemcst hopMyInoii TOHKOH JIMH3HIL: 1 - 1 + 1 , TOTJIA ISl TPEIMETOB, HaXOAAIINXCS B
d

F

Toukax A u B, COOTBETCTBEHHO:
r_r, 1. (1).
F 4 f F B f,
CoOTBETCTBEHHO YBEIUYEHUE OYIYT:

I, = ﬁ JUISL IpeAIMETa, HaXOIAIIErocs B TOUKe A U r,= Q JUIA IpEAMETA, HaXOASIIErocs B TOUKe B,
A B

f 2/

= = JUI IIpeaMeTa, Haxozsmerocs B cepeanne orpeska AB. Torna:
(A+B)/2 A+B

fh=04, f,=T,B, le;(A+B) Q).

U3 (1) u (2) nonyuum

1 1 1 1 N 1 2 2 3).

= = = +
F A AL B BI, A+B I(A+B)

N3 (3) monyunm

JoNERUE Sy S — (4)
A-F B-F (A+B)/2-F

N3 nepBBIX ABYX BBIp@KECHUH (4) TOTydaeMm:

F F
A= (+1) W B=(1+1})-

1 2

[ToacraBnsiem nmosydeHHbie 4 U B B TpeThe BhIpaxeHue (4):

e F B 1 ~ 2T, _anr,
i(1+r,)+i(l+rz)—F WO 0 D)L+ (D) =20, T+
or, or, A 8

:2-2-3:274
243

OtBer: 2,4

Tema 2. Korepentnoctb. UnTepdepennus.

Kakue ucTouHHUKM CBETa Ha3bIBAIOTCSA KOI€PEHTHBIMU?

B uem cocrout sBnenue unreppepeHunu cera?

YcnoBus MaKCUMYMOB 1 MUHUMYMOB UHTEP(EPEHIIMOHHOMN KapTHUHBI.
OOBbsCHUTE TPOUCXOKICHUE IIBETOB TOHKUX IJICHOK.

B uewm 3akmouaercs cyTh AByXJ1ydeBod uHTepdepeHunn?

B uewm 3akmioyaercs cyTh MHOTOTY4YeBOM HHTEpEepeHITUN?

SUnHE LD~

Bagaua 1.



JIBe KOrepeHTHBIE IUIOCKHE BOJIHBI, YIOJl MEXJy HAIPAaBICHUSAMHU pPacIpOCTpaHEHUs
KOTOpBIX ¢ <K 1, majaroT NOYTH HOPMAJIBHO HA AKpaH. AMIUIMTYbI BOJIH OJIMHAKOBBL. [lokazats,
YTO PACCTOSHHUE MEXKIY COCCTHUMH MaKCUMyMaMHu Ha dkpane Ax = A/, rae A - [UTHHA BOJTHBI.

3agaua 2.

[Tnockass MOHOXpOMAaTHYecKass CBETOBas BOJHA JUIMHBI A MajgaeT Ha MOBEPXHOCTH
CTEKJIIHHOI'O KJIMHA, Yroia Mexzay rpaHsaMu kKoroporo «a K 1. Ilnmockocts mnaneHus
NEpIEeHIUKYIIsSpHA K pedpy KiMHa, yroa najenus 6. Haiitu paccrositHue Mexay COCeIHUMHU
MaKCUMyMaMU MHTEP(QEPEHLUOHHBIX I0JIOC HAa AKPaHE, PaCIOJIOKEHHOM IEPHEHAUKYIISIPHO K
OTPAXKEHHOMY CBETY.

Kiaroun:
3amaua 1.

[Iycts Touka O — 1HEeHTp UHTEepPEpEeHUMOHHON KapTuHBL [lpu cmemieHnn Ha X BIOJb 3KpaHa
MEXy JIydaMH TOSBIISIETCS pa3HOCTh xoaa A. U3 pucynka BumHo, uto A= da, a pa3HocTh (a3
§=2ZA=24dqa
yl a0
21
YcnoBue Makcumyma > da=27k.
[lyctb aq — yron Ha k — ¥ MakcCUMyM, a,- yroia Ha k + 1 MakcumyM, Toraa
21
7d(a2 —a,) = 2.
yl
Aa = (a, —a;) = -
[TonoxxeHne MAaKCUMyMOB Ha 3KpaHe MPU 3TOM 3aJaeTCs X
Z[.Hﬂ al: x1 = {)al
Z[.]-Iﬂ Ay Xp = ‘eaz

Orcrona cnenyer Ax = PAa. Torma Ax = £ g; rz[e% = @.

2
3HauuT, Ax = -,
)




3agaua 2.
Ax = Ax' cos 6;;
Ad
Ax' = ——,
sin a
rac Ad = dz - dl'

A
2d,\/n? — (sin6,)2 = (2m + 1)5

20, /77— @07 = (2(m+ 1) +1)5 =

A
d,—d;, =
2 2,/n2 — (sin 6,)2
Acos 6,
Ax

- 2a,/n? — (sin 6;)2

Tema 3. Audpaxumus.

1. Yto Ttakoe nudpakuus BoiH?

2. Cdopmynupyiire npuHuun [toiirenca — @penens.

3. Yro Takoe audpaxius OpeHens?

4. Yro takoe mudpaknus Opaynrodepa?

5. Uro Takoe nepuo nudpaKkuOHHON PEeIeTKU?

6. CdopmynupyiTe yCIOBHE TIABHBIX MAKCHMYMOB JTU(DPAKIIMOHHON PEIIETKH.
3amauva 1.

Mexly TOYEUHBIM HCTOYHHKOM CBETa M SKPAaHOM IMOMECTHIIM AuadparMy ¢ KpyTribiM
OTBEPCTHEM, PATUYC KOTOPOTO 7 MOKHO MEHSTh B IpolLiecce onbITa. PaccTosHus oT auadparmsl
JI0 UCTOYHHKA ¥ dKpaHa paBHbl @ = 100cM 1 b = 125cM. OnpenenuTs ITMHY BOJTHBI CBETA, €CITH
MaKCUMyM OCBEIIEHHOCTH B IICHTPE KApTHUHBI Ha 3KpaHe HabOmomaercs mpu 1r; = 1.00MM u
CHEAYIOUIMA MaKCUMyM TIpu 7, = 1.29MM.

3amaua 2.
MonoxpomaThueckas Ia0cKasi CBETOBasi BOJHA ¢ HUHTEHCUBHOCTBIO [ MalaeT HOPMaJIbHO
Ha HEMPO3payHbIA JUCK, 3aKpbIBAIOMIMKM A1 TOUKM HaOmioneHusi P mepByto 3ony Dpenerns.
KakoBa crana HHTEHCUBHOCTD CBeTa B TOUKe P mocie Toro, kak y 1ucka yaaiuiu:
a) TMOJOBHHY (IO AUAMETPY);

b) NOIOBUHY BHEIIHEH MOJIOBUHBI IEPBOM 30HBI (TI0 AMAMETPY)?

3agaua 3.

[Tnockas cBeroBas BoiHa ¢ A = 0.60MKM majgaeT HOpMaJIbHO HA JOCTATOYHO OOJBIIYIO
CTEKJISIHHYIO TUTACTUHKY, Ha IIPOTUBOIIOJIOKHON CTOPOHE KOTOPOIi clienana Kpyriias BeieMka. Jlis
TOYKM HaOmoneHuss P oHa mpenctaBiser co0oil mepBbie monTopbl 30HBI Dpenens. Haiitu
ryOuHy h BBIEMKH, PU KOTOPOW WHTEHCHUBHOCTH CBETA B TOUKE P OyneT

a) MaKCUMAaJlbHON?
b) MUHUMAaIBHOI?

C) paBHOﬁ HMHTCHCHUBHOCTH IIaJarOIIcro cBera?

3agaua 4.



Ceer ¢ 1 = 589.0HM nagaeT HOpMAJIBHO Ha AUPPAKIUOHHYIO PEHIETKY C TIEpUOIOM d =
2,5MkM, coxaepxkamrytoN = 10000 mrpuxoB. Haiftn yrimoByro mupuHy AuQpakiruoOHHOTO
MaKCUMyMa BTOPOT'O IMOPSIIKA.

Koaroun:
3agaua 1.

MaxkcumyM HaOIIroJaeTcst BCSKUH pa3, KOTJa B OTBEPCTHE YKIIAAbIBACTCS HEUETHOE YUCIIO
30H OpeHens, caea0BaTeNbHO:

ab 1
= m
7 a+b t
5 ab 1
= moA,
27 a+b 2
r):[em2=m1+2.
2ab
r2 _ 2 =
2 7 a+b

_ (F —r)(a+b)
N 2ab

A = 0.60MKM.

3amgaua 2.

a) b)

a) AmmiuTyna Koiie0aHWM, MPUIIEAIINX B TOYKY HaOmIOIeHus OT Bcero ¢poHTa 3a
HCKITIOYCHHEM TEePEKPHITOM TUCKOM MEPBOIl 30HbI, paBHAa A,. AMIUIUTYAa KoneOaHUi,
MPUILEIIINX B TOUYKY HAOMIOJCHHS OT OTKPBITOM MO JUAMETPy YacTH IEPBOM 30HBI
Takke paBHa A,. OaHako, 3TH KolieOaHMsI CABUHYTHI MO ¢a3ze Ha 7T OTHOCUTEIBHO
KojeOaHul, MPUILEIIIUX OT Bcero ()poHTA 3a HCKIIOYCHHEM MEpBOW 30HBI. TakuMm

06pa30M, pe3yiibTUpyromas aMIuiuTy aa
Al = 0 = 11 = 0.

b) Bekrop A,, M300paxaiommii pesyIbTHpyIOlee KOJeOaHne, paBeH CyMMe BEKTOPOB
A, u AL .
2 2 2
AZ = AZ + A2



1
A =287 =>A7=5AY =

1
A%ZA(Z)—EA(Z) =

3anaua 3.
Konebanusi, npumienmme B Touky P uepe3 BEIEMKY B TOMUMO He€ POUIYT pa3HbIe

OIITUYCCKUC ITYTH. CJ'IeI[OBaTeJ'IbHO, MCKAY HUMH INOSABUTCA NOIIOJIHUTCIIbHAA
OIITUYECKasi pa3HOCTh X07a A= h(n — 1) u COOTBETCTBYIOIAsI pa3HOCTH (ha3, BEIMIHHA
KOTOPOH 3aBUCHT OT TITyOHHBI BbieMKH h. Takum 00pa3om, BEKTOp A,, H300pakarouii

PE3YIbTUPYIOLICC KOJ'IC6aHI/IC OT II0JIyTOpa 30H, p%BepHéTCﬂ Ha yroj
2n
o= Th(n - 1) =

2 3 3 A
a) §=2h(n—1) =3m+2km h=(k+3)2;

A 4 8/ n—-1

2 3 7 A
b) §=2htn-1=3n+n+2km h=(k+I)-2;

A 4 8/ n—1

2 A
c) 6=7”h(n—1) =2km; h=k-*—

n-1'

3agaua 4.
VYrnoBas muprHa MaKCUMyMa m — 0 TIOPSKa OMPeAeNseTCss pa3HOCThIO YIIIOB §¢, MO

KOTOPbBIMU Ha6JHO,[[aIOTC$I MHUHUMYMBIL inepBoro nopstaka Jjist 3Toro MakCumMyma.



dsingp = mi

dsin(gp —22) = (m - )

sin(p ——) = (m— )
: 2% 1
dsin(¢ + 7) =(m+ N)/l
U3 paznoxenus B psan Tewnopa cienyer:

: 2% 2%

sin(p + 7) = +(cos @) >
Takum oOpazom

&p_ +1 1
(cos@) 5= (m+7)

) 1
—(cos ) -5 = (m— N)/l

) Sp 22
(cos ) > =N
21
Sp = =
m
NJ1- (%)

Tema 4. [loasipusanus ceera.

1. Kakoii cBeT Ha3bIBAIOT MJIOCKOIOISPHU30BAHHBIM?

2. YTo Takoe MmIoCKOCTh MOJISIPU3ALINU ?

3. CdopmymupyiiTe 3akoH Maitoca.

4. Cdopmynupyiite 3aKkoH bprocrepa.

5. B 4éwm 3akmrouaercs siBJICHUE JBOMHOIO JIyYEIPEIOMICHUA?

6. Kaxum cBOIiCTBOM 00JIaJarOT OIITUYECKHA aKTHBHBIE BellecTBa?

7. UYto Takoe yaenbHOE BpallleHHE ONTHYECKA AaKTUBHOTO BelllecTBa?
3amaua 1.

[Inockas MoHOXpoMaTuyeckash BOJIHA C WHTEHCHUBHOCTHIO [, MajaeT HOPMalbHO Ha
KpYyrjoe OTBEpCTHE, KOTOpOe IpelcTaBisieT co0oil mepByto 3oHy DpeHens i TOYKU
Habmonenus P. Haiitu mHTEHCUBHOCTH cBeTa B Touke P mocie Toro, kak 0TBepCTHE NEPEKPHLIN
JIBYMsI OJIMHAKOBBIMH TOJISIPU3ATOPAMHU, TIOCKOCTH MPOIYCKAaHUSI KOTOPBIX MEPHEHAUKYJISPHBI
JpyT OpyTy, a TpaHulia uX pasfena mpoXoauT

a) MO AUaMETPy OTBEPCTHS;
b) 1O OKPY>KHOCTH, OTPAHUYUBAIOIICH MEPBYIO MOJOBUHY 30HBI DpeHes.

3agaua 2.

JIMHeHO MONSIPU30BAaHHBIM CBETOBOM IMYyYOK MaJaeT Ha MOJSIPU3aTOp, BpaIlaroIIUNcs
BOKpPYI' OCH Iy4YKa C yIJOBOM CKOpPOCTBbIO . HaillTh CBETOBYIO 3HEPIuio, MPOXOALIYI0 Yepes3
MOJIIPU3ATOP 32 OAUH 000POT, €CIIH MOTOK SHEPTUH B MaaroiieM mydke .

3agaua 3.

JIuHEeHO MOJAPU30BaHHBIA CBETOBOM IYYOK NAAAET HA MOJIAPU3ATOP, BPALIAIOIIUNCA
BOKPYI' OCH IIy4Ka C YIJIOBOM CKOpPOCThIO w. HalTh CBETOBYIO 3HEPIur0, MPOXOIAILIYIO Yepe3
MOJIIPU3ATOP 32 OAMH 000POT, €CIIH MOTOK SHEPTUH B MaaaroiieM mydke D.

3agaua 4.



EcrecTBennslii cBeT nmagaeT noj yriiom bproctepa Ha moBepXHOCTh cTekia. OnpeneauTs ¢
nomoltsio hopmyn Openens:
a) K03()PUIMEHT OTpaKEHHUS;
b) creneHs nmongpU3aLMU NPEIOMICHHOTO CBETA

3anaua 3.

KBapiieBasi 1miacTHHKa, BhIpE3aHHAs MapaJICIbHO ONTHYECKOW OCH, IMOMEIICHA MEXIY
IBYMSI CKpPEIIEHHBIMH TIOJISIPU3aTOPAMH TaK, YTO €€ ONTHUYEeCKas OCh COCTABIISIET yroi B 45° ¢
IIOCKOCTAMMU IMPOIMYCKaHUA IIOJISIPU3aTOPOB. HpI/I Kako¥ MHWHHMaJILHOMN TOJIIIUHE ITJIaCTUHKU
CBeT ¢ A; = 643HM Oy/ieT MPOXOAUTH Yepe3 ITY CUCTEMY C MAaKCUMAaIbHOW MHTCHCHBHOCTBIO, &
cBeT ¢ A, = 564HM Oyner cuinbHO ocnabnen? Paznocts nokasaresneit npenomuienust An = 0.009.

Kiaroun:
3agaua 1.

Ceer, mpomeamuii uepe3 pa3Hble MOJNAPU3ATOPHI  OyJIeT TMOJSPU30BaH BO  B3aUMHO
NEPHNCHANUKYJIIPHBIX HAITPABJICHHUAX. CJ'IeJIOBaTeJ'H)HO, pE3YIbTHUpPYIOINAad MHTCHCUBHOCTDH 6y21€T
paBHa CyMM€ HHTEHCHBHOCTEH CBETA, MPOIIEAINIETO Yepe3 KaXKIbIi U3 TOJISIPU3aTOPOB.

a)
B orcyTcTBHE MONSIpHU3aTOpa aMILTUTY1a CBETA, TPOIIEAIIETO Yepe3 MOJOBUHY 30HBI, TEPEKPHITON
110 JUaMeTpy,

A=Ay, 1=1I,.
Uepes Kax bl TOJISIPU3ATOP TPOUAET
I' = EI 0o =
I = I.
b) A

B orcyrcTBHE MONAPU3aTOPOB BHYTPEHHSISA U BHEIUHSSA IIOJOBHUHBI 30HBI IIPOIYCKAKOT CBET C
aMIUIUTY 101

A1:A2:V2AO; 12210 =
Yepes nossipuzaTop TpouaeT

Taxkum O6pa30M, pe3yiibThpyroniasd NHTCHCUBHOCTD
12 = 210.

3agaua 2.
[To 3akony Mairoca:
I = I,(cos @)?,



IJIe (0 — YTOJI MEX/1y HallpaBJIeHUEM KOJIeOaHUI HAPSHKEHHOCTH IEKTPHUECKOTO OIS B
JIMHEIHO MOJIIPU30BAaHHOM CBETE U IJIOCKOCTBIO MIPOITyCKaHUs NoJisipu3aTopa. B nanHowm ciydae
3TOT YIOJI MEHSETCS CO BPEMEHEM I10 3aKOHY:

¢ = wt.

[ToTok 3HEepruu, npoueaei yepe3 noasipu3aTop,

=I5 =
d = dy(cos )2
DHeprus, Npoxosinas yepes nosuspusarop 3a Bpems T,

W = thb(t)dt.

0
21
T =—.
W

27T/w
W= f d,(cos wt)? dt
0

21/, 1
W = J Eq)o(l + cos2 wt) dt;
0

nd,
—

3amaua 3

ITo 3akony Mautoca:

I = I,(cos @)?,

IJIe ¢ — YToJ MKy HallpaBJIeHuEeM Kosie0aHUi HanpsKEHHOCTH SJIEKTPUUECKOTO OIS B
JUHEIHO MOJIIPU30BAaHHOM CBETE U IJIOCKOCTHIO MPOITyCKaHUs moJisipu3aTopa. B qanHom ciyuae
3TOT yToJI MEHSIETCSI CO BPEMEHEM 10 3aKOHY:

® = wt.

[ToTok sHepruu, npoueanei yepe3 noaspu3aTop,

o=1IS =
® = ®y(cos )2
DHeprus, NpoxoJsias yepes nosuspusarop 3a Bpems T,

T
sz d(t)dt.
0
_ 2T

o

21T/w
W= f d,(cos wt)? dt
0

Zn/w 1
W = f EQDO(l + cos2 wt) dt;
0

nd,
W = :
W




3amaua 4.

oy

Iy
[Ipu nmapgenun cBera noj yriom bprocrepa (tanf; = n) B OTpakEHHOM JIyde MPUCYTCTBYET
TOJBKO CBET, TOJSPU30BAHHBIA B IIJIOCKOCTH, TEPIECHIUKYISAPHON TIJIOCKOCTH TaJCHHUS.
CnegoBareinbHO

IJ_’ o Sin2(91 - 92)

I’ L= *sin2(6, + 6,)
B naparomem cere I, = %IO. Takum o6pazom:

1sin?(6, — 6,)

2 sin?(0, + 92);

T T
01+92=§, 92=E—91 =

1 T 1 1
p= Esin2 (291 - E) = 50052291 = E(coszé?l —sin%0,)? =

p=

_1( 1 1 )2_1 1 n? \*
- 2\1+tan?6, 1+ cot26,) 2\1+n?2 1+n?

—11_n22—0W4
P=o\14n2) =70

_ Linax — Imin
Imax + Imin
[Ipu manenunu cBera noj yriaom bproctepa B peaoMIEHHOM JIydye MaKCUMallbHasi THTEHCUBHOCTD
MapajuieIbHOM COCTAaBIIAIONICH OyJeT paBHA MapayljIeIbHOM COCTABJISIONICH MaJaroIIero CBeTa,
MOCKOJIBKY B OTPaXEHHOM CBETE OHA OTCYTCTBYET T.€.

I ==1,.
max 2 0
MunuMmaibHas HUHTCHCUBHOCTH COOTBETCTBYCT HpeHOMHeHHOﬁ HepHeH,HHKyJIHpHOP'I

COCTaBJIAIOICH, T. €.

1 1
710_7IO+IOTp_ Iy,  p

IO - IOTp IO - IOTp B 1- ,0.

1
Ipin = EIO - IOTp =P =

_ (1+n?)?—4n?
 (1+n?)?+ 4n?

P = 0.08

3amgaya 5.
Tak kak HaOmomaercs uWHTEpGEpPEHIMS B  CKPEHICHHBIX MOJISIpU3aTopax, To
WHTEHCUBHOCTD MPOIIIEIIIETO CBETA
I, = Isin? 5/2,
riae

5=""aa
—7 n.

HOCKOHLKy 10 YCJIOBHIO 3aJaui YCJIIOBUC MAKCUMYMaA BBIIIOJIHACTCA MJIA JJIINHBI BOJIHBI /11, TO

21
—dAn=(2m+ Dm.
A

A JJI1 AJIMHBI BOJIHBI /12 BBITIOJIHACTCS YCJIIOBUC, OJIM3KOE K MHUHUMYMY:



21
—dAn = 2mn. (1)
A2

U nockonbky A; > A,, TO UTsl TOTO K€ 3HAYCHUS M, YCIOBHE MaKCUMyMa st A; UMEeT BU:

21
A—dAn =C2m-Dn. (2) =

1

d= Sy (3)
[ToncraBus Boipaxkenue (3) B (1), nomyuum:
Az oAN n=4amnm
Zm(/’ll - /12) = Al
1
m =4. (4)

" 21— 2o/2)
Taxk xak yciioBre MakCHMyMa CTPOT'O BBITIOJHSAETCS JUTs A1, TO pe3ynsTaT (4) mojacrasisieM B (3):
d= (m—1/2)A4

An = 0.25MMm.

Tema 5. TenioBoe usiryueHue

1. KakoBa mpupoja TEMJIOBOrO M3JIyYEHHUs W JIOMUHECHeHIUH? Kakoe U3 3TUX U3IIy4YeHU
SIBIIIETCS. PABHOBECHBIM?

2. JlaiiTe ompezeneHus MOHATHIL: a) SHEPreTHYECKON CBETUMOCTH Tena; 0) CIyCcKaTeIbHOM

Y TIOTJIONIATENIbHON CITOCOOHOCTEHN HAarpeToro Tea.

Kaxkoe Teno HaszpiBaeTcs: a) abCOMIOTHO YePHBIM; 0) cepbiM?

4. Cdopmynupyiite 3akoHbl Ctedana—boiasiimana u Buna.

[98)

3amauva 1.

Nmetorcs aBa aOCoOMIOTHO YEPHBIX HMCTOYHHKA TEIJIOBOTO H3NyudeHus. Temmeparypa
omHoro u3 HUX T; = 2500K. Haiitn Temmeparypy Apyroro MCTOYHWKA, €CJIM JJIMHA BOJIHBI,
OTBEYAroIIas MaKCUMYMY €ro HCITyCKaTelbHON criocoOHocTH Ha AA = 0.5 MKM Oosbiiie TTHBI
BOJIHBI, COOTBETCTBYIOLIEH HCITyCKATEIbHON CIIOCOOHOCTH MEPBOT0 UCTOUHUKA.

3amaua 2.

Nznyuenune ComHIa O CBOEMY CIIEKTPAIbHOMY COCTaBY OJIM3KO K U3TYyYEHHIO aOCOIIOTHO
4EPHOTO Tela, i1 KOTOPOrO MaKCUMYM HCITyCKaTeJIbHOM CIOCOOHOCTH MPUXOTUTCS HA JUIUHY
BoaHbl A = 0.48 MmxkM. Haiitu maccy, Ttepsemyro CoOJIHIIEM €KECEKYHIHO 3a CUY€T 3TOTO
n3inydyeHusi. OueHuTh BpeMs, 3a KoTopoe Macca CoJIHIIa YMEHBIIUTCS Ha OJIUH MPOLIEHT.

3anayva 3.

Mennbiit mapuk auamMerpoM d = 1.2cM NOMECTUIIM B OTKA4Y€HHBII COCY/l, TeMIleparypa
CTEHOK KOTOpOTO MOJJIepKUBaeTcsa OMu3Koi K abconoTHOMYy Hymo. HawanpHas TemmepaTypa
mapuka Ty = 300K. Cuntas mOBepXHOCTh IIapuKa aOCOIIOTHO YEPHON, HAWTU Yepe3 CKOIBKO
BpPEMEHH €ro TeMIlepaTypa YMEHBIIUTCSA B ) = 2 pasa.

3agaua 4.
[Tonocts 00bEMOM V = 11 3amonHeHa TEIMJIOBBIM U3Iy4YeHHEM Mpu Temmepatype T =
1000 K. Haiitu:
a) TemnoémkocTh Cy;

b) SHTpOMNHUIO S ATOTO UTyUEHUSI.

Kiroun:



3agaua 1.

W3 3akona Buna

TApmax = b = const
CIIEIyeT, YTO

T1Amax1 = T2Amaxz

TiAmax1 = T2(Amax1 + A1)

_ Tllmaxl
27 Amaxs + A2
N, nmockonsky
b
Amax1 = T_l,
TeMIepaTypa BTOPOro MUCTOYHUKA
r,-—2h 1750K
2T b4+ T
3amaya 2.
Macca 1 3Heprus U3Iy4YeHHUs CBSI3aHbl COOTHOIIEHUEM DWHINTEHA
AE = Amc?

OHepruio, nznydaemyto CoJHIIEM 33 OAHY CEKYHY, MOXKHO ONpPEIEIUTh Ha OCHOBAaHUU
3akoHa Credana — bonpimana:
AE = oT*4nR?,
rae T ¥ R COOTBETCTBEHHO TeMIlepaTypa MOBEpXHOCTH U paanyc CoHIa.

TeMnepaTypy MOBEpXHOCTH OnpeAeIisieM U3 3aKkoHa BuHa:
TAmax = b.
Takum oOpa3om, nckomasi macca
m 04 R*(b/ Aax)*

2 =5-10° kr/c.

R=695-108m; 0 =5.67-10"8 Br/mM?K*; b =0.29-10"2m-K.

Macca Connua pasna 1.99 - 103° kr, cinenoBaTensHo, 0MH OPOLIEHT Macchl cocTasisier 1.99 -
10?8 kr u BpeMms, 3a KoTopoe Macca COJIHIa M3MEHHUTCS Ha Ty BEJIUYUHY

199 1028 kr

— 18 . ~ 1011
t—m—‘l-'lo ¢ = 10 " ner.
3agaua 3.
Tak kak TeMmmeparypa CTEHOK OTKau€HHOIO COCyJAa, MOJJIepKUBaeTcsd ONM3KOH K
a0COJIIOTHOMY HYJIIO, TO OHU HE U3JIy4aroT, U BCs Ma/Ialolias Ha HUX HEPrusi OTBOJUTCS.
ITosTomy, ecnu 3a Bpemsi oT t 1o t + dt Temmeparypa apuka yMEHbIINIACh OT 3HAUESHUs
TnoT —dT, to Bc€ konmuuecTBO TemnoTel 6Q = cmdT OyzneT paBHO SHEPIUHU, H3ITydaeMou
[IAPUKOM Kak abcoyitoTHO 4€pHBIM TeloM 3a Bpems dt. Takum oOpa3oM, MOXKHO 3amucaTh
middepeHnnanbHoe ypaBHEHHE:



oT*4nr?dt = —cmdT

4
oT*4nr?dt = —p §7rr3ch

Pemaem qud). ypaBHEHHE METOOM pasieiiCHHsI IEPEMEHHBIX:
dT 3o

——==—t+ const
3T3  pcr

W3 navanenbix ycnosuit: t = 0,T = T, ciaemyer

const = =

3—,1,03}
1/1 1\ 3o
3 (F - T_o3> ~per "
[(To/T)? — 1]per
90T;
(n® — Dpcd
TP

= 3 yaca.

3amaua 4.

au
dT’
rae U — sHeprus u3iiydeHus B 3aJaHHOM 00BbEME.

Cy

[Tockonpky W3BECTHAa TeMIEpaTypa H3IyYEHHUS, MOXKHO OMPEIENUTh SHEPreTUYECKYIO
CBETUMOCTb, KOTOpasi CBf3aHa C OOBEMHOM IUIOTHOCTHIO PABHOBECHOTO TEILIOBOTO

PISHYIIGHI/ISII

oT* = Su =

4

40T*V

U = =

c
B 160T?3 v

VT ¢

W3 nepBoro Hayana TepMOANHAMUKI
TdS = dU + PdV

IIpHu IMMOCTOSAHHOM O6’LéMe, noJjrygyacm

s dU 160T3 VdT
= — = =
T cT
160T3
S = V
3c

1. OueHouyHble MaTEPHAIBI IPOMEKYTOYHOM aTTECTAMM M KPUTEPUH OLleHNBAHUA

DK3aMEeH B YETBEPTOM CEMECTpe MPOBOJUTCA B yCTHOU (hopMme 1o O6useram. buer cogepxut
JIBa BOIIPOCa-



K sk3aMeHy 10myCKaroTCs TOJIBKO T€ CTYJEHTBI, KTO YIOBJIETBOPUTEIBHO BBIIIOJIHUI BCE
IIPAKTUYECKUE 3aJaHU.

IlepBbie Bompockl OwmiieToB mposepsitoT (opmupoBanue OIIK-1 B coorBercTBUU ¢
unaukaTopom MOIIK-1.1. OTBeTHI HaroTcs B pa3BepHyTOH hopMme.

Bropeie Bompocer OumieroB mpoBepsitoT (GopmupoBanue IIK-1 B cooTBeTcTBHH C
unaukaropom UIIK-1.1. OtBeTsl natorcs B pa3BepHyTOH (hopme.

[Ipumep sK3amMeHalIMOHHOrO OuiieTa:

BUJIET Ne 1
Bormpoc 1. BonHoBas u reomerpudeckast ontuka. OCHOBHBIE MOJIOKEHUS T€OMETPUUECKON
ontuku. [Ipunnun @epma.
Bomnpoc 2. /IpyxiryueBbie HHTEPPEPOMETPHI U UX IPUMEHEHHE.

Pe3ynprarel  3K3aMEHa  ONPEACNSIIOTCS  OLEHKAMH  «OTJIMYHO»,  «XOPOIIO»,
«YZIOBJIETBOPUTEIILHO», «HEYIOBIECTBOPUTEIBHOY.

OneHka ompenensercs, HUCXOAsS W3 TeKylled aTTecTallud B TEUEHUE CeMecTpa U
COTJIaCyeTCsl C MPUHSITHIM COOTBETCTBUEM C S-TH OAJUTHHOM IIKAION OIEHUBAHUS: — «OTIIMYHOY,
«XOPOLIOY; «yJOBIECTBOPUTEIBHOY», «HEYJOBIECTBOPUTEIBHOY.

O1eHKa «OTJIMYHO», C YYETOM YCIIEBA€MOCTH, BBICTABIISACTCS, €CIU JaHbl MPABUIILHBIE
OTBETHI Ha BCE TCOPETUYECKHE BOMPOCHI MO OWMJIETy, a TaKXK€ JIaHbl MPaBUJIBHBIE OTBETHI Ha
JOTIOJTHUTEBHBIC W/WJIH YTOUHSIOIINE BOIPOCHI IO OCHOBHBIM TEMaM U COJICPKAHUIO Kypca.

OneHka «XOpolIo», ¢ YYETOM YCIIEBAEMOCTH, BBICTABJISETCS, €CIIM JIaHBl HEMOJIHbIE
MPaBUIIbHBIE OTBETHl HA TEOPETUUYECKHE BOIMPOCHI MO OMIIETY, HO UMEIOTCS TaK e MPaBUIbHBIC
OTBETHl HA YacTh JIOMOJHHUTEIBHBIX W/WIM YTOYHSIONIAX BOMPOCOB IO OCHOBHBIM TeMaM U
COJZIEpKaHUIO Kypca.

OueHka  «yJOBJIIETBOPUTEIBHO», C€  YYE€TOM  IPOMEKYTOYHOH  YCIIEBAEMOCTH,
BBICTABIIIETCS], €CJIM IaHbI HEPABUIIbHBIE OTBETHI HA TEOPETUUYECKHE BOIIPOCHI, HO ITPH ATOM JAHbI
MIpaBUJIbHBIE OTBETHI HA JIOTIOJIHUTEIbHBIE U/UIIN YTOYHSIONINE BOIPOCH! 10 OCHOBHBIM TEMaM U
COJZIEpKaHUIO Kypca.

OneHka «HEyAOBIETBOPUTEIBHOY», C YYETOM YCIIEBAEMOCTH, BBICTABISIECTCSA, €CIH JTaHbI
HENpaBWIbHbIE OTBETHl Ha 00a TEOPETUYECKUX BOIpoca OuiieTa U OTCYTCTBYIOT OTBETHI Ha
JOTIOJTHUTEIbHBIE UJIM YTOYHSIOIINE BOIIPOCHI.

2. OuneHoYHbIE MaTepHajbl IS NMPOBEPKH OCTATOYHLIX 3HaHUN (cHOPMHUPOBAHHOCTH
KOMIIeTeHII 1)

[Tpumep 3amaumn.

C mnoMompl 3pUTENBbHON  TpyObl, YCTAaHOBICHHOW Ha OECKOHEYHOCTb, HAOIIOAAIOT
MHTEeP(EPEHIIMOHHBIC TIOJIOCKI B TOHKOM IUIOCKONApAJICIBHON CTEKISHHOW TUTACTHHKE
tonmuHo h = 0.2MM ¢ mokazareneMm mpejomieHus n = 1.41; npu 3ToM yron HaOmOAeHUs I
MokeT wu3MeHsATbess oT 0 g0 90°. HailTh MakcMMallbHBIE W MHUHUMAJbHBIA  MOPSJIOK
UHTEP(PEPEHIIUOHHBIX MOJIOC, OLIEHUTH JOMYCTUMYI0 HEMOHOXPOMATUYHOCTh UCTOYHHUKA AA, IpH
KOTOpOil OyayT HOCTaTOYHO YETKO HAOMIONAThCsA Bce HMHTEpQepeHIMOHHbIE Tojockl. Kakos
JOMYCTUMBIA pa3Mep HCTOYHHKA B 3TOM HHTEp(EepeHIIMOHHOM 3kcrnepuMmenTe? HMcmonb3yercs
3eJEHBIM CBET ¢ JIMHON BOIHEI A = 560HM.



Kirou:

2hvn? —sini?2 = mA
2hVn? — sini?

m= pl
) 2hn
. m 2hvn? — 1
Mpyin (1 =§) :TE 720

JlomycTumasi ~ HEMOHOXPOMATHYHOCTh ~ MCTOYHHKA  CJIEAyeT K3  YCIOBHS  BPEMEHHOM
KOTEPEHTHOCTH: OMNTHYECKas Pa3HOCTh XOAa HE JOJDKHA MPEBBINIATh JUIMHY KOTEPEHTHOCTH
A?/AA. B 1aHHOM DKCIIEPUMEHTE 3TO 03HAYAET, YTO
— 2 _cini2 = 2
A= 2h\/n? —sini? = my A < A /AL
A 560-107°
- 3

Mpmax 10
ITockoabKy HAOIIOICHHE TIPOU3BOAUTCS TTO/T ONPEACIEHHBIM YTIIOM, YCIOBHE POCTPAHCTBEHHOM
KOTEPEHTHOCTH BBITTOJIHIETCS MIPH JIFOOOM pa3Mepe HCTOYHHKA.

A< = 0.5aMm



Nudopmanus o paspadorunkax
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HKCIIEPUMEHTAIBHON (pr3HKH

HazapoB IlaBen AmnaronbeBudY, cCTapmuii npenojaBatreib Kadeapel oOmeld wu
AKCTIEPUMEHTANBHON Qu3nKu pusmueckoro pakymprera TTY.



