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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2022/23, 3aknouutenbHbik 31an, 11 knacc

Pa3Has pa6ota

B ropu3oHTaNIbHO PACIIOIOKEHHOI TEIJION30IMPOBAHHON TPybe MeXKIy ABYMS MOABVIKHBIMU TeTI-
JIOU30NMUPYIOIIVMU TTOPIIHSIMM HaXOASTCS B COCTOSIHUM TEIUIOBOTO pPaBHOBECHUS IIPU TeMIlepaType
310 K mBe mopumu uaeaabHOro OAHOATOMHOTIO rasa, pa3je/l€éHHble KECTKOM, HeIIOABIDKHOI, XOPO-
IO MPOBOJSILEN TEIIO MePeropoaKoit (CM. pUCYHOK). TTOpIIHM MOTYT OBUTaThCS BAOJIb OCU TPY-
ObI, HE VCITBITBIBASI COMPOTYBIIeHMsI. CHapyKM ITOPIITHE HaXOAUTCS BO3IYX TP aTMOCchepHOM JaB-
JieHun. KonmuecTBo rasa B KakAoi nopuuu paBHo 1 Moiib. K mpaBoMy NOPIIHIO MPUKIIALbIBAETCS
cuia (MeHSIIOIIAsICS CO BpeMeHeM), M IOpIlleHb MeJIEHHO IlepeMellaeTcsl, TeMmrnepaTypa rasa npu
9TOM KBa3uUcCTaTuuecku ymeHbinaeTcs Ha 30 K. YHuBepcasnibHasg ra3zoBas MOCTOSSHHAs R paBHa 8,3

IIx/(monb-K).

1. HaliguTe Temm0€éMKOCTD ITOPIMYM Ta3a, pacIiojiarawlieiics crmpasa OT IeperopoaKu, B Hauaie u
B KOHIJe ITpoLiecca OXaaxkaeHusl.

2. Kakyto paboty A; coBepiliaeT ra3, pacrosiararmiuics crrpaBa OT eperopojku, B poiiecce oxia-
skaenust? Kakyio paboTy Ay IIpy 5TOM COBepIIaeT MPUIOKEeHHAsI K ITOPIITHIO BHEITHSIS cuja?

Toku 1 3apsaabl

BuyTpu comeHouzga, ocb KOTOPOTO BEPTUKAIbHA, pacrojaraeTcs Iiockas IpoOBOJIOYHAS CeTKa pas-
MepoMm 3 x 3 sueriku. OCh comeHOMIA TePIeHINKYISIPHA TVIOCKOCTU CETKU U TIPOXOOUT dyepes3 eé
LeHTP (CM. PUCYHOK ceBa). CONpOTHUBIIEHNME IIepeMbIYKM, COeIVHSIOIel Ba COCeIHMX Y371a, PABHO
r. B coneHoume co3ma€TCs MarHUTHOe 10Jie, HallpaBJIeHHOe TaK, Kak MOKa3aHo Ha pucyHke. Cuiia To-
Ka B BUTKaX COJIEHOMa PABHOMEPHO YBEJIMUMBAETCSI CO BpeMEHEeM, TaK UTO abCOoI0THAS BeIM4YMHA

CKOPOCTM M3MEHEHNMS MarHMTHOTO ITIOTOKa Yepe3 HHEﬁKy CETKIM OKa3bIBA€TCs paBHaA = 4&).
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1. Ompenpennte 3HaUEHMS TOKOB, TEKYIIMX B IIepeMbIUKaX, COeAMHSIONMIMX Y3/1bl CeTKU. CaenaiTe
PUCYHOK, YKQKUTe HaIllpPaBJIeHUsI 3TUX TOKOB.

2. Bce nmepeMbIuKkM Ha TpaHUIlE CETKM 3aMEHU/IM Ha KOHIEHCATOPbI OAMHAKOBO EMKOCTU (CM. pU-
CYHOK cIipaBa). HaliauTe Hanpsi>keHNUs HA KOHAEHCATOpax.

E) Vsenuuenue cucremsl

BHYTpM Tpy6bI C HEITPO3PAUYHBIMM CTEHKAMM PACIIONAaraloTCs ABe OAMHAKOBbIE TOHKME TJIOCKOBBI-
MyKJIble JIMH3bI. [JTOCKOCTY JIMH3 TTepIIeHAVKYISIPHBI OCY TPYObI (CM. PUCYHOK).

T Tk

HabmiomaTenb paccMaTpuBaeT yepe3 CUCTEMY JIMH3 He6GOMbIIoi TpeaMeT S, pacroarariimuics Ha
pPacCTOSTHUY x OT TlepefHei MMH3bI. ['padMK 3aBUCUMOCTY MIOTIEPEYHOTO yBemueHus I OT paccTosi-
HMS x TTIOKa3aH Ha pucyHKe. [Ipenmnosnaras, 4To nsobpaxkeHme GopMupyeTcst mapakCUaJibHbIMU (TIPU-
OCEBBIMM) JIyUaMM, OTIpefeinTe PacCTOsTHMe L MeXAY JIMH3aMy, a Takke X (OKyCHOe pacCTOsIHMe

f.
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MogykaTas npyxuHa

3aBUCUMOCTb OTHOCUTEIBHOTO YAJAMHEHMS . TTOIXKATOM MPY>KUHBI OT CUJIBI [, pacTSITrMBaloleil e€ B

X
HEBeCoOMOCTHM, M306paskeHa Ha rpaduke, IpeacTaBIeHHOM Hike (dx = —, Ly — HavajabHas JjIMHa

Lo
IPYXUHBI, & — yAaMHeHue). [Ipy>K1MHa He pacTSITMBaeTCsl, IOKa BLIMOMHSEeTCS HepaBeHCTBo F < Fy,
eciy ke cuna F cTaHOBUTCS Gonblie Fy, TO OTHOCUTEIbHOE YJIMHEeHNe dx HauMHaeT 3aBUCETb OT

. F — Fy
cunbl F 110 TMHETHOMY 3aKOHYy §2 = ———, [7le € = const.
13
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Ianee B 3aaue paccCMaTPMUBAIOTCSI OGHOPOIHBIE TIPYKMHBI, [JIS1 JIFOOOTO YU4acTKa KOTOPBIX ITOCTOSTH-
Hble F{y ¥ € TaKye Xe, KaK JIJIs1 UCXOIHO MPY>KUHBI IJIMHOM L. B KaskaoM 13 TyHKTOB Macca Mpy>Ku-

HbI 0603Hauaetcst M. KoadduimeHTOM yIpyrocTu k mompyKaToii MPy>KUHbI CunTaeTcss KoapduuyeHT

F(z) — F

0
MPOTIOPLVIOHAIBHOCTY MEXKAY U3MEeHEeHMEeM CWIbl U YIJUHEHUEM k = npu F > Fy. Bo

BCeX ITyHKTaX 3aJa4yM pacCMaTPUBAETCS CTATUYECKOEe PABHOBECHE TIPY>KUH.
kLg Ey
bespa3smepHblie mapaMeTpbl v = Vo n fo = Ve (pa3Hble B pa3HbIX IIYHKTAaX 3a4a4M) XapakKTepusy-
g g
IOT OTHOCUTEJbHbIE KECTKOCTD U CUJTY TIOJIKATHUSI IPYKMHBI, ¢ — YCKOpPeHMe CBOOOJHOTO TTaJieHUsI.

1. OT momykaToii MPYKMHbBI AJIMHOV Lo OTpe3any ydacTok aauHoi AL (B HemedhOpMUPOBAaHHOM
COCTOSTHMM), KOTOPBIV CTaau pacTsarmsBaThb cwionn F' (F > Fj) B HeBecomocTu. Haligure nnuuy
y 9TOTO y4yacTKa oA, Harpy3Koii Kak QyHKINIO cCuibl F' 1 mapaMmeTpoB AL, k, L.

2. TomskaTas Mpy>knMHa, mapaMeTpbl KOTOPOJi YA0BJIETBOPSIIOT COOTHOIIIEHUSIM fo > 1, = 1, Iof-
BellleHa B I0JIe TSDKeCTHU K MOTOMKY 3a OOMH U3 KOHLOB. K IpyroMy KOHILY IPUCOeIMHSIIOT IPy3
maccoit m = puM (n > fo). Uemy OymeT paBHA IjIMHA MPYKUHBI B TTOJIOXKEHUM PaBHOBECHS?
OTBeT BbIpasuTe yepes rmapameTpsl Lo, fo, ji-

3. IlycTp OTHOCKTENbHAS CUJIa TIOIKATUSL YO0BJIETBOpSIeT HepaBeHCTBY fy < 1. [IpyskuHa mop-
BellleHa K MOTOJIKY B T0JIe TSKeCTU 3a OAMH 13 KOHIOB. UeMy paBHa e€ jIMHa B MOJOKEeHUU
paBHOBecus? OTBeT BbIpasuTe yepes rmapameTpsl Ly, fo, .

4. TlopgxxaTtasi npy>kMHa MOABeIlIeHa 3a OAVH KOHell K NOTOJKY. K Zpyromy KOHILy IPUCOEAUHSIIOT
_ LO
Lo

. m .

OT OTHOCUTEJIbHOIM MacChl p = i rpy3oB (M — macca npy>kKuHbI). Pe3yibTaThl M3MepeHuit

IPy3bl Pa3AMYHOl MacChl, CHUMAsI 3aBUCMMOCTb OTHOCUTENbHOTO yIJIMHEHUS 0L =

TIpeICTaBJIeHbI B TAO/IMIIEe HIDKE.

p oo 02 04[] 06| 08 | 10| 12|
oL, % | 1,0 | 40 [ 90 [ 160 | 250 | 350 | 450 |

Omnpenenyute OTHOCUTEIbHYIO JKECTKOCTD Y M OTHOCUTENbHYIO CUJTY TIOKATUS f( 9TOV MPYKUHBDI.

B3 ZLusnexrpuueckmit ructepesuc

B miockom HenMHEITHOM KOHAEHCATOpe MPOCTPAHCTBO MEKAY OOKIagKaMM 3aIll0THEHO HeluHel-
HbIM JAV3JIEKTPUKOM, IIO3TOMY 3aBUCHMMOCTD 3apsiia KOHIEHCAaTOpa OT HAIIPSDKeHMs] MeXXTy OOK/IaI -
KaMJ MOXeT ObITh O0jiee CJIOXKHOI, ueM B JIMHEHOM ciIy4ae, sl KoToporo g = CU. Ilpu uukimn-
YeCKOM M3MeHEeHUM HaIpsDKeHMS 3aBUCUMOCTb ¢(U) 711 HeMMHEeHOTo KOHAeHCcaTopa uMeeT BUJ,
MeT/I TUcTepesnca.

1. Il M3y4yeHus CBOVICTB HEJIMHEIHOTO KOHIeHcaTopa C' cobpasu 1iemb, M300pakEHHYI0 Ha PU-
CYHKe.
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EMKOCTb 06BIYHOTO (JIMHEITHOT0) 3TAIOHHOT0 KOHAeHcaTopa Cy YIOBIETBOPSET CUIbHOMY Hepa-

100S¢eq

BeHCTBY Cj > ,Ime d u S — paccTossHMe MeXIY 00K/IaKaMy HeJIMHeTHOIO KOHIeHca-

TOpa 1 UX IJIomanab. COl'IpOTI/IB.TIEHI/Iﬂ pe3ncTopoB HO,Z[O6paHbI TaK, YTO BBIITOJIHSAETCS paBeH-

CTBO
R2 Sé‘o

Ri+ Ry - dCy

Ha Bxop nenu nopaétcs rapmonmnveckoe HanpspkeHue U(t). K Toukam A u B HOAK/IIOUEHbI
BBIBOJIbI TVIACTUH OCLWLIOrpada, OTKIOHSIOMIMX JIy4 110 TOPU3OHTAIN U BEPTUKAIU COOTBET-
ctBeHHO. Ha skpaHe ocumiiorpada HabmogaeTcs 3aBUCUMOCTb HanpsokeHus Uy = ¢p — ¢g
MeXay Toukamu B u E oT HanpstkeHus U, = o4 — o p MeKAy TouKamu A u D, n3obpask€éHHast
Ha pucyHke. [TogkioueHne ociusiorpadga He MeHsIeT paciipeiesieH e TOKOB U TTOTEeHIMAT0OB
B LIeIN.

$—100u

OmpenenuTe abCOMIOTHYIO BETMYMHY ITOBEPXHOCTHO IJIOTHOCTM TTOJISIPU3ALIMIOHHBIX 3apsIIOB
|op| Ha OHOJ U3 CTOPOH AM3IEKTPUUYECKOI IIIaCTVHBI (CONPUKACAIOIeiicsl ¢ 0OKIaAKOM KOH-
JIeHCaTopa) B COCTOSTHUSIX, COOTBETCTBYIOIIMX TOUKAM «, (3, v Ha rpaduke. Haiigure HampsKEH-
HOCTb ITOJIS1 B IUJIEKTPUKE B COCTOSTHUSIX o U ~y. [IIomaab 06K/IaJ0K HeJIMHETHOTO KOHeH a-
Topa S, éMKocTh Cy STAIOHHOTO KOHIeHCaTopa, 0603HaueHHbIe Ha rpaduKe mapaMeTphl IeTIn
a, b, u CYUTAIOTCS U3BECTHBIMMU. DJIEKTpUUECKas IIOCTOSTHHASI paBHA &¢.

2. [pyroii HeJIMHEeHbIV KOHAEHCATOP MOAK/IIYAIOT MOCIeA0BaTeIbHO C Pe3MCTOPOM COTIPOTUB-
JieHeM R K reHepaTOpy MPsSIMOYTOJIbHBIX MMITYJIbCOB C YACTOTOM n, HAallpsDKeHMe MeKIY Bbl-
BOJIaMM KOTOPOTO B TeUEHMeE MePBOI MOJIOBMHBI Iepnonaa paBHo Uy, a B TeueHne BTOPOI MOJI0-
BUHBI ITepuoaa paBHO —Uj. B ycTaHOBMBIIIEMCSI PESKMME 3apsii OIHOI 13 00K/IaJ0K KOHIeH Ca-
TOpa ¢ B 3aBUCUMMOCTH OT HampsDKeHMsT MesKy oOKmagkaMu U M3MeHsIeTCs Tak, Kak MoKa3aHo
Ha rpaduke, MpUBEIEHHOM Ha PUCYHKe HIXKe.
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4 § —cu,

[TapameTpbl eTIM TUCTEPE3MCa, 0003HAUeHHbIe Ha rpaduke, paBHbl U = 0,10y, Us = 0,250,
q = 2CUy, ¢ = ¢1 + 0,1CUy. 3Hauenus Uy u C usBecTHbl, npu 3ToM nRC < 1. Haiigute
CPeIHIO0 3a ITePUOo/I, MOIITHOCTD, TOTPEOJIIEMYIO LIETThIO OT TeHepaTopa M CPeIHIOI0 MOIIHOCTD,
BBIZE/ISIONIYIOCS Ha pe3ucTope. OTBeThI Bbipa3uTe uepes napametpsl C, Uy, n.

3 Kak B TpaHcdhopmaTope

KaTyiika HaMoTaHa Ha TOPOMIAIbHBIN CEPAEUYHMK C 60JIBIIT0I MarHUTHO IMPOHMUIIAeMOCTbI0. K BUT-
Ky B cepeiiHe KaTyIIKM TPUCOeIMHEH TTPOBOJ, 1 COOpaHa 1iellb, ToKa3aHHas Ha pUCyHKe cieBa. Ha-
TIpsbKeHMe Ha BbIBOJIaX UAeaIbHOTO reHepaTopa MeHsIeTCs 10 rapMOHMUEeCKOMY 3aKOHY, aMIUINTYIa
He 3aBUCUT OT IOAKIYaeMOii Harpy3Ky, BHyTPeHHee COMPOTMBIIeHMe TTpeHebpexkmo Masio. Vne-
aJbHble aMIIepMeTpbl IepeMeHHOro ToKa A; U A TTIOKa3bIBAIOT TOKU [1 U Is.

YTo moka3sbIBaeT MAeaabHbIN aMIIepMeTp ITepeMeHHOTO TOKa B IeNy Ha PUCYHKe CIIpaBa, ecyin 3Ta
1L[elTb COCTAaBJIeHA U3 TeX Ke 37IeMEeHTOB, UTO U 1iellb Ha PUCYHKe cieBa?

Usnyuaer u nagaer

B cooTBeTCTBMM € 3aKOHAMM KJIACCUUYECKOI IEKTPOAMHAMMUKY 3apsDKeHHAsT YacTulla, ABVSKYIIAs-
Cs1 C YCKOpeHMeM, M3JIydaeT 3J1eKTPOMarHuTHbIe BOMHbBL. PenstuBuctckue 3¢gpdeKkTsl B 9TOM 3amaue
He YYMUTHIBAIOTCS. Macca 1 MOIy/Tb 3apsiia 3JIeKTPOHA, CKOPOCTh CBETA B BAKyyMe U 3JIeKTpUYecKast
TTOCTOSTHHASI PABHbI M, €, ¢ I €9 COOTBETCTBEHHO.

1. TIycTb 97I€KTPOH IBUKETCSI BOKPYT IIPOTOHA 10 OpOuTe, 6/IM3KO0¥ K KpyroBoii. [IpoToH cunTaem
HeIOABVKHBIM, ITOCKOBKY €r0 Macca MHOTO 6osiblie m,.. I3BeCTHO, UTO MOUTHOCTD M3TyUeHUS
I BVDKYILETOCS 97IeKTPOHA AAeTcst HopMyioi

P=A- eacﬁega‘s,
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rIe a — yCKOpeHue 3JIeKTpoHa, A — 6e3pasmepHas KoHcTaHTa. OTpenenuTe ITOKa3aTean CTe-
TeHu: a, 3, 7, J.

2. B mpoliecce u3nydyeHus: SHeprusl 371eKTPOHA YMEHbBIIAEeT s, I03TOMY OH JOJIKEH IBUTAaThCS He
MO OKPY>KHOCTH, a TI0 COMPAJIU U B HEKOTOPbIII MOMEHT BpeMEeHU [TO/DKEH YIacTh HA MTPOTOH.
[Ipenmonarasi, YTO 3a BpeMsi, paBHOe MepuoLy obpalleHus 1eKTPOHa, pacCTosiHMe R Mexay
37IEKTPOHOM M MPOTOHOM M3MEHSeTCS He3HAUUTENbHO, a TAKXKe CUYMUTAsT U3BECTHOM MOCTOSTH-
HYI0 A B IIpMBeNEHHOI BbIlle Gopmyre, orpenennTe BpeMsi At, 3a KOTOpoe paccTosiHue R
YMEHBIIAEeTCS OT U3BECTHOTO 3HaueHus1 Ry Ha AR, nipu yuioBum, uto AR < Ry. Hanigure

Ry
BPeMSI t1 /2, 32 KOTOPOE PAcCTOsIHME R yMEHBIIAETCSI OT 3HAUeHUs! Ry 0 3HaUYeHNUs] 5

Ykasanue. MoxkeT oka3aTbCs 1osie3HoM popmyra

b
1
"N dr = bn—i—l_ n+1 —1.
/a: x n—i—l( a ), n #
a

€D noxoxe Ha auon,

IIBe myiockue MeTa/uIMyeckue MIaCTUHBI IUIOMAAbI0 S PacnoaraTcs NapauiesibHO APYT OPYTY B
TOYKaX C KoopauHaTamu = = 0 (IlepBasi IVIAaCTUHA) U = = d (BTOpas IIaCTMHA) IIpU 9TOM S > d?.
Ocp OX mepneHpMKyIsIpHA IIacTMHaAM. [lepBasi ruiacTuHa 3a3eMieHa, IOTeHLMal BTOPOi IIacTu-
HbI paBeH —Uy. [IpoCTpaHCTBO MEXIY MJIACTMHAMM 3aM0THEHO MOIYIIPOBOAHUKOM, B KOTOPOM HO-
CUTeJISIMU 3apsa SBJISITCS YaCTULBI C 3apsaioM ¢ (¢ > 0). TOK B monmynmpoBOgHMKE — 3TO KOJIJIEKTUB-
HOe, HallpaB/IeHHOEe JIBVOKeHME 3TUX YacTUll. [uameKTpuuecKkasi IpOHUILAeMOCTb TTOTYITPOBOIHMKA
paBHA eAMHULIE. DJIeKTPMUIECKasi TOCTOSSHHAS paBHA &(.

1. TIpu 6onbimmx 3HaueHUsIX Uy OBVDKEHME HOCUTEJIei 3apsaa OIpeesseTcs JeiiCTBUeM 3J1eK-
TPUUECKMX CUJI U CUJT COMTPOTUBIEHMSI. MOSKHO CUMTATh, YTO CPeIHSISI CKOPOCTb ABVDKEHMS HO-
CuUTeJIel B HallpaBIeHUN IO/ B TOUKE C KOOPAMHATOM = B MIPOCTPAHCTBE MEXIY IIaCTUHAMU
IIPOTIOPIMOHATbHA HAIIPSDKEHHOCTY B 3TOM TOUKe v(x) = pkF(x), roe p — U3BecTHasl KOHCTaH-
Ta.

[TycTb TOK MeXIy MJIaCTMHAMM YCTAaHOBMUIICSI, CPeJHSISI CKOPOCTb HOCUTeNIe v(z), TVIOTHOCTh
3apsza p(x) u noteHuyan U(x) He MeHSIOTCS co BpeMeHeM. [Ipeanonaras, 4To oTeHLMal 3a-
BUCUT OT KOOPIMHATHI IO CTEIIEHHOMY 3aKoHy U (z) = Ax®, onpenenuTe 3HaUeHUs OCTOSIH-
HbIX A U «. HalimuTe TOK Mexay ruiacTuHamy. CuuTaiiTe M3BeCTHBIMM 3HAUYEHMS ITapaMeTpOB
Uo, t, dn S.

2. Tlpu HebonbIMX 3HAUeHUSIX Uy IBUKEeHME HocuTenei ooycnoBiaeHo nuddysmeit. Cuia Toka B
9TOM CJTy4yae yIOBJIETBOPSIET COOTHOILIEHIIO

pkT\ dp
I=-S(—)—,
q dx
rae k — rnocrosiHHast BonbiimaHa, T — abcomoTHast TeMmIieparypa. ITycTh TOK MeXKIy IIacTMHa-
MM ycraHoBwiIcs. [Ipefonarasi CTeleHHYI0 3aBMCUMMOCTb ITOTeHIMazna oT KoopaAuHaTel U () =

Bz?, onpenenute sHaYeHMs IOCTOSHHBIX B 1 (3. Hajigure cuimy Toka. CumMraiiTe M3BeCTHBIMM
3HaueHus rmapametposB Uy, i, d, g, T n S.

3. Kakomy CvJIbHOMY HEpaBEeHCTBY BUIa

UO < f(QHUJ,T)

JIOJIKHO Y/IOBJIETBOPSITH 3HAUeHMe ToTeHImana Uy, 9TO6bI er0 MOKHO ObIJIO CYMTATh HEOOTb-
IIVIM, KaK B ITyHKTe 3b?
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a TepMo.qu HaMUKa XXMAKOCTU

KoadduiyeHT TerioBoro pacmmpeHus Mpy MOCTOSTHHOM JIaBJI€HUY HEKOTOPOI KUAKOCTY PaBeH

1 AV . .
o = VAT 7,5 -10~* K™, cxumaeMocTb 9T0# SKMAKOCTH TP MOCTOSIHHOI TemIepaType paBHa
1 AV 9 o1 .. .. ..
8 = vV AP = 1,1-10"? Ila” ", a e€ MonsIpHast TEIVIOEMKOCTb IIPU TIOCTOSTHHOM 0ObEMe paBHA

cy = 112 [Ix/(Mmonb-K). DTy mapameTpbl MOXXHO CYUTATh IOCTOSIHHBIMMU B YCJIOBUMSIX TAHHOM 3amaun.
BHYTpeHHSISI SHeprusi OJHOTO MOJISI pacCMaTPUBaeMO¥ KUIKOCTY SIBJsieTcss QyHKIMel NBYX repe-
MeHHBIX: MOJISIPHOTO 00béMa V' 1 TeMriepaTypsl T 1 gaétcst hopmMyoi

UV, T)= AT + AV + AsVT — pV,

rae Aj, As, A3 — HeM3BeCTHbIe KOHCTAHThI, V' — MOJSIpHBIN 00B€M, p = p(V,T') — MOsIpHOe faBie-
HUe, siBJistioneecs: GyHKIMEN TeX Ke IBYX repeMeHHbIX V u 7.

1. Cumurast MONSAPHBI 00bEM V' (GYHKIIMEN ABYX MepeMeHHbIX: MOJISIPHOTO AABJI€HUS p U TeMIIe-
patypsl T, BbIpasuTe Majioe usMeHeHue dV uepe3 Mmajible u3MeHeHus dp U d1', a TaKkKe JaHHbIe
B YCUJIOBUYU MIOCTOSTHHBIE.

2. OrmpenenuTe 3aBUCUMOCTD JABJIeHUS] OT TeMIiepaTypsl p(7T') B M30XOPHOM IIpoIiecce, CUMTAasI
M3BECTHBIM 3HaUeHMe JaBIeHus py Ipu Temnepartype Ty. OTBeT BbIpa3uTe uepes 3afaHHbIE B
YCJIOBUM TTOCTOSTHHBIE, a TAK)Ke ITapamMeTphl po U 1.

3. Hanaurte 3HaueHMS MOCTOSIHHBIX A; U A3 B BbIpaskeHUM i1 BHyTpeHHel sHepruu. B sTom
MYHKTE U B CJIEAYIOIIUX ITOTyYUTE UMCIOBbIE OTBETHI.

4. PaccmoTpeB 6€CKOHEUHO Mastblii VK1 KapHo, coBepiiaeMblii € JKUMAKOCTbIO, OIPeIe/InTe 3Ha-
YyeHMe TIOCTOSTHHOM As B BhIpaskeHUM [IJ1s1 BHYTPEHHEN SHepTrun.

5. Insg remnepatypsl T = 300 K ornpenennTe 3HaueHMe MOJISIPHONM TEIVIOEMKOCTM ITPY MTOCTOSTH -
HOM JaBJIEHUU ¢, €C/IV MOJISIDHBIN 06BEM SKMAKOCTM B pacCMaTPMBaeMOM COCTOSIHUM paBeH
V = 58 cM?/MOIIb.
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PewwéTku

IOudpaxinoHHas peléTka (CM. pPUCYHOK HIKe) TIpeiCcTaBisieT co60if HeITpO3pavuHylo TUIACTUHKY, B
KOTOPO € IPOCTPAHCTBEHHBIM Nepuonom D chenanbl N (N > 1) y3KuX npopesent (LITPUXOB) TOJ-
MmKHOI h. O6paTuUTe BHMMaHNe, Ha PUCYHKe MTPO3payHble 061aCTV TTOKa3aHbl CepbIM. B epBbIX ABYX
IYHKTaX 3TON 3aJauM MBI pacCMaTpMBaeM PELIETKU, comepxkaime n = 100 WITPUXOB HA MUJUIU-
MeTp, CYUTAs TIPU ITOM, UTO h = 0,2. PellIéTKM pacrnosaaraoTcs napaiieJibHO 3KpaHy, Ha KOTOPOM
Habmogaetcs qudpakiMoHHas KApTHMHA, Ha PACCTOSIHUM L = 3 M OT Hero. DKpaHOM CUMTAaeTCs yJa-
CTOK BepTUKAJIbHOM CTEeHBI BBICOTOM 1 M M IIMPUHONM 2 M. PellIETKM OCBeIarTCs JIy4OM Jia3epHOit
YKa3KHU, TapaMeTpbl KOTOPOJ OAMHAKOBBIE [JIS1 BCeX ITYHKTOB: IMaMeTp yJyka d = 2 MM, JIJIMHA BOJI-
HbI A = 532 HM. B nepBbIX ABYX IYHKTAaX CBET NaJaeT Ha PelETKY 110 HopMain. CepeIyHbl PEelETKU
Y 9KpaHa jieXkaT Ha OIHOM IepIeHAVKYIIsIpe K INIOCKOCTH 9KpaHa.

D

\\ e

1. IlycTh IITPpUXM PELIETKM OPUEHTUPOBAHBI BepTUKAIbHO. [Ipy HOpManibHOM NafeHnUM 1a3epHO-
ro Jlyya Ha PenIeTKy Ha 9KpaHe HabmomaeTcs cucteMma sipkux msiteH. CKObKO BCETO CBETIIbIX
nsaTeH GyaeT BUAHO Ha KpaHe? YeMy OyJeT paBHO pacCTOSTHME MeXAY COCeAHUMU MSITHAMMU
BO/IM3Y IIeHTpa SKpaHa?

2. Ilyctb nBe mudpaKiMOHHbIE PEIIETKY HAK/IAAbIBAIOTCS APYT Ha Apyra. IIITpMxu ogHO peméT-
KU PacIionaramTcs TOPU30HTAIBHO, @ IITPUXU OPYTOM COCTABJSIIOT YTOM v C TOPU3OHTAJIBHOI
NpsiMoli. B pesynbraTe nonyyaeTcs Helipo3payHas IJIaCTMHKA, Ha KOTOPOi ITepuoAuYecKy pac-
TIpeeIsIIOTCS ITPO3payHble 0671aCTH B BUE MapauieorpaMmMoB. CXxeMaTUYHO TaKasl IJIaCTUH-
Ka [oKka3aHa Ha pUCyHKe HIKe, TEMHbIe TTapalyieJIorpaMMbl CUMBOJIM3UPYIOT ITPO3pauHbie 00-
JIaCTU.

¥ <

[Tpu ocBeleHNM TaKO IBYMEPHOJ PEIIETKM JIa3epOM Ha SKpaHe HabII0gaeTcs CucTeMa CBeT-
JIbIX TITeH. [IyCcTh Ha 5KpaHe 3afaHa cucteMa koopauHat Y O X, HaripaBieHue oceit OY n OX
COBIaJaeT C HaITpaBJIeHMEM 0Ceil Ha pUCYHKe, Hauaji0 KOOPAMHAT HaXOIUTCS B LIEHTpe SKpaHa.
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ITycTb yron o paBeH g CrnenaiiTe pUCYHOK, 13006pasuTe AMAPaKIMOHHYIO KapTUHY. YKaKUTE

KOOPAMHAThI HECKOJIbKMX CBET/IbIX IISITEH Ha SKpaHe, paclo/iaralomuxcs BOIM3Y Hauajaa Koop-
IMHAT.

N306pasuTe cxeMaTMIHO AMGPAKIVMOHHYIO KADTUHY U OIIPeJle/inTe KOOPAMHATHI CBET/IbIX IIs-
7T
TeH [JIS CIyvas o # 5

3. I'MTapHas CTpyHa C OIJIETKO ITPeCTaB/IsIeT cO60¥ OTpaskaTeabHYI0 TU(PPAKIIMOHHYIO PEIIET-
Ky. OTJIETKA — 3TO TOHKASI IPOBOJIOKA, HABUTAsI B OIMH CJIOV BUTOK K BUTKY Ha CepIeUYHMK

CTPYHBI (CM. PUCYHOK).

[Tpu ocBelleHNM TOPU3OHTAIBLHO PACIIONOXKEHHOV CTPYHBI JIYUOM JIa3epHOM YKa3Ky, HaIllpas-
JIEHHBIM T10J, HeOOMbLINM YITIOM K FOPU3OHTaIM (CM. PUCYHOK, IIPeJCTaBlIeHHbII HIKE), Ha
BepPTUKAIbHOM 3KpaHe, HAXOJANeMCs B 2—3 MeTpax OT CTPYHbI, HabmogaeTcst AubpakioH-
Hasl KapTMHA B BUJle KOHIEHTPUUYECKMX MTOTYOKPY>KHOCTel. B skcniepuMeHTe O6bIIM M3Mepe-
HBI C/IeYIOLIVe BeJIMUMHBI: pACCTOSIHYME OT TOUKM ITafieHys JIa3epPHOro jIyda Ha CTPYHY IO CTe-
Hbl . = 2 M, paguychl NEPBBIX ABYX MOMYOKPYXKHOCTeN Ry = 4 cm, R; = 12,5 cM. «[lepBbix
IBYX» O3HauaeT HaMMeHblllel U clenyolleli 1o pasMmepy. Mcrnonb30Bancs TOT e ja3ep, 4YTO
U B NIPeAbIAYyIINX NYHKTax (A = 532 HM). Onipenenure 1o 3TUM JaHHBIM IMaMeTp IIPOBOJIOKA
OITJIETKU.

McTouyHmk: MoCcKOBCKas onnMMnMaaa WKoNbHUKOB no du3nke, 2022/23, 3akntountensHbli 3tan, 11 knacc — ycnosus (1), ycnosus
(2), peweHus (1), pewenuns (2). 3agaum nepeHabpaHbl Ha botay.pro, peweHns — No opULMANBHBIM.
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