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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2019/20, 3aknouutenbHbiM 3Tan, 11 kKnacc

KoHpeHcaTopbl

B memnu, cxeMma KOTOpOJi M300paskeHa Ha pUCYHKe, B HAUaJIbHbIII MOMEHT BpeMeHY KOHIEeHCATOp EM-
KocThio 3C' = 300 MK®D 3apspkeH O0 HamnpspkeHus Uy = 12 B, KoHgeHcaTOpbl EMKOCTBIO C' U 2C' He
3apspkeHsbl. [lepekntouarensb I1 B cpegHeM IMOI0KEHUN.
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[TepextouaTenpb 1 cHauanma MepeKkuabIBAIOT B MOMIOKeHMEe 1 HA KOPOTKOe BpeMsl (MHOTO MEHbIIlee
RC), a 3aTeM B MoJIOkeHMe 2 Ha ropasio 6osbiiee BpeMst. OnpenennTte 3apsiibl KOHIEHCATOPOB IM0-
¢Jle MHOTOKPATHOTO TTIOBTOPEHMSI 3TUX ABYX omepanuii. Haiimyre mpuoamskEHHO, KaKoe KOTNYECTBO
TEIUIOTHI BBIZEISIETCS B KaXKIOM M3 PE3UCTOPOB.

Cocyn BO nbaax

FepMeTHYHBIV MeTaTMYECKMII COCYA, 3allOJIHSIIOT CMEeChl0 BO3[lyXa M BOASHOIO IMapa ¥ HauMHAIoT
OXJIKIaTh, IOMECTUB B TEPMOCTAT C TAIIMM JIbJOM. B TIpoliecce oXaskIeHNsT U3MepSIOT TeMIIe-
paTypy B COCy/ie € MorpeIHoctbio AT = 0,5°C u gaBieHne — ¢ IOrpemHocTbio Ap = 0,05 - 10° I1a.
B pesysbTaTe Mosy4yaoT Tabmuily.

t, °C 137 | 123 | 109 | 82
p, 10°Ta | 1,5 | 1,45 | 14 | 1,3

27 | 0
0,71 0,6
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OmnpenenuTe OTHOIIEHME KOJIMYECTBA BOJbI K KOMMUECTBY BO3yXa B COCYyJe, a TAKXKe TJIOTHOCTD Ta-
30BOJ1 (pa3bl B Hauasie ¥ B KOHIIE TIpoliecca. YUTHUTe, UTO JaBJieHMe HaChIIeHHBIX ITapOB BOIbI, paB-
Hoe 1 k[la, mocturaercst mpu Temneparype okosno 7 °C. MonspHble MacChl BOIBI M BO34yXa PaBHbI
COOTBETCTBEHHO 18 r/mMob U 29 1/MOJb.

E) Vvizo6paxenus B wape

Hab6monaTenb BuanuT nsobpaxkeHnue CoHIla B MOIMPOBAHHOM MeTa/TMUeCKOM Iape. YI/IoBasi BbICO-
Ta CoHIIAa HajJ, TOPUM30HTOM paBHA « ¥ paBHA YIVIy MEXY JIMHMEN 3peHUs Y TOPU30HTAIbHOM HOP-
MaJtblo K mapy. OnpemennTe XxapakTepHbIii pasMep nsobpaskennst CoMHIIA, eI paguyc apa paBeH
R, a yrnoBoii pazmep ComHIla paBeH ¢ (p < «).

[Mpumevanme. 111 MaIOTO yIJa (o CIIPaBeAJIMBBI TPUOTVDKEHHBIE DOPMYIIBI: COS p =~ 1, Sinp =~ 1.
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Moaenu cTaptépa

Ha pucyHke n3o6paskeHa MpoCTeiiliasi MOJeIbHasl CXeMa IMOAK/IIOUEHNMsI JJIeKTPOABUTaTeNs (ABTO-
MOOMTBHOTO CTapTEPa) K aKKYMYJISITODY.
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[MapameTp cxembl Ry = 2-10~2 OM MofieMpyeT COMPOTUBIeHE 06MOTOK IKOPSI ABUTaTes, r U Ry —
BHYTpPEHHee ConpoTuBiaeHne akkymyssatopa ¢ 1C Uy = 12 B u connpoTusiieHMe IIPOBOIOB, IIPU 3TOM
Ry 4+ r = 1072 OM. MOXHO cunTaTh, yTo JJIC MHAYKUMY, BbIpabaThiBaeMas 3I€KTPOABUIaTeIeM,
MIPONOPIMOHAIbHA YIVIOBOV CKOPOCTY BpallleHus Bana |&;| = kw, a MOMEHT CWUJI, AeJiCTBYIOIIMX Ha
BaJl CO CTOPOHBI MAaTHUTHOTO MOJIST, TPONOPLUMOHA/IEH TOKY M = k. [IJis1 yIIpOIeHMsI paCYETOB lajee
rojiaraeM, uyTo Bajl 3JIEKTPOABUTATENSI HEe HaTPY>KeH.
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1. Haiigute HanpsbkeHme Uy p Ha KIeMMax d7eKTpogBurarens (Mexny T. A u T. B) cpasy nociie
3aMbIKaHUS KJloua, a Takke MakCuMaabHOe 3HaueHMe CUJIbl TOKa B 1eniu. YeMy paBeH TOK B
MOMEHT, KOT/Ia YIJIOBasi CKOPOCTh BpallleH!s Bajia COCTaBIsIeT 75% OT MaKCMMa/IbHOTO 3HaUe-
Hus? (3 6aina)

Ipyrast MozesibHast cxeMa (PUC. HUDKE) YUUTHIBAET HAIMYME B KOHCTPYKIIMHA YAEPsKMUBAIOIIeil 0OMOT-
KU BTSITMBAIOIIETO pee, R; — CONPOTUBIIEHNME KATYIIKM MHAYKTUBHOCTBIO [. [Ipy BKIIOUEHUN CHa-
yajia 3aMbIKaeTCs K4 K1, a KOr[la TOK Yyepe3 KaTyIlIKy YCTAHOBUTCS, 3aMbIKAETCS KoY K.

K
o

|~

K
. o

Ry Ry

| — | | —
1 —

_T_ Uy r LR ]

(oY

2. Cumras, 9YTO OTHOIIEHME v = M3BEeCTHO (« > 1), ompenenuTe MakCMMaIbHOE 3HAUEeHE

l

r+ Ry
TOKa Yyepe3 IBUTaTelb B 3TOM ciaydae. (4 6ania)

3. TIpu BBIK/IIOUEHUM JIEKTPOABUTATES (II0C/IE TOT'0, KAK CKOPOCTD BpallleHMs Bajla YCTAHOBUTCS)
CHavajia pa3MbIKaIOT KU K. [Ipy 3TOM HalpsbkeHre Ha KieMMax ABUTaTesIs ITIOUYTU MTHO-
BeHHO yBenmmunuBaeTcst Ha AU p = 2 B. OnipenennTe 1o 3TMM JaHHBIM TapaMeTp a. (3 6anna)

Hamnbosnee 6;113Ka K peaJibHOMY YCTPOJCTBY CXeMa, M300paskéHHas Ha TPeTbeM pucyHKe. Kiounm m3-
HauyaJbHO Pa30MKHYTHI. [IOBOPOT KiTloUua 3akKMTraHMs COOTBETCTBYET 3aMbIKaHMIO Kitoya K. Korma
TOK Yepe3 KaTyIlKy L JOCTUraeT HEKOTOPOTo IMTOPOTrOBOT0 3HaYeHMs I 3aMbIKaeTcs Kaod Ko (Mar-
HUTHOE TI0JIe KaTYIIKY BTSTMBAET IITOK, 3aMbIKAIOIIMIi KOHTAKThI KiTovya K5).
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4. 'HOYKTUBHOCTb BTOPO¥ KaTyliku L 1 €€ COMpPOTUBIeH e R TaKOBbI, YTO BBITIOTHSIOTCS pa-
BeHcTBa: L. = 10l, R; = 5Ry. 3BecTHO, 4TO 3HaueHMe ToKa Iy TexXXuT mexay 10 A u 20 A.
YeMy paBeH TOK yepe3 KaTyIIKy MHAYKTUBHOCTY [ B MOMEHT 3aMbIKaHMsI Kiatoua Ko? UncieH-
HOe 3HaueHMe mapaMmeTpa « CYUTANTe U3BECTHBIM U3 I1. 3). (2 6ana)

) BakyymHas nywka

B rocsiegHme robl 60BIION MHTEPEC Y SHTY3MACTOB, 3aHMMAIOIINMXCSI HAYUHO-TEXHUYECKMM TBOP-
YeCTBOM, BbI3bIBaeT YCTPOICTBO O]l Ha3BaHMEM «BaKyyMHas MyliKkay». B moiuponmnieHoBo BOJ0-
MIPOBOJIHOM TpyOe 2 (CM. PUCYHOK HIMKE), OOMH KOHEI KOTOPOi repMEeTUYHO 3aKPbIT 3aITyIIKOM 13
donberu 3, a APyroit OTKPHIT B aTMocdepy, pa3HOCTbIO TaBAeHMIi YCKOpSIeTCs mapuk 1 s Urpsl B
MIMHT-TIOHT. BHYTpeHHMIT muaMeTp TPyObl GIM30K K AMaMeTpy mapuka. PSgom ¢ 3aryiikoiil pacio-
JlaraeTcs mWTyiep 4, yepe3 KOTOPbI Tpyda CoemMHSIETCS C BAKYYyMHBIM HacocoM. Takum o6pasom,
CIIpaBa OT IIapyuKa JaBjeHle OYeHb HM3KO0e, a Y OTKPhITOTO KOHIIA TPYOKM — JaBiaeHue, 61u3Koe K
atrmochepHOMY, KOTOpOe paBHO .
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OKa3bIBAeTCs, YTO IIPY TOCTATOUHO OOJBIION IjTMHE TPYOKM M KaueCTBEHHO OTKauKe, IMIapuK MOX-
HO Pa30THATh A0 BBICOKOI CKOPOCTM, TaK UTO OH JIETKO PA30PBET (POIBrYy 3aMTyIIKU U BBUIETUT U3
TPy6KU. B OMHOM BUIEOpO/IVKE, JOCTYITHOM B CETH, TEMOHCTPUPYETCsI, KaK BbUIETAIOIMIT U3 TPY6-
KM IIapPVK TPO6GMBAET IMycThle 6aHKM U3-TI0f, Ta3MPOBKM, TIOCTaBJI€HHbIE Ha HEGOJIBIIIOM PAaCCTOSTHUM
OT TPYOKMN.

1. B camoii rpy6071 Moes IpeIioaraeTcs, uTo cjeBa OT IapuKa AaBjieHe PaBHO Py = 10°I1a, a
CIIpaBa — paBHO HY/I0. Pa3HOCTH JaB/ieHMIT He MEHSIETCS B POLiecce pa3roHa mapuka. TpeHus
MEeXIy IIapMKOM U CTeHKaMu TpyObl HeT. [lo KaKoi MaKCMMaIbHOV CKOPOCTU vﬁ}gx MOJXKET OBbITh
pa3oTHaH MapuK Mmaccoii M = 2,7 T u nuameTpom d = 40 MM B Tpy6e aimHoi L = 2 m? (1 6ann)

B 6os1€€ TOUHOI MOMIENM CUMTAETCS, UTO MO/, AeViCTBYEM IMMOCTOSTHHOM Pa3HOCTM JaBJIeHMUIi YCKOPSI-
eTCsl He TObKO LIapyuK, HO U BO3AYyX Maccoit m(t), pacronaraloliniics B MOMEHT ¢ B TpyOe cieBa OT
1IapMka, a Takke BOBJIEKAIOTCS B IBVDKeHME HOBbIe TTOpLMYM BO3Ayxa u3 aTMocdepsl. [Ipeajiaraet-
CS1 CYUTATDh, UTO 00J1aCTh BOM3M JIEBOTO TOPLIA TPYObI, B KOTOPOJ BO34yX BOBJIEKAETCs B IBMKEHHE,
MMeeT MaJIblii XapaKTepHbIN pa3Mep, COMIOCTaBUMBIi C quaMeTpoM Tpyobl. CHapysKu TPyObl BHE 3TOJ
0071aCTM BO3/IyX OCTAETCSI HEITOABVSKHBIM. BHYTpM TPyObl BO3/IyX IBUKETCSI CO CKOPOCTBIO IIapyMKa,
a ero MIOTHOCTh PaBHA IUIOTHOCTU BO3A4yXa p CHApPYXu. JJuameTrp 1mapyMka MHOTO MeHbIIe JIJIMHbI
TpyObl. B HAauaIbHBIF MOMEHT BpeMeHM KOOpJMHATA 2 IIapMKa U ero CKOPOCTb PaBHBI HYITIO.

Py e

TO 5, 5 “'.'
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2. Ompenenute 60/iee TOUHOE 3HAUEHME CKOPOCTU vr(ngx, 10 KOTOPOJi MOKET ObITh pa30rHaH Iia-

PUK TeX ke pa3MepoB, UTO U B 1. 1) 3amaun, B Tpybe TOJ ke AJIHbI. Bpemst pa3roHa B IepBOM
MIpUOMTVKEHUY MOKHO CUMTATh paBHBIM BpeMeHM pas3roHa B 11. 1). Temriepatypa Bo3ayxa 1 ero
MoJIsIpHasi macca paBHbI: Ty = 293 K, i = 29 r/M0JIb COOTBETCTBEHHO. (3 6a/11a)

3. CumTasi u3BeCTHBIMMU TOIbKO TemIiepatypy 7y = 293 K cHapy>ku TpyObl M MOJISIDHYIO MacCy BO3-
noyxa p = 29 r/MOJIb, OTIpeieInTe MaKCUMalIbHYIO CKOPOCTb, 0 KOTOPO¥ MOXKEeT OBITh pa30THAH
mapuk. [IyinHa TpyOsl MpeAIionaraeTcst JOCTATOYHO O0JbINOIA. (3 6ania)

4. Jlaubl mapameTpsel: M, S, Py, p, . [TomyanTe hopmMysry 3aBUCMMOCTY KOOPAMHATHI IIapUKa OT
BpeMeHM z(t). (5 6annos)

[Ipumeuanme. MoXKeT 0Ka3aThCs MMoJIe3Hoi hopmyna A(x?) = 2xAx, CripaBeAMBast Ijis MaJIbIX M3MEHEeHMI
(Azx < x) BENIMYUHEBI T.

VHTepecHO, 4TO IpyMiia M3 aMepuKaHCKOTo yHuBepcuTeTa [1€pabio, HEMHOTO YCIOXKHUB KOHCTPYK-
LIMI0, CyMeJia pa30THATh IIapMK 10 CBEPX3BYKOBOI cKopocTH (v ~ 420 M/c, B M = 1,23 pa3a 6ombliie
CKOPOCTM 3BYKa), TaK YTO ITOC/IEe BbIJIETA U3 TPYOKM IIAPUK /IS HACTOILHOTO TEHHMCA ITPOOIIT paKeT-
KY JIJIsI HACTOJIbHOTO TeHHMca. Bugeo MoskHO HaiiTu B ceTu o ¢pase: «Purdue Technology students
build supersonic ping pong gun». B ycoBepIieHCTBOBAaHHOJ KOHCTPYKIIMM Ha JIEBOM KOHIIE TPYOKM
MMeeTcst 6aJIJIOH CO CKaThIM BO3AYXOM M COILIO JIaBasisi, uepe3 KOTOPOe BO3IYX ITOCTYITAeT B «CTBOJ
Ty TIKW».

3 Kone6aHusa BHYTpY Tpy6bI

BHYTpY rOpM30HTAIBHO PACITONIOKEHHON TPYObI pagnycoM R, Bpallalolieics: C HEKOTOPO#i YIIOBOIA
CKOPOCTBIO BOKPYT CBOEJ OCY CMMMEeTPUM, HAXOJUTCSI HeOOoJIbIloe Teno. B 1mosoxkeHn paBHOBECHS
TEeJI0 PacIoyaraeTcst HsKe ocu TPyObl, Ha paccTostHMYM 0,8 R TI0 BepTUKauu OT Heé. Haiimute mepuop
MaJtbIX KoJieGaHMii Tesla B INIOCKOCTHU, TePIIeHAMUKY/SIPHOM 0CK TPYOBI.

[Tpumeuanue. [ist Manoro yma ¢ (§ < 1) ¥ Ipou3BOIBHOIO YIVIa ¢ CIIPaBeIMBBI IPMOIMKEHHbIe PAaBEHCTBA:
sin(a + ¢) ~ sina + § cos a, cos(a + §) ~ cos a — ¢ sin .

CTon Ha TOHKMX HOXKaX

CTOJI CTOUT Ha TOPU30HTATIBHOM IOTy. CTOIENTHUILY M TI0JT MOSKHO CUMTATh aOCOIOTHO TBEPABIMMU, a
HOXKM — YIIPYTUMU, TOTUMHSIIONIMMUCS 3aKOHY ['yka Ipyu BepTUKaIbHBIX JedhopMalysix.

e )
2 3
a 2a .
A 3b
1 b 4
\ J

['mpro maccoii 24 Kr CTaBSIT HA CTOJI TaK, YTO €€ LeHTp MacC pacroyaraercs B T. A (CM. pMCYHOK, BUJ,
cBepxy). Ha CKOJIbKO M3MEeHSIIOTCS CUJTBI IaB/ieHMsT HOXeK ctona: AFy, AFy, AF3 u AF4 Ha 1107 TTocye
sroro? Homepa HOXXeK IM0Ka3aHbl Ha PUCYHKe.
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£ Bosna-nap-sopa

Boze maccoii m = 180 I pu IOCTOSSHHOM JaBjieHun p; = 10° I1a co06IaI0T HEKOTOPOE KOIMIECTBO
TEIUIOTHI, TaK YTO OHA IIpeBpalllaeTcs B Iap U HarpesaeTcs IO Temmeparypsl 77 = 105°C. [danee
rap aanabaTMyecKy pacinpsIeTcs: M B KAKOVi-TO MOMEHT IMPUXOANUT B COCTOSTHME HACBIIIEHMS, TTOCTe
yero KoHaeHcupyeTcs. I'padyk 3aBUCMMOCTY TaBIeHMS HACBIIIEHHbBIX ITAPOB BOJbI OT TEMIIEPATYPhI
[I0Ka3aH Ha pUCYHKe HIKe.

P
10°Ma ] 7
0,95 P
’/
0,85 L
7
/
A
0,75 -+
91 a3 95 97 99 T°C

Cunrast U3MeHeHMe ITapaMeTpOB Mapa Ipu aarabaTuyeckom paciivipeH MajbIM, OTIpelesuTe pu-
6MKEHHO TeMITepaTypy BOJbl B HaUa/ie KOHIeHCAIMA.

YemMy paBHa cCyMMapHas paboTa Iapa Ipu ero HarpeBaHuu Iocje UCIapeHus ¥ OXJIaKIeH) 10 Ha-
yajia KoHaeHcauumn? MoJsipHas TeIIOEMKOCTb Iapa Ipy MOCTOTHHOM 00bEéMe paBHa cy = 3R.

IMpumevanme. YATUTE, YTO AJISI MaIbIX M3MeHeHUT Ap u AV BelnuuH p ¥ V' crpaBemyivuBa IpUOTVDKEHHAS
dopmyna A(pV) = pAV + V Ap.

€} Kaycruku

Kayctuka — 310 orubaroiasi cemeiicTBa ayueil, He epeceKalonxcs B OIHOM TOUke. B Tuiockom ciry-
yae, pacCMaTpPMBaeMOM B 3TO¥ 3a/iaue, KayCTHKa — 3TO KPMBasi, KOTOPOJ KacaloTcs BCe JIyuu, OTpa-
>KaroIyecst OT HeKOTOPOi MOBEPXHOCTH, VJIU UCIIBIThIBAIOIME TIpeioMJIeHe Ha HEKOTOPOJt TpaHu-
1le pasfena. THTeHCUMBHOCTD CBeTa BOMM3M KayCTUKM BO3pACTaeT, I03TOMY KPMBbIe KayCTUK XOPOIIO
BUIHBI HEBOOPYKEHHBIM IJIa30M ¥ Ha poTorpadusix.

1. KpuBast ceporo 1BeTa Ha pMCyHKe — 3TO KayCTHKa, 00pa30BaHHAas TMOCIe OTpaskeHUs IMydyKa
NapauiesIbHBIX Jy4eil UMANHAPUIECKON TTOBEPXHOCThI0 M, paamyc KOTOpoit paBeH R. Ormpe-
JleJINTe PacCTOSTHYE OT OCU UJINHAPA T. O 10 BEPUIMHBI KAYCTUKU — T. A, a TaKKe PACCTOSTHIE
PA. OO; — ocb cummeTpuu, Py P, — KacaTebHas K KayCcTuke. (5 6an108)

2. VICTOYHMK, OCBeLIAI0IIMiT IMANMHAPMIECKYI0 IOBEPXHOCTb paAuyCcoM R, pacIioyiaraeTcs Ha pac-
CTOSIHUU a = 4R oT T. O Ha ocu cummeTpuu cucteMmbl OO;. OnpenenuTe paccTosiHue OT T. O
II0 BePIIMHBI KAYCTUKY, GOPMMUPYEMO OTPaKEHHBIMM JIydaMy B 3TOM crydae. (4 6asiia)
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Ko 1 Ko 2

B TOHKOCTEHHBII CTEKISIHHBIN [IUAMHAPUYECKMII CTaKaH HaJMBAIOT BOAY M OCBeIlaloT cBeToM ¢o-
Haps. Ocb Iyyka CBeTa COCTaBJISIeT pa3Hble YIJIbl o« C TOPU30OHTAIBHONM [IOBEPXHOCTHIO CTOJA B II. 3
u 1. 4. B 1. 3 cTakaH ororpadupyioT cBepxy (OnTHMYecKast 0Cb 06beKTMBA MePIeHANKYISIPHA THY
CTakaHa), a OCBeIAloT cIipaBa. B 1. 4 ocb 06beKTVBAa HEMHOI'O OTKJIOHSIETCSI OT IepIHeHIUKYIIsIpa.

Ko 3 Ko 4

3. Benmumna ymia o okono 45°. B6im3u [Ha cTakaHa HabIomaeTcst KpyBas ¢ IBYMS BepIIMHaAMMU,
YacTy KOTOPOi HATOMMHAIOT KpUBYIO 13 I1. 1. Ha pucyHKe BepIHbI 06BeIeHbI KBaIpAaTUKAMM.
OO6bsIcCHMUTE HAbMI0gaeMyI0 KapTUHYy. (3 6asna)

4. Panuyc ocHOBaHMS CTakaHa paBeH R = 8 cm. @oHaph pacronaraeTcs Ha pacCTosIHUM a =~ 10R
OT OCM CTaKaHa. YIol o MOKHO CUMTaTh MasibiM. CHapyskyu cTakaHa BUAHA KayCTuKa, o6paso-
BaHHAas MPOIIeAIINMI Yepe3 cTakaH jydamu. OmpeaennTe mpuobamkKEHHO pacCTOSTHME OT CTa-
KaHa JI0 BePIIMHBI KayCTUKU (4,0 BePIIMHbI «<KOHYCa»). [Ioka3aTesnb mperomaeHus BOAbl paBeH
n ~ 1,33. (6 6anos)

Tennosoii MHAYKTOp

OnemeHT I1ebThe COCTOUT U3 ABYX IVIACTUH, Pa3aeIeHHbBIX O0IbIIMM KOJINYECTBOM ITOTYITPOBOIHM-
KOBBIX OJIOKOB (pucC. 13 «Bukumeaumu» HUKe), U IpeacTaBisieT co60i mpeobpa3oBaTeslb JeKTpuIe-
CKOJ1 9HepTMM B TeruioByI0. OH Takke MOKeT paboTaTh ¥ B 00paTHOM peskuMe — BbipabaTeiBaTh J/C
MIpY HAJIMUMM PA3HOCTY TEMIIEPATYpP Ha IIaCTUHAX.

+
\ |/ ropsa4as niacTtuHa

xonogHas "

naacTiHa
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Ha BTOpOM pucyHKe CXeMaTU4YHO M300paskeHO YCTPOIICTBO Ha OCHOBe 3yemMeHTa [lenbTbe. HIUsKHSS
TIJIACTVMHA HAaXOAUTCS B KOHTAKTE C «TeIJIOBBIM pe3epByapoM» — OOJIbIIMM TEJIOM, TEMITEPATYPY KO-
TOPOroO 7, MOXXHO CYMUTATh MOCTOSHHOI. BepxHssl m1acTMHA KOHTAKTUPYET C TEJIOM C TEIJIOEMKO-
cTbio C' U TeMIiepatypori T', KoTopas U3MeHsIeTCs co BpeMeHeM. CBepXIpOBOASIIAs KaTyllKa C UH-
IYKTUBHOCTBIO L BK/IIOUEHA MEXAY KOHTAaKTaMM 3jieMeHTa. B HavdanbHbIl MOMeHT: 1T’ = Ty, Ty > T,.

B naHHBIX yUIOBUSX BEpXHEE TeJI0 OTAAET JIEMEHTY 3a BpeMsi At KOMMUeCTBO TeIoThl AQ) = oTTAt,
rIe o — MOCTOSTHHbBINM KO3b@uiieHT, [ — TOK yepe3 37eMeHT. [10/105KUTeIbHbBIM HallpaBjieHeM TOKa
CUMTAETCsI HallpaBJIeHMe OT «IUII0Ca» K «MUHYCY». DieMeHT [lenbThe Ipu 3TOM BbIpabaTtbiBaeT 3/IC,
KoTopasi paBHa £ = a(T — T,). [lonsipHocTs co3paBaemoit AC (onsi T > T,) coBnagaer ¢ yKa3aHHOI
Ha pucyHke. ConpoTusieHNe snemeHTa IlenbTbe paBHO R.

OxkasbIBaeTcs, B pacCMaTpMBaeMoii cuCTeMe BO3MOYKHO [1epuonvecKoe M3MeHeHye TeMIepaTypbl
Tena T'(t) u Toka B 1ienu I (¢). B 3amaue npeparaeTcst uccieqoBaTh KonebaHMs TOKA U TeMIlepaTyphbl
MIpY pa3aNyYHbIX 3HaUeHUsIX apameTpoB: 7T,, Ty, C, o, R, KOTOpbIe CUMTAIOTCSI M3BECTHbIMMU. TOK B
LleNy B HaYa/IbHbI/i MOMEHT paBeH Hym0: I (0) = 0. Pa3HOCTb TeMnepaTyp Tesna 1 pe3epByapa MOKHO
cumratb Masnoii: |T — T,.| < T, B 1106071 MOMEHT BpeMeHM!.

1. PaccmoTpuM maeanu3upoBaHHbIi, haHTAaCTUUECKNI CIydait, KOrha COMpoTUBIeHe R paBHO HY-
JII0 ¥ TEeTUI00OMEH MeKIY TeIVIOBBIM pe3epByapoM U TeJIOM 3a CYET TeIUIONIPOBOAHOCTM OTCYTCTBYeT.

1a) ITonyunte nuddepeHnanbHoe ypaBHeHMe Ajis dyHkiuu I(t). (2 6anna)

1b) IIpeobpa3syiiTe moayuyeHHOe ypaBHeHMe C yueéToM ycinoBust [T — T,.| < T, v HaiiAuTe 4acToTy wy
KojebaHuit Toka. (3 6ania)

1c) HaiinuTe 3aBUCUMOCTDb TeMIIepaTyphl Tena oT Bpemenu 1'(t). (1 6an)

2. ®usnyecku CJiyyait, OrMCaHHBINA B I1. 1, HUKOTAA He peanusyeTcs. PaccMOTpuUM mapaMeTphl CU-
CTeMbI, OJIM3KMe K peaabHOCTH. [TyCTh M3BECTHO COMMPOTUB/IEHME 3JIeMeHTa 1R, MOLTHOCTD Iepegaun
TeIuia OT Tejla pe3epByapy orpezensieTcs cooTHoeHuem P = k(T — T,.), rie k — U3BeCTHBbII KO3(-
dunmenT, a [I>KOy/eBO TEII0, BbIAESIONeecs: B 3JIEMEHTe, AeIUTCS ITOPOBHY MEXIY IIJIaCTUHAMM.
B aToM cirydae Kone6aHMsI OyIyT 3aTyXalOMVMMA.

2a) ITonyunte nuddepeniuanbHoe ypaBHeHne a5 GyHKuum I(t) B 9TOM ciyvae. (3 6ania)

2b) [ToKaXMTe, UTO HeMHEHBIMY CIaraeMbIMU, IPONOPIMOHANbHBIMY 12 1 I ], (TOuKa cBepxy 060-
3HayvaeT IPOM3BOJHYIO 110 BpeMeHM) B ypaBHEHUM U3 II. 2a) MOXKHO ITpeHebpeub 1 Ipeobpasyiite
TIOTy4eHHOe ypaBHeHMe K Buny I + 2+vI + w?I = 0 (ypaBHeHMe 3aTyXalolux Kojne6anmit). Uemy pas-
HbI KO3(pOUILIMEeHTsI v U w? (4 6ania)

2c¢) Tonaras 3aryxaHue ci1abeiM (72 < w?), onpeennTe OTHOCUTEIbHOE M3MEHEHVe aMILUTUTY/IbI

I max

TOKa 3a Iepuo, . OTBeT BbIpasuTe yepe3 KoO3P UIMeHTs v U w. (3 6anna)

max
3. [IpenJiaraeTcs co30aTh Ha OCHOBE NAHHOTO YCTPOIMCTBA YCTAHOBKY IJIS1 TOUHOT'O U3MEPEHUS Ter-
noémkoctu ten. [Tapamerpsr: T, o, k, R, L u3BeCTHBI. VIX M3Mepu/Iu paHblile C BBICOKOV TOUHOCTBIO. B
pacIopsKeHUM SKCIIEPUMMEHTATOPA €CTh JJIEKTPOU3MEPUTENIbHbIE TPUOOPBI, OocIMuIorpad u reHe-
paTop nNepeMeHHOTO HAMPSIKEHUSI, YaCTOTY KOTOPOTO MOKHO MEHSITh B IIMPOKOM AuanasoHe. Onm-
IIUTE B IBYX CJIOBAX BO3MOKHYIO CXeMY KCIIepUMeHTa. (2 6ania)

McTouyHmk: MockoBCKas onnMMnuaaa WKonbHUKoB no dusnke, 2019/20, 3akntountensHbiii 3tan, 11 knacc — ycnosus (1), ycnosus
(2), peweHus (1), pewenuns (2). 3agaum nepeHabpaHbl Ha botay.pro, peweHns — No opULMANBHBIM.
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https://botay.pro/olimpiady/mosh/2019-20-zakl-11/
https://mos.olimpiada.ru/upload/files/Archive_tasks_2013-.../2019-20/phys/tasks-phys-11-1tur-19-0.pdf
https://mos.olimpiada.ru/upload/files/Archive_tasks_2013-.../2019-20/phys/tasks-phys-11-2tur-19-0.pdf
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