® BOTAY MOLL, 2019/20, 3akntounTenbHbIi 31an, 11 knacc

MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2019/20, 3aknoumtenbHbi 3Tan, 11 knacc

KoHaeHcaTopbl

B e, cxema KoTopoii n3o6paxkeHa Ha pUCYHKe, B HAUaIbHbI/i MOMEHT BpeMeHM KOHIeHCATOP M-
KocThio 3C' = 300 MK®D 3apspkeH Oo HanpspkeHus Uy = 12 B, kKoHgeHcaTOpbl EMKOCThIO C' U 2C' He
3apspKeHsbl. [lepekntouarenb I1 B cpegHeM IMOIOKEHUN.
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IMepexmouaTesnb I1 cHauama mepeKkuIbIBAIOT B MOJIOKeHMe 1 Ha KOpOTKoe BpeMst (MHOTO MeHbIlee
RC), a 3aTeM B MOJIOKeHMeE 2 Ha ropasio 6osbiiiee BpeMst. OnpenennTe 3apsifibl KOHIEHCATOPOB I10-
¢/1e MHOTOKPATHOTO ITOBTOPEHMS 3TUX [BYX omepaiiuii. Haiiaute mpmuoamkéHHO, KaKOe KOJIMUYEeCTBO
TEIIOTHI BHIZEISIETCS B K&KAOM M3 PE3UCTOPOB.

2
q3 = 30 = 5,4 MK, ¢ = @ = 1,8 MK, ¢o = CUy = 3,6 MK, Q1 = 3CU; ~ 6,5 - 1072 Ik,
Q2 ~ 0.

#3 Cocyn Bo nbaax

T'epMeTUUHBINI MeTaJJIMUECKUii COCy/l 3allOIHSIOT CMeChl0 BO3/lyXa U BOASHOTrO Iapa M HauMHaT
OXJIaXXOaTh, IIOMECTUB B TePMOCTAT C TAIOIIMM JIbAOM. B Ipoliecce oxnaskaeHMs U3MepSIIOT TeMIIe-
partypy B cocyze ¢ norpeisocTbio AT = 0,5°C 1 gaBieHue — ¢ IorpemHsocTbio Ap = 0,05 - 10° Ila.
B pesynbraTe mosyvaioT TabInILy.

t,°C 137 | 123 | 109 | 82
p, 10°TIa | 1,5 | 1,45 | 1,4 | 1,

21 | 0
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OmpenmenuTe OTHONIIEHME KOJIMYECTBA BOMbI K KOMMUECTBY BO3yXa B COCYyJe, a TAKXKe TIJIOTHOCTD Ta-
30BOJ1 (pa3bl B Hauasie ¥ B KOHIIE Tpoliecca. YUTHUTe, UTO JaBJIeHMe HaChIIEeHHBIX ITapOB BOIbI, paB-
Hoe 1 k[la, mocturaercst mpu TemnepaTtype okoso 7 °C. MonspHble MacChl BOAbI M BO34yXa PaBHbI
COOTBETCTBEHHO 18 r/Mosb U 29 r/MOJIb.

Vposp. 3 KT KT
— =, =1,1—, px =077 —.
Vson. 2 P IFERL M3
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E) vizo6paxenus B wape

Hab6monaTenb BuanuT nsobpaxkeHnue ConHIla B MOIMPOBAHHOM MeTa/TMUeCKOM Iape. YI/IoBasi BbICO-
Ta CoHIIAa HajJ, TOPUM30HTOM paBHA « ¥ paBHA YIVIy MEXY JIMHMEN 3peHUs Y TOPU30HTAJIbHOI HOP-
MaJtbIo K mapy. OnmpemennTe XxapakTepHbIii pa3Mep nsobpakenust CoMHIA, eCIY paguyc apa paBeH
R, a yrnoBoii padmep ComHIla paBeH ¢ (p < «).

[Mpumevanme. 111 MaIoOTO yI7a (o CIIPaBeaJIMBbI TPUOIVDKEHHBIE DOPMYIIBI: COS p =~ 1, Sinp =~ 1.

Rcos«

AL 5

Mopaenu craptépa

Ha pucyHke n3obpaxkeHa mpocTeiilias MofenbHas cxeMa IMOAKII0UeHMs S7IeKTPOABUraTesst (aBTo-
MOOMTBHOTO CTapTEPa) K aKKYMYJISITODY.
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[MapameTp cxembl Ry = 2-10~2 OM MofieMpyeT CONPOTUBIeHE 06MOTOK IKOPS ABUraTess, r U Ry —
BHYTpPEHHee CONpOoTuBIeHNe akkymysstopa ¢ 91C Uy = 12 B u conmpoTusieHMEe TPOBOIOB, IIPU 3TOM
Ry +r = 1072 Om. MokHO cumTaTh, yTo SIC MHAYKLMM, BbIpabaThiBaeMas 31eKTPOABUIaTeNIEM,
MIPOTIOPLMOHAIbHA YITIOBOJ CKOPOCTU BpallleHus Bana |&;| = kw, @ MOMEHT CWJI, AeJCTBYIOIINX Ha
BaJI CO CTOPOHBI MAarHUTHOTO TT0JISI, TPOTNOpLMOHaIeH TOKy M = k1. [1Jis yIpoleHysl pacuéToB fajee
rojaraeM, YTo BaJjl 3JIEKTPOABUTATEIS] HEe HAarPyXKeH.

1. Haiigure HanpsbkeHue Uy p HA KIeMMax ekTpoasurarens (Mexny T. A u T. B) cpasy nocie
3aMbIKaHMS KJIl0ua, a Takke MaKCUMMaabHOe 3HaueHMe CUIbl ToKa B 1erniu. YeMy paBeH TOK B
MOMEHT, KOT/Ia YIJIOBasi CKOPOCTb BpallleHys Bajia COCTaBisieT 75% OT MaKCMMa/IbHOTO 3HauUe-
Hus1? (3 6anna)

Ipyrast MoziesibHasi cxema (pUC. HUDKE) YUUThIBAeT HaIMuye B KOHCTPYKIMHA YAepsKMBaloleit 0oMOT-
KU BTSITMBAIOIIEro pejie, R; — COMPOTUBIIEHME KaTYIIKU MHAYKTUBHOCTBIO [. [Ipy BK/IIOUEHUM CHA-
yajia 3aMbIKaeTcs KITiou K1, a KOrjja TOK uepe3 KaTyIIKy YCTAHOBUTCSI, 3aMbIKaeTCs KITIou K.
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2. Cumras, 4YTo OTHOIIEHME v = M3BEeCTHO (« > 1), ompenennTe MakCMMalIbHOE 3HAUEeHE

l

r+ Ry
TOKa Yyepe3 IBUTaTeb B 3TOM ciayuae. (4 6ania)

3. IIpu BBIKITIOUEHUY 37IeKTPOLBUraTes (I10cjie TOro, KaK CKOPOCTb BpallleHUs BaJla yCTAHOBUTCS)
CHayvasaa pa3MbIKalOT K04 K. [Ipy aTOM HampsbkeHNMe Ha KieMMax OBUTaTess IMTOYTU MIHO-
BeHHO yBesimumBaeTcss Ha AU, p = 2 B. OnpenennTe 1o 3TMM JaHHBIM ITapameTp «. (3 6aina)

Haunbonee 6;113Ka K peaibHOMY YCTPOJMCTBY cXeMa, M300paskEéHHAst Ha TpeThbeM pucyHKe. Kimoun n3-
HayaJbHO pPa30MKHYThI. [IOBOPOT Kitoua 3askUTraHus COOTBETCTBYET 3aMblkaHMIO Kitouya K. Korpa
TOK Uepes KaTyliKy L JOCTUraeT HEKOTOPOTro MMOPOTOBOTO 3HaUeHMs [1; 3aMbIKAeTCs KoY Ko (Mar-
HUTHOE I10JIe KaTYIIKY BTSTYMBAET LITOK, 3aMbIKAIOIINMI KOHTAKThI KiTtoua Ko).
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4. M'HOyKTUBHOCTb BTOPOM KaTyWKM L 1 €€ CONpPOTUBIeHM e R TaKOBbI, YTO BBIIIOTHSIOTCS pa-
BeHcTBa: L = 10, R; = 5Ry. 3BecTHO, UTO 3HaueHMe ToKa Iy JexXXuT mexay 10 A u 20 A.
Yemy paBeH TOK yepe3 KaTyLUIKy MHIYKTMBHOCTY [ B MOMEHT 3aMbIKaHMs Kiaoda Ko? UncieH-
HOe 3HaueHle mapaMeTpa o CYUUTANTE U3BECTHBIM U3 II. 3). (2 6a/na)

1) Uag(0) = _ Uofim = 8B; Imax = _ % = 400 A; ipu 75% OT MaKCYMalIbHO CKOPOCTH
AB _T+R0+RM; T r+ R+ Ru };p 1° P
I=100A; 2)Iy= 0 Y AU = Up—M . Ja=11; 4)1?% =100 A.
) I r+Ry+Rm 1+« ) AB 0T+R0 1+« @ ) !

) BakyymHas nywka

B rocsiegHme rombl 60MBIION MHTEPEC Y SHTY3MACTOB, 3aHMMAOIINMXCSI HAYUHO-TEXHUYECKMM TBOP-
YyeCTBOM, BbI3bIBaeT YCTPOICTBO O]l Ha3BaHMEM «BaKyyMHas MyliKkay». B moiuponmnieHoBoi BOJ0-
MIPOBOJIHOM TpyOe 2 (CM. PUCYHOK HIKE), OOMH KOHEeI KOTOPOJ repMEeTUYHO 3aKPbIT 3arTyIIKO 13
donbpru 3, a APyroit OTKPHIT B aTMocdepy, pa3HOCTbIO TaBAeHMIi YCKOpsIeTCs mapuk 1 s Urpsl B
MIMHT-TIOHT. BHYTpeHHMiT muaMeTp TPyObl GIM30K K AMaMeTpy mapuka. PSgom ¢ 3aryiikoii pacio-
JlaraeTcst mWTyiep 4, yepe3 KOTOPI Tpyda COemMHSIETCS C BAKYYMHBIM HacocoM. Takum o6pasom,
cIIpaBa OT IIapuKa JaBjeHle OYeHb HM3KO0e, a Y OTKPbITOTO KOHIIA TPYOKM — JaBiaeHue, 61u3Koe K
atMocdepHOMY, KOTOpPOe paBHO F.

[—1 [—2 33—

Pn FTJ P:U

OKka3bIBAETCs, YTO IIPY TOCTATOUHO OOJBIION IjTMHE TPYOKM M KaUeCTBEHHO OTKauKe, MIapuK MOX-
HO Pa30THATh A0 BBICOKOI CKOPOCTM, TaK UTO OH JIETKO PA30PBET (POIBrY 3arTyIIKU U BBUIETUT U3
TPyOKM. B 0mHOM BUAEOPO/IMKE, JOCTYITHOM B CETU, IEMOHCTPUPYETCS, KaK BbUIETAIONIMIT U3 TPY6-
KM IIApPVUK TPO6GMBAET IMyCcThle 6AaHKM U3-TI0f, Ta3MPOBKM, TIOCTaBJI€HHbIE HAa HEGOJIBIIIOM PAaCCTOSTHUM
OT TPYOKMN.
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1. B camoii rpy60ii Mome/u IpeAroaaraeTcs, 4To cjieBa OT IiapuKa JaBjieHne paBHo Py = 10°I1a, a
CIipaBa — paBHO HY/I0. Pa3HOCTh JaBieHMIt He MeHSIeTCS B IIpoliecce pasroHa mapuka. TpeHus

o o 1
MeKIy IapyMKOM ¥ CTeHKaMM TPpyObl HeT. [Io KaKoii MaKCMMaJIbHOM CKOPOCTH vfngx MOXKeT ObITb

pasorHaH mapmk Mmaccoit M = 2,7t u auameTpoM d = 40 MM B TpyOe nauHoi L = 2 m? (1 6anr)

B Gosiee TOUHOI MO CUUTAETCS, UTO ITOJ, AEICTBMEM TOCTOSIHHOM Pa3HOCTU JaBIeHUI YCKOPSI-
eTCST He TObKO LIapUK, HO U BO3AyX Maccoit m(t), pacronaraloiiniics B MOMEHT ¢ B TpyOe cjieBa OT
IIapMKa, a Takke BOBJIEKAIOTCS B IBVSKEHME HOBbIe TTOPLMYM BO3ayxa 13 aTmocdepsl. [Tpeaiaraer-
CSI CYMTATH, UTO 06/1aCTh BOIM3M JIEBOTO TOPIIA TPYObI, B KOTOPOI BO3AYX BOBJIEKAETCS B IBMKEHME,
MMeeT MaJIblii XapaKTepHbIV pa3Mep, COITOCTaBUMBIN ¢ IuaMeTpoM Tpy6bl. CHapysku TPyObl BHE 3TOIA
0071aCTM BO3/IYX OCTAETCSI HEITOABVDKHBIM. BHYTpM TPyObI BO3[IyX IBVIKETCSI CO CKOPOCTBIO IIApMKa,
a ero MJIOTHOCTh paBHA IJIOTHOCTU BO3[yxa p CHApyXu. /J[uameTtp 1mapuMka MHOTO MeHbIIle JIJINHbI
TpyObl. B HAUaJIbHBII MOMEHT BPEMEHM KOOPAMHATA x IIapMKa M €r0 CKOPOCTh PaBHBI HYITIO.

Py e

TO y oo

m(t) v P=0
0 | 2(0) X

2 o
2. Ompenenute 60/iee TOUHOE 3HAUEHME CKOPOCTH vﬁngx, IO KOTOPOJi MOSKET ObITh pa3OrHaH Ia-

DMK TeX ke pa3MepoB, UTO U B 1. 1) 3amaun, B Tpybe TO¥ ke IJIMHbI. Bpemst pa3roHa B epBom
MpUOIMKEHUY MOXKHO CUMTATh paBHbBIM BpeMeHM pa3roHa B 11. 1). TemrepaTypa Bo3iyxa 1 ero
MOJIsIpHasi Macca paBHbI: Ty = 293 K, 1 = 29 r/M0/b COOTBETCTBEHHO. (3 O6anna)

3. CumTast U3B€CTHBIMM TOJILKO TemItepatypy 1y = 293 K cHapy>ku Tpy6bl M MOJISIPHYIO MacCy BO3-
nyxa p = 29 I/MOJb, OTIpeieIMTe MaKCMMaJIbHYIO CKOPOCTb, 0 KOTOPO# MOKET ObITh pa30rHaH
mapuk. [IyinHa TpyObl MpernoaaraeTcst JOCTaTOYHO O0IbINON. (3 6ania)

4. aubl mapameTpsl: M, S, Py, p, p. Ilonyunrte popmyy 3aBUCUMOCTY KOOPAMHATHI IApUKa OT
BpeMeHHU z(t). (5 6annos)

[Ipumeuanue. MOXKET OKa3aThCs 1Moje3Hoit hopmyna A(z?) = 2xAz, CipaBeAInBast Jjisi MaJbIX U3MEHEHU
(Ax < x) BEIMUMHBI T.

WHTepecHO, UTO IpyIila U3 aMepUKaHCKOro YHUuBepcuTteTa II€pabo, HEMHOIO YCI0XKHUB KOHCTPYK-
LIMIO, CyMeJIa pa30THaTh IIapMK 0 CBEPX3BYKOBOI cKopocTH (v ~ 420 M/c, B M = 1,23 pa3a 60Jbliie
CKOpOCTM 3BYKa), Tak YTO I10CJIe BblJIeTa M3 TPYOKM IIapUK JIJIsl HACTOJIbHOTO TeHHMCcA ITPOOWIT pakeT-
KY JIJIsI HACTOJIbHOTO TeHHMca. Bumeo MoskHO HaiiTi B ceTu o ¢pase: «Purdue Technology students
build supersonic ping pong gun». B ycoBepilieHCTBOBAaHHO} KOHCTPYKIIMYM Ha JIEBOM KOHIIe TPYOKM
MMeeTCst 6aJIJIOH CO CKAThIM BO3AYXOM U COTLIO JIaBassi, uepe3 KOTOPOe BO3AyX IMOCTYIIAeT B «CTBOJ
ITYIIKU».

1) vg}gx ~ 430 m/c; 2) vﬁﬁgx ~ 199 m/c, ipu v(ty) =
M <M>2 Pyt?
+ +

S pS p

P()St[]

;3 Py = pu?, u ~ 294 m/c;
mlto) + M ) Po = p

4)x(t) =
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3 Kone6aHusa BHYTpY Tpy6bI

BHYTpM ropM30HTaIbHO PACIIONIOKEHHOM TPyObl pagnycoM R, BpalllaloIeiics ¢ HEKOTOPO¥ YIIOBOIA
CKOPOCTBIO BOKPYT CBOEJ OCY CUMMETPUM, HAXOOUTCSI HeOOIIbIlIoe Teno. B rosoxkeHn paBHOBECHS
TEeJI0 pacIioyiaraeTcst Hyke ocu Tpy6bl, Ha paccTossHuM 0,8 R TI0 BepTUKaim oT Heé. Haiigure mepuop,
MaJibIX KosieGaHuii Tesia B IJIOCKOCTHM, TTePIIeHAMUKYISIPHOM OCU TPYOBI.

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

T =27 @
V 59

CTon Ha TOHKUX HOXKaX

CTOJI CTOUT Ha TOPU3OHTATIBHOM IOTy. CTOJIEITHUILY U TI0JT MOSKHO CUMTATh aOCOIOTHO TBEPABIMMU, a
HOXKM — YIIPYTUMU, TOTUMHSIIONIMMUCS 3aKOHY ['yKka IIpyu BepTUKaIbHBIX JedbopMalusix.

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

I'Mpro maccoii 24 Kr CTaBsIT Ha CTOJ TakK, YTO €€ LeHTP MacC pacnosaraeTcs B T. A (CM. pUCYHOK, BUT,
cBepxy). Ha CKoJIbKO M3MEeHSIIOTCSI CUJTbI TaB/ieHUsT HOXeK ctona: AFy, AFy, AF3 u AF4 Ha 11071 Tocye
atoro? Homepa HOXeK IMOKa3aHbl Ha pPUCYHKE.

AFy = 100 H, AF, = 60 H, AF; = 60 H, AF; = 20 H.
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£ Bosna-nap-sopa

Bome maccoit m = 180 r Ipu IOCTOSIHHOM JaBJIEHUU p1 = 10° ITa coobwaIoT HEeKOTOpOe KOJINYeCTBO
TEIUIOTBI, TaK YTO OHA IpeBpalllaeTCs B ap U HarpeBaeTcs A0 Temrepatypel 17 = 105°C. danee
rmap aguabaTMUeCcKy pacIIvpsieTcs ¥ B KaKOi-TO MOMEHT IMPUXOOUT B COCTOSTHYE HACBIIEHMSI, TIOC/Ie
yero KoHaeHcupyeTcs. I'padyk 3aBUCMMOCTY TaBIeHMS HACBIIIEHHbBIX ITAPOB BOJbI OT TEMIIEPATYPhI
[IOKa3aH 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.

Ty ~ 97,5°C; A ~ 2,32 KIIX.

€D Kayctuku

KaycTuka — 9T0 orubaromiasi ceMeiicTBa JyJeii, He IIepeceKarIyxcs B OOHOI Touke. B miockoMm ciy-
yae, pacCMaTpUBaeMOM B 3TOM 3aJaue, KayCTUKa — 3TO KpUBasi, KOTOPO KacalTcs BCe Ty4y, OTpa-
SKAIOUIMeCs: OT HEKOTOPO MTOBEPXHOCTU, WM UCHBITHIBAIOIIME TPEIOMJIEHME HA HEKOTOPOV rpaHu-
1le pasaena. THTeHCUMBHOCTH CBeTa BOM3M KayCTUKM BO3PACTaET, T03TOMY KPMBbIE KAYCTUK XOPOIIO
BUIHBI HEBOOPY>KEHHBIM I71a30M U Ha (hoTorpadusix.

1. KpuBas ceporo 1BeTa Ha pMCyHKe — 3TO KayCTMKa, 06pa30BaHHAas MOCIe OTpaskeHMUs MyJyKa
rapauieIbHBIX Jydeil UMINHAPUIECKO TTOBEPXHOCThI0 M, paauyc KOTOpoit paseH R. Oripe-
JleJIITe pacCTOSTHYE OT OCU HMIMHAPA T. O 10 BEPUIMHBI KAYCTUKM — T. A, a TaKKe PACCTOSTHME
PA. OO; — ocb cummeTtpun, P; P, — KacaTejbHast K KaycTuke. (5 6an108)

2. VICTOYHMK, OCBEIIA0IIMIiT UMANHAPUIECKYIO TOBEPXHOCTDb PAAMyCOM R, pacIioiaraeTcs Ha pac-
CTOSIHMU a = 4R oT T. O Ha ocu cummeTpuu cucteMmbl OO;. Onpenenute paccTosiHue OT T. O
IIO BepIIMHBI KAyCTUKY, GOPMUPYEMO OTPaKEHHBIMY JIydaMy B 3TOM cTy4dae. (4 6aina)
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M M
Py
O P_A 0O %
z . T
Ko 1 Ko 2

B TOHKOCTEHHBIV CTEK/ISTHHBIV IUIMHAPUUECKII CTaKaH HaJMBAIOT BOAY M OCBENIAOT CBeTOM (o-
Hapsi. Ochb IMy4yKa CBeTa COCTaBJISIET pa3Hble YIVIbl v C TOPU3OHTAIbHOV TTOBEPXHOCTHIO CTOJA B I1. 3
u 1. 4. B 1. 3 ctakad ororpadupyior cBepxy (OnTudeckast oCb 00beKTMUBA MePIIeHINKY/ISIPHA THY
CTaKaHa), a OCBEIAIOT CIIpaBa. B 1. 4 och 06bEKTMBA HEMHOT'O OTKJIOHSIETCS OT IePIeHIUKYIISPa.

Ko 3 Ko 4

3. BemmumHa ymia o okomno 45°. B6i3u [Ha cTakaHa HabIiomaeTcst KpyUBas C IBYMS BepIIMHAMM,
YaCcTy KOTOPOJi HATTOMMHAIOT KPUBYIO 13 11. 1. Ha pucyHKe BepIHbI 00BeIeHbI KBaIpaTUKaAMMU.
OO6BsICHMTE HAOMI0IaeMyI0 KapTUHY. (3 6asna)

4. Pagmyc ocHOBaHMSI CTakaHa paBeH R = 8 cm. @oHaphb pacronaraeTcsi Ha pacCTOsSIHUM a =~ 10R
OT OCM CTaKaHa. YToJl o MOKHO CUMTaTh MaysibiM. CHapysku cTakaHa BUAHA KayCTuKa, o6pa3o-
BaHHAs MPOLIeIIMMM Yepe3 cTakaH Jiyyamu. OmpenenuTe MpuOGIMKEHHO PACCTOSTHME OT CTa-
KaHa [0 BepIIMHbI KayCTUKY (0 BEPIIMHBI «<KOHYCa»). [Toka3aTesb IIpesioMIeHNsT BOJIbI paBeH
n ~ 1,33. (6 6an108)

R 1 4R ..
1) AO = > PA=R(V2- 3 ;0 2)0OA = ?; 3) HaOGMIOJAIOTCS ABE KayCTUKM OTPAKEHHBIX

nyueii. OnfHa dhopmMuUpyeTcs JyyamMu, OMHOKPATHO OTPa3MBIIMMMCS OT JIeBOV MOJOBUHBI CTaKaHa.
Ipyrast dopMupyeTcst JiyuamMu, UCIIBITABIIMMM OTPaskeHMe OT JIEBOI U MPaBOi MOJOBMH CTaKaHa,
4)S=15R=12cm.

TennoBoi MHAYKTOP

OnemeHT I1eIbThe COCTOUT U3 ABYX IUIACTUH, Pa3aeIEHHBIX GOJBIINM KOJIMYECTBOM ITOTYTTPOBOIHM-
KOBBIX OJIOKOB (pUC. U3 «Bukumnenum» HIsKe), ¥ IIpeCcTaBIsieT co60ii mpeo6pa3oBaTesib JIeKTpuUye-
CKOJi SHepruM B TeIIOBYI0. OH TaK:Ke MOXKeT paboTaTh ¥ B 06paTHOM peskume — BbipabaThiBaTh DIIC
MIpY HAJIMYMM PA3HOCTY TEMIIEPATYpP Ha IUIaCTUHAX.
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+
.\ / ropadasd nnacTtuHa

xonogHas __~"

naacrtiHa

Ha BTOpOM prcyHKe CXeMaTMUYHO M300paskeHO YCTPOIICTBO HA OCHOBe 3meMeHTa [lenbTbe. HUoKHSS
TJIACTMHA HAaXOJUTCSI B KOHTAKTE C «TeTVIOBBIM pe3epByapoM» — OOJIbIINM TeJIOM, TeEMIIepaTypy KO-
TOPOro 7, MOXXHO CUMTATh MMOCTOSHHOI. BepXHssl MIacTMHA KOHTAKTUPYeT C TeJIOM C TEeIJIOEMKO-
cThi0 C' U TemMnepaTypoii T, KoTopast u3MeHseTcs co BpeMeHeM. CBepXIIpOBOASIIAs KaTyIlIKa C UH-
IYKTUBHOCTBIO [ BK/IIOUEHA MeXAYy KOHTAaKTaMM 3jieMeHTa. B HadanbHbI MOMeHT: 1" = Ty, Ty > 1.

B IaHHBIX YCIIOBUSIX BepXHee TeJl0 OTHAET 3JIeMeHTY 3a BpeMs At KOIMUeCTBO TEIUIOThI AQ) = oT' 1At
e o — MOCTOSTHHBIN Ko duieHT, I — TOK yepes s7eMeHT. [10/105KMTeTbHBIM HallpaB/IeHMeM TOKa
CUMTAETCS HAaIIpaBJIeHME OT «IUTI0Ca» K «MUHYCY». DjieMeHT IlesbThe Ipy 3TOM BbipabatsiBaeT 3/IC,
KoTopas paBHa £ = a(T — T,). [lonsipHocTs co3paBaemorit C (onsi T > T,) coBnazaeT ¢ yKa3aHHOI
Ha pucyHke. CornpotusieHne sneMeHTa [lebThe paBHO R.

OxkasbIBaeTcs, B pacCMaTpMBaeMoii cucTeMe BO3MOYKHO IepuoinuecKoe M3MeHeHe TeMIepaTypbl
Tena T'(t) u Toka B 1ienu I (t). B 3amaue npepiaraeTcst uccieqoBaTh KonebaHMs TOKA U TeMIlepaTyphbl
MIpY pa3aNYHbIX 3HaUeHUsIX mapameTpoB: 7T,, Ty, C, o, R, KOTOpbIe CUMTAIOTCSI M3BECTHBIMMU. TOK B
Llely B HaYa/IbHbI/i MOMEHT paBeH Hyn0: I (0) = 0. Pa3HOCTb TeMnepaTyp Tesa 1 pe3epByapa MOXKHO
cunratb masnoii: |T — T,| < T, B 1106071 MOMEHT BpeMeHN!.

1. PaccmoTpuM naeanu3upoBaHHbIN, (paHTACTMUECKMII CTy4aii, KOTAA COMPOTUB/IeHMe R paBHO HY-
JIIO I TEIJIOOOMEH MesKIY TeIJIOBBIM Pe3epByapoOM M TeJIOM 3a CYET TeIIOIPOBOSHOCTY OTCYTCTBYET.

1a) ITonyunTe nuddepeHnanbHoe ypaBHeHMe ajis dyHkiuu I(t). (2 6anna)

1b) [Ipeobpa3syiiTe MmosydyeHHOE ypaBHEHMeE ¢ yUETOM yciaoBust | T — T,.| < T, ¥ HAAUTE YacTOTy wy
KojebaHuit Toka. (3 6ania)

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

2. ®usnyecku cjiyyail, OrMCaHHBIN B I1. 1, HUKOTAA He peanusyeTcs. PaccMOTpuUM rapaMeTphl CU-
CTeMbI, OJIM3KME K peaJTbHOCTH. [TyCTh M3BECTHO COMMPOTUBIIEHME 3JIeMeHTa 1R, MOIITHOCTD Iepegaun
TeIuia OT Tejla pe3epByapy orpefensieTcs cooTHoueHuem P = k(T — T,.), rie k — U3BeCTHbII KO3(-
dunmenT, a [I>KOy/eBO TEII0, BbIAESIONeecs: B 3JIEMEHTE, AeIUTCS MTIOPOBHY MEXIY IIJIaCTUHAMM.
B sTOM Citydae KosebaHus OYAyT 3aTyXamOIMMN.

2a) I[Tonyunte nuddepenimanbHoe ypaBHeHue njs GyHKuum I(t) B 9TOM ciyvae. (3 6ania)

2b) TTokakuTe, 4TO HeIMHEHBIMM CJIaraeMbIMM, IIPOIIOPLMOHATbHBIMM [2 1 | I, (TOuKa cBepxy 060-
3HavaeT IIPOM3BOIHYIO 110 BpeMeHM) B ypaBHEHUM U3 I1. 2a) MOXKHO ITpeHebpeub 1 Ipeobpasyiite
TIONy4eHHOe ypaBHeHue K Buny [ + 2y + w2l = 0 (ypaBHeHMe 3aTyXalomux KonebaHmii). Uemy pas-
HbI KO3(pOUIIMEHTsI v U w? (4 6ania)

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

TOKA 3a ITepuof, — —~. OTBeT BbIpasuTe yepes KOIDPULIMEHTHI vy U w. (3 6an1a)
max
3. IIpepiaraeTcs co3faTh Ha OCHOBE JAHHOTO YCTPOICTBA YCTAHOBKY JIjIsl TOUHOTO M3MepeHMs Tell-

noémroctu ten. [lapamerpsr: T, o, k, R, L n3BeCTHBI. VIX U3Mepu/Iu paHbllle C BBICOKOV TOUHOCTBIO. B
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pacropspKeHUM SKCIepuMeHTaTopa eCTh AJIeKTpou3MepUTebHble TPUO0PBI, ocimuuiorpad 1 reHe-
paTop rnepeMeHHOTO HalPsDKeHM S, Y4aCTOTY KOTOPOTO MOKHO MEHSATh B IIMPOKOM Juara3one. Onu-
IIMTE B IBYX CJIOBAX BO3MOXKHYIO CXeMY 9KCIIEpMMeHTa. (2 6a/ina)

. ) . a?Ty
1) LCI + o*T, I + LIl =0; wy = ﬁ; T(t) = (Tp — T,) coswot + 1.

2 : : I’R Rk kR o’T,
2) LCI RC +EL)I kR 2T NI LI - =0 = 4 — g T
) LOL+ (RO + RL)I+ (kR + o"T)I + alll +a—5= =05 v = gp 55 w =75+ 753
AImax:27r")/
Imax w2’

3) CnemyeT IMOCTaBUTh SKCIIEPMMEHT, B KOTOPOM MOXKHO ObLIO Obl M3MEPUTH YACTOTY w. BO3MOXK-
Hasl cxeMa 9KCIIepMMeHTa: B Liellb BKJIIOUAIOT TeHepaTop, a ocuusuiorpad moaKIoualoT K KaTyllike,
MU3MepSIOT Pe30HAHCHYIO YaCTOTY.

McTouyHmk: MockoBCKas onnMMnuaaa WKonbHUKoB no dusnke, 2019/20, 3akntountensHbiii 3tan, 11 knacc — ycnosus (1), ycnosus
(2), pewenus (1), peweHus (2). 3apaum nepeHabpaHbl Ha botay.pro, pelweHns — No odULMANbHbIM.
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