® BOTAY MOLL, 2018/19, 3akntounTenbHbIi 31an, 11 knacc

MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2018/19, 3aknouutenbHbiM 31an, 11 Knacc

AHaMopdHble npUsMbl

[IBe ogMHaKOBbIe TPU3MBI (o = 30°, puc. 1), U3TOTOBJIEHHbIE U3 MaTepHaa C ToKa3aTeleM MPeoM-
JIeHVSI n, UCTIONb3YIOT [IJIs1 MU3MEHEHMSI TIOTIepeyHOTro pa3Mepa IyukKa rmapaiebHbIX JTydeii.

1. Onsn = 1,73 HAMAUTE YTO (o MEKIY OCHOBAHUSIMU IPU3M.

. d
2. HaiiguTe 111 MpOM3BOIBHOTO 1 OTHOIIEHME D Kakne 3HaueHMsI MOKET IPUHMUMATD n?

M3mepeHue nokasatens apmabatbl

AnmmabaTuuecKkuii mpoiecc AJis MOeaabHOro ra3a OIuChiBaeTcs ypaBHeHueM pV/? = const, rge p —
naBneHue, V — o0b€M, v — Ge3pasmMepHas BeJIMUMHA, Ha3biBaemasl roKasaTejaeMm aauabaTsl. s
ompeeeHus v CTaBAT CJIeAYIONMii SKcriepuMeHT. CTeK/ISIHHbIN 6a/JIOH 3aIO0IHSIOT MCCIeLyeMbIM
ra3oM ¥ M3MepSIOT ero AaBjieHue pi, 60sblinee aTMochepHOro AaBaeHus py. [Ipy 3TOM TeMrepary-
pa B 6a/I/IOHEe paBHA TeMIlepaType B KOMHaTe. 3aTeM Ha KOPOTKOe BpeMsI OTKPBIBAIOT KpPaH U 4acTh
rasa BBIXOOUT 13 6ajoHa. MOXKHO CUMTATh, YTO IIPU OTKPHITOM KpaHe OCTaBIIMiicsa B H6a/lIoHe ras
paciupsietcst aguabaTuuecku. KpaH 3aKpbIBaloT, KOTIA JaBjieHle B 6a/yIoHe CTAaHOBUTCS PaBHO py.
[Tocste 3TOTO AOKUIAIOTCS BbIPAaBHMBAHMS TeMIlepaTyp B 6a/UIOHe M KOMHATe U M3MepSIOT JaBiie-
Hue B O6ajlJIOHe py B KOHEYHOM cocTosiHMuU. Ompenenute v, ecin po = 10° Ila, p; = 1,060 - 10° Ila,
po = 1,017 - 10° Ia.

[Tpumeuanme. Bo3M0OKHO, OKaxkeTCsI TI0e3HOM NpubmokéHHas dopmyna (1 + )" ~ 1+ nz, z < 1.

&3 bBerarpon

B yckopuTese 371eKTpOHOB GeTaTpoHe (puc. 2) U3MeHSIoIIeecs BO BpeMeHY MarHuMTHOe IT1ojie, VH-
IOYKLYSI KOTOPOro B, (t) 3aBUCUT OT PacCTOSIHUS r O OCU cuMMeTpuu O, TIOPOKAaeT BUXPeBOe 7IeK-
TpUUeCKoe TI0jIe, Pa3rOHSIOIIee YacTUIbl. Mbl XOTMM, YTOOBI 3JIEKTPOHBI BCE BpeMSI IBUTAINUCH T10
Pp(t)
BR(t)ﬂ'R2
XeHUM. ¢ — MOTOK MarHMTHOTO IO Yepe3 MOBePXHOCTh Kpyra pagnycom R. Bg(t) — MHOYK-
VST MAarHUTHOTO TI0JISI B MOMEHT BPEeMEHMU ¢ Ha pacCTOSHUU R OT ocu cummeTpun. CuuTanTte, 4To
®r(0) =0,v(0) =0.

OKPY>KHOCTU pagnyCoM R. OnpenenMTe UYNC/I€eHHOe 3HaUueHlMe OTHOILIeH!A IIpM TaKOM OB -
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Mopo6patb petanu

ITo cxeMe, TOKa3aHHOJ Ha PUC. 3, peIIIY U3TOTOBUTH CBETOAMOIHbBIN CBETUIBHMUK, PAaO0TAIOMIIA OT
ceTu riepeMeHHOro HanpsokeHMs (v = 50 ', U = 230 B, Unpax = 325 B). [lnon D MOKHO CYUTATh Ue-
anbHbIM. Beero ucnonb3yeTtcst 60 OnMHAKOBBIX CBETOAMOAOB. BosbT-amMmnepHas XapaKTepUCTUKA Of -
HOTO CBETOAMOMAA ITOKa3aHa Ha puc. 4. TOK 4yepe3 CBeTOAMO, He A0/KeH IpeBbIaTh 20 MA. ViMeroTcs
Pe3MCTOPbI M KOHAEHCATOPBI C HOMMHAIAMM, YKa3aHHbIMM B Tabnuiie. W — MaKCUMMaIbHO JOITYCTH -
Mas MOIITHOCTb, BbIZEJISIONIAsiCS B PE3UCTOPe, IIpU paboTe B ITATHOM pexkume. U — MaKCUMMaJIbHOe
HaIpspKeHMe, KOTOPOe BhIAeP;KMBaeT KOHIeHCaTOp 6e3 MOBPesKaeHMsI.

Ne 1 2 3 4 5 6 7
R, xOm; W, Br  0,91;5 1,2: 5 7.5;2 4,75 6,8; 1 8,2;5 75; 2
C, vx®; U, B 0,1; 450 100; 250 20; 350 15; 350 4,7; 300 10; 350 6,8; 300

|
W

JKenarenbHo, YTOOBI MpK paboTe CBETUIbHMKA MaKCUMaIbHOE OTKJIIOHEHME TOKA Uuepe3 CBETOIMO]
OT CpeIHero 3HaueHMsI COCTaBJISIIIO He 6ostee 5%, TPy 9TOM CBETOBOJ ITOTOK ObLJT 6bI MAKCUMATbHBIM.
Bri6epuTe mogxoasiiye pe3ucTop 1 KOHAEHCATOp 13 YKa3aHHbIX B Tabnuile. Ecin momxomsmmx siie-
MEHTOB HECKOJIbKO — YKasKMUTe HOMepa BCeX.
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&3 napyc kak kpbino

IvHamuKa 6yepa (JieqoBO¥ SIXThI, PYUC. 5) MOKET ObITh OMMCcaHa Ha OCHOBE MOJIEJ, B KOTOPOI1 Iapyc
CUMTAETCS] BePTUKAIBHO PACIIONOKEHHBIM KPbIIoM. Cuny F, JeifCTBYIOIIYIO Ha 1apyc o CTOPOHbI
BO3/lyXa (CM. puC. 6, BIA/L CBePXY), IPMHSITO PACKIA/bIBATh Ha [BE COCTABIISIOLINE: D, HaIlpaBJIeH-
HYIO BOJIb CKOPOCTH O TIOTOKA BO3/yXa OTHOCUTENbHO Gyepa, 1 L, mepreHAuKy/IIpHYI0 D. MOKHO

pw?

cunrartb, yTo0 D = Cp—S8, L = CL&S rge S — IUIowWanb mapyca, p — IUIOTHOCTh BO3yXa;

6e3pasmepHbie KoabduieHTsl Cp U CL 3aBUCAT TOJILKO OT OpMEeHTALUU [apyca OTHOCUTEIbHO Ha-
Gerarolero rMoToka BO3/yXa. B3aumogericTBue ¢ TOpU30HTAIbLHON TIOBEPXHOCTBIO CHeTa (unu nppa)
XapakTepu3yeTcs CuiaMu T (TpeHusI) ¥ TOPU3OHTAIBHOM peariun N. Jlanee Besze TpeHMEM Mbl

npeHebperaeM. YToJl MEXIY CKOPOCTBIO Oyepa ¢ ¥ CKOPOCTbIO BeTpa OTHOCUTEILHO 3€MJIM ¢ 0603Ha-
qyM 6.

. Cr
1. TlycTb M3BECTHO, UTO Oyep ABUKETCS C IIOCTOSTHHOM CKOPOCThI0. OTHOIIEHME o k 3agaHo.
D
KpomMe TOro maHbl CKOPOCTb BeTpa u 1 yroiu §. Onpepenute cKOpocTh 6yepa v. Eciu mapameTrp

k ¥ CKOpOCTb BeTpa u OCTAKTCS IMTOCTOSSHHBIMU, & YToa § MOXeT U3MeHAThCS OoT 0° 1o 90°, To
YyeMy paBHa MaKCMMalbHO BO3MOsKHAsI CKOPOCTb Oyepa v B paMKax JaHHOM monenu?

2. Ha puc. 7 nmokasaHa KpuBasi, KOOPAMHATHI TOUEK KOTOPOJ paBHBI 3HAUEHUSIM KO3 duieH-
ToB Cp u C, IJIs1 pa3HBIX MOJIOKEHUI MMapyca OTHOCUTEIbHO HaberamwIero moToka Bo3ayxa.
OmpenenuTe MaKCMMaabHO BO3MOKHOE YCKOpeHMe Oyepa Ipu CTapTe U3 ITOJTOKEHMST TTOKOSI.
CxropocTb BeTpa v = 10 M/c, Macca 6yepa 1 yenoseka 100 Kr, miomaap napyca 7 M2, armocdep-
HOe JIaBJIeHMe HOPMaJIbHOE, TeMIiepaTypa Bo3gyxa —10° C.
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Cy

0,6 ™,
N

0,4

0,2 AN

——_

0,0 0,2 0,4 0,6 0,8 1,0 Cp

H 1

Pue. 7

3. Wcnonb3ysi KpUBYI0, MOKAa3aHHYIO HA PUC. 7, OTIpeAenTe IPY KaKMX 3HaUeHMSIX yI/1a § BO3SMOXK-
HO JIBVDKeHMe 6yepa € MOCTOSTHHO CKOPOCThIO.

3 Wapux Ha HuTOUKe

Ye/ioBEK pacKpyuMBaeT B BePTUKAIbHONM IIOCKOCTM IOAMYPETAHOBBIN IIaPUK, 3aKPEIJIEHHBI Ha

OTHOM KOHIle TOHKOJ, HO MPOYHOI, HEPACTSHKMMOM HUTKU, AepXkachb 3a MeTeJbKy Ha JAPYyrom eeé

KoHIIe. Korma cKopoCTh MIapyuKa CTAHOBUTCS AOCTATOYHO OOBINON M IMOYTH ITEePECTaET U3MEHSIThb-

Csl, TOUKa, B KOTOPOJ UeloBeK AepKUT MEeT/I0, NIBVOKETCS TI0 OKPY>KHOCTU paguycom r. Onpenennute

MMUHUMAaJIBHO BO3MOXHOE 3HaueHue r, eCJii OJIMHA HUTKY MeXAY NeTIéi U [apukoM paBHa L = 1

M, a paauyc mapuka paseH 1 cm. [I1oTHOCTB nonM%/peTaHa paBHa p = 1200 kr/m>. Cuja COpPOTUB-
Pov

JIeHMs BO3[yxa JAE€TCSI COOTHOIIeHMeM Fp = TS, rme pp — IJIOTHOCTh BO3ayxa, S — IVIONAlb

TIOIIepevyHOro ceueHus 11apa, v — ero CKopoctb. MossipHasi Macca BO3Ayxa paBHa p = 29 I/MOJIb.
Bosmyx HaxoguUTCSI TPY HOPMAaJIbHBIX YCJIOBUSX. MOXKHO CUMTATh, UTO v >>> /g L. YCKOpeHue cBOOO/I -
HOTO MafieHus paBHO g = 10 m/c?.

Mna3smeHHas YacToTa

YacToTy KosebaHMiT TPOCTPAHCTBEHHOTO 3apsifia B IIa3Me (MOHM30BAaHHOM ra3e) MOXKHO OIpe[ie-
JIUTb HA OCHOBAHUM CJIEAYIOLIMX MOJE/bHBIX IPeACcTaBieHnii. iMeeTcs c1oii ria3Mbl B BUJE Mpsi-
MOYTOJIbHOTO Tapasienenunena. KOHIeHTpauys MOHOB C 3apsiiOM -+e paBHA 1 M paBHA KOHIIEHTPa-
LM 57IEKTPOHOB. VIOHBI 1 37IeKTPOHBI B C/I0€e paciipefeneHbl OHOPOAHO. MOXXHO CUUTATh, UYTO CIO¥
97IeKTPOHOB HAKJIAAbIBAETCS Ha CI0M MOHOB. TonMmMHa ¢J10s1 d MHOTO MeHbIIIe APYTUX €0 JIMHENHBIX
pasmepos. [Ipy manoMm cmeweHun = (x < d) C10$1 37IeKTPOHOB B HaIlpaB/IeHUM HOPMaau K CJI0I0
(puc. 1) BO3HMKAIOT Majible Kojebauus. OTnpemennTe YIJIOBYIO YaCTOTY w 3TUX Kojaebaumii. Cumraii-
Te, YTO OMHOPOIHOCTD pacipeAeneHus 3apsiioB He HapylIaeTcsl, KOHIIEHTPaIus He MeHSIeTCs, MOHbI
(TTOCKOMBKY OHU TSDKEJIbIe) — HEIOABVKHBI. Macca 3/ieKTpOHa paBHaA ., €r0 3apsij, PaBeH e.
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) Uenb c HeusBecTHBIMM

B menu, n306pask€HHOI Ha pUC. 2, COMMPOTUBIIEHME KAXKIOT0 13 Pe3nCTOPOB paBHO R. BeiBoabl A 1
B 1ueniu Ha BpeMs4 t( [IOAK/IIOUAIOT K UAeaJlbHOMY UCTOUHUKY ¢ DIC £. UHAYKTUBHOCTD KaTYIUIKA U
€MKOCTb KOH/IeHcaTopa ofo6paHbl TaKMM 06pa3oM, YTO IIPY MOAKIIOUeHHOM MCTOYHMKE B JTI0007
MOMEHT BpeMeHM Pa3sHOCTh [IOTeHIIMAJIOB TOUeK F 1 F' paBHa Hy/0. OnipenenuTe 3apsf, IpOTeKalo-
LIV yepe3 MICTOYHMK 3a BpeMs to. Eciy 3a Bpems NOOK/II0YeHNS ICTOYHMKA B pe31CTOPax CyMMapHO
BBIZINSIeTC S KOMYEeCTBO TeIlJIOTHI (), TO KaKOe KOJIMUEeCTBO TeIlJIOThI BLIAeIUTCS B OLHOM pe3sucTope
I0CJIe OTK/IIOYeHUS UCTOYHMKA?

€} dororpadus nnactuHbi

JVICK TOMIIMHOM OKOJO 1,5 cM, caelaHHbIi M3 MPO3pavyHOro MaTepuasa, paspesaay BIOJb OIHO-
ro u3 AvameTpoB. [ToayuMBIIyIOCS TIJIACTUHY, MMeIOIy0 GopMy MOJOBUHBI IMIMH]PA, TOCTABUIN
Ha «MWUIMMETPOBKY», TaK UTO TTOBEPXHOCTD, BIOJIb KOTOPO¥ pa3pe3ayn OMUCK, oKasaaach obpaie-
Ha BHM3, a BBIMTyKJIasi IOBEPXHOCTb MOMYIIMAMHAPA — BBepX. 3aTeM 3Ty IacTuHy Gororpadupyior
CBepXy, CTapasiCb OpMeHTUPOBATb ONITUYECKYI0 OCh 00beKTMBa (hOoToarnapaTa BepTuKaabHO (puC. 3),
TaK YTOOBI OHA MTPOXOANIIA Uepe3 cepeauHy miacTuHbl. dotorpadus mpuBegeHa HIDKE.

1. OHpEJIEJ'II/ITe ITOKa3aTeJIb ITPpEeJIOMJIEHNM I MaTepualia IJIaCTMHDI.

2. Ha dororpadun BHyTpU TIaCTUMHBI BUIHBI M300paskeHMsI TI070C ceTK. Kakoe MaKkcumaabHOe
KOJINYECTBO M3006pakeHMii T10JI0C, TIePIIEHAVKY/IIPHBIX TJIaCTMHE, MOXET YBUIETh HabI0ma-
TeJTb, PaCIONaTaAIMIICSI Ha pacCTOSTHUM h = 15 CM Haf, [IeHTPOM TIJIaCTUHbI?

3. OueHuTe paccTosiHue H OT «MUUIMMETPOBKI» 10 ITIaBHO IJIOCKOCTM 00beKTHBa (oTOoalIa-
para pu doTtorpadrpoBaHNM TJIACTUHBI.
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DNeKTPOKanopu4ecKuit reHepaTop

B 3NIeKTPOAMHAMYUKE NPY OIVCAHMM IMIIEKTPUKOB BBOANUTCS B PACCMOTPEHE BEKTOP S/eKTpIIe-
CKOM VIHITYKIU D. BexTop D KOMU4YeCTBeHHO XapaKTepu3yeT I10JIe TOAbKO (!) CBOOOIHBIX 3apsiIOB,
BekTOp E — morne CBOﬁO,E[HbIX 3apsOB Y MOSAPU3ALMOHHBIX 3aPS/I0B, BOSHUKAIOMINX B IU3/IEKTPY-
KaX. OGBIYHO BeKTOpP D TPOIOPIMOHAIEH BEKTOPY E. OmHaKo, CyIecTBYIOT MaTepuajbl (CeTHEeTO-
JIEKTPUKI) C HeJMHEITHOI 3aBUCUMOCTbI0 D oT E. B 9T0it 3amade BekTopbl D 1 E COHAINpaBIIeHbL.
CxeMaTU4HO BUJ, 3aBUcUMOCTY D(E) Ojisl TUIMYHOTO CerHeTO3IeKTPUKA IIPU MOCTOSIHHO TeMIle-
paType IOKa3aH Ha pUC. 5 YépHOI InHMell. 3aBUCUMOCTb D(E') [Ji TOTO ke CerHeTo3IeKTpyuKa npu
60s1ee BBICOKOJ TeMIlepaType CXeMaTMUHO ToKa3aHa cepoii auHueir. O6e 3aBUCMMOCTY 061aatoT
SIPKO BhIPaKeHHBIM I'MCTEPE3MCOM, MHAuUe FOBOPSI, 3HaUeHue D IJis1 [aHHOTO E 3aBUCUT OT XapaKTe-
pa usmMeHeHus nons F (yBenuMuMBaeTCsl WIM yMeHblIaeTcs). Bripouem, B JaHHOI 3aiaye 3TO HeCy-
IeCTBEHHO.

Bup 3aBucumocty D(E) B HeKOTOPBIX CETHETOIEKTPUKAX BeCbMa CMJIbHO MEHSIeTCs C TeMIlepary-
POI1, UTO MO3BOJISIET UX MCITONIb30BATh JJIs1 TIPe0Opa30BaHMsI TEIJIOBOI SHEPTUM B JIEKTPUUECKYIO.
[IpucoenHMM KOHOEHCATOP C CETHETOIEKTPUKOM K UIeaJIbHOMY UCTOUYHMUKY IIOCTOSTHHOTO HaIpsi-
skeHud. [lepuognuecku U3MeHsI TEMIIEPATYPY CETHETOSIEKTPUKA, MOXKHO ITOJTYYUTD [TePUOINYECKU
M3MEHSIIOIINIICS TOK B 1lernu. [Ipy 3ToM paboTa MCTOYHMKA HAIPSIKEHMST 3a LIVKJI OyIeT paBHa HYJIIO.
[MomyunTcst mpeo6pa3oBaTesb TEIIOBO SHEPrMM B paboTy TOKa. MOKHO CUMTATh, UTO CEIHETO3JIEK-
TPUK — 3TO CBOeOOpa3HOe paboyee TeJI0 TEIIOBOJ MallMHbI, KOTOPOE XapaKTepu3yeTcsl mapameT-
pamu: D, E,T.

PaccmoTpuM MoebHbINI LMK, IIOKa3aHHbIA Ha puc. 6. [Ipoiteccel 1-2 1 3—4 — 3apsiaka 1 paspsigka
KOHJZIeHCAaTOpa C CerHeTO3eKTPUKOM IIPU MOCTOSTHHOM Temmeparype. 2-3 u 4—-1 — HarpeBaHue u
oxJIaXkeHue TPy MOCTOSTHHOM 37IeKTpuueckoMm mosie. Liuki nmeeTt dhopMy napasiienorpaMmma.

D Ty, 2

TepMoauHaMMKa CerHeTO37eKTPUKa OMUChIBAETCS COOTHOUIEHUSIMMU, CIIPaBeIJIUBBIMU [IJIST MaJbIX
() usmeHeHmit mapameTpoB AE, AD, AT
AQ AA

AD:EOEAE+pAT, VZCAT+pTAE, 7:DAE,

rmes,puc(e > 0,p < 0,c > 0) — U3BECTHBIE TTOCTOSTHHBIE KO3 IuIMeHThl. O0bEM V' cumTaeTcst
MOCTOSTHHBIM. AQ M AA — KOJIMUECTBO TEIUIOThI ¥ paboTa IMpy MajbIX M3MEHEHUSIX ITapaMeTpOB.
JLyis1 pelieHMsT 34,24 3TUX COOTHOILIIEHUI JOCTATOYHO.
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1. Ompepennte KIIJ uykna 1234. Benuaunsbl Ey, E v 17, Ty caurtaiite udBectHbiMU (17, < Tx).
Ecnu pennonoxkuTs, uto E, M E MOTYT U3MEHSTbCSI HEOTPAaHUYEHHO, TO YeMy paBeH MakK-
cuManbHbIl KII/ sToro nmkiaa?

2. V306pa3uTte KaueCTBEHHO Ha Auarpamme D—-E TepMogMHaMUUeckuii Iuki 12/34’, B koTopom
Ha yuacTkax 1-2' v 3—4’ 3apsiika 1 paspsiika KOHIeHCATOPa C CErHEeTOIIEKTPUKOM MTPOUCXOIST
ammnabatuuecku. TemrepaTypbl B TOUKax 1 u 3 paBHbl 17, U Ty.

3. Onpenenute KIIJ uukina us 0. 2), cautast Er, Eg v 11, Ty M3BeCTHbIMM, & USMEHEHUS T1a-
pameTtpoB D, E v T B nipepeax UK/ MaJbIMU. Y KaKOTO LMKJIA IIPU OOUHAKOBBIX Er, Ep,
T, =T, nT3 = Ty 6onbire KIIJI —y 1234 unn y 12/34'?

McToyHmk: MocKkoBCKas onnMMnuaaa WKonbHUKoB no dusnke, 2018/19, 3akntountensHbli 3tan, 11 knacc — ycnosus (1), ycnosus
(2), pewenus (1), peweHus (2). 3apaum nepeHabpaHbl Ha botay.pro, pelweHns — No odULMANbHbIM.
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