® BOTAY MOLL, 2021/22, 3akntounTenbHbli 31an, 11 knacc

MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2021/22, 3aknoumTtenbHbii 3tan, 11 knacc

SIBNeHUs npu pasMbIKaHUM

B mernsix ¢ 60bI107 MHAYKTUBHOM HArpy3KO# KJIIOYU YacTO IIYHTUPYIOT KOHIEHCATOPOM (TIOIKIIIO-
YaloT ero MapayiebHO K/II0YY), MTOAO06GHO TOMY KaK 3TO CXeMaTMYHO IMOKa3aHO Ha PUCYHKe HILKE.
[IpennaraeTcst pacCMOTPETh [IBE IIeMM, COOGpaHHbIE 110 CXeMe, ITOKa3aHHOM Ha PUCYHKE: B TEePBOIA
KJTIOY 3alTYHTMPOBAH, a BO BTOPOil — HeT. B 06enx 1ersx M3HayaabHO KJII0Y 3aMKHYT, TOKM YCTAHO-
BWINCh. UNC/IeHHbIE 3HaUEHUS TTapaMeTpoB Lemneit cienywuue: £ = 10 B, R = 100 Om, Ry, = 10
Om (conmpoTuBIeHME TPOBOZA, KOTOPBIM HamMOTaHa Karymka), L = 0,1 I'a, C' = 1 Mk®. BHyTpeHHUM
COIPOTHMBIIEHMEM GaTapey MOKHO IMpeHeOpeyb.
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1. (26.) OnpenenTe OTHOIIEHME o HaTpsKeHMi1 Ha pe3MCTope cpa3y nocjie pa3MbIKaHMS KToua
2

B II€PBOI ¥ BTOPOIA LIeIIN.

2. (4 6.) HaiiomuTe KOJIMYECTBO TEILIOTHI ()1, BBIAESIONIEeCs Ioc/ie pa3sMbIKaHMS K/I0Ua B IIepBOit
LIeNM, ¥ KOJIMUYECTBO TEMJIOThI ()2, KOTOPOE BBIAENSIETCS Ha pe3ucTope R Iocae pa3MbIKaHUS
KJIF04a BO BTOPOJ LIEIIN.

Ouku coctaBuTens

OnyH 13 cocTaBUTeNeNi 3aaaHNii OMIMMIONMAIbl HOCUT OYKM B OUeHb TOHKOJ OIIpaBe, OITHUYeCcKas cuiia
JIMH3 KOTOPBIX paBHa +2 ANTpP. EC/IM 9TM OUKM CHSITh C COCTAaBUTEJISI M PACIIONOKUTD MX IO, CBETO-
IVOIHOM JIAMITOUKO¥, 3aKPeIJIEHHOM Ha MOTOJIKE KOMHATbI, TaK, YTOOBI INIOCKOCTY JIMH3 ObLIM Ma-
paJUTeIbHbI TOJTY, TO Ha MOy MOKHO OyfeT HaG/IoAaTh PE3KyI TeHb OT OMPAaBbl U JIMH3, a TAKKe
IIBe SIPKO OCBEIIEHHbIe 00/1aCTY B IIeHTpax TeHe MMH3 (M. 06paboTaHHbI hparMeHT GoTorpadun
HIKE).

A4 MU AUL pasurars aaEssae e
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CunTas JJaMITIOUKY TOU€YHBIM MCTOYHMKOM CBETA, OIIPEeIe/IATe, Ha KAKOM PacCTOSIHUM OT I10Jj1a Cjie-
IyeT IepskaThb OYKM, YTOOBI IYMaMeTpP CBET/IOTrO MSITHA B CepelMHe TeHY OIHO 13 TMH3 ObUT ITpUMep-
HO B JIBa pa3a MeHblIlle AuaMeTpa TeHM JMH3bl. BhicoTa IOTOIKAa B KOMHATe paBHa 3 M. CunTaiire,
YTO JIMHUSI, COeUHSIONAsT TAMITOUKY M OTITUYECKUI IEHTP JMH3bI, IePIIeHAVKY/ISIPHA Oy, YUTK-
Te, YTO MICKOMOE PacCTOSHME He NOJ/IKHO OBbITh O0JibIle 1 M.

ED Pacuér umkna

C OmHMM MOJIEM M[IeaTbHOTO ra3a, MOJISIpHAST TEIVIOEMKOCTh KOTOPOTO ITPY IIOCTOSIHHOM 00BbEME ¢y
paBHa 2R, rae R — yHUBepcaabHas ra3oBas IMOCTOSTHHAS, IPOBOAUTCS LIUMKINYECKUIT ripoltecc 1231,

V P
rpaduK KOTOPOTO B Iorapu@mmuieckux koopanHartax (x = In T y = In —, rme py u Vy — HEKOTOpbIE
0 Po

T 3
HeM3BeCTHbIe TIOCTOSIHHBbIE) uMeeT (OpMy TpeyroabHMKa C yIJIaMU o = 1 u [ = arctg <2> (cMm.

PUCYHOK HIpKe). OTHOIIIeHVe MaKCMMa/IbHOTO JaBjieHNs ra3a K MMHMMAaAbHOMY B 3TOM ITpoIiecce
pPaBHO 7.

[y
B>,

1. (4 6.) CunTast U3BECTHOI TemIiepaTypy 7} B TOUKe 1, HaiiguTe TemriepaTypbl 15 U T3 B TOUKAxX
2u3.

2. (4 6.) Onmpenenurte KII]I, 1 uKIia.
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BbIHyxXaaloT Kone6atbes!

K omHOMY KOHITy HEBECOMO HUTH, ITIEPEKMHYTO Yepe3 MaeaabHblii 60K, TPUCOeIMHEH MTPYKMH-
HbIVi MasITHUK, COCTOSIIINIA U3 JIETKOV MPY>KUHBI C TSDKENbIM mapukoM. Co6CTBEHHAsI YacToTa KO-
nebaHnii MasiTHMKA (B OTCYTCTBME 3aTyXaHMs) paBHA wy. Ha Apyroii KOHeIl HUTYU IeiCTBYeT TaKas
BHEIIHSIS CUJjIa, YTO HAUMHAS C HYJIEBOTO MOMEHTA BPpEMEHM ero KOOpAMHATA 10 BEPTUKAIU MEHS -
eTCsl 110 3aKOHy x1(t) = Asin(Qt) (cM. puCyHOK). B Hy/1€BOVi MOMEHT BpeMeHY MasiTHUK HaXOOUTCS
B ITOJIOKEHMM PAaBHOBECHS M He JBVDKETCS. B 06eMx YacTax 3aauy CUMTAETCS, YTO HUTD IPU KoJie-
6aHMSIX HM B OAVH 3 MOMEHTOB BpeMeHM He TTpoBucaer. lllapuk JBVKETCS TOMBKO 110 BePTUKAIN U
He pacKauMBaeTCs.

X

1. (4 6.) B aT0i1 yacTu mpeaJiaraeTcs nMpeHeO6peub BCEMM CHMIaMM CONTPOTUBIeHNs. Toraa aByke-
HJe IapyuKa OyIeT MpeCcTaB/sITh CO00 CyIepro3uIINIO KoJiebaHMi C YacTOTaMM £ U wp:

z(t) = C1 sin(wot + @) + C sin(Qt),

rae x(t) — OTKJIOHeHMe LIapyKa OT IOJI0KeHMs paBHOBeCHsI (CM. pUCYHOK), C, Co, ¢ — Heu3-
BeCTHbIE MOCTOSIHHbIE. OIpeeinTe MakKCMMa/JIbHO BO3MOKHOE OTKJIOHEHNME [IapuKa OT I0JI0-
SKEHMST paBHOBECHS B cieayommx ciaydasx: Al) (2 6.) Q > wp; A2) (26.) Q < wp.

2. (6 6.) B aroit yacTu mpepJiaraeTcs yuecThb craboe 3aTyxaHue KojaebaHuii MasiTHUKA. IIpedosnno-
KMM, UTO 3aTyXaHue 00yCJIOBJIEHO CUJION, MPOIMOPIMOHATIbHOM CKOPOCTHM IIapMKa U HaIpaB-
JIEHHOVi IPOTUB cKopocTH. Toraa yuepe3 HeKOTOPOe BpeMs II0C/Ie Havajia [IpoLecca KOopAyHaTa
mapmka 6ygeT M3MeHSIThCSI ITIePUOANYECKY IT0 TApPMOHMYECKOMY 3aKOHY C 4acToToii 2. OgHaKo
Koyie6aHMsI MapyuKa OymyT CABUHYTHI 10 (ha3e OTHOCUTETbHO KolebaHMit KOHIIa HUTH, K KOTO-
pOMY IIPUKIaAbIBAETCSI BHEILIHSS CUJIa, Ha p:

x(t) = C'sin(Qt + ¢).

Ompenenute abcomOTHOE 3HAUeHMe caBura a3 ¢ Mpu CaeAyonmx 3HAYeHUSIX 4acToThl 2
B1) (46.) Q > wp, Q < wp; B2) (26.) Q = wy.
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) ’Nosywka Mennunra

JloBymikoi [IeHHMHra Ha3bIBA€TCS OOVH M3 TUIIOB MOHHBIX JIOBYIIEK — YCTPOWCTB, UCIIOIb3YEMBbIX
B SKCIIepUMEHTaX M0 sIIepHOoi husuke IJis yaepskaHus 3apssKeHHbIX YaCTUIL U sSIiep B HEKOTOpPOit
OTpaHMUYEHHOJi 06/1aCTM IIPOCTPAHCTBA B TEUEHME IJIUTEIBHOrO (M0 MepKaM MUKPOMMPA) BpeMEeHN.
B 3T01 10BYIIIKE MOIIHBIM 3JIEKTPOMAarHUTOM CO3[Ia€TCS OGHOPOSHOE MarHUTHOE T10jie B, KOTOpoe
MOYKHO CUMTATh HAIIPaBJIE€HHBIM ITPOTUB OCU OZ CUCTEMbI KOOPAMHAT C HAYAJIOM B LI€HTpE JIOBYIII-
ku (B, = 0, B, = 0, B, = —B), KpoMe TOro, CUCTEMOM METa/VINYECKUX IIEKTPOJOB CO3LAETCS
5JIEKTPUUYECKOe T10JIe C ITIOTEHLMAJIOM

olr,y,z) = 2U7% (—a(:lc2 +9°%) + sz) ,

roe Uy M ro — U3BEeCTHbBIE TTIOCTOSIHHbBIE, a ¥ b — Heu3BeCTHbIe 6e3pa3MepHble KOHCTAHTbI, TPUYEM
a > 0. OKa3bIBaeTCs, B MOJISIX TAKOTO BU/1A MOJIOXKUTEIbHO 3apsoKeHHas YaCcTUIla ABUKEeTCS CJIOSKHBIM
o6paszoM. Bmonb ocu OZ yactuiia coBepiiaeT rapMOHMUecKe KoyiebaHusi C HEKOTOPOii YacTOTO¥ €2,
OKOJIO HavaJia koopauHar. [Ipoekiiusa TpaeKTopuu 4aCTULLLI Ha TIOCKOCTh X OY TpeAcTaBiiseT Co-
6071 anumpoxoudy. ITO TMHMUS, KOTOPYIO OMMUCHIBAET TOUKA, IBVIKYILASICS TT0 OKPY>KHOCTHU paamyca r
C IOCTOSIHHO# YIJIOBO# CKOPOCTBIO w(T), TpM TOM UTO L[EHTP 3TOit OKPYKHOCTY JBUKETCS IO OKPY3K-
HOCTM 66mbIero paguyca R (R > r) ¢ MeHblleii YIIoBoii cKopocTbio w( ™). 3aech 1 fajnee nMer0TCs
B BTy YIJIOBbIE CKOPOCTM OTHOCUTEIbHO JIabopaTopHOii (!) cucTeMbl OTcUETa. [IprMephl SIIUTPOXO-
U, IJIST KOTOPBIX IIEHTP OOJbIIei OKPYsKHOCTM HAXOOUTCSI B Hauajle KOOPAMHAT, MOKHO BUAETh Ha
PUCYHKE HIKE.

¥

Ilanee Be3me peub UAET O IBUKEHUM YACTUIIbI C MU3BECTHBIMM MaCCO¥ m U IOJIOXUTEIbHBIM 3apsSIIOM
q. ITapameTpsl Uy, 19 U B TaKKe CUMTAIOTCS M3BECTHBIMM BO BCEX 4aCTIX 3amaun, Kpome dactu C.

1. (46.) [ToryunTe Gopmybl Aj1st IpoeKuuii E,, E, 1 E, BeKTOpa HalPSLDKEHHOCTY 3JIeKTPUYEeCKO-
. b
T'O TTOJIS1 HA OCU CUCTeMbI KOOPIAMHAT U HaliIUTe OTHOIIeHK e — 6e3pa3MepHbIX KO3QhUIIMeHTOB
a
b ¥ a B BbIpakeHUU IJ15 [IOTeHIIMajIa 37IeKTPOCTaTUUYEeCKOTO IO,
b
Brumanue! Ecny Bbl He TIOMYYUIM B YaCTU A OTHOILIEHMe —, MOXKeTe IIPUCTYIIUTDb K pellieHNI0
a

4yacTu C, CUMTAasda 3TO OTHOIIIeHME M3BECTHBIM ITapaMeTPOM.

2. (2 6.) ITyctb 3aman Ko3pduiimeHT b. OnipenennTe 4acTOTy KosebaHui 2., a Takke LUKIOTPOH-
HYIO YaCTOTY §) BpallleHus YaCTUIIbl B MAarHUTHOM IT0JIe TIPU OTCYTCTBUY 3JIEKTPUUECKOTO.
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3. (66.) BoIpasuTe yroBble CKOPOCTH BpaleHyst 9acTLbl wH) 1 w(~) Mo oKpysKHOCTSIM, Jaromym
TPAeKTOPUIO B BUJe SIUTPOXOUIbI, uepes napameTpsl Q. 1 Qy (vV2Q. < Qp); wH) —yrosas
CKOPOCTDb JBVKeHMSI TI0 OKPYKHOCTHU PaguycoM r, w(~) — yImoBas cKopocTh BpalleHus! IeH-
Tpa 3TOM OKPYXHOCTU. Pagmuycbl OKpy>KHOCTe » U R HeusBeCTHbI. Ha pucyHKe Bbilie ocb OZ
HarpaB/ieHa Ha YuTaTessl, IBVDKeHMe 10 00eMM OKPYKHOCTSIM ITPOMCXOOUT B HaIpaBIeHUN
IIPOTHUB YaCOBOV CTPEJIKU.

4. (26.) [Ing TpaeKTOpUM B Biie OOIbINIEN SITUTPOXOM IbI HA PUCYHKE BbIIIe (JIMHMS YEPHOTO IIBe-
Ta), MCIIOJb3YSI Pe3yJbTaThl MPEIbIAYIINX YacTell, onpeaennTe 6e3pasmepHbie Koadbuien-
TbI a U b B BbIPasKEHUU [IJIS TIOTEHIMAa 3JIeKTPOCTATUYECKOTO T10JIS.

3 bunvapa Ha nbay

Ha poBHY0 rOpM30HTaIbHYIO [TOBEPXHOCTH JIEASTHOTO KaTKa MOJIOKUIM OJJHOPOIHBIN TOHKMI 06pyY
paguycom R 1 Maccoit m. B TOuKy, jieskalnyio Ha nuameTpe obpyua AB, Ha HEM3BECTHOM PacCCTOsI-
HUM h OT IIeHTpa 06pyua IMOMeCTWIN 1aiby Maccoi m 1 COOOIIIIN e/ CKOPOCTh v, HAlPaBJIeHHYIO
repneHAuKyIsIpHO AB. B3aumoneiicTBue MeXmy Iai6oit u o6pyuem abcomoTHO ympyroe. ITocie
CTOJIKHOBEHMSI ¢ 0OpyueM I1aiiba 1 06pyd OBMKYTCS TaK, YTO B CJI€OYIOIINIA pas3 Iaiiba momagaeT B
TOYKY B 06py4ya. Pagmyc 1mait6sl mpeHe6peskMMo Maj, TpeHUsI HeT, 00pyd MOSKHO CUMTATh abCOoJTIOT-
HO TBEpABIM TesioM. OmnpenennTe pacCTOSIHME h.

TpeyronbHUKM Ha TeTpasape

Ha rpaHu npaBWIbHOTO TeTpasipa, M3rOTOBJIEHHOTO 13 MTeHOIIacTa (OuUaieKTpuuecKasi MpoHuIia-
€MOCTb paBHa 1), HaKJIeeHbl OMHAKOBbIE TOHKME MeTa/TMuecKye MJIaCTUHBI B hopMe MpaBUiIb-
HBIX TPEYrOJIbHUKOB, TIOUTY COBIIJalolIMe 0 pa3MepaM C IpaHSIMM TeTpasapa. JeKTPUIecKOoro
KOHTaKTa MeX[Iy IIaCTMHAMM HeT. 3apsij o001 TIaCTUHBI M3HAUaaAbHO paBeH HY/0. Ecau omHoii

IJIaCTVHE COO6H.U/ITIJ 3apan Q, TO €€ MOTeHLMas 6y,11€T paBeH CQ Ecin Ternepb 3a3eMJINTb 11106on
0

He3apspbKeHHYIO TUIaCTUHY, TO MOTeHIIMA 3apsSsKeHHOM OKaskeTCsl paBeH o HaiimuTe pasHOCTb I10-
1
TEHIIMAJIOB ABYX TUIACTUH, €C/IM Ha OOHY M3 HUX HAaHEeCEH 3apsy (), a 3apsi, BTOPOil paBeH — (@, pn

YCJIOBUM, UTO JIPyTHMeE JIBe TJIACTUHBI He 3apsbkeHbl. YeMy paBHA €MKOCTh KOHJIEHCATOpa, OHOI 00-
KJIaJIKOJ KOTOPOTO SIBJISIETCS JI06ast IIacTHHA TeTpasapa, a APyroii — TPU OCTaBILIMECS IUIACTUHBI,
coefiMHEHHbIE IPYT C APYTOM UAeaTbHbIM ITPOBOAHUKOM?
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) B cocyne

B HEBECOMOCTM B BBICOKOM I[VMJIMHIPUYECKOM COCY/IEe C IIOMAAblo OCHOBaHMS 0,05 M2 HaXOmMUTCS
BOZIA MAcCO¥ m B KMJIKOM COCTOSIHUM U BJIAXKHbBIN BO3AYX, JaBjieHMe KOTOPOTO B JI000I TOUKe CO-
Cy/la paBHO BHEIHEMY JaBJieHuIo po = 10° [a, a Temmeparypa paBHa TeMIiepaType BOfibl  paBHa
t = 65 °C. Cocyn, OTKPBIT CBEPXY, I03TOMY OTHOCKTEJIbHAs BJIaYKHOCTb BO3/yXa B COCYyZe BCIeNCTBUE
nyddy3uy MeHsIeTcsI IMHEHO B 3aBUCUMOCTH OT PACCTOSIHUS x 10 €r0 IHA, IOKPLITOTO BOLOM. MOX-
HO CUMTATh, YTO BOMM3Y THA BIaXKHOCTb paBHa 100 %, a Ha paccTosiHuu H = 1 M OT JHa OHA YMeHb-
maetcst 7o 20 %. I'paduk 3aBUCUMOCTY TUIOTHOCTY HACBIIIEHHbIX ITAPOB BOABI OT TEMIIepaTyphbl 110-
Ka3aH Ha IPUBEEHHOM HIKe PUCYHKE.

MosisipHbIe MacChl CYyXOT0 BO3yXa U BOIbI paBHbI 29 r/M0Jib U 18 I/MO/Ib COOTBETCTBEHHO. YHUBEP-
caJibHasl ra30Basi MOCTOSIHHAS paBHa R = 8,3 IIx/(Moib-K).
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1. (4 6amna) [TycTh B HAYaJIbHbI/i MOMEHT Macca BOZABI B KMIKOM COCTOSIHMM paBHA mi = 32 T.
Cocypn, repMeTU3SUPYIOT, YCTAHABIMBAS CIIeL[MalbHYI0 TOHKYIO XECTKYI0 3a4BVIKKY Ha BBICOTE
H = 1 m. lloce sToro TemnepaTypy B coCyne MeajieHHO yBenuuuBaioT Ao 100 °C. Haligure
JlaBJIeHNe B COCyLe B KOHEUHOM COCTOSIHUN.

2. (5 6amnoB) B aTOM ciyuae HavajbHasI Macca KMIKOCTM B COCyae paBHa mo = 1,2 T. Ha pac-
CTOossHMM H OT JTHA COCY[a YCTaHABIMBAIOT MOPIIEHb, KOTOPbIVi MOKET CKOJIb3UThH 0€3 TPeHUS
BIOJIb OCH cocyaa. ITocie 3Toro TemmnepaTypy B COCyZle HAUMHAKOT MelJIeHHO YMeHbIIaTh. Haii-
JUTe PacCTOsSIHME OT AHa COCya A0 MopIiHg rpu temrieparype 60°C u 10 °C.

n Yepes wap

B 9101 3agaue npeaiaraeTcs MpoaHaIN3UPOBATh M300paskeHMs TUIOCKUX ITPEIMETOB B IIPO3PAYHOM
Iape paguycom R, U3TOTOBJIEHHOM M3 CTEKJIa C IT0Ka3aTeieM IIPeJIOMJIEHMS n = 7 Bo Bcex vacTsax

3a7jaYM MOKHO CYMTATh JIMHUIO 3peHMSI IePIIeHIUKY/SIPHOM TVIOCKOCTY TIpeiMeTa, a IeHTp 1apa —
JieXkalMM Ha JMHUM 3peHus], KaK IMoKa3aHO Ha CXeMaTMYHOM pUCYHKe Huoke. [Ipepnyaraercs pac-
CMaTpUBaTh TOIbKO Te U300pakeHMs, KOTOpbie GOPMUPYIOTCS TTapaKCUaTbHbIMMU (TIPUOCEBBIMMU) JTY-
yaMu.

JIuHeHBIM yBeTMYeHMEeM 3 HA30BEM OTHOIIEHME TIePIIeHIVKY/ISIPHOTO JIMHUY 3peHUST pa3Mepa u300-
pakeHMs1 h’ K COOTBETCTBYIOIIEMY pasMepy Ipeamerta h.
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1. (4 6ama) B mape HabI0maIOT M306pakeHMe yOATEHHOTO ITpeaMeTa pa3MmepoM h. PaccrostHme
OT L1apa Ao npeaMeTta paBHo L: L > R, L > h (CM. pUCYHOK BbIlIe). Ornipenenute 3aBUCUMOCTb

B(L)-
2. (6 6amnoB) lllap MpMUCIOHWIN K TOBEPXHOCTM 3KpaHa KOMITbIOTEPHOT0 MOHUTOpPA. C KaKUM yBe-
AuveHueM [ MOKHO BUJIeTh OYKBbI (M OT[elbHbIe MMKCeIN) Ha 9KpaHe B 3TOM cryyae?

YMCTOHILTH K 110}
'Th OVKBBLI Hil 9K
HA IKPAHY, e

31 9KpaHa. C KakH
M caydae? JIuH
Ha JIMHHUH

3. (4 6amna) Ha mpuBenéHHOM Bblliie pparmeHTe pororpadum sKpaHa KOMITbIOTEPHOTO MOHUTO-
pa, K KOTOPOMY TMPYSKAT CTEK/ISIHHBIN 11ap, HabMofgaeTcs yBeIM4eHHOe B Iape M300pakeHne
MUKCeNen.

[TycTs map paguycom R = 2 CM IPYDKaIN K 9KpaHy MOHKUTOPa 1 coTorpadmpoBaiu c paccTos-
HUST S = 1 M, TIpM 3TOM ILIEHTp Iapa HaXOOMUJICS BOM3M ONITUUECKO OCY OObEKTMBA, TIePIIeH-
JVKYJISIDHOM MJIOCKOCTU 3KpaHa. PazpenieHre MOHUTOPA COCTABISIO 2560 x 1440 muKcesnei,
a JyIMHA IMaroHaau sKpaHa — 32 mioiiMa. Pa3Mepsl CBETOUYBCTBUTEIbHOM MaTPUILbI (OTOATI-
napara 6pUTM paBHBI 23,5 X 15,6 MM. OKa3a10Ch, YTO M300paskeHNe B IIape rOPU30HTAIbHOTO
oTpe3Ka 3KpaHa u3 20 nukcesnei 3aHuMaeT Ha ¢pororpadum uyTh 6osbire 100 Touek mpu pas-
Mepe IJIMHHOI cTopoHbl potorpadum 3000 Touek. OrnpenennTe MO ITUM AaHHBIM (OKYCHOe
paccrosinue F' o6bekTuBa doToarnmaparta. YITuTe, uto F < S, 1 gioiim ~ 2,54 cM.

Ananoruu

1. (7 6amioB) B BakyyMe, B 06/1aCTH, I1ie HET 3apPSIA0B ¥ TOKOB, SJIEKTPUUYECKOE ¥ MAaTHUTHOE IT0JISI
OTMCHIBAIOTCS OAVMHAKOBBIMM C MaTeMaTUUYeCKO TOUKY 3peHust AuddepeHaJIbHIMU ypaB-
HEHMSIMU (C TOUHOCTBIO 1O 3HAKOB U MOCTOSIHHBIX MHOXMWUTEJIEN), TO3TOMY KapTUHBI JIMHUIA
9TUX TI0JIeil BOa/IM OT CTOUHMKOB OYeHb MOX0xKM. Hampumep, HaNPsOKEHHOCTD TIOMST TOYeY-
HOTO 3/IeKTPUUYECKOTO0 AUIIONS (p = qf — IUIONbHBI/ MOMEHT) B TOUKE C pagnyC-BeKTOPOM 7~

naércs popmymnoit
L1 (3F-PF P
E(F) = g
(7) dreg ( o r3 )’

KOTOpasl peBpaiiaeTtcs B GopMyny I MHAYKIMY MarHUTHOTO TOJISI BUTKA C TOKOM (MarHmT-
= >3 0 - R - .
HOTO JUIIONS) IIpU 3aMeHe: F — B, Trer — Z—, P — [ fi = I.STi — MarHuTHbII MOMEHT BUTKA
TEQ ™

IUIOIIAAbIO S C TOKOM I, 77 — BEKTOP €AMHUYHOI HOPMa/IM K IIJIOCKOCTY BUTKA.

PaccmoTpum costeHOU, ¢ KOMM4eCTBOM BUTKOB N (N >> 1) IjiMHOI L, HAMOTaHHbIN AOCTaTOY-
HO TOHKMM MPOBOJIOM BUTOK K BUTKY Ha TOIbI UIAUHAPUYECKIIT HEMarHUTHBIN CepIedHUK
¢ pagmuycom ocHoBaHus R (R < L). Ilo BUTKam cojieHOuaa TeUéeT TOK /.

A1) (2 6amta) Ha 60/bIIOM pacCTOSIHMM OT BUTKOB COJIEHOM/IA €ro I10JIe SKBUBAJIEHTHO IIOJTIO
IBYX (PMKTMBHBIX MAarHUTHBIX 3apsIOB, PACIIOIOXKEHHbBIX Ha TOpIlax cojeHouaa. Halinure mo-
Iy7Tb MAarHUTHOTO 3apsifia () y; T0O60TO M3 TOPLIOB COIEHOMA.
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A2) (3 6amta) Uemy paBHA MHIYKIVS MAarHMTHOTO ITOJISI COJIEHOM A B TOUKe A (CM. pUCYHOK) Ha
paccrossHun b (b > R, b < L) oT ero ocu?

A3) (2 6amta) Haiimyre MHAYKIMIO MAaTHUTHOTO ITOJISI COJIEHOMIA B TOUKeE, JIeXKallleil BHe coje-
HOMJA Ha ero ocy Ha pacctosiHuu h (R < h < L) OT ero topia.

2. (7 6a/U10B) AHAJIOTHIO MOYKHO Pa3BUTh, 00pATMUB BHMMaHME Ha TO, UTO HAIIPSDKEHHOCTb BUXpe-
BOT'O 3JIEKTPUYECKOTO TIOJISI, TTOPOKIAEMOTO M3MEHSIOMIMMCS MarHUTHBIM IT0JieM 6eCKOHeY-
HOTO COJIeHOM/Ia, Ha PaCcCTOSTHUM, MHOTO O60JIbIlIeM pajinyca COeHOM A, OMUChIBAETCSI COOTHO-

I
HIeHMeM, OYeHb MMOXOKMUM Ha hopmyny B(r) = 5L U1 UHOYKIUY MarHUTHOTO MOJISI IIPSIMO-
r
JIMHEMHOTO TPOBOAA C TOKOM / Ha pacCTOSIHUMU 7 OT HETO.
B1) (1 6a/mr) HaliouTe HaNpssKEHHOCTb BUXPEBOTO JIEKTPUUYECKOTO TTOJIST Ha PACCTOSIHUM b OT

OCH OYE€HDb OJIMHHOI'O OMJIMHAPMYECKOro CoJieHOnaa paanyCcoM a b > a), MarHmMTHOeE II0JIe B

KOTOPOM M3MEHAETCs C U3BECTHOM CKOPOCTBIO E

TOHKYIO IMJIMHIAPUUECKYIO TPYOKY C pafyCcOM OCHOBAHMSI U AJINHOM 27 R (R > r) U3 Hemar-
HUTHOI'0 MaTepuajia COTHY/IU B KOJIbL0, HA KOTOpOe Iocie HaMmoTaiu N (N > 1) BUTKOB TOH-
KOTO IMPOBO/ia BUTOK K BUTKY, TaK UTO MOJYYMUIaCh TOPOUAIbHAS KaTyIlIKa. BEIBOABI KaTYIIKA
MO K/IIOYMIIN K CIIeLIMAIbHOMY MICTOYHUKY HAIPSIKEHMSI, B UTOTe TOK B KaTYIIKe B 3aBUCUMO-
CTU OT BpeMeHM Hauajl U3MeHSIThCS 0 3aKoHy I (t) = ki, rae k — M3BeCTHAs IOCTOSTHHASI.

B2) (3 6auta) OrnpemenuTe HAMPSDKEHHOCTh BUXPEBOTO JIEKTPUUYECKOTO TI0JIST B IIEHTPE Topa.

B3) (3 6as1a) Ha rmaBHO¥ ocy Topa Ha paccTosiHUM h OT Hero (h >> R) pacrosiaraeTcsi TO4YeqHbIi
3apsp ¢. Kakasi cua meiicTByeT Ha 3apsif, CO CTOPOHbBI BUXPEBOTO JIEKTPUIECKOTO Mosi?

NcTouHmK: MOCKOBCKas onMMNMAaAa LWKOAbHUKOB No ¢usmke, 2021/22, 3akntoumTtenbHbli 31an, 11 knacc — ycnosus, peleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.
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