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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2025/26, 3aknouutenbHbiM 31an, 11 Knacc

Heynpyrue yaapbl

B Teopuu ymapa CTOIKHOBEeHMe TeJl XapaKTepusyeTcs: KoagguyueHmom eoccmanosneHus e. OH paBeH
OTHOILIEHUIO MOAYJIEH MPOEeKIINii OTHOCUTETbHOI CKOPOCTY TOUEK KOHTAKTa Ha O6IIyI0 HOPMaJIb I10-
cle ¥ 10 yaapa. B ;aHHO 3ajaue CUMTAETCs, UTO e 3aBUCUT TOIbKO OT MaTepuaa Tej.

MasneHbKas IaaKasi maiba Maccoit m, IBMKYIIAsICS CO CKOPOCTBIO v, CTAJIKMBAETCS C TAHTEJbIO U3
IBYX OJMHAKOBBIX ITIAAKNUX IIai0, KaXkaast M3 KOTOPbIX MMeeT Maccy nm. [l1aitbbl coeqMHEHBI SKECT-
KM HEBECOMBIM CTepskHeM. IIpu ymape nmepreHauKy/IsSIpHO CTepKHIO (puc. 1) HajeTalomias maiiba
TI0CJIe CTOJIKHOBEHMSI OCTaHaBMBaeTcs. [Ipy ymape BOoJIb OCY CTEPKHS B OOHY U3 I1ait6 (puc. 2) Ha-
JeTalomas maiba OTCKakMBaeT B IPOTUBOIONIOXKHYIO CTOPOHY CO CKOPOCTBIO v /5.
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1. HaiiguTe OTHOIIEHME MACChI IIaii6bl TaHTEINM K Macce HajeTalollei maiobl n 1 KoahduimeHT
BOCCTAaHOBJICHUS €.

Kone6anus nopiuHs

B BepTUKaIbHOM LVJIMHAPE IO ITOPITHEM MacCOii 1m, CITIOCOOHBIM IBUTAThCS BAOJIb €r0 0CY 6e3 Tpe-
HMSI, HAXOOUTCS v MOJIelt uaealbHOTO ra3a. JlaBjieHye 1 TeMIiepaTypa OKpy>KaroIero Bo3/1yXa paBHbI
Py u Ty, ruiommaab cedyeHus HUaMHapa — S. YaelbHas TeIIOEMKOCTb ra3a Ipy IOCTOSSHHOM 06bEMe
paBHa cy . TeII0EMKOCTbIO IIMAMHIPA U TIOPLITHS MOXKHO MpeHebpeub. [lepBOHAUaIbHO CUCTEMA Ha-
XOOUTCSI B paBHOBECUU, TemIlepaTypa rasa paBHa 7j.

1. Cuurad npoiieccsl B ra3e KBa3uCTaTUUECKUMU, OTIpele/INTe UKINIECKYI0 YaCTOTY MaJIbIX CBO-
60HBIX KOJIe6aHMIi TTOPIIHS B ABYX CJIydasix: MpU MOAAepKaHMM TTOCTOSTHHOM TeMIIepaTyphbl
ra3a (1) U B yCJIOBUSIX TTOJTHOM TETUIOU30AIUUN UuauHapa (2g).

2. IlycTb Tereps HWIMHIP He M30JIMPOBaH. MOIIHOCTH TeIUIONepeaauy BCIeCTBYE TEII000MeHa
MEeX]y ra30M I10J, TOPIIHEM U OKPY)KAIOIMM BO34YyXOM 3a4aETCST BbIpasKeHUEeM:

N = B(T - Tp),

roe 7' — TemrepaTrypa rasa, 8 — u3BecTHbI Ko3dbuiiueHT. ITox neiicTBMeM MepuoanyYecKoit
BHEIIIHe} CUJIbI TIOpIIIeHb COBEpPIIaeT Majible BBIHYKIeHHbIe KOlebaHMs 110 3aKOHY:

y(t) = hsin(Qt),
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I7e y — OTKJIOHeHJe IOPIIHS OT ITOJIOXKEeHMSI paBHOBeCHs, ocb OY HalpasiieHa BBepx. Yepe3s
HEKOTOpOe BpeMs [10C/Ie Hauasla geiiCTBUS CUIIbl YCTaHABIMBAIOTCS MaJjible TapMOHMUUYECKYe KO-
nebaHus pasHoctu temmeparyp AT = T — Ty. Onipefenure aMILTUTYLy 9TUX KormebaHMii U pa3-
HOCTb (ha3 MexkIy KoneGaHUSIMM Pa3HOCTU TeMIIepaTyp ¥ BepTUKAIbHOV KOOPAMHATHI TIOPIII-
HSL.

E3 Nocrpoenne

ToHkast cobuparonias uaeaabHas IMH3a U IVIOCKOe 3epKajio (CM. pUC. 3) pacIoIoKeHbI ITapaie/IbHO
Ha pacCTOsSIHMM, paBHOM (hDOKYCHOMY PacCTOSTHUIO JIMH3BI f. VimeanbHOM Ha3bIBA€TCSl TOHKAS JIMH3A,
B KOTOPOIJ JIt0ObIe Ty4Yl, B TOM UMC/Ie UAYIINe TIOM O0IbIIMMM YIJIaMU K OIITUYECKO¥ 0CH, TPeIoM-
JISIIOTCS KaK MapakcuajibHble (IPUOCEBLIE).

l /

Puc. 3

1. CBeTd1asics TOUYKa HAXOOUTCSA HA PACCTOSAHUMU a OT MUH3bI (f < a < 2f) CO CTOPOHBI, IIPOTU-
BOITOJIO’KHO 3epKajry. Ha KakoM pacCTOSTHUM OT JIMH3bI PACIIOIOXKEHO e€ M300paskeHue B 3TO
cucreme?

2. Hapwuc. 4 nokasaHo n306paskeHue mpeaMeTa B Bie OKPYKHOCTU (TIJIOCKOCTb OKPY>KHOCTU T1ep-
MMeHAVKYISIPHA IIJIOCKOCTU 3epKaJjia), ToJIydeHHOe B 3TOM ONTUUeCKol cucTeme. I3BeCTHO, UTO
1300pakeHe COBITAAET C IIPeAMETOM; TOUKM L U M, OTMeUYeHHbIe Ha pUC. 4, IpUHaaIexXaT
JIH3€e U 3epKay COOTBETCTBEHHO.

Puc. 4

C 1oMOIIIbI0 LIMPKYJISI U TMHEVKM Ha JOTOJTHUTEIbHOM JIUCTE C YBeIMYEeHHBIM PUC. 4 TIOCTPOIiTe OT-
TUYECKMIi LIeHTP U QOKychl MMH3bI. [IpMBennTe 060CHOBaHME Balllero MoCTPoeHusl (OMMUChIBATh all-
TOPUTM CTAHIAPTHBIX TEOMETPUYECKMX ITOCTPOEeHMIT He TpebyeTcs). [JOMOMTHUTENbHBIN JIUCT C BbI-
MOJIHEHHBIM TTOCTPOEeHMEM C/Ie[lyeT CAaThb BMecTe ¢ paboToii.
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Polyswitch

[InaBkuit nipenoxpaHuTe/lb — 5TO OGHOPA30BbIi 3alIUTHBIN 371eMeHT. Ero coBpeMeHHOI MHOropa-
30BOJ1 aJIbTEPHATUBOI SIBJISIETCS CAMOBOCCTAaHABINBAIOLIMUIACS NIPefOXPaHUTeNb (M3BECTHDIN TaKKe
o, Ha3BaHueM Polyswitch).

B ocHOBe ycTpoJicTBa JEXUT MONMMEPHbII MaTepual C IPOBOASIIIMMY BKparuieHusmMu. [1pu goctu-
SKeHUM KPUTUUECKOI TemMIiepaTypsl Ty, B MaTepuase mpoucxoauT dha3oBblii epexos,: TPoBOasIIe
MyTY Pa3pylIaloTCs, M IeKTPUUECKOe COMPOTUBIIEHME YCTPOIICTBA Pe3KO Bo3pacTaeT. IIpu ocThI-
BaHUM MaTepuasa HIKe Ty, CTPYKTYpa MPOBOASIIINX ITyTel i BOCCTAHABIMBAETCS, ¥ COITPOTUBIIEHME
BO3BpAIaeTCs K MICXOAHOMY HM3KOMY 3HaU€HMUIO.

IToBegeHMe HEKOTOPOTO CAMOBOCCTAHABIMBAIOIIETOCS ITPEeNOXPaHUTES IpeajIaraeTcs OIMChIBaTh C
TMOMOIIbIO CJIEAYIOLIEN YIIPOIEHHON MoAenn. [Ipu TeMIiepaType HMKe KpUTUUECKON TeMITEpaTypPhl
Tun = 120°C ero conpoTuBjIeHME MTOCTOSIHHO U paBHO R = 1 OM. IIpu Ti; OHO CKauKOOOpas3HO
yBeIUUMBAETCs 10 Ry = 10 KOM M ITpu IaibHeIeM HarpeBe He MeHsieTcs1. B camoit Touke ¢a3oBoro
nepexopa (mpu T' = Tj;) COMPOTUBIIEHME MOKET IMTPUHMUMATD JTI00bIe ITPOMEKYTOUHbIE 3HAUEHUS B
nuamna3oHe oT 1 Om go 10 kKOm.

CI—II/ITa]‘/JITe, YTO MOITHOCTD TEIVIOOTAAUYM OT IpeaoXpaHMTeIsd B OKPYXKAIOIIYIO Cpeay OIIMCbIBAETCA
COOTHOILIEeHnemM
P = a(T - T0)7

roe o = 10 MBT/°C — koaddunment rernoornaun, 7y = 20 °C — TeMnepaTypa OKpysKalolieii cpefpl,
T — TemIiepaTypa mpegoXpaHuTes.

1. M306pa3uTte cTaTMYECKYIO BOIbT-aMIIepHYIO XapakTepucTuKy (BAX) mpegoxpaHuTens, cCauTas,
YTO B /1060 TouKe BAX OH HaXOIUTCS B YCTAaHOBUBIIEMCS TETUIOBOM PeXMMe.

2. TlycTh mpemoxXpaHuTeNb MOOKIYEH K UaealbHOMY UCTOUHMKY ¢ D[C £ = 10 B nmocienosa-
TeJIbHO C PeOCTaTOM, COIIPOTUBIIEHME KOTOPOTO MOXKeT MeHSIThest OT O 1o 50 OM, 1 KaTyIIKO#
UHOYKTUBHOCTU L. CunuTaiiTe, YTO MHAYKTUBHOCTD KATYIIKM JOCTATOUHO BeJIMKa, TaK UTO Tell-
JIOBO¥1 6ajlaHC B MpeJoXpaHuTeNe yCTaHABIMBAETCS TOPa3io ObICTpee, YeM MeHSIeTCSI TOK. DTO
TTO3BOJISIET OIMCHIBATh COCTOSIHME TMPEIOXPAHUTENSI ero cTaTuueckoii BAX B /106071 MOMEHT
BpeMeH!

CKOJIbKO pabouMx TOUEK TeOPeTUUECK MOXKET Peayn30BaThCS B LMY PV Pa3IMIHbIX 3HaUe-
HUSIX CONTPOTUBIIEHMS peocTaTa? Kakue 13 3TUX TOUEK SIBJISIIOTCS YCTONUMBBIMY OTHOCUTEIHHO
dayKTyaIrmit Toka B Lemnn?

Pabouast TOUKa CUMTAETCS YCTONUMBOI TI0 TOKY, €C/IM IIPY MaJIOM OTKJIOHEHMM TOKa OT 3Haue-
HIS B paboueii Touke BO3HMKAIOIIAs B KaTyiike IIC caMOMHIYKIIUY CTPEMUTCSI BEPHYTbD 11€1Th
B MICXOJTHOE COCTOSTHME.

3. Terepb pacCMOTPUM peasibHYIO 11ellb. IIpeloXpaHuTeNb MOAKIIOYMIN Yepe3 KU MOocIen0-
BaTeJIbHO C pe3McTopoM R K IBYM COeIMHEHHBIM IOCIefoBaTebHO 6aTapeiikam 3R12 (9[C
Kaxaon £ = 4,5 B, BHyTpeHHee conpoTtuBieHue r = 1 Om). Kakoil TOK yCTaHOBUTCSA B LieNu
rocjie 3aMbIKaHMsI KJIio4ua, eci R = 7 Om?

OnuimTe KauyeCTBeHHO MPOIeCChl, TPOUCXOSIIME B eI MOc/Ie 3aMbIKaHMsI K/Il04a, eCly Co-
MIPOTUBJIEHME pe3yucTopa paBHO R = 2 OM. YUTKUTe, UTO B 3TOM C/Tyuae TOK MOKET U3MEeHSIThCS
HACTOJIbKO OBICTPO, UTO TeMIlepaTypa IMpegoXpaHuUTesis He OyAeT ycIreBaTh MOACTPauBaThCS
MOJ, TeKylee 3HaueHue MOLUHOCTMU.
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3 napaowwmit B Tpy6e Markut

I[Tpu pelieHMM 3TOI 3aIauM MOTYT OKa3aThCs MOJI€3HBIMM (4 MOTYT 1 He 0Ka3aThCsT) HEKOTOPbIE WK
BCe 13 IIPUBENEHHBIX HIKE (POPMYII.

YpaBHeHMS OJ151 OCECUMMETPUUYHOTO MAarHMTHOTO I10JISI B BAKYyMe B LIMJIMHAPUYECKON CUCTEME KO-
OpOVHAT:

10(rB,) 0B, 0B, 0B,
r Or 0z 0z or
CBs13b paiMa/bHOV KOMIIOHEHTHI B, 0CeCMMMETPUYHOTIO I0JIsI C MaTHUTHBIM NIOTOKOM P(z) yepe3
IUCK paguyca R, eHTP KOTOPOro JIEXKUT Ha 0cu O Z B TOUKe C KOOPAUHATOM z, a INIOCKOCTD IepIieH-
IVKYJISIpDHA 3TO OCK:

1 do
C27R dz’
OceBas 1 pagvasibHas COCTABJSIONIME T10JISI MarHUTHOTO OUIIO/SI C MOMEHTOM 17 (MOMEHT HarlpaB-
JieH BOoyb ocu O Z):

B.(R,z) =

~po m(22% —r?)

Mo 3mzr
CoAm o (224 12)5/27

Bz(Z,T) = T . 7(22 n 7-2)5/2.

B, (z,r)

[Tosne B 1leHTpe OCHOBAHMS MOCTOSTHHOTO MarHUTa UVIMHAPUYECKO hopMbl (pagunyCc OCHOBAHMS a,
BBICOTA h, MAarHUTHBI MOMEHT m):

Hom

© 2ra2vVa? + A2

3HavYeHUsI HEKOTOPbIX HEeCOOCTBEHHBIX VHTETrpaloB:

/Oo % dx o /°° 2% dx _ bm
o (#2+a?)*  32a5° o (z2+a2)P  256a7

1. PaccMOTpUM TOHKOE KOJIbLO paguyca R, U3rOTOBIEHHOE 13 IIPOBOJIOKM ceueHueM S (S < R?).

By

1
[TpoBOAMMOCTb MaTepMasa Koiblia (BeJIMUMHA, 0OpaTHAS yIeIbHOMY COITPOTUBIEHNIO) 0 = —

p
m3BecTHa. Kosb1i0 ABUXKETCS C IIOCTOSIHHOM CKOPOCTBIO v BOAb 0cu O Z, KOTOpasi COBIIaAaeT C

OCbI0 CMMMeTPUM MarHUTHOTO TIOJIST ¥ caMoro Kosblia. CunuTasi u3BeCTHbIMU QYHKUUY B (z, 1)
" B,(z,r), 3apai011ye 0CeBYI0 U pauaabHyI0 KOMIIOHEHTbI MarHUTHOM MHAYKUUY, HAOUTE
CUITY, IeJICTBYIOIIYIO Ha KOJbIIO B TOUKE C KOOPAMHATOM 2.

2. B Hauajie KOOPAMHAT 3aKPeIIéH HeOOIbIIO MarHUT ¢ MOMEHTOM M, HallpaBJIeHHbIM BJIO/Ib
ocu OZ. Biomb 3TO¥ ske 0CU IBMKETCS OYeHb IJIMHHAsI TOHKOCTeHHas Tpyba paauyca R ¢ ToJ-
MYHOM cTeHKM d (d < R). Och TpyObI cOBIIAgaeT ¢ ocbio OZ, a €€ CKOpOCTh v MOCTOSTHHA. Ma-
Tepuas TpyObl MMEeT IMPOBOAMMOCTD o. OTpenennTe CUITy B3aMMOIeCTBYSI TPYObI M MarHUTA.

3. B BepTuKambpHOI MemHO Tpyoe (R = 1 cM, d = 1 MM) MMafiaeT COOCHBIN Tpybe UMINHAPUYE-
CKMI1 HEOIMMOBBI MarHUT (paauyc OCHOBaHUS a = 0,5 ¢M, BbIcOTa h = 2a). CITyCTS HEKOTO-
poe BpeMsI Moc/ie Havasa MaJeHusi CKOPOCTh MarHUTa CTAHOBUTCS TOCTOSTHHOV. Omipeenure
3Ty YCTAHOBUBILIYIOCS CKOPOCTb, CUMTAs YTO IOJIe BHE MarHuTa COBIaAaeT C IOjieM TOYEeUYHO-
TO JUTIONSI, PACIIONIOKEHHOTO B €ro LieHTpe ¥ 06/IafaloIIero Tem ke MarHUTHBIM MOMEHTOM.
ComnpoTuBIeHNEM BO3yxXa MOKHO IMpeHeopeub.

[II0THOCTh MaTepuana MarHuTa py = 7,4 r/cM?>, mpoBogUMOCTb Meay o = 5,8 - 107 (Om-m) L.
Maruut co3maér rmoje By = 1 T B IleHTpe CBOero OCHOBaHMs. YCKOpPeHye CBOOOIHOTO IaieHMSsT
g = 10 m/c?.

NcTouHmk: MOCKOBCKas onMMNMaga LWKOAbHUKOB No ¢usmke, 2025/26, 3akntoumTtenbHbli 31an, 11 knacc — ycnosus, peleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.
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