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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 €.

Moackaska

[Tpu yoape 1o 171aiKoii 11aibe MMITY/IbC CYITbI HAIlpaB/ieH BAOAb HOpMau. 3aluIInTe 3aKOH COXpa-
HEeHUSI MMITYJIbCa U OTpefie/ieHNe ¢ OTAeNbHO IJIs1 KaXKIOro U3 IBYX YAAapOB; HEM3BECTHBIX POBHO
IBa.

n=2e=0,5.

¥ Konebanus nopHs

B BepTUKAIBHOM IIMJIMHIPE IO [TOPIITHEM MacCo¥ m, CIIOCOOHBIM IBUTAThCS BIOJIb €0 OCK 6e3 Tpe-
HMSI, HAXOOUTCS v MOJIel MaeaIbHOTO ra3a. JlaBjieHue 1 TeMIiepaTypa OKpY>KarloIllero BO3ayXa paBHbI
Py u Tp, Tutoniaab ceueHust yimHapa — S. YaenbHast TeIVIOEMKOCTb ra3a Ipy IOCTOSIHHOM 00béMe
paBHa cy . TeIJIOEMKOCTBIO IVJIMH/IPA U ITOPIIHS MOXHO IpeHe6peub. [IlepBoHavaabHO CMCTEMa Ha-
XOIOUTCSI B paBHOBECUM, TeMIIepaTypa rasa paBHa 7.

1. Cumras mpo1eccol B ra3e KBa3suCTaTUIeCKMMMU, OIIpefenuTe UKINYECKYI0 YaCTOTY MaJbIX CBO-
O0HBIX KOJIeOaHMIA TTOPIIHS B ABYX CJIyYasiX: MPU MOAAepKaHMUM TTOCTOSTHHOM TeMITepaTyphbI
rasa ()7) U B YyCJIOBUSIX TTOHOM TEIUIOU3OAIUMM UuanHapa (2g).
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2. IlycTb Tereps HWIMHIP He M30JIMPOBaH. MOIIHOCTH TeIUIoNepeaauy BCIeACTBIE TEII000MeHa
MeX]y ra30M IO, TOPIITHEM U OKPY>KAIOIIMM BO34YXOM 3aaETCST BbIpaskeHUEeM:

N = B(T — Tp),

roe 7' — TemIiepaTtypa rasa, 8 — u3BecTHbI Ko3duiment. IToxa neiicTBMeM MepmuoaMYIeCKO
BHEIIIHe} CUJIbI TIOPIIIeHb COBEPIIIaeT MaJjible BBIHYKIE€HHbIE KOlebaHMs 110 3aKOHY:

y(t) = hsin(Qt),

rIe y — OTKJIOHEeHMe TOPIIHS OT IOJIOXKeHMsT paBHOBecusl, ocb OY HampaBiieHa BBepx. Uepe3
HEKOTOpOe BpeMsI IToc/ie Havasia JeiiCTBUS CUJTbI YCTaHABIMBAIOTCS MajIble TapMOHMYECKIe KO-
nebaHus pasHocTy temmeparyp AT = T — Ty. Otnipenenure aMILTIUTYIy 9TUX KojaebaHMii v pa3-
HOCTh a3 MekAy KosiebaHUSIMU Pa3HOCTY TeMIIEPATyp M BePTUKAIbHOM KOOPAMHATHI ITOPIII-
HS.

Mopckaska

PaBHOBeCHOe aBeHMe ra3a 3aJlaHo BeCOM MOPIHS 1 aTMocdepoii. [Ijis1 Manblx OTKIIOHEHU THe-
apusyiite cBsI3b AP 1 AV (©30TepMa 1 anuabara), a Ijist BTOpPOro ITyHKTa 3aluIINTe ITepBoe Hauasio
TepMOIMHAMMKM Yepe3 MOIIHOCTY U pellaiiTe [IJik rTapMOHUYECKUX BeJIUYNH, HallpyMep METOI0M
KOMIUIEKCHBIX aMIUIUTYI,.

&3 nocrpoenne

ToHKkast cobuparonias uaeaabHas IMH3a ¥ IVIOCKOe 3epKajio (CM. pUC. 3) pacIooKeHbI ITapaie/IbHO
Ha pacCTOsSIHMM, paBHOM (DOKYCHOMY PacCTOSIHUIO JIMH3BI f. VimeanbHOM Ha3bIBAeTCSl TOHKAS JIMH3A,
B KOTOPOIJ JIt0OBIe TyY!, B TOM UMC/Ie UAYIIYE TIOM OOIbIIMMM YIJIaMU K OIITUYECKO¥ OCH, TPeIoM-
JISIIOTCS KaK MapakcuajibHble (IPUOCEBLIE).

l /

Puc. 3

1. CpeTsmiasics TOUKa HAXOOMUTCS HA pacCTOSTHUM a OT JuH3bI (f < a < 2f) CO CTOPOHBI, IPOTH-
BOITOJIOKHOI 3epKasry. Ha KakoM pacCTOSIHMM OT JIMH3bI PACIIONIOKEHO €€ M300paskeHe B 3TOA
cucreme?

2. Ha puc. 4 moka3zaHo n3obpaskeHne rpeameTa B BUIe OKPY>KHOCTH (TNTOCKOCTb OKPY>KHOCTYM ITep-
TeHAUKYISIPHA [IJIOCKOCTU 3epKaJjia), OoJIyYeHHOe B 3TO ONITUUYECKOoN cucteme. I3BeCTHO, UTO
1300pakeHe COBIIAIAeT C MPeaMeTOM; TOUKM L 1 M, OTMeUeHHbIe Ha puc. 4, IpUHAIIEXAT
JIMH3e U 3epKaly COOTBETCTBEHHO.

Puc. 4
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C mOMOIIbIO UMPKYJIS M JIMHENKM Ha JOTOJHUTETbHOM JIUCTE C YBeIMYEHHBIM PUC. 4 TIOCTPOIITE OM-
TUYECKUIt LIeHTP U Gokychl TnH3bI. [IpuBeauTe 060CHOBaHMEe Balllero MOCTPOeHNs (OMUChIBATD ajl-
TOPUTM CTaHJAPTHBIX TeOMeTPUYECKMX MOCTPOeHMii He TpebyeTcs). [JOMOMHUTEeNbHBIN JTUCT C BbI-
MTOJIHEHHBIM ITOCTPOEHMEM CJIeIyeT CAAThb BMECTe C paboToiA.

Mopckaska

[poviguTe MyTh JTy4a: IMH3A, 3epKajio, CHoBa nH3a. OTpaskeHMe B 3epKajie Ha pacCTOSTHUM f OT JINH-
3bI YIOOHO «pa3BePHYThb» ¥ 3aMEHUTb ITPOXOKIAEHMEM Uepe3 BTOPYIO TaKyio e JTMH3Y.

1) I306paskeHne HaXOAUTCS Ha PACCTOSTHUM 2 f — a OT JIMH3BI (TI0 KPUTEPUSIM OLIEHUBAHUSI OpraHMU-
3aTOPOB); 2) ITIOCTPOEHNE, OTBETA B BUIe (POPMYJIbI HET.

Polyswitch

[InaBKkuit rIpegoXpaHuTeIb — 5TO OJHOPA30BbIi 3alIMUTHLIN 3/1eMeHT. Ero coBpeMeHHO1 MHOropa-
30BOJi aJbTePHATUBOM SIBJISIETCSI CAMOBOCCTAHABAUBAKOIIMIACS TPeIOXPaHUTEND (M3BECTHBIN TaKXKe
riog, HazBaHueM Polyswitch).

B ocHOBe yCTpOIICTBa JIEXXUT NOJIMMEDPHbBI/ MaTepyuaa C MPOBOASIIMMY BKpamaeHusIMu. [1pm moctu-
SKeHUU KPUTUYECKOV TeMIepaTypsl Ty, B MaTepuasie MpoucxoauT ¢hasoBblii Tepexof: MPOBOASIIe
IyTU pa3pyllaTCs, U IeKTPUUYeCKoe COMPOTUBIIEHME YCTPOJCTBA pe3Ko Bo3pacraeT. [Ipu oCThI-
BaHMUM MaTepuaia Hike Ty, CTPYKTypa MIPOBOASILIMX ITyTeli BOCCTaHABIMBAETCS, ¥ COMPOTUBIIEHME
BO3BpalllaeTcsl K UCXOAHOMY HM3KOMY 3HaYeHUIO.

[ToBeneHMe HEKOTOPOr'O CAaMOBOCCTAHABIMBAIOLLETOCS ITPeNOXPaHUTeNIS [TPpeLjiaraeTcs OMUChIBATD C
TOMOIIBIO CJIeYIoNIel yIPOIEHHO Mmogenu. [Ipu TeMmiepaType HUXKe KpUTUIECKON TeMrepaTypbl
Tun = 120°C ero cornpoTuBaeHMe MMOCTOSIHHO U paBHO R; = 1 OM. [Ipu T; OHO cKaukooOpasHO
yBenmumBaeTcsi 10 Ry = 10 KOM 1 IIpu gajbHeiemM HarpeBe He MeHsieTcsl. B camoii Touke ¢a3oBoOro
nepexona (pu T = Ty;) CONMPOTUBIIEHNE MOXKET IPUHMMATD JIF0Oble TPOMEKYTOUHbIE 3HAUEHUS B
nuara3oHe oT 1 Om mo 10 kOm.

C‘IVITaVITe, YTO MOIIHOCTDb TEIUVIOOTAAYM OT IMMPEJOXPAaHUTEJIS B OKPYXXAIOIIYIO Cpeay OIMMCbIBAETCS
COOTHOILIeHneM
P=ao(T-Ty),

roe o = 10 MBT/°C — koadduimenT teroornaun, 7o = 20 °C — TeMrepaTypa OKpysKaloleii cpefpl,
T — TemMIiepaTypa IpegoxXpaHuTes.

1. M306pasuTe cTaTMUeCKYIO BOJbT-aMII€PHYIO XapaKTepucTuKy (BAX) rnpemoxpaHuTessi, CauTasl,
YTO B JII0607 TouKe BAX OH HaXOOUTCS B yCTAHOBMBIIEMCSI TEIJIOBOM PEXKUME.

2. TlycTh mpemoxXpaHuUTeNb MOOKIIYEH K UaealbHOMY UCTOUHMKY ¢ D[C £ = 10 B mociegoBa-
TeIbHO C PeoCTaToM, COITPOTUBIIEHME KOTOPOTO MOXXeT MeHSThCst OT 0 1o 50 OM, 1 KaTyIiKo
MHIOYKTUBHOCTU L. CunTaniTe, YTO MHOAYKTUMBHOCTb KaTYIIKM JOCTATOYHO BeJIMKa, TaK YTO TeM-
JIOBO¥1 6ajlaHC B IMpeIoXpaHuTeNe YCTAHABIMBAETCS TOPa3io ObICTpee, YeM MEHSIETCSI TOK. DTO
TI03BOJISIET ONMMCHIBATh COCTOSIHME TTPeIoXpPaHUTeNsT ero ctatudeckoil BAX B y1060ii MOMEHT
BpeMeHU

CKObKO pabounx TOUEK TeOpeTUUeCKM MOKET Peai30BaThCs B LM MPU pa3IMUHbIX 3HaUe-
HMSIX COMTPOTUBIIEHUS peocTaTa? Kakue 13 3TUX TOUEK SIBISIIOTCS YCTOMIMBBIMY OTHOCUTEIBHO
daykTyarmit Toka B Lernn?

Pabouast TOUKa CUMTAETCS YCTONUMBOI TI0 TOKY, €C/IM IIPY MaJIOM OTKJIOHEHMM TOKA OT 3Haue-
HUS B paboueit ToOuke BO3HMKaWIIAs B Katyiike 3/]C caMOMHAYKIIMY CTPEMUTCSI BEPHYTb 11€1Th
B MICXOJTHOE COCTOSTHME.
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3. Tenepb pacCMOTPUM peajibHYIO Lielb. [IpegoxpanuTeib NOAKIUNIN Yyepes3 K4 I10CIen0-
BaTeJIbHO C Pe3MCTOpoM R K IBYM COeIMHEHHBIM IOC/Ie0BaTeIbHO 6aTapeiikam 3R12 (31C
Kaxpon £ = 4,5 B, BHyTpeHHee conporusienye » = 1 Om). Kakoli TOK yCTaHOBUTCS B LieTN
IOC/ie 3aMbIKaHMs KIo4a, ecin R = 7 Om?

OnuinTe KaueCTBEHHO MPOIIeCChl, TPOMUCXOASIINE B LIeIM IOC/Ie 3aMbIKaHMSI K/Tlo4a, eciiu Co-
MIPOTUBJIEHNE pe3ucTopa paBHO R = 2 OM. YUTKUTe, YTO B ITOM CJIyuae TOK MOKET U3MEHSIThCS
HACTOJILKO OBICTPO, UTO TEMIIepaTypa MpedoXpaHuUTels He OyIeT yCIeBaTh MOACTPauBaThCS
TOJ1, TeKyllee 3HaueHue MOLHOCTMU.

Moackaska

Ha yuacTke da3oBoro nepexosa TeMmneparypa GuUKCMpoBaHa, TO3TOMY BblJe/sieMast MOLUTHOCTb PaB-
Ha MOCTOSTHHOJ MOIITHOCTY Terutootaaum, u U = const. Paboune Touku — nepeceuenust BAX ¢ Ha-
IPY30YHOI MPSIMOJi; yCTOMUMBOCTD OIpeiesieTcsl 3HAKOM CyMMbI R + dU /dI.

1) XonogHasi BetBb U = IRy 1o I; = 1 A, 3aTtem runepbona U = Py/I, tne Py = a(Tys — Tp) = 1 B,
o Is = 10 MA, 3aTem ropsiuast BeTBb U = [ Ry. 2) KpuTuueckue cCOnpoTuBIeHNs peocTtata 25 1 9 Om:
npu R > 25 Om ogHa pabouas Touka, ipu R = 25 Om nBe, ipu 9 < R < 25 OM Tpu, ripu R = 9 Om
nBe, ipu R < 9 OM ofHa; Ha rurep6oJjie 13 IBYX TOUEK YCTOUMBA TOIBKO TOUKA C 6OIBIINM TOKOM.
3) IIpy R = 7 Om ycraHaBauBaeTcs ToK 0,9 A (MpemoxpaHuTeNlb He cpabaTbiBaeT); mpu R = 2 OMm
HavyaJIbHbI TOK 1,8 A, paBHOBeCHS Ha TUIIepboJie HET, BO3HUKAIOT peaKCallMOHHbIE aBTOKOIe0aHMS.

) napaowwmit B Tpy6e Maruut

[Ipu pelteHnM 3TOM 3a4a4y MOTYT OKa3aThCs MOJIE€3HBIMMU (& MOTYT M He 0Ka3aThCsl) HEKOTOPbIE MJIN
BCe 13 MPUBEIEHHBIX HIKEe GOPMYI.

VpaBHeHI/IH OJist OCECMMMETPMYHOTIO MAIrHUTHOTI'O I10JIA B BAKYYME B I_U/IJII/IH,ILpI/IquKOI‘/’I cucremMe Ko-
OpIVHAT:
VOB, 0B. _ 0B, 0B.
r Or 0z ’ 0z or )
CBs3b paL[MaHbHOﬁ KOMIIOHEHTBI BT‘ OCeCMMMETPHUYHOTO ITOJIAA C MAITHUTHBIM ITOTOKOM q)(Z) uepe3
IMCK paguyca R, IeHTp KOTOPOTo JIeXUT Ha ocu OZ B TOUKe C KOOPAMHATOIA 2, a ITIOCKOCTD MepIieH-
OUKYJIAPDHA 9TOM OCH:

1 do
C2rR dz’
OceBast 1 paguasbHasl COCTABJISIIONINE TI0/ISI MarHUTHOTO OUIIOASI C MOMEHTOM m (MOMEHT HallpaB-
JIeH BOob ocu OZ):

B.(R,z) =

Mo m(2z2 — r?)

_ Mo 3mzr
CAm o (224 r2)5/27

B.(z, =
(z,7) A (22 + r2)5/2

By (z,r)

[Tone B 11eHTpe OCHOBAHMSI IOCTOSTHHOTO MAarHUTA IIMIMHAPUYECKOi GopMbI (paanyc OCHOBaHMS a,
BBICOTA h, MaTHUTHBIV MOMEHT m):

Hom

© 2ma2va? + k2

3HavyeHMst HEKOTOPBIX HECOOCTBEHHbBIX MHTETPAJIOB:
00 2 [e8) 2
x*dr o x*dr  bmw
o (@2+a®)*  32d° o (#2+a?)® 25647
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1. PaccMOTpMM TOHKOE KOJIbLIO paauyca R, U3TOTOBIEHHOE 13 IIPOBOJIOKM cedeHueM S (S < R?

-
[TpoBomMMOCTb MaTepuasa Kojblia (BeIMUMHA, OOpaTHas yIeJIbHOMY COIPOTUBJIEHUIO) 0 = —
P
u3BecTHA. Ko/b1io ABUKETCS C OCTOSIHHOM CKOPOCTBIO v BLOAb OCU (7, KOTOpas COBIAlaeT C
OCbIO CMMMeTPUM MarHUTHOTO TIOJISl ¥ caMoro Kosblia. CunuTasi u3BeCTHBIMU QYHKUMY B, (z, 1)
" B,(z,r), 3apai01iye 0CeBYI0 U PaAyaabHyI0 KOMIIOHEHTbI MarHUTHOM MHAYKUWY, HAiouUTe

cumny, HEﬁCTBYIOHlym Ha KOJIbIIO B TOYKe C KOOp,E[MH&TOffI Z.

2. B Hauaje KOOpAMHAT 3aKpeIIéH HeOOIbIIO MarHUT ¢ MOMEHTOM m, HallpaBJIeHHbIM BJIOTb
ocu OZ. Bmomnb 9TO¥ ke 0CU ABVSKETCSI OUeHb JIJIMHHASI TOHKOCTeHHas Tpyba pagmyca R ¢ To-
MHOM cTeHKM d (d < R). Och TpyObI cCOBIIagaeT ¢ ocbio 07, a €€ CKOpOCTh v MOCTOSTHHA. Ma-
Tepuas TpyObl MUMeET MPOBOAMMOCTD o. OTIpeennTe CYTy B3auMOIEeCTBIS TPYObl M MarHUTA.

3. B BepTukanbHOIt MengHO Tpybe (R = 1 cM, d = 1 MM) MMaiaeT COOCHBIN Tpybe UMINHAPUYe-
CKUI1 HEOIMMOBBII MarHuUT (paguyc OCHOBaHUS a = 0,5 €M, BbICOTa h = 2a). CIIyCTS HEKOTO-
poe BpeMsI OC/Ie Havajla NaJeHusi CKOPOCTb MarHUTa CTAHOBUTCS MOCTOSIHHOV. Omipenenure
3Ty YCTAaHOBUBIIYIOCSI CKOPOCTb, CYUTAS UTO OJIe BHE MAarHuUTa COBMANAET C MOJieM TOUEUHO-
rO JUIIOJNSI, PACIIONIOXKEHHOTO B €ro LieHTpe U 001aaiollero Tem ke MarHUTHbIM MOMEHTOM.
CorpoTuBIeHNEM BO3yXa MOKHO IMpeHeOpeub.

[II0OTHOCTh MaTepuaia MarHuTa py = 7,4 r/cM?, mpoBoguMMOCTs Meay o = 5,8 - 107 (Om-m) L.
Maruut co3maér rose By = 1 T B IIleHTpe CBOero 0OCHOBaHMsI. YCKOpeHMe CBOOOIHOTO IMaieHMSsT
g =10 m/c?.

Mopackaska

S[IC B KOJblle HAMAUTE TI0 CKOPOCTU M3MEHEHMS ITIOTOKA, BbIPAa3UB €€ yepe3 3, Ha IIPOBOJIOKeE; CHUjTa
Amriepa Ha KOJIbLIO HallpaBjieHa BIOIb OCU U CO3LAETCS MMEeHHO paauaabHO KOMIIOHEHTO IOJIS.
Tpy6y pa36eiiTe Ha KOJbIla TOIIIMHON dz ¥ IPOUHTETPUPYILTE.

1) F = 27 R oS B2v, cuia TopMo3ssiiast (Harpas/ieHa IpoTUB CKOPOCTH).

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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