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MOCKOBCKASA OIMMNUALA LWWKOJIBHUKOB MO ®U3UKE

MOLL, 2025/26, 3aknouutenbHbik 3T1an, 10 knacc

KuHeMaTHueckoe noctpoeHue

[T1ockuii IMCK BpamiaeTcs BOKPYT CBOel OCY CMMMeTPUM, 3aKpeIyIEHHOM BepTUKaabHO. Touku A u
B nipuHapjiexkaT aToMy aucky. Ha puc. 1 n306paskeHbl BeKTOpP YCKOPeHMSI TOUYKM A ¥ BEeKTOP CKOPO-
CTY TOYKM B. VI3BeCTHO, UTO BEKTOP YCKOPEHMS TOUKM B JIEKUT Ha MPSIMOIA, TOKa3aHHO Ha puc. 1
ITyHKTUPOM.

A

aa

1. C moMOIIIbI0 IMPKYJIS U JIMHENKYU TTOCTPONTE BEKTOP CKOPOCTU TOUKM A ¥ BEKTOP YCKOPEHMS
TOUKM B, KpaTKO 060CHOBAB BBIIIOJIHEHHOE MTOCTPOeHME (OMMChIBATh CTAHAAPTHBIE ITOCTPOe-
Hus He TpebyeTcs). [Ipy mocTpoeHUn coOMIOIaNTe TPOMOPLUMOHATBHOCTD: IJIMHBI OTPE3KOB,
1300paskalonx BEKTOPBI (HAIpUMep, CKOPOCTH), TOKHBI COOTHOCUTBCSI HA PUCYHKE TakK 3Ke,
KaK MOJY/I COOTBETCTBYIOIINX (DMU3MUECKUX BEJIMUYMH.

IMocTpoenns B 3agayax 1 1 2 BBHITOIHSIOTCS HA BBIJAHHOM JOITOJHUTEILHOM JIMCTE, KOTOPbII HEOOXOAMMO
cmaTh BMeCTe ¢ paboToii.

OnTHuyeckoe NocTpoeHue

Ha puc. 2 n3o6paskenbl Tpu Touku O, S 1 So, neXkaliye Ha omHOM mpsimoit. Touka O SIB/ISIETCS OITTH -
YeCKMM LIEHTPOM MIeaJbHOI COOMparoleii TMH3bI, a TOUKU S; U Sy — UCTOUYHMKOM U ero u3obpa-
SKeHMEeM B 3TOJ JinH3e. MeaqbHO Ha3bIBAeTCSI TOHKAS JIMH34a, B KOTOPO¥ JII0ObIE JTyUM, B TOM YMCIIe
UIyIIMe 0 OOIBIIMMM YITIaMM K OIITUYECKO¥ OCH, TIPEJIOMIISIIOTCSI KaK rapakcuaibHble (puoce-
BbI€).

o) 5, S,
_5

Puc. 2
1. C moMoIuIbi0 HMPKYIIS U JIMHENKYU OTlpesesnTe ToJIoKeHMe Givokaiiiiero K S; GpoKyca JTMH3bI B
crydae, korga npsimast 0.51.S5 SIBISIETCS €€ TIIaBHOM OMTUYECKOi 0ChIO.

2. TloctpoiiTe reomeTpuueckoe Mecto Touek ('MT), B KOTOPBIX MOXKET pacIiojaraTbCsl OOUH U3
(bOKyCOB 3TOJt TMH3bI, €CIU TMOJNIOKeHNe e€ IMTaBHOM OMTUYeCKOi OCU B IJIOCKOCTYM PUCYHKA
MPOU3BOJIbHO.

KpaTko 060CHYy#iTe BBITIOJIHEHHbBIE TTOCTPOEHMS (CTAHIAPTHBIE TOCTPOEeHMS 060CHOBAaHMS He Tpeoy-
I0T).
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B3 Co6wum smutTepom

BunonspHslii npn-TPaH3UCTOP — TMOTYIIPOBOIAHMKOBBIN MPUOOP C TpeMSI BBIBOAAMM: IMUTTEPOM,
KOJIJIEKTOPOM ¥ 6a30#1. OTU BbIBOAbI 0003HAUEHbI COOTBETCTBYIOIIMMM OyKBaMM Ha Cxeme, IpuBe-
IEHHOI Ha pUC. 3, TIe MOKa3aHa cxeMa yIIPOIIEHHOTO YCUIUTEIbHOTO Kackaaa Ha TpaH3uUCcTope. JTa
cxeMa IpeiHa3HaueHa 1151 yBeauueHus aMIIUTYIbl CUTHAa, TO eCTh IIepeMeHHOI COoCTaB/sIoN el
BXOJIHOTO HamnpspkeHusi. Eciiv Ha BXOA, MOJA€ETCs HaNIpsKeHMe BUa

rae Us (HampspkeHye cMelleHus 6a3bl) U w (KPyroBast 4acToTa) — IMOCTOSTHHbIE BeJIMUMHBL, a U] — aM-
IUVIMTYOa CUTHAJA, TO HaIlpsi>)keH)e Ha BBICOKOOMHOM Harpyske Ry, MOOK/IIOYEHHONM K BBIXOIY (MeX-
Iy SMUTTEPOM U KOJUIEKTOPOM), TAKKE COLEPSKUT IMMOCTOSHHYIO U TIepeMeHHYI0 cocTaBstoue. [Ipu
9TOM BBIXOJHO CUTHAJ MMEeT MPaKTUUeCKM CUMHYCOUIATbHYI0 GOpMY (MCKaskeHMsT OObIYHO He Ipe-
BBIIIAIOT HECKOJIbKMX IIPOLIEHTOB), @ ero aMIuinTyaa Us B HECKOJIbKO pa3 IMpPEeBBINIAeT aMIUIUTYAY
BXOIHOTO curHasna Uj.

OCHOBHOM XapaKTep]/ICTI/IKO]‘/JI YCUJINTEJIbHOT'O KaCKaaa ABJ/IS€TCA KOB(b(b]/ILU/IEHT YCUMJICHNA T10 HAIIpA -

Us

JKEHMI0O — MOAYJIb OTHOIIEHNVA aMIIJIMTY BBIXOOHOI'O 1 BXOOHOI'O CMTHAJIOB! KU = i

1

[TycTh HaNpsDKeHue CMeleHus 6a3bl M aMILIMTYIA BXOAHOIO CUTHAIAa PaBHbI COOTBETCTBEHHO Uy =
0,7 Bu U, = 0,2 MB.

BxopHast xapakTepuCTUKa TPAH3UCTOPA, TO eCTh 3aBUCUMOCTh TOKA 06a3bl [ OT HATIPSIKEHUST MEXKITY
6a3oit 1 smutTepoMm Us,, 3a0aETCSI COOTHOIIEHNEM

Ig = Iy, - 10(7212)

3nech Ur = 0,06 B, Isy = 5 MKA. [Ij1s1 HarMsiIHOCTM Ha pUC. 4 IpUBeHEH rpaduK 3TOM 3aBUCUMOCTU
111 HATIPSDKeHMIA, OMM3KUX K HATIPSIKeHUI0 CMelleHMsT 6a3bl.

I, MKA
25 —
T
T
2,0

0,696 0,698 0,700 0702 Ugs, B
Puc. 4
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3aBUCUMOCTH TOKA KOJIJIEKTOPA [y OT HATIPSIKEHMSI MEXKIY KOJUIEKTOPOM U SMUTTepoM Uy, B paccMart-
pUBaeMoJi 06J1aCTV TOKOB M HaIPSDKEHMIA ITapaMeTPUYecKy 3aBUCUT OT TOKa 6a3bl [ ¥ OTIVIChIBAETCS

dbopmymnoit
I = 200 - I <1 + U"“’) ,

Ua

roe Uy = 100 B. CompoTusieHne peocrata R B cxeMe Ha pUC. 3 MOXET U3MEHSITbCS OT 1 KOM 1o
10 kOM, HampsKeHMe UaeaaTbHOTO UcTouHMKA Uy = 9 B. Tok uepe3 HarpysKky Ry IpeHeOpeskuMo MaJj
10 CPaBHEHMIO C TOKOM KOJIJIEKTOPA.

1. Ompenpenute OJis1 KpaiHUX 3HAYEHMI COTIPOTUBJIEHMSI peoCcTaTa TOK KOJeKTopa Ixg B OTCYT-
CTBME BXOIOHOIO IlepeMeHHOro curiana (U; = 0).

2. KosdbdunyeHnt ycunenus no Toky K; = Ix/Is Ipu 3aAaHHBIX [TapaMeTpax ¢1ab0 3aBUCUT OT
ToKa 6a3bl. Onpenennute K; ¢ TOYHOCTHIO He Xyske 1,0% mipu R = 5 KOM.

3. Kakue 3HaueHMS MOXeT MPUHUMATDb KO3GOULIMEHT yCUIeHUsT 110 HampsikeHnio Ky ? YKakuTe
TPaHMIbI BO3MOYKHOTO JIMaria3oHa ¢ TOYHOCThIO He Xyxke 2,0%. B paMKax JaHHOI MO TaKast
TOYHOCTD JOCTVKMMaA JTaske C YIETOM MaJIbIX MCKaXKeHMT BBIXOIHOTO CUTHAJIA.

[TpumeuaHue. Bo3MOKHO (HO He 06513aTeNbHO), TPY PelIeHnM BaM OHanoouTcst popmysia st TPOM3BOLHOM
dyskumn f(z) = 10” B TOUKe 2 = 20: (10%)| , =In10-10% ~ 2,302585 - 10"°.

T=T

O 6ycHHKe U rpyse

Ha rmazgkoe npoBOIOYHOE KOJIbLO paguyca R, 3aKperuiEHHOe B BepPTUKAIbHO IJIOCKOCTU, HacaXXeHa
MaJieHbKast MacCUBHas 6ycMHKa Maccoii m. K 6ycMHKe MPUKPEIUIEH OOMH KOHEI TOHKOM HepaCTsKu -
MOJ1 HeBeCcoOMO¥ HUTH (CM. puC. 5). JIpyroii eé KoHell ITPOoIyIlleH uepe3 MaJeHbKU MaeanbHbI OJ10K
U TIPUKPEIUIEH K I'Py3y Maccoii km, rae k — MOCTOSTHHbIN Ko3(duieHT. BIOK 3aKpeIyiéH B TOUKe,
Jiexallleil Ha TOpM30HTaIbHOM JiaMeTpe Kosblia. [TosokeHre 6YCMHKY Ha KOJIblie XapaKTepu3yeTcst
YIJIOM ¢ MEXIY HalpaBIeHMUsIMM Ha 6JI0K M Ha OYCMHKY M3 IIeHTpa KOJbIIa.

Puc. 5

1. Iycts k& = 1/+/3. Onpemenure yron (MM YIJIbI), COOTBETCTBYIOMIMIA MONOKEHNUIO PABHOBECHS
OyCUHKM.

B HavasbHBIII MOMEHT BpeMeHM OyCMHKe, HaXOMASIIIECsT B IMOJ0KEeHUM YCTOMUMBOTO PaBHOBECHS,
COOOIIAIT yAapOM CKOPOCTh v, HAIIPAaBJIEHHYIO BIOIb KOJIbIIA B CTOPOHY OT 6y10Ka. IIpy KakoM Mu-
HMMAaJbHOM 3HAY€HUU CKOPOCTU ¥ = Vpjn OYCMHKA CMOXKET AOCTUUb 6JI0Ka, IBUTAsICh BCE BpeMsl B
OOHY CTOPOHY (IT0 YaCOBOJ CTpeKe)?
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2. TIpu KakuX 3HaUEeHUSIX ITapamMeTpa k Ha KOJIbIle OTCYTCTBYIOT TOUKM, B KOTOPbIX OYCMHKA MOT/Ia
6bI HAXOAUTHCSI B COCTOSTHUM YCTONYMBOTO PAaBHOBECHSI?

3. IlycTb Temepb MeXIy 6YCMHKO 1 ITPOBOJIOKOI eCTh TpeHue, a Ko3ah OUIMEeHT TpeHMs 3aBUCUT
OT yriia Kak p = tg(p/2). CyiiecTByeT Ju sl CIyvasi paBHbIX Macc (k = 1) MoNoXKkeHue yCToii-

m .
YMBOI'O paBHOBECUS, IIPU KOTOPOM ¢ € (0; 5)? Haiinyite 310 nososxkeHue (MU MOMOXKEHVS)
WU OOKAKUTE, YTO UX HE CYIIECTBYET.

PasMmepamu KpeIuieHus KoJblia, 6J10Ka, GYCMHKY U IPy3a MOKHO MpeHe6peub. HUTh 1OCTaTOYHO IJIMHHA, TaK
YTO IPY3 HE CTAJKMBAETCS C OJIOKOM IIPU OBMsKeHUM 6ycuHKM. Ha puc. 5 mpomopiny M3MeHeHbI IS HaluIsi -
HOCTM. YCKOpeHMe CBOOGOIHOrO MageHs PaBHo g.

3 B notoke

B 3agaue paccmatpuBaeTcs 3 dekT KOHAeHcalUuy BOASHOTO Mapa B 06/1acTsIX MOHMKeHHOTO JjaBiie-
HMSI, BO3HUKAIOIIMX TTPU 00TeKaHUM MPEeTSITCTBUIT MOTOKOM BJIQKHOTO BO3ayxa. BaiencTBue 3Toro
acddekra B6IM3Y 3aIHEI KPOMKM KPbUTHEB U BIOJIb (hI03esika CaMoJIETa MOKET BO3HMKATh TaK Ha-
3bIBA€MBIi1 «ITaPOBOJ KOHYC».

Ianee paccMaTpMBaEeTCs CTallMOHAPHOE afiyabaTueCcKoe TeueHe HeBSI3KOro M/IeaJbHOro rasa. T
MO/Ipa3yMeBaeT, YTO [apaMeTpPhl [IOTOKA B KaXK/I0ii TOUKe HeM3MEeHHbI BO BpeMeHM, TEIJIO0OMEH OT-
CYTCTBYET, a BHYTPEHHMM TPEHMEM MOKHO ITpeHeOpeyb.

v o

Uuciom Maxa M = — Ha3bIBaeTCs OTHOILIEHME CKOPOCTU IOTOKA v B HEKOTOPOM TOYKE K CKOPOCTU
C

3BYyKa ¢ B TO1 ke Touke. CKOPOCTb 3ByKa ompepessieTcss GopMyoi

~YRT
o

. cp 7 . .
Bosmyx cunraiiTe uaeasbHbIM ra30M C IIOKa3aTejeM aauadaThl v = — = ¥ Y MOJISIPHOV Macco¥i y =
cy
29 r/MoJb. AgyabaTuuecKuii MpoLecc OMUChIBaeTCsl ypaBHeHMeM Pp~ Y = const, roe P — maBjeHue,

a p — IJIOTHOCTb.

Taxke cunTaiTe U3BECTHBIM COOTHOILIEHME, BhIpaXKalolllee 3aKOH COXpaHeHMs SHePrun Aj1sl CTalu-
OHApHOTO IOTOKA (ypaBHeHMe bepHy/UIM [IJIs1 CKMMaeMOro ra3a):

v2  epT

— + —— = const.

2 %

1. CaMoOn€ET JIeTUT B BO3AyXe C TeMIiepaTypoit Ty = 295 K u gasnenuem Py = 101,325 kIla. B cu-
cTeMe OTCUETa CaMOJIETa CKOPOCTh HaberarIero MoToka BAAIN OT HETO COOTBETCTBYET UMCITY
Maxa My = 0,35. [Ipu 06TekaHUM KPbUIbeB ¥ HEKOTOPBIX yacTeli (ro3essiska CKOPOCTh BO3LyXa
YBEIUUUBAETCS, JOCTUTAsT MAaKCMMAJIbHOTO 3HAUEeHMS, COOTBETCTBYIOIIEro Mpyax = 0,5.

[Tpy KaKOM MaKCYMMaJbHOM 3HAUYE€HUYM OTHOCUTETbHOM BIaKHOCTH (omayx OKPYIKAIOIIETO BO3/IY-
xa 06pa3oBaHMe MapoBOro KOHYCa HEBO3MOXKHO? 3aBMCUMOCTb JaBJieHNsI HaCbhIIIeHHOTO rTapa
BOJIBI OT TeMITIepaTyphl IIPeiCcTaBlIeHa Ha pPUC. 6.
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McTouHuk: MockoBckas onMMnuaza WKoNbHWKOB no dusmke, 2025/26, 3aknountensHblid 3tan, 10 knacc — ycnoBus, pelleHus.
3apaum nepeHabpaHbl Ha botay.pro, peweHns — No oduLMaNbHbIM.
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