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MMeHU H.D. BaymaHa (HauMoOHasbHbIM MUCCNIeAoBaTeNIbCKMM YHUBEPCUTET)»

OT6opounblii 3Tan OauMnuaabl MKOJILHUKOB «IIar B Oyaymee»
IMpodpuin: «Dusnka»
Kaacc yyacrus: 11

Bapuant 3aganus: 1

3anaua 1. ¢ dexr «emuymen rajgepemw.

B kpyrnoil wactm 3ana craHmuum meTtpo MasikoBekas paaumyca R = 15 M
HaOmogaeTcss 3PQekT «uenyymeil ragepen». 3BYK OT HCTOYHHMKA Yy CTEHBI
pacnpocTpaHsieTcs BAOJb IEPUMETPA 3a CYET MHOTOKPATHBIX OTpakeHui, (hopMupys
CTOsAYy10 BOJHY. [IpuHATE cKOopocTh 3ByKa B Bo3ayxe v = 340 m/c; cpenHss yactoTa
menora v = 2000 I'm.

Onpenenure: IMHY 3BYKOBOW BOJIHBI; YMCJIO IOJIHBIX OTPa)XEHUW, KOTOPOE
COBEpPIINT 3BYKOBasl BOJIHA, 000151 381 IO OKPY>KHOCTH OJIMH Pa3; BPEMsI, 33 KOTOPOE
BOJIHA COBEpPLIAET OJIMH MOJIHBII 00XO0/]1 3aja.

ABTOp COBETYET MPOBEPUTH 3HAMEHUTHIA aKyCTUUECKUU >PPEKT Ha CTaHLHUH
MasikoBckass MOCKOBCKOTO METpPO: BCTaHbTE JIMIIOM K OJHOW W3 KOJIOHH (TOYTH B
yIOp) U MPOIIENYUTE YTO-HUOYIb B HEE, Baml criyTHUK MyCTh B 3TO BpeMsl IPUOIU3UT
yXO K KOJIOHHE HAIlpOTUB, OH JOJDKEH yCHbIIaTh Bammu ciioBa, IIpU 3TOM HUKTO B
LIEHTPE 3aJ1a HE YCIIBIIIUT HU CJIOBA.

OtBer:

1. Jlmmua Bomuel L =0,17 m

Jnmuna ctostueit BosiHbl 0,085 M

2. Yucno nomueix otpaxenuit N = 1108
3.  Bpewms oanoro ooxomat =0,277 ¢

Kpumepuu ouyenusanusn

Kpumepuu bann
Hatinena qimHa BOJIHBI 2
Haitneno Bpemst ogHoro ooxonaa 2
Haiineno koim4uecTBo OTpaxeHU! 4
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3anauva 2. [IpykMHHBINA apaI0KC.

B 1887 rogy Ha 3acemanuu JIOHZOHCKOrO KOPOJIEBCKOTO
oOmiecTBa paspasuiics ckanpan. MzoOperarens Dnmyna Tsurrc
OOBSBUII, YTO MOKAXKET «UyJA0 MEXAHUKH, OTIPOBEPTraioliee 3APaBblii
cMbic». Ero ammapar 6w npoct: «HeGombIimoit rpy3 maccoir m

IMOABCHICH K IIOTOJIKY C ITOMOIIBIO TpGX HCPACTAKUMBIX HUTEH U

JIBYX OJMHAKOBBIX MPY>KUH KECTKOCTHIO K (cM. pucyHok). Hutu Nel

m

u Ne2 nposucarot, a Ne3 HaTsiHyTa.»

«Ecnu s mepepexy 3Ty HUTh, - 3asiBUJ TBUTTC, yKa3biBast HA HUTh Ne3, - Tpy3 He
YHAJET, a OCTAaHETCS Ha MecTe!» 3ait pa3pasmics X0X0ToM. CIplaniucy BOCKIUIAHUS:
«bpen!», «IIpoTuBOpeUnT 3aKOHAM TpaBUTALUN ! »

B HekoTopblii MOMEHT TBUTTC HEBO3MYTHUMO JIOCTAJI HOKHUIBL. .. IIENK! U HUTH
Ne3 mepepesana. Korma cucrtema BHOBB IpHUILIA B PAaBHOBECHE, OKa3ajoCh, YTO
ITOJIO’KEHHE TPy3a OTHOCUTEIBHO MOTOJIKA HE U3MEHUIIOCH.

TBurrc noknonwmics: «l'ocnoga, 370 HEe Marusi. ITO NPYKUHHBIA TApaIOKC!»
JIr000i1 U3 Bac MOKET MOBTOPUTH ATOT HKCIIEPUMEHT, a TENEPh OCTAJIOCH TOJIHKO HAUTH
ey d HuTH Ne3.

Cuutarh, YTO OTHOCHUTENbHAs JedopManus B HAYAIBHOM IOJOKEHUU
coctasisieT 20% oT jymHbl HUTH Nel, a iymnabl HenegopmupoBaHHbIX HUTEH Nel 1 No2
OIMHAKOBBI, U COCTABIAOT 150% mnuH HpyXKMH B HEPACTSIHYTOM MOJIOKEHUU.

["opH30HTANBHBIMU CMEIICHUSIMU TTPEHEOPEYb.
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OtBeT: d = - g

Kpumepuu ouenusanusn

Kpumepuu bann
Onucansbl MOJ0KEHUS PABHOBECHUS B HAYAJIbBHOM M KOHEYHOM CIIyYae. 2
Haiinens! paccTosiHHS OT MOTOJIKA 10 TPY3a B HAYAJIBHOM U KOHEYHOM 4
ITOJIOKEHUH, C YUYETOM IIEPBOr0 MYHKTA.

Paccuurana jyivHa HUTH d, HO 1ONYILEHBI BEHIYUCIUTENbHBIE OMIUOKU C 6
YYETOM IIPEABIIYIIUX TYHKTOB.

IIpencraBiieHO MOTHOCTBHIO BEPHOE PEILLICHHUE. 8




depepanbHoOe rocygapcTBeHHOEe aBTOHOMHoOEe
o6pa3oBaTesibHOE yuype>kaeHue BbiCluero o6pasoBaHMA
«MOCKOBCKMM roCygapCTBEHHbIM TeXHUUYECKMM YHUBEpCHUTeT

W s
\Q‘\g MLATY
=
1830
3 % OJIMMIMUAOA LWKOJNTIbHMNKOB «LUAI B BYOVLLIEE»
MR

MMeHU H.D. BaymaHa (HauMoOHasbHbIM MUCCNIeAoBaTeNIbCKMM YHUBEPCUTET)»

3agaua 3. [lapagokc 60J1b1I0T0 TeJIA.

[Ipu pemeHnu 3ama4, B3aUMOJEHCTBYIOUIMX Tell C  CYIIECTBEHHO
pa3INYaoIUMMKIC MaccaMu, HW3MEHEHHEeM 3HEpPIruu Tejia OoJblIed Macchl 4acTo
npenebperator. OpHako, Takoe JIEiCTBHE HE Bcerga BO3MOXKHO. llpencramisiem
Bamemy BHUMaHUIO «T1apaioKc OONBIIOTO Teay, IIe BCe H3MEHEHUS SHEPTUN UMEIOT
3Ha4YeHUE.

3a mnpepenamu ConHEYHOW CHUCTEMBl YYEHBIMH OOHApyX eH OOBEKT,
JOBUXKYIIMCS co ckopocThio 30 kM/c. IIpeanonaraercs, yTo 0ObEKT ObUT 3ayILIEH C

3emiu. HpH PacucTe MUHHUMAaJIbHOMU CKOPOCTH 3aIlyCKa HC 3a0bBIBaliTE O ImapaaoKce.

OtBeT: vy = 24,6 KM/C

Kpumepuu ouyenueanusn

Kpumepuu bann
[IpuBeneno pemienue 6€3 yuera B3aumoaeicTBusi ¢ COHIIEM. 3
[IprBeneHO HEMOJIHOE PENIEHUE C YUETOM B3aumoaenucTBus ¢ ConHueM 6

(HanmpuMep, OTCYTCTBUE 3aKOHA CJIOKEHHSI CKOPOCTEN U OpOUTANIbHOM
CKOPOCTH 3eMJIH)

[IprBeneHO HEMOJIHOE PENIEHUE C YUETOM B3aumoaenucTeus ¢ ConHueM 9
(Hampumep, OTCYTCTBHE 3aKOHA CIOKEHUSI CKOPOCTEN MM OpOUTAIIbHOM
CKOpPOCTH 3€MJIN)

[TonHOCTBIO BEpHOE pellieHHe (BO3MOXKHA MOTPEIIHOCTh BBIUUCICHHUN HE 12
6oee 10%)
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3anaua 4. ¢ dekr pocra KoJsiedaTeTIbHBIX ABUKEHUH MOJIEKY.I.
Jlaboparopusi TemnoGusuKu paspabaThiBaeT  p ‘
HOBBIM THUI Ta30BOro  TerjaooOMeHHuKa. [is
UCIIBITAHUM UCIIOJB3YETCSl ABYXaTOMHBIM Ta3 B 2 .
kosmuecTBe BemiecTBa 0,1 MoJib. JlaHHBIN a3 MOXKHO ,
CUMTATh UAcanbHbIM. [Ipy KOHTpOIUPYEMOM HAarpeBe 3

raza MCHOJIb3yIOT HEJIMHEWHBIN MPOLECC, B KOTOPOM P B

TEIJIOEMKOCTh ~ IPOMOPLMOHAIbHA  A0COJIOTHOM .

TeMIlepaType Tra3za, YTO BO3MOXHO 3a CUET pOCTa V

KoJieOaTenbHbIX JBKEeHUI MoJiekyJl. [ToBeieHe Teria OcCTaHaBIUBACTCS, KaK TOJIBKO
TEIIOEMKOCTh JIOCTUTAET 3HAYEHHUS TeINIOEMKOCTH MTOJIUTPOIMYECKOTO poriecca p/V =
const. [lo pe3ynpraram 3KCEpUMEHTa MOCTPOEH MPUMEPHBIN rpaduK 3aBUCUMOCTH
naBiieHus OoT oObema (ToukamMu 1 U 2 0003HAYEHBI Hayajao0 M KOHEI M3MEPECHUH,
IMYHKTUPOM IIPOBEJIEHAa TEOPETHYECKas 3aBUCHMOCTh 0€3 MPOBEJACHHBIX M3MEPEHUM).
OlleHMB JaHHBIE, PACCUMTANUTE KOJMYECTBO TEIUIOTHI, MOJYUYEHHOE Ta30M, a TaKKe
COBEPIIICHHYIO UM PabOTy M 3aBUCHUMOCTh TCIUIOEMKOCTH OT TemIepaTypbl. KoneuHas

temmneparypa raza TO0.

OTtBerT:
T

1. YpaBHeHue g TerioéMkocTu C = 3R :
0

11
2. KosimyecTBO TenyoTel: Q = ZRTO

3. Paborarasa: 4 = %RT0

Kpumepuu ouyenueanus

Kpumepuu bann
Halinena HauanbHas ¥ KOHEUHAS TEIJIOEMKOCTD, 4 TAK)KE HadaIbHas 3
TEMIIEPaTypa, MOJy4eHa 3aBUCUMOCTh TEIUIOEMKOCTH OT TEMIEPATYPBHI.
CocTaBiieHO BEpHO ypaBHEHUE I TEIJIOEMKOCTH Tipouecca. Haiineno 6
KOJIMYECTBO TEILIOTHI.

[TosryyeHbl OTBETHI C BEPHBIM MCITOJIB30BAHUEM 3aKOHOB, HO €CTh 9
apu(hMETHICCKHUE ONTHOKH.

3ajaya pelreHa MojJHOCThIO C YUYETOB BCEX MPEbIAYIINUX MTyHKTOB 12
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3anava S. @orosrddexr.

B 2010 rogy Obu1o OY€eHB 3aCyLLIMBOE J€TO. BHE3amHO HaJ OrOopo/IoM HAIIEeTo
UHKEHEPA PACIOJIOKUIOCH OENOCHEXKHOEe KydeBoe obnako. M Oyayun 4denoBeKoM
CMEKAJIUCTHIM U OBICTPBIM HHXKEHEP MPUIYMAIT CTIOCOO MPOTUTH )KUBUTEIBHYIO BOTY Ha
kaptodenbpHoe mone 100 m - 100 M ¢ momompio dororddexra, UCToONB3ys Jazep.
HalimuTte xapakTepUCTHMKM HEOOXOAUMOTO Jazepa (4acToTa, [JIMHA BOJHBI,
MHUHHAMAJIbHAsE MOITHOCTh) M KOJIMYECTBO OCAIKOB, BHINIABIINX Ha TOJIC WHXKEHEpA B
MM/4.

Jlanubie 00 oOnake: MUHUMAabHAs SHEPrusi, HEOOXoAUMas JJi OTpbIBa CaMOTO
00pa30BaHO 3a CYET OXJIAK/ECHHUS BO3/1yXa, HACKIIIIEHHOT0 BOAsiHbIMU nlapamu oT 300 C
1o 100 C, rae mnotHocTH HacklmeHHbIX mapoB p(300) = 0,0303 kr/m3, p(100) = 0,0094
kr/m3; pazmep obsaka 100 m -100 m -100 M; nuameTp kamau Boasl d = 3 MKwM;
PacCTOsIHUE OT 3€MJIM JI0 00JIaKka 2 KM.

Jonymenus:

[lycte Kaxnplii (OTOH BHIOMBAET U3 KaIlIM OJHUH DJIEKTPOH; CKOPOCTb
nepemenienus yazepa v = 10 M/c; paccesHUeM M MOTJIONIEHUEM W3IIyYeHHS J1a3epa B
atMocdepe npeHedpedb; TEIECHBIN yro jJa3zepa (pacXoIuMOCTh Ja3epHOro Mmyyka) ) =
1 Mkcp.

JIOTIOTHUTENIBHBIN MAaTEMAaTUYECKHUH aIlapar:

TenecHblil yroa paBeH OTHOLICHUIO IJIOIIAM OCBEIIAEMOro MsTHa Ha cdepe K

KBaJpaty paauyca chepbl; TeJIECHBIC YT U3MEPSIOTCS B CTepaguaHax [cp].

OrtBer

1. Yacrora u qiwHa BOJHEI Jazepa: v = 3,045 - 101> I'y
A= % ~ 98,5 HM — YOD-uamna3on

2. MounocTts na3epa: P = 0,006 Bt

3. KoauuectBo ocagkos: 15 = MM/,

3ajadya UMEET HECKOJbKO BapHAaHTOB PEIICHUS B 3aBUCHUMOCTH OT BBEIACHHBIX
JOITYICHUM.
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Kpumepuu oyenueanusn

Kpumepuu bann
PaccunTana yacTtora ja3zepa v IJTMHA BOJIHBI. 4
PaccunTana MOIIHOCTB J1a3epa ¢ HEKOTOPBIMH YITYIIICHUSIMU (HAIpUMep, 8
BBIYHCIIUTEIbHBIE OITMOKH), C BHIMOJIHEHUEM MPEIbIIYIINX MYHKTOB.

PaccunTano KoIM4EeCTBO OCAAKOB, C BBHIITOJHEHUEM MPEIbIAYIIUX TyHKTOB 12
[IpencraBiieH OJIMH W3 MOJHOCTHIO BEPHBIX BAPUAHTOB PEIICHUSI. 16
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3ana4a 6. I ekt armochepnoii peppakuum.

3peHre dYacTo OOMaHBIBa€T HAC: TIEPEBOpPAYMBAECT MHP BBEPX HOTAMH,
npuOIMKAET PHIOOK B BOJE, MEHSET I[BETa U IOMOTAaeT BHJETh CaMble KpacHUBbBIC
KapTUHBI 3aKkaTa. Bo3myx HE OAHOPOJEH, €ro MJIOTHOCTh MEHSIETCA C BBICOTOW, YTO
3aCTaBISIET COJHEYHbIE JYyYd «Orudath» 3eMIIt0, TO3BOJISISE BHUIIETh H300pakeHHE
Connila, Korja, Ha camMoOM JI€Jie, OHO YX€ CKPBUIOCH 3a TOPU30HTOM, M3-3a SIBJIICHUS
atMocepHoil pedpakunu. Paccunurtaiite paccTosiHUe OT IIEHTpa 3eMJIU, HaXOAsICh Ha
KOTOPOM YEJIOBEK MOKET YBHJIETb COOCTBEHHYIO CIUHY (Ha JTaHHOM paCCTOSHUU
CBETOBBIC JIy4YHM JBUXKYTCS TMapauieIbHO 3€MHOW TMOBEPXHOCTH, COBEpIIAsl IMOJHBIM
000pOT BOKPYT IIJIAHETHI).

Cuurate TeMmmepaTypy IOCTOSSHHOW BO Bcex ciosx Bosayxa T = 293 K;

3aBUCUMOCTH KO3 (UILIMEHTA IPEIOMIIEHUS OT BBICOTHI h HajJl MOBEPXHOCTHIO 3EMIIU:

h
n—1=Mmy—1)e H,raeH = %’ no = 1,00029 ko3 punrieHT npenomiieHus y

MOBEPXHOCTH 3eMIIM; L - MOJISIpHas Macca Bo3ayxa; R — yHuBepcanbpHas razoBas
MTOCTOSIHHAS; g — YCKOPEHHUE y TIOBEPXHOCTH 3EMIIH.
OtBer: Paccrosnue ot neHTpa 3emiau R = 6398637 m

Kpumepuu ouenusanusn

Kpumepuu bann
3anucana BepHO (hopMyJia IOKA3aTeNs MPEIOMIIEHUS CPEIbl/3aKOH 6
IpeoMJICHUS ¥ HaliJieHa MPOU3BOIHAS OT KOA(D(HUIIMEHTA MPETOMIICHHS T10
PaCCTOSIHHUIO.

ITonmydena 3aBUCUMOCTB 1 - T = cONst 12

Paccunrtano paccrosiHue ot eHTpa 3eMIId ¢ HE3HAUYUTEIbHBIMH OlTnOKaMu.| 18

[IpencraBieHo nMoIHOE BEPHOE PELICHUE. 24
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3agaua 7.

TexHOIOrM4ecknue MpoLEeCChl MU3TOTOBICHUS HCKYCCTBEHHBIX KPUCTAJIOB
JIOIYCKaloT 00pa30BaHue U «3aTBEp/IEBaHUE» IMy3bIPbKOB Ia3a B TOJIIE KpucTamia. B
3TOM CJly4ae KaueCTBO U BO3MOXKHOCTH IPUMEHEHUSI KPUCTAJUIMYECKOTO ONTUYECKOTO
Marepuaga OLEHHUBAETCS, B TOM YMCJE, UCXOAS U3 €ro My3bIPHOCTH, T.C. HAIUYUS U
pa3MepoB My3bIPHKOB. JlJI1 OLIEHKH OTOM XapaKTEPUCTUKU OOBIYHO HCCIEAYIOT
IJIACTUHKHU, OTPE3aHHbIE OT KpUCTauia, KOTOpbIE, MPOCBEYMBAIOT MOIIHBIM
WCTOYHUKOM M3JIyueHHs (CBeTa), a Jajee ONTHYECKUMH METOJaMU OIPEeIstOT

HHTCPCCYIOMUC XaPAKTCPUCTHUKHU, B HACTHOCTHU, HAJINYHNC ITY3BIPBKOB.

VY3Kkue napaienabHble Ja3epHbIe MyYKH C JUAMETPOM CeueHus d =
107°M, pacmpocTpaHssich B HCCIELYEMOM BEIIECTBE C IMOKA3aTENEM

npenomiieHus n = 1,46, MOTyT BCTpedaTh Ha CBOEM ITyTH ITy3bIPbKH ras3a

C TIOKa3aTesieM MpeaomiIeHus, OJu3KuM K ny = 1. Ha BeIxoje U3 MojaocTu
nydok pactupsiercs. Omnpenenure HEOOXOIUMYI YyBCTBUTEIBHOCTH Kk z[éTeKTopa,
ONPENEIISAIONIEr0 OTHOWIEHUE NHAMETPA CEYEHUsS JIA3EPHOTO Jyda MOCJE BBIXOAA W3
MOJIOCTH K €ro TNepBOoHauajgbHOMY mauamerpy. CuuraiiTe, uTto (Qopma ITy3bIpbKa

chepuueckas, a ero 1uameTp, paBubiii D = 0,2 MM, COBIIaJIa€T ¢ OChIO JIyua ja3epa.

Pentenue:
[Iycte OP u O,P; — paguycel na3zepHoro mydka Ha
P, £_02\

BXOJIE M Ha BBIXOJAE COOTBETCTBEHHO. Jlyu mocie
MPOXO0XKAEHUS MOJIOCTH TMOMAaAaeT u3 Touku P B Touky P, a

9
00,=D — nuameTp nosioctu (my3sipbka), C — ieHTp cdepsl,

oP 2:107°

U3 YCIIOBUS BUIHO, YTO = = 0,005 << 1. Yron

P

00, 2-2:10~%

@ — yroJj naacHuysd J1y4da Ha I'paHUIy ITY3bIPbKa, a 1 — YI'0JI

npenomiieHus. M3 ycnoBus 3TH yIUIBl SIBISIOTCS MaJIbIMH, ¢
no3ToMy paccrosiaueMm O;0; MOXKHO TpeHeOpeyb U CUUTATD,

4YTO JAHHBIC TOYKH COBIIaAAIOT.
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3anuiieM 3aK0H IPeIOMIICHUS

sin ¢
sin ¢4

s ManeIX yrioB sing ~tan@ = ¢ = @ = % (1)

1
R
n
d
s

Torna ¢, = ne. (2)

3anuiieM M3 PUCYHKA CBS3b JUAMETPOB BXOJISIIETO M BBIXOJSIIETO ITYYKOB,
o6o3naunB OP=d;

Takxke tan @ =

Gl pk.3
2 - 2 1 '( )
Janee naiinem yron PiPK, cuuras, uro PK=D:
tan(p, — @) = %, cienoBarenbio P; K =~ D(¢@, — ¢).

C yuerom (1) u (2)
d
P.K=Dngp —¢@)=Dp(n—1) = DB(n— 1)=dn—-1).(4)
[ToncraBum (4) B (3)

dy =d+2d(n—1).
TOI‘II& HCKOMas 9YYBCTBUTCIIbLHOCTD JACTCKTOPA
d
k=71= 14+2(n—-1).
k=1+2(146—-1) = 1,92.

OtBerT: YyBCTBUTCIBHOCTD JCTCKTOPA JOJDKHA OBITb k = 1,92

Kpumepuu ouenueanusn

Kpumepuu bann
CdopmynupoBaHa pacuéTHas cxema (B TOM yucie, rpadhuyeckn), 5
BBIJICJICHBI ¥ TIPABWJIBHO (DOpPMaATM30BaHbI BCE HEOOXOUMBIE (PU3UUECKHEC

3aKOHBI

CocraBieHa cucteMa ypaBHEHUN U MaTeMaTU4YeCKasi MOJIEIIb 5
BepHO yuTeHbI TeXHUYECKHE TTapaMeTPhl, XapaKTCPUCTUKH M OTPAaHHYCHUS 5
[IpoBeneHsl pacyeTsl, ITOJIYy4YE€H BEPHBIN OTBET, Pa3yMHBINA C TOUKHU 3PEHUS S
(bu3HUecKoro cMpIcaa
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