TEOPETHUYECKUM TYP
13 suBaps 2015 roga

CHauyaJjia, nmoxajyiicra, NpoYnTaiTe cieayee:

Teoperuueckuii Typ coctout u3 Tpex 3aaad. [IpogomkurensHocTh Typa 4 daca.
[Tonp3yiTeCh TOJNBKO TOM PY4KOM, KOTOpas Bam npenocrasieHa.

Jlnst pacueToB Bel MOKeTE MCIIOIB30BaTh CBOM KalubKyssATOp. Eciin cBoero y Bac Her, Torna Bel
MOXETE MOMPOCUTH €T0 Y OPTAHU3ATOPOB OJIMMITHAJIBI.

Bam npenocraBnensl uncteie UCThl Oymaru u Jlucmul ona 3anucu (Writing sheets). Yuctoie
JUCTBI OymMard TpeJHa3HA4YeHbl Ui YEpPHOBBIX 3ammceil, uX Bbl MOXeTe HCIOJb30BaTh IO
Bamemy ycmoTpenuto, onu He nipoBepsitorcs. Ha Writing sheets cnemyer 3anmuchiBaTh peLICHUS
3aa4, KOTOpble OyIyT OIEHEHBI MpHU MpOoBEpKe paboThl. B pemeHmsx kak MOXHO MEHbIIE
WCTIONB3YHTE CIIOBECHBIE OmMHCcaHWs. B OCHOBHOM BBI JODKHBI WCIOJIB30BaTh ypaBHEHUS,
yuciia, OyKBeHHbIe 0003HAYEHUS], pUCYHKU U TpadUKH.

Hcnonb3yiiTe TOIBKO TUIEBYIO CTOPOHY Writing sheets. 11pu 3anucy He BBIXOAUTE 3a MPEIEIbI
OTMEYEHHOW PaMKH.

Pemenne xakmo#t 3a1aum ciielyeT HAUMHATH C HOBOW cTpaHullsl Writing sheets.

Ha xaxnom ucnons3oBanHoM Writing sheets, B OTBEIEHHBIX JJIs1 3TOTO T'padax, HeoOX0IUMO
ykazatb Bamy ctpany (Country), Bam xon (Student Code), nopsiaKOBBIII HOMEp 3aJauu
(Question Number), Texymuii Homep Kaxaoro jmcra (Page Number) v TIOJIHOE€ KOJUYECTBO
JINCTOB, MUCMOJIb30BAHHBIX NpU pemieHnu Bcex 3anay (Total Number of Pages). Ecnin Bel He
XOTHTE, YTOOBI HEKOTOPHIE MCIIOIb30BaHHbIE Writing sheets ObUIM BKIIIOUEHBI B OTBET, TOTJA
NepeyepKHUTe UX OOJIBIIMM KPEeCTOM Ha Bech JIUCT M He BKJIIOYaiiTe B Bamn nmoacuér mosnHoro
KOJIMYECTBA JIMCTOB.

Korpaa Bol 3akonunTe paboTy, pa3ioxkuTe BCe JIUCTHI B CIEAYIOIIEM MOPSAKE:

e [IponymepoBanHsbie no nopsanky Writing sheets;

e UepHOBBIE JHUCTHI;

e Heucmnonb30BaHHbIE JIUCTHI,

e (OTtneyaraHHbIE YCIOBUS 3aa4U
[Tonoxwute Bce IUCTHI OyMaru B KOHBEPT U OCTaBbTE HA cTOJE. Bam He pa3peliaeTcsi BHIHOCUTh
HUKaKue TUCThl OyMaru u3 ayJuTOpHUH.



3agaya 1 (7 0a/10B)

JUist pereHnst KaX1I0M 4acTH UCIIOIB3yHTE CrielialbHbIe, BBIAAHHBIC BaM OJaHKH, HAa
KOTOPBIX BBITOJIHUTE TpeOyeMble IOCTPOCHHUS.
Omnwucanue 3TUX TOCTPOCHUH, a TAK)KE PACUEThl MPOBEIUTE HA ITHX K€ OJIaHKaXx.

3agaua 1.1 (2.0 0aa1a)

Tpu HEOONBIMX MOJIOKUTEITBHO 3apSHKCHHBIX IIapHKa (BEIMYMHBI 3aps0B Pa3IHYHbI)
Macchl KOTOPBIX PaBHBI M, 2m, 3m, CBSA3aHbl HEPACTSHKUMBIMHU HEIPOBOSIIUMH HUTSIMH, TaK, YTO
LIApPUKHU HAaXOJATCSI B BEPIIMHAX IPABWIBHOTO TpeyrojbHUKA Aq, A,, A3 (cM. 6iank Nel.l). Ilocne
TOTO KaK HUTH, CBSI3BIBAIONINE IIAPUKH, TIEPEXKTIIN (BO3MOXKHO, HE OJHOBPEMEHHO) HIAPUKHU CTAIIN
pasneraTbes, 0CTaBasCh B 0AHOM mtockocTu. Ha 6manke Nel.1 mokasans! nosnoxenus B; u B, aByx
[IIAPUKOB B HEKOTOPBI MOMEHT BpeMeHH. C TIOMOIIbI0 TE€OMETPHUYECKUX IMOCTPOCHUI HaimuTe
MOJIOKEHHE B3 TpeThero mapuka B TOT )K€ MOMEHT BPEMEHH.

3agaua 1.2 (2.0 6aa1a)

Ha Onanke Ne 1.2 B norapupmuyeckom macmrade (Py,V;, — HEKoTOpble MOCTOSIHHbBIE
BEJIMYMHBI) TPUBEJICHBl MPAMOJIMHENHbIE TpaduKU JBYX MPOIECCOB, COBEPIIAEMBIX HJI€AIbHBIM
IByXaTOMHbIM ra3zoMm. [locTpoiite rpaguk HUKIMYECKOro Mpollecca, JEKAIEro MEXAYy STUMHU
NpsIMBIMU, KOTOpbI mmeeT MakcumanbHbli KIIJI. Ha Omanke yka3zaHbl KpallHUE TOUYKH 3TOTO
UKIa A, — TOYKa MUHUMAJIBHOTO 00beMa, A; — Touka MakcuMmanbHOro oobema. Haimure KIT/]
3TOTO LUKJIA.

3angaua 1.3 (3.0 6aa1a)

Ha Onanke Nel.3 moka3zaHbl MOJIOKEHHUS TOYEYHOTO MCTOYHMKA CBETa S M €ro M300pa)keHus B
ToHKOU smu3e S'. 00; — TIiaBHas ONTHYECKAas OCh JTOM JMH3BL IloCcTpoiiTe HM300pakeHHe
TOYEYHOT'O0 UCTOYHHKA S, CO3JJaBAEMOE ITOM K€ JIMH30M.

3amaya 2 Cocyna ¢ Bonoii (7 6a/1/10B)

B uumuHapudeckuii  cocyn  MOMEPEYHOTO
ceuennss S = 0.500 M> wu BbicoTOM h = 0,500 M
4yepe3  IePMETHUYHYI0  KPBIIMIKY  BEPTHKAIBHO
BCTAaBJICHA OTKpHITas ¢ O0OOWMX KOHIIOB TpyOKa
mmHor L = 2,00 M, Tak 4YTO HWKHHHA KOHEI]
HEMHOT'0 He JIOXOAMT J0 JHA cocyaa. B cocyn uepes L
TpyOKy  HaIMBAlOT BOJY IUIOTHOCTBIO p =
1000 kr/m3 kak nokasaHo Ha pucynke. Ilnomanp
ceueHus: TpyOKH MHOTO MEHbIIE TUIOMAAN CEUYECHUs
cocyla, a MaTepuanl CTEHOK CcOCylda XOPpOIIO
MPOBOJUT TeIUI0. ATMOC(EpHOE IaBJICHHE PaBHO
po = 1,01-10°Ila, Temmeparypa OKpyxamomero Bo3ayxa paBHa T, = 293 K, yckopenue
cBOGOIHOTO MajieHus paBHo g = 9.80 m/c?.

1. [2,0 6anna] Haiigure BBICOTY YpOBHS BOJIBI B COCYZIE X = X B TOT MOMEHT, Korja Tpyoka Oynet
MIOJIHOCTBIO 3amojiHeHa BojoH. OTBeT BbIpasuTe 4epe3 po,p,d,h,L u Haiiiute ero 4McieHHoe
3HAUYEHHUE.

CreHku cocyna W TpyOKHM MOKPBIBAIOT MaTepHalioM, KOTOpBIA HE MPOBOIUT Terwio. Bozmyxy
BHYTPU COCYJa HAa4MHAIOT COOOLIATh TEIUIO JOCTATOYHO OBICTPO, TaK YTO BOJA HE YCIEBAET
IIPOrpeBaThCs.

2. 10,5 6anna] Haiinure 3aBUCUMOCTB JIaBJICHUS BO3/yXa B cocyne p(x) kak ¢pyHKIHIO oT X. OTBeT
BBIpa3uTe 4epes Py, P, 9, L, x.



3. [1,0 6anna] Haiinute 3aBHCHMOCTD TemImepaTrypsl Bo3ayxa B cocyne T (x) Kak (yHKUIHUIO OT X.
OtBert BbIpasute uepes Py, P, g, L, x.

4. 11,0 6amna] Haiimure no kakoil Temmeparypsl Ty, HEOOXOOMMO HarpeTh BO3/AYX, YTOOBI OH
MOJHOCTBIO BBITECHWJI BOJY W3 cocyna. OTBET BbIpazuTe 4epe3 Py, P, 9,L, Ty W Hailnure ero
YUCJICHHOE 3HAYCHUE.

5. [2,5 6anna] Haligure koJMYeCTBO TEIUIOTHI (J, KOTOPOE HAIO COOOIIHMTH BO3IYXY, YTOOBI OH
MOJIHOCTBIO BBITECHWI BOAYy M3 cocyma. OTBET BwIpasuTe 4epe3 Py, P, g, h, L, S m Haiimute ero
YUCJICHHOE 3HAUYCHHC.

3amauya 3. 3anazapiBanue u 3atyxanue (16 6a110B)

B oroil 3amaue He cieqyeT Y4YUTHIBaTh KOHEYHOCTh CKOPOCTH PaclpoCTpaHEHUs
3JIEKTPOMArHUTHOTO B3aUMOJIEHCTBUSI.

Yacrtp 1. MarautHas
1.1 Teopernyeckoe BBeAeHHE

MaruuTtHoe moJje, co3JaBaeMoe OJHOPOJHO HaMarHUYEHHBIM
(heppOMarHUTHBIM LHUIUHAPOM (ITOCTOSHHBIM MarHUTOM) Ha OOJBIINX
PAcCTOSIHUAX 3KBHUBAJICHTHO IOJIIO, CO3/1aBAEMOMY KPYrOBBIM BUTKOM v ( D I
C TIOCTOSIHHBIM JIEKTPUUYECKUM TOKOM.
Kak omnucaHHbI IWIMHIPUYECKUH MArHUT, TaK U BUTOK C
TOKOM XapaKTEPHU3YIOTCS MarHUTHBIM MOMEHTOM P, KOTOPBIA Ul
BUTKA C TOKOM OIIPEAEIsAeTCS KaK INPOU3BEICHHE CHJIBI TOKa Ha
IJI0OLIaAb BUTKA

pm

Pm = 1S.
Takoli MCTOYHWK MarHUTHOTO TIOJISI TaK)K€ HA3BIBAOT MACHUMHbIM
ounonem. Ha pucCyHKe MOKa3aHbl CHJIOBBIC JIMHUM MAarHUTHOTO ITOJIS
TaKOTO JTUTIOJSL.

1.1.1. [0,75 O6anna] Ilokaxure, 4YTO MarHuTHOe moJie B, Ha ocu
JUIOJIs Ha OOJIBIINX PACCTOSHUSX ompeesnsercs GopMynoit
— pPm
B,=b o
r/ie Z — KOOpAUHATA, OTCYUTHIBaeMas BJOJIb OCH AUIIOJS OT €ro
neHntpa. Haligure 3naueHust napameTpoB b u f B 3TOH hopmyIe.

1.1.2. [1 6ana] Ilycte BUTOK € TOKOM (MarHUTHBIM JUIOJNB) C
MarHUTHBIM ~ MOMEHTOM  P,,  HaxoOUTCI B  HEOJHOPOJAHOM
OCECUMMETPHYHOM TIOJIe, MHIYKIMS KOTOPOTrO Ha OCHU Z 3aBUCHUT OT
KOOpIuHATBhl Z MO 3akoHy B,(z). Ocb AuIons COBMagaeT C OChIO
cummeTpuu nois. [Tokaxute, 4To cuia, JeMCTBYIOLIAs HA AUIOIL CO CTOPOHBI MArHUTHOTO TOJIS,
omnpenensercs GopmyIoit
dB

Z

dz

1.2 Koj1ie0anuss MAarHuTa

F,=-p,

]_II/IJ'II/IH,[[pI/ILIeCKI/II\;I MAar"duT Maccbl m, HMEIOIINHA MarHUTHBIH MOMEHT Pm, TPUKPEILICH K
MPpYXHUHC KECTKOCTBIO k wm cmoocoben COBCPIIATH KoJIeOaHMS BI0JIb FOpHSOHTaHLHOﬁ ocCH,
HaHpaBHCHHOﬁ BJ0OJIb MAarHuTHOIrO MOMCHTA.

1.2.1. [0,25 6anna] Haiigure yacToTy COOCTBEHHBIX KOJeOaHMH MarHUTa w, B OTCYTCTBHE BCEX
BHEIIHUX IOJIEH.



Ha paccrosHUM Z OT TIOJNOKEHUS PABHOBECHUS MArHUTa 3aKPEIUISIOT HEOONBIION
METAUIMYECKUNA JUCK TaK, YTO €r0 OCh COBIIAJIAET C OChIO MarHura. Pagnyc aucka R, ero ToJmuHa
h (h & R < z), yaenbHOE JJIEKTPUIECKOE COMPOTHUBIICHUE MaTepraia AUCKa PaBHO P, MAarHUTHYIO
MIPOHUIIAEMOCTh CUHUTaTe paBHOM W = 1. MarHuT BBIBOAST U3 MOJIOKEHUS PABHOBECHS U OH
HAa4YMHACT COBEpIIaTh Majble KOJeOaHMs, ONMChIBaeMbIe HEKOTOpor (pyHKIMeH x(t), mpuuem x <K
Z.

1.2.2. [2 6amna] Haiinure cuny F(x,v), AefCTBYIOLIYI0 CO CTOPOHBI AMCKA Ha MAarHMT, Kak
d)YHKIII/IIO €ro KOOpanHaThl X U CKOPOCTH V. 3anuimuTe YPaBHCHUC IBWIKCHUSA MarHuTa.

1.2.3. 10,75 6anna] Haiimute OTHOCHTEIFHOE M3MEHEHNE YacTOThI KoJieOaHnii MarauTa Aw/w, u3-
34 BJIIMAHUA JUCKA.

1.2.4. 10,25 6anua] Cuutas 3aryxaHue KosieOaHUI ciaaObIMH, HaWIUTE XapaKTEpPHOE BpeMs
3aTyxaHus KoJjeOaHui Iapuka.

1.2.5. [1,5 6aana] IlokaxuTe, 4TO MOTEPU MEXAHUYECKOW IHEPrMM MarHUTa PaBHBI KOJUYECTBY
TEIUIOThI, BEIACTUBIIEMYCS B JUCKE 32 TO K€ BPEMSI.

Mamemamuueckan noockazka
Ypasnenue samyxarowux xoneoanuii
x" +2Bx"+ wix =0
umeem peuieHue

x(t) = Aexp (— ;) cos(wt + @)

20e w =+ wé— B2 — uwacmoma samyxaiowux kxonebanuii, T =1/ — xapaxmepnoe epems
3amyxanus, napamempul A, P onpeoensitomcs HAYaIbHLIMU YCII0BUIMIUL.

Ipu x K 1 moxcno npubaudxcénno cuumams, umo (1 +x)% = 1 + ax.

Yactp 2 JiieKTpryecKasn
2.1 TeopeTnueckoe BBeeHUE

Cucrema u3 JBYX OJMHAKOBBIX IIO
BETMYMHE U TPOTHUBOIOJOXKHBIX IO 3HAKY
3aps0B (—q, +q), HAXOIAIINXCS Ha
(buKcHpOBaHHOM paccTosHUM [ Ipyr oT Apyra
HA3BIBACTCS  2IEKMPUYECKUM  Ounoiem W
XapaKTEPHU3YeTCs IUMOJIbHBIM MOMEHTOM
Pe = ql.
2.1.1. [0,75 6aana] HanpsskeHHOCTB 31EKTPUYECKOTO MOJIs, CO3JaBa€MOr0 JIMIIOJIEM Ha €ro OCH Ha
paccrosiHuu Z >> [, onpenensercs GopMmynoit
E = a:—z.

Omnpenenurte napameTpsl a, @ B 3TOi Gopmyie.



2.2 KoJsie0aHus1 3apsizKeHHOT 0 IIAPHKA.

Manenpkuii MApUK Maccsl M, HECYUIUM DJIEKTPUYECKUM 3apsl ¢ NPHUKPEIUIEH K
HEMPOBOJAIIEH MPY)KUHE KECTKOCTH k M MOXET cOBepIiaTh KoJjeOaHHs BIOJb TOPH30HTAIBHOU
ocu x. Ha paccTosHMM Z OT TOJIO)KEHUS PaBHOBECHS INApHKa 3aKpeIUIAIOT HeOOoJIbIION
METAJUIMYECKUI HJI€aTIbHO IIPOBOSAIIUI JUCK TaK, YTO €r0 OCh COBIIAJAET C OChIO X. Paguyc nucka
R, ero TommuHa h (h & R K z).

2.2.1. 10,75 ©anaa] Haiigute, HACKOJBKO CMECTUTCS TIOJIO)KCHHE PAaBHOBECHS IIapuKa H3-3a
BIINSITHUA OUCKaA.

2.2.2. 10,75 6anna] Haiimure oTHOCHTEIHHOE M3MEHEHNE YacTOTHI KoyleOaHuii mapuka Aw/w, u3-
3a BJIUSIHUA JUCKA.

ITycTh Teneps yaenbpHOe MEKTPUUECKOE CONTPOTUBIICHUE MaTepuaa AUCKa PaBHO p.

2.2.3. [1,5 o0anna] Ilomyunte ypaBHEHHE, OIMCHIBAIONIEE W3MEHEHHE BO  BPEMEHH
WHYITUPOBAHHOTO JMITOJIFHOTO MOMEHTA JUCKA (T.€. CBS3BIBAOIIEE JUITOTBHBI MOMEHT JIUCKA P U
CKOPOCTh €T0 H3MEHEHHsI BO BpeMeHH dp /dt).

2.2.4. 10,25 6anaa] Cuyurasg AUCK KOHJECHCATOPOM, IUIACTHHBI KOTOPOTO COECIUHEHBI PE3UCTOPOM,
HaiiiuTe xapakTepHoe BpeMs Takol RC-nenouyku. OTBET BbIpa3uTe dYepe3  YyAeIbHOE
COMPOTHBIICHUE P MaTepuaia JUCKa.

Jlanee OymeM cyuTaTh, YTO XapaKTEPHOE BpeMs, MOJYYCHHOE B MyHKTe 2.2.4, MHOTO
MEHbIIE NeproJia KoueOaHuil mapuKa.

2.2.5. 10,25 6anua] 3anuiuure Clenyroee U3 3TOro YCIOBUSI COOTHOLICHUE MEXITY W U .

Tak kak npu uaeanTbHOM MPOBOJAMMOCTH MCKa KOJIeOaHUs HIapuka OyayT He3aTyXaloluMU,
[Py MaJioM YAEIbHOM COIPOTHBICHUHM MaTepHala JHcKa 3aTyXaHHe KoJIeOaHWM Takke NOJIKHO
OBITH MaJIbIM, U TaKUE KOJIEOaHMSI MOXKHO MPHUOIMKEHHO CUUTATh TAPMOHUYECKUMH.

2.2.6. |2 6anaa] Iloayuute B 3TOM IPHUOIMKEHUU M3 YpaBHEHHUS, MOJYYCHHOTO B IyHKTE 2.2.3,
BBIPa)KEHHUE UIOJILHOTO MOMEHTA JIMCKA P uepe3 KOOPAUHATY IIapuKa X U €r0 CKOPOCTh V.

2.2.7. [1,5 6aana] Haiinure BblpaxkeHue JUisl CHIIbI, ACHCTBYIOIIEH Ha IIAPUK CO CTOPOHBI JHCKA.
3anuinTe ypaBHEHUE JBUKEHUS IapUKa.

2.2.8. 10,25 6anna] Haiinure xapakTepHoe BpeMs 3aTyXaHus KoJeOaHui mapuka.

2.2.9. [1,5 6amua] [lokaxure, 9YTO MOTEPU MEXAHUYECKOW SHEPIHM IIAPUKA PAaBHBI KOJUYECTBY
TETTIOTHI, BBIJICIUBIIEMYCS B IUCKE TO K€ BPEMSL.





