VIl XaabikapajablK IIbIFAPMANIBLIBIK 0alikaybl MYFajdiMaep MeH OJIUMITHA/IA
KATTHIKTHIPYIIBLIAPBIHA APHAJIFAH
®usnka. KaTThIKTHIPYHIbLIAP JUTACHI.
2025 xkpLarbl 14 KanTap

Typaktbinap: G=6,67x10"" m3/kg.s?; g=9,81 m/s?

1. Tapaan eHiniH Y3pIHABIFBI D 60maTeiH e3eH1 eHcepin oTnekiri. O YIIiH 0 coJ KaFajayAblH MeTiHIeT1 TiriHeH
Tyl TypFaH y3bIHABIFE L=4 M xy3iM OyTarblH Naiigananansl. Tap3aH sKy3iM OyTarblH ycTan anraH corte v=10
M/C KBUTTAMIBIKKA KeTe Il )KoHe JKY3iM OYTarbIH TiriHeH (BepTukanbaan) 0=30° OypseIr xacaranma xioepesi.
JKy3im OyTarbpIHBIH Maccachl eneyci3 xoHe Tap3aHHBIH aybIPIIBIK OPTAJIBIFB KY31M OYTarbIHBIH TOMEHT1 YIIIBIMEH
ColiKec KeJIeTiHiH ecKepiHi3. Tap3aHHbIH eKiHIIi XKaFanayFa Kayinci3 KOHYbI YIIIH MakcuMalabl D KalbIKTHIKTEI
TaOBIHEI3. (3 ynmaid)

D

2. DJKcueHTpPUCHTeT — Oy 3Jumrc, mapabona HeMece THIepOoa CHUSKTHI KOHYCTHIK KHMAaHBIH MilIiHIH
AHBIKTAWTBIH TlapaMeTpai Oimmipeni. OpOuTa VIIH O OpOMTAHBIH MIHCI3 IIEHOEp OOJIyJaH KaHIIAJIBIKTHI
aybITKBIFAHBIH CUTIATTAlIbl. DKCIECHTPUCHTET Keleci (opMyia OOMBIHIIA aHBIKTAIIA IbI:

c
e=-—
a
MYH/IaFbl.

C — 3JUIMIICTIH LEHTPiHEH (OKYCKA JACHIHT apaKalIbIKTHIK,

a — DIUTHTICTIH YJIKEH KapThl OCi.

Erep e = 0 6onca, opbura meHOep Topizi.

Erep 0 < e <1 Goinca, opOuTa 3ITUTIC TPI3Ai.

Erep e = 1 6oJica, opbuta mapabosa Topisii.

Erep e > 1 Gouica, opbuta rumnep0osia Tapisii.

[MnaneTa MacCUBTI KYIJBI3JBIH alHANACBIHIA IMICHOep OpOHMTachIHAa OpHanackaH. JKyimei3 chepanbik
CUMMETPUSIIBI XKAPBUIBICKA YIIIBIPAIIbI, OHBIH MacCACBIHBIH Oip MaibI3bl KEHETTEH TUIAHETAHBIH OPOUTACHIHAH
QIIJIeKaiia abIC KalIBIKTHIKKA YINBIT KeTeli. JKapbliblc TUTaHeTaHbIH ©31HEe dcep eTIeH Il e ecenTeil OThIPHII,
IJIAHETAHBIH KaHa OPOUTACKIHBIH 3KCIIEHTPUCUTETIH Ta0bIHBI3. (6 ymaii)



3.

5.

; . - -dp
Kesemaik ceiFbLy Moayi keneci gopmynaMeH aHbIKTanais: B = —7—

v
av . . . .
MYHJIarbl 7 — U30TPOITHIK KbICBIMHBIH dpP APTYhI KC31HACT1 KOJICMHIH CaJIbICThIpMAJIbl ©3rcpyl.

Kacrnuii ofinaTeIHBIH €H TepeH HYKTECIHIETi KbICBIMIBI OaranaHbpI3 (TeHi3 neHreiiinen 1025 m temen). TeHi3
CYBIHBIH CHIFBUTYBIH €JIeMEY KaHIIAJBIKTHI YJIKEH KaTeNiK TYIbIpYbl MyMKiH? TeHi3 CyBIHBIH THIFBI3/BIFBI TECHI3
neHreinge p = 1025 kr/m3, an oHBIH KeJieMIiK cbIFbuTy Moyt B = 2,1x10° [1a sxone Po = 10° [1a nen ecenTeHis.
(5 ynaii)

Hunuaapnae aquatomasl ra3 6ap, OHBIH alllbIK YIIBI TOPIICHbMEH ka0butFal. [lopiieHs yikenicci3 xoHe epKiH
Kosrana anazapl. [lopiieHs acThIHAarbl ra3lblH OacTamkbl KbICBIMBI Po, kenmemi Vo JXoHE TeMIeparypachl
KOplIaraH opTameH TeH. llopiieHp ra3npl ChIFaabl )KOHE Ta3/blH KeJeMi 0ap Ke3Je MOpIIeHb TOKTaiabpl. by
mpoliecc eKi Typii kaFfaiiaa sxypeni. Exi »araail yiiiHae Kopliaran opTara OepiireH ety Menmepin Po, Vo
XKoHe k apKaibl ecenTeHis.

a) [lopmenp Oasty Ko3ramaibl (KBa3HCTATHUKANBIK), OyJl >KYHEHIH Ke3 KeJNreH COTTe KOpIIaFraH OpTaMeH
TEPMOJNHAMHUKAJIBIK Telle-TeHAIKTe OOIybIH KAMTaMachI3 €TE/].

b) TlopiieHbiH XbUIAaM KO3FaJaThIHBI COHINA, JKYHe INNHIEri ra3 JKbUTy Tere-TeHIITiHAe Kalaasl e
ecenTeneni, Oipak mporecc 6aphIChIHA KYiHE MEH KOPIIIaFaH OpTa apachIHIAFhI XKBITY ajMacy eneyci3 0omabl.
I[Mpouiecc asKTasFaHHAaH KeWiH IMIMHAD IMIHIET] ra3IbslH TEMIepaTypachkl YakbIT oTe Kelle KOpIIaFraH OpTaHbIH
TeMIlepaTypachIMeH TeHecTipiieni. (6 ymaii)

Pamuycer R Gonarbia sxyKa, OipKemnKi 3apsaTaifaH CaKHHAHBIH JKaJbl 3apsiabl Q.

a) CakyHa Ka3bIKTHIFBIHA MEPHEHIUKYISIP OCh OOWBIMEH,CAKHHAHBIH IIEHTPIHEH Z KAIIBIKTHIKTA OPHATACKAH
HYKTeJle SJeKTPIIK TOTSHIINAIBI TAOBIHBI3.
b) Ocsl 2meKTpIiK NOTEHIIHAIBIH MAKCUMAIIbl MOHIH jKOHE OHBIH OPHBIH aHBIKTAHBI3.
c) CakuHa a3bIKTBIFBIHA MEPICHIMKYIISAP OCh OOWBIMEH,CAKMHAHBIH [IEHTPIHCH Z KAIIbIKTHIKTA OpPHAJIACKAaH
HYKTEJIe DJIEKTP OpiciH TaOBIHBI3.
d) Ocbl s5exTp OpiciHiH MaKCUMAITIBl MOHIH YKOHE OHBIH OPHBIH AHBIKTAHbI3.
e) 3apsaapl (-q) *oHE Maccachl M HYKTEIIK O6JIIIeK OChl CaKWHAHBIH OpTachlHA OpHANIAacThIpbUIaabl. CakuHa
KO3FaIIMalTBIHBIH €CKEPE OTBIPHII, OCHI OOIIIEKTIH Killi TepOemicTepiHiH MepHoAbH Ta0BIHBI3. (7 yaii)



d)
e)

CypeTTe KepceTiareH Ti30eKkTe KoJJICHEH TOK OTKI30eHTiH ycreiare OekiTiireH d KallbIKTHIKTA €Ki Hapaieiib
MeTaJl penbcTep Oap. Op PenbCTiH Y3BIHABIFE 2L, jKanmbsl 3JeKTpiik Keaeprici Ro jkoHe OHBIH Y3BIHIIBIFBI
OoliprHIIIa OipKenKi kemeprici 6ap. Penbc ymrapsr exi naeanmbl 6atapesMeH (iIIki Keaeprici3), OpKaiChICHIHBIH
OKK-i g, kemepriciz ceIMaap apKbUIbI JKaJFaHFaH.

T
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Ti30eKx apKbLIbl OTETIH TOKTHI aHBIKTAHBI3.
Enmi maccacet m xoHe keneprici R Oonarein Oiprekti HG Meramm Taskmiacel penbCTEpAiH YCTiHE
MEPIEHINKYISAP €Tl OPHANACTBIPBIUIAAbI, OCBUIAIIA O pelbcTep OOMBIMEH YHKENICCi3 CHIPFBIN KeTe ajajlbl.
AHGD, HCFG Tiz6ekrepi xone H, G Ty#tinaepi 3epTrenei.
HG Taskmacer opransikta, AD-nman L kambikTeikTa (X = 0) OonFaHIa, OHBIH apKbUTBI ©TETiH |2 TOTHIHBIH HOMTe
TEH eKeHIH IOJIeT/ICHI3.
tasgkma AD-maH L+x xambIKTeikKa aypicThipburFad kezfne AHGD Ti3oerinig Ran skoHe Rpe kemeprinepiw,
conpnaii-ak HCFG Ti30erinin Ryc %oHe Rrg keneprinepin TaObIHbI3.
Taskma AD-man L+X KalIbIKTBIKKA aybICTBIPBUIFAH XKaFaai/a [ TOrbIH TaOBIHBI3.
X MoHZepi Kimi 6oaranza (x < L), I TOrs! X pIFbICYbIHA IPOIIOPIIMOHAJ €KEHIH KOPCETiHi3: |2 = cX, JKoHE TYPaKThI
C MOHIH &, I, R sxone L ¢yHKIMsIap apKaibl aHbIKTaHbI3.
JIeKTPOMATHUTTIK OCHHJIATOP:
EHai MarHut epiciHiH KYII ChI3BIKTaphl Kara3ra MEepPIeHIUKYIsp (2-CypeTTe KopCeTireHaei, MarH|uT epiciHi
KYII ChI3BIKTAPhI KaFa3aaH 0i3re OarbITTaJIFaH).
f) Maruur epicinin B Taskimara acepid KepceTiHis, erep:

i) O kara3aaH Gisre OarbITTasICca (CYypeTTEriaeii).

ii) Ox Kara3/pIH ilIiHe OarbITTajCa.
g) Maraut epiciHeH TybIHJaFraH TasKUIaHBIH Y/ACYiH TaObIHBI3 )KOHE Killli TepOericTep OoNFaH jkarnaiiia OHbIH
MEePHOBIH aHBIKTaHbI3. Erep C MoHIH € OeyiMepiHae MoHAepAi Taba aaMacaHbI3, Xalmbl epHEK l» = CX
KOJIaHBIHEI3. (8 ymaii)

OTe y3bIH )KoHE TY3y JIEKTp Kabei Oenriii 0ip TOKThI ©TKi3eAl. KabenbiH 1uaMeTpiH koHe 0J1 apKblIbl OTCTIH
TOKTHI aHBIKTAy YIIIiH MarHUT ©pici kabenbIiH opTackiHaH Oactan opOip 5 MM apaibIKIIeH pajuaiibl OarbITTa
JIoT OJIIIIEHE i, HOTHKECIHIIE Kelleci KecTe maiiia Oonaapl. MarHuT epici kaOenb/iH ilIH/e KoHE CHIPTHIHIA
opTYpIi (hOpMyITaTapMEH aHBIKTAIATHIHBI aHBIK. BomkaM Goiibiama By, = Ar®, By, = Cr¥,

a) DKCHEepUMEHTTIK JepeKTep/i nainanansim, keneci ¢popmynanapaarsl A, C, o xone f kodddunuenTTepin
AHBIKTaHbI3:

b) KabenbaiH pagnychl MEH IHaMETPiH aHBIKTAHBI3.

Masnpzasl: by tanceipma ToxipuOenik cypak peTiHzae kacairaH. bapiblk ecenreyiep TE€K SKCHEPHUMEHTTIK
JepekTepre Heriznenyi kepek. bypeiaHan Oenrim hopMynanapasl KongaHOaHs3. (5

ynaii)

r(mm) | B(10°5T) r(mm) | B(10°T)
5 17 55 4.7
10 3.3 60 4.3
15 5.0 65 4.0
20 6.6 70 3.7
25 8.3 75 3.5
30 8.7 80 3.3
35 7.4 85 3.1
40 6.5 90 2.9
45 5.8 95 2.7
50 5.2 100 2.6




VIl MexkayHapoaHblii TBOPYeCKHH KOHKYPC JJI51 YYUTe/Ieii U TPeHEePOB OJIUMITHIICKOT0
pe3epBa 1o MmareMaTuke, Gpusnke U HHPoOpMaTHKE
®usuka (JIura TpeHepoB)
14 suBaps 2025 roaa

KoHctaHTbl: G=6,67x10"! m3/kg.s?> g=9,81 m/s?

1. Tap3an xoueT nepenpaBUTLCS Yepe3 PeKy, MpeojoieB paccrosiaue D mexay nByms Oeperamu. Jlist
ATOTO OH HMCIIONB3YET JIHaHy AIuHOU L =4 M, KOTOpasi BEepTUKAILHO CBHUCALT C JIEpeBa Ha KParo
neBoro Oepera. Tap3an gocturaet ckopoctu V = 10 M/c B MOMEHT, KOTJ]a XBaTaeT JIMaHy, U
OTITyCKaeT e€, Korna jimana oopasyer yrou 0 = 30° ¢ Beprukanbio. CunTaiite, 94T0 Macca JTHaHbI
HE3HAYUTEINIbHA, a IICHTP TshKecTH Tap3aHa CoBMajaeT C HUKHUM KOHIIOM Jinanbl. Haiinnre
MakcumaibHoe paccrosiaue D, Ha kotopoe Tap3an cMoxeT 6e30macHO IPU3EMIUTHCS Ha JPYyTroM
oepery. (3 6asna)

Tarzan

2. DKCHEHTPUCHTET — ITO MapaMeTp, ONPEACIIIOMNA (HOpMy KOHHYIECKOTO CEUSHUS, TAKOTO KaK
QJIJIMIIC, napa6ona nim mnep6ona. I[J'ISI 0p6I/ITLI OH ITOKa3bIBA€T, HACKOJIBKO 0p6I/ITa OTKJIOHACTCA OT
UjeaIbHON OKPYKHOCTH. DKCIIEHTPUCHUTET ompeaenseTcst popmymoii: Eccentricity refers to a
parameter that determines the shape of a conic section, such as an ellipse, parabola, or hyperbola.
For an orbit, it describes how much the orbit deviates from being a perfect circle. It is defined by the
formula:

e=2S
a

rue:

Cc— pacCTosAHnEC OT UCHTPA 10 (I)OKyca OJIJIMIICA,

a — OombIas IMOJIyOCh 3JUJIMIICA.

Ecnu e = 0, opbura xkpyrosas.

Ecnmu 0 <e < 1, opbura 35umunTHIecKas.

Ecnu e = 1, opbura nmapabonnyeckas.

Ecnu e > 1, opbura runepoonandeckas.

[InaneTa HaXOaUTCS HAa KPYTOBOM OpOMTE BOKPYT MacCUBHOM 3BE3/bl. 3BE3/1a IPETEPIICBACT
chepudecKd CHMMETPUYHBIN B3PBIB, B PE3yJIbTaTe KOTOPOTO OJMH MPOIIEHT €€ MacChl BHE3AIMHO
BBIOPACHIBAETCS HA PACCTOSTHUE, 3HAYNTEIIHLHO MPEBbIIIaiolee opouTy rmianeTsl. Haiiaure
AKCIICHTPUCUTET HOBOM OPOUTHI IUIAHETHI, MPEIoJiaras, 4To cama TUIaHeTa He MOBEPTiIach
BO3JICUCTBUIO B3pHIBa. (6 6a/1710B)

3. Moaynbs 00bEMHOTO CXKATHS OTIPEIEIAETCS KaK:

—dp av
B = — tIe — — OTHOCUTEIbHOE U3MEHEHHE 00beMa 00pasiia MpHU U30TPOITHOM YBEIMUECHUU
v
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nasnenans dP.



Ornenute naBiaeHue B caMoil Tiryookoit Touke Kacrmiickoit Bnaguasl (1025 M HIDKE YPOBHS MODPS).
Kaxkyto ommoKy BBI30BET MPEeHEOPEIKEHUE CKUMAEMOCThIO MOPCKOM BobI? CunTaiTe, 9To
IJIOTHOCTh MOPCKOM BOJIBI TP YPOBHE Mops paBHa p = 1025 kr/m3, a e€ Mo1yib 00BEMHOTO CKATHS
B = 2,1x10° [Ta. Po = 10° ITa. (5 6a/;10B)

[unuHIp coaepKUT IBYXaTOMHBIN T'a3, €ro OTKPBITHINA KOHEI] 3aKphIT HopiiHeM. [lopiiens 6e3
TPEHHS U MO>KET CBOOOAHO ABUTaThes. ['a3 moa mopurHeM uMeeT HadaiabHoe AaBieHue Po, 00beM Vo
U TEMIIEpATypy, PaBHYIO TeMIIepaType oKpy»arouieil cpeasl. IlopiieHs cxxumaer ras, v, Korzaa

1%
00bEeM ra3a CTaHOBUTCS ?0 , IOPHICHb OCTaHABJIMBACTCH. OTOT IIpOoNHECC MPOUCXOIUT B IBYX PA3HBIX

cueHapusx. st kaxxaoro ciaydasi BBIUMCIUTE KOJIMYECTBO TEILIA, IEPETAHHOIO CUCTEMOM B
OKpYXKaIOLIYIO cpeny, B TepmuHax Po, Vo u K.

a) [lopiens nBUKETCSA MEAJIEHHO (KBa3UCTaTUUECKHU ), 00ECIIeUnBasi, YTO CUCTEMA OCTAETCS B
TEPMOJIUHAMHYECKOM PAaBHOBECHH C OKPYIKAIOIIEH Cpeiol B TF0O0H MOMEHT.

b) [opiieHb ABMKETCS HACTOJIBKO OBICTPO, YTO MOXKHO CUUTATH, YTO I'a3 BHYTPHU CHCTEMbI OCTaETCs
B TEIJIOBOM PaBHOBECHH, HO TEIIJIOOOMEH MEXIY CUCTEMOM U OKPY>KaIOIIEH Cpeioil BO BpeMs
nporecca npeHedpexumo Mai. Ilocne 3aBepiieHus mpolecca TeMieparypa raza BHyTpy KOHTeHepa
CO BPEMEHEM YPaBHOBEILNBAETCS C TEMIIEPATYPOr OKpY Karoliei cpepl. (6 0a/1510B)

ToHKOe paBHOMEPHO 3apsKEHHOE KOJIBLO paguycoM R nMeet monHsli 3apsn Q.

a) HaiinuTe snekTpuyeckuii mOTeHIMAN B TOUKE, PACIIONOKEHHON HAa PACCTOSHUU Z OT LIEHTpa
KOJIbLIA BAOJIb OCH, IEPIEHINKYIIIPHON INIOCKOCTH KOJIbLIA.

b) Haiinnte MakcMMallbHOE 3HAUYCHUE ITOTO MOTEHIIMATIA U OMPEACIUTE ero MOJI0KEHHE.

) Haiinute BeIMUMHY 3JIEKTPUUYECKOTO HOJIS B TOUKE, PACIIONI0KEHHONW Ha PAaCCTOSIHUU Z OT LIEHTpa
KOJIbIIa BJIOJIb OCH, NEPIIEHIUKYIISIPHOM MJIOCKOCTH KOJIBLIA.

d) Haiiaute MakcUManbHOE 3HAUCHUE ITOTO HICKTPUIECKOTO MOJIS M OMPE/ICITUTE €ro MOJI0KEHHUE.
e) ToyeuHas yacTuua ¢ 3apsa0oM (-0) 1 Maccoil M moMeIIaeTcs B IEHTp 3TOro Koibla. Halaure
MEePHOJT MAJTBIX KOJICOAHUIA 3TON YaCTHIIBI, TPEAIONAras, 4YTo KOJIbIO OCTAETCS HEMOABIKHBIM. (7
0aJ1J10B)

Ilens, moka3aHHas HA PUCYHKE, COJICPKUT JIBE IMApAJIICIIbHBIC METAJUIMYECKUE PEIThCHI,
pasnenénnplie pacctosiaueM 0, KoTopbie 3aQUKCUPOBAHBI HA TOPU30HTAIEHOM HEMPOBOISIIEM CTOJIE.
Kaxnas pensca umeet niuny 2L, obiiee anekTpuaeckoe conpoTuBieHne Ro u paBHOMEpHOE
YACJIBHOE COIMMPOTHUBIICHUC BOOJIb eé JJINHBI. KOHHBI PEIBCOB COCANMHEHBI IBYMS NJ1€AaJIbHBIMU
Oatapesmu (0e3 BHyTpeHHero conpotuBierus) ¢ JC € kaxaas, ¢ UCIOIb30BaHHEM MPOBOJIOB,

A H c

MMCHOIIUX HE3HAYUTECIIBHOC COIIPOTHUBIICHUE.

a) Onpenenute TOK, MPOTEKAIOIINI Yepe3 LeTb.

Teneps onHOpoIHBIN MeTamuueckuii crepskeHb HG maccoit m u conporusienuem R pazmermmaercs
MOBEPX PEIBHCOB, MEPICHINKYISPHO UM, TaK YTO OH MOXKET CKOJIb3UTh BJIOJIb PEIbCOB 0€3 TpEeHUs.
Nzyuyatorcs nenu AHGD, HCFG u y3ne1t H u G.



b) [Mokaxmwure, 4ro Koraa crepskeHb HG HaxomuTes B ieHTpe, Ha paccrosiauu L ot AD (X=0), ToK Iz,
MIPOXO/ISIINIA Yepe3 Hero, paBeH HYIIIO.

) Onpenenure conporusienust Ran u Rpg s e AHGD, a takke Ruc R 1 Rrg utst tieru
HCFG, korna crepkeHb cMemél Ha pacctossaue L+X ot AD

d) Haiigure Tok |2 B ciy4ae, eciu crepeHb cMeIiéH Ha pacctosaue L+Xx or AD

e) Iokaxwure, 4yTo JUI MabIX 3Ha4YeHHi X (X<KL) Tok |> mponopunonaieH cmenienuto X: . = ¢X, u
OTIpeJIeNIUTE TMOCTOSHHYIO C KaK GpyHKUuio ot €, I, R u L.

JIeKTPOMATHUTHBII OCHMIIATOP:
Teneps npuKIIaABIBACTCSA OJTHOPOJHOE MAaTHUTHOE ToJie B, nmepnenukysipHoe IIOCKOCTH LIEeTTH
(kKaKk MOKa3aHO HA PUCYHKE 2, HAMPABJIEHHOE U3 TNIOCKOCTH CTPAHUIIBI).
f) Vkaxure apdext marauTHoro noJist B Ha crepikeHs, koraa:

i) OHO HaNpaBICHO U3 IUIOCKOCTH CTPAHUIIBI (KaK IIOKa3aHO Ha PUCYHKE).

ii) OHO HaNPaBICHO B IJIOCKOCTh CTPAHUIIBI.
g) Haiinure yckopeHue cTepskHsl, BBI3BaHHOE MarHUTHBIM I10JIEM, U B CIIy4dae MaJIbIX KoJeOaHui
ornpenenute ero nepuo. Mcnomnp3yiite obmiee BoipaxeHnue |2 = CX, eciin Bbl HE HAIIUIM 3HaYeHHE C B
yactu €. (8 0a10B)

OueHb IMHHBIA U PSAMON 3JIEKTPUUYECKUNA KaOelb MpoIycKaeT onpenenéHHbli Tok. Jlis
OIpeJiesIeHus 1uameTpa Kalelis U MPOXO/AIIEro Yepe3 Hero TOka MarHUTHOE 110J1e U3MepseTcs
TOYHO B PaJMaIbHOM HalpaBJIEHUH ¢ UHTEpPBaJIaMH B 5 MM, HauMHas OT LieHTpa Kabeis. [lomydensl
cieayronye AanHele: OUeBUIHO, YTO MArHUTHOE TI0JI€ ONPEAEsIeTCs pa3IuuHbIMU (GOpMyIaMu
BHYTpH 1 BHe KaGens. [Ipexnonaras B;, = Ar%, By = Cr¥,

a) Mcnone3ys skcriepruMeHTalbHbIC TaHHbIe, onpenenute koaddunuentst A, C, o u f B 3THX
bopmymnax:

b) Onpenenute paanyc u 1uaMeTp Kades.

Baxxno: Dta 3amaua pa3paboTaHa Kak SKCIIepUMEHTaIbHast. Bce pacuéThl TOHKHBI OCHOBBIBATHCS
TOJIBKO Ha YKCIIEPUMEHTAILHBIX AaHHBIX. [loKanyiicTa, He HCTIONB3YHTE 3apaHee N3BECTHBIC
dopmys (5 6as10B)

B(10A- B(10A-
r(mm) | 5T) r(mm) | 5T)
5 1.7 55 4.7
10 3.3 60 4.3
15 5.0 65 4.0
20 6.6 70 3.7
25 8.3 75 3.5
30 8.7 80 3.3
35 7.4 85 3.1
40 6.5 90 2.9
45 5.8 95 2.7
50 5.2 100 2.6




V11 International Creative Competition for Teachers and Trainers of the Olympiad
Reserve in Mathematics, Physics, and Computer Science
Physics.
Trainers' League. January 14, 2025

Constants: G=6,67x10"!"! kgmm?/kgs?;, £=9,81 m/s’

Tarzan wants to swing over a river, crossing a distance D between the two banks. For this, he uses a vine of length L=4
m that hangs vertically from a tree at the edge of the left bank. Tarzan reaches a speed of v=10 m/s at the moment he
grabs the vine, and he lets go when the vine forms an angle 6=30° with the vertical.

Assume that the mass of the vine is negligible and that Tarzan's center of gravity coincides with the lower end of the
vine. Find the maximum distance D that Tarzan could land on the other bank securely. (3 Points)

Eccentricity refers to a parameter that determines the shape of a conic section, such as an ellipse, parabola, or

hyperbola. For an orbit, it describes how much the orbit deviates from being a perfect circle. It is defined by the formula:
e==
a
Where:

c: The distance from the center to the focus of the ellipse,
a: The semi-major axis of the ellipse.

If e=0, the orbit is circular.

If O<e<1, the orbit is elliptical.

If e=1, the orbit is parabolic.

If e>1, the orbit is hyperbolic.

A planet is in a circular orbit about a massive star. The star undergoes a spherically symmetric explosion in which one
per cent of its mass is suddenly ejected to a distance well beyond that of the planet's orbit. Find the eccentricity of the
new orbit of the planet, assuming the planet itself is unaffected by the explosion. (6 Points)



b)

b)
c)

d)
e)

The Bulk Modulus is defined as B = _daf,P where % is the fractional change in volume of a sample subjected to an

14

isotropic pressure increase dP.

Estimate the pressure at the deepest point of the Caspian Depression (1025 m below sea level). How large an error
would be caused by neglecting the compressibility of seawater? Assume that the density of seawater is r=1025 kg/m?®
at sea level and that its bulk modulus is B=2.1x10° Pa. P;=10° Pa. (5 Points)

A cylinder contains a diatomic gas, with its open end closed by a piston. The piston is frictionless and can move freely.
The gas beneath the piston has an initial pressure Po, volume Vo, and temperature equal to the external environment.

The piston is moved to compress the gas, and when the gas volume becomes % , the piston stops. This process occurs

in two different scenarios. For each case, calculate the amount of heat transferred by the system to the surroundings
during the process, in terms of Py Vo, and k.

The piston is moved slowly (quasi-static), ensuring that the system remains in thermodynamic equilibrium with its
surroundings at any moment.

The piston is moved so quickly that it is assumed the gas inside the system remains in thermal equilibrium, but heat
exchange between the system and its surroundings is negligible during the process. After the process is complete, the
temperature of the gas inside the container eventually equilibrates with the surrounding temperature over time. (6
Points)

A thin, uniformly charged ring of radius R has a total charge of Q.

Find the electric potential at a point located a distance z from the center of the ring, along the axis perpendicular to the
plane of the ring.

Find the maximum value of this potential and determine its position.

Find the magnitude of the electric filed at a point located a distance z from the center of the ring, along the axis
perpendicular to the plane of the ring.

Find the maximum value of this electric field and determine its position.

A point particle with charge (-g) and mass m is replaced at the center of this ring. Find the period of small oscillations
of this particle assuming the ring does not move. (7 Points)



6.

f)

The circuit shown in the figure contains two parallel metallic rails separated by a distance d, which are fixed on a
horizontal non-conductive table. Each rail has a length 2L, a total electrical resistance Ro, and a uniform resistivity
along its length. The ends of the rails are connected to two ideal batteries (without internal resistance) with an
electromotive force e each, using wires of negligible resistance.
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a) Determine the current circulating through the circuit.
Now, a homogeneous metallic bar HG, with mass m and resistance R, is placed on top of the rails, perpendicular to
them, in such a way that it can slide along the rails without friction. The circuits AHGD, HCFG, and the nodes H and
G will now be studied.
b) Show that when the bar HG is in the center, at a distance L from AD (x=0), the current I, flowing through it is zero.
c) Determine the resistances Ran and Rpg of the circuit AHGD, as well as Ruc and Reg of the circuit HCFG, when the
bar is displaced a distance L+x from AD.
d) Find the current I, in the case where the bar is displaced a distance L+x from AD.
e) Show that for small values of x (x<L), the current I is proportional to the displacement x, lI,=cx, and determine the
constant c as a function of e, r, R, and L.
Electromagnetic Oscillator:
Now a uniform magnetic field B is applied, perpendicular to the plane of the circuit (as shown in the example in Figure
2, pointing out of the page).
f) Indicate the effect of the magnetic field B on the bar when:

i) It points out of the page (as shown in the figure).

ii) It points into the page.
Obtain the acceleration of the bar caused by the magnetic field and, in the case of small oscillations, determine its
period. Use the generic expression l,=cx if you did not find the value of c in part e. (8 Points)

B

A very long and straight electric cable carries a certain current. To determine the diameter of the cable and the current
passing through it, the magnetic field is measured precisely at the radial direction with intervals of every 5 mm starting
from the center of the cable, resulting in the following table. It is evident that the magnetic field is determined by
different formulas inside and outside the cable.

Assuming B;, = Ar®, By, = Cr¥,

a) Using the experimental data, determine the coefficients A, C, aand b in these formulas.

b) Determine the radius and diameter of the cable.

Important note: This problem is designed as an experimental question. All calculations must be based solely on the
experimental data. Please do not use any pre-existing formulas that you already know. (5 Points)

r(mm) | B(10°T) r(mm) | B(10°T)
5 1.7 55 4.7
10 3.3 60 4.3
15 5.0 65 4.0
20 6.6 70 3.7
25 8.3 75 3.5
30 8.7 80 3.3
35 74 85 3.1
40 6.5 90 2.9
45 5.8 95 2.7
50 5.2 100 2.6




