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Bamaua 1 (Psig 6pyckos)

Ha riragkoit ropu3onTasbHON OBEPXHOCTH PACIOJIOXKEHBI B PAI 1 > 5 Opyc-
k0B (puc. 1). Mexy BceMu 6pycKamMu MMEIOTCS TPOMEXKYTKH. [lepBomy OpycKy
Maccoit my COODIUIN CKOPOCTh ¥ B HAMPABIEHUU K OCTAJIBHBIM Opyckam. Ompe-
JlesiuTe, IpU KaKuX Maccax m; cpeauux 6pyckos (2 < i < n — 1) ckopocTh 10-
cIeTHero OpycKa Maccoi m., OKaxKeTCs MakKcuMasbHa. Haiimure BenwduHy 3TOi
MaKCHUMAJbHOM CKOpOCTH vy,. Bee coymapenus 6pyckoB abcosorao ynpyrue. Cko-
POCTH TOCJIEIHErO OPYCKa M3MEPSIeTCS Cpa3y MOCJe MEPBOTO COYIAPEHUs C TMPeJ-
mocyienauM OpyckoM. CunTaiite, 9TO MPOMEKYTKU MEXKIY OPYCKAMU TaKOBbBI, UTO
JI0 9TOr0 MOMEHTA KaXKIbIfi OPYCOK COyMapseTcs C KayKIbIM U3 COCETHUX DPOBHO
[0 OJIHOMY Pa3y.
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Puc. 1

Sagauva 2 (YesoBek Ha miory)

YetoBEK € Maccoil my CTOMT Ha, KPalo ILJIOTA MACCHI M. LLJI0T moKouTCs B
o3epe. B HEKOTODDI MOMEHT YeIOBEK HAYMHAET UITH BJOJIb ILJIOTA U OCTAHABIIA-
BaeTcd Ha ApyroM Kpawo. HaliTu cMemenne maoTa mocae Toro, Kak €ro JBHXKCHHIE
npekparutcst. CHjla COMPOTHBIICHNS CO CTOPOHBL BOAbL pasHa F = —k#, tae @ —
CKOPOCTbH TIJIOTA, k — 3aJaHHbIH KO3 MUIUEHT TPOMOPIIUOHAILHOCTH.

Bagaua 3 (MuHuATIOPHBIN KUNATUIHHUK )

B remnouszonupoBaHHON TPOOUPKE ¢ MATION TEILTOEMKOCTHIO HAXOIUTCS M1 =
1 r Bogpl 1 My = 1 I JIbJIa B COCTOSIHUN TEPMOAMHAMIYIECKOIO paBHOBeCUsi. B mpo-
OUPKY TOMEIAIOT MUHHUATIOPHBIN KUOSATHUIBHUK, KOTOPBIA MOJAK/IIOYE€H K UCTOY-
uuky Toka ¢ 9/C & = 10 B u Buyrpenrum conporusenuem 1 = 10 Om. Boabt-
aMIepHas XapakTepUCTUKA KUTIATUIHLHUKA TPUBeIeHa Ha rpaduke (puc. 2). Onpe-
IIeJIATE, Yepe3 Kakoe BpeMsi ¢ BOJa B MPOOUMpKE 3aKUMUT. TernaoeMKOCTh BOIBI
cuurarb pasuoii ¢ = 4200 Ix/(kr °C), Temnsory miasieHus Jbga A = 2,3 -

106 Tk /kr.

Ilepsas auza. Badavu

Bamaua 4 (Cxema)

Omnpesiesure COMPOTUBIIEHUE NEMIOYKH, TOKA3AHHON HA PUCYHKE 3 MEXKILY T
kamu A u B, eciu COMPOTURJIEHNE Ka¥KIOTO 3BEHA, [IEMH PABHO 1.
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Bamaua 1 (Kamist B Tymane)

B sroit 3amade BaM mpeaaraeTcs MCCAeI0BATH ABUKEHNEe DOJIBINON Kallad B
TyMaHe, pacCMaTpuBad pa3/IMYHbIE MOJEJN €€ IBUXKECHHA. I/I3B6CTHO, 9TO IJIOT-
HOCTH TyMaHa PaBHA 0, B HAYAJIHHBIA MOMEHT Kalljisg uMeeT (DOPMY IIapa C ILI0-
Ia/1bI0 HOIEePeYHoro cedeHus Sg, MacCy Mg U CKOPOCTL Uy, HAIIPABJICHHYIO Bep-
TUKAJIbHO BHU3. HpI/I pemrenun 3aJa91 MOXKHO CHHUTATh, YTO HAJHUIIAHUE KalleJIeK
TyMaHa MIPOUCXOIUT HepryFO. HaI./,IﬂI/ITe 3aBUCUMOCTH CKOPOCTH KaIlJIl OT BpEMeE-
uu v(t), a Takxke u306pasuTe ee TpapUIECKU C YKA3AHUEM XaPAKTEPHBIX TOUEK B
YeTbhIpex CIydasdx.

1. Ilpu gBmKeHHW HA KAILIIO HE JEHCTBYIOT BHEIHWE CHUJIbI, U €€ ILIOIIAIb
MMOTIEPEYHOTO CeYEHUs OCTAECTCS HEM3MEHHOM.

2. Ilpu papurkeHny Ha KAILIO He AEHCTBYIOT BHEIIHHE CHJIbI, U €e MOBEPXHOCTh
BCE BPEMsi OCTAETCsT C(DEPUIECKOIA.

3. Kamna HaXOOUTCA B BEPTUKAJIBLHOM II0JIE TAXKECTH, U B IIPOIIECCE ABUKEHUA
IIJIOIIa/ab €€ IIOIIEPEYIHOro CeYeHnd He MEeHAETCHd.

4. Kannsa Haxoaurcs B BEPTUKAJIBHOM I0JI€ TS2XKECTH, U €€ MOBEPXHOCTH B IIPO-
I[ecce IBUXKEHUST OCTAETCs CHepruiecKoii.

Bo Bcex caydasx paccMOTperhb MOCTYIATETbHOE IBMKEHHE KAILIh, IpeHeOperast
ee OPOYHOBCKUM JIBUYKEHHUEM.

Sagaga 2 (ILyssipnm)

B nmaboparopun mpoBOISITCS MCCIEIOBAHUS MMOBEIEHUs MBLILHBIX My3bipeii. B
Ka4eCcTBe MCXOMHOTO MATEPUAIIA UCIOIb3YEeTCsl PACTBOP MOBEPXHOCTHO AKTUBHOIO
semectsa (ITAB) B xxugkoctu. Cpestee paccTosiHue MEXKIy MOJIEKYJIAMHU B pac-
TBOpe @ = 5 - 10719 M, Ha ¢ = 10 MOIEKyJ pacTBOPa MPUXOIUTCS OJHA, MOJIEKYIa
ITAB. Koaddunuent nosepxuocraoro nars:kenns [IAB o = 3 - 1072 Ik /m2.

1. Haiinure MakKCUMAJIBHBIN PAINYC MBLIHHBIX MTY3BIPEH 7'y ax, KOTOPBIE MOYKHO
BBIZYTH W3 KAIlJIM PacTBOpa, mMmelomero paauyc r» = 0,5 mm. Paccunraiite
TOJIIIWHY TJIEHKH 9TOTrO My3bIpsa h. MbUIbHAS MJIEHKA YCTOWYHWBA TOJBKO B
TOM CJIy9ae, KOrJa ee MOBEPXHOCTD TOMTHOCTHIO MOKpbITa Mostekynamu [TAB.
[Momyunre TakKe YUCTEHHDBIE BHIPAXKEHWST MCKOMbBIX BETUYWH.

2. PaccmaTpuBaeTcst MpOIEeCcC «CIUMAHUS» IBYX MBLIHHBIX My3bIpeil paanyca
r1 = 0,1 m u 72 = 0,15 M. Onerure cumy F', ¢ KOTOPOit OHU MPUTATHBAIOTCS
HA HAYAJIHHOM 3Tame obbenuHenus. IIpeanosoraercs, 9To Ha PAHHUX ITa-
nax o0beIMHeHNs IIJIeHKa MEeXKHY y3bIpaMu 110ckasi. [loydnre ynciennoe
3HAYECHHUE 3TOU CHUJIBL.

Buicwasa aueza. 3adavu

3. Tlocne okOHYAHWSA «CJAUMAHUSA» JABYX MBLIBHBIX MY3bIPEH PAIMYCOM T
0,1 M, ro = 0,15 M u 3aBepITIeHUs BCEX TTEPEXOIHBIX MPOIECCOB OKA3AJI(
910 MeMOpaHa MeXK Ty HUMU IPHUHsiIa (GopMy yIacTKa chpepraecKoil mose
nocru. Onpezenure ee paguyc r3. Ilpeanonoraercs, 910 y9acTKy MOBEPX
creil my3bIpeil, He 3ATPOHYTHIE «CJIUMAHUEM» HE W3MEHUJIN CBOeil (popms

4. Uccneayiite yCTORIMBOCTD MBLIHHOM IJIEHKN TOJIAHON h, B KOTOPOit 00
30BaJICs TPOKOI paguycoM r. Oupemenure npu KAKOM COOTHOITEHUH Me3)
r u h MBUIbHAS TIJIEHKA, OYJIeT HAXOIUTHCS B COCTOSTHUU PABHOBECHS.

Bagaua 3 (duox)

B namnoli 3a7aue paccMaTpuBaeTCs pabdoTa BAKYYMHOIO U0/, COCTOSI
U3 pa3orperoro chepuueckoro KaToia pajuycoM T U aHoja paauycom R, mes
KOTOPBIMHU TIPHJIOXKEHO Hanpsizkenue U (puc. 1).
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1. IlycTh 3apsizKeHHAsT 9ACTHIEA C 3apPAIOM ¢ U CKOPOCTBIO U1 TIEPEXOIAT
006JIaCTH € MOTEHIUAJIOM (1 B O0JIACTh C MOTEHIUAJIOM o (pHC. 2), Ipu
CKOpOCTb i1 HAIpaBJI€Ha IIOJ YIJIOM (¢ K HOPMAaJId I'PAHULbLI PA3Iesa
rennuasos. Onpeneaure CKOPOCTb Uy W HAIIPABJIEHUE JBUXKEHUS YACTHII
00J1aCTH C TIOTEHIUATIOM (3.

2. TlpenmosiozkuM, 9T0 U3 KATO/IA B PE3YIHTATE TEPMOIMUCCUHU BBLIETAIOT .1
TPOHBI C OJIMHAKOBBIMU CKOPOCTSIMHE Ug BO Bee cTOpoHbI. Kakoe Topmo3sii
nanpsizkeane Uy HeoOXONUMO IPUIOKUTD MEXK/TY IJIEKTPOIAMEU, ITOOBI |
B Ilenu mepecras Tedb?! Momayab 3apsaa 3JIeKTPOHA CINTATH PABHBIM €.

Bo mHOrmx mpuioKeHWsX BayKHO 3HATH BOJIBT-AMIIEPHYIO XapPaKTEPUCTUKY
[IOJIb3yEMOr'0 3JIEMEHTA, Wi pubopa Iemnwu.
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3. Ilpenmosokum, 4TO C eTUMHUIHI TOBEPXHOCTU KATOMAA B €IWHUIY BPEMEHU
U30TPOITHO BO BCE CTOPOHBI BBIJIETAET 7l JJIEKTPOHOB C OJUHAKOBBIMU CKO-
pocrsimu vg. Onpefesnnre aHATUTHIECKUI BUJT BOJIBT-AMIIEPHON XapaKTepu-
cruku I(U) paccmarpusaemoro auozaa. Moyib 3apsna 376KTPOHA CYUTATH
paBubIM e. [lojie MpOCTPaHCTBEHHBIX 3APSI0B HE YIUTHIBATD.

4. Tlocrpoiite cxemarnunbiii rpaduk 3asucumocru I(U) ¢ ykazanuem xapax-
TEPHBIX TOYEK.

Yrkaszanue. DIeMEHT TEJIECHOTO yIUla, MOKA3AHHBIM HA PUCYHKE 3 pABEeH

dQ) = sinf df dp.

Puc. 3

Bagaua 4 (CrekiagHHAA mpu3Ma)

CreksgHHass Mpu3Ma, OCHOBAHWE KOTOPOH mMeeT poMOm<ecKyr (opmy, Ha-
XOIUTCH B BO3AyHIHOM upocrpancrse (puc. 4), npudem y unpusmbi ZBAD =
/ZBCD = 6. Y3kuiil iy4d KEITOro CBera MaJlaeT B IIOCKOCTH PUCYHKA MapaJi-
senpro auaronanu AC ua rpasb AB mpusmbl. JIyd uCOBITBIBAET MOJHOE BHYT-
pernee orpaxenue or rpaneiit AD u DC v BBIXOIUT U3 Tpu3Mbl Yepe3 rpausb BC.
[Tpwu pernernn 330391 CANTATH, ITO [IJIST JKEJITOTO CBETA MOKA3ATE b TTPEJIOMJICHU ST
crekna n = 1,60, a qus sosayxa n' = 1.

1. Ilpu kakoM 3HaYEHUU yriIa § pacTBOpa MPU3MbI KAK (DYHKIUH MOKA3ATE
NPUJIOMJIEHUS N IIOJIHOE OTKJIOHEHUE JIyda OT CBOero INepBOHAYAJILHOIO Ha-
npasJienus Oyger nynesbiM? Haliure dncientoe 3uaderue 6, BbIpaXKeHHOE
B I'Pajycax U MHUHYTaX.

OcraBuM pacro/IoXKeHNe TPU3MbI B IPOCTPAHCTBE U HAMPABJIEHUE 1A IAI0IIEr0
Jy9a MPeKHUMH, HO U3MEHHM XapakTep HaJaolnero usiydenus. [lycth Temnepb
MAJATOITHI JIyd COCTOUT U3 KeaToro myosmera pryru. lybmer cocTOUT 3 BOJH C

Buicwasa aueza. 3adavu

N
D

Puc. 4

amuHamu 579,1 am u 577 M. Ilokazarenu mpesoMIeHHUsT CTEKJIA JII ITUX )
BOJIH PaBHBI COOTBETCTBEHHO 1 = 1,60 m n + An, rme An = 1,3 - 1074, JIyu ¢
Ta, BBIXOISAIINI U3 TIPU3MBbI, HAMPABJISETCS COOCHO B aCTPOHOMUYECKHI TEJIECK
HACTPOEHHBIH Ha OECKOHEYHOE PACCTOSTHUE.

2. OmpemenauTe yriioBOE PACCOSTHUE € MEXK/IY JBYMs N300PAKEHUSIMU, BUIN]
MU B Tesieckone Kak Gyukmmo n 1 An. Haiinure Takke duciennoe 3uade
E.

3. UssectHo, uro dokycHoe paccrosiaue obbekTua Teneckona f = 0,4 m. H
JIATe JTMHEHHOE PACCTOSTHUE MEXKJY ABYMS U300PAKEHWsIMU, BUIMMBIM
POKaIHLHOM TIIOCKOCTH 00HEKTHUBA.



IlepBasg sura

3ajgaua 1. Bpocaune MmoHeTKn

Onpemenanre 3KCIEPUMEHTATLHO KOJIMIECTBO O0DOPOTOB MOHETKH 3a MOIOpPOC
(1o mepBoro ymapa 00 IMOJI) MpH yKA3aHHBIX HUXKE yCIOBUAX Opocka. MOHETKy
JIepKaT ropusoHTaIbLHO BOm3u or nosa. lendok (Koporkuil ynap) Hanocurcs Ha
paccrognuu r = R/2 or uenrpa, rae R — paauyc monerku. Cuiia 1mesrdka rakoBa,
9TO MOHETKA IMOJIJIETAET BEPTUKAIBHO HA h = 0,5 M OT HAYATBLHOIO MOJIOXKEHUS.
OrnernTe MOrpentHocTh U ONTUMAJBHOE YHCJI0 MOBTOPHBIX W3MEPEHMIA.

Obopydosarue. MoHeTKa, CKOTY, HUTDH, JIMHEHKA, HOKHUIIHI.

Ilpumenwanue. Kpome KOHETHOTO OTBETA OYIET ONEHUBATHCS OMUCAHUE METOIH-
KU U3MEpeHnii. 3a TeOPeTHIecKuii pACIET drucia 000POTOB MOKET ObITH T00ABIEHO
e 6osiee ogHOro HaJia.

IlepBas snura

3ajgaua 1. Bpocanmne MoHeTKHU

OnpenenanTe 3KCIEPUMEHTATILHO KOJIWMIECTBO 0DOPOTOB MOHETKH 3a MOIOpPOC
(1o mepBoro ymapa 00 IMOJI) MpH yKA3aHHBIX HUXKE yCJIOBUAX Opocka. MOHeTKy
JIepKAT rOPU30HTANLHO BOM3H OT moja. lesrdok (KopoTKuil yiap) HaHOCUTCS Ha,
paccrognuu r = R/2 or uenrpa, rae R — paauyc monerku. Cuiia 1mesrdka TakoBa,
9TO MOHETKA IO/IJIETAET BEPTUKAIBHO HA h = 0,5 M OT HAYATBLHOIO MOJIOXKEHUS.
OrnearTe NOrPEntHOCTh U ONTUMAJBHOE YHCJI0 MOBTOPHBIX U3MEPEHMUIA.

Obopydosarue. MoHeTKa, CKOTY, HUTDH, JIMHEHKA, HOKHUIIHI.

Hpumenanue. Kpome KOHEUHOrO OTBETA OYIET OIEHUBATHCS OMUCAHIE METO/IH-
KU U3MEpeHnil. 3a TeOPeTHIecKuii pACIET drucia 000POTOB MOKET ObITH T0OABIEHO
e 6osiee ogHOro HaJa.

IlepBas nura

3ajgaua 1. Bpocanne MoHeTKHU

Onpeseniure SKCOEPUMEHTATBHO KOJTUIECTBO 000OPOTOB MOHETKH 3a HOAOPOC
(1o mepBoro ymapa 00 IMOJI) MpHU yKA3aHHLIX HUXKE yCIOBUAX Opocka. MOHETKy
JIepKAT rOPU30HTAILHO BOM3H OT moja. [lenrdok (KopoTKuil yiap) HaHOCUTCS Ha,
paccrognuu r = R/2 ot nienarpa, rioe R — paguyc monerku. Cujia merdKa TakoBa,
9TO MOHETKa IIOJAJIeTaeT BEPTUKAJIbHO Ha h = 0,5 M OT HA4YaJIbHOI'O IIOJIOZKEHUA.
OI_[eHI/ITe IMOTrpemrHOCTb U OIITUMAJIbHOE YHCJIO IIOBTOPHBIX I/I3MepeHI/Iﬁ.

Obopydosanue. MoHeTka, CKOTY, HUTh, JIHHEHKA, HOXKHUIIL.

Ipumeuarue. Kpome KoHedHOrO OTBETA GYIET ONMEHUBATHCS OMMCAHNE METO/TH-
KU U3MepeHuil. 38 TEOPETUIECKUil PACIET YUCIa 000POTOB MOKET ObITH 10DABIEHO
e 6osiee ogHOro HaJla.

IlepBag sura

3agaua 1. Bpocanne MmoHeTKH

Omnpenenure KCIEPUMEHTAIHHO KOJIUIECTBO 00OPOTOB MOHETKH 3a MO
(1o mepBoro ymapa o0 IMOJI) MpH yKA3aHHBIX HUXKE YCJIOBUAX OpOCcKa. MOmHe
JlepKar ropusoHTaabHo B6au3u or noJa. leruok (KOpoTKuil yiap) HAaHOCUTC
paccrognuu r = R/2 or nenrpa, rne R — paguyc monerku. Cuia 1mesrdka rak
9TO MOHETKA IMOJIJIETAET BEPTUKAJIBHO HA h = 0,5 M OT HAYAIBLHOIO MOJIOXKE!
OteHnTe MOrPEITHOCTD W OMTUMAIBLHOE YHCI0 TTOBTOPHBIX M3MEPEHNii.

Obopydosarue. MoHETKA, CKOTY, HUTH, JIMHEHKA, HOKHUIIHI.

ITpumenwarue. Kpome KOHETHOTO OTBETA OYIET ONEHUBATHCS OMMCAHUE MET
KU U3MEpeHnii. 3a TeOPeTHIecKuii pACIET drcia 000POTOB MOKET ObITH 100aB)
He 6oJsiee ogHOrO HaJIa.

IlepBag snura

3ajsaua 1. Bpocanue MmoHeTKu

Ompenennre KCIEPUMEHTATHHO KOJIUIECTBO 0G0POTOB MOHETKM 3a IO/
(1o mepsoro ymapa o0 IMOJI) MpH yKA3aHHBIX HUXKE YCJIOBUAX OpOCcKa. MOmHe
JIepKAT rOpu30HTANLHO BOIM3M OT moJjia. leruok (KOpoTKuil yiap) HAaHOCUTC
paccroguuu 7 = R/2 or nenrpa, rne R — paauyc monerku. Cuia 1mesrdka rak
9TO MOHETKA IMOJIJIETAET BEPTUKAJIBHO HA h = 0,5 M OT HAYATIBLHOTO MOJIOXKE!
OrnerrTe NOrPeNHOCTh U ONTUMAJIBHOE YHCJI0 MOBTOPHBIX W3MEPEHMUIA.

Obopydosarue. MoHeTKa, CKOTY, HUTDH, JIMHEHKA, HOKHUIIHI.

Ipumeuarue. Kpome KoHedHOrO OTBETA OYIET OMEHNBATHCS OMMCAHNE MET
KU U3MEpeHnil. 3a TeOPeTHIecKuii pACIET drcia 000POTOB MOKET ObITH 100aB)
He 6oJsiee ogHOrO HaJLIa.

IlepBag nura

3ajsaua 1. Bpocanue MmoHeTKHu

Onpeseniure SKCIEPUMEHTAIBHO KOJTUIECTBO 000POTOB MOHETKH 3a MO/
(1o mepBoro ymapa 00 IMOJI) MpH yKA3aHHBIX HUXKE YCJIOBUAX OpocKa. MOomHe
JIepKaT ropu3oHTAILHO BOIM3M OT moja. leruok (KOpoTKuil yiap) HAaHOCUTC
paccrostaum r = R/2 ot nentpa, riae R — paanyc morerkn. Cuiia merdka Tak
9TO MOHETKA IOJIJIETAET BEPTUKAJIBHO HA h = 0,5 M OT HAYAIBLHOIO MOJIOXKE!
OrnerrTe NOrPeNHOCTh U ONTUMAJIBHOE YHCJIO0 MOBTOPHBIX U3MEPEHMUIA.

Obopydosarue. MoHeTka, CKOTY, HUTh, JIHHEHKA, HOKHUIIBL.

Ipumenanue. Kpome KOHEUHOrO OTBETA GYIET OIEHUBATHCS OMUCAHUE MET
KU U3MEpeHuil. 38 TEOPETUIECKUIl PACIET YUCIa 0OOPOTOB MOKET OBITH 100aB)
He 6oJsiee ogHOrO HaJLIa.



IlepBasg sura

3anauga 2. Vcnapenue

Omupenenure oTHOIIEHHUE /¢ YIAEMBHON TEIIOTH UCIAPEHUs I* K YAEJbHON Ter-
JIOBMKOCTH ¢ HEU3BECTHOTO pacTBopa. OIeHnTe mMOrpentHocTh Pe3yIbTara.

Obopydosanue. Topsaauii pacrBop (BbLIAETCs JIEXKYDPHBIM B ayJAUTOPUU 1[I0 Mepe
HEODOXOMMOCTH ), COCY/l, MEPHBIH LUIUHID, TEPMOMETD, CEKYHJIOMED, II0ICOIHEY-
HOEe MaC/I0, MAJLIIMETPOBas Oymara.

Ipumenarue. Ilpu onenke perienusi OyAET YIUTHIBATHCA HE TOJBKO MOJIYI€H-
HBII OTBET, HO U METOJNKA IKCIEPUMEHTA, TAOJUIBI C U3MEPEHUAME U IPADUKH.

IlepBas snura

3agaua 2. UcnapeHue

Oupenesnure oTHOLIEHUE 7'/ C YAEABHON TEIJIOTHL UCHAPEHUs " K YEJIbHO Ter-
JIOBMKOCTH ¢ HEU3BECTHOTO pacTBopa. OIeHnTe MOrpeniHocTh Pe3yIbTara.

Obopydosanue. Topsamii pacTBOp (BbLIAETCS JIE€KYPHBIM B ayJUTOPUH 10 Mepe
HEOOXOMMOCTH ), COCY/l, MEPHBIH [UIUHID, TEPMOMETD, CEKYHJIOMED, II0COIHEY-
HOE MAaCJI0, MAJLTUMETPOBasg Oymara.

Ilpumenanue. [Ipu orenke perneHust OyaeT yIUTHIBATHCA HE TOJBKO ITOJTYI€H-
HBII OTBET, HO U METOJNKA IKCIEPUMEHTA, TAOJUIBI C U3MEPEHUAME U IPADUKH.

IlepBas nura

3agaua 2. Ucnapenue

Oupenenure oTHOLIEHUE 7'/ C yAEABHON TEIJIOTHL UCHAPEHUs " K YJEJbHOI Ter-
JIOEMKOCTH ¢ HEU3BECTHOrO pacTBopa. OUEeHUuTe MOrpeniHoCTh Pe3yIbTaTa.

Obopydosanue. Topsanii pacTBOp (BbLIAETCS JIEKYPHBIM B ayJUTOPUH 10 Mepe
HEOOXOIUMOCTH ), COCY/l, MEPHBIN IUIUHJP, TEPMOMETD, CEKYHIOMED, IOICOTHEY-
HOE MACJI0, MUJLTUMETPOBas Oymara.

Ilpumenanue. [Ipu orenke perneHnst OyaeT yIUTHIBATHCA HE TOJBKO ITOJTYI€H-
HBI OTBET, HO U METOHKA YKCIEPUMEHTA, TADJUIIbI ¢ M3MEPEHUsIMU 1 IPagUKH.

IlepBag sura

3agauva 2. Vcnapenue

Onpezieninre OTHOIIEHNUE 1/ ¢ YIEIBHON TEMIOTHI NCIAPEHNUS 1 K YAeJbHO
JIOEMKOCTH ¢ HEM3BECTHOTO pacTBopa. OIeHUTe MOTPENTHOCTh Pe3YIbTaTa.

Obopydosanue. Topsauuii pacrBop (BbLIAETCS JI€XKYDPHBIM B ayJAUTOPUHU 110 \
HEOOXOJMMOCTH ), COCY/l, MEPHBI LUJIUHJAD, TEPMOMETD, CEKYHIOMED, IIOJCOJI
HOe MacJI0, MUJLJIIMEeTPOBas Oymara.

Ipumenarue. Ilpu onenke pernenusi OyJIeT YIUTHIBATHCA HE TOJIBKO MOJLY
HBII OTBET, HO U METOJINKA HKCIEPUMEHTA, TAOJUIIBI C U3MEPEHUAMY U rpadu

IlepBag snura

3agaua 2. Ucnapenue

Oupenesure oTHOIIEHUE T/ ¢ yAEJIbHOI TEIIOThl UCIIAPEHUS T K YeJIbHOM
JIOEMKOCTH ¢ HEU3BECTHOTO pacTBopa. OIeHnTe MOrpentHocTb Pe3yIbTaTa.

Obopydosanue. Topsamii pacTBOp (BbLIAETCS JIEKYPHBIM B ayUTOPUH IO \
HEOOXOJMMOCTH ), COCY/l, MEPHBI LUJIUHJID, TEPMOMETD, CEKYHIOMED, IIOJICOJI
HOE MACJI0, MUJLTAMETPOBas Oymara.

Ilpumenanue. Ilpu omeHke pereHnst OyIeT YyIUTHIBATHCA HE TOTBKO TIOJTY
HBIIl OTBET, HO U METOJNKA HKCIEPUMEHTA, TAOJUIBI C U3MEPEHUAMY U rpadu

IlepBag nura

3agaua 2. Ucnapenue

Oupenesure oTHOIIEHUE T/ ¢ yAJIbHOI TEIIOThl UCIIAPEHUS T K YAeJIbHOM
JIOEMKOCTH ¢ HEM3BECTHOTO pacTBopa. OIEeHUTE MOrpeniHOCTh PE3YIbTATA.

Obopydosanue. Topsamii pacTBOp (BbLIAETCS JIEKYPHBIM B ayUTOPUH IO \
HEOOXOIMMOCTH ), COCY/l, MEPHBIH IUJIUHJID, TEPMOMETD, CEKYHIOMED, TOJCOJI
HOE MACJI0, MAJLTUMETPOBas Oymara.

Ilpumeuanue. Ilpu omenke pereHnst OyIeT YyIUTHIBATHCA HE TOTBKO TIOJTY
HBIl OTBET, HO U METOUKA YKCIEPUMEHTA, TaDJIUIIbI ¢ U3MEPEHUsIMU 1 rpadu



Bricimag sgura

3anaga 1. Ucnapenue

Oupenenure oTHONIIEHHUE /¢ YAEIBHON TEIIOTH UCIAPEHUs I* K Y/EJbHON Ter-
JIOBMKOCTH ¢ HEU3BECTHOTO pacTBopa. OIeHnTe mMOrpentHocTh Pe3yIbTara.

Obopydosanue. Topsaauii pacrBop (BbLIAETCs JIEXKYDPHBIM B ayJAUTOPUU 1[I0 Mepe
HEODOXOMMOCTH ), COCY/l, MEPHBIH LUIUHID, TEPMOMETD, CEKYHJIOMED, II0ICOIHEY-
HOEe MaC/I0, MAJLIIMETPOBas Oymara.

Ipumenarue. Ilpu onenke perienusi OyAET YIUTHIBATHCA HE TOJBKO MOJIYI€H-
HBII OTBET, HO U METOJNKA IKCIEPUMEHTA, TAOJUIBI C U3MEPEHUAME U IPADUKH.

Bricmmiag jgura

3amgaua 1. Ucnapenue

Oupenesure oTHOLIEHUE 7'/ C YAEABHON TEIJIOTHL UCHAPEHUs T K YJeJIbHO Ter-
JIOBMKOCTH ¢ HEU3BECTHOTO pacTBopa. OIeHnTe MOrpeniHocTh Pe3yIbTara.

Obopydosanue. Topsamii pacTBOp (BbLIAETCS JIE€KYPHBIM B ayJUTOPUH 10 Mepe
HEOOXOMMOCTH ), COCY/l, MEPHBIH [UIUHID, TEPMOMETD, CEKYHJIOMED, II0COIHEY-
HOE MAaCJI0, MAJLTUMETPOBasg Oymara.

Ilpumenanue. [Ipu orenke perneHust OyaeT yIUTHIBATHCA HE TOJBKO ITOJTYI€H-
HBII OTBET, HO U METOJNKA IKCIEPUMEHTA, TAOJUIBI C U3MEPEHUAME U IPADUKH.

Bricimag jgura

3agaua 1. Ucnapenue

Oupenesure oTHOLIEHUE 7'/ C yAEABHON TEIJIOTHL UCHAPEHUs " K YeJIbHOIN Ter-
JIOEMKOCTH ¢ HEU3BECTHOrO pacTBopa. OUEeHUuTe MOrpeniHoCTh Pe3yIbTaTa.

Obopydosanue. Topsanii pacTBOp (BbLIAETCS JIEKYPHBIM B ayJUTOPUH 10 Mepe
HEOOXOIUMOCTH ), COCY/l, MEPHBIN IUIUHJP, TEPMOMETD, CEKYHIOMED, IOICOTHEY-
HOE MACJI0, MUJLTUMETPOBas Oymara.

Ilpumenanue. [Ipu orenke perneHnst OyaeT yIUTHIBATHCA HE TOJBKO ITOJTYI€H-
HBI OTBET, HO U METOHKA YKCIEPUMEHTA, TADJUIIbI ¢ M3MEPEHUsIMU 1 IPagUKH.

Bricimmag sgura

3agaya 1. Ucnapenue

Onpezieninre OTHOIIEHNUE 1/ ¢ YIEIBHON TEMIOTHI NCIAPEHNUS 1 K YAeJbHO
JIOEMKOCTH ¢ HEM3BECTHOTO pacTBopa. OIeHUTe MOTPENTHOCTh Pe3YIbTaTa.

Obopydosanue. Topsauuii pacrBop (BbLIAETCS JI€XKYDPHBIM B ayJAUTOPUHU 110 \
HEOOXOJMMOCTH ), COCY/l, MEPHBI LUJIUHJAD, TEPMOMETD, CEKYHIOMED, IIOJCOJI
HOe MacJI0, MUJLJIIMEeTPOBas Oymara.

Ipumenarue. Ilpu onenke pernenusi OyJIeT YIUTHIBATHCA HE TOJIBKO MOJLY
HBII OTBET, HO U METOJINKA HKCIEPUMEHTA, TAOJUIIBI C U3MEPEHUAMY U rpadu

Bricimiag jgura

3agaua 1. Ucnapenue

Oupenesure oTHOIIEHUE T'/C yAJIbHOI TEIIOThl UCIIAPEHUS T K YAeJIbHOM
JIOEMKOCTH ¢ HEU3BECTHOTO pacTBopa. OIeHnTe MOrpentHocTb Pe3yIbTaTa.

Obopydosanue. Topsamii pacTBOp (BbLIAETCS JIEKYPHBIM B ayUTOPUH IO \
HEOOXOJMMOCTH ), COCY/l, MEPHBI LUJIUHJID, TEPMOMETD, CEKYHIOMED, IIOJICOJI
HOE MACJI0, MUJLTAMETPOBas Oymara.

Ilpumenanue. Ilpu omeHke pereHnst OyIeT YyIUTHIBATHCA HE TOTBKO TIOJTY
HBIIl OTBET, HO U METOJNKA HKCIEPUMEHTA, TAOJUIBI C U3MEPEHUAMY U rpadu

Bricmiag jgura

3agaua 1. Ucnapenue

Oupenesure oTHOIIEHUE T'/C yAEJIbHOI TEIIOTHl UCIIAPEHUS T K YeJIbHOM
JIOEMKOCTH ¢ HEM3BECTHOTO pacTBopa. OIEeHUTE MOrpeniHOCTh PE3YIbTATA.

Obopydosanue. Topsamii pacTBOp (BbLIAETCS JIEKYPHBIM B ayUTOPUH IO \
HEOOXOIMMOCTH ), COCY/l, MEPHBIH IUJIUHJID, TEPMOMETD, CEKYHIOMED, TOJCOJI
HOE MACJI0, MAJLTUMETPOBas Oymara.

Ilpumeuanue. Ilpu omenke pereHnst OyIeT YyIUTHIBATHCA HE TOTBKO TIOJTY
HBIl OTBET, HO U METOUKA YKCIEPUMEHTA, TaDJIUIIbI ¢ U3MEPEHUsIMU 1 rpadu



Bricimag sgura

3agaua 2. [IpasgHUYHBINA «CepBIA SIUK» C peJie

Bo MHOTUX 3/IEKTPpUYECKUX [EISTX BCTPEYAETCS JJIEMEHT,
Ha3bIBaeMbIil pejie. IlosicHuM mpUHIUI ero paboThl HA TTPU-
Mepe 3JIEKTPOMArHUTHOI'O pejie C OJHUM HOPMAJIbHO Pas3o- 4
MKHYTBIM KOHTAaKTOM. Takoe pejile COCTOUT U3 dIeKTpoMar- 3
HUTA ¥ KOHTAKTA, MOJBUKHASA [IJIACTUHKA KOTOPOrO PaCIo-
JIOXKeHA B 00JIaCTH [EHCTBUS DJIEKTPOMATHUTA, & B OTCYT-
CTBHE MAarHUTHOTO TIOJIsI YAEPKUBAETCS MPYKUHOMN TaK, 9TO 2 =
KOHTaKT pasoMKHYT (puc. 1). 1o peiie umeer jise napbl Bbi- 1/\X
BOJOB (BbIBOZLI 1 1 2 OT 3JIeKTPOMArHUTA ¥ BbIBOJLL 3 U 4
OT KOHTAKTA).

KoHTakT ¥ 3/IEKTPOMATrHUT 3JIEKTPUYECKH MEXKIy cOo0Oil He P
COEJIMHEHBI, TTOITOMY MOTYT OBITh MOIKJIIOYEHBI B ITPOU3BOJIBHBIX ﬂ _5)

Puc. 1

y9acTKaxX e, & HA CXeMe pejieé OOBIYHO M300PaykaroT KaK IBa
HE3ABUCUMbIX dJieMeHTa (puc. 2). JIEKTPOMATHUT peJie 0003HAIAeT-
Cs1 IPSIMOYTONMBHUKOM (KAK COMPOTUBJIEHUE, HO TOJIBKO C JIPYTHAMH
[POMOPIUSMHU), & KOHTAKT PEJI€ — KaK OObIYHBIN KJII0Y, KOTOPbIH IOMEYaeTCs TEeM
JKe 0003HAYEHNEM, YTO W 3JEKTPOMATrHUT (Ha pHUCyHKe 2 310 P).

[Tpu OTCyTCTBMM TOKa Yepe3 3JeKTPOMATHWT KOHTAKT pa3oMKHyT. I1o mepe
YBEIMYEHUS CHJIbI TOKA, 9€Pe3 3JTeKTPOMArHAT BO3PACTACT U MATHUTHASA CUJIA, Jeii-
CTBYIOIIASA HA MOJBUKHYTO ITACTUHKY KOHTAKTa. IIpH HEKOTOPOM I'DAHUYHOM 3HAa-
YEHUM CHJIbI TOKA MATHHTHAS CUJIA MPEBOCXOAUT CUJTY YIPYTOCTH IPY?KHUHBL U ILIa-
CTWHKA 3aHWMAET TIOJIOXKEHWE, B KOTOPOM OHA 3aMBIKAET MEXKIy COOO BBIBOIBI
KOHTaKTa. B 3TOM TpaHWYHOM CIIydae HAMPSTKEHWE Ha 3JIEKTPOMATHUTE HA3HIBA-
eTca HalpsKeHueM cpabarbiBanus. JlanbHeiilnee yBelMYeHne CHJIbI TOKA 9epe3

Puc. 2

JIEKTPOMArHuT HEe U3MeHAET COCTOAHNA KOHTaKTa. Ecin xe yMeHbIIaTb 3Ty CHJTY
TOKa, TO IIpU HEKOTOPOM I'DaHUYIHOM 3HAY€HUU CHUJIbI TOKa MarHUTHad CHUJIa CTa-
HET MEHbINe, 9eM CUJia YyOPYTOCTU NPYZKUHBI, U MIJIaCTUHKA BepHéTCH B UCXOJHOE
MTOJIOYKEHNEe, a8 KOHTAKT PA30MKHETCS.

BHYTPU cebsi: O/IMH UCTOUYHUK IIOCTOAHHOIO HAIPAXKeHUs
C 3aMETHBIM BHYTPEHHWM COTPOTHBJICHWEM, IBA OWHA-
KOBBIX PE3NCTOPa U JIBa OJUHAKOBBIX PEJIe, COOTBETCTRY- © O OO0
IOIIUX MPUBEIEHHOMY BhINe onucannio. Hapy»xky «cepo- S1 5 S5 S
ro diuKay BbiBeieHbl Yerbipe nposoja (A, B, C'u D) u Puc. 3
naTh cseroauoios (S1, Sa, Ss, Sq u S).

1. TIpoBenTE OMBITHI C «CEPHIM AMMKOM» W MPEICTABLTE CYIIECTBEHHBIE
JMAJBHEHINEr0 aHAIN3a, Pe3yabTaThl B (DOpMe TAOIUILI «Ieaaan — HabJII0/Ia,
BuI MOXKETE COeIUHATD BLIBOILI «CEPOrO AIMUKA» B JIOOBIX codeTaHuax. O
crapaiiTech He JepxKaTb CBETOIUOAbl BKIIOUEHHBIMU JJINTEIbHOE BpeMs, Wi
HUCTOYHUK [IMTAHUS MOYXKET Pa3paIUThCsl.

Boinanubliit Bam «cepblil siuk» (puc. 3) comepKur A B C D

2. Ilepeunciure Bce pas3juyHble COYETAHUS OJHOBPEMEHHO IOPSIIMX CBET
0/I0B, KOTOpbIE BBI HAOJIOIAIN B XO/€e OmbITOB. IlocrapaiiTech 0OHApYKUTDH
BO3MOXKHBIE coueTanusd. [[jist KaxK/I0ro coueTanus JaiTe CChIIKY HA KaK MUHI
OJIMH IPUBEIEHHDIA B TAOJIMIIE OIBIT, B KOTOPOM 3TO COYETAHME HAOJIIOLAI0ChH

3. Oupesesinre 3JIEKTPUIECKYIO CXEMY «CEPOro dAluKay. Moxkere cuurarh 3
TPUYECKUE XapPAKTEPUCTUKU CBETOAMO/IOB OJAMHAKOBBLIMU, & HAIPSXKEHUE 32K
HUsI CBETOINOA OJIM3KUM K HAMPSYKEHUIO CpabATHIBAHUS PeJIe.

Obopydosarue. «CephIil AMUK>.



High league

Problem 1. Evaporation

Determine the ratio r/c of the specific evaporation heat r to the specific heat
¢ of unknown solution. During solution you should estimate uncertainty of the
result.

Equipment. Hot solution (is given by person on duty in each room), vessel,
scaled tube, thermometer, timer, oil, scaled paper.

Note. During work evaluation the jury will consider not only obtained answers,
but the experimental method, result tables and graphs as well.
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High league

Problem 2. Holiday «Gray box» with relay
Relay is an element which is present in many electrical
circuits. We will explain its working principle on the
example of an electromagnetic relay with one normally 4
opened contact. This relay contains electromagnet and 3
contact, which mobile plate is situated in the region of the F- - ==
,_J

electromagnet action. In the absence of magnetic field the
plate is kept by spring in the position when the contact is
opened (fig. 4). The relay has two pairs of outlets (outlets 1/\Z’
1 and 2 are from the electromagnet, 3 and 4 are from the
contact).

The contact and the electromagnet are not electrically P

. L P
connected, therefore they could be attached to an arbitrary circuit ﬂ s
parts. The relay is usually depicted as two independent elements
(fig. 5). The electromagnet is denoted as a rectangle (resembles Fig. 5
resistance, but with different proportions), the contact is denoted
as a usual key, which has the same designation as the electromagnet (in figure 5
it is P).

The contact is opened when current doesn’t flow through the electromagnet.
The current increase leads to the magnetic force increase. The force acts on the
mobile contact part. Under some critical current value the magnetic force becomes
greater than the spring elasticity force and the plate turns into position, where it
locks the contact outlets. In this critical case the electromagnet voltage is called
operation voltage. Further current increase doesn’t change the state of the contact.
If the current will be decreased, then after some critical value the magnetic force
becomes less than spring force, and the contact opens.

Given «gray box» (fig. 6) contains: one constant A B C D
voltage source with substantial internal resistance, T T T T

two identical resistors and two identical relays, which OO0 O O
correspond to the above adduced description. «Gray S 9 S
box» outside has four wires (4, B, C and D) and five L9293 24

light-emitting diodes (S, S2, S3, S4 u Ss). Fig. 6

1. Carry out experiments with «gray box» and represent all substantial
the further analysis results as a table «made — observeds. You could connec
outlets of «gray box» in any combinations. You should not keep the diodes wor
for long (the power supplies will discharge).

2. List all various combinations of simultaneously burning light-emitting di
which you observed during experiments. Try to find out all possible combinati
For each combination give the reference on at least one experiment resulted in
table in which this combination was observed.

3. Determine the electrical scheme which is inside «gray box». During solu
you could use that the electrical characteristics of light-emitting diodes are iden
and their firing potential is close to the relay operation voltage.

Equipment. «Gray box».



XIV Meowcdynapodrasn orumnuada «Tytimaadas. Pusuka

IlepBasg sura

3agaua 1. Bpocanue msda ¢ Hebockpéba

Okcnepumenrtarop Lok copocun mad ¢ Gankona 300-oro sraxka HEOOCKPEDA.
Barem riok crycruica Ha jgudre 10 200-0r0 3Tayka ¥ B TOT MOMEHT, KOTJIA M9
nposteras mumo dankona 200-oro sraxka, copocus 6€3 Ha9aIbHON CKOPOCTH TOYHO
takoit ke Ma4. [Torom [miok cmycrusca mo 100-oro sTaxka m 3aMepU TPOMEKY-
TOK BpPEMEHHM MKy MOMEHTaMu MpoJiéTta Msdeii Mumo Oasikona 100-oro sTazka:
7 = 1,5 ¢. [Tocse 3roro [0k CIIyCTHICS HA TEPBBIA 3TaXK ¥ OOHAPY KU, ITO MAIN
yHaJid Ha 3eMJI0 C TeM Ke mHTepBasgoM Bpemenu 7. Haiinure Boicory h BTOpOro
Ms4a HaJ 3eMJIEH B TOT MOMEHT, KOTJIA MEPBbIN MY KOCHYJICA 3€MJIH. YCKODEHHe
crobomroro magerns g = 9,8 m/c?. Berpa ner. CWIy COMPOTHBIEHWS BO3IyXa,
CcYnTalTe MPOMOPIMOHAIBHON CKOPOCTH Msda, a KOIDDUIMEHT MpOIOpIMOHA b
HOCTH — KOHCTaHTOIi.

3agaua 2. 'pesaka B akBapuyme

FepMmernyHbIii akKBapuyM € TEILIOM30JIHPO-
BAHHBIMU CTEHKAMM COAEP:KUT BOIY MAaCCOi —1 K
M = 100 xr. Haz moBepXHOCTHIO BOJIBI B aKBa-
puyMe muMeeTcss HeDOJIbIoe KOJIMIECTBO BO3IY-
xa. B ToJIIme BO/IbI 3aKPENuIn pe3NHOBYIO IPEJI- - P W
Ky G, mmernmniy (GOpMy IIOCKOrO HENpPaBUIb- ?2 N
HOI'O TPEyroJIbHUKA, BEPIIMHLI KOTOPOrO HAaXO- _ oo B2
/:

5
|

>

o

/

ngarca uHa raybmnax hy = 30 oM, he = 40 cm
u hz = 65 cM OT moBepxXHOCTH BOIBI (puc. 1). - [/
PasHOMEpHO IO BCeil MOBEPXHOCTU TPEJIKK TTPO- ks

nemamu N = 1000 mameHbKux orBepcTHit. L'op- - T _
JIBIIIIKO TPEJIKK MOJICOEUHEHO Yepe3 Muaanr S
K HEeIpepbIBHO paboraroremy Kommpeccopy K, Puc. 1

KOTOPBIH 3aKAYUBAET B IPEIKY BO3/yX, HAXOIAIMIUNACA BHYTPU aKBAPIyMa HAJ [10-
BEPXHOCTHIO BOJBI. B pe3ysibrare 3TOro Kask/i0e OTBEPCTHE B IPEJIKE UCIYCKAET B
CpeHeM OJIUH My3bIpEK pagumycom r = 1 mum 3a Bpemsa 7 = 0,3 ¢. Onenure Bpems t,
3a KOTOpOe BoJia B cocye Harpeercs na AT = 1°C.

Yaenbuas rermnoéMrocts Boapl ¢ = 4200 Ix/(kr - °C), mWIOTHOCTH BOABL p =
= 1000 xr/m3. Yckopenne cpoboamoro majennsa g = 10 m/c?. Oramame KITJT
kommpeccopa or 100%, conpoTusaenne IBAKEHUIO BO3/yXa IO IILJIAHTY U IHOBEPX-
HOCTHOE HATSYKEHWE BOILI HE yIUTHIBAiTE.

3agaua 3. DileKTPpUYECKAsi CETOYKA

Kaxpiii pesucrop B nienu (puc. 2) umeer comnporusjierue R = 100 Om. Bee
aMIIEPMETPBI OJMHAKOBBIE, & UX BHYTPEHHHUE CONMPOTUB/IEHUS MHOTO MeHbIne R.

1. Haiizure conporupnenune Rpc uenu mexay roukamu B u C.

2. Ucrounuk nocrosinnoro Hanpszkerns ¢ 91C & = 24 B mOAKIIOYUIH [LTI0COM
K Touke B u munycom k Touke C. Haiinpre cuibl TOKa 1epes Kazkaplil aMIepMerp.

YciaoBug yHocure ¢ coboii!

XIV Meowcdynapodnasn orumnuada <« Tytimaadas. Pusuka

B xadecTBe oTBeTa MOMETHTE CTPEIOYKON HAMPABJIEHNE TOKA Yepe3 KarKIbIi
epMeTp ¥ HOJINUIINTE PAJOM YUCIeHHOE 3HaYeHNe CUJIbl TOKa, BIPA?KEHHOE B
(camo obosHauenue «MA» He yKasbiBaiiTe, 4ToObl HE 3arPDOMOXKIATH CXEMY ).

Puc. 2

3agaua 4. XoJsMc BbIOMpaeT KOCTIOM

[MTepmox XosmMc, CTOs EpeT MIOCKUM 3ePKAJIOM B TPUMEPOYHOM, 0OHADY
4TO HE BUJMUT B 3ePKajie [0Jia, XOTd cebsd BUAUT LEIUKOM (BIUIOTH [0 HU3E
TUHOK) U HUKHWII Kpaii 3epkaja kKacaercd nosia. Ha kakoil Bbicore x Or I
HAXOJUTCA U300parKeHne B 3epKaJie BEPXHEro Kpas MuaInHapa, (Iisibl) X0
Kpait nunmvaapa Beire yposHs ria3 Xoamca #a h = 30 cm. Boixomsa u3 mpume
HO#, X0IMC 3aMeTHJI, ITO MepecTas BUAETh CBOM IJIa3a B 3epKaJjie, KOTIa OTO
oT Hero B n = 3 pasa gaJbiie. Besmmauny n XosaMc onpeiesn, moCIuTan COo1
CTBYIOIIME IUINTKY Napkera Ha mosy. 1losr poBubIil u ropusonTasbabii. Bo BE
OMIBITOB XOJIMC CTOSJI BEPTUKAJIHHO.

Ipumenarue. st TPOU3BOIBHOTO YIJIa (v CIIPABEIIUBBI (DOPMYJIBI:

2tg 1—tg? 2tg a
—_—, cos2a = ——5—, tg2a = ————.
1+tg“a 1+tg“a 1-tg°a

YcaoBus yHocure ¢ coboii!

sin 2 =



XIV Meowcdynapodnasn osrumnuada «Tytimaadas. Pusuka

Bricimag sgura

3anaua 1. BpéBua
B Bomoéme mimaBaeT KOHCTPYKITUS, COCTO-
dAmasg U3 JABYX CKJIEEHHDBIX TOJBIX YeTBEPTH-
HOK THJIMHIPUIECKAX OPEBEH pPAIUyCaMU 71
U T9, HA KOTOPBIE IIOJIOXKEHA, TOJOBUHKA OJI-
HOPOJHOTO MUJINHIPUIECKOr0 OpeBHA paIny-
com (ry + r2)/2 (puc. 3). Bee 6pépHa nmeror
onMHAKOBYIO JyuHy. Onpenesnre OTHOIIEHUE
k = r1/re u wiorHOCTH p BepxHero OpeBHA,
IpU KOTOPBIX KOHCTPYKIHs OyIeT B paBHOBE-
CHH, IJIOCKOCTH COIMPUKOCHOBEHUS ITOJIOBUHKHU =
OpeBHA C YETBEPTHMHKAMHU COBIAJAET C YPOB- Puc. 3
HEeM BOJBI B Bogoéme. [ImoTHOCTH BOABI po =
= 1000 kr/ M>. Maccoit mosbIx YEeTBEPTUHOK MOYKHO TpeHeOpedh. YCTONINBOCTH
TOJTOZKEHNS PABHOBECHS MCCIEIOBATEH HE Tpedyercs.

3amaua 2. O6sako rajJakTukK

CoriacHO aCTPOHOMUYECKUM HAOIOIEHUSIM BCE MAJIAKTUKU YIAJIAIOTCA OT Ha-
et co ckopoctamu U; = Hrj, Tae 7; — pajanyc-BeKTOP TaJaKTUKW OTHOCUTEIHHO
Hameit, H = const — nocrosinnast Xab6sa. CKOPOCTH TaJTaKTHK MHOIO MEHbBIIIe
cKopocTu cBera. ['paBuranuonnas nocrosgaias (G U3BeCTHA.

1. Beipasure ckopocTn U] ralakTHK 9epe3 UX PaquyC-BEKTOPBI 7, B CHCTEME
OTCYETa j-Oif TaJIaKTUKH.

Paccmorpum mapoBoe CKOTLJIeHNe TaJIakTHK, HadaIbHas TJIOTHOCTD Py KOTOPO-
'O HOCTOSHHA 110 BCeMY ero 00béMy (IIOCKOJIbKY CKOILIEHUS COCTOAT U3 GOJILIIOro
9HC/Ta TATAKTUK, TO MOHSTHE IJIOTHOCTH JjIs HUX BBOJIUTCS TaK K€, KaK W s
OObIYHBIX TeJI, COCTOAIIUX U3 OOJIBIIONO YUC/Ia aTOMOB). BiusHue apyrux ckoiuie-
HUl YyIUTHIBATH HE TPEOyeTCs.

2. [Ipu kKaK¥UX 3HAYEHUAX Py PACIITUPEHNE CKOILJIEHUS CMEHUTCS CIKATHEM?!

Jasee OGymem moJrarath 9TO YCJIOBHUE HA P BBITOJTHEHHBIM.

3. Haitnure MakCUMAIbHBIA PAINYC T'max CKOILIEHUS, €CTH B HATAILHBIA MO-
MEHT OHO HUMEJIO PAIAYC T(.

4. Hajinure BpeMst T C3KaTH CKOIJIEHNS OT MAKCUMAJILHOTO JI0 TPEHEOPEsKIMO
MaJIor0 PaJINyCa.

YcioBus yHocure ¢ coboii!
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3amaua 3. I[loguTponbl

C HexkoTOphIM KOMMYECTBOM WIeaabHOTO Taza  p
npoBénu psim onbiToB: mporeccet NI, NA, NBi,
NBy u NBj (puc. 4). HauanbHoe cocrosinue rasa
(rouka N) 6bLIO OJMHAKOBBIM BO BCEX OIbITAX: I'a3
HAXOIUJICS 1O/, gapiaenueM Py u 3anuMast oobém V.
JomnosHuTehHO ObITI0 M3MEPEHO OTHOIIEHNEe MOJISIP-
HBIX TEMJI0EMKOCTEl Ta3a Mpu TTOCTOSHHOM JTABJICHNN
u mpu mocrosiHHOM o6béme: ¥ = Cp/Cy. Yausep-
cajibHas Ta30Bas Mmocrosgunas R w3BecTHa.

Pol--

1. B mamoit obmactu BOMM3M HEKOTOPOH TOUKN
JII000# KBA3UCTATUIECKUN TTPOIECC MOXKHO CUUTATH Puc. 4
JINHEWHBIMHA, TO €CTh MOJIAraTh, YTO JABICHUE ABJISETCS JUHEHHON byHKInei
éma: P(V) = aV + b. Haiigure ko3 duiuenTst a; u a, COOTBETCTBEHHO I
Hefinoro npubnukenns uzorepmbl NI u aguabarbr N A BOau3u Touku N.

2. Ipoueccot N By, NBs u N Bs $BJIIOTCs IIOJUTPONUIECKUMHU (TEIIOEMK(
LOCTOsIHHA), & UX KadecTBeHHble rpaduku n300pazkennbl Ha pucynke 4. Oupees
snak rermnoémkocteit Cp, Co m C3 B 3TUX TPOIECCaX.

3. TIpou3BOIbHDIH TOMUTPONUIECKHUTT TPOIIECC (MIOJUTPOIIA) OMUCHIBACTCH Y
neraneM PV = const, tae n = (C'— Cp)/(C — Cy) — nocrosiHHas TOJIATPC
C — MosgpHas TerioéMKOCTb B paccMaTpuBaeMoM tmporiecce. Kacarenbubie K
duxam npoueccoB NI, NA u N By B Touke N nepecekaroT HEKOTOPYIO HU30X0
toukax I, A, u B, coorBercrtBenno. 3Bectro, uro N B, — Meauana TpeyT
nuka NI, A,. Oupenenure Besmunnbl n u C' aja nponecca N Bs.

4. B roukax I n A ra3 3aHuMaer OJUHAKOBBIIH 00bEM aVy. Onpenenure K
7) TEIJIOBOI MaruHbl, paboraromieit o mukiay NTAN.

YcaoBus yHocure ¢ coboii!
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3amaua 4. Iuck KopbuHo

B kauecTBe gaT9mKa MArHUTHOTO MOJIS MOYKHO HCIIOJIb30BATh YCTPONCTBO, 1300~
paxkénHoe Ha pucyHkax 5 u 6 u HazpiBaemoe nuckom Kopbuno. Obpaser B hopme
JUCKa PAIAYCOM T2 C KOHIIEHTPUYIECKUM OTBEPCTUEM PAJUYyCOM 7| U3TOTOBJIEH U3
IIOJYIIPOBOAHUKA, a K €r0 MUJIUHAPUICCKUM ITOBEPXHOCTAM IIPUJIETAIOT KOJIbIla U3
XOPOIIEro MPOBOIHUKA.

1. KosbIra monk/II0O9a0T K UCTOYHUKY TTOCTOSHHOTO Hampsikerus U. Ompeme-
JIUTE pachpe/IeieHre HAMPIKEHHOCTH F 3JIeKTPUYEeCKOTO MoJist B 00pasie, mpeHe-
Operast 3aBUCUMOCTBIO I OT KOODIUHATHI BIIOJb OCH JUCKA.

2. ObGpasel HeJIMKOM BHOCAT B 00JIaCTh OJHOPOAHOIO MAIHUTHOI'O IIOJs Tak,
YTO IIJIOCKOCTH JUCKa OKa3bIBACTCA IMEPIICHAUKYIAPHA WHIYKITHA B MAardHuTHOI'O
noJisi. Hadinure conporusiienne R o6pasiia, W3MEpeHHOe MeXKIy KoJbIiamMu. B or-
CyTCTBUE MATHUTHOT'O TIOJIA OHO 6BIJIO paBHO RQ. I/IMeHHO HaJIn49ue 3aBUCUMOCTHU
R(B) mo3BoJisieT WCIO0JIb30BaTh JaHHOE YCTPONCTBO B KAYeCTBE M3MEPUTEJIS OIS,
Cuauraiite, 910 conporuBaenue obpasia 0OYCIOBICHO TOJBKO SJIEKTPOHAMU C MO~
ABUZKHOCTBIO [, KOHIIEHTPAIINA KOTOPBIX HE U3MEHACTCH IO ,D;eP'ICTBHeM BHEIIITHUX
SIEKTPUICCKHUX WU MaIlHUTHDBIX moJiei.

Ipumenanue. Ilpn Hammaum B 06pa3e TOJBKO IJTEKTPHIECKOTO MOJIST HAMPSI-
KEHHOCTHIO F cpeiHsst CKOPOCTh YCTAHOBUBITIETOCS ABUKEHUS IJIEKTPOHA U = [ F.

&

) 71

Puc. 5 Puc. 6

YcioBus yHocure ¢ coboii!
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YcaoBus yHocure ¢ coboii!



X1V International olympiad "Tuymaada"”. Physics

High league

Problem 1. Logs
The construction shown in the figure 7
is floating in the pool. It contains two glued
hollow logs quarters of radii 7; and 72, on
which a homogeneous logs half of radius (r, +
+72)/2 is placed. All parts of the construction
have a cylindric shape and equal length.
Determine ratio k = r1/r2 and density p of
the upper log for which the construction will
be in the equilibrium. The logs touching plane
coincides with the pool water level. Density of
water equals pg = 1000 kg/m?3. The mass of
hollow quarters is negligible. You should not
investigate stability of the equilibrium state.

Problem 2. Galaxy cloud

According to the astronomical observations all galaxies move away from our
galaxy with velocities ©v; = H7;, where 7; is radius vector of a galaxy with respect
to ours, H = const is Hubble constant. Galaxy velocities are much less than the
velocity of light. The gravitational constant G is known.

1. Derive the galaxy velocities U] as a function of their radius-vectors 7/ with
respect to the j galaxy reference frame.

Let’s consider a spherical galaxy cloud, which initial density pg is homogeneous
over the whole volume (Due to the fact that clouds contain a great number of
galaxies, a concept of density for them is introduces in the same manner as for a
usual bodies with a great number of atoms). The influence of other galaxy clouds
is small.

2. At what values of pg cloud expansion will change into contraction?

In further considerations we will assume that this condition on pg is not
satisfied.

3. Determine maximum cloud radius 7may if in the initial moment its radius
was 7q.

4. Find time 7 of the cloud contraction from the maximum radius to the
infinitesimal size.

Take with you this problem list!

X1V International olympiad "Tuymaada”. Physics

Problem 3. Polytropes

A series of experiments are carried out using p
some amount of an ideal gas. These experiments
include the following processes NI, NA, NB;, N By Pof--
and NBj (fig. 8). The initial gas state (point N)
is identical in all experiments: the gas is under
pressure Py and occupies volume Vj. From additional
experiments it is known that the ratio of molar
gas capacities at constant pressure and at constant
volume is equal to v = Cp/Cy. The universal gas
constant R is known.

1. Any quasistatic process could be treated as a Fig. 8
linear process in immediate proximity of some point, that is near this point pres
is a linear function of volume: P(V) = aV + b. Find coefficients a; and a, for
isotherm NI and adiabat N A linear approximation near point N.

2. Processes NBj, NBy and N Bjs are polytropic (heat capacity is conste
and their qualitative graphs are depicted in figure 8. Determine heat capacity
C5 and Cj signs in these processes.

3. Arbitrary polytropic process (polytrope) is described by the equation PV
= const, where n = (C'— Cp)/(C — Cy) is polytropic constant, C' is molar |
capacity in the considered process. Tangents to the process graphs NI, NA
N B> in point N intersect some isochore in points I, A, and B, respectivel
is given that N B, is a median of the triangle NI, A,. Determine values of n
C for the process N Bs.

4. In the points I and A the gas occupies equal volume «aVj. Determine
efficiency 7 of heat engine, which operates according to the cycle NTAN.

Take with you this problem list!
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Problem 4. Corbino disk

Corbino disk (fig. 9 and 10) is a device which can be used for a magnetic field
detection. A disk-shape sample of radius o with concentric central opening of
radius 71 is produced from the semiconductor material. A highly conducting rings
touch the cylindrical surfaces of the sample.

1. Rings are connected to the constant voltage U source. Determine the electric
field strength F distribution in the sample. You could use the fact that changes of
the electric strength F along the disk axis are infinitesimal.

2. The sample is inserted in the region of the homogeneous magnetic field
B. The disk plane orientation is perpendicular to the magnetic field direction.
Determine resistance of the sample R measured between the rings. In the absence
of the magnetic field the resistance is equal to Ry. Dependence R(B) allows to
use this device as a magnetic field detector. You could assume that the sample
resistance stipulates only from the electron motion. The electron mobility is equal
to u, it’s concentration is independent of applied electric and magnetic fields.

Note. If only electric field of strength E is present in the sample, then mean
steady electron velocity is equal to v = pFE.

T9 71

Fig. 9 Fig. 10

Take with you this problem list!
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Take with you this problem list!
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Miaamimast jaura

3agauga 1. ITamouka Ha KIMHbSIX
Ha ropusonTa/bHOl IJIOCKOCTH IOKOATCS JABa KJIMHA MaccaMu mi U Mg C yI-
JIAMH DU OCHOBaHUM v U (o (puc. 1). Ha KIMHBA rOPU3OHTAILHO MOJIOXKUIN
OJIHOPO/IHYIO AJIOUKY, HOCJIE Yero CUCTEMY OTITYCTU/IN. T DEeHUsi B CHCTeMe HET.
1. ITpu kakoit Macce m MajJOYKK €€ KOHIIbI YAapsSTCs O IIOCKOCTh OJIHOBPEMEHHO?!
2. Tosaras oy > ag, oupejieaure, IPU KAKOM OTHOIIEHUH 1M1 /Mg 9TO BO3MOXKHO.

3amaua 2. [Tamenne «raHTeJIbKU»

JlBa HeOCosbIUX OAMHAKOBBIX Imapa BecoM N = 10 H kaxjupiii cBsizaam Ko-
POTKOI HUTBIO M HOMECTUJIN MeXKJy HUMU (HO He NPUKPENNIN K HUM) JIETKYIO
upykuny (puc. 2). [osyuennyio «rantesbky» copocuiu ¢ camosiéra. B Hekoro-
pBIit MOMEHT B IIPOIIECCE A I€HUS HUTH 0O0OPBAJIACH U IIAPHI [TOJIETETH HE3ABUCUMO.
Cpasy 1ocJie pacupsiMJIeHIs TPY>KUHBI KHHETHYIECKUE SHEPIUH MAPOB OTJINIAIUCH
Ha AFE = 1 k/I>x. Yepes HeKOoTOpOE BpeMsi CKOPOCTH TAJAIOIIHUX MIAPOB [IE€PECTAIH
u3MeHsiThcst. Haiiure paccrosinue L MexK Iy mapaMyd Ha 3TOM dTalle HaIeHUsl. 3a
BpeMs pa3e/IbHOrO MAJeHHs IIAPOB MOJLYJIb UX CyMMAPHOTO UMITYJIHCA Y MEHBITIIII-
cg B n = 5 pa3. Cuuraiire, 9T0 CHJIa COMPOTUBJIEHUS BO3/LyXa MPOMOPIMOHAIBLHA
CKOPOCTH TIapa M He 3aBUCUT OT BBICOTHI HAJ, 3eMJIéil. Bpamenne mapos me y4u-
TeiBaiiTe. TpaekTopun MapoB MOTI'YT He JieXKaTh B OJHON ILJIOCKOCTH.

m
ml (s 1 m2
aq o
Z
Puc. 1 Puc. 2
Sagaua 3. Oaumnuiickasi aMmbJiema
3 ngmu KycKOB IIPOBOJIOKH COIIPOTHUBJIE- A

HUEM I KayKJIbIil CAEJIAJN MATh OJMHAKOBBIX

KOJIEII, KOTOPbIE 3aT€M COEIMHIIN TOI00HO

osmMImiickoit smbieme (puc. 3). Touka A u

[I5ITh TOYEK COeJMHEHUS JeJISIT [eHTPAJIbHOEe

KOJIBIIO Ha IIeCTh paBHBIX jyr. Oupeesure

conporuBjeane R Mexay toukamu A u B

nerr. CONpOTUBIEHHEM B TOYKAX KOHTAKTA

MOKHO TIpeHeOpedb. KoHTakTaMu sABJISIIOT-

csd He BCe IepeceveHus KOJIell, a TOJIbKO Te, B
KOTOPBIE TIOMEYEHBI YKUPHBIMU TOYKAMHU. Puc. 3

YcaoBusi yHocurte ¢ coboii!
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3amaua 4. Cyn skcriepuMeHTaTopa Lioka

O iHaZK 16l 3UMOiT 9KcriepuMenTaTop [JTI0OK permm BCKUISATUTD BOJLY Ha CBE?
Boziyxe (Temneparypa Bosayxa to = 0 °C, armocdeproe gapienne Py = 101 &
OTHOCHUTE/IbHAS BJIAXKHOCTD Bozayxa ¢ = 25%). i 9TOro OH HaJuI B KACTPK
JIOCTATOYHOE KOJIMIECTBO XOJIOMHON BOIBI U Pa3BE/ I0J Heil HeOOJIBbIOi KOC
[Tonrepeunoe cedenne KacTioan umeeT hbOPMY HEIPABUIBLHOTO TPEYTOJILHIKA, ]
magapio S = 100 cm?. Crenky KacTpIOJM TOHKHE, a UX TeMIEpaTypa BCE BD
paBHa Temreparype Bojbl. OIHOPOIHAS TPEYTOJIbHAS KPBIITKA MACCOH m = 2|
PEPMETUYHO 3aKPBIBACT KACTPIOJIIO, HO HE KPEIUTC K HEl.

1. IIpu xakoit Temueparype t1 KpbIIIKa B [I€PBbIl Pa3 MPUIOIHUMETCSI, 9T
BBIITYCTUTD [1ap U3 KACTPIOJIHU !

2. Kakyto Temmieparypy to Oymer uMeThb BOJA MOCJE JIUTEILHOr0, HO HE 09
AKTUBHOI'O KUIIEHUA !

3. 1o kaxoii Temieparypsl t3 J0JIKHA OCTBITH BOJA IIOCJIE 9TOr0, 9T00bI
HE CMOI' OTKPBITh KPBIIIKY, IIpUjiarasi K Heil BeprukajibpHyto cuy F = 300 H?

TlostyuaTh orBeThl B 00IIIEM BHJIe HE TPEOyeTcs.

3aBUCUMOCTD JlaBJieHnsi P HACBIEHHOTO Tapa OT TEMIEPATYPHI ¢ IIPUBE/
ma rpacduke (puc. 4). Yckopenue cBoboHOr0 Majenns g &~ 10 m/c?.

200

180

160

140

<

= 120

i

Q100+
80}
601
a0}

20

0 | | | |
60 80 100
t, °C

Puc. 4

YcaoBus yHocure ¢ coboii!
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Crapinag jura

3anaua 1. Kosiebanuss Ha mMpoBOJIOKaxX

JlBa OIMHAKOBBIX IPOBOJIOYHBIX yIJIa Y
3a(PUKCUPOBAHBI B OJHON ILJIOCKOCTU TaK,
aro KoopauaaTHbie ocu Ox u Oy SIBJISIIOTCsT
I HuX ocsivu cummerpu (puc. 5). Cropo-
HBI YTJIOB COCTABJIAIOT yroi & = 30° ¢ ocbio
Oz. OKOJIO BEpIINHBI yTJIa ITPOBOJIOKA 00-
pasyer HeOOJIbIIOE 3aKpPyIJIEHHUE, IJIaBHO
COEJIMHSIIONIEE CTOPOHBI. BJ10Jib TPOBOIOU-
HBIX YIJIOB MOTYT JIBUTaThCS JIBE OJIMHAKO-
Bole Oycuaku. KoaddunmenT Tpenns Mex-
y O6ycuHKOR u mpoBosiokoit 1 = 0,1. Bycunku coennnensl HeBECOMO# MDY KUHOIM,

=)
8

Puc. 5

JJIMHA KOTOPO# B CBOOOJIHOM COCTOSIHMH PaBHA PACCTOSHUIO MEXK/IY BEPIIMHAME
YIJIOB.

1. Haiinure nepuosn T’ kojiebanmil, Ipr KOTOPBIX KOOPAUHATHI T 00erX OyCUHOK
BCE BpeMsi PaABHBI MEXKJIy CODOIA.

2. Haitnure 3aryxanume v Takux kosebanuit. [lox 3aryxamnmem 371ech mMoapasy-
MEBaeTCsl OTHOIIEHNE KHHETHIECKOI SHEPIUN TIPU [TPOXOXKICHUH [TOJIOXKEHUS PAB-
HOBeCHUsI K KHHETUYIECKON IHEPIUU 110 IPOIIECTBUN TIEPUOIA.

Cucrema HaXOIUTCS B HEBECOMOCTH. EC/in OJIUH KOHEI[ TOYHO TaKOM YKe Py K-
HBI 3a(PUKCUPOBATH, & K JIPYTOMY KOHILY IIPUKPEINUTH OJHY U3 OYCHHOK, TO IIEPUOT,
BEPTHKAJIBHBIX KoJiebanuil Takoro Magraunka oyjaer Ty = 1 c.

3amaua 2. /Iuu paBHOJEHCTBUS

JHu JleTHEro u 3UMHEro coJstHiectosiuus (21 monst u 21 nekabpst) JessT roj
[orioJIaM, a JIeTHUH MePUOoJL, MEXKLY JIHIMU BECEHHETO M OCEHHErO PABHOJICHCTBUS
(¢ 20 mapra 110 22 cenTabpsl) IPOJOJIZKUTEIbHEE 3UMHET0 HA T A2 7 CyT.

1. Korga paccrostaue ot 3emiu 10 CostHiia HauboIbIIee 1 KOrga HauMeHbIee?!
B kauecTBe oTBeTa yKaskKuTe JAaThl, OTBET aplr'yMeHTUpPYiTe.

2. Haiimure pasnocts AR MexK Ly HAMOOJBIIAM U HAMMEHDBIIUM 3HAYCHUAMU
paccrostaust ot 3emun 10 CoJiHia.

3. Haiigure passocrs Av MexKy HauOOJIBIIMM M HAUMEHLIIAM 3HAYEHUSIMU
OpOUTAIIBHOM CKOPOCTU 3eMJIN.

Hpumeuanue. Cauraiire, aro 3emuoit rox T ~ 365 cyr, a opbura 3emian He
CHJILHO OTJIMYAETCS OT OKPY’KHOCTH pajumycoM R = 1,5- 10" M. B nuu conmnecro-
SIHUS JUINTE]bHOCTD JHS U HOYUM MAKCUMAJLHO PA3JIMYAIOTCs, a B JHU PABHOJIECH-
CTBUsI OHU paBHBI. B cBsi3u ¢ BucokocHocThio 2008 rojia JaThl COJTHIECTOSTHUST U
PaBHOJIEHCTBUSI HEMHOI'O OTJINYAIOTCS OT IIPUBLIYHBIX.

YcaoBusi yHocure ¢ coboii!
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Samada 3. BeITOBOII X0JI0MUJIBLHUK

BriToBOiT XO/IOMMIBHUK UMEET PYUKY PEryIMPOBKH TEMIIEPATYDPBI B KaM
Tpebyemast Temueparypa MoJIePKUBAELTCS C TOMOIIBIO CIIEIUAJIBHOIO YCTPONC!
KOTOPOE MEPUOINIECKY BKIIFOUAET U BBIK/IFOUAET XOJIOIUIBHYI0 YCTaHOBKY. Kc
TeMIeparypa B KaMepe IIOJHUMAETCs BhIllle TpedyeMoil 6oJiee, 1eM Ha HEKOTO]
HeOOJIBINTY 0 (DUKCUPOBAHHYIO BEJIUINHY, JTAHHOE YCTPONCTBO BKJIIOYAET XOJIOI)
HyI0 ycTaHOBKY. Korma TeMmeparypa B KaMepe OITyCcKaeTcs HiKe Tpedyemoit 60
9eM Ha HEKOTOPYIO HeOOJIbIIyI0 (DUKCHUPOBAHHYIO BEJIMYUHY, JAHHOE yCTPOAC
BBIKJIFOYAET XOJIOMIbHYI0 YCTAHOBKY.

B ycranoBusIiemcst pexkumMe padOThI XOJIOINIbHIKA B KAMepe MO JIEPXKIUBAJ
remueparypa 11 = 275 K. Pyuky perysmmpoBku TeMepaTypbl IIOBEPHYJIN, U €
HEKOTOpOe BpeMs B KaMepe yCcTaHoBmwIach Temieparypa Th = 270 K.

1. Bo ckoJibKO pa3 n M3MEHMJIACh MOIIHOCTD TEILIONEPEIadr OT OKPY2KAIO]
cpeibl K Kamepe?

2. Bo ckoJIbKO pa3 p m3MeHmJIaCh MOIIHOCTD TeIIoNepe adn OT KaMephl K
JIOJMJIBHOM YCTAHOBKE BO BpeMsi €€ paboThI?

3. Bo cko/IbKO pa3 o n3MEHUJIACH J0JIsi BpDEMEHN, B T€YEHIEe KOTOPOro pador
XOJIOJIUJTbHAST yCTAHOBKA !

4. Bo cKOJIBKO pa3 [ U3MEHUJIOCh BPeMsi HEIIPEPBIBHOI PabOThI XOJIOIUIIE
YCTAHOBKU?

IIpescraBpre OTBETHI B OOINEM BUJE U PACCUATANTE UUC/IEHHBbIE 3HAUECHY
TOYIHOCTBHIO JI0 TPEThe MU PDI TMOC/Ie 3AISTOI.

[IpenesbHO HU3KAS TeMIIEpaTyPa, KOTOPas MOXKeT OBbITh JOCTUIHYTA [IPU HE:
pBIBHOI pabote xosomuiabnoit ycranoBu, T = 260 K. Komuarnas remmepar
Ty = 295 K. MomHocTb, moTpebdiisieMast XOJIOIUIBHUKOM OT 3JIEKTPUIECKON
TH BO BpeMsl pabOThI XOJIOAUIBHON YCTaHOBKH, IOCTOSIHHA. Pa3/imameM TeMir
TYp B PA3HBIX Y9aCTAX KAMEPbl MOXKHO Iperedpeunb. Cauraiite, 9T0 XOJJIO U]
KO3 DUIMEHT OBLITOBOIO XOJOIMILHIKA B HEKOTOPOE (DUKCUPOBAHHOE THCJIO
MEHbIIIe AHAJOTUYHOI BEJIMYUHBI JJIS U/I€AJTbHOTO XOJIOAMILHUKA, PADOTAIOIN
o nukJy KapHo B TeX Ke yCJIOBUSIX.

IIpumenanue. Xonoaunbaeiit kKoaddurment p = Q/A, rue Q — Komdec
TEILJIOThI, OTHSITOE 3a IUKJI Yy OXJaxKjgaeMoro Tena, A — pabora, coBepIIEéHHA:
[UKJT HAJ[ PADOYUM TEJIOM.

YcaoBus yHocure ¢ coboii!
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3amaua 4. 3a3eMJIEHHBINT KOHTYP

Kouebaresbubiit KOHTYDP, COCTOAIIMIT U3 KATYIIIKI UH/YKTHBHO-
crei0 L u KoHeHCcaTOpa éMKOCThI0 (', 3a3eMJIMIIM Yepe3 Pe3UCTOp
MaJIbIM conporusienueM R (puc. 6). Ko BropoMy BBIBOLY KOHTYpa
[TOJIKJIFOYIIIN IPOBOJAILY 0 cepy paguycom r. KorjeHcarop 3apsi-
aum 10 Hanpsikenns Uy 1 3aMKHY/IH K04, HermocpecTBeHHO 11e-
pel 3aMbIKaHNeM KJTio4a Kojebanuii B menu He 6n110. KommencaTop
u cepa HAXOIATC JAJIEKO JIPYT OT APYTa.

1. Onpenemure nepuon 1 KojaebaHuii B IIEIIH.

2. Haiiure MakCUMAaJIBHYIO CHIIy TOKA [pax B KATYIIKE B MIPO-
mecce KoJieOaHuii.

3. Boraucsimre 106poTHOCTD () KOeOaTeIbHOM CUCTEMBI.

ITpumenanue. Ilo oupenenenuio go6poraocts QQ = 2nW /AWy,
rne W — nosiHast sHeprusi, 3anacéunasi B cucreme, AW — norepu
9TOIl SHEPIUU 38 [MEPUOI.

YcaoBusi yHocurte ¢ coboii!
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YcaoBus yHocure ¢ coboii!



XV International olympiad "Tuymaada". Physics

Senior league

Problem 1. Oscillations on wires

Two identical wire angles are fixed in
one plane in such a way that coordinate
axes Oz and Oy are the axes of symmetry
for them. (fig. 7). The angle between the
sides of the angles and axis Ox is a = 30°.
Near the vertex of the angle the wire have
a rounding that makes a smooth junction
between the sides. Two identical beads can
move along the wire angles. The coefficient
of friction between the bead and the wire
is u = 0.1. The beads are joined with a weightless spring which length in a free
state is equal to the distance between the vertices of the angles.

1. Find the period T' of oscillations at which the coordinates x of both beads
are always equal.

2. Find the attenuation v of such oscillations. Attenuation here means ratio
of kinetic energy at passing position of equilibrium and kinetic energy after the
expiration of a period.

The system is in a weightless state. If one end of the same spring is fixed and
one of the beads is attached to the other end, the period of vertical oscillations of
this pendulum is Ty = 1 s.
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Fig. 7

Problem 2. Equinox days

Summer and winter solstice days (June, 21 and December, 21) divide year in
two equal parts, and summer period between spring and autumn equinox days
(from March, 20 to September, 22) is longer than winter period by 7 =~ 7 days.

1. When the distance between the Earth and the Sun is maximum and when
it is minimum? Point out the dates, explain the answer.

2. Find the difference AR between maximum and minimum values of the
distance between the Earth and the Sun.

3. Find the difference Av between maximum and minimum values of orbit
velocity of the Earth.

Note. Consider the Earth year to be T' ~ 365 days; the Earth orbit differs a
little from a circle with a radius R = 1.5-10'! m. At solstice days durations of day
and night have the maximum difference and at equinox days they are equal. Due
to the year’s 2008 being a leap-year (366 days) the dates of solstice and equinox
days differ from usual.

Take with you this problem list!
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Problem 3. Refrigerator

A refrigerator has a lever regulating temperature in a chamber. The requ
temperature is maintained by means of special device, which turns the refrigera
system on and off periodically. When temperature in the chamber exceeds
required temperature by amount more than some fixed small value, this de
turns the refrigerating system on. When temperature in the chamber gets Ic
than the required temperature by amount more than some fixed small value,
device turns the refrigerating system off.

In a steady state the temperature maintained in the chamber was T = 27!
The regulating lever had been turned, and after a while the temperature in
chamber became Ty, = 270 K.

1. How many times n the power of heat transfer from the environment to
chamber has changed?

2. How many times p the power of heat transfer from the chamber to
refrigerating system has changed during the period of operating of the systen

3. How many times « the percentage of the period of operating of
refrigerating system has changed?

4. How many times (3 the period of continuous operating of the refrigera
system has changed?

Represent the formulas and calculate numerical values accurate to the t!
sign after point.

The lowest temperature to be reached during continuous operating of
refrigerating system is 75 = 260 K. The room temperature is Ty = 295
The power the refrigerator takes from the electrical network during the pe
of operating of the refrigerating system is constant. The difference betw
temperatures in different parts of the chamber may be disregarded. Consider
coeflicient of performance of the refrigerator to be some fixed number of times
than the coefficient of performance of an ideal cooler body operating accordi
to the Carnot cycle under the same conditions.

Note. The coefficient of performance is u = Q/A, where @ is the quantit
heat removed from the cooling body during the cycle, A is the work done on
body during the cycle.

Take with you this problem list!
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Problem 4. Earthed circuit

An oscillatory circuit consisting of a coil with inductance L and
a condenser with capacity C' was earthed through a resistor with
small resistance R (fig. 8). A conductive sphere with radius r is
connected to the second terminal of the circuit. The condenser was
charged up to the voltage Up, then a key was closed. Immediately
before the key was closed there were no oscillations in the circuit.
The condenser and the sphere are far from each other.

1. Determine the period T of oscillations in the circuit.

2. Find the maximum current I,x in the coil during the
oscillations.

3. Calculate the quality factor @ of the oscillating system.

Note. By definition quality factor is Q = 2aW /AWy, where W
is full energy stored in a system, AWrp — losses of this energy over
a period.

Take with you this problem list!
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Maammaa aura

3anaua 1. BoasTaerp
Onpezexure 3IC & ucrounuka.
O6opyaosanne. lICTOMHUK. BOILTMETD, PE3UCTOD [EPEMEHHOTO CONPOTHEIE-
HHsl, MOHTAXKHAS ILTAT2, COETMHNTETLHLE NPOBOIA.
IMpuseuanne. 3IC HCTOMHMKA NPEBRINAET BEPXHHA NPEIET HIMEPEHMS
BOJILTMETPA.

3aaaua 2. HeussecTHas >XMIAKOCTL
Onpezeaure NI0THOCTL 0 HeussecTHOR XuaxocTH. [laoTHeeTs BOAW o, =
= 1000 xr/s*.
O6Gopyaosanne. Cocyan ¢ BOIOR M HEH3BECTHOR MXHUIKOCTHIO, TPYVOKa, mTa-
THE, JIHHENKA, J8e TARKH.

Crapliasa aura

3aaaua 1. MulabHbie Ny3sipH

B zannoft 3a3a%e npeliaraercs M3VHHTE 3MHeKTH, CEAIANHLE C NOBEPXHOCT-
HEIM HATSDKEHMEM MLUTLHOTO PACTEOPE M ESI3KOCTRIO BOATYXA.

1. Onpezeanre XO3DOUUMEHT NOBEPXHOCTHONO HATHKEHHS ¢ MLUTLHOIO PACTEO-
pa.

2. CuumuTe 32BHCHMOCTD BpeMeH T CIVERHMS MLUIBHOIO NY3KPR OT ero Ha-
HaIsHOro payvea Ry. 11306pa3uTe pe3yasTaThl Ha rpaduke.

3. Henoassys opuyay Ilyvaszefas, umseaure 3asucuMocts 7 (R,) Teoperntie-
cxu. CpasHuTe PE3VILTATRL.

4. Ouenure KO3MOUUMEHT INHAMHTECKOR BAZKOCTH 2} BO3IVXA.

O6opyaoeanne. KamuLiap ¢ H3BECTHRIM BHVTPEHHUM patuycoM &, Tpybotka
OT COK2, MELTBHAIR PACTEOD, CEKVHIOMED. MiLtHMeTposas Gymara.

Ipuseuanne. [110THOCTE MELILHOTO pacTeopa p = 1000 kr/s3. Qopumyaa
[lyaszeftas 1I8 PACcX0Ia XHIKOCTH WM Fa3a NpH TedeHus weped Tpyby:

rae 7 — KOMDDUIMEHT IUHAMHYECKON BA3KOCTH cpeanl, P, u P — zanienus Ha
KOHIAX TPYORL, r % [ — PATMVC ¥ TIMHE TPYOR! COOTBETCTREHHO.

3anaua 2. [Toeapennas coan
OnpezeauTte IIOTHOCTE £, CYXOR NOBAPEHHOR COTM KAK CHIIYHEro BElECTER M
ILI0THOCTB Px OIHOTO KPHCTALI2 3TOR coi. [1I0THOCTS BOIM P = 1000 xr/ad.
O6Gopyaosanue. Cyxas NOBAPEHHAS COTb, MEIMIMHCKHRA MNIPHIL ILTACTIINH,
BOJA B CTRKANE, JBA [IYVCTHIX CTAKAHA.

Junior league

Problem 1. Voltmeter
Determine voltage source electromotive force &.
Equipment. Voltage source, voltmeter, variable resistor, wiring plate, wires.
Note. The electromotive force exceeds the voltmeter measurement limit.

Problem 2. Unknown liquid
Determine density p of unknown liquid. Water density is g = 1000 kg/m?.
Equipment. Vessels filled with water and unknown liquid, tube, support, ruler,
WO nuts.

Senior league

Problem 1. Soap bubbles

In this problem you are proposed to study effects related to soap solution surface
tension and air viscosity.

1. Determine coefficient & of soap solution surface tension.

2. Take dependence of time T of bubble defiation on its initial radius R,. Plot
the dependence.

3. Using Poiseuille equation. derive the dependence T(Rp) theoretically.
Compare the results.

4. Estimate coefficient of dynamic air viscosity 7.

Equipment. Capillary with known inner radius 4, plastic straw, soap solution,
stopwatch, graph paper.

Note. Soap solution density is p = 1000 kg,’m’. Poiseuille equation using to
determine liquid or gas flow in a tube:

=r
Q= 'B_:ﬂ'(n - R),

where 1 is coefficient of dynamic viscosity of media, Py and P are pressures at the
ends of the tube, r and [ are tube radius and tube length respectively.

Problem 2. Salt
Determine deunsity p, of dry salt (as dry substance) and density px of one salt
crystal. Water density is g, = 1000 kg/m3.
Equipment. Dry salt. syringe. plasticine. glass filled with water, two empty
glasses.
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Tyiimaana-2016
YepHblii AUK (MJIaamas Jura) Heycrpoes E.II.
B uepHOM silyKe HaXOUTCS UCTOYHHK MTOCTOSTHHOTO TOKA.

1. Ompenenute xapakTepUCTUKU UCTOYHHMKA TOKA: BHYTpEeHHE conpotusiienue, 9J1C, cuiny
TOKA KOPOTKOTO 3aMbIKaHMUS.

2. TloctpoiiTe 3aBUCUMOCTb IMOJIE3HOM MoHOCTH OT conpoTuBicHusnP (R). 13 3aBucumoctu
P(R)onpenenute BHYTpEHHEE COMPOTHBICHUE HCTOYHNKA M CPABHUTE CO 3HAYCHUCM,
MOJIy4YEHHBIM B [IEPBOM 3a/IaHUHU.

3. OueHuTe NOrPEeIIHOCTH U3MEPEHH

O6opynoBaHue: YepHBIH SIIKUK, aMIIEPMETP, HA0OP CONMPOTUBIICHUH C U3BECTHBIMU 3HAYCHUSIMH,
COCIMHUTENbHBIC MPOBO/IA (10 TPEOOBAHUIO YYACTHUKOB)

Buumanmue: 1 n30eKaHUs KOPOTKOTO 3aMBIKaHUS 3aMPEeIIaeTCs MOJACOSTUHATD aMIIEpMETP
HEIMOCPEICTBEHHO K BBIBOJIAM YEPHOTO SIIITHKa!

TLIOTHOCTD M MYCTOTHOCTH (MJIA/IIIAS JIUTA) 3amsatHun M.IO.

KoaddurueHToOM MyCTOTHOCTH CHIITyYUX BEIIESCTB HA3BIBAIOT OTHOIIEHUE 00heMa BO3IYIIHBIX MOJIOCTEH
K 001meMy o0beMy BEIIeCTBA.

1. Onpenenure K03 HUIMEHT TyCTOTHOCTH HEYTPaMOOBAaHHOTO (HACKHIITHOTO) ITECKA.

2. Ompenenurte IJIOTHOCTh TMECYHUHOK (MUIOTHOCTH CAMOTO BENIECTBAa KPYIHMHOK Iecka 0e3 ydvera
BO3JIYIIHBIX rTonocteil). [lmoTHOCTH Boms! 1 r/em®.

[Ipubopsr 1 oGopyaoBanue: JIMCT MHWIIMMETPOBKM WM JaepeBsHHas nuHelka 40 cM, CKOTY, HHUTKH,
IITATUB, JIBa IIACTUKOBBIX CTAKAHUMKA C MOAMMCAHHBIM MapKEPOM YPOBHEM, COOTBETCTBYIOLIUM 00bEMY
100 Mt Ha kaxmoM, crakaH ¢ Bojoi, mmpun 20 M, cTtakaH ¢ cyxuM neckoMm. OmHOpa3oBas YaifHas
JIO)KEUKa MJIH JIydllle majovka-Merraika s kode. Canderku B focTaTke!

JkcnepuMeHTadbHas 3a1a4a " [lmactmaccoBasi mpy:kuHKa" (cTapuias Jura).

OO0opynoBanme : MsrKas IpyKUHKa, IPY3UK ¢ U3BECTHON Maccol, IUTaTUB, METPOBKA,
CEKYHJIOMEp, HUTKa M CKOTY (JIJIsl TOTO, YTOOBI MOJBECUTH I'PY3HK).

3amaua : Hailimute maccy oHOro BUTKa W aHajior moayis KOHra miacTMaccoBOM NpyKUHKH
HECKOJIBKUMH CIIOCOOaMHU.

1. Hccnenyiite 3aBUCUMOCTD JJIMHBI IPYKUHKH OT YMCIIa BUTKOB 0€3 Ipy3HKa H C TPY3HUKOM
(Macca rpy3uKa ykaszaHa).
2. CHUMUTE 3aBUCUMOCTH TepHOia KoineOaHui IPY>KUHKU OT YHCJIa BUTKOB 0€3 Tpy3HKa | C
TPY3UKOM.
3. Hcnonb3ys noiaydeHHbIe pe3yabTaThl OTACIBHO ISl IEPBOTO U BTOPOTO ITYHKTOB OLICHUTE
Maccy OJJHOTO BUTKA M aHaior moxayis HOHra.
4. CnpenaiiTe onleHKY norpemHocTd. CUnTaTh, YTO TUAMETP MPYKUHKHU TTOYTH HE MEHSETCS.



Black box (junior league) E. P. Neustroev
There is a sourcef direct current in the black box.

1. Determine characteristics of source of currenterimdl resistance, an electromotive force, a current
intensity of short circuit.

2. Plot the dependence P(R) of net power P ondbistance R. Determine from the function P(R) the
internal resistance of the source and comparethitivalue obtained in the first task.

3. Estimate errors of measurements

Equipment: a black box, an ammeter, a set of msistith known values, connecting wires (at a regue
of participants).

Caution: to avoid a short circuit it is forbidden to coshéhe ammeter directly to terminals of black box!

Density and voidage (junior league) Zamyatnin M. Yu.

The void coefficient of granular materials is tlatio of volume of air cavities to the total volurokthe
substance.

1. Find the void coefficient of loose (bulk) sand.

2. Determine the density of grains (the densitgudistance of grains of sand without taking intooaaot
the air cavities). The density of water is 1 glcm

Instruments and equipment: a sheet of graph paper6 cm wooden ruler, an adhesive tape, threads,
tripod, two plastic cups with a signed by markeelecorresponding to the volume of 100 ml in each,
glass of water, a 20 ml syringe, a glass of dryds@ndisposable teaspoon or better a rod stirrer fo
coffee. Plenty of napkins!

Experimental problem " Plastic spring” (senior league).

Equipment: a soft spring, a weight of known mass, a trippéblding rule, a stopwatch, a thread
and adhesive tape (to hang the weight).

Problem: Find the mass of one turn and an analog of Yeungdulus of plastic spring in
several ways.

1. Research the dependence of length of sprindp@maimber of turns without the weight and
with the weight (the mass of the weight is shown).

2. Take the dependence of oscillation period ohgpon the number of turns without the weight
and with the weight.

3. Using the obtained results separately for tist nd second points, estimate the mass of one
turn and the analogue of Young's modulus.

4. Make an estimate of the error. Assume that tlmelter of spring is almost unchanged.
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Muaaamas Jura
3agaua 1. /[inHA H30J1€HTHI

BbraucianTs ¢ MAKCHMaIbHOM TOYHOCTBIO AJIMHY U30JICHTHI B PYJIOHE U
€€ TOJILIUHY, HE Pa3MaTbIBasl PYJIOH.

OO6opynoBanue: pyJioH U30JICHTHI, TuHEKa JuHON 20-30cM ¢
HaKJICEHHOM 0 BCEH JUTMHE ITOJIOCKOU N30JIE€HTEL.

3anaua 2. [I1I0THOCTH KPHCTAJLJIA COJTH

BbIYHCITUTE TUIOTHOCTh KPHCTAJLIa MHUINEBOM MOBapeHHOU conn (Cob
MOYHTb HEJb3s).

O6opynoBanme: mmpunbl 10 mm u 20 M ¢ Konmaykamu ISt
OTBEPCTHH, TUIACTWIIMH, IUIACTHKOBas TpyOka mmHOH 1 ™ (ot
KaIeJIbHUIIBI), COCY/I C MMOKPAIICHHOM BOJIOM, COCYJ C COJIbIO, JIMHEHKA,
CKOTY, MPOOKa JIsl TPYOKH.

Crapmas jgura
3aoaua. Mooynb Kpyuenus JuHeliKu
Heooxo0umvle ceedenusn

Hepopmayusa kpyuenus.
[ToBepHEM CBOOOIHBIN KOHEIl METAJUTMICCKON JTHHEUKH (TJIAHKH)

OTHOCHUTEJIBHO IPYroro, 3aKpeIIEHHOr0 KOHIIA Ha YTOJl ¢ BOKPYT
IPOJOJIBLHOM OCH CHMMETPHUH JTMHENKH, KaK TOKa3aHO Ha pUCyHKe 1.
Pasznuynble ceueHus JIMHENKH NIPU 3TOM IIOBOPAYUBAIOTCS
OTHOCHUTEJIBHO 3aKPEIUIEHHOIO TOPLIA HA pa3jIuyHbIe yIibl. Takas
nedopmarus Ha3sIBaeTCs Kpyuenuem. [Ipu HeOombmmX nedopmanusax
1o 3akoHy I'yka MomMeHT cuit M, HeoOXOMMBIi U1 3aKpyIHBaHUS
JMHEWKH, IPONOPLIMOHANIEH YTy ¢:

M= ko.

Puc. 1

Koapduuuent nponopuuoHAIBLHOCTH Kk  HA3bIBACTCS  MoOyiem
Kpyuenus JTUHEUKH.

Monynb KpydeHus: OpeesIeTCss TeOMETPUIECKUMHU TTapaMeTpaMu
JIMHEWKH U YIIPYTUMHU CBOMCTBAMH MaTepuala, u3 KOTOporo
M3TrOTOBJICHA JIWHEWKA. Tak, 1 TOHKON JIMHENKU JUIMHOU ¢, IUPUHOMN
b 1 TonmMHO¥ J, HU3TOTOBJICHHOM U3 MaTepHala ¢ Modyiem cosuza G,
MOJYJIb KPYUEHHsI MOXKET OBITh paccuuTaH 1o Gopmyiie:

x = BGTOBPL,

rae M, N, p, g - HEKOTOpHIE IEeJbIe uyucia, a f — Oe3pa3sMepHbIN
K03 umeHT.

Mooynw cosuza, oehopmanusn cosuza.
Hapsany ¢ monynem IOnra, moxyns casura G sBisiercst BakKHEHIIEH
KOHCTAaHTOM, XapaKTEpPU3YIOIIEH YNpyrue CBOWCTBA OJHOPOAHOTO
n3oTponHoro Marepuana. Ompezaensercss oH M3 3akoHa ['yka st
oepopmayuu cosuza. Jlebopmarnusi ciBura BOZHUKAET, €CITU K OPYCKY
NPWIOKUTh CUIy F He NepneHAuKyJspHO, a MO KacaTelbHOW K ero
noBepxHocTU. Tak, ecau HIDKHIOI TpaHb Opycka 3akpenuTh, a K
BEepPXHEU TpaHM IUIOMAABI0 S MPUIIOKUTH KacaTelbHyl cuily F, To
napasuieJienune; NepeKoCcuTes, Kak Moka3aHo Ha pUCYHKE 2.

[Ipu wmampix nedopmManmsx yros ckKoca y CBSI3aH C BEIWYUHOMN
KacaTeJabHOro HanpspkeHus o = F/ScooTHomeHneM:



y = olG.

B srom wu 3akmiouaercs 3akoH ['yka s nedopmanuu COBuUTa.
Ilenwv pabomot
B nannoit pabGote ympyrue . E=6S
CBOMCTBA AJIFOMUHUEBBIX IJIAHOK i

1 ﬁ
(mMHEEK)  WCchemyrTCs  IpH !

1
oMo KPYTHJIbHBIX Y
KoJIeOaHuH. i

1

1

|
B pabote tpebyercs:

"  PYKOBOJACTBYSCh Puc. 2
o0mepu3nIecCKUMu

COOOpaXCHHMSIMH, METOJOM  Pa3MEPHOCTEH ©  MPOBEns
HEe0OXOIMMBbIE W3MEpPEHUsl ONpeAeNUTh IOoKa3aTelnu CTeneHen
m, N, pu g B hopMyIie st MOIYJIsE KpYUEHUS kK THHEHUKH,

" HKCIEPUMEHTAJIHHO OMPEAENIUTh YUCICHHOE 3HAYEHHE MOYJIS
KPYYEHHUS kK OJHOMN U3 JINHEEK;

" [0 H3BECTHOMY Oe3pasmepHoMy Kkodddumuenty S = 1/3
omnpenenuTh Monynb casura G wmarepuana, U3 KOTOPOTO
W3TOTOBJICHBI TMHEUKH.

OoopynoBanue. /[Be aTiOMHHHEBBIC TUIAHKKA (JIMHCHKH) OJMHAKOBOM
TOJNIUHBI 0 = 2 MM, KOPOTKasl JIepeBsSHHAs JIMHEWKa, NEpPEeBSHHBIN
OpYCOK C 3aKpeIyi€HHOM METANTMYECKON TUIAHKOW, JBE CTPYOIIMHBI,
KaHIEJIAPCKUE KIUTICHI (3KUMBI), 4 OJIMHAKOBBIX MarHUTa Maccoi M =
3,75 r Kaxaplil, U3MepHUTENbHAs JMHEHKa (OyMaKHBIH METpP), HHTH,
CTPOOOCKONUYECKHI TaXOMeTp, KpecTooOpa3Has OTBEPTKA, (ioMacTep
JUISL OTMETOK Ha aJIFOMUHHMEBBIX IJIAHKAX.

Ilpumeuanue. aniomunuesvie nNIAHKU C NOMOWDBIO  KOPOMKOU
0epessaHHOU TUHElKY U KAHYeIapcKux Kaunc coopamsl 8 T-obpasuyio
KOHCMPYKYUIO, NpeoCcmagiaiowylo cooou KpYMUunbHblll MASMHUK.
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Koncmpykyus maamuuxa nozeonsiem pez2yiupoeams paccmosuue €
MedHcoy Mecmamu KpenjieHus 6epmuKaibHOl NIAGHKU MASAMHUKA. OJis
9Mo20 O0OCMAMOYHO C NOMOWBIO OMBEPMKU HEMHO20 OCAAOUMb
camopesbl U, YCMAHOBUE He0OXO0UMYIO OMUHY NIAHKU, B6HOBb
3akpenums eé. Humb neobxoouma O eawieHus Mo0 KoniebaHuu
MAAMHUKA, He CBA3AHHBIX C KPYUEHUEM.

3aoanue

1. Hcnonb3ys cTpoOOCKONMUYECKUN TaXOMETP, CHUMUTE 3aBUCHMOCTD
nepuona T(£) KpyTHIBHBIX KojeOaHHi T-00pa3HOro MasTHHKA OT
paccrosiuuss ¢ MEXIy KpeIJICHUSMH BEPTUKAIHHOW TUTAHKH.
AHaJIOTUYHBIE W3MEPEHHsI TPOBEAHWTE, TMOMEHSB B [-00pa3HOi
KOHCTPYKIIUHU TUTAHKU MECTaMHU.

2. Tlonmyunte Qopmymy misi mepuoja KPYTUIBHBIX KojieOaHui T-
00pa3HOro MasiTHUKA, BBIPA3UB €r0 4Yepe3 MOMEHT WHEPIHH U
MOJTyJTb KPYUEHUS MasTHUKA.

3. Hcnonb3ys obmedu3nueckne cooOpakeHus, MOJTYIUTE
(TeopeTHyeckH) SIBHYIO 3aBUCHUMOCTH Tiepuona 1(€) KpyTHUIbHBIX
Kose0aHui MasiTHHUKA OT £.

4. CpaBHUTE  OKCIICPHUMEHTAIBHYIHO  3aBUCHMOCTH  1(£) ¢
TEOPETHUYECKOM, MoTydeHHOU B 11.3. CaemaiTe BBIBOJ O 3HAYCHUU
moKasaresisl crerneHu ( B GopMmyne Al MOy KPydeHUsS K =
SGTS"OPEY

5. Hcmonp3yss  DKCIEPUMEHTAIbHBICE  PE3YNbTAaThl,  BBIICHHUTE
3aBUCHMOCTh MOJYJIi KpPY4YeHHS Kk OT IIHPUHBI JIMHEHWKH Db,
OTpeNeNUB TOKa3aTellb CTENeHu P B ¢GopMyse s MOMYIS
kpyuenus x = SGT0"b°(Y. Tlpu BeIMONHEHMM >TOro 3amaHUA
CUMTANTE, YTO MOMEHT WHEPIMH MAsTHHKA OMPEAETSETCS TOIbKO
MOMEHTOM HWHEpPUHMH TONEPEYHOM  aTIOMUHUEBOW  IUIAHKH.
OO0ocHyiiTe 3TO TPEANOJIOKEHUE, CPAaBHUB MOMEHT HWHEPIUN
[UTAaHKK C MOMEHTOM HHEPLHUHU Kpernexa (IepeBsSHHON JTHHEHKU U
KPETEXHBIX KITHIIC) .

6. Omnpenenute (TEOPETHYECKH) IMOKA3aTEIM CTEMEHH M W N B
dopmyrne I MOAYNS KpydeHHs, IOJIYyYdB, TakuM o00pazoM,
SIBHYIO 3aBHCHUMOCTH MOJyJsl KpydeHHs OT Monyis caura G u
TOJIIUHBI TJIAHKU J. 3aluIINTe OKOHYATEIhHOE BBIPAXKEHUE IS



5

MOJYJIsl KPYUEHUs K, MOJOXKHUB Oe3pa3MepHbIi KodpPUIHeHT S =
3.

7. llpmaymaiiTe M TPOBEOUTE OSKCIEPUMEHT, NO3BOJSIOIUN C
IIOMOIIIBI0 MMEIOIIErocsi 00OpYJOBAHUS ONPENEIUTh YHCICHHOE
3HaYeHHE MONYJS KpPY4YeHHs] Kk JUIi OJHON M3 aIIOMHHUEBBIX
IUTaHOK.

8. PaccuuTaiite Mmoaynb casura G aqroMHUHUS.

Junior league
Problem 1. Length of insulating tape

Compute with maximum accuracy a length of insutatiape in a roll
and its thickness without unwinding the roll.

Equipment: the roll of insulating tape, a ruler with a lengif 20-30
cm with a strip of insulating tape, which is glued along the whole
length of ruler.

Problem 2. Density of crystal of salt

Calculate a density of crystal of table salt (thk swust not be soaked).
Equipment: syringes of 10 ml and 20 ml with caps for holes,
plasticine, a plastic tube of length of 1 m (frondr@pping bottle), a
vessel with colored water, a container with saltylar, Scotch tape, a
cork for a tube.
Senior league
Modulus of torsion of ruler
Necessary information

Torsional deformation.

We will turn a free end of metal ruler (a lath)atale to the other fixed
end by an angle around a longitudinal axis of symmetry of rules,is
shown in figure 1. At the same time different saasi of ruler are
rotated relative to the fixed end at different a&sglSuch a deformation
is calledtorsion. For small deformations according to Hooke's law t
torqueM required for turning the ruler is proportionalthe angley:

M =kg.
The coefficient of proportionality is called anodulus of torsion of

ruler.

Fia. 1

The modulus of torsion determines geometric pararsedf ruler and
elastic properties of material from which the ruess made. So, for
the thin ruler of length, width b and thickness made from a material
with a shear modulus G, the modulus of torsion can be calculated

according to a formula:

k= AG"b°I°,

wherem, n, p, g are some integers, afids a dimensionless coefficient.

Shear modulus,

Along with Young's modulus,
the shear modulu§ is the most
important constant
characterizing the elastic
properties of homogeneous
isotropic  material. It s
determined from Hooke's law fo

shear

deformation.
F=6S

shear deformation. The shear

Puc. 2



7

deformation occurs when a forcé is applied to a bar not
perpendicularly, but tangentially to its surface, 8 a bottom side of
bar is fixed and a tangential forEeis applied to the top side of arBa
then the parallelepiped will be twisted, as is shawfigure 2.
For small deformations a skew anglés related with a magnitude of
tangential stress = F/S by a relation:

o

G

This is Hooke's law for the shear deformation.

Purpose of work.

In this work the elastic properties of aluminiurthk&(rulers) are
studied with the use of torsional oscillations.

In the work it is required:

» being guided by physical considerations, to deteemi
exponentsn, n, p andq in the formula for the modulus of
torsionk of ruler by a method of dimensions and havingiedrr
out necessary measurements;

» to experimentally determine a numerical value ofdoios of
torsionx of one of rulers;

» to determine the shear modul@of material, from which the
rulers were made, with the use of known dimensgmle
coefficient g = é :

Equipment. Two aluminium laths (rulers) with the same thiekso =
2 mm, a short wooden ruler, a wooden bar with ediretal lath, two
clamps, stationery clips (clamps), 4 identical neagneach having a
massm = 3.75 g, a measuring ruler (a paper meter), aathra
stroboscopic tachometer, a crosshead screwdrivée]t-éip pen for
marks on aluminium strips.

Note: the aluminium laths with the use of short wooden ruler and
stationery clips are combined in a T-shaped structure, which is a
torsional pendulum. The structure of pendulum allows regulating a
distance | between places of fixation of vertical lath of pendulum: for
thisit is enough with the use of screwdriver to weaken a little bit crews

8

and, after determining a necessary length of lath, to fix it again. The
thread is necessary for damping oscillation modes of pendulum, not
associated with torsion.

Task

1.

Using the stroboscopic tachometer, to obtain a midgece of

period T(l) of torsional oscillations of-shaped pendulum on
the lengthl between fixations of vertical lath. Carry out dami

measurements, changing the places of laths inTtekaped

structure.

. Get a formula for the period of torsional oscilbeis of T-

shaped pendulum, expressing it through a momenhestia
and modulus of torsion of pendulum.

Using general physical considerations, obtain (tbtcally) an
explicit dependence of periddl) of torsional oscillations of
pendulum on .

Compare the experimental dependemé with the theoretical
one obtained in point 3. Draw a conclusion abowake of
exponent q in the formula for modulus of torsion
k=£G"d"b"I°

Using the experimental results, find out a depeoeenf
modulus of torsionx on a width of rulerb, determining the
exponenp in the formula for modulus of torsiok= AG"J"b’I

. When performing this task you may assume thatmbenent
of inertia of pendulum is determined only by themamt of
inertia of transversal aluminium lath. Justify tAssumption by
comparing the moment of inertia of lath with the memt of
inertia of fixation (the wood ruler and fastenirgps).

Determine (theoretically) the exponemtsandn in the formula
for the modulus of torsion, thus having obtained explicit
dependence of module of torsion on the shear medsland
thickness of lathv. Write down the final expression for the

modulus of torsiomr, putting a dimensionless coefficieﬁt:;
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. Design and conduct an experiment that enables tiwthuse of
existing equipment to determine the numerical valfe

modulus of torsiom for one of aluminium laths.

. Calculate the shear modulGsof aluminium.
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