ONMMNUALA WKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI!» no PUSUKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2016 roaa

BUNET Ne 03 (BAPHAY/, 10-11 Knaccbl) : BO3MOXKHble pelueHns

3ananue 1:

Bonpoc: B HEKOTOPBIE MOMEHT BPEMEHH BEITMYHHBI CKOPOCTEH JBYX KOHIIOB HeaehopMupyemMoro
CTEPKHSI, COBEPILIAIOIIETO ABUKEHUE B TUIOCKOCTH, OKA3aJIUCh paBHbI. Kak B 3TOT MOMEHT BpEMEHU
MOYKET JIBUTATHCS LIEHTP 3TOTO CTEpHs? ONMUIINTE BCe BO3SMOXHBIE BAPUAHTBI.

3apaua: PaBHocTOpoHHUI TpeyrosibHUK ABC, BbIpe3aHHBId M3 IUIOCKOTO OJHOPOAHOTO JIUCTA
JKECTH, CKOJB3WUT IO IVIAJKOW TOPU30HTAJIbHOM MOBEPXHOCTH. B HEKOTOPBI MOMEHT BPEMEHH
BEJIMYMHBI CKOpocTed AByX ero BepuinH (A u B) okazanuch paBHBI Opyr Opyry, a BelWYMHA
ckopocTu Tperbel BepunHbl (C) — B JBa pa3a MeHblue uUx ckopocrteil. Haiitu paccrosiHue, Ha
KOTOpPOE CMECTHUTCS IIEHTP TPEYTOoJIbHUKA 32 BPeMSs OJIHOTO MOJHOTO 000pOTa TPEYTOJIbHUKA BOKPYT
BEPTUKAJIBHON OCH. J{JTMHA CTOPOHBI TPEYTOJIbHUKA PaBHA A .

OtBer Ha Bompoc: [Ipexne Bcero 3amerum, yTO y HeAePOPMHPYEMOrO CTEp)KHS paBHBIE 110
MOJ1yJIF0 CKOPOCTH KOHIIOB JOJDKHBI OBITH HAaIlPaBJIEHbI TaK, YTO UX IPOEKLUU HA CTEPIKEHb TOXKE
paBHbI (3TO YCIIOBHE CIIEAYET M3 IOCTOSHCTBA JUIMHBI cTepkH:A). IloaTOMYy MX mpoekuuu Ha och,
NEPIEHIUKYJIPHYIO CTEPHKHIO, TAKXKE JOJKHBI ObITh PaBHBI 10 BEJINYMHE, TO €CTh OHU JIMOO paBHbI
Ipyr Ipyry, au0o HpOTHBOIOJIOXKHBI. Ecin oHM paBHBI (TO €CThb PaBHBI HE TOJIBKO BEJIUYMHBI
CKOpPOCTEH, HO M CaMH BEKTOPbI CKOPOCTH KOHIIOB CTEPXKHs), TO BECh CTEPKEHb JBIIKETCS
HOCTYNATeNbHO, U TOTJa CKOPOCTh €ro IEHTPa paBHA CKOPOCTH KOHIOB. Eciu oHM HampaBieHbl
IIPOTUBOIOJIOXKHO, a COCTAaBJISIONIAsl CKOPOCTEM BIOJb CTEPXKHS paBHA HYINIO (CKOPOCTH KOHIIOB
HPOTHBOIOJIOXKHBI M TEPICHIUKYISIPHBI CTEPIKHIO), TO CTEPIKEHb BpAIAeTCs BOKPYT MOKOSIIETOCS
ueHTpa. Ecnyu oHM HampaBiieHbl IPOTUBOIOJIOXKHO, a COCTAaBJISIOIIAsl CKOPOCTEM BIOJb CTEPXKHS
OTJIMYHA OT HYJSA, TO LIEHTP CTEpPXHs JBMXKETCS BJIOJIb CTEPXKHSA CO CKOPOCTbIO, PaBHOM 3TOMH
COCTaBJISIIOLIEH, a CTEep’KEHb IIPU 3TOM Bpallaercs BOKpyr Hero. K Tem e pe3ynbTaraM MOKHO
OPUNATH, €CIOM AJIS HeNOCTYNAaTEeIbHOIO JBM)KEHHUS CTEpXHsS OOpaTUTh BHUMAHUE HA TO, YTO W3
paBEHCTBAa MOJyJIeH CKOPOCTEHl clleyeT, YTO OHU paBHOYAAJIEHbl OT MIHOBEHHOIO IIEHTpa
BpALLEHNs, U MTHOBEHHBIH LIEHTP BpAILEHHs JIEKHUT HAa CPEIMHHOM IEPIEHAMUKYIAPE K CTEPHKHIO.
[ToaToMy CKOpPOCTH LIEHTpa IMPU HEPABEHCTBE BEKTOPOB CKOPOCTEH KOHIIOB JUOO HOJb (LIEHTP
CTEp>KHS U €CTh MTHOBEHHBIN LIEHTP BpallleHus ), TMO0 HalpaBieHa BI0JIb CTEPXKHS.
MakcumanbHas oleHka: 5 6a/1J10B.

Pemienue 3agaun: Ilockosibky ckopocTH BepmiMH A W B paBHBI 110 BEIMYHMHE, TO MTHOBEHHBIN

LEHTp BpaleHuss TpeyroibHUKa (1 JEXKUT Ha CPEIUHHOM

nepneHaukyisape k cropone AB. Ecim X — paccrosaue ot O1 1O
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OTBET: s="2.
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MakcumaibHag onenka: 20 0a10B.

3ananue 2:
Bonpoc: YV kakoro mpomecca ¢ HICaIbHBIM Tra3oM jauarpaMma Ipoliecca B KOOpPJIHMHATAX
«MOJyYEHHOE Ta30M KOJWYECTBO TEIUIOTHI — COBEpPIIEHHas UM pabdoTay OMHCHIBACTCS

cootHomenneM Q=Q, + A— A, (Q,, A, - HaualbHbIe 3HAYCHMS JUIL JaHHOrO mpouecca)? Kak B

TaKOM TPOIIECCE BEIYUCIUTE padOTy ra3a 4epes mapameTpbl HAYaAIbHOTO M KOHEYHOTO COCTOSIHUS?
3agaua: [locTossHHOE KONMYECTBO Telivs SIBISIETCA pabOYUM TEJIOM
TEIUIOBOM MAalIWHBI, LUK KOTOPOM B KOOpAMHATaX «KOHLEHTPALMUS
MOJIEKYJI-TEMIIepaTypa» IOKa3aH Ha pucyHKe. HaliTm makcumanbHOE
KIIJI oatoii TemoBoil MamwHBl (T.6 B TPEHEOPSIKEHUU BCEMU
MOTEepsIMU, KpOME Tepeayu Teria XOJoAWIbHUKY). KpuBoauHeHHbIH
y4acTOK AMarpaMmmsl — runep6osa nT = const .

OtBer Ha Bompoc: M3 mepBoro Hayana TEPMOAMHAMHKHU CIEAYyeT, YTO B JAaHHOM Ipolecce
BHYTPCHHAA OHECPIryUsaA rasa HE U3IMCHACTCH. HOCKOJII)Ky BHYTPCHHAA OHCPIrUsaA IMOCTOSAHHOTIO
KOJIMUECTBA HCANBHOTO Ta3a 3aBUCUT TOJBKO OT TEMIIEPATypbl, TO TaKHUM IPOIECCOM SIBIISETCS
MU30TEPMHUYECKUN TIporiecc. B m30TepMUYeckoM TMpolecce padoTa MOKET OBITh BBIYMCICHA Kak
IUIONIA/Ib TIOJT KPUBOM Mpoliecca B KOOpJAUHATAX JaBleHHe-00beM. [ H30TepMBbl ¢ TeMiepaTypoi

WRT \ Vv
T zaBucumocts p(V)=——, nosromy A, =WRT-In| = |=pV,In| =

\Y V, \'A
MaxkcumasbHasi OeHKa: S 0a/1J10B.

Pemenue 3aa9M. HOCTpOI/IM AuarpaMmy IHKJIa B KOOpAWHATax [[aBHeHI/Ie'O6T)CMI OUKJI COCTOUT

U3 U30XOPHOr0 OXJaXJAeHHs (Ipolecc ¢ N=Const ), M30TEpPMUYECKOTO 4p
cKatusi, W u300apHOro pacmupeHus (mpomecc NT =const — wu3 2po1~""" Tt
OCHOBHOT'O YPaBHEHHS MOJICKYJIIPHO-KUHETHYECKOH TEOPUU CIICIYET, Po ————i—t[————
9yro mpu 3ToM P =const). Ha nuarpamme BBeaeHbl 0003HAYECHUS P v
Vo 2Vo

Po =NgKT,, V, =N/(2n,). Pabora ra3a 3a muka paBHa pa3sHOCTU
paboT B M30XOpHOM M wm3oTepudeckoM mponeccax: A=2pV,[1-In(2)]. I'a3 nmomyuaer Temno

TOJIBKO B mpomnecce I/I306apHOFO pacmiipeHud, MMO3TOMY TCIIJI0TAa HarpeBareiisa
A 2-In(2)]

Qu 5

Qn =2pV, + g (4p,Vy —2pyVy) =5p,V, . Takum obpaszom, 7 =

OtBeT: 77 = m ~12,3%.

MakcumaiibHas ouenka: 20 0asuioB.

3aganue 3:
BOl'lpOC: OHpGHGJ’II/ITe YCJ'IOBI/HI, HpI/I BBIITIOJIHCHU U KOTOpI)IX 3ap51>1<eHHa51 qacTuua B O}lHOpOI[HOM

MarHMTHOM II0JIE NPU HAJIWYHUU €II€ U MOCTOSIHHOM CHJIBI JPYroW MPUPOJBI, MOXKET JABUIaThCS
PaBHOMEPHO-TIPSIMOJIMHEIHO (Takoe JBUKEHHE Ha3bIBAIOT «IPEHPOBBIM»).
3agava: DiekTpocTaTHUecKass MYIIKa «BBICTPEIMBAET» HAHOYACTHUIBI C

yoensHbIM 3apsigom B =+5-10  Ki/kr co ckopoctbio V= 3500 wmic. g®
BeicTpensl  IpOM3BOAWINCH  TOPU3OHTAIBHO B BAKYYMHPOBAaHHOM > >
MPOCTPAHCTBE, B KOTOPOM OBUIO CO3JaHO MArHUTHOE TIOJ€, JIMHUHU T X
MHIYKIIMH KOTOPOTO TAaK)Ke TOPU30HTaNIBbHBL. OKa3a10Ch, YTO CYIIECTBYIOT

JABa B3aMMHO MNCPICHAUKYIAPHBIX HAIMPABJICHUA, B KOTOPBIX HAHOYACTUIBI JABUTAKOTCA IIOCJIC
BBICTpEIIa HpHMOHHHeﬁHO. Cpsi3aB C 3TUMHU HampaBJICHUAMU CHUCTEMY KOOpAWHAT, HaﬁI(HTe



HalpaBJICHUE U BEIMYMHY HHIYKIIMA MarHUTHOTO TMOJIS. Y CKOPEHHE CBOOOIHOTO MaJICHUsI IPHHSATH
paBHBIM ( ~ 10 M/,

OtBer Ha Bompoc: s paBHOMEPHO-TIPSIMOJIMHEHHOTO JIBHKEHUS HEOOXOIUMO, YTOOBI CymMMa
NPUIOKEHHBIX K YacTHIE CUJI paBHsJach Hymo. [loaTomy mpu TakoMm aBuxkeHHH cuia JlopeHna,
JEMCTBYIONIAsl HA YAaCTHUIy CO CTOPOHBI MarHUTHOT'O MOJIs, JOJIKHA YPAaBHOBELIUBATH MOCTOSIHHYIO

cuy apyroit npupomsl: Q[V x B]=F . Jlis BEIMONHEHHS 9TOrO TPeOGOBAHMS HEOOXOIMMO, YTOOBI

BekTopa V ¥ B ObuM MEprneHIUKYISIpHBI JIUHUM NCUCTBUS CUibl F , a mepnenaukynspHas B

F
CoCTaBjiirolIasd CKOPOCTH 4YacTHLbI [JOJDKHA HMMETh BEIMYMHY V 1 Im . Hpoz[oana;I

(mapannenbHas B ) cocraBisionias CKOPOCTH MPH 3TOM MOXKET OBITh JIFOOOH.
MaxkcumasbHasi OleHKa: 5 0aJJ10B.

Pemenue 3a1avuM. HpﬂMOHHHeﬁHOC ABWIKCHUC YaCTULBI IIPHU HAJIWMYKWUKU MArHMTHOI'O IIOJIA U I1OJIA
TAXKCCTH BO3MOKHO TOJIBKO KakK Hpeﬁ(l)OBOC JABYKCHUE, OIIMCAHHOC B OTBCTEC HA BOIIPOC. HOBTOMy

JIMHUHU I/IHI[yKI_II/II/I MArdvTHOI'O IIOJId IJOJIDKHBI HpOXOZ[I/ITB TaK, '-ITO6BI HepHeHI[I/IKyJISIpHBIC B

COCTABIISIIONINE CKOPOCTEH BJOJH OOOMX «OCOOBIX» HAlpaBlIEHUH, KOTOpbIE Yy HAC BBHIOpaHBI B

KadCCTBC HaHpaBHCHI/Iﬁ OCCﬁ XU y . 6LIJ'II/I paBHBI. Z[J'IH 9TOTIrO HepHCHI[I/IKy.]'IHp K é JOJIDKCH 6BITB

6I/ICC6KTpHCOI>'I yrna Memny CKOpOCTHMI/I, a BCJIMYHMHA I/IH,I[YKI_II/II/I JOJI’)KHaA 6LITB paBHOﬁ
_mg _gy2

B Bl \Y

qv,

HampaBlieHa BBEpX) HaXOAuUM, 4TO B poimkHa ObITH HampaBlieHa «BJIEBO-BBEPX», MO yrioM 45° k

~80,8Tn. C yuerom 3Haka 3apsa (cuia JlopeHma B 000uX ciiydasx TOJKHA OBbITh

ocu Y . B BeIOpaHHOIi cucTemMe KOOpIuHAT B= g 9\ [— @ + @] T

BV By 77

OTBET: pextop B =| — 2,2 _(_ 400 400

= == ,+—) Tn, Bennuuna uaaykIMu B = ﬂ ~ 80,8 Tu.
By’ py 7 7 PV

MakcumaibHas ouenka: 20 0asuioB.

3aganue 4:
Bonpoc: Chopmynupyiite 3akoH npenomieHus cBeta. [Ipu kakux ycnoBHSIX OH IPUMEHUM?
3agaua: [lnockomapainenbHas IUIACTHHA, W3TOTOBJIEHHAs U3
IIPO3payHOro MaTepuaja C I0Ka3aTeleM MPeIOMIICHUS n=+/2 ~1,41,
cpe3aHa ¢ ogHOW cTopoHbl moj yriom 30°, U cpe3 MOKPHIT XOPOILIO
OTPaKAIOIIUM CJIOEM. Y3KHE IyYKH MapajUIeIbHBIX CBETOBBIX Jy4el,
U3JIy4yaeMbl€ JIa3epoM, HANpPaBIAIOTCS Ha IUIACTUHY B IUIOCKOCTH,

NEepIeHINKYISIPHON pedpy cpe3a, TakuM 0o0pa3oM, YTO OHM OTpaxkaloTcsi OT cpesa. Ilpum Kakmx
yriax MafeHus ST TMYYKH TIOMagyT Ha Kpall TMJIacTHHBI, TMPOTHUBOMONOXKHBIA Cpe3y, C
MHTEHCUBHOCTBIO, OM3KOW K MCXOAHOW? Pa3Mepsl MIacTUHBI OY€Hb 3HAYUTENFHO MPEBHIAIOT €€
TOJIIUHY.

OTBer Ha BONPOC: 3aKOH MPETOMIICHHSI CBETA MOXHO CPOPMYIHPOBATH CIETYIOIIMM 00pa3oM:
«[Ipu mageHnn CBETOBOTrO Jyya Ha TPaHHUIly pas3jiena Mpo3payHbIX Cpell pa3IMuHON ONTHYECKOM
IJIOTHOCTH OH MWCHBITBIBAET mpenowsieHue. Jlyd magaromui, Jyd
MPEJIOMIICHHBIA U HOPMaJlb K TPaHUIle pa3zielia cpell B TOUKE MMaJeHHs JexKar
B oaHON 1uiockocTH. OTHOLIEHHE CHHYCOB YIJIOB maaeHus (a) U
nperomiieHuss () paBHO TMOCTOSIHHOM Ml JAHHBIX Cpel BEIUYMHE,
Ha3bIBAEMOM OTHOCUTENBHBIM I[IOKa3aTeJeM TPEIOMIIEHUS ATHUX Cpex:
sin(a)
sin( 4)

NPEJIOMJICHHUS PABeH OTHOIICHHIO CKOPOCTEH pacpOCTPAHEHHsI CBETA B MIEPBOil U BTOPOI cpejiax.

n (3akon CHemnuyca).»  OTHOCHTENBHBIH  TOKa3aTelNb




DTOT 3aKOH SIBISETCS OJHUM U3 3aKOHOB I€OMETPUYECKOW OMNTHKHU, IMOITOMY OH CIIpaBEeIJIUB
TOJIBKO B COOTBETCTBYIOLIEM MPHOIMKEHHH, TO €CTh B Cllydae, KOIJla XapaKTepHbIE pa3Mephl
ONTUYECKUX HEOJHOPOJHOCTEH M MOIMEPEUHbIE pa3Mephbl CBETOBBIX IMyYKOB MHOIO OOJIbIIE IITHMHBI
cBeToBOM BOJHBL. Kpome Toro, mpu maJieHuu U3 ONTUYECKU MEHee MJIOTHOM cpefsl (mpu N <1) mis
YIJIOB MaJIeHus], NPEBBIAIOMINX Yroj IOJHOIO BHYTPEHHEro OTpakeHus o =a, =arcsin(n),

MPEJIOMJICHHBIN JTy4 OTCYTCTBYET.
MakcuMaJbHad OLEHKA: 5 0aJ1710B.

Pemienue 3agauu: st Toro, 4ToObl CBETOBOM JIy4 JIONIEN IO Kpas JJIMHHONW TOHKOW TUIACTHUHBI,
MOYTH HE TMOTEPSIB B HMHTEHCUBHOCTH, OH JOJDKEH IPU OTPAKEHHH OT TpaHed IUIaCTHUHBI
WCIIBITBIBATh MOJHOE BHYTPEHHEE OTpaKEHUE. 3HAYUT, YrOoJ €ro MajJcHHsS Ha TPaHu IJIaCTHHBI

s

(1
JAOJDKCH IIPEBBIIIATH YIOJI &, = arcsin (— . PaCCMOTpI/IM JABa BOBMOXHBIX ClIy4das OTKIIOHCHHA JTy4da
n

OT HOPMAJILHOTO MaJCHUS (CM. PUCYHOK):
1) OTKIIOHEHHE «BIPAaBO» OT HOpManu (OyaeM JJsl ATOro Cilydas CUMTaTh yroll MajeHus o u
COOTBETCTBYIOIIUN €My YTOJ MPEIOMJICHHS [ TOJOXUTEIbHBIME). Kak BUIHO W3 IMOCTPOCHHS B

s
9TOM cCJiydac, yroj naJacHu:Aa Ha I'paHb INIACTHHBI IIOCJIIC OTPAKCHUSA OT Cpe3a &y = g - ,B , TO €CTh

T . (1 T . (1
JUISL TIOTHOTO OTPaKEHUsSI HYXKHO, YTOOBI E—ﬂzarcsm - :>,b’s§—arcsm —|. Hua yria
n n

1) :w/3(n2 -1 -1

najieHus 5To o3Hadaert, 4ro Sin(a)=n-sin(f) <n-sin 3 arcsin (— 5

n
J3(n? -1) -1 J3 -
2

. 1
=arcsin — ~21,5°. CrnenyeT OTMETUThb, YTO HpHU

. Utak, nns

9TOrOo ciydas o <arcsin

MOOBIX @ I 3aaHHOTO N=~/2 yron SB<45°, mostomy «; >0 — HampaBieHHE MaJCHUI

OTPaXEHHOTO OT Cpe3a Jiy4a U3MEHHUTHCSI HE MOXKET.
2) OtkioneHue «BieBo» oT HopMamu (<0 m f<0). Tenepp yron majaeHusi Ha TpaHb

2r
IUTACTHHBI IIOCJIE OTPaKEHHsA OT Cpe3a oy =?+ £, U Ul TIOJIHOTO OTPaKE€HUsI HYXKHO, YTOObI

V3(n? -1) +1

, U TIpu
5 p

2?” + f > arcsin [EJ = p >arcsin (EJ - 2?” . CootBerctBeHHo SiN(e) >—
n n

3a1aHHOM N=+/2 5T0 YCIIOBHUE BBIMOHSICTCS 1T TF00BIX — 90° < o <0.

ScHO, yTO B 00OMX Cilyyasx MpPH BBINOJHEHUU YCIOBHUS IMOJHOTO BHYTPEHHETO OTPaKEHUS B
NEPBOM OTPAKEHUHU JIyya OT TIpaHU IUJIACTUHBI OHO OyJeT BBIMOJHATHCA M B MOCIETYIOLINX
OTPaKEHUAX, U JIyd JOMAET 10 IPOTHUBOIIOJIOXKHOTO Kpasi IIJIAaCTUHBI.

OTBET: —90° <« <arcsin % ~215°.
MakcumajibHas onienka: 20 0aioB.

UTOI'O MAKCUMAJIBHAS OLIEHKA 3A PABOTY: 100 6a110B.



