O/IMMMUAJA LLKOJZIbHUKOB «NOKOPWU BOPOBbLEBbBI FOPbI» no ®U3UKE
3AKTHOYUTENIbHDBIN (PUHANBHbLIN) 3TAM 2019 ropaa

BUNET Ne 05 (KEMEPOBO): BO3MOXXHble peLueHnA u oTBeTbl

Kpurtepuu onenuBanus:

151 BONIPOCOB:
EcTb oTAenpHbIE TpaBUiIbHBIE cOOOpaykeHus — 1 6asI.
OTBer B 1IEJIOM MpPaBWIECH, HO COJAEPXKHUT CYLIECTBEHHbIE HETOYHOCTH, HIIM CYIIECTBEHHO
HETIOJIOH, UJIM OTCYTCTBYET 00OOCHOBaHUE (711 BOMPOCOB, B KOTOPBIX HEOOXO0IMMO 00OOCHOBAHUE)
— 2 0asia.
OTBeT NpaBUJICH, HO IPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WM OTBET HEIOCTATOYHO IOJIOH, WIIH
OTCYTCTBYET JIOCTaTOYHOE 00OCHOBaHUE (IJ11 BOMPOCOB, B KOTOPHIX HEOOXOAMMO 00OCHOBAHUE)
— 3 6asna.
OTBeT MOJHOCTBIO MPaBUIbHBIA, HO HEJOCTATOYHO OOOCHOBAHHBIM (J11 BOIIPOCOB, B KOTOPBIX
HeoOXxoauMo 000cHOBaHKE) — 4 DaJia.
[TpaBUIBHBIN, MOJHBIN 1 0OOCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.
EcTh 9acTh HEOOXOMUMBIX Ul PEUICHUsI COOOPAKEHHIA, PEIICHNE HE 3aKOHYEHO WIIH COJEPIKHUT
cepbe3Hble omuoku — 3-4 daswa.
[TpucyrcTByeT G0MbIIas YaCTh HEOOXOMUMBIX JIJIsl PEHICHUS] COOOpaKeHU, PABUIIBHO 3alicaHa
4acTh HEOOXOJMMBIX COOTHOIIEHUH, pEelIeHHe He 3aKOHYEHO WJIM COACPKHUT OmHOKku — 5-7
0aJI0B.
[TpucyTCTBYIOT BCe HEOOXOIUMBIE JIJIsl PEIICHUSI COOOPaXKEHUS, TPABIIIBHO 3alUCaHbI TIOYTH BCE
HEOOXOUMBIE Il PEIICHHs] NCXOTHbIE YPAaBHEHHUS, HO PEIICHUE HE 3aKOHYCHO WIIH COJIEPIKUT
o6k — 8-10 6ann0B.
[TpucyTcTBYIOT BCEe HEOOXOAWMMBIC Il PEUICHHsS COOOpaKeHWs, IMPAaBHIBHO 3alMCaHbl BCE
HEOOXO/IUMBIE JJIsl pelIeHHs HCXOAHbIE YpaBHEHMs, pELICHHE BBICTPOCHO TMPAaBHIBHO C
(bu3NYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT omnOku — 11-14 6anmnos.
[TpucyTcTBYIOT BCe HEOOXOAMMBIE Il PELIEHUs COOOpakeHWs, MPaBHIBHO 3aluCcaHbl BCE
HEOOXOMMMBIC JJIsl pEIICHHs] HWCXOAHBIE YpPaBHEHHS, pEUICHHE BBICTPOCHO TMPABHIBHO C
(Gu3nMUecKoil W JIOTMYECKON TOUKM 3pEHUs, HO COAEPKUT OAHY-IBE MEJIKHUE HETOYHOCTH, He
MIO3BOJIMBINKE TOJYYHTh TPABWIBHBIA OTBET, WJIM TPABHIBHOE PEIICHHE C HEJOCTAaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB..
[lpaBunbHOE OOOCHOBAaHHOE pEHICHHE C BEPHBIM AHAIUTHYECKUM OTBETOM, HO MEIKOH
HETOYHOCTBIO MPH MOJYyYEHUN YUCIEHHOTO OTBETA, JIMOO NMPaBUWIbHOE pEelIeHUE C IPaBUIbHBIMU
OTBETaMH C HEJIOCTaTOYHBIM 0OOCHOBaHUEM OJIHOTO W3 UCIIOJIB30BAHHBIX PE3yJbTATOB (W3 YHCIa
HE KJIFOUYEBBIX JUIS PelIeHUs, HO HeoOxoaumbIx) — 18-19 6asioB.
[TonHoe, mpaBmiIbHOE, OOOCHOBAHHOE pEIIeHHWE C MpaBWIbHBIMU OTBeTamMu — 20 0ajjioB
(MakcMMaJIbHAS OLIEHKA).

3apanme 1.
Bonpoc: Tpu oamHakoBble HEOONBIINE MACCHBHBIC IMIAWOBI JIETKUMHU KECTKUMH COCTUHEHBI B
pPaBHOOEIPEHHBIN MPSAMOYTOJIBHBIA TPEYTOJILHUK C JnuHOW kateroB |. Ha kakom paccrossHum OT
Onmvkaiiniel K HeMy IIaiObl HAXOAUTCS EHTP MACC KOHCTPYKIIHH?
3agaya: Ha rmaakoM TOpU30OHTAIBLHOM CTOJIE JIeXKAT YMpyrue MmanObl ¢ MaccaMd 2mwu 3m,

CBSI3aHHBIE CJIETKAa HATSAHYTOW HEBECOMOW HEPACTSHKMMOW HUTHIO JITMHBI O—p----- om

| . Eme ogna mraiiba maccsl M HajeTaeT Ha CHCTEMY CO CKOPOCTBIO V, Vo

(MepneHAuKYISPHO), U IPOUCXOAUT a0COIIOTHO yNIPYTUuil 1000BOH yaap

C OJTHOM W3 a0 (cM. pucyHOK). HaliTu yrioByr0 CKOPOCTh BpaIllCHUS U 3
m

BCJIIMYMHY CUJIbI HATSKCHUSA HUTH IIOCJIC yaapa.

Oteer Ha Bonpoc: BeeneM cucteMy KOOpAMHAT C LIEHTPOM B BEPLIMHE NIPSIMOTO YIJla TPEYrOJIbHUKA U
OCSIMH, HallpaBJICHHBIMM BAOJb KaTeToB. KoOpAMHATHI IEHTpa MacC KOHCTPYKIMU B 3TOM CUCTEME



m-0+m-0+m-1 |

KOOPAUHAT X;p, = =_— U aHAIOTUYHO Y, = ScHo, uto Onmxaifmer k

|
3m 3
[IEHTPY Macc sIBIISETCS IMIaiiba, pacrooKeHHas! B BEPIIUHE MPSMOTO YIJIa, PACCTOSHUE 10 KOTOPO

Min = 1/XflM + yflM = gl (paccTostHMS 10 IBYX APYrHX IIaid r' = ?I )-

Pemenne 3anaun: Yaap HEOONBIINUX CTANBHBIX A0 mporcxoaut ObicTpo. Kpome Toro, iuHus yaapa
NEepPHEHANKYJISIPHA HUTH, W 32 BpeMs yJapa CUJIa HATSHKEHUS HUTU HE YCIIEBACT CYLIECTBEHHO
u3MeHuThes. [loaromy mmraitba 3m He ycreBaeT HaOpaTh 3aMeTHOM ckopocTh. Toraa ymap maid m u
2M MOYKHO PacCUYHUTHIBATh Kak OOBIYHBINA JI0OOBOM ympyruit ymap. Toraa u3 3aKOHOB COXpaHEHHS
SHEPIUU U IPOEKIUH UMITYJIbCA HA HAIIPABIEHHUE V I1OJIy4aeM:

mv, =2mv, +my; 5
2 2 2 P
mvp _ 2mv, mvy =V, = 3Vo-
2 2 2

o 2 4
CJ'IGI[OBEITGJ'IBHO, CKOpPOCTb LCHTpaA MacCC H_IaI/I6, CBs3aHHbIX HUTBIO, PaBHA V = EVZ = EVO . I/ITaK,

LOCHTP MACC ABUIKECTCA MOCTYIATCIIbHO, U OTHOCUTCIIbHO HETO IIafOBI ABUIXKYTCA 110 OKPYKHOCTSAM C
= — = . Tak kak TPCHUS HCT, TO TAKOHU XapaKTCP
r, 3/5 1 3l

JBWDKCHUSI COXPAaHUTCS M Jajiee — YIJIOBas CKOPOCTh MEHSATbCs He Oyner. Bmecre ¢ Heil He
U3MEHSEeTCd M CHJIa HAaTsDKEHMsT HUTH, CO3JAoLas LEHTPOCTPEMUTENbHOE YCKOpEHHe IIai0:

23, 8mv¢
~ 151

er'IOBOfI CKOPOCTBIO @ =

T=2mow

3ananue 2.
Bonpoc: JlparpamMmy I[HMKIHYECKOTO IMpollecca Haa HACalbHBIM Ta3oM B KoopauHatax p-V
HOJBEPIIIM «MacIITaOHOMY NPeoOpa30BAHUIO»: JIABJIECHHE W 00bEM B KaKIOH TOYKE W3MEHUIIN B
OJTHO U TO ke KonmudecTBO pa3 (P —>kp u V —kV). Uemy paBHo otnomenue KI1J| «HoBOrO» M

«CTaporo» IHUKIOB?
3apauya: Ha rpaduke B koopauHaTax <«JIaBJIEHUE — TEMIEpaTypa» IOKa3aH LUKI MOCTOSHHOTO
KOJINYECTBA OJJHOATOMHOTO HACATBHOTO Ta3a, SIBISIONIETOCS pabounuM TeIoM
TerioBoi MammuHbl. Jluarpamma mponecca 1-2 — yuyacTok mapabossl,
MPOXOJAIICH Yepe3 Havyalo KOOPAHWHAT, Tpolecca 2-3 — y4acTOK TPSMOM,
OpoxXojslle depe3 Hadyajao KoopauHar, a mpouecc 3-1 — aguaGaTuueckuil.
Monynb paboTsl B aguadbatuyeckoM mnpoiecce cocrapisieT 60% ot paboTel raza
B npouiecce 1-2. Haiitu KITJl nukna.

OteBer Ha Bonpoc: [Ipu onucanHOM MacmTabHOM MPeoOpa3OBaHUU BCE padOTHI (BBIYHMCIISIEMbIE KaK
IUTOMIAIU TI0J] quarpaMMamu tporieccoB P(V)) U BHYTpeHHHUE SHEPrHH (KOTOpPbIC JUTS UICATBHOTO

rasa MPOMOPIUOHAIGHEI TPOW3BEACHUIO MaBIICHWS Ha O0BEM) HM3MEHSATCS IPOIOPIIMOHAIBHO
KBagpaTy «macmrabmoro» koddpdummenta: A—>k A u U —k?U. Takoii xe BHIBOI, B
cootsercTBiE ¢ | Hadanom TepMOAMHAMHUKE, OTHOCHTCS M K KosmdectBam TemioTsl (Q — k%Q).
[Tostomy KII/ uukiI0B HE U3MEHSIOTCS, M KICKOMOE COOTHOIIIEHHE PaBHO 1.

Pemrenne 3agaun; MeHTHdUIMpPYeM TIpoLeccH B HamleM mukie: B mpomecce 1-2 T =const- p2. B

pVv

COOTBETCTBUHU C ypaBHeHHeM MeHneneeBa-Knanelipona T :W’ M TO3TOMY B 3TOM Ipolecce

p=a-V, To ecThb AaBlEHHE Ta3a PacTET MPONOPLIHOHANIBHO 00beMy. PaboTa rasa paBHa miomanu

Mo/ IMarpaMMoi mpoiecca B KoopauHarax p—V (miomaau Tpaneuuu), To ecTh



+ o o
e VAR VR R R V)
[Tpu 3TOM M3MeHEeHHE TeMIiepatypbl AT = %(pzv2 -pVy) = %(\/ %—Vlz) , Ho3TOMy A, = ?AT .

K rasy nogsoaurcs KonudecTBO TEINOTH Qp, = A, + AU, = A +gVRAT =4A,,. Ilponecc 2-3

(T =const- p) o4eBUIHO SABIACTCS M30XOPHBIM OXJIAXKAEHHEM (paboTa He coBepLIaeTCs, TEIIoTa
OTBOAMTCS OT rasza). B mpomecce 3-1 TemnooOMeHa HeT, a paboTa OTpUIATElIbHA U, COTJIACHO
ycnoButo, Ag =-0,6A,. Takum oOpaszom, tertora HarpeBatens Qp =Q,, =4A,, a pabota B

mukine A=A, + Ay =0,4A,,. Caenosarensno, KIIJ] uukia 77 = Qi =01.
H

3amanmue 3.
Bonpoc: Konbuo u3 ru6koro mpoBoja JIEKUT Ha CTOJE 0€3 NMEpEXJIECTOB B «HE PACIPABICHHOM)
cocTossHUU. B mpocTpaHcTBE €CTh MarHUTHOE TMOJe, MEPIeHIUKYIIPHOE MOBEPXHOCTU CTOJda?
VYyacTku TpoBOJAa pa3aBUTAIOT, pacrpanisis koiblo. Kyma OynyT HampaBieHbl cuibl Amrmepa,
JICMCTBYIOILIME HA 3TU YYACTKU?
3apauya: [IpoBOJHMK, COTHYTBIM TOJX YIVIOM «, pAcCHOJOXKEH B ®
TOPU30HTAIBHOM IJIOCKOCTU. MeTajuinueckuil CTepKeHb MOXeT 0e3 3
TPeHHsI CKOJB3UTh MEPHEHAMKYISIpHO Ouccexktpuce yriaa. WHaykiws
OJIHOPOJAHOI'0 BEPTUKAJIILHOTO MarHuUTHOro mnoiisi pasHa B. K crepxHio
NpPWIOKEHAa TOpU3OHTalbHAass cwia F =Kkx, rme paccrosHue x
OTCUMUTHIBAETCA OT BepUIMHBI yria. Onpeaenut MaKCUMaIbHYIO
CKOPOCTh CTep:KHs. B mpoiiecce ABMKEHUS CTEPKEHDb HE TEpSET KOHTAKTa
c obenmu cropoHamu yria. ComnpoTUBIIEHUE €IUHUIIBI JUTMHBI CTEPKHS

d
N

PaBHO p , CONMPOTHUBIIEHNE IPOBOIHNUKA U KOHTAKTa PEHEOPEKUMO MaJlo.

OtBer Ha Bompoc: Ilpy uM3MeHeHUM IUIOUIAAM KOHTYpa B MPOLECCE «PACIPABIICHUS» MarHUTHBIN
HOTOK 4Yepe3 KOHTYp OyAeT U3MEHATHCS, U B KOHTYpe BO3HUKHET MHIYKIMOHHBIN TOK. Ha 3TOT Tok
CO CTOPOHBI MAarHUTHOTO MOl OyzAeT JeiicTBoBaTh cuia Ammepa. B cooTBeTCTBHM C MpaBUIIOM
JleHnia, WHIYKIMOHHBIE SBJIEHMS BCErla IMPEMATCTBYET IPUYMHE, BBI3BABIIECH HX IOSBICHHUE.
[Toaromy cunbl Amnepa o0si3aTenbHO OyayT HampaBlieHbl BHYTPb KOHTYpa, HPENATCTBYS
YBEJIMUEHUIO €T0 TUIOIAIH.

Pemenne 3amaum: I[lpunokuMm Kk cTepxkHIO cuiy F, Torma mnpu JABMIKEHUU CTEpKHS OyaeT
YBEJIMYMBATHCS IUIOLIA/(b TPEYroJbHUKA, 0OPa30BAHHOTO CTEPKHEM U «YTOJIKOM» U3 MPOBOJHUKA!

a .
S = thg(Ej. [Torox marnutHoM unaykuuu @O = BS, 3/IC unayKIIMK, BOZHUKAIONIASI B KOHTYpE

|8 | = dd;‘t) = 2BX tg(%) % = 2Bx tg[%j V. ConpoTHBIIEHHE Y4acTKa CTEPXKHs, M0 KOTOPOMY TE4eT
a . €| B

ToK, R=2pX tg Eok B crepxHe BO3HUKHET TOK, MPONOPLUOHAIBHBIA CKOpocTH: | =-—=—V.
P

2
Cuma Awmmepa, neiictByromas Ha mpoBogHHK, F, =I1B2X tg(%jzm—xvtg(%j. VYpaBHeHHe
yo,
a

2
nBwkeHus crepxHsi: Mma=F-F,, 1o ectrp ma=x k- 2B Vtg(Ej . CkopocTp cTepxHs
yo,

JOCTUTHET MAKCUMAJIBHOI'0 3HAYCHUA, KOrJa YCKOPCHHEC CTaHCT paBHBIM HYIIIO. 3Ha‘II/IT,

2By a ko a
k —%tg(gj = O, U V= Ectg(—j




3aganue 4.
Bonpoc: Ontuyeckas cuna auH3bl. Dopmysia JTUH3BIL.
3agaya: Onruyeckas cUCTEMa COCTOUT M3 JBYX COOMPAONINX JIMH3 C (DOKYCHBIMU PACCTOSHUSIMU

F y
Fl = F, FZ = E . I'maBHBIC oONTHYECKHME OCH JIMH3 COBMCIICHBI. TodedyHpIi HCTOYHHK CBETa
F y y
PacroJIOKEH Ha PaCCTOSITHUMU d; = 7 nepea r€pBoun JIMH30M, a €ro I/1306pa}KeHI/I€ — Ha PpaCCTOAHUU

F . .
b, = 3 3a BTOpoi nuH30i. Ha kakom pacctosHuu L apyr oT n1pyra HaxoaaTcs JIUH3bI?

Oteet Ha Bonpoc: JInH3a — Mpo3payHoe TeIo, OrPaHUYCHHOE C(HePHUUIECKUMH TTOBEPXHOCTSIMU. Takue
Tena 00JalalT CIOCOOHOCTHIO (DOKYCHPOBATh IMapaljielibHble MYyYKH MapaKCHAIbHBIX CBETOBBIX
ayder (TO ecThb Jydel, UIYIHUX MO MaJIbIM yIJIOM K TJIABHOW ONTHYECKOW OCH JIMH3BI). [ 1aBHBIM
¢doKycoM JIMH3BI HA3BIBAIOT TOYKY, B KOTOPOH (OKYCHPYIOTCS Jy4d, HAYIIHE MapajulelibHO ee
[JIABHOM ONTHYECKOW OCH. PaccTosiHME OT TUIOCKOCTH JUH3BI 10 GoKyca — (OKAIBHOE PACCTOSHUE
auH3bl. ONTHYECKON CHIIONW JUH3bI HA3bIBAIOT BEINUYHMHY, OOpaTHYI0 (OKYCHOMY pPacCTOSHUIO:

1 . . -
D= ' Enununei namepeHus ontuyeckou cuiel sBisgercs auontpus (1 antp =1 m 1). B ciyuae

cobuparoniel TUH3bI (POKyC SBISETCS NCHCTBUTEIBHBIM (B HEM IEPECEKAIOTCS CBETOBBIC JIYUH), a
(oKyCHOE pacCTOsSIHUE U ONTUYECKAas CUJIa CYMTAIOTCS HOJO0KUTENbHBIMU. B citydae paccenBaromux
a3 ((POKyC SIBISIETCS MHHUMBIM — TAapaJUIETbHBIM MY4YOK JIyded IOcie MPOXOXKICHHS JIMH3BI
pacxoauTcs TaK, YTO MPOJOJDKEHUS Jydel MepeceKkaroTcs B INIOCKOCTH) (POKYCHOE pacCTOSHUE U
ONTHYECKAasl CHJIA JIMH3bl CUMTAIOTCS OTPULIATENbHBIMU. EcCiau auamerp JIMH3bI HAMHOTO MEHBIIE
paguycoB KpUBU3HBI €€ c(hepuyecKHX MOBEPXHOCTEH, TO €€ TONIIMHA HAMHOTO MEHbIIIE IuaMeTpa.
Ecnu 1ipu 3TOM MBI paccMaTpuBaeM TOJIBKO NTApaKCHAIBHBIE JIy4H, TO JUIS ONHUCAHUS MPOXOXKICHUS
dy4yed depe3 JMH3Y MOXKHO HCIOJIb30BaTh MNPHONMKEHHE TOHKOM JuH3bL. B pamkax 3toro

NpUOIMKEHNs OINTHUYECKash CHUjla JIMH3bI, MOMELIEHHOW B OJHOPOJHYIO Cpedy, OIpelensieTcs
. 1 1

dopmynoit D =(n-1)- R—+R— , TOe N — T[oKa3aTelb MPEJIOMIICHHS BEIIECTBA JIMH3bI
1 2

OTHOCHUTEJIBHO OKpYXaloIlled CpeAbl, a paAuychl IOBEpXHOCTEH JMH3bBI R;, cuMTaroTCs

MOJIOKUTETHHBIMH JUISI BBITTYKJION MTOBEPXHOCTU M OTPHUIATEIILHBIMU JJIsI BOTHYTOM. PaccTosiHust ot
CBETSIIEHCS] TOUKH @ U PACCTOSIHUE JI0 ee U300pakeHust D It TOHKO# JTMH3BI CBSI3aHbI (hopMynoil

1 1 .
aunzst —+—=D=—. B oroii ¢dopmyse a wu b cuuTalOTCA TOJOXHUTEIBHBIMH IS

a b F

I[GﬁCTBHTGHI)HI)IX HCTOYHHUKOB UJIN I/I306pa)KCHI/II\/'I, " OTpHUIATCIbHBIMHA — JIJIsI MHUMBIX.

3F
Pemenne 3agaum: Ilo dopmyne nuu3bl 118 mepBod smH3BL F =F, al=7:>bl=3F.

. F F
AnasiornyHo Juig BTOpoM JnmH3bl F, = > b, =—=2a, =—F. Takum o0pa3om, H300pakeHNE

3
HMCTOYHUKA, CO3/1aBa€MO€ MEPBOM JTMH30M, HAXOJIUTCS HAa PACCTOSTHUU fl =3F 3a Hel u npu dTOM

OHO SBJIIETCS MHHUMBIM HCTOYHUKOM U BTOPOW JIMH3BI M HAxXOJMUTCS 3a BTOPOW JIMH30M Ha
paccrosuuu F . IlosTomy paccrosnue mexay nunzamu L =2F .



