BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

BCEPOCCUACKAS
onUMNUAQA
LWKONBLHUKOB

MYHHMIIUIIAJBHBIN DTAII
OU3NKA
10 KJIACC

MaTepnaﬂm AJI YWICHOB KIOPpH (K.]IIO‘II/I, KpUTEpUH O]_leHI/lBaHI/IH)

Bpems BbInoJIHEeHU 3aaHUI — 0OTBOAUTCA 3 yaca S0 MUHYT

MakcuMaJbHOE KOJIu4YecTBO 0a10B —50

3agauya 1 (10 6asoB). /[Ba Tena maccamu My = 100 T u M, = 200 r coeqUHEHBI

Pucynox 1

N
m; [oooiod

m;

HEBECOMOM CXKAaTOM MPYKUHOM, CBSI3aHHOM HUTHIO.
OHeprus ynpyroil aedhopmanuu NpyKuHbl £, cOCTaBiseT
135 JIx. B HCXOZHOM COCTOSHHM Tejla IIOKOSATCS Ha

[VIaJIKOW TOPU3OHTANbHOM TuIomaake (cMm. puc.l). Hurthb

MNCPCKUIalOT M IIOCJIC PaCIPAMIICHUA IIPYKUHBI TCJIa

OJIHOBPEMEHHO CJICTAIOT c TUTOIIAJIKH, AMest

TOPU3OHTAJIbHO OPHUCHTUPOBAHHLIC CKOPOCTH, IIPYKHMHA HC COCAMHCHA C TCIaMH U

06Ha,Z[aGT MaCcCOM MHOT'O MEHBIIIE MaCChl TEI. Onpez[enHTe BpEM:A OT Ha4dalla IaJCHUA

TEJ, Yepe3 KOTOPOE BEKTOpa UX CKOPOCTEW CTaHYT B3aMMHO MEPHEHANKYIISPHBI (0€3

y4eTa CONPOTUBIICHUS BO3AyXa).

Pemenne.

Jlist onipeiesieHns HadaJabHBIX cKopoctelt Vy, u Vj,, mpuoOpeTaemMbIX Tenamu B

MOMEHT BbUIETA C IUIOIIAJKH, NPUMEHUM 3aKOHbI COXpaHeHHs umiynbca (1) u

MTOJTHOM MeXaHUYeCKOH dHepruu (2): T
02
0= mlm + mzm Q) 1 6a g X ]
m,VE  myVE

E, = 12 oLt 22 02 (2) 16ann
Pemnm coBmectHo (1) u (2).
N3 (1) cnenyer:

~ myly,

01 =
s |
ITozxcraBum Bo (2): Vyp I — =% o
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_ myVoz, 2 Y
2E; = my( )+ myVg,
my Pucynok 2
m, +my

=m, Vozz (m—)
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BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHI/IIII/IHAJII)Hl)Iﬁ 9TAII
LWKONMbHHUKOB ®H3HKA
10 KJIACC
2Em
Vop = |—2Em_ (3
02 my(mq+my) ( )
AHaJIOTUYHO:

_ ZEHmZ
VOl = ’—ml(m1+m2) (4) 1 6ann

Cryctst nckoMoe BpeMs ty BEKTOp CKOPOCTH Tella 2 OpUEHTUPOBAH, Kak YKa3aHo Ha
pHC. 2 1 paBeH:

V2 == sz + Vyz == VOZ + .g_)tA 1 63.]1.]1

rjae
Via = Vo2
Vyo, =gty 106ama

AHAJIOTUYHO
Vi =V +Vy = Voy + Gty

rae

Vi = Vor
Vyl =gty

Ilepenecem B TOUKy A BEKTOpa CKOPOCTEU

TEJ B MCKOMBIH MOMEHT BpeMeHH ty (puc. 3). 2
das1a

VYkazanHple Ha puC. 3 YIIbl OJUHAKOBBI

Vi S Vo xak yIabl CO B3aUMHO IIEPICHIMKYJISIPHBIMHU
gta
PHCYHOK 3 cropoHamu. 1 0aJut
Toraa u3 mogoOus TPEYroJbHUKOB CIICIYECT:
gta _ Voo
Vo1  gta
Vo1V,
Otciona t, = % 1 6ama

[MoacraBum croza (3) u (4):



BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

BoEPOGOUACKAS MYHUIIUITAJIBHBIN 3TAII
WKONLHMKOS OU3UKA
10 KJIACC
1 2E,m,2E,m, 1 2E,,
t 4= — = |—_—

g |m2(my + mpmy(my +my) g [(my +my)

ty = L[ ZB5 —3¢  16am
10 4/ (0.240.1)

Kpurepun ouenuBanms: 0aJ110B
3anucaH 3aKOH COXPAaHEHHs UMITYJIbCa 1
3anucaH 3aKOH COXpPaHEHUsI MEXaHUYECKON SHEPIUH 1
BriBegens! hopMyIibl sl pacueTa Ha4aJbHBIX CKOPOCTEH Te 1
Bekropa ckOpoCTH B MCKOMBIN MOMEHT BPEMEHU PA3JI0KEHBI Ha 1
COCTAaBJISIFOLIUE
3anucaHbl KHHEMaTHYECKHUE 3aBUCUMOCTH JIJIsl COCTABIISIFOIIIUX CKOPOCTH 1
CrienaH pUCYHOK BEKTOPOB CKOPOCTH C MX COCTaBJISIOIUMHU 2
OO60CHOBaHO PaBEHCTBO YTJIOB 1
N3 mopo6ust TpeyrobHUKOB MOTYYEHO COOTHOIIEHUE JyTs t uepes 1
HayaJIbHbIE CKOPOCTH
IlocunTano Bpems 1
NTOI'O 10




BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHI/IIII/IHAJII)Hl)Iﬁ 9TAIL
LUIKONBEHUKOB @I/I3I/IKA
10 KJJACC
3agaua 2 (10 6agoB). JIBa OJMHAKOBBIX
oy Ty
o e e
HETIOJBIDKHBIX ITWIMHApPA COCIUHEHBI TPYOKOM
o I ——
OYEHb MAJIOTO CEUEHUs, CHaOKeHHOU KpaHoM. [Ipu —
3aKpBITOM KpaH€ B JIEBBIM [WIMHIP 3aJIWIH
KUJKOCTh C YACJIBHOM TEIIOEMKOCTBIO ¢ [0 h -
BeIcOTBI N (cm. pwuc.). Tlociae  mocTmkeHUs
TEIIOBOIO paBHOBECHS JKUJIKOCTh nMela hg___.«i‘..___..-

temriepatypy Ti. Ilociie oTkpbIBaHMS KpaHa MO JOCTH>KEHHH TEIJIOBOTO PaBHOBECHS
B OTCYTCTBHE TEIJIOOOMEHA C OKpYXKarolled CpeJod JKHUIKOCTh CTajla HMETh
temriepatypy T,. OOocHyiTe, Kakas U3 Temreparyp OoJibllie U BbIBEAUTE (POpMyITy,
BBIPAKAIONIYIO pa3HOCTh TeMiiepaTyp 47, npenedperas TemI0eMKOCThIO HIUIUHAPOB.

Pemenmne.
BerAiCHUM, 4TO MPOU3OMAET C MEXAHWUYECKOW DHEPTUEH KUIKOCTH IIPU €€

NIEPEXOE U3 UCXOJHOTO COCTOSIHUA | B HOBOE yCTaHOBUBIIEECS 2.
[IpoBeneM HynEBOW YpOBEHb IMOTCHIMAIBHOM DJHEPTUM JKUJIKOCTH YEpPE3 JHO
LIUJIMHIPOB.

(1 6an)

Torma mexanudeckasi JHEPTUs MacChl )KUJIKOCTA M B cOocTOSHMK 1 paBHa ee
NOTEHINATFHON JHEPruM (KHUIKOCTh HETOABIIKHA), OINPENeIIeMO IOJI0KEHUEM
IICHTpa Macc Ha Benu4yuHy h/2:

E.1 = mgh/2
(1 6am)
Bo BTOpPOM COCTOSHMM LIEHTp Macc TOTHAT Haj HyJeBbIM ypoBHeM Ha h/4 wu

MCXaHHNYCCKasd OHCPIUA CTAHOBUTCA paBHOﬁI

E., = mgh/4

(1 6amwn)
O‘—IeBI/II[HO, MCXaHHWYCCKasA SHCPTHA YMCHbIINIIACh HA BCIIMYHUHY
AE ==mgh/4

(1 6ana)



BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHHMIIUIIAJBHBIN DTAII
WKONbHUKOB ®H3HKA
10 KJIACC

Tak kak MUWJIMHAPBEI BCC BPCMA HCIOABUIKHBI W OTCYTCTBYCT TEIJI0O00OMEH C

OKpYXalollel cpenod, ToO MexaHuueckas (IMOTEHIUalIbHasl) SHEpPrusl Molla Ha

YBEIIMYECHUE BHYTPEHHEHM OHHEpruu cucreMsl. [loaToMy Temmeparypa XUIAKOCTH

noBeicuTcs Ha AT.

(3 6anna)

s yBenmdeHus TeMnepaTyphl )KUAKOCTA HEOOXO0IMMO MepeaTh € KOJIMYEeCTBO

TCIIJIOTHI.

Q = cmAT

Torma Q=AE, oTkyna

AE mgh h
AT ===22=2

cm 4cm 4c

(1 6amwm)

(1 6an)

(1 6an)

Kpurepun oneHuBanus:

0aJ110B

3aJlaH HyJI€BOW YpPOBEHb NOTEHIINAIbHON YHEPIUU

Onpej:[eneHa MCXaHUYCCKas DHCPIUus NCXOOHOI'0 COCTOSAHUSA

Onpez[eneHa MCXAHUYCCKasl DHCPIUst BTOPOT0 COCTOSIHUSA

Haiineno AE

O060CHOBaHO MOBBIIIEHHE TEMIIEPATYPHI CUCTEMBI

YKGSaHO, KaK paCcCYUTaTh KOJIMYCCTBO TCIUIOTHI, KOTOPOC HAIO MEpCAaTh
KHUAKOCTHU IJIsd €€ HarpCBaHUs

NI G

3anucano Q=AE

-

[Toydyeno Beipakenue ais AT

[

NTOTI'O

10




BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHHMIIUIIAJBHBIN DTAII
WKONbHUKOB ®H3HKA
10 KJIACC

3amaya 3 (10 OGaunoB). DiekTpuyeckas IEeNb COCTOMT W3 HACAIBHOTO
UCTOYHHUKA C HaNpshDKeHHEeM Ha kiaemMMmax U u IByX MOCienoBaTeIbHO COSAMHEHHBIX
pesuctopoB ¢ conporuBieHusmu R; = 200 Om u R, = 600 Om. M300pazute cxemy
DIIEKTPUYECKON Iemu C BOJBTMETPOM M OIPEACIUTE COMPOTHUBICHUE BOJBTMETPA,
WCITOJIB3yEMOTO JUIsl U3MEPCHUS HAIPSHKCHUST Ha PE3UCTOpPE C COMPOTUBICHUEM Ry,

€CJIM UIBMCPCHHOC HAIIPSXKCHUEC OTIIMYACTCA OT HCTUHHOI'O HAIIPSXKCHUA Ha N = 5%.

Pemenme.
R
]
Jg - ]\
D R (V)
]

HctuaHOE HanpsikeHue Ha R,

_ UR,
2 R +R, (l)

Onpenenum TOK B LETH.

U
RV RZ
R, +R,

+R, (2)

Hanpsbxkenue Ha U3BMEpEHHOE BOJIBTMETPE:

UV=|ﬂ(3)
R, +R,

[Toacrasnss (2 ) B (3)

UR
,= Ry (4)
RZRV + RlR2 + RlRV

ITo ycnosuro 3agayu:

Uy :(1_77)J2



BC{)LLl BCEPOCCUICKASI OJIJUMIIUAJIA IIKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHHMIIUIIAJBHBIN DTAII
WKONbHUKOB ®H3HKA
10 KJIACC

R,R, +RR,+RR, R +R,
Ry

Bripazum R, u3 ypasuenus (5)

()

1-7 RR,

R +R, ©)

RV_

HOI[CTaBI/IM YU CJICHHBIC 3HAYCHUA:

R, _1-0,05 200-600 2850 Ot
0,05 200+600

Kpurepun ouenuBanmusi: 0aJ1710B
ITosryueno ypasuenue (1) 2
OmnpeeneH TOK, ypaBHeHue (2) 2
IMTonyueHo Boipaxkenue 1 UV (4) 2
[Tosrygeno Beipakenue st R, (6) 3
PaccunTaHo 4KCIIEHHOE 3HaYE€HNE CONPOTUBIICHUS BOJBTMETPA 1
UTOTI'O 10




BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHHMIIUIIAJBHBIN DTAII
WKONbHUKOB ®H3HKA
10 KJIACC

3apaua 4 (10 6amnoB). B skcriepuMenTe HaOMIOAATENI0 HEOOXOIUMO YETKO
BUJIETh MaHenb pazMepoMm 100x55 cM, koTOopas HaXOAUTCS y HETO 3a CIMHOM Ha
paccrosiHuM 2 M. JIJ1s1 3TOT0 eMy NpeioKIN MOBECUTh Ha paccTossHuu 60 cM mepes
co0oit 3epkano. Ompenenure MHUHUMAJIbHBIE pa3Mephl 3epkaya (B CaHTUMETpax,
OKPYTJIUTh JI0 TEJIBIX), YTOOBI IKCIIEPUMEHTATOpP MOT HE 000padyMBaThCS B XOJE
HKCIIEPUMEHTA U AEPKATh MO/ HAOIIOAECHUEM 33IHIO0 NTAHEb LIEIUKOM.

Pemenmne.

E IIpoBeaeM mocTpoeHus Uil  BHUJA

Tl

e

CBEpXY IJIMHBI 3epKaja (CM. puc.).

-

HaGmromarens HaxomurTcs B Touke O,

2
|

I
I
I
: naHensb JiuHoi AB = 1 M Ha paccrostaum b =
I
I 2 M ot Habmogarensa. Jlmams PK — nuHus
p -t r-- K
[ [ 3epkajna, Touka E — u3zo0OpakeHue TOUKu A,
I I
! ! Touka F — m3o0paxenue Touku B. 2
1 1
" " 0as1a
I I
L J 3epKajo pacroaoKeHO Ha PAacCTOSHUHU
A B

a = 0,6 m ot HaOmomarens. PaccrostHue oOT

3epKaJia 10 U300pakeHus MaHeu ¢ = 2,6 M.

W3 nmocTpoeHust BUAHO, YTO MUHUMAJIbHAS JUTMHA 3epKaja 3To yuactok CD.

(2 6anna)
N3 monobus tpeyronpankoB EFO u CDO crnenyer:
EF _ cta
D a
(2 6asta)
Otkyna CD = EF -a
c+a
CD=10,6/(2,6+0,6) =0,1875 m
(2 6anna)

3HaYUT MUHUMAJbHAS JJIMHA 3epKayia 19 cMm.

8



BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.
MYHULHUIAJIbHBIN 3TAI

onUMMNUADA

LUKONBHUKOB @I/I3I/IKA
10 KJIACC

(2 6amn1a)
AHaIOrMYHO paccyskiaast 11 BeICOTHI manenu d = 0,55 M, moaydum:
C.D; =0,55'0,6/(2,6+0,6) = 0,1031 m

CJ'ICI[OB&TCJILHO, MUHHUMAJIbHAA BBICOTA 3CPKajla JOJIKHA OBITE 11 cMm.

KpuTtepun onieHnBaHusi: 0a/10B
[TocTpoeHo n300pakeHUE aHEIH

VYka3aHa Ha pHCYHKE MUHUMaJIbHas JJIMHA (BBICOTA) 3epKasia
3anncaHo OTHOIICHHUE JJIMH CTOPOH MOJOOHBIX TPEYTOJIbHUKOB
Briuncnena paboyas ajiMHa (BbICOTA) 3epKaja

VYka3zaHa MUHUMAaJbHas JUIMHA (BBICOTA) 3€pKaJia
UTOI'O 10

NININININ




BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

sosrocourioKan MYHHMIIUIIAJBHBIN DTAII
WKONbHUKOB ®H3HKA
10 KJIACC

3agaua 5 (10 OaanoB). B Ttabnune npuBeneHbl pPe3ylbTaTbl H3MEPEHUs
TeMIEPaTyphbl OJJHOTO KWJIOTpaMMa HEKOTOPOTO MHOIUIAHETHOTO BEIIECTBA B 36MHOM
71a00paTOpUM B 3aBUCUMOCTH OT MOJIBOJIUMOTO K HEMY KOJIMYECTBA TETIOTHI.

Q, 0 10 20 30 40 - 70 80 90 100
K1
t,°C 1100 |137 183 |219 |270 310 332 |[343 |365

ITocTpoiiTe rpaduk 1aHHOM 3aBUCUMOCTH, 000OCHYHTE €€ XapaKTep U
OIIpE/IETUTE C MOMOUIBIO TparKa yAEIbHYIO TEMJIOEMKOCTh BELIECTBA.
Pemenne.
Teopernuecku 3aBucuMocTh t(Q) nomkHa ObITE TMHEHHOM. Hanecs
AKCIIEPUMEHTAJIbHBIC TOYKU Ha rpadUK, MIPUXOUM K BBIBOJY, UTO UX HEJIb3s OMHUCAThH
OJTHOW JIMHEWHOW 3aBUCUMOCTBIO, HO MOYKHO OIIMCATh JBYMS.

g G
] 355 e
350 -
] / 320
1 e 05
300 -
1 +
250 -
] 215 7
200 - //
] L 165
150 1o 28
5
100 <
50_""""'\""""'\""‘""\""‘""I""‘""\""'""\"‘"""I"‘"""I"‘"""I""""'I""""'I
0 10 20 30 40 50 60 70 80 90 100 Q, kIx

DTO O3HayaeT, 4YTO BEIIECTBO B IPOIECCE HArpeBa M3MEHWIIO arperatHoe
COCTOSIHUE.

Tak kak mpoliecc HarpeBa B OOOMX CIydasx COMPOBOXKIACTCS JTUHEHHBIM
POCTOM TEMIIEpaTypbl, 3HAYUT MO KaXJAOW M3 3aBUCUMOCTEM MOKHO ONPEACIIUTH
VACIbHYIO TEIJIOEMKOCTh KaK KOTAHTE€HC yIJla HAKJIOHA MPSMOW, 4YTO CIEAYET W3
OTpeIeSICHUs TEMI0EMKOCTH:

10



BC{3LLl BCEPOCCHUICKAS OJUMIMAJIA INKOJbHUKOB 2023/2024 rr.

soemocouicwas MYHI/IIII/IHAJII)Hl)Ifl DTAII
LWKONMbHHUKOB ®H3HKA
10 KJIACC
o ¢
mAt

TOFI[a JJI1 BEIIIECTBA B HCXOJHOM arperaTHOM COCTOAHNU
T, —t)  (215-165) “ kr°C
AHaHOFHqHO AJIs1 BTOPOI'O:

— _ 3
Q:=Q _(95-75)10° __ Jix

2T 1, —t;) (355-320) ' kr°C
Kputepun onieHnBaHusi: 0a/10B
Bri6pan onTuManbHbIN MaciiTab oceil rpaduka 1
BepHo HaHEeCEHBI SKCTIEPUMEHTAIIbHBIE TOYKU 1
[TocTpoensl 1Be TUHEHHBIE 3aBUCUMOCTH 2
OO060CHOBaHO, YTO 3aBHCHUMOCTbD JIOJDKHA OBITh TUHECHHON 1
VYka3aHOo Ha JIBa arperaTHBIX COCTOSIHHSI BEIIECTBA 2
O6ocHOBaHa MPUMEHUMOCTh @ = cmAt nys 06enx 1
3aBUCUMOCTEN
PaccuuTansl 00€ TEII0EMKOCTH 2
NTOI'O 10
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