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Bapuant 13

1. Yyenuk Bo BpeMsl TPEHUPOBKH B CIIOPTUBHOM 3ajie OpOCHI MY BEPTHKAIBHO BBEPX, U
noiiMan ero B Touke Opocka crycts BpeMs t = 2 ¢. 3aTeM y4eHUK yBEJINYWI HAYaJIbHYIO
CKOpPOCTh MsT4a BJIBOE M Ml CHOBa BEpHYJICS K HeMy uepe3 t = 2 ¢. Ha kakoii BeicoTe h ot
TOYKHM OpOCKa HaXOAMUTCA B 3aj€ MOTOJOK? Yaap Msda O IMOTOJIOK, €CJIU OH IPOUCXOIMT,
CUUTATh YIPYTHM.

(5 bannos)

2. AmoMHHHEBBIH OpPYCOK MOJOXWJIA B MOPO3WIBHUK, M Ha HETO Hapocia KOpKa JIbJa.
OOpazoBaBieecs JIEJTHOE TEIO BIHYJIM U3 MOPO3WIbHUKA U Opocuiu B BoAy. Oka3anocs,
4TO OHO IUIaBaeT B BOJE, MPUYEM IOJ BOJOW Haxoautca o = 99% Bcero oObéma Tena.
Omnpenenure, BO CKOJIBKO pa3 00bEM HapocUIe KOpKHU Jibja OoJblie MepBOHAYAIBLHOTO
o0bema amomunueBoro 6pycka? IlnotHocTs Bomel p, = 10° kr/M3, mnoTtHOCT IBOA Py =
0,9-10% kr/mM3, IIOTHOCTH aMFOMHMHHES P, = 2,7-10% kr/M®. UsMeneHneM o6beMa Opycka npu
OXJaXXJeHUH npeHeOpedb. CunTaTh, YTO JI€Jl HE TAeT, IIOKa IJIaBaeT B BOJE.

(5 6annos)

3. JIBe yacTulibl BIETAIOT OJHOBPEMEHHO B OJHOPOJHOE 3JeKTpuueckoe noje. [leppas ya-
CTHLIA MacCOM M M 3apsAA0M (] UMEET B Ha4aJbHbII MOMEHT CKOPOCTBH V, BTOpasi — Maccou
2mM U 3apsAaoM 2( UMEeT TaKylo e M0 MOJAYJII0 HadyalbHYIO CKOPOCTh V, HalpaBICHHYIO
NEPIEHINKYJIIPHO HAYAJIBHOW CKOPOCTH NEepBOM yacThulibl. CryCTs Bpems t CKopocTh nep-
BOM YaCTHIIBI CHOBA CTAHOBUTCSA PAaBHOW V, HO HANPABJIECHHON B IPOTHUBOIIOJIOKHYIO CTO-
pony (cMm. puc.). Kakyro ckopocTh (110 MOYJII0) UMEET BTOpas YacTUIla B TOT K€ CaMbIii
MOMEHT BpeMeHH 17?
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(8 6annos)

4. B munuHIPUYECKOM COCYE TIOJT MIOPITHEM HAXOAUTCS BIAXKHBIA BO3AYX C OTHOCHUTEIb-
HOM BiaxkHoCThIO @ = 50%. [lepBoHavanbHast Macca BOASHOrO mapa B cocyae m = 12 r.
Yemy paBHa Macca CKOHJEHCHPOBABLICHCS B COCyZE€ BOJbI IOCIE H30TEPMHUECKOTO
yMeHbllIeHUs1 00beMa Bo3ayxa B N = 3 paza? CuuTtaiite, 4yTo 00bEM CKOHICHCUPOBABIICH-
Csl BOJIbI MHOTO MEHbIIIe 00beéMa CoCy1a B KOHEYHOM COCTOSTHUH.

(8 bannos)
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5. TeruioBast MaimHa, pabOYMM TEJIOM KOTOPOU ABIJISIETCS Telui, COBEpIIAeT LUKII, U300-
paXCHHBII HA PUCYHKE, Tle P? — KBaapaT aaBjieHus, T — abcomoTHas Temmeparypa. Ilo-
CTpoiTe rpaduK 3TOro IuKia B KoopauHatax P-V, rae V — o0beM, U OINpeAesuTe ero
KIIJI, ecnu U3BECTHO, UTO OTHOILIEHHE MOJYJIS pabOThI, coBepiaeMoil B mpoiecce 12 k

Al

MOYJII0 paboThI B miporiecce 23 paBHo —— = o = 0,541.
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(12 6annos)

6. [1o rmagxoMy TOPU30HTATHLHOMY MTPOBOJIOYHOMY KOJIBITY MOTYT CKOJB3HUTH 0€3 TPEHUS
B¢ MajieHbKHE OyCMHKH Maccamu M u 3M. BHayane OyCMHKM HaXOIWUIUCh B TOUkKe A
KOJIbIIA, KaK MMOKa3aHO Ha pUCYHKE. bycuHKaMm cooOIaroT HadadbHbIE CKOPOCTH: OYCHUHKE
Maccoil M — cKopocTh 3V, a OyCHHKE Maccoit 3M — CKOPOCTh V, HAMIPABJICHHBIE B IPOTHBO-
MIOJIOKHBIE CTOPOHBI. B mporiecce cBoero nBMKeHNs OYCHHKH MHOTOKPATHO CTAJIKHMBAIOT-
cs apyr ¢ apyrom. CuuTas CTOJKHOBEHHS OYCHHOK aOCOJIOTHO YIPYTHMH, ONPEACITUTE
yron AOC, ecau C — Touka, B KOTOpOH OKa3bIBAIOTCS OYCHHKH B MOMEHT ux 2021-oro

CTOJIKHOBCHU.
m A 3m
3v PR

(12 6annos)
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1. VdeHuk BO BpeMsi TPEHUPOBKH B CIIOPTHBHOM 3ajie OpOCHJI MY BEPTHUKAIBHO
BBEPX, M TIOMMaJI ero B TOUKe Opocka ciycts BpeMs t = 2 ¢. 3aTeM Yy4eHUK YBEITUYUII
HadaJIbHYI0 CKOPOCTh Msi4a BJIBO€ M MY CHOBA BEpHYJCA K Hemy uepe3 t = 2 c¢. Ha
KaKoi BbIcOTe h OT ToukM Opocka HaxXOIUTCS B 3aJi€ IMMOTOJOK? Y 1ap Msda O MOTOJIOK,

€CJIM OH MPOUCXOJIUT, CYUTATH YIIPYTHUM.
(5 bannos)

Pemenue.

Tak kak BpeMms MoJieTa Msiua B 000MX CIydasiX HE€ M3MEHUJIOCh, TO B NIEPBOM
Cilydae M4 JI0 MOTOJIKA HE JIOJIETEJI, a BO BTOPOM — YAApUIICS O MOTOJIOK (B MPOTUB-
HBIX CITydasiX BpeMeHa IoJjieTa oTJindaivch Obl). Halimem ckopocTh Vo Opocka B mep-

BOM ciry4ae: Vy — ¢ % =0, = Vv,=0 % Bo BTOpOM Cily4ae MpouCXOAUT ynap O MOTO-

JIOK CIIYCTA BpCM:A % , TOraa MOXHO HAUTU BBICOTY IIOTOJIKA:
2
t 1 (t) 3,
h=2v,-——=g| - | ==gt?=15m.
°2 29(2j 8!

2. ATIOMUHUEBBIN OpPYCOK TMOJOXWJIM B MOPO3WJIBHUK, U Ha HETO HAapocla KOpKa
apaa. OOpa3oBaBIeecs JICASHOE TEJIO BBIHYJIA U3 MOPO3UILHUKA U OPOCHIIA B BOTY.
Oka3zajioch, 4TO OHO IUIABAa€T B BOJIE, ITPUUYEM MO BOJOW Haxoautcs o = 99% Bcero
o0néMa Tena. OnpenenuTe, BO CKOJBKO pa3 00beM Hapociield KOPKHU JibJa OO0JIbIle
IIEPBOHAYAILHOr0 00beMa anroMUHUEBOro 6pycka? IlnotHocTs Bogsl Py = 10% kr/m3,
IJIOTHOCTH JbJA Py = 0,9-10% kr/M3, mmoTHOCTE amoMunus p, = 2,7-10% xkr/m. Usme-
HEHUEM o0beMa Opycka MpHU OXJIaXKJIEHUHU npeHeopeub. CuuTaTh, YTO JIe] HE TaeT,

MOKa TJIaBaeT B BOJIE.
(5 6annos)

Pemenne.

[Tycts V, — 00B6EM amroMunueBoro Opycka, Vo —00bE€M HapocHiero jipaa, M, u
Mo — Macca aJTFOMUHUEBOTO Opycka M macca JibJla U COOTBETCTBEHHO. Y CJIOBHE TLIa-

Banus Tena: (M, +m,)g= 0,9V, +V,)a,rne my=pV,, m, =p\V,. Torna

}/:\ﬁ: Pa — 0Py =19.
Va Oy — Pn

3. JIBe yacTHIlpl BIETAIOT OJJHOBPEMEHHO B OJIHOPOJHOE dJeKTpudeckoe mnoje. [lep-
Bas 4YaCTHIa MacCOM M U 3apsAIOM ( UMEET B HAYAJIIbHBIA MOMEHT CKOPOCTH V, BTOpas
— Maccoil 2M u 3apsiaoM 2( UMEET TaKylo ke M0 MOAYJII0 HadalbHYH CKOPOCThH V,
HaIpPaBJICHHYIO MEPNEHIUKYJISIPHO HadyalbHOM CKOPOCTU MepBOoM yacTuilbl. CrycTs
Bpemsi  CKOpOCTh MEPBOM YaCTULBI CHOBA CTAHOBUTCSI PABHOM V, HO HAPABJICHHOU B
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IIPOTHUBOIIOJIOKHYIO CTOPOHY (cM. puc.). Kakyto ckopocTs (10 MOAYJ0) UMEET BTO-
pasi yacTuIla B TOT K€ CaMblii MOMEHT BpeMeHH t?

1 v v 1
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Vv
(8 6annos)
Pemenue.

—

T.K. BIEeKTpUYECKOE T0Jie OIHOPOIHOE HANPSLKEHHOCTH E, To Ha 3apshkeHHbIC
YaCTHIB! AEHCTBYIOT cuibsl: Ha nepsyio | =(QE, na Bropyio — F, =20E :2|31. 3a-
THIIIEM 3aKOH U3MEHCHUSI UMITYJIbCA TS 00CUX YaCTHIL:

Ft=mv,,, —mv,,,, rae |\71;<0H| = |\71Haq| =V jy1st 9acTuIs 1,

2F, -t =2mv,,  —2mV,, ., , Te V0| = 2 115 wacTHIBL 2.

= Varon = Vacon ~Viuan + Vouau-

Mozysb BekTOpa Vy,,, HAIeM H3 PHCYHKA. => [V,.| = VA/5 .

4. B IMIMHAPUYECKOM COCY/JIE MOJT MOPIITHEM HaXOAUTCS BIAXKHBIA BO3yX C OTHOCH-
TeNbHOU BIaXHOCTBIO @ = 50%. [lepBoHauanbHas Macca BOJSHOIO Iapa B cocyie M
= 12 r. Yemy paBHa Macca CKOHJICHCHPOBABILIEHCS B COCYJIE€ BOJBI MOCIIE U30TEPMHU-
YeCcKOro yMeHbIIeHUsI o0beMa Bo3ayxa B N = 3 pa3a? Cuuraiite, 4T0 00BEM CKOH-

JICHCUPOBABUIEHCSI BOJbI MHOTO MEHbIIIE 00beMa COCy]a B KOHEUHOM COCTOSIHUH.
(8 6annos)

Pemenne.

3anumeM ypaBHeHUs1 Menneneesa-Knanelpona s nmapa B HA4aJIbHOM COCTOSI-

m
Huu (mo cxkarusi): PV =—RT, roe p — mapruaibHOE JaBJICHHE BOASHOTO Tapa 0

cxartus, V — HayanbHbIM 00beM cocyaa, T — Temmneparypa Bo3ayxa B cocyae. OTHO-
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P

CHUTEJIbHAs BJIAXXHOCTh BO3/1yXa B HAYAJIBHOM COCTOSIHUHU @ = —, TZIC Py — JABJICHUEC

H
HACBIIIEHHOTO TIapa npu Temieparype T.
[Tocne cxxatus map craj HACBHIILIEHHBIM, U B 3TOM cllyyae ypaBHeHue MeHenee-

" .. V. m-m,
Ba-Knaneiipona umeer Bun. p,—=——-—RT, rge my; — Macca CKOHAEHCHPOBAB-
Y7
" N (np-1)m
nieicst BoAbl. 3 3anmcanHbIX ypaBHEHUH MOMy4uM M, = ———— =4r.
ne

5. TemoBass maimnHa, pabOYUM TEJIOM KOTOPOMW SIBJISIETCS TeHil, COBEPIIAET LMK,
M300paKEHHBIA Ha PHCYHKE, T€ P° — KBaapaT JaBieHus, T — abCONIOTHAS TeMIepa-
typa. [locTpoiiTe rpaduk sToro mukia B koopauHatax p-V, rae V — o06beM, u ompe-
nenure ero KIIJI, ecnmu u3BecTHO, UTO OTHOLIEHHE MOJYJIsE pabOThI, COBEPIIAEMON B

Al

nporiecce 12 k Mmoayito paboTsl B mporiecce 23 paBHo —— = =0,541.

[Aes
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(12 6annos)
Pemenue.
['padux mukia B ocsix pV (cm. puc.). mnst nporecca 12:

T O p?,

/\p 2

>V

A
®opmyna aus KITJ nukna 7=——rne A=A, + A, + A, — pabora 3a nuKI,

Q.. =Q, +Qy=AU;; + A, + A; — IOTyUYEHHOE KOJI-BO TEILIOTHI.
N3BectHO, yTO T1 = Ty, T3 = T2 = 4T,.
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A, :%VRATH:ngT , Azszﬁ, Ay, =VRAT,, =—-3vRT,,
(94
AU, :ngAle zngTO.
Torza A:§vRTO(1+1j—3vRT _30-9) ey
2 a 20

Q.. = 2VRT, + VR, (1+ 1} _3W@atl) o

2 2 a 20
o= 17 (145 (14,5%).

Q.. 4a+l

6. Ilo rmankoMy TrOpU30HTAJIBHOMY IMPOBOJIOYHOMY KOJIBIy MOTYT CKOJIB3UTh 0€3
TPEHUsI IB€ MaJIEHbKHE OyCMHKU MaccaMyd M U 3M. BHavasie OyCMHKU HaXOJWINCH B
Touke A KOJjblla, KaKk MOKa3aHO Ha pUCyHKe. bycHHKaM cO0OILIal0T HavyajabHbIE CKO-
poctu: OycMHKE Maccoil M — ckopocTh 3V, a OycHHKEe mMaccoi 3M — CKOpOCTh V,
HaIpaBlIEHHBIC B TIPOTUBOIOJIOXKHBIE CTOPOHBI. B mporecce cBoero nBmwkeHUs Oy-
CHHKH MHOTOKPATHO CTAJIKUBAIOTCS APYT ¢ ApyroM. CunTas CTOIKHOBEHHS OYCHHOK
abcomoTHO ynpyrumu, onpeaenure yron AOC, ecau C — Touka, B KOTOPOU OKa3bl-
BaroTCA OyCHHKH B MOMEHT X 2021-0r0 CTOTKHOBEHUSI.
m A 3m
3v v

(12 6annos)
Pemenne.

. .S 3V
[TepBoe cToakHOBEHHE TTPOM30MaeT B Touke C, B KOTOpo — = — = 3 (CM. pHC.).
S Vv
2

m A 3m

O603HaunM U; U Uz — CKOPOCTHU MIAPUKOB M U 3M COOTBETCTBEHHO MOCIIE CTOJIKHOBE-
HUS, TOTAa
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mu, —3mu, =0,
1 2 U, =3U2, U, =3V,

2 2 2 2
mu;  3mus m(3v 3mv: = =
L 3muy _ mBv)” uf +3uf =12v%, U, =V.

2 2 2 2
Taxum 06pa3om, mocie MepBoro CTOJIKHOBEHUSI MOJIYJIU CKOPOCTEH IIapUKOB HE W3-
MEHWJINCh, U3MEHUIIUCh TOJIBKO UX HampaByieHus. Torga BTOpOe CTOJIKHOBEHHE MPO-
u3oiier B Touke A. Kaxaoe HeueTHOE CTOJIKHOBEHHE, B ToM uucie u 2021-e, Oyner

npoucxoauth B Touke C. Ecnu S1 1 Sy — mimHbBL ayT (B pajgdaHax), TO
S +S,=2x
S, =3S,,

' 4s, =27, = szzg u / AOC=90".



