Omumnuana mkoabHUKOB «Illar B Oymymee»
3aKIIOYNTENLHEIN dTall
Bapuanr: 2 Kaace: 10

3angauva 1 (8 6annos). JlepeBSHHYIO 3arOTOBKY IMOABECHIM HA %
JETKUX HUTIX Yepe3 CHUCTeMY OJIOKOB K TOPU30HTAIBHOMY
MOTOJNKY (CM. pHUCYHOK). HuTH mpuBsS3aHBI K KpIOUKaM,
KOTOpbIE BOWTHI B TPOTHBOIMOJOXHBIC KOHIIBI 3arOTOBKH.
[IpaBast yacTh JIMHHOM HUTHU BEpPTHKAIbHA U HATSHYTa C
cwiol T = 20 H, a 1eBblii HaKJIOHHBIH OTPE30K 3TOM HUTHU
cocrapmsier yroa o = 30° ¢ mortonkoM. Cuutas OJOKH
HEBECOMBIMH, M TpeHeOperas TpeHHMEM HHTEH O OJIOKH,
HaWJUTE MacCy 3arOTOBKH C KPIOUKaMHU.

T@+2sina)
g

OTtBer. M= =4 Kr.

Pemenne.

14
Tx. nutu nerkuwe, T0 1, =T, =T, . Ycnosue
paBHOBECHSI 3arOTOBKM B MPOCKUHUH HA BEPTUKAIBHYIO
OCh KOOpPJMWHAT: T1 +T =Mg . T.x. cymma npoexkuuin

CHWJI HATSDKCHUS HAa TOPU30HTAIBHYIO OCh paBHA HYJIIO, TO
HAKJIOHHBIE OTPE3KH HUTU PACIOJIOXKEHBI IO YIIIOM

90° — a k Bepruxamu. Ilostomy T. :TZI =2Tsine .
_T@+2sina)
g

= m =4 xr.

Kpurepun onieHuBaHus 3a1aHU banne 3a
3a/1aHue

Pemenue orcyrctByetr MJIU B peniennn HeT HU OAHON NPaBUIBLHON (POPMYIIBI. 0
ITpucyrctByer xotss Obl onHa mnpaBuwibHas ¢opmyna WM choenman  pHCYHOK, 1 6amn
HE0OXOIMMBIN Ui pellIeHus 3aJJaul, HO B LIEJIOM 3aJjaua He pelleHa.
[TpaBUABHO MOHAT CMBICH 33JaYM M YKa3aHO, KaKue 3aKOHBI JOJDKHBI MCIONb30BaThes | 2 Oaia
JUIS €€ peUIeHHs], HO caMH (pOpMyIIbl, BIpaXKaoIle ATH 3aKOHbI, 3aIICAaHbl HEBEPHO
B pemenun otcyrctBytor MJIM 3amucanbl HEBEpHO OJHA-IBE M3 UCXOAHBIX (Gopmyn, | 3 Gamia
HEOOXOUMBIX JJI pEIleHUs JaHHOW 3aJauyd, HO IPUCYTCTBYIOT JIOTMYECKH BEpHBIE
peoOpa3oBaHus C UMEIOIIKUMUCS (pOpMyJIaMH, HAalIPaBJICHHbIE Ha pellIeHHe 3a1auu.
[IpencraBieHsl Bce ypaBHEHHS, IPUMEHEHUE KOTOPBIX HEOOXOIUMO M JOCTaTO4HO JUisl | 4 GaysioB
pemieHust  JaHHOM  3ajayd, HO  OTCYTCTBYIOT  Kakue-nubo  MaTreMaTHyecKue
npeoOpa3oBaHms, WIIM B 3TUX PEOOPa30BaAHUAX COJIEPKATCS TPyObIe OMMOKH.
IIpencraBneHsl Bce ypaBHEHHUs, IPUMEHEHHE KOTOPBIX HEOOXOAMMO M JOCTaTOYHO Juif | 6 OaysioB

pemicHuA JIaHHOﬁ 3aJa4u, HO B H€06XO}II/IMLIX MaATEMAaTHYCCKUX npe06pa3013aHH5{x U1
BBIUUCIICHUAX JOITYHICHBI OI_HI/I6KI/I, n (I/IJ'II/I) B MAaTCMAaTHYCCKHX Hp606p3.30BaHI/I$IX/
BBIYUCJICHUAX NPONYIICHBI TOT'MYCCKH BAXKHBIC IIIaru.
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[IpaBuiabHO 3amucaHbl BCE YpaBHEHHs, TpeOyromecs IS pelieHus 3amadd, u | 7 OausioB

IIPOBE/IEHbl HeoOXoauMble npeoOpazoBanus. Ho umeercs OAMH WM HECKOJIBKO U3

CJIIEAYIOIIUX HEIOCTATKOB.

v He3HauWTeNbHbIE MaTEMAaTHYECKHE IIOTPEIIHOCTH B  NPEOOpasOBaHUSX — WIIH
BBIYUCIICHUSX.

v' B pellcHUH WMEIOTCS JIMIIHUE 3alliCH, HE BXOISIIME B pEUICHHE, KOTOpbIE HE
OTJIEJICHBI OT PELICHUs WIN HE 3a4€PKHYTHI.

v OTCYTCTBYIOT BasKHBIE MOSCHEHHUS IPUMEHIEMBIX 3aKOHOB MM (PU3MYECKHUX BEJIHUUH.

v' He mnpencraBieH TPaBWIbHBIA OTBET C yKa3aHHEM EIMHMI] M3MEPEHHS HCKOMOMN
BEJINYUHBI.

3ajaua MOJIHOCTHIO PelIeHa U MOJIYYEeH NMPABWIbHBIN OTBET. 8 OayoB

3amaua 2 (8 6anos). Ha mHe cocyna, 3aloHEHHOTO BO3JYXOM, JISKUT Ipy3 maccod m = 30 r, K
KOTOPOMY TIPHBSI3aH BO3AYIIHBIN mIapuk paauycom I = 10 cm. lllapuk 3amonnen remuem. [Ipu kakom
MUHHMAaJIHHOM JaBJICHUH BHYTPH COCYZa BO3IYLIHBIN IIApUK CMOXET MOIHATH Tpy3? TemmepaTypsl
reusi BHYTPU I1apa U BO3/lyXa B COCY/E€ OJIMHAKOBBI U paBHbI t = 27°C. MonsgpHas Macca Bo3yxa | =
29 r/monb. Cuuraiite, 4ro Macca O0OJIOUKM IMIApUKa ropa3fo MeHbIIe Macchl Tpy3a. [laBienus
CHapy)Kd M BHYTpU IapuKa OJUHAKOBBL. O0vém wapa paouycom ¥ ewviyucisemcs no ¢hopmyne

4
V =—nzr
3
3mRT
Otser. Pyin = 3= 7,14-10° Ia.
Aty = Hyze )7
Pemenue.
y _ MpePV
Haiinem wmaccy remus B mapuke My, = ? W IUIOTHOCTH BO3JYyXa CHapyXu IIapa
P, =P / (RT) . Ycnosue mogbema mapuka ¢ rpysom: Mg+ My g < FA, rae cuina Apxumena
3mRT
pasua Fp = p,0V . = Ppin = ~=7,14-10°TTa.
4(/”6 B :uHe)ﬂ- r
Kpurepun onieHnBaHUs 3aJaHUI bannel 3a
3a/1aHNE
Pemenue orcyrctByetr MJIM B pelieHnu HET HU OIHOM MPaBUIbHON (POPMYIIBL. 0
[IpucyrctByer xotst Obl oxgna mnpaBwibHas ¢opmyna WM caeman  pucyHOK, 1 Gamn

HCOGXOI[I/IMHﬁ JJI PCIICHUS 3aa9U, HO B LICJIOM 3a/Javdd HC PCIICHA.

HpaBI/IHBHO IMOHAT CMBICI 3aJla4y U YKa3aHO, KaKHE€ 3aKOHbI AOJIKHBI MCIIOJb30BATHCA 2 Gamna
JJI €€ pCHICHU S, HO CaMU (bOpMYJ'ILI, BBIPAKAOMINEC 3TU 3aKOHBI, 3allMCaHbl HCBECPHO

B pemenun orcyrctBytor WJIM 3amucansl HEBepHO OJHA-/IBE M3 UCXOAHBIX Gopmyn, | 3 Oamia
HEOOXOAMMBIX ISl pelleHHs] JaHHOM 3aJa4yH, HO IMPHUCYTCTBYIOT JIOTHUECKH BEpHBIE
IpeoOpa3oBaHusl C UMEIOIIUMUCS (OpPMyJIaMH, HAIIPABJICHHbIE HA PEIICHHUE 331a4u.

IIpencraBneHsl Bce ypaBHEHHUs, IPUMEHEHHE KOTOPBIX HEOOXOAMMO M JOCTaTOYHO i | 4 GaisioB
pelieHrs  JaHHOM  3ajaud, HO  OTCYTCTBYIOT  Kakue-nubo  MaTeMaTH4ecKHe
npeoOpa3oBaHusl, UM B THX MPEOOPa30BAHMIX COAEPIKATCS rpyOble OIIHUOKH.

[IpencraBneHsl Bce ypaBHEHHsI, MPUMEHEHHE KOTOPBIX HEOOXOIMMO W JIOCTAaTOYHO sl | 6 GaisoB
peIIeHNsT TaHHOM 3a7a4, HO B HEOOXOJMMBIX MAaTeMaTHUYSCKHX IMPEOOpa3OBaHUSAX WU
BBIUMCIICHUSX JOMYIIEHbl OMMOKKA, W (MJIM) B MAaTEeMaTHYECKHX MPeoOpa3oBaHUSIX/
BBIUMCIICHUSIX TIPOITYIIIEHBI IOTHYECKH BKHBIE IITaru.

[IpaBuwibHO 3amMcaHbl BCE YypaBHEHUs, TpeOyroomuecs [UIsl pelmieHus 3anadu, u | 7 Oaysos
MpoBeJieHbl HeoOXoauMble MpeoOpazoBaHusa. Ho uMeercs OOuH WM HECKOJIBKO U3
CJIEIYIOLIUX HET0CTATKOB.

v HesHauuTelbHbIE MaTEMAaTHYECKHE MOTPEIIHOCTH B NPeoOpasoBaHHMAX WM
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BBIYMCIICHUSIX.

v' B pellcHUM WMEIOTCS JIMIIHUE 3alliCH, HE BXOISIIME B pEUICHHE, KOTOpbIE HE
OTJIEJICHBI OT PELICHUs WINA HE 3a4€PKHYTHI.

v OTCYTCTBYIOT Ba)KHbIE MOSCHEHHS IPUMEHSIEMbIX 3aKOHOB WM (PU3MIECKUX BETMYHH.

v' He mnpejcraBieH NpaBWIbHBIM OTBET C YKa3aHHEM EJUHHUII U3MEPEHUS HMCKOMOM
BEJIMYHHBI.

3ajiaua MOJIHOCTHIO PelIeHa U MOJIYYEH NMPABWIbHBIN OTBET. 8 OayioB

Bagayua 3 (/4 6amnos). Tlo  ropuU3OHTAIBHOM T N B
MMOBEPXHOCTHU CTOJIA JBUKETCS C MIOCTOSTHHON CKOPOCTHIO L i ¢l
V mpsAMOyronbHas J0cKa C KBaJAPAaTHBIMH KJIETKAMH; v A R

. ]
CTOpOHA OJIHOM KJeTKH & = 5 cMm (cM. pucyHok). U3 R
TOYKA A JIOCKH 3allyCTHJIA KYCOUYEK I[BETHOTO MeJIKa, | __1u SR SN S S -
KOTOPBIN OCTaHOBHWIICS B TOUKe B nocku. A a

A a

B HayanbHBI MOMEHT cKOpOCTh Menka U OTHOCHTENbHO CTOJ1a HampaBlieHa MepHeHUKYISPHO
BekTOopy ckopoctu V. Onpezennte Kod3QQUIMEHT TPEHUS MEKIY MEIKOM M JIOCKOM, €CIH CKOPOCTh
nocku V = 0.9 m/c. Bexropsl V u U Ha pUCYHKE H300pakeHbl 0e3 coOtofeHus MaciTaba Mexay
HHUMU.

5v?
Oteer. t=—=0,25.
320a
Pemenue.
B cucreMe oTcueTa, CBS3aHHOH C J0CKOH, HavanbHas ckopocts Menka Uy =0 —V. T.k. cuia

=1
TPCHUA HAIIPpABJICHA IMPOTHBOIIOJIOXKHO BEKTOPY UO’ TO HaIPaBJICHUEC CKOPOCTHU MCJIKA MCHATBHCA HC

Oynet. byaer MeHATbCs UMb MOJYJIb OTHOCUTEIBHONH CKOPOCTH MeJKa. JTO O3HAYaeT, YTO KyCOYeK
MeNKa JBMKETCSA IO MPAMOJIMHEHHOM Tpaekropun AB ¢ samemisiommm yckopenueMm 8y = (J ,

HanpaBieHHbIM napamiensHo AB (cm. puc.). Torma u(’)z =2a,S, tne S=AB=5a. U3 puc.

5 2
E=tgoz:§,:> u=3y. U62=U2+V2=§V2.Torz[a u=—__025.
' 4 4 16 320a

Kpurepun oniennBanus 3a1aHuit banne! 3a
3aJaHKe
Pemenue orcyrctByetr NJIU B periennn HeT HU OAHON MPaBUIBLHON (POPMYIIBL. 0
[IpucyrctByer xoTss Obl onHa mpaBwibHas ¢opmyna WIIM choeman  pHCYHOK, 1 Gamn
HEOOXOAMMBIN IS pelIeHus 3a/1a4M, HO B IIEJIOM 3ajaya He pPelleHa.
IIpaBMIIBHO TOHAT CMBICH 3aJa4U M YKa3aHO, KAKME 3aKOHBI JTOJDKHBI HCIIOJIB30BATHCA 2 bamna
IUIs ee peleHns, HO caMH (DOPMYJIbl, BBIPAYKAIOIINE 3TH 3aKOHBI, 3alMCaHbl HEBEPHO
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B pemenun orcyrctBytor MJIN 3amucanbl HeBepHO OAHA-ABE M3 MCXOAHBIX (HOpMyI, 4 Gamna
HEOOXOAMMBIX JJIsl PELIeHUs AAHHOW 3aJaud, HO HPUCYTCTBYIOT JIOTMUECKH BEpHBIE
npeoOpa3oBaHus C UMEIOMKUMUCS (OpMyJIaMH, HAaIPABJICHHbIC HA PEIICHHUE 3a1a4u.

[IpencraBiensl Bce ypaBHEHUS, IPUMEHEHUE KOTOPHIX HEOOXOAMMO U AOCTAaTOYHO s | 8 OasioB
pemieHust JAaHHOW  3aJa4d, HO OTCYTCTBYIOT KakHe-THOO MaTeMaTHYeCKHue
peoOpa3oBaHus, WIH B TUX MPEOOPa30BAHUSIX COJEpKATCS rpyOble OMIMOKH.

[IpencraBieHsl Bce ypaBHEHHsI, IPUMEHEHHE KOTOPHIX HEOOXOAUMO U AocTaToyHo aisi | 11 Gammos
pelIeHus JaHHOH 33/1a4M, HO B HEOOXOJMMBIX MaTeMAaTHYECKUX MPe0oOpa30BaHUMX WIIN
BBIUUCIICHUSX JOIMYLICHB OMMOKH, W (WJIM) B MaTeMaTW4ecKux HpeoOpa3oBaHuUsX/
BBIYHCIICHUSX IPOITYIIEHBI JIOTHYECKH BaKHBIC IIATH.

[IpaBuabHO 3amucaHbl BCE YypaBHEHHUs, TpeOyrommecs [uis pemeHus 3amgadr, u | 13 Oamnos

IPOBEJCHBl HEOOXOJMMBIe TpeoOpa3oBanusa. Ho mMmeercss oAMH WM HECKOJIBKO U3

CIIEIYIOLIUX HEIOCTATKOB.

v HesHauuTenbHble MAaTEMAaTHYECKHE MOTPEIIHOCTH B MPeoOpa3soBaHHAX — HIIH
BBIYUCIICHUSX.

v' B pelieHuH MMEIOTCS JTHIIHKE 3aIllMCH, HE BXOJSIIAC B PEIICHHE, KOTOPhIE HE
OT/EJICHBI OT PEIICHUS WM HE 3a4ePKHYTHL.

v' OTCYTCTBYIOT B@KHbIC MOSCHCHHUSI MPHMCHSIEMbBIX 3aKOHOB WM (H3MUIECKUX
BEJIMYUH.

v' He mnpencraBieH MPaBUIbHBIA OTBET C YKa3aHHEM CIWHHI[ U3MEPCHUsI HCKOMOW
BEJIMYMHBI.

321,[[3‘18. IMMOJIHOCTBIO PCHICHA U IMOJIYYCH HpaBHJ’IBHLIﬁ OTBCT. 14 6amnos

3anaua 4 (/4 6annos). I'ne-ro Bo BeelleHHO# YeThIpe TOYEUHBIX TeTa OJJMHAKOBON MAcChl M JABUXKYTCS
C TOCTOSIHHBIMHM IO MOAYJIO CKOPOCTAMH. B mporiecce NBIKEHHsS Tejla OCTAlOTCS BCE BpPEMs B
BEpUIMHAX KBaJpaTa CO CTOPOHOM &, JIeXkKalero B OJHON M TOM ke MIocKocTH. C Kakoil CKOPOCThIO
JOBUXKYTCS 3T yeThipe Tena? Cuuraiite, 4To B 3TOM oOnactu BeeneHHON Ha 1aHHbIE TOYEYHBIE TENa HE
JEHCTBYIOT HUKAKHUE JIPYTHE CUJIbI, KpOME CHJI COOCTBEHHOTO TPaBUTAIIMOHHOTO MPUTSKEHUS.

1 Gm(4+\/§)

OtBeT. V=—4| ———— =,
a

Pemenne.
HOCKOJ’II)Ky Ha TCJia HeﬁCTBYIOT TOJIBKO CHJIBI TATOTCHUSA MG)KI[y HHUMH, U OHH BCC BpCMH

a
OCTAalOTCs B BEpPUIMHAX KBajpaTa, TO Tela IBIXKYTCA IO OKPYKHOCTH paaumyca R :ﬁ (cm.

PHUCYHOK).
ypaBHeHI/Ie JUHAMHUKHK BpamarCiIbHOIO0 ABHXKCHUSA
2

ren: F, + F,c0845° + F,c0845° =

R
2 2 2
e F =G m >=C m2 , F2=F3=Gm—2 . Torma
(2R) 2a a
1 |Gm (4 + \/E )
V=—y[——————=.
2 a
Kpurepun onienuBanus 3a1anuit bamnsr 3a
3aJlaHue
Pemenue orcyrcrByer MJIU B peniennu HET HU OAHOM MPAaBUIILHON (HOPMYJIBI. 0
[TpucyrctByer XxoTst Obl onaHa mpaBuibHas ¢Gopmyna WJIIM choenan  pUCYHOK, 1 6ann
HEOOXOAMMBIH JJIs pelIeHus 3a/1a4K, HO B II€JIOM 3aJjaua He pPelleHa.
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HpaBI/IHBHO IMOHAT CMBICJI 3aJa4U U YKa3aHO, KaKUC 3aKOHbI JOJIKHBI UCITOJIB30BATHCA IAJIA 2 Gamta
€C pCUICHUA, HO CaMH (bOpMy.]'ILI, BBIPAXAIOIMHUE OTH 3aKOHEI, 3allMCaHbl HCBEPHO

B pemenun orcyrcrByror MJIM 3ammcanbl HEBEPHO OJHA-JIBE M3 MCXOAHBIX (opmyn, | 4 Oamna
HEOOXOAUMBIX I pelleHMs] JaHHOW 3alauyd, HO INPHUCYTCTBYIOT JIOTMYECKH BEpHBIE
npeoOpa3oBaHus C UMEIOMIMMUCS POPMYJIaMH, HAIIPABJICHHbBIE HA PEIICHUE 3a/1a4H.

[IpencraBieHsl Bce ypaBHEHHsI, TPUMEHEHHUE KOTOPHIX HEOOXOIUMO W JOCTATOYHO AJis | 8 OayuioB
pelieHusT  JaHHOM  3aJa4yd, HO  OTCYTCTBYIOT  KaKUe-IMOO  MaTeMaTHUYeCKhe
peoOpa3oBaHus, WIH B TUX MPEOOPA30BAHUSIX COJEpPKATCS rpyOble OMINOKH.

[IpencraBnensl Bce ypaBHEHUs, MPUMEHEHHE KOTOPHIX HEOOXOAMMO M JocTaToyHO ais | 11 Gamnos
pellleHrs JIaHHOM 3a/ayd, HO B HEOOXOAMMBIX MaTEMAaTHYECKUX NMPeoOpa3oBaHUIX WU
BBIUUCIICHUSX JOMYIIEHbl OMHMOKM, W (MJIM) B MaTeMaTHYECKUX MpeoOpa3oBaHUsX/
BBIYMCIICHUSX MPOITYIIEHBI JOTHYECKU BAKHBIE IIATH.

[paBriibHO 3ammcaHbl BCE YpaBHEHUs, TpeOyroUIMecs Ul pelieHus 3aJadyd, W MpoBeaeHs! | 13 6amios
HEeoOXoquMbIe TpeoOpasoBaHus. Ho wMeercs OAMH WM HECKOJNBKO W3  CIEYIOIIUX
HE/I0CTATKOB.

V' He3HaunTebHbIC MATEMATHYECKUE IOTPEIIHOCTH B TIPEOOPA30BAHMSIX UITH BBIUHCIICHHSX.

V' B peliileHr# UMEFOTCS JIMIITHUE 3aIMCH, HE BXOJIIUE B PEIIEHHE, KOTOPbIE HE OT/ENEHBI OT

PEILCHHS WK HE 3a4ePKHYTHL.
v OTCYTCTBYIOT BaXKHBIE TOSICHEHHUSI TPUMEHSEMBIX 3aKOHOB HJIM (PU3UUYECKHX BEJNUMH.
v' He nipe/icTaBIieH NpaBHIbHBINA OTBET C YKA3aHHEM €IUHHI] K3MEPEHHUSI HCKOMO# BEJIMUNHBI.

3aj1aua MOJIHOCTHIO PeIlieHa U MOJIYYEH NMPABWIBHBIN OTBET. 14 6amnos

Bamaua 5 (/8 6ann06). OMHOPOIHBIA TOHKUIA 00pYY KATUTCsS 0€3 MPOCKAIb3bIBAHHS 10 HAKIOHHON
IIOCKOCTH C ycKopeHueM a1 = 4 m/c?. Ecii oOpyd 3aKIMHUTE, YTOOBI OH HE BPAmajIcs, TO OH OyaeT
CKOJIB3MTh TI0 TOH K€ caMoil HAaKJIOHHOH IIOCKOCTH, ¢ YCKOPEHHEM a2 = 5 M/c?, TIpu 3ToM oOpyd B
MIPOIIECCE CKOJIBKEHUS OCTAeTCS B BEPTHKAIBHOW IUIOCKOCTH. UeMy paBeH KOI(PPUIIUCHT TPEHUS |
MeXIy 00py4eM U MOBEPXHOCThIO HAKIIOHHON TIOCKOCTH?

Otger. y=—=2 2 =05
VO* -4
Pemenue.

1. Homyunm Qopmyny ans yckopeHus obpyda. Ilpu xaueHuu oOpyuya 6e3 MpOCKaIb3bIBAHUSA
CKOpPOCTh HIDKHEH TOYKHM BCErjla paBHA HYIIO, YTO O3HAYAET, YTO MEXAY OOpydYeM H IIOCKOCTHIO
JeWCTBYeT CHJla TpeHHs MOKos, paboTa KOTOpoi paBHa Hymwo. [Ipomie Bcero HailTu yckopeHue ai
o0Opyd4a U3 3aKOHA COXPaHEHUs YPHEPTHH.

Iycts 00py4 3a Bpems mBuwkeHus t mpuobpen ckopocts V=ayl u npomen paccrosnue

h  at
S=——=—1_ rJe o — yroa HaKIOHA IUIOCKOCTH K TOPH30HTY, h — mepemaj BHICOT 3a BpeMs
sina 2
mv? o’
nemkenus t. Torma mgh = =N =T+T , e M — Mmacca oOpyda, Ex — ero kuHermueckas
2 \'
sueprus, | =MR® — Moment unepuun o6pyua, @ = E — yIJIOBasi CKOPOCTh BpalleHusi oopyda, R —

2 a1t2 - 2 g - - 2
panuyc obpyda. = mgh =mv, = gTsma =(a1t) y = :Esma, = Sl =—

2. Vexopenne 6pycka 8, = §(Sina — 4Cosar) = 28, — u\|g* — 487
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SIe M =0,5.
Vo2 -4a
Kpurepuu onieHuBanus 3a1aHui banne 3a
3a/1aHNE

Pemenwne orcyrcTByer NJIW B penieHnn HET HA OAHON MPaBUILHOU (OPMYIIEL. 0
[IpucyrctByer xotss Obl omHa mnpaBwibHas ¢opmyna WJIM choeman  puCYHOK, 1 Gan
HEOOXOAMMBIN JJIsl pEHICHUs 331a4H, HO B IIeJIOM 33J1aua He PelIeHa.
[IpaBUIBHO TOHAT CMBICI 33Ja4M M YKa3aHO, KAKUE 3aKOHbI JOJKHBI UCIIOIb30BATHCS 2 Gamna
IUIs ee peleHns, HO caMH (hOPMYJIbI, BBIPAXKAIOIINE 3TH 3aKOHBI, 3aIIMCaHbl HEBEPHO
B pemennn otcyrerByror MJIN 3ammcanpl HEBEpHO OJHA-IBE M3 MCXOAHBIX (PopMyIl, 5 6amioB

HEOOXOUMBIX I PENICHUs IAaHHOW 3a/Jayd, HO MPHUCYTCTBYIOT JIOTUYECKH BEpHBIC
peoOpa3oBaHus ¢ UMEIOIIMMIUCS (OpMysIaMH, HallpaBJICHHbIE HA PellICHUE 3a1a4u.

[IpencraBieHsl Bce ypaBHEHUS, IPUMEHEHUE KOTOPBIX HEOOXOAUMO U AocTaTo4Ho ais | 10 Gamnos
pelieHuss JAaHHOW  3aJayd, HO OTCYTCTBYIOT KakHe-TM00 MaTeMaTHuyecKue
npeoOpa3oBaHusl, UM B 3THX MPEOOPA30BAHMSIX COEPIKATCS rpyOble OMUOKH.

[IpencraBieHbl Bce ypaBHEHHsI, IPUMEHEHUE KOTOPHIX HEOOXOAUMO H JOCTaTOYHO s | 14 Oamios
pEIICHUs TaHHOW 3a7]a4i, HO B HEOOXOIMMBIX MaTeMaTHYCCKUX MPeoOpa3oBaHUIX HITU
BBIUHCIICHUSAX JIOMYIICHBbl OMMOKHU, U (WIM) B MATeMAaTUYECKUX MpeoOpazoBaHUsIX/
BBIYHCIICHHSIX MTPOITYIIECHBI IOTHYECKN BaKHBIC IATH.

[IpaBuiabHO 3amucaHbl BCe YypaBHEHHUs, TpeOyrommecs [Uid pelieHus 3agadv, u | 17 Oamios

MpOBeICHBl HEoOXoauMbIe TpeoOpa3oBaHus. Ho mMeeTcss oAMH WIIM HECKOJIBKO W3

CIIELYIOINX HEIOCTATKOB.

v He3HauuTelbHbIE MaTEMAaTHYECKHE IOTPEIIHOCTH B MPeoOpasoBaHHAX M
BBIYUCIICHUSX.

v' B pelieHUM WMEIOTCS JIMIIHUE 3allMCH, HE BXOJSIIME B PEIICHUE, KOTOPHIE HE
OTJEJIEHBI OT PEIICHUS WINA HE 3a4€PKHYTHI.

v' OTCYTCTBYIOT B@KHbIE MOACHEHUS TMPUMEHSEMBIX 3aKOHOB WIJIM (H3HUECKHUX
BEJINYMH.

v' He npencraBieH TNPaBUIBHBIA OTBET C YKa3aHUEM €IWHHI[ W3MEPEHUsS HCKOMOM
BEJINYUHBI.

3aj1aua MOJIHOCTHIO pellieHa U TOJIYYEH NMPABWIBHBIN OTBET. 18 6anoB

3angaua 6 (/8 6ann106). TOpU30HTATIBHO PACIIOIIOKEHHBINA TEIUTOM30IMPOBAHHBIA THJIMHIP pa3/ieiieH
MOpITHEM Ha JIB€ YacTHU: clieBa OT TMOPIIHS HAXOISATCS JBa MOJSI Telusl TpU JaBICHUU Po H
aOCOIOTHOM Temriepatype To, a crpaBa — BakyyM (CM. pUCYHOK). [lopIieHs 3aKperuieH ¢ MOMOIIbIO
yIopa ¥ COeJIMHEH C MPaBON CTEHKOM JIETKOW MPYKUHOM, KOTOpasi HAXOAUTCS B Hele(hOPMUPOBAHHOM
coctostHuU. [locine Toro kak MopIIeHh OCBOOOAMIIM OT YIOpa, TO B HOBOM TIOJOKCHHUU PABHOBECHSI
o0BbeM, 3aHMMaeMbIi TelmueM, yBenuuuics BABoe. Haiinure TemmepaTypy W JaBlEHHE Telus B
KOHEYHOM COCTOSIHUU. TerIoeMKOCThIO IMINHAPA, TOPIIHS U NPYXKUHBI peHeOpeub. Tpenue Mexay
MOpITHEM U OOKOBOM MOBEPXHOCTHIO IIWJIMHPA OTCYTCTBYET.

6 3
Ortser. T, Z?T : plz? Po-
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Pemenue.

VYpaBHEHHE COCTOAHMS Te€aus B HA4YaJbHOM COCTOSHHUU: pOVO =VRTO , tne Vo -
MepBOHAYaNIbHBII 00beM renus, v = 2 moib. [lociae Toro, kak mopiieHb OCBOOOIWIM, U OH 3aHsUI
HOBOE MOJOXeHue paBHOBecus, ero ooveM V; =2V, , naBmenme p1 u Temmeparypa Ti. Torma
pV,=vRT,. = p,- 2V, =VvRT,.

T.k. cocyn Temtousonuposan, To AU + A=0, rae usmenenue BHyTpeHHEH SHEpPruH Telus

3

AU = EVR(T 1 —TO), a pabora, coBeplaemasi reJleM, paBHa U3MEHEHHUIO0 MOTEHLIUATbHON 3HEPTrun

kx? AV V,
MPY>KUHBI A= 7 , The X1 =—— =-—" — CMCIICHHUC INOPIIH!, S — mwIomans ceYeHust MOPLIHA.

S

T.k. mocne ycTaHOBJIEHMsI paBHOBECHUS, NMOPUIEHb HAXOAMUTCA B IOKOE, TO CWJIa YIPYrocTu
IPY>KUHBI pPaBHA CUJIC IaBJICHUS raza: le =P,S. Toraa

2p,%S =VRT,, = 2kx/ =vRT,.= A= ‘/Tl .

[Tocne IOACTAaHOBKM B MEPBOE Hadaao TepMoauHamuku Beipaxenuid mia AU u A, =

3 VRT, 6

Paznenus YpaBHCHHA HAYaJIbHOT'O U KOHCYHOI'O COCTOSIHUM TelIMs OJHO Ha Apyroe, 1noJIyuum,

p — & . L — E p
2T, 1
Kpurepun onieHuBaHus 3a1aHAN banne 3a
3a/laHue
Pemenue orcyrctByer MJIN B pelieHnn HET HU OHOM MPaBUILHON (GOPMYIIBI. 0
[IpucyrctByer xotst Obl oxgna mnpaBwibHas ¢opmyna WM caeman  pucyHOK, 1 Gamn

H€O6XO)II/IMI>II\/'I IJId pCIICHU 3aaa4u, HO B LICJIOM 3aavda HC pCUICHA.

HpaBI/IHBHO IMMOHAT CMBICI 3aJla4yd U YKa3aHO, KaKHE€ 3aKOHbI AOJDKHBI MCITOJb30BATHCA 2 Ganna
IJIsL €€ PpCUICHU, HO CaMU (I)OpMy'J'ILI, BBIPAKAOMINUEC 3TU 3aKOHBI, 3allMCaHbl HEBECPHO

B pemenun otcyrctBytor MJIM 3amucaHbl HEBEpHO OJHA-IBE M3 UCXOAHBIX (opmyn, | 5 Ganios
HEOOXOAUMBIX JUIsl pelleHHs] TaHHOM 3a/a4M, HO MPUCYTCTBYIOT JOIMUYECKH BEpHBIE
npeoOpa3oBaHus C UMEIOIUMUCS (GOpPMYJIaMH, HAaIIPABJICHHbBIE HA PEIIEHUE 3a/1a4H.

[IpencraBiensl Bce ypaBHEHHs, IPUMEHEHUE KOTOPBIX HEOOXOAUMO M j1ocTtatodHo Juist | 10 6amioB
pelieHns  JaHHOM  3ajaud, HO  OTCYTCTBYIOT  Kakue-nubo  MaTeMaTH4ecKHe
MpeoOpa3oBaHus, WIH B 3TUX MIPEOOPa30BAHUSIX COIEpPKATCS rpyOble OMINOKH.

Hpe,Z[CTaBJICHLI BCC ypaBHCHHA, TPUMCHCHUC KOTOPBIX HCO6XOIII/IMO n A0CTAaTO4YHO OJIA 14 6amnoB
peuicHu-d JTaHHOM 3aga4dyu, HO B HCO6XO,Z[I/IMBIX MATEMATHYCCKUX HpCO6pa30BaHI/I$IX nJiIn
BBIUUCIICHUAX JOITYHICHBI OI_I_II/I6KI/I, n (I/IJ'II/I) B MaTCMaTH4YCCKHX HpCO6pa3OBaHI/I5{X/

BBIUTUCJICHUAX NPOMYIICHBI JIOTUYCCKH BAKHBIC IIATlU.
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[IpaBunpHO 3amucaHbl BCE YpaBHEHHUs, TpeOyromiuecss s pemieHus 3amaud, | | 17 6ammoB

MpoBeJeHbl HeoOXoauMble MpeoOpazoBanusa. Ho uMeercss OOuUH HIIM HECKOJIBKO U3

CIIEYIOIIUX HEIOCTaTKOB.

v HesHauuTenbHbIE MaTEeMAaTHYECKHE MOTPEIIHOCTH B  HPEOOpa3OBaHHSAX MU
BBIUHCIICHUSIX.

v B peICHUN HMCIOTCA JIMIOHUC 3allMCH, HC BXOAAIIHME B PCHICHHUEC, KOTOPLIC HC
OTJICJICHBI OT PELICHUS WU HE 3a4€PKHYTHI.

v OTCYTCTByIOT BAXHBIC MTOSICHCHUSA TPUMCHACMBIX 3dKOHOB HUJIN (1)I/ISI/II-IGCKI/IX BCIIMYHH.

v' He npencraBieH NpaBWIbHBIA OTBET C YKAa3aHMEM EIMHUI] M3MEPEHHS HCKOMOM
BCIIMYHNHBI.

3ajaua MOJIHOCTHIO PelIeHa U MOJIYYEeH NMPAaBUIbHBIN OTBET. 18 6amioB

3apaua 7 - CuryaunoHHasi 3agaqa

[lonBoaHbI camMoJeT — anmapaTr C IOJIOKHUTEIbHOW IJIaBYy4YECTbIO, CIIOCOOHBIM MOTpYyXaThCs MpU
JBM)KEHUM 32 CUET HEOOJIbIINX KPbUILEB, CO3/IAI0LINX HAIPaBIEHHYIO BHU3 CHITY.

Amnmapat umeet cyxyro Maccy 1000 kr. Haxonscs Ha ray6use 200 M, BeITecHseT 06beM Boasl 0,9 M°
elle JOMOMHUTENBHO 24 M B BHJIE BO3IYIIHOTO MY3HIPs, CBOOOIHO COOOMIAONIETOCs ¢ OKPYKAIOIIEH
Cpenoi.

TemnepaTypy raza B BO3AYIIHOM ITIy3bIp€ CUMTaTh NOCTOSHHOM M paBHOM 20°C. MonspHas Macca

Bo3ayxa U = 29 r/monb. Onpenennure HEOOXOAUMYIO CKOPOCTh JBH)KEHUS anmnapara sl HOTrpyKeHHUs
y HOBEPXHOCTH, €CIH IIOMAb KPbLIbeB cocTanser 0,1 M, a kodhHuIuenT nogseMuoii cumbl 0,8.

HOH'I)eMHaﬂ cujia onpeacsA€TCa COOTHOMICHUEM
2
pU
E‘[}l = CySKmea_

2
Cy — KO3 PUIMEHT TOTBEMHOM CUIIBL, Sypyma — IUIOMIAb KPBLILEB, P — IIOTHOCTb BOJIbI, U — CKOPOCTH
JIBIDKEHUS arapata OTHOCUTEIEHO BOJIBI.

Bo3moxkHoe peienue
Ha nerokymmiicst annapat JeHCTBYIOT TPU 3HAYMMBIE BEPTUKAJIbHBIE CUIIBL:

Cuia TsoKecTH
Fr=mg
Cuna Apxumena
Fy=pgV
[Torpyxaromias cuia Kpbljia
pU?
2
[Tpu 5TOM BBITECHSIEMBIN 00BEM CKIIAJIBIBACTCS U3 00bEMa anmnapara 1 00beMa ra3oBoro Mmy3bIpsl.

g no = CySKpbma

3anumieM BTopoi 3akoH HeloToHa 1151 anmapara y noBepxHocTtH (mipu 0 riry6une) :

2
pU
ngannapama + nggO — mg — CySKpbmaT =0.
s onpenenenus o0bEM rasa B Iy3bIpe 3anuiieM ypaBHeHus Menneneesa-Knaiinepona s Bo3ayxa

pu aTMOC(EPHOM JIaBIICHUH P, ¥ IaBIICHUN Ha TIIyOUHE P

mg
pameZO = /*‘_RT

B
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m8
pV. =—RT
B
TOor1a
v PV Veami + pgh)
<0 pdm.M pamM .
Torma
V.(Pamn + pgh) pU?
ngannapama +pg - alz)w — mg — CySKmeaT = 0.

OTKyna CKOpOCTh paBHa

Zg (pVannapama +p Ve(parrw ks pgh) - m)

pamM
u=
CySKpbmap
5 3. .
2.10 (103 0.9 + 103 2024010 +1%)(5) 10 -200) _ 1000)
v= 08-01-103 = 10m/c

OTBeT: CKOPOCTH IBIKEHUS anmapata paBHa 10 m/c.

IMosicHeHUs1 U KPUTEPUH /IJIl YIEHOB IKCIEPTHOH KOMHMCCHH 10 MPOBepPKe CUTYallHOHHOM
3amaun

1. UYnenam sKcnepTHOW KOMMCCHUU MPEJOCTABISETCS OAMH U3 BO3MOYKHBIX BAPUAHTOB PELLEHUS
JK3aMEHALIMOHHBIX 3a7a4. PellleHne MKOJIbHUKA MOKET OTIMYaThCs OT aBTOPCKOr0 BapHaHTa
peuIeHus, IpeIoCTaBIEHHOTO KOMUCCHH.

2. KoppekTHas mpoBepKa pelIeHHs] HEe MOXKET ObIThb OCYIIECTBICHAa TOJBKO IO OTBETaM.
OCHOBHBIM KpUTEPHUEM MPABHIIBHOCTH PELICHUS SIBIISIETCS BEPHOE UCIIOJIb30BAHUE (PU3MUECKHUX
3aKOHOB U Pa3yMHBIN y4ET TEXHUUYECKUX MapaMeTpOB, XapaKTePUCTUK U OTrpPaHHUYCHHH.

BepHble 3jieMeHTBI pelieHust KosanuecTBo 6a/1510B

1 | ChopmynupoBaHa pacuéTHas cxema (B TOM 4HCIIe, 0-5
rpaduyecKkn), BbIACIEHBI U TPABUIIBHO
¢dopmanu3oBaHbl Bce HEO0X0AUMBIE HU3NUECKHE

3aKOHBI

2 | CocraBieHa cucTemMa ypaBHEHUM U MaTeMaTHyecKas 0-5
MOJIETIh

3 | BepHo yuTeHBI TEXHHUECKHUE MTapaMeTphbl, 0-5
XapaKTEPUCTHKH U OTPaHUICHUS

4 | IlpoBeneHb! pacyeThl, OJIYUYEH BEPHBIH OTBET, 0-5

pa3yMHBIN C TOUKHU 3peHHs] PU3UUECKOT0 CMBICTIA

Hroro max 20




