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3apaua 1. (8 6aaroB). HeboAbIoil kamMeHb OPOCHAH C OTBECHOIO OOPBIBA IIOA HEKOTOPBIM YTAOM K
ropusonTy. Kamens, ABurafcep 1o mapaboae, yrmaA Ha ITOBEpXHOCTH 3emAm crycra 1= 8 c. Ilpn stom
KAMCHD ITOAHHUMAACH AO BEPXHEH TOYKH Tpaekropum Ha A/ = 2 ¢ MEHBIIE, 9eM OH ABHTAACA BHU3 OT
BEPIIMHBL ITaPabOABI AO HOBEPXHOCTH 3eMAH. C KaKOHM BBICOTBI OT ITOBEPXHOCTH 3EMAH OBIA OpOIIICH

kameHb? Vckopenue csoboanoro maserns ¢ = 10 m/c’. ConpoTuBaeHnEM BO3AyXa ITpeHeOpedb.

3apaua 2. (8 OwUIOB). AAS MCCAGAOBAHMS HEKOTOPOM IIAAHETHI IO KPYrOBOH OpOHTE BOKPYr HEe C
IIOCTOSIHHOM CKOPOCTBIO » = 4 KM/C ABMIKETCS MCKYCCTBEHHBIN CITYTHHUK, COBEPIIAs ITOAHBIT 06OpOT
BOKpyr maaseTsl 3a Bpema I = 10 wacos. Paamyc maamerst R = 6000 km. Uemy paBHO yckopeHme

CBOOOAHOTO ITAACHHSA HA ITOBEPXHOCTH ITAAHETHI?

3aaaua 3. (14 6aaroB). Cocya, nmeromuii (popmy IPAMOYTOABHOI IIPU3MBI,
3aII0AHEH BOAOH. K OOKOBOM CTEHKE COCYyAa ITOABEIIEH HA HUTH JKEAE3HBIN
mapuk pasuyca R = 10 cm (cm. pucysOk). TpeHme mrapmka O CTEHKY

npeHeOpexumMo  Maro. COCyA ABHKETCA C  IOCTOSHHBIM —YCKOPEHHEM

a=g / \/§ ITO TOPU3OHTAABHOM IOBEPXHOCTH, IITAPUK IIPH ITOM HE KACAETCA

- 777
AHA COCyAQd M OCTA€TCA ITOAHOCTBIO IIOIPY:KEHHBIM B BOAy. [Ipm kakoit

MUHUMAABHON AAMHE HHUTH ITAPUK HE OYAET AaBUTH Ha crenky? [laotHOCT BOABI P, = 107 kr/n’,

HAOTHOCTD JKeAe3a P,, = 7,9-10° kr/n>. Vcekopenne cBoboaHOTO maseHns ¢ = 10 M/

3apaua 4. (14 GaanoB). C v = 1 MOABD HACAABHOIO OAHOATOMHOIO TIa3a COBEPILIAIOT HEKOTOPBIH
IIOANTPOIIHBINA IIPOIIECC, B PE3YABTATE KOTOPOIO a3 IEPEXOAUT U3 COCTOSHUA C HAYAABHBIMU OOBEMOM
1 = 3 A m abcoarornoii Temreparypoit 11 = 300 K B cocrosuaue ¢ oobémom 5 = 4,5 A u aOCOAIOTHOIT
temrreparypoit 1> = 675 K. Kakyro paboty coseprimaer ra3 B aroMm rporiecce? CBA3b AABACHHA p U 0ObeMA
I B moamrtporHOM 1poriecce omuceBaerca popmyAoil pl” = const, rae IIOKa3aTE€Ab IIOAUTPOIIBL

/1 — HEKOTOPOE ACHCTBUTEABHOE YHCAO. Y HUBEpPCaAbHAs razoBas nocrosunas R = 8,31 Aw/(MoabK).

3apaua 5. (18 0Gaasos). Ha raaakoM ropHsOHTaABHOM CTOAE IIOKOHTCH

IIIAMHAPHYIECKHI cOCYA AAMHOI . = 54 cm. Cocya pasaeAeH HA ABE PaBHBIC

JacTHu HCHOABI/IH{HOI‘/‘I HCpCFOpOAKOfI, B KOTOpOfI HNMECTCA HOAYHPOHHHaCMa}I

MeMOpaHa; IIPOIYCKAFOIasd MOAEKYABI TEAHUA M HE IPOITYCKAOIIAS MOACKYABI
KHCAOPOAA (CM. pHCYHOK). BrHagase memOpana 3aKkpeITa, A€Basg 4acThb COCYAR
3aIIOAHEHA CMECBIO TIE€AHA M KHCAOPOAA, 4 B IpaBoii — Bakyym. llocae oOTKpbITHA MeMOpaHBI U
YCTAHOBAEHHA TEIIAOBOIO PAaBHOBECHSA, AABACHHE B A€BOM YAaCTH COCYyAA YMEHBITMAOCH Ha 25%. B kaxyro
CTOPOHY U Ha KAKOE PACCTOSHHE CABUHETCSA IIPU 3TOM COCYA? Maccoli cocyaa 1 IIeperopoAKU IIpeHedOpeds.

TeMHepaTypy Ira30B 3a BCC BpCM}I H216AIOACHI/IH CUYHTATDh OAHHaKOBOfI Y HEM3MEHHOM.

ITpoaoasxkeHnne GmaeTa cM. Ha obGopore.

0 Ha 3ToM nucTe 3anpelleHo AenaTb 3arMmncu U NOMeTKU



3apaua 6. (18 GaanoB). Ha ropusoHTaABHON IIOBEPXHOCTH ABAA HAXOAUTCA ACASHAA TOPKa, KOTOpAs
MOZKET CKOAB3UTD 110 ITOBEPXHOCTH AbAA (CM. pUCYHOK). Ha Beprmme ropku mokourcs MaAeHbKas IIaiioa.
Macca ropku B £ = 8 pa3 OOAbIlle MacCH ImaiiOpl. BHawase ropka u Imaiiba HEIMOABIUKHBL 1peHmue
npenebperxxnmo mMaao. [lafibe coOOIMUAN TOPU3OHTAABHO HAIIPABACHHYIO CKOpPOCTh v = 1 mM/c, npn
KOTOPOH OH4, COCKOAB3HYB C TOPKH H YAAPUBIIHCH YVIPYrO O BEPTUKAABHEI OOPT, IPH OOpaTHOM
ABIDKCHHH CMOTAQ ITOAHATHCA HAa BEPINMHY TOPKH. [IpH KakoM MaKCHMAABHOH BBICOTE /) TOPKH 3TO
BO3MOKHO? CYHTATD, YTO IIPU ABIDKCHHH IO TOPKE ITaii0a He OTPHIBACTCA OT HEE, BCE ABIKCHUSA ITAHOBI
U TOPKX TI0 TOPU30OHTAABHON IIOBEPXHOCTH IIPOUCXOAAT BAOAD OAHOH IIPAMOMH. Y CKOpeHHE CBOOOAHOTO

maaenns g = 10 m/c%

CuryarmmonHaa 3apada (20 6ansoB) I'paBurarimoHHas IIAOTHHA — 9TO COOPYKEHHE, IIPETPAKAAIOIIECE
IIYTh BOAE, VACP/KHBAEMOE HA MECTE TOABKO CHAOM TPEHUA MEKAY OCHOBAHHEM KOHCTPYKIIHH U OIIOPHOI
ITOBEPXHOCTBIO. PaccmarpuBaemas ITAOTHHA, rOPU30HTAABHON HIPOTAKEHHOCTBIO
a = 1M, BemmoAHeHa 13 OETOHA, MMEET IIOIEPEeYHOE cedeHHEe B (DOpME TPAIENNH, AAMHA MAaAOTO
ocuosanus kotopoit X = 5,5m. "Moxkpas" creHka IAOTHHBI HAKAOHEHA TOA yrAoM 45 IpaaycoB K
TOPH3OHTY, 4 'cyxad' — BEPTHKAABHA, BBICOTA CTOADA JKMAKOCTH, paBHA BBICOTE IIAOTHHEIL
H. KoaddunmenT TpeHHs MEKAy KOHCTPYKIIHEH M OIOPHOM moBepxHOCTBIO u = 0,25, maoTHOCTD
Geroma p; = 2200 xkr/m3, maorHOCTD BoAB P, = 1000 kr/M3. HafiAuTe MEHIMAABHYIO BHICOTY ITAOTHHET

H, mpu koTOpOIi OHA OYACT HEIIOABII/KHA.
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Kpurtepuu oLieHHBaHHS OJUMIHALHONW pabOThI

IIpo¢puas: Pusuka («IIpodeccop KykoBckuii»)
Ilpenmer: Pusuka
Kaacc: 10, Bapuanr 2

Sagaune 1 (makcumanbHas oreHka 8 6.)

Makc.
Kputepuit (ykasath 6aj M0 KaXKAOMy KPHTEPHIO) 6amn
3anucaHa (opMysa ajs BpeMeHH moabema tl 1
3anucaHa (opmysa s HaXOXKAeHHUs t2 (MM Kak ajbTepHaTHBa (HopMyJa AJs OJHOTO BPeMeHH ABHKeHHs 2
T)
3anucaHbl Bce ypaBHEHHUs, HEOOXOMUMbIE [JIs1 pELIeHHs 3a1a4yn 2
[Tponenanbl Heo6xonvMble anrebpandeckue peobpa3oBaHus 2
CrenaHbl MOOCTAHOBKH YMCJIOBBIX 3HAYEHHH M MOJyUeH MPaBUJbHBINA OTBET 1
Saganne 2 (makcumanbHas oleHKa 8 6.)
Makc.
Kputepwnii (ykaszatb 6ajy M0 KaXKIAOMY KPHUTEPHUIO) 6amn
3anucaHa ¢opmy/a CBSI3H CKOPOCTH W mepuopa (uau Jwobasi opyras aHajornuHasi (popMy/ia KUHEMaTHKH 1
JBHXKEHHSI 110 OKPYXKH.)
3anucaH 3aKOH BCEMHUPHOTO TATOTEHUS 1
3anucaH BTOpo# 3akoH HbloTOHA NpH ABHKEHHH 0 OKPY2KHOCTH 2
3anucana (opmyna Ajs yCKOpeHHs cBOOOTHOTO MafeHHs Ha MOBEPXHOCTH MJIAHETHI 1
[Iponenaner Heo6xonuMble anrebpanyeckue npeodpa3oBaHuUs 2
CrenaHbl MOICTAHOBKH YHMCJIOBLIX 3HAYEHHH U MOJyUeH MPaBUJbHBIA OTBET 1
Saganue 3 (maxcumanbHas ouenka 14 6.)
Makc.
Kpurepuit (ykasatb 6ajiy 0 KaXKIA0OMy KPHTEPHIO) 6aJwn
CresaH PUCYHOK, C TPaBUJbHBIMH HAlMpaBJeHHUSIMH BCEX CHJI 1
[TosicHeHO, MoYeMy cHJIa HATSIXKEHUS] HUTH NIPOXOAUT Uepe3 LEHTP Liapa 2
YKkasaHo, uto cujsa ApxuMena HUMeeT He TOJbKO BEPTHKAJbHYI, HO M TOPU30HTANbHYIO COCTABJSIOIIYIO H 2
MPaBUJBHO 3amucaHbl HOpMyJIbl AJsi CHbl ApxiMena
3anucaHbl ypaBHeHUs] JUHAMUKH [/ L1apa 2
[TonyueHo 3HaueHHe yT/ia HAKJIOHA HUTH (MJH J10OOH U3 TPUTOHOMETPHUUECKUX (DYHKLHH 3TOrO yria) 2
[Tponenansl Heo6xonvMble anrebpandeckue peobpa3oBaHs 4
CrenaHbl MOICTAHOBKH YMCJIOBBIX 3HAYEHHH M MOJyUeH MPaBUJbHBINA OTBET 1
3aganne 4 (makcumanbHas oleHka 14 6.)
Makc.
Kpurepunii (ykaszatb 6aji M0 KaXKAOMy KPHUTEPHUIO) 6amn
3anucaHo ypaBHEHHe COCTOSIHHUS H€aJbHOTO rasa 1
EcTb moHHMaHMe, KaK MOCYUTATh paboTy HI. rasa B J060M mpolecce (depes MJollanb MOA IpadUKOM, HIIH 2
WHTEerpan)
[TonyueHo 3HaueHHe MoOKa3aTess MOJUTPOINBI N 4
[TonyueHo BbIpa)keHUs1 AJisi paBOThl 6

CrenaHbl MOACTAHOBKH YHCJOBLIX 3HAYeHHH U [oJ1ydyeH I'IpaBHJIbeIPI OTBET




Saganne 5 (makcumanbHas orenka 18 6.)

Makc.
Kputepuit (ykasatb 6aji M0 KaXKAOMY KPHTEPHUIO) 6asn
[TonyueHbl BbIpaXkeHHsl IS TapLUHaibHbIX TaBJeHHUH rejus (B HauaJbHOM W KOHEUHOM COCTOSTHMSIX) M KHC- 3
Jopoza
3anucaHbl (opMyJbl 15 AaBJAEHHS B JIeBOH 4acTH COCYAa B HauaJbHOM U KOHEYHOM COCTOSIHHSIX 2
3anucaHbl (GopMyJbl 1/ HAYaJbHOTO U KOHEUHOTO MOJIOXKEHHH LEHTPa MacC CUCTEMBI 2
YKaszaHo, UTO LEHTP MAcC CHCTEMBbI He CMellaeTcs 1
[TonyueHa cdopmyna njsi CMellleHUsI cocyaa S 3
[TonydeHo oTHOIIEHHe Macc a3oTa H BOAOPONA 3
Cnenanbl Heo6XonuMble ajnrebpandyeckye Npeodpa3oBaHuUs U MOJydYeHa OKOHYATesbHasi opMyJsa 1Jsi cMelle- 2
HHSA S
YKaszaHo, 4TO COCYA CMECTHJICS BJIEBO 1
CrenaHbl NOACTAHOBKH YMCJIOBLIX 3HAYEHUH U MOJyUYeH NPaBHJbHBIH OTBET 1

Saganue 6 (mMaxkcumanbHas oueHka 18 6.)

Makc.
Kputepuii (ykaszatb 6aj 10 KaXKIAOMY KPUTEPHIO) 6asn
3anucaHbl ypaBHEHHUs] 3aKOHOB COXPaHEHHUS! SHEPTHH W UMIYy/Abca B 060UX Cayyasx 8
YKaszaHo, 4TO TpHU YNPyroM OTPaKeHHH OT OGOPTHKA MOLY/Ib CKOPOCTH COXPAHHTCS, U3MEHHUTCS TOJBKO Ha- 1
npaBJieHne
EcTb noHMMaHHe, 4TO BO BTOPOM CJy4Yae, KOrja Laiba Ha BeplLIMHE MOpPKH, CKOPOCTH FOPKH U 11ai6bl paBHbI 2
[Tponenanbl HeoOxonMMBle anrebpanyeckue peobpas3oBaHHUs 6
CrnenaHbl TOACTAHOBKH YHCJIOBBIX 3HAUEHWH W MOJIydeH MPaBUJIbHBIE OTBET 1

3amanne C (makcuManbHas ouenka 20 6.)

Makc.
Kpurepuii (ykasatb 6ajii 10 KaXKIAOMy KPHTEPHIO) 6asa
CdopmMynupoBaHa pacuéTHasi cxema (B TOM 4ucse, TpaUUyecKH), BblIeJeHbl U NPaBHUIBHO (hOpMasH30BaHbI 5
BCce HeoOXonuMble (PU3HUECKHE 3aKOHBI
CocraBsieHa cucTeMa ypaBHeHHH W MaTeMaTH4ecKast MOIENb 5
BepHo y4TeHBl TeXHUUECKHE TTapaMeTpbl, XapaKTePUCTHKU H OTpaHUYeHHs )
[TpoBeneHbl pacueTsl, OJMyYeH BEPHBIH OTBET, PA3yMHBIH C TOYKH 3peHUs (PU3HUECKOTO CMBIC/IA 5




Pemenus
3agaua 1 (8 6annos). HebombIoii KaMeHb OpPOCHIIM C OTBECHOT'O 0OpPBIBA MO HEKOTOPHIM YIJIOM
K ropu3oHTy. Kamens, aBurasice o mapadoJe, yrmai Ha MOBEpXHOCTb 3eMin ciyctsi T = 8 c¢. [lpu
9TOM KaMeHb IMOAHUMAJICS 10 BEpXHEH TOUKU TpaeKTopuu Ha At = 2 C MeHbllIe, YeM OH JIBUTAJICS
BHU3 OT BEPILUHBI 1apa0oJIbl A0 MOBEPXHOCTH 3eMiU. C Kakol BBICOTHI OT MOBEPXHOCTH 3€MJIU
ObLT OpolIeH KaMeHb? Y cKopeHHre cBoboaHoro naaeHus g = 10 m/c2. ConpoTHBICHHEM BO3IyXa
npeHeOpeub.

OtBer. h= %At -T =80Mm.

Perenue.
0603Ha9MM hmax — MAaKCHMaIbHYIO BBICOTY MOIbeMa KaMHs, t1 — BpeMs IBHIKEHUS KaMHS
BBEPX JI0 MAaKCUMAJIbHOW BBICOTHI, 2 — BpeMs MaJeHus ¢ TOYKH MAKCHUMaJIbHOTO MOABEMA IO

2 2
semun. Torga h,, —h :%, PNrax :%. Belunrtas u3 BTOpPOro ypaBHEHMs IEpPBOE, HMOIY4UM
2 2 _ Q.
h:%_&:g(tz tl)(t2+tl):gAt-T:1082:80M
2 2 2 2

Bosmooicnvl Opyeue (anomepnamuensvie) pewenusn 3aoauu. Hanpumep, modcHo @vipazumes
epems noovema t1 u nonanoe epems Osudxcenuss T uepe3 epmuKanbHy0 NPOEKYUIO HAYATLHOU
ckopocmu Noy, a 3amem Havmu Voy.

Kpurepun ouenuBanus 3agaum 1.

DJ1eMEeHTHI pelieHus bamnel (Makc. 8 6anioB)

1 | 3anmcana popmyna st BpeMeHH nojpema ty +1 Gauta

2 | Banmcana gopmyna Juis HaxoxaeHus t; (MM Kak ajgpTepHaTHBa | +2 Oaia
(opMmyIa [uIsi MOJTHOTO BPEMEHH JABMKEHHs T)

w

3anucaHbl BCe YpaBHEHHMsI, HEOOXOIMMBIE JUIsl pEIIeHUs 3a/1a4uH +2 Gauta

SN

[Tponenanbl HeoOXoaMMBIE allreOpanyeckre Npeodpa3oBaHus +2 Gauia

5 | ChoenaHbl NOJCTAaHOBKM YHCIIOBBIX 3HAUY€HUM W MOdydeH mpa- | +1 6amn
BUJIBHBIN OTBET

3anaua 2 (8 6annos). J{ns uccnenoBanusi HEKOTOPO# IUIAHETHI IO KPYroBOM OpOHTE BOKPYT Hee
C MOCTOSIHHOM CKOpPOCTHIO V = 4 KM/C JIBUYKETCSI UCKYCCTBEHHBIN CIYTHHK, COBEpIIas MOJIHBIN
000poT BOKpYT IuIaHeThl 3a BpeMss T = 10 yacoB. Paanyc mumanetst R = 6000 kM. Uemy paBHO
yCKOpeHue CBOOOIHOTO Ma/IeHNs Ha IOBEPXHOCTH IJIAHETHI?

3
OtBeT. ¢ = v 5 =10,2 m/c2
27R

Perenue.
1)3anwuiiemM ypaBHEHUs IBUKCHUS CITyTHHKA IO KPYyroBOil opouTe paauyca I.

mM  mv?

G ——=——, e M — Macca cnyTHuka, M — Macca NIaHeThl, V — CKOPOCTh IBUKEHHS CITyTHH-
r r
Ka 1o opoure.
2rr Tv
2) CBs13b CKOPOCTH V U TiepuoAa oopameHust I. V=——, = r=—.
T 2r
M
3) Yckopenune cBOOOTHOTO MaeHuUs Ha TOBEPXHOCTH TUIAHEThI J = ra

Tv®  10-3600-(4-10°%)°

== ——=10,2 M/c.
27R? 27-(6-10%

N3 3Tux ypaBHeHuil = ¢ =




Kputepuu oneHuBanus 3agauu 2.

DJIeMEeHTHI pelleHus! basel (Makc. 8 6ajoB)

1 | 3anmucana opmyina CBA3M CKOPOCTH U Iepuoaa (v Jirodas apy- | +1 6ama
rasi aHaJorTuIHast popmysa KHHEMATHKH JIBI)KEHUS 110 OKPYKH. )

2 | 3anmcaH 3aKOH BCEMHUPHOTO TSATOTCHHUS +1 Gamia

3 | 3amucan BTOpoii 3ak0oH HpI0TOHA NPpU ABMKEHUU TI0 OKPY)KHOCTH | +2 Oasia

4 | 3anmucana dopMmyna aJisi yCKOPEHHsST CBOOOTHOTO majeHus Ha mo- | +1 Gamna
BEPXHOCTH TJIAHETHI

5 | [Iponenansl HEOOXOAUMBIE aNredpandecKue NpeodpazoBaHUs +2 Gauia

6 | ChemaHbl MOJCTAaHOBKM YHCIIOBBIX 3HAYCHMH W TMOJdydeH mpa- | +1 Oamn
BUJILHBINA OTBET

Bapaua 3 (/4 6annos). Cocyn, umeroniuii GopMy mpsMo-
YrOJILHOW TPU3MBI, 3al0JHEH Bojoi. K OOKOBO# cTeHKe
cocyJia MOJBEILICH Ha HUTHU KeJIe3HbIN IapuK paauyca R =
10 cm (cMm. pucyHok). TpeHue mapuka o CTEHKY IpeHe-
opexxumo Mano. Cocys IBUKETCS ¢ TIOCTOSHHBIM YCKOpe-

HueM d =( / \/§ 10 TOPU30HTAIBHON MOBEPXHOCTH, LIa-

PHK IIpH 3TOM HE KacaeTcs JTHA COCyZa U OCTAETCs IOJIHO-
CTBIO IIOTPYKEHHBIM B BONy. IIpum kKakoil MHMHUMaJIbHOU
JUIMHE HUTH IIapUK He OyJeT 1aBUTh HA CTEHKY?

ITnotHOCTH BombI ps = 10° kr/M3, mmoTHOCTH Xene3a px = 7,9-10° xkr/m°. Yckopenue cBO60HOTO
nanenus g = 10 m/c2.

Otser. |, =R=0,1 m.
Pemenue.
1) Cunbl, AeHCTBYMOIIME HA MIAPUK, TMOKa3aHbl Ha
pPHUCYHKE, U TPOXOAAT 4epe3 meHtp mapa. Ecnu Ob1 cuma

HATSDKEHUS HATH T He npoxosmia 061 yepe3 nertp O, To
OTHOCHUTEIIGHO OCH, TpOXojsmied uepe3 Touky O, aTa
eIMHCTBEHHAs CUJa co3/aBajia Obl HEHYJEBOW Bpalia-
TETbHBI MOMEHT W Iap Obl Bpamjaics A0 Te€X IMOop, MoKa
MOJIOKEHWE HUTH, HE OKa3aJoCh Obl MPOXOASIIMM 4Yepe3
HEHTp Iapa. s
2) Cuna Apxumena, B cllydae, KOTr/ia COCYJ IBUKETCS C TOPU3OHTAIIbHBIM YCKOPEHUEM & ,
HarpaBjieHa HE BEPTUKAIBHO, a TIEPIICHIUKYIISIPHO CBOOOHON MOBEPXHOCTH KHUIKOCTH U OIpe-

-

nensiercst popmynoit F, = p V(8 —G), rae ps — IIOTHOCTH BOBL, V — 006EM mapa.
3) Hpe}lHOJ’IO)KI/IM, 4TO MIApUK OAaBUT HAa CTCHKY, TOTAa MOXXHO 3allMCaTbh YPaBHCHUA AVHA-
MUKH IIapHUKa B IPOCKIIUSIX HA OCH KOOPJIUHAT.

x:Tsina+F, —N=ma,
Tcosa+Fy —mg=0.
IIpoexunn cuiibl Apxumesa Ha 0CH KoopauHar pasHel o = pVa u Fy = pVg.
Pemraem nosnydeHnyto cucremy. = (M—pV)gtga =(m-p,V)a+N.
T.K. MIOTHOCTH mIapuKa OOJIbIIE MIOTHOCTH BOJABL, TO M > p V . YcioBue TOro, 4To miap AaBUT

Ha cteHKy: N >0. Toraa, 4roObl map JaBWII Ha CTEHY B IpOIlecce IBMKECHUS, JODKHO BBIMOJ-
HsaTbest HepaBeHctBo N =(M—p V)(gtga —a) > 0. Otkyaa, ¢ yaeTrom Toro, 4yro m> pV , =




a<gtga . CooTBeTcTBEHHO, YTOOBI MIAPUK HE JaBUJI Ha CTEHKY COCYAa, MOOJKHO OBITh

a>gtga umm tgaﬁz=i,:> a <30°.

N

: R
4) U3 reomerpuu noiaydum Sin o =

=
R+ R+

Kpurepun oneHuBanus 3agauu 3.

s%, = I1>R,ul, =R=01wm

JJIeMeHTbI peleHust

basuter (Makc. 14 6amnos)

1 | Cnenan puCYHOK, C IPaBUJILHBIMHU HAPABJICHUSIMHU BCEX CHII

+1 Gamn

2 | llosicHeHO, ToOYeMy CHJIa HATSDKEHUS HUTH MPOXOIUT depe3 | +2 Oamia
I[CHTD IIapa
3 | Yka3ano, 4ro cuia Apxumena UMEET HE TOJIBKO BepTHKaIbHYIO, | +2 Oaia

HO U TOPU3OHTAJIBHYIO COCTABJIAIOLIYIO U IPABUIIBHO 3aIlMCaHbI
(dopMyIibl UIst cuiibl ApXumesaa

4 3anucaHbl YpaBHCHU TUHAMUKH JUIA 1Iapa

+2 6amna (o 1 6amry 3a

Kaxyto hopmyiy)
5 | [lomyueHo 3HaueHUeE yriia HaKJIOHAa HUTU (WK JIOO0W U3 Tpuro- | +2 Gamia
HOMETPUYECKHUX (QYHKITUI 3TOTO yriia)
6 | [Ipoxenanbl HEOOXOAMMBIE anreOpandecKue mpeoOpa3oBaHM +4 Gamna
7 | Cnenanbl TOACTAHOBKHM YHMCIIOBBIX 3HAYEHWH M TOJy4eH mpa- | +1 Oamn

BUJILHBINA OTBET

3anaua 4 (/4 6ann06). C v =1 M0OJb HACATLHOIO OAHOATOMHOIO Ta3a COBEPINAIOT HEKOTOPbIH
MOJIMTPOIIHBIA HPOIECC, B PE3yNbTaTe KOTOPOIrO Ta3 MEPEXOAUT M3 COCTOSHUS C HAYaJIbHBIMU
00béMoM V1 = 3 11 u abcomotHOU Temneparypoil T1 =300 K B cocrostHue ¢ 06bémMoMm V2 =4,5 1
u abcomoTHOM Temmeparypoir T2 = 675 K. Kakyrto paboTy coBepinaer ra3 B 3ToM mporecce?
Cesi3b fmaBiaeHus P u obbemMa V B MOJUTPONHOM IpoLecCe ONMChIBaeTcs (opMyaon

n o
pV " =const, rae nokasaTens MOJUTPONBI N — HEKOTOPOE AEHCTBUTENHLHOE YUCIO. YHUBEP-

canbHas ra3zoBas nocrostHHas R = 8,31 [x/(monb-K).
OtBer. A= %VR(T2 -T) = % -1-8,31-(675—-300) =1558 JIx.

Perenue.

1) Haiigem nokasaTrenb IMOJUTPONBI N. [[J'ISI 9TOro 3alnruieM YpPaBHCHUC ITOJIUTPOITHOTO
nponecca U ypaBHCHHUEC COCTOAHHA WACAJIBHOIO rasa, u HaWJeM CBS3b o0beMa u TEMIICPATYPbI

AJId TIOJIMTPOITHOT O ITpo1ecca.

pV" =c = const, V.
pV =vRT.
HOIICTE[BI/IM B IIOCJIICAHIOIO (I)OpMyJ'Iy YHUCJIOBBIC 3HAUYCHMUS. Tor;[a

n-1 n-1
3 =@,:> 1 =2,25=15%, = 1-n=2,= n=-1.
4,5 300 1,5

Vv,

= V"'T =const, = V" 'T, =V," T, = [—1

n-1
_T
Tl

Takum 00pa3om, 3aaaHHbIi mporecc umeet Bua P =KV , roe K =const (cMm. pucyHOK).

Bocnone3yemcst ypaBHEHUsIME COCTOsSIHMIT 1 U 2, KOTOpBIE 3a-
nmmem B Buze: PV, =kV,2 =vRT, u p,V, =KV, =vRT,.

- A:%VR(I'Z ~T,) :%-1-8,31-(675—300) =1558 JIx.

).

2) Toraa pabota raza paBua A= % (p+p)V, -V, = %k (V22 -V,




Kputepun oneHuBanus 3agauu 4.

DJIeMEeHTHI pelleHus! basuel (Makc. 14 6amios)

1 | BanucaHo ypaBHEHUE COCTOSIHHS MJICATBHOIO ra3a +1 Gann

2 | EcTb noHMMaHUe, KaK MOCYUTATh paboTy U. Ta3a B II0OOOM mpo- | +2 Oamia
necce (Jepes mionia b 1moj rpadhuKom, Wik HHTErpa)

w

[TosryyeHo 3HaueHUE NOKa3aTes IOIUTPOILI N +4 GannoB

N

[Toryueno BoIpaskeHus 11 paboThI +6 GasioB

5 | Choenanbl TIOJICTAHOBKM YHCIIOBBIX 3HAYCHWH W TMONy4YeH Tpa- | +1 Oamn
BUJIbHBINA OTBET

Bamaua 5 (/8 6annos). Ha riiaikoM rOpU30HTAIBHOM CTOJIC L
MOKOUTCA HWIMHIpUUecKuid cocya mjuHou L = 54 cm. Co-
CyIl pa3JielieH Ha JIBE paBHbIC YaCTU HEMOJBUKHON Mepero-
POJKOM, B KOTOPOM MMeeTCs MONyIpoHUIIaeMasi MeMOpaHa;
MOJTyTIPOHUIIAeMasi MeMOpaHa MPOITYCKAaeT MOJIEKYJIbI TS
Y HE TPOITYCKAaeT MOJICKYJIBI KHUCIOPOa (CM. PUCYHOK).
Bhauane memOpaHa 3akpbITa, JIeBasi 4aCThb COCYJa 3alloJIHEHa CMEChIO I'ellusl U KUCIOpo/a, a B
npaBoii — BakyyM. [locie oTKpbITHS MEMOpaHbl U YCTaHOBJIEHMSI TETNIOBOTO PaBHOBECHSI, /1aBiie-
HUE B JIEBOM YaCTH COCyAa yMEHbIIWIOCH Ha 25%. B Kakyro CTOpOHY M Ha Kakoe pacCTOSHHE
CIABUHETCS MpHU 3TOM cocya? Maccoit cocynia u meperopojiku npenedpedb. TeMrepaTypy ra3on
3a BCce BpeMsl HaOJIOJEHUS CUMTAaTh OJMHAKOBOM M HEU3MEHHOH. MoJsipHbIE Macchl reius U
KHCJIOpPO/1a PAaBHBI COOTBETCTBEHHO L = 4 T/MOJIb, Wk = 32 T/MOJIb.

L
OtBer. Cocy CMECTUTCS BJI€BO HA S=———< =15 cM.

4|14+ Hx
H.
Pemenue
1) O6o3naunm V — 00BEM cocyma, My — mMacca L
renus He, m; — macca kucnopona Oz. Brauane nieHTp
MacC ey U KUCIIOPOJa HaXOAWICA IIOCPEIUHE Jie- He’ 02
BOM 4acTH cocynaa. Toraa LeHTp Macc CUCTEMBI UMEET R

v Had. L
KOOPJIMHATY (CM. TIEPBBIA PUCYHOK) X, ' = 1 5| y

[Tocne oTKpbITHS MEMOpaHBI TeJHii 3aiiMeT BeCh 0
COCyJl, U €ro LUEHTp Macc OyJeT HaXxOIUThCS IMOCpe- :
JIMHE COCYyZa, a IOJIOKEHHE LEHTPA MacC KUCIOpOoAa 0O, He
HE W3MEHUTCH, MPU ITOM OyJIeM CUUTaTh, YTO COCY] . :
C/IBUHYJICS BJIEBO Ha S (CM. BTOPOI pUCYHOK).




B 3TOM ciay4dae MOJIOKEHUE LIEHTpa CUCTEMBI onpeaenseTcs dbopmynoit

(s

X = . Ha cucremy He NeiCTBYIOT BHELIHME CHJIbI B FOPU3OHTAILHOM
m +m,

KOH. Hau. m1 L

HAMPABJICHHH, IOTOMY X, = X% . = § = —————.
4(m; +m,)

2). YroObl HAWTH OTHOIIEHHE Macc ra3oB, IOCYMTAEM HauyaJlbHOE U KOHEYHOE /IaBJICHUS B
B JIeBOM 4YacTu cocyaa. Jlo OTKpeITUs MeMOpaHbl JaBJ€HHE B JIEBOM YacTH COCyAa PaBHO
2mRT N 2m,RT

Hay

Py = P+ P, = . [locne oTkpeITHS MeMOpaHbl U YCTAHOBJICHMSI TEIJIOBOTO
JZA A
Ko mRT  2m,RT
paBHOBecusl JaBjeHHE cieBa OyleT paBHO P, =P, + P, = + . Ilo ycnouio
AT A
P =075, = 2=t 32 g
moou 4
Torma s = L = >4 =15 cm
a1, M 4-(1+8)
m,
Kpurtepun onennBanus 3agaum 5.

DJIeMeHTHI pelleHust babl (maxc. 18 6awios)
1 | Iomy4yens! BbIpaXeHHS Il MaplUaTbHBIX AaBiieHU remus (B | +3 Oamna (mo 1 Gamry 3a

HAyaJIbHOM U KOHEYHOM COCTOSTHUSIX) M KHCIOPOAa Kax1y1o Gopmyiy)
2 | 3ammcanbl GopMynBl IS NABJICHUS B JIEBOW dYacTW cocyaa B | +2 Gamma (mo 1 Gamry 3a

HAYyaJIbHOM U KOHEYHOM COCTOSIHUSIX Kax1y1o Gopmyiy)
3 | 3ammcanbl GOpMyIBI IS HAYAJILHOTO W KOHEYHOTO MOJIOKEeHHH | +2 6amia (rmo 1 6amry 3a

LIEHTPa MacC CUCTEMBbI Kax1y1o Gopmyiy)
4 | Yka3aHo, 4TO LIEHTP MacC CUCTEMbI HE CMEIIaeTCs +1 Ganna
5 | Ilonyuena gopmyia ajsi CMELIEHUs Cocya S +3 bauia
6 | [losyueHo OoTHONIEHHE Macc a30Ta U BOJOPOJA +3 Oasuta
7 | Cnenanbl HeoOXoMMBIE anredpandeckue npeodpa3oBaHus U mo- | +2 Hamia

Jy4eHa OKOHYATeNIbHast GOpPMyIIa JJisi CMEIICHHS S
8 | YkazaHo, 94TO COCY/I CMECTHIICS BIIEBO +1 Gayuta
9 | Cnenanbl NMOACTAHOBKHM YHMCIIOBBIX 3HAYEHUH M TOJydeH mpa- | +1 Oamn

BWJIbHBIN OTBET

Bagaua 6 (/8 6annos). Ha ropu3oHTaNIbHOM MOBEPXHOCTH JIbJa HAXOAUTCS JIEASHAS TOpKa, KO-
TOpasi MOXET CKOJB3UTh 110 MOBEPXHOCTH JIbJa (CM. pUCYHOK). Ha BepuimHe ropku nmoKouTcs
MaJieHbKas 1maitba. Macca ropku B K = 8 pa3 Gosbliie Macchl maiiObl. BHavane ropka u maiiba
HEeNnoABIKHBL TpeHue npenedpexnmo maio. [aiibe cooOImumIM ropu30HTaAILHO HAMIPABICHHYIO
CKOpOCTh V = 1 M/C, mpu KOTOpPOI OHA, COCKOJIb3HYB C FOPKH M YAAPUBLIUCH YIPYTO O BEpTHU-
KaJbHBII OOpT, MpU OOpaTHOM JBMXKEHUHM CMOTJIA MOJHATHCS Ha BEpUIMHY TOpkH. IIpm kakoi
MaKCHMaJIbHON BBICOTE N TOpKH 3T0 BO3MOXKHO? CUHTATh, YTO MPH JABMKCHUH 110 TOPKE IIaiida
HE OTpBIBAETCS OT TOPKH, BCE JBMXKEHMS IIaiObl M TOPKHM MO TOPU3OHTAIBHON MOBEPXHOCTH
TIPOUCXOMAT BIOJIb OAHOM MPAMOH. YckopeHue cBo6oaHOro majgerus g = 10 m/c?.




25v?
169

OrtBer. h=

=0,156 m.

Pemrenue.

O6o3HaunM Maccy 1raiildel M, Torga macca ropku 8m. Korma maiiba che3xaer ¢ TOPKH,
OHa TPUOOpPETaeT CKOPOCTh Vi, TOPKA NPU 3TOM JBIMIKETCS B MPOTHBOIOJIOXKHYIO CTOPOHY CO
CKOPOCTBIO V2. DT CKOPOCTH MOKHO HAWTH M3 3aKOHOB COXPAHEHHS SHEPTUU M MPOCKIIMHA UM-
nyJibca HAa TOPU3OHTAIBHYIO OCh. [locie ymapa o OOpTHK, CKOPOCTh IIAHOBI IOMEHSET HallpaB-

JeHue, Ho He MoAayJib. [103TOMY 4TOOBI OKa3aThCsl HAa BEPIIMHE CHOBA JIOJDKHO OBITH V; >V, . [Ipn

9TOM, KOTJa 11aifda CHOBa OKa)KeTCsl Ha BEPIIMHE CKOPOCTH IIAObl U TOPKU OTHOCUTENIBHO 3€M-
JIM JIOJDKHBI OBITh OJIMHAKOBBIMH (0003HAYMM 3Ty CKOPOCTh U). JlJisi HaXOXkKIeHUs U TaKXKe MPH-
MEHSEM 3aKOHBI COXPAaHEHUS UMITYJIbCA U DHEPrUU. B pe3yiibrare Mosy4yuM CUCTEMY.

mv? ¢ mah — mv? +8mv§

T 9 T, T vi+2gh=vZ+8vZ, (1)

mv = mv, —8mv,, 9u® +2gh=V? +8vZ, (2)

my; |, 8mv; _ 9mu’ imgh,  |V=U8% ©)
2 2 2 9u =v, +8v,. (4)

mv; +8mv, =9mu.

U3 (1) u (2) monyuum U = %, sateM u3 3) u (4) => Vv, =2V, V, :é. [ToacraBuMm HalijeH-

25v2  25.1°
169 16-10

HBIC 3HAYCHUS V1 U V2 B ypaBHeHue (1), momyunm h =

Kpurtepuu onennBanus 3agaymn 6.

=0,156 m.

DJIeMeHTHI pelleHust

bansl (maxc. 18 6awios)

1 | 3anucanbl ypaBHEHHs 3aKOHOB COXPAaHEHHs SHEPTUU U UMITYJIbCA
B 000HX ciydasix

+8 OamnoB (o 2 Gamna
3a KaXJ10¢ YpPaBHCHHE)

2 | Yka3aHo, 4TO MPH YIPYTOM OTPAXKEHUH OT OOPTHUKA MOIYIh CKO-
POCTH COXPAHUTCS, U3MEHUTCS TOJIBKO HaIllpaBJICHUE

+1 Gayuta

3 | EcThb moHMMaHue, 4TO BO BTOPOM cliydae, Korja Iraiiba Ha Bep- | +2 Oaymia
HIMHE TOPKU, CKOPOCTH FOPKH M I1al0bl paBHBI

4 | IIponenanbl He0OX0AMMBIE aNredpanyeckue NpeodpazoBaHus +6 GaytoB

5 | Cnenanbl MOACTAaHOBKHM YHMCIIOBBIX 3HAYEHUH M TOJydeH mpa- | +1 Oamn

BUJILHBINA OTBET




CuryanuoHHasi 3agaqa

['paBuTaliMOHHAS IIIOTHHA — 3TO COOPYXKEHHE, MPErpakJaloLiee MyTh BOJAE, YAECpPKUBAEMOE Ha
MECTE TOJIBKO CHJIOM TPEHMsI MEXIy OCHOBAaHMEM KOHCTPYKLMU M OINOPHOW IOBEPXHOCTHIO.
PaccmaTtpuBaemast IJIOTHHA, TOPU30HTAIBLHON IPOTSAKEHHOCTHIO
a = 1 M, BbIllOJIHEHA U3 O€TOHA, UMEET MoNepeyHoe ceueHue B (popme Tpamnenuu, JJIMHa Majaoro
ocHoBaHus kotopoit X = 5,5 M. "Mokpas" cTeHka IJI0THHBI HAKJIOHEHA T0JT YTIoM 45 rpaaycoB
K TOpU3OHTY, a "cyxas" — BepTHUKaJIbHA, BBICOTA CTOJNOA XUIAKOCTH, PaBHA BHICOTE TUIOTHHBI
H.Ko3¢dduuueHt TpeHuss Mexay KOHCTPYKIHEH U OMOPHON MOBEepXHOCThIO U = 0,25, MIOTHOCTD
6etoHa pg = 2200 kr/m3, mnotHoCTh Boabl p;, = 1000 kr/m3. Haiiure MUHUMAIIBHYIO BBICOTY
IUIOTHHBI H, TIpY KOTOPOi OHA Oy/AeT HEeTIOABHKHA.

|

NN

Pewenue:

3anuiieM YCJIOBUC PABHOBCCHUA IIJIOTHUHBI B IIPOCKIUAX HA TOPU3OHTAJIBHYIO U BEPTUKAJIBHYHO OChb.

H
[
‘Q h\

<V

[ X

a— oy

X) Fysina —uN =0,

i




Y)F,cosa + mg—N = 0.
Haiinem nosnyo cuily 1aBjieHUs BOIbl Ha HAKJIOHHYIO CTEHKY IJIOTHHBI Fy.

JlaBneHue Bo/bI Ha TTyOUHE h

p = pggh

Cro#t BoABI TOJNIUHON dh TaBUT HAa y4acTOK IMUPUHON dl

dh

N\
NN

C CHJION

dh
sina

dF, = pds = pygha - dl = p,gha

TOTrJa IT0JHas CuJjia JaBJIICHUA

H dh H
_ 2 __ Pbsga 2
fy=Q, pegha sina sina £ h dh.

Taxoke MOXKHO peluTh rpaduuecKy — Kak IIomab GUrypsl, orpaHMueHHOM rpaduKkoM QyHKIUN
y(h) = h.



Takum 06pa30M, MOJIHAasA CuJia JaBJICHUA BOAbI HA MOBEPXHOCTH IMJIOTUHBI

5 _ PegaH 2
A 2sina
Pewras cucremy, HaxoauM Maccy
aH?
m= pB—(l — ,u(ctga)).

2p

C npyro#i CTOPOHBI, Macca TIOTHHBI

(L + 2X)
m = pgV = pgaH -
Orcrona, yuntsiBas, uto L = H ctg «,
_ 2X
(P (1 —uctgay
(o =) ~ctea)

[Tpoananusupyer nosyuyeHHOe BblpaxeHue. Touku MuHUMYyMa uid H He CyliecTByeT, Tak Kak B
3HaMeHaTese CTOAT NOCTOSHHBIE BETMYMHBI, U3MEHATHCS MOXKET ToJbko X. CienoBarenbHo, MpH
TF000M 3Ha4eHWHW BBICOTHI TUIOTHHBI H>0 oHa Oyner He moaBmkHA. Pacumraem mpenenbHOE
3HA4YECHUE BBICOTHI IUNIOTUHBI:

2X
H= = 31,4 m.

(6 (FEES) - ctga)

OTBeT: MUHUMAaJIbHAS BhICOTA ITOTHHEI H>0.



