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3apauya 1. (8 Oaanos). HeGoabmioii kameHb OPOCHAN € Kpas ITAOIIAAKH, HAXOAAIIECHCA Ha BBICOTE
h = 20 M OT IOBEPXHOCTH 3€MAH IIOA HEKOTOPBIM JTAOM K FOPH3OHTY. Bpems moaera KamHA BBEPX AO
MAKCHMaABHOM BBICOTHI Ha A7 = 1 ¢ MeHbIIe, 9eM BpeMs €ro ITAACHHA BHHU3 AO CTOAKHOBEHHSA C 3€MACH.
CKOABKO BCETO BpPEMEHH ABHUIAACA KaMEHB? Y CKOpEHHE CBOOOAHOrO taaeHma g = 10 M/

CompoTuBAEHHEM BO3AYXA IIPEHEOPEYB.

3aaaua 2. (8 0a/IoB). AASI HCCACAOBAHIIA HEKOTOPOH IAAHETHI 110 KPYTOBOI OPOMTE BOKPYT HEE € IIOCTOAHHOM
CKOPOCTBIO ABIDKETCS HMCKYCCTBEHHBIN CIIYTHHK, COBEpIIas IOAHBII oGopor 3a Bpemss 11 = 4 waca. B
pe3yAbTaTe MAHEBPA CIYTHHK IIEPEXOAUT HA APYIVIO KPYIOBYIO OpPOHTY, Ha KOTOPOM €ro CKOpPOCTb

yBeAmIHAACh B 2 pasa. Kak 1 Ha CKOABKO 9acOB H3MEHUACA TIEPHOA OOPAITICHNs CITyTHHKA ITO HOBOH opOmTe?

3aaaua 3. (14 6aaroB). Cocya, umeroruii GopMy IPAMOYTOABHOH IIPU3MBI,
3aII0AHEH BOAOH. K OOKOBOM CTEHKE COCYyAd ITOABEIIEH HA HUTH JKEAE3HBIN
IIAPHK, AMAMETP KOTOPOIO PaBeH AAMHE HHUTH (CM. PHUCYHOK). Tpenme
IIapUKa O CTEHKY IpeHeOpeKuMO MaAo. COCYA ABHKETCA C ITOCTOSHHBIM

YVCKOPEHHMEM IIO0 TOPH3OHTAABHOM IIOBEPXHOCTH, IIAPHK IPH 3TOM HE

KACaeTCs AHA COCYAQd M OCTA€TCA IIOAHOCTBIO IIOIPY:KEHHBIM B BOAy. Ilpm =77
KAKAX 3HAYCHHAX YCKOPEHHSA a IIapuK He OyAeT AaBuTh Ha CcreHKy? IlaoTHOCTE  BOABI

ps = 10° kr/m’, mAOTHOCTD eae3a P = 7,9-10° kr/m’. Vckopenue cBoboanoro maaenus g = 10 m/c’.

3apaua 4. (14 Gaaros). C v = 1 MOABP HACAABHOIO OAHOATOMHOIO TIa3a COBEPIIAIOT HEKOTOPHBII
ITOAUTPOITHBIA IIPOIIECC, B PE3YABTATE KOTOPOTO Ia3 IIEPEXOAMT M3 COCTOAHMA C HAYAABHBIMH AABACHHEM
= 410° TTa u abcoarornoii temmeparypoit 11 = 400 K B cocrosume ¢ aasaermem pp = 6:10° Tla n
abcoarorHoi Temmeparypoit 1> = 900 K. Kakoe koAamdgecTBO TerAa moAy4aer ra3 B orom mporecce? CpAsp

AaBACHIA p U 00beMa |/ B TOAUTPOIHOM IIporiecce ormchBaercss GopmyAoit pI7” = const, Tae TIOKA3aTEAD

TIOAUTPOIIBL n — HEKOTOPOC ACﬁCTBHTCAbHOC YHCAO. yHI/IBCp CaAbHaA rasoBad ITIOCTOAHHAA

R = 8,31 A/ (MoabK).

3apaga 5. (18 GaaroB). Ha raapAkom ropusoHTAABHOM CTOAE ITOKOHTCA
IIAMHAPHYECKHI COCYA AAMHOM . = 36 cM. CocyA pasaeAeH Ha ABE PaBHBEIC

JacTHu HCHOABI/IH{HOI‘/‘I HCpCFOpOAKOfI, B KOTOpOfI HMECTCA HOAYHPOHI/ILIB_CMZIH

MeMOpaHa; IIPOIYCKAIOINAfs MOAEKYABI BOAOPOAA H HE IIPOIYCKAFOITIAA
MOAEKYABI a30Ta (CM. PHCYHOK). Bmaware memOpaHa 3aKpbITa, 4 COCYA
3aIIOAHEH B ACBOI 9aCTH BOAOPOAOM, a B IIPaBOii — a30TOM. [TocAe OTKpBITHA MEMOPAHBI M YCTAHOBACHHSA
TEIIAOBOI'O PAaBHOBECHUSA, AABACHIE B IIPABOI YACTH COCYAA OKa3aAOCh B 77 = 1,5 pa3a OOABIIIe, 4eM B AEBOIL.
B kakyro cropony m Ha Kakoe pacCTOSAHHE CABHHETCA IIPH 3TOM COCYA? Maccoil cocyaa U IIeperopoAKa

Hp€H€6p€"Ib. TeMHepaTypy Ira30B 3a BCC BpﬁMH Ha6AIO,A,CHI/IH CUYUTATDh OAHHaKOBOfI ¥ HEM3MEHHOM.

ITpoaoasxkeHnne GmaeTa cM. Ha oGopore.

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



3apaua 6. (18 Gaanos). Ha ropmsoHTaABHOII IOBEPXHOCTH AbAA HAXOAHTCA AEAAHAA TOPKa BBICOTOM
h = 0,6 M, KOTOpasg MOKET CKOAB3UTH IO IIOBEPXHOCTU AbAA (CM. puCYHOK). Ha Bepimuae ropku mokourcs
MaAeHbKas ImarOa. Macca ropku B & = 3 pasa OOAbIIe Macchl IMaiiObl. BHaware ropka u 1maiita
HEIIOABIDKHBL [peHne mpeHeOpeKHUMO MaA0. Kakyro MHHHMAABHYIO TOPH30HTAABHO HAIIPABACHHYIO
CKOPOCTh HEOOXOAHUMO COOOIINTH IIaii0e, ITOOBI OHA IIOCAE TOTO, KAK COCKOAB3HET C TOPKH U YAAPHUTCA
VIIPYIO O BEPTHKAABHBIH OOPTHK, CMOTAQ OBI IOAHATBHCA HA BEPILHHY TOPKH IIPH OOPATHOM ABIDKCHIII?
Cumrare, 9TO IIPHU ABHDKCHIN IIO TOPKE IIAH0a HE OTPBIBACTCA OT HEE, BCE ABIKCHUSA ITANOBI 1 TOPKH IO

I“OPI/ISOHTaAbHOf/‘I IIOBEPXHOCTH IIPOHUCXOAAT BAOAD OAHOI>‘I HpHMOﬁ. VCKOPCHHC CBO6OAHOFO ITaA€HHUA g =

10 M/

CuryarmmonHaa 3apada (20 6anaoB) I'paBurarimoHHas IIAOTHHA — 9TO COOPYKEHHE, IIPETPAKAAIOIIEE
IIYTh BOAE, VACP/KUBAEMOE HA MECTE TOABKO CHAOM TPEHUA MEKAY OCHOBAHHEM KOHCTPYKIIHH U OIIOPHOI
ITOBEPXHOCTBIO. PaccmarpuBaemas ITAOTHHA, rOPU30HTAABHOMN HIPOTAKEHHOCTBIO
a = 1, BeimoAHEHA B3 OETOHA, MMEET IOIEPEYHOE CeucHHE B (POPME TPAICIIHH, 'MOKpas' CTCHKA
KOTOPOH HAKAOHECHA IIOA yrAaoM 45 IpaAycoB K TOpPHM3OHTy, a 'cyxXad' CICHKA BEPTHKAABHAA.
Kosdpdpunment TpeHHA MEKAY KOHCTPYKIIHET u OIIOPHOM ITOBEPXHOCTBIO
w = 0,25, Beicota croaba xwmakoctH, paBHas Bbicote maotunb, H = 50 M, maormOCTE Geromna
ps = 2200 kr/mM3, maorHoCcTs BoAB P, = 1000 kr/m3. Haiiamre MHHEMAABHYIO AAHHY MAAOTO

OCHOBAHUSA ITAOTHUHBI X, OOECIICYUBAIOIIYIO €€ HEITOABH/KHOCTb.
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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
[Tponenanel Heo6xonMBle anredpandeckue peobpa3oBaHUs 2
YKasaHo, UTO Mepuoj YMEHbLIUJCS 1
CrenaHbl MOICTAHOBKH YHMCJIOBLIX 3HAYEHHH U MOJyUeH MPaBUJbHBIA OTBET 1
Saganue 3 (maxcumanbHas ouenka 14 6.)
Makc.
Kpurepuii (ykasate 6aji Mo KaxIoOMy KPUTEPHIO) GaJn
CrnenaH pPUCYHOK, C TPaBHJbHBIMH HarpaBJeHUSIMH 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
CpesiaHbl OACTAHOBKH YMCJOBBIX 3HAUEHHH U MOJyYeH MPaBU/IbHLIA OTBET (B BHAEe HEpPaBEHCTBA) 1
3aganne 4 (makcumanbHas oleHka 14 6.)
Makc.
Kpurepuii (ykasate 6aji Mo KaxkIoOMy KPUTEPHIO) 6aa
3anucaHo ypaBHEHHe COCTOSIHHUS H€aJbHOTO rasa 1
3anucaHa (opmyna nepBoro 3akoHa TepMOAMHAMHKN 1
3anucaHa (opMysa 1/ U3MeHEeHUs] BHYTPEHHEH SHepruu 1
[TonydeHo 3HaueHHe MOKasaTesisi MOJUTPOIBI N 4
[TosryueHo BeipakeHust 151 paboThI 4
[TonydeHo BelpaxkeHue st pacdyera Q 2
CrenaHbl OACTAHOBKH YMCJIOBBIX 3HAYEHHH M MOJyUeH MPaBUJbHBINA OTBET 1




Saganne 5 (makcumanbHas orenka 18 6.)

Makc.
Kputepuit (ykasatb 6aji M0 KaXKAOMY KPHTEPHUIO) 6asn
[TonyueHbl BBIpaXKeHUs AJIs1 MAapUUaJbHBIX JABJEHHH W BOIOPOLA U a30Ta 2
3anucaHbl (popMyJbl /s NaBJEHHS B JE€BOH W NMPaBOH yacTaX cocyna 2
3anucaHbl (GOpMYJIbl 1/ HAYaJbHOTO U KOHEUHOTO MOJIOXKEHHH LEHTPa MacC CUCTEMBI 2
YKasaHo, UTO LIEHTP Macc CHUCTeMbl He CMellaeTcs 1
[Tonyuena Qopmysa IJsi CMelLIeHHs COCyaa S 3
[TonyuyeHo oTHoOLIeHHe Macc a3oTa M BOAOPOAA 4
CrenaHbl He0OXOMUMblE anreOpandeckue MpeoOpPa3oBaHUs U MOJyUYeHa OKOHYATe/bHas (popMmyJia IJs CMelle- 2
HUSA S
YKasaHo, UTO COCYI CMECTHJICS BJIEBO 1
CrenaHbl MOOCTAHOBKH YMCJIOBLIX 3HAYEHUH M MOJyUYeH MPaBUJbHBINA OTBET 1

Saganue 6 (maxcumanbHas oueHka 18 6.)

Makc.
Kputepuii (ykaszatb 6ajj N0 KaXKAOMY KPUTEPHIO) 6amn
3anucaHbl ypaBHEHHUs] 3aKOHOB COXPaHEHHUS! SHEPTHH U UMIYJbca B 0O60UX Cayyasx 8
YKasaHo, UTO MpPH yNPyroM OTPa’KeHUH OT GOPTHKA MOLYJIb CKOPOCTH COXPAHHTCS, U3MEHHUTCS TOJbKO Ha- 1
npaBJieHne
EcTb noHMMaHMe, 4YTO BO BTOPOM CJyyae, KOraa luaiba Ha BeplLIHHe TOPKH, CKOPOCTH FOPKH U LIaHObl paBHBI 2
[Tponenanel Heo6xonrMBle anrebpandeckue peobpas3oBaHUs 6
CrenaHbl MOACTAHOBKH YMCJIOBBIX 3HAYEHUH U MOJyUYeH NPaBHJbHBIH OTBET 1

Saganue C (vaxkcumanbHas onenka 20 6.)

Makc.
Kputepunii (ykaszatb 6aj 10 KaXKAOMY KPUTEPHUIO) 6an
CdopmyupoBaHa pacuérTHasi cxema (B TOM 4ucie, rpaduyecKH), BblIeJeHbl U NPaBUABHO (OpMasH30BaHbI 5
Bce HeoOXOAHMble (hU3UUYeCcKHe 3aKOHBI
CocraBJyieHa cucTeMa ypaBHEHHH W MaTeMaTH4ecKast MOIENb )
BepHO yuTeHBl TeXHHYECKHE MapaMeTpbl, XapaKTePUCTHKH M OrpaHUYeHHs )
[IpoBeneHbl pacueTsl, MOJMy4YeH BEPHBIH OTBET, PAa3yMHBIH C TOYKH 3peHHs (PU3HUECKOTO CMBIC/IA 5




Pemenust
3agaua 1 (8 6anno06). HebobIoi kaMeHs OpOCHIIH ¢ Kpast IO IKH, HaXOIAIICHCS Ha BBICOTE
h =20 M OT MOBEPXHOCTH 3e€MJIM IOJI HEKOTOPBIM YIJIOM K FOPH30HTY. Bpems mosera kamHs
BBEPX JI0 MaKCUMaJIbHOU BBICOTHI HAa Al = 1 ¢ MeHbIIIe, YeM BpeMs ero MajJeHus BHU3 10 CTOJK-
HOBeHHS ¢ 3emiieil. CKOJIBKO BCETO BPEMEHU JBHUTAJICS KaMeHb? YCKOpEHUE CBOOOIHOTO TMajie-
Hus g = 10 M/c?. ConpoTHBIEHHEM BO3yXa IpeHeOpeyb.

OtBer. T = 2—h =4c.
gAt
Pemrenue.
0O0603HaYUM hmax — MaKCUMaIbHYIO BBICOTY MOIbeMa KaMHsI, t1 — BpeMs IBHKCHUS KaMHS
BBEPX JI0 MAaKCUMAJIBHOW BBICOTHI, 2 — BpeMs MaJeHHUs] ¢ TOYKH MAKCHMAaJIbHOTO MOJbEMa 10

ChoSt g
max 1 max
2
2 2
— 2h  2.20
h:&_&zg(tz tl)(tz+t1):gAt.T’:>-|—: _ —4c
2 2 2 2 gAt 101
Bosmooicnwl Opyeue (anomeprnamusnvie) pewenus 3adauu. Hanpumep, mooicno evipasume
spems noovema t1 u noanoe epems Oosudicenus T uepes 6ePMUKANbHYIO NPOCKUUIO HAYALLHOL
ckopocmu oy, a 3amem Haiimu Voy.

3emin. Torma h . BelunTas u3 BTOPOro ypaBHEHHs IIEPBOE, MOJIYYHM

Kpurepun ouenuBanus 3agaum 1.

DJIeMEeHTHI pelieHus! bannel (Makc. 8 6anioB)

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

2 | Bammcana ¢opmyna uis HaxoxaeHus ty (MM Kak anbrepHartuBa | +2 Oania
dbopMyIta aJ1s TIOJTHOTO BPEMEHHU JBYOKEHHS T)

w

3amnmucaHbI BCe YpaBHCHHA, HeO6XOI[I/IMLIe I pCIICHUS 3a1a4n +2 Gamna

N

[Tposnenanbl HeoOXoAMMBIE alreOpanyeckre Mpeodpa3oBaHus +2 Gauia

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

Bamaua 2 (8 6anr106). [l uccnenoBaHusl HEKOTOPO#H MJIaHETHI IO KPYrOBOM OpOUTE BOKPYT Hee
C TIOCTOSIHHOM CKOPOCTBIO JIBUKETCS MCKYCCTBEHHBIN CIYTHUK, COBEpIIasi MOJHBIA 000pOT 3a
Bpems T1 = 4 vaca. B pe3ynbrare MaHeBpa CIYTHUK MEPEXOAUT HA APYTYIO KPYTOBYIO OpOHTY,
Ha KOTOPOH €ro CKOpoCTh yBelIMumiach B 2 pasza. Kak v Ha CKOJIbKO 4acOB M3MEHMUJICS MEPUOJT
oOpailieHus: CIyTHUKA 110 HOBOM opoute?

Ortser. Ilepuon ymenpmutcst Ha AT = 3,5 u.

Pemenue.
1)3anuriemM ypaBHEHHUS IBHKEHHS CIIYTHUKA 110 KPYroBOi opOuTe paauyca I.

mM  mv?

G——=——, e M — Macca crmyTHuka, M — Macca IIaHeThl, V — CKOPOCTh IBUXKEHHS CITyTHH-
r r
Ka 1o opouTe.
2rr
2) CBs3b CKOPOCTH V U IIeproJia oopameHus T. V= —.
. 27GM
U3 otux ypapaennit = T = ———.
\"

Ecnu ckopocTs V yBenuuuTces B 2 pasa, To epuoji oOpaiieHus ymeHbures B 8 pa3. T.e mepuoj

T
oOpamieHust CTaHeT PaBHBIM |, = El = 0,5 4. 3HauuT, nepuo ymeHsmuTcs Ha AT = 3,5 4.




Kputepuu ounenunBanus 3axaum 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 HpIOTOHA ITPpU ABMKEHUU TI0 OKPY)KHOCTH | +2 Oasia
4 | Ilponenansl HEOOXOIUMBIE aNTedpanveckrue NpeoOpa3oBaHus +2 Gauia
5 | YkazaHo, 4TO epuoi yMEHBITUIICS +1 Gamn
6 | Cnenanbl MOACTAaHOBKHM YHMCIIOBBIX 3HAYEHWH M TOJy4eH mpa- | +1 Oamn

BUJIBHBIA OTBET

Bamaua 3 (/4 6annog). Cocyn, umeronmii GopMy MmpsMo-
YrOJIbHOM TpU3MBbI, 3amojHeH Bojoi. K 60koBoil creHke
COCyJia TMOJBEIIEH Ha HUTH >KEJIE3HBIM IIapUK, AUAMETP
KOTOpPOTO paBeH JJIMHE HUTH (CM. pUCYHOK). TpeHue mia-
pUKa O CcTeHKY npeHeOpexkumMo mMaiio. Cocyn IBUKETCS C
MOCTOSTHHBIM YCKOPEHHEM 110 TOPU30HTATBHON MMOBEPXHO-
CTH, IIAPHK MPU 3TOM HE KACAETCs JIHA COCYa U OCTAeTCs
MOJIHOCTBIO OTPYKEHHBIM B Bo1y. [Ipu Kakux 3HaYeHUSIX
YCKOpEHUS & MIapuK He OYJeT TaBUTh HA CTEHKY?

IInotHOCTH BOABI ps = 10% kr/M3, mmoTHOCTE *Kenesa px = 7,9-10° kr/m>. Yckopenue cBo60aHOTO
nanenns g = 10 m/c%.

g 2
OtBer. > —==3,5 Mm/c”.
242
Pemenue.

1) Cunbl, AeHCTBYIOIIME HA MIAPUK, TMOKa3aHbl Ha
pPUCYHKE, 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-
TEJTBHBII MOMEHT U 1ap Obl Bpamjajics J0 TeX Mop, MoKa
MOJIOKEHWE HUTH, HE OKa3aJoCh Obl MPOXOASIIMM 4Yepe3
LEHTp 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 HIApUK 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 KoopAuHaT paHel Fy = pVa u Fy = pVg.
Pemaem 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 HepaBeHetBo N =(M—p V)(gtga —a) > 0. Otkyaa, ¢ yueTrom Toro, 4yro m> pV , =




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

azgtga.

4) U3 reomerpun nonyuyum 3HaueHue tgo . [lo ycmoBuio B Tpeyrompnuke OAB karer

OB=R , runorenysa OA=3R , Torma BTOpOW KaTeT AB=«[(3R)2—R2=2R\/§. =

tgoc—%——1
AB 22"

g 2
OKoHYATENBHO ITOJIYyUYNM a > —= = 3,54 m/c”.
yq > \/5

Kpurtepuu oueHnBanus 3agaum 3.

JJIeMeHTbI peleHust

basutel (Makc. 14 6amnos)

1 CHeHaH PHUCYHOK, C IPaBHUJIbHBIMU HAIIPABJIICHUAMHN BCCX CHUJI

+1 Oayn

2 | IlosicHeHO, TMOYEeMy CHJIa HATSDKEHUS HUTH IPOXOIUT depe3 | +2 Oamia
LEHTp 111apa
VYkazaHo, 4TO cwiia ApXxuMeaa UMeeT He TOJIbKO BEpTUKAIBHYIO, | +2 Oama

HO U TOPU3OHTAJIIbHYIO COCTABJIAIOIIYIO U HPABUIJIBHO 3aIllMCAHbI

dopMyIibl u1st cuiibl Apxumesaa

4 3anucaHbl YpaBHCHU AUHAMUKHU IS IIapa

+2 6amna (o 1 6amty 3a

KXyt hopmyiy)
5 | [lomyueHo 3HaueHUE yriia HaKJIOHAa HUTU (WK JIOO0W U3 Tpuro- | +2 Gama
HOMETPUYECKHUX (QYHKIUI 3TOTO yriia)
6 | [Ipoxenanbl HEOOXOAMMBIE anredpanvecKue mpeoOpa3oBaHMs +4 Ganna
7 | CnenaHpl NOJICTAaHOBKM YHCIIOBBIX 3HAuY€HUM W TodydeH mpa- | +1 6amn

BUJILHBIN OTBET (B BUJIC HEPABEHCTBA)

3anaua 4 (14 6ann06). C v =1 M0OJb UACAILHOIO OJHOATOMHOIO Ta3a COBEPIIAIOT HEKOTOPBIH
HOJIUTPOIHBIN TpOLIECC, B pe3ybTaTe KOTOPOrO ra3 MEepexoaUT U3 COCTOSHUS C HadabHBIMU
nasnennem P1 = 4-10° Tla u abcomoTrO# Temmeparypoii T1 = 400 K B cocTostHME ¢ aBIeHIEM P2
= 6-10° Ta u abcomoTHol Temmepatypoit T2 = 900 K. Kakoe KonuuecTBO TeIna MoaydaeT ra3 B
sToM mpouecce? Cs3pb AaBieHuss P U o6beMa V B MOJUTPOIIHOM Mpoliecce OonuchiBaeTcs: Gop-

. n .
mynoii PV =CONSt, rme mokasaTens MONMTPONBI N — HEKOTOPOE JEHCTBHUTENBLHOE HHCIIO.

YHuuBepcanbHas ra3oBas noctosHHas R = 8,31 JIx/(monb-K).
Otser. Q=2vR(T, —T;) =8,31 x/Ix.
Pemenue.

1) Haiigem nokasaTrenb IOJIMTPONBI N. I[J'IH 9TOro 3anrumeM YpPaBHCHUC ITOJIMTPOITHOTO
nmponecca 1 YpaBHCHHUE COCTOAHUA UACAJIbHOI'O ra3a, u HalJIeM CBS3b JOaBJICHUA U TEMIICPATYPhI

AJId TIOJIMTPOITHOT O ITpo1ecca.
pV" =c =const,
pV =VvRT.

HOIICTE[BI/IM B IIOCJIICAHIOIO (I)OpMyJ'Iy YUCJIOBBIC 3HAUYCHMUS. Tor;[a

1-nn _ Jl-nTn

g \Ln n 1-n n
% :(@j , = 21 -2 ,=>1-n=-2n,= n=-1.
6-10 400 3 4

= p"T"=const, = pi " =p; T, , = P
P, T

1-n n
T

TakuMm 0Opaszom, 3agaHHbIi nporecc uMeet Bua P =KV , rae kK =const (cMm. pucyHOK).

2) Torna pabora raza papua A= % (p+p)V, =V)) = %k (V22 —V12) )




Bocnone3yemcst ypaBHEHUsIMU COCTOsIHMM 1 U 2, kOoTOpBIE 3a-

UIIEM B BUIE: PV, = le2 =vRT, u p,V, = sz2 =vRT,. p>=kV,
1
3 >V
W3menenne BHyTpeHHeH sHepruun AU = EVR(TZ -T)).
Torma Q=AU + A=2vR(T,-T,)=2-1-8,31-(900-400) = 8,31 x/Ix.
Kpurepuu onennBanus 3agaun 4.

JJIeMeHTbI peleHust bael (makc. 14 6amios)
1 | 3anucaHo ypaBHEHUE COCTOSIHUS MJI€AIBHOIO Ta3a +1 Gamn
2 | 3anucana ¢popmyna nepBoro 3akoHa TepMoaUHAMUKH +1 Gamn
3 | Banmcana gopmyna s H3MEHEHUs! BHYTPEHHEH YHEprun +1 Gamn
4 | TlomydeHo 3HaYCHUE TIOKA3ATENSI TOJIUTPOIIBI N +4 Gama
5 | [lomyueHo BoIpaskeHus 11 pabOTHI +4 Ganna
6 | [lomyueHo BeIpaskeHue uis pacuera Q +2 Gamia
7 | CnenaHbl TOACTAaHOBKHM YHMCJIOBBIX 3HAYCHUH M TOJyYeH mpa- | +1 Oamn

BWJIbHBIN OTBET
3agaua 5 (/8 6anno6). Ha rimagxom ropu3oHTaIbHOM CTOJIE L

MOKOWUTCA UWIMHIpHUecKkuil cocya mmmuou L = 36 cm. Co-
CyJl pa3/ieJieH Ha JIB€ paBHBIC YaCTH HEIMOABUKHOM IMepero-
POJIKOM, B KOTOPOM UMEETCsl MONyIPOHHIIaeMas MeMOpaHa;
MOJIyITpOHMIIaeMasi MeMOpaHa TPOIYCKAaeT MOJEKYJbl BO-
JI0pOJia ¥ HE MPOITYCKAET MOJIEKYIIBI a30Ta (CM. PUCYHOK).
Bnauane memOpaHa 3akpbITa, a COCY/I 3all0JIHEH B JIEBOM YacTH BOJIOPOJOM, a B MPAaBOU — a30-
oM. [locne oTKphITHS MEMOpaHbl U YCTAaHOBJICHUS TETJIOBOTO PaBHOBECHS, JaBIICHUE B TIPABOM
4yacTHU cocyjia okazajoch B N = 1,5 pas3a Oosnbllie, 4yeM B JIeBOM. B Kakyio CTOPOHY M Ha Kakoe
paccTosiHue CIBUHETCS MPH 3TOM cocyl? Maccoil cocyna u neperopoiku npenedpeus. Temrie-
paTypy ra3oB 3a BC€ BpeMsl HaOIIOJIEHUs CUMTATh OJMHAKOBON M HEU3MEHHOU. MosipHbIe Mac-
CBI BOJIOPO/Ia M a30Ta PaBHBI COOTBETCTBEHHO Lz = 2 T/MOJIb, [la = 28 T/MOJb.

L
OtBer. Cocy cMECTHTCS BJIEBO Ha S = =2 cm.

4l 1+ (n _1)/ua
241,
Pemenne
1) O6o3naunm V — 00bEM cocyna, M1 — Macca Bogopona Hz, m2 — macca a3ora N2. Brava-
Jie IEeHTp Macc BOJOpOJa M a30Ta HaXOAWIICS MOCPEIUHE KaXJOW IMOJOBHHKH cocyaa. Toraa

Lt
T2 )TNy

LIEHTP Macc CHCTEMBI IMEET KOOPIMHATY (CM. TIEPBBIi PUCYHOK) X, " =

m +m,
[Tocne oTkpbITHS MeMOpaHbl BOJOPOA 3aiiMeT
BECh COCY/I, M €ro IEHTP Macc OyJIeT HaXOAUTHCS TO- ml(_s)+ m, (4 - SJ
CpeduHE cocylia, a MOJI0KEHHUE [IEHTpa Macc a3oTa He (opmyuoit XZ;OZ =
U3MEHUTCS, NMPU ATOM OyIeM CyYuTaTh, YTO COCYA My + M,

. Ha cucreMy He AENCTBYIOT BHELIHUE
CUJIBI B TOPU3OHTAIBLHOM Hampasiie-

C/IBHMHYJICS BJIE€BO Ha S (CM. BTOpOil pucyHok). Ilpu
9TOM IIOJIOKEHHE LIEHTpa CHUCTEMBl ONpEIeseTcs




HUHM, TI09TOMY X, " =X, ' =

m,L

KOH. Had

S

B A(my+my)

S| X

P\

2). UtoObl HAMTH OTHOIIEHUE MAacCC Ta30B, TOCUUTAEM JIaBJICHHS B MPaBOM U B JICBOHM 4Ya-
CTSIX COCY/a IMOCIIe OTKPHITHS MEMOpPAHbI U YCTAHOBJICHUS TEIUIOBOTO paBHOBecHs. [/laBieHue B

. mRT . mRT 2m,RT

JIEBOW YacTU COCyna paBHO P, = P, = , @ B TpaBoii — P, =P, + P, = + .
A HN - uN
ITo ycnoBuro h=r1=1,5. = M (=14, =O’5'28=3,5.
Pcs. mo 24, 2:2
Torma s = L = 2 1363 c =2 cM
a1+ me| 4@+39)
m

Kputepunu oneHuBanus 3agaqu 5.

DJIEeMEHTHI pelIeHUst

baser (makc. 18 6amoB)

1 | [omy4yeHs! BeIpakeHUs IS MMApIHATIBHBIX TaBJICHUN W Bojopoda | +2 Gamna (o 1 Gamry 3a
U a30Ta KaXx1y1o Gopmyiy)

2 | 3armucanbl GOpMYITBI TS AaBJICHUS B JIEBOW M MPaBOi YacTsax co- | +2 Oamra (o 1 Gamry 3a
cyna Kax1y1o Gopmyiy)

3 | 3ammcanbl GopMyIBI JUIS HAYaJILHOTO W KOHEUHOTO MOJIOKEeHHH | +2 6amia (rmo 1 6amry 3a
LIEHTPa MacC CUCTEMBbI KaXx1y1o Gopmyiy)

4 | Yka3aHo, 4yTO IIEHTP Macc CUCTEMbI HE CMElIaeTcs +1 Gamia

5 | [Momyuyena dhopmyna s cMeleHus cocyaa S +3 Oaya

6 | [losyueHO OTHOILIIEHHE Macc a30Ta U BOJOPOJa +4 Gamia

7 | Cnenanbl HEOOXOIMMBIEC anredpandeckue nmpeodpa3oBaHus U mo- | +2 Oamia
Jy4eHa OKOHYaTesbHasi GopMyIa AJisi CMEUIeHUS S

8 | YkazaHo, 94TO COCY/I CMECTHJICS BIICBO +1 Gayuta

9 | Cnenanbl MOACTAaHOBKHM YHMCIIOBBIX 3HAUYEHUH M moiydeH mpa- | +1 Oamn

BUJILHBINA OTBET

3amaua 6 (/8 6annos). Ha ropn30oHTAILHOMN MOBEPXHOCTH JIbJIa HAXOIUTCS JICASTHAS TOPKa BBICO-
toii h = 0,6 M, KOTOpasi MOXKET CKOJIB3UTh IO MOBEPXHOCTHU JibJa (CM. pUCYHOK). Ha BeprimHe
TOPKH MTOKOMTCS MaJieHbKas 1maiiba. Macca ropku B K = 3 paza Oosbine Macchl maiiosl. BHavyane
ropka u maiba HemoJABMXHBI. TpeHue npeHedpexumo Mano. Kakyro MUHMMaIbHYIO TOPU30H-
TaJbHO HAIMPABJICHHYIO CKOPOCTh HEOOXOAMMO COOOIIMTH IIaiide, 4ToObl OHA MOCJE TOro, Kak
COCKOJIB3HET C TOPKH M YAAapUTCS YIPYro O BEPTUKAIbHBIA OOPTUK, cMOIIa Obl MOJHATHCS HA
BEPILIMHY TOPKH NpH 00paTHOM ABMKeHMH? CumuTaTh, 4TO MPH JBUKEHUHU IO IOpKe Inaiida He
OTPBIBACTCS OT T'OPKHU, BCE JABMKEHHS IA0Obl U TOPKHU MO TOPU30HTAIBLHON MOBEPXHOCTH IIPOHC-
XOJIAT BIOJIb OJHOM MpsiMOiA. Y cKopeHue cBoboxHOro naaenus g = 10 m/c?,




OtBeT. V= /%h =14wm/c.
Pemrenue.

O06o3HaunM Maccy 1raiildel M, Torga macca ropku 3m. Korma maiiba che3xkaer ¢ TOPKH,
OHa TPUOOpPETaeT CKOPOCTh Vi, TOPKA NPU 3TOM JBIMIKETCS B MPOTHBOIOJIOXKHYIO CTOPOHY CO
CKOPOCTBIO V2. DT CKOPOCTH MOKHO HAWTH M3 3aKOHOB COXPAHEHHS SHEPTrUU M MPOCKIMH UM-
nyJbca HAa TOPU3OHTAIBHYIO OCh. [locie ymapa o OOpTHK, CKOPOCTh MIAHObI MOMEHSIET HAIlpaB-
JICHHE, HO HEe MOyJb. [103TOMY YTOOBI OKa3aThCsl HA BEPIIMHE CHOBA JOJKHO OBITH V) >V, . [Ipu

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? +3mv§

o tmgh == vi+2gh=vZ+3v2, (1)

mv = my, —3mv,, N 4u® +2gh=v7 +3vZ, (2)

my; |, 3mv; _ 4mu’ imgh,  |V=UT ©
2 2 2 4u =V, +3v,. 4)

mv; +3mv, =4mu.

U3 (1) u (2) monyuum U = ; 3ateM U3 3) u (4) > v, = 3V —, V, _Y . [logcraBum HaiigeH-

HbI€ 3HaUEHUs V1 U V2 B ypaBHeHHE (1), momyunm V = ,/ ,/ 10-0.6 =1,4wm/c.

Kpurtepuu onennBanus 3agaymn 6.

DJ1eMEeHThI pellieHust basuer (Makc. 18 6amios)
1 | 3anucanbl ypaBHEHHs 3aKOHOB COXPAaHEHUs SHEPTrUU U uMmmynbca | +8 6amioB (mo 2 Gamia
B 000WX CITyJasx 3a KaXJ0€ YpaBHEHHUE)

2 | Yka3zaHo, 4TO NPH YIPYTOM OTPAKEHUH OT OOpTHUKA MOIYJb CKoO- | +1 Oamma
POCTH COXPAHUTCS, N3MEHUTCS TOJIHKO HAIPaBJICHUE

3 | EcThb moHMMaHue, 4TO BO BTOPOM cilydae, Korja Imaiba Ha Bep- | +2 Oayma
[IMHE TOPKU, CKOPOCTH TOPKHU U IaiOBI paBHBI

D

[Iponenanbsl HEOOXOIMMBIE areOpandecKre Mpeodpa3zoBaHUs +6 OayIoB

5 | Choenanbl TOJICTAaHOBKM YHUCIOBBIX 3HAYCHUH M TOJy4deH mpa- | +1 Gamn
BUJILHBINA OTBET




CuryanuoHHasi 3agaqa

I'paBuTanmonHas MjIOTHUHA — 3TO COOPYKEHHE, MPErPaKIalollee MyTh BOJIE, YIEPKUBAEMOE Ha
MECTE TOJBKO CHJIOM TPEHUS MEXIY OCHOBAHHEM KOHCTPYKLIMHM U OMOPHOM MOBEPXHOCTHIO.
PaccmarpuBaemast IJIOTUHA, TOPU30HTAIBLHOMN MPOTSHKEHHOCTHIO
a = 1 M, BeIlIOTHEHA W3 OETOHA, MMEET TOoIepeyHoe ceueHue B ¢opme Tpamenuu, "Mokpas"
CTCHKa KOTOpPOM HakJIOHEeHa MojJ yrioM 45 TrpaaycoB K TOpH30HTY, a 'cyxas'" CcTeHka
BepTUKanbHas. KodQuiueHnt TpeHuss MeXIy KOHCTPYKIMEH U OHNOpPHOM MOBEPXHOCTHIO
pn = 0,25, BeicoTa CTOJ0A >KMJIKOCTH, paBHas BbICOTE MIOTUHBI, H = 50 M, mioTHOCTh OeTOHa
pg = 2200 kr/m3, mnornocts Boasl py = 1000 kr/m3. Haiiure MUHUMAaNBbHYIO JUIMHY MaJlOro
OCHOBaHUS TUIOTUHBI X, 00ECTIEYNBAIONTYIO €€ HEMOIBHKHOCTD.

|

o

NN

Pewenue:

3anumiemM YCJIOBUEC PABHOBCCHUA IIJIOTHUHBI B IPOCKIUAX HA TOPU30HTAJIBHYIO U BEPTUKAIIbHYIO OChb.

#
]
.Q h\

[ X

p—y P | il

X) Fysina —uN =0,
Y)F,cosa + mg—N = 0.

[




HaI/II[eM MOJIHYIO CHUJTY JaBJICHHUA BOJAbl HA HAKJIOHHYIO CTCHKY IJIOTUHBI F:q

JlaBneHue Bo/bI Ha TTyOUHE h

p = pggh

Cro#t BoaBI TOJMIUHON dh TaBUT HAa y4acTOK MUPUHOMN dl

C cuJIon

F. = = . =
dF, = pds = pygha - dl pthasina

TOTrJa IT0JHas CuJjia JaBJICHUA

H dh H
_ 2 __ Psga 2
= p, pegha sina sina i h dh.

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



Takum 06pa30M, MOJIHAasA CuJia JaBJICHUA BOAbI HA MOBEPXHOCTH IMJIOTUHBI

5 _ PegaH 2
A 2sina
Pewmas cucreMy, HaXOAUM MAccy
aH?
m= Pe (1 — ,u(ctga)).

2p

C npyroit CTOpOHBI, Macca MIIOTUHBI
(L +2X)
m = pgV = pgaH -

Orcrona, yuntsiBas, uto L = H ctg «,
_ H (PB (1 — uctga
U

—ctg a) =9,1m.
Ps )

2

OTBeT: MUHUMAJIbHAY JUTHHA MAJIOTO OCHOBAHUA IUIOTUHEI X = 9,1 M.



